; 6789e3e/ k/ ddel gj gXk6kTk25 April 2003 1 MULTI METALLIC S%Btah%@TALYSTS

AND A P I\FI'HESI SI NG SAI D CATALYSTS The present 1 nvention rel ates

to a cat ,!ﬂ qnl ng a nultimetallic sul phide phase conprising sul phur
*and at | east, el ement selected fromelements fromgroup II11B including the

| ant hani des ana6 actinides (grogp 3 in the new notation for the periodic

t abl e: Sant 0 EEONpoR 995- 1996, inside
front coWN‘%Qﬁg{fé %E Eh&éﬁsg Tgﬂzétgagggoﬁepg %nentF%el ected from
el ements from group group VITI (groups 8, 9 and 10 in the new

notation for the periodic tabI e), said m xed sul phide phase optionally
bei ng associated with a porous matrix, generally an anorphous or |ow

crystallini e i OP} i . | ect ed
rom ol erpitd PRt ntetn TRke: fo B Yojily b BilinERE; MAIRLEE CCLC
el enenbmpRdie b@shul n8dat Rastolement edcesddidany eE}neBtsaﬂﬁl Sloup AMB! i@flbdigNalel y at

| east one source of anions fromgroup VITA (group 17). The pr esent
i nventlantimniles end attitides (E@UD Reinuthe mefv tétation foe dhes 9¢rpldi0debleoﬁﬁ@ﬂm& afs

Pyl o ORI i KBRS S aBeIoas 396 Ty %aége&égératenx {group B, a eas
nydr odgat e sgetttcpﬂomy cA9%3H AU VB8 Ay G WHERSIBTRL AL 3 a0 O

hydr ocar bon- cont ai ni ng cont al ni ng onatic and

ol ef i e rbkiL forNBPpéridaiti tableNeMdinided balpHidepltasé YRRnARYHRRY A6kbcisRd Gith aeds

possi bly containing netals and/or nitrogen and/or oxygen and/or sul phur.

Sul phmweouegn’p@tumsrallmmammw ot lemcasfstaﬂmtphxldeyp@maWemetailmt least edes, can
be used as ca al,ysts for carr egt nent re ions jn petroleum
ot | nig e SR e S o @Nf%@n% %@iﬁgt*tﬂ?@m S8 elafiaft o o
earth y-)

ol et rsgea Wb e Mrfed b7, MARR S ud Hlohif s Und T Spr L b

. opt i Cagroypr VIR (drbdupst7).addi t i ves for | um nescent materials, and anti - corrosi on
coatings in sul phur-containing atnospheres. In general, the properties of
si npl e sul gh¢ ureseﬂameer@meho relgtasdy the usgloitthema@d|Stllplud|e8@btaae¢mwstelf®rrent

| eadi to the for an_intinma SS ation of two elenents in the
sul phi{ydominng  and ngﬁra?ft g efoFedam xg’ﬂ g‘tﬁ‘pﬁﬁ‘ﬁé’n Aydrodenitfogaaatian, ¢ pe
addi tign-foxphdn AfSBLaY GRS W @A oRNirdd® b dfode HRG BY S L fie

cat al y@?{‘? aoé(%wgﬁ?’o tungsten sul pk‘lﬂdeq'?g o(l)r ogena%(?{%relmgt?mar omati c
conpouiidfocirbétidoataining Reds Extaidimpat Mst bone alloﬁtathagE()r elefinkc. and/od GhagHttiehiz|

Engi neeri ng Chem stry Products Research Devel opnent, volune 9, pages 272 to
281, 1wy panfiintyre sbmpeundosaib fsede eorsiblys edntrtiting metals and/ozfsutmscq pndf@03 2
substanti al | & g‘&fbl ves the activity of the nol ybdenum sul phi de for

hydr odB&EERUPT SR B of petrol eum cuts. The mixed sul phides can be

synt hesi s ed o8 gfihieds, ld g i o st melbONA bl Bscli BCCaBYls! €7
person. Crystallised tranS| on neta or rare earth m xed sul p‘h es can be
synt hef caeghinR yut IgdtredtGerdtréidtds irDgetroR{d refiingaad & Ra6dhbmisipe el ements with
el enent al sul phur at hi‘tg)g tenperature in a process which is well known to
the skilled af keansi eaalsdnétrap@aehﬁe(hrghangdeﬁ)lm Gls‘bl‘}@edl ig lalsantsi ve) in

particul ar as regards i ndustrj ication. The s sis of bul

suppor PR e u'FlE)‘P‘i‘Pﬂ%';s ‘B‘E’e‘}aga ﬁ’ﬁ’h&r Jefestarsy g ISP‘iCHifct ?fﬁ‘cliﬁor m of a

m xed 0 t nd/ r h a

sul phuépéféeq&sO%Jdrctﬁ f%?d{rhle "Q%g‘hﬁ asea‘?({ ﬁtgé\(grgﬁgﬁtctreggtrﬁe%&ﬂ Etfli rogen in a

traver gedspheds.r eactor is vveII knovvn to the skil I ed person. The synt hesi s of

bul k m xed sul phide catal ysts or m xed sul phide catal ysts supported on a

por ous nat rl gengial, tthecpropesties obfimgple bulblxid@wﬁ@ﬁ%ri@ewwgthy tér additiopf dsecqndecur sor
mat.ri x. in droenvvlt hur - c

ﬁ?ﬁ?ﬁi&?ﬁa‘i%@e@ i it s, RPER CA P S P AIPREE PR ch as

gasol i | hs rrpI e
o ot e R BREN8 e ARRAR hs P %&“%Qatd“@ib‘fa °§%%ﬁ%ﬁ%ﬂ%‘ﬂ

skill edtba@zttﬁnyl unﬁubdssths léhtﬁl'%d@&w&?%f&h%@cerb@ul MiBd i@ StyaRgendion of aromatic
co-precipitation, in a basic medium sul p ur containing conplexes in

sol uti cmnnoomsaAhmmgﬁ Puderini Mnk., LaRags, Inét, thukdstualrﬁnbaemg ChemnlistguProductsa
controll ed p§t d is termed hompgenequs sul phide precipitation. |t has been
Used t BEEHEbAF e eRmRh iy pe e o JAbHATY Ardingsprl helibdersm feftoach, p.
Courty, B. Dehnon, Journal of Catalysis, volune 31, page 264, 1973).

Synt hesi si ng bul k sul phide catal ysts or sul phide catal ysts supported on a
por ous natlm mmmmmnuﬁm“nent of a bul k oxi de precursor or an oxide precursor
support ed matrix in a aydrogenl hydrogen sul phi de m xture or

ni trogen/ hydr egggsul phi de m xture is also well known to 'he skilled

per son. Unlted St at es patent US-A—4 491 639 descrl bes the preparat| on of a

T ] o . e




25 April 2003 3 sul phides optionally containing at | east ment s
fromthe series C, Si, B, Ce, Th, No, Zr, Ta and Uin conbojlgﬁpéﬂlgﬁbﬁth Co
or Ni. O her nmethods have been proposed for the synthesis of sinple

'sul phides. As an exanple, the synthesis of crystallised sinple sul phides of
rare earths described in US-A-3 748 095 and French patent FR-A-2 100 551
proceeds by reacting hydrogen sul phide or carbon disul phide with an

anor phous rare earth oxi de or oxycarbonate at a tenperature of over 1000C
Eur opean patents EP-A-0 440 516 and WS-A-5 279 801 descri be a process for
synthesising sinple transition nmetal or rare earth sul phur-containing
conpoun reactijng.a tr.ansition | or _rar r id.-wth a

car bo ns-ugsg‘?ﬁ%élilyn im'h%r b5 %ﬁ uarcE“él HI())}(;Ltl%dml ﬁ'rb?%%m g%usl%?)%s ?ogt llg{a!eofag{%%g‘q Sgflé({)\és é’g vessel
at a npdgahludenperature of 350C to 600C. However, it is well known that
el ements fromgroups I11B and 1VB, in a bulk or supported oxide form are
very diffi e mited sgiphjdbsicanste synthésised by p mumbernif xethodsi wpioh desvelllknowk nown

sul phurisation methods which are routinely used industrially and in the

| abor atheskjlledpgespn-as sul phurisation in a gaseous hydrogen/ hydrogen sul phi de

m xture or |iguid phase sul phurisation.using.a m xture gof .a hydrocarbon

f eed and a(ﬁd&%ﬁ&ﬁﬁ&f’%o&i %‘ﬁ‘?@?ﬁ 7, eaé‘ﬁémﬁﬁieﬁu?p&qef v &ﬁ]@ﬁ’a’fﬂfﬁgh rﬁegﬁ%ﬂﬁ such
sol i ds,.,.I; 1 [ . i uck k Lcant on
o cpar T R A SRS i SRR AL B e bt e PR e

111 B, which sOwell kiidwer toathé Rilled] p&rsaunil the dlidi stas Pheadisryofiedd) putl iYBxpeaside, fin Mer ous
other elenents of the periodic table, mxed with at |east one el enent

sel ect pattidutap as rggasdsgndastrial appéicajionup VI 11 el ements) in bulls or associated

with a matrix, have led to the discovery that, surprisjingly, by reacting a
compound  of S M of Rikcot HaRpriet, AU RRBIRO VS B8 &rstabir e REsOE i e n

di sul phi Cody |_phi 15;;)?1 BF”? i ith,a

. pomderggg%{al meﬁ%@%i?%?gg&ék{ﬁ)gﬁ%@éﬁd%mn Y5 ec@é%%?tg%%gp%g%pﬁfﬁﬁoﬁmn%l udi ng
t he | apthenjuitBshas dliewedd byitibeEnentin AydtodelBr AfisheRted beBreictd? Mowdl QWA ko el ect ed
fromelenments fromgroup VB, group VIB, group VIIB and group VIII, in a

cl osedskidegipetson.pr oduces a nultinetal lic sul phide type conpound which may be

properly crystalline. Wthout w shing to be bound by any particul ar theory,
it appears éw%lsmfm%xameeﬁlﬂp@depfag%ﬁaﬂ w%%@vﬁéﬁﬁ%ﬁumﬂf%n gar bon

sul phide followed by reaction thereof with the conpounds of .the el epents

or coentort BHEY BORRTERAT Rk CREORRRE: BB eGP R, Bpsteq o BRI

2003 4 13tk PR i 8o QRAK RGutfbluf bontdiflih R Yrbas 3R] Bl £2idule sAfkrBRaintpt i | the
precursors are exhausted. Thus the catal ysts of the invention contain a
quant i patrobdumSctiitsoudli as gasblifd) &broidne oel @gr @k to fvhivh |lapsulphinsédmpotind, $oraexanpld 0%
preferably over 50% and nore preferably over 60% The term "degree of

sul phudimsgyldisyiphigs, cas eptidnally beeaddede isalse Wall keavestodie skidladipertione quantity of

sul phur fi on the catalyst wth respect .t.o.the stoichianmetric quantity
o ul phur ik PHeRiS A pbe YE ariesitel BoRpBtHRISooT R S G BREeT WA ar o
sel ect %ﬁu&ﬁxﬂ chhpIBRs Yisokli &9&&@?% Q&foﬂé.ums%&ﬁﬁf aRl o dabde@d R o° THE
group | ef enents are sel ected omyttrium |anthanum cerium

pr aseodydiollsd pHaad YiieHidd Botidiehddld si@phidePiredipitatiod Ol Hak Bean dsed & prdpare a
dysprosium holmum erbium thallium ytterbium lutetium actinium

t hor i umigeddsulphadei afobdlh end)mmiybdedu (@] Bagenhash,af.eCoutye Bt éinianp doumat lof| |

iron, rutheniun) asm uné rhodium iridium platinum palladiumand cobalt)
pr ef er &3talysisonlime 31pagr 94 4973ron. The group VIIB el enents are sel ect ed

f rom mangangse). .r.heni.um technetium . The gro VI nd VB el ements are
sel ected f r%r% ﬁgf%g‘él% %@H@ﬁr‘; gt%liysgsmor i“@r‘%b%t°%‘_ﬁ3“ﬁ?9_ il nvgaiﬁ(galllsu%guéuﬁ& y.

thal |'i waamdhteofod btk Cadddl Meburk o N8 R SEMursbN YEIpbiteN o) 8 NREG | Yat&O PRI Ses at
| east one netal selected fromthe follow ng groups and in the follow ng
anount siydrogenfhydrbgenvsalpiide miktuke sradpeet/hydrogeh sulphitia mixaat & alst wethkbsown 0. 01% t 0

40% preferably 0.01%to 35% nore preferably 0.01%to 30% of at |east one
met al  ‘he skilled person.

