WD 2004/ 043582 PCT/ US2003/ 035104 1 HI GHLY HOMOGENEQUS
AMORPHOUS 2 SI LI CA- ALUM NA CATALYST COWGCSITION 3 4
FIELD OF THE INVENTION 5 6 This invention relates to

i nproved silica-alumna catal yst conpositions and to

7 a process for converting hydrocarbonaceous feed
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invention can be used "as is", particularly in reactions that require acidic
catalysts, or can optionally be combined with zeolites, clays or other binders,
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 varisty of hydrocarbon
processing applications, such as cracking, desulphurization, demetalation,

and denitrification.
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Amorphous silica-alumina has been prepared previously by a modified cogel
proéess 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 io produce

~ catalysts used in hydrocarbon conversion processes.

The method of preparation of silica-alumina catalysts affects the chemical and
physical properties of the catalysts such as activity (such as cracking or
isomerization activity), and thsicaI properties (such as pore siructure and
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30 31 The nethod of preparation of silica-alumna
catal ysts affects the chem cal and 32 physi cal
properties of the catalysts such as activity (such as
cracking or 33 isonerization activity), and physi cal
properties (such as pore structure and -1 WO
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ensity and catalyst strength). Silica-
catalysts 2 such as in the present invention can be
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2 txahahgedharamonidtedcegelsal t sol ution at pH of 1-3,
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|l east 4 to 6; adding nore NHAOH to form a cogel | ed
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sol in an alumina salt solution at pH of 1-3, adding NH,OH under substantially
constant pH of at least 4 io 6; adding more NH;OH to form a cogelled mass to
pH 7.5-8.5; washing cogelled mass; mulling the mass with peptizing agent, a
Group VI-B metal compound and a Group VIl metal compound to form
extrudable dough; extruding; and drying and calcining.

U.S. Patent No. 4,988,659, Pecoraro teaches a cogelled, silica-alumina matrix
prepared by the method which comprises mixing a silicate solution with an
aqueous solution of an acid aluminum salt and an acid, to form an acidified
silica sol in said aiuminum salt solution, and adjusting said silica solfaluminum
salt solution mixture to a pH in the range of about 1 to 4; slowly adding
sufficlent base with vigorous stirring, to said acidified silica sol/aluminum salt
solution mixture to form a cogel slurry of silica and alumina, and to adjust said
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25 extrudabl e dough; extruding; and drying and
calcining. 26 27 U. S. Patent No. 4,988, 659, Pecoraro
teaches a cogelled, silica-alumna matrix 28 prepared
by the nethod which conprises mxing a silicate
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1.1, and most preferably 1.0 and a crystalline alumina phase present in an amount
no more than about 10%, preferably no more than about 5%. A catalyst disclosed
may exhibit higher activity and higher liquid product selectivity in comparison with
other silica-alumina catalysts.

Also disclosed herein is the hydrocarbon conversion processing with catalysts
comprising the present highly homogeneous, amorphous silica-alumina
compositions. Examples of such hydrocarbon conversion

processes are well known in the art and include, but are not limited to, single stage
hydrocraciking, two-stage hydrocracking, series-flow hydrocracking, mild hydrocracking,
lube hydrocracking, hydrotreating, lube hydrofinishing, olefin polymerization,
hydrodesulphurization, hydrodenitrification, catalytic dewaxing and catalytic
cracking. '




1.1, and nost preferably 1.0 and a crystalline alum na
phase present in an anobunt no nore than about 10%
preferably no nore than about 5% A catal yst discl osed
may exhibit higher activity and higher l'i quid product
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m | d hydrocracki ng, | ube hydr ocr acki ng,

hydrotreating, |ube hydrofinishing, olefin

pol ynmeri zation, hydrodesul phuri zati on,

hydrodeni trification, catalytic dewaxi ng and catal ytic
cracking. 3 A Nl Wcatal yst prepared with one of the
silica-alum na conpositions exhibit superior activity
and distillate selectivity relative to a conparable
catalyst with conventional silica-alumna in a
hydrocracki ng application. The catal yst may al so
exhi bit | ower gas and napht ha nmakes, and higher total
distillate yield conpared to reference silica-al um na
catal ysts. 3a WD 2004/ 043582 PCT/ US2003/ 035104

BRI EF DESCRI PTION OF THE FIGURES 2 3 Figure 1 is a
fl ow di agram of an exanple of a general procedure for
preparing 4 a silica-alum na conposition of the
invention. 5 6 Figure 2 is a Powder X-Ray Diffraction
of various silica-alumna conpositions. 7 8 DETAILED
DESCRI PTION 9 10 The silica-al um na conposition of
the present invention is highly
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11 honogeneous. A "Surface to Bulk Si/A Ratio" (SB
Rati o) has been selected 12 as the neasure used to
~define the honogeneity characteristic of the 13
silica-alum na of the present invention and to conpare
it wth other 14 silica-alum na conpositions. 15 16
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SB Ratio = 19 (Si/Al atomc ratio of t@ﬁ 2@%%04
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Daneiell et al. in Applied Catalysis A, 6, 2000,
7 pp 247-260. The XPS technique is, ther efore ef fective
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| ayer of catalytic particle 30 surface. O her surface
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honogeneity of silica-alumna are determ ned. 4 How
15 the SB ratio defines the honogeneity of a particle is

16 explained as 5 follows. An SB ratio of 1.0 nmeans the
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22  To determine the SB ratio, the Si/Al atomic ratio of the silica-alumina surface
23  is measured using x-ray photoelectron spectroscopy (XPS). XPS is also

- 24 known as electron spectroscopy for chemical analysis (ESCA). Since the -
25  penetration depth of XPS is less than 50 A, the Si/Al atomic ratio measured by
26  XPSis for the surface chemical composition. Use of XPS for silica-alumina
27  characterization was published by W. Daneiell et al. in Applied Catalysis A,
28 196, 2000, pp 247-260. The XPS technique is, therefore, effective in

29  measuring the chemical composition of the outer layer of catalytic particle
30  surface. Other surface measurement techniques, such as Auger electron

31 spectroscopy (AES) and Secondary ion mass spectroscopy (SIMS), could

+ 32 - also be used for measurement of the surface composition.




7 surface is enriched with alum num (or depleted with
silicon), and alumnumis 8 predom nantly | ocated on
the external surface of the particles. The SB ratio of
9 nore than 1.0 neans the particle surface is enriched
with silicon (or depleted 10 with alum num, and
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11 of the particles. 12 13 A silica-alumna
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publ i shed 29 earlier by W Daneiell et al. in Applied
Catal ysis A 196, 2000, 247-260. On. 30 the other
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The SB ratio of reference silica-alumina samples from two commercial
sources (Siral-40 from SasolCondea and MS-25 from W. R. Grace) was
measured and the following values were obtained:

SB ratio of Siral-40 silica-alumina =2.1 — 2.8
SB ratio of MS-25 silica-alumina = 0.2 - 0.6

‘The above results indicate that Siral type of silica-alumina is enriched with
silicon on the surface of the particles (i.e., depleted with Al} as published
earlier by W. Daneiell et al. in Applied Catalysis A, 196, 2000, pp 247-260. On
the other hand, MS-25 silica-alumina is enriched with aluminum on the
surface of the particles. The silica-alumina in accordance with the present
invention has an SB ratio of from about 0.7 to about 1.3 and is highly
homogeneous in that the aluminum is distributed essentially uniformly
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2 nost preferable to have a highly honobgeneous
silica-alum na having an 3 SB ratio of about 1.0. 4 5
In addition to being highly honbgeneous, the
silica-alum na conpositions of 6 the present

