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pore vol unwodiiasasum oxi de conposite particles, nethods of pchaisnoszsns
production, aggl onerates and supported catal ysts derived therefrom and
nmet hods of using said catal ysts. 10 BACKGROUND OF THE | NVENTI ON The art
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catalytic activity, and while in sone cases highly desirable activities
have actually been achieved, there is a continuing need in the industry
for i npsovEIELR @FYEHESINYENIJOMd cat al ysts derived therefrom which have
enhanced activity and life nediated through a desirabl e bal ance of 20
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w il be de&iejfﬁbd;;ﬁ m;agmoggbﬁ‘hgﬁg gmdra;;tguygtal s, such as netallic ions,
finely-divided metal s, cations, and the like, to the alunmina. The level and
25 distribution of these nmetals on the support, as well as the properties

of the,sup £ .kn,kwms that influence the conplex nature
of cat 5‘?yt @é—‘%%?lj“ﬁﬁﬁnﬂ useful in catalytic applications
has been prOdchqller&ﬁrlﬁfaﬁilgrt@p@ﬁ{lcﬁ‘late\/[ﬁﬁb\%ta\luﬂfnaﬁfaﬁﬁés§1§a:pe§H@tﬁ]y@ﬁ the water
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supports as catalysts, is extensive and relatively well developed.

15 While the prior art shows a continuous modification and refinement of such
particles, supports, and catalysts to improve their catalytic activity, and while in some
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 hydrolysis of aluminum alkoxides, precipitation

30  of alumina from alum, sodium aluminate processes, and the like. High costs arise

from the latter two methods because the quantity of by-products, such as sodium



PCT/ USO0/ 3: 3075 sul fate, actually exceed the quantity of desired product
obtained, i.e., boehmte. Typically, the cost of boehmte wll % I Mes
as expensive as active alumna. GCenerally speaking, while alumna1 2004
t hese sourwegioagsobe used for catal yst supports, such use ipcsulsjessrs o
certain limtations. This steins fromthe fact that for 5 supported

catal ysts used in chem cal reactions, the norphol ogi cal properties of the
support, such as surface area, pore volunme, and pore size distribution of
the pores that conprise the total pore volune are very inportant. Such
properties are instrumental in influen@-ng the nature and concentration of
active catalytic sites, the diffusion of the reactants to the active

catal yst snsmlﬁatetmfmyfd‘xusadme qhariitpatigdsied pRauthehtaatd, v ., dotlasite.and 10
catalyst life. In addition, the support and its di nensi ons al so i nfl uence
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span a w derange of feed gypes and operating conditions, but have one or
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(sul fur, nitrogen, oxygen, netals), | ncreasing the HC ratio in th@é&
), and
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wei ght. More |cu ar the use of" a'series o ated bed reactors
cont ai ni ng iminfiRhaingshe hmtert@dlcﬂmemredoméﬁ ®Cive eanbysis saex] theodiffusioy of the

mai nt enance in the desul furization and denetallation of netal- contad ni ng
heavy hydr mt%@hﬁ aglive etadysheit. thewdimsionst perdupis fom Hierashiesifgfean
proporiéonc 1 ngt}u er, poorer quality crude oil in the 25 feedstock to be
processed, PR hdty grows for processes to treat the fractions containing

i ncreasingly hi ghedditpwetis seppdreird is digspéiahd goemfluane Bebfedhari¢ali s wi del y
known t hat various organoneta ri)l i ¢ conmpounds and_asphal tenes are present in
pet rol eum éhmhoﬁiﬁtlﬁltaﬁﬂd oaRter prakingcheactesisieimat wi maudy B AMBPHAER A, such

as petrol eum hydrocar reS| dua, hydrocarbon streans derived fromtar
sands, and® Tlrgxefﬂlﬁ'lﬁ %01/ 45839 - 3 PCT/ US00/ 34075 hydr ocar bon st reans

derived from Coailﬁdroﬂ;f&eﬁﬁfgt cab VIR prebRuE fefiriig represdit B large segment of
15  alumina-supported catalysts in commercial use. Hydroprocessing applications span a
wide range of feed types and operating conditions, but have one or more of common
objectives, namely, removal of heteroatom impurities (sulfur, nitrogen, oxygen,
metals), increasing the H/C ratio in the products (thereby reducing aromatics, density
and/or carbon residues), and cracking carbon bonds to reduce boiling range and
20  average molecular weight.

More particularly, the use of a series of ebullated bed reactors containing a
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 quality crude oil in the

25  feedstock to be processed, the need grows for processes to treat the fractions
containing increasingly higher levels of metals, asphaltenes, and sulfur.

It is widely known that various organometallic compounds and asphaltenes are
present in petroleun: erude oils and other heavy petroleumn hydrocarbon streams, such

as petroleumn hydrocarbon residua, hydrocarbon streams derived from tar sands, and



B E——————
hydr ocarbon streans are nickel, vanadium and iron. Such netals are very
harnful to various petroleumrefining operations, such as hydrocrackgngN 2004
hydr odesul furi zation, and catalytic cracking. The netal s and asphal t enes
cause i nt exetiissmb pl uggi ng of the 5 catal yst bed and reducedraogimdiys
life. The various netal deposits on a catalyst tend to poison or
deactivate the catal yst. Mreover, the asphaltenes tend to reduce the
susceptibility of the hydrocarbons to desulfurization. If a catalyst, such
as a desulfurization catalyst or a fluidized cracking catalyst, is exposed
to a hydrocarbon fraction that containd-netals and asphal tenes, the
catalyst will becone deactivated 10 rapidly and wll be subject to
prenat ure KeRbasBfEstcanty defioud ol &ues SHE thodt chiendiyidenlsrfeaid agsueh heavy
hydrocarbon streanms, including but not limted to heavy crudes, reduced
crudes, anbydsetarbbresinamsre o wkblo Manadayi.cud, iraay Sukhovaials rfevayy baigtful foxed- bed
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conpounds, are n common because the tal ysts enpl oyed 'have not generally
been capabtdtaysifbedmindtredutied gatalysi et Thavdriperthetahdepoeits dihasatatyet tead to
hydr oconver si on processes are nost_effectjve carried out in an ebullated
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bed syst enPOlFen adeastirHaieranlyst plurRs F‘](S‘tfj'@ﬁt Oﬁ'%%‘?cﬁ_ﬂéent er the 20
bottom of &\ LEaRiRy HIEL Aol AEAHRREd ALONAL 1F B2hiRluBcRRs 4 N1 er nal

recycl e suspe e catalyst particles 1nt I qui d phase. Recent

devel opnentguifaviedti@cddlest us a ffidiged qrasiing etalgst Blexposaditb athydenvatien
suspended without the need for a liquid recycle. In_this system part of
the cat al yBection thangantaiayBr{ploand spkalienes. dit aalys el dacome deativptsd of

cycl onfost ﬁga%. gg{g&&q@tggls?{%&gtﬁgﬁgﬁﬁgretl_g%lggéégég@j n activity. Roughly about 1

wt. % o Ven y1rsre each day in an ebull ated bed

system Thus, tR@thougH dldcessey Sdrehe Bedrotédtiyigios hedhey Iwer@hattes saneemage activity
of catalyst varying fromfresh to very old i.e., deactivated. In general,
it is desimghiding buigesiligritediie heanyadrydss, fedpcadfaudasgkietnleyn dydrgraryon

possible in order to proxide_ t X | ONGE i O IhSaiSi t es
and acti vi f%??c{ufﬁaljmo%'@ e\}@eaﬁ?{%ﬁgcgy%t} {ﬁ%%ég%l%% & gglﬁggée@eefxé#scurface
area and pQl@odi APRESible asphanue sietipititednadnaddemidtpligfingahd odth effentites.

Sufficiently large pores are required for diffusion as the catal yst ages

and folf s, rdmeval phmgtalperdetherscataninantersugh pf sl gpaRounds A dSPELEF cal | y,

the formul ator sl S50t Wit HeRSTE Ak SOBFHIERRLE Rave not generally been

capable of maintaining activity and performance.
Thus, certain hydroconversion processes are most effectively carried out in an
ebullated bed syétem. In an ebullated bed, preheated hydrogen and resid enter the
20  bottom of a reactor wherein the upward flow of resid plus an internal recycle suspend
the catalyst particles in the liquid phase. Recent developments involved the use of a
powdered catalyst which can be suspended without the need for a liquid recycle. In
this system, part of the catalyst is continuously or intermittently removed in a series of
cyclones and fresh catalyst is added to maintain activity. Roughly about 1 wt.% of the
25  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.
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.



5 which often dictate the bal ance of norphol ogi cal properties sought to be
inparted to supports or catalysts derived therefrom For exanple, 18N 2004
recogni zed (see for exanple, U S. Patent No. 4,497,909) that while pores
havi ng a dwemieszobel ow 60 Angstrons (within the range of whalyssessuef erred
to herein as the mcropore region) have the effect of increasing the nunber
of 10 active sites of certain silical/alumna hydrogenation catal ysts, these
very sanme sites are the first ones clogged by coke thereby causing a
reduction in activity. Simlarly, it is further recognized that when such
catal ysts have nore than 10% of the totdl- pore volune occupied by pores
having a pore diameter greater than 600 Angstrons (within the region
referred tpohenel, Rugdenedel hyd pee dngndi@GORRER e s @@ withiR@ragienanhgal crush
15 strength is lowered as is the catalyst activity. Finally, it is

r ecogni zedSuffoientbr laggerpores dré eeuakd foraffeacmbhy/ibe satatyishagayani fdudativon of
pores havi pqg a &%rﬁ di apet er hetween 150 and 600 Angstrons (approximately
wi t hi n t he'F&gPYHS PAYR! rEF B AEEYh as the mesopore region) is desirable
for acceptable VAR VS - T, b€y & j t he
surface area of %tqﬁﬂg s@g%ﬁg?@g;ﬁ%@kﬁiﬁ%@ é%%gec% ﬂgﬁﬁaﬁ@gﬁﬁg %dgﬁz)c%@?iﬁggacti ve
Sites, 3uckhsdly dfeediaraenthe haleasef matphivhigicy] pepetties soughato baoneasd té n t he
proportion of pores in the mcropore region. As indicated above, m cropores
are easi| YIRROSWGE Gy strleaived est{Erm®. i ncreases in surface area and

maxi m zati on of es.al I St réi I ot only
nmust the surfacg Ozg? g%rggig’ﬁilgﬁ&%ﬁ%&?@ggs%%hfﬁg’gg ér'elﬁaﬁa?nr%w%ggl\sé? 2398?2 when
exposed t otle@RMES 0P JE0MH 4 Hianftes beldwas) Aihgdirdnen(Pdthad thearangedofnmiig fur e.
There has therefore been a continuing search for hj%qgh pore vol une, high

surface ar eeferredhindhereineasithe mycrepers region)eve dhestifechpl Bckaying egyuyager of

supports. The pr.esent inventi wa evel oped_i e i arch.
6" Son Good e 6 Fouembeton@l iR Byatta AR Ll R Ry it Mg A28 T
directed t e eCRtPOSdstdOFiedy doRe EadbyGatiBh@h redusiisiein ftigity. Siililyamndscl ay
particles wherein the oxide particles are substantially segregated from
each ot her figpherhecoghingd gbattwhensych gutlysipheveanaspdham P add thalpbhpee.  The

di sclosed ratio of netal oxide:clay is between 1:: : - y 4.1
to 10,1y, LOhnde SruPRebrlipat feoters i eedrant s eo abey i LB oG
having a patdiegldd efgd t8heddh teBON AMGShaETBore 1686n}, the 198chzaDAS3h The
particle size of the final product i's dependent on the size of the .
particles iswength iskoavrerehas is dhe cadlytiacition Fandlivailis pepgpieed foy ceatain s
unreported.. |

opposi t e sihc%/ailusmﬁlraictait %lts,tthha?gnag(pn%zgt%nacle p%)l(-ziasdneav?nngda 8(')1%%15%%&%3 Ig’elt\%gcnhave
150 and 600 Angstroms (approximately within the region referred to herein as the
mesopore region) is desirable for acceptable activity and catalyst life.
Thus, while increasing the surface area of the catalyst will increase the number
20  of the active sites, such surface area increase naturally results in an increase in the
proportion of pores in the micropore region. As indicated above, micropores are
easily clogged by coke. In short, increases in surface area and maximization of
mesopores are antagonistic properties.
Moreover, not only must the surface area be high, but it should also remain
25  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. The present invention

was developed in response to this search.



charges so that they will be attracted to each other such that the clay
particles inhibit 10 aggregation of the netal oxide particles. Thugh N4
clay particles are described as being placed between the sol particles.
Control of Whg/<k¥r ges on the two different types of parti eCeaSHE34075
determ ned by the pH of the sol. The pH of the inorganic oxide is
controlled to be belowits isoelectric point by acid addition thereby

i nduci ng a positive charge on the inorganic oxide particles. Wile

sui tabl e i norganic netal oxides are 15 disclosed to also include A1203, no
exanpl es of carrying out the invention'ésing Al2C3 are provided.
Consequently, translating this concept to A1203 is not without difficulty.
For exanpl e, thdJiSdatancNoi ¢,980i845 i0dirediedd8 compatitiandafSincrgphicafietalbout 9.

However, A1203 sols only format a | ow pH of |ess than about 5. If the pH
exceeds alfSie &:2.aiOm&gFiaoparlifles whetst he Oatds PRFHHESHs pastangallvr never
formin th I l.ace. Lol 0Q ; t.osbe
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accept abl e Therdisdidad saicof hétel GatRcla§ iTWwediUE 166 201202 f&ably 4:1 Rathey., one
must operate at a pH well below the 1soelectric point of the AL203 in the
pH regi dn Vvihesebigrisamrosysings fervad fkon epirarganie psidp seldiving sp#rvelesizgot hi ng

bout th t | ti it ifs, th t. i
oty di r ectRabieRal ASskEhs Chod RS oh AgHobbr Tered RS ong bedinaLibiiSs. e,
surface ar %@Fé{ﬂénh&gﬂaeis%&ﬂﬁﬁ’é FarBOESin HOktdFEhgBo® ABhgAlhk¥irdNbREORIsHel C

properties. 1n contrast, the presently clainmed invention neither starts
with an Al 20amepdrterbrlt isf ortivel hasibe mhtalionglerash whygtariaries Hdve apbbate whi ch t he

resently clai med gonposit. are 16 JUN 1004 1/ 45839 PCT/.USOQ. 34075 -6
Porned 1% COUERT HhHRbMes "l e diachiip dait e oy AL LPR RO Gt ¢ |
al um n?{()) gp%?%iegkﬁo% & tﬁe%]%‘xﬂief&ﬁiﬁes?eﬂ'hu%?thf:Qfaﬁ‘}ﬁaﬂictlésaz{ré MescABQL Rer area of

t echno y ting to conbinati‘ons of various Clay and netal oxides is
known as i hesgqdb@iddatwedanytbe sdinfaeticdes. dfwetiot bhths charges epthegentdifedspt U. S. 5

Pat ent Nos. 3,803, 026; .3, 887, 454 ee _al 3,844,978) ;. 3,.892, 655 (See al so
3, 844, 979) ;YRESEE pagiigzes las*%@l@gqb% 3&@@9@‘8@&%% Pl theriporgayg X 4S

I nt ercal at t : ' IAYE 2 - ' Jdehat
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of their suhi@eenahemarganid cxidppaislesuiWiksuitnlde hisordaniethetd @xldes 8re Pat ent
3,803, 026 di scl oses rogel or hydro%‘eglroésl urry conp water, a

f1uori he- céiﬂﬁcéf?sﬁﬂﬁ%a]g‘éhy Bt 1202ty SR ﬁ%“&@@bqhegllﬁ)‘f%ﬂg’é P98 oxi des  or
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difficulty. For example, the isoelectric point of Al;Oj is at a basic pH of about 9.
However, Al,Os sols only form at a low pH of less than about 5. If the pH exceeds
about 5, an Al;Os sol will precipitate from dispersion or never form in the first place.
20 In contrast, SiO, sols do not have to be acidic. Consequently, while any point below
the isoelectric point is acceptable for SiO; sols, the same is not true of Al20O4 sols.
Rather, one must operate at a pH well below the isoelectric point of the Alz0; in the
pH region where alumina sols form. Moreover, this patent discloses nothing about the
pore properties of the resulting composite and its thrust is only directed toward
25  obtaining high surface area. As indicated above, surface area and high mesopore pore
volume are typically antagonistic properties. -

In contrast, the presently claimed invention neither starts with an Al,O3 sol nor

forms a so! during rehydration. The pH at which the presently claimed composites are
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oxi de or hydroxide of at |east one el enent selected from magnesi um zinc,
boron, tin, titanium zirconium hafnium thorium |anthanum ceriﬂ]-n] N 2004
praseodym um 15 neodym um and phosphorus, said anorphous cogel bei ng}J
present invoheskgsdrogel or hydrogel slurry at an anount of péreRubbe 50
w.% The slurry is subjected to a pHof 6 to 10 and conversion conditions
create a substantial amount of crystalline alumnosilicate m neral,
preferably in intinmate adm xture with a substantial anount of unreacted
anor phous cogel. The silica/alumna nolar ratio is at least 3:1 and the 20
resulting material is referred to as a-8ynthetic |ayered crystalline
clay-type alumnosilicate mneral and the unreacted anorphous co-gel

exi sts nosfdrinedss Golddgh Abr a ROtAFBAMuring A€t A2 oftand @ik stadtihgiafurgihacl osed t hat
the resulting alumnosilicate can be broken into particles, pulverized
into a powdEhcles g wohdgfordisoptyfowd initially.hydr ogel , or hydrogel slurry to
whi ch is added gonponents .sel ected from precursor coppounds. of . .25
"nter-alia al utrHae i o St oioRy TR PESRL Ron® B aINE R aod e

Not wi t hst apgiipgistid@whbaVistefabtd PG be InRRaMRAI h¥sCar€ XpiRe R VNI Yi Ng a

m xture of silica-alumnate with alumna is di'scl osed. Consequently,

nei t her5 t hBateniaNos. 3803023887 46 €Sdd aled 384487 $)a 3. 8881656 iBeeadtstunt s enpl oyed

0 S pat ohtng o8 i 44 30 aoT Seeptindrs 1l R APSRDeT Tt el o7 oo
type di OCElﬁﬁggfeﬂ{sz%ﬁﬂc%’y hi Sy %lg.ﬁ{(ﬁ‘xl thé Wm@ﬁqﬁ%%&%ﬁaﬁoﬁ ks pal um na,

and havi ng gnesia incorporated I1nto It's structure™in ntroll ed anounts.
Preferred ehaysedr Bastemantaioaysgonirhity bad ke of theirAurfaod aien 16nidropass 24 et
seq., it is disclosed that the clay 5 material can be conbi ned generally
wi th i nor gBRIESS B35G28edr€dponent s such as, inter- alia, amorphous alunina. In

contragt, the p lo a4 j Ak L 8 ine: hoehmte
o um D si 1 a8y Lerhs eEgs O aRORRAS el b Ao R R 665 “and
3, 844, 979, waxe eptlubhed-cémsinmgl dhipenempiininsanasrgholis @@t bcbriir dimpy@ridesy pe,

trioctahedral, clay-like mneral containing nmagnesia as_a conponent thereof
(LTCM 10 anbydrpridss phsibeonwndalwmemsy nf heeapgipaoey egel {yrthar cpmpreses aNo.
4,637,992 is..an_intercal Leh . .| oi :
Suspensi on°SFEROTBERTE Siaf ralt G AN LS Mo IR RIAC ORI Uy |

speci fic ran@asni 2itdesivml Hafguih ehofigid, tanBifan@imyerion] prasegapmdurnxi de are not
disclosed, it appears that the final material is still referred to as
bei ng B cl agodyamiam, sud shewherisniail amophpescass! brigdpisssyte e WEr9856Phani ¢

o . ConpeNEN s b TR L 0 ] gy e 2
6 to 10 and conversion conditions create a substantial amount of crystalline
aluminosilicate mineral, preferably in intimate admixture with a substantial amount of
unreacted amorphous cogel. The silica/alumina molar ratio is at least 3:1 and the

20  resulting material is referred to as a synthetic layered crystalline clay-type
aluminosilicate. mineral and the unreacted amorphous co-gel exists mostly as Si0;. At
column 5, lines 39 et seq., it is disclosed that the resulting aluminosilicate can be
broken into particles, pulverized into a powder, the powder dispersed in a hydrogel, or
hydroge] slurry to which is added components selected from precursor compounds of,

25  inter-alia, alumina. The resulting mixture is then dried and activated.
Notwithstanding the above disclosure, no specific examples employing a mixture of

silica-aluminate with alumina is disclosed. Consequently, neither the starting

alumina, the final alumina, nor the amounts employed of each material are disclosed.



al um num oxi de and very mnor anmounts of clay as in the present invention.
See for exanple, colum 5, lines 46 et seq., of the 992 patent. U. 1[sJUN 2004
Pat ent No. 4,844,790 (division of U S. Patent No. 4,761,391) is directed
20 to a dewaniinasmd clay prepared by reacting a swell abl e ckay/sni/oas
pillaring agent which includes alumna. The ratio of clay to pillaring
agent is .1:1 to 10: 1, preferably between 1:1 to 2:1. The primary thrust
of the patent, however, is clay containing alum na and not al um na
containing less than 10 wt.%clay. It is reasoned that the netal oxides
prop apart the platelets of the clay and-inpart acidity thereto which is 25
responsible for the catalytic activity of the del am nated clay. The
preferred clay i1 5 PatenpOlol BB 454 (Hd iBgieal 34 3990106k a lagerdii fgrt €d to
a product prepared by intercalating expandable clay (hectorite, saponite,,
mont mor i | | didctdlediels Hawlikeinvearsl @BGMedorhpond of siliea,adyminasaid smyviegd in
particul ar, trivalent rarg.eatths, and pol¥v€h§nt catH%FP_of 6 JUN 2004 WO
01/ 45839 - &22PEYF BEEHAAG? 3 B SURTHE Thearelicdipernis Wrtertd s Hhum oxi de
material i $p@indhiHBhik!Md KL icBR@] & 8R4 it § diRffled PRV ng the
pillars of the expanded clays. The clained invention does not use or

pr oduceS ol ingteneal saw be abonrined gemyraliowyth nmdrganialboside domBondas surth aSpinted; 375, 406
di scl oses cgnpositjons containing fibrous clays. 5 and precal ci ned oxides
prepared bylIRARPRGOUS PPwne- d0SpEmsh e sty Campd wPrRotiifdtligeecal ci ned

oxi de, agi [ .on &a. . ' i Lnhg and
dryi ng theE@%&?Eg%@@?@ﬁﬁpﬁﬁ@hgﬁf$@HE€H1H P%%%h?%?%@dggfgﬁﬂggﬁgsggalcined

oxi de conpBEIZ 6350 acdB,4a979f exesptdRatkhdse 1dited paithesee ditguued © laye-twed,| above
the amounts of clay enployed in the presently clainmed invention. Mreover,
fibrous cl &jogtaheqsal, day-hike Miperahgonidinips npreneHs aspeppapnest hespd (HESMi bed
herein,,A nu F i.r ed to various types of alum na and
met hod&’ of Q“%@Sﬁféﬁdﬁﬁ‘ﬁ%&ﬁgﬁﬁ%‘ia%}Re 29,605, SIR H198; and U.S. Patent

Nos. 3,322, 495; UB 4alertdR; 4537982 65dn infer&fte84Ry pateBOShR2mplow74, 099;
3,987, 155; 4, 045,331; 4,069, 140; 4,073,718; 4,120, 943; 4,175, 118:;
4. 708, 945 cglloEal smpensignofsnomenigsides andpadds asyyerdlableccddyl fherety. SVipgt ent

3,974,099 is djrected. i.licalalumn hydr ls.fr.o odj ilicate and
Sod um o uibedtie PRk udud GRIAITE O N SRARE oRide ARSI i o2t e BO
preci pi t at izppeat thAL H2¥i 0 il isCodillak el do Q@bei\ﬁ?h@:fhy baketbiubkzas iftbe

cracki?g sites to hydrothernal deactivation. (Colum 2, lines 43 et seq.)
which is incorporated the inorganic oxide. Consequently, this suggests that the final
material contains a major amount of clay rather than a predominate amount of
aluminum oxide and very minor amounts of clay as in the present invention. See for
example, column 5, lines 46 et seq., of the ‘992 patent.
U. S. Patent No. 4,844,790 (division of U. S. Patent No. 4,761,391) is directed
20  to a delaminated clay prepared by reacting a swellable clay with a pillaring agent
which includes alumina. The ratio of clay to pillaring agent is .1:1 to 10:1, preferably
between 1:1 to 2:1. The primary thrust of the patent, however, is clay containing
alumina and not alumina containing less than 10 wt.% clay. It is reasoned that the
metal oxides prop apart the platelets of the clay and impart acidity thereto which is
25  responsible for the catalytic activity of the delaminated clay. The preferred clay is a
Laponite®.
U. S. Patent No. 4,995,964, is directed to a product prepared by intercalating

expandable clay (hectorite, saponite, , montmorillonite) with oligimers derived from

rare earth salts, and in particular, trivalent rare earths, and polyvalent cations of



The resulting material typically has about 38.6% al um na oxi de when all the
excess 20 sodiumalum nate is renoved. In contrast, the silica enpl oy&dUN i)l
the presently clained invention is an additive which coats the surface of

t he al um mabaliagsssconposite particles since it is added aft ecTiseesenposite
formation. U S. Patent No. 4,073,718 discloses a catal yst base of alum na
stabilized with silica on which is deposited a cobalt or nickel catalyst.
25 U S. Patent No. 4,708,945 discloses a cracking catalyst of silica
supported on boehmte-like surface by conpositing particles of porous
boehmite and treating them wth steam-dt- greater than 500C to cause silica
to react with the boehmte. 10%silica is usually used to achieve a
surface nopdlaigrmetlssikidhca A0 . i TR QvQidues gt metahi td doyaluhifund UN 2004 WO
01/ 45839 PCT/ US00/ 34075 -9 U. S. Patent No. 5,032,379 is directed to

al um na ha¢Phgigpe atigimarydncloisaisedjingpropiging the pillaes efilic axproded diassrells in

th .30,t0 200 A Th | umi i ‘ d, by mxi t diff t
types of r SliyararReate s it hadu Sy rrEa s Bttt "
bi modal pore di syrg hukdNo. 8,395 486 diRIRES cdiposttich Bom@fhi 'ﬁsﬂo%eﬁ;[y@n_
al um na support prepared by mxing at least two finely divided alum nas,

each of 5 whiaot presabimadact desi prephral/baforingeesa flodeupmmelionmb dee diay withltkast one

of the ranges (i 0Q,000.to 10,000 A, (ii) 10,000 to.1,000 AO, (iij)

1,000 to 3 f%ﬂfqﬁeéM%%ﬁ?ﬂ%ﬁ © USPSRSiBY P BA COEPeRIaiRY AP AlSor t with
a bi di sper 1 £ i g St i hdd 5365,

di scl oses t% a{] g%k\%bégscﬁsrfgg& %lf ﬁ%@?@é’ﬁ'gg&‘gg&r’f éi C?%Jrﬂrém?%%é%héby md‘gi ng

conpl et el y cdifpbeitientcanatgrfrah 20Hatei In§  Thidsk faarcants apomwell abaesths uatvuas «fl um na
and silica. U S. Patent No. 4,497,909 is directed to silical/alunm na
carriers h&lAyrRloxsd indhe presertbrilaimeddnyangana e vooltsgusepy in%nd at

| east e : f .of the Periodic Table and
wher ei (Ii])@t hgggle{ éllf,?;/%ct%b%%ﬁ@%@ﬂ%@?%&ﬁg%ﬁ%@%m "ameter smaller than 600 A

occupying at | easthudd of pdtbas hetditecrdne vrddusppesafidiunpian asd hatiog of
di aneter of 150 to 600 A occzgyi £Slgpat | east about 40% of the total pore
e

vol une nadéalpnghegames n#aey SnER 1 Krang &S thassnt 86 A32FHARYF ol | owi ng

PRSI o S CABAAA XA B, Y U SR agy s 029 000475

94/ 16996. THwsd, P4d; ava73g7 182k 00S548] 4CTH$ES; UT0SoUS; 5YB2S79f araiglP6s1BOGL s

whi ch (l:i*'zil n be More specifically, U.S. Patent 3,974,099 is directed to silica/alumina
hydrogels from sodium silicate and sodium aluminate cogels. The essence of this
invention is directed to the precipitation of Al,O; onto silica-alumina gel which
stabilizes the cracking sites to hydrothermﬁl deactivation. (Column 2, lines 43 et seq.)
The resulting material typically has about 38.6% alumina oxide when all the excess

20 sodium aluminate is removed. In contrast, the silica employed in the presently
claimed invention is an additive which coats the surface of the alumina/clay
composite particles since it is added after the composite formation.

U. S. Patent No. 4,073,718 discloses a catalyst base of alumina stabilized with

silica on which is deposited a cobalt or nickel catalyst.

25 U. S. Patent No. 4,708,945 discloses a cracking catalyst of silica supported on
boehimite-like surface by compositing particies of porous boehmite and treating them

with steam at greater than 500°C to cause silica to react with the boehmite. 10% silica

is usually used to achieve a surface monolayer of silica to improve thermal stability.
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formed fromalumna: U 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, 6481h 28N 7004
U S. Patent No. 4,276,201 discloses a hydroprocessing catal yst which
utilizes WO ®EG§¥nerate support of alumna, e.g., beaded abPamiuss/3sand
silica wherein the silica is less than 10 wt.% of the support. The
aggl onerate support has a surface area of 350-500 n2/g_ A total pore
volunme (TPV) of 1.0 to 2.5 cc/g with less than 0.20 cc/g of the TPV
residing in pores having a dianeter gr e%t er than 400A. | 6 JUN 2904 WO
01/ 45839 -10 PCT/US00/ 34075 U.S. Patent ”’No. 5, 114, 895 di scl oses a
conposition of a |layered clay honobgeneously dispersed in an inorganic
oxi de matrix sudh 3.fFatent he. £J039,372y=tisctdao econphehetiyg greateotinddd by'gt he
i norgani c oxide matrix. The_ inorganic oxid tri Xl selected from
al'unina, t POIRTUME apfl 3 pore dipgste 4 thezerEe At dore 29@%2?“@@%5&%?@3@?9 5
i ncl ude be i enkQl.l L 4er LA ] ) rillonite,
ol in.  parymeiiRERtRlepl Sppe BRRYA M vok Rl tirhindt TR e Bt
saponi te, aadingarbiimedalre dtritlgeiont he cl ay honogeneously di spersed within
the inorganic oxide matrix, a gr ecursor of the inorganic oxide is
di spers&d as a d9!5.diateny Hood300.300 digelosesn Auming sypREEREpasf by fINEing sy
Wil e clay,cantents .of..5.10.70.wt . % ar i sclosed broadly,  the Exanples 10
erpl oy at 1G0T SRel] cpstat Gy Sl oo afiehs SRS G SRR b b e or
the resul tinge iRROTHST oot tiH ©6LaS®A00908.t0 Ral0601A, K9) 10104, P66 Ali 6B} oses a
process for the manufacture of aggl onerates of al um num oxi de by
cont act i ng 1aD0ter3dus. al umi num oxi de gel with an organic liquid inmscible

wi th water wherel e un f idliquid.igs a functjon.1l5 of the water
in the hydrous g‘ﬂ[ﬁn@ﬁ{ﬁﬂ?g@r él@ﬁ&?.a%}&ﬁl"a%q“tﬁ#a%ﬁ SBP%%;{,]W%&?I%@%%& onite or
kaol i njq SUfnflibﬁ:lp%FE sitQdisBuass e Colien® i NBRIED, Akclbds 1p@8l OFREASES May be
added to the a&lum num oxide during or after gelation. No specific anount

of clay i s nicspooseasdndadomkiakd hy nsxingtcompiaiely [defdrentghatgrialNbmenpf t he
exanpl es errpﬂgg\y cl ag.. U S PaBent No ﬁ 630, 888 di scl oses a cat al yst
havi ng a stf{EERReT ﬁlzﬁfﬁ‘{?h asg “%B?:é‘%%m Fannel s havi ng di aneters between
about 100 and 1Q@.05A>altléﬂtml. @99$!9b9%%_re13%d b QAR A Rhink REfeRl 1Blvid0f aL¥P! une

and in which access channels having dianeters greater than 1000 A units
const it ut e coetenekess tlaoaboutGiOfobpbeight 40Y6tdeast hee nadllaineppd cempondnupt, whil e

e OBl nder, oot e 00Le YOI SOTRLSR% 0.0 S00ARL JSTaPRES M

diameter smaller than 600 A occupying at least 90% of the total pore volume, and
pores having a diameter of 150 to 600 A occupying at least about 40% of the total
pore volume made up of pores having a diameter smaller than 600 A.