United States patent US-A-4 491 639 describes the preparation of a sulphur-containing

:ompound by reacting elemental sulphur with V, Mo and W salts and in particular V, Mo and W



sel ected fromelenents fromgroups 1118 and IVB, incl udi nQSNﬁﬁ Jqwat hani des
and acti'nides; 0.01%to 30% preferably 0.01%to 25% of at |east one
metals selected fromgroups VIIB and VII1; 0.001%to 30% preferably 0.01%
*to 55% of sul phur; the catalyst optionally containing: 0 to 30%
preferably 0.01%to 25% of at |east one netal selected fromelenents from
groups VB and VIB; 0 to 20% preferably 0.1%to 15% nore preferably 0.1%
to 10% of at |east one elenment selected fromthe group fornmed by boron,
silicon and phosphorous; 25 April 2003 5 0 to 20% preferably 0.1%to
15% nore preferably 0.1%to 10% of at |east one el enent selected from
group thblﬁdeswpa&ﬁn@bbmh)ﬁ Qf kA oY offeledRfits RBm thd&rissIQPSIl Bede, qaf Wb, V2 T20f t he
present 1 nvention generally conprises at |east one netal selected fromthe
f ol | owangjUgm camgisnating with ColeeNi.ol | owi ng anpunts, in % by weight with respect
to the total catalyst mass: 0.01%to 40%  preferably 0.01%to 35% nore

pref erabl y Bthgamgthpdsdgus begn proposed fx thesimthasisiof pimple S-f AR SSrBRIRItESs from
groups BI.B and | VB,. inhcluding,.the Lanthani des .and g e .0.01%.to0 30%
pr ef er a6TY°8. VI 185‘25}5‘1" 5t° h“*gsé gfar%ﬁ rrgfsép&s%elf’gg% égg ?{80 P SPHEREN | B

and VI ldaient PRIA-Y0100529 phocdti® b5 @kidg hydbobd SfBideObr dhrbbaRhiIpRAE wIHPROT T
selected fromthe group fornmed by anorphous matrices and low crystallinity

mat r i CesjorphOudark¥atioo3dor opyaftenatd htya temprrdart of &&£4000fC.sul phur; the catal yst
optionally containing: O to 90% preferably 0.1%to 85% nore preferably
0.1% to 80%Fugpeas patestsiBPeA-00H40 §1@and Ubried 79801 deerribr gopresesssioy sypthesising east
O G Bl 3T SR B B B B3 B e
ST Sl Sl 80 o1
one el el at & AlodetRdedhgetitirg bO3H0°Vtd g8o°@r ef erabl y chl orine or fluorine.
However, it is well known that elements from groups IIIB and IVB, in a bulk or supported

oxide form, are very difficult to sulphurise in the form of mixed sulphides. The known

sulphurisation methods which are routinely used industrially and in the laboratory, such as

sulphurisation in a gaseous hydrogen/hydrogen sulphide mixture or liquid phase sulphurisation using

a mixture of a hydrocarbon feed and added dimethyldisulphide, are ineffective when sulphurising

such solids.

The considerable amount of research carried out by the Applicant on preparing sulphide

catalysts based on sulphides of elements from groups IIB, including the lanthanides and actinides,

and group IVB, and numerous other elements of the periodic table, mixed with at least one element

selected from group VIIB and group VIII elements, in bulk or associated with a matrix, ‘have led to

the discovery that, surprisingly, by reacting a compound of sulphur and carbon containing no

hydrogen, such as carbon disulphide CS,, carbon oxysulphide COS, or carbon sulphide CS, with a

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

actinides, group IVB and at least one element selected from elements from group VB, group VIB,

group VIIB and group VI, in a ciosed vessel, produces a muitimetallic sulphide type compound

which may be properly crystalline. Without wishing to be bound by any particular theory, it appears

that sulphurisation is produced by decomposition of the carbon sulphide followed by reaction thereof

with the compounds of the elements present in the powder forming, from the precursor surface, a



The invention also relates to a process for preparing a Ws%ﬁﬁb?ééic
sul phi de catal yst, characterized in that at | east one conpou of sul phur
and of carbon containing no hydrogen is used for sul phurisation. A process
for preparing a multimetallic sul phide catalyst of the present invention
conprises the followi ng steps: a) formng a reaction m xture which
conprises: a powder or m xture of powders containing at |east one el enent
selected fromgroup BIB, including the | anthani des and acti nides, and group
| VB, at |east one elenment selected tomelenents fromgroup VIIB and group
VBI, at 25 April 2003 6 | east one conpound of sul phur and of carbon
cont ai ni hg.,no__hydr N, : S as.c L sul phi | ghj de or
car bon EeEFostReahe 4 i BHEAREReTR U L HF pecbencil: BN RlTC 1
one sol g dcasMuts G tef infeatibd BontAN 8 q@tiysTalipNuratic @asthe 88}ee P lshifhi5i94tios & Of

sul phur; b) naintaining the reaction m xture obtained after step a) at a
heat i ngpveretipe pefambly ofr 5% end inem phltatdy owr M%ssure of over 0.01 MPa in a
reactor. The reactor may be a closed reactor. In this case) the pressure
exerted i s Thetern{ drgeasel sulphwisatipng appsed juthe geesent disenssien eans theaquagtityaf out

2 o LB i op Ui e, ook o s o Qo 8 il T Bt 75,

i nert : |y, a sealed reactor is used. Conpounds containing at
| east %ﬁgmgFgﬁé Pﬁgzlected fromgroup )~) including the |anthanides and
actini des, Jrogup\IBB @edetts YRBklegied WomViitahijumO Rirccana layd Gafbiup, YRfadbly gr oup
VI B, include oxides, hydroxides, oxyhydroxi des, acids, polyoxonetall ates,
al koxi désniumx Thegeyp [BRrelamentn asasalested fiomr ytrium, lenslrapumacesiym, praseodymium,

hydr oxycar banat es, .carboxyl ates, .halides, oxyhal.i de hosphat es, ...
O baneR SO SRR AL, SR e o RO HE e B R (o el

t hi onet el, "ﬂﬁﬁ?\?cet a§tmﬂ§%&&m ) A4 cular of ammoni um Preferably,
ng s of i '

oxi des sdl ransition netals, | anthani des and actini des are used.
The ni xt ur e Taa Rt VOD dlehk¥nts G aélectd BERMiddel, SikdnD Mthedivin | dstnidth,| fiediamt
forms, for exanple flowers of sul phur or sul phur suspended in an aqueous
medi um pidivan pletimpan paladmdi andhcolslt, plaferablyenimdtimidiee! omimenal so be used) such as
hydr ogen sul phi de) _sul phur-cont ai ni ng hydrocar bons such as di net hyl
sul phi de, Tge p VHBsﬁEﬂ%tSééﬂ, selegted fipm Ai9aganessi HpHwnandSHhsSiNRs, thiol s,
pol ysul phi d such di i ononyl pol ysul.phi de qr, TPS-37 fr.om ATOCHEM
sul phur-ri cﬁiﬁﬁ?“& gﬁima%{],ﬁ’? §@@ﬁ[ﬂg eg%l%%féfing?m Oﬁ%béjghugf’ cég’ém%rf”l , gfj‘g%éever )
the pregehnes Rhaduf aPRMRECcoNt ai ni ng hydrogen does not in general enable
the mixture to be properly sul phurised. The mixture can optionally contain
a carbon soume ®ulkAlatalyef of the pteaéntinvehtidohgeneraliyb esingives atdedshozhmaslselecredn t o
the skilled person can be used, for exanple graphite, oil coke, coal coke,
anor phofrem dagr follewing gropnang igche follpiing aambuntstin 4 E}eaexgg«t Wiy teipght te dretatat | on or
by decoggﬂsition or by dehydrogenation of vegetabl e conpounds or anina
conmpoun ﬁfmﬁﬁdrocarbons. The carbon 25 April 2003 source generally
contain ’s a o I Shd S | ] tio.
s 9eag %oébﬁnge%fy @b1% Ri:sé;}‘ﬁ,a:fﬁzg;?e%rﬁ}l& §51% %0 bé%hg] a@&e?.&t%_g% gne{af‘

Preferably) a car source wt rat1 o of |ess

pref er abl Yelgedlom élethén®s fm kRESs NIBARd IVH incRidthgIhd lahthdiidee addt RfigdaaPp!l y an H C
ratio of less than 1.4 is used. The reaction is carried out under

aut ogeneu$.0pveats S0Yeepmferabiyd® %o 25¥erdf agkast ofdhmetalstselgaerbfiom groeps VB and
produced by the generation of reaction products such as CO COz, HzZO, COS
and S. The'ttnert gas can conprise at |east one of the foll ow ng conpounds:
ni t rogen, re S._Ssu | Ly nean, argon) krypton, xenon or radon,
superheét3§ogggﬁﬁgg “=ﬂ§§ngﬁﬁgﬁ?§#%6#3§$h east two of these conpounds. The
pref erred RRIQS BpUnAMScoriMigge i s orthophosphoric acid H3P04, but its salts
and esters such as al kal i ne phosphat es and ammoni um phosphates are, al so

sui t abl e. 0RhG8%h preferublyc®if] % fto 25% X@&gp lleast dae nietdl selettraeftbm elembras frompradps a

m xture of phosphoric acid and a basic organi c conpound containi ng nitrogen
such as anth#dMBpri mary and secondary am nes, cyclic anmines, conmpounds of

