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NG ISAD GATALN T, ANPoAPRLESS h %luFdw?TURING AN
SU| fur congeMRALOW SThFURWIDDLE DIISTIEI.[ATE FUEL
to a high activity hydrodesulfirization catal yst, a
met hod of maki ng such high activity 10
hydr odesul furi zati on catal yst, and a process far

manuf act ur.i ng di esgél d| stil]ate produc avin
suI f ur Thiiewmticnrelates (p ﬁ@tajt e Rypeess for \rFff ylangfacmre of a

g trggﬁﬁ&ll bi Hhétf’]fa S U@J S5 bondentratio-THE LAUEROR Rlrther relates

ection gency ations are currently targeting
f tra highact;mw h}ﬂﬁ&ﬁesalﬂmmtt)atcatalyst;m mtthodraﬁmaimgsum bigh activity
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year 2005 to | ess than 50 ppm her organi zations are

sogplyst. i ng even stricter requirenents of as Iom1as 5

to 10 ulfur in.djesel. Wth t curre

hyr odCesh Pi¥irohmseil HoaBRin Aetaty ahafihslaf byrentl targeting for
CU6Cliithtik Sriitheiaxishugsilfup EGibeffratich i dn9dkd diesel of

chal'l enge, and there are ongoing efforts to devel op 20

i hﬁpmemnmﬂlan{ppmé Bha Buropepnrijaien a6l @mntheﬁalﬂlbwncentrauon in

h@ﬁP%@é@%‘“ b 8 borGRO5 1 e 38 HPEN g oppanizgions e

oﬂiﬂges’iﬂéh %ﬁl@tﬁr @écﬁuﬁﬁlentd offas1dwas Sud 1 0ppali stdfat in diesel. With
uct A convent i onal drodesul fur,i zati on proces

Bt hyiredegylurizafien e elegy:rthe pIHODP PEpepeR uch ¢ fa sulfur

tW@i’?fﬁﬁféﬁ@%‘?ﬁ?&%ﬂ@%ﬁ‘ﬁ%ﬁﬁ S
f ﬂﬁmvanknts\m the axis;mlg hydrede¢suifgrizationl tychinologyttha will permit the

presence n and el evat ed . egper.at ure
aFRPnﬁP%“é’é V@‘D %{)5#&5} Offﬂ/.ﬂlilglf %tstream to yield an
Q{E&Qbﬂﬁsuﬁi@&ﬁé{ﬂgﬁoﬁ{a' conponent , such as

nol ybdenum and group 9 or group 10 conponent, such
as cobal mnmentimmaklnard,rodesu}fmﬁzaﬁeﬂ ptm:ew mplpa@:t torrgdugeithie

@'@:ﬁg@@go%gpf g&%qggl{lb% %ﬁ{p%ﬂ%ds coagéneddpla h'\karocatbongfbecpstdck is

%i&ﬁ?%ﬂﬂl‘feﬂ A b&ﬁa&ﬁfgﬁh&l EydrBERBEM Reddtb&wah a hydrotreating
precursor m xture of cal cined boehmte and

ucﬂtalbfbil indhe prossinng oéhydmgenﬂnslcﬂt on el vated avapeattrecanslauessure. A

54 ﬂ}’c&feﬂéﬁqﬁlg Icg 358 80@%‘83 ﬁfér@?) mF%}l %s?q}%on%ilt }’%‘P{,}ﬂ { he

pﬁiolﬁidénﬁrﬁ landSCerbilp DRk gREpCIEY doipdnemt] silch sk Sobalhér 1WekeIp
al um na peI lets are
supported on a refractory oxide support.

One early patent, U. S. Pat No. 3,669,904, discloses a method of making a gas

oil hydrodesulfurization catalyst prepared from a precursor mixture of mildly calcined
boehmite and uncalcined boehmite. The disclosed method addresses certain of the
disadvantages and limitations with the use of technical grade boehmite in forming
exiruded pellets for use in making certain catalysts. The gamma alumina pellets are
made by mixing a mildly calcined technical grade boehmite with uncalcined technical
grade boehmite and an extrusion aid followed by forming a pellet that is calcined.
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Va0 2en6toBasBon aid foll owed by formng a pell et tHCAYUS2805/033248
cal cined. 1 WO 2006/ 034073 PCT/ US2005/ 033248 U. S.

Pat No. 3,853,789 discloses a nethod of nmaking a

mechani@gas | pat Slo! 9893,989 HisbRsévd midthatl ©f hfakingieélemicatig strong
as a catalyst carrier. The extrudate is 'Fh epared hy
0

malimipavexthidate that map deusedas eAsRyvet caprier Zitrpdate 15 prepared by

I
G LA BB B B o s
Pyatticlé iz kddalumirm ﬁmﬁﬁdh}ﬂmte Qoehniite) Baving eertaim pmhlemlme to
an extrudate is forned. The extrudat.e |se%r| ed
L Herm ga gxtradably pagterom avhieh an extBIastis form jpteig dried

R e ey e e

h eavy dUlS./Raedist 4,066, 5T41 disclabas aysttalyst farnsalin thieriyydrodesulfurization

qu%%%%yégﬁt@:dg | 6a e . W tatianGr oup VI Elﬂgﬁgglgﬁgngted with
c o aP% ’ elgthﬁﬁrn?etﬂts oY fifetHl @oinpBhnddl PN Ql%ﬁmfu?iupport has a

atal yst properties. The alum na
s u;ppmlﬁt pore simdirdthatproividgs fmoertamrdtsmeds@ataim popresticst The

ac w th anprph t h t L.
B e by R S f SRRl e JUff gmorphous
Ofor cHGIBNd Fiatt QludEiia B@w&ﬁ’% rf&ln’a 8 Padly tﬂahf& e%ﬁ@tléd qlhleenmty of

anunoni um hydroxi de to the extrudable paste.

e>¢h¢ extatdatd may b¢ conteadied by she addijdornef grem umu@r@sd@tqi}le

v Grbhdate Pedi T B I elBaBle s AL C oy T o871

dicgnet er between 80 and 150 Angstroms and | ess than 3
vol unme percent of its pore volune in pores havij
i)'@@e Bppres

, d (2600 dn- Thasuppanbes stiesst 7@ walumg pescenbaf ityppre yo
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ga%n%tsae% B&&geﬁ) 89 ﬁ‘ﬁlwﬁﬁﬁ for rmnoﬁ%iirl% % Fhiuhts percent of

crning a
(tifsqimm va)mﬁtm poﬁeehmnghmmaér dhoeenl OmJAngsm C (800

F) to 482 C (900 F) to form cal cine
cont ai ¥y gé %?%H disclaprs AsihAg 0 ? g2 augina catalyst

al
B A A S o o
a abeupA 7860 SF) tbr46m°8’8901) °1€)]19(foﬁ1) calcing@ alu@ifPegnisiping gamma

for from8 to. 24 ho conve 1e c | ci ned nm na
¢ Surming and miRinghecakined ARDOR ViR PRIk o 4 Retet Al The

¢ %&ieﬁ%ﬁrﬂﬂ ta?igﬁﬂroqtﬁ‘&rﬁ6% ii‘ Bfis hé&ifed t@f&@m%rauﬂ@ 61 from 88 °C
(800 to 482 is inmportant to achi eve the

d 4590 m) tod2l Pegzsoﬁﬁa fomfad:mu&te @4diours tegouvart thiegalcined alumina to
ast .about lalu na.Wth the remain
T g ety R e Sufiobdon RRReGTRR iRl fro range of
a|49|7 28U a0 QBE“‘U‘Q%OG'FF}S iMporrantfi@ chibve the ddsired4esuits. The

di scl oses a desul furization catalyst that conprises a
calcined alumina contains at least about 80 % gamma alumina with the remaining

portion of the alumina being substantially entirely alpha alumina monohydrate.

U. S. Pat No. 4,271,042 discloses a desulfurization catalyst that comprises a
hydrogenation catalytic component composited with gamma alumina that contains
dispersed delta and/or theta phase alumina. The catalyst is prepared by precalcining
gamma alumina or boehmite at a temperature of from 871 °C (1600 °F) to 1093 °C
(2000 °F) to induce the formation of delta and/or theta phase alumina. The resulting
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gamma al um na that contains dispersed delta and/or
wOeow/03kse al um na. The catal yst is prepared BCTAUS2005/033248
precal cining gamma alum na or boehnmite at a

tenperature of from871 C (1600 F) to 1093 C (2000 F)

t Qpowildd sethem ik Wik bipha funiled indnahyrete (bbdintite) BAG formed into
alumina. The resulting 2 WO 2006/ 034073 o

