, e3edghbc$d: df 6gTdgXaPl ~~~~~~~~ 1 19 Decenber 2002 PROCESS FOR SULPHURI SI NG
CATALYSTS I N THE PRESENCE OF CARBON AND ELEMENTAL SULPHdRbddesmdeF esent

invention relates to a for sul phurising a supported hydrorefining
or hydroconverti na\\\m“\m&\%wmgnt aining at | east one el enent selected from
group 111R) inclu ant hani des and actini des, group |IVB) group VB
(groups 3, 4, 5 in thec®®W notation for the periodic table: "Handbook of
Chem stry and Physics) 76 i edition, 1995-1996, inside front cover),
associated with at |east one porous matni x, generally an anorphous or |ow
crystallini tx oxi de tgpe matri x, _and OE“ onal Ig at | east one zeolitic or
non zeoliti BRABFEELFY §PE%UR5§§N§nSPPgL§§T§e N THR e PRESENCR & net al  and
optional Iy at |east one EPBHENt ANPoRLEMBENBAY PYLPYPBups 6, 8, 9) 10 in the
new notation for the penodic table), optionally at |east one el enent
selected fromthe aroup forned by P, B, Si..  and oprionall t .| east one
R A b g L B T i
the cat al ygitochdvesidl RiRdFbtSREtainSigNg 16asiTboet diérfent QiMctddNfdte githup ITBRShcIQIMg SOUr Ce
of el enmental sul phur and at | east one source of carbon in an autogenous
and/ or i nentharadesaadrtinides, Tioep YR e Blzeawps drtt. 4lis the mesy avtetsontfor thhiperiodik phi de

catal ysts obtajned by .the sul phurisatj@n, proc of th resent invention.
The preselPle] %&i‘éﬁ’("f’gﬂf élilegastp'@ngg E’és“?‘o%t ﬁg‘%ﬁ%ésgilgsgﬁl ‘ﬁﬁ?ﬁgm’(‘,é?vﬁbﬁf%‘afeer

hydr or ef i gi i - il : LN at
a5t one i IBALRAEACLALI, AP APERLBANS COBLAMN fEenORRAL IR0, °

conpound) osthdlyf £ &ds qae T8k Yor @ontzedlifit RpldrahAlisveAbstiondllynit Idaggan gang NIB
oxygen and/or sul phur. Sul phides of transition nmetals and rare earths are
al so usedmienl dndloptianalitst af leagt agprelamsnt foat greupyVId] (eoupsod8s). 1Pt the et mptation for

sul phur detectors terigls with specific optical properties, .tives
For 1 Ui naecasiarer Paes b Festn BEGrH S Lo rgen prmed oy o8 i

sul phur - C oA L@ LADSPRE S m kDS FHA RRLELE7)Cafle REeRBMNGSLIEHPM Rat
nunber of methods which are well known to the skilled person. Crystallised

transi ti ofherehlgdt isulphatised ednd H mbunhep homkesing &reateons yorirdras el mentid yulpieaasd ng
transition nmetal or rare earth type elements with el emental sul phur at high
t enper at ufeastiope Wuise BEBELn jhancaytoegnawerad/ok insatmasPherfe skill ed person in the
solid state chem stry .fiel.d but | xpensive, in particular _as regards
ndustral - applaR R s elees Y BRCRRN R cpMuBB bR B nfubRERERR

sul phi des Ryt 686k hBQnBnsnlibAbl € precursor in the formof a mxed oxide of
transition nmetals or rare earths inpregnated with a sul phur conpound in the
i qui d phase fTiel pevent ibyenticreakoreeisted o dhy aiseo g sulphideacataliaw efv s Bydlirdiefthingemdt or
is well known to the skilled person. The synthesis of sul phide catal ysts on
a porous mtpiracking hydracarhearspntaining fesds RonEGIREAL Magl QG a9ty andfer glgfinje and/or
precursor s orted on orous matri X . drogen with a .

Sul phur - cSRTRRR: AR o r Rty g Soriiighd. e Jecdd peegiPl ol et gl i
pet r ol eum,gdbSxpess Andst soRg@l | ne, kerosene, or gas oil, to which a sul phur
conpound) for exanple dinethyldisul phide, can optionally be added, is also
wel | known to 3ufghidekiof treditipe msoats arBuhde egrtispid desusedim abswenthepigyantshesteryed by
co-precipitation, in a basic medium of sul phur contajining conplexes in

sol ution EAESERMsrafdorcatntishdetectass, atpaaly SHthSaeFifireortigH prepgrtigyy pddiiveg for
controlle H.and is_.ternmed .ho neous s i d recipitation. It has been
used to pﬂlé[tglg?séengmﬁ%eQael%j a%nég ;t)lhcloggsng‘ &gég%éﬂ%upﬁ cr%r)ﬁ'g% éﬁrﬁoﬁﬂ% E\?‘ Hagenbach, P.
Courty, B. Del fRNsulphies Bl bO§ynfRbikYsy SnunttRl B ethdds RHBIE ard6bll €n8WB o the

Synt hesi si ng bul k m xed sul phides on a porous matrix by treatnent of a bul k
oxi de pr echillsbperson. an oxi de precursor supported on a porous matrix in a
hydr ogen/ hydra&en sul phi de m xture or nitrogen/ hydrogen sul phide m xture is
al so wel | knowhysllieddragstion mefalps rare parthisuiphides oap B¢ etssited by raging tansieop 639
describes th reparation, of a sul phur-containing co und by reactin

el oment al "t SO arE e e ediéhial Sl 'nilh GREUE bk SOSh

sul phi des aptineR@ld e SMdFeRbAth AL sbiRAEe BRI FRIMHTER lefpehdiRMn fARicaRf dseS C,
Si, B Ce, Th, Nb, Zr, Ta and U in conbination with Co or N . her net hods
have been rpgachosledrifleppliciteonsynt hesi s of si npl e sul phides. As an exanpl e,
the synthesis of crystallised sinple sulphides of rare earths described in
US-A-3 748 095 and French patent FR-A-2 100 551 proceeds by reacting
hydr ogen sul phi de or carbon di sul phide with an anorphous rar h oxi de
or oxycarbonate at a tenperature of over 1000C. European pat@mm@"im,mm““m
51 b and US-A-5 279 801 descri be a process for synthesising

transition nmetal or rare earth sul phur-containing conpounds by reeti ng a
transition metal or rare earth conpound with a carbon-containing sul phur
conpound in the gaseous state, in a closed vessel at a noderate tenperature

Y AN~ 1 NN N PN AN O~ NN NN



However, it is well known that certain elenents such as group |I1B

el ements, including the | anthanides and actini des, group!9Vecesmker808, and
group VB el enents, are very di~cult to sul phurise. The known sul phuri sation
met hods which are routinely used industrially and" in the |aboratory, such
as sul phurisation in a gaseous hydrogen/ hydrogen sul phide mrtttre or

| i qui d Fhase sul phurisation under hydrogen pressure using a mxture of a
hydr ocarbon feed and a sul Fhurcont ai ni ng conpound, such as

di met hyl di sul phi de, are thus ineffective when sul phurisnQ such solids. The
consi derabl e anount of research carried out by the Applicant on preparing
sul pai de catal ysts based on sul phides of elenents fromgroups )118, VB ,
VB and numer oms spitheis of k@piedds by Qéaclidpea p@atlo fieCuricalil e fotmed aah@boxide &S

m xtures) associated with a matrix, have led to the discodery that,

surpri si trefisifion ptals quitre g#rehs dwpspenated crithragsulthanheompanndsig| thehliguidaphdseclaliowad wi t h
a po der cont ai ni at |.east one e]enent selecte romgroup 1118,