A munber d ey Al 1, g el HUG 11 ot PP setdo. -
hyd I, | Qi:dal | Qn of ide of sili ,
ot cci b t ' BrTE RO AEler Rt 158 AR apBHBARKNET, O " eotors such as ot byl

orthosilicate Si (CEt)4) silanes and pol ysiianes, siloxanes and

pol ysi |l oxanes. Silicon can be added, for exanple, by inpregnating with
ethyl silicate in solution in an al cohol. The boron source can be a boron
salt such as anmoni um bi borate or pentaborate, or alum nium borate. Boron
can, for exanple, be introduced in the formof a solution of boric acid in
an al cohol. Sources of group VIIA elenents which can be used are well known

b o o




an exanple, fluoride ions can be introduced in the form of §¥@Hﬁﬂ%§grlc
acid. or its salts. These salts are forned wth al kaline ne? ni um
salts or salts of an organic compound. In the latter case, the salt is
advant ageously formed in the reaction m xture by reaction between the

or gani ¢ conpound and hydrofl uoric acid. Hydrol ysabl e conmpounds whi ch can
| i berate fluoride ions in water can al so be used, such as amoni um
fluorosilicate (NH4~Si F6, silicon tetrafluoride SiF4 or sodium 25 Apri
2003 s fluorosilicate Na2Si F6. Fluorisne can be introduced, for exanple by
i npregnating with an aqueous solution of hydrofluoric acid or ammoni um

fluorideygJ Q@A,‘i}?étﬂ%!%lg% 194Q85;, f3f ﬁ&erk%b@%%‘% aE fé&‘stfn?er JE:ﬁ’Jnt Qydfegehl oric

acid or |ts sal ese salt$ are forned with al nmetal s, anmoni um or
an or ganifenC@sporial. prdferablp ehlbade 2 flusraee, the salt |s advant ageousl y forned
in the reaction mxture by reaction between the organic conpound and

hydr ochl or iThe agppprted ratalyst nfakteypresentr jpMention endraly W‘él atj lgist yong gmetals

m ner al rratrlx ener al | ted fromthe gr al un na,
sili cas%t‘??& Bom Bt PWI%",‘P{’B?“JE{“?HC S, Bk BY RGO ot Bee i t ed

above. {&12&5%& containing at least two of the netals cited above can

al so be se Preferably) matrices contaitning alum na are used, in all
of i tsef QT 161088 pRERabiy 0)01%:!t6 35%EmEiei prdf@rablp @103 %o 30%( ofatacdsl eheGiviaIR
alumna. Mxtures of alumna and silica and m xtures of alum na and boron
oxi de canela¢tgtﬁ<amﬂamcxagﬁau$tqupb@ﬂﬂém,luncl'aﬂnt thé nthergdeatand wtigideone of t he
conpounds_ ci ted abov i %X, can also conprise at |east one conpound
sel ect &d FHemiorifee @f%@biy 8r0r1ré'cf°t¥y5/°nﬁf Bdeaspnednettlsslegsed frem gzqups VAB) ande

al um nosidi.cate type or natural or synthetic zeolites such as Y xeolite, X
zeolite, zeolite, beta zeolite, snall pore nordenite, |arge pore

mor deni,t &) 190 PReHR, Zpdftehbif §% DI8%0of zﬂt&t?o%e s@pdn Zcabhdd E&Qltﬂetﬁoup-rfbﬁneﬁ'b&s'[ step
of the sulphurlsatlon process of the invention consists of producing a

m Xt ur e Gimogghblxnatrites uhdplomceysallthita mpeiseker cont ai ni ng one or nore conpounds
conprising at | east one el enent selected fromgroup I11B, including the

| ant harti db01%td 386t prafersbly 0.Q) ota3 Stprfsnlgher | east one el ement sel ected tom
el ements fr r.oup VI IB, roup VI1I, optionally solid sul phur) optionally
sol i d dBsBBAst gﬂ?‘taﬁhé?‘tt%}mﬁ ‘borous natrix, optionally at |east one el ement
from gr,0 2 o o t1o 4 ment sel ected from
P) B and%ogﬁa/?ﬂg%%? ?Ig)glaA/ 'y Sﬁ) Bfoeé;ﬂgtgée%%lg@sléiu@?g/o?ﬂglf glll‘fg VI LA anions. This
first steptoCim, pe:fasttp0ldstbedy bf sasel de ridtdGelsctedThiém RRidehts fidangrbigsst be
formed and cal ci ned before introduction into the m xture. Form ng can be by
extrusi onyBped ViB; i sation, the oil-drop nethod, rotating plate granul ation

or any ot her i 003 9 net hod is to th skill ed person
The pr &- f&PrEG watctéﬂx%/ztppt%/bﬁm greferamgorte’aw. H/“aPe'/g? lefr 9m ¢ 9m<:a°ts elected
tenper at ug e glqu)(tj‘ k (ﬁlgor& S ?“‘}/SH lgbout 200C to 1000C. The

rom I'n

el ements ser g the | anthani des and acti ni des)
group lVE to@b%U?(eM'abﬁo %wrs%/ln%fe ﬂ@ﬂeia@l@@' 1o tof 10941 Kt RUA oBeleHEd lectédB, t he
optional elenent seleéected fromthe group formed by P, B and Si) and the

el enent sfdme gloegl VIlAOprefgrablyrhMiihdorflvodms) can be introduced by one or nor e
i on exchange operations carried out on the selected matrix, using

sol ution coﬁheaWFfﬁﬁna%lsq B Onk PWF@&J?’SBWCP‘HF‘%& W“HW%H“%@%F*‘%Y“J are

earth net The ,ma can be i nat ed i t.ransjtion netal
ool ¢ or - Spizedned i ¢ 1680 ong Sofbging BERGRT i a0 oth EotAR SR hidkeRtR Fr om P,
B and Si Q&4 #Rs@ftufifatibhom group VITA As an exarrpl e, inpregnation of

nol ybdenum be facilitated by addi ng phosphoric acid to the solutions, which
al so enabl ea mpbesbopepting@ ftihaillioslisied da@lysNgiriaygesecineatiod ydnipeises
ach&K O her phosphorous conpounds can be used, as is well known to the
ski | | edhpletlewingstiise nmatrix is preferably inpregnated using the ' dry

|rrpregnat| ng nethod which is | known to the skilled. person. regnatlon
can be caPri m&'eﬁcﬂolh“’é’ft}’fﬁl“gf‘i‘tcgﬁpﬁff ‘gpord §’o‘?rd¥‘?“8ff% g?r?tf?f’éa A5f the

consti t uent Je%ted?ﬂ?%ieﬁleﬁtf sdidlfe fﬂrd?x? ttﬁﬁyﬁklugmg%% E%d%aﬂf&%a&% Islare

introduced in a plurality o ste or I npr e correspondlng
precur sor  sgiol VRt 1&5&5@8%@&@::15&@&&@ Eleﬂl’:ﬂﬂ; &gmtzg,h&x UpLEI, e
carried out at a tenperature in the range 60C to g The nlxture of
powders containing all or part of the ingredients can be forned, for
exanpl e by extrusion, pelletisatioa, 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 nultinetallic conmpound. A first method for
carrylng out the reactlon consi sts of heatlng the ntxture of powders to a

M AN~ 1 A NN N PN Y o ~ N~ 1 — e~



io The multinetallic sul phides obtained in the present inyenpfiospoare used
as .catal'ysts for hydrogenation, hydrodenitrogenation, hydrodeoxygenati oa,
hydr odear omat i sati on, hydrodesul phurisation or hydrodenetallisation of
“hydr ocar bon- cont ai ni ng feeds contai ning aromati c and/or ol efinic and/or
napht heni ¢ andl or paraffinic conpounds, said feeds optionally containing
nmetal s and/ or nitrogen and/ or oxygen and/or sul phur. In these applications,
the catal ysts obtained by the present invention-have an inproved activity
over the prior art. The feeds used inéthe hydrotreatnent process are

gasol i nes, kerosenes, gas oils, vacuumgas oils, deasphalted or non
deasphal t edleast Sonél URfapot@alr f-fulghiur Snd \6BXE&HoB RONtHAING dShydidpey, suely aco@ban n

het er oat oms such as sul phur, oxygen and nitrogen, and netals. The reaction
t enper at ur ediseplide, gathen atonwmhidzam@ramoxysuamgg: preferatie carbengdisutshide €%, 480C.
The pressure |s over, 0,1 MP3 and in_geperal  over MPa. The hydrogen
recycl e rat PRYOPAateast Hﬁﬁﬁ‘g‘P S<{v)d ng‘g{;‘?n‘y apd, optipmalfy, ptleash 5pe f‘g‘%éf@ EPftres
of hydrogens‘g urd 1tre of feed. The hourly space velocity is generally in

t he range O. 0 20 h.i. The refiner is interested in the HDS and HDN

acti vity. pFinsRehifiRi @6 tdav@sn MRk¥Le Stk aRENit@VH Wt 4 BAAHg LapetatutediTonotihah are
conpatible with economc reality. Thus the refiner seeks to reduce the

t enper at ur e 40%Chm apresssasfmyverdhtl MRzintareactgen recycle ratio and to nmaxi m se
t he hourléhspace velocity. The activity is known to he increased by

i ncr easi nGhaRICtAr SAYOF ACIoRed reactr [nfhis cpss, the Pressutesxetrd 1Ye ARtRRFAPUSPrestust al yst

stability, The stahility or seryi life i.ncrea L [fner.ease essure
or hydr%fdléengarsees i((’:‘ﬁ’éle(lra (%/o), 61?’31{ r;ﬁﬁi(Ergatfnsmtto(S “t%melebégﬁef? %n\%sh{l dé“?ﬁ t"l‘*legt_ a?:'o%em: cs of
the proggsct-cad BE aftivbQdd Bl RXAIP!18 Shib hddSthe rsilrd @xdridY @NhhOSE M hélPPLs i N any
way limting its scope. EXAMPLE 1 Preparation of an atum na support used in
conposi Preferablyf a salpd caattedis asdal yst s An al um na based support was produced to
enabl e the catal ysts described below to be prepared fromthe fornmed

support. To Qomipgunssdoontginirg @ leaglopgso slemewsf selpctel afrpm egrowh MRy ingydingithe or
al um na | .sol d, by, Condea me und the. trade n 3 used.
Thi's, gorienidsn sLartaiie S0P SO Qb 6y DoP e Ip o Badh Fi 74 UBr d ( 796
by wei g of| i gel ), .1 h 1 tput fter
o e GO A Shuitate)) b DS BIGHAL, Bl Shd

orifi cegmMbdilin asalts,aKRtafk, QarboshtddMhydidRycarbbiidtedat@bhoxfites, t Rdides(lr dxgBhlidsser ni ght
at 120C 25 April 2003 a and calcined at 5S0C for 2 hours in noist air
cont ai nphogphites %atbametes, (Hhecagiamates ovanth@ys, ithidranthates, eacetylackinnatss, thiometatiaaigs

di aneter were obtai ned which had, a Sﬁ?gcifi c surface area of 243 nk/g, a

por e voiiniiestiisg it PARIRERG Oh AATRLBh o rFEHERP o PEde & P9l FRIEERR etiton 10
nm X r%}{tg&i?e@%dgﬂg@g%g&eﬁyof the matrix revealed that it was uniquely

conpose ow cry I Ni cubi ¢ gamma al um na. EXAMPLE 2 Preparation of
a Ce cat al yStne SHRR t@CoRionalyUddhidd G&thdndNsuipRurdid A8 fGerdt MBmAX Fdrudgpbial um na
support of Exanple 1 by dry inpregnation using a solution of ceriumnitrate
Ce( NO3) flowdrz 6f suldhiueor siiphur sppegladiin amaquethis eedivm date Srgamc enediume dSwiphar ni ght
at 80C and cal cined at 350C for 2 hours in dry air. The Ce/alum na_ catal yst
obt ai neeprpeynds cap alsp beuwd, woheehydrogen sulpide, pulpyrntaining Aypeartpapsuch 45 at i on

of a Co at al vs u rted on alum na The Ce/al um na catalys f . Exanpl e
> was P it SAPRET G et o BiaeEas, TPRP R i PSR
solutio or.. j 3 t i o f; pher e)
I RS R B O A e S S
350C f ogasdlineQkidrosend) gl dil; dotwevel,tRe prestite 6ay dodipoand cbataiing! iydioghbdoed nél% by

wei ght. The final cobalt oxide Co0 content was 2.0% by weight. EXAMPLE 4
Cat al ysgensti griableitheamixtyre tade properhrsulphumied.ul phi de 50 g of freshly cal ci ned

catal yst was_i ntroduced i.ntg an autoclave and ntit f carbon

G sul phi de B SIS i ogtigRe Cah & CHADD T dah ol g P eEis FRIPoR B duced
corresp 09 . i tal chi -Of ti based
on o PRRECS Rt B il bOSH Bl B2keed 3L K BIE palif of Wi, 06 4

aut ocl avgoMyBsusich®bn, Tadbe Giadk) hdtealsebtaifed 49 QértihOdomistbR bk By dé¥onPbsitiodQ i N,

t he autocl ave was depressurised by~punpi ng out the gases 1t contained, the
aut ocl ave delgsrogenatierabfvkgatble tcompaidy preghirhd campbwme ob bydrecarbams. | Tier darbon

at nosphere 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 seal ed anpoule. This sul phurisation was terned S 1.
25 April 2003 t2 EXAMPLE 5 Catal yst sul phurisation using hydrogen sul phi de
50 g of freshly calcined catalyst was introduced into a reactor with a

fixed bed of catalyst flushed with a stream of gas contai ning 15% by vol une
of H2S in hydrogen at atnospheric pressure.



