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19  and inorganic oxides for the cracking of liquid hydrocarbons in cracking

20 reactors such as fluid catalytic crackers and hydrocrackers. Silica-alumina
21 composites have been used commercially for a variety of hydrocarbon

22  processing applications, such as cracking, desulphurization, demetalation,
23 and denitrification.

24

25  Amorphous silica-alumina has been prepared previously by a modified cogel
26 proéess wherein no hydrogenation metals were added during the gellation
27  step. Spray-dried, amorphous silica-alumina catalysts were made by the

28 method as described in U.S. Patent No. 4,988,659, Pecoraro to produce

29 catalysts used in hydrocarbon conversion processes.

30

31 The method of preparation of silica-alumina catalysts affects the chemical and
32 physical properties of the catalysts such as activity (such as cracking or

33 isomerization activity), and physical properties (such as pore structure and
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Patent No. 4,289, 653, Jaffe t eaches preparing an
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an al Umna sa ution at pH

17 addxdgangmﬂnmmmwubgelantl ally 22 const ant pH of at
least 4 to 6; adding nore NHAOH to form a cogell ed
mass to 23 pH 7.5-8.5; washing cogelled mass; mnulling

19theg), W%te\“(t Na. Q%Q' %?Qaﬁ@@@éche@ pr%ﬂaﬁiﬁ@éﬁ e\(ltruaeﬂ%@élyst by

conmpound and Golp V metal conpound to form 2
20 extmx:dgtalwnmmugaulfﬁmandcﬁulfgnc anty \mﬂy sagluahalh@@nedprﬁomi@ a silica

21 cogel N 21 Sk PO 2R3 ARG TR Qubstantilly
22 MetHRstanhpEbf el st 346 6TaYHIMG rAok NHQ@!—letoS}foFmta coysetimass to
23 an pH 7.5-8.5; washing cogelled mass; mulling the mass with peptizing agent, a
24 Group VI-B metal compound and a Group VIl metal compound to form
25  extrudable dough; extruding; and drying and calcining.

26

27 U.S. Patent No. 4,988,659, Pecoraro teaches a cogelled, silica-alumina matrix
28  prepared by the method which comprises mixing a silicate solution with an

29 aqueous solution of an acid aluminum salt and an acid, to form an acidified

30 silica sol in said aluminum salt solution, and adjusting said silica sol/aluminum
31 salt solution mixture to a pH in the range of about 1 to 4; slowly adding

32 sufficient base with vigorous stirring, to said acidified silica sol/aluminum salt

33 solution mixture to form a cogel slurry of silica and alumina, and to adjust said
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29 aqueous solution of an acid alum numsalt and an

acid, to forman acidified 30 silica sol in said
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23  hydrocracking, lube hydrocracking, hydrotreating, lube hydrofinishing, olefin
24  polymerization, hydrodesulphurization, hydrodenitrification, catalytic dewaxing
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26

27 A NiW catalyst prepared with one of the silica-alumina compositions of this

28 invention exhibited superior activity and distillate selectivity relative to a

29 ' comparable catalyst with conventional silica-alumina in a hydrocracking

30 application. The catalyst of this invention also exhibits lower gas and naphtha
31 makes, and higher total distillate yield compared to reference silica-alumina

32  catalysts.
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17 (Si/Al atomic ratio of the surface measured by XPS)

18  SBRatio = ~
19 (Si/Al atomic ratio of the bulk measured by elemental analysis)

20
21

22 To determine the SB ratio, the Si/Al atomic ratio of the silica-alumina surface

t

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  XPS is 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.
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24 SB ratio of Siral-40 silica-alumina =2.1 — 2.8
25 SB ratio of MS-25 silica-alumina = 0.2 — 0.6
26

27 The above results indicate that Siral type of silica-alumina is enriched with

28 silicon on the surface of the particles (i.e., depleted with Al) as published

29  earlier by W. Daneiell et al. in Applied Catalysis A, 196, 2000, pp 247-260. On
30 the other hand, MS-25 silica-alumina is enriched with aluminum on the

31  surface of the particles. The silica-alumina in accordance with the present

32 invention has an SB ratio of from about 0.7 to about 1.3 and is highly

33 homogeneous in that the aluminum is distributed essentially uniformly
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sanple (relative peak area neasurenent simlar to
17 ASaMmiBa peak I8 IBndegree 20esul ts are reported in
18Tabl e 1. The percent 16 alum na phase was determ ned
by conparing the absolute intensity of an 17 alum na

19 Peplowdier }ray difftcte8 RRDI8pediBum of silica-alumina of the invention is
20  compared with that of Siral-40 silica-alumina obtained from SasolCondea and
21 shown in Figure 2. Siral-40 silica-alumina shows a significant amount of

22  crystalline alumina phase. Quantitation of the 14 and 38 degree 26 peaks

23 indicated that Siral-40 contains approximately 48 wt% of crystalline alumina
24  phase. MS-25 silica-alumina does not exhibit crystalline alumina phase in the
25  powder X-ray diffraction. It is not highly homogeneous, however. One possible
26 reason that the MS-25 silica-alumina does not exhibit crystalline alumina

27  phase in the powder X-ray diffraction is that the low loading of aluminum in
28  the MS-25 silica-alumina (2.7 Si/Al atomic ratio) allowed the aluminum to

29 distribute uniformly on the surface. In addition to being highly amorphous,

30 silica-alumina according to the invention does not exhibit distinct crystalline
31 alumina peaks. An integration of the powder X-ray diffraction spectrum in the
32 area of 14 degree 26 region cofresponds to 0% of crystalline phase alumina.

33  This powder X-ray spectrum along with compositional information indicates
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- 28 The percentages of silica and alumina in the composition overall can vary
29  widely. The composition of the silica-alumina can be changed easily to
30 provide a wide range of aluminum content from about 10 to about
31 90 wt% Al,Oj3 in the bulk. The preferred range of aluminum content is from
32  about 30 to about 70 wt% Al>O3 in the bulk and is most preferably about

33 46 wt% Al,O3 in the bulk composition which corresponds to a 1.0 Si/Al atomic
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14 acConmpiositiond fiénk cpnasemtlyihevewith end vegorperaie@ prreigrence
a b variety of methods enpl oying batch and conti nuous
15 prB&L%Les in different 6 conbinations. 7 8 The two
g host inportant steps in the preparation of a
silica-alum na cogel are 9 preparation of t

. (1) he .
17 c| Ehe stasting oraterials fiey theisotrepastanusieRanaude aiyminum salt, acid,

o ST A PRl RO S o
19 Nogyr#th 888 irhSdePelaatirur sulfatd) abfminahthitrates aluminum chloride,

i ncorporated by 12 reference herein. See al so commpnl
20 asghugﬁem@rgmi taduHINAR [ACR, iU aeetate, and aluminurh metal