Paelless oy exiradmenthat ase grlained at 3 Ewertureplffonn483 Hh 6900 °F) to

Al ( . o _

pel ec?gl gr ex%‘?‘f@zﬁi@eas&%zg{ g@eﬂ caq‘g{sﬁégﬁ g?‘d fgfnﬁlate mixture of

t egmpenatindnowith dela ¢8Zo:Ghéta Phade) altminar Ehe EatalyétDPpér may be
suppert consisting of an intimate

to form a, cafal yst

i SOPqpositegt wit %%lﬁydﬁ‘i’&?ﬁﬁw GAEPPISBEt a and/ or theta

phase ' T ééwg :
conpos ﬁ?é%lﬁv%%ﬂ? ' tgl ’E’(e) 6’2;1/?11 P%ngﬁ ation c%lgrrg%srs] e tc.%taB.{St gl.at %?ﬁlp rises a
Ndrydipgefstidiconmponehiompportedhyta perots, emsorppusatidciety oxide

o OIAHSE el { s AR TR RS At 5 il percent
2] defts ARen BT 8 SHPRGhsC AbrBhY Folro R BARE sPRA 8BtckiAR pfopared

wei ght percent delfta alum na. The anorphous, porous
r dfyrex¢mding agprecissard ity desired sunpekt, suchmsapafracioryzehfollowed by

ext rudi.n recur,sor.of. t he. desi.red, support, ,such as.. ..
= el of ghe gzl TS Spu e Sgsifed deRpiEgRn alfpinh cOmbination
exbithRisBppol 08 badcalcided, shest to SpftehatiorORTthetlydfdgenation

conbi nation for the support, it Is precalcined, prior

t componetinatta tomperatine ebevernbaniotfenE (390 "F) anderetenably gbove 982
aohegg@g?)ure above about 482 C (900 F) and preferably

abov “C (1800 F). 15 Wth the increasingly

stri ct eWith thd inereasifgletriaén salfur esticefiatimreqlitsmahitee diesel fuels
fuels. there_is an ongoi ng, need to devel op i nproved
c dhere jssansongoingypesd 4 develemimpraeed Gatalysts and processes fog the

| it oG st Siepdl fpdi®, thUS, an obl ect of the
invention to provide an 1 nproved catalyst for use in

pr ocesdes, foms, anrubjechofifhedhvantionto progidetanl iprevedrcatdiyst for use in
havi ng a | ow concentratjon, of 20 sul fur. Another )

o ByFeREBses for the My RID AL § alsvﬁatﬁ Piarhigbhaying o lave conegpration of
makigQ | ow sulfur distillate product. Thus, in

accordance with the invention, provided is a catalyst
conposiAnatinertobizct ofthapmiestion & te lpapade 8 ppsesstfonankngddw sulfur

havi i ncorporated therein a catalytic 25
h?@@%@rﬂ?&‘lﬁ conponent wherein the shaped support

ys composition that

Mat er i athyk SinGicSatisicaSHtiPthE Mveation &}ifbﬂﬁe@is!ﬁaﬁilﬂés?
absence of al um num hydroxi de and 'a naterial absence

ofcomprigestasshiaperbsuppart siatérial dbvips dwcorpdratet dhrirein acatabytic
t ?{Hro%%n%naclog{goﬂgﬂt w%?etilﬂ file shaped support material is a calcined alumina

having a material absence of aluminum hydroxide and a material absence of
crystalline transitional phase of alumina other than gamma alumina. Another
embodiment of the catalyst composition comprises a calcined impregnated shaped
support, wherein the shaped support of the impregnated shaped support comprises,
prior to its impregnation and calcination, at least 90 weight percent alumina that is in
the crystalline transitional phase of gamma-alumina, less than 5 weight percent
alumina that is in the crystalline transitional phase of delta-alumina, and less than 5
weight percent alumina that is in the crystalline transitional phase other than gamma-

alumina, and wherein the shaped support has incorporated therein a hydrogenation
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enbodi nent of the catal yst conposition conprises a
cal ci ned i npregnated shaped support, wherein the

VEO 2psd34apport of the inpregnated shaped supporMCTI/US2005/033248

conprises, 30 prior to its inpregnation and

cal cination, at |east 90 wei ght percent alum na that

i %aﬂa[}rtic%ﬁlp@h&:&ttﬁérbbﬁﬁrobtcﬁlﬁ@ﬂlbiimpﬁgnaﬂedshapmﬂ support, and wherein
gamma-al um na, |ess than 5 wei ght percent al um na

t ﬁ%ﬁlmgemtwaﬁﬁ‘%@mpﬂilﬁ%ﬂ?m%fﬁsi tional phase of

del ta- & iddancB Y £idfhek BRRnflon WGl HBthoR BF fRRingd eHEAA

that is in the crys ne transitional phase other ~
t lhempgsition usefulLinithamanniEcinteesfsi lowt swbfus Histilate pogust. (This method

-has .i ncorpqrated,therei n a hydrogenat.i 3 WO .
> CRAPS PACBE pars e materip] 2bsinse RS Alpinum

mx ERRYd N8 e bRl ﬂﬁeﬂcgryf SORANIRE BRARRAIBHREO6E aluRith,

rein the inpregnated shdped support is calcined.
| comprising Fatmastlinmine end incoipovasing thereinsa catalptit:oempgnent to

Ki a catalyst conposition.useful in t.h .
AP e g BTty ahcafiut Fie pueredaftp thepplyprovide the
MRhtARAL coinpddfthod Aholie ¥inBbdithent S1HB fventip®ficthodpTviaking the
a mat'eri al” absence of al um num hydroxi de and a

meetehisheorapesitianainoludes fprming 4 shaped partivleicomprisipg &t leagf90 weight

al um na conprisin na- al ymi . ' r '

© RERerh e S0, P pRRRERe A Sl i S s ASRBRAL Ll o

| RbAt Rl tafnPerafiitel coraliGdmion@ni-re therfoehiiitd ofitie shaped particle to
thereby provide the catalyst conposition. Another |

e gpmaiming: The sontlied temperpireerndsions eppgoHaddo ithin a

Tt R eSS 26500010 -C 050 o

exiedt !&SSienﬂang alhaf the boanniw?f ihe shapad patticlaisegnedredtb apegtalline
articgle under a contro]led tenperature condjtjon t.

c gapEhena phassadrmina Cer aggaaﬂrféﬂmoemeofﬂb? {’9311111_% of the

SSRGS LABE QUL

ofahiminatatherdby $evide 4 886inEJ skaped padicle. Th60alpined shap®d particle is

t hat essenti.al | Il of. th% boehm te o{tttBe §haFoed
p&ppregpated wi pestiation cataly(e eompeneat to therehy proyidg an

p %ﬁﬁgﬁﬁte&‘ EABinRa shiffed pRAR1d tAaIis daldBie b BHercbPP#O¥ide the catalyst

the boehmte of the shaped particle is converted to a
ccompasifiome transitional phase other than gamma-

[ um to t b ' l.ci ned _sh j
The. R FIROGEEIE SEB Y5a Fid Brrdn o e s e dfr fifGhiing a low
hygireaasaldOprodaétdyyonfict RidiodedulRiieiiorPéonditid@s a middle
an 20 i npreghated cal ci ned shaped particle that is

c distillaschydeocarbondbsdstock haviag eugic sl far encenraliono withiths,

In.accordance w th [ ' i ‘1

{ BT a1 o FhRCRE by eGP e iBocipd 88 838 vielaine

Canéwehif@omidatedistie pebdacy Having Zioiw fue otbehiratian. a

mddle distillate hydrocarbon feedstock havi rzig a hi gh .

sul f ur FdGnt presents ﬂ&%ﬁx diffraction spectrum for a shaped support €alcined at
a calcination temperature of 399 °C (750°F).

FIG. 2 presents the X-ray diffraction spectrum for a shaped support calcined at

a calcination temperature of 454 °C (850°F).
FIG. 3 presents the X-ray diffraction spectrum for a shaped support calcined at
a calcination temperature of 482 °C (900°F).
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af or edescri bed nethod and yielding a |ow sul fur

Wi delle®3ei7st i | | at e product having a | ow sul fur PCT/US2005/033248
concentration. FIG 1 presents the X-ray diffraction
spectrum for a shaped support calcined at a

cal ci natIGon prévehe padts bEIRreat88n terfipdritine refbited fr the
presents the X-ray diffraction spectrumfor, a shaped

sulspdfurization phia diegg! feeslostackounder eeriaim ipst cangitions (o xieli a diesel

> oL .
< it B0 o 15 PSSR ARG bl 2 for

c dheéntizé catalysemdaonh compafativ@2ataly§to00F) . 4 WO

2006/ 034073 PCTI US2005/ 03%48 FIG 4 presents g{ots ]

of t he HEaePIEANEaIBIoR atal Wibqarh eepipylinafgpresenting a single
deaf éxﬂ}du%ﬂ-ofafdeanﬁgﬁgs(&j.?iﬁ&xs%simg&gxymfesﬁﬁfdgaﬂ% the use

test conditions to yie esel product having a
pmhasatalyst made by ah embiodiman ofitheimantive methadavhich ssesaagmrefully

for a j.nventive ¢C | yst. and for conparativ

c donflsd negf pagneat 6 e ¥y S upnt SRHoVRIGD rarprally spntrolled
C%ﬁ%ﬂéﬁt%fﬂ?d%ﬁﬁ@ atditheat gedied &atal |sf1ﬁ150r_t.
concentration of a desulfurized mddlie distillate

pr oductA newal catalygt ¢conaposition has deediseovsradthgichas apactiqpjarly high

an odi nent .of .t he Jjnyentive. .net ho ich use

e e ETEY Ty eR Sosdn ghe g SResiniY P oh f BuSpfilob BERGie fecd stock.

S REIRAS, foreixh@pRY di¥eldil; diat hal 4 Migh @Bhdenlraish of @dfur or sulfur

treatnment of the inpregnated heat treated catal yst
S@é\tglépgmpow

s .eeppeundsiucnanexgano ApOYS eatalystrompesidien can provide
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dikgbivh hgtideadfirzhickcatalysivbnidsitibag. Ieis esprctaliydisefibin the
oil, that has a high concentration of sulfur_ or sulfur

c anpwiacise of amulira-lopahiys diesel prodiich Biahirs a splfug concentration of

cat alyst oo ; >
;R AT R R AP 8 e P G4 oF B0t 5 .

t 0 ot hdt hdsDekim disnoverelt thaethelifventivahighmactiwityaéatallyst composition is a
conpositions. |t s e cially useful in the .
athbRoxiog RS hyhish fiydragsnation amRGRERIdF SRRgEied on asgecially
h3Rad sﬁhﬁ(egt)!;%%gﬁ%&ﬁbﬁ&g g%mal GpRubdha) Thi dﬂﬁﬁé@sugﬁ&é can

mlli1on even | ess than 10 ppm or less than
phave & mateaial Blesencalofthe transition dlamindphasesafidelts €5)hilghina, theta (6)

i Vit t al Ry [ t t al L
" el ind RGBT e b Snebor SRR cspthele e
S RG§dndt b aluBiR H9d:2RaBAt o BRI fubthétha4e AMAAtERa aBsHos of
(y) alum na. This”shaped support can have a materi al

alabnipamdfydrateand eaesitionsiuminambasesitzes dhangganyas alamniigy. Thus, the

