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15 ey oA LR GSF  PADASSBEER Wl
16 dr catiersion ppdeassing. Silica- aﬁhmmaﬂ@ate%asl s&&i}ﬁes/\mo%erm%e BY the

th 8 d described in U S. Pat
17 4, o6 %15%1 ng@é%}c’ea\iweaﬂen&ana@ ugsgl @éﬂal @@ﬂgzw&dmu rgactions

18 hyﬂ%@féb[l 2 o(?@%%fa?ys%‘ fc% %ﬁagggtcg%tﬁ@d @E{}%‘ahf&s clays

prepara I'ca-"al um n cat
19 chemdtbat biaddrs, azdpmmganm:l omeaobrtheesrackmghﬁllqatdalhy/cﬂbsarbons

such a .activit s cra in 33 isonerization
0 2ebiRogRo reaeyeian i Spehlcadadiar rmadtgiredckers.
21 St$M§éJalLﬁniﬂEQ:omﬁosﬁes have been used commercially for a variety of

22 hydrocarbon processing applications, such as cracking, desulphurization,

23  demetallation, and denitrification.

24

25  Amorphous silica-alumina has been prepared previously by a modified cogel
26  process 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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17 & exghangeg aramaniateshpedste and a Group VI 11 et al

g compound to form 25 extrudabl e dough; extruding; and
drying and calcining. 26 27 U S. Patent No.

19 4, OSS, Baient Rec@ﬂaggﬁ%eaaﬁfesee&heswéﬂmﬁmg &M bkiead&d vatanat by
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23 ¢ obld. 7 Sretin §rsithed ho s Sufed et lie bRGE et agent. a
24 ;t G'i’éupﬂgl BtietdlBodpbdhd ad aSGHLﬁﬁVﬁpﬂnéﬁél %}@Mhﬁ%tform

3 solution mxture to forma cogel slurr 1 ca
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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 the aluminum salt solution, and adjusting the 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 the acidified silica sol/aluminum salt

33  solution mixture to form a cogel slurry of silica and alumina, and to adjust the
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the range of about 5 to 9; aging the cogel slurry at a
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I nvention have a Surface to Bulk Si/Al ratlo (SB
6 r apargylest from about 13 0.7 to about 1.3, preferably
7from about 0.8 to about 1.2, nore preferably from 14
about 0.9 to about 1.1, and nost preferably 1.0 and a
g crystalline al um ngUMNMPIRYS ©FTIHEGNVENTI@N anount no
nore than about 10% preferably no nore 16 than about
9 5% A catal yst made according to the present invention

0 'rllllgllltl\%l](tl%z rBl80e o ARldidd Vor"i‘ﬁ'Q( ﬂ%%hﬁg@gf G dNepdyct

ect in conparison wth
11 si éamoqamjusmllnm-alatrmhg/satalystl@lh@%lﬂnﬂh&\m@dmeﬁs}jy the method of

12 ﬁaﬁﬁqn?%n%iﬁ?ﬁe”%gs%%gﬁ??41%%@%%9 (&Pt efrom Hbout
13 Su@?rtb%fboﬂﬁ‘@’ p%féFédnb fb/ ARS8 ¥4 Aok2 D Ehdkd YRefERbA from

conpar abl e catal yst i'h a hydrocracki ng appli cati on.

14 Th@bcmattaﬂ ysaboa‘m frpaied m@bptﬁfa@bt)m Orangl @ poysitalinmakingoa
ibits | ower gas and napht nmakes an
SPBarEthT i aann E PR AT e Ah F5 e g mere

16 Sl ﬂhlaﬁaab’@iutl BN extaf@t maddtaocordifg &Y tHRbriske ERUENIOH &Xhibits

OF THE FI GURES 28 29 Fltfgure 1 is a Flow diagram of

17 ¢ h@gb@h@@tmlty@r@dggm@rélqp pideshse!agtiviaty ingomparison with other

Si osition according to the invention.
18 élh%a@nﬁﬁ%g% s ‘a Powder X-Ray Diffraction of

19 varlous S|I|ca al um na conpositions. -3 WO

0 20,84f\/li\c/)V4§z§t%I7ystP ;C):;I-e/ptrﬁeg \ON% %?1%1% the silica-alumina compositions made
21 according to this invention exhibited superior heavy distillate selectivity
22 relative to a comparable catalyst in a hydrocracking application. The catalyst
23  made according to this invention also exhibits lower gas and naphtha makes,
24 and comparable light distillate make compared to reference silica-alumina
25  catalysts.
26
27 BRIEF DESCRIPTION OF THE FIGURES
28

29 Figure 1 is a Flow diagram of the general procedure for preparing a

30 silica-alumina composition according to the invention.
31

32  Figure 2 is a Powder X-Ray Diffraction of various silica-alumina compositions.
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1 DETAI LED DESCRIPTION 2 3 The silica-alum na
conposition of the present invention is highly 4

whermgeseous. A "Surface to Bulk Si/A Ratio" ¥SBUS2003/035127
Rati o) has been selected 5 as the neasure used to

defi ne the honopgeneit haracteristic of the 6
Tsilica-al umina of thﬁ%@iﬁ@%ﬁlﬂﬂ@l‘hnd to conpare

it with other 7 silica-alum na conpositions. 8 9 10
(Si/Al atomic ratio of the surface neasured by XPS) SB
3 Ratlhe silicadal@riinartorapasiiien phthiegresenttipvantion isddghly ed by

4 ¢ aFPB0oRREd s A S iies © Bill Sy Fathl (SPRARD) 15 3n selected
5 Suaé%@@meb%uréugéiﬁw&ﬁwe%br}@rﬁfog‘legﬁégpf&%ﬂﬁ!t@@trc%‘f the

spectroscopy (XPS). XPS is also nown as el ectron

6 speijca-eduvipg afdhne prasent iiveatian psd 4o cappaye it Sithcethene
17 .0 e f XPSis less than 50 A, the

7 & ARl e Mol e by 18 XPS is for the

gsurface chem cal conposition. Use of XPS for
silica-alum na 19 characterizati on was published by W

9Daneiell et al. in Applied Catalysis A 20 196, 2000,

10 PP 247-260. The XPS(Sitthmomitaratis of theengharmeasafciastXre)
i n<Rlramasuring_the chenical conposition of the outer

11l ayer of catal ytqﬁAﬁ) HoliCtBio AehSHIE ﬁfégs[ureg W&leﬁgétg%ﬁlysis)

measur enent techhi ques, such as Auger el ectron
12spectroscopy (AES) and Secondary ion nass spectroscopy
13 (SIMS), could 24 also be used for neasurenent of the
surface conposition. 25 26 Separately, the bulk Si/A
14 r aflpaletérnihe thwBPoatio; the FitAlddersiariatie df thensiliey-alubiina surface

el enental analysis. Then, by conparing th r e
15 &) RARSRared TG ke ERRIOelsstien SRECTaTiany Xhs skP Exiafso
16 aNRndNR BXBERIPSPctREcSHY fothahiicd RRafsh GBEANINNEL the
29 How the SB ratio defines the honbgeneity of a
17 papenetratiansdepthlchiXirsdisdessthandiQ Ankhe RiMAISBOmMig iatiogheasured by

18 ¢ hRboghaut Ferd Bapcreried sl LS B i quprina
19 meahgrachizadon welseublsised bpve. Dansisll eEAEth Appled Catalysis A,
al um num (or with silicon), and alum numis

depl et ed
20 33186 A, PB4 26 ook S EWRICIGR i P s P RiveHn
21t hﬁ'lé%%[lhh& Itl‘?échérrﬂﬁzaﬁgorﬂﬁééiﬁoﬁfof thic®outer layer of catalytic particle

22  surface. Other surface measurement techniques, such as Auger electron

23  spectroscopy (AES) and Secondary ion mass spectroscopy (SIMS), could
24  also be used for measurement of the surface composition.