21  or alumina dissolved in acid. Feasible acid sources include acetic acid, formic

0o ~N o B W N -

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. ltis 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

-8-



13 "Method for Preparing A H ghly Honbgenous Anorphous
Silica-Alumna 14 Conposition", filed concurrently

wegoemask2 and i ncorporated by reference 15 heP@l/nS2008035104
17 The starting materials for the sol preparation step

ol pasTeed disse dot faroslgtiobdn REHIGL GRS S§imonia,
Sy&h@?ﬁéé”e*ﬁféﬁ‘%ﬁla@%%%@fk I-Eél%r n%ﬁ‘lH{B AérhivAl8s can

1
2
al unmmnum ¢ m-hum br om al um num
3 i aglsdee wWedrfontim galletian elf issprdferbble mumenm idorgaxlic base for its
al um na di ssolved in acid. Feasible acid sources
4 i leWgHEOSkcetic acid, formic 22 acid, sulfuric acid,
5 hydrochloric acid, and nitric acid. The silicate

sources 23 incl ude but are not limted to, sodium
6 si The gelatioorsep panélee@:)rﬁ pithes vin balshusacess ar canfinygys,

nd II dal I
7 g e fhaRater BEGs I e Rl e dopRitay o-6
8 pfl@ﬁ@éﬁlcal fo hévecécblhplé@é Vigortas lﬂ’ﬁlﬂﬂng dfhiee BIHAI esimitibhavith the
.0, preferably less than 28 2.5, and to ensure

9 \2/ |9 @@fﬂl@ pEecipithrd.onnsl tsx @arﬁt&lm@lf@fmtm-étmuah%ﬂr%h@ anixtugg guring
10 B BRI o S2p i ook Etirigy SUMAREtr Bl ica

11 ang®Rbv® dndslaniicke domaiden added to the 32 acidified

sol solution. The addition of the precipitant raises
12 the pH of the so[ 33 above 3, resulting in cogelling

| : o L

13 087 bibSs RS8Rl o BIRLA et

14 Pr fl@étre%cbﬁﬁf?mﬁgh BQ@ 88d 13dd Ans anmaddirhiexehbAged to remove
dilute ammoni a, 2 other bases such as NaCH, NaAl O2,

15 K&bmumrﬁmccgamhwlcﬂbelag&dlfwesapoamwnﬁatallysbaobou@eat room
for the gellation. |t is preferable %o use an

16 n'@ﬁrgg@fa UngaRieat ap ejqvated; terpRaratlys P Up toﬁablqpé 90°C and the
gel | a ca t C
17 3oefh sBe T s Bl LI e e R R s g or

18 PHriay beé fhfBer erdﬁ:%s@éd %o Bhe mhaf es@b)st fPord:. theSmbistlﬁate If the
critical to have conpl ete, ?orous m xi ng of the

19 Sj emrusaﬂwcmmpowrtuon is fie toe lda\ss ifermr se¢ipias svray-drigdtrpwders,

20 malsn f%lenn‘cuvr\lllafceorr ull_|d‘i) d“a% OtlJotprtol?j%cgnaXFn%rls%ugéJ congent of

21  approximately 60% by weight. After mulling for approximately 1 hour,

22  optionally in the presence of peptizing acid or base, the material will attain
23  a plastic or doughy state which is suitable for extrusion in commercial

24  extrusion apparatus.

25

26  If desired, the material may be extruded, dried and calcined to produce a

27 silica-alumina catalyst or catalyst support. The preferred method of drying and
28 calcining includes an initial drying step in an air-purged oven at 65-175°C and
29  afinal calcination at 480-650°F for 0.5-5 hours in a furnace or kiln. These and
30 other methods of finishing the material are set forth in U.S. Patent No.

31 4,289,653, Jaffe, incorporated by reference herein.

32



10 the precipitant addition step in order to mnimze
formation of isolated silica 11 donmains and al um na
walorvaiosss2 12 13 The precipitated cogel needs POI/D82003/035104
washed to renove any unreacted 14 silicate and
alyginumsalt, and then it is amoni um exchanged to
1 erdlp

ET CRmPOPANtSRAMThR ComgnedsHEy the sroekder ekample zeolites
. ! t |
2apRI=pYd TRPhbd S, Méﬁsrﬂ%ll Bg%ljloéﬁ& %{&gg%bgﬁ gxs%eécg, SAPO's,

an el evated tenperature o abou
3ageiP&Xsyetc. gy sh saified cldy$, driorganicomides)i smnicexiti® precursors,

h ' 18 be f h d
41 o Miotel oBHorE RRTE uBitanoetn o acction, ehdrimiial may be
5extusedad excamps idsidial Na,On dﬂﬁsgrcbﬂwsmorﬁ%ﬁﬁ gaggls have been

{
spray-dried powders, 20 sufficient water shou
6addeend v be sucrlenhmatiieasios FEshapplicatibnglas well as excellent

ap j I 0 ' . After mulling for

7ap§9§§€’ﬂn§f‘§|*iyd?&ﬁ"gg%?%ggé'd%'ﬂaﬁ y in the presence of

8peptizing acid or base, the material will attain 23 a
ic or doughy state which is suitable for

| ast
9 gx?’?@s‘?%ﬁewn%%?ﬂ?@r%ﬁ%inw%mﬂn@whowpavgmm prozssgeg with
| f [ ; ry r dr | and
10 S oS e prerT G n g O A Gl
11 casiicgstursinapmmhpositiensp EbeTpleslonsidhoiy drbcsionndnaBesion
122_8 cal ci ni nrg bn%latsdes an, initi ?I dryi ngl step in an
ai PIYEP58a "bvalehdne sbiprs slligagluninaatalysis reay bensedare well
t A8 j ; ; [
oA pa e, e IR aO B pof e R Sifle ek
14 ar 8ydgcracking tva-sta@: hydroerackig, s8hegHladhyeh3cradkihf emild

in ref erence. herei,n, 2 -9 L ]
15 05 BTt BabSRGSinioh i Peality. brurertinishiap olefin
16 be polymigrizatom fhytrodes AsKIRIzatibR! hRIFaaBhififEa8bh  &Ralgtic dewaxing
(1 arge, i nternedi ate, and/or sndll pore), other sreves
17 sueRd gatabdiccragipy s, 3 AIPO's etc., clays, nodified
1g cl ays, inorganic oxides, and oxide precursors, 4
netal s, carbon, organic substances, etc. In addition,

19 ot fike preserit Snvemyioheilso pewitidst SrERa0 88 dorverHR] h\¥#aBarbons
In these conpositions the cogels have been 6 found to

20 e CRRPEPINGHONFARIND Geldydrasanbotacens feadiabiydranarben omeerting
21 EXE&hdifdts Vith SPRRAYSt dhp Ay ﬂ@hﬂpﬁéﬁbagnggﬁé iar%%tréf?onuss'

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 preferabfy 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 brocess comprising

29  contacting the catalyst of the invention with a hydrocarbon feedstock under
30  hydrocracking conditions.