5 e et i eenre BusiS 30rBRER b dorb i Bfimina
alay@hivea Ml shseadtbfialuBRmineyeiodidd Ael fohay ef fransitional

mat eri al absence of . .
crystalline phases of alumina other than gamma alumina. Indeed, one important -

embodiment of the invention is that the shaped support, upon or into which is
incorporated the hydrogenation catalytic component, has a material absence of the
transitional crystalline phases of alumina, such as, for example, alpha () alumina,
delta (8) alumina, eta () alumina, kappa (k) alumina, and theta (8) alumina, and
additionally, a material absence of aluminum hydroxide, such as, for example, alpha

mono aluminum monohydrate (boechmite).
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al um num hydrate and transition alum na phases ot her

t han gamma al um na. Thus, the 25 shaped support of the
waovessiosyE3cat al yst conposition can conpri se garmGI/US2005/033248
alum na and have a material absence of al um num

hydroxi de and fornms of transitional crystalline

phases &p@h@mlg%g%gm a&ﬁ&ﬂoﬁﬁ%eﬁﬁ%@ﬁmﬂ'fﬁfﬁg aring the

one i npo inment” of the invention is )
s lcapadyit samppasition inplodessthe juse of edmairhstarting mateiaboand g formation of

BeAval YA Lot HeL et niF SRR ID sortRlo e tyf and heat
alyidhfiéht cMifoSso aks @ pRVIIEA Beat feftbd skapkd phititigtaving the desired
delta (8) alumna, eta (rl‘%leal um na, kappa (x). alunmin

: ppa, na,
arsdmphsition f@juirad forifarming ibe fingl srtalysheompositiothkaving high activity

absence | um num. hydr oxi A SHC

A e e e O S
2QRE(Rs 0T theRRdpd AR B33A4Wed By By ihtarpbatiby of the catalytic

I mportant aspect of the inventive nmethod for ari n(%l

t Isempanentyrip thedigsbipated shapad padisle andea ﬁ?%@%?afgéﬁg gppfrolled

startin [ [ formati on of a shaped
par %F%I{r%{éﬁ{qas %e%gﬂtt%tggt ed under carefully
cont r ol TireGtdrenpmeatetial wsedrin phepating theeshapasruppant gadttictes the

so as to provide a heat .treated shaped partigcl]e havin

t atalist corBRPSHIQR R Selested Hiant ageng alpminm ﬁzsfﬁrqugsst ¢h art also
fil.Q%|, I i ' (120 t':}?di-ét' mhﬁ

use O?J?%gﬁgcésJ %I%%g?#gﬂég?ﬁ%%i%i allie f%grd fted

S tahahina,fthet veloant preparediantbmeated incmtondaceotith the paitiqudat features of

Sl A LR kit
PRGialyst SorfipikitforIRvRipth Kidh hiydtdd¥s I Ritizhtedd £4ivity. Various aluminum

tenperature and heat treatient step. 10 The startin

nitydroxades aseebnimerpiadiy avaiiaple. hut the poefgrred plysrinup dwdlrogcid.e for use

of. the .cafalyst .conpositi.on.is, selected f s

o i SR i S aed SEPPRTA Petiel s SR8 pfibliBy mep B R Pnich isalso
t heRfred K Ad Rhinfte] &/ i@ the 2Remitel RnhuRw-AlO(OKR hydrate

or hydrated alum na, that when prepared and treated

i n accdngemaal, thewstarting beehmitemptgriakusgd i e pseparipg ghe shaped

i nvent j el r.af i i . '

¢ PSR R PR i R fER el g PSRty Whaple for tho
-hagkRgiteniateial foys Obigh phufity boshiiiRwitdcinoxs thyn 9%/peicentsand even
al um num_hydroxi des _are commerci al |y, ayail abl g, g?ut .

t ot thaneid neecent ohths beelpHe Beicis] beint i forp B? dipha plygrina

i ; i : )
RS, FIERSL ol 51 RS ALILG ot s than s
h awicngtstdfémpiattiesc aichfasy sitidom diexdide($3), iton oxidedFaiQ;) whdalkali

gk%rg%ia)na%@b ¢ hmﬁ ts&ﬂf&é{)b g{egﬂg.j‘%r %.pg[;qtqgg, { ?r S 1%(51; gi%x}cﬂ%hould be
PRYCLEH inAbdchndif® kLAl b bhdeniBiiin SPLE thaf 200pm, and,

ehmte materia e a high purity boehmte w
mprefetabbi 138 thar 160 ppraBuit,dyginally, the silicon dioxide may be present in the

range of from 80 — 130 ppm. The iron oxide should be present in the boehmite

et

-

material at a concentration of less than 200 ppm, but, typically, the concentration may
be present in the range of from 50 to150 ppm. The alkali metal should be present at a
concentration of less than 50 ppm, but, typically, it may be present in the range of
from 5 to 40 ppm.

The shaped support of the starting material may be formed by any suitable
method known to those skilled in the art; provided, that a shaped particle of the



nmore than 99 percent of the boehmte materi al bei ng in
the formof al pha alum na nonohydrate. It is also
desirable for the boehmite material to contain |ess

than small amounts of inpurities, such as, silicon =
) sdl oxi de J{'g{ [ ron oxi de (Fe203) and al kali 25 .
B8 m%a UGRMBMeated in Begordaict Mithahe

‘uﬁsﬁlcﬁitb'p?mdgh%ét%a ;ﬁL}gE S(ljlpp resgn# Iﬁ rby_tegr;e Elgggg{ge

material at a concent
‘Prgperties afihy inveation. tmmﬂéﬁom%h%un@fﬂétﬁé’ds' lﬁcl}lﬁgf‘ablenng,
%hlzl%on di oxi de ma present in range of from
L FFPASRIRusiPR -oxi de shoul d be-present in the

b th 200
T s g A
T‘ib ethe pertiole By this théthba) the sRifg J%M@&ox;de

=tﬁll Sqo‘ilﬁﬁg”tﬁ res nt at _.a_ concentrati on of
SHIH § 1£5efquy MSLH@lelqwtusmd;m the
Pmmﬁﬁuﬁnd iftaYarmek S £0toPBHh ] 5@@&@0@@9 “&g@pfg B ef

starting material maybe tor y an

thionghan eptrusiondiedn ithetr@:y fonntahexﬁ'uﬂate pG@ﬁerdﬂsi thé bfal @ratm of

AGERRE A RECUE IS wler biFrdopefer o Ben dhomreulshleestelivin the
rasgeod itcin 0. ltDtOIOT(DIIIBiE xﬁo&%zcsj[ye%ﬁé cighM BB AHPRAL,

artjicle haVJ ng the necessary - properties

- hy togat egé“ﬂqeggngﬁ O&ﬁmwr(il %h&pﬁﬂg'ﬂmpi‘hfeﬁed weilghid@tio of
ety xid PR -ble} 24ddd ARG R LUSIGN MELBOdS, 1L [,

pre erred to use an e

fromm@364 ts&phanﬂ mestiprefesred, iR 1ﬁﬁi@efah§@o§ﬁ1&aqdo§}%°”

hod, , the starting al um num

| e t hi
ﬁ;‘ (rjtréé Hﬁ’f)l@g@ n&‘&quto eamgrtugeraf ﬂmmﬂn‘ahbdlromﬂe and water
cat Belatiy! sﬁiftabl% 244 halsEisBh th AR or 4 RuRERRSEURHE nite

4namanner so as to ormane

Bis generallyiused ta ¢ondrojthegrH eﬁﬁmmsmcﬁ.ﬁe & ﬁuthﬁx thb ?ir@?ﬁbf from 3
t ratio O

' Cener al t he wei
0 ?a%h[rﬁn um ﬁ‘tazij ?%@% 2t %él eﬂgqr%ob%‘&ggtb%ﬁhq prefepredhatidds
aceamamddable paste is in the range of fromOlth -

ut, .nore typically, the weight ratio of :
al uﬂﬂ‘ﬁ?ﬂﬂ“eﬂfﬁ%%tﬁés \&éﬂ ghaped supporterticia gethefinden@bh may
have- ), 1) ratio o al um num
2y e aOkdomal cHap s el e el abaien PofdlabeCotgmenas auy

othprssuitable iskapea Atypichl site ofex@udbte has @ c?bsgase&fb‘_i’ml %Eteﬁ_ﬁl the

rre hera nge of from1
ranfe 1%t .?88‘&%5%{}%@/ @ 1nchbtoR.- X3 #5emof (léﬁlmh)lmd a length-to-
diatyds fatiods th abl.e aci d that
" assists in %gﬁ%?l%ﬁ{b ?a swp?éa?s SE&FPPU%%BT g’%
~ pasht & an mperiant aspeqofidreanbthod o€ freperisHte/shh ths%ppéi't Phrticle
and @ﬁﬁgl)&ﬁir?% tomvm tihl n étge ran e of from3 }g
ETong Anar SymResian o Eﬁwﬁg o foritke shaped Slmwrtmarhcle to
substamtihtytentirel  GorprseriliiBithudt hitirbRide A5G hsfvedFihs water content.
The preferred form of the aluminum hydroxide is boehmite, and especially preferred
is high purity boehmite. Thus, the shaped particle will comprise at least 90 weight

percent aluminum hydroxide, wherein the weight percent is based upon the dry

weight of the shaped support particle, i.e. , the weight percent is based on the total
weight of the shaped support particle exclusive of the weight of the water contained in
the shaped support particle. It is preferred, however, for thé shaped particle to
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The fornmed extrudate used as the shaped support

particle of the invention may have any

WOaees/3e€Bi onal shape such as cyclinderical shapERUS2005/033248
pol yl obal shapes or any other suitable shape. A

typi cal size of extrudate has a cross-sectional

dlcaﬁ)rpheé afl 18ast 08 wdightPerceht diaihvabRytroxide Jan@inbdy pkeferred, the
inch) to 0.79375 nm (1/32 inch) and a | ength-to- .
dishapsdeparticle can ¢omprins at keasfdBoveighigargent alugminunp hydyoxide.