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

U.S. Patent No. 4,276,201 discloses a hydroprocessing catalyst which utilizes
an agglomerate support of alumina, e.g., beaded alumina, and silica wherein the silica
is less than 10 wt.% of the support. The agglomerate support has a surface area of
350-500 m*/g. A total pore volume (TPV) of 1.0 to 2.5 cc/g with less than 0.20 cc/g
of the TPV residing in pores having a diameter greater than 400A.
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25 The foll owi ng patents disclose various hydroprocessing operations and
use of catalysts therein: U 'S. Patent Nos. 3,887, 455; 4,657,665; 1b JUN 2004
4,886, 594; PCT Publication No. WO 95/31280. 16 JUN 2004 WO 01/ 45839
PCT/ USOQ' 3¥Q78/4583% SUMVARY OF THE | NVENTI ON The present i nveariusn/s®ibased
on the discovery that when active alumna is dispersed and subjected to a
rehydration process in the presence of controlled anounts of a dispersed
swel labl e clay, the resulting conposite particles exhibit and maintain 5
hi gh surface area while simnultaneously Fossessing a hi gher pore volunme and
pore node in the nesopore region rel at Qe to the absence of the cl ay.
These properties are substantially preserved in agglonerates, e.g., shaped
extrudat es, derili8dPdteroiid¢. el 1dc¥fpdisiloses pavtipotiesn bef brverednityaf t er
inpregnatign wth catalytically active nmetal conponents such as those
enpl oyed f OPTRGEHICOPHY CEPETSAY PR FfOXIIHMaHH; TicB Mot thfeclanlgyss ¥ or at i on
of the Sm'{:blﬁlgie?el LYol d5RA ‘BX ﬁ)'ﬂ%eaﬁ% X (ﬁm%ﬁ?\[ eaRdiehii¥ 08 deliR§ixGomPosi te
particles. I'nprovenents 1 n hydrothermal stability |onove e overa
econoni cs efleaed fivacssmiredyployd, RfjickhdrcoanePyiy dvd 18ixinhts $wtdbicgdleys mesopore
pore nodes increase the activity of,supported catal yst derived fromthe
conposiie piidechestonita, sepitie. Inppeite 5 vegaisuligpmevesordianesskasiini ty of t he
hydr ocar bo re es the sibiity of the ores _being pl.ugged due to
coke or bR AT BRI e A R i RRLRE B pP R ST 5 by
azeot r opi N@etht Blaglhegttebsedudly di65ERa wiln WRtiRGr RSt Ok RiedhitkiRYa piEagrsat cohol
is used to reduce the surface tension of the water which in turn reduces
t he shri nka§eedhoygenieoxilisrik digpeisyd aga solter dydresdininggellbin the prasgnasxqbensi ve

d i t al . i ly. ) i th. hi gh di t
and emvir OOt bt L enrlyc o4 Umngenad 0.8 KL gy a9 Bore. o ameter
increas®s tHRIARRIOHk 80 &L YN iaDt & KNG AbhAbS th!:bofkeél‘ggﬁezﬁéé bathgesnaages the

surface area relative to the unsintered materi al h one is forced to
sacrifice gwdugtweahistoseh order to achieve the higher APD. It has been

pri or 10" si nt o hg; PR S Mol He060udlpseg 0 Beceroto FBGBn URITchge | pore
di ameter WabhioffeCiiés SAMANRPSHLE bY @oﬁh&}@tﬁ%lﬁ&m@rﬁﬁw §5i0€ AW ¥n
associated Wwth sintering wthout tlay). Thus, since one can "start with a
hi gher por erganﬁequladgiinh‘ésﬁsbls twithnkatgewbereinthe ﬁmonnttdfabidﬁ_icglﬁlém_ plonetiornde, a
high syface area, high pore. volume proguct can be ofigined,ina more cost
or kaolin, sufficient to increase the strength of the agglomerates may be added to the
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.
U. 8. Patent No. 3,630,888 discloses a catalyst having a structure in which
20 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
with diameters less than 100 A.
25 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.
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16 JUN 2004 WO 01/ 45839 PCT/ USQ0/ 34175 -12 and environnmental ly friendly
manner, e.g., alcohol azeotroping can be elininated, and the tenperdfub8gil
to which the alum na would otherw se need to be heated can be | owered.
Accor di ngl%y0 i1458fe aspect of the present invention there i BCPUSW BETE
porous 5 conposite particles conprising an alum num oxi de conponent and a
swel | able clay conponent intimately di spersed within the al um num oxi de
conponent wherein in said conposite particles: 10 15 20 (A) the alum na

oxi de conponent conprises at |east 75 .% alumna, at least 5 wt.% of
which alumina is in the formof crystal fne boehi nite, gamm alum na
derived fromthe crystalline boehmte, or mxtures thereof; (B) the

swel | abl e SUEKVYSRNYIAERY (lsNd#OMNol e prior to incorporation into the
conposite particle and present .in the ¢ osite particles. at,an. _apount (a)
of Tess than abdlit PLgeE nggtds Bes ige BrbiReRehehgh it G fiaadl tm numm
oxi de co ”pgﬁ?@xrse@ﬁ‘ﬂi LGNl ARh 6hEtiatY prloRER O Bl prescBidof dhudhE € by st O

i ncrease at [east one of the hydrothermal stability, nitrogen pore vol uneg,
and ni t r ogeha dizpeped ewgltatée clagahofesthmg coomppeis patigas ¢xlohiesnd manttdiue to t he
correspondi ng hydrothernal _stability, pore VO]{%,‘U and nesopor.e pore node,
of the Al ulERHISSE M8 YERRFHRBIRDEPRSY ResSetsatent gg“l"ar%oé? YORWE NGB ¢l ay: and

(© the av riicl L t e, r 4 [ Si: for about
0.1 to apoltanu pbERE AR e e RS b B e o on.
there i s peebstaiedllf prasesessn hgtlomBiatesge. posinyped eonpdises, derpaedtirarh eise
conprising: 25 (A fqrmggf a non-col | oi dal  di spersion conpr.ising at |east
one al uni nGRAMPeSiledRATEERpbrTEr AndaisF impRgnation vaiksatalyticllypetyg gl o) uni na,
and at | east e I ' LU ' j di um
(B) renydr oTRGPeREEh R e Rl TR R nrp hefny oMol TR kEl, BB T AT
preseng® OfincedbdtatibrPHEhs e eRavt tRDpaivay tHediydiivetral sthbilieasitthd Wt . %

composite particles.

Improvements in hydrothermal stability improve the overall economiies of a
process employing the same while shifts to higher mesopore pore modes increase the
activity of supported catalyst derived from the composite particles. A higher pore

15  mode improves accessibility of the hydrocarbons and reduces the possibility of the
pores being plugged due to coke or metals deposition.

High pore volume aluminas are often prepared by azeotroping with alcohols to
remove the water before drying. The alcohol is used to reduce the surface tension of
the water which in turn reduces the shrinkage of pores during drying. This technique

20 is very expensive and environmentally unfriendly. Aluminas with a high average pore
diameter (APD) are often prepared by sintering at high temperatures. While sintering
increases the APD of the unsintered material, it necessarily decreases the surface area
relative to the unsintered material. Thus, one is forced to sacrifice surface area in
order to achieve the higher APD. Tt has been found that one can not only shift the

25  mesopore pore mode to larger pores prior to sintering, but also it is believed that less
shrinkage in pore diameter will occur upon exposure to elevated
temperatures(commonly associated with sintering without clay). Thus, since one can
start with a higher pore mode, and less shrinkage occurs from that higher pore mode, a

high surface area, high pore volume product can be obtained in a more cost efficient
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16 JUN 2004 WO 01/ 45839 PCT/ US00/ 34075 - 13 of the active alumna to
crystalline boehmite and to formconposite particles conprising ahb JUN 200
effective anmount of swellable clay intimately dispersed within the

al um num owigda/sessvponent, said effective anmount of swel | ablreTalsayzhes ng
(i) less than 10 wt.% based on the conbined 5 weight of the al um num oxi de
conponent and swel |l able clay conponent, and (ii) sufficient to provide an
increase in at |east one of the hydrothernal stability, nitrogen pore

vol une and nitrogen nesopore pore node of the conposite particles relative
to the corresponding hydrothernmal stabilBity, pore volume, and nesopore
pore 10 node, of the alum num oxi de conponent in the absence of said

swel | abl e chagnvitémémraldy fridndty inbenee NP osichien] pacduoplgscahbemlintigated,spdr si on,
and (D) optionally calcining the recovered conposite particles at a

t enper at ur éhe EMIcFRWica b Whichzhe plymappwould G wosensed & v hgatest canrsm about
0.15to 1 O@QP t 3 hours. In another aspect of the present invention,
there is prOV|§ed aggl onerates of the above particles. In a further aspect
of the present iAMMihER, irf HRIBpéd oP fRVIrEREt SvERAINtBeke 16 plodidedtporslgr | ved
fromthe above agglonerates. 20 In a still further aspect of the present

i nvent i dn, coimposité parpicley icdwgrising ro @besinfmroxideyaimpeneoctend agyadablecilaum

f eedst ock using the abov | oner at es. as, supports for hydrgpracessing
catal ysts. BRPERCTESRAISH GRICH O BRAFINGEIES OFE COBPPEVT YIS
summari zes Ef'd%rggﬁ) de LQifesWhi ch are plots derived from the exanples. The
perti nent isnfor tiSo?\baboutS the Figures including the corresponding Run

Nunbers, Exanpl €Adr Ghepamainkweidexampoeeiticoingrises d1éeakt Exws % alvmaxd, st and
pl ot | egends are provided in the follow ng table: 16_JUN ﬁggoboeu 01/ 45839

-14 PCT/ US00/ 34075  least 5 wt.% of which alumindis in the form of crysta mite,
10 gamma alumina derived from the crystalline boehmite, or mixtures
thereof;

(B)  the swellable clay component is dispersible prior to tncorporation into
the composite particle and present in the composite particles at an
amount {(a) of less than about 10 wt.%, based on the combined weight

15 of the aluminum oxide component and the swellable clay component,
and (b) effective to increase at least one of the hydrothermal stability,
nitrogen pore volume, and nitrogen mesopore pore mode of the
composite particles relative to the corresponding hydrothermal
stability, pore volume and mesopore pore mode, of the aluminum oxide

20 component in the absence of said swellable clay; and

(C)  the average particle diameter of the composite particles is from about
0.1 to about 100 microns.

In a further aspect of the present invention, there is provided a process for

making porous composite particles comprising:

25 (A) forming a non-colloidal dispersion comprising at least one aluminum
oxide component comprising at least 75 wt.% active alumina, and at
least one swellable clay component in a liquid dispersing medium;

(B)  rehydrating the active alumina of the aluminum oxide component in

the presence of said dispersed swellable clay to convert at least 5 wt.%
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of the active alumina to crystalline boehmite and to form composite
particles comprising an effective amount of swellable clay intimately
dispersed within the aluminum oxide component, said effective amount
of swellable clay being (i) less than 10 wt.%, based on the combined
5 weight of the aluminum oxide component and swellable clay
component, and (ii) sufficient to provide an increase in at least one of
the hydrothermal stability, nitrogen pore volume and nitrogen
mesopore pore mode of the composite particles relative to the
corresponding hydrothermal stability, pore volume, and mesopore pore
10 mode, of the aluminum oxide component in the absence of said
swellable clay;
(C)  recovering the composite particles from the dispersion; and
(D)  optionally calcining the recovered composite particles at a temperature
of from about 250 to about 1,000° C for a time of from about 0.15 to
15 about 3 hours.
In another aspect of the present invention, there is provided agglomerates of
the above particles.
In a further aspect of the present invention, there is provided supported
catalysts derived from the above agglomerates.
20 In a still further aspect of the present invention, there is provided a process for
hydroprocessing petroleum feedstock using the above agglomerates as supports for

hydroprocessing catalysts.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The following table summarizes Figures | to 24 which are plots derived from

the examples. The pertinent information about the Figures including the
corresponding Run Numbers, Example or Comparative Example Number, the X-axis,

Y-axis and plot Jegends are provided in the following table:
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DESCRIPTION OF PREEERRED EMBODIMENTS

The term “micropore” as used herein means pores having a diameter of less
than 100 Angstroms.

The term “‘mesopore” as used herein means pores having a diameter between
100 and 500 Angstroms.

The term “macropore” as used herein means pores having a diameter greater
than 500 Angstroms.

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 ¢c/g,
is plotted as a function of the differential of the log 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. Brunaver, 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
absolute mercury pressure (in bar)

Pore Diameter (in Anstroms) = (Equation 1)
and in accordance with the mercury penetration method (as described by H. L. Ritter
and L. C. Drake in Industrial and Engineering Chernistry, Analytical Edition 17, 787
(1945)), using mercury pressures of 1-2000 bar. Surface Area for composite particles
as well as agglomerates is determined however by the nitrogen desorption method.
The total N5 pore volume of a sample is the sum of the nitrogen pore volumes
as determined by the above described nitrogen desorption method. Similarly, the total

mercury pore volume of a sample is the sum of the mercury pore volumes as

& DA

C. cciCCc ICCc cc a: Qna
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determined by the mercury penetration method described above using a contact angle
of 130°, a surface tension of 485 dynes /cm and a Hg density of 13.5335 gm/cc.

All morphological properties involving weight, such as pore volume (cc/g) or
surface area (mzlg) are to be normalized to a Metals Free Basis as defined in

5  accordance with Equation 4 described in Example 20.

All fresh surface areas are determined on samples which have been dried and
then calcined in air at 537.8°C for 2 hours.

Bulk density is measured by quickly transferring (in 10 seconds) the sample
powder into a graduated cylinder which overflows when exactly 100 cc is reached.

10 No further powder is added at this point. . The rate of powder addition prevents
settling within the cylinder. The weight of the powder is divided by 100 cc to give the
density.

All particle size and particle size distribution measurements described herein
are determined by a Mastersizer unit from Malvern, which operates on the principle of

15  laser light diffraction and is known to all familiar in the art of small particle analysis.

The aluminum oxide component which is mixed with the swellable clay
component comprises typically at least 75, preferably at least 80 (e.g., at least 85),
most preferably at least 90 (e.g., at least 95) wt.% active alumina which amounts can
vary typically from about 75 to 100, preferably from about 80 to 100, and most

20  preferably from about 90 to 100 wt.% active alumina. Active alumina can be prepared
by a variety of methods. For example, alumina trihydrate precipitated in the Bayer
process may be ground and flash calcined. Active alumina, as referred to herein, is
characterized as having a poorly crystalline and/or amorphous structure.

The expression “alumina of poorly crystalline structure™ for the purposes of

25  the aforegoing process is understood as meaning an alumina which is such that X-ray
analysis gives a pattern which shows only one or a few diffuse lines corresponding to
the crystalline phases of the low-temperature transition aluminas, and contains

essentially the chi, rho, eta, gamma and pseudo-gamma phases and mixtures thereof.




coliLO L9 N)NgcoltVr-mLn coll) C3 YTC) 't In CDNco CAYT-M"TrTT 1 6

JUN 2004 WD 01/45839 Ib 0) 0)0) ULU 000 U UYlin a)Q I ~ Xx U rgOjunios
CoCC :3=5Q1l1zZa) LL1coN.:I- co
WO 01/45839 PCT/US00/34075
-19-

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

5  dehydration of aluminum hydroxides such as bayerite, hydrargillite or gibbsite, and
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

10 oxyhydroxide with the hot gases is generally between a fraction of a second and 4 to 5
seconds.

The resulting product may contain minor, e.g., trace, amounts of boehmite,
gibbsite, gamma, alpha, delta and other crystalline alumina structures.

The resulting active alumina will typically exhibit a weight loss when heated

15  to 538°C for 1 hour of from about 4 to 12 wt.%.

The specific surface area of the active alumina obtained by the rapid
dehydration of hydroxides or oxyhydroxides, as measured by the conventional BET
method, generally varies between about 50 and 400 m?%g, and the diameter of the
particles is generally between 0.1 and 300 microns and preferably between | and 120

20  microns with an average particle size of typically greater than 1 micron, preferably
between about 5 and about 20, most preferably between about 5 and about 15
microns. The loss on ignition, measured by calcination at 1,000° C, generally varies
between 3 and 15%, which corresponds to a molar ratio H,O/Al;O3 of between about
0.17 and 1.0.

25 In a preferred embodiment, an active alumina originating from the rapid
dehydration of Bayer hydrate (gibbsite), which is a readily available and inexpensive
industrial aluminum hydroxide is employed. Active alwmina of this type is well
known to those skilled in the art and the process for its preparation has been

described, for example, in USP Nos. 2,915,365; 3,222,129, 4,579,839 and preferably
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4,051,072, colurmn 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,0, is less than 1,000 ppm.

5 More specifically, the composite particles prepared with silicate or certain
clays such as synthetic hectorite will typically contain NayO, which can cause
sintering of the alumina at high temperatures. This sintering will reduce surface area.
To eliminate such sintering, the alumina is preferably washed to remove the Na,O in
the form of salts. Still, more specifically, the alumina is preferably slurried in water

10 containing about 0.05 parts by weight ammonium sulfate (A/S), about 1 part by
weight alumina, and 5 parts by weight water, for 15 minutes. The slurry is then
filtered, washed at least one time with water to remove salts and oven dried. This
wash can be conducted before or after contact with the clay or on any component
which may possess Na;O. The active alumina employed may or may not be ground

15  but it is preferred to be ground to facilitate dispersion in or with the swellable clay
slurry described hereinafter.

Suitable active alumina powder starting material is commercially available
from the Aluminum Company of America under grade designations CP-3, CP-1, CP-
5, CP-7, and CP-100 It is also available from Porocel (Little Rock, Arkansas) under

20 the designation AP-15.

All of the active aluminas suitable for use in the aluminum oxide component
of the present invention are rehydrateable and form a hydroxyl bond upon contact with
water. The present invention draws a distinction between the phenomenon of
rehydration, i.e., the chemical changes induced by subjecting the active alumina to

25  water and elevated temperatures, and the process of rehydration, i.e., the process steps
involved in inducing the phenomenon of rehydration.

The phenomenon of rehydration is believed to represent the chemical and
physical state of that active alumina which has been converted to crystalline boehmite.

However, the change in state from active alumina to boehmite does not have to be
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Area for Cl%lﬁpglsdh%ﬁ ppc?cregicéﬁ'ﬁlaﬂy, the rehydration process refers to the manipulative

10 process steps involving the addition of active alumina to water under conditions , .g.,
elevated temperature, described hereinafter.

The swellable clay component comprises any 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

15  weak van der Waal’s forces and have a particular shape or morphology. Such clays
include the smectite class of clays as well as the ion exchanged (e.g., Na*, Li"
derivatives thereof. In general, alkali metal exchange forms are preferred because of
their enhanced ability to swell and disperse. Also, dispersible 2:1 layered silicates
such as tetrasilicic mica and taeniolite are useful.

20 More specifically, smectites are 2:1 clay mineral that carry a lattice charge and
characteristically expand when solvated with water and alcohols, most notably
ethylene glycol and glycerol. These minerals comprise layers represented by the
general formula:

(Mg)"" (M) O20(OH.F)s

25  wherein IV indicates an ion coordinated to four other ions, VIindicates an jon
coordinated to six other ions and x may be 4 or 6. M is commonly Si**, AI** and/or

: S+ oIt oAt a2t
Fe** , but also includes several other four coordinate ions such as P, B, Ge ", Be.

and the like. M’ is commonly AI** or Mg®", but also includes many possible

hexacoordinated ions such as Fe™, Fe®*, Ni**, Co®*, Li*, and the like. The charge
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Dioctahedral smectites include montmorillonite, beidellite and nontronite wherein, for
example, montmorillonite has as the octabedral cation (M), aluminum, with other
cations such as magnesium also present. Trioctahedral smectites, which are preferred,
include hectorite and saponite and their synthetic forms wherein, for example,
20  hectorite has as the octahedral cation (M”), magnesium, with lithium also present.
The smectite most advantageously used in the preparation of the compositions
of this invention is trioctahedral smectite clay having a lath-shape morphology.
However, trioctahedral smectites of platety-shape or mixed lath-shape and platety-
shape morphology can be employed. Exemplary of suitable trioctahedral smectite
25  clays are natural saponite, and preferably, natural hectorite and synthetic hectorite.

The most preferred swelling clay for use as the swellable clay component 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,
3,892,655 and 4,049,780, the disclosures of which is herein incorporated by reference.
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t he process for iwmmﬁwme, in USP
Nos. 2,915, 365; 3, . 129; 4,579,839 and preferably JUN 2004 WO 01/ 45839

PCT/ US00134075 - 20MgO 27-29
Li,O 0.7-0.9
Na,O 2.2-3.5
Loss of Ignition 8-10

Physical Properties

Appearance white powder
pH (2% Suspension) 9.8
Bulk Density (kg/m?) 1000
Surface Area (N adsorption) 370 m¥g
Sieve Analysis % < 250 microns 98
Moisture Content, Wt. % 10

10
In order to prepare the composite particles of the present invention, non-colloidal

active alumina is at least partially rehydrated in the presence of the dispersed

swellable clay.
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alumna is pref bly slurried in water onta about 05 parts b
wei ght ammﬁi un%fﬁﬂ%il‘én (’{Atlhg)a mﬁ‘ﬁ‘éd‘fli I‘”’"i’)‘%ﬂ'1 %t ur af ’lﬂ’?inha aﬁd 5 pa?/t s
by wei ght yaf 1atme% tﬁé]éf&éﬂ&%% waldtPub Hﬁl@ia}k a&é&& eﬁ' Jio%ﬁ& ripeshed at

| east one ti r to renpve salts an oven wash can be

conduct ed Reﬁpiren@:r 1s&ﬁé1€f01@pfﬂfﬁﬁblywbhdiudtélﬁatG:ﬂaafyitedrte}ﬁperamyesadnmhmant whi ch
may possess Na20O. The active alum na enpl oyed nay or may not be ground 15
but it is pbeﬁépr Edte speﬁéugrtbﬁmayqir@tmlaarchaﬂesGpeﬁémeéit&Cﬂmﬁluetr with the

pouclor b af PON RSP e B S5 iy S 2Rl BSOS

Conpany of £\ Ridafd fHRs ehou@nad abeasizg Bﬂ:&‘ér@‘tﬁlﬁ it BboutB-td ab&t-485andGost, and
CP-100 It is also avail able from Porocel ittle Rock, Ar kansas) under 20

t he desi gnarafenablardarg abapt|3 tefaboh2bbeurs.e aI uminas suitable for use in the
al um num oxi de n the resent Ji.nv tio re re drate e and
form a hydroxyl %t?gggrﬁ ﬁo%%ﬂ?%f’cﬁr %?SEP gjg FEeh Tnn\?e% |£)n dr aws
a di stinct %Qeoxla?ﬁgwt%eh)}dmlcﬂf@hemeal@éonnbﬁwm&tthm%%lba@ at léRes chemi cal
changes i nduced by 'subjecting the active alumna to water and el evat ed

t enper ¢ ur pssferahly at fh@spl(b@aé snasf plreédwfdyat least, 15| er% Ofttlkfeaqﬁlweeb@@nmseps

i nvol ved in _indu the n reh onmenon of
rehydrat i oﬁo?‘ée”i‘}glt‘? @&%@ﬁ?ﬂﬁeﬁgnﬁ?\ﬂ/ 3 uiz{ge Sﬁﬁ%?gr}boéﬁl Ktate of
that acti vee@dmo%f%weamﬁndoeﬁr}a %&"Wﬁi‘b&lﬁdf&ﬁ Y63 & ddone16mehi 4@
However, the“change in state fromactive al'umna to boehmte does not have
to be 16 JUNIQ@Oﬂraﬁ@ﬂ&/f%ﬁ@@@/@ﬁﬁ@iﬂ@O?6 - 20 te )| moet pefekpblefremence to

the entire sanple cted _upo uri dra |o ocess., For
exanpl e, | @BOAIg AL (Egnd i dROBH Ao W&Fé BF BedlnR; Ay be
ggiS' bl & ”&ﬂhes‘?ﬁbb& Byroatii a6 beaﬁh}te nAfRofittayeri WA alﬂaa'lﬁrhﬁllae or filter

trihydrate that forms if the pH of the water exceeds about 10.

In view of the initial active alumina content in the aluminum oxide component
and the degree of conversion of active alumina to crystailine boehmite, the aluminum
oxide component of the composite particles will desirably contain (A) typically at

20  least 75, preferably at least 80 (e.g., at least 85), and most preferably at least 90 (e.g.,
at least 95) wt.% alumina, preferably alumina derived from the rehydration of active
alumina, and (B) typically at least 3.75, and preferably at least 7.5, and most
preferably at least 10 wt.% of the aluminum oxide component is crystalline boehmate,
which amount of crystalline boehmite can vary typically from about 3.75 to about 100

25  (e.g., 40-100), preferably from about 7.5 to about 100 (e.g., 75-100), and most
preferably from about 10 to about 100 (e.g., 90-100) \l;vt.%, based on the weight of the

aluminum oxide component. Similarly, the weight ratio of crystalline boehmite to

swellable clay in the composite particles will typically vary from about 4:1 to about




converted to boehmte with the remai ning inner portions thereof remaining
as either 5 active alumina or some formof alumna other than boehnil®e/Ulr2004
active alum na. Thus, while "rehydrated alumna" is chenicallz synonynous
wi th boebWWP81/43B%Uni na derived fromthe rehydration of acti&EUHIYHHIRa

i ncl udes boehmte, active alum na, and any alum na by-products other than
boehmte which mght formduring the rehydration process. Simlarly, the
rehydrati on process refers to the manipul ati ve 10 process steps involving
the addition of active alum na to water,sunder conditions , e.g., elevated
tenperature, described hereinafter. The swellable clay conponent conprises

any nenber of the 2:1 clay: mneral |ayered,silicate clays capahlLe of

under goi ng&hePefeagPly fgy gyt Pl 'Sﬁlba\‘utd%ﬁ{’ﬂlﬁﬂ’é%ﬂ P‘F&Fé’f‘@éﬁ?%/c’%@%ti ﬁg‘ 0l ays
are expandg@gu?sej ays whose platelets are held together by 15 weak van der
Waal 's forces and have a particul ar shape or norphol ogy. Such clays

i nclude the snmeThitgstlllassiefacdaymiag dethe pegetiive desirited ahBrgepe(1e. g. ,

Na+, Li+) derivatives thereof. In general, alkali netal exchange fornms are

preferred bakbpicallyfbe lessahan dhonh bR sessithyn ahous \eP) Angrironisspd s, Al so,

di spersible 2: 1.] ed siligate h asi i cj ]

t aeni ol teraglg%t@é%aﬁ]&ﬁgog(?%%éatg85%‘?@:1@35”?%} &@é@fﬁl %Béjg& g(r)gg @%f??:'ﬁ%’y n ner al
that carry,m hdbifeRraNRrom ank: 65 hatast 65 Askitahd.y expand when sol vat ed
with water and alcohols, nost notably ethylene glycol and glycerol. These

m neral s conpri $echmite fermationds makienizerd/attag] ofyemait 8i(e.gor/rral18). Thus, 2
(MB)'v(M f Q2o(OH F)4 25 wherein |IV.indicates an iQn coordinated to
four ot herbg1 s Sud Iasisﬁéz"(’f’ég §°%°’i°6?1bc 8%@3?,%%%’@1&3?%‘3 gjiq)?t?) %ég_blugﬁ%c and x
my be 4 Ohn Qd?i%é SartRIVERAL ¥ndRishia efflct of RGN tetsize oftHE bkiaRId NCl udes
several other four coordinate i1ons such as ps+, Ba+, Ge4+, Be2+ and the

like. M i srysaifitenivhicAliBturarendytte Joviarttheaiosad porecialisies. Fhmy itpe priferred
hexacoordi nated i Qns su Fe 3+, Fee+, Nt+ e+ i.+, and the |ike.
The char ge RGO _87833“1%"2 a@éaﬁﬂ%dgc ac}ﬂ%%ﬁéﬁ%%%“&%ﬁ%ﬁe‘h%‘i bE

creat ed by ,uhe-udRis: SPRRH bl ORR hibls Idigamibpu Bapdisl x coor dinat e
cation positions are balanced by one or several cations |ocated between the
structural uni tAs indkted abaye, dhemhipbathacoiittie detbetahsematin gsealsmmpet ur al

ycr at§ on SHSFICOMBRBEVRABRY 8F Sird 1 RESAyIT Ry FRPERy PRITRUTE APORt ur al
units have wisHifr® &Abe BB Gty Bgrti%mi"ﬁlegryt, R idBelieved that the highly dispersed
swellable clay becomes entrapped within the growing boehmite crystals and creates
intercrystalline voids by propping the crystallites apart, thereby increasing the pore
volume without decreasing surface area. It is believed to be for this reason that the
smaller the swellable clay particle size and the higher the degree of dispersion of the
20  clay particles in the slurry, the greater will be the shift of the pore mode in the
mesopore region of the composite particles. The rehydration of the alumina neither
starts with an alumina sol nor converts the active alumina to an alumina sol during
rehydration. Moreover, if the swellable clay is merely mixed with preformed
boehmite rather than forming the boehmite, e.g., by rehydration of active alumnina, in
25  the presence of the clay, the improved pore properties will not be obtained.
In a preferred embodiment, the aluminum oxide component can be premilled
prior to rehydration of the active alumina therein alone or in admixture with the

swellable clay. Premilling can be conducted in wet mills such as DRAIS, PREMIER,

or other types of sand or pebble mills.




Angstrons, as nmeasured by X-ray diffraction. Commercially avail ablf r]ﬁﬁ lﬂl‘[ﬁﬂ
snectites include nontnorillonite (bentonite), beidellite, hectori @,
saponite, sauconite and nontronite. Also commercially available are._

synt heti c %9 AEEBBE es such as LAPONI TEG a synthetic hect orf¢BUaW5H 301 e
from Laporte Industries Limted. 10 Snectites are classified into two
categories, dioctahedral and trioctahedral, the difference being the
nunber of octahedral sites in the central |ayer which are occupied. This,
inturn, is related to the valency of tfae cation in the central layers. The
di oct ahedral smectites have central cations which are trivalent and
accordingly.only two-thirds of_the octahedral sites are occupied, er eas
tri octahedr al éﬁwﬁ%refﬂtg'%gr%l)@gdﬁQ%C&%egdémer%hse%qfélﬁs&?ﬁﬁg?éwﬁllk\fg{f%f t he
oct ahedral ,5j t: C i i : I [ j .

o mor 1195y (E B AFAHRER dnalPcBRAANACL Y. FIRERD 10 eiiues. ©

mont nor i | | prid prefiasurdSethyiatast dhes slamigabdfor doltart thateofimithrthe dispérsat her
cations such as nagnesi um al so present. Trioctahedral smectites, which are
pref err ed, swélliblayday-hect ori te and saponite and their synthetic forns

whereln, for expmpl g, 2Q HeelArhls NAR &% Jae,qr balRdialy SR on AN

magnesi-um wth f | SO pres o Shec e nost vant ageously
used in th@nipepRddedbt 8Refbd ST cleANBeshide INBavePiget fatticlt Hivens borypically
trioctahedral snectite clay having a | at h-shape norphol ogé. However,

tri oct ahedfraije abopt0iltte sbett Holeag. ek ip-Hhpisterahly fioxeebaua O H-tg RapE BlFE-pl Bt et y-
shape norppol o can be | oyed. enpl ar f .suitable trioctahedral
snectite 2%_’ @Pgééosg?r_@?‘?{ﬁﬁg&’aﬂ“){g%%émt&a 8%%2%?*8?18P%b| y, natural hectorite
and synthetic hqﬁ&%bﬂ@olecﬂip%oﬁag%ermse&i@ drh i8\ellriy) Gyt afnqlgum as the
swel | abl e clay conponent aré the synthetic hectorites. Procedures for
preparithg slymyhetdec cowstitions veish grefenablyl willnoarimizmitic degreel 5 dyspirai@nf or
exanple, ip USP Ngs. 3,803,026; 3,844,979: 3,6 887, 454; 892. 655, and

4,049, 780, g?‘i‘i‘% swiclahlg SlAvs atedporppadity; @Sﬂ?é#l@lcﬁh?%@_h?rﬁ'opztpeéae%ﬁe Phf er ence. WO
01/ 45839 - 4231k akbiHNa200h e BERLUSROARSNAG A MRS dr @I dor Ghe SYNt het i ¢
hectorite is Laponite RD. Laponite(r) RDclay isa Tfilter pressed, tray
dried and pesirediitnipec qrthel pote. propeatipd efttbé elusnind nagponhbe attaiRD @l ay are

conposed of two silica |layers surrounding a |ayer. of nesi umin
oot ahedr al T BBE6f nACEURITEN- SIF Pt PTG BCRCEKEL 8 BRURE Roge Gypere of
Laponi f(r )iis%sfgnas\ﬁcﬁ'ag nﬁl;li}ﬂgif total WBRANs (cBRtrAl EndyBNuE /6d of Gdperfidg aRisd by

Laporte I norganics, a par Laporte |Industries Limted.” A typical
anal ysi s amatht dsacipirpdivra pypbpephtiedbladt, OphpBiniv aigditionRiD thetlay tageioniged f or t h

below in Table 1. . . :
water or water containing NasP,O, to minimize the amount of divalent cations such as

Ca*? and Mg*? helps to disperse the clay. The time required to disperse the clay is
reduced if it is added to a high shear mixer such as COWLES, MYERS or

20 SILVERSON mixer. Satisfactory dispersion can be obtained with paddle type
agitators, particularly when a tank with baffles is used.

Attainment of the proper degree of dispersion is difficult to quantify, but as a
general rule, the greater the degree of clarity of the suspending medium, the better the
dispersion and a completely clear medium is most preferred when employing a

25  synthetic hectorite. This will typically occur when the clay particles are
predominately colloidal in size, e.g., less than about 1 micron.

