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PCT/ US98/ 25598 M DDLE DI STI LLATE SELECTI VE HYDROCRACKI NG PROCESS 5 Fi el d of
t he-I'nventi on-The present invention is directed to a hydrocracki ng process,
and parti cul aM®8938582 hydr ocracki ng process for producing ni BHFESHEB|t ate
fuels. 10 Backrond of the Invention Hydrocracking is an inportant process

for producing m ddl e di gibb&irsisTHEASTH SEREAVE FYDROCRACIANG PROCHSES

vacuum gas oils. In the hydrocracki ng process, heavy feods, which generally
contain relatively |large anmounts of sulfur and nitrogen, are 15 craced
into lighter, lower boiling hydrocrckate products for use as fuels,
petrochem cal feedstocks, and other petroleumrefinery products.
Hydrocracki ng catal ysts are generally selected for high cracking activity,
and for resistiiF)the poi soni ng effects of the sulfur and

ni trogen-contai*thing materials in the feedstock. To this end, Y-type
zeolites are often included as conponents of the hydrocracking catal yst
These 20 = zoolites catalyze cracking racions at nuch higher rates than
anmor phous (i.e. non-zeolitic) catalyst sFieldofshednvention Y-type zeolites can

be tailored to provide range.of crackin ctivit dependi n or..examl e,
on the relative anount sﬂgp%?ﬁi%vgnﬂ%‘s“ ‘i*ﬂ’id&"%?‘%ﬁ' T’%ﬁb%?‘ﬁ?’y)tﬁf
the zeolite. Zeol idlewirovrdcking provess Sorgradibdiginiddleidistidab fiklst hi gh cacl dng

activity. As the alumna is renoved fromthe crystalline matrix by 25
met hods known the art, e Si[err] increas, and the relative cracking

activity decreases. Te unit cell si zwﬂéﬁw%#%e zeolite al so tends
to decrease with increasing [err] rat . a relatively large
unit cell 'size have hi dlydorearkingds animpoitant pro@yssferguaduigg iddle distillatefuelssi ze
S Posel bl e to exploHh PeiiE hiithek el ey il e VRS e phea oy
whi ch provides a Heglspwhisk pamkdly cbataiairelativébsinige dmbirae ifalfar2d uithogedyRkd10ds
have al 5o beemgley i fute Hether lower boling hydrocraskae praducts for use o6 fuels, 0 "
petrochemical feedstocks, and other petroleum refinery products. Hydrocracking
* catalysts are generally selected for high cracking activity, and for resisting the poisoning
effects of the sulfur and nitrogen-containing materiats in the feedstock. To this end,
Y-type zeolites are often included as comiponents of the hydrocracking catalyst. These
20  zeolites catalyze cracking téa;ctions at much higher rates than amorphous (i.e.
non-zeolitic) catalysts. In addition, Y-type zeolites can be tailored to provide a range of
cracking activity, dcpendmg, for example, on the relative amounts of silica and alumina
in the crystalline matrix of the zeolite. Zeolites with a Jow Si0,/Al;0; ratio exhibit
high cracking activity. As the alumina is removed from the crystalline matrix by
25  methods known to the art, the SiO,/ALO; 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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crystallite sizes, and the published literature teach the use of these
smal | crystallite size zeolites for hydrocarbon conversion processes. U S
Pat ent No. 5, di scl oses a hydrocracki ng process usin st
conprising zeo %%/%2% and a conbi nati on of hydrogenating neta 'gl,ugg\}kg%rgg t he
zeolite Y 5 has a crystal size of fromabout 0.1l to about 0.5 m crons.
According to U. S. crialiitetsizb) andsthe pablished, literatareseach (thecusy of these'¥mal ohyistallite size
provi des hi gh sel ecﬁ{ﬁv'tot()é f or .produci ng Cs-165[err] C naphtha. A nunber of
patents di scl ose FyUFdEF AXRPHIPRFAPSFMRIPETFEat i ng processes using zeolite
cont ai ni ng catal ysts, U.BePata0Nb{54010W dikelobesadiytitograticdhiprovesss ysify Datalit
SiJerr] ratios or relatively small unit cell sizes, For exanple, Kirker,

in U S Patent Nocomprising 2epiite Y and#eambination of hydeogspatingmstals, tvbere the zeplit Y

cat al yst conprg si mg.@p oy i AS t '

framework silica: ﬁ%a% ' naglireta‘?iﬁ%;no%bggtta’Waagtﬁﬁttggsoﬁ : %E&)Isg)igg fole%‘g%lé?geerﬁ Né’r -
in U S. Patent No5401,BA0thd &hall ¢resial Nezeokitelpyalides hiphlselectivity dargssduting Cs 8590 a
catal yst conprisin t§?hydrogenation conponent and a zeolite which has pores
with a dinmension ‘&%B ‘er than 6 Angstrons and a hydrocarbon sorption
capacity for hexane ofa AimbepafpatéhtsifiiciRE hydibtdadking add/bof By¥RMREfng processes
silica:alumna ratio of at |east about 50. |. Partridge, et al., further
suggest that the usingseelite tanjaining caalyats, theizeelite rompanentihgying rebasivelyhighdi sti | | ed

range productqd s j al s by [ Helo 20
Absil, et al .1,d in B?fé%@g{d é)gf’ l%ggg&g?ﬁ%ﬁ%{)%ﬂ%{rﬁs.?o&%@eaﬁ eg.%g?;tent
catal yst conpri siNg 55172402 tehchey hydrddracking la\feddatocls witl a odtalyst compdising a £eolitetof
about 0.5 microns, apd.a unit cell size of 24.5 Angsirons or A@ggﬁgﬂf r
hydr ocracki ng a VAF fRuaSite fruptyre posssasing & framewozk difica” plyming ratioof s leastiaboyt oy ¢ o
Nair, et al., dissg.pses a process for upgrading mddle distillates by
hydrocracking a feel stream boili n?habove 350[err]Cwith a 25

hydr ocr acki ng cat al ystPaeddass ¢tal-rig UsS. PateatiNp14820418, teashesachydrograckiag progesct

streamw th e - i si.ng. | i :

non-zeol i ti cair?tj)l %g&%a%%%ég@?%*ﬁa%%@%& %‘Fﬁg%tglgg%&tmﬁwgs w %
of a sul fided norwitlobdimensioragredtgrdhanfeoAngstroms smhapinydeovarbdn Yorptignecapamity fdre
preferred by Nair, et al. ssesses..a unit cell .size bhetween out . 24. 20
Angstrons and 2&'.%%@3&%% a”dhasa%“ﬂengfkssﬂtféé‘ lﬁﬁ&ﬁ%ﬁ%%iﬁs@ﬁﬁl yst
systems. For exanjo:k,Parfifgd, evdl., fithe suggestthadthe sefdaiivifyifoffroduttieE tRdBighgaches

a denitrificati orbop[oces_s using a_layered catal yst system .
. iling distilled range product is preferentially iricreased in the hydrocracking process.

20 Absil, et al., in U.S, Patent Nos. 5,401,704 and 5,620,590 teaches a catalyst
comprising a zeolite Y with a crystal size of from about 0.1 to about 0.5 microns and a
unit cell size of 24.5 Angstroms or less for hydrocracking a variety of feedstock.

U.S. Patent No. 5,565,088, issued to Nair, et al., discloses a process for
upgrading middle distillates by hydrocracking a feedstream boiling above 350°C with a

25  hydrocracking catalyst comprising a Y zeolite, and contacting the product stream with a
dewaxing catalyst comprising an intermediate pore non-zeolitic molecular sieve
material and from about 0.1 to about 0.75 wt % of a sulfided non-noble metal’
hydrogenation component. A Y-type zeolite preferred by Nair, et al., possesses a unit
cell size between about 24.20 Angstroms and 24.45 Angstroms.

30 Others describe layered catalyst systems. For example, Winslow, et al., in U.S.
Patent No. 4,990,243 teaches a dexﬁ'triﬁcation process using a layered catalyst system
comprising a first layer of a catalyst which comprises a nickel-molybdenum-
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conprising a first layer of a catalyst which conprises a nickel -nol ybdenum
-2- phosphorous/al um na catal yst or a

cobal t - nol ybqggyspesrosphor ous/ al uni i na catal yst and conpri spagusesassyend .

| ayer of a catalyst which conprises a nickel-tungsten/silica-

al uni na-zeolite or a nickel-nmol ybdenum silica-al um na-zeolite catalyst.
Habib et al., in p®spiaousfaiunioscatdysigoa mtmbéemwm&%mwst

pr ocess. oper at | ondSd Qg eff BolraTs b s Tl BRyRUNABIARNGR).

hydr odesul firi zat amnumaateal:ty ota mbkbumuﬂybdemmdhlwuylmamazgdite catiiyst. ;ﬂ@iheetlab,dn

el s 26 gr cat or Cbbmeatiam 4D saf 50T S Llach s B8 ek aiem Bl o

about 2.8 m Crenseodiﬁhed% 1mdﬂy&bc%ckﬁgtp%5sswﬁemﬁox§%é%dbﬂ@0hes a
conversion 10  process u5|n catal yst conprising an ultra stable Y zeolite
base, wherein t heinfermixsdib ﬁcamnamwhyd@# torgatalyph andchydencraking 5

Catal yors descri peHavfh ThLABewe Rubilily Sebind P HEBE RBE conlBleefs ¥Rolie
ngai \lj:'i: g, C;P:J ngfdaS . e fletee rodwmusmmm ofqﬁ]:‘zﬁzﬁm
hyd?ocracked p?/odﬂé‘i“t%'ﬁlﬂ‘?ﬂﬁs LT‘;B‘B Fﬁeﬂ?‘ﬁﬁrﬁ&ﬁ?ﬁ%%&%&@% 3 PUYESIBNn zone
a petrol eum fqedSE ﬂdﬁ%&m:&ﬁu&m&e iwherefrP6 i 228lite
t enper at ur e. e react| ng 0|I passes through the zone exot herm ¢

hydr ocr acki ng reabasmtqeummthmabgm%rﬁét and @ ciyrstal sizgiless tharrabout
catal yst which th -h; ot acts, so that the tenperature in the zone 20
i ncreases through™the zorie in the direction of flow of oil. Thus, a steep

tenperature profile th%ﬂgﬂlefcbmlywdéscnbwmdie@amm hstpd(botrehmemaglmradtmgease
t hrough the zone. Npthods of adj us he tenp ture addi n cool

guench hydrogen OM q]nqure %‘Pé\’ﬁ ‘@E%’t ﬁ?“ﬁﬂg alyst e
known and comgnl Yitdwif!prédtin Wmﬁhﬁmeweahﬁﬁodmmﬁemat ed by

reaction is such that asecond reaction tenperature, which is the

tenperature of the oi |Dmahy4@cﬁnbngmm@m§@ﬁ%mmw1%%¢wg iS5 r st
react i ont enper t ur gyroqu AR NG GhA At ' Bt PALHGN tecfiiciilive® AR R Biriflg bt pak&0

cat al yst
through the zone, exothermic hydrocracking reactions increase the temperature of the
oil and of the catalyst which the oil contacts, so that the temperature in the zone
20  increases through the zone in the direction of flow of oil. Thus, a steep tempcréture

profile through the zone indicates a rapid temperature increase through the zone.
Methods of adjusting the temperature, e.g. adding cool quench hydrogen or quench oil
at intermediate locations in the zone, are known and commonly practiced. However,

