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20 silica-alumina, magnesia, and alumina. Amorphous catalysts have relatively
21 poor activity but higher selectivity for production of distillate range product

22  while zeolite catalysts provide higher activity but poorer selectivity for

23  distillate, particularly for the heavy-distillate fraction. Among other things, the
24 present invention provides a hydrocracking process with superior overall

25 catalytic performance over amorphous silica-alumina cogel catalyst while

26  maintaining the excellent heavy-distillate selectivity and unconverted oil

27  quality of the amorphous cogel catalyst.

28

29  An early synthetic zeolite Y was described in U.S. Patent No. 3,130,007

30 issued April 21, 1964, which is incorporated herein by reference. A number of
31  modifications have been reported for this material, one of which is ultrastable
32 Y zeolite as described in U.S. Patent No. 3,536,605 issued October 27, 1970,
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24 In addition to various catalyst compositions, preparation techniques have

25 been discovered to also affect catalytic selectivity. U.S. Patent No. 3,867,277
26  to Ward, which is incorporated herein by reference, discloses the use of a

27 Y type zeolite catalyst in a low pressure hydrocracking process. The catalyst
28  described in the patent requires the Y zeolite to be double-exchanged and
29  double-calcined wherein the first calcination step uses a relatively

30  high temperature (950°-1800 °F) and the second calcination step uses

31 relatively low temperatures (750°-1300 °F) to yield a catalyst that is stable in

32 ammonia environments.
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hydrogenation metal components or for catalyzing acid catalyzed hydrocarbon
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conversion reactions comprising in intimate heterogeneous mixture
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(1) a modified hydrogen crystalline aluminosilicate Y zeolite having activity for
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24.25-24.35 A and a water absorption capacity, at 4.6 mm water vapor partial
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pressure and 25 °C, less than 8% by weight of zeolite and (2) a dispersion of
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silica-alumina in a gamma alumina matrix.
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SUMMARY OF THE INVENTION

An embodiment of the present invention is for a process for converting
hydrocarbonaceous oils into products of lower average molecular weight and
lower average boiling point comprising contacting said hydrocarbonaceous
oils under hydrocracking conditions with a catalyst comprising (1) alow
acidity, highly dealuminated ultrastable Y zeolite having an Alpha value of less
than about 5, preferably less than about 3, and having Broensted acidity
measured by FT-IR of from about 1 to about 20, preferably about 1-10

micromole/g, (2) an amorphous cracking component and (3) a catalytic

-4 -



31 nmeasured by FT-IR of fromabout 1 to about 20,
preferably about 1-10 32 mcronole/g, (2) an
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24 Another embodiment of the present invention is a hydrocracking catalyst

25  composition comprising a low acidity, highly dealuminated ultrastable

26 Y zeolite having an Alpha value of less than about 5 and Broensted acidity of
27  from about 1 to about 20, preferably about 1-10 micromole/g, an amorphous
28  cracking component and a catalytic amount of hydrogenation component

29  selected from the group consisting of a Group VI metal, a Group VHI metal,
30  and mixtures thereof.
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30 and m xtures thereof. 31 -5 WD 2004/ 044100
PCT/ US2003/ 035130 | It has now been found, anong ot her

WO boongsi1oa hat the presence of a low acidity, PCHUsWy035130
deal um nated ultrastable Y zeolite having an Al pha
val ue of less than 3 about 5 and Broensted acidity of
fromabout 1 to about 20, preferably from 4 about

1- ' ' .

+ TRl YR G Bt BB AR L BE iy
C drigiiein eealmhaketj&dtréﬂamet%e:egmtemavnr@ mAﬁor@t wﬂge of leds than
G oup. VI net al VIII nmetal, and m xture

CRABbP cRdHroehsGORRATY PhETBEPaBk] iy SROWEAlpratesablyfrom

R TR ORIG 8858101 180 BEATOLIEbS ralthg cofthent

DEBCRI BTthidkc @At dPRiZEHERREDBL&iVBARDPbEBASsélectdIfrom the group

ccord nce ong, e di o t he t sent

" REBRER B of Fictroubid e BesiY mlal ati it rereof when
h'LEs'éHMn %?@#dé%d’kﬂgfﬁ héaby @éts %‘ﬂ'r@s@ftsziﬁ i Gr?eﬂ'ﬂ@é’té?ﬂh@ﬁ seﬁac’uvnty

ha value of |ess than about 5 and Broensted acid
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catal ytic amount of hydrogenation conponent sel ected
from 8 the group consisting of a Goup VI netal, a
Goup VII'l nmetal, and m xtures 9 thereof. 10 11 The
amount of highly deal um nated USY zeolite in the
catal yst conpositions 12 in accordance with the
present invention on a finished catalyst basis
including 13 netals ranges from about 1-70% by
wei ght, preferably, fromabout 1.5-50% 14 and nost
preferably from about 2-20% 15 16 Highly
deal um nated USY zeolites having a silica-to-alum na
nolar ratio in the 17 bulk conposition greater than
50 are useful as the zeolite conponent of the 18
catal yst conpositions according to the present
invention. Preference is given 19 to USY zeolites
having a silica: alumna nolar ratio greater 60, and
nost
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20 preferably having silica: alumna nolar ratio

greater than 80. 21 22 Due to extrenely low acidity
w@bootlegeo USY, the hydrocracki ng catal ysts of PE¢EUSRDB3/035130

present invention require the addition of a secondary

anor phous cracki ng 24 conponent. Consequently, the

catal ysts of the present invention also include 25 an
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catal ysts wth desirable product selecti
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am)r hou crac i ng conpon J4 N the catal yst
14co Fderaply %%‘c%g%“&g Wi th the present

15 i nventl on on a finished catal yst basis including 10
nmetal s, ranges from about 10% 80% by wei ght,
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22 Exé%?%?x gr%lefy Ig\r/]vdaccl;él y ofa’t“eeen %Slv ?}?ee lr'ﬁc’/dr%%pac ?ngagaptews‘gs of the
23 present invention require the addition of a secondary amorphous cracking

24 component. Consequently, the catalysts of the present invention also include
25 an amorphous cracking component. Preferably, silica-alumina based

26  amorphous cracking components are used. However, other amorphous

27  cracking components that are well known in the art can be used. These

28 include, but are not limited to, magnesia, zirconia, titania, silica, and alumina.
29  Silica-alumina is the preferred amorphous cracking component. The most

30 preferred amorphous cracking component is a silica-alumina composition

31 described in commonly assigned U.S. Patent Application No. XX/XXX, XXX,

32 titled "Highly Homogenous Amorphous Silica-Alumina Catalyst Composition”,
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19 suitable binders conprise silica, alum na, clays
and zirconia. Preference is 20 given to the use of
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catal yst 21 conpositions in accordance with the
present invention on a finished catalyst 22 basis
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RORRRE% L el A ST RE LG Ing hoftfunt 87 Slief i eiice-

(aluKael randeteBomidbont PyLROB U weilgad 8 to a
sul phiding treatnment prior to proper use in

hydrocracking. 9 10 Preferred catal yst conpositi ons

| Tog BRELHRTERRi AR RSl Rt Sl BB foroaric
5%:4@:%nyth atﬁonwhbgkltanti wngssalime bﬁ’rdefﬁcarh)by& aplphed Examples of
cat al sE)‘ ositions_in accordance with the

pfd EPBRID AHER: Um?%cl?déﬁndZZ}gc@%aof 1'"@@'@%?9 is
?%iv@h s tle %‘g?c fxlﬁmlnéé‘ls BiUr Pe éﬁl@ggof"ﬁlhggf‘ in the catalyst

ngst en, ated as netals per parts
V\ea')rgpositid‘)ns ot adcordaraleysith theligresent invésisorbera ffninhwi catalyst
t Bgéls inc L%nlwg %etgfgdraHggé( ?S%t—f(gj%rbeyslejllefgﬂt,larhdt ig rprrnesfe(l?sjlcbly from
about 15%-25% by weight.

