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to their advantages over earlier refractory oxide based materials such as

sllica-alumina, magnesia, and alumina. Amorphous catalysts have relatively
poor activity but higher selectivity for production of distillate range product
while zeolite catalysts provide higher activity but poorer selectivity for
distillate, particularly for the heavy-distillate fraction, Among other things, the
present invention provides a hydrocracking process with superior overall
catalytic performance over amorphous silica-alumina cogel catalyst while
maintaining the excellent heavy-distillate selectivity and unconverted oil
quality of the amorphous cogel catalyst.

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

issued April 21, 1964, which is incorporated herein by reference. A number of
madifications have been reported for this material, one of which is ultrastabie
Y zeolite as described in U.S. Patent No. 3,536,605 issued October 27, 1970,
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In addition to various catalyst compositions, preparation techniques have
been discovered to also affect catalytic selectivity, U.S. Patent No. 3,867,277
to Ward, which is incorporated herein by reference, discloses the use of a

Y type zeolite catalyst in a low pressure hydrocracking process. The catalyst
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 (250°-1800 °F) and the second calcination step uses
relatively low temperatures (750°-1300 °F) to yield a catalyst that is stable in
ammonia environments.
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discloses a composition matter useful as a catalyst base for supporting active
hydrogenation metal components or for catalyzing acid catalyzed hydrocarbon
conversion reactions comprising in intimate heterogensous mixture

(1} a modified hydrogen crystalline aluminosilicate Y zeolite having activity for
catalytically cracking hydrocarbons and having a unit cell size between
24.25-24.35 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.
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SUMMARY OF THE INVENTION

In a first aspect, there is provided a process for converting hydrocarbonaceous
oils into products of lower average molecular weight and lower average boiling
point comprising contacting said hydhrocarbonaceous oils under hydrocracking
conditions with a catalyst comprising a low acidity, highly dealuminated
ultrastabie Y zeolite having an Alpha value of less than about 5 and Broensted
acidity of from about 1 to about 20 micromole/g ‘measured by FT-IR, an
amorphous cracking component and a catalytic amount of hydrogenation

component selected from the group consisting of a Group VI metal, a Group .
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An embodiment provides a process for converting v
hydrocarbonaceous oils into products of lower average molecular weight and

. lower average boiling point comprising contacting said hydrocarbonaceous

oi]s under hydrocracking conditions with a catalyst compriging (1) a low

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
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measured by FT-1R of from about 1 to about 20,
preferably about 1-10 mcronole/g, (2) an anorphous
cracki ng conponent and (3) a catalytic 4a WO
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25  composition comprising a low acidity, highly dealuminated 'ultra'stable

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

29  selected from the group consisting of a Group VI metal, a Gfoup VHI metal,
30 and mixtures thereof. ' “
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21 22 Due to extrenely low acidity of these USY, the
hydrocracki ng catal ysts of the 23 present invention
require the addition of a secondary anorphous cracking
24 conponent. Consequently, the catal ysts of the
present invention also include 25 an anorphous
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c B ATELHRRGE YL the Prgsent inyppionoe a\mﬂheﬂ ﬁ%ta}yﬁfé@éﬁtmcludmg
| met%m fefgestronRatidud |- F0%byGalidH: YrdicRBE/ forh asw{q 15189, 10

nges .fro about 10% 80% by wei ght
'@P%&W% '%S'éfﬁﬁogt?g%tzﬂ 0%09% 70% by wei ght and nost
preferably from about 40% 60% The anmount 12 of
n t i, ca-al ym na ranges from about 10% 70%
bb ghjg%gﬁlymlr@ge é\F &oliise a"”f'%ésﬂi%tﬁ’rﬂmré'ﬂamqiafﬁi'ol imthene
Shuli c@mﬁisuﬁh ?ﬁeatélm%()fdr@{ls}eﬁih ggﬁheléboﬁt@%ﬁgcmé%%ﬁé ght,
erably the amount of silica in

s?ﬁqﬁ" °°"f O%tmﬁﬁﬁ%?“?'%f@é%e presgt a’wsmonzerﬁa‘eg@wwgwen
V\ﬁlm zeolies having 8 8iligd; BRRTiaSholBF @86 Pleateh 66 rb‘?ud‘fﬁisf"l yst

0 itiopns sultably conprise inorganic 18 oxi des.
HRE ‘%r?él”‘@?@@?'é‘l’ r4tin grastaid@nBlcan be appl i ed.
Exanpl es of 19 suitable binders conprise silica,

aIB um na, clays and zirconja. Preference is
ue to extremely Tow acidity of these USY, the hydrocracking catalysts of the

{DOD'\IODG'I-#-OJI\D-—‘

e R s T L Y e T S
S 0O W~ BN o

- 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, zircohia, 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,
32 ftifled "Highly Homogenous Amorphaus Silica-Alumina Catalyst Composition”,
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20 given to the use of alum na as binder. The anount
of binder in the catalyst 21 conpositions in
accordance with the present invention on a finished
catal yst 22 basis including netals ranges 10% 30% by
wei ght, and is preferably from 23 about 15% 25% by

woeis@ition 24 25 The catal ysts of the preseptsbdidsgpdel ON

W W N O A W N =

W WA N NN RN NNINIDRNDRN 3 o oo ‘
N 2O © 6 90 G B O8N 2O o oI o223

al so conprise a hydrogenati on 26 conponent. As used
herei n the hydrogenati on conponent mainly neans 27
nmetals of Goup VI and VIII in the Periodic Table, for

ihed mfphcurreﬁw m@vwm and %&ofﬂ@iratb&jﬁﬂé'f@reﬁdé%%f? By i ron,
ati.num pall andthellke 29

S8PB kY 2 oL SoRH L e ee S A S6THe Ny | Theae

ﬂ‘ealaﬂnmam)wtmtab%emdzdoﬁte h'&Oan QR AMAERB oPksd #¥an @bodtor €
Ination of nmetals 31 such as