31
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8 9 The present invention also includes hydrocarbon
conversion processing with 10 catal ysts conpri sing

wao b@4ps38ent hi ghly honogeneous, anor phous 11 PCT/US2003/035104
silica-alum na conpositions. Exanples of such
hydr ocar bon, conversjon 12 proce

p ses i,n which the -
1 subfeBtesent InVantPR ASoPENER AERa G IR A PTRFES gpprising
2 130&“ ¥Yﬂ] trf‘letéé?al%ttofatﬁg lrﬂ\fé?lltlHH@wthbéJhyéﬁfo%aﬂﬁn fde@stoRf under

I'ngl¥e stage” 14 hydrocracking, two-stage
3?u@bwamagbongmoaarles fl ow hydrocracking, mld 15
hydr ocr acki ng, | ube hydrocracking, hydrotreating, Tube
hydrofi ni shing, olefin 16 polynerization,

5 Ny 9RO Besdenp h%hﬁ@h lafgd proyRIesdepriocess f&aiat@gsucm@tom\mdmmg a
dewaxing 17 and catalytic cracking. 18 1

6 prkeydrncarlbenaiitieedstarck Hopine\abgys E@OHF Be@dsang eontaining straight

7 BN SR AR B RA e  PERA BhARoBRALA b aBipo sai
8 COpglrbtamnwil feedstoak M s preesnee of agddd bidrpgen gas at a
hormdgreneous anor phous 22 silica-alum na catal

9 habydrggan siegsase of abeul 300spPR) pﬁl@tufw%ﬂwm%wﬁ't'% with
0 % (?%g&g%ftﬁe?m %q{tﬁbgrabl y from about 0.8 to about
y

era fom 24 about 0.9 to about 1.1,
11 and nost preferably 1.0 and a crystalline alumna 25

12 by She mAG Y GRIPE AISEDRNr b Bioe8doryBS 3 hyfEsfnishing
13 Pr Séﬁggls@gvc%'ﬁéc‘?ﬂg%é%apeﬂ)@f'o@ﬁ?e ﬁ‘ivBMﬁ’cBrPﬁﬁtﬁ%h‘J{tﬁocarbon oil

proce nprisin contacting the catalys
141 nfmuistank bmﬁr‘rg abdwedalooutraSoAF Leddshydreganalion cauditions in to

hydr ocr a condi tjons. 10 WO 2004/ 043582
15 PCWQ@%@@ 'I}"g’gg ;b Wése i nvention al so

gPprovides a catalytic de\/\/aX| ng process conprising 2
contacting the catalyst of the invention with a
17 hy The qaesmni invendional$o pryides B caialdiziarackion reGasssonprising

16 RGBSR AR oo B e 2af pBsciahe

19 boictd drthPésnartictzaktihé 205emculotaddaal ydrggst mathghe catalyst of the
20 invention.

21

22  The process conditions and other catalyst components useful with the

23  silica-alumina catalysts of the present invention are well known in the art.

24  Representative examples are disclosed U.S. Patent Nos. 4,910,006,

25 4,921,504, 5,316,753, 5,393,410, 5,834,572, 5,993,644 and 6,264,826 which
26  are incorporated by reference herein in their entirety.

27

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

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

31 thermally cracked gas oils and syncrudes, optionally origination from tar

32 sands, shale oils, waxy hydrocarbons from Fisher-Tropsch hydrocarbon

-11 -



7 chain and slightly branched chai n hydrocarbons
conprising contacting said 8 hydrocarbon oi

wo e@do¥338Kk in the presence of added hydrogen geGI/EHS2083/@5104
hydr ogen pressure of about 500-3000 psig under
dewaxi ng conditions with 10 the catal yst. of th

11 ngwribesin pragesss pesigie PPYSER PIRGERS %{P%Sﬁr&?m&aﬁons of
a i iydgshing 13 conpri sing
2 C ol e Hlocks B Bl B B et o wi th &

3 hydrocarbon oil 14 feedstock boiling above about 650F
under dr.o ation conditiqgns in to 15 produce

41"k dallming Ep@istte 6% Mt oriné Preseiy BLBRIGR, Butare not

5 | NYRMANAlSP tHY RYVEAGSH M &Rt RhY begolsd Akt ROcoHtameasn the
conprising 18 contacting a hydrocarbon feedstock in a

6 r edaimewhidn®llawder catal ytic 19 cracki ng conditions
in the absence of added hydrogen with the catal yst of
the 20 invention. 21 22 The process conditions and

. other catalyst conponents useful with the 23
silica-alumna catalysts of the present invention are
well known in the art. 24 Representative exanples are
di scl osed U. S. Patent Nos. 4,910,006, 25 4,921, 594,
5, 316, 753, 5, 393,410, 5,834,572, 5,993, 644 and
6, 264, 826 which 26 are incorporated by reference
herein in their entirety. 27 28 Feedstocks which can
be suitably enployed in the process according to the
29 present invention conprise gas oils, vacuum gas
oils, deasphalted oils, 30 | ong residues,
catalytically cracked cycle oils, coker gas oils and
other 31 thermally cracked gas oils and syncrudes,
optionally origination fromtar 32 sands, shale oils,
waxy hydrocarbons from Fi sher-Tropsch hydrocarbon -
11 WD 2004/ 043582 PCT/ US2003/ 035104 | synthesis
process, residue upgradi ng processes or bionass.
Conbi nations of 2 . various feedstocks can al so be
enpl oyed. 3 4 The follow ng Exanples are illustrative
of the present invention, but are not
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5 intended to limt the invention in any way beyond

what is contained in the 6 claims which follow -12 WO
wWQOm40,B58582 PCT/ US2003/ 035104 | Exanple 1: C/Demn3035104

of Silica-Alum na of the invention by batch gellation

17, BB 5 SR B SyRR:ALTEs Sietlbi e B6BeRY adliion
2AI Cl 3, 6H20 and 205 g of acetic acid (99.9% 5

concentrated) in 1857 g of deionized water. A dilute
3solAR a@HICoa'U%wwrn Fobitiond&pkitiop | ceptainingrv.8 wikoAbeshvag