preferr [ Ld gl L1 eI . s

aspect @%sﬁgé&en%@ﬁ%%pg?ckrlgg%?ihﬁ%t tﬁ% sﬁapggéésuppto?otn ditions that
Panidlidd the care€ulichatrbl dTahe feftipatarde condifions $d asto@bsuréithat the
i nvention for the shaped support particle to

s aewlting heat (rgatechshaped juRnorFaFrticle dpaFho GARATAGMESFiEble amounts of
te)éigitg %m@&i@xﬁta {nuﬁf)% Byen, othaf P‘éﬁ?g; &f élﬁﬁilirraal? Fl)ﬁ/ﬁ, Qkeferably,

num roxi de I s I'te, especil
prs6fag to esduiethdti egdenpially hl tHecxhlaninhien hyidvate is tdvestbdtponh alumina

particle will co I se at | east, 90, wei ght ercent

D Bt 8 PESISBIY the GRBMA SREnAEPHNe T PEPERs g Reat treatment
base . i . ey s
DSBRRR BRud aBh noh Bnh 9P el o wiin
t spadific temppatueiran gectoginapebieat trpated shaped padicts kaving winaterial

O e SElianmliohafunt Shash P} TR, it Y37 Rfhina, theta
S ROPAGBRA bl Hafipd ) Bluniifh 21004 B340 EareRAN d6RRO0S A8 Bddtment of

conprise at |east 95 weight percent alum num .
h i shepetbsuppntt, it fanther ¢gandfaze aaehterial ebsepihe pEalupirum bydroxide, and

P P8 PRl ARt S AT RoBE i Bl b of wansicion
t aAhiRE pHAS biter BAhPaMmCAmstidal ons that include the

careful control of the tenperature conditions so as _tq

assur e Thedemperetume ataxhich thecheptligatnentis sendiigdds| controlled to

sy i . ,
o RGN it 6 £ SRARRT R PERRE 8o iR e et
phrard shipediparticdethabhab, thppebertieh by desceibedbertin. Ahs tenperature
that essentially all the alum num_g’éﬁlr ate is converted
t SuEAg Hehsrhieatirnihe cagcoptoled 9 Qm@nsqﬁf out 454 °C
al plen bEsif 518 k8er, , cnd 3

LT R 10 P T o et el RDRliod n thepange of from
t Aboutiaphcurs & Abauit 2 houmsior bven mloh@ersipne périad as is required to

L R T ——
a'dUméaaa(lng)ﬂﬁéﬁﬁaé’J. Mgk Eﬁecﬁ@all?,'( ﬂi)gicalﬁtrol%dQelh Loatié BeHditon is

t het a al'um na and” kappa (x) alum na. Through the .
c aoatiellddsodhatithohtat trehtownt termpatatunaidoss notterecad S (940 °F) so

support .it further can ve a.material absence of .

2 PR iR RR IS s aersion ot B8 Saftink Hpiim YERRER plierel v the
alHFR Bl et QlintiRa, Rl AmiR afetaadlmiﬁfaﬁ R&gpaGilumina, and alpha
transition 15 alum na phases ot her than gama

alabmiina phases It ismpyeferred far the cantiodind heat treetment fesaposatie to not
' [ secont ol |l ed it hi
e 05 ofidged A e breldregeine SR B aRE REHBIRE

t fénpi@are should not exceed 488 °C (910 °F). In order to provide for the required

conversion of the starting aluminum hydroxide material to the desirable alumina

phase of gamma alumina, the controlled heat treatment temperature should exceed
454 °C (850 °F), and, preferably, the controlled heat treatment temperature should
exceed 468 °C (875 °F). Most preferably, the controlled heat treatment temperature
should exceed 477 °C (890 °F).
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treated shaped particle that has the properties as

descri bed herein. The tenperature during the heat
WOea0G3073be can controlled to w thin the rangePOf/US2005/033248
from about 454 C 20 (850 F) to about 510 C (950 F) for

a heat treatnment tinme period in the range of from

about OwmabRUbeark WHRR %fmrﬁ% HAPHh Fo B “BURdHaR abRREST of a particular

tinme period as is requiredto provide the necessary
c osnnapanicphoiche heat tecatedishappdpladialeisthatyihie olévaat eonponeat is not

e

t hattthe Raalnebdlydt ceRpOEitibn bLMR iR T0RGsE1iBedd BECRE dignificant

504 C (940 F) so_25 as to mnimze the conversion o )

t hereggnse of vry1ous phases of Rlunisa other ihar gamma aleminaand of aluminum

u ' ] ' het a, al ym.na .
:CSBAEAPIAR ! ! O LR LG 0T QL0 Bimposion

preindiav e d nkgativelimpaciitorthe HiReel hgdiodesidftri¥aiién activity of the final .
t e&pﬁir ature tqQ not exceed 493 C (920 F), and, nost
preafalyst sgmpesior ghitusoWhidesmalh empynts phihetalumingphases giher than

S hé}hﬁjlfﬂa Qﬁhﬁ%ﬁﬁf@%ﬂé&lﬁnﬁd ﬁécﬂgtﬁ)ma}j %geﬁg }c{ ti(ﬁﬁ %@&V&&?ed shaped

for the required conversi 0

- al paniicle nsedyid thepreparation bf the final ¢ataystesinpabition Mudhiamounts should

f&%f;gfig{f S it Pt 8t s T aally o §3q1§ aftgetdhe activity of the final
r g
LAt 9 S5 6L AR B e

c draated shepedyaticle isintaapitallineplansinapiase sthew Kithnegeaaralalumina,
477 C 90, F). 8, WO 2 034073 PCT/ US2005/ 033248

it s alimhing Bhebos B e "ﬁ@“’H@r thefh AlumitHeo5a alitap Jrapp
ak3enEa an@ falpha Rhing Wnid préRFBENREY thet 2 eiigRlceht, %ﬁ&,fxﬂost

shaped particle is that the rél evant conponént is no

priseferably, less dham § weight peroentt ofithexalugiingmof the heatitseated shaped

af fects. t.he ultijate catal ytic operties of. the

7 waiferginin B oy IR Barii Gl e R o e stppaif

bel i evatistaidt arl iigodtafidsped df theSnPifivaNER thS hotRteMed shaped
phases of al um na other than ganma al um na and of

alparticieieaniay @mpaterialabsense pé aluminum hadroxitep Ehergfore.iagubstantial

u . [ t 08I L] . e.
SRR T Rl A BB Bb o R e
atteatndry siiduld be chnvetted byatichess treatmRADDI 4 drostallihb phase of alumina,
whi | e Il amounts of the alum na phases other than .

g RFGFEr S s alemie. Bheesh beetad shaped paricley thysy houkt contain an
i . I i i t 1

b 8aheR ok AR08, S Bate s il it prn
amasadics the tathldveipht ofithe heat trieatad shaped pheticld. Pegferdblyn tie heat

Sy TR Y5 i D36l s by e

Dl bt e A R na phase of her ¢ han

gamma dhe heatdreateslshhapaisparticle hhumspesifiphaee straftuddhdlading a

akﬂarpa&gﬁst}chnext Py Lgrrg d?gmetg}, ?otgll puogcie \rr]glhmk aagﬁ%ore size distribution.
Generally, the median pore diaﬁueter of the heat treated shaped particle is in the range
of from about 70 angstroms to 120 angstroms, but, preferably, the median pore
diameter is in the range of from 80 angstroms to 110 angstroms. More preferably, the
median pore diameter of the heat treated shaped particle is in the range of from 90

angstroms to 100 angstroms.
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‘t r eat ed heparsERtage P

15 alum na and al pha alum na, and preferably |ess than
2 wei ght percent, and, nost preferably, less than 1

W 2@34983 cent, of the alum na of the heat tre®C&AIS2005/033248

shaped particle is in a crystalline transitional
phase other than gamma alumina. It is also an

| npor t ke t@aPRsEE volunid¢f the hﬁi&ﬂeﬁlﬁdtslmiedtphﬁldheﬂtgeneraﬂy in the
treated shaped partl cle contain a nateri al E@lnce of

alrengernd fiony ahosk Pdecubitrsngimstess pe semdeeigiemyto abgut 1.1 co/gram.
p i
AL N SRl
C @i anés prafyrablypfivand. 7 ceigednrend.Otco/grarer yst al | i ne phase

of alum na, pref ef&g » amma, al um na. The, heat

wagfol%n&a“ewmp%ﬁs of the heat
, L ?@ﬁ%@iﬂep @gﬁw%é’%&el&ﬁ:ﬁ&& RYSihex 8O %nggtfbins is less than 25

I ght percent based on the
t pemkentidginond tltkﬁepdreaﬂess theeant Fepleredrd o€ thegatal potegiolume of the

P bl a5 178 et S B R SR AL e tham 50

aﬁ%ﬂ | %s f&ﬁﬁé ofe%aw g\ﬁ%ﬂﬁ&eﬂoﬁe’tﬁ@éﬁ S@Wﬁﬁ‘to 350
oxXl The at trealed shaped particle has a

s pagstxfoms pmrfeﬂmn 70 peteent ofithe todalpgrevolumgod ¢hechaat treated shaped

crpextife R piamed & niepacrs: fin BRI OB ir Bfefi S pfroent
t Rfd Rek pheferde dt &hamq)ea@ht,lome togal lvﬁluhﬂﬁo b2 i hoFdr&f having a

from about 70 angstrorrs to 120 angstrons,

but
p mﬂmtqmeyweemrﬁé) todd0angsieames. Lessihan 3 peresnt of the totl pegevolume

g Lte &ggﬁwea%?‘ﬂ%‘ {’%ﬁm‘gn eé%r&etﬁ 81%5 %(tyoﬁe dlﬁme%er greater than

thagﬁghn@hfgped particle is in the range of from 90
angstrons to 100 angstrons. 9 W) 2006/.034073

