3]
3]

WD 2004/ 044098 PCT/ US2003/ 032141 | EXTREMELY LOW

ACI DI TY USY AND HOMOGENEQUS, 2 AMORPHOUS

SI LI CA- ALUM NA HYDROCRACKI NG 3 CATALYST AND PRCCESS 4

5 FIELD OF THE INVENTION 6 7 The present invention

relates to catal ysts and processes using the catal ysts
woodseusogsonverti ng hydrocar bonaceous oi | sertDugndieails of

an average | ower 9 nol ecul ar wei ght and an average

| ower boiling point. 10 11 BACKGROUND OF THE

| NVENT | ERY REMELYSLOAORCIDITY US Y ANECHOMQ GENEDYSL s ar e

gener al | it terl 4 to their
advant agé@@@ﬁ'&)@gﬁﬁj&' *%@%@F‘géﬁwﬁed

materi al s such agATALYIST AND RROCESS, nagnesi a, and

al um na. Anorphous catal ysts have relatively 16 poor
activity but higher selectivity for production of

distillate range PEODQRTHE NVENTI®NZeol ite catal ysts
provi de higher activity but poorer selectivity for 18
distillate, particularly for the heavy-distillate
fTHRQireésent infumkiogreitdeeto chialye@and pleessks uping iRdatalysts

invention provides a hydrqcrackin rocess wth

Jelr Ve idroceiooBacouy Ao PRINGR PANAYREDR I
ansleqitewight dridear Slettgen@ver Ogithg s@ital yst while 21

mai nt ai ni ng the excellent heavy-distillate selectivity
and unconverted oil 22 quality of the anorphous cogel
catal yst. 23 BACKGRGIWRDOFOFHE he/ENTIONO0gE]

hydr opr ocessi ng catal ysts, various conbination of 25
netals, their oxides and sul fides, from Goup VI-13

aviatleGi hytipocvicking aétalybie arderidediliy badet ohadeblitic ristenals due
Lpitated or c se. .Therefore, the

. lled with.the b }
36 Feuoidiadsn St “RERL T onh oSt Prset BReURE S qer ed
Silipe-aluating, lma:gnmn‘a gn@?{uam)a. B&pmhoms;?taiiﬁtﬂa/eoalatimd b a;g

t -.net i regn | ON | hce a er (0]
RRE A VB piafiR SERAAY Btbrosd B bB el o8 el
O me
bl e Blabieting PeaR.fiie B Sl le PR ks e
tpeddeat incbntibn provities & kydesdrackingypraveds wiliZsupedicitwerhlla
Si:%%?ycti}: Bgrfo(?‘r%grltéet(%elp érrqgr%ﬁct)US s'ill:cl;a—alumina cogel catalyst while

© 0~ OO R W ON

s
- O

M N -2 4O a a 4o A wa
- O W O ~N OO, AW N

maintaining the excellent heavy-distillate selectivity and unconverted oil
quality of the amorphous cogel catalyst.
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In state-of-the-art cogel hydroprocessing catalysts, various combination of
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metals, their oxides and sulfides, from Group VI-B and Group VIl of the
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Periodic Table, were precipitated or cogelled with the base. Therefore, the
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deposition of metals by cogellation was considered superior to impregnation
of the metals on the base (post-metal impregnation), since the latter method
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tended to produce non-uniform deposits of active metals. The increased costs
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of production inherent in cogellation or precipitation were simply borne in
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order to obtain more uniform catalyst which had better distillate selectivity and
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produced a superior quality product.
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Sl Rphic21Y 1860 Which iR SR RBA HERM BIRERdnRE. A number of
modifications have been reported for this material, one of which is ultrastable
Y zeolite as described in U.S. Patent No. 3,536,605 issued October 27, 1970,
which is incorporated herein by reference. Zeolite Y has been constantly
improved by technigues like ammonium ion exchange and acid extraction,
and various forms of calcination in order to improve the performance of the
hydrocracking catalysts.




2 hydroprocessi ng probl em sought to be sol ved,

addi tional conponents have 3 been added by neans
known in the art. U S. Patent No. 3,835,027 to 4 Ward
et al., which is incorporated herein by reference,
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C@Eﬁ tep uses 27 relatively | ow tenperatures
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amoni a environnments. 29 30 U S. Patent No. 3,853, 747
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RicSédded A0@E6 %ﬁt%ﬁﬁ%quires the Y zeolite to be double-exchanged and

double-calcined wherein the first calcination step uses a relatively

high temperature (850°-1800 °F) and the second calcination step uses
relatively low temperatures (750°-1300 °F) to yield a catalyst that is stable in
ammgonia 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 fo avoid impregnation into the inner adsorption area of the zeolite
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1 crystallites or particles. For exanple, the m xing
may consist of stirring, 2 mulling, grinding, or any
conventional procedure for obtaining an intimate 3

m xture of solid material. The dispersion of the G oup
VIB netal 4 hydrogenation conponent is achi eved by
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m xtures ther eof. 18 19 U S. Patent No. 4,419,271 to
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base I supporting active rogenati o
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vapor 26 partial pressure and 25 C., |ess than 8% by
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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.8. 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 distiliate selectivity.




2 reference, discloses a process for producing a high
qual ity tube base stock 3 with a USY catalyst with
greater than 50:1 sitica:alumna ratio. 4 5 WO

00/ 40675, which is incorporated herein by reference,

di scl oses a 6 | ow pressure hydrocracking process using

woaleasedsy st conprising zeolite USY 7 w ehivaszbesaseemor k
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silicato alumna nolar ratio of at |east 200:1
preferably 8 greater than 2000:1, and a hydrogenati on
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Silica-al um na conpounds are wel | knovvn as catal ysts
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| gnmr& irndirced size umna;nsleni of 24s20-24.45 Adwttw«c arinmomymu gxchange

SRR Pt AOUGEARAL B oPRorP 30 Yk Smafll O

cl'ays or ot her
bEEel,828,9333isglodes the ugmol sticlh rinthelifief! rzeolttthbr s¢lentié ng of

Hoﬁ?’%@oﬁ%ﬂﬁﬁf&%%ﬂ& bé(ﬁhrggarb%é‘éﬂﬂ é?‘n’itor g érﬂaﬁ RucPHIEBudS

atalytic crac ocrac ers.
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SEITRA S oA Rl LA Sl RS
déSuPgthotrNa 3t056,567 tidrnsten ettal.on, 27 and
denitrification. 28 29 Anorphous silica-alum na has

been prepared previously by a nodified cogel 30
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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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| The nmethod of preparation of silica-alumna

catal ysts affects the chem cal and 2 physica
properties of the catalysts such as activity (such as
cracking or 3 isonerization activity), and physical
properties (such as pore structure and 4 vol une,
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constant pH of at least 4 to 6; adding more NH4;OH to form a cogelled mass to
pH 7.5-8.5; washing cogelled mass; muiling 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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silica sol in said alum numsalt solution, and

adjusting said silica so]/alumnum salt sol ution

m xture to a pHin the range of about 1 to 4; slowy

adding sufficient base with vigorous stirring, to
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increased yield of heavy distillate from heavy gas oils comprising contacting a

heavy gas oil under hydrocracking conditions with a catalyst comprising (1) a
minor amount of a low acidity, highly dealuminated ulirastable Y zeolite
having an Alpha value of less than about 5, preferable less than about 3, and
Broensted acidity of from about 1 to about 20,




present in an anmount of no greater than about 10%
preferably no greater than 5% and (3) a catalytic
anmount of hydrogenati on conmponent selected fromthe
group consisting of a Goup VI netal, a Goup VIII
metal, and mxtures thereof. Another aspect provides
a hydrocrackl g({:] catal yst conposition conprising (1) a
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om)geneous anor phous si | i ca- al um na cracking
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_present I n an anount no greater than about 10%
MEres Y- no greater than 5% and (3) a catal ytic
anount of hydrogenati on conponent selected fromthe
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st fonibHe A cRiet Hofl 6 b SPin hie S Ye
nfetabra Groop ilooetal, schwixbréstherebf. a G oup VI netal, a

Goup VII'l metal, and m xtures thereof; and (b)

AﬁétgceSSi ng the hydrocracked product to provide a
B ASRESUREP Ve aipracess for progucing,a Iubricating oikbate siogk nor
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ultras%ble zeolite aV|n ha val'ue of |ess
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n an no greater than about S19(3% and
46 B8l bt g SRy, Mpereiiarrvsilie alumina phase i

present in an amount of no greater than about 10% and a catalytic amount of
hydrogenation component selected from the selected from the group
consisting of a Group VI metal, a Group VIl metal, and mixtures thereof; and
- (b) processing the hydrocracked product to provide a lubricating oil base

stock.

The presence of a minor amount of 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




conponent sel ected fromthe group consisting of a
Goup VI netal, a Goup VIII netal, and m xtures
t hereof can produce unexpected benefits. Such
benefits may include: (1) the catalyst activity is
I mpr oved significantly, (2) the total distillate
%g el i_ tai ned over a broad range of USY

¢ as Peasyrerkby ki degefher yite p fgmggeneous,
einicgiﬂicud |sfﬁ£:a hihaiiria Yoking @aiv¥ortting ha\iuigaeiress feib oboradj ust ed

valr SY concentration; and 8a WO
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nor anount of a | ow aci
e PRty aree LU ety a5 b Ve safisasy: Al pha
(Fthe Bt HistilREsyiélh & mahaned _5veriéiftﬁ$aﬁiiﬁhd;@oﬂt§5\5 than 10

about 3, Broenst ed. aci djty aboug

BB rahins: (3f pemmrye dishise! loptSptigis v& bemchsatiis °(2)
che b® gejnsted By varging HeASY &drickRtatish;widna cracking 12
conmponent having an SB ratio of fromabout 0.7 to
about 1.3, wherein a 13 crystalline alum na phase is
present in an anmobunt of no greater than about 14 10%
preferably no greater than 5% and (3) a catalytic
anmount of 15 hydrogenati on conponent selected fromthe
group consisting of a Goup VI 16 netal, a Goup VIII
metal, and m xtures thereof. 17 18 The anount of

hi ghl y deal um nated USY zeolite in the catal yst
conpositions 19 in accordance with the present
invention on a finished catal yst basis including 20
netal s ranges from about 0.5-70% by wei ght,
preferably, from about 21 0.5-50% and nost preferably
from about 1-20% 22 23 Highly deal um nated USY
zeolites having a silica to alumna nolar ratio 24
greater than 50 are useful as the zeolite conmponent of
the catal yst 25 conpositions according to the present
invention. Preference is given to 26 USY zeolites
having a silica: alumna nolar ratio greater 60, and
nost
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27 preferably having silica: alumna nolar ratio
greater than 80. 28 29 Due to the extrenely | ow
acidity of the USY, the hydrocracking catal ysts of 30
the present invention require the addition of a
secondary anor phous cracking 31 conponent.

