;e3e{ vvwIx(y2F{ 6] { T{X*] DESCRI PTI ON PREPARATI ON OF A HYDROTREATI NG CATALYST
Techhi cal ‘Field This inventj mmwm to catal ytic hydrotreatnent of

hydr ocar bonaceous feedstockl“mmmml und Art 5 Petrol eum f eedst ocks are
charact eri 2Z¥@0y47321e| ati vel y hi ghsolsgvel s of contam nants, PEBUA0INS sul fur,
ni trogen, Conradson carbon residue, aromatic conpounds and netals such as
ni ckel , vanadium and iron. During catal ytic hydroprocessi ng het erogeneous
catal ysts are contacted with a feegstRekridithe 10 presence of hydrogen
under conditions of elevated tenperature and pressure to reduce the

concentration of thepﬁﬁlgg%%ﬁg% knﬁ:&ggﬁmg %gﬁwﬁ{rotreati ng process

pronotes reactions s ) dr odeni trogenati on

( HDN) , ngr%dsoni! cgr%g removal , hydrodenetal | ation (HDM and 15 aromatics
saturati off= by a boiling shift to | ower boiling tenperature
products. As the sthfsirirarchtiidy egeareoNMponeiilarie Goayer t&skndito Jiydr ogen
sul fide and ammoni a, netals are deposited onto the catalyst. The results

i ncl ude PYEFQERRBCRREFIV IHIAPLOCEERn hydr ocarbon products such as fuels 20
and pr ot hRg.QLhes downstream refining catalysts fromdeactivation.
Processe?%g—rgﬁb—l—nnv' het eroatons from f eedstocks are known in the art as
are catal ysts for BatcdvIsmvidedsbppkeallry, chydaopeoiessilng caladipeily
contain %%F)P \C(I and/ or Groug VIJ]1 25 acti vg t al cogr?onent S, supported on
a porous a FHFgSofoje SAChA R i nd PCaldiiHa- SPE s, ST .
zeol i t es,conirh@BbA, cHBSPNMebi el | arofBaNe danthdshahl cePd Hahienss Such
catalysts are _often prepared by conbining the active netals with the

suppor t . THe&edupyeresiuBoRgl iRy -net Bhreempeataistic hy@dremyeressing
PCT/ USOO/ht%%%}?:gg%ﬁgo&y pg&@éiys% Lol andhcalelangd (it J he demaeratyr gger angi ng

from abou to 600 Cto imnate any solvent and to convert netals to
t he oRi depresenceThé tgdecpped metiekr orhditiatal ySt sleavetdderetpyracalrey
activated hy contacti n% wiih a 151 sul fur_cont ai ni %g gor‘rBound such as

hydr ogen PFRBUDT dethd S FPUFEoiBBTRYST B8 Sreffdl SR FUTAEScdfver t

netal oxifdesistBERs Cat ahyt hfdtddraaliinge prekaksSBkbndess AfadtiRalst alenand
continuing aimin the refining catalyst art is to devel op new high
per f or madGe ydropreebiuer heptiipreat @Bt s ihydgedenitrogtnatiierhi gliibilal ity

Of | Producs.800n| MIYR e LBROYa LCONRTHES ae@EL ALIARS, | N (£GAPOSiLLonal
characteristics or nethods of preparation o ydroprocessi ng catal ysts have
beeni&tt enpmetite reachatimse abjegiamieds. byt d soddiiowy ishitfhe tar tloweat
uncal ci ned ,catal ysts 15 usual |l rqvi de hj gh di spersion_qf active
ConponenES L RER el TSRS by RS Asar | (1 alPPui EHELE | Fofls Taag¥eRal f or
t he uncaleinpedegas alayst Scdhiairtiddie agld VRyEsoPONeBLS£i84CANAS R aY!

and/or Goup_VIII netal conpounds, and pronoters such as phosphorous, are
not conv@etedsi Ars GePeEiFERMCALPI f§ea datghyst.  The results include

producing ecologically clean hydrocarbon products such as fuels

20 and protecting other downstream refining catalysts from
deactivation.

Processes for removing heterocatoms from feedstocks are
known in the art as are catalysts for such removal. Typically,
hydroprocessing catalysts contain Group VI and/or Group VIII

25 active metal components supported on a porous refractory oxide
such as alumina, alumina-silica, <ilica, zeolites, titania,
zirconia, boria, magnesia and their combinations. Such
catalysts are often prepared by combining the active metals

with the support. The supports, containing metal components,

: QT
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20 tenperature step. That is, the active conponents are maintai ned w thout
chem cal deconposition until sulfurizing. For exanple, US 5,19B, 100, US °
5,336,654 and US 5, 338, 717 di sclose a nethod for preparing a hydrotreating
catal yst bywowedpating a refractory support with a salt pefuShoss VI 25
nmetals and with the Goup VIII netal heteropolyacids. The catal yst is not
cal cined or subjected to high t erfatures,, there r i.ni .

het eropol?/%%il(:j }cnaﬁﬁ'e %F"Tegc?n%ﬁﬁpg?%lo%e(fhaetsggﬁo?tgy‘pﬁ%%&el\%% %%?rﬁ)ﬁne% e

noi st ure f£APVabohit 0RYbhe cad abyst cdwd ngl dmhifHe VagpURCUL¥hod astiepd S
required before 30 the catalyst is sulfurized. In general, as the activity
of an uncedwiared wetialy sto i 8he nexédsedorthe Hi ofd kditnady wdi t¢Hee

required I ce 0 : 2 i cOL | duct
become rmérée)taslnyl% % I\ﬁ%ede‘rzﬂgc?’éngﬁlz(g%%lfec%yr%g%%%s%ga%oglg%%igﬁggsﬁn%ﬁtléto

achi eve thelfesi cegeprmidiect copenirfd catclonas suclragenal $wvieidid, e vetgaraf

sul fur, nitrogen, Conradson carbon residue, netals and aronatics, and the 5

cat al yst ' 3 iYe FARSYESIRF R Hdnet dole Fr RIS dfRF0t H¥Fid85ct or s.

I't has sufprd sihghycRes oundidhalecniepai atdod, of an uncal cined catal yst
using a conbined volatile content reduction-sulfurizing step allows for the

catal yst to be 10 prepiameert@nt oned termpeimatiggesainn Jresshet epef HHdGW t hout
calcinatiog resul_ting._i t.al i e i activity
and st abi 115371 SbFoltr o oS Heanhin HEE fnsel ShRkbRRb kA 0

al | o oneatal yitepaie ardbr cabal ptstaiwhi hisghusngl ty owhil negrodulcati laadcont ent
reductionsul furi zing step. The gr,ocess conprises: providi ng a Po,rou
support; TEHAVE nFSEAPGTLupperEoM tH one BT IfreTEat APyt FERPPY Tt are
netals, therebyfouplipg 3 Catdntils PBECHLERErd@MMToR 2QdYebabidfsiGRNt et ;

and reducing the volatile content of the catalyst precursor in one or nore
steps, whestailysgs heustbesr atdleaptied tonreach ridwsst cbdestepess perforned in

the presence of at least gng,suliLur, conLaLnife. Componith 2o WhelRidll he
cat al yst precursor doesS not reach calcining tenperaftures prior sal d at
| eastisoneusailiiynedovaliat hi gheond emberseicuc tdforacsuiburcompogest eptheftedye | s

al so provjded g prqcess for preparing, a catalyst ,suitable. for
hydr of r cal TR 188 PYFRESEaT bERACEbE. SEPT cedifodt, HARAYCESE the