E?eag'a E”"%”a{?g?f?’gw nfﬁ‘fo EE A ARQEHEThNICEWIIR/E.- W WS denum

pblatid prottceddiduelchRt)istsWithagirdtEprobilic® sele@iviiDactivity,
20@'& 44100 PCT/ US2003/ 035130 1 The anpunt(s) of
78 g‘%atl on conponent(s) in the catalyst
conmpositions 2 swtably range from about O 2% to
met

t 1 f O VI
35%% 'ﬂ E%O"ﬁﬁﬂ%ﬁ "968{%5 BEA! { rﬁh%.%alvsfste%oevt%u@ ht
aécoﬁa@d@w}ﬂh ihempredent idvenaopome Mhicsdd ca@e?}sf ya};ﬁ ﬁt@tuléiﬁ c

ot a cata
@%ﬂfﬂ&éﬁﬂf&@g%q%@éﬁv@'gﬁh Prefrrakly fram pbeut vl
: e@?wg%dmy w?rghtmau moet prafetdw fRor®Ahalit ao%imi%o rrn% Bﬁam&ﬁ
SUl. I, C orm eas a ou
Q}EJS'IEHH' © S'*"’@'Hﬁ'ﬁ"a\/?'?qes E%f"aq%o%w e RDYVeIg esent anJ
Prafecelly, toxalemt of siliceiin thekeicsulhaet r@ﬁges&roh@a@ut

PP bl Sy R olecsly o AP ol s s ons

alomiracangbafiom auoumao/txso%rbgwghu nvent| on 11 conprise
from about 1% 10% by wei ght of nickel and from about

5% 40% by 12 wei ght tungsten. Preferably, the
Tied bihgs(s) prepm i the esElysitoaRpesiicHRuRaly édndrike molé’amc

S I nvention se .from about 2% 8% b i ght
B Bt et O B RIROBo 0% 47p i s of
$mgﬁtba'ﬂ?rsctﬁh*@ﬂ$@§ﬂ&ﬁ &lGming} ?%ﬁlégna{zwécaﬁh P?fé@n%&tslg

t, of t cat as, heen foun
e %‘%@bé@ﬁé’mua%?ftbt@e; i tesatavsl 18

p‘o@mimnn acm@hnaé ity teypradent Périon ef aUiRishEd EakIRdtY St s

lc?acmcsqrr\guc{] nqg meta S rang%s%&-éo% by weight, and is preferably 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, pafladium, 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-
pailadium, and the like. |
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19 invention. Sone of these results include: the

catal ysts of the 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 show conparable or 22 |ower gas-nake

wot@nggoor ef erence catal yst; and cat al yst scetshdiRssiso

CDGD‘\.IO'DUT-P-CAJN-'.&

L0 W NN NN NN NN i
M—xocooo-\lcscn-hwmﬁpc\ga‘ag‘:33$335:3

i nvention 23 produce | ess naphtha during the

hydr ocracki ng process by suppressing 24 undesirable
overcracklng reactions. 25 26 In addition, the

prl&8 8AountiR) ehbydoegepativni cdamporient(s pin e st E@’ﬁposrtlons

Camiah i e MRS BRSO i B

| ower "aver ag ecul'ar wei g
b&iP'F‘P?ﬂ}"ﬁ%)i aﬂd f@m@outﬁ%g) gt 36% bp welhi 6f Group VI metal

d
condl ti on?névl&t&ﬁé{éd ag‘t%g%;és)spe ﬁi@?ﬁ"@@@‘@ gﬁ‘/"%ﬁ?ﬁf@'ﬁf
30hahyHipgenation eomnoaensslinihe caatslyambmpasmglmaye;ehﬁmgg an
t t
2‘8’5‘&‘@ :?é’ﬁﬂﬁé B Sork 3 corpinARBLH aplsftt =, Ciotd Mo = 20
Srayp %W@raép@npcmntamtepamas ongzca%)ﬁ%s AN BB eDkjedsd 2
g%tT&?éUSﬁZOOS(; 0351%'8%?”8% )ﬁ@ enat ?‘54{0‘38 ent sel ected

fromthe group consisting of a Group VI 2 metal a

Qo efredlchialy 8B posR ikl a‘ﬁge wEl‘ll hgrpgeqeﬁt Igg%'glpa ance

droconverS|on r ocess con 'gur
MRPFSA oM abattYe-16%byweight oimickekartfameabdiue 6%L40% by
sw@ A ol ecul ar
ohamiastn. DR, 3 R BRI B % e il
t FPT@S% Eertion isomprisedenmadlyosit 2%eﬂﬁ/pbyswelglwlmf oiekElEng fidgh

| ahiveh Aot I l,trastabl e Y

zeol i te haV|yn‘Dé§wt%ggt§§ é\%a a%'ﬁé@% ?hﬁﬁ) %ﬂ' 5 and
B?’%@ﬁé’f@&ﬁ'ﬁ%tﬁ'&ﬁty of 9 from about 1 to about 20

m cronol e/ g, an anor phous cracki ng conponent 10 and a

catal ytic amount of hydrogenation conponent sel ected
f'?mﬁﬂheﬁe foyng it excellend med snéxpected reaulintpmylof net al , a

f
Qe by Bl 0B LM RSt S0l A2,
wiheation: Geme gf ﬁllet}%tegultsﬂnclm mlae;ataryeaemtheumn@n a8 may
15
??S“ﬁ'%i‘*f SR RS Hbre oI5 Bl HS SRSt rpoling
PRipt '@Pﬁ@@vﬁ'ﬂﬁ@ﬁiﬁ@dﬁlcatagzﬁtsmtimemueasorféMWdaa peblAsiKi Ng,

'Iﬂmlae.‘f g%@g%ﬁ%:é'r%reenké’gaﬁ%l | %‘n hqa%é/s{s S inetin invention

HWP%@%DW deaing the hythpdrmokiemprbesssibyatipsressing

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 measured by FT-IR of from about 1 to about 20
micromole/g, an amorphous cracking component and a catalytic amount of
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18 catal ytic dewaxi ng and catal ytic cracking. 19 20
Feedst ocks which can be suitably enployed in the
process according to the 21 present invention
conprise gas oils, vacuumgas oils, deasphalted oils,
22 long residues, catalytically cracked cycle oils,

wanbadigas oils and other 23 thermally eragksas a5

© 0 N G AW ON A

W W ON NN NN NN . ' ' Lo
-~ 0 ® o N arRosmwMRNEIasa2 TR~ R

oi I s and syncrudes, optionally originating from24 tar
sands, shale oils, waxy hydrocarbons from
Fi scher-Tropsch hydrocarbon 25 synthesis process,

r dwilbgenaiipy capongnipsetiuasisRm ME gRIBMASsingORR idIa] @ns

of 6 feedstocks can al so be enployed. 2 28

Itm%élya@d&gélﬁpfgﬁ@nggmgﬂﬁfg’@(eoﬁart or all of the

feedstock to one or nore 29 (hydro) treatnent steps
r.ocar bon conversi on process

i it in t d
D5 Btoobhetsidh WS BonBlielkiEs i AGians wah oo prossr en
12 mat_imemmisewhemmtm%mﬁvsg] tdmacﬁot%g]in Eﬁﬁé’éé x%l];bcdl f‘ y
r at,nent . n ratner eav eedsti OCKs

