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catal yst, a nethod of meking such high activity

hydr odesul furi zati on catal yst, and a process for
manuf acturing diesel distillate product having a | ow
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catalydt. ppm sul fur in diesel. Wth the current
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ey daP DTS a Bidatidiesethe nfaxdnae satfueédretiittation ifl @M ababdiesel of
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flé pare pergyillionrmi Thefdyrapean: Yreon #akh dimitthe sulfur concentration in

culfuri : ont Aiai :
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plishiidig evin Glrivve néquirtadentsyairas doe us 5 to 1@ ppmcalfpr inckssl. With
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and pr.essure., A.1ypical drotregtin at t .
oA TR L RSOt L e Stream to yield an
ARk RACHHR dR8E plodlicRup 9 or group 10 conponent, such

as cobalt or nickel, suqurted on a refractory oxide

suppor coneaatianal hydrpdasalrizatjon grocesg enpploy<al tegeduwe she
di scl th f ' il :
CDREBRREE 2 PR AGR oS 5B eisgrgon eodtookis

igdiott Uy Gomthetifig tHE HydratBbsetteBasdtkiviie a dpdrotreating
uncal ci ned boehm te. The di scl osed met hod addr esses

catelyst in the preprace PERragmaidsat an glevatad tenppesuragnd presgre. A

AR T e

atolybdeaumpgiddet groap © or group 10 component, such as cobalt or nickel,

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
extruded 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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made by mxing a mldly cal cined technical grade
boehmte w th uncal ci ned technical grade boehmte and

wanomossasi on aid foll owed by form ng a pell et pChAS2005/033248

calcined.U. S. Pat No. 3,853,789 discloses a nethod of
maki ng a nmechanically strong al um na extrudate that

may beyus aght 8. R85AY YistloSaraheéthod M@ akint huekthenically strong
prepared by m xing with water specifi cpﬁ]reoporu ons of

cdwminaaixtmilate thabway be Head a5 catal kst cairier- plretexpdate jsprepared by

d.al um hydr at ] ' i .
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support i's e by m xing water ahd a strong m nera
aspeci fivipbie smotuphthatsprovides fos tcaltain desitedchatal yst atopeitiea. The

powder to form aste.that, is extruded. The.densi t

R WRpar ATl BEE T AR S EHaCTALEHS PR gferphous
A TTh NG % afenih D pbW&er@ Forutiaphte Madhk xtrddiRL, The density of

extrudate i's calcined at a tenperature of 260C (500

kY extoudTdmay b 6@vrodiey by treadditpporfianragnivm hydepxadertg the
| f .vol ' '
R PRE sttt B B R A bR R A0 B my o 571

v@t ume percent of its pore volune in pores having a
di anet er above 1000 Angstrons. U S. Pat No. 4,6 089,81
11606 Ao The suppathavef lexst AR KPHEICAeTeEntiof pasa v alugetin pores

upport . i.ni j
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al i i St Nend50-8b disrlves Amethadotmaking an alppna catalyst

| L. ¢ . Of [

SPRARLTLIL A%, iy AL SA By ollnd 8 B0t o
f abouf 42707 (800 °BYitoHB31°€ (960 &oxte dotm taleined hluimmeicoataining gamma

tqQ beta al umina trihydrate. Maintajning th _
WA e e fAE LR Y ater g Bam gy vefied gpnina. The
(BOR MM of 8315 rIRh 63 12.5 id HaMsd BRltetPerdind 6VROMITS °C

desired results. The cal ci ned al unm na contai ns at

| @98 {F)etodad °€d258 Fardomirem$rioRd haursiorcpevarehaicalcingd alumina to

a0 G B SR Rat oAU VelgeratirE Yty range of
B9 °F) tdasptd (D002R) isampeaid!ty sthiévehe esifed irssafts.&lhe

hydr ogenation catal ytic conponent conposited wth .
oealaiecdadlumingcontains at lpastabayt 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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di spersed delta and/or theta phase alum na. The
catal yst is prepared by precal ci ni ng ganma al um na or

woaelsstezat a tenperature of from 871 C ( 1600POFUSL®S/033248

1093 C (2000 OF) to induce the formation of delta
and/ or theta phase alum na. The resultingpowder is

t ntierisdheh Wi tdd wilPRhahluminemBetskyds Goehhbieedd foehed into

and forned into pellets or extrudates that are o
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xt r.udat e. bt i n.the desired alumna,. .
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arrmmn@szat@ tempeetgepboveiabut 4fe hdbe aE,) m@rpyefgrabimlwe 982
{lgb centratl on requirenents for diesel fuels

t he an ongoi ng need to devel op i nproved catal ysts

and p f%ﬁ&ﬁ@ﬁmf&ﬁm@ﬂ?&ﬁi@ﬁ@ﬁﬂ"ﬁi coneentfation @edudtetrutsifor diesel fuels

di esel fuels. is, thus, an object of the invention
t{Hers e eREONRE W?ﬂr’f% developimprgeed qaalyp%@lq Brogssersdesis

f I8 B AG il'late product having a

I]@\%\I/l concentration 2}1{3&16 %ég Anot her object of the

I nventlit énthus, amolmowf the qunr.lon msprofvmle amatpryed oaValyst for use in

sul fur il at hus n_accordance wth
tIRRCSSHRP H’H&’G Bt pisulhg Bt oG B b 9% SPFRITAgR of
CQIfEI ses a shaped support mat eri al havi ng

i ncorporated therein a catal ytic hydrogenation-

Cco rrpo némsthevndjest nf thaénvehtipeth te pppidde a processiferl mplking low sulfur

n m na having a material absence of al um num
h‘sﬁtﬁkﬁ?@g‘é‘#d a material absence of crystalline

t r ansi thRNA acBbrdafceabitipdhe ihveation, provil bR agaafﬁ[%t composition that
al um na. Anot her embodi ment of the cat al yst

ceompuises @ Sheped Anpiodaraterial dpving derorpaipied therdn asaabiig
mg@%%gta%hb%ﬁpoggwpezgg ?l?edshiﬂgcp éﬂp&)oﬁfmétcgﬁl WPLIARA ﬁgmina

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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prior to its inpregnation and cal cination, at |east 90
wei ght percent alumna that is in the crystalline

wonrersgisia7enal phase of ganma-al um na, | ess thaRCH/US2005/033248

wei ght percent alumina that is in the crystalline
transitional phase of delta-alum na, and |l ess than 5
Wala@hic RafpoRAlt tRérthy Pdv the $mpieghdted SHaped algpofteand wherein
transitional phase other than gammal um na, and
wheingimgnates shapgrbsippor posalcinkds i ncor porated therein a

hyd i i : ne
e e e
SRR Sifiah asefihiankemampRette 4% loal sulfoedistillate prodacid@his enethod

. with another inventjon is _a pethod of making _a
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crystallipe transitjonal phase of alum na, conprising.
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ca ning the internediate to thereby provide the

aatahysy stmpaositposintiudes foAmdigtaeshaperbprdiiche aompfisinget least 90 weight
i nventive nethod of Ki t he catal yst. conpositio

AR ES R o R n SRS s RS b A tisle RRigx?
Wi Herpfahif B bon @6 t6doriPeriheWkRhite BPBIREhiRd paftitle to

.calcining the shaped particle under a controlled

tganpeg-alugien. Jba gpniredteditemperaiues conditongs epniralled é¢ within a

shaped. particle to ga -al um.na., o tralded o
celetal b duict BT Rod ehtleoRecd Bal Wi g e osomy so
GRAtGsSatibPyall 6IPRMHAEKNRe 6£1hE Shapled hanitlcib outiveied téa CBBAlline
OF) and 510 C (950 OF) so that essentially all_ of the

ttrﬁélniﬁonlazl_ e oferlwning iyt say thee p anaterial appunt ofdhg boehmite of the
AR IE 9 08 8 Ay RIIRRE By R Do Biler T Bomgma-

pehithinalte thiesebyprueidt @ dakcined skaped paiticlen@he calnmed sloapad particle is
phase ot her, than gammal um na to thereby grrg%i de.(@
cHIPETEREkd e by sagsRtipR cataliiic ROMRNTBHIOTRESRUPIXINGZ) e

i , .
Bl P e loRiod 1 ey phoyide the gatlyst
sdoapeditiparticle that is calcined to thereby provide

t he cat al yst co Sitio I.n accor.dance wigh yet .

anot han SIRFEHe G 1ot 25 BuE AR i RRRGPRPLIT Rt ringp low
sl disHilfE btddabEoydoReistihg Bidds BHERAEIMBEALRY conditions a middle
hydr odesul furi zati'on conditions a mddle distillate

rdstflbaécaystooratesrisedstockthaving high g fir sondegfration with the

concentr.ation w.th the. afored ribed.cat. T
PO e o pd Gt BRSEEY FisaiSRaRRhBi iRm0l aft yielding
Vi RwiuMir fhillQwdismithtd protudtharinth Slow sudfue cpicetistionhavi ng

a low sulfur concentration. FIG 1 presents the X-ray

di f f r d3G. drprespatsttherrn iffactioaspactsm fwarshapgdsuppert gglcined 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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a calcination tenperature of 399 0C (75Q0F). FIG 2
presents the X-ray diffraction spectrumfor a shaped

weupposto7sal ci ned at a cal ci nation tenperat ur ePot/U42005/033248
0C (8500F). FIG 3 presents the X-ray diffraction
spectrum for a shaped support calcined at a

cal ci i@, qp rés%fm?lcﬂ!s Bf BieQéachiSr tdMpel ARAEquiFddFor the

presents plots of the reaction tenperature required

f dssulfirization of 4 diepel feqdovioakf undericastoi teptecogdidipag te Yipldaydiesel
|
ot Ratifigh 16906 Ml Roddnitiilihsd HhERRBoMEAMNE heo for an

ciabeltive catalet 4@ fopn compaativyeatalgdtal yst and for a
conparative catalyst. FIG 5 presents a contour plot

w. th d86h5oswenise coniear plas Wétél@ﬁfh FRpteprding gpme%emm& a single
RGOSR TR R RIAR0 GRSy LIS i e use

aof acuatubybt made byfantehﬁodmmn of the imehtioeimethiodiwhiclessea a careﬁllly
careful({g control | ed. heat, treatnent. of .the cata

ipppele reEh the eafplyst support fllomsA by & qﬁiéeafpflx}/ controlled
B PSRN Yf th I &f fANRLLHAEPLatdI /€] rﬁat al yst

support. A nove aI yst conposi ti on
di scovAmedelichtatysh asmla)spmxt has bea dhycdwegld tha;tthav apyrtichlarly high