Conpri si NghcARARRl BEra1 PO HUSHALUPRN lacHite QRAPBheADS £ @RI 4E | BRIupY
reactive netals selected from Goup vl and G oup
VI and/or Group VIII metal compounds, and promoters such as
phosphorous, are not converted into oxide form during a high
20 temperature step. That is, the active components are
maintained without chemical decomposition until sulfurizing.
For example, US 5,198,100, 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 heteropolyacids. The
catalyst ig not calcined or subjected to high temperatures,
thereby retaining the heteropolyacids in the original form on
the support; however, complete moisture removal from the
catalyst during a high wvacuum drying step is regquired before
30 the catalyst is sulfurized.
In general, as the activity of an uncalcined catalyst

is increased, the hydrotreating conditions required to produce



3 WO 00/47321 PCT/ USO0/ 03219 VIII of the Periodic Table, thereby formng
a catal yst' precursor having a volatile content; and reducing the volatile
content of the catal yst precursor in one or nore steps, wherein at |east
one vol ati |lwo%uenmt ent reduction step is perforned in thepgr/eswosa of at

| east one sul fur containing compound; wherein the catal yst precursor does

not reach, cghGbRi NG it ePPERALHT 8% dJnleOr mbPe SRl Al | QASIuINeSRADI NG
vol atil e content reduction-sulfurizing step. 10 Further, there is provided
a processreawiriey degsr earihgl alhyelstowenthdmacahisveestist dekiresdi prptusttess

conpri sing caqntacting_sai eedst at ;elev d te ure evat ed
pressure sl%r?ctl%éc%%éggﬁte %0 Ehyﬁogggoﬁ?hlgﬁgﬁgr or%opgé)ﬁcfglirdl y%?tsn‘g%% S
wher ei n ajorlred@sbnoneaebbnl ysésbdek conicaials 1and catahysicpy epariced dhe t he

process conprising conbinjng a porous su%@ort wi th one or nor

catal vt | GAYAIYAE( Fvdiket ot eBrerdsl f¥enter Joyev ogie éw&t\e?m 31 t he

Peri odi c O'I'tqgre,f thergby formng a catalyst precursor having a volatile
content, an r educi ng the volatile content of the catal yst precursor in 20

one or nore steps, Ivhbaei sugirissagtlyobeenof atnd ehegniperparadict ioh step i s
perfornmed in.the presence of one_or nore sul fur contai.ni ng congoq{\dst; and
fper &t

wher ei n tHECEEEEFYst FHETPlor WOEE nof r s8EREECCT ni Tig U8 prior

to said aledR@SbnoBel c@ADINRY \Wlept | he1608t efdr I atiéCt icaRaSykt Urdi ng st ep.
25 There is further provided a catalyst nmade by the process conprising

combilfli nPTERFFFEUSA B UPHYPE Wk PP UieSnor &7 caitaiSyt Peeld y 38Et | Wk iRdttal s,
thereby foningedofnat al ¥siyprflr sqh hayi ngo g yalat il §ieant e8kce A

reduci ng the vol atile content of the catal yst precursor In one or nore
st eps, wWiardgiotr8@tangl eastvione arnd stebéltont ent reduction step i s perforned

in the presence of a Iga el .S%Ifur_ cont ai ni ng conpound; wherein said
cat al yst %ﬁé@@ﬁ?ﬁ%ﬁ%—%ﬁ—réﬁ?—nal cining 4 WO 00/ 47321 PCTNS00/ 03219
tenperatures priorthe sabcesd dfasie Qfree@IbhNad1¥0s abhé e & Gteitire a
reduction-sul furizing step, Brief Description of the Draw ngs

15 catalyst while using a combined volatile content reduction-
sulfurizing step. The process comprises:

providing a porous support;

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

20 wvolatile content; and

reducing the wvolatile 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;

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

There is also provided a process for preparing a
catalyst sguitable for hydrotreatment of a hydrocarbonaceous

30 feedstock, said process comprising:

combining a porous support with one or tmore

catalytically reactive metals selected from Group VI and Group



FIG 1 shows the weighted average bed tenperature 5 (WABT) required for 88%
HDS activity of a catalyst nade by the process of the invention versus a’
catal yst made by a conventional process. FIG 2 shows the WABT required for
88 o0 HDS acwiowolsys2pf a catal yst nade by the process of thectrovs®niinen versus
a 10 commercial catalyst. FIG 3 shows the tenperature required for 30%
total nit n renoval a tal de of, t i tion
versus a gg%ﬁer%’i@al t:r%:eat g%leyrsjtofa%ﬁl Gﬁﬁlgﬁomg}q%ﬂ%gltﬁe%%%g% refar egg}:érle or 30%
basi c 15 précogeir mavavngl abyonatchlalysitammdeahy t he process of the

i nvention versus a comerci al  cat aloﬁst. Det ai | ed Descriptjon of t

e
I nvention In conve&NAPSpr &p&r atiFdRtdtesuFPlFfBed Bht af §ts?a‘é‘ﬁﬂi’%rgani c
support i 5ydeifchy cal iehangh Lo dird WHIreqhe 220 100 sPDBRCRbBAYIILAl |y
active nmetals to forma catal yst precursor. The precursor is then
opt i onal | yorigent arrdlurtiionustep siglrpanfiprinedminhehepreseagicet ké preterdfor by
drying. The ca&laﬁ%_st o%trtgglrjlrirs]orccimg (;uq%q cal cined at high tenperatures in
direct coftact w'th %0 gas'to Fenove resi dual noisture and to 25 convert
metal precursor intwheaxide ftbem catallgsbat peactesper alosLs"nas usegkiher ei n
shall nmean the calcination tenperatures of 400 Ctq 600 C, which are
typi cal | yCoketPing t heMBpTatYifsn BRI n&fi offi% Rbnpie@tEd, thepretfi%or is

sul furizegd,in {1 r@o%t%ﬁkakxa&ct%-mef&ﬁieengr9@@§.s of the present _
invention, a catalyst Is prepared by conbinaiion of a porous carrier with
one ok0 nore cat al ytlueghky, act thereet als t foriged caral yprosess WO 097 472321
PCT/ US00/ 03219 precursor. havi,ng a_volatile cont . The .gtile content of
t he cat al 8%&%”}%0‘-’1 r&or % t gﬁgfgﬁﬁ?:ré ?%usonepeéa%}’tr%rcz}ec’sté%!é& \Vof & eﬁ]se

cont ent re6ustiNmgreyoritadker iplgacesid OFeedatgke by klesatad thepprawiresor in
air at tenperatures bel ow cal cination 5 tenperatures, or si n‘::)lyr?%

dehydr at i A af QYA ChiPREFRIFE dts P&t DrESERcHn_t oY ERRISRI H 11 Port%ent
reducti Qnméiérb%aeaagfg@edgeasq IheddiE REEIRACE Sfe OGNy HOHRASHUbA ins

contai ning conpounds and, prior to this conbined vol atile content

r educt? onasat@lystngesengred hby cdihe ypropeaucopprisingt cpmbaniaged t o
reach cal ¢i hation t er e The. c I n | at | 0 )

reducti onE%mLfsurglzl?ﬁ%@:st g%ggl ?ﬁ?ﬁ Bogr c@%c?gag?%&sﬁlﬁ%rgégﬁﬁ tr&e.ta Ter

vol ati | e gendéendd afbrs ubfaupd zZVIngand Googyd eVEL) dhethat 2bystdihmyTdele,
activated further_using a |liqu d phase activatipon at el eyated 15

Femper at uFREEHOEERAR) 8, cr e b SR OB R LT 1% g TiE Lokl BYRE T he
catal yst gy hent8MAGHRd WihBide! boht &t ferdaiodatlhaybt oghegusaspport ed
metal sulfide catalyst. A variety of other_ sulfurizing techniques may be
used 2® pPRRAILGE ameLR f WticPsd celiersidt ahd keRffceCBB| VENES ileonfeHeetat al yst
20 pores a ' ti.gn [ Eg,E};ergf upgecal,ciping of

t he cat al ?/és?ﬁ%’ﬁo?zia%é s{@[s)rg%ﬁ(rfgg%r{lg?s l%e?ehs{' _%‘#T e catal ygt un ergoes a
wei ght | osslilur iceptpdadegscogpasdenl and eheoepouritus sdellvas potwerds and/ or
organic and i norggnl C rlﬁ:)ggfds (functional coordinati ng gsra%%osatzsl havi ng one

or nore pAPFS BYC ef 82T THPESE SRR o T 0T © east

one combined volatile content reduction-sulfurizing step.