{ it 8nd ndi pBlot B8 A ypoloeny besTes Ba Be ferd witts
Pp@fe@s@@mmsiﬁm ¢dmhpknieingd‘k&2écg@@pltﬂgr|u? _aeéi%igﬁfég rug*gtg%g!ﬁt

[0 e a | zal | .
5 T4 K00 0 ARV drjodt s RRaR 5 SR Doange Bt ice
chaprbset tiempeut20miesmble/Ragmershb e rakMY co%gﬁné?gt 0

up. to about 300 bar an

a . C, ssur.es .

sgﬁdéé%%&accw%so ViiRogRidion componest spleried fram the drewsd
peansistingof a0rofip Yamatay stGroey VInoretal( kel tikites higeL9en
gas to feed ratios range fromabout 100 to 8 about

5000 NI/ kg feed (normal liters at standard tenperature
algnles eyl kydpeeartion lcogiesin (Fasbsel hallich the catsigsls of éo

e prRe B ffinlon QPSR ReNGTRG ' i easinoisiobie ¢ o
atye ot lpsed®, shgsstagedts/dioceiking awb-skBe ?fﬂroér‘ackir]g’? about
2800 0300 ) B RN B orantns (ko)
Hydratigatingy bibe hpdrbmli)ffgghy'd;n;ﬁjkeﬁmpiﬁﬁzaﬁﬂr?( hydgédélngﬂ%’%ér[rgm
g@%iﬁﬁﬁﬁgﬁﬁﬁ%ﬁqlﬁm&f@g”%i ?eg gdaltog Iaep'r ocess for °
produci ng high quality

Feedstocks which can be suitably employed 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 ails and syncrudes, optionally originatfng 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 employed.

It may be desirable to subject part or all of the feedstock to ohe 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
feedstock to a (partial) hydrotreatment. When rather heavy feedstocks are to
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18 distillate and a feedstock for a lubricating oi
base stock in increased yields 19 from heavy gas
oils. The process includes a hydrocracking step
enpl oying a 20 catal yst conposition conprising a
severely dealum nated and stabilized Y 21 zeolite

woconpen@nt according to the invention, apgi/bés@nsdisym na

cooo?-l_mcn-:amm_;

O L T T U
M—xocooo-qc:cn-;acomﬁga&?:'i%aﬁafo:g

anor phous 22 cracki ng conponent, and a hydrogenati on
conponent. 23 24 A catalyst according to the present
invention is particularly good for increasing 25 the

ybepobcessed |t|wma/adﬂrhﬁﬁagédt@tt@sﬁ ﬁ% %l!é)dgn?%ééﬂ stodke@RY (AP

h
hg{%\@éﬁgzﬁ ﬂfe%t{ngn ?ac;ri gn from vacuum gas oi |

typi caIIy exhibits 27 very hi gh Cet ane Nunbers of
ate fraction with 250- 28

ile | i ght.-disti

510 4Blecficfn itons Fie el sorgries (ammsratieber s of
4@m5|ﬁg from abbated50 O t&@baﬁbﬂ@‘@ phésgtbreélu% At r for

%%g%w di esebfu(f ; desirable to 3
| ncr ?%Cé'eﬁggw qHEE-1 19 aahtogtWngf@eqi perlitas o€ onbi ned
d¢a§aiydt part foup(kali/h). ggrogddn e maeRI rh®sd A2 fdm &b b@g)

o NiR Fntlon e hlblEjS hqgg? vi scosity I ndex

|n |c€qﬂ H\Zfﬂ S ('Eﬁﬁ'gﬁ {tors aE AR Apesityre Bade st ock can
beregaucmis dithgranYlcaW@uigAbl A ke 400 PCT / US2003/ 035130 1 2

Use of powder X-ray diffraction (XRD) for
characterization of USY is well 3 known per ASTM

méretecablyDhRBe2adkihg cﬁh?tl%lﬁl tb b6 Q{Jﬂﬁieg bélﬁpt@‘ettérhﬁergtﬁy?é S

re] ate e content 1 n the
uwﬁﬁ%W% g@‘%n‘g o Rbout ‘god gapr&ﬁ?qﬁ%it fem abous 26 fpetoce |
sibpat 200 biaand @ac?aen@mtreg ﬁfohpanogﬂo lz & ébohm%k‘g é%dA or 6

or eal unm nat ed an

Sﬁ’ r as?f}égwﬁl}élzepeeah l['YfL%/ 4en ops & fepy patiopprafeiebly of
aange 16 auduezmtacabowtgaoeawlmg 4 aphlicdSY coul d not be 8
differentiated with the XRD unit cell size. |nstead,

FT-1R, and Al pha test 9 (a nodel conpound test for
dbeiprasent imeatian ie a0 Ureoted © dA566hsk Ror PRYIAS high %ItUGEW

St apdard anal ysis tes
Al b Btk licoing Pl s siapk mporapescinnce.
&omamemammammwrms@muﬁe@b 4 ﬁyc%lﬁétrkﬁnat nilﬁoo,%ba«,& ity
8£tallg)§c 51%”%10 14 Transm ssion | R spectrdscopy
sed PP @OWP%’"Q ASCYRP Mﬂ?@iummstesfandjst\ab@aﬁﬁw es per
pedjlta singnend abaiding tosthaiieestion Ta RicatMehas amoi‘;ﬁllc()hk M

mhﬁiﬁg cd%ﬂpoﬁgp{t?énd%hﬁy}grdgeaétlonzc%?n%o%egn?7 MA arova,

A catalyst according to the present invention is particularly good for increasing
the vield 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.
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17 A. Grforth, V.L. Zhol obenko, J. Dwer, GJ. Earl,

D. Rawl ence, 18 Studies in Surface Science and

Catal ysis, 84, 365, 1994). Two nethods 19 were

enpl oyed: (1) neasurenent of the acidic OH stretching
bands in the 20 3600 cm s region of the spectrum and

wo(zBaa@or pti on of pyridine to detern nepcRisihBiBssizo

© 0 N D O B W N

WO OW RN N NN N ' :
__MAowmﬂmm&mﬁﬁg"@a:ﬁa&icﬂoﬁig

Broensted to Lewis acid site concentrations.