6 ud g ERRTTA AESTE e R PR = SR (riee TS50 and

optional l'y atr.QashesRDEsBbrERItalyES 0Tk FSrOM At by trdafnddt 6 4R8C R pPRERGY ESSel
in an autogenous or inert atnosphere, produces ‘an anor phous or crystalline
sul pai de ot anxidadpredfitsoh Guiiporteds loh ng pbrous enatyixu ind hipdrogen ywigamt suiphhsdontabgryr vy, 1t

appears that sul phurisation is obtained by reducing a precursor conpound
cont ai ni HyiregeoR festin partsulas|sulplicantaiaing e UMOIHSSHEfHas 18esPRne, ikerepegelion gast he

| ant hani des,_and, act i ni d r.o Y I VB, .and opt.i 0 | v,,at .l east one
soup VII Ic’ﬁ’et g’r}#ﬁﬁta,sglf\gag%rﬁg%g?%gh%\% xtaﬁl%[se idrq%nuq%ja(ﬁseu(?%hé(%s ualnpq??h?rllaggk g %dﬁie%fl s @H’e
reduced &leBME&n B¥helskBedpdrur until the precursor containing the el ement

or elenments selected fromgroup I11B, including the |anthani des and

actini des, grBub stipBdesgrmalgo VBsyntesisedrialcoypreatpithtgms tn besicgneaglinm, \df Bulghuenent .
and optionally at |east one group VIII elenent, is exhausted. The

sul phur i SaA#BRS SPBRIEtes i solptign tWonRAEPRS: o fig HFHIOA &% be KTiedh PRtoAking
steps: a). _Form RG,..lin t ) L] O ] ich

compr 1 oo IR P sal & 8RR DHonlak o SR Ade Drdc RGO Tibedh Bl Biboate 4o

sel ect ed nﬁikéamughmepoﬂ dobBt ahdelouBidddmt (e HagBibaeH)ird epuay OB aD&1inBh, dRSmalgbOUP
| VB and group VB) at |east one porous matrix which is generally- an

anor phou<Cagttysisowlureyidt pdgk 2o, 1 973pxi de type matri x, optionally associ ated
with a zeolitic or non zeglitic nolecular siev opt i onFI |y at | east one
®

group VI B el eﬁégﬂte,m%wl%ﬁla%qdyula'fid%@agtpmah%mg%ﬁistrwfp?nte pxidegpequEshal | y
t | t t ] f 2002
2 for moa Dy ROy o Ao BE o ke RSt R o BERIPSY

group VI Idiogad/hjdeast suikieS@ikiugas flio wdleaBwh & theidiipdpersénd at | east one
source of carbon) and optionally water; b) maintaining the reaction mxture
obt ai ned af t ePngedeprate) patentaUhdat i4hg619%edqsertbas treepreparation eof tahsphao@ngaining

re re of over 0.01 MPa in a act or e reactor be ed

rloeaztS ch)r. ﬁoﬁ‘p?v Dydgaching lempgial %&’E@h‘ﬁ‘rﬂbgd OnOT esabbé?wg’lyﬁmﬁﬁg‘g o5 ¥l i ng

and reaCtéu@ﬂi)dﬁstJ},%ox%'ilg%&M g?é‘teléatsf&ﬁ'ofelwé‘ntsaﬁ'&{?%%@dié cP%E%SEE,%Oﬁb,ti}?ragases
t u a sul p

produced | ere t1on urisation reactions. he "reactor’ can

al so be changgedohbindion dithiCopPRRL.e of an inert gas. The reactor can
optionally be a traversed bed reactor, such as a fixed bed) noving bed,
ebul | at ed bed Othsr methedsdiaachebprdpasedifior be synthesis pf ssmple suphidea Hy asexampleghert ed

is that of an.inert gas, .Prefe I a closed reactoy i s « The catal yst
can ar so weiin AroerdRR srbE St S adRc el sl in s i Frdfte T he
zone wher (o) i k t

sul phur i%te?l?ng? ?? g?lg%]lt b?%?)%e?rss I,B?fr%r%&%xg%él:gg&% Iugnvxg% s&%fu{bgﬁldgsﬁg)ﬁdggﬁfhp%{ur
suspendedandiphdis RfLathiskided iokytadbnatddt p Fafpeatispeodad 0001Can or gani ¢ nmedi um
All of the fornms of the carbon source which are known to the skilled person
can be used, fEyropesranishie Era0H146 616 and|UcH15c279 8BhHeseriecs pragesy fohsimthesisingon,
carbon bl ack, charcoal s obtai ned arti.al combustion or by deco sition
o by dehy AP SRR G AL P P ot S SRS TP L P e 36 MRS T o

hydr ocar bgps > SIEREk LAS; d; its
char act er?gtﬁaggbﬁ&i%{d;%%qg{bgﬁ% r atglaéc;ll.laﬁlgfe ep?gx%f ?Wﬂéaggﬁgg%g’slgad%(g%w th

an H C r atdseel aifa nioderate tdidperatyre sipse°oeb@cably an H C ratio of less than 1.7,
and still nore preferably an HHC ratio of less than 1.4 is used.




The reaction is carried out under autogenous pressure or under an inert
gas. The aut ogenous pressure i s produced by the generati thDetemeai00@n
products such as CO CQZ HzO The inert gas can conprise at |east one of
the foll owi ng compounds: nitrogen, a rare gas such as helium neon, argon)
krypton, xenon or radon, superheated steamor a conbination of at |east two
of these conpounds. 19 Decenber 2002 5 The present invention also rel ates
to sul phide catal ysts obtained by the sul phurisation process of the present
i nvention, generally conprising at |east one netal selected fromthe
followi ng groups and in the follow ng anmounts, in % by weight with respect
to the total galglyss MRPRiown tfl Bl LemARYbucPLELEEAMY ciIn B RuiiD e TOT €
preferably 0.01%to 30% of at |east one netal seélected fromelenents from
gr oups ) khfBanideyBind nadtiMBes, gfbug VBt deASfs, At gfr@ipaliB yeldndist @re9@%y dificult wol east
one support selected tomthe group fornmed by anorphous matrices and | ow
cryst al | sHphuiserailpg krogvn sulphgrisaugn getBeds, Whicle pigrawinglyoused srdpgriaigosnd an the

sul phur; , .0 to 30% preferably 0.01 %tpo 25%  of at, l.east one pnetal

ol bet e PPalg ot 5 SEEHASY Pttt o BrEhden Wobd Bl § Ehlliery o, 106
to 85% uRpKiRkiSh %&é}lrtsyd@gén"/@&guﬁol%mgoi ndx@RObf 4 Bydroddrtof 4% ndPd fighabl y
0.1 %to 30% nore preferably 0.1 %to 20% of at |east one el enent

sel ect ed cémanng kempgpuodipsutio rsrddndtyyldiodpide, siel theo mefievtivp mbepladplomisipng sQcht 0
209 preferably 0.1 %to 15% nore preferably 0.1 %to 10% of at |east one
el enent $®¥idected from group VII AL Conpounds containing at | east one el enent

with an atom.g n i I e qarou ti \ from
group |1>B, iflhce I c&HIQ ﬁ{;rabtl{:grwg‘ﬁt% F.Efﬁ? d‘tei‘scagrﬁl% %(t:t% ?@edéééﬁcg&o%pp r?%@%%fﬁéeoup
VB, and Qphly@NeHsédyorOufiniiss M dfeninel fMnl froupsTaBUNE OB ARS nunkyslis Qle @ 8mants
oxyhydr oxi des, acids, polyoxonetall ates, al koxi des, oxal ates) amoni um
sal ts, niof thatpemsodicctablonat @wne onpemostyresa risonatewith ¢ artaxdvateadge tediscoes,
oxyhal i des, phosphates, and thiosalts, in particular ni um t hi osal ts.
Pr ef er abl§ph SRErReafy smpkaeislyt feastopt ?%‘He%t%}fpg‘ff F-%‘ﬂtch‘ AR dad apRpvder