The catalysts of the present invention also comprise a hydrogenation
component. As used herein the hydrogenation component mainly means
metals of Group VI and VIl in the Periodic Table, for example, chromium,
molybdenum, tungsten, iron, cobalt, nickel, platinum, palladium, and the like
metals and oxides and sulfides of these metals. These metals may be used in
combination of two or more members, for example, combination of metals
such as nickel-tungsten, nickel-molybdenum, cobalt-molybdenum, platinum-

palladium, and the like.



18 performance and activity are obtained using

catal ysts according to the present 19 invention. Sone
w@bootloeseo resul ts i nclude: the catal ysts of theCT/US2003/035130

invention are 20 particularly good for producing nore

heavy-distillate with 550-700 F boiling 21 point

range (over 70 cetane); catalysts of the invention

1 s hﬁhe ceomparte)lof hgdrogéhaticresmpeseedian H@Bat%ly"s?&@h@@gﬁons
and_catal ysts of the invention

2 | eadtablbfarkie tmiars U Reheinbertiy weigbbekOmp VIl metal

3 SUBHNBESEMEs) AfH ﬁ‘ ee?ﬂowgl’/etooé/tﬁfﬁ%% ({kbg?\/&/@e@m 'éf)rgfap Vitnetal

26 In addltlon present 1 nventl

4 pr m@enem(S)coaiaelatem@s métmmmaﬂbmmwe@ht 8f {0t atalyst.
ecul ar wei ght and 28

5 P R8¢ ldibienatis Fomionaus i Tt AomesRiians mey bainthe
6 hywléﬁairﬁﬂ&atﬁé%lfﬁphﬁ@a@*rﬁ 9 4 RERTbIAMOH afl'?é‘és@% %rqup Vland a

conditions with cat conprising a I ow aci
7 30GRWhVY aetal wompanedt lsl [resentas @iXed)emkidés lmwbws@jected

Al £5S than, 31 about .5 and Broensted
8 ac@??mgn@i@gﬁr% MSNtPFOT B BIOPEF Bie AbBYArogradkingmout 20
932 m cronDI e/ g, an anor phous cracki ng conponent and a
%%1_ tic ampunt of -9 WD 2004/044100
10 p i%sﬁmgemppwyais @émrd@mpa:wﬁbm;:temt enveation

11 g%ﬁ@% f?&?\“%’ocﬁﬁqs/‘o zbl’/ng)( WF@’[& 8 anq%fzrow L8t %-40% by

12 I—I;AMengbengstem IFPreﬁeoaiﬁﬁ ghe eatd!gticamp3ions iRGeesdBRES with the
i nvention are those wherein a

13 sJH&?%’hft'Pg ”W%h‘if?i?%?? remeaRous géo-Avd by weight ®f wisikghand from
14 a igle )
R R oL Mo R R oMl %%ﬁé%%%ﬁéf‘f%p%ﬁs by
15 1 ovpigbt ofi toigl chtajydty deal umi nated ul trastable
16 zeol ite having an Al pha val ue of |ess than about 5 and
Broensted acidity of 9 fromabout 1 to about 20

17 MIthasTbben SourRNthAlBXENIBHEasd ARKKIEESP FROMER 1 ﬁxsazfrg ;

catal yti c anobunt of hydrogenati on conponent se
18 ¢ mﬁqnm@nge @U§ aclivityaiesobiaineg Ltsﬁngacmtysts Mcorrr@hglto tlee present

19 & EX AT tgh: SR ‘? hﬁ@% ?%Sé‘gf?ﬁ(bﬂr@% 455 F:gfa&(?t% B ticiuention are
20 Wipiaeticudy g@é@f@tﬁir@dtﬂf ing ﬂn‘bré h@apiti Gﬁ;@iﬂéte‘ \K)M?BBO“’ZO@BP‘ poiling

be used are well known in I ncl ude
21 aPOIWsaNgs fevesd O ‘%ﬁta@ﬁ*)ngﬁfé‘lﬁfsa@fethﬁy@\raﬁlpaahomgcomparable or

22 t Wéﬁ@%eg{(ﬁkgg ’Iélﬁ] %% é?%nce%gegﬁ% Zai]‘gf%géwyst% F958 BSANRG:
23  produce less naphtha during the hydrocracklng process by suppressing

24 undesirable overcracking reactions.

25

26 In addition, the present invention provides for a process for converting

27  hydrocarbonaceous oils into products of lower average molecular weight and
28  lower average boiling point comprising contacting said hydrocarbonaceous
29  oils under hydrocracking conditions with a catalyst comprising a low acidity,
30 highly dealuminated ultrastable Y zeolite having an Alpha value of less than
31 about 5 and Broensted acidity measured by FT-IR of from about 1 to about 20

32 micromole/g, an amorphous cracking component and a catalytic amount of

-9-



17 hydrotreating, |ube hydrofinishing,
hydr odesul phuri zation, hydrodenitrification, 18

we atalytipe dewaxi ng and catal ytic cracking. 19PCR0S2003/035130
Feedst ocks which can be suitably enployed in the
process according to the 21 present invention _
conprise gas oils, vacuumgas oils, deasphalted oils,

22 i i ] ks,
| 2apLeocnaty sapRalLi b AT SISO BLR orouo v
2 oi metalnd Grpnp Mitesstab pnidaniaturgs thérgomat i ng from 24 tar
sands, shale oils, waxy hydrocarbons from
Fi scher-Tropsch hydrocarbon 25 synthesis process,

4 r eblydteonP@rsimh mm@ﬁ@@@%@@ﬁaﬁ&nshh%éﬁian@@'m{@ﬂe;@%é%%t

of. 26 various feedstocks can al so be enploye
S5 | tinyadtieatpiopamhereio assuhsientiap aedudionan lavefagshmolecular

6 pr o afo kiR RS Sk tiuRh AT e e e B adtn

7 30catalyst domgositioh bempriemgn |dmy@a§y,mrghly6ebmnﬁaﬁét%@ ultrastable
veni ent tqQ subject the 1 feedstock to a

8 E 8 %Pﬁﬁ%ﬂ“%@?ﬁ 30 Arftangaltie oflrss thar Rbputang Breedsted alcidity of

_ / 130, .1 be
S L LT S -
10 f ewitb @ cekalyticamo(hlyafry)droge retion toaint g ohaint Q@Iebfé%ﬂﬁ'dgﬁr’[gg group
P

. Qui t abl & hydr,ocracki conditions to he a
1 S oipspigond  BrabL B5e B aidowio U rataloand nESbrES thsreor.
12 about 500 C, pressures up to about 300 bar 6 and
space vel ocities fromabout 0.1 to about _10 kg f eed
13 pdrxamples afsugh bxdricagionennviesion pkapdssas in Whibhape reatalysts of

i f but 100 to 8 about
14 3305 ey R Lol RuhBY Soph &P M4l Kopkdartte ediapet Bote, bu
15 aratehoplinsedre, Q@gle@té@@h?@%c%&i@ﬂ&\h@%ﬁ@ebﬁy&%@ ckiné;(,)
11 Preferably, hydrocracking conditions to be applie
16 ¢ sigsiesdlow BY%’@P@CKMSmllﬂzﬁwdm\f@[aﬂlgng,rluhezlnlydtctcr@@@ng‘, to

17 S0 et LR AIaDTRRN e R85, wisroBincation
18 1@atalyfiedewardingand dataiytiotrackingl yst per hour (kg/1/h).

Hydrogen gas to feed ratios preferably 15 range from
19 about 250 to about 2000 NI /kg are applied. 16

20  Feedstocks which can be suitably employed in the process according to the
21 present invention comprise gas oils, vacuum gas oils, deasphalted oils,

22 long residues, catalytically cracked cycle oils, coker gas oils and other

23 thermally cracked gas oils and syncrudes, optionally originati‘ng from

24 tar sands, shale oils, waxy hydrocarbons from Fischer-Tropsch hydrocarbon
25  synthesis process, residue upgrading processes or biomass. Combinations of
26  various feedstocks can also be employed.