25

26  Separately, the bulk Si/Al ratio of the composition is determined from

27  ICP elemental analysis. Then, by comparing the surface Si/Al ratio to the bulk

28  Si/Al ratio, the SB ratio and the homogeneity of silica-alumina are determined.
29 How the SB ratio defines the homogeneity of a particle is explained as

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

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

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

33  predominantly located on the external surface of the particles. The SB ratio of
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predom nantly | ocated on the internal area 3 of the

particles. 5 A silica-alum na conposition is highly
hdﬁ@@eﬁh@auko agpnsshg PEGligie sHEfReR IS&nrmeﬁn@tfpfslé@@Mor depleted

LT AR RIE clgPfnf Pb e L il area
c asfiibe partimtesreasur ed by XPS at the surface and 8 the

Si/A atomc ratio of the bul k neasured by el enent al
analysis is from9 about 0.7 to about 1.3, preferably

f wmneQ%QO%anp&%H lslh%h% ’h?og‘érn%f)@é %%Ms al&nﬁ;scsgmon of

about 0.9 to about 1.1, preferab

1 Zh@hpee St irandioo fwhest by §nn‘ac&td Bu& ratio @Baa’sahpeeﬁhe ratio of
fromd. 0 3 sou Siral

B8 RSB ETGER B e S BRO Y mlgRsBd PSR! the surface and
eAs iR afsiicirago BptHeOMIRGnyéQw@@ bw@n@@ﬁaaaﬂﬁagsnsls% from

16 SBratio of Siral-40 silica-alumna =

St 0o tsf abasit 153 qirefarablyifipm ahott @840 aboum 21anr9 preferably

o1 ToRBBERL N A .’%ﬁéﬁﬂéme%é@&ﬂfﬁ’f Conon the

surface of the particles (i e., depleted with Al) as

publ i shed 21 earlier by Daneiell et al. in Applied
CaTI%ﬁ $5i ratip, of 1@‘grer@@@ﬂlcap@}ugme s@0pleg{rom swptengnaesial

a&g‘ I
rc@é?@éad?l aftdgﬁo SBL&&gdaéraf? MSC§ ﬁ‘e’v@h ca- gF:P M na
i rMmeasuredancetheifolfowihg valuesemtre czﬁalnedentl on has an SB

ratio of fromabout 0.7 to about 1.3 and is highly 25
honogeneous in that the alum numis distributed

essent | g Inytidipf SPAIN0/siREa-blurAiHgRopY L hg particles. To

maxi m ze the activity of the silica-alumna, it is 27
nmost pr%eafgmofeMﬁeZ%amea@IUm@lalwo%ﬁﬁ@eneous
silica-alum na having an 28 SB ratio of about 1.0. 29
30 In addition to being highly honogeneous, the

si The& abald/fastfis mjmé ithtcsiral ¥fpe SflsilidiCal@hff& ™ enriched with
i nvention are anorphous, wherein a crystalline alum na

preikieon orsthessigfacesoTibe padistrsmier, éieaxlejﬁd wathphage published
pr&%@&ww o a"R MR- atalis A2 t/l? 6298b, pB%47-260. On

pré y ‘no gr eater
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
throughout the particles. To maximize the activity of the silica-alumina, it is
most preferable to have a highly homogeneous silica-alumina having an
SB ratio of about 1.0.

In addition to being highly homogeneous, the silica-alumina compositions of
the present invention are amorphous, wherein a crystalline alumina phase,
such as pseudoboehmite alumina phase, is present in an amount no greater

than about 10%, preferably no greater than about 5%.
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atons are distributed uniformy throughout the

w@a20otiogdses, then 2 no separate phase of al unm Per/vws2003035127
be present in the sanple. Based on the 3 above

hypot hesi | u ha
1 oy Behe ERimny o AT it e lionahinbo ihetd irzioadicieg. then
2 ann@ébpamé phﬁé@bﬁ@lﬁ%ﬁé m@ul&b@%ﬁé&%‘?ﬁﬁm@ §a%;§l%”%:a§ed on the

(relative peak area neasurenent simlar to 6 A
3 negbeie mABLksiaibetameouysiicrystalline akpina qaﬂlase Pl irl..

4 CoRBFRha soolaThEE PRl B rb R M ierenssctie

5 at pééUdUbo%Bnﬁk%giaﬁnﬁ?pléQrelatﬂlel&Mﬁ meadia¥niént Eindifdriten

XRD% spectrum of silica-alumna of the invention is

6 11A8 %MEP%PBH ehand Hre resplis aiﬂ)respiorfﬁ@lan dialis haThe percent
7 A S ERER N L o

8 13alanyis4 pbak at1$oeG8ameedbarbe al um na phase
Quantitation of the 14 and 38 14 degree 20 peaks
indicated that Siral-40 contains approximately 48 w %

10 of podi@efXM8 @'lfl’rbﬂt?o@?{'lﬁq)?‘l & Fb'Tgof %ﬁcgéllﬁhhacﬁtﬁé e'?lﬂon is

does not ex |b|t cr m na ase 1n
11 poml”epanedrw% thaft of Smal 40 silica- almnmtobta@bkjwom SasoICondea and

. bl hat th
12 | re. sl Slice Abim B Rhone 2 S ERgat anpp RS
13 al @Wbﬂéﬂml@&ﬁﬁ?dbﬁoéﬁ\ﬂ:t@%%ﬁha%%% e&uéﬁﬁ@%h%‘?thém%ﬁ 38

the low 1 adi n alum numin the
14 s degraeReppaks mlcarteg that Sualeth comtamsaa)pprtzl@n’eatelav&&o\/\/t% of

15 h&ggﬂéxﬂ{ﬁ]eon ! Ooa gfie’f‘t ( 'I\E%&ﬁl Elmeya gm%ﬁcg%é ﬂgt i E?crystallme

16 si dluainaphasanin theqowigh K-F4y diffaction eiftd Qe MQK?I? HPhogehous,
exh| bit distinct crystalline alum na peaks.

7 i rhyevari Orediossivie frangarthat theMSLP sl ¢a‘—abktm1na|does not exhibit
10 SPESAENRE AUt 3588 Alyd ol SARARRIER) e v

19 TH]E)sdqmg\Mienurmn(ljJaylnsltxed\ﬂS&B’ﬁ @Irl](cmglulvmhél (2|5 szmtma}nta ﬁfméb
In mat |l on . 1 ndica t t Il1ca-alum na of the
praé@avﬂff o I st Hb Gemels 8 the syigruIN adslition to
21 pa{ﬁélhﬁ'h hBfhoRAIRIURN Gl a- a%]mp%g% S, E@tﬁgan%h% 8oes not

[ ca-al um na conpdsition o e|nv ntion
22 hy@dtbb.ihd istinctaystellis e @lurpinaqeesdis ngn amtegsdiiowoflilye pownieée X-ray

23 RGN SEPRTR ihdth AELE T SaS B he fetorh Sarossaand 1o 0% of
24 n- mﬁannﬁemsé%wm%aﬁw%tmespéammwg wih

conpound testing was perfornmed at 900F
25 hyenraresitimial infeanatigioindicetes tBat the sikda-alwgaa of tre gasent

26 "fvEhtdHs RoModdhBot e trBubiolfERE RIS §54 2thorphous.

27

28  Benefits of using a silica-alumina composition of the invention in

29  hydrocarbon conversion processing are shown by a model compound

30 testing where the catalytic activity was measured using a model feed

31 containing 50 wt% n-Hexane and 50 wt% 3-Methylpentane. The model

32 compound testing was performed at 900°F. The hydrocarbon feed vaporized
33  in helium carrier gas was flown over the 24/40 US mesh pelleted
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WD 2004/ 043597 PCT/ US2003/ 035127 1 silica-alum na at

0. 68 WHSV per g of catalytic material and conversions
w@bootke3392 hydrocar bon speci es were neasured UuBCTYSIBaF035127

Chromat ography As shown 3 in Table 1, when conpared

R S G I T LR M ———
2 SI pydrotbamohl spekicgheere @eé@u%@&ﬁsllrgj16§§ﬁmb%to§awgﬁg'49 shown

sil1ca-al um na shows 9% t ot al conver si on
3 si In Eabla TuMihes mpayetd de ather sefeeenrgeosilisaraluminaethe?