9% S ey 7o .
42 ottty A SoDEPRIK BY AR bt O dndPostly B abetigacip 499 9%
5Si @@naantrAHINEL0§57 § oﬂhbfmgdhﬁdlomatég.gé gﬂdt;lt?r stohlgth% of sodium silicate

il J | [ du a ne.
631 (RPRRN b P BB SRS habengpaiod Mucigingr e of
7 Soldehicemtratel-solfurh %ili?:gtedﬁﬁbﬁ&*’{)c?)nieﬁné@b W84 @ljégh%lcﬁ’ bos, Na,0)
below 3.0 to ensure formation clear sol” © _

8si Iwitedeindizat waten Therslidate ablutibh efast dredGallyuhdded td the

o2 U R ey BT e Souion e
10CORfeRiraBd:to rd@ntkdn HEBUALRS 3@%@&%@%#&&%& & cléda sol of

H+/ Na+ nolar ratio of 1.1 16 _ ed anmoni a -
1 solsiliceaind &dgmina. drha final pht efi the ipl@iont 6 WS R. 2yamd the mixing

r for.gellation The diluted. ammpnia L
1285 SR & BeahulE s Bt iy o o SRtk i contained:
13containing silica and alum na sol while vigorously

m xi ng. Cogelled 20 silica-alumna started to

14 pr eci pi APLARsNPIRE T3 &ff2.0he sl urry reached at about
1521 3.2, Fﬁy‘ﬂlath‘?‘c[largﬂti@?figoﬁ conpl eted when the pH
out 7.

reached at ab 2 continued the ammoni a
16sol ution addition until the pH of the slurry reached

177 o Pglehamerdli paltion Y piiion o maning Sguth i) was prepared
10 QSR T ¥AReH i RSP R b 18ty oo 1
19 anroniainingsiivaead(@udina $4l wWiilelvigmbusly anixing? € cbRBEY

for,. inutes, .and then.rinsed with 10 | of deionized
20! QE B A BB TS A LG e ihesh about
2111 885 anditAeh igemhticiPésmPRiPivher 13 pR&e3rREd %YEB&'thf‘.tWe

A smal | anmount of the dried silica-alumna cake was
22 cr gemtérped 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 cogelled 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 overnight. 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.
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29 to small pieces and cal ci ned under excess dry air

at 1000F for 1 hour for 30 activation. Physical
wpe@pestsses of the final silica-alum na are suPEEDS203035104

in 31 Table 1. -13 WD 2004/ 043582 PCT/ US2003/ 035104

1 Table 1 2 Physi cal Propertci

ran f I ﬁ'g d Conver si on
ctivity of Siljica-Al um na ¢ SIti . Referen .
2 Ref Bhysieal ProgertiesandpRyersongetivity ?@mﬁ mipa L.émpositions

Al ymina Alumina Alunmina |Invention (H 1€ 1) |Su gnee,
arda, n2/g (a) 362 513 486 SHetal pg'é;g%?ﬁ%) ccﬁ%%ef'r%"'ca-
(b)| 0.51 0.83 0.80 Pore |siZW"Hf stri bdtt"Bii%py N2 Amina
Addorption (b) 30 A-, %8;( ;neg9 30 - 60 A| %55.5
(:)’}O.JS 4580 60—160—A—93Z: upoz. 83979100 =200 A
01,4.18.6 8. 00 - 300 A+,..%0 044 4.2 4 300 A+, ,%
L 35653 Tt por o ame?eg{, A 69 1§§’ 75 Na, e o8
<0.|bejaleoreysludg, @54 (Osur f acde PPl atoni cOPhti o, by XP 80
0. QBorg sizgdistrigution BNy Sj / Al atomicfratio, by 1.03 0.57
2. Tﬁ“—"?t—'@hﬁht al anal. Surffacg to Bulk SL/A Ratlio 0.
2.45 § &8 °% crystalline [al uﬁlﬁna phase, y 0% 48 % O%gg
XRD) n@B-F0AH Model Conmpound®Testi ng (%§ 0
60-100 A, % 32.9 32.8 39.9
100 -200 A, % 1.4 18.6 8.3
200 - 300 A+, % 04 4.2 0.4
300 A+, % 1.2 5.9 0.5
Mean Pore Diameter, A 69 113 75
Na, wt% <0.05 <0.05 <0.05
Surface Si/Al atomic ratio, by XPS 0.98 1.17 1.31
Bulk Si/Al atomic 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
nCeg. t+ iCs Model Compound
Testing (b)
Total conversion, wt% 8.2 3.9 ‘ 5.1
nCg conversion, wt% 1.0 0.8 0.9
iCg conversion, wt% 15.4 7.1 94
Isopropylamine TPAD, mmol/g 0.43 0.35 0.49

3  (a): BET measurements after activation at 1000 F for 1 hr.
4 (b): determined after activation at 1000 F for 1 hr.
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Total conversion, % 8.2 3.9 5.1 nC6 conversion, W%
1.0 0.8 0.9 iC6 conversion, M%15.4 7.1 9.4

wo s@pioa3syt ami ne TPAD, mmol /g 0.43 0.35 0.49 3rPCHVUS20BEI35104
measurenents after activation at 1000 000-1 hr. 4 (b):

oSl L el SRtk BBl et conirtus
o Syakigsds of Silica-Aumna of the Invention by

Continuous 2 Gellation 3 4 An acidic alum num
3solution (Solution I containing 6 wm % A1203) was

b. i .V 7 .
4 B BRsEfe ety R (i  Gubigees Wik 3881 s prepared
s opnairyon et oo souasics
R ol ut1 on con %
6 pr b GanBINERTe] INAPER0T 6! GeaniZed WIREh ATUEAPILEN hfodium
731 HERBTSHRLAR DR MO 51 JyBpat el iy 2070 o
8 gr aghcdrtrated dediuhpsititate k0| uaionrcontairso2 Wwi% Si@hahe 9% Nay0)

0 pHih SeNERWaRT (B RIRRTE selgten waSaredyally FHdad g the
10 Pr Qﬁﬁ@grﬁ?@%ﬁﬁ{ Yvﬁh% 8@?5% AlidAY % prelgare §okiicnil. The final pH

fina 137 14 Si 02/ Al 203 nol ar
11 r abf theoBolRtion 1L &asH.1,Nenel Hel maixingaprioduoéd 8. dleamsiligerand alumina

Di | ut ed i | uti t ai ni 8 wt % NH3
12 or sglbfien 1o thai Fautonrcai8Red! Gi (i armonia,
13solution and the Solution Il containing the silica

and 19 al um na sol were purrged separately and
14 si mul t afé02idiPsimeler tafe ¢fikVng 20 chanber of an

in-1ine, pl gnder. | ih the in-line bl ender was
15y goroung?h m%irwfé%)—gﬂl%\]/l bl ender - bl ade rotation. The
1gvol une of the m xing chanber is 22 smaller than the
total volunme of solutions punped in 1 mnute (i.