Sel f-supporting wafers 22 wei ghing about 10 ng were
dehydrated in-situ by heating in flow ng heat 5 23.
C/mnto 400 C and left at this tenperature for

h Led tq d th
B of o Rt (BB or G S el ed | o5
t BroytRaT ASTHenatinackid 8943-88 Toik uhiheeliGhiteastitsUS Vis ihlepsely

d 26 | dt

n%f‘gieﬁaﬁid‘&ﬁﬂﬁé A Corfark B, 063 85 D8Y ot ok o at e 27
atesbmeinated. the umie:e&sze of WBY IsadhangingfrorR 2 F0IA 0@ 54 A or

t t of |

B iRl o erdly et Bl iz B wilh o0

JQp/Ahﬁdraﬁlﬁ @ﬁO\iteh 80,d0¢ travkieg aativityari &S Yt coufd rsdbeg He to
f 0
zgﬁe?%fﬁ%ﬁ%ﬂﬂgﬂ*éézﬁﬁ gl 881 22 | RN CEIR BS54
eh@mp@uncf ﬂeefrfore'rctwltry m@eautanmnweee odidath raagtyieqhet he
oM RTDS? sBRBS. Bidharg Hhal G| e 25 Bk Bibenuion
;ﬂnﬁlyas RgICR arm smfag@enea 04 QEMBATE MR ORI/ 16 3hdBOthel ri Ng

juBlitabi 98y stretching regions to obtain the peak
\a?reatg as a%n%ﬂl on 2 of desorption tinme. The final

peak areas were obtained by extrapolating to 3

iWéﬂsﬂii&%n‘ilQ%P%cﬁrUs%Wa%sed & c%{né%rﬁ ﬁﬁ%g@@ySI bl e, ot her

Br oenst ed ac asurenent Ysuch as 6

SbUB Y samples W@K@eﬁmmm'whmc@ﬁamnmbsdesor ption
W hwardasen R al so be used,
i nst ead of l’—k (E%em g %%’::qtgé?% ‘g'f"g%ﬁ YA'range. 8 9
ThSadertv Miln éh@l@ber\kow Dufyel JSY. Has, m@temncsed by the
'%lt lﬁﬁh@; ﬁ g I'tf b| i shed
LIRS 1 tactlSceRed 7 SRR AR 265 SRt oot o
WEEE qmp{pyem {) meagurer@antaf the ad;dchZ-T sﬁélaund.sﬁﬁis mhhb'
b It
278- 87 5] he%%g&’“&? %ﬂ FPV?F“EPX&“’“@ pyrig Ca‘f’?& e&v@a as
theBresnstaditn jewiapeid sfte cm:esteanphse Seli-sqp;ﬁﬁﬂingWafdrlsVI ded by
'v?vE hil t ard sil, | m na

R 2G4 R0 W88 i ReRU b Eheerhoan fuBaPEST aci o
&/g@kﬁo 40 & and leftyat thiis tempgrates fir i Yoo The Wafeswivstihen
BOHTERRE 186 °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 fitied in the pyridine
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16 acid sites. O her nodel conpound testing with
paraffinic hydrocarbons could 17 also be used to
sel ect the optinmumrange of USY acidity. 18 19 The
followi ng Exanples are illustrative of the present
invention, but are not 20 intended to limt the

wo 2004@1600n i n_any way beyond what is confpgig§foshisiehe
21 clainms which follow -13 WO 2004/ 044100
PCT/ US2003/ 035130 1 EXAMPLES 2 3 Exanples 1 through
4: Conparison of USY Zeolite 4 5 Four USY zeolites

vvesng vibeztidn Biod Otiadiratcyibl réliiRas abthRAfe Féga\fll\%‘?@é'ftés%sﬂfﬁipé h(le

0l .t e r rized as fol
CoRTEN G, TR tralPaseron vete dkiloRstby.oitiggvaing f
Exdxnﬁﬂ@esbrpﬁmnmbe 2 Exanple 3 Exanple 4 Non-invention
I nvention I nvention Invention SiO2/ A 2G3 nolar ratio
(bul k) 944 92 92 88 Na20 wt % <0.05 <0.05 0.14 <0.05

Sﬁnsﬁ plassite, emermﬁie@stzaacﬁ@anéés%re@%t tdvhGERRAEn B r e
20 0.25 Total pore vo

21 0.20 O
Jz""dr%‘%@ﬁgg@g Ynrefatyrepiograimned é'@?qrpféqnzfﬁgw gbasa (@s,
2HHZTPAD) 5 CdsdHo uSdiOnyte @bl FTIR, Yo Selc§9th13Q%’clm @Jg;%
9.1 1.0 2.4 1.1 Broensted acidity by k' Q)
80 389 11 12 All four USY zeolites are highly

dﬁm crm:kmg mﬁw@/ﬂﬂ m@&d&rﬁir@bﬁkl%%pﬁél{ebﬂmméh was3 over
ze .nmpasur owder X-ray

‘ﬁpr A “ﬂhe@gﬁlﬁgﬁ descriptions of the MO%I! 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

'tooo‘-qoac-u.hcow-‘-

D T S . U o
W N Ao

cracking rate of a standard silica alumina sample. The resulting “Alpha” is a

-
w

measure of acid cracking activity which generally correlates with number of

-
[=>]

acid sites. Other model compound testing with paraffinic hydrocarbons could

—
l-‘l

also be used to select the optimum range of USY acidity.

- .
© oo

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

]
o

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

N
-

claims which follow.
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14 differentiate these USY sanples, all show the unit
cell size of 24.25 A or less. 15 16 W found that
Broensted acidity nmeasurenent by FT-1R and a nodel 17
conpound cracking testing using n-hexane can
differentiate the 18 USY sanples. Desirable USY for
wocb@toididoat e sel ecti ve hydrocracki ng showscrgQoBhihs
Val ues of less than 5, and Broensted acidity of 1-20
m cronole/g 20 neasured by FT-I R Hydrocracking
catal ysts conprising this type of 21 USY show
significantly superior gigapllEsate selectivity over a
catal yst made with 22 USY with greater than 5 Al pha
and greater than 40 mcronole/g of 23 Broensted
aGixalnplgs 1 tHteuh@: QOBEAR44 3005 PE4(tdS2003/ 035130 |
Exanpl e 5: Preparation of Nl WUSY Hydrocracki ng
Catalyst 2 (Catalyst A - base-case) 3 4 A base-case

. ?_fdmrdt&\é\zﬂolmag wemtusby fot cmmt@;ep:alrwoﬁéﬂ Prdg@ﬁe&éf thé Omlo

er foll ow ng procedure
pg’r%{"?eﬂé%%?ﬁé'ﬂ@??%g ?q"@ *al um na 6 powder ( Siral -40,
obt ai ned from Sasol Condea) and 20 parts pseudoboehmite
7 alum na powder were mTFantk el l. To the m x, diluted

"HNCGB acid and suffici &8l Pr8patigsunt of dei oni zed wat er

were added to form an extrudable paste 9 (3 wt % HNO3

t 0 |. hc t Ut a: pc\”der S) Thaco \Anl ﬂhf Q L P nn 10094

~so|ids basis. 10 The p3 i Exa 1ty %‘@‘IM
cylinder, and dried at zﬁfﬁj e\ Qﬁ, xam‘T'Ejg *a i;?ried

¢ Inv Invi
extrudates were calcined at 110 ?L our wth

pu FeL:eergly (iky 12 di r,94hnd coe’et ec f 088 00
te Wure, 13 14 | nprlegr®®s on 0.0\ aom@t W wass-done

us|SHépeREreroia i on cont ai i ng7amyniasen |1571eet|at seegs) at e
anplicoperk edre yelume.gt/e t 0 t he ot get] reeval| lozadilngsesof| 4

wt Petripae e, ctl8 28 wt % \\O3 oism t e ofsoni|stvesd qatoedtyslt .