%
4 SontiEa e 1 i plesnl IV EloR Bno e Bightbhines
5 i ncm,\te'ryibh)actiﬁty HDranfarﬁlidaaalommf stidves 399 total € usi ng
erature mred desor tlon of a 11 base such

6 rgipPn; M%pf%ﬁ@%ﬁl%lr@é] drtotgl cperersiarawaile the
7de§|hé§‘9|u‘?mﬁ 'otflﬂfelm%én AEhARs 8¢ Rl {;,@M{gﬁgﬂemcpne ;

conventi ona um na sa
8 t eoqreesptande tp 6Ogt HIteEtraase & aiﬁm:ty.pti on (TPAD) of 14
i sopropyl am ne (1PA) adsorbed in dehydrated
9silica-al umna sanpl es per 15 procedures published in

10 J. QuahtayH & thd bcidBdite &@ﬁg terﬁP@rartﬁ%Up}rbérafrﬁﬁ\%ﬁt(fé%o‘r;ﬂlon of a

16 Table 1 indicate that hee s a- al um na
11 abbage such agrbiHapragdptopyleming Canmwi ciffereatiaterdesirabld sihea-

12 0TS s PoS B it HECSomEnugeal TS Sufiing sertples. We
13 pepetsriiareniferaiuré @aog&amnaéwm H8sdrBBols PTIPAB) br on

overall can 21 vary wdely. The conposition of "the
14 sj isppeppylaming 4/ RAare rfé@fhﬁg&hyzizatédﬁlllc? alomprasamples per

15 Y5008 A BT SRR 1 BB Ok 8 B
16 al "Uatnledmndmateethfat aB tHewsilic24lumting tshd® AR mmel/yad site
A1203 |g§ he bul k and i s nmost preferably about 25 46

17\t GRN&eRHgtions, ﬁﬁ‘@' tBGIQ@SQEhﬁSUEﬁ rIHeReas RerGasmiIRayth the
18 @ éb&eﬁhb&él&%ﬁﬁ d%@tlﬁ Hla% in the gel conposition so
ze

as to maxim eactlvty of the final 27
19 silica-al um na catalyst. 28 29 Silica-alum na

20 ac1:ord| 2‘% Eﬁ Sﬂjr&%sen alh%ﬁ%ﬁtﬁ g{wﬁgﬁ'ﬁgve%?gagy
21 C%ryﬂ\ﬂ@éﬁ 'Piﬁ@@@ﬁ@%ltlbﬂ Ak & §T|8é1%I%eﬁa%%ﬂtBé‘a§é -

one enbodi nent, a batch process present inventi on
22 32ea%ilye geevide ﬁﬁfvld@cﬂalﬂ@ﬁ' Obalermmumg:oatem@nmy about 10 to about

25 NRAFRSA: B LRI R/ ongB Al eppente rom
24 analanit@0-t@ about 70 wt% Al,O3in the bulk and is most preferably about

25 46 wt% Al203 in the bulk composition which corresponds to a 1.0 Si/Al atomic
26  ratio in the gel composition so as to maximize the activity of the final

27  silica-alumina catalyst.

28

29  Silica-alumina according to the present invention may be prepared by a

30 variety of methods employing batch and continuous processes in different

31  combinations. In one embodiment, a batch process, the present invention

32 provides a method for preparing a highly homogeneous silica-alumina cogel

33  catalyst comprising: vigorously mixing an aqueous solution of an acid
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a gradual addition of an aqueous silicate solution
wokioke4B9Tai nt ai ni ng the pH of the m xed sol ut PONUF®EF035127
than 3.0 and ensuring vigorous 3 and conplete m xing
he alumnu salt and silicate solutions to forman,
15 alipPndRiil 83rbe i adlonh R A isisaoad sobiioh while
2 9r ﬁrféll}rﬁhinmw@ k] oﬁtl’(éaml)@d%dqlﬁtm 1Bk 8En 890 ér’ﬂﬁensurmg vigorous
acidified silica sol/alumnumsalt solution whil
3 vi god sa8Ipjete gniingi afghe mlungipui $aihamdasmaat§eeoﬂmtemmod®rm an

T N e

5t Opmcfpltraat to &ep-ﬂlcﬂlﬁecﬂ BRica sopslusiindr @@lt%o%ttdh WHIligbusly
the)gellatlon whi | e vi orousl¥th|n 9 the cogel

6 5| 0RO the sRlltem i raisr ekt 6f Hia soletion mg@ait@rrtizan 3.0,
d&u@nn@%b@%é%lﬁr% g:{)ggﬁ&hg'tﬁcﬁ?%d@gﬂ 'rog '(lg%@lcsﬁrg&pﬁant tp a final
8 pr pldnprtheateengeccofg‘ejmlw & eorhpmtesﬂmjgelhitlahmmle \11§or01|3lyl mixing

i S S PR i e T & 44 SRAYSRGIR during the
10 pr Bl“écﬂﬁt%n@aé@iﬂbh %W%é%‘hg‘f%ebﬁ% ﬁr@&ngﬁét%ﬂacfdg%g dhdPBbbsing the

honmogeneous silica- al na cog cat
11 comﬂCir.‘sﬂat@i cquelintdiantinishdd catalyst aqueous silicate
12 sol ution; providing a second aqueous sol ution of an
acid 17 alum numsalt; providing a third aqueous

13 solnianAReOémBoliAsdrt, @cﬁrﬁﬁﬂu@hé 8Bl formafiols ARHIAWAHSOYs gellation,
contacting and vi gorousl y mxing the first and second

14 1otheRresert iBgeiiaropievidesa gantietous prmszdﬁépwmarleg a highly

15 mahg ggbé‘&sa& é’é Qlurhi Q%OQQI%ta@Q rﬁ%ﬁjélﬁgoﬁlﬂ%ogﬁneqaﬂrst

prefe y con |nuous

16 f | agiegusdiligate Solution; pmnﬁngwa@esdmyd aqueawd soigtiamdf an acid
glorousl y m xing the first mxture and the 22 third

bBIRU A PESW'Ci“ﬂg 8 i aﬁaewwqafgtl%ﬁéamsweorempltant
18 rrab tRUBLEY Antthg 4R éi\%g orld s@fmfxf h%tmé*ttar?d cfn;f 024

pro uce a precipit renn ng, pre erab
19 coaquenususilytjontshia aoﬁret:rrmumgmmb wgelmémtmmmga seodteds than

I Xi d | ;. and.
20 o bt e e ab s pudie b st R foRT BedisSbigiaing
21 Caj@ey %ntnn@u@@cérﬁ‘ta@ﬁ\% BeY v%@ﬁﬂﬁlmlng bRd fifkt ?r‘ﬂ!(ture and the

formati on and conti nuous gel lation, the 29 present
22 i nihgdtdapigops seludies ia acsaeond m&mgg@lnleaﬂhllmmmtammg@umform

25 DA s DL SR Er QR A prteranly

24 aqmm}aoagllyutheomeagontafeda@g@ AbRNhBWBCHAH ImWgzohe; washing the
gradual addition o 32 a silicate solution in a first

25 i Riesipitatatecagsls scpmeeasinaitie precipiiatedceae! inte a fieisBed
al salt solution while maintaining the pH of the

26 Féf?lyg{r}n |l ess than -8

27

28  In another embodiment, batch sol formation and continuous gellation, the

29 present invention provides a continuous gellation method for preparing a

30  highly homogeneous silica-alumina cogel catalyst comprising: vigorously

31  mixing an aqueous solution of an acid aluminum salt with a gradual addition of
32 asilicate solution in a first mixing zone to form an acidified silica sol in the

33  aluminum salt solution while maintaining the pH of the solution less than

-8 -



WD 2004/ 043597 PCT/ US2003/ 035127 1 3.0 and ensuring

vi gorous and conplete m xing of the alum num salt and
wQ2®ihixsat e solutions in the first m xi ng zoneP€DUSWINFN35127

a first mxture; providing 3 a third aqueous sol ution

of _a basic precipitant; continuously contacting an
Tvi %@r%’!ﬁg NG igoroNe Wr%’“ﬁi@'&@tmf@%ﬁﬁfh@rﬁumw Sal’f and

2 2046EMS BRIt thd it gﬁaﬂg;ﬁg?nétm hs f.gsqr;ﬁ.x@d?go Sroviding

mai ntalning a uniform rom a
3 pr acﬂhircbaquecﬁjqosscduﬁicm oba bdsncqnged:lpltamm:a)mtummlsw caartactinggand

G D P Bl CEU el o S
5 pr ﬁﬂ“otnﬁ’gth kéﬁé‘@/l’fﬂ@gﬁémtd‘ﬁlﬁg% Jﬁn"cb'rﬁlrlﬁ-qi oFﬁfbf'ﬁ é(§(§ut 5o 4B FRRIuce a

present 1 nvention al so i ncl udes i ca-al um na
6 com@@mlhateﬂwcmeip@mémuwslyIempM@grtberme@prﬂatedrqo@etjfrom the

7 or epohamBind Jonl et s e BF Rt Bk sing dre

8 afﬁrdc@ﬁaltécﬁ@@g@ﬁrht@ra fMishdecatbB@t. sol containing silica
and alumna and 15 (2) gellation of the sol usi ng a