~ the amount of heat generated by reaction is such that a second reaction temperature,

25  which is the temperature of the oil exiting the zone, is generally higher than the first
reaction temperature. In a hydrocracking reactor which contains a layered catalyst
m there is a generally increasing temperature profile through the entire system,
such that a second reactor temperature, which is the temperature of the oil exiting 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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system there is a generally increasing tenperature profile through the
entire system such that a second reactor tenperature, which is the

t enper at ure il exiting the system is higher than th&fidoks

reaction terr%g)rgg}t;urg Whi | e hydrocracking at a high exit 30 tegrrper%ture
and with a steep tenperature profile along the hydrocracking reactor, often

causes Ssi gnificamchrceﬁi@ddsm ' édoﬁ&m&?bl&ﬁhér\tédsm mweisdedmepﬂmyst
product quality, and eads to r uced cat aI |I‘Fe the . refiner is often
constrained to r&F éﬁ‘%ﬂ‘“@e’a eeble I8 86¥8P L ons f or

processi ng, economc, or ot her I eas Gitnmadly BPhe Iiveht®sal | ve catal yst system
for operating under a steep tenperature profile 1s desired. Sunmary of the
| nventi on The presentmmmnnmwnnsnuudmévatlayeapdlqagﬂb'ﬁwstetataaqust system
and a 5 hydg oc rOCes: t he, | at

obj ect of thegl n\i}gﬁ?“i’%‘%’q% 5‘%0&38 a?@’& S"g""’{:;?lys tc?i%;ﬁ)rlg'gée"sf W|th
superior selecti wﬁwﬁﬂ@acawm@m&ﬁaﬁdﬁéb& dnmtsu;bdrmala‘ctiﬁkyﬁfpfodwuﬁgqaiddle
Zeolites having g %agqh u&'x,tl cell size %ow d@gﬁcu\f{é cracki, g at | ow cost,
but at the -expef$E QyRFast 1 feplitey } §i7e PIRYA "I‘ﬂ‘f@?’%mﬁ‘&ﬂ ites
having a | ow uni 4 16§lkhst ot &t tﬂé&Ip'éﬁée%?lo‘éﬁwecﬁﬁiﬁoﬁaﬁgaisﬁﬁate fiBd, Vesiflest 0 foul

faster, but 10 they have supe mddle distillate selectivity. Anmong
other factors, t h@npgaalgwnuutlcnhbsm aro relativelymerd expensivg and tsadindpyl fagier buy

reaction sys I d by the

addi tion of iﬁl ay%yh%%sgpﬁglcgg udrﬁ%&ggﬁ}esgfw@?égﬁﬁﬁ né%ﬁg?lyalcé&%f&‘téﬁ%%&educe a

sytstem Pa?/i Pg s%ﬁeﬁm@n@wgamumemsmt Eyltnatt tarsaﬁonfystenﬂgv?tgfaa:gham:talem;ltufy or

catalys i fe. e ere ca yst systemc s afi catal ys ayer

whi ch” cont ai ns 180l Y I{Ytb$gé1%@'§rﬂ?&?h§$ °‘V“P’§f3@f ‘écﬁélﬁtng a

unit cell size ofygb&L ﬁkgt% ﬁi&x&ﬂ%aoﬁﬁdm@cﬁﬂ?ﬂ@%ﬁ@%@' yst
arti

| ayer which contains cata yst cles corrprl sing a Y-type zeolite haV| ng

a unit cell SI zecﬁﬂyqu& WMMMWWMRﬁthmﬁtWQTW

enbodi nment , ent | cess
contacti ng a petr ggﬁ#‘fﬂgy““&”?“ﬁr? %ﬁrogen a %[c"fr?gic % COWUOHS
20 with a firsaboma2435Angstrame andvnsectndandyst layem;dndi opnmqsa;talystlpemcles

compri si ng ?OI; L T R T T A BT
Ina pteferred embodiment, the present invention is directed to a hydrocracking

process contacting a petroleum feedstock and hydrogen at hydrocracking conditions

20  with 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 contacting the entire
effluent from the first catalyst iay_er at hydrocracking conditions with a second catalyst
layer which contains catalyst pérticles comprising & Y-type zeolite having a unit cell
size of less than about 24.30 Angstroms.

25 " The layered catalyst system has been found to be particularly effective when
operated in a hydrocracking process under conditions of a high temperature proﬁie.
Thus, the present invention further provides a hydrocracking process comprising
contacting a petroleum feedstock with hydrogen at hydrocracking reaction conditions,
including a first reaction temperature, over a first layer catalyst comprising a Y-type

30  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
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effluent fromthe first catalyst |layer at hydrocracking conditions with a
second catal yst |ayer which contains catalyst particles conprising a Y-type
zeolite havi mO8/32882t "cel |l size of |ess than about 24.30 Angetr/usseRnssess.

The | ayered catal yst system has been found to be particularly effective

when operated in a ha/drocrac_ki ng process under conditions of a high
t enper at ure pr of $§@nd laygr catalyptcompgsing e Yrtypesrolitsrhaving apait cell ize ofdess than

hydr ocr acki ng pr S | |

Py ogen at by dr cooia 2,50 AREe Sl O ilh B shaia Felliod BRI IR SOl Ay
t enper at ure, ovehigherithat ge firstyreactiomteaipgmtureonpri sing a Y-type 30 zeolite
having a unit cell sige,of eater, t han about  24. 35 Angstr.ons, _and
contacting at |east a%ﬂog{he Wﬁ%?s@fqﬁeﬁeéjn‘ftm?ﬁbﬁs?ﬁepgﬂppgg p Srsbratalysta) vst
wi th hydrogen5at ldyyciiich ool GahBacdativs ¢om ﬁéihg’i‘Yrt{bé%&@Wn@a aRcand

reaction tenperature, over a -4- second [ayer catalyst conprising a

Y-type zeolite hiigspigrentasithan abeut 2435 Angsiromseand arserond atsalyst layar Whickomedinsons,
wh inth 1 ] t ' t . 4 F hi gh
that the firstr R BeBodniREE Ve pebifl nay BN w00 koS 0B iy Baf

catal yst system 2b3pAngstromsaThe first catalystlayertmdy optibmallg alsolortiin emBiphbis

catal yst particl eﬁa!ci .iIsi n %Y-té‘ﬁemieo Ite havin &Jnit cell size of
greater than aboft25H °ﬁ1§g‘[ SRCoNd, cRialyst Sﬁ'fﬂayc%ﬁnﬁg"g] 0 SYRpin gpiogphous
cont ai ns cat &0 ystatglgst parfitles conprising a Y-type zeolite having a unit cell
size of |ess than about 24.30 Angstrons. The first catalyst |ayer may
optionally also contain anorphous cat a'ﬁ&ie)@x%(vﬁdg%' es, and the second

catal yst layer may optionally al so contain anofr phous 10 cat al yst
particles. In the Drpinpp1 Ehtpés P titiREof b of the
present |ayered catal yst system V\tllﬂl%% g?ﬁ%ﬁ% f‘g's‘oéj}ﬁéc%% Jg%?ég% \rérésg.ﬂtﬁ?’gure
2 conpares cat al ik single layed catalysteystems.aFigute 2 conipares catalyst stabifitytand caalgstent

Dot ai | ed Doscr i ristirear S o hRlevoesf et Bt Phce BB TOR: bt o e

to the preseqg invention will apgL

etgifeid%e%cr} r21'%11 of the Invention
_ Those familiar with the art related to the present invention will appreciate the
full scope of the catalyst system and the process summarized above and be able to
practice the pmerit invention over its full scope from a detailed description of the
principal features of the catalyst system and process which follows,

20 The layered catalyst system compﬁses two different and distinct layérs of
catalyst particles. Each of the two catalyst layers is distinguished by a different Y-type
zeolite. A first layer comprises ;1 catalyst containing a first Y-type zeolite, characterized
by a unit cell size of greater than about 24.35 Angstroms. This zeolite is generally
employed in hydrocracking for high cracking activity and for catalyst stability and life.

25 A'second layer comprises a catalyst containing a second Y-type zeolite, characterized
by a unit cell size of less than about 24.30 Angstroms. This zeolite is generally
employed in hydrocracking to provide greater middle distillate selectivity, but generally
at lower cracking activity and at the expense of shorter catalyst fife.

