10 March 2005 WD 02/ 42210 PCT/ US01/43922 5 A NEW ALUM NI UM TRLHYDROXI DE
PHASE AND CATALYSTS MADE THEREFROM Technical Field This invention relates
to a newy discovered phase of alum numtrihydroxide. 10 This invention
further relates to catalysts nmade fromthis new phase of 41alpNdfcR9BD5
trihydroxi de, which catalysts nmay be specifically fornulated to provide

I nproved performance characteristics for a great nunber of hydrocarbon

processi ng opewahiprm. This invention also relates to netpgﬂﬁ%qflﬁroducing
this new phase of alum numtrihydroxide and catal ysts nmade V&% om and

to a nethod of inproving 15 the activity of catal ysts having a
silica-alum na support. Background Art The art relating to

al um na- cont ai i ng suppor t ¢ NEWARLGHINUMTRIBMDROXIE PEASE t h vari ous

catalytically active netals, A% eATAQYBISMEDRASENEFNGNOL ers, and 20
various uses of such inpregnated supports as catalysts, is extensive and

relatively well dﬁﬁegqgggiﬂﬁs a few of the many exenpl ary di scl osures
EClInI ey

relating to these be nentioned the following United States
patents, all of which Zhieinvenion phrestoadewlnaiscidiedpliash BfBimBRERkihAFoxEk!

0, A
pur poses as if,.ful forth U.S Pat. Nos. 2, 838, 444; 25 7 935,463,
2,973, 329; 3, 033, 514" %?‘8‘%@?’5@”??%?‘1{;&5,%&%‘?1%5351?5?% 8 1158 Beyphaseof alymipgm 230
3, 297, 588; 3, 328, 120hydrosbis, v BtalyRAS mBPHe DeclfA)l b fofmdatdd £, padide idprawed, 365;
3, 909, 453; 3, 983, 194; , il 982 54 .812:4,179,408; 4, 255, 282;
4, 328, 130: 4, 357, 2%3?%?“91‘8%, %éé;“ﬁ‘ﬁ%gg,@og;gﬁ?ﬁfﬂ“ﬁ%a?ﬁ?ﬁ%ﬁ“%&;mwﬁm, 911;
4, 588, 706; 4, 591, 42’9?@}05‘95?185712‘!@?1@5@%05‘141393419ﬁﬁ&pmm‘bﬂﬁaﬂgtﬁﬁiew phagelot, 886;
4,797,196; 4, 861, 74@,&,&9@}1&}&;@&@@“%%@' %ﬁ% 8. 5.24 69... 30 b, 248,412
and 6,015,485. Wiile the prior art. shqmgé% QOé&I ﬁ%ﬁ%aékéhégggTT3ﬁ and
refinement of 1§ucﬁh°ae%‘tl‘a|°§§¥°é¥5'f86mww Blica-alumdinarsuprettal ytic activity, and
while in sonme cases highly desirable activities have actually been

achi eved, there i cont.j nuing need in the industry for even -higher
activity catalysti?aﬁﬁﬂgﬂugie provi ded by the present invention. 35 Mich of

the effort to devel op Mghmlamgmidmﬁm-@amhg%oﬁg%pg@%?&@% t oward
(]:I-evel opi ng suppor g, that . %Q?ﬁ%&?}r atcg\(?e xcne%;lgln}/ettall gon?]?o&lll Iatngloxp pronqc?tgrzsi, aid that have
20  various uses of such impregnated supports as catalysts, is extensive and relatively
well developed. As a few of the many exemplary disclosures relating to these fields
* may be mentioned the following United States patents, all of which are incorporated
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; 3,1;'24,418; 3,152,865; 3,232,887;
25 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; 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,
30 5,248,412 and 6,015,485.
While the prior art shows a continuous modification and refinement of such
catalysts to improve their catalytic activity, and while in some céses highly desirable
activities have actually been achicved, there is a continuing need in the industry for
even higher activity catalysts, which are provided by the present invention.
35 Much of the effort to devélop higher activity catalysts has been directed
toward developing supports that enhance the catalytic activity of metals that have




10 March 2005 WO 02/ 42210 PCT/ US01/ 43922 5 been deposited thereon. In an
overwhel mng nmajority of applications the material chosen for a support is
al um na, nost often y-alum na, but silica-alum na conposites, zeolites and
various other inorganic oxides and conposites thereof havgy plegogdad are
enpl oyed as support materials. In the case of alumna, various researchers
have devel oped nethods for 10 preparing supports haV|ng various surface

areas, pore volgyga,amnd pore size distributions that, riate
metals are applied, are particularly suited for catalyzi ﬁ’%@g@é‘é ?t ed

reaction on a particul ar feedstock, whether that reaction be directed
t owar d hydrodesul %hurl zat i on, hydroderret al | ati on, hydrocracking,
reforning, isoferPsRtdennmitedthereane I quayerwhelming majasity ofapplizatidnl e ynaehialmi Na

supports are pr Oduﬁcﬁdn e aCshpﬁbﬁt isOdlurhid®, Umbdt Yoftef 8- hikah | A1) siti gluming

of pseudo- boehm te é‘ﬂ% tarting materjal. On rare occasi one
support has been § ‘}%"ng%t?sﬁﬁﬁlm“wh%ﬁ@gm%%ygﬂ@mm&qp@mmum

tri hydroxi des (Al b@d)aﬁdm&lﬂbﬁddfaemﬁﬁ-yﬁﬁthﬁ@s or Nordstrandite. \Wen Bayerite
or Nordstrandite is sf;azrtln rraterlal t.he resultln dehydr at ed
al um na has a 20 struc urecaﬁﬁ? AhTesFrEclitErhave geyelopnd firna, often

referred to a0t pebarimgrsapports d:awﬁg b:bmut Syrfabd) @refy] (pdﬁc\tolmeummgmggﬁebe
x-al um na. Each ofy ! dp alum nas. possesses _di fferent
shoBEags b sur‘ grg%ne gﬁgllmt el e SRRl P PSR G SR 8| Ui na,

textures (porosities an
However, they genestaysing adesiresredctionpd @wﬂctﬂdxécadabmwmmrltﬁayrea&tiaﬂme

y-alumna; for a gbeelf g&v&gpm\‘,ﬁg‘ams 24 rﬁJ @ogeaéltﬁghqo gdur & gtohe | oss

of 25 surface area for these a fea
experienced by y- HirwHegqsemeization prg thplikeNo. 6, 015 485 teaches a_way to

enhance the texture ofig most%hdéﬁnﬂ&a(-eﬁﬁlﬂiﬁﬁdps&tﬁféﬁ&mcﬁbﬁm; A& ¢ itu

synthesis ofa crystall.ine_alumna on na e supp A From t hat

t eachi ng, hi gher WVP@?W?&W&TW%‘P%‘“W%WSE‘P@@ﬂ!c@@h’ﬂrcwaﬁgnsahe exanpl e
of the need for hsuppet hacbeani gmeﬁﬁaa&aﬁt@e@ym@%d%ﬁ%%tm&?ed for a
ca

Eiygrg(r:r:gt(: \r¢9t %rgﬂé’é‘z‘{f“"s“#}“gfﬁé‘sﬁﬁ%?‘%& cat & 5t {fgr%@:’% ede ebnver t ed
to |ower nol ecul Merdstendjletis dsediast staptirg mmeﬂabﬂlepésﬁﬁﬁﬂa&y@kteaalhhﬁﬂlﬁ(ﬂﬁsr Acki ng

cat al yst whi | Qubak ta

si li ca-al umi ﬁig/ zeol | te%%%@on??@h%m ?ahﬁgl% %’@ ’Eg‘%"ﬁﬁaﬁ‘éﬁl&l”% S possess
a very high acti ot (Fibhsits, the @rodugs abiminaodan e aekiniop. hEgh of\‘m&euﬂﬁsxﬁdhapughput S.
SUCh catal ysts, howEHRpossBi& tﬁﬁ'@&lt%xéﬁgﬁdo}dsﬂ@s dnd <GP %‘ggis?gom the more

mmon y-alumina. However, they generally suffer from lower thermal stabxhty
than y-alumina; for a specific dehydration and calcination procedure, the loss of
surface area for these aluminas is much greater than would be experienced by v-
alumina. U.S. Patent No. 6,015,485 teaches a way to enhance the texture of v-
alumina supported catalysts by the in-situ synthesis ofa crystalline alumnina on the y-

alumina base support. From that teaching, higher activity catalysts have been
produced.

As an example of the need for higher activity catalysts may be mentioned the
need for a higher activity first stage hydrocracking catalyst. In a typical
hydrocracking process, higher molecular weight hydrocarbons are converted to
lower molecular weight fractions in the presence of a hydrocracking catalyst which
is normally a noble metal impregnated silice-alumina/zeolite. State-of-the-art
hydrocracking catalysts possess a very high activity and are capable of cracking ]ﬁgh
volume throughputs. Such catalysts, however, are highly sensitive to contaminants




2 10 March 2005 WO 02/ 42210 PCT/US01/ 43922 5 such as sul fur, netals and
ni trogen conpounds, which consequently nust be renoved fromthe

hydr ocarbon streamprior to the cracking. This is acconplished in first
stage hydrocracking processes such as hydrodenitrogenati OfYy March 2005

hydr odesul furi zati on and hydrodenetal | ati on. Hydrotreating CRlAl ysts
utilized in these processes are typically a conbination Goup VIB and

G oup VIII netakvodftiepregnated al um na substrate. State- quTH%E'&.szz

hydrotreati ng catal ysts, however, are not sufficiently active {o al | ow

processi ng of the sane high volunme throughputs as can be processed by the
the first stage, hydrocracking processes

hydr ocr acki ng cat St S, such g
forma bottl engc k%!lérgl Pt ovﬁegﬁ?‘"‘l and\ nitrogsp &8‘?&?9’@%&@&&@9@%& Ruphbet be
conpensat ed, for esmaved figm e hydwerashiog sreah pidreo thy eHidking CBHiS {@cdiiilhed ihD
relative to the hylso ﬂgckﬂﬁgdm%ﬁ.' Picscl osurg of tEe lnvention In
accordance with the preéen_t Fvention FCHRaFe 82 prdvi denifogspationspect , a
new y di scovered piredesdfurizdtionandimdtademstaliation. diydiokredting Satflydeiuned Ry
hot - agi ng f or ned yaad,cakal Lt Gag, i Na~su t de fram anorphous
al umina-rich 20 sill c%l?al u%n!a%gt ?ﬁ%ﬁ‘“ﬁlﬁ&%ng‘éﬁ%afg@&aﬁwg \éﬁ\ﬂ‘?t%lr)ment :
This new y di 4%ov&reseenaist einina mbstrajehStete-ofkthetert knfdentrestinp catabysts, lo@ewet are
"Kanenetsite", capofegfioiesdy dgins AR prdde ﬁ‘,}giﬁ | Yo snown
phases, G bbsite, cI)Ba erli te}Jaand Nor dsptrr a%%%giﬁc%%e%h%y %?ulg Cti%n
anal ysis. Wien suf§eBt @iPeessedy Py ithry bxdrecrecking gatpliistsn As keudle e Jirgtestagbor ns a
material that is he¥dodchibg Yroddisks FrintiCholetbckYn e b &L, supports.
The 25 catal ysts ngildie fr mythi ) %{?&gri al exh_ti1 bi to _gilcgft%c%glgkférgﬁ%sgh
catalytic activity “hm“ﬁg?ﬁﬁ"ﬂws Oft SAGPle A theovierpf dheolideosreating unitact i ons.
| ndeed, by appy oprelativeto tiedjytistmakive waft. t he agi ng conditions used in the
production of Ka ' the final texture of the catalyst can be
tailored to a spreTBE bt S Pvenmnppl ication. There is evidence that
cat al ysts contai ni ng tliheccedamee with the preseat inventian thedy grovededfih hsSisgettogli Ng 30
perform di fferent )W ' o] edst qacks dependi ng .upon the
)Wh%v&&f ]Itgllﬁéenof f{'tlimn{r x:&ie tthac& %rp l.}cgcf @gh“ﬁ'gﬁjﬂé

size and concentration of the crystalline alunina ced from
di fferent Kanenelosnedeand spicingdnsilicg-abininsonppog reaste foor muorphiosalphianiicled i n this
invention i s & ne§ihadlefind Paki&Gn SANRREERESS chii i glym pa-rich
silica-al um napowger,. This nethod i nvo_M\ﬁ/lesdgﬁ?%%ye%gﬁ'g?%pg%ggsﬁoﬁeﬁ&are '
simlar to those THHGHR tihydgxidephass, bereip atraee; “Kewensgite’) sandeslstinguisheche pr esent

from the three previously known phases, Gibbsite, Bayerite and Nordstrandite, by X-
tay Diffraction analysis. When subjected to drying and calcination, Kamenetsite
forms a material that is texturally and structurally different from oth;er supports. The
25 catalysts made from this material exhibit exceptionally high catalytic activity in

many hydrotreating and non-hydrotreating reactions. Indeed, by appropriate

adjustment of the aging conditions used in the production of Kamenetsite, the final

texture of the catalyst can be tailored to a specific catalytic application. There is

evidence that catalysts containing the same active metals and active metals loading

30 perform differently with certain petroleum feedstocks depending upon the size and

concentration of the crystalline alumina | particles produced from different
Kamenetsite-containing support precursors.