9 base solution. See U.S. Patent No. 4,289, 653,

10 ‘]aﬁﬁ PRk ngfxﬁllen%ﬁ &0 i b@gdé %85% &2unfif %ﬁ{p%smgﬁgﬁe[gered by

whi c Nncor por a erence ere

11 Th'e]esrheﬂtddsgjermtlbed akeeifi.or the soI preparation step
i nclude an alum numsalt, 20 acid, and a silica
1 source. The alum num salt sources that can be used for

13 1 m?he ftst3wBt %‘ﬁ@ hfosk Pﬁ%‘l&%t Q‘é%}s H &@&%Elalfefﬂotne& g Silica-alumina

al um num sul fat e, num nitrate
14 chtagél dee (H) mnpata’trohrodrhhejeleaabulmmm@omlmta ard ahlinmoanand

5 2ot delapf B L eceb T i Bo8Uns Paipat Ny 3.260.052,
16 I I nraﬁeeﬁna ©.SaPBidnt Nt 4 b sl BBITIPecBEArS,; bet dfuthieh aé d.
hydrochloric acid, 25 5 and nitric acid. The silicate

17 socemoraied) udeefersnce Aeeeimot | imted to, sodi um 26
18 silicate, precipitated silica dissolved in a base, and
colloidal silica. 27 28 As previously noted, sol

19 pr ER@GRIrtieg neasridls felathe sel pleparation ﬁeb&ﬁcﬂtﬁd@éﬁmﬁlr@m salt,
29 a continuous process. In either case, it is

20 craeifcand asiliggi saUEes theealpminuss saltisgrrcesdhat can haased for the

21 pr%rﬁﬁ?ﬁ“nél@&es &.@%Peﬁ ﬁhe?éHjtot SQufri es.u\’fb%o%ﬂﬁﬁmaﬂgmtrate

m XI ng aqueous R omnam §a
22 si dlucahemsshlaridegmdurhioum omide, slominumdadidd, alBirgeh agetate
23 pagrt'ulj % uemll;lggnrrrerllteltacf or aFumlna dissolved in acid. Useful acid sources include,
24 but are not limited to, acetic acid, formic acid, sulfuric acid, hydrochloric acid,
25  and nitric acid. The silicate sources include, but are not limited to, sodium
26 silicate, precipitated silica dissolved in a base, and colloidal silica.
27
28  As previously noted, sol preparation can be done either via a batch process or
29  acontinuous process. In either case, it is critical to maintain the pH less than
30 3.0, and preferably less than 2.5, and to ensure vigorous and complete mixing
31 of the aqueous aluminum salt and silicate solutions to minimize any unwanted
32 gelor ﬁarticle formation.

33



WO 2004/ 043597 PCT/ US2003/ 035127 | A basic
preci pitant such as ammoni um hydroxi de is then added

wa o00ttke3527 aci di fi ed sol solution. The additi onP@f/U$1963/035127
preci pitant raises the pH of the sol 3 above 3,

PO 9054 R o e T S 5
2pr §6idmef06§6| sBRﬁlohhth%Hhﬁrthﬁth% A PisSY pEH % the sol

or organic am derivattves ca
3al ebom@ 3uwuntfngr|ntdmgelhag dled Bitica and alumins smwia rD;Idte ammonia

4 g Pk L eTerfthfesiS hestitant RS Biouftion e bases such

5 COREINHDMSNaA|DY, 0818 9r otdhrfé bRfe e@ﬁ@anvbae;aaeélé.@be Qfded for the
pH must be unifornly mai nt ai ned, e., he

6 coastatian. itris preferrad de use ap- Igorqgner l@@@otoy cestsreaaﬁds most
preferably 11 6.5-7.5. It is critical to have
conpl ete, vigorous mxing of the Si-A solution 12

8 W Thetdetiatiars steppeeche tdbae bithénda thatdrpivcass ok BohirudugH
throughout the mxture 13 during the precipitant
9 adBragess- Ky dpargagedbe geldatigmphi fBeSthﬁ H@rfcrraﬂy graintained,

10! SP %E%Ejr %%‘f%léljt]tlat‘ ‘{@e % &l%sémgreh r ermve any ity pieferably
11 _un Séaz ttedt isiciticaltie hane cd:ﬁhpaitamrgomusahbqngmtcthe |33¥A| isolution
)5 RSP SR SRS o i oA
13t eﬂ'@ﬁﬁ%‘th’é Eré%'ipr’é"nt éﬂdrﬂ@n %te%vlﬂtcﬁgeF RMRliRAY f%rrﬁ’étlotp of Rolated

about t he aged cogel be spray-
14foSIllc@ﬁi@mﬂl@&aedErurhlaﬁdiqmtfgn&nd storage, or rray be
15further processed to 21 the final catalyst fromthe

noi st state. 22 23 If desired, the material may be

16 eXThegedcipiatet togerisasHeaead rémolvé%ly%réaé’céd silicate and
silica-alumna catal yst or catal yst Support. The

17 pr alusnipge salt lsod then His amgenidm @shaaged i remevesodivs. The

10 21 4 Al A0 2518 RSB Bt g on
19 0. bldvatwaliesnparaturé of Dad:@abdiuﬂ@d% anthggeagutticogdl nedyhies spray-

met ho of f|n|sh|ngthe materral are set forth in
20y 4 ﬂegi@reqﬁnvraalenﬁs iy hapglingsand sterage, or et Pefuthar pgcessed to

21 reﬂ%m%a@%?qlff%w m%ﬁm%m\é?atg‘at hods are 29 set forth

as exanpl es e silica-alum na cogel produced
22 by t he present 30 mst hod may be processed |nto a

ed cat al i,nten

23 | ke @edndGrel By Heridotn fan Snexaisonio pinduge a
24 pr §ﬂi§§fa'ldrﬂmfart%t§19ﬁ%r cabAystiupp Brtf ThE %)p@lﬁrr%étrﬁeﬂ‘téﬁ cﬁﬁ‘?yrng and

known in the art and are” cont enp ated for use In
25 t healgingginclystescusigitial diying step in an air-purged oven at 65 175°C and
26  afinal calcination at 480-650°C for 0.5-5 hours in a furnace or kiln. These and
27  other methods of finishing the meterial are set forth in U.S. Patent No.
28 4,289,653, Jaffe, incorporated by reference herein. The above methods are
29  set forth as examples of how the silica-alumina cogel produced by the present
30 method may be processed into a finished catalyst and are not intended as
31 limitations on the present invention. Other methods of processing the cogel
32 into a finished catalyst are known in the art and are contemplated for use in

33 the present process.
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WO 2004/ 043597 PCT/ US2003/ 035127 1 2 Ot her conponents
can be conbined with the cogel, for exanple zeolites 3
W@ b@nne3s9T nt er nedi ate, and/or small pore), ot hECT/FFEOEE35127
such as Beta, SAPOs, 4 AIPOs etc., clays, nodified

cl ays, inorganic oxides, and oxide precursors, 5
netal s, carbon, organic substances, etc. In addition,

1
ot %@E&%r [ p\-wae

2 @ ese@c@nﬁ@%ﬁ%ﬁcg e coge\fﬂ)f ave lﬁ?bqéﬁ‘ﬂ)und fos

3 be(lmgeeink@medmaramﬂer $ioall PO )aptiler sviesssich s Bethl SAPO s,

4

T Pl o el Sy GRS R e b PredliSors,
5t hﬁeﬁé]@%@’r‘boh bt é}‘ilb QlbstanEbedr&cNAtadditic?) @gtbriRetaldinay be
the i nvention in any way beyond whaf iI's contained

6 i msaebto&@aagmwualdw!az@mn theselconmxesitions the cogels have been

7 BRI i T S B
I
|, S g A s ot soargChimlr

9 adillestiaivedd tl@w&ﬁe@é inveatien) but ara sgingensfeddei lemit theginvention
VA

10 (e PP A ORHoT B hkhaald

11 diluting 931 g of 18 concentrated sodiumsilicate

2 S0 AR a0 2B MR byt

13 added to the 20 al um num sol uti on while vigorously
m xing to prepare Solution Ill. It is 21 desirable to
14 nmedAniagidic alhmlnpmnka@lllﬁwn:-‘(S@ILtt@ndnmmtaanmgrmm%Ast):Wear

| Th H.of th

15 SopreBpes 5y flspoliiig™bes SFaMExaras drnitsg of Bhati Seic.

16 cl (F)@VQ%lddn@ént?ét@d}iinUm oPhefohRed witer.fA amte%@mtdrpcsr sodlum
contained 24 25 SiQ2/Al203 nolar ratio of 2.0

