. HYDROCRACKI NCi CATALYSTS CONTAI NI NG STABI LI ZED AGGREGATES OF SMALL
CRYSTALLI TES OF ZEOLI TE Y AND ASSOCLATED HYDROCARBON CONVERSI ON PROCESSES
FI ELD [ O80Xpipmi2g208nventi on rel ates to hydrocrack ng caralryisee200m6@i ni ng
stabilized aggregates of small crystallites of zeolite Y and hydrocarbon
conversion processes utilizing such catalysts. Small primary crystallites
of zeolite Y can cluster into larger secondary partlcles at | east 80% of

T O

| ess, or about 0 3 mcron or(« }Bé&ﬁi@&lﬂﬁﬁe'%@erage size of the secondary
particles may be about 0.8 um or nore, or about 11.0 p.mor nore. The
silicato alumna ratio of the resulting stabilize zeolite Y products may
be 4:1 or nore Methods for stabilizing the aggregates of Y crystals as well
as the cgataphyst synthesis using the aggregated stabilized V crystals herein
are al so disclosed. Catal ysts and the use of such catalysts in processes
for hydriB8¥Hcki hgisonvanyidr sdapben faamakoskestayes emsfemaggel“tﬁigeti her ei n.
BACKGROUND. ...[ 00 £ Fatua ni. is widely
used in B thQ gg %%et%t%gt%ﬂ%eéseg ezg&gzgh&%‘@{xft’#&ﬁ&e% f a‘[ %1511 pgﬂi’%&(’:&lél ng (FCO) .
hydr ocr a@i{ﬂ/ﬁ@,suaﬂi mg;stsssa;hkyahatalr@ﬂ,w stadesarfositic %cztnrcamahkw latzton. A
particul ar type of zeoljte Y is known as ultra-stable Y zeolite (LISY).

Typi cal *O8YRasrErges. it spd SORRIIHEFDEYY 6PmRGH @tdgtﬁéaatlawwab%%m crosi zed
CryStal s AnduIRYE QM ALDo AL LASRINSt Al TRSAPOLESAAL L ofy POSLT HL.ERLAEN!
i nvol vi ng tenperature |1,|e I ndi Vi bni r osi ‘Ze& crystals
may havemcmgstaab g‘dehﬂedmammﬂn) sﬁhhqapnnkacvecryaatﬂtmssxh% t@rabent iéd uet ysicad, ogr ai ns
wthin a (?Lwdual Féé particle. . xP)ten{éxw 284, 18 st ates
that suchotal sEHE0n RE[ter SRy ﬁ\g%tﬂh’w oSOy Dt gt ey 5F b0y, o

i npor tang g uh{bx%&ermt&oeto% AhLoioMbRI d8cQfiich Readhfid L8t @ftﬂc%tﬁw egi me t hat
often leads to coking. [0004] The article by K Rajagopal an et al

"I nfl uemteén ofc ZZelolei™ profasts relydeSi ker wareSéfebodsviot ytammngghﬂggrfcgw@aMI ytic
Crackln ied, t.al is 9- e t | 1er

par 1ol o s BRI ER YR By SR e B o BB b B T T i <

exhi bi t e@rdifpraN@Adiatsdet touands s@l @etky b ich QabNLRLABLYadses flracked
products, such as gasoline and light cycle oil. Selectivity differences
wer e sailtydrastaskinexg|hariesarboy fesenior st Algo diveloesd kseinof  di f fusi on resi stance
on the rate constants for cracking of gas oil and gasoline. [0005]U.S.

Pat ent No, 5,620,590 reports that small crystal zeolite Y of less -than 1
m cron shows activity benefit in hydrocracking conpared to |arger crystals.
However ,BAGRRGYNE al zeolites often present probl ens i n manufacturing

(e. g., 3b8| CU| tl 35(\3 &d%%%nébreg‘tgﬁ" 81% }%ﬁd far va%sl VQ 714 %hdul‘lg }notitgrbeéartaiftqpl !

parti cl es nsi'ty “ther'e or &, JisTdesira have
zeol i te%)tbé’b@@eﬂ@@@ﬁ@sﬁet& Bﬁaﬁﬁbfc@arcﬁﬁgqf?( agi\l@ﬂio@@@ﬁn@f asRtits PRV, a8d whil e
still maintaining the easy processability of |arge particles. Thus one

i deal ze$PEESHBRpREYIBERD. i hERTigRST YRE §é f@éé@ﬁdaky@mﬁ% PepesbloY zenligr eat er
han 1 N
than r&ﬁi\f}”)agjﬁ&’aﬂa@y%q 200lPHBEAIAN B ;L_tgttcetttgdtgatatt% Eloyptal 111 es

(often less or even ernor e,
I nprove am@sds tamtamspomttamtnmm ma%esmeﬁemkmtaéttcpmttrahmm trivoBmmd highi ze or

a00r egated crystal s conal mlng Lol crystal Tesopores, can, be, desi rabl e

which produce variously oricnted crystal grains within an individual crystal particle. US.

Patent No. 6,284,218 states that such defects include stacking faults and screw defects.

66063} When heavy molecules are catalytically processed, such as in catalytic cracking

ot heavy gas otl, transport propertics (both intra-particle and inter-particle) of the catalyst



[ 0006] Conventional zeolite Y tends to have a crystal or primary crystallite
size of nmuch greater than 0.1 lam, even greater than | urn, Exanples of
such conwsotiiak20Bor ns of zeolite Y include U S. Pat enPCRAS2012/0348) 913,
3,690, 823, and 3,808,326, for exanple., Small crystal size zeolite Y may be
prepared by nethods disclosed in U S. "Patent Nos. 3,516,786 and 3, 864, 282.
[0007] Zeolite X, zeolite Y, and natural faujasite have identical structure

types and differ only in the ratio of si].ica to alumna in the final

crystal ¢ Fuertpe = el B ﬂ*e?mé\éaphiﬁ ‘é@li“i‘%%gﬁﬁ‘@i:gfﬁ%y“? U 93 80 havi ng
a Si/A ,.aplar ratio of 2-3, whereas zeolite Y is generally referred to as
havi ng a SiFAIZ nolar ratio of 3-7. - 3 - 100081U.S. Patent Nos. 5,993,773
and 6, 3069883 déberitbl hydii Dysgdrotars of , Tiolweit pLacdlaufaticiedizenl it e,

referred, to.as LSX, havi ilica to aluni.na.nplar d9s Of 1. 9-21 These
bat ont s Tocricae PR SRS Sl n gD e Budh [ F A R il ang

nor phol ayt.snf:000QHk1Ssi-0 N33t &BtitcNRSd c§a BB cB3BBingl(FCUS caligtiedxhibatd when
zeolites are observed by a SEM they may be visible either (1) in the form
of non- dfgraganedviprinseeipctyistodnicibedatg sragkedupiognctarsach presasiiid @l units
of zeolite, tieles, . Qr (R in the for . SECON Jparticles which are

f or med 6%358‘f%ﬁ%rgg}gﬁ“%gﬁgﬁ%ﬁﬁéé‘fY?ﬁg%P%?TE%$§9%$%%$§¥$%§%§%G r?ﬁary
cryst al lgftdeSusddn zeiglahiem Mayabavestddieior calbbbpg sl piedehel gasoge:. dependi ng
upon the type of zeolite. For exanple, A-type zeolite tends to have a cubic
shape, and faujasitetype zeolite tends to have an octahedral shape or a

pol yhedr hape ¢ew 6ds k5 Qenenal Ly. L1 Caliesd L WMiLh jsonme
[t@%{?ﬁ ?@%@n@&él 17,% @g%@'i ?QHT-.?%{ bi’%@%i?&?&d? l_%%ll%/ S‘h%PIRFWhaQ 1

angul ari as shown I n gure 6 t pat ent. wever, I's possible
for faujmasideshbypecizenl idieSt idiyiaveschidennghages jargurchysads. elowgatred shapes

(e.g., rod-like shapes). [00101Usual ly, particle sizes.distributions of
Lhege’ part et ZraT o tam Yo himb e s s Gl dodi BedkeHi mum A
met hod f@ifr. @it zﬁid%ﬁﬁui_@ﬂosg\@% A9&cRaRdat 16 8ic a8sfHamPatll &hesy having a
distribution is described in detail, for exanple, at pages 1 to 31 of
"Powder Enmgitowertindgsitaile or have zShiliigetaMpasacsedhs parB8mandd kikaragogy ov8hi nbun
K. K The priimary.crystallite size of the faujasite-t zegl i te nmay, be
desor 1 bad R ST M tb e Ml ord S b EN PP it RFar b e T £ e

parti cl ecoiiRmedprSofRIRINETr BYscShMaraSuraPPs Q¥icARt &rliuSPRERes, Which is
called the "projected area_dianeter” or "Heywood dianeter”, [00111ILSX in
U. S. Patferped\y 2@l@ue 8880l sndiss prmperdragalbbs Aot o . pueydymad

charact ari.zed i;n. i5sS,PEi Mo Al ite size of. gast,. 0.0 rnoand | ess
Than 1 oo e aarie iR B AREGR! KPHRRbld Bl fiforsBon HEBSei OB, S0

previ ousiih knoiwizE or agpr@fted LrysSXs c@ntgning\ilrer-erykfabmpsdparsycac by gtdtablct e sSi ze
is from3-5_tni, and _even nore generally where it is at least 1 urn In this
pat ent, & 10§ '€pggdiyuan IRH-EPI ne LSI X of high purity is used, for
exanpl e, as an adsorbent of various substances, diffusion into the interior
will be facilitated, and inprovenent in various dynam c properties can be
expect ed{#886] 4 Conventional zeolite Y tends to have a crystal or primary crystallite size of

much greater than §.1 pm, even greater than 1 pm. Exampies of such conventional forms
of zeolite Y include U.S. Patent Nos. 3,343,913, 3,690,823, and 3,808,326, for example.
Small crystal size zeolite Y may be prepared by methods disclosed in U.S. Patent Nos.

3,516,786 and 3,864,282,

[8667| Zeolite X, zeolite Y, and natural faujasite have identical structure types and

zeolite X 18 gencrally referred to as having a S¥/Al; molar ratio of 2-3, whereas zeolite Y 18

generally referred to as having a S/AL molar ratio of 3-7.



[0012] The LSX described in U S. Patent No. 5,993,773 is said to be
characterized not only by high purity, but also a peculiar primry

crystal | iwe20i2z22208st ri buti on, wherein the primary crysPariise@202meo of a
smal | er set of particles is from1-8 p.m the primary crystallite size of a
| arger set of particles is from5-15 um and 90% or nore of the particles
are in the smaller set. The right hand portion of Figure 2 of this patent

illustr Lalar single crystal ar pripary crystallite hayjng a
Sphor i cAPOBBI yhEds doendps Wt Arigaaioy oGl ae iy BT B BHOSURARY
[ 0013] A mijabid J-284, ROIIRABLEASKONMRL siHEOlJ fi8mMathdihi 286k i bhe
hydr ocracki ng catal ysts and associ ated hydrocarbon conversi on processes
di scl oséthehepains oohpiciddd psotaiziappy shoaryg EBYisralikippeslantd ggcondary
particles %& | arger size. At least 80% e.g., at least 90%or at |east 95%
of the pPY'RAPVE&rystallites may be aggregated or clustered to form the
secondary particles. The ratio of the average size (wdth/dianeter) of the
secondary particles to the averagf size (width/dianmeter) of the primary

e

crystal P&, wheH X Ratcauller. 6306863, ibssdriedtbpt. sihen gedgevfre pheerseldsndar y
particl al €.V d, ey _be. at. | eas e £ Or exanpl cleast..n:1 or at
oast 10T Ry Re HIEe Mo uudB b ook YRR vhufly WPEENRL T Poven,
e.g., Ik wBSEM ieigesmdirer avg g st gatioks h€)an mafymerysicatidyt es in a
secondary particlemay be about 0.5 p.mor |ess, for exanggﬁ,about 0.3 ttm
or | ess,PaEBoHVHR aepEReq Bstsigrerabgue! *Dl?lff%ﬁir’ﬁfd?m}l@é’§}‘>’i“ ‘feas the

aver age mi 26 of i e SEEARARL Y RALLE AlASnIBY P&1ABAM 048 Rl QbolRLe, for
exanpleﬁitoﬁ?%féo pﬁ]grﬂﬂbgé %r g%ouf 2}3&%F%$%% nofgfd%¥/weég%080@6 e.g.,
at | eastty@O8bmnli@t Foeastn98%-tufe Achtcdggsegated: sbonsidae, anpdntiisctees nmay

conprise at least 5, for exanple at least 10, prinmary crystallites. These
e y 5y w0l odo it Sxeontary e crebalehdtet BB may b
obser vabegeraBy Gpher¥ AR SEM: Unde tnand i Clsanbws andidonsr ihnchdi ng
appropriate nagnification and_res&futlpn. 0014] The average sizes of the
pri mary Iewstealt sressidadordedontaiyye partdsdh dgveathcirdapist suamianednatiod
instance% Qx yge¥hﬁg one or more sufficient two-dinensional SEM i mges of
t he secdh%aff“bar? c$e% gﬁa‘approxinating t he shape of the primry
crystallites and secondary particles roughly as two-di nensional spherical
projections (circles), \Wen percentages §e.g.,_80%; 90% 95% or the like)
of pri mdPY W ystardiit patighdizse dvithariynpal thenegicksey @f“é% YedERerei n, it
shoul d he undersfood t:hat - e peLce ' , ed an. auner f these
parti ol aro RS aR Fel e e A AL IR B R R TEREE ol ' e ct
al | of trheigaritavtlgesdibnbanorentics@ibbatciotal, fprénmpye, ar yskal e 8 est and
secondan% p%rthLes,_it,shoglq,also‘beggndeystpgg’that t he SEM ina?es

ref err ed "PYOREFRIIRCCENE Wireled” Meco Mpy eEnt B Veep Kagvemtinben bak-cH g
primary grystallj.tas "8LG Yo PALJie! 85y bh AClHELNL 4 1.R0S8 e

parti cl slﬁﬁgegsggﬁ f%gﬁfgﬁg%ggggéﬁggf%%%ﬁfg%gégégﬁggg%bgMg?mfegéﬁgé Y of

t he pregenicld nvenf thoprivarny travellknpandedistabt (sisyrvepay SiEdMil ar | y enhanced
thernal{and[or(bgggp her ma wgtaphL%Q%”,[e[gg'yq,ép,ghguagﬁwynth§sized formns
of t hesdPHUGIBYAE 865" ire Predénttl st Hisi PIYE Gyt Bgared oF 78 e v, which
can advapiageously have an al kali netal content |less than 4 wt% can
further have different chem cal conpositions than the as-synthesized forns
of these aggregates, which can typically conprise as nuch as 8 w % or nore
al kal i |, content .. [0016 us,,Wi-thout bei | ound - theory, it is

pel | eved t ke NS <oheht o EoRpaarPbn Rl e PR B i e

i ncr easetiagt@abidd fyits. pABnE U CRistafi@g kegat eslead 02801nh bed Msdiyin atydndiwhithor eased
stability through one or nore of the follow. ng treatnents: by exchangi ng

al kal i rigtddp bea Tgie (Swaldl U UhtormarEeb th e ARSEy Hionesioray of ia%/«ﬁq oLt he
aggreg atﬁ%ﬁ?l‘g\"ﬂ'}"g}rﬁ@d{ﬂ %&Elﬂ@k&@#c\t &3R4 Y© alelning, L %@n&m phum;exghanged
aggr egat es under co diftions Sufticient to econpose “anmorm un by st eani ng
t he cal demed granmohispaicex changed thar whaf fitdhESHgghagatesy isnded, fst eam ng
conditions sufficient, e9., L0 r%qnve‘fr%nemonk 3juninunlfé mthe zeolite
Y cryst dFPPPEs 25 FhifseioeByoiCGHP RETIPAGI e HIHET 1EP Bt ian ik B%t es with an
aqueous @Gi;bedCah Qv QIR YIRS B{n@%wg(lﬁpcﬁls&r@aﬂ H&%iﬁ&f@dt he zeolite Y
aggregates. [0017]1n other preferred embodiments, the aggregates of zeolite
Y herein are incorporated into a catalyst by the use of a suitable binder
material or m xtures of suitable binder materials. Suitable binder
materials include materials selected fromnetal oxides, zeolites, alum num
phosphat es, pol yners, carbons, and clays. Most preferable, the binder is
conprised of at |east one netal oxide, preferably selected fromsilica,

al um na, silica-alum na, anorphous alum nosilicates, boron, titania, and

-~ .



- 6 - is selected fromsilica, alumna, and silica-alumna. in a preferred
enbodi nent, the binder is conprised of psettd6boehmte alum na. [0018] A

si gni fi camD 2atviaezoage of the present invention over thePpmjuseo1ae7oee s that
in the prior art, the zeolite crystalgityplcally require a significant
amount of binder material in order to get obtain sufficient nesoporosity
which is defined herein as pore dianeters from2 to 30 nm (20 to 300
angstrons, A) for optinmum hydrocracki ng of hydrocarbon feedstocks. in the
present invention, the zeolite is aggregated into a structure containing a
hi gh relggime ”?ﬁ@EQRQﬁ%&*wﬁ”@tﬂ§}%H%Pkoth@Q@YdK%%&QQE%@Qh&éhéﬁxﬁﬁxﬁa” made
with very |l ow concentration |evels of binders and still naintain the
necessaryiwbﬁhahmquprbrmsrpynbﬁithMhydwmﬁkaokrmgqnaﬁamywbﬂthhte t he
cat al ysts. of |nv§ + ﬂ ain trqgt %_ ghnder naterlzt due
to the HI'gh'¥hes @bra”srf‘ 8 fie He aydregate® ‘%Jo tti% T RTBFRr YT

enbodi maptcSf atilgebiddesgtitiey Bl forg an shem ahautos Dot Borl@utc 81 YarcIRER
preferably, from about 5 to 50 wt% or even from about 5 to about 25 wt % of
t he oversatdlics teﬁal ‘hhydkderasriteg ﬂéétzawspi ﬂttﬁpmrﬁeiﬂuweﬁéﬁrr@a sieglsodi ment s,

t he hydr a e re pe Iess

t han 25 \%f\t%ﬁ &d% %r%%ﬁ]?era éehs? %ﬁniigl %9 bi'n a% 81 {erl % &

not ed, hﬁv&ﬂbﬁﬂlnents t he aggregated Y zeolites of the present |nvent|on
may be used as the final catalyst w thout any binder materials. [0019] The
hi gh rel ati ve nesoporosity of the catalysts of invention are indicated by
the high Relative External Surface Areas of the catalysts, The Rel ative
Ext er nalsiguniaE® Area is defined herein as: Relative External Surface Area
=BET External Surface Area[l] BET 'Total Surface Area [0020]1n preferred
embodi nAtEilof trétiydosrmeirhPrantiaegbics’ sblizedve ity o HerEing t he

catal yst_, el. f e f re
prefera51§§%%§rgagg%dxg%ﬁﬁ%%ﬂprgﬁ?ﬁ?é%%ﬁﬁé&ﬁgﬁggmg%b %ng§§$8%¥gcklng
cat al ystsaafifprinmrg ntyisomiithesel ocotdaey patidbyst lahas siac | am@&myurefoac& area of

| ess th ferably |ess. than 500 n?/ an preferably
| ess th ﬁ“"hggfﬂﬁﬁa %f»g% wfrgr& %F%T%Pt‘éﬁ‘i&nﬁﬁd} ﬁ%@a@?% %‘étl”a {5ts of

i nventi q&mereegasmtatt%aﬁetagﬁmﬂ%eorﬂrr@rmtagt attttbetrpatiatx%mﬁt at least 7.0
nanoneters n), preferably at least 7,5 nm "nore preferably at east 8,0

nal ., andun@snipweﬂaﬁabhywatwkeaeﬂwgﬁbﬁmnmu®@OQ&@mwn@thems@ﬂ6£ewﬂem

enbodlne e catal s ntain additi.onal zeolites ecu

ol eves. THoUohYor Ert B BRI LNE, SCEMECRPHT§ 8y M G CHS, TRYEeT CES At | east
one of thecfidiom ipg: polBeulaat: 19 eVeSen BRtdicréofhdrs of MM sbdonddS: NA- 57,

MCM 22, MCM 5 | TQ7, 1 TQ 27, ZSM 48, nordenite, zeolite L, ferrlerlte

ZSM 23 INEMIGSC S8Redss g 331 ancYEMiimgapGiaverasmizE 2! RSNy cayithlERTin
() asi & e Suol TR A B EIDALMITRN: Ry LORLCALALYRE \GOIMELoGR. ! | cast

one of ecul ar st eves: enite, and

zeolite (.2 wkhe iom| acatbare $ i@y eslchy, s&eﬁdab@\aea@g@ubeom@sarmtw tah&les
as- syntheS|zed form or aIternatlveI . can be post-nodified chemcally,
t her mal 192y & alipsERdnive a1 popre doicren *5 ot hBir delorsr ire +hemmit eri al .

more. At lcast 80%, e.g., at least 90% or at lcast 95%, of the aggregated sccondary
particles way coraprise at least 5, for example at least 10, privoary crystallites. These
primary crystallites and secondary particles as described herein may be observable, e.g.,

by an SEM under sufficient conditions including appropriate magnification and reselution.