Also provided in this invention is a method of making Xamenetsite from

amorphous alumina-rich silica-alumina powder, This method involves process steps

35 that are similar to those taught in an earlier patent (US 6,015,485). In the present

invention, however, the starting material is different from that used in ’485 and the




I nvention, however, the starting material is different fromthat used in
*485 and the 3 10 March 2005 WD 02/ 42210 PCT/ US01/ 43922 5 product of the
process may be distingui shed by the size and concentration of the
crystalline alum na particles produced and in the perfornﬁpﬁ@r fogeat al yst's
made fromthe support produced. In another aspect, the present Tnvention
provi des high activity catalysts conprising supports based upon

Kanenet site and”?f#pf&dnated with one or nmore 10 netal s freEmSoman:Vl B and
Goup VIII of the Periodic Table. In addition to the above catal yst, the
present invention also provides a process for inproving the activity of a

catal yst conposi t igastue@fHelpfdcB nhy Ba bistifgilsRasy tROERYS4 §éﬁ9%%-%ﬁo Cog rising
silica- alumna and _aporphous al um na, and inpregnated W on r nore
catal ytically act.icf)’é‘%ﬂ’g? gll‘l@}nal??mflﬁ%l’rg‘i"éﬁ%”éfﬂﬁ theperfarmaygetof catgystdmeadeat al yst
conposi tion by corftoacthe sppdit produbedl at i ng agent in a carrier liquid;, (2)
agi ng the so-wetted suﬁst rtﬁte whil e wet; i&3) Ldryi r]g t he so-aged substrate
at a tenperature and uRdEFUESMNRRCh 5 RISy irenilen Brpvides high astiyvint calalysts t he

carrier liquid; asom@Ging4)ppoas biset Wgn Kaemeité iidahpRpiiedd vithSone ISPl OCESS
can .readily Qg a%l*%mt&°§$vﬁ§%§%ﬁ$ﬂ%ﬁh§iﬁl§g%rI sing a particulate e

porous support containing siiica- HGle al umina, or can
utilized in a catal ystinrdéitibmut the ebqye catelyst, 10 Prsnt @REdtin bisb BrAfidé @r

subsequent to the. m,& . sy rt_containing silica-alum na
and anor phous al u?ﬁr‘}?\%?fogS W tr%%%én%tpg%aocf'%p SPArSHeR SRineAnaticwalet o) s

and/ or conpounds PHEYSEBIPOtEMpTiiRE silicaralumindrad pnarolemsalwmin, el ikpregraegd t O

i nprove the acti vmtyogor%%m%g@g,gammgwsi%e*%gﬁperat i on, which spent
catal ysts comi)ri se a pmi cul at’e porous support containing silica-alumna
and amor phous "l umi na,twhePeting theretalpiermpesiion byeontaptsvithe choddingagentin st ep (1)
above subsequent to the resgwdrligfig,.car bonaceous deposits therefrom 30
foll oned by steps (2),2(3) and S?%\xv Bé perform ng these steps in the

i ndi cated order, it i<Ppel FEBEHe pvess stbstrals whileWstt o be bound by a ny

particul ar theory) th4t) andringtessigeOfubitaleass thhisRubd SIMB&R conditiodsgaSt t he
silica-alum na, anorphous S%Légargﬁg%, voﬁggée%g ng_ic?gq%] : a&nd aqueous aci d

20 (4)  calcining the so-dried substrate. ‘

This process can .readily be applied to existing catalysts comprising a
particulate porous support containing silica-alumina and amorphous alumina, or can
be utilized in a catalyst manufacture process concurrently with and/or subsequent to
the impregnation of the support containing silica-alumina and amorphous alumina,

25 with one or more catalytically active metals and/or compounds thereof. In addition,
thg process can be utilized to improve the activity of spent catalysts during
regeneration, which spent catalysts comprise a particulate porous support containing
silica-alumina and amorphous alumina, wherein the spent catalyst is wetted as in
step (1) above subsequent to the removal of carbonaceous deposits therefrom,

30 followed by steps (2), (3) and (4).

By performigg these steps in the indicated order, it is believed (without
wishing to be bound by ahy particular theory) that an interaction takes place between
at least the silica-alumina, amorphous alumina, chelating agent and aqueous acid
which, when subjected to the temperature and time conditions of the aging step,

35  results in the appearance of Kamenetsite. Upon drying and calcining the product
from this reaction a crystalline phase of alumina that may be distinguished from that



whi ch, when subjected to the tenperature and tinme conditions of the aging
step, 35 results in the appearance of Kanenetsite. Upon drying and
calcining the product fromthis reaction a crystalline phase of alum na
that may be distinguished fromthat 4 10 March 2005 WO 02{hd248 2005

PCT/ US01/ 43922 5 produced in US 6,015,485 by the size and concentration of
the crystalline alumna particles produced. Crystallite size at the

catal yst surfagg, anpe measured via well-known techni ques_invol ving
transm ssion el ectron mcroscopy. Concurrent with the appearantés Bt this
crystalline phase, an increase in the surface area of the catalyst is also
achieved. In additiaon, .in _preferred enbodi nents, a 10 structure is

generat ed with’a BOfesd BUHS81G483 by e sizs and soncertrtiomofishe quystatiing klnmird0 A or
l'ess, and nore pr gigaabydicay, ORNIAL S afchQataﬁ\{sEQm%aQe g @m&@ﬁ?&‘%ﬁd by
nitrogen porosinetry using fhe desorption isotherm The resulting high
activity catal yst &€ ggniapes invelving tapsissiop elserqmimeibigscopys  detailed in the
many previously i ncor@h&hﬁ&xﬁ&fﬁé@@@ﬁwﬁt}ﬂﬁr&&ﬁﬁﬂ , AiRleLiffeUSe 15
is as a first stag_%ﬁheydro facki ngjécatar%g%st i n_hydrodenitrogenati on,

hydr odesul f uri zat F'ORCARd ChPAFBHEHS At eiered: In ippiegedfmbodimatypes and
aﬂvant a]ges gf 1¢ hestptmsalémgenbnatcémmhaﬁ?maylpcdkﬁxgiﬂ”ﬂﬁﬁtfa aﬁuﬁfﬁbre]‘céﬁlgl%ito?()d by

t hose of ordinary ' In.the.art froma [ of the ol | ow ng

det ai | ed descri pt %egshjf“ldiﬁ‘J’IBPf°£efr"b “s‘é‘?‘*i’ﬁ‘i%“’c?ﬂﬂgg‘? Rg"\m‘g@w@maﬂshom t he
FTI R spectra-of tpeosithelryivsingthedesorntiomisotlemof t he present invention, aged
at 90C for 1 day and * . - day-aged npteri al ectrum
subtracted fromt he_g&%é%‘%ﬁ%@‘ﬁ?ﬁﬁ%ﬁ‘%ﬁ%ﬁﬁ%ﬂ [ Ev?“‘s%?)%i{;ﬁ% FTIR
spectra for boehntatailed iBiieanany previgyshtindornorated cefer@ises\Ng pattitulaaly giefemred tst . 3
shows a 22 hoyr sgangXsy Di agt,d t or. t | ed for 25
days at 90C. The 'm%ed%ﬁesﬂgée%?%gﬁaﬁgﬁ ’ngétgi %te.msgg%%%ﬂgeﬁ%ed l i nes
present bel ow 5A Wiegesiifirizationagd hyfsodemetallaiomi ¢ speci es present in the

oven-dried sanple. Trméseaacr&halmn&r@aqd\qgtg%eg%@%%Mbem@%gglbgyt able to

t hey-al um na support and the active netal oxidés. tall scription
of the Invention A" @%ﬁ?ﬁ%ﬁﬁﬁ?%%ﬂﬂ“@%@#f@ﬁ%@%ﬁ pfithe
following detailed description. T

20 Bricf Description of the Drawings

. Fig. I shows the FTIR spectra of the aluminum trihydroxide of the present
invention, aged at 90°C for 1 day and for 25 days, and of 1-day-aged material
spectrum subtracted from the 25-day-aged material spectrum.

Fig. 2 shows the FTIR spectra for boehmite, Bayerite, Gibbsite and

25  Nordstrandite.

Fig. 3 shows a 22 hour scan X-Ray Diffraction pattern for the sample aged
for 25 days at 90°C. The marked lines are for Kamenetsite, Several unmarked lines
present below 5A d-spacing, are due to organic species present in the oven-dried
sample. There are also broad diffraction lines attributable to the y-alumina support

© 30  and the active metal oxides.

Detailed Description of the Invention

A New Aluminum Trihydroxide Phase (Kamenetsite)
Starting Material
The preferred starting material for the production of Kamenetsite is silica-

35 alumina powder containing a substantial percentage of amorphous alimina. A

measurable concentration of Kamenetsite may be produced from powder




Starting Material The preferred starting material for the production of
Kanenetsite is silica- 35 alum na powder containing a substanti al

per cent age of anorphous alum na. A neasurable concentration of Kanenetsite
may be produced from powder 5 10 March 2005 WD 02/ 42210 P@KA%@%O@)EQZZ 5
conprising as little as 4 wt.% silica and the bal ance alumna, at [east
about 20 wt.% of which is anorphous alum na and froma powder conpri sing
as nmuch as 8 Wg&,(;yz‘,ézil&ica and the bal ance alumna, at |east about 30 wt.%
of which is anorpholis alunina. Preferably, the starting F&T®FIP2E0nt ai ns
bet ween about 5 wt.% and about 7 w.%silica and the bal ance alumna, with
bet ween about 20 wt.% and about 50 10 wt. % of the al um na bei ng anor phous.
Met hod of Makishg Tiwprisiegeditlansdwntdvilds odittdajpiaalmida, sthdast absuyBNLiceN may be

prepared by: (1) y&ikhd ' ' contact wth a chelating

agent in a 15 carri erhnl ?&q‘fg}f‘aﬁgﬁwgg&éim gl%ﬁogjgfﬁ%éfngﬁs%asgu\#é?%Wtc%rrpound;

(2) aging the so-fktatand tha balancnguming.c pf lodst elivit 20 we¥ citwhishrislahorphss (i . €., a

conbi nati on of tesRghat ELraBl ' | il lo, Droduce the
ra ?’dthg!'r'ﬁerfﬁ%gr rgégfr)%j coftHnl Betwdcd Fhout ‘L’Jh 6 g[}‘(ui ggou%

desired anount of_Kapenetsite, p | at tenperatures t han 50C
for from1 to 10 G¥yéstisaandfie balapeeuming Wit -baeen bowi20iwide sndiebenit 50 at a

tenperature amd uwthgif the eRAirkibeingah@pibst antially volatilize the carrier
liquid;, and (4) cglcini the so-dried material. Chelating agents suitable
for use in this ude those known to form nore stable conpl exes

with transition nmetal Then sbminid bydraidt pheR RS @RGSRkt may 2O pRReSESS NI gh
stability constants with respect thereto. Particularly pre?erred for use in
the present invention is ethyl enediam netetraacetic acid (EDTA) and

derivatives thereof (Ncl uskting thd sartimgraaneiabby ddntaytvithdychelating agent in a

et hyl enedi am et et raacet i ¢ ag] Lammpnium et hyl enedi am net etraacetic
acid. Also suitable are tcr! s}gqugdr%%ﬁgg%%y?3°2ur$'f’ﬂgteaafﬂééﬂt°?l?’%‘fuﬁ | enet et r aani ne.
Ct her candi dates i ncl (Fle 3Bingithetspryietiadotartingmiateciploviila setdt banditionsdt.e., a

cycl ohexanedi am net et r aac inGind§ndrt : . .

et hyl enegl ycol - bi s- (bet a- am nlaet hyl grtn céﬁn-ela\lfdlﬂufathg%faa %%)tﬂlmct:wbuc?f‘)d!,uce

t et r aet hyl enepent aani ne arfte defieed pinput of Kegnenatite, prsferabiyat tofpeapttivexhighbre | at i ng

agents can be | than 50°C for from 1 to 10 days; .
20 (3)  drying the so-aged starting material at a temperature and under
conditions to substantially volatilize the carrier liquid; and
(4)  calcining the so-dried material.

~ Chelating agents suitable for use ir this process include those known to form.

more stable complexes with transition metals and aluminum and, consequently,

25 possess high stability constants with respect thereto. Particularly preferred for use in
the present invention is ethylenediaminetetraacetic acid (EDTA) and derivatives
thereof including, for example, N-hydroxy ethylenediaminetetraacetic acid and
diammonium  ethylenediaminetetraacetic acid.  Also  suitable are
tris(?—am_inoethyl)amine and triethylenetetraamine. Other candidates include

30  diethylenetriaminepentaacetic ' acid, cyclohexanediaminetetraacetic acid,
ethyleneglycol-bis-(beta-aminoethylether)-N,N'-tetraacetic acid,
tetraethylenepentaamine and the like. The suitability of other chelating agents can be
readily determined by those of ordinary skill in the art by treating a starting materjal
sample in accordance with the present invention and then, prior to drying and

35  calcining the sample, determining with the aid of transmission electron microscopy

or X-ray Diffraction whether or not Kamenetsite of appropriate crystallite size has



readily determ ned by those of ordinary skill in the art by treating a
starting material sanple in accordance with the present invention and
then, prior to drying and 35 calcining the sanple, determning with the aid
of transm ssion electron mcroscopy or X-ray Diffraction d\%g%e{ﬂggr not
Kanenetsite of appropriate crystallite size has 6 10 IvarcL 02/ 42210
PCT/ U501/ 43922 5 formed. The anpbunt of chelating agent utilized is not
critical to pragyeias, Kanmenetsite, but does have an inflygnce

anount produced. Wdely vgrying anounts of chel ating agent can?‘%géautl lized
dependi ng on a nunber of factors such as solubility in the carrier liquid,
type of catal yst support and netals inpregnated or to 10 be i npregnated

t her eon. Cener Ilf"mleﬁe starting material should be wetted by a carrier
l'iquid containing the Tiehaéind@f aBeRIng! sheRAMRHUDLS i g&g&ﬁgalf {0 Guctih- 1. 0
grams of chel atlm%%ﬁw@m of _starting materi al The mat eri al may
be wetted by any et & AR lusgpeam thepmount peoduead; Wi HelyForyasur e
adequate infilt rabﬁomtsﬁfcheﬂmgkgehtahnmuﬁgeaépmmlaa&lbﬁoﬁaﬁm 15

foll onwed by a soag%gghg ec &)é?e}f & ﬁ@d carrier t‘fagslr“ dis vvat er or a
wat er/ ammoni a sol Gt1 oN af’é‘ﬁ T “ARYHEwRet IEEEFdet ot he wet
starting materlﬁ’ al bpgnla'egnhumdtereom @dnmhlluetheesmMgahatﬁmdqudngmbmg aAt room

t enper at ur e, tted. ubstr | east 30
days, nore pr ef er %ﬁi&%&ﬁiﬁ ea iy %tggrglglam%ﬁéé? r%p Uoﬂ&oggggs t he
required aging ti ﬁ%chab@qg@ggtggermngt;@mngmarmd preferred to age the wetted

material for at |east.feQnAaMPmay B e,e@erd 2 aﬂm{hgétg three da S.

Preferably, aging is_ acconplished a ure 1nt e ra 20C. to
90C. Subsequent | ySPreiRg: Efg@a“rﬁeﬂeeweavﬁlvemap %hsbﬂ@;e%dwmnaislpyefmdmve t he

carrier |iquig. fdllowal&?eef‘ﬂédmgﬁé&a& The pRftkd GakigK & ﬂh%%@rfgﬁo at first

and then rapidly at. 25 el evi’i tenperatures in the ange to
250C. Preferably, VAYBFRRE syutiotheater is utilized to speed drying to a

preferred tinme of Iessrhbhﬁgthmmmhm&essa}ihﬁbr sginglbf @6 weRitafih@natbdal GHEN
cal ci ned under co |t|opt§e to those of ordinary skill 1n the

art. Preferably, -ROWSYSH &eﬂ‘ g\“ﬂ'ﬂﬁt"?‘&ﬁ IR emperanye, it is frefgred tagge ges- - a
first |ower tenpethatietiel sbampe fon atleast BO tidye, ineBTpeifaibly et lest s01Edjscaent |y high

30 to drive off of. ﬁ remay ning chel atin ent., but WhIChIS

not so high that e"t E i tglse?fgweag i d gﬁ‘ ?“’%”T‘%P%%c& Kus

deposits. This fi iiggtthesw@g@matenal for at least two days, more preferably at least three days. ,
Preferably, aging is accomplished at a temperature in the range of 20°C. to 90°C.

Subsequently, the aged material is dried to substantially remove the carrier
liquid. It is preferred that the drying take place slowly at first and then rapidly at
25  elevated temperatures in the range of 100°C. to 250°C. Preferably, a forced air
heater is utilized to speed drying to a preferred time of less than one hour.