17 H+slhq>a§e (Belutien flzantaiping® Wi BiO2Bwas prerared myshivting 631 g of

18 pragfeeBitetEaitio bilofud PRLAOH MRS R Sick Eno 9% NacO)

19 solvith deldniesl \agtdedTHy sttt spltionSeddigiadnally abded® the
containing silica and alum na sol while vigorousl

20 ni ApmipurESgbiticagville Weerowslymixifaa rreastecgolgon Il Jtis
t t
21 B AGBEKnein e PRV i T G RERSoroBP O o
22 r esilideednadblumhinat The filvel 33 of thet Solutich tlhwaamﬁ),mmi the mixing
23 Soplirlf)tdhggd ad égrls lrgzauanntJ rL\Ianl?r?a gcl)_,uﬁgn.tﬂee ﬁrlléiréc}futgoenaﬁpcegntained

24

25 SiO,/Alb,O3 molar ratio of 2.0
26 H*/ Na* molar ratio of 1.1
27

28  Diluted ammonia solution (Solution IV containing 8 wt% NH3) was prepared
29 for gellation. The diluted ammonia solution was added gradually to Solution Il
30 containing silica and alumina sol while vigorously mixing. Cogelled

31  silica~-alumina started to precipitate when the pH of the slurry reached at about
32 3.2, and then gellation completed when the pH reached at about 7. We

33  continued the ammonia solution addition until the pH of the slurry reached
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WD 2004/ 043597 PCT/ US2003/ 035127 1 8.0. The gel

slurry was aged at roomtenperature for 3 hours while
w@rionsasgr 2 This cogell ed silica-al um na waspET/Us®pEEs5127

to produce a filtered cake. The cake 3 was washed

a hot solution of ammonium acetate (3.8 wt% 10 L
1 soﬁ@t iThA gel glugrysygs %@d abraanh trregeragiie fond hotrswaie stirring.
W
2 Tl gey &l sHEB ARG WS fored e pRodiTE Sl ERH Tpo cale
3 6 Q/é@ﬁvashedrwrgm hf()iﬁs@luﬁd)m oﬁaﬁrmédnugfn etde%ter(B@wt% 10 Lsocljlutron,
si | | u ake crushe t pi eces an
ca1%§ %égoru{% l@ @\EA? %’rei? rﬁrsﬁdéh””tl?)@)glﬂffcﬁ'orlz%\ﬁ’@tqro?he
8 1 f
5 i FoRME AN e STYRIAEH IBAORBIS tifes oTe I e pas e =
6 1 230%Phy\sirnight. A spat Bnm@mﬂtl@odwrm‘ srirca}ann’mnalda}(eorﬁas crushed
uni na ons Reference ce,
7 5 10 SRR ERPR 3G A4S RS RRST Rt BB RY  hour for
8 A' Hevagosl PhysicaN Eir'@bélﬂes oFRMN S sﬂka%%ﬁ%r@rsﬁﬁ‘nm%zed in
(a) 362 513 486 Total pore volune, cc/g (b)
%3b|6 80 Pore size distribution by N2 Adsorpti on (b)
1030A— %8.6 7.9 5.9 30 - % 55.5 30.5 45.0 60

- o LBR B3R el O %’J’ﬁd 61,4 18 6 8.3

11 59 Brope e§ and,Conyergion rv%xoférhpa-ﬁlun@na) mpositions

Mepn Pore Dianeter, A 69 113 75 Na R@f <0. Reference,
SH§

<0l 05 Surface Si/Al at bHHCRAMGETED, ‘b‘*gs WMS-25 .
1.B1 Bulk Si/Al atoni cﬁfﬂ Vg‘éﬁ”ﬁ) 'llca-Alumma

el EIHS a burraueru Hk—Sr71Al t--o—07952-
0. 3 /o%tzea @?% al um naoﬁghase, by ?% 48 % 0% %@E
e G |

0 ution

o

ound
re srze
Adsorption (b[
30 A-, % 8.6 7.9 5.9
30~60A, % 55.5 30.5 45.0
60-100 A, % 32.9 32.8 39.9
100 - 200 A, % 1.4 18.6 8.3
200 - 300 A+, % 0.4 4.2 0.4
300 A+, % 1.2 5.9 0.5
Mean Pore Diameter, A 69 113 75
Na, wi% <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
nCg + iCs Model Compound
Testing (b
Total conversion, wi% 8.2 3.9 5.1
nCg conversion, wi% 1.0 0.8 0.9
iCg conversion, wt% 156.4 7.1 9.4
Isopropylamine TPAD, mmol/g 0.43 0.35 0.49

12 (a): BET measurements after activation at 1000°F. for 1 hour.
13 (b): determined after activation at 1000°F for 1 hour.
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Testing (b) Total conversion, wt%8.2 3.9 5.1 nC6
conversion, wt% 1.0 0.8 0.9 iC6 conversion, W% 15.4

w(Q 204043591 sopr opyl am ne TPAD, mmol /g 0.43 0. 35rO1/4S2003/@35127
(a BET neasuremants after actlvatlon at 1000F. for 1

1 b ter a on at 1000F for
Blsable 23535053 ices 3 hriios At Buiebbern by Cantinuods
2 Exg@péﬁbn?. Synthesis of Silica-Al um na of the

I nvention by Continuous 2 CGellation 3 4 An acidic
3 al umi num sol ution (Solution | containing 6 w % Al 203)

4 o B e A MR R U Pird. aesle@eias prepared
5 con;zerseomr@:tuzmg@%\% SOQfs 1686L0MHERIBIE sulfdriclhbit ©

solutlono sodi um l'icate (Solution Il contalning

66 (R Spnqqnfmgdbnél&ﬁmowel@mzad wajerz@vdiluje sblutidn of sodium

7 SRR LGRS N TR SRR S it o o

8 sod:mﬂoeutraVaSs@jlammhda)te admﬂdnt(cbrttbmslz@ Wi%Ei0Yehd 9% Nay0)
soIL%tlon\(\:h eV| rousl m xi ng prepare Sol ution
9 || yith figioniz ﬁqswﬁat@rﬁ@l@&nu«%ara uallygelded 1o thmd
th

10 ﬁuml%urﬂ%oﬁﬁ LWl‘ﬁ \ﬂ llo‘:t‘@f ﬁ'%lrid:\‘]% @’gﬂ?gél éﬁ’i?g 12 1%he final pH

solution. The fina ut|
11 Sl athalSubgtioroll lawas aﬂ. @ndfthénﬁ]xm@&'prdaﬁ%cd‘sb& cmﬁrarhcearidmlumma

1 7 olution (containing 8
%P]'RIE%’) @\Dﬁ%rﬁ?gﬁﬁi" 'ﬂ&o gaé'i‘?iu on. 18 The dilute
13 anmoni a sol uti on and the Solution Il containing the

silica and 19 alum na sol were punped separately and
14 si mul t aPiELNEYs Melay ratie ofi2d ng 20 chamber of an

in-lin I n the in-line blender was
5V|goroﬁégmﬁ?qﬁogiw%étagk M bl ender - bl ade rotation. The
16 vol une of the mxing chanber is 22 smaller than the
total volune of solutions punped in 1 mnute (i.e

17 | 3duted ammoniazsakytian opiaining Sowt% N’rés) W@ repares) for gakiation.

4 e
1 S8 Nl TR0 LR B 51
19 Thaﬂugmta shlweng mmsp@cbbém&dy and strh@lnarm@lyﬂhtd ’m@ff’mxmg
r rs while stirring. Thi

0 B 55 Bl M b e o orous wi
21 1600 RPM blender-blade rotation. The volume of the mixing chamber is
22 smaller 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
24 ammonia solution was adjusted to maintain the pH of the gel product at
25 7+0.5. The gel slurry was collected and then aged at room temperature for
26 2 hours while stirring. This cogelled silica-alumina was filtered to produce a
27  filtered cake. The cake was washed with a hot solution of ammonium sulfate
28 (5 wit%, 10 L solution) for 15 minutes, and then rinsed with 10 L of deionized
29  water. The washing step was repeated four more times. The final cake was
30 dried at 250°F overnight. A small amount of the silica-alumina was crushed to
31 small pieces and calcined under excess dry air at 1000°F for 1 hour for
32  activation. Physical properties of the final silica-alumina are summarized in

33 Table 2.
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27 filtered cake. The cake was washed with a hot
sol ution of ammoni um sulfate 28 (5 wt% 10 L

waeeloism) for 15 minutes, and then rinsed w tPCT/0S1008635127
dei oni zed 29 water. The washi ng step vvas r epeat ed

oviraiBle’s SyiiRen's OEsliaRRwrmErRs 188 10BREGH hieaRlingedR sol
Crp’réb%tlbﬁ foldlved By Eoin@eas gar&egaiacﬂbﬁ_ed under excess
dry air at 1000F f'or 1 hour 2 activation.