(8014} The average sizes of the privnary crystallites and sccondary particles can be
determined, for instance, by viewing one or more sufficient two-dimensional SEM images
of the sccondary particles and approximating the shape of the primary crystallites and

secondary particles roughly as two-dimensional spherical projections {circles). When



[ 0022] The aggregates of zeolite Y, binder and additional conponents nmay be
extruded, spray dried, or otherw se shaped into a catal yst particle for use
i n hydr ocsowverxizeaespr ocesses descri bed herein. In prefepcgdSenpoaiosent s of
the hydrocracking catalysts herein, the final catalyst contains an active
Goup -VIA and/or Goup VIII A netal _ I'n a preferred enbodi nent, the

hydr ocracki ng catal yst is conprised of at |east one G oup VIA netal

sel ected from Mo and, W and at |east. ope.Goup VIIIA metal selected from
-Ni and fEEP R 6h %ﬁ%p’ everred’ &M%?%ﬁff}*&@ﬁ@wl@%ﬁ PEERIRY cat al yst
i s conpri.sedeale Leastd @Nere QURoVd dARL Ao 138 el e def b OM Rlare e BR and
Ru, In another preferred enbodi ment, the hydrocrac.king catalyst is

conpr i sedrEterd ddbtse gadicGeodptheugiAS bt alagsefodoteidofrem & naingdc®daniiyn a

P Rl ET B RE e ik g B e RarE bt sy e RS bR S i & &

conpr i sgdsikidlise ThenRekdotehFBEREM s LFauR tihbicd: BRtAwScdmy be
incorporated into the catalyst by any technique known in the art. A

pr ef er r daPEEBHNIGWE af sRtirgdrich el FEMAlY il iForat sowninyeatidecsc MCHoYEt  herein
is the ingipi , t.ness. teschni oed 8 - BRIEF DESCRI PTION OF THE

DRAW N@Qf%g@g?%%@r”ggéﬁ b&‘“{ﬁﬁi%!}gﬁbg\%ﬁg%anni ng el ectron m croscope (SEM

i mges of conparative non-aggregated NaY sanpl es prepared according to
Examples | A & 19, [0024]Figure 2 shows a scanning el ectron m croscope (SEM
i mage of 84 Yanpl B¢ LEHpIFSI NG A HINQIURS PEFCU GYFEEST 88 B VAGRIMGEF egat ed NaY
prepar e%tz@o@i?%%%@&ﬂ&% %@H&Jd%&n a 9973] FlGULE S SHONS, 256aNR1IAY, £l ectron
m croscope I mage of a hi ghiy aggr egat ed - NaY saine pr epar ed

accor di ngnthosiExaivpheoBthef0@26]zkicguit be dreshrowsibaized agitpgeselfectktory,m cr oscope

(SEM i gg of a hi tﬁh\l/%x @ gr egat [?\d .NaY sanpl @ gr _ggar edu,a(‘:rco{éd_'én to Exanple
4. 10027] Pt aneuts S T o sl grs P98 deSt Fibutt dnS based BHoB ||
Desor pt '&ﬂet%ﬁ@dﬁeh@ca@@h&?&%&ﬁ'tﬁaﬂoﬁie 280 1BSize8 FEANTdnAL apO00&es, Sirgamed
treated at -600C, and steamtreated at” ---700C. as prepared according to
Exanpl e %4p t{0028]dmryuse a6mshioas? XRD pararepiveli ofctdampice’s prepared according
to Exanpl e 5.

(6016} Thus, without being bound by theory, it is believed that the chemical

composition change may be a reason for the increased stability. As such, aggregates of

zeolite Y may attain increased stability through one or more of the following treatments:

by exchanging alkali metal (e.g., sodium} atoras from the as-synthesized form of the

aggregates with an ammonium salt and by caleining the ammonium exchanged aggregates

under conditions sufficient to decompose armrooniurg; by steaming the caleined,

aramonium exchanged form of the aggregates under steaming conditions sufficient, e.g., 10

reroove framework aluminuro from the zeolite Y crystallites; and/or by contacting

{washing} steamed aggregates with an aqueous acid, e.g., to remove non-framework

aluminum from the zeolite Y aggregates.

(6017} In other preferred embodiments, the aggregates of zeolite Y hercin are
incorporated into a catalyst by the use of a suitable binder material or mixtures of suitable
binder materials. Suitable binder materials include materials selected from metal oxides,
zeolites, aluminum phosphates, polymers, carbous, and clays. Most preferable, the binder
is comprised of at least one metal oxide, preferably selected from silica, alumina, silica-

alurmna, amorphous alominosilicates, boron, titania, and zirconia. Preferably, the binder



[ 0029] Figure 7 depicts a plot of pore size distributions based on Bill
Desorption from N, BET anal ysis of sanples prepared according to Exanpl es
7A-B. [ 0080]2Pigu2e®88 depicts a plot show ng hydrocracki rgTdisesiejo21ss@duct
yiel ds conparing two (2) enbodinments hydr ocracki ng catal ysts contai ni ng
the aggregated Y zeolites of the pr esent invention as conpared to four (4)
conparati ve hydrocracking catal ysts cont ai ning USY zeolites of the prior

t per Exanple 8A- 031] Fi gur.e 9 d Lot prior
of the dr SqETpFOfGicey T IS B ThE- 2y MEboUn RS SrarsCr Ry

cat al yst;g .£a5 @dryf @B&@&g{&g@ﬁﬁg Y zeolites of the present invention as
conpared to four conparati ve hydrocracking catal ysts containing USY

zeolites of the prl or art per Exanpl e 8A-9. -9 DETAILED DESCRI PTI ON OF THE
EI\/BODI

ot o TP, A RhEE: Lo Rk B ek it dRE - mabe PP e Bab iR he

snal | er pakbcihe z@éiﬁ@cﬁ&ﬁé&tt%ikﬁ}ﬁﬁqaﬁ@a flgaBichef SidiRdof Binh@NRitBiASy Pri mary
crystallites or pri mirﬁ?i/“ particles. The clusters of these primary
g

cryst al I9¢dgo apleobinis guldiefeat metbnpeesHEvdiieh sleBexsohmtain ys paictdianesss from

00 eoat 5, AL PR BN AT 20, o

particl eSedmmbeinassgfﬁgmlimenum friof mollite Siaggrepdted it s bance: cahtaliedss 80%
e.g., at least 90%or at |east 95%. of the sizes of the secondary particles
may var yUShTCAePAERTOHE o SEHRM /IOt Bt CekEmpr & a%re t han

-0.3 m GLONQLco9 PGl DD Ly &HEE 1 bind ¢ Qbé&ws%\g QPN JFBARNY | NY

average di aneters as approxi mated using spheri cal condary parti cUl ate
shapes. qumm]déaiaa‘i@mmaﬁdgqtby&'mm&hs pitelvise af mppmfmrmmlmnsfr{smrﬁ ®i%e

(widthidia et. er m nati.o t he second articles .be essentially
Spher § ol FMGHABE T HordHe S E: FtorRERGE CRU R BEedIBadt 90% or  at

| east 95;\{%9&@1 E&%a&@%ﬁﬂdﬁﬁehtﬂﬁﬁt1%%1@@‘&11”@&%@%’%@&0%@?%/orﬁbffo of between
0,7 and "1, for exanple, between : . Aspect ratio may be cal cul ated

by di vi dirpigrabhe f@hmﬁtoe&sﬁ te pou’ osercqweoﬁeﬁm @irmieﬁéw obpud RS awé’reddh@avﬁya fDaI‘tI cle
bythelon S sss I,0 dlme Si he .second arti
observe( rgg%[ch é?tyqutht" ene%ﬁymob 8 saees, 1 %ﬁeh aa %in%ifa% 1 nary
particl esn bhak ﬁﬁm@a ebuf m Gadit: pkdf&ebmmhm@ww@pﬁ@rm @retembiv fess than

10 wt% binder materials. As noted, in embodiments, the aggregated Y zeolites of the

present invention may be used as the final catalyst without any binder materials.

[6619] The high relative mesoporosity of the catalysts of invention are indicated by the
high Relative External Surface Areas of the catalysts, The Relative External Surface Area

is defined herein as:

Relative External Surface Arca=  BET External Surface Area [
BET Total Surface Area

[(0206] In preferred embodiments of the hydrocracking catalysts of nvention herein,
the catalyst has a Relative External Surface Area of at least 0.35, more preferably at least
0.50. In preferred embodiments of the hydrocracking catalysts of invention herein, the
catalyst has a low BET surface area of less than 600 m’/g; more preferably less than 500
mz/g, and most preferably less than 450 m’/ g. In other preferred embodiments of the

catalysts of invention herein, the average pore diameter of the catalyst s at least 7.0



[ 0035] The primary crystallites may have a non-spherical shape_ For exanple,
the primary crystallites may have a snooth or roughened octahedral shape,
whi ch i s wore12r2108ss typical of certain faujasite typePgealSeeie/oemyst al s.
However, the primary crystallites may .have other |ess conmmon shapes, such
as elongated or rod-Ilike shapes. [0036] Wien secondary particles are viewed,
for exanpl e using SEM t echni ques. onIy the exterior surfaces or shells of

the secondary particle re ty vi si bl e. he entire
crystal THEPBHG gy oI bRe e i 3%%&%@&*&@5 S TG TOa srl o™ 15 -
i nteri ory 0 rbRests8RPOEaLY particles, is not usually observed vrsuaIIy.

Accordrngly the secondary particles of the present invention may possess
or |ack prlnary crystallites in the interior reglons of the secondary

parti cl nnot mbe obser.ve Addi t i r rnately,
Pone or 93fr CPHERTRhERSe EPBSEREG e Tl G SRR s Phu b GGt e
al ong arin@léd:rﬁm%w%ndltf@pﬁcf@f&kﬁﬁ:o@ﬁﬁ@r@rth@fzatéi@@t fﬁﬁﬁ&ﬂﬂ@fpﬁséﬁﬁﬁéa@i &% Jfo the
center of the surface of each crystallite, as observed u5|n%iSENl [0037] I n

aggr egattbs fowingimelcguiar g19‘r€i‘*’*n}a€rty Zst PM 1 &sZSNpHe 8K Wai. 84§ ¥t 4%nong

i ndivid I} C al roQ n Q es, i al
nesoporgg‘{t ?% §§L r§§¥?§§€§%1?%gﬂ%gu tp ¥ ﬁl‘qaﬁ'%ﬁd?sﬁgu§PJ§§ngalIi?e
tend notSHOZHrI CUE- IpAAE S PAGEM- 1Q11£%’or rmhe EstBekiiaaged auhdose gﬁmyﬂmﬁi st

within any individual primary crystallite. [0038] The secondary particles
may posSEEPIHACHES w&rl‘fe&?maeécsarr i}aﬁcﬁﬁ%&m ﬁ%l%eri HeoHamrEs: Kb

exanpl e, 7. a0l <20 4k N2hGoBiie TRE Gedfic BPAUL 1 n‘l(?\cﬁi%/&v?{ HIB SovEsREGL al Ly after

under goi ng calci nation and/or steam ng. Conventional fornms o zeolite Y,
such as }UMSEIHHH@/&\H@M[H%Z&@@HHQ&I’ édzimtl‘«m@r yarch;%&tsa-hiddﬁf&si alietfcallysi ze of 1
m cron o_[ rrglﬁze,,. tyenhdlé ?ave an ext 5 % surf}( \CE ar € | ess than 10 n2/g.
The rel dtTV8HY HiGH Q¥Q3hgﬁishrfa@ iZrefprgrolibernaists dary particles can be
an indication generally of porous gaps between individual primry
crystallites, and specificall y of mesopores in the internal regions of the
secondar 9%%?3rt|§hesegf¢e»s¢wnglieo dr‘ysfoardﬁoeﬁndcohfﬁamabd(xenmr@etwnwwihe formof a

gener al l %% ha{/}lél%@drlﬁga@f?g mrts%sﬁia dY H%?Td c¥ta%/a~,?%arg§l[o(§%evel oped) woul d be

expect ed ace The centers of the

secondaryydrabhi@hies piRYssct feseBbdBhR:i6 A% SrefPed REBddRASEst AN the edges of
t he secondary articles, as neasured by SEMor TEM This |ack of density in

t he centldecHc *»t%e%s?éb‘oﬁ@fa?iy {BarinplaEdys pnipes an papeHaoup Ndicadiosn t hat
these segang %fﬁi prﬁ " %f}n@ﬂﬁg& “ﬁﬁsﬁn@ﬂt P9 «?%fh %P&%%t&?%{ma{d?pl sed

crystallite asingle largé crys nmappi ng
of secondar ;eagame irbes Vimyndte seiatict fidgtn MrendiWAnd atidast @ariloep Naliat | vel y

uni formt hrougchoegt t he seﬁondary partr es tj a uniformSi /Al rati o can
provi de FERkRECHAERTE AL PBh Conat m%q%@sréﬂ EeheEPy-part e wdrgrEkideed an
aggr egat, apa@w #fs coraprised at least one Group VA metal selected from Pt, Pd, Rband Ru. In

another preferred embodiment, the hydrocracking catalyst is comprised at least one Group

VHIA roetal selected from Pt and Pd. In a preferred erobodimaent, the Group VIA wetal is

Mg and the Group VIIIA metal is Co. In another preferred embodiment, the

hydrocracking catalyst is comprised of Pt. The active Group VIA or Group VIHIA metals

may be incorporated into the catalyst by any technique known in the art. A preferred

technique for active metal incorporation into the catalyst herein is the incipiont wetness

technique.



primary crystallitesrather than a single large crystal or |large particles
with an alum num, or a silicon- rich (anorphous) core. [0041] The zeolite Y
in the agypegete20amy have a silica-to-alumna (Si/All) Pcatiseo1ef2ano | east 4
(i.e., at least 4:1), for exanple of at least 4.5 of at least 5, or from5
to 6. In nore preferred enbodi nents the aggregated zeolite Y has a
silica-to-alumna (Si/A 2) ratio of at least 10, nore preferably, at |east
25, and g ferabl at. | east 50. It should be noted that these
version§%%§&H§g%ﬁgﬁiﬁgﬁiﬂg:éi§h¥$éﬁLi JBA. 12) ratio are particularly useful
and desijggghiwhen;d,he 1l Rdes sy IdgniaatRENST nﬁﬁ*ﬁsd&?@?ﬁﬁi\@%ég&& bher below) is
at binder content levels of | ess than about 50 wt% or even nore preferably
| ess t hawoabowve 26n-weSiegotd NaE sowgtcalphepkimatccodinagl ty $kampBe421&h&. aggr egat ed
formof zeolite Y may have a nesopore volunme of at |east 0,025 cnB/gram
(abbreviated celg herein), particularly in the inter-crystalline regions of
t he aggriegaties. FiNQR- 2garHedalcethih @ cRBH&f mZ&@dcb%@(SEM}'@ﬁaq%%d st@pleack
mesopores (which are defined herein as pores having a diameter from about
20 to abeurri3pe shgstE ohsdsremisd dniop-agetdgasil 2e Y presyd afcordies Keol ite Y can
be 25 Aq%%%{%£§ or less, e.g., between 24 and 25 Angstrons. [0043] Snal

size zeolite Y can be prepared using a reaction m xture containing a source
of alum na, a source of silica, a source of sodiumions, a source of water,
and optignally a source of hydroxyl ions. Al though the reaction m xture is
descri bd8%ayd cohtN Hy"SoureeE B FaIUhHACHAR ST e wiegert dhgiilYy pe
under st apd, thak p.Rese AL 8-act4ald Yai 25.,Qf 1al um num atons and silicon

at ons, r%?g@%%?3gﬁ§§%ﬁ§é§%?ﬁgﬁgéé¥mgg§£gﬁt1@’géolite Y structure is usually
described in terns of oxidized versions of these atons, and indeed to

facilit he st andard charact.eri zation.of such, zeotitic structures with
tespect DElari BEOETT SR EOaF B M DHe T ML R SGibs. ar e
referredgbo LR {@MpICPRYSREERGRILA 1d PRlfpiexni di zed forms, [0044] Sources
of alum na fbr preparing aggregates of snal? size zeolite Y can be in the
formof a soluble salt, for exanple a sodiumsalt of alumna, e.g. sodium
al um nat,g,~.-such,as_conmnerci al avai l abl.e .from US Al um, pate .her _suitabl e
21 i na Qe BRI 1 Bl P8 Atk I RRD PR T b i B
salts, SUCBETSadahgischll QFdpie: cguinbite--adarm pumal kexides oty dr, ahgdtcahum nas
such as gamma al um na, pseudoboehmte, and colloidal alum na, and the |ike,
and conbividisnddt herepkrrodasiothas & Fruapisdur ce for preparing aggregat es
of small size zeolite Y can be a. precipitated silica, such as Utrasitt,
which is commercially avail able from Evoni k Degussa. O her suitable silica
sour ces [¢alBjaddFigean@biowsoxR Bl faarmabEkaymplachagecd owdediegsitdngds 61 ncl udi ng
precipitated silica, such as -Utrasil PM Mdified(r) and/or Zeosi it, as
well as silica gels), silicic acid, colloidal silica (such as Ludox(r)),
dissol vagos)! | CRinANALNGS LIk or3BR CRNBLABLIERTLOGLERMH Dlubhie, Rogsence
of a base, certain silica sSche may formsilicates. Accordihg to certain
parti cullsy BEWbodivee of ssrexenpkpfrcédedeetieg o, Emnswdi Tdnsi | i cate sol ution can
further additionally or alternately be used as a source of silica. Stil
further additionally or alternately, a precipitated silica (particularly
U trasi ljpidiMdif, 0K RapictWh plAShdling @ dhRlacRinRefiRat Kbt RN Mnad: as a
source of silica.” Especially in, bu? not limted to, situations where a
preci pi ttardd) ghbddments obspdroasckinpralypis ednigiouracbe efgregdtédc v zeohies peact i on

m'xturet

or formng.the agqregates of,small size zeolite Y can conprise one
or “ror o (81 P& TRMUbTE GRHERAGSGp Up ST PSRN 5B Tl
rati o ofcoak@iityg USYorcoliRSof tiRNGhHoaBrt@dr AxdrGpic@plAr ratio of about 0.85 or
| ess. Additionally or alternately, the reaction m xture for formng the
aggregates of small size zeolite Y may conprise one or nore of a silica to
al um na rratio &r 40 bout ... 2 E120/:S].. ar ratio from
about 165?%ﬂabo§%h§6%dﬁﬁgggﬁgﬁPoxy%%f%hgg%ﬁgg%gpg?é@%riég%%gg%'&fI7SiO7
nol ar r atvica?2f ¢robpdibout odhbdrbaadboptaidlyfs candindg thax¢ SeftcdBl-asliwati o from

about 0.5 to about 1.0. [0046]1n the hydrocracki catal ysts of the present
"nvent | dC PERGTFRER T aﬁa%aﬂm‘;v%fr %tfﬁ‘érr%‘r?@%?%ﬁti“ﬁl&l}{%%&ﬁ i Glvdyat es of

zeolite c&&ﬁﬁn@@&iﬁ%ﬂﬁé@@fﬁﬁé &%@M% 9&2&@1‘&9@3\0&”‘ fromthe aggregates, by
hi gh tenperature steamng. This is illustrated further in Exanples 7A-B and

8A-B of the disclosure herein.




