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STRUCTURE, METHOD OF MAKI NG AND CATALYSTS MADE THEREFROM Techni cal Field
10 This invention relates to alumna having a novel pore structure. This
invention further relates to catalysfs made fromthis aIu g@a ¢ mhich
catalysts may be specifically fornulated to provide inprove ﬁ%r or mance
characteristics for a great nunber of hydrocarbon processing operations.
This invention also relates to nmethods of producing this alumna. 15
Background Art The art relating to al um na-containing supports,

i npregnating such supports with various catalytically active netals, netal
conpounds wge.Bk:zPronoters, and various uses of suchpiipsr@saa ed supports
as catalysts, is extensive and relatively well devel oped. As a 20 few of

t he many exenplary disclosures relating to these fields may be nenti oned
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catal ytic a®bsRghisgli%hi | e in some cases highly desirable activities
have actipal | y been achieved, there is a continuing need in the industry for
even higheﬁ gctivitﬁ catal ysts, which are provided by the present

i nventi on. Ty effort to devel op higher activity catal ysts has been
directed toward ThHeedaing roalenippedAnitdwmbpoes inpegnatiesudatupportsivithact i vi ty of

metal s that vglnain\ﬁseca?a?ﬁlcalgf Z Yoy nge , metal compounds and/or promoters, and various uses of
such impregnated supports as catalysts, is extensive and relatively well developed. As a
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20  few of the many exemplary disclosures relating to these fields may be mcnﬁonéd_ﬂme '
following United States patents, all of which are incorpérated herein by reference for all
purposes as if fully set forth U.S. Pat. Nos. 2,838,444; 2,935,463; 2,973,329; 3,032,514,
3,058,907, 3,124,418, 3,152,865; 3,232,887, 3,287,280, 3,297,588; 3,328,122; 3,493,493;
3,623,837; 3,749,664; 3,778,365; 3,897,365; 3,909,453; 3,983,197, 4,090,874; 4,090,982,

25  4,154,812;4,179,408; 4,255,282; 4,328,130; 4,357,263; 4,402,865; 4,444,905, 4,447,556;
4,460,707, 4,530,911, 4,588,706; 4,591,429; 4,595,672, 4,652,545; 4,673,664; 4,677,085;
4,732,886; 4,797,196; 4,861,746; 5,002,919; 5,186,818; 5,232,888, 5,246,569, 5,248,412
and 6,015,485,

While the prior art shows a continuous modification and refinement of such

30  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 even
higher activity catalysts, which are provided by the present invention.

Much of the effort to develop higher activity catalysts has been directed toward
developing supports that enhance the catalytic activity of metals that have been deposited

35  thereon. Inanoverwhelming majority of applications the material chosen for a support is
alumina, most often y-alumina, but silica-alomina composites, zeolites and various other
inorganic oxides and composites thereof have been and are employed as support materials.
In the case of alumina, various researchers have developed methods for preparing supports

having various surface areas, pore volumes and pore size distributions that, when
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al um na, various researchers have devel oped nethods for prepari’ng supports
havi ng various surface areas, pore volunes and pore size distributions
that, when 16 May 2005 WD 02/ 43862 PCT/ US01/ 44429 5 appropriate netals are
applied, are particularly suited for catalyzing a desired reaction on a
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of L Ihe seed Eéhljrﬂxbﬁili@ﬁ)- sm'déememl bﬁl‘thé Ktingy B’&W&&Qdychﬁ%l lﬁ%l’htifnmanﬂdarécipiﬂaﬁnnol ve a
problemin that ,the, resulti um, na rier..does not. have .entirely
satisfactory CHEMECAIeage Bﬂ@%ﬁ%taﬁ“dﬁcg cﬁﬁ °§.§°I{Tg§gepﬁsa¥’fﬂu%5§? AW 059 and
4,555, 394 di sechmpema chypablestfafyening tah athofize hydnegel. [Pirep ahatimom hpdroxadaisi na
suitably used as.cata . ik er i ) i 25
formed from né:ﬁlilélfl %lfsytggfﬁﬁllhsnhg&gg%n B %%%ﬁ%géi#%g?aﬁygﬂ%@%?wge gge and
the resul t ant abimiminnlsydimyxitieqgots ih szqis ovels bigltr than thetinViermetend i wiish dleuni na i n
a second shag ‘&ﬁ%fale%{gaﬁaésogte%&edoxy tileScdARlRRY drSne BRlgptRll zed as

havi ng the greater part of -1ts pore volunme contained within a narrow range
of pore di anetiswsverthis methofbaspanpyng thriahelrecisareblem Ehat e resylinglgminapor e
vol une di stri RaditQfdes mhave entirely satisfactory chemical and physical stability. -~ -
1.S. Pat. Nos. 4,562,059 and 4,555,394 disclose a two-stage method for the
preparation of alumina suitably used as catalyst carrier, wherein an alumina hydrogel is
25  formed from non-crystalline seed aluminum hydroxide in a first stage and the resultant
alumina hydrogel is processed for conversion into alumina in 2 second stage. The alumina
produced by this method is characterized as having the greater part of its pore volume
contained within a narrow range of pore diameters; i.e., the alumina manifests a sharp,
unimodal pore volume distribution.
30
Disclosure of the Invention
In accordance with the present invention, there is provided, in one aspect, an
alumina having a novel pore structure. This novel pore structure is characterized by
having no more than 5% of the total pore volume in pores greater than 350 A
35  “macropores™), a high pore volume (greater than 0.8 cc/g measured by mercury intrusion)
and a bi-modal pore volume distribution character; ie., a pore volume distribution in

which, when incremental pore volume is plotted as a function of pote diameter, the
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Di sclosure of the Invention In accordance with the present invention, there
Is provided, in one aspect, an alum na having a novel pore structure. This
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resultlng unction exhibits two maxima (also.referred to as "peaks" or
“nodes* herein). These two nodes are characterized in that one node,
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di anet er aboye,.whi ch..hal f ' In the
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earlier pat t present invention, ver, the
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I nposed and the ‘al umi na groduced exhi bits_novel pore size _distribution

patterns. | ndeedAlsegievigshindhis mrotionigs petheda{makine pychalpmipe o Bdi meghadondi t i ons
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specific catlﬁFtW’Feée“éB‘ﬁfFIft’(?&t]PB’ﬁver’l%FF %5 ﬁ’g tﬁ%ﬁm 288 1A BERTPOR 1y ent i on
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s e S0 AR TSl BB 5
nore’ by appropriate adjustment of the processing conditions used in the production of the -
| alumina of the present invention, the final pore size distribution of the alumina support can
be tailored to a specific catalytic application: .-
In another aspect, the present invention provides high activity catalysts comprising
25  supports based upon the alumina of the present invention and impregnated with one or
more metals. |
These and other features and advantages of the present invention will be more
readily understood by those of ordinary skill in the art from a reading of the following
detailed description.
30 )
Brief Description of the Drawings
Fig. 1 shows the pore size distribution (“PSD™) for a typical alumina not of this
invention obtained with a single step isothermal precipitation process at 43°C.
Fig. 2 shows the PSD for a typical alumina not of this invention obtained with a
35  single step isothermal precipitation process at 48°C. '
Fig. 3 shows the PSD for a typical alumina not of this invention obtained with a

single step isothermal precipitation process at 62°C.
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readi |y understood by those of ordinary skill in the art froma readi ng of
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Fig. 1 shows the pore size distribution ("PSD') for a typical alum na not
of this invention obtained with a single step isothernal ﬁ’é‘i{ﬂy igodt i on
process at 43C, Fig. 2 shows the PSD for a typical alumna not “of this
I nvention obtained with a 35 single step isothermal precipitation process
at 48C. Fig. 3 shows the PSD for a typical alumna not of this invention
obtained wt I,ngl e step isothermal precipitation p 62C. 3 16
May 2005 o BaPsRED it Uehe) aa4se b g. 4 shows the Egﬁﬁﬁ?4g‘g9typi cal
alum na not of this invention obtained with a single step isothernal
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Fig. 9 shows the céigphshonssthedSD enapalumingcbhe peseptipveationrbmingd with 8 At present
i nventi on COMMALBfaish R 35UBREwddY tHedlididad pridMiaich A6fscadi tional pore
structure, for hydrodenitrogenation of a tar sand derived heavy gas oil.
Detai | ed Descri pti 8i§ bfhormte FRD&rep giimig oftherpeptisierimmobiabed wiks B8t eat i ng
catal ysts is quéc?ﬂ&a@nfa?ﬁiﬁo%e%?&e%nﬁaﬁﬁﬂ Peipitalidh & fgecONS. This is
especially true with newer ‘%enera ions of catalysts, which offer a nuch

hi gher int¥insic aFigi ¥iskgmst
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[ |
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catal yst effectiveness by mnimzing the diffusion limtation effect,

Detailed Description of the Invention L

20 The performancé of hy(lirotre-a'ﬁng catalysts is often affected by pore diffusion &
limitations. Thisis especiaﬂy true with newer generations of catalysts, which offer amuch
higher intrinsic activity than older generiitions. With conventional alumina supports,
efforts to reduce diﬂ'usioﬁ effects restlt either in loss of surface area or in reduction of the
loading density through introduction of macropores, or both. This invention allows the

25  achievement of higher catalyst effectiveness by minimizing the diffusion limitation effect,
while preserving a high surface area. The alumina of the present invention exhibits a
bimodal pore size distribution. Pore diameters for both the primary mode and the -
secondary mode can be tailored and the pore size distribution around these two modes is
sharp, excluding pores in diameters outside the desired range. The performance

30 improvementin catalysts produced from this alumina includes higher initial effectiveness
as well as higher stability.