Ry P SRR O SR g o B BT ST BB oot stonc
Qdukh af, ff&t ex3AD1 di¥sallvik ane ﬁﬁkt 4 ﬁghean&htrﬁt%rf é{rsuﬁ’(xr Sl ff

conpounds such as organosul fur conpounds. This
cxammoysds sohpo grgan@ml @anorpp@mdeteTlﬁswat@lb’gmpmpoaﬁpn yan provide

PR E Rt ene T e Bl Y o O e

Cl@fmki’ﬁi ydtsaRsulfilrization M98t cdhpysidesd. W is ksHetfally useful in the
manuf act ure of an ultra-Ilow sul fur diesel E)roduct t hat

 hragnaciureqofian gbrclot iy Siesdprodustthenbay ailigaeensepfstion of
b 1 R ERBASRFES 13 BTl bEBR B8 o

act I VITt hasﬁ’lﬁa‘eﬁ Idys%bve.’raim*sthbllmntlse Righ apvityt mhlysitcainpesltlon isa
in which a dro enati on conponent is supported on a
SHEERPLRd) Gt WHigh @ dYEIRESBIYO RHPOBEHIS g rt@fg%a spegjally

a,gsencgpegfm?goﬁ %@%ﬁﬂ&@%ﬁﬁlﬂw{g ztlﬁl\ﬁ%aaTHEtsﬁgclpeelﬁltsgp odr§ can

e transition alumna phases of
aliam'ma maa,teridh absen¢edf the ttnmlsmomaidmnmmﬂms@()f dalta fﬁ) ratmmiﬁh,dheta ®

ort ther have eri al sence of
o Rogrde 10 Shbed Supbof ey con JgUS & maeetal
%rs&{ce Rk aﬁhﬁﬁlﬂﬁ@l Qlfatea hh@lt'%&iﬂb%ﬁh@f 1RE atn'ia%élrﬁil bb&fice of
-al um na phases of her than gamma al umina. Thus, the

Séﬂmpwn‘shbfiﬁbﬁﬁ andfrandifeori alymina Rmsﬁsa)ﬁlmry@ ggmglpmlmm Thus, the

bse
R PRorT P R TR BaOr 3 apdSSp Pal Birtii e AR D iina
CoriHadé h ii€erid aA5REcdf Aiifufithykade diPOrBa 6 Ransitional

al um na. | ndeed, one inportant
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 (o) alumina,
delta (8) alumina, eta (1) alumina, kappa (k) alumina, and theta (0) alumina, and
additionally, a material absence of aluminum hydroxide, such as, for example, alpha

mono aluminum monohydrate (boehmite).
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enbodi nent of the invention is that the shaped
support, upon or into which is incorporated the

woydrengenat i on catal yti c conponent, has a mat ePCaIUS2005/033248

absence of the transitional crystalline phases of
al um na, such as, for exanple, alpha (a) alum na,

del . j . ati
elta A?%‘“?Jal)gﬁ% orfinfadpdbt GH (HEIRBntiVeaREBod tor paép

hg ¢he
and the mna, and additionally, a materj al £ )
Zatbyst eoroposiiominciudestiel nesxofchertaisstanting matesiplseyd fl ®rmation of

Ahabpediapets s e T GOt e hlR B R operars g heat

fiRh R Béddifichsisb@s Eaprivitkia aReséd sHaped paticlddavinpehe desired
use of certain starting materials and the fornation of

aogipapitian peguired fos fomaingithe firad catelystgamposiigahaynegdigh adjivity

controlled.te rat . | b4

SORRed B ARG P Ry AR e BBt
tthatuAas of 8¢ shepeaaitiden foRewtd Byithtdiicokssratisrgof the cdthlyst
cat al yst conposition havi né; high activity when used
feomponentdieta dher hgat Teatedshaped pariirierand psecond catefuliyeqatrolled

;'[g,%?%gﬁ%%\é{g}geg“? ; tr&af ment of the shaped particle

I'ncorporation of the catalytic
conporEftstirtiiomafeeiaheset] i peptuda thh ahecd gappdrtpaticindf the
second carefully cont g_l | ed tenperature

d heat .
tqa@éymp%sgtéo& is y¢lgcted Hpm 30 @P}nélrn gmflﬁs? %vthlch are also
RERARA LGy S SHARER BURRAAA hiRf! dsalinifh hi it itikedd

conposition I's selected fromanong alum num
hehinine] theiswhentprefared andireated infageordance ovithythe padisular features of

illed.in th t d.h in. | um hydr at
AR AP WA B eh T FEat sate and
A BoRFostidn hab i DREH ihgahloaés_uflﬁﬁkatfo%cﬁfzity. hearious aluminum
inventive preparation nethod will provide a heat

thyderades supeeormengiallyjay pidabde dut the arsfered-dppanim hydroxide for use

havi ng .a Ri hydr odesul f-ur.i. i 2t 1 Vi [ .
SR BB BB PSPl AL e s e
tiBRried & &Y bRtmate Udvingthb ¥Hémichldferhola al&BO(OH)Pr epar i ng

t he shaped support particle is al pha alumna |
nonohyéespaal, ﬁwi stanting beghapjte mptennlaged B the prsparing the shaped
I BT U 0 g L S st s b
Hozhmite suppial to fxea high lparitysbdehntiteavifhomoredhara9$ pendent and even

dit i ticularly desirable for.t boehm.t .
avrsthan 9% st G e g s P BRI I G F31h G b alpmine
%ﬁoxﬁcﬁ'&@ﬁ'ﬂ% 138916 l\ﬁ@%raﬂ%" Br A BRite {2681 tPéontdIf less than small

boehm’te material being in the formof alpha alunna _
ramaimydofatnpurities, suchaissolichmsdioxide 65i0o), irvhexisisdRedQskand alkali

e} ot Qa0 Fretalf o Shaaned () TSon Jipye should be
%E%)ﬁt iRAZESohniftnAbkal dt a ChRccRratidttofbisahdd B0, nd,

metal s. For instance, the silicon dioxide should .
tpreforabdys dess ithrant156 ppoe it ttepiselte theailicon dioxidhwey be arasen in the

Or;nflgeegfs frgnrl] 0 —21%8 p%an T}iaeni%n oxide should be present in the boehmite

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
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preferably, |less than 150 ppm But, typically, the
silicon dioxide may be present in the range of from

w8Qe0ch3®7ppm The iron oxide shoul d be present PCI/USh®S/033248

boehnmte material at a concentration of |ess than 200
ppm but, typically, the concentration may be present

is&lfilﬁ’%s@ﬂﬂ?nﬂérﬁl ROtk RBtPRAt trERRA A kRbidafBd With the

shou present at a concentration of |ess than 50
ppvantibntq proyjsiecdicat treated shapeduippewd pavicle havingdhe neggssasy

The shaped, su rt of the ' nat er | e -
oyt B Bl RS PRy HhorBlos Mofyiapeting,
i;fénétliﬁn%}raha eRir@ibri@eihoihiat a shaped particle of
thestarting sgg ort material can be subsequently heat

t r eat dtiisipielge @a exjrusion msthogye fruthe shapgd syprpst particle.

at treat i e LE . .
ek G bt SRR PRAP Ry BB R i hydroxide
lkRgeal SEatdgvitievhet and, itrequiecd, alshitdblagrid pahp@tridzimg, :
and extrusion nmethods. It is g{]eferred to use

xenarEprsAnddl REANDE oo {18 Shariefablgpage ful I4 fog pytruding
}ﬁré) fn %J?t‘f’us?%ﬁ%l@ ¢ ﬁl@féggg{)mp% Ll )fonlgfa‘flypﬁl(a W%&ttr%tlo of

arting m num hydroxi de material 1s”m xed
widreihuanigydrofide-tgwhtceohixel togitherlib doracihd extrugablaphste is in the

ti d ] to f .
a5 RTT8 Oas el G PRB RS fgmcaly, fhgaysigt epaeigtiomgipum
d HdL t—\%t%r 1sGn RSSO I IRINTDEN £%4:1 URtR Refefzol Yefdlt gatio of

t wel ght ratio of alum num hydroxide-to-water mXe
tabgainker hydpoxide-tn-whier wsedrto detb) e saudabisspaste is irethe aangs of

fr 0,1;1 tq 10:1 ut, .nore,.typi cald el ght
depen B Ut i iy araseies B P om0 25,2
of fr orRehcRl dontpfoudd Addeling ti @b@tireed ali@iifitivh hiyatox@detind water
al um num hydr oxi de-to-water used to formthe

exn bg day Feitablesacid thet gsaiststp thefogpatian efiagiitably sxtrudaple paste,
31 and L engEas
S ARSI e o B PE d QUGR  b0 rom

ab U Rone Mybiaatide, saold avaitrés acidindyebearsyd St thetreforred dcid is

that assists in the fornmation of a suitable extrudable
festieacidngd it is generally used to control the pH of

the mqp{ b f 9@}3 id10of the Hhveation
m ner a e?gﬁgés(?e sucﬁﬂegsswgl%tt??c g?guﬁﬂr?a agtéé uged,e but may
tHaee pnyetess-sdtiondl dhape sacless cyclindaticall$hapésppolyltbbal shapes or any

e e T R
GYfdd rh B8dut I NANGEh toPOBY trRAahd 8 NeREStPdiamBkr 4tidEh the range

suitabl e shape. A typical size of extrudate has a
arfdgen 2daviSoh alhedprateeed shipg is a&ri-ehege of from about

1/10 inch t.o 1/32 inc da.,e h-to-di.aneter. ratj .
' ndt FamEearaR e soR ¢ geb ol Srg Fafé il parict
| hd3hd fihal calayst ddmpdsitdn dfiROmbvationdsP®e shafed shigporepditéle to
of preparing the shaped support particle

substantially entirely comprise aluminum hydroxide, exclusive of the 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 the shaped particle to
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and the final catalyst conposition of the invention
for the shaped support particle to substantially

wenvicroakoyzconpri se al um num hydr oxi de, excl usi reTal2008033248

wat er content. The preferred formof the al um num
hydroxi de is boehmte, and especially preferred is