wcdHddedtlent |y, the catal ysts of the pres@AT/Us2aésai¢lon
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al so include 32 an anorphous cracki ng conmponent which
conpri ses a honogeneous, 33 anorphous silica-al um na
A1 GRphsbpsOmETLchaDaTh giakie B8 Shewacsi@TcRnibriowen WO
200 PA4R98 PCT/ US2003/ 032141 1 about 0.7 to about
1.3, Wherein a crystalline alum na phase is present in
an 2 anount of no greater than about 10% preferably
no greater than 5% 3 4 The anount of anorphous
cracki ng_conponent in the catal yst conpositions in 5
accor danBES f Fobdls BREFERREREMEO TS ni shed
catal yst basis including 6 netals, ranges from about
109@8096by wei ght, preferably from about 7 30% 70% by
wﬁt agRerdance Wihdhe gecgrahasiment of therpraseitinventians thw catist

Ises?l Qfmxﬁdﬂahfbﬂntdfatl&ﬁ a§6|ty' ﬁl@hl@lﬂ@éﬂtﬂﬁafa@rﬂﬁ%tafbfeom
about 10% 70% by wei ght fefa he anmpbunt of
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silica in the silica- 11 al um na ranges from about
2%1%’ SUFEBYeAei2y Ahomegenepts. pROMKCHYBliEslupihaseasking n t he
.ﬁtoy@,ﬁt LRORpan SBIr@ttbsof%ht ApL0. 2 IRoLB 3] gl ¢ 14
oxi Bot h armor phous and crystalline binders can be
afptieline aluminphass ippresan insan aapne objorgresisr hanpbaule

S{d% Gieferbly Ho RPeatdr A58 RAd &) heaklylc aRbgitefence is 16
g| ven to the use of alum na as binder. The amount of

bisERsienationcamPenanh ssjegted fram eraser ansiRting of aLerR Mhnce
Winb1al, blestol)y @R Sitital| ANGaRlduR tRdted, f | Ni shed catal yst 18
basi s including netals ranges 10% 30% by wei ght, and
is preferably from 19 about 15% 25% by weight. 20 21

e saduat Hﬁﬁg%lﬁeahﬂﬁﬁnéiéd?@ngebﬂﬂéfﬁﬁﬁé &ﬂal?elt £5m @dﬁHnbse a
hydr ogenati gn 22 conEonent As used herein t
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enunig tun sten, iron, cobalt
8

n@@‘l@@% anﬂl”&sﬂi’fﬁfﬂat}%ﬁ% %d the like 25 metals
and oxi des and sul fi des of these metals. These met al s

may be used in
Highly dealummated USY zeolites having a silica fo alumina molar ratio

greater than 50 are useful as the zeolite component of the catalyst
compositions according to the present invention, Preference is given to
USY zeolites having a silica: alumina mo!at ratio greater 60, and most
preferably having silica: alumina molar ratio greater than 80,

Due to the extremely low acidity of the USY, the hydrocracking catalysts of
the present invention require the addition of a secondary amorphous cracking
component. Consequently, the catalysts of the present invention also include
an amorphous cracking component which comprises a homogeneous,
- amorphous silica-alumina cracking component having an SB ratio of from
-0.-




26 conbination of two or nore nenbers. For exanpl e,
conbi nation of nmetals 27 such as nickel -tungsten,
ni ckel - nol ybdenum cobal t - nol ybdenum pl ati num 28
pal | adium and the like. 29 30 The anpunt(s) of
hydr ogenati on conponent(s) in the catal yst

wocorzpesist i ons 31 suitably range from abeatue@fenha
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about 10% by wei ght of Goup VIII netal 32
conmponent (s) and from about 5% to about 30% by wei ght
odbo OT o Alloutre 8 akvher&iB acossiatine ahufréla preat Gulredentlinam

B e L o e G

hydr ogenati on conponents in the catal yst conpositi ons
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YR 87 veln SR PR 87 R MRSl 2
r@lmha;rqmgesﬁ@ﬂapa:tt?ﬁ"/cb@l)%\bygaghtof total catalyst. 11
12 When noble netal is used, the catal yst conpositions

in accordance with the 13 present invention conprise

abewinder() presis inythevedtglist conpasitens suitablyemompdseiabigaoic um
. ' Prefer :

e JREPLOLAR 814 Fod P PR ERTAR, Eldfo o

pudsidabindery eormprise sflioapalinsing, albys endzi@vmial BreRkYelme isvei ght

of.. platin (N t, and
iyoR 15 e TN bt Qo e BB o BFBRAGH R Blasel BC,
taptrpbsitians dn gecordand@witidthetprasast itveatiorf arua finis ek catafyst

I 3 4
B e ha BN PaEBE SO R0, el S BRer e o 1
aaboutrwi’/cﬂ@ﬁ%bym?@hpresent 21 invention. Some of these
results include: the catalysts of the invention are 22

particularly good for producing nore heavy-distillate
vithe lvatalysts D0 theprésesint inventio 8lsp obmirise ariydrogenation70

SOt 4538l Ml AL nidSoe i ek Bon SR GO MREREC! © O

rence catal
auetals y&ﬁupﬁ/l ainckVillnv thetRedndic 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 -




25 produce | ess naphtha during the hydrocracking
process by suppressing 26 undesirable overcracking
reactions. 27 28 In addition, the present invention
provi des for a process for converting 29

hydr ocar bonaceous oils into products of | ower average

woodieeassar wei ght and 30 | ower aver age Ipor/us2ag/ opndint
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26
27
28
29
30
31
32
33

conprising contacting said hydrocarbonaceous 31 oils
under hydrocracking conditions with a catal yst
cﬁhqahydscbgegamd adowipanends hyhe caBydh cghpysitth@a mayibe &t thd
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rati o of from about O.7to_about 1.3, wherein a f
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h@rl'mubg%ﬁl@l% onweiginippd nieke! asckalmet é%-ﬁf&%) hy whighignagsfen.
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m xt'ur es resent ven
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i )
il Bt matit barabh ot woBR S BT |
contactlng a heavy gas oil under hydrocracking

SRR b8 ot s, Rt fbofoll elcoBARHSL g, | O
hmessermgmammh phuplml abouidt. 1 %-&Ssby Weaightadi platindy, qas][ e]t er abl.e

A3 o SRR o ORI B OERARY Ll SF oM
mamrmﬁm@ i ageoruaras wite thetpyesemt inkentian hmrmraé)outsl) 2%~
ZREB R Jickiffin, o befRcfh, 17 5 BB G7IRGNRE, o
acanuipdedeads meisls plew hiteers vy weightofgelabetalystn an anount of
no greater 16 than about 10% preferably no greater

than 5% and a catalytic anount of 17 hydrogenation
clohasdreen foundtieat erckliént @l thexpgeted pestitbhipitenmismg of a
I t LSS
e%ﬂn%(xlce fé§ gf& Agrg ;ﬂ%’: ﬁegtbglg cHa a/gfé a%l:ord%ﬁ‘iio meﬁ eﬁtﬁt
i lmﬂ@mn @@mesaf ywse result@nclydeg @‘@obataiysts mfdln@msqmmgn a@l t he

%d.oaﬁfcglaﬂ Y)d &jdu‘th dﬁg‘]]e "F&eg\ﬁf %&@H@%ﬂthﬂ?bh?’é& 9—' t?o%?ng

I'ng 0|nt ange.
Heesdnd yangie {over V&Getaﬁ‘lﬁhcatalms f)frtbmrvacunmmhgws:omparable or

BRI icfororcd B Lo B BUIBRS
praduce less naphtha dunng the hydrocracking process by suppressing

undesirable overcracking reactions.

tn 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 zeclite having an Alpha value of less than
- about 5 and Broensted acidity of from about 1 to abou_t 20 micromole/g, a
-11 -




24 550 F boiling point range exhibits Cetane Nunmbers
of 40-55. In order to 25 achieve high a Cetane Nunber
for the conbined diesel fuel, it is desirable to 26
i ncrease the heavy-distillate yield in the conbi ned
distillate pool. 27 28 The present invention also

wopoexiadss a process for production of a pepdsbooie14129
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for lubricating oil base stock conprising contacting
the catalyst of the 30 invention with a hydrocarbon
ohémégeadsiisy akoiphols siiga-above aboking @bipokend hadng ar3EB

h o) It i t.ock
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bme@l,yar@rdumzwf metd, @dl-ﬁgmur&sdkwemf& on process
configurations in accordance with the present 5
invention are those wherein a substantial reduction in
aVier presentriniventiohds al® directghfo apubebss for prgdyniigitighcqualitye
a I Clil i st

o SRR B e g B AR Bfeab P ot ol Rk Bl
dmmmngabmactmlgtarmgvmﬂse)il ugdef hydwiciacking eviditignawitih pha

r BB S e o3P Yoy, ARy BaRRLER RkEbkY T
avreegitohaying dni Adphai@lus| of leiss thao rholktion gremm @eathah avi ng
aLhoabs %ﬁ:ﬁ Pf%eﬂéte&? LA %Pﬁ’ aBth 1tt8 aﬁQL‘Rlﬁb drefetabfy ab‘f?/ﬂ?r e' n

a crystalline a ase resen I N an "anpunt
nt-1g miciemple/gles mehaaweé bw Ei—lﬁmomnaomampmhwﬁ glivsu nt

o group
RS PREAGbAR RO SEER85 bom dobu P a5
ahd, vizerein atowswme la@rrmfphase_s pI@eEklamplaewunh‘of@g Greater
e AEH 6%, SRBURI Y RLARER SR ald MR At oty oy
westdrogenation dompomeat selecterhton fhel qrelep capaistingid adireumdk

il b8 B g ARErBAl 80T acki ng. | Luo- st age

6crac series-tlow ydrocracklng, mld
hydrocracklng, | ube hydrocracki ng, 20 hydrotreating,

iy SRa el R0 Bros SR LA MBI dcBR or ncrepsing
cthe yieldrdf @ hepgedistiigte Trgtion2@thFESE <0G Gkiilingirohnt wage.bihe