Achieving such alumina extrudate properties is not possible with conventional
alumina precipitation processes. When a single step precipitation is performed under
isothermal conditions, low pore volume, unimodal, low median pore diameter alumina is

35  produced if low precipitation temperatures are employed. Higher precipitation
temperatures yield wider pore size distributions, with a "tail” of larger pores, which
eventually (for high enough temperatures) leads to a significant percentage of macropores
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whil e preserving a high surface area. The alum na of the present invention
exhibits a binodal pore size distribution. Pore dianeters for both the
primary node and the secondary node can be tailored and the pore size

di stribution around these two nodes is sharp, excluding pQBﬁa)éqogl aneters
outside the desired range. The performance 30 i nprovenent in cdtalysts
produced fromthis alum na includes higher initial effectiveness as well
as higher stability. Achieving such alum na extrudate properties is not
possi ble with conventional alum na precipitation processes. Wien a single
step preci pi ttae szgmﬂcsﬂtp@r:ﬁmgmxﬂmﬁ@mfes Vhigh gapatke clipidied Matidhe mplling gragess,
vol ume, uni Mgl e o) AN TBA R0 £yt AR ATes U WITpBR: decrres B AGKAR Brdduct oy
preci pltatlon ? urés are enploye H gher preC| pitation tenperatdures
yield w der pan@lm&e pekicipltatidn tro@asat vamidul tegnptiaids 'areohommgfegurﬁdr‘ésThqufe@h
eventual |y (f enough te ratu d 9. f erge ge
of macroporeé’ geCWéS?“?gE%“HEB SR ?ﬁlufr%néaen m%‘é% ﬁ’f ﬁfagrﬂ of Lsﬁggtregrp &t A
whi ch cannot ptebelpﬁlnlldﬂ t&ﬁb&ﬁkuw thb alﬁxh@amujulblmnmmqme mzeﬁilﬁ]ﬂbutlfm lmlnhg lng total
conditions are severe. rrpl es of the pore structur %um na géﬁguced
by a singl ePeeagms: éé%?%ﬁ?f!@hteﬁwﬁe‘&g%ls Ippreggel s resuft

in Figures 1,44 [h6 éce&f{ orPdizdsN il RChdichRbd S micEIPBRL:s AhdiaBin® Wvithl ildFefidhg
extrudat e propertles [ dsi] |y seen. At low precipitation tenperature, “the
al umi na exhi bretipitetioprempretirepBren if ihg teouieurg Yere wﬁwa%émaﬁ@allmwwﬂraqlpltqﬁl@ae
vol ume. As ppe n { I |

ext rudat e exEn 6?#3 ftmg e‘ﬁrﬁcg‘&?gﬁé‘gad‘?wd%fé&g?‘?g? a\i}mﬁ?dgﬁﬁﬁﬁe%gg%er# tg]ge of
macr opores i mzasaaxsxbngomwbrhid|basmraa«sluamQ:tarp¢deC| pitation tenperature. Even if
the tenperature were increased gradually during precipitation, the
resulting alumna will exhibit a relatively |ow pore vol une, although the

wi deni ng of Meawgea&"mak&igzﬁudﬁ@tri buti on woul d be sonewhat retarded. Mt hod
of Making Al um na _The al-unm na of thegrﬁr esent :bnventl on is
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slurry is then increased to a higher level. Precipitation is resuned at
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primary mode..

In the first step, seed alumina is produced by precipitation from an aqueous solution of
reagents conducted at between about 25°C and about 60°C, preferably between about 35°C and
about 50°C. While a combination of aluminum sulfate and sodium aluminate reagents are
preferred, any combination of reagents that results in the precipitation of alumina hydrogel or
aluminum hydrate may be used. Suitable combinations of reagents include, but are not limited
to, aluminum nitrate, aluminum chloride, or even an acid in combination with sodium aluminate,
or sodium hydroxide in combination with an aluminum acid salt. The temperature of the first
precipitation step depends on the characteristics desired in the final alumina product. Lower
temperatures produce more smaller particles and result in the primary and secondary modes of
the final alumina product being closer together and, consequently, a narrower pore size.
distribution. For this first precipitation step, the solution pH should be held between about 3 and
10, preferably between either 3.0 to 4.5 or 7.5 to 10.0, and most preferably between either 3.5



reagents conducted at between about 25 C and about 60C, preferably between
about 35' C and about 50C. While a conbination of alum num sulfate and

sodi um al um nate reagents are preferred, any conbination of reagents that
results in the precipitation of alum na hydrogel or al um HWI:{W#HO%G may
be used. Suitable conbinations of reagents include, but are ted

to, alumnumnitrate, alumnumchloride, or even an acid in conbination
with sodium al um nate, or sodium hydroxide in conmbination with an al unm num
acid salt. TWEOV&dPerature of the first precipitation FEEFSUHEHRhds on the
characteristics desired in the final alum na product. Lower tenperatures
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upon the desi rgfhap¥drfed g@ofrmd@ S\MUﬁﬁmhMJnQﬁéﬁéoﬂdHﬂﬁohBQEﬁéﬁétﬂ%eSt rike
tenperature. In_the seco IS preC|p|tat|on step H of the slurry

shoul d be mai SE4P AEE b6t alSigBRit it 5 exprgted HBLAt Whlgf\msam&dﬁmew d range
of 8.5 to 9. 5abd\l@ai'dh8bfﬁbﬁt(20nﬁ[$ofé’hﬁta[uadlﬂmﬁﬁmﬂﬂd-lhbm@&rﬁkﬁofﬂﬂgﬂ.ﬁiiﬁtﬂeo the
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hour per not of aIBmhmﬁmasestepsbmbese&xﬂmedmhemhotaherpm:momﬁnmmmﬁmérhe final
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first vessel while its tenperature is ralse to the de5|red second step
pr eci pi t at i on™eeiferlbis FrbngsPssBY tabeithgripiiese steps be performed under isothermal

25 conditions, even though isothermal conditions are preferred. In all cases temperature

control can be achieved through the use of a cooling or heating jacket, proper control of
the reagent temperature or addition of cold water to the alumina slurry throughout the
precipitation process. |
The strike shiurry product is then washed to remove contaminants in two stages.
30  Residual sulfate is removed ata pH over about 9, preferably about 10; residual sodium is
removed at a pH in the range of 7.0 to 9.5, with a preferred range of 8.0 to 8.5, so as to fine
tune control of the alumina extrudate pore size distribution. Either sulfate or sodium
residue may be removed first. The addition of sodium hydroxide or sodium aluminate is
preferred to raise the shury pH while nitric acid is preferred to reduce slurry pH, but any
35 acidic reagent may be used, including, but not limited to, acetic acid and CQ,. Extrudate
pore volume decreases and pore size distribution becomes narrower as shury pH is

decreased. The alumina can then be partially dried and extruded, or converted to a powder
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reagents. It is not necessary that either of these steps be perforned under
I sothermal. 25 conditions, even though isothermal conditions are preferred.
In all cases tenperature control can be achieved through the use of a
cooling or heating jacket, proper control of the reagent X35 re or
addition of cold water to the alumna slurry throughout the  precipitation
process. The strike slurry product is then washed to renove contam nants in
two stages. 30 Residual sulfate is renoved at a pH over about 9,
preferably about 10; residual sodiumis renoved at a pHin the range of
7.0 to 9. 5WORHHSH preferred range of 8.0 to 8.5, so dETHEHHHE tune
control of the alum na extrudate pore size distribution. Either sulfate or
sodi um resi dtRh EBybBguentyIBA afd Exitided TMRe wetdktnidat isafried adichloinédidnoxi de or
sodi um al um nat e | referred.t aise the slurry pHwhile nitric acid is
preferred to f& d%@mggﬁ f@m% ,H%ﬁ ﬁ§ﬁ§‘35 aci di ¢ reagent may be used,

I ncl uding, but not limted to, acetic acid and CO2. Extrudate pore vol une

decreases angd,nare. size rtH.54k -y%f'etgﬂg?h SHgpr rover as slurry pHis

decr eased. ] en be pa 'y dried and extruded, or
converted to a poikdeluminalad thowppesend BSenjign Bes /24883 porpecusolhs24vd p&e whi ch i s

subsequeqy | VsofulukeSid ciaRshiEXd BB ng INRoNRhanSH) SUERLEI hote WihbLindRtls cal ci ned

ina ways well known to those skilled in the art. aracterization of the

Al uni na of t#eaiethandpd AHgasiopeen), Thigh perareliae @reaerbanfi&cs@meanred it i on has a

novel pore Sﬁléﬂﬁgﬂfn%sioﬂjrbh&aﬂ%ﬂal RVBlumbQisEibhie MbrctdrSi.eC HBbAGSIRRL Zed by
havi ng no nore than 5% of the total pore volune in pores greater than 350