[0047] Forns of the present aggregates of zeolite Y, such as the
as-synt hesi zed forns, nmay be subjected to other various treatnents to
renove stwocbiwmb20al um num t herefrom Many of these teclrirgise2/0219¢0 upon
the renoval of alum numfromthe strugiural framework of the zeolite by
chem cal agents appropriate to this end. A considerable - 13 - anount of
work on the preparation of alum numdeficient faujasites has been
performed. and is reviewed in Advances in Chem stry Series No 121
Mol ecul ar Sieves, G T. Kerr, American Chem cal Society, 1973. Specific
et hods et ARNEPAIHRGR ERIGRIY 76¢ Zaeldt@spRre described in the follow ng,
and reference |s nade to thenttor detaiTs of the nethod, which are hereby
cle it gieehieibshor) Catalysis by Zeolites ((International

0Si AZe ] | : Scient.ific
S/mPost oA 2 %@ %Sé%f s gB5R0 i S b SRR RS LS €, con
t et rachl@f tﬁﬁ)m WhSsmbPad: gt NOsizSerd 42 if@raide @reald BHotkad Bs Ratent No.
1, 058, 188 (hydrolysrs and renoval of alum num by chelatron) Geat Britain

Pat ent Noystallioe ot Brigzry(paciideexticadeiionobhes mapaywyystalliiss aipa seriefongd

3,493, 5 atu Yo LS t No.

3 501, 488 (L Mo Enes by RN Aoy B BRI i GEhSRS

(deal umith¢ zatikowW day ader’nM@bﬁbeh&kd:rd&daiﬁ(M@Kptcb‘rah% dedjasold)S. Patent No.
3,691,099 (al um numextraction with acid); U S. Patent No. 4,093,560
(deal um ni zation by treatnent with salts); U S. Patent No. 3,937,791
(alumn | TI I Rat.e 6, 400
(steani#ﬁﬁ%ﬁlIoﬁzghﬁowﬁﬁbpg%$é%%%V%g§H€M9@§)m“HW§1“§§% @Brr td%‘%(tﬁ?actlon of
al um nurfeast EtPsacet, yi aa:et‘)()%atratfemkﬂ Gk b fltye qi:&hyﬂtimeybeatdaqn;)gmﬂ;ﬁna?at ent No.
3,836,561 (renpval of alunt Lt h acrg% CGer,man Pat ent 2,510, 740
(treat meRtY Ot “FE8H PP ¢ ‘Fﬂ SYP HECBP: CREBTHE “86%{%2%‘ ”gioagsfé‘é”%’f “hi gh

t enper at4r 88 mzhtetrh@tﬂte@gs&s%tet}td t}{@%Kr 645561 LakkE daxidiaction. ),
Japanese . Publication . 53,101,003 A (treatnent mnth EDTA or ot her

mat er i aI@Pttwrtetnﬁ)veﬂebwrn@ﬂrm oraingy parti@attablapics, 54, 295 (1978)
(hydrotherrnal treatnment followed by acid extraction), inter alia.

[0048] Highly siliceous forns of zeolite Y may be prepared by steamn ng

and/ or hgoagi d axid@ekidRy O spiidrisel AppadxidbidisMumizoutidipasavsg zeolite Y in
its usual as-synthesized condition tends to be relatively unstable to acid,
it nust tﬁﬂ’@t“ﬁf@“t@?ﬁﬁ@ﬁ@é@f‘t prrEpicaBiey bs pasrealbowheringihdgset ket doing this

are kno wt gf . |te Yis
bt R R e e L T
3,293, lg%yaamaahéﬂﬁn@eﬁbameenﬂ Smdﬂeﬁye@&nﬁkQMﬁwahnE&gnmeeﬁup@n@QOdon)

Monogr aph Nbl ecul ar ' Si eve 186 (1968), Danie] and P. K
Maher, e8&h *%ra%%rt% %rieltsre% Erwﬁr}%é Fi98t a%ceanﬁyﬁmefﬁét@fc@e%ﬁer 3N for

detai | s Zp%frtteti 08y ?h%%ﬁk@r QBQ @[&P@i‘i 3 BBionlof 1QEREERHary 1 %a to%@ér@ pgfers to
Y-type Zeolite that Ts high resistant to degra atron 0 crysta |n|ty by
hi gh teﬁﬁéﬂaﬂ&peu@mdmsqeﬂniﬁneaﬂn@nMwamﬁuumamtmanmb@dﬁxﬂ$4hmdm$aracter|zed
by an Rio co&igg %Mﬁgreln ft is Na, K or any other Goup 1 netal |on) of

| ess t hah"%* REAPIE?EES than 2 wt% preferably less than | w9%,

a unit cell size less than 24.5 Angstrons, and a silica to alum na nole
ratio in the range of 3.5 to 7 or higher. The ultrastable formof Y-type
zeol i t e [B&¥] be &bt piimedy irytfrt#ﬁrqsWs«ﬂywed@gmpmaﬁhshapedﬁquemp@r thche al kal i

et al (Gr? %;r Jic'iﬂ g%gt A a@d 0 {50% he nrltt %Ettedra 4% khetc}yrl t riar‘St abl e
peol i t & WK chlaiehtry e orarhy’ e Sl =Rl f8eeriMdhi 2 f ow

al kal i medsalpicart entmm fauf e eym&tathmwbmt WA Sw d&&ﬁ&bm}a@e@@akmm

enbodi ments, the ultrastable formof the Y-type zeolite can be prepared by
successiVel Ravasie: éce Ramgiongh @Wy‘t“f{%é"%é@%ﬁtt%Ofvﬁﬁﬁﬂtiﬁn'39é‘tﬁ‘§|eous sol uti on of
an anmmoni um salt, such as ammoniumnitrate, until the alkali netal content
of the Y-type zeoIite is reduced to less than 4 wt % The base exchanged
zeoIiteEﬁ&hﬂtheﬁdhﬁse@ﬁﬂmnqﬂﬁaﬁmamenmpmﬁa@eennmﬁlumeQSFGGRthqam,aﬂy
tenmperature from about 540C to about 800C for up to seve hours), cool ed,
and succBS TGP U a%e %ﬁtﬁ&ﬁé&& %ﬁ%i?%lﬁrrﬁ’tfﬁdah“adﬁebﬁg { ftion of an

anmmoni ur@‘t‘ﬁﬁ&(%tid‘!ﬂi“ he Eihﬁ\ wKﬁtll h‘noﬁﬁrk cr&ﬂ@ﬁ@&%rmﬁx &%&Hﬁﬁg quzv liegsekan -1 W%
(e.g., less than -0. can be followed by washi ng and

cal cination again at approprrate conditions to produce an ultrastable

zeol .ite Y. The sequence of ion exchange and heat treatnment can result in
the substantial reduction of the alkali nmetal content of the original
zeolite and can al so advantageously result in a unit cell shrinkage, which
is believed to lead to the rather high stability of the resulting Y-type
zeolite [00501The uItrastabre zeolrte Y may then be extracted e.g., W th

T ]



be used as catal ysts without the use of any binder materials or with the
use of very low anmounts of binders materials as conpared to the prior art.
This is msi0Onbie/de®st o the fact that the aggregati on of Ph#E/USRYI2021960
structures in the Meso-Y zeolite inparf into the base - 15 - Meso-Y
zeo.lite aggregated crystal (i.e., catalyst as zeolite alone) with
sufficient nesoporosity as to not require any, or conversely, very | ow
anount s, of. bipge[ materials as it is»ﬁgomgthgtfthﬁ bi.nder. material s tend
i npart BSEO0F PhEHBSEYSFTKITYS PEGHTHF BYOPEFYR HIGHY aCCFIFTNEY 88 ecti ve
1-r ydr oGtaskhRG,calal ¥iShe plR0R 21 IaNEY By ph el T8 BohayRedismal & @f the
hydr ocracki ng ‘catal ysts herein, it is desirable to incofporate the present
aggr egatiesriof regeek bt B Yegwindhryapali viche v hmiit nivalbetobsdrmphby SERLI st ance to the
t enper at ur and ot her conditions, enpl oyed in the hydrocarbon . conversion
or obes ek R Rl 40Eha BN ST RLSTR: BYGEE Tyl Bl PR R R Al vt
parti cl esofbhtcSUldnaing s &erand BSdabhd ddher bothetbeRAYAr 0ef askibnB: fn0gess
apparatus_and process conditions. In these preferred catal yst enbodi nents,
t he aggredat estast oreshictetafithasaibpergpkuiinedkpbrated into a catal yst by the
use of a suitable binder material. Suitable binder materials include
materials selected fromnetal oxides, zeolites, alum num phosphates,

pol yrer §88FAr bohsagepdnidies lodyslivildd toriplzef ervalaliges, bhgedbiandsist ksicagnpri sed of
at | east. one netal oxide, preferably. selected fromsjlica, alum na,
silica- ami%f‘ﬁ%%i, PHASY pReHE R M ey R0 5P a6 81PCCRlY HifPeloend zi r coni a.
Pr ef er abl y,..& he, bi is«sel.ected » i @ndasitdcazalymana. In a
o of or 1 ad o T S B e el o .

[ 0053] WAkceortthere ciching Stidtsaofiayi e nithem agandoodtadpnnfryvomyQaltie. 99 wt % bi nder
materials, due to the high nesoporosity of the aggregate Y zeolite, in
preferred enbodi nents, the binders |evels can be about 0 to about 80 w %
nore prehgsAbl yrnd 5&5?1&99%&&151@% ORGPl ?R 408 OBk a0MARBRLLR: t O nflRoUt 25
w % of the overall final” hydrogracking catalyst, In other preferre

enbodi menteoretfhectrnyde.obpacki mys eatarystaboandbe kes soarbanp8&imdier nor e
prefer abln\éerl SR taﬂ;?‘nati%g an "0/% 8 Q‘e[}gi m)?lo ﬁ&ﬁf %giiaibl'r}(‘ LES3 Ei%“h?n‘; 1}(1) a%a%sﬂb | nder
mat er i al'§" CAS ot ed P “enBod RS T he Agar 8gat 8d” ¥ Zeol '€ 6% he
present Hari@nbhoormyichb@risedcdsaliie Jitnakiz6 8f ahysion Wk ket ey Halader
materials. [0054]As noted prior, in,these | ow binder content versions of

t he hydrigcrierd! iy feaaraaftigssierel thin /g 1ae relptivgobizhlsicsiash seee Braddr

content s in.the. ranges. of 50. wt %.or |es AL, erred er si ons
of tho NESsGlE pLAOREEChs BPPCINGE pRRab ot BP U R URR ST S 208
are uti ljrzedy crysaulijicd, ang es:cithetie ohricheostsl ih clas herad! wipina o Shd Acdjary at i o of
the Meso-Y is in ranges stated enconpassing at lLeast 10 or greater (e.g.,

at | eastPaTr/csor SBEICST Y& ?Gfﬁi_@@@s@;&@,‘mﬁ& i Togn 8f @ﬁ?wé&mphmihw@e of the
present dnyen *!1igﬂtyoaﬁ'%ﬁﬁés%v@rﬂ?&{) Bid b §Xé€}a%§i ih adCarPlcPEx @l sliPReze0l T te
crystals typically reqtire a &ignificant anount of binder material Tn order
to get ataain sufficient mesoporosity which is defined herein as pore
dianeters from2 to 30 nm (20 to 300 angstrons, A) for optinmm
hydrocracki ng of hydrocarbon feedstocks. In the present invention, the

zeol i t e [p3009r eEALEEL L B Qo Be SIHMGLHARE | GARE RN LA AcRbgbe @k Abh8han
mesoporosity and as such, the hydrocracking catal yst can nade with very |ow
concent rthg £dues béihe|sscaaidatyi der s, andhestuirdd byndl Mtai TN hd hrdedssialepsiaier al |
mesoporaQsity.of the hydroeracking catalyst. .The hi relative,

resopor oot 1% of i HEREIARGUOGR A B hin PP RS e i gn

Rel at i veskxtieraaindSed :ae8rAf6as oopritbs eadtaliys!StasHagtethdiniaeguati on [ 1]

her ei n.
crystal.

[8040] Eleroental mapping of secondary particles may reveal that the Si/Al ratio can
be relatively uniform throughout the secondary particles. Such a uniform Si/Al ratio can

provide further indication that these secondary particles are fudeed an aggregation of



[ 0056] i n prefei Ted enbodi nents of the hydrocracking catal ysts of invention
herein, the catalyst has a | ow BET surface area of |ess than 600 nR/g; nore
pr ef er ablwol2egi2etean 500 Twi g, and nost preferably | essPChAS2013021989 / g. As
can be seen in the data in Table 3 of Exanple 8A-B herein, the enbodinents
of the catalysts of invention (as shown in enbodi nents MesoY-A and MesoY- B)
have very low total surface areas conpared to the catal ysts of the prior
art while, nalntauﬂlqﬁ ﬁ Lnal sur face areas near th?se of t prior art.
8 it ud

This cortFiBures! HERFPRYAPEE FREKT R8I REELS % YYD ‘“Fﬁ“ﬁ\”é"f%r’red
embodi Mept.S;iiRhnt PeLYESQERASKLRY catal ysts of i nvention herein, the
catal yst has a Rel ative External Surface Areas, as noted in equat| on [.
herein, of at least 0.35, nore preferably at | east 0. 50. [ 0057] The

cot LYo YRS DR, S35 SR T, L SRR B R Fﬁree

hi gh nesepenesd t¥ ldahen el danbeldy & hasMes oYt reals befiand hbhe mesubt ant
hydr ocr acki ng catalysts. In preferred enbodi nents of the catal ysts_ of

i nvent i anclkerépmbodinsnigias ag?éeaﬂéqde/caiiarﬁehara vlica-ivealpail Py pazineasur ed by

ni troge )end. 1. 2 f t | east

7.5 nm Qfﬁ%?z@ ]g:g)?mfglaﬁl‘y [Et Ef:«?s? %dox%&%?e%igf&a&?g?ma '36 Etl sﬁgum b%_ 17 -

| east 9. Iﬁﬁtéﬁirﬂldi-ﬁihib‘& V@B;Iilﬁﬁ'&ﬁ@fghtﬂﬁ:a@iata&imﬁi&$‘s10f\Ezb wﬁmtm pzmiéaﬁSr ﬁx&ml dnfli ed by

141 esoY-A and MesoY-B further exenpljfje 8A-B

associ at¥&" dar & JP&BiP%msth“ THalyet (éafia’PSi?‘td %‘%fﬁeictf%@‘*bb‘hﬁ? %’%ﬁ‘fféoﬁiﬂhl gh

d! esel sglgchi &bttﬂaﬂ %Otube(} 9&@% {!)fya,svtvﬁ nﬁ]cn g&‘f%%i'vqgk@ tigﬁ {B BLiThe. f the
i,,,,,drocracking catalysts of invention areparticula Bene icral for

di esel prediiciriabpatwiigen t he catal yst has both a high Rel at| ve External

Surface Area as noted prior in conjunction with a |low Al pha -Value as is
noted in the catal yst property data associated with Exanples 8A-B. In

preferr Qﬂﬁﬁ}bOdfiH@Ek%gﬁfq%ft"é f"é@m@f@é&ﬁé @Qﬁhxnlmféeht1ﬁé%§ér&faia1ﬂé/§mt|wﬁt the Al pha

-Value for the cata | ess than 15, nore erably less than 10, and
nmost pr et &b y@h@lagb‘mrhams m{g()@:sgtﬂ, nar@mi@r Y pr'@temmred veinbodireaonsl t he

cat al yst,, cont ai,n _addi L ecu S referred

enbodi meAY é/T%‘ﬁ‘”(;sath?lﬁ Ve ‘ﬁr‘“{:\afjgn ]SO F§ ‘PE}%lt‘m&fnéiagtid‘“(lii‘r?év’S?Omf‘lé%? alllgdvm ng

zeol it esdf‘ﬁhuﬂ’@ér@@uﬂs@bl SIHBVRE a di&}@cxpﬂr@ﬁ%bélﬂdlﬁeﬂhﬁéﬁtmﬂOtAng‘w@n@}atl&kySt
further conprises at |east one of the follow ng nol ecul ar sieves: beta,

7S141- 5,ungSKil piee (ZER sthemenktod, candim 4oA VBRI B 6! 195T@ 270etw et 2B404vbY deni t e,
zeolite L, ferrierite, ZSM 23, MCM 68, SSZ-26/-33, SAPO-37, ZSM 12, ZSM 18,
and EMT’ a’Uj asites. in nore preferred enbodi nents, the catal yst corrpri ses
at | east one of the follow ng nol ecul ar sieves: beta ZSM 5, ZSM 48,

nor deni te, and zeoé e L. . The nol ecul ar, sieves |isted above can be present
in the d8843int hearl sHCEsH YoranQotuFinatd Wl S2 asiPya S5y COMBEITS 2d

chem CaKme e%k‘@ﬁ;‘%@!}i Yorso@ce E’E?Gsﬂ@é" Bl ¥ o?@mﬁ%r?x §, Qsé&r@«?{(t’f w%ged higrm of the

mat eri al . I'n preferred i ments ydrocracki ng cdatal yst of the
i nvent i (mmhez:isa mm@mﬁd Ewét‘dﬂ:rbmlﬂasélﬂm@cﬂw taaciion sk tmroudtscobedats | east 10

wt % , nore r ef r abl y @ |.east , a .I ea more pr ferably at
loast arcoriBh iy Blewlf B e F el da bt fLe BRI PEGRBERY e a
bi nder igytki bfaﬁ@t@iiﬂh@%ﬁﬁ%md@&g&@&@g&s Auectioetl her:bighiesepenpsi ty and
| arger particle size of the aggre ated crystals, the Meso-Y zeolite nay be

present geplitgyidpiomtee ki wdié:aﬁak:y‘m i tpFTED axmhm’t wisias dfdlast sBaw% or even
w9
at |eas tmc?ced 10 QCIIQ%S ?Ede fgcmdtarf cﬂcali ancltcsiﬂgfj ion git SUC /cﬂimc structures with respect to
ratios of silica to alumina, and the like, the sources are referred to herein for convenience

in their oxidized forms.