St R e PREI Bt £ABoPFAGSEuAT S it ekifiits
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. [n 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 present invention also provides a process for production of a feedstock
for lubricating oil base stock comprising contacting the catalyst of the
invention with a hydrocarbon oil feedstock boiling above about 650 °F under
hydrogenation and conditions to produce a feedstock for lubricating oil base
stock. The unconverted 700 °F" fraction from our invention exhibits high
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24 present invention conprise gas oils, vacuum gas
oils, deasphalted oils, long 25 residues, _
catalytically cracked cycle oils, coker gas oils and
other thermally 26 cracked gas oils and syncrudes,
optionally originating fromtar sands, shale 27 oils,
wOoraeipddsadr ocar bons from Fi scher - Tropsch hgrvs:esoion
synthesi s 28 process, residue upgradi ng processes or
bi omass. Conbi nati ons of various 29 feedstocks can
aviswsibendgxihdiexing Bigh qG4dlity lubnim{indeil ehaeistoghbkan be® subj ect
%ﬁ%&c%é all of the feedstock to one or nore 32 (hydro)
t 78 %rent steps prior to its use in the hydrocarbon
conversion process 33 according to the present
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demiiheigooup coosistimgapp Giran \donglali & Erat® kkmetal &ndr es

r angi about 300 C to about 450 C, pressures
f'ﬁlg%é%%qérg@yut 25 bar to about 200 bar and space

velocities fromabout 0.2 to about 15 10 kg feed per
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severely deal um nated and ultrastabilized USY with

bul k
Feedstocks which can be suitably applied in the process according to the
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present invention comprise gas oils, vacuum gas oils, deasphalted oils, long

")
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residues, catalytically cracked cycle oils, coker gas oils and other thermally

5]
(o2

cracked gas oils and syncrudes, optionally originating from tar sands, shale

)
-~

olls, waxy hydrocarbons from Fischer-Tropsch hydrocarbon synthesis

]
Qo

process, residue upgrading processes or biomass. Combinations of various

N
©

feedstocks can also be applied.

w w
- O

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

45
N

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

[4%]
O

according to the present invention. It is often found convenient to subject the
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23 SiQ2/ A28 ratio of over 50, the cracking activity
of USY could not be 24 differentiated with the XRD
unit cell size. Instead, FT-1R and Al pha test (a 25
nodel conpound test for activity neasurenent) were
used to analyze the 26 activity of the USY sanples.
wEoedasd anal ysis tests such as bul k corposbadsEem14127
anal ysis by ICP and surface area neasurenents were
used to ensure the 28 quality of USY sanples. 29 30
Tregragiaskstoiagpartiat) Byskaieatrand pyhendsthaseehvy feedolppisrase tthe

2Pk 1yl BB, APl R
@n@falhza_tlonme@ell%? M A, Makarova, 33 A Garf orth,
V.L. Zhol obenko, J. Dwyer, GJ. Earl, D. Raw ence,

- 14 WD 2004/ 044098 PCT/ USZOOS/_032141_ | Studies in
Stritadptechygmceavkiag apnfitoas il Besappliedepm3ies temmmgatiires Two

di
CFirgRp Fom MR G U 3 0, TRESUEE TR At MRl ¢ ©
spretma@rﬁwefaﬂtmf@n aheyb.piq @mut)m kg/fecdpaeliter®f det er mi ne
zf t%pﬁlﬂ@q’h@%ﬁﬁ’gﬁ gﬁs%q' ﬁo&r‘éﬂ?&?f%rﬁ %Bbmﬁo to

@(f rs-weig %1 abou
demutiﬁ /hgrfe@l (narmelithis 2 stﬁ@darrh GMRW@W@E‘H@P“@S@I? 5
Siodr Sinahdns 6ddq at this tenperature for 1
hou drﬁmf‘%} er ge 7 then cooled to 150 C and the
IR spectrum was recorded This spectrumwas 8 fitted

t F’re@é?élﬁj/ '?w&ﬁ@rabﬂﬁ&éb?ﬁﬁrbﬁsﬁo%@ abﬁﬁd%n%&gs for the

fferent "acid dine was al so used to

n@mra@ra% r%lgrng ffo@rﬁ?éu’fﬁ@@ Qémﬁlpcyé*% i pigssHeR filamat ed
agiAE o P&k th %b&MQO@B&%d @B&&%rocﬁuﬁﬁr&rﬁ a‘BSutlo MNRSabout

i solated and t L (mcroliter) pyridi ne

wis kg fepe eereltﬂer Ofﬁ@talpﬁlrpﬁahqvé (kedd). &lydengen g%t%faedaratjos 12
o fl ow ng

RPN SBaR 25 PR AMORAERRARAN Y adsor bed

pyridine. Typically, desorption was allowed for 14

1@se13f da%aﬁx.réma&& l(ﬁaeﬂer:&rra?acr&rﬁn&%mﬂﬁgw&m the

| e contalnin resid chem sor bed

IWJIWQIH%ASWJQ@[‘%@ 584?&3%h@ urnh@eﬂl sizeraf e YR istiaversely
pé’cfn‘eﬁdtéhemﬂ'rlﬁe Ial &Shtéﬂt BrRs L8R, @Gs%eé&ﬁ@h%m ng regions

to obtain peak areas as a function

d@@dﬂ#"ﬂiﬂ@f% t'ﬂﬁr‘- it celrﬁ@e of YRY isrbanging e ZMM f@é’ﬁ%%e@r by
eB‘élcS\@ Wv@véﬁ E)r%&;e?@%ﬂégldrﬁ]hétéd Qﬁfﬁlfrﬁétd&ﬁkeﬁ IR withlSne 0

l'ausi Br oenst ed aci neasurenent

t%@la’ﬁlz@a &diogfeyer £9. tha cragiingjaciiyityeof i Rper at ure
PHRSERATRAIHEHE KRD (PR ¥ §itb. TrdRRBEFT-AR, Bind Alpha test (a

model compound test for activity measurement) were used to analyze the

©C oo ~N O ;W =

[T = T ¥ T N TR N T . SR N T A S S R O
(= 4 B S S = T (=T = - B R S T S S

activity of the USY samples. Standard analysis tests such as bulk composition

N
=

analysis by ICP and surface area measurements were used o ensure the

N
oo

quality of USY samples.

W N
QW

Transmission IR spectroscopy was used to compare the acidity of

8 %]
puty

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 -
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22 NH3 TPAD) coul d al so be used to select the optinmm
range. 23 24 The cracking activity of USY was
deternmined by the Al pha test which was 25 adapted
fromthe published descriptions of the Mbil Al pha
test (P.B. Weisz 26 and J.N. Male, J. Catal.,

wOoL0BAKB29, 1965; J.N. Male, N Y. Chen, aoduRosmsBu

o o N O ;b W -

W 0 W W N NN N NN DN N NN 9 a el a3 A e =i e e
GOM—\OCOOO-QO)m-bC»M—AOcooo-qc)m-hmM—tD

Weisz, J. Catal., 6, 278-87, 1966). The "Al pha Val ue"
is calculated as the 28 cracking rate of the sanple
i Atugisedn BanfacdiSeiedesdanshCatdlysis; 84c36G5, gggflat'l'evouﬁetaocﬁg

: ha"
S%@]%dé;?rﬁeﬂ S}%'rdL &e lb’%hé}ggstgggé ic Owgtr{taﬁrﬂt ﬁa’n V\%m tﬁé pha
g368r e Kegionrof thiespestruw; aid (ﬁ)aﬁmrpt@h oapyrdlr@m dstermlm%er
f d
helBRAeie A Sl SR cdierthtnd SEASa g onge of
UWEEEUIV@!QIIIW algwt 10B9 wmmtadowtm‘maaMm%mm
atTéq%h%H th %80 3 Y Iﬁﬁ af:lﬂgﬁg'ﬁgérht‘al% & 1 1O ﬁ{ee\ﬁé‘f% Were

i nvention i's anor phous an onogeneous
t bemgoedsio/ 180 Q@nﬁ e IR Spectaum wis isasrdbedisspeeonedas 3

aﬂtéd"i& obmMIHe ﬁtéﬁglﬁ&h&%éj@lfi bafad 8 thg %%%%PQ% ({!{X sites,

aracteristic [T ca- a resent
i yvisine was asadused tocoegsreadiditywPode tbe Rampleswere

perb At st AR RSRBABLY fllfor.die IR Selyek sl | 2
at sliroicrodier)®f pyridinegvasinjecterk db6 pmﬂlrwwaﬂ dowad & adsorb
ARk KelirSangd tHdh t?r&%%l%ﬁ‘?{e&fe%@ ;J?Eﬁ% {oBnbi ’de%cgﬁtllo? diA

atomc ratio o e Si |caaumn rface

n@@@hy%@llmg@wgbeﬁ-mé@'nq;H@Jpl@@lyed;etspmﬂowes:a!m@éé@y ( XPS) .
X‘Fﬁsl'}’ Rodth St\‘i’e TR ?’Etr cfr%l &‘iﬁeﬁ%ﬁﬂ@glgﬁ(%ﬁﬁ]g%ycoﬁﬁfmng

chem cal ana I nce
d@ﬁfﬂhﬁl@hewgbpé pyrigihe. Thesa specta warg ﬁweafzttml indhepiirdineat i o

TS o0 bRFE 360 SREIYE B

cHaleaqrpiian timg. |T bﬁfwﬁeqkﬁwa%wa oblpingd bpanieapslatingto al .
Iﬁfﬂﬁgﬂleﬁﬁﬁno(ﬁqh?é ysis A 17 196, 2000, pp 247-260. The

XPS tec que is, therefore, effective in 18 measuring
t he chemi cal conposition of the outer |ayer of

q%yasogfb% eeaartareéﬁstedla%mg g&emgﬁﬁ&éhn&@é% 8 as

rement techni ques, uger

sobdeate NFPand iamepraitiel p@gmmqespmﬁowéisa @p@a:(tems copy
(P@Ia'\“ﬁ)AD)CcBHH diso be used to select the optimum range.

