WO 00/ 47321 14 August 2003 DESCRI PTI ON S PREPARATI ON OF A HYDROTREATI NG
CATALYST Technical Field This invention relates to catal ytic hydrotreat nent
of hydrocarbonaceous feedstocks. Background Art Petrol eum feedst ocks are
characterized by relatively high |levels of contam nants, {falLgat2Q03ul fur
nitrogen, CoWodd8@Al car bon resi due, aromati c conpounds and netal s such as
ni ckel , vanadium and iron. During catal ytic hydroprocessi ng heterogeneous
catal ysts are contacted with a feedstock in the 10 presence of hydrogen
under conditions of el evated tenperakurerpahgh pressure to reduce the
concentration of, the contami nants in Tfeedstocks. The hydrotreating process

pronotes reacti ons SucChyp &S AWdrodest! Lkt FalH a3 ycHBR) » 1 Py-Ar odeni t rogenat i on
(HDN), Conradson carbon renoval,” hydrodenetalTation (HDV) and 15 aromatics

saturation,.agcoppanied by a b0|I|ng shift to lower boiling tenperature
product s. gg‘rhﬁ“guﬁfur—and nitrogen conponents are converted into hydrogen
sul fide and anWDniaqTkﬂ&ﬂﬂﬂu&n&ﬁéndﬁﬁb&téiﬂid)ﬁh@aﬂpe;cahﬁﬂgﬁﬂ:eéEhﬁnteSﬂltS

i ncl ude % gu0|n ecologlc% %ﬁclean hydr ocar bon products such as fuels 20
and protect¥ 506? F8Ffhing catal ysts from deactivation.
Processes bpkik&egpvi ng--heteroatons from feedstocks are known in the art as
are catal ysts for such renoval . Typically, hydroprocessing catalysts

cont ai n® Group VI andﬁ(ﬂfo@eémpf‘%’?ﬁFCQQ%CﬁWeChmaeﬂtE(‘feﬁﬁén@h’t gedapporied on a

porous ref pagf ory_ oxifle o suclas alupipa. AT 462,51 L5Ro280) i tes.

titania,

Conradson carbon residue, aromatic compounds and metals such as
nickel, wanadium and iron. During catalytic hnydroprocessing
hetercgeneous catalysts are contacted with a feedstock in the
10 presence of hydrogen under conditions of elevated temperature

and pressure to reduce the concentration of the contaminants in

feedstocks. The hydrotreating process promotes reactions such
as  hydrodesulfurization {(HDS}, hydrodenitrogenation  (HDN},
Conradson carbon removal, hydrodemetallation {HDM) and

15 aromatics saturation, accompanied by a boiling shift to lower
boiling temperature products. As the sulfur and nitrogen
componients are converted into hydrogen sulfide and ammonia,
metrals are deposited onte the catalyst. The results include
producing ecologically clean hydrocarbon products such as fuels

20 and protecting other downstream refining catalysts from
deactivation.

Processes for removing hetercatoms from £feedstccks are
known in the art as are catalvsts for such removal. Typically,
hydreoprocessing catalysts contain Group VI and/or Group VIIT

25 active metal components supported cn a porous refractory oxide
such as alumina, alumina-silica, silica, =zeolites, +=itania,

zirconia, ©boria, magnesia and their combinations. Such

catalysts are often prepared by combining the active metals

wich the support. The supports, containing metal components,

o)



zirconia, boria, magnesia and their conbinations. Such catalysts are often
prepared by conbining the active nmetals wth the support. The supports,
cont ai ni ng nmetal conponents, WD 00/47321 14 August 2003 are typically dried

and cal ci ned afqtdhg.temperatures ranging from about 370 C144u§G8Q@0A3t o
elimnate any solvenf and to convert nmetals to the oxide form The calcined

nmet al oxi de . cat al stg.are then typically activated by contacting wwth a 5

sul fur cont il n@’%&ﬁp&ﬁndﬂrslﬁéh e RANOFER Sl f ik, torpanatused faanging

conpounds orzghenenfal syldfur to copvert metal oxides into catalytically

active metal sul fides. Aﬁé i ?rpg%t ant a('ﬁdg:gonetji‘ﬁpﬁinr?ﬁeai'ﬁ}f nSPhESPef fAF ng©

cat al yst artcorgetro develsptnewhla ghxiper foymmnce Thydic@picaeesSinad 21 1@xide
grger to_obtain high quality oil products and inprove refinery

catalystsigaa r b J o . .
economi cs. Varfalfons®fh ¢ERpovEiohalY AFaraGredi siv ceopradettodsigf a
gh t hese

prepar at fonsol sy dr-epE QCLES: Ng atab yst.snhavwe Rheep, e d;to re
objectives. .It is known iﬁét hgmgrt t hat uncal ci ﬁed %ﬂé alr%té['?édl5 8§§aﬁ’?y

provi de hi gRBt ¢ spRPRIEH Ofomcel sreeniiponehiur t her ebyvernpmevihgox: des

hydrotreati ng @ctivwiities,11t 18 €ssential for.the uncalcined catalysts that

the active corrponentérl,E sﬁch§aés&éq%ug"e%? ﬁﬁgﬁﬁée@ oup VI11 netal conpounds,

and promoters such asn phosphemousandr ecomtinaneer hed | 1w 0 (0% deef ormduri ng
t he active conponents are nmaintalned

o Tl 20, AL S ERo ThaL s, ey fell e parmponents e, 1
5,198, 200, diS,336, G5 ended)S:S, IFLL7 ndfrochoae: @, MBLAOGLA PLERA Ng @
hydrotreating catal yst by inpregnating a refractory support wth a salt of
G oup VI 251“%619%{133 ARELFTH HETGTBES VI | | Veatak et er 6pol yeampeksit iBhe L
catal yst i S:hﬁ&'(ac@@i‘féﬂ'@js OérSHQLESEEd £0 ﬁl‘é&xta%%ﬂr aéf” E‘ffdroprocessing.
Catalysts have been attempted to reach these abjectives.
It is known in the art that uncalcined catalysts
15  usually pro&ide higher‘dispérsién ci active components thereby
improving hydrotreating activities. It is essential for the
uncalcined catalysts that the active components, such as Group
VI and/or Group'VIIi metal cbmpounds, and promoters such as
phosphorbus, are not converred into oxide form during a high
20 temperature step. That is, the active components are
maintained without chemical decomposition until sulfurizing.
For example, US 5,138,100, US 5,336,654 and US 5,338,717
disclose a method for preparing a hydrotreating catalyst by
impregnating a refractory support with a salt of Group VI
25 metals and with the Group VIII metal heteropoclyacids. The
catalyst is not calcined or subjected to high temperatures,
thereby retaining the hetercpelyacids in the original form on
the suppert; however, complete moisture removal from the
catalyst during a high vacuum drying step is reguired before
30 the catalyst is sulfurized.
In general, as the activity of an uncalcined catalyst

18 increased, the hydrotreating conditions reguired tc produce
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t hereby retaining the heteropolyacids in the original formon the support;
however, conplete noisture renoval fromthe catalyst during a high vacuum
drying step is required before 30 the catalyst is sulfurized. In general,
as'the activity of an uncalcined catalyst is increased, thgaagdst@oogating
condi tions redt® PEH3Yo produce 2 WD 00/473_1 14 August 2003 a giver oi
product becone nore mld. MIlder conditions require |less capital investnent
to achi eve thesdesi r edlprotibict speebht catdrensnistich asiabkswesbildatels sof

sul fur, nitrogen, Conradson carbon residue, netals and aromatics, and the 5
catalyst's fTER TS txteritfed due TIFERERT cbRe2Fot Wit | GiF £rf *tchérorfHetor s.
I't has surpspséngleeheen founeh t hat preparationief an cunealbci nedreakal yst
using a conbined volatile content reduction-sulfurizing step allows for the
cat al yst t oCHEATPPY eFard@Prat E6hBKE t enPRFBtUr 514 | pYEws isteps @aadd wWiehout
cal ci natd on., JeSUlL NG I, ascaLalusheui L exael { SNt fydrokLeting, agtivity
and stability. sclosure of the Tnventio6R. The process of "the rnvention
al |l ows one d¢wher eparera. 15 catal yst while using a conbined volatile content

reducti on- sulfurizin? gtep. The jroiess conprtégs:' roviding a porous
support; conbining safd®SApPort= Wi tFEnEe6P N cHiE WEIERAFPY 1 o5 ctf vl
metal s, thefrphy Jiokll NG Ll YSis HLCURSOIch@MiNRG a v@kalat i bengcant ent
and reducing the volatile content of the catalyst precursor in one or nore
st eps, wherrEiay Cat opegst IgReZz ] atste® allows cr the catalyst to be

10 prepared at lower temperxatures, in less steps and without
calcination, resulting in a catalyst with excellent
hydrotrearing activity and stability.

