WD 2004/ 044098 PCT/ US2003/ 032141 1 EXTREMELY LOW
ACI DI TY USY AND HOMOGENEQUS, 2 AMORPHOUS

W®ERaokaMN0gs UM NA HYDROCRACKI NG 3 CATALYST AND RROCESS3/d32141

0 N O OB WN -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

S FIELD OF THE INVENTION 6 7 The present invention
relates to catal ysts and processes using the catal ysts

8 for CoE’ﬁ'RIéI\WELg%WﬂEWI'I"’?CB.QHSAIQH @O‘\ﬂbéﬁ‘ﬂfﬁ@ﬂ%, of
an averagé | ower 9 nol ecul ar wei ght and an aver age
| ower boi | ANQRPHOWUS SIICAEABNIHERCHND RBCRACKING

I NVENTION 12 13 Moder. oGl ' falysts are
general ly based on %HA'W%@Y@W&E& 14 to their
advant ages over earlier refractory oxi de based
materials such as 15 silica-alum na, nagnesia, and

al um na. Anor phous GHERDYGETHERNVENTEDNvel y 16 poor

activity but higher selectivity for production of
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anor phous silica-alum na cogel catalyst while 21

mai ntai ning the excell ent heavy-distillate selectivity

and unconverted KGR0 TRE | hous cogel
catalyst. 23 24 In state-of-the-art cogel

hydr opr ocessi ng catal ysts, various conbination of 25
miMadern hydedarackingl estabysts sid derdslly based Gn aaplithd mBtaaiats due
Goup .VIL1 of the 26 Peripdic Tahle, were .
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superior to inpregnation 28 of the netals on the base
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| iigtngwd, patticararyriopthecharwalistirteviaetic. rmyndothee things, the
31 order to obtain nore uniform catal yst which had
béresant dnventipn prevides adypiaargckdng prosesp vaidurungrigr overall

S %B?eﬂ}i/tfbr p%Hatr%e %gpﬂ%'rpﬁ(}us silica-alumina cogel catalyst while

maintaining the excellent heavy-distillate selectivity and unconverted oll

quality of the amorphous cogel catalyst.

In state-of-the-art cogel hydroprocessing catalysts, various combination of
metals, their oxides and sulfides, from Group VI-B and Group VIl of the
Periodic Table, were precipitated or cogelled with the base. Therefore, the
deposition of metals by cogellation was considered superior to impregnation
of the metals on the base (post-metal impregnation), since the latter method
tended to produce non-uniform deposits of active metals. The increased costs
of production inherent in cogellation or precipitation were simply borne in
order to obtain more uniform catalyst which had better distillate selectivity and

produced a superior quality product.
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30 hydrocracking catal ysts. -2 W 2004/ 044098
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25 modifications have been reported for this material, one of which is ultrastable
26 Y zeolite as described in U.S. Patent No. 3,536,605 issued October 27, 1970,
27 which is incorporated herein by reference. Zeolite Y has been constantly

28  improved by techniques like ammonium ion exchange and acid extraction,

29  and various forms of calcination in order to improve the performance of the

30  hydrocracking catalysts.
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erature ( the second
cdligh remperatuseep uses 27 relatively | ow tenperatures
(750-1300 F) to yield a catalyst that is stable in 28
amoni a environnments. 29 30 U S. Patent No. 3,853, 747
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PCT US2003/ 032141
described in the patent requires the Y zeolite to be double-exchanged and
double-calcined wherein the first calcination step uses a relatively
high temperature (950°-1800 °F) and the second calcination step uses
relatively low temperatures (750°-1300 °F) to yield a catalyst that is stable in

ammonia environments.

U.S. Patent No. 3,853,747 to Young, which is incorporated herein by
reference, teaches that hydrocracking activity of the catalyst is greater when
the hydrogenating component is incorporated in the zeolite in such a manner
as to avoid impregnation into the inner adsorption area of the zeolite
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24.25 and 24.35 A and a water absorption capacity, at 4.6 mm water vapor
partial pressure and 25° C., less than 8% by weight of zeolite and

(2) a dispersion of silica-alumina in a gamma alumina matrix.

U.S. Patent No. 4,820,402 to Partridge et al., which is incorporated herein by
reference, discloses the use of a highly siliceous large pore zeolite as the

acidic component of a catalyst in a process for improved distillate selectivity.
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unit cell size Zeolite Y was disclosed in 17 U. S.
Patent No. 5,059,567 to Linsten et al. 18 19
Si(BBaﬁazaﬂAr@mhdisdnpemadslltm kydvepholkin @anlitesY which lyas been

d b 20
S8 e SRt epSon S R Get A B TP Eumpnisin exchange
| RYSSY WRR ahaRtehP et calgmatidns sﬂé@rét'%@k@doy d.1h steam.
reactions that require acidic 22 catal ysts, or can
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f Ingivthocatiitiftatich Mngekﬁﬂ%aﬁd 1 hﬂdimpr@@&&ﬁénufacturmg process
Silica-alum na e\%ggpo& tes have been
c dRNRIOEHEING\24- &7~ 25 uettyeﬁﬁm%@%%%@ﬁ Q@C'osed in
e cracki ng,
S SR A P L
denitrification. 28 29 Anorphous silica-alum na has

S keba RS Epfioaunds ard el kio bR dnsilauSSdRed i fudrocarbon
dohersiditp@Rkbadd. ‘S"llca@uﬁﬁ@é’ca@gﬁé\’ suHh £din BEYrESHES

silica- alumna catalysts were na by the 32 nethod as
désvaritiveccanrbeised RstightpaNicularyds geacinspbablieguiretagidic

oot idas o AR osB PR e BRIER 095 B bR Bincers,
and inorganic oxides for the cracking of liquid hydrocarbons in cracking
reactors such as fluid catalytic crackers and hydrocrackers. Silica-alumina
composites have been used commercially for a variety of hydrocarbon
processing applications, such as cracking, desulphurization, demetalation,

and denitrification.

Amorphous silica-alumina has been prepared previously by a modified cogel
process wherein no hydrogenation metals were added during the gellation
step. Spray dried, amorphous silica-alumina catalysts were made by the
method as described in U.S. Patent No. 4,988,659, Pecoraro to produce
catalysts used in hydrocarbon conversion processes.
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descri bes the 15 preparation of inorganic oxide

hydrogel s, and nore particularly, catalytically 16
adunercaswilthealsmirid catalyat compasitions sindl poeceskesforaheir

rare earth cogels. The,k 17 active .co s are prepared
bpreasiglinara eminerd’ et LisfaE Tk B lichale
obtadHsta AlimberoRvHYE fRpRpaEethesadmdtdtioreact i ng t he
pregel with an acidic rare 19 earth and an al um num

salt solution with conplete mxing. 20 U S. Patent No.

4,239 f,and [:SGI 0

oL EaPRRg M AT SPesensi AT Sl B5 st e
Padrepdration oft indB§arfid 3xidédfyldeodetg cdmesmpreeparticorigncatalytically
extruded catal yst by 24 m xing alum num sul fate and
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27 pH 7.5-8.5; hi Il ed X [ 1
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ext rudabl e dough; extrudi ng; and dryi ng and cal ci ning.
3@&x8hangesi apmamiemiogels, 988, 659, Pecoraro teaches a
cogelled, silica-alumna matrix 32 prepared by the
nmet hod whi ch conprises mxing a silicate solution wth

any 83 Paeste (U 45289165 N6 taAcksy srephHRY BHBx@@aUEd dathlpst by

acid, to form an acidified -6 _ - -
mixing aluminum sulfate and sulfuric acid with sodium silicate to form a silica
sol in an alumina salt solution at pH of 1-3, adding NH,OH under substantially
constant pH of at least 4 to 6; adding more NH4OH to form a cogelled mass to
pH 7.5-8.5; washing cogelled mass; mulling the mass with peptizing agent, a
Group VI-B metal compound and a Group VIl metal compound to form

extrudable dough; extruding; and drying and calcining.

U.S. Patent No. 4,988,659, Pecoraro teaches a cogelled, silica-alumina matrix
prepared by the method which comprises mixing a silicate solution with an
aqueous solution of an acid aluminum salt and an acid, to form an acidified
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WO 2004/ 044098 PCT/ US2003/032141 | silica sol in said
al um num salt solution, and adjusting said silica
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range of about 1 to 4; slowy adding 3 sufficient base
with vigorous stirring, to said acidified silica

S @fiifcal soMmssr Slrhinuth At $81LEGH, Nkt aj@sting 408 Bllida<BY8luminum
slurry of silica and alum na, and to adjust said 5

sIsatrsplutionamixkyre fo e inaihgerange alb ebouts! taod oslowly adging
B oS M RiRE T Ay STEs SBalyom san

5 sbut®n mixrees foren a cogakdilieyd ofeitisa bne@@IEaing, Shd e ¥djust said
washi ng sajd .8 cogelled mass; adjusting the pH of
s&UWNCBPHR thmsangerirhart o & eaing spid.cagel surmaatia
c j k4 ot®. i ; oS
¢ SRRt Agoht e SRR EPHIT sBio B! sy to
SUBRY t6F; fadBveinviETogslled fabk4 frym ealdogiimgnvasiing Baid
present invention. is,a process for converting, 15
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conpri sing contactlng said hydrocarbonaceous 17 oils
10 usgerbimgtipnootoapedtiolgscondi ti ons with a cat al yst
11 conprising (1) a mnor 18 anount of a low acidity,

hi ghly dealum nated ultrastable Y zeolite having an

12 19 Al pha val ue of $ieFMARTORIPIH INVERTEDIQr abl e | ess
than about 3, and Broensted 20 acidity of from about

13 1 to about 20, preferably about 1-10 m cronole/g, (2)

14 ¢ AtmBBRRERPHR pRIBRPAAUTSH ' Lo I B s

15 r &tydmcaaborfacepuabiisiint® produztabblovet aderageaneicdurr wsight and
crystalline al um na. phase js present in_.an anpunt of

16 nddWiprcavesnoe Rading poirt copprispg, CRHRFITARIY hydragagaanaceous
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19 | ARG oL 655 AR DSk S P aRs e oy eg mtRbE 3qhbe Brgensted
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from heavy gas oils 30 conprising contacting a _
21 ghemsigenghdaramyighous stikaradupinediracking campiengnt Bdving a

22 Bt o BRITSAL Ao L5 B iR R 7 tpreRt's &y pnegein
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33 |l ess than about 3, and_Broensted acidity of from
24 288 Preferaklp paiareater than 5% and (3) a catalytic amount of

25  hydrogenation component selected from the group consisting of a Group VI

o N O O AW DN =

26  metal, a Group Vil metal, and mixtures thereof.
27
28  Another embodiment on the present invention is a process for producing high
29  quality distillate with increased yield of heavy distillate from heavy gas oils
30  comprising contacting a heavy gas oil under hydrocracking conditions with a
31  catalyst comprising (1) a minor amount of a low acidity, highly dealuminated
32 ultrastable Y zeolite having an Alpha value of less than about 5, preferable
33  less than about 3, and Broensted acidity of from about 1 to about 20,
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-7 WD 2004/ 044098 PCT/ US2003/032141 | preferably from
about 1-10 mcronole/g neasured by FT-IR, (2) a 2

whermgeneous, anor phous silica-al um na cracki NBCT/US2003/032141

o N O O AW N =
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conmponent having an SB 3 ratio of fromabout 0.7 to
about 1.3, wherein a crystalline alum na phase is 4
prmemnablyrﬁroamabommﬂ Owﬁ:crmn@e&ﬁmeasmﬂedrb)al’émlt? K%

f bl ter an 5% an cat alytic
P ATROIo0H; cr dgEas e AB B b 20 LB SOB S Faingran SB
9riaHp of RBRI %dtﬂ@) Plo éb&ﬁtoluﬁo\gy er@gnt Alorysta Eﬁé’ﬁﬁlrﬁ{h Iphaste is

metal, and 7 m xtures therel enbo
ofpreh@wtpn @semounid mnou gmaies tlwrhgmuidrOﬁ/c mra@areblqugrteater
n co or,.anmu

|
2 dn&T B0 3h0 LN SS s At o oo flobRaud T BpRboRoabsaieged
h&mm%@ProNprﬁsmhg@f@fo&%ﬂ/Fl’ﬂéfél abeybuPp VIl Atal, and

preferable I ess than about and havi ng Broenst ed
adn¥iurgs grereplom about 1 to 13 about 20, preferably
about 1-10 m cronole/g neasured by FT-IR (2) a 14
honogeneous, anorphous silica-alum na cracking

C nuthenémbadinemt aﬂth%Ebreééntr iavestiodf isfa oydrabeieking. catélgst
about 1, 3 wher ei_n cryst al line al um na phase is 1

proo&aRasitian GMRAR 1 )ct mwrg:lm@wzéro eraw agidin h
pro’éfaﬁfrﬁm%Yerld”lgtrgét%ﬁFeeY zeblftel eq?{ﬁ %g:ﬂﬁélg ?Q Hé f@ ?G%S@l #hh Sbout 5,

anount rogenati on conp romthe
grme’rferaidaﬂ;esstthag abbuh3 (Emﬂba\x{hg Bedahsted aGdaiyp)f Yfioht about 1 to

et gt hothdr d Rikagiole/ e Hesd bUEdnEe (31 o
deﬁ’rﬁo geh2oRBDaHbrpHoL dilRw- aﬂ@hﬁdé &’r»acial mo)m&ﬁf@n‘t' %Vlﬁb‘%ﬁ\ SB

uItrastabIe\(zeoHe havi ng A? ha val ue of
I é@’@.o phiiameimnut 05 Em@bCBﬁdehswlweaba drthallme aluonnal@base is