A (" macr opor#gripytion in, which ,gheg. igcss PP dloRiF 1§ PlardPs @ TeRctigh AeRfSr ed by
Mer cury i nt rdigheddt) thewdeulndtunciBexhibporie maRimaTEhede Slomdded drdharehiizaLt er; i.e.,

a pore volune I.stribution in.which, when increnental pore volLunme is

o1 et ad B aneh L s 3k S 8 b g HE e feripe R R oo b ¢ s
two naxi na. priseseatdsecamiate snodescare feparated By atdexdt dbbuti 10 A kst bytdsenvpli ksTar y node
exhibits a hj ﬁr%'! n.t d Th ri.mary. _and
secondary rmmgg&s}%g? e se%}égfztt"%%" nyzhgtaiﬁg%gt %g%pcr)ﬁ%%m Ogdﬁap%]?qga Fuch as .
about 200 A,digseeds greatol fharbibe median 126 dienzeted (“BPIN), cFlhndatpd dithenby vplomeomode occurs
at a pore Qi ARl &lardl G4k a1 i{tfilee%r I %ﬁﬁ(ﬁi R ;

cal cul ated efther 5’311 vgﬁurre l%?ﬁrnﬁy S ?‘%gﬂclg%g{r%eyé.ﬁwl nt {esq%rﬁéﬁ%uﬁaq‘%f t he
present #nvéWtPwn, the MPDv is larger-than the 20 MPDSA:' Exanples.of the
pore.size di stri bidnglé RHR psie QP dikiibiltiofl dre@Bowh ih MoAkg B tBeugh 8. _

£
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Catalysts Using Alumina of the Presen? Invention

The present invention is applicable to any y-alumina supported catalyst and is

25  particularly applicable to those used in applications where the apparent rate of reaction is

 at least partially diffusion limited. Catalysts impregnated with one or more of a wide

variety of catalytically active metals well-known to those of ordinary skill in the art as

exemplified, for exémple, by the numerous incorporated references benefit from the use of

the alumina of the present invention. In the context of the present invention, "catalytically

30 active metals” includes both the metals themselves as well as metal compounds, In

addition to the catalytically active metals, the catalysts may also be impregnated with one

or more well-known promoters such as phosphorous, tin, silica and titanium (including
compounds thereof).

Typically, the catalytically active metals are transition metals selected from the

35 group consisting of Group VIB metals, Group VIII metals and combinations thereof. The

specific choice of metal(s), promoter(s) and loadings, of course, depends upon the desired

end use of the catalyst, and these variables can readily be adjusted by those of ordinary
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Catal ysts Using Alum na of the Present Inventi on The present invention is
applicable to any y-alum na supported catalyst and is 25 particularly
applicable to those used in applications where the apparent rate of

reaction is at least partially diffusion limted. Catal yst§6img&r@gat ed
with one or nore of a wide variety of catalytically active netals

wel | -known to those of ordinary skill in the art as exenplified, for
exanpl e, by the nunmerous incorporated references benefit fromthe use of

t he al um na OO ®H6Hresent invention. In the context of RUTASPpYEL8nt
invention, "catalytically 30 active netals" includes both the netals
thensel ves as &l in tRSartBaledhipsAnBH dSA s shébificl Sthi1bsARerdoPmb 6 nfedtisHey thk Cal | Y
active netals, the catalysts y. al so be inpregnated with one or nore

vel | - known pr ofeate (%éﬁs%%ﬁﬂ'ﬁlﬁﬁﬁg’?t‘ﬁ‘g@: silica and titanium

(i ncluding conpourksirdtket@dberatidnspi cal |y, the catalytically active netals
are transition | s selected fromth 3 oup.consi st i f., G,oup VI B
nmetal s, G oup megwg?rﬁ?%geﬁ%ancoﬁgﬁﬁ%’f fe’?jr%g,?r &1 glgf}.ﬁ”ﬁ'ﬁlemog%g‘ ?Of"i“(%’/ghoi ce of
nmetal (s), pronoter(s) and | oadi ngdculanfd as Difd sel/ordePends upon the desired

end use of .the catal yst, and the @b i iUsted by

t hose of or"%:li nary 7 16 May 2005 %%%}ﬁgﬁﬁ@%%ﬁﬁﬁ%%gﬁﬁlgl n the
art based upon the end use. As sprdwiatedas bo@upidés Wher eof nay be nenti oned
the following (W %is based on_fhe. i et 2k ofedhdlviSdudde IOt amdiiAi9 r €ati ng
Oper ati ons Hydrodeni trogenati on Wang?br 80 an%ﬁpl}lefgg?ag%?/mdl\iﬁﬂ, pi n an
amount up to 7 wt % cal cul at ed HWiNecrladdsdas P€yO 10 Mo and/ or W

preferably M, i By@BdR0MuDPhtidtP tRiad@odto, ¥d frabiably b ethanasoM GBrodndspr VO3
optionally P, and preferably includj r;g P_in.an amount up to 10 wt %
cal cul at edas P205 Hydr odesul f ur fzlaied as NjO 219 60 Co, and preferably Co, in

an anobunt up to 9 wt % 15 cal cuMet&dlora®, RN VD abakbiMbupads ar %N
preferably Mo, in an anmount up to, 3 % _cal.cu ed as MbQ3 and/ or W3
Bl pvopr Ry 3t

optionally P, and preferably inc unt up to
' optionally P, and preferably including P, in an amount up to
10 wt % calculated as P4O;
20 Hydrodemetallation optionally Ni and/or Co, and preferably including Ni and/or -

Co, in an amount up to 5 wt % calculated as NiO and/or CoO |
Mo and/or W, preferably Mo, in an amount up to 20 wt % |
. caleulated as MoO; and/or WOs3
optionally P, and preferably including P, in an amountupto -
25 10 wt % calculated as P20
Hydroconversion Ni and/or Co, and preferably Ni, in an amount up to 5 wt %
calculated as NiQ and/or CoO
Mo and/or W, preferably Mo, in an amount up to 20 wt %
calculated as MoOj3 and/or WO; '
30 optionally P, and preferably including P, in an amount up to
6 wt % calculated as P05
Hydrocracking Ni and/or Co, and preferably Ni, in an amount up to 5 wt %
calculated as NiO and/or CoQ
Mo and/or W, preferably Mo, in an amount up to 20 wt %
caleulated as MoO; and/or WO; '
optionally P, and preferably including P, in an amount up to
10 wt % calculated as P,Os '

]




10 wt % cal cul ated as P205 20 Hydrodenetal | ati on optionally N and/or Co,
and preferably including NN and/or Co; in an anount up to 5 w %
calculated as Ni O and/or CoO M and/or W preferably My, in an anount up
to 20 wt % cal cul ated as MoG3 and/or W3 optionally P, angg%?(fﬁrogbly
including P, in an amount up to 25 10 Wt % cal cul ated as

Hydr oconversion Ni and/or Co, and preferably Ni, in an anmount up to 5 wt %
cal cul ated as Ni O and/or CoO Mo and/or W preferably Mb, in an anmobunt up to
20 wt % cal cul ated as Mb3 and/or W3 30 optionally P, and preferably

I ncl udi Ng g ob/hs@n anount up to 6 wt % cal cul at ed as pR2R%elayds ocr acki ng Ni
and/or Co, and preferablyNi, in an anmount up to 5wt % calculated as N O
and/ or CoO Mo and/or W preferably Mb, in an anmount up to 20 vt % 35

cal cul ated as MO8 and/ or W3 optionally P, and preferably including P, in
an anmount up t GiydbBenation? cal cuh adbédnas, 43 plefdiablGPtvEt iR OXbinAGo DRt 386 2

PCT/ US01/ 44429 0 rogenat ,on/ . a nobl e b, d preferably. Pt or Pt

i n conbi nation D\%’%Jdﬁog% Iﬂl/dr ogegl:::zt‘tull %nna%u?t l}p&ggﬁgéﬁr%%ﬁ? te‘gﬁn %noelefle\lf\liél %

cal cul ated on an el enmental babiss Reform ng a noble netal, and preferably

Pt or Pt in co@gﬁogﬂl&on W th (y?lgbgfec f]rtal,r}ag bgfe%%qjmmq@c ix%ﬁ&ﬂ@i‘ih lr, and/or

Sn, in an anount up to 2 w ul'ated on an ‘el enental basis

Non- Hydr @t reati ng Operati ons |angternopletieisl sachBe pud/ardr, apd/oraynd iprief er abl y Pt

or Pt in combination with 15 anathghe DRPYERBLRE on AdbI@RNAMRMIL UP tO 2 wt
% cal cul at ed

Non-Hydrotreating Operations
Isomerization a noble metal, and preferably Pt or Pt in combination with

15 another noble metal, in an amount up to 2 wt % calculated

on an elemental basis
Claus Process Ni and/or Co, and preferably Ni, in an amount up to 5 wt %
calculated as NiQ and/or CoO
Mo and/or W, preferably Mo, in an amount up to 20 wt %
20 .- . o calculated as MoO; and/or WO3 ‘
optionally. P, and preferably including P, in an amount up to .
6 wt % calculated as P;0s ‘
Such catalysts are prepared by impregnating the supports with the appropriate-
components, followed by various drying, sulfiding and/or calcining steps as required for-
25  the appropriate end use. Such catalyst preparation is generally well-known to those of
ordinary skill in the relevant art, as exemplified by the numerous previously incorporated
references, and further details may be had by reference thereto or numerous other general

reference works available on the subject.