Accordingly, dispersion of the swellable clay can be accomplished by mixing

the clay with water, preferably under conditions of high shear for periods of typically

from about 5 to about 60, and preferably from about 10 to about 30 minutes. The




TABLE | Chem cal Conposition Laponite RD Conponent Weight % S 10259-€€
MyO27- 29 Li 200. 7-0.9 Na2C2.2-3.5 Loss of Ignitions-10 Physical Propkt il
Appear ancewhi t e powder pH (2% Suspension)9.8 Bul k Density (kg/ nm) 1000
Surface AM@ UM% dsorption)370 n2lg Sieve Analysis % < 250°0/EP YRS

Moi sture Content, W. %0 10 In order to prepare the conposite particles of
the present invention, non-colloidal active alumna is at |east partially
rehydrated in the presence of the dispersed swellable clay. 16 JUN 2004 WO
01/ 45839 PCT/ USOQ 34075 -24 Rehydratiomf the alumna will eventually
naturally occur at room tenperature in the presence of water but would

take an extended anmount of tinme.. Rehydration is therefore preferably
conduct ed SinRSFEE1% FHidhbe daPaFEd lé?g%‘i‘e 1" Q% CIIUGR Etﬂd"g@l tﬁpfocf‘]iy 59%88d up t he

rehydrat i op Brocesss J fhdus 669 ol e ORI ARSI 6B DY i Pl e

. Ve "s?ﬁg
refl uxi ng of an aqueous sulurry of t active alumna for a period o
typically frﬁxﬁﬁi‘hl@@%lt, déiohRedbaudr i Prefdrredf @hizblwould offecableudis@rtabilatyadit 48,
and nost preferably from about 3 to about 24 hours. Rehydration conditions
are controteedet o obtain a high pore vol une product. Accordingly,

rehydration conditi.ons arg. contraq ; T ypi.cal | t 5 10
preferably at | %tde%,e Ogﬁﬁp%lsoln ! %@%@?%ﬁ%}sgﬁ&ﬁugg?fg%g \%(vtt&g% \(r)(?é‘tt?]he active
al um na i sco@mMugtiReallyoatlOahs] 4@ préfeghblya 1QReR it 196 tiepnif enid dan rhiee al um na
derived fromthe Tehydration of active alum na can range typically from

about 5 t otypbwdly f1on abeutd to agout 3% praferpblygrasn ebas|lP tp pbeHt AT MeStt o about
100 (e.g., prSe(ger%glylﬁQoor?] ’abgl?tsltZ tBra%]:)gtrl%b\LzX%f rom
The amount of clay sought to be imparted to the final composite particles is
10 selected to be effective to increase at least one of the total nitrogen pore volume,
hydrothermal stability, and/or the nitrogen mesopore pore mode relative to the
corresponding pore volume, hydrothermal stability (as defined hereinafter) and
mesopore pore mode of the aluminum oxide component in the absence of the
swellable clay. More specifically, the mesopore pore mode is increased typically at
15  least 10, preferably at least 30, and most preferably at least 50% of the corresponding
mesopore pore mode achieved in the absence of the swellable clay.
Suitable effective amounts of the swellable clay will typically be less than
about 10 (e.g., less than about 9), preferably less than about 8, most preferably less
than about 6 wt.%, and can vary typically from about 1 to about 9 (e.g., 1 to about 8),
20  preferably from about 2 to about 7, and most preferably from about 2 to about 5 wt.%
based on the combined wéight of aluminum oxide component and swellable clay
component.
As the clay content of the composite particles increases above 1 wt.%, not only
is the mesopore pore volume increased, up until about 6 wt.% swellable clay, after
25  which it begins to decrease, but also the surface area. In addition, the presence of the

clay increases the hydrothermal stability of the composite particles up to about 10 w9

clay content, after which it levels off or decreases.




about 15 to about 100 (e.g., 75 to 100) wt.% based on the wei ght of thﬁj

al um na. An 15 undesirabl e by-product to boehmte formation is bayeri]tﬁe N 2604
which is an alumina trihydrate that fornms if the pH of the water exceeds
about 10. WROV#SH® of the initial active alumna content in FnEUGH Hum

oxi de conponent and the degree of conversion of active alumna to
crystalline boehmte, the alum num oxide conponent of the conposite
particles will desirably contain (A) typically at 20 | east 75, preferably

at least 80 (e.g., at least 85), and mogt preferably at least 90 (e.g., at

| east 95) wt.% alum na, preferably alumna derived fromthe rehydration of
active alumna_ and (B) typically. at _|least 3.7

g,_ad referably at |east
7.5, and nost Proah dieAioye giscyssiagy itvgllhe ppurent hat r&ﬂﬁ?ﬁ‘h‘?ﬂﬁ%@F&ﬁ“@Bﬁponent
is crystall]i i WA, t j i vary

typi cai |y PrOEPRREIE & e a R Al Gy G o e U Y om
about 7.5 {waysaabout 100 (e.g., 75-100), and nost preferably from about 10

to about 100 (e.g., 90-100) wt.% based on the weight of the alum num
oxi de component FoSprample tyo sepdaiRt REPAER s 1651 dIspeIoas) GCOREUNBEHIfi te to

swel | akl e cl in the conposit arti G L]tV RhEC y from about
4:1 to abowgiaé’ll?]ﬁ@' 9@“8%%“%@%@“%5#1&@3%%&@%@aeggér}%?n\égﬁ’eferabl y from
about 9:1 tRp&ahuly, 8 bd corffifledBs prafé@bErAdmhde Suffcah by imalis drettly babout  50:
1. The crystallité size (as determ ned by the procedure described at

Exanpl e 1) adding kithergioogiongntiast te seatertpanirapueoushocqrabiging thesky@Aédn about
100) Angstrons and V\All .Wprefer,%gl fromabout 60 to about 100, 5 range
typical Iy PPERPYBSHASHRREISHS VMY H® and nmost preferably from about 65 to

about 95 Angst I @fffyevBRENd £phAfdBHIrRE ateSprifartdit A€ shaitid Be Pieoto aldotet 9
(e.g., 7 to 10). Thus, a buFf er, such as sodium gluconate, can be added to

st abi |iGe tHaerghisideitioalnd die Stivealustiohin tha abeinvinexidedPIpROPEDt ¢res BAbesi r ed
effect of reducin t%ﬁ lgitze of tFeﬁBq&k}&jte ﬁ?(.j([)lcrystallites which in turn
tends to | BHRY PFHBARERAPIRE @NASE e TSRS TY S preferred not to enpl oy
a buffer. In faeke B Qinddi®f BRI PGSR tREaI BN Bk RieTompohéntt hat it

is a natural buffer at a pH of about 9 and inhibits rehydration to
Bayerite. Asdthgicomipedertbovmtrollaé suchhthariaisitppicaly frive aewt 2/t aiouhd®a in the

vel | abl e BrefsrablRit AR dbouEigoeR FAbaH REE L DO et 0 SREE ¢ heory,
it is peligyedpbbatod e shinghldiegrli 90ehs olicwRhtcabh& r&dseywhBEONBSR renddsapped
wi thin the grow ng 0boehm t% cr %st al s and creates
the mesopore pore mode will typically increase and vice-versa when the clay wt. % is
at or below 4.
Accordingly, absent premilling of the clay component and aluminum oxide
component, it is preferred to prepare a slurry of the dispersible clay component in
20 dispersed form, add the aluminum oxide component thereto and then subject the
mixture to shear under elevated temperature as described above to intimately disperse
the swellable oxide and rehydrate the alumina.
In one preferred embodiment, the dispersed clay component is premilled in
admixture with the aluminum oxide component prior to rehydration of the alumina.
25  Thus, in this embodiment, a slurry of the swellable clay component is prepared under

agitation unti} fully dispersed. To the clay dispersion is added the appropriate amount

of aluminum oxide component, and the resultant combination wet milled, preferably

severely milled, at room temperature, e.g., in a DRAIS mill, for a period of typically




intercrystalline voids by propping the crystallites apart, thereby
i ncreasing the pore volune w thout decreasing surface area. It is t](gl'lugvztg“
to be for this reason that the smaller the, swellable clay (#)?r%iglﬁqsize
and the hi%R&F43%® degree of dispersion of the 20 clay park§dVe¥5 %t he
slurry, the greater will be the shift of the pore, node in the nesopore
regi on of the conposite particles. The rehydration of the alum na neither
starts with an alum na sol nor converts the active alumna to an al um na
sol during rehydration. Moreover, if tRe swellable clay is nerely mxed
with preforned boehmte rather than formng the boehmte, e.g., by
rehydration of actjive alumnpa, Jin > the presence of .the cl t he

i nproved pBPE ‘?ﬂoébérlttp °‘\’i§i£ |p1q511ab1(y§15%15@5qnﬁgd’i_s O 3hout %pé]?lg}lttﬂa‘?g?‘rbodi nent ,
the al um n%@hﬁﬁ%ﬁﬁuﬁ?qpH‘{%ﬁ%ﬂlﬁﬁ:’&ﬂ@%ﬁ%‘iﬁ%gﬂ hb A to BdbyFatd Bhel@ibRBAt i on of the
active alumna therein alone or in admxture wth the swellable clay.
Prem | 1ing can Ipeeraidigisdsciben fiowmmttongadd ts irsueisedisydDRAESnal BREMILERS theor ot her
types of sand or pebble m|ls. 15 JUN 2004 WO 01/45839 PCT/ US00/ 34075 - 26
However, i tompesiberihileresglting BoRBLREES SHftip sl dRES: of the desired

swel lable «clay,, it nust o, ! <at
sufficiently | OW?TS%%Cﬁg%ﬁﬁeg’%qﬂg%g%ggag% #ﬂb%h@gﬁ?@?{gﬁ?(gﬁt@of t he

al um na bebaiiglek enéathattdey esthpsiiightréshandsiepercs adfacs wedak abfdlotsay. 5

Prem | ling of the al um num oxi de conponent is conducted, t%/ ically at room
t enperature for TaefEET b seiifde aperidetepmined glier ¢adniggan aigé g%(f-ﬁu%l e size to

be typicall fL.0 out 0.1.to abqut .8 e L 1O 8 . rom
about 0.1 ﬂﬁ)ogbwrgq’(@él.rsgfﬂd qesfgg%cg)af’ mﬁﬁgeglﬁglélifacﬁraqe ér%%}n?/éaﬁérlg%%%pd% 0.1to
about 2.5 M @EQBSpostl €0 BNBINMABh&e CbAYinGRERAEDS vibSstéling R Usiashd & FOSCUrry,
typically an aqueous 10 slurry, under conditions which preferably wll

mexi m ¥@ t heautegamees pfesstirs ped HEdnsurfagoaea determiapd teegoqyapddesighgied theeadi | y
di spersi bl e thaa others. If the degree of dispersion attained during
contact wi ¥R SWFRFi 415 bei ng rehydrated is poor, the desired inpact on

the pore propertq @érrr%gﬁri%lﬂ% MR UERWeeh Qbe ReshAdndatdaabdhrfat@ackad. ZEsk
Accordi ngly, steps y need to be taken to induce the proper degree of 15

di sper si on ssiblbr ths différeigeghetvetrathe foklaand seamashuriore argag thy highss thee of
di spersing aids such as tetrasodi um pyrophosphate (Na4P207). Slow addition
of the cl a?yflré’ﬂEFé"i“Bﬁf't?@i‘ty‘vvat er or water containing Na4P207 to ninimze the

anmount 1 of di val eff.GahiRRSorSsCie astive@ARind 1 B HRAnhekhiAoxide dingReese it he
cl ay. %ﬁe time requiré% to disperse the clay is reduced if it is added to
a hi gh sheale piexarce sifitie el IBOA RS, coumfERentgs complete, the resulting composite
particles can be recovered, thermally activated under the same conditions as described
for agglomerates hereiriafter or used directly to conduct application of catalyst thereto.
Preferably, the composite particles are recovered and dried and optionally
20  sized. Suitable particle 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.
Recovery is accomplished by filtration, evaporation, centrifugation and the
like. The slurry may also be spray dried to effect recovery.
25 The resulting composite particles have a nitrogen BET surface area (on a
metals free basis) of typically at least about 200, preferably at least about 240, and

most preferably at least about 260 m%g, which surface area can range typically from

about 200 to about 400, preferably from about 240 to about 350, and most preferably

from about 240 to about 300 m?/g. The surface area determination is made on a




20 SILVERSON m xer. Satisfactory di spersion can be obtained with paddl e
type agitators, particularly when a tank with baffles i.s used. Attal hdéhiili
of the proper. degree of dispersion is difficult to quantif a

gener al rﬁ? ?Ufﬁg’greater the degree of clarity of the suségﬁﬁﬁﬁﬁgﬁgaium
the better the dispersion and a conpletely clear nediumis nost preferred
when enpl oying a 25 synthetic hectorite. This will typically occur when the
clay particles are predonmnately colloidal in size, e.g., |less than about

| mcron. Accordingly, dispersion of the-swellable clay can be acconplished
by mxing the clay with water, preferably under conditions of high shear

about 10 ra Mot RG ke M YRR BP0 o R e Bl Ao
- 27 tenpergtygee @pbowich the dispersion is formed is not critical and wll

typically range fromabout 10 to about 600 C. It is inportant that the
wat er not cont allne @tehege nirp g drs diameter of dhei eomnesie pertisles vallgaedeer r ed,

whi ch woul d_af § di i h . 5. T
G spor o orvpealnRgreamef FORRIEE 4 9 60 e Rl Y, mReF e PR R 201 en
of typisca'tb>éb6{:t iﬁ?ﬁﬁdﬁmsﬁ@éf&ﬁﬁﬁ%ﬁhﬁu@% leasit BsoanPeddigs.eof , and can

range typically from abo 6 to about 30, preferably tromabout 10 to
about 20 and noThe topalefieognl poré rammaldtite coPnposita pangicles ome nwgtalThee anount  of
clay sought to be inparted to the final composite particles |s sel ected
to be eff dasisygeat @Wrﬁﬂ*’éé@%“t&gﬁc’@ﬁ“ gﬁ’é’rﬁg})ﬁ\‘j@@t%Ouhﬁiﬁr%d‘b?lmp%ge vol une,
hydr ot her il r L P IS L NESERGE 1RPE f erelative to
t he corrg@goﬁéﬁ%&ﬁoa#ey f/}o u%\g}l&ﬂ%go‘%%ergnalcv%t ability (gs ef i ned

her ei naf t edihmated or pereopdiee ibe eampleearefovémdriad atnti33och(280°#e asdtgonent in the
absence of the swellable cl ai%g. More specifically, the nmesopore pore node

i s i ndleasedringpicasal hapradt 555 §°6ddP04)- preferably at |east 30, and nost
preferably at Ig VAP tdg%&ﬁgﬂéﬁ?ﬂ%@ﬁ% af‘fﬁ??@gﬂ&lpgfa sARdanachi eved
abl'e tlay. Surtable e

in the absence of%%“ﬁe svvez{%e ectlve ampunts of the

swel | abl e gkgyport pbretri@iccald highe porsdiambrnrelabeut it @bfemcg whilkesB t han about
9), preferably |ess than about 8, nost gr eferably less than about 6 w. %
and can vampintgipingz high suideacaasenas reciied 28B%ut 9 (e.g., | to about 8), 20

preterably 11 OTESRRHEE RN ol el S REGLmIA] ikt 2 to
swel | afF e &drdblligOMe NN the pore mode by varying the preparation conditions,
particularly the clay content in the composite and the solids content of the rehydration
shurry. More specifically, reductions in clay content from the optimum and/or
increases in the rehydration slurry solids content will each lower the pore mode.
Thus, the macropore content (i.e., % of those pores within the total nitrogen
20 pore volume which fall within the macropore region) of the composite particles will
be typically not greater than about 40, preferably not greater than about 30, and most
preferably not greater than about 25% of the total pore volume, which macropore
content will range typically from about 5 to about 50, preferably from about 10 to
about 40, and most preferably from about 10 to about 30% of the total pore volume.
25 The nitrogen mesopore content will range typically from about 20 to about 90,
preferably from about 30 to about 80, and most preferably from about 40 to about
70% of the total pore volume. Moreaver, typically at Jeast about 40, preferably at

least about 50, 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,




As the clay content of the conposite particles increases above | w.% noh
Only is-the mesopore pore vol ume increased, up until about 6 wt.% 15 JUN Z004
swel labl e _clay, after 25 which it begins to decrease, but urface
area. In &'d%i?%‘f’é?ﬂ the presence of the clay increases the%@ﬁﬂ%’pﬁé@f’ml
stability of the conposite particles up to about 10 w6 clay content, after
which it levels off or decreases. 16 JUN 2004 WO 01/45839 PCT/ USOQO 34075
_2S Fromthe above discussion, it will be apparent that rehydration of the
alumna in the presence of the dispersgd swellable clay can be brought
about in a variety of ways. For exanple, two separately prepared slurries

(di spersions ntai ni ng .t ) abl.e clay.c nent, an n-.col | oi dal
al um num oXFiFE? kaﬁ&h%‘%ﬂq{t lggé‘b%&%}{\\sg”ﬁ“dﬁ%t B%f%gﬂg?‘r?élaa%?‘{tqagg‘? ANy a
single sl udy ﬁg&oms_rrade directly by adding either conmponent first to
wat er or sinultaneously conbining the clay and al um num oxi de conponents

with water. HowEkenitrdgkntmusop@papaieat oflthe coreposie @apicisas éomsirasshoul d be

taken to assure 10 that rehydration of the active alumna in the al um num
o)
oxi de conpéREAblYFHEPAsERSS 2GBERIENHOBBOHTF- HSEREHHY & SIBEROGANEL he

di sper sed T, J Lainl e al um num
oxi de ?grrp %@o{no@dEﬂﬂgg&élg%ﬁgéﬁu?i%g%;%@&gp? ged‘&'?l?ctﬁ ateglgk%q()?’ is typically

from about pRfereblaPuh aBut 706 abeut@Ityardest phefertably fram aboutt8026 ahnat nost
preferably fromabout 5 to about 25 15 wt. % based on the slurry weight. As
t he sol i ds2¥bAngHIOMRCr eases Wit hin these ranges, the nmesopore pore node

will typically ihcrease and vice-v C 208 L S bel ow
4. Accordingly, lrgﬁgéﬁ?gerTé%qﬂol en%onge;&? E@Q%ﬂg@a Bgléen%%ﬁg% wéll?n/(gé gpbﬁ]‘ﬁlﬁg‘ﬁf oxi de
conmponent , giehtek shalla®bet 8@ PréferaplyefiA peeaber Shair dbpund0, tahe nsbiss pefaitily @oc! ay

component 1n 20 dispersed form add the al um num oxi de conponent thereto
and t héh sgispise thantabont X@%rcd theototh pare PhEBE WEICBVRICEPOr@ARIEEIH CAR E2N4S

descri bed above to inti el y. di.spers he i ydr at e
the. al um naPistem e SReSe phuoh eREe Y RaMATk B R0 BT AREY s
prernill edp}efﬂera@lgffi-dihldﬁ@utvﬂdth dbb& 1oIBF themraxpete veriRonent prior to
rehydration of the alumna. 25 Thus, in this enbodinent, a slurry of the

swel | abl e clay d&dmsdmenfurtier founddhadhamabethagnal stabdiy ghthel composife di sper sed.
o e ot AR DR 005 B BRI sy o o e
15 Suitable silicate salts include the alkali and alkaline earth metal silicates, most
preferably sodium silicate. Less soluble silicates, such as found in natural or synthetic
clays or silica gels also improve stability. Examples of such clays are kaolinite,
montmorillonite, and hectorite. Calcined clays also give improved hydrothermal
stability.
20 The silicate can be added to the aluminum oxide and swellable clay
components prior to rehydration, but it is preferred to conduct the addition after
rehydration (hot aging) to maximize the hydrothermal stability inducing effects, and to
obtain a high pore volume and high average pore diameter. Addition of soluble
silicate before rehydration of the alumina tends to produce small pores which are
25  somewhat less stable (i.e., coalesce into larger pores upon heating) than jarge ones
thereby reducing the total pore volume. The silicate can be added after a few hours of

hot aging after the pore size distribution 18 set.

Amounts of silicate effective to improve the hydrothermal stability of the

composite particles described herein can range typically from about 0.1 to about 40,




severely mlled, at roomtenperature, e.g., ina DRAISmIIl, for a pegﬂgml 2004
of typically 16 JUN 2004 WO 01/45839 PCT/ US00/ 34075 -29 from about

about 3, preferably fromabout 0.5 to about 2.0 m nutes. The rem |l
slurry i s WO8H!3a% | uxed as described above to rehydrate thJ%’ﬁ%"ﬁéﬁ7

Prem | ling has been found to |lead to increased hydrothermal stability of
the conposition while resulting in only a slight shift to smaller pores. 5
More specifically, the hydrothermal stability of the alum na conposite
particles is evaluated by conparing fresh and steanmed surface areas as
follows. The BET N2 surface area is determ ned after cal ci ni ng in air at
537.8C (1000F). far 2 hours and %m gphat ed gfa gﬁea. An
uncal ci nedP‘§5€r‘ri‘J}?léfic§nlah%‘H 1623680 Bichmosk §baﬁf fch Oéllf) t 20 v%

steam for ?’Ol’ﬂ) SedPdn glggcgmb%g:d% to?gﬁfagtlésalﬁlérﬁglﬁ# fo%d%r&@n feftunface area

det er mi ned" Fh&raon an Ssignatedothe st eame ace ar A conparison
is then rragkeelmue/\aejncbﬂnpoiﬁdrﬁsh and steaned surface ar eas The smal | er the
di fference between the fresh and steaned surface areas, ﬂgﬁ]ilher t he

hydr ot her mal st dfithqutyishise thleebqusrpyaay pavticalar ffr?@rﬁaétﬂﬁ@éh%\i HADL i n the
| t.h t
al um ””ﬁ“et %Aa%ﬁﬁgc’"ggﬁﬁ{}ﬁt%u@g %ﬁp rt%%?ﬁl%g {.tﬁehc? ﬁ%@ﬁh&ﬂ% orfleRY; ds conponen

is co be recovere thermal |y

activated goaeedidBe sidER AR elth @{b%al@q@lrﬁezﬁ@mgb&@dr{m Aiggtane: ahes
hereinafter or used directly to conduct application of catalyst thereto.

Pr ef er abl ysilicite lcmaqm@stSQYMﬁfttldmlag rehydration o Visved en Aome of & Hservept i onal |y

20 si zed. Sltale artl Si zes et fro 0 about
To0 (o0y  Heqrdl i B3 ba e ocin 588 adRAGRRAGAY KBatRb ek IR ERe el S0
pref er abl y shpPMe 2RRUL tBe hRmiRPAHIngIOhyIrRiANS. Recovery Is acconpl i shed by

filtration, evaporation, centrifugation and the |ike. The slurry may al so

be sprHy dried tvhied ﬁeciorrmsm/ényunmrﬂ'dies caadel usedh gireshpssupporpaiitis cl es
have a nltr%gen BET surface a tal s ree basis) of typically at

| east abouf® %,gon\igpgpgz?lémagglgfnefaéea@fpgglg fﬁrﬂjm MG nost preferably at

| east about 260 S@@ﬂ%u%h%?g]%ﬁ@fa@&%aﬁ'b@ﬂs&ﬁﬁb da éﬂd&tzﬁ?dt'st(p F@Ah agpout
200 to about 400, preferabl'y from about 240 to about 350, nost

pr ef er abl y reattiomwibchuteq@it€s 4 partibdast p@O Scruntiing togtleer suitf ‘afae gafﬂ‘éa
determ nat Im%réhzln?lcal ermgl and]hydro%err%gpéroggtlo L ’%]58§g9g1c|):;1%rr/a Q/tt?’ed';gzgmt
15  invention can thus find particular applicability as catalyst supports in the treatment of
exhaust gases generated by internal combustion engines and in hydrogen 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
20  reforming, dehydrohalogenation, hydrocracking, hydrogenation, dehydrogenation, and
dehydrocyclization of hydrocarbons or other organic compounds, as well as oxidation
and reduction reactions. They can also be used as additives for fluid cracking
catalysts, particularly to enhance pore volume and meso Or macroporosity.
They may also be used as catalysts per se in reactions typically catalyzed by
25  alurninas such as hydrocracking and isomerization reactions.
Thus, the advantageous properties of enhanced mesopore content at higher
surface area and hydrothermal stability of the composite particles are passed on to the

agglomerates.



-30 sanple which has been dried at 138C (280F) for 8 hours and cal cined for
2 hours at 537.8C (1000F). The average nitrogen pore diameter of tHé JUN 2004
conposite particles will range typically fromabout 60 to \ , (e.qg.,
60 to aboWP HHV$? preferably fromabout 70 5 to about 275?82ﬁ§5'?{§@%
preferably from about 80 to about 250 Angstrons. The total nitrogen pore
vol ume of the conposite particles (on a netals free basis) can vary from
about 0.5 to about 2.0, preferably fromabout 0.6 to about 1.8, and nost
preferably fromabout 0.7 to about 1.63g¢c/g. Prior to testing for pore

di aneter or pore volune, the sanples are oven dried at 138C (280F) and then
10 cal cined for. 2 hours at 537.8 000F Lt, i s an. adyv he
present i nvent i Bif FHRt agﬁgmg |1g%8§sélo&pé§d%cﬁ;tl}attgopﬁ@e H%@é%gr%eh?%ogrlg node to
a_hi gher pareJEREELEE viSLGhE YRysiQl-themRBSeRge, While still maintaining a
hi gh surfglcre g%ea asfrg%]?t Zd ggyosve. Even nore inportantly, the present

i nvention provildes spenifichiyieach igplomdiBtede nompbseidrmg atpherakiyxd contigusaispor e
nmode by varying the preparation condjtiqns, articularly the, clay content
in the co@BB@P‘P%‘“%&T’%‘Hé’a’é‘k?iqsdgz‘?fjoafﬁdé’ﬁ‘t‘&&é 3ppe. PEH L’S’ﬂf’%ﬁé 28 urry. More
speci fical | L.ons; | ontent fromthe optimum and/or increases
in thegreﬁ?é?%{ti&g#ﬁé{ﬂg%?%%ﬁo scgontent w Il each | ower the pore node.
Thus, the nacr opgysetHeGipRitterites 6f the rea3bnttihostiopongyexmtita mghéve t ot al
nitrogen 20 pore volume which fall within the macroporF regi on)_?f t he
conposi t e mrRATEPYEEENtENt than e qopptituentPyITRASY Paticles decatsa Rl thgduePApicle
preferably not, greater th ahout . . hreferably not greater than
about 25%V6’I"%tlﬁegw?%[f ecﬁBf‘atgue Icﬁwgggwnaﬁ@%n%&%%%%fe content will range

typical ly from gbaitheRst ah@RQI6mERte faredies ahl preferambaigher idsémre about 40,
and nost preferably fromabout 10 to about 30% of the total pore volune. 25

The nilfr ogeoderesopore content will range typically from about 20 to about

20 PLeher oY LM AROHS 30,48, 8004 080ty IS ln et b o about

40 to about reover, typlca at | east

about 40, prafEhabbNowing ;Jﬁ@@?ﬁesqeﬂlatmeﬁ&s 2B $adios bft@r drfiep abl ¥ haurs keast about

60% of the pores within the nesopore regaion w || have pore dianeters of

typi cal | y ¥x166 @boU) andeakctnatipofar Uowy at 3¢ OGB4 FAD 01/ 45839
"1 LS00/ 54075 (51 bt AR oL RSO e 1
15 150, and most preferably from at least about 200 m?/g, which surface area can range
typically about 100 to about 400, preferably from about 125 to about 375, and most
preferably from about 150 to about 350 m%g,
) a bulk density of the agglomerates of typically at least about 0.30,
preferably at least about 0.35, and most preferably at least about 0.40 g/ml which bulk
20  density can range typically from about 0.30 to about 1, preferably from about 0.35to
about 0.95, and most preferably from about 0.40 to about 0.90 g/ml,
3 a total mercury pore volume of from about 0.40 to about 2.0, preferably
from about 0.5 to about 1.8, and most preferably from about 0.6 to about 1.5 cc/g,
(4) a macropore content (i.e., those pores within the total pore volume
25  which fall within the macropore region) of typically not greater than about 40,
preferably not greater than about 30, and most preferably not greater than about 20%,

of the total pore volume, which macropore content will range typically from about 3

to about 40, preferably from about 10 to about 35, and most preferably from about 15

to about 30% of the total pore volume,




The nitrogen nesopore content of the conposite particles as forned <'11I‘sJ
desirably will possess a nitrogen pore node, preferably only a si nglé @Mgﬂf’
node 5 (mononpda)), of typically fromabout 60 to about 4 to
about 300%0 YretBrably from about 70 to about 275, and nns?(c’)#@%"g%gg‘ y from
about 80 to about 250 Angstrons. The nitrogen m cropore content of the
conposite particles will be typically not greater than about 80,

preferably not greater than about 60, and nost preferably not 10 greater

t han about 50% of the total pore vol umg which mcropore content can range
typically fromabout 80 to about 5 , preferably from 60 about to about 10,

and nost r ef bly from abou 0.1 0. ahout 15% of I . I .
It has beeﬁ fu%ﬁery% 185%0@0{%%c{nrh?%8fhy&aﬁyﬁrgp Stfougt] 3%?5?‘%“3%?‘}9 réz?oé (r)rp(l;rsr}9 te
particl es feaf H&ut f2drth rﬂ_ﬁéuti%PﬁrQi/ﬁlgst@%ﬁﬁi%l)j n&RrBeied) @umeht Sidhicgate salts

therein. 15 Suitable silicate salts include the alkali and al kaline earth
met al si | itoat pore vobshe. Mosforerbipycadlydit leastsiboicHt, grefbrmably & dtagbiwus P cat es,

such as found in natural or synthetjc,  clays or, si]Jica gels al so i.mmprove
st abi | i t y. 2R PELET3 1y§a%45t&%39§oj, &f theicr s wighin tﬂ%ﬂ‘tﬁﬁ%ﬂ“f AR %%‘pgnd
hectorkte. ' - ' L Rr tlher ab@pi lity. 20
The si Fi Cé)tag%‘hgfﬁ’lﬁgxngg%gﬁt oléztﬁhgirdaéﬁS%gﬁu%\&g%})glgﬁdgéggvgppé%I e@)(t:)l ay
conponent $r¢feiably from doyddGito ot Il (eig, 108 tpBEOEané chasopetmehiy frotthe

addition after reh%grati on (hot aging) to maxi m ze the hydrothernal
st abi | i ty abadutdrg ®rrtd0Angs @™o obtain a hi gh pore vol une and high

aver age pore di te it . SLil] : r rzat,i on of
t he al um na ten@grE t ognp'r’r“}(?g%}gea ggfr%gﬁat%g%}ggic\?\}%?lc%&gggﬁgggg%@rrlg%gl{dalyg'ssghst abl e
(i.e., coalbBsCs préfemblpfra@rabpor®s taigsvut Reatd modt préfarmblyafrom aboesO.8 ther eby

reducing the total pore volunme. The silicate can be added after a few hours
of hdP adihgmafter the pore size distribution is set. Anpunts of silicate

effective to i nprove the r.mal LLLLy, of : articles
descri bed herei ecglﬁsquﬁeg%x’g{?g?)ggilelr%bfo?%?hggg%%éle .aitc gmaeggltﬁjgt& Q%%I?}?Dllf‘)G JUN
2004 VWO 01, #15538: 5 @ThAopOre I4Y Mod83af fybihRY fldiyatiouo 80 abaistut K00 ¢2.gb6ito 20,

and nost preferably fromabout 2 to about 10 w.9% based on the cqnbi ned
wei ght of aboiti 3eQ)epresdraliy fiom BHaut 65 tomsuhenl. 28 deoss pesterablydram ahodiiponent .
Wt hout w Shibnﬁ #53386 l‘t)pund by any particular theory, it is believed that
the 5 add8d"8F|TCatBE' ™ sti ngui shable fromthe silicate in the clay in

t hat tjge formeryy &dition, the agglomerates may be mixed with other conventional aluminas
to produce supports having a pore size distribution with two or more modes in the
mesopore region. Each alumina contributes a mesopore mode at its unique
characteristic position. Mixtures of two or more aluminas prepared with the swellable
clays having varying pore modes are also contemplated.

20 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
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

25  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-

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

binders include other forms of alumina, silica, silica-alumina, clays, zirconia, silica-




believed to be free to mgrate to the alum na during rehydration whereas
the clay silicate remains nostly intact during rehydration. Fbmeveﬂﬁjﬂﬂqw4
of the ohserved effect of the clay on the pore size and s Byl be
attributa ﬁem?‘('imgi licate mgrated fromthe clay to the al E?n’til,ndasl"éf%ro?%é
rehydration. 10 Wile the conposite alumna particles can be used directly
as supports, it is nore conventional to agglonerate the particles for such
use. Such alum na aggl onerates can be used as catal ysts or catal yst
supports in any reaction which requictgs._a particular pore structure
together with very good nechanical, thermal and hydrot hermal properties.

The aggl onerat.es of the present 15 inventio n.th fi ti ar

appl | oabi EEoraemgandsial Tt SRR Bl edRehr et B iR S5 el
gener at ed Ry |1 RIARkr, TRIMUESL AT SRS cRIEL Al NedMiflsOdeitclidseadphanidheof
petrol eum products, such as hydrodesul furization, hydr odenetal | ati on and
hydr odeni tanilf incehéewh.all Kirggnic ammpdsulssepaded sng rnaived by calsputios. Lhe
reactions for.th recovery of sul fur conpounds &C}ﬁ%s._ talysis), the
dehydr at i G086 et I%%%P‘ée@‘@?‘@ﬂﬁf%ﬁ“%@ﬁ? Y F‘c‘)éﬂ?lation_, _
nydrocsacki ng, RYGIAGEDANE Q ng,d(ﬁﬂ%%ra%g%?%El‘c%tioll"i‘Bgthe%ﬁpﬁég{&ﬁ&c&%%l?én' on of
hydr ocar bons or ot her ©Organrc®co unds, as well as oxidation and

reducti on gagégiawens. They can al so be used as additives for fluid cracking

catal ysts, particularly to enhance pore volunme and neso. or nacrqporosity.

They may al so bEhe@geioraerakss oy deangse aredpen typpaly silieted (A WS cat al yzed

! alse . e af: . 1
y 25 al urpl nas tgéh%gler %t*ax%g&feaﬁ]gginng@g%glﬁgy@éacug%}drﬁab&ﬁ%bu@%omT hus

t he advant'ageous propé es 0 sSop ntent at higher surface

area and hydoopfesramy reinabbdur B0 ed aidue 500 mpashdse ppdertblylfesn abentg@8sed on to
t he aggl onerates. 16 JUN 2004 WO 01/45839 PCT/ US00/ 34075 -33 The term
"aggl dRer sbent $AI°Er forpsrigdpebiniselly fram aowbP Aado gagut B3 PEfGRPYHYPe  hel d

t oget her by a i e f ical - i ) PEGI.fhC y, each
aggl oner at%OP%H‘géﬁ%éé%ug 20(£}3}6{1§ ﬁot’j%# %]1%?6?3%%13?{[ O(E%n Oﬁ]gébsutg?' Bg%t(s)lngﬂlgs 'e?rb ‘ primary

particl es, atgioZgikré@sf sesatbhadypbaVeair, Huetar ablue itdrngdeandhas eormgeat ed at
their points of contact. Thus, the aggl onerates of the present invention
may exhi biar s&eami.gher nacropore content than the constituent prinmary

o ) 3 SEEaute S VASIGRGH LAt R, N It e
presernge téranhdkgemefRs @eafRNt. Depending on the particular activation temperature and
time employed, the alumina agglomerates predominantly exhibit the crystal structure
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 gamma
20  alumina. However, the gamma alumina will possess the pore properties of the
boehmite from which it is derived. Moreover, at the preferred calcination
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
25  boehmite, will not typically exceed the original boehmite content derived from
rehydration of the active alumina. This conclusion applies equally to composite

particles which are activated and used directly in composite particle form without

agglomeration.