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. Caftal., 4, 527-529, 1965; J.N. Miale, N.Y. Chen, and

P.B. Weisz, J. Cata!., 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 sr:es Other
model compound testing with paraffinic hydrocarbons could also be used to
select the optimum range of USY acidity.
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21 al so be used for neasurenent of the surface

conposition. 22 23 Separately, the bulk Si/Al ratio

of the conposition is deternmined fromICP 24

el enental anal ysis. Then, by conparing the surface

Si/Al ratio to the bulk 25 Si/Al ratio, the SBratio
woand/4408 honogeneity of silica-al um na arer/deusnsmaed.
26 27 How the SB rati o defines the honogeneity of a
particle is explained as 28 follows. An SB ratio of
1TBe sibemrsiurhine compasitioalof the peszapl inveptiyn Bamggoesdsd 29

ARSI B L B Ra STty Renbiapiecin

absmierrmas(mrusekem thmmmcgemeltpemradmc afthgl num i s
r mon ted on t.he extern urface of
t %"e"pap%&ﬁngl g@E P %%8'% epg?r] %"dot? cmg@arﬁbt atL 1.0 neans

t biicgealnrhing kempasitivase i s enriched with si I icon (or
depleted -16 WD 2004/044098 PCT/ US2003/032141 | with
alum nun), and alum numis predom nantly | ocated on

the internal afean(gﬁAPJtoﬁlD%nQ@f]&éﬁJ S medsurdl ¥y XPS) |

Si | ga I_um na conposition Is eneous and Is’in
an

Surface (o Bul variegy BEFRAR niTNARY) REDat g

the 6 Si/Al atomc ratio of the conposition neasured

W 0~ O ;AW N A

10 by XPS at the surface and the 7 Si/Al atonmic ratio of
11 t hedégainknaba SBrratib, by 2ilt renticalatiaokthy silic-dlsmihe smfadeout
12 Ls%eégﬁrg 999 ;( alva{)%o oe%cﬂ' ré%%ﬁ%g@a{%g’%gggfé Y ggasces
13 ( F@OmlasMchrmmspe%mbﬁioimdelwnacm ahBys%(Eﬁcmm SM& th@r ace)
14 R R R 3tse Py ST BESI SR REGrne v -
15 2XAES is f@r. tBe sdrfacs&eraiml@ombomasg;oﬂ XRSfoakilica-alaminal. 2 -
10 Qpbiachedon 108 ARG BEAYbERGH R ¥ ApbioaBlln, 0S
17  s1a6 44, pp 2426 ahe KEBdachhique is, themfdretefldctivietih Al ) as
1o AL P o Ao i pllon BRI Gl ol R
19 rewfdee. KBhe2 Sudceinusesalementiachriquenrduch asl Awgdrizleatromi num
20 %e&ljrb%copy (AES) and Secondary ion mass spectroscopy (SIMS), could

21 also be used for measurement of the surface composition.

22

23  Separately, the bulk SYAI ratio of the composition is determined from ICP

24  elemental analysis. Then, by compéring the suiface Si/Al ratio to the bulk

25  SifAl ratio, the SB ratio and the homogeneity of silica-alumina are determined.

26

27  How the SB ratio defines the homogeneity of a particle is explained as

28 follows. An SB ratio of 1.0 means the material is completely homogeneous

29  throughout the particles. An SB ratio of less than 1.0 means the particle

30  surface is enriched with aluminum (or depleted with silicon), and aluminum is

31  predominantly located on the external surface of the particies. The SB ratio of

32 more than 1.0 means the particle surface is enriched with silicon (or depleted

-16 -




21 surface of the particles. The silica-alumna in

accordance with the present 22 invention has an SB

ratio of fromabout 0.7 to about 1.3, preferably from

about 23 0.9 to about 1.1 and i s honbgeneous and

hi ghl y honbgeneous, respectively, 24 in that the
woebmam i s di stributed essential ly uni POT/$2903/032141
t hroughout the 25 particles. To nmaxim ze the activity
of the silica-alumna, it is nost preferable to 26
h#4th alyrinughl andrabireigen dorrsdaminanily laghigdiondheniateral ara  SB
r 3f the paficgbout 1.0. 27 28 In addition to being
honbgeneous or hi ghly honogeneous, the silica-al unina
29 conpositions of the present invention are

amlﬁﬂ@%ﬁnné’%ﬁfp%blﬂoﬁts %BBh%éHelohé‘%d iS6h é’c!cHn@aﬂ@e WRARE:

such as pseu oboehm t e phase, present 1 n an anmount

neressnt Wyfe@wéffhemhtﬁﬁugﬁ%ﬁﬁp Bywor@tho@@fréwauw the raijie ehther
t Bany a@&ﬂ&atr‘é%nh%%om%mm r%&%ﬂ/e@%@@% R4 420031 PR 141

I Silica-alum na accordin present 1 nvention
naiAlFione gaiig ok e pylkmensyrp |b¥191¢”@ﬂfﬂ[rém%@¢$sls &atl abpling
batrah apdg 1@ont i nuous processes in different 3
conbinations. 4 5 The two nost inportant steps in the
preparation of a silica-alumna cogel are 6 (1)
PTROSE ?étio‘b'ﬂré?éreﬁ&éesll%la-%ﬁfm|§é3$an?§Pé%tfﬂ:In‘i‘Mbgco$ﬁrhérE|§i and

al um na_and el lation he sol usin base

seUigasdRiral4g érom 3@80@%@% amldVlS 25 from W& Grage yasfe and
UnSasuréd &iatthd\ilowing $8uéibfers Be@MEas 0, both of which are
9 incorporated by reference herein. See al so comonl y
assigned 10 U. S. Patent Application titled "Method for

Pr epa@BﬁGti@of'ﬂlfﬁMO’sﬂ"@fﬂMﬁiﬂé’H§ 1 13.gAnmor phous
Silic um num Conposi tjon” flled concurrently

her ew HatéﬂfEfM%Ef’ﬁ'H%?'%F‘at'&ﬂz 0.6 ef erence herein. 13
14 The starting materials for the sol preparation step

iﬂ@e de alum numsalt, acid, 15 and a silica source.
T ajqom'ﬁfqﬁu'itﬁ indirate gt Skal typs 4y siicarplyaing dsenriched wite 16

S¥itoh ©F tife suﬁgw@r&m ﬁmaémm ééHiété’d Rith Al) EHbGHﬂhéH trate,
al um num chl oride, 17 al um num romd e, alum num

i eaiieg 8y Vi Daneirtiah akde Applied Satplvsisufi 19620981 2R 24712600 0N

&hé‘ gihephaHosHsLasadlich Riuptihdlis of ﬁé?a%ﬂ g aﬁt?dn%rﬁ' G4 fHeES
i nc] ude acetic acid, formc 19 acid, sulfuric acid,

PeR- s particles. dhe sifica-sluming in agepgancuithsing praseet

SitnE6shattan SIS Fatd of fréti bbat . mefabbdtm:# 9Fiefér9b[y FOR At
silicate Pre0|p|tated silica dissoived in a
23 0.9 toabout 1.1 and is homogeneous and highly homogeneous, respectively,

24 inthat the aluminum is distribuied essentially uniformly throughout the

© & ~N O O =W N -

N N NN w A dd e W e 2 ed = o
N = O O o0 ~ O O & W NN o

25  particles. To maximize the activity of the silica-alumina, it is most preferable to
26 have a.high[y 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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21 base, and 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 conplete m xing of the

WOM/#493m sal t and silicate 26 sol uti on®CT/BS2043(482141z e
any unwanted gel or particle formation. 27 28 A basic
preci pitant such as anmoni um hydroxi de is then added

1 t Silicaalupdnaadcedidingee thegiresept invéndinn Nl de pekrpiatadday 20f t he

OF 2GLD] , . £
2 PP b ool R Vot o o 0B broosRel PRl o
3 Dicpubiatiohioni a 31 solution is the preferred base for
4 the gellation. In addition to dilute ammonia, 32

ot her bases such as NaCH, NaAl 2, KOH can al so be used
S f dihe twemgsllimpertashstepsia thegprowaratipmpf e 4llig@glumina cogel are
PEy %%ﬁ%ﬁfyé%i%aréolzmai&ﬁb L:iﬁédt £ dibifiRg SAT be done

ei't’her” via batch process or” continuous process. The
déligetiasion of thaap! using2zhase Rolplion. See H.9. MatanhNget, 29,6539,
PUEHRLARALS, Patnt NoJ 41088 680, Pebbibfift both &r AR aRPTP! et €,
vi gorous m xi ng of the T ATSol Ut on W th the 4 basic
pinseipgrateshity, referrnce berein. Reapiso aermmonlapsignedr oughout t he
m ok : n
O R A o B P g o ey
11 démerrivua fticailymimen Bempgesifion”, filed gompverepiiehsrewvitheandd
12 C@fdBino kRrdieWeehed to renmove any unreacted

silicate and alumnumsalt, and then it is amoni um
13 exchanged to renmove sodium 10 The cogel should be

a 5 i e
TR R AR R P POl B p oy A TSR S0°
15 aAnd g glicagpsires b plumEyFealt sourse ey cai becwpet dor the

c [ s PR | furt her
16 YRR MR pIR AL FStp, SR by
17 s elminum brofisie. duminandedide, alminmp aestate end pluminim metadr y
18 1 8F dMim eltsaifePAM: LRI RWERIGs ithlok b Uoid Rl

15 shoul d be added wth the acetic acl prbduce a
19 nasidtutfiericasist Byrdrodhlorie gcidpandatieracid! Theadivatesowseg ht .
20 Alnbfifie,Bat bisdt Erﬁfefd%@,%eiﬁhq@ﬂfcﬁﬂe}’pri‘écigffﬁ!%d siflch dﬂsﬁbfv&&‘ﬁld y
_ in the presence of peptizing aci r base, the
21 nhass; pad calpidpl sfickain a 18 plastic or doughy state
29 Which is suitable for extrusion in comercia

extrusion 19 apparatus.
23 The sol preparation can be done either via a batch process or a continuous