27

28 It may be desirable to subject part or all of the feedstock to one or more

29  (hydro) treatment steps prior to its use in the hydrocarbon conversion process
30  according to the present invention. It is often found convenient to subject the
31  feedstock to a (partial) hydrotreatment. When rather heavy feedstocks are to

-10 -



17 The present invention is also directed to a process
for producing high quality 18 distillate and a

wo e@dosgaek for a lubricating oil base stock i nPCT/US2003/035130

© 0 N O O B W N

W W W N NN DN DNDNDNDNDNDNDND S O @A v o s s
I\)-—\OQOO\ICDCJ"I-POOI\)—\O(OOO\IOUO'I-PCDM—‘—O

increased yields 19 from heavy gas oils. The process
includes a hydrocracking step enploying a 20 catalyst
conposition conprising a severely deal um nated and

stbpldceesed'it w’ﬂfbé%@b ﬁt%g%BHP?cE‘&ﬁﬁe&C Eg‘egggt@gﬁgo a (hydro)

i nvention, a si um na anor pAous
cdiﬁmﬂfélﬂlzan@rmtreatnh@fur ogenation conponent. 23 24 A
catal yst according to the present invention is
particularly good for increasing 25 the y| eld of a

heguitatte AdrotiticRiny @ditthsibide anied ¥dnt i t | H&Qatures

poi nt range. The 26 hydrocracke heavy ate
rraﬁgingrfrqm @lbpu‘a%iﬁjﬁ@@fagbout 90G BT cratebyures hipbiiot abou? 300 bar

| | grﬁéB i st\%%ciﬁes W% ﬁav& EO o 1% f%@% R&E litRsiafi ng
pmatalygtmmoaxutdwm)s Hggt AR %jé‘ﬁ*é%éd O5tidOr éeﬁﬁg rrtd?n%fg%{ 100 to

to 29 achl eve mber for th
diabost 5pgR |N'/k9tfe$%(ru>é§1al ligreat standard; teoeasiare had

d distillat
ng%s#ﬁ?ey}fh%{co vgl{]%éjlutgl?gg)ediso‘ﬁbggﬁ onI ?r Iom gu:e
i nvention exhibits high viscosity indeﬁ 32 Lndicating
o aaisdeay: o pkBanHiens o eprptiza oMy edemperatures
U%Qn@ﬁ? R 8bodt SRY °%gc£(55819tt45‘q1 (ﬁ;ﬁE‘Q su/r85 fron}@lﬁwt 25 bar to

characterization of
meieoti200 Beran@spadheclonities e asouted.Bfto hbquﬂY kﬁ?peed

UV AT ot eq BT BREnRlr Bollm idipRacea o T talios Referably

siraggefroDbd 26bao eibbat SOCIMND#y é@eéﬁ biacf4- 54 A or 6
bel ow. However, for severely dealum hated and

uItrastablllzed USY with bulk 7 SiQ2/Al2C3 rati o of

0¥ 7S5 IR SRSty £ iRl P cBbodal auaity
Fmsltlﬂhteamd:l AfgBtstdoksor 9 I&@hdﬁiﬁ%'onl%ﬁ@%ﬂ@& ﬁﬁﬁérefagéd yields
tIV‘_‘?%V nmeasur emsnt wer e use to anal yze t he

Yogas&le- J; Eﬁ*mr@s%,esssmwdas@ hyslsosracking sées emmiﬂymg a

a n

aﬁza O PR e her bR el i ndSd a3t sidiifesy v
oZei¥ coamuinest adrding td e Fviestidom siRcSBREAMASHAPhous
was IIJ(SEd to conpare, the aci dlg'%/ 15 of USY sanpl es per
p LGP RS s @ SXAaenatiorcompgRest.

A catalyst according to the present invention is particularly good for increasing
the yield of a heavy-distillate fraction with 550°-700 °F boiling point range. The
hydrocracked heavy-distillate fraction from vacuum gas oil typically exhibits
very high Cetane Numbers of 60-80, while a light-distillate fraction with 250°-
550 °F boiling point range exhibits Cetane Numbers of 40-55. In order to
achieve high a Cetane Number for the combined diesel fuel, it is desirable to
increase the heavy-distillate yield in the combined distillate pool. The
unconverted 700 °F fraction from our invention exhibits high viscosity index

indicating high quality lubricating oil base stock can be produced.

-11 -



16 HM Wite, J. Phys. Chem, 71, 2192, 1967; MA.
Makarova, 17 A. @Grforth, V.L. Zhol obenko, J. Dwyer,

wa@2ad4/0Ea0d , D. Rawl ence, 18 Studi es i n SurfacePEoUs008035130

O N O 0o kW -

11
12
13
14
15
16
17
18
19
20
21
22

23,

24
25
26
27
28
29
30
31
32

and Catalysis, 84, 365, 1994). Two nethods 19 were
enpl oyed: (1) neasurenent of the acidic OH stretching
bands in the 20 3600 cm 1 region of the spectrum and
(2) adsorption of pyridine to determne 21 the

Br l?ens ed to Sj.te concentrations

e QLiBRwden * gﬁa%ﬂﬁ@?%t'of‘z(Xﬁé?)gﬁQf ﬁbarz%‘tﬁftzalgn f UGeY is well
d%@b&dAS?Nﬁrthho@él?t ? E{lﬁ 'I*h'% JAltoé/gll §fiﬁﬂg5l)§%3ls inversely

Cmn to 400 C and era
hdmfrelatlaé Wlﬁf’rdaes‘\l\mntertthrethe lZSYcAelletb@cd;E{é frognd t he

T 5 S I SRRl R o7 o
dltfeﬂ@neﬁbwaverdm s‘évb?é‘4¥ dBMfslhARd ARl Wias %bg gi‘tg%&ﬁth bulk

neasure acidity. he sanpl es were
aceibkdilzidp ltaBOtCﬁ@VabéQethmaxd@hg antwuw@fmv cwalsj not be

B R R SR i esioft BEBrHe Arhatysy
hqamaedel cohgounbieestebt amﬁtgrrﬁéé’éij%ﬁehﬂ Wér%"\’.'n%ﬂj &l ze the

al |l ow desorption of the sically adsor
pyAcivity,af U $$’pﬁaéwle§ S@@@iﬂr@@na sindestsl Suvhes gk cannposmon

bt f th
LEDShont Top LR L BB R s 0B D%l e
pyguiadiynef. USYiesepdeectra were then fitted in the

pyridine -12 WD 2004/044100 PCT/US2003/035130 1 ring
vi bration and OH stretching regions to obtain the peak

areassisn RSIdciBscap eﬂng%%@H FP% Bgrfﬁgf%@ﬁre Jé]g.tf | nal

peak areas were obtaln
i of LS Y @altd@he@rnﬁnp@rbhsh\erbmeﬂmd's e’elsewlsenel @R Hughesot her