30 Catalvsts Tailored to a Specific Operation

By appropriate adjustment of the processing conditions used in the production of
the alumina of the present invention, the final pore size distribution of the alumina support
can be tailored to a specific catalytic application.  For example, a resid HDM catalyst
would require a high pore volume, a high mode (around 200 A) and a fairly sharp pore size

35  distribution, which can be achieved with the alumina described in Example 2, the PSD for
which is shown on Figure 6. When calcined at 871°C (1600°F) for 2 hours, such extrudate
had a pore mode of 204 A. For an application where the catalyst is expected to perform
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on an el emental basis Caus Process NI and/or Co, and preferably Ni, in an
anmount up to 5w % calculated as Ni O and/or CoO Mo and/or W preferably
Mo, in an anount up to 20 wt % 20 calculated as Mo@3 and/ or W3
optionally. P, and preferably including P, in an amount up t|€ @%@5%
cal cul ated as P26 Such catal ysts are prepared by inpregnat r%at supports
with the appropriate. conponents, followed by various drying, sulfiding
and/or calcining steps as required for 25 the appropriate end use. Such
catal yst prepdr@##86h is generally well-known to those ofPCEUENMA429 skill in
the relevant art, as exenplified by the nunmerous previously incorporated

ref erences, sandvellsribbRrHDi Al HBS BRiitRE 2ol sRYcnEeHRNSNE fie LRSHL Bk BAnRL 4 NUMET OUS
ot her gener al rgéﬁ?}r{anc . wor ks avajl abl e on. the éub({]ect. 30 Catalysts
Tailored to a & OEW%BEFS PEhe g%fﬁﬁr‘é’ib‘giigféw Hi Sterlange PP Rwary
processi ng conaiddejommidizeddd he hévesspty QDM tattdity OfhiletiResnalleiiond (REoddh® present
i nventi on, theIIIDideaI ]%ogo%.d%ithze%u%aiégtri bution of_ .t he&%um%gmggg ort . can be
tailored to a SPeeitIe PEMGIRASIECE St PEaTTE I ackigre 2 ek sprus! ¥Rl HDM
catal yst woul dite. eqthird opacikkagipipeodd mdbdemey applibitighwhaeélhe (arelesttidoe A) and
a fairly sharp £ Sl [ ' i whi ¢h, ca achieved with the
al uni na degqa:l ri Sgﬁ‘g‘?%ﬁ@%h‘giggf&%g%ﬁq? g’r{mp\?ﬁwli’c eq)isgefg%‘gmquh lﬁ%offp@ﬁr e 6.
Wien cal ci ned Higug7l@opldagevids) the grecedsafyosurface siga lvisethe rsembadaey nivdel whilpor e node
of 204 A. For ; i 1 : : j 0 orm9 16
May 2005 WO 02 uRRge ERb G IRk S iy E’J%%% o, TRASHIA e leal
activities, a Peethemoguryuld nepdiolbsy In the pase obmbetiten fed suall as digsel HDSea PSD f or

whi ch i s shownsfilefseghition getw%ltﬂedwp&o&'s%ﬁlﬁ!i)@ﬂiugl\%}ﬁdE@Pﬂﬁar?ﬂfoﬁ whi§ 1| Mary
node) woul d provi de the negﬁﬁsar% HDM activity, ile the Smaller pores
h

(secondar y* noltfeft REGIrEepPolflda fhe surface area necessary to achieve a
hi gh enough sul f ur Thepaw atuctufedf tis ivehtidd ilalbdRacial @eaRARLLcaB Ehvifpe | ude any

application where the desired.reacti is 10 diffusion Limted. A pore
structure siniTgrote ﬁﬁ%?%ﬁdgmﬁfﬂﬁe%gﬁcFWDMﬁﬁaﬂ%p% 1P Gyre 5
woul d provi de Hpéometessheayy gasnoilg ireluding sar sand dérived gne 6ilid ati sxampidef sakhi | e
mnimzing dif jon limtation effect via the primary node. The heavi er

the feed the arger the nbdes would need to be. In the case of a lighter
feed such ds diesel HDS, a

‘Examples

The present invention as described above will.be further exemplified by the
following specific examples which are provided by way of illustration and not limitation
25  thereof

Example 1

This example describes the preparation of an alumina of the present invention to
produce a hydrotreating catalyst with improv'ed initial activity and stability for processing

30 agas oil derived from tar sand.
200 kg of water and 5 kg of an aqueous solution of aluminum sulfate (8%
contained Al;03) were added to a stirred tank. The temperature was brought to 41°C. The
same aluminum sulfate solution was then added continuously for 8 minutes at a rate of 1.4
kg/min, while pH was brought to 8.5 and maintained in the range of 8.3-9.0 by adding an
35  aqueous solution of sodium aluminate (23.5% contained ALO3), while maintaining the
solution temperature at 41°C by circulating cold water through the tank jacket. The

temperature of the resulting shury was then increased to 60°C, with stirring, but no
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smal | er separation between the two nodes woul d be sought, and the primary
node would 15 be set in the range of 100-140 A. The pore structure of this
invention is also beneficial to enhance catalyst stability incases where
the predom nant cause of deactivation is increased pore dif

limtation. Hydrotreating of heavy gas oils, including tar saxgﬂgerlved
gas oils, is an exanple of such a case. 20 Exanples The present invention
as descri bed above will be further exenplified by the follow ng specific
exanpl es wWWodk48s2e provi ded by way of illustration andA&F04#3Ptation 25
thereof. Exanple 1 This exanpl e describes the preparation of an alum na of
the present h&nymtafqaageﬁts PRAEHE Qdditidhy e ieb@idd! g abdk FDYBinuted, twhile Mpr oved

initial activity, and stablllty 9L PLOCesS! 30 a oi l. deriyed from
tar sand. 2002ekie QeiFrEperaiig = R‘gb’p ‘élﬁtm&(‘jglgbvﬁ T@%ﬂ“g q‘ﬁﬁ num

sul fate (8% nﬁﬁﬁhﬂgﬁﬂ-ﬂ mAdaQ &&ge wﬂr Etoasi@ledhet ﬁsmxfgtslurny&:dnthﬁédmhoﬂif@% enperature

was brought t C. | f .sol ution en added
cont i nuousl yAFQi‘ ofﬁln eécg 513 a‘g?e %Ene%léie dwﬁr\?\ﬁ?rﬁmgl Sﬂlgiugl $ brought
to 8.5 and mmah%mdlm%ehman@&deﬁd @asﬁecgtlﬁnbyraaddadng:marpo@&raqmeous

solution _of so %0 cont aiped. Al i_ntaining the
sol uti on't enfy é‘ﬁéltvﬂ W“f B xrcf:"d '3."f°’§§% N eﬁ%&d d cira(t)1350?1'@taf3|‘§e t ank

j acket. The cau@maewsalawmmﬁm Iﬂmpéxﬁenwlfthha;gmﬂ&teme;howamnmu anmthtpmsed to 60C,
With stirrin ut. no 10,16 0Q5 43862 . PCT/ US 4429 addi tion
of reagents. gﬁecg Woﬁbsdﬁhf’%% S Sﬂ}\% A Y eggﬁt%\ tlfﬁlte "\ﬁm l e

mai nt ai ni ng ﬁdﬂa)u's eiabscditiondo aieldeﬂﬁ}ab;t contriging &5.5¥ gnotyddemma8.6%5 nﬁdkelough t he

S ur Ty cont al heaaBRY BremRrs g g st e P B ol 2 had been
formed dusri ngopeltees bfﬂ&sélurpmeemmdatmomspomhmlo thisFlempi¢ Lmgregivalinifable lwas t hen
filtered and S é}gg th water,
producing a %ﬂéi ??gg[%flt ni nﬁﬁgiﬁfyvé %%{L?&-g’owesécrl % é]?d%d?ﬂa%\ﬁd

cal ci ned at ®8B@efcuyOPE} VORmpler@éscctEﬁ il aslt PaE40%tharneresydwee im Tabl e 1

and the por%ac%aﬁ%&gyagbAb B & R0ogdel s i0NRed o? 153 LYE. CComparkBifel £ X bt € Was

| npregnated wt
of a well known commermal catalyst was found to have a primary mode of 121' 4, a

20 secondary mode of 100 A, a tofal mercury pore volume of 0.445 cc/g with only.1.0% of
the pore volume in macropores (>350 A) and a nitrogen surface arca of 164 m?/g. The

metal content of this commercial catalyst was 13.0% molybdenum, 3.0% nickel and 3.2%
phosphorus. ) '