© o -~ O

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 ot 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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20 21 If desired, the material may be extruded, dried
and calcined to produce a 22 silica-alumna catalyst
or catal yst support. The preferred nethod of drying
and 23 calcining includes an initial drying step in
an air-purged oven at 65-175 C 24 and a fina

wocabiauqeat | on at 480 - 650 C for 0.5-5 howcwusznsmszi4l

O 00 ~N O G H W N -

G o W RO RN NN NN N NN 2 A a i A aa a oaa
N =2 O © 0 ~N O C A W N =2 O O 00 ~ O g H W N =~ O

furnace or kiln. 25 These and ot her nethods of

finishing the material are set forth in 26 U S

Pahe aellakipn stap cathokde citbgrivia batehauegnse at exntiousef er ence
?;Fo%béb Thézes%gb@ﬁﬁauf eteltie%@% ﬁwaahgéo gdrefeﬂéﬁﬁt')? lve

resen I nventi on ut are ten
| ltrig @ﬂt*f:ﬁ & haveanmplste, VidomHy miving 4 éeobic\ aplkition with the

CRMISHASID 0% e P el Bl By o 1

Z#si nrecipitant iditiop piep i @derde mineizg deymatien of isgied-eilia t es

ALEMSHEERY A1 gklows: 4 5 Table I 6 Physical
Propelrtl es g‘?ﬂﬂ w%y Deal um nated USY 7 Desirable

Desirable USY#1 USY#2 Si O2/ Al 203 nolar ratio 88 126

N@RQ prebbitéatededyel ﬁbe&s to%é’ J@s‘ﬁ@d o r%ﬁ’rovérgﬁ}gurﬁéﬁ:t&p&lcate

cro ore pore vol ume, . Tot al pore
vandjﬂ’emmém/sgltmreih@ it8 anmmntunt@fcha@eﬂéo remIoya sgdlurm 25

%F@E &’o‘g{eﬁéﬂohﬂ'ﬂekged 5 appﬁ‘bﬁﬁﬁteﬁr A5 hodrs aBloBRNShBEtaRed & tY
at an elevated temperature of up to about 90 °C and the aged cogel may be
spray-dried for convenience in handling and storage, or may be further
processed {o the final catalyst from the moist state. If the extrudate
composition is in the dry form, such as spray-dried powders, sufficient water
should be added with the acetic acid to produce a moisture content of
approximately 60% by weight. After mulling for approximately 1 hour,
optionally in the presence of peptizing acid or base, the material will attain a
plastic or doughy state which is suitable for exirusion in commercial extrusion

apparatus.

If desired, the material may be extruded, dried and calcined to produce a
silica-alumina catalyst or catalyst support. The preferred method of drying and
calcining includes an initial drying step in an air-purged oven at 65°-175 °C
and a final calcination at 480 - 650 °C for 0.5-56 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 hersin.

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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9 Desirable USY zeolites are highly deal um nated and
stabilized with the bulk 10 SiO2/Al 203 ratio of over
80. The unit cell size nmeasured by powder X-ray 11
diffraction shows the unit cell size of 24.25 A or
less. In addition, we found 12 that USY with very | ow
woBon@ensised acidity is critical for perfororneesoszis
finished 13 hydrocracking catalysts. W found that
Broensted acidity nmeasurenent by 14 FT-1R and a nodel
c drampieil:d}SCEealitp t esting using n-hexane can
di stinguish 15 desirable USY sanples. Desirable USY
for heavy-distillate selective 16 hydrocracki ng shows
AIRRRertipalolibe desirabled 15 2ealifeSaresnmmBrizetestidbwaci di ty of
1- 17 20 mcronol e/ g nmeasured by FT-1R Hydrocracking
catal ysts corrprl sing this 18 type of USY show
significantl ,oerl or diahel ate selectivity over a
cat al yst 19Phusisel Riopertiessf HighhhDegiunainated USAN 5 al pha
and greater than 40 mcronole/g of 20 Broensted
acidity. 21 22 Due to extrenel Dedicableat Dastryblef|] t hese
preferfed USY, the hydrocracki|nd/SP87 cat H5Ys#2s |[require
t o havi@./skComdiar gatihonogeneous cBacki hg d¢pdponent .
24 The[Nm©twidesi r abl e honbgengousg@backi n@.congonent
is sil|usfacd aiebva®/gi th 25 i sgnerésgati pn gad crlacki ng
acti vi [icroByre pordiohintg ct/be honpganzpusi cragki ng 20 WO
2004/ 01469 BoreW@dlubis2608/ 032141 | 1 w®npopent.5and || ow
aci di t riteel sivg Ave were abl e tjo psoduce waizgue
cat al ygt €natallinttyh desi rabl e prqgduct- sel ectiggity,
activi JAlphaand stability. 3 4 |[Example P: Hornogéneous
Cogel [PBrbdreedAlcldiy BAFB IR héndigd|l owig t hr eefsnompgeneous
g cogel sTTTca-alumna sanples were used ror 6 catal yst
preparati ons. The silica-alum na has pr oxi mat eI 1.0
9 gDpslabler Y aectitasare Bohly derluninater eng éﬁbﬁéadtw%ﬁhe bul
10 UBIdgFNIJ@s réhotd?%t/ertd@e'i'ﬁé'ﬁrfi&‘éﬁsééﬁf%'asﬁr@t‘i by o@dﬂ?@%&”ed by

XPS mat ches t hat of ositio

11 éﬁ‘éﬁca%smwaé@ urdf ggf S'é? 9fsz4a25| ,ﬁ Aeless. md%ttoae\tv@ tquad by
12 Xﬁ@t LSY WRA Sel/ e Bﬂéén%c%m&’ fy%’ Bfitlchigsr fdofhce LOsi :shed

honpgeneous Cogel silica-allumna are summari ze

13 ¢ Bydr%ﬁﬁgcktﬂﬂfataiyétsrﬁ’@ faurpl ftlaj Brespsted cidity m@awrer@gntéw
14 HPTORYBRES W dERDRIpomhd ér§ék1r©| tHéThB @sin A?ﬁfﬂeké’r@ &nRtihgadl e

Desirable Silica-Alumna SilicCa-
15 ofigsirable Maynqaqg)les Desirable USY for heavy-distillate selective

-l & oW N =

16 hydrocracking shows Alpha values of less than 5, and Broensted acidity of 1-
17 20 micromole/g measured by FT-IR. Hydrocracking catalysts comprising this
.18 type of USY show significantly superior distillate selectivity over a catalyst

19 made with USY with greater than 5 alpha and greater than 40 micromole/g of
20 Broensted acidity.

21
22 Due to extremely low acidity of these preferred USY, the hydrocracking

23  catalysts require to have a secondary homogeneous cracking component.
- 24 The most desirable homogeneous cracking component is silica-alumina with
25 -isometization and cracking activity. By combining the homogeneous cracking
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#1 #2 #3 Surface area, m/g(a) 362 401 418 Tot al

pore volune, cc/g (b) 0.51 0.58 0.55 Pore size

di stribution by N, Adsorption (b) 30 A-, %' 8.6 6.7

11.4 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+, %
wonodopiod 1.0 300 A+, % 1.2 0.3 1.4 MeamcBos203/032141
Dianeter, A 69 62 71 Na, wt % <0.05 <0.05 <0.05
Surface SI/A atomic rati'o, by XPS 0.98.0.72 1.07
BGPRPEsenpandlowsicisity zaolits wenyere Bblirdo paducenalique batlyss. 98
1 95 0.73 1.04 %
c?@gtd 3%@?%%%&%@%&& I BBy S0 006 moo s 108
Model Conpound Testing (b) Total conversion, w%8.2
9 0.9 1.3 iC6
c%@orﬂb RIEARNE DR Byichiiiring) (a): BET
i Be (ofaniag ihseediamagenrous geae] Sivaalunionsantries were Usdrfor 15

oy a4 B AT S0 Tl B,
Pra¥p &t Ruttk- d e sempasifiprfpdiniermde thiahige sarfageyBit wlqaq
"'ﬁi@@ﬁﬁé@@%’ﬂps %a@ﬂ%ﬂha@f ltHe‘b%lk@o Qﬁ’on( Eﬁf é‘ls%p%?at@ gse

base- case base- case crac

cerﬁrﬁfﬁﬂlnﬁ@'%%%ﬁ‘é@sw XRO iSdQ?S é’ilamrﬁorvd% Bropavips ef they

i:ooo-qc';:cn-b-wr\:—x

10 T h@dgEABLR o%géi’%ﬁzcéléiﬁﬂﬂé%pe Qﬁ{ma(r%é %N frocedure. 6
75 parts silica-alum na powder nthesi zed per
1 pat ent application XXXX) 7 and 25 parts crystalline
12 al um na powder (obtai nedrgyjps Vista) were m xed 8
13 wel | . Tenidea Bropertidls bfiltl&ﬂodéhlé&sa@dg%l 8ich-RfniraC1 ent
agrount or del onrzZed wWatel pat kg © CELhit O T BRI
e (t rudabl e paste (3 W % HiB ALRIné T’&xc& ﬂttnaﬁha POWERKSha
1¢Q_These weights are on 100%%solids besis.| The#paste
wiesriasg areg qea@n 362 401 418
Total pore volume, cefg (b) 0.51 0.58 0.55
Pore size distribution by N» Adsorption (b}
30 A, % " 8.8 6.7 114
130-60A % 555 - 83.4 54.7
60-100 A, % 329 28.5 252
100-200 A, % 14 0.8 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, wi% <0.05 <0.05 <0.05
Surface Si/Al atomic ratio, by XPS 0.08 0.72 1.07
|Bulk Si/A! atomic ratio, by elemental anal. 1.03 0.98 1.03
Surface fo Bulk SifAl Ratio 0.96 0.73 1.04
% crystalline alumina phase, by XRD 0% 9% 0%
nCs + iCgs Model Compound Testing (b}
Total conversion, wt% 8.2 9.1 11.3
LnCs conwversion, wi% 1.0 0.9 1.3
iCe conversion, wi% 15.4 17.3 213