P P, B GRE B s 27 02 G B ARS8y ot 1 o
WAL G186 &, l(ezm@bgnHHHa E{R&@} @Qutgrla{bsﬂa%db%ed

instead of FT-IR to sélect the opt I num range.
TRiudiea bk SHEaer Brigncy ant Cistwlywiss SdeB65,mMa0dd. Twotm@thods

B0 e or R Syshert A7 BiesSe GO e bands n e

aB600.chh™' Mgidreof the s@@bﬁhm aﬁd (5?3d§ﬁ8tloﬂ8§|[5yrld]n@|{0 determine
N. Y. Chen, P.B

M : g'ﬁenf%%BO Lewg aci %teacwelmé"atlo@s Siedf- &tmnmrtlm wafers
fros i s iy
s dofrhia. to ANE °|Osamd teiftregf thidltpimeratareafor 1 hour. The wafers were then
cooled to 150 °C and the IR spectrum was recorded. This spectrum was fitted
to obtain the intensities of the OH bands for the different acidic sites. Pyridine
was also used to measure acidity. Once the samples were dehydrated
according to the above method, the IR cell was isolated and then 4 ul
(microliter) of pyridine was injected. The pyridine was allowed to adsorb for
1 hour and then the cell was reopened to flowing He to allow desorption of the
physically adsorbed pyridine. Typically, desorption was allowed for
12-17 hours, then FT-IR spectra were obtained for the USY sample containing
residual chemisorbed pyridine. These spectra were then fitted in the pyridine

-12 -



15 measure of acid cracking activity which generally

correlates wth nunber of 16 acid sites. O her nodel
w@oopounioo t esting with paraffinic hydrocar bonsp€bubmo3/035130

17 al so be used to select the optinmumrange of USY

acidity. 18 19 The follow ng Exanples are

illustrative of the present invention, but are not

11 nhﬁ@dfb@'aﬁdh éhdFGH Eﬂ@tchﬁ’@%?loﬁﬁ@ V\Rr&bﬁeﬂ% tl‘{?éegﬁﬁgwgtfunchon

is contained in
2 200Udesnntion thoe/ mecﬂoav Pl Y@ as WeEsAMPARSd b eXtrapolating to

3Exf'?]rm{§§e I{g)%ﬁlﬁgb 4. Conparison of USY Zeolite 4 5

Four Stere used for catal yst preparations.
4 Properti es of the 6 USY zeolites are sunmarized as
ollows: 7 8 Table 1 9 USY Properties 10 USY#1 USY#2

5 US%%PIQSS/@L? otha(rrensteghapifityeneasiramsing techBiqes such as

6 m?blia”é’aq NM?@J@%@;?@%%%F%E%@&%H fio %égzakga%d(%e g.,

7 0. WHi; IRATS) cdbild BRoheanssd, imgéad BFIZTﬁﬁZtJéaeéﬁﬁe optimum range.
M cr opore pore vol une, cc/g 0.21 0.20 0. .25 'Total

8pore vol une, cc/g 0.51 0.50 0.54 0.51 Un|t ceII si ze,

5 Tl BShef R SR s ARy B8 s
10 ( r@ﬂi&p‘tgd freon thegoublishad t2saiptiohe wf th&MotﬂoMph@ﬁes%f e
11 N @BWAEE) S8 03 S9. EA%PY! Ko738 40893 Lhhie”
12 N.Y. Chen, and P.B. Weisz, J. Catal., 6, 278-87, 1966). The “Alpha Value” is
13 calculated as the cracking rate of the sample in question divided by the
14 cracking rate of a standard silica alumina sample. The resulting “Alpha” is a
15 measure of acid cracking activity which generally correlates with number of
16 acid sites. Other model compound testing with paraffinic hydrocarbons could
17 also be used to select the optimum range of USY acidity.
18

19 The following Examples are illustrative of the present invention, but are not

20
21

intended to limit the invention in any way beyond what is contained in the

claims which follow.
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13 over 80. The unit cell size neasured by powder
X-ray diffraction cannot 14 differentiate these USY
wa2200ploed90 al | show the unit cell size of 24.25P@T/082003/035130
less. 15 16 We found that Broensted acidity
measurenent by FT-IR and a nodel 17 conpound cracking
testing using n-hexane can differentiate the 18 USY
1sanpl es. Desirable USY for gdisgp| gt e sel ective
hydr ocracki ng shows 19 AI§§§®&V£$UeS of |less than 5,
2and Broensted acidity of 1-20 micronole/g 20 neasured
by - LR, racki ng cat al onprising this type
3otE m%—%mn‘# 'F‘ga‘i‘ﬁ%o‘“\éﬁi%%&ﬂ%di stillate
4selectivity over a catalyst made with 22 USY with

greater than 5 Al pha and greater than 40 m cronol e/ g
5 of Four \gp ¥ arstiteg ware dised forcetalygh prepamtiand. (eroperties of the

© Ly PSRttt iy Sl lr, i R “hase- case) 3 4

7 A base-case hydrocracking catal yst containing the USY
8#1 from Table 1 was 5 prepargfleper foll ow ng

g procedure. 10 parts USY, ({8yrsp Ll i ca-alum na 6
10 powder (' Siral -40, obtained ?r ombégégl Condea) and 20

parts pseudoboehmte 7 alum na powder were m xed

well. To the mx, diluted HNORUsc#d andsywgl 10s\erd | UBY #4
amopnt of dei oni zed wat er werExaagted {ExanipraiE@mple 3|Example 4
ext fudabl e paste 9 (3 w % H\®B-inentitrg Inventmh | poetien $ )nvention
Thege ﬁ "ht]‘; at-e-on 100%-sgli-ds_basis 10! The paste
vvasjﬁ{(; riﬁég@ﬁrﬁa'i/bfg“) cylinder, °4nd dri 88 af 289 oOF 88
ove M The 11 dried extruddfes wer808al ci%Ed at <0.05
110(Pudeceragga: M /Hour wi t h pur gi ng7®@xcegs @2y |[1271@&ir| 686
and|Mieseosipdievaiunte ce/gom t enper at2r e. | 132.2014| 0.20 0.25

| np{Teghatré aunad, cdy and W was dang usind.so sol utgson| o514
confuait BélingzepAmoni um 15 net aungspat e | anglofi ckek o5 2494
ni t patgstmnifyhe target netal |l oadi ngs|of g4 W % NgO and _
16 R@nwt % W03 in the finished cgtal yst., The to%gixl 1

vol iR QEq L%y BOE N, Rl ohed 47 the 1'30% water pork

er
vol | ;_S.arrpl e (ing] pi BNt QI\Pf nes
1118 net hod). The metal solution was added to the base

12 AR SEQME RN A 6 i oo
13 t haves 88k €hie unl cel sizedateasured by myetbrioraRdifeadton cHMRBt

14 t hde!ffgr)é%{igtg%géc’e Y}J%rYesgr%ipl%%, gﬁ sf%c?ve tl%:unit cell size of 24.25 A or less.
15

16 We found that Broensted acidity measurement by FT-IR and a model

17 compound cracking testing using n-hexane can differentiate the

18  USY samples. Desirable USY for distillate selective hydrocracking shows

19 Alpha values of less than 5, and Broensted acidity of 1-20 micromole/g

20 measured by FT-IR. Hydrocracking catalysts comprising this type of

21 USY show significantly superior distillate selectivity over a catalyst made with
22 USY with greater than 5 Alpha and greater than 40 micromole/g of

