15 JUN 2004 WO 01/45838 PCT/ US00/ 34073 -1 ALUM NA TRI HYDRATE DERI VED HI GH
PORE VOLUME, HI GH SURFACE AREA ALUM NUM OXI DE COWVPCSI TES AND VETHOBS! U004
THEI R PR AND USE 5 FIELD OF THE | NVENTION Thi s i | at es
to high EE&RQ%S%\IWB hi gh surface area al um num oxi de co%gg}%’gﬁl%)gftl cles,
met hods of their production, agglonerates and supported catalysts derived
therefrom and net hods of usi ng said catal ysts. 10 BACKGROUND OF THE

| N\VENTI ON The art relating to particul agte porous alum na particles, shaped
catal yst supports derived therefrom supports inpregnated with various
catalytically active netals, netal ounds and/or pronpters, and vari ous
uses of such i mprAdddbiiNd TB@@RM%EE&'EDM PDBEeQQMEe and
relatively well dEIGHGURFACE AREAAITRMIFUMOXIDE GOMBOHTESNt i nuous

nodi fication and r eANDERBTHODS OFCTHEIRPREPARA TIONADII SEand cat al ysts to
inprove their catalytic activity, and while in sone cases highly desirable

activitie < hi eved, there is a continuing need in the
i ndustéy .%5 ‘?mﬁpﬁ@jmupports and catal ysts derived therefrom
whi ch have enhansehvasidnelaresaddighi goge aldinal leigh Etkrfmgreaaalmamuna@hée bal ance

of ZO0 norphol ogi cal properties. Alumna is useful for a varlg‘i1
appl i cat i oomppsits peatticlgs, caathodssd W@¢Q@Oafﬂ£gl%%_qf&tp§/§ﬁ%31prPrt em cal

processes, t st I|n| for f and the like. In many
of these ﬁ%t@g' ?St ehved thse g’é@’latngﬁliléfﬁ ﬂgaﬁ%é%glcé e%materials, such as
nmetallic ions, finely-divided netals, cations, and the like, to the

al um na. The | evel and 25 d| strl but i on of these netal s on the support, as
wel | a8 t BAQKADRY HeINVEIXTION j t sel f are key parameters that

i nfluence the npl £x nat . f taI Al um na
useful in cat al(;‘a'[ ’ib%'lnig F‘giﬁlél ‘a‘?d)sor uéeﬁ"'%?%hé‘lélgy hergeci#gtﬁgﬁby a variety
of proces %ﬁﬁpor&%fc?w% thedGr A Rppdtdihiraphiated GfitavAvus uamsticalki dese
precipitation 30 of alum na fromalum sodium al uni nate processes and the

| i ke. Genemethlsymeiabadinpgndy\@nd/er ABHEBETS, zanclsal:;tm wepel SUPETIPKSErRIsd073 whil e
alumi na fromthese soqurces an be Hegldt K ﬁtd@véf supports such use is
subj ect  tHPRYI: B RAYHS 14% ?fﬁévca’? P é‘f rom t'he fact that for

supporised cat al w18 thSHishriaik HB&FaEahtiniolaalodiftatiot Al refinpmehtagisoet
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cases highly desirable activities have actually been achieved, there is a continuing
need in the industry for improved catalyst supports and catalysts derived therefrom,
which have enhanced activity and life mediated through a desirable balance of
20  morphological properties. '
Alumina is useful for a variety of applications including catalyst supports and
catalysts for chemical processes, catalyst linings for automotive mufflers, and the like.
In many of these uses it will be desirable to add catalytic materials, such as metallic
ions, finely-divided metals, cations, and the like, to the alumina. The level and
25  distribution of these metals on the support, as well as the properties of the support
itself are key parameters that influence the complex nature of catalytic activity and
life.
Alumina useful in catalytic applications has been produced heretofore by a
variety of processes, such as the water bydrolysis of aluminum alkoxides, precipitation

30  of alumina from alum, sodium aluminate processes, and the like. Generally speaking,
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20  catalyst having improved effectiveness and activity maintenance in the desulfurization
and demetallation of metal-containing heavy hydrocarbon streams are well known.

As refiners increase the proportion of heavier, poorer guality crude oil in the
feedstock to be processed, the need grows for processes to treat the fractions
containing increasingly higher levels of metals, asphaltenes, and sulfur.

25 It is widely known that various organometallic compounds and asphaltenes are
present in petroleum crude oils and other heavy petroleum hydrocarbon streams, such
as petroleum hydrocarbon residua, hydrocarbon streams derived from tar sands, and
hydrocarbon streams derived from coals. The most common metals found in such
hydrocarbon streams are nickel, vanadium, and iron. Such metals are very harmful to

30  various petroleum refining operations, such as hydrocracking, hydrodesulfurization,
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20  this system, part of the catalyst is continuously or intermittently removed in a series ¢
cyclones and fresh catalyst is added to maintain activity. Roughly about 1 wt.% of the
catalyst inventory is replaced each day in an ebullated bed system. Thus, the overall
system activity is the weighted average activity of catalyst varying from fresh to very
old i.e., deactivated.
25 In general, it is desirable to design the catalyst for the highest surface area
possible in order to provide the maximum concentration of catalytic sites and activity.
However, surface area and pore diameter are inversely related within practical limits.

Sufficiently large pores are required for diffusion as the catalyst ages and fouls, but

large pores have a lower surface area.



proportion of pores in the mcropore region. As indicated above, nicrmpﬁffs
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exposed to conversion conditions such as high tenperature and noi sture.
There has therefore been a continuing search for high pore volune, high
surface area, hydrothermally stable atum na suitable for catalyst
supports. 25 One response to this search is provided in related and
comonly assigned U S. Patent Application Serial No. 09/467,742, filed
Decenber 21, 104@e(sPecifieallynte fonyatgsisgaged with ¢amRetipg camydespiBecat i on,
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i nventi on was deveFoped in response to this search. .S, Fat.ent nber
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material"™ is described as referring to a rrataglri al .t hat :enhanac‘_a)ertst t he
tr ansf or merfitohagivezutes. AR FHfasA AT° APGHFASH A yéFsb‘Héfrb?'thW&S RS, t hi's
patent St ﬂ{rhéoxsf\fo{‘l s g:?ﬁ:@rﬂl F}%Iﬁ'ﬁ pop@x@ﬁﬁxm AstihGicROE MBveEmicPoireh@e al um na. I'n
contrast, presently claimed inverition relies on a mxture of alum na
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size growth inhibitor (also referred to herein as CSGl), to form
20  mesopores are antagonistic properties.
Moreover, not only must the surface area be high, but it should also remain
stable when exposed to conversion conditions such as high temperature and moisture.
There has therefore been a continuing search for high pore volume, high surface area,
hydrothermally stable alumina suitable for catalyst supports.
25 One response to this search is provided in related and commonly assigned
U. S. Patent Application Serial No. 09/467,742, filed December 21, 1999 (Docket No.
W-9433-01). In this patent application, composite particles containing boehmite and
a swellable clay are described. Such composite particles employ active alumina as the
starting aluminum oxide which is rehydrated and converted to boehmite in the

30 presence of a swellable clay. While this process and the product produced thereby has



boehni te havi ng certain norphol ogi cal and crystall ographic propertilkslibhilih
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m crocrystalline boehmte gel by the hydrothermal treatnent of gibbsite in
the presence of boehmte seeding agents at tenperatures |ess than 200C and
pressures | ess than 200 psi. The 30 comversion of gibbsite to

m crocrystalline boehmte is said to be retarded by additives WO 01/ 45838 6
15 JUN 2004 PCT/ US00/ 34073 such as phosphates or fluorides and that such
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the 5 boer?r?‘l%?gngi)rlrbggﬁrso?gkﬁsﬁfﬁgev@éf{m%@ﬁ%&%ﬁhr%d touma)’(iﬁnglze surface
area, and gid¥bochagiRrising dibbsite abe ptigady itartingkiatgiahoOoe mpedimanabun na f or
catalytic applications, the boehmte seeds utilized are | ess than 100 A
and pr &f eraapdmplishirg thifregpabs the feadenemef sibbsits tederm dargs crygiglites (Bg-a4di t i on,
where the mcr stal | boehm te.pro [ S UbL idsad i ¢, fake
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facilitatipg gen tQufelplodict iftReskanyefsé aRa0f the microcrystalline boehnite
to the alpha alum na are desirably m xed with the gibbsite starti

. i ng
materi al duri ngThusuthecseaioh has astinuedsfor wayete m1 oBly pERdCce POVanlBTEPé%a%?di tives
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precur sor 56&38? arFB"SﬁPB’E? %r\?ﬁqw:és b@ﬁf’hﬁ? tgsa%%%ggé%%éitﬁcgnsagéﬁl é‘&\ﬁfﬁ@ﬁgﬁ ﬁncti ons as
a cryspal @ame NThoPielidt venfi6RvdiBevklogeti i fespdise 40/ tifd seatep. ) | n contrast,
the presently clained invention relies on an aveg&ge particle size of all

the solid conpodénhPatenhNuimden],spot&4 isdigeied ko 2 methpdfeiarkiPgaut ocl aved of

typically from ahaut 1 fo.about .15 m.crons. {i. G .10 . t

155, oo Recranon piphe alyfiBe etk G ARG pyerybed ekt

conposi t e, hEER 4nd alsYRiaGBlilcY, hyariiNahiafd teatameaispbigionneoneameoat ci nat i on.
20 U. S. Patent 4,623,364 discloses al um nous abrasives produced from

al uni na  gibersibi tharf aipha aluphne-bdsedceraminprerwbargnaena dpdsigedhse (0.2 to

0.4 m t . ~1he _abrasi ; by..Vi LL i I
B e
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effects seeding of the crystallization of alpha_alumna 25 during the
firing (codensBy ahd hadngs ofthegesyltant @ramicaratenali DisciredarelgatieiPaFriala about

addi 11 ves MRige AR DROLRLAPE PGS Hoal Safer 8oy PoP b EfTE 5 such s
about 5 Wt %M is dIRSILMIR feferflh £ &S Ninatefial et @ihaskes the famsorarationsf spi nel
(magnesi um al um nat e: ) :
2 transitional aluminas to alpha alumina. Thus, this patent starts with boehmite and
converts the boehmite to alpha alumina. In contrast, the presently claimed invention
relies on a mixture of alumina trihydrate, alumina seed component, e.g., activated
alumina, and crystal size growth inhibitor (also referred to herein as CSGI), to form
boehmite having certain morphological and crystallographic properties which
25  typically is converted to gamma alumina upon calcination. Moreover, this patent
discusses nothing about the pore properties of the resulting product.
U.S. Patent 4,797,139 discloses a method for making microcrystaliine
boehmite gel by the hydrothermal treatment of gibbsite in the presence of boehmite
seeding agents at temperatures less than 200°C and pressures less than 200 psi. The

30  conversion of gibbsite to microcrystalline boehmite is said to be retarded by additives



MyA1204) whi ch surrounds the unreacted al pha alumna (col. 6, |lines 60).
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to make boehmte, not al pha alum na, through the use of active alunm na
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di sper sed.thdhipha haieine gesrdssuahly miedowitl the aibbsite staptinginateripdBUBEuni na cogel
is differentiated fr h en s.cogel,... | i ed that the
silicate ; a&im%{c?g@g%%\ﬁ ﬁ”@%ﬁgﬁﬂi}%?%us dléwrrﬁ% 853%%1 I|njr?&td ﬁ@ﬁg{rhésent ly

cl ai med i yRR&iRRAMBF MutbShvifik bl Gdth Bhd Hchehite @eussor Pribe toRakaMividg, Jud, 849
di scl oses a process for the production of a collolidal boehmte

: )1 dal by
provi di ng 2 magnesiymodxide vehlichfungtionsds accaystih erangh anhibipt i (CRBaR b et v

acidifyin e_slyrry to H_of abou - ALy di ssol ve
t he allﬁn‘i na?t © ﬁ'ﬁib Q;Pé%gmﬁﬂstt’atﬁgpeg%néﬁgcgm{nggggﬁg{‘%é %F)%%llf, g%g%ééﬁé %ame, and
then di gesdiie¢r diBe 30li@EbEpdrieas iffthe dperadn whichipeveatuslly aofockvedibf 150 to
200C. under a pressure of about 5 15 JUN 2004 WD 01/45838 PCT/ USOCOY 34073 -8

to 20 at nospiseleforeabgut 0.4de 8bouiv S Faiprons (gr.odeRtoaRauc i 04 o Bskhini t e.

Rather t hahr} gh surface area and high pore volume boehmite composites which is typically
converted to gamma alumina upon calcination.

20 U. S. Patent 4,623,364 discloses aluminous abrasives produced from alumina
gels which form alpha alumina particles of submicron size (0.2 to 0.4 micrometers),
The abrasives are made by vibratory milling of the gel with alumina bodies. It is
hypothesized that the milling introduces material from the alumina grinding media
into the alumina gel which effects seeding of the crystallization of alpha alumina

25 during the firing (col. 5, lines 55 et seq.). Disclosed milling media contained about 90
wt.% alpha alumina containing SiO,, MgO and Fe,0O3 impurities. Various additives
may also be added to the alumina before or after gelling such as about 5 wt.% MgO.
The MgO is present in the product, however, as spinel (magnesium aluminate:
MgA1,04) which surrounds the unreacted alpha alumina (col. 6, lines 60). Grain

30  growth inhibitors such as Si0,, Cry0s, MgO and ZrO; may be added to the




starting with boehmte, alumna trihydrate (gibbsite) may be enpl oygdUlgjia
starting material (col. 2, line 27). Gain growh inhibitors, such as a
silica, may be_added. Seed materials nmay be added to boehm hance
t he conve‘?’éioyﬁ:‘%? the boehnite 5 to alpha alumna or to a:}gﬁlﬁé{&?fﬂﬁﬂydr ate
(boehmite precursor) to pronote boehmite formation fromthe boehmte
precursor. The seed material can be added before or after the hydrothernal
treatment. Seed materials typically w4l possess a particle size of below
1 mcron (col. 3, line 55). Seed materials for conversion of boehmte to
al pha al um na include subm cron al pha alumna, as well as ferric oxide
(col. 3, londitibReddt). Thegoalnities patkiet ahpearcorbectnsnake affhataheminedlim t e
precursor to boehniite include submcron boehmite (col. 3, lines 46 et
seq.). Th&apspHBMsERMMNRalmingefiths e pRimayto dRlRAFMRE H4XCTot enpl oy aci d

seq.). Thitage eseaf _ ‘ pl oy
col i dal ‘ORI X1 BOEE BFPe pRplE pE b Fir BB LD EFRC BT

active al ysdddqcangl, 1giebaict &sq.whi ch are converted to crystalline boehnite
having a 15 specifically defined crystallite size in the presence of a
crystad growt h Inspitpist.dhe geal of thepsesgnisinyensiands togRaedmeb@itgy nat@lghit e, U. S,

P No. . 5,114, 895 dj scl . i1 ayer
nomogencodbryna imsed’ Fir Sact AP PRk e OhbRel Y BB Fndomero o1 ay

| ayers ar gg@onpl etely surrounded by the inorganic oxide matrix. The
inorganic oxide matrix is 20 selected fromalumna, titania, silica,

zirconi a, P206 Wi Paient 4,068,14Gdisclabiser earrigrgnateniad hawas engibpere doluareyi ol i t e,
Laponitetm,_ verm culite, .nontnorill oni kaol in al ygo i .

(at tapul gdbrt epedbemt 8 vl i oo die e o Bs R AR dftveni ce. 1o
get thg clay. RONRAFIRONS tharl CACAREedth bbled hhVifg b RAKDSBAEr GXh JBOOTAL T X, 2
precursor = of the inorganic oxide is diSpersed as a sol or hydrosol and

gel | ed i n Suireblercesrns disclosebatchiungl GyinedfFd ¢teseq) inglusigrilwning et conRiES 70 wt . %

are discl qsed. broadly,. the anpl,es | 0 t .l east,.30 L2clay. In
addi ti on, &EOWE%%%?%P@%@FH%é“e‘}’gﬁ“#ﬁéﬁ?"é‘éﬁf‘f’ » HE %ﬁ%é%‘%tﬁ Lo
di scl osed. ;3 L M Y dPRerREA L SrithidtvafBudNTHerkhil BRI SLMIBIAZ €i¥icwar i ous

ways of making boehmte. More specifically, gibbsite is digested with an
aci d such amsorphausistlicazumiriagcrystallinh elurgnedilicatas, eraber istarchmngteedriosed wit h

b nd t | t ant | at.i 15 JUN. 2004 1/.
POT! LS ) ahea o miotes POFRat (B¢ BETGIANS By ee Pt LRy Ear Wsur s ar
t enper at Urgahaheuhd 386 notAbPhiR 1GHaLEHhethe @eABineR YIsd6f SEBaR Midtabeve bef ore,

during or after hydrolysis W thout any differences in the final product.
I n cont r astlymamt (owkoehimita) seeds yp farml thy clejoest kpehmitgprodughd rho forns. 5 U. S.

part 1 al 1y cal oi Wi Sparm 0o e ditaisrEhabRetr i A AT A DB o)
greater thape) §QWrsedtif aRKEx cBhsiaHE SRatifI®y SalmalrGel. el & Akged hagtheact i ve
alum na. Thé active alumna is then rehydrated and a major_portion thereof
i s conler t=kika i heteeogenemishadispersed in the alumina base in the form of 2 silica-rich,

silica~alumina cogel or graft copolymer, and that the alumina base provides a matrix

in which the finely divided silica-alumina composite is dispersed. The

heterogeneously dispersed silica-rich silica-alumina cogel is differentiated from a

homogeneous cogel. It will be observed that the silicate crystal size growth inhibitors

25  employed in the presently claimed invention are not silica-alumina cogels.
U.S. Patent 5,178,849 discloses a process for the production of a colloidal

boehmite by providing a slurry of an alumina hydrate having a low dispersability,

acidifying the slurry to a pH of about 3.5 or lower to partially dissolve the alumina

hydrate, but not enough to completely dissolve the same, and then digesting the

30 acidified mixture at a temperature of about 150 to 200°C. under a pressure of about 5



phase of boehmte, pseudo boehmte, or m xtures and then cal ci ned at
greater 1000C. 10 Additional patents which disclose the fornmation biJUNZWL
boehmte fromgi bbsite include U S Patent Nos- 4,117,105; 4,344, 928
4,716, 029¥0OAHB8 253 and 5, 063,033. U. S. Patent 4,276, 20LTHVEPHIEs a
catalyst support conprising aggl onerates of alunlna and 10% or |ess of
silica. Optionally, mnor anounts of other refractory oxides may be
included in the support. The al um na agglonerates are prepared by 15
contacting hydrous al um num oxide gel with an organic liquid which is
essentially inmmscible wth water at a given ratio of organic liquid to
wat er, as t@Q@hﬁhdﬁﬁﬁeﬂe@ (.5 eautg€bvinge préduae tmrtloﬂdoﬁiapbcﬂeﬂlmm Glatlidnehanat er i s
renoved fromth drous al um num oxide g prior to drying the gel. A

number of statingvithdockuatic henvatilsdize (QWF[FE@EIY be e@@wﬁ% B & ﬁaltlng
l ; d 20
Zggpg?‘; Iaﬁllbﬂ %rhzg?ﬁ:(ﬁq%,als e?[_ﬁc o lgho%vtg ?1%11151?01 & Lt Q{ ¥ sitikd f}}la(?,v@epa(ar or an

se W COMTRALBLS agl toH he ‘aggl oner at ed

al um na i eed HRfrdl HbPBEadddd tSbodphit o efh &t (RObnieRRinasake Bodhyditeot r eat i ng
catal yst conposition <conprising a hydrogenating conmponent consi sting

essentfal Itq al@ha alupging or tﬁo&ipmnmrtrihydiatev&m HLteRseqREtog) toj Eo@éteé@%@ltﬁ rom Group

VIB and a ous, conponent ted,25 on,the su support
conpri si n(j %&"?@nfﬁ?%ﬁ?fr% aﬂ’%s%%naf‘éc‘éa%aa‘? E5e£é({d(c)? Efzoéo I|ate u. S
Pat ent  NO.eidy @1%11 é?o‘ihérﬁaa@tréﬁﬁfeﬁﬁ S&dﬁm@@ﬁw tybiesy Wil poreéganatidietia  oxi de
(e.g., SI2) and c ay particles wherein the oxide particles are

subst ant i alf bylovsegriewat(eal. 3.rlinn SacBeedithaeridly fqrmenmrayn phbeshmitesto Sui t abl e

cl ays incl oni.t e Ios dratio i I

bet ween 1:? TPqF@Ff‘?BJ fltlie}i“a %‘}%FV“ TTBa’f‘f“’ Sg%’féﬁ‘% (%%08 @‘YJ UN 2604
PCT/ USeQ %97§eéﬁﬁa&wa1s%; c&@@mﬂ iR bdeRmite pracarkof tOBacRMmiieNAEIGaNi C oxi de
sol having a particle size to 800 AngsStrons (.004 to .08 mcrons).

The part i chbemsdiraeboéhrhite(dbi. r3a11n¢1;r4ﬁchncstq] sThmgéndieﬁthemﬁesﬁh%Y Slﬁlzléecjof t he
particles .in the startin S|

sol thou he fi,nal z
unr epor t ed™VaPHIoP LIogs pet 66’2?1031 Ade 3’?@“9?2 aﬁg‘ ©BRF QESCH Q SWOFYiP gT €s have
opposite 3¢ la@&.'?ﬁ" Pnake cbﬁéiﬁaltﬁ&ﬁrrﬂfel Th§aitht fA8 Tt@ﬂ'isél@s@tﬁ@ RombhRtiosuch t hat

the clay particles inhibit aggregation of the netal oxide particles. Thus,
the clay pmm:c elwesnanm gibbsite, bbithase cm@ﬁ@lmllb@bmtqlmlw
particles. of the ¢ |ff r.ent f particles
i s detler msﬁ‘é’ﬂ S’;]?yt frinsg, CB‘f“a?ﬁtE%élem &‘F}Pémﬁ}l?co‘? at%%s‘%?]r%?ﬁg]nﬂylgﬁ’é%o (H]

control | edasra%,mtg)?},g YHaleSorlsiggkect ri c point by acid addition thereby
inducing a 10 negative charge on the inorganic oxide particles. Wile

sui t abl e i nor gadiS PatentNo. 5141895 disdostis ecioowesition ofk dayefedlayde A1203, no
A A A T L T
For exanpl @mdibRly SiPRu8Edd bFthBHhdrkar® 0:HdCRBube Rie 1ﬁo@ﬁﬁic%xﬁlid 1Rhtrix is
20  selected from alumina, titania, silica, zirconia, P»QOs and mixtures. Suitable clays
include bentonite, sepiolite, Laponitem, vermiculite, montmorillonite, kaolin,
palygorskite (attapulgus), hectorite, chlorite, beidellite, saponite, and nontronite. To
get the clay homogeneously dispersed within the inorganic oxide matrix, a precursor
of the inorganic oxide is dispersed as a sol or hydrosol and gelled in the presence of
25  the clay. While clay contents of 5 to 70 wt.% are disclosed broadly, the Examples
employ at least 30 wt.% clay. In addition, none of the pore properties or the resulting
product are disclosed.
Statutory Invention Registration No. H-189 summarizes various ways of
making boehmite. More specifically, gibbsite is digested with an acid such as nitric

30  acid and the resultant material neutralized with base and the resultant gelatinous mass



about 9. However, A1203 sols only format a |ow pH of less than about 5. If
the pH 15 exceeds about 5, an A1203 sol will precipitate fromdi spe§qunqn[}pr

never formin the first place. In contrast, Si02 sols do not have be
acidic. OBRIGIAt1y, while any point below the isoel ect i/ HHMPs

acceptable for Si02 sols, the sane is not true of A1203 sols. Rather, one
nmust operate at a pH vveII bel ow the isoelectric point of the A1203 in t he
pH regi on where alumna sols form Mor gover, this patent discloses 20
not hi ng about the crystallite size or pore properties of the resulting
conposite and its thrust is only directed toward obtaining high surface
area. As itheli slidved talage end dehytieatefor asvesal hodishi gimppeaterey abaute0aT e

ant agoni stic_properties. In contrast, the presentl cI aj ned. i nvention
nei t her stAlPha alymina ssedammaybe adged E(lttl%ltﬁfm ewng qreter BYdrplyss3eHert e woul d

form nor E9uBughall, HANGLRNICOhELNT n%azt?vetag@gﬁgﬁgﬁ@%%m iy whi ch

t he presenatn T e conpos S are so] to form
during hydfngtrh@fcrmis, treatment and the starting alumna particles are too
big for a sol to forminitially. Another area of technology relating to
conbi néti ons ofUsaPaisnt3.89hy2 nidimeled o the prapasation ok akhlia aBEninyber cal at ed

clays. Intergc d .cl ays resented b 3, 803, 026;
3, 887, 454 R*EK Yaﬁag%‘“ﬁge‘ﬂ %’7@)‘3&“@ urgie 1 ‘%‘Jat" |(%1§Q%E?§€§t%§%%%‘aﬁ\o 01/ 45838
PCTI USi 101830 3t0-mdke ch? afid hoXbhhs, atbo 8ér8P s as‘bﬁﬁ@éalaﬂﬁna(sﬂﬁ: koo
4,844,790); and 4,995,964. Inter calated cl ays or patents describing the

sane typi cawknatisatenirehysoatedand hmajos poitios teereofineenvertad trethelaliynisal rat i os

be enpl oyed and.at ,l east s (<2 S b I tent
3,803 026 HESEPHasLmite, beedg Bpetiy %magttes B4, Ep %‘8 e “’atefsl&’ot &

f1 uorijpe- C&mxabﬁm@ﬁteeermeﬁatsclome%hﬁﬁeﬁ @hﬁb@mﬁmmc‘gﬁﬁﬂlitl&%dﬁmwm des or
hydr oxi des of silicon and al um num The anorphous cogel further conprises

an oxi de GiS. Rgnopsie, bif7, K5; Féééf’%)ﬁeﬂ@@ﬁeﬁﬁ%éﬁécﬂﬂéé Q@%Qﬁ%gnem um
zi nc, boron, i n| um, af ni um
cerium pr aseod@n?ul%ﬁt %Qe%ﬁ%ﬁt%c ORRY® p%%%%ﬁ’b? rds?%%ggg‘ ous cogel

bei ng pr esgiiddundN@®% ¥Eleost silgda. tgatﬂéﬁﬂlyoﬁﬁhorsdnhtﬁn}‘s &ttotidt raffmumty of from 5
to 50 wt.% The slurry is subjecte Hof 6 to 10 and conversion

condi t i onsond%mey be ingbuled in thglsuppesiy rﬁhe@ﬂur@myslgdpmerﬁées 3¢ BFAPAGSIYi cat e

I f b h. f
it eacted SpRanyoiots ety SR Rl B Pleaidi B PhRRG BeBNE. U 5.

and the resHiskiblowiRWkdrat a igireh SRS dfefgdn®: Bguid tSWileh &b icontamye e the
crystalline clay-type 15 al um nosilicate mneral. At colum 5, lines 39 et

seq., it igeldiushitisealythpartiomef the siatariisigmoxed fronuibe hydmue AARTHE br oken
oL G e S L ML RS oot @,
precursor QBRI Eg dg)f)meiaﬁbﬂs' suzh a@pladinp e el inld fotir®Flint dvagoratoctande s t hen
dried and act ivate Not wi t hst and| ng the above disclosure, no specific
exanpl28s eespoyating the liquid phase with continuous agitation. The agglomerated alumina 13
then calcined.
U. S. Patent 4,886,594 discloses a hydrotreating catalyst composition
comprising a hydrogenating component consisting essentially of a metal component in
which the metal is selected from Group VIB and a phosphorous component, deposited
25  on the surface of a support comprising a porous refractory inorganic oxide and free of
zeolite.
U. S. Patent No. 4,981,825 is directed to compositions of inorganic metal
oxide (e.g., SiO;) and clay particles wherein the oxide particles are substantially
segregated from each other by the clay particles. Suitable clays include Laponite .

30  The disclosed ratio of metal oxide:clay is between 1:1 to 20:1 (preferably 4:1 to 10:1).




20 a mxture of silica-alumnate with alumna is disclosed. Consequently,
n](cai t heL the st iarti ng Sl un‘: na, dt he final alumna, nor the anounts enpljgNem;
of eac rj are isclosed, U S. Patent No. 3,887,4 i par ent
3, 844, 973?63?)§%I3§)ses a |layered type dioctahedral, clay-I ?%érgl%aﬁ'%lrog (LDCM
conposed of silica, alum na, and having 25 nagnesia incorporated into its
structure in controlled anmounts. Preferred clays are nontnorillonite and
kaolin. At colum 6, lines 24 et seq.,jgt is disclosed that the clay

mat erial can be conbi ned generally with inorganic oxide conponents such as,
inter- alia, anorphous alumna. In contrast, the presently clained

conposi t e Theishbjeeiscommposition|is deriveddom ae ingrgaminexidesiakibpging @ipaeicds sikes ar e

found in U, S. nt Nos. 3,892, 655; ~and 3, 844 97 xcept .t hat these
| atter patoéﬂﬁéo g&ii&ﬁ%@%ﬁo@gml -Qgg’r‘@ff’g}%eﬁi@ ﬁ%%ﬁb@ﬁ%ﬁ%‘%&g%

PCT/ USOO' 3d0:dientldh theispeloaiedbaticleCinaNe bhigRhl) 8fRbuphahd shal Aglidi@gnesi a as
a conponent” thereof (LTCM and illustrated with a saponite type clay. U

S. Pat ent iNeurego6R17, 1082 ritisalahat the sretd baide dné clay ppaictesthavih pppossepl oys

| 1 oi dal i foi. [ id d ad | 1 able .clay th to.
Wil e 95 SHBRPT RelAbAGES T PP AR R A EHUN SBr b8t PEELY B TRIPBRT ¢ oxi de
are not diaelassh of he BARAKM AR T NGE IRPEGERL shetesbinbda doef ered (o

as being a ase trate 1nto I s"Incorporated the inorganic
oxi de. Consagusiadcdybetwéanahs sggasiclest [antrbhef the nisdrgesnat the iab ddfememi ns a

maj or anount of clay rather than a predom nate_ a nt of al um nym oxi de
and very ryRRsof RaBiciasds aetemingd by thepH Wﬁ?%‘siﬁ??ﬁ@éﬁ? ITEREAELMEHE Lo
exanpl e, i : 8 Q199 indidkei Pat ent No.

4, 844, 790%?5%?%‘?5"&6%%?@? ﬁg@Elﬁgt?%rﬂo'rﬁ%ﬁ%fa?ag%%ﬂ?&@ pdseinga PaLoN

del amloat eggatieychargpar e iy gardactide gaticene Whils|seitatleynongaric mepl | | ari ng
agent which includes alunm na. The ratio of clay to pillarij ngﬁi%ent is .1:1

to 10:1, prafesaapiisclopst ipalse mclyde §1261n0 epamplesigheatryipg ogsthe H& pat ent ,
however, is;: caont.aini ] tin; ] CONbAididig | ess than
10wt v ol ByfE RHOF 8 BoliBa, Eon QR g o e

pl at el et s withduh@iféicalyy. st dxaimalel, thegsaetdcttict poibthefrAds@; ishit e basis pHrasponsi bl e

for the catalytic activity of the delam pated clay.. Th r ef ed.clay is a
Laponi t e" "a.boll}?/9-Sﬁoﬁﬁf%fnfklﬁ@.soif,@%f,@@zﬁt ajlQw a %fé?%dh?no’i’é’gbg 'oﬁ[}%? g‘ar epzlr ed
by intyercal,atlNGpy %%r@aglS«rigi}ﬁé\i';g%ﬁzcﬂ'&ﬁ'dﬁsﬁaersmmc@& form in the

nontnmorillonrte) wth oliginer from rare earth salts, and in
par ti cul arfirst plavel ardontrasteSi€arsblsglo renbaveab pe atidivt. Canseqrestlpf whils dyar i ng

nmetal s, such as_Al +3.. The al uni num oxi erial is an alum num
cont ai ni ngPWM REIeMe FhaRPeriiie POk @W%ﬁ’gﬁg‘gﬁh@ 1% s 43S ng} T34 expanded
i ekt AR A G i ek b ok, = L
cont ai ni ngALOhriwthe pH segson where alumina sols form. Moreover, this patent discloses
20  nothing about the crystallite size or pore properties of the resulting composite and its
thrust is only directed toward obtaining high surface area. As indicated above, surface
area and high pore volume are antagonistic properties.
In contrast, the presently claimed invention neither starts with an Al; O3 sol
{(from which little or no boehmite would form) nor forms a sol during hydrothermal
25  treatment. The pH at which the presently claimed composites are formed is too high
for a sol to form during hydrothermal treatment and the starting alumina particles are
too big for a sol to form initially.
Another area of technology relating to combinations of various clay and metal

oxides is known as intercalated clays. Intercalated clays are represented by U.S.