I nvention are anorphous, wherein a crystalline alum na
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present in an anount no greater 8 than about 10%
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invention is 20 conpared with that of Siral-40
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al um na 27 gﬂase in the povvder X-ray diffraction is

t AlyMinaReak g 4%?@1 @828 umi numin 28 the Ms-25
silica-alumna (2. 7 Si/Al atomc ratio) allowed the
alumnumto,_ 29 distribute uniformy on the surface.
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i Py iR Figyre fSiaht) fikﬁﬁuﬁétfmw@ phgysa significant @HO% @Et rum
| Bry&tBifne alumina phase. Quantitation of the 14 and 38 degree 26 peaks

indicated that Siral-40 contains approximately 48 wt% of crystalline alumina
phase. MS-25 silica-alumina does not exhibit crystalline alumina phase in the
powder X-ray diffraction. It is not highly homogeneous, however. One possible
reason that the MS-25 silica-alumina does not exhibit crystalline alumina
phase in the powder X-ray diffraction is that the low loading of aluminum in
the MS-25 silica-alumina (2.7 Si/Al atomic ratio) allowed the aluminum to
distribute uniformly on the surface. In addition to being highly amorphous,
silica-alumina according to the invention does not exhibit distinct crystalline
alumina peaks. An integration of the powder X-ray diffraction spectrum in the
area of 14 degree 20 region cotresponds to 0% of crystalline phase alumina.
This powder X-ray spectrum along with compositional information indicates
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32 area of 14 degree 28 region corresponds to 0% of
crystalline phase alumna. 33 This powder X-ray
spectrum al ong with conpositional informtion

i ndi cates -6 WD 2004/ 043582 PCT/ US2003/035104 1 that
the silica-alumna of the present invention is
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COBBIVREP Rer V\%@c%ﬁalﬁlb Ha@eﬁraﬁéﬁﬂﬂdﬂ@ersn&ﬁs & Ay ddbHrbon

conver si on he silica-alum na of the .invention
s BRRfEs T Measkredusing GamGRoTIagrariM: AhsO¥Rsponds t o

6@aﬂlé Q%vhétrédpmafed tB oﬁm@? te¥dréoe silibZ-ahBnifd) & dificatalmringf
the acid site usi ng nper at ure Erorarmed desor ption

off the p&eﬁe@a@\@ngwowgd RIQBlf"Eﬁ“t'V SSpPIFNIVERPR B WA ot

disfréiefoediich Alunifke Soa Bl e Sbthl dhverddn aﬂng%%mc@@nﬁw tion
fromthe conventional silica-alun na sa W 21

péyifplotal gonversinavdiia e shicapiummineal ta?ri"r‘f%”tggé?‘fﬁ i on
( EQAEXotQIfcogw?erélérQ Whﬂ:lﬁlbbﬁ@éﬂéﬁdé io%ﬂ RIS REREsk nictivity.,

rated silica-alum na sanples per 23 procedures
publlshed inJ. Catalysis 114, 34, 1998. The results

L I@zlﬂgﬁﬂt%n' dP thefbid A8 h@inété:ﬁﬁ@r&@r‘eﬁar&dﬂé\hn@ﬁ ldeddigtfon of a

I ca-al um na ‘show about p&;@amd site 25
c bagesveh 86 N5k 61 lsamapxlai@n@ie@m%é@ene te deiighle siises not

Ceﬁjﬁm#aaéo%wsﬁ;& #41R the?@nadByRal SMELbIuATHERQHMESt 88 | ng

performed temperature programmed amine desorption (TPAD) of

isopropylamine (IPA) adsorbed in dehydrated silica-alumina samples per
procedures published in J. Catalysis 114, 34, 1998. The results reported in
Table 1 indicate that all thee silica-alumina show about 0.4 mmol/g acid site
concentrations, and the desorbed IPA content does not correlate with the
above mode] compound testing data.

The percentages of silica and alumina in the composition overall can vary
widely. The composition of the silica-alumina can be changed easily to
provide a wide range of aluminum content from about 10 to about

90 wit% Al;0; in the bulk. The preferred range of aluminum content is from
about 30 to about 70 wit% AlO3 in the bulk and is most preferably about

46 wit% Al.O3 in the bulk composition which corresponds to a 1.0 Si/Al atomic
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-1

27 28 The percentages of silica and alumna in the
conposition overall can vary 29 widely. The
conposition of the silica-alumna can be changed
easily to 30 provide a wi de range of al um num cont ent
from about 10 to about 31 90 wt % A1203 in the bul k.
L ferred range of al um num content _j 2
Woazggﬁ?jsgo to about 70 wt % A1203 in the bﬂ#ﬁugﬂmgmmﬁrmst
preferably about 33 46 wt % A1203 in the bul k
1 cuatipisthe gokcompratipressrasds puwinize the activity oShe fipalat oni ¢
gnégglglggg/c%gglsz PCT/ US2003/ 035104 1 ratio in the
ge l conmposition so as to nmaxinmze the activity of the
final 2 silica-alumna catalyst. 3 4 Silica-alum na
ag@@g thﬁl%ata%c&@iﬁ% R’ e Efgsehﬂﬂ\%‘ﬂ¥|érpﬁa¥'ﬁé/ pRBaRfepar ed by
vari ety of enpl oyl n and conti nuous
5 prasicbsdfeethags @nmfwma hﬁtch gng @wﬁmﬁaﬁ Ipeesses inglifferant t wo
"Pnftﬁbihé’ﬂa gtant steps in the preparation of a
I ca-a urri na cogel are 9 (1) preparation of the
clear sol containing silica and alum na and (2)

9?@& ol Rkt mél&r@ﬁt &sz‘% sk Sdr@da%tloa obégrﬁcasgahmma%gen%e@

Pat ent affe and S. Patent
9 Nd) pzepgeasorw‘ghe ﬁe@r@pbcmtalmm ﬁh@far\mﬂlwn%a@ (2) gellation

10 | BGRE BY 39@6% HaYe éfﬁutroﬁf%ee@%ep%hﬁw 4 2%@%59' ﬁa@fe%ﬁ&mn' y
assi Patent Application titled “Met hod

11 fEiS. %.ateptawo rfgP8R.850 greoprar o el adich/ae mﬁﬁ@eaated by
ﬂéférs&eﬂe%ﬁ. %e%ﬁo@emﬁﬁ%gtdsgﬁned fid, Pgteﬁpx@nﬁét@ﬂ&.{wd

herewith and 1| ncor por ated by reference herein

13 1Neth@ for Bieparing Ardiobly HemogeagustATeorBlegusSHlisg=IHRINgn st ep
1 SllnH?s‘?llcﬁl' BB ARSRhfy hd&Glith andlifcdiitiiated B tdf&@n&our ce.

m num sal t source that can be used for the 19
15 sWﬁlﬂe& s includes alum numsulfate, alum numnitrate,

[ee] o0~ BN

3]

™~

p
18 | B XSGR ALRIdCTIEAIGminkiA s}t Source that can be used for the

19 synthesis includes aluminum sulfate, aluminum nitrate, aluminum chloride,

16 al um num chl ori de, 20 al um num brom de, al um num
i odi de, al um num acetate, and al um num net al 21 or
7 aFbastading metesilsder theysod preparaion step insiuge jalumimim sl acid,

‘20 aluminum bromide, aluminum iodide, aluminum acetate, and aluminum metal
21 - or alumina dissolved in acid. Feasible acid sources include acetic acid, formic
22  acid, sulfuric acid, hydrochloric acid, and nitric acid. The silicate sources

23 include, but are not limited to, sodium silicate, precipitated silica dissolved in a
24  base, and colloidal silica.