25 _ Example 2

This example describes the preparation of an alumina of the present invention
wherein a high strike temperature was used to produce an extruded support having a high

pore mode, particularly useful for producing catalysts for hydrodemetallation
_ 200 kg of water and 5 kg of an agueous solution of aluminum sulfate (8%
30  contained Al,O3) were added to a stirred tank. The temperature was brought to 33°C. The
same aluminum sulfate solution was then added contimiously for 20 minutes at a rate of
1.4 kg/min, while pH was brought to 8.5 and maintained in the range of 8.3-8.6 by
simultaneously adding an aqueous solution of sodium aluminate (23.5% contained Al;04),
while maintaining the temperature at 33°C by circulating cold water through the tank
35  jacket The temperature of the resulting slurry was then increased to 81°C, with stirring,
. but no addition of reagents. Reagent addition was resumed for about 40 minutes, while

" maintaining the temperature at 81°C by circulating cold water through the tank jacket and
11




aqueous netal solution, to yield a catal yst containing 15.5% nol ybdenum
3.6% ni ckel, 3.8% phosphorus. The inpregnated catal yst was dried and
calcined at 427C (800F). The 15 properties of the alum na extrudat e
corresponding to this Exanple 1 were given in Table 1. W gt of
Example 1 has a primary node of 173 A, a secondary node of ? t ot al
mercury pore volunme of 0.496 cc/g, wth only 0. 75%f the pore vol urre in
macropores (>350 A), and a nitrogen surface area of 152 nR/g

Conpar at i vel wpoasmsanpl e of a well known commerci al cat ZFVERM#AI? f ound to
have a primary node of 121 A a 20 secondary node of 100 A, a total nercury

E)O" e VO') umey dOf innt%ﬂ)ﬁl cp@i th tﬂlf: I‘aﬁgé)(mm to 1. ’ﬂ%’]ﬁfresu}tﬁg sﬂﬁ?@oﬂtﬁhﬂd[@oﬂtm Svacr O]E)OI’ es
>350 A) and a nitrogen surface area 164, nP ta ent o

this comer ci aflRarrysf et i%a@%‘“ﬂ’ﬂ g“’é‘??l?fﬁﬁ g?i'hstt?? 2%
phosphorus. 25 Tﬁéaaﬁ{ne sfurrfias ﬂﬁmntaieemdiemhwbeﬁntsﬂney meapalhapmm ofs an

al um na of the present i nvention wherein h strik ure was
used to produc® &ﬁ%%%t?&@&%ﬁ%%%@#ﬁ@ H%lﬁﬁe’mblg?dg %ngﬁbﬁéaﬁ?l cularly
useful for progugicng: ®at@ledes).f or hydrodenetal | ati on 200 kg of water and 5

kg of an a ueous solution of alum numsulfate (8% ai A1203) wer e
added to al®sti rr ed Delgikof thaReresENEEE %%‘H&&Heﬁffp (Cg %@m% Tsanme

al um num sul fag.aensalmleqnaﬂaaae {Jdﬁe&zﬁdﬁeﬁuﬁhﬁﬁﬁ sitralia [Fjgufeof. POr an HDMes at a
rate of 1.4 kg/ was br h t [ t he
range of 8. 3- 8“%8{“"8 5 ‘hﬂ’%ﬁusﬁéfoéoﬁcsom mlla%‘f%leoa%ﬂﬂéfgﬂlsodl um
al um nat e (23. hi#tecrowbad meqbref&&aswhen (Wh:lriede amRtiil mbdeagtemperatinenf@7ECur e at
33C by circul ati n wat er thro t ank. 35 | acke rature of
the resul ting €pQ% )y’gﬁ\glgmfnﬁ@mdﬁtwg%?ﬂ’aﬁﬁd’%@ W cﬁeg‘f’%ﬂ’} %g‘&' qgtglt

addi tion ofs r eagait sore RAAGESTO. %dﬂgﬁhwwm%romﬂmﬁinémmaammla@rthamut es
whil e maint ai’fﬁb g the tenperature at 810C by circul ating cold water

t hrough the t "acket and 11 16 May 2005 WD 02/43862 PCT/ US01/ 44429 5
maintaining pHin the range of 8.2 to 9.2. The resulting slurry contai ned
about 6.5% A1203. About 29% of the tgtal h al um na had been forned during

the first precipitation step. The alumna slurry was then filtered and
washed,. t hen sprayThism@ehpleﬁlracn}bmepmgonMP@@%@WCWF@FmV@P%@m ng a

i X contai i ng.gy %ﬁg@m@aﬁn@m&%mxgmmm 2bOUGan APBiTiePR) ;ﬁbd’é%ﬂmgat 593C
a|

(1100F). the pore structure of the_al um na extrudate
di scl osed | ‘n @tgnsap@dgw\ﬁé,gés 011 In this example a lower seed temperature is used the

amount of seeds is increased compared to Example 1, in orderto obtain a sharper pore size
distribution with a smaller separation between the primary and secondary modes. Such
catalyst pore structure is an alternative choice to the one presented in Example 1.

25 200 kg of water and 5 kg of an aqueous solution of aluminum sulfate (8%
contained Al;O3) were added to a stirred tank. The temperature was brought to 34°C. The
same aluminum sulfate solution was then added continuousiy for 12 minutes at a rate of
1.4 kg/min, while pH was brought to 3.8 and maintained in the range of 3.7-4.1 by
simultaneously adding an aqueous solution of sodium aluminate (23.5% contained Al;O3),

30  while maintaining the temperature at 34°C by injecting cold water in the slurry. The
temperature of the resulting slurry was then increased to 61°C, with stirring, but no
addition of reagents. Reagent addition was resumed for about 50- minutes, while
maintaining the temperature below 61°C by injecting cold water in the slurry and
maintaining pH 1n the range of 8.2 to 8.5. The resulting slury contained about 6.3%

35  Al;0; About 34% of the total alumina had been formed during the first precipitation step.
The alumina slurry was then filtered and washed, then spray dried. The powder was

mulled with water, producing a mix containing 65% water, extruded, dried at 150°C, and
12




given in Table 1 and the pore size distribution is show in Figure 6. For
an HDM application a calcination tenperature higher than that used for the
conparative exanples in Table 1 would be preferred. Wen calcined at a
still noderate tenperature of 871C (1600F), the alum na extr q&ﬁsof
Exanple 2 has a primary pore node of 204 A, a total 15 nercury’pore vol unme
of 0.95 cc/gwith only 3.4 %of the volune in macropores |larger than 350 A
Exanpl e 3 This exanpl e describes the preparation of an alum na of the
present invention to 20, produce a hydrotreating catalyst with inproved
initial actowetaseand stability for processing a tar sgmasdenizved gas oil
In this exanple a | ower seed tenperature is used and the anmount ofseeds is

i ncreased, cogg?‘glgeﬁdatts% Eﬁ ahd af SO 2; .01‘1-9 ﬁ;@bﬁpﬁgg{%ﬂt RQL e si ze

dlstrlbutlon a snal epara Ion ry and et secondary
nmodes. Such ummty@mﬂp@twicsltaqmuwealisslua'w mlstléwl A edtalyse captnoiimel 4164 t he one

presented ingy El?@m% oy &elzgq%k&g%iﬂ%t@ n%? aé%lgcg&fystawasaﬂﬁﬁ%§ sol ution

of alumi num sulfate (8% confaine to a stirred tank. The
t enper at ur e pinepLlt. to 34C. The sane al umi num sul fate sol uti on was

t hen added cont g:tq;gg whi l e pH
was brought to gﬁg@gﬁﬁh W%:%?]%hél ne ?é\f%? 1?2%&2{-\@8?%71}5%&5«%%%&@ | P
si mul t anBousdigribrtion iy shervmaig Jeyees 7. s@'PUtbFGhOSGIF cstddstwnplevhm thatauniing . 5%

cont ai ned A12Q3).1. 30 cxxbﬁakcﬁatg&haaaeue'o?&gb@ kgﬂpﬁm&wﬁ 8129, 1 i ecting

cold water in the slurr erature sultin urry was then

i ncreased t oﬂSGELC@dﬂW\PlOﬁﬁ ‘eft1|1$ Alﬂ%%fbﬁsuﬁw ajgp0f 237 i g Bﬁc@ﬁlﬁ*e%@empls 3bgeagent
addi tion was, g ﬁl%'ﬁEGdef &ﬁs@t«oygecéﬁm%m& 88130 d t6tal ﬁ&b&% aérgb&&né be

tenperature bel ow | ecting col d water in 'y an

mai nt ai ni ng $HO |°ﬁ’gt‘l’i’§1 ?”ﬁh &%f the P?etvelugeg‘m%‘@"’?eémsf’%‘lgPﬁﬁli"ﬁencont ai ned
about 6.13% maﬁ&ofwg 34% of the total alum na had been formed during
the first precipitation step. The alumna slurry was then filtered and
washed, then spray dried. The powder was nulled with water, producing a
m x contai ning 65% water, extrudedEsdmpkRd at 150C, and 12 16 May 2005 WO