Disclosure of the Inventiocn

The preocess of the inventiocn allows one to prepare a

T 15 .catalyst while wusing a combined wvolatile content reducfion-
sulfurizing step. The process comprises: '

providing a porous support:

combining said support with cone or more catalytically
active metals, thereby forming a catalyst precursor having a

20 volatile content; and |

reducing the velatile content of the catalyst
precursor in one ©r more sSteps, wherein at least one volatile
content reduction step is performed in the presence of at least
one sulfur containing compound;

25 wherein the catalyst precursor deces not reach
calcining temperatures prior toc said at least one combined
volatile content reduction-sulfurizing step.

There is zlso provided &z process £fcr preparing a
catalyst suitable for hydrotreatment of a hydrocarbcnaceous

30 feedstock, said process comprising:

combining a porous support with one or mere

catalytically reactive metals selected from CGroup VI and Group



content reduction step is perforned in the presence of at |east one sulfur
cont ai.ni ng conpound; 25 wherein the catal yst precursor does not reach
calcining tenperatures prior to said at | east one conbined volatile content
reduction-sulfg&;ﬁun step. There is also provided a processaugustfpoeparing a
catal yst suitabl®e férlhydrotreatnent of a hydrocarbonaceous 30 feedstock,
conbi ni ng a porous support with one or nore

sai d process_conprisin
cat al yti cal | Y= feact} ve-iifet dlasisgiect 8¢bfeom Gheupswl ZHmthiGooup 3 a2Vl EOA7321
Vil of the Pechodic Tablgs 14.Auoust. 2003 therehy formng a catalyst
precursor having a volatil@ content:  and re Uéi Ag the vol atile content of
the catalyst precursegediinioge ohenorelsteps, wheeenhn abil eask opg-yolatile

content redyction step is performed in the presence of at |east 20 ore
sul fur conta ning conpoutds WhelEFR thé&PCat §FSE1pr BEur§8FEdEBS FotaTiddch
cal ci ni n§ t enperaturesupti®s dr@psaisd pat-rheast Qﬁetﬂé”ﬂyégﬁ%ceVB%aéj'é%f%%ntent
reduction-sul furizing step, Further, there is providéd a process f

hydr ot r eat i if§% SHy 8o cEebohatiedusmpedstock, sai d process conprising _
ressure in

contacting said feedsgock gt elgvated temerature and el evated
the presence of hydrogen Wi th one or re ¢ Eﬁ%ﬁﬁ%?ﬁxuﬁ%eﬁM1 & n & Peast
one papalysFa@ednemmtakm@eISt@r@atatyst prepaned byt theapr 06RsS LaMRRESI NG
combining a,oRQEeNs SURRQL! MLLD. 008 8L, FRr S S alyf! cally active metals

10 Further, there is provided a process for
hydrotreating a hydrocarbonaceous feedstock, said process
comprising contacting said feedstock at elevared temperature
and elevated pressure in the presence of Lydrogen wicth one or
more catalysts beds; wherein at least one catalyst bed contains

15 =a catalyét prepared by the process comprising combining a
porous support with one or more catalytically active metals
selected from Group VI and Group VIII of the Periodic Table,
thereby forming a catalyst precurscr having a volatile content,.
and reducing the volatile content of the catalyst precursor in

20 one or more steps, wherein at least one volatile contént-
reduction step is performed in the presence of one or more
sulfur containing compcunds; and wherein the catalyst precursor
does neot reach calcining temperatures pricr tec said at least
one combined wvolatile content reduction-sulfurizing step.

25 There is further provided a catalyst made by the process
comprising combining & porous Support with one or more
catalyticzlly active metzls, thereby forming a catalvst
pPrecursor having a volatile content; and reducing the wvolatile
content of the catalyst precursor in cne or more steps, wherein

30 at l=ast one velatile content reduction step is performed in
the presence of at least one sulfur containing compeound;

wherein said catalyst precursor does not reach caleinin



selected fromGoup VI and Goup VIII of the Periodic Table, thereby
formng a catal yst precursor having a volatile content, and reducing the
vol atil e content of the catalyst precursor in 20 one on, nore steps, wherein
at 1east one volatile content reduction step is perfornedigpugbs 2008sence
of one or norEP%{iPHyur contai ni ng conpounds; and wherein the catal yst
precursor does not reach calcining tenperatures prior to said at |east one
conbi ned valeatkeketcont emtribeducdi creisul furilzdayy step. QEoEherde vsldwritsher
provi ded a cat al gst made b tuge; r.ogcess _conprising conbining a porous
support wi tH"6hE o?e%cf’tew%ft I‘yg'r"éép?ys%%?i ve metals, thereby forning a
catal yst pree8rses-hiadirg arvehat bl-ewcoid ent; and reducing the volatile
content of the catal yst precursor in one or nore steps, wherein 30 at |east

one vol atil e contentf¥edutt iBw¥st P sWperhbehed VER2IEheSsr ST BT at

| east ope taly ng .c 0 ; ecei.n_said egur does
not rea%h igjll‘%?%%%&f% 8%/_4%5%1%%% 28‘3%2%%08% %eﬁ%ﬂ%%’%éﬁg@a%r i%gr §§% sai d
at | east opeccesdhi nefd vdiat i ievercontrentvaredisct izon-aaflunsic zi mgdst epy Bai ef
Descrintion of the Drawings FIG 1 shows the weighted average bed

t enper at ur 8P SRR ?&ig?ﬁﬁd for 885 HDS activity of a catalyst made by
the process of theriravent ipwer3ds wargatalystemmderbysa segnwenti onal
process. FIG 2 shows the WABT required for 88% HDS activity of a catalyst
made by t hef proEESELBFE t RBIRNPNtH N REICHFEE £ 18P oAMBRRT N CHERTYSIE FIG
3 showy, t he fammerat uce feguired for 30%total nitrogen renoval by a

catal yst made by the process of the
FIG. 3 shows the temperature required for 30% total

nitrogen removal by a catalyst made by the bprccess of the
invention versus a commercial catalyst.

FIG. 4 shows the temperature reguired for 20% basic

15 nitrogen removal by & catalfst made by’ the proéess of the
inventicon versus a commercial éatalyst.