Physi cal properties of the final silica-alumna are

paoebEEs oBineies Pefafin bhrtRANe e gbarea in
Si Exarﬁplél2Jrbumaws)bretp@&atldwmbemrehya@aiﬂferémousth@éxaanple the
preparation foll owed by continuous gel preparation

4 fmﬂune bienderdtom fempiadsvasesrd toaprepare sepdientilon ct@@r
L BPETERY R AATEl e BY el 8 BREAN Ghunuous

|rgélfanenbl ender from Exanpl e 2 was used to prepare

Solution 111, a clear 7 solution containing si I ica and
9 alumina sol, as well as the final continuous

10 ei'llu@'éluﬂﬂn @ulf&@c gﬁ@ s%ll @/oﬁ.Hfo ‘4 hAd &% diji %é’ﬂe%dl@dbn

(Sol ution e si |ca e SO |on 11 ution
11 | I()Sohﬁroan lp)tmrpxecpmepeai aepﬁmtdyméndwmhhtmwbj wta thteomixXireg

in cha erblof an hr L{ ile. il
2 01 St 4 ae bingdenils vioAeudh it MG in thg in-tine
13 \SﬁlﬁeM@@%9§$§W¥éﬁk wiR 9 6BERm\1eneieicrty agte rc;tgt.@w ncma pFW ke the

of nmbi ned sol ution ranged 1.9
14 t heorpbiogd solutiopranged i1 B-Rilhd h@néh@Qrodu%frpsbthﬁmdwa blender

15 b RSB SRR3R b3 6 o

16 Si Muﬁcaﬂwetebumpeucsebbmtmwﬂmwm&abemusmﬁwt@&h@nﬁﬁﬁg@damber
in-1ine bl ender for gel formation. The rate of the

17 an®fohpecas! it leen@ervteégeﬁpug@w tideni@ie Phihe amenggia solution
15 O ubPEGRBlec LR Rt o HBFCREE R 10 B micin

19 bl gadeinklsieigratas agmn vigoUdith ele0p Rt e e - blade rotation.
coll ected and then aged at roomtenperature for

20 holihe gebarogxrt wagppueqtﬂ@ angifien ageept wrei@m@ataéw@rfpha hours
d J

21 25t SEIEATIR DS SuPatRar e iRl To sltue

22 ( Sfiltetréd chRe LTisotakte wap Washed with ahbesolution of lamnnasnmme:hlfate

2 b B TS S g3 L G
24 at Yvé@@ﬁﬁé’ﬁfa@hgﬁa teﬁ‘m%ﬁjek)eéﬂéﬁ%ﬁr I‘PIB d fifhes. The figal cake was

I'ca-al um na was size pi eces an
25 cadmmaﬁ%ﬁf&ewveemget;sﬁ simgll @aimouent oflfib@oﬁlictaaalumiha wasfgired to

26  small pieces and calcined under excess dry air at 1000°F for 1 hour for

OO\ICDO1-¥-\-CAJI\J—‘-

27  activation. Physical properties of the final silica-alumina are summarized in
28 Table 2.
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27 activation.

Physi cal

silica-alum na are sunmmari zed i n

Properties and Conversion Activity 3 of a
Prepared by a

1 Silica-Al unm na of the Invenf&!i
Conti nuous Process. Silica-

2 | nvention Inve r?yél‘Pa?Eﬁ%ﬁ%T'%s .
3area, n2/g (a) 41fFBIilicadyymi

redoy Ac

properties of the final
28 Table 2.
wQoM0eBs3697 PCT/ US2003/ 035127 1 Table 2 2 PheeT/usi003/035127

-14 WO

a Silica-A.um na
Actiyiff ace
neopfdhednyengioncc/ g (b)

4 0.55 0.77__Pore siPrepares by B &ardinupys Rrogessor pti on_(b)

0 N O O

11
12
13
14
15

30 A, ©
25.2 17.
11.1 30
Na, wt %
XPS 1. 07
anal . 1.
% crysta
Model Co
nC6 conv
16 5 6
Exanpl e
uni form
areas of
prep 9 (
pore siz

11.4 8.2 30 - 60 A % 54|Sfic2Alutina@lica@Qrmigfo
P 100 - 200 A, % 6.3 23. 3| POOUHIBOOA+|ertiog
DA+ % 1 4 17 3 Mean Pore [Expwpier2) | fExampla3)
0. 05 <0.05 Surface Si/Allatonic ratio, by
1.21 Bulk Si/Al atomc ratio, by e¢lenental
FirfecedBea, Bhigfl@ce to Bulk S|/ Al4Bati o 1.84 1.2
Totahporakalimd)ac/ipltase, by XRD 0%®5% nC6 o7 C6
pound Testing Total convefsion, w% 11.3 8. ¢
OBl b disMitRick by NL-Adsorbtfe® ggpnver si on; wt % 21. 3
hescoNy,i nuous preparations of,Exanpl e g,and
B pgoo_déﬁ:gd% 7 high qualitysi I5L19a- al um Q) W t
CONDOS| él’o%. They exhibited 8 gl gh surface
418 & 7/ m2/g. The conti néd3ds gell a i%n
Ex atPl-é’ ’ﬁroduced a conppsi t§dn with e
e Bt PPRati%n nearly 1.0 1.

300 A+, % 1.4 17.3

Mean Pore Diameter, A 71 187
Na, wt% <0.05 <0.05
Surface Si/Al 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%
nCg + iCg Model Compound Testing

Total conversion, wt% 1.3 8.6

nCs conversion, wt% 1.3 1.2

iCg conversion, wt% 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 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
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10 identical to the sanple produced via batch

gellation (Exanple 1). The 11 conti nuous sol/
w@onwtiomious gel preparation produced a silica-BTIBINE3/035127

of the 12 |nvent|on W|th much Iarger pores (Exanple

120 hPHEe REERIES EHUbATE b bR auraesion aasowparth the
2 IOr efRichtoMpouds desﬁ&gaEQaﬁnbleAQ sAbwel 111c®abidmP@rocarbon
prepared by the batch 15 | ati on and conti nuous
3 gelPRYSrEiPN gnskexampleed §. 6°¢\ICDH‘$¢YB|O@aCamwmaﬁe $aths sample

4 é)](-?g%ﬁg @Qg?ﬁgﬁ%llgw US2003/ 035127 1 showed

or "hydrocarbon conversi on as shown

5vv|th t he 2 nodel conpound testing. Exanple 2 shovved
% total hydrocarbon conversion and Exanp

§BA pa&iwﬁ%@%atl@n OhNIW rysl r@cra@k@ge(b@tﬁé@t with

VI t le 4. (Conparative)
! Pr gg%?é?%ﬁ%#%%*—@dr ocr ac%gr[}g Catalyst with 7
8Silica-Al unna (Catalyst A - base-case) 8 9 A

ba g I t g
R R DR BE D 2aER G SPlaifg AR gl
10 pr elpaaﬁwrpmla ffavh Tablent, msapmhalr@d padfollowirey precedure.