02/ 43862 PCT/ USA{.44429 chCséil Ci ed a‘{}m593?ﬁéé100F)0 g{]d at 482 900F) The
482C (900F) ext r naRFERRAS regPIreP R ERIC B SRvsny
sol uti on, t ovheiedl sdeds waimb@usetd atlowtpd. Thabighs tein;%nﬂmésfdud:ethmmcxpﬁatﬁ% n| ckel ,

3. 7%. ph% phg;ey§resum§a b&ﬂ&%&ﬁ%&%ﬁ?&%ﬁ%ﬁm""as dried and cal ci,.n_ed at 800F.
200 kg of water and 5 kg of an aqueous solution of aluminum sulfate (8% -
contained Al;O3;) were added to a stirred tank. The temperature was brought to 45°C. The
same aluminum sulfate solution wasthen added continuously for 15 minutes at a rate of
1.4 kg/min, while pH was brought to 3.8 and maintained in the range of 3.8 - 4.2 by
25  simultaneously adding an aqueous solution of sodium aluminate (23.5% contained Al,O5),
while maintaining the temperature at 45°C by circulating cold water through the tank
jacket. The temperature of the resulting slurry was then increased to 70°C, with stirring,
but no addition of reagents. Reagent addition was resumed for about 40 mimies, while
maintaining the temperature at 60°C by injecting cold water in the slurry and maintaining
30 pH in the range of 8.2 to 9.1 (first bringing pH in that range). The resulting slurry
contained about 5.6% Al;Os. About 26% of the total alumina had been formed during the
first precipitation step. The alumina shurry was then filtered and washed, then spray dried.
The powder was mulled with water, producing a mix containing 65% water, extruded,
dried at 150°C, calcined at 593°C (1100°F). Properties of the extrudate are shown in Table
35 1 and the pore size distribution is shown in Figure 8. .
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The properties of the extrudate of Exanple 3 are given in Table 1 and its

pore size to distributionis shown in Figure 7. For the chosen catal yst
application, the alum na extrudate was calcined at a tenperature of only
900 F, to yield a primary node of 129A, a secondary node

and a
surface area of 257 nR/g. The catal yst of Exanple 3 has aqérhﬁizrc@srmde of
160 A, a secondary node of 130 A a total nercury pore volunme of 0.470
cc/g, with only 0.9% of the pore volunme in nmacropores (>350 A), and a
nitrogen 15 surface area of 154 nR/g. Exanple 4 This exgpﬁé@ﬂ scri bes the
prepar ati on WP %8| uni na of the present invention F &8s were
produced at | ow pH. The hi gher tenperatures for both precipitation 20
steps resulkt in a higher separation of the two nodes. 200 kg of water and 5

kg of an aqueous solution of alum num-sgyjfiate (8% contained Al 203) were

added to a stirred tank. The tﬁ ! Bldli8e PBS shuQiat to 45C. The sane
al um num sul f TUOUST at
rate of 1.4 ig/m' n, while pH was broughExampia| 8 hnd] naf ' n* he
range of 3.8 {.4. 25 situl t aneousl y addi ng| q i o daf
sodi um al uni n@@%%‘i@%d AL203) —whi 26]?*1-% AL
tenperature af ofsHEVOm pores 6fdiadicens I6®A vat er t hr ai8gh j fackat
tenperature o theTresuttig—sturry was then fcr eas th
urkeg
inj gt

stirring, but Pﬁ@a%[&éﬁdﬁ%n of reagents. Reagent &Hdili
about 40 m nut Mgde [XBI ntai ning the tenper aw}re | of!
niHi ned1ab

cold water in AR -Rt-a-H-Rrg—30—pH—+r—th
(first bringi 1g{mi—hlm t hat range). nglsl u
out % of —the rotal di ng

The resulti
5. 6% A1203. al um na ha

a

The

or
ng
9.1
put

frys3c

first precipif MPQ!

step. The alum na _slurry

peen
sl?féh

Or?f?

b [

(}55‘2

shEd,

then spray dr Q,faccm waLr pg@;du:ig\%ﬁi

\I\Df er "
)

gy\q, g’, was nulled with
cont ai ni ng 65% ugtﬁﬁ ug'* catetrred—at—593€

nr~l r\+ 1 L0
Properties of the extrudate are shovvn in Table 35 1 and the pore
distribution is shown in Fi gure 8. 1%‘ y 2005 WO 02/ 43862 5

PCC/ US01/ 4%429 Exanpl e1234 Por e cc/ g0. 910. 950. 840. 94
This example compares the performance of two catalysts of the present invention
against that of the commercial catalyst when used to catalyze the hydrodenitrogenation of

r |

+160F) .
z

H
si ze

a heavy gas oil, compbsed of straight run and coker gas oil, derived from tar sand.
The propertie§ of this feed are given in Table 2. A sample of the catalysts from
Examples 1 and 3 dnd of 'a commercial HDN catalyst were used to treat such feed. Test

conditions were a liquid hourly-space velocity of 1 hr? with reactor temperature for the

15

first 150 hours of 375°C followed by 400°C for the remainder of the test. Figure 9 shows
the temperature required to achieve 65% HDN conversion.
20 The catalyst of Example 1 was found to have an initial performance advantage of
5°C over the commercial catalyst, and an activity decline rate only 53% of that of the
commercial catalyst. The catalyst of Example 3 was found to have an initial performance
advantage of' 6°C over tile commercial catalyst, and a activity decline rate only 59% of that
of the commercial catalyst.

25
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% of PV in pores of diameter> 350 Al.82.51.52.2 Primary Mdde, A147168139168
Secondary Mbde, A10012011593 MPDsA, A116153131113 MPDv, A129157136139
Surface Area by N2, nR/g242227222258 10 Exanple 5 (Conparative) This
exanpl e conpares the perfornmance of two catalysts of the pyg tagpgvention’
agai nst that of the commercial catalyst when used to catal yze the

hydr odeni trogenati on of a heavy gas oil, conposed of straight run and
coker gas oil, derived fromtar sand. 15 The properties of this feed are
given in Table 2. A sanple of the catalysts from Exanples | and 3 and of a
comrer ci al WAR“¥4t al yst were used to treat such feed. nl%gg{soumdi tions were
a liquid hourly-space velocity of 1 hf' with reactor tenperature for the
first 1505hours of 375C fol |l owed by 46E2f or the remai nder of the test.
Figure 9 shows the te raf. il i % HDN conversion. 20
The catal yst of Exa i?%p%&égoﬁiﬁﬁﬁ%ﬂgﬁv%nﬁ?%sg‘?d per{f or mance

advant age of 5C over| Resgiticplagrer ci al cataljyst, a®h®8%n actiyity decline rate
only 53% of that of t comgerci al catal yst. The tal yst| of Exanple 3 was
found to have an ini t_lr}’mm Oeg t he conmmerci al

catal yst, and a acti \iToul Meskéd@t.rat e only 59% ofsphat of | the commerci al
catal yst. 25 Table 1 Arumma ExtTudate Pore Structures—14-16 May 2005 WO

02/ 43862 PCT/ USQl / 444 Bysig Nitgigre WpPBensi t vy g/ cc0108%95 Sul fur, wt %4. 06
Total Nitrogen, w. qulaé?“%ﬁﬁl c Nitrogen wppmlO8g Ni ckel || wppnD. 6

Vanadium, wppm 2.4
MCR, wt. % 2.1
Cs Asphaltenes, wt. % 0.1
Bromine Number 2.6
Aromatics, wt. %
Mono 6.51
Di ‘ : 5.61
Td . 7.67
Tetra ' 8.03
Total - 27.82
Distillation, °C ‘
T . Initial - . 218
5% 277
10% 302
20% ' 337
30 % 365
40 % 389
50 % 413
60 % 435
70 % 457
B0 % 483
90 % 517
95 % 546
Final 631
10 Example 6
(Comparative)

This example describes the preparation of an alumina not of the present invention
for a typical alumina obtained with a single step isothermal precipitation process.
In making this alumina, the same equipment, same geometry and mixing

15




Vanadi um wppn2.4 MCR, wt. %.1 C5 Asphaltenes, wt. %0.1 Brom ne Nunber2l.6
Aromatics, wt. % Mno6.51 Di5.61 Tri7.67 Tetra8.03 Total 27.82 Distillation,
Clnitial -218 5%77 109802 209837 309865 409889 50%113 60%35 70%157 80

%183 909%%17 95%46 Final 631 1D Exanple 6 (Conparative) TQ%ﬁwex%ﬁgge
describes the preparation of an alum na not of the present Phtioh for a
typical alum na obtained with a single step isothermal precipitation
process. In making this alum na, the sanme equi pnent, same geonetry and

m xi ng Properties of Heavy Gas O | Derived from Tar Sand 15 16 May 2005

WO 02/43862 PCT/US01/44429

5 characteristics, same flow rates, same alumina slurry concentration was used as in the
process of the present invention. The powder was mulled with water only (no peptizing
agent), extruded, dried and calcined at 593°C (1100°F) according to the same protocol
followed for evaluating the alumina powders of the present invention. In this particular
case, the precipitation tempei'ature is relatively cold (43°C). The resulting extrudate

10 exhibits a sharp, unimodal pore size distribution as shown in Figure 1, but the total pore
volume, measured by mercury intrusion, is low (only 0.73 cc/g).