Detailed Description of the Inventicon

In conventional preparation of sulfurized cétalysts,

an inecrganic support is dried, calcined and conmbined with one

20 or more catalyticall? .active metals to form a catalyst

precursor. The precurscr is then optionally aged and moisture

is driven from the pores of the precursor by drying. The

catalyst precursor is then calcined at high temperatures in

direct contact with hot gas to remove residual moisture and to

25  convert metal precursor intoc oxide form. "Calcination

temperatures” as used herein shall mean the c¢alcination

temperatures of 400° C to 600° C, which are typically used in

the ar:z. When calcination is complated, the gprecurscr 18
sulfurized to form a catalyst.

he present invention, &

rt

30 Under the rocess of
catalyst is prepared by combination of & perous carrier with

one or more catalytically active metals to form a catalysc

wn



i nvention versus a comrercial catalyst. FIG 4 shows the tenperature

requi rred for 301 basic 15 nitrogen renoval by a catal yst made by the
process of the invention versus a commercial catalyst. Detail ed Description
of the Inventi @ doyrgenventional preparation of sulfurizedi1g4augl$tdoe3d an

i norgani c support is dried, calcined and conbined with one 20 or nore
rsor.. The precursor is

catal yticall tl s to form.a catalyst precu . S
t hen opti ona??%gée/ ;r%é%ﬁﬁ st u?ogarq*gedfio\?'é%nf'r om-tfie V5oFES< 8 CPRESDT elfir sor
by drying. Thee catalyst mrecursor is dien calsed atodd obr-t @9PEr atHpes in
di rect cont act, vg.th hot gas to renmove residual noisture and to 25 convert
metal precur SoF o OXF TR F orfEICEAPRI MRY oh2KE erRdercat ur BoT ®xamoéd herein
shal | mean thieakei BALI ORcLEARSY Ales of 400, 19,6000 .G, which are, .
typically used in the art. Wen calcination is conpleted, the precursor is
sul furized t*¢™PEEMEEZRAL aPYstSimBOY Uhlefehidérpt buess: okmbhentpr eseditions.

i nvention, catalyst_| £pared Qnhi nation of a porous carrier with
one or m)re%(z::at gl %?caﬂe; Ig'{:ti végne\?églagl{i% f 6P AT B catal Vst BPWE 6727351 14
August 2003 cprnévarsdr ihavilng arustmtd | efcanfentr Theevahattihe oMM of

t he cat al ystCOF_‘recursor is then reduced in one or nore steps. Volatile
content redieFPoR ARy Fake pPat® fbr ex&hdl eSHPiR9%atiNEHRE prosstessr in
air at tenpeeatdtesnhaliow -Galicignaki on, St : SiwdLy
dehydrating at anmbi ent conditi 6ns. tQLLQAt | east %%%tgggfg%t h%%ﬁ%fa]gt%'l eq)céontngﬁt
reduct iDh sPepWES L GFIGE 6@ lFANE Weoprteswseetotesne or nore sul fur

containing conpoundsyande. @i Qs L0, 1dH;8 Lomfined volatile content, .
step(s}) may be conducted in-situ or ex-situ. After wvelatile

content and sulfurizing is completed, the catalyst may be

activated further using a liguid phase activation at elevazed

15 temperatures. For example, 1iI  ex-situ pre-sulfurizing is
employed, the catalyst may be contacted with a lighter
feedstock rto produce a supported metal sulfide cétalyst. A

variety of other sulfurizing technigues may be used to produce
a sulfurized catalyst and reduce solvents from the catalyst
20 pores at the same time. No conventicnal high temperature
calcining of the catalyst or catalyst precursor is necessary.
The catalyst undergoes a weight loss during
bProcessing as volatile compounds such zs solvents and/or
organic and inoxganic ligands (functional coordinating groups
25 having one or more pairs of electrons te form coordination
bonds with metals) are removed. As used herein, “volatile
content” shall mean weight loss as czlculated following
exposure of a sample to air at 482°C for twe hours:

{sample weight before treatment) - (sample weight after treatmen:) 100
T = b
sample weight before treatment

m




reduction-sul furizing step, the catal yst precursor is not 10 allowed to
reach.cal cination tenperatures. The conbi ned vol atile content reduction-

sul furizinc step(s) may be conducted in-situ or ex-situ. After volatile
content.- and sulfurizing is conpleted, the catalyst may be {a@lugust29d3f urt her
using a |iqui ¥oase! activation at el evated 15 tenperatures- For exanple,

if' ex-situ pre-sulfurizing is enployed, the catalyst nmay be- contacted
with a lighter feedasocke8iohprotce e iippar e cnetal” sukéndeacadatiest. A
variety of thgr sulturizingt%echnigg%s may be used to Rr?duc?1 qaggkjurized
catal yst andEdiEE F6ITeMTIEAGH the c8PEl §5t ™8 pSrag 8t~ the YaiE tihe. No
conventi onglerhnghwhepperatdi e ¢RkCHBLAJaOf : dte=cat al yst or catal yst
precursor is necessary. The catalyst undergoes a weight |oss durin
processi ng as vol ati 'extbrpoundgs stEr dssesol i MR BY CQﬁEﬁﬁﬁ%ﬁgag@e

| norganke |hgangs. (fyoellonal caordi naling g ouns.e 25.0aulng oggan.amre

pairs of electrons t orm coordinati on bonds with netals) are renoved.
used herei mpmpuyohdsi | e A costudhttishdl bameanswei gist 4 osstabyzal dul atedh

following exposure of a sanple to air at 482C for_ .t hours: (sanple_wei ght
bof ore. 1 eAEREHE) Mot CdansT B MER BT 2Pt LT LR R e Y XSAFE SSkpPaL bt GRt
before treabpent 561 WO/ 47321 14 August 2003 As used herein, "catal yst
precursor” neans a carrier which has been conmbined with one or nore

catal ytically activeln nethfl s BR9CERShafé nbbeyeinbeehicfbt i Vdtsed.catalyst

Sul Tuihzi B WDl USALL NI JBANS-CQILACALRGs 1N 2 CAlAlKRE1B! eguasOr
with one of nore sul fur contal ning
optionzlly promcters, is not calcined. At least cne volatile
content reduction step is conducted in the presence of one or
more sulfur containing compounds. The volatile content of the
catalyst precursor is typically no 1less than about 0.5%,
-15 preferably fromlz% to 25%, more preferably from 3 to 10%, most
preferably from 6 to 10% before the catalyst precursor 1is
exposed to the combined volatile content reduction-sulfurizing
step. ©No calcination of the catalyst precursor is necessary or
performed and, in fact, allowing the catalyst precursor o
20 reach calcination temperatures is detrimental to the results
seen when the process of the invention is used. The combined
volatile content reduction-sulfurizing step may be done in-situ
(in the reactor where the catalyst will be used) or ex-situ.
The hydrotreating performance of the resultant catalyst is
25 greatly improved over catalyst made by the conventionzl method,
and the process is simplified by eliminating the high
temperature calcination step of conventional processes.
A porous support is typically used to carry the
catalytically reactive mertal (s). For hydrotreating catalysts,
30 supports are typically alumina, aluminz-silica, silica,
titania, zirconia, boria, magnesia, zeolites and combinations

thereof. Porcus carbon-based materials such. as activated




conpounds- A "sulfurized catalyst” is a catalyst in which active netal
conponents are converted, at least in part, to netal sulfides. in the
process of the invention, the catalyst 10 precursor, that is a carrier with
deposited actiwa sjgtals, and optionally pronpters, is not14&ugust@d03At

| east one volatile content reduction step is conducted in the presence of
one or nore ggllﬂgur co %q{ni ng conpounds. The volatile content of the

catal yst precur3ot 73°4pi €FPYS nG*FREST € har abvut LDibdsed 5 apr efdiabl Shd r om
2%1t0 25%  mmxexqeter abbyodiom 3 (0.10% . ppst; dir eberably, from6. Lo 10%
before the catal yst precursor is exposed to the conbin€ volati e céntent
reduct i on- s-fiR47A gl 16t efpasre cedxdieatsi.on dfatelgccatal ystaqari@eurnsaraliss
necessary ofrg f e fac allow ng the catal yst precursor to 20
reach cal ci nﬁ%l?%%g?%%rfe%% ﬁ@g?rsi m:infaéllFl %’b?t‘ h%‘reé%l Feriedidn TRReR t he
process 6f tive i dsmriced i snusedhe Theugeivhi.ned Tyyakatile canteptie are
reducti on-s%IFEurcitzi ng.step may Jbe done in-situ (in the reactor where the
catal yst wi T B&E E8edE8F eRCSVHIE W The Hi e eat iO9apér f orvimied, of ahlie

resul tant caftiatysés isnebegr eatpyondmeved. gyer, cakal e by Lhe
conventional nethod, and the process is: simplif ?jtg %égg”?gn_ r“fa}(li %\eg PRehi gh
t enper at ur e*Cal FFEEFGR 8 ep WitIconteat | oralalprdceddes. AcpPOroOUSHELPPOrt i S
typically ugediioLarry fhe jcally reactive metal(s). For

hydrotreating catalysts, 30 g%%%%ﬁés ar 8- typT Y al T]‘?ﬁ%%,sal UMt a3 | ca,

silica%itamesarzciooni ao-otl apg magtesbapraenpitas -and CORbI pat i Onsq
ased materials . such. as activated 7 WO 00/ 47321 14

thereof . PQ&QH?{PaEgon- is nvent ] :