Thipnitasl gide, Aol ume of t he |sopadsi on eascheds2517 thgs 1/00%

%yrysisling vol une of the base extrsdatle mangl e -

(i peii ent wetness 18 t kod) . [ Theo net ad.4 sal uij on was

- adBweehsedaddiebyiFaide axbryllat e® gradual |y whi | 39

11 tunbling the extrudates. Wien The sol ution agditton

2 AR Sl e e L e o 21
13 awer80. Jhé unifiésy s%ln%és@réﬁ by fahEs YRy &irfalich Bathopt 935
14 q:ﬁerent[at% these US‘% samples, all show the 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/y

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 mlcromole/g of
23 Broensted aCIdlty

-y .
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22 purging excess dry air, and cool ed down to room
tenperature. This catalyst is 23 naned Catal yst A and
its physical properties are summarized in Table 3.

-15 WD 2004/ 044100 PCT/ US2003/ 035130 1 Exanple 6:
Preparati on of Ni WHydrocracking Catal ysts with

wodagshoa® 2 USY sanpl es (Catal ysts B, C, kcaoshoizhasiz3 4

O oo N3O W N -

10
11

- 12

13
14
145
16
147
18
19
20
21
22
23

Catalyst B, a Ni Wcatal yst useful for this invention
contai ning USY #2, was- 5 prepared using a procedure
simlar to Catalyst A For Catalyst B, 10 parts 6 USY
#Exarled TRIeParation @NIWAISsHyirbdrackingl Gataly powder and 25

PatdiSvsf ARS ( hm te al um na powder were used to
p?gpasr,e th%é%g:gg(%extrudat es. 8 Oher than the USY

source, other ingredients were identical to the

' ) I [ .
Rk a0 ARSI ol o o
t Bieg@ed pet falowingmpioorgiurond® parts WE'YA7Ki frta silic28iumirtd OB,

THF Giralfo RO GRRE RS RTRUT KOl 2B p A e R o,

t ANIna Peweer veme oivedareili TgtheBNk, Hlyted\EBIO; hdid pne parficieht

US| el ' i cal talyst B. For
B 8 UGG Wofir YRR ol WO S o bIBSEr . sc
eRtwithdd@sio thrHpkl pawdeps) obiest welghtsfare 416 1% abligsthadls.and

' i : . ' erti of 17
¥ oSO h 150N ek, Ry SRS RIS, o
Edried exjrygatastwarg salcinedsiul109 &F for hihsur withgnirgiomexxess ddyni ng

URY afid coo@Sdownd ng a procedure simlar to
Cat aﬁys? A Oﬂérog"tﬂgﬁﬁ’?ra ".00 parts 21 USY #4, 60
parts silica-alum na powder and 20 parts

T B B R R S S U bl ©

Jrefatungsiye end eiskel niliatedo thitargetmeptat loadihgs dEatvetiysio ahd

RN e oL TR0 B e BB et o

dhe 40G%s water pere velumesf thedwsé axtialblesathple (26ipRht Gatnaby st
FnetBod)i | . IS, | nti.on containi ng
oy Mot Mot s ARG S e
pgnblingithg géudates. dVirrthe saligionadditi@wpscdrspletdSthe soaked

il cas ' r dpbgehy
Ze:x{lgurﬁe;q%ég%@?d @g?@&r&aﬁ%n R QB RLRENIPRIS S £
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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30 used to prepare the base extrudates. Conpared to
Catalyst A-C, Catalyst F 31 was made with different
silica-alum na which contains 25 w % A1203. Then N
-16 WD 2004/ 044100 PCT/ US2003/035130 | and Wwere

| oaded via inpregnation as described in the Exanple 5.

woPhysikaed 2 properties of Catal yst F ar ecsussimfsgsd i n

© 0 NG AN

10
11
12
13
14
15
16
17
18
19
20

21

22
23
24
25
26
27
28
- 29
30
31

Table 4. 3 4 Feedstock for Catalyst Perfornance
Evaluation 5 6 A petroleum feedstock with the

following properties was used to evaluate the 7
c &xampletts Preparafio N Hydidrdcring DabhstNigPRIrTolLS S

Pl RREL] Grayi 7 Sulfur, ppmw 7
Nitr o&@ﬁ?&dgﬁﬁg‘!ﬁ“@?é' %%g‘gé)'Si nmul ated Distillation IBP
645 OF 10 wt% 707 OF 30 wt% 769 OF 50 \fﬁo;A)gség O;l

% 89 0.W % 977, OF nd Poj nt
1 Sathat ELINAT eoclVo SO S e e oflaung Y Farmsince
( Pxepaeyi sising avoceBurarsinig) to Clatalid ACHblié(tartﬁIS/é’c %0 bhes od in
[ J talysts. B an re conpar
RUSTRIY 1 38 b Dingronoe drerBrerte
cesealigisshnitatiinyet poldeGasralugsd tofpripio th babs t@ﬂf’ﬁd@!tésWBt h
g(r)]g‘@éh%Httl*?é Q§Y ggurc?elf bthel Mgl%td fegps mseLrJeS %e#t}c)al to(f:ﬁe Sat%ﬁ’/stsﬁ\.
- Then Ni and W were loaded via impregnation as described in the Example 5.
The target metal loadings were 4 wit% NiO and 28 wt% WQ;. Physical

properties of Catalyst B are summarized in Table 3.

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

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

Catalyst E, a NiW catalyst useful for this invention containing USY #4, was
prepared using a procedure similar to Catalyst A. For Catalyst E, 20 parts
USY #4, 60 parts silica-alumina powder and 20 parts pseudoboehmite
alumina powder were used to prepare the base extrudates. Other than the
USY source, other ingredients were identical to the Catalyst A. Then Ni and W
were loaded via impregnation as described in the Example 5. Physical
properties of Catalyst E are summarized in Table 4.