[6044] Sources of alumuna for preparing aggregates of small size zeolite Y canbe o
the form of a solable salt, for example a sodium salt of alumina, ¢.g. sodium aluminate,

such as coromercially available from US Aluminate. Other suitable alumina sources can



- 18 - [0061]In preferred enbodi nents of the hydrocracking catal yst, the
aggregates of zeolite Y (Meso-Y) are conbined with at | east one netal oxide
bi nder (awoadesxneiwed prior) and further with at | east omeThisdeieyeras i ng
metal conponent, in order to forma catalyst suitable for h:yrdrocracking.
Exanpl es of such hydrogenating netal conponents can include one or nore
nobl e netals or one or nore non-noble netals. [0062] The aggregat es of
zeolite Y, . Dhi e ndadltlo al onents na xtruded, spray-dried,

o1 ot her LB ERLHER TG RS O PAPERCPS P b ek W‘H%B‘?@ﬁvers. on
processes;He8a! di Q&%gd&eﬁﬁh&md hﬁ‘mﬂﬁ:%f £k 80 arLedi B $s8fdcbhaydreger acki ng
catal ysts herein, the final catalyst con%al ns an active Group VIA and/ or

G oup Vidolipidaat ataing) mubthp gt endedmmeadindntec!.t he hydrocracking catal yst is
conprised of at |east one Goup VIA netal selected fromNlo and W and at

| east one G oup VIIIA netal selected fromN and Co. In a preferred

enbodi mgp4sit he Tl QuBa solkd f@?bﬁﬂpaﬂuﬁg J@@;&%rkﬁ@n%@e&r%m AnmRtaal is Co.

| n anot her preferred enbodi nent %y drocracking catalyst is conprised at
| east orecPiEEp! Wity Aghersdl! ugeléecrieah fsrcgmnpRrciafby av zpzkﬁ’&rfméve%bl e netals).
| n anot he r.eferr e ‘ i t [ ri sed at
| east oﬁg“ég%luﬁ B V}I‘%ﬁ%rrgga ‘“e“c{‘{%g %r S%ﬁbta&ghg&fg% 1%l‘“%s{ eér%m;ref erred
enbodi nmeitca strhe;dlrrygckrre@paﬁk& mgca;at:ﬁi ySiUHtiasi éNﬁpiddS“&ﬁROéndRir feilik‘:&R ﬁ&tl ve G oup
VI A or Grou VI11A netal.s may be.incaorpor nto the catalyst ny

t echni qu& kﬁb\r%acd. gy iy tmdAOHPé%vrliﬂedbt@bmlq@é@ﬁ&w& Vt*»fivéﬁﬁe”tnéilﬂk

i ncor poriatii gn B GRLRLY 81 00k 23 '9;% BiLAR 888, fopphni que.

[ 0063] PI ggiﬁsepin(§}'lti][]£e1quh;EIP ; f%ldem g‘ES‘}tﬁ%’%{r“’é Lér S BRs % %ﬁgﬁp &)I A herein
corres po,uidstdsoNchmdeigdercuﬁ%u@@x@mtem gmamhmstss:mcﬂnphﬁcdshﬂwm i mchdnn Peri odi c

' Tabl e of .. El ements t he t lch Scientific any,
1979, “wheGIToT RSB ET ATGI EANE STHER b 1ES of SRS PO Ehe Ber | o o
tabl e ofﬁrehemea&mg@;n@mmh&& O pih@pltﬁ&ﬁjﬂma andidihery@oupi M | A el ement s
i ncl ude the colums fromthe periodic table of elenménts containing Fe, Co,

Ni , N%dmrééﬁv QErasti®, awier Eppmmﬁ@?@m]r frhe%cairmutnm@t t\hy@p@gﬁﬂmraﬁm upetal in
t he cat east, 0. on ca or qat | east 0.15
Wt % orab nis‘r hmrtte%c: S1 V‘ﬁag}ﬂm Whu pé%eérﬁzga%.dg%l us\,éirdsat rrrfé §<§ s(&ircge % or at
| east 0. §io Hebasadn efxdRerce &irﬁhﬁ’gb‘ﬂ}g af@fp@pbetineendisc mhafey thecdapup - 19
- \l-H 1A metal is Pt, Pd, Rh, RAI, or a conbination thereof, the amount of
metal i SUSOERErant § S¥Abreanrate of i) 0 r%ﬁé“‘%raéf}éa{ B ok som2bey 14 wt %
and eve r.ef I 3 R ere the
met al |s%go\co |a§a®géél EE%&%% ﬁg {gg SGrOo&% dﬁﬁr{mﬁ el Ab{z%ptrtr%?\gﬁ with a
G oup Virdaduehabixiuthrdenbinpde apmigats of qmat gike z@i;pr%frm;@dmkmw;iseomax 25 wt %
to 40 Wt % rrgre preferably f@)mo 3 M%to 35 wt% and even nore preferably
from 1 WPYFL6 228196 LI omEBPE ikl fHrerestied tﬂé‘?P%Br @ B Q2 89 mon- nobl e

net al CQQ@(‘) ﬁ@!:n' An: HHO d f:'idZ(i Q'htaﬁﬁyg'r'omhon% Q&a Tfﬁ%ﬁ@ﬁ%@ %ﬁﬁ’ n can

i ncl ude chrom um nol enum tungsten; cobalt, and conbi nati ons

t her eof 1a3mﬁhmaé>ocbibéltm abrott | Whashaitig / hl&:k@bhmﬁt:ayytfdenumutr@riﬂeealboumh@st en,
cobal t -tungst en, cobalt-nickel -nol ybdenum cobalt-ni ckel -tungsten,

ni ckel - nol ybdenumtungsten and cobal t - nol ybdenum t ungst en. Non- nobi e netal

conponenbssdray hemp 'h@di%@rlaﬁkﬂe daBRs Rl HERnPMVEXRAS UL A and
sul fur- contalnlng gas (such as hydrogen sul fide) or liquid (such as a

sul f ur - dodtalaim bth@larﬁwah%mﬁgwfeamzi@mgﬁ cancherijopey of Ibﬁl’ﬁ@i?‘tkﬁ@fm | and/ or

spi ked with. an riate ano Ifur conpg va
Fermor at U8 rl: ABRBRH: PSS, PERT Kb SRR Tl R R El s or m of
the vdr geduenpidi 148 dﬁﬁ@&B&ﬁ"&ﬁSdmdebme herein.

[6047] Forms of the present aggregates of zeolite Y, such as the as-synthesized forrs,
may be subjected to other various freatments to remove structural aluminum therefrom.
Many of these techniques rely upon the removal of aluminum from the structural

fraraework of the zeolite by chewical agents appropriate to this end. A considerable



[ 0066] The enbodi ments of the hydrocrac. king catal ysts described herein

i ncorporating the aggregated Y zeolite (or "Meso-Y") are utilized in

pr ocesseswbanixmogr si on of heavy hydrocarbon feedst ock®Ciraiseoiogtyser, nore
val uabl e hydrocarbon products (such, K gasol i ne, kerosene, and diesel
products). The catal ysts herein have been unexpectedly found to possess
very high selectivities toward di esel productlon (Le., increased yield

vol unes.) when. utilized under. hydrocrackin d|t|on fs wel |, known,

| ner oas dPAMLLET OTASHE PTG 187 Bt M FOCERcIGF [REFTRS SRRt riEnhi f ed
States (aRGs QYRR DA AdRaEdel GUERKhN Y Beliengarkel R 1 QLIERIQRE ANd kKAsl @), as
the vehicle pool is ever shifting nbre toward hi gher m|eage diesel powered
vehi cl esAmsrigorfpared tbocicts $9F. f&srtmémtmghs@ fonprepower dahhemgizdgeol{t0067] | n

t hese hydr cra ki ng, | esses e hydroc f eedst ock be h drocracked
my- 1 el e LR RTRS St HIEaNs BFRC pE g R RRH o Bar Gt theavy.
20 - vacUmih a@nEok ilIRSPRE by GichaVE RGc@n Gd&li{ sl«aby Bedikibngipationabove

about 400F (204C), "a T50 boiling point (i.e. poi nt at which

appr oxi riamtoweeﬂipéﬁ@ém B vepg it 1 ho PP, }‘b?"i%%@ﬁfiésﬁLd?uhiishf@aééous under
at nospheyj.c, S E. a ilin
boi nt pof&g} m]%% %5‘55 F‘Lt?%tltéfz)g&% %99 531&81‘?9%)&{;}1@&@@ il %rpgltjvgtgr ack|gng

cat al ystrso. Q&f44‘~m}6mfnli®ﬂeﬁr}:ﬁ"it@ﬁrﬂakfﬁiu har k wmeﬂ Uydiglydiaxddieziong tﬁt esel
production (400F to 700F boi | i ng. range_pro ucts% fronthlgher boi i ng poi nt
f eedst ockET AR BULRIEOR): Sret'ditied TetiodiPmet 590t (40HESBeS&Me! i nvention, the
hydrocar afinl &S K00k cFOU & 1 Ao (RAShuS Jtth It pURIERILLEI ARLY AL | past 50
w % and even rore preferably, "at Teast 75 wt % hydrocarbons with boili
poi nt's abvam%ﬁ0R>63%&@%8(hmﬂpmeﬁenn@dﬂeyb@dmngmﬂs% PatemiNeriel Brisdd that
the port, t he hydrocarbo edst oc n boy 1 has a T50
ot 1§ g BOTHIRE0VE B 0GIEOT A37E 108 BBk S SIS Lo, 058RS (e ™ and
nost pr %&%@tmnﬁ@b%@ 859 Em(t&%oc); 0@[3 @@@&J{Hﬁmﬁﬁﬁﬁi e;sséfnte@q@nﬂ gk dg).one or

nore of thermal oils, residual oils, cycle stocks, whole top crudes,
partial &hubasyt Nard, BERP 1 dilugringhatreo i heth Syl helulienspuelSs Palaeiahy.

hydrocatb ctions deriy K r.qgenat.i on.of coal
tar, pltcﬁ%y&h% Enn&a@pﬁ%?fgyc%ggl ?%ég %n?eedét%%%g 3 SRV anpherefrom
and the diidRunsits ta@wttdcmd&p@tte@t@bedcmitm@e@ kit 51 E@tﬂmmé heszards the
distillation of higher boilin ?ﬁgg rol eum fracti ons above about 750F (399C)
can gendralrdyp pealegipine B aeidiidesman detpahiNei 2,610,740 twabranheSpiedig with
pressur i) | tenperatures
Gt 11 2 et SRkt P e R o e NG P o g
poi nt cof,ékRicled atid catraophenpoicpr B&ﬁﬁmm&nn Ror 33En , @ddi (tirmabrhtymdf

al t er nat el resid conpositions nd/or deeger cut ga50|ls such as with

rel ati vewyhogﬁf%t%reia ﬁtfé“ﬁ?‘sca%law% k&€t RG ¢ dPY8t s enpl oyi ng
the aggredahed £a0ld:ke mﬁt}(]tﬁ{we%'& Rfq LB AiONeNtOfy, [0069] In such processes
enV|S|oned utilirzing t ydrocracki ng catalysts of invention herein, a
hydr ocar bon feedstock is contacted with enbodi nents of the

Meso- Y- i ni .ocracki ng .catal ys i scl os and descr bed herein
under ' hy AP ackily LRSS TSR0 s s b BEaS R TR SRS  Ted Lo
maxi m z6:ld&RPRsibf hicfk898ImiBLAINEGT bddhu R acoAY aCRT DOR éw,hthe%tt ng
points in the range of 400 to 700F) produced i n the hydrocracki ng

conver si O@ndmp@ée@s to bcwaimm/mmbseemﬁtgmzhtwb%mmdm] Freikeablact i ng
of the hydro n feedst th th con a|n|n cki ng

cat al yst o YRR ARG R AR by e YS 8T e GROL PRl AR BEFR Y oo

pr esenceegifta@xeens hdmogeans Jesrasthe: Ny droey, @QKM@@ECRM@@&SUTE&Y‘(:QQN ain one
or nore reactor stages in series, but nost preferably, there is either one
or two r]\éﬂé“ctei%ét)a@@%%48&99%3%1“3“{%@?@ payh et EiERENS fLeRsPR) r eact or
vessel S bR A afenlateahod men! i oblien POSER.NENL] pric HlELEcRRE at

| east two r tor stages, t he Teactor stage being operated at a
t ot al pﬁﬁSﬁhﬂEm@hgﬁbyMEQQKWQE@bp&ﬁ@xHﬁmmﬁmmﬁﬁﬂﬁﬁﬁbkﬂtﬁiﬁbé&&mdSOO psi g,

hi gher than the second ctor sta Even nor ef eraply, .hydrocracking
process oH#i%e R GGy of el ef@tgﬁétpt‘?r‘1 §\§i§a§‘8ﬁ‘*6£‘r’t6§e{“\&g{é CHMRITP st

react or gtage:ange Lhgai §§§§’B§' W BAGHRL . E2A8 et&nm&%}heﬁtmldq}%ﬁtt sApportion of
the hydrogen gas fromthe first reactor stage effluent is removed, In nore
preferred enbodi nents, at |east a portion of the hydr ogen gas reaned in
the internedi ate vapor separation step is recycled to the first reactor

st age,



[00711Prefi, | Ted hydrocracki ng operating conditions herein include a
reaction tenperature from about 550F (about 288C) to about 800F (about

427" C); awoavey12ppo8ssure from about 300 psig (about 2. 1puPApome2mbout 3000
psig (about 20.7 MPag), nore pref eral_oll%_from about 700 psig (about 4.8
MPag) to about 2500 psig (about 17,2 MPag); an 1_,FISV fromabout 0.1 hr-1
to about 20 hr-1, preferably from about O. 2 hr to about 10 hr-1; and a
hydrogen,treat e froma crh about 85 - NnB t o about
10000 s GHBBE {ABOGt L30B PRIBL ““bgéfira (1&‘»’&&%668%1?%@6?52?@5ﬁ (about
130 Nt n3Emiin 4 Qrabeiex 4800 &Qrﬁ?&”(@}@%ﬁ%%)l&@{h%d wone; phetarably from
about 1000 scrbbl. (about 170 NnB/nB) to about 5000 scrbbl (about 850
Nn87n8B) .le s[%GIWQl‘ED( émgd»iwm?AmEs sdiad i(BAuE@wrrememusimm tange hi gh tdi7esel

sel ecti

he hy ; o o8 .
e € GRS e A S

Fi gur es 8damdn 9f RISkl mbl (gl Bferyed e@ﬂ@ﬁ)ﬂiﬁ'&&m&l& @fit ddneidy drecr acki ng
catal ysts herein, at |east wt % for exanple at least 35 % or at |east

40 Wt % oftresvblToEts Bean ps ideonled beill biy reosrerles unit beli michige femmgabmsdiict s
. €. range hydrocarbons). In preferred enbodi nents of
th h dr“%%ﬁ”%)]k}’‘rgg!’:r‘vjs")t?1 ltir&tgjsr ‘herein, the diesel selectivity (i.e., the %
di esel product / %700T+ conver si on) is at least 30, nore preferably at
| east 40, and npst preferapbly at_ |east 50. The_ formla for cal cuI ating

di esel SBPEHtI vitt §Pried QR t%aa%iflﬁt&hk[f@]m phthedahir &g éswgl € WO
2012/ 12 0 7 . ny
parti cul%ﬁ%%t gf%mé S ﬁ%%{\/gg %@ ?%%g%gh%\g gc}%? Eﬂpgﬁg g&hﬁ (Qﬁ | ese p bt

sel ecti \untryanmmtshh mahai yisn@nmfm nmmtmmirthmaiﬁ)moﬁﬂeﬁmtmﬁpﬁrthzc 'E/ﬁ}}bd’le | ow

Al pha val ue propertie he t ts of, i nvention. Iues are
P st e Rt RS Gy e Tt Bt Tt § o B 8 BBt 1 e

hi gher Al-pharvel 4esidhbendi ngattaquﬁgéwuh fi&ﬂmbgﬂteﬁ(}p@'t@%dé@ SOGRCH Y @ctl vity
(or conversion) in the catalyst. The Al pha Value is an approxima
i ndi cat |b@ﬂtf@}fhmm§ @avﬁiail, gad waearwatyrchﬁgw@cmhvmw aghintidh eataleyst bt%idmaﬁed to a

standard catal erelativ sta rate of nor nal
hexane cONVErs %lqﬁe}m ﬁtlu%%ag “c‘gt‘“gfﬁ 810 e u“ﬁ%geiw’q[nderi piﬂ(; i€2hAZ8d on t he

activit whaf @5 kng - g RabE folieki-Agy Q‘@lts@ihlg ahd takeni@saam Alppapehicl (Rate
Constant 0.016 sec-). The test for Al pha Value is described in U S. Patent
No. 3, 354ndirgnamdpHceiRe ulerstabll zegtitccht APy sjasenge of jonsprhpngesyhegt 278
(1966) ; ea R " e £ s to the
ol cvant Aongt par TRyt hrdhunae LRa RV AR ELT R R ELEIOR TS oot
used herzel}htelandkmdﬁq@amﬂgamwt espetat wiiecdf shabbulc, YBRE iahdicacdari abl e
flow rate as descri det in the 1980 reference. [0074]1t has been
di scover&f bt l'aflﬁ’égbégs%“?%@ 6 RNy VB FREKS ng catal ysts of invention
have extrenely | ow Al pha val ues as can be seen in the catal yst property
data shown in Table 3 of Exanple 8A-B. As can be seen, the Al pha val ues of
t he Mesd¥8#jandT h@sh’%tsbica;‘cdityﬁ sahde balephactmlewesmdi adiégsrcn‘rmn vﬁtm}r 10,

ti usy t St h |
RN % L e R AR S i B e g A UL

product svieholh@r Grtak¥stise Qficd RarprRsents uﬂv‘égme' Py adifl cREEFRRLE
enmbodi ments of the Mes6-Y hydrocracki ng catal ysts %erel n, the Al pha val ues

| br the daudlcyst.s. are. SpPétﬁ@trla@i ;H@%”ﬁqé?ﬁ 1%3 apbp 69 pPBY.evlabl yrelcests t han
10, and .even | ess tha ES Corn arative Examlc A
Nonaor eaf]CGdR%%P?%ﬁp %ifxcefe aeta}égonqn&g%qiec%‘é ‘f(!é075] A m xture was prepared
from-885 grans of vvater grans of Utrasil(r) silica, -150 grans of sodium
al um nat e sol ution (45%| n vvater) and -167 granms of 50% sodi um hydroxi de
sol ut i oMeson¥Btdeegrackmelsléur e had the fol lowing nolar conposition: SiO