August 2003 carbon ‘andf ot ® poF ol dPEphiPe LB BEARIFY zed 48 welnd - MHRE

preferred method being incipient wetness impregnation. The use
of agquecus soclutions is common; however, organic sclvents such
as aliphatic and aromatic hydrocarbons, alcochols, ketones,

15 ‘etc., can be also used to deposit soluble active components and
‘Promoters onte the carrier. Examples of agueous solutions -
include those containing molybdates (such as di~ and hepta-

molybdates), molybdo- and tungsto-phosphates and silicates,

polyoxometallates (such as heteropolyacids and transitien metal

20 complexes thereof), various metal chelate complexes, amine
complexes, etc. The PpH value of the agueous sclutions
Lypically range from 1 to 12. The sclution preparation

techniques and methods for impregnation are well known in the
art. '

25 The catalyst precursor of the present invention may
have some o©f its voclatile content reduced in air at
temperatures below calcination temperatures, including ambientc
conditions, or it may be moved Sirectly to the sulfurizing
Step. Partial volatile content reduction "o remove physically

3¢ adsorbed solvents (remaining from an impregnaticn step) aids in
transporting the catalyst should the volatile content reduccion

be conducted in-situ.



preferred supports in this invention are alum na-based and alumna-silica
based .carriers. Catalytically active netals typically chosen from G oups VI
and VII1 of the Periodic Table 5 are deposited onto the support. Typically
the nmetals are selected from nol ybdenum tungsten, cobalt, 1aiAugest,2086d

m xtures ther&sfosP2zonoters, such as phosphorous may be used in conbination
with the catalytically active netals. Variations in catalyst preparation
met hods include 20 i npregnat i 9dinge0otiLkl vy and £4-RhaGHPI 4tdQNn. skhe; o
preferred method in this invention is inpregnation, with the fost

preferred nethdRlFasei fFatncirPrenPrRgeRRs Ol nFEYNanVENLiPhe e ra3f agbeous

sol utions i lcrpégr‘g N, : ni.c. ol S s_al jsphatic_and
aromatic hygiJ ocar onggo\gﬁl\g%%olmg?ggefgﬁgg,gggééset%??t%%nc%éegl Is“olp(ééee?j }f’%
deposit sol ébtetactnvereohponents arite praordtens oméoal hewi@r rizer suEranpl es
of aqueous solutions include hjhose cont ai ni ng _nol ybdat es %such_ as di- and
hept a- ol ybFHteS) 2SR Camf tUh G- PGS PRat-E6EP NG 8T £F cafed that
pol yoxonet afdeat3 (:3daBrRaSaRELEr 8RB0l YACIaES 120d cbingRakhi 0RERT AL 20~ conpl exes
thereof), various netal chel ate conpl exes, am ne conplexes, etc. The pH
val ue of tHes djifeUEIGISFE difs SHihirdaedy saddert comprungds 1disghecesdihg i on
preparati on,. technigues and, et Hods. Jor; i mmregnal i i ar e el o known, o0, the
art. 25 The catal yst precursor of the present i nvention nay Have e of
its vol ati | spembeat mpedlicedlEndasr bafors eapenbsunesi Hel owcal o hatulosy
itions, or it may .be noved .di re%tely to

t _ includi nbi ent di tions,
R SulPur PEERY LB EC SR i S ol atll SRR ERES P et i b T T 606 ¢

physi cal | y c3@zadsorbestsadagntcenteenahgi Agsfdan abiistRiregnat i &pasleapkcai ds
in transporting the catalyst should the volatile content reduction
. a sulfur containing compounds at temperatures that convert the
metal precursecrs to catalyticzlly active metal sulfides and
drive the moisture out of the catalyst pores.

15 Typical in-situ sulfﬁrizatioﬁ may utilize éithér
gaseous hydrogen sulfide in the preéence‘of hydrogen cor ligquid-
phase sulfurizing agents such as organc sulfur compounds
iﬁcluding'aikylsulfides and polysulfides, thiocls, sulfoxides,
etc. |

20 In ex-situ sulfurizatiénf the catalyst is typically
supplied to the user (refiner) in the “pre-sulfided” form where
the metal oxides are converted at least in part to metal
sulfides. Commercial ex-situ sulfurization processes include,
for example, the ACTICAT® process (CRI Internaticnal Inc.),

25 described in US 5,468,372 and US 5,688,736, and the SULFICAT®
process (Eurecat US Inc.}. In the practice of present
invention, ex-situ sulfurizing is preferred.

In the present invention the known ex-situ and in-
situ processes described are modified by not calcining the

30 catalyst at high temperatures pricr to contacting the catalyst
with sulfur compounds. At least one of the wvolatile content

reduction steps is cenducied in the presence of one or more

‘o



be conducted in-situ. 8 Wc) 00/47321 14 August 2003 without being tied to a
particular theory, it is believed that the process of the invention
controls the formation of bulky metal oxide phases in the catal yst pores by
direct interaction of the catalytic netal with a sulfur 5 ¢amugusti2003
conmpound bel ow cal ci nati on tenperatures, such that thermal aggl oneration of
the active conponent does not occur. As the precursor. is sulfurized,

sul fur cofsBURENRIBMoGaceMPPENds ol wignificanily: Righen acivity canrd Staliity pﬁéh%t al's
to formhi ol | £d S i al nt

bul ky 10 A SAEIATerdEcfle i g SopaRE Uy PRl T AR B

catal yst oswentional prooteses ofseparate alrying saleining asdesyifisizihg steps. sitlig ur
cont ai ni ng conpounds at tenperatures that convert the netal pregursors to
cat al yt i cAaligvadt that mgher syefateadingn@ctivity vie agbigysds dpcaustt obr higher
cat al yst NP RVA Y L 0= Sl A ' iz |d her seous
hydr ogen éﬁ%ﬁééﬂ‘l %f %/cﬁf(\alggdroeng%?@éeﬁtgfs ﬁ#fd& %5@%} %gé]f)ﬁ?lﬁ?t&% chas :dcgéuﬁt fur ing’?ng

agent s sudtcasdariggratsystiprepatippunds i ncl udi ng al kyl sul fi des and
pol ysul fides, thiols, sulfoxides, etc. 20 In ex-situ sulfurization, the
catalyst is typically supplied to the user (refiner) in the "pre-sulfided"

formuwhere the et afnoxhRsahaas HyRe!sidoabs PR rvarBhimbd HELELd in

sul fides. Conmercial ex-s urrzation processes inc for exanpl e,
t he ACTI CAIT( pjogasscefes (€Roving ehetdroatomh lamd. ) oth2s desdamirehisn fidBn  a

Fn4'? ﬁGSZ)rZ ﬁﬁ?gésrggngg&g e’edasctlc?lckt ggcnglﬁghi%ﬁng )boiIPl{gogglsni rgéld[:ﬁgr?.t StlJJgh Ian c-)-
process comprises contacting of catalyst with a feedstock at elevated
temperature and elevated pressure in the presence of hydrogen with one or
more catalysts beds. Temperatures are typically in the range from about 200°C
to about 470° C, total pressures are typically in the range of from about 443 kPa
(50 psig) to about 24,233 kPa (3500 psig), and liquid hourly space velocities

(LHSV) typically range from 0.05 to 25 h™".

Examples

Catalyst Activity Testing

Hydrotreating activities of the catalysts of the following Examples
were compared on a volumetric basis using trickle flow micro-reactors. The
same catalyst volume, basis compacted bulk density, was used for each set of
test conditions. The reactors were operated in an isothermal regime. To ensure
appropriate irrigation and plug flow characteristics, the trilobe-shaped extrudated
catalyst pellets were diluted with 180-250 micron (80-60 mesh) SiC in the
volumetric catalyst-to-dilutant ratio of either 1:1 (Test Conditions 1-3) or 1:2.5

(Test Condition 4), and loaded into the reactor in four aliquots.