30  Patent Nos. 3,803,026; 3,887,454 (See also 3,844,978); 3,892,655 (See also



and precal ci ned oxides prepared by formng a fluid suspension of tq%\ .ﬁlhaﬂj
with the precalcined oxide, agitating the suspension to forma 04
codi sper gj shaping and drying the codispersion. The-Lat|

fibrous 1‘5‘88%’3?@?@ to precal cined oxide conposition canr}\?g#@*,rgg’?ﬁt 20:1 to
1: 5. These anounts are well above the ampbunts of 15 JUN 2004 WO 01/ 45838
PCT/tJSI ) 0134073 -13 clay enployed in the presently clained invention.
Moreover, fibrous clay such as sepialjjte or attapulgite are not within the
scope of the swellable clays described herein. A nunber of patents are
directed to various types of alum na and nethods of making the sane,

nanel y, R8,843,%5195; 4.6V RMLI61:8%d (BeenlsaBeh?INoand 8933364 dptercalaged 17 028;
3,773,691; _3,850,849; 3,898,322; 3,974,.099; 3,987, 155: 4, 045 ,

2, 069, 140145 Grghesrg desEbyy B3 Somi bippaly Rave i iR gl

5, 266, 30014, :M[:5:s3PRELE bE Bnbloyedlar athedsPfime3sriIaif (<334 ) pbreflibE e6iRd. L
silicalalum™na hydrogels fromsodiumsilicate and sodi um al um nate cogel s.
The essence of W.IS.patenh®8A3.026 disslosksradtydeagel or hydeogst guirpicompiisingof A1203
onto silica-alumna gel which 10 stabiljzes thg cracki n%lsj fes t%‘ls

hydr ot Rer ¥teTg @ EPPUSEPHADIESHMATHEY, G {RANBRS Q8 SFPMPHIRE 2Lt i ng

mat eri al typisal 1 mAnd! PR } 1SBXHESS

sodi um al l?\rfnmkg‘?)éh?ég %?g]rlrlgglgglsd % S. Pa?ggn?ﬁo@b‘%?cg 3?91{2&1‘(1%6&1)[?15%3 a

cat al yst hmxsde @fhydraxidenal & tansi driezdeinent stlectsd fromamagnesining Aiticsbaiepdyi. t ed a
cobalt or nickel catalyst. 15 U S. Patent No. . 4, 708, ngS di scl oses a

cracki ng cHERipys girggriwny hafping, hosums danthanugl, CERRPIPIREY RN 50 by
conpositi i cl US.; } : i 1 &t eam at
greater t%ﬁg%%@: ’tagﬁ 2&3 egélﬁf ?%‘g%?giﬁhggscﬁg\} }%éﬁ %fgg%éged;@rrﬁhg. O%g]% silica

i s usual | yhydeg@l slargehiexacmtsd ffoac® taihet. %y Fheclursy isisubjetiod inppBwé t her nal
stability. U S. Patent No. 5,032,379 is directed to.alum.na having greater
than 0.4 &togl0 ag %W@S\PB|%ﬁ@tlaﬁ%°faatﬁaﬁéb%ﬁ4£?@?“‘ltr?ft"%‘/é‘a ge of 30 to 200

A. The al uflna e ly5h Bt ' 3 YREnAA amfduneleat i on
bondabl e %@nﬁ'ﬁgw?%qg@%%g%&gmgwgg%%&Xﬁgmgﬁgaﬁﬁmﬁgﬁ pore distribution.
U. S. Pat anireddted am@phod0dgell. StHeafrs/ahmiab mmlaraatujspoldasis:épad 8¢ by ni xi ng
at least two finely. divided alum nas, ,ei\é:h_a%f whi ch ils haracteri zed by at
| east one YsBHEng matsrgds eferisd 1o angpyngiclic fver eCWSéﬂﬁ’éf'sc (‘Y)%’Pfoo, 000 to 10, 000
A s 10000 dsfichedfifhef. At bdibmn, B8 dot 300 it iddisTosclithai e Muifig 791, 090
di scl oSes a catal yst support w tﬁma I -di spersed mcropore size

di st ri but i idmir@eilicare ohn bk ibreken6ito pdititdsomdserized intowposider shefowdsr cr opor es

can be fornulated by m xi ompl etely differen terials having 30
di ff er ent %éﬁﬁ'és'-’@iIﬂéﬁiygmﬂgégé%ﬁ?ﬁﬁﬂéﬁa whig lééhd“rf%"ﬂmn%‘éﬁa%e 1/ 45838

PCT/ USCQ 31‘11<(.;)1¥1?prf‘:c:ursor compounds of, inter-alia, alumina. The resulting mixture is then dried

and activated. Notwithstanding the above disclosure, no specific examples employing
20  amixture of silica-aluminate with alumina is disclosed. Consequently, neither the
starting alumina, the final alumina, nor the amounts employed of each material are
disclosed. '
U. S. Patent No. 3,887,454 (and its parent 3,844,978) discloses a layered type
dioctahedral, clay-like mineral (LDCM) composed of silica, alumina, and having
25  magnesia incorporated into its structure in controlled amounts. Preferred clays are
montmorillonite and kaolin. At column 6, lines 24 et seq., it is disclosed that the clay
material can be combined geperally with inorganic oxide components such as, inter-
alia, amorphous alumina. In contrast, the presently claimed composite utilizes
crystalline boehmite alumina. Similar disclosures are found in U. S. Patent Nos.

30  3,892,655; and 3,844,979, except that these Jatter patents are directed to layer-type,



-14 U S. Patent No. 4,497,909 is directed to silical/alununa carri er?j
having a silica content |ess than about 40% by wei ght and at | east | leN 2004

nobl e netal conponent of G oup VII of the Periodic Table rein the
catal yst ¥B8At ?*ﬁg pores having a dianeter smaller than 66@%%@@8% ng at

| east 90% of the total pore volune, and 5 pores having a dianeter of 150 to
600 A occupying at |east about 40% of the total pore volune nade up of
pores having a dianmeter snaller than 660 A U S. Patent No. 4,159,969

di scl oses a process for the manufacture of aggl onerates of al um num oxi de
by contacting a hydrous al um num oxide gel with an organic liquid

i mmi sci bl erigdthliedva] elny-like meneralt doatadring ntagodsissaiaccomppoent thereef @RI on 10 of

the water in . the hydrous al um num oxi de gel. An amount of clay, such as
bent oni t e a8 AlysHaiEd Wity F3RCRIE APECYi ncrease the strength of the

aggl omerates gy & ?’afé%gfgyhgﬁ,@% isadnqméwémtm&%g?ﬂéﬂt!wrlﬂckpénlglfcﬁ/@r gel ation.

No specific anmount o I'S disclosed and Inis not swel | abl e

cl ay. Noneolbidahsspeait efinegphioyxideaynd adde afsokllahie gy teeretnt $Vidiescl ose
various types of clays: U S. Patent Nos. 15 3,586, 478; 4, 049, 780;
4, 629, 712:spemific PoEePUlIsiraiig e raieo! clay to Morgansooxids greiet dsalosseds. The

fol | ow ng pat.ent.s. di scl vari.Q 0, r J .can be
formed froRParbArhae Lt RRLieResEls YR PUREREEE s 587 10
4,124, 699;whién %hifccipdraleiinBe alovgante 308. A &seqbndP2hBBdggandhit iRdfind48. 20 U

S. Patent No. 3,630,888 discloses a catalyst having a structure in which
access chanafetial ceatainsp mrRremerrt ofslayaatherdban @ Predominae aowtAf uni t s

constitute,10. to 4Q%0 e .t ot al i i a channel s
ov ng. i hErEPE o AE AL vy Tl B o LT afiieich Hibiiibnd KBRSy BRATNE

about 100%&5111{;)&@(:@1@;1@1 5,0REE46 ¥0dey Tf thehdEpdtéie. r emai nder of the pore vol une
conprises 20 to 80% of mcropores 25 with dianeters |ess than 100 A The

h :
fol | owi ng pat erdsS.dlasert dive 4844780 (diMsinai b ce SaeRN O T 23 D 45 SHFise of

catal ysts therein: U Pat ent . \No . o 594; PCT
Publ i cati gt a.m‘%g@??é’fé rediy f?%fﬁ%%%ﬁ“ WSfﬁX&@%’S@%@WﬁE%&OR _15
SUMVARY  ORyitlE id dNVER B uBNnd hEho Fatis it claly iy gillating apent Bas edctod: 1, peefeliablyover y

that when alumina trihydrate is dispersed and hydrothermally treated in
the presertetwedn b 2dl | B maimoun thyugfof the pitanbdioieyern it P PecAIPRRa seed

comongn: Ak TSR R A R AL e R e
smal | cryshatal dti@essprop apht e plndienes tie daygindsmpasing aidiy thdreloevhich is
si mul t aneousl y ossessing a higher pore volune relative to the absence of
t he seed despangile foyghe catalytic activity of the delaminated clay. The preferred clay 1s a
Laponite .
U. S. Patent No. 4,995,964, is directed to a product prepared by intercalating
20  expandable clay (hectorite, saponite, , montmorillonite) with oligimers derived from
rare earth salts, and in particular, trivalent rare earths, and polyvalent cations of
pillaring metals, such as Al*. The aluminum oxide material is an aluminum
containing oligimer which is used in providing the pillars of the expanded clays. The
claimed invention does not use or produce oligimers of aluminum hydroxy materials.
75 U. S. Patent No. 4,375,406 discloses compositions containing fibrous clays
and precalcined oxides prepared by forming a fluid suspension of the clay with the
precalcined oxide, agitating the suspension to form a codispersion, and shaping and

drying the codispersion. The ratio of fibrous formed clay to precalcined oxide

composition can vary from 20:1 to 1:5. These amounts are well above the amounts of




conponents. These properties are substantially preserved in aggl om&*ra,lteiujN 2004
e.g., shaped extrudates, derived fromthe conposite particles before N
after inpregnation .0 with catalytically active netal conponents such as
those enpV&Yd45$38r hydroprocessing operations. Preparati i 6¥"PHY7A1 uni na
in a high pore volume, high average pore dianeter form makes cal ci nation
before addition of netals to increase the average pore dianeter
unnecessary. It also renders unnecessayy_the use of organic solvents to
azeotropically renove water which is both costly and environnmental ly 15
unfriendly. Accordingly, in one aspect of the present invention there is
provi ded phiyausplogahipabe pespalytdained inenon. sMogeoxer, bumwis clamsosti e conponent
and at |east gne additive conmponent resi dl%e of cryi%t al, size ﬁrowth
i nhi bi t or SERiPHiPeRT SAPPAEYR aFediOl Wit e SCqPR e Pechahies yaécwﬁﬁ% M.
wherein said co | | - 2 gar f@r 2
hours) have: (K?B gﬁ{g%)g%%%dtg%ﬁlﬁi g%@fe&afc{a\éaxo%l g?{p%% gfagtgmgr%loa&? zré‘%h%/dg?; (B) an
aver age nifhdl@@€heRanR, thradei e 29605, SIRHANSAnd0.S PatknO86s. 3M23060ns; (C) a
total nitrogen pore volune of fromabout 0.2 to about 2.5 cc/ g and 25 (D)
ns

an avefagd.pah@is B 73i6e8 86084913 #10. 2B02074.00% 1Pl 8:MPSédns.  and

wherein i jd c j.Le il . (i ) ) i onent
conpri ses Q‘a‘?"ﬁ ﬂ@s tg' rB%gsut% 4‘@«%’%‘5’ ‘gﬁ? Sﬁgl’ ﬁ17§%b%§’eﬁ)n ’ eﬂfbﬁg&i( E’ggg’ﬁeg\ee rage
crystallite sizgoff speb#RAIANOY! PRt 3H7a009ts RiAN@Silicambiminh) gamma
alumna derived fromsaid crystalline boehmte; or Ec) m xtures thereof;
15 q(LjJN zpowgmemfgarfsg@um{mmmmW alpguigate yogelte s§engR Ok Biponent .
residue is_derived fr t..least .ope C [ .gation and an
i on aheristione ankiroR e SRR ot RELF oG BRAN AR ROV R

amonijpm  sefikasithdBhalting 8késad hydlokhhiieleaaivationB{@dlugaty, liflesadBdetsbg) ur es 5
thereof and the anion is selected fromt h%n?group of hydrox silicate,

|,
phosphat e, Theulesuting arterial spigads baheoub$ 8.6 Graduminagxideaiien E}lﬁthﬁ RECESosi t e
particles at.an ﬁlrrpgur}t .0of fromabout 0.5 to about 10 wt.% based on the
conbi ned WOABHR 2BMIPRE B19MRYSEm  oxi de conmponent, and additive component .
10 I'n a furtheryaspesint®fo. U 3pre desiosedw edthlyQibasd fedl@ming spibilizied edita

process for making porous conposite particles conprising:
silica on which is deposited a cobalt or n?cke] catalyst.

15 U. S. Patent No. 4,708,945 discloses a cracking catalyst of silica supported on
boehmite-like surface by compositing particles of porous boehmite and treating them
with steam at greater than 500°C to cause silica (o react with the boehmite. 10% silica
is usually used to achieve a surface monolayer of silica to improve thermal stability.

U. S. Patent No. 5,032,379 is directed to alumina having greater than 0.4 cc/g

20  pore volume and a pore diameter in the range of 30 to 200 A. The alumina is prepared
by mixing two different types of rehydration bondable aluminas to produce a product
having a bimodal pore distribution.

U. S. Patent No. 4,266,300 discloses an alumina support prepared by mixing at
Jeast two finely divided aluminas, each of which is characterized by at least one pore

25 mode in at least one of the ranges (i) 100,000 to 10,000 A, (ii) 10,000 to 1,000 A, i)
1,000 to 30 A.

U. S. Patent No. 4,791,090 discloses a catalyst support with a bi-dispersed
micropore size distribution. Column 4, lines 65, discloses that two sizes of
micropores can be formulated by mixing completely different materials having

30  different pore sizes such as alumina and silica.



15 Z0 25 (A) adnixing (i) alunmina trihydrate, (ii) liquid medi um capdbiléN 2
solubilizing at |l east a portion of the alumna trihydrate under the

hydr ot her pal tment conditions of step B, (iii) at |eastcr,0a8:a88i ve
al um na s‘g@dn%éfr%gonent, and (iv) at |east one additive conponent selected

fromthe group of (a) at least one alkali or alkaline earth netal or
ammoni um  hydroxi de, silicate, phosphate or sulfate, (b) swellable clay
and m xtures thereof, in a manner andi4inder conditions sufficient to

di sperse the alumna trihydrate and al um na seed conponent as particles
inthe liquid nedium (B) hydrothermally treating a dispersion provided in
accordance "witH %-tféﬁyf%l%ﬁ- 4497 ORP &y dirasted 19 sHIcRFIIMINg PRREES TV ING; B1HCE o
convert the active alumn | um tyf i 4 ' boehm te
havi ng. an QorsiseY eh e R BT RPabsY el bRt EABB AL BE et o

and to forgroepnapst e HeabhicClB% andQiikéis ilocat A5t duigaink pores daviddiat i ve
conponent intimately dispersed within said crystalline boehnmte slurried
in the |i clitnetensdailenthasoQUA ozopyingaplgsy 9B 98 thedgtel Ige Yehors and 7 (¢

i the ljiquid di f t it t] i i
ocor ddnc PP i SiecpTamert o 180} ) A SR e RO AR e R AR, 0 e e
i's provi degs YR Asde @ﬁbﬁ%ﬁl&vﬁ@é ¥igthefer Omubdiehabsoced aggl onerates. 5 In

a still further aspect of present invention, there is provided a
process for hytroPatoeds #J5H86? disdomsfagudessd ik thesnanuiesBretove

aggl onerates. as supports .for hydroprocessi catal vsts. | P: OF
PREFERRED Eﬁﬁ@ﬁlﬂféﬁﬁg@ﬂénﬁrﬂé’x{dﬁ% OpfaE b PR ol i oae Rl & por es
having a dj, 356t Squf inlfReibld VAR whRD whBEsH e Mnoud!\6f saRY HquidRsOROLEcn as_used
herei n neanS pores having a di aneter between 100 and 500 Angstrons. The

t er m "Ifacroffbe @ateasn thedtydnasalminearexifrogeds Anamaygt of divasaciess kpneaier 15

Ejlh ZRE'[S g(r) é&%%gilggﬁﬁp?gggt ttoen[jcrpce'l g%eestrréggﬁnof e zlljgs oqner}gtgg }nQy Te3lsed J&ethe? ore
aluminum oxide during or after gelation. No specific amount of clay is disclosed and
kaolin is not a swellable clay. None of the examples employ clay.

The following patents disclose various types of clays: U. S. Patent Nos.

15  3,586,478; 4,049,780; 4,629,712; and PCT Publication Nos. WO 93/11069; and WO
94/16996.

The following patents disclose various types of agglomerates which can be
formed from alumina: 11.S. Patent Nos. 3,392,125; 3,630,888; 3,975,510, 4,124,699,
4,276,201 (see also 4,309,278); 4,392,987, and 5,244,648.

20 U. S. Patent No. 3,630,888 discloses a catalyst having a structure in which
access channels having diameters between about 100 and 1000 A units constitute 10
to 40% of the total pore volume and in which access channels having diameters
greater than 1000 A units constitute between about 10 to about 40% of the total pore
volume, while the remainder of the pore volume comprises 20 to 80% of micropores

25  with diameters less than 100 A.

The following patents disclose various hydroprocessing operations and use of

catalysts therein: U.S. Patent Nos. 3,887.455; 4.657,665; 4,886,594; PCT Publication
No. WO 95/31280.



to the peak maxi mum where the log differential nitrogen or Mercury 4z JuN 2004
intrusion in cc/g, is plotted as a function of the differential of t%e
pore dia r. The term"total pore volume" as used herei
cunulati$§b$8PﬂﬁS in 20 cc/g of all pores discernable bngﬁﬁﬁﬁﬁihﬁfrogen
desorption or nercury penetration nethods. Mre specifically, for alumna
particles which have not been agglonerated (e.g., by extrusion) the pore
di ameter distribution and pore volune {g_ calculated with reference to the
nitrogen desorption isotherm (assum ng cylindrical pores) by the B.ET.
techni que as described by S. Brunauer, P. Emmett, and E. Teller in the
Jour nal 23 GVIMARY OFTHREANVIENTHEON ety, 60, pp 209-319 (1939). In respect

to alum na partjcles whjch have, been lonerated, e.g., forned, into
ext rudat es, "t he H5GIEseal BRI 1§ PEYRioBULT BRCTENCEROMER LUmp HRGHES ¢ he
formul a: ¢ ! acFod i mer cury
pressure %’Sﬁg’tbsg&ri )aﬁqﬂ%&g@%%w%/\%f%dfﬁ %%@%%%%Pﬁ%@&o 2%%1%9%1{ Hgﬁd in
accor danc glispetsad hlvgveatigiaysegomiipaichDamde | dastcbneasysts size ighmethyhibitor .

Ritter and L. C. Drake in Industrial and Engi neeri n_(t; Chemi stry,. Anal yti cal
Edi ti o 17ddinge compoment)the gasiiimehoekmits contaaigicempgsiiepasieles bt fer cury
penetrati | Jechni : choi . l&%ha pores <60A in
di anet er ngjsl%?g %{ﬂg%es?%%ﬁigﬁéna@fgeﬁ %ﬁgﬁgggkgn%e%ag?he]g 1et r%égtgg N2 pore

vol une of passeasipg & highel Peresiolans reldiive o theabssncpof theveddmmesaddaiedet er mi ned

by the above described nitrogen desorption nmethod. Simlarly, the total
mercury p&PEPPBeniseThese praperifsars subsiratidliheservaddn ReRleeEAof €--vol umes as

determ ne t - ral | : | OV B S a
cont act aniied ugRe vaFAGHIAL LApRE S EI PR ARTYBPNEMIA,
speci f.oc sutf enayasRy dalemsid esmpynenty sutlo gethosdanplpyédfor usi ng the B. E. T.
techni que as descri bed above, whethéer in powder . or agglonerate form All

fresh surfhydeopipeeasing APETpGens. Rseraationa e Pwnia in 3 high RUE YRR ™EnB8Bore | 5
size) are [ m.ne I I e i : ' cation
exchanged ang}na eglr) ll%e(ﬁmggteigcg%éﬁ I e\eg%ﬁ%fgﬁféﬁggﬁs{hgg@?énp 8%"3": Qg?\cd t hen
cal ci ned ahe 2Vkfadk fore (it} unhededsary, 1v@lso sendltslunpedessary thesisz ef armnigarticl e
si ze distribution neasurements described herejn are determ necl by a
Mast er si ze&PIVgRIsO PRenHopigaliz FemoVeyatRr Bhich it kath spsthyRad sPYRPRTRalbt = 7o | aser
l'i ght lgifflfn‘i’ﬁédd‘?)? and is known to all famliar in the art of small particle
anal ysi's. '

Accordingly, in one aspect of the present invention there is provided porous
composite particles comprising an aluminum oxide component and at least one
additive component residue of a crystal size growth inhibitor intimately dispersed
within the aluminum oxide component, wherein said composite particles (after

20 calcining at 537.8° C for 2 hours) have:
(A)  aspecific surface area of at least about 80 m?#g;
(B) an average nitrogen pore diameter of from about 60 to 1,000 _
Angstroms;
(C)  atotal nitrogen pore volume of from about 0.2 to about 2.5 cc/g; and
25 (D)  an average particle diameter of from about 1 to about 15 microns.
and wherein in said composite particles:
® the alumina oxide component comprises at least 70 wt.%
(a) erystalline boehmite having an average crystallite size of
from about 20 to about 200 Angstroms; (b) gamma alumina

30 derived from said crystalline boehmite; or (c) mixtures thereof;



Al'l norphol ogi cal properties involving weight, such as pore vol unme{ diéN @0t
or surface area (n2/g) are to be nornalized to a Metals Free Basis.

Sanpl es ornal i zed herein to a netals free basis in agegqr e-Wth the
foll ow n?’écﬂﬂgﬁ%n: 25 MFB = (X)(100) (100-W (Equation 1%%‘%?@?%73,“30 Xis
this pertinent pore property such as PV (in cc/g), or SA (n2/g) 15 JUN 2004
WO 01/ 45838 PCT/ US00/ 34073 -19 W= the wt.% of catalytic pronoter netal

oxi des such as Ni, Co and Mo oxide ang-he catal yst based on the wt. of
porous constituents of the catalyst. The wei ght of non-porous
constituents, e.g., non-porous diluents, of the catal yst extrudate are not
included in the w. (305 d¢h¢ edditive emmponeer ieFdnes derivedirpnas l@aians.  As

i ndi cat ed above, the present inventci on.is dit.r ected to b%ﬁl%”éiﬁ ccorrposi te
particles derived from hy@PSERBPREIG BAREAEtaE 28 20 gHOR LR %) uni na seed
conponent, alum na trihydaabeiaRkcRY fidftle PO Sn¥RERE oSABMotiuet h

i nhibitor additive 10 conponent. The alumna seed conponent is active

al um na whi ch can be prepdkaiombipl cationzalkding eofth mstdl cagon Fuh mixtagdl e,

alum ng trihydrate precipjitated in the Bayer process nmay be ground and
flash gal cined. Active a!th?ﬁe a,ndafge F‘Ef”é?sr%@qe fFPé?@erﬁmﬁ‘iOPlEF?g?’a@t erized as
having a poorly crystall 's‘i‘l?qa@é?%@sr hAEDHPRARUS dShik izt thereol And ReprBidat essi on
"alum na of poorly crystalline structure” for the purposes of " the

af oregoi ng process i s under osopage patinlen gt amamduntiohgrombont §.§ tguch t hat
X-ray analysis gives a pattern which shows only ope o ew di.ffuse |ines
corresponding to the cry®P4t H]Wéqj‘bﬁﬁ%"’ason e?%g‘%cgﬁ?@hb‘gﬁ%l?\g}“gup?%nsi tion
al umi nas, and contains esgeMl iHhohehd)End Mditive@mpRhéat. ganma and

pseudo- ganma phases and m xtures thereof. 20 By the expression "al um na of
anor pibus st r udh arfefthérsaspesa nf tharpredentniventiontthets is proyidel atpratess fa X-r ay

anal ysi s does not %i ve agy | ine characteristic of a highly (predom nantly)
cryst al | | TBakIRZBEFOUACPMBRSIE PAFHAIES OMBFSP8Y herein can be general |y obt ai ned
by the rapid dehydr@dyi onadfixfoUih dhinl Yyaxid 95) B4l rsdibayepdeof
hydrargillite or gibbsite, and 5 nordstrandite, oOr of alum'num

oxyhydr oxi des such as boetuhiltibziagdt dashgportion offtke domymirtahydigtecrdene carri ed

ti i at ._and b i ng..a_hot t Th
Cemperature at whi ch the GACOSBIFFER FRUMR SATAEEE CarbgRmar gt

15 one active alumina seed component, and (iv) at Jeast one

additive component selected from the group of (a) at least one
alkali or alkaline earth metal or ammonium: hydroxide,
silicate, phosphate or sulfate, (b) swellable clay and mixtures
thereof, in a manner and under conditions sufficient to disperse

20 the alumina trihydrate and alumina seed component as particles
in the liquid medium;

(B)  hydrothermally treating a dispersion provided in accordance
with step A at a temperature and for a time sufficient to convert
the active alumina and alumina trihydrate to crystalline

25 boehmite having an average crystallite size of from about 20 to
about 200 Angstroms and to form composite particles
comprising residue of said additive component intimately

dispersed within said crystalline boehmite slurried in the liquid

medium;




vary from about 400 to 1,200 C. and the contact tine of the hydroxide or
oxyhydroxide with the hot gases is generally between a fraction of &5siidfits
and 4 to conds. 15 JUN 2004 WO 01/45838 PCT/ USOO/P%%& ” The
resul ti ng\QBrOilgﬁ% may contain mnor, e.g., trace, anounts of og/ﬁﬁ'i%e,

chi, gamm, al pha, and other crystalline alum na structures as well as
residual gibbsite. The resulting active alumna will typically exhibit a
wei ght | oss when heated 5 to 538C fari7L hour of from about 4 to 12 wt.%
The specific surface area of the active alum na obtained by the rapid
dehydration of hydroxi des or oxyhydroxides, as neasured by the conventional
B.E. T nmethod, gener®&|y wmovdg thebawad medbon{rongths gempositerriclesand t he

di aneter of the particles_i.s.generall 0.1 and 300 m crons and
preferably between 1 and @L%I%F%m ngrgf%w&%%lﬁﬁgﬁ]gaver age particle size of

typical ly greatign fhifiRdd abpdti 6f R prédesiigvetbiol, thbeliveeriddeuppdtednd about 20,
nost preferably between about 5 and about 15 mcrons. The | oss on

i gnition, cawlystsrdsdivey fron Geabeyengelimerated0 C, general ly varies between 3
and 15%/0 whi ch _corr
d

. ds to. a |lar ratio .H201A1203 of. het out
017 ad 0. 5. 118 shf Iagrarkr BuBE aieR kP uoa haEsT Breiged A s Rt i ng
from the ngRidhodehydpatdionn ¥edBRyRusiRY tHeabbvd Apptbmédics i bepportaiérch is a
readi |y avail abl e and inexpensive industrial alum num hydroxide is

enpl oyed. b&kdtapvecesdingtatalysi. this type is well known to those skilled in
the art and the process for its preparation has been described, for
exanple, in USP Nos. 2,915, 365; 3,222,129 and preferably 4,051,072, 20

col um 3, IBESE#@PTﬁGNCGFLFﬁEﬂ‘ERﬁEFEMBOMMENTSOSUreS of which patents are
i ncor por at I y T el erence. € active alum na enployed can be used
as sudB or may Be termedtmedoparet hansed hereirsmginsmorssdrasitigediawateent lessex pr essed

as NazQ, itg I than 1,000 ppm Suitable active alum na powder starting
materi al i'8%%t %Eﬁt%ﬂnﬁ'/ avail able 25 fromthe Al um num Conpany of America

under grade desjighath ©BRsérd: astRedhereinfneahs poiRe hatilly & .didieteibet®etn It s
al so available from Porocel (Little Rock, Ar Eansas) under the designation

AP-15. A pri0rmdyp08Anastrows. boehnite in the final product is alumna
A AL . Tt R e L T
PCT/ U380/ 38 800 Akgstroms.

The term “pore mode” as used herein means the pore diameter corresponding
to the peak maximum where the log differential nitrogen or mercury intrusion in cc/g,
is plotted as a function of the differential of the pore diameter.

The term “total pore volume” as used herein means the cumulative volume in
cc/g of all pores discernable by either nitrogen desorption or mercury penetration
methods. More specifically, for alumina particles which have not been agglomerated
(e.g., by extrusion) the pore diameter distribution and pore volume is calculated with
reference to the nitrogen desorption isotherm (assuming cylindrical pores) by the
B.E.T. technique as described by S. Brunauer, P. Emmett, and E. Teller in the Journal
of American Chemical Society, 60, pp 209-319 (1939).

In respect to alumina particles which have been agglomerated, e.g., formed

into extrudates, the pore diameter distribution is calculated by means of the formula:

150,000
absolute mercury pressure (in bar)

pore diameter (in Angstroms) =




The additive conponent which is adm xed with the active alum na and, .

alum na trihydrate conponents function as a crystal size growh i nhl ik F00
during r ot mal treatnent. Wthout wi shing to be bou

parti cul gg&t”%%% it is believed in that the active al umﬁlgeg 8@%73
extrenely smal|l seeds of boehmte upon 5 rehydration under the influence of
the crystal size growh inhibitor. At the sane tinme, the alum na
trihydrate is believed to be partiallyjgoluble in the liquid nmedium and an
equilibriumis believed to exist, under hydrothermal treatnent conditions,
bet ween the dissolved alumna trihydrate and suspended insol ubl e al um na
tri hydr at end Fhassordance withfthe miswurbednetegtio methed {dsalesordief by Hids Rittgrt ¢ sj ze

boehm te derived, fromth ctive_10 al um na serve as.s .-Se nto the
surface of '?hDE?JSFS‘PEP&‘?Sgé%a ‘igﬁgﬁl?eémfgr@}?fl}lﬁg ,%a@ggﬁﬁ%&dn% Eﬁr‘?r?ﬁm
trihydrat ?1945?}, U8ing S @Yy JréBerel Bf 1 RG0PRRNIMEE@yIpRACIrdtidn B 0@ UEBnRuel OW pore
vol ume product™ at Surfacé "areas of from about 80 to about 200 mxlg. It has
been foundf thate wben dienqueniigtafiposisz60dy mvdiametehisisiadras ibelcaseninc onbi nat i on
with active _alum na under certain conditions to reduce the size of the
ultimafe BBERMSIEE5 crystallites. Suitable crystal size growh inhibitor
addi tive conpongtsaig SR ﬁﬁﬁﬁ@'ofﬁ pit RELEEAHRE ARNAESEdnrObol@hled! i and
al kal i ne earth net a? of "fammoni um hydroxi des, silicates, phosphates, and
sul f at es, aasewehinedbytthe alsweldesdribed oitagen deRepptesantthod.vBingiealypthedotef al kal i

metal or alkaline earth netals suitable fo 20 use in the crystal size
growt h i nHP%F‘Eré’yPOF%Eq’IHH@,OfIa!SPWiPETﬁ thesym okt DOCHILY BEFS YOS magnesi um
cal ¢l um _Sfef oy A0l BERerABChekidE deldiftlh aBBIAlsANtbd ahatpe  ear th
metal s nenti1oned above, Tithium sodium potassium magnesium and cal ci um
are prief erafdd0°.The nost preferred netal is sodium Representative exanples

of suitable alkali or alkaline_earth netal .  hydroxi de 25 i,ncl ude,sodi um
¢ SRECHiS SUFiRes, 4P

hydroxi de, pot 25 tGHR h§Hfask AR, Teis SFisn Wyl AEAACRTRIEE PYe, and
magnesi umk ' iBaR BIE ¥ Qe @XaR! 8 SetibsdbbMe! ®héthkahipowdea! kal i ne
earth net a'F%s G{}Elggg{?lguggr%/@?ﬁg gr owtﬁ I ?ﬁ??t?i tgr addi tive corrponepnt s include
t he nono- ,ordigglomerate fammd tetra alkali netal silicates, including sodium

silicate, pot asségm silicate, magnesium 15 JUN 2004 V\Q’ ?1 /gind58§§
PCT/ USOQY 34073 2B Sresh pyifagedreas gpd BoesReaUSIerE 4¢-8- PRISAS AT 2 SBAF um

met a.sid;%i Calf) GBI iRl aﬁﬂngims WELRBhid 5:2h Aridd tht1RLEC),Whass coMahgdd i s a
liquid m xture of various sodiumsilicates). Representative exanples of
sui t abl e adolalriedat 142K@Elif meexshange staptia mploysdhiead ghengeloined at SBZ7.8° & owt h

i nhi bi tor Lﬁﬂﬂ;@t:‘% (r?o onents include disodi um hydrogen ‘5 phosphat e,
di pot assi d g‘(‘! phate, trisodi um phosphate, dical cium

or t hophosphat e, AfjiafRICLHERRIPARAR R dERithitieNnRAbYEREARMaSENRE Bereind sodi um
pol ymet aphospbat e.” The preferred phosphates are the poly phosphate salts,
such as  are determined by a Mastersizer unit from Malvern, which operates on the principle of
20  laser light diffraction and is known to all familiar in the art of small particle analysis.
All morphological properties involving weight, such as pore volume (cc/g) or
surface area (m?/g) are to be normalized to a Metals Free Basis.