PCT/ Usdtiogetsuenses herei te dhe possotige distriftions and,porgevglume of the
t I ﬁﬂﬁ i t &nLH trath
from ago‘a{bagigatgﬁ@idg&co:tr}ﬁb ?engtt% g%@%é\%ﬂ% r am c%yag%aﬁ P g ool
alpotdsinetdy. dhegnhessurenient fof rthdlipyre sibe disaitaitiopoofeths gllumima support
is in, he range, tg&l‘fromo 6 ccl/ ramto 1 cc/

SRASHb AP S bl e oty LHRITER SR Ahglp g 140° with

gﬁ?g dledm ROFsecyol ume contained in
tﬁe poﬁgs t he ﬁ&eat tr'eated shaped particle havin
a por e Follawiigdhe Farpmitioh af ﬂ@GleairtgﬁatkﬂmPﬂhpamgb thi gat

ItO ﬁér%ie)g% nd a% h%ﬁp ﬂ?eﬁie%%ﬁg fﬁ]ﬂgg‘? Bﬁnsﬁg @B}Tltls ﬂIercafter

p@ﬁﬁjb&b&td §se'cBnd héat I@z‘éﬁﬁﬁen'ﬂ Fhiﬂguﬁe@' baenn@rcoﬁa@ané@neax treatment
50 angstrons. he pores having a di anmeter

b eond;emsao aart@ gssmﬁ@at an meemﬁomatwgmwb afthe plming Rupporlls

g ﬁrglg\gegtted %}ne e&rgb %?ﬁg%ﬁlﬁe %grlafq hg,%eg;&g% ?lg ﬁtblﬁg l%l%ﬁis 1 method

PiefyenRed toiaespeFate thelcatilyticR@dsiponnt) B1t6 tHetheat Reuled shaped
nost. preferred, at |east 80 percent, of the total

v pexiigte, byt any of the novimpregnalion gle@ho s, such as, spray impregnation,
soaking, multi-dip procedures, and incipient wetness impregnation methods, are
preferred. The catalytic components include hydrogenation catalytic components such
as those selected from Group 6 of the IUPAC Periodic Table of the Elements (e.g.
chromium (Cr), molybdenum (Mo), and tungsten (W)) and Groups 9 and 10 of the
JUPAC Periodic Table of the Elements {(e.g. cobalt (Co) and nickel (Ni}). Phosphorus
(P) is also a desired catalytic component.
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di aneter between 80 to 350 angstrons. Less than 3
percent of the total pore volune of the heat treated

vitepeelogatt icle is in the pores having a pore dremessis/033248
greater than 15 350 angstrons. The references herein
to the pore size distribution and pore volune of the

al um nariURRMtc dBRifdhb@k ndlybelificdrpoatedinenRe hef sreated shaped
determ ned by nercury penetration porosinetry. The
nasiplensing o onmere impregeatien splutionsiseniagrng png eramore of the

al ym na s terd [ i .
40 SRR TRl ki REnds SHERT & aquepypsolution o
withddesAed aataBLic ¢omponuh of prebersst thereof. Id Tk chgaof a Graap 9 or 10

25 T. Followng the formation of the heat, trgated )
s mestela Gpeunt 9 o B ek aceigtes, ﬁr,b@natgs3 ﬂ}:gﬂﬁ%sﬂggd sijlfates or mixtures of

| BGRILP B{o'il{: ﬁ%réo@ El:l%%ss it ﬁg%@fgﬂé&‘@&ﬁﬁﬂﬂﬁgﬁiﬂﬂ £metal nitrate

which i's reaft ubj ected’to a seco
t se¢l aefitrates gfiniokel wn debaltc du thewabe o £0Gtoupl § mdtaheadnit of the Group
treat

nt . .condjti t th .
| GSREA, P RS i B AESSBIooF AL PR A A A5 1%, ey e used in the
C %)sferglhtsg%f QUHACPieraRldars s)a Rdnldififg aietmopg 6fasrsnd

Any”s e means or nethod may be  used ) .
i aoumgrvmtien,tsheh geaningnium keptpoolybdate amt anmiopiume dimolybdate.

treat ed shaped article, but,any of the kno ..
| P SgPeemEROh el e istel Spounds B fhe pnnrrghalR Splutian is selected so
SQatd MGvideithd dessted A BAtENASHoR DI thE FigihIta8yst WBinPESifion of the
i npregnation nethods, are preferred. The catalytic

c invsotiont Bypicably,the conatntraiéomef the metal gpxpppund inthe irapregnation

h,.30. h t G . t he 1 UPAC
S UGR095 B8 SERBA (D Fhk B o1
ol y bd e an{oilis.of 2idlytid igetilpm{pdihd and] iA&UR8, fhosltbrdilk
of the |UPAC Periodic Table of the Elenents (e.g

c 6pEppundsHcoratad exanprespagd infnhe haftreated shppedpatigle is such

3 TR

I hearteatméntche final datudydh eampbsivan efiths imxpatiophad the ldesired

usi ng one or nopre inmpregnation sol utions ntainin )
ofncstratigns ofthe saalyiiceompaneats bhpamevntof Grpp 6 metal contained

p?:?{h%rﬁrﬁfj c&tﬁi?étjﬁ bbifiBn ;Qﬁéﬁl:[%&d'uﬁ BinAHL RIS of Foktf AW 3 to
0 the desirfed catalytic corfponent or precdrsor
t bbow @0, pieferstly fioas4 tw27,andy most pPeforably) fisme a2 weightipercent,

9 10 t t at . b tes, j t -
S PP B Gk e Hiox BRand Pora e b BT Ry e fnel
ugRalystdntbdsliRnRh@hgvE 6£thE 93@%@@0?@519&1@ THRlakount ?1;] Ce%roup 9 or

nitrate such as nitrates of nickel "or cobalt. In t
c 46 enasdl cant@imgdpn therfitah batalystcmimpositiontgenealdy phovdd heiruthe range

T TN TR ORI N R

Pieh Veidil paleBntSadiéilate® B 2 GRbwH9 bl €0 el BadhoRRieaind dBskd on the
10 ammoni um i on, such as ammoni um hept anol ybdat e and

atotdnveightdifities §ited satelyst composition inclusive of the catalytic components. If
the final catalyst contains a phosphorous component, it is present at a concentration in

ther range of from about 0.01 to about 5 weight percent, calculated as phosphorous.
The heat treatment of the impregnated heat treated shaped particle, as in the
heat treatment of the shaped particle, is also conducted under carefully controlled heat
treatment temperature conditions so as to assure that an insignificant portion of the
alumina therein is converted fo the undesirable crystalline transitional phases of

alumina. Indeed, one embodiment of the invention includes the combined use of
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The concentration of the nmetal conpounds in the

i npregnation solution is selected so as to provide
wo20de8634p8d nmet al concentration in the final caperystoos033248
conposition of the invention. Typically, the

concentration of the nmetal conpound in the

i rageaﬁe RbaiQfeatrAéit Cbhdil oot BadhhdT theRESh&d tlehtdinPsteds oGrovide
100 noles per liter. 15 The anounts of catal ytic netal

c dhe oslratalyst having wnexpsdtediyrhsitprmidsiie distiatp bydrodesulfurization

AR R fphod FUEHRE Blind Bl ol M ¥PleabinfRiyBlbgue in e
hefbulfurbation peffapeshcdaf fhe final ¢a5a19stis achierd whenlth ReipReature
0 a_ heat treatnent, the final catalyst conposition

t
ofcopditions,gEtheiserond hsat trratrgentistepshified fo samewhatdnghes temperatures

t o f i 141G @]Eryﬁg unt of G oup 6 netal
cgﬁt al tﬁgédy%q?n t eﬂﬁﬂ%@fa@%ﬁtjﬁ%t composi tion

gener al A finaheutdlgst having espeeiallspged aliddleaistillat desdl filrization
about 30,. %{)ef,erabl y from4 to 27, and

riEpRsries iy Sbfaisvehelsho tomsragtre xpigeehibe s b treaiat sep to
Aiéid e froilBd Bhurible'i0 6k ARCAASI BESRL 6O 8t 49 & (850 °F) to
Ight of the finha ca of

talyst conposition 1 nclusiVv
t laboutad 18 1 {350CB) i the tesnpefatareanmgmof thé sédond et treatmen step to

o o el caaat o abast 26 oG S TS BRB IR B io0eE). A
t QréxeRbd teﬁgberﬁﬁl%frﬁﬁg%{%it Bﬁgﬁélpt!ﬁb Qecbnti e tr@aﬁﬁentc'ﬁﬁé?tis conducted is

preferably, froml 0 6 wei ght percent, cal ated as
a fempdpl 8C ¢880LF) te532 “CriIOX Fiiend nmobteprefirred, fidm 482 5€4P00 °F) to

L9} the i nal tal yst canposition inclusive of.
{7 @b M1, ThsraRbond ioR! e SRR s s i pp R it sétiod
C QBEREAT & pRIVERS devhed TRAPERAREL cohdpokitioR 288 84l gédlerally be in the
concentration in ther range of fromabout 0.01 to

aBange of foge gbaut Gy awng to abaptc TR kawsel Relatpiede theoyrpes teng@rature

The. . i f,.1r

<AEEER g BREDGE Heatent it AELGAPRREL I clpSREE for the
s keqomd heav trdatinent step shbald beapdhicleahanldlsbat 38 aC €631 H)\above the
controlled heat, .treatnent tenperature conditions so

adPPe temperatire Henit ofithe frst bent freatment pigp(andnpisferaliy, it is no more
a I .