14 (a) BET measurements after activation at 1000 °F for 1 hr.
15 (b): determined after activation at 1000 °F for 1 hr.
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11 1/16" cylinder, and dried at 250 OF overnight. The
dried extrudates were 12 calcined at 1100 OF for 1
hour with purging excess dry air, and cool ed down to
13 roomtenperature. 14 15 Inpregnation of Ni and W
was done using a solution containing anmoni um 16

wonmedasgigst at e and nickel nitrate to therrcavsmisosasal

© O N ;M oA W ON -

o I e T e T N . N T S T T ST ST W
W N = O © 0 ~N OO th £ N O

24
25
26
27
28
29

- 30

31
32

33

| oadings of 4 wt% Ni O and 17 28 wt% W3 in the
finished catalyst. The total volune of the solution
nixepde 3: Feepanatiot OORM/MEYdperpldg Cathiystavitb Honvgehase

g B AR Fo A PR R base oxtrudates
gradually while 20 tunmbling the extrudates. Wen the
[ ALt ] Lt1LOop: t i X
LI L
weamplgiil depratabksDwEprepdred perfolayling pr&'dmfudar [ ed

exk L UAaLiRS: é(l\ﬁﬂﬁa ﬁg\bd:ér Q?%ﬁgegééq é%j pg pll 18n W} 23

purdgrng exces
t engh@d panty @YStaTﬁneﬁlmnaDWer ahtaiget frmtmste(j:weed mised A and

. . o5
 WRLDDIRG 68, dREGPANGL £ A Eo TR EInbSilof Foid Flcncler
Cwers adsied tC(‘@atl ah getuds)le paste 2BwidaHAMOs &t thBjotal pumwl‘sl;SY
i ' USY #1

5 ShéeXiights Fie'bn 108% bl Filt ol SPLAILAS, 127"

pﬁ/éﬁamd;ddqo'eandfdulad awaeg F o3@njghbdee dne:l extQdgas wereUSY, 65
. | . t .

P o ot TR R T O eeer Bl Sothopd opyn e
nfoem igmpeta@e.HNO3 32 acid and sufficient anmount of
dei oni zed water were added to form an 33 extrudabl e

paste (3 W% HNOB to the total powders). These weights
alnepregnatior of NA@ng BOwadetea8ing@Holuga0 031tsiag 4thmohiut0 0%

S b@l@g?@% hd nERE! RS © N Bar 3t ko 3@2’%&’.“8%@4 4z Nip and.
e 28 Wi MY @sin W@rf@ie‘:bed catalval. Hte totaD@®IUME ofithd sdldtion matcheds
pﬂa@q'oa% VRGO Wéﬁﬁ?eaﬁfrthe B, e%%a?gﬁg'ﬁ 8"%‘?9'5'““)'"& ess

enper at ur e. nati on o done
umleﬂﬂgdh Themetal snlutiop maa add&cgtoairzmbﬂelmtrﬁiam gmaiuaa@ whilee

CUHORAEINE sl Ak PirtRBbaT Affiited coh R, FitSoBled

Teydrudatea wekecdgehfor @fhotitse Theyl the pxirudatescteseldriedl 411260 10%

mare% o af@p %Qfﬁ:dﬁfeg%?% gaerbg.;?eaeapg%g de § 1%%[].%
| en

(1 nC| ness SOl ufn I on was
a!ddﬂldg excesh drymirsandesopled daws $o gxoaﬁambblyitwm iThis catalyst is

named Catalyst A and its physical properties are summarized in Table 4.
Example 4: Preparation of NiW USY Hydrocracking Catalysts (Catalyst B)

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

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

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

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

acid and sufficlent amount of deionized water were added to form an

extrudable paste (3 wi% HNO;zto the total powders). These weights are on
"2 .




.10 tunbling the extrudates. Wen the solution

addi tion was conplete, the soaked 11 extrudates were
aged for 2 hours. Then the extrudates were dried at
250 F 12 overni ght. The dried extrudates were
calcined at 935 F for 1 hour with 13 purging excess

woang/ogdess, and cool ed down to room t enper atusoosbbiia

O W~ ® o1 W N =

O3 W O R RN N NN R DN R RN N e o oan 3 oa b e en e
Z I CR O I I R o S S T SO N S G  r  -  E  Rr—

catalyst is 14 naned Catal yst B and its physical
properties are summarized in Table 4. 15 16 Exanple
51007% eplits dbsiamThefpable dras @xawded g 1/08 qylindst,andidribd ¥ed500us

Silica- ' Sanpl £ s C. D and
B Qg o el SR et i RGBT 200 S T WP, <
[ pmgmgleﬂuressdwtmn, andgpodaownds rooRDtemperatured usi ng a
procedure simlar to Catalyst B. For Catalyst C, 3
parts 21 USY #1 from Table 1, 72 parts silica-alum na

#Bnrfremlffrad:ﬂ N add uhdaQ&or&a.rsmg a dRitipis eardaibiog hmintoaium

e>r?t F‘t@@;@%"‘% W%l n(i%rral‘f?g\l%dt %z @ﬁ%?aé%l @) gse gfazf'\%‘{ 1% NiO and

_ | AP WG MED4 in thedinistied catalps dT Hartotehehibxeoiihes@ution 2datdied

9P| SO 03 AL S AR APt
Tmbthedn The Qlétaﬂgo[mh aﬂaﬁsat!d@l todhenipdse extmetadeds dosiatiatvaley st
S35t 85 o MUER B R g e B

| ephrudates vemmaget f@2 HoursamberPie mﬂ.:ddmﬁevansdmﬂgi a 260Fkit i on

SR R, BT LS Sl R B 01 o B

I mad hogscess dif.aff, adecBledPowa tarodmiismperdsurel Tihis dakalyst is

gﬁﬁ&{@%aigﬁ%%i% 85'(;'@&&' é%b%lgf’éé 9 3% nz‘%d“ﬁ t?% i on

extrudate sanple 33 (incipient wet ness net hod) The

SRR b AR LR by DRV R e vePutO5y 2ngar 1
whili¢zeAlumiv|Sanplasi{Batalysis i At aw.E)When t he sol ution
addition 2 was conplete, the soaked extrudates were
aged for 2 hours. Then the 3 extrudates were dried at
ZGﬂaIQﬁ (& adivyi agledyst Teful doritidslingention dartteisingtSY, eaksci ned
: : [ ir,
raberdaflua bkedus Aialb At 6 RRAREE, St 1.
E,JS‘é#Nn‘rvmd‘abaHy 82 partedilida-dluning #3 forn Mabletd vl 25qatrtai ni ng

gﬁgu#&’oogﬂrqﬁe Quﬁﬂ?@%ﬁﬁ?ﬂbﬁ% é#éed té ’%fe%laagé%g %agg é)Rrudates.

ertres descr
Then Ni and W were {oaded via impregnation as described in the Example 5.

The target metal loadings were 4 wit% NiO and 28 wt% WOs. Physical
properties of Catalyst C are summarized in Table 4.

Catalyst D, a noble metal USY catalyst useful for this invention, was prepared
from the same H-form exirudate base as the Catalyst C. Impregnation of
Pt and Pd was done using a solution containing platinum fetraammine 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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9 prepared using a procedure nearly identical to
Catalyst C. 10 11 Feedstock for Catal yst Performance
Evaluation 12 13 A petrol eum feedstock with the
followi ng properties was used to evaluate the 14
catal ysts. 15 16 Table 3 17 Feedstock Properties 18

woRoapenssi es APl Gavity 33.7 Sul fur, ppoOrT/us2002/032141

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

16
17
18

19
20
21
22
23
24
25
26
27

Ni trogen, ppmw 0.7 D2887 Sindis, OF Start Point 645
10 W% 707 30 wt % 769 50 W% 826 70 wt % 890 90 wt %
9 PRiruCEiRS gresiuatly wiolpgumbling 2ig extrudaies Yihan e scstinpeadidiiom

g@%@ﬁﬁkg&@%ﬁ%r@?@éﬁ%m iéd fol Qgsurgrﬂ%gﬁé[)on in a
2&%&6&@@% diggd &§gp0 | Elmmmlﬁnﬂ(e@edleytmd@tes wee g@lgnecb)
WG B5(CRIBR ﬁt%r‘mﬂh ?u.%@g Ls%rms Ato%&ng

reference catalys yst

miRTePeRtue- t he hom)geneous silica- aI um na from Table 2
and A1203 binding 27 material, and no zeoli te was
added to the base fornmulation. Catalysts B, C, -24 WO
2 Getalyshi.colVbcplys peefa) forhis dnventionneatalingdd$ WA and 7wt %

hinghberdsad MDAt WEY popStid festibddhf ThbB LSRG

prepared using a procedure nearly identical to Catalyst C.

Feedstock for Catalyst Performance Evaluation

A petroleum feedstock with the following properties was used to evaluate the
catalysts.

Table 3
Feedstock Propertles

Properties
APl Gravity 33.7
Sulfur, ppm wi 7
Nitrogen, ppm wt | 0.7

D2887 Simdis, °F

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

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

Catalysts of our invention (Catalysts B through D) were compared in a
single-pass micro unit with a reference catalyst, Catalyst A. Catalyst A was
made with the homogeneous silica-alumina from Table 2 and AlO3 binding

material, and no zeolite was added to the base formulation. Catalysts B, C,
-4 .




2 catal ysts.
VI and VI |
contains Goup VIII

base nmetal s

3 (N

and W,
noble nmetals (Pd and Pt).