%%rﬂ ﬁ%ﬁﬁn&ﬂ“%é%%@g%a%%ﬁﬁ %arably no greater

sntham 8%abndr(3)an catankic @gmmmngwogbﬁyﬂndrgc@rﬂpﬁﬁemaéél@cted
of from 26 about 0.7 to about 1.3,

ciipEn 19 gresPAongisHAY phadarauy \ﬁrr@@,@hta Gfp%V”QmeéﬁiD@lM
ofiRRir8s Bal-gLs t han about 10% and a catal ytic amount of
hydrogenati on 28 conponent selected fromthe group

conS|st|ng of a Group VI netal, a 29 Group VIIlT metal,

m xtures ther rod ce une ed benef i ts i
sdfcfﬁas @%WlS’@ﬁEff‘P't'%de t%e( inghh amg%%erg@tc? \A fjnor

| i dTRTt @Y 8dow @i dﬁgﬂyr&eal%lrfagéd hﬁ%s%ég?@'\(sigoz'gé' h&@hg an

yield is maintain a br range
c Mplamvalgeiodtess than abhut b esgdéroenstey iagldity offfrom about 1 to

| 'a%laht gb %ICIJ lnﬁa le/gvass meggl\ﬁ)éddbysﬁ II!Qa’cogether with a homogeneous,

amorphous silica-alumina cracking component having an SB ratio of from
about 0.7 to about 1.3, wherein a crystalline alumina phase is present in an
amount of no greater than about 10% and a catalytic amount of hydrogenation
component selected from the group consisting of a Group VI metal, a
Group VIl metal, and mixtures thereof produced unexpected benefits. Such
benefits include: (1) the catalyst activity is improved significantly;
(2) the total distillate yield is maintained over a broad range of USY
concentrations, (3) the respgctive yields of light-distillate vs. heavy-distillate
can be adjusted by varying the USY concentration; and
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33 can be adjusted by varying the USY concentration;

and -8 WD 2004/ 044098 PCT/ US2003/ 032141 1 (4) the
W@ 200al0y®P8 becane much nore stable and showed PCT/US2003/032141
significantly lower 2 fouling rates. 3 4 5
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 6 7 In
aqaAPTHEARSly¥ bdbdrhe nt® mBROSthBRMndPEhdved BigaRRBAtly lower
i nvention, "'the catalyst 8 conprises (1) a m nor
arfouling wtes | ow acidity, highly deal un nated
ultrastable 9 Y zeolite having an Al pha val ue of |ess
than about 5, preferable | ess than 10 about 3, and
Broensted acidity of fromabout 1 to about 20,
preferably about 11 1-10 m cronol %E%)Eﬁ% a
hormgeneOLQE,SQ%l\P:HIQNIQFQWHE«*BREFER ; QMMEM-ES
conponent having an SB ratio of fromabout 0.7 to
about 1.3, wherein a 13 crystalline alum na phase is
priasesdrdancanvitnberdneodmbodigread béthet pr@seabiouentidy tid eatalyst
preferably

ter t % and (3) a catal yii

D tsse 1B tapEadinubl fe Bshaohin el dEelintnets viastable

9 9y E?olﬁ@ habitly é]gAgfhaa/a@i OBPIeYS thatPaitd, préfe@8 fesdl thhn
met al , st 17 18 Th of

and m xtur her eof . e anount

10 hiafiduy 3dead Brversted acigity obfom abaut 1t teealutt 20y preferably about

11 cngﬁsi.ti on(i.l /12 i n,accardance wth thse ﬁr esg_fnt. a crackin
i niARMGIPRAe: {2k BREGISHEANS AMYREPYS plicF e cgeking

12 MedophSoriett 88§inGrAnSBRatid oPfrbm/AlseurY. MW ghdut 1.3, wherein a
preferably, from about 21 0.5-50% and nost preferably

13 f rewstalioatalumpgophasgds presang il §n aswunhPhae aeateiythan about
zeol t j kL 9 ] i [ 24

14 ookt Greblerdiin p% S T Sl difbad o’ o

15 t hgydeageaiatioh et selectzaisiram tos drovp ¢andistmgpsfesEndup VI
i nvention. Pr e&er ence r}@ﬁﬁ%ven 0 6 USY zeolites

16 haeiry JGEpyR Vi nf Pegs thfeoh greater 60, and

47 host 27 preferably having silica: alumna nolar ratio
greater than 80. 28 29 Due to the extrenely | ow

18 acThh ayooht ofdEghlgYieatumninkiatr 38\ azsolitegindhe abiadyst compaditions

R IRV T T TR
20 ﬁg@ﬁ%ﬁg frdnhabsat @bYRI% bYfwdibst, Pr&sibly, iffdne Bbban

21 0.5-50% and most preferably from about 1-20%.

22

23  Highly dealuminated USY zeolites having a silica to alumina molar ratio

0 ~N O A WN -

24  greater than 50 are useful as the zeolite component of the catalyst

25  compositions according to the present invention. Preference is given to

26  USY zeolites having a silica: alumina molar ratio greater 60, and most

27  preferably having silica: alumina molar ratio greater than 80.

28

29  Due to the extremely low acidity of the USY, the hydrocracking catalysts of

30 the present invention require the addition of a secondary amorphous cracking

31 component. Consequently, the catalysts of the present invention also include

32 an amorphous cracking component which comprises a homogeneous,

33  amorphous silica-alumina cracking component having an SB ratio of from
-9-



32 an anor phous cracki ng conponent which conprises a
honogeneous, 33 anorphous silica-alum na cracking

w@eovponwst having an SB ratio of from -9 WD PCT/US2003/032141
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2004/ 044098 PCT/ US2003/ 032141 | about 0.7 to about
1.3, wherein a crystalline alum na phase is present in

aRbogt &MasHooRt 1 rzap vme?@m%r crﬁ/%ﬂln@@&'ﬁm@%aﬁ _fE8bhtin an
no greater than 5% 4 T anmount of anor phous

c et of oommtenthamabm 1@3(6 dirgteraldy mpareaiesisan h%.5
accordance with the present invention on a finished
catal yst basis including 6 netals, ranges from about

1W@M ofeingdrbhos efkig OOrﬁpjcﬂ’f@rﬁhOtﬁe datdB¥ EeMpbyitions in
ght and nost preferably from about 40% 60% The

amggmdanee giithsheirrasen invantion ancatinishad satalysi pesisrinslding
akﬁ‘?é{%llslpa{‘?gﬁ%%cﬁ% a%gg 'i‘{)%-éao‘?rbﬁf\ﬁélgh{ %(weife'??%g Hsi‘ébf?ut

silica’iln e silic um na rangeés 'from a

2Q0/6005/by mugghandandsmsferablgﬁmbbguitztté’A)aﬁﬁS/enTh@bmount
S|I|§a iin the sil

a- 11 al na ra abou
Ga/drbwe\/\%i'cg?n?'lunlﬂa rqrg éorBﬂl?&’é §Q? %@%snpé)hwel Lt he
C | I
ooty RO S IR 1h B9 GO ARmIAR o O Cabck
apPh-66% Exweidhesarnd moks peajétasbl tdaebam@lmts)f@dm:arm dlee snhca-
Si I ica, alum conl Preference is 16
gle\}gﬂ'ntacfaf‘ﬂ%s B'QE‘ %O%W%Qg/l‘hé r. The anount of

bi nder in the catal yst 17 conposnti ons in accordance
W th the present invention on a finished catalyst 18 .
béréiesbmd@(@cnrﬁgemtsn ahe catahgt sompositions ByitaRly ghmprigadnorganic

Rfe%f% S%Psﬁogéh(l{q?eé'r%r Qtlépmgo{ﬁ@%{oc%}‘] L Ofed. %Qan?p]res of

cat a I nvention SO conpri se

hxsdrtglg@rmdew cdthprizamiivanblunfiaa ldeys ed elrcortibePreference is
hydr ogenati on conponent mnai nl ﬁ_ameans 23 metal s, of

aaE torthanNgeaf pluminaasdipden dapamaeisiter binger &y Higeatalyst
4

Cﬁrﬁotém&ngt%iw ﬁg%rﬁggﬁ?gg}\ Jfrlné' Bg%t f nv‘e'hﬂEn o?n‘%ﬁﬁn%he? catalyst

amdssxindadingndetals fanges 103086 by mgi‘ltsan(T fepreferabhl fsom

ma d mbi nation of two or nore nmenbers.
@%%Eé&%r&ﬁ@%?'ﬁ ‘ion of netals 27 such as

ni ckel -tungsten, nickel-nol ybdenum cobal t-nol ybdenum
pl ati num 28 paI | adium and the like. 29 30 The
arfinermatalystsfof iiiyel prapenainventicn aisoreomirise a hydiegenation

C%toﬁ%ry nenf%@&c’é P']é)rch’n the hydrogenation component mainly means
metals of Group VI and VIII 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.

The amount(s) of hydrogenation component(s) in the catalyst compositions

suitably range from about 0.2% to about 10% by weight of Group VIII metal

component(s) and from about 5% to about 30% by weight of Group VI metal

component(s), calculated as metal(s) per 100 parts by weight of total catalyst.
-10 -



31 suitably range from about 0.2%to about 10% by
wei ght of Goup VIII netal 32 conponent(s) and from

W@bomun449 t o about 30% by wei ght of G oup VI nRCHUS2088032141
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conmponent (s), calculated as netal (s) per 100 parts by
wei ght of total catalyst. -10 WO 2004/ 044098

P@H&%?&Qéé%W&mW@OﬁS W%Q%Eél?éti HSHERIRERLS Heln the

t he catal yst conpos S may n the 2 oxidic
arkidie antder e phlpdidic fasmalf 8 ¢orabivetibn what wasbé Group VI and a

| EEbedaffimet ghmpatisRsPreieht Be tiad Bilass i SBE B Supiected
t God SUPMBING tf&thfeﬁ@?ﬂ@mtb IﬂbF@f useinfHiyReEradRifgl N

hydrocracking. 5 6 The catal yst conpositions in
accordance with the present invention conprise 7

%A 109 wei ght  of i : 5% 409 :
el iheeteRGehRee P atoru P ARghe RVRARKR Bmprise
Caitous 1 04-00% bywakgtofiaiokel ad Absutesprase vl walyetuihgsten.

9 conprijse about 2% 8%b__vveL%ht of nickel and about, )
sJretaBl thei eatelysiocampeiiias inaacerancevits thegirgsgntjayention

1 j : 127 .
AR 9L 80P AON Sk RPN o R K i
aduogsiancenloulated: deemelds peesebpartabgweéight efdotal icatalyst.

about 0.1 % 5% by weight of platinum or 14 palladi um
or a conbination of Pt and Pd. Preferably, the

CaNAkY FbbometPssdd, RS chizlydEt e8mpPastien¥id Bcédt8ance with the
present invention conprise about 0.2% 16 2% by wei ght

ofprpsentiimvgntiosrcopaprisedahont Oct % % dybveight oirplatinurn, and

e R E G T T e S
exspphpasitionarid acoexipect edthrtas Wreserit nveditioh cdimpHde about 0.2%-
performance and activity are obtained using catalysts

a

oo Y WRIIR Ot Mating e seimpalladiin, R eneerahinatighef 6t apfléyk

NGl : ' i 22

P R b ST B Bl ol A 7 o
with 550-700 OF boiling 23 point range (over 70

24t Panbeer Rulaifel ereatont snd brdinected ERySHr iy o '
HeorPbpc®hink RR1iliIRY SR b1RBinda L%ﬁﬁ{ﬁgéﬁ%ﬁly'sfésﬁ’cd@&hbhg (tshe present

c
during the hydrocracki ng process by suppressing
uricegitioabSemevefrtbese keaudfsirciade: dhe catilyste 8f the invention are

addi tion, the present .inventiaon provides fo GESS..;:

F ot oo R M idhw hd RS haRB B RS R b P L E g

ofpdiftwang@YeFarT® Ovladel catalyés @hthaiftention show comparable or
lower gas-make than a reference catalyst; and catalysts of the invention
produce less naphtha during the hydrocracking process by suppressing

undesirable overcracking reactions.