SR APC (AP M pRRAEN, BE B @pAIRER AP he scoond hem
o reatmdnd stepém twhizh thdenprogrenndd losat traatbd sleped particlerib heat dreated is
use of 11 1,034073 PCT/ US2005/ 033248, specjfic
h&8{mare M&O@Sn }?fio %ﬁgpneaﬂﬂea%ﬁms‘r ittt Brst heat freatment
tg@gt ment steps to provide the final catal yst having

une

pectedly better mddle distillate
hydr oddhelfinal catalyst compositieh,yitel , chganprogmahetleeat treatbdishaped

aaeticloHir el i Bem e Gt oes £ Redltc Bgte txbetiapdpelpding a
a@%ﬁ&@ﬁsti@}ﬁéﬂiﬁﬁ‘ﬁo&%mté{ 19t par& Caltline a8 PoR sizd Hstribution.

second heat treatnent step shifted to somewhat higher
t Eepenally.the medianpore diemeten o€ theifinal pafalystiraomplosision is in the range

b RO E G frops REL LEQIGPrah: Bl prpfisbil e etk pore

diameter is in the range of from 85 angstroms to 105 angstroms. More preferably, the

median pore diameter of the final catalyst composition is in the range of from 90
angstroms to 100 angstroms.

The total pore volume of the final catalyst composition is generally in the
range of from about 0.6 cubic centimeters per gram (cc/gram) to about 1.1 cc/gram.

12
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properties is obtained when the tenperature range of

the first heat treatnent step to yield the heat
woeaisad4qrarticle i s, as discussed above, from alEwus2005/033248
454 C (850 F) to 10 about 510 C (950 F) and the

tenperature range of the second heat treatnent step to

Yipgblrdolg the 8l pord WIINEE id i thé Aiig@ BORHNAGES Ec/EfbDioR) oc/gram,
to about” 538 C (plOOO F). A preferred tenperature
r andemast prpfeably, ions 8 oatgrara de 05 csgralnt step i s

and, _roie AsfespleB 0t ttoli P oldpd Grytifed uf Egotet of fhg fina
Fleataljte cogpesionBniing 4 pévedidihetst legs than 80 afgutionts i§ duss than 25

time period 15 necessary to provide the desired final
c Pemeptand; awpas these porgndessdharyd percant of thrtotal ppreevolume of the

r Ut - O- '

SRR ol AU o 0 g
hefad fok t}&qidmc{cﬁaviii%diaﬁh&r bglpﬁen 1300 ringstfomms ol 850 angstfqomsl, anore
tenperature far the seco eat treatnent step .shou .
bdhTRFEST ] Fheée@bporgsmgme%@a tﬁf f{alsﬁvgﬁméonmgﬁﬁw 1s contained
" . ; .

i PRHE To b Bffid, BB erar R ol Bl o pRANSRE B proforred, a
Misdst R0 péreemtbbfjthe tdtal wnbywee ta Bnipehapores having @ dizmetertietween 80

n a0 pasoms. Hapdh kP o e sl Pote B of &6 Hrgf catalst

_ el B
_ g}%ﬁﬁlﬁgﬁlﬁfﬂ? gsf&nﬁﬁéé ?&’terf g%‘?ﬁrr% Ir}] ?Sreltﬁﬂﬁétefl%'&%_{' a8 0lahpittoms.
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% _step. e final catalyst
conposiThematalyst eompesitéon ofthe invention isquarticulark sitablefprsse in 2

25 thcle that itself .h b heat . ted, ;h

< puRpt fo% i o B gepubiiaacR OF R B Ae Sl IR iop i el stock
NREiRE aRRnEeriafioR bEEulfilr@k ShlfidWotpoahds)en afdldr @ahskesd bW sulfur
di stribution. Cenerall the nmedi an pore dianeter of

ol lardyetarkspsodvati Mard eriicrihs thasialystapmposition
. t .
PP iR RS foE e R BB LitERow Wit diesel product

othatihgm sBffupegrthitedtiontof 1658 theanigsppm, fefeidbly less than 10 ppm, and,
preferably, the 30 nmedian pore dianmeter of the final

c Anoft pEaferablipless #ABA PPELI n the range of from 90
angstr ﬁlgf!: rﬁﬁdﬂeotﬂstﬁﬁgeslﬁ%&%rbome& Qo a@%ﬁ%&%%ﬁk intended

the fi catal yst comnposition I's gener y In
r ao gehele réfinery hlydrotarBob sitedmschaving boiking tesnpeeatumgs amatmospheric

PENB0b Tabel 3 SPEHAAD,C @b D abot D Ty These
| SothBerhfifo’ 0 rOf infalR1fA1 B BRAHOAMG Qubefublred 8he middle

,__most prefeerably, fromO0.7 cc/gramto 0.9 cc/gram
Thlsstibletec Ersmples of therefinepy streapwy intendéditosbecinaludedhwithinthe

T e
5 tiREfefeBiced BRilind TRk, bGSR, ROb&Se, jeEfiR], lighdidsdd 811 IRAting oil,

of the total pore volume of the _
and heavy diesel oil, and the cracked distillates, such as FCC cycle oil, coker gas oil,

and hydrocracker distillates. The preferred feedstock of the inventive process is a
middle distillate boiling in the diesel boiling range of from about 140 °C (284 °F) to
about 400 °C (752 °F).

The sulfur concentration of the middle distillate feedstock can be a high
concentration, for instance, being in the range of upwardly to about 2 weight percent
of the middle distillate feedstock based on the weight of elemental sulfur and the total
weight of the middle distillate feedstock inclusive of the sulfur compounds. Typically,

. 13



final catalyst conposition is in the pores having a
di aneter smaller than 50 angstrons. As for the pores
havi ng a di arreter betvveen 80 angstrons to 350
angstrons, nore han 70 percent of the total pore

heyytverthe midele distwate f@adsmc}(s{tf thomyentive precess hes asuifued

d‘PE perceﬁ{?ﬁ%grﬁgéédﬁ relfe% %lﬁtf)aﬂ?rﬁg{o']eg ‘%dlk%@appm)

Bmemeltypmﬂlyl; the shmmd:oncehmxilg nbﬂlelrﬂngd‘tﬁfﬁtﬁﬁeﬁl h;a\%ragooo
to 350 angstrons. Less

pibaf oot W1 Y16 COB PRI St LFeDy. frﬂr@ q 131a4t % 618&!03!51111) to
1.¢ 141090 Aj@%’oﬁ id [iﬁt%é?&[)&& ﬂ'ler}g Sulfur

greater tha rons e ca con‘p05| ion
confeny bﬁtherdmﬁlatecﬁeedsﬁoqkéare tocthbse d:qmls@mﬂa tﬂ& afeqiortiatly iféuril in a

B L YRR N a—

at&ﬁ%ﬁ%ﬁé}ﬁ]lpﬁl&jd%wwgﬁr% dﬁ‘h Fonpounds in order

to mak | 'ow sul m ddl e di'stillate hydrocarbon

pr odUistiinal/patalysiefshé invehtign nalydecamplbyst ascoparost a:nymmtable

el 50 el B S b i

feedstocle nhdettsuiable hyfioassul igizafién mw&&ﬁm&&ﬁ&m lhﬁﬁée the
than 10 ppm and, nost preferably, |ess than 8 ppm

preé@@w@ hyslpger aml an plevated towglressareand temperagire Juchsuitable

rocgﬁ%%eﬁl @?ﬁj gg%éb‘ti t‘%fgﬂge?dﬁys%%st g,%&% ﬁqﬁg'gqel{eﬁ systems,

slummmim lsystems esddhddized taelystrgeystends The pleditttedliréBetor
gﬁf@ E ﬁﬂlﬂét 410 C 770 fla)] These _tenperatures
sys satg%tr\g ic u¢q$.qﬁ)sﬁ bedpfithe mventys fing cpiahisteempesition

o LA MBSl S s
feed finlaf nivpizle, Sirdniroduing ﬂnyd‘e&ﬂsmckomtm the; teader sessel, ghd areactor

stll te fuel b0|I| rence boi |
ettt el Such, s atenttutel B, Forgiidimg g the fpactor
efﬂheﬂttorftﬁe v sulfigriisstig oﬂh&ﬁfﬁim i rea@Bfvdsad, T acked
distil]ates, such as FCC cycle oil, coker gas oil,

andForthe desuliwiaation efia dipsel &dsrqsnle h@mfgear termatratidn, the

distillat
hydfdebilfarlz5H Fat SorDciep et BendBEinGpe tafigh O£ B bt 200
°C (892 2BYitoE20t°¢ (738 “Bhalic pofRrred hi&%d@uxﬁﬁh@u&meﬁ@tton
concentratl on ofﬁ{he mddle distillate feedstock can

temperature, i thergnae ot wami 290 °G GO PRy oA C G52158 ) iand: mest

RO e oSO, )t ROk 4l oo
unem@tmilﬁ:aﬂur&mﬁthﬂ usa:rcd thch mventivd catai@st@btnp@fmubhes thatliilhas a
ﬁ?sl | l.at feedst 0 clusive of the s

CI eI fRBYeRtio ft";iir"%l 3ad, thus, will
N g?t??lbﬂfb""‘?g S a?“‘*?r%"’g.‘n“%‘ﬁ%*f’?ﬁﬁ%é I puaRTRa EH °
conyerdonpiagfalyss.1. 8 wt. % (18, 000 ppn).
The inventive process generally operates at a hydrodesulfurization reaction
pressure in the range of from about (790.3 kPa (100 psig) to about 13890.0 kPa (2000
psig), preferably, from 1997.4 kPa (275 psig) to 10443.4 kPa (1500 psig), and, most

preferably, from 2100.8 kPA (290 psig) to 6996.1 kPa (1000 psig). The flow rate at