171 eilutashammnia SPUHQR dCordaininehe wits Nelshups PeeRares forgellation.
18205 A By DR B SRl Sapinglghtnd

19 gelalumina sol were pumped separately and simultaneously into the mixing

20 chamber of an in-line blender. 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 wt%,

28 10 L solution) for 15 minutes, and then rinsed with 10 L of deionized 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 calcined under excess dry air at 1000°F for 1 hour for activation.

32  Physical properties of the final silica-alumina are summarized in Table 2.

-15 -



25 slurry was collected and then aged at room

tenperature for 2 hours while 26 stirring. This
w@owelkise2 silica-alumna was filtered to produP€r/ES2003/035104

filtered cake. 27 The cake was washed with a hot

R SRS ke e St B o

ZMt;ﬁéparaglgnTblﬁnw&ﬁB{BGnﬁﬁlﬁmww epratied four nore
times. The final e was dried at 30 250F overnight.

3A smal |l anount of the silica-alunmna was cr ushed_ to
oot BB A8 SRR PSR 30 dpbadd rampio 2
5pr dpgithe psepa‘raﬁdnepfooedhreswlas daffaémnlmmlaegampmmm reline

O BRI OB FHRP 2 WAS 760 KAPIRPEHE R2 G0N ljea clear Solution
7 nvtﬂ?lttélﬂﬁ‘lgbéﬂlcfaoé“d BiipMSa 86, gsgNéﬂ' ﬁf?ﬁfr@ltn ﬂﬁalf%r{ti?\%gs B¥liation.

cont I nuou preparation I's silica-alumna
8was i denti cal in conposition to that prepared in

Ex le 2,. h ' s .
9 1 15 aiing Rultiic Adld sRHIBN ERb AN ARETE BiidSRaolvtion,
10EX 3(‘§EJILﬁ|o% INAgeréSAnbEd BESRALSY §HH %ﬁm@ﬁ'arléduslﬁmt‘d ar mlxmg

sol ut|0n7conta|n|ng silica and al um na sol asvve
11as ¢hamtn¢reoffama+l|nedoien¢aro/uiyleg\egowsbfrmlxwzg Mixing in the in-line

251 1 afe Wer Hebboiiih B0t doddlaals gl 1€ on of e
1359Rﬁfrﬁb|ﬂb&l s@nﬂloﬁlrﬁh@é@m@m@l ThieAttRe pRsiust Korpthelib-line blender
chanber of an in-line bl ender while vi gor ously. mxin

14Mm x(ﬁ‘i’éj—lthli‘ Hirrentainingrie siliga gndralamingsol ag@ﬁ%éll%ﬁtammoma

516 n%olﬁp%q FE!J?I e !ri%%ga%\‘i’%l??nglr%mﬁﬁﬁn@&' mtpt)ér;gn ugrﬁxlng chamber

16f r agh 4 becormtihiime Béedeteor géléfo(rSaﬂlcm |T<ma flaké of:metanmomga solution

the silica and alum na sol) and th ut e_anmonia
1750l \Mftlﬁi aﬁm@detogmw@@ng%a afdhg g@harOﬁUﬁﬁatéﬁébésTQe mlxmg in
Iblnte or fin vﬂg%@s \?;ltﬁ‘a%@pq?ﬁ’i(}fﬂ)lbﬂ&er—blade rotation.
ge he anmmoni a

19sol Tﬂie gél prbaumaﬁiaﬁdollﬁﬁt@ﬂah@ tiem aged at tdmr;]télhpérlamhre for 2 hours
xing in 18 the in-lin

gel product at 7 O.
20p| eniils swgga‘g@ﬁﬁoeﬁgqq alugaw%hmm e P B e RIS & fikered
21;82@5%‘? Fhe chRe WS WEShEY \Q/ﬁH G hABDI RN cﬁ%trﬁmioﬁgﬁn S0fAte (5 wi%,

at room tenperature hour's
22st i 10 Lrsglutibini) $orcidgmir udels, sandi ’rban aingat mathwis L faf Idetmizied water.

uce a filtered 21 c The ca shed with a .
201 T 5 HESN 5P SFsdRPEAEE IPHETErG STgoq e BpARERRE wes dried at
2483! %%?fgﬁvécrﬂphtlﬁ\ ShaK bRPUNABFtH Gcd-bieRHa Wdssi2& to &hall
25 pieces and caICIhed 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.

-16 -



23 The washi ng step was repeated four

final cak

e was dried at 24 250F ov

nore ti
erni ght .

mes. The

A smal |

warmuo#3sef the silica-alumna was sized to snakdT/BS2003/035104

200 2004/
Spr opert P

pi eces and cal ci ned under excess dry air,

1 hour fo
final sil

!

45i | i ca- Al

o N O ;o

11
12
13
14
15

Cont i nuou
| nventi on
area, nR/
0.55 0.77
30 A-, %
25.2 17.2

26 P

B%"?‘Gé )

activati on.

>

r
i ca-
4358

ical
umi, n Ilcgd

AEiaIEse

properties of the

in Tabl e

2. -16

foonvergignd\chivity phgsi cal

at 1000F for

axEMthOEinsi Iauentian Frepared by agContinuous Process

na of the Invention Prepared by a

Process
Invention Examle 2 (Exa
g—(a)-418 367 Total pare

4 Silica-A um ngili&-hiusaaMilidaRaNaina
Ur fnaerdion

C[Bxafriple 3)

heen8dn S
Cyﬁkﬂnﬂﬂt

Pore size distribution b

vy N2 Adso

ption (b

11.4 8.2 30-60 A, %54.7
Surfpg area2®lig @) % 6. 3 23. 3

22.9 60 t
20@4800A
Di amgt er

H-

100 A, §

0%61. O
Aok 18]

0

y

11.1 300 Té#l poté blubhelde/B(b) Mean Por e
Na, W % <g0. 05 <0.05 Surface Si/Al
XPS 1. 07 eokize BidlrkutBh b, Al@Hitsn rb@
anal . 1.03 Q:,OSAGWSurface to Bulk Si
% crystalll m,na phase, by XRO
Mbdel CoHpOLéBd t})ng Total conver
nCo6 conver5|1851 20\/3(’ .3 1.2 i1C6 co