Samples are normalized herein to a metals free basis in accordance with the

following Equatjon:
25 MFB = (X)(100) |
(100-W) (Equation 1)
wherein

30 X is this pertinent pore property such as PV (in cclg), or SA (mzlg)



t he pyrophates and tri pol yphosphates, including the dialkali netal
pyrophosphate salts, and -tetra alkali netal pyrophosphate salts, ardJUN 2004
m Xt ures reof ., such for LO exanple as disodi um di hydro sphat e
(Na2H2P2 G,%”f‘%sﬁﬁasodi um pyrophosphat e (Na4P207), and te%ﬁﬁ@tﬁg@g{agm

pyr ophosphat e (K4P207), sodium trihydrogen pyrophosphate, trisodi um

hydr ogen pyrophosphate, and m xtures thereof Preferred pyrophosphate salts
i ncl ude sodium trihydrogen pyrophosphajge, disodium dihydrogen

pyrophosphat e, tetrasodi um pyrophosphate, tetrapotassi um pyrophosphate 15
and m xtures thereof. The nost preferred phosphate salt is tetrasodi um
pyrophosphat e. W witisal dasalyifc momotet ntebed oaldey sudmastNipQedndMans can al so

be. enployed. Representative exanples of suitable alkali or_al kaline earth
netal sulfate cr yﬂX&C@}Wﬁtﬂ)’ﬁﬂ?ﬂﬁ?q o &Sd’ﬂi #f RAEOYSHTRRSHERRS of ﬁ’fl ude

magnesi um sul f at e, Si t I f lithium sul fate,
and mni xtures ther eocggﬁj%ﬁ'eﬁﬂmﬁ%gﬁ&é{c}glIgogr/misgég%{g]ﬁ{s{%’;’ "Sr}Ogv&(;ﬁQ?ynhi bi t or
conpri ses any nat urdilluemts, ofagaithdystexmreddeareaiot ifelnd2d in theawt. fd neral | ayered
silicate clays capabl e of undergoing swelling and dispersion and m xtures
thereof. Swelling «algpatione expandabl e cl ays whose platelets are held

t oget her by vveaal_% \M?Bd_—?ﬁ/[c #&nga L Ces. Natural Swelling 2 5 clays
(contrary to synfihe I'c swelling clays) typically have a particul ar shape or
nor phol ogy suchad hicatdtieaboex ihdpiesent irvegHidir i dirattdd ko bedhimoteafontpppitecal |y
greater than about 2.0, gr ef er ablg' greater than about 5.0, and

| engt h- t o-Rertidtsrdesived fomphyfirathespallyiegating poedmiiye opaABmipatfed greater than

about 7.0._In general.. ' I t 9%, it nore than
about 0% oBe rBsriprnd KBRS HiorRist CRLr AT Yo pfthih SRR C 1 O
t he napur &onfdoayntwi | | have the above-di scussed | ength-to-width and 15 JUN
2004 WD 01/45838 PCT/ US00/ 34073 -23 length-to-thickness ratios. In

det er ni ni ng t heEke #lumiraserd FOTBRRREahisFEHVE NN BRIch £3pbe PIERyER oY 2  he
straight | jne di h ' - rd ' are
the furthest lggpﬁg[\%ﬁ%' 215' ‘{fﬁg%\ﬂi’ %t ﬁuﬁ%ﬁttﬁgwgt&tr%ﬁ?%ﬁltﬁ%?d;@ té% gta g‘%&’ 2&8 gs?ween
the two pahfy Be giohal and Gatthenahak esdtiveabshingras rfeahd o beysin iscl ude t he
snmectite class of clays as well as 5 the_ion exchanged (e.g., Na*, Li+)
deri vat i vehatagteriasd as Davipeaeperly crastRiling apd{pramerphe Cf8¢-ms are preferred

becaugg of thel £, SRNF0GEE ARhibh ¥ heuRARIda RROHIARES AF the Mibthes & spersi bl e

2:1 |l ayered silicates such as ver ulite, tetrasilicic mca and taeniolite
are usef ulthe Sftredrihg prockas usdetoabasagming an dlivnimmawhicl s doch thet Xorag

spherical shape.  to More specifically, snectite arF 2:1 cla nl]g[r]leral t hat
carry a | aghse %Yférw@ﬁhwgﬁﬁrsh%‘b’%%ﬂ&o%a{"I‘i""\é %%‘ﬁ'a lﬂﬁ’?ér?”%l?%‘gf Wi t h
vat er_and @l ealglithe IRSLs AR enfiiihe Bandlids S, Bld/Ghiishs These

conpri se e t y the

m neral s rs represen general fornula:
essentially the chi, tho, eta, gamma and pseudo-gamma phases and mixtures thereof.

20 By the expression “alumina of amorphous structure™ is meant an alumina
which is such that its X-ray analysis does not give any line characteristic of a highly
(predominantly) crystalline phase.

Active alumina employed herein can be generally obtained by the rapid
dehydration of aluminum hydroxides such as bayerite, hydrargillite or gibbsite, and

25  nordstrandite, or of aluminum oxyhydroxides such as boehmite and diaspore. The
dehydration can be carried out in any appropriate apparatus, and by using a hot
gaseous stream. The temperature at which the gases enter the apparatus can generally
vary from about 400° to 1,200° C. and the contact time of the hydroxide or
oxyhydroxide with the hot gases is generally between a fraction of a second and 4 to 5

30  seconds.



(MB) 1V(M x)v10Ozo(OH, F)4 15 wherein IV indicates an ion coordinated to four
other ions, VI indicates an ion coordinated to six other ions and 1 Hlylllie

4 or 6. iS.CO nly Si4+, Al3+ and/or Fe3+, but also i er al

ot her fo%%’é’é?’{}yﬁate ions such as PS+, B3+, Ge4+, Bee-1l. r}ggﬂg('%ﬁ/ﬁ@%%(i ke. M
is commonly A13+ or My24, but al so includes many possi bl e hexacoordi nat ed
ions such as Fe3+, Fez+, Nit+, Coe+, Li+, and the like. The charge 20
deficiencies created by the various sufgstitutions into these four and six
coordinate <cation positions are bal anced by one or several cations |ocated
between the structural units. Water may al so be occl uded_between these
structural uni tEheFesidéns BodREMAyEORIREN MERaT 8- uiece; BRIt ohpoghgiiehe cati ons

hydr at i hel d g | : D
oot et ¥ 3R Elpna MM NALA b B WALERY G hetlhs dilfigPo0Ve

nmeasur ed bypb$teay diffraction. Conmercially available natural snectites
include nontnorillonite (bentonite), beidellite, hectorite, saponite,
sauconite and Thereswiig ectivalabwnioo Wk bypically pxkibiial vzl logsevhepdieptsdi ¢

smectites s Laponite"', a synthetjg hectorite available from Laporte
| ndust ie&OEggi‘fgﬁﬁa‘?@T?b%%&W@%%é‘ﬁg%’ss PCT/ 1JS00/ 34073 -24 Snectites
are classified jftQetitfe sGALRINES F3he AitRe aRNGAE Shtamad bl theoeprhedral , the

di fference being the nunber of octahedral sites in the central | ayer which

are occupiebydrafttn ef hydmoxidesnr axghydsdxidesdas measueedy theyegnventionsd FcBili on in
the central | ayers. The di qctahedral, snect,i.tes,6 have, .central cations which
are trival'® O‘in‘{&“@r YBAETS RTERTS a\%ﬂ‘iltp@a:?ﬁéohil%éﬁ’gﬂ‘?,thevdi%rpgtggmﬁ}]?octahedral
smect i t es hayqeJik sah&ally 6aWEERD.1 aR@BOORScrvhd &d@éﬁ%geﬁﬁtw%&bﬁ thd UBItS.
D oct ahedral snectfites 1nclude nontnorillonite, beidellite and nontronite

wher eilfl, froicransawith & avepagerpertidle ire ofctypiaally greateitban ¢ maipeay prefaallyon (M),
alum num wth nesi um .as e substituent. Trjoctahedral ctites,

whi ch are bﬁ?‘%?eé]rr?i}g’lit §?ﬁ‘ir]?ti?d’é5$ré'ﬁ?56_?’felf%ra§¥(?c§%8ﬁi’?‘% 522}‘? PRt 1?f’mlao synt heti c
forms whengichonst Ghea¥aMR ignitiB8GhHsiled bhagicAntibl & ROGEIEdeatralpiatey (M),
magnesi um wth lithiumas the substituent. The smectite nost

advant agedusweenib e B5%t which comespbnds tea molenwatio HheY H1.0a of petween ppitt ahedr al

snectite ﬁg?/ h‘f}éi Eg a | at h-shape or spherical - shape norphol ogy. However,
trioctahe afl8pites of platety-shape or nmixed |ath-shape and platety 15

shape (gor phol ogly, L£3erepRd2mboaRa:, s atvinforpindiaplient tHeqapidhedr al
snectite clays are natural saponite, and preferably, natural hectorite and

synt het i c debydratipn ef Bpyerdodiats (bpdrecgillitg, wbishés aifcagilisavwiaBleapd it is nost

preferred that the.particles. of .the starti cl a .§ tes of
randond y dPFW@Hebﬁ‘i’féPai?@?m’Imﬁngy 8§1de\,\%?1~8@,%y%4.1eX%é!%[ggﬁd{a@gg@gﬁgfﬁ ormthe
particl es QiwdiNgioWA thRoRfsRNRBLY thehetnd tkopbadse faQisprapehtedmshaabeant ed
face-to-edge and edge-to-edge in addition to platelets oriented face-

to-face, wirsefibeds farrpxamplen imgaR Nes. %;Pbi@%t&?@gé%@a@ peherably % | | oni te.
Exanpl 2%5 column 3, line 6, to column 4, line 7, the disclosures of which patents are incorporated
herein by reference.
The active alumina employed can be used as such or may be treated so that its
sodium hydroxide content, expressed as Na;O, is less than 1,000 ppm.
Suitable active alumina powder starting material is commercially available
25  from the Aluminum Company of America under grade designations CP-3, CP-2, -CP-
1, CP5, CP-7, or CP-100. It is also available from Porocel (Little Rock, Arkansas)
under the designation AP-15.
A primary source of boehmite in the final product is alumina trihydrate. Any
of the forms of alumina trihydrate are suitable, although gibbsite, the alpha form

30 thereof, is preferred.



of swelling clays which have platelets with well-ordered face-to-fac&mn %ﬂﬂl
connections and hence are less preferred are natural montnorillonit

nat ural hectori tes Naturally occurring nontrnorillonite te are
conposed P W38 or der ed, pancake 25 shaped platelets anda&ﬂ‘éﬁu@@ag‘hg
favors face-to-face orientation of the platelet aggregates upon air
drying. The nost preferred swelling clay for use as the crystal size growh
inhibitor are the synthetic hectorites.. Procedures for preparing synthetic
hectorites are well known and are described for exanple, in USP Nos.

3,803, 026; 3, 844,979; 3,887,454; 30 3,892,655 and 4, 049, 780, the

di scl osures of Thieiadditive memhmtim@r#s@dmmVb'tﬁlﬁlefaeﬁmldénlillﬂ:')a@UN 2004 WO
0114838 PCIJUSM134073 -25 A typical exa of S het i.c h ctorite is
Laponi t el @lyRpna ] ??&0133!50“3“"{{%3&“‘?’%&36?“ tplsze %g‘é{ g lb"tof V% ied and pin
mlled prg gﬂﬁfthelﬂai?tr%tﬁ'feﬁ! e\tmeﬁt w@mgws‘eﬁ;&nﬁhﬁyany%m@m%gdm two
silica l ayers surrounding a |l ayer of magnesiumi'n 0Ctahedral “coordination.
Laponi t " befiewdddy thaidhosdtive alapioafies catremelysufaliceedsed b@nhtnsouplomy 5

L te | t_of L rte | ndust t has.b f d
Chat the papRreloe undpsgrnRtracs e fvst ity BT D IWHBHET e AT UPe with
Lhe act Ve, LRl P ISk PR 8ic I DYSREAR) BRI ETRRSa hRalTPAIY a1

Cormermal y aval e alumna trihydrate, e.g. bsite, wll typically
be conposeduitibrivat defiavdd toleast, nadertydeuthemat a@mpmrctqnditmns,l beewesh the0

m crons or nmore. 10 To be effective jn.th |? glcess iﬁ esent
i nvent i on,di§splyed ai‘%fﬁ’é‘?tt'é\]?ﬁdr?tﬁéfl fisgen E@fb PERA t@‘hg ut?"nlél al um na

trihydrat g, ﬁﬁ'ﬂ E}zéﬁa’thﬁ{ F]gct | \\e@sﬁﬁht@@,ﬁe BYQIrRe &ivel rdiy ﬂfc%ﬁ% al

treat ment eac or co I'y possess an average particle size of
t ypi cabl y dlurninaabpietas @nihlltseedsbomtd the Sufaceef gvh,lclﬂ.cryﬂallﬂ?s baehefierfedyh ¢hef r om

about 0.1 to about 10.0 ., .1 to 10 and eferabl rom about
675" o nbtitsobied Awmigiim vyl Lages cryealiies 1 e a3 Pl Bhog by

separ at el 0\%"&%&@% ?%uéﬁe%%&%%l ¢ E%Qsi’ ﬁif?orﬂﬁgout%@ttb ‘éﬁo&lﬂﬂlmrﬂ‘% apgagonbi ni ng

the mlle I'S preera e to admx the alumnatrlhydrate
and acti veéeah fiindxthhtocetminnorgstall sigergrowthdnkibitdrsivdrk i bembinatiey with actagshi eve

t he deS|red average particle size. The crystal size grqwth inhibitor
addi ti ve mww%&mef@ghcfﬁ’éh%’aéﬂmﬁ‘é?eo &SP OQWéﬁtlmgﬁqioﬁBmsl though if the

i nhi bijtsor dr?terﬁmes conpletely soluble in the liquid medium it is preferred
to i ncI ude inthe mlling operation such as when the crystal size
growt h i nhi bi t o$uitableacrystel dizbgrewd mmblﬂbbsddlpv@mxmﬁeytma{e $edecgsfrerad t o

passcx. 1 e mppcoarsyne el ke ke Fere mirL of SRFRAD IR oyed 160
|t or modi a1 B e S B T he. second pass,  he
mlling condit Remssmtzmw:@mampleb efialkali bstaior alksknecgasthypetalssyitaide fdie rate at
whi ch t he ussle% tﬁ/e crystal size growth inhibitor include, lithium, sodium, potassium, cesium,
magnesium, calcium, strontium, and barium. Among the alkali metals and alkaline
earth metals mentioned above, lithium, sodium, potassium, magnesium, and calcium
are preferred. The most preferred metal is sodium.

Representative examples of suitable alkali or alkaline earth metal hydroxides
include sodium hydroxide, potassium hydroxide, calcium hydroxide, lithium
hydroxide, and magnesium hydroxide.

Representative examples of suitable alkali or alkaline earth metal silicate
crystal growth inhibitor additive components include the mono-, di-, tri- and tetra

alkali metal silicates, including sodium silicate, potassium silicate, magnesium




passed through the mll. The mlling is typically conducted at roomyg i
tenperature. Premature rehydration of the active alumna to boehm t(—.5 {)INI @p
to the hxgétaw%r gal 15 JUN 2004 WD 01/45838 PCT/ USOQ 3404317280508t ment
does not © cur‘auri ng the mlling because of the short mlling ?I mes of
about 0.1 to about 2.0 hours and low mlling tenperatures of about 20 to
about 35 C. Once the desired particle size of the alum num cont ai ni ng
active ingredients, i.e., active alumsna, alumna trihydrate is attained,
a slurry of all the active ingredients 5 (i.e., active alumna, alumna
trihydrate and crystal size growh inhibitor additive conponent) in a

li qui d mediligme, sodinmpathedilicath éNpiSeui)dsadsui metasHivatedNaeSi0a) ablagsivn

di ssol ving at .].east ortion qf .the alumna trihydrate . under. hydrothernal
't oat ment atgiliras ovRhElafy o 8 el il it S Sabd Shetter abty
substantial |y (I@egﬂeaenégvé @xani;g& S sudbiafel or ARBEndERthehahl phosigiaani zed

wat er, al t hough l1quid organic nedia, 10 e.g., water m scibl'e or water

i mm sci bl eryscAniZeerentl iopbdonmtiitore coimitouerds imludaali sodiunahydroggani ¢ nedi a
such as net hanol , ethanol, or dinethyl su|fqgxide. The nt of the liquid
medi u enﬁﬂ“@%ﬁt%glﬁoﬁsﬁ’l‘%@@?wgﬁw aﬁ’sfﬂfPﬁ m SB&‘%?‘%E“U& ain a solids
content of ' ] ' aha b habMde 34 sdburyo based on
the i qui 3r%gg%]%s§hg%g{r§%cﬁj\%ﬁl?% 1r];:f‘etg’lq{eant \nglklgya% .a%llf p@ﬁee’anofmtu of the 15

l i quid is pobensaptidsphdtéieThe prefesiet phofphatee am the pylytphnsthatecsalig sndoahi gh,

wher eby the operation such as stirring tengs e ditficult. On the other
hand, if tﬂPFéP)éﬁ?B}i‘ﬁ‘YFSH’fdePHBWFP %13%6%3541%%{ © ‘é‘ﬂk hité E}LTQP%,OSQH%‘ﬁnF of heat
ener 9y W lshy D andRat Ll i phiBPhosB At SlRCEPIni k2R HERRE, sushiEh el ng
uneconom cal.” I'n general, t 't qu medi um and active ingredients are

uni f orfl y emiett as2is@iitin eihydyogeo ppidphosphatagNdiEPuO©getttratmshenor , i f not

previously co-mlled, b ny .conventional techniqu sing, for exanple, a
bal | il | Pysephesphale W‘i“é?&")eﬂ{‘dd?tf%?éﬁf‘@ PW&@F&% M@é)ﬁuwgmécr ew type

m xer or . | o o oy ' . lehf | NQ
medi a Sucﬁng@rg}@%ﬂ@ aFlﬂoﬁﬁ?\%@’r# ]Fﬁ#& hﬁe&?l%%&%%?? @%ﬁ‘l aa?% lrﬁultxﬁ?%\%hmﬁggi a. 25
Wher e t he Rrefgsied lpysiphesgiresahs inchideisbdinmadtydrogen moopusphmte.idssodignel | abl e

clay, it js dispersed in the slurry under conditions which eferably wll
it i ze. (Y BBEBRODHOsB S dr BB P sy B P e et | y
di spensi bl g4thaRed fefedr. The g ﬁ@&ffe&g%ésggma BRI i Oasdlifugi ned during

contact with the active alumna ‘and al trihydrate is poor, the
desi red i myasghasphdthie pore properties of the alum na may not be 30

he- proper. 15 s GA0% S AL HieRromen) S0 75 s 7ol 26 PP Beper o1 on
such as nillingr{mtehefiRbleYarhifredibt duidBleWikall drAkafhdedrtiAgbial Qilfate

crystal growth inhibitor additive components include magnesium sulfate, potassium
20  sulfate, sodium sulfate, lithium sulfate, and mixtures thereof.

The swellable clay crystal size growth inhibitor comprises any natural or
synthetic member of the 2:1 clay:mineral layered silicate clays capable of undergoing
swelling and dispersion and mixtures thereof. Swelling clays are expandable clays
whose platelets are held together by weak van der Waal’s forces. Natural swelling

25 clays (contrary to synthetic swelling clays) typically bave a particular shape or
morphologysuch that they exhibit a length-to-width ratio of typically greater than
about 2.0, preferably greater than about 5.0, and length-to-thickness ratio greater than
about 5.0, preferably greater than about 7.0. In general, typically more than about
20%, preferably more than about 40%, and most preferably more than about 50%, of

30 the particles of the natural clay will have the above-discussed length-to-width and




ingredients), total volatiles control, and/or the use of dispersing aids
such as tetrasodi um pyrophosphate (N4P207) whi ch happens to al so f]lgthlNiZﬂﬂi,
as a cry L growth inhibitor. 5 The dispersable cl

pr edi spef‘&é&l ?'?%&at er using a high shear mxer (e.g., Ei):éerson or ot her
m xer such as a Cow es dissolver. Even a paddl e-type agl tator (e.g.,

Li ghtening m xer) can be used with longer stirring time and/or a tank wth
baffles to increase shear. Attainment_ef_the proper degree of dispersion of
the swellable clay is difficult 10 to quantify, but as a general rule, the
greater the degree of clarity of the suspending nedium the better the

di sper si orlergib-tertiocknsisetratioy. & ésderminiog thas¢ vition {endd sbiapegd nasticlgs; deent) i s

oy edon natEAg bt staht hne SRR pety S e oll Botal St SuBRS i e ne ost
comon  Waye hﬁﬂ{eﬁdﬁﬁﬁ W& @k Q\Mdtﬁ% {Hecs{r%?hf l%ccd:lgtlaﬁde%ltwéénztﬁc oo PYiniet

mlling, dry mll or both 5 using conventional mlling equi pnent.

Accor d| ngltl;:at arﬂﬂtﬁmbosabtstegﬂhemeuch)e}wﬂ; Inchuge thed SI[BEIIBEI ouss of chieaswell habl e cl ay
can onplished hy m xing the clay wt h rabl under

condlt on ﬁ%*""’rﬁ"ﬁhmgﬁﬁéﬁﬁ \a\@rglde)rqeé'dféués ﬂPeg?E)‘?f BE}‘“’F oﬁi‘é 5 to about 60
and prefer I r at which
t he di speregpitl)ar?g{esfg%)r neg)tr?%q%%tgeccl?gl%ﬁf réléﬁiof ang%%l1t¥ttf§%§g§ﬁl (ﬁgﬂrég%ge from
about 20 UDIsa,bhs;tcrsﬁiBIe(z 1 Myeied silivpies bacli astveahiculie, watelicic maita meht ai n ot her
mnerals, e.g., deionized water is preferred, which would affect tC

di sper sabltﬁ‘?'t‘?/l“&ﬁ“t wrefely Ayntbelde ehaysich as Eaprriten Sam et pmmere sehesicglint  of

al kal i ne egp salts or other highly charged cations may require TSPP to
obtain a good di spersion of the clay. 25 The degree of dispersion is
enhandéd if theMstasdecifgally,aynchties aretD! alay vidhahl thet cacyntletice ofargypaccal |y at

| east 8 and preferahly at |east 10 w. %t hereof,_ and can ranagg, typically
f r om aboutCP8raCtrisHeRIYY eZ‘E’aD‘E)WéF’éF%b‘F?d With wals sne alcghels BB ICBY and nost

preferably, t BrddPeHL % MO 1 ARS38

PCT/ USOO Si%ggﬁe @2&%{ an&% tlrooqlo aslel]?siﬁn}rélwaalst@roln#%é HPI éitﬂlﬂve al ﬁﬁm na in the
slurry i s geaatat fdrimmta:t o be typically from about 0.6:1 to about 19-- 1,
preferably froma v bout 9-. 1, and nost preferably from about
1-5:1 to about @’?g% %hQZQ-f\ of the crystal size growth inhibitor
(CSA )5t s »@ﬁé?@fﬁci@‘d%d%%efs g 1or5ccqf<§h£t‘3&i RN Bk LioRE OPBhREASs af R exanpl e,
increasing the level o reduce boehmte. crystal lite size.
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R o LS G it bt o i

f5r OT a_tl)_OUtan%Qhéth PV Lommohly APHoMIgY, BhEAK inBludes haky phoile 20 1 to about
he

hexacoordinated ions such as Fe*', Fe?*, Ni?*, Co®*, Li*, and the like. The charge

20  deficiencies created by the various substitutions into these four and six coordinate
cation positions are balanced by one or several cations located between the structural
units. Water may also be occluded between these structural units bonded either to the
structure itself, or to the cations as a hydration shell. When dehydrated
(dehydroxylated), the above structural units have a repeat distance of about 9 to 12

25  Angstroms, as measured by X-ray diffraction. Commercially available natural
smectites include montmorillonite (bentonite), beidellite, hectorite, saponite, sauconite
and nontronite. Also commercially available are synthetic smectites such as

Laponitem, a synthe'tic hectorite available from Laporte Industries Limited.



10 anmount of crystal size growth inhibitor can be alternatively exprgﬁsmg
as typically varying fromabout 0. 1 to about 10, preferably from abdut Zﬂﬂf.

t o about an st preferably fromabout 0.4 to about d on
t he wei gh Od}fmg’f'? slurry active ingredients, i.e., alum %&Vﬁ’%@%‘f’g
active alum na, and CSE conponents. More speciflcal ly, where the CSA is a

silicate, it will be present in the slurry 15 at anounts of typically from
about 0.2 to about 8, preferably fromabout 0.4 to about 6, and nost
preferably fromabout 0.5 to about 5 w.% based on the wei ght of the

active ingredients in the slurry. V\here the CSG is amﬁd_roxide, it wll be
present at anpuSinectisés ﬁrvplaeafw@/mmb’mcaaﬁtg@uts @iocahedrahiypsiriot@hedyekether abl vy

from about .1 to about erahly fro 20 a t 2 to about 6
ot 5% “bas g BRI MBHE TR Pha atEcr) Sy S e S wfur oy Wer o
the. CSG dc%uﬁie@h?ﬁﬂhﬁ‘lttﬁm astlemédlto%‘e w&ﬁ?%t@tcaaapmg céhtP ladisng wat er
of hydration)” of typically from about to about 10, preferably from

about 0.2 to aﬁmd:o&ahahd smhtephesfeeaeatrhlwahpnﬁrmhigb@te @vdleniangdbout 6 wt. %
based gn t he wei C ein redlent in th ere the
CSA iS a Sé‘BF‘ftH?fg hﬂCh\/ﬁfF H“’B@n %éﬂ ’E‘e‘ﬁ‘f‘e e‘%?ﬁ %/e?t ‘F?r\ﬂ\‘!# about
0.5 to ab%&lg&@wnﬂrn?ctrﬁfvﬁl%é’sufoEtﬁg%rgg.oﬂioc{ahiz@raﬁﬁﬁé&ztéqnéiﬂ&la most preferably

from about to about 6 wt.% on the weight of the active
i ngr edi entrontmdrillenite reidelliteland sorthmit€SM@erdis, far sxwiﬂlabﬂ@tmbayomt&ham Il be

present in the slurry at. a nts .of typica 5 to about 8,
pr ef er abl yASithe RstaRstE 1“15“1%5% gpmgnum,) %@@%@%ﬁ “‘%‘ 15 JUN 2004
PCT/ US00/ r fob %Eﬁ W W saDaseGnaindihe wei ght
of the ac?ﬁ%&?r%gfﬁegfrgﬁdtl%s v‘l’rﬁmtﬁg% fﬁlr%?({/% ;ch%(r)lrrb?nnastalpons gf CS]L are
enpl oyéd, dyhehedborenswisgeéin, foe exanplagestsite hds asitief datattedsl catadnl @L'anount s of

each conponent |n the combination, however the nobst 5 preferred range will
be sli ght Iagnesas i) Rbim apthesEbstigant. + o sonme degree act in concert to

reduce the boenfihd enEhiS bRk ddveniiideisly TRa1 RRRY ErRAPYIL Srofn Idbifesd 11 the

slurry express as a wel ght perc active |ngred|ents Is carried
forward t cmbhmhedmpsmédtma ¢gay bavibes latmslumAnr gpheribadyshapemoiphotagpor at ed. The

hydr ot her t reat men conduct subj ecti.n slurr nt ai ni ng the
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ro

stabl e cryst I | ne boéhmte phdse ray analysis, it appears that
the al uni ndaysoare natmral sapaniteyandgmeferablyd natoral bostbntetand S}lrﬁheltmctom@

tenperature wil {n t%ﬁ)llgnato t\h/e Elﬂ)OVE: ISUCISIES% slgape RIS mos‘;It ci;encc{ thapt%e particles

of the starting clay comprise aggregates of randomly oriented platelets. In other
words, the aggregates that form the particles of the clay preferably should contain

20  platelets oriented face-to-edge and edge-to-edge in addition to platelets oriented face-
to-face, which is the main mode of platelet aggregation in montmorillonite. Examples
of swelling clays which have platelets with well-ordered face-to-face connections and
hence are less preferred are natural montmorillonites and natural hectorites. Naturally
occurring montmorillonite and hectorite are composed of well-ordered, pancake-

25  shaped platelets and such a shape favors face-to-face orientation of the platelet
aggregates upon air drying.

The most preferred swelling clay for use as the crystal size growth inhibitor are

the synthetic hectorites. Procedures for preparing synthetic hectorites are well known
and are described for example, in USP Nos. 3,803,026; 3,844,979; 3,887,454,

30 3,892,655 and 4,049,780, the disclosures of which is herein incorporated by reference.




during the hydrothermal treatnment, because boehmte formation wll

typically not occur at a tenperature bel ow about 150C. If the terrper]aﬁt HN2004
enpl oyed s tpo .high, e.g., above about 350 C., a boehmt n be
converted‘l"vl nOt]}é)““sé‘H a-al um na phase over a long period of t&&%}aﬁfgﬁ IS
undesi rable. Accordingly, it is preferable that the ?0 tenperature of the
hydr ot hermal treatnent be nmaintained typically between about 150 and 350C
and preferably between about 1$0 and abgut 250 C. Wthin such a

tenperature range, a higher tenperature induces a higher rate of formation

of the boehmte phase . Mreover, hydrotherppl treatnent @f pressures
exceedi ng A &xpaeadexampledf exntheticdwstmsitess leganigh vBDr iLegorige BDd| d3ptre phase
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boehmte. It is convenient to'conduct the hydrothermal treatment in a
her net i cal doprdiraticed Laponiteni REY clayiaid ethedrepanitesairapanufastugadnngold o

01/ 45838 PCT/ USOQ 34Q73 -30 1.0 vi f the above, the hydrothernal

treat ment IVGIJIOF"S%SE‘HFSP?PBEOéiﬁa?fgf\f,\%@ugfws tatures which can vary
typically from ghoutechFOulPinaPRu badR sl &ftgs Abhnind tiaura@boken k70 to about
225, and nost preferably from about 190 to about 210 C for periods of

typi cal | y ddmintvabwith tBe dctive aibuing j@t grioplodiydroiisrmal treatnapidsimporsnto about
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lies withig gReomanR Er@é&ﬁﬁn@é&cﬁ%%ﬁB&!&b’%ﬁ%]ﬁ?@@&ﬁ@%v@fa@é puftRle he ofsed
herein, the term autogenous pressure refers to the Pr essure devel oped in

t he cl osedtypmallpfioavabaast Otlamaboutt1Gi(e,g. bute I§dasefersblyeitempeutdhl tticr eased
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pressuf by;hQhgeding off a portion of steam Accordingly, and in view of
the above, the pressure can vary typically fromabout 5 to about 20,
preferably froniThisoan beactamplisbed bl ezpasately miling theeflamins tyihydraie adout 12 to

about 15 atmospheres. .20 g\fter conpletion of. th t&g(ﬂ?} eat ment,
the slurry3§§® ‘TIB\_Bé‘&“g §ORGBYE g Hglﬂ?(g%gepggul?&et lgPlté?eS%@nEa %u xZtht o about
90 C.. CoOhiufifind ¥biyAnkd MdMctilve hRkEnPIAREM aMurty dldeasdfsl] tad guef tagi t ati on
as during the autocClaving. After cooli r_}% is conplete, . . .
achieve the desired average particle size. The crystal size growth inhibitor additive
20  component can be added before or after milling, although if the inhibitor is not
completely soluble in the liguid medium, it is preferred to include it in the milling
operation such as when the crystal size growth inhibitor is a swellable clay.
Most preferably it is desired to employ a DRAIS sand mill and pass the shurry
through the same in multiple passes. In the first pass, mild conditions are typically
25  employed to reduce the average particle size of the alumina components to an
intermediate level of about 5 to about 20 microns. In the second pass, the milling

conditions are controlled to be more severe by slowing the rate at which the slurry is

passed through the mill. The milling is typically conducted at room temperature.

Premature rehydration of the active alunina to boehmite prior to the hydrothermal




the liquid of the slurry is renoved by conventional neans. Such nethods
include sinply air drying the slurry. O her suitable nmethods incl queJliNﬂiﬂﬂb

known in the art to 25 renove the free liquid (e.g., water lurry
and provivi@ %44 ¥ ¥ ed product. Exanples of such other met hﬁ'ﬂsﬂ@%&’z

centrifuging or filtering. Preferably, deliquifying is acconplished by
heating the slurry to pronote evaporation. Mxre preferably, the heating is
carried out in a forced air oven at a jgnperature of about 50- 200 C
(preferably about 100-150 C.). Such heating can be done on a batch basis 30
or on a continuous basis. The deliquifying step generally renoves a

si gni fi camteatbiend Ube200 4ot A ling §838i1 I hddsaR kB Alnydort3nilleg tinehologbouhe

liquid nmediumfro he slurry; however, there still y.be a,m nor portion
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w t hou The dri

slurry can be use ryl ng. ed conposite particles can be
further pregasgechltmingshintga trihydaoisattained, astiugeofsdl the astixehingsdia@0, by
cal ci ning, aggloneration, and/or inpregnation. During calcini.ng,
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C) the al WHsBRiddateast 8 pbRidnrofitieal gaiERLiRYES® undktiydptbatmi redtment  t he
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removed. eld wakfiicile 6AWalke imRiditee canlbe Bepliyed ard/af mpmuagof waer at i on
and/ or inpregnation described below, or both before and after aggl oneration

and/ or i npndgnganiomedigisagh asgnpthanglprtbandlyor dengbyloRlfpRide: at 650- 700 C
cal cination tenperat uryggfagjiq%gr ugﬁi:u%gmgélggﬁ%%if‘?]@#g}l%}};ﬁqmpﬂ}yany

conventional ne4is & Fushi ng-step can be

done by anyestitabbail® snfsicsleHdbMetive Aghansey offrdrh hbeut Srtelabowra@shi ng, or
ball mlling. Any nethod for conm nuting the dried precursor material can

be used. Twe%kthased onthediguiymediymandpctive ingeadicae waight. off thegpuef HSds. The

conposi.t e .product as fornmed w.]l .tvpical rise. ga i num oxide
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pr ef er abl yoRtatiod-shch &AstiriflP teids % b Fisfialld. imethboaerhiml, e agoantrange  of
crystallité sizes as described in nore detail hereinafter, which
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In general, the liquid medium and active ingredients are uniformly mixed
20 either by co-milling as discussed above or, if not previously co-milled, by any
conventional technique using, for example, a ball mill, an air stirrer, an ultrasonic
mixer, a continuous screw type mixer or a screw auger. A ball mill may contain any
suitable milling media such as alpha alumina milling media, or zirconia milling
media.
25 Where the crystal size growth inhibitor additive component is a swellable clay,
it is dispersed in the slurry under conditions which preferably will maximize the
degree of dispersion. Some swellable clays are more readily dispersible than others.
If the degree of dispersion attained during contact with the active alumina and alumina
trihydrate is poor, the desired impact on the pore properties of the alumina may not be

30 attained or maximized. Accordingly, steps may need to be taken to induce the proper




of the al um num oxi de conponent and (b) crystal size growth inhibitor m
additive 30 conponent residue intimately di spersed within the alum nl11|5n 2006
oxi de co ..the 15 JUN 2004 WO 01/ 45838 PCT/ USOQ 34073..- ptive
corrponenmggﬁ%‘%?ncor porated into boehmte crystallites aiﬁ%‘i@" g‘??ﬂ Mor e
specifically, the CSE, e.g., the alkaline earth netal, particularly the

al kali nmetal, cations of the crystal size growh inhibitor can cause a
reduction in the pore volune and surfgace area of the conposite product

upon calcination if present above certain 5 threshold amounts. This can be
di sadvant ageous for many applications. Such reductions in pore volune and
surface ardsaregroé disppisival sugh axmilbng éueisredly eoveiliing atith the othgl #&ivEne earth
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properties of the "¢ oSite, east 'do so to a much | eSser degree.
The mat er iggbwthsiahlibitor.bri ng about this result is referred to herein as an

exchange salt. Representative exanples of cations suitable for .use in the
exchange sal t Tmlwa&}ﬁﬁ?ﬁwgf H?J’g@l:’%fé‘?q DAL USSR IPJE*E' SN MU uch as

sul furic, Qitrd: | : N ; I Sederd yedid e transition
met al s suc(ﬁ' éigﬂﬁfrgé@ld?l%(%%ﬁu%?%héhh%ﬁ%g?ﬁ?ﬁﬁsg%t u}%gst elz and yPare earth
sal ts der iagiatof (g Ligheenfigy ixeel cambausedswithloager dtindsgtint ahter e éankum
subgroup of the Periodic Table. The nost preferred cations for effecting

t he cati onViEkbHARYW AFBae MSH: um cations. Accordingly, it is preferred to

vash the 1 0L Sk RORPBPRRIE A GOkl oy AL ASBRISRS oSk o0 o

wat er sol ubl e exchange Sa ani ons suitable
for the exehangdyswlttas apeherderules tef @éster thdledreedef cdarity of theatigpending
Represent ati ve exanpl es of suitable exchang]e sal ts_inc] ude apmni um

sul fate, TfBM e betpodadispersimmpdiasempateiclear BRHHM UMCBIOROH§ER!S ni ckel
chlori de, Cf?{%ﬁts)td? msqgéoé]rg‘fva?ﬁefi.c Thal \Lilllr}%i[:%%’teoc?@&vﬂé}ﬁhk Il pfi&ﬁ:lé@aﬁ@' ng with an

exchange M typica ace signirticant amounts of

t he ani on gméddhiRarlyeilRidas iz dzd eqflbssithdn dbotil miqoauThe rosycdnandnt o be
retained nore strongly than the cations,. although the degree of gn' on
exchange i%an@treduqeithé elgy pantisles 4@ collaiqad sigmishysWemiiee, drXilipe of Dhgr owt h
i nhi bi tzor .t hel k. . icial effect on catalysts prepared
thereflﬁom%ggégél#ﬁngf m&#ﬁ?%ﬂ‘g?ﬁl@ﬁ%y hel p 15 JUN 2004 WO 01/ 45838

PCT/ US00/ 31073 Adébrdingle e abenbe of doemillibyg, dispetdianiofttheswelabigriay exh
catal yst and silicate may increase _the acidity of the sg_p,port angl its
t her nal / hyRf sea@phshedypixing yae clay with water, preferably under conditions of hig

shear for periods of typically from about 5 to about 60 and preferably from about 10 to
about 30 minutes. The temperature at which the dispersion is formed is not critical

20 and will typically range from about 20 to about 40° C. It is important that the water
not contain other minerals, e.g., deionized water is preferred, which would affect the
dispersability of the clay. Water which contains a significant amount of alkaline earth
salts or other highly charged cations may require TSPP to obtain a good dispersion of
the clay.