Example 7
(Comparative)

15 This example describes the preparation of an alumina not of the present invention
obtained with a single step isothermal precipitation process at a higher precipitation
. temperature. '
Alumina was prepared as in Example 6 except the precipitation temperature was
48°C. The resulting extrudate exhibited a higher total pore volume than that of Example 6
20  measured by mercury intrusion (0.82 cc/g), with a bimodal character similar to that of the-
alumina of this invention as shown in Figure 2. '

Example 8
(Comparative)

25 This example describes the preparation of an alumina not of the present invention:
obtained with a single step isothermal precipitation process at an even higher precipitation
teroperature.

Alumina was prepared as in Example 6 except the precipitation temperature was
62°C. The resulting extrudate exhibited a higher total pore volume than that of Example 7

30  measured by mercury intrusion (0.95 cc/g), with a bimodal character similar to that of the
alumina of this invention as shown in Figure 3. However, macropores comprised 21% of
the total pore volume and only 0.75 cc/g of pore volume was found in pores less than 350
A. Note that the PSD showed a bi-modal character in the pore diameter range of interest
(i.e., less than 350 A), but the primary mode (highest peak) was the one corresponding to

35  the lowest pore diameter.
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WO 02/ 43802 PCT/ USO /44429 5 characteristics, sane flow rates, sane alum na

slurry concentration was used as in the process of the present invention.

The powder was nulled with water only (no peptizing agent), extruded,

dried and cal cined at 593C (1100F) according to the sane pagﬁ\fﬁ%o%qqsfol | owed
: |

for evaluating the alum na powders of the present inventio S
particular case, the precipitation tenperature is relatively cold (43C).
The resulting extrudate 10 exhibits a sharp, uninodal pore size
distribution as shown in Figure 1, but the total pore volune, neasured by
mercury intrusion, is low (only 0.73 cc/g). Exanple 7 (Conparative) 15
Thi s exanpl e descri bes the preparation of an al um na pr esent

i nvention OBt%4* W& with a si ngl e step isothermnal precir}gzltrfvg%lj%ﬁgprocess at a
hi gher precipitation tenperature. Alum na was prepared as in Exanple 6
except the precipitation tenperaturE&sawaple948C. The resulting extrudate
exhibited a higher total pore vol UF?DH;PEJQHV hat of Exanple 6 20 neasured by
mercury intrusion (0.82 cc/g), with a“binodal character. simlar to that of
the alumina of tThisexumpledesimhss %s prsproation pranEjugiRanopof tpsgsprt mvention

(Conpar at i velpaigex wilh SsifgtR SothleS prtaddGrRERRAE M BiZh gxfeciﬁﬁti%h umi na not
of the present 1 nvention obtained with a single step 1sothernal

preci pitati ofDBFEEEss at an even higher precipitation tenperature. Al um na
was prepg ed as iNufnawas fefhrdss HixanpR sRkQGI 1Bt brodipidfiod RIpaitakwWae Was 62C.

The resulting extrudate exhibited a higher tqta ore voJune than that of
Exanpl e 7 38‘”5‘1&3@‘&?@3 ofythe Fesplting glumigt F&E‘?W%@%‘Ec—@edﬁﬂw £Hrudatyi rodal

char act gr Si ginktRed 4 10wéiah! pofe vbllﬁ.ﬁ‘xeﬁllab'ﬂfﬁtgﬁEﬂinpﬂd’H;c zﬁeaistﬁbtﬂﬂhie&ﬂ:yl &ﬁ:mSibiOV\lln in .
Fi gure 3. However, macropores, conprise % the total pore.volune an
oty 0. 75 coRGPGHGRE Forhbieiadereumt (P BoR e oBs o HErnBREe th ot e

t hat t he PSDmadéepord (id.,Reattpthal 3008 Rac eiry e dbgibpisnef goraneituee. r ange of
interest _(i.e., less than 350 A), but the primary node (hi ghest peak) was

t he one bsorrespondi ng to 35 the |lowest pore dianeter. 16 16 May 2005 WO
02/ 43862 PCT/ USOL/ 44429 -
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5 Exanple 9 (Conparative) This exanple describes the preparation of an
al um na not of the present invention obtained with a single step isothernal
precipitation process at a very high precipitation tenperature. 10 Al unm na

was prepared as in Exanple 6 except the precipitation terrpefﬁﬂatu};fooﬁas 80C.
The PSD of the resulting alumna is showm in Figure 4. The sulTing
extrudate exhibited a |ower total pore volune than that of Exanple 8
measured by nmercury intrusion (0.82 cc/g), with an even hi gher percentage
(29 %9 of the pore volune contained in macropores (i.e., greater than 350
A) and a verywiodessed stri buti on of pore volune. 15 17 16 rimys@Be8 WO

02/ 43862 PCT/USQO /44429 5 CLAIMS 1. A catal yst support conprising an

al um na extyudate characterized by hayhgyudo nmore than 5%of its total
pore volune in pores having a dianeter greater than 350 A, 10 a total pore
vol une greater than 0.8 cc/g nmeasured by nercury intrusion; and a bi-nodal

pore volune di gt ri buld AR¥eGnpriRhd APHMiS i SEGAANRMd BPRRing: Wher ei n
the primary node exhibits a_hi gher maxi numthan the secondary node; the
pri mary and secondélPFOFﬁ}B%5%Pg‘ts§%‘ﬁ]d%°a°cV€BmﬁynEﬁmlhé‘§§$a‘é‘ﬁ%ﬁfrgﬁ?ﬁfﬁ’h‘d 15 by
as nuch as about 2Q60A; the primary pore npde occurs at a pore di aneter

O et " el Bl R BB b 0 o 1™
MPDSA. 20 2. The catbingdil pereppiunie diftrititian Ravingwhgisiry aiid £ sqeeddagnhedge of
total pore vol une iw'ﬁ eﬁor es having a dianeter greater than 350 Ais no nore
than 2. 5% 3. The caralyst support of Claiml wherein the primary node
occurs between about 2be Oty mndicdabibits £0ghA&r maximum than the secondary mode;

the primary and secondary modes are separated by at least about 10A and

15 by as much as about 200 A;
the primary pore mode occurs at a pore diameter greater than the median
pore diameter (“MPD"), calculated either by volume (“MPDy”) or by
surface area (“MPDsA™); and
the MPDy is larger than the MPDg,.

20 '

2. The catalyst support of Claim 1 wherein the percentage of total pore volume in
pores having a diameter greater than 350 A is no more than 2.5%.

3. The catalyst support of Claim 1 wherein the primary mode occurs between about
25 100 A. and about 200 A.

4. The catalyst support of Claim 1 wherein the primary and secondary modes are
separated by between about 20 A and about 80 A.

0 A A catalyst comprising one or more catalytically active metal selected from metals,
metallic oxides, metallic sulfides, and mixtures thereof and a catalyst support
comprising an alumina extrudate characterized by having:

" nomore than 5% of its total pore volume in pores having a diameter greater than
350 A; and

35 a bi-modal pore volume distribution having 2 primary and a secondary mode,

wherein

the primary mode exhibits a higher maximum than the secondary mode;

18



4. The catal yst support of Claim1l1 wherein the primary and secondary nodes
are separated by between about 20 A and about 80 A. 30 5. A catalyst
conprising one or nore catalytically active nmetal selected from netals,
metal lic oxides, nmetallic sulfides, and m xtures thereof ang nﬂan)p%@ yst
support conprising an alum na extrudate characterized by having: no nore
than 5% of its total pore volune in pores having a dianeter greater than
350 A; and 35 a bi-nopdal pore volune distribution having a prinmary and a
secondary node, wherein the primary node exhibits a hi gher nmaxi num than

t he second#O0zuisele; 18 16 May 2005 WO 02/ 43862 PCT/ USFLIABNHS% 10 t he
primary and secondary nodes are separated by at |east about 10A and by as
much as about 200 A tdSriddaly Rl YecPRiks nffdenrORpatited Bt at Rafl aicat AEt er

greater than the nedian ore dia r ("MPD"), calculated either by vol une
("MPDV") or by surfag’éaﬁgﬁ‘ﬁ”‘fg‘?\?ﬁg@h : and the MPDv is larger than the

MPDsA. 6. The cat al ystheqfin{atygiora thodaloatssiana pdre dipmeteegrtatey ¢haothetngtiah por e '
vol unme in pores having a,di bhekn.gr € t i[s”p H0re than 2.5%
PEe dlame%g&hﬂr) P ’n“f“'h@{e% eﬂﬁ‘e’? b?}%?@rlol@éc occﬁY ggﬁgf’ween about

15 7. The catal yst of arm ere rimar
100 A and about 200 Aurfage arghEMEREL); et of . Claim 5 wherein the prinmary and

secondar y, nodes are S%M%@m@&mﬁ%&ﬂﬁ@ﬁsﬁbout 20 A and about 80 A 20 9.
A process for making a cat al yst™ support coOnprising: a) precipitating seed
particles froman aqueous solution of reagents, at |east one such reagent

conprising ag al ik REGUTRIMAS witheifthe QERET AR WF €t poRRBlWER M paoUt 25C and
about 60C, thereby producing a sl urr%; 25 b) raisi rl/g the tenperature of the
slurry to a tenpdReipg? diampighasater fiantfsbis op iore than 2.5%.