act] nt desoAlfnl 36t ThEaBhEl SLEG RORSRNTENSSRULEBeliBuRbioRAARRDAL! ©

aci d H3P Its salts and esters as a phosphat es an

amoni UMgpheIvBaEeep MBS aid §RioBaliyl AlMact odROSIRRO Fr6r er@IWIIIf OF a QA @perPe
introduced in the formof a m xture of phosphoric acid and a basic organic
conmpound veselt @i & AgogEndYsO e mes LAthospheranprodicas ap ramephyusa ad cyveteling avlphideni nes,
cyclic am nes, conpounds of the pyridine famly and quinolines and .
conpounds<orBHiEh éVqE’VPtr%‘F*én& ‘Qrﬁele‘.mdAPyrﬂﬁ‘P‘rﬁé‘?‘c‘g]?’ thiorf, d GHPEBUPE SUPREFHE ised.
Thus the f i > o@ud W , ld o g
suspensi oor?%o Qggﬁgg% ?e %%u%?fl gl n, p%é@gggt%ﬁ%n%%ggr%?é‘ée?{sgéfcg%sdo rﬁ%hpt he
19 DecenlygB, iz€)lfingbthé dihedides asd @finidss! gbsp BAB; Bro@s VB! didlopidnalos ildait@ad goup

Si (OEt)4, silanes and polysilanes) siloxanes, polysiloxanes, silicates of

hal i des sYi@ltelemsntanith vatben it simydthicopandphpngay 7 o the regrced sltmarh Wyl vl i cat e
Si 11 cat e Pl BBITRTBR PR itE OTent TherBel tEs Ko" AP A pRbus
Do O oo imil 55 BTFRAL UV 1, 0, DEARSE o pUBMB DT
aci d in adptiahafigiQtast one group VI element, is exhausted.

The sulphurisation process of the present invention comprises the following steps:

a) Forming, in one or more steps, a reaction mixture which comprises: a powder or mixturz of

powders containing at least one element selected from group IIB, including the lanthanides

and actinides, group IVB and group VB, at least one porous matrix which is generally an

amorphous or low crystallinity oxide type matrix, optionally associated with a zeolitic or non

zeolitic molecular sieve, optionally at least one group VIB element, optionally at least one

group VIII element, optionally at least one source of an element selected from the group



Sources of group VIIA el enents which can be used are well known to the
skilled person. As an exanple, fluoride ions can be intrtiDeeamber 2062 form
of hydrofluoric acid or its salts. These salts are fornmed with al kal i ne
netal s, amonium salts or salts of an organic conpound. In the |atter case,
the salt is advantageously forned in the reaction m xture by reaction

bet ween the organi ¢ conpound and hydrofluoric acid. Hydrol ysabl e conpounds
which can liberate fluoride ions in water can al so be used) such as

ammoni um fl uorosilicate (NH4~Si F6, siligcon tetrafluoride SiF4 or sodium
fluorosilicate Na2Si F6. Fluorine can be introduced, for exanple, by

i npregnating with an aqueqQus sol ution of hydrofluoric acid or anmoni um
fluoride. Theforrdd¥ital 285 PoARIRANY 3 deastipns spRe QHAHIPSHRE SpnY A+ 2hiFaRt 8%hl ori ¢

acid or its ss%lx}cr? of T&Fe?]ﬁ% ﬁgﬁq&g?ﬁra?lef rox@% \@ie BP canltog%lnho otnglinWate moni um or

an organic conpoundf er case, e salt 1's advantageously forned
in the read)i @fintinilUkcreRYiof B lre QBtaided YR e Dot R NSBAE ErpSAIRAWTchodd ¥an
hydrochl ori c acid. The normally anorphous or low crystallinity porous

m neral natri40°Cst gyererswrglof gves P Padn 4 reastort he group fornmed by al um na,
silica, silicg-alumna, or a mxture of. at | east two g&,t e oxides cited
above. Pref er 15ITSAORERY P SlofeseasioRi Wdl[“élcﬁﬁ’i imay;bechargedyin the opan 3ir apd afier £ o g
MniCh A QoAU {oRhBans el duRCkBRISR he Bleefd BRSO LALUTb AR B

catal yst can al so conprise at | east one conpou selecteé romthe group
formed byediedioaand sulphmtienies reaftichk eTherryRtodkdn 4 barhdigsliih ke &mesphytp of O indiat ur al
or synthetic zeolites such as Y) X L zeolite, beta zeolite, nordenite,
onega zedites, NU- 10, TON) ZSM 22, ZSM5. The first step of the

| phur i sat | f the i i : . , f
he Sour ce. of 8 RGP CBHTHL & ERE! BS BT 0P b 2ot pep g bed. ©

cont ai ni ngyf.ha bed) IPAMASedYed readtr. %9@5@% m@&@%uﬁgm}@bf RQRat Qpﬂﬂﬁéééaﬁg at | east

one el ement selected fromgroup 11T8, i ncluding the |anthani des and
actini des, gr PuaferablyBa eingtd geactopis\Mid. t he porous matri x, optionally at |east
one group VIB elenent, optionally at |east one group VITI elenent,
optional |y at Theesatatysinie alsp bprpbusigadextsiy forrespmpy inm zonel wisich isqyeside shei zon@l | y
at | east ane ni%ﬁ,toﬁhﬁﬂg&P VI1I AL This first step can be acconplished in

ere the ca 15 . .
several st&ges: matri X can first be formed and cal ci ned before

i ntroduction irfd QuSHE sBirdd W QemErdl Bulp8uC BNitd 8ifld¥n€ ¥l SfoP Branp® h&kdrS3F 1 ON,
the oil-drop nmethod, rotating plate granulation or any ot her nmethod which

i s known shiphtrhalphkd subpeddeden sroaquecti eeping:-dr eulpied suspdndédkinias o@pdit dedibichy
calcined in air, usually at a tenperature of at |east 100C, routinely at
about 200C t oAllgdthe formsof thacaben toxre pdichaee knayp Exthaslaldedgerspn ¢ande psednfer t i on
metal or rare earth sal Qr salt containing th | enen elected fromP
B and o Brns B Sftoke, o881 ok GrmftRLLl. Bhon il Rt sPBsfCo el an be
facilitat@ehbioRddl 60 JRBRSHNYN 61 %Wdih}&o%ii'&‘ioﬁ AfUido@sle BRb&RAdALS An@NRAD! es
phosphorous to be introduced to inprove the catalytic activity. O her
phosphor cwsipcodp eumgdrocaatonbe Tieechrboassous:e vgehdrallynoontairts ohykdivgers knd bedofpas son.
The matrix is preferably inpregnated using the "dry"” inpregnating nethod
which is SheRFeTSHE I its H’@l pamigIpiq- e%reﬁs@P@oﬁw?onlswﬁwﬁlaﬂngw ehihobessdnr ed
out in a singl e [ sol.ut i cont.ai ning.all of. the constituent

el enent s %?m? ﬁger%?ynagllﬁgé?% ?a/fslfs.s thf‘ﬁéolg éjor%htr%ores%r fé:f?% ﬂé’cﬁm er/%ﬁ%%ﬁrogll}f)s %@LHP