23  Broensted acidity.
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21 overnight. The dried extrudates were cal ci ned at
935 OF for 1 hour with 22 purgi ng excess dry air, and

w@omkedilodown to room tenperature. This catal ysPCT/BES2088035130

© 0 N O O AW N -~

N N N NN v a4 v 0 e e wn o
W N =~ O O 0 N O Ol A WO N =~ O

nanmed Catal yst A and its physical properties are
summari zed in Table 3. -15 WD 2004/ 044100
PCT/ US2003/ 035130 | Exanple 6: Preparation of NNW
I—VEIxam Eixampleck ifrgp&iatiah o3 NVWHU S %rb@%k%g@é&aﬁéﬂpl es
(;@9 sts B C Eand F). 3 4 Catalyst B, '/a NW
t ?t'%S‘et?EIﬁe §3$€)t hi s i nvention containi ng USY #2,
was 5 prepared using a procedure simlar to Catal yst
A. For Catalyst B, 10 parts 6 USY #2 from Table 1, 65
pak bassicase dydfaonaciingpoatest emstaRingpict ISY #1 from Table 1 was
pseudoboehmt al um na powder were used to prepare the

b EPRSEC RRY{PIWing presenire. Hhpars HSOGY Osearicsilicaralisnina
' r&fvﬁ%r&?‘rﬁl-ﬁ‘@r@ot%ﬂgatﬂ‘oﬁ:ﬁgats.@ldd?\%elggéﬁb Yolnfits p% gBBBehmite

Ni- and wer e via i npregnation as descri
t FlumEEpOwdEr werkOmiked well. Jettheenia) diludediHNG; aeitieand sufficient

wt_% % h f
cﬁ@ﬁ%ﬁﬁéﬁf&z‘{%ﬁgﬁhg Yo 3 farmhn SFEugabiEamsty ot
C, (3avth M talthe 'totblﬁ;%\k‘dierfsp rTHé@gSNél gérb% 1360% %'oﬁaé‘ Basis.

U Y #3, was 14 prepared usin re nearl
i dehe pasie Was edeugegsn 186" mRykn ahgfsilrleti at 269 °u33>:</emght The

ot SRR CabiiEy &7 TR00 NG R Bt yiER 980 expess ary

Tadit, @nd. coBtach@ﬂh tprapetdrhpsra@irel 7 Catal yst C are
sunmari zed in Table 3. 18 19 Catalyst E, a NW

catal yst useful for this invention containing USY #4,

L pr AT RSN E P By LA

s:metaéur@state reendpraeics niteate t@ theplardet melﬁu mammﬂm% NiO and
al ym epare the bas
BVEBs ehnedishetf tab S Sreletet volline Ofatthﬁe‘-iOIUt'On matched

| ' 'ﬂl@é QGD?météf@o?e \/Ql@lmé Stthe sk &AL é/a% B@QnN\/etneSS

were | oaded via I npregnation as Bescr
t Hi@etEQd}rﬁ'f@ metabhybﬂloalwaz&qﬂedﬁerthe @asefex@atiaﬂeyssjraﬁjally while

o 1mpYRT M &l defed When b diidladlii fids camiate. fhe soaked

mtrua&e@rm@r@;émr DGhoars I MHehathe Fé‘S(ﬂﬁ@QtérsQNer%Qf ried at 250 °F
Cat al yst 6 parts USY #4, 69 parts
overnight. The dried extrudates were calcined at 935 °F for 1 hour with
purging excess dry air, and cooled down to room temperature. This catalyst is

named Catalyst A and its physical properties are summarized in Table 3.
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29 silica-alumna powder and 25 parts pseudoboehmte

al um na powder were 30 used to prepare the base
wezinpdabes. Conpared to Catalyst A-C, Catal yseCFHUSBN3/035130

was made with different silica-alum na which contains

25 W % Al 203. Then N -16 WD 2004/ 044100

PCT/ US2003/ 035130 | and Wwere | oaded via

i
' @—Lt—f%ﬁe?"’t B v RRrd AN Y o Rkt OBt s wRLE Rl
23 Uﬁ FesaRles ¢RatatystCBt &) frsandPe).f or mance Eval uation 5

36 A petrol eum feedstock with the follow ng properties
was used to evaluate the 7 catalysts. 8 9 Table 2 10

4 Feedmlyat B, Briope chispsst uE’«éf‘IaIJerttlh|§3‘rnv<e‘?1|{‘]bn(@foﬁ‘bfahﬁM%?@S\7 #2, was
Sul fur, ppmwt 7 N trogen, ppm w' i mul at éd
Di RIEPRIast WA pEPOsRM eIy tatGatalyst @FFOBCaWd%t Bed Ograrts

S0 200y TS RO B bl S i

qua‘emﬁmbnebm(t@&mahmstpowm webe ardd @ gréff’a dré h&pRAL ¥trEdates.
an wer e

o SR SEAT ThenUs Y Godi, dhqrdagrSeiants wers Konteal g the Catalyst A
gr eﬂ%rﬁ‘ﬂ?&n@w Neys foadeatvid ¥iprefnalich 8L YRLc PR the Example 5.

10 The target metal loadings were 4 wt% NiO and 28 wt% WOs. Physical

11 properties of Catalyst B are summarized in Table 3.

12

13 Catalyst C, a NiW catalyst useful for this invention containing USY #3, was

0o ~N O o

14 . prepared using a procedure nearly identical to Catalyst B. For Catalyst C,
15 USY #3 was used to prepare the base extrudates. Physical properties of
16  Catalyst B and C are summarized in Table 3. Physical properties of

17  Catalyst C are summarized in Table 3.

18

19 Catalyst E, a NiW catalyst useful for this invention containing USY #4, was
20  prepared using a procedure similar to Catalyst A. For Catalyst E, 20 parts
21 USY #4, 60 parts silica-alumina powder and 20 parts pseudoboehmite

22 alumina powder were used to prepare the base extrudates. Other than the
23 USY source, other ingredients were identical to the Catalyst A. Then Ni and W
24 were loaded via impregnation as described in the Example 5. Physical

25  properties of Catalyst E are summarized in Table 4.

26

27 Catalyst F, a NiW catalyst useful for this invention containing USY #4, was
28  prepared using a similar procedure. For Catalyst F, 6 parts USY #4, 69 parts
29  silica-alumina powder and 25 parts pseudoboehmite alumina powder were
30  used to prepare the base extrudates. Compared to Catalyst A-C, Catalyst F
31 was made with different silica-alumina which contains 25 wt% Al>O3. Then Ni

-16 -



17 prepared with a USY outside of our invention (USY

#1). Catalysts B and C 18 were prepared with highly

wale@kowilpmt ed USY #2 and #3, respectively. 19 PQDUS4003/@35130

—
W 0O N O O h W N ~

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

unit evaluation of catalysts was done in a

once-t hrough, down-flow 21 mcro unit wth 6 cc of

24/ 40 (US) nmeshed catal yst. Process conditions were

2 2arap Bt wereritaeley VRODEEghEtdTEAS HOSCrJeRSAURE ExAr#eY, Physical
rate of. 1.é§ our 1 LHSV and 23 once-though H2 fl ow

r R1EPEdies alvsly stppuamarigedipiiable 4.0f oi | . The 24
catal yst bed tenperature was varied to cover 60-80 w %
of conversion of the 25 700 F+ feed to 700 F"
pricehastockTioe Caitaly stPerfor@angaEvangiohha, |i ght and 26
heavy-distillate conponents were cal cul ated usi ng
D2887 Sindis analysis -17 WO 2004/044100

PY bbtra20ad itH 1 - Wi

oaCt o ] stk i R LASwing PR RS et t) Bflate the
we#lgsiser si on and sunmarized in Table 3. 3 4 Table 3
5 Physical Properties and Performance of Catal ysts
Catal yst A Catalyst B Catalyst C Non-Invention