In addition, the present invention provides 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 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, a
-11 -



30 | ower average boiling point conprising contacting

sai d hydrocarbonaceous 31 oils under hydrocracking
weendiotd0es with a catal yst conprising a | ow apCTU$23003/032141
32 highly dealum nated ultrastable Y zeolite having an
Al pha value of less than 33 about 5 and Broensted
aqidhhdgerRouk! 9MoARils sHidaCalaRmi crRRKINGCEABd I haling a
11 2004/0%@%58 PCf%U82003/032141 thondﬁ#ﬁeousg nsB
arfetiphbifemsabow L. atuaherd o3 aeherel) e srystaline aﬁwna@haﬁe is

S [ f f
cryefath 2B Aned Bradhel tost 33 ARG Ayt or
nCh r@@r@tuohfwm@h@mt sSltcieddram tled group corssisimgtofef Graup VI
enati on conponent sel ect ed fromthe group

cdﬁ@‘i gtq wEowr VHI aekrlpang mbguresithereck Goup VIII netal,

and m xtures thereof. 6 7 The present invention is

al so directed to a process for producing high quality

8 Thespiielskat iavaniibr istalsedirectgd ¢ b prasesssfoo pkoduting high quality

d ds f h
gﬁ%@@f’%eﬁgg 300 LA eelas it dsesty BRI R ey gas ols
CRAAR I EB1 2 HR07B K Lol h S oI ofoiferlsOHin o

1 ghl'y alummnated ultras zeolite
henatalystam rrwmwmnowtuﬁ adbwi agidityy highlhadeait nﬁnatpd eﬂteatsi@blé

L TR T SR

m APRIB| /0B R nERARBALIEIE) Hifrdm abBut @ thabBgEP@Qteferably about
) $&hous silica- 14 alum na_cracki ng conponent havi ng
an

migkaneclefd as BraagyEas byl 7-IRea MLQQWOPSBamerﬁl ica-
Rl SR e S
t a8, Wherehmd caystalliné ytuntinapbast ipresénhipcarogeoant ohno greater

GG S0Pt TG em Breiirat 1 GiFI AR alhnd & ;i dinaunt of
it W ﬁ&?ena%%n At Qél)ééfedaf&gﬁrﬂ% geb gpcérié‘?stm'g‘%ﬁedqéroup VI

on is particularl for “I ncreasin
yireetaalca‘Gmure‘a{Wn@ltdtamd améwfelsziberam with 550 700 OF
boi ling point range. The 22 hydrocracked
heavy-distillate fraction fromvacuum gas oi l

t YAQ bét%ll)}s‘l a@&ﬁvdmg} ® thé pre/&ant iliediflofed pﬁﬁlcbléﬂ?@fo%d%r increasing

ht-distillate fraction w

55be®|el¢b@fa.h«a@vw@ilsiﬂlat%fﬁ@éloewwﬂbﬁﬁ@, -0 ndoNinginsiny range The
4&@?00&%8&&@%%& lﬁa$at3?£'cﬁ¥ﬁf h}gvhacfﬁu%bg@%ll%‘gﬁry é)&r bits

des

O 0 N O O B WO N -

N N N ) i s o -
N = O © 0o N O O B W N -~ O

23 | nergaim Conkadwybeisssfido-80,eviyilecd lightrdistilkate ﬂﬁbtlmdnth 250°-
distillate pool. 27 28 The present bnventl on al

24 prov a:eéman%pemég%,ngeoexmhal&j%ﬁn@rl\lw 6rs ek pG el order to

25 achieve high a Cetane Number for the combined diesel fuel, it is desirable to

26 increase the heavy-distillate yield in the combined distillate pool.

27

28 The present invention also provides a process for production of a feedstock

N
©w

for lubricating oil base stock comprising contacting the catalyst of the

30 invention with a hydrocarbon oil feedstock boiling above about 650 °F under
31 hydrogenation and conditions to produce a feedstock for lubricating oil base
32 stock. The unconverted 700 °F" fraction from our invention exhibits high

-12 -



29 for lubricating oil base stock conprising
contacting the catalyst of the 30 invention with a

whyanoemrdon oil feedstock boiling above about PGBE0SIOR3/032141
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under 31 hydrogenation and conditions to produce a
feedstock for lubricating oil base 32 stock. The

xh t
e oy L e o gt AR AR J0Be AT 88s 131 >

vipsedwdeady i ndex i ndi cating high quality lubricating
oi | base stock can be 2 produced. 3 4 Hydroconversion
process configurations in accordance with the present

5 Hytr6sirivensish prodtaseomiguetiong irs aksoraah delvith €6 pidset

I n ‘average nol ecul ar 6 weight and boiling point can be
adesnionsriedhese whareit eisngstendakreduciion in averagamalgear

CSER 41 B OFPPLE 8B JLoRIA by cHBio e gt =
V@aMyﬂfcdrmnttmmmpwmg 8 I@W@Ciﬁ't\yeh@hwdmluldﬂlrtate@ﬁltre%table
fromabout 1 to ab ﬁ){ﬁ m cronol e/ g, honpgeneous,

anDFpbe Sa¥ing; %Atp@aafla ofdess Hak %@%&%@mm&&q Agidity of
arfroﬁﬁsabéf.l ?tc?gb%u% RS ljho%/g éﬂr es Hhe&&s Linfor WBG& %Ih?a-

acrysta I ne umnapase Thoan ano
nalgnieat @ackihgd cohmonabbioavidd 86 S@d‘:\tw cofefrcahyabiout aﬂdnrabout

SRS SRR 1l b bl s
a"!ﬁ'aﬂrébﬁh’?(’f(}%eén& Beefitic arheudbo &fatih &M%bnent selected

hydr ocar bon conversi on” processes i'n ich t
c dirca Yrae grapfp cormpisting of esonp Vinnetal, |a)ﬁr®m§/VHbrf@§aidalad e

the art and include, but 18 are not
W%@gm},ré "ngl e- st age hydrocracki ng, two-stage
hydr ocr acki ng, 19 series-flow hydrocracking, mld

hydrocracklng | ube hydrocracking, 20 hydrotreating
| @Ml of s Rydrgca BreSa¥SIFI PhRICE eSO, which the CatalyStS of

hyHg ?P%yn& H\fen Bﬁ'g. be 8%%&@@\524@ \ﬁﬁ"fﬁ‘m 9rt3d include, but

cata crac can be
Sudre albt mépglio esingle-stdge Wdroeraskmgcmvcﬂsmget lydrberackidg,

present i nveption conpr.i | oils,
FSEUERo Bpp@ekngn B o fegedind ubS R g

CH I | ke r
AR R R el so3ton
ordatalytin degaxing amntlaatalgicigackingl e 27 oils, waxy

hydr ocar bons from Fi scher-Tropsch hydrocarbon

synthesi s 28 process, residue upgradi ng processes or

biFeRistockEWHIER 84h BB SuRhbIY JppA&S in the process according to the
present invention comprise gas oils, vacuum gas oils, deasphalted oils, long
residues, catalytically cracked cycle oils, coker gas oils and other thermally
cracked gas oils and syncrudes, optionally originating from tar sands, shale
oils, waxy hydrocarbons from Fischer-Tropsch hydrocarbon synthesis
process, residue upgrading processes or biomass. Combinations of various

feedstocks can also be applied.

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

(hydro) treatment steps prior to its use in the hydrocarbon conversion process

according to the present invention. It is often found convenient to subject the
-13-



29 feedstocks can also be applied. 30 31 It may be
desirable to subject part or all of the feedstock to

Wor@4044000re 32 (hydro) treatnent steps prior POI/US®03/032141
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use in the hydrocarbon conversion process 33
according to the present invention. It is often found

C ' tmeAB d
SIHISEEly el o lstedg W RS A Neodstoo are o

hyr proceaserkiwill km@dvaraaa@@umwje@@@ghd@%gta@@ toga (fydro)
be advant ageous to subject such
fede%gé}éﬁgéﬁ?%{rga%%r 3 demetgal l'ization Jtr eat nent .

4 5 Suitable hydrocr acki ng conditions to be applied
conprise tenperatures 6 rang| ng from about 250 C to

asiitablpby@occking sansliigesis beranplied Gompgise tempgaatures
S pr@ﬁﬁm%‘;efmﬁ fatb'§8{52§(‘5 ofaBBYLt :F‘E?OO}J ré?{f(rgsft;i‘ﬁ)s %@%}Ho%? 400 bar

er o cat al yst per ogen
gmct spdasatlodtiéofomatpat Dricio ettt 01Q@0feed ped litdyandt

S LARL LT ioioB oS g R0
13355%’( §D@6‘Nl A8l ded gh/t ARG liReK bDSaRaBY ﬂehﬂjb?aﬁ@e Eﬁd pressure

applied conprrse enper atures rangi ng from about
3QqeerGilogramboean ABELEY, bepuesdures from 14 about 25 bar
to about 200 bar and space velocities from about 0.2
to about 15 10 kg feed per liter of catalyst per hour

( kerekdrbly, hy@ﬂo@(;‘tﬁikl riditidnead beadppied cbnprisef er abl y
range from about to about 2000 N/ kg are applied.

1¢emp@ra1§ée%¢ansmmfé¢m>abpay3@@ ferta@brehdt?XEB) pme@ﬁures from

COBRECSUA 1B DI 4 U5kl HHORGREI AT 0 s

IUg((Ek@ @agsg(é&glt@mfrcﬂtaiyﬁq)emhghr {Hal/AL qurﬂgﬁith gasntotfeed Ir'Tmos
econe nor the u ce
sifyefespblyganga im Hh%@%éfiﬁ]fa m%s?ﬁy %&ngg 2o g@pﬂe%

bel ow. However, for severely deal um nated and
ultrastabili zed USY with bulk 23 Si02/Al 203 ratio of
owdse sDpowtier Xiray dim@ctM(KRDMooﬁhaﬁsmmfbati@n bt Syeisavell

di f r{ogyr elgé]r Idagl‘le&h@e @&Sggﬁ%@ % cf@#%@%ﬁiaf tﬁngiﬁgfg.? inversely

aCddr?‘élétkéd WRBSHESTRIBhletey heldSH. A8 LiBNbkasmeforS
activity of the USY sanples. Standard analysis tests

sulgalusinated teewpisel siza of 118 itshangindifomet ZAd\ to 24.54 Aor
S LHeIS\ﬁ?H@%%@eW&%&v%P&?Héal‘ﬁ?ﬁlﬁatléﬁea%dt Qerg8EHliSed tU%Y with bulk

Si0O,/Al,O3 ratio of over 50, the cracking activity of USY could not be
differentiated with the XRD unit cell size. Instead, FT-IR, and Alpha test (a
model compound test for activity measurement) were used to analyze the
activity of the USY samples. Standard analysis tests such as bulk composition
analysis by ICP and surface area measurements were used to ensure the

quality of USY samples.

Transmission IR spectroscopy was used to compare the acidity of

USY samples per published methods elsewhere (T.R. Hughes,

H.M. White, J. Phys. Chem., 71, 2192, 1967; M.A. Makarova,

A. Garforth, V.L. Zholobenko, J. Dwyer, G.J. Earl, D. Rawlence,
-14 -



28 quality of USY sanples. 29 30 Transmission IR
spectroscopy was used to conpare the acidity of 31

was4eatepd es per published net hods el sewhere (ACRUS2003/032141
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Hughes, 32 H M Wite, J. Phys. Chem, 71, 2192, 1967;
M A. Makarova, 33 A Garforth, V.L. Zhol obenko, J.

DvgeidiesnbBurfriel c@meDQfW! €aefysis,-g4t 368, 71604). W\/%Q%%thods
PCT/ US2003/ 032141 Studies 1n Surface Sci‘ence and

Cawauq/@ﬂﬁloysd (ﬁmeasyg@n?nt afitbe meidie @4 strefshiag bands in the

b 7R kg B SER iy ind (8 sfSpRRa St B iffermine
( ZhesBisenptbdqa Lefvipycid diteeohoemtesting Self-stippbeing

Broenst ed. to Lewis acid site concentrations
Sevalest eiHtingG gbaut ik @eéN%@.C{?ZWHQat% dusity by rl?@awég & flowing He

d eﬁy@‘@frﬁg 6&6 Qg‘é“%rfﬁ/ IFP[eagtﬂllIQ GernP Fétt?r‘@!' fB[g 11 GTr?élwg‘lfers were

C/mnto t thls enpera
hdhen cbbkdiaf €50s°Gvane the/IR bpectooo ed recoisd. (Dhm;mbdcham was

N R N TN AT

di b R1ifS vaBISH Gsed i&ﬁeagur%yédmtw Oneshalsethpisedetd
nmeasure acidity. Once the sanples were 10 dehydrated

acteimdiraigdtascottingisoine abevadaethodetherReesl wastsolated and then

el U ftesBlr g s oo Rl e ety adsoro

f ofor 3 Heewandnber teNcdinRas ddpaned tb EeRGIEH el allb@dd@rption of
He to all ow desorption of _13 the physically adsorbe

pythedhysicatty gieeibed pyddiser pypisallynsesarntioneas afowed for
Ué’@q? HRUES th&hERIRTs dJe%iréR/@&jerd}a%Yﬁéﬁ £hBI F%?l ggmplé BEntaining

I"'e”’contai nin resi chem so
p)n'esuﬂluaéchél'mfssdaane;a’[d!me Whesetspentrs wtdre dheémfittdaein the pyridine

P shviraton OB Sielulho SEighs o ebiblt e EPairaread a8 & function
decﬁ‘Qfd%bhﬂlbntﬁrﬂS Tﬁ@ﬁnél fva;ak a?@%m@F@é&taW&%@iﬁ%%ﬁ%@’to

extrapolating to 18 in Ite desorption ti
Itlnfl@t@dmp‘mmlm@t her Broensted acidity neasurenent
techni ques such as 21 solid-sate NVMR and tenperature
programed desorption with a base (e.g., 22 NH3 TPAD)

Cc atllsthlaliSiBleh 8tHes Boémsted befwit Yytnﬁ@s@lﬁém@ﬁmebﬁﬁﬂaes%ﬁch%é
The cracki r;\aﬁactlwty of USY was determ ned

Al 5shid-sade INNMR jade tmerazgrea@r@gf%amdcdﬁspmlqmw%h grt@d;e (e.g.,

AL AT E A

Male N. Y. Chen, and
The cracking activity of USY was determined by the Alpha test which was
adapted from the published descriptions of the Mobil Alpha test (P.B. Weisz
and J.N. Miale, J. Catal., 4, 527-529, 1965; J.N. Miale, N.Y. Chen, and
P.B. Weisz, J. Catal., 6, 278-87, 1966). The “Alpha Value” is calculated as the
cracking rate of the sample in question divided by the cracking rate of a
standard silica alumina sample. The resulting “Alpha” is a measure of acid
cracking activity which generally correlates with number of acid si’ﬁes. Other

model compound testing with paraffinic hydrocarbons could also be used to

select the optimum range of USY acidity.
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27 P.B. Wisz, J. Catal., 6, 278-87, 1966). The "Al pha
Val ue" is calculated as the 28 cracking rate of the

WG 200ploetod question divided by the cracki ng raP@r/v82083/032141
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29 standard silica alum na sanple. The resulting
"Al pha" is a nmeasure of acid 30 cracking activity