i ncl udi ngistfee. | ant hani des and acti ni des, group IVB, group VB, group VIB and
group VIIIl, and the elenent (or elenents) selected fromthe group forned by
P, B and Si, dhdreadtiondd @rriedtoul widercdutgamus presede@c tueddr fripert gaso e Mdkdgénoani ons,
can be introduced by one or nore ion exchange operations carried out on the
sel ect ed PHEFWE IS Prodicshbiqthe gengratign of erastion pradyctapuch @a €0, 6Re rPecthedtsrt 85 t he

transi t I O&n?p'c‘)mrrﬂa%t E ttopxe g?&lg‘lfol%o\é\%nen tmh%unrgss:t 8&(? eg,r eralrentalé %lclicltlxcag %elliurr]ﬁ % on,
plurality o s?eps or |npregna||uf?W1 corres nd?ng F&CUrsor sal"f¥ an
i nt er nedi ab&h, Ky@dnf Rnoflof i idbnl BEpeRhted ¥R4m MBST cdibifaBbl o€ At RUlt @b o these
tenperature in the range 60C to 250C. 19 Decenber 2002 s The m xture of
powder s ceompaundsng all or part of the ingredients can be forned, for
exanpl e by extrusion, pelletisation, the oil drop nethod, rotating plate
granul ation or any other nmethod which is well known to the skilled person.
The second step consists of reacting the m xture forned in the first step
to obtain the sul phurised conpound. A first method for carrying out the
reaction consists of heating the m xture of powders to a tenperature in the
range 40C to 1000C, preferably in the range 60C to 700C, under autogenous
pressure. Preferably, a steel autoclave which is resistant to corrosion by
t he sul phur conpounds is used. The duration of heating the reaction mxture
required for sul phurisation depends on the conposition of the reaction

g, M —— o T T I I



range 0.1 to 20 h~~. The refiner is interested in the hydrodesul phurisation
activity (HDS), hydrodenitrogenation activity (HD ~ and {$hBecemierr2002n.
Fi xed obj ectives have to be achi eved under conditions which are conpatible
with econonic reality. Thus the refiner seeks to reduce the tenperature)
the pressure, and the hydrogen recycle ratio and to nmaxim se the hourly
space velocity. The activity is known to be increased by increasing the
tenperature, but this is often to the detrinent of catalyst stability. The
19 Decenber 2002 9 stability or servicg life increases with increased
pressure or hydrogen recycle ratio, but this is to the detrinent of the
econom cs of t.he process. The foll ow examples illustra the invention
W thout i n- anyPeRoR e on tF rdfieed BuPARRRE SRt Ly BB o SR vt na
support  ysad piebent MQertidh HeNsrillyCOMBASAZ 4t WAstARe aeummtebﬁ%mh&mm% MRS
produced to enabl e the catal ysts descri bed below to be prepared fromthe
formed suppinthe. follavingansoussdip Yabnatight with osspes wdharbtalidatalyaf mase: t abul ‘ar
boehnmi te or_ alum na gel sold by Condea Chem e GrbH under the trade name SB3
was used.® T QA0 anReeleratknthOle e 33 e BttRe20b00-Bt% dh 3 erii st rhignemotthi tri c
acid (7% bysel\é\a%tﬁ@&mgl]:: gﬁég rg%;ouggﬁ@%a% el), then m xed for 15 m nutes.
ep P4

After m xing, aste obtai"hed was passed’through a die wth cylindrical

orifices Mg 1% & WoapRifaabIPN %lto S3WIMHS af st XS §u¢ﬁa{ Sfect@ Rt the BrolF Fotled by
overni ght at 120C and cal cined at 550C for 2 hours in noist air containing

7.5% by volampephots mattiees anddpivicridialligity metxicesudat es 1.2 mmin di aneter were
obtai ned whjch had a specjfic surface area of 243 nz/g, a pore vol une of
0.61 cnB/'y da‘ipg/" °§%%o‘?f%‘&l’lyr9c9rlé’tﬂisgbg’r‘ifﬁ‘ﬂ?l?”&n centred on 10 nm X ray
diffractio by S . d X I L bedV¥Eksn WA osed
of low cr ysr,’(% gjﬁ%i %ﬁe;er%%??%g@n?rg oé?ftrfr?n'\{eﬁg.&%%&%g&eé&%edPr epgl;a g‘?:&gﬁnx%ofc&g%

Nb/ al um na Vigikeatengat nent cat al yst N obi um was added to the extruded

al um na support of Exanple 1 by dry inpregnation of a solution of niobium
pent oxi de NbeGeYe) Breferablytthidmtsl 85%moeerprefergbly pdtocie Relhi dm zealitee ext rudat es were

dried overnj at 80¢C T [ al um ng. cat al yst tai ned had a final
di ni obi urf p@%%%‘r Efé?ef?gﬁtoenf‘°§$’°@§%°i%}%‘%§fa@é&é%‘9 2%L SONBERREPRPRYF of a
CoNbl al um n@orﬁ'ﬁx@’éﬁ%‘?&%@@%‘ bzl &li¥Yetan tordi@s added to the ~Nb/al um na

a e 2 by dr

catal yst of Exanp y 1 npregnation using a solution of cobalt

nitrate Go(MNORD%, preferbBa). 85 td 1396 Riodd preferably D.ats t6 00M] df aDMastlencitheaiaBleeted  Of
2.9% by weight. After dry inpregnation, the extrudates were dried overnight
at 80C. Thetr@pBisrmlVUf na catal yst obtai ned contained 12. 7% by wei ght of

Nbz 05 d 2.8%Db i ght . of O 19 De 2002 iq E LE 4
Pr 2par gtn i on o_é)mgg?ﬂ\g‘ﬁ%?%"ﬁ%? @Wb?qee‘i"t%ﬁg{{%g{ Ao mli%_ fﬂ"ﬁﬁ’smﬂfdgﬂuﬂ o the
extruded @fyildrnSaRkd fr&ﬁxg@%rmbeméiumégr %‘é%ﬂ%ﬂ%@{}d@g&ﬂt dcHiid Sb@ﬁ;{ /g Qhditi on

of ceriumnitratée Ce(NO3)4. . After ation, the extrudates

wer e dri ego@VeB,nind lobtidiallB grcumnvilBcald Viledclade 3&d¥6; Hydfoxided) oxyhydroxidedl yeidi r .
The Ce/al um na catal yst obtained had a final Ce02 content of 5.1% by

wei ght .  Beisopenetalaps,cqllsaxides, grralgtes, anmpamiymy Falisi mitatpsy grrbenateat vdroxyeeboadtssst The

cat al yst of npl.e.4 was. dry inpregnate Si an_aqueous cobalt .nitrate
Co( NO3) - SHpTIRE idss, SR idhs. R ea, o GBRTREn Bp RS e tictals! *

nat er - sat pealbd, B ERIGH Sof callidn A NAGEHIS X MBS VEREE dried overni ght
at 80C then calcined at 350C for 2 hours 1n dry air. The final cerium oxide
content was 14hb&Yelyredvphephorodshduict Mabrthoptinaporiodatid ;800 baOd &k aid ssteds 0% by
wei ght .

J such as alkaline phosphates and ammonium phosphates are also suitable. Phosphorous can, for
example, be introduced in the form of a mixture of phosphoric acid and a basic organic compound
containing nitrogen such as ammonia, primary and secondary amines, cyclic amines, compounds of
the pyridine family and quinolines and compounds from the pyrrole family.