~ The so-dried material is then calcined under conditions well-known to those
of ordinary skill in the art. Preferably, however, the calcination takes place in two,
stages--a first lower temperature stage in which the temperature is sufficiently high
30 todrive off or decompose any remaining chelating agent, but which is not so high
' that the chelating agents combust to form carbonaceous deposits, This first stage
temperature will vary depending on the particularly chelating agent, but typically a
temperature within the range of 250°C. to 350°C. will be sufficient. Once any
remaining chelating agent is substantially removed, the catalyst may then be

35  calcined under the normal higher ternperature conditions commonly utilized.




tenperature will vary depending on the particularly chelating agent, but
typically a tenperature wthin the range of 250C. to 350C. will be
sufficient. Once any renaining chelating agent is substanti ally renoved,
the catal yst may then be 35 cal ci ned under the nornal ghg(éar %??ature
conditions commonly utilized. 7 10 March 2005 WO 02/ 42210 U 43922 5
B. Catal ysts Method of Maki ng Kanenetsite-containing Catal ysts The

procedure for Wom:ﬂammtm te descri bed above nay be a
producing a finished catalyst The starting material may fﬂ?mﬂgﬂl“;’%

into the desired support shape by nmethods known to those skilled in the
art. The fornmed, 10 gal ci support can then be wetted with the chelating
agent/carrier Tiquidreit I%gajméri or to, concurrently with and/or subsequent
to the inpregnati MMethofl of Mekisasiines t:tsivﬁ-dohtamineaOpri ate catalytically
active nmetals, followegd S hr o descrl bed above. It is
only inportant to ensure ¥°ﬁd t?fé‘g%ﬁkam gﬁ ‘%"é‘i?@%ds 39pvrcery b pdagted fon e

i mpr egnat ed suppoP@dﬂmﬁﬂbmaihe 'Barstartmgrﬂateﬁallxﬁ!ayfﬂ}ﬁtbhh@m%@ﬁit@ﬁé ng agent
and the 15 acidi g..58] & aly |1y Active
Metal s The present | nvehél onHee app cﬁaajbrvg?%'ggsﬁg]f"g?%% % Fatded with
one or nore Y acalgieed Svmoﬂéﬁlythgfbmﬂaﬂymmdulchglatagiageu&‘caﬁﬁrahﬁd%ﬁief known to
those ofordinary psdid,é b,gmglﬁl_‘ga,mg{agl I a t he
numer ous i ncor porp ed rogf erences. Iueéﬁﬁaﬁ&éiﬁgre?a%?mffﬁ’ %&@3’%

i nvention, "catal |%?H’?‘°&E‘éﬂm@nﬁé§ta’ﬁsﬂﬂﬁlﬂniqlhﬂetblbmm (Dhibroughe (4 ks

themsel ves as wel des@fbed@iond. lteﬁmﬂiuhagx&mtb@ns@:@@laiﬁ?&?ﬁ te%nt&n?( Silabyhd cally

active netals, &ie cat al ts naﬁ% al so be i g oneé of nore
wel | -known prono 81’@’?&%‘ SYEPOH ‘§ﬁ5ﬁ8‘?‘81?§m‘iflhﬂm £r the elelagingiagent magd they m
(i ncl udi ng corpousriiic sotutiex efdmpregnaboniigiilcal | y, the catal ytically active

netals are transig 'canﬁtﬁé%e cted from the group consisting of G oup
VIB netal s, GOUM conbi nations thereof. The specific

choi ce of netal (s), pTbapeenyisyentiomislapglidatigs, mﬁfyswwrs@atea%p%ﬂd& upon the
desired end use of,Lhe hes. ahl es ca readi ly be

adj ust ed by those of or %@P&?B&m?&ﬂcﬂly?ﬁ%r&% %"QL‘&‘&W&B stHerdiiiy use.
specific 30 exanpﬂkﬂlénﬂlﬁ@?@Gﬁeﬂmﬁe%ﬁrmmpieihmdnummtfsdﬁcbxpmtﬁ@efevmW% is based
on the total 20C atiathg 8dntekBHdplesent invention, "catalytically active metals” includes both the

metals themnselves 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).

25 Typically, the catalytically active metals are transition metals selected from
the 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 skill in.the art based upon the end use. As specific

30 examples thereof may be mentioned the following (wt % is based on the total

catalyst weight):




8 10 March 2005 WO 02/ 42210 PCT/ USQLl/ 43922 5 Hydrotreating Operations

- Hydr odeni trogenation NI and/or Co, and preferably N,
7wt % cal cul ated as Ni O and/ or CoO 10 Mo and/or W preferably M,
% cal cul ated as MoG3 and/or W3 optio

amount up to

35 w.

in an anount up to
in an

) P
preferably including P, in an . amunt up to 10 wt % cal cui@vaﬁp 20 205 15

- Hydr odesul furization NI and/or Co, and preferably  Co,

in an am)unt up to

owt % cal cul at edv@924%1® and/ or Coo Mo and/or W preferably ddimshiyzs anount
% cal cul ated as MoG3 and/or WO3 20 optionally P, and -

up to 35 wt

preferably including P,

- Hydrodenetal | ati on optionally Ni

and/or Co, in an apount up to 5w
and/ or W pref er alzF4favss -

and/ or

inan anount up to 10 wt % cal cul ated as P205
Co, and preferably including N

% cal cul ated as N O and/or CoO 25 Mo

and/or W3  opti onBEldrydeRitropéitidd €f gl doricddCld
10 wt % cal cul ated as P26 Hydroconvers?ron Alﬂ ?’}eﬁg?ﬁrmcgmggﬂa‘g%
Ni, in an anount up to 30 5 w % cal ¥i#eated as Ni O and/or CoO M and/or W

%Qcﬂ&ted"égsﬁd)%&/@tc%@ as Mo@3 and/ or W3

preferably M,

optionally P,
cal cul ated as

2

15

20

25

30

35

in an anount up to

nd preferably |nclud|ng

205

-Hydrodesulfurization

--Hydrodemetallation

-Hydroconversion

Mo and/or W, preferably Mo, in an amount up to
35 wt.%

caleulated as MoQ; and/or WO;

optionally P, and preferably including P, in an
amount up to10 wt % calculated as PoQs

Ni and/or Co, and preferably Co, in an amount upto
9wt %

calculated as NiO and/or CoO

Mo and/or W, preferably Mo, in an amount up to

* 35 wt % calculated as MoQs and/or WO,

optionally P, and preferably including P, in an amount

- up tol0 wt % calculated as P,Os

optionally Ni and/or Co, and preferably including Ni
and/or Co, int an amount up to 5§ wt % calculated as
NiO and/or CoO

Mo and/or W, preférably Mo, in an amount up to
20 wt % calculated as MoO; and/or WO,

optionally P, and preferably including P, in an amount
up to10 wt % calculated as P,05

Ni and/or Co, and preferably Ni, in an amount up to
5wt%

calculated as NiO and/or CoQ

Mo and/or W, preférably Mo, in an amount up to
20 wt % calculated as MoOs and/or WO

optionally P, and preferably including P, in an amount
up to 6 wt % calculated as P,0s

gatied§ount up to 20 wt % cal cul ated as Mo O3

up to
erably

in an ampunt 35 up to 6 Wt %



9 10 March 2005 WO 02/ 42210 PCT/ US01/ 43922 5 -Hydrocracking Ni and/or Co,
and preferably Ni, in an anount up to 5w % cal culated as Ni O and/or Coo M

and/or W preferably Mo, in an anount up to 20 wt% 10 cal cul ated as MoQO3
and/ or WD3 optionally P, and preferably including P, in a.g) drﬁrg up to 10
and” pre erag

wt % cal cul ated as P205 - Hydrogenation/ a nobl e net aI ly Pt or
Pt in conbination Dehydrogenation with Rh, in an am)unt up to 2 wt %

cal cul ated on q?"ﬂ?g"‘gl | enental basis - Reforni ng a noble netal, and
preferably Pt P8 conbination with another nobl e netBITUSIE4I92Re and/ or

Ir, and/or Sn, in an amount up to 2 wt %cal cul ated on an elenental basis
.20 Non-Hvdrotreatine Operations -1lsonerization a noble netal, and
preferabl y pt-ér pHydmeredbingi nati on Mﬁwbrmmda@ﬁfaﬂb}ﬁx,m%uﬂtﬁ an anmount
up to 2 wt % calculated on an ele nta) basis 25 - aus Process Ni and/ or
Co, and preferably Ni, in an armunt up ‘t 5w %cal culated as N O and/ or
CoO Mb and/or W preferably M, in &ﬂmdmwlamdfm(:om wt % cal cul ated as
MD03 and/ or W)3 30 optionally P, an ud| n |n an anount
up to 6 wt % cal cul ated as P205 SucﬁlI tafwafséglrbp 3&5‘? %pregnati ng
the supports with the appropriate @@)Wb‘&nents foll owed by vari ous dryi ng,
sul fiding andher cal cining steps 350@&11&%%&&@8‘?1{:9{( +Wwde appropriate end
use. Such catalyst preparation is gener to those of

ordinary skill in the relevant art, UﬁnéwgnﬂﬂpﬁeaﬁlmlmP inan amount
up to 10 wt % calculated as P,O;

-Hydrogenation/ anoble metal, and preferably Pt or Pt in combination
Dehydrogenation with Rh, in an amount up to 2 wt % calculated on an

13 elemental basis
-Reforming anoble metal, and preferably Pt or Pt in combination

with another noble metal such Re and/or Ir, and/or
Sn, in an amount up to 2 wt % calculated on an
elemental basis
.20
Non-Hydrotreating Operations
-Isomerization - anoble metal, and preferably Ptor Pt in combination
with another noble metal, in an amount up to 2 wt %
calculated on an elemental basis
25 -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 %
calculated as MoQ; and/or W03
30 optionally P, and preferably including P, in an
amount up to 6 wt % calculated as P05

Such catalysts are prepared by impregnating the supports with the

appropriate components, followed by various drying, sulfiding and/or calcining steps

35  as required for the appropriate end use. Such catalyst preparation is generally
well-known to those of ordinary skill in the relevant art, as exemplified by the

10



10 10 March 2005 WD 02/ 42210 PCT/ US01/43922 5 numer ous previously

I ncorporated references, and further details may be had by reference
.thereto or nunerous other general reference works available on the

subj ect. Catal yst Regeneration As indicated above, the prﬂ?@%@l4ﬁ§05
accordance with the present invention is 10 not only appl e 10
pre-forned catal ysts, but also can be applied to regenerated catalysts in
a like manner. Specifically, subsequent to the renoval of carbonaceous
material from aVQPfEHt%cat al yst via wel | -known procedures, MUaisoeasl ysts
are then be treated by steps (1) through (4) in an identical manner as
descri bed above. Catalysts Tailored to a Specific Operation 15 By careful

sel ection of tenpemnfiktstepranslslyl iTRMHtddeeichRs, 208 AL @Rils HESbe Eé&'"bgent ration

and crystallite sirgfe oge Qe Kanenetsite al onﬁ \é\@ﬁth its ultimate pore
structure can be ABATTTed iP5 SHEECHS Yoer Eereafrelerepgsayiorks aysilehles omthei f f er ent

response to, for sebjemtpl e, the hydrodesul furization of a pair of gas oils.

One possibility fqatal éﬁ%é gl{e;_a%g a catalyst of the present invention is
di scussed i n Exanp erow. 20 Exanple 9 is nmeant to be illustrative of
the possibilities thatAsindicated dboentht trocqss ie s@ntdance with itHeipPsdent dlertisn ROt
i ntended to bggli gt KTl | ' it rt are _capable
of identifying other n[s}%g _S%p%ﬁrﬁzof?%g% 38 ’%&%sr gagerﬁpggﬁd?%ﬁgwmkﬁnenet site
X-ray diffraction c@#n¥syiapdkersimer. Srspieallyisubsequintae the renwival of gastiosdcsowsf t he
newl y 25 di scovenpthialef aiph Lt YA Ol Ll whBRREE Bl bl ARk ddGe T o &l

n p M nom

is different from the three previously kno ases o
trihydroxi de. As SR¥PYisiepsdbipough ()i apidenticalmansersis desciheli ebrive.s a very

strong peak at 20&&&5@3&10&&05&@‘@%&,@5@5 the nmmjor peak for G bbsite
and reasonabl rylgiclose to th Irra#?r peaks of Nordstrandite and Bayerite.
Across the remhi nder off PEdCFIIORA tgrPesire @ dimendiring ghe agivamtenettei t e 30
shows si gni fi cant cpeelustiat and icfyktaltietsizo bf the Famsnewhieslend Wit B diGhatPPases do not

and does not sho Rﬁ,k. | where .t h 0. .. The positions of the
Kamenetsite diff réY(r:'{gl onémFél%gds}geéifegmd’ﬂfgllf%ﬁ%agg%g‘%dlﬁ’larlfé;)%%“ﬂ?@’ﬁ?%‘? si on of
1% (95% Conf i denc . fonexaxipleathe hydralead fuxzatiomifarnsir bf s oilsd Ghe Hedsibilityfr Pr eci si on
of 10% (95% C_' ) - ﬂz@ioﬂ:& slvgdia(i)r'}t 39915 present invention is discussed in Example 9 below.

20  Example 9 is meant to be illustrative of the possibilities that accrue from the present

invention and is not intended to be limiting in any way. Those skilled in the art are
capable of identifying other such opportunities.
C. _Characterization of Kamenetsite

X-ray diffraction analysis using copper Ka radiation of crystals of the newly

25  discovered aluminum trihydroxide phase confirm that the material is different from
the three previously known phases of aiuminum trihydroxide. As shownin Table 1
below, Kamenetsite exhibits a very strong peak at 20 = 18.33°, the same angle as the

major peak for Gibbsite and reasonably close to the major peaks of Nordstrandite

and Bayerite, Across the remainder of the diffraction pattern, however, Kamenetsite

30 shows significant peaks at diffraction angles where the other phases do notand does
not show peaks at angles where they do. The positions of the Kamenetsite diffraction

lines are quoted here to a relative precision of 1% (95% Confidence Index) and

relative intensities to a relative precision of 10% (95% CI).

11



WO 02/ 42210 5 PCT/ USO/ 43922 Rel ative Intensity Diffraction Line Karren‘et site
(1) G bbsite (2)Nordstmmdite (2)Bayerite (2) 20,0 18.33100100- -

18. 50- - - - - 100- - - - - 18. 80- - - - - 100 20. 25- 20. 55- - 363070 27.633-- 35.125
36. 4725 37.55------- 30 39.76----- 30 39.8738------ 40. 50- 115 £rmsa-mh@0
52.0933 63.126 (1) ion lines that grow with aging atin i EQ@@”ﬂ‘mﬁB

diffractindican increaseth , g e n concentration of the new phase, are
shown. 10 (2) ®&aor4epor diffraction lines are shown for Gdrgbiiesar
Nordstrandite and Bayerite. Table 1 12 10 March 2005

5
Teble 1
Relative Intensity

Diﬂ"'ra;;io:l Line { Kamenetsite (1) Gibbsite (2) Nordstrandite (2) Bayerite (2)
18.33 100 100 —_—
18.50 _— — 111 S I
18.80 — — — 100
20.25-20.55 S 36 30 70
27.63 3 — — —
35.12 5 — — —
36.47 " 25 _— i —
37.55 S — 30 ——
39.76 —- — 30 S
39.87 38 — _—
40,50 —e- e — ' 100
52.09 33 — — ; S
63.12 6 S — ‘ R

(1) All diffraction . lines ‘that grow with aging, indicating an increase in the
concentration of the new phase, are shown.