/'Al 203- ]{gﬁi@i It has been noted that the aggregated Y zeohite (“Meso-Y”) zeolites herein may

be used as catalysts without the use of any binder materials or with the use of very low
arnounts of binders materials as compared to the prior art. This is mainly due to the fact

that the aggregation of the crystal structores in the Meso-Y zeolite irapart futo the base



23 E120/Si02 -15.1 OH7/Si02 -0.76 Na-r/Si -0,76 [0076] The m xture was first
aged at roomtenperature (about 20-25C) for about 24 hours, while stirring
at -250 rywomoidieez08t he aged m xture was reacted at - 200PCTAS2@R/02TY6@
-2-liter autoclave without stirring for -24 more hours. The product was
filtered, washed with deionized (D) water, and dried at 250F (-120C). The
X-ray diffraction pattern (XRD) pattern of the as-synthesized product

material showed the typical phase of zeolite .Y crystal topol ogy. The SEM

i mge of]\‘i?ﬁiﬁ’é%@%tﬁﬁgﬁé *%*%%Ef”}%‘rag&iﬁctm (st Si’é?f‘h@r‘i‘g‘ﬁéz“’t}*iét‘ggﬁ‘é“mat erial was
conposednQbnb¥RinE A 10HA0rRARE BIALS donk cBle)s L ahSowaSn RS biRddriGiEGid A The
as-synthesized Y crystals had a Si 02/ Al 203 rmolar ratio of -5.0 (neasured at
4.96). QonpakatwvitExanpie TFBrideondgyrayapediNaymeggopsiwiceduist ferd ng
[0077]A1m'_;1x,t§r7et was. Prﬂeg‘a edrf[.om;t8£85t granms of water, -262 grans of

U trasi I'{¥) #6117V eh “H 5 %’?gﬁ@‘% “Edei'um al umi nate solution (45%in water),
and -167 grans of 50% sodi um hydroxi de solution (in water). The m xture had

the follow ng nolar conposition: Si02/ Al 203 -10.6 H20/ Si 02 S
[6052] However, in preferred embodiments of the hydrocracking catalysts herein, it is

desirable to incorporate the present aggregates of zeolite Y with a binder material to
tmpart resistance to the temperatures and other conditions employed in the hydrocarbon
conversion processes as well as to cnable the catalyst to be formed nto catalyst particles
of suitable size and stability for the hydrocracking process apparatus and process
conditions. In these preferred catalyst embodiments, the aggregates of zeolite Y herein are
wmeorporated nto a catalyst by the use of a suitable binder matenial. Suitable binder
materials include materials selected from metal oxides, zeolites, aluminum phosphates,
polymers, carbons, and clays. Most preferable, the binder is comprised of at least one
metal oxide, preferably selected from silica, alumina, silica-alumina, amorphous
aluminosilicates, boron, titania, and zirconia, Preferably, the binder is selected from silica,
alumina, and silica~-alumina. In a preferred embodiment, the binder is comprised of

pscudobochmite alumina.

[8053] While the catalysts of invention can contain from § to 99 wt% binder materials,
due to the high mesoporosity of the aggregate Y zeolite, in preferved emnbodiments, the
binders levels can be about 0 to about 80 wi%, more preferably, from about 5 to 50 wit%,
or even from about 3 to about 25 wi% of the overall final hydrocracking catalyst. In other
preferred embodiments, the hydrocracking catalyst can be less than 58 wt%, more
preferably ess than 25 wi%, and most preferably less than 10 wi% binder matenials, As
noted, in embodiments, the aggregated Y zeolites of the present invention may be used as

the final catalyst without any binder materials,

[8054] As noted prior, in these low binder content versions of the hydrocracking
catalysts berein, (1.¢., ranges wherein the binder content is in the ranges of 30 wit% or less),

it is preferred that versions of the Meso-Y with relatively high silica-to-alumina (Sv/Al)



-15.1 01-11SiO0 2 -0.76 Nat/Si02 -0.76 [0078] The m xture was first aged at
roomtenperature (about 20-25C) for about 24 hours, while stirring at -250
rpm Therwothe/agmwd m xture was reacted at -200F (-93C) PCR/U£2012/0R796@r
autocl ave, while stirring at -250 rpghétor -24 nore hours. The product was
filtered, washed with deionized (D) water, and dried at --250F (-120"C).
The X-ray diffraction (XRD) pattern of the as-synthesized product materi al

showed the typical phase of zeolite Y crystal. topology w tFh trage of
pur | £y S e e YR SEnlchaga gring g A&@%%Pﬁ@%ﬁéw foduct
mat eri ali; showedatchahcdhSsiBE 8f iedlt 19R3 fAMPes8da0tasd YPI &aks, Rofinaggregated Y

crystals, of the type shown'in Figure 1B, The as-synthesized Y crystals had
a Si02/ Al 203 nolar ratio of -5.12. No nmjor differences in crystal size and

- 24 - I bs. d ith d f i)
Exampl ¢ T Based GhCE b SERFHGCA NG B>l BRabatn 8 OF GbrEut ed nay

Neso-Y) EE)s Hal ior HAOTO Ao 1Mk XEMEa MBR 2 IPF RRAHE sfxh T ant/A8 @k 8NBin@ér Wat er,
-275 grans of Utrasil(r) silica, -166 grans of sodi um al um nate solution
(45% i n wEeer)n oglidto a2 @b HaRE I oPnS 0o sod R tnmvhird rossited detolit #5dPi¢i n wat er) .

The m Xt&ﬂlﬁetg sqirotntl"g tfo%li)l n%i&to%b%ﬁg&%%?%‘) tf&ro%:tingng ﬁ!&%grg&lﬁg‘gf 1
hydrocarbon feedstocks. In the present invention, the zeolite is aggregated into a struchure
containing a high relative mesoporosity and as such, the hydrocracking catalyst can made
with very low concentration levels of binders and still maintain the necessary overall
mesoporosity of the hydrocracking catalyst. The high relative mesoporosity of the
catalysts of invention are tndicated by the high Relative Exiernal Surface Areas of the

catalysts as noted in cquation [ 1] hercin.

[8056] In preferred embodiments of the hydrocracking catalysts of invention herein,
the catalyst has a low BET surface area of less than 600 m”/g; more preferably less than
500 ra/g, and most preferably less than 450 m%/g. As can be seen in the data in Table 3 of
Example 8A-B herein, the embodiments of the catalysts of invention {(as shown in
cmbodiments MesoY-A and MesoY-B) have very low total surface arcas compared to the
catalysts of the prior art while maintaining external surface areas near those of the prior
art. This contributes to high diesel hydrocracking sclectivity. In preferred cmbodiments
of the hydrocracking catalysts of mvention herein, the catalyst has a Relative External
Surface Areas, as noted in equation [ 1] herein, of at least .35, more preferably at least

.50

[6057] The catalysts of invention additionally have significantly higher average pore
diameters than the conventional USY catalysts. This s indicative of the high
mesoporosity inherent in both the Meso-Y zeolite and the resultant hydrocracking
catalysts. In preferred embodiments of the catalysts of invention herein, the average pore
diameter of the catalyst (as measured by nitrogen desorption} is at least 7.0 nanometers

{nm), preferably at least 7.5 nm, more preferably at least 8.0 nro, and most preferably at



H20/ Si 02 -12.1 01-111Si02 -0.60 Nati Si02 -0.60 [0080] The m xture was first
aged at roomtenperature (about 2025C) for about 24 hours, while stirring
at --250 wpren12fineaes t he aged m xture was reacted at --1PEEF/US2@0Q27960 a
-24iter autoclave, while stirring at 250 rpm for -192 nore hours. The
product was filtered, washed with deiohized (D) water, and dried at -250F
(-120C). The X-ray diffraction (XRD) pattern of the as-synthesized product

mat eri al, showed the typical phase of .zeolite Y crystal taopolqQgy with a very
A R R R A e S S AON S S T e Wi

as- synt hasized); RrdHGtcxRbLat@ln shoned s . lh kel ba) ivBsicompasged of
aggregates of small crystals and non-aggregated crystals, as shown in

Fi gure 2atalireagscisyntthiesiczedidibkocsabrysitalsthhattabysQicd21vAh208 nol ar ratio
of -5.54 and a unit cell size (1.1CS) of approximtely 24.61 Angstrons.
Exanpl e 3: Preparation of aggregated -NaY (Meso-Y) crystals [0081]A

m xture prepared, from.-830 grans. of water, -258 grang. of Uftrasil(r)
il ca, W0BRIgr ahke BIURUANUNY SURTNAL SVSBGLTTOR T RS9 T ROVALE O dnd - 180 g
of 50% segieabAVAES XA 0k UEd QL I IWRLSH)s ExBRantetdde & Bag Adhes Hll ow ng
nol ar conposition: Si02/Al 203 -16.2 H20/ Si 02-14.2 OFF/ Si 02-0. 72
Na+/ Si 028 @omanction with a low Alpha Value as is noted in the catalyst property data associated

with Examples 8A-B. In preferred embodiments of the hydrocracking catalyst of

invention, the Alpha Value for the catalyst is less than 15, more preferably less than 10,

and most preferably less than 5.

[3659] In other preferred embodiments, the catalyst may contain additional zeolites or
molecular sieves. lu a preferred embodirent, the catalyst further comprises at least one of
the following zeolites or molecular sieves. In a preferred embodiment, the catalyst further
comprises at least one of the following molecular sieves: beta, ZSM-35, ZSM-11, Z8M-57,
MCM-22, MCM-49, MCM-56, 1TQ-7, IT(-27, Z8M-48, mordenite, zeolite L, ferrierite,
Z8M-23, MCM-68, S87-26/-33, CIT-1, SAP(-37, Z8M-12, ZSM-18, and EMT
faujasites. In more preferred embodiments, the catalyst comprises at least one of the
tolowing molecular sieves: beta, ZSM-S, Z8M-48, mordentie, and zeolite L. The
molecular sieves listed above can be present in the as-synthesized form, or alternatively,
can be post-modificd chemically, thermally, or mechanically to create a stabilized form of

the material,

[(3060] In preferred embodiments, the hydrocracking catalyst of the invention herein
containg the Meso-Y zeolite 1n an amount of at least 10 wi% |, roore preferably at least at
least 25 wt%, and cven more preferably at least at least 35 wt% based on the finished
catalyst, particularly when a bainder 1s utilized. However, as noted, due to the high
mesoporosity and larger particle size of the aggregated crystals, the Meso-Y zeolite may
be present in hydrocracking catalysts in an amount of at least 50 wt%, or even at least 75

wit%s, based on the finished catalyst.



- 25 - [082] The m xture was first aged at roomtenperature (about 20-25C)
for about 24 hours, while stirring at -250 rpm Then, the aged m xture was
react ed awo-220B8028208- 70C) in a -2-titer autoclave, whil ePSTiUS2IMRY2EH60 - 250
rom for -192 nore hours. The product yas filtered, washed wi th deionized
(D) water, and dried at -250F (-120C )1 The X-ray d|ffract|on (XRD) pattern
of the as-synthesized product material showed the typical phase of zeolite

Y crystal pol og SEM.j ma as-synt hesi zed product naterla
shoved fiﬁ%%ﬁt heghiéf**é’f‘i" [er Qif%ﬁao@st&dhwggﬁv SHEEst 1f SRpERYRY Oof sl |
cryst al SyeqRe 8 NAW.- VB GUighed - wilhg 188: %%%ﬁéﬁ@gbﬁfﬁéﬂﬁ d%wﬁéc?jl)ﬁarbjad a
Si 02/ A. 1203 nol ar ratlo of -5.6 and a unit cell size (UCS) of approxi mtely

24. 65 Argstine wilneg ipeyr cbn@drydmgwmglﬁsusymmmizfedi @iyt dben pagalyst

i on- exchanged .wi;,th -1 N, an rat i.n, wat er room
tenper atUreTt ehiduet B G avart B re S LR TRt pEeEar ! ned
vari ous ih@pesal s hobRA&t@Rdr oR08GholemodldobicofhieraRout 24 hours to
stabilize their structures. Qher portions of the as-synthesized crystals

wer e ion-exchanged with -1N ammonium nitrate solution (in water) at room

tenperat 84621 t°>0’r59 cd’%?&'éf@%&%y%‘ $; n%%M*;L%adé%&%a aga’?ﬂ%"‘%zga& gn steaned

tw ce (| eratures 0 be clear,

t hese otdwndm@@namiemmz@thmhexnmagﬁd addatall @O partielrfer @eune, then st eaned
at a given tenperature, n i.on- exchanged at roaom tenperature again, and
then st éa%wﬂa‘rcrflﬁ%p@wﬁé ?@nﬁiéirda%vlé HYBICH TIPSRt YPSF | but i ons based

on_desor it BB rOM e AA.anak k5l S0l SAIKRL AT Ak, lygarpl s are

graphi cal'l'y de I C ure npari son. Properties of those
resul ti rgropp (3dIICst getal einsatmmﬁamsm nfﬁabdilm\jlt biel lowirocTaddliey datPyopecdimmscodf

st 11269, Ng% Y L gnyExanmle 2 seriesy® (lgue Dl Coletaat L gni cami no
Cal e. - GRAG W RIBANNIGNG Co. In a preferred embodiment, the Group VIA metal is Mo

and the Gmup VIHA metal is Co. In another 'preféi‘i'ed embodiment, the hvdmcracking

{noble metals). In another preferred embodiment, the hydrocracking Catalyst 18 comprised

at least one Group VHIA wetal selected from Pt and Pd. In another preferred

erabodiraent, the hydrocracking catalyst is comprised of Pt. The active Group VIA or

Group VIIA metals may be incorporated into the catalyst by any technique known in the

art. A preferred technique for active metal incorporation into the catalyst herein is the

wmeipicot wetness techuique.

[6063] Please note that the designation of Group VIA and Group VIIA herein
corresponds to the older TUPAC designations such as shown in the Periodic Table of
Elernents, published by the Sargent-Welch Scientific Company, 1979, wherein the Group
VIA clements include the coluran from the periodic table of elements containing Cr, Mo,
and W, and the Group VIHA clements include the columns from the periedic table of

elements containing Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt

[6064] The amouunt of hydrogenation metal 1 the catalyst can be at least 8.1 wt%
based on catalyst, or at least 0.15 wt%, or at least 0.2 wt%, or at least §.25 wt%, or at least

0.3 wt%, or at least 0.5 wt% based on the catalyst. For embodiments where the Group



-840/ 014+-25. -26 Calc. -800"C w o Steam ng -8354-7944-41) -5.4
11111111111 Steam 2X -600C/ | on-exchange I111IIMEM-100 11111111111 Steam
2X - 700C/Woneexehwage - 6784-612+-67)-15 crystal (or i nPETASRI1MLTI60
particle) mesoporosity on steamstabiljzed highly-aggregated Meso-Y
products. For Series #1, this peak indicates the presence of high existing
mesoporosity on cal ci ned Meso-Y crystals even without a steamtreatnent.
Typical stabilized zeolite Y (USY) products, however, tend to exhibit a
Toy o HED s S RORL i fvert ey B RIS Q0L ArARS A B AP BS cal 1y
be generg@lgd/i Bor RS SH@IkOBLLRY S AL bvel ¥, hingh L IRE! Auiie@bel nation or
steam ng treatnents (intra-crystal nesoporosity may additionally be

gener at €423 tock-2asid Hoy ewbeditepsat menthe)metilns ¢ hibwbExbmpbes nan-nellat i vel y hi gh
intensity of .exi,sting.nesoporosity on.Mso-Y, ¢crystals prior to steam

treat mertroas TRV ar Ear RS RA MR et Bie g e pEre Bamed
product SyreRALINESRASES 9% kL@ GGl ¥StabrefcddHl € At B Wit@b By Phbdatdh
particle") mesopore volune and a creation of an additional |arger

i nt r a- cryararcimshly fmwedopdr & 6F WHe- | east 80 Angstrons were Cbserved after
both m | der and high tenperature steamtreatnents. Exame 4: .Prelaration
of a orecated NaY 'Meso-Y crystals [0084] A m xture was prepared from -830
grans of{®¥gtier , Opsgrajerassnaptoddie makid qod)oositoblganctab@rgragipne btiodi om

al um n attg“ E‘%rgéri‘ ¢ N ééa?r%) Ltn .h\c!‘\%%ne éégil’in(g{llg“ 5h]f8191“ r,amo Qé,\ S%W()(llsn%'gti:llij r@o@sx}gr QXi de

sol ution (1 water)s “The™ mKtur € Rad "t he" Fof'T'ow g ol ar CoRposit T on:

Si @2/ Al Ziigket, k@d 2ombinations thereof, such as cobalt-roolybdenur, nickel-molybdenum,
nickel-tungsten, cobalt-tungsten, cobalt-nickel-molybdenum, cobalt-nickel-tungsten,
nickel-molybdenum-tungsten, and cobalt-molybdenuro-tungsten. Non-nobie metal
components may be pre-sulfided prior to use by exposure fo a sulfur-containing gas {such
as hydrogen sulfide) or higuid {such as a sultfur-containing hydrocarbon stream, e.g.,
derived from crude oil and/or spiked with an appropriate organosulfur compound) at an
elevated teraperature to convert the oxide form o the corresponding suifide form of the

metal.

Hydrocracking Processes

[(3066] The embodiments of the hydrocracking catalysts described herein incorporating
the aggregated Y zeolite {or “Mceso-Y7) are utihized in processes for conversion of heavy
hydrocarbon feedstocks into lighter, more valuable hydrocarbon products {such, as
gasoline, kerosene, and diesel products). The catalysts herein have been unexpectedly
found to possess very high selectivities toward diesel production (i.¢., increased yield
volumes) when utilized under hydrocracking conditions. As is well, known, increased
diesel production is a mawm focus of refineries o the United States {and even more
particularly in the markets of Europe and Asia}, as the vehicle pool 18 ever shifting more
toward higher mileage diesel powered vehicles as compared to less efficient gasoline

powered engines.