768 sHES! SRItRIeSH the hhop
O S R b e TN Bl Ay BofbAGiS and
hyhkiproogehens. AdtSuifamedo Brdk /Al Ratio” (BB Relierhas been selected
optipumrange of USY, acidity. 33 -1 2004/ 044098
pcas Thes87 8754 es 1o Hefis tas peidiscRy HerraBRssar £ B1e o
t hellidd-aR@ilha oA HRNBregBnt IRvaRIPARN® GdtparePWRE SRKQUS .
A "Surface to Bulk Si/A Ratio" (SB Ratio) has been
sesibiea-alymiga ggmppeitigBdsur e used to define the
honogeneity characteristic of the 4 silica-alum na of
the present invention and to conpare it with other 5

of tngg Sur Tace measur 8 By eRpyetS B sl et by Rpo

ato Ralipi of the DBul' K neasur ed Dy elrenment al

anal ysis) 10 11 fo/4fetenicirado phide 8p/kmgasered bhelegigntgl analysis)
atomic ratio of the silica-alum na surface 12 is

measured usi ng x-ray photoel ectron spectroscopy (XPS).

iRt iR MpT S R esdng SYET HoBTe Falorof e salcpen Hgtna surface
dqgtnﬁbéﬁuré@ﬁsing )J)—(%Z%)Hd‘ﬁ@éleét%rf\spé&%sébb XPS?.%FSS i@hls8

measur ed b%& 1 is for the surface them C _
c dfsyy) 8$ electrop spettrogeopyder ehemical analysiandESEA). Since the

i ' . i W el | .
o BefRh P XS 1018 A 50X s STADBlcBNs Sl resyred by
XPEP s ac futithel euitace themrbPEempesitiest iy of RPEForBiRsA alUEina
the chem cal conposition of the outer |ayer of

c RNAFEiREZHian Was ublishied i \ae anetallest alnAmpdied Catalysis A,
' , .20,

oo B b LR RS M b A e B, s BBl

( Shé&yringothlecchefical lcompasitiosest the buterdsyerefeatalyic paréicle

surface osifion. 22 23 Separately, the bulk Si/A

- o O SLbips ShedsoheenHieeania Reckuahan Alger ageiron
el [ i [ I

& PR Pl SRR FATRSS Pt o LLRAs), couid
arfise he useddgemersyreofend iof theasufaes compositiatet er mi ned.

Separately, the bulk Si/Al ratio of the composition is determined from ICP
elemental analysis. Then, by comparing the surface Si/Al ratio to the bulk

Si/Al ratio, the SB ratio and the homogeneity of silica-alumina are determined.

How the SB ratio defines the homogeneity of a particle is explained as
follows. An SB ratio of 1.0 means the material is completely homogeneous
throughout the particles. An SB ratio of less than 1.0 means the particle
surface is enriched with aluminum (or depleted with silicon), and aluminum is
predominantly located on the external surface of the particles. The SB ratio of

more than 1.0 means the particle surface is enriched with silicon (or depleted
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26 27 How the SB ratio defines the honogeneity of a
particle is explained as 28 follows. An SB rati o of

wa2@40e@ans the material is conpl etely honbgenePCBEUSR93/032141
t hroughout the particles. An SB ratio of less than 1.0
means the particle 30 surface is enriched with

1 aI with aluminam)dgemd sluesinwintis pseddreiaahtly Rt omtHaiiMtdrial area
5 @pr edom nant Iy located on the external surface of
th

pamadles. The SB ratio of 32 nore than 1.0 neans
the particle surface is enriched with silicon (or
depleted -16 WD 2004/ 044098 PCT/ US2003/032141 | with
4 al Asilicarglymanadcahpositiomisi Formpogeteuusamd iy ih acedredno@ with the

5 o resahEn SRt Eaw o8 L BRe 15 haUB 5B US iahd e dhe fatio of the
6 acSPAIdRBRfC Véﬂtlbrbftﬂ'i‘@ com B§ﬁ§ﬁ rﬂﬁe%éﬁl‘f@@by‘?@%’ﬁ?fhe' §L§'facfe and the

Surface to Bulk ratio ratio eratio
7 t hal/Algatginiovatiataithe bu&tmea@fred thy elempotal analysisdadonedbout

t surface and the 7 Si/Al atomc ratio of
th%}(kﬁla% H#elggur ed by elenental analysis is from about

98 0.7 to about 1.3. 9 10 The SB ratio of reference

silica-alumna sanples fromtw conmercial 11 sources
10 ( S[heaPBaatie ohreferpiseciitgeiuaing smnpksiramive Rom\arw)l

1 ooy HOgibraEsb iRy 4 AR AT Bragpnes

12 2.rheasired an]j&hSBoIfcm‘tm@vaﬂJeWe?té abitdihea- al umna = 0.2 -
0.6 16 17 The above results indicate that Siral type
13 of silica-alunina is enriched with 18 silicon on the

surfac f t |l esgd with Al) as
1 publ i sﬁ%% rﬁ%&‘ifﬁ@f{ilé@%ﬁ&a gIUﬁﬂgl—C?@ 2% al. in Applied

15 Cat al ys$B ratjo aidgS- mem¢a-|ab1rmma =26@-@6 20 the other
16 hand, Ms-25 silica-alumna is enriched with alum num
on the 21 surface of the particles. The silica-alumna

17 Wf@éﬁtﬁ\dﬁl’@é@ﬂ%ﬁd‘t}d@%ﬂ@f&&pé& JifeAIlia [BnrithedBvith
rati o of from about 7 to about 1.3, preferably from

18 atsdigon arsthe. syria@eatﬁéhm particlesr(fei, dentpiedeitb Alsaspublished

19 N BlHiar MPRPILARASet & SR AERALYS Iaﬁ?llys%% 1ol {}0%‘;‘?247 260. On

20 t rthe wiiterutanidhMS235 pHichiatlimina rg@mhem\mﬁ d1@irReh ionithy

21 fsut a%esolf ltf|1ec Saratilcllérg "?ﬁe slllltcalaslu%%tm %rcggl%ra%?:le%w%hothe present

22 invention has an SB ratio of from about 0.7 to about 1.3, preferably from about
23 0.9 to about 1.1 and is homogeneous and highly homogeneoUs, respectively,
24 in that the aluminum is distributed essentially uniformly throughout the

25  particles. To maximize the activity of the silica-alumina, it is most preferable to
26 have a highly homogeneous silica-alumina having an SB ratio of about 1.0.
27

28  In addition to being homogeneous or highly homogeneous, the silica-alumina
29  compositions of the present invention are amorphous, wherein a crystalline
30 alumina phase, such as pseudoboehmite phase, is present in an amount no
31  greater than about 10%, preferably no greater than about 5%.

32
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26 have a highly honpbgeneous silica-alum na having an

SB ratio of about 1.0. 27 28 In addition to being
whormgeneous or hi ghly honbgeneous, the sili capel/usionz032141

29 conpositions of the present invention are

anor phous, wherein a crystalline 30 alum na phase,

1 SUBRicASIIMRRIOAROFNAY 16 tRNBERent HvBRRSIEMayiDE SROAFREBY a

no 31 greater than about 10% preferably no greater
2 t huarietl of meathedssemployingdbatob 4n0e088uPEGTPIYE2e8ss DBdiffetent
1 Silica-.alumna according to the present invention
3rm§°'5‘b"\§it'§5§'r ed by a 2 variety of nethods enpl oying
4 batch and continuous processes in different 3
conbinations. 4 5 The two nost inportant steps in the
5 pr dpatweineestémpartant steps B theimapaiggen ohaesilicg-alymina cogel are

. : " g€l . g
6 b1 Ehtabadfoflor I¥eiEas Btaififg ited 4t AlireRafdd
7 so(2)tdetiatiorSekthd. B uggg?wgawsolétim%éé,sh. B?té% Nehamaesss,

U S. Paten .4 ,5,Peoraro, (0] (0] I | C ar e
89 Sﬁfé%?Bg#L?g%aW* F 4988305 reé?PFﬁmsg%t%a‘Pfé’tﬂ“'%ﬁ‘fﬁml y

. : ! . : o

oSS HANRAANA ] SRl bR b hsstiehod o
10 Si Li.8aP&eahipplinadompitied t‘Metttqd fior Peeparongca Highly Homogenous

h it o 1200 t ed.by,ref h in.
11 SRR S AR E M S B SRS fufeu ona
12 | NfHceesbraledBymemeeats hepgsihd, 15 and a silica source.
The alum num'salt source that can be used for the 16

13 synt hesi s includes al umi num sul fate, al umi num nitrate,

14 2 SRR AL e ToL MU TR Tl B st ace
15 al unt dasilfbassourye drHanalaaiitumfsaiissoolse that dars deruzes for the

include acetic acid, formc 19 acid, sulfuric acid, .
16 hya}”ﬁbﬁW%Hrﬂf_&U%ﬁ FJumiem sutfatee aB’@i"ﬂUWHW@ Iai%'(‘_é'm chloride,
SO 0
17 & A brbffdesRamBiim fidfue] A Bit St a® gk Mfhum metal
18 andr elohiina deksolvetiic acid2 FeagiBleTaed solrcesépclude noaticadd, formic
ont j nuous 24

19 pr 8R0S i 3t SR dRAlime ao T B S9E. FhF UGS Sosces

20 3. fhclfeehaf &Rl notigfiteditBagodium silickte HcibRaRUSH @ dissolved in a
vi gorous and conplete m xing of the alumnum salt and

21 si bagmtand colloidal silica.

22

23  The sol preparation can be done either via a batch process or a continuous

24 process. It is critical to maintain the pH less than 3.0, preferably less than 2.5,

25 and to ensure vigorous and complete mixing of the aluminum salt and silicate

26  solutions to minimize any unwanted gel or particle formation.

27

28 A basic precipitant such as ammonium hydroxide is then added to the

29  acidified sol solution. The addition of the precipitant raises the pH of the sol

30 above 3, resulting in cogelling the silica and alumina species. Dilute ammonia

31  solution is the preferred base for the gellation. In addition to dilute ammonia,

32  other bases such as NaOH, NaAlO,, KOH can also be used for the gellation.

33
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26 solutions to mnimze any unwanted gel or particle
formation. 27 28 A basic precipitant such as amoni um

whyanoxioske is then added to the 29 acidified sPCT/US2003/032141
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solution. The addition of the precipitant raises the
pH of the sol 30 above 3, resulting in cogelling the

si The gelratidnaitércan beimieasithePvialth s cia provyss or%bntmuous
solution_s the greferred base for the gellation.

adHPP?%ﬁa The dasirgple tnategllation B ivtbe reRgde §f s rprgfgrably 6-8.

39 MO SRR PR nB B e STAGRLARH Bt the

gebdsidt precipstaan ananoberaidtaie ueifoie pHtheousdioch ther modse during
co t Irp?e?ﬁal qrﬁ ?t%)pew sge@-lrnhgyﬁe( | E{ﬁr?lw%é @?r%laéigeltolf ?sté)llgtgd pslﬁllca
crddmgﬁg ah@ d’p@%ﬁ]ac(ﬁémbﬁ%e vigorous m xing of the

Si-Al solution wmth the 4 basic precipitant, and to
mai ntai n uni form pH t hroughout the m xture during 5

t reci a diti { Ln.order to _mnimz o

t of PGl badtl sk b iackBydh iFhoVe Al Urfhdiad siicate
dogrri Aleamifum&akhandErest iPist &hednited ekcigasis tfoorehﬁ)ve sodium.
washed to renpove any unreacted silicate 9 and

al Uva eranl shpuld bmaged s apuorcp@matﬂ%arﬁmwﬁcamﬁ@r@demerature or
M e Ié\‘?%bfi %'E‘?)gr%our {o SR oE -Bey @#d C(Hel may be

appr OXI ma room tenperat ure

arsmhyadaéecﬂoﬁmmenmnueen dandiing mcabt@végé@@)r@hagnde filn¢her
aged cogel dried for c?fnveni ence in

ha?{@P@%?@déﬁgﬁéﬂ‘laﬁb@?éalygffrr%ﬁh%m'%ﬁ%’fﬁf&e 18e srBEdatsed
f
s TSIAdtER 16 MOUNSory A A8 sy et fifers slifielont water
s pshayldibé eddp@mté\rtb;e a@at:t_ﬁ aclde‘.ntpromcewa midstsho adntebtof
oAt RO Weiordchfs! BuBage S ey rour,
M dtioR gl Wthéﬁﬂé@éﬁd@éﬁiéptém@%d oﬂaawtth@wtbb{au \mutém@m a

presence of peptizing acid or base, the material W |
atplastic eor doughyisiateivehieh isdeitsble for gxBusiaNdh cpmr@@mtaé@musmn
f% p%?étp sion in conmercial extrusion 19 apparatus.