10 {2) Only major diffraction lines are shown for Gibbsite, Nordstrandite and Bayerite.

12



WO 02/ 42210 5 PCTI 11SO /43922 Kanenetsite crystallite size and the
integrated intensity of the X-ray diffraction line at 20 =18.33 both
increase with increased aging tenperature and duration of aging as shown
in Table 2. 10 Table 2 Aging Tenperature, Duration of Agijp(gMat,{htg@at ed
Intensity C daysCrystallite Si.ze, Aof line at 20 = 18. 33, counts 1351972
2482354 3553086 5613510 7644039 10724438 801232165 753241246

Ther mogr avi met wgofnabysi s (TGA) and X-ray diffraction of perusoisasz
Kanenet site-containing materials heated to high tenperatures show fhe I's
di sappearance ofthe major peak at 20 = 1 8.33_at about 250C. Since 250C is
the known trapsformation tenperature of alum numtrihydroxides to
transition alumnas, these data confirmthat the new material is a

di stinct new phase of Kimeretsiterystalliteysieoatidcibe idtepraeitlintdnity, of-@B -8y
Transform Infra-R : C opy anal ysi.s has, 20 been carried out
on the 90C, 1- day?ggéﬁyé@cf 332693%/9323’3% W%W?%‘ﬁb‘@?’ﬁﬂsfﬂaém&ﬁ%m“ﬁ%uct s.
These spectra ar e duiatiarrfiagingasgboven it Table2 enhanced presence of . Kanenetsite
in the 25-day-aged material is clearly seen when the 1-day-aged nmateri al
spectrumis subtracted fromthe 25-day-aged material spectrum shown as
the "differend®" spectrumat the bottomlableZi gure 1. FTIR bands at 3512,

989, and 25 521 - e drfference ' —spectrum-egon-++m-the—
presence of Al (OH) 2gingFemperature, | Duration of Aging, | Crystallite Size, A | Integrated Intensity
‘ °C. days of line at 20 =
_ 18.33°, counts
90 1 35 1972
2 43 2354
3 55 3086
5 61 3510
7 64 4039
10 72 4438
80 o1 ‘ 23 2165
5 3 ) 24 1246

Thermogravimetric  Analysis (TGA) and X-ray diffaction of

Kamenetsite-containing materials heated to high temperatures show the

15 disappearance of the major peak at 26 = 1 é.33°_at about 250°C, Since 250°C is the

known transformation temperature of aluminum trihydroxides to transition aluminas,

these data confirm that the new material is a distinct pew phase of aluminum
trihydroxide,

' In addition, Fourier Transform Infra-Red (FTIR) spectroscopy analysis has

20 been carried out on the 90°C, 1-day-aged and 25-day-aged low-temperature dried

products. These spectra are shown in Figure 1. The enhanced presence of

Kamenetsite in the 25-day-aged material is clearly seen when the 1-day-aged

material spectrum is subtracted from the 25-day-aged material spectrum, shown as

the “difference” spectrum at the bottom of Figure 1. FTIR bands at 3512, 989, and

25 521 wave numbers in the “difference” spectrum confirm the presence of Al(OH)a.

13




10 March 2005 WO 02/ 42210 PCTI US01/ 43922 5 For conparison, the FTIR spectra
of boehmte, Bayerite, G bbsite and Nordshandite are shown in Figure 2.
Conparison with Material Produced without Silica in the Starting Mteri al
The appearance of Kanenetsite in material produced by theypiprgssod the
present invention is not readily apparent when the starting naterial
contains less than 10 about 4 w.%silica. A correlation has been

devel oped, however, that permts the indirect determ nation of the anount
of Kanenetsite ¥8M4#Med in the product of the process oftdTasprasent

i nvention. This correlation relates the anmount of Kanenetsite 1in a product
to its texture as determned by its porosity neasured by the adsorption of
ni trogen. Based upRenccupadsoh/RFIIR bjedifa dbochRits; BEREtCG 8O NoldstigiROSS1 b @
to 15 conclude th gnmaIPJi an%unt of Kanenetsite 1s probably present in
material produced usrn f¥C4-free alunina as a starti ng material. The

in
g S|
dat a showi ng t heseComparisom pith dab b@mxﬁmbutmﬁﬂh§$t§@n Mafgpdieri al s

produced from such sili -, Ly na.are sho ) apl es D and E. 20
Exanpl es The present iE%gaﬁ{?{a%ﬁceang%@gge%l%gd“aiﬁléw°%°?%ﬁg Rrpfets ol fhe
exenmplified by theres¢nsinveniipmig nemeadily apparent wheplttestaning mbtertdl onpinekisdiggl by way
of illustratiqp an@ep@im.od ikt &td Tast Condj tions Test
condi tions used in conpari ﬁﬁg&t ﬁeaoggelﬁog%%%:%d%ao%%’tshﬁwg?’s PR S, esent
i nventi on agai nst R4¥&% detegyminationpf thegmags ofinchenetsite aontkimed irthé prodaenof mat al yst
are: Test Type A paRkeerdnd RGknt Sivebiof Ml ddRel ' r Aner.i can
refiner. 1.25 Sulfur, %\\’KF 0}‘:?&Tot al Nt rpgen?.&g’%ﬁ%%&l{%%o y?% 9 %7%1%48 -
Aromatics, w . 8. 632 BPUFiIRt exture agfetepminghbyitspprosity teasuresthy te:adsorption

of nitrogen. Based upon an extrapolation of this correlation, it is possible to

L cli\/]

15 conclude that a small amount of Kamenetsite is probably present in material
produced using silica-free alumina as a starting material. The data showing these
exirapolated values for Kamenetsite in materials produced from such silica-free

alumina are shown in Examples D and E.

20~ 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 thereof,

25 Test Conditions
Test conditions used in comparing the performance of catalysts of the present
invention against those of US 6,015,485 and a standard refinery catalyst are:

Test Type A
Feedstock:  Straight-run gas oil for North American refiner.
30 Sulfur, wt.%: 1.25
Total Nitrogen, ppm " 65
Density, g/cc 0.848
Aromatics, wt.% 8.63
Diaromatics, wt.% 2.63
35 Distitlation, °C:
Initial 114.5
. 50% 286.7

95 % 368.9




Initial 114.5 509286. 7 95%368.9 14 10 March 2005 WD 02/ 42210PCT/ USOL/ 43922
5Test Conditions: Tenperature, C343 Pressure, kPa (psig)4169 (590) Gas
Rate, nB/nB (SCFB)178.1 (1000) Liquid Hourly Space Velocity (LHSV), hfl12
10Test TSB Feedstock: Straight-run |ight Arabian gas oil I@Maﬁw an
refiner. Sulfur, wt.% 1.77 Total Nitrogen, ppml83 15Density, g/cc0.863
Aromatics, w.%2.94 Diaromatics, w.%4.46 Distillation, C Initiall75
20509290. 6 95 Wodf22{0 Test Conditions: Tenperature, C360 égﬁ%gﬁagge, kPa
(prig)4, 155(588) Gas Rate, nB/nB8 (SCF/ B)178.1(1000) Liqui urtl’y ’Spac_e
Vel ocity (LHSV), hr-' 1, 2 and 3 Test Types Cy, CZ, C, 30Feedstock: Gas Q|

0 .
bl end Sul fur, :yvt ) ‘f%s%cgg’dZtioIg:t al Nitrogen, ppmiO1l

Temperature, °C 343
Pressure, kPa (psig) 4,169 (590)
Gas Rate, m*/m® (SCF/B) 178.1 (1000)
Liquid Hourly Space Velocity (LHSV), hr* 2
10
Test Type B
Feedstock:  Straight-run light Arabian gas oil for European refiner.
Sulfir, wt.%: 1.77
Total Nitrogen, ppm 183
15 Density, g/cc 0.863
Aromatics, wt.% 12.94
Diaromatics, wt.% 4.46
Distillation, °C: -
Initial 175
20 ‘ 50% 290.6
95 % 366.7
Test Conditions:
Temperature, °C : 360
25 Pressure, kPa (psig) 4,155 (588)
Gas Rate, m*/m’ (SCF/B) 178.1 (1000)
Liquid Hourly Space Velocity (LHSV), hr” 1,2 and 3

Test Types Cy. Co. C3
30 Feedstock:  Gas Oil blend

Sulfur, wt,%: 1.637
Total Nitrogen, ppm 401
Density, g/ce 0.887
35  Test Conditions:
Temperature, °C C1=1343,Cy=357;C3
=371
Pressure, kPa (psig) 4,755 (675)
Gas Rate, m*/m® (SCF/B) 213.7 (1200)
40 - Liquid Howrly Space Velocity (LHSV), hr 2.7
Test Type D
Feedstock:  Straight-Run/Light Cycle Gas il blend
Sulfur, wt.%: 0.8
45 Total Nitrogen, ppm 196
Density, g/cc 0.889
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Density,
Pr essure,

40Li qui d Hourly Space Velocity (LHSV),

Strai ght-Run/Light Cycle Gas Q|
g/ cc0.889 15 10 March 2005 MD 02/42210PCT

ppml96 Density,

Condi ti ons:

Tenper at ur e,

g/ cc0. 887 35Test Conditions:
kPa (psig)4,755 (675) Gas Rate,

C349 Pressure,

Tenperat ure,
nB/ n8 (SCF/ B)213.7 (1200)
hfl 2.7 Test Type D Feedst ock:

.9 0.8 4?LE%§#2%g§rogen

bl end Sul fur,

CCl =343, C2=357; C3

kPa (psig)4,100 (580) Gas Rate,

= 371

2 5Test

n8/ nB ( SCFB) 178vd0x42200) 10Li qui d Hourly Space Vel ocity (Ljd@Nke/daz2. O Test

Tones E, .

E,

Feedst ock: Straight-Run/Light Cycle Gas QO |

wt. % 0. 508 Tot al

Tenper at ur
Rat e,

€,

¢

15

20

25

30

35

40

45

Ni t rogen, ppnv60 Density,

= 343; E2 = 20385 Pressure,
8/ nB ( SCF/ Brd t8nditiént000) Liquid Hourly Space Velocity (LHSV),

g/ cc 0.859 Test Conditions:

Temperature, °C 349
Pressure, kPa (pmg) 4,100 (580)
Gas Rate, m*/m’® (SCF/B) 178.1 (1000)
Liquid Hourly Space Velocity (LHSV), hr? 2.0
Test Types Ej, Ep
Feedstock: Strmght-Run!L1ght Cycle Gas Oil blend
Sulfur, wt.%: 0.508
Total Nitrogen, ppm 760
Density, g/ec 0.859
Test Conditions:
Temperature, °C E,=343; Ez =
385
Pressure, kPa (psxg) 4,928 (700)
Gas Rate, m*/m® (SCF/B) 178.1 (1000)
Liquid Hourly Space Velocity (LHSV), hr! 2.4
Test Type F
Feedstock:  Straight-Run Light Arabian Gas Oil
Sulfur, wt.%: 1.005
Total Nitrogen, ppm 251
" Density, g/cc 0.864
Test Conditions: _
Temperature, °C 363
Pressure, kPa (pm 4,100 (580)
Gas Rate, m’/m® (SCF/B) 178.1 (1000)
Liquid Hourly Space Velocity (LHSV), hr” 3.0

Example 1

. This example describes the preparation of samples of catalysts of the present

invention.

A powder comprising alumina particles coated with 6 wt. % silica was

mulled, extruded into a trilobe shape, dried and calcined by conventional means.

Details of the 6 wt.% silica-alumina powder has been described in the open literature
(McMillan M., Brinen, J.S., Carruthers, J.D. and_ Haller, G.L, “ A ¥si NMR

Investigation of the Structure of Amorphous

Silica-Alumina Supports”, Colloids and

kPa (psig)4,928 (700) Gas

bl end 15Sul f ur

hi'2.4



25Test Type F Feedstock: Straight-Run Light Arabian Gas O Sulfur,
wt.% 1. 005 Total N trogen, ppnk51 30Density, g/cc0.864 Test Conditions:
Tenperature, C363 Pressure, kPa (psig)4,100 (580) 35CGas Rate, nB/n8

(SCF/B)178.1 (1000) Liquid Hourly Space Velocity (LHSV), Bf %cﬁ)zg?%rrpl el
Thi s exanpl e describes the preparation of sanples of cat aI ys e
present invention. 40A powder conprising alumna particles coated with 6

w. %silica wagoteiiied, extruded into a tril obe shape, drﬂceﬂ]sglng”gal ci ned
by conventional neans. Details of the 6 w.%silica-al um na po has been

described in the open Iiterature 45(I\/tMIIan M, B][lnﬁn SJ S Carr]tcjthers
J. D d HaII . l.ov atlono t he tructureo
Anor pﬁgus Sili ca RPH?%&S é&ﬁ%&??@ﬁ) 1&3 ‘ése‘%?ie gt thepritgsien for perosity WO
02/ 42210 PCTf USO m&e%&s&mﬂmaboaepwn&a&g 133- 5481 'lI)'hg Povvslﬁr u;ed
[ [ b as descri be n e above
ubl i cati on. 5.6 gr ans SFRRe 2| iea ek sepeel RN trPuBa: od ¢ o
i nci pi ent  wet nes&vewessiwithd00 mil ofsblugal "l dhe Yokiition, esigrmpdd tikreinras sdiﬁﬁ:hgni’slt ed
A ‘cbhsiste 0 §0lu ution 'C”" prepare
herein as sol utiong» oAy BQWW%@ % g},ﬁgt;g,ﬁ% ok f:ﬁfé’ﬁ gbyéigon 3?\O(gt8l on

"C prepared by addi’ng 11 grans anmoni um hy
.*/a) to 6518 gpwWms memuwmd@mesoluﬁmmamﬁ)mﬁﬁ 3igrams ofDowVersenc,

et hy| enedi ani net eTEt?ﬁEnﬁkhiﬁ:n%@iyﬁn&QAtﬂiﬁét&Qac@g@ac@éyQo W/ & Ol hytion "D