-10-
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invention, ex-situ sulfurizing is preferred. In the present invention the
known .ex-situ and in- situ processes described are nodified by not cal cining
the 3D catalyst at high tenperatures prior to contacting the catalyst with
sul fur conpounds. At |east one of the volatile content reda@ugost 2908ps is
conducted in the presence of one or nore O 14 August 2003 sul fur containing

conpounds. Significantly higher activity and stability of the wuncalcined
catal yst are gtﬁﬂéiéﬂéb§l§bﬁﬂﬂ£§mﬂyﬁth catal ysts made by conventi onal
processes of separate drying, calcining and sulfurizing steps. It is
bel i eved that higher hydrotreating activity is achieved because of higher
di spersion of activencgagpanmiire of 828 HISI MRlhydlegdeneras | wsedides daalyspccur
during catal yst preparation. The catal yst made by the process of the

i nventi on nmaySB@Uligleg iThe sulpirizing pressure avas, Maintaiast ahabeyvtaddd dPRetS0

cont am nant s I Qg opnage f C i il iR0

poi nt reducti E%gwéﬁgﬁpg’%r@ﬁgo&gsiﬁ‘@o%ﬁﬁsgéggg%[ Qﬁfﬁ’%@?ﬁggfﬁr‘éﬁ% t“ﬁ a

feedst ock at Fempuratire rampiptiuritg s0fuszaiont wes Risefoliowe dmbiehetppreseace of

hydrogen with one or _nore catal ysts beds. Te_nger atures are typically in the
p

range from abatié rateef 1460 Gt hddingdor 2dieurspheating £ 336eCiatr cateI9f 2 t he
f f t . i &, 5 i d
Tt d hour Ly CARRE cliig €661 1ot el DR bt 8 fate b STBhER BRIGHR0 S | 21

Exanpl es Cat apysiurgicddolingyto BERl id antivimtrod uchag antgstigleidvi ti es of the catal ysts
of the follow ng Exanples were conpared on a volunetric basis using trickle
flow mcro-reactors. The sane catal yst volune, basis conpacted bul k

density, was E§-E§h§{ﬁ%tﬁgﬁm%%ulﬂﬂigiﬁ st conditions. The reactors were
operated in armi ensure appropriate irrigation and plug

fl ow characteristics, the tril obe-shaped extrudated catalyst pellets were

diluted with 180-25Q m cron (80-60 nmesh) SiCin_the
The ex-situ( pre-sulfurizin% was performed using the ACTICAT®

process. A sample of catalyst was treated with a stoichiometric amount,
based on the metal content of the catalyst, of powdered elemental sulfur
plus 1.0 %w excess, based on the weight of the total catalyst, followed by
heating the sulfur-incorporated catalyst in the presence of a liquid olefinic
hydrocarbon. The pre-sulfurized catalyst precursors were activated in-situ

using standard liquid phase activation.

Liguid Phase Catalyst Activation

The ex-situ pre-sulfurized catalyst precursors were placed into a
trickle flow micro-reactor and activated with a diesel feed to convert the
sulfur compounds on the pores into metal sulfides. Catalyst activation took
place at a unit pressure of 6,307 kPa (800 psig}, a hydrogen flow rate of
220 mi/min, and a diesel feed LHSV of 1.5 h'. The temperature was
ramped to 135° C and held for 1 hour; increased at a rate of 24° C/hour to
371° C and held for 1 hour: and decreased to 204° C and held for two hours
followed by test feed introduction.

-11-
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volunetric catalyst-to-dilutant ratio of either 1:1 (Test Conditions 1-3) or
1:2.5. (Test Condition 4), and |loaded into the reactor in four aliquots.
10 AMENDED SHEET 14 August 2003 In-Situ Catalyst Sulfurization A gas

m xture of 5% H2S in hydr ogen was used for catalyst sulfuniaziuggst 2008

sul furizing pressure was nmaintai ned at about 443 kPa (50 psig) (Test
Conditions 1-3)_and 1,128 kPa (150 psig) (Test Condition 4). Tenperature
ranpi ng durlngwﬂm.bﬂ was as follows anbient to 204 C at a rate of
1.5 Cmn, holding for 2 hours; heating to 316 Cat a rate of 2 C/ mn,

hol di ng for 1 hour ; Cudalyishg t a Billce tamked beat e of 3 T min, holding for 2
hours; cooling to 204 C and i nt r oduCongnercia HDMedalybk- $BI3%Cat al yst
Pre-sul furi zi ng The ex-situ pre-sul fu émh@gtg{v@tﬂ &f oggERLUSI Ng the

ACTI CAT(r) process.piagsgar! e of3 ggq 19%%1 eat ed with a stoichionetric

anount, Dbased on t tal CO. yst, of powdered el enent al
sul fur plus 1.0 O/Mrﬁ-‘fé@ rﬁ §thr (kott I\E‘/\sé)g of the total catalyst,

foll owed by heati ng gsg%l fur-

liquid olefinic

r t t he presence of a
p@@(ﬁ?ﬁ%’@ﬁi aﬁ%@"’?@t recur sors were
activated in-situ Jﬁsﬁﬁe?ﬁandaﬁtéa'ghbm*’bloﬁla@té“a%‘?’iqﬁ})|f6$1' El qui d Phase
Catal yst Activation The ex-situ preSdif#ifurized catal yst 4ptetaWsors were
placed into a trickle flow micro-ridogen and acti vat edOvdd bova di esel feed
to convert the sulfur conmpounds orNickel pores into netal8duppimdes. Cat al yst
activation took place at a unit preggsadignof 6,307 kPa 63@ppsi g), a
hydrogen flow rate of 220 m/mn, @@gcwlgb sel feed LI—|§gf7cgjc m-5 h"1. The

tenperature was ranped to 135 C emq: qés%i, Eour i aeed at arate
of 24 Chour to 371 C and held f L 150808 ecreaéq‘gr bﬂ 204 C and held
for two hours followed by test feed® roductlon -11-
Test Condition 2:

Catalyst : 50 cc single bed

Pressure : 6,896 kPa (1000 psig)

LHSV ;1.5 hr'

WABT :354° C

Gas Rate  : 356.2 m® Hy/m® (2,000 scf Hu/bbl)
Test Feed : MHeavy vacuum gas oil

Sulfur 1.07 %w
Nitrogen 0.29 %w
Nickel 0.8 ppm
Vanadium 0.6 ppm
Basic Nitrogen 930 ppm
Microcarbon residue 0.3 %w
Density at 15° C 0.92 g1
Test Condition 3:

Catalyst . 25 cc single bed

Pressure : 14,580 kPa (2100 psig)

LHSV :0.3 hr'

WABT :385°C

Gas Rate  : 356.2 m® Ho/m® (2,000 scf Ha/bbl)
Test Feed : Demetallized vacuum residue

12
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AVENDED SHEET 14 August 2003 Test Condition 1: Catalyst : 100 cc stacked
bed: Conmmercial HDM catal yst - 33.3% Experinental Catalyst - 66. 7%
Pressure : 13,201 kPa (1900 psig) LHSV : 0.33 hr-' (total system) WABT :
385C Gas Rate : 712.4 nB H2/nB (4,000 scf H2/bbl). Test Fedd Aug8str210ght run
| ong (atnospheric) residue: Sulfur 4.34 %v N trogen 0.26 %v N ckel 18.5
ppm Vanadi um 62.0 ppm Basic Nitrogelg.”%? ppm M crocar bgy'esi due 11.4 %w
Density at 15 C 0.97 g/ 1 Test Condi®H 2: Catal yst : 58- Wngl e bed
Pressure : 6,996 kPa (1000 psig) LNgegen1. 5 nr -1 waBTO:38BWC Gas Rate
356.2 B H2/nB (2,000 scf H2/bbl) Nigkel Feed : Heavy vad&uhppes oil Sul fur
1.07 %v Nitrogen 0.29 % N ckel OV&ggtiom Vanadi um 0. 6 38hppBasi ¢ Nitrogen

930 ppm M crocarbon residue 0.3 %Basic Nitrogen 1354 ppm
Microcarbon residue 12.0 Y%w
Density at 15° C 0.98 g/1

Test Condition 4:

Catalyst . 20 cc single bed
Pressure : 11,478 kPa (1650 psig) '
LHSV ;2.2 hr'!