P "desired, the material may be extruded, dried
and cal cined to produce a 22 silica-alum na catalyst
or cat,alcgst support. The preferred nethod of dryin

arffidesire ﬂ%mat%ahm@f 9@§§’lr5¢1€€i rﬂ”leﬁaﬁnddﬁ)i?'ﬁ@d 4@ @fp u(q;e a

an.alr 5 I

LR el oPba Bl pfor {181y ot o i an

f wahaiciagdmclidéshan initial drying step in an air-purged oven at 65°-175 °C
and a final calcination at 480 - 650 °C for 0.5-5 hours in a furnace or kiln.
These and other methods of finishing the material are set forth in

U.S. Patent No. 4,289,653, Jaffe, incorporated by reference herein.
The following Examples are illustrative of the present invention, but are not

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

claims which follow.
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25 These and ot her nethods of finishing the materi al
are set forth in 26 U S. Patent No. 4,289, 653, Jaffe,

wo pwenpossat ed by reference herein. 27 28 The POI/USA031032141

1

Exanples are illustrative of the present invention,

but are not 29 intended to |imt the invention in any
Wa¥xh ad: MY Zesliteontai ned in the 30 clains which
follow. 31 32 -19 WO 2004/044098 PCT/ US2003/ 032141

21 Exanple 1: USY Zeolite 2 3 Properties of the

3
4
5

d ' 4 5
B e BRIy Feale Ble SEfiBrzadht Whus:g
USY 7 Desirable Desirable USY #1 USY #2 Si 02/ Al 203

mol ar ratio 88 126 NaZ20, wt_r/o <0.05 0.1 Surface area,
m2/ g 686 690 M cropore poredRBIne, cc/g 0.25 0.27

6Total pore vonﬂcalcPd”Pae@'GSPfU@Hy Doqlymineted UsYe, A

7

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

24.24 24.25 % Crystallinity - 99 Alpha 1.1 1.4
Broenst dd aci di ty by FT-1R nvol e/ g| Ddsirdbled Desirabld
USY zeollites are highly deal um nat e=d (mwd#qt abiU'sye;ﬂz

wi t h t hestl/KL,OTPhoth OBl 203 ratt o

U

unit celfl sd)z qgreasured by powder X |ffr0a:lzt| on

shows trgu it ceII ize of 24.25 k or

addi ti or] that USY with I ow Br§%@st eq

acidity ¥'§ P?'EQQ pvp&xm et Sa)rrmnC(D n| ghed

hydr ocr 4¢Ri@h§OEY PV@& §C/9we found lhat B} oer|st e@-54

aci di ty [Heisel simends by 24.24 24.25
% Crystallinity - 99
Alpha 1.1 1.4
Broensted acidity by FT-IR, umole/g 9 15

Desirable USY zeolites are highly dealuminated and stabilized with the bulk
Si04/Al203 ratio of over 80. The unit cell size measured by powder X-ray
diffraction shows the unit cell size of 24.25 A or less. In addition, we found
that USY with very low Broensted acidity is critical for performance of finished
hydrocracking catalysts. We found that Broensted acidity measurement by
FT-IR and a model compound cracking testing using n-hexane can distinguish
desirable USY samples. Desirable USY for heavy-distillate selective
hydrocracking shows Alpha values of less than 5, and Broensted acidity of 1-
20 micromole/g measured by FT-IR. Hydrocracking catalysts comprising this
type of USY show significantly superior distillate selectivity over a catalyst
made with USY with greater than 5 alpha and greater than 40 micromole/g of
Broensted acidity.

Due to extremely low acidity of these preferred USY, the hydrocracking
catalysts require to have a secondary homogeneous cracking component.
The most desirable homogeneous cracking component is silica-alumina with

isomerization and cracking activity. By combining the homogeneous cracking
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n- hexane can di sti ngui sh

FT-1R and a nopdel

conpound cracking testing using
15 desirabl e USY sanpl es.

woeminabe USY for heavy-distillate sel ective BRGI/US2003/032141

2 sofie

5 ¢ sldghebiie

hydr ocr acki ng shows Al pha val ues of

| ess than 5,

and

Broensted acidity of 1- 17 20 m cronol e/ g neasured by

1 FTedrRpohylrara laokadidityczdaitey wesverergbié s pebdulbuinidud catalysts
|y superior distillate
G508 SIARIRYUSY wi t h

3 greater than 5 al pha and greater than 40 micronole/g .

20 Broensted acidity. 21 22 Due to extrenely | ow

4 acExampleR: Hosxmeaneofie Cogel 8iya-Altmiraydr ocr acki ng 23

of

of USY show si
gesirableqredudt

ant

¥ ac

i

to have a se

ﬁ go.P
PMOISNECHPLAYTS BlliehsE

dar

lymigp g4

hono

eneous

RiEged for

6 Cr @tklyBOprePARABAB! ThSsifidd-bibidd HAS BpMxiRatelP1.0 Si/Al atomic

i sonerfization and

cracking a

ctivity.

By co

i ning the

7 hoiaigém ullis The goripegition (s yaiformoa tioat4be surface Si/Al ratios

8 PWeng@]%g

9 desfig
stability.

we

were a

3 4 Exanp

RS Has et AR AT BR e B P fsilsh S
bitingahdhiah deeddted by XRD isdeéd tHahyt0 @, Properties of the
| e 2: Honogeneous Co

10 i heragoenendsods! siiea-plyminnarSimmeEzedas

silica-alum na sanples were used for

preparati ons.

6 catal yst

12 Si/Al atomic 7 ratio in bul Kabl&é2 conposition is
13 uni f or m i Phydiedl Properissioi¢RnihdeNeocuatCasel SilRaslunata by

14
15

zeol i %
fieparate phase

e

el
g@hﬁ@us cogel

The silica-al um na has approximtely 1.0

XP
se
XR

fo
Ho
De
Si |
40
Po
8.

5 mat ches that of the DUl K[ CORBRbIL | PNDeaMled Desirable
par at e phase 9 of cryst al | sine-Alnbifa NSiideteshe0 shya-Alumina
D is less than 10 wt % Properti#s of | the#210 #3
holfbferrcwess mCoga@l si | i ca- al ujn na3ér e simua#dized ps 418
Totansore ¥dlumd, 2c/g@)l e 2 13 Physi@eal Prpperd.ses of 0.55
mogeneous Cogel Silica-Al upna Desirable Desifable
5o A0 Eistlubid B i ca-Alumpa
J9Ga-o U face&rea, m /g(a) 362114
l3 . % l;o.t al pore vol unme, gc/ giﬁ )_ 0] 51 8 58 0. 55
QS Histribution by N, | Ads tion (b§3"430 A, B
§506_190 ,1%4 32. 8.5 25.2
100 -200 A, % 1.4 0.9 6.3
200 - 300 A+, % 0.4 0.2 1.0
300 A+, % 1.2 0.3 14
Mean Pore Diameter, A 69 62 71
Na, wt% <0.05 <0.05 <0.05
Surface Si/Al atomic ratio, by XPS 0.98 0.72 1.07
Bulk Si/Al atomic ratio, by elemental anal. 1.03 0.98 1.03
Surface to Bulk Si/Al Ratio 0.95 0.73 1.04
% crystalline alumina phase, by XRD 0% 9% 0%
nCe + iCs Model Compound Testing (b)
Total conversion, wt% 8.2 9.1 11.3
nCs conversion, wt% 1.0 0.9 1.3
iCg conversion, wit% 15.4 17.3 21.3

(a): BET measurements after activation at 1000 °F for 1 hr.
(b): determined after activation at 1000 °F for 1 hr.

-1 -




30 - 60 A, %55.5 63.4 54.7 60 - 100 A, %32.9 28.5
25.2 100 - 200 A, % 1.4 0.9 6.3 200 - 300 A+, %0.4
W@ 20404098 300 A+, % 1.2 0.3 1.4 Mean Pore D aP@€r/B82003032141
69 62 71 Na, WM % <0.05 <0.05 <0.05 Surface Si/A
atomc ratio, by XPS 0.98 0.72 1.07 Bulk Si/A atomc

(n aEB(Qm% 39P?é'@?' t%n @FNNV I—F&/d%’crgclgﬁg Edisly sﬁM‘Eﬁ Pi%ﬁw neous

/ocrysta l1Tne a
2 ph@asegel %yca(RberW(ﬁS(@ﬁtﬂws’mPOG baseas:awe)jel Conpound
Testing (b) Total conversion, wt%38.2 9.1 11.3 nC6
conversion, % 1.0 0.9 1.3 iCG conversion, W% 15.4

4 17A3)a%é oﬁselﬁldf@racl&lﬂ'cmﬂﬁs@bemﬂﬂﬁg ﬂbhﬁ’geﬂébus/ ailic&alumina
000 OF for_1 hr. 15 (b): determ ned after

at
5 acwvahe. #Hhfram Tajde 20ras B‘iep@’@ﬁ per foflqwing prooadwe4098

o T SRS P SRR A on 00
7 Si dna 25/ﬁladmdn_\¢stélﬁhe a!wnihafhowdea%tamd)frcﬂn \sta) were mixed
8 howebeb e Augd 1N A B Cauiranbamenthetrigiomized water
Wai%l Ca&ﬂ’(fécﬁfé) fB?f‘h dcnoéitﬂl‘ﬁ'aﬁ% @ésﬁﬁgﬁj Wi HROG%0 g?%fncftal powders).

m na powder #1 si zed per
10 apphéssaweight}xaden 1(70%mmhd5 bpaist $he rp;astanas eatr-adem'ma

bt from\ t he
1 PP B ey ReR A SRR QI ote it Fiyfates were
12 detNehag et WaberF & Maber wild edrdify fa%é@sadwfé?iﬁ %Haaiéb%d down to
paste (3 wt% HNO3to the total powders).

13 welioght teraperabiie100% sol i ds basis. The paste vvas
extruded in 11 1/16" cylinder, and dried at 250 OF
overni ght. The dried extrudates were 12 cal ci ned at

15 1106pregndtion af Nicard W Whs ﬂungiuemgea(e@l&aoﬂ E:anlmng aRthonium
cooled down to 13 rogm tenperature.

16 n%‘??é%’?ﬁ?t%fﬁ’ Fid 'NPK%HEFW\KB@%E?H@U@?% '%?dé'ﬂﬂsu@f‘bwt% NiO and
17 COP RN WD, FTRiMiEhed catalyst. The total volume of the solution matched

18  the 100% water pore volume of the base extrudate sample (incipient wetness

19 method). The metal solution was added to the base extrudates gradually while

20 tumbling the extrudates. When the solution addition was complete, the soaked

21  extrudates were aged for 2 hours. Then the extrudates were dried at 250 °F

22 overnight. The dried extrudates were calcined at 935 °F for 1 hour with

23 purging excess dry air, and cooled down to room temperature. This catalyst is

24  named Catalyst A and its physical properties are summarized in Table 4.

25

26  Example 4: Preparation of NiW USY Hydrocracking Catalysts (Catalyst B)

27

28  Catalyst B, a NiW USY catalyst useful for this invention containing USY #1

29  from Table 1 and silica-alumina #2 from Table 2 was prepared per following

30  procedure. 10 parts USY, 65 parts silica-alumina powder and 25 parts

31  pseudoboehmite alumina powder were mixed well. To the mix, diluted HNO3

32  acid and sufficient amount of deionized water were added to form an

33  extrudable paste (3 wt% HNOj to the total powders). These weights are on
-2



16 nmetatungstate and nickel nitrate to the target
metal |oadings of 4 w% NNO and 17 28 wt% W3 in the

wo 2ovisoheeB cat al yst. The total volunme of the sobPCX/US2903/032141

© 00 N O O AW N -

W oW oWwW RN NDNNDNRNDNRNDNIRIR D = a4 a8 o oo
DN 52 O © ® N0 O A WN =2 O © 0 ~N® A ®ON -~ O

mat ched 18 the 100% water pore vol une of the base
extrudate sanpl e (incipient wetness 19 method). The

%Ss%ha'é Whgf]swﬁ% BQQ@QNééJeithﬁieQﬁﬁel/%*éyﬁﬁéén\‘;%nd dried at 250

gra ual tunbl i ng the extrudat'es
soﬂﬁmefnlgaddl' he md@gw@@ﬁ wees calhimed @KdA0 °B1for 1 hour with

o OB BreBE 0B8R il BB TnecORle M. '

extrudates were calcined at 935 OF for 1 hour with 23
purgi ng excess dry air, and cool ed down to room
t dmpseanation of i aiddWh wag dene yisinga selkiien captainjeg ammragpium

2 e e B RF RS 15 IR, RGIE 7 f % IO and

C&&Y\U%tw%(f?tlfd ?rm!;h@jh catalf/s2 8 heatotd] welunik obithd sWIllliSiﬁ matched
al yst u or this_jnvention cont ai ni pg, USY, #1

2B iGRYrHN Pora RBIERY PSR T UAaS SeMPEGTaPioeness
prrﬁ@ﬁ{o%‘ﬁl 'Pr?é’nfe@él's%\’l‘fltlﬂﬁ W aMé&%é%asé%xﬂ%HéﬁasL&Xduéﬁl while
parts silica-alumn and 25 part

pﬁarrdndxbgélheremucmmm Whepcblml eolu‘men admtwed/vavsemmprabe tthe soaked
m X, diluted HNGB, . 3 aC|d uf fi,cient amount of o
el GEreLrouiog 24t T B oS B o fPR e ot 250 °F
PasienigBt. Wi diBe ki daliss weﬁea&alaﬂéd%rt 985 °FITe6 ¢ heeit diths

are on~ -22 WD 2004/ 044098 PCT/ US2003/ 032141 1 100% _
sapurgngRisiess dihair it eoaed dewnria deemitampergure. This catalyst is

XA TEE ot A8 ehd te By ropsieRer? B MfhariR i Tagig 4

pur gi ng excess dry air, and cool ed down to room
terrperature regnatl on of NI and Wwas

M&&@ Pﬁpéfﬁt@@rﬁfal"yﬂr%f agking rﬁqjﬁ%tsﬁ%%f/@ﬁ@%% &{%Y and
: | oadi f 4
ACTR B Ehind SAdhee (Califes & B d B o o et oy et
The tot al volune of the solution rmtched 8 the 100%
f th t t I
(RS Dl B s biSp BR TS Hehah SonBUmDS USY vises
deegatcRt ddieg BrScettire ‘éﬁﬁﬂeﬁ‘?(o @“a%éi&@ EZYF(Y\*Eét% st@, 3 parts

turrb? t he” extrudates. VWhen the sol uti on achl tion

vvaléS}fdﬂpﬂr@MeTahiM 6daRrdd silita- aéwmd%ﬁ emnEalele 2yt 2B iparts

2 A0S S B A 08 P bRl 8BS gt
Q:THEQT Nilah®W werd [balidd Mid BhegRAGRSSs déycrﬁjdd inahd Example 5.
cool ed down to roomtenperature. This catalyst

R cH oMot 1B s WeTB A AyDNG 2t 3 Gats WS e Fibysical
S%Béhé@%f'déd%' € afle summarized in Table 4.