Solution "D' was prepared by addin grams of amvoni um rOX|de
solution (28 wt. o?fétl 118 “tﬁ’ﬂé‘Ps“@FPWanddBE“Trﬁemsef@mmmum

desi gnat ed her ei nhﬁsoml sdamueﬁ\ EW %S 4Db%sesk DYutRHdERg 1%37?1%%
cobalt 15 carbona e soI d to 509 g gﬁp of a dilute solution o 6sphor| c
acid (23.0 grans FIn a9 Ot A - -wag meppared byypdding %?EG@FGFIPOZ’QIH wat er) ,

heating the mixt ucabdnate S§dlid @ 50pehnishendintiioRgor @ Ph@HRINE ag (28l0ighRns o003, The
mxture was then ﬁ% eEG (5 wt.9 98&%475 grams of deionized water), heating the mixture to 55°C
and then adding 300 grams of Climax MoOj;, The mixture was then heated to 98°C
with stirring for 1.5 hrs at which point 100 grams of nitric acid solution (70 wt.%)
were added to fully dissolve the mix. This solution, designated herein as Solution
20 “E”, of phosphoric acid containing cobalt and molybdenum compounds wherein the -
| Co/Mo weight ratio was 0.258 and having a pH of approximately 0.6 was then
cooled to room temperature and 41.0 grams of the solution were used to prepare
solution designated herein as solution “D”.
The wet pilis were allowed to stand for 2 hours and then dried in an ovenina
25 shallow layer at 230°C for 1 hour. 122.6 grams of dried product were then dipped
into a container of solution “E” and 360 grams of this solution were then circulated
to wash the pills. The wet pills were then separated from the excess solution by
centrifugation and placed in a sealed bottle in an oven set at 75°C and held at that
temperature for 3 days. The rnaterial was then fast-dried at 230°C for 20 minutes to
30 volatilize the carrier liquid to an LOI of 30 - 32 wt.%, followed by calcination at
500°C for one hour in air to produce a catalyst of the present invention, designated
herein as Catalyst C-2. Catalyst C-2 contained 5.97 wt. % Co, 19.7 wt. % Mo and
0.77 wt. %P and had a surface area of 305 m%/g and estimated Kamenetsite i Intensity
of 3344 counts.
35
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with stirring for 1 .5 lira at which point 100 grans of nitric acid
solution (70 wt."A) were added to fully dissolve the mx. This solution,
designated herein as Solution 20 "0', of phosphoric acid containing cobalt
and nol ybdenum conpounds wherein the Co/M weight ratio wag.Qn%e8s5and
having a PH of approximately 0.6 was then cooled to roomtenperature and
41.0 grans of the solution were used to prepare solution designated herein
as solution "D'. The wet pills were allowed to stand for 2 hours and then
dried in an oveKOPH2H® 25 shallow |ayer at 230'C for | howCIAB@AsG2gr ans of
dried product were then dipped into a container of solution "E' and 360
grans of this solution were then circulated to wash the pills. The wet
pills were then separated fron1the excess solution by centrifugation and

pl aced in a seal ed bothl e noven. set_at 75" C and held at that
tenperature for 3 days’ (B Rgrtionaf thesupport ey wette dqjingipient 3Gtessf or 20

][nlnijt esdtg 30 ?/ol awith| azmlmihe mbgiprés% 62|5qgtaﬁlst§f Bowl Qersate 3@1%,1“3&“[}61 CV?[ vet
ol | owed by cal ci * e J roduce a catalys
of the present |n\r}gml%ﬁﬁ£né%9‘ﬂ AT so}ﬁﬁ?"e‘“ﬁbj%"’@&#ﬁ /.59 arempsof] yst C- 2
contai ned 5.97 w solm@cmoiesxmtedhmnammmmsomuan?masp‘}@ae@mdm 28 surface
area of 305 ryg/g &st t e nt 344 coynts. 35

17 10 March 2005 02/ 42%5%‘ gg%%%‘%/ %gg@}%’ é&%? d’ita?naﬁ rtion of
the support was \/\é‘i"@%‘ﬂ’d{a@?t@%lgrﬁwnfdemzn@wramnehtedlﬁmfmwtmpemm si ng

62.5 granms of Dowghe! PR eudbAMTRahL ?HE? elahg etlc aci d
solution (40.0 wm.% as ED‘Il!A) and 7%6%% éh%ge mm] tP‘ed herein

as solution "F'. Seseme fullydispivedand thon emdé@omytcmmg Sbﬁﬁorim”g)"n&nﬁdof MbCB,
100.0 grane, of | ot nthtaSuaRtolb il Mlrcklhd dMBGH e BORDAE G L0 008

grans of deioni zed ‘f nd heated fromroomte

sol ution was then®BdP aé’ﬂ""?“&’rate%wpﬁ'39&%P’@?Vﬁfeﬂbwﬁd)@rsoakﬁqrmemudfOMWents

became fully di sse}m@ﬂgmhmmaﬁpﬁlae&ly&gu@m;m ature. Solution "F"
contai ned cobalt andlﬂgfijdenum conpounds wherein the Co/ Mo weight ratio
was 0.292 with 15 a p ek inpmesed in 30ceramestof golition “RR and the | owed t 0

soak for one hour sduwioch civatkted bybrdxbysillaﬁ)rhx{b h&us'hfélvdepﬁﬂlév?e\‘@s%pdreﬁ’ed% ger at 230C
T, O,r, one hour.. Th eso(ilurtilog gy PenJmlﬁJSgaeIAgxragd }ﬂgc%g ml a%gdsb%(tjﬂelny an3ov g[ ?g?°c% pol ution
E" and the en 5et @ or3.
: 20 days. The material was then fast-dried at 230°C for 1 hour to volatilize the carrier
liquid to an LOI of 30-32 wt.%, and then calcined at 500°C for I hour to produce a
catalyst of the present invention, designated hierein as Catalyst D-2. Catalyst D-2
contained 4.11 wt. % Co and 16.3 wt. % Mo and had a surface area of 347 m*g and
estimated Kamenetsite intensity of 4320 counts.
25 A third 100 gram portion of the support was wetted to incipient wetness with
a solution contzining 64.7 grams of Dow Versene diammonium
ethylenediaminetetraacetic acid (40.0 wt.% as EDTA) with 82.3 grams of a solution,
designated herein as Solution “G™. Solution “G” was prepared by adding 300 grams
of MoO; and 137.5 grams of CoCO; to 575 grams of deionized water followed by
30 beating to 70- 80°C with stirring, and then adding slowly 225.0 grams of citric acid
monohydrate. The solution was then boiled to complete dissolution for 30 minutes
and then allowed to cool. Solution “G”, contafning cobalt and molybdenum
‘compounds wherein the Co/Mo weight ratio was 0.321 had a pH of approximately
2.0. The wet pills were allowed to stand for 1 hour and then dried in a shallow layer

35  inanoven set at 230°C for an hour,
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solution circulated over the pills for one hour. The wetpills were
separated fromthe solution by centrifugation and placed in a seal ed
bottle in an oven set at 75C for 3 . 20 days. The nmaterial was then
fast-dried at 230C for 1 hour to volatilize the carrier Jldgfeli@\id%a” LA
of 30 -32 wt.% and then calcined at 500C for | hour to produce a catalyst
of the present invention, designated herein as Catalyst D-2. Catalyst D2
contained 4.11 wt. % Co and 16.3 w. % Mo and had a surface area of 347
n2/g and esti et B 3hmenetsite intensity of 4320 counts. PES/USM4M2Ed 100
gram portion of the support was wetted to incipient wetness with a

sol ution containing 64.7 grans of Dow Versene di ammoni um *

et hyl enedi ami n&t et r aacBieidcedipillsiwéré thef imterdeddn 3G FANs o¥ sbiiti®?«P® Qi as of a

solution, design ] Lution "G Solution "G prepared by
addi ng 300 grans Q%&%ﬁg%ﬂé%ﬁ%ﬁ %g}é §F &Rehogt Tki)"(ﬁ'ﬁ]f WISW%Y\QE%%‘“S’F

dei oni zed wat er f edlitiondd cimprifBgitivemiliplagedtina Faled B&Te Wiah Bvedlsétaf 750 frand t hen
adding slowy 225 ans, of citri Ci hydrate. The sol ution was
then boiled to coﬁ%ls'e S oEendy %“r’”oﬁﬁ%ﬂ?&j%w?ﬂ.‘if”é@m‘éfﬁ&d?tl‘l’éﬁmamd to
cool . Sol ution " Giquidtnt RON6ME -G el andrichn BEM:NAAESTONE fof MBNAKGRLE nider ei n t he
Co/ Mo wei ght tig was 0.3 had.a pH of approximately . 2.0. The wet pills
were al | owed E‘g s}%alprlfoodS ot c%é%ﬁ{jth%ﬂ%s?ﬁ’@?ﬁ’"g&}’ gﬁ“‘?‘ﬁe‘g{‘?ﬁﬁﬁ Goelysfe: 35 in
an oven set at 230@alysiE-20vntained 4.538t %Adviad tH6 RO OOMYA 1A 4 2REb area of

PCT/ U501/ 43922 5 I il ner e hen .| ed in 300 grans of
solution "G and %ﬁgn#%dg?gflo#\cdz{lrcu a.éngenﬁlbgﬁ}%%emﬁtf'l s for one hour. The

wet pills were separated fromthe solution by centrifugation and placed in
a sealed bottle in an oven set at 75C Ewm@e2days. The nmaterial was then
fast-dried at!230C for one hour to vo(Gepipktiatne)t he carrier liquid to an LO
of 30 -32 wt.% and thep el RedbAlmSROGh dataRRRLE (P ent O 1O
produce a catal yst of .the prl:gésent invegﬁ%i gn, °5g%f"g‘%g¥ée*‘§fgﬁ§?& n aéeél%Cat al yst
E-2. Catalyst E-D*OPRt#hed 4.53 wt. % Co and 14.6 wt. % M and had a
surface area of 310 wdupporyiehs eistid M¥lp e sKAREREEE hsdn ERINGASH, bR hal 082
counts. Exanple 2 . 5. Co%%aaéjati veezl Thi s exanpl e describes tﬁlg Sreparati on
of sanpl es of cat a*yé?lg};%?’ IPEERe RR SN 025, 485. A support was nade usi ng

the same proc®dure as Aiprtionafithlseugbprt excipfated inthd same marmer as Catalyst C-2 to
' " yield Catalyst C-1. Catalyst C-I contained 4.67 wt. % Co, 18.1 wt. % Mo and 0.61
wt. % P and had a surface area of 280 m?/g and estimated Kamenetsite intensity of

D

195 counts.
A second portion of this support was treated in the same manner as Catal yst
25 D-2toyield Catalyst D-1. Catalyst D-1 contained 4,08 wt. % Co and 14.7 wt. % Mo
and had a surface area of 230 m%/g and estimated Kamenetsite intensity of less than

100 counts.
Example 3
. {Comparative)
30 This example describes the preparation of two catalysts prepared by the

method of the present invention but with insufficient and with marginaily sufficient
silica in the starting materia! to produce a catalyst of the present invention.
A support was made using the same procedure as in Example 1, except that
the starting material contained 2 wt. % silica. This support was treated in the same
35 manner as Catalyst E-2 to yield Catalyst E-1, Catalyst E-1 contained 5.91 wt. % Co
and 19.7 wt. % Mo and had a surface area of 215 m®/g and estimated Kamenetsite
intensity of 300 counts.
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the starting material contained no silica. 20 A portion of this support was
treated in the sane manner as Catalyst G2 to yield Catalyst C 1. Catal yst
C- | contained 4.67 wt. % Co, 18.1 wt. % M and 0.61 wt. %P and had a
surface area of 280 n2/g and estimated Kanenetsite intensidyapdn 28s counts.
A second portion of this support was treated in the same manner as Catal yst
25 D2 to yield Catalyst D1. Catalyst D-1 contained 4.08 wt. % Co and 14.7
wt %0 and had surface area of 230 nR/g and estimated Kanenetsite
intensity of | 52" 4R 100 counts. Exanple 3 (Conparati RST/USBOIRR| s
exanpl e descri bes the preparation of two catal ysts prepared by the nethod
of the present invention but with insufficient and with marginally

sufficient siFica in Alsecond suppbm gyasrmid sty theosapie pettedraasGaERLNE 10f t he

resent invention, rocedure as in
II%xa?rpl e I1 Vexclept t%maﬁg&%%@g%m{%&q gg}'aa’éﬁ?ﬁﬂ?g"(ﬁr '5 Prefriesd j ca.
This support was ﬂ@‘éh%éﬂﬂfhahqrﬂi@nﬂ?aﬁw %&edrﬁmﬁmlmﬁdmhsdumvﬁs&edtﬂ yi el d
Catalyst E- 1. Ca % Mo d
e

had a surface area of 215 g of 300
counts. 19 10 Mar éf8 Z’BCJ‘SCQ/B"-'G FM?’&M@@W@SWf@S@%&wnmmport was

made using theg samma{egﬁgﬂ;wﬁgtmmgmcgwpl e 1, except that the starting
material contained 3.7 wt. %silica, |ower than the preferred (6 w. %

yet higher than the 2 wt. %used for Catalyst E-1. This support was treated
in the sane manner as Catalyst D2 to Exﬂhﬂeq:at alyst D-3. Catalyst D3

contained 4.08 w. %&% and 15. 7 w %/%go had a surface area of 245
n2/ g and estimted 1 iﬁmf?ﬁpﬁﬁf F'{‘afc'?ﬂmi%%’éfcc%@ﬁa‘élﬁ'ﬂéx]aﬁ#él e 4 This
ex?_rrpl e cotrrpar esdanﬁ?mst&miarm?amgf‘smﬂhzw)yﬁhnuﬁc&rd‘d%ye‘@iv&{tibﬁélngar%% andl a
refinery standard ca an " conventjiona

means. 15 Eacg?cat alys é[E\/\/%aaéa(isu fses(l:l?é% %%T%%peépg‘ﬁ%ms grePEstteddn oy o
presented in Tabf#ld: Table 3

Table 3
Catalyst Sproducts WPPm RVA (1)
| Standard - 330 100
C-1 . 175 143
C2 91 202

(1)  Relative Volume Activity (RVA) is the ratio of the rate constants for the

catalysts determined from the concentration of sulfur in the product.
20

This test shows that Catalyst C-2, that of the present invention, is more
effective at removing sulfur than either of the other two catalysts.

Example 5
25 This example compares the performance of Catalyst D-2 to Catalyst D-1 and
a refinery standard catalyst (“Standard™), manufactured by conventional means.

20




20 CatalystS,, d"a, wpnRVA (1) Standard330100 C- 1175143 C 291202 (1)

Rel ative Volunme Activity (RVA) is the ratio of the rate constants for the
catal ysts determ ned fromthe concentration of sulfur in the product. This
test shows that Catalyst C-2, that of the present inventigy ah?1ﬂ?ﬁﬁ
effective at renoving sul fur than either of the other two catalysts.
Exanple 5 25 This exanpl e conpares the perfornmance of Catalyst D2 to
Catal yst D | qﬂgmmaugefinery standard catal yst ("Standard" manuf act ur ed
by conventional neans. 20 WO 02/42210 10 March 2005 PCT/ B§HUBREEES 5 Each
catal yst was subjected to Test Type B. The results are presented in Table
4. Table 4 10 15 Catal ystSarod, 6 wppnRVA (1) Standard350100 D4350117

D- 2350143 (1) Rel ati vetaghcainlpst mas subjettyd A Typs Bt Mae reatlisaregfresthiad inHSV
necessary to achirgygs.350 wppm sul fur in the product. This test shows that
a |l esser anobunt of Catalyst D-2 of the present invention is required to

achieve a desired_sulfur level in the prabegt than eihger of the other two
catal ysts. Exanplge 6 Thi gxgyanpl e cqnpar ag hqpﬁﬁrfor nce of lyst E-2
to Catal yst E-1 ad ¥ ol RV
Standard 350 100
D-1 350 117
D-2 350 143

(1) Relative Volume Activity (RVA) is the ratio of the LHSV necessary to
achieve 350 wppm sulfur in the product.
10

This test shows that a lesser amount of Catalyst D-2 of the present invention
is required to achieve a desired sulfur level in the product than either of the other
two catalysts.