25

26  The sol preparation can be done either via a batch process or a continuous
27  process, it is critical to maintain the pH less than 3.0, preferably less than

28 2.5, and to ensure vigorous and complete mixing of the aluminum salt and

29  silicate solutions to minimize any unwanted gel or particle formation.

30

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

32  acidified sol solution. The addition of the precipitant raises the pH of the sol
33 above 3, resulting in cogelling the silica and alumina species. Dilute ammonia
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22 acid, sulfuric acid, hydrochloric acid, and nitric
acid. The silicate sources 23 include, but are not
limted to, sodiumsilicate, precipitated silica

di ssolved in a 24 base, and colloidal silica. 25 26
The so[ preparation can be done either via a batch

woR6RERSH Or a continuous 27 process. |t pdSuGhdshissal 1O

O 00 -~ D 1 B W N

W NN NN NN NN N DN S A A A A A A A A
N = ©C © 0 ~N OO '@ N2 O O 00N W N SO

maintain the pH less than 3.0, preferably |ess than

28 2.5, and to ensure vigorous and conplete m xi ng of
t sdution isiha Brafereadibage fpr thegpelipline i 8igp i dibkearmgoni,

NLRbMB&Ss ALY A4INMIM, BEAGS KOH dP@Fdahi! hihddbives casO
31 A basic precipitant such as amoni um hydroxide is

t #lap ba Hersidor the geliatian Its pepfaralle tasise agdnqiggrinbaspigr its
agdbtdrn of the precipitant raises the pH of the sol
33 above 3, resulting in cogelling the silica and
aI um na species. Dilute ammonia -8 W 2004/043582

f ?é’ﬁaﬁ&?été&éﬂc% ddne &RhattichtdhSprédias BF edrihi el base
or

he_gel lation. In addition to dilu

oPTREFSSh FisdesiaRin final grliabpn PRisip dge ramqo%w g aﬁb@ ﬁa% ne

defd origddl mv@%empl%teab@@robg nﬁ&éfgcbfftﬁb"sﬂm eolgﬁd»d it ms It
is preferable to use an inhorganic base for its

| basie Pregiiant gnd PABtafalTaEm B4 trougonine BT t her

Vind p%;ﬁtantmdeﬁs.ﬁs §teF in &ra8th MAMEe fohmRlAE S5 Solatdd Silica
desirabl e fi nal |ation pHis in the range of 5-9,

p‘ﬁ‘?!ﬂ%?sam(&/a"ﬁﬂ@ado@a'ﬂ? is critical to have conplete,
vigorous mxing of the Si-Al solution with the 9 basic
precipitant, and to naintain uniformpH throughout the
an lxq preeipiiater rggel Peedshie tpﬂweﬂmdttam@ma\tmmw @wifeattedh in
! at ﬁg
cate gl‘?d Ergl% rulﬁngar]]é% IE]ls %alln%l?g ha;rhdéagftglr%ré%\éed

cmhmnmgebsﬂmelovmdsm fboa;rmnﬁmeteﬁ,n&-&maat edm 14
silicate and al% salt and_then |t ﬁmglah
eEEWRIYE ¥ 5t PR B"e FEMRHEIYIRLT YhEo E‘Eﬁ}%l d
agad dogbl ARPHOXbATIIRLY ft-contHidrze & haRMAY aAd storage, or

tenperature or at an el evated tenperature of up to
abevite datheigeaegeed to 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 to produce a moisture content of

approximately 60% by weight. After muiling for approximafely 1 hour,
optionally in the presence of peptizing acid or base, the material will attain
a plastic or doughy state which is suitable for extrusion 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°F for 0.5-5 hours in a furnace or kiln. These and
other methods of finishing the material are set forth in U.S. Patent No.
4,289,653, Jaffe, incorporated by reference herein.
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17 aged cogel may be spray-dried for convenience in
handl i ng and storage, or 18 may be further processed
to the final catalyst fromthe noist state. If the 19
extrudate conposition is in the dry form such as
spray-dried powders, 20 sufficient water should be

woRdRiRehsd0 produce a noisture content of 2dpy 2003,035104
approxi mately 60% by wei ght. After mulling
ap roximately 1 hour, 22 optionally in the presence of
1pe thﬁ%‘f»%f’%e%/fa Cai b%a@ebmwfme epgeh| fongxampiet 2eqiitas 23 a

2 pl @B, termedRYg Bia/et s?ﬁé}l PAR) Chthdrsighdb %&éﬁ & B £ SAPQy
l\lhégegn in commercial 24 extrusion par a % 26
(

Claysphwogiiedeiavs inpigpnip exigss, raad @aude araceusonand
4 Cahételsecﬂarbtﬂl bfgaﬁré%@bs’%an%és %td 'er?éddﬂloﬂnbtﬁér rﬁé&éé'r&( pel’

catal st ort.. referred met ho ryi and
s“%ﬁ%?’f#aﬂgd% RRifvAl é@z@ﬁﬂ thepe Fempasitiong @163109@{)3/ havesbeen

6 ai fburitb B8 Exedent mitidR-fdriTe t ation
at 480- 650F for 0.5-5 hoursgéﬁri?c% ?urnav‘c’:ée"aggre%%[@hp

7 THRYRROMS A" hydePPsrasesing@niierisnsf f i ni shing the materi al
gare set forth in U S. Patent No 31 4,289, 653, Jaffe,

i ncorporated hy reference herein. 32 -9 WD
2%&/"5%?@%2"@% gjep ietresytearhon convearsienpiocessing svithan
10 beakyshi caagrivihg fhet,ja@seﬁﬂg@hy hcjne,?(ggef,egétgwurgoIae5 Jt’ tes 2

i nt er nedj at e /'or smal ore er sieves

(1
1§ S Sl orresiioses Exarmpias Wi bydsooarpiriapsyermou { | od
12 ClppytessdsnOWBRRA ke @mjee@ﬂ»ca%m%lwéﬁayéié Ry %f% well

tals, carbon ani ¢ substances, etc:
13 oEREYN b afgipcl olide, dhutare got lisited én singée steas dual Na20
14 |Ihy£ﬂ1’6§%§kn¢g3m§ﬂabé ﬁymodrf&mg%ﬂr*e&ﬂ%\h %&%Ekmgg nﬁuﬂund to

b xceIIen rices for tions
16 o SuEPREHING 1L BHPEKs, MBS BPBHSG S aspNDCRGTION o
16 8 pBlymbezaios I58fodbs LB, aiyaébdbﬁiﬁifpé’cst . C%g;%%%&ﬁ%ﬂ

convyer.si on I‘OCGSSI ng w th cat a rsi n

17 ¢ RRI pRtavigGraglingh | v honogeneous, armrphous 11,
18 silica-al um na conpositions. Exanples of such
rocarbon conversion 12 processes in which the

19 hﬁﬁ? Breperdiinveptipnalsmpraddess ppgess formanvesting nelebcarbensiel |
20 comprising contacting a hydrocarbonaceous feed at hydrocarbon convertlng
21 conditions with a catalyst comprising highly homogeneous amorphous

.22 silica-alumina catalyst having a Surface to Bulk Si/Al ratio of from about ,
23 0.7 to about 1.3, preferably from about 0.8 to about 1.2, more preferabiy from
24  about 0.9 to about 1.1, and most preferably 1.0 and a crystalline alumina
25 phase present in an amount no more than about 10%, preferably no more
26  than about 5%.
27
28  The present invention also provides a hydrocracking erocess comprising
29 contacting the catalyst of the invention with & hydrocarbon feedstock under
30  hydrocracking conditions.
31