The subject process is especially useful in the production of middle distillate

30 fractions boiling in the range of about 250°-700°F. (121°-371°C.) as determine by the

appropriate ASTM test procedure. The term "middle distillate” s intended to include
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fill scope of the catalyst system and the process sunmari zed above and be
able to practice the present invention over its full scope froma detailed
description %votzogﬁzsgfi'mi pal features of the catalyst systeprpRdogHs@zess
whi ch fol |l ows. The | ayered catal yst system conprises two
different and distinct |ayers of catalyst particles. Each of the two

catal yst | ayers i shedliestl, jet)fuckdnd dtedoyene bailihg mngmfracions, Jhe kenobene of jepfik| bailing

| i t al yst . cont ai ni first Y-t 1 i zed
by un 1 cel 1 s PEbRI S IREHe] et  mesies ko SRS R T o
general ly enpl oye@7&ﬂzcjh|>aid ]gnee%gg‘ai&@% bbiBihg Ringe" i€ infaléda réfer tb Yydricadbth oRling

catal yst stability an second | ayer conprises a catal yst
cont ai ni ng a secorpdink-of gt 25054700%F, (12hA3 HECHr Gasedindor naphthé is noshallyshe €; tof

R

general Iy at | owelof fe rkdul Grodidt ifded &@&e?édiﬁﬂ@(%lﬁﬁefﬁ&y%ﬁﬂ%&h&%% yst

life.. The subject process is especially useful i'n the production of m

distillate 30  f fectars asithe chatacteristics of thtrerudenibgourse, rafiusay lopa) gwarkety product
121 -371 - . |
The 1 orm * i doi e rEE i A prearEisipElo ASFYRRIANIEYE i DYOES LR RaRRH O

fuel and ker osene detiid onl@roseneged tiesed fiiebproperiiése ker osene or jet fuel boiling
poi nt range igpi ntendegd, to . refer, to a te

ture. f abaut
280[ err]-525[dPr]F. (1 -hYW%WE%%%g{Sﬁ?%@%ﬁPﬁB%Q%@“%£°f

intended to refer ekfindly MddafabRbightPeduktich ViERdiEng) mofdefl rémBmg ST b
(1210-371C.). Gasgl [ n;g(yornaphi ha™is rlllormal ly the Cs to 5 4gOF. Y

(204[ err] C.) endp@eikylation, disproportienatiomand:the kikeh bysiregenation of olefipsand gramatigs, pad nt

ranges of the vari Qs f i I d '
refinery wll vary w ?ﬂgﬁtﬁ%&%ﬁﬁg%@g@%ﬂwﬁ%@éﬁgr&é&gﬁ’s slsgxgﬂ# 8%{1%%‘8&
oi | source, refineenair aackingreanvessian orjts odesired produce sylfue tevel oReitgeaniees]iosbethde

CFenel "t oel "prBe omBRat =il gl kb St o B SRR ™
conversion of ‘a peaiififutibbiligdimt Ripetatire dfThe IR aRERC er FEEASOL ITRE eX@ht@T

reduction via cracking, nolecul ar rearrangenent. by al kyl ati on,
di spropor t i onat i -ofeR¥gHLonFeates dhe m#@%fgﬁd&qﬂ’é‘ﬁ abqv@ﬁﬁqug}em Rt s |
and which is converted during hydrocracking into hydrocrackate boiling below the reference -
temperature.
20 The present process is suitable for hydrocracking in either a'single stage, as

cither a first stage or a second stage in a two stage hydrocracking system, or as one
stage in a multiple stage hydrmfagking system. In a multiple stage hydrocracking
system, the hydrocracker effluefit from one (e.g. the first) stage is separated into at least
one liquid and one hydrogen rich gaseous component, with at least some of the liquid,
25  along with purified hydrogen, being supplied as feedstock to a second (or subsequent)
stage. In multiple stage hydrocracking systems, the first stage is designed to promote
sulfur and nitrogen removal, though some cracking occurs as well. The following
second stage is designed to promote cracking reactions, though some safuration, sulfur
removal and nitrogen removal also occur. The process is useful in either upflow or
30 downflow operation. '
Petroleum feedstocks useful in the present process include these commonly
used for hydrocracking. Representative feedstocks include petroleum crude oils, topped
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renoval of nitrogen, sulfur and ot her heteroatons. The process may be
controlled to a certain cracking conversion or to a desired product sul fur

| evel or mtrvpggg}#sgzvel or both. 15 “Conversion is general |p~dfdoghfde t0 a
reference tenpéerature, such as, for exanple, the mmini mum boiling point
tenperature of the hydrocracker eestock. The extent of conversion relates
to the percent ageoraédicedcrublodils, sivenbdeasptialied sitsf distiiintes, gaswileamt vaceurnpasalils, S
converted during bydrocracking. into hydrocrackate bqil.in el ow t he
reference tenper a?tér typlo;g ?eeds‘gcks for %ﬁ‘é@éﬁi E‘ﬁ? %@%ﬂeﬁm Zaftionzgpe
hydrocracking in gtlulévintathy 49 heavynfiféal tSyRhdtie®il ad Fabtfons HeRIE husSusipCond

stage in a two stage hydrocracking system or as one stage in a nultiple
st age hydr oczacki fegdstorks amntraight mingad ailspyasuem gasoilsy damntallizedofle, degephadied t he

hydr ocr acker fl f 0 (Borlhoenk NE T . | I fjto at
| east one |i qﬁgl d %’%g's% rﬁ'geS&)(ﬁgfl’a‘gr3 g%recﬁs@fug%'l cgtacée%(grts&%%frl?%g’%g%? ,° ﬁ%&ﬁaﬁ%ﬁﬂlcgést
sonme of the-Iiquilquidsand tel like@gre/dontemplatsd! iThe ferdstockoniy, have been proveised, @b, Bp
feedstock to a second (Qr subsequent) stage. In.nmultiple stage .
hydrocracki ng sys ; ?%PF?‘?‘@{A‘%E‘%‘S}‘J’E" racking pracess %Efﬁgge‘%f?ﬂsﬁﬂ"ké‘ﬂ'&l
nitrogen remval , pgBqugffing GOkt RGGHhSerdtire WBbe 1609€. HuPvbOdnBiofGHONd
stage is designed to pro e cracking Teactions, though sonme saturation,

sul fur renoval anapprecizblesphattenesy Fhe fabd streamchould Tine ahrodlinggwint sangs bétweeni n

ith fl fl ti Pet r. ol f eedst ogk fuyl |
Che or esnt _pibe2-e20e it 35 B Brisoht bRt nc il atsoie Revige et feast
Representati Ve f equs\SIeiS of el dBiipblfthis Yo 55914, (700°F.9 THE ydrocricing

reduced crude oils, solvent deasphalte , distill'ates, gas’ ol
vacuum gas oi |l s, feedstockypiycantainaitchgen sisvally@resgnt s argandnitragen pampaundstinst age

hydrocracking re e 4 ncl ude i . Lneral or .

sght hetic oi Ig an?{ﬁﬁt‘ldr“gl%té%gesr tllaﬁglrpengq. %ﬁ%&é‘dﬁﬁ@éﬁ%@?ﬁ&%ﬁm@ﬁ@? 8’%{ hxglem
gas oils, vacuum gjasgenifeels, ke BBitaihing gredtep tHas 1 00IpRs (U gheatzelthan 200/ pythitinap to
resi due, coke di; il at eq 'gigrt racker disti I%at es, _sﬂ_gl e oil, tar _sand

oi I, coal Iiqllds*®A@rmasdhigher, of rernonitonen Mewbe Teplrddn B aresent PRRESSSHADE been
processed, e.9. DigedWll frinSfy AlSdconilid Qiful ContdiBnPEtfnhdd ichknt R ftoHGea

process. The preferred feedstock wll have a boiling point range starting
at a tenper at ur e S8guRonkEOERR) than GiS Witéuineludiog feedvhaying a sulfur content of up to 2

wt% and higher, It may also contain mono- and/or polynuclear aromatic compounds in

amounts of up to 50 volume percent and higher. The petroleum feedstock can be
20 treated prior to hydrocracking té reduce or substantiatly eliminate its heteroatom
content. '

The hydrocracking prooess comprises contacting the petroleum feedstock at
hydméracking conditions with ﬁydrogen over the layered catalyst system. The
feedstock will generally be preheated prior to introduction to the reaction zone

25  containing the layered catalyst §ystem A gaseous reactant added to the feed prior to the
reaction zone c;omprises hydrogen, sometimes containing small amounts of diluents
such as nitrogen or light hydrocarbons. Such hydrogen streams originate from, for
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.



appr eci abl e asphal tenes. The feed stream should have a boiling point range
bet ween 10 260-62[err]C. Preferred first stage feedstocks therefore

i nclude gas q jng at | east 60% vol ume of their conpon lcLdeNQ
above 371 er ﬁvé% F.). The hydrocracki ng feedstock nmay cgﬁ?gjlsiﬁgﬁsrbgen,

usual |y present as organonitrogen conpounds in amounts greater than | ppm
However, it is a feat Ufylrstkacking coriditienlinciut¢@idactioh teinpératotegh theirange @€ fromeeds,

e.g. containin reater than 100 m or greater than 200 mor up to 15
5000 ppm and hi gt £ kabeh TO0KaqusswES o ebqu S0Rr (10-3 M2} et e
process. The feedy dilid QhHhbih b, FRMLAT0 B! (ByardieR babublded unds

sufficient to provide a sulfur content greater than 5 w% i ncluding
f eeds having a sugdnemlly rtherangefron pbaud 350 std Yeeni/kg aghted 780 std liters Bylgwmil.

contain meno- andfo | ynucl ear aronati c.conpo in_a f .up . to 50
vol une percenteané“ﬁ%ﬁ#?“%ﬁ@“%%@&ﬁ?mg&“gg‘%ﬁfﬁ 2 g’})%e ?fegeé:;tgd
prior to hydrocr agld Rdctiod prlsitesSraRde Fohy Bodh 50MpduridSper Biuaad ifich dbsoliRi(EiHag om
content The hydrocracki ng process conprises contacting the petrol eum

f eedst ock at hydr&herbbi0myadabet 3.5 dBa vabout 242dvIBa)eprefstably fromeabony bPQpsia to
catal yst system %}%@dm%{ag%u%b%&e&%alszMgagpreheat ed prior to
er

i ntroduction to t éact’ion zone containing the |l ayered catal yst
system A gaseous reacWilnthepesfertbdicatalystsyiten despribal abbe, itthes beeaddind ithar one

conpri ses hydgogen, .sopeti nes gontajn snmal.l ampunt.s of, diluents, such as
nitrogen or If@ht%&ﬂ%ﬁ?ﬁ%@&%ﬂ%ﬁc%%ﬂnﬁ&g@w% i‘?"gﬂﬁmﬂ)r
exanpl e, a hydr og@e prbkeabs of the [aféred Hitdlgkt Eeal \ider HytroRfackinglEcHARTdNE SmypHsi
fromt'he hydrocracker effluent Purity of the gaseous stream w | I%(:jiegen one

nunber of fact or sapressure ofabouf 6.0 AEP psia)orgayteeil w@iio atizem somut f _
and often great eglgggqpﬁg(ggﬁil%o %f/ﬂiﬁ% 6960{Lﬂgﬁ)ﬁra'LHS7V?fafboﬁyl% gr%(alg ng

conditions inclu n tenperature 1n e ‘range o rom abol
250[ err] C t o aboutemb&afife in ficaasgsiof 3607C. toct2ADG80FOO8MAF.).(30. 5 MPa) and a
feed rate (vo

circulation r L‘r'f gls | \alt(rjla Iﬁg{“r&%’;&ﬁﬁgﬁgﬁ s ?P’g%(‘)‘%‘?d {‘VWSE g{eg‘?&grs
H2/ kg oi | to 1780effidht FrbmTheShydedckidkial reaction zone is enriched in middle distillate products.
-~ By middle distiliate selectivity is meant the ratio of hydrocracker effluent products
boiling in the middle distillate range relative to the total hydrocracker
hydrocarbonaceous effluent. In the use of the present layered catalyst system for
20  hydrocracking a petroleum feedstock, the middle distillate selectivity of the catalyst
system is superior to that of conventional catalyst systems.