WABT :343°C and 363°C

Gas Rate  : 623.35 m> Ho/m® (3,500 scf Ha/bbl)
Test Feed : Straight run gas oil
Sulfur 1.80 %w
Nitrogen 0.0448 %w
Density at 15°C  0.86 g/1

Example 1

An alumina extrudate (1.2 mm trilobe) was dried in air at 482° C
for two hours. The extrudate had the following physical properties:

Compacted bulk density 0.475 g/cc
Water pore volume 0.94 cc/g
B.E.T surface area 296 m¥g

An impregnation solution was made by dissolving 39.1 g of
phosphomolybdic acid (75%, obtained from ACROS) and 9.72 g NiCO3 in
100 g de-ionized water at 60° C. After complete dissolution, 7.02 g of
85% Hi;PO, were added. The volume of the solution was adjusted to a
value equal to the water pore volume of the support. 200 grams of the
support were impregnated with the solution and aged for 2 hours. The
amount of metals loaded (dry basis) was 8 %w Mo, 2 %w Ni, and 1 %w P.

To remove excess moisture, the catalyst precursor was air-treated
below 85° C for 1 hour and the volatile content was

-13 -
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Density at 15 C 0.92 g/1 Test Condition 3: Catalyst : 25 cc single bed
Pressure : 14,580 kPa (2100 psig) LHSV : 0.3 hr' WABT : 385 C Gas Rate :
356.2 nmB H2/nB (2,000 scf H2l bbl) Test Feed : Denetallized vacuum resi due
12 AMENDED SHEET 14 August 2003 Sul fur2.15 %w NitrogenO. 3914wudlLstk®039. 0 ppm
Vanadi unB83. 0 ppm Basic Nitrogenl354 ppm M crocarbon residuel2.0 %v Density

at 15 C0.98 g/1 Test Condition 4: Catalyst :20 cc single bed Pressure

111, 478 kPa (16slycgdilg) 6%, woereafter the Rraguesor was oangreb sttt corfaming

: 623. 35 nB H2/ esidi@| Sooistwe. FEnEbprecureet waseturthes: defiyghatad, singukkargously 80 ow
Sul fur Nitrogewdh GuifBrizangDdusing yaraA CIHCAT  8prapess ENanpalsiriation slepsi ware
extrudate (1.Z2empidyed. The)resaitartréatdlyshisalenoiéd 48 Tdtalyst A.

Catalyst A was placed into a micro-reactor and activated with a
diesel feed, followed by testing according to Test Condition 1. The HDS
activity of Catalyst A, as weighted average bed temperature (WABT)
required for 88% HDS, is show in Figure 1.

Exampie 2 — Comparative

An alumina extrudate (1.2 mm trilobe) with the following properties
was used to make Catalyst B:

Compacted bulk density 0.484 g/cc
Water pore volume 0.95 cc/g
B.E.T surface area 308 m2/g

Catalyst B was prepared by pore volume impregnation of the
support as described in Example 1 followed by air-drying at 121° C for 4
hours and calcination in air flow at 482° C for 2 hours. The catalyst was
then sulfurized in-situ via a conventional method using a 5% H2S in
hydrogen mixture as described below. Catalyst B was caicined and
sulfurized in two separate steps.

Catalyst B was tested under Test Condition 1. The HDS activity of
Catalyst B, as WABT required for 88% HDS, is shown in Figure 1.

Example 3

A commercial 1.3 trilcbe extrudate carrier #1 was used to make
Catalyst C.

The impregnation solution was prepared by stirring together 21.62
g NiO, 35.2 g Mo0O3, 9.05 g 86.1% phosphoric acid

-14 -
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for two hours. The extrudate had the foll ow ng physical properties:
Conmpacted bul k density 0.475 g/cc Water pore volune 0.94 cc/g B.ET
surface area 296 n2/g An inpregnation solution was nade by dissolving 39.1 g
of phosphonol ybdic acid (75% obtained from ACROS) and 9. 13 Auighkt@@d3i n 100
g de-ionized water at 600 C. After conplete dissolution, 7.02 g of 85%
H3PO4 were added. The volune of the solution was adj usted to a val ue equal

to the water p r%V(Hé‘IHhrin%QF‘erSUp’Pﬁét &991 Pl e Syl
i npregnated wit ghé‘gﬁﬁtJrBr %‘glf sttﬁ ung o Cf"? |"’1I S

e

| oaded (dry bas]

noi sture, the ﬁ%ﬁ?ﬁh é por? r§§ CQJQP% g‘?s%&ﬁ%ﬂ and
the volatile c xWé ﬁ/ﬁhﬁﬁge Hee# § é’é’&’

wher eaf ter t he SRHE0Y W38 %Hsﬁe@c@/mﬁe&%ﬁ |VP|U'E%rﬁ mlse%| H'l?aﬁu%?@t ure.
The precursor WwdHch mwnpmw&téta@dd%swmalﬁeﬁmmle i tTrhesmertairrpczntﬁgtSdur. ng
an ACTI CAT(r) poadeswerdd.&%veNiat3.6rtoet Mpsande? ® Y%anpl{(dpebasithe resul t ant
catal yst is denoted as Catalyst A Catalyst A was placed into a

m cro-reactor and activated with a diesel feed, followed by testing
according to Test Cord tatatysi prddiesdilbas dehivdidizd of aicait 89§ T fok foashpetsght ed
aver age bed tefﬁlﬁﬁrﬂfél{l@laﬁ tentrﬁaylmdm@&:aea‘i%ﬁ%cur@rwhéh fregtee 1.

Exanple 2 - )s(ew@mr@ itheges @ pf ély. @t@&lﬁ@ﬁan wrékd% trie
foll et db
dgns?\t,mygg4gzlop?ééw érizgvo tgj)rr(ra\eoig C@%?ng% T suﬁ)agteear ea308 n2/g

Catal yst B was prepared by pore vol une i npregnation of the

Catalyst C was tested in Test condition 1 versus a commercial
catalyst treated with the standard ACTICAT® process using separate
calcination and pre-sulfurizing steps (Catalyst D). The HDS activities of
Catalysts C and D, as WABT required for 88% HDS, are shown in Figure
2.

Example 4

The properties of the alumina extrudate (1.2 mm trilobe) used to
make Catalysts E and F was as follows:

Compacted bulk density  0.505 g/cc
Water pore volume 0.87 cc/g
B.E.T surface area 277 m2/g

The impregnation solution was prepared by dissolving 5.25 g
NiCO; and 16.67 g ammonium dimolybdate (NH,)2Mo;07. (56.45 %w Mo)
in 60 ml of 14.8% NH; solution in water. The volume of the solution was
adjusted to 87 cc, and 100 g of the support was impregnated as described
in Example 1. The metal locading was 2.3 %w Ni and 8.0 %w Mo (dry
basis). The catalyst precursor was dehydrated overnight in air at 127° C
to remove
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support as described in Exanple 1 followed by air-drying at 121 C for 4
hours .and calcination in air flow at 482 C for 2 hours. The catal yst was
then sulfurized in-situ via a conventional nethod using a 5% H2S in
hydrogen m xture as described bel ow. Catalyst B was cal ci ned aggdst 200B8f uri zed
in two separate steps. Catal yst B was tested under Test Condition 1. The HDS
activity of Catalyst B, as WABT required for 88% HDS, is shown in Figure 1.
Exanple 3 A conmercial 1.3 trilobe extrudate carrier #1 was used to nake
Cat al yst GXCERSIVEpeishHaansharmsania dheneooRd far ambigntt itemnejalisg et #rd
21.62 g Middeg@sniz yvavegsal gortiong. She firsh portieptvas diractivi presqifawe IHEET
14 August tBeGECTEICA TR pravessadtivaitamy Jaleinatibustemio réraowe xesideahawisture
appr oxi matagidy IddiB stilfur Th MhetdatalyshsadieiiseribetM inhEsbinple ng), The ABSultahor
?ﬁout _ 3t hQugtatysinig 'déﬁé@eﬁo r&; eHtalysP'E SOTHEI Qéc&mnmm%ﬁ% Swé\ﬂ@rwé?ﬁ@héf@i _

e m xtur, € +adi : i i on

%Iiﬁédta 8827 00f 9 gurs G BUIAIBEMAI (sind 3 MOHISR Y mikdle
as

was adj ust 9st e pore volune o granms o I ch was
inpregnate( ote Cribed in Exanple 1. The netal contents |oaded were 3.8