2 litres per hour of the gaseous m xture was passed per 5 2@@},.“ ?ﬂég d and
the- catal yst was heated to a tenperature of 400C for 10 hours. I's

sul phurisation, S2, is routinely used in the |aboratory and is occasionally
still used industrially. EXAMPLE 6 Catal yst sul phurisation using carbon

di sul phide diluted in toluene 50 g of freshly cal cined catal yst was

i npregnated with a quantity of CSZ diluted in toluene such that the
gquantity of sul phur deposited corresponded to 120% of the theoretical
stoichionetry of the reaction based on the formation of CoS and Ce2S4 from
Co0 and Ce02 respectively. The inpreglated catal yst was then activated in a
fixed bed reactor flushed with a stream of nitrogen at atnospheric

pr essurseurcelgehéraliecqaetinstiydtogaf andiohé ofiesrchivagerassie ds PEC aSmiy m@fio. Strkfedblyt he
tenperature was raised at a rate of 3C per m.nute and the catal yst was

heat ed azarban samgsevith yy B/Goratia 0Oless than R nipsviprsferably an B/G ptiruef lswthasd - Tnard t er ned
S3. EXAMVPLE 7 %yl hur nteni§ iE.Cﬁlalu 1 na based catal ysts after

sul phurf's BFde ?%E‘Ydﬂs’zﬂgﬁ"P Bt it &l ué{ﬁ phur and the quantities of

resi dual Cawpgé&anw !&hﬁﬁdﬁ{#ﬂg@@&@&,&m &fém@smeasgag_ PAuBgenous

sul phurised as described in Exanples 4, 5 and are shown in TablFe 1. This

tabl e shaye ishhaddused Hytbl genadati®onNfeictiithrSiutts GaeH 1 qU, @Dy (18,0 COSGhRA §. The
satisfactory degree of sul phurisation for the nmetals, in particular that of

group |iG3sy gas narl eedipnige atHeast enstoffi thei folbnsviegadmpouridai meegenivheere gahaisk aslesliom,
supported on alum na. Method,S2 was not effective.in sutLghuri Si nc}l t hese

cat al y<een: afgopHigYPtan, Xeaon pHadqns sipe a0t A cRzpbipatiop qf gtjgasttioptghesss  put
remai ned in&n%ri or to nethod S 1. TARLF 1 Catal yst ~ Sul phurisation Quantity
of S conteRt "afterC content after ~Degree of nethod , CSZ per 50

gsul phuri satrhe ped R WhosRbloBd Ssk RNy lokBdhbRoric acid PLPOALA itS{ah ad@Msters
Ce/alumna ; S 1 ~ 1.35¢g1.670.1 ~88com arative 2% April 2003 t~

CoCe/ al guoh asalkalfse Iphbsphat®S agf amDoASm~phOsphites-ar8AhlsGeduithbien RhosPibrous-cah, fOr 2
<0.05 ~ 10 (conparative) ; ' -~V . I"nCr.laWmna Q7 1 _ ~n7 ~<nn5 "
Cel al ungxa@pleobn ireducedigzhe formmf a mixmprezf phasphorissideang|ahisin amanic gangound 04 |

2.375 Eggﬁ\I\/PLEg n%trogen 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
hydrolysis of esters such as ethyl orthosilicate Si(OEt),, silanes and polysilanes, siloxanes and
polysiloxanes. Silicon can be added, for example, by impregnating with ethyl silicate in solution in
an alcohol.

The boron source can be a boron salt such as ammonium biborate or pentaborate, or
aluminium borate. Boron can, for example, be introduced in the form of a solution of boric acid in
an alcohol.

Sources of group VIIA elements which can be used are well known to the skilled person. As
an example, fluoride ions can be introduced in the form of hydrofluoric acid or its salts. These salts
are formed with alkaline metals, ammonium salts or salts of an organic compound. In the latter case,
the salt is advantageously formed m 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 (NH4),SiFg, silicon tetrafluoride SiF, or sodium



Preparation of titaniumcatal yst supported on alum na W arge
quantities of a support based on alum na and titanium so Qgﬁﬂﬁﬁgﬁg%
catalysts to be prepared fromthe sane fornmed support. To this end, we used
an alum na gel sold by Condea Chem e GrbH under the trade nane SB3 and a
commercially available titani um oxi de powder from Thann and Mil house. The
m xture of alumna gel and titanium powder was m xed with water and nitric
acid then mxed for 15 mnutes. After m xing) the paste obtained was passed
through a cylindrical die to produce gxtrudates with a dianmeter of 1.4 mm
The extrudates were then dried overnight at 120C and cal cined at 5S0C for 2
hours in noist air containing 7.5% by volunme of water. Cylindrical

ext r uddluesgsiticate NapSikis dilupsiae e2n hgeinmodyedafeicH2TpIF bN LNBISERRUBS WiB 2P AIUSPALSOf 8%

by wei ght o b A1203. EXAMPLE 9 Preparation of a
titani 3&“%Wf;g¥%ﬁ%$°“5§f§I°§/§‘¥m§[ﬂiﬂ%gﬁ’?‘é‘% on al unmina Nickel was added to the
TiJal um na exd &iside Gaiofl cﬁwm&@du&dbmﬂfbrmrsp Fg&a&ﬁdre%idrm@ saguegls medium

using a solution of nickel nitrate N ( After dry inpregnation of
t he ni gklelarefoiniedtveih A1kt Mli,udﬁoMMOQEMECbmptﬁhdll Ip hiiie [acter 3236, Gheasald is
calcined at 550C for 2 hours in noist air containing 7.5% by vol une of

wat er . @yeatageonely fagrrd igcthe irsastionowidie dy reasmxaibmeqza@mw oastngied afd ni ckel
oxi de 3{19{ 7.8% of, titani um oxi de. EXAMPLE 10 Sul phurisation of a titanium
cat al yst' § raf‘éld on al um na Sul phurisation nethods S 1, S2 and S3 were

then applie d , 0 g of
cat al yst waghigm‘gﬂm%lhﬁw was m ngmﬁﬁ?ﬁ: g{us %%Q%a? on ‘sd?%'gﬁﬁi %Ecm]do

Apri | X¥3thd 4rdup. ﬁrdddn@Salmhﬁanil@daCJﬂHQllﬁﬁ-ﬁMnﬁﬁl 6tlh atiRlreOsT dt h&stﬁa/&l& tif

Ti S~). For nmethod S3 of Exanple 3, 9.2 nil of carbon sul phide in toluene was
used. MEXaPLiEdlaboBy| gHuminatenontriniof at leasirtivamirthe knstalsceited | apgtescagatgodet ed on
alumna In the sane manner, sul phurisation nethods S 1, S2 and S3 were

appl i eceleged: Helrrably) MaRicrycontaiping ajuwpina FTGr“S?fJet“hblH°§‘slf°mH)Uh’(jh g kagmioyst was

used e'f%ﬁ'\@ ersn§reamq 13. 0a of carbon disul phide (1.5 tines the
st oi chi OhE rypca STEP SR Y)mmls of NS + Ti S2). For nethod S3 of

Mixtures of alumina and silica and mixtures of alumina and boron oxide can also

advantageously be used.

In addition to at least one of the compounds cited above, the matrix can also comprise at
least one compound selected from the group formed by molecular sieves of the crystalline
aluminosilicate type or natural or synthetic zeolites such as Y zeolite, X zeolite, L. zeolite, beta
zeolite, small pore mordenite, large pore mordenite, omega zeolites, NU-10, ZSM-22, and ZSM-5
zeolite.

The first step of the sulphurisation process of the invention consists of producing a mixture
of carbon disulphide and a powder containing one or more compounds comprising at least one
element selected from group IIB, including the lanthanides and actinides, group [VB and at least
o.ne element selected from elements from group VIB, group VIII, optionally solid sulphur,
optionally solid carbon, optionally a porous matrix, optionally at least one element from group VB
and group VIB, optionally at least one element selected from P, B and Si, and optionally at least one
source of group VIIA anions. This first step can be accomplished in several stages. l

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



Exanmpl e 3) 10.4 nl of carbon sul phide in toluene was usedhs fpfigBbE 12
Sul.-phur contents for titaniunfalum na based catal ysts after sul phurisation
The sul phur contents for the sul phurised titaniunfalumna catalysts in

" Exanples 10 and 11 are shown in Table 2. The | ow val ue obtained for the
degree of sul phurisation of titanium obtained by nethod S2 corresponding to
a conventional nethod used to sul phurise many catal ysts indicates that this
met hod coul d not be used to prepare ngltinetallic sul phi de phases
containing, in particular) titaniumsdlphide. In contrast, nethods S 1 and
S2 produced substantial sul phurisation of the netals Ni and Ti supported on
al um nametHodBitEctPis Babwh ys th8ukifitrliparsat iTha Srecforrhenmatsik isem@osalytcalsinedifntay, Degr ee
of met hodsul phuri sationsul phurisati onsul phuri sati onwt % Ti/al um na ~S 15. 23
~0. 9 ~gnudbnabd BEPGErae et ﬁ’éﬂ‘ hPA° Raropunelysat ahout 3%5*0 99%% uni na i '

S20. b4<0. 0510~ ~c rative ~~' N ¥4 al ynmj.na, ! 2. -

20, 05771 r AP sieheh S Gore grob It A fhme Babafithes and agtnjder owm YR ¢ 4

Prepar al b wies, drbdpP Uik Bpiddalte b VR, PP, HRbpEtnAR kit aeledt fdcdi NG B,
i, F aérg'% Apr’i%‘bl%‘ggg%g TthN?[ii'?g}‘?Fum fl%&j(?at al yst ppr epared in ExarrpnPe 9
was i nphe groap efdmivddt by &n Baspde i) and dlieu lement csalepred Stong geouR Ao ragiohs, Ekh be

( Rhone- Poul enc% silicone enmulsion so as to q;(gosit 2% by wei ght of Si02.
After aigeedugrdaby PRROAT MOHDIORAxEhaBRY pPetina eatiech oyl ot By ssleried pREWe Usiathe

i mpr egnat ed ext r.udat es re then dried.overnight at 120C and cal ci ned at
S50C T o on SRR Trast G brect Syt p SRreiR R S lar B Fike ot ai ned. v
al'so I mpr ARt ekl SATR! e Alprddiftedhith R tEkifiEn GRIALS: BE AR B, i &xamp! e
9 with an aqueous solution conprising amoni um bl borate and odorsi| EP 1
( Rhone- RataingipCthe giekdefnsttcetnflosi BB atd 8iSort @ MeROSoh glouBMWIY. Weiag lakangple, Bz03
and 2% by wei ght of Si02. After ageing at roomtenperature in a

wat er - siipeezaatiod of mmdgslreune be fapilitatedrhy cagdiag @biospiariciadish te shentptusionly, whigh elser ni ght
at 120 C and calcined at SSOC for 2 hours in dry air..A N.Ti BS /gl unm na
cat al ysf“a&éss PRI © B JBFHEwies KEREYE Siederr! ?ﬁ@-cg@wéwﬂww

i mpregnat | ] il ut I I i.d. solution so as to deposit 1%
by wei ggc{dpgpn#%&o% ‘%eeg’ ai#tvgerm%%?%g&%{/‘%@ﬁi%gﬁ?n'at 120C and cal cining at 5S0C

for 2 hours 1he bhidx & prefeeadlydimptedondibdl il {ﬁé&hﬂmiﬂ?e £ Rieiod Séhich il Qrell
characteristics of these catalysts are shown in Table 3. TABLE 3:
Char act kxowatto the skiliedipersat. Ni Ti / al umi na catal sts__

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

When the metal or metals is/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.