16 200 - 300 A+, A)
300 A+, %
Mean Pore Diameter, A

atomc ra
tio, by e
/AI1 tio
0% .ﬁ
sio

nvef § on

[io, by
enment al
1. 04 1.2
niCo R 06
112§98 6
w dd31. 3
23.3
11.1
17.3

187

JJ

1.0
1.4
71
Na, wt% <0.05 <0.05
Surface Si/Al atomic ratio, by XPS

Bulk Si/Al atomic ratio, by elemental anal.
Surface to Bulk Si/Al Ratio

1.07
1.03
1.04

1.21
0.96
1.26
% crystalline alumina phase, by XRD 0% 5%
nCe * iCs Model Compound Testing
Total conversion, wt%

nCgs conversion, wt%

iCs conversion, wit%

1.3
1.3
21.3

8.6
1.2
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
sample produced via batch gellation (Example 1). The continuous
sol/continuous 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 sol/ continuous gel preparation, and
69 and 71 A for silica-alumina prepared by the batch gellation and continuous

gellation, respectively. All silica-alumina samples showed excellent activity for
-17 -



5 6 The continuous preparations of Exanple 2 and
Exanpl e 3 produced high 7 quality silica-alumna with

w@riokosIsszonposi ti on. They exhi bited hi gh surfBCEUSB03/035104

o N o o W DN =

9
10
11
12

cont ai ni ng

areas(g( 41|8 agd 867 n2/g. The continuous gellation
pre e d [ b '

OHBr BB PeR AR Hd M RN POt R oo

S ARIRHIBrOshEREH Y1 Bobaitalimyarbtabbatonamsi end Exalfipe 3

continuous 11 so]/continuous gel preparation prod
a &6% canversion.eoraparehle orthe M ar n?feqy'%%ﬁﬁlgéﬁég?“-

pores (Exanple 3). The nmean pore dianmeter is 187 A for
13 silica-alum na nade by the continuous sol/

CEkAmpRIS: (@I mparative @Rieparatimmchf NiW bigdenmtackingGasalyst with
siTrca-alum na prepared by the batch gellation and
contiearhbusinalSaily$id rhaseredShict i vely. Al

SI1|7I 8\%- glogm/ na sanpl es showed excellent activity for

- 4/ 043582 PCT/ US2003/ 035104 .1 hydrocarbon

c hbapeicase AYAEHarking Pﬁtaf CRRgEIng §#F6156§d"hteef§f‘?rﬁ89e 2
EXarm)_Siutni A &l SERFONOW EGURN
e o B FERE TbIESf e Bop el peTo Mo e S e
sappbertpsiiparauminaspdederSgel-# 0t otained4ran Sesefitendga) and

égzognggé? t#g%ogc{je ai{qatelggﬁp%%pwig\é\f @ﬁéiﬁ%@?l%kﬁ [Wsta) were mixed

bagen Ch5 e réix, %lilﬁtegq%ﬂog BRI AvdsomitRekbBuBRbRUsiShized water
iral-40, the reference 9 silica-alumn

13 f7 g wmeT?dbdi@:_l }rgfomsal rpexipadable pestef(@Iwidn NP plodbedaia Pg\ﬂdefS)-
arts siill ca-a . i - i .

14 {  EhSiad 68 h T s Arediadtuel pege in

15 al ypign ;@rylmé#,eénd aht@an2E0dR orariight. Aharétied axixedated vere

wel | .

he m x, diluted HNO3 acid and sufficien

ot
16 anvalnincdratdg0a ksl heWraNth DUTGHes EXGarIl &, POF iRPRlpd down to
17 iz}gﬂtﬁg@%&g&g&e (3 W% HNOB to the total powders).

S are on 100% solids basis. The paste

1gwas extruded in 15 1/16" cylinder, and dried at 250F

overni ght. The dried extrudates were 16 cal ¢ined
19 11bopregsatian RHI adf Y} WAG UG @sS&"d]}

W con amg}gdaartnmonium

20 fg,gr{e“atgtuﬂglg%’glé %Pd h?ck%ﬁﬁi‘?ﬂ\?&%ﬁgﬁg%kﬁe@ méi8l 1048ings of 4 wt% NiO and

regna one using a solution

21 copBaithh WO amtbeifiniahed catalyst. The total volume of the solution matched

22
23
24
25
26
27
28
29
30
31
32

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 complete, 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 to 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 parts

silica-alumina of the invention from Example 1 and 20 parts pseudoboehmite
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20 netatungstate and nickel nitrate to the target
metal |oadings of 4 w% NNO and 21 28 wt% W3 in the

w0 ovisoksse2 cat al yst. The total vol unme of the soP@I/US2903/035104
mat ched 22 the 100% water pore volune of the base

ext rudat e sanpl i nci pi ent,_ wetness, .23 et hod).. T .
1 meRlEMIENGTS Bhe AR Hech TS et v motifloadings
2 gr\pg,%aa W%\/\Sj A&y 284tbp! i ng the extrudates. Wen the

s

ol ut1 on addition was conpl ete, the soaked 25
3 extrudates were aged for 2 hours. Then the extrudates

4 weitebist & aesiiGralyatine B ERE Spiogfy o Y g bRSuas
5 exGRpardd Ysif'a prabdderen&mlydeuntidadta CatalystrpdiatCatelyst C,

This catalyst is naned 28 Catalyst A and its physical
6 prsiliea-aiumina of thaimvantiotiomExappe &Waéyseédoc%?é%@sfge base

B. N W cata i N . _

7 EroRRAle T pr R Byt 6 KR ibaod i

g tor§akal yst A For Catalyst B, 80 parts 32
silica-alumna of the invention from Exanple 1 and 20

9 parts pseudoboehnmite -18 WO 2004/ 043582
PCT/ ' i h

10 R el Jeetion uith #1% RROKEpHpRIC I TRROS] Bel Mpod to

11 Wt v duatentie2talyStsW 3 4 Catalyst C, a silica-alunina
containing silica-alumna of the invention was 5

2 prepared using a procedure nearly identical to

g Catalyst A For Catalyst C, +asfeld ca-al um na of the
i nvention from Exanpl e o epare the base

147 extrudates. Physigg zgﬁ?%&?gib%e?“é’gtdi yist B and C
are summarized in 8 %5%&;%\,@ 9 10 A pgifoleum
feedstock with the|feulpWprawtproperties (Tapble 3) was
used to 11 eval uale Nithgefapaysts. 120713 Table 3 14
Feedstock Propertieés Properties APl|Gavity 33.7
Sul fur, ppmwt 7 D2887 Simulated Distillation

IBP 645°F
10 wt% 707°F
30 wt% 769°F
50 wt% 826°F
70 wt% 890°F
90 wt% 977°F
End Point 1079°F

15

16  Micro unit evaluation of catalysts was done in a once-through, down-flow

17 micro unit with 6 cc of 24/40 (US) meshed catalyst. Process conditions were
18  approximately 2000 psig reactor pressure, a feed rate of 1.5 hour™ LHSV and
19 once-though H, flow rate corresponding 5000 SCF of Hy/ bbl of oil. The

20 catalyst bed temperature was varied to cover 60-80 wt% of conversion of the
21 700°F" feed to 700°F product. The yields of C4 gas, naphtha, and light and
22  heavy distillate components were calculated using D2887 Simdis analysis
23 results. The overall yields and reactor temperature data were interpolated to
24 70 wt% conversion and summarized in Table 4.