Eb& rib 186t @9%@& gercéﬁ WRimiht@ hSARRedE, BAd, tohésk Prefiértdd, the

rise at | east wei ght percent al um num
lslya:peclpaﬂ@le weinenopipmise hiclegss DY Mieight persart glempyadydigrdde.

t he d t_of

the oabiBgeShet PSR TG PR Caahl Ehsek o
ShARRANS bR koﬁ?dltdfﬂie&elﬁpﬁjamda dehditiorisise aged @bﬁrem]ﬁatttllms

wat er contai ned in the shaped support particle,

pﬁ:selitmgrl@dt trersekshaped fupport Rattislecoss nRkanfain endeéeehlﬁ amgpnts of

ﬁs]& SRS gldv\!gétg q%unﬁ) ﬁgﬁeaﬁg Qe 'Btﬂ HAYY Pifiina; %Q preferably,
part C can conprise

lseasto 29;8u1*6€lhaa Riseptlbedll thalalumiinum Hydetoisi cdaverieddo ain abnadna

Dby Thisha® Diedrayh She GEma EogF LRSS BTGB, e Pefidreatment
t
r%@ﬁ%@ e s QofPlifid du?ﬁlg ﬂ%%ggéﬂméﬁtsdﬁtﬁe E}ﬁ?&d f)ilﬁcle to within a

SKeat t1eat e support par does
mpéclﬁ@memmmdmsgerta laive adreatin¢atedoshaped paticle having agmaterial

aheencn pEihe B yion sl pigse el feul (i raBa. e [l Nnipp, thea
\A@%lﬁ\hﬂfy 48l gﬂéj@?'éﬁmhﬁa q‘l&?&@lﬁtﬁéjce{r@fuﬁ? cBhirélddcheRt Ws@ment of

IS pret y the ganma al umi na phase.
Thestaped syppottat fugther candavere matqr@hpl@qemwfealmrgmum hydroxide, and

control | ed. du he heat trea
ﬁé{?ﬁﬁ&}%ﬁl}abdwepﬂ? |d6°xtlé st a{nate alre%‘lbsﬁé X t(ittransn:lon
gi'hifﬁmﬁpﬁ@s%‘éoﬂfeﬁﬁiaﬁ%aﬁlhﬁiﬁh@ﬂnﬁ@”' cle having a materl al
absence of the transition alum na phases of delta é?fiat

(0]

al uni lﬁl‘ehe temaer@ﬁye afl whiththe hehtetfeatr(l@f)t igeondupigd d5enieg
K T
i O LB B iopibe 8 8 it e

nrhedisBpedppaitethat hz&l tbkm)]mpmtlbsl aly destidlecd }mndnETAmiemperature
mat eri al absence of alumn m hy dr&é% e and

Ahoiag e et Feaiment bem PR Ied B RASEL thgrpRge ot g 454 °C
%5’(5“’ lg&hg 5161p]H5d Qf’) %13«{ ha tr@:ﬁnfeﬁ?tnﬁ@ Btridd BahéBRke of from
i'S co i's controll to Wthin a narrow range
aibdutf(l)f ham’s e@hbdut F2hoenstor bvaner Joegérdinsperisl asas pquivedite

th t t ted sh d I h h he. _
T SSh PR PRk bR 5 i 0

38 Ahm n{agﬁ{ag@ NiorB8 &?ﬁbaﬁgﬂhé ebnteslled Qeribdrifufe édhdition is
range o about 4 4 C (850 OF) to about 510 C 950

Qf))ltrf)ﬂﬂd @ thatzthe heas sicatorent wmmra;wp does naf exered SQAGE (840 °F) so
m about 0.5 hour.s t

81111]{1}1% gpy‘éeamg% of téle Isglﬁmg, ai\ém] lfm‘rc’h)gcfm)g&g {Jrﬁt?enal to the

ﬂﬁl@l@ﬁ%leyde@tﬁ%ﬁﬁﬁﬁh Qita. AEmiRe thetAdltun i, adlppmalmmna and alpha
hydroxide material to the desired al unina phase. Mre

sbeuinhipbadesyit isprefered fardhe eentiodlag B Pt i5PEneE ARG TSI te not
L d
?P%Ee @X@ée’gi @8Qt’%a E.B(i[ &?(&E?l%ﬁ‘er}edefflte %Hﬁoﬁe%rﬁéﬁ{ @éa%@nt oes

temperature 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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as to mnimze the conversion of the starting alum num
hydr oxi de material to the undesirable delta al um na,

webkeeaBuTB na, theta al um na, kappa al um na, an@Caiusbms/033248

al um na phases. It is preferred for the controlled
heat treatnent tenperature to not exceed 493 0C (920

OF),  afflat i%%ﬁé@fe??ﬂg% %g%inctg g %ét@ﬁal%@égc?’éi% a particular

treatnment tenperature not exceed 488 )
Odemponentmfdles heabtrpated slthped particleds thatythierelgvant sompenanhis not

T
Csithe ghi1ediaigatorhp@aidTEstihd RFBRIo Hiebahsuld thaenasshificant
454 0C (850 0F), and, preferablé, the controll ed heat

tpresenoeof varionp phases phalyming et galonigy sndypfjaluminum

AP AT PR o e S A5 Bl IR eyt compositon

Vi hat€h aegative iMpaction thodibdte hydradesnifatizakaent ety of tha final

particul ar conponent of the heat treated shaped
pretalyst cempesitiom (Thupavhila ssadlameuptsfithe dlupynaphasey e than

I oA PO B AR 01 e

Csrdels udddn tied preparatisrvefthe final chtalyss cdrapositicd stdhedmduings should

significant presence of vari %ﬁs phases of al um

dieniesignifigantgartha thayidn ned matiady negsitie mawa?@tg%i%of the final
téﬁ‘?al?s‘?.%utf {n?%?%@eﬁtbﬁ@?ﬁlaﬂ ghidi tﬁefé%ﬁtdof{tﬂe Makfind H&he heat

final cata conposi tion can have a negative | npact
otncatdaeshdp exlsperrtidly iy inchasydtdlling damimrplast othet than gamive alumina,

L 5 B R SEA i e TR

af AU A A BnifBYand S rEEABRNEss thart D eli@ bercbRahRE most
shaped particle used in the preparation of the final
creterapdy, less st wieight peroath, ofithralveiingafitheihasg treated shaped

i nsi.gni f.i cant t hat .t hey .do not teriall .

REhete Bl 2fpd BRI ey O (Rl Bl g o,
But, i10isd)¥ &VeifortahEsspedtddtheGnviitigh thap eiectiesat tredted fiaped
alum na of the heat treated shaped particle is in

crayiiele ontaia saneeTiplabpres of slumarum Rydroyidentharion, ﬁéﬁbstanﬁal
3Kl 3 bR TSRSl I S8 oyl Bk e

atishtrperefshowb by cbeestet ibgnheheae irgdimepteto ety stalline phaye of alumina,

preferably, less than 1 weight percent,., of the_alum na.
el AR AR 4 ha e tpaied Phaped particfe, thus, should Conin an

Ciﬁylﬁfs?ah{iﬁl%nJlﬁ@Bfélﬁi.nﬂﬂﬁﬁ hiasiRe Abh istah 82 fesd MHAB weight percent
a It 1s a t he

um na. SO0 an inportant aspect of th
i bagechon the totahweightoftbaheat trealcd dhapled pedictea Prdferiably, the heat

contain a jmterial absence of al.um num hydroxi de.

e -Gl B Gcip SonARS S5 o o G EBHPrRal AN Rieferably lss
e PXesisht perebAl Ai@diduth kjeeoahaped particle prior to

its heat” treatnent shoul'd be converted by the heat

t r eat rfEint haabtreated stuped partiele hanis spestlicparesimecture including a
pr.ef e treat ed sha

pc(lﬁqc a'bllé/ ?ﬁggn%ﬁeg{l}%ye@g H?tgr%eorgﬁgfume and pore size &gtgibution.

Generally, the median pore diameter 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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i nsubstantial anmount of al um num hydroxi de, for
i nstance, |less than 5 wei ght percent based on the

woaomlozwes ght of the heat treated shaped parti C®US2005/033248

Preferably, the heat treated shaped particle contains
| ess than 2 wei ght percent, and, nost preferably, |ess

than Ipsab@hpor bR ofths R wahia Gl.ia%é'tl perticlie gomatlly in the
treated shaped particle has a specific pore structure

i rangeuefi fragn abayih Qriaeitbia ¢eptimeterbpergiarp dpeiany heplqut 1ilgicigram.