The mixture of powders containing all or part of the ingredients can be formed, for example
by extrusion, pelletisation, the oil drop method, rotating plate granulation or any other method which
is well known to the skilled person.

The second step consists of reacting tbz mixture formed in the first step to obtain the
sulphurised multimetallic compound. A first method for carrying out the reaction consists of heating
the mixture of powders to a temperature in the range 40°C to 1000°C, preferabli' in the range 60°C
to 700°C, under autogenous pressure. Preferably. a steel autoclave which is resistant to corrosion by

sulphur compounds is used. The duration of heating the reaction mixture required for sulphurisation

depends on the composition of the reaction mixture and on the reaction temperature.



Catal stNiTi iINNTISINNTIBSI iNNTiBSIF TiO0O w %.87.67.5 2&&%8 @5 %.5
12.4S ~2.4 ~2.4~ B,Ow 9%01.81.8~ SiO % 11.91.9 11.9F 8 .97A1 O
w %89.788.086.S; 85.7 EXAVPLE 14 Preparation of titanium and rhenium

catal ysts supported on alum na Rhenium was added to the Ti/al um na
extrudates prepared in Exanple 8 by dry inpregnation using a solution of
ammoni um perrhenate NH4Re04. After inpregnation, the extrudates were dried
overnight at 120C and calcined at SSOC for 2 hours in noist air containing
7.S% by volume of water. The final ngi cat al yst obtai ned contai ned 0.50%
by wei ght of rhenium oxide and 8.0% of titanium oxide. 25 April 2003 ' 16
Rheni um and_ni cke] -were added to the Ti/alum na extrudates prepared in
Exanpl e 8 byhedmpltimeiallicysiphides qbtpined in b Bresentrdaeptinuuar iised apicatalyite fost

ni ckel nitrate N (NG3),2..6H20 and amoni um, perrhenate NE4ReQ4. After dry

i mpr eg ﬁ’é{kf’%eﬁ?mi“he 2%’)9{?85‘%‘_% eﬁ%‘f’g’ dri & Se%Fﬁeﬁﬁ‘ton’at 1%eo§%aaonéagfa§%ed at
580C f . ' ' i 0 i e final
RoNi Ti e e ot b oA P oyt ik TR o o
of rhenhd/6d olfidle aadrar daphthniofand/od paraffifiic womPeundE 6AlNPiekds] Sptidnsiyadoataindig of
titani um and chrom um catal ysts supported on alum na Chrom um was added to
t he Ti /metaknindfer aitmogercaties opgepmded sylphupxiaiisseampligaiions, theicatalyety pbirinedrbyusi ng a
solution of anmonjum chromate. After dry inpregnation, the extrudates were
dried 6{;%9‘?15“@‘?’!?“3{“’ r%ﬁtflhlﬁ}ymggﬁigﬁnﬁ@gwg{&ggg% aI“gr 2 hours in noist air

cont ai ni ng i . I : i al 1.0 i

cont ai ned | %%%‘%ymﬁ#%h ﬁo%%g%pﬁé%g%x%&dé@gnm% ’%I&V?%ﬁf’ g%‘f%lgh%%dngggde.

Chr om wils,aieghphdled o nokedeaspiislta desidued, paraffinlodth, Wik Eand phiaffild! FEeyhSBREE | N
Exanple 8 by dry inpregnation using a m xture of ammoni um chromate and

ni ckel heietqatoims SNl RO SulplBiE2exygof angr nittegen] mglr mefalat | The) readtien doniperatimt ésinwer e
dried overnight_at 120C and cal cined at 55 for 2 hours in noist air

0C
cont ai rcAER PYERIBYC 5 WHEYOR trgtage 28 o ARNGE ToP mresture BroxPr/st MBBesd Wed
819”{ ?It 2%%9“;1-04{,9;% %a%ﬁ%&%‘kg&%’c rgtiozi%a%%ﬁe\{n??é 80(,) ilsugllilénehwomgg A id 7.6%

I'um oxi de. eparati on ant dincand. ni 6BBuM cat al ysts
SUpPpor tARFo fifesr HydrolRn DerQftie WATM@ STIRALE, dpRcelVaRcily s Bederillp #n @X tapd®t 830
prepared in Exanple 8 to obtain a NbTilal um na catal yst. The extrudates of
the Ti/llum na catal yst prepared in Exanpl e 8 above were inpregnated with
an aqueous sol ution of niobiumoxal ate No(HC 04)5, oxalic¢c acid and ammoni um

oxal at e. Thdhapfaeisintmsisd iibhe HHStand HDAGackViopi Tiradphisctives Baedelbs schigyed330 ni
of water .in ji.ch 33 of oxaljc.acid, 37.2. f ium oxal ate gnd 92. 3
o o gt ot Bl SR skt bosSaiRbih S ot o4l s HUR R T B R B
m xt ur er | i gggm' )mgalja 1 c .t he
sol uti gtﬁa a%&%’e%glr)r%&gi (’agirzldt!t1 hat sgllpllr%l on %%dﬁgz%a%?%gﬁ%g%dg% %\?&;&t}ft&m
oxal at eTheastivagldeithowhtto beiaicredsedbynieteasing tivd teipatiiue) but thisib bRdnto 1h3 etrifkntof

solution. The Tilaluni na support was then 25 April 2003 t~ inpregnated
usi ng tdéfecatalysiestability| (fhie gtabrisy ko skrvitth bifeliB@easpsl wish imcrdasadi prassweesorthydraggat | nt o
contact with 38 .0f catalyst. i s deposited about 5% by wei ght of Nb on
t he catréf)S?Et“.moA ‘ftgtF‘s P\Rﬂ)&ﬁgff%’%‘f’mt% °§%PPW&P£:‘S°WQ?°§STecovered. These were
dri ed over ni . Lo f.dry.aalf. i Ti/al um na was
obt ai ned w tT%ngu? %vlr?gl%%;lc#%%éﬂlfﬁ%ﬁ?%‘%%‘%y%\*g% t o éynllx%tol? mggél de and 7.6%
of titanium oxide. The NoTi/al um pxangpgkyst obtai ned above was dry

i npregnated with an aqueous nickel nitrate solution, dried overnight at
120C in air ®nepatativaldf yn eluindnnsgportased iatconpdsGionffsupporteticatalystsent s of t he

NoNi Ti catal ysts obtained were 2.45% by wei ght of nickel oxide, 4.7% by
wei ght of nifSbilumingxhasrd siRport waspraduced tgranale thej saalystindessitgd below to be

prepared from the formed support. To this end, a matrix composed of uitrafine tabular boehmite or

alumina gel sold by Condéa Chemie GmbH under the trade name SB3 was used. This gel was
mixed with an aqueous solution containing 66% nitric acid (7% by weight of acid per gram of dry
gel), then mixed for 15 minutes. After mixing, the paste obtained was passed through a die with

cylindrical orifices with a diameter of 1.3 mm. The extrudates were then dried overnight at 120°C



EXAMPLE 17 Sul phurisation of titaniumcatalysts supported grAg?I\%;@
Sul phurisation nmethod S 1 was then applied to the catal ysts anpl es 13,
14) 1 S and 16. 100 g of catalyst was used which was m xed with a quantity
of carbon disul phide shown in Table 4. This quantity corresponded to 1.5
times the stoichionetry calculated on the basis of TiSz, NS ReS2, COZ$4
or NbS2 depending on the catal yst. The sul phur contents in the

titaniun ai um na catal ysts sul phuriséd using method S 1 were fairly high.
Met hod S 1 thus can substantially sul phurise the netals NN, Re, C, Nb and
Ti  suppékileidednt 5300TED Q. hours?a offIsti dir dA@thireS7. TABYEvolume &advatry SCylindd@dant i ty

of | ~ CS2 per 100 1 ' g jS content after sul phurisation (wt % C content
after esuucbmﬂﬂmu@ﬁmwmegp@@b@fneé whphdmd 8 apeicdie suifactiareg |ofidf /s, acpom

arati Vefi}{-\ntf ,géNl Ti/al um 651 471, 2588Ni T| S aI u nal 6..651. 3491N
i Ti BSIY agd; ajmongpy m o piped_om, ﬁy %409 93

] ReTi/ I

13. 36. “%gg%ggé’%}%ﬁ?g ey ﬁ‘%l?dna%z‘ti@g%l“é@ AR o #Tﬁ%ﬁtﬁ%‘f‘w gubis gaém%ag j

1. 4S87anioNRali / al um nal3. 9] 6.13) 1.7885] NoNi Ti/al utnina~ 15.5~ 7.211. 3489 |
EXAMPLE 18 Preparation of a bul k tltanl um sul phide catalyst (not in
accordance with the invention) AESAMPBEE20of L Og of titaniumoxide Ti02 (G

| titanium oxi de powder from T6ann and Ml house) and | 7.2 g of carbon
di sul phi de CS2 was nhE@2EAen 94 Csgatastruanoried Lallmina The

Cerium was added to the extruded alumina support of Example 1 by dry impregnation using
a solution of cerium nitrate Ce(NO;)4.xH;0. After‘dry impregnation, the extrudates were dried
overnight at 80°C and calcined at 350°C for 2 hours in dry air. The Ce/alumina catalyst obtained
had a final CeO, content of 5.1% by weight.

EXAMPLE 3
Preparation of a CoCe catalyst supported on alumina

The Ce/alumina catalyst of Example 2 was dry impregnated using an aqueous cobalt nitrate
Co(NO3),.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 5.0% by weight. The final cobalt oxide CoO content was 2.0%
by weight.