[68667] In these hydrocracking processes, the hydrocarbon feedstock to be

hydrocracked may inchude, in whole or in part, g gasotl {e.g., hight, rocdium, heavy,



fi 20/ Si 02-14.2 O+ 1Si02-0.72 Na'-/Si 02-0,72 [0085] The mi xture was first
aged at roomtenperature (about 20-25C) fbr about 24 hours, while stirring
at -250 rywomoidiiee08t he aged m xture was reacted at --20PET(US2@2Q279% 0 a
-2-liter autoclave under static conditjons for -120 nore hours. The product
was filtered, washed with deionized (PI') water, and dried at --250F
(-120"C). The X-ray diffraction (XRD) pattern of the as-synthesized product

materi al showed the typjcal phase of zeoljte Y crystal tqpology, The SEM
mage of EHET ALY AR SR *ﬁ?@&@&ﬁﬂ‘ﬁa@éﬂ% DURGER et TER TR & vas
compos Ed}".%fbcﬁ&g%r saat@s., ol RABll wBIASLAlRIMED R-AY! BPALENt boilsSEEONdary)
particle size of -2 microns, as shown in Figlre 4, which i's |arger than the
secondarbgcpact $10k gasbre vofertareophoduptesofc Btaniphe :BouTHE A EVNL hedi zed Y
crystals had,a.Si 02/ Al 203 nol ar ratio .0fs=5..5. Figure 5.shows nitrogen
cdvor pt 1B 428 Rsrah o 2 s e Bl PR R i e Li BoBrSBRI but | ons f rom
13, 11i  dggascpidiarn @faNG BElvamah W& fur@fulalsarplien ehixinieinproeduct after

cal cination at about 600C. These plots i n(;l cate the presence of existing
mesopor dsPduEtipn (48E e g¥°Y bagyeegagcaoedtoiimed hizbedhmkinbediot iscdisrkst eam

treatnent  step., .| e b ..Pr ion of. 9at.ed.- RS0, crystals
G PR LS R s
Ki | ogr ar@unafnswatak;, 252195 nddelppgeabs; aficasd B0 was) ddd)even bictaprefQ@ygitans of
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700°F (371°C) has a T50 boiling point above 800°F (427°C), more preferably above 825°F
{4417°C), and most preferably above 850°F (454°C),

[3068] The feedstock can include one or more of thermal oils, residual oils, cycle
stocks, whole top crudes, partial crudes, tar sand oils, shale oils, synthetic fuels, heavy
hydrocarbon fractions derived from the destructive hydrogenation of coal, tar, pitches,
and/or asphalis, hydrotreated feedstocks devived theretrom, and the ke, As should be
appreciated by those skilled in the art, the distillation of higher botling petroleum fractions
above about 750°F (399°C) can generally be carried out under vacuurm {(7.e., at
subatmospheric pressure), typically to avoid thermal cracking. The boiling temperatures
utilized herein are thus conventently expressed in terms of the botling point corrected to
atmospheric pressure. Fuorther additionally or altemately, resid compositions and/or

deeper cut gasoils, such as with relatively high metals contents, can be cracked using

catalysts employing the aggregated zeolite materials of the tnvention.
[(3069] In such processes envisioned utilizing the hydrocracking catalysts of invention

herein, a hydrocarbon feedstock s contacted with embodiments of the Meso-Y-containing
hydrocracking catalysts disclosed and described herein under hydrocracking conditions.
in the processes herein, it is desired to maximize the amount of diesel product (i.¢.,
hydrocarbon with boiling points in the range of 400 to 700"F) produced in the

hydrocracking conversion process.



[ 0087] The m xture was first aged at roomtenperature (about 20-25C) for
about 24 hours, while stirring at -250 rpm Then, the aged m xture was
react ed awo200A2¢®8C) in a -5-gallon autoclave under sta&Crawsecandrrosons for
-96 nore hours. The product was filtered, washed w th deionized (D) water,
and dried at 250F (-1.20"C). The X-ray di ffraction (XRD) patterns, as shown
in Figure 6, of as-synthesized product sanpl es taken at -72 hours and at

--96 hour ho the t pi hase of eo | stal. topology
React | or*Gfe o The tait 1&6%@ S8 emeadeePhak ushaalins ™ Shidnull ng
as-synt hﬁ%l&%kﬁfg%ﬂ@@%&cz@(ﬁﬁ&i & &%rﬁ@nogﬁ\@%gﬂ%cwa%r [iedth 91&&1& 0P
Exanpl e 6: Stabili zation d steam ng conditions on Meso- Yl al un na
cat al ystscefs0988pabpwt B %pérﬂtxsaeofn l\ms@wm@p ysmtain e e)pamdmacfoostdg%g to
Exanpl e .5 hav ratio wi t h about
55 par L 97 o1 S ur Gatrlpisbo e b ao e pee A i R AT L sl bl ned at
-5380)  iddnfinShiRFQRorE RbJ¥ty t\@ﬁ@dﬁ@%ﬁi Ghreil o MBI R VRS @1@%@%@1&@1 WRAEGdHCe an
extrudabl e paste on a -2" (-5.1 ¢ di aneter Bonito-1r" extruder, The

m xt ur e thgre pEsE st Ep\ébﬁ@débo%mwvéﬁ therfirAlarcacorcbiagatheinampsTassd atadetd! i nt o

-1/ 16" a T, ry | 1211' C
overnig - rr?orfﬁ H@ ?g% Sgﬁgf£9$ﬂ%gg”sgab@§$?q§g“Z%§%§M§g(%%%ed in
nitr ogerrcaﬁor‘-WCEwon Afdre partdadiashyidhenadiing dbédse domptides wateerosaiae at ed air

(-1009R1-1) and i.on-exchanged with -IN ammniumnitrate solution (in water)
L0 r enovendCHPHIORPL B RRG PR Yo ENEREHEAYE rEHE 3T Iddte! Has washed
wWth & It ak 9 r dryi ng at
15 S B AR Sl RN LR SO A B P00 8
resul ti ngoregméﬁ‘adact asiwxbmemtshﬂmast eporadn at thémo‘oon gaheutovdd hotie s, foI | oned
by addi tional ..ion-exchange to obtain, the fi extrudate for Pt

i npr egnat’c Hﬁ““d‘ﬂ{ﬁéd?‘?rr‘?a?“” 54T b acwa AR g I?rﬁjprr‘”é‘tjﬁa‘t% vi a incipi ent
wetness to -0.6 wt% Pt using tetraanm neplatinumitrate, followed by
calcination in air for about 3 hours at -680"F (-405"C). Exanples 7A-B:

St abi | i ziﬁ@ﬂdn oPrmm?mdmawkm arataing stedibgnsiicghio terplratasten( >7 C) st eam
treat maqtmh ur\, gm *»Q?)agﬁﬂsﬁ;lun t%ngﬁéora %’?{56”!&#% Q%f,@g}\) go?aldl ng to

Exanpl e PHital a wer'e® mxed vvlth

about 3 r@@ﬁﬂogm@:fl aMartsabgMﬁ'Q&mpgquqmoamb@ﬁ 3abyptinaatiunoer MBasi s
calcined at -538C) in a sonrmmnulter. Sufficient water was added to
produce "BeFcEReEE bﬁi@ﬂ;ﬁé@ﬁe Ugmsig (about 055V Paghp abpdnePR psiBomit TRA2ext r uder,

The m xt of 1 truded into
T 1o Y b e B LR b G e B M ol O 000
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Lo | owernsonfym £8RLAM0-<cALISTLATTRN YA NALE FChS Q@M dﬁgut%b@' date was
washed with deionized water to renove resi di itrate ions, prior to

dryi ng atfbliZai@uwved hrght Yagabmit AAK subbbgbent25@a¥mi/makion in air at -538C.
The resulting extrudates were then steaned at -760C for about 1 hour, Wwed
by additional ion-exchange to obtain a treated extrudate. Properties of the
treated [@xty EUdaE %arh?i@l; v Q@iaﬁnxﬁlipﬁéem\@btﬁh@h hlﬁ@;ei 1 cle@ﬁi@f)re%@@f iPfhe
Angstroms ato surface area of - /g (wwth a mcropore surface
area of h}@dﬂr?mmrgz catidlysaal Exrersnal insuribac é&ﬂam@aw @frm-ulﬁxampm 8B Tnbthe
Corl e kT R RO S Gl e IR e
al um na.hyfherpafdg @miymﬁcrmsdzmhamwox for oxahple aaRbd J5svirgbenriegki o herein
as Meso-Y-B extrudate and the other portion that was not washed |s

ref erred"oohdedPh a§e¢v@s~anw1@ axiordierst enilimmerpopedyrts 8-ai WP B¢ iFons of

t hese t O, t tes were

t hen eaV@ ﬁzrifp%g%ra]ﬁ %@ﬁ?nm r(lﬁgrﬁw% a ?/\%tg%delg!s:h&%% 5 %d}-&&&&ﬁ)&s{ﬁwhg&

t et r aanmticnep) thamasmmmtr\aityﬂ( j.ef ﬁiol‘o\d&ddtyom&k CHnaid on comveaiisn )flS)élii’ lesout 3

hours at__- 680F 00 ar| gu es _5 r.e mesopore

vol ume wils TOBUR %Eaf[ﬂtﬁge‘]a&a %)?f&%dgityé"é Byuitd b thﬁmalggﬁ‘i’ina Al so, nore
rresopor%aval(mg d?é&g Jék@éo@%f mg%ﬁnﬁi&ﬁmgbz§E_|1'ub?5<érﬁBl <@RRegred on the acid
washed sanpl e, "which I's consistent with surface area data (nore
external surface area) Al so, higher Al pha value was found on the acid

washed sanple after renoving non-franmework Al atons (or other species), as
can be seen in Table 2 bel ow



Table 2 Properties of Meso-Y/ alum na catal ysts stabilized by high
tenperature steamtreatnent Catal yst Surface Area2/g] (mcro + external SA)
Al pha Valwi© 28i20228803/ Na (W ratio) HT Stabilized Meso- PENUS242/089abi | | zed
Meso-Y-B _ 463/(295 + 167) 4101(201 45 209) 2.4 9.4 40.7/34.8/0.52
52.5/42.4/0. 17 TeeT

68731 While not wishing to be held to any particular theory, it is believed that the
propeunsity for diesel selectivity in the catalysts of invention may be due in part to the low
Alpha value propertics of the catalysts of invention. The Alpha values are a measure of
the degree of hexane cracking activity in a catalyst, with the higher Alpha values tending
to result in higher relative cracking activity {or conversion} in the catalyst. The Alpha
Value is an approximate indication of the catalytic cracking activity of the catalyst
compared to a standard catalyst, and it gives the relative rate constant {rate of normal
hexane conversion per volume of catalyst per unit tirne). It 1s based on the sctivity of
silica~alumina cracking catalyst taken as an Alpha of 1 (Rate Coustant ~ 0.016 sec™’). The
test for Alpha Value is described in U.S. Patent No. 3,354,078 and in the Journal of
Catalysis at 4, 527 (1965); 6, 278 (1966); and 61, 395 (1980), each incorporated hercin by
reference as to the relevant description. The experimental conditions of the Alpha Value
test used herein inchude a counstant femperature of about S38°C and a variable flow rate as

described in detail in the 1980 reference.

6874} It has been discovered that the Meso-Y containing hydrocracking catalysts of
mvention have extremely low Alpha values as can be seen in the catalyst property data
shown in Table 3 of Example 8A-B. As can be seen, the Alpha values of the MesoY-A
catalysts bave alpha values over 20, It s believed that these lower Alpha values contribute
to the selective diesel products of the catalysts of the present invention. In preferred
erobodiroents of the Meso-Y hydrocracking catalysis herein, the Alpha values for the
catalysts are preferably less than 15, more preferably less than 10, and even more

preferably less than 5.

EXAMPLES

Comparative Example 1A Non-ageregated Na¥ recipe under staiic conditions

[B075] A muixture was prepared from ~885 grarns of water, ~262 graras of Ultrasil®
sihica, ~150 grams of sodiurn alursinate solution (453% in water), and ~167 grams of 50%
sodium hydroxide solution {in water). The mixture had the following molar composition:

S5i0./ALGC:  ~10.6



"Steaned at -760C for -16 hours (w thout acid wash) 2Steanmed at -760C for
-16 hours (with oxalic acid wash) Exanples 8A-B: Hydrocracking of vacuum
gas oil s Wo@0)2/122208 t he high tenperature - | stabilized PREAS20d24RTI60I Na
catal ysts of Exanples " AB [0091]I n_tf,g)i_s Exanpl e, the HT Stabilized Meso-Y
Sanpl e A (|l abel ed as "MesoY-A") and the HT Stabilized Meso-Y Sanple B

(I abel ed as "MesoY-B") hydrocracking catal yst enbodi nents of the invention
from Exanpl e 7A-B were conpar at gv?)ll, t est egq gnder si mul at ed hydr ocr acki ng
conditions with four (4) conpar e P Ohydrb" Tacki ng catal ysts made with
commerci al USY zeolites. [0092] Ber/sidne foup 7eonparati ve hydrocracki ng
catal ysts about 65 parts of Zeolyst's CBV-720(r), CBV-76e, CB-V-780(r) or
Tosoh(l')'s HSZ-385(r) USY crystdl’S#aving~&7Silica/alunmna molar ratio

of -30, 60, 80 or 110, respectively, were mxed with about 35 parts of
Versafr" 300 pseudoboehm te al um na binder (basis: calcined at --538C) a
Si mpsonTBé7aiut t it be miketeraet iyl @rtahiosm tdygheoxird & ETEZACH) Wasaladdeéd to a
sufficignt - 30 - guantity of water to produce a 2% sol utiaon, and.was
2dded t SRBPORILE AT ot Haer berebrtoi v B e 6P ohnot i m
ext r udery 5 Theyied aded 80k ithdakti Gy 368124 [RsRUARO eI et Rt WL NBercand _
TEAOH wat er was extruded into -1/16" di ameter quadrul obes, and then dried
in a hotwabsk vebenivatzed (RIwroved fiighat ~CHOHF (agé@qtf)l@h@%ﬁ@“uﬁgy@ﬂl%e dried
ext rudat e, was cined in, 100% air. at 525 oC for, six hours.. e conpl et e,
The. ext riara Y ARER 4af Bonalishi-dt prre el TeF by PuceiRailot p

usi ng t elebR@Mifenl RLLRUINTLE SER] intlideod tousayhokfaeky0uen nafterial 2FC
overnight (for about 3 hours), followed by calcination in air thr about 3
hours atshowgdtipt (heaumei) wap GoOspRms of tunca! pRe-2gissyyy Yaratyst $hofn fthvent i on

desi gnat S A" OY-Anand.  vesoY- B ) angh b f ~(4). USYz qref erence
cat al yst}%g Fggé gﬁ%t%d@%%}@;ﬂ%%ﬁ,s@%_%@1?)‘“,%%95 %ﬂlg}%ﬁ%p }E’EYSR) had simlar
bi nder dJompestd kehidyand content, zeolite content, and plati num netal

| oadi ngs. The properties of the six (6) catalysts utilized in this exanple
are shown i.n Table 3. Table 3 :Properties of catalysts tested in Exanples

8A-B Te%mﬁ)&r&iﬁre Example 1B: Non-ageregated NaY recine with stirring

[B877) A mixture was prepared from ~885 grams of water, ~262 grams of Ultrasil®
sihica, ~150 grams of sodiurn alursinate solution (453% in water), and ~167 grams of 50%
sodium hydroxide solution {in water). The mixture had the following molar composition:

SiOQ/"AEgOg ~18.6

HO/510, ~15.1

OH/810, ~0.76

Na'/Si0;  ~0.76

{3878} The maixture was first aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~200°F (~93°C)
i a ~2-liter autoclave, while stirning at ~250 rpw, for ~24 wore hours. The product was
filtered, washed with deionized (D1) water, and dried at ~250°F (~120°C). The X-ray
diffraction (XRD) pattern of the as-synthesized product roaterial showed the typical phase
of zeolite Y crystal topology with a trace of impurity phase of Gmelinite. The SEM image
of the as-synthesized product material showed that the material was composed of typical
non-aggregated Y erystals, of the type shown in Figure 1B. The as-synthesized Y crystals

had a S10,/AlL Oy molar ratio of ~5.12. No major differences in crystal size and
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morphology were observed corpared with product of Comparative Exaropie 1A based on

the SEM data.

Example 2: Preparation of agerecated Na¥Y {(Meso-Y) crystals

[B079] A muixture was prepared from ~728 graras of water, ~275 graras of Ultrasil®
silica, ~166 grams of sodium aluminate sohution {45% in water), and ~120 grams of 50%
sodium hydroxide solution {in water). The mixture had the following molar composition:

SiG,/ALO;  ~101

H,0/S510, ~12.1

OH/Si0» ~3.60

Na'/5i0, ~0.60

[G080] The mixture was first aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpro. Then, the aged roixture was reacted at ~176°F (~80°C)
in a ~2-liter autoclave, while stirring at ~250 rpm, for ~192 more hours. The product was
filtered, washed with deionized (D) water, and dried at ~250°F (~120°C). The X-ray
diffraction { XRD} pattern of the as-synthesized product material showed the typical phase
of zeolite Y crvstal topology with a very small trace of impurity phase of Gmelinite. The
SEM image of the as-synthesized product material showed that the material was composed
of aggregates of small crystals and non-aggregated crystals, as shown in Figure 2. The as-
synthesized Meso-Y crystals had a Si02/ALOs roolar ratio of ~5.54 and a unit cell size

{UCS) of approximately 24.61 Angstroms.

Example 3; Preparation of aggregated Na¥Y {Meso-Y ) crystals

[B081] A mixture was prepared from ~830 grams of water, ~258 grams of Ultrasil®
sifica, ~96 grams of sodium aluminate solution (45% in water}, and ~180 g of 53% sodium
hydroxide solution (in water). The mixture had the following molar composition:

SiG/ALGs  ~16.2

H,O/810, ~14.2

OH/SI0; ~(.72

Na'/Si0,  ~0.72
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[6082] The mxture was first aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~158°F (~70°C)
w a ~2-liter autoclave, while stirring at ~250 rpro, for ~192 more hours. The product was
filtered, washed with deionized (D) water, and dried at ~250°F (~120°C). The X-ray
diffraction (XRD) pattern of the as-synthesized product material showed the typical phase
of zeolite Y crystal topology. The SEM image of the as-synthesized product material
showed that the material was composed of aggregates {~1 micron) of small crystals, as
shown i Figure 3. The as-synthesized Meso-Y crystals had a S10,/AL G5 molar ratio of
~5.6 and a unit cell size (UCS) of approximately 24.65 Angstroms. One portion of the as-
synthesized crystals was ion-exchanged with ~IN aromounium nitrate solution (in water) at
room temperature to reduce sedium levels down to ~ 2 % and was then calcined various
temperatures (~600°C and ~RG0°C) in air for about 24 hours to stabilize their structures.
Other portions of the as-synthesized crystals were ion-exchanged with ~1N ammonium
nitrate solution (in water) at room temperature to reduce sodiuro levels down to ~ 2 9% and
were then steamed twice (e, 2X} at various ternperatures (~600°C and ~700°C). To be
clear, these other portions were on-cxchanged at room temperature, then stearned at a
given temperatare, then ion-exchanged at room temperature again, and then steamed at the
given temperature again. Pore size distributions based on desorption isotherms from N
BET analysis of certain Table 1 samples are graphically depicted in Figure 5 for

comparison. Propertics of those resulting products are shown in Table 1 below.