Catalysts A, B, and C contain the G oup

and Catal yst D

4 5

Mcro unit evaluation of catalysts was done in a
once-t hrough, down-flow 6 mcro unit with 6 cc of
wERAe0dJS) neshed cat al yst.

approxi mately 2000 psig reactor
LHSV and 8 once-though H2 flow rate
c and ésateih 2+ WB0hBCiealnmindldd BBY zedtiteoin lthe fiispied
c hoyst er at varied to er 6
Rl D R
priiancitV), hd Caialybi3 caftaiGoap Viihagihd inetald (Pglahd Hd 11
heavy-distillate conponents were cal cul ated usi ng
D2887 Si ndi s anal ysis
adicro eiait eaiuationpiesaddiysisevatadome ez endertheaupb) daivadliovo 13
70 09 rSi riz in, Table 4..14 15
e T OB Lo ML 6%l Mo Forion were
Cappiioyigiately 2000 psigstacr Gadsalirgsa fed Gatb af y.5thrD HSV and

ol S0 207 R MERY R0 ke 1096

of 1.5 hr'

O~ O W =

LR e

12 results.

pressure,

The overal |

Process congctiuswosossse 7
a feed rate

- 0
Otafgso wt %

yi el ds

9 UsatalyshlegYeraeralge wesi viatiedhioAloveri 60e8000% Gagaverddn 656

S RIS 3,1

8754 drs, R Pl

der, f 20%

a%t al

11 #beawpdistiiai® eompor@ntsMdi cBcllted\isify D2 Simiataablyd2, Wt %

12
13

14
15
16

I

3.0 3.3 2.7 Naphtha ( 0
i he- Di st 111 3o ofo b b

Pelforfar

508 e Ry el gl R R e el
M7 @ mf%o lopivershart andi sugnmalFizécbin TabkodCony .
712 683 No-Loss Yields @70% Conv.,

of 700 F+ 717 705
w % C4- Gas 2.9
F) 12.8 13.1 12.4 11.7

.1 38.1 39.2

Q.20 2 _2€0 _1C

Tot al

Compusifion (before metals addition)
usy

Sifica-Alumina
Al203 Binder (

Properties after Metals Addition
Metal #1, wi%

Metal #2, wi%

Surface area, m%g

Activity, F for 70% Conv. of 700 °F+
No-Loss Yields @ 70% Conv., wi%
C4- Gas

Naphtha {C5 - 250 °F)
Light-Distilate {250 - 550 °F)
Heavy-Distillate {550 — 700 °F)

Total Distillate (250 - 700 °F)

Accelerated Fouling Test

redvy-orostrrratc (9
Distillate (2
Accel erated Foul i ng

U

Test

No USY
80% Gogel #1
20%

3.9% Ni
18.7% W

182

Catalyst Performance in Single-Pass Micro Unit

717
29
12.8

37.2
2141

58.3

43

10% LSY
65% Cogel #2
25%

3.1% Ni
206% W

217

705
3.0
13.1

391
18.9

58.0

15

no,f-.ii’&'iﬁani']‘i ‘fﬁg’;’tﬁféfi ot

3% UsY
72% Cogel #3
25%

3.0% Ni
10.9% W

168

712

3.3
12.4
38.1
203

58.4

lyst D

I~ Ca
53!1 ention

3% UsY
72% Cogel #3
25%

0.2% Pt
0.15% Pd

280

683

2.7
M.y
392
20.5

29.7

Fouling rate, °F/ 1000 hrs
17 -
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Fouling rate, F/ 1000 hrs 43 15 9 - 17 -25 WO

2004/ 044098 PCT/ US2003/032141 1 Qur catal ysts of.

invention (Catalysts B and C) showed i nprovenent of 2

catal yst activity by 5-12 F relative to the cogel

catal yst. Conpared to Catalyst 3 A (the base case),
wooar/oemesal ysts mai nt ai ned the total distipC/as2eospsadid

while 4 showi ng i nproved acti vi ty By adjusting the

zeolite content, the fractional yields of light- and
1 h&dwy gatglystsiof lnwréloeﬁwtﬁéstwaﬁné@)shpwadem@gemamoé | evel

2 lapheico e & oo G SR il Rk
3 f fyhedrasp ﬁﬁ?ﬁi\ﬁé’ﬁéﬁﬁlﬁfﬁ maféaines the {otal distilatayield wilel t he
4 t Ghdling ﬁn;ﬂ‘b\?ﬂd'dc %%Wécﬁus‘ﬁn@ﬁ%rzeblﬂg c&gérﬁrtﬁgﬁiﬁctﬁﬂgl

correspon I Ng cat al

5 sty@fsQS|qftlgfésar6fheﬁ%dtétéJ@f@| o8 g vamdeto dhargesiratde lemeldfor jet
(N
Sip R@u@%&s%&ée@)al‘éﬂb&loﬁ‘)t A n%ﬂale%l‘&?iﬁ Ffa&%ﬁﬂ oliPibe Jﬁgg % 12

condi ti ons i ncrease of rate an
r dectalystdh Shwe%faélﬂefﬁmemmw &) the Taiglysitagtivityiang thestotel

V"%fsﬂlla@@iﬂﬁlld loabrafl H3drBtetdng coﬂ'g*sp'bﬁ@ﬁ% Basel LR fse
change required to maintain a 70% Ctonversion
1000 hours of streamtine. The catal yst of our

10 | W@Bﬂab%s&ﬁﬁ%a&‘%%r\:{lé?é c@r‘élbé}gd InJaGSIﬁdélﬁés%%l%'Lﬁl&' s in

that it deactivatéed on the rate of the

1 caerslerated foating %Itﬂlhonq(‘,wé{;sncr%asglmﬁﬁﬂmwte w25t al yst s
12 ofredueemnﬁ I'ééetoﬁ P@wﬁe)t R stamRdp b%w&@caéuuﬁeéﬂaﬁé thel9

amount of deal uni nat ed zeol1te and
13 h&ﬁs@éiﬁ?@wgaf%g ngzceweﬁ&camamtﬂﬁ & &0% igorversjelt RRIT acki ng
14 C3bE peris GRABAAGAG, PRECHRAG: Sﬂo@%vgﬁ%‘ﬁfsh&ﬁ? sif .oiézmg

catal yst activity is inproved q Ticant
15 1 ghatpciepjsiies inthat & de@féi\@ipépdyuawﬁa f3the reiRiofthe pogche
16 begadstr ange of USY addition, (3) the respective 23
yields of light-distillate vs. heavy-distillate can be
17 adjusted with the 24 USY content, and (4) the catal yst
18 beg Qlﬁmmﬁhﬁéh oWa%lﬁ%sacﬁ |:rﬁreﬁ‘t% s‘ﬁB\%\dafF'zat c%'i_’nbfﬁ*!a%t‘: bi e?&ﬂé[l y

| ower foul |n8 rates. nparlson
19 camaunf st higldly %a'%'ﬁe%df«@‘f zwﬁ&te@n@ @mmmneowqmabtu on 28

20 (Qﬁ&%lurﬁﬁ&ﬁié’ﬂdr&&ackﬁ%@%@ ig e@\)ara?cn%i r%Q %' yst B of

inventi on ‘was conpare vvlth which is
21 tp@eﬁs (1) the catalyst actlwty is improved signifi cantly, thetotal distitlate

O o~ »;

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
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31 state-of-the-art cogel catalyst for a hydrocracking
process in a recycle pilot 32 unit. 33 -26 WO
2004/ 044098 PCT/ US2003/ 032141 | Recycling pilot unit
eval uati ons were done with 130 cc of extrudate
catalyst by 2 recycling unconverted 700 OF bottom and
worBosgawes Fresh feed was added to 3 the recycsedroirad
and the feed rate was adjusted to maintain 60 vol % 4
pre- pass conversions. Fresh make-up H2 gas was added
t éQBPYFéﬂQ gilof knigavalusitipps were dere wittnd I0cccrmdiextrusiate GO0 by

S@dyﬂh’ﬂg Lmaomﬁwmﬂ ngi‘)‘&oﬁwlaﬁ}:ﬁ"i-lz BEQ CF?%% féeoc\g&dé&dea@é

wer e: Pressure: 2300 psig-total reac ressure

9 fmeriswcleﬁ feedhand the fard £3te Wes peliustsd romaiaiain &woz% 11 12
Thes-yds8 |c§§ve‘?§1m{§4 F288 maR&BPHD §as Jvéél%ﬁcred %‘ﬁile recycled
calc ? é/ 8 usi ng

heavy-di still ate conponents Wwere

D89S sifaad) & raginlpip H080 PEEHPLaf recypled gaaeﬂqw IPrqpes$ ds and
I eaiditohs wafk: t enperature data were sunmari zed in Table
5. -27 WD 2004/ 044098 PCT/ US2003/ 032141 1 Table 5 2
Physi cal Properties and Performance of Catalysts for
Di sti |Ipfradsard? 0g4gd bé?@totafl:ﬁga@!ogﬁes@ré:at alyst B

State-of -the Art |npvention Cat al yst

Non- | fion 1&Mposition (before netal s additi on)
USY NRedrre MOYBbRYSCRigp ca- Al um na - 65% Cogel  A1203
Bi nder bi nder 25% Properties after Metals Addition
Ni, tw%7.7 3.1 W wt%18.2 20.6

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 5.

COOD"*JG)U‘l-Ib-(.OM_A

— = o3 A
LS O T v TR A
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Surface area, n2/g 289 217 Catalyst Performance in

Recycl e Pil ot

681 677 No-Loss Yields Ca Gas,

(C5 - vol % 20.9 2

550 F),

250 F),
vol % 50. 4 55.1

WORpQ4/094098% 35. 8 33.8 Tot al

Snoke Point, mm 40 43 Fr

0.2

Heavy-Di stillate (550 -

Unit Activity, Catalyst Average Tenp F+
W% 4.8 3.0 Naphtha
Light-Distillate (250 -
700

Distill ate (2B0FusSz0080814%)
vol % 86.5 88.9 Product Properties of Light-Distillate

eeze Point,

C -61 -59 Cetane

T Nunber 51.5 53 Product Pellpérties of Heavy-Distillate
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Freeze Point, °C

Cetane Number

Product Propetties of Heavy-Distillate
Cetane Number

Poi nt , 684nd C

Ilull Q\FCCU
| Q&E@fﬂéﬁn(
60dge:da t G
Vi Men-inveatiers
-gas and nap
fractd¥iy. 8
antage in th
t hélopingsr ove
tion. By | ow

we expect the

11 toWard th
098 P@EP/ US20
s wth the ¢
e or etter
yst of our 3
i nproved Cet
e distillate

| yst of our

distillate w
DF d8i%asmd%poi nt range (over 7€8cetang).