The effluent from the hydrocracking process using the layered catalyst system of
the present invention contains cracked products having a boiling point below that of the
petroleum feedstock to the hydmmcldng process. The hydrocracker effluent is further

25  decreased in nitrogen and sulfur content, preferably containing less than about 200 ppm
sulfur and less than about 50 ppm nitrogen. The preferred hydrocracker effluent is
further reduced in boiling point, such that at least 5%, more preferably at least about
10% by volume and still more preferably at least about 30% by volume of the
petroleum feedstock boiling above 525°F is converted to hydrocracked products which

30  boil below about 525°F.

The layered catalyst system may be suitably maintained during hydrocracking at

isothermal conditions, i.e. the temperature of the layered catalyst system is uniform
8-



5 Preferred reaction tenperatures range from about 340[err]C to about
455[err]C. Preferred total reaction pressures range from about 500 pounds
per. -square i nggoaisel ute (psia) to about 3,500 pgia (about PcHuSkrssesabout
24.2 MPa), preferably fromabout 1,000 psia to about 3,000 psia (about 7.0
MPa - about 20.8 MPa). Wth the preferred catal yst system descri bed ahove,
it has been found thieaghony Howgver dherhydropraeking erogssh with thelyered crigtyst W3irRdtt i ng

2 pet rol eu f eedst gl Qb5 ANkl n ERESFEIAbeARR drate[ il e al St

syst em under hydroacking”conditions conprising a pressure of a'bout.16.0 MPa
(2,300 psia), a gaerfounance of the layered systenpreldtive to @pventiosr! catafystisystenss, jugprvesoi |

(4,000 scf/bbl to ahout 6,000 scflbb)l, a LHSV of ahout .1 .0 ht' d a
tenperature in the® t@rgpémélem E?TW%@@{@?ﬁ%W%@ew’ﬁ]ﬂ') 15
In the hydrocr@k'mpmrqeqsaéx&%hww@s‘mﬁémhéﬁa@ﬁ%&@twh\né&he%@b&mmt he

ef fluent from the hydrocracking reaction zone is enriched in mdd .
di stillate productpofile ny beiafferites thiough ¢dolingthe dayercd catalyst systennibauthe addisionaf i o

of hydrocracker effl r s bojli ot ) e disti X e
relative to the to@ﬁy@&ﬁ%g’&ggbg?eﬁ?&%g%%g'gdé%lubgq% ﬁdﬁ{ﬁ'\g’hto Hx%%gil Ff’e gse
of the present | aylayetsll catilyat $ystemsSthe t fahire 3fthe lajpsred catal istegh & tiecibeation Bm
feedstogk, die m'%:ldg{e &nigSt)ﬁ'l at,esglelfgei vity o?la?ﬁe C tﬁfky:t systemis
superior to that oWhighy &#%%fbm%ﬁmw&s Y’?ﬁ@g&fﬁ}aﬂ tempeAtuEa AL
hydr ocr acki ng mo%gw%%%%@tﬁggﬂeﬁé%y%t@st em of the present

I nvention contalns craced pr ving a borling point below that of the
petrol eum f eedst ock t o In hprefigmed owthodof pryctiving the presenhmvensign.apetrolenm fegdstocient

cont i ni ng | eas t MERCHARE NS GHPaRRR bt chsitad F Rl refiBa g s

nitrogen. The prefcntaid thypteseaylafied catlyst systerh. [The feaction@bne majtaiditionsliyooi | i ng

poi'nt, such that at |eas % re preferably-at, Iefast about 10%3 val une

and still nore prpep ‘g‘” yers WM@%@#‘B‘V&W&I prxample; gpard bed éeg(én‘f“

f eedst ock boi 1989 @k 74 itarfORR bl YO SAAASAABB =YL S whi ch

30 boi | bel ow ab%ﬁ‘twgggfigﬁﬁl’ﬁ The | ayered cat al yst systgjr?nérﬁg be

sui tabl y mai nt ai nelydehtresting %@@fmﬁbﬁgatﬂmms%%dhmdz%wmol@m t he

temperature of theglayet 68 tRnkthe B HHEHt el bR sfom. The petroleum
feedstock, whether pretreated or not, contacts the first layer catalyst at hydrocracking
conditions, including a first reaction temperature. During hydrocracking over the first

20  catalyst layer, the temperature of the reacting oil, and the catalyst which it contacts,

generally increases due to the exothermic nature of the reactions occurring on the
catalyst, with the effect that the reaction temperature generally increases in the direction
of reactant flow through the catalyst layer. It can therefore be seen that the first reaction
temperature is the measured temperature of the oil at first contact with the first catalyst

25  layer, or the measured temperature of the catalyst which first contacts the oil in the first
catalyst layer. Under conditions such that the oil temperature contacting the first layer
catalyst is non-uniform, the first reaction temperature is suitably an average temperature
of the petroleum feedstock entering the first catalyst layer.

In the invention, the effluent from the first catalyst layer contacts a second
30  catalyst layer of this invention. The first catalyst layer may be separated from the

second layer by one or more catalyst layers, or by mechanical features of the reactor

-9-



t hroughout. However, the hydrocracking process with the |ayered catal yst
systemis particularly suited for operation with an increasing tenperature
profile, and {laxepaki or mance of the |layered system relati VePé“l?U 98/25598 .
conventional catalyst systens, inproves as the tenperature pro ﬁe

I ncreases. Tenperature profiles of greater than 100F, or 5 25F, or

40[err] F, or even veStlesuchEs catalyst traysabench injectine meanss distribyerteays snd thelike t he

tenperature profilg. f t hr o i al yst
System by the_ aadiiyite SF-RooiE| Sigp sy af AR Bflal dnortG6-E Bt BB U
and/ or by the addithindle laferedbentalysts ofttigis inventiony & & grefumted prasticef tHeqisedithe
tenperature of the la ereed cat aylnds(;. ssstem at thg Ioca’?i on at Wni_csﬁ t he
reacting oi |l exit SMeAEORs Fuch qt%@&%‘r‘%)f%‘ft?é"sﬁ‘?tg’ﬁé‘fe 19 FopnutRtodmpIeEedit ur e
at 10  the | ogat ifRRv chRERridtis of the rabttts Phssing BrBhigh thd Ry&d tm"’?‘éedstock

preferred nmethod of practicing the present 1nvention, a petroleum

I's heated to a reactiommggﬁfopg;e@agr&&mf%%ﬁdﬁmn et bRt | On

zone which contains the pres ed catal yst system e reaction zone
may additional |y ilayet epntactsthesecdndycetalystdpyer.afa wjthithe ficat layer, thesqil passihgithrough

for. exanpl e, guar l,a for 15 . renmoving catal yst, f.oul apts .,from
t he pet ?gl eu mgf eeg'é‘{)%%i?"ﬁﬁwlf%%}e@? InreassPdp 5%?955#% é“ectgtﬂ};ﬁ SreYEIg
removi ng netal s, Wmhﬁ&mﬁbcc&&ﬁﬁ&&é.msﬁﬁithKﬁﬁd&oﬁ&k prior

to contacting ed cata X;; system The petrol eum f eedst ock,

Qhe resent Ia%% .
whet her pretré t ed™aGHon{EmperatyrR which is the WFS?@P"E&P pg e sggond layer or
hydrocracki ng conigrh#iively th %519%&3{"\92{ pebRGt bPihe S@BREL %@3‘5‘%‘“{‘%2

hydrocracking over the first 20 catalyst T'ayer, the tenperatur
reacting oil, and geneeallyZighiesthan theificst réactiotemperatire igdhefirst| datalystieyeeaAesording
to the exotherm C D@L Hi e ,eactions

the effect that the rea tggnxlt ?é‘t‘msé“%g %%;%qﬁmg@\;téggeagg’%%a %%tgfesg&t "

direction of reacilsyatkd tdtalystisistandh e of cutadyticHerfommte andimiddie disiRgef or e be
seen t hat theaﬁi rst, react.ion tenggrature is the asured tenperature of the

oil at fast c taé?le"%v’(%“PH@"?ﬁ"F "‘fc‘&t"aPWPmE})ca Vﬁﬂﬁmﬁﬁ%@m{?r ed
Lenper at ure of ¢ ngrofl, Bk RS telBbrtird ifToien UBlvAEh e 28on ractidh ferkiufcSad the

catal yst layer.. Under conditions such that the oil tenperature contacting
the first |ayer C@%W@Q"ni@ﬂmmwm- the first reaction tenperature is

suitably an average temqﬁegw 0 4 QL k he
first catalyst layer. In '% e |%ﬁﬁ%’%ﬁnﬂf heeér?#%%ﬁ%l‘ﬁ?é%ﬁtﬁ%?ﬁa%ﬁw%

catal yst | ayer 'comatslyst fayerss Eachnaf thitwo catalyat lugdrs tomyabns anfactiveihydiooreking eamlyst he
first (.:at al yskol axoetﬁpnrgau}é abcqncilen%%g}pggenvi&q]uﬁgea Y-type zeolite, and a hydrogenation

component on an oxide support material.