Table 1
Propertics of stabilized Meso-Y from Example 3

Series # Calcination/Steaming Surface Arca [m’/g] o
- - e R 2| Alpha Value
{Figure 7} Temperature {micro -+ external SA) '
i Cale. ~600°C w/o Steaming ~B40/(~814+~35} ~26
- Calc. ~800°C w/o Steaming ~B35/(~T794+~41) ~5.4
2 Steam 2X ~600°C/lon-exchange ~6657/(~604-+-64) ~100
3 Steam 2X ~700°C/Ton-eschange ~GTRA~612+-6T) ~15
G083 As clearly shown in Figure 3, all three samples show a major peak at ~40

Angstroms, which {without being bound by theory) is believed to be associated with inter-



0. 621408 0. 615034 0.642638 0.587265 0.523096 0.674233 . BET-Tot al n2/ gm
n2/gm n2/gm...._ 655.805 ...._ 446.7341 209.0709 0.1831.78 686.3543
492. 4396 wW028120122208 0. 205591 657.5367 370.1.106 28CTARSM202706@1. 64
670. 0247 400.5371 269.4876 0.172961 4(62 6922 295.31.23 167.3799 0.121. 414
410. 3157 201.2476 209.0681 0.086392

crystal {or mter-primary particle) mesoporosity ou steam-stabilized highly-aggregated
Meso-Y products. For Series #1, this peak indicates the presence of high existing
mesoporosity on calcined Meso-Y crystals even without a stearn treatment. Typical
stabilized zeolite Y {(USY) products, however, tend to exhibit a very low ~40 Angstroms
{(inter-crystal} pore volure, which can classically be gencrated/increased cither by
relatively high temperature calcination or steaming treatments (intra-crystal mesoporosity
may additionally be gencrated/increased by such treatments). In this Example, a relatively
high intensity of existing mesoporosity on Meso-Y crystals prior to steam treatment was
observed after calcination at ~600°C or above. For steamed products, an increase of inter-
crystal {alterpately terroed “privaary particle”) mesopore volume and a creation of an
additional larger intra-crystal mean mesopore of at least 80 Angstroms were observed after

both milder and high teroperatore steam treatments.

Exaropie 4; Preparation of agerecated Na¥Y (Meso-Y ervstals

[6084] A mixture was prepared from ~830 grams of water, ~258 grams of Ulirasil®
sitica, ~96 grams of sodium aluminate solution (45% 1 water), and ~180 grams of 50%
sodium hydroxide sohution (in water). The mixfure had the following molar composition:

S810,/A1,0;  ~162

Ho /810, ~14.2

OH/Si, ~3.72

Na'/8i0, ~0.72
[B085] The muxture was first aged at roor feroperature {about 20-25°C) for about 24

hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~200°F (~93°(C)
n a ~2-liter autoclave under static conditions for ~120 more hours. The product was
filtered, washed with deionized (D1) water, and dried at ~250°F {(~120°C). The X-ray
diffraction (XRD} pattern of the as-synthesized product material showed the typical phase
of zeolite Y crystal topology. The SEM image of the as-synthesized product material
showed that the material was composed of aggregates of small crystals with an aggregate
{i.e., secondary) particle size of ~2 rotcrons, as shown in Figure 4, which is larger than the
sccondary particle size of the product of Example 3. The as-synthesized Y crystals had a

S5100/AL O molar ratio of ~5.5. Figare 5 shows nitrogen adsorption-desorption
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isotherms and pore size distributions from BIH desorption of N BET analysis of a sample
of the product after calcination at about 600°C. These plots indicate the presence of
existing mesoporosity in the highly aggregated calcined product before any steam

freatment step.

Example ;. Preparation of aggregated Na¥Y {Meso-Y ) crystals (~10x scale-up of Example 4)

[6086] A mixture was prepared from ~8.3 kilograms of water, ~2.58 kilograms of
Ultrasil® silica, ~960 grams of sodium aluminate solution (45% in water}, and ~1.8
kilograrms of 50% sodium hydroxide solution (in water). The mixture had the following
molar composition:

Si0,/ALOs  ~16.2

H2O/5:0, ~14.2

OH/810, ~0.72

Na'/Si0,  ~0.72

[B087] The mixture was first aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~200°F (~93°C)
i a ~5S-gallon antoclave under static conditions for ~96 more hours. The product was
filtered, washed with deionized (ID1) water, and dried at ~250°F (~120°C). The X-ray
diffraction (XRD) patterns, as shown in Figure 6, of as-synthesized product samples taken
at ~72 hours and at ~96 hours showed the typical pure phase of zeolite Y crystal topology.
Reaction appeared to be complete at less than ~96 hours. The resulting as-synthesized

product crystals had a S10,/A1L,0; molar ratio of ~3.5.

Example 6: Stabilization by nuld stearning conditions on Meso-Y/alumina catalysts

[3088] About 65 parts of Meso-Y crystal prepared according to Example S having a
silica/aluming molar ratio of ~5.5 were mixed with about 35 parts of Versal™ 300
pseudobochmite alumina binder (basis: calcined at ~538°C) in a Simpson™ muller.
Sufficient water was added to producce an extrudable paste ona ~27 (~5.1 cm) diameter
Bonnot™ extruder. The mixture of Meso-Y, pseudobochmite alumina, and water was

extruded into ~1/16” diameter quadrulobes, and then dried in a hotpack oven at ~121°C

overnight {(for about 10-18 hours). The dried exirudate was calcined 1o nitrogen at ~538°C



External SA / Total SA 0.32 0.28 0.44 0.40 0.36 0.51 [0094]As can be seen
in Table 3, the catalysts of invention have a conbination | ow Al pha val ues,
| ow BET ™woOab12uaefoace Areas, and hi gh. External SurfaceP@ras2ioenaioso Surface
Area ratios (i.e., "Relative External ,surface Area" as defined in equation
[ 11 herein). The catal ysts of inventidn (as shown in enbodi nrents MesoY-A
and MesoY-B) al so have a significantly higher average pore dianeter than

the conparable reference catalysts. It is belieyed that these aspects
funct i oriPfdV 4SOV u?ﬁ’éaa*r@*s‘éimw@mwrt<grt?§¢ hEn t%fy%gfin% "¢8n be seen.
in the data,hRolaRl £iidiabaNsn é@nh@at@ﬂj@@%@tﬁdi%ﬁ, L8 G AL Y8k - 31 -
invention (MesoY-A and MesoY-B) havé very low total surface areas conpared
to the cathdngstide oftradhes prd wrshad tvitkhicie rediwittei tnirgrgoexesdwd lutsaie fomse ar eas

near those of .the prigr.art. in preferred enbodinents of .the hydrocracking
Cat al yordef o oR rertrmh R R SR SRRl ob Ao Sirt ace
Area of B rbaasie &td3QatciBke: REChesall ¥ -Fuot@astabBudlhouhs feidRyddurt her be
seen in Table 3, the catalysts of invention have significantly higher

aver age 98itendi gnstdrgse Hadbisinahaiorm entiditafor BesNepreataabystige fipal preferred
oot mealapdl hOBGALAIAALS, Ol KRN LOANGER  LRe, fygL age pore diameter
of the catalyst (as neasured by nitrogen aesorptlonf Is at least 7.0
nanomet asBadpnihepiptiefretiabley fadibwké @stcaléihtionmis aimt abpref lernaddiy-c86°H east 8.0
nm and mpst preferably at |least 9.0 nm These catal yst aspects contribute
to high(ﬂﬁggéﬁ*selectivity in the catalysts of invention as will be shown
in this Exanple. [00951AIl the catal ysts were tested under hydrocracking
conditions in a batch mcro - reactor configuration. Initially, each of the
sel ect edExzeaddsoiA-Vi: ditsbivagioohd Med- Whinithentzlegpoe bigheceptratuyst>70872ed to
90- 300um and al ways a fixed amount of 65 ul). The unit is then seal ed and
pl aced GHHhEARSer assenbly, pressure tested fol l owed by a reduction
under a [hyghj0geRLaLIBSRRGLE MRS ASSRMRkY W8t ANS tLELShIE BlAyRA @l Ove box
and opened. to dispense the hydrocarbon feed (see feed properties in Table
4) i nt o stlhe/dtyrdingiveiia rae bl 3.5 Phige watedl i gbome s 2 pritver! estpd§€dt o

hydr ocr acki condi t.i ons by heating to assenmbly, 330 62 _a pressure
of 726 per RS R T P e R i R S Pl on was
progr es sRgfifioh: wWatbok @l addud &f $roBufan2d vhiinge pi@l bOW-po-vihi &h) thgcrceactor is
cool ed to anmbi ent conditions and de-pressurized. The product liquid is
robot i cdbanposEmplrader( (hsindaturhel eov e periobahmifesimigndnd ererarml yzed for

si mul at e{.dmgh(s& f.nH a ﬁ@ Miameter guadrulobes, and then dried 1n a hotpack oven at ~121°C

overnight (for about 10-18 hours). The dried extrudate was calcined in nitrogen at ~338°C
and was then humidified with water-saturated air (~100%RH) and ion-cxchanged with
~IN ammonium nitrate solution {in water) to lower sodium content. After amoniura
nitrate exchange, the extrudate was washed with deionized water to remove residual
nitrate 1ons, prior to drying at ~121°C overnight again and subsequent ¢alcination in air at
~538°C. The resuiting extrudates were then steamed at ~760°C for about 1 hour, followed
by additional ion-cxchange to obtain a treated extrudate. Propertics of the treated
extrudate included an Alpha Value of ~140, a UCS of ~24.52 Angstroms, and a total
surface arca of ~484 m”/g {with a micropore surface arca of ~307 m*/g and an external
surface area of ~177 m’/g). The resulting treated extrudate was then steamed again at
~760 °C for about 16 hours, and a portion was washed with oxalic acid to remove non-
framework alumuna. The portion that was washed with oxalic acid is referred to herein as
Meso-Y-B extrudate, and the other portion that was not washed is referred to herein as

Meso-Y-A extrudate. The pore size distributions of these two extrudates are shown 1o



[ 0096] The hydrocarbon feed utilized in the testing of this exanple was a
typi cal hydrotreated and fractionated vacuumgas oil (V&) feedstock. Table
4 shows twe0me8ti on of the hydrocarbon feed utili ze@Caarseerg/oztveo
testing. The hydrocarbon feed that was,utilized boiled above the 400 to 700
"F.' diesel range, and sinulated a typlcal gas oil range feedstock. As
such, all diesel range naterlal present in the products was a resulting
conver si ct fr her boi lin oi nt hydrocar bons obtai.ned under
hydr ocr k‘u‘fh c'ofeh *t‘u “«“* HpiftE ﬁ“Er’gﬁbgréf‘?"éé SFIHYEPbWATBOTC F d&d¥tack
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~6R0°F (~405°C).

[0906] Comparing Figures 5 and 7, more mesopore volurne was found on steam
treated extrudates bound with alumina. Alse, more mesopore volume and broader pore
size distribution appearcd on the acid washed sarapic, which is consistent with BET
surface area data (more external surface area). Also, higher Alpha value was found on the
acid washed sample after removing non-framework Al atorns {or other species), as can be
seen in Table 2 below.

Table 2

Propertics of Meso-Y/alumina catalysts stabilized by
high termperature steam treatment

. . Surface Area [m%'g} Adhe Uabin S10,/AL O /Na

Catalyst {micro + external SA) Alpha Valuo {(wt ratio)
HT Stabilized Meso-Y »’—‘xl 463/(295 + 167) 2.4 40.7/34.8/0.52
HT Stabilized Meso-Y-B° 410/4201 +209) 9.4 52.5/42.4/0.17

‘Steamed at ~760°C for ~16 hours (without acid wash)
“Steamed at ~760°C for ~16 hours {with oxalic acid wash)

Examples 8A-B: Hyvdrocracking of vacuum gas oils (VGO) with the high temperature -

stabilized Meso-Y/alurnina catalysts of Examples 7TA-B
(3091} In this Example, the HT Stabilized Meso-Y Sample A {labeled as “MesoY-A")
and the HT Stabilized Meso-Y Sample B (labeled as “MesoY-B”) hydrocracking catalyst

emabodiments of the invention from Example 7A-B were comparatively tested under
sitnulated hydrocracking conditions with four (4) comparative hydrocracking catalysts

made with commercial USY zeolites.

[6692] For the four comparative hydrocracking catalysts about 65 parts of Zeolyst™’s
CBV-720%, CBV-760%, CBV-780% or Tosoh™s HSZ-385™ USY crystal having a
sitica/alumina molar ratio of ~30, 68, R0 or 119, respectively, were mixed with about 35
parts of Versal™ 300 pseudobochmite alumina binder (basis: calcined at ~538°Cyina

Sumpson™ muller. Tetracthylammoniom Hydroxide (TEAOH) was added to a sufficient
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quantity of water to produce a 2% solution, and was added to produce an extrudable paste
on a~2" (~5.1 cm) diameter Bonnot™ extruder. The mixture of USY crystal,
pseudobochmite aluminag, and TEAOH/ water was extruded into ~1/16” diameter
guadrulobes, and then dried in a hotpack oven at ~121°C overnight (for about 10-18
hours). The dried extrudate was calcined i 100% air at 525 oC for six hours. Ounce
complete, the extrudate was then impregnated via incipient wetness to ~0.6 wt% Pt using
tetraammuneplatinumnitrate, dried in a hotpack oven at ~121°C overnight (for about 3

hours), followed by calcination in air for about 3 hours at ~680°F (~405°C).

[6693] As such, the two (2) catalysis of tovention {designated as “MesoY-A” and
“MesaY-B") and the four (4 USY reference catalysts (designated as “USY-17, “USY-2",
“USY-3” and “USY-4") had similar binder corapositions and content, zeolite content, and
platinum metal loadings. The propertics of the six {6) catalysts utilized in this example are

shown in Table 3.

Table 3
Properties of catalysts tested in Examples RA-B
Jeast Units USY-1 USY-2 USY-3 USY-4 MesoY-& | MesoY-B
HSZ-385 | CBV-720 | CBV-70 | CBV-780
Alpha - 21 100 36 23 2.4 9.4
Average Pore Diameter {Desorp} nm 6.5985 6.7472 £.8601 £.1595 7.5033 9.5357
Fore Volume c/gm | 0621408 | 0.615034 | 0.642638 | 0.587265 | 0.523096 | 0.674233
BET-Total m’/gm | 655.805 | 686.3543 { 657.5367 { 670.0247 | 462.6922 | 410.3157
Micropore Surface Area (254) mzfgm 446.7341 | 492.4356 | 3701106 | 400.5371 { 295.3123 | 201.2476
External Surface Area (MSA) mzfgm 2000709 | 193.9147 § 287.4261 | 2694876 | 167.379% | 209.0681
Micropore Volume ccfgm 0.183178 | Q.205591 | 0.159164 | 0.172061 | Q.121414 | Q.086382
External SA / Total SA - 0.32 0.28 0.44 0.40 .30 0.51
16694] As can be seen in Table 3, the catalysts of invention have a combination low

Alpha values, low BET Total Surface Arcas, and high External Surface Area : Total
Surface Area ratios {i.¢., “Relative External Surface Area” as defined in equation [1]
herein). The catalysts of wnvention {as shown in embodiments MesoY-A and MesoY-B)
also have a stgnificantly higher average pore diameter than the comparabie reference
catalysts. It 18 believed that these aspects function to improve the dicsel sclectivity of the

catalyst. Ascan be seen in the data in Table 3 above, the embodiments of the catalysts of
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mvention (MesoY-A and MesoY-B) bave very low total surface areas compared to the
catalysts of the prior art while maintaining external surface areas near those of the prior
art. In preferred embodiments of the hydrocracking catalysts of invention herein, the
catalyst has a Relative External Surface Area of at least 0.35, more preferably at least 0.50.
As can further be seen in Table 3, the catalysts of invention have significantly higher
average pore diameters than the conventional USY catalysts. In preferred embodiments of
the catalysts of invention herein, the average pore diameter of the catalyst (as measured by
nitrogen desorption) is at feast 7.0 nanometers (nm), preferably at least 7.5 nm, more
preferably at least 8.0 nom, and most preferably at least 9.0 . These catalyst aspects
contribute to high dicsel selectivity in the catalysts of inveuntion as will be shown in this

Example.

[(095] All the catalysts were tested under hydrocracking conditions in a batch micro-
reactor configuration. Initially, each of the selected reactor vials was charged with the
respective catalyst (sized to 90-300um and always a fixed amount of 65 ply. The unit is
then sealed and placed on the shaker assembly, pressure tested followed by a reduction
under a hydrogen atmosphere. The assembly was transferred into a glove box and opened
to dispense the hydrocarbon feed (see feed properties in Table 4} into the individual wells.
The catalysts were then exposed to hydrocracking conditions by heating to assernbly
330°C (626°F) at a pressure of 715 psi with 100% H; and a shaking speed of 500 rpm. The
reaction was progressed for a total duration of 24 hus, following which the reactor s
cooled to ambient conditions and de-pressurized. The product liquid is robotically sampled

(mmside the glove box), diluted, and theo analyzed for simulated distillation,

[3096] The hydrocarbon feed utilized in the testing of this example was a typical
hydrotreated and fractionated vacuum gas oil (VGO) feedstock. Table 4 shows the
composition of the hydrocarbon feed utilized during the testing. The hydrocarbon feed
that was utilized boiled above the 400 to 700 °F dicsel range, and simulated a typical gas
otl range feedstock. As such, all dicsel range material present in the products was a
resulting conversion product from higher boiling point hydrocarbons obtained under

hydrocracking conditions.



927.5 F 95% Si m D st 950.54 1009.4 F F 99.5% Si m D st [ 0097] The
distillate yields (by w% of product) and % 700F+ conversions (i.e., anount
of feed twatomwa228nverted to products boiling bel ow 70PEX/dSe@nioetseo t est i ng
in this exanple for each of the catal ysts are shown graphically in Figure
8. As can be seen, the MesoY-A and MesOY-B catal ysts of invention, produced
a higher diesel yield than_ the reference USY- hydrocracking catal ysts
(diesel yields of about 29-31% vs. agb t 16-26% . What is even nore
significant, is_that under the sa 4 condi ti ons, the MesoY-A and

MesOY- B cat al ystepetics ﬂiﬁéﬁ%%@ﬂ&%ﬁ&&@a uiilipy Ry dencasEmEiPEINg t han t he
reference USY hydrocracking cat apysemnpsidi-HBt | ower overal | conversions (at
700F-f- conversions of about 53-57%vs, about 81 to 96% . This neans that

the selectivity of the catalysts of | vention for_diesel production were
significantly higher than fehatbekdgstoncie Rbsudr ociaki hg catal ysts utilizing
USY zeolites of the prior artgyfar 33 - SeweCli Yoty 1o Diesel =Diesel in
Product [ 2] Nitrogen <10 ppm
Density @ 70°C | 0.8412 | g/em’
0.5% SimDist 721.58 °F
5% SimDist 752.18 °F
10% SimDist 765.5 “F
20% SimDist 734.22 “F
30% SimDist 800.6 “F
40% Sirniist 817.16 °F
50% Simiist 834.8 °F
60% Simiist 852.8 °F
705 SimDist 872.06 °F
8096 SimDist 895.1 °F
9096 SimDist 927.5 °F
95% SimDist 950.54 °F
99.5% SimDist 1009.4 °F

[3097] The distillate yields (by wi% of product) and % 700°F+ conversions (i.e.,
amount of feed that was converted to products boiling below 700°F) from the testing in
this example for cach of the catalysts arc shown graphically in Figure 8. As can be seen,
the MesoY-A and MesoY-B catalysts of invention produced a higher dicsel yield thao the
reference USY hydrocracking catalysts (diesel yields of about 29-31% vs. about 16-26%).
What is even more significant, is that under the same test conditions, the MesoY-A and
MesoY -B catalysts of invention produced a higher diesel vield than the reference USY
hydrocracking catalysts even at lower overall conversions (at 700°F+ conversions of about
53-57% vs. about 81 to 96%). This means that the selectivity of the catalysts of invention
for diesel production were significantly higher than the reference hydrocracking catalysts

utitizing USY zeolites of the prior art.