-10 -




13 known in the art and include, but are not limted
to, single stage 14 hydrocracki ng, two-stage

hydr ocracki ng, series-flow hydrocracking, mld 15
hydr ocr acki ng, | ube hydrocracki ng, hydrotreating, |ube
hydrofinishing, olefin 16 polynerization,

wohsdfo@dgsul phuri zation, hydrodenitrificapipse@Balsadaytic
9 The

O OO0 ~N & & A W N

GO G W N RN N RN NN RN N NN A& A A S e e o= ek e
BN = QO © 0 ~N & O =~ 0 N 2 O O 0 ~N O 6 B W N -

dewaxi ng 17 and catalytic cracking. 18 1

present invention al sq provides rocess for -

© GG BRREPRI R AR SOMASS SentedinonB R PrSRTSRoMPFgg
hygtiagng braehrust theRderition it a0yardearbos fRYSIHER Wiler 21
conditions wth a catal yst conprising highly
hegwyEERditeifor phous 22 silica-alum na catal yst
having a Surface to Bulk Si/Al ratio of from about 23
0.7 to about 1.3, pref,(frabl frgm a%g\%t 0.8 taq about
1.Tbe Piegprl inyeRYosal3q RIOVIGESA Progess i Fatahigally slewpdng 1. 1,
aﬂph oot aistfek Yoilnglakbng abow TBEBqFaeHdioﬁﬁtamlingrﬁhﬁ?hQS
T MR R L NS
ph?c&@éﬂrbdrfbﬂﬂ’@édsﬁﬁkﬁitg@pm’s@r‘tvded?%ddedwt Y rdg@?glakiai{w Con
process conprisin ntacti e .catal yst o e
P gt o 2oy a0 GRbuRS el segerdsmaiohe i
hyrQedvacki thaingendht i ons. 31 10 WO 2004/ 043582

PCT/ USZ003/ 035104 | The present invention al so

provi des a catal yti c dewaxi ng process conprising 2
CPhé pkbithveorcaomiddesad prbbessiferiany dilciydifihishiag

hydr ocar bon f eedst ock urégﬁge 3 gevva@jéng onditions. 4
5 Comeishiseoataetingfhe Artplyst chiednysnEd Wika V%P%%@soﬂf or

C flcabipbit Bouing)abeRNeBEUNGE0RF Gndist dhiyéregaragion edrditioas thetb ock
boi I i ng abave ab_? t 650F and containing straight 7

c RExdHCS lybaeatigs £F hasg hed chai n hydrocar bons

conprising contacting said 8 hydrocarbon oil

feedstock .in the presence of added hydrogen gas.at a 9
hy 7 BFEANLIMEEIaR ALEATOUIRR A R RN P S ARbISg
deMRxting aGRBRLAbeMBetédk in a reaction zone under catalytic

cracking conditions in the absenice of added hydrogen with the catalyst of the

invention.

The process conditions and other catalyst components useful with the
silica-alumina catalysts of the present invention are well known in the ast.
Representative examples are disclosed U.S. Patent Nos. 4,910,006,
4,921,594, 5,316,753, 5,393,410, 5,834,572, 5,993,644 and 6,264,826 which
are incorporated by reference herein in their entirety.

Feedstocks which can be suitably employed in the process according fo the
present invention comprise gas oils, vacuum gas oils, deasphalted oils,
long residues, catalytically cracked cycle oils, coker gas oils and other
thermally cracked gas oils and syncrudes, optionally origination from tar
sands, shale oils, waxy hydrc_icarbons from Fisher-Tropsch hydrocarbon
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10 the catalyst of the invention. 11 12 The present
i nvention al so provides a process for |ube oi
hydrofi ni shing 13 conprising contacting the catal yst
of the invention with a hydrocarbon oil 14 feedstock
boi | i ng above about 650F under hydrogenati on
wo%ediskd,0ons in to 15 produce a | ubricat ppguSidseRane
stock. 16 17 The present invention al so proviges a
catal ytic cracking process conprising 18 contacting a
1 hywrtersis ifesess desidteunoradingPrpeasees @rbioarfe. Gemiipations o
C ' ' &ﬁmgj ions in the absence of
2 ég%ggﬁﬁi ?%gﬁﬁ&@ﬁ#%n?%e cafg1yst of the 20 invention.
3 21 22 The process conditions and other catal yst
4 CHRRRNGNIS E%&ﬁﬁllz’é al ii3trbtiR of $hé prédehfvdttiofltiare not
catal ysts of the present invention are well known in
5 t intenged fo lipithrényealinarin apy wey ksyangwhat igpentaipetindiad
6 Uchimbatietoudps: 4,910,006, 25 4,921, 594, 5, 316, 753,
5,393, 410, 5, 834,572, 5,993,644 and 6, 264, 826 whi ch
26 are incorporated by reference herein in their
entirety. 27 28 Feedstocks which can be suitably
enpl oyed in the process according to the 29 present
i nvention conprise gas oils, vacuumgas oils,
deasphalted oils, 30 long residues, catalytically
cracked cycle oils, coker gas oils and other 31
thermal ly cracked gas oils and syncrudes, optionally
origination fromtar 32 -sands, shale oils, waxy
hydr ocar bons from Fi sher-Tropsch hydrocarbon -11 WO
2004/ 043582 PCT/ US2003/ 035104 | synthesis process,
resi due upgradi ng processes or biomass. Conbi nati ons
of 2 various feedstocks can also be enployed. 3 4
The followi ng Exanples are illustrative of the present
invention, but are not - 5 intended to Iimt the
invention in any way beyond what is contained in the
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6 clains which follow -12 WD 2004/ 043582

PCT/ US2003/ 035104 | Exanple 1: Synthesis of .
Silica-Alumna of the invention by batch gellation 2
3 An acidic alum num solution (Solution | containing
7.3 W™ % Al 203) was 4 prepared by dissolving 1089 g of

woRhdahd8d220 and 205 g of acetic acid (99. 984uHoos3s104
concentrated) in 1857 g of deionized water. A dilute
Sol ution 1] containing

1SOE %‘» glswgﬁigﬁ arlr%ge;a gfltp%py%iog 1b@tcagef§ation
2concentrat ed SOdI umsilicate solution (cont a| ns 29 W %
331 P adiE BT Sotpd Sbba S inbadibob AL e e

4 al preparechbysdibsdivirg 088ig cEA‘&G]WMd}QO@g)@f%tﬁeﬂc%cW (8paue
e.to l.Nntal n

5 ool Bt b 1gaE gk o AR vE GrtkBasbiang! sptmpiate
6 si (Splytioraih corddining B avt% B16,)was drepprddiy di cnhmngfﬁwg d)fIOPI LLI
7 el Bl e EpRaRs Y5 10 9% Nex)
8¢ owmadenwczed whRr. IPheSilicatle AbRIGE wad @fadmamy Ia@dé!:fto%hegl a15
anmo
9 ¢ i P s RGPl afnd o et ol o]l e
10 prd@pueabmjto nisdnthio thegeHy babwam toBhsurd Ifc%rnhtbﬁ&h ﬁlrasllalém k& of
d ol uti on
1 s bRl o Bk a4 2 2ot e vy
12 mipxeduged Lolged dilied aB0 aininacsviutibn hedingt SR (1 Sontained:
13 precipitate when the pH of the slurry reached at about

‘21 3.2, and then gellation conpleted when the pH
14 r eacheSiOah,@pmotar Fatio\de2.02 cont i nued the anmoni a

sol uti 4 i on u the pH of the slurry reached
15 23 8. dQ"fl}lﬁerqa I'raéiPSF{ly was aged at roomtenperature
16 for 3 hours while stirring. 24 This cogelled