The percent y-Al,O3 (gamima alumina) is determined as follows:




10 node. Accordingly, the agglonmerates of the present invention arelg JUN 7004
characterized as having the follow ng properties (on a netals free basis%
after drying for 8 hours at 121C (250F) and cal ci nation f t
537.8C (198FH8¥1) a nitrogen surface area of at |east abgé?%fg@,wmgﬂ
preferably at |east about 15 150, and nost preferably fromat |east about
200 n2/g, which surface area can range typically about 100 to about 400,
preferably from about 125 to about 375, and nost preferably from about 150
to about 350 n2/g, (2) a bulk density_of_the aggl onerates of typically at

| east about 0.30, preferably at |east about 0.35, and nost preferably at

| east about. 0. 4 m iC ul 20 _density. can ra i . £ £ om about
030 to aBout LU0G BRI RFE 0 R0 e S SRy ST it e Mt
preferably fro out . apoud..§ 90 g/m, (3) a total nercury pore

vol une of from@%@#%%ﬁgqﬁéggﬁguwaﬁ 0, preferably fromabout 0.5 to about
1.8, and nopt prirf @oappeakiinemishdul Qfurt flaeabauet ad ab Xecdygntefd)y a macr opore
content (i.e., those pores within the total pore volune 25 which fall

wi thin the nacriopaiies. r egi on) of typically not greater than about 40,

Rbout 304C)or 948 ebBRenonit P gtiea s Fe® VP AR Al Al Phnge

about 20% Melcr opore cont ent range

typically from a,g%edﬁmﬁ@ AbRIE di#fact Besh @Rk Nohtaesnaatiaedled QuiX-Ragout 35,
and nost preferably from aéout 15 to about 30% of the total pore volume, 1

6 JUN 2004 WO Oiba53B9XPEY/gesooiostonsratghat(@5k Vandedspbr e cont ent of
typically from ut .15 about 9 er fro out 90,
and nost ﬂ‘rd'if erlglﬁfvl‘#%&H&%BW”@B“W&?“%&%% tecg hngé r%? g?gglsg%%éeg t@egl ume.
Mor eover, typic I 5 lMrRtfithigastn @besde 40, and
nost preferabl yﬁég@@&eé@i@?ﬁﬂ%k}gof %ﬁgﬁg%?gg ngfthiltr: %he mesopore regi on
wi || Fohave porehelieaetpesiscaf ndtyld algbyd fir afithapeak, 180 peaksapoused4dotice. g.
100 to 400), preferably from about gg to qQut 350&%@19. ,.100 to 350), and
most pr ef er abl ycasg Grherabsupcaks sretised B GErEdBURRJ YL FOMR TEST AR v er age
aggl onerate parti.cle. di . ' : 5,

99 par iy Ined %8%%5%25%18%%4 3’.2%’&2#&#&&%%@ o Q|1 ﬁtz@flﬁ’te spRRQUte

preferably fromabou m)st'q'preferaby rom about 0.8 to

10 1.5 mm The pmameaLs weRFRNLtief 2t he aggl onerate particles as cal cined
al so desirably X :
(5) The percentage of y-Al,Os of a sample is determined by the following
15 equation:
% y.a1203 = (sample* 1 quarcz.c)/(Tstandard * Iguartz,s) (Equation 2)
wherein:
Lumple = Integrated intensity of the (440) peak of sample;
I quariz.c = Intensity of the (101) quartz peak, measured at the time that the
20 standard y-Al,O5 is measured;
Tsandarg = Integrated intensity of the (440) peak of the standard y-Al,O3; and

Tguartzs = Intensity of the (101) quartz peak, measured at the time the sample is

measured.

v-Al,O; crystallite size (L) is determined by the following procedure. The
25  sample is hand ground with a mortar and pestle. An even layer of the sample is placed
on 3.5 gms polyviny! alcohol (PVA) and pressed for 10 seconds at 3,000 psi to obtain
apellet. The pellet is then scanned with Cu K Alpha radiation and the diffraction

pattern between 63 and 73 degrees (20) is plotted. The peak at 66.8 degrees (28) is




wi |l possess a nesopore pore npde of typically fromabout 60 to about! AN 20t
(e.g., 60 to about 300), preferably fromabout 65 to about 275, and nost
preferably f bout 70 to about 250 Angstrons. 15 In adgitd

aggl omer a%() le%xg’i*f%be m xed with other conventional alum nas(i!'|C1t;rlil)]j)§|;()‘(r'%I u%e
supports having a pore size distribution with two or nore nodes in the
nmesopore region. Each alum na contributes a nesopore node at its unique
characteristic position. Mxtures of two or nore alum nas prepared with the
swel | abl e clays having varying pore mgges are al so contenplated. 20 The
aggl oneration of the alumna conposite is carried out in accordance with

h hod 11k . ar. in: ' ) d
por 1 ot 21 Aed e REans SarelfiEbs niRE pal i MWy Moo st UV IR 000, "2

the like. phiyen@gul i zi ng technique whereby conposite particles having a

di ameter of not greater than about 0.1 nmare agglonerated to particles
with a diameter of atL(wzsin Abodf 98/HWHBY (20 ens (g% 25 a{Egvammﬁti on |iquid
may al so b% enpl oyed. As is known to those skilled in the art, the

aggl oner at”‘l’bﬁi’igﬁay optionally be carried out in the presence of additional

anor phgus or crywiall-i pa biidiAer Balf andirp@heand or M ng agents nay be added to
the m xture to be aggl onerated. Conventional binders include other forns

of al unina, 8id Tiragngé bf diffradtionibetween|Sayay beapy eshplanar sprfpeeonwigh tis831 - 35
16 JUN 2004 PCT/ US00/ 34075 zirconia, magnesia and silica-bori a.
Convent i orfAMPYoOISSI88ni ng agents which can be used in particular, include

wood 1 our, moﬁh&?&%&ﬁ%ehﬁgé L RS it A deh@edn@BRlRgleane  and, in

general, all organtc conpounds capabl e of being renoved by cal ci nation. The
addi ti on of por&hd birgd ngrapgeoisdiameteevead highponovolnme eswier thegumandi rabl e. 5

I f necessary, the aging, drying and/o al cination of .the agglonerates are
t hen 18ar rGoBpasifes Of%ﬁé Pé“é@?tdﬁié"rré]toéé{se%hgcg t'Feo??‘F’é]a‘f’ma‘?(}e ht’é}’elﬁmgglfna}:al ly

subj ect ed - L @t teafthe PricBAREGS Rpdliged, in bb@ range
of typi cal*’S%ﬁ%%%%%h?gggggk’@ééﬁgﬂt&ﬁp%%g%a CSr e?ggabl yggrgr?lla%odt 350 to

about 900, F.and. masiydpeebessaing ypémtong lsbot caacttiong @ackiogiopSadas. Wbereper i ods

of typically fromabout 0.15 tq about 3.0, preferably from about 0.33 to
about 2. 0,thérlféfgﬁﬂglfesﬁP’éf‘@F%Fﬁ/d‘rf&é’rﬁ“afﬁﬁﬁf?m@: éy‘ﬁlf}crélfbjlfiﬁg’ tly%h?)theraprs]§’. The

gts nﬁ???gggh 1'3—?1%&51%%2%;18& b3d hydtb GRhit¥g@idtion Phoc&sahgiof eArlidRdd, BiRIE ogases such

15  extracts or coal liquids; catalyst supports with metals, the high pore volume and pore
diameter providing for improved metal dispersion; separation of high molecular
weight compounds in a solvent from lower molecular Weight compounds; and
applications requiring fine particle size aluminas at low pH, such as in suspending
agents, and polishing agents.

20 The alumina composite particles are particularly adapted for use as supports
for a variety of catalyst systems employing heavy metals as the catalyst component.
Consequently, the metal components of such catalysts must be added and incorporated
into the alumina composite. Thermal activation is typically conducted after
agglomerate formation rather than before.

25 Such additions can be achieved by mixing the catalytic materials with the
alumina during the production of the composite alumina but after rehydration thereof,

during the preparation of the agglomerates, e.g., extrudates or pellets and the like, by

impregnating the ajumina agglomerates, such as extrudates or pellets, with catalytic

material by immersion in solutions containing the catalytic material and the like. The




The activation treatnment can be carried out in several steps if desitgduUpnp
be part 15 of the agglonerate treatnent. Depending on the particul ar

activation tenmperature and tine enployed, the alum na agg I .
predom naWY/4&8Ri bit the crystal structure characteristi Eggﬁ“sﬁ%ﬁfzﬁte, or

gama al um na, or mxtures thereof. Mre specifically, at calcination
tenperatures and tines increasingly above about 300 C and one hour, the
boehmte will be increasingly converted to gamma 20 al um na. However, the
gamma alum na w || possess the pore prgperties of the boehmte from which
it is derived. Modreover, at the preferred calcination tenperatures and

ti bst.ant.i al | | 1 he, tall. hmte,is. t ed.
U e CHRG RN 00 (AT GIOTEG S ST TR SO D COMRRHE (e 5
di scussed p?)'gfeﬁzg& B g1 ke atg 2R oAl iEh RACORARLy 568k drAdor TigdCalCi nat i on

of the 25 mte,~~w not typically exceed the original boehm’_te cont ent
derived frolmée ehytichtdomespds ethagbiereolaneof the.sufipirs Othec kud kdditions| i es

equal ly to conposite  particles which are activated anq.used directly in
conposi t e FriPedsfanedingsiherrdiminagpgy @Pﬁ?rﬁiﬁ%@xeﬁen Oﬁeﬂ%@#’WHW;OB {gam*ra
alum na) is det 1 . ; ‘=

PCT/ USDO/ 34075 %%Orilg‘g%@“%%g@%mé%?ﬁﬁe et if Pﬁ%’éé‘? ARicuiRly usef Y (area
under t he peakdm@bydda supdd@s fopeatslytitalyy actidd B&ogérandacdmpo@ontTheh(at01)

peak intensity of a artzlﬁl ate is used as an X-ray int,ensit%/) nonitor. 5
(3) Data d@ionpdtiBomd Groyerflimetalsod heserrialytirally petsvezpatsatipls vak Pe

di ffractoneter, eqgui dwth a. i.1.e diffract beam npnochromat or and
seal ed Cu S%t%y apﬁﬂ%(ggl%ﬁlﬁéowcfegﬁ}gégﬁ%% 'Sf is operated at 45kV and 40mA.

(4) Full width Iﬂhr@ﬁﬂeﬁiﬂéﬁﬁj{,”ﬂ fopWdMsiaiTchs it ©gh & @fiplopédhakinymé¢msedl under
the peak) of the (440),y-A] 203 peak are obtained by curve fitting. In the
case 10 wihefirerympeogseses ferusacting petoleymfegdwerksi(eorspleX RUXWERMO! t wo peaks are

Crysial |1 USRI npEong i Bk iy Bl S P bR et TN 00 o
the two cryghatait @nébzRsurey Kith GhiRiae ondey prsiure iFGeprésenceot { Eralfite
percent age o y-'A1203 of a sanple is determned by the follow n_? en
to Jower: (a) the concentration of at least one of sulfur, contaminant metals, nifrogen,
and Conradson carbon, present in said feedstock, and (b) at least one of the viscosity,
15  pourpoint, and density of the feedstock. Hydroprocessing includes hydrocracking,
isomerization/dewaxing, hydrofinishing, and hydrotreating processes which differ by
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
20 compounds in the lubricating oil boiling range (“feedstock™) wherein the feedstock is
contacted with solid supported catalyst at conditions of elevated pressure and
temperature for the purpose of saturating aromatic and olefinic compounds and
removing nitrogen, sulfur, and oxygen compounds presént within the feedstock, and
to improve the color, oder, thermal, oxidation, and UV stability, properties of the
25  feedstock.
Hydrocracking is typically understood to involve the hydroprocessing of
predominantly hydrocarbonaceous compounds containing at least five (5) carbon

atoms per molecule (“feedstock™) which is conducted: (a) at superatmospheric

hydrogen partial pressure; (b) at temperatures typically below 593.3°C (1100°F); (c)




15 equation: 20 %'y-Al1203 = (Isatnple* | quartz.c)f (Istandard Iq. gh@,@a
(Equation 2) wherein: Isanpie = Integrated intensity of the (440) 3 A
sanpl e; uart = Intensity of the (101) quartz peak, ne he
tine that“@ﬁ@h“§% andard y-A1203 i s measured; |standard = %%gnﬁﬂ)ﬁﬁnﬁ
intensity of the (440) peak of the standard y-A1203; and Iquartz s =
Intensity of the (101) quartz peak, neasured at the tine the sanple is
nmeasured. y-Al1203 crystallite size (L) is determ ned by the foll ow ng
procedure. The 25 sanple is hand groundgwith a nortar and pestle. An even

| ayer of the sanple is placed on 3 5 gnms pol yvinyl al cohol (PVA) and
pressed for. 10 seco

scanned wi'Yih &8 0KETA Bﬁta%gﬂfxgtc% @ntoﬁgly%]alggr} ng E the pbeﬁgl{i]e %bl@slé’ V\Blefl ggen

and 73 deg d20) g £ B @Bn Aol Kt28ad 16 JUN
2004 WO 01?%@%%9 Pé%yﬁég%?g% gj-%gogsggkﬁougénch atéﬁfﬁg crys?%lllte si ze

usi ng Equathereinlamnidedsneckngpiseliyprodecds ayieltitgrenter thal 4bduepg¢1hund_¢cisarzia in A)

= 82. 98/FV\H 20 0 E t 3) = F dth at half
axi mim h« éohﬁ@k%ﬁ%Pgmggg&bgggﬁﬁﬂpﬁﬂab%?%é@ﬂ“&%ﬁ%ﬁ3b@§ ‘bﬁb Iaﬁar :

f : s et d
i et e R

vol unme rer(dgaEarbblea@an’pdﬁmola&laonpomtes of the present |nvent|on usef ul
for the treatment of: high nolecular hi gh boiling feeds, where not
all the feed caHY@@trBﬁ[atﬂhSémw%ﬂwﬂGﬁﬁ%@do Hﬂ‘fﬁﬂ‘ﬁb‘gﬁ hygroprasessipgof

e o o RN AinaRAY R BRRbuPRh ks SRk LB BE I KO AREIAL RBRs Vher e

t he Iarge LS gh resT erance rocrackl ng,

bydr ot r eatpedgnolediél [ Feshatvdkt ok mtdemfmtlbxydﬂwmd@mmmgmmﬂ @id processing
of tar sands, shale oil 15 extracts or coal |iquids; catalyst supports with

met al 90 t rf@eq%ﬁt@k poeeein glerecesh is qroductedi et BIPCEBOSRICHE MY Siosemprovbd
et PG ABRR e Tup B R HLRE (8 Ok
chemical consumption of hydrogen; (d) in the presence of a solid supported catalyst
containing at least one hydrogenation component; and {e) wherein: (i)the feedstock
produces a yield of typically from about 100 to about 130 moles (inclnsive) of
15  hydrocarbons containing at least 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 above about 565.6° (1050°F) as
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
20  asynthetic oil producing operation.

Isomerization/dewaxing is typicaily understood to involve hydroprocessing
predominantly hydrocarbonaceous oil having a Viscosity Index (VI) and boiling range
suitable for lubricating oil (“feedstock™) wherein said feedstock is contacted with solid
catalyst that contains, as an active component, microporous crystalline molecular

25 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

range of the feedstock.




applications requiring fine particle size alumnas at |ow pH, such as in
suspendi ng agents, and polishing agents. 20 The al um na conpositdéf JUN 2004
particles are particularly adapted for use as supports fo I of
cat al yst ¥PMERE%enpl oyi ng heavy nmetals as the catal yst cohﬁgﬁﬁﬁ@?ﬁgy
Consequently, the netal conponents of such catal ysts nust be added and
incorporated into the alum na conposite. Thermal activation is typically
conducted after agglonerate formation rather than before. 25 Such
addi ti ons can be achieved by m xing theggcatalytic materials with the

al um na during the production of the conposite alum na but after

rehydration thereof durjng the preparation .o h 0 ..,
extrudates or pOPI%IREC Wafw,&aﬁw&ﬁ&gﬁ031%65%18%5%{?@&%& Oglq? %ﬁl&ﬁgcalﬁ

aggl oner atggngs m@a&%n@&&?g@én%f 9mePglsb18di8d fiVhi the GAJupl dshbisting@tt (efogugl by
imrersion 1n solutions containing the catalytic material and the |ike. The

15 JUN 2008MMBeQls, #E838n PCTHWISUNT Bhdnsm-gadip detpls, inprieemanplainuwpeetthi que i s
anot her suitable alternative wherein tqe ,cogl;.os' te ar tdi cl eﬁ? Er

aggl oner atedadipg, e EPYIreh Stoug i P 0) P ‘Wt"fb?@&ﬁtaa[“l JHek4F d, the

vol unezof [ i I t - r and
addi ti gnald\dapréﬁ%g%)y egz’??%gg’?]ft{/c?]ﬁ%ﬂﬁl]e gmﬁghg%&g’pﬁga@gg‘gf f’hglbelgzht?o t hose

ski || ed i nhé hedatotk hhs  hefipenoySove suipasbhteniakignilesashaf abbhel preaghent
invention are particularly useful when enployed as supp%s for

cat al yti catersentend prefargbiy dess iban BRuEBayeiEi Peicstie edovp PR ™ind G oup
VIIl netals. The cat al yt] L,y fi i iSUhbRn¥nappl i ed
i n hydr opr’%@é%gieﬁa ¥ %@%ﬁtﬁn{ ?1 .ed ?lge @é&#ﬁ%@@: %J;/ﬁp Oﬁﬁ{‘}d?g%rl%%{égssi ngl'} "as the

termis erpéoy8sh VeI plAinWRARSuP infetal 10prefribie pics@t o a5 smoufitan theemopé ng
petrol eum f eedst'ocks (conpl ex m xtures of hydrocarbon present in petrol eum
whi ch 18r e dfiagaindd.81 weeghtipeicenttoabot aveightperéa s totabcaMystHPBEd Ale) Wit h

hydrogen u ri'%ﬁé%tgf é?ﬁﬁéﬁ g'é‘@hg%%f r\)gﬁ%‘ & fé)efdst%gl? Béiﬁg}/l%!lteﬁ QbR mork Mant N

concent r at9 ur, contam nant netals, nitrogen, and

Conr adson RGP0 wiERSRIMtent Bulhidi the hoarbetRtion conofidnt iaprefeeatsly aone of the
viscosity, 15 pourpoint, and density of the feedstock. Hydroprogcessing

i ncl udes” hyndntgoatimkefrey leass oreeGiauat Y Bhirenesianp mgtal AYdrioeashioanCiger XhE

hydrotreatin ocesses. wWhich differ . h . . rneacted and
t he natur emBrgl't 1981 l%m?fafl B&%‘SF%W%F 8‘%1‘?‘5'?:?%@#6EFeg%ﬁaﬁygﬁ?%gqns}E?ypi cally
under §ts000k {0 chAKRt ¥EnbEHSHEY &Y HRAQCH $6Ifligs, Fhorb pebTaablyhrralries Prefetred

contai ning predoninantly (by weight of) hydrocarbonaceous _20 conpounds in

the | ubri cateralycasilystximpasiionangeiainat desaistbouk®, Prefpebbi #0uha 19 ek f#8ck i s
wt.% Group VIB metal, more preferably molybdenum and/or tungsten, and typically
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  comesponding 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 compenents, can be
incorporated into the overall catalyst composition by any one of numerous procedures
as described.

25 Although the non-noble metal components can be combined into the catatyst
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




contacted with solid supported catal yst at conditions of elevated pressure
and tegperaéure for the purpose of f?turatigg aromatic and ol efiniig Jyn 7804
conpounds _an removi ng nitrogen, sulfur, and oxygen conpo sent
within t NE%%8§Pock, and to inprove the color, odor, the?ggﬁ§ag§@22tion,
and UV stability, properties of the 25 feedstock. Hydrocracking is
typically understood to involve the hydroprocessing of predom nantly

hydr ocar bonaceous conpounds containing at |east five (5) carbon atons per
nol ecul e ("feedstock™) which is conducjed: (a) at superatnospheric
hydrogen partial pressure; (b) at tenperatures typically bel ow 593.3C
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cat al yst %?%&h?&é?h?@ro Ln bQast, BAschbbn fivdisoaemahiabaul o arnaslikeand (e)
wherei n sal eedstoCk typically produces a yield greater than about one

hundred and t Kiatalyst(chbiponemtk ean bf inhgghoreeat inbmdie compabitd Aymana At@a%t about
three (3) carbon atons e for each_one hundre

5 per | ecul r (100 r’rgé es of
f eedst ock o8B AE AMAMVET ak Stpgegdp Ui Gpelyst B’ﬁep@aF‘B’b'nF%’t TR OF e
Hydr ot & eatsk{}gaﬂn@]gitsxﬁid%g,l Aﬂde‘g%(?%\ra%—%gﬁlbﬁ%al@!@hvﬁ énﬁlﬁoxgi%ﬁgil' RPALE§BAAE Of

pr edoni nan rocar bonaceous conpounds contal ni ng east five carbon

atons  pennimbian tengstiecoska altiaxe, fcobalt hafaceand thetike.atande addet] by co-
denitrification of said 10 feedstock, wherein the pbrcgces€ i s conducted: (a)
at super atmobpaEdniRsesnaPd geRrepmitetion. aftsr waxdradon py)beieredRGHAIPRISIF &%
typically Jel,ow . : ). W cal

consunpti gﬁlah?’ aﬁé%ﬁ??g%gﬁ‘;ﬁ']Ig’g‘?g%lh“‘gﬁ?é’%%%e%@é’%\é?ﬂtgHé%P%d%egBﬁg%ﬂfed cat al yst

cont ai ni NGogipokReSfterQipeldiYEHHIRFERNAIMIREE RGP Ohthin agasehis| elcombler®i n: (i) the
feedstock produces a yield of typically fromabout 100 to about 130 noles
(i ncl U8i véydofcatt®nispiirtivenisohiblecepmpoupdher ECY 48t t hree carbon atons per

e, oo e i PS8 Ot

f eedst ock conpr vol umne r t undeasphal t ed

resi due t waidedtdavinpof b hperoaladue feasiati AES 16us( ditbétu)lared bedeemxinn nexk.by ASTM
D- 1160 Distillation and where the g;i mary function of the hydroprocessing

i s to desuMburparticwailyl thebriroerken ed(oqk iy copacted 8y hydkoged 1 RS Bf Bduct  of
2o e S/ SO R RO SRR RS e ool
havi ngsa \igxgReidgya hpfiegeda¥bh cam@oRail bf f@alyadgrtalsaid ddolvatibarasl ubri cating
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escribe P £g
herein.
As is well known these feedstocks contain nickel, vanadium, and asphaltenes,
e.g., about 40 ppm up to more than 1,000 ppm for the combined total amount of
20  nickel and vanadium and up to about 25 wt.% asphaltenes. Further, the economics of
these processes desirably produce lighter products as well as a demetallized residual
by-product. 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 1 wt.% to about 10 wt.%. Typical feedstocks that
25  can be treated satisfactorily by the process of the present invention contain a
substantial amount (e.g., about 90%) 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




catal yst that contains, as an active conponent, m croporous crystalline

nol ecul ar 25 sieve, at conditions of elevated pressure and terrperaturbﬁ althd 2004
in the presence of hydrogen, to nake a product whose cold ; rties
are subst‘gﬁtqlgf‘?? inmproved relative to said feedstock andp&ﬁlgg}gg@ @?ilei ng
range is substantially within the boiling range of the feedstock. 1 6 JUN
2064 WD 01/45839 PCT/ USQOO 34075 -40 More specifically, well known
hydr opr ocessi ng catal yst conponents typically include at |east one

conponent of a netal selected fromtheggroup consisting of Goup WVIII
metals, including Goup VIIl platinumgroup netals, in particular platinum

and palladiu t he 0 VIII Jjron group . r I | -gobalt and
ni ckel, t @%g@ogﬁcﬁyé‘%ﬁ@#% §g,lealn'r1F ‘%’é‘?zil??,ngé&%?r%}lgf{;cé]@%tﬁ]hgﬁgq{hﬁ%gst en, and
mxtures EFE?\F\@@JIB%EE?S %ﬂ@ag ﬁlﬁ\t@ﬁﬂoes:iefmfg ﬁoﬁé&&ésl t}?ht&@ﬁ}ﬂw bawysislid tie content,
e.g., less an abou wei g percent ‘and preferably | ess than about 0.5
wei ght percoswdrsioh lod tha parichi hydodb@ibanstmeagyrbeing reated. sThrapetslicenpl oyed as

t he hydrogenation conponent. |In this enbodi nent, the G.ou 1. _platinum
group net &PniREIIpEs éﬁmafobv%wp ifer?détt‘ICI‘i‘rfBﬁlh‘He’i Byt ?Wenﬁlﬁagw\l{a’ 1b‘?lﬁabout
0.01 i g e out 5 weight percent of the total catalyst, based
on eﬁm%ﬁ?ﬁgﬁa%%h%kggoup nmetal . Wien the feedstock being treated
contai ns nore tWaile nahialilic chn@mMinghsughersoansdisml, fickel, ainbirby.deogerat i on
conponent is preferabl ¥Wa conbi nation of at |east one Goup VI I1 iron
group net aresgnbinatarions Sydresarben siagama, ofhier metaly are pfe MEIHhLT RAHEY H

hydr 0genall AcATROREANS SR LSl IRPLRPERRENL: diddiorif, porhaacal al st

P C
conpositi es or su nore p erably as sulfides. Preferred

overal | cah@hly ot a€2RPRSId 4alNF teORiradaratethleas is bigbutolésulgredightabl y about 5
to about 40, wW.% Goup VIB netal, nore preferably bdenum and/,or

nol
t ungstlen, caprnamygsaldigicoppornds, egdydingwgtal paphthenates SR MENOPYESDYE ¢ o
about 15, .. %. of [g'oug VIIl of the Periodic Table of Elenments, nore
pr ef er abl VAN BREPbr cobalt, determined as the 20 correspondi ng oxi des.

The sul fide for ghofhet BREECEMIRfBehSnéMnef Piyafotrentit: ke yhgdrdoaghes isabe i vity,
selectivity and activity retention. The catal yst conponents

ny i opr ocagseingc of ysel:blsrpoinenteoys aiBESs FoTE S BPARLED e Beral |
S B PR oy IR Ot BEOGACYS6S ndsndRs s, 25

cat al yst ciﬁn&)
Al t hough t'fi& nents can be compined 1nto the catal yst

as thassulifideses with thel sndidi oPhRfesial Bsilin 3301890M@ [008° &Y evhichual | y
conbined as a netal salt which can be thermally converted to.t h?uble
cor r espondiamyexssd dewith aarincrease in the reaction temperature employed. These inso
substances, also known as Shell hot filtration solids, create the operability difficulties
for the hydroconversion unit and thereby circumscribe the temperatures and feeds the
unit can handle. In other words, the amount of solids formed limit the conversion ofa
20  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
recommended to prevent fouling of process equipment. A description of the Shell hot
filtration test is found at A. J. T, 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
25  reference.
It has been speculated that such insoluble carbonaceous substances are formed

when the heavy hydrocarbons are converted in the hydroconversion 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




oxi di zing atnosphere or reduced with hydrogen or other reducing agent. The
WO 01/ 45839 -41 16 JUN 2004 PCT/ US00/ 34075 conposition can then belb JUN 2004

sul fi ded qu(?(ag%l on with a sul fur conpound such as carbon pcqj&db/kicde,
hydrogen sultide, hydrocarbon thiols, elenental sulfur, and the |ike

Cat al yst conponents can be incorporated into the conposite alum na at any
one of a nunber of stages in the catalyst preparation. For exanple, netal
conpounds, 5 such as the sul fides, oxides or water-soluble salts such as
amonj um hept anol ybdat e, anmoni um tung$tate, nickel nitrate, cobalt
sulfate and the |Iike, can be added by co- mulling, inpregnation or

precipit atﬂegﬁcﬁe%&e{aﬁég %ﬁi‘ﬂgjgcﬂﬁé OMhd W RE L8 n ke GRIRASEisfod &italfdtBal |y

aggl onerate native, these conponents can be added to the
conposi t e aatdseibleaigyhayangt pores by tHamprosgofate oatalyst furfane speecsdle @l lexgltol i ¢ or
10 hydrocarbon solution of sol uble conpounds or_ precurs A further

embodi nentasplalienic ppleselss. AlpeHEilyge P@feﬁif%cé]ét?@diePBSlﬁong{}izg? P8 the

hydr ot reati ng,.of .a f i : e ebul | ated bed
reaction zvé‘ﬁgqmml\}ﬂrtgé/gg(r%t% ?é%ﬁ%rﬁaém? h@%%ﬂo@%%?%g% Oé%gstock i s contacted
with hydrogen ipheBedr discovetides tef uself kieaj@ouhedngmaiet asomuppanes i n t he
presence of a hydroprocessing catal yst 15 conprising a hydrogenation
conmponent mﬁhngpmtscpmﬁ@lﬂgy B OPIOEESs HIZ| OREALYSESs PEFé’égfi'siadEEh%fBWé] deposi ted

I t f th ' it ' h in. As i |1
enown t nocte o a5 bR € EHE M PR TR R AR 8y "o phai ¢ enes. 1.0

about 40 ppm upv%@lerfﬁéseﬁfmefﬁsgﬁmnﬂﬁmtm?tm&sgg@bimeﬁtimtf@ledmﬂunt of 20
ni ckel and vanadi um and up to about 25 wt. % asphaltenes. Further, the

economn cs aferatidreites panticaksy smetint abluyelpllotadcded sygpime Mpreodedfisallys el | as

a dernetallized residual _by-product.. Thi rocess iIs 111G I- usef ul
b e UL s Rl i S L A T
PPM OF O i&4e2fnithink 68 bo@iifhoU S B@Sii s BRI A Y N@rdase st fdintsiARbeml] sistenhe ran
ge of about I w. %to about 10 wt. % Typical feedstocks that 25 can be

treated saidtisitzcSondeltie byertlhectpriycdes ebillat¢rbbest wstem isithe weighéd 26ME&I n a
g G LR e s M )
topped cruge QidSyy cRRidn®betmBritine tadinenof 8a1diosieiifg atrerEPNE higheand
vacuum residua, oils obtained fromtar sands and residua derived froin tar
sand disl , mitéklhydviocar bon streans derived WO 01/ 4-5839
Hydrotreating operations are typically carried out in one or a series of
ebullated bed reactors. As previously elucidated, an ebullated bed is one in which the
solid catalyst particles are kept in random motion by the upward flow of liquid and
gas. An ebullated bed typically has a gross volume of at least 10 percent greater and
20 up to 70% greater than the solids thereof in a settled state. The required ebullition of
the catalyst particles is maintained by introducing the liquid feed, inclusive of recycle
if any, to the reaction zone at linear velocities ranging from about 0.02 to about 0.4
feet per second and preferably, from about 0.05 to about 0.20 feet per second.
The operating conditions for the hydrotreating of heavy hydrocarbon streams,
25  such as petroleum hydrocarbon residua and the like, are well known in the art and
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




-42 16 JUN 2004 PCT/USOQ 34075 from coal. Such hydrocarbon stream; Cjﬁﬁt ﬁ'[il.n
organonetal lic contam nants which <create deleterious effects in v rﬁi sz

refining processes that enploy catalysts in the conversiopfudb8s07s
parti cul a@%@&?%@ar bon stream being treated. The netallic contam nants t hat

are found in such feedstocks include, but are not limted to, iron, 5
vanadi um and nickel. While netallic contam nants, such as vanadi um
nickel, and iron, are often present in various hydrocarbon streans, other
netals are also present in a particul agq .hydrocarbon stream Such netals
exi st as the oxides or sulfides of the particular metal, or as a soluble

salt of the particul ar nefal ras_hij r | . [ onetallic
conpounds S 1art e refErohessonERer ol G o0 fhonid e

derivati vegelh@fy8RIgen ABGEBR Fats Rathafthe rhrieicf apH@IOUTE mdatd byt feet pat i ng
heavy hydrocarbons is the precipitation of insoluble carbonaceous

subst ancedafrebtRGIFR) @SH malimdrip ebutdStQ005 GB (€71 méafs+ Beakergbly cthecause
operability probl ens.., The anpunt

f such insol ybles f | ases
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i nsol ubl e substancCes, also known as Shell hot filtration solids, create
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mani f est Y%ﬁg@?t@éé{ﬁ%ﬁr??ﬁ%ﬁ% ggﬁlﬁlglva as 0.1 Wit % LeSeI s below 0.5
Wt . % ar e ganeral Gyneraldyahaproded témpaammsnnd spade vetpaitiesprossdsgedspuibpent . A
description of the Shell hot filtration test our nal
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when the hegaisnhy 860Gatebens pardecOnsNes badwiitDA&. hydr oconversion unit,
thereby rendering them a poorer solvent for the unconverted asphal tenic

fraction and heewthe sreatmant gf Ryfsogarke pylates IFRPSERBESOBMISPENERY. The
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15  atmos) to about 3,000 psia (204 atmos); an average catalyst bed temperature within
the range of about 600° F. (315° C.) to about 800° F. (426° C.); a LHSV within the
range of about 0.4 volume of hydrocarbon per hour per volume of catalyst to about 6
volumes of hydrocarbon recycle rate or hydrogen addition rate within the range of
about 1,000 SCFB (178 m¥/m?) to about 10,000 SCFB (1,381 m3/m?). Prefesred

20  operating conditions for the hydrotreating of hydrocarbon distillates comprise a
hydrogen partial pressure within the range of about 200 psia (13 atmos) to about 1,200
psia (81 atmos); an average catalyst bed temperature within the range of about 600° F.
(315° C.) to about 750° F. (398° C.); a LHSV within the range of about 0.5 volume of
hydrocarbon per hour per volume of catalyst to about 4 volumes of hydrocarbon per

25 hour per volume of catalyst; and a hydrogen recycle rate or hydrogen addition rate
within the range of about 1,000 SCFB (178 m3m?) to about 6,000 SCFB (1,068
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




be decreased by having sone of the surface area in the hydroconversion
catal yst be accessible by very large pores so that nost of the cathg@ﬂsz
surface is accessible to |arge asphaltenic nol ecul es. AI59 Té&@’?@é?e
pores facMAV&E89eposition of nickel and vanadiumin the  hydEdt ing
catal yst without plugging the pores. 5 It has been discovered that the use
of the porous conposites as supports in naking catalysts, particularly
hydr opr ocessi ng catal ysts, provides a higher initial activity than the
catal ysts supported on conventional alpgmna. Wile the benefit of higher
initial activity is less significant in a fixed bed operation, it is
particularly inportant in an ebull ated bed stem re specifically, in
0 an ebuisFHaRIBEI L JEB RGN ek PSS IR Hr Sl Rorash 2e teE SHFRor ul
since there, .5 a0 hNLRIbELERlr st 9RtIMUOR BRENN] @8 voli RALRLKAL 0
increase and naifitaln overall system activity. Since the overall activity

of an ebuldvatgidcdaeersfnsdndneiestitihe wei ghted average activity of all
catal yst present varying fromfresh to deactivated, the overall activity is
i ncreased by cohBrefarenses hemin totlements oaastals BropE (AR PINYER ¥ ng a

Lypi cably BaPRRGe Jp1e R i Eleptil sbl ip Y COLUERHA PRAREL PRIBNC® o

previ ousl yj 8l pghigat Adso, aRy RREhRE &b &Stons 0PGeoUps sidll bhita the Grswp oxd cat al yst
particles are kept in random notion by the upward flow of liquid and gas.
An ebul | at@aupeds tefleredlin thihBeriadigTas of Blempatsossing the a5t SYStEp &I cent
greater and 20 up to 70% greater than the solids thereof in a settled
state. Thé e ul 1ition of the catalyst particles is naintained by

i ntroduci ng t healji:GidldictEadhne ERRLRDI lﬁ&pﬁélogwl%gmﬁké défined ih GeriR@frneact i on
zone at linear velocities ranging fromabout 0.02 to about 0.4 feet per

secondOandwgiphf, suabdsysurfacomeabod pod: YBume azholpe intepgeteeas PHEL O8dcond. The

operating conditiagns, for, the hydrof.reating of hea hydr r ns,
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the art a’}qfthgmilicﬁﬁlﬁcﬁfxﬁfe(sgﬁgﬁeéﬂnbmnﬂhé BRighe Bfethatali Weink, MAGzesi a (68
psi a

atnos) to about 3, 000 4 atnos), an average catal yst bed
t enper at ur@niak¢ biharvibespeaifgd, af cabpesitey Gpoviler f@mL(nonjagelomasaad) 93be F. (454

) bt Rty RS YeL St (LS ity 5 088 9, 200, S,
Ve s B SR R e Btk g e cpu s |
wi t hi n t heweangss e)&chanhgwt 2,000 standard cubic feet per barrel (SCFB) (356
"B/ n8) to about T%g i’c?l?o%igg)l?an(xp ’cs6 zr:!c' grirwii%:/nrgg)specli: ig Ilﬁ]rsﬁ’?tlialﬂs otf rt]hef: claimed
invention. It should be understood, however, that the invention is not limited to the
specific details set forth in the examples. All parts and percentages in the examples,
20  as well as in the remainder of the specification, are by weight unless otherwise
specified. Unless otherwise specified herein, all surface area and pore property
determinations or recitations in the specification and claims are to be construed as
being made on samples which have been oven dried at 138°C (280°F) and then
calcined at 537.8°C (1000°F) for 2 hours at atmospheric pressure in air.
25 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

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




operating conditions conprise a total pressure within the range of %bﬁ.@tﬂ][l&
1,200 psia to 5 about 2,000 psia (81-136 atnps); an average catal ys1t d

t emrper at uwe owdskion t he range of about 730 F. (387 C.) to RoTAISOG2E7F. (437
C.); and a LHSV within the range of about 0.1 to about 4.0; and a hydrogen
recycle rate or hydrogen addition rate wthin the range of about 5,000
SCFB (890 nB/ n3) to about 10,000 SCFB (1,781 nB/m). Generally, the
process tenperatures and space velocities are selected so that 10 at | east
30 vol. % of the feed fraction boili ng4§bove 1,000 F. is converted to a
product boiling below 1,000 F. and nore preferably so that at |east 70

vol . % of Bxaen8eilbj ect fraction is converted to a product boiling bel ow
1,000 F. For the treatment of hydrocarbon distillates,,. td;ﬁ‘@o era}li ng
condi ti ons woul B0 1343:gmdiaQ wasasieidd - hemydy $3eis §farappPaite sgéﬁlg T hin the
range of ut. 2 I: u . . NS atnos); an
aver age cg}ggﬁof/]st 8%%5‘5%@%%%1? % l]}?lgg é&gﬁﬁ@“ﬁﬁ%ﬁgﬂ?aﬁé’g"%995‘%3‘{&?"%%8"433 (315 C)

to about 8Q8idly adihR for 20 nnkESN dkjdniatht bRy, range shghthomidysoftical ume of
hydrocar bon per hour per volunme of catal e{st to about 6  _vol umes of
hydr ocr bdarmaaobs waterclenr indieatingeieravall disparsedfiehyidivided €lae Tadge of

about 1,0Q0 SCFB (178 m /nB) .to ut 1 SCFB 3 D) ferred
20 operat i OEBﬁdélﬁ%ﬁlg“fv&S afed ﬂij)g et ?{e)da?%ﬁoé’;g"hé%?%n%ger %ﬁ‘(ﬁs% gsothlltﬁrgt es
conpri se gq118%EA BYQR5 B bR cRERSS YEBMIGRIN, TR 3RS 00AALTHE sI2QP psi a
(13 atnmos) to about 1,200 psia (81 atnps); an average catal yst bed

t enper at ureastdikidnintereflander 2f hawpuThegary was (Resdany drgd aypupezsd F. (398
C.); a LHSV _w thi e range of about .0.5 vqgl une drpcar.hon,per hour
per vol umamg:‘,g é&zgpigﬂ %’6"“ Wgﬁo%Pﬂwtbge%VﬁFgé%ﬁ(E%r?a%él}ed%r our per
vol umgof Vi, go | §r £ALiGeTor AHuRORBOBEMIid hon rate
wi t hi 20 he}ﬁ’?’té%éteﬁ?fs %ﬁ%‘%%}g&%%%%ﬁ% B/ nB) to about 6, 000 SCFB (1,068

mB/ nB) . Thmospistre dE20Y Fdtenne Grikrted om berkor asctemeds pohthsfsugfaspaesfic feed to

a predeterm ned prqduct hgwever, can, be best obtained by converting the
feed at WOPERSUre@sEe irgsh ang sgamefsa@Bles: pCT/ USO0/ 34075 several different

Lemperatures, PifesHEERciPaGHn bPhRCithan ARfitwdraaaagdiiioniat es,

correlating the effect of eac t hese vari abl es and sel ecting the best

conpr om sededdrmiasdasidiloesnver sion and selectivity. Al references herein to

el ements or netals belong to a certain Goup refer. to. 5 the Perihodic Tabl e
BA the

of thdSEl ement s{lAnd FaWeRpebmets pdsiue e ptep)inpRgy4pipa uoder
peak) of the (020) peak of Catapal alumina.