B A T S Bk 90 0 FEBERL oo,
Rkt meiréferably, o 0.drgerah td 0.0rcAmMt 70 angstroms to
120 angstrons, but referably, the nedj.an r

P por e
“di ametEhe nexcentaze pé thednighpese veRis wotatnrgdin thiRores,0f the heat

Er ' . .
PR sRRed PPl REAAER BO1OfiarhtEr BROMAT SO 3 S BRTELEE hn 25
fepdenPéhdaa@eng diese pared Aessalnysd paoat fi thettotahporp volme of the
vol une of .the heat. treajed shaped rticle i
Jusabireated shaped prsticlg g the PoTE HsvaRe tagneler sl than 50

L r 1.Q8:
g, PP Bl pREATA\ A ool SueBORH80 dnghubins 1 95
fangetrding noré graafOtpercentof the &otgl panelyolmms tof hredfeat tugrtgd shaped
fromO,7 cclgramto 0.9 cc/gram .The percgent age t he
RIS fscroB A e e SaaPreeitode PP 6 iRt R g,
4 Rohest REeREd PRIkt T FerbAY, oFthedoROYSIuficABBE & tHeofes having a
than 80 "angstrons is l'ess than 25 percent and, anong
tdimmeteplatesen $&tos3 K0rrmgstzome AeeshanB persent afith¢ toga pere volume

o b PaeB et L it S P BPEE RAnG 5 B Ay bt than

190 dnbsirdaey. €s havi ng a di aneter between 80 angstrons
to 350 angstrons, nore than 70 percent of the total
por e vEheuregerences herginde the parcetize HisHaktionr andcperej wlume of the

C i ' is.. .
RN OV ot b S S e YRRy ffferain
Asredmtry.Ofhd headupérmént vafl thepoteosibe distitivtienpaft the ahawina gupport
a di aneter betwe 80 to 350, angstrons. Less than 3 o .
JEREBHS BY 3Ry, B RBIAPCISBIREIHIAITGH oIS Heiact Pagle 86140° with
Smel%qppﬁfaa%&{fggbﬁ of 74 BndAGh 6529 ng a pore di ameter

greate angstrons. The references herein to
t he pdidlosiizgethdifetmationtaf tre kwatitrgpsedeshaptdpasticle, thi eatalytic

~al um ﬁ? l’ﬁg u eﬁg% qtIEB ﬁr)% r.h%éh&%gﬁg%%gﬁsgﬁg@? ;{_Vﬁtc’f;ﬁgssthereaﬁer

NBBREIARE R edhd hBa tRAfRert)] %Rindhsddr ichiefilBtodfrolléEheat treatment
al um na support nmaterial Is by any suitable

readitioasremas toragturethahan insignificanicameunt of Beglumipp sypport is

oA R O RIEP e At LS o

PREY b&hRd td hRofpdk @k Yid datalytic components into the heat treated shaped
parﬁcle, but any of the known impregnation methods, 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 TUPAC Periodic Table of the Elements (e.g.
chromium (Cr), molybdenum (Mo), and tungsten (W)) and Groups 9 and 10 of the
TUPAC Periodic Table of the Elements (e.g. cobalt (Co) and nickel (Ni)). Phosphorus

(P) is also a desired catalytic component.

10
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conmponents are incorporated into the heat treated
shaped particle, which is thereafter subjected to a

weeawnd4digat treatnent, again, under careful | yPCT/US2005/033248

controll ed heat treatnent conditions so as to assure
that an insignificant amount of the alum na support is

converhedathtit bstaprical BaEby ficaipotdie] iatdite haatitvatdshaped
Any sul tabl e neans or nethod rmay be used to

pamoleplsnmcelewh mogainaprygnaion sV ARECNIAIHNNG ops a1 ek of the

ed sh [ lution of
e
greatek e cdtalfid cdimﬂbnlaﬁmqﬂwm;r tleenebfl Imcthe ca‘;sntof \akﬁmep;ﬁ or 10
|npre nati on nethods, are preferred. The c

i arl@metel asoiates farkanatss, migpigpad suliy 'ﬁ%g,rrfgﬁcggres of |
g? P%%%ré 15}8%& ﬁlﬁ* B? h?ééléﬂ'itﬁ% 2 eﬁ c@ Bﬁﬁd bdiR, er;etal nitrate

[ enent romum

B@Wdﬁdﬁmxe@ ¢Migkel agcbbhunlyshe n?s(e\b)g)a (3ar|nuip Gnuatalsa salbefdhd Group
t he | UPAC Per T E
B oRsiRs WHEBYTRS HEREROT QU9 Meish LR oF HUDfe St sed inhe

ﬂﬁ@ﬂegﬁﬂlo%%ﬁh%h' Frofi R ARARs IBRakioahy Gr&u;PO FReNand s

ncor por at e |nto the heat treated shaped
pAidrehe iors sudh asrammoninmrhepianwigylatetand angeonivmeligolybdate.

AT E N TE R i

ﬁg{d";& foPide Qlfle déﬁﬁe@ﬁﬁta‘l gshcentralonih EheomA emast &mposition of the
precursor thereof. In the case of a Goup 9 or 10

. iveteation. Grypigallg, the car@enteation of dke metal corapgusdrin thegimpregnation

n|t ates nd sul fate t WO Or nore

8161‘5 lﬂéﬁe %Eg%%fe%’m% (ﬁhtogpg n%lg%s e?frhé conpound bei ng
a met qlhe%hfohﬁﬁs%f&&tﬁiﬂ'ua&ldmlfcbﬁlbeﬁn@indoiﬁﬂeeﬂrecb phcspbeidus
In the case of a Goup 6 netal, a salt of the Gou

nemapundAmC@rpqaiﬁw Blélnaﬁrggrggqglrlg‘@rth@heatt Wéaﬁ?g@]é@pe@)?ﬁﬁ’é‘fedﬁ such
| f :
B PR Bn Tl Pl RO E Rl PRl 5 RuBE L Sutfepted oo

oup 6 :
ABERfatfRritOhe finaldatadyst eomposition dfthe avehtyddatseéhadabired

anmoni um di no] ybdate The conc trat n f th al . .
congsatiaens;of theratalyie camponerts é@?n@ii cQnjained

?ﬁ t}fecﬁrﬂﬁ 9&@?1‘}& dolHposiEish ?@&rﬂf‘}l ﬁiouﬁpc%'ﬁ @ﬁé ﬁhg@@f frémtaB6ut 3 to

catal yst conposition of the invention.
Eb@mtcm, bz;eferalﬁy fioond én27, alnd,onosifpretfh@berEfram i:tﬂ%b‘ﬂﬁéhﬁ pereent,

th t
caleHsiRrasopap it droStRaid ket Rt pEhedudf
Q{Eg@ éﬁ%ﬁlon' ihcl68$é bethe c@tﬁ%@ Q@hmﬁblﬁerﬁ@ mhe ldﬁﬂ)unt of Group 9 or
i ncor porated or |£tpregnat ed into the heat treated

dihapetal qeatainadin th catakyhfeqomﬁlon igenqrakhy ehpmld beyin the range
h .
05t G508 B0, By RO sl om

tHe vbéi%lﬂ@kfc@ﬂt balsulhee as ss}rqu9 0PN aiztal mdnomle aﬁd bhm:d on the
catal yti c conponents. The anpunt of G qQup

dolnt weightiof the final opiatist corapesitien inglypiye of thie &ﬁtabsé%og}mg}ems If
%ﬂe anﬂ ca tealysp conl?alng Qﬂlgo%pﬁ(f)ro{lg 9&1‘1}?&%&1{, 1t%s bf%sent 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 to the undesirable crystalline transitional phases of

alumina. Indeed, one embodiment of the invention includes the combined use of
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about 30, preferably from4 to 27, and, nost
preferably, from5 to 20 wei ght percent, cal cul ated as

wea 2376 netal trioxide and based on the totatTwsk@bni3248

of the final catalyst conposition inclusive of the
catal ytic conponents. The anount of Goup 9 or 10

T Hé&"ﬂ h«aﬁﬁ ﬁl%ﬁt édhditfb%s frdrakh 68iha s hesiarsaRSdnt @Ps to provide
genera y S be in the range of fromabout 0.01 to

s Ol virzbieypéctasily biti padgle digiiateydrodestifuization

r f ro .0 6 we
R Dot tmag T hed oo ST i AURERRlctcd Biph it infe
‘ﬂ%élﬂﬂlhzﬁtfloﬂ pefdrmaide oF Eﬂl&@ﬁﬂﬁfcat@wg&bhﬂe%d whe the itetepepdture
t he cat alét iC congonent s. |If the final catal

sonditipissofdhe prsopmh Bea trsatmsape R i fied fo sww@s%ﬁhﬂéﬁmamﬁms
f bout 0.01
TEBOK i Bt oSk A8 8o, <3, Phosphor ous. The

heat tA ﬁﬁzﬁl@tﬁ‘lysﬂﬁaﬁnﬁ@edpﬂ@ﬁl@g g@icblﬂldaﬂmdlsthlllaiaﬂmlfahqumd
particle, as . in the heat treatnent e .shape

pEOnertigsds obtaingd sdher iedeRpeatuEnEEEe egthéf 15t fyafcwms&w to
S/ﬁeg{l tHe' 1AL (&4 éa?&?ﬁ@ f@&%&&%ﬂ&g Ibéiit 452 °@SE50 F) to

an irnsigniticant portio um na therein
labowrH10ECt 960 t1H) ankieha,m&dmsranub rangeof ﬁteedebcvnddleat treatment step to

ateld e TR0 Gstebahts B apoas T BReEh eibeSS T o ABOPTE. A
ebrrid RATTRRre CANIat bvﬁfb'ﬁ tﬁ@§ec€ﬁ‘& Hezﬁftreﬁtﬂféni H’t@p E%hducted is

reat nent “st eps to prow de the final cat aly havi n(q o
droex AL @ (880 B ta £32 16 (MI0EF N iand,ithosh peeferred, from 482 °C (900 °F) to

e EAERNDY Mk SesoPnel Bl s CURRBE for 4448 Beriod

GR8dtbdryhé pRIVIRhOBEied @iﬁﬂlc‘dﬁtél’flst tb@pbiifien arbdadl gétérall$ be in the
achi eved when the tenperature condltl ons of the second

herzge of fenan Aot Oétlwr%umabp@tﬁl@ug&a melitiye thhgngper temperature

‘ ﬁ%ngf l];,z}:ﬁljﬁresfhé ?rnat%rg eﬂéil?e%ﬂy% ﬂlav]fo#] {h%tterg éﬁtuﬁ for the

g@@ﬂldmedtdk@uﬁeﬁtstdpl sbwld de o lnhiere ithzmt abont 3 ?xb(mt% abovs: the
obt ai ned when _the teqr_})er ature ran e of the first heat
upper teaperatire mitpfyhe gt h??étrﬁ%ta%en stererand: pysierably dt is go more

SR 1OL5 A, Ol By o 1 b

m?mﬁut begnn Whghttmémm%@geg hctaytrag@ﬂ ﬂiapgd partitle c%h@I treated is
0] 0 apo

h@%gpé%rénh%e#' G orheline Sraryner e Tt oh SR Wednent

f’g)at nment step |s conducted is from471 C (880 OF) to
§3 0C (990 OF), and, nost preferred, from 482 Cé_?aoo
OF) t drlﬁzmatcz(t@sa o@ﬁl)oosﬂﬂhm i dominpiregnatad heat treaied

P R Bl P K BREFRER s i

eanRERs Y Redial pbRAlidAAEE tathl Jor®dlaneuhd fofe siretiistribation.
about 72 hours. Relative to the upper tenperature,

IGmerallbfoﬁletm@ilafﬂ pase diamester of thetfinsh catalysipompesitigp jein the range

t f
e B0 3 EHBE G L s b S SR RE B T e s
Qﬁﬁmét@ﬁ‘é@n tﬁé&ange 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.
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upper tenperature |imt of the first heat treatnent
step, and, preferably, it is no nore than 30 0C (54

wORd6/08s8 preferably, the upper tenperature | PaTUSE®S/033248

the second heat treatnent step in which the
i mpregnat ed heat treated shaped particle is heat
tp EREBY, itife 101 PBFcs/olilAdis3R thtGahgboOigm 065 defzrasppe cc/gram,

tenperature Iimt of the first heat treatnent step.