15 Example 6
This example compares the p}:rfonname of Catalyst E-2to Catalyst E-1 and
a refinery standard catalyst (“Standard”), manufactured by conventional means.
Each catalyst was subjected to Test Type B. The results are presented in-

Table 5:
20 Table 5
Catalyst Sproduct, WPPI RVA (1)
Standard 350 100
E-1 350 102
E2 350 124

(1) Relative Volume Activity (RVA) is the ratio of the LHSV necessary to
achieve 350 wppm sulfur in the product.

This test shows that a lesser amount of Catalyst E-2 of the present invention

25  isrequired to achieve a desired sulfur level in the product than either of the other

two catalysts. The test also shows that the use of a starting material containing

insufficient silica in the catalyst preparation procedure of the present invention

produces a catalyst, i.e., Catalyst E-1, that is no more effective than a standard
refinery catalyst.
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a refinery standard catal yst ("Standard"), manufactured by conventi onal
means. Each catal yst was subjected to Test Type B. The results are
presented in Table 5: 20 Table 5 (1) Relative Volune Activity (RVA) is the
ratio of the LHSV necessary to achieve 350 wppm sul fur i RecHPoctuct -
This test shows that a | esser amount of Catalyst E-2 of the present
invention 25 is required to achieve a desired sulfur |level in the product
t han either of‘h$%4q§€er two catalysts. The test al so shows that the use of
a starting mater lf+278 ntaining insufficient silica in thd@CEXEHH43L
preparation procedure of the present invention produces a catalyst, i.e.,
Catalyst E-1, that is no nore effective than a standard refinery catalyst.
Cat al yst Sprodua, wpPrmRVA (1) Standar d3Egdffle £- 1350102 E- 2350124 21 10 March

2005 WO 02/ 42210 PCT/ . ¢ This exa descri bes the
preparation of sanpl e_slﬁg&ﬁéﬁ?&%b?%%?ﬁgg%ﬁ%@ﬁ?m. r?%’@ﬁtts? H55%hi ch both
Ni and Co are i nciuyepsign imwhinlebath Ni eideCo wrafmluget indidfitithed cpalepandathé ons ar e
subj ected to signpkbs j fgnﬁg;n | L . ] grans of the
silica-alum na sug%%r?m%ge%%ﬂb %tg&iﬁﬁ Exarr_g?g&%ég{/aaging%dft}r?ggegnat ed to

i nci pi ent wet ness wi t H04 ®zams of thersilieg-aluminy sinpert "deecriberhia Bxtsimplei bwas

desi gnat ed hefei Ningfegh@bdio iRihientwettRwHS 1529 opfmsdf Bmtfod R” G EO\M?.Hoﬁm utions:
68.0 grans of solution "L" Pa.re ' ? sol 1 8 ni ckel

re d by adding 6,66 grans of
acetate (23.58 wicsiEBauq hergip a3 solytign %.W‘&F‘bﬁ% Bixtye Gf twerseltiensdé&moni ur n

et hyl enedi ani net egremaefablufion?Ll frepeRddbyia@ding 616b gdms oYedha nfekl Adetap 03 ¢ 4 gr ans
of 15 solution "E' desgribed,.in le 1, ve. The wet pills were

al loned to stand ¥or é ﬁbufn?ags %%% HAG® t%g ¥ i ¥ESFS HANPRBER i n a
shal | ow | ayer at @R0@ediamindtetraacetic acid Solion (40mst. ¥ asBDT) apd BAMIEkmYEr € t hen

Slihgged into alsconstoﬂliﬁgg&F,,cgescggéd%hQar&lI;ieFl"’aor_‘;g 317 granms of this solution were

The wet pills were allowed to stand for 2 hours as before and then dried in an
oven in a shallow layer at 230°C for 1 hour. 143.8 grams of dried product were then
dipped into a container of solution “F” and 317 grams of this solution were then
circulated to wash the pills. The wet pills were then separated from the excess

20  solution by centrifugation and placed in qsealed bottle in an oven set at 75°C and

held at that temperature for 3 days..f[he nﬁaferial was then fast-dried at 230°C for 20

 minutes to volatilize the carrier liquid to an 'LOI of 30 - 32 wt.%, followed by

calcination at 500°C for one hour in air to produce a catalyst of the present-

invention, designated hereinas Catalyst A, Catalyst A contained 4.3 wt.% Co, 17.0

25 wt. % Mo and 0.68 wt. % Ni and had a surface area of 347 m%/g and estimated
Kamenetsite intensity of 2670 counts.

A second preparation followed the identical scheme for Catalyst A but was
aged at 90°C for 7 days instead of the 75°C for 3 days. This catalyst was designated
herein as Catalyst B. Catalyst B contained 4.24 wt.% Co, 16.8 wt. % Mo and 0.68

30wt %Niand had a surface area of 340 m*/g and estimated Kamenetsite intensity of
6138 counts.
Example 8

This example demonstrates that the activity of a catalyst of the présent

invention improves relative to that of a refinery standard catalyst as operating

kL conditions are intensified.

22




circulated to wash the pills. The wet pills were then separated fromthe
excess 20 solution by centrifugation and placed in a sealed bottle in an
oven set at 75C and held at that tenperature for 3 days. The nmaterial was
then fast-dried at 230C for 20 mnutes to volatilize the iquidto
an LA of 30 - 32 wt.% followed by calcination at 500C ?%gag%rgﬁ%dgur I n
air to produce a catalyst of the present invention, designated herein as
Catal yst A Catal A contained 4.3 w.%Co, 17.0 25 wt. % Mo and 0.68 w.
% N and had a‘g%fﬁ{é%:'g area of 347 n2/g and estimated KarRETaiseise: |
Intensity of 2670 counts. A second preparation followed the identical
schene for Catalyst A but was aged at 90C for 7 days instead of the 75C
for 3 days. Thbs catal Sl@alywa&ndeseﬁga&tsaddar&afa@smmﬁﬂ! Ln\éﬁ.;fac%mﬁg,t al yst B

contained 4.24 w and, had“a surface
area of 340 n2/g gﬁ/dvgﬁe%tlgj?r‘éet%%s\g&'ﬂgeﬁaé:ne'fb ec{iggﬁﬁfﬁgﬁs\% B‘fand@&?@‘c B 3Gt S .
Exanple 8 This exafiPptl‘@lmﬁsﬁwaﬂmttdmmhmcmedmmmmfoughcﬁtmkgé&t of the

pr esent |nventlorllesh,llmlrr to that of a refinery standard
catal yst as operating con tlons are intensified. 22 10 March 2005

W002/ 42210 PCTI USOI/43922 5 Cat al yst A andlahleefi nery standard cat al yst
("Standard"), igranuf actured by conventional neans, were each subjected to
Test Types Cl, C2{and C3,fwhich were T dentita—except—that—opetrati+hg
tenperature increpsed from Cl through C3. The T®sTyperesults are presented
in Table 6. Table] 6 10 (1) Rel at've Vol ujme Actlxdty (RVA)} 1's the _ratio of
the rate constants éal sﬁ-h 2 romthd rnnrpnp?’ tion_ of
sul fur in the produ HIES Cl¥p3ae | RVA-HDS | Spoae | RVAHDS | Sjodm
Cat al yst RVA- HDSSpkoduct DdWARVA- HDS$pr odgt (1) (1) (1))

St andar d100797100¢ 20100 100 797 100 420 100 209

A 132 584 144 261 159 112

(1) Relative Volume Activity (RVA) is the ratio of the rate constants for the
catalysts determined from the concentration of sulfur in the product.

Note the increase in the relative volume activity as operating temperature is
15 increased from 343°Cto 357°C to 371°C. These data show that the performance of
a catalyst of the present invention, relative to that of a refinery standard catalyst

increases as operating conditions are intensified.

Example 9
20 This example illustrates the ability to tailor catalysts of the present invention
to the operating conditions that are expected.
Catalyst A, Catalyst B and a refinery standard catalyst (“Standard” R
manufactured by conventional means, were each subjected to Test Types D), E; and
E;. The feedstock for Test Type D contained a moderate concentration of nitrogen
25 (196 wppm), whereas the feedstock for Test Types E; and E; had a high ﬁitrogen :
content (760 wppm).
| In this example the performance the Catalyst A of the invention is contrasted
with the performance of Catalyst B prepared with a much higher concentration of
Kamenetsite in its precursor méterial.. This increase in Kamenetsite was achieved by
30 increasing both the temperature and the time during the aging step. This enhanced

aging increased the concentration and the crystallite size of the Kamenetsite. Along




A132584144261159112 Note the increase in the relative volunme activity as
15 increased from343C to 357C to 371 C. These

operating tenperature is

data show that the performance of a catalyst of the present invention
relative to that of a refinery standard catal yst

i nventi on

increaqﬁgvgéh

conditions are intensified. Exanple 9 20 This exanple illu
ability to tailor catalysts of the present

ating

986%he

rates

to the operating

conditions that are expected. Catalyst A Catalyst B and a refinery

st andard cat al y¥392(423¢ andard"),

manuf act ured by convent i Gralusiiaans,

wer e

each subjected to Test Types D, El and E2. The feedstock for Test Type D
contai ned a noderate concentration of nitrogen 25 (196 wopn), whereas the

feedstock for TestwiiyRathakgh idRan&Edsiathe
In this exanple the
contrasted with £i§&

@erf r man

570 PR

e the Catgﬁg

dnodifiedgatalystthen displsyedig quitedlifferentresponsaoh  hi gher

S

AR

B R it 9P

e |1 nv

concentration of akhorartisienerhtirel dungdh BB riABLESH R one of ik a5l JJE " €2SE 1N

Kanenetsite was a
during the aging

TP B0 2 bR S morrmintda it conce

and the tinme
ntration and

the crystallite size of the Kanenetsite.Tallegng 23 10 March 2005 WO 02/ 42210
PCTI USQO / 43922,5 with the change in Kanenetsite, the pore structure of the

final catalyst un
di spl ayed a quite
hydr odesul furi zat
followng test re
Vol une Activity (
determned fromt
the three catalys
I ndustry-standar.d

i nventi on prepare¢
of Kanmenetsite in

displaying a hig

15

erwentT—st+ght-Heant—ehanrge—Fhe—nopdi-fied.catal yst then
differgnt response to an irbseRge in tenperature during
on of just one.of ThEé gas oIS, This ganbeseent+m—the
sul ts, present in Table 7. Tdble 7 10 (1) Rel Btive
REARLYBts Rva-HpEi [0 $0f,.f he fyad.gpgonskant s fle{’A:[}Hfﬁn- catal ysts
he concentr@jion of sulffur {1y the pwgﬁuqt. h@ if s “TdBl e
STare T stedwith—a it rel—aretRt—et—35 pption.the
dhce 108t allys824 Cat al Vi®0 A [a 4t allystiof the si
d sq that it.,digpl g no atejconcenyratrion
theR Br urlé?;w dat %lgusal an ¥ at al yst34B, |a cHPal vét 55
coBcenfraug®n o¢f 143 128 213 131 34
(1} Relative Volume Activity (RVA) is the ratio of the rate constants for the

catalysts determined from the concentration of sulfur in the product.

In this Table the three catalysts are listed with a minimal amount of

description the industry-standard Reference Catalyst, Catalyst A, 2 catalyst of the

invention prepared so that it displays a moderate concentration of Kamenetsite in the
precursor material and Catalyst B, a catalyst displaying a high concentration of
Kamenetsite in its precursor material. Each catalyst was then tested alongside the
others at constant temperature and pressure using two Straight-Run/Light Cycle Gas

20

23

Qil blends as described in Test Type D and E. G1 and G2.

Under Test Type D, both catalysts of the present invention are more active
than the Standard with the higher Kamenetsite catalyst slightly better of the other
(130 vs, 123 RVA). A similar result is achieved for Test Type E,. However, notice
that when the processing conditions are changed for the three catalysts in Test Type

the lower concentration version falls back.

Ey, the higher Kamenetsite-version maintains its performance advantage but that of

Without wishing to be bound by any particular theory, it is believed that

catalysts prepared from materials high in Kamenetsite possess more active sites per

unit volume of catalyst than conventionally prepared catalysts. In the example

30

24

shown above, the two catalysts of the invention responded differently to an increase



Kanenetsite in its precursor material. Each catal yst was then tested
al ongside the others at constant tenperature and pressure using two
Strai ght-Run/Light Cycle Gas 20 Ol blends as described in Test Type D and
E. 01 and &. Under Test Type D, both catal ysts of the pr.,@%@%]%hba?@ntion
e

are nore active than the Standard with the higher Kanenetsi at al yst
slightly better of the other (130 vs. 123 RVA). A simlar result is

achi eved for T%?c}]oz;}]; e Er. However, notice that when the processing
conditions are ¢chd éﬁ?j for the three catalysts in Test Tyg€TX801a322¢ he

hi gher Kanenetsite-version maintains its performance advantage but that of
the | ower concentration version falls back. Wthout w shing to be bound by

any particul ar 5t hétegpersttreidgrikgTeseTypel Ef. Thé Test Bype B/faddstofld EfiaEEsor RM

materials high inqa | nore.active sites per nit volume of
catal yst than conven?ﬁ%?a?af %ﬁ%@g%ﬁﬁgmg% gty ?ns°¥mFPﬁePﬁ%““W@“§B shown
above, the two cat al ysénsierthe loWpressweand logthydressp tmatedte chinfifias efthdsytedtg an

i ncrease Test Typege Rk i - - HDS. SrudulRVA: HDS S
(1) (1) (1) Poduce St andalr%gf%%ggdffg%@ 1@%@2&@@%%%&‘3%6%@“ e
B13014312821313134pEverted Nfipash-copggnyyaolomles borome lydrdgen 80 (basi8PERogen i n
tenperature dysi Ngolkdds dWYRE pdeRal (EE&PTgéthy&mﬁggéﬁg&s&%kgag l){l‘fse&ﬁd from

the Test Type D aIS'ﬁlﬁl leﬂé'g“ marily in the’ concentration of

ni t rogen- cont ai ni ﬁ’@ eRHE9SATT KB {9 iadiee dheoactipily pf e slesulfurigation estelysy ly ogen

treat-rate condit adstwpti®f orf iER6re Elbit Sites. It B¢ ebre MassHable %ﬁﬁg‘dﬁ@ﬂﬁz@t&:@i ng
i.tion, the unconverted

nol ecules is far Lgtﬁﬁ%c%ete. I n dﬂ

ni t r ogen- cont ai ni g 101 8¢ U eLoH ohY e Eoralupe pelsrdes (CatnlstBgad 10

mol ecul es during pasesiing mére aeatiahhé HDB bitds\welll Qh ke rayg@uia bdining bertdhgr 9as oi | .
Such nol ecul ta reduce.the tivit f the desul fuyrization
cat al yst by g%sgﬁhgtrfggﬁmg% i °§glr?%°rn§mé'lgi ﬁ‘lg{ém’g?st 8‘Frfb3’| gaynizn, achigher
reasonabl e to prop@zdesulfarizatidreactivity in the catalyst. These data therefore indicate that

catalysts of the invention could be tailored for optimum performance depending
upon the different concentrations of nitrogen-containing molecules in the feedstock.