(2) The (101) peak intensity of a Quartz plate is used as an X-ray intensity
monitor.
(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 5. Percent

boehmite of the two crystallite sizes are obtained by using Equation 4.




12th Edition. Also, any references to the Goup or Goups shall be to the
Goup or Goups as reflected in this Periodic Table of El enments u$brghZile
CAS syst ewofoarsssxunbering groups. Al references in the cl RCRUSHE34075

nor phol ogi cal properties defined in terms of a 10 weight, such as surface
area, and pore volune are to be interpreted as being on a netals free
basis as defined in Equation 6, e.g., normalized to correct for any
influence of the netal catalytic oxide_(if present) on the weight of the
mat eri al bei ng anal yzed. Unl ess ot her # se specified, all conposites in
powder form (non-agglonerated) in the exanples are filtered after
rehydration and5) henTlexpdrestgest df boblumits oflasdmyplad Sietgmexashiantde feldowisgcr i bed
her ei nabove prior to calcination. None of the extruded sanples were A/'S
exchanged. The fol | &4H°%xanpl es are gi ven as specific illustrations of
the clainmed inyentiongglt sshoul e umder stood, howeve : he
invention is nor%?b°FWMTéI&W16 %%“"Sg%é“e‘i f ?‘b"““as tails set f('()}r3 %}J&I%E 4?he

exanpl es. Al pgkdrsinand percentages in the exanples, 20 as well as in the
remai nder of the specification, are by weight unless otherwi se specified.
Unl essSot herwi semagpeciiftegraieddnensty ofithe $4PF pask odseEPEnd pore property
determ nations ,or recitationsin specificat.i ] al e to be
construed as b‘g?‘"t‘fg““ SR Ogé?ﬁ)ﬁlge)z)e %ﬁ?%ﬁe%]%{\}%é %@%ﬁ%@‘éﬁ‘“@%%&@t 138C -
(280F) and then cal chpggnatva®akaifeed;1000F) for 2 hours at atnospheric
pressure in air. 25 Further, any range of nunbers recited in the

speci fication Okwghai iegratedhintaasityafhe (0P} peakrafithryCatapid elureitpadnds et  of

properties, condition hysi.cal tes or _, percen ik Sl dto
literally i ncoplgﬁvzatzei@?%‘és@ﬁ% ﬂ@trlgﬂw&dﬁdﬂ%aé?re?g'ﬁﬁ%rtlléjms%amﬁ%[gWguch
range,jgi ncl udi ng any ssphhs@kgof nunbers within any range so recited. 16 JUN
20h WD 01/ 4: 5839 PCT/ USQQ 34075 -46 Exanple 1. To 1843 gm H20O was added
14.4 gm dry basis, of Laponi te(&)‘ RD, a synthetic hectorite clay

avai | abl e from Bedtuniteciystdliie size ) is determmined by & fellpyingipreeadaranakie r api dl y

itated f 0.m t t i t I A i ;
S0l it on o e ebdieith BB phd el et B GLb Srniticds B | e
di vi ded cl &}VB.S@nstﬁlﬁ?wih?lpﬂ&Ho?(Wﬁp%@ﬂn@ﬁeﬂ\@& Ackdesh@ 3t 5,0001pei toaobtHf6 sodi um

gl uconat e aqueous solution followed by 465.6 gmof a calcined active
al uni na, Crp&letr The pelEDAs thehecaingd mith GinK Adphz eadiapedand the diffgadtion 24 hour s.
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used to calculate the crystallite size using Equation 5 and the measured peak width at

half height.
L(size in A) = 82.98/FWHM(26°) cos (6°) (Equation 5)
wherein
20 FWHM = Full width at half maximum; and

8 = The angle of diffraction between X-ray beam and planar surface on which

the sample is sitting.

The resultant properties analyzed are reported at Table 2 and Figure 1 and designated
Run 2. The addition of 3% ]_,aponite® gave increased fresh and steamed surface areas

25  compared to Comparative Example 1. Figure 1 also illustrates a large increase in total

nitrogen pore volume and shift to larger pores.




10 hours at 537.8C (referred to herein as fresh), or calcined for 4A§O \S
at 800C in an atnosphere of 20V% steam (referred to herein as stea d#rdm@
t he surf aee oanssas nmeasured for the fresh and steaned sanpl BET/USHEIHEr cent
conversion of the alum na sanple to crystalline boehmte was determ ned as
follows: 15 (1) 100% boehmte is defined as an integrated intensity (area
under the peak) of the (020) peak of Catapal alumna. (2) The (101) peak
intensity of a Quartz plate is used as an X-ray intensity mnonitor. (3)
Data collection is perfornmed on a Phit %s(r) 3720 automatic 20
diffractorneter equipped with a graphite diffract beam nonochromator and
sealed Cu X-Ray tube. The X-ray generator is operated at 45kV and 40mA (4)
Full width at hal f maxi mum (FWHM and integrated intensity (area under the
peak) of Cemparttye yxgamlede peak are obtained by curve 25 fitting. In the

case where one aeRlaE Y Dglolcaldcdy 9P otiuboBleoLR AR (o ubEpRaks are

used. In the case ere aks are use curve Itting,

crystal | i e $ésnBS afd @p @mcamrmwo‘y Rigireg oh8dasipeneSRufdr cent  boehnite of
the two crystallite S|zes are obtained by using Equation 4. WD 01/45839 16
JUN 2094 PCT/ USOQ 34075 -47 5 (5) The percentage of boehmite of a sanple
i s determ ned

by—the—fottowng—egtatt+on—r+—%oehnrte—=rsampte—+—
guartz. c)/(IcatapaI Iquartz S) (Equatloqhiﬂeﬁhereln | sanpl e Integrated

intensity of the —8 S
(101) quartz peak, nea§@ﬁ@§T5f aPHﬁFﬁéqﬁ§§Cﬁeasured

,tap,] = Integrated |ntenS|@ﬁopﬁvﬁﬁgoﬁgggﬁ&&éﬁgggﬁNﬁb@Ycatapal alunlna

e

and lquartz,s = .Intensity of the 101 %yartz peaknqneasured at the tine
sanpl e was REHYD ACTIVE ALUMINA
RUN NoO. 1 2
Comp Ex. 1 Example 1
Wt.% Laponite® 0 3

Boehmite Properties-After Hot Age 24 Hours At 100°C (212°F)

Average Pore Diameter (A) 149 167
Total Pore Volume {cc/g) 0.668 1.378
Pore Volume>6004 (cc/g) 0.046 0.298
Mesopore Pore Volume (cc/g) 0.205 0.774
Mesopore Content (% TPV) 30.6 56.2
Macropore SA (m*/g) 28 : 17.2
Mesopore Pore Mode (A) 70 200
% Increase In Mesopore Pore Mode N/A 185
SURFACE AREA

2 Hours @ 537.8°C (Fresh) (m¥/g) 179 279

Micropore Surface Area (Fresh) (m%/g) 0 0

Mesopore Surface Area (Fresh) (m¥/g) 179 279

% Conversion Of Active Alumina

To Boehmite 83 78

SA - 4 Hours @ 800°C, 20V% Steam (m¥g) 112 182




measured Boehmite crystallite size (L) is determned by the foll ow ng
procedure. The sanple is hand ground with a nortar and pestle. An1évEN )4
layer of wamimagmel e is placed on 3.5 gns pol yvinyl al cohobctRé)/3and
pressed for 10 seconds at 3,000 psi to obtain a pellet. The pellet is then
scanned with Cu K Al pha radiation and the diffraction 15 pattern between 22
and 33 degrees (20) is plotted. The peak at 28 degrees (20) is wused to
calculate the crystallite size using Equation 5 and the neasured peak w dth
at half height. L(size in A) = 82.981fHM 20) cos (0) (Equation 5) wherein
20 FWHM = Full width at half maximum and O = The angle of diffraction

bet ween X-ray beam and pl anar surface on which the sanple is sitting. The
resultant properties analyzed are reported at Table 2 and Figure 1 and

desi gnat e@ExaRphe 2. The additi on of 3% Laponite gave increased fresh and

t d f 25 d to . Co 1. Fi 1 al

I ustrat s a IO ACHSISEAH SERl IRt POt B AREE shi Tt to
| ar ger por@oml? W vaR04 0¥ 914 4683 bR URER0BA0 (Sapofifte Commaniial ve
Exanpl e was repeated except that no Laponlte(r) was added to

t he safpl Qcorréﬁbendmg b RenaBd-€2).epbet eﬂ4 hburTz@bIaeleZI,uxFihguﬂmplbs aregte fisiegnat ed

Run 1. 5Tab|e2EFFECTG:ADDITO\IG:3%LAPO\IIT§(§@3P URFCE
PROPERT| EQnaprigtempnight @A -RED(FHP° REHvhRaashon ety WEZ“AQ N No. 12

o, R o B R A RN o7 e o
(ccl g) 0. 6G3A0MES, or 4 hours in 20V % steam at 800°C. Also measured was the dispersability
index (DPI) of the composite particles. This test measured the % of particles having a
10 particle diameter of <1 micron after dispersing in water with a measured amount of
HCI (237 milliequivalents/mole alumina) and mixing. The results of the level of
synthetic hectorite on the boehmite properties are swmnmarized at Table 3. It will be
observed that the dispersible swelling clay:
(a) increased total nitrogen pore volume and average pore diameter to a
15 maximum value in the 3-5 wt.% range;
(b) reduced Boehmite crystallite size;
(c) significantly increased fresh and steamed surface area and nitrogen
pore volume; and
(d) increased dispersability of the alumina when 3 wt.% or more clay was
20 added.
It was also noted that as the wt.% synthetic clay added was increased, the
hardness of the oven dried boehmite increased. At 0 wt.% the oven dried material was
a soft powder, at 3 wt.% clay it was moderately hard, while at 5-10 wt.% it was quite
hard. This is believed to indicate that extrudates/beads made from the composite
25  particles having levels of 3 wt.% and above would have a high crush strength. Plots
of the nitrogen pore size distribution at clay levels from O to 1 wt.% are shown at
Figure 2, and those for clay levels between 0 and 6 wt.% are shown at Figure 3.
Figure 2 actually shows a decrease in the mesopore pore mode at low levels of

Laponite®. Figure 3 shows a consistent shift to higher mesopore pore modes at
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significantly increased fresh and steaned surface area and nitrogen
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Example 3:

This example illustrates the effect of drying conditions and total volatiles (TV)
measured at 954.4°C (1750°F) on the dispersability of the synthetic hectorite and
5  accordingly the alumina product.
A two gallon autoclave batch of synthetic hectorite was prepared in accordance
with Example 2 of U.S. Patent 4,049,730.
After autoclaving, the gel slurry of synthetic hectorite was filtered, washed

with water and divided into Samples 1 to 4 as follows:

10
ey, held as filter cake, TV = 83.43%
(2) oven dried overnight at 100°C (212°F), TV = 12.83%
€) spray dried (S.D.) at 130°C outlet, TV =19.38%
(4) spray dried at 180°C outlet, TV =1545%
15

Spray dried Samples 3 and 4 were prepared by reslurrying the filter cake to
about 2% solids before spray drying in a small bench top spray dryer.
Four separate alumina/synthetic hectorite composites were prepared in
accordance with Example 2 but using 3 wt.% of one of the synthetic hectorite Samples
20 1 to 4. The solids content of each clay/alumina slurry was 17 wt.%. More
specifically, each of the above synthetic hectorite Samples 1 to 4 were slurried in
water with rapid agitation for % hour. Calcined alumina was then added to each slurry
and boiled for 24 hours under reflux with good agitation. The effect on the alumma
pore volume of the synthetic hectorite is shown at Table 4, Runs 13 to 16. The Total
25  Pore Volume of the boehmite product increases as the dispersability of the synthetic
hectorite increases. It was visually noted that the water dispersed synthetic hectorites

increased in‘clarity (and hence dispersity) in the order: filter cake < oven dnied < S.D.

@ 130°C < S.D. @ 180°C, which is the order of increasing pore volume, average pore
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diameter and dispersability index of the alumina. Accordingly, the shift in pore
volume can be controlled by the level of dispersible swelling clay used and/or the
degree of dispersion of the swelling clay. The degree of dispersion, or the size of the
clay particles in the dispersion, can be controlled by the clay synthesis conditions

5  (molar input ratios, antoclave temperature, etc.) or drying conditions. Note further

that the fresh and steamed S.A.’s of Sample 4 is still higher than Sample 1 while

achieving a much higher TPV.
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Table 4
EFFECT OF SYNTHETIC HECTORITE DRYING CONDITIONS ON THE
SURFACE PROPERTIES OF BOEHMITE FROM ACTIVE ALUMINA @ 3% CLAY

RUN NO. 13 14 15 16

Synthetic Hectorite 1 2 3 4

Sample #

Type of Drying Not Dried Qven Dried Spray Dried Spray Dried

(Filter Cake) (Overnight At AL 130°C At180%
212°F)

Clay TV 83.43% 12.83% 19.38% 15.45%

Wt.% Clay Added 3% 3% 3% 3%

Alumina Properties

[Calcined 2 hours @ 537.8°C

(1000°F)]

BET Surface Area (m%/g) 261 295 285 264

Ave. Pore Diameter (A) 119 172 195 216

Total Pore Volume (cc/g) 0.773 1.268 1.387 1.428

Dispersability Index (%) 20 36 62 94

Hydrothermal Stability

4 Hrs @ 800°C 20V% 195 238 230 213

Steam Surface Area (m*/g)
Example 4:

This example illustrates the impact of dispersability on the morphological

properties of the composite as mediated by the clay forming reaction temperature.
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A first synthetic hectorite sample Jabeled SH-1, designated Run 16-1, was
prepared generally in accordance with Example 3 at inputs of 1.49 moles SiO-, 1.0
mole MgQO, 0.06 mole Li, 0.08 mole Na by adding 97.9 gm silicic acid (H4S104), 58.3
gm Mg(OH),, 2.55 gm LiCl, and 4.7 gm NaCl to 1, 169 gm H,O and boiled at reflux
for 24 hours. A second synthetic hectorite (SH-2), designated Run 16-2, was prepared
using inputs of 87.4 gm silicic acid, 58.3 gm Mg (OH); and 10.5 gm LiCl added to
1,083 gm H,0 and hot aging in a plastic bottle for about 24 hours at 101.7°C (215°F).
Both samples had X-ray diffraction patterns of hectorite. A slurry of each clay was
prepared by blending in water for 2 minutes, and to this slurry was added 291 gm, dry
basis, CP-3 calcined alumina and 1.5 gm sodium gluconate. The synthetic
clay/alumina weight ratio was 3/97. This slurry was boiled under reflux for 24 hours,
filtered and oven dried. It was observed during reflux of the synthetic hectorite
starting materials for both SH-1 and SH-2, that the particles were coarse and did not
disperse to a colloidal sol.

Nitrogen pore size distribution results, are summarized at Figure 4 along with
the plot from the control of Run 3. These results illustrate that this alumina prepared
with non-dispersible or poorly dispersed synthetic hectorites (SH-1 and SH-2) do not

have the same shift in nitrogen pore size distribution of even the control without any

synthetic hectorite. The amounts of reactants for SH-1 and SH-2 are summarized at

Table 5.
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01/ 45839 - 52 PCT/ USOQ 34075 Exanple 3: This exanple illustrates theh JUN 2004
ef fect ofwoanyisgy9condi tions and total volatiles (TV) neasBEBYSH34GBY,. 4C
(1750F) on the dispersability of the synthetic hectorite and 5 accordingly
the alum na product. A two gallon autoclave batch of synthetic hectorite
was prepared in accordance wth Exanple 2 of U S. Patent 4,049, 780. After
autocl aving, the gel slurry of synthetic hectorite was filtered, washed
with water and divided into Sanples t3o 4 as follows: 10 (1) held as
filter cake, TV = 83.43% (2) oven dried overnight at 100C (212F), TV =
12.83% (3) spray dried (S.D.) at 130C outlet, TV = 19.38% (4) spray dried
at 180C outlet, TV = 15.45% 15 Spray dried Sanples 3 and 4 were prepared by
reslurrying the filter cake to about 2% solids before spray drying in a

smal | bench top W%Wect orite
conposites were prepared in accord edth Exanple 2 but using 3 wt. % of

one of the synthetic hectorite-Sanples—20—1—+o04-—Fre—soHds content of

rrre

each clay/al umi nRENNOry was 17 Mti% More speci@cal |y, each of the above
synt hetic hector—i—t—e—Sa-maJ—-es—-l—-t—e—A—er e v EteT ,Wth rapid
agitation for | hour. Calcined abdif® Hy’%\ggﬁl hen %@ﬁﬁ?‘ﬁgch slurry and

boiled for 24 hOlﬁesm&lgger reflex wt od agitatiofpymsJhe effect on the
al umi na pore vol=tm t he synt i ectorite 1s shown at Table 4, Runs

13 to 16. The Totl_ilSiO4 97.9 87.4
Mg(OH) 58.3 °83
LiCl 2.55 10.5
Nacl 4.7 0
H,0 1,169 1,083

In general, the higher the synthetic hectorite reaction forming temperature or
the longer the time, the higher will be its dispersability. Thus, reaction forming
5  temperatures of at least 150 to 200°C are preferred. Such temperatures are achievable

“with an autoclave.

Example 5:
This example illustrates the effect of employing highly purified non-

10 fluorinated hectorite in place of a synthetic hectorite. Two samples of hi ghly purified
natural hectorite were obtained from the American Colloid Co. These clays, Hectalite
200 (designated separately NH-1) and Hectabrite DP (Designated NH-2), were
dispersed for 1 minute in a blender. Calcined alumina and sodium gluconate were
then added to each dispersion to give 3% clay and 97% calcined alumina (CP-3, .

15 ALCOA). The gluconate level was 0.5 wt.% on an alumina basis. Both slurries were

boiled under reflux for 24 hours with agitation, filtered, and oven dried. Nitrogen




25 Pore Vol une of the boehmte product increases as the dispersabili tyﬁoj[JN 2004
the synthetic hectorite increases. It was visually noted that the wate

di sperse ic hectorites increased in clarity (and pep g(,,g34§p£r5| ty)
in the o%é?ﬁ%@her cake < oven dried < S.D. @130C < S. D 180C, which

is the order of increasing pore volune, average pore WO 01/45839 - 53 16
JUN 2904 PCT/ US00/ 34075 di aneter and di spersability index of the alum na.
Accordingly, the shift in pore volume can be controlled by the |evel of

di spersible swelling clay used and/or_the degree of dispersion of the

swel l'ing clay. The degree of dispersion, or the size of the clay particles

in the dispersion, can be controlled §¥ t he gl§¥ synthesis conditions 5
(ol ar i nPoe $1%& H1DULOR EsPHY RreTBRRIIEAL Feare &t & 1is TBPCEFRLR Was CBRAIFY i ons.

Note furt S gple 4 is still higher
than Sanp G?E‘% Céﬁ?(aﬁt"mtp %. gvéHdwz%‘gﬁgﬁ?"%eW i) JUN 2004 WO 111/ 45839
-54 Tabl e 4 PCH Lm%ﬂﬁﬁurﬁrﬁﬁfﬁfe SﬁlgﬁﬁMHHEJQGv&ﬂEﬂEIKBEﬁEeWMd&mI TI ONS

ON THE SURFACE PROPERTI ES OF BOEHM TE FROM ACTI VE ALUM NA @ 3% CLAY RUN
NO. 131415 péthdyxanele iSc exespt Geiclay \&zzsanmgaﬁpl e # Type of DryingNot DriedOven

DriedSpray DriedSpr t Cake rn Oc 212F)
a ay W83 43042 %%%%‘és%é&g‘%é @Lﬁ RELES gé C%gd“é{é“ gﬁk}“’@nﬁﬂ%@%&@@%t %tgs
39BYBYB% [L&R) £ AN GURS MBS fe Bfede to higher diameters when using natural

hectorite versus synthetic hectorite (Runs 20-21). Other morphological properties of

the natural hectorite samples (Runs 18-19), the sample from Run 7, and Comparative

Sample CE-2 (Run 17} are also reported at Table 6.

10
Table 6
EFFECT OF VARIOUS HECTORITES ON BOEHMITE FORE STRUCTURE

Roum No. 17 18 19 20 21 7
SAMPLE # CE-2 NH-I . . NH-2 SH-1 SH-2 Table 3

Run 7
CLAY 0 HECTALITE HECTABRIT SYNHECT  SYNHECT  LAPONITE®

E

WT% Added 0 4 4 3 3 3
BET SA (in%g) 179 235 221 257 263 279
Mic SA (m¥g 0 0 0 i 0 0
Meso SA (m¥g) 179 235 221 257 263 279
Ave. P.D. (A) 149 166 127 106 102 197
Total PV {cc'g) " 0.668 0.979 0.702 . 0.681 0.674 1.378
SA On Dist. (m”g) 275.9 319.6 276.8 479.9 4412 341
PV>600A (cc/g) 0.046 0.143 0.039 0.061 0049 0.298

SUBSTITUTE SHEET (RULE 26)




(1000F)) BET Surface Area (nRlg) 261295285264 Ave, Pore D aneter

(A) 119172195216 Total Pore Volume (cc/9)0.7731.2681. 3871. 42@'@%@@@1%@%"‘%0‘
| ndex (%'$83883%94 Hydrothermal Stability 195238230213 4 H§ 0V%
Steam Surface Area (nRlg) Exanple 4: This exanple illustrates the inpact of
di spersability on the norphol ogical properties of the conposite as

nmedi ated by the clay formng reaction tenperature. | 6 JUN 2004 WO 01/ 45839
-55 PCT/ US00/ 34075 A first synthetic Eg?tori te sanple | abel ed SH 1,
designated Run 16-1, was prepared generally in accordance with Exanple 3
at inputs of 1.49 noles Si02, 1.0 nole MgO, 0.06 nole Li, 0.08 nole Na by
adding 97.9 gmsilicic acid (H4SiO4), 58.3 gmMwM(OH) 2, 2.55 gmLiCl, and
4.7 gmNaCl to 1, 169 gm H2O and boiled at reflux 5 for 24 hours. A second
synt het i cCERBElS/ t e (SH-2), designated Run 16-2, was prepared using i nputs
of 87.4 gmsiligic acid,. . ; Iar@pdadtito 1,083
gm H20 and hotlrg |er¥él%}pge gﬁ%‘il%g?lmgl\égfgtéﬁ%a%f)@r g%gaﬁog?éﬁoﬁﬁs at 101.7C
(215F).  Babilitypsmphgferbadaiiredyldiinbr Thts, arcapatddedmsinafavhiddiofibre. A slurry
of each clay was prepared by blending in water for 2 m.nutes, and to this
sl ur ry5 waBomddiehdee theyimdegape AF-ba¥ps usedpo nakgceMBeYtesI% m na and 1.5 gm

sodi um gl yconat e, The synthetic l,ay/ ] L { s 3/97. This
slurry vvagoglﬂﬁt%aﬂﬂﬁlgf &8 tﬁ]‘)‘% pf%(:%dg% oﬁ?&%ﬁ?& ]\fl\ﬁ(%g&qg{rflﬂs g@en dried. It
was obser Hg’ﬁeﬁﬂﬁé RE-thale Wip&fite® D sYaERatied at B At NAnE 8 wishand hogodimtrer i al s
for both SH1 and SH 2, that the particles were coarse and did n

t

di sperse gcanatemaicgaiopd (RunZ2N Thoswtipdisatsisoed dydiothesme] %?’Plﬁ@sul ts,
are sumarized at Figure 4 along wth the.pl - 0Lkl 18 Run 3.
These resifaf §qu1‘?%?‘8§1@ WIH}ﬁU?F%}eg gg?ct?ﬁ\a{%a T%F%%lgiﬂetg% %Mé?ﬁﬁ ngn- fcgllﬂlcs persi bl e
or pogs |y oflii SBEESeA Y Mdebiscahgshorites (SH 1 and SH2) do not have the
same shift in nitrogen pore size distribution of even the control w thout
any synthetic Teatsuliihg sarfiples wrmLages isteara 429%hfos 4o 80 ander oy e
summari Ze%Ei%[t' surface area in m¥g determined. In addition, composite samples were prepared

in accordance with Example 1 using CP-3 alumina except that the Laponite® content

was varied at 0, 0.1, 0.2, 0.25, 1.5, 2, 3 and 5 wt.% and the resulting products aged as

15  described above for the AP-15 derived samples. The results are shown at Figure 6 as

Run 23.

Example 7 .
This example illustrates the effect of varying the point of addition of synthetic

20 Laponitc® before and after rehydration of the calcined alumina.

A batch of boehmite from calcined alumina was prepared as follows: to 1888
ams H,0 in a 3L glass container was added 24.4 gms of a 10 wt.% sodium gluconate
solution and then 480 gms, dry basis, of calcined CP-3 alumina from ALCOA. This
slurry was boiled for 24 hours under reflux to rehydrate the alumina. The rehydrated

95  alumina was then divided into 5 equal portions. To each was added varying amounts
of Laponitc® RD (Laporte) at 0, 2, 4, 6 and 8 wt.%. The surface area of these

materials was determined after aging 4 hours in 20% stearn at 800°C and the results

reported at Figure 7 as Run 24. The above procedures were repeated except that the




20 Table 5. WD 01/45839 -56 Table 5 16 JUN 20W PCT/ USOQ 34075 RUN 6 IUN 2004
NO. 16- 116-2 Sar_r%lae No. SH 1Sanple No. SH 2 Reactants(Ms) (gns ]
D

HASI 0497. YE8P1ASKY( OoH) 258. 358. 3 Li C12.5510.5 NaCl 4. 70 H20L, Igé’ﬂsﬁ%’%“’ﬁ%
general , the higher the synthetic hectorite reaction form ng tenperature or
the longer the tine, the higher will be its dispersability. Thus, reaction
formng 5 tenperatures of at |east 150 to 200C are preferred. Such
tenperatures are achievable wth an aytoclave. Exanple 5: This exanple
illustrates the effect of enploying highty purified non 10 fluori nated
hectorite in place of a synthetic hectorite. Two sanples of highly purified
nat ural heaparicfevaseridedbt Gi. 2ed .G, 2dm2t e 3 MrBT5chh, TOI 6.8 ©OGwmd thes® cl ays,

Hectalite 200 (designated separately NH.1) and Hectahyite DP (Designated
NH 2), weREOURS PHOF %Wﬂﬂlémglthﬁgrf”‘a]r‘fﬁ{l%a’i‘ﬁﬂ&“ﬂ% @rﬁg}‘ﬁt&ﬂ'ﬁ We‘&s'gﬁﬁ i na and
sodi um gl ue ' | @ipye i % &kay and
37% cal ci HSaar rate e et ke SRt B ALt RS & 0 g P e Y 2o on

an al um nardhaktesmibatdndstuinisemmaeized abBiglved, Red@S. rief dambefseen 24 hours with

agitation, filtered, and oven dried. Nit rogfen 16 JUN 2&%0% 01/ 45839

PCT/ USDO $roefsomsddisionef shedisparable; isgtarighbylas e xdralien 84°5 Figure 5.
Thi s procedur repga ' | ; ] ng ;

desi gnat e&r‘%ﬁgé{\%ﬁ‘c gﬁ:’é%t?lglls P?@ deargg%é?% un n?g&srgérﬁﬂlljd reﬁ]@gs(?g?é? gdﬁlgE- 2 was

al so prepieht haPGGOiIRBES theWipier BeaRBleace ar@X pepivolihee sidyveras o tted. 5

A conparison of the plots of Figures 1 and 3 with those of Figure 5
i | | ust r at diameter of this product, as well as the better dispersion of the clay within the
alumina, when it is added at the start of the rehydration.
10
Example 8
This example illustrates the effect on hydrothermal stability of pre-milling the
slurry containing the dispersible synthetic hectorite and a calcined alumina (CP-3,
ALCOA).
15 To 8,331 gm H,O was added with rapid agitation 51.9 gm Laponite.® RD
(Laporte, TV=13.26%). The slurry was aged at room temperature with agitation for
20 minutes to disperse the clay. A substantially clear solution formed indicating a
good, colloidal dispersion of the clay. To this was added 1,616.7 gm CP-3 (TV=10%)
with good agitation. The slurry containing 3 wt. % Laponite” was then milled under
20  severe (80% media, 0.751/1 min.) conditions in a 4L DRAIS mill. The milled slurry
was boiled under reflux for 24 hours and a portion fiitered and oven dried. The
resulting sample is designated Run 28. The designation 0.75 L/1 min refers to an
input/output of 0.75 liters per minute to and from the mill.
The above procedure was repeated except the premiiling was omitted. This
25  sample is designated Run 27.