25 The degree of dispersion is enhanced if the starting clay has a total volatile
content of typically at least 8 and preferably at least 10 wt.% thereof, and can range
typically from about 8 to about 25, preferably from about 10 to about 20 and most

preferably from about 13 to about 18 wt.%.



The cation exchange wash can be conducted by slurrying, one or nore {I%gﬁﬁ?ﬂﬂﬁ
the boehmte conposite in an aqueous solution containing typically f

about 0.1 to 5 about 10, preferably fromabout 0.2 to ab nd. nost
pref er abl YO dfi*bout 0.4 to about 5 wt.%of the perti nen&%&‘%ﬁ)gﬁgg%alt.
The boehmite content in the slurry is typically fromabout 10 to about 15
wt. % based on the slurry weight. Typically, the boehmte is slurried in a
dilute solution of the exchange salt _f%'_ about 5 to about 30 minutes at 65
Cwith noderate agitation. The pH may be 10 reduced to about 4.5 to 5.7
with acid to help renove Na20 if present. The slurry is typically filtered
and rinsed w t Theates of slurmémoiviydiatet ative flutrime iguhd dtiey iscomitrolled tilogh, t he
material may be reslurried_at a pH

f 8 [ i hydr oxi d
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above, th | 1Lt ) ite 15 conposite, with respect to
t he crystg?gsgP%&%@Wﬁh%hﬁ?éﬁ'%?&%ﬂ?ﬁgé conponent, is nore accurately
descri bed as t MheGoRRRS of thHeRryses Wizt ighovth ixHibitdrd CS@T) isdapardentrorsthal  gr owt h

inhi bitor enployed as nodified, if at all, by a washipng cation_exchange
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nature of the crystal Size growth inhibitor additive conponent residue in
t he boehnizghwninenplibitoeinthe slurty of hpially figmpdost E;i tapbapt 2He Peefrablis t he
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about 100,vapyieg oabibout Odrte abouttl 00preteraty fromiaboutieid torpkaut §y altdamg#| y from

about 0 to bout .5 . % of t of ,catjon(s hqi l.v..present
prior to \Hé%f?ifa??gy fromg qho %6@0 Qﬁ?"?glr)‘&a%\}aﬁ%ioﬁ %F{%‘bg}m ?%@ggfr?r]glldn%éug t he
original QHg&Hﬁn&f i.£ heualiysStaldateZ 8ctBR alininh, hnd B dopsponednsl ni ng in the

conposite will be typically fromabout 50 to about 15 JUN 2004 WO 01/45838
PCT/ US00/ 34073 Mare s@0ificeinivdreabihg GSQris apidigate7ib Wilh ba prrgentinthe shyysx

preferably from abaout .95 to abput 00.wt.. 2% of. t | Qi y
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20 about 2 to about 6 wt.%, based on the weight of the active ingredients in the slurry.
Where the CSGI is a phosphate, it will be present at amounts (including water

of hydration) of typically from about 0.1 to about 10, preferably from about 0.2 to

about 8, and most preferably from about 0.4 to about 6 wt.%, based on the weight of

the active ingredients in the slurry.

25 Where the CSGI is a sulfate, it will be present at amounts of typically from
about 0.5 to about 10, preferably from about 1 to about 8, and most preferably from
about 2 to about 6 wt.%, based on the weight of the active ingredients in the shurry.

‘Where the CSGI is a swellable clay, it will be present in the slurry at amounts

of typically from about 0.5 to about 8, preferably from about 1 to about 6, and most



such that the total residue will constitute typically fromabout 0.5 to
about 10, 10 preferably fromabout 0.5 to about 5, nost preferably firo)N 2004
about O'SquHaQQ t 3 w.% based on the weight of the conﬁj WBL@ht of

t he al um num oXxi"de conponent and additive conponent residue. The boehmte
portion of the resulting alum num oxi de conponent of the conposite wll
exhibit the crystal formtypically associated with conventional 15
boebrnite, such for exanple as describsd in U S. Patent No. 4,716,029 at
col. 1, lines 19 et seq., but may al so i nclude non-conventional fornms. At
high levels of crystal size growh inhibitor, the boehmte will_ be present
as pseudo Pifetablvtfegmiabeut 2 jorabeutS wale basedrop theneight ph/ibie aptiye iggredigpts hese

hi gh level.s,, crystallite sizes of 30 to 60 A are usually obtained. 20 The
crystallif%ﬂ§ﬁiéqbf the boehnite crystals of the al uni num oxi de conponent
is typically frgRRaReuhi#ichoPEI0T a8 Qehpi e, the 108 el Wieg®Dercaptpbesabl y from
about 30 to about 150 (e.g., 120-150), and nost preferably from about 35
to about I&flecAsuiBbdhanbents pfsachlchbimpenait methe anmbinatien.dyomenedthpynashe

fol | ow . A | e is hand it : tle. A
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and pressecgaéeq{ttorl{g%‘ic%ﬁﬁgﬂgﬁ%t@cﬁsqgli&sgizé 0 obtain a pellet. The pellet is
W a

t hen scanne pha radiation and the diffraction pattern between
22 and 33 degr €i® shovbatauns of tet@SMGEI inTheslpep kxpress2d asle yreeght percemfatfa i s
used to calculate the crystallite size usi ng t he . Scherer egufeati on (Eq. 1
bel ow) andCH¥engrsiants Brapiadonydd to he RIPPSIFraREes IR BhICEhYaHe £ or
instrunentinp({rg&g&\ﬁi ng is 30 determ ned by perform ng the sane profile fit
routine to a scan of a NIST SRM 660 15 JUN 2004 WD 01/ 45838 PCT/ US00/ 34073

-35 (poovi des arHeabeirethenyal henifeanisrmohducadioredudjdciinga pluafyi dostagahg theat i on)
and then using the peak width for the standard as g’{!ii;n t he CI(i!ﬂuati on:
Crystal | i tastisg ingredigits tp pyperatigospherc PiEssiffe tempesatpre. apb Upe SPHIGENS{O sanpl e b

W Peak wi dctog?r&ft bé&qﬂ?g@%vﬂ?\g@g%vceaﬂ' 2AYS 886 fLo oSt ARILSSaB R botRAle 1S

appropriate for sanp 0 not contaln amounts of other al um num
oxi de crysghakd. i Frenf Hriap ahalysisldi dppears tit {2 dhoebwippeisus fully emvetted wask t he
si gnature peaks of boehnmite (e.g., gibbsite). If such masking is observed,
one woul d #a8BB¥e- t 0 ot her unmasked signature peaks for crystallite size

det er ifisnat i on Z’H@.E&éﬂa% tRHANAT. Wﬂ} %{ﬁﬁ be §%gg@@% AdufPsoeCTReagi@nt i ty of

the crystallin mie'rn an a oxl containing non-boehmte
forns t herd@ging thahydietidaielrtriangeht Arcaes boetnile frematiomtvilktypicallgoohecti on 15
W th aggl ch:%lara ztateastémperature below about 150°C. If the temperature employed is too high,
e.g., above about 350° C., a boehmite phase can be converted into an ®-alumina phase
over a long period of time, which is undesirable. Accordingly, it is preferable that the
20 temperature of the hydrothermal treatment be maintained typically between about 150
and 350°C and preferably between about 180° and about 250° C. Within such a
temperature range, a higher temperature induces a higher rate of formation of the
boehmite phase . Moreover, hydrothermal treatment at pressures exceeding several
hundred atmospheres can give rise to a diaspore phase rather than a boehmite phase.
25  The lower limit of the pressure is not critical as long as the target temperatures are
achieved. The time and temperature are adjusted to obtain full conversion of the
gibbsite to boehmite.

It is convenient to conduct the hydrothermal treatment in a hermetically sealed

container such as an autoclave.



Sanpl es are dried in an oven overnight at 142 C prior to quantifying tg]?U
crystalline boehmte content. The resulting conposite particles can b N 2004
recovere erml |y activated under the sane conditions [Jd-bed for
aggl oner gyg;"?ﬁheér}gi nafter or used directly to 20 conduct app |cat§{)drzpof

catal yst thereto. Preferably, the conposite particles are recovered and
dried and optionally sized. Suitable particle sizes can range typically
fromabout 1 to about 150 (e.g., | to.zgbout 100), preferably from about 2
to about 60, and nost preferably fromabout 2 to about 50 m crons. 25
Recovery is acconplished by filtration, evaporation, centrifugation and the
i ke. The si urrly viray ohtheabbese, dpradrahirog! reatmentewil] typisaliebs confetegabul t i ng

bout 80 (PEPEPEETRAEH FaLLt KGO 1500 AD e o et et Dyt “anout

200 1 n21gpoi o SMbERES, RIERGIReiEARATdN Rb&R 10 16 bbsI 2RouE 180 to about
500 preferably 30 from about 150°to about 450, and nost preferably from

about 200 periodbafitypitaly fRfmpbot50.J LRI 0.4, PEf@dds 5888aRUTOIS0GbEERI3 - 36

The average .nitrogen pore di aneter of the conposite particles. at. a nitrogen
partiab preddasPIcBPYdasR dbpdso byt ZhaNEe TAFHIeeLoNeris B K6A 60 1t o

about 1, 040y ind & SEAD! il VAT aRAMIorS 0oy RcPiiPillons Aot fledig @ S ©r abl y

from abou about’ 0 Angstrons. total nitrogen pore vol une of
t he conpogikee particles under the same nitrogen partial pressure can vary
fromabout 0.2 to about 2.5, preferably fromabout 0.5 to about 2.4 and
most pr ef er abl ylierhs#ting ingreieraply ¢pngdpeied undes aptogenous Pressutg ek ant age of t he

present | YEpL . DAl A% GOUBLRYA 11560 b0 AEhAfered! ¥ BRBRHorSt Al size

growth in ncreases e average nitrogén pore diaheter 10 and total
pore V0l ursuinhitegeférmedtatifiaalsyl ¥ deshed eddionpclianginguhd essentéal @atnreldfibe by
varying the conditions of synthesis one can control and vary the pore

vol ume andnVeNiSRa§Ech BresSWE SabreaEe Hemadanicy © IRLAL APERRIF e activity

wi t hout | ﬁ%g#gg%i@ﬁﬁint% Eane llghgg]asaa\ﬁ?ég@g%]%péﬁm?%np ghrcatal gt s can be

pr epar ed I npregnation” prio rature cal cination
al | evi at i ngrdihgtheegth hnogdnbes pressard referd ® the presase ddelapedringie qposed di anet er.
The macropore content (i.e., %of those pores within the taqtal  nitrogen

pore  vol (AWOGKHIECH LFTBPGTaRF Hvk dpgteokftd nERERied RFCSSF e E ite
parti q'setshyaéfﬁbg B,g%s ig@hg g@b&a{n@fo fgftﬁeffl'tc%ﬁ%+lqgﬁl Qe 2/0PE RS AfYn NOt

great er nost preferably not greater than about 60% of
the total thereacioh bie destBised prasqiroppbediy offrd portiombf $tearandecdrdpighal |y from
about O to about 90, preferably from about 5

pr ef er abl yandrip e etithesbpye. MsorressBIsgs,Vaty ngfbgg‘g‘u%ﬂgm%gﬂ’eﬁﬁ
preferably from about 10 to about 16, and most preferably from about 12 to about 15
atmospheres.

20 After completion of the hydrothermal treatment, the slurry is allowed to cool
to a temperature of from about 20 to about 90° C.. Cooling typically will take place
with the same rate of agitation as during the autoclaving. After cooling is complete,
the liquid of the slurry is removed by conventional means. Such methods include
simply air drying the slurry. Other suitable methods include those known in the art to

25 remove the free liquid (e.g., water) of the slurry and provide a dried product.
Examples of such other methods include centrifuging or filtering. Preferably,
deliquifying is accomplished by heating the slurry to promote evaporation. More
preferably, the heating is carried out in a forced air oven at a temperature of about 50°-
200° C. (preferably about 100°-150° C.). Such heating can be done on a batch basis

30  oron a continuous basis. The deliquifying step generally removes a significant



The nitrogen mesopore content will range typically fromabout 10 to &BolN 2004
100, preferably fromabout 15 to about 90, and nost preferably from about
30 to ab % of the total pore volume. Moreover, typi | ast
about ZOsuérOégggr%bly at 25 | east about 40, and nost pref e%gg{%g"gj?mhgast
about 60% of the pores within the nesopore region will have pore dianeters
of typically fromabout 100 to about 400, preferably from about 100 to
about 300, and nost preferably fromalgu 100 to about 250 Angstrons. The
nitrogen nesopore content of the conposite particles as formed al so 30
desirably will possess a pore node, ;l:)r eferably only a single pore node

( rononodalPproonsof tiywligeid medeym fros sy hpweyergherg il mayOcgr mingsi cal |y from
about 60 t 0 400 . . f. J nost

pr ef er abl 3]/3 %F?(%m&atggggﬂlggﬁ %ﬁégvg%sgmééglmdﬁgg{gw%%@ .dﬁél)"h glﬁg ilgit:urr %8“3% brgﬁragiF %por e

cont ent ofpytdligerGREmRO ShdkeasRprayideyigs onflhsh disingy Bilsvatteysluref cangreater t han

about 80, preferably not greater than about 60 and nost preferably not 5
greater thathaabdimng0% of the total pore vol une which micropore content can

range . typically from about. O 10 .about referahly from abou t o about
60 and’nost prﬂifeec{rgg}cyn}plpg};ﬁ %%gﬂf’s T R u%%%@tr 0%6%?0% 0 aSB qugéﬁnté?\%por e

vol ume. | ror gcifiict kAR sukh &s Nagh WyRariGhg MByilohRrdlioneehdiriihpédaeioconvent i onal
alumnas to produce supports having a pore size distribution with two or
mor e nodedirimg dudridifgnessotiely al dui olatilegkare rexhemeil nenddbe beshmiteeghase mesopor e
node at its ynique characteristic.position. Mxtures. af.t or re

al uni nas MIQ%QBVQW%@?‘?]H& Qhed Tlﬁlﬂi‘ll. Pi@feéygftﬁlée\/'?%ﬂmgﬁﬁlf/?w& %Pgaﬁ@%es are
al so cont ggpLafRe aredinh Sotd ISR AR EEEMEH T RArPATIIEE (FsheCampR used
directly as supports, it is nore conventional to agglonerate the particles
for subh usenld b6 iiBthelgaalmmphaae.aggl oner at es can be used as catal ysts or

catal yst supports.in any .reaction.which r ires.a particular pore
structure togetlh'érﬂngl\ﬁ:éﬁﬂxmt %ﬁen%%%%ﬁf@g:ﬁfmﬁ& eln_lpgﬁamﬁ)?&rot her mal
properti esypithigy f?@ﬁmﬂoh@%{ﬂﬁg|aBBiﬁrl@U@,Sﬁ)r@FerdbEefrorﬂraBﬁ@c_MOOl tBBAILZ0D, 4AN t hus
find particul ar” applicability as catal yst supports in the treatnent of

exhaust gases pgdabhtfecnhoutfiddtn about dABUCS dandrhelhyithis serapraature wipd thegen 20

treatnments. of petroleu oducts, .s s hydrodesul f ur.i.zation

hydr odenmet& %gtF’"oﬁ_nd BFF@“%%%&@%@P%%C% Psh 2HRE L&c"éj UUPSEEFENOSSd as
catal ygt SEAPRideScan e @aAfd RPN BefoR or HREagtGAMBMN Sid/sihipigneespounds (O aus
catal ysis), the dehydration, reformng, Steam reformng,

dehydr ohal degemiedi tedgw, hy dotichefeliang aftenapslogeanatianand/af émpezogieamatGlay, and
dehydrocycljzatijo f dr ocar bans -ar. At her organi c_conpounds, as well as
oxi dat i on W’éétyﬁﬁaﬁff gﬂﬁ@‘?x&ﬁﬁ? @ta@@i gﬂé efﬁgwaﬁg'g%ﬂps%ﬁ%lgg used as catal ysts
per se in reactTRSohyRite prddicCahde)iRE bh¥iny sbrvehticial fieahs @ ydr ocr acki ng

and isonerization reactions. ‘ . _
crushing or sieving). A crushing step can be done by any suitable means including

20 hammer milling, roll crushing, or ball milling. Any method for comminuting the
dried precursor material can be used. The term “crushing” is used to include all of
such methods.

The composite product as formed will typically comprise (a) an aluminum
oxide comﬁonent comprising at least 70, preferably at least 85, and most preferably at

25  least 90 wt.% crystalline boehmite having a range of crystallite sizes as described in
more detail hereinafter, which crystalline boehmite content in the aluminum oxide
component can range typically from about 70 to about 100, preferably from about 85
to about 95, and most preferably from about 90 to about 95 wt.% based on the weight
of the aluminum oxide component and (b) crystal size growth inhibitor additive

30  component residue intimately dispersed within the aluminum oxide component; the



Thus, the advantageous properties of enhanced pore volune at high s i@g
area, good nechanical strength, and hydrothermal stability of the co ZU@’*

particle re passed on to the agglonmerates. 15 JUN 2 45838
PCT/ usooi‘%ﬁgg}é“a‘?gs More specifically, once established, t%g:érﬂ}()ér%fgfon?%perti es

of the agglonerate are thermally stable and remain essentially unaffected
by beat treatnent at noderate tenperatures of 500-700 C either before or

after inpregnating the supports with._-3atalytic nmetals. 5 The term

"aggl onerate” refers to a product that conbines particles which are held

together by a variety of physical-chem cal forces. Mre specifi g&)l(rl y, each
aggl oner agdditiye somperaesg beipg anqerrprapd injo beehayin Grytiallites as sy dermp-uB¥e pri mary

particles,_ size iLbe , bl.v.:} Qi . nect ed at
their poi E%C’%?aﬁggﬁ’teggﬁséi fi%"%ﬁ%@@ﬁ eggé}gé%%ai‘eé%?ée@%ﬂf %g&blrngés?%ht i nvention
may exhi bichtjghshif deérystaPEEOR0He: BBIiRAtar diake 4 RBueRdsin the pole volumar y
particles because of the interparticle voids between the constituent

conposi t e anl awifars apeer ofi the eemposkte praduel wnes calomeation of WRENARROVYSLENAIB| es stil |

preserye the higher pore, volu . _bkn the opore _reagipn, ccordi ngly,
Phe-agyl onrsdagpuRie Thiske e a0 maEen are aNAPaRCEID e havi ng T he
fol | ow ng ;p1RBEA inGsorébbRineCAl Glifadel 44k ér@t}lpk},%?@ﬁﬁﬁaitw%eﬂ tHelalko gur f ace
area of at |east about 100, preferably at Teast about 150 and nost

pr ef er abl ylkaliomeath inesd tataownt<00f e Lompidiehs sbveabeutdl-& vt Jahased vge
typically  from about 100, to about, 450, preferably from about. 125 to about
255, and’ RETODRSE SO TR AEIrEe ¢ BB SF0G PR g Helan
average p ' YRIaGabLohshy g Rs nopthdiGhicd iipeaill of iy ef er abl y
from abou?ag%%@mgﬁggtngzg%,dvgndérmsstyrlg%f er abl‘:)§£911c r(ggrln a%ou%e 70’0to about 300

Angst r 8ns cofrippsife, bortleastdocuty a pock lasedrurgreof The omateaiabusedgo ring ab@ut 2. 5,

preferably . 25 from abopyt 0.5 to about 2.4,  and nost preferably from about
1.0 to abdl resud ‘%b‘?fﬁffe‘{jﬁ’)he}imﬁﬁ%?‘bfiﬁﬁ@n&?osﬁ{tent (i.e., those pores within

the total pore wolimReatYbEetndiad bt bl fithbie fomse P MetxtRaigeRilt of typical Iy
not greater than"about 90 preferably not greater than about 80, and nost

pr ef er abl yinclode gnemnamtthese debued fre0udiluef acidssutib aasulpoicenividt, ane HGhhi ch
macr opore content wil |

range .typical Ly from abaut O JUN, 2004 WO 01/ 45838
PCT] UBCD] paen ek st ATNeadtoh e PGl SR peeti S abour 80, and
most  pkef 6 30bdedubP? RAGMEN Md fQre earth salts derived from rare earth elements such as
those of the cerium subgroup of the Periodic Table.

The most preferred cations for effecting the cation exchange are ammonium
cations. Accordingly, it is preferred to wash the initially formed boehmite composite
with an aqueous solution of a water soluble exchange salt.

10 Representative examples of anions suitable for the exchange salt include
sulfate, chloride and nitrate.

Representative examples of suitable exchange salts include ammonium sulfate,
ammoniwm carbonate, ammonium nitrate, ammonium chloride, nickel chloride, cobait
sulfate, cobalt nitrate and the like.

5 Washing with an exchange salt solution will typically not replace significant
amounts of the anion of the crystal size growth inhibitor becanse they tend to be
retained more strongly than the cations, although the degree of anion exchange is not

critical. In fact, the anions of the crystal size growth inhibitor may exert their own

beneficial effect on catalysts prepared therefrom. For example, phosphate may help



about 50% of the total pore volune, (5) A nesopore content of typi C?hw
fromabout 10 to about 100, preferably from about 15 to about 90, &Wf

preferably frc bout 30 to about 80% of the 5 total pore_ v reover,
typi cally%gtm?‘gaigt about 20, preferably at |east about 40,chjé¢%mfr3d')d§?

preferably at |east about 60% of the pores within the nesopore region wl|
have pore dianeters of typically fromabout 100 to about 400, preferably
from about 100 to about 300, and nostispreferably from about 100 to about
250 Angstrons. The mesopore content of the agglonerate particles as forned
al so desirably 10 will possess a nesopore pore node of typically from about
60 to aboulispt0®, thpNafEe.aMo.yor Wroprthabopregieated entadysd and Sbcate Hiy inpease

ferably, f bout 80 t 25 st Th | t
ot e dhe et of e pRpartit S by ts e, © S “prerarabl y from
about 0.6 to abpid cafion 3RehABS Waltl @:Ineaea&hau&w? %ﬁﬁﬁhgoorﬁ drondb@les, 15 1.5

mm |In addition, the aggl onerates may be m xe ot her conventi onal
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al so be PraBal $6:55 0Pl 0l RPN Wi ThE teoc%ﬁenﬂnaﬁe dhusit,il but i ons.

The m xtur e resulting pore des can be tailored to match the
si ze/ nol eaypiasllyeoghtbeunf0 tdre:)onehi:waﬁmmsedl' tmetlmg;?glmmghu on of t he al um na

conposite is carried oyt in accor W th e et hods 0 to the
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25 techni qué y conposite particles having a dianmeter of not greater
t han adlBoutrefuckd to abowtrdes &gy ovivreldn Help parove Nagl ifpresena Thestetrpis of at

| east about 1 mm. by nmeans of, a granulation |liq also. b mp| oyed. As
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carried Ou@aﬂe altxn BL FRRAGE A2 Gfggge vc% b PRRHSHiOh Hadexid! dy ne bi nders,

and pore- orm g agents nm e m xture to be aggl oner at ed.
Convent i onahmbhivil PhirBoiide mmam&aa&dﬁﬁgwsom 31073 -40 binders include
other forms of alumna, silica, silica-alumna, cla irconia, silica-
zi rconi a, magned® samheseen fom thsgbpye. t ﬁPP’Bﬂsd‘i‘mbéf‘@e Yty agents whi ch
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bei ng r enomertt dyuedly desetibedas thieompadiiiort reswitiog fipor tbe partigihagcygeht s,

e ek RS o oF L b OER SR SRS s 70
employed. Accordingly, for convenience the final composition of the crystal size
growth inhibitor component reflecting such modifications is referred to herein as the

20  crystal size growth inhibitor additive component residue.

Absent a cation exchange washing step, the amount and nature of the crystal
size growth inhibitor additive component residue in the boehmite composite will
reflect and be essentially the same as the starting amount and composition thereof
employed in the slurry which is hydrothermally treated. After a cation exchange

25  washing step, the amount of the original cation(s) of the crystal size growth inhibitor
additive component remaining in the composite will be typically from about O to
about 100, preferably from about O to about 10, and most preferably from about O to
about 5 wt.% of the amount of cation(s) originally present prior to washing.
Similarly, after a washing step, the amount of the original anions of the crystal size

30  growth inhibitor remaining in the composite will be typically from about 50 to about



The aggl onerates, once forned are then typically subjected to a therna
activation treatnment (i.e., caIC|nat|on) at a tenperature in the randé 2004
typi cal | 0 about 300 to about 900, preferably fro

about 80é~653g¥%%st preferably from about 450 to about 753%%?8#%0 perlods
of typically fromabout 0.1 to about 4, preferably fromabout 0.2 to about
3, and nost preferably fromabout 0.5 to about 2 hours. The atnosphere of
activation is typically air, but can igglude inert gases such as nitrogen.
The al um na powder from which the agglonmerate is derived is typically 15
not calcined prior to aggloneration because it can becone difficult to bind
the parti leé)spteégeblmérom @b¢Lt§ﬁﬁ1t@ h‘@owggﬂ),onmtat@erab‘luércmabwﬁﬁcbq’nabcrvéat ment
can be cary n sever al if desired . or be part of the

aggl oner at t‘?"é% ?amB‘é‘ﬂ)té’ﬁ‘&‘ yé’FFSf’IPfémﬁ’ért? VaMig activation tenperature
and tine enpl oygg, %{cl?hﬁ:dﬁlﬁﬂﬂ Ji’a}hé&géxﬂﬁ‘%raﬁ&?ﬁr RISHHAARE e & %@Mll%!zte t he

crystal structure characteristit of boehmte, or gamm al um na
m xt ures tgrewﬂomhiﬂmmmsm@oniplomtd Wwill beadccombaiiedby o noirespprdiag ur es and t| nes
i ncreasi ngl y above bout, 300 C and one hour, bhe_boe mte will be

i ncr easi ngFHlREYRGEAL "&mﬁéﬁﬁﬁmoﬁlsl’ﬁﬁlfﬁé’ thefiRs BEN] TS gamma al unina wi |
possess the porﬁc&{ﬁ?ﬁglﬁ{, eﬂ ué &he ﬁ,ﬁg{;}lte WA MR abdiile derived.

Mor eover, at the pre clnatio eratures and times
subst ant i addnypaakht imfthé b@npdssytstcarh bé dleariroerivet tae cormpricing enyt efdthe origigalhma
al um na. Consequently, the sumof the crystalline boehmte content (w.?9

di scussed Cdbﬁf?/]é”ﬁ-l $F§me@h§%i%d%%t?ﬁdrﬁé’°&%m8§@?r Vb gny P?\ﬁ‘epﬁg}ﬁné‘éﬁfsnat i (;on
of (the  DOglEif meadl fducl 'c%ﬂédtxte%g%@ﬁf} 81 DG G S bR te content.

This conclusion applies equally to conposi'te particles which are activated
and usl®d dpefeibly fiom dtbue 01fpoabhe Spaitost mreferdbdy from dbboud. Saggibcmmér\m%on 15
JUN WO 01/ 45838 PCT/ USéI Q 34073 -41 The percecent y-A1203 (gani ma al um na)
in an al un?aisd enfha weig t ofdheFembiagd &’§Ighf6“h6\?o§’ml{"11}" OX SR OMRES S def i ned

as an inte rea under the peak) of the (440) peak of a
y-A1203 st%fr\d?g‘%%dr@ﬁ%gﬁi#ﬁd&%llo 1) peak intensity of a Quartz plate is used

as an X-ray i ntEhsbbshmiroportion of tha)eshing ahohineri oxide canpmehosfiteel on a
Phi i ps@ 3720 autorratl c..diffractoneter equipped with a graphl te diffract
beam monocHBRREE 1L eahibidbe erypiabfony typigglly assaseatedryih RO tgtferator is

operatpd ag,dnlid <@ q})ﬁ@% lé ﬁg ads Hllliﬂzled%l% E) O?IR?\H ARSI YR é(ﬁvw\ﬂnegnd

i ntegrated Intendity (area” under e pea he {440)  -y-A1203 peak are
obt ai ned by etweye bhi by Ao include non-conventional forms. At high levels of crystal size

growth inhibitor, the boehmite will be present as pseudo boehmite, i.e., it may have
very small crystallites. At these high levels, crystallite sizes of 30 to 60 A are usually
obtained.

20 The crystallite size of the boehmite crystals of the aluminum oxide component
is typically from about 20 to about 200 (e.g., 100 to 200), preferably from about 30 to
about 150 (e.g., 120-150), and most preferably from about 35 to about 100 A.

Boehmite crystallite size can be determined by the following procedure. A
sample is hand ground with a mortar and pestle. An even layer of the sample is placed

25  on3.5 gm PV A (polyviny} alcohol) and pressed for 10 seconds at 3,000 psi to obtain a
pellet. The pellet is then scanned with Cu K alpha radiation and the diffraction
pattern between 22 and 33 degrees 2 theta is plotted. The peak at 28 degrees 2 theta is
used to calculate the crystallite size using the Scherer equation (Eq. 1 below) and the
measured peak width at half height. A correction for instrument broadening is

30  determined by performing the same profile fit routine to a scan of a NIST SRM 660



In the case where one peak can not yield a good fit of the peak, tva I 200
peaks are used. In the case where two peaks are used for curve fitting,

two crystaglli i zes are obtained by using Equation 3. P Cq?i A mA1203
of the tm‘gbé)lr]éi?gl lite sizes are obtained by using Equati (?::l @‘?’%3\67 he

percentage of y-Al 203 of a sanple is determned by the follow ng equation:
20 %vy-A1203 ~~ GCsanple* | quartz.04L.dd (Equation 3) wherein: 25 |'landard
~- lquarnms = 30 Integrated intensity.of.the (440) peak of sanple;
Intensity of the (101) quartz peak, neasured at the time that the
standard, y- Al 203 is neasured; Integrated intensity of the (440) peak of the
standar d y(prrixiesja;labospigny lapdarym regsbordielipa profilegsibratiopbald thepBsidg ed at t he

time the _sanple i asur ed 01/45838 .15 JUN 2064 PCT/ U S00134073 -42
7 A1203 cr@%g‘%\l‘l‘?’d@’ &?glée S(tﬁdafés/\gc}%{netﬁ%cﬁ%émﬁy the foll owing procedure. The
sanmple i s hand rOéﬂg ith_ r?r—am_ d pestl n even | ayer of the sanple
is placed on 35S e\éA ey‘\_/ia?f%;? colf‘lol (PVA) d pressed for 10 seconds at
3,000 psi yfeebtain a pellet. The pellet is then scanned with Cu K Al pha
radi ation and the diffraction 5 pattern between 63 and 73 degrees (20) is
pl otted. The peBk Reak 66d& afegmeles (20) is used to calculate the

crystallite size Lf)'s&wg’i(gg%gtl on and the neasured peak wdth at half

hei ght . L(sizet?ﬁ & 2@ cos (0) (Equation 4) wherein: 10 FWHAM

= Full width at half maxinum and O = The angle of diffraction between

FCray, beam and e SHEAGe 98 LD b RATHL ok s i oon

boehmite presen umna s 0 cr
det er mi nedd@soticBhlafEnoukits 6flothdGAIMBRENGHidecryfaltiat forad iaaddition d egr at ed

't ensliot Y éo%;]&?tcléggﬁecrientt ?oe mask the signature peaks of boehmite (e.g., gibbsite). If such
masking is observed, one would resort to other unmasked signature peaks for
crystallite size determination such as located at 14, 2§, 38, and 48° 26..

The quantity of the crystalline boehmite in an aluminum oxide, containing
non-boehmite forms thereof, can be determined as described hereinafter in connection

15  with agglomerates.

Samples are dried in an oven overnight at 142° C prior to quantifying the
crystalline boehmite content.