The first layer mmlyst;oompri'ses a zeolite having a unit cell size of greater than
~ about 24.35 Angstroms, preferably in the range of 24.40-24.60 Angstroms, e.g. 24.55

Angstroms. The unit cell size of the Y-type zeolites present in the catalyst

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  zeolite 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

=-10-



second | ayer by one or nore catal yst |ayers, or by mechanical features of
the reactor -9- vessel, such as catal yst trays, quench injection neans,
di stributor twawssmes the |ike, which are well-known. Such feegiusessssomy

al so include support |ayers of catalyst other than the | ayered catal ysts of

this invention. In a preferred practice of the present invgﬂ'}%on, such
support or catal y§l‘a’m&§téf-§-,PﬁqﬂtgpésWto?-”e‘%% ot d9: H7h 4 ef #p Aeserbess

fl ow characteristj ]ﬁ%w Ea'i"ni?g’aﬁ %aEle b BB HlBus BRackdty Bkid scat al yst
system At |east ?‘B%’?%’f‘%n ) angﬁpre erz Iynthe ‘iéﬂriliti re aeff uelnt afromthe
first catalyst | apeystallinezenlitis aluminosilicate endabysirggenation gemponeat sghectad from the r st
| ayer, the oil passin hr. h ¢ secongd, cat St r al |

i ncreases in tenp ‘{M%%V nnémg‘iﬁ? '&F‘ﬁf@%&?@ﬁ@hﬂﬁ%%&ﬁ?@ﬁ st
occurring therg. Niypéseolifs faRKH? has dWILIESITALC;Vthieths emaeof abdut 3 to@BItI3ON
tenperature, which is the tenperature of the oil exiti ng,itg e second | ayer

or alternatively Préemalxintherangeeiabent 4ite Abrst k2, maze preferal c|odplaqut 5 to
catalyst, will be r .%36{ s b3k ihenisl '

the first catalyst ag’e‘r@ﬂ}ér&kc‘?{oer |rlléf2tbgﬂtbh£emioﬁ\?eb§?ﬁ on, ﬁ%@ﬁggﬁ%ﬁi&ﬁﬁaﬁd‘
surprisingly discthealwinuhan thelzeolitglvant age of the present |ayered catal yst

el ect] vity, i mproves. PO ETOUBER R BtpriRLs obe D bt yd et 1op
tenperature - 10r oabdut 24.80 Angétidhs! ROBRbRIN IR ritigh bE2420-P4. 2Aiigse0ms. honsefanand
reaction tenperature and the * first reaction tenperature, i1ncreases. The

| ayered catal yst @gditesyhich is pensisiered &abe 3 gppd starting matgrish for the manufaghire ofithy,

tal yst | : ¥Si:l '
catal yst |ayers ;Eféyiigf 13y X pattitRs HoRHEd in G Fafonf RBL. 31089, 567 erdH 14 77, she

hydr ocracki ng catal conprising a cracking conpolent, 1nc
Y-type zeolite, adisclasungschfndhiohare ipcorparated herein by referamas forchl purpopes: (Themt eri al .

The first layer c Lyst' Canpri.ses_a,.zeolit.e havi a unit cell siz
greater than abou%ﬁ%ﬁ%ﬁﬂ%ﬁ?%‘?‘%ﬁ‘&%‘?ﬁ%ﬂ#ﬁ’ﬁ‘@g Fah txo&# rg%_h%g: g&‘."ao
Angstrons, e.d5 24uchmelingist desaBibed Y.S/Aipblicutibh Serial No057/870/01 filydiey MMl i t es

present in the ca st 25 conposi tions y Suitabl e det erm ned using
ASTM D- 3492, the }@{Bﬁ%ief@%ﬁ%‘ 13y b@amminﬁvﬁ%%‘ahﬁMS% Which je

zeol i tes which isifcamatatiartesbil by RfrddcORPH plrpbdes. Mhe preferred second Y-type zeolite
further has a bulk Si0,/A1,03 of greater than about 20 and preferably greater than about
35, wherein the SiO5/ALO; is based on a bulk elemental analysis of the silicon and the
20  aluminum. :

While not identical, the first layer catalyst, which contains the zeolite having a |
unit cell size greater than about 24.35 Angstroms, and the second layer catalyst, which
contains the zeolite having a unit cell size less than about 24.30 Angstroms, may be
considered similar to each other, to the extent that the description, composition and

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

-

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 componént is silica-alumina, containing typically

30 between 10 and 90 weight .pﬂcent si!ica, 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

=11~



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 nyghsssef -nodifications to this material have bgerusspsssed,
one of which rs ultrastable Y 30 zeolite as described in U S. Patent No.
3,536, 605, issued Cct. 27, 1970. To firther enhance the utility of
synthetic Y zeol iXtﬂ%toaﬂditBO%rthweughnpﬁﬂmM{tme@oﬁtbendaﬂqmabomﬁﬂ% to abouti 2@ e,

U S. Patent No. 3, 835,02 i ssued on Sept. 10, ,1974.to0 | .
describes a hydr yywright pffhe amopp %f’g pegent ss prefeopd. V%QP%%P@%EFS‘“
refractory oxi de,crdking ¥ahfinehtt@némtgii the xﬂ{éuﬁ’om%bhu 1594 8y weightao about 50%
hydrogenati on conponent selected fromthe oup, VI and Group VIIl netals

and their sul fidey veright efthe ¥-typq 2selite, thgwempindercdieing dhe gmarphoys crackipg e zeolite
further has a I I P&m‘t grably =
[ ﬁ t he - ran;e cﬁ‘ju %m%?ﬂe&l dg&c{.ﬂ&%& r@)“n%?%rﬁl%re era I:iyé ?Dr?att?ﬁgﬁarv%gggg?ﬁabouty

5 to about 8, V\hamstmoisimll focbrerdetected bsasxmiladmaybas:hinqms)smrheamt@beappkc@asof

the silicon and the, alumnumin the zeolite. The second | ayer catal yst
conprises a zeol i FEKREGPARPIE™MSmi t cel | size -of |less than 10  about 24.30

Angstroms, preferably Thoh ehatiof QoMponédt of GreAolRb cABIYS piticles isGelected frbme
zeolites Wmch s considered to be a good starting material for the

manuf act ure of t HBosg&lsments Isnmtamwsdepaﬁalmm@sosegmmvwecﬁt gastgnemetal ¢ ot
Nos. 5,059, 56y af&misp?e%{ﬁseggéd foliindoiich VI DR AR NYBIGH) cRifnts Qﬁd?&ﬁfb’n%&ﬁd

herein by reference®tor a urposes. €eo |te contal ning cat
particles may be Groep¥I GHPAQNuyatmn)nlammsmgennnﬂhohtsen Gieoup ¥ elermntshndmiehod

is described in U,S. p [ rlal 07, 7 ed b M Habi b
et al. on April 1@“’“33@82“‘ Hgfif" N&E"“p?ﬁ] %ﬁ‘{}%‘ﬂ Gy Mich i s
i ncor porat ed her ejiékel vuthefu, Qlib&&rﬁﬁ:lﬁidm,ﬁmﬁﬁ&&lmﬂhﬁdﬂhﬁﬁmr'ﬂfémmﬁj

Y-type zeolite further has a bul k of greater than, about
preferably great «of hydrage geﬁa’@‘gﬁ‘ ﬂ@@%&é@“&ﬁs‘é%ﬁwt

el enental ana{gy/si fupfy Ml ?’{‘%‘?ystmﬁgﬁ% Rent kﬁmamsouv\b%ltsawﬁzs%by

i dentical , the first Iay alnsthe zeolite having a
Mt cell size ngIwOmepmmm;%emgwpwmweﬁé pein@0 pexieby
catal yst, which ¢ al,i t Vi n I
catalyst, whic gstggﬁg oF o) Dol i b eflo 8y g Bl el R Sighe 4P e
- 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 VI 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 cobeit and one or more components of molybdenum

and/or tungsten or one or miore ébinponents of platinum and/or palladium. The more
preferred zeolite-containing catalyst particles comprise from about 3%-10% by weight
25  ofnickel oxide and from about 5%-20% by weight molybdenum 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, zxmoma, titania, magnesia and silica-alumina.

Preference is given to the use of alumina as binder. Other components, such as
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considered simlar to each other, to the extent that the description,
conposition and 25 met hod of preparation as disclosed herein apply

equal |y to bmoloszssd ess stated otherwise. In addition to theCI/EsIBRSNE .
cracki ng conponent, the first |ayer catalyst and the second | ayer catal yst

may al so i nclude an anorphous cracking conmpqnent . l}]&e recéﬁerred anor phous
cracki ng corrpone?h”?@"%"r%%%@ﬁ‘f%“%?éﬁ’hfﬂ’@cf F‘c‘%ﬂ S$0F afissifden 10

and 90 vei ght pesgpfitkitionl Thé Blend¥d@bRPaHENY 2REhVERAPID sithds 6P exRisibh! driR@ahEN!
silica, and nore preferably between about 20 and 60 wei ght percent silica,

t he remai nder be¢algined)a teimparatutescupeio {25 F (6P Sta prasiues the Anished qatalyst r ange
f rom about 10% k. q. abgut 80% o L, etht t he Y- ljite and from
about 90%to aboﬁ%ﬁ%‘oﬁ% F@ﬁﬂ“@‘&sﬁé’%&ﬂ%‘%ﬁggw ?%ﬁ’ méﬁ%gh?)'ﬁﬁ%ﬁfys'i S

preferred. St§1 | panisies inclederemeing Sxide binderipaitizles SupOAYY exerbsiom idbyisiaridn t he

range from about 15% by weight to about 50% by wei ght of the Y-type
zeolite, the re ﬂw»f?}&‘YéWW%PMWQSF%&?RPH&%W‘@BH’HS%Eﬁgﬂe%P%@S

S0-cal | 20 <7 2Y AEBOBUS Y EldhAtnl THEcatnFRhiRS NN Wik Alhirf o1 208

too small to be detected ndard x-ray"techni ques) can
appl i ed as cr ackme@glscasethen further driddeant galcinerbpridritonseas mbwdrocracking catadyst.eol i t e

catal yst particles ismselected  fromthose el enents kno IRy de .
catal yti c hydrogenati zﬁ%ﬁ? ﬁq?lﬁt pﬁgw*gg\gg{aglg ﬁgm%feaéfgmi\é&urt g%%i?gfy{%?ﬁm’ght
sel ected frot0t hefthe eridking dompohdAfyaniighffitieArbindet & Makepas d00%, Wiepsih thee G oup

VI (1 UPAC Notation) elements are general Iwhosen. G oup V el enents include
chroni um nol ybd@esRiageshyiweight eeerbased o the ol eatalyit Gemposiqn ja the;anbyfrousoh ) t

ni ckel, rutheni ugg: [ | &ﬁi’@l bl lad i :
anount (s) of hyd%%ﬁr%?i%ﬁﬁco%gﬁgﬁt !}s) I n #%mgg%eg yfgﬁggﬁﬁ/%m%ﬂkggﬂfr om
about 0.5%to abefithe aréckingicdmpoyentysing fiomafbod 358 75% by weightidf hindepovithfrqns) and

from about 5%to Yo by . Fght . of G ou I I )
cal cul ated as neﬁp%’f@@"y%&“ﬁ% @ ynglt’.\éndmegfgéﬁﬁbo’gtﬁ W@?@?% §)F9§P§/st,
wher e t he pet&ensfdimier baingwiridularypeefdaded on t he wei ght of the - catal yst
before sulfiding. The_hydrogenation nponents .in the catal yst may_be in
t he oxi di c and/ or thgl@ﬁ%rﬁﬁg’ﬂid@‘?eﬁﬁrﬁg&’ lt%WSﬁa?PgPﬁﬁF“h%cr@g% f oy oup
VI and a Group  about 1/32 inch to about 1/4 inch, preferably from about 1/20 inch to about 1/8 inch.