.- . L ® .
In addition, a control was prepared wherein the Laponite™ was omitted and no

premilling was employed. This sample was designated Run 26.




only a slight shift of the nesopore node to higher dianeters when usi ng 700
natural hectorite versus synthetic hectorite (Runs 20-21). Qher

mor phol ogjyeal;4RERPerties of the natural hectorite sanpl espCRusg0/148949),
the sanple from Run 7, and Conparative Sanple CE-2 (Run 17) are also
reported at Table 6. 10 Table 6 EFFECT OF VARI QUS HECTORI TES ON BOEHM TE
PORE STRUCTURE RUN No. 17181920217 SAMPLE #CE- 2NH 1NH 2SH- 1SH- 2Table 3 Run 7
CLAYOHECTALI TEHECTABRI T SYN HECTSYN HECTLAPONI TE(r) E WI'% Added044333 BET
SA (rn''g)179235221257263279 M c SA (nglg000000 Meso SA
(n7'g)179235221257263. 279 Ave. P.D. (A) 149166127106102197 Total PV

(0" 0) 275 9910 AdDHEEIple iy S hBISEHOA R0 Bins and th fsst part aged at 4

(cc/g) 0. 0460. 143040 ) %Jgﬁ L sSIHEET (6 RU&u2 6Th¥\0

01/ 45839 ﬁg‘éls%%gﬁé%ag‘?gg%oﬁgo\?%%h%g%z arr%%%ng This exanple illustrates

t he eff ectu@icearsywhigieh defeantned iftecaoh agdantphe rhisd hydsothbinal tstabidity a
different calcined alum na. Thus, a calcined al um na.avai Ic?egdlseigf.rom 5
Porocel urselts etesummaaeged b Tape Tsngdhe piwget BOlﬁé’k%peé%ﬁ?ﬁ%Qf algfeure

Boehm | e/ Lrsaponite (r) using the procedure of Exanple 1, except the |evels
of dispefsible hectorite (Laponite(r) RD) were varied at 0, 1.5, and 3

Wt . % and no sodiuie 7 HdueeRaha pledilBpPlcater A fRudu@)ith Mheh higber freshi ndi cat e
good hydrothermal stability was obtained, with or vvithcﬁuet ad e%PgI uconat e.
The st abi Isitfyce mrea end/steamphsiafice ares tharghe RaclayPass $Ase OWMheIHESEP- 3

al um na. The fesmh 9 RATPhes allBtRintoady. QichigeR Dot aibibuflolRtings at 800C

and the Samp
indicate premilling gives a small shift to more pores of smaller diameter but higher

10 TPV.
Table 7
0% Lapom 3% Lapo@ 3% Laponit_f:@
w.o0. Milling with Milling
' Before Aging

RUNNoO. 26 27 28

SA (m?/g) SA (m¥g) SA (m?¥g)
4 hrs @ 800°C SA 115-119 195-210 281
2 hrs @ 537.8°C 199 279 345
Ave PD. (A) 153 197 169
Total Pore Vol. (cc/g) 0.761 1.378 1.461
Mesopore Pore Mode (A) 69 111 108

% Increase in Mesopore pore

Mode N/A 61 56




BET surface area in n2/g determned. In addition, conposite sanple 6 BN 004
prepared in accordance with Exanple 1 using CP-3 alum na except that the
Laponi t e(W9 0df#3¥8nt was varied at 0, 0.1, 0.2, 0.25, 1.5,P§T/U8"‘5:?‘i'8755 Wt .
To and the resulting products aged as 15 descri bed above for the AP- 15
derived sanples. The results are shown at Figure 6 as Run 23. Exanple 7
This exanple illustrates the effect of varying the point of addition of
synthetic 20 Laponite(r) before and after rehydration of the cal cined

al umi na. A batch of boehnite from calcéled al umi na was prepared as foll ows:
to 1888 gns H20in a 3L gl ass contai ner was added 24.4 gns of a 10 wt. %
sodi um gl uconate solution and then 480 gns, dry basis, of calcined CP-3
alumna fromALCOA. This slurry was boiled for 24 hours under reflux to
rehydr at eExdmp®|Qim na. The rehydrated 25 al unina was then divided into 5

P ™ T exgane MR RuBen e R A IR ol d3bersRRAE G 4idfD

(Laporte) at O acerarea o hese naterials

vas detergmgg%tg&eﬁ{;pﬁ%moﬁs LS HeftoRRYarliea ek TBOB64%l the results

reported as Run 24. The above procedures were repeated except
that the WO 01/Ph&83AthefiO hiGordtdNy20Prkpae@HyUSDON TS 2 spvkpe &f r/P- 18 added

at 0, .25, 1.0, 2.0, 2.25, 3.0, 3.75, 4.0, 5. 6.0, .8.0, 1 . %
amount s pMegeOb disselrdia Ago Eﬂ’eHéPlﬁﬁ’riaﬁal,unP!‘é’?,lg?nsig&? N{fbs&éﬁ@g)a igo .ng(;le
resul ting,.pr cts e t I i Redf s1,.a 800C
the BeT Shifholhl7 siRfe of 2873 A8 ARAR (273 3D M Gl B2l Bt S0
25. As cagbadaeesvdr 4 her efurgariaddiThe eisubingtdebsldirg pews dioilbe fovedt wanutes bef or e

rehydration (Run 25) gives a nore hydrothernmal]ly stabl e product versus
addi ti on & temoyehytionate dher Ritaciaygd '¥th2 ihgurSt%&‘Péﬁ‘E’ gﬂsftedt Hﬁag’%%s‘”aﬁ fto the
hi gher fresh surfac s Vol n e dianeter of this
produEQ, ?eitewwh 8§ﬁe€g]e'5[q°g g%f”%'ﬁgﬁfl%ﬁg%&ﬁﬁcg&gggiéw thin the alum na,

when it is addgsyabnd WereStahifriealin Waragkolibvat i on. 10 Exanple 8 This exanpl e
illustrates the effect on hydrothermal stability of pre-mlling the slurry

containing the di speReiBPe synsthevite nedetsts si@tiahPa \dBI% Sed al umi na
(CP-3, " ALCON .15 Tg, 8,381 M2 0050 B Mt APH s 0001 O 0

Laponite(r) RD
RPM
15 Run 31 stir for about 18 hours with magnetic stirring bar.
To each of the above shurries was added enough calcined alumina (CP-3,
ALCOA) to make a 15% solids slurry with 3 wt.% of the synthetic hectorite and 97%
alumina. The slurry was boiled for 24 hours under reflux with agitation. The slurry
was filtered and over dried at 137.8°C (280°F). The average pore diameter of each
20  product derived from Runs 29 to 31 was measured after 2 hours at 537.8°C (1000°F)
calcination. The surface area and TPV were determined and the results summarized at
Table 8.
The average pore diameter increased from 147 to 159 to 176A for Runs 29 to
31 respectively, indicating better dispersion is achieved as dispersing time and/or
25  severity was increased. It is believed that this sample was difficult to disperse due to
its relatively low total volatiles of 9.64%. Thus, dispersability of the clay can be

enhanced by controlling the TV, the degree of clay dispersion, or the clay crystallite

size, which in turn contro] the average pore diameter of the alumina.




(Laporte, TV=13.26% . The slurry was aged at roomtenperature wth
agitation for 20 minutes to disperse the clay. A substantially clldat/N 2004
sol uti onvi@pimsesd ndi cating a good, colloidal dispersion ofCr/tisoocdsens. To
this was added 1,616.7 gmCP-3 (Tv= 1099 w th good agitation. The slurry
containing 3 wt. % Laponite(r) was then mlled under 20 severe (80% nedi a,
0.75 1/1 mn.) conditions in a 4L DRAIS mll. The mlled slurry was boiled
under reflux for 24 hours and a portion filtered and oven dried. The
resulting sanple is designated Run 28.43The designation 0.75 L/1 mn refers
to an input/output of 0.75 liters per mnute to and fromthe mll. The
above procedure was repeated except the premlling was omtted. This 25
sanple is designated Run 27. In addition, a control was prepared wherein

t he Laponi t€™ was omi tted and Nno pregyklgl ng was enpl oyed. This sanple was
designated Run 26. 16 JUN 2004 WD 01/45839 PCT/ USQ0/ 34075 -60 ALl three
sanpl es wer e THEGFEBEV OFGHE PRGREEW RISPERSIQIN AF THE SKNTBETICHECTRRILE at 4

hour's | n_20% sk 3brA006raRE vbenEeaanivas(de SRbAMIIER GUHIT 2 hour's.
The surface area was then determned for ea a’?&'df' %w The

hydr ot her mal stabﬁﬂwlmggﬁ?ﬁ@%‘é@%ﬁjﬁ%’???gdw 4 ¥d the ni trogen
pore properThgengeprcted at Figuse > 8. Table 7 indicages that premlling

| eads to a product with much higher fresh surface area-and-steaned surface
area than t h&Tih Sgihthgtichiestericase “dr the undilled sanpl é with the sane |evel
of dispersible clay. Nitrogen pore size distribution results indicate
premlling gives a small shift to nore pores of snaller dianeter but higher
10 TPV. Tabl €lay D3ersicmponi t e” 3964 Myoni t e(PMiD% Laponi t&HWO M I 1ingwi th

MI1ling Before Aging RUN No. 26 2?/[11%§xg§A (rRl @A (n2/ gveh Aditn2/g) 4 hrs @
800C SA115-119195-210281

(10,000 rpm)
2 hrs @ 537.8°C (1000°F)
Alumina Properties
Surface Area (m’/g) 286 284 284
Pore Diameter (A) 147 159 176
N, Pore Vol. (cc/g) 1.05 [.13 1.23

Total volatiles of the synthetic hectorite, sample employed for Runs 29-31 was only
9.64%, and is believed to have made this clay difficult to fully disperse regardless of the

degree of agitation.

Comparative Example 2:

This example illustrates the effect of non-swellable clays such as Kaolin, or
5  calcined Kaolin on pore structure.
Example 1 was repeated except that the clay employed was kaolin or calcined
kaolin at the amounts repoﬁed in Table 9. The resuiting composites are designated as

Run 33 (kaolin), Run 34 (calcined kaolin at 6 wt.%), and Run 35 (calcined kaolin at

12 wt.%). The calcination of the kaolin was conducted at 900°C for 0.66 hours. The




2 hrs @537.8C199279345 Ave P.D. (A) 153197169 Total Pore Vol.

(ccl g)0.7611. 3781. 461 Mesopore Pore Mbde (A) 691 11108 % I ncrease inib JUN 2004
Mesopor e Wolhg/4M386156 Mode WO 01/45839 -61 16 JUN 2004 PORCDUSHILOE34075
Exanple 9: This exanple illustrates the effect and degree of pre-dispersion
achieved with a laboratory preparation of synthetic hectorite dried to a
low TV (9.64% . 5 The synthetic hectorite was prepared by slowy adding a
solution of 75.3 gm Na2CO3 dissolved in 289 gm HO to a solution of 183.5
gm My S04*7H,0 + 3.4 gm LiCl. Then agplution of 267.4 gmsilicate (27.11%
Si2) diluted with 826 gm H20 was added over a half hour period. The

resul ting | slurr: boil ed.for. 30 _m e ooVE - £RL Bd t hen

aut ocl aveﬁ'ﬂ%&f’ }120%%%?52@{139268%?141?l\\;(egerJé]g%sﬂvi‘%lsa%ewdﬁ Sglr]lé ﬁﬁgeh &igég ?ﬁ%glﬁlgw th 1L
65. 6C ( 150R)c88isqupaesh Matdle Rnd drirgithlahink3GG ndolay wasalsoenglowsl urried in
wat er as foll ows: n 29 stir wth noderate agitation for 30 mnutes Run 30

di sperse pidphreSi iwtbe sone mioterd dngrdes@nateh Bre $2a{The arooots QRAMPUGPIRSFAL31 stir
for about 18 hours with. . netic stirri R o N=! of. ove

Sl ur 1 es. Hade A QAT ER B DRLERHFL Y Fh o SR el BB oo
sol i dsg s RobY 3hd '_‘4?5}‘5 ¥ko ?49#%%@1 Q@F%Mﬁtd?em EarRCdeBH Hofh Bile 940 Figie 0a.  The
slurry was boiled for 24 hours under reflux with agitation. The slurry was

filtered anckali@ractrallgdaaded K3Zd8TCof 280 rageTivee diagretagdAFE) and Tatrdore of each
20 product derived from Runs 22) to 31 was. 1rggl(afured a&%@ﬁ 2 hours at 537.8C
(1000F) cHdvmarsiative e SoRtFU Ot aF BEIeasRinFBYGRRTES dBt IS fE  and t he
results sg&gﬁgﬁalég%yat Tabl e 8. The average pore dianmeter increased from
147 to 15 0 for Runs 29 to 31 respectively, indicating better
di spersion is achieved as dispersing tinme and/or 25 severity was increased.
It is believed that this sanple was difficult to disperse due to

Example 10:

This example illustrates the effect on pore properties of using the less
preferred montmorillonite clay.
Comparative Example 2 was repeated except that montmorillonite clay,
available from Southern Clay Products under the tradename Gelwhite L, replaced the
15  kaolin clay at 6 wt.% (Run 36) and 12 wt.% (Run 37). The control at O wt.% clay is
designated Run 32. The results are summarized at Table 9 and Figure 10. As can be
seen therefrom, the alumina pore properties and surface area are higher at 6 wt.% than
12 wt.% clay. Moreover, the mesopore pore mode does not appear to shift to the
right, and the pore size distribution spreads out. This is believed to be attributable to
20  the fact that montmorillonite is difficult to disperse well without some other treatment
such as significant milling to reduce the particle size, ion-exchange, or the nse of

dispersants such as tetra sodium pyrophosphate.

25 Example 11:
Comparative Example 2 was repeated except that sodium silicate replaced the

kaolin clay at 0.5 wt.% (Run 39) and 1 wt.% (Run 38). The control without silicate is

Run 32.




its relatively lowtotal volatiles of 9.64% Thus, dispersability dff fUNex
clay can be enhanced by controlling the TV, the degree of L Sper si on,
or the cl¥P ¥UHyEPallite size, which in turn control the a\lfglrrg}gég&%@r%e
di ameter of the alumna. 16JUN2004 WD 01/45839 PCT/ US00/ 34075 -62 Table S
THE EFFECT OF THE DEGREE OF DI SPERSI ON OF THE SYNTHETI C HECTORI TE ON THE
TOTAL N2 PORE VOLUME AND AVERAGE PORE DI AVMETER OF THE BCEHM TE PREPARED BY
REHYDRATI ON OF ACTI VE ALUM NA RuN No. 298§31 WI. % Synt hetic Hectorite333
Clay Dispersion30 Mn.10 Mn. 18 H's. MId Agit.SilversonMIld Agit. (10,000
rpm) 2 hrg @537.8¢C (3000F) Al um na Properties 286284284 Surfade Area (m
/g) Pore Diarfeter (A) 147189176 N2 Pore Vol. (cc/g)1l.051.131. 23 {Tot al
vol atil es|of |[the syntheti g hectorite, sanple enployed for Runs |29-31 was
only 9.64% land i S belie@eoﬁdto have made this clay difficult tlo fully
di sperse fegdrdl esqof] tha :Fegree of agitatd:go@ %)rrgarati%}e Eqanpl e 2:
This exampl e i | | ust|fatles Thé® effect of non-swelTabl e cl ays suchl as Kaoli n,
or 5 cal ¢i nqd Kaolli njon pore structure. Exanple | was repeated except that
t he clay énplioyed Was |kaolin or calcined kaolin at the anounts| repor ted
in Table 9. The reqdultji ng'gcogrposites are designated as Run 33 |(kaolin),
Run 34 (cgl cijned kdol iln at 6wt .%, and Run 35 (calcined kaolin at 12
wt.% . Thg cdl ci nat|icon of§t e kaol in was congducted a2 900C-for [0. 66 hours.
The WO 01/45439 ?E 1ib JUN 2004 PCT/ US00/ 34075
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surface properties of these materials were nmeasured as was the fraghyp 2[]%
surface area and the results reported at Table 9. A control alumna wt

no clay WA® HI4$8%npl oyed prepared by the same nethod and PEE&IYHAIREH Run
32. The ampunts of kaolin present in the conposite particles is also
reported at Table 9. N trogen desorption data for 5 Runs 32 to 35 is al so
reported at Figure 9. As can be seen from Table 9 and Figure 9, the kaolin
actual ly caused a reduction in averagetpore dianeter (APD) and Total Pore
Volume relative to the control but an increase in surface area. Kaolin is a

non- swel | abl e gl.gye ?yﬁ)émg{fﬁgﬁfl@ suiPace BiHaSwé¥ MR denkdthe R hRS QbR &f drect on

pore properties of us ess preferred rnontrnorillonite clay.
Conpar at i Tabl@(ipt Rud 3%asnd Bigest Hd Asxceapie sehatherafomb therdili¢avniadtealty ay,

avail abl e from Southern C ay Products under the tradenane Gelwjite L,

repl aced tidiced 8 shaplshit el B mBRsOBORRPons pRdmioFeyallshROre Aigipesss RIWS3HS . The
control at..0 % cl,ay _i.S. . [ - The. . : ") ri zed at
Tabl e 9 antiealghi S Bl R I bEIR P g et FRU Y B ETR

properi eshgndlepofd aafuat a8 dafirvdToohieh idtndedulpphedidan 12 wt. % cl ay.
Mor eover, the nmésopore pore node does not appear to shift to the right,
and the pore size distribution spreads out. This is believed to be

attributagile tg ig the fact that nontnorillonite is difficult to disperse
well with 'other treatnent such as significant mlling to reduce

the particle sigfs ckARApRXGIMINR thOéFdch Bn US@offermfll SRBTEATUGII S Ctheas tetra
sodi um pyrophosphate. 25 Exanple 11: Conparative Exanple 2 was repeated

except t hablcsoddi dwmsial privatte rahygtation dn thegreskae ¢frswellajlesiayd. 5 wt . % (Run 39)
?gg é@ﬁt M%OBRU n,\’il"i?q%), gxg}'gglfg‘%?%Irr\lﬁlﬁd%%ftrgggagedﬂnldi tgg :[:oem%i%ed &1%30%121\14\81@&“ 45839
(at 3 wt.%) and calcined alumina was milled prior to rehydration and designated Run
42. After reflux for 24 hours at 100°C (212°F) the boehmite was filtered and overn
dried at 140°C for 6 hours. Portions were calcined at 800°C in an approximate 20%
stearn atmosphere for varying times and then the suiface areas measured. The above
15  procedure was repeated except that the milling step was omitted and the product
designated Run 41. A control contéining no Laponité® and no milling step was also
made and designated Run 40 and subjected to the same steam treatment and surface
area determinations. The results are summarized at Figure 12. Figure 13 expresses
the data points of each Run of P‘igure 12 as a percent of the surface area obtained on a
20  fresh sample, heated for 2 hours at 537.8°C (1000°F) (i.e., 0 hours heated in steam).
This percentage is referred to as a % surface area retention. As can be seen therefrom,
the surface area stability increases in the order 0% Laponite® (Run 40) < 3%

Laponitc® (Run 41) <3% Laponite® and milling (Run 42).

25  Example 13
This example illustrates the effect of post-synthesis addition of Na silicate to

boehmite derived from rehydrated calcined alumina.
A sample of calcined alumina available from ALCOA under the tradename

CP-3 (Run 43) and a sample of calcined alumina available from Porcel under the

30  tradename AP-15 (Run 44) were each separately slurried in water, containing 0.5
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wt.% (alumina basis) sodium gluconate, at a solids content of 17 wt.% and hot aged

for 24 hours under reflux. Both batches were then divided up and varying amounts of

sodium silicate added, aged for about 30 minutes at 21°C, the pH adjusted to 9.0 with

4% H,SQy,, filtered, reslurried with ammonium sulfate to remove Na,O, filtered, water
5  washed and dried. Each sample was steamed for 4 hours at 800°C in an atmosphere

of about 20V % steam and the surface area measured.

The results on the products of each run are summarized at Figure 14. As can
be seen therefrom the silicate significantly enhances the hydrothermal stability of the

boehmite samples.

10
Example 14:

This example illustrates the effect of adding silicate to the composite of the
present invention after formation thereof.
Two batches of boehmite were prepared using 3 wt.% (Run 45) and 5 wt.%

15  (Run 46) Laponite® RD (Laporte) as the source of dispersible clay. Slurries of the
Laponite® were prepared by adding the clay to water with rapid agitation and mixing
for 20 minutes. Sodium gluconate was added at 0.5 wt.% (alumina basis) followed by
addition of CP-3, a calcined alumina from ALCOA. Each srlurry was boiled under
reflux for 24 howrs with agitation, filfered and oven dried overnight a£ 137.8°C

20  (280°F). Portions of each product were reslurried in water, sodium silicate added and
the mixture aged 30 minutes at 21°C. The pH was adjusted to 9.0 with 4% H350.,
filtered, exchanged as a slurry with ammonium sulfate to remove Na» O, filtered water
washed and oven dried at 137.8°C (280°F). Each sample was then subjected to
contact with 20 wt.% steam atmosphere for 4 hours at 800°C, and the surface area

25  deterrined. A plot of wt.% SiO, versus steamed surface area is provided at Figure
15. As can be seen therefrom, very high surface areas were obtained. Moreover, a
comparison of these steamed surface areas with the clay free samples from Example
13 (Figure 14), is provided at Figure 16. As can be seen therefrom, improved surface

areas were obtained by combining the addition of the dispersible clay with post-

30  synthesis addition of silicate. It is believed that part of the reasons for the higher




Cal O Uf4Q Nrn MOl moa vl z 16 JUN 2006 WD 01/45839
PCT/ US00134075 -65 The pore properties and surface area were tested Tt HB4

resul ts swymikgwd at Table 9 (for Run 38) and Figure 11. pAgnSadsdaes seen
therefromthe silicate actually induced a sharp shift of the inesopore

pore node to smaller pore dianeters. Thus, the silicate derived conposites
can be blended with the hectorite derived conposites to 5 shift the pore
structure as desired for each intended_application. Exanple 12: This
exanple illustrates the effect on hyd'r% hermal stability of milling the
calcined alumna prior to rehydration in the presence of swellable clay. 10
Thus, Exastshmed suiface @en ofibe phywantevith dispemsibledabisibe highgy feshdnrfpghoni t e(r)
(at 3 vvt.°/?_ dlc_al Ci negw?l um nghvvas mlled Eari QL. to rehydrati on and

desi gnat edeRuRENSPOTRy P RymS and higher ayerdge pois AlUGer) 50 (212F) the boehnite
was filtered and oven dried at 140C for 6 hours. Portions were cal cined at
800C in an approxi mate 20% steam atnosphere for varying tinmes and then the
surface ateasipieHEsured. The above 15 procedure was repeated except that the
mlling step was . omtted and the produc designated Run, 41. A control

cont ai fi ng no @d%%%@lﬁﬁg’sﬂ'éteﬁﬁlq q?? t%f{@ﬁt' S R AU RS gnat ed
Run 40 an | - ; @y

determ na’? }ugllr@]a %%g]gerdte\gll}% 'El ?Ogﬁgagﬁéﬁ‘g‘fﬁ? Eel%%g?@%%be?ﬂgg%%w i;:i gur é@{ﬁloga

expr esses (2147F) dat dowperi pies temipeeanie ikkiueingf a finguievel egse af peposattli). t he
surface area obtained on a 20 fresh sanple, heated for 2 hqurs at 537.8C
(1000F) (i.e., ‘bashof spubsticchacipride wanprepare by aﬂ&r“é@%tga@ SPEIG ¥ %Srred to as

a % surf a(iﬁdsair .S‘tor Ffﬁef'éljn o % ﬁ%sﬂ%eﬁ?&%dtepgéiﬁlfﬁ%ﬁmr o the kettle was

10 added under agitation, 58.3 gm Mg (OH), 2.55 gm LiCl, and 4.7 gm NaCl. The slurry
was refluxed for 24 hours, filtered, washed three times with water at 65.6°C (150°F)
and dried at 137.8°C (280°F). An X-ray diffraction pattern very similar to that of °
Laponite® RD was obtained. Enough of this dried material was blended in 800 ml
H,0 for 2 minutes to give 3% of the final alumina weight, and to disperse it as much

15 as possible. In contrast to Laponite® RD, an opaque slurry was obtained, indicative of
a low degree of dispersion. This slurry was added to a 3L resin kettle along with 0.5
wt.% sodium gluconate ( alumina basis), and additional HyO to give a 17% solids
slurry. CP-3 (calcined alumina from ALCOA) was then added. This slurry was
boiled under reflux for 24 hours, filtered and dried at 137.8°C (280°F). Portions were

20  reslurried in water, and varying amounts of silicate added as reported at Figure 17,
Run 49. Each sample was steamed for 4 hours, 800°C, in approximately 20% steam
and the surface areas determined.

The above procedure was repeated except that highly dispersed Laponite® RD

replaced the synthetic hectorite made and used for Run 49. Each 'suzirr.lplc of the

25 resulting product was tested for surface area and the results designated Run 48. These
results are plotted in Figure 17.

A control was also made following the procedures of Run 49, except no clay

was employed. The surface areas were plotted in Figure 17 and designated Run 47.

As can be seen from Figure 17, the surface area stability increases in the order

30  of no clay + silica < poorly dispersed clay + silica < well dispersed clay + silica.




the surface area stability increases in the order 0% Laponite(r) (%r} 4$@L<
3% Laponite (Run 41) <3% Laponite(r) and mlling (Run 42). 25 Exa ‘éN :
This exa strates the effect of post-synthesis addi

silicat er?oq}lhlq“ém te derived fromrehydrated cal ci ned al u?ﬁtggjsg%gdzﬁrrp | e of
cal cined alum na avail able from ALCOA under the tradename CP-3 (Run 43)

and a sanple of calcined alum na available from Porcel under the 30
tradenanme AP-15 (Run 44) were each separately slurried in water, containing
0.5 WD 01145839 -66 16 JUN 7004 PCT/ 0134075 wt, % (al um na basis) sodium
gl uconate, at a solids content of 17 wt.% and hot aged for 24 hours under
refl ux. Both batches were then divided up and varyi ng anounts of sodium
silicate %g%e@%]_}a_@ed for about 30 mnutes at 21 C, the pH adjusted to 9.0

with 4% 'Itered reslurried with amoni um sul fate to renove Na20,
filtered, watery ]ged% t St eanBdifeQaidndipur s at
800C in an at m)sp?'uere %%glg%tlt ﬁgﬂ;%m ani‘]g I}{]@ﬁglu‘%face %irgg% nmeasur ed.

The resul thingiRathe dwpeﬂme 8lagbefore fehydiatian end withgobzgdihetis kidjtive o14. As can
be seen therefromthe silicate significantly enhances the hydrothernal
st abi | 1t ysedivphglicgenni te sanpl es. 10 Exanple 14: This exanple illustrates

Ltor fomasi ot Shalaitd bERLEa bPalcRE B Ik Bbnld"ROREGSETacH AT LOT

after formatio Wer e prepare

(Run 45) @@15,;1%12% wkB r ﬂ?@@gﬁiﬁﬁonlf@pmmhﬁﬂ(tés) fRR wddaposdda)onast ILEKG. Bgnr ce of
di spersible clay. Slurries of the Laponite" were prepared by adding the
clay to m@f@ﬂ’-%(ﬁwak@lmdcﬂl‘a@lmafmmﬁ\lﬁ&:ﬂy%@%)f@ihe EGUINE §HELY. W@odl um

gl uconate s,add % Si S pn of
CP-3, a cﬂm@Fﬁéﬁagﬁdﬁ%‘ﬁgsFPﬁnﬁ? ”éﬁ&‘g‘géé{ghf@lﬂ?%y‘”\%‘a%g]ﬁ% ﬂ“eéo{l‘al&gg Dot ux
for 24ghoypsurvddan. %bfsﬁﬁfmas fHdthi& RF 28 RduR\e Bolin @A domerlak, Hitered adB7. 8C 20
(280F). Portions of each product were reslurried in water, sodiumsilicate

added and ovtindripd xﬂamgleag:émlsboqhmum agmyta qur@w:fhhelc@w m@r,awﬁfug%féﬁlgt 0 9.0

wth 4% H2SO4, | tered.,. exchan sl n e to
remove ?\la"}@o“f‘f% CEIJ A sHigpte ?’% d&ﬁﬁg’% éﬁ %ﬁ\éij “% ] ngl,; gd)nfflé "~ Each
sanpl e was, Hien i uoh 86564 fifred and designated Run 52. The above procedure was :

repeated except that the milling step was omitted and resulting samples designated

%

15 Run51. A control was also prepared except that the milling step and the silica and
clay addition was omitted. The control was designated Run 50. Each of the samples
of Runs 50 to 52 was reslurried in water containing ammonium sulfate for % hour,
filtered, water washed and oven dried. This exchange was made to reduce Na;O to a
low (<0.25 wt.%) level. Samples were then calcined for 4 hours at 800°C in a 20V%

20  steam atmosphere. The effects of the silicate level as well as milling/not-milling and

the presence of the dispersible hectorite on the steamed surface area is summarized at

Table 10. Milling gives the highest surface area with or without added silicate.




contact with 20 wt. % steam at nosphere for 4 hours at 800C, and the surfac?
area 25 determned. A plot of w.% Si 02 versus steaned surface ar ehb ilN 200
provided at Fiqure 15. As can be seen therefrom very hig f reas
were obt aWﬁ’eQ:]!"‘%Wr eover, a conparison of these steaned su?Fi}c{LS@?@g\s with
the clay free sanples from Exanple 13 (Figure 14), is provided at Figure
16. As can be seen therefrom inproved surface areas were obtained by
conbining the addition of the dispersible clay with post 30 synthesis
addition of silicate. It is believed thdt part of the reasons for the

hi gher WD 01/45839 -67 J 6 JUN 2004 PCT/ US00/ 34075 steaned surface area of
the alumnas with dispersible clay is the higher fresh surface area,

hi gher pare_volume and higher average pore dianeter Exanple 15 5 Thig

exanple illustrates the ef f ect of pasﬂ"abjmlmesi s silicate addition to an

only 100C (21) (the | ower rp terrperature i nduci ng a nuch | ower degree

of dispersgRiNg LY). A batchsgf synthetic hegtorrte was prepared by addi ng
97.9 ginsilicic acid (HASIO4 10 1169 gin H2O in i

\

g A—a —3H—t-es+-n—ketiteo—nder
agitation. To the kettle wastl®¥dded underrlABFNAROM 58 A BENVHH) |
2.55 gmLiCl, and 4.7 gm NaGroMityessl urry ovaswi@MLXes f auil2NGBEFCRE
filtered, washed three tines WI[ wat er at ?% ?C)(BOF) and. dried at
137.8C (280F). An X-ray diffP&Eton patter P G&Y sinilar 07t hat of
Laponite'i RD was obtai ned. (Eoduiltife)of this dried material @&<l45) ended in
800 M H2O for 2 mnutes to give 3% of the final alumna weight, and to
di sperse it as nmuch 15 as possible. In. contrast to Laponite(r) RD, an
opaque slurry was obtained, $ndi cative of % |ow degree of34i spersion. This
slurry was added to a 3L regimgkettl e al ongmwgdh 0.5 W . %wgai um gl uconate
( al um na-basis}—anhd—-additi-onal—HO-t-o—gi-ve—a—31+¥%set-ds——stt+y—P—3—
(cal ci ned “dFuBisAECISPom ALCOASWHs t hen addéd®>?fhis slurry ®ds boil ed under
reflux for 24 hours, filtered and dried at 137.8C (280F). Portions were 20
reslurried,in ter, and varyjng anounts of,.silicate adde S reported at
Fi gure 17,dw’ [5%e. Each sarﬂé%e was steamed%?or 4 hours, gBCS}gC in
approxi mately 20% steam and the surface areas determ ned. The above
procedurems%gggat ed excepfyst hat highly djsgpersed Laponijg(r) RD
repl aced the synthetic hectorite nmade and used for Run 49. Each sanpl e of
the 25 resulting product was tested for surface area and the results

desi gnat ed; R ABs-Clliener)

BET SA 199 279 345
Ave. P.D. 153 197 169
Total Pore Volume 0.761 1.378 1.461

% SA Retention (On Si0; SA Basis)

0% Si0O, 58.8 72.4 814
4% 510, 8§50 89.6 87.5
8% Si0, 98 100 90.1
Example 17:

This example illustrates the effect of adding sodium silicate before or after

5 rehydration (hot aging) of the calcined alumina slurry.




results are plotted in Figure 17. A control was al so nade foll ow ng tUﬁF}
procedures of Run 49, except no clay was enployed. The surface ar &g P[H
plotted i WOMIYHH® 17 and designated Run 47. As can be seeRTAGMN/E'Gure 17,
the surface area stability increases in the order 30 of no clay + silica <
poorly dispersed clay + silica < well dispersed clay + silica. 1b JUN 2004
WO 01/ 45839 PCT/ 11S00/ 34075 -68 Exanple 16: This exanple illustrates the
effect of prenmilling the slurry contai@®ng cal cined alum na and

di spersible clay before rehydration and with post synthesis addition of 5
sodi um si | i cat &lu\es hiid iﬂreg@r%dléf ERARAndWal G SRCPL N R0 gﬁlhbaﬁﬁﬂl%t e(r) RD
(Tv=13.269% in 8,331 gmHOwth rapid agitation for 20 m nutes, followed
by addi ti eHicefe l¢yedd andrthgniot ageddpr 34 hours at ediling and wirden seffuxe &l COA,
TV=10% . The resulting slurry. wa illed.in a4 DRAIS ml.l at. a rate of
About | L/ AFTHATE SRS Hok aRan SadTiigeb N oo arso B el y was
hot aged fQfmi og(f}p({t]i.ﬁsi?lt’at c?Rluh G, W dGline hlitiina td Whith&d, 80d 4isp¥emidr i ed.
Sanmpl es of this ehm te alumna were reslurried in water, with varying
anount § ofHezodtite (gichiteARD)asasradfed befdreathe Tiabdging @lesiggadd Rud 353duThat 21  C,
pH adjusted to 9.0 with 4% H2SOM, filtered and deisi, nat e \I@n 52. The
above pr od#EiTEO REEPATFIONE Metreated Bith (REENE HEOWAL P ﬁg‘:@? éfger ¢ 18l#%t ed and
resul ting I : I o r ed except
that e iy AgouS A Aib Fhn 8, P RO ol SRNEARGHER °he
control wag|felesh etflce WaRuRo 20w Raeh(af.23 We %S defdre steadfngRBO0H0 fé10t 52 was
reslurried in water containing amonium sul fate for 1/4 hour, filtered,
wat er was hedrsandneimpspheieeef. abthi 20%stdaan Jgehesasiapmaieas of the sfbinga20 to a

| ow (<Q. 25 .99 . | evel appl es were then calcihed f.or 4 haurs .at. 890C in
20vo6 36 o CelHn oI T2 TS ThavaPPURTs T B YR ABo T cur e uE Rieias

m | 1'i ng/ nafe fadikbNEr §Neate LiRBraREEBRMArddherhREstabiBRLsIDhE shaplegr i te on the
steanmed surface area is summari zed at Table 10. M| es the highest

) ling giv
surface arldeweverthesuridehoens faldioie gesdrhily mtthe ondgr M@sze@% ©pooit 45839 - 69

Table 10 I?s.glrc/altJeSz(l)dO it?él’? Z terligeN >Ns%ic5;1935§'c?d%tion before age. Addition of silicate before the

Q

hot age also reduces the pore volume/pore diameter of the Boehmite.
15
Example 18:
This example illustrates the effect of adding silicate after rehydration on the
steamed pore structure of a boehmite alumina/Laponite® composite.
Samples of a 3% Laponite® containing boehmite with varying silicate levels of
20 0 wt.% (Run 56), 2 wt.% (Run 57), 4 wt.% (Run 58) and 8 wt.% (Run 59), were
prepared as described in Example 14. After 4 hours at 800°C treatment in 20% steam,
“the nitrogen pore size distributions were measured. The results are reported at Figure
19. Figure 19 shows only minor changes in pore distribution between 0, 2, 4% added
silicate, however, at 8% silicate, the pores do shift to a Jower average pore diameter.
25
Example 19:

This example illustrates the preparation of the alumina/swellable clay

composite which is used in the following example to make agglomerates therefrom.
7,014 g OB (Original Basis not corrected for TV) (3% by weight, based on the

30  combined weight of alomina and clay) of a synthetic hectorite Laponite® was slurried




ALUM NAALUM NA FROVALUM NA W TH FROM CP-3CP-3 W O. M LLI NGM LLI NG BEFORE
(No- O ay) (3% C ay) AGE (No-M 1 1ing) (3% C ay) SASASA (rn2/gn) (n2/ gm (15 2Nk
4 hrs @ 8Q@1BAsH15-119195-210281 Wth 4% Si O2 179250302 WPLCH/\83/SHCR
195279311 2 his @537.8C (1000F) BET SA 199279345 Ave. P.D. 153197169 Tot al
Pore Vol une 0.7611. 3781.461 % SA Retention (On SiQ2 SA Basis) 0% Si O2
58.872.481.4 4% Si 02 89.989.687.5 8% Si O2 9810090.1 Exanple 17: This
exanple illustrates the effect of adding_sodiumsilicate before or after 5
rehydration (hot aging) of the calcined alumna slurry. WO 01/45839 70 i

1UN 2004 P USOQ 34075 Sl urries.were prepar of the calci,n al.um na
(CP- 3, ALGOR O BRSPS AIY A i PBATE lpafiE et el ot MG RaPrdl haur s
at boi | i ng,angitHRIehadats ddittor IBE30 [BRHES de HhxBRTIR L5286 (BbAUIBApAS UN S54.
Slurries were also prepared using calcined alumna only (designated Run
53), or cabksairaagoat dispasidno ThencP38RE (f SpodndP B dhAkos (Redtdivated (Laponite
RD) was added before the hot agzi ng1 (desi gnat gd n ?5}1&,}2? Ia(a&eﬁr t wo

pr epar at i Ghgniparveere sloalpaddad iy Warlpmrg Lapeuin s Sterdll heSfe 4Pt 819%he hot
age, [ nt.s..ar oAl i . | ged with
anmoni tm B RS SR EIIE SR G H el BLpaR IR SR TR anare

steam ng ayasS0@Ged ard dasHrduiith 65167 [at g phase fcitg vt 0 thsdecansh-The
surface areas of the resulting 10 products for Runs 53 to 55 are reported
at Fi gur e zb8e Efneo beit filler Hacchlterecplit pvas ppray-daedat 1He! "4ddPPonrlsY silicate

i nproves the fy0nghas Rk, LRk LY of all the sanples.
The resulting product is designated Sample No. AX-1.
10 A summary of the properties of AX-1 is provided at Table 11 and a plot of its
nitrogen pore size distribution is provided at Figure 20. The data on AX-1 in Figure

20 is designated Run 60.