EXAMPLE 4
Catalyst sulphurisation using carbon disulphide

50 g of freshly calcined catalyst was introduced into an autoclave and a quantity of carbon
disulphide CS, was introduced such that the quantity of sulphur introduced corresponded to 120% of
the theoretical stoichiometry of the reaction based on the formation of CoS and Ce,S4 from CoO and
CeO, respectively. 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 S1.



quantity of sul phur introduced was thus 180% of the stoi chs5opgisoo30f the
theoretical titanium sul phide conposition TiSz. EXAMPLE 19 Sul phurisation
of titanium sul phide catalyst After sul phurisation S 1 of the catal yst of
Exanpl e 18 above, a solid was obtained with the el enental conposition Ti S
1.5. Xray diffraction analysis showed this solid to be essentially

anor phous and to contain residual TiOz. The sul phusisation nethod S2 of
Exanple 2 was applied to sul phurise the titaniumoxide and a solid with

el emental conposition Ti Sa 3 was obt dfned. The very smal |l anmount of sul phur
in the solid obtained suggested that nost of the titanium had not been

sul phurised. X ray diffracti on anBK¢MPLE fidi cated that this solid contained
titani um oxide Ti OZ 25 April 2003 19 The_ sul phurisation nmethod S3 of
Exanpl e 3 was carri ed @alysisylppuripgtign ysing hydragessulpbidte powder which was

i npregnated. Wmth .17.2 ¢.0f C on. disu i.de CS2 which e i ,vat ed
e Thxed ThkoF ehdudetibn aRhE bt ied 65 Rl Vil R SR Rl
CONMPOSigfyl th 2 streadn ¥Bs QRAALRNE 5% Yy U ' hid@Beeandhadpherd et ed t hat
this sgluiugaggi Il contalned ti taﬁji uﬁyoilfy%gbir?{g%? I%}(A%/PLE 20 pgr e%sgl?i&on of a
bul k t i2tlares penbamdoftindgaksdous miixnire chas passedaee O pdfpaid and the datatysti wag dedtédoa)a A

m xture of 10 g of titanium oxide Ti02 (GL titanium oxide powder from Thann
and Mult¢rengsagyre afP09Q for 16 heyrs. ctissguipbptisation. 2.0 owtimely sigg @ %gb%?tWGé‘éé and
intimately. mxed.in.a gri.nder. The m xture was then sul phurised using

met hod<9¢ ‘f?aléégléﬁifd@tﬁﬂg"resul ts are shown in the fol | owing Exanple.
EXAMPLE 21 Sul phurisation of m negybinis m and cobalt catal yst

Sul phurisation method S 1 of Exanple 1 was carried out on the m xture of
titani um oxi de apstaealphufisdtioduSing\viodidiulrhide diluedd inenalae and 20.5 g of
car bon di sul phide CS2 had been added to the autoclave. The quantity of

sul phur i nt b€ &dshiyaealdited satdiggnyasfimpiegnatadovittha queatityyof &IS; digedrinteldersul phi de
with a theoretical  co ition Coa zBTia.7zSi, After sulphurjsation S 1, a
sol i d ViREHD e fRAREY OE%)'fPE\st PIYR ms%%dotﬁ%@%ff the fheoreg il sipiiigmety 9fay
diffragtion i £ hi i b S i.safj.on

et hod ALY & BB CB shif Co for TACEHRLC O MAdBINE! CBh

contai %Bﬁiﬁdtcfdadatawa% WitGh&ORAdtediAG fked Bkd badbl flusBéEWRIN b SeamOiTRARIgd AN Coa
ZBTio ~So0.4 was obtai ned. The very | ow sul phur content in the solid

obt ai netinssplygiegressurhiat linopdr hofir dfmitrdged wvms passeld per 7 @ tof badidnths templrauresed. X ray
diffraction analysis indicated that this solid contained cobalt sul phide

Co9Ss daedat o g oA Grpetiminpie@ad theicatalyst) wis iipatedat i sempeeatwe af 40° Eeadppws-3 was
carri edlagut Bn.2t4. 5 %tof ggg\der containing titaniumand cobalt to which
20.5 g B WRPBERUH ¥@I'BMeda>cSz had been added so as to obtain a m xed

sul phide with the theoretical corrgﬁi_yfj,]g@.,Coa Z$Tia nS2. After

sul phurisation, a solid with el enental conposition Coo. 2BTia_~ZS, 4 was

obt ai ned. X r ay Sdighlf aaitéminaletdlyGing Habell adlge dfakulpbussatiod | d cont ai ned
cobal t sul phi de Co9S8 and traces of titani um oxide Ti 02. 25 April 2003 20
The sul phur Teoarantitiesoel fixed syiphphand the dluasgitiey of ersidyal otarban e dhée yulphuribadd  S3

et e A R LR AL TP L
S PR gl Sl OB AL o L b pacp

ski | | edsupii$sation BAMB eetal! RRPAFHicarStAt R Blolys BIH, N udingths [BntEiAfiePdnd Abtirfded, _
mul tinmetallic sul phide. Using a sul phide of carbon enables a m xed sul phi de

t o be pwinddlieselwere supported on alumina. Method S2 was not effective in sulphurising these catalysts.
Method S3 sulphurised some of the metals in the catalysts, but remained inferior to method S1.

. TABLE 1
Catalyst Sulphurisation { Quantity of | S content after | C content after Degree of
method CS, per 50 g | sulphurisation | sulphurisation | sulphurisation
o ' of catalyst (Wt %) (wt%) %) |
Ce/alumina - Si 1.35¢g 1.67 0.1 88 ;
(comparative) :




~—

EXAMPLE 22 Catal yst gas oil HDS test The bul k catal ysts ofosbapipo@s 18 to
21, sul phurised using the three nethods S 1, S2 and S3, were conpared in a

.gas oil hydrodesul phurisation test. The principal characteristics of the

gas oil are shown in the following table: Density at 15C 0.856 Refractive

i ndex at 20C 1.4564 Viscosity at 50C3.72 St Sul phurl.57% by wei ght Si mul at ed
distillationl PL53C5%222C50%315C95%115CEP448C For the bul k catal ysts of
Exanples 18 to 21, the gas oil HDS test was carried out under the follow ng
operating conditions: Total pressure 3 MPa Catal yst volune 40 cmi
Tenperature 370C Hydrogen flow rate 20 1/h Feed flow rate 40 cnB/h For

t hese T(?Sé@/ﬁwnhiae! catrgystswer ?.9?&” phur SE’.E'S UST Y TR {3005 S 1, g2 and S3

separ aig] ~omrtheggs or i test The; sutghprsed cah gt ys WeT char ged
into tE%m%%E | yti c reactor {then wetted by the 25 April 5503 21 feed at a
t enper 5 =1} e +56€: SThc tenperature iU% t=‘6|:7 -ttt WS, D;ICII rai-seffto—the

r eact i-gft€h ' %—A—Wﬂ—m&mch

cat al ySE2BPHharlgi ng Yhe catal y2e€into t héfatallyticfest bnit Znd carrying
out al -ohA—step—-by-—passi-rg b he tost feéed-defined abeve—to-whi ch

i . B Oqg 4 ‘

2% by dulphod® OV ab—been—a —underPthe test
condi ti ons shown above, except that the tenperature was 350C, said

tenperature being maintained for 10 hours. After this step, the tenperature
was altered to the test tenperatugRamMPi®3 and pure feed was injected. This
sul phurisation nmethod was termed SO. The catal ytic performances of the
three cat al ysts ar e Prémutianrof Tigdmliem satakys tswppoitehoncalemimepr essed as t he
activity, with an order of 1.5. The relationship connecting activi tly and
€T

conversi on Vegrasiucsdlazge quantitigat 2 sypppry jbessd on @iugpy ansiteRigsm)sp as fo enableTq
S ST O SR T R
SO was @3 Eflni® GRBHEEER! the Arade name SB3 and a commercially available titanium oxide
powder from Thann and Mulhouse. The mixture of alumina gel and titanium powder was mixed
with water and nitric acid then mixed for 15 minutes. After mixing, the paste obtained was passed
through a cylindrical die to produce extrudates with a diameter of 1.4 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 composition of 8%
by weight of TiO, and 92% by weight of Al,0;.
EXAMPLE 9
Preparation of a titanium and nickel catalyst supported on alumina
Nickel was added to the Ti/alumina extrudates of Example § by dry impregnation in an
aqueous medium using a solution of nickel nitrate Ni(NO,);.6H,0. After dry impregnation of the
nickel nitrate, the extrudates were dried overnight at 120°C and calcined at 550°C for 2 hours in
moist air containing 7.5% by volume of water. The final NiTi catalyst obtained contained 2.50% by
weight of nickel oxide and 7.8% of titanium oxide.
EXAMPLE 10
Sulphurisation of a titanium catalyst supported on alumina
Sulphurisation methods S1, S2 and S3 were then applied to the Ti/alumina catalyst. For

method S1, a mass of 100 g of catalyst was used which was mixed with 11.5 g of carbon disulphide



TABLE 5 Activity of bulk catalysts for eas oil
Rel ati ve cat al
1S21.211.27S33.19 ~3.76 Table 5 shows that there is a substanti al

st acti

vi Sul huri

sati onTi

~CoTi

| SO11.

hvdr odesul

045 1 MAZ00

i ncrease

in the activity of catalysts containing a bulk m xed sul phide with respect
to catal ysts containing a sinple sul phide.
that the activity of the bulk catal ysts sul phurised by carbon sul phi de

using nethod S 1, was better than thes4catal ysts sul phurised by the m xture

of gas oil

and DVMDS (SO or sul phurised by HZS in the gas phase (S2).
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the three nethods S 1, S2 and S3"were conpared in a gas oil
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carri ed outTHeQulpB@Ccdneat #rithé suphueiber@idign/heitadaalystin Eridpléshio aatal ytic
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def i nedreahovnein Table Rhildh law/y4lye oltdinpdtfonthe dégreeeafisylplirsationtaf dtanup\d8inetiad been
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phurisation step
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Catighih salpBRIE§ B (BRA%:E meédods bﬁa@iﬁﬁ@&ﬂc@@s%ﬁﬂiﬂ&ﬂ%nﬁiaﬁﬁ%& @&ald and 3
able 6 below. They were calculated int

e same way as that
descr i béand Tsufpeaeddoaal@Rina. To conpare the activities of the Ce based

catal ysts of Exanples 2 and 3, in Table 6, the activity of the nononetallic
Ce/ al um na catalyst sulphurised by TABLEZ] SO was assumed to he qual to 1.
TABLE 6 Act|iGatalyst of ChPulphirispiiondat egniest after § C qqatentaiter hy dlegieeful phuri sati on
Rel ative cdtal yst act|vi methgd] HusulphurtisatioCe /sulpbyrispzon) Chtibiugsation na - SO
~1.17S 13.45S. 17 i S20; 951. 05S32.343(Wt56) (Wt %) (%)
) Ti/alumina Sl 5.23 0.9 82 !