25 There is further provided a catalyst made by the process
comprising combining a porous support with one or more
catalytically active metals, thereby forming a catalyst
precursor having a volatile content; and reducing the wvolatile
content of the catalyst precursor in one or more steps, wherein

30 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



bonds wth netals) are renoved. As used herein, "volatile content” shall
mean wei ght | oss as cal cul ated foll ow ng exposure of a sanple to air at
482C for two hours: (sanple weight before treatnment) - (sanple weight after
treat ment ) woxdd@s2sanpl e wei ght before treatnent 6 WO O(Crasade3219

PCT/ USO0/ 03219 As used herein, "catal yst precursor” means a carrier which
has been.capbineg-dd t B2Re Ofo MLegcaj@l viheal | ynacllbweiABhal R, Wi 0 have
not yet been activated. "Sul furizing" when used herein neans contacting the
5 cat al yspnpert uredictgiarh spadunizhpg estrr f ur cont ai ni ng conpounds. A

"sul furi %ge éaéé/sli ey &gca gl ¥st.,in which active netal conponents are
convert ed; ; | fides. In the process of the
i nvention, the catEiyst11GHyWeCUtls®Or well§Bted S agetafE i ®edw tdngiapesicked
active netals, and optionally pronoters, is not calcined. At |east_one

vol at P | e (WARTEnFedethrd i far &88p HDS @GhaliEvdof na t FREPhEteMadeoPYokBS0r nore
sul fur c LRL NG~ EO nd - ol atd conte f e |y precur sor
is typi cg?%)gé%% I 8§sntpﬁgn 3’6‘6%1?@10%%8‘;'41%8%& e%er %l'télg%gm g‘%nhtéo gg% <Elm)r e

pr ef er abkpnfrenpiGal piftesmost preferably from6 to 10% before the catal yst

precursor is expos to the comhin vol atil.e content_re tion-sulfurizin
step. No cal ci nati%ﬂc'ofzt%éoﬁg%ﬁ/gﬁ%feﬁﬁ%redi e &Ss SHBEHFSr med °
and, in bacts AHdOWish] ddiR ORf atySt pPEESsd SOF tRe2QnkeachogakeirBasi an
tenperatures is detrinental to the results seen when the process of the

i nvehfi ofomaerskYl At 1dE%bi ned vol atile content reduction-sul furizing step
may be done in-sit int r m;% l; AR or
ex-situ. The hydroﬂtulrde'aﬁ n%ﬁ%“yes(ra?tg%ér)m%ce ozﬁatt t}% (r\%;qﬁlllt}%ﬁt ngt 5?33:&%?2125
greatly niproged oeepvedt dyysé madelpyptt madeonventihenairawetssodof antet he
process i,s sig)l i fi edéggy el imnati ng tl'l%&hi %h tenperature cal cination step
of converf5Raprocest¥ed “R™B6F 63" sUpbrt i's typically used to carry the
catal ytically reaative 4esdus)chd Ofedipebptiureatridigigabaliyst 3,053@asupport s
are tgpi cally alumna, alumna-silica, silica) titania, zirconia, boria,
magnd3i anisEeeR eSeHRY2E oD NAt ICGRSLYREr S5 Po¥ oGEec HUIRTRSFase fhkerial s
such. as; i 0 : 3219 carbon and/ or porous

gr aphi telgg%h%%ﬁd\rﬁsél\eéfj)aaggﬁgggl%é%%g%?fed supports in this invention
are alu 1able@dDegutigtivnnefsthé ckntegddncarriers. Catal ytically active
metal s typicall osen from Groups VI _and VII1l of.the Periodic Table 5 are
deposited onto thgﬂéucﬁ)%vre[n%lﬂ?ﬁ' c%lrle 2th l?r%t%'lf SSLélrEeursle eéi(’:tce"’lgi*:"‘\El 5%18'

mol ybdendm ihdegahes, sGopatd , i i @kddd, adulldiindlduraesl tdeeibaakd Rhierobaes, such

as phosphorous may be used in conbination with the catalytically_active
net afQ. VAri BPFenscrtebatidaldy prepavat i BRCRET hotd iTRIudé catalyst

precurgsor. The precursor is then optionally aged and moisture

£l

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 regidual moisture and to
25 convert metal precursor into oxide form. “Calcination

temperatures” as used herein shall mean the calcination

temperatures of 400° C to 600° C, which are typically used in
the art. When calcination is completed, the precursor is
gsulfurized to form a catalyst.

30 Under the process of the present invention, a
catalyst is prepared by combination of a porous carrier with

one or more catalytically active metals to form a catalyst



10 inpregnation, co-nulling and co-precipitation. The preferred nethod in
this invention is inpregnation, .with the nost preferred nethod bei'ng '

i nci pi ent wetness inpregnation. The use of aqueous solutions is conmon;
however, or@ang7eP! vents such as aliphatic and aromati c pPyfuseespons,

al cohol s, ketones, 15 etc., can be also used to deposit soluble active
conponent r.o n arrj Exa e e | utd ons
ol ude TRERE s B e R R e o e o)
nol ybdo- eind ¢anestse- phosphaioes isndien icatiueed pol yoxonet ahdsd escdpsuch as
het er opol yacids and transition netal 20 conpl exes theregof), varjous netal
chel ate cURR'ONEs, CaMFFoE cORELERBER dBY.  SRES pHARSFue T1 { RESIRRORY

sol uti onse tydH iR kel PEBUFEOM i A r13c ThRpSLAlIN HenBRaAkAL & Dk ttieehNi ques
and nethods for inpregnation are well known in the art. 25 The catal yst

pr ecurssorteyiparasupeeser iSPAYI &Y Wepviaebingnatopmpbieny ofardl eiarsnt ent
reduced i ai.r t er at ur, b | ci i t e re i hcl.udi ng
anbi ent c%tndilteia%‘iﬁs, 8%’? i?att n&%zbes%rg%\éel di F@%@F%ﬁgt ozee{%e&gboﬁf u%l:ez‘il’gng l;ét ep.
Parti al vedmhidtedcoit enher edueaenen taE rem®Vverphysiecad by 30 ascksoxiechg

sol vents (remaining froman inpregnatiaon steg%,aigs in transportiég% t he
cat al yst SHRAUEYhe ARG at BFdOContent HPeductrERBEd cobatRtEE | EAHTE 8 WO
00/ 47321 RCI{d¥3@01Q322Q- Vi {hputs kel Ngchiedod 0B fRar birebhakot hed Y mdet s
bel i eved that the process of the invention controls the formation of bul ky
met allOoxiafelquedls &9 rpacheczka Hlafdonpoewpebyt@igsect i nteraction of the
catalytic metal wiihoa sghflcaS.£qakaini na-goppound helow. cal £lnalion

t enper atures, such Rat" T her mal aggl oner at1 on of the dctrve conponeﬁt does
not occurstehs(sthangyr asir sotiduct egll ¥ivdizad,ors Wi teonpaufittsr dvslpitade t he
solvent and the sulfur reacts with the nmetals_to forn1Q%gPl¥ di sper sed
metal  sul $9HEDhe?R e SHIEHEIEART | &5 afiBTRte Wi bulfRy 1FRGFEYEE oR3¥eLcan
form In ihe REeeesnrehethasinyent i9Ruifepaatal ¥st i PAEH S )e 60 @WNI ng
residual noisture, is exposed to a sulfur containing conpounds at

t enpdbat resweripgtresnver tfarheeratale pr ddur s¥raitew @&ﬁaﬁ%féﬁi*%%ctiisve

netal sulfpdeseand diiveclbe, ool Sture o Okl LAt aAkySl DOr aRoESTYPI cal -

in-situ su zation may utili1ze el'ther gaseous hydrogen sul fide in the
presence f¥edwdrige oprddupd diohasppsutddirmgtaly agkhide susbahsstor gano

sul fur conpounds .. including_al kyl sulfides and polysulfides, thiaqls,

Sul f oxi dEGF Y, ©50F e S8 Far LI TLHEEAPR GHOSt FieY ChY afyRd 4% BRI I y
suppl i ed 4 ogbhputisals (é£fdnAyY) bfdt Beanss exsukbhdedsrbar mnahesf dikacnet al
oxi des are converted at least in part to netal sulfides. Commercial ex-situ
sul f 40 zA9%&S pRocédsessitrel Gdde - f or NexAmpiventiRpa ACRIGAT pRrERESSYER

| nternati gl hng be 29 deschiied okn-LiS, B, 468,372.a0d LS 5 §88.136, and the
SULFI CAT process (Eurecat US I'nc.). In thHe practice of present 1nvention,
ex-situ sul furizinghes peekdysed. Umhletreepr esent wengleint i drsehe durong

- Si d insi . i bed dified b | cini he 30
cat al yot BROIBPHonpRr aOra 8 | GPTPg Rim Ao Senebehrapg, Hnl/ee t1e

organic and inorganic ligands (functional coordinating groups

25 having one or more pairs of electrons to form coordination
bonds with wmetals) are removed. As used herein, “volatile
content” shall wmean weight loss as calculated following

exposure of a sample to air at 482°C for two hours:

(sample weight before treatment) - (sample weight after treatment)

— — X100
sample weight before treatment




wi th sul fur conpounds. At |east one of the volatile content reduction steps
is conduct'ed in the presence of one or nore 9 WO 00/ 47321 PCT/11S00/ 03219
sul fur containing compounds. Significantly higher activity and stability of
t he uncal ci wedoeztnl yst are achi eved as conpared with cat aCyvsew/osxele by

conventional processes of separate drying, calcining and sul furizing steps.