Comparative Example 3:

15 A control sample of boehmite alumina was synthesized as follows.

To 4,950 parts by volume of water heated in a reactor to 63.3°C (146°F) under
constant agitation was added 150 parts by volume of a 7.0 wt.% solution of aluminum
sulfate as Al,Q3 and the resultant mixture stirred for four minutes. Two separate
solutions were then simultaneously fed to the reactor. The first solution was 7.0 wt.%

20  aluminum sulfate as Al,O5 in water and the second solution was 20 wt.% aluminum as
Al,Os sodium aluminate in water. Upon completion of the addition, the weight ratio
of aluminum sulfate:aluminum sodium sulfate in the reactor was 5:3. The flow rates
are adjusted during addition to provide a pH of 7.6. When the 7.6 pH target is met,
the aluminum sulfate addition is terminated and the sodium aluminate addition is

25  continued until a pH of 9.3 is reached. The sodium aluminate addition is then
terminated, and the reactor contents aged for 2 hours at 66°C (150°F) The
precipitated product is then filtered, washed and spray dried at 371°C (700°F) inlet

temperature 135°C (275°F) outlet temperature to form an aluminum powder which is

sized to a particle size of 10-20 microns. The resulting product is designated CAX-1.




However, the surface areas follow generally in the order A1203 + 3% ,
Laponite't > silicate addition after age > silicate addition beforé_b 8200
Addi ti on WP 03{4F$30at e before the hot age al so reduces the BEF&SHSHiRe/ pore
di aneter of the Boehinite. 15 Exanple 18: This exanple illustrates the
effect of adding silicate after rehydration on the steaned pore structure
of a boehmte alum na/lLaponite(r) conposite. Sanples of a 3% Laponite(r)
contai ning boehmte with varying silic@#te levels of 20 0 w.% (Run 56), 2
wt.% (Run 57), 4 wt.% (Run 58) and 8 wt.% (Run 59), were prepared as
descri bed-ip %Wésﬁhé%of %tetsﬁﬁmﬂlrilie&’ﬁtsl‘ fle PO FLBRITENTLd dhifQ¥csbeam  the
ni trogen po‘rg I ze distributions were neasured. ‘?he results are reported at
Figure 19.in Figue 0 19dsigarddly6ni nor changes in pore distribution between
0, 2, 4% added silicate, however, at 8%silicate, the pores do shift to a
| ower average pore dianmeter. 25 Exanple 19: This exanple illustrates the
preparation o T H—atblbe—ctgy——conposrtewnmchTsS used in the
foll owi ng exanpl e to nake aggl oner at lf’ljtir efrom 7,014 g OB (O gi nal

Basi s not corrected for TV (3% Dy wWei ght, based on the 30 conbl ned wei ght
of alum na and clay) of a synthetic hectorite Laponite(r) was slurried WO
Or 1145839 -71 RYBNAN 2004 PCT/ US00/ 34075 in %50 gal |l on® of city water at
anbi ent tenpergiifigy The sfurry was m xed 1tn gaiopen tankawth a 4 paddle
agitator for 30 mnutes at paximimagitation (about 300 rpr)-—to— assure a
good di spersion. Then, 234 kg (515 pounds) OB of Alcoa CP-3 activated

al um na were sirow y7sadded to the slwmgied Lapowi teo. After all the CP-3 was
added, 5 the slgrry was heated to 93, 3C (ZOOF%9 where it s held for 24
hours. The sluPfy was filtered and®(®shed with 65.6 - 7. 1C (150- 160F)
city water on dLRWW0267 wp3h- zone Eiago belt filéter. The®P4lter cake was
spray-dried at ,371.1C (700F) inlet/ 121.1 C (250F) outket tenperature The
resul ting product is designated Sanple No. AX-1. 10 A summary of the
properties of ARS1 is provided at Table 11 antPa plot of’its nitrogen pore
size distributigfm is provided at Figuwe 20. Tiva data onosX-1 in Figure 20
i s designated 58? 60.

wt. % 0.04 (.82
Fe wt.% 0.05 0.01
Mesopore Pore Mode A 150 65.7
% increase in Mesopore Pore % 60 N/A
Mode
5 As can be seen from Table 11 and Figure 20, AX-1 (Run 60) and CAX-1 (Run

61) have similar surface areas, but AX-1 has about 20 v% more pore volume than
CAX-1 and the mesopore pore mode of AX-1 is about 150 Angstroms compared to
50-70 Angstroms for CAX-1.

10  Example 20:
Part A

This example illustrates the preparation of a pre- impregnation of AX-1 prior
to extrusion.
13.6 kg (30 Ibs.) OB of AX-1 alumina were mixed in an Eirich mixer with
15 10.5 kg of city water, 6.2 kg of ammonium molybdate solution and 2.0 kg of

commercial grade (15% Ni) nickel nitrate solution. The ammonium molybdate




Conparative Exanple 3: 15 A control sanple of boehmte alum na was

synt hesi zed as follows. To 4,950 parts by volune of water heated in lb JUN 2004
react or tMWOOB4BE (146F) under constant agitation was addeBCHENPHPES by
volune of a 7.0 w.% solution of alumnum sulfate as A1203 and the
resultant mxture stirred for four mnutes. Two separate solutions were
then sinmultaneously fed to the reactor. The first solution was 7.0 wt. 170
20 al um num sul fate as A1203 in water-#nd the second solution was 20 wt. %
al um num as A1203 sodium alumnate in water. Upon conpletion of the

addi tion, _ the Lght i -of i £ i Favel sulfate in
t he reactsé)rl&\?%l\g@ggg{ep%%gb O(%IIV&IQ }a\?ﬁeéﬂh}%em f%ﬁ#&%ggﬂ uri ﬁfgmaglgﬁl?%ﬂn to provide
a pH of 7ep?stamﬁm.01a§of7d@oﬁbea anget The mieivas ekineded| in @4t Borsiol pdtepladdi ti on
is termnated and the sodi umalum nate addition is 25 continued until a pH
of 9.3 i sextoaichtuformMHy04odiameic lexdpitsa saedionyeHiqnal %ﬂ@ﬁl%@ﬂ“ﬁi“ﬁ’&ﬁed, and

t he react contents aged. f,0 6 50F b pbdat ed

pr oduct i@ﬁ? ﬁ’éthm%itqst%?rgégle\%i h@%@?ﬁlﬁa‘gl %rh %élg ag%i c%f%%e&% %%E)éi nl et
tenperat ureoddnGof 2 hoh). PH }eﬁmtih%@p@mﬁws%kigni@d EMaxal (RAMEan powder whi ch
is sized to a’particle size of 10-20 mcrons. The resulting product is

desi gnat ed CAXPixt BAD 01/45839 -72 1 b JUN 2004 PCT/ US00/ 34075 The

i h f i zed 11 Fi 20),
e 1t E gunBemers Bopbdy ikl MiAat Exabiatty Bt e Manedhsd ©"
#AX- | CAX- ﬂriggasgl}%g%%su%@%}%sigg&e&assﬁﬁgég.zggi% 25 MO8 herein to a

p/ p)cc/ gl I'n/a31 APSY. 815.9 Na20wt . %9. 410. 03 SO4wt . %9. 040. 82
Fewt . %0. ObRt4)4 fidvke bayioircadeordandbd e OB o Wity Equtiease i n Mesopore Por e%60N A

10 |
MFB = S(_O)O(%%% {Equation 6)

Wherein X is this pertinent pore property such as PV (in ce/g), or SA (m*/g)
W = the wt. % of catalytic promoter metal oxides such as Ni, Co,

15 and Mo oxide on the catalyst based on the wt. of porous
constituents of the catalyst. The weight of non-porous
constituents, e.g., non-porous diluents, of the catalyst extrudate
are not included in the wt. % calculation o

and MFB = Metals Free Basis.
20

Comparative Example 4:
Part A:
Example 20 of Part A was repeated except that the AX-1 sample from

Example 19 was replaced with the CAX-1 sample of Comparative Example 3. The
25  resulting extrudate product is designated EMCAX-1 (Run 68).
Part B:

The pore property results of Part A of Comparative Example 4 were

normalized to a metals free basis and the results designated Run 69.




Mode 5 As can be seen from Table 11 and Figure 20, AX-1 (Run 60) an? 06@
(Run 61) have simlar surface areas, but AX-1 has about 20 v% not @b
vol une t h¥? 018891 and the nesopore pore node of AX-1 is aB&&{USPEE07
Angstrons conpared to 50-70 Angstrons for CAX-1. 10 Exanple 20: Part A
This exanple illustrates the preparation of a pre- inpregnation of AX-1
prior to extrusion. 13.6 kg (30 Ibs.) OB of AX-1 alumna were mxed in an
Eirich mixer with 15 10.5 kg of city-Water, 6.2 kg of anmoni um nol ybdat e
solution and 2.0 kg of comercial grade (15% Ni) nickel nitrate sol ution.
The amoni um myhybidal @GN #REaDrofcitids ¢F HEbhelD HhpreBadte/SaRIYSE075

sol ution was prepared by dissolving 2.2 kg of comercial anmoni um

di r nol ybda@@ple@@dﬁéi -4 anduEMfDAngl aife paeyider! atelblat®and hhengrfuey WaLe ¥5& r uded

4" t f 0. 04" t t rudat
usi ng condutrehn SehiaenThbr o FrsidmpHL o] Ued b B nbt S 0 Fod at
121.1C (ZSOF) f&htﬁ‘hehg Sis Al n%ﬂéd%u@@@tiﬁ:tnaﬁf}go@@eﬁi;&ﬁk@&gklz{ycﬁonﬂmﬁh‘au" The
resulting extrudate is d2e5| ghated EMAX-1 (Run 62). Part The pore

properfy riesH-tls HpldPaf theAnatuippanpsiiee @@mlmtlen nbcarhlqaméxj;ttsmhawnenal s free
basis and _the results designated as Run 63. Sanples are normalized herein
to a metal'8frde basis in accordance with the fol | owing Equation: 10 MFB _

(X) (100) (10%1\%%??12&& m&%g\ P /fq%oﬁl ?éuh%ztanaﬁumtm@%wore

property such as % of catal ytic
pronot er nat glat diel gas 1ma1eIfmaRuﬂ\I62 1sCl@,5Aaamh;Mbecboo|cméy 631A1fbxeRma6&l ¥htsebased on
the wt. of porous constituents of the catalyst. The wei ght of tngn por ous
modes are very close to those of the starting alumirnas which is charaCteristic of the
10  stabilizing effect of pre-impregnated metals on the alumina properties. As can be
further seen from Tables 13A and B, pore diameters have shifted from the <1004 in
Run 68 to the 100-250A region, and more predominantly to the 130-250A region for

Run 62. In spite of the shift and increase in pore mode, the total surface area and total

pore volume of Run 62 are similar to Run 68.




constituents, e.g., non-porous diluents, of the catal yst extrudate agﬁ*ﬂﬁg
included in the wt. %calculation and MFB = Metal s Free Basis. ConpHr
Exanpl e 4WO (P&5839A: Exanpl e 20 of Part A was repeated excefCT{{HAP31Me AX- 1
sanple from Exanple 19 was replaced with the CAX-1 sanple of Conparative
Exanple 3. The 25 resulting extrudate product is designated EMCAX-1 (Run
68). Part B: The pore property results of Part A of Conparative Exanple 4
were nornalized to a netals free basi%5and the results designated Run 69.
WD 01/455839 -74 1 h JUN 2004 PCT/ USOCQO 34075 Physical and conpositi onal
properties of the netal inpregnated catal yst sanples EMAX-1 and EMCAX-1
are provided at Table 12 and the nercury pore size _distribution and other
properties of these sanples is proviggsleae Tabl es 13A and B. A higher SiQ2
is also noted due to the nature of the dispersible clay contained 5 in
AX-1. A plot of the mercury pbaiaPribmpregnated Egidesh of each catal yst is
shown in Figure 21. O particular note is that SA and TPV of both Run 62
and Run_68 are simlar but_that the pore nmnde for Run.62 is 145A.conpared
to onl Ru8SA for Run 68. These npdéd are ver§ cl ose t & hose of % he
startimmgatomrmas Wi Tt TS characterrstic of the 10 stabilizZing efrect of
pre-inpregnated netals on the alumna properties. As can be further seen
from T&BireisIA3A and B, pore di anet & hve J4X3d frditfdHé <106MF! Run
68 to the 100- 250A region, and nore predom nantly to the 130-250A region

for Run 62._1n spite of the shift gnd incre in porg anode total
surf ac*’UPBR™ARd total pore voluné%gf Run Gggire sinf§%$+§%?hu%ﬂ%§; VO
01/4-S839 - 75 Table 12 Metal Pre-|npregnated Extrudat’®8* 18" JUN 2004
PCT/ USQ\aB4#&perties

MoO, wt. % 14.1 14.9 14.1 13.6
NiO wt.% 3.1 3.5 31 3.3

Si0. wt. % 0.66 0.61 0.51 0.08
Na,0 wt. % 02 0.18 0.17 0.06
Fe wt.% .01 0.01 0.0! 0.08
Particle Diameter mm 0.98 .99 1.00 1.00
CBD, MaxPack Tos/ft’ 354 32.1 34.5 ~36
Crush Strength lb/inm 2.9 25 2.0 1.7

CBD =Compacted Bulk Density
Example 21:
Part A:

5 . The alumina sample AX-1 prepared in accordance with Example 19 was used
to make a metal impregnated extrudate in accordance with Example 20, Part A, except
that the mix contained 300 g more water in order to increase the amount of porosity in
pores greater than 250A in diameter. The resultiig extrudates are designated EMAX-
2 (Run 64).

10 Part B:

The pore property results of Part A of this Example were normalized to a

metals free basis and the results designated Run 65 and reported at Tables 13A and
13B.




Run No. 62646668 Sanpl e | DEMAX- 1EMAX- 2EMAX- 3BEMCAX-1 Al um na Type 15 JUN 2004
AX- 1AX- 1AX- ( + CAX- | CAX- 1 Catalyst Properties2 parts + | part
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SUBSTITUTE SHEET (RULE 26)
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Table 13B

Ex or Comp | Pore SA TPV
Run BEx No Mode A m¥g eclg
No. Sample (dV/dloghy) (Hg) (Hg}
62 EMAX-1 Ex20{a) 148 288 0.86
63 MFB-EMAX-1 Ex20(b) 148 348 95
64 EMAX-2 Ex21(a} 135 290 88
65 MFB-EMAX-2 Ex21(b) 135 355 1.08
66 EMAX-3 Ex22(a) 119/63 312 S0
67 MFB-EMAX-3 Ex22(b) 119/63 377 1.09
68 EMCAX-1 CEx4(a) 67 297 0.82
69 MFB-EMCAX-1 | CEx4(b} 67 357 99
70 EAX-4 Ex23 148 212 81
71 EAX-5 Ex24{a) 158 222 .87
72 ECAX-2 CEx5 vo 201 95
73 EMAX-5 Ex24(b) 191 166 73
74 EMAX-6 Ex25 115 180 1
75 EMCAX-2 CEx6 i1 192 80

Example 22:
Part A

MFB = Metals Free Basis

The catalyst was prepared in the same way as EMAX-1 (Run 62) except that

the alumina source was a physical powder blend of 9.09 kg (20 pounds) original batch
(OB) of AX-1 (Run 60) and 4.5 kg (10 pounds) OB of CAX-1 (Run 61). The CAX-1

alumina was added to increase macroporosity (pores > 250A) in the catalyst. The

resulting product is designated EMAX-3 (Run 66} and the properties thereof are

summarized at Tables 12 and 13A and B, and Figure 21. As can be seen therefrom,

the addition of CAX-1 adds pores in <100 Angstrom region and the <250 region

becomes bimodal.

QNN 2004



"dCC N c1l M7bNNN ~*Q . ML-. NNy1 Nr N+l , ~p QPNo4 NNC El D5NDabOOND~00
NNWO4vr ~NmD00Cw  Ardr 3V7r ~l MWM N[ “ic~l 7, rry Nma~NO-nl oNco 1Rm m N ~@ TUNOA04
a CD

r0+10 NkrWO ONGF899 . r | r nyr +n77dr n4bW . ~ r mNONNOOOWNONr  t Ra+REABNSHUSHEY
vri'' 40wCOxi NCC Q

10

15

20

25

_78 -

Part B

The poxe properties of the sample of Part A were normalized to a metals free

basis and the results designated Run 67 and reported at Tables 13A and B.

Example 23:

This example describes a procedure of making the alumina base {(only) of a
catalyst that could be eventually finished into catalyst via a “post-impregnation”
process. The base for post-impregnated catalysts is prepared by extrading/calcining
the alumina in the absence of promoter metals (Ni and Mo in this case).

30 pounds OB of AX-1 alumina were mixed with 31 pounds of city water in a
pilot scale Eirich mixer. The mix was extruded using a 4” Bonnot extruder to form
0.04” diameter extrudates. The extrudates were dried at 121.1°C (250°F) for 4 hours
and then calcined at 732.2°C (1,350°F) for 1 bour. ,

The resulting product is designated EAX-4 (Run 70) and the mercury pore
properties shown at Tables 13A and B.

Comparative Example 5:
Example 22 was repeated except that the starting alumina was CAX-1. The

resulting product is designated ECAX-2 (Run 72). The mercury pore properties are
shown at Tables 13A and B.

Comparing Runs 70 with 72, it can be seen that Run 70 has almost 70% of the
TPV in the 100-250 Angstrom range, and the majority (49%] in the 130-250
Angstrom range. It will be further noted that Run 72 shifts the pore mode of the
starting CAX-1 alumina (Run 61) from 65 Angstroms to 100 Angstroms in the
extrudate. The same is not true of Run 70 (Figure 22) versus AX-1 of Run 60 (Figure

20) which both exhibit a pore mode at about 145 Angstroms. Moreover, Run 70

exhibits about the same pore mode as Runs 62 and 64 (Figure 21). Thus, it appears
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the AX-1 alumina of the present invention has the same pore mode whether pie- or
post-impregnated. It will be further noted that Run 70 has essentially no porosity >

250 Angstroms unlike its pre-impregnated analog of Run 62.

Example 24:
Part A

Example 23 was repeated except that 14.5 kg (32 pounds) of water (1 pound
more than in Example 23) was employed in the mixture to increase total porosity in
the pores >250 Angstroms. The resulting extrudate is designated EAX-5 (Run 71).

The compositional properties, particle diameter, and crush strength of Runs 70
to 72 are summarized at Table 14, and the mercury pore distribution of the samples of
Runs 70-72 are summarized at Tables 13A and B. The mercury pore distribution of

Runs 70-72 is also shown at Figure 22.

Part B

The EAX-5 (Run 71) meta] free extrudate sample of Part A was post-
impregnated as follows:

313 g of ammonium molybdate solution adjusted to 5.2-5.4 pH was mixed
with 120 g of nickel nitrate. Water was added to make a total of 440 cc of solution.
The entire solution was transferred onto 550 g of EAX-5 base. Impregnation was
done by incipient wetness technique in a plastic bag. The impregnated material was
dried ovcmighf at 121.1°C (250°F) and calcined at 537.8°C (1,000°F) for one hour.
The resulting catalyst is designated EMAX-5 (Run 73} the mercury pore properties of
which are shown at Tables 13A and B.
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Comparative Example 6:

Example 24, Part B, was repeated except that the EAX-5 sample was replaced
with the extrudate control sample ECAX-2 of Run 72. The resulting metals
impregnated extrudate sample is designated EMCAX-2 (Run 75) the mercury pore

5  properties of which are shown at Tables 13A and B.

Example 25
Example 22 was repeated except that the blend was composed of gqual

amounts of AX-1 and CAX-1 6.8 kg (15 pounds) each. The blend was mixed with 31
10 pounds of water in an Birich mixer, impregnated with nickel and molybdenum using a
metals solution prepared in accordance with Example 24, Part B, except the total
solution volume was 550 cc due to a higher pore volume of the present sample.
The resulting metal impregnated extrudate is designated EMAX-6 (Run 74),
the mercury pore properties of which are shown at Tables 13A and B.

15 The compositional properties, particle diameter, bulk density, and crush

strength for Runs 73 to 75 are summarized at Table 15.




SUBSTI TUTE SHEET (RULE 26) WD 01 /45839 -77 1 U JUN 2004 PCT/ U500/ 487%
Tabl e 13B RUN Ex or Conp Pore SA TPV No. Sanpl eEx NoMbde A rn2l g ccﬂgJ N 2004
(dV/ dl ogDwHa)4skkw) 62EMAX- 1Ex20(a) 1482880. 86 63M-B- EMAX- 1Ep29abnd4H348. 95
64EMAX- 2Ex21( a) 135290. 88 65MFB- EMAX- 2Ex21( b) 1353551. 08

66EMAX- 3Ex22(a) 119/ 63312. 90 67M-B- EMAX- 3Ex22( b) 119/ 633771. 09

68EMCAX- 1CEx4(a) 672970. 82 69MFB- EMCAX- 1CEx4(b) 67357. 99 70EAX- 4Ex23148212. 81
71EAX- 5Ex24(a) 158222. 87 72ECAX- 2CEx599201. 95 73EMAX- 5Ex24(b) 191166. 73
74EMAX- 6Ex25115180. 91 75EMCAX- 2CEx6115%92. 80 MFB = Metal s Free Basi s
Exanple 2: Part A5 The catal yst was prepared in the sane way as EMAX-1
(Run 62) except that the alum na source was a physical powder blend of

9.09 kg (20 pounds) original batch (0B) of AX-1 (Run 60) and 4.5 kg (10
pounds) OB of CAX-1 (Run 61). The CAX-1

Table 14

Examples of Metals-Free Base

Run No. 70 1 72
Sample [D EAX-4 EAX-5 ECAX-2
Alumina Type AX-1 AX-i CAX-1

Catalyst Properties

MoOs wt. %% Metals-Free
NiO wt. % Metals-Free
510, wt.% 0.2 0.2 0.01
NayO wt. % 041 041 0.03
Fe wt.% 0.05 0.05 0.01
Particie Diameter mm 0.95 0.97 .02

Crush Strength Ib/mm 1.96 1.55 1.74




al um na was added to increase macroporosity (pores > 250A) in the F?Uﬁ’ﬂ Y@ -
The resulting product is designated EMAX-3 (Run 66) and the properties

t her eof awe diyssswnmari zed at Tables 12 and 13A and B, and Rcgursenddss As can
be seen therefrom the addition of CAX-1 adds pores in <100 Angstrom
region and the <250 region becones binodal. WO 01/45839 - 78

PCT/ USOQ' 34075 h JUN 2004 Part B The pore properties of the sanple of Part
A were nornalized to a netals free basis and the results designated Run 67
and reported at Tables 13A and B. 5 Exggple 23: This exanpl e describes a
procedure of making the alum na base (only) of a catalyst that could be
eventually finished into catalyst via a "post-inpregnation"” process. The
base for post-inpregnated catalysts is prepared by extruding/calcining the
alumna in the absence of pronpoter netals (Ni and Mo in this case). 10 30
pounds OB of—AX=t—alummmawere nixed.rm)lte'risol pounds of Cily water 1n a
pilot scale Eirich mxer. The m x was eXtftuded using a 4" Bonnot extruder
to form 0.04" dianeter extrudpéesmprdfiRtiGXExamepadses were dried at 121.1C
(250F) for 4 hours and then calcined at 732.2C (1,350F) for 1 hour. The
resulting product is designated EAX-4 (Run 70) and the nercury pore 15
properties shewg at Tables 1I3A and B. Conparati vesbExanpl e 55 Exanpl e 22 was
repeat ed excepi—that the starting-alHii-Ra—was—CAX~—I1—Fhe —restHhRg
product is designated ECAX-2 (Run 72). The nmercury pore properties are 20
shown at Tabhgse#BA and B. Conparing RupslaX® W t lIEMAX-6it caMde-seen t hat
Run 70 has al nost 70% of the TPV in the 100-250 Angstrom range, and the
majority (499 in the 130-250 Angstromrange. It will be further noted
that Run 72 sgimifd Bypt he pore node of theAXst arti ngEoCAX-bl &f¥ra (Run 61)
from 65 Angstrons to 100 Angstroms in the 25 extrmdgiatses The same is not
true of Run (',7'19:1] (st@é%lérrﬁes 22) versus AX-1 of Run 60 (Figure 20) which both
exhibit a pore o at. about 145 Angstrons. Mreover, Run 70 exhibits
about the safedpore node as Ruwid 62 and!B# (Fi gur'd321). Thus? it appears WO

01/ 45839 - 7%vio wL.% 35 34 35
510, wt.% 0.65 0.24
Na,O wt.% 0.17 0.14
Fe wt.% 0.01 0.01
Particle Diameter min 0.59 0.99
CBD, MaxPack /et 396 337 36.8
Crush Strength lb/mm 1.64 1.84

Example 26

5 Vacuum tower bottoms (VTB) derived from arab medium crude oil having the
properties summarized at Table 16 was selected as the feed to a fixed bed resid
hydrotreating pilot plant unit. The operating conditions of the pilot plant are
summarized at Table 17.

The catalyst from Run 62 (EMAX-1) was placed in the pilot unit and tested as
10  described below. The pilot unit has four independent reactors Jocated in a common

sandbath. The sandbath maintains the four reactors at approximately the same




16 JUN 2006 PCTJUSOQ 34075 the AX-i alum na of the present inventiQﬁhgﬂF
. the sane pore node whether pre- or post-inpregnated. It will be fur 2004
not ed t hatOrift%Y has essentially no porosity > 250 Angst FORVSINM%RR its
pre-inpregnated anal og of Run 62. 5 Exanple 24: Part A Exanple 23 was
repeated except that 14.5 kg (32 pounds) of water (1 pound nore than in
Exanpl e 23) was enployed in the mxture to increase total porosity in the
pores >250 Angstrons. The resulting extrudate is designated EAX-5 (Run 71).
10 The conpositional properties, parti%ﬁe di aneter, and crush strength of
Runs 70 to 72 are summarized at Table 14, and the nercury pore
distribution of the sanples of Runs 70-72 are summari zed at Tables 13A and

B. The neiGhsetamey, epabhstidtOUL | Qe@tithRING of Che/dirdl§st 3 5O eshaWInat ghkgur e 22.
15 Part B The EAX-5 (Run 71) netal free extrudate sanple of Part A was -

post - i npbeghanetbaded Alodvecwms:bebathy cofalyshbashionehes! odeactansplodbe on adj ust ed
to 5.2-5. Hwas mxed .with 120 ..nickel nifrate. ter added to
nmeke a to?jﬁﬁre&f‘:o&%lo@é apg t%@REPPE)‘H?a&EBOHPEém@ﬁt Hy FoEst @t Bff‘?lﬁat‘tt?é%sferred
onto 550 Hf,ﬁfg - FlohOfd . 2 LOEL R dWahRess

t echni queglnfr%fg p gtgp?gp%gé‘%ﬁ%@g?npr eg%gkﬁédlqpnﬂgfoé%aﬁlﬁ %attgyﬂ(rﬁci \e&g over ni ght

at 1215 1Ctl{ie2opky tedactal.cThegrodtict 3@ ii8€ a(ghs 09QR sepayatianeshedwhich Fhe

resul ting cat al%sY;t i s designated ENMAX-5 (Run 73) the nercur ore
propert i edodfed 4y nsHeame! SROIFACRE e PradiRISRIES pit of ghepys ?Qﬁ%‘\%ﬁ 280 16
JUN 2064 _P . M6 ESRLRLE 8 | - t B, was

r epeat ed &%{&Q%t% ﬂg?ﬁ?‘ﬁee Eﬁ@g{; g%ér% & Was ﬂrleggﬁgggﬁl%g%l?h??%ggggtrudate

control saaphetsHadxXfidndihe Bepardizon vdise] tiasutl i kygehmihabbvalveny thg highed
extrudate sanple is designated EMCAX-2 (Run_75) the msrcurﬁ pore 5
proper t i eprefuchesspl whish apaupulates themreduct satilihi remopsdiipindhe system.

10 The hydrogen flowrate to the reactor is controlled with a mass flow controller. The
resid feedrate to the reactor is controlled with a feed pump. The temperature of the
reactors are controlled by changing the temperature of the sandbath.

The catalyst was tested at reference conditions: LHSV of 1.0 (75 cc/hr feed
and 75 cc of catalyst bed volume), reactor temperature of 426.7°C (800°F) and 2000

15  psig H, pressure. The hydrogen flowrate was maintained at 75 Normal Liters (NL)/hr
(Note: NL is measured at 0°C and 1 atmosphere pressure). These conditions produce
about the same level of conversion as well as sulfur and Conradson carbon removal as
would be expected for the conventional catalysts in a commercial ebullating bed
hydrocracker. The percent conversion of materials boiling over 537.8°C (1000°F) to

20  materials boiling under 537.8°C was measured as a function of time expressed as
barrels of feed processed per pound of catalystloaded.

The results are shown at Figure 23 and designated Run 76.

Comparative Example 7:

25 Example 26 was repeated except that the catalyst from Run 68 was employed

in lieu of that from Run 62.




Exampl e 22 was repeated except that the blend was conposed of equal 1§ juN %[]P]l'
anmpunts of AX-1 and CAX-1 6.8 kg (15 pounds) each. The bl end was m xed w
31 10 powudsi/zk3aater in an Eirich mxer, inpregnated w thargdoeelssand

nol ybdenum using a netals solution prepared in accordance with Exanple 24,
Part B, except the total solution volunme was 550 cc due to a higher pore
vol unme of -the present sanple. The resulting netal inpregnated extrudate is
designated EMAX-6 (Run 74), the mercury pore properties of which are shown
at Tables | 3A and B. 15 The conpositi@aal properties, particle dianeter,
bul k density, and crush strength for Runs 73 to 75 are sunmarized at Table
15. WD 0//45839 -81 Table 14 Exanples of Metal s-Free Base 1 6 JUN 2004 P

CT/ U SO01340 75.Run. No. 707172, Sampl.e .| DEAX- 4 g in
TypeAX- 1AX- 1CAX-IF CRVEI%Et ‘Jeéfl%)sp“ggﬁsgém\%%.“gﬁgl ‘étlfsiglgr%g a%/bkgé‘uﬁ #s can be

Ni Ot . %vetsadiSrbhe® gD BX2D detPred baip ROMR B07 (1d:hikidda Righer activity for
Fewt . 9%9. 050. 050. 01 Particle D anmeteriron0.990.971. 02 Crush

St r engt hl lotaviinObe Wi baiting 61 POR BPoesid wWetg sl 46 8gger preducty Hiindha 5
Post - | mpr egnat i on. Bampl es PCTE 5001 34075, D, 00374 75rA0P | e
5  standard operating conditions to remove any fluctuations caused by changes in the
actual operating conditions. The AX-1 derived catalyst of Run 76 also has activity
advantages for saturation (product APl increase), desulfurization and Conradson
carbon removal. It is theorized that the higher cracking and hydro-activity of this
catalyst is due to the modified pore size distribution, and perhaps the chemical
10 composition of base due to the AX-1 starting materials.
Sediment and metals removal for Run 76 are slightly inferior to the control of
Run 77. Sediment is expected to increase at higher resid conversion. The Run 76

sample also has lower porosity in the macro range, which may also be affecting

sediment and metals performance on this feed.