209
50.4
35.8

86.5

40
61
51.5

7

.,at aiaﬂ st‘?)
at al yst B has

substantially

Nt ha, and

Cat all§st'S\8

bt 0858d Cogel

ent i28%mai nl

bring the 10
distillate

e heavs.er

D3/ 032041 |

at al ysts of o

 han tHose of

i nvention

ane Nunbers.

products suc

i nvention is
th 8 550 - 7
Sifke the

20.2

55.1

33.8

§8.9

43
-59
53

74

bur

in
USY

he
il
t he

N as

oud 5 20i nt were

jood
DO

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 disfillate 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

foward the heavier fraction.
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9 this fraction is nmuch higher than that of the
light-distillate with 250 - 550 OF 10 boiling point
range (around 50 cetane), it is desirable to maxim ze
the 11 heavy-distillate contribution to the conbi ned
distillate pool. 12 13 To summarize, our catalyst
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hi gh yi el ds whil e having advantages of zeolite
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o S0 AR ool B R crlone Tty Bt tlous
hPdinbeerackinpgjable. cat al yst causes unwant ed over cracki ng
toward naphtha. In our catalyst 22 system we were
able to suppress t he unwant ed overcracki ng by USY and
2Bhexeatalyat of esinyentionysheoagi a maintgieing thertwavedisiiaentitige of

h epuiS:: I 6,8 ' r | ow
o B BBy (Bl 7% Bh BT PR Barto L B o
ChisdTagtion iPentlo higherdlearf that afithedightdistiidte@iith 250 (356t°Fons)
Rl ® b lertay Bl i doc B b ET ooo
clpayidistiliate esmiribhtionrte dyectambiddatistiliate pogval uat i on in
Exanple 7 was 31 changed to 40 vol % and 40 w % of

the unconverted oil (700 F fraction) was 32 drained.
Thestynyiraceur satelyelrredssedismrovedaiualiy distiltate predunitsio t he

e U L teh 0 A AR R8BS 052141
1capelysihl e 6 3 Performance of Catal ysts for Lube Base

Stock Production Catalyst F Catalyst E State-of-the

Art Invention Cogel Catalyst Non-invention
While we do not want to be bound by the theory, the performance advantage

of our catalyst appears to come from enhancement of isomerization activity of
the catalyst by adding a small 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 Oil
(Bottoms) Properties for Lubricating Oil Production (Coge! 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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Unconverted G| (700F+), As-Produced APl Gavity at
60160 37.4 37.2 Viscosity Index 136 145 Sol vent

‘Dewaxed G| Viscosity Index 131 133 4 5 6 The

Viscosity Index (waxy VI) of the unconverted oil from
the catalyst of our 7 invention showed substantially
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hydr ocracki ng catal yst 9 produced 700 F+ bottons with
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to 16 g¢nefdiCevitviagi®®Qual ity | tbe Bdse $tFER. | 17 18
The fol I[owP RS pl es are il [usttEtive dFStHe present
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PCT/ US2003/ 032141 1 WHAT IS CLAIMED IS: 2 3 1. A
process for converting hydrocarbonaceous oils into
pTieaistsitphdéowaxy VG cathe uagsnvemddsilfioat theeatiiyist afivdr

S SR BBy B g R aRir e k] At &
cwaglcdmpdetsly Wi\mdpec;te@ ﬂfa&i_hxa&éoiE@apﬂéitﬁhmgg{drdn?'acgctinég;jdawyst

t .0 a i | eal u
cPBHer 200 & olfrts Atk Rebdrmadd Ihinkp PP Rl et e
t Tianfraionstwebe antjediscdbiondE i bliaae dewsxingf siépy mprabidathel to
a’rpn?sLl!\ted %J%ricating oil base stock products. The improved VI with our cgtalyst

was maintained after the solvent dewaxing.

While this example included 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,

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

intended to limit the invention in any way beyond whét is contained in the
claims which follow.
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9 mcronole/g neasured by FT-1R, (2) a honpbgeneous,
anor phous 10 silica-alum na cracki ng conponent having
an SB ratio of fromabout 0.7 11 to about 1.3,
wherein a crystalline alum na phase is present in an
12 amount of no greater than about 10% and (3) a

woczatiahapesi ¢ anount of 13 hydrogenati on c@OpOSeIs032141
selected fromthe group consisting of a 14 Goup VI
nmetal, a Goup VIIl netal, and m xtures thereof. 15

1 1VBEAT IS GEAMEDSISaccording to claim 1, wherein the
catal yst conposition 17 conprises fromabout 0.5 to
about 30 wt% of the ultrastable Y zeolite. 18 19 3. A

3 priecesA paecess idi enpverting haiavatbonadeens bits infogradaicial of Biver

i L ' . .about .20 wt %
4 0F T et bl B AR W SR O G388 boidnd o by
5 accor diontpcting sdidihyedrdcarbahagesimoitshmderiyarocsdckigr t her
' . , ' LC. Xl i .24 55 A
or obec 2 atorkyls bR B e B S A neous

26 si |adgity diighty dealuminated wiastaieYealtie havifn ghhipha value

of T SRRt B prodsi it 6l a8l T Bd b ©
al uni riaicioMeido measiserd by - (Amhwnogeoeousy amdrpbsusabout

29 5%..30 : i . Cl.al
10 er orsiedatutnradkid DAoL b SR reor bl apoy 0.7
11 conporieabout 43, whersb 7 ciystallinsfaluhioaiphdseds pre8éntiBdn WO

12 20041 ﬂ@of%ﬁ&r%ﬁ%( m’%égllﬂ)lo ?rﬂ]de(ég a%aﬁ{y@% SM3unt o

according to claim rein ata con”prfses
13 from hydpenation conpanenBeectsy froei thhigra cohsistagtodbl e Y
14 zeol i tGoud VO 0 | of

anor phoaggcr ace?%g@rg npgﬁgéﬁ%i'?ang%%@?eos\r%ﬁ%g%t 4 10%to
15 30% by weight of a binder. 5 6 8. A process according
16 19, cl & WREr&ihdtd dMim ! | it

hydr og e%%elsg n c gﬁ%@h&e rl1t %%‘gﬁ%{é 'b%ﬁg?]&%%oﬁﬁgs%opo up
17 consi $pinagsasfirom about 0.5 to about 30 wt% of the ultrastable Y zedlite.

18
19 3. A process according to cfaim 1, wherein the catalyst composition

0w o0 ~N &

20 comprises from about 1 to about 20 wi% 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 b, A process according to claim 1, wherein the homogeneous

26 silica-alumina cracking component is highly homogeneous having an
27 5B 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

-31-




woubBrend t he hydrogenati on conmponent

O OO ~N O B W N =

o W W NN DN DN DN DN DN NN A A amm e . A L A
RN = O © 0 ~N O W N 2O @~ 30 DR D

8 nickel, cobalt, platinum palladiumand m xtures

thereof and wherein 9 the G oup VI netal

hydr ogenati on conponent is selected fromthe 10 group
consi sting of nol ybdenum tungsten and m xtures
thereof. 11 12 9. A process according to claim8,
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anountmeddls pgrdi0d genaby weight ofifetai eatalysiel ected 32 WO
2004/ 044098 PCT/ US2003/032141 1 fromthe group
consisting of a Goup VI netal, a Goup VIII netal,
atl A prosesa perdifgeipetaim 83wheteiti 2he Wydpgeonatos campomestit ng

| | e
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metals per 100 parts by weight of total catalyst.

11. A process for producing high quality distillate with increased yield of
heavy distillate from heavy gas oils comprising contacting a heavy gas
oil under hydrocracking conditions with a catalyst comprising (1) a
minor amount of a low acidity, highly dealuminated ulfrastable 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, (2) 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 (3) a catalytic amount of hydrogenation component selected
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8 conprises fromabout I to about 20 wt % of the
ultrastable Y zeolite. 9 10 14. A process according
to claim1l, wherein the catalyst further conprises
11 an inorganic oxide binder. 12 13 15. A process
according to claim 11, wherein the honogeneous 14
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honobgeneous having an 15 SB silica to alunmina ratio
of fromabout 0.9 to about 1.1 and a 16 crystalline
al um rfenpiha geoupreesdsiingioha Snougrit unmtalnp Graupe/ 18 matal,apdut

17 5%, . 16. A process according to claiml5,
wher eirﬂ'%gwg%ﬁ%ﬁ%geneous 20 silica-al um na cracking

conponent has an SB ratio of about 1.0. 21 22 17. A
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16. A process according to claim 15, wherein the homogeneous

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

17. A process according to claim 14, wherein the catalyst comprises from
about 0.5% to 30% 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.

18. A process according to claim 11, wherein the Group VIl 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 froh the
group consisting of molybdenum, tungsten and mixtures thereof.
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8 fromabout 0.2%to about 2% by wei ght of palladium
or a conbination 9 of fromO0.2%to about 2% by wei ght
of platinumand palladium 10 calcul ated as netal s per
100 parts by weight of total catalyst. 11 12 21. A
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. greater than about 10% and (3) a catalytic amount of hydrogenation

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

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

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

24. A composition according to claim 21, wherein the catei[yst further
comprises an inorganic oxide binder.

25. A composition according to claim 21, wherein the homogeneous
silica-alumina cracking component is highly homogeneous having an
SB silica to alumina ratio of from about 0.9 to about 1.1 and a
-34-
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7 27. A conposition according to claim?2l1l, wherein the
catal yst conprises 8 from about 0.5%to 30% by wei ght
of ultrastable Y zeolite, fromabout 9 10%to 80% by
wei ght of anorphous cracki ng conponent, and from 10
about 10% to 30% by wei ght of a binder. 11 12 28. A
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30. A composition according to claim 28, wherein the hydrogenation

)
N

component comprises from 0.2% to about 2% by weight of platinum, or

b
[%;}

from about 0.2% to about 2% by weight of paltadium, or a combination

N
3]

of from 0.2% to about 2% by weight of platinum and palladium,

]
~

calculated as metals per 100 parts by weight of total catalyst.
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«w o0

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

[
o=

(@)  contacting a feedstock under hydrocracking conditions with a
catalyst comprising a minor amount of a low acidity, highly

W
(¢

dealuminated ultrastable Y zeolite having an Alpha value of less
than about 5 and Broensted acidity of from about 1 fo about 10
-35.




6 a Goup VI netal, a Goup VIIl nmetal, 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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micromole/g, 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 VIH metal, and mixtures thereof; and

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

© 00 N DA WO =

base stock.
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