%v Ni, 13.6 %w n .0 %v P (dry basis). The. catalyst precursor
dehydrated jn, a(g/gta&s?éwesﬁﬁtepd{ﬁrg%&aﬁl}%}ﬁ i”P'r‘cghate%é%‘?’F'@nc"o?\[ﬁ?nms 6%
The cat al y&lative veliseirioasivity dderivachired thgi $8CoNAOTAETIRICHON rase 6eBSIENS t hout
enpl oyi ng fanghe dwe satalystsk teass 25Phchighes dot 4ratalyst 4 yeamparadeterthall i as
Cat al yst CatelyshFyatt400 hawrstasBdaim Test condition 1 versus a conmerci al
catal yst treated with the standard ACTI CAT(r) process using separate
calcination and pre-sul furizing steps (Catalyst D). The HDS activities of
Cat al ysts pgxapifle® as WABT required for 88%HDS, are shown in Figure 2.

Catalyst C was tested using Test Condition 2 versus a commercial
catalyst (Catalyst G) which used the same carrier as that for Catalyst C. The
(pre-calcined) commercial catalyst was suffurized in-situ using an Hx/H:S gas
mixture. The comparison test results are presented on Figures 3 and 4.

Example 6

Catalyst C was tested versus a commercial reference catalyst (same as
catalyst D except the sulfurization of the pre-calcined catalyst was performed
in-situ using an Hx/H.S gas mixture). The commercial catalyst is denoted as
Catalyst H.

HDS activities of the two catalysis were compared using Test Condition
3. The EDS relative volumetric activity (derived from the second order reaction
rate constants for the two catalysts) was 25% higher for Catalyst C compared to
that for Catalyst H at 400 hours on stream.

Example 7

A commercial 1.3 trilobe extrudate carrier #2 was used to make Catalyst |.
The impregnation solution was prepared
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. Exanple 4 The properties of the alumna extrudate (1.2 mmtrilobe) used to
make Catal ysts E and F was as follows: Conpacted bul k density0.505 g/cc

Wat er pore vol une0.87 cc/g B.E. T surface area277 nR1lg The i npregnati on
solution was prepared by dissolving 5.25 g N CO8 and 16. 674 gugust@008m

di nol ybdat e (NH4) 2Mb20O7. (56.45 %w Md) in 60 m of 14.8% NH3 solution in
wat er. The volune of the solution was adjusted to 87 cc, and 100 g of the
support was inpregnated as described in Exanple 1. The netal | oading was
2.3 %v Ni and 8 0 %wv Mo (dry basi s) . The cat al yst precursor was dehydr at ed

overni ght in a a 127 v

excessi veuﬁtﬂgs } éﬁrﬂﬁj% gan ngggyz #%ﬁvgg te n%Q 8

di vi ded i RES'S) WETE AR °" Wrstl yIs precursor
presul fur M?édd%rdratect Wea'A@’fIQQA "t FQﬁ: g viatile goktent was &fep to
renove rediheweatalysl prapussorawas rtta%m rgaterdrwﬂhﬁh%&@ﬁé!% apPjaaessWithpuicaMbed in
Exanpl e 3adiltenatdgling/oalciradioal sieps.i s denoted as Catal yst E. The second
portion was conventionally calcined at 482 C for 2 hours, and sulfurized
in-situ using an H2/ H2S gas m xture (Catalyst F). Catalyst E was tested
versus Cat al ySICEFcaKSt hgasaestedaonghg Mest ConditinHDSersws! atonemeiainstalyst
activity (ggtaryswg 29T 1he SRAE e rRsrdaid ér'te@htagb aarrréta:rg@rst@ataﬁ stfloTHehe two

catal ysts aéa? F'c%%%\ ef A, Eata r%t gﬁtmfé@ thahg f 4 Hﬂasa F at

32!‘0533”8.8}:2) él?z:le I RJS : 8 aé @c;dju ?%tgg{d’ Hg.g ?
'ge %3 W'

that for (5tsl e ﬁéﬁeltp,gg?an gﬁS hours on s ream” ar %ﬁBﬁl}@u | zed

in-situu
40‘¥hrgher for the catalyst I at 300 hours at 363° C

Example 8 - Comparative:

A commercial catalyst treated with standard ACTICAT® process using
separate calcination and pre-sulfurizing steps (Catalyst D) was compared with
the same type of commercial catalyst sulfurized in-situ with H./H.S gas mixture
(Catalyst K), using Test Condition 1. Catalyst D and Catalyst K were
statistically undistinguishable is HDS and HDN performance during the test run
(1400 hours on stream), demonstrating that effects seen due to the process of
the invention are not due to differences in presulfurizing process.

As shown in the Examples and seen in Figures 1-4, the HDS and HDN
activities of the catalysts prepared by the process of the invention (Catalysts A,
C, E and 1) are significantly higher than that of the catalysts prepared by
standard processes utilizing separate steps for drying, calcining and sulfurizing.
Consequently, substantially lower sulfur and/or nitrogen content in the petroleum

product is achievable by

-17 -

AMENDED SHEET




m xture. The conparison test results are presented on Figures 3 and 4.
Exanpl.e 6 Catal yst C was tested versus a comercial reference catal yst (sane
as catalyst D except the sulfurization of the pre-cal cined catal yst was
performed in-situ using an H21H2S gas mi xture). The conmengisagustatoaByst is
denoted as Catalyst H HDS activities of the two catal ysis were conpared
using Test Condition 3. The EDS relative.volunetric activity (derived from
the second order reaction rate constants for the two catal ysts) was 25%

hi gher for Catalyst C conpared to that for Catalyst H at 400 hours on
stream Exanple 7 A commercial 1.3 trilobe extrudate carrier #2 was used to
make Cat alepsibihing tHee dryfRgRUIfatEIPG Sepet aad ¢imminating athed calbiind/ENBpD BHEET
14 August 2003 using the procedure described in Exanple 6; however the netal
contents (higher aeiivity)catalyst smakes itqessitig. toogpangte 2 gogmgrcial yivap lesthe

catal yst precuyr " 5 { i I C - il the
vol at11 e SEREHEEONORSWATRRORLE e\ Shde Blocls T It BFRASHILAIENE ( he
ACTI CAT( r thoeathas lifd hhe dechibse askshatingdastsdr yi ng! cal ci nation steps.
Catalyst | was tested using Test Condition 4 versus a comrercial catal yst
(Catal yst J) having the sanme carrier and percentage of nmetals as Catal yst I.
The (pre-calcined) commercial catalyst was sulfurized in-situ using an

H2/ H2S gas mixture. The HDN rel ative volunetric activity (derived fromthe
first order reaction rate constants for the two catal ysts) was 20% hi gher
for Catalyst | conpared to that for Catalyst J at 200 hours on stream at
343 C WABT, and 40% higher for the catalyst | at 300 hours at 363 C.
Exanple 8 - Conparative: A comercial catalyst treated with standard