Al um na Type AX-1AX-1 + CAX-1 CAX-1 Catal yst PropertiesEqual Partsqg | 2004
MOOSWt . 94.3. 513. 313. 3 Ni Oat, 93.53.43.5 Si O wt. %. 650. 24 th(Nw.@@.l;B.EQ
Fewt . %0. OWd @usPar ticl e D anet er 17un0. 990. 99 CBD, MaxPackl! pkra%o¢3®7736. 8
Crush Strengthl b/ mil. 641. 84 Exanple 26 5 Vacuum tower bottoms (VIB) derived
fromarab nmedium crude oil having the properties sunmarized at Table 16
was selected as the feed to a fixed bed resid hydrotreating pilot plant
unit. The operating conditions of the pilot plant are sumarized at Table
17. The catalyst from Run 62 (EMAX-1)-9&s placed in the pilot unit and
tested as 10 described below. The pilot unit has four independent reactors
| ocated in a common sandbath. The sandbath maintains the four reactors at
approxi mately the same CVO 01/45839 -83 i h JUN 2004 PCT/ US00/ 34075
tenperature. Each reactor is |loaded with 75 cc of the catalyst to be
tested. Inert glass Deads are Toad ag@qﬁe and below the catal yst bed to
preheat the reactants to the desired conditions and to take up any
addi ti onal space. Hydrogen and rBedddiobk®dgteaitds enter the bottom of the
reactor and flowtogether tip through the catalyst bed.-and—eut 5 the top of
the reactor. The products go into a gas liquid separation vessel which is

| ocat ed downstr eamegfiockhe reactor. ThargasMedigsivedksn Rass out of the system
through a pressure control valve which is used to control the reactor
pressure. The liquid products pass fromthe separation vessel through a

| evel control val weNémbethe |iquid pregitit vessel E#BiSeh accunul ates the
product until it g peppved fromthe §‘ften1 10 Thgghydrogen flowate to
the reactor is controlled with a nass ow controller. The resid feedrate
to the reactor isS&of®& led with a fé&8¥punp. Thel'tRhperature of the

Sulfur wt. % 5.88 4.72
Total Nitrogen, wt.% 04} .34
Basic Nitrogen, wt.% 0.043 0.12
Conradson Carbon, wt.% 23.2 26

Pentane Insoluble, wt.% 1.0 22.9
Toluene Insoluble, wt.% 0.06 0.16

Metals (ppm)

Ni 36.8 29.4
v 118.3 103.3
Fe 7 439
Zn 2.1 2

Ca 21 7

Na 56 21
K 14 1.1
Distiilation:

LV% > 1000°F 87 97




reactors are controlled by changing the tenperature of the sandbat h. JB%UNZMA
catal yst was tested at reference conditions: LHSV of 1.0 (75 cc/hr fe

and 75 ccyefoqaial yst bed volune), reactor tenperature of #26.8604890F) and
2000 15 psig pressure. The hydrogen flowate was maintained at 75

Norrmal Liters (NL)/hr (Note: NL is neasured at OC and 1 atnosphere
pressure). These conditions produce about the sane |evel of conversion as
wel | as sul fur and Conradson carbon renoval as would be expected for the
conventional catalysts in a comercialgegebullating bed hydrocracker. The
percent conversion of materials boiling over 537.8C (1000F) to 20 materials
boi l i ng under 537.8C was neasured as a function of tine expressed as
barrels of feed proacessed per paound of catalystloaded  Theyesults are
shown at Figure 23|and deS|gnated FUBmﬂ617Cbnparat|ve Exam|e 7: 25 Exanple
26 was repeated exgept that theLﬁatal%é fro Run 68 was enployed in lieu
of that fromRun 6. 1 6 JUN 70UAPSR" ”ﬂ‘@%’?é’ PCT/ US00/ 3407p -84 The
conversion resultsfare al so sumrari zBBtRBitnt Fi gure 23 as Run [f7. As can be
seen fromFigure 28, the AX-1 derived sanple of Run 76 exhipits a higher
activity for cracking the high boilin 1000+F) resid matefial to lighter
products than the {efer efesdst@hxAmbigeMed/ ¥ sanpl e of Run 77.| The data shown
are corrected to the 5 $E§anmmoggﬁratlng conditions to repove any
fluctuations caused by chan n act perating conflitions. The
AX-1 derived catal yst ofRﬁﬁ' Wéwﬁﬁépsﬁﬁ s P@?ty advant ages for
saturation (produc{ APl iFagreas®jc/brdesul furization and Conrpdson carbon
renoval. It is the¢rized e -hj I j ng and hydrotactivity of
this catalyst is que tof{ﬁg&r}%%]g g@?dg%?ée di stributioph, and perhaps
the chemical 10 cofposi tlpéﬁL@Ethba%‘é“Mébot"c?QWB PAX-1 starting materials.

Sedi nent and net al s rennwﬁhmxgﬁmﬁpn 76 are slightly inferiof to the control
of Run 77. Sedinmeft is ex Eﬁ% ncrease at higher resi @l conversion.
The Run 76 sanpl elal so KAY yﬂ F@p Bsity in the macro range, which may

al so be affecting |sedi mmSvaQdalyseBaiss performance on this {eed. 1 b JUN
2004 WO 01/ 45839 PQT/ USOQY340/as:.85, Tabl e 16

- Provides reactor space without catalyst

- Simulates commercial cat/thermal space ratios

Example 27:
Example 24 was repeated except the catalyst from Run 64 (EMAX-2) replaced

the catalyst of the reference example and the feedstock was an alternate Arab medium
5  Vacuum Resid , the properties for which are summarized at Table 16. The results are

grouped as Run 78 and the conversion performance is summarized at Figure 24.

Example 28:
Example 27 was repeated using the catalyst of Run 66 (EMAX-3) and the

10 results grouped as Run 79 and depicted at Figure 24.




Feedst ock Properties FeedstockArabi an Medi um Vacuum Resid |1 D 6 JUN 200
Nunber F94- 71F98- 559. APl @ 60F4. 875.60 S.G @ 60F1. 03761. 03 I
w . 96. 884‘.’“;’2‘@3?% Ni trogen, wt.9%).410.34 Basic Nitrogen, %T%."% & 12
Conr adson Carbon, wt.%3.226 Pentane |nsoluble, w.%7.022.9 Tol uene
| nsol uble, w.%).060.16 Metals (ppm) 36.829.4 N V118.3103.3 Fe743.9 Zn2.12
Ca217 Nab.621 K1.41.1 Distillation: 8797 LV% 1000F 16 JUN 7004 WO 01/ 45839
PCT/ US00/ 34075 -86 Table 17 Operati ng8§30ndi tions of Pilot Plant Feedstock:
Arabi an Med VTB Pressure: 2000 psig RX Tenp: 790-800F (near isothermal)
Feedrate: 75 cc/hr H2 Once Thru: 75 NL/hr (6000 SCFB) Run Length: -3 weeks
(about 2.0 bbl/Ib)

Comparative Example 8:

Example 27 was repeated using the control catalyst of Run 68 (EMCAX-1).
The results are grouped as Run 80 and depicted at Figure 24,
As can be seen from Figure 24, Runs 78 and 79 are superior to the control in
5  conversion.
Moreover, in respect to:
(a) Total Liguid Product API, the control was inferior to Run 79 but
superior to Run 78;
(b) Sulfur Reduction — the contro! was inferior to Run 79 but superior to
10 Run 78;
() wt.% Conradson Carbon Residue (CCR) Reduction — the control was
inferior to Run 79 but superior to Run 78;
(d) Sediment Reduction — the control was superior to Runs 78 and 79, with
Run 79 being better than Run 78;
15 (e) Vanadium Reduction — the control was superior to Runs 78 and 79,
with Run 79 being better than Run 78;
(D Nickel Reduction — the control was inferior to Run 79 but superior to
Run 78.
Note that the CCR is the leftover carbonaceous material after ail of the lighter
20  hydrocarbons are boiled away. It is measured by a standard destructive distillation test
(ASTM (D-189). The test is run on the feed and on the products. The difference
between the two nurnbers is the CCR reduction.
The principles, preferred embodiments, and modes of operation of the present
invention have been described in the foregoing specification. The invention which is

25  intended to be protected herein, however, is not to be construed as Jimited to the

particular forms disclosed, since these are to be regarded as illustrative rather than




Upfl ow Regi ne Catal yst Loading: 75 cc LHSV (Catal yst Basis) d ass ?e@ﬂ 2004
Section - Provides reactor space w thout catalyst - Sinulates COhTTEIJ i
cat/therMD a8 ratios | Exanple 27: Exanple 24 was repeBCESewddpt t he
catalyst from Run 64 (EMAX-2) replaced the catalyst of the reference
exanpl e and the feedstock was an alternate Arab nedium 5 Vacuum Resid ,
the properties for which are summari zed at Table 16. The results are
grouped as Run 78 and the conversion performance is summari zed at Fi gure
24. Exanple 28: Exanple 27 was repeate8using the catal yst of Run 66
(EMAX-3) and the 10 results grouped as Run 79 and depicted at Figure 24.
WO 01/45839 -87 10 JUN 2004 PCT/US00L134075 Conparative Exanpl e 8: Exanple
27 was re us, EMeRX+ e
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f rom Fi gudepafing Rons the&phitf 78 iavent®uperi or to the control in 5 conversion
Moreover, in respect to: (a) Total Liquid Product API, the control was
inferior to Run 79 but superior to Run 78; (b) Sul fur Reduction - the
control was inferior to Run 79 but superior to 10 Run 78; (c) w.%

Conr adson Carbon Residue (CCR) Reduction - the control was inferior to Run
79 but superior to Run 78; (d) Sedi nent Reduction - the control was
superior to Runs 78 and 79, with Run 79 being better than Run 78; 15 (e)
Vanadi um Reduction - the control was superior to Runs 78 and 79, wth Run
79 being better than Run 78;




(f) Nickel Reduction -- the control was inferior to Run 79 but superior to
Run 78. Note that the CCRis the |eftover carbonaceous material af tﬁrﬂml 1004
of the lighter 20 hydrocarbons are boiled away. It is nmeasured by a

standard destructive distillation test (ASTM (D-189) _ The test is run on
the feed and on the products. The dlfférence bet ween the two nunbers is
the CCR reduction. The principles, preferred enbodi nents, and nodes of
operation of the present invention have been described in the foregoing
speci ficat{ The |nvent|on which is 25 intended to be protected herein,
however, gﬂﬁﬁF zgmfg tonstrued as linited to the particular forns

di scl osed since these are to be regarded as illustrative rather than 16
JUN 2004 WD 01/45839 PCT/ USOQ 34075 -88 restrictive. Variations and
changes may be hade B«gfrovﬁ@@@pwtpmwlqswomm@smg@n alpmingm axide anmcml ng from
the spirit n%f labfév % on%lqt ﬁllHﬁra%rp}?(ﬁfpe%ed %;he ﬁur%l oxlae 1. Porous
conposite par es co an a m oxi de corrponen a swel |l abl e

cl ay conpommoneﬂﬁ; wmateﬁ{mgiicsmm;&sﬁemlblegt the al um num oxi de conponent,
wherein in said conposite particles: (A the alum na oxide conponent
conprises at |east 78W\he %%lﬂacomaqnenbmp@ew leagt Ip Wihvactlumingmi na i s

in the formof crystall 5] r t he
crystalline boehnite, g fé%srrtléz}gﬁr)ggfﬁhggggﬁ ?E}%mtﬁ@fo‘?& q%%f%ﬁc

conponent is dispersi blbeelpmlte;rgatrma alomirpadeated fromi the orylstaﬁumdmphmntbe
particle and present in the conposite particles at an amount (i) of |ess
than 10 wt. % based ofT {HEMESHBTRR wei ght  of the al umi num oxi de
conponent and the 5V\ﬁ§)'tﬁ@§ﬁel%?e\’clé’5%ﬂ%%@ﬁmsﬁﬁﬂex@ib‘lépﬁt;rftg%do\‘ﬁorﬁt%d ncr ease
at | east one of the hydrothermal stability, nitrogen pore vol unme, and
nitrogen mesopore por entodhiecarpdsite pamicisceidpeespalrinitied emnpasiteparigles ot t he

of e al i num oxi de. CBAmHBRE vHesnE ISk e Bed RR SRR By 8 oy e

of the aluminum oxide component and the swellable clay

component, and (ii) effective to increase at least one of the
hydrothermal stability, nitrogen pore volume, and nitrogen
mesopore pore mode of the composite particles relative to the
corresponding hydrothermal stability, pore volume and mesopore
pore mode of the aluminum oxide component in the absence of
said swellable clay; and

(C) the average particle diameter of the composite particles is from

about 1 to about 150 microns.

2, The porous composite particles of claim 1 which, when calcined at
537.8°C for 2 hours, have:
(1) a specific surface area of at least about 200 m’/g;
(i1) an average nitrogen pore diameter of from about 60 to 400
Angstroms; and

(iii) a total nitrogen pore volume of from about 0.5 to about 2.0 cc/g.

3. The porous composite particles of claim 1 wherein the aluminum oxide

component is derived from rehydrated active alumina, and the swellable clay

component is present in the composite at from about 1 to about 9 wt. % based on the




(C© the average particle dianmeter of the conposite particles is from about
1 to about 150 microns. 2. The porous conposite particles of clai m 11 fMiiNc i
when cal cined at 537.8C for 2 hours, have: (i) a specific surface area of
at | east about 200 n2/g; (ii) an aver@?@_nitrogen pore dianmeter of from
about 60 to 400 Angstrons; and a total nitrogen pore volunme of from about
0.5 to about 2.0 cc/g. 3. The porous conposite particles of claim1 wherein
t he al um num oxi de conponent is derived fromrehydrated active al unm na,

1o about TaneyEigHor SR RBENL oo o 53EH! el ARERSR NGl (e

swel | abl e cl ay conponent and al um num oxi de conponent. 4. The porous
conposite particles of claim3 wherein the swellable clay ck(:)irg@onent

conpri ses smect#te clBgPOISUS qoBPqsHE paricks ppelaim & wherein dhéswallableicdaym 4
wherein th&rﬁé&%ﬁ-éoﬂqﬁls_@ysﬂ'léctitéala cted fromthe group consisting of
€,

nmont mori | | oni ectorite, and saponite. 6. The porous conposite particles
of claim5 wherein the snectite is a natural or synthetic hectorite. 7.
The porous conpgsite_particles of  clai.l go?/gﬁrei n the smectite is

|

a
synthetic hectorite. The porRUs HETRRTYC PATHS pafeTheree ty smariicsley 6t ol ains
4 10 7 Whegehdched! s dRABLLE BoRiting b f SRNBRGENNite ShebfdRE Hnd Rhpdriilem about 2 to

about 7 wt. % based on the conbIned weight of the alum num oxi de and

swel | abl e clay conponents. 9. The porous conposite particles of claim2
havi ng an aver age nityogen ore diameter of from.,about. 70 ta about 275
Angstronms, a suff ace{‘éff&?folﬁ PW%WqSB%'PI%S?gﬁla%g%ﬁ?m%}ﬁwgieg{s 32 total

ni trogen pgit@raVéd $yfidieqE hédtoreabout 0.6 to about 1.8 cc/g, and a nitrogen
nmesopore pore node of from about 60 to about 300 Angstrons. 10. The porous

conposite particles of claim1 which additionally conprise fromabout 0.1

Lo about 40 ., % Si +hoal ey, BASSI@RAE, CPURINRLMElAR, Hlctid kst e

al um num oxi de conpone and clay "‘conponen rous conposite
particl es gathetcdedstgrien al unmi num oxi de conponent and a swel | able clay
conponent intimately dispersed within the al um num oxi de conponent and

whi ch, when cal cined of 537.8C for 2 hours have:

8. The porous composite particles of any one of claims 4 to 7 wherein the
swellable clay component is present at from about 2 to about 7 wt. % based on the

combined weight of the aluminum oxide and swellable clay components.

9. The porous composite particles of claim 2 having an average nitrogen
pore diameter of from about 70 to about 275 Angstroms, a surface area of from about
240 to about 350 m? /g, a total nitrogen pore volume of from about 0.6 to about 1.8

cc/g, and a nitrogen mesopore pore mode of from about 60 to about 300 Angstroms.

10.  The porous composite particles of claim 1 which additionally comprise
from about 0.1 to about 40 wt. % silicate, based on the combined weight of silicate,

aluminum oxide component and swellable clay component.

11.  Porous composite particles comprising an aluminum oxide component
and a swellable clay component intimately dispersed within the aluminum oxide
component and which, when calcined of 537.8°C for 2 hours have:

(A) a specific surface area of at least about 200 m*/g;

(B) an average nitrogen pore diameter of from about 60 to 300




(A) a specific surface area of at |east about 200 nR/g; (B) an average
nitrogen pore di ameter of from about 60 to 300 16 JUN 2004 91 Ang$tridRg)ls
(C a total nitrogen pore volunme of fromabout 0.5 to about 2.0 cc/g and
characterized as having (i) a macr opor g, cont ent of not greater than about
40% of the total pore volune; (ii) a fesopore content of from about 20 to
about 90% of the total nitrogen pore volune and wherein at |east about 40%
of the pores in the nmesopore region have a dianmeter of from about 100 to
about 400 Angstrons; an s'trii .a mcropore content of not greater than
about 80% of the total K tr&gen pore vol une; and wherein in said conposite
particles: (i) the aiCyd tatimindge pRVPARENST RONAbLSERS & aloRB30 céy WM. %
alumina at least 5 wt. % of vvhi_cﬁ alumina is in the formof crystalline
boehni te, gamma al unmi n&ndehargelgrizedambariggcrystal | i ne boehmite, or m xtures

thereof; (ii) the swellab} %ﬁla@%pgﬁgc p(t)fﬁdz a§e@gﬁ}$$ﬁﬁ$%gﬁ\gﬂh%r prior to

I ncorporation into the co site’p e an res conposite
particle at an anmount (a) abtal pe® viohme;10 wt. % based on the conbi ned

wei ght of the al um num oxi_ge conponent and. the swellabl e clay conmponent,
and (b) effective to incrddadneEPPEcenteghf from abot 2QyaabewH SO0nuet the abi 1 i ty,
ni trogen pore vol ume, and tpg ikddAGER: VHEAP IS Bl JIER: Mot BgyCOMPOSI te
particles relative to the corresponding hydrothermal stability, pore

vol ume and nesopore pore nuidbe pbres rethamesopnreregiordeavecinhiametet of fiorhhe

absence of said swell able clay; d (i1ij) the average particle dianeter of
the conposite particles is ?%H(?d@l@cﬂ%‘fm JQOO‘Q%HBPIS&%@ mcrons. 12. A method
for making porous conposi tif) PafidrbFére TomeRIIfindt gﬂateﬁﬁ;)anhe%ﬂosg% 8f the

non-col | oi dal di spersion conprising at |east one 16 JU
total mtrogen pore volume; and

wherein in said composite particles:

(1) the aluminum oxide component comprises at least 75 wt. % alumina
at least 5 wt. % of which alumina is in the form of crystalline
boehmite, gamma alumina derived from the crystalline boehmite, or
mixtures thereof;

(i1) the swellable clay component is dispersible in water prior to
incorporation into the composite particle and present in the
composite particle at an amount (a) of less than 10 wt. %, based on
the combined weight of the aluminum oxide component and the
swellable clay component, and (b) effective to increase at least one
of the hydrothermal stability, nitrogen pore volume, and the
nitrogen mesopore pore mode of the composite particles relative to
the corresponding hydrothermal stability, pore volume and
mesopore pore mode of the aluminum oxide component in the
absence of said swellable clay; and

(iii) the average particle diameter of the composite particles is from

about 1 to about 150 microns.

12. A method for making porous composite particles comprising:

(A) forming a non-colloidal dispersion comprising at least one




-92 al um num oxi de conponent conprising at least 75 wt. % active alyugjnaz)
and at | east one swellable clay conponent in a liquid dispersing nmedium
(B) rehydrating the active alum na of the alum num oxi de conponent in the
presence of said dispersed swellable chay to convert at least 5 w. % of
the active alumna to crystalline boehmte and to form conposite particles
conprising an effective anmount of swellable clay intimtely dispersed

wi thin the al um num oxi de conponent, said effective anmount of swell able

clay being (i) less than %,: . ' gt t he

al um num oxi de conponent gjgﬁl %TAB?‘FS%?@%T%?‘%%%%%@E{]tggsgrﬁ@fti ?‘)acglg?f I ci ent
to provide an increase i saluaiind, andht lodse ond swélableydiyoidnegoneht intadijuid t y,
nitrogen pore vol une, angliéni trogen_nesopore pore node of the conposite

particles relative to the%¢by?as g hydrothermal stability, pore
vol ume and nmesopore rr@tg‘&?ﬂﬁn Qhe é?reve%hhﬁ‘ih%mhg?éhgﬁnﬁﬁaodﬂ?@é‘@d?ﬁ dnidnd N€
cl ag; n C L%

absence of said swell abl and (C) recovering the conposite particles
fromthe di spersion; anuthe(iiDyseopt ofmaad digperseidsivellalge chg to ecroseerad deastdhposi t e
particles at a tenperatuge from about 250 to about 1000C for a period
br from about. 0. 15t o bR e puFeTitnss & iaslio Boiete wio P wher e n
the al um num oxi de conmpenPBsitiartidléy conPRingSatefltileARbuRdr Wvellghl@l um na
derived fromthe rehydration of active alumna, the swell able clay

conponent conprises at claydgtimaighedispessediwithie theyalynmaenexidecerhpongnt per si on

at fromabout 1 to about. .. % based he conbi i fo,al um num
oxi de conponent and S\xéﬂdlcg%\é\%vecﬁgmggﬁﬂgﬁgaﬁ&cq?yelﬁi’xag gf%(%%ﬁﬁagq@gﬁt u("OI | ed

to convert from about ¥3sddonthedbmbided Weightodiheahgniatin osededdnponent t O
crystalline boehmte, having a crystallite size of |ess than about 110

Angstroms and the |iqui2ddawsiriveslay compenent. and gtk sufficignt to pravidaasicess of
G oup consi st ing of moRTRSEE T ArrkLbis SEERLALuRAN i, Bubdiba? | {1e
process of clai m 14 whewohine, ahdnirogen irfesopose porb atadeailf tios coypuishet i ¢
particles relative to the corresponding hydrothermal stability, pore
volume and mesopore pore mode of the aluminum oxide
component in the absence of said swellable clay; and
(C) recovering the composite particles from the dispersion; and
(D) optionally calcining the recovered composite particles at a

temperature of from about 250 to about 1000°C for a period of
from about 0.15 to about 3 hours.

13.  The process of claim 12 wherein the aluminum oxide component of

(A) comprises at least 90 wt. % alumina derived from the rehydration
of active alumina, the swellable clay component comprises at least
one smectite clay present in the dispersion at from about 1 to about
8 wt. %, based on the combined weight of aluminum oxide
component and swellable clay component, rehydration is controlled
to convert from about 30 to about 100 wt. % of the active alumina
to crystalline boehmite, having a crystallite size of less than about

110 Angstroms and the liquid dispersing medium is water.

14. The process of claim 13 wherein the smectite clay is selected from




hectorite. 16. The process of claim 15 wherein the hectorite is at Ieaﬁj
one synthetic hectorite present in the dispersion at an anount of firbofN 2004
about 3 to about 6 wt. % 17. The process of claim 16 wherein the synthetic
hectorite has a total volatiles contegt of fromabout 6 to about 30 wt. %
18. The process of claim 17 wherein thé swell able clay conponent is
premlled prior to contact wwth the al um num oxi de conponent. 19. The
process of claim 13 wherein the al um num oxi de conponent is premlled

prior to cgnt i th-th | | abl e. cl.ay. ¢ nent .. 20. The process of
claim 13 wﬁlgrgg(lﬁ}r? g}@g@%x%@%@‘é‘%@rﬁ%mgﬁﬁmﬂ% SABRNIE | | cate, based on the

conbi ned wei ght of silicate, alum num oxide conponent, and swellable clay
conponent, is provided to the dispersion after rehydration of the active
al umina to inprb¥e hybe Brosesspdclaymdyiwhersin e smastiteofpagiurd gssynthetices. 21.
The procesg.f:&! ail m 13 wherein the swel |l able clay conponent and al um num
oxi de conponents are prenilled in adnmixture prior to rehydration of the
active alum na. 22. Porous agglonerate particles conprising constituent
conposite partjcles_of a swellable _clay conponent jntimately dispersed

wi thin an al uni Léjm 3&‘? H@cﬁﬁr?ﬁﬁﬁgﬂtlﬁ whesie the: hecigyits isat keggh dwsyatheioarticl e
size is fromahodtesthtn i @R du m@rﬁa ! | flg Ggponent
conpri ses at Ieagtes75 w. % 16 %Lﬁr@]&% 7% te yh%ﬁ%@ﬁ@?'a@um na, at

| east 3.75 wt. % of which alum na oxide conmponent is in the form of

crystalline boehunte anma | ym eri.ved from.the crystalline boehmte,
or m xtures therg]of,Th W(fl’cfsé)‘)?fﬁlg“g&éﬂ'le&%? & @1336 Wé%ﬁ‘af‘%“ﬁ?‘ sent

Wt hin t heygihtled EoHIRM %I G8m MVIAPE AERMout B0 &R gnount (i) of less than 10 w.
% based on the conbined weight of the alum num oxi de and swel |l abl e cl ay

conponents, and (ii) effective to increase at |east one of the

hydr ot hermal stabili ner cur qQr. ol u and rcury _nmesopore pore
node, of the agg ’one?pe{ﬁ %mﬁ%grs t""lfgaens1 lﬁé’%gﬁ“\ll etsgveglﬁgle Cga rchg)BB il?ﬁg

hydr ot her npdemslicirior iy corifdt @vistothel ARndign BRERRSAPonAr € node of the
aggl onerate particles in the absence of the
19.  The process of claim 13 wherein the aluminum oxide component is

premilled prior to contact with the swellable clay component.

20. The process of claim 13 wherein from about 0.1 to about 40 wt. %
silicate, based on the combined weight of silicate, aluminum oxide component, and
swellable clay component, is provided to the dispersion after rehydration of the active

alumina to improve hydrothermal stability of the composite particles.

21.  The process of claim 13 wherein the swellable clay component and
aluminum oxide components are premilled in admixture prior to rehydration of the

active alumina.

22.  Porous agglomerate particles comprising constituent composite
particles of a swellable clay component intimately dispersed within an aluminum
oxide component, wherein:

(A) the agglomerate particle size is from about 0.5 to about 5 mm;

(B) the aluminum oxide component comprises at least 75 wt. %




swel | abl e clay. 23. The porous agglonerate particles of claim22 wherein
the support agglonerate particles, when calcined at 537.8C for 2 bhibir 20
possess: (i) a specific surface area of at |east about 200 n2 /g; (ii) a
mercury nesopore pore node of from aboyy 60 to about 400 Angstroms; and
(tii) a total nercury pore volune of ffomabout 0.6 to about 1.5 cc/g. 24.
The porous aggl onerate particles of claim22 wherein the alum num oxide
conponent conprises at least 7.5 wt. %crystalline boehmte, gamm al um na

derived fromthe cryst i hm . or . m xt s . ther.eof nd. t he
swel | abl e cl ay con%ong‘%\l]tl qu]%e%f&glsvgﬁgu%i’"ﬁg’t%gg aﬁtgié?g?“r%rétoé W?‘bﬂ‘sf}}l?iﬂ@nt

particles at from aboutoxlesenglatit is i the forke ofrpasllinnbsdmenit ghinrd wei ght
of the swellable clay conmponent and al um num oxi de conponent. 25. The
porous aggl omerat e par Wniga dgrved Epmtbucryfeliine hoghsaite gemisiyres theseafy
conponent conprises sngglite clay. 26. The porous aggl onerate particles of
claim25 wherein the snectite clay 16 JUN 2004 -95 is selected from at

| east one nmenber of ¢((G)ehegswelabied clapedmponicht ioprdsent widdh did dlemiramndoxidaponi t e.

27. The porous agglonerate particles of claim26 wherein the snectite is a
natural or synthetic h&ETEP ‘_?rl-f'“b?“W?‘E‘Hﬁéé’%ﬁ?@ﬁ'@ﬁ%_%.@?ﬁ%@%&t Bs
aggl omerate particles Qbmbikicight teclitiniif SABEhAG Svdifapft cigynt het i C

hectorite. 29. The porous agglonerate particles of claim?28 rein the
swel | abl e cl ay conponenmppgenps,apé i) dffeetied to in¢redseanieaktone of theo about 6 wt .

% based on the conbi ned i ght. of. .t.he al um num oxi de and swel | abl e cl ay

conponents. 30. The poﬁ’é’ﬂ%’%ﬂ%ﬁ@g{}e%’&mwrgy LI THYSEY wherein the
surface area is from a@dporspBrd Modd) Q¥ thedpBlofRrdts partkibRs kQhidle tBRACUrY pore
volune is fromabout 0.6 to about 1.5 cc/g, and the nercury nesopore pore

mode is from about 65 tcerrespending hgdrotegnelsiahilityanore Thlimeoandisessgeiconer at e
particles of claim22 e F A | C Lse fromabo 2 to about 10
w. %silicate, based %ﬁ;ﬂg&%@fﬂ%& %@o%gbﬁ%#les lélitf"f g%Sterel?e P tBcr:n' na oxi de
conponent, and swel | ablseelthtdy cagnponent, intimately dispersed within the
constituent particles.
23. The porous agglomerate particles of claim 22 wherein the support
agglomerate particles, when calcined at 537.8°C for 2 hours, possess:
(i) a specific surface area of at least about 200 m? /g;
(i1} a mercury mesopore pore mode of from about 60 to about 400

Angstroms; and

(111) a total mercury pore volume of from about 0.6 to about 1.5 cc/g.

24.  The porous agglomerate particles of claim 22 wherein the aluminum
oxide component comprises at least 7.5 wt. % crystalline boehmite, gamma alumina
derived from the crystalline boehmite, or mixtures thereof, and the swellable clay
component is present in the agglomerate constituent particles at from about 2 to about
7 wt. %, based on the combined weight of the swellable clay component and

aluminum oxide component.

25. The porous agglomerate particles of claim 24 wherein the swellable

clay component comprises smectite clay.

26, The porous agglomerate particles of claim 25 wherein the smectite clay




32. The aggl onerate particles of any one of clainms 22 to 31 irrpregnilsqu 04
with an anount of at |east one catal yst conponent effective to hydr procezg
petrol eum f eedst ock. 33. The aggl onerate particles of anyone of clains 22
to 31 inpregnated w th at |east one hygdrogenation conponent of a netal

havi ng hydrogenation activity selected fromthe group consisting of G oup
VIIl and Goup VIA netals of the Periodic Table. 16 JUN 2004 -96 34.

Por ous corrposi te particles conprising an al um' num oxi de conmponent and a

Component , oL TORL Lo Bhe BB oflbe BRR S nin b, BRAICS Coi 11 ¢

ni trogen ssapbait® area of at | east about 200 mZ /g; (B) an average nitrogen
pore diameter of fromabout 60 to 300 Angstrons; and (C) a total nitrogen
pore volunme of fromabout 0.5 to about 2.0 cc/g; and prepared by the

process conprispng: {hq pdrBhdTagiorderdRaftRlldsUr¢limBeRhdreindfe SRERAE a0 at

| east one al um num oxide conponent conprising at least 75 wt. % active
al um na anehtural resyathetin beasoricloaistupdsabereafirponent in  a |iquid di spersing
medium (ii) rehydrating the active alum na of the al um num oxi de

conponent in the presence of said dispersed swellable clay to convert at

least 5 wt. % ofg.t heTREhdréhs MothEratelfrticléeTchlimi 27ovRe6IRThd Snédifte @ form
conposite particles conprising an effective amount of swellable clay

i nti mat el ysynglieipbpefedtowi t hi n t he al umi num oxi de conponent, said effective
anount of swellable clay being (i) less than about 10 w. % based on the
conbi ned wei ght of the alum num oxide conponent and swel | abl e cl ay

conponent, and %9.i) Theipdroas sgplotheraRparicie diRldimOBafsteinnh@iwdlRdit one of
the hydrothermal stability, ni tro%?n pore_volune and nitrogen mnesopore
pore node Yy %%P%ﬁblém%mﬁa?rﬂn&t np ghost 3 @ akayt 6wie Yeckased epEKdi ng

hydr ot her reiihalbightlor (RO &R A BRI Y SHERMROUSy EhFofRle of the ‘al uni num
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30.  The porous agglomerate particles of claim 23, wherein the surface area
is from about 150 to about 350 m” /g, the total mercury pore volume is from about 0.6
to about 1.5 cc/g, and the mercury mesopore pore mode is from about 65 to about 275

Angstroms.

31. The porous agglomerate particles of claim 22 which additionally
comprise from about 2 to about 10 wt. % silicate, based on the combined weight of
silicate, alumina oxide component, and swellable clay component, intimately

dispersed within the constituent particles.

32.  The agglomerate particles of any one of claims 22 to 31 impregnated
with an amount of at least one catalyst component effective to hydroprocess

petroleum feedstock.

33.  The agglomerate particles of anyone of claims 22 to 31 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
Periodic Table.




t he absence of said swellable clay; (iii) recovering the CO”pOSite1PJUNZML
particles fromthe dispersion. 35. The porous conposite particles of clarm
34 prepared by the additional step of calcining the recovered conposite
particles at a tenperature of from aboyt 250 to about 1000C for a tine of
from about 0.15 to about 3 hours.

34.  Porous composite particles comprising an aluminum oxide component
and a swellable clay component intimately dispersed within the aluminum oxide
component, which, when calcined at 537.8°C for 2 hours, have:

(A) a specific nitrogen surface area of at least about 200 m? /g;

(B) an average nitrogen pore diameter of from about 60 to 300
Angstroms; and

(C) a total nitrogen pore volume of from about 0.5 to about 2.0 cc/g;
and prepared by the process comprising:

(i) forming a non-colleidal dispersion comprising at least one
aluminum oxide component comprising at least 75 wt. %
active alumina and at least one swellable clay component in
a liquid dispersing medium;

(i1) rehydrating the active alumina of the aluminum oxide
component in the presence of said dispersed swellable clay
to convert at least 5 wt. % of the active alumina to
crystalline boehmite and to form composite particles
comprising an effective amount of swellable clay intimately
dispersed within the aluminum oxide component, said
effective amount of swellable clay being (i) less than about
10 wt. %, based on the combined weight of the aluminum
oxide component and swellable clay component, and (ii)
sufficient to provide an increase in at least one of the
hydrothermal stability, nitrogen pore volume and nitrogen
mesopore pore mode of the composite particles relative to
the corresponding hydrothermal stability, pore volume and
mesopore pore mode of the aluminum oxide component in
the absence of said swellable clay;

(iii) recovering the composite particles from the dispersion.

35.  The porous composite particles of claim 34 prepared by the additional

step of calcining the recovered composite particles at a temperature of from about 250

to about 1000°C for a time of from about 0.15 to about 3 hours.