It is believed thahsSubBkghgerdyds oteai g ldovirb¥rt Smaght eyedapecause of
hi gher di spersion of active conponents since thermal aggl oneration does not

occur duritHghcdiadl paerpraspirigedonitihengaral yerenw@daBytifel by creskveof t he

i nventi on, %h%ﬁdh%{?e ahﬁgﬁegtizag%gr Féggg%é het er oat om and ot her 10

contam nants from a hydroca oCk  acconpani ed by boiling
poi nt reduction. SushlfuptLioess wiosprused bent¢iact nagnof coatattyisig wiidh a
feedstock at el evated tenperature and el evated ressuigéi n the g_r esence of

hydr ogen S2%Y6he RTSTHFECEat ALk s Pds. OTenBeFat ufBstUre EGRFEHMBE in the
range froBpbas@Raut 280 o f13,380ul 44 aGyst ot alg PLEIIHEESsBl St MRACA] |y 1N
the range of from about 50 psig to about 3500 psig, and liquid hourly space
vel oci t i eaciMeSwWetalpi eempgnardisgears oreve-ad 28t hleasExanplrest20 tat al yst
Activity n'lléq:sa{li r&glllflxgé%treati ng activities of the catalysts of the foll ow ng
Exanpl es were conpared on a volunetric basis using trickle flow

m cro-reactors. Theénsankecapabysés vabfimehebasirsresipact edhdul atkehaitt y, was
used for each set of test 25 conditions. The reactors were ogerat ed in an

i sot Hér mTSYFRE: FB3Enifird SRHFLPY i %t i99RFAEOn 2R VDI TUEEFHow 3nd

char act erépc-l'.tiicﬁl%llghﬁrBﬁ'lB{:QP@{ shapgde exhisgaded catahystc pshd etS1 €N
diluted with 80-60 nesh SiCin the volunetric catalyst-todilutant ratio of

ei t her 1:ContRagt regndEiponstep3)sorondoct@oiy Teke Drertindeorpid)oneamt | oaded

into the reactor,An four_aliquots. i0 WO, 001 47 . / 0/,03 In-Situ
Cat ol yor G LA, bRHEa B Sl O Smdihas O YT s e RO T
cat al yst sadafluysitzi pgecuisosulifsur tgbhgaIryessior eleAas neEiant aiabedt ato asgut 50

psig_(Test Conditions 1-3) and 1SO psig (Test Condi tion 4). Tenperature
r anping cﬁﬁ‘?fr?gra?éiyf EFP‘Ea?%oEO\A%é%a PG IRRFREET g‘ﬁ?’e%fm‘f‘o%ﬁﬂ % WHate of

1.5 Om nprd @iy for?d BOWS; 1h8atHdID0 BHE Qa@hl%sf: atgfre@lirdol/ Mg,
hol ding for 1 hour; heating to 371 C at a rate of 3 mn, holding for 2

hours; coBHHAfES G20peCeandinadr yalar hie acermnt gfluction-sulfurizing

step. No calcination of the catalyst precursor is necessary or

performed and, in fact, allowing the catalyst precursor to

20 reach calcination temperatures is detrimental to the results

gseen when the procegs 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 conventional method,

and the process is simplified by eliminating the high
temperature calcination step of conventional processes.

A porous support 1isg typically used to carry the

catalytically reactive metal(s). For hydrotreating catalysts,

30 supports are typically alumina, alumina-silica, silica,

titania, 2zirconia, boria, magnegia, zeolites and combinations

thereof. Porous carbon-based materials such. as activated



10 Ex-Situ Catal yst Pre-sulfurizincr The ex-situ pre-sul furizing was
performed using the ACTI CAT process. A sanple of catalyst was treat'ed with
a stoichionetric amount, based on the netal content of the catal yst, of
powder ed el ggRghab; sul fur plus 1.0 %w excess, 15 based onp¢frgsos@izant of the
total catalyst, followed by heating the sulfur-incorporated cat aI yst in the

presence of a |i u' ol efinic hydrocarb Th I d t
precur sor$? e %13‘% th:ir?Vl‘ssrcv’%/r EéFﬁg%gPar&Fgr t[‘ﬁ%{uﬁ‘%ué!ﬁ;g@ Gt i etsion.

Li qui d Phaserdzaledl ystphsidyathondQ Thavext Sbd Uapee-Slilnfiwa-pagdegataldy st
precursors were placed into a trickle flow mcro-reactor and activated with

a di esel ﬁ‘bﬁ@rtaoséérWértbét-"rF@ sERFEe X o FRIR 10T 1EREL Y o3& VRt I eietld

sul fides. a I n S ig, a
hydr ogen ?)&alvﬁ%rlé eco%%gb%%?‘? ép%asﬁdﬁgeafg eIlsie:OEf ggg %HHg%ogj;c ?%l%slg The

t enpersat uaee walepoairqae@l tatd3xHe andppettd. forTﬁpm,lrly | log casgdlat axerate of
1 hour; and decre to 20 and réel d for

24 C/ h to 37 nd hel
t wo hoalrjg ‘?](t)ﬁq T eg‘ﬂoqué%&nrlr?t r odHREF o7 Te%?s q:rfdr trr"o%

Cat al yst : n{L00 &6 &mlé@tﬁ.bednro%mmsl BliciiDh cghaépaﬁrcus?)?mai}’/o@(pmdment al
Catal yst - 66.7% Pressure: 1900 psig 11 5 10 15 20 25 30 35 WD 00/47321
PCT/ US00103821gombination with  the catalytically active metals.

Variations in catalyst preparation methods include

10 impregnation, co-mulling and co-precipitation. The preferred
method in this dinvention is impregnation, .with the wost
preferred method being incipient wetness impregnation. The use
of aqueous solutions is common; however, organic solvents such
as aliphatic and aromatic hydrocarbong, alcohols, ketones,

15 etec., can be also used to deposgit soluble active components and
promoters onto the carrier. Examples of aqueous solutions
include those containing molybdates (such as di- and hepta-
molybdates), molybdo- and tungsto-phosphates and silicates,
polyoxometallates (such as heteropolyacids and transition metal

20 complexes thereof), wvarious metal chelate complexes, amine
complexes, etc. The pH value of the aqueous 8solutions
typically range £from 1 to 12. The solution preparation
techniques and methods for impregnation are well known in the
art.

25 The catalyst precursor of the present invention may
have some of its volatile content reduced in air at
temperatures below calcination temperatures, including ambient
conditions, or it may be moved directly to the sulfurizing
gtep. Partial volatile content reduction to remove physically

30 adsorbed solvents (remaining from an impregnation step) aids in
transporting the catalyst should the volatile content reduction

be conducted in-situ.



LHSV: 0.33 hr-1 (total system WABT: 3S5 CGas Rate: 4,000 scf Hz/bbl Test

Feed: Strai'ght run | ong (atnospheric)

resi due: Sul fur4. 34%Wi t rogen0. 26%Wi ckel ~18. 5ppnivanadi un62. OppnBasi ¢

Ni t r ogen66 MPH¥A783ocar bon resi duell. 4%\Density at 15 CO. FEHUSPEER1%Condi ti on
2: Catal yst:50 cc single bedPressure: 1000 psigLHSV :1 . 5 hr-1WART: 354CGas

Rate: 2, 000 scf HZ/Qbtdest Bégﬁﬁkkﬁﬂéﬂ Ves UM g i cular theory, it is
oi | Sul furl. 07%wWi trogen0. 29%Wi ckel O. Bppnivanadi un0. 6ppnBasi c

Ni t r ogen¥83ppNrticr beak borhe esirdgess3ombentlie y mversion. oggntiaels &dedi ti on
3: Catal yst; si.pg - 21 .ok .0 - , CCGas
Rat o: 2, 006 BRF LFB) BB HELEY PICTT DR R YL e Vonc b B
resi dueSuifrec?. 15fdid¢togan0.c39%eMNiec k eb 491 PpipnVaradilun@3t BpparBasiltur
Ni t rogenl354ppnM crocar bon residuel2, 0, ' %pPensity at 15 CO. 98¢g/1 12 WO
00/ 47321 °PESe1BOAAI CPBROYNA CRELPYsC2LBERAGHR: P2 B SSe UGl &M5¢d 1650

PSi g 2. 2 dilezma? WEBTomddat LoaNdr 368 CGalasvRat Smpchatll0 &fds Hedthlclgst Feed:
Straight run gas oOil Sulfur N trogen 10 Density at 15 C PCT/US00/03219 1.80

%v 0. 044290 he. g8 qpursexamsl eul farizedni anléyy r ggmpeunds Xianlace| ¢ive) was

dried in air _at 48 for_ t hqQurs. Th xtruda ad .t he. f ol l,awi
physi cal Sﬁrlgﬁg%t iaélé: %fg é&lr%\r@gt gf(? SGPK wgé:%lsitthf dr.ﬁe Sg/té)c %erhlp%rﬂg’ vol une

0. 94 cc/ @iBperked ThesSHLf gadfafie€a BOBor®/g substantial amount of bulky
10 metal oxides can form. In the process of the invention the
catalyst precursor, containing residual moisture, is exposed to
a sulfur containing compounds at temperatures that convert the
metal precursors to catalytically active metal sulfides and

drive the moisture out of the catalyst pores.

