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{54) Title: CATALYST COMPRISING A PARTIALLY AMORPHOUS ZEOLITE Y, AN ELEMENT OF GROUP V B AND ITS
—— USE FOR HYDROCONVERTING AND HYDROREFINING HYDROCARBON OIL FEEDSTOCKS

(54) Titre: CATALYSEUR COMPRENANT UNE ZEOLITHE Y PARTIELLEMENT AMORPHE, UN ELEMENT DU GROUFE
VB ET SON UTILISATION EN HYDROCONVERSION ET HYDRORAFFINAGE DE CHARGES PETROLIERES HYDRO-
:5 CARBONEES

- {57) Abstract: The invention concerns a catalyst containing at least a partially amorphous zeolite Y, at Ieast 2 metal of group VB,
I preferably niobium, at least an amorphous or poorly crystallised matrix, optionally an element selected from group VIB and group
€ VIII, optionally at least an element selected from the group consisting of P, B, Si, optionally at least an element of group VIIA. The
=i invention also concerns the use of said catalyst for hydrocracking and hydrorefining hydrocarbon feedstsocks.
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P4 (57) Abrégé: L'invention concerne un catalyseur renfermant au moins uge zéolithe Y partiellement amorphe, au moins un metal du

groupe VB, de préférence le niobium, av moins une matrice amorphe on mal cristallisée, éventuellement au moins wn métal choisi
O dans le groupe VIB et Je grouge VII, éventuellement au moins un élément choisi dans le groupe formé par P, B, Si, éventuellement
au moins un élément du groupe VIIA. L invention concerne également " utilisation de ce catalyseur en hydrocraquage et en hydro-
raffinage des charges hydrocarbonées.



19 Septenber 2003 | A CATALYST COVPRI SI NG A PARTI ALLY AMORPHOUS Y ZEQOL[ TE,
A GROUP VB ELEMENT, AND USE THEREOF | N HYDROCONVERSI ON 1ANEpkerii@RBE8 NI NG
OF HYDROCARBON PETROLEUM FEEDSTOCKS The present invention is concerned with
a catal yst of hydrocarbon feedstocks, said catalyst conprising at |east
one partially anorphous Y zeolite, at |east one group VB netal, preferably
ni obium at |east one oxide-type anmorphous or poorly crystallized matrix,
possi bly at |east one netal selected fromgroup VIB and group VIII of the
periodic table, preferably nolybdenum and tungsten, cobalt, nickel and
iron. The matrix of the catalyst possibly contains at |east one el enent
selected fromthe group P, B, Si, and possibly at |east one group VIIA
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particularly, the present Invention is concerned with a catalyst cohprising
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crystalline Pac i on&@%&%@egmxyge Oa([aﬁllgﬁap oﬁgﬁéﬁ?gﬁéz%&?&i n
sodium (Na) form which is | ess than 60% The present invention is al so
concerned with processes for the preparation of said catalyst, as well as
use thereof for the hydrocracking of hydrocarbon feedstocks, such as
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concer ned mﬁthaﬁse of the catalys rorefining._of hydrocarbon
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excess, heavy feedstocks which cannot be readllﬁ_ upgr aded, of I1ghter
fract i onsCeSAiT A deaghas) slorarnt sqlestedsfpsp de grmpn| B, Bl gad Pessibly siHsashonermsotref i ner
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Certain hydrocracking processes also nake it possible to obtain a greatly

purified residue which can constitute excellent base for oils. In

conpar i soMow particokrial the pesart aoknting, is chrecadd avithagatafst cahpliyid 4 148t Sept enber
2003 la matrix, at least one group VB element and at least one partially amorphous Y zeolite, having
a peak rate of less than 0.4 and a crystalline fraction, expressed in relation to a reference

zeolite in sodium (Na) form, which is less than 60%.

The preseat invention is also concerned with processes for the preparation of said catalyst, as
well as use thereof for the hydrocracking of hydrocarbon feedstocks, such as petroleum
fractions, the fractions obtained from carbon containing aromatic compounds, and/or olefinic
compounds and/or naphthenic compounds and/or paraffinic compoun&s, said feedstocks
possibly containing metals and/or nitrogen and/or oxygen and/or sulphur. The invention is

also concermed with use of the catalyst for the hydrorefining of hydrocarbon feedstocks.