25
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Ni trogen, ppmw 0.7 D2887 Sinulated Distillation IBP
645F 10 wt % 707F 30 wt % 769F 50 wt % 826F 70 wt %

W@20HF 04382 Wt % 977F End Point 1079F 15 16 M cPOI/USI003/035104
eval uati on of catalysts was done in a once-through,

i f. 24/ 40 (US shed |
Tearar vopL SRl forts S shauisporahpnpr actiiy
22000aASh@DESREHSS cRIRRS H’feﬁje \ﬁltrﬁ ﬁ%nﬁrﬁéfbnélf5||ﬂca5algﬁﬁﬁa
LHSV and 19 once-thou H2 flow rate correspondi ng

35006 atatystdh). Argatalyst ert%@umvermne a@(blay&ﬂethywmwdonverswn at

fo. o
oL e LR PR3 LY B 982 D kS, g prei
5y| egm@ctm‘ty @4alg6$av0”re@ nlyreatalgstd of nrg/@hn@n% thad IPRaY Y wit%
nts were cal cul ated_usi ng D2887

dis te co
Si rﬁﬁ\@n 'Véﬁg dissifateadeldiwias abgervedrSuch higslaptivignadvantage
re
T\ o oot 6 SRR elRt AR <Ry P e BnegegdBa beneris
82OM/SO!@E%MP@Td)MB@Qﬁ@é@‘BSﬂ\%tlom. Catal ysts of the
invention (Catalysts B and C) showed nuch hi gher
9acti vi ty 2 than the base case catalyst nmade with a
1pconmerci al silica-alumna 3 GCpi@hyst A). A catalyst

119f the invention aehbRxelrddigiodliy SRMENSHED 3t 4

D DA

o= 24r I UWCT T CAaCtT Ul C TPt u. - ™11
addition, liquid product 5(s f}ﬁ; f i sdaéﬁl B Catalyst C

avored by catal ysts of inventlo I o{'hat Iy, W%’""e"t’m
50 = tiendi | | atle yi el d was| observed. $uch

ni gRligeAbvingy advantage 7 and5%tSieh® spnB0tisiea-het t e75% silica-
Hi st l I ate selectivity are quite unexpect e@lub¥wef i fadumina (Example

i nvent {55AMPl9 1) 10 3)
?_ SF\I 20g/Bin ihde? alum na of the pr2%§/oee.3,atapal B n20 Catapal B | 25% Catapal B
Propetrties after Metals Addition
Ni, wt% 3.2 3.9 3.3
- W, wit% 214 18.7 21.6
Surface area, m%g 229 182 166
Catalyst Performance in Single-Pass Micro
Unit :
Activity, °F, for 70% Conversion 741 717 718
Yields @ 70% Conv., wit%
Cq Gas 3.3 2.9 2.8
Naphtha (C5 — 250°F) 13.1 12.8 12.8
Light Distillate (250°F — 550°F) 36.4 37.2 37.4
Heavy Distillate (550°F ~ 700°F) 21.3 211 21.0
Total Distillate (250°F - 700°F) 57.7 58.3 58.5
12

13 While not wanting to be bound by any specific theory, the performance

14 advantage of the catalyst of the invention appears to come from maximizing
15 the number of the available acid sites in the silica-alumina composition. This
16 was achieved by having a highly homogeneous distribution of aluminum

17 throughout the silica-alumina particles. As a result, the silica-alumina of the
18  present invention exhibits much higher activity than conventional

19 silica-alumina. Typically, higher activity is connected to poorer selectivity for
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11 Catal yst Properties and Performance Catal yst A
Catal yst B Catalyst C Non-lnvention Invention
wOo pwentisen  Conposition (before netal s additi oPQT/US2003/035104
Silica-Alumna 75% Siral -40 80% silica- 75%silica-
alum na al um na (Exanpl e Exampl.e 1) 0] '
s TP ES DG, Ga1a SPnEy AR e ot e PPl Ehvergen
af t g iR e RSN i . distlla®e Jiekd, iMdiohfing énHanced
18.@%%%%%drfaé§bg§2§f " /%@%29 182 166 Cat al y%t
Pdasbmerneatien activBiyngl e- Pass M cro Unit Activity, OF,
for 70% Conversion 741 717 718 Yields @ 70% Conv. ,
Ww%C4 Gas 3.3 2.9 2.8 Naphtha (C5 - 250F) 13.1 12.8
1278 reldre Muntdrotis Vhasgor(s259the preSem) indéntbrBwh&h3ate4ossible in
Heavy Distillate (550F - 700F) 21.3 21.1 21 % Tot f\l
Di light Iof thestepebings-anpoampogingrexsanples glescried herajy; If is
no ntin [aTe W i
7 panpBis A 5B Bt AR BEaREBF i< RIbMER] dairid)the
8 | nneahticimaeapsicticed otherfiserthamues speciiigallyl 8esdred or
nunber of the available acid sites in the
9 si exeyaplifieghierginconposi tion. This 16 was achi eved by
havi ng a hi ghly honobgeneous distribution of al um num
17 throughout the silica-alum na particles. As a
result, the silica-alumna of the ‘18 present
i nvention exhibits much higher activity than
conventional 19 silica-alumna. Typically, higher
activity is connected to poorer selectivity for -20
WO 2004/ 043582 PCT/ US2003/ 035104 | distillate.
Surprisingly, on the contrary catal ysts of the present
i nvention

S R W -
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2 exhibit the additional benefit of inproved
distillate yield, indicating enhanced 3 isonerization
W@ewuwixsy2 4 5 There are numerous vari ati ons PCT/UR®03/035104
present i nvention which are possible in 6 light of
1 qcl QPR 3R upporting exanpl es descri bed
her efore understood that within the
2scope of the follomtng clainms, the 8 invention may be
practiced otherw se than as speC|f|caIIy descri bed or
39 dxenplA higbly m@negﬁrneomammpzwoa/smasammma catalyst havmg a

AT V203530, LS GRS Bl 3 g whoron

5havi ng @rystainé aienihg phaks |é5pr‘e@ent ﬁiérﬁ?aﬁfoufnlt @ﬁh@@@é’éterthan
0.7 to about 1.3 and wherein a 5 crystalline alum na