1 SSRGS A FAE oM SR bt b

18 amgamaunm dbetdiitted é&n&miﬂts%uti&lﬁ)wbs é@dedtgrmauy #BckdrR
rinsed with 10Q of dei oni zed

d
19| Sngdind hes 5oy e s05than GRGUsk o opelae o o
20 t pifiesaluine sfarted ko prakipitat@whel ihe gHadt the slurry reached at about

21 3.2, and then gellation completed when the pH reached at about 7. We

22 continued the ammonia solution addition until the pH of the slurry reached

23 8.0. The gel slurry was aged at room temperature for 3 hours while stirring.
24 This cogelied silica-alumina was filtered to produce a filtered cake. The cake
25 was washed with a hot solution of ammonium acetate (3.8 wt%, 10 L solution,
26 125°F)for 15 minutes, and then rinsed with 10 L of deionized water. The

27 washing step was repeated four more times. The final cake was dried at

28  250°F ovemight. A small amount of the dried silica-alumina cake was crushed
29  to small pieces and calcined under excess dry air at 1000°F for 1 hour for

30  activation. Physical properties of the final silica-alumina are summarized in

31 Table 1. |

-13 -




28 250F overnight. A small anmount of the dried
silica-alum na cake was crushed 29 to small pieces
and cal ci ned under excess dry air at 1000F for 1 hour
for 30 activation. Physical properties of the final
silica-alumna are sunmarized in 31 Table 1. -13 WO

WOARA3582 PCTI US2008/ 035104 1 Tabl e hegy Bialsal
|

3
4

Properties and Conversion Activity of Silica-A umna
Conpositions Reference, Reference, Silica- Siral-40
Silica- M5-25 Silica. AIE'PI'PﬂaAIumnaAIumna

| gl\g’dnmswawqmm@ﬁﬁn@ Copvergipn /;\Gtmtsh@f&ihcarﬁsluwn\ if
4 Total pore vol ung, /g ( b) ~gen 3 Cor ¢
sike distribution by N Ao pt%izéggcaﬁo A%‘%gaé
7.9 5.9 30 - 60 A %)aamamgo 5 45 0 F100 A, %
324.9 32.8 39.9 100- 20@&xamer)] 4 18. 6 8.3 200 - 300
AH 9%0.4 4.2 0.4 300 A+, %{1.2 5.9 0.5 | Mean Pore
Di [suristesrea, /88 113 75 | Naj362m % <0. 0813<0. 05| <0. 086
Suréta gae Wiumd cclatbpmi ¢ fat 061 by XP0.€ 98 1| 17 D.881
Buibéce Sie/dAlribwitoiyiNg r at ijo, by 1, 03 0.57 2. 74 elenenta
_anamﬂg%mﬂﬂace to Bulk|Si/A Ratio 0.95 2.05 0.48 %
crlysf™ *ne al uni na phasé® by| 0% 4 § 0 0% 5.9
30-60 A, % 59.5 45.0
60-100 A, % 32.9 32.& 30.9
100 - 200 A, % 1.4 186 8.3
200 - 300 A+, % 04 4.2 0.4
300 A+, % 1.2 5.9 0.5
Mean Pare Dlameter, A 69 113 75
Na, wi% <0.05 <0.05 <0.05
Surface SifAl atomic ratio, by XPS 0.98 117 1.31
Bulk Si/Al atomie ratio, by 1.03 0.57 2.74
elemental anal.
Surface to Bulk Si/Al Ratio 0.95 2.05 0.48
% crystalline alumina phase, by 0% 48 % 0%
. {XRD
nCe + iCq Model Compound
Testing (b
Total conversion, wt% 8.2 39 ‘ 5.1
nCs conversion, wi% 1.0 08 . 0.9
iCg conversion, wi% 154 Al 9.4
Isopropylamine TPAD, mmol/g 0.43 0.35 049

{a): BET measurements after activation at 1000 Ffor 1 hr.
(h): determined afier activation at 1000°F for 1 hr.
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XRD nC6 + 1C6 Model Conmpound Testing (b) Total
conversion, wit%8.2 3.9 5.1 nC6 conversion, wt% 1.0
0.8 0.9 iC6 conversion, w%15.4 7.1 9.4

| sopropyl am ne TPAD, mmol /g 0.43 0.35 0.49 3 (a): BET
nmeasurenents after activation at 1000 F for 1 hr. 4

wolbioss8et erm ned after activation at 1OOPCT/ES:LB£K)35104W
-14 WO 2004/ 043582 PCT/ US2003/ 035104 1 Exanple 2:

Synthesis of Sili nve

Ehamafect Svews pEficG g ofhelaeatich B Garuahs
S@eltioan (Solution | containing 6 w% Al 20G8) was
prepared 5 by dissolving 3127 g of Al 2(SO4) 316H20 and
338 g of sulfuric acid 6 (98% concentrated) in 4968 g

Oﬁn%idwﬂlmduml&blet’ ion (Soldtibrt engaiing 6 atts NzOS)OHHSlm‘EpaZ'ed

gb‘é?@ﬁ“@?ﬁjﬁi ?FO“F%G%J’Q@%{ é a@fj%g’g g@ﬁ%i{ﬁjﬂ? F‘g{" ed s od| um

S (98"/9 aérﬁ:eﬁl@éted)limmaméloﬂ&e@ Yetedo /StilEs suhdiod ¥ MaiR@y 9

orlicriafglehdcaresndosSh a8y B rBingRRTo of
Vicgieatistey sodixm Biflcdte squitpdcantHed 20wteAnSiOh knd THANZ;Onal
Xi ng

P hiniges et URiehThe e solitieh e ariva s e " e

W 0 ~N O =W NN =

10 f al@dlinubeselitionwHie blg?mﬁslﬁmi}ﬁfg to pBepatASSUKGAIA 'Bﬁfmlsm’nbar
|oo.2. 15 + nplar ratjo of 1.2 6, 17

11 10t 08 Qi Biines 2 biee Pt 08 Aroded§ oBocalisd el e

12 PEEpEIreThé fiial gelutiad liebntaind® The dil ute amnmoni a

13 solution and the Solution Ill containing the silica
and 19 alum na so[ were punped separately and

14 si nul tS0gBLS) solahtadio bhz0m Xi ng

15 H*/ Na* molar ratio of 1.2

18

17  Diluted ammonia solution (containing 8 wi% NH3) was prepared for gellation.
18  The dilute ammonia solution and the Solution Il containing the silica and

19  alumina sol were pumped separately and simultaneously into the mixiﬁg

20 chamber of an in-line biender. Mixing in the in-line blender was vigorous with
21 1600-RPM blender-blade rotation. The volume of the mixing chamber is

22 smalier than the total volume of solutions pumped in 1 minute {i.e., less than
23 1 minute residence time per volume). The addition rate of the ammonia

24 solution was adjusted to maintain the pH of the gel product at 7 = 0.5. The gel
25  slurry was collected and then aged at room temperature for 2 hours while

26  stirring. This cogelled silica-alumina was filtered to produce a filtered cake.
27 The cake was washed with a hot solution of ammonium sulfate (5 wi%,