A number of silicon sources can be used. Thus the following can be used: a hydrogel, an

aerogel or a colloidal suspension of an oxide of silicon, precipitation oxides, oxides from the



EXAMPLE 6 Catal yst sul phurisation S1 (in accordance with the invention) 50
g of freshly calcined catalyst was introduced into an aul%beeerebenf02
quantity of powdered el emental sul phur (sublimed sul phur firom AURCS, ref.
201246) corresponding to 120% of the theoretical stoichionetry of the
reaction was added along with the quantity of powdered carbon (NORI T
carbon, 211, 660 ne/g from AURCS, ref. 4040250) corresponding to | 10% of
the theoretical stoichionetry based on the formati-on of CoS, NbS2, and
CezZS4 from CoO Nbz05, and CeQz respectively depending on the type of

catal yst of Exanples 2 to 5. The aut ocfave was then seal ed and heated to
400C for 10 hours. After cooling, the autoclave was depressurised by

punpi ng bmrolrsltﬁeoﬁégefs jueh e netlenl nasthositidate §Lﬁ©5@4 a&ﬂénfxma@dr polyslatesd sikpiahes,
transferr d to ove Ol(}x an inert at m)s L t he product of
the ox: AERTORPEACYIRER: FEohiBss gusy o emionir Hoapebireed (SHERGE: OF Bl

ext rudat @3, Y&iGteNeLEAF Rt oRREL BE GRRAVEH ek%‘fer b& Qﬁblteg&xﬁﬁg Wh%ﬂ@?ﬁlx&@

anpoul e. %e guantities of elenmental sul phur and powdered carbon usel(rj) for
sul phur i satitioarn & dlcobdl. 50 g of each catal yst of Exanples 2 to 5 are shown in
Table 1. The _ﬂgantltl es of fixed sul phur and the 19 Decenbper 2002 a
quantities ofheeRdrepuspurecartione ot ﬂfﬁ‘é‘P’é%letr?{ﬂfH §féfd Secht a3 pEYNgniYMme biherale ethown
in Table 1. This tabl.e s t hat sul hurls an_pr,oduce a
hi ghl y sBETPLEE %rra? gr eewg E?JPH Kt |°§§7t“}m ngucﬁgbnuée %715"#@?5?“0

ni obi um oﬁ%c%diﬂ“ﬁahc@ﬁulham de group netal, cerl um when these are
supported on alum na. TABLE 1 Catal yst Quantity of sul phur (g/50 g
cat)Quantity $n‘urocaqsftgmup4fmﬁg¢15rﬁergs ‘ala'ck) can-bSuged ateevdll kabtva to the Rilkdptmwat Aaf t er
sul phuri sation suI phuri sation Degree of sul phurisation

(% Nb3. 78“ exgmgls. Hupride Pnsii"e‘dEdN“’S““d in the zﬁor@glf@hxdra@}@nea%d 805 selis. These salts
1.14

—are’ fgrmed Q’Jltz glkglinje-me?aq’s ammonium salts or salts of an organic compound. In the latter case,
the salt is advantageously formed in the reaction mixture by reaction between the organic compound
and hydrofluoric acid. Hydrolysable compounds which can liberate fluoride ions in water can also
be used, such as ammonium fluorosilicate (NH,),SiFg, silicon tetrafluoride SiF; or sodium
fluorosilicate Na,SiFs. Fluorine can be introduced, for example, by impregnating with an aqueous
solution of hydrofluoric acid or ammonium fluoride.

The chloride anions can be introduced in the form of hydrochloric acid or its salts. These
salts are formed with alkali metals, ammonium or an organic compound. In the latter case, the salt is
advantageously formed in the reaction mixture by reaction between the organic compound and
hydrochloric acid.

The normally amorphous or low crystallinity porous mineral matrix is generally selected
from the group formed by alumina, silica, silica-alumina, or a mixture of at least two of the oxides
cited above. Preferably, matrices containing alumina are used, in all of it forms which are known to
the skilled person, for example gamma alumina.

The catalyst can also comprise at least one compound selected from the group formed by
molecular sieves of the crystalline aminosilicate type or natural or synthetic zeolites such as Y, X, L
zeolite, beta zeolite, mordenite, omega zeolites, NU-10, TON, ZSM-22, ZSM-5.

The first step of the sulphurisation process of the invention consists of producing a mixture

of the source of elemental sulphur and the carbon source and a powder containing the compound or



CoCe 1.63 0.37 2.47 0.3_ 94 EXAWPLE 7 Catal yst sul phurisation S2 (not in
accordance with the invention) 50 g of freshly cal ci ned thba¢ssshengf2

i ntroduced into a fixed bed catal yst flushed with a gas stream cont ai ni ng
15% by vol une of HZS in hydrogen at atnospheric pressure. For every 50 g of
solid, 2 litres per hour of gaseous m xture were passed and the catal yst
was heated to a tenperature of 400C for 10 hours. This sul phurisation, S2,
is routinely used in the |laboratory and still sometinmes used industrially.
The quantities of fixed sul phur and residual carbon on the catal ysts from
Exanples 2 to 5 sul phurised using this second nethod S2 are shown in Table
2. This t 1 lL.Satd . ow
R s e e S S R

ni obi um a6tinidelroupMvBaind geuf VB thenfdtdils mated, bptivnallhit SeaGrane BRUAMB elomted t o
the fact that the netals are supported on alum na and interact strongly

t her ewi t tpptionaliyatipastcanp eroup YPelement) opiesliy arleashene glementselegedulrdns Bt B ol S1, (W
% " 0.85 - - N b 06Ce ~ .. .0.2C0Ce0.7
12 TABLE 4 ooty ?"‘agf‘{"gfi“‘g‘ﬁg@?’&w Eﬂ)‘ﬁ %é%ﬁ%ﬁ%”ﬁ‘?"&‘iﬁﬂ“?@‘é‘l‘fid‘hFVEMk

% 15a&© __ _ .<0.05 14 <0_.05 16 _c_0.05_

" The matrix can first be formed and calcined before introduction into the mixture. Forming
can be by extrusion, pelletisation, the oil-drop method, rotating plate granulation or any other
method which is known to the skilled person. The pre-formed matrix is optionally calcined in air,
usually at a temperature of at least 100°C, routinely at about 200°C to 1000°C.

The matrix can be pre-impregnated with the transition metal or rare earth salt, or a salt
containing the element selected from P, B and Si or an anion from group VIIA. As an example, Mo
impregnation can be facilitated by adding phosphoric acid to the solutions, which also enables
phosphorous to be introduced to improve the catalytic activity. Other phosphorous compounds can
be used, as is well known to the skilled person.

The matrix is preferably impregnated using the “dry” impregnating method which is well:
known to the skilled person. )

Impregnation can be carried out in a single step using a solution containing all of the
constituent elements of the final catalyst.

The elements selected from group IIIB, including the lanthanides and actinides, group [VB,
group VB, group VIB and group VII], and the element (or elements) selected from the group formed
by P, B and Si, and the element (or elements) selected from group VIIA anions, can be introduced by
one or more ion exchange operations carried out on the selected matrix, using a solution containing
at least one precursor of the transition or rare earth metal.

When the metals are introduced in a plurality of steps for impregnating the corresponding
precursor salts, an intermediate step for drying the catalyst must be carried out at a temperature in

the range 60°C to 250°C.