The resulting composite particles can be recovered, thermally activated under
the same conditions as described for agglomerates hereinafter or used directly to

20  conduct application of catalyst thereto.

Preferably, the composite particles are recovered and dried and optionally
sized. Suitable partié]e sizes can range typically from about 1 to about 150 (e.g., 1 to
about 100), preferably from about 2 to about 60, and most preferably from about 2 to
about 50 microns.

25 Recovery is accomplished by filtration, evaporation, centrifugation and the
like. The slurry may also be spray dried to effect recovery.

The resulting composite particles have a nitrogen surface area of typically at
least about 80 preferably at least about 150 and most preferably at least about 200
m?/'g, which surface area can range typically from about 80 to about 500 preferably

30  from about 150 to about 450, and most preferably from about 200 to about 400 m¥/g.



peak) of the (020) peak of Catapal alum na. (2) The (101) peak intensh{Ny of
a Quartz plate is used as an X-ray intensity nonitor. (3) Data col lIhe &N B

is perfor Philips(c) 3720 automatic 20 diffractor pRbfIseUs;pPEd
with a gr\ggﬂ’i]@%:‘%i ffract beam nonochromator and sealed Cu X-Ray tube. The

X-ray generator is operated at 45kV and 40mA (4) Full width at half

maxi mum (FWHM) and integrated intensity (area under the peak) of the (020)
boehm te peak are obtained by curve 2mditting. In the case where one peak
can not yield a good fit of the peak, two peaks are used. In the case
where two peaks are used for curve fitting, two crystallite sizes are

obt ai ned by usiTig aFgage nurpgen prsrdiangter YobheATAROSHE PRVEIES \Rb2 BILPAEERI | it e

sizes are _obtained by_.usin atdon 5. 15..J 0

PCT/ US00/ BATFRPCASIE §§ P‘%ﬁﬁ%@%@”ﬁ‘? 5%’@“’&1’”@3}%%%“@5‘%‘%\gg“géﬁr%‘?giu%g’ det er ni ned
by the fol QWb fr&dYBbht®BY 1o YBERMT0! £hdhédt pAsTeraBlylrdm Gb@ItOD.t6 hbdtcat apal a”
| quartz,s) (Equation 5) wherein 5 lSarrpI e = Integrated intensity of the

(020) pealdS6fArgammping; | quartz_c = Intensity of the (101) quartz peak,
measured at the tine Catapal alumn s neasured; .| [ = lntegrated
i nt enss ty of t e(tﬁtfb?mﬁég'kp%rfs Vt"ﬁ‘gne(%ttﬁ%ﬁ?m%?sﬂfﬁipﬁgi;deg_ﬁ%haﬁgf Ptz s =
Intensity n@tﬁ-o%gﬁ)aﬁtm ga}esgﬂé'b&? vR§&kom BRAS 0N aBbutNE phéfRbEAMGhaby@s o
nmeasured. Boehmite crystallite Size (L) is determ ned by the foll ow ng

pr ocedur e.0.Ttreabogaglapd insoshpreferglly diredn alionh 1.8 torgbowi 2. hewdg pest | e. An even

| ayer of the s le is placed on 3.5 gng | yyi nyl . al cohol - ( PVA) and
pressed for 106igg(?6‘rﬂﬁa§a 8830 6P&?ntﬂ%&85?£&ﬁ¥%§ Cé’é‘lbfrée .usel'ﬁgécﬁlé’ﬁ et is then
scanned Wi b4 2K4 adi Al GhiBRsH ihaBasdi fkr26kboRitbze P pble@iAindtet ween 22
and 33 degatr]ees 203%?{3@520% ed. Thle pelak eft 28 degrgees 2e) is wusedto

cal culit e andeotal prart ablunteewbile srudtanepuBly uatréasingghe putfach arage ddup.d¥ peak wi dt h
at half hei L(size in

20 FEM = VRGIPE HieRabonaf R o Rt sy dirgiost PR Ract i on - o
bet ween X-4,@¥% P850 @Rl 8RhievE thRRBe P WM CAbtivith &vihaDloes bfsusfatd i ng. The
al um na corrpogl ?e particles are particul aérﬂ?\?/ adapted for use as supports
area. High average pore diameter catalysts can be prepared with metals impregnation
prior to high temperature calcination alleviating the need for pre-steaming to increase
[5 average pore diameter.
The macropore content (i.e., % of those pores within the total nitrogen pore
volume which fall within the macropore region) of the composite particles will be
typically not greater than about 90, preferably not greater than about 75, and most
preferably not greater than about 60% of the total pore volume, which macropore
20 content will range typically from about 0 to about 90, preferably from about 5 to about
75, and most preferably from about 5 to about 60% % of the total pore volume.
The nitrogen mesopore content will range typically from about 10 to about
100, preferably from about 15 to about 90, and most preferably from about 30 to about
80% of the total pore volume. Moreover, typically at least about 20, preferably at
25 least about 40, and most preferably at least about 60% of the pores within the
mesopore region will have pore diameters of typically from about 100 to about 400,
preferably from about 100 to about 300, and most preferably from about 100 to about
250 Angstroms.

The nitrogen mesopore content of the composite particles as formed also

30  desirably will possess a pore mode, preferably only a single pore mode (monomodal),



for a variety of catalyst systens enploying heavy netals as the cat allgs]h 004
conponent. 25 Consequently, the netal conponents of such catal ysts nust %g
added andyNqALLQrated into alum na conposite. Such addity 08AM7Re

achi eved by mXxing the catalytic materials with the alum na before or

after hydrothermal treatnent during the preparation of the 15 JUN 2004 WO
01/ 45838 PCT/ USOQ 34073 -44 aggl onerates, e.g., extrudates or pellets and
the like, by coating the alum na agglegperates, such as extrudates or
pellets, with catalytic material by imersion in solutions containing the
catalytic material and the |ike. The "dry" inpregnation technique is

anot her suifitsmralvarenhart oghends, Pwér@ﬂhggm gheup ) 9 ahoas 3¢} and
aggl oner atlgéﬁ%%%%c%gﬂ:fg@r}gagag}%d(}ogﬁgﬁ%blé:{ﬁ\/%&gmgnpr egnation liquid, the

vol une of e por une of the support. Qther and

addi tional met hpglsnitrgberBitirbydrd doritb®: AlthdohspdiRY pREpRawilllBs typahlle nbo t hose
skilled in the art. The porous conposite alum nas of the present invention

are parti cgreaiel tham gleduy 80, pietematdypotaresterdbansahmyd 6@ and mostquefgraply vl |y acti ve

hyd ti 10 & ! d VLIl metals. Th
Chi by el PeEED R urad Ve kot LB AP ATrrattiucinsen BRecossi ng
oper at i Onstypiwﬂﬂ)iefrﬁﬁeﬁoﬁ{ 6 @ 4Bbut ROVHERRIACRSH BBt 545 2bbE d0ednd hést enpl oyed

herei n neans ol refinery processes for reacting petrol eum f eedst ocks
(conpl ex mirzferably frofm abioptlt O treativoh 5@ Ik eftheitetalpare Pk whi ch are liquid at

conditions of standard 15 tenperature and.pressur wi th hyd en_ under
pressure in the]g"pﬂ%ggg’ﬁc c&‘fgg%é?tﬁﬁ pay Be ’Peldo\‘ﬂgq 9%%%3°r'tvﬁ]étl%"3{1%gﬁwagti on of
at | east oRerOiucgUbpps lﬁi‘?ﬂ%%d?@ﬁtze BRbHubion Wilh'1R8R mord RebdePnr Beson
carbon, present in said feedstock, and (b) at |east one of the viscosity,

pour pdiont , mesvpottenegiony Fath alieifizeetdtibss a Hyshpopy wedsali itsniquel udes
hydr ocr acki.n ni shi ng, gating

o Jd.zation/d i ng, hydrofi d.hydr ot
processes W‘??B(‘?Fiml(?fslggg?r‘h%s %%FF%@#‘BQ%I m8¥c ﬂgﬁ;‘l}?@gﬁwﬁgg(ﬁ thg%g{eﬁlaqbg nat ur e

of the pet QS hgggretmgggs%dswgﬁgﬁ%g{eghi ng is typically understood
to involve the hydroprocéssi ng of hydrocarbonaceous o0il containing

predom nant | y (Whilshgtempdsjte ajuinioa patticlsa carvbssused difpeiihabssuppott R 1s

| ubricating oil boili nﬁ ran&)g_ﬁér"tf ;aﬂgdstoqk"l) wh resien the feedstock is

cont act ed WP USPRYPRELIRARE g {95 KAt 1R S # $Fons of el evated pressure
and 254 enper at g5 f1@hidd W zRINROEEcA besRbdl hobdtilgstabOrmily & sapsbraligbhyni C

conpounds and renoving nitrogen, sulfur, and oxygen conpounds present
Wi t hi n t herehetuswhick requints atpertickisy pore stmetureoogetheroridh veryigepdral , oxi dati on,

o0 Y, oL By SR b Pl R s R AR ORb o bp o2l 1
hydr ocar bopRgLR usvenBHPeMNMSs 6AA hatidhRY aglichifBEi asfcate®yst Sjppeas hothe 15 JUN 2aa4
treatment of exhaust gases generated by internal combustion engines and in hydrogen
20  treatments of petroleum products, such as hydrodesulfurization, hydrodemetallation
and hydrodenitrification. They can also be used as catalyst supports in reactions for
the recovery of sulfur compounds (Claus catalysis), the dehydration, reforming, steam
reforming, dehydrohalogenation, hydrocracking, hydrogenation, dehydrogenation, and
dehydrocyclization of hydrocarbons or other organic compounds, as well as oxidation
25  and reduction reactions.
They may also be used as catalysts per se in reactions typically catalyzed by
aluminas such as hydrocracking and isomerization reactions.
Thus, the advantageous properties of enhanced pore volume at high surface
area, good mechanical strength, and hydrothermal stability of the composite particles

30  are passed on to the agglomerates,



WO O1/ 45838 PCT/ U500/ 34073 -45 atons per nolecule ("feedstock") whichigdUN 2004
- conducted: (a) at superatnospheric hydrogen partial pressure; (b) at

t enper at L{&@ﬁy%%_cal l'y bel ow 593.3C (1100F); (c) wth an POV gqs%}c){gm%t

chem cal ion of hydrogen; (d) in the presence of a's supported
catal yst containing at |east one (1) hydrogenation conponent; and (e) 5
wherein said feedstock typically produces a yield greater than about one
hundred and thirty (130) nol es of hydygocarbons contai ning at | east about
three (3) carbon atons per nolecule for each one hundred (100) nol es of
feedstock containing at |east five (5) carbon atons per nol ecul e.

Hydr ot reating iMoryppecicilly, ancterstabisbd tbemnmroeertlhseomwggi@@é@&@rﬁg of 10

d t t b
o perbehel b S TERE PG P P reter s er P ol TRkl Y c2r "
deni trifi ¢ahbQandds o?@O@JOf()e@je?ﬁ]@PﬂSefox\mﬁ%ﬁbﬂxﬁﬂi‘@gdﬁﬁﬂgﬂﬁ%upﬁorﬁscmﬁhmt ed: (a)

at superat nospheric hydrogen partial pressure; (b) at tenperatures
typi cal | ycbml)(lnmb'ﬁalsisc (1100F); (c) with an overall net chemi cal

ti f f d d_catal yst
13" conba i ng. GRSt BTN SHERAR PGP ConPOSHE eagt THEP . (1) the
f eedst ock %cﬂi(r)t?g&ﬁ@rsbﬁa %ﬁérﬂop hyls)Ri-Gftni¥al Féeeq about 100 to about 130 noles

(i nclusive ydriocar bo ontaining at |east three carbon atons per
nol ecul e for eaddbrelpecifivhitys eaa:}fagglmnaratnus aimpfosedief oplaralivy of ¢anYigudws,

feedst ock conpri ses, at | east 50 I| t of easphal t ed
resi due t VHPEEPERS PEHAY REUSIES s “é“‘% %@Fg f%a bJod‘éEtdg ned by ASTM
D-1 160 Di prl mary function of the hydroprocessing
isto desu@%%tgiétgg?lgﬁgeggﬁt ock; or (iii) the feedstock is the product of

a syntlbetic oi ITtprspﬂhacaggl;mmmesamf itbmprebend irpentiart meyextebiribrgher s typi cal |y
understood to involve &procesm ng predom.n ntlg Lf%fd% rbopglceous oi |
havi ng a \?P%Cé%?r‘?ﬁomﬁ'ﬂl £\CORMHUeR PR l?aéﬂﬂﬁ B AP

| ubri cati ng;Qider egne@,g%gﬁﬁuf)m\ggiﬁgggl@ affhifla &gt ock is contacted wth
solid catalyst that contalns n active component, m Croporous

crystal line nolKewrtelessiteyagg lcaneratmm:d'rt'tciasmsll@reseltve\ﬂm bighenmess velamghd

terrperature and in the Eqresence of hydrogen, to make a product whose cold
fl ow propéeP themeseROrS A8 Mant i al |y i mproved relative to said feedstock and

whose |Boi | i ng r apge4iy )'SHQ%%@M&AI&SV&M]& leBert RBveRQbrt hie@Ghardbtefiddtng® of the
feedstock. 15 JUN 200 F4S838 PCT/ US00/ 34073 -46 More specifically,

wel | knowrhavingr thp fabesis peopedical aftsr calompiooretottbe ggtpimeahpse: i ncl ude at | east
o FOTPOTEN, R TR St e o0 BB SR e V1L
ﬁ.ng kelpal L aflb&t PrefetB1yIromiat Mabt abohOX00UHDE Whithl stk face ArBa Qﬂfﬂahgdliy@rcanjbbal t and
from about 100 to about 450, preferably from about 125 to about 425, and most
20  preferably from about 150 to about 400 m¥g,
(2) An average pore diameter of typically from about 50 to about 500,
preferably from about 60 to about 400, and most preferably from about 70 to about
300 Angstroms, )
3) A total mercury pore volume of from about 0.2 to about 2.5, preferably
25  from about 0.5 to about 2.4, and most preferably from about 1.0 to about 2.3 cc/g,
(4) A macropore content (i.€., those pores within the total pore volume
which fall within the macropore region) of typically not greater than about 90

preferably not greater than about 80, and most preferably not greater than about 50%

of the total pore volume, which macropore content will range typically from about 0



5 Goup VI B netals, in particular nolybdenum and tungsten, and m xtures
t her eof . the feedstock has a sufficiently |ow sul fur content, e.ld. UN 2004

| ess tharl;%\g?%t’sgé wei ght percent and preferably | ess thar}(ﬁ’&%‘dﬁﬁﬂ?ﬁe\’\m ght

per cent, p VIIl platinum group netals nmay be enpl oy as t

hydr ogenati on conponent. In this enbodinment, the Goup VIII platinum group
netal is preferably present in an anount in the range LO of about 0.01

wei ght percent to about 5 weight percept. of the total catalyst, based on

el emental plati numgroup netal. Wen the feedstock being treated contains
nore than about 1.0 weight percent sul fur, the hydrogenation conponent is
pr ef er abl yo abowGRbpreéaratdp fioin airout & tesabash80.@nd wposi/pieferaly frogr thawt A¥¢ al and
at | east ogetg p &lﬁ B ,netal . The non-nobl e metal hydrogenation
conmponent £08¢ O%@f DR PYESSIRE i n the 15 final catalyst conposition as
oxi des or sulfiges, ﬂ?ﬁé%o?dr@fcgﬁt&lﬁ:dft cally! thdril §Sout PO €S BBdue d 00, Prefepdbly

catal yst conpositions contain at |east about 2, preferably about 5 to about

40, w . %ffamapoit!1B tombait, 90nmrdempst gk efemblyyraro kydd Queabmd A0 efuhgst en, and
typically at least about 0.5, and_ preferapl bou to about 15  wt. % of
Group V11 [to%gt P‘E’fﬁé")}”fﬂé?-iM&}'e@“FaHPémHg a@ﬁ@%ﬁ?‘i‘,ﬁnﬁ’iﬂfeﬂf%@lwﬁé\%| Hi Ukel °

and/ or CO%@?%@%&&%@%@&%& %9&&%8@{%%&@%%&9&%&9 ore B80S Wifti de form

of these s nore preferred due to™ higher activity, selectivity and
activity mavepbieaiamdiess afaymtallytfranapondff &g atwug400, pydeaplydces abaigy cat al yst

conponents, can_be _incorporated jnto the overall. c st _conposition b
amr/rp one ofl 0R‘AePeISOBy ﬂlde‘gﬁ?té’éefer Blydté‘&} F‘]P‘H’éd% %a%“?kgiéﬁgﬁt%gﬁpn- nobl e Y
et al Conponent'ghectggscoﬁ}%recéymnpspthh 'ﬂ%@ofn@ﬁt@ rBL¥Shs foRfed MBo 8tMifabfies, this

is not preferred. conponents a usually conbined as a netal salt
whi ch10an veill fdiedssalrhasopanperd rdde of typiealtydfirore spontdilng absaitd®0i pregamably

oxi di zi ng at nosphere or reduced V\,ith_%g%{)o%ﬁon 0}5 ogBer r(?}&lig' ng agent. The
conposi t i dFPRe#ROYHOHORBOR AN e} b DdrPmAbeRt g:‘_&lm? npound such as
carbon 30 %5%1#0 e, hydrogen sul fide, hydrocarbon thiols, elenental

e

sul fur, an i ke. 15 JUN 2094 WD 01/45838 PCT/ USOQ 34073 -47 Cat al yst
conponent s can Dige avecapepapimedhte pirtickekarcaenie sypicallylfiom azow 0. Saeyebodine of a

nunber of stages in the catalys reparation. .Fgr. exanpl e tal conpounds,

Such as 1 Ho PEAPRPhUEOMGRPUALS 5 bt Srand nasppiefesay oy thohg i aBaum

hept ang| ybggtﬂgg ammoni um tungstate, nickel nitrate, cobalt sulfate and the
e adde

i ke, can d by co 5 mlling, inpregnation or precipitation, after
rehydration but Inbekioicm, tHeepglomposes may be mixedavity othgrtanventianabjalupynashe

001 ormer BB AROSS OB e S Ho A aipgeeh it R o RO Es e ar
: , _ [ ydrocar bon
T echni due. T R et ¢ mvant, ohl & i récted 1o
a process dharactdristic position. Mixtures of these aluminas can also be prepared as
20  agglomerates with bimodal pore size distributions. The mixtures and the resulting
pore modes can be tailored to match the size/molecular weights of the reactants.
The agglomeration of the alumina composite is carried out in accordance with
the methods well known to the art, and, in particular, by such methods as pelletizing,
extrusion, shaping into beads in a rotating coating drum, and the like. The nodulizing
25  technique whereby composite particles having a diameter of not greater than about 0.1
mm are agglomerated to particles with a diameter of at least about 1 mm by means of
a granulation liquid may also be employed:
As is known to those skilled in the art, the agglomeration may optionally be

carried out in the presence of additional amorphous or crystalline binders, and pore-

30  forming agents may be added to the mixture to be agglomerated. Conventional



hydrotreati ng of a hydrocarbon feedstock in at |east one ebull ated ]tseﬂm gm‘
reaction zone. Mre particularly, the hydrocarbon feedstock is contacte

W th hydr\gg%glfgsﬂsone or a series of ebullated bed reacti @erARIHSHN t he
presence of a hydroprocessing catal yst conprising a hydrogenation

conponent of catalytic netals and derivatives as 15 descri bed above
deposited on aggl onerates of the alum na conposite described herein. As is
wel I known these feedstocks contain nigkel, vanadium and asphaltenes,
e.g., about 40 ppmup to nore than 1,000 ppmfor the conbined total anount
of nickel and vanadi um and up to about 25 wt.% asphal tenes. Further, the
econoni cs bidepinelnds ethsr s 96 alogund, sHISRy SRR Flavh eHcoides as wel |
as a fully. t ' &SI - s\ t0, make
anode ar aduCElR M E3ngsRREtEn SERREHE pp kBl AR RR ARl b

feedst ocksis tnfparticiias inahide alood TRRtwYd dieicakls celbdudt Adtmiches, Adghtpdeneor nor e
of nickel and vanadi um and having a sulfur content in_ the range of about 1

W . % to atbsodtinpeneel, 9bl orgapicesmposadstapaile of being rappvsd biycaleinagions The

satisfactori,ly by th rocess .of, the present inventi ntain a
subst agt i &Fd‘é%BSﬁPO’&?f ° 3%ﬁth§wteﬁgjfo 53 Fccaef)sﬁge%lil(%egi%ﬁg‘bove 537. 8C

(1.,000 F). ExanpiRssasy, the/piigdldryiheasvdQalsnatiot of Hedggtinherated DRRRh Crude
oil's, petrol eum hydrocarbon residua, both atnospheric and vacuum resi dua,
oi | s obt aicasedfaubm t ar sands and residua derived fromtar sand oil, and

hyd b t i ved f | . h h 3 t ai
oF ganonet al | & ¢ TBEAATIEHES ohs Bhoepdsy B4 Drabedy SERRAER ISt rBhER T2 TN 5404
WO 0] 145838ivAfhn tRathsiQ0é. 340ARatibR) koA empefature ROhE F AR BE efpitdigtiranpl oy

catalysts in the conversion of the particular hydrocarbon stream bei ng
treat 8. TFheutrdilablaboutc¥it prefarahly &rorhaboued® teobaet S06. ansbmostseigsbbek s

i ncl ude, hut e limt ia, .iron. . vanadi | . ile netallic
cont ani na%f‘g?%é%%%géo 9§%§S%me -{oF eRdqds © %’lcla;}lglrflr,o%gf%e%@ Fl ggr? ab pJ'r’esent in
various hygeReaPRImSItb8ENE to SANEB, Ml pRf@alily SOmPIRARDLS torbaudAr ti cul ar
hydr ocarbon stream Such netals exist as the oxides or sulfides of the

parti cul arhoursetBlie atmosghereofastiviion is typicay airHeutgap includedperhsasss s as high

I I i.gh et al | i ' ' :
and ot al oot A0 AR GarbGAFRTRONHIDS apfSiplel A RARAOETR D

phenonBnomdptalbiea pricE et dgatbriaion betehise Giedah®asoms diffieult fortded et at i on of
i nsol ubl e carbonaceous substances fromthe asphaltenic fraction of the

f eedst ock nanides togetber ofernabicl gElPmIBB| ens. The anount of such insol ubl es
formed increasgs w itvgti(gnhr[?%a?‘ggﬂtan%g c%teg lrg])llfi}lq esgféégl'cs?ébsqy &’Jsié@%r g%eﬁerg- 000 F)

which is conver et oy an‘increase i Iron tenperat
enpl oyed. ofiRsgodlometathiré@tchbnts Depbalingsn thalpanidho wetiasiobheahperhtote dnd trat i on

sol i ds, createtgée operability difficulties .
time employed, the alumina agglomerates predominantly exhibit the crystal structure
20  characteristic of boehmite, or gamma alumina, or mixtures thereof.

More specifically, at calcination temperatures and times increasingly above
about 300° C and one hour, the boehmite will be increasingly converted to gamima
alumina. However, the gamma alumina will possess the pore properties of the
boehmite from which it is derived. Moreover, at the preferred calcination

25  temperatures and times substantially all of the crystalline boehmite is converted to
gamma alumina. Consequently, the sum of the crystalline boehmite content (wt.%)
discussed above plus the gamma alumina content resulting from calcination of the
boehmite, will not typically exceed the original boehmite content. This conclusion

applies equally to composite particles which are activated and used directly in

30  composite particle form without agglomeration.



for the hydroconversion unit and thereby circunscribe the tenperatures and
}‘eeds tEe unit can hanI e. In otperdwordi, t he ago:mt 01(‘j solids fornmgd jN 2004
imt t nversion of a given feedstock. Operability digfti (8, as
descri begvéﬁy\?%?grray begin to mani fest thenselves at sol ipgfsrhfsg{}/ao?as | ow
as 0.1 wt.% Levels below 0.5 w.% are generally 20 reconmended to prevent
fouling of process equipnent. A description of the Shell hot filtration
test is found at A J. J., Journal of.4the Inst. of Petroleum (1951) 37, pp.
596- 604 by Van Kerkvoort, W J. and N euwstad, A J. J. whichis
incorporated herein by reference. It has been specul ated that such

i nsol ubl e car bdegemnsst FihsdAgemnanlunine) e alwginalsempleie defermiped as

hydr ocarbgns are converted in the hydroconversion unit, thereby rendering
them a pod?¥4¥Sol vent for the unconverted asphal tenic fraction and hence

creati ng the [ 13p! Ublchof SOATAERS UBRLARESRa TR AGALIGR OF Such

i nsol ubl es can e decrease aving nost-o e surface area in the

hydr oconver si on cat aéeﬁﬁyoftﬁ@@@@z?gbdkeofthw—xgmsﬂaﬁdg&. pores so that nost of
the catal yst surface is accessible to | arge 30 asphal tenic nol ecul es. Al so,
the | abge pores facilitate deposition of nickel and 15 JUN 2004 WO 01/ 45838

PCT/ US00/ 34073 -49 vianadi i n.the.hydrotreating. ) it may be
desirable to irét eas@letatﬂgwnwgﬂ%tﬁléw oggﬁueaﬁ p%%?gfsﬁgﬁgg%ﬁ%r}g@gns% t he
present invention bymbggdini ques well known in the art for hydrotreating
applications. It has been discovered that the use of a CSG@ offers the
for{nﬁl ator a nﬂ?hzoglaata CN(;@;@?jlmBQer@CdIgetapPén]@S@ %?élogﬂué‘imi‘ttﬁj;i on of pﬁ[ esf
in e region o . to acc ate cha ig o]
the feed being pr ope%‘gfg%fég‘?%ﬂ&]o‘?ﬂuﬂgﬂeg “di %%@Plg% &elgf%(t:ljga iLoglgcorrgf%lgié\?t es of
the pngsent inventi ofeRieR@d X RHyaiibel BHORLSHpdnefatdtSe opdratei W4 SKY eat i ng.
10 Hydrotreating operations are typically carried out in one or a series of
ebul | at ed bed react owsl 4083Apr evi ousl y el uci dated, an ebull ated bed is one

upard 11 ow of 01 qui Bk g8 iRg e PEFETEing PrepRRAP AR Ry €
vol ume of at | east 1&&?&&3&%}3&%& gmowpimzogq)ema%%gﬁ@am)edsurwamﬂghe
e

solids thereof in a settl state. The required ebullation of 15 the
catal yst particles ik thaicmeayhreeons/pdakcap doicyielg atgeed it §hiihe mealedWoi ncl usi ve

of recycle if any, to,the react{ion zone at. |inear kL r ,ng from
about 18. 02 to about BFakS ag &pﬁ'gss%%p@’%%”%?%a%%%ﬁsg? @rr%%cafgggé’ 0.05 to
about 0.20 feet per ﬁ@&&gﬁauﬁé‘ﬁz&%&asﬂanﬁd%%ﬁthgmﬂstidrm. Péeeyydhions eat i ng
of heavy hydrocarbon stréans, such as petrol eum hydrocarbon residua and

the like, are well kobtha tivo cisellie sizanare 20tagnedphyi usengEQratssdre within the
range of about 1,000 _psia (68 at t o_about. 3,000 .psj.a (2 at.nps), an
average catal ysf®) bedTB%Hﬂé?ré?ﬁFr%gTﬁ\ﬁiizﬁ’P Hf‘fﬁaénﬁd%ﬁg%?%f’mgeﬁfotmt%?g 16WilE

equation:

20 % v-a1203 = Jsampte™ I quartz.c)/(Istandord * Tyuortz,s) (Equation 3)

wherein:

Tsample = Integrated intensity of the (440) peak of sample;

I quartz.e = Intensity of the (101) quartz peak, measured at the time that the
25 standard y-Al;Os is measured;

standard = Integrated intensity of the (440) peak of the standard y-Al,O3;

and
Lquartz,s = Intensity of the (101) quartz peak, measured at the time the

sample is

30 measured.




F. (371 C.) to about 850 F. (454 C.), a liquid hourly space velocity (LHSV)
within the range of about 0.1 volune of hydrocarbon per hour per vokubk 260
catal yst to about 5 volunes of hydrocarbon per hour per

cat al yst, W24 Rydr ogen recycle 25 rate or hydrogen addi :"?%H@g{?em%thi n
the range of about 2,000 standard cubic feet per barrel (SCFB) (356 nB81nB)
to about 15,000 SCFB (2,671 nB/nB8). Preferably, the operating conditions
conprise a total pressure within the rgnge of about 1,200 psia to about
2,000 psia (81-136 atnos); an average catal yst bed tenperature within the
range of about 730 F. (387 C.) to about 820 F. (437 C.); and a LHSV wi'thin
the 30 range ofy-abh@4icr@tallitegizalibyis détebininad dy shehiptioogprproediysd. elteat e or
hydrogen addition rate 15 JUN 2004 WO 01/ 45838 -50 PCT/ US00/ 34073 W t hin
the range semplsdis bandgrond safhp: wedy agpesile. th aysadeyer of egapleds @@Ff\%al

el oot ed B 1 har e RSN eI P ST E NG s RE ORI 2
1,000 F. ispetienVErd suliet & thescaghtt withCul¥ Apphaehdinich 4QGhE diffindionor e

preferably so that at |east 70 vol.% of the subject 5 fraction |{S converted
to a pPodurstterndictwery Gornsiv3danes €20)Asplotted The Beakeh PO Srderirat &Hribon

distillates he.operatin ndi.t i ons . t YRI i ydr ogen
parti al pr“ég‘%iﬂ%d?ﬂq%tﬁiﬁﬁe ‘frﬂsetgl?léensdzee Ié)sfnga%%éklgﬁéﬁxgg% g&h%a%gféﬁ;ﬂ[% ?riogﬁdt?gpabout

3, 000 psi gaff mt nos); an average catal yst bed tenperature within the
range of about 600 F. (315 C) to about 800 F. (426 C.); a LHSV within the
10 range of about 0.4 Usiaenie Aof= 8388/ EREIMEIP Dees B5ur per (BAwaHen 8 cat al yst
t o about 6W é/_gllnunes of hydrocarbon recycle rate or hydrogen addition rate
wi thin the }Féng'e of about 1,000 SCFB (178 n8/nB8) to about 10,000 SCFB
(1,381 nB1nB). Preferr operati conditions for the hydrotreating of
hydr od& bon di sw‘lﬁhéfeg‘ﬂéﬁ’h%hiaa]éalgg‘%%@@ﬁ partial pressure within the
range of about @00k c@PQULy et SaRsistrit&lorphRR) ; an
aver age cat al ys% %e@%ng#p%fﬁéﬁggﬁwb%ﬁl n theyrange of about 600 F. (315 C.)
to about 7%hOsdmple3O&ittBg; a LHSV within the range of about 0.5 vol une of
hydr ocar bon per__hour per vol une of cat al %J/st t o about 4&¥0I rmﬁ of .

hydr ocar bon per TheRIFCTS bpekyrplic preset 2t 2lfpuma. sample 19 cRSIRAPEGd e rate
or hydroge diti . Within the range of about 1,000 SCFB (178 nB/nB)
t o about 6@6%&'11%&&%%%%%8 20 nB/ nB). The nost desirable conditions for
converlsi on of a(l3pecid% boekditt v defingd asdet ietregratalinpnaitu@rea tndaether, can be

best obtained by converting the feed several different tenperatures,
pressures, space vel B"r,alkt)i"@&ea{ﬁ%o)tﬂ?alfﬁgéﬁaﬁ?g YWHMB% rates, correlating the

effect of each @ént gggsggxg@é@iﬁ&neigdoﬁﬁdz@ﬁzimeqmea@m;@fmnmss@ of 25

overal |l convers tivity. "All references herein to el enents or
netals belong to a cemhitbn G oup refer to

3) Data collection is performed on a Philips® 3720 automatic
20 diffractormeter equipped with a graphite diffract beam monochromator
and sealed Cu X-Ray tube. The X-ray generator is operated at 45kV
and 40mA
(4) Full width at half maximum (FWHM) and integrated intensity (area
under the peak) of the (020) boehmite peak are obtained by curve
25 fitting. In the case where one peak can not yield a good fit of the peak,
two peaks are used. In the case where two peaks are used for curve
fitting, two crystallite sizes are obtained by using Equation 6. Percent

boehmite of the two crystallite sizes are obtained by using Equation 5.



the Periodic Table of the El ements and Hawl ey's Condensed Chemnical 15 JUN 2004
Dictionary, 12th Edition. Also, any references to the G oup or G oups
shall be to the Group or Goups as reflected in this Periodi of

El ement s W9i%3"8Re CAS system for 30 nunbering groups. 15 Pﬁ@%’%@’%\o

01/ 45838 PCTI USOQO 34073 -51 The foll ow ng exanpl es are given as specific
illustrations of the clained invention. It should be understood, however,
that the invention is not limted to tfxe specific details set forth in the
exanples. Al parts and percentages in the exanples, as well as in the
remai nder of the specification, are by weight unless otherwi se 5 specified.
Unl ess ot her wi $B) spe&ltiefrieectntage of hoehatite of wrshmple iadetgrmamgd pothe folloping vy
determnations or recitations in the specification and clains are to be
construed as bei ng S#H#™n sanpl es whi ch have been cal cined at 537.8C