Catalyst F, a NiW catalyst useful for this invention containing USY #4, was
prepared using a similar procedure. For Catalyst F, 6 parts USY #4, 69 parts
silica-alumina powder and 25 parts pseudoboehmite alumina powder were
used to prepare the base extrudates. Compared to Catalyst A-C, Catalyst F
was made with different silica-alumina which contains 25 wt% AlxO3. Then Ni

-16 -




18 were prepared with highly deal um nated USY #2 and
#3, respectively. 19 20 Mcro unit eval uation of
catal ysts was done in a once-through, down-flow 21
mcro unit with 6 cc of 24/40 (US) neshed catal yst.
Process conditions were 22 approximtely 2000 psig

wo Bamhad pressure, a feed rate of 1.5 howgpdshdigéiand

— . :
O® 0 N D M A W N

11
12
13
14
15

16
17

18
19
20
21
22
23

24
25

26

23 once-though H2 flow rate correspondi ng 5000 SCF of

1-12/ bbl of oil. The 24 catal yst bed tenperature was

vari ed to cover 60-80 wt % of conversion of the 25 700
Fanql %@erpdpane@wmmmregnahom as dbeeriyecthdee Blanfofe 8 hysical

R@Efﬁg‘?g’ St%%é@ﬁ%%ﬁﬁ @%ﬁil |{/2|t§ C?rlrgoc\%nts wer e

2004/ 044100 PCT/ US2003/ 035130 1 results. The overall

' er.ature data were interpolated
EE R R Pl RO o r e 1 n Tabl 6 3. 3

4 Table 3 5 Physi.cal Properties and Perfor mance of

1 yst B Catal
CAE@ r%l\élﬁerﬁtf ?%g%tg%;lyn@]’g‘ tﬁ‘le on&?lﬂg Ripetias WC",‘B Ptel"?JHatE’ % or e
netalysis.addi ti on) USY 10% USY #1 10% USY #2110% USY #3
Silica-A umna 70% 65% 65% Al 203 Bi nder 20% | 25% 25%
Properties after Metals Addition Ni, wt% 3.2 3.1 3.1
W w%21.0 20.2 20.6 Sabkdre area, n2/g 256 260

- Cat al yst Per f or mancEeddstoSk Rgipertitass M cro Uni t

Activity, OF forPfOPe)%SConv of 700 F+ 661 716 690
No- Loss Yi el ds %@4? Gas 3.1 3.1 2.7

Napht ha (C5 - t% E%l 4 |Light-distillate
(250 - 550 F) 40 ol -g%i'/y-distillate (550 -
700 F) 14.5 18. 52887881u]ated Distillation

l\)
=

IJ

1BP 645 °F
10 wi% 707 °F
30 wtdb 769 °F
50 wt% 826 °F
70 wi% 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 ). Gatalysts Band C
were prepared with highly dealuminated USY #2 and #3, respeactively.

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 H; 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 G, gas, naphtha, light and

heavy-distiliate components were calculated using D2887 Simdis analysis
-17 -
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4.1

Catalysts of the present invention (Catalysts B and C) required higher reactor
temperatures to obtain the target conversion of 70 wt% due fo 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 wi% higher distillate yield, and
approximately 3 wt% less naphtha yield.
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17 the recycled feed and the feed rate was adjusted to
mai ntain 60 vol % 18 pre-pass 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 Pressure: 2300

wRh@hi@t al reactor pressure 23 LHSV: 1.povheddsnsshs

cooo-qc:'m-hmm_;.

Recycl e H2: 5000 SCF/ bbl 25 26 The yields of C4 gas,
naphtha, light- and heavy-distillate conponents were
27 cal cul ated using D2887 Sindis analysis results. The

oVibe abtblyyts of the irvedtioneas b@mcu[é}@ doBdRR Eﬂildggiﬁg fRta were

PS80 e BB For oo Mot pigps onan Orkesseh Thes and

PeatﬁkystrIﬁﬂwen\m‘ntlmmﬁts’/a fa.@ian@g&tiﬂ igfbaa%svﬁ?,gﬁiﬁ%ty,e@dﬁ
t t.a ate-0
C%E/r@%#ocﬁ%n%\q/@ o?fthtga &F%%ﬁh%@mﬂﬁﬁ@ﬁi@on i
Clighbdistitateowitr( E@Zf"{ﬁﬁé °ﬁbbn&hgspoaﬁ¢a 96%%}%!95?/0 &%Iﬂ k \4th I0 r{oder
a (] 0
U%%?ﬁ (?/gty%)f#évo&p‘@b ?V&m"é{%t%eﬁ/@?ﬁ‘ij'gg 2e80%i on Ni |
w%7.7 3.1 3.1 W618.2 21.0 20.8 Surfacle alr:)ela trer/g
t rrmancel Recycle Pilo
6%?%@@?26% ﬁ%ﬁ y@%‘?’ FI&& OrRAF s 'PE'I?E? PrgductieB2 689
l\kﬁolgdsf?ﬁtah@émj@a@lys@&'sand/w)%4 8 3.2 3.8 Naphtha
(C5-250F),vol % 20.9 21.9 21.4
Catalysts of the invention (Catalysts E and F) were compared with Catalyst D,
which is the state-of-the-art cogel catalyst for a hydrocracking process in a
recycle pilot unit.

Recycling pilot unit evaluations were done with 130 cc of extrudate catalyst by
recycling unconverted 700 °F" bottoms and Ha gas. Fresh feed was added to
the recycled feed and the feed rate was adjusted to maintain 60 vol%
pre-pass conversions. Fresh make-up H, gas was added to the recycied H,
gas stream to maintain 5000 SCF/bbl of recycled gas flow. Process conditions
were:

Pressure: 2300 psig total reactor pressure
LHSV: 1.0 hour*
Recycle Hp: 5000 SCF/ bbi

The yields of C4” gas, naphtha, light- and heavy-distillate components were

calculated using D2887 Simdis analysis results. The overall yields and reactor
temperature data were summarized in Table 4.
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Light-Distillate (250 - 550 F), vol %50.4 58.8 54.0
Heavy-Distillate (550 - 700 F), vol % 35.8 28.8 33.0
Total Distillate (250 - 700 F), vol%86.5 87.6 87.0
Product Properties of Light-Distillate Snoke Point, nm
40 45 40 Freeze Point, C -61 -59 -60 Cetane Nunber

wo2d04@ano0®3 Product Pr opertl es of Heavy- Bedhidabdsaistso
Cetane Nunmber 71 77 73 Catalyst Deactivation via
Accel erated Fouling 36 - 9 Test (Activity loss in F/
1000 hour) 3 4 5 Catalysts of the invention