_<0.0526 EXAMPLE 8 Catal yst sul phurisation S3 (in accordance with the
invention) 50 g of freshly calcined catal ysr was i npregnti Becamber 2082 of
a suspensi on of elenental sul phur in toluene, said solution containing a
quantity of elenmental sul phur (sublinmed sul phur from AURCS, ref. 2012546)
corresponding to 120% of the theoretical stoichionmetry of the reaction and
a quantity of powdered carbon (NORI T carbon, 211, 660 n2/g from AURCS, ref.
4040250) corresponding to 110% of the theoretical stoichionetry based on
the formation of CoS, NoS2 and Ce, S4 from CoO, No~05 and CeQ, respectively
depending on the type of catalyst fromExanples 2 to 5. The autocl ave was
then seal ed and heated to 400C faor 10 hours. After cool |bn? tcg aut ocl ave
b Biraealiv

was depr essur FESHXBYE HPpAsy cwtAnips ! epeg of e nestientsfay R was
- | | i t ect
re-sea ed"g?{‘g?{"ﬁfﬁéﬁétg'&ﬁ’g{"}’é &1 &of hﬁﬁx@d,t}?trétédr%blﬁé‘gﬂaﬂﬁéﬁon 3l IRSBRERERSPWREPT eC

t he produ oxXl on reaction oxygen in the air. After

openi ng, it Wwell hloat ko ax tkillkdapt’sn.Wwer e recovered and preserved under inert gas
in a sealed anpoul e. This sul phurisation was ternmed S3. The quantities of
el ement al sul Prrupecenddsterosrneisia Pfratcieg) thesmixture forggd im e Gzt plom tesgbtaip tho g of

each catal yst. of Exanples. 2. to.5 are shown |n Table 3. Th uantities of

1 xed sulHIaTEsE PR i et Prest B SpBarains o scibtioreodiion RereBiii phly

cat al yst Sof?E,@de'i‘J % RRPMIue I RRhge J0:d R fooba@D pferaiVh hdheStd-BhyFHGRL i on
met hod S3 can produce a highly satisfactory dégree of sul pﬁurl sation of the
group VB uiséradutogeriood piessurea nPireferatstyclia e eoctare ofhiculs piadistans ad icarsfoarbyt the

catal yst of exanple 5 containing, |anthanide group netal, cerium It should
al so be roiPBY cpmagundhis uspde Thy dusption of heating the sactionmixiugs) reavred for gphugsagion gher

050 Gl OB PR el ppIRST 2002 1
carbon ~ (9/56ng GRhHS GRARLENSLtAAICIn She PRdEd SRVEABN » ard Wised)aE GRNEE N, af T er
sul phurisation (w % Degree of sul phurisation (/.0)_ _ ~ Nbi 3.78 '0.98
[ 5. 93. 7 'Hydfdgenation, hydrodenitrogenation, hydrodeoxygenation, hydrodearomatisation,
hydrodesulphurisation, hydrodemetallisation, hydroisomerisation and hydrocracking of hydrocarbon-
containing feeds containing aromatic and/or olefinic and/or naphthenic and/or paraffinic compounds,
said feeds optionally containing metals and/or nitrogen and/or oxygen and/or sulphur. In these
applications, the catalysts obtained by the present invention have an improved activity over the prior
art.
The feeds used in the hydrotreatment and hydrocracking process are gasolines, kerosenes, gas
oils, vacuum gas oils, deasphalted or non deasphalted residues, paraffin oils, waxes and paraffins.
They may contain heteroatoms such as sulphur, oxygen and nitrogen, and metals. The reaction
temperature is in general over 200°C and usually in the range 280°C to 480°C. The pressure is over
0.1 MPa and in general over 5 MPa. The hydrogen recycle ratio is a minimum of 80, usually in the
range 200 to 4000 litres of hydrogen per litre of feed. The hourly space velocity is generally in the
range 0.1 to 20 h™'.
The refiner is interested in the hydrodesulphurisation activity (HDS), hydrodenitrogenation
activity (HDN) and the conversion. Fixed objectives have to be achieved under conditions which
are compatible with economic reality. Thus the refiner seeks to reduce the temperature, the pressure,

and the hydrogen recycle ratio and to maximise the hourly space velocity. The activity is known to

be increased by increasing the temperature, but this is often to the detriment of catalyst stability. The



CoNb4. 391. 42~ 6. 753.5100Ce J1.14 '0.2! 1.24.265C0oCe! 1.63 i0.661.9 ~3.372
EXAMPLE 9 Catal yst gas oil HDS test The catal ysts of ExatfpPeeembar@08?

sul phurised using the three nmethods S 1, S2 and S3 of Exanples 6, 7 and 8,
were conpared in agas oil hydrodesul phurisation test. The princi pal
characteristics of the gas oil are shown in the follow ng table:Density at
15C0. 8S6Refracti ve i ndex atl.456420CVi scosity at 50C3.72 cSt Sul phurl.57% by
wei ght Si mul ated distillationl PL53C5%222C50%81SC95%115CEP448C The gas oil
HDS test was carried out under the follow ng operating conditions: Total
pressure Catal yst vol unme Tenperature Hpdrogen flow rate Feed flowrate 3
MPa 40 cnB8 340C 201/ h 80 cnB/h 19 Decenber 2002 14 For these tests, the
catal ysts e I I i 2 3 e

char ged iStﬁ%&tOEéggig gﬁ%r%gersggc %?rgag%&ej%esj\%%f {Jg%)t&gc%%; %@%‘%@éo’g’? fjtg§§’ Seﬁp‘ﬁ%’r ature
of 1 ~0Cgetfih@ntlof B @EcAbIAICE ofthe bfdeskiNi t was then raised to 340C. A reference
test was carried out for each catal yst by charging the catalyst into the
cat al yti ¢ t esthefplilawisgwkamales yiusteptethe inyension higut inany way kmising Byscppessi ng t he
test feed defined above, to which %ﬁl ght of di met hyl di sul phi de
(DNLDS) had been added, under the t di ti ons shown above, except that

Lhe tenper at ur e wa%3aRon of &) ubREPRIBbHSAIE HkalsPLAIRGHod OF 10 hours

After this step, t tenperature was reduced to the test tenperature) 340C,
and pure feedAwatuniny Bgtdduppbhi wasSptbghized tes adable nthéreithlpds dessritiedr ieeh ©0be The
catal ytic performances of the three catalysts are shown in Tables 4 and 5

bel ow. Tiespatad Eomstisy femaedupport He this ends pmprixgomposed of pigrafinedpbular hoehipie or
Lol ot ol SgT5 DB LS S SERBLSAIRI TR 2. TR
ot s S e i gy e e sl Sl g e v
Nb/ al um rgel)cétramixed forf IGrmigerss. oA Redwittingdhs phyheltaisesit waarpadled drougk aaliet witi  of
catal stSul hurisationNb; CoNb !'SO ~1j 1.5 1S 13.25~ gS2~ 1.05i 1.5i S3j
2 72~ 7. xylindrical orifices with a diameter of 1.3 mm. The extrudates were then dried overnight at 120°C

and calcined at 550°C for 2 hours in moist air containing 7.5% by volume of water. Cylindrical

extrudates 1.2 mm in diameter were obtained which had a specific surface area of 243 m’/g, a pore

volume of 0.61 cma/g and a monomodal pore distribution centred on 10 nm. X ray diffraction

analysis of the matrix revealed that it was uniquely composed of low crystallinity cubic gamma

alumina.

EXAMPLE 2
Preparation of a Nb/alumina hydrotreatment catalyst
Niobium was added to the extruded alumina support of Example 1 by dry impregnation of a

solution of niobium pentoxide Nb(OEt)s in ethanol. After dry impregnation, the extrudates were

dried overnight at 80°C. The Nb/alumina catalyst obtained had a final diniobium pentoxide content

of 13.1% by weight.

EXAMPLE 3
Preparation of a CoNb/alumina hydrotreatment catalyst
Cobalt was added to the Nb/alumina catalyst of Example 2 by dry impregnation using a
solution of cobalt nitrate Co(NO;),.6H,0 so as to obtain a final cobalt oxide CoO content of 2.9%
by weight. After dry impregnation, the extrudates were dried overnight at 80°C. The CoNb/alumina

catalyst obtained contained 12.7% by weight of Nb,Os and 2.8% by weight of CoO.