11 SadBFaE R RP- MR ha sowder STk 40 o Biabissarim e Ganda) and

12 poz@%n@qﬁ%@uas&ﬁm%h@nﬁh%oﬁ%@ LXedd fﬂo?m%té) w}?e mixed

the m x | uted HNGCS3 aci d CI ent anount
13 deweli Te thaate diluteq HNPs asittiend soffitientramouek of deiabized water

14 235 S 8P B B, S povcr

15 eXThes@d/eightéﬁrelbﬂG 009y $dliddeasis Mhedidsté wak S@¥hed in
over ni ght . dried extrudates were 17 cal ci ned at

16 11006 F&S'#ndﬁrh@m diigd Bt Ro0°Fi eupraighb Jhedinechextrudates were
0 920
17 GOk 0 N5 QAP TR RAL sk B8 g oo doun

18 cordomn tempetomeni um 21 net at ungst at e and ni ckel
nitrate to the target netal |oadings of 4 wt% N O and

1922 28 W% W3 in the finished catal yst. The total

20 Voin%gﬁ%tlérzgf @Pér% W’ﬁ/a nB&Rin n%% sbrgﬁoﬂl%%mé’?ﬁl@ea{rﬁr% ium

vol ume ase extru te sa ent
21 24meiathogdtateTard niekal nisaleubitbe tavast adds doddinghef Hage, NiO and

22 ¢ Widh B Fiilied Sriafysm e i m ! dompplitian matched
23 t hpe2fER AR }?@‘f{er\}éﬂﬁhé%f WY BafegniRlte %aﬁﬁ% ﬁncﬂiéﬁ\‘? wetness

the extrudates were dried at 27 250F ove
24 drmnethashs Fioe amedsl sedutioncsas added & tr@ma@rtrmammamahy while

25 tumbling the extrudates. When the solution addition was complete, the

26  soaked extrudates were aged for 2 hours. Then the extrudates were dried at
27 250°F overnight. The dried extrudates were calcined at 935°F for 1 hour with
28  purging excess dry air, and cooled down to room temperature. This catalyst is
29 named Catalyst A and its physical properties are summarized in Table 4.

30

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

32 prepared using a procedure similar to Catalyst A. For Catalyst B, 80 parts

33 silica-alumina of the invention from Example 1 and 20 parts pseudoboehmite
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28 purging excess dry air, and cool ed down to room
tenperature. This catalyst is 29 naned Catal yst A and
WO e@4/0kB8587 cal properties are sunmari zed i n TabP@r/¥S2088035127

31 Catalyst B, a Ni Wcatal yst containing

SI| a.alumna ion,

1 s P EE e dfefdo orhara e bagdie G dsten, Th ekt Qiejaldoadings
2 B, w@Pe gaktcs N3angido wids g um na of the i nvention from

Exanpl e 1 and 20 parts pseudoboehnite -16 WO
3 206ptalysigo.7a pitiTe-88r0i08/W@BkARINg siligacatt minavet edseention was

r d t Al di
4IO \ﬁe iﬁv\gwté%'?ﬁ %%B%a @%mggﬁ@%%&?lﬁﬁ FOBHRLE c,
58! bmca-aahmmarw th@im@hﬂon'ﬁﬂoﬁt Ekampid 80dsugdd tolifrepare the base
|nvent|on was prepared usin rocedure nearly
| dextHeatest th%@edw@,@emes Ptapatﬁy%u and € arg summarized in
h—g % glunmna of the invention from Exanple 3 was
use 0 prepare the base 6 extrudates. Physi cal
8 pr Aqm“ttolesmcféedﬁbdk with tie éolldwihgprpeuties(Tiabisl3) wag used to
TabI % etrol eum f eedstock with the foll ow ng
prﬁﬁ%llutaee SCRBVES3) was used to 9 evaluate the
1ocatal ysts. 10 11 Table 3 12 Feedstock Properties
Properties APl Gavity 33.7 Sulfur, ppmwt 7
11Ni trogen, ppmw 0.7 D2887 STablesd ed Distillation |BP
12 645F 10 wt % 707F 30 wWF8ed€iddk PRdpentidé 826F 70 wt %
890F 90 wt % 977F | Brdered nt 1079F 13 14 M crounit
eval uati on of catal y8PEGmeity done in a 3&ite-[t hr ough,
down-fl ow 15 mi cr ounStliusippm v cc of 247 40 (JUS) neshed
catal yst. Process ¢ofHiC8¢LARM Wer e 0.7

D2887 Simulated Distillation

IBP 645°F
10 wit% 707°F
30 wt% 769°F
50 wt% 826°F
70 wt% 890°F
90 wt% O77°F
End Point 1079°F

13

14 Microunit evaluation of catalysts was done in a once-through, down-flow

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

18  catalyst bed temperature was varied to cover 60-80 wt% of conversion of the
19 700°F * feed to 700°F product. The yields of C4” gas, naphtha, and light and
20 heavy distillate components were calculated using D2887 Simdis analysis

21 results. The overall yields and reactor temperature data were interpolated to
22 70 wt% conversion and summarized in Table 4.

23

24 Catalysts of the invention (Catalysts B and C) showed much higher

25 activity than the base case catalyst made with a commercial silica-alumina

26  (Catalyst A). A catalyst of the invention achieved the same conversion
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16 approximately 2000 psig reactor pressure, a feed
rate of 1.5 hour, LHSV and 17 once-though H2 fl ow

WO 2108/0¢339T espondi ng 5000 SCF of H2/ bbl of oilPCTH82008035127
catal yst bed tenperature vvas vari ed to cover 60-80 wt %

feed = duct .
1 nat gk Iercrabdt temngriias (1rBEM o adiion 36 heavy
2 g | pFodUchbEleeBTHOB %ﬂgcﬁfa%k%l Ey?_b@ﬂély%l@éif iHGEmMEbrPRARAt about

ndi s analysis 21 results. The overall yields and

3r edovtor ageapjagainihe distiatowiedd WﬁB?%Fh@%@;Bb hgyaamnty
4 ot RGeSO 3T Dpllet A RRs Sefbres i

5 mJQhekp@h@d b@hefits of llity-liramat dfehd pesscFawd/ehibal yst
rrade with a commercial silica-alumna 26 (Catalyst
A) A catal yst of the invention achieved the sane

zconversion -17 WO 2004/ O435-pgbllgqu US2003/ 035127 1 at

B e GL"“ELJS""SE%EJQW%V . W&?&fnae&c o

al ysts of invention Catalyst 4 a‘\’:""y L8 wpp CatalystC

antage in the dist g l{wenén iR er ved. fBYRION

glaomrasition {beforemelaigant age and at the sane t|me better
difstill ct|V|t,/are U|te5unex ecteal benefits

of{ sili %g'c% HRIRa of hekSired 48nf Eﬁ &9 Eiﬂf%@%?ina
4 18 Cata t -
t al yStAI?&{%ppgtr ICZ%ﬁoa%%ﬁ n?% onﬁ‘gneentl h25% Catapal B .

Inverglon :g itiop (before metals addltl:)n)
Sifl i ceoREy P.dt.%f A% Siral -40 80% si | ica-al uni ha 75%
sifli ca-al R]I'f e (Exanpl e 1 ( Exanpl e, A1203 Bi ndgg
25% Cat ap /20% Cat apal21 25% Cat aqg ropertl %s
afft er Met al's"’Addi ti on At %|3.2 3 W wt %
214. 4 18.7 21.6 Surfacg ar ea, m/ g 229 182 16p
Cqt al y3{eRRfEdMiince | n $¥gl e-|Pass MBZro Un|t 166

Catalyst Performance in Single-Pass Micro
Unit

Activity, °F, for 70% 741 717 718
Conversion

Yields @ 70% Conv., wit%

C4 Gas 3.3 2.9 28

Naphtha (C5 — 250°F) 13.1 12.8 12.8
Light Distillate (250 - 550°F) 36.4 37.2 37.4
Heavy Distillate (550 - 700°F) 21.3 211 21.0
Total Distillate (250 — 700°F) 57.7 58.3 58.5

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

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

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

16 silica-alumina. Typically, higher activity is connected to poorer selectivity for

17  distillate. Surprisingly, on the contrary catalysts of the present invention
-18 -



Activity, F, for 70% 741 717 718 Conversion Yields @
70% Conv., W% C4 Gas 3.3 2.9 2.8 Naphtha (C5 - 250F)

wa00304398 12.8 Light Distillate (250 - 550F)PGBUA2003/035127
37.2 37.4 Heavy Distillate (550 - 700F) 21.3 21.1

21.0 . Jatal Di.stillat 50 - 7P0OF). 57.7 58.3 58.5
1 Toexiipi B et dligha g RS Hmsarrasy ety eddndicatig enhanced
2 t hpemerizatién Befifigr mance 11 advantage of the catal yst

of the invention appears to cone frommaximzing 12
3the nunber of the available acid sites in the

4 b LThER G {lRAo iR TRASkiACH wlf ks hrintBRuaT MfafiateRpssivle in
5 l4jighiroftightasichinge aid supportingexsmplastdestabed Asrdin. It is
result, the silica-alumna of the 15 present

6 i ntherefoemurserstaodsthatiwithini the seore of the ipllewing claims, the
co : 6.Si-kLca- ' i . '