1 (Catalysts E and F) showrggshor mance exceedi ng 6 that

2 of _t RaysidabhPeportied Aiet PéfornG &Rl of ©atR/skTbr iR Fyrﬁéuc%
qtalysts of The 7 TNVENTT ON GhEge oA ey 1ot
i an\?é gd@& Invention

talysts E and F nake subgtsagtdiabhy
desirable |ight gas and prlegri€daysbre di stijl | ate

'f'r ht..and 9 !H&AEWyedensti | | at e lyi el ds fcan
b((‘ﬂ: 63?5‘:1 becn et & ng the USY content in the 1G
cqt al 3é§ Wth Cat al yst F we NQHPE alfPé USHH#)FBHEE# It he
heavy %r’] ate yield. conpar abl e &% t hat 664
Cat aI yé "t he state-of - t e-art cogel ¥t allyses%

I B SLBRCHr Mo Ryl 2004/ 044100 PCT/ US2003/ 035130 |
The Oowew properties.with the s fat Iy§ts df
the i Qvewtion areZCorrpargbIe bet t han osqg of
the cegrbe Fal@gyst. The ca aIy el sg ﬁg
pf oduces di stlllate Wi th |1proved Ce ané Numbefs.
Qcaielyst peropendeiinecycid PRk udithe di stillate products sucl] as
t heoWiiy ke CatalyshiveragerTeeze Poj nt, smnd J oud25 Poi g Wer e
corpdossdliels 6 7 The stabi|lities of fthe catalysts Were
clonpafe@asi wi%a si ngl e- pass fricragunit| ats2 8 accegker 4qted
floul i NephtboiFet 250 8Ms01fe50% i ncr eam@ of [oi l2161 ow rate and
9 25%ighedistate G%0 -i 550 Frpadkor| presmsiur e)|. Fhe St abiglgi t
at a WeereDigidatioatrerfFusing 10sstshe rieacker |erper aiure
hangbeta Rigfikte (@80 -t700 FRivame ai N a 863% cAnversi oh gk gper

1000 hours of streamtine. The catalyst of our
i 2 epariiesiobhisht-Risiitab i or

mo e Pomt mm 40 45 40

Freeze Point, °C 81 -59 60

Cetane Number 51.5 . 53
Product Properties of Heavy-Distillate

Cetane Number 71 77 73
Catalyst Deactivation via Accelerated Fouling 36 . g
Test (Activity loss in °F/ 1000 hour)

Catalysts of the invention (Catalysts E and F) show performance exceeding
that of the state-of-the-art cogel catalyst (Catalyst D). Catalysts of the
invention show an advantage in that Catalysts E and F make substantially
less, undesirable light gas and produce more distillate fraction. The light and
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.
comparable to that of Catalyst D, the state-of-the-art cogel catalyst reference.

I

© 00~ o U bW
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12 aging characteristics in that it deactivated only
at 1/4 the rate of the cogel 13 catalyst. 14 15 To
summari ze, catal ysts according the invention produced
i nproved quality 16 distillate products in high

yi el ds whil e havi ng advant ages of zeolite containing

wokGodRydsocr acking catal ysts. 18 19 ExanpbfuSoosmssizo

© ® ~N O O B N s

BNOBR DN RN NN - '

Conpari son of Catalyst Performance for Unconverted O
20 (Bottons) Properties for Lubricating Ol Production
(Cogel Catalyst vs. and 21 Catalyst F) 22 23 The

pehe pass peedueesdpartedlitd e cétargytﬁ b?th@iirlvgﬁtidwr
S

eval uat,ion i anpl e 8 wa 4 changed to 40 vol %

o RRRRRE P ler e M S e pecstioasver( Howetayst piabe | on)
wagentiah pebtacdsaiitilks ath RRNORSCRERPHHEBSS W& Sroperties
ev,f:%u ted to x{am ne the&[gé)tent ial_of 26 thi's process
f &g @Bﬁ?@d’cr ‘i"‘?e‘rﬁ SGUEN B themake oing, Freeze Pojnb srd@Aeek4 4100
PRAIMUERO 080 1 Table 5 2 Performance of

Catal ysts for Lube Production Catalyst D Catalyst F

State-of-the Art Invention Cogel Catalyst.
Nire-stahifitios bithe cAlBlpsts werd @hpatdd if Z%g@pl‘é%g ﬁn&%g@%/fl

G ayit t 60/60, 37. .8 Viscosity |ndex
Fiees ed%@%ﬁ@ﬁ“@qnsiﬁog/g%Tﬁa% pifidlewrafe ard4a 3 4 The
\25%6 aslisttion imeaytof wexsurd)l Theditai@da %(Fjé/%&ﬁ%o%ém rom

t,[Fe catt al yst of oHr 5 invention showed substantially
G FEEop e iperalie EhangareqUiBiia ManBHT 0% someyen 1t 6
\If];&sa 1000V Rues &flsireatn th@.efmeﬁ@étélmbf SudthvéRRIn sh6ws SilieRbAT NI
e}émrgoc Eu%%tkelrisnt%s ?naﬁ'xgt i’}/ c?etactivated only at % the rate of the cogel

catalyst.

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

Example 9: Comparison of Catalyst Performance for Unconverted Ofl
(Bottoms) Properties for Lubricating Oil Production (Cogel Catalyst vs. and
Catalyst F)

The per-pass conversion of the recycle pilot unit evaluation in Example 8 was
changed to 40 vol%, and 40 vol% of the unconverted oit (700 °F" fraction) was
drained. Then product properties were evaluated to examine the potential of
this process for lubricating oil production.
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7 produced 700 F+ bottons with higher waxy VI than the
anor phous catalyst. 8 The fractions Wre subjected to
MEK/ t ol uene dewaxi ng step to provide the 9 finished
| ubricating oil base stock products. The inproved Vi
with our catalyst 10 was maintained after the sol vent
jnhg. 11 12 Wiile this exanpl e use nt
e%@é?ﬁg step to produce the finished §E@§%§@%g%|ng
oil base stock, it is preferable to performcatal ytic
dewaxing to 14 generate high quality |ube base stock.