15 Typical in-situ sulfurization may utilize either
gaseous hydrogen sulfide in the presence of hydrogen or liquid-
phase sgulfurizing agents such as organo sulfur compounds
including alkylsulfides and polysulfides, thiols, sulfoxides,
etc.

20 In ex-situ sulfurization, 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
gsulfides. Commercial ex-situ sulfurization processes include,
for example, the ACTICAT® process (CRI International Inc.),

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

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

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

reduction steps is conducted in the presence of one or more



An i npregnation solution was nmade by dissolving 39.1 g of phosphonol ybdi c
acid (75% obtained fromACROS) and 9.72 g 20 NNCO, in 100 g de-ionized °
water at 60 C. After conplete dissolution, 7.02 g of 85% H3P04 were added.
The vol une wiodeamzsol uti on was adjusted to a val ue equal peortbmes®as er pore
vol une of the support. 200 grans of the support were inpregnated with the
solution a aged far_2 hour The, amunt . of | s .l e 5 Ly si s)
was 8 O/&N'lci}ﬁrh;df"ﬁlgézv?/ P and iorﬁﬁﬁﬁlﬁ%owgéﬁ%ﬁglce%%las%ﬁﬁ%%? urgg,gl}'%g( caa'?cgl yst
pr ecur sor stsi laith- tafeattad \heladwifedCcharnlstiodre andhi&eed ohat tbmpamat ent
was reduced to 6% _whereafter ghe recursor was recover ed %ti | | contai ning
resi dual Wit GRELYRES pridH sOF wWaRTY e tieaR 130PHRRSRASH eQLsi AERI R Sous| y
Wi th sul f gt Zig ARG ngn aAETLCAFuRE 9685 Sst ks cal £t Naki pa1 SERRS WRlEe

enpl oyed. The resultant catalyst is denoted as Catal yst A 13 WO 00/ 47321
PCT/ US00/ 031y Cayargisteakings pttaicedyi ni® achievedr bgcrupeamd atidhent ed

wth a diesel feed, |1 by i accqrdin Tes ifion. 1. The
HDS act i v‘? %epeo){s l(ég]t a%f;sta%g,iggs %%%\eggsav%%%e g%%?%ﬁpépg?ﬁgée}g(%)
requi red degs 8% HoSuri gushoywcdradly skl fregardixissmpl e 2 - Conparative An

al um na extrudate (1.2 nmitril obe withthefollowingt properties was used
to make Catal yst BIPEofpat¥tf Bade ensheyPTIrRss Pfc CPE0TIEERT L Pbr %ol une

0.95 cc/ g8 Ragksunhacg apescd8 A9 Cehslysy BdRsakshar g4 byodie
vol une i npregnation of the support as described in Exanple 1 followed by

ai r - didyi neprttantizanCsf row hobwdrapareenadaratsi dieedatark #townpania®p kg for 15

2 hours. .The .cat al vst was, then sul furized jin-situ via conventiagnal met hod
Csing o ForHed PAivk, seabiifns | SHEhAS] drleleb bR Tacd O A e,

cal ci ned ahd cathiiyst zediil twofeepsatatle stepsleGated ylemBewasutestaad under
Test Condition 1. The 20 HDS activity of Catalyst B, as WABT required for
88% HDS, q%ggﬁ%gﬂnpgﬁsgpég 3n E&%”Rﬁ ejce of hydrogen with one or more

catalysts beds. Temperatures are typically in the range from
15 about 200° C to about 470° C, total pressures are typically in
the range of from about 50 psig to about 3500 psig, and liquid
hourly space velocities (LHSV) typically range from 0.05 to 25

h—l
Examples
20 Catalyst Activity Testing

Hydrotreating activities of the catalysts of the
following Examples were compared on a volumetric bagis using
trickle flow micro-reactors. The same catalyst volume, basis
compacted bulk density, was used for each 8et of test

25 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 80-60 mesh SiC in the volumetric catalyst-to-
dilutant ratio of either 1:1 (Test Conditions 1-3) or 1:2.5

30 (Test Condition 4), and locaded into the reactor in four

aliquots.

10



A comercial 1.3 trilobe extrudate carrier #1 was used to nmake Catal yst C
25 The inpregnation solution was prepared by stirring together 21.62 g N O
35.2 g Mb03, 9.05 g 86. 1% phosphoric acid and de-ionized water. The vol une
of the m xtwoa/4msd approxi mately 168 m . The m xture was HEIAISO0(03299 t h
stirring, to 99 C for about 3 hours until the inpregnation solution 30
conponent s wegg.-gi ssated.vsfheumextvs e Was then cool ed to anbi ent

t enper at ur e. € volunme of soluftion was adjusted to the pore volune of 200
grans of the suppoht gaghigixtwae iabr egndhed 114 hydOaeyy e8P 1uPed/ ¥SE0/ 03219

as descri i le. L The t .en re 3.8 9%v.N_. 13.6
%w Mo an&gg.gb&%%g?g?]gl%lanﬁ 's) %?%l%%ﬁéébapkgggg‘g%&ﬁ% %‘%ﬁ%rlgltegd in
air at 92tC dwsutf 08B0 haudigs urddd thadyolais | e-spntagidt 18GE 6¥igThE@esat al yst

5 precursor was then treated with the ACTI CAT process w thout enploying any
cal ci Rat CORIdEERR. 4The TEERFTHMT S ARISE CUTLRY eFrbENT A TatvaiSy &8 C

Cat al yst te i.n Tes difion ersu rci al ;.cat gl yst
treated vj\fllgt1 E@?ﬁé 2{‘%1%%‘1‘61?&%&@# 'IE‘)[F o%egét%{[oéﬁs?'nﬂ gg‘g%ﬁ’aﬁ{eoalcdé%%i zr%a ion and
pre-sul f yr heupg; shepsit&atdl ysd° ©)ac dheatdSAci® vyhies fi1dEaalawst 3 C and
D, as WABT required for 88% HDS, are shown in FIG 2. Exanple 4 The
properti ésurf tleatahgnitma Xt r@dat e a( ke emefl 531 £/ hobe) hasding ofarke

Catal ysts E and F was as fol |l ows: Conpacted bul k density 0.505 g/cc \Water
por e vol GYETE7 87°REIF B E 2P 4sfr fade 1BEE9997 7% 0T eftte f8RBr egnati on sol uti on
was ppepared By_giss k19,520 pRe28y U N- PG pnd 16. 67 ammoni um di nol ybdat e

( NHQ) 2MbZ0, (mwﬁ)ilm_or—ffgm—l?, solution in water. The

vol ume of the sol uflh®nenasitadj et ethior8ziog, wasd pE@Gogmefl tisénguppert was
i npregna gescribed in anple 1. .The tal | oadi s, 2.3 % N and
8.0 %w Né‘%?aragTbaﬁrs?)c.essl‘he c%i(g%g?epchucrastoar Y55 W& dggia\é%?%c% ed 5Vefni ght
in air atetd2éhComet ¥ B0 \EMoRNESS Sha®edIDictl UERe antktiDOBbAtehbiervcoehed t o
anbi ent tenperature and djivided into two equal portions. The first portion

was di r eCRFFLBPRsuIFurPOEPIRT nGl BREARETI EATI BT 0288 v tholt &Fess:

cal chpat igRedt BR LRe' REDYL r&ﬁ'&&@'tdﬂ%!ﬁtdért%l?ﬂg, | eath swdd Wy 3atAhg the

catal yst, as described in Exanple 3. The resultant
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

20 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 tock place at a unit
pressure of 900 psig, a hydrogen flow rate of 220 ml/min, and a

25 diesel feed LHSV of 1.5 h™. The temperature was ramped to
135° ¢ 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.