The catalyst particies may have any shape known to be useful for catalytic materials,

including spheres, cylinders, fluted cylinders, prills, granules and the like. For

20  non-spherical shapes, the effective diameter can be taken as the diameter of a
representative cross section of the catalyst particles. The zeolite catalfst particles will
further have a surface area in the range of from about 50 to about 500 m*/gram.

The first layer catalyst may also include catalyst particles different from the first

zeolite~containing catalyst particles, and likewise the second layer catalyst. Catalyst

25  particles 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 VIIl metal conponent is present as (m xed) oxides,.it wll be
subjected to a sulfiding treatmentprior to proper use in hydrocracking.
Sui t-abl y,- thw&%ggyst conpri ses one or nore conponents of pgTAkos2R6H/ Or
cobalt and one or nore conponents of nolybdenum and/ or tungsten or one or

nore conponents of If:)Blatl num and/ or pal | adi um The nore preferred
zeol i t e- cont ai ni nY mﬁygp loyn activity exide seh 23 Bure alumingies otherior AOGSIPRRSt ght

25 of nickel oxj, %an J SHpARa ’s‘éﬂ{(y%ef{tﬁ%&ﬁl wsaha@ﬂ%eé&wg&hﬂ& Most

preferably, the ze te- cont arning cat particles conprises from about
4% 8% by wei ght ofatalystpesticlesdoriedagiret dpplicatiaboSuchSatalySteats welldingwin imthé gitdenum

oxi de, cal cul ated,as. 1 oxl.de parts by
wei ght of total g%ﬁeaﬁ"f/ psl%gjy%?e?t&ﬁ&‘f %335{5?@ ﬁf“’?%‘if)é“’r’ﬁgafh‘?ﬁlfn are
suitably prepsg edmwp&hednﬂéraabwae@&efowp'&ﬂokésnwmasyw BOUs nf§ e ©ken to
hydrogenation netals w t h.a binder. Exanples of suitable binders include

silica, alunina, Bfigyetheabseaennia crxsra!lmzaohtw&wm catalyst partigles; it may.
Preference is gi Vtﬁﬂ)ﬁe%l&eﬁ?ofﬁ B (B et RS ok e, sulh s GRIFABARY P, SuCh

as -12- phosphor ous, eS| red to t or the catalyst
particles for a d\?@ﬁr'&tﬁopﬂvemmdﬁhmtpénmwb@mmw@wmmmm

1200 of ] F. ( aaof Sk psof Tog gnataip: {Rinch ey %W@avrﬁ%%@ﬁf

Al ternative, H0juainthy &ua&xﬁah@emhﬁﬁﬁﬁgableaaemhﬂa@nd péricREyst 5
particles include preparlng oxi de bi nder partlcles such as by extru5|on
drying and cal ci HUHERLY eontain auelumetrig sssionf zealite-coniainingratalstparticlos tramarbousn’
the oxide parti C|&§lj,§lﬁ§&g$fr% e

particles, containlng %gaﬂﬂlﬁﬁam g‘rg%%b%@ﬁﬁer %%l e%in and

cal cined prior t 075!§ehb$50150:ydr ocracki ng catal yst. The zeolite catalyst
par ) ol eo U Labl Y SO g hd A QBB TS e VP B e il
per cent ages b5 weiegrtdrs. ah&hbﬁeﬁ&e@my&étﬁcma&ymtthé i3t camdyspiager is ddfucerit thehe
Sbout 401 - 705 by TETGHIYeD baetesasieRs A eB B b e Rl FHSRCoNSoh RS0
by wei ght of bi ndgs cailystlafer, Ehﬁé%s@@a(ﬂl?& 188 b cordct 8F@AY tiaGecond
conponent, and from about 10% 30% by weig

catalyst layer. Those skilled in the art wxll recognize that adjacent catalyst layers, as in

. the preferred embodiment, may be separated by mechamcal devices such as catalyst

20  trays, quench trays, or distribution trays, or by particles which are essentially inert to the

reacting fluids at reaction conditions. |

Catalyst layers in addi§0n to the layered catalyst system may also be included.
Such additional layers may include hydrotreating and/or hydrocracking catalysts which
are known in the art.

25 In the present process, a petroleum feedstock is contacted at hydrocracking
conditions with a first catalyst layer to produce a first effluent stream.” In 2 preferred
embodiment, the entire first effluent stream is contacted at hydrocracking conditions
with a second catalyst layer to produce & second effluent stream. According to thé
invention, at least a portion of the sz;,cond effluent stream is separated, e.g. by

30 fractionation, to produce a middle distillate product. The second effluent stream may
further contain lighter boiling fractions, such as gaseous hydrocarbons, naphtha and

heavier fractions, including unreacted oil.
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15 of binder being particularly preferred. The effective dianmeter of the
zeolite catalyst particles are in the range of fromabout 1/32 inch to
about 1/.4 1 n% ﬁzggzerabl y fromabout 1/20 inch to about 1/ B8ctrosdsrsshhe

cat al yst partlc?es may have any shape known to be useful for catalytic
materi al s, including spheres, cylinders, fluted cylinders, prills, granules
and the like. For 20 ritheeffient from theshtalytic reaction zome eentainiag Hiedavsred catabypt be

taken as the di ameter a.re sent at | - ' I
particles. The zeﬁs%f"e&félé'f gﬁvjc/’il{ﬁﬁg?‘{’?%ef\é@egvﬁ&?ﬁ%?ﬁﬁg avep'tghgctﬁr a%elé(éé{r ea
in the range of femonhalty liqui hydro2tiokdte, Wiichddhyinsmiddlb distllatsproducischoiling
catal yst may al so include_ catal yst particl %f“ different from hﬂe first

zeol i t e- cont ai ni naboveabauy330°F and below about 100°F jaf atpospherie, pressiie, T he pasgens

catal yst. Catagys he bESent W \ S With sthallel B & yst

| ayers incl ud?an%?ﬁgﬁlg&?g{%%st pggrér?ﬁngg;.tasfﬁg&s}gégmrphous ca?lgﬁ/st
particles may be kdntamteshtyinchudinpdydegen wifideand ammionig. dhe gasgais compeneo¥(®s i n

a randomy internixed conbjnatio f .at | east di.scret. LGl

catal ysts. The anﬁ’P}Sﬂ%ﬁF?a@ﬁ‘azﬁ% eB&W?W@%é\f@@@%%%&gﬁgﬁéﬁgﬁeﬁsuchas
hydrotreating cat gy ¥piquedusiai@or ARAink 561Gt drOVAR] to Yerfidvie aRintbniackad hidrogenaalfiden
and/ or 30 hydr odesul Tl ari zati on reactions havin ntiall

subst .Y no
cracki ng acti vi t yThe priified bydrpgap siyeam may thee 8¢ recyded o 'Wt’?“cﬁé}m&@.
Those fam | i aggw gdr&%i’fc : ' Gartis lasdond 9@pesal |y are
consti t ut ed b;i/oa b ta #?%tr‘ﬁ%ﬁou% *’I a%\ég a ne’tcéaafkp%%m G oup é% VI
pl aced on a | ow abydredrackingxorcty fntidnatien fon resovdry of desireskstrearnss or bydwothaci di ¢
support material . her . conponent s, ,such a 0 r S
desired to tailor f‘ﬁé&‘éﬁ?‘é{ yﬁ“&?@ﬁ“@ﬁ“%%ﬁ%@%g%é témp%w rg%fé}e@%ﬂﬁ%ﬂ%h
catal ysts are wel feell &8 rdabticn¥néfok addifshal hydtocoivididreovet thSpreSiit BapéredNo.
5,593,570, the entire disclosure of which is 5 _.inco porg}ltﬁeg@]‘frein b

reference for al | cguysiawstem. Sychpeocessesare Wekh koA infnqye Oftof EQRIER t he
absence of a §gysh@itidniafa iohe I N the anorphous catalyst particles, it
may al so be taken to nmean the effective absence of a zeolite, such as |ess
than about 0.1 wt% The effective dianeter of the anorphous catal yst

particles are in the range of from about kReh to about 1/4 inch,
preferably from about 1120 inch to about #gmg

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

20 321 grams silica-alumina powder (30/70 SiO; -Al, O3 purchased from Condea), and 151
grams CBV-760 zeolite (unit cell size = 24.2 Angstroms, a Si0,/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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10 inch. A catalyst layer conprising a blend of zeolite and anorphous
catal yst particles suitably contain a volunmetric ratio of

zeol i te-cont gj gegsat al yst particles to anorphous catal yst pEeusdsebss -
bet ween about 90/10 and 10/90, preferably between about 25175 and 75125,

| i ke 50150. The f| rst and the second catal yst | ayer i.n a single
reactor or in sep a%nssqgnsandéa“e A&z BPHlkt"FF@‘tfr"B ‘@?‘W@&d g'g'etbé a@fits'al yst

systemthe first W A&yt Be second | ayer, such that
reactants passi néﬁﬁ%r oug ayere cat al yst system contact the first
catal yst | ayer, pass through the fi rst caExdmple3 | ayer and cont act d| rectly
the second cat al yst Those s hat
adj acent catal yst | aygr*ydf%W? g’éﬁtg&pﬁn%{n%" k’ separ at ed
by mechani cal gdevigoe mmmwwmsmmmmwmmmm

distribution trays,_ or by partlcles whi ch are essenti gl |, |nert tq the
reacting fluids é?fmv%n%%ﬁl Wﬁﬁ% eﬂPﬁ%ﬁ % nto the

| ayered catal yst |ng g)rg?gx@gﬁgs Erelddt %ng catﬂﬁaﬁd@ ?dr%hodr@%ﬁb@my

i ncl ude hydrotrea rocrac ysts which are known in the
art. 25 ahafdrhﬁemeaerﬂnom mmmmwmm@mém@@mutm cont act ed

at hydrocracldng conditions with a fjirst ca av,er. r dueaflrst

ef fl uent stream SPRtaiRing; etmaw&ﬂb%qmm 7“%311‘5(5’?85&?‘%{?