(comparative) |

NiT/alumina | Sl 6.47 125 | 88

! Ti/falumina S2 0.64 <0.05 10

(comparative)

NiTi/alumina S2 1.21 | <0.05 17

Ti/alumina S3 4.27 1.9 67

(comparative)

NiTi/alumina S3 5.61 24 77

EXAMPLE 13

Preparation of titanium-nickel catalysts supported on alumina containing B, Si, F



It can be seen fromTable 6 that the activity of the ai um'zgq,‘-ﬁg ted Ce
catal ysts sul phurised by carbon sul phide using nethod S 1 was better than
.the catal ysts sul phurised by the m xture of gas oil and DVDS (SO or

sul phurised by HZS in the gas phase (S2). The catal ysts sul phurised by
method S 3, i.e., with the carbon sulphide in toluene in a fixed traversed
bed reactor, also performed better than SO or S2. Further, it can be seen
from Table 6 that when the supported @atal ysts were sul phurised by nethod S
1, a very substantial inprovenment in activity of the supported catalysts
cont ai ni ng B WA DelusiiaRRla (et phetarea RS BXMGle ¢ MAPBHREENYd Wit MPRAESE GolG@dnal YSt S
containing a sinple sul phide. The catalytic performances of the Ti/al um na
cat al ysbmpridingta Rhqloessl BP It Rhbie-Boutensholivone emikaivhso 3s wedeposit 2P6 by wweght &f t he
activities of the Ti based catal ysts of Exanples 8 to 12, in Table 7, the
act i vi t§0nfAfieRageifs i FROMBleperatyye/ip p ﬂ'ﬁieﬁé?t‘éfa‘?éPWPh%i %ﬁﬁ?ﬂ‘%&%?‘%‘ﬁod SO

was assune T T| Lalum n sts for as
oil h d?!e&j'g%%wﬁ F@’ﬁ} %)trﬁ&;]q Ciak cm&‘g%ﬁﬁ% ¥°r t| Vi tydr§l§”rr p% Igﬁisg')ta}w ~ Ti
NETE T caraRt R obthiné®03 24 SOL 1.06 , S 11.452. 69S20. 65 0.87S3 ~1.241.87 It
can be seen fromTable 7 that the activity of supported catal ysts

sul phuri sedWeyalwatiposgnated pkinfde ofSthe iiTiatungiaa Gitdlystvpepdiat indixampland withean

catal ysts sul phurised by the m xture of gas oil and DVDS (SO or

sul phurdqyesys Bglum@scqrwrtsw g@gom@m)wd ﬂ#@d@ak &P{ SRhong \anm,ﬁ)usééeneby

1 xea 1Pl wuleopickFady SERBGhEOTind 24 B et Ao Adly bl o ¢
al SO SNEWSerfurs UPSHARLL %aﬁﬁatécf‘&ﬁﬁﬁﬁ&e ?ehgﬁgtf:d ¥)!utu){at fwerd e %@&Eﬁg&%ﬁ Byst s

;containing a mxed su de conpare supported catalysts Containing a

si npl e dnplaleiged 4t 550°€ fespﬁmrahldyy ﬁemeaBSﬂam@n@Emaysve/aé dbtalidd) BRiofneand 7
that when sul phurisatioa nmethods S 1 and S3, using carbon sul phide, were
used, awasdhep addedde thertdatalyst byompregmation using 4 diluts/hydeofluerfosacidselttiothsan an el enent

from group VIII for the Ti/alum na catalyst or Co for the Ce/al um na
catal ys¥®© S dompsit %@P}é&f@fsﬂ fdijerineo ACRLAYIDE Rearhighs %120 &C Ardcalining 3 Qe forehe

doped TpJ @il TR, CAMM: Y TBSH alft BYWaE Sotdided. Orite chilidiisHA? el HBARME L e

shown in Table 3.

TABLE 3: Characteristics of doped NiTi/alumina catalysts

Catalyst NiTi NiTiSi NiTiBSi NiTiBSiF

| TiO, (wt %) 7.8 7.6 7.5 7.4
NiO (wt %) 2.5 2.45 2.4 2.4
B,0; (wt %) 0 0 1.8 1.8
Si0, (wt %) 0 1.9 1.9 1.9

F(Wt%) 0 0 0 0.97

| ALO; (wt %) 89.7 88.0 86.5 85.7

EXAMPLE 14

Preparation of titanium and rhenium catalysts supported on alumina
Rhenium was added to the Ti/alumina extrudates prepared in Example 8 by dry impregnation
using a solution of ammonium pcrrhenlate NHReQ,. After impregnation, the extrudates were dried
overnight at 120°C and calcined at 550°C for 2 hours in moist air containing 7.5% by volume of
water. The final ReTi catalyst obtained contained 0.50% by weight of thenium oxide and 8.0% of

titanium oxide.



hydrodesul phurisation activity under the sane conditions a5 ghpygos They
were sul phurised using nethod S 1 alone. To conpare the activities of the
doped Ti/al um na based catal ysts of Exanples 13 to 17) in Table 8, the
activity of the nononmetailic Ti/alumna catal yst sul phurised by nmethod S 1
was assuned to be equal to 1. TABLE 8 Activity of doped Ti/alum na
catalysts for Qas oil hvdrodesul ohurisatinn r Catal ystRel ative activi of
catal stTi/alum na (conmparative)l JNiTi/alumna ~ ~~1.85Ni Ti Si/ai um na2. 15
~ ;i1 N TiBSi/alum na2. 34Ni Ti BSi Fl al umgna3. S4ReTi | al um na 11. 89

"ReNi Ti/alum na2. 77 1 CrTi/al um nal. 23 25 April 2003 25 _CrNiTi/alumna |
2.13 NbTi/alumna 1,65 ' NoN.Ti/alum.mna .3.21 ' Table ﬁ&?ngows tggt t he
activities Bheofygpang nickehwriepdded tp the Lifaluminp exiudates Rigpay ARl g by dry

sul phur.i rho | SU i.de j ng 0 Hl 1 when at
| east ourxllér% agér(r%ﬁ\]? %e?%%%%dln?&g% t eé gr %E,c’qﬁc‘é} \Qgt?\age Eq%(gszaégﬁgdﬁdo t he
cat al ySinmohiiéh pe@ehdiS NBELRIAD! £t} @) Slprégadidnatie difiadated eSSl veinpht &f an
el ement tomgroup NB (Ti) with a group VI18 el enent (rhenium or a group
VI B el ein8tt anf chicioed ati§H0°6rfon2 houwsip nviist @ir eomaiting AiSWHiyvmojumie@é watet. olharfinal
inprovenent in the activity of the catalyst. Wthout wi shing to he bound to
a par t i RabitHrcatalygpbjainedicpataingh 2 3% of picke] (gxide -4 b &reteB ofdRsodim g¥ideand xeqd
phase £, elenents leading to a synergistic effect on the catalytic
activit ‘75f/£(;$ts[§aéusu%?’f’dﬁiydr odesul phurisation. Table 8 al so shows a very
substantial inprovenent in the acgkXMpLpofs supported catal ysts containing a
m xed sul phide with respect to the supported catal ysts coataining a sinple
sul phi de. The Poépumitionnfoikadiie and plroniied canlysts segpoided on aluniid de phases of
; the invention thus inproves the catalytic properties. 25 Aﬁril 2003 26
CLAI | VI S 1. Chrogyym | yas addsdt i fiendi/alugmng ¢ extrudaigs| prepased fihikremplsad ebycdnvpri si ng

sul phur, and at | east e el.enent. selected fro rou 11B el enent s

el ud GEMop AERA gL oA ATRR Pt Jr5E P HoB Bl o SRS el enent
sel ect .ecﬂ'iep %Q%ﬁi?llxt%%é ahdl PIRRELOH B§(f°\él th2 RS Hrhdist aif codtifial a.g%sﬁy Wi di ng
to claiml, ftfurther conprising at |[east one elenent selected fromthe group
formed énwaek eTRNfil COMc@hIPsPStaliBd astiainddB. 508 by’ wéight af MebmiagCaxiddiaag 70% cl ai m
| or claim2, conprising sulphur in a quantity higher than the quantity

cor r es pafititiniug ¢xde40% of the stoichionmetric quantity of sul phur in the

mul tinmetal (i ¢ sul phide phase
( CbromiurPl :mc&i nicl?cl were added to the Ti/alumina extrudates prepared in Example 8 by dry

impregnation using a mixture of ammonium chromate and nickel nitrate Ni(NO;),.6H;0. After dry
impregnation, the extrudates were dried overnight at 120°C and calcined at 550°C for 2 hours in
moist air containing 7.5% by volume of water. The final CeNiTi catalyst obtained contained 1.40%
of chromium oxide, 2.2% by weight of nickel oxide and 7.6% of titanium oxide.
EXAMPLE 16
Preparation of titanium and niobium catalysts supported on alumina

Niobium was added to the Ti/alumina extrudates prepared in Example 8 to obtain a
NbTi/alumina catalyst. The extrudates of the Ti/alumina catalyst prepared in Example 8 above were
impregnated with an aqueous solution of niobium oxalate Nb(HC,0,)s, oxalic acid and ammonium
oxalate. The aqueous solution containing niobium was prepared from 1330 ml of water in which 33
g of oxalic acid, 37.2 g of ammonium oxalate and 92.3 g of niobium oxalate had been dissolved. To
prepare the solution, the mixture of oxalic acid and ammonium oxalate was dissolved and when the
solution had become clear that solution was heated to 55°C and niobium oxalate was added. It was

then made up with water to obtain 1330 ml of solution. The Ti/alumina support was then



4. A catalyst according to any one of claims 1 to 3, furtbgrA®ipppod Si ng at
| east one porous anorphous or |ow crystallinity oxide type matrix.

catal yst according to any one of clainms 1 to 4, further conprising at Ieast
one zeolitic or non zeolitic nolecular sieve. 6. A catalyst according to
nay one of claims 1 to 5, further conprising at Least one elenent selected
>iomthe group fornmed by P, B and Si. 7. A catalyst according to any one of
claims | to 6) further conprising at!’l east one group VITA clenent. 8. A

catal yst according to any one of clains 1 to 7, in which the group VIIl and
VI | B empRpatediing eheeadced sbluticn inethod. TiabHI30 ,mlnifeklehoramk brbwight tnm cdditacA
catal yst according to any one of clains 1 to.8) in which the group lj1B

el emenith 384 @l of gatalystt Akis| depesitedhabout 5% il waisht of Nieen the gafalysto diiten twm hopss,

sel ected &oa~ titani um g_bcerlu 0 Abulﬁfh t al st a rdlrb%mﬁo nay one
of cl dPnEtpdafes rexgrgodyereg- ‘Es&%‘ Q""“b‘%‘“v%é A" 164k tot al
cat aI %ﬁl | ﬁﬁ Ay

el ement's Trom g“r’aSSB‘ég’fgﬁ ‘f/&r?c t@éd'n%oe/? w|9 t‘g‘aﬁ &le{%g&ggltq{]%nes

0. Ol %¢ftanidPoki@d. at | east one metal sel ected from el errent s fromgroups VII1$
and VIIl; _ 0.001%to 30% of sug)hur the catal yst optionally containing:

0to 30% oﬂhaﬂblfiédsmin@rpemm abtaiged alpve avas dofriretregnatad ity mcglp@upscka and
VI B; 03 0.0f . at |

bor on, S UBHma e TRt D LT 1 i god GO B A it Sosil G e HEsbLl et ed
fr Om HoRtdhts }(Maé‘Nb%#rl c@ta%ﬁ?l?&ﬁfhﬁ@w&@tﬁ%%%@ ?Efjrhél& )Rdeaﬁﬁtyoc{}%e‘?érh ﬁt aims 1
to S

conpri si ng, respect e tota cataly

0. Ol%glg,uﬂg%hgé ardt7. 4%a§ue@ﬁﬁbfm(§@eect ed fromelenents fromgroups I11B
and 1'VB) including the | anthanides and actinides; 0.01%to 30% of at |east

one netal selected from el enent SEKAMRBI: bups V)IB and VIIIl; 0.1%to 99% of
at least one support selected fromthe group formed by am)rphous matrices
and | ow crystalli rﬁ“ﬂlgh"rmt“f‘?‘b‘éfsma@“@@i%yﬁﬁ sappartefl o8 3lyskiog ; the cat al yst

optionally taini Yo Of eplite: 0 3 t one
netal sel eéfl@g“‘fsatr‘ &1@%*%%% glf%ﬁqu%ﬁ tg Véﬁ%ftsdoq\ﬁxémppe E)i’/mg?l%at | east
one el gygends cﬁb&%@qsefdmﬁahb@&sqmm&m &a&na@%f BROHRRQUIHRHSR; shovﬂx horaBR% of at
| east one el eneént selected fromgroup VIIT'A® 12. A process for preparing a
cat al yTFhis qaatty dorfgpdodeditoy! . Dtiesthe stbichiomBetdy caloulited on thabagdd e TiENiS, ReS,,
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The sulphur contents in the titanium/alumina catalysts sulphurised using method S1 were
fairly high. Method S1 thus can substantially sulphurise the metals Ni, Re, Cr, Nb and Ti supported

on alumina.
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After sulphurisation S1 of the catalyst of Example 18 above, a solid was obtained with the
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elemental composition TiS;s. X ray diffraction analysis showed this solid to be essentially
amorphous and to contain residual TiO,.