Test Condition 1:

30 Catalyst: 100 cc stacked bed:
Commercial HDM catalyst - 33.3%
Experimental Catalyst - 66.7%

Pressure: 1900 psig

11



catalyst is denoted as Catalyst E. The second portion was 15 WO 00/ 4732
PCT/ US00/ 03219 conventionally calcined at 482 C for 2 hours, and sul furized
in-situ using an HZ/ HZS gas m xture (Catalyst F). Catalyst E was tested
versus Cat alypobusfzaeisi ng Test Condition 1. The HDS rel ati vecwgsdgig®ld | C
activity (derived 5 fron1the second order reaction rate constants for the
two catal ysts) was ohlgherné)og3 tﬁlé, E ared to that for Catalyst
F at 400 hours on E eam Exa P&? §‘tested usi ng Test

Condi tion 2 versusyggd0 commergdsl ~catal yst (Catal yst G which used the
sane carrier as that for Catalyst C. The (pre-calcined) conmercial catalyst
was sul furized in-G&$ Rars: ng a%&@lﬂz:s ot xture The corrpari son test
results are presen% §L ee Qm.r Exggp esgdwas tested
versug a conmerci a reference C:E:EE Esane s Pysé exce t°t he

sul furization of the pre-calcine st was perfor ﬁ S|tu using an
Hz/ HZS gas mixture). The commerch r%%ﬁ lyst is denot &d8s*¥at al yst H. HDS
activities of the two catalysis WEFEe%onpared 20 u3|nd8TésPP@bnd|t|on 3.
The HDS rel ative volunetric acti YPR§d{@erived from t h&2s8cBRE or der
reaction rate constants for the Basicaidinoges) was 25%FAi gher fox Catal yst
C coapared to that for Catal yst Miatod@bdiowmesidpestrdamt Exanple 7 25 A
commercial 1.3 trilobe extrudatepeasitgera#dswes used toqonmakel Catal yst |.
The i npregnation solution was prepared using the procedure described in
Exanpl e 6; hod®esbrConditiiniZ:contents (dry basis) were as fol l ows: 13.0%w
Mo, 3.0%w Ni, 3.2%yd; the catad wsi RhgeUrsed was dehydrated in air at 99 C
for 30 three hours untll the volatile Content was 8% The catal yst
precursor was thenPressatred w t¥0ahesAGTI CAT process without any additional
drylgg/caI0|nat|onE%£eps 16 M¥)OO{47321 PCT/ US00/ 03219 Catal yst | was
test €d using Test hdi tion 4 Versis a comrerci al catal yst (Catal yst J)
havi ng the sane caggd®er and pefsenri age of netals as Catalyst |I. The
(pre-cal cined) commercial catalyst was sulfurized in-situ using an HzZ/ HZS

gas Gas Rate: 2,000 scf H,/bbl
Test Feed: Heavy vacuum gas oil

Sulfur 1.07 %w

20 Nitrogen 0.29 %w
Nickel 0.8 ppm
Vanadium 0.6 ppm
Basic Nitrogen 930 ppm
Microcarbon residue 0.3 %w

25 Density at 15° C 0.92 g/1

Test Condition 3:

Catalyst: 25 cc single bed
Pressure: 2100 psig
LHSV: 0.3 hr?
30 WABT: 385° C
Gas Rate: 2,000 scf H,/bbl
Test Feed: Demetallized vacuum residue
Sulfur 2.15 S%w
Nitrogen 0.39 3w
35 Nickel 19.0 ppm
Vanadium 33.0 ppm
Basic Nitrogen 1354 ppm
Microcarbon residue 12.0 3%w

Dengity at 15° C 0.98 g/l

i2



5 mxture. The HDN rel ative volunetric activity (derived fromthe first
order reaction rate constants for the two catal ysts) was 200 hi gher for
Catalyst | conmpared to that for Catalyst J at 200 hours on streamat 343 C
WABT, and 4@Weéxobvtgtuer for the catalyst | at 300 hours at 3BEr/ooaf2ieExanpl e 8
- Conparative A commercial catalyst treated with standard ACTI CAT~ process

using separat .63l LR34 L P, apd pre-sul furizing steps (Catalyst D) was
conpared wt hT%'e“s“a'rTE—TVpE—m comercial catalyst sulfurized in-situ with
HZ/ HZS gas m xturecétatwdtyst Ko d& aisigig Bedt Condition 1. Catal yst D and
Cat al yst K were stﬁti stically gnghsti_n ui shable in HDS and HDN performance
during the test ruh*t32%¢ hour $° an), denonstrating that effects seen
due to the processrggvthe inveptiom-are not due to differences in

presul furizing process. 20 As shown in the Exanples and seen in FIGS. 1-4,
the HBS and HDN acWABTti es of 8#2° Catndly3AX Qrepared by the process of the

i nvention (Catalysts C,  E apd ar i,gnj ficantly higher than that of
the catal ysts prepé?aﬁhﬁglést anga?(bja p?%fgé'gékgl%i utilizing separate steps for
drying, calcining esgdt2fesdt f ustZiight GaRsggyesil y, substantially |ower

sul fur and/or nitrogen content iuhkgopetrol eum product_gd$ s@chi evabl e by
conbi ning the drying/sul furizing,gtepgeand elim nating, thgcalcining step.

A higher activity catal yst nmakes |t ssible it qQ operat co rcial unit
at Iggs severe conditions while ?ﬁnﬁggguﬁ? Nty oh- spec p b%u@t/mhi s in turn

shoul d i ncreaggaimpgecatal yst |ife and decrease operating costs. i~ WO
001 47321 PCT/ US00/ 03219 It will be apparent to one_of ordinary skill in the

art that many chanfBs23NBiRBdiEFERERrbRs (hmy BB FEdeoPs) t Wesi frdsei di

wi t hout depart,i ng. fdsamdts init or ope set. fart [ e s WO
00/ 47321 /%SO%?%SQIJI O(%L&ﬁ%ﬁl}?ou S|o'r g%eegse%%u%rtgpg}alé]nggge c’ka(tgllajlc%/viltn,g sai d
pr ocessc@htdisiatgppopetrciew: a porous support; 5conbi ning said support with
one or nore catalyticallyactive netals, thereby form ng a catal yst

precuwssor havi ng avol at i temgdeenNtbugkeaersithan d.4Fspeyeent; andreduci ng the
vol atil e content of thecatal ystprecursor in one or nore steps, wherein at

| east onevol ati | el0cont B¥EeT RAFE VOAUSEep is pdh-26r §€d%i n the presence of at

| east one sul fur contai ngng €uRAIRd; whesei n saigdLakalyst precursor does
not reachcal cining tenperatures prior to said at |east oneconbi nedvol atile

content reduction- gyl §ypl bR LA 1A REECRESe 2B8FORILBG $ihfL!A M 1
wherei n saidat | eastone volatile content reduction-sulfurizing step

i sconpl etedéx phicsphomolybdic acdd A7phkocelssaingd fuppaACRSa and 9.72 g
hydr ot r eat i hgcat al yst sui tabl e for hydrotreatnent,of a hydrocarbonaceous
feed2PoclBsai'd ptBRess E6mprRLFsRy: ¥8RBT nidty 4%p&rous %ﬁ?&ﬁor?ow SFSoneor

nor ecat al yitdseAahlk Y oheagt by eg Bt adsn 3EbEChRG of LAME OUPHY! 38Tufd WP \Hel  Of
the Periodic Table, thereby form ng acatal ystprecursor having a volatile
content gidattdont Waa adbpeie o, 255Adue ettt hda Hdey wR&er| BOED {EMmeof t he

catal yst pr ec%[‘ér 28bpbPe ONe; ri?%rm% g%.egﬁe Sl b ﬁﬁgkegﬂ&é’&"ﬁ@ﬂ e
content reduction gtep is pertornmed in the presence o t Teast one sul fur
cont ai ni nthecaoutndh and aged for 2 hours. The amount of metals loaded

25 (dry basis) was 8 %w Mo, 2 %w Ni, and 1 %w P.

To remove excesg moisture, the catalyst precursor was
air-treated below 85° C for 1 hour and the volatile content was
reduced to 6%, whereafter the precursor was recovered still
containing residual moisture. The precursor was further

30 dehydrated simultaneously with sulfurizing during an ACTICAT®

process. No calcination steps were employed. The resultant

catalyst is denoted as Catalyst A.