The hydrocracking of heavy petroleum fractions is a very important refining process
permitting the production, starting from excess, heavy feedstocks which cannot be réadi[y
* upgraded, of tighter fractions such as gasolines, jet fuels and light gas oils which the refiner
looks for in order to adapt his production to the steucture of demand. Certain hydrocracking
processes also make it possible to obtain a greatly purified residue which can constitute

excelleat base for oils. [ comparison with catalytic cracking, the advantage of catalytic



hydrocracking is to provide mddle distillates, jet fuels and gas oils of
very good quality. The gasoline which is produced has a%heerdternbew?008ct ane
nunber than that obtained fromcatalytic cracking. The catalysts which are
used in hydrocracking are all bifunctional in type which link an acid
function to a hydrogenating function- The acid function is provided by

| ar ge-surface 19 Septenber 2003 2 substrates (generally from 150 to 800
n2.g-1) which have a surface acidity, such as halogenated alum nas (in
particular, chlorinated or fluorinated)%aconbinations of boron oxides and
al um ni um oxi des, anor phous silica-alumnas and zeolites. The hydrogenating

function pHogRERQY ' one. n tals of group VLIl of the
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pal | adi umegagdiiurhichi isipdidunedding apheth ilowamocane bymeer teathicRdlaiRd fRin adtalkgast
one nmetal pofsgroup VI of the periodic table, such as nolybdenum and

tungsten, an | east one group VIII netal. The bal ance between the two
acid and hydrogenating functions is the basic paraneter . .governing the
activity and selectivity of the gatalyst. A weak acid function and a strong
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and at a.low feed volunetric flowrate (the VVH expressed by volune o
feedstock to be treated per unit of volume of catalyst and per hour is
generally less than or equal to 2) but provided with very good selectivity
of mddle distillates. Conversely, a strong acid function and a weak
hydrogenati ng function provide catal ysts which are active but which have

| ess favourable selectivities of mddle distillates. The search for a
suitable catalyst will therefore be centered on a judicious choice of each
of the functions for adjusting the activity/selectivity pair of the

catal yst. Thus, -one of the great advantages of hydrocracking is the
exhibiting of great flexibility at various levels: flexibility with regard
to the catal ysts used, which brings about flexibility of the feedstocks
which are to be treated, and with regard to the products which are
obtained. An easy paraneter to control is the acidity of the substrate of
the catal yst. The conventional catalysts for catalytic hydrocracking, for
the large part, consist of weakly acidic substrates, such as anorphous
silica-alum nas, for exanple. These systens are used



nore particularly for producing mddle distillates of very good quality and
al so oil bases when their acidity is very weak. The f a9 SepdpémberciOBous
silica-alumnas is found in slightly acid substrates. Many catal ysts on
the hydrocracking market have a silica-glum na base conbined either with a
group VIIl netal, or, preferably, when the heteroatom c poison contents of
the feedstock to be treated exceed 0.5% by weight, wth a conbination of
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Thus, one of the great advantages of hydrocracking is the exhibiting of great flexibility at
various levels: flexibility with regard to the catalysts used, which brings about flexibility of
the feedstocks which are to be treated, and with regard to the products which are obtained.

An easy parameter to control is the acidity of the substrate of the catalyst.

The conventional catalysts for catalytic hydrocracking, for the large part, consist of weakly
acidic substrates, such as amorphous silica-aluminas, for example. These systems are used
more particularly for producing middle distillates of very good quality and also oil bases

when their acidity is very weak.

The family of amorphous silica-aluminas is found in slightly acid substrates. Many catalysts
_on the hydrocracking market have a silica-alumina base combined either with a group VIII
metal, or, preferably, when the heteroatomic poison contents of the feedstock to be treated
exceed 0.5% by weight, with a combination of sulfides of group VIB and VIII metals. These

systems have very good selectivity in middle distillates, and the products formed are of good



one group VIB el enent have al so been tested as conponents of hydrorefining
catal ysts of hydrocarbon feedstocks, such as, for exanpl9eSeptember 2003

US- A-4.910. 181 or US-A-5.275.994. US-A-4.777.157 describes a catal yst
conprising a niobium conpound and a cracking conpound which can be a Y
zeolite, and use thereof in hydrocrackingfor the production of gasolines
and kerosene. The current processes for catalytic hydrorefining use '

tal ysts which ble t t he ., mai ti ful i
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zeolite if a catalyst according to the invention was used conprisin t
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tungsten, prefrera ‘or tungsten, even nore preferably
nol ybdenum possibly one group VIII elenent, i.e. an elenent selected from
t he

In all prior art instances, the zeolites used have high crystalline fractions (or degree of
crystallinity) and high peak rates.