ACTI CAT(r) process using separate calcination and pre-sul furizing steps
(Catal yst D) was conpared with
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t he sane type of commercial catalyst sulfurized in-situ wth H2/H2S gas
m.xture (Catalyst K), using Test Condition 1. Catalyst D and Catal yst K
were statistically undistinguishable is HDS and HDN perfornmance during the
test run (1400 hours on strean), denonstrating that effectsasngestadoe to the
process of the invention are not due to differences in presulfurizing
process. As shown in the Exanples and seen in Figures 1-4, the HDS and HDN
activities of the catalysts prepared by the process of the invention
(Catalysts A, C, E and 1) are significantly higher than that of the
catalystsggrsmﬁéed by standard processes utilizing separate steps for
drying, c T g and sul furizing. Consequently, substantially |ower sulfur
and/or nitrogen content in the petroleum product is achievable by -17
AVENDED SHEET ,14 August 2003, conbining the drying/sul furizing steps and

i minat ing (e cal ChATPRES B Prapatitin Rialitt b EP Papst RIRARIL":
possi bl e to operate groviRiMEaGctbus8uppait, | ess severe conditions while
produci ng on-spec product. This in turn_should increase t@g catalyst life

and decrease oper at | $RiNBB#IGSId SUPROENKEDOREIREALE gRlgliicabinastivg Malas;. A
process f dhegbyptarining a catalisy srecwapd hpvingea vadalitgreasitent greater tham§-2

por ous supEocent; aodbi ni ng said support with one or nore catalytically active
netals, thereby form ng a catal yst precursor having a volatile content
greater than 0.5 percent; and reducing the volatile content of the catalyst
precursor in one or FERIRIRS RS volsiiks eonteatt dfethet catalysy preturser ¢orinenbr
reduct i on méRPstepsPAMPEIRBA IeBst HRE VBIRTE REALRI raluttint btepis Parfdiied in

cont ai ni Ngh& ABQUNE othIEELLIRBS NG HMARIngPESRPEERY; does not reach

cal ci ning

wherein said catalyst precursor does not reach calcining
temperatures prior to said at least one combined volatile content
reduction-sulfurizing step.

2. A process according to claim 1 wherein said at least one volatile
content reduction-sulfurizing step is completed ex-situ or in-situ.

3. A process according to claim 1 wherein the one or more
catalytically active metal is selected from Group VI and Group Vil of the Periodic
Table and the catalyst is a hydrotreating catalyst suitable for hydrotreatment of a
hydrocarbonaceous feedstock.

4, A process according to claim 3 wherein said one or more
catalytically active metal is selected from molybdenum, tungsten, cobalt, nickel,
and oxides, sulfides, and mixtures thereof.

5. A process according to claim 3 wherein said porous support is
selected from alumina, silica-alumina, silica,
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tenperatures prior to said at | east one conbined volatile content
reduction-sul furizing step. 2. A process according to claim1l wherein said
at | east one volatile content reduction-sulfurizing step is conpleted
ex-situ or in-situ. 3. A process according to claim1l where4pugbs 2008 or
nore catalytically active netal is selected fromGoup VI and Goup VIII of
the Periodic Table and the catalyst is a hydrotreating catalyst suitable
for hydr otitaniankenia geokites, gircoriar Pnenesisuand seadhivationstheredfy ocess accor di ng
to claim3 wherein said one or nore catalytically active nmetal is selected
from nol ybdenum tungsten, cobalt, nickel, and oxides, sulfides, and

mxtures thereg . 5AAMbESESS fGCCoadivig tlydbaeatlenheoti m sheterpatoms
support is selected fromalumna, silica-alumna, silica, -19 AVENDED SHEET

14 August ceotmninatechhydrosarhenacesysifeedstosk said PEOCaRSFRIBPHSIRACXVRBINGL i ons

t her eof . . rQEESS..f i LOLT t

cont am naggm#gggoccir%oeﬂé%ﬁgg3L¥@gg%{ﬁ¥%Eﬂasegé\saélggc%gésslﬁggﬁtptﬁ%gﬁégé@%en?gct I ng
sai d feedsiyapdger witheynt ast fremaRalyste bads ewhersieditpeastone catalyse hwdesence
of hydrogen wth one or nore catal ysts beds; wherein at | east one catal yst

bed cont SPRtRIRS Ehcalalyst pranmied Phhe HRICERST SOMRIHRE iCOMBINNGE RPRYS

porous s | | vii:cal | I rom

& oup vt~ SHEROi it BBt Bprq RaRARARY HekbE et R B GRS SR Lot

precur sor Gravupndllleof thel RetibéiccTattlentheyebpfermingan catadlysiepreentsoramvinga@uci ng

the volatile content of the catalyst precursor in one or . nore st

wher ei n atvolatig copieat gegater tharcBim é‘ﬁ"tceghé’dlﬂzf‘% ing 8:\@ Y%'aBE?%tﬁBﬁnget he

presence sul £ ur I Jalaaaly : WREAHE ecib At

cat al yst %rgteég%rgﬁs@:ecgggeog 'ﬁo{)ﬁéjeoégﬁm{:%lsgéﬂr}?nvéﬁ terrplégsg?sf}?gﬂepri or to said at

| east one redutionestepolsapefermedtinnthe predente cof- s farr more guifue ontaining

process according to claim6 wherein af | east one gol atil.e content . .
compounds; and wherein said catalyst precursor does not reach calcining
temperatures prior to said at least one combined volatile content

reduction-sulfurizing step.

7. A process according to claim 6 wherein at least one volatile content

reduction step occurs during a liquid-phase sulfurization process.

8. A catalyst obtainable by the process comprising combining a
porous support with one or more catalytically active metals, thereby forming a
catalyst precursor having a volatie content greater than 0.5 percent; and
reducing the volatile content of the catalyst precursor in one or more steps,
wherein at least one volatile content reduction step is performed in the presence
of at least one sulfur containing compound; wherein said catalyst precursor does
not reach calcining temperatures prior to said at least one combined voliatile

content reduction-sulfurizing step.
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reduction step occurs during a |iquid-phase sulfurization process. 8. A
cat al yst obt ai nabl e by the process conprising conbining a porous support
with one or nore catalytically active netals, thereby form ng a catalyst
precursor having a volatile content greater than 0.5 perceny Augast 2008duci ng
the volatile content of the catalyst precursor in one or nore steps,
wherein at | east one volatile content reduction step is perfornmed in the
presence of at |east one sul fur containing conmpound; wherein said catalyst
precursor does not reach calcining tenperatures prior to said at |east one
conbi ned vol atile content reduction-sulfurizing step. -20 AMENDED SHEET 14
August 2003 9. 9A catfl gatalystcacdonding otcc| claim ssmm‘nearem tﬂi@ ceatalypbtisi 2 a

hyd bl. ydr d
fvedat ook At Fatdvet Shudole’ rior NADESITEEY | ac IYESGHiBRRapasEL S
sel ected fééd%fbﬁ %B Mhe?élﬁ ﬁl@%hé/b'r'm@fe bﬁ%lﬁﬁd!i?@&wﬁameﬁal 0seldcead al yst

according to claim9 wherein said one or nore " catalytically active netal is
sel ect ed ffroomGroup bdandhGroumdt ehtheclderodic Tabdkel ,  and oxi des, sul fides,
and m xtures thereof and wherein said porous support is select ed from
alumna, silica-alumna, silica, titanic, boria, zeolites, zirconia,

magnesi a and compi n%l@é}%l,}smeééé&rdmlgl toAcmi@p@sWﬁéfémdsai tohec| @i Madreor
claim6, or a catalyst according | aim 8, wherein the volatile content

of the catcatq}mcqﬂyeanﬁwednetd i rsela%ed &omwolﬁbdmumotwsie&t cokalbinighel,
combi ned \é%lda(g)l(ildgs Cg&% es an urﬁ%uresstHereuorf aZHcpglh%tr&R saué%%@%pﬂ#?g

selected from alumina, silica-alumina, silica, titanic, boria, zeolites, zirconia,

magnesia and combinations thereof.
11. A process according to claim 1 or claim 6, or a catalyst according

to claim 8, wherein the volatile content of the catalyst precursor is from 6 to 10%

prior to said at least one combined volatile content reduction-sulfurizing step.
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