-

20 S Example 10 .
This example compares the performance of a catalyst prepared with a.
“sufficient” level of silica in the silica-alumina and a catalyst prepared with a
“marginally sufficient” level of silica in the silica-alumina support. Catalyst D-2 iS
" compared to Catalyst D-3 and a refinery standard catalyst” (“Standard™),
25  manufactured by conventional means, in a standard test, Test TypeF.

Table 8
Catalyst Sproducet, Wppm RVA (1)
Standard 212 100
D-2 117 140
D-3 161 117
(1) Relative Volume Activity (RVA) is the ratio of the rate constants for the
30 _ catalysts determined from the concentration of sulfur in the product.

This test shows that the use of a starting material containing marginally

sufficient silica in the catalyst preparation procedure of the present invention

25



catal yst achieving nore renoval of nitrogen-containing nolecul es (Catalyst
B) and possessing nore avail able HDS sites, will lessen the 'dynamc

poi soning effect' of 15 the renaining nitrogen-containing nol ecul es and
thereby maintain a higher hydrodesul furization activity 1.({11\:15% %Fal yst.
These data therefore indicate that catalysts of the invention could be
tailored for optinmum performance depending upon the different
concentrations v?&oz;’lEi:P ogen-cont ai ni ng nol ecules in the feedstock. 20
Exanpl e 10 This exanpl e conpares the perfornmance of a cat JY¥E"#Lpar ed
with a "sufficient" level of silica in the silica-alumna and a catal yst
prepared with a "marginally sufficient"” level of silica in the

si | i ca-al um na’ suppordes & @ialyst s Caplyzt -3, thetdsrpere effbctie tiBan sthndaid rdlingyand a
refinery standardcgatabyddn ' : red. conventi onal
means, in a standar dsmtilest o%’f?%@i’%gé%t&%?g e @@%@t‘%&%?@ﬁmmppva
(1) St andar d212108%8e CeteliatP 3161117 (1) Rel ative Vol une Activity (RVA)
is the ratio of the rate constants for the 30 catalysts determ ned 'from
the concentration of sulfur in the product This test shows that the use of
a starting material containing marginally sufficient silica in the

catal yst preparation procedure of the present invention 25 10 March 2005 WO
02/ 42210 PCT/ 13501/ 43922 .5 produces a catalyst, i.e., catalyst D-3, that
is nore effective than a standard refinery catalyst but is not as active
as the catalyst with sufficient silica in the silica-alumna support,
Catalyst D2 26 - 27 CL Al MS 10 March 2005 1. A conposition conpri sing
an alum num trihydroxi de phase, said phase having neasurabl e X-ray
diffraction .

26



| i nes between about 29 = 18.15 and about 28 = 18.50, between about 20 =
36. 1 and about 20 = 36.85, between 5 about 20 = 39.45 and about 20 = 40. 30,
and between about 20 = 51.48 and about 20 = 52.59 and not havi ng
nmeasurabl e X-ray diffraction |lines between about 20 = dg RBE %bout 20
= 20.65. 2. The conposition of Caim1l fdr2her characterlze I'n q t hat
the al um numtri hydroxi de phase has neasurable X-ray diffraction |ines
bet ween about 20 = 27.35 and about 20 = 27.90, between about 29 = 34.75
and about 20 = 35.48, and between about 20 = 62.40 and about 28 = 63. 80.
3. The conposition of Caim1, further characterized in 15 that the

al um num tri hydroxi de phase does not Eage gfﬁ§grable X-ray diffraction
| i nes between about 29 = 20.15 and a 65 and between about 20 =
37.35 and about 20 = 37.75. 4. The conposition of Caim1, further

characterized in 20 that the alum numtrihydroxide phase does not have
nmeasurable X-ray diffraction |lines between about 20 = 18 70 and about 20 =

210,30 and. abbut ac2rgesoLoBlenBAtiind o, Ebdn AR IERERA %

conposi tion ofpha®8, -sd0dMahebe28@%ithameudnrdbld, X9&a$ dﬁfﬁ&a&ﬁﬂﬁﬁﬁs for

maki ng the conposition of Jaiml, 2, 3 or 4 or the catal yst precursor of

daimb5, conpribieg:betupeneabpny aesFaiﬁlhé nandrabbutolPrFsiiAgo6Plica 5

coat ed anorphous al um na congr|5|n bet ween about 4 w.% and about 8 wt. %
b

silica, whereiReaeeRad8POURDEBt =200wL’ 0B8R RRPWE afBinTnadbi 85 anTrpHRRT by
metal 1 cocompothalt 160 (B) *uf g 10 Goonertec st 8 iPhg e T HrSHh | o
about 26 = 51.48° and about 20 = 52.59° and not having
measurable X-ray diffraction lines between about 26 =
20.158 and about 286 = 20.65°.
2. The composition of Claim 1 further characterized in
10 that the aluminum trihydroxide phase has measurable X-ray
diffraction lines between about 28 = 27.35° and about 28
= 27.90° between about 28 = 34.75° and about 28 = 35.48°,
and between about 26 = 62.40° and about 286 = 63.80°.

3. The composition of Claim 1, further characterized in
15 that the aluminum trihydroxide phase does not have
measurable X-ray diffraction lines between about 28 =

20.15° and about 26 = 20.65° and between about 26 = 37.35%°
and about 286 = 37.75°,

4, The composition of Claim 1, further characterized in
20 that the aluminum trihydroxide phase does not have
measurable X-ray diffraction lines between about 28 =

18.70° and about 26 = 18.90° between about 28 = 20.30° and

about 26 20.50°, and between about 28 = 40.30° and

il

about 28 40,70°,

25 5. A catalyst precursor comprising the composition of



wet; (c) drying the so-aged starting material at a tenperature between
abeut 100C and about 230C and under conditions to substantially volatilize
the 15 carrier liquid; and (d) calcining the so-dried material. 7. The
process of Claim®6, wherein the starting terial conpri han
about 8 wt. %silica and at least 30 wt. % of the alum ng&lﬁ‘gl'cgfr@roghous. 20
8. The process of Claim6, wherein the starting material conprises between
about 5 wt.% aRd2aBodt Z.w8, @r di.lica and between about 20 wt. % and about

50 wt. % of the al ym LS. .amorphous. 9. .The process. of i,m6, 7 or 8,
wherein the Zg'che %??Segﬁen 5 gagélngctt&? 7 SR o Ul r, %,

ethylenedianinBtetraacettﬁea@hdaﬁgEfAbreHuﬁﬁ@&O&M Claim 5, comprising:
et hyl enedi am netetraacetic acid, di amonium ethyl enedi am netetraacetic
acid, tris(2-am noetfyl)HRERéng ar ptamfiegereteddmilnecomprising silica

di et hyl egetri am nep et.l i d; l.o i.anm net.et raacet i id,
et hyl enegl ycol - bi s- ?Eé?gaaﬂﬂggégﬁéﬁeg%g%ﬁﬁ %%ﬁ%{}g%rlgg}c;ﬁeelt?efm ,ebooq'ct ¥
t et r aet hyl enepent aantné. and28bot® Bhwth 2083 11Qa,Théguedcess dfedd@i m 6, 7,

8 or 9, wherein the bangugb of chel ati ng agent, i s between about 0.1 g and
about 1.0 g per g of°PH aPti AgChafétfaplufinaTis SIEERdeust: ok m 6, 7,

8, 9 or 10, whereincagatagt fieh kReagBuwet E?dcﬂé@déttii@g: RSBl fa{;n%i le wet
is done at ~roomtenperature for at |east about 30 days. "12. The process of
Claim6, 7, 8, 9 orcaoriehetefinidgend aofethéldoc- wempedrst;arti ng materi al

1L vl |3 done app {SIBeLauLe 8L B8Rt 801G fral g dout 2
| wet;
{c} drying the so-aged starting material at a
temperature between about 100°C and about 230°C and
under conditions to substantially volatilize the

15 ) carrier liguid; and

(d) calcining the so-dried material.
7. The process of Claim 6, wherein the starting
material comprises less than about 8 wt. % silica and at
least 30 wt. % of the alumina is amorphous.

20 8. The process of Claim 6, wherein the starting
material comprises between about 5 wt.% and about 7 wt. %
silica and between about 20 wt. % and about 50 wt. % of
the alumina 1s amorphous.

9, The process of Claim 6, 7 or 8, wherein the

25 chelating agent is selected from
ethylenediaminetetraacetic acid (EDTA}, N-hydroxy
ethylenediaminetetraacetic acid, diammonium
ethylenediaminetetraadetic acid, tris(2-aminoethyl)amine,
triethylenetetraamine, diethylenetriaminepentaacetic

30 acid, cyclohexanediaminetetraacetic acid,
ethyleneglycol~bis- (beta-aminoethylether)-N,N'-

tetraacetic acid, or tetraethylenepentaamine.



conposition of Gaiml, 2, 3 or 4 or the catalyst precursor of daim5, and
a catalytically active amount of one or nore netals, metallic conpounds,
or conbinations thereof. 15 14. The catal yst of Cl aim 13 wherein the one

or nore netals, netallic conpounds, or ggg?i nations therq:@ éﬁé gl ected
fromthe catalytically active transition als of Goup VIB and oup

VI11 of the Periodic Table, conpounds thereof and conbinations of such
metal s and 20 é@npo&'ﬁ@sPrPGeSTSh@fcé-‘tI@Il}Ffst&of?,C]ealqn 18 whermsin ttiee cat al yst

further conpri J]X F at,a erei n t he

pronoter is ﬁﬁ%g?lgd ?g%%lﬁg’;l%ﬁ E’een%p osé‘ie Wl?sencc?}é) g% FhPids _

conbi nati ons tbboeufl m7g Ehe @ab&Im&b eft altaing kdatekballs or 16, wherein

the one or ii F netalllc cQmpounds, or conbi nati ons thereof are
cke

sel ected from CBESF?SSm?I E&é‘ﬁﬁm rafd  Srurfgsiter. O c othsoreids adier@of
and conbisnati 08 ofeSYeh,aQ ¢ mat @lt%lr%'l‘iixgcﬁ mpaynds. 8. Tnﬁetcaﬁsa'&/o%% of daim

17 wherein the one or nore netals I'C conpoun conbi na .
t hereof - 30 -rQOmNhemheZGQEreoﬁpmlse ﬁebﬁmdem@mmoe0ﬂdawbdenun1conpounds in

% cal cul 0 balt or cobalt conpounds
?2 ggngpr;unt u%g Bwﬁn pr@%%g%gﬁ aggalﬁ‘slgb § %o °(§pt]100né.'mefel§hc?s§31m us,

phosphor us CO”@ﬁuﬂﬂé sandeét@an@t@o}ftm@smtaka%rr&gfl Whid FEUN %r{eoa%g %
cal cul ated as P205, wherein w. %is based on the total catalyst weight.

19. The cat aI ysempér@tarm ¢¥ whelebstt BE°ONEopr a DI €asBELBbEL maaalytsl c
corrpoungg nbl nations thereof 10 conprise nol ybdenum or nol ybdenum
in

conmpoun ann%n?atﬂ YEb S8TREisifgaRcgLRPEE tap ISy Techfdror ke or

ni ckel comp031tlon of Claim 1, 2, 3 or 4 or the catalyst
precursor of Claim 5, and a catalytically active amount
of one or more metals, metallic éompounds, or
combinations thereof.

15 14. The catalyst of Claim 13 wherein the one or more
metals, metallic compounds, or combinations thereof are
selected from the catalytically active transition metals
of Group VIB and Group VIII of the Periodic Table,
compounds thereof and combinations of such metals and

20 compounds.

15. The catalyst of Claim 13 wherein the catalyst
further comprises a promoter.

16. The catalyst of Claim 15 wherein the promoter is
selected from phosphorus, phosphorus compounds, and

25 combinations thereof.

17. The catalyst of Claim 13, 14, 15 or 16, wherein the
one or more metals, metallic compounds, or combinations
thereof are'selected from nickel, cobalt, molybdenum, and
tungsten, compounds thereof and combinations of such

30 metals and compounds. |

18. The catalyst of Claim 17 wherein the one or more

metals, metallic compounds, or combinations thereof




conmpounds in an amount up to 7 wt. %calculated as NNO  and, optionally,
phesphorus, phosphorus conpounds, and conbi nations thereof in an anpunt up
to 10 wt. % 15 cal cul ated as P205, wherein wt. % is based on the total

catal yst weight. 20. The catal yst of Claim17 wherein th re
nmetals, nmetallic conmpounds, or conbinati ogg&t_ her eof corrgPiq\g%cﬁrgP%denum or

mol ybdenum conpounds in an anmpunt 20 up to 20 wt. % cal cul ated as MO03, and
ni ckel and/ or CEBBALEeaRglyssssundsrt medaddenmm e anpumdupin s anouns

calculated as N ndkor. . Cogq, ti | Ly.~_  pho rus osphor us
conpounds, andh%g%gigét%5ﬁ56 F%g%g&%gﬁﬁpg% g%%@ﬁtcﬁ%ﬁgb fﬁfwgﬁﬁ§§élculated
as P205, 25 whgpghBuMbs Y& anPagedn@n ubhe ot @t 3y cat i ght The
catal yst of C ai mbﬁ vwslerei nnt he orrlle (‘51 m?rg Eaﬂlr1r:et %I ?aﬁﬁ:&l‘éﬁ%@ acsoncr?)%odnds,
or conbi nati ongndheepbdfionadipri pbosphyprtenumhors piml rydsd erompaonpoungdsd i N an

anount pto 20 w._ %calculated_as MO03, and nickel d/ or 30 cobalt and
corrpoundg t her%%lflbf‘ﬂagﬁoaﬁoghferﬁﬁft G5 AR 2TGHNE, Ry EH 2'3) a& N o and/or Coo,

and, optionall¥alcuBdtedOabbpch20QhepRasPRRNUS, iRNGHIRQL b GHP WS, and
conbi nations thereof in an anmouint up to 6 wt. % cal cul ated as P205,

wherein w. %tstbhged weithe.total catal yst weight. 22. The catal yst of
Claim14 mhere{g the one or nore 5 netals is one or nore noble netals in an

amount up to 2 m@.TbﬁbﬁééﬁlBﬁttﬁé Fopam ddt ahpaeifeitya ones ommeOksat al yst
of O aim22 whegelpst hﬁeegbhgcgggafﬁ olifidsbt o8f BnEQUIYI L - dds and Rn.