Bind, mpstarefembly, flom .3 epEEA foh? CF/2EM. t he i npr egnat ed

heat t t ' ' f.

L T
ChRlyae tanpssiticn Wwttigenpdre danttitariedsehan S®amstrpms & lew! thare25
and pore size distribution. Cenerall t he nedi apup%ore%
iezaent &nd, amopg these peres, des Mapst PLETHS ot heitefa! pare vRlupleeot the

r f X A :
TPyl S0 AR5 R AR B s
ranpe tlaf poresdnmvidiy adigsicteobatwieen 30 ngstrpatsrto 350 abgstrems, more

grgf}fhye@&t}'c%gﬁ%g% t&% Iinlc?rg élg uh‘?q gféﬁggﬁéré:aglys% pgem{)%sgt%n is contained
aiﬂ gﬁéﬂ ]%HFS. FGs g 2 BOWEVER; fof HE1eh @78 peRRAE aXd mt¥EpRterred, at
the tina y [ h

cat st conpositi o_n 1S genera_l y In t he
rleast) 80 percémtpod thb totel @lBne todhecindbepdrashaing pdiemgicgpetween 80

6,30 e, LR hanmy iy 8 BF wleDhivs Salutae g1 Be ph Fatptyst
g%/frg{oéfﬁbn@@ﬁath@ﬁ%s REBAES pBleiarhét atér thah 95@AhgdsGrofhs O

ram The percentage of the total pore vol une .
cont ai Feccatalyst hempesitien offthe inveniiornis pegticaaplytsuitable for use in a

STBRE bl ARA08 o FUBAF A0 s s

F}&rvﬁ% a donsénttdtion of sulfir@e silfifcohipeuidy, &l onder te ivakewtewahlfur
the final catalyst conposition is in the s havi ng

§ 1al . por .
anigidimdisidiate hrdrpearbanpaduny Magspeeifsallyadhg Q?Ffﬁy% gomppsidon
AL PP o th ARRAREs OF G REN BN BROT I ATR-IoR, Al dicec produc
vielvitipe ofiful bendehtiationostless yisn ISoppmo.gireferably, dess thrandOppdh, and,
in such pO{ e;.% It is preferred, however, for at | east
Mo Prienably, leatthap§PPhr ef erred, at | east 80 percent,

of th erﬁeofglﬁidlé'&lsﬁif@e hiRirB&rbdh feBE sBOK BSref@MddnE herein is intended
80 t0 350

di anet er between angstrons. Less than 3 .
pterindude wfin¢dydytizicatbop sireamysohaying lfilingtsniperatires aitagnospheric

Pt [ ip.th o ' i o
CHRTE B Geb SR BRI Tp BROS ST oy hese
AbmbBRni-BY A8 bhROxinsatdmitidl b fibhboslitig eRiperahiess éfRe fidde
process for the hydrodesul furization of a m ddle

oiistilialte. xemipled b Grerrbimery slsepmas iptsudethipaigelided within the

concentrati f...sul or. Sul fur ok s s
CROSERLSEHIAT: Shpdh i Baatbbtic PRl 3 doting i
Pthe ffefencddioRlinPrakd, iseel dsykerbbemegiat filey, Sightdiegedsilfhieating oil,
may be used in a process for the manufacture of _an )
wndrhgayydiesel joflyan @gr@pkeigl( @stijlates, 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,
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havi ng a sul fur concentration of [ess than 15 ppm
preferably, less than 10 ppm and, nost preferably,

woesm/Bam 8 ppm The middle distillate hydrocacbms2005/033248

feed stock as referred to herein is intended to
i nclude refinery hydrocarbon streams having boiling

giswe%r%e hﬁﬁdl%tdm"i‘ﬁlﬁfésf%lﬁfdcﬁ P HIRSIBVERIve 3@@% Ha3Rgalfef

rom about 140 OC (284 OF) to about 410 0C (770

bwatrateomrthe mngs oaﬁ Wki%gt Q) pomktod8 ‘é(ﬁ&/o ¢ 33&?0 ppm).
I tu ddl 0

GRG0 SRl Rt B we. 6 1000

? haksha@ Wi vhi1e (IOb?)pr; 2dvdnghost typicaig, dromh 6118 Wtake(1800 ppm) to
df ocar bon i ncl udée strai ght run distillate fuels

B Wi ¥ (11,000 rom)eftds wrdessiosbihag thg refaregecs herrin toye sulfur
a0 e Ut Kbl S HESE boftboundR B kichoRrulty R in o

RfsGliapeatalstick or vthe hy@desl furizeddistilfate prodactichat contain a sulfur
distillates. The preferred feedstock of the inventive

piose aed gensrallyrinelafeorgpaqsinempnds.ng i n the di esel

boi | i

400 02% (3 %ggﬁ%t'loﬁgmslg? ur co%c]%%né}gtg ?1 (ﬁfsz)a ﬁa?t M%mtable
reattiraystiemtthatippdedésdforitic @otacting dfthe catakybt with the mlddle

Clglbgo n}géc_liaeg:} %gc{sg)%g%{égrrsgita@% gﬁ&%ggstub itlgﬂ n?atiﬂ?’l r%%glomcalgcf ggrfls that
f‘h:ldé ﬂhéhifys e ; o?&l‘é gbReRbarP8led A& 1681 pRissit afd RARSREANre. Such

ur a al “wei ght of the mddle distillate
fseﬂaaﬂﬂd: ooktor Bystenss caa mcﬂudmﬁxc;matalyst b@dnsﬁmmﬁs ebullating catalyst bed

Ve sbiied et etn o e B s AL S pibterred
r@&tdr%gggmqfs tHak (MR- iRdudds-a ﬁ&eﬁj&a of BB inVéntile Finwk catyst

. But, nore typically, the sulfur
ccompesntmawmmccé wiithin aeagtanyrssecqpipped with apreactyr fagsiplet

to 1.6 0 Y;
TRk o B e BB e
Iviesdes, aHA d@éz&‘t&%ﬂﬁdﬁ&buﬂdﬁ éndans, end’nm dfflnait outlet riokgle, for
sul fur content of the distillat dstock are. to
torilsawigg st Aeagior effluent ox ﬂf‘?olPWa‘l“f glégﬁ;&e prpdyct from the reactor
3}6 %e Il ate feedstock or in the hydrodesul furized

I'llate product that contain a sul fur atom and
gener ddryhd deshifoiization aﬁa)dwlséllfcedsmwb,dmd& a S'ﬁh@r tonreghtration, the

catal yst _of the invention be e d art .of
Angrodéiu BRaterbisarhan EYBrHY s e GRGY TGS TPibe LR about 200
95 by 8 49b °E ez Lad) afﬁéﬁirema hiyie dsdutidtieatbingbadtbat e

e sto under ‘suitable ydrodesul furization reaction
dem;ierahms it thzet rangroo fUfkem 2@ °Q (Y é0 6@0 7@/6758 gEh aaghgnost

e aelel GRS RT b TR Pt B pe of e

ef@ﬁture@ RigtHealsk BYtheahwinyist caelystsaoaipdsiion $d that it ags a
cata yst systens, and f|uidized catal yst bed systens

Tighap hed@dcsmtfune@tmncacuwstmcp@am samveRtipRal catabistsgand, thus, will

flln)ggenergl prov1de tfhrea (I:orr]r\llpea{']a v\éﬁr lowglaf)ro&?sls %éﬁﬁ%rature than such

conventional catalysts.

The inventive process generally operates at a hydrodesulfurization reaction
pressure in the range of from about 100 psig to about 2000 psig, preferably, from 275
psig to 1500 psig, and, most preferably, from 290 psig to 1000 psig. The flow rate at
which the distillate feedstock is charged to the reaction zone of the inventive process

is generally such as to provide a liquid hourly space velocity (LHSV) in the range of

14



10

15

20

25

30

conposition contained wwthin a reactor vessel equipped
Wi th an reactor feed inlet neans, such as a feed inlet

woaawls4078 or i ntroduci ng the feedstock into thecraaeisn33248

vessel, and a reactor effluent outlet neans, such as
an effluent outlet nozzle, for withdrawi ng the reactor

efohnh M3t 0Qhrt BSwardly 6 bbutr o3t Thé &rn ‘M@gncamﬁg@ spache

reactor vessel. For the desul furization o I
fvelwﬁy’b @k usetdd\nrmg, meang the unacsicabigtip &f fherrateah @hich the distillate

L e T S
st O e T o
41@31]?1@@ fe«mocbpz) chasgrd. Th%gltge foaredrldis ¥ ds inrthe, 9 Be&%i)gf to

?EQ to 38 ?&cﬁ% (p@ombglﬁstgegpgm zed that one of

n’exp’ec flires of the use of the inventive

- cat al yie hydroges ircatqas rae isthé ambuiitad hydivigginelarged to reaction

hydr odesul f uri zat c ty ertain .
@éawﬁp.tﬁ«h@%‘m'aéf brogeod Thih a2 hoiees i g g amount of