15 7 The catalyst of Claim 5 wherein the primary mode occurs between about 100 A
and about 200 A.

. The catalyst of Claim 5 wherein the primary and secondary modes are separated by
_ between about 20 A and about 80 A.
20
9. A process for making a catalyst support comprising:
a) precipitating seed particles from an aqueous solution of reagents, at least
one such reagent comprising an aluminum compound, at a temperature of between
_ about 25°C and about l60°C, thereby producing a sturty;
25 b) raising the temperature of the slurry to a temperature higher than used in
(a), but between about 50°C and 90°C; |
c) adding reagents to the slurry, thereby producing a shury of particles;
d) washing the shirry produced in (c) to remove substantially all remaining
reagents;
30 e) drying the washed slurry, thereby forming dried particles;
f) forming the dried particles into support particies; and
g) calcining the support particles. |

10.  The process of Claim 9 wherein the seed particles are predominately alumina
35 hydrate,
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(a), but between about 50C and 90C; c) adding reagents to the slurry,

t hereby producing a slurry of particles; d) washing the slurry produced in
(c) to renove substantially all remaining reagents; 30 e) drying the
washed slurry, thereby formng dried particles; f) formn tb?aeyg(ﬁsed
particles into support particles; and g) calcining the supggr p I cles.
10. The process of CQaim9 wherein the seed particles are predom nately
alumna 35 hydrate. 19 5 16 May 2005 WD 02/43862 PCT/ USO1/ 44429 11. The
process of Claim9 wherein the seed particles are converted to al um na
hydrate pridf®¥6*8). 12. The process of O aim 9 wherei FFHH844%gent s are
added in (c) at a rate so that the 10 ratio of the rate of al um num
conponents sn nols/hr of elenmental al um num contained therein to the nols

of el enental al ymin i - he seedparticles | reat.er. than about
5 5 15 The' pilotes mesfotbtoPCtyl fydein BEREPREIS a bk eg MBS bal] 20
there is no 15 cirpigrtalbn of slurry outside of said vessel that returns
to said vessel. 14. The process of Caim9 wherein the reagents are sodi um
alum nate and al um num sulfate. 20 15. The process of Caim9 wherein (a)
i s conducted at?a tEwpercaref Elaise? Waarin fisseagentyBcadindiindplat o ras0C that the 6. The

process of 1 ai m 9 MAEELMS r&tdbf hSmAARANEHELELin %mﬁé%@@kh@ﬁﬁyﬁl&%ﬁ%am
tenperature. 25 17. Th_ee(groc_ess of Caim9 wherein (a) i.s _conducted at a pH
of between about 3 BR@CedBEER torthe malgof eipmentalalymiuan coptaipydin the pedprtices n (a) i s

conducted at a pH sepestathnfabatsa) between 30 about 3.0 and about 4.5 and
b) between about 7.5 and about 10.0. 19. The process of Caim9 wherein (a)

is conducted at a pH selected froma) between
13.  The process of Claim 9 wherein (¢) is performed in a vessel and there is no

15 circulation of slurry outside of said vessel that returns to said vessel.

14.  The process of Claim 9 wherein the reagents are sodium aluminate and aluminum
sulfate.

15.  The process of Claim 9 wherein (a) is conducted at a temperature between about
25°C and about 50°C.

16.  The process of Claim 9 wherein (a) is. conducted at an essentially constant

temperature.

17.  The process of Claim 9 wherein (a) is conducted at a pH of between about 3 and
about 10.

18.  The process of Claim 9 wherein (a) is conducted at a pH selected from a) between
about 3.0 and about 4.5 and b) between about 7.5 and about 10.0,

19.  The process of Claim 9 wherein (a) is conducted at a pH selected from a) between
about 3.5 and about 4.0 and b) between about 8.5 and about 9.0.

20.  The process of Claim 9 wherein (a) and (c) are conducted in different vessels.

21.  The process of Claim 9 wherein () and (¢} are conducted in the same vessel.

20




about 3.5 and about 4.0 and b) between about 8.5 and about 9.0. 35 20. The
process of Caim9 wherein (a) and (c) are tonducted in different vessels.
21. The process of Claim9 wherein (a) and (c) are conducted in the sane
vessel. 20 16 May 2005 WD 02/ 43862 PCT/USQ01/ 41429 5 22. Thg @iog@%% of
Claim9 wherein (a) and (c) are perforned as batch operati ﬁ Y23 P The
process of Caim9 wherein (a) and (c) are perforned as conti nuous
operations. 10 24. The process of Claim9 wherein (a) is perforned as a
bat ch operation and (c) is perfornmed as a continuous operation. 25. The
process of Caim9 wherein (a) is perforned as a continuous operation and
(c) 15 isYP&¥*BPed as a batch operation. 26. The prd&E88YE#H42 aim 9
wherein (c) is conducted at a tenperature between about 50C and about 90C.
20 27. The process of Claim9. wherein (c) is conducted at an essentially

conduct ed at 25 pAaPHES ATy SPAORTRY Eluch MR SAHERARRES. O ocs of

Claim9 wherein (c) is conducted at a pH of between about 8.5 and about

9.5. 30. Theypro r i it j lled in
(a), (c) or %)jgt hGI((ﬁg)% &%%Sqéﬁgmf?)gm%%rﬁg{tﬁ)ggg %:cgg%ie Rg%ogé%g%%ﬂg&{ugcket. 31.

The process of Clea§iSwherein the tenperature is controlled in (a), (c) or
both (a)ip and (c) by adjusting the tenperature of the reagents. 35 32. The
process of Caim9 whereipn the tenperature is controlled_ in (a), (c) or

both (a) and (c)ReprosesPhigeirol yhert & 1s performed vk 3 batefoaperptpromnd 4965 2
PCT/ US01/ 44429  performed as a continuous operation. _

25.  The process of Claim 9 wherein (a) is performed as a continuous operation and (c)
15 is performed as a batch operation.

26.  The process of Claim 9 wherein (c) is conducted at a temperature between about

50°C and about 90°C.

20 - 27.  The process of Claim 9 wherein(c) is conducted at an essentially constant .

temperature.

28.  The process of Claim 9 wherein (c) is conducted at a pH of between about 7 and

about 11.
25 .
29.  The process of Claim 9 wherein (¢) is conducted at a pH of between about 8.5 and
about 9.5.
30.  The process of Claim 9 wherein the temperature is controlled in (a), (¢) or both (a)

30 and {c) by using a cooling or heating jacket.

31.  The process of Claim 9 wherein the temperature is controlled in (a), (¢) or both (a)
and (c) by adjusting the temperature of the reagents.

35  32.  Theprocessof Claim 9 wherein the temperature is controlled in (a), (¢} or both (a)
and (c) by adding cold water.

21



5 33. The process of Caim9 wherein 1) the reagents are sodi um al um nate
and al um num sul fate and sodi um alum nate; 2) washing the slurry is done
by first raising the slurry's pH, if necessary, to above about 9 by addi ng
a conmpound sel ected from sodi um hydroxi de and 10 sodi um al1€§jla[1ya§0%5and t hen
rinsing it wwth water, thereby renoving residual sulfate, an Hen™l oweri ng
the slurry's pHto between about 7 and about 9.5 by adding nitric acid and
then rinsing it with water, thereby renoving residual sodium 15 34. The
process of Claim 33 wherein the slurry's pHis lowered to between about 8.0
and 8.5 by adding nitric acid. 35. A catal yst support co 1.S] al um na
made by the PPIEEEE of aim9. 20 36. A catal yst nade b{;&r S?)Jr"ggzgss
conprising inpregnating the catalyst support made by the process of Caim
9 wth a cdtal3&i cdheyprosess paisbibareif one or nore catalytically active

metal sel ected frorzrgﬁetﬁbseagémi el doGiuRXd1E8ate AR BlubifunS Hiifhle 488 sodi@h d

m xt ures thereof. .
aluminate;

2) washing the slurry is done by first raising the shury’s pH, if necessary, to

above about 9 by adding a compound selected from sodium hydroxide and

10 sodium aluminate and then rinsing it with water, thereby removing
residual sulfate, and then lowering the shury’s pH to between about 7 and

about 9.5 by adding nitric acid and then rinsing it with water, thereby

removing residual sodium.

15 34,  The process of Claim 33 wherein the shurry’s pH is lowered to between about 8.0
and 8.5 by adding nitric acid.

35. A catalyst support comprising alumina made by the process of Claim 9.

20 36. A catalyst made by a process comprising impregnating the catalyst support made
by the process of Claim 9 with a catalytically active amount of ore or more

catalytically active metal selected from metals, metallic oxides, metallic sulfides,

and mixtures thereof. -