28 10 L solution) for 15 minutes, and then rinsed with 10 L of delonized water.
29 The washing step was repeated four more times. The final cake was dried at
30 250°F overnight. A small amount of the silica-alumina was crushed to small
31 pieces and caicined under excess dry air at 1000°F for 1 hour for activation.
32 Physical properties of the final sitica-alumina are summarized in Table 2.
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20 chanber of an in-line blender. Mxing in the
in-line blender was vigorous with 21 1600-RPM

bl ender - bl ade rotati on. The vol ume of the m xing
chanmber is 22 smaller than the total vol une of
solutions punped in 1 minute (i.e., less than 231

wdHohlRsy esi dence tinme per volune). The adgitlh@R:Hat €
of the amonia 24 solution was adjusted to maintaln

151 Exbioldla: buSh e aruRE AT it af ae BirSaon by sirinvgfiSsels ur o

2f Opreaauhﬂmﬂﬁuowwlt@ caftirtiol:s Gélpespardiibs cogel | ed
3si lica-alumna was filtered to produce a filtered
cake. 27 The cake was washed with a hot sol ution of

4 ammoig silica- @Iwigfna?].nﬁas Gcfenﬂ&%dn GOBpbBitibn &Qhaitpréﬁa)ecf iA Exétﬁpfe 2,
tes an t hen rl nse ni mater.
5 DU BraBteiny HEpes RS Al e Srartfi 44 Fiige  rre
6fi Iilahde@&fbﬁh En@mp@:rz wak @elted 3 PrePB3FSottien M, gh:}ear éol&tlﬂ‘_’;ilﬂ I a1
anmount. .0 1Ll Ca-al,um e 0O sSha
ke T B R S R R e
81 hour for act ivation. 32 Physical pr opertl es of the
fi al um,na 2. 15 WO
9}, bl ot tife Al BOu It R LR D e dcaR3oRadn 1o s
10 gf (SSBlutibe By wibre Iﬂi}jmﬁe@fseﬁdai‘aiew lu@ta"mumshehyslstmtﬁ ih@lmxiﬁgt; sol .
repar i Qn 0] 0 contli nuous ar | ON
1 SABREandin s Sl viscTaiay Baire: Hiingfin GBI Ree, °ro
12t hHéncg# ezaamgdrogm\fm%ﬁxamﬂt -RPI, blerﬁielbmdd foeatipn. erthﬁrm{ deQll‘ite
ro ur e S | |1 S e n | ne
35" Bk Bin net b o, Tha euteRERREn HiobrabPieron
14 I I Is,olwonlue:mhta&migxhe Silica/ arealliraing solParsd the diut@ahnnigm na
as well as for t ell ation 8

final ti
15 & SR WA g R o ey o T h TR ¢ ambsry
16 t hef asselcox?rabani Dlleﬂdierltﬁcfr ge&ﬂn{uﬁi@h utllmie:]df)hemﬁmoma gpiatbn
se ar ar. e an SI ne | Nt o e mxLn
c AR Beia PR 861 ARt P oL OB ng.
18 M b rmudelbsédaer Wals éqaﬂm;géaumﬁmb@o R bhSSH PR rIMaﬁJSh
1600- RPM bl ender - bl ade rotati on. The pH of the

19 ¢ olhs 9Rb Broditt wies sallecter pbd thengaged @t fWWé—'ﬁmPWét%? o a@purs

20 f r\ﬂmetshﬁmb Nedid rﬂf@em%deé'!ﬂ;ﬁfaluniiﬂa ﬁr§§’f ItéfréoOtB p'rdducé afftaedi Ng
the silica and al um na sol) 'ute ammoni a 15

21 s otalpi WP GRE? Wapiaped Mf@ﬁd?%ﬁ@uwaqﬁ é"%ﬂ%ﬂ"l sifiatSIW %,
22 | ML sdioR) ot M mriu@ED B then rinsed with 10 L of deionized water.

23  The washing step was repeated four more times. The final cake was dried at

24 250°F overnight. A small amount of the silica-alumina was sized to small

25  pieces and calcined under excess dry air, at 1000°F for 1 hour for activation.
.26 - Physical properties of the final silica-alumina are summarized in Table 2.
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wohRAKSH; was collected and then aged at L
tenperature for 2 hours

1

3
4

16 of a second in-line blender for gel

rate of

mai ntai n the pH of the gel

t he ammoni a sol uti on

formati o

n. The

17 was adjusted to
product at 7 0.5. The

mxing in 18 the in-line blender was again vigorous
wi th 1600- RPM bl ender - bl ade rotati on.

19 The g

J320030
20 while stirring. IH'II

el

35104
S

cogelled silica-alumna was filtered to produce a

filtered 21 cake. The cakB@#3 washed with a hot
sol uti gp oé [%Tyﬁ\?@'ipdﬁP%?faé‘fj&%SerﬁPWﬁCflm ofg L
sol ut i%ﬂ‘i& lyningcof the{paption Bicaared ki arGonbeupugiProres L of
dei oni zed—wat-er 23 The washin : LS e .eated
four noje times. The fi nal cakeﬁ“}ﬁf&é‘?ﬁﬁﬁ%‘Ga-éip_mm@4 250F
overnight. A small anount of th&ﬂﬁ“}jﬁ“ alé:l‘;‘?nﬂ:ﬁj”gg was
sized t¢ sSmalT 25 preces amd—cat Cr red g ess dry
air, at[TOO0OF Tor I hour for agtivation: ysi Ca!j
ropert {Sfacebred, Ry fah nal silicajal yn najar untfari ze
' !On Tabl aﬂog;porﬂg@n? ? §04/ 04358 PgL US200; 2 35104 1
Tabl e 2}2 Physical Properties and Conversion Adtivity
of a3 oloiseaadinith By Qbedfiy 1veNt | ony Prepar ed by a
Cont i nupusgpRr ecess ITrca-Alumpa Silicar Al gm na
| nventi pn sbn¥@Rki on  (Exanple R) fExanple . Syr face
area, nR/ go(@hAdd8 367 Total por yol me,w_gc/ (b)
0.55 0. 71002308494 z€ distribut]ongy N Agé rpgion (b
30 A, Pb Lo 4oBary 30 - 60 A P 54,7 2P. 97,60 {100 A,
% 25.2 L7 380 4160 - 200 A, % 6.8 23,3 200-1% 0Af, % 1.0
11.1 3P0 mddn Porharfbtel 4- 3 Mean| Pore Di pmetgr, A 71 187
Na, wt% <0.05 <0.05
Surface SiAl atomic ratio, by XPS 1.07 1.21
Bulk Si/Al atomic ratio, by elemental anal. 1.03 0.96
Surface to Bulk Si/Al Ratio 1.04 1.26
% crystalline alumina phase, by XRD 0% 5%
nCeg ¥ ICs Model Compaund Testing
Total conversion, wi% 1.3 8.6
nCs conversion, wt% 1.3 1.2
ICg conversion, wi% 21.3 16
The continuous preparations of Example 2 and Example 3 produced high
quality silica-alumina with uniform composition. They exhibited high surface
areas of 418 and 367 m?/g. The continuous gellation prep (Example 2)
produced a composition with the pore size distribution nearly identical to the

© o~ O

10
11
12
13
14
156

sample produced via batch gellation (Example 1). The continuous

sol/contintious gel preparation produced a silica~alumina of the invention with
much larger pores (Example 3). The mean pore diameter is 187 A for

silica-alumina made by the continuous solf continuous gel preparation, and

69 and 71 A for silica-alumina prepared by the batch gellation and continuous

gellation, respectively. All sili_c_a-alumina samples showed excellent activity for
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Na, wt% <0.05 <0.05 Surface Si/A atomc ratio, by
XPS 1.07 1.21 Bulk Si/Al atomic ratio, by el enental

“anal. 1.03 0.96 Surface to Bulk Si/Al Ratio 1.04 1.26

% crystal line alum na phase, by XRD 0% 5% |1TC6 |C6
Model Conmpound Testing Total conversion, wt% 11.3 8.6
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Fé\z & S@I‘ﬁ ﬁ}}’ﬁ{eocfrfea‘%'ﬁrﬁ%téﬁhéveyﬁ
40

con?alnln t he re erence
calcined at 1'100°F for 1 hour with purging excess dry air, and cooled down to

room temperature.