Ql%s?ﬁf Cyj %ca?ooﬁ%@ﬁfo@{( 'cHﬁ?é’c} omne FeaEﬁ&??@r& ik fRe raigdiPwardly
h conventi ona ysts. The inventive

o ab@r 9 0ge0enhicmeterp bydrogen pér cabisynetedealistillatd byairecarbon

reacti on pressure in the range of from about 100 psig

tfeedsing Et 2000 psig, preferably, from 275 psig to 1500

psi g, esiMBftize® hRAAE Akt ateprQTicRielded fidnt fhe bPsU2ss of the
psi g. ?Il'ﬁeeg owzfate at \Nhll chptEhe d?istl |l ate feedstock

lisventian desia towv oitredwasd stlfarconoemragpn relativerto dha high sulfur

%ggﬁ(}:qe %gélig %glg@]e ?y%bg%é‘%ds%o%k %ﬁ’é’ éag’ﬁc@a o* ?ﬂ”aﬂta ZEOUS, aspect
QY inderttRNeRoleys s Thaay taphelehrf ore eﬂ'ditﬁ)nileﬂm prwlldgigt fora
aver age space velacit used herein,

rd@ﬁlelmd@all e dicesl progkic} aran wira dgy it diesel gr?ihllqt aThee low
ggr ﬁ‘l?(fdfe h‘%tlﬁ;ﬂﬁéﬂ)%ﬂctt On hife & ?Lﬁg.\tr gB@ceﬁﬁﬁl‘g Pt {13%ess %han 25

I'h VO our di vi ume o
mﬁa Imtulteaammmlmr di’escﬂ qmscmcnmh Hawe arselfnmm:emmtlm theit isdess
ich the dlstllla e fee

Sy b, DIRALS Thelor e At ispHIEie a0 ch g Loy g
q{{i]eesxlzk@%agct hqg’ﬁtsulmr%gﬁéern?xqtloﬁ SO han 16 ppm! Shd nl¥st Preferably,

rogen treat gas rate i s the anount of hydrogen
dessrth@ad8 ppmr eacti on zone with the distillate

f eedstqck, .. The amouni of hydr nar Iat'v tQ the .
arrountﬂlf‘ffogf’%{ﬂgl qxﬁlpgfeﬁf}lé?r%g gegﬁ F‘E@E% uéﬁatg ﬁlée By gntjog. but
ttﬁ@y 5236t oWt BRReuddSs lihitiRetHedbaR MM@itrtidnd about

,’000 cubic neters hydrogen per cubic neter of

M_é hydr ocar bon f eedst ock. The desul furi zed

mi ddl e.di still de f.
T 1B i G0 S ARG
GRAGRE bT GkifA] EaBAlHdt lctdlﬁpbsitlérhef the givesatidrf. The alumina support was

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

3.

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(NO3); 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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concentration of the mddle distillate feedstock. One
particul arly advant ageous aspect of the inventive

wonomass)78s that it is capabl e of nore econon eariug2005/033248

providing for a deeply desul furized di esel product or
an ultra I ow sul fur diesel product. The | ow sulfur

NisAY LBl §irhixkA The RbAPRdntCRErc i ed fbrf‘aldufﬁdient eriod of time to
concentration that is less than 25 ppm The ultra | ow

spmbvldqa am ﬁletstéiab}srméﬁ@cThwwlhwgaSée vas wmud@é ﬁh;remh b8 nyR
t hat f | f
pies GBS R o e Les B IRt L BB U " coen

producA 70@grain Samhile bfﬁﬁ@ﬁ@ﬁﬂrsﬁppdinwié cdlﬁﬁsd ﬁthﬂmnja@rature of 399
and, m)s“@meferably, | ess, than 8

pm
o@%w Fhinamanifledgmaeeiosadimenesiodiad twe PPWé to rherqbéfmr%‘flée a
re not to be construed as
cgﬁm#l nglgééhi%g%&%saﬁbq%{ﬁ i nventi on. EXAMPLE 1 This
Exanpl ®0lraasempleas thdshapedquppait wan calcinict @t atemyperdure of 454
used | the maki ng. of the fjinal catalys )
&Q@éef’ﬂ 18,7 Bp e @%@w peripd of typhAwrs 4oy B%Bf‘ﬁv Prpide 2
erdesﬂ YI?E&@W ghnation tenperatures in order
et er

hat cal cination tenperature
h as orAtbe gmrmﬁzenple eﬁthafshapmd suppart wesicalcipgbatta tampdratmae of 482

%Qégﬁ) o na }0'5@31{1!%9 S I O 6‘?/2111}}131%114) ﬁgre%y prov1de a

Q@Ic@ﬁe\ﬁsshaﬁéargagﬁd,ﬂ(%ﬂécghe |nvent| on. The shaped
support was prepared first by dissolving 150 parts by

wei ghtPriéeigsh TabledQure nersin phihe phisicaloreptertiasef dhd cadained

Hatrbles debetvath bR PGt B P e B s B ann

hietetRiiEatby( B8 ciyYpddasingtry 6f theicaiRireasempleslm na and 30
parts by wei ght Superfloc 16 extrusion aidusing a

mul |l er m xer. The conponents were m xed for a

past o1 el PElRE pRpehIARCHE BB ST AR T ed

edifferdni tempeia@iged.0 form extrusion particles of the

QF?QJ

shaped support A-700 gram-sam | e of-the chnnorl

subeE Piaggiercallci ned at a t erdyeiBRigalgmpesaarey (750
0F) |n(z§) muf f | & f3097EE@508F) alt 1494 °EeB508Fbf | t WE2KEPEO °F)
t o tidzeklemysoor ovi de a @ ci ned|shaped.Support | ( Sanplle7
A). 7@Q.ger am sanpl e of 32 he shaped suppprt was cal ciiped
at—a GRIper ature of 4Hg0C (850 UF) ¢.1g @ nmufiTe 4.32
Tur nacg do°T 2 T Te PIpRgd of {o. ”031557‘0 LITPTeDY 1081
e am S0 6 of red %EZBUd S IR WA (T
tenpe?Qa‘ll Pe of |482 (‘ZPdAO OIZI)U' Ln Efrp% e furnace ?1015
a tir®0gdfi od df two H68irs tolther elb?v'-9§r ovide a  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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cal ci ned shaped support (Sanple C). Presented in Table
1 are certain of the physical properties of the

woabwieds sanpl es descri bed above. Presented i RCTASk®@sMA33248

is the pore size distribution as determ ned by nercury
porosi nmetry of the calcined sanples. Table 1. Various
pr opertingss Gord £ie aRAMUGSH 6f sapiiAReSt shuddubpérabaltinedat
at different tenperatures. Table 2. Pore size
dlifferenitemiporatusés. sanpl es of shaped support cal ci ned at

f arant

A f
eH-erent—t CITpTl atures dimJ 'este Y

the X-ray diffraction s:)ectuﬁa eachﬁgf sarrp‘fgz OC
of shaped support calciped 1| f f of&Q°F 900 °F)

tSaurface arer @47/¢) . e. . Sanpl e RO%anp e B 280 Sanpl e G04.71

Medﬁabe&mlamteveﬁ)from the 8pectra of t¥e figures, 94

TTRalIPEPblcVBlehe 8P € C (F0.8523) | ndi cayss that it0.772

N850 POeVEARME (BB} amount ojpoennmjte ppgsent; 0.825

however; e spectra for Sanptes A (FIrG 1)y and B
(FIG 2) indicate that they both contain a significant

i oat o5 LHGS. 112 prd ) FRRGHTRBRRS <GAIETR G 2 for cach

| df{tﬁé @amnrﬂlés (ﬁ‘l}iapeﬁrgﬁl\gﬁéﬁ cAkined Bahe Hﬂﬁ‘ﬁﬁﬁ t&hphtuisige., Sample
bei g present E 2 This Exanple 2 describes the

ph s§ranpe BandSampde €). st meyhgpolsservied deomy Hiersgestreeof the figures, the

gﬁ%ét'rlynﬁ or 88 glsﬁ(ﬁgn J W@}.cgtea ﬁveagﬁ Ha® 'pﬁ 811gnlﬁ-|;ra]1§tsamount of boehmite

hbrelcae Bawbyat thé%f)ecsm fOf Shndplby AL(FRE-S1 )Rihe B(HIGH2) MdichR that they
The cat al yst conpositions were

flol  ow ng Exa .
progipeensain p;ﬁlgx%a@g nmpumfg)ffon@lmmlég, ¢ spseim of Sengle &
.aﬁglicgig %[%P g ﬁr@d(ﬁtﬁ n%f ng garj Ig% %Y’%lﬁﬁ%f% "{9%#3}7 glalounts of other

Ilimﬁ@gﬁahmﬁnsa&ng@&seﬁme i rrpregnat| on sol ution was
prepared by conmbining within a contai ner vessel 34
i ght nol ybdenum trioxide (MO ), 8 parts by

wei g htTlﬁg Eggn%f .3 mr‘[ﬁeﬁp Qtlc{ﬂ'gfp Galyst ggsztuﬁférlfsﬁlg the

by wei ni-zed wat er. m xture was
8&ldﬁle(d1£ﬁ1pﬂ)sl§)deﬁariﬁedmﬂthplb heTh@kdlcatabrst ofmgosganms svelpg/used in

e A et futier b s e Grer et i he Tk SRR on

of 4 pafd csclteﬁ’yst \‘5@1’[1E5§1t1&ist\{lér€ p?éfohl%d 'Wriﬂlﬁﬁ/é@haﬁﬁg thy'éﬁmples of

cont ai ner was then covered ut1on was heat ed
LEvtarmmc i vb‘émmlpw&wahon mietlcubfqvllawn@ by dedng therimpregnated

unco ﬁ angl g &W 10%5{%%‘5%@' g,r{m\f)?g’gngt% tsgnqplteg 'fheqﬂl%?e f:fon solution
was prepared by combining within a container vessel 34 parts by weight molybdenum
trioxide (MoOQ3), 8 parts by weight of 86.1% phosphoric acid (H3PO,), 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

monohydrate. 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
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This Exanpl e 3 descri bes the experinental procedure

used to neasure the performance of certain catalyst
woaopasst7d ons prepared as described in the PCT/US2005/033248

aboveExanples 1 and 2 in the hydrodesul furization of a

di esel feedstock having a high concentration of sulfur

(BxanpMs 1 88d 2 H thahpdratiesulfutitationl of aslitbebdstedkt Haeinged high

tube reactor, having a nom nhal dianmeter of inch, was

pworetiratipe pf o 6l.e vty@-ume of the rel evant catal yst.