I nvention Invention ConposiTigbpe(before netals

addi tion) USY 10% USY #geagt%b@yog&iég% USY #3
Silica-A umna 709 eo%  Ar203—Birmder—29% 25% 25%
Properties after Metsh&robldition Ni, | y963,2 3.1 3.1
W wt% 21.0 20.2 20.soifurphfice area, | n2/ g 1 256 260
Cat al yst Per f or mancdlittogerSippgwe- Pass M.zro Uni t
Activity, OF for 7T0% Conv. of 700 F+/ 661 716 690

No- Loss Yi el ds @ 7O%&oriwvulaigd GstiationGas 3. 1(3.1 2.7
Naphtha (C5 - 250|FfBRi6 0 13.1 13.4 | 45ght 1distillate

(250 - 550 F) 40.4 384840.7 o
(o}
50 wit% 826 °F
70 wt% 890 °F
90 wi% 977 °F
End Point 1079 °F

Example 7: Comparison of Catalyst Performance (Catalyst A vs. B and C)

Catalysts of the present invention (Catalysts B and C) were compared in a
single-pass micro unit with a reference catalyst, Catalyst A. Catalyst A was
prepared with a USY outside of our invention (USY #1). Catalysts B and C
were prepared with highly dealuminated USY #2 and #3, respectively.

Micro unit evaluation of catalysts was done in a once-through, down-flow
micro unit with 6 cc of 24/40 (US) meshed catalyst. Process conditions were
approximately 2000 psig reactor pressure, a feed rate of 1.5 hour” LHSV and
once-though Ha flow rate corresponding 5000 SCF of H./ bbl of oil. The
catalyst bed temperature was varied to cover 60-80 wt% of conversion of the
700 °F" feed to 700 °F product. The vields of C, gas, naphtha, light and

heavy-distillate components were calculated using D2887 Simdis analysis
-17 -



Heavy-distillate (550 - 700 F) 14.5 18.8 17.3 Total
Distillate (250 - 700 F) 55.0 58.0 58.0 Sum of

w@eowes4ied product, w% 74.0 74.1 74.1 6 7 Car@il/ys1083/035130

of the present invention (Catalysts B and C) required
hi gher reactor 8 tenperatures to obtain the target
conversion of 70 wt% due to the lower 9 activity of

ures were

1t h@sM%YT%%Q%\)e?ﬁl ?%%'a%l Hé%@fé)rttéhg&r‘aét Gurefath %&Eﬁﬁ%ﬁ%qjated to

Even t hough e reactor tenper

2 tH® w@b@bwergmfandqeummmuedmmbam 11 significant

advantage in distillate production which is quite
unexpected. 12 Conpared to Catal yst A (the base

4 case), the catalysts of theygppention 13 produce |ess

napht ha durlng t he hydrocracki ng process by

5 suppr essi ng Physical dseperiss @nd\Rarforansiica @f Gzdalystsns.

o N o

11
12
13
14
15
16
17
18

Catal ysts of the invention showatystenpaaahite OrCAMEEt
gas- npke than the base case cjbadnysitionRadvattione | tiovenkien
16 bake case Cat aI ysts B and C exhibited 3 wt % hi gher
di sti tigdpr oxi mately 3 wt % | ess

| The| caSitdayStrsinf the inventfi on7@re partésal arl yggnod
for produgdyBindepre 2 heavy-dijstibhat e W tdrn501 70054F
boi lijng point range (over 70 cetane). The 3 catal yst

of t hierdpenieddfieOMetals @Waitich 4% advant age in the
heavy} diliswttd | ate yiel d. 4 Sijnce 3stzhe clet apg nufprbers of
this [fnacutxon i s nmuch hi gher |thapighat| ofaddhe b op4
|'i ght}- ddustabd drad @2 t h 250- 550 OF boi l ijng i nt range
(around 50 cet ane) the 6 conbined di'stillate
f r act|cemiy¥irelfohaMe ifdehielH8RR)/Ndi ng cetane. 7 8
Exanpheivily, Foorm|s Cemnoiioo Gat gl ysesfer flor npgece for ggo

Di sti|Nbabses Wa@dgTohtbny SwleSodel Cat al yst vs. Gatal ysts
E and F) C;Q3asll Catal ysts of |theg nventl 0%51( Caf al yst s

napht ha 9$‘é| d. 18 -18 WD 2004 10%@0#17@% USYCRBI0035D3Es

E and F) E9TR8k W|th Cata 1 Chdzf‘
th t at t I '
hygri ; E'ﬁ d'stt” e ‘% ﬁg? ; bﬁi pi ?3&2 unj t . 40-44

15 RecycF| %g%gﬁl[a § 7 (9% ﬁal Latl war e '@éne Wit W-330

cc of| ex{?Piaiditiate @5ayaq iy 55.0 58.0 58.0
Sum of converted product, wi% 74.0 741 741

Catalysts of the present invention (Catalysts B and C) required higher reactor
temperatures to obtain the target conversion of 70 wt% due to the lower
activity of the USY zeolite samples used to make the catalysts. Even though
the reactor temperatures were higher, the catalysts of the invention have
significant advantage in distillate production which is quite unexpected.
Compared to Catalyst A (the base case), the catalysts of the invention
produce less naphtha during the hydrocracking process by suppressing
undesirable overcracking reactions. Catalysts of the invention show
.comparable or lower gas-make than the base case catalyst. Relative to the
base case, Catalysts B and C exhibited 3 wt% higher distillate yield, and
approximately 3 wi% less naphtha yield.
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16 recycling unconverted 700 F+ bottonms and H2 gas.
Fresh feed was added to 17 the recycled feed and the

wo e@d/osade was adj usted to nmaintain 60 vol % 18PEF/ESPa%E35130
conversions. Fresh make-up H2 gas was added to the
recycled H2 19 gas streamto maintain 5000 SCF/ bbl of
recycled gas flow Process conditions 20 were: 21 22

1 PrEBéua’@I LS60theSheeritdhadre! LFPéirl ESSHrPro 3&;%@'%\6@
Y4 Rec - 5000 SCF (5? 6 Th

2 yj 'é%\é'ufgi'ﬁf"@&e Wil 559aﬂﬂ%°§5b¢ilimp9mémg$e(@vw a0 setdriedt Ehe
3 SoeRaRELotngTarion Sof R4 B sh R R el chstilge vield.
4t eﬁmee dhe cetadetrmm@sr@sf?rggr?ggmft maglﬁ @%4@£4g%n gif’ag\gﬁ)the
abl e
5 %9?92’@ ﬁg"ea"wgﬁgg%-gg@mﬁ@@l lipg redntppge samynd Bilseatana), éhe
6 Pr&ﬂﬁ&hbeﬂhstl@t‘eé\‘{ré/cﬁfon%%taé{a nver?tEh gﬁé%ﬁﬁﬁng&ett%rl]%, ot

State-of-the Art Invention
7 Non- | nventi on Con'p03|t|on (before netal s addltlon)

Uy O°/USY#4 SY_# i ca- Alum na_-
8 oomralipleg; GParoc Stiseiabel PprameInGeer IStURteRioskgton
9 AddidgePOafdllyst V&, %Iz?talglst% E'_laﬁdl: W W% 18.2 21.0 20.8
Surface area, 284 2 Cat al yst Performance

10 in Recycl e Pil ot Un|t Act|V|ty C]: Cat al yst Average

11 Te(ggtaly@?slofGtﬁé lrg%%tlohk?Ca%ﬁysts dS F)were cc’)mpa(r)/ed4w§h Catalyst D,
12 which is the state-of-the-art cogel catalyst for a hydrocracking process in a

13 recycle pilot unit.