15 16 There are numerousggy@ki ati ons on the present
i nvention ich are pogsible in 17 light of the
t eachi ngs—ance IHpNGeI Gatalygts denlube Readuetidied herein. It

is 18 th %‘atyﬁan Ed@ystigope of

PCT/ US203gc02d RAHPradRed AIMED 1S 2 3 1. A
process orefégsﬁ\’)%ﬂﬁttspfﬁ?; hydr ocar bodateoys 3681 § into
products Tower 4 aver age nol edifl ar vvé'i“@ht and

| ower avm@ﬂaehvﬁuehomg poi nt cgnprising|5 confacting
sai d hydr oc¥sdstplmdsous oi | s urder 14ydr gcriacking 6
conditions wth a catalyst conprisimg fowacidity,

hj f\lgg d?aégm nated 7 ultrastable Y zeolite having an
AJF ’geh GR3Ity dex (wagy ¥ohthe uassvertss! eilfeons trerastatist efcur
ainvehitiby slﬂfwddfsaﬁktaﬁ%w hlbhérﬁ}ala@@déft thaPfrdh fiﬁe%&leﬁéa@a lyst It

neasur an annrp ous crack I ng conp

afiep %P"&Riq tely yF@@eatﬁ%ﬂwt thgzeolifgconjairiog bymwrmkir@mtﬂcbysé nt
sEb@eke dorﬁ rrcfmottbms Gt H@h&%m e ﬂQ—:f arﬂorgﬁo

I Goup VIII metal, ahd m xtures ereo
m@‘@i‘ fac%@%%%%%“%%%ﬂ%@k@ﬂ% Aewaiing stetorpspvide ﬂwe
Lﬁriislhé@tu@hd:aﬂm%{ off B8dd ét&k'b?o%lu@ts |H§Hve8 A tv:tr? b&r%a&a%?
t han ar 0 24.26 A

t
a%dpﬂpﬁb‘gaéﬂ%’ltﬁ‘? ?H"ﬂ?“WWX@Qn the ul t rast abI ey

zeolite has a 17 bulk silica to alumna ratio of

% fat er - than 50.
hile this example used the solvent dewaxing step to produce the finished

lubricating oil 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 suppotting 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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18 19 4. A process according to claim1, wherein the
catal yst conprises from 20 about 1 %to 70% by wei ght
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

woRbRERS® according to claim4, wherein tp
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cracking 25 component is silica-alum na. ’g%%lgg%gs

process according to claim4, wherein the binder
conprises an 28 inorganic oxide. -23 WO 2004/044100

PWHAISSOUNIMEBISO 1 7. A process according to claim
1, wherein the Goup VIIl netal 2 hydrogenation
conmponent is selected fromthe group consisting of 3
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a catalyst conprising a low 15 acidity, highly

deal um nated ultrastable Y zeolite having an Al pha

o g et et ancur agtirdn ARliHanRs) St Y
anor pnous g#éﬁ??hﬁ' (%ﬁ‘ii@hé’r?t“ a catalytic 18 amount
of hydrogenation conponent selected fromthe group 19
onsi G oup VI taI a Goup VIIl netal,
g’n d R Eg}Oﬁgsessac gln{;ﬁqﬁ@gﬁ, wherein the ulirastable Y zeolite has a
bulk silica to alumina ratio of greater than 50.

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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21 22 10. A process according to claim9, wherein the
ultrastable Y zeolite has a 23 unit cell size less
than or equal to 24.26 A 24 25 11. A process
according to claim9, wherein the ultrastable Y
zeolite has a 26 bulk silica to alumna ratio of
waeatas than 50. 27 28 12. A process agepishii@sfi
claim9, wherein the catal yst conprises from 29 about
1 %to 70% by weight of ultrastable Y zeolite, from
about 10%to 30 80% by wei ght of anorphous cracking
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of less than about 5 and Broensted acidity of from about 1 to about 20
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micromole/g, an amorphous cracking component and a catalytic

s
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amount of hydrogenation component selected from the group
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consisting of a Group Vi metal, a Group VIll metal, and mixtures
thereof,
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~10. A process according to claim 9, wherein the ulirastable Y zeolite has a
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unit cell size less than or equal to 24.26 A.
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11. A process according to claim 9, wherein the ultrastable Y zeolite has a
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bulk silica to alumina ratio of greater than 50.
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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% fo
80% by weight of amorphous cracking component, and from about
10% to 30% by weight of a binder,
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'20 about 5 and from about 1 to about 20 mcronolel/g
of Broensted acidity 21 neasured by FT-IR, an

anor phous cracki ng conponent and a catalytic 22
anount of hydrogenati on conponent selected fromthe
group 23 consisting of a Goup VI netal, a Goup VIII

woBBdeBlargoand m xtures 24 thereof. 25 26péﬁU52€031035130
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conmposition according to claim 17, wherein
ultrastable Y zeolite 27 has a unit cell S|ze | ess
than or equal to 24.26 A. 28 29 19. A conposition
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about inodgakPeride. 80% by wei ght of anorphous cracking .
conponent, and from 4 about 10%to 30% by wei ght of a
binder. 5 6 21. A conposition according to claim 20,
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and m xtures thereof and wherein 15 the G oup V
nmet al hydrogenati on conponent is sel ected fromthe 16

gfmlJpAQﬁdit%wtad:d&ﬁilﬁg to'ﬂ%inﬁhgaméf‘ém EHéﬂ@%FoﬁﬁnﬁBﬂ m xtures
thereof. 17 process for produc
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and from about 8% to about 30% by weight of tungsten, calculated as
metals per 100 parts by weight of total catalyst.”

17. A hydrocracking catalyst composition comprising a low acidity, highly
dealuminated ultrastable Y zeolite having an Alpha value of less than
about 5 and from about 1 to about 20 micromole/g of Broensted acidity
measured by FT-IR, 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.

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

19. A composition according to claim 17, wherein the ulirastable Y zeolite
has a bulk silica to alumina ratio of greater than 50.
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20 (a) contacting a feedstock under hydrocracking
conditions with a 21 catal yst conprising a | ow

acidity, highly dealuninated ultrastable 22 Y zeolite

havi ng an Al pha val ue of |ess than about 5 and 23
Broensted acidity of fromabout | to about 20

wotgafosidl e/ g, an 24 anorphous cracki ng e¢erfpemRRisiaNd a
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catalytic amount of 25 hydrogenation conponent
sel ected fromthe group consisting of 26 a Goup VI

netal, a Goup VIII netal, and m xtures thereof; and
23028 £ bom Ss16 5ofting ﬂa%usmq? APHAGH SHb LR g(%nfsr%es
prowo} | u rlcatlng?D base sto
rom about 1% to 70% by welght of ulirastable Y zeolite, from about
10% to 80% by weight of amorphous cracking component, and from
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 Vill 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.  Aprocess for producing a lubricating oil base stock which comptises:

{a)  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/gy, an
amorphous cracking component and a catalytic amount of
hydrogenation component sefected 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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