As a . r : . .
v PSPl g8 Rl 0 Sy g S ot
gsfaainchf whdgackeddithadl00 cElvelineest thaselévaht cxdalgedAs e ptttef the
reactor_at a rate so.as to provjde an [HSV of 1 h

5 okl BREACtAR 405 GRALHY a8 sl ider by adginz 6§ ggars of TRPS to
l4dnar, t 3 I
B o B0 8R0S SRR R, LRIR B0l o
(pt0Gide ) LHSV af b, and bydrdgérouasintrateed af 4 eatg of HR6 liters/hr.
t enmperature was ranped u

hﬂzﬁregvéwaf isaPEHTe Han e ut&? ngﬁg 5 0%23%({%5} 204 ?‘Et(agé °F) and
(R B a0ectgh 3 1675 Bl ot P o B Ee the (ABeleRRE il

10 fra8q8d af ko WBET W39 °R) svdralMitiur heifo D@ Bbh hel@nt 34Nt M50 °F)

1.6 weight percent sul fur having ASTM D2887 )
dfios twd hetrs.okfteshgeatalusitvens presulfideds the fepdita themgaster Was switched

~Table 3. Distillation.T ratuyre of .ght Run .
ProppmisebRroind TR BB 8y bl Jouatehfhe g 2 giifing 1.
Oxbeigﬂzg)eﬁa@n' Psulfult Baviag A ST ©288% datijlusdreds dpreseﬁfeﬁ\ih de following
liquid hourly space velocity of 0.5, and the hydrogen
gkabl¢ ded rate was 1200 standard cubic feed per barrel
of feed (based at 15.6 0OC (60 OF)). The reactor
tenperature was adjusted so as to provide an ultra | ow
STdKieB. DisekaionTentheettuteafiSngigat Ruh Gas Qildfeedstbelat i on  of

sents nlots of the reacti-on

10 pprw Fl G4 present Sypt-et-s—etthereaection
t%nper at ure requi r bESMBCWhe desu| Te@PEH) on of | t he
gas—otrt—feedstock retd—aproductzhaving—a sul f ur
gj centration of 1D¥]p%rrw as a fun:ﬁsdgr% of the age for
arfgepresentative 1 hygntive catal ysp3smnd for a
conparative catalyst As can he seen fraomthe p|ots,
th¥ i nventive catal 8 denonstrat e39% significantly
ha o Iy ol A £ et - ot + ) 1 +
ret—nyatroaesSuri atrtron actTv marmdoestine
cf?aarative catalysﬁd%y requiring %%%%mer
hytoodesul furi zat 1 pgog enper ature, | 68.¢h 1 n sone| cases
is as much as 11 G (20 QOF) ta 17 0C (30 QF) | ower.
EXAMPLE 4 This Exanpl e 4 describes, in general, the
approagh used to devel a predi ctian nodel. for .
pr edi ?fl?e_rfﬁa%?{ew%ﬁﬁgeﬁar ecggtr?cper%s%etoﬁtog 9 Bé)fs lg_aﬂj%efg% _ i yaygusted
NobAdélh shhidnatdy bprd vtReiy 6D0.8] ARIGheBydiggsBgdsdua rate was:
catal ysts prepared gener al Ity i n accordance
20 1200 standard cubic feed per barrel of feed (based at 15.6 °C (60 °F)). The reactor

15

temperature was adjusted so as to provide an ultra 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
25  concentration of 10 ppmw as a function of the age 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

18
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with the nmethod as described in Exanple 2. Final
catal yst conpositions were nmade usi ng supports

wonepasedias described in Exanple 1 that were eairaiSnmd033248

at different tenperatures ranging from 399 C (750 OF)
to 593 C (1100 OF). These supports were inpregnated

Whé Borfiptrativel dafal ysP B ediRitirs 4 lokwlepWodiotdsutingizatipnaadpérbiare,
cal cining the inpregnated support nmaterial at
ditiitle inesvimet capgsas at wnelsas Bh{F 65) T éml 30 (0 Brdoverr) to

0C (1050 OF). Each of the conpositions was tested
Mili;y to desulfurize a mddle distillate
f eedstRgKERanheg MRsdibel if dbhdiil, Grnppivhtiahiednio dévelop a
graphi cal representation of the results of this stud

irsedictamemoda f¢nprfdieth_tg>thp sulfursopeenration of 2 é?suifﬁe'zwa;éydée
il R BtonPilsd b LD P P il fprance

GRtRIhE ThetM@BascRb&libRadn Eandplel?e Yaxis is the
tenperature at which_the inpregnated cal ci ned suppgrt o
mat er i EnalwaiglysheampasHionENER: BadR BRs supRerts BisPuse gt desgribed in

¥ ) ¢ . i . )
dtveptic SART PR AR & PG e 309 G 050 °P)
G81595 ¥&1(1 LOUTPY SFHebOfippbRAPVeRAnPpe MGt éﬁtﬁ?ffq’é ¥émponents

two-step heat "treatnment nethod at the two different
dallowedhby dryinganddhert caleising Theeimpegnstad suppert matesiahattsiferent

dempoRe BREnBeom e BRarby SRR Bidhior e
Fb%?{pr%ﬁggfléé&g% ﬁgt_eﬁ aralsbilfty tPASBHuS: 4 Rfddle @fsﬁﬂzﬁé de@Stock

still ate_desul furization, are those
fraerarachi gl sulfig canccoppiaert. mat eri al cal cined at a

cal ci nation.t erature in, the range. of from uf. 454

& 550k srphical BB A it o E Sl s AV AR e
SORRR hloTBE BIG. 3| TheX-Deesf thepseemesletis tel epPengde at which the
calcined at a tenperature in the range of from about

fﬁg}f@t (rigﬁpéﬁabus)ed.ti@t}@:;}rge;@rs(tipg@f thyrdinal cata]yst \ym@l@p@b gnd the Y-
0o G PRI SR v

reathifddc Bhdtodvaitoun tiné eppésaits analfithemeaftratioy olf therdeddl futrivat
are wthin the scope of the described. disclosure and
tiddigrsiHiniaicedsipdea el inptiomdag e aindinal gatelypieompgition

' i | PTps=F l4;
Profgd B LRIEERanRve (R ME6 Hoqttrehiient kTR E e hodifirane
f@alcinmienitempdraturearliieamntoue linés ark tarbast fwf auwlufaber of daapoints

said nethod conprises: formng a shaped particle
R SNSERIS e cRBOYT BBt wei ght percent, excl usive of

vat er, A DARKIAELDy the contour plot, the best performing catalysts, based on their
properties for middle distillate desulfurization, are those prepared using a support
material calcined at a calcination temperature in the range of from about 454 °C (850
°F) to 538 °C (1000 °F), which the calcined support material has been impregnated,
dried and calcined at a temperature in the range of from about 471 °C (880 °F) to 538
°C (1000 °F).

It is understood that while particular embodiments of the invention have been

described herein, reasonable variations, modifications and adaptations thereof may be
made that are within the scope of the described disclosure and the appended claims

without departing from the scope of the invention as defined by the claims.
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heat treating said shaped particle under a controlled
tenperature condition to convert said boehmte of said

weheapad4qparticl e to gamma-al um na; control | i NngPE®IUS2005/033248

controlled tenperature condition to within a

cal cination tenperature range of from about 454 C (850
to a crystalline transitional phase of alunina thereby
providing a heat treated shaped particle;

I ncor par at.d r ' . J: into
shi d pegRelBd of naki Rl O E b Rt b P e
ananufpstegrdudieh loeadulfur dirtetsakhmpthdd paimbiisdse; and heat
treati sai d i npregnated heat treat shaped particle
tot he’?’g‘ng&@@P‘?ﬂé’%‘ﬁﬁ CUEPHEFIYS pf %ﬁ%gﬂ%ﬁ% perent, gxclusive of
eiidedoasmiiecited in claiml1, wherein said controlled

t enpérat ure condition provides for the conversion of
essentheat tryatmiglsaldshapedpanticiateddr alcoatrolimdt temperatirelcondition to

boehmte of said sh d rti.cle to be converted to a
(GORRET PG RariiRtG ki Tapcdpaticle &t EAPBHAIING, A met hod
adnir8AinkQ8id ddnfbadd %pel‘&ﬁﬁ% SofligeH @ wth aQhlcBfition temperature

tenperature condition further provides for said
trangsof fram abowtrdfd °Ql (Bﬁmg)plhdﬁo LEAH5C¢ U)o ias Gscopaentrsaid

| um na and further wherein said transjtional .

3}%; 119 A TSRS FaRgiign é)haserg?aélfmlal@ thesehyrrravidineadegt
LR dhbpBlargéyst al I'i ne phase of al umi na other than
gamma alumna. 4. A nethod as recited in claim3,
wher eiincerpomdtihg ahydrogertatidn shtalytid cpmpbieit énto eaitl hieatdreated

| ess than .5 i ght percent. boehm t fth t wej ght
sEadat et i oDl aPi S ottt rehutd Bap ebigle; and
tr eat egbapheRiRg shidlifpfdgBate® heh tFoRted QHapd paftfdld ®4héBby provide
claim4, wherein |less than 5 weight percent of sai dy
Saifheatalys Comppeitidivat treat ed shaped particle is said

ty ansi ti I [ L um t.her than e
a2 AR 58 Jhl i bl 330 s B bl ondition
wtevidedifok ke cvRtérsion o6 essenliAlveilEbut @fnof ahalerid atnouheetsatll
shaped particle is in the range of from.about 70_.

Aoshmits of said shapsd partists tg bg senried tua &ansiionah grysigilipe phase of
paglﬁxﬁin\épl ume of said heat treated shaped particle is in
therange of fromabout 0.5 cc/gramto about 1.1

&/ gr ahmetind astreciteidin piaime 2§ WherciiGsapbcangrolled fentpeeatdrotcahdition

B RBtiars O R pEP oA GORG AP HFARBIRE e fumin
DIFHS W EPeih Oaid AAnSRGR] CARBMlinG phAsd TRERAL AhafefiG] dtkhce of

in claim1-6, wherein said~hydrogenation catalytic
caidiomertionplscrystaline phhsé pHatumimen efhentparogammaglugtinng  of

rﬂ?l y bd& e o%oa%qgcl{{égsm claim 3, wherein said heat treated shaped particle

contains less than 5 weight percent boehmite with the weight percent being based on

=X D

the total weight of said heat treated shaped particle.

5. A method as recited in claim 4, wherein less than 5 weight percent of said
alumina of said heat treated shaped particle is said transitional crystalline phase of
alumina other than gamma alumina.