streamis co Ct% xﬁh&é&s@ve‘i@&i&@tmﬁlﬁf‘%m
ba &%gfo???uen ﬁéggmrseaﬂge Accor di ng

| ayer to pro uce secon to the invention, at
| east a portion dfohh@n&ﬁlﬁﬂdiaﬂsm%‘dhtsesembhm ﬁmmmvawlemo@hbus

f t t t d dd di f t
Lt onatl on o S AR AL LR oo T KB e

hydr ocar bons, napidshabeRA cer fractions, including unreacted oi I . -14-
The effluent fromthe catalytic reaction zone containing the |ayered

catal yst systemof this invention conprises at |east one normally gaseous
product and | east one normal ly |i qupd el Beldsdkat €, which contains

m ddl e distillate products boiling above i%bout 250F and bel ow about 7001F
at at nospheric pressuw@eu’éteanq'aahmkhavmgthefouowmgpropemeswasprepared

Table I
Gravity, API 20.9
Nitrogen, ppm 2404
Sulfur, wt % . . 0.787
Simulated Distillation (D1160),
corrected to 760 mm pressure
BP ™~ 443°F
10% o 622°F
30% ' | 699°F
s0% T 760°F
- 70% 820°F
90% | 860°F
End 901°F

Catalyst systems were prepared as follows:

-16-



5 conmponent (s) of the effluent is predom nately hydrogen, with smaller
anounts of contam nants, including hydrogen sulfide and ammoni a. The

gaseous conpogewréses2 nay be separated fromthe |iquid comporeMUESB)25598 -
foll owi ng reaction, and treated, such as by an aqueous and/ or al kal i ne

sol ution wash, to renove ammoni a_and dr Qgen sul rified
hydrogen stream may th@%ﬂﬁgsygﬁ‘?é%@‘sﬂé""m '&3&“5{9% yeiS- F@%{@l’f) Yer Jps @ uniferm 10

hydrocrackate is g6\ ) oleddioPhidh af cdtuisdBblice wbs:qgaﬂysﬁs)wmﬁaﬁ%yof

hydrocracki ng, or by frationation for recovery of desired streans

bot h. Unreact ed opacp\astt(caﬂwG)eahwqorpdaxermawfoméom&v/&blml@wmcﬁb

over the present P2 Gl talt CRARK Rlhd WGt hing Gl MO BERIKRES 07

Exampie 1 Q\gzggffﬂm’c@‘?‘t" R0 ol vat o the Lmventian ves. pr onar ed. g
f ol Im(;ws: 20 321 gra °’§P‘F‘i‘n F’i}ﬁ‘%ﬁ F&%FW%%@RY%E‘%‘?@%‘@WF@%

Condea), and 151 h{EI%X ﬁ.&%ﬂAﬁnﬁW&r&thﬁhé cﬁmiﬁ(ea:aé)é)%eﬁb

Si 02/ A1203 bul k ratlo of pr oxi {)urchased from Condea
acidified soluti o&m%ﬁm@mam@rm@/ﬂ‘ ) blerd oflaglswmell@mzeohte

chaped part i ol oo, CRPECCIRIAT BN S cbiiie il CHRAREC), Mol B

a 25  Bonnot 10xt thecatalystBasterfsivers dothpaied for jot fliel sehbetivity3n0 €dr chalystfoalingame. and
heated in 2 cubic feet per mnute dry air_at zSBPF I n one hour and held at
95QF for an additional hour before being The catal yst particles of

Exanple | were | abel e%&ﬁ&ﬁi&&kyﬁemwmf&;&s&&qweeaayﬁswlﬁsgﬁtaﬁhmt
useful for this invention waS prepared usi n? rocedure simlar to
m@ed;mcﬁ

Exanpl e 1. The ze®eteteacheostacted if turncwish the petra of Talile kgt apresgure of 24 5
angst o7 2002 | bl 7 ol S B LWL i A s
16 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 Systeni I, 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 c;,taiyst, had higher selectivity for preparing the middle
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 thé more costly Catalyst System II having
effectively double the amount of low unit cell size zeolite catalyst.
Example V .
.Catalyst systems I, I and 11 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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A hydrotreating catal yst usefiul for this invention was prepared as
follows: 5 1009 grans (volatile free basis) Katalco's GAP-50 al umi na

were aci di fl%%ﬁgsﬁi xed for 30 m nutes. The acidified m XipgrRice@ssségdren
neutralized w't n| a and extruded. The extrudates were dried for two

hours at 250[err]F, two hours at 4000F, 6 and r on our _at 0Q[err] F.
The extrudat es \M,Sﬁ’i‘e %‘W‘EW%%"P%"%@ %"ﬁ I ﬁ&gnﬁ’

ni ckel, 42.0 gramm{a@@%%;ﬁ@& M HPMItedﬁthei\Qhesthé
na ed

standing for 20 m nutes, extrudates were dried at 200 F for

four hours and candeqatvé@yahesgmpfﬁ@ ing;fop Catalyshdystem I m Kigwraer Reaprkpblyuthe | abl e
h t al | NNO 21%

M08 and 3o poos 15l oftl sy | (fos  nESiiBafe of e gl ot Bob oot ™

Pet r ol eum Fee@st @ethlyﬁ ﬂhkliﬁdmtustﬂae&ﬁﬁyemﬂchﬂlvkmhﬂdmoﬁdingmdhxgmmsebeﬁmyes

\Slgrsn prepared: Tab of &e low unit ce;léi;gAPI zeglite gpalyswha%he fouling resistance of%he hlghNtInEl{ 6987
Simul ated Di st afzBeditdlchfifhs, corrected to 760 nm pressure |BP

443cF 10% 622F 30%

699F 50% . 760[err]F 70%

820[err] F 90% 860F End ’
901 F Catal yst systens were prepar ed as foll ows: -16- Cat al yst System |

of this invention had two layers. The first layer was a uniform
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50150 (v/v) blend
hydrotreating cat
(vliv) blend
hydrotreating cat
vol ume of the ent
50/ 50 (v/v) blend

Wo sopdkgani t cel |

of high unit cell size zeolite catalyst (Catalyst B) and
alyst (Catalyst C). The second | ayer was a uniform 50/50
size zeolite catal yst (Catal ystrcAjusssmzssos -

alyst (Catalyst C). Each layer 5 conpri sed about 50% by
ire system Conparative m%ﬁt System Il was a uniform
of lowunit cell size z catal yst (Catal yst A) and

hydrotreating cafaryst (catal
uni form 50150 (vAv) blend of
B) and hydrotreat]i ng catal yst

the catal yst sys

catal yst foul i ng |+ SR

selectivity. Cat
the petroleumfe

ST Taalyb Syeteml Ve [at al y PatalpsbSRBATIVAS a
igh unit céll

size feolite catalyst (Cataly

(Catalyst ©). In the follow ng exanples 10
et vty araGRt

/st%m vvaslq est egvf or l]‘%t

contacted in turn with
hf approximately 2275

51

ns re co

anpl
fife, Gystenms jI 11 and m were each
dstock of Tahle | at a pressure

psig, a feed ratd
SCF/ bbl . The sel g
by determ ning tf
fuel range (2800KF
5250F., with the
ppm Results are
conversi ons, Cat 4
catal yst, had t hg
the low unit cell
preparing the md
I, with 50% of a
|l ow unit cell siz
selectivity as Ca
system containin

|

size zeolite cgt aL

System || having
zeolite catalyst.
in an accel erated
contacted with a
age the catal ysts

Yiglds1. 5 hi 4 fHSV and a recycle g

&

JeyNephthzratio ¢

s rate of 5400 15
hgljoet f was,gval €
pWhi'Ch boil"eéd in"the jét
ol.6conves.zi on 131 owl9.3

i er ok TURE andbeof

er

el 2002 sizzgeokige
Catal yst System I, w

38l ectidfty f&9 LS5
ottt TNCTTa RAadT'y, : aycl UL: Cd.t (1: ybt Sybt
high unit cell si-ze zeolite catalyst |ayer and 50% of a
e zeolite catal yst |ayerg e¥ifectively the sanme
talyst System|l. This suggests that the | ayered 2
g-as

Yy Re taly for Ki
'\(/‘G%Pg’é%cen(ﬁlof tﬁg pr Od{l}gt
Napithd; Vol%s |a 2 nctige of rneact
nitrogen in tthe Sroduct bei n

co
di sisk %"grapﬁp_ al | &% Fi g}gﬂe_
IConversitis VOl'D 194t h t3ag Ni gl

poorest selgctivity forjet fuel
cat@l yst3.3had h3Qhef

——

mmie@meﬁyemgmwmwmx flgrrated; forthes iy
to BBl Ghan cfroHS LRI ool roff KR4 e bl !

efTectvel , anount ] si ze
ofthecdtalyst, vdaxrethy tdmperature profile wis|theitethperaturediffereptehetwesst ed

aqi test. . In this 30 est . S
oS 58 38 Bt YA
feedsieokiof Tublk § was faskdd| oved thetesrtagilyspati 10t LHSV feedjtatecand at
In Figure 2 are worth noting. The activity of the | ayered
2300 psig total pressure.

Catalyst Systems I and II, as defined ebove, 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;-C4 light gas is indicative of high liquid and jet
selectivities. When a temperature profile was imposed on the two catalyst systems, the
improved performance of the catalysts of this invention was remarkable. Changing
from an isothermal reactor to one haﬁing 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

Several features
Cat al yst
10
15
20

twice as high for Catalyst System I compared to Catalyst System II-when operating with
110°F. temperature profile on these catalysts.
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-17- System | was internediate between the activities of Catalyst

Systens |l and Il The low unit cell size zeolite catalyst (Catalyst System
I1). foul ed a%votﬁﬁzéai ghest rate, as indicated by the sl ope efrabkazaksoge for
Catal yst System Il 1n Figure 2. Remarkably, the |ayered catal yst system!|

fouled at the sane rate as the high unit cell size zoolite 5 cat al yst
Thi s indi cat es t Mdetisklaimedissr ed catal yst, while providing the high jet
selectivity of the low unit cell size zeolite catalyst, has the fouling
resistance of thé& hi ¢fhydrperacking preesscomprsing eontagting § pgtroleum feedstoek and

g0 VS Tlo o o drogenyt9ltoking denliifhs |y ARESBIM! Ryer which cputlys
Gases, W% 0.9 chtafyst particlescofprising 4 YQype zeolité hving a urdt @i size 8f gredtapht ha,
Vol % 5.2

8.8 10, 5. 6 6.2. . 13.7 ..19.3 Jet . Vol %
20.7 28.9 9 30.4M¢2§%%5Wm28?%°m3§?.% ‘s‘%‘lﬁﬁ‘e\?&?‘%

19.4  30.8 33. Geatalystlf@yeR at hydilratking cotlitfons with a Gecdfid éiayb ahar witadti 0 4. 0
3.3 3.0 3.5 Y 3¥5a Y 1. gngc 1.5 -Exam e VI The ilas)n%-roved

per f ormance of the | aSpotaing catalystippsicles pemprisings Y-typg sealits haying gupiteell sizeof o
test to determ ne Vmal’éss%%%ut%}b%&ﬂ)ﬂspg tenperature profile had on the

performance of the catalyst, where e tenperature profile was the

tenperature diffgren etLween .t he t :;n{x}?i

syst em bei ng tes?‘ed. cﬁﬁq’gé?ﬁmpr?%gg wgﬁgﬂ%égat oIéf( s%gg@g)é%n\%as
passed over Qe test pmiddle\distiliate ploddethr' LHSV feed rate and at 2300 psig
total pressure.