13



30 wherein said catal yst precursor does not reach cal cining tenperatures
prior to said at |east one conbined volatile content reduction-sulfurizing
step. 19 WO 001 47321 PCT/ US00/ 03219 4. A process according to claim3

wher ei n saiWoghpser nore catalytically active netal is seﬂ&%&ﬁogﬁpm
nmol ybdenum tungsten, cobalt, nickel) and oxides, sulfides, and m xtures

thereof. 5 5. A process accaordi ng to.clajm3 wherein said porous support is

sel ected from al unfAe®1¥8Y i &a- ¥PGmi REACYT | i'dHE° t Pt aM SF O USFAHE C 2 e8Pt s,

zirconi aacragpesiawatld goabinat ins,t kengebed 6% LePrOeeSsedpingt abytic
hydrotreatment of a 10 heteroat om contani nated hydrocarbonaceous feedst ock,
sai d prodess €enpitisehgl contretilfy asdilyitEeast 6akahistelfov @edeigiperat ur e
and el ev e re_l eseaes : g Wit b or

cat al yst;%lt"%gaggE \?\)Egr gﬁhgg%gﬁé%st one cg{eéi%ig{e(abg%rcgtﬁfa?{%g’algg? %?yrslt

pr epased iby Fite process conprising 15 conbining a porous support with one

or nore catalytically active netals selected from Goup VI and Goup VIII
of the Peri odééﬂl‘%je?—e%—‘l—@m@%ﬁ% ng a catal yst.precursor having a

vol atile content greater than 0.5 percent, and reducing the volatile
content of the cat¥ysilyHacur SBETRARUhe Gr 2mofB 267310, WHébei ARGt | east

one vol ateh 6 0RE §ilodaduek! P4s SIRR k8 REks aFdwd. iR Bhe presence of one or
nore sul fur containi ng conmpounds; and wherein sai'd catal yst precursor does

not reach cal ci ni ng t erfjreactedsbptk otensstyai dOat8t eakic one combi ned
vol a&'bl e content reduct‘,{ %%}sggggr%gjr% st ep. 25 55 ?Ab)or ocess according to
ati reducti

clai M6 wherein at |east ofie Vo e content re oh step occurs during
a |iquid-phase sul furi zatg.anspebeessarédh A cat abgsh2 obt ai nabl e by t he
process conprising conbining a porous support with one or nore
catal ytically 30 acdtans stetmlwgs thes@ined Wy mgre walhaley Simpegadtson havi ng
a volatile content greater_than 0.5 percent; and reducing the volatile
content 6f the %‘é&‘%ﬂ%tasprd@éﬁffé%?diw&?@‘"&lenﬁr godpoweh B EiF7drYing

2

PCTI USOO/aQ3§ 9° 1 8RS 4""&1‘8{1%%?& Le itnaoc"i%nvqlnata'fikefﬁwtSQ%:E?%%&P” step
is perforned in the presence of at Teast one sul fur contarlning conpound;
wher @bn gailtbwat al ysthepr eetaspst does ndten eachfoal zedi ng-sénperndtur@s prior .
to said at | east one conpi Qed . . . .
conventiona metho using a 5% H,S in hydrogen mixture as
described below. Catalyst B was calcined and sulfurized in two
separate steps.
Catalyst B was tested under Test Condition 1. The
20 HDS activity of Catalyst B, as WABT required for 88% HDS, is
shown in FIG. 1.
Example 3
A commercial 1.3 trilobe extrudate carrier #1 was used
to make Catalyst C.
25 The impregnation solution was prepared by stirring
tcgether 21.62 g NiO, 35.2 g MoO,, 9.05 g 86.1% phosphoric acid

and de-ionized water. The volume of the mixture was
approximately 168 ml. The mixture was heated, with stirring, to
99° C for about 3 hours wuntil the impregnation solution
30 components were dissolved. The mixture was then cooled to
ambient temperature. The volume of solution was aqjusted to the

pore volume of 200 grams of the support, which was impregnated
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5 volatile content reduction-sulfurizing step. 9. A catalyst according to
claim8 wherein the catalyst is a hydrotreating catal yst suitable for
hydr ot reat ment of a hydrocarbonaceous feedstock and wherein said one or
nor e cat al ywiogaktsg:r acti ve netal is selected from G oup VI pands@oszip 10 VI |
of the Periodic Table. 10. A catalyst according to claim9 wherein said one

or nore cgtakytifAldy qptﬂ;aé%prrgt al, l&h@eh%esﬁdcéﬁ%m@llyo%%@u LURggt en,

cobalt, nickel, and oxides, sulfides, and m xtures thereof g)evvherel n said
por ous suﬁpdﬁx, i1 .SehwcHedand O?mOlBWaPurﬁdn:a basgis)ca- al um na, SI lica,
titania) boria, zeol | tes, ’zwr coni a, nmagnesi a and conbi nations ther e;,of 21

A{. ASNY. A3; % AFNEDR, CakaGY8E ABTCGUISHE "R S SRINEFRARER 85 ARHT S ©9

3 A AF39. AN AL KD Al Bhedh % A¥alatile content was 6%.  The cataly
5Eae$’ | r- 2>MOPt vy| wr mhb] WJ] ca] caU] ca] ca] ca] ca] cal caU] ca] ca] ca] caj c"a] cal ca

]CaLﬂC%]CRT@9m§QQHCW%QCé?@@]@mafée@]U49PC&P©Ad¥EN£PE aknﬁgesaa&&@@bau++++++
,-BSFSaSR?gQ%%}.’]{n\?qk?IaXV\fca ¢ ca Tta c%fca] ca}]‘ca 241k f% ?E‘;ﬁt ’\aTc’\a] ch

a] cnal] cakengcdt ad aalbsaejirpdtcal.cha) ca] cMa] c”a] chal caz: : .1 >AAAAEEEE
F] HoH~HH| JJ{ LLNNN;
QACCOFOl OLOOCH xsni F2EBLYEFc&] ¢ A1 T5R%%h] dh) TaF e apeditthaq) da) ¥esjesa) 2 al] ca

] ca] ca] c"abfdd £oalicAcaWl6R] eaksatga) cal cahld Céé&ﬁ&elfc? ACTICAT® proce
OOROUCaOp OPPQQDSI SVShSSSSST. TI TSTTTTOUUVWAXXXX| wr nhe] X] c] cal] ca] ca] ca] cal ca

] ca] cH] caheds af erg Kt c%.l]qcl@]a@apea]acd] @a]%ca]ll:é\u;qx:%ﬂ]r@a]sct@p@" dlCesptyag cal] ca
\ /\/\/\/\P P
]eggl g?]egg ﬁ?hﬁh{j[ ~I§<E\'s %ﬁwj]t_l as]acﬁ é‘]acé(f’éﬁafcé‘ﬁfcgr c:?i‘]gc;‘;'{7 3] cafe ca ca] ca] c®

a] ca] ca] capradfcajpsg] eakcahewna] ta|rEj.cal.ca) ca] ca] c”al ca

Lj"I(rd rrKncnOs6sBs_L

tt+t,t2tx: z@L%iﬂ’E{—gMO{ upj e ~xsmhb] W] c”a] c] ca] cal] ca] cal] ca] ca] ca] ca] ca]
cay ca] ca] ca] ca] crahealleapeal ool cald cakl calnalical caal ealsall qal sal R SEbA
t Y$109&' ()-s!as! 10%b& ()-s! 109& ()-10%& ()-f Y1I0%& () -

SH10%5 () tyBkaned! as$d0vp bk Cptakystoohigd F- Wpy$sao b oWs-s! f Y$10%bb&' () -
s!yY$10%b&' () -s! p8Y$10%b&' () - sabcdep

rP!la, $10% b{b& !y/ 3$10%Fep&ytad IBHIOAKELEY- 1YFI1D9R'J/)cc 10 b b 10 b b 10 b
b!;10% b b& ()-t