(1000F) for 2 hougs at . DS 9ri /(Pr essyr e hn air. RegarghuRGod &bl es A
and 1B, the crystao"“hé“fmzeﬁérﬁvwﬁafmn i(lgaf Fir%aﬁus's?ad were 10 s?ﬁ cate j;s sodi um

silicate, caustwhergia NaOH, tetrasodi um pyrophosphate (TSPP), i.e.,
Na4P207), sodiuym sulfate (I\EZSO4), gnd @fﬁoni te! . 'l'h_e LaponiteTM used is
reported on algeye Daleprapd miesii cEhedGrOmsak PLtaPIG0) ati l es (TV) neasured

at 954.4 C (1750 F). . f Red 41912 §RdiChM] | 1 cate (3.2
Si 02/ Na20) andElfq'F“S’rf% Hg%%fﬁgﬁ{g%?fg%%&%%\zgggiu 10 hydrate,pﬁbut t he

wat er was not i ncl udesiuhiing Wwes hbasuegdor t ed wei ght added, i.e., Na4P207 was
used. The gibbsite TV was determ ned to _be 34.65% as sured at 954.4 C
(1750 F). \Wen Iatam=rlhvae§11te¢m}eft§ftyggﬁﬁép%@ Rﬁa‘é(’fegﬁﬂé%éarpgggiiﬁ’é”%ag lids were

det i ned by f t _df yi [ ' 7.8 C
(280F) and 1 hortser &1 aby Sf 1 (OLRRaRPBLIC Ay iOR e ik pmPle B 5, P

cal ci ned al unmi na seedmewsired.det ermi ned by cal cination at 954.4 C (1750 F)
and 20 neasuring_the wei %ht | 0SS, _Furtherré:/)]v{e i‘gf % sol i dqs%_r elrllﬁrted in
Col urm 1 of TadPeehmatercapitaldienize () ds deegmaped y the EJ{ovdag PRoceae-s T r v whi ch
i's autocl ; TRl RsdA Af BREEBRIOF RS aMER istReg Ol i ds
of Col urm%%ﬁ&}ﬁ 1?&"5@%'2?&“.3?3?%*‘2 gfr%arn%la e%t(ijeb\(%ol . n?)?é;nd ngp ('éop:rh.%_ 9)
respect i velny3.s golsyoiyvényi falcbabl @ VIAY and prassehfios 10 hecotidodt 3,000 psokd oisainf 25

Col um 9 which correspond to the jndjvj | .conponent s lti.ng.up the total
GG of Goradh She PR ridhen s Cok ARBIRUSREL LR AHTORS

speci fiscat] aNMerbka f@ancﬁﬁ@@ed@tﬁss (SOAE plRRAECTEE bk 28RREEE WL Set  of
properti es, conditi ons, physi cal stat eg or percentages, is Intended to

| iteral |y dsedar adedhte tiexqysialitesibene@ngnEquayion Grindthed measurgs Bok witdthiah such

range, including any subset of nunmbers within any range so recited. 15 JUN
2004 WO 0 t

L(size in /f\) = 82.98/FWHM(26°) cos (8°) (Equation 6)
wherein
20 FWHM = Full width at half maximum; and

0 = The angle of diffraction between X-ray beam and planar surface on which
the sample is sitting.
The alumina composite particles are particularly adapted for use as supports
for a variety of catalyst systems employing heavy metals as the catalyst component.
25  Consequently, the metal components of such catalysts must be added and incorporated
into alumina composite.
Such additions can be achieyed by mixing the catalytic materials with the

alumina before or after hydrothermal treatment during the preparation of the



-52 PCT/ US00/ 34073 Conparative Exanple | This Conparative Exanple ¢eggMizies
a typical boehmte product derived from gibbsite. The gi bbsites enpl oyed
are avai l,ahl er the tradename SUPERFINE, 5 HYDRAL. 71 5 from
ALCAN, AL ?“ggr}lg ALCAN respectively. The average parti c?gT@gﬂ(ﬁ%S) for
each gibbsite sanple in mcrons for Runs 1 to 3 was 11, 7, and 4
respectively. The APS for the gibbsite used in Runs 4-5 was unavail abl e.
Accordingly, slurries of these fine sige gibbsites were prepared by addi ng
each one to water to about 15% solids. The slurries were autoclaved for 1
hour at 200C with [0 agitation and then dried overnight at 138C. Al gave

| ar ge boeBEloTeratss e sxtradatey enpellegand therldgehy peatiag v d®Eanhi ch are al so
reported at Table 1, Runs 5, arati : LS. € | e
[T ost r at eEPRRrs st Brenvmpfenyy wReRanthict Sy Biaf by LR ™ELE | pe
nor phol ogisgrtioR$ ORRAIhiRIhOEatRoed Matepialfid veUké r Phe furgr Dhftegmagiohy treat ed
gi bbsite. Slurries of sand mlled gibbsite available from ALCOA under the
t r adenane teddnBEDiseraherduiable alternatrvei veheren thestomposiiRiPYEES A ampunt s of

boehm te seeds havin a crystallite.size of 130 Angstr, 1. The final

sol 1 05> conemeaes ansanast yi el ot Irieaglibnd il o Sk 1

agi t ati on wilici? 0Qfesphiis B8Re S8 RNoRiiels tRY &IpRbAN DR aAS 8itidkal Thehddsul ts are
sumari zed at Table 1, Runs 6-9. As can be seen from Table 1, increasing

the seedi e masifyingthe abmhipa may eppear desisablertathose skidled iroteagtduci ng
crystallite size and increasi ore_volune of the result. boehm te
prgduct. Exanpl E¢PoI8uSIEAposye p-Ena}squngtl?rgﬁcggxntvwﬂ.no&qrgg?&lgﬁggyEF%Q[ al size
growt h i nhjointepko1anh as(;%luisal 'r&aﬁo%a%ﬂ{ﬁéymyeaeﬁv&ﬁyd& nRasNeimrenyshal 4d te size

and pore properties. T urries characterized by Colums 2, 3 and 4 of
Tabl e IDA) Goup VJBbingiGreupWallinadshle ThesmcatalyGollyasties mataialy edidisame C- 30 D,

whi ch had be reduced . in particle size by mlling the slurry at a 1500

n / m nute SP%@@Yé‘ﬂgh%ge@é'ﬁ’g#fr?%?én%@%éﬁnm Iminute to an 30 average particle
si ze of about 3L RBSicaler 8 cﬁﬂﬁ%@esﬁin}gv hé @% t&in Rehipieyedlherdimmedts GiUN 1004
WO 01/ 45838 PCT/ US00/ 34073 -_5% avai | abl'e from ALCOA under the tradenane

CP- 3, and refisasl pricesses forsogtitngpsirpiesmtfeedstogkis GodiPlah HixWB%XPHe (which in
sonme cases, ,.e., for nl s aged for 18 hours, Run 13, 1
hour) in h%cﬁﬁ’ogrﬁffﬁ?ﬁgm&f%ﬁﬁﬁ’a‘f’g‘fﬁércgbqwcg%ttcgngﬁlof%gpgaél{sﬁqi ng slurries
whi ch 1ar e @ibeshay afd besSl8yWRith BRFogn ubdbt Sredstire iRURSprelerico of 3 catalydine
slurries were autoclaved at 200 Cfor 1 or 2 hours as reported at Table

| A. The rdsubdwer di) thesduesntrotion efcatdeastens ofisuliie conipmmianyagialy NEsEs 1B,

Runs 10- 13:nd Rk B of Batton Sikicit B sald RbastBCnd 5 3P1ebR36E bPHheRRALY, ons.  the

pourpoint, and density of the feedstock. Hydroprocessing includes hydrocracking,

isomerization/dewaxing, hydrofinishing, and hydrotreating processes which differ by
20  the amount of hydrogen reacted and the nature of the petroleum feedstock treated.
Hydrofinishing is typically understood to involve the hydroprocessing of
hydrocarbonaceous oil containing predominantly (by weight of} hydrocarbonaceous
compounds in the lubricating oil boiling range (“feedstock™) wherein the feedstock is
contacted with solid supported catalyst at conditions of elevated pressure and
25  temperature for the purpose of saturating aromatic and olefinic compounds and
removing nitrogen, sulfur, and oxygen compounds present within the feedstock, and
to improve the color, odor, thermal, oxidation, and UV stability, properties of the
feedstock.
Hydrocracking is typically understood to involve the hydroprocessing of

30  predominantly hydrocarbonaceous compounds containing at least five (5) carbon



Runs 12 and 13 gave nuch higher pore volunmes and surface areas than ég@d@?
seeded batches of Runs 10 and 12. 10 Exanple 2 This exanple i |lustrk

ef fect of |, d gi bbsite on the pore volune of the res I . mte.
To a m | I\ggus/fétfrggy of gibbsite obtained from Reynolds Al Egtﬂndt}g%”%g% under
t he tradename RH30 was added either CP-3 (a 3 mcron APS 15 active al um na)
or AP-15 (an 8 mcron APS active alumna) along wth 2% sodium silicate at
a Na9O Si 2 nol ar ratio of 1.0. The figsal solids for both slurries was
about 15 wt.% The individual anpbunts expressed as a percentage of solids

are summari zed at columms 4, and 9 of Table 1A After autoclaving for 2

7
hours at Z2tOE Per FRolequls ¢ feessinel @ virisheld condictdy He) asuresaB@OospPYHuct anal ysi s

results a I: - . - o bgyseen

t herefr omﬁ@?%g%]?g&c%gﬁ’i Iag?etsﬁll@eégtﬁ% 1%(&11}45})3%%/?32? c&é@ 12@%;)@%& por e

vol une bo&hitH drfoviehdndtkBemiaDenspaptidcbihydigen; @) umhepraend. of Balipl e 3 25
This exanple illustrates the effect of enploying netasilicate as the
crystal sisupporisdatalyst eontapingrat lepst aned bUBIECESBALOLGHRRPIRENY 8ol @ urry of C 30
D gi bbgi te_.havin n PS. of. Qut . 100 i n ium

net asi ica\‘fhg,relﬁﬁ%d?ﬁdﬁéﬁgﬂp\}(@%g%dﬁcg%a lgfedr © g&@%%ag%?ﬁﬂ%ﬂ%ﬁrg %ﬁftj 30

microns. Tgyg30)ds501696t ByHrodafbdnb @oritamitel dt Méhst SHoUE thyes\@3 cabonhtols wt . % and
the active ingredients as a percentage of solids were 68 30 w. % gibbsite,

30 wt . % CResmatrdulz far eaghrase dundrcd 4109) nrdesef feadstoek sontaRingo# leashBYf s 15 JUN
2004 WO OJ( . 15838 tPCT/ uUsoQy 34073 -54 at 200C. the slurry was dried

over ni ght ‘3 “4¥EEOPIET B8 ¥ ®ng product was anal yzed and the results
summari zed at Wr@tré‘atingli@g@ﬁ:all ndeAftobEtoSaeslve HRslrapiocessinbfh pore

vol ume al um na was obtained with an average pore di aneter above 200A. 5
Exanplle 4 pTédosninxathpiydredarbesneesne sompeunds fertpingre & deast fivs ¢agPeR 20MBe act i ve

i di ent l.0gi.GAl ' f B o 1 H20
wns. added P¥s Ot REHSORE T Forlhe Bkl iPaith ARORP Hlickdr oty - O
Si 02/ NaQ2)fe @fithcf SwHe@1iBthe britefQs Wondiéctedo ¢a) s ipesiataok steeris dlydtdgen parfial t he

resulting solution was then added 2,410.1 gns H 10 30 gi bbsite and 700 gns
AP- 15 act ipressateq th)rad teamperatiiss &ypicadiinbplomosdd.3°Crild 0 TR); (o) Withe® Y81t pass

mlled in 4L sand m ) until the,ARS,of i i YT Y| al um na
was about ?ﬁ“'?f‘?&?lbsﬁgfptlgﬂtogg?'%%%"]( A ﬁ%%%?cgkpggdd]ﬁm? en ofean&éri ed
over nijght @hwldtat IEAG ohehdiropénakiby compbribat; wags (L5vikrah: Hithanttetheckact i ve
ingredient content therein as a percent of such solids was 68.18 .6 w. %

gi bbsi t e, modwes amied ebtyaraliy from amuit 00 abpeipl 3fgolss gnalusivepinacH, The

product "‘%%rd‘ré’c%r toinfs icg&m%ng)%trl%t three carbon atoms per molecule for each 100 moles

of the initial feedstock; or (ii) the feedstock comprises at least 50 liquid volume
percent of undeasphalted residue typically boiling at about 565.6° (1050°F) as
20 determined by ASTM D-1160 Distillation and where the primary function of the
hydroprocessing is to desulfurize said feedstock; or (iii) the feedstock is the product of
a synthetic oil producing operation.
Isomerization/dewaxing is typically understood to involve hydroprocessing
predominantly hydrocarbonaceous oil having a Viscosity Index (VI) and boiling range
25  suitable for lubricating oil (“feedstock’) wherein said feedstock is contacted with solid
catalyst that contains, as an active component, microporous crystalline molecular
sieve, at conditions of elevated pressure and temperature and in the presence of
hydrogen, to make a product whose cold flow properties are substantially improved

relative to said feedstock and whose boiling range is substantially within the boiling

30 range of the feedstock.




diffraction as boehmte with a 95A crystallite size. This exanple angSthm
nor phol ogi cal properties are described in Table 1B, Run 17. Exanple i

Thi s exar{gb%lhi‘gﬂst rates separately mlling gibbsite wt h(}létr I%IOHI 107?0“ ve
ingredients versus co-mlling all active ingredients. Thus, f n 18 a 25
w.%slurry of ALCOA C-30 type gibbsite was double pass sand mlled in a
4L sand m Il until the APS was about 3.0 mcrons. The resulting sand
mlled gibbsite was then slurried in_agter along with CP-3 type active

al um na seeds having an APS of 3.0 mcrons and 25 sodiumnetasilicate in
the amounts reported at Table 1A Run 18. For Run 19, the sane %i bbsite
starting mat er iMpresaptibgaly. el krown hgdigarocassinocatnl it camperensdifpicallitt i ve

al um na and di asilicate at _fth a at i,0s . 1 Eh L he
exception l?cflug(?c %tﬁgegsprrglﬁeaéqr@ Of:hgflte(’fgaorﬁ?%ﬁs[c cv‘(’/a&? f(g)orﬁ1 %/hca%%%f E%l{'gﬁ%g%%g%u s about

2 wt . % f orviRdétalkSincRideh roﬁf'BIVIﬁq:Mrﬁuixﬂ %hﬁ?nfe@d]ﬁ in\BRtvalsr pRtidimedd 15 JUN
2004 WO 01/ 45838 PCT/ US 34073 -55 Both slurries were m crowaved for 20

m nut es atpal@tion, the Grohp MiBtiiasagroyp metls, suparéeadarcebalt ewd sigkelndiedr i ed
overnight at 1 .__The slurry cont s _and product nal yses, ar umari zed
at Tabfes (ﬁﬂuﬁﬁi%@?eg&néﬂ Iiaé{léﬂﬂf T@ﬁgéwuﬁb’l‘rﬁi tg%sg?’,’ a‘écggﬁzf%reég%r Ognser si on of

the gi bbsig€reb@stOACHT o RENEMIBPSRT MFr Edhtait] /g 2RsdMhBY bGsut alweéigt00C. In
spite of the residual gibbsité, the total nitrogen pore vol une was well

above | cqerpent Iridi prefexabiypless thias about i fsweightyerednhitherGrouphdllEplagaitting can
roduce a high re I boehm t roma mlled slurry. ample 6 10
B oy an g e Bl Fay B SPRIVET flbt ByarofeaRal bomBeshb th iits siBSett 0s o
size  gr owhGrA Vitt MhBn®h ok Bétds @?ef&ram%géstehtt iR afiaBfounAnEh tﬁ@fﬁ%&/o' une.

Three slurries were " prepared containing H gi bbsite, and AP- 15 active
al um n@ seddboutThl weght pergendfto alidue S orejgit percentzd tiyr total satialysi, bhsedonwas

i ed i tasilicat i fat e, tetr di
byt ophos pif ARSI SR, SRR ST e PP R BRE L6 AR50t o ur vy
was co- m ldhggk G wadpH: YerceASufier, ithe By chadish chnhﬂong%‘éléF Eg‘férﬂb]@)é was

autocl aved for 2 hours at 200C. with stirring at M cool ed, and oven

dried oveonibigatioatof s8Bast ofh iGrowx ¥l iren grogmtrhesalrand shisasigine£Fropp pdr t i es of
the resultin roduct s, ar u rized at Tables | A and. B. Runs 20-22. As
can be seéﬂe‘glh'erBEf’P%'ﬁf’g}ct‘ﬂ%a%y;;gc?gﬁ%tf@ecoﬁp?@e%greﬁﬁfag}yc%{ﬁﬁngmrtﬁﬁuced by
addi tij§n Qqinal Sithlyst ddenppditforGS oRid@Ror ﬁ@ﬁ@ﬁﬁnbﬁéggbfefﬂbﬂ)f AORIFiHS! Prefepled T8 WaS

substantially inCreased by the addition of TSPP, and the addition of
sodi um suldvaradl datedyshcompbsitiens doataindtfleast alymt 2y prefemlly akousSte apept 48i d

L
at least about 0.5, and preferably about 1 to about 15, wt.% of Group VIII of the
Periodic Table of Elements, more preferably nickel and/or cobalt, determined as the

20 corresponding oxides. The sulfide form of these metals is more preferred due to
higher activity, selectivity and activity retention.

The catalyst components, e.g., hydroprocessing catalyst components, can be
incorporated into the overall catalyst composition by any one of numerous procedures
as described.

i5 Although the non-noble metal components can be combined into the catalyst
as the sulfides, this is not preferred. Such components are usually combined as a
metal salt which can be thermally converted to the corresponding oxide in an
oxidizing atmosphere or reduced with hydrogen or other reducing agent. The
composition can then be sulfided by reaction with a sulfur compound such as carbon

30 disulfide, hydrogen sulfide, hydrocarbon thiols, elemental sulfur, and the like.



be produced by autoclaving a co-milled nixture of gibbsite and activé§ JUN 2004
alumna with 6%silica as sodiumnetasilicate. Accordingly, a slurry of
gi bbsite active alumna (AP- 15), silica as sodi Hr@ r%g il.Lcate,
and tetra\&g&?@#f"'ﬁyrophosphate (TSPP) was prepared at about 1 '@\ﬁ%n&étot al
solids. This slurry was prepared by 30 dissolving TSPP (Na4P207 | O H20O) in
dei oni zed water, adding an aqueous solution of 15 JUN 2004 WD 01/45838
PCT/ US00/ 34073 -56 sodiumsilicate at.g Si Q2! Na20 nole ratio of 3.2, sodium
hydr oxi de sol ution, AP-15 active alumna and H 30 gi bbsite. The
conposition of the resulting slurry which is autoclaved is summarized at
Tabl e 1 A, Run Zatalgsticoppgneninean bganeorpergieduptorheepmpasite alugynmat anyCow es
Type mxer. The slurry.was then mlled in a 4LL.DRAIS mll .5 with the first
pacs at alBGET E mPF P MR e cBabtiepRadr P uEpRogeiH FoR RO e
sl urry wasyéiggihe haks \oashes Of watenouiiBle kit QRk ahinthodlinh AtpidRoRbdas80 RPM
After cooling the slurry was dried overnight at about 140C. The sanple was
exchanged amumoniom tsughtateynicksd hitnatey cotgltsilfate and grentirei, can baadded by cav S)
solutign using 1 gm A/ SIgm_ sanpl.e faor 15 mnutes,. filtered ter washed
and ovan dRYEE: ImAEEaRBNE YR R At BBy GrHEA DR et p R 5. 7C f or
surface arfﬁmsr%g%%ﬁms&-mma@ﬁmej A8 CBinpoRERP S beesided 1d ihg product are
summari zed at”Table 1B, Run 23. This material was very hydrothermally
st abl e as donmfiosi afteriagglomemtiondy inpegnationl8ith ak hqueons,3Bhslie face ar ea
retention after treaf ment _at. 800C for 4 hours in ﬁEZO%azI eam at nosphere. 15
Exanpl e 8 ByATasagien spiutiop of SUpblscamppynds of pECErsgrs. FUpTRgnaligq it ehy dr oxi de as
the cryst rcfcﬁ'isaf‘ecgﬁ' h inhibitor. A 15% solids slurry was prepared with

a P-

H 30 (gibbsite) an 15 (active alumna), and NaOH to yield a slurry
charadOeri zed a fifsher embagdiniumn oPthe prebire isvaptioy indisectrddp arpeecebs/foathti ng 162. 2

f 0 wt. % Na | uti to 20 7,1 ter. To th
Pesult i ng TBSIHERERE ke PHiar oeriBatNertar 250 oabFRelatETRe e iion g (s i s)
of H 30 (QiBRSprEdul A a&l&ﬁocﬁ}@ Eé%ojlc%}s ngﬁi%ltayéqd(@ﬂ hydogdrifiondbra The

slurry was co-mlledtwce in a with the first pass at 1.5
Urin and seties ebsbotidted bed 0Bictidn mines ihtbe presencetdfie hydidpderessimg eatalysir opped

f bout 15 w.%to 11.5 w.% Th | . th .ocl d f 2
hour s ar . FgpRris  hysEogeBASan s mponspt of Enilait midals pud BerviPEe B ot Tabie 18
Run 245 ExfrpigdhnbyeiiRitét YR8zl aRaake st theahifiha tbmpodifeiebairl of active

alumna in the solids "was reduced from38.18 to 23.6 wt.% After
co-m | | i nghesgrd. aut ocl aving as in 30 Exanple 8, the norphol ogical properties

\Ig/ec_rr/e Ugg S/S gzgg 3 aRg ;frv%’l? Lrtloevgn %teseTfaeQAs?oc}csl? ton]tgm‘]nlﬂzly(eﬁ Qf?léad\{i\%)mp g‘n/d4 a?sgl?'gtcnes,

e.g., about 40 ppm up to more than 1,000 ppm for the combined total amount of
nickel and vanadium and up to about 25 wt.% asphaltenes. Further, the economics of
20  these processes desirably produce lighter products as well as a fully demetallized
residual by-product, which can be used to make anode grade coke This process is
particularly useful in treating feedstocks with a substantial amount of metals
containing 150 ppm or more of nickel and vanadium and having a sulfur content in
the range of about ! wt.% to about 10 wt.%. Typical feedstocks that can be treated
25  satisfactorily by the process of the present invention contain a substantial amount of
components that boil appreciably above 537.8°C (1,000° F). Examples of typical
feedstocks are crude oils, topped crude oils, petroleum hydrocarbon residua, both
atmospheric and vacuum residua, oils obtained from tar sands and residua derived
from tar sand oil, and hydrocarbon streams derived from coal. Such hydrocarbon

30  streams contain organometallic contaminants which create deleterious effects in



Run 25. As can be seen from Runs 24 and 25, increasing the crystall |E5e+lﬁ,| 70
decreases surface area and reduces pore volunme and APD. Exanple 10 I

exanpl e i rates the effect of high seeding |evels, an nent
Ccsd, i .e‘#’,bldi%ﬁ%m netasilicate, NaOH and TSPP, on surfacg)(grngsgﬁgn onre

volume. A slurry with H30 (gibbsite), AP-15 (active alumna), silicate
added as sodium netasilicate, and 0.0065 noles TSPP/ nol e al um na was
prepared by adding 37.7 gns TSPP 10 HQ to 6,848.1 gns water followed by
conbi ning, under rapid agitation, 10 441.6 gm 12.5 w. % sodium netasilicate
(3.2 nol ar Si G2f Na20O), 102.9 gins 50 wt.% _ NaOH aqueous solution, 1,224.8
gm H 30 anari@sefinipgepragesses tharlemplayiaata)yskaini thy conyersignsofdbe pasileed in Tabl e

1A, Run 2 s doub] e ss mlled.dn _accordance. w.t - 8 he slurry
was i vi B RRE OO U PrOR Ueaie o Thb B Dy <SRG e SO el C e
ot her por ik ARSindde Chd\uedndi Mimitednb, iddn, $8HdiuBainl ndkefuct s were dried 15
overni ght at 140C. The norphol ogi cal properties of the two products are

sumari zed at MihilemeBlliRugadidastnduly as yaysgivnm, iniekel; angiwanpire often Thi s

exanple illustrates the use of silicate and .TSPP.as CSH . w th austi c.
20 Tvvo_gsl GF@F%"V@F‘@“%P%%%%@"@‘E@W&S‘? ARaYs ﬁfnqgsoz%w%?%mzﬁpaérg#l%ﬁc ni ng H 30
(gi bbsi t e}, 4/ARardben cBErhY Sudi iéﬁlgla[k?e?&(%t ok GRI0%iRRGr SiHRRes JiftRe pafit@at s of each

slurry are” sunmarized at Tabl e . However, for Run 28 the nole ratio of

TSPP: t ot almealyot asaa solslsle Gal00bthe pamtichlar matah 2 2s highwaeleeniangeBht Both sl urri es
were mlled in a DRAIS mll twice wt he first ss at 1500 .m /mn
Bnd t he. souERATBIALS SomBRd idpfne gt poEbrt b8 mERTOREERAN for 2
hours at ool sd,nd then oven dried overnight at 140C. Results of

t he nor ph(%)#gg?%a? aﬁﬁgfysi s are summari zed at Table IB, Runs 28- 29. The

sanpl é0f r om RunA28hevahatagirietc lemomedenoerdnetieating bedviythydingatbens isribe t he
sane for 4 hours at 800C. in an atnosphere of .20% ste and.the s ce area
Caated . afEEBIAETQS BN o DR et iy b e e S3ihrafihes® B
2004 WO Ojf%e‘kéﬁa%ﬁ Widd MRR01349¢iRty RBLIERAME atRult bfSueiX BidBluBlek fbrasddr at es t he

use and effect of TSPP and NaCH'as CSA. This material also has a fairly
shar p por éngeases aiitht the buboiatrofwhatérial bodingoages37es e diPe Fewhidas ween

150- 200A. A sluryr s prepared with H 30 i bbsite Psi5 (. i 5

al uni na) , c&ﬁ&e%%qyrwvﬁi%wﬁ% aﬁf'emt%ile &aﬁ%o%t?gé’gﬁﬂ??r%emeéng%ﬁeégscoﬁr%t?{gs

TSPP/ 8l & b Qhides 2188 kiAvn 49 heRll ok BYratds sBlidD afea thy opirssiitydifficult®d. 7 gm
tetrasodi um pyrophosphate (TSPP) in 7,034.7 g of water, adding 164.2 gm 50
W . % aquedusthesydirasonysrsionxiniend Slembysircusigite thedenmpenaturgs and feodsthgm H- 30.

Al addit Iu%ri]tsca\xﬁxragdle. In other words, the amount of solids formed limit the conversion of a

given feedstock. Operability difficulties, as described above, may begin to manifest
themselves at solids levels as low as 0.1 wt.%. Levels below 0.5 wt.% are generally
20 recommended to prevent fouling of process equipment. A description of the Shell hot
filtration test is found at A. J. J., Journal of the Inst. of Petroleum (1951) 37, pp. 596~
604 by Van Kerkvoort, W. J. and Nieuwstad, A. J. J. which is incorporated herein by
reference.
It has been speculated that such insoluble carbonaceous substances are formed
25  when the heavy hydrocarbons are converted in the bydroconversion unit, thereby
rendering them a poorer solvent for the unconverted asphaltenic fraction and hence
creating the insoluble carbonaceous substances. The formation of such insolubles can
be decreased by having most of the surface area in the hydroconversion catalyst
accessible by very large pores so that most of the catalyst surface is accessible to large

30  asphaltenic molecules. Also, the large pores facilitate deposition of nickel and




made under Cowl es agitation. The slurry was co-mlled in a DRAI'S rn'lltrmﬂtzﬁm
- the first 10 pass at 1500 m/mn and the second pass at 500 mMl/mn. "Th

slurry wag, ot aut ocl aved for 2 hours at 200C, cooled a Led
over ni ght gﬁ%ﬁ?& Results of the norphol ogi cal anal ysi s%@@ﬂ%%ri zed at

Table A, Run 30. Exanple 13 15 This exanple illustrates the effect of
addition of NaOH and of Laponite."M, a synthetic hectorite manufactured
by Laporte Industries as the CS@'s. T¢w-slurries (Runs 31 and 32) sand
mlled in accordance with Exanple 8 were prepared from C30D gi bbsite,

Al coa CP-3 active alumna, and Si02 from3.22 nolar SiO2/ Na20 with caustic
addi ti on t@nadingrinythy bpdrpweating catalyst. ofhug, i magds degirable to 1BCTEasE PG te cl ay was
20 fully disper far, ' ' rl : it mlled
lurry orr i vl oyl St bbbl e e ehafhuel BEITLY L B0

at 200C, thpweriadrehs faryarotatingtarp¥edtiinght at 138C. The contents of the
slurry which was autoclaved are summarized at Table | A and results of the

nor phol ogi cal alhhhs/lsden discevereddiet tg uge of FEBCE offeys thgifpsmylategipgmeans fag can be

seen therefromthe Laponite ecreased. 2 [ | ' substantially
i ncr eased aéjﬂﬁsflgggje Oég,smﬁrqas{i%ﬂlgf‘gﬁf)?raegf@gfﬁ%églgg%ei Otttgtgz):g?c’rli trogen pore
vol une. Exaabhécldie Uhaeed XM Ruke Meaihe 6f the FecticivthgShrbédsyedatatconiraly ed

wi th/wi thout Laponite g3;0 RDST". Note that Laponite RDS contained a

phosphat e diffasioheffe¢tsuch that the 15 JUN 2004 WD 01/ 45835 PCT/ US| i 0134073
-59 P2051A1203 le ratio in.the final slurr 0,.0 i zan be
di spersed at a ﬂgegwposé%%%%ﬁ? P‘éﬁs?rgﬁn‘feﬂaﬁﬁ?rg?/?aﬁilagyﬁ%rgétteag%ljuLi)ngﬁpass sand

mlled sl uyd¥otadatigbbbsite was added water, CP-3 active alunina as seeds,
sodium sili‘cate and sodiurii hydroxide having an Si @2/ Na20 nolar ratio of
3.2 an® the resHpydiotrgatingepeyativas argrigpiedlyRaigRout B FRAPIISONES OF epeat ed and

th [ ti | desi t ed 4, t . di d

oty or  tatet fessiors KRR ol prigiaaf S oneliABh bfg Wioge. in YrEALHES

havi ng t hesghiaraandyst E%cﬁs Gre/feptin¥addom ﬁﬁ)ti?m‘&?-tl% Wird flo® oflididSE Wt . %
0

P205, 0.76 wt.% Li 02, 59 wt.% Si 02 and ATV 13.77 wt.% was added to the
slurry of gaRuAnZhuBateth bechiypicale has mgrosssyalnmng of eideast AR BeSCRHtSIOATAIENi t e RDS'

based on t he}o}?q‘%%eiéjgesré%\% tggmc{%%%e% it rarsiz ?d Wale® ﬁ%&gﬂsife\éee%uflﬁfonzofhou s at

'
200C with ¥ ShPSST Tl on of urries prior to
aut ocl @vi ngheicatafydnpmtices & mhinthatel dyliftroddeig tBSliquid féed, indfseve of oedycleg, t he

slurries were oven dried overnight at 138C. The norphol ogi cal properties
t her eof arif apyriedlbd reaetion zoma st kneppyelpgities @:-;gmgrﬁ@@abouixg-oégﬂ BBt debn
e om0 Yl G, AR BN 028 sl b e L L 2
and subst anti al frje bp&agaseshditing fortBé Bydtotredting of heavy hydrocarbon streams,
such as petroleum hydrocarbon residua and the like, are well known in the art and
20  comprise a pressure within the range of about 1,000 psia (68 atmos) to about 3,000
psia (204 atmos), an average catalyst bed temperature within the range of about 700°
F. (371° C.) to about 850° F. (454° C.), a liquid hourly space velocity (LHSV} within
the range of about 0.1 volume of hydrocarbon per hour per volume of catalyst to about
5 volumes of hydrocarbon per hour per volune of catalyst, and a hydrogen recycle
25  rate or hydrogen addition rate within the range of about 2,000 standard cubic feet per
barrel (SCFB) (356 m3/m?) to about 15,000 SCFB (2,671 m?/m?). Preferably, the
operating conditions comprise a total pressure within the range of about 1,200 psia to
about 2,000 psia (81—136 atmos}; an average catalyst bed temperature within the
range of about 730° F. (387° C.) to about 820° F. (437° C.); and 2 LHSV within the

30  range of about 0.1 to about 4.0; and a hydrogen recycle rate or hydrogen addition rate




Exanpl e 15 This exanple illustrates the effect of addition of a sn§lJUN 2004
anount of 20 tetrasodi um pyrophosphate (TSPP) on the crystallite size and

pore vol aut ocl aved al um na product nade with L a7 WO
i denti caltwgloai‘*rs?jés were prepared and desi gnated Runs 35 ang gofﬁmms
respectively, except to one (Run 36) was added 0.00234 nol es TSPPI nol e
alum na. The slurries were prepared by dispersing 3.0 gns of Laponite
RDI' (a swellable clay characteri zed- &s- containing 59-60 w. % 25 Si 02,
27-29 wt. % MgO, 0.7-0.9 w.% LiO and 2.2-3.5 w.% Na20) in 596.6 gin H2O

Then TSPP was added to the Laponitetm slurry of Run 36 and not the slurry
of Run 35.withip theraneg alahent 2A0Q SCFB(BRRE w3 te ahnwb 40.990 ACEBL1 dB1s0di um

il . 5 % S S " L Q.= d 8.1
o 20w RS AR oor Bk b Bkl Sorperdy & wADC G

mlled gi kipsdabE3d V130 of GRTedBiradion baflirigaibale YOO FliesorvEied o Aprodunt . %9 was
added to each slurry along with 55.1 gns CP-3 15 JUN 2004 WO 01/ 45838
PCT/ US00/ 30@ing badow 43007 &. andmoreepr fr:x%djoscothm atdgast Hhyql- % of thei seiegler e

aut ocl aved. far 2 hour t 200 and the al um product dried at 138C
over ni _Sht %‘aﬁﬁ«g"&%‘f?&ggﬁ?‘f@&prg?%g(’&%rbrﬁ w\ll/\)ﬁﬁ?%{\ﬁwas aut ocl aved is

summari zed at Taklige flatmdRthiiHiardcatioh dstiMheBRhe Bt ftigCethnditngwonids ar e
provi ded at Table 1, Runs 35 and 36. As can be seen therefrom addition 5

of a smal |typinBiinconapriscrachydhegsp partial pressure withindhe ramge of akant8@peryktal lite

i d | d | upe. . Exampl e 16 Thj ' . th
of fect of ABSM PPy 2P0 Pt iR auRiDeR Sretite SRDrER A Biseiabb SRR 5 (1 e
gi bbsite qRe hih%e%%@&dtmedﬂb@@mgeo BEpQRB00T BS4D6P @) LAEA VI williin tieont ai ni ng

system Two slurries were prepare desi gnated Runs 37 and 38, containing
about 168 wengé of dbost §.4 vohimoue! IpAragarbinaer heurpse volymeaf gafelyato 2hBBIAR 2 wt. %

Si 02 (Na2Q Si Q2 |lar ratio = 1.0) and .about . 3.wt .2 i depi cted
at Table Yoi'?mﬁ%%m?%o“dﬁ?v}etﬂéﬂ cbrﬂyggqug a@égo%glr%%ﬁlﬂﬁﬂé%ﬂ?%{ gissl urry
while for Ragr 3804 8CRBE(198M3183)36 b6t 300D STHB Q1381 me/inels Faefeffed | ed. Bot h
were double pass mlled with the first gass mld and the second severe.