Impregnation of Ni and W was done using a solution containing ammonium
metatungstate and nickel nitrate to the target metal loadings of 4 wi% NiO and
28 wi% WO in the finished catalyst. The total volume of the solution maiched
the 100% water pore volume of the base extrudate sample (incipient wetness
method). The metal solution was added to the base extrudates gradually while
tumbling the extrudates. When the solution addition was compiete, the soaked
extrudates were aged for 2 hours. Then the extrudates were dried at 250°F
overnight. The dried extrudates were calcined at 935°F for 1 hour with purging
excess dry air, and cooled down o room temperature. This catalyst is named
Catalyst A and its physical properties are summarized in Table 4.

Catalyst B, a NiW catalyst containing silica-alumina of the invention, was

prepared using a procedure similar to Catalyst A. For Catalyst B, 80 paris
silica-alumina of the invention from Example 1 and 20 parts pseudoboehmite
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15
16
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18
19
20
21
22
23
24
25

9 silica-alumna from Table 1, was prepared per

foll ow ng procedure.
(Siral -40,

10 75 parts silica-alum na powder
obt ai ned from Sasol Condea) and 11 25 parts

pseudoboehni te al um na powder (obtained from Vi sta)
diluted HNGO3 acid and
woMido&i,ent anount of deioni zed wat er

were m xed

forman extrudable paste (3 W% HNOB to t
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When the sol ution addition was conpl ete,

eﬁ@@hﬁ)%ed%ﬁ)cﬁ With HEFSIRYINBIrep A TAINIE 3PwhOWe.to Then

extrudates were dried at 250F 26 overnight.

The

devaldpte therqgtplitstss were cal cined at 935F for 1 hour with

purging 27 excess dry air,

tenperature. Thi
its physi cal

30 Catal yst B,

properties

s catal yst

N \Eﬂeﬂa;taq:lﬂﬁénopem

alni

and cool ed down to room
is named 28 Catalyst A and
edummarized in Table 4. 29

ng

silica-al unina ¢
usi ng a procedune
B, 80 parts 32 ¢
Exanpl e 1 and 2(

pf’r ltnventl on,
]Lu ar, to Cath

| INhrg@n Mm na of
parts pseudoboe

ghe i
hm t e

31 prepared

A. For Catal yst

nvention from
-18 WO

prepare the bassq
2 were 4 wt % Ni
silica-alum na (
i nventi on was

D320 08168 GQickatipn
trudates. The
a w % W 3

70 wi%
90 wi%

End Point

OB @i Ng silical

Al um ma were used to

et net al

| oadi ngs
alyst C, a

ina of the

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 Hy flow rate corresponding 5000 SCF of Hy/ bbl of oil. The
‘catalyst bed temperature was varied to cover 60-80 wi% of conversion of the
700°F* feed to 700°F product. The yields of C4 gas, naphtha, ‘and light and
heavy distillate components were calculated using D2887 Simdis analysis

results. The overall vields and reactor temperature data were interpolated fo

70 wit% conversion and summarized in Table 4.
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T subfig

5 prepared using a procedure nearly identical to
Catal yst AL For Catalyst C, 6 silica-alumna of the

i nvention from Exanple 3 was used to prepare the base
7 extrudates. Physical properties of Catalyst B and C
are summarized in 8 Table 4. 9 10 A petrol ei:m%)

f ck with the follow ng properties Brosxlog\VAS
Odg@g&tg% 11 evaluate the catal ysts. 12 P‘%L ab’l e 3 14

Properties APl Gavity 33. 7
P 0 B RS rebBR Fsevh mocppby oot

2 Si #ith &le&ﬁs@bé?delda{aﬁlst @adé Bith 8 88fmerfl ¥4 d0ifa 30 W %

70 wt % 890F 90 wt % 977F End Poi nt

3 10@"5@'3’88% Maigé\%yéf?f i inventior pehievegiihesanaeavsion akas
4 dOFBR24° |cived Rsetok Fneeedtures mté‘ 4)0IWaél)alt|6ﬂ G Ad PRighet th 6

f h d t ss conditions
5 1 CYIPOiY ISglon BYORADEAGANBR0T BUIToR ELbaabos DEGhr o

f
6 f emiVantageinalie disthateqisd ﬁva%gl?ér\éﬁ dSucia I_%FBE%VEMQR&\*T@

ro

di
8sh Peeip e oo Ynligeresiaby aasianemerisdpeoels

8 6be8mca°«hlﬂ(mm% of PR\EEORvatiohhe 21 700F feed to 700F"

product. The yields of C4 gas, naphtha,'and |ight and

922 heavy distillate conmponents were cal cul ated usi ng
10 D2887 Sindi s anal ysi s Table 4

11 Catalyst Properties and Performance
Catalyst A CatalystB Catalyst C
Non-invention Invention Invention
Composition {before metals addiﬂoﬁ)
Sllica-Alumina 75% Siral-40 80% silica- 75% silica-
alumina alumina (Example
{Example 1) 3y
Al,Os Binder 25% Catapal B | 20% Catapal B | 25% Catapal B
Properties after Metals Addition
Ni, wi%e . 3.2 39 3.3
- W, wi% 214 18.7 216
Surface area, m%g 229 182 1686
|Catalyst Performance in Single-Pass Micro
Unit )
| Activity, °F, for 70% Conversion 741 M7 718
Yields @ 70% Conv., wt%
Cy Gas 3.3 29 2.8
Naphtha (C5 — 250°F) : : 131 12.8 12.8
Light Distillate (250°F — 550°F) 36.4 37.2 37.4
Heavy Distillate (550°F — 700°F) 21.3 21.4 21.0
Total Distillate (250°F - 700°F) 57.7 58.3 58.5

12
13
14
15
16
17
18
19

While not wanting fo be bound by any specific theory, the performance
advantage of the catalyst of the invention appears to come from maximizing
the number of the available acid sites in the silica-alumina composition. This
was achieved by having a highly homogeneous distribution of aluminum
throughout the silica-alumina particies. As a result, the sifica-alumina of the
present invention exhibits much higher activity than conventional
silica-alumina. Typically, higher activity is connected to poorer selectivity for

-20 -




23 results. The overall yields and reactor tenperature
data were interpolated to 24 70 w % conversi on and
sunmari zed in Table 4. 25 -19 WO 2004/ 043582

PCT/ US2003/ 035104 1 Catal ysts of the invention

(Catal ysts B and C) showed nuch higher activity 2

wdDARdfHe base case catal yst made with apeniithisossila

coooﬂcsc.n-hcom—\

silica-alumna 3 (Catalyst A). A catalyst of the
invention achieved the sanme conversion a 3- 24F
| disillete: Suprigngly crijbe a@rlyliaéscaégﬁéﬁ dthg PfeF"ﬁ‘ HHSP‘H“on
ﬂ‘l‘&?lﬂh@ 5@611‘15?1%] behefeds Raprovedtdistillste fleRl wﬁi&‘aﬁl’fmmnced

sts of invention in that about I w% 6 advant age
|ﬁomﬁ@za@p%@¢twﬁme yi el d was observed. Such hi gh
activity advantage 7 and at the sanme tine better
distillate selectivity are wteu p ed beneDfllts
& Thare o7 RLgBaraIS A AUETS N AhPTRRest ENEMOHORTA 67 PoG IS b