Catalyst D, a noble metal USY catalyst useful for this invention, was prepared
from the same H-form extrudate base as the Catalyst C. Impregnation of
Pt and Pd was done using a solution containing platinum tetraammine nitrate
and palladium tetraammine nitrate to the target metal loadings of 0.2 wt%
Pt and 0.15 wt% Pd in the finished catalyst. The total volume of the solution
matched the 100% water pore volume of the base extrudate sample
(incipient wetness method). The metal solution was added to the base
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15 16 Exanple 5: Preparation of Hydrocracking
Catal ysts with Various USY and 17 Silica-Al um na
w@amplendg Cat al ysts C, D and E) 18 19 Cat al yseCTZUSH03/032141
Ni Wcatal yst useful for this invention containing USY,
was 20 prepared using a procedure simlar to Catal yst
1 B. extaud=tes gradifaliwhie Rambling gk &k(dated. Wik aid §o|1|t|or7 Addition

parts silica-alum na #3 from Table 2 and 25 parts

2 pswaaseawigiet begaaled £xpudates W\%rﬁeagﬁéiefar 108 e plien 1thleee
ba e I :

3 e Rnfibo Rt Brigg SP250CE Menfilfl. HdBiBy @Rtag P fore caloines
4 t aagpl0 Mefalt haadiitigpungirgeexcests driNaid, and cadledtddvidf room
Physi cal , 25 properties of Catalyst C are summarized in
O TaliMPe[alures 27 catalyst D, a noble metal USY catal yst

g useful for this invention, was prepared 28 fromthe
same H-form extrudate base as the Catal yst C.

71 nﬁata_jy&itﬁ @aNbY catalyt usatll far thissndenienusintajniangddB Y tH2oand
8 ool RaPhited: Sl AR Sb HeSb e filflg 2 wes
9 | OpfipAssd 08ing a%prob&edd r%ar@ﬁ@’erﬂlc%td/\@%aﬁ%t i1 the

fini shed catal yst. The total volunme of the solution
10 32 mat ched the 100% wat er pore volune of the base

11 ren);{fégg k%%a?a@t i’l 'Sg@ % ?é_%}lnsﬁgn rzrgt C\%d) The

12 2004/ 044098 PCT/ US2003/ 032141 | extrudates gradually
whil e tunbling the extrud When the sol ution
13 adbinatiolpun fegtisteckaite fhe ol uingquRBatiEs AR lyevaluate the
4ag§§{8¥gfs 2 hours. Then the 3 extrudates were dried at
250 overni ght. The dried extrudates were cal ci ned
154 at 750 OF for 1 hour with purgi ng excess dry air,

16 and cool ed down to room5 t ture 6 7 Catalyst
E, a Ni Wcatal yst usef vention contai ni ng

17 usy #2 and 8 hormogene lf’sed§ afOBP 1¥Sna with

8 properties described i s 9 prepared using
a procedure nearly ideﬁfqpéréPSto Catalyst C. 10 11
Feedstock for Catalysf 6’9’ ntce g@i luation 12 13 A

pet rol eum f eedst ock w Hﬁ
used to eval uate the

ltrogen ppm w? 0'}9 properties was

D2887 Simdis, °F

Start Point 645
10 wi% 707
30 wt% 769
50 wt% 826
70 wt% 890
90 wt% 977
End Point 1079

19

20

21  Example 6: Comparison of Catalyst Performance for Distillate Production in a
22  Single-Pass Mode (Catalyst A vs. B, C, and D)

23

24 Catalysts of our invention (Catalysts B through D) were compared in a

25 single-pass micro unit with a reference catalyst, Catalyst A. Catalyst A was
26 made with the homogeneous silica-alumina from Table 2 and Al,O3 binding

27  material, and no zeolite was added to the base formulation. Catalysts B, C,
-24 -



14 catal ysts.

18 Properties AP

woRdrogess ppmw 0.7 D2887 Sindis,

22 Singl e- Pass Mode

Al 203 bi d| n

Cat al

oMEIng

al'yst

27 materlal

15 16 Table 3 17 Feedstock Properties

Gavity 33.7 Sulfur, ppmw 7

OF Start PenUSHAH032141
10 Wt % 707 30 wt% 769 50 wt% 826 70 wt2% 890 90 wt %
977 End Point 1079 19 20 21 Exanple 6: Conparison

1 of af@DedorsdinPer varseiaer dediuminstéd U@Yezéﬁli@@lﬁﬁﬂie%léﬁbcﬁ

yst A vs.

2 24catalyisy Sadalpsts duiB.ianddacopiain the @rcym w’ #d Ml lb

3 el AR AP

Lgae Djetals
SRR gl gha .

4 rrade with the hom)geneous silica-alum na from Table 2
and no zeolite was

5 ogpItiayYe L@é@g of GatAlysts Wes. dangtinByerce-rowgh, down-frew

° Zoﬁﬁ‘f@%ﬂ?ﬁbﬁ@ﬁéﬁﬁéﬁgﬁﬂ%

dshdd &ft

Ite In

?WQ ?‘? @%éq%&‘gﬁtuyﬁs/\%ere

7 caamrpxmtemo;mg regci®, prassure, a(ﬁmmratetdﬁe &othm\/ and

and VI

8 coai ouah 3Tyt € sofetPhedts sOPestinaBelbaitio

9 M @ét@lygnbéd @mﬂ)a@tur@ v varridabYsoher @@:sodwé df eo

OW 6 mcro unit with

once-t hrou down- f |

. The
ﬁ‘¥ersion of the

10 247Qd° lfdspgﬁﬁiﬂ@c?FcamuytstT.heBﬂ@degﬁ Caogrt, ma@hﬁwamﬁgbt and

11
12
13

14
15
16

Table 4
Catalyst Properties and Performance

70 wt% conversion and summarized in Table 4.

heavy-distillate components were calculated using D2887 Simdis analysis

results. The overall yields and reactor temperature data were interpolated to

Composition (before metals addition)
usy
Silica-Alumina
AlLO; Binder

Properties after Metals Addition
Metal #1, wt%

Metal #2, wt%

Surface area, m%g

Activity, F for 70% Conv. of 700 °F+
No-Loss Yields @ 70% Conv., wt%
C4- Gas
Naphtha (C5 — 250 °F)
Light-Distillate (250 - 550 °F)
Heavy-Distillate (550 — 700 °F)

Total Distillate (250 - 700 °F)

Accelerated Fouling Test
Fouling rate, °F/ 1000 hrs

Catalyst A
Non-Invention

No USY
80% Cogel #1
20%

3.9% Ni
18.7% W

182

Catalyst Performance in Single-Pass Micro Unit

717
29
12.8

37.2
211

58.3

43

Catalyst B
Invention

10% USY
65% Cogel #2
25%

3.1% Ni
20.6% W

217

705
3.0
13.1

39.1
18.9

58.0

15

Catalyst C
Invention

3% USY
72% Cogel #3
25%

3.0% Ni
19.9% W

168

712

3.3
12.4
38.1
20.3

58.4

Catalyst D
Invention

3% USY
72% Cogel #3
25%

0.2% Pt
0.15% Pd

280

683

2.7
11.7
39.2
20.5

59.7

17
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7 approximately 2000 psig reactor pressure, a feed

rate of 1.5 hr 1 LHSV and 8 once-though H2 flow rate
w@eorosespesdi ng 5000 SCF of H2/ bbl of oil. TheP@r/US2003/032141

catal yst bed tenperature was varied to cover 60-80 wt %

of conversion of the 10 700 F+ feed to 700 F-

1 pr WMcbtaIYén@oVinebdﬁom(CﬁélysasB apat srowdd %ro@é}%eﬂaflof
eavty di stjl|ate_ conmponents were cal cul ated usin

2 D268 ?'Y§F Astivdty fyapy §| °§ relggive da fhe cogefratalysdy @pmp@.r@qi tesCatalyst
3 0P (EPERE cadlPeiredtE s HhAnMERS e SR UGhER filip iriie

4 Tabhewing I pCateal gﬁﬂ\/lt?ray)edjuis‘eraag Hredzdtditd ooment; ¢he fractional

5 %&%‘%A@f’ﬁ?r\ Yttt BoR PG AU i fesirable level (for j

ictibi® Ds (R8s ANRodTHRINS. RAEDIE ABK| le'act\é o'FJcQ'Jr %\Qgﬁtion
US 3% USY 3% USY Silica-A um na 80% Co #1 65%

7 Coffeatalyst Dpshauyge rfu:#mrmrw@@@mntmtheam@_tyssaamw #the total
8 5 dififa 51y o PP B bIENE: B8 cPIraShsddhis bies Ielatasts

918. 7% W 20. 6%W19 9%WO 15% Pd Surface area, n2/g

182 217 168 280 Cat al ¥st Performance in Single-Pass
10 m &b stahilttieaafthe egtalysts wereroompaied. in¢f singpags nrico qbat

1 3 g otag cohtifis BoB G ool i 2

12 Li gpauetbrs fri l‘de@tcﬁ présdure). 95@ bR . d%]tﬁgzege gglc%llag%d gsmg the
Distill 550 - 700 F) 21.1 1
13 TolACT STPPIAE é*ﬁtﬁle reﬂetﬁeqt§0 B@injaing 60¥gconvession per
Ac R e .
1 SeveSoney s yERanEethe SR8 b oo 0 pfir cong
15 ca@lmrys’tteslstnts inrthahit deact{vatachoylytad 1B amtB 1B rateosietie cogel

16 | "BLNgHENt of
17
18  To summarize, our catalysts of invention showed that combination of a small
19 amount of highly dealuminated USY zeolite and homogeneous cogel
20 silica-alumina in a hydrocracking catalyst generated unexpected
21 benefits: (1) the catalyst activity is improved significantly, (2) the total distillate
22  yield is maintained with the broad range of USY addition, (3) the respective
23  yields of light-distillate vs. heavy-distillate can be adjusted with the
24 USY content, and (4) the catalyst become much more stable and showed
25  significantly lower fouling rates.
26
27  Example 7: Comparison of Catalyst Performance for Max Distillate Production
28  (Cogel Catalyst vs. Catalyst B)
29
30  Catalyst B of our invention was compared with Catalyst F, which is the
31  state-of-the-art cogel catalyst for a hydrocracking process in a recycle pilot
32  unit.
33
-26 -



2 catalyst activity by 5-12 OF relative to the cogel

catal yst. Conpared to Catalyst 3 A (the base case),
W@e040a4098 ysts nmai ntai ned the total distillatePgi/ebmo3/032141

while 4 showi ng i nproved activity. By adjusting the

zeolite content, the fractional 5 yields of |ight- and

1h eaeyycdlngtpllolt ahit eualluuahens/wereedom@ withel 3desd cbfaé)ltmdb%/ @étalyst by
(for dles productlon)

roduct
2 (e fiopbidia uRga RGO giD PR GroHAGSR STo% fdsH whbaRded to
3 1 UlticietyIER TP ERAthd oo IBICRES LURISIAP Hblntaiish §16,
t ot al distillate yield over ther erence an
4 copweepsm@mm@mas@ freshaimakat@ Hisoss véas dddethie the recycled

bilities of the, cat e conpared in
Qﬁaéﬁfem‘ipd“am’f%m oY e bRLe /R 6 fiPpg Process
6 coc&ndm,mwéfg@%l ncrease of oil flow rate and 25% 12
reduction in reactor pressure). The stability data
7 were cal cul ated usi ng the 13 reactor tenperature
change dt % rS| on per 14
8 1000 ho%fegsgg eest r%d@}{)&é@étﬁ@g&@ p&%}s of our
9inventi IdﬁSS/hOV\s stpéiritor aging 15 characteristics in

that it act | vat ed onI}ILat 1/4 - 1/3 the rate of the
10 cogel 1'89 %Wst5000130 8bhlo sunmarize, our catalysts
11 of invention showed that conbination of a small 19

amount of highly deal um nated USY zeolite and
12 hohfog giettsust Coges, rzzaohiha|ngat-aénd1hem/y—dlsﬁiléwdbmpbaehiSIWere

gg‘tfai?@/}é{ed '”Qﬁ&@g??} rerﬁ%?“ d'éfl‘%ﬁtﬁ)ﬁ IE% 9V9ra"(yﬁld§ Red reactor

14 t Oﬁeﬁgae(#éﬁﬁé Wbt Rere2dumir@lided th TMRHIBLAI ned with the
broad range of USY addition, (3) the respective 23

yields of light-distillate vs. heavy-distillate can be
adjusted wth the 24 USY content, and (4) the catal yst
beconme nmuch nore stable and showed 25 significantly

| ower fouling rates. 26 27 Exanple 7: Conparison of
Cat al yst Performance for Max Distillate Production 28
(Cogel Catalyst vs. Catalyst B) 29 30 Catal yst B of
our invention was conpared with Catalyst F, which is
the 31 state-of-the-art cogel catalyst for a

hydr ocracki ng process in a recycle pilot 32 unit. 33
-26 WD 2004/ 044098 PCT/ US2003/ 032141
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W@ @40t t om and H2 gas.

1 Recycling pilot unit evaluations were done with 130
cc of extrudate catalyst by 2 recycling unconverted

Fresh feed was addepCT/US203/032141

the recycled feed and the feed rate was adjusted to

mai ntain 60 vol % 4 pre-pass conversi ons.