The nor phodregitom coadisions far theshysiretvsatiog ofhydrregsh@ digtilaescomprishd 38. As can

be seen therefrom co-mlling.significant # ' hge of

t he boehmi P& & Raﬁt&?@éessg%fer\fﬁwrbglgr{a%rog ‘”*\L%‘f‘&?%g?’gﬁl%gﬁ&m éﬂgtﬁlr?g %gg ar ea
and porse ppRPEdItHmasy; ah Bvdragd mfstw@&mﬁ@tﬁeﬁn&&raﬂ@ ofepout GH°F Runs
37 and 38 were obtained after calcination at 537.8C faor 2 hours. However,

a portion G5t o) terrbumt 7 HEF. $3951C ;o LGN vathimbs rengecaf bert (e Vﬁluﬁ&ﬂf_s at
Cher eaf  or PYABURI FEoureE Syt S ARDEN Py FRLRRR PR bR ! o
not ewor t hyhdiftgleb i Q8mefof chiifsR@nE a hivd@geh fecydl®ite orhyatogenadiitoduwate of Runs
38 and 39 are very little pore vol une
within the range of about 1,000 SCFB (178 m3/m?) to about 6,000 SCFB (1,068
20 m3/m?).
The most desirable conditions for conversion of a specific feed to a
predetermined product, however, can be best obtained by converting the feed at
several different temperatures, pressures, space velocities and hydrogen addition rates,
_correlating the effect of each of these variables and selecting the best compromise of
25  overall conversion and selectivity.
All references herein to elements or metals belong to a certain Group refer to
the Periodic Table of the Elements and Hawley’s Condensed Chemical Dictionary,
12" Edition. Also, any references to the Group or Groups shall be to the Group or

Groups as reflected in this Periodic Table of Elements using the CAS system for

30 numbering groups.




25 in <100A pores, a nesopore pore node at about 250A, and excell ent
hydrothermal stability, with 95% surface area retention after stean‘illﬁgl.UN 2004
Exanple 17 This exanple illustrates the effect of LaponiteTM on two

di fferent WOI#8ed 30 slurries prepared with 0 and 5 w . BWYH8RdTw, and
designated Runs 40 and 41, 15 JUN 2004 WO 01/ 45838 PCT/ USOQO 34073 -61
respectively. Inputs and product analysis after autoclaving for 2 hours at
200C and then drying overnight are sugparized at Table I A Thus, the
co-mlling procedure was the sane as enployed for Exanple 16 and the
contents of the slurries is summarized at Table IA, Runs 40 and 41. The

addi tion of theTke fallo¥ingapanipica bid giaeeas dpeaific dlusmationsvaftthe clamhdder

crystallites, higher surface area and nuch hi gher pore vaolume, than the
sanpl e autiBmPRd KgboRk e LL“QE@Fﬂoﬂewcvﬁr’ﬁl?%trﬁﬁg‘éﬁcrﬁ’&“és g‘i’tg]émlﬁffdsttort buti on of

t he boehni | Wt 59 | d ' ' oportion
of the porsé&glﬂgﬁr?%{ggr?{%gmg%&ggga@ﬂggl‘égw %@P@%ﬁ%ﬁ‘o@g%ﬁgﬂﬁode at
780A. .0 Examl 8 idShelfthRimiaopihe spedifictioRtLs by eight hsless @herwidel i ng to

obtain very high pore volunes. Thus, Run 41 was repeated two tines (and
desi gndt edpeEifigd.4Pnipssiotgywiss spepificd higtein. gl sudernered PARRBIOPERY ed by
controlling, the nunber of S thro : 1 icle size
of "the. st AT IR S e2aRER3F s Phcteigob i SRl Bero be PSR 00° 01 22

15 enpl oyeagidg dage 6n Passieswhithddghbésheakaied a0537.8°C aopetw)ifvel ourdhe
starting gibbsite particle size prior to co-mlling was 8 mcrons for Runs
42 and 43 apopsphene@essIeanAs.- for Run 41. The 8 micron particle size was

obtained by pr %&%@ggfagﬁﬁghgﬁéuﬁpe lé‘_{'stalg}zl lg%ivl%li 1Ht81§ u‘é@cf@cx@ I1ed with

all ingredients evel's and “resul'ts  are sunmari zed at

Tabl eq0lA gichtBadieasund diliend, dhdstids NADH betrseaiunt paopbaghac (TSPP0iLRUNS 41 to
43, the pore volune increases and crystallite size decreases with mlling

severity. NedrOgpesrdiomesulipie dNaiSE)iapdLapemitec o fiedwPPHis 1SEreEPareh pore

volune as _mlLli.ng. severi i-nc . i £ 0

i 11ustrat e A bea?::rseagﬁ ag?lts%g if%rgthe?@%%é’éa%gégg I%%%S"\?}'g? ;A;tlmn% arrgﬁ’r?p s. Thus,
three i deng) c@le sshitkldf BROHIGSE BRratfatn Rdigm 4diche (3.0)SiOgMaadnanifrogi bbsi t e,
active alum na seeds (AP-15), sodiumsilicate, sodi um hydroxide and

Laponi t e" Wa@HardberkSFPFaway aqsef eea 16hydms butthe watsrag notigcheded ipdhe
e AR e S e I B R ok 57
respect i vela6$%ras Masurdd at ®446. C M 15015). TWKeR Q01180510744 45 8 3B siRCGTANSOO 34073
62 prepared the % solids were determined by first drying a weighted portion of the slurry
at 137.8° C (280° F) and then calcining for 1 hour at 954.4° C (1750° F). The TV of
the calcined alumina seeds were determined by calcination at 954.4° C (1750° F) and
20  measuring the weight loss.
Furthermore, the % solids reported in Colurmn 1 of Table 1A represents the
total wt.% solids in the slurry which is autoclaved. Columns 7 and 9 of Table 1A
represent the % of the solids of Column 1 which constitute alumina seed (Col. 7) and
CSGI (Col. 9) respectively. Column 8 of Table LA represents the % of the solids of
25  Column 9 which correspond to the individual components making up the total CSGI
of Column 9.
Further, any range of numbers recited in the specification or claims, such as
that representing a particular set of properties, conditions, physical states or
percentages, is intended to literally incorporate expressly herein any number falling

30  within such range, including any subset of numbers within any range so recited.



slurries were double pass sand nmilled after all ingredients were addédUNniili
then autoclaved for 2 hours at 200C with 600 RPM agitation. Each product
was oven ried _qvernight at 138C. The results of norphol qgi ysi s
are summwgf’ég”g? Table 1B, Runs 44 to 46. As can be seeﬁ%ﬁ@#ﬂggg@%
addition of the TSPP did reduce 5 the crystallite size and increase pore
vol une of the boehmte alumna. It wll be observed, however, that if the
amount of TSPP is too high as in Run 46 _.it will inhibit the gibbsite to
boehm te conversion. Accordingly, Run 46 is viewed as Conparative Exanple

3. Hgh levels of TSPP can be used w thout inhibiting gibbsite conversion
by changi ng reaction conditions, e.g., reducing silicate or increasing

al um na seedin | evel q Exanpl e 20 This exanple illustrates the effect
of using t@ﬁé@%&—@?@%—%l argel (r) T (a mxture of about 10 w.%
natural hect or g, aghpaheNt Elinile dlot Q0N TFiED bBSirie: GLANA)IIE fibam the

Anerican Colloid Co. as a Pol ar gel ( can be characterized as
cont ai n| nggﬂihsﬁE {bhe woummmmayw&rmvmmmm th& ir3dename BISPIRIINE, 11 wt . %

11 6o S DR, ek on A BRARC i fls il "

1,627.4 g@vg#aggpar@'c&bs?%é@} gg/ ggnnbéﬁ? ¢ dinfi€} dﬁﬁ?cr&ls‘iﬂ}ﬁﬁms ?593 &a@m (12. 5%

Si 02) sodium I cate ratio = 3. 2), 3 gns 50% NaCH
sol ution angd7 Gaﬁ%xegpmivb@OThe'ﬂtES Folr tirer giblosfite Rsed Mwaswt-iwaedmﬂyagable
LaponiteT " RD (TV=13.26 w. % and the slurr forq\gun 48 contai ned 54.1
1 gns Po|%ﬁcgéﬁlpsly sturpyof iesgEngpizo@bbeites fvest BREPed 2dfipe sarieapedy
d' | Sper i NGy BSRELIT Y, Whel FurktB Gerelafockhvls RRYTotk bind(ReiWuagl tati on.
each di spersion was en agc?e e SI Icate and caustic and then the
act| vdOal uigitadoR mdathen gnbcﬂ)smtrmghBanlISSSﬂ: unidl grse leegebabbubleerpaabtenivtitied in a
4L sand mll, autoclaved for 2 hours at 20QC oolelg, nd oven dried
over ni ght 18¥ mitggen pase veEes il arg glso reporigA at b %il?:évl ‘é‘?ﬁ V’sﬁs are provi ded
at Table 1B, Runs 47 and 48. As can be seen therefrom simlar high pore
vol une al um' nas were prepared with the synthetic hectorite or the bl ended
nat ural cl@ympaAGtiWEQdh@e838 -63 15 JUN 2004 PCT/ USOQO 34073 Exanpl e 21

Thi s exanplelllustratesthe effect_of pot mllin i bbsite .in a

TSPPI Laponi t e"' This Eﬁ?ﬂlﬁlicﬁ \"r‘é‘aéfﬁélﬂee?ﬁfe&haf Yf’é)"?gﬂbe ?F%él%éﬁgﬁ%%‘%fe SpebBY Thr ee
slurri@s B R gi bbsite
(uncal ?I n\ggéﬁgﬂ-&@ﬁ%l IJISO é g 50. 8%‘%?%?@2@??&%Q’aﬁﬁa 14. 4 gns

(12.5% sogibbites iSlurcias of QaiﬁdZmﬂeﬁ) 2ibhsiROdvailatide drogi ABCEDVaRdsdtithetradedrwsi de,

10.4 gne L@ %%]rg \tveereglgded to squrues 819 \%gt%r ant \gar)%ngg.r?ﬁ%unts of boehmite seeds having

a crystallite size of 130 Angstroms. The final solids content was about 20 wt.%. Each

sharry was autoclaved with agitation at 200°C and then oven dried overnight at 138°C.
20  The results are summarized at Table 1, Runs 6-9. As can be seen from Table 1,

increasing the seeding level had only a relatively small effect on reducing crystallite

size and increasing pore volume of the resulting boehmite product.

Example 1
25 This example illustrates the effect of a crystal size growth inhibitor and

alumina seed content on the boehmite crystallite size and pore properties. To slurries
(characterized by Columns 2, 3 and 4 of Table 1A) of a gibbsite available from
ALCOA under the tradename C-30 D, which had been reduced in particle size by
milling the slurry at a 1500 mi/minute rate and a second pass at 800 ml/minute to an

30  average particle size of about 3 microns, were added slurries of active alumina
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p oa$a o dEatde OB illustrates that upder these reaction conditions, the 30% seeded batches of
Runs 12 and 13 gave much higher pore volumes and surface areas than the 20%
seeded batches of Runs 10 and 12.
10
Example 2
This example illustrates the effect of milling gibbsite on the pore volume of
the resulting boehmite. To a milled slurry of gibbsite obtained from Reynolds
Aluminum Co., under the tradename RH30 was added either CP-3 (a 3 micron APS
15  active alumina) or AP-15 (an 8 micron APS active alumina) along with 2% sodium
silicate at a Na,0:Si0- molar ratio of 1.0. The final solids for both slurries was about
15 wt.%. The individual amounts expressed as a percentage of solids are summarized
at columns 4, 7, and 9 of Table 1A. After autoclaving for 2 hours at 200°C, the
slurries were dried overnight at 138°C. Product analysis results are summarized at
20 Table 1B, Runs 14 and 15. As can be seen therefrom, the smaller particle size
alumina seed yielded a higher pore volume boehmite than the larger particle size

alumina seed.

Example 3
25 This example illustrates the effect of employing metasilicate as the crystal size

growth inhibitor. To a double pass sand milled slurry of C-30 D gibbsite having an
APS of about 100 microns was added water, sodium metasilicate, and CP-3 active
alumina seeds having an APS of about 30 microns. The solids content in the resulting
slurry was about 15 wt.% and the active ingredients as a percentage of solids were 68

30  wt.% gibbsite, 30 wt.% CP-3 and 2 wt.% metasilicate. After antoclaving for 2 hours
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at 200°C. the slurry was dried overnight at 138°C. The resulting product was
analyzed and the results summarized at Table 1, Run 16. As can be seen therefrom, a

high pore volume alumina was obtained with an average pore diameter above 200A.

5 Example 4
This example illustrates the effect of co-milling all the active ingredients on

morphological properties of product. To 11,446.1 gms H,O was added 360.0 gms
(12.5 wt.%) sodium metal silicate (3.2 molar SiO3/NaO,) and 83.9 gms of a 50 wt.%
sodium hydroxide solution. To the resulting solution was then added 2,410.1 gms H-

0 30 gibbsite and 700 gms AP-15 active alumina available from Porocel. The slurry
was double pass milled in a 4L sand mill until the APS of the gibbsite and active
alumina was about 3.0 microns, autoclaved for 2 hours at 200°C, then oven dried
overnight at 138°C. The total slurry solids was 15.3 wt.% and the active ingredient
content therein as a percent of such solids was 68.18 .6 wt.% gibbsite, 29.27 wt.%

15 AP-15, 1.95 wt.% SiO; and 2.6 .4 wt.% NaQOH. The product was identified by X-ray
diffraction as boehmite with a 95A crystallite size. This example and the

morphological properties are described in Table 1B, Run 17.

Example 5

20 This example illustrates separately milling gibbsite without other active
ingredients versus co-milling all active ingredients. Thus, for Run 18 a 25 wt.% slurry
of ALCOA C-30 type gibbsite was double pass sand milled in a 4L sand mill until the
APS was about 3.0 microns. The resulting sand milled gibbsite was then slurried in
water along with CP-3 type active alumina seeds having an APS of 3.0 microns and
25  sodium metasilicate in the amounts reported at Table 1A, Run 18. For Run 19, the
same gibbsite starting material employed for Run 18 was admixed with the same
active alumina and sodium metasilicate at the same ratios as Run 18 with the
exception that the metasilicate content was only about 1 wt.% versus about 2 wt.% for

Run 18, and co-milled until the same APS was obtained.
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Both slurries were microwaved for 20 minutes at 200°C. in a hermetically
sealed reactor, cooled and dried overnight at 138°C. The slurry contents and product
analyses are summarized at Tables 1A and B, Runs 18 and 19. In both cases, about
90% conversion of the gibbsite to boehmite was observed in only 20 minutes at

5  200°C. In spite of the residual gibbsite, the total nitrogen pore volume was well
above 1 cc/gm. This example also illustrates that microwave heating can produce a

high pore volume boehmite from a milled slurry.

Example 6

10 This example illustrates the effect of elﬁploying combinations of crystal size
growth inhibitors on the alumina crystallite size and pore volume. Three slurries were
prepared containing H-30 gibbsite, and AP-15 active alumina seeds. The identity of
the crystal size growth inhibitor was varied among sodium metasilicate, sodium
sulfate, and tetrasodium pyrophosphate (TSPP) as reported at Table 1A for Runs 20-

15  22. Bach slurry was co-milled using two passes in a 4L sand mill. Each slurry was
autoclaved for 2 hours at 200°C. with stirring at 600 RPM, cooled, and oven dried
overnight at 138°C. This Example and the morphological properties of the resulting
products are summarized at Tables 1A and B, Runs 20-22. As can be seen therefrom,
the crystallite size was significantly reduced by addition of TSPP, the surface area,

20  and total nitrogen pore volume was substantially increased by the addition of TSPP,
and the addition of sodium sulfate had no substantial effect on crystallite size but did

increase total nitrogen pore volume.

Example 7
25 This example illustrates that a very high average pore diameter boehmite can

be produced by autoclaving a co-milled mixture of gibbsite and active alumina with
6% silica as sodium metasilicate. Accordingly, a slurry of gibbsite (H-30), active
alumina (AP-15), silica as sodium metasilicate, and tetrasodivm pyrophosphate
(TSPP) was prepared at about 15 wt.% total solids. This slurry was prepared by

30  dissolving TSPP (NasP;0+10 H;0) in deionized water, adding an aqueous solution of
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sodium silicate at a $S105/Na;O mole ratio of 3.2, sodium hydroxide solution, AP-15
active alumina and H-30 gibbsite. The composition of the resulting slurry which is
autoclaved is summarized at Table 1A, Run 23. All additions were made with
agitation using a Cowles Type mixer. The slurry was then milled in a 4L DRAIS mill
5  with the first pass at about 1.5 L/min and the second pass at about 500 mi/min. The
shurry was then autoclaved for 2 hours at 200°C with agitation at 580 RPM. After
cooling the slurry was dried overnight at about 140°C. The sample was exchanged to
low soda by reslurrying with an ammonium sulfate (A/S) solution using 1 gm A/S/gm
sample for 15 minutes, filtered, water washed and oven dried. The sample was then
10  calcined for 2 hours at 538.7°C for surface area measurement. The morphological
properties of the product are summarized at Table 1B, Run 23. This material was very
hydrothermally stable as indicated by a surface area of 154 m%g or 83% surface area

retention after treatment at 800°C for 4 hours in a 20% steam atmosphere.

15 Example 8
This example illustrates the effect of using sodiuvm hydroxide as the crystal

size growth inhibitor. A 15% solids slurry was prepared with H-30 (gibbsite) and AP-
15 (active alumina), and NaOH to yield a slurry characterized at Table 1A, Run 24.
The slurry was prepared by adding 162.2 gms of a 50 wt.% NaOH aqueous solution to

20 7,158 gms water. To the resulting solution was then added under good agitation,
1,258 gms (as is) of H-30 (gibbsite) and 619.9 gms (as is) AP-15 (active alumina).
The slurry was co-milled twice in a 4L DRAIS mill with the first pass at 1.5 L/min
and the second at 500 ml/min whereupon the solids content dropped from about 15
wt.% to 11.5 wt.%. The slurry was then autoclaved for 2 hours at 200°C . The

25  morphological properties are summarized at Table 1B, Run 24.

Example 9

Example 8 was repeated, except that the level of active alumina in the solids
was reduced from 38.18 to 23.6 wt.%. After co-milling and autoclaving as in

30  Example 8, the morphological properties were measured and reported at Table 1B,



gmv) Maroc zo Wbz Zz 7777z zz zz t3 ID 41 1D o QO Qac~Q Qo 1ghjyN snn
M~1 ;EE'EW 2 No mm Qc=Uai youC?UU U ,~,?2. V] lei VN NN NALil'12 |

| A{rj r va}}z%%:;; u71147 ~1 Ifl1A 14 Lnll a O _ r N NN th,(ﬁffs"m:;

VWM | % x X w zcicicSeddoci ci www w w w0 ~~'r a.~nm nm
c,ONm~ vlico Y "M N U Q z 15 JUN 2004 WO 01/ 45838 -65 PCT/ US00/ 34073 C

-57 -

Run 25. As can be seen from Runs 24 and 25, increasing the crystallite size decreases

surface area and reduces pore volume and APD.

Example 10
5 This example illustrates the effect of high seeding levels, and a 3 component

CSGI, i.e., sodium metasilicate, NaOH and TSPP, on surface area and pore vojlume.
A slurry with H-30 (gibbsite), AP-15 (active alumina), silicate added as sodivm
metasilicate, and 0.0065 moles TSPP/mole alumina was prepared by adding 37.7 gms
TSPP+10 H;0 to 6,848.1 gms water followed by combining, under rapid agitation,

[0  441.6 gm 12.5 wt.% sodium metasilicate (3.2 molar SiO2/Na;0), 102.9 gms 50 wt.%
NaOH aqueous solution, 1,224.8 gm H-30 and 582.7 gms AP—lS; The slorry having
solids as reported in Table 1A, Run 26 was double pass milled in accordance with
Example 8. The slurry was divided and one portion autoclaved for 2 hours at 200°C,
while the other portion was autoclaved for 1 hr at 200°C. Both products were dried

15 overnight at 140°C. The morphological properties of the two products are

surmmarized at Table 1B, Runs 26 and 27, respectively.

Example 11
This example illustrates the use of silicate and TSPP as CSGI without caustic.

20  Two slurries were prepared and designated Runs 28 and 29 containing H-30
(gibbsite), AP-15 (active alumina)silicate and TSPP. The contents of each slurry are
summarized at Table 1A. However, for Run 28 the mole ratio of TSPP:total alumina
was 0.0065 and for Run 29 it was 0.00325. Both slurries were milled in a 4L DRAIS
mill twice with the first pass at 1500 ml/min and the second pass at 500 ml/min. Both

25  slurries were autoclaved for 2 hours at 200°C, cooled and then oven dried overnight at
140°C. Results of the morphological analysis are summarized at Table 1B, Runs 28-
29. The sample from Run 28 was tested for hydrothermal stability by heating the
same for 4 hours at 800°C in an atmosphere of 20% steam and the surface area tested
and found to be 249 m%g, which is a retention of 71%.

30
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Example 12

This example illustrates the use and effect of TSPP and NaOH as CSGL. This
material also has a fairly sharp pore size distribution with an average pore diameter
between 150-200A. A slurry was prepared with H-30 (gibbsite), AP-15 (active
alumina), and sodium hydroxide to give 5.35 wt.% NaOH and 0.02 moles TSPP/mole
total alumina. The slurry was prepared by dissolving 120.7 gm tetrasodium
pyrophosphate (TSPP) in 7,034.7 g of water, adding 164.2 gm 50 wt.% aqueous
sodium hydroxide solution, 613.3 gm AP-15 and 1,267 gm H-30. All additions were
made under Cowles agitation. The shurry was co-milled in a DRAIS mill with the first
pass at 1500 ml/min and the second pass at 500 ml/min. The slurry was then
autoclaved for 2 hours at 200°C, cooled and oven dried overnight at 140°C. Results

of the morphological analysis are summarized at Table 1A, Run 30.

Example 13
This example illustrates the effect of addition of NaOH and of Laponite ", a synthetic

hectorite manufactured by Laporte Industries as the CSGI’s. Two slurries (Runs 31
and 32) sand milled in accordance with Example 8 were prepared from C30D
gibbsite, Alcoa CP-3 active alumina, and SiO; from 3.22 molar Si02/Na;O with
caustic addition to a Nay0/SiO, molar ratio of 2.0. Separately, a Laponite clay was
fully dispersed for ¥ hour in water prior to addition of the milled shurry for Run 32
thereto. After autoclaving both slurries for two hours at 200°C, the products were
dried overnight at 138°C. The contents of the slurry which was autoclaved are
summarized at Table 1A and results of the morphological analysis are reported at
Table 1B, Runs 31 and 32. As can be seen therefrom the Laponit:eTN decreased
crystallite size, substantially increased surface area, and substantially increased total

nitrogen pore volume.

Example 14
This example compares the same slurry autoclaved with/without Laponite

RDS™. Note that Laponite RDS contained a phosphate additive (such that the
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P,0s/A1,05 mole ratio in the final slurry was 0.018) so it can be dispersed at a higher
concentration in water. To a first double pass sand milled slurry of gibbsite was
added water, CP-3 active alumina as seeds, sodium silicate and sodiurh hydroxide
having an Si0./Na;O molar ratio of 3.2 and the resulting slurry designated Run 33.

5  Run 33 was repeated and the resulting slurry designated Run 34, except that a well
dispersed slurry of Laponite RDS™ (a physical blend of Laponite RD” and TSPP
having the composition 6.7 wt.% Na,0; 26.7 wt.% MgO, 1.9 wt.% SOq, 4.5 wt.%
P,Os, 0.76 wt.% LiO,, 59 wt.% SiO; and ATV of 13.77 wt.%) was added to the slurry
of Run 34 such that the final slurry contained 5 wt.% Laponite RDS" based on the

10 solids weight. Both slurries were autoclaved for 2 hours at 200°C with stirring at 600
RPM. The composition of the slurries prior to autoclaving is summarized at
Table 1A, Runs 33 and 34. After cooling, the slurries were oven dried overnight at
138°C. The morphological properties thereof are summarized at Table 1B, Runs 33
and 34. As can be seen therefrom, the addition of the Laponite RDS™ gave a

15  boehmite with a higher nitrogen pore volume, smaller crystallite size, higher surface

area and substantially increased total pore volume.

Example 15

This example illustrates the effect of addition of a small amount of

20  tetrasodium pyrophosphate (TSPP) on the crystallite size and pore volume of an
antoclaved alumina product made with Laponite . Two identical slurries were
prepared and designated Runs 35 and 36, respectively, except to one (Run 36) was
added 0.00234 moles TSPP/mole alumina. The slurries were prepared by dispersing
3.0 gms of Laponite RD" (a swellable clay characterized as containing 59-60 wt.%

25 SiO,, 27-29 wt.% MgO, 0.7-0.9 wt.% LiO and 2.2-3.5 wt.% Na;0) in 596.6 gm H,0.
Then TSPP was added to the Laponite” slurry of Run 36 and not the slurry of Run 35.
To each Laponite” shurry was then added 14.4 gms of sodium silicate solution (12.5
wt.% Si0,, Si0,/Na;O molar ratio = 3.2) and 8.1 gms 50 wt.% aqueous NaOH
solution. Then 522.8 gms of double pass sand milled gibbsite (H-30 from Kaiser,

30 total volatiles (TV) = 75.9 wt.%) was added to each slurry along with 55.1 gms CP-3
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active alumina (TV=10.0 wt.%). Both slurries were autoclaved for 2 hours at 200°C,

and the alumina product dried at 138°C overnight. The composition of the slurry

which was autoclaved is summarized at Table 1A, and the results of morphological

analysis are provided at Table 1, Runs 35 and 36. As can be seen therefrom, addition
5  of a smal} amount of the phosphate salt substantially reduced crystallite size and

increased pore volume.

Example 16
This example illustrates the effect of co-milling all the raw maternals together
10  instead of just the gibbsite on the autoclaved boehmite properties in a Laponite™
containing system. Two slurries were prepared, designated Runs 37 and 38,
containing about 68 wt.% gibbsite, about 27 wt.% AP-15 (active alumina), about 2
wt.% Si0; (Nay0/8i0; molar ratio = 1.0) and about 3 wt.% Lapc)niteTN as depicted at
Table 1A. For Run 37, only the gibbsite was sand milled as a slurry while for Run 38
15  the entire autoclave input slurry was co-milled. Both were double pass milled with
the first pass mild and the second severe. The morphological analysis is provided at
Table 1B Runs 37 and 38. As can be seen therefrom, co-milling significantly reduced
crystallite size of the boehmite and increased nitrogen pore volume.
As with all surface area and pore property determinations, such properties as
20  reported at Runs 37 and 38 were obtained after calcination at 537.8°C for 2 hours.
However, a portion of the uncalcined sample of Run 38 was calcined for 4 hours at
800°C in an atmosphere of 15 wt.% steam and the morphological properties thereafter
determined and reported as Run 39 at Table 1B. Among the noteworthy features of
the pore size distribution of the Product of Runs 38 and 39 are very little pore volume
25  in<100A pores, a mesopore pore mode at about 25 0A, and excellent hydrothermal

stability, with 95% surface area retention after steaming.

Example 17

This example illustrates the effect of LaponiteTM on two different co-milled

30  slurries prepared with 0 and 5 wt.% Laponitem, and designated Runs 40 and 41,
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respectively. Inputs and product analysis after autoclaving for 2 hours at 200°C and
then drying overnight are summarized at Table 1A. Thus, the co-milling procedure
was the same as employed for Example 16 and the contents of the slurries is
summarized at Table 1A, Runs 40 and 4]1. The addition of the 5 wt.% Laponite” gave
an alumina with smaller crystallites, higher surface area and much higher pore volume
than the sample autoclaved without Laponite . A nitrogen pore size distribution of
the boehmite with 5% Laponite” added (Run 41) confirms a high proportion of the

pore diameter between 300 and 1000A with a macropore pore mode at 780A.

Example 18

This example illustrates the effect of milling to obtain very high pore volumes.
Thus, Run 41 was repeated two times (and designated Runs 42 and 43) except that the
co-milling was varied by controlling the number of passes through the sand mill. The
particle size of the starting gibbsite was also varied. More specifically, Runs 42 to 43
employed 1 and O passes through the sand mill, respectively. The starting gibbsite
particle size prior to co-milling was 8 microns for Runs 42 and 43 versus 100 microns
for Run 41, The 8 micron particle size was obtained by premilling the gibbsite. All
milled slurries were milled with all ingredients present. The input levels and results
are summarized at Tables 1A and B Runs 42 and 43. As can be seen from comparing
Runs 41 to 43, the pore volume increases and crystallite size decreases with milling
severity. Nitrogen pore size distributions confirm this increase in pore volume as

milling severity increases.

Example 19
This example illustrates the effect of using TSPP as a CSGI at varying

amounts. Thus, three identical slurries (designated Runs 44 to 46) containing
gibbsite, active alumina seeds (AP-15), sodium silicate, sodium hydroxide and
Laponite " in amounts as reported at Table 1A, Runs 44 to 46, were prepared. Also
added to the slurries was tetrasodium pyrophosphate (TSPP) at amounts of 0.0,
0.00256 or 0.00511 moles TSPP per mole Al,O; respectively for Runs 4410 46. All

PS“JgﬂNgum
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slurries were double pass sand milled after all ingredients were added and then
autoclaved for 2 hours at 200°C with 600 RPM agitation. Each product was oven
dried overnight at 138°C. The results of morphological analysis are summarized at
Table 1B, Runs 44 to 46. As can be seen therefrom, addition of the TSPP did reduce
5  the crystallite size and increase pore volume of the boehmite alumina. It will be
observed, however, that if the amount of TSPP is too high as in Run 46, it will inhibit
the gibbsite to boehmite conversion. Accordingly, Run 46 is viewed as Comparative
Example 3. High levels of TSPP can be used without inhibiting gibbsite conversion
by changing reaction conditions, .g., reducing silicate or increasing alumina seeding

10 level.

Example 20
This example illustrates the effect of using the natural clay Polargel® T (a

mixture of about 10 wt.% natural hectorite and about 90 wt.% montmorillonite clays)

15  from the American Colloid Co. as a CSGL Polargel® can be characterized as
containing 2.35 wt.% NayO, 14.43 wt.% Al,0s, 75.35 wt.% Si0,, 3.11 wt.% MgO,
1.78 wt.% Ca0, 0.84 wt.% K0, and 0.067 wt% Li,O and TV at 954°C of 11.68
wt.%. Two sluries, designated Runs 47 and 48, were prepared with 1,627.4 gm H-30
gibbsite, 469.2 gm AP-15 active alumina, 250.2 gm (12.5% Si02) sodium silicate

20 (SiOz/NazO molar ratio = 3.2), 58.3 gms 50% NaOH sclution and 6,741 gms H-O.
The slurry of Run 47 contained 1 gm Laponitem RD (TV=13.26 wt.%), and the slurry
for Run 48 contained 54.1 .1 gms Polargel® T (TV=11.68 wt.%). Each slurry was
prepared by dispersing the respective clay in water for ¥ hour with rapid agitation. To
each dispersion was then added the silicate and caustic and then the active alumina

25  and gibbsite. Both slurries were double pass milled in a 4L sand mill, autoclaved for
2 hours at 200°C, cooled, and oven dried overnight at 138°C. The results of the
morphological analysis are provided at Table 1B, Runs 47 and 48. As can be seen
therefrom, similar high pore volume aluminas were prepared with the synthetic

hectorite or the blended natural clay.
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Example 21

This example illustrates the effect of not milling gibbsite in 2 TSPP/LaponiteTM
containing system and varying the amount of TSPP. Three slurries were prepared,
designated Runs 49-51, using 190.1 gms gibbsite (uncalcined AP-15 from Porocel),
50.0 gms AP-15 active alumina, 14.4 gms (12.5%) sodjum silicate (3.2 Si02/Na,O),
3.4 gms 50% sodium hydroxide, 10.4 gms Laponite RD" and 0.00256, and 0.0039
moles TSPP/mole of alumina for Runs 49-51, respectively. All slurries were mixed,
autoclaved for 2 hours at 200°C, and oven dried overnight at 138°C. The
morphological analytical results are reported at Table 1B, Runs 49-51. As can be seen
therefrom, a moderately high pore volume alumina can be produced without TSPP
and without milling, and addition of TSPP reduces crystallite size and further

increases pore volume.