But, nore typically, the sulfur concentration is in
the range of fromO0.1 w. % (1000 ppm to 1.6 wt. %
(16,000 ppm, and, nost typically, fromO0.18 w % -
(1800 ppm to 1.1 wm. % (11,000 ppm. It is

under st ood that the references herein to the sul fur
whioh therdistilate feedsip@t ischaxged e theseantionzone pHiherinventive process

s BEmaI R 1 RRVHIE RGP e e gl {LRSM) R renge of

product that contain a sulfur atomand generally
i ncl ude organosul fur conpounds. The final catalyst of
the invention nmay be enployed as a part of any |
suitable reactor systemthat provides for the
contacting of the catalyst with the mddle distillate
f eedst ock under suitabl e hydrodesul furization reaction
conditions that include the presence of hydrogen and
an el evated total pressure and tenperature. Such
suitable reactor systens can include fixed catalyst
bed systens, ebullating catal yst bed systens,
slurried catal yst systems, and fluidized catal yst bed
systens. The preferred reactor systemis that which
includes a fixed bed of the inventive final catalyst
conposition contained within a reactor vesse

~equi pped with an reactor feed inlet nmeans, such as a
feed inlet nozzle, for introducing the feedstock into
the reactor vessel, and a reactor effluent outl et
nmeans,. such as an effluent outlet nozzle, for
W thdrawi ng the reactor effluent or the | ow sul fur
distillate product fromthe reactor vessel. For the
desul furization of a diesel feedstock, having a sul fur
concentration, the hydrodesulfiirization reaction
tenperature is generally in the range of from about
200 C (392 F) to 420 C (788 F). The preferred
hydr odesul furization reaction tenperature is in the
range of from 260 C (500 F) to 400 C (752 F), and,
nost preferred, from320 C (608 F) to 380 C (716 F). _
It-is recognized that one of the wunexpected features
of the use of the inventive catal yst conposition is
that it has a higher hydrodesul furization activity
than certain conventional catalysts, and, thus, wl]l
in general provide for a conparatively | ower process
tenperature than such conventional catalysts. The
i nventive process generally operates .at a - )
hydr odesul furizati on reaction pressure in the range
of from about (790.3 kPa (100 psig) to about 13890.0
kPa (2000 psig), preferably, from 1997.4 kPa (275
psig) to 10443.4 kPa (1500 psig), and, nost
preferably, from 2100.8 kPA (290 psig) to 6996. 1 kPa
(1000 psig). The flow rate at which the distillate
feedstock is charged to the reaction zone of the
i nventive process is generally such as to provide a
liquid hourly space velocity (LFEAO in the range of
l4a
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WD 2006/ 034073 PCT/ US2005/ 033248 from about 0. 1hf'

upwardly to about 10 hfl. The term "wei ght average
Wioeae6/0346130ci ty", as used herein, nmeans the nunepcTaatoososs24s
ratio of the rate at which the distillate feedstock

Is charged to the reaction zone of the process in

vV o1 BH R0, gty tpd}aydlyi eslabdat 10 B’ VDhd HEBm Ofweixit aw-age space
conposition contained in the reaction zone to

t h@ qmtdr’ sasi uspd hereine megnsibig numerpdl ratielof thy satg ﬁéwélchébe distillate

dsﬁ é{lflg cﬁg}ged[ @'}H@ re%‘é%&[}?&ﬂe%f %ﬂppésgﬁggﬁn% rper hétivided by

t rthatmmfe ofhtlyss cd:hposaimwdntaiﬁedmdh@mmmlged uthmh the
reaction zone with the distillate feedstock Th

arfitiiflate feersforkog charged- Fliepaetered HESIsun thegpnge of from 0.1 br™ to
d'z%b'ﬂr“aﬁr{ﬁb%gf ArRANELAYSHOGK saljar ged to the

react oh zdne | I'n the range upwardly 10 to about

10, 000 Thethyirogenareat fasdaiede thepaiount bf bydregen chafged to reaction

distill at 0 edst ock. .Th desu furiz
i20¢ aith e AISRLRE HosdBlagic, T atiatof RFPEHLlAtSE 68 G gpmount of
t rlﬁshlla'ﬂé’ﬁﬁirb&?b&i?ﬁe&t&&"&hgf%eﬁ% Hﬁqga&iéhfz%he is in the range upwardly

concentration relative to t sul
c doabontrl@000rcublc métersihivdrtigen @ms@ublm me@r bﬁ digtitlate hydionarbon

p arly advantageous aspect 15 of the inventive
D etk

is that it is capable of nore economcally

pr ovi diTie de@ﬁlfﬁ'lzeﬂ %ﬁﬂhﬁé ditiirtd prodws yiEl&&leﬁrozﬁr t:es@ lof the
an ultra | ow sul fur diesel product. "The ow sulfu

miinngionihes & lova perednend sulfur eoncraivation relative to the hlgh sulfur

capreafion 8F s Bt bk opP Bficl B o Rl pect
t lbdthd Bve@BR prédeedlisthat B capibid 6f Iﬁbf%coﬁtﬁtﬁlchﬂylpﬁwhdmg fora

m ddl e di stlllate product and ultra | ow sulfur 20

didesply deswfuzed Higselpraduct o arcwiaden sukighessl prodyst. Thakow
%%}lp’g{%uﬁﬂgmsﬁﬁﬁg gﬂfd‘ﬁfztet!aﬁkﬁa% 28 1%1%?’300#1@& ﬁoﬂ is 1?% tPan 25

exa are presen |
t lppmi. The mtmla:w shlljﬁm' diebﬁ)pr@dtfet cat hdve atmlibﬂemic&Mo&lShat is less

o Db BB S o b e B o s
Sld%@f roldi& dal Qs%lhﬁ.coﬂ@éﬁ'ﬂ%ﬂoﬁgq,ﬁe atf]j[lj anhgﬁlataﬁ(!l Xﬁ(;st referably,

conposi t I on o e invention. Support
c &dssithe® ppmyar i ous cal ci nati on terrperat ures in order

t det ' th ff t t hat t
has on MOl vihe K puEien A esentitth AP AiSUR tie iy Sgon, bus
RS drb Rot foiRon@AlcdlaY HiniGREBR ST tRE idveRtiddvent i.on

and “upon the catalytic perfornmance of the 30 final
c BAMPL Ecbnposi ti on of the |nvent| on. The shaped

P o BB At B MO0 A5 BALR, B e
WarlRing/\bfithe RAaL dafilyst @oﬂlﬁédﬁlc’m &f 16K flvention. The alumina support was

caleined at various calcination temperatures in order to determine the effect that

calcination temperature has on the properties of the calcined support used to make the
final catalyst composition of the invention and upon the catalytic performance of the
final catalyst composition of the invention.

The shaped support was prepared first by dissolving 150 parts by weight
Ni(NOs); 6H,0 in 52 parts by weight deionized water with heating to form a nickel
nitrate solution. The nickel nitrate solution was mixed with 3000 parts by weight (on
dry basis) of wide pore alumina and 30 parts by weight Superfloc 16 extrusion aid
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nitrate solution. The nickel nitrate sol ution was

m xed with 3000 parts by weight (on dry basis) of
wiaeosm343al um na and 30 parts by wei ght Super fRCRUS05/033248
extrusion aid 15 WD 2006/ 034073 PCT/ US2005/ 033248

using a muller m xer. The conponents were m xed for a

S WisfrigGl @iflemixed THRfcolipdBertoweRy Misiedforasiitietitipdriod of time to
paste. The resul tli@;? Eﬁste was extruded throughgé. 3
nuovids an gxtresiably paste: dhe sgsultiag pasts was eplndsdtpeuegad -3 mm

S URREFeR JRR Y Lornl i AR AR e Hep PR ¢ (70

1 Do oy B o e O et Phanetl suboor t { Samore. oo
A)°C (769 g@f in muHls amaee fora tgﬂ%@w@?}g&eﬂﬁ%@ tﬁ%f?@?ﬂl@arlde a

r saftieRTRas At dibBot(sdtatle AT {20 0 10 Sol bt ovi de o

-cal ci nexdoghrapsdmpleppfahd siafedpippoR)wask@lcinedld agemperature of 454

+ ekissa oy b opa i mecs BEG e peric o rour o tameby povide a

a i i . to thereby provide a
riceaifinQiafbot (e P,

cal ci ne nple Q Presented in Table
1 are c%70Qgranysanmple of thesshepdd suppere mias eslcivied mha temperature of 482

SR BR oy BARAR 5060 eGSR SRR st

MRAR M sﬁgﬁéasgu?ﬁsﬂys@ﬁpm@_ cal ci ned sanples. Table 1.
Various properties of the san‘gl es of shaped support
(3]

cal ci ndtesenteddn Tablednare centaie pfthembysicalnrepatiemed the calcined

435 T bR phesfbdt Pible i 58 ol AR ekl s
2.déferrhiried byafleréryDdiSsiMetP ofthd 2alchieddampRs33 15. 47
10.81 80-90 22.87 22.65 21.11 90-100 29.14 31.04

31.15 100-110 5.68 12.98 19.56 110-120 1.24 1.78

3.-45 I fidie ppop@ﬁ:ieg o the s!iﬁ*&ésdbq sﬁapgi sgpﬁcﬁt faicifled at

different temperatures.

Pore Diameter _ Calcination Temperature
(A 399 °C (750 °F) 454 °C (850 °F) 482 °C (900 °F)
less than 50 2.14 1.50 1.27
50-60 432 2.76 1.97
60-70 9.68 6.18 4.32
70-80 19.33 15.47 10.81
80-90 22.87 22.65 21.11
90-100 29.14 31.04 31.15
100-110 5.68 12.98 19.56
110-120 1.24 1.78 3.45
120-130 0.62 0.68 0.92
130-140 0.61 0.49 0.54
140-150 0.44 0.41 0.48
150-160 0.32 0.33 0.41
160-170 0.27 0.31 0.40
170-180 0.25 0.25 0.22
180-210 0.58 0.63 0.71
210-280 0.73 0.73 0.95
280-350 0.43 0.43 0.51
greater than 350 1.36 1.36 1.22
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140-150 0.44 0.41 0.48
160-170 0.27 0.31 0.40
Weegs134¢7358 0. 63 0. 71
280-350 0.43 0.43 0.51

150- 160 0.32 0.33 0.41

170-180 0.25 0.25 0.22

210-280 0.73 0.73 0. 95 PCT/US2005/033248
greater than350 1.36 1.36 1.22

20 16 WD 2006/ 034073 PCT/ US2005/ 033248 Table 2. Pore
si ze di'Bdblé D.Urdre kize iskdlotopsofedmples peshapud payport calcined at
399 C 454 C 482 C
(7afferent gmperatyeH0 F Surface Area 0&/ g) 320.8 296.6

cal.cined at different tenperatures.