Moreover, simple sulfides of group VB elements have been described as components of
hydrorefining catalysts of hydrocarbon feedstocks, such as, for example, niobium trisulfide in
US-A-5.294.333. Mixtures of simple sulfides comprising at least one group VB element and
one group VIB element have also been tested as components of hydrorefining catalysts of
hydrocarbon feedstocks, such as, for example, in US-A-4.910.181 or US-A-5.275.994.
US-A-4.777.157 describes a catalyst comprising a niobium compound and a cracking
compound which can be a Y zeolite, and use thereof in hydrocracking for the production of

gasolines and kerosene.

The current processes for catalytic hydrorefining use cataiysts which are able to promote the
main reactions useful in exploiting heavy fractions, in particular hydrogenation of the
arornatic cores (HAR), hydrodesulfurization (HDS), hydrodenitrating (HDN) and other

hydroeliminations. Hydrorefining is used to treat feedstocks such as gasolines, vacuum gas



group constituted by: Fe, Ru, Gs, Co, Rh, Ir, N, Pd, Pt, preferably iron,
cobalt or nickel, possibly one elenent selected fromth& $gempbérarosed by
P, B and Si, possibly one group VITA elenent, and preferably fluorine. It
could be seen that this catalyst has a ﬂore si gnificant hydrocracki ng and
hydrorefining activity than those of the catalytic fornulae known in the
prior art. The catalyst of the present invention generally contains in % by
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cont ai ned quPW@nﬁ B?Vytlf@trﬂe A6H¥S 't he el ement  preferably being boron
and/or silicon, - 0 to 20% preferably 0.1 to 15% and still nore

preferably 0.1 to 10% of at Jeast o el.e | ected.fro 1A,
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bo% invention was used comprising at least one partially amorphous Y zeolite, at least one
amorphous or poorly crystallised mineral matrix which is usually porous, such as alumina, at
least one group VB element of the periodic table, such as tantalum, niobium, or vanadium,
preferably niobium, and possibly at least one group VIB element of said periodic table, such
as chromium, molybdenum, or tungsten, preferably molybdenum or fungsten, even more
preferably molybdenum, possibly one group VIII element, i.e. an element selected from the
group constituted by: Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, preferably iron, cobalt or nickel,
possibly one element selected from the group formed by P, B and Si, possibly one group VIIA

element, and preferably fluorine.

It could be seen that this catalyst has a more significant hydrocracking and hydrorefining

activity than those of the catalytic formulae known in the prior art.

The catalyst of the present invention generally contains in % by weight in relation to the total

mass of the catalyst: |

— 0.1 to 99.8%, preferably 0.1 to 90%, and still more preferably 0.1 to 80%, of a partially
amorphous Y zeolite,

— 0.1 to 60%, preferably 0.1 to 50%, and still more preferably 0.1 to 40%, of at least one
metal selected from group VB,



Preferably, the solid, partially anorphous Y zeolites form ng part of the
conposition of the catalyst according to the invention 188aptatbdre@d88 one

(and preferably all) of the other follow ng characteristics: iii) an
overall Si/A ratio greater than 15, prgferably greater than 20 and |ess
than 150, 1iv) an Si/Al |V franework ratio greater than, or equal to, the

overall Si/Al ratio. v) a pore volune at |east equal to 0.20 m /g of solid
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trough) fatl&ﬁ&p&&?ﬁ%&g%ﬁ}u&t\qm heeréaBlyHucthe.Cryst al I i zed zeolite in the
ry

material. To estimte t talllnefractlon of a Y zeolite sanple, the

peak rate of the sanple will be conpared to that of a reference consi dered
as being 0% L& Einventiba8s PSHE Wit Be &fllodving
perfectlyjrg |ze115hﬁ§$( zeo?éi'l%se |{ns %( ﬁle 8’?’6‘er be 0.55 to 0.60. The

peak ratechﬁracﬂcrsstlandard USY zeolite_is O. 45 to 0.55; its crystalline
fraction in conparison wth a perfectly crystallized NaY is 80 to 95% The
peak rate of the solid which is the object of the present invention is

| ess thani0.#Apeabidle phizhas R diad dmst 0.4% praferdBly 1¢ss hapahet 30 ne fracti on

ii. a crystalline fraction, expressed in relation to a reference Y zeolite in sodium form (Na).

which is less than about 60%, preferably less than about 50%.