Fr

esh make- up

1 H2 gas was added to the recyrdsld 5 5 H2 gas streamto

- O ©O© 0 ~N O o b w

nmai nt ai n 5000 SCFI bbl of

recycled gas flow. Process

periies and Reriosmanee op 8atelysis don Bistillate Produc’uon

(ofe
rgact or pressure 9 LHSV: 1.0 V1 ChGalyse€ycl @ H2: CHaps: B
SqFI bbl 11 12 The yields off GHalgefthaddnphtiha, [rivghtion
arld heavy di stillate conmponemt sCO& Eatelystal|cul at ed
ucbgrgpos 88 &)e o're”HétSls g@ﬂ!o}(el s esliPP-&vertr over al |
yile ature data werle .
syma jﬁyzed n Table 5. -27 Wb 200468008 10% USY
PET/ S8zedBingBR141 | Table 5|2 Physi-cal Prgper t45Caget
Pgr f cdsPaBinderof Cat al ysts for |Di stNdHirmee Prgducti a25%
Cqtalyst F Catalyst B State{of-the Art Invention
Copeberfizataabyastalboaditonvent i on| Conposition (before
mgkiah 8, addi tion) USY No USY 10% USY,; Silica-A um By -
6=.\%) &ogel Al 203 Bi nder No bilnder éé% Propertie
affter Metals Addition Ni, wt% 7.7 3.1 W W % 18.
2( S rfa area, nR/g 289217 al yst [Perfor ce
|rS eag?/% ' "Pi9 ot Uni t Activity, Ca §yst Aver age np
F+ No-Loss Yields C4 Gas, % 4.8(3.0
Catalyst Performance in Recycle Pilot Unit
Activity, Catalyst Average Temp °F+ 681 677
No-Loss Yields
C4 Gas, wt% 4.8 3.0
Naphtha (C5 — 250 °F), vol% 20.9 20.2
Light-Distillate (250 — 550 °F), vol% 50.4 55.1
Heavy-Distillate (550 — 700 °F), vol% 35.8 33.8
Total Distillate (250F — 700 °F), vol% 86.5 88.9
Product Properties of Light-Distillate
Smoke Point, mm 40 43
Freeze Point, °C -61 -59
Cetane Number 51.5 53
Product Properties of Heavy-Distillate
Cetane Number 71 74

Our catalyst of invention (Catalyst B) shows performance exceeding that of
the state-of-the-art cogel catalyst (Catalyst F). Our catalyst shows advantage

in that Catalyst B has comparable or better activity, makes substantially less

undesirable light-gas and naphtha, and produces more distillate fraction.

Catalyst B exhibited over 2 vol% advantage in the total distillate yield where

the improvement is mainly in the light distillate fraction. By lowering the

USY zeolite content further, we expect the distillate distribution is shifted

toward the heavier fraction.
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Naphtha (C5 - 250 F), vol % 20.9 20.2 Light-Distillate
(250 - 550 F), vol%50.4 55.1 Heavy-Distillate (550 -

wQ 2®48)4098/01 % 35.8 33.8 Total Distillate (250FCFUFD03/032141
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makes substantially less 7 undesirable |Iight-gas and

ndpPifhyerasRMpRiG@ices nore distillate fraction. 8

Cat al yst B exhibited over 2 vol % advantage in the

total distillate yield where 9 the inprovenent is

mal e gatatyst bleodr ighentibings igobdtad niaiataining theByedwywabistiltage with

li ) f h
L 7O o B linh it Pange Lovek 7hitelney: SishaRe cbfhe number of
hqmél @Jctfohagmwﬁ hlgr?& tMEh M”df%@&% RIEST] {a@aﬁ%ﬂ%éﬁ%ég °F

The over al pro uct properties with the catal ysts o
omoﬂnng/mmt mgar(erwrﬁcﬁﬁaa@tabe)a itds dpeiralde to mammim’rheof

o ioeee il Poibuid BfR Rimivhe et hadhoer s °"

O her properties 4 of the d| stlllate products such as

t he Snoke Poi nt, Freeze Point, and oud 5 Point were
cotpaapIasize, gurrcatakysicriogHged lramroaad q.ulalﬁarrdlssfdlﬁte Brogyiets in
at

B R b 262yl o bl cbbiaihilo pyriordng
ceiazaigshsunber of 9 this fraction is nuch higher than
that of the light-distillate wwth 250 - 550 OF 10

boi ling point range (around 50 cetane), it is

a2k ol R Kl P RO pLBhppo qqantae

Tofumeatalyss appaarsdatcmmfsfromerdmdmermp pbisethegization yctivity of

ditﬁ}aicla{aq‘ytls% UK))/ dddu nga slmall amount of highly dealuminated USY. Typically
addition of USY zeolite to the distillate-selective amorphous hydrocracking
catalyst causes unwanted overcracking toward naphtha. In our catalyst
system, we were able to suppress the unwanted overcracking by USY and
able to obtain synergistic performance advantage of homogeneous cogel

silica-alumina and extremely low acidity of USY.

Example 8: Comparison of Catalyst Performance for Unconverted Oll
(Bottoms) Properties for Lubricating Oil Production (Cogel Catalyst vs. and
Catalyst E)

The per-pass conversion of the recycle pilot unit evaluation in Example 7 was
changed to 40 vol%, and 40 wt% of the unconverted oil (700 °F" fraction) was
drained. Then product properties were evaluated to examine the potential of
this process for lubricating oil base stock production.
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14 high yields while having advantages of zeolite
contai ni ng hydrocracking 15 catalysts. 16 17 Wiile we
wa@leoonot4onant t o be bound by the theory, the perdDUSHNDE32141
advantage 18 of our catal yst appears to cone from
enhancement of isonerization activity of 19 the
4 catalyst by adding a small amunt of highly
deal unmi nated USY. Typically 20 addition of USY
2 zeolite to the distillate-sdlabde Bve anor phous
3 hydr ocr ac FenfgrridancavbCattlystafordsiberbeast Sthck\rodudidi ng
toward naphtha. In our catal yst 22 s@shigsmF WCaayst E
abl e to spppress the unwant ed over|StatedithgAbyinidsioand
23 able tp obtain synergistic perf|lGogelfaéalesdyant age| of
hOﬁ‘DgEﬂEOJS cogel 24 silica- aI umi|Mendmeenéen remel y | ow
acidity oD dCorrparlson of
Cat al yst PerﬁB‘rCﬁfﬂﬁfd@f@%ﬁo Unconverted g4 27 [ Bottony)
Propertief f¥Fcasipri®ating O Prqduct1®n (Cpgelds
Catalyst ¥s. and 28 Catalyst E) 29 30 The per-pass
conver si ofPelyentDewaxedQic| e pilot urlit eval uat|on in
Exanpl e 7| wagd/iscgsity éW@hged to 40 val % Bid 40| w@Bof
4 the unconverted oil (700 F+ fraction) was 32 drail ned.
5 Then product properties were evaluated to exanine the

33 thi f I
6 Do Vistgaltindex (WBis IS TI60 snganttei fomBe sasalsata our
7 1 iAvaRiresRwed %Ss‘i’éﬁf?ﬁ?%@fer%k@ et thalt %n*—ﬂjféecc%%?%atalyst It

Stock Production Catal yst™ F Ca yst E State-of-th
8 Arwas nompidtely uneeiged:ted:éhdl tVStze{S\hia donﬂangmydrocrackmg catalyst
Unco ver || OOF Pr oduc APl Gravity at
9 pone8use 700 Fobdoms iin Pohemas aEhun bt catalyst.
10 Devftlclidds Wercamidoted rsIREK/BludBdewaxing step to provide the

11 finished lubricating oil base stock products. The improved VI with our catalyst

12 was maintained after the solvent dewaxing.

13

14 While this example included the solvent dewaxing step to produce the finished
15  lubricating oil base stock, it is preferable to perform catalytic dewaxing to

16  generate high quality lube base stock.

17

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

19 intended to limit the invention in any way beyond whét is contained in the

20  claims which follow.

21
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45 6 The Viscosity Index (waxy VI) of the
unconverted oil fromthe catalyst of our 7 invention
W@ bawedtostibst anti al |y hi gher val ue that that fPONUS193/032141
cogel catalyst. It 8 was conpletely unexpected that
the zeolite containing hydrocracking catalyst 9

1 pr 9@uATEdS GBI ImEDPt ons with hi gher waxy VI than the
anor phous catalyst. 10 The fractions were subjected to

2 MEK/ t ol uene dewaxing step to provide the 11 finished

I ' ' i . ts. The | d, Vi
3w th oo RS fof ESReHBE KRRt Erdisedh ol TG bEGsuRts of lower
4 dewaxi ngverdge mMdleWiat weldhit aneXewsd sdragé bdﬂ’iﬁgtd@ﬁht comprising
sol vent dewaxi ng step to produce the finishe 15
S| ubri caf9MgCcHI SHddwdeacsERongceops offs endembydropmeking

6 P 1oL T GRIBin S Q0 P B 931
7111 ust ratiditg hghly deajungisatet ulinastableoy zeblite ravihg@t Algk value
o} 2SO et s A Bt e of i S 2
9 2004/ 04ﬂ1@§?§m8@$ H%é%@l%c%?ﬁllﬁﬁ &%)V!\'%Ento@e%éhy@nbﬁ%ho%s

31 rocar

. A process’ for converting naceous ol l's
10 i nt o prglicreakinina lcoawking dorapenetdavirigean S& rateidjfitonaabout 0.7

I i.l,i ng. poi nt, conpr,i si.n contactin
M sard hy RO dona il e PSR R pBSt B Hgsentn an
12 condi t i aMsuM dfhPgeate thah aperPI0BidH Gk c?até‘fgﬁ@émount of

amount of a low 7 acidity, hi ghlc%11 deal um nated
3 ul t r ast Rslreganationl Garapenant sglegteddirpmahe growp congistingeka

4 about 2004 YRS EFL IS, Hp b el 10

15 honbgeneous, anorphous 10 silica-al um na cracking
onepnt having an SB ratjo of fromabout 0.7 11 to

16 go ut 1&_@,r0%$ér9&09rddn9;iﬂq/§lﬁﬁmhw@eaﬁi@m%at@h%éomosition
17 Pr esent o4 ddbslifordayent 0% tor‘%bo‘@xigétvﬁ% LR L?rpgéitabﬂeo%zeolite.
0 hy atron

and (3) a catal ytic anount dr ogen
18 conponent selected fromthe group consisting of a 14

. H d . t
19 tGL%Up VA prrr(%easls’ac%l:o%vn%)éJ B <\:{|a|]rr|1 1,”\‘/5\/112|rem the c:grt]ai(ys E:oersnposition

r eof”.
20 comprises from about 1 to about 20 wt% of the ultrastable Y zeolite.
21
22 4. A process according to claim 1, wherein the catalyst further comprises
23 an inorganic oxide binder.
24
25 5. A process according to claim 1, wherein the homogeneous
26 silica-alumina cracking component is highly homogeneous having an
27 SB silica to alumina ratio of from about 0.9 to about 1.1 and a
28 crystalline alumina phase present in an amount no more than about
29 5%.
30
31 6. A process according to claim 5, wherein the homogeneous
32 silica-alumina cracking component has an SB ratio of about 1.0.
33
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15 16 2. A process according to claim1, wherein the
catal yst conposition 17 conprises fromabout 0.5 to
W@b@un4@m Wt % of the ultrastable Y zeolite. 1BCUWOSBN3/#82141
process according to claim1, wherein the catalyst
conposition 20 conprises fromabout 1 to about 20 wt %

1 of7the N'p‘rcﬁéb%ts%c%rdfng}\;\&zblbh? 4, whéreds tlie[ cé’taﬂ%s‘gﬁtsmrrises from

according to claim1, erein the catal yst
2 conpr i sa&put®3H5%rioidNGs §umiaighh il dérasitablerY zedite fors.abaut 10%
process rdin laim 1. wherein the ho eneous
3 06 a1 R i b ol AR SRS P ApERTY i o about
4 honpgent@lso I3a% By walightdf aingéd. i ca to alumna ratio
of fromabout 0.9 to about 1.1 and a 28 crystalline
5 al um na phase present in an anount no nore than about
29, 5% . AGC ' '
5 prrei Pt dssha R i ARSI e Go% P mese
7 Conp;)n@mdrh@érml/mnﬁ?gg)@ﬁosgw‘ selbetet] ﬂb’g@ihe gdupTonsi¥ling of
2004/ 044098 P us20 141 1 7. A process .
8 accor di W@kéocg@i’ RisAinUh PRERUMRNG Bl (as thermal andaeherein

from 9 9 ' l:
9 Jeolt t anERPip bR p Oy Yt ibahett ip SORERR! forf the
10 anor phogrsup rcackistigg cd mpbybelenyumatchdstemaad ooikturds t@¥edfo
30% by weight of a binder. 5 6 8. A process according
11to claim1, wherein the Goup VIII netal 7

12 hyglr ogenatbssEREBRIIGN o 18ins 8l RBERSIN ftHé’Hi/&rB@eﬁléﬁ&’rPcomponent

consisting of 8 nickel, cobalt, atinum pall adi um

|
3 and ni xeamprsasHeers @bodhad%yiiveatoiuh 8E}®bv meeightoximioke! apd &lom

hydr ogenat j.@g, €0 [ ct mthe 1 roup
14 Const st abitare KErBRdent oS HYBHtGh s (dnabas
15 t her eofmetals pd21 80 pértP b ersghtast estadtatalyise cl ai m 8,
wherei n the hydrogenati on conponent 13 conprises from

16 about 2% to about 8% by wei ght of nickel and from
17 10. A process according to claim 8, wherein the hydrogenation component

18 comprises from 0.2% to about 2% by weight of platinum, or from about
19 0.2% to about 2% by weight of palladium, or a combination of from

20 0.2% to about 2% by weight of platinum and palladium, calculated as
21 metals per 100 parts by weight of total catalyst.