6. A method as recited in claim 1-5, wherein the median pore diameter of said
heat treated shaped particle is in the range of from about 70 angstroms to about 120

angstroms, wherein the total pore volume of said heat treated shaped particle is in the
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cobalt conmpounds, nickel conpounds, phosphorous
conpounds, and any conbi nati on of one or nore of such

woaopoands. 8. A nethod as recited in clai ml-PCT/US2005/033248

wherein said heat treating of said inpregnated heat
treated shaped particle is conducted so that the at

| 8RS ofHbiabE10. P& ARt to@bortiel ed/piaht)and vheRirtimore than 70
catal yst conposition is in the crystalline

trezeest of the mtalmﬁ)a@éolame@éﬁﬁﬁ hgatiireated sharpd nagticls isgentgined in the

ce [ ]
ki e L T R S SN
ot.her A hasth@dyirecigddunichagn 196 whereth baid hadrogewitioadatatytic

claim1-8, wherein said catal yst .conposition is
omnenertis selertedromhegrop ﬁéaqwtlas mgmﬂ’il%{“é? CPWP?W@S

g A RS e  Sid Sp gy cmnasin

ahhmbo@nﬁm@ﬁf@Mhnuﬁmomﬁhut 1.1 cc/gran1 and nore than
70 percent. of sai.d t.ot oy e vol.une opt aj ned
i% t hepsithad a346¢5iieg 18 0§8P3 “hiheeria .salé;he?tr rﬁﬂ%op S

] heRhdt 9@ weight
?’g%?%%gg,hg%h%%dﬁgﬂg%d catl%ﬁ%g{l &(l:dgﬁ%%gg? tla%ﬁ further cigh
ceenqent sithe alumihy bfisnd catalystpounpdsition isia thamgdabme tnansiiional

t { t 30 I d
e el pigmand i Vet by o s g
f(fa@.ﬂﬂfs% BoHpoRtiHlistiR tmygtalﬁﬁ)e MR setfinaPHA8€ Biher fhah Ghhata@lmina.
as cobalt oxide, and a phwhor ous conpound in the

range Asﬁndthqsiﬂsacb@teltd mjclmn g\'he;qm paid eatalyst eapepesiton is
el PR A Sl U ATnAeEREHERALE srbom Bouto,

3angBkéihd R ab@’ﬁﬁli‘lfmai‘lg@tfrorﬁb Atbtalpore Wdhﬁh’d ﬂ&h@fﬂgaof from about 0.6
rmt erial absence of a crystalline transiti.gnal

has
ofc/ g ke A tneoo/ Samm anhimaredhamy O perce of sid tetel m)ge yolume that
C C
tlgté:&ll%lh&? i1} @%gﬂ:g %‘énl/llng 5&)&?63{?1%%&?8?% IEtﬁ(EngsS tgl 350
iemtgarcrmﬂl ate to thereby provide a cat aI yst corrposi tion
conpri si ai d catal ytic_conponent | um n

e A el Sssriced Tl D aTHeBE S cata Sargipsiion further
aco‘ri;ﬁ_r%é&% dEﬁlﬁﬁ %bﬁ‘lb@ﬁiﬁ‘f 1n@flé11‘5h§@opﬁé§13ab9ﬁthﬁ‘fo ePoB@trBO weight

um 12 A nethod as recited in claim1l

vﬁmeat makcalaobdrmtrmlyladenamgenmdem cablali mpnmpnunﬁ/mrtb&ra@ee phfrom

: @B g? e%&sg ({)) gv%%ghg ﬁ?rlaeerihcgﬁ)cggaq%(g%sp%qbgﬂto%gf Frivd ph%sphorous

3& ol ihe "rﬂige‘i'ﬁ’ frRE aBMue0 Ol Rlve?@‘lt eftRhtetoaBbutHOw €iBEpercent,
al

of said cryst ine transitional ase of alum na
oﬁwawdﬁ%&pl@aphmow um na in said shaped support is

an.b5 ht. .percent of the total weight of said
ﬁé\pe %Ibo Fm%pn IR 9 |

providing a shaped support, having a material absence of aluminum hydroxide and a

material absence of a crystalline transitional phase of alumina other than gamma-
alumina;

incorporating a catalytic component into said shaped support to thereby provide an
intermediate; and

calcining said intermediate to thereby provide a catalyst composition comprising said
catalytic component and alumina wherein less than 5 weight percent of said alumina

is a crystalline transitional alumina phase other than gamma alumina.
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that is said crystalline transitional phase of alum na
ot her than ganma alum na. 13. A nethod as recited in

wohleiormsd23 wherein | ess than 2 wei ght percent 8CTABR@S/033248

alumna is a crystalline transitional alum na phase
ot her than gamma alum na. 14. A nethod as recited in

cl Al M A JnethbiLssSrebitddaa T1diman, WhiRinddid PefeeialibsedcesoTiathminum
alumna is a crystalline transitional alum na phase

oltydeoxidhrirsaishshapcchsupnprias lessthams weeight pergsntraf the totplweight of

claim14. wherein.saj.d.catalyti . .

e smripor i 1 €Qbiri R Bdblfia AATRAREM snig materpl absence of
PRV ErfStaliak Grafditiohal phase@TRDSAihA Ofhet thah ghminialimina in said
conprises a_ nol ybdenum conpound in the range of from

atheped ppert iplger tham S wesighi pegsentcafithe totaél“@éﬂhgpéém%haped support

PP SR sbR R flRioRaARR: be ARHRA bt el A DI
aB3.cobAltetlhod ghaecitaidn@l4iindpvhereitslessaimo? weighn peieent of said

range aof from about 0.01 wei ght percent to about 5,
el lﬁ,em:yéwl}r}eéganémoaﬁleaauragjamh&%ﬁ TdhAn sapgna glumina.
cpf al ygtnd &f’%ﬁ%&i‘t Nn cEHARA! &f:}%@l%in RsCRhE Y Q‘ﬁe‘ij%mt gercent of said
i npregnat ed shaped support, erein said shape

salpmaratis e trystillthe trgmsiigpnalt aainsla phest athgydlan gdnasa alumina.

i al of .al um d ' d terjal
2ER onoB rafthod graesifed st ds PPN R forboniha
OfnB&potabaNn@AATPMapE fippBit iPduch Qs 1ol B sSid Ratal R0 (t:omposition

thereof with a hydrogenation catalytic conponent to
t thet fatthermonypiriges & miodybidepurs gompeundsindperingephipm about 2 to about

- REBEh ool Bl o BpAGL AP PR o Rlbofl pyone

afatlpe HUfdH YE6E 0. Gletol dbotiel TlwsidhPRscehy RaTulatddSas| @B 5lt bXid8, and a
5 wei ght percent of the total weight of said shaped

sphspRarousremitesne imthe apreepftfon aous BH gk ercgnifo about 5
cLV: L 4 e of alum na other than
gé{%%féﬁgqr%%ﬁr?tgfclﬁ%%&aésgm?#g%gﬁ%éupport is less than 5

Wed. ght Apetabgntomipositiva, tahplisingi ght of sai d shaped
support. 18. A catal yst copposition as recited in

cl ai m AeleippbignrReuakidshsRgdeTiPRPT AR HE Saigshapgdpupport of said

. > S s
: ;m&;t&g%ﬁa Jd_asﬂﬁi)éﬂt ARed m%giﬁﬁabgénc% ot Hudnih {({)}(i@:rhnd a

a Is less than wei ght percent o

-t mbHalwbisegive of trystilihesrapitional phpser df alurBina Athea theinymmma-

raliBaron s B disbipen i PebyEiih AygrephoR B component
PRGR&G I prak idIshR iﬁ%k:@gﬁafea ARapRa¥FpoM MBleBfer daldiRES t han
1 wei ght™ percent of t

f the total weight of said shaped
slibpor & c2@lyspcamapasitiont asgscited din eletm il f, wherpim sasl mojaalabpence

oSS REnE P Shatte SebSTRORSeha weliftasisent of e
t f3ga] FWRNe oPdaid mfa}me@ Bpplort3nt viRBak baid Gnat@ial Hbscnes 6fvatd

cal cul ated as no Kbdenum trioxide, L
ase of alumina other than gamma alumina in said shaped

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

18. A catalyst composition as recited in claim 17, 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.

19. A catalyst composition as recited in claim 18, 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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a cobalt compound in the range of fromabout 0.01 to
about 10 wei ght percent, calcul ated as cobalt oxide,

wande3piesphor ous conmpound i n the range of frearalsees/033248

0. 01 weight percent to about 5 weight percent,
cal cul ated as phosphorous, wherein the wei ght percents

ap® bagegdtaBit hdrecitat ial clari 8h vhefeirbaidihgdbgdnation catalytlc
conposition. 2 1. A catalyst as recited.in claim?2

vespanantsaisaidcatalysy Sempesitisine ges 3 mobRepHER E‘Pmﬁ@alddﬁ the
h

Ao TR, B0 AR s o B 8 o
p@c@ambmpsemhmimhe ran@o @€ fiof fhoand. ab auiboit 60 evelght pmcem

about 1.1 cc/ and nore than 70 perce t of s
t eAlelaterhsecapg Giidley ik PROSBIATPY SeBRPAd it CIBREED ‘?from about

8L DO S R S BRTh ho werin

cWaightspetcednby ava hselion tAStotal wright o s3id catajyst einmgpsition.

¢ under esul furizatio nditio
Elor AaROL Pee OB RA0. Rt sl e anekegmpgiion is
t
o g B R Hf2 of b ArE0
suigstiomsricdationt Hl Gangsirams, & totad porsciolunas/inrthe zange of frommoabout 0.6

Scl:Jcl/ érlajtrrn to Qou%nlt { gé/ lgr%?n and more than 70 percent of said total pore volume that

is contained in the pores having a pore diameter of from 80 angstroms to 350
angstroms.
22. A catalyst made by the methods of claims 1 through 15.
23. A process, comprising:

contacting under hydrodesulfurization conditions a middle distillate feedstock
having a high sulfur concentration with a catalyst composition of any one of claims 16
through 22 and yielding an ultra low sulfur middle distillate feedstock having a ultra

low sulfur concentration.
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