To conpare the activities of the Ce catalysts, in Table 5) the activity of
t he mononetal Ilic Cel al um na catal yst sul phurised by the $®Deeeiber 2002
assunmed to be equal to 1. TABLE 5 Activity of Ce/alum na catal ysts for gas
oi I hydrodesul phurisation 19 Decenber 2002 |5 Relative catalyst activity
~nl nhuricatinn | CP, CnrPSOI1111.31S112.25 ~4.15S2 10.95 "1.05 1S3
,1.93 ~2.86 It can be seen &om Tables 4 and 5 that the activity of the
catal ysts sul phurised by a m xture of powdered el enental sul phur and
powdered carbon, S 1, was better than the catal ysts sul phurised by the

m xture of gas oil and DVDS (SO or sul phurised by H2S in the gas phase
(S2). The catalysts sul phurised by metHod S3, i.e., with the suspension of
el enental sul phur in toluene, also perforned better than SO or S2. This
effect could be due to a better di gxanPoR40f the sul phi de phase forned
because of the presence fromthe start of sul phurisation of the carbon
powder which acts as &reparatignef@Geiumigahydegspmeatcailys t he hydrogen

usual |y Used @l Db AR SALLR0 TRIN0S000: 106172 oTHS A BONG] R84 O

111
process of the present 1nvention can oduce “su y§’ts

Wi th i mpray¥Rbed et @il ditrfl TRENG,)881,0! tARRNIrAlERedBice R dxkradatdsWeere dried
performances of the netallic catalysts are I nproved by the presence of the

group VI berglerefd°C aib ealsinkdtrSD Y for Grhonmtitndigt adf Thie éCefatwging catatyst etnaitddus

al so produce multinetal lic sul phide phases supported on alumna with

i npr oved 1edt G4 £¢Q PRtEHOL il @y weighy Decenber 2002 16 CLAIMS 1. A process
for sul phurising supported catal ystwiﬁisni ng at (east one el enent

sel ected fromgroup QLB, including e lanthani des and acti ni des, group

| VB, and group VB, sadpitaetsia Gaiagusinamnadiotichandt fackipat said catalyst is
sul phurised by a mxture containing at |east one source of elenental
sul phur and athel eaalyst oefe Exeraple e4 ofasc diyborprégnatadh Eingo gre raguepup reopgie mitrate

at nosphere. . . .
P Co(NO;),.6H,0 solution. After ageing at room temperature in a water-saturated atmosphere, the

impregnated extrudates were dried overnight at 80°C then calcined at 350°C for 2 hours in dry air.
The final cerium oxide content was 14.5% by weight. The final cobalt oxide CoO content was 2.0%
by weight.
EXAMPLE 6
Catalyst sulphurisation S1 (in accordance with the invention)

50 g of freshly calcined catalyst was introduced into an autoclave and a quantity of powdered
elemental sulphur (sublimed sulphur from AUROS, ref. 2012546) corresponding to 120% of the
theoretical stoichiometry of the reaction was added along with the quantity of powdered carbon
(NORIT carbon, 211, 660 m%/g from AUROS, ref. 4040250) corresponding to 110% of the
theoretical stoichiometry based on the formation of CoS, NbS,, and Ce;S4 from CoO, Nb,Os, and
CeO; respectively depending on the type of catalyst of Examples 2 to 5.

The autoclave was then sealed and heated to 400°C for 10 hours. After cooling, the
autoclave was depressurised by pumping out the gases it contained, the autoclave was re-sealed and
transferred to a glove box in an inert atmosphere to protect the product of the oxidation reaction
from oxygen in the air. After opening, the black extrudates were recovered and preserved under
inert gas in a sealed ampoule.

The quantities of elemental sulphur and powdered carbon used for sulphurisation S1 of 50 g

of each catalyst of Examples 2 to 5 are shown in Table 1. The quantities of fixed sulphur and the



2. A process according to claiml, in which the sul phur source is el enental
sul phur in the formof flowers of sul phur, sul phur in suEbeeegnaleri2Q0an
aqueous nedi um or sul phur in suspension in an organic nedium 3. A process
according to claim1 or claim2, in which the carbon source is a solid
carbon such as graphite, anorphous carbon, carbon bl ack, carbon obtai ned by
partial conbustion or deconposition of vegetabl e conpounds or ani mal
conmpounds or of hydrocarbons with a hydrogen/carbon atomic ratio of |ess
than 2. 4. A process according to any one of clains 1 to 3, in which the
catal yst al so conprises at |east one netal selected fromnetals from group
VIB and group VIIl. S. ,I~ ~rfices$ according to any one of clainms 1 to 4,
i n whi ch ghh@riGadratydihl SisR GOMPLLIPRRIsa cAfAR! ar@ARo 8P nl TabRl 1. NQRisZAM i ti C
nol ecul ar sieve. 6. A process according to any one of clains 1 to 5, in

whi ch t hehowatthdt yeiphuisgmn oethpdi S ewn atodheashigidp eatsfetrandegee o€ etlghdrifatiompt he
group fornmed by P, B and Si. 7. process according to any one of clajns 1
to 6, in HEEFER %@efehwgv& ang) %fdﬁec]&?f%’r‘?@e%‘“&’tm?tga B R & GFPRRTf b
Gbn1grou%n¥h?ﬁm_ 19 Decenber 2002 17 8. A process according to any one of
claims 1 to /, characterized rn that the follow ng steps are carried out:
a) a reaction mxture is forned i n ONEBDE 1nore steps, which m xture

conpri seCaalygowder o@udﬂf‘tieytdﬂr§ Quapy\erer[SS emnbifitt NG cBhtedt@l&t ODegr&l Fment

sel ected from group | &fhufl OUP IBonand GiduRsalEh 3RPheLitioal NupGurdhtidneast

one porous matrix,| agodlca) €aS{g/SNEcBOUN cewfypl ement@t %gul phur, ogt | east

one sourGg of carbon, bygtheiTeagiggon m Xt UE gy Obt ai ned; af ter steea) 1S

mai nt ai ngghNgt @ heati nggenperatyrg of nor egghian 40C af3a pressupg of over
|

0.01 MPa ¢4 @ TeQd 194 pr j : ] ] | 5 , In
whi ch thesJcgacti on nMix{yge 1S SUPHUITSEd af 4/ tenperggyire inm thggrange 60C
to 700C under aut ogenous pressure. 107 A process according to any one of

claims | to 9, in which the reaction zone is a sealed vessel with an
aut ogenous pressure of the gases produced Q% t he reduction and sul phuri sing
reactions. 11. A process accordi ng E¥AMBLEGhe of clainms 1 to 10, in which

atmosphor e, 12, A GABRECRTRCEIEmG (o HAIGRBDIE RSO, 11 i n whi ch
Such as 0o, CArRer TRl eleR RRAVESE: BoBRPIR, | ARl RERE R °
12, in whitedn thifaiging 83% ${ vbl@me of H,S in hydrogen at atmospheric pressure. For every S0 g of

solid, 2 litres per hour of gaseous mixture were passed and the catalyst was heated to a temperature

of 400°C for 10 hours. This sulphurisation, S2, is routinely used in the laboratory and stll

sometimes used industrially.