22

23 11. A process for producing high quality distillate with increased yield of
24 heavy distillate from heavy gas oils comprising contacting a heavy gas
25 oil under hydrocracking conditions with a catalyst comprising (1) a

26 minor amount of a low acidity, highly dealuminated ultrastable Y zeolite
27 having an Alpha value of less than about 5, and Broensted acidity of
28 from about 1 to about 20 micromole/g measured by FT-IR, (2) a

29 homogeneous, amorphous silica-alumina cracking component having
30 an SB ratio of from about 0.7 to about 1.3, wherein a crystalline

31 | alumina phase is present in an amount of no greater than about

32 10% and (3) a catalytic amount of hydrogenation component selected
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14 about 8% to about 30% by wei ght of tungsten,
calculated as 15 netals per 100 parts by wei ght of

WO odoalo44098 al yst. 16 17 10. A process accor di nBCT/0S2003/032141
cl ai m 8, wherein the hydrogenation conponent 18
conprises fromO.2%to about 2% by weight of platinum
or fro 9 9 i

1 pal | adﬁ&?n’p‘qﬁ% gﬁ%%r%%ﬁ%ﬁ@oﬁﬁ?%%péqo :g%rtog[)%glﬂrtletal, and

2 2% by weibgttesdheyslodit i num and pal | adi um cal cul ated as

321 nmetal s per 100 parts by weight of total catalyst.
22 23 11. A process for producing high quality

4 di 821 | | AtRovddshaddoedifg 56 6lalh aldwhkreid4hd8aM¥yst composition
distillate from heavy gas oils conprising contacting a

5 heavy ge’mpRsesirem Oy fgr aJrud SR WGo @bﬁm tltrepigbld Y reolite.

62 catal yst conprising (1) a 26 mnor anount of a |ow
acidity, highly dealum nated ultrastable Y zeolite 27

7 hav3ng Arprétedsaactarding ¢ clags s 1t whereihdhig catalyghdomposition
Broensted acidity of 28 from aboutol t o about 20 )

8 i cr onof@NEIsRSEGMAPAY 1T aPRUt O W% ofghs dlrpdalisuszeolite.
anor phous silica-alum na cracki ng conponent having 30
an SB ratio of fromabout 0.7 to about 1.3, wherein a

10 cr ¥4t al Aiprecesk adoonding tpblage 1ilswheesietiie catadyst &urthartcomprises
of no greater than, hlgut 32 10% and (3) a catalytic

™ anount %’?'W@?'@)‘ﬁé’?fﬁ% R9%%nponent sel ected -32 WO

12 2004/ 044098 PCT/ US2003/ 032141 1 fromthe group
consisting of a Goup VI netal, a Goup VIII netal,

13 anti5. 2 Aiprocasssacdesding o claim4 11whereipitive bemogeseods ng

to claim. [ el e c t_co L tiaon .
14 compr 1 <SUCF P BRSRAEGBbadlvs SR 0p8Ragous having an
15 ul t r ast gBlstlich taeMlimire: ratié of frésh aBouRING & shagichN dindca t 0

claim 11, wherein the catal yst conposition 8

6 conpri seysiEline alvdina phase pissert ip@nRmEERt RgEore than about
q7 Ul trastghle Y zeolite. 9 10 14. A process according

to claimll, wherein the catalyst further conprises
18 11 an inorgani c oxide binder. 12 13 15. A process

19 298" U RBrbSest atcdrding t0'Glaimm 15, Wherals I Romogeneous

20 silica-alumina cracking component has an SB ratio of about 1.0.

21

22 17. A process according to claim 14, wherein the catalyst comprises from
23 about 0.5% to 30% by weight of ultrastable Y zeolite, from about 10%
24 to 80% by weight of amorphous cracking component, and from about
25 10% to 30% by weight of a binder.

26

27 18. A process according to claim 11, wherein the Group VIII metal

28 hydrogenation component is selected from the group consisting of

29 nickel, cobalt, platinum, palladium and mixtures thereof and wherein
30 the Group VI metal hydrogenation component is selected frofn the

31 group consisting of molybdenum, tungsten and mixtures thereof.

32
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14 silica-alum na cracking conponent is highly
honogeneous having an 15 SB silica to alumna ratio
wo@Rooknowabout 0.9 to about 1.1 and a 16 crystedT/U8m®03/032141
al um na phase present in an anmpbunt no nore than about
17 5% 18 19 16. A process according to clai m 15,
whegei NnAt 8 BAR i9iMa Ca=abiHI AR '
L orpanent ReSRTRARRFRY o SRR 10, SoRGHINORydroBSalin
2 pr ocesscamponentrepmpriseisdiam 24 tavalowti 8% tiyevaightadfyrickel and

conpris f 1,0m, o33.abou op% 1 0.3092 b L ght of
3.l {TP ast ﬁé{neat@%&ﬂ? 19 gk?o#trsgjré? é%d{ﬁ'gllt(&)tuégf&g@ %@)ﬁﬁﬁ‘?d as
4 vei ght nfet@mpfephow:_wmwkhagmc@n@fan@ataéys@nd from about
25 10%to 30% by wei ght of a binder. 2 27 18. A
5pr ocess according to claim11l, wherein the Goup VI Ihl
nmetal 2 i nt i \ e
6 oratp oarLr et rERrRgLs SERR AR hsrelfiEhe By dbashier
7 pal | adi compodemt comprizestifven €% andbvhe2%i iy waight beplatinum, or
Goup V] netal hydr enat{goc% conmponent i s sel ected

o . .
8fromth Omsqb%&?pﬁégﬁgpg Plowelgbl pbaaliagiym: enhg spepination
and m x r o/- :
9 BT Uss0T DA oy 2% SR BPRIARRrEhd palagium,
10 18, wheeatulatdicahytalgprat 00 patts bynpeigenof totathpatadyss.
from2%to about 8% by wei ght of nickel and 3 from
11 about 8% to about 30% by weight of tungsten, '
12 capeul apefdascracliRg @b@g&?boﬁq@@siﬁ@h%nﬁiﬁsﬂﬂ @Y% @inor amount of
56 20. Ap ['ai m

total catalyst. 5 process according'to cl
13 18, whe® W acislily hyighly gleaditmioater! dirapiabinY zeoliferhaséng an Alpha

fromO0.29 9 ' at.inu ar

14t om abGHbe 0! Bebehaset ShBadiuR eS8 afeutst o

15 a conbi aledut@0 miremofe/ @R Pa 2dmcyetleous, AMophoteistitb-afimina
pl ati num and pal | adi urr;1 10 cal cul ated as netal s per

16 100 par$r@ckipocOmpaanest hadnarncR tipsef fromabppt 047 tosbout 1.3,
hydr ocr W LAk IS

7 o amge Ry oNEE pERRRTEELOM CRERA it blintorn

18 ul t r ast gislaterYhare abotite! (%a\andg3ha cAtaiytic amount of hydrogenation

19 component selected from the group consisting of a Group VI metal, a
20 Group VIII metal, and mixtures thereof.

21

22 22. A composition according to claim 21, wherein the catalyst comprises
23 from about 0.5 to about 30 wt% of the ultrastable Y zeolite.

24

25 23. A composition according to claim 21, wherein the catalyst comprises
26 from about 1 to about 20 wt% of the ultrastable Y zeolite.

27

28 24. A composition according to claim 21, wherein the catalyst further

29 comprises an inorganic oxide binder.

30 *

31 25. A composition according to claim 21, wherein the homogeneous

32 silica-alumina cracking component is highly homogeneous having an
33 SB silica to alumina ratio of from about 0.9 to about 1.1 and a
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14 val ue of less than about 5 and Broensted acidity of
fromabout 1 to 15 about 20 mcronole/g, (2) a

whermgeneous, anor phous silica-alumna 16 crap®i/og003/032141
conmponent having an SB ratio of fromabout 0.7 to
about 1.3, 17 wherein a crystalline alunmina phase is

1 presentg é‘taﬁﬂe%‘?%ﬂé‘ﬂm@%hﬂﬂné%h%@%@éerﬁr}ﬁﬁn %ﬂ%ﬂnt%@%ore
and (3) catal ytic amount of hydrogenation

2 conmpondhensbbetd¥%d from the group consisting of a

3 Goup VI netal, a 20 Goup VIII nmetal, and m xtures
t hereof. 21 22 22. A conposition accordi ng to claim

4 2136 Whes @bmpoaiofdicabidiig &OOMBIN 26Swharir trcmmhogén@o@s
to about 30 wt%of the ultrastable Y zeolite.

5 23. A csiligsosiumiom ceskigdioraPensend hap anbB rm%abptttrﬂeo

6 catal yst conprises 26 fromabout | to about 20 w % of
the ultrastable Y zeolite. 27 28 24. A conposition

7 aczpr di Agotrpositiehrac2ardind ey eiagn Qgewbetem Yt cdtalysheomprises
29 conprises an_inorg C,_ OXi i nder O 31 .25 A

8 corrposﬁf‘P'Br?bé’é'EQﬁaPFFggS% QXWiefﬂ?‘ﬁPf u&ﬁéfa@ Ytz}%)hge from about
honogen 0 | F %W'

9 hi ghly ﬁwngta?ﬁe@ﬁ rﬁr% an p@% é‘a@ﬂm@ca to al an?%nd from

10 ratio oaibdutd@P/ame%angNelghabbablmieL and a -34 WO
2004/ 044098 PCT/ US2003/ 032141 1 crystalline

11 crystalline alum na phase present in an anmount no nore

12 2 3dan Rkeripoaifon a?ccéro%g toAcléﬁﬁ'QQSWhéﬂé"n RCCrSUpYIIT Metal

cl ai m 25, wherein the honbgeneous 5 silica-alum na
13 cr acki rycreggnationtcanponent Seselaeted fiom Hisoaroup. ansisging of

27 Ac d| C h
4 cai al yotCRInen AL eREaRE st 3! ByitinesdBFtEl Akt hgrein
15 Of ul t riastGiolug W re@l hydrogénatioratmtiponéhti9Yeleoted0fomythe
wei ght of anorphqus cracki ng conponent, and from 10
16 about  1994P&OBOIKIAY CWEIChRASHH M tWigsiRn and Mixtsethergof.
17 conposition according to cl a| m 21, wherein the G oup
VI netal
18 29. A composition according to claim 28, wherein the hydrogenation

19 component comprises from 2% to about 8% by weight of nickel and

20 from about 8% to about 30% by weight of tungsten, calculated as

21 metals per 100 parts by weight of total catalyst.

22

23 30. A composition according to claim 28, wherein the hydrogenation

24 component comprises from 0.2% to about 2% by weight of platinum, or
25 from about 0.2% to about 2% by weight of palladium, or a combination
26 of from 0.2% to about 2% by weight of platinum and palladium,

27 calculated as metals per 100 parts by weight of total catalyst.

28

29 31. A process for producing a lubricating oil base stock which comprises:
30 (a)  contacting a feedstock under hydrocracking conditions with a

31 catalyst comprising a minor amount of a low acidity, highly

32 dealuminated ultrastable Y zeolite having an Alpha value of less
33 than about 5 and Broensted acidity of from about 1 to about 10
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13 hydrogenati on conponent is selected fromthe group
consisting of 14 nickel, cobalt, platinum palladium

w@na4nasoptir es t hereof and wherein 15 the G oupCWVUS2003/032141

© 0 N O O AW N -

nmet al hydrogenati on conponent is selected fromthe 16
group consisting of nolybdenum tungsten and m xtures
thereof. 17 mid@nddle/oadRIMOSeridoRs, AGeRSTHEURGIC-AlLAIRA
28, wherein the hydrogenation 19 conponent conprises
from 2% t o &bAkndBgemponentdraving amSBkietio shfronpabeuidy to

car outar ed” 28005} & APPSR 9 obfts A IR e prggent i r
total catal wetour?df ndYrédter hanodtns i OPoandacstdliytig atunt of

cl ai m 28, wherein the hydrogenation 24 conponent o
conprises f Nyfagepesion CARRRNenosNeCiad o tht grauR: Gangigting of

25 f . 120 j ; :
821| | adi u:nomgféa o\?rlbrﬁéqaa{l’%)%pg%vﬁﬁ ﬁﬁ%‘&ﬁ%@gi%dtﬁgesam%?of, and

2% by wei ght of platinumand palladium 27 cal cul ated

as netg]s per 100, ts by weight of total catalyst. . .
55 20 20 Appesil hehalateRip outtb e bpficating ol
base stock wWakghisqmprises: 30 (a) contacting a

f eedst ock under hydrocracking conditions with a 31

catal yst conprising a mnor anount of a |low acidity,

hi ghly 32 dealum nated ultrastable Y zeolite having an

Al pha value of |less 33 than about 5 and Broensted
acidity of fromabout 1 to about 10 -35 WD

2004/ 044098 PCT/ US2003/032141 | mcronole/g, a
honogeneous, anorphous silica-alum na 2 cracking
conmponent having an SB ratio of fromabout 0.7 to 3

about 1.3, wherein a crystalline alumna phase is

present in an 4 anount of no greater than about 10%

and a catal ytic anobunt of 5 hydrogenati on conponent
selected fromthe group consisting of 6 a Goup VI

nmetal, a Goup VIIl netal, and m xtures thereof; and
7 8 (b) processing the hydrocracked product to provide
a lubricating oil 9 base stock. -36
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