304 Tt—Nedran—Pore Di alltl(:‘l 9T 945 Iebal FO 482 °C
Hore Vol une (cc/g) 0.752 5?6)4?7‘ L& Vol u o
) 077 0.82 0825 & i:i dadd 3 ?ﬁé@ ot ont @90 °F)
tkﬁﬂf@ﬁﬁﬁe%@ﬂg@arti on qnlctr %QBnr gach Z%Gt hp 304.71
savfpdies Pofe Riamstat (Adppor § cal 87ned 4t theSlifferént 94
t|€Npalrldg RoresVélume (cc/Spnplie B, 753anplie B Qiyd1Sanple Q.0.772
AHjoPoresvsleeindg) f r om the spprtrajof thegdigurps, 0.825
the Spectrumof Sanple C (FIG~ 3) indicates that it

has no significant amount of boehm t
however,

e present;

i n?@gzt % %ﬁé 3 ﬁ%bpr@ otﬁﬁsac: d&&%{"’ on spectrum for each

(FIG 2)
Sichd éa@iipiés BB bﬁm eilpinke at the aﬂferemempa@h&m: ef, Sample
Sample C _indicates t it is predomnantly ga

ai&irﬁmmlqﬁtmdisamni@c) i4s maybe g

N A

Teao uicaretia i o

$peetra pﬁﬁgé'gures the

;ﬁﬁ'sf’ Y

!nﬁoant of boehmite
I ons

USrésgnt; hewerer, malspecmaofos Samples AATIGT 1)oed B (\FlE( aivpldicate that they

e cat.al yst ositions were used in
&@ﬂbﬁ%@pﬁmw&% amguRt afibpghmite ¢ Alsgy @géa?@am af $amaple C
f I
p?}é%g% %@%@&aﬁﬁg g e§ ggﬁn% Wmﬁfolﬁﬂ 1??%{ ‘%ﬁ'&ﬁnts of other

vm;ﬂlhsearmfampnnghangpressnﬂ ution followed by drying the

BEARREES

This Example 2 describes the preparation of catalyst compositions using i:he

calcined samples described in Example 1. These catalyst compositions were used in

the hydrodesulfurization activity tests presented in the following Example 3.

The catalyst compositions were prepared by impregnating the samples of

Example 1 with an impregnation solution followed by drying the impregnated

samples and calcination of the dried, impregnated samples. The impregnation solution
was prepared by combining within a container vessel 34 parts by weight molybdenum
trioxide (MoQs), 8 parts by weight of 86.1% phosphoric acid (H3POy), and 77 parts
by weight deionized water. The mixture was heated to 82 °C (180 °F) followed by the
addition of 9 parts by weight cobalt hydroxide (Co{OH);). The solution was then
heated to 100 °C (212 °F) followed by the addition of 4 parts by weight citric acid
monochydrate. The container was then covered and the solution was heated until it
became clear. The container was then uncovered and the solution was heated to
reduce the volume thereof.
EXAMPLE 3

This Example 3 describes the experimental procedure used to measure the

performance of certain catalyst compositions prepared as described in the above

17



sanpl es and cal ci nation of the dried, .i npregnated

sanpl es. The inpregnation solution 20 was prepared by

conmbining within a contai ner vessel 34 parts by weight

nol ybdenum trioxide (MQ3), 8 parts by wei ght of

86. 1% phosphoric acid (H3PO4), and 77 parts by wei ght
Exheiples ¥ entl Dvixt the hyﬁtcdemlﬁmmbomﬁ a dizael qedswckzhamn(g]ﬂmgh

F) foll t f 9 parts b ht
copbeHoR P PUB L 00k ) The 2ol ot | on et her

heat R‘iaﬁd?atégostﬁnfegﬂ- &eﬁ)w&tﬁéﬂnﬁ@@oeﬁ')ﬁa&&e hadflg hirehifdl dameter
parts by mg)t citric acid 25 rmnohydrate The

of dO e trasipackedowith adi0@ ccvolurey offthe relokant patalystiAs a

P b Pl R EERESA i BTy % Bl by e o8 pams of

TNPS ¢5re06d fof tHe MRl ThBiféedbv@ TRtredubed €5 did rectot 4te rate
experi ment al bﬁrocedur used to nmeasure the

30
sopasite pravadean BHSYeof b, eed by@rggerwn@wociu@ﬂ@sat Brraigafd9.6

RSB Arar | SRS oPambed B R phwdiict 204 °8

(460 gﬁ) mﬂ%&&miﬁtd@aogf‘ﬁﬂirfa eriod 0@4\Mours/§"he:éaﬂer the

I'aboratory stainless steel |sot hermal tube reactor,
temperahge avag mampai upltedvt ¥C (650F°F) 8véra dhour'pesiod mad )henvlmhd at
a 100 cc volunme of the rel evant catal

SBRC G0 for v s Alier s coialyshaves prrsbiBoec e Teedfo the
refBbE S bwiERaRG 55 hEiEas e g e U has 4 it run

gasiiily eotiteimidg 16 whight parcémsulity havieg ASTRODABET disfiliatidndas
an L Vtﬁf L. hr" i_ aﬁd hydrogen was introduced at a
priesgnde gfodlowing Tglely . The reactor tenperature was
ranped up over a 5 hour period to 204C (400 F) and
held at 204 C (400 F) for a period of 4 hours.

Taﬂie BeBistiiation ’ﬁenperetupeoﬁ&mmghmnn Gaw@elcF qﬁéstpdc 343 C

GSO F} over—a—4 tH od—atd IICII He-at 343 C
/"(650 F) for two rélr:ﬁ“?(dg}ter i he| B t was

gresurfraed—the[f;ggd to the rTe P§596 vvas SWwiched to
an _unspi ked feeddtock. The feedstock used was kh

TH0 r ai ght run gag 4351 cont ai ni ng 2356 wei ght pey cent

C'IJ_I 'F ha Ll nn AS l\vll ImwieXelws rl r-i-i | |

— 288 i Her—as—presented in
,Tﬁ’lefollovvlng TatlségS Table3 D? illation

?iﬁ_rrperat Ure Ol STt RUN__GAS 3> Feedst 0CK % Tenp
) Tenp (Q) TO 312°155.6 _TIOQ 465 235 T50 563 295

TTOD 649 342.8 | 696 368.9

T reactor was operated at a pressure of 306 psig, the feed rate was adjusted
to provide a liquid hourly space velocity of 0.5, and the hydrogen gas feed rate was
213.7 cubic meters per cubic meter of feed (1200 standard cubic feet per barrel of
feed) (based at 15.6 °C (60 °F)): The reactor teniperature was adjusted so as to
provide an ulira low sulfur diesel product having a Sulfur concentration of 10 ppmw.

FIG. 4 presents plots of the reaction temperature required for the
desulfurization of the gas oil feedstock to yield a product having a sulfur
concentration of 10 ppmw as a function of the agé for a representative inventive
catalyst and for a comparative catalyst. As can be seen from the plots, the inventive

catalyst demonstrates a significantly higher hydrodesulfurization activity than does

1%



T100 696. 368.9 The reactor was operated at a pressure
of 300 psig, the feed rate was adjusted to provide a
liquid hourly space velocity of 0.5, and the hydrogen
gas feed rate was 213.7 cubic nmeters per cubic neter
ﬂpf f eed §1200 st.andar d cublc feet per barrel of feed)
EBQ@BWH e qatalystby rsguipng.a lower hydrodesulfigrationdemperatas,

r.QWi ) fur diesel
wERh i bl S0 ok St 1105 08 ) o P04 By R
EXAMPBIGRAt s pl ots of -the reaction tenrperature required
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°C (1000 °F).
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calcination tenperatures. The contour lines are a best
fit of a nunber. of data points used to generate the:
contour plot. As illustrated by the contour plot, the
best performng catal ysts, based on their properties
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prepared ‘using a support CE#AEM S| calcined at a
cal cination tenperature in the range of from about 454
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sajdplungingiof said dieat eaiedbshapedparticle is said transitional crystalline phase

of alumina other than gamma alumina.

4. - A method as recited in claim 1-3, wherein the median pore diameter of
said heat treated-shaped particle is in the range of from 70 angstroms to 120 ‘
angstroms, wherein the total pore volume of said heat tréated shapa& particle i$ in the
range of from 0.5 cc/gram to 1.1-cc/gram, and wherein more than 70 percent of the
total pore volume of said heat treated shaped particle is contained in the pores having
a pore diameter of from 70 angstroms to 350 angstroms.

5. A method as recited in claim 1-4, wherein said hydrogenation catalytic

component is selected from the group of consisting of molybdenum compounds,
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said heat treated shaped particle is in the range of
from70 angstrons to 120 angstrons, wherein the total
pore vol une of said heat treated shaped particle is in
the range of from0.5 cc/gramto 1.1 cc/gram and
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cﬂ@faﬂﬁﬁtﬁansmonal phase of alumina other than gamma alumina in said shaped

support is less than 5 weight percent of the total weight of said shaped support.

11. A catalyst composition as recited in claim 10, wherein said material
absence of said crystalline transitional phase of alumina other than gamma alumina is
less than 2 weight percent of the total weight of said shaped support.

12. A catalyst composition as recited in claim 11, wherein said material
absence of said crystalline transitional phase of alumina other than gamma alumina is

less than 1 weight percent of the total weight of said shaped support.
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of the total weight of said shaped support and wherein
said material absence of said crystalline
transitional phase of alum na other than ganmma al um na
in said shaped support is |less than 5 wei ght percent
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