Example 22

This example illustrates the effect of conducting the hydrothermal treatment
with microwave radiation. To 54.9 gm H,O was added 0.87 gm Laponite RD"™ and
stirred for ¥% hour to disperse the clay. Then 1.2 gm of 12.5% SiO; solution
(Si02/Na,O molar ratio = 3.2) was added to the dispersion along with 0.28 gms 50%
sodium hydroxide solution. Then 4.2 gms CP-3 active alumina and 42.8 gms of
double pass sand milled H-30 gibbsite prepared at about 25% solids were added and
the slurry microwaved in a hermetically sealed container for 20 minutes at 200°C.
After cooling, the slurry was dried overnight at 138°C. The morphological analytical
results are summarized at Table 1B, Run 52. It will be observed that in spite of the
less than 100% conversion to boehmite, the total nitrogen pore volume is above 1

cc/gm. TABLE 1A
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Table 1B
Col. Nos. 1 2 3 | 4 5 { B | 7 B
Product Properties
Ex or XRD Boehmite | Boehmite SA NPV APD NPV APD
Run Comp Signature Wi % Crystallite | (m¥g) | (0.967=F/F") | (0.867=P/P% | (O B95=P/P%) | (0.995=P/P%)
No. Ex No Size (A) {ce/gm) (A {ecigm) (A
1 C. Exi Baehmita 100 512 120 0.09 30 0.13 43
2 C.Ex1 Boehrrite 100 670 112 0.09 32 0.15 54
3 C.Ex. i Boehrmite 100 561 116 0.09 31 0.1 34
4 C.Ex.1 Boehmite 100 518 113 0.08 28 0.08 28
5 C.Ex. 1 Boehmite 100 510 115 0.08 28 0.09 3
8 C.Ex. 2 Boehmite 100 565 105 0.08 30 N/A NfA,
7 C.Ex. 2 | Bochmite 100 479 122 0,17 56 N/A N/A
B C.Ex.2 | Boehmite 100 430 132 0.24 73 N/A NIA
] C,Ex, 2 Boehmite 100 430 128 .20 63 M/A N/A
10 Ex 1 Boehmite 100 485 95 0.09 38 0.36 152
11 Ex 1 Boehmite 100 506 105 .11 43 0.14 53
12 Ex. 1 Boehmile 100 188 145 0.68 188 1.05 290
13 Ex. 1 Boehmite 100 161 136 0.78 229 1.02 300
14 Ex. 2 Boehmite 100 136 173 0.92 213 1.45 235
15 Ex. 2 Boehmite 100 341 145 0.57 157 0.84 232
16 Ex. 3 Boehmite 100 1680 0.75 188 1.05 264
17 Ex. 4 Boehmite 100 95 211 1.14 215 1.31 2448
18 Ex. & Boehmite 90 18 206 0.71 138 1.16 225
19 Ex. 5 Boehmite/ 50 121 212 0.85 1680 1,26 238
Gibhsite
20 Ex. 6 Boehmite 100 59 205 1.3 177 1.67 227
21 Ex. 6 Boehmite 100 103 228 1.26 220 1.60 2681
22 Ex. 6 Boehmite 100 g5 211 1,14 215 1.31 249
23 Ex. 7 Boghmite 100 88 185 NIA N/A 2.23 483
24 Ex. 8 Boshmite 100 149 1685 1.97 478 N/A NIA
25 Ex. 9 Boehmite 100 320 118 N/A N/A 0.40 136
26 Ex. 10 Boehmite 100 47 344 N/A N/A 1,56 181
27 Ex. 10 Boehmite 100 48 351 N/A N/A 1.55 177
28 Ex. 11 Boehmite 100 48 349 1.60 183 1.9 228
29 Ex. 11 Boehmite 100 52 324 .52 188 2,02 250
30 Ex.12 Boehmite 100 48 287 N/A N/A 1.12 168
31 Ex. 13 Boehmite 100 178 138 N/A N/A D.92 287
32 Ex. 13 Boehmite 100 141 315 N/A N/A 1.478 188
33 Ex. 14 Boehmite 100 166 159 0.520 133 0.674 169
34 Ex 14 Boehmite 100 98 231 1.121 194 1,336 232
a5 Ex. 15 Boehmite 100 155 169 0.657 155 0.838 198
36 Ex, 15 Boehmite 100 106 205 0.861 168 1.085 208
37 Ex, 16 Boshmite 100 195 173 0.5i2 118 0.984 219
38 Ex. 16 Boehmite 100 a7 211 1.3 247 1.5 264"
39 Ex 16 Boehmite 100 87 185 1.24 255 1.5 307"
(aged)

A0 Ex. 17 Boehmile 100 190 143 0.57 160 1.14* a7
41 Ex, i7 Boghmite 100 92 215 1,21 225 246" 403"
42 Ex. 18 Boehmite 100 113 167 0.81 184 1.20° 310°
43 Ex. 18 Boehmite 100 142 199 0.85 177 1.15* 241*
44 Ex. 18 Boehmite 100 B9 240 1.35 225 1.78 296
45 Ex. 19 Boehmite 100 53 283 1.63 230 2.23 315
Af C. Ex. 3 Gibbsite 0 NIA 258 0.36 56 0.47 72
47 Ex. 20 Boehmite 100 104 195 1.11 227 1.39 285
48 Ex. 20 Boehmite 100 g2 223 1.14 205 1.43 267
49 Ex. 21 Boehmite 100 142 191 0.85 177 1,15 241
50 Ex, 21 Boghmite 100 123 197 1.042 205 1.227 249
51 Ex, 21 Boehmite 100 100 201 1.251 249 1.365 272
52 Ex. 22 Boehmite 90 116 237 0.66 116 1.03 181

*=P/P°=0.993

v a0y
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The principles, preferred embodiments, and modes of operation of the present
invention have been described in the foregoing specification. The invention which is
- intended to be protected herein, however, is not to be construed as limited to the
particular forms disclosed, since these are to be regarded as illustrative rather than
5  restrictive. Variations and changes may be made by those skilled in the art without

departing from the spirit of the invention.



RUN Ex or XRO Boehm te Boehmte SA N2PV APD N2PV APD No. Conp Si gnaturﬁV\IUN 2004
uCrystallite (nxlg)(x.967=P/P) 10.987=P/P) (0.995=P/ P) (0.995=P/P) Ex

NoSi ze A(cc/gm (A) (cc/ m) (A 1C. Exi Boehnitel1005121200.09 30 0.13 43 2C.
Ex 1Baehmi t e1006701120.09 32 0.15 54 3C. Ex. 1Boetim tel006611160.09 31 0.1
34 4C. Ex. 1Baehmitel005181130.08 28-0008 28 5C, Ex 1Boehnitel1005101150. 08
28 0.09 31 6C. Ex. 2Boehnitel005651050.08 30 N A NIA 7C. Ex.

28oehnmi | ew%zgg{ggﬁedjig._ 56 NNA NA MC. Ex. 2Boehnitel004301320.24 73 NI A
NIA 8 9C. Ex. 2Boehm te1004301280.20 53 NV A N A 10ExBoehnmi t e100465950. 09 38
0.36 152 11ExBoehnitel005061050.11 43 0.14 53 12Ex. 1Boehnit e1001861450. 68
188 1.05 290 1 Ex.nghrite10016113gg.78 229.1.02, 300 .

14Ex. 2Boehni t e 100138 P75 S9BPSTE PRriGEsLOMPiSiAg a5 AP PLI3RPMPEES 7 157

0. 84 232 16£% 1eaR0nbaidigdddhhedOedigt & #0841zt drwdthiBaRbYof €100952111. 14
. 215 1. 31 249 18Ex. 5Boehm t €901182060. 71 138 1.16 225 19Ex. 5Boehnit e/
901212320 dgpersed withprethe 3RntnbinHxids cROpEenendBoehni t €100592951. 3 177 1. 67 227

21EXx. 6Boeh 'teelzlooé032281i 26 2%0 1. 9_0 201 22Ex. 6Boehm t €100952111. 14 215
1.31 249 15 EYARRTPEIBOEEIdSNPA N A 2. 23 483 24Ex 6Boehni t 1001491651, 97
476 NA N A (A)  aspecific surface area of at least about 80 m*/g;

_(B)  anaverage nitrogen pore diameter of from about 60 to about
1,000 Angstroms;
10 (C)  atotal nitrogen pore volume of from about 0.2 1o about 2.5
cc/g; and
(D)  an average particle diameter of from about 1 to about 15
microns.
and wherein in said composite particles:
15 (1) the alumina oxide component comprises at least 70
wt.% (a) crystalline boehmite having an average
crystallite size of from about 20 to about 200
Angstroms; (b) gamma alumina derived from said
crystalline boehmite; or (c) mixtures thereof;,
the additive component residue is derived from at least
one ionic compound having a cation and an anion
wherein the cation is selected from the group of
ammonium, alkali metal cation, and alkaline earth metal
cation and mixtures thereof and the anion is selected
from the group of hydroxyl, silicate, phosphate, suifate
and mixtures thereof, and is present in the composite
particles at an amount of from about 0.5 to about 10
wt.%, based on the combined weight of the aluminum

oxide component, and additive component residue.




25Ex. 9Boehm t e10032011BN A W A 0.40 136 26Ex 10Boehm tel10047344N A N A 1. 56
181 27Ex. 10Boehnitel0046351N A NVA 1.55 177 28Ex. i tBoehmi te1004$840N 2800
| B3 1.99 228 29Ex. 11Boehm tel00523241.52 188 2.03 250

30Ex. 12Boehmi t e10048267N A NV A 1. 12 168 31Ex. 13Boehm tel00178138N A N A
0.92 267 32Ex. 13Boehmi tel00141315N AyN[ A 1.479 188 33Ex.
14Boehm t e1001661590. 529 133 0. 674 169 34Ex 14Boehm te100982311. 121 194
1.336 232 35Ex. 15Boehm tel001551690. 657 1 55 0.039 198 36Ex.

15Boehni t 100206203 hedbtoustiripddiid p2€sles 6Exlain 6 Boedheh el D0ANET 3R; 12 118
0.984 219 38Ex. 16Boehnitel00872111,3 247 1.5 284' 39Ex. 16
Boehni t e $0WBAIY 1s geqiveddrom g mistyye obgibbsiteomd ach yRalahwia e1001901430. 57 160
1.14" $17° 41Ex. 17Boehnitel100922151.21 225 2.16' 403" 42EX.
18Boehmi t 1001131670 B1 194 1.29' 310' 43Ex. 18Boehnitel001421910.85 177

1.15' 241" 44Bx. 1 i : : : .

19Boehni te100%283%§% Bk :2:.;&%3%%%@%2%%5%Eg.aﬁgéﬁ%%zé?e%{ﬁaﬁé‘éﬁo. 36 56 0.47
72 ATEX. cafposdmitsid@(i A4 0Elrdt aXRi e 39 20855t 48EXilic 20Bae AN a 1H@822231. 14
205 1.43 257 49Ex. 21Boehm te1001421910.85 177 1.15 241

50Ex. 21BH¥Mer1d81001231971. 012 205 1.227 249 519 21Baehnite1001002011. 251

249 1.365 272 52Ex. 22Boehmi te€901162270.66 116 1.03 181 *=P/ P=0.993 15 JUN
2004 WO QJ/ 45838 PCT/ Ust U 34073 -69 The principles, preferred enbodi nents,

and nodes of aper atThpabud drenparsize paticles BY €laim Crwiidawia theaddedescri bed in the
foregoing specification. The [nventjon which is intended to be protected
herein, KETPEREN TELdufos degVebiTeRATnptiug 04 at lepstiope @licaterand apleastiangl ar f or ns
di Scﬁ@se‘f)ho&jr@&? these are to be regarded as illustrative rather than 5
restrictive.” Vari ations and changes nay be made by those skilled in the art
wi t hout

5. The porous composite particles of claim 1 wherein the nitrogen pore
volume is characterized as having:
() a rnacropore content of not greater than about 75% of the total pore
15 ' volome,
(ii)  amesopore content of from about 15 1o about 90% of the total nitrogen
pore volume and wherein at least about 20% of the pores in the
mesopore region have a diameter of from about 100 to about 400
Angstroms; and
20 (iil)  amicropore content of not greater than about 80% of the total nitrogen -

pore volume.

6. The porous composite particles of claim 2 wherein the additive
component residue is derived from a mixture of at least one silicate, at least one

25  phosphate and at least one swellable clay.

7. The porous composite particles of apy one of claims 2 to 6 wherein the
additive component residue is present therein at from about 0.5 to about 5 wt.% based

on the weight of the aluminum oxide component and additive component residue in

30  the composite particles.




departing fromthe spirit of the invention. 15 JUN 2004 -70 Wat is %mnﬁﬁl
is: 1. Porous conposite particles conprising an al um num oxi de corrpc}

and at | east one additive conponent residue of a crystal size growth
inhibitor 5 dispersed within the al um_num oxi de conponent, wherein said
conposite particles have: (A a speci‘ﬁ?c surface area of at |east about 80
n2/g; (B) an average nitrogen pore dianeter of from about 60 to about

1,000 Angstrons; 10 (C) a total nitrogen pore volune of fromabout 0.2 to

about 2.5 cc/q;, an D) an average particle diianeter of fromabout | to
Sbout 15 micrdhs ath ARRGREOITPR es%n&ltscﬁ%&mt%wwmitmwmgss (i) the

al um na oxhAeis d t - : all'ine

boehm te hg\%i nngE%@ ggré“fea%%méﬂf?&%gﬁlﬂi]%rgﬂz% géﬁgfb %trj?%g%gﬁ{w% to about 200
Angst r ons Angbroamnma al uni na derived fromsaid crystalline boehnite; or

(c) mxtures thereof; 20 (ii) the additive conponent residue is derived
fromat |east one ionic conpound having a cation and an anion wherein the
cation is sel egted fRPIAL OmMPofteqfarti FTETUAMNS WhdraihithdBirBlce GALI;ON, and

al kaline earth nmetal cation and m xtures thereof and the anion is selected
25 from t Heenyalnys 189 thghoup 450 m¥/gi the cetelaitregen potratadume if fremaboatr(ds td xt ur es

t her eof i sent.q. Lie: rtl n unt of from
about O. SQthma '%g{fg’l%la t\]}\% 5557«} X%e{%g‘g@lg%e{e e fg%nn%%@éga\}éig%ﬁ Sggot he al um num
oxi de conponenbdms.and additive conponent residue. 30 15 JUN 200k -71 5 2--
The pﬁr ous conposite particles of claiml wherein the al um num oxi de

conpo 8nt is derived froma mixture of gi bbsite and active alumna. 3. The

porous conposi 1§ pargdr&hstdniositd & dBih MWRERINNKE iR dnlphenREBROENT
residue is derived froma mxture of at |east one silicate and at | east
one, comprises at Jeast one member derived from the group of ammonium sulfate,

ammonium phosphate, alkali metal silicate, dialkali metal silicate, tetra alkali metal

silicate, dialkali metal phosphate, alkali metal polyphosphate, and alkali metal sulfate.

15

. A process for making porous composite particles having a surface area
of at least 80 m?/g, a total nitrogen pore volume of from about 0.2 to about 2.5 cc/g,
and an average pore diameter of from about 60 to about 1,000 Angstroms comprising:
(A)  admixing (i) alumina trihydrate, (i1) liquid medium capable c&"

solubilizing at Jeast a portion of the alumina trihydrate under

hydrothermal treatment conditions, (iii) at least one active
alumina seed component, and (iv) at least one additive
component selected from the group of (a) at least one alkali or
alkaline earth metal hydroxide or ammonium: silicate,
phosphate or sulfate and (b) swellable clay, and (¢) mixtures
thereof in a manner and under conditions sufficient to disperse
the alumina tnhydrate and alumina seed component as particles
in the liquid medium;

(B)  hydrothermally treating a dispersion provided in accordance

with step A at a temperature and for a time sufficient to convert




hydroxi de. 4. The porous conposite paTticle-S of claim2 wherein the added
conponent residue is derived froma nmixture of at |east one silicdgeUird@iat
| east one 10 phosphate. 5. The porous-conposite particles of claiml
wherein the nitrogen pore volune is characterized as having: (i) a

macr opore content of not greater than about ?5%of the total pore 15
volune; (ii) a nmesopore content of from about 15 to about 90% of the total
nitrogen pore vol ume andhehaneiatnana hehatmaeanhy @8totokrystabliggores in t he
MeSOPOTe regi on have a dianpter of. fromabout 1 to ahqut 400 _Angstrons;
and 20 (iii) a micropore lﬁ"gﬁ?’é‘ﬁpa‘ﬂf’g %?Vﬁ?@ﬁéﬁlgﬁﬁéﬁefggﬂn 2yt gF t‘?he t ot al
nitrogen pore volume. 6.abbhHE20004 84GoMSTROR fofm RBMmbb&leSRrRlec! @i M 2 wherein
the additive conponent residue is derived froma mxture of at |east one

silicate, at |east One 25ophoispizacaduernd said addise conpormnetispirbal withip. 7. The
por ous.conposite particles. pf . ope of. clai.ns. 2. to 6 wherein the

addi ti ve conponent resi dusélqj%y%%]ég%ﬁ?ewt&sbﬂrﬁg&nzq’? ﬁﬂ\”g%ﬁ{‘m& 5 to about 5
W . % based on the we)ghtresbvingehaliding Meahaxired (EOMRRPRRE paidieaddi tive
conponent residue in 30 the conposite particles. 15 JUN 2004 -72 8. The

porous conposite particl e¥ovfedinAcaordangseyith siep Be average crystallite size
of the boehmte present therein is fromabout 30 to about 150 Angstrons. 5
9. The porous conposite particles of claim8 wherein the surface area is
from about 150 I abbut pré&fs nPélgim 1 hevhéreinahe alvhiioge trilpaeae wodibbatei s from
about 3.5 to about 2.4 cc/g, and the average pore dianeter is from about
80 toldbout 500 Angstrons. 10 15 20 25 30 10. Porous conposite of claim?2

wherein the addifi vergoppenent clbias HuBeremAIPLIbBGI% BkepapAsly RiMed kBsPer
derived fromthe group of anmonium sulfate, ~ammoni um phoSphate, al kali

met al si | iavarage partgleazg offean pbeyit Pite abqut 20 arierang pier tp capipet] with the
active alumina and the additive component.

15 14. The process of claim 12 wherein the gibbsite, active alumina and
additive component are co-milled prior to hydrothermal treatment to 1mpart an
average particle size to the gibbsite.and active alumina of from about 0.1 to about

15.0 microns

20 15. The process of claim 12 wherein the resulting composite particles are

washed with an ammonium sulfate solution.

16. The process of claim 12 wherein the additive component comprises a

mixture of at least one silicate and at least one hydroxide.

17. The process of claim 12 wherein the additive component comprises a

mixture of at least one silicate and at least one phosphate.




silicate, dialkali netal phosphate, alkali netal polyphosphate, and ﬁmﬁgﬂﬂ
netal sulfate. 11. A process for naki porous conposite particles L v ’a
surface area of at |east 80 nR/g, at'6ttal nitrogen pore volunme of from
about 0.2 to about 2.5 cc/g, and an average pore dianmeter of from about 60
to about 1,000 Angstronms conprising: (A) adm xing (i) alumna trihydrate,
(i1) liquid medium capable of solubilizing at |east a portion of the

al um na trihydrlét e ubegrocdaydf dailrerhwhereinaht meditive ondpénennsomprises s at | east

one active . alunmng seed c onent, and (iv t | east one additive
conponent “%‘éﬁ’é‘égtﬁa}??sbﬂ?etﬂg% @15{}‘6?35'(%{)6 Sét‘feallalg%layone alkali or alkaline
earth netal hydroxide or ammonium silicate, phosphate or sulfate and (b)

swel | able clay, and (c) mxtures thereof in a manner and under conditions
sufficient to di%perke predess ef daimi whérhipdhaadditveccoatpommaosgeideconponent

G sper & oriarat Pt St b s 0 ghPhn e i Borpg v R BB B for a

time sufficient to convert - 73 5 15 JUN 2004 the active alum na and
alumna trihydrate to crystalline boehmte havi nIg an average crystallite
t

size of from aB8ut Johetrsoceshefidlaipoly wheysinrtheravellabilercdayt is sehectodbosi the
particles LS i 1Qf:. Sq| i tiye nponent di spersed within
sai d crystgé |ngk%g£%%‘]?‘§hs Slr”(ralrué%%ﬁe%oﬁ%%nfjisépuolnggnedi um (C) renoving the
liquid nmediumfromthe conposite particles provided in accordance with

step 12. The, procgss of claim 1l wherein the alumnumtrihydrate is
gi bbsiI?Pe. 10 13 Thﬁﬁr%‘&@é%oﬁi"alﬂ 1 wreroiniie pddiiive QERGPBEHSOPWIISES Aepar at el y

mlled to)adt omaeAser Raklddaidn HeZfollf of AR ARAULIfRe [LnRBRUE 20 mi crons
prior to contact with the active alumna and the additive conponent. 15

14. The pibegdategplkali matal sdicatsedialkali pietal gilishisi teta alkeli metal alligatena and
additive iR i - Qr .t dr ot | . freatnment to inpart
an average pg?ﬁ@(ﬁ] gfugslp gée{géﬂfle'getg{%%ghtogp%ed a@%ﬁ?’%@ 5?'&%‘3’% of from about
0.1 to abowtntmd§ilOnitd daypiectdfiteltay abdeaporieess. of cl ai m 12 wherein the
resul ti.ng conposite particles are washed with an anmoni um sul fate

sol ut i1 n. 16. The process of claim 12 wherein the additive conponent
conprises a MRt ur eRbustlpgl BRSdte pRBCRE bbifliSn@EshsituchteR®ipoeiie hydr oxi de.
particles of an additive component residue dispersed within an aluminum oxide
component, wherein:
(A)  the agglomerate particle size is from about 0.5 to about 5 mm;
20 (B)  the aluminum oxide component comprises at least 70 wt.%
(a) crystallite boehmite having a crystallite size of from about
20 10 about 200 Angstroms; and (b) gamma alumina derived
from said crystalline boehmite; or (¢) mixtures thereof;
(C)  the additive component residue is (i) present within the
25 | aluminum oxide component at an amount of from about 0.5 to
about 10 wt.%, based on the combined weight of the aluminum
oxide component and additive component residue, and (i1)

derived from at least one ionic compound having a cation and

an anion wherein the cation is selected from the group

30 consisting of ammonium, alkali metal cation. and alkaline earth




25 17. The process of claim 12 wherein the additive conponent conpri $§<UN 200
m xture of at |east one silicate and at_ | east one phosphate. 15 JUN 2004 -
74 18. The process of claim 12 wher i f* the additive conponent conprises a
m xture of at |east one silicate and at | east one swellable clay. 19. The
process of claim 12 wherein the additive conponent conprises a 5 mxture
of at least one silicate, at |east one phosphate, and at |east one

swel lable clay. 20. The pmewtssionfand hiiktrel Shasbefraad thet dngorsisstleatblie clay is
selected fromthe group gonsjsting of nontnorillaonite, hectorite and
saponite. 10 21. The proc&8¥® tb gr@P%F‘PﬁSF@’nﬁﬁEPETHXXIh\% ‘%?éﬁallpbf’%‘a@orrponent
conprises at |east one ngﬂggang%lgﬁﬁ&qh@&gfnthe group of anmmoni um sul fate,
anmoni um phosphate, al kali netal l1cate, dialkali netal silicate, tetra
al kali metal silicate, dialkali rret al phosphat e, alkali rret al

pol yph sphate kal i, nmet al su fate, e cI y, hectorite clay
and sa on| te cl% gh‘iﬁorﬁgs g %mtﬁ&?'{sﬁgﬂsgg@ﬂ Hﬁgg iSEPRYT conpri si ng

consti t uendgptanBat daticl@didsieat.es of an additive conponent resi due di spersed
within an al um num oxi de ~ conponent, wherein: (A) the agglonerate particle
size is from about 005 t o2 apssiic SBrfmare?(@)atﬂmt ahlouni Mdum¥’gixi de conponent
conprises at |east 7Q.\W. S oeh a cr stallite
size of from about @8 Eé} oﬁ%‘g %8%5%&%6 ?cgfnjgomag% 1((%8)“’%619‘ na
derived fromsaid crystahdd ne boehmte; or (c) mxtures thereof, (O the
addi tive conponent sidue is (i) present within the alum num oxide
conponéht at an am)u ) ofafor‘%rﬂ’?e&%glpc’@ wwlyrpe obisom abay O tooaboghdéd on t he
conmbi ned wei ght of the al num oxi de conponent and additive conponent
residue, and (ii) derived fromat |east one ionic conpound having a cation
and an anion wherein the cation is sel ected fromthe group consisting of
ammoni um al kal 4, et and r 04.-75 netal
cation and m xt%res %heﬁ(g%kg%ﬁc?r?%a oncslogcgue ggt“g’ Fei 8]6 ahfrﬂlémrgnroup

consi st i ngoxafle byrdpanent is detivédciadme a n}ilhtlﬁ@hbglbbs:te and active alumma.

15
25. The porous agglomerate particles of claim 22 wherein the additive
component residue is derived from ‘a mixture of at least one silicate and at least one
hydroxide.
20 26. The porous agglomerate particles of claim 22 wherein the additive

component residue 15 derived from a mixture of at least one silicate and at least one

phosphate.

27. The porous agglomerate particles of claim 22 wherein the additive
25  component residue is derived from a mixture of at least one silicate, at least one

phosphate, and at least one hydroxide.

28. The porous agglomerate particles of claim 22 wherein the additive

component residue 1s derived from a mixture of at least one silicate, at least one

30  phosphate and at least one swellable clay.




sulfate and m xtures thereof.. 5 23. The porous aggl onerate particles of
claim22 wherein the support aggloneragte particles possess: (i) a sigedIN 708
surface area of at |east about 100 n2/°g;” {ii} an average pore di aneter of
fromabout 50 to 500 Angstrons; and 10 (iii) a total nercury pore vol une
of fromabout 0.2 to about 2.5 <cc/g. 24. The porous aggl onerate particles
of claim22 wherein the alum num oxide conponent is derived froma m xture
of gibbsite and active alum na. 15 25. The porous aggl onerate particles of

claim 22 whereiq), theadditive . conponent, resi.due j.s derived froma mxture
of at |east one’sili l'g:[}@r%%&ggl[orr,egz}igpaxyﬁlés 0 S}Ei’%ézd‘@}?er?ﬁ t%?é ¥ por ous
aggl oner at@nihttGLagucdontrAkiai 2ashRBéAbd: REleadd fbhiGe g?&fﬁ%ﬂﬁ%né esi due

is derived froma mxture of at |east one silicate and at ['east one
phosphat e.cfammoramsyalesiremehomnhasihatrapikilt netal sflicate adinikalk nwhar ei n t he

addi ti e 0 nt. resi due. is. der.i ved fro ) xture of at | east one
sili ca§e, Séfcafeégggli%naglﬁatg r.ngtafosgfé%ée[,él,aﬂg”dnggl Hh(?é&a%oﬁré(aﬁ%f?ﬂx! de. 28. The

por ous aggodypHogitatdalkhii elets solfate| rabntnda 1 IvMRS @y) hbdteriRdhy indesap&agonent
residue is derived froma mxture of at |east one silicate, at | east one

30 phosphaFt]@/-and at | east one swellable clay. -76 29. The porous

aggl onerate particles of clains 22 wherein the additive conponent residue
conprises at |east one nenber "sel ected fromthe group consisting of

amoni um sul f atd, anfhepoicospzgpleedte pardatleabf claiet 20 wheleirctht addidival kal i et al
5 silicate, tetra al.kali netal. silicate, di ali. negal osphat e, al kal i
net al ﬁpol%?ﬁfﬂ?%’ﬁdf%&“ﬁ RERSENt thereip a%ﬁ?‘i“zﬂbg‘,“adrgm howt $ i"%r‘#’) E@SC&O&W}E hectorite
clay and spfihddoweighf theSumiieh HOBOMT AAGRTBIdbFerRdstidyel €s of claim 22
wherein the additive 10 conponent residue is present therein at from about
0.5 to about 5 w. % based on the conbined weight of the al um num oxi de and
addi ti ve conpongnt rfsi ﬁn;?r ) . ne of
claims 22 to SBﬁi'mrggn%g%Eé%meP%%gﬁggﬁ% n e(;ao %Qgﬂf %%gétﬁzlr{g rg%%ﬁasst
conponent ‘el e amyenttod ahlgast ope cndss chmppedmt effettive fie bbb piokess32. The

aggl ongr at e rtigl f anyone of clainms 22 to 30 inpregnated wth at
IR ek

| east ‘'One eb’ab conponent of a netal having hydrogenation activity
selected fromthe group consisting of Goup VIII and G oup VIA netal s of
t he

32, The agglomerate particles of anyone of claims 22 to 30 impregnated
with at least one hydrogenation component of a metal having hydrogenation activity
selected from the group consisting of Group VIII and Group VIA metals of the

20  Periodic Table. ‘

33. The agglomerate particles of claim 22 which have been calcined at a
temperature of from about 300 to about 900° C for a period of from about 0.1 to about

4 hours.

34. In a process for the hydroprocessing of petroleum feedstock wherein
said feedstock is contacted with hydrogen under pressure in the presence of a
supported hydroprocessing catalyst, the improvement comprising utilizing porous

agglomerate particles as the support for the supported catalyst wherein said porous

30  agglomerate particles comprise constituent composite particles of an additive




20 Periodic Table. 33. The aggl onerate particles of claim22 which ItfgvgN 27004

been calcined at a tenperature of from about 300 to about 900 C fo EJ

period of from about 0.1 to about 4-Hdurs. 25 34. In a process for the

hydr opr ocessi ng of petrol eum feedstock wherein said feedstock is contacted

wi th hydrogen under pressure in the presence of a supported

hydr opr ocessi ng catal yst, the inprovenent conprising utilizing porous

aggl omer atcempandrt césdueadispersed swiriroir alb@invnhexisepqapded whs@lyst wherein

sai d porous 30 aggl omﬁr ate particles conprise constituent conposite

particles of an addit¥ve t&2gelpmeisranslgsire sdom abopt §.510 abguichmpbnent

resi due di spersed w/Rin ) A30X] HR.+6A) the

aggl onerate parti cl e(BQi zé@gﬁk]}%ﬂnﬂ?gﬁg%bﬂﬁgﬁﬁg%%&%s @%ﬁ?w(\ﬁ)/@t he

al um num oxi de conponent aytplinesEshaite heesy a¢oysulli®size oy fioal hbove 2boehmi t e

having.a crystallite size of fr about 20 about 200 Apgstrqomns; and (b)

gamm Al umi na deri ved frdﬁ\a{)%‘ﬁﬁﬁpmgf%%iaﬂ%hﬁééwmataé?mma &Ve‘?rg?{rhres

thereof; (C) the additive,GQIPNER bdeRRHEUS (cPmbinkrePiRARRF Wi thin the

al unmi num oxi de conponent at an amount of from about 0.5 to about 10 wt.%

based on the conbi nd€)weithghadditivetdomnpmhentirenidne ink) presawmptmetite and addi ti ve

conponent residue and (I i:ﬂumﬁl]eri \§(§éjegrom at | east one.i.oni ound havi ng
n

I
a cation and an ani on wher PRt RWE R IRSRCHIS ALpragy: 8ffrf)8'fﬁct3(‘r?fg[}§rl8up

consi sting of anmmoni um abkad 10 WE%aasedain 18 cormbikad WeRheaf tha alufinam cation,
and m xtures thereof and the anion is selected fromthe group of hydroxyl,
silicdPe, phosphate, sul foide componentapd additygeompopentgssidygiandyfigcess’ of

claim 34 wherein the SUpRﬁFiEecﬁﬂ%%gEJggto%ig%{ié Ec?i%g;?‘c&ﬁ{i’ﬁﬂ%iﬁ%%ati@r‘?aﬁd) a

specific surface area of at |east a .00 n? average pore
di aneter of from about 5@ntapicBOhernydhieratren is sledteflifion) the grovml nercury pore
vol ume of from about 0.2 to .qbout 2.5 .cc/aq. . . .
consisting of aminionium, alkali metal cation, alkaline earth
metal cation, and mixtures thereof and the amon is selected
15 from the group of hydroxyl, silicate, phosphate, sulfate and

mixtures-thereof.

35. The process of claim 34 wherein the support agglomerate particles
possess:
20 (i) a specific surface area of at least about 100 m¥/g:
(n)  anaverage pore diameter of from about 50 to 500 Angstroms;
and
(111)  atotal mercury pore volume of from about (.2 to about 2.5
cc/g.
25 36. Porous composite particles comprising an aluminum oxide component

and additive component residue dispersed within the aluminum oxide component. and
having:
(A)  aspecific surface area of at Jeast about 8¢ m¥/y;

(B)  an average nitrogen pore diameter of from about 60 to 1,000

30




25 36. Porous conposite particles conprising an al um num oxi de conponent
and additive conponent residue dispersed within the alum num oxi de
conponent, and having: (A) a speci fird8surface area of at |east abodl5 Jé% 200
ne/g; (B) an average nitrogen pore dianeter of from about 60 to 1,000 30
-78 Angstrons; and (C) a total nitrogen pore volunme of fromabout 0.2 to
about 2.5 <cc/g; and prepared by the process conprising: 5(A 10 15(B) 20
25(C) admi xi ng (i ) al um mengstrothy,dindt e, (ii) |iquid nmedi um capabl e of

sol ubilizing at ﬁiﬁ a portalon of the eﬁl um na tri hydrate under

hydr ot her mal treat ¢ cArigiet pigagen pare veluge of Qﬁal}%’éoaé‘? Akt 251 uni na seed
component, and (iv) at |easta gne additive conponent selected fromthe
group consisting of (a) al Kal'i or alkaline earth metal hydroxide,

silicate, phospresareddry bepfats compdsi@g) swel | able clay, in a manner and
under gondl tions .hydrate apd al um na

suf,ficient .to erset m n,
seed tTonponent as E Btl @ g ﬂ%()? 95&3‘&9 ‘Bé{‘ﬂ‘t"ﬁcﬂ‘ iun £apaile pf om  about

| to about 15 nicrons |nsbfihﬁllizir@lﬂtﬂaa§f%dﬁ"3n o WEBIRERS dmyddd fiRREI NY a
di spersion provided in accordance wth step A at_a tenpérature and for a

time sufficient to conveﬂwdmﬂh?ém@ldtqawrélc itiensafili) ailleast ore activhydrate to

crystalline boehmte ha V. r akllte size f from about 20
to about 200 Angstrons \é‘@qf@&fﬁgcg& npgsal%ézw A P’éead thﬁ)rl si ng residue

of said additive conponerbmgbsmesdateddréitie groap corsisyiag af {a) Akabaghni te
slurriﬁdintheliquid ﬂ@ﬁ renmovi.n glthell quid mediumfromthe
WHaeee ¢ hy:

conposfte particles pro thypetal ydreddessHiRate Rhgshate o splfater 004

and (b) swellable clay, in a manner and under conditions
sufficient to disperse the alumina trihydrate and alumina seed
component as particles having an average particle size of from
about 1 to about 15 microns in the liquid medium;

15 (B)  hydrothermally treating a dispersion provided in accordance
with step A at a temperature and for a time sufficient to convert
the active alumina and alumina trihydrate to crystalline
boehmite having an average crystallite size of from about 20 to
about 200 Angstroms and to form composite particles

20 comprising residue of said additive component dispersed within
said crystalline boehmite slurried in the liquid medium;

(C)  removing the liquid medium from the composite particles

provided in accordance with step B.

25