6phase | @bEHE4RH in an anount of no greater than 6

about 10% 7 8 2. A silica-alum na catal yst according

to claiml1, wherein the Surface to 9 Bulk Si/Al ratio
8i s 2 r omfasibed-alinGink catdipsitactoiind € clain 3, wherein the Surface to

S|I|ca ctal st according to clalml wher ei n
9t he Sur %é@‘eny)gl 19 '%JPR” &pout|0.8 5 pBovkT £r om about 0.9

1oto about 1.1. 13 14 4. A silica-alum na catalyst
according to claim1, wherein the crystalline 15
11al @i na Aptiicealumipa estalystiaccandirgrizuciainefl, wheggirahe Surface to

than ab 6.17 5. ilica- a cat aI yst
2 accor di %’ kgl S/%| rﬁ]ﬁﬂu'ﬁ?romw%@id-?ﬁ%ag ‘{H 5
13conpri ses from about 10 wei ght percent to about 90
wei ght percent 19 A1203 20 21 6. A silica-alumna
14 cattal ysth sitealiiniga tCQfE&Y%la@SQrlem@' ¢aim flhwheeialtlys crystalline

15 iél ;g?prselﬁﬁilﬁ "0 3 sl in'Sh Ao uRELF 88 L rd RPN atdht 5%.

16

17 5. A silica-alumina catalyst according to claim 1, wherein the catalyst
18 comprises from about 10 weight percent to about 90 weight percent
19 AlLO3.

20

21 6. A silica-alumina catalyst according to claim 1, wherein the catalyst
22 comprises from about 30 weight percent to about 70 weight percent
23 Al,Os.

24

25 7. A silica-alumina catalyst according to claim 1, wherein the catalyst
26 comprises about 46 weight percent Al>O3.

27

28 8. A silica-alumina catalyst according to claim 1, further comprising a
29 "~ binder.

30

31 9. A process for converting hydrocarbons comprising contacting a

32 hydrocarbonaceous feed at hydrocarbon converting conditions with a
33 catalyst comprising highly homogeneous amorphous silica-alumina
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23 A1203 24 25 7. A silica-alumna catal yst according

to claiml, wherein the catalyst 26 conprises about
wasomesxger percent A1203. 27 28 8. A silica- ab@miusmo03/035104

catal yst according to claim1, further conprising a

29 bi nder

1hydrocaPBW9@3W9l%§Hgg ﬁfé F‘lﬁéﬂ" E Hrioprgaboum?to about

2 hydr ocantwang Wenﬁ%?ﬁal@inuﬁb’ﬁﬁ@é@fs%@sé&w%rntélﬂgunt of no
conditions with a cat al yst conprising highly

3 hono en@tﬁﬁehﬂ?@ﬂpﬂhﬂsﬂéw% ica-alumina -22 WD
2004/ 043582 PCT/ US2003/ 035104 | catal yst having a
Surface to Bulk Si/Al ratio of fromabout 0.7 to about

52 103 amdevyreceisofaiaia! OnivhereiaReprosess %S@ﬁydrloera%kmg
amount of no 3 greater than about 10% 5 10. The

6 pr ocessPfﬁceéﬁdﬁoﬁ?@S'%@Qrgﬁﬁ”tgw@'emaé%'&%’fswiﬂé adiydrocarbon
hydr ocr ntacting the
4 cat al ys% {&%k lssrhydr @bé}é@ggﬁgck under

8hydrocrack| ng conditi ons 8 9 11. The process of

cl ai wherein t process i s,a dewaxi ng process 10
9co r i SI Thg p&%?ﬁ%c‘?fh%ﬁ} ﬁ’ve&%rteH] her Pracess 8 sJawaxingsacess

feedsto
OThe proggngﬂg%b qbk%?@@qm%g%gﬂﬁﬂ?kﬂfQﬂgggééﬂy}ﬁé%%mnckunder
11processdewaxmg(mmUdbwslcaIIy deMHX|ng a hydrocar bon -
12oiI f eedst ock boiling above about 15 650 OF and

contai ning straight chain and slightly branched chain
13 161Dy dr gRarReassscEaMins9, nah@r@m Rl progeddnR acaﬁda,ﬂewfor

w th a hydrocarbon oil 17 feedstock in the presence
14 of addedaihdicathedewaxingta hydiperrbgemilifeegdstosk boingfabove about

5about 588039%Q]dpédrﬁalHP\%esrtra‘?&wv’(%)ﬂaqwgaﬁg ﬁgl%tlyob n‘c’:\f'\ dcham

19 cat al'yst
16 hydrocarbons comprising contacting the catalyst with a hydrocarbon oil
17 feedstock in the presence of added hydrogen gas at a hydrogen
18 pressure of about 500-3000 psig under dewaxing conditions with the
19 catalyst.
20
21 13. The process of claim 9, wherein the process is a catalytic cracking
22 process comprising contacting the catalyst with a hydrocarbon
23 feedstock in a reaction zone under catalytic cracking conditions in the
24 absence of added hydrogen.
25
26 14. The process of claim 9, wherein the process is a lube oil hydrofinishing
27 process comprising contacting the catalyst with a hydrocarbon oil
28 feedstock boiling above about 650 °F under hydrogenation conditions
29 to produce a lubricating oil base stock.
30
31 15.  The process of claim 9, wherein the hydrocarbon feedstock is selected
32 from the group consisting of gas oils, vacuum gas oils, deasphalted
33 oils, long residues, catalytically cracked cycle oils, coker gas oils, other
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20 21 13. The process of claim9, wherein the process
is a catalytic cracking 22 process conprising
w@oiaeIs8ng t he catal yst with a hydrocarbon 23PCT/US2003/035104
feedstock in a reaction zone under catal ytic cracking
conditigns in the 24 absence of added hydrogen. 25
156 10, Framigty cRakect ol S el HEs e . Bowiydracerbons
2a | ube @idm Pdhef-TRpEth M dracarbs®sphesRPIbESId) Pesidue
contacting the catal'yst with a hydrocarbon oil 28
3f eedst o&RImMSIiNG REPCESBOS OBDIGIAEFNIMINKS thereof.
hydr ogenation conditions 29 to produce a |ubricating
oi | base stock. 30 31 15. The process of claim?9,
wherei n the hydrocarbon feedstock is selected 32 from
the group consisting of gas oils, vacuumgas oils,
deasphalted 33 oils, long residues, catalytically
cracked cycle oils, coker gas oils, other -23 WO
2004/ 043582 PCT/ US2003/035104 | thermally cracked gas
oil's, syncrudes shale oils, waxy hydrocarbons 2 from
Fi scher - Tropsch hydrocarbon synthesis process, residue
3 upgradi ng processes or biomass and m xtures thereof.
-24
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