7 SOV T RATsR e M8 5B oes o

8 di sxerhplifieel he$aimpri singly, on the contrary catal ysts of
the present invention -18 WO 2004/043597
PCT/ US2003/ 035127 | exhibit the additional benefit of
i nproved distillate yield, indicating enhanced 2
i sonerization activity. 3 4 There are numerous
variations on the present invention which are possible
in 5 light of the teachings and supporting exanpl es
descri bed herein. It,is 6 therefore understood that
within the scope of the following clains, the 7
i nvention may be practiced otherw se than as
specifically described or 8 exenplified herein. -19
WO 2004/ 043597 PCT/ US2003/ 035127 | WHAT | S CLAI MED
ISS 2 3 1. Method for preparing a highly honbgeneous
anor phous silica-alumna 4 cogel catalyst conprising:
5 6 vigorously mxing an aqueous silicate solution
wi th an aqueous sol ution
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7 of an acid alum numsalt while nmaintaining the pH of
the solution less 8 than 3.0 and ensuring vigorous
wanw4oaspt et e mi xi ng of the alum num 9 salt aneCT/US2003/035127
silicate solutions to forman acidified silica sol in
1th H ] | |t solution; 11 12 gradually
a ipitant to the acidified silica
2 sol/alum num 13 salt solution while vigorously m xing
the solution to raise the pH of the 14 solution to
3 gr kat erMethas for @,renﬁr'm@higgly&@ag@@n@uﬁamprpt@usmica-alumina

ater! ragEhighiehamgeen el aryoritt
4 Final " petted CERT AN 1775 S Tl Gor ousl v

5m xing the cogel slurry to maintain a uniformpH 18
t hroughqut the cogel slurry 19 20 washing the )
6 preci pi Y'Q@‘&H'Sb’d@wﬁg an@auequssiligaigaeduiangvithan aqueous solution

pr eci pi ; ; [ e
7 et hodl Sraanaranirih GBI IREi AR SETH of G soign less
8 t he coglans3.0mangd endbring vigorowsaane doaiplete imikingrohtpélabfminum
about 6- 26 .27 3. A nmethqod according tgo clajml1, )
9 Wher ei nSEﬁfw%“$ ﬁWﬁ?teﬁQ“&fO”tsﬁe?%%éﬂ aﬁ'djgﬁgq/s'ﬁ% SP'Is'“ t%e aluminum
o mai nt ai gads @titigy-uni form pH of about 6.5-7.5. 29 30 4.
A catal yst conpdsition conprising a cogelled,
11 silica-alumna cogel 31 prepared by the nethod of
12 claim1, -20 WO <§.OO4/ 043597 P%@Z%OS/ Oél?lé?.l 5. .
cont i nuFIURINGAANG,0a3IE RIREIRTANT IO Hiepar TR viliga megluminum
13 anmor phogigt salufior Whde 3lgordbusly aRERY tiaalLYiSh t6 PATRE itisd Eaiof the
3 4 providing a first aqueous silicate solution; 6
14 provi di wuﬁp%gt@ﬁa@t%rdha@gﬁmdmm agogghslyeyd
15 alumnumsalt; 7 8 providing a third agqueous sol ution
of a basic precipitant;

16 continuing the addition of basic precipitant to a final pH in the range of
17 5-9 while vigorously mixing the cogel slurry to maintain a uniform pH
18 throughout the cogel slurry

19

20 washing the precipitated cogel; and

21

22 processing the precipitated cogel into a finished catalyst.

23

24 2. A method according to claim 1, wherein the final pH of the cogel slurry
25 is maintained at a uniform pH of about 6-8.

26

27 3. A method according to claim 1, wherein the final pH of the cogel slurry
28 is maintained at a uniform pH of about 6.5-7.5.

29

30 4. A catalyst composition comprising a cogelled, silica-alumina cogel

31 prepared by the method of claim 1.
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9 10 continuously contacting and vigorously m xing the
first and second 11 aqueous solutions in a first

woreoonggsgbne whil e mai ntaining a pH of | ess 1PCT/H82903/035127

o N O RN -

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

3.0; 13 14 renoving a first m xture fromthe first
m xi ng zone, conti nuousl 15 16 contacting and

vigoro P9”?H%Lﬁq0r9ﬁ%55f OF reRATing A BIGhhHhQIRBIEREUS, amorphous
aqueou V4 | ing zone while
ql SsilichladAing | F8§bl déteﬂ;ﬁt Wﬂ?r éﬂrg‘ g

mai ntai ning a uni about 5 to 9 to
produce a precipltated cogel 19 20 renoving the

t at.ed 21
Cont i hubaeRs 385t o5 RHun g ERP itk i tat od cogel

and 24 25 processing the precipitated cogel into a
finished catalyst. 26 27 6. A process according to

cl ai m Frovidigea seeond paueous spiutiateian acidialgminean selie
is maintained uniformy fromabout 6-8. 29 30 7. A
process according to claim5, wherein the pHin the
second gro¥idiry a #irzaqeedus soltiireofeBasioipkadipitant! r om
about 6.5-7.5. 32 -21 WD 2004/ 043597 PCT/ US2003/ 035127
1 8. A catalyst conposition conprising a cogelled,

S'_ i 5 &‘J ‘t‘iﬂkB | 28R ac%n&%ﬁﬁ%‘facfﬂoﬁé’lxetrﬁgié@qbg??stoinocé@ddﬁ‘d

nuous prepari
a hi ghlaqdmmswm:ms méfssﬂ mixargprons while ogahtaodtg by of less
conpri h vigorously mxing a silicate solution
with arf ﬁgée%us solution of an acid 8 alum num salt
ina first mxing zone to forman acidified silica sof
in the 9 alumnumsalt solution while nmaintaining the
pH of treeaingia ificst rhigkge from the first mixing zone continuously;

contacting and vigorously mixing the first mixture and the third aqueous
solution in a second mixing zone while maintaining a uniform pH of

from about 5 to 9 to produce a precipitated cogel;

removing the precipitated cogel from the second mixing zone

continuously;
washing the precipitated cogel; and
processing the precipitated cogel into a finished catalyst.

6. A process according to claim 5, wherein the pH in the second mixing

zone is maintained uniformly from about 6-8.

7. A process according to claim 5, wherein the pH in the second mixing

zone is maintained uniformly from about 6.5-7.5.
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10 than 3.0 and ensuring vigorous and conplete m xi ng

of the alum num 11 salt and silicate solutions in the
WO R00g04359Ki Nng zone to forma first m xture; 1PCTWBS2003/035127

provi ding an aqueous sol ution of a basic precipitant'

14 15 c ntlnuousl contacti ng .and vi us| n
Ttn@ fir tcaFﬁ 3@ RASHIANHOMAY %@.C@Q%ﬁ qyaa%'ntl if gogel
o second @ﬁﬂ%ﬁi&ﬁiﬁhﬁBn'ng a unlforn1 17 pH

of fro out to pro uce a precipitated coge
3 18 19 contlnuously renDV|ng t he preC|p|tated cogel

mth ond m

4 or 80 pi R soBf oSl metd3 1St piEpauds adig Fomdteneous
5 preCI plénﬁéeﬁglmaslcogelt@malyéﬂ dirapegngat al yst. 25 26

10. A process according to claim9, wherein the pHin
6the second mxing 27 zone is maintained uniformy

7 ol ai m o Oisdiet e A Sttt EHGERER ARy b g gf an acia
8 i s mai nalaniiegmuaitfiearryt mbag 2deaito Brrah Aciddiéd siikalsbl in the

A catal yst conposition conprising a cogelled
9 sili ca-AMoHNWA sedtselyfion Wil mediainng ﬂb‘? nhhef ther srddtior less

10 claim 9than2§0 and ensuring vigorous and complete mixing of the aluminum

11 salt and silicate solutions in the first mixing zone to form a first mixture;
12

13 providing an aqueous solution of a basic precipitant;

14

15 continuously contacting and vigorously mixing the first mixture and the
16 basic precipitant in a second mixing zone while maintaining a uniform
17 pH of from about 5 to 9 to produce a precipitated cogel;

18

19 continuously removing the precipitated cogel from the second mixing
20 zone; '

21

22 washing the precipitated cogel; and

23

24 processing the precipitated cogel into a finished catalyst.

25

26 10. A process according to claim 9, wherein the pH in the second mixing
27 zone is maintained uniformly from about 6-8.

28

29 11. A process according to claim 9, wherein the pH in the second mixing
30 zone is maintained uniformly from about 6.5-7.5.

31

32 12. A catalyst composition comprising a cogelled, silica-alumina catalyst

33 prepared by the method of claim 9.
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