24. A process for treating a hydrocarbonaceous nateria conpri si ng
contact ilflg sai domhyui seanboradeous rat eoilgbdewrh compoatds yist z0f AGleairmn 13.
25. A process EBrtéh§5°%E?'¥thglgﬁgéggﬁsggf Eb%?tg%% %&ckel or nickel

compounds in an amount up to 7 wt. % calculated as NiO,
and, optionally, phosphorus, phosphorus compounds, and
combinations thereof in an amount up to 10 wt.%

calculated as P05, wherein wt. % is based on the total

catalyst weight.

20. The catalyst of Claim 17 wherein the one.or more
metals, metallic compounds, or combinations thereof
comprise molybdenum or molybdenum compounds in an amount

up to 20 wt. % calculated as MoO3, and nickel and/or

cobalt and compounds thereof in an amount up to 5 wt. %
calculated as NiO and/or CoO, and, opticnally,
phosphorus, phosphorus compounds, and combinations

thereof in an amount up to 10 wt.$% calculated as Py0g,

wherein wt. % is based on the total catalyst weight.

21. The catalyst of Claim 17 wherein the one or more
metals, metallic compounds, or combinations thereof
comprise molybdenum or molybdenum compounds in an amount

up to 20 wt. % calculated as MoO3, and nickel and/or

cobalt and compounds thereof in an amount up to 5 wt. %

calculated as NiO and/or CoO, and, optionally,




a hydrocarbon-containing feed conprising contacting the feed under

hydr odesul furi zation conditions with the 15 catalyst of Claim18. 26. A
process for the catalytic hydrodenitrogenation of a hydrocarbon-contai ning
feed conprising contacting the feed under hydrodenitrogepahl@n 2666di tions
with the catalyst of Claim19. 20 27. A-pBbcess for the catalytic

hydr odenet al | ati on of a hydrocarbon-containing feed conprising contacting

the feed undephbgghederet ahloatiher eordindcamad) tdhd homsiatad ysds of C aim
20. 28. A process for_ the catalytic hydrocracking of a 25

hydr ocar bon- coRf&FRPEg ifedd E8IPpMItsivy teorft adt-itnFaltrail gtad amda0s,

hydr ocracki ng condi tions w,th the catal of Claim?20. 29. A process for
the catalytic HgaFS&SnygrsﬁoﬁsoPaée §H¥§ : ﬁﬁﬁﬁﬁxﬁ%EQﬁXﬁff Rlompri si ng
contacting the2230 fraedcurder, shy drroeanver iR Heandid i1ans Md i heo£at al yst
of CGaim2l1. 30. A process for the catalytic reformng of a - 32 10 March
2005 hydPocar bBALEdAt isnicng Paemogenmpobdienqededisaditn mn tdwourfteatp uelet

ref orm ng cond&E[Ogsbgggge%geﬁ%at%bx%gt%%%agk%%ph%%#gg}. A process for the

catal yti c hydrogénati y&roge ar bon-cont ai ning feed

conprising copBactThe tcheaflged widen aiydogenairednr dhdiiigenadt On is
conditions with the catagést of Caim23. 32. A process for the catalytic
i someri zati on BF Qf Ry&PBRARBSEACEoRTaiPH #Gf &d conprising contacting the

A e e BAOTER! GELLRR,C000 LB ML b YRR oo £ 200, 3

10 comprising contacting said hydrocarbonaceous material
with the catalyst of Claim 13.
25. B process for the catalytic hydrodesulfurization of
a hydrocarbon-containing feed comprising contacting the
feed under hydrodesulfurization conditions with the

15 catalyst of Claim 18. '
26. A process for the catalytic hydrodenitrogenation of
a hydrocarbon-containing feed comprising contacting the
feed under hydrodenitrogenation conditions with the
catalyst of Claim 19.

20 27. A process for the catalytic hydrodemetallation of a
hydrocarbon-containing feed comprising contacting the
feed under hydrodemetallation conditions with the
catalyst of Claim 20.

28. A process for the catalytic hydrocracking of a

25 hydrocarbon-containing feed comprising contacting the
feed under hydrocracking conditions with the catalyst of
Claim 20.
29. A process for the catalytic hydroconversion of a
hydrocarbon-containing feed comprising contacting the

30 feed under hydroconversion conditions with the catalyst
of Claim 21.

30. A process for the catalytic reforming of a




conprising: (a) formng a starting material conprising silica 15 coated
anor phous al um na conpri si ng between about 4 w.% and about 8 wt. %
silica, wherein at |east about 20 w.% of said alumna is anorphous, into
a shape; (b) wetting the starting material by contact wi{dwmash 2385anount
of -chel ati ng agent and a catal ytically dacti®vé anount of one or nore

nmetals, nmetallic conpounds, or conbinations thereof in a carrier [|iquid;
(c) aging the dydsmstdsatbat-arentriminer fedd wompri2bngetontdyrtdnyi nget he
so-aged starti qgter'al at.a tenperature between agout 100 DC and about
2300C and undér oM T oS T RIS t S LTSS of ht i1 FOe £REALyaEr PEr

liquid; and 30d1e)irca@xining the so-dried nmaterial. 34. The process of
G aim 33 wherein the starting material conprises |ess than about 8 wt. %
silica and at 3133 A @enagess 205 thastaBolykic obpfiropenat ianndei s

anor phou 35. S, Of [ I n starti materi al ,
conprisezsbetméln a 5%%3 %ﬁ_?ﬁ?&ﬂ&g%%d%%g§!€§_C%§@é+?f%g g%ﬁdbS?WBEﬁséﬁgut
20 wt. % and aheuitamdimg tHheffded hendd bimiydr o gema® Hods . h38rodbrapL BRESS
of Claim33, 34 or 35, wherein the chelating agent is selected from

et hyl enedi ani néCSHEICRS Fidd Ehersehal Kehydf dxyaim 23 |
ethylenedianinggqtrgp%ggdéggﬂfgr(g 'éﬁgg{%eggg%gpfgé@f$geggt5aacetic
acid, tris(2-am noethyl)amne, triethylenetetraam ne,
di et hyl enet r i amyskpertrdacetdan t ol idg cfeddhexemets smg netet aaateyi chaci d,
10 feed under isomerization conditions with the catalyst of
Claim 22.
33. A process for making the catalyst of Claim 13
comprising:
(a) forming a starting material comprising silica
15 . coated amorphous alumina comprising between about 4
wt.% and about 8 wt. % silica, wherein at least
about 20 wt.% of said alumina is amorphous, into a
shape;
(b} wetting the starting material by contact with
20 an amount of chelating agent and a catalytically
active amount of one or more metals, metallic
compounds, or combinations thereof in a carrier
liquid;
(c) aging the so-wetted starting material while
25 wet;
(d) drying the so-aged starting material at a
temperature between about 100 OC and about 2300C and
under conditions to substantially volatilize the
carrier liquid; and
30 {e} calcining the so-dried material.

34. The process of Claim 33 wherein the starting .

material comprises less than about 8 wt. % silica and at




et hyl enegl ycol - bi s- (bet a-am noethyl ether)-N, N - tetraacetic acid, and
tetraet hyl enepentaam ne. 15 37. The process of Claim33, 34,. 35 or 36
wherein the amount of chelating agent is between about 0.1 g and -about
1.0 g per g of the starting material. 38. The process of \M%JEP 0534, 35,
36 or 37 wherein aging of the so-wetted-s$arting materi al e we is 20
done at roomtenperature for at |east about 30 days. 39. The process of

A aim 33, 34, BBasB8630rw8( wherfeithe agur@nefl ishenme@pMiii£d starting
material while t |s done at a tenperature of at |east 800C for at | east
about 2 days. 3}% 4BheAPpPEEESs Of of LpABr dvi W§eiRd necdihdl yitiar tdad vity of a

silica-alum nam§ggp%§_egoﬁgkglsg§t %‘BWB%hS Bgutaegvx%%n(% %?ﬁ’iutabga Vﬁt 2o and o

about 8 wt. % silica, wherein at east out 2 sal umna |s
anor phous, andsalieaahndobemweah abnspmuﬁﬂ wEongr asidngbod® (54) waet t4 rgF sai d
cat al yst by coptact.with a, chel athng agent in a carrier liquid; (b) aging
the so-wetted gg?a?%ﬁ?lﬁﬁlFé RBPIPROBZ: 10 March 2005 (c) drying the

so-aged cat al Y§6.atTﬁet%BB@é§EU6% chgtyesn, aBgu r1880C, aRd aboyt, 2300C and
under conditions to substantially voiatilize the carrier liquid, and 5

(d) calcining ¢helablogi edenht aBygelethedAfppmcess for regenerating a
Oy SR B R TP SUEREC LB A To TR 8 L e 2ot
alunm na i s anosphplenedbdmaneetakageemetabhcid) a@mwdmporrprl sing: (a)
ooV g T L By feR s amine e R ot tia 1oia, (EEiaY 2 amiPoethyl) antne,
triethylenetetraamine, diethylenetriaminepentaacetic
acid, cyclohexanediaminetetraacetic acid,
ethyleneglycol~bis—(béta—aminoethylether)-N,N'—
tetraacetic acid, and tetraethylenepentaamine.

15 37. The process of Claim 33, 34, 35 or 36 wherein the
amount of chelating agent is between about 0.1 g and
about 1.0 g per g of the starting material.

38. The process of Claim 33, 34, 35, 36 or 37 wherein
aging of the so-wetted starting material while wet is

200 ' done at room temperature for at least about 30 days.

39. The process of Claim 33, 34, 35, 36 or 37 wherein
aging of the so-wetted starting material while wet is
done at a temperature of at least 800C for at least about
2 days.

25 40. A process for improving the catalytic activity of a
silica-alumina supported catalyst comprising between
about 4 wt.% and about 8 wt. % silica, wherein at least
about 20 wt.% of said alumina is amorphous, and a metal
or metal compound, comprising:

30 , (a) wetting said catalyst by contact with a

chelating agent in a carrier liquid;

(b) aging the so-wetted catalyst while wet:



(b) wetting said catalyst by contact wwth a chelating agent in a carrier
liquid; .15 (c) aging the so-wetted catalyst while wet; (d) drying the
so-aged catal yst at a tenperature between about 100C and about 230C and
under conditions to substantially volatilize the carrierqq i @dHizBgsand 20
(e) calcining the so-dri-ed catalyst. 42. "A3process for makKing a ca?alyst
tailored to the treatnent of a hydrocarbonaceous material conprising

ni t rogen- cont ai ni ng (conpouydsg cheprsicsiangd (@)t adatsar Mniagkdfgerature
concentration of nitrogen-containi 25 conpounds i n the hydrocarbonaceous
material ; (b) choosf’ﬁg g8t ég g LS iaad gg’r%’rti S Giane #neat ed

anmor phous al um na cegRHkLEHRE sbLVRRD AR 24 1W A1 AN BROUL e
silica, wherein at |east about 20 wt.% of saﬁgvéljﬁghdgﬁg aﬁ%r%ﬁﬁﬁéﬁr
wherein said al um naiAsédanas@ appropriate concentration of silica so that,

when wet ¢ aged at a ppr.Qpri.ate -agi ng tenperature for an appropriate
| engt h of time forn@dz ca 2F§3&“S&§@&r%Sr%rﬁSQWﬁiﬁéﬂéﬁﬁs - 35 said
catal yst precutsor BoppbtekBYfarsubletlegalt i ngORC PHSAdUNL Wy pPosidd on

conprising an al um num trih¥groxide phase, said phase having neasurabl e
X-ray diffrac®tBRiNRnEYPBEEREEN Calbady SE6 compg 155 nghdpedivaan 2P ®1t= 438. 500,

bet ween about z 1 aho 26 = 5, n {28 =39.4 nd
about 28 :40.3%?'§n§§ge?§ggﬁ gbghf %OSéE?FES gﬁ%hﬁﬁghfﬁggﬂ¥§§iéﬁﬂaﬂa%ﬁgt

havi ng neasur abt e% Xef agadif bl amihaniki aeerbabwsen agdbul med = 20 .mdt zand
about 2? = 20.65, that a catalyst nmade 10 from said catal yst precursor
will be gffect?@%p?ﬁn9neﬁPWH§lééP8’hydrocarbonaceous material; wherein

sai d appropriate copgent bghb9ingf matkik81 deposited on said catalyst
during its previous use;
(b} wetting said catalyst by contact with a
chelating agent in a carrier liquid;
15 (c) aging the so-wetted catalyst while wet;
(d) drying the so-aged catalyst at a temperature.
between about 100°C and about 230°C and under
conditions to substantially volatilize the carrier
liquid; and
20 (e) calcining the so-dried catalyst.
42. A process for making a catalyst tailored to the
treatment of a hydrocarbonaceous material comprising
nitrogen-containing compounds, comprising:
(a} determining the concentration of nitrogen-contaihing
25 compounds in the hydrocarbonaceous material;
{b) choosing a starting material comprising silica
coated amorphous alumina comprising between about 4 wt.%
and about 8 wt. % silica, wherein at least about 20 wt.$%
of said alumina is amofphous, wherein said alumina has an
30 appropriate concentration of silica so that, when wet-
aged at an appropriate wet-aging temperature for an

appropriate length of time forms a catalyst precursor,



appropriate wet-aging tenperature and appropriate length of tine are
chosen to be in proportion to the 15 concentration of said

ni t rogen-cont ai ni ng conpounds; (c) formng said starting material into a
shape; (d) wetting said starting material by contact vvitﬁs} M% ﬁ%«é?@ti ng
agent and an amount of netal conpound in a carrier |iquid; G"Ee agi ng
the so-wetted starting material while wet 3at-the tenperature chosen in (b)
for the length of tinme chosen in (b); (f) drying the so-aged starting
material at a shedpeaahlfs tbeinerelt sa0Womk¥AG ianf Abauts 230G and 25 under
conditions to substantially volatilize the carrier liquid;, and (g)
cal ci ning the selRgEnEgafacar o] 2 composition comprising an aluminum

trihydroxide phase, said phase having measurable X-ray
diffraction lines between about 26 = 18,15° and about 28

5 = 18.50°  between about 26 = 36.1° and about 26 = 36.85°,

39.45° and about 28 40.30°, and

between about 26

between about 28 51.48° and about 26 = 52.59%° and not

having measurable X-ray diffraction lines between about

28 = 20.15° and about 26 = 20.65°, that a catalyst made
10 from said catalyst precursor will be effective in
treating said hydrocarbonaceous material;
wherein said appropriate concentration of silica,
appropriate wet-aging temperature and appropriate length
of time are chosen to be in proportion'to the
15 concentration of said nitrogen-containing compounds;
{(c) forming said starting material into a shape;
(d) wetting said starting material by contact with
a chelating agent and an amount of metal compound in
a carrier ligquid;
20 (e) aging the so-wetted starting material while wet
at the temperature chosen in (b) for the length of
time chosen in (b):
(f) drying the so-aged starting material at a
‘temperature between about 100°C and about 230°C and
25 under conditions to substantially volatilize the
carrier liquid; and

(g) calcining the so-dried material.