Tﬁ«%ﬂt Bf the lécﬁﬁ%;@brycﬁéup bn‘ﬂﬁéféidn@ﬁesaié@crﬁ%ﬁfr@fem nide
vent Q]O n

AR B ARG Tk LA RNt
- aﬁlﬁ}bﬁﬂoﬁ rﬂaay%el dr&dicéd VbRGsc AR & spabifiddy 308eriskti bca-  75%

't ca- al'umina alum na (Exanple (Exanple 1) 3) Al 2C3
Bﬁmf@\?“f%%r@&t apal B 20% Catapal B 25% Cat apal B
Properties after Metals Addition Ni, % 3.2 3.9 3.3
W wt%?21.4 18.7 21.6 Surface area, er/g 229 182 166
Catal yst Performance in Singlé-Pass Mcro Unit
Activity, OF, for 70% Conversion 741 717 718
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Yields @70% Conv., % C4 Gas 3.3 2.9 2.8 Naphtha
(C5 - 250F) 13.1 12.8 12.8 Light Distillate
(250F-550F) 36.4 37.2 37.4 Heavy Distillate (550F -
700F) 21.3 21.1 21.0 Total Distillate (250F-700F)
57.7 58.3 58.5 12 13 Wi le not wanting to be bound by
&hfIM$iecific theory, the performance 14 advant age of
the catalyst of the invention appears to cone from
maxi m zing 15 the nunber of the available acid sites
i n t he Ahighlydomlogenavas amombsiis sitica-alithing cathsiteing a

of ol unk A G RBUR A b HERRTR AR E-T hh Wclei

parti cl eystaline aumisephese is peeseit in @n agiount of ao gfeatdréhan1 8

present .4 [ F\.mé' ' ) A\
convent?ﬂggg Ié_\mgfe | ca%éélf}%%&s%g@ﬁ%mﬁb%’ibgﬁté;re%ﬁtto
act i vi t3poui90usighs pereent Ad-Opoor er sel ectivity for -20
WO 2004/ 043582 PCT/ US2003/ 035104 1 distillate.

Surprisingly, on the contrary catal ysts of the present
4.nvent i AsiliG-agwiningi catalyistaceddiing tornidim dewbénein tbé catalpstoved

act i vi 1 negbesindi b6 Qe RN B o hRBAGIERL "

presentAlilaventi on which are possible in 6 |ight of

t he teachi ngs and supporting exanpl es descri bed
herein. It is 7 therefore understood that within the
XBcope & silidacalfiroink oafalygt adceiding, to claim 18whereianhe catalpsty be

practic erw s h ifically described or

9 exemﬁ%ﬁpﬁ%eg qj?gpteﬁi% ﬂ‘.ge'g%g&gr%iniﬁ%: 1. A highly
honogeneous anor phous silica-alum na catal yst having a
urface, .0 Byl k. Si/ atio.of fromabout 0.9 to abau

4" and sifkerhring <allvs S RirRuto e e ke Simiprlsho ™ Bider.

present in an anount of no greater than
2. Aprocess for converting hydrocarbons comprising contacting a

hydrocarbonaceous feed at hydrocarbon converting conditions with a

catalyst comprising highly homogenedus amorphous silica-alumina

o9




about 50% wherein the catalyst conprises from about
10 wei ght percent to about 90 wei ght percent Al 203
2. Asilica-alumna catal yst according to claim1,
wherein the catalyst 3 conprises from about 30 wei ght
percent to about 70 wei ght percent A1203.

The cat SOt $wé8%t°%@aéﬁh@ﬁw?rama%a@@§éﬂ$@%3'02

4. A si Ni3zad ahoginad at@iird prase @ eRestingh dntousl dthen 1,

further co I Si.n bi nder. 5. A process for
convert?'ﬁ}ap‘ﬁ@ atr@é‘hs conprising contacting a

hydr ocar bonaceous feed at hydrocar bon convertl ng

GiomgeniBR ek pnut S s i Rhrea S heedrihy.
havi ng proSessfcamprising c&tbdatm@lﬁembtalyatmm adtfydrbcammrabout 0.7

to abou?eedét?cﬁu Mh%& ‘!k{']@%&?‘ﬁ Hgn na phase is present
a

in an anoun n about 10% 6. The
process of claim 5 vvherel n the process is a

T alysToress AR S ER e A sr 8RRy R as
hydr ocr e@wirigigy @Qﬂfﬂﬂ‘mg thecatalyst \Mﬁh@ hystrenaon fagtistetkainders,

wher ei ng é‘,p&mgmﬁﬁﬁ is a dewaxing process conprising
contacting the catalyst with a hydrocarbon feedstock

‘under dewaxing conditions. 8. The process of claimS§5,

aherei 5%;,‘.? ically
%\Qwam 25 hd)%gb?ocar on of@r'?&?gc%eggé k%lfb%?éw above
about W‘@ﬂy denexing e hypiercargorseikfegdgiesk baliag ﬁb(a’ﬁ@bOUf

sli ght |%0bF%H&B&ﬁaﬁﬁb9éﬂ%u hf‘éf%fnoa%rs ;%brfaeéﬁaa bﬁéuﬁ‘g
contacting the catalyst Wlt a hydrocarbon oil

f eedst oBEracAbeRECOpPESEBtasinadariciplys Withsfarrogalbonell o
hydr og ef@edsﬁf i &e@no@ﬁﬂdﬁe@%@gﬁ Qadist b%y&%@l
rocess

dewaxi ng con |t| ons catal yst.

of cl aiPressureghabast 59&39@09519@@@5 dewg@en@woys igh the
cracki n(% OPg{ocess conprising contacting the catal yst
w th a hydrocarbon

9. The process of claim 5, wherein the process is a catalytic cracking
process comprising contacting the catalyst with a hydrocarbon
feedstock in a reaction zone under catalytic cracking conditions in the
absence of added hydrogen.

10. The process of claim 5, wherein the process is a lube oil hydrofinishing
process comprising contacting the catalyst with a hydrocarbon oil
feedstock boiling above about 650 °F under hydrogenation conditions
to produce a lubricating oil base stock.

11. The process of claim 5, wherein the hydrocarbon feedstock is selected

from the group consisting of gas oils, vacuum gas oils, deasphalted
oils, long residues, catalytically cracked cycle cils, coker gas oils, other
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feedstock in a reaction zone under catal ytic cracking
conditions in the absence of added hydrogen. 10. The
process of claimb5, wherein the process is a Tube oi
hydr of i ni shing process conprising contacting the
catalyst with a hydrocarbon oil feedstock boiling

wobRN@s@bout 650 OF under hydrogenation ggp %ﬁhﬂﬂﬁm to
produce a lubricating oil base stock. 11. e process
of clajmb5, wherein the h carbon feedstock is

Tsel ect rm&}ﬂygfﬁ*%g@%rqyapsyg% FstRispilsrwar dvéroparbons

2 vac uunfr@ﬁﬁs@hérsrro;%%pdnabére& syﬂtHe§|s pl‘d&@gs ré&sdudues,
catalytlc cracked cle oils, coker gas 0|Is

3 ot her ~ UBgEaq| @8@%‘5@%? W@Sﬂ’é@@ﬁ a4

thermally cracked gas oils, syncrudes shal e 0|Is, waxy
hydr ocarbons 2 from Fi scher-Tropsch hydrocar bon

synt hesi s process, residue 3 upgrading processes or

bi omass and mi xtures thereof. -24
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