The sulphurisation method S2 of Example 2 was applied to sulphurise the titanium oxide and
a solid with elemental com;;osition TiSq 3 was obtained. The very small amount of sulphur in the
solid obtained suggested that most of the titanium had not been sulphurised. X ray diffraction

analysis indicated that this solid contained titanium oxide TiO,.
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The sulphurisation method of Example 3 was carried out on 24.5 g of powder containing

titanium and cobalt to which 20.5 g of carbon disulphide CS, had been added so as to obtain a mixed
sulphide with the theoretical composition Cog3Tig72S;. After sulphurisation, a solid with elemental
composition Cog,5Tig7;S;4 was obtained. X ray diffraction analysis indicated that this solid

contained cobalt sulphide CoySg and traces of titanium oxide TiO,.
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are shown in the following table:

Density at 15°C 0.856

Refractive index at 20°C  1.4564
Viscosity at 50°C 3.72 St

Sulphur 1.57% by weight
Simulated distillation

IP 153°C

5% 222°C

50% 315°C

95% 415°C

EP 448°C

For the bulk catalysts of Examples 18 to 21, the gas oil HDS test was carried out under the

following operating conditions:

Total pressure 3 MPa

Catalyst volume 40 cm®

Temperature 370°C

Hydrogen flow rate 10 /b ,
Feed flow rate 40 cm’/h

For these tests, the catalysts were sulphurised using methods S1, S2 and S3 separately from

the gas oil test. The sulphurised catalysts were charged into the catalytic reactor then wetted by the



"109C& ()-9!'S "10%& ()-9S "10%& ()-glEUFFHI 1111} 0aS40g! Ylﬁ/@f)rﬁ)zoojﬂ 10

10!, "10%& ()-3 ,"109%& ()-3

JySH"109099& () -ySH"10% () -11eJ+LLMUN} *"<aS40g! y"109&' ()-y"109%& ()-!S"10% &

"()-3 1'S"10% ()-3 S"10%& ()-3 " 10%& () - UNNOPPRRRRWXMB70g 10 10

10S2"10%&' ()--'y"10%n& ()-!'y"109%& ()-!'y"109%& ()-!'y"10%& ()-RRR

Uf UPWN A<MB70g 10! S"10%d& ()-fS"10%& ()-f!'@"10% & ()-g' @

"109%&' ()-gFyl10%&' ()-!109%&' ()-WYY9Zh\i2xj\k\}[M?10 10 10

10'y/"109%& ()-g9'y/"10% . & ()-9S-109%& ()-!'f@"10% [ & ()-f@" 109%& ()-k\y\{\]~"
N _dB o . . ,

11" 10%@' "% ;2 ETBERE S oze 11 BRGNS O “LgBR T PPAGYER ) ) " RHaxahd

| d} " <. 1 tehhbrature ofIIVAZE () -4 |

s*10%Z& () - (10%Z& ()-!19"10%Z& ()-!9"10%%5& ()-110%& ()-idj dkdyd| dddegHl

10ZZ!,Y - 10% h& ()-F 10% h& ()- 10% h&' ()-10% h& t(.h)-\ 11 10% h&' ()- 10Zz

10ZZeueeBf hf Afrefareppe 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 altered to the test temperature, 370°C, and pure feed was injected. This

sulphurisation method was termed SO.

The catalytic performances of the three catalysts are shown in Table 5 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)] °* - 1

To compare the activities of the Ti based catalysts of Examples 18 to 21, in Table 5, the
activity of the monometallic Ti catalyst sulphurised by method SO was assumed to be equal to 1.
TABLE 5

Activity of bulk catalysts for gas oil hydrodesulphurisation

Relative catalyst activity |
Sulphurisation Ti CoTi |
S0 1 1.04 |
S1 4.25 6.12 |
S2 1.21 1.27 ;
S3 3.19 3.76

Table 5 shows that there is a substantial increase in the activity of catalysts containing a bulk
mixed sulphide with respect to catalysts containing a simple sulphide.

It can also be seen from Table 5 that the activity of the bulk catalysts sulphurised by carbon
sulphide using method 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,
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the gas oil test. The sulphurised catalysts were 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 the reaction

temperature of 360°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 altered to the test temperature, 360°C, and pure feed was injected. This

sulphurisation method was termed S0.
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catalysts containing a mixed sulphide was observed compared with supported catalysts containing a

simple sulphide.

The catalytic performances of the Ti/alumina catalysts of Examples 8 to 12 are shown in
Table 7 below.

To compare the activities of the Ti based catalysts of Examples 8 to 12, in Table 7, the
activity of the monometallic Ti/alumina catalyst sulphurised by method SO was assumed to be equal
to L. ‘

TABLE 7

Activity of Ti/alumina catalysts for gas oil hydrodesulphurisation
Relatlve catalyst activity B
Sulphurisation | Ti ] NiTi

.
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S0 1 1.06 .

S1 145 2.69

s2 0.65 . 0.37

, S3 1.24 1.87

It can be seen from Table 7 that the activity of supported catalysts sulphurised by carbon
sulphide using method 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 carbon sulphide in toluene in a fixed traversed bed reactor, also
performed better than SO or S2.

Table 7 also shows a substantial increase in the activity of supported catalysts containing a
mixed sulphide compared with supported catalysts containing a simple sulphide. It is especially
remarkable to observe in Tables 6 and 7 that when sulphurisation methods S1 and S3, using carbon
sulphide, were used, a very substantial increase in activity was observed when an element from
group VIII, Ni for the Ti/alumina catalyst or Co for the Ce/alumina catalyst. This effect is due to the
formation of a mixed sulphide.

The doped Ti/alumina catalysts of Examples 13 to 17 were used to measure the
hydrodesulphurisation activity under the same conditions as above. They were sulphurised using
method S1 alone.

To compare the activities of the doped Ti/alumina based catalysts of Examples 13 to 17, in
Table 8, the activity of the monometallic Ti/alumina catalyst sulphurised by method S1 was assumed
to be equal to 1.

TABLE 8
Activity of doped Ti/alumina catalysts for gas oil hydrodesulphurisation
" Catalyst Relative activity of catalyst
_ Ti/alumina (comparative) 1
_NiTi/alumina 1.85
NiTiSi/alumina 2.15
i NiTiBSi/alumina 2.34
NiTiBSiF/alumina 3.54
ReTi/alumina 1.89 .
ReNiTi/alumina 2.77 )
CrTi/alumina 1.23 !
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CrNiTV/alumina | 2.13
NbTi/alumina 1.65 '
NbNiTi/alumina . 321 o

Table 8 shows that the activities of the Ti and NiTi catalysts supported on alumina and
sulphurised by carbon disulphide using method S1 were better still when at least one element
selected from the group P, B, Si and F was added to the catalyst.

The results of Table 8 also indicate that an association of an element from group IVB (Ti)
with a group VIIB element (rhenium) or a group VIB element (chromium) or a group VB element
(niobium) leads to an improvement in the activity of the catalyst. Without wishing to be bound to a
particular theory, this can be interpreted as the formation of a mixed phase of these elements leading
to a synergistic effect on the catalytic activity for gas oil hydrodesulphurisation. Table 8 also shows
a very substantial improvement in the activity of supported catalysts containing a mixed sulphide
with respect to the supported catalysts containing a simple sulphide.

The formation of the supported muitimetallic sulphide phases of the invention thus improves
the catalytic properties.
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CLAIMS
L. A catalyst containing 2 multimetallic sulphide phase comprising sulphur and at least one

element selected from group B elements, including the lanthanides and actinides, group
IVB and at least one element selected from elements from groups VIIB and VIIL
2. A catalyst according to claim 1, further comprising at least one element selected from the

group formed by elements from groups VB and VIB.

3. A catalyst according to claim 1 or claim 2, comprising sulphur in a quantity higher than the
quaatity corresponding to 40% of the stoichiometric quantity of sulphur in the multimetallic
sulphide phase
4. A catalyst according to any one of claims 1 to 3, further comprising at least one porous

amorphous or low crystallinity oxide type matrix.

s. A catalyst according to any one of claims 1 to 4, further comprising at least one zeolitic or
non zeolitic molecular sieve.

6. A catalyst according to any one of claims 1 to 5, further compnsing at least one element
selected from the group formed by P, B and Si.

7. A catalyst according to any one of claims 1 to 6, further comprising at least one group VIA
clemeat.

8. A catalyst according to any one of claims 1 to 7, in which the group VIII and VIIB element 15
selected from iroq, cobalt, nickel and thenium.

9. A catalyst according to any one of claims 1 to 8, in which the group IIIB element, including
the lanthanides and actinides, and group IVB, is selected from titanium and cerium.

10. A bulk catalyst according to any one of claims 1, 2 and 5 to 9 comprising, by weight with
tespect to the total catalyst weight:
e 0.01% to 40% of at least one metal selected from elements from groups HIB and IVB,

includiug the lanthanides and actinides;

o 0.01% to 30% of at least one metal selected from elements from groups VIIB and VI,
¢ 0.001% to 30% of sulphur; the catalyst optionally containing:

o 0 to 30% of at least one metal selected from elements from groups VB and VIB;
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e 0 to20% of at least one element selected from grodp VIIA.
11. A supported catalyst according to any one of claims 1 to 9 comprising, by weight with
respect to the total catalyst weight:
¢ 0.01% to 40% of at least one metal selected from elements from groups B and IVB,
including the lanthanides and actinides;

o 0.01% to 30% of at least one metal selected from elements from groups VIIB and VIII;

¢ 0.1% to 99% of at least one support selected from the group formed by amorphous
matrices and low crystallinity matrices;

¢ 0.001% to 30% of sulphur; the catalyst optionally containing:

o 010 90% of a zeolite;

¢ 0to 30% of at least one metal selected from elements from groups VB and VIB;

e 0 to 20% of at least one element selected from boron, silicon and phosphorous;

¢ 0to20% of at least one element selected from group VIIA.

12. A process for preparing a catalyst according to any one of claims 1 to 11, characterized in
that at least one compound of sulphur and of carbon not containing hydrogen is used for
sulphurisation.

13. A process for preparing a catalyst according to claim 12, characterized in that the following
steps are carried out:

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 IIB, including the
lanthanides and actinides, and group IVB, at least one element selected from elements from
group VIIB, group VIII, at least one compound of sulphur and of carbon containing no
hydrogen, optionally at least one solid source of carbon, and optionally at least one solid

1

source of sulphur;

b) maintaining the reaction mixture obtained after step a) at a heating temperature of more than

40°C at a pressure of over 0.01 MPa in a reactor.
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hydrogen flow rate in the range 80 to 1000 litres of hydrogen per litre of feed and with an

hourly space velocity in the range 0.5 to 20 h''.