14

15 Recycling pilot unit evaluations were done with 130 cc of extrudate catalyst by
16 recycling unconverted 700 °F" bottoms and H, gas. Fresh feed was added to
17 the recycled feed and the feed rate was adjusted to maintain 60 vol%

18  pre-pass conversions. Fresh make-up H, gas was added to the recycled H,
19 gas stream to maintain 5000 SCF/bbl of recycled gas flow. Process conditions

20  were:

21

22 Pressure: 2300 psig total reactor pressure
23 LHSV: 1.0 hour’

24 Recycle Hp: 5000 SCF/ bbl

25

26  The yields of C4” gas, naphtha, light- and heavy-distillate components were
27  calculated using D2887 Simdis analysis results. The overall yields and reactor

28 temperature data were summarized in Table 4.
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Naphtha (C5 - 250 F), vol % 20.9 21.9 21.4

Light-Distillate (250 - 550 F), vol %50.4 58.8 54.0
woleanp4estil |l ate (550 - 700 F), vol % 35. 8 28. BCBBSD03/035130

Total Distillate (250 - 700 F), vol%86.5 87.6 87.0

Product Properties of Light-Distillate Snmoke Point, nmm

40 45 40 Freeze Point, C -61 -59 -60 Cetane Nunber
151.5 - 53 Product Propertle%tﬂ) gHeavy-Distillate

2 Cet anehhsEBeDropb s i Pgﬁ%ﬁ’ﬁéﬁ&e &e@&gly\éfst fq??)ggtnl%j\e Broduction

ourT g o0 t ot E
10)0 hour) 3 4 5 Catalysts o éﬁ g‘/ﬁgﬁntlgﬁ?}aftn C;\}g%?;:
(Chtal ysts E and F) show perfo 8" 8" t

of |the state-of-the-art cogel a,(,g—H Wgnt, taI yst .
CajCalwetitondbefdrb enctbls aadigst)i on show an advant age in that
Cat al ysisy E and F make substantialjyyd ! e O/f’lJSY#4 6% USY #4
unpesi rqRL e light gas and prodyce nore digti 2] %
fractiop ght and 9heayd|stlllate | ds caggo/
be| adj uth ég gy adj ustl ng the USY content iln t2 10 °

catpgadpgﬁ[gs f"é”\/llatagé}x .XSt F, we were able to produce the

hefgv a1 at e y| ettt 11 conparab to that_ of

Cal a?/ygl,(,]’w; the state-of-the-aft colg; cat al %? 3.1
ref erence, - 20 2004/ 044100 B7003/ 035838 1| T8
ovr al I°" ac(?d"\rj%at Poperties with thel®atal yst £86f tlhe 240

in a I or better than those of the
co g ~t%rfar ] t SRR ! of the 3 invention
prfo ﬁ 'e ot th nproyed Gtane Nunmiéts. 689

O:herOLOSEGg fdtsl 4 of the distillate progucts sucgh as
%o‘?’n/‘t Freeze Point,|and €8oud 5 Pdiht vere3.8
mpar ABPEha (e —256 1. vellabi | i ti ps of200he cht aRysts (werx .4
conpar eyhtpistllats (39g1-e65p d9svaith cr p unisb.4at aegel erlat en o
f qul i ngleaoriisttlate 50 (5006H)norease ofssei | flowzsate jandso
9 |125% edUnittilata (250 47@atf)Ov0Ipr epSUr @ps The|stghil itly g7
ddta were cal cul ated using 10 the reactor tenperature

chandet Peqgaticsd Light-Detilattai n a 70% conver si on

Smoke Point, mm 40 45 40
Freeze Point, °C -61 -59 -60
Cetane Number 51.5 - 53
Product Properties of Heavy-Distillate 4
Cetane Number 71 77 73
Catalyst Deactivation via Accelerated Fouling 36 - 9
Test (Activity loss in °F/ 1000 hour)
3
4
5  Catalysts of the invention (Catalysts E and F) show performance exceeding
6  that of the state-of-the-art cogel catalyst (Catalyst D). Catalysts of the
7 invention show an advantage in that Catalysts E and F make substantially
8 less, undesirable light gas and produce more distillate fraction. The light and
9 heavy-distillate yields can be adjusted by adjusting the USY content in the
10 catalyst. With Catalyst F, we were able to produce the heavy-distillate yield
11

comparable to that of Catalyst D, the state-of-the-art cogel catalyst reference.

H
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11 per 1000 hours of streamtime. The catalyst of our
i nvention shows superior 12 aging characteristics in

Wa ba/ost10dleact i vated only at 1/ the rate of theCT/USEN3/035130
13 catalyst. 14 15 To summarize, catalysts according
the invention produced inproved quality 16 distillate
products in high yields while having advant ages of

1 Z€THd @)\@erﬁm pradUbt ﬁ@opelrﬁe@mh ¥ a5tslyats gﬁﬂq%' Wérﬁ;on]égre 19
Exanpl e 9: Conpari son of Catal yst "Pertor mance
2 UrfesmRaspbledprdyattep thqrBibiose rﬁjhEPcngd caiadgstf Bhe catalyst of the
t tal yst vs i
3 caflafiB'fiPagiss JERE WlNmpde GRBiRulGinosrs. (fBer piopertes
4t enf)tlcé distilldtetprodidts vioh 48tthe® SndkeERGiR! FteBzdDint2 d CGloud
changed to 40 vol % and 40 vol % of the unconverte
5 (FoRNPyere GPiRPI&Aas 25 drained: Then product
g properties were evaluated to exam ne the potential of
26 this process for lubricating oil production. 27 -21
7 Mf@(ﬂébﬂ]ﬁé&@ﬂth@@fﬁtaﬁﬂ@@%r@%mred inl 8l¥iry18-pass micro unlt at
Perfo n ? sts for Lube Production Catalyst
8 DAKEETgEn Tetling Gt (BR hineraaseartiiow ' igend
9

Gl 68 U 05 5N o198 Bl
10 | e xeacds t@nR)erﬁmllreyehangimmuedd@JIme\/nmoaﬁt()}% coaexrsibal
134 The Vi of the

1 ukesidaf bt S e Yo cag SO ivestion ssmwscvperior
12 s hajimoctrarhstcast ¢sai|n| thatit 6B&ELIVER SN AL thtatd LPRL &yel

13 c%%eal‘lyscat al yst.

14

15 To summarize, catalysts according the invention produced improved quality
16 distillate products in high yields while having advantages of zeolite containing
17 hydrocracking catalysts.

18

19 Example 9: Comparison of Catalyst Performance for Unconverted Oil

20  (Bottoms) Properties for Lubricating Oil Production (Cogel Catalyst vs. and

21 Catalyst F)

22

23  The per-pass conversion of the recycle pilot unit evaluation in Example 8 was
24 changed to 40 vol%, and 40 vol% of the unconverted oil (700 °F* fraction) was
25 drained: Then product properties were evaluated to examine the potential of
26  this process for lubricating oil production.

27
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MERRE

a ca

e B St R R e RS s R R the

seﬁnesi‘teeldubmmtirigf‘cﬂl l@‘!ﬁ@it&ioclopﬁbcﬁéﬁc’rsj1 g hefimprdvied/PiRh \'S'ur catalyst

T3 nainsa

ultrastable Y zeolite has a 14 unit cell

than or equal to 24.26 A 15 16 3. A process

met al

and m xtures thereof

'8§a§@9538%$@V@@}¢@WQﬂWQ|ﬂ 1, wherein the

size | ess

ad¥bitelthiggexampleaisadithewdobrest detvbringl ste@sd pRdeicY the finished
Z?qglt? haﬁ a - , ,
ubricating oll base stock, it is preferable to perform catalytic dewaxing to

generate high quality lube base stock.