[3098] The selectivity to diesel can be calcunlated by the following equation:



% Conversi on of 700F+ Feedstock [0099] Figure 9 shows the results of the
testing in terns of diesel selectivity. As can be seen Figure 9, the

h. ydr ocr awRi2ap/e2a20al yst s enbodi nents of invention were REPAIS20100%960r €
selective (i.e., about tw ce as sel ect%ve) toward di esel production as the
reference catal ysts. As such, even if the hydrocracki ng process were
operated at conditions to pr oduce hi gher overall conversion, the catal ysts
of invention would still be expected to be about twi ce as selective to

di esel production than the reference catalysts sinulating conparative USY
hydr ocr acki ng¢&t3ity & 8i¢! T he pri or areRicscl pATodugi Al VS | A H

rocracking catalyst thr inproved di eééﬁ‘«%%@@%?@%h* Faptsten the cat al yst
conpri ses: a) an aggregated formof zeolite Y conprising snmall size
crystallites of zeolite Y, wherein at |least a portion of the prinmary
crystallites are aggregated to forml arger secondary Partl cles, wherein the
aggr egatl@®%eol ™y HEgvsdharIspieaciiae bsting Watora flglior! ozt Ageqn and an
al kal i t & W% g > o b)
2 binde rﬂ?ﬂs@&n F*@zﬂ& ptthaoﬁr%(fmﬁ&ﬁﬁxla ?ﬁﬁ&tﬁw I%g@%g%gnﬁ%&ruhgﬁ&gnt% Lbﬁg@f\}}é} /ue of

| ess thanor%; cativd: (@n., Bxtue twmazb a&nﬁ&cﬁme; braat dixoschtfﬁiluct&mfsahermremd atio of

at least 0.35:1 2. The hydro cki catal yst of claiml, wherein the
aggregat‘“é?fhz‘éﬁblét“t%‘“}’ &8 “{gié%ﬁ‘y PaBET P%@H”b%/f“’ WHEARPA Al COTEHSeP at ure of at

lleast 700Jguce hmfhcr h&al PMQ{%Y AGKkRG 0T dfﬁhv%mﬁ |V\%u'iﬂ 4ill wherebid tdhe. average
pore di arret er the catalyst is at least 7.0 nm . The hydrocracki ng

cat al ystabofit teliai m\siummtpe’imddeM@aﬁhmtAbrdfplze@ a@@yﬁgam@h@gol ite Y has
been further drocracki ng catal yst of claim 3,
wher ei n Cﬁﬁgaﬁi%i g&gﬂgb‘?%%‘ri‘il?zecgﬁﬁgé E@Sﬁ‘“@éﬁ%l ned prior to steam ng.



6. The hydnctracki ng catal yst of claim3, wherein the binder conprises a
material selected fromnetal oxides, zeolites, alum num phosphates,
pol yner s,woantzangzosand cl ays. The hydrocracki ng c&Calug2e120279%0 ai m 6,
wherein the binder is conprised of at ;} east one net al oxide, preferably
selected fromsilica, alum na, silica-alum na, anorphous alum nosilicates,
boron, titania, and zirconia, - 35 - 8. The hydrocracking catal yst of
cIa|m7 \/\gﬁ\ﬁ in the average pore dianeter of the catalyst is at |east 8.0
Ty gdr ocracking catal yst of claim@8, wherein the binder content
|s from5 to 90 wt % based on the total weight of the catalyst. 10. The
hydntracki ng catal yst of claiml1, wherein the total BET surface area is
| ess t han 500% hdrgerackling cThkyshipd ropracking ! patlabiyst, wdiret ticrppi]yst urt her
conpri si n at Ieast one Goup VritA netal selected fromPt and Pd. 12. The
hydr ocr a€Kithg“cat al yst of claim 1, further conprising at |east one G oup
-VEIT A et al @@h@fz‘g_&@gatidﬁmn@ﬂ'zc@iﬂg YCoymprisd Sﬂil;ﬁi Ny dageagkisng -6atakyst of
claim 12, further conprising at |east one (ﬁ -VIA netal selected from M
and W “TiEreiTiseichy drroeiarcd thy pewesl %sﬁai@fﬁ@haqigﬁ%mdmé@@i Wigdie conbi ned
amount of a LA A w % based
on the t O%O%d%\}gp yi]@“ g %“%ggygt \S{H/Véfég '5@5{%&“ Ef'h%b {rpgg? égk%ﬁ%%t%%t of
claim 3, ieaWneﬁemm irhdkdiysent cackitng mat}ahy@&wha&eamﬁh@mslmhw of less than
10. 16. The hydr ocracki ng catal yst of claim 15, wherein External Surface
Ar ea-t o- Tot alP/8i¥#dsEe Area ratio of at least 0.50:1. 17. The hydntracking
ﬁg‘; S‘l yst Of C\Jv}?u ANY h}%&ﬁ*%i&é &ﬁai&&th%b at@ﬁ?;)h%waf RAGH 1AL 8R! 1S, L&Bs, than 450
Extgm&i Surface Arca-to-Total Surface Area ratio of at least §.35:1.

2. The hydrocracking catalyst of claim |, wherein the aggregated zeolite Y has been
stabilized by steaming at a temperature of at least 700°C,
3. The hydrocracking catalyst of claim 2, wherein the average pore diameter of the

catalyst is at least 7.0 nm.

4. The hydrocracking catalyst of claim 3, wherein the steam-stabilized aggregated
colite Y has been further acid washed.
5. The hydrocracking catalyst of claim 3, wherein the aggregated zeolite Y has been

calcined prior to stcaming.

6. The hydrocracking catalyst of claim 3, wherein the binder comprises a ruaterial
selected from metal oxides, zeolites, aluminum phosphates, polymers, carbons, and clays.
7. The hydrocracking catalyst of claim 6, wherein the binder is comprised of at least
onc metal oxide, preferably selected fror silica, alumina, silica-alurina, amorphous

aluminosilicates, boron, fitania, and zirconia,



18. The hydrocracking catalyst of claim1, wherein in the aggregated
zeolite Y, at least 80%of the primary crystallites are aggregated to form
t he secormlaryipaezoscl es. 19. The hydrocracki ng cat al ys®PCofuseé12i0219@,
wherein the aggregated zeolite Y has a.unit cell size of about 25 Angstrons
or less. 20. The hydntracking catal?%%”of claim 18, wherein an average

si ze of the secondary particles as viewed fromthe external surface of the
secondar ﬁf abou on,_ or and wherein_ %_Ieast one
of the f ollo *}‘ré“/ %&i‘ﬂ%%ﬁs‘t‘ 6 ‘“(”é? ‘éﬁ’\%}\inﬁ?‘a@"é’%ﬁi@% BERET Bt har y
crystal ld,t 88 e (X6 $geendary particles, as viewed fromthe externa

surface of the secondary particles, is about 0.5 mcron or |ess; at |east
80% of the secondary particles conprise at least 5 primary crystallites;

and (c) n at. 80% of th e ndary parti he.aver age
276 of G sHiEgRaay i il SERPRE DR hok’ BRueshRbhg B hifof

crystal |wﬁ@@'§a§a§o§&hd@%Rw?ghlefth@lataﬁ@@ h.ydrocracki ng catal yst of cl ai m 20,
wherei n the secondary particles have an , external surface area of about 20

mig or nmore. 22. The hydrocracklng catal yst of claim 18, fUrther

zovrs7. o TR FERRBE S PRS0 LT s SR ool 1 e

L, ferritesi $68 mZGM 23, MOM 68, SSZ-26/-33, O T

11, The hydrocracking catalyst of claim 1, further comprising at least one Group VHIA

metal sclected from Pt and Pd.

12, The hydrocracking catalyst of claim 1, further comprising at least one Group VIHA

metal selected {rom Nt and Co.

13, The hydrocracking catalyst of claira 12, further comprising at least one Group VIA

metal selected from Mo and W,

14, The hydrocracking catalyst of claim 13, wherein the combined amount of Group
/TA and Group VIHA metals is from 0.25 wt% to 40 wt% based on the total weight of the

catalyst.

15.  The hydrocracking catalyst of claim 3, wherein the hydrocracking catalyst has an

Alpha value of less than 10.

16.  The hydrocracking catalyst of claim 15, wherein External Surface Arca-to-Total

Surface Area ratio of at least 8.56:1.

17, The hydrocracking catalyst of claima 16, wherein the total BET surface arca is less

than 450 m”/g.



SAPO- 37, ZSM 12, ZSM 18, and EMI faujasites. 23. A process for converting
a hydrocarbon feedstock into diesel products, such process conprising:

a) cont acwpregi2fneeoBydr ocar bon feedstock with a hydrocr a®kTag2@anaioyyet in

t he presence of hydrogen under hydrocn@cklng conditions to produce a

hydr ocracked effl uent; b) renoving at | east a portion of the gaseous
products in the hydrocracked effluent to produce a |liquid hydrocracked

ef fluent fr

a epar.at.ing a di esel n e b0|I|ng
poi nt pr'i&ducﬁmaf#%ﬁ%kmgqa @%9&% B ic\k}éﬁﬁ@f“ﬁﬂ&e%é w%?wﬁﬁc g bleattn t he

hydr ocr agki, Bg:iLe ?hﬁl.ﬁ/}? LryGQIRES 8885 0re Bl PRILLI M EL SO0 Qfrideol ite Y
conprising small size ¢rystallites of zeolite Y, wherein at |east a portion

of the primary crystallites are aggregated to forn1|arger secondary

PRt Ol Oy, R Bt PR ARl ket B Rellib e B0 S kAR on

t he zeokhggmka@quaAbmﬁ@gﬁ@nb91hAbmhereln t he hydrocracking catal yst has an
Al pha val ue of |less than 15, and an External Surface Area-to-Total Surface
Area ratio of at least 0.35:1. 24. The process of claim 23, wherein the

hydr ocr agki ngre q@g})@ﬁﬁ %‘Aﬁi%@?f@anﬁ’%t&&%?mﬁ% %%g e ngtgb %811'&1‘,55”

(288C) to abou ressure g'(2.1

MPag) tQmahmﬂid@ﬁ@@e@ﬁbgmﬁ2@x%nﬁPagﬁmeaﬁﬁkEE@MdqumhabauBu&g&ﬁh8 1 t o about
20 hr-1, and a hydrogen treat gas rate frgn1about 500 scfl bbl (85 N8/ nB)
to about™FEOUOT BEFi B VIAT06! Ag/gp! thedglloing coPGERLS Y cl ai m 24, wherei n

hydrocar bon f Fdégﬁ%a iz qmd;%%ga f;f@i‘% ?h Ay Oﬂgaﬁ'?)ah[y o &l boi | | ng

poi nt above about 400 (204 I ng pol nt Teast about
500F (260C) and wiaweddroboiht icrgrpodintacoof dte skeastirahotutic00MBou(B835C) .  26.
The process of claim?25 wherein the hydrocarbon feedstock contains at

| east 25 wt % hydF8¢a? Bolf& with boiling points above 700F (371"C), 27. The

process of cly @%mﬁ:a@ast mroe&m: dchen oy agagozmﬁﬂegﬁy%ac@ han-feedatiock
boi | i ng above 0017(371' ) has a 150 boiling point above 8801 (427°C).

and
{c) in at least 80% of the secondary particles, a ratio of the average size of the
sccondary particles to the average size of the primary crystallites s at least

31

21, The hydrocracking catalyst of claim 20, wherein the secondary particies have an

external surface arca of about 20 m™/g or more.

22.  'The hydrocracking catalyst of claim 18, further comprises at least one molecular
sieve selected from beta, ZSM-3, ZSM-11, ZSM-57, MCM-22, MCM-49, MCM-56, ITQ-

7, 1T(3-27, Z5M-4¥, mordentie, zeolite L, ferrierite, Z8M-23, MCM-68, 852-26/-33, CIT-
I, SAPO-37, Z8M-12, Z8M-18, and EMT faujasites.

23. A process for converting a hydrocarbon feedstock mnto dicsel products, such process
comprising:
a} contacting the hydrocarbon feedstock with a hydrocracking catalyst i the
presence of hydrogen under hydrocracking conditions to produce a hydrocracked effluent;
b} removing at least a portion of the gascous products in the hydrocracked effluent

to produce a liguid bydrocracked effluent fraction; and



28. The process of claim 26, wherein the aggregated zeolite Y has been
stabilized by steam ng at a tenperature of at |east 700C. 29. The process
of clai m&6,20mee28n the average pore diameter of the ca&Calugser2ios7sat | east
7.0 am - 38 - 30.The process of claim?29, wherein the steamstabilized
aggregated zeolite has been further aél d washed. The process of claim
29, wherein the aggregat ed zeoI ite Y has been calcined prior to steam ng.
32. The process of .claim %ﬁfrel n the cgt al.yst b| nder is wcyo\gp(gl sed of at
| east one mefhirexiite? dﬁr‘f»@fréfe YIUEePUR RIS < GRE TSR bk Gt

si |'i ca- alfiR@ac@y®r phous al umi nosilicates, boron, titania, and zirconia.
33. The process of claim 32, wherein the erwe pore dianeter of the catal yst
is at |east 8hOregmhe ’0311101Wil@ém{grt@@é&semﬂpfmeal m 33, vvherel n the catal yst

bi nder content_is fromp5

0]
catal yst. 35. e P 8?“8 ?Wé?%f?&““\mér%}dﬁ Sﬁ%e“ ’%%Qﬁﬁ %E‘“Oélu‘r?ace area
0 i e hydreesiackicag (ak@diysthe §nhx@§&r§i’t@lﬂte§@&£§m% ama@ forkhRrRrOCess of

claim 34, wherein the hydrocracking catalyst furt conprises at |east one
Group - \ﬂ@wwdﬁ%@ﬁm@@ﬂ adred fheospPeatah domds Yémwﬁél%ﬁ@@ég@ﬂ@fat@lqiuam 34,

wherein | {; 9& Pl %E%‘ﬁ Qg%td&?&g%%(E’dl.}k'{hégg%rsﬁi%%’%ui PE P h a%ﬁd one & oup

VIITA me rom rocess o m 37, wherein
t he hydrocraokahgidexat al yst further conprises at |east one Group VI A net al

selected from M and W . .The process of claim 38, wherein the conbi ned
anount of Grd%lvﬁﬂlﬂa%ﬁ@wgﬂﬁwwﬁﬁ%ﬁg\iﬁf@ YRRGHEECs a0, £ #D wt % based

on the t@&@nai\’ﬁ!r&h% A?éa,-&)h?oigyﬁ& ack @95& Do %@tez?'ileifs?t{}:% 1.

24, The process of claim 23, wherein the hydrocracking conditions juclade a reaction
temperature from about 550°F (288°C) to about 800°F (427°C), a total pressure from
about 300 psig (2.1 MPag) to about 3000 psig (20.7 MPag), an LHSV from about 0.1 hr”!
to about 20 hr'', and a hydrogen treat gas rate from about 500 scf/bbl (85 Nm’/m’) to
about 10000 scf/bbl (1700 Nm/m ).

25, The process of claim 24, wherein hydrocarbon feedstock 1s comprised of a gasoil
having an initial boiling point above about 400°F (204°C), a T50 boiling point of at least

about 500°F (260°C) and an end boiling point of at lcast about 600°F (315°C).

26.  The process of claim 25, wherein the hydrocarbon feedstock contains at least 25

wit% hydrocarbons with boiling points above 700°F (371°C).

27.  The process of claim 26, wherein the portion of the hydrocarbon feedstock boiling

above 700°F (371°C) has a T30 boiling point above ROGF (427°C).

28, The process of claim 26, wherein the aggregated zeolite Y has been stabilized by

steaming at a temperature of at least 700°C.

29.  The process of claim 2§, wherein the average pore diameter of the catalyst is at

least 7.0 nm.



- 39 - 40.The process of cl.ail-rein the hydrocracking catal yst has an

Al pha val ue of less than 10. 41. The process of claim40, wherein the

hydr ocr ackDngixie2Byst has an External Surface Area-to- POTAIS28002H6e Ar ea
ratio of at least 0.50:1 and a total BET surface area of less than 450
n2/ g, 42.The process of claim4l, wherein in the aggregated zeolite Y, at

| east 80% of the primary crystallites are aggregated to formthe secondary
particles and the average size of the secondary particles, as viewed from
the external surface of the secondary particles, is about 0.8 mcron or

nore, ang wherigi Bo@ks beasin 806y iRtcih he bkl -oubing. £andilians aRPf ¥as (@) an
average size of the primary crystallites in the secondary particles, as
vi ened fheomitrtier ext eveniadd. sur f ace of the secondary particles, is about 0.5
mcron or less; (b) at |least 80% of the secondary particles conprise at

| east 5 primary crystallites; and (c) in at |east 80% of the secondary

particles, a Ttdcdf of NEnaYERAGEe:S kit gefc bR 5800 NI bePRLdibiab&ridi0 t he
average size of the primary crystallites is at least 3:1. 43. The process of
cl ai m 42¢ st n t he secondary particles have an external surface area of
about 20 twig or nore.

32. The process of claim 31, wherein the catalyst binder is comprised of at east one
metal oxide, preterably selected from silica, alumina, silica-alumina, amorphous

aluminosilicates, boron, titania, and zirconia.

33, The process of claim 32, wherein the average pore diameter of the catalyst is at

feast 8.0 nm.

34.  The process of claim 33, wherein the catalyst binder content is from 5 t0 90 wt%

bascd on the total weight of the catalyst.

35, The process of elaim 34, wherein the total BET surface area of the hydrocracking

catalyst is less than 500 m?/g.

36.  The process of claim 34, wherein the hydrocracking catalyst further comprises at

least one Group VIHIA metal selected from Pt and Pd.

37.  The process of claim 34, wherein the hydrocracking catalyst further comprises at

least one Group VIIA metal selected from Ni and Co.

38.  The process of elaim 37, wherein the hydrocracking catalyst further comprises at

least one Group VIA metal selected from Mo and W.

36, The process of claim 3%, wherein the combined amount of Group VIA and Group
VIHA metals 18 from 0.25 wt% to 40 wt% based on the total weight of the hydrocracking

catalyst.



44. The process of claim43, where.in the aggregated zeol.ite Y has a unit
cell size of about 25 Angstrons or |ess.
WO 2012/122208 PCT/US2012/027960
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40.  The process of claim 35, wherein the hydrocracking catalyst has an Alpha value of

tess than 10,

41.  The process of claim 40, wherein the hydrocracking catalyst has an External
Surface Area-to-Total Surface Arca ratio of at least §.50:1 and a total BET surface area of

less than 450 m™/g.

42.  The process of elaim 41, wherein in the aggregated zeolite Y, at least 80% of the
primary crystallites are aggregated to forro the secondary particles and the average size of
the secondary particics, as viewed from the external surface of the secondary particles, is
about 0.8 micron or more, and wherein at least one of the following conditions apply:

{a) an average size of the primary crystallites in the secondary particles, as
viewed from the external surface of the secondary particles, is about .5
micron or less;

(b} atlcast 80% of the sccondary particles comprise at least 5 privaary crystaliites;
and

{c) 1n at least 80% of the secondary particles, a ratio of the average size of the
secondary particles to the average size of the primary crystalittes is at least

3:1.

43, The process of claim 42, wherein the secondary particles have an external surface

. 9,
arca of about 20 /g or more.

44, The process of claim 43, wherein the aggregated zeolite Y has a unit cell size of

about 25 Angstroms or less.