WXEP! | ax3$10% . & () - 134205 RI5L "3 8M606 . & () - 11 85158 () - 11t 33100088 ()-1
'3$10%&' () - 1$~_@ ! aXSGLEY&. '(")sunéﬂaﬁ%&a(r)ea3l #1091 )mYgm0%&' ()- 10 10 10@
T10%& () -s$ | TXVA~_@ ! 3$10%&' ()-!3%10% = & ()-!3$10% () -

a3%$10% " . & () -!f 3$10B3&prghd kBHI OS@BE i(Qrr rwid Peépa@rd by dissolving

20 5.25 g NiCO, and 16.67 ammonium dimolybdate (NH,},Mo0,0,: (56.45 %w
Mo) in 60 ml of 14.8% NH, solution in water. The volume of the
solution was adjusted to 87 c¢, and 100 g of the support was
impregnated as described in Example 1. The metal loading was
2.3 %w Ni and 8.0 %w Mo (dry basis). The catalyst precursor

25 was dehydrated overnight in air at 127° C to remove excessive
moisture and ammonia, then cooled to ambient temperature and
divided into two egqual portions. The first portion was
directly presulfurized using the ACTICAT® process without any
calcination step to remove residual moisture and load sulfur

30 into the catalyst, as described in Example 3. The resultant

catalyst is denoted as Catalyst E. The second portion was
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10@ L109%&' ()-!f]3*$10983& ()- !3*$109%& ()- ! X3*$10W8& ()- a3*$10% Y

L& ()- '\ g3%10%) & () -012>M~gF@ 10@ L1 Fs#10%% ’

=& () - +! Fs#10%p& () - +! Fs#10%=& () - +! FS109%&' ()- YF10%&' ()- 10 10~5j W3F@
10! kF2#10% SH#109& () - +! pFS#10%*& () -+t Fs#lO‘V &p 10% . & (
) - +1 yOFs#10 oToA (?FH vuxy~\; 101k k' $10% er & ()-2! p' $109 %‘S"}f"gﬁ#owm 0)-
10 10 10, @ 109& ()-sS!\F2#109%& ()-za !!i"xWb~\; 10I I $109%6008 &)-2. f~ $10%rP
rr& ()-2' |ccgmn(a)llgl ;@xxlglg%loa@&tl@)z £ for 2 hours, and sulfurized

" $10%00& L YGLO%{ & ()- 100 100 100, ;
* 10908/ ()9 a§l$tjlo% i )I}I’z/!%{% é%%«%ﬁﬁk%??g%ﬁ%ﬁs&/« Q& () - 2% %C q' X()}[ 9
dy: 10! 1'f Y#lO@F(F@@t@)ysEJE was tested versus Catalyst F using Test

VL0 ("8 (P00 ()l NESFLON (& () SAFSHAOISS( ) 18 ISIN & O

5 from the sgecond order reaction rate constants for the two
catalysts) was 25% higher for Catalyst E compared to that for
Catalyst F at 400 hours on stream.

Example 5
Catalyst C was tested using Test Condition 2 versus a

10 commercial catalyst (Catalyst G) which used the same carrier as
that for Catalyst C. The (pre-calcined) commercial catalyst
was sulfurized in-situ using an H,/H,S gas mixture. The
comparison test results are presented on FIGS. 3 and 4.

Example 6

15 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 H,/H,S gas
mixture). The commercial catalyst is denoted as Catalyst H.

HDS activities of the two catalysis were compared

20 using Test Condition 3. The HDS relative volumetric activity
(derived from the second order reaction rate constants for the
two catalystse) was 25% higher for Catalyst C compared to that

for Catalyst H at 400 hours on stream.

Example 7
25 A commercial 1.3 trilobe extrudate carrier #2 was used
to make Catalyst I. The impregnation sgolution was prepared

using the procedure described in Example 6; however the metal
contents (dry basis) were as follows: 13.0%w Mo, 3.0%w Ni, 3.2%w
P. The catalyst precursor was dehydrated in air at 99° C for
30 three hours until the volatile content was 8%. The catalyst
precursor was then treated with the ACTICAT® process without any

additional drying/calcination steps.
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10(, ;  10% & ()-t! qF310%Q8% ()-s-!10% & ()-'a Y#10% (& ()-!p YH#L09P(P(& ()-+
., -.180zX6PE: 10! | 1 k33109B8& ()- 9% k3$109B8& ()- % 3$10%& () -

9% ALz#109%& ()-! OLz#109%& ()- | 10%&' ()-80ml22B3C3D3E3F3wWXVB710! 1! 10 10 10@
C109& () - !t ROL0AMAR () - % 3BL0%R () - %t 3SL0UAAL () - 9% k3$EOUBBR3H) -
%-3a3Q4i 5678z X6MB710! | | f 3$10%( F(& ()-#!\3$10%<(<(& ()-#! f 35109 (F(& ()-#!f

=3310%-( F( & () - #! k%%g, (fa “@ FUZ#‘ gs 8?(?9%\: Cﬁ‘é‘%‘f‘ ' ' ' f Gl0% &
- 10( 10( 10(@ \ 7

’Q*-#lO‘V&'(()ecgﬁme:rizlal cig%it (Catalyst% J %h%‘av1ng the sami klcarrler and

<>}[9f[<10IIII - &109 /b/&' -, 1-&10% - I{_-%O /bl & 109/ k/

& ()-, IGRIHFEFIFf 1% g'e(t)a 39? S| I -1 k3" ﬁf—‘&c C’Lri 1$10% / &
Z‘L'a3F§ﬁQéHEHé& Eﬁthh?g $%Q%N%M!§u£izéd in-situ using an ﬁ .

p3 $10%&' () - &10@6&.() , AAAAAAB! C- D~\ . 10!!!!!F#10@Q(& ()- I\4 #10@&(<(& ()
I\ FALOIREuge(.) - ﬁ!‘qob}@& tplatpye 19plune@ic 0agRiyity Dferived from

the first order reaction rate constants for the two catalysts)
was 20% higher for Catalyst I compared to that for Catalyst J
at 200 hours on stream at 343° C WABT, and 40% higher for the
catalyst I at 300 hours at 363° C.
10 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),

15 using Test Condition 1. Catalyst D and Catalyst K were
statistically undistinguishable in 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.

20 As shown in the Examples and seen in FIGS. 1-4, the
HDS and HDN activities of the catalysts prepared by the process
of the invention (Catalysts A, C, E and I) are significantly
higher than that of the catalysts prepared by standard
processes utilizing separate steps for drying, calcining and

25 sulfurizing. Consequently, substantially lower sulfur and/or
nitrogen content in the petroleum product is achievable by
combining the drying/sulfurizing steps and eliminating the
calcining step. A higher activity catalyst makes it possible
to operate a commercial unit at less severe conditions while

30 producing on-spec product. This in turn should increase the

catalyst life and decrease operating costs.
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combining a porous support with one or more
catalytically reactive metals selected from Group VI and Group
VIII of the Periodic Table, thereby forming a catalyst
precursor having a volatile content greater than 0.5 percent;
25 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;
30 wherein said catalyst precursor does not reach

calcining temperatures prior to said at least one cowmbined

volatile content reduction-sulfurizing step.
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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 5. A process according to claim 3 wherein said porous
support 1is selected £from alumina, silica-alumina, silica,

titania, boria, =zeolites, zirconia, magnesia and combinations

thereof.
6. A process for «catalytic hydrotreatment of a
10 heterocatom-contaminated hydrocarbonaceous feedstock, said

process comprising contacting said feedstock at elevated
temperature and elevated pressure in the presence of hydrogen
with one or more catalysts beds; wherein at least one catalyst
bed contains a catalyst prepared by the process comprising

15 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 precursor having a
volatile content greater than 0.5 percent, and reducing the
volatile content of the catalyst precursor in one or more

20 steps, wherein at least one volatile content reduction step is
performed in the presence of one or more sulfur containing
compounds; and wherein said catalyst precursor does not reach
calcining temperatures prior to said at 1least one combined
volatile content reduction-sulfurizing step.

25 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

30 active metals, thereby forming a catalyst precursor having a
volatile content greater than 0.5 percent; and reducing the

volatile content of the catalyst precursor in one or more
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calcining temperatures prior to said at 1least one combined

5 volatile content reduction-sulfurizing step.

9. A catalyst according to claim 8 wherein the catalyst
is a hydrotreating catalyst suitable for hydrotreatment of a
hydrocarbonaceous feedstock and wherein said one or more
catalytically active metal is selected from Group VI and Group

10 VIII of the Periodic Table.

10. A catalyst according to claim 9 wherein said one or
more catalytically active metal is selected from molybdenum,
tungsten, cobalt, nickel, and oxides, sulfides, and mixtures
thereof and wherein said porous support is selected from

15 alumina, silica-alumina, silica, titania, boria, =zeolites,

zirconia, magnesgsia and combinations thereof.
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