3. The hydrocracking process accordiﬁg 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 procéss 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
7. 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 litef of catalyst per hour (kg/l h).
6. The hydrocracking proca;’is according to Claim 1 wherein the zeolite-containing
catalyst particles in the t{rst 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
- comiponent 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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10 Catal yst Systens | and |1, as defined above, were tested at
I sot her mal conditions and at increasing tenperature profiles of up to 1

10fLerr] F.-~ é,r,ygagt e typical conmercial operations. ‘Resul peT/ase/258Wn i n
Table I U. Accor ng to this test, a high jet/naphtha ratio, and a | ow
amount of [err] light gas is i ndi cative of hl?qh Ijq

sel ectivities. Wlen a MWlW‘%& S‘P?‘I’ttﬁézﬂﬁ?“i?&?ﬁ!‘%t
systems, the 15 Inpgaqgfy,gpmagg{m@ tﬁ?ér% ﬁs%ﬁﬁmaﬁuusosmsasdu@n

was renmar kabl e. Changing om an |so errra react or o one having a
110[err]F profile resiﬂ%bylwerghtai@ohy%ﬂmmlmwncm@é’mal(oﬂt%@0®0ﬁ125“/ﬁ)

in gas ratio for Catalyst, and. rou

(3.9/1.0 = 3.9) in gabngﬁgy‘%ﬁ '@Y&%wgﬁpgf“gﬁg fPO%?otisﬁ)ég%ivﬁéﬁt ogfal 0 was
al so tw ce asshi gh fograéias; gf‘idx?on&tsdxﬂ@ﬁicﬁﬁfmﬁdeﬂbmﬂ(eﬁ‘@ttallm System

1 -when operating with 20 110[err] F. tenperature profile on these

catal ysts. -19- 9 \Wqhe hyRiréckaekiR Prdcess aecording & CliiE B Wharels thec ss
conprising contacting a petrol eumfeedstock and hydrogen at hﬁ) rocracki ng
y

conditions with a fi rmmmvwwmnsﬁfmnmﬂbﬁ%b\hw&%‘@é‘m‘ﬁﬁ by peeight of the;
Chan about 24,35 Ange s e oolid Halil Bl 648 dr1t; fin BofpR38 A

t han about 24. 35 Angstr con uent rom'the

first catal yst er rocracki n cond
| ayer whi ch cont |5hs iﬁ?@/ ‘%ﬁ‘ﬁtpf% %?%?‘fﬁ#%%%ﬁ‘e‘ggggé@%@w ng
a unit cell g0ze of | ffither dbaiprisdsQistio Satﬂmmdaswhﬂremthe%lamemcrauoof

hydrocracking process_according to aim urther, conpri si recoveri ng 10
a mddle distillate pF%Wn@mg“%Pﬁ?éﬁ) AIORRYS %E@‘gﬁ

Aaiml wherein the CM&WHOQQHUI% es in the.first catal yst layer corrprlse-
a Y-type zeolite haV| ng a unit cell size in the range of from about 24.40

Angstroms to aboyy \}ﬁ@hﬁ&?ﬁcﬁﬂﬁ?mé accordia§ td’dﬂl’n?%ﬂrﬁé’x’eﬁ%ﬂdhﬁﬁ&ﬁcmﬂo
according to Clalml rein-the atafyst partlc es in the
second catal yst |ayer ofzmbmatammgaagqbetmmlwemamhn’g %tabﬁmm@éﬂslls size in

t_he range of 11‘5rom abogt 24 a%oumm(a%/ztso about 24.30 Angstrons.

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 hydxncricking process comprising contacting a petroleum feedstock with
hydrogen at hydrocracking reaction conditions, including a first reaction
25 temperature, over a ﬁrot 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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5. The hydrocracki ng process according to Claim |l athydrocracking
conditions, including a reaction tenperature in the range of from about
2500C t 0 -aboyl, aR94ss, - pressures up to about 300 bar and spagern§ysRsdel i.es
fromabout 0.1 to 20 about 10 kg feed per liter of catalyst per
hour (kgl hi). 6. The hydrocracki ng process according to Caiml wherein
the zeolite-contai ni ngbosti2haB0/Angsrams, whesein the seqead reaption EHPLRYE(S tdeast

' f bout 0,59 Welolige) VI netal
Component (€) . from aphiit MEF A eafth B RBLABebertb O L T Mot a
t , f 205:/5% | f . q At , d
cuf i otent bl ndefSt o MR Bind lpefss epting tofGlim | LA B R RRERG, "

according to Caimé6 tufe is/a€least abdiit GO FIAsHROthen the dipstidacidiftempéarafurbout
15% by wei ght to about 50% by wei ght of the Y-type zeolite having a unit

cell size of greager Ahgarodelihg ?&c&?c&ﬁﬂﬁﬂ\#ﬁ&gﬁ%@‘smm&d nitrogd\@ntaining
hydr ocr acki ng process accordi ng o Caiml erein the zeolite-containing

catal yst particles i npatipde avith hydrogensa dydreesagkingeconditionshisaluding 896 t o
about 10% by wei ght of V1] l..c g’ﬁ? 5% to
about 25% by wei ght ofeagoglggmm{{gh’%&nﬁ%gﬁ@%ﬁ?&‘}:ﬁbﬂﬁrﬁg - S%Ey wei ght
of a5 cr acki prgssufesp kedtiont 300bas add spadeaslocitics fierh absut 0 ke abtut 1®
cracki ng component - coff P88 it arAIS SHRVIGNF PRI o 11D 2t pisyeis
cracki ng conponent conpr

vei ght of thqgY-type ggiehchfail@aW-§pe Seolift RavitglaluniticdBsisd of gichfer tHan AbciR 24185
24. 30 Angstrons. 10. The hydrocriacki ng proCess according to Caim1l

wherein the first catAngstiomszapdcontacting the entirefeffiuent-from saig ficss zealitio catalysis

catal yst particles, |« vol tric.ratiq. Lie- . '
catal yst particles t\cl)\ﬁgérfs?p ﬁ&%gﬂ?‘;ﬁg@&%ﬁd@ﬁ‘é@? é‘%gé%é\é%‘f\&g&@u%%&lo
and 10/90. 11. The hlsgdreomprising g sqeondroliteaanlystdiartiples whidhaonmih@ Yypeei n t he
volumetric ratio of zeol.i t.e-contajni .caf.al yst parti s to anorphous
catal yst particles i s”fgtemmga“nﬁéflgg@;éﬁéﬁmé%“fé*%g“w&: .
16 17.  The hydrocracking process according to Claim {6 wherein the petroleum
feedstock contains greater than 100 ppm nitrogen and greater than 0.15 wt%
sulfur. '

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 greaﬁ:r than about 0.15 wt% sulfur, the layered catalyst
system comprising & fifst 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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12. The hydrocracki ng process according to Claim1l wherein the second
catal yst layer further conprises anorphous catalyst particles, wherein the
vol umetric ra bgggﬁ Zeol ite-containing catalyst particles tpcpRsspRaNs
catal yst part % between about 90/10 and 10/90. 20 13. The
hydrocracking process according to Caim12 wherein the volunmetric ratio of
zeol i t e- cont ai ni ng catbyl ys&m@gmhemm@uﬁm@mmmnégs i's

bet'ween about- 25/ 75 and 75/ 2 roc

contacting a petrol eum fee SFWQKFF ‘ﬂy%ﬁ %&hﬁgdrocrac |ng reaé@ﬂgn
conditions, including a first reaction 25 first
| ayer catal yst conpri $¥ng W&%M°%%ﬁf§&§g§§{ut%tc!e| 1= g @E’d&f’

greater than about 24.35 A g&ggmmﬂﬂghﬁgntactlng at least a portlon of
the effluent fromthe first layer catalyst with hydrogen at hydrocracking
reaction conditions, including a second reaction tenperature, over a second
| ayer catalyst conprising a Y-type zeolite having a unit cell size of |ess
than -21- about 24.30 Angstrons; wherein the second reaction tenperature
is at |east about 40@ higher than the first reaction tenperature. 15.

The hydrocracki ng process according to Caim 14 wherein the second reaction
tenperature is at |east about 60[err]F higher than the first reaction
tenperature. 5 16. A hydrocracki ng process conprising contacting a

sul fur and nitrogen containing petrol eum feedstock with hydrogen at

hydr ocracki ng conditions, including a reaction tenperature in the range of
from about 2501C to about 5000C, pressures up to about 300 bar and space
vel'ocities fromabout 0.1 to about 10 hfr, over a first zeolitic catalyst

| ayer conmprising a first zeolite catalyst particles 10 whi ch
contain a Y-type zeolite having a unit cell size of greater than about
24.-35 Angstrons, and contacting the entire effluent fromsaid first
zeolitic catalyst layer with hydrogen at hydrocracking conditions over a
second zeolitic catalyst |ayer conprising a second zeolite catal yst
partlcles whi ch contain a Y-type '
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temperature profile.

(545 Title: MIDDLE DISTILLATE SELECTIVE HYDROCRACKING PROCESS

A layered hydrocracking catalyst system has high middle distillate selectivity when used for hydrocracking a high sulfur and high
nitrogen containing feedstock. The layered system comprises a first layer catalyst which contains a zeolite having & unit cell size of greater
-than about 24.35 Angstmms. and a second layer catalyst which contains a zeolite having a unit cell size of Jess than about 24.30 Angstroms.
The layered system is particularly beneficial in terms of catalyst life and product selectivity for reactors operated under conditions of a high