There are numerous variations on the present invention which are possible in

light of the teachings and supporting examples described herein. It is

therefore understood that within the scope of the following claims, the

invention may be practiced otherwise than as specifically described or

exemplified

herein.
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17 bulk silica to alumna ratio of greater than 50. 18
19 4. A process according to claim1, wherein the

W@ a60al0yH00 conpri ses from 20 about | %to 70% PYT/viE109$1035130

© 0O N O g A WO N -

NN N N D NN NN A A

of ultrastable Y zeolite, fromabout 10%to 21 80% by
wei ght of anor phous cracki ng conponent, and from about
22 10%to 30% by weight of a binder. 23 24 5. A

prBdesE IRt iRm0 cl ai m 4, wherein the anor phous
cracking 25 conponent is silica-alumna. 26 27 6. A
process according to claim4, wherein the binder

coipr i 004/ 04410
oS5, S BB SRR SR o ower
1, wheravienagé encReeuigpr \Mklght mﬂ Rwe? eiwéégwsaﬁﬁg 96mt com rising
conponent group consisting o 3

é sel e b (SI m the g

ni ckel ,cAacting aﬁ)‘? Y9IRGRY OEQPP%M# o¥s arm@arrh»dtrwagkmg

th f \/
hyﬁﬁi;’ecr%’?’??ﬁ@?@ﬁ*p%ﬁéﬂab’s?EOSé’“ PR IdF allity ighly dsgjyminated

consi stulfrﬁgstablerfélzyblderhumngtamgtmamamloﬁiests @S about 5 and
cess acc to claim1l,

wnr oi PROSg Ui SpBTC Dl abSue ugomolto ressured

bout b
gbgﬂt %Ff'gllzb%ﬁtbng)%‘%}%%?hh?%B@oﬂéﬁk aﬁ&‘% IR amount of

cal cul JWQEP%’%@QICQmpmepweleedpfm skhéagrmqﬂ entsisting of a

quari (o aeernmaeh A e vl BB b thep sy, O

di still ate from heavy gas oils conprising contacting a
avy 14 oil upder hydrocracking conditions wth

at al g'iocgéﬁﬁP?%erH@ tq qlgw 1svherein the ultiagiable Y zeolite has a
d | t havi Al ph
ea Umu?gf el s\%etlbﬁﬁﬁawn a%%@?%ég‘gg ving an Al pha

val ue ess t roensted acidity
of from about 1 to about 20 17 mcronole/g, an

r hqus cracki n ent and a catalytic 18 anount
hgd?l\)%{&ﬁﬁ? Bﬁc‘% g gﬁ Mg véqretn hediirastablgrbapolitedas a
conS| SbunGsida @ ﬁﬁ’\% rétio B PbatePtrdosty VI 11 metal ,

and m xtures

4. A process according to claim 1, wherein the catalyst comprises from
about 1% to 70% by weight of ultrastable Y zeolite, from about 10% to
80% by weight of amorphous cracking component, and from about
10% to 30% by weight of a binder.

5. A process according to claim 4, wherein the amorphous cracking

component is silica-alumina.

6. A process according to claim 4, wherein the binder comprises an
inorganic oxide.
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20 thereof. 21 22 10. A process according to claim?9,
wherein the ultrastable Y zeolite has a 23 unit cell

WG ewe/0k4a8® t han or equal to 24.26 A 24 25 11PCHUS2003/035130

O N O O WN -

11
12
13
14
15

16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

process according to claim9, wherein the ultrastable
Y zeolite has a 26 bulk silica to alumna ratio of
greater than 50. 27 28 12. A process according to

clzal m % 8%@3@'&06%@@@5%% WABRYh %%Sefr<§l$ﬂ'\/||?.91e%out

1 %to 70% by wei ght of ultrastable Y zéolite, from

about JoEegenationgompRnenkisrieced fioo mmgr@upmmlsusngg of

o1 ndor 1oksh et BRYBAAY Batehiheter rdeiss fododghaPindiein

13. A phe@sapat eestdi Mgirbgewdtinadpasi Qelbbt%d from the
anor phous cracking 2 conponent is silica-alumna. 3 4

14. A ;9*86%9”%!@%} of lﬁ@'ybéeawalu, tngstenvarg eixiurescthereof.
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to claim15, wherein the hydrogenati on 14 conponent
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acidity, highly dealuminated ultrastable Y zeolite having an Alpha value
of less than about 5 and Broensted acidity of from about 1 to about 20
micromole/g, an amorphous cracking component and a catalytic
amount of hydrogenation component selected from the group
consisting of a Group VI metal, a Group VIII metal, and mixtures

thereof.

10. A process according to claim 9, wherein the ultrastable Y zeolite has a

unit cell size less than or equal to 24.26 A.

11. A process according to claim 9, wherein the ultrastable Y zeolite has a

bulk silica to alumina ratio of greater than 50.

12. A process according to claim 9, wherein the catalyst comprises from
about 1% to 70% by weight of ultrastable Y zeolite, from about 10% to
80% by weight of amorphous cracking component, and from about
10% to 30% by weight of a binder.
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19 dealum nated ultrastable Y zeolite having an Al pha
value of less than '20 about 5 and fromabout 1 to
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12 hydrogenation conponent is selected fromthe group
consisting of 14 nickel, cobalt, platinum palladium
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| ubricating oil base stock which conpri ses:
metals per 100 parts by weight of total catalyst.

17

18  17. A hydrocracking catalyst composition comprising a low acidity, highly
19 dealuminated ultrastable Y zeolite having an Alpha value of less than
20 about 5 and from about 1 to about 20 micromole/g of Broensted acidity
21 measured by FT-IR, an amorphous cracking component and a catalytic
22 amount of hydrogenation component selected from the group

23 consisting of a Group VI metal, a Group VIIl metal, and mixtures

24 thereof.

25

26 18. A composition according to claim 17, wherein the ultrastable Y zeolite
27 has a unit cell size less than or equal to 24.26 A.

28

29 19. A composition according to claim 17, wherein the ultrastable Y zeolite
30 has a bulk silica to alumina ratio of greater than 50.

31
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havi ng an Al pha val ue of |ess than about 5 and 23
Broensted acidity of fromabout 1 to about 20
m cronol e/ g, an 24 anorphous cracki ng conponent and a
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about 10% to 30% by weight of a binder.

21. A composition according to claim 20, wherein the amorphous cracking

component is silica-alumina.

22. A composition according to claim 20, wherein the binder comprises an

inorganic oxide.

23. A composition according to claim 17, wherein the Group VIIl metal
hydrogenation component is selected from the group consisting of
nickel, cobalt, platinum, palladium and mixtures thereof and wherein
the Group VI metal hydrogenation component is selected from the
group consisting of molybdenum, tungsten and mixtures thereof.

24. A process for producing a lubricating oil base stock which comprises:

(@)  contacting a feedstock under hydrocracking conditions with a
catalyst comprising a low acidity, highly dealuminated ultrastable
Y zeolite having an Alpha value of less than about 5 and
Broensted acidity of from about 1 to about 20 micromole/g, an
amorphous cracking component and a catalytic amount of
hydrogenation component selected from the group consisting of

a Group VI metal, a Group VIl metal, and mixtures thereof: and

(b)  processing the hydrocracked product to provide a lubricating oil
base stock.
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