The quantities of fixed sulphur and residual carbon on the catalysts from Examples 2 to 5

sulphurised using this second method S2 are shown in Table 2. This table shows that sulphurisation

method S2 could only produce low degrees of sulphurisation for catalysts containing the group VB

metal, niobium, or the lanthanide group metal, cerium. This can be attributed to the fact that the

metals are supported on alumina and interact strongly therewith.



prepared ex-situ with respect to the use of said catalyst. 14. A process
according to any one clains 1 to 13, in which the matri x19£epembemnzd02gnat ed
in one or nore steps with the salt of a transition netal or rare earth
metal, and in which an internmediate drying step is carried out on the 19
Decenber 2002 18 catal yst at a tenperature in the range 60C to 250C bet ween
each inpregnation step. 15. Sul phi de conpounds obtai ned using the process
of any one of clains 1 to 14. 16. Use of sul phide conpounds according to
claiml S or obtained using the process described in any one of clains | to
14 as catalysts in a reactor for refinijpg or hydroconversion of

hydrocar bon-contai ning feeds. i7. A process according to claim38, wherein
the reaction mxture in step a) further conprises at |east one group VIII

el ement. 18.-A-p ein-the reacu on _nuxture
in step a(fatﬂﬂ'ther conpri seS et a8t one d Ii“\ﬂﬁB’el ement .DeBe oA process
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50 g of freshly calcined catalyst was impregnated with 23 ml of a suspension of elemental
sulphur in toluene, said solution containing a quantity of elemental sulphur (sublimed sulphur from
AURQOS, ref. 2012546) corresponding to 120% of the theoretical stoichiometry of the reaction and a
quantity of powdered carbon (NORIT carbon, 211, 660 m2/g from AUROS, ref. 4040250)
corresponding to 110% of the theoretical stoichiometry based on the formation of CoS, NbS, and
Ce,S,4 from CoO, Nb,Os and CeO, respectively depending on the type of catalyst from Examples 2
to 5.

The autoclave was then sealed and heated to 400°C for 10 hours. After cooling, the
autoclave was depressurised by pumping out the gases it contained, the autoclave was re-sealed and
transferred to a glove box in an inert atmosphere to protect the product of the oxidation reaction
from oxygen in the air. After opening, the black extrudates were recovered and preserved under
inert gas in a sealed ampoule. This sulphurisation was termed S3.

The quantities of elemental sulphur and powdered carbon used for sulphurisation S3 of 50 g
of each catalyst of Examples 2 to 5 are shown in Table 3. The quantities of fixed sulphur and the
quantities of residual carbon on the sulphurised catalysts are also shown in Table 3. This table
shows that sulphurisation method S3 can produce a highly satisfactory degree of sulphurisation of
the group VB metal, niobium, and a medium degree of sulphurisation for the catalyst of example 5
containing lanthanide group metal, cerium. It should also be noted that the use of an aromatic

solvent, toluene, led to a higher quantity of carbon in the sulphurised catalysts.
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Density at 15°C 0.856
Refractive index at 1.4564
20°C

Viscosity at 50°C 3.72 ¢St
Sulphur 1.57% by weight
Simulated distillation

P 153°C
5% 222°C
50% 315°C
95% 415°C
EP 448°C

The gas oil HDS test was carried out under the following operating conditions:

Total pressure 3 MPa
Catalyst volume 40 cm’
Temperature 340°C
Hydrogen flow rate 20 /h

Feed flow rate 80 cm’/h
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charged into the catalytic reactor then wetted by the feed at a temperature of 150°C. The

temperature of the unit was then raised to 340°C.

A reference test was carried out for each catalyst by charging the catalyst into the catalytic
test unit and carrying out a sulphurisation step by passing the test feed defined above, to which 2%
by weight of dimethyldisulphide (DMDS) had been added, under the test conditions shown above,
except that the temperature was 350°C, said temperature being maintained for 10 hours. After this
step, the temperature was reduced to the test temperature, 340°C, and pure feed was injected. This

sulphurisation method was termed SO.

The catalytic performances of the three catalysts are shown in Tables 4 and S below. They
are expressed as the activity, with an order of 1.5. The relationship connecting activity and

conversion (%HDS) is as follows:

Activity=  [100/(100-%HDS)] °° -

To compare the activities of Nb catalysts, in Table 4, the activity of the monometallic
Nb/alumina catalyst sulphurised by method SO was assumed to be equal to 1.
TABLE 4

Activity of Nb/alumina catalysts for gas oil hydrodesulphurisation

Relative activity of catalyst \
Sulphurisation Nb CoNb !
SO 1 1.5 |
S1 3.25 8 !
, S2 1.05 1.5
| S3 2.72 7.2

To compare the activities of the Ce catalysts, in Table 5, the activity of the monometallic
Ce/alumina catalyst sulphurised by the SO method was assumed to be equal to 1.
TABLE 5

Activity of Ce/alumina catalysts for gas oil hydrodesulphurisation
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It can be seen from Tables 4 and 5 that the activity of the catalysts sulphurised by a mixture
of powdered elemental sulphur and powdered carbon, S1, was better than the catalysts sulphurised
by the mixture of gas oil and DMDS (S0) or sulphurised by H;S in the gas phase (S2). The catalysts
sulphurised by method S3, i.e., with the suspension of elemental sulphur in toluene, also performed
better than SO or S2. This effect could be due to a better dispersion of the sulphide phase formed
because of the presence from the start of sulphurisation of the carbon powder which acts as a mild
reducing agent compared with the hydrogen usually used, as in sulphurisation methods SO and S2.
The sulphurisation process of the present invention can thus produce sulphurised catalysts with
improved catalytic properties. It can also be seen that the performances of the metallic catalysts are
improved by the presence of the group VIII element. The sulphurisation method of the invention can
thus also produce multimetallic sulphide phases supported on alumina with improved catalytic

properties.
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a) a reaction mixture is formed in one or more steps, which mixture comprises a
powder or mixture of powders containing at least one element selected from
group HIB, group IVB, and group VB, and containing at least one porous
matrix, and at least one source of elemental sulphur, at least one source of
carbon;

b) the reaction mixture obtained after step a) is maintained at a heating

temperature of more than 40°C at a pressure of over 0.01 MPa in a reactor.

9. A process according to any one claims 1 to 8, in which the reaction mixture is
sulphurised at a temperature in the range 60°C to 700°C under autogenous

pressure.

10. A process according to any one of claims 1 to 9, in which the reaction zone is
a sealed vessel with an autogenous pressure of the gases produced by the

reduction and sulphurising reactions.

11. A process according to any one of claims 1 to 10, in which the reaction zone

is a closed vessel, charged under an inert gas atmosphere.

12. A process according to any one of claims 1 to 11, in which the autogenous
pressure is produced by generation of reaction products such as CO, CO, or

H,O.

13. A process according to any one of claims 1 to 12, in which the catalyst is

prepared ex-situ with respect to the use of said catalyst.

14. A process according to any one claims | to 13, in which the matrix is pre-
impregnated in one or more steps with the salt of a transition metal or rare

earth metal, and in which an intermediate drying step is carried out on the
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16.  Use of sulphide compounds according to claim 15 or obtained using the
process described in any one of claims 1 to 14 as catalysts in a reactor for

refining or hydroconversion of hydrocarbon-containing feeds.

17. A process according to claim 8, wherein the reaction mixture in step a)

further comprises at least one group VIII element.

18. A process according to claim 8, wherein the reaction muxture in step a)

further comprises at least one group VIB element.

19. A process according to claim 8, wherein the at least one porous matrix in step

a) is a zeolitic or non-zeolitic molecular sieve.

20. A process according to claim 8, wherein the reaction mixture in step a)
further comprises at least one source of an element selected from the group

formed by P, B and Si.

21. A process according to claim 8, wherein the reaction mixture in step a)

further comprises at least one source of anions from group VIIA.

22. A process according to claim 8, wherein the reaction mixture in step a)

further comprises water.

23. A process according to claim 14, wherein the matrix is pre-impregnated in
one or more steps with a salt containing the element selected from P, B, and

Si or an anion from group VIIA.