Preferably, the solid, partiaily amorphous Y zeolites forming part of the composition of the

catalyst according to the invention have at least one (and preferably all) of the other following

characteristics:

iii) an overall Si/Al ratio greater than 15, preferably greater than 20 and less than 150,

iv) an S/Al IV framework ratio greater than, or equal to, the overall Si/Al ratio.

v) a pore volume at least equal to 0.20 ml/g of solid whose fraction, between 8% and 50%, is
constituted by pores with a diameter of at least 5 nm (nanometer) or 50 A,

vi) a specific surface area of 210-800 m*/g, preferabty 250-750 m?/g, and advantageously
300-600 m*/g.

- The peak rates and crystalline fractions are determined by x-ray diffraction using a procedure
which is derived from the ASTM D3906-97 method, “Determination of Relative X-ray
Diffraction Intensities of Faujasite-Type-Containing Materials.” It is possible to refer to this



is therefore less than 70% preferably |less than 60% The partially

anor phous zeolites are prepared in accordance with techriSfamensad®003
generally for dealumnification, starting with comrercially available Y
zeolites, i:e. which usually have hi gh6crystal linities (at |east 80%.
More generally, it is possible to start " with zeolites with a crystalline
fraction of at |least 60%or at |least 70% The Y zeolites generally used in
the hydr 0&%&8& 'f&gthe %E@éréa%ﬁdlﬁ&% af@gu@ﬁdn lay ttiensbdedimgaridyén padentat Grahd y
avail abl e Na-Y zeolite. This nodification permts so-called stabilized,

ul tra- stamep@rﬂ_wOchﬁlﬂélc%éﬂdj@@FWSm fied zeolites to be obtained. The

nodi fication is carried out by at |east one of the dealumnification
techni ques, e.g. the hydrothermic treatnent, acid_ attack, Preferably, the
nodi fi cat Aodaffteamgmpnaembgs of bints \ﬁhlﬁlg altewh@rectsw@@f dre caysiallized Jrastion to

t he skill e erson t ashan dalﬂ&? t hack.
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var i abl esmicoefstaline fmﬂpmrc&tth«: eample (fawedn diffusion [signaleis Jinked gnihe papipment,
pressure of wat I ) t p ffect
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into an ageRoMseak®+Utrb@dh) BN pRpBPiohSING MBI dibuasdf b;EysfthQed ﬁe@hﬁehﬁ the
cationic exchange sites of the zeolite. In this way, the sodiumcations

present i mafgsel.zeolite following crystallisation are renoved. The acid
attack operation consists in contacting the zeolite with an aqueous

solution of a mneral acid. The severity of the acid attack is ag‘]phlzﬁt ed by
the aci d Torestdmatedks epistalling fiestion of andzeadifempic, the Peglp e ehihe supplp

hydr ot her gz,[g@% 1d BRRALEH 1 AEChde c%naheréd 1;1£ gaheB00% sl ®hVefd: Rimple).

elimnati umnlums ecies which are extracted fromthe framework
and whi cﬁhbbwdd«ater@amﬁﬁwﬂﬁ@négﬂlmﬁw zsolite & inthreorgenof 001%y 0&ftor phous Y
zeolite which is used in the catal ysts according to the invention is at
| east in part in hydrogen formor acid (H+) formor ammonium (N -1d-) or
catl on| c flae m:akmmmf acstridand IB%Y mepliseisdbtoetd Ex50#ts civetaling fsciarimsampyrisgroups

pr ef er abI Q“Ag't qeg%g&ly frﬁstﬁlgﬁﬁ\la{' Il—?:%f %SJ%F%J o?&r algga:ﬁé Qflsrlle soill whith e &Jeal tis

of the present invention is less than 0.4, and preferably less than 0.35. Its crystalline fraction

is therefore less than 70%, preferably less than 60%.

The partially amorphous zeolites are prepared in accordance with techniques used generally
for dealuminification, starting with commercially available Y zeolites, i.e. which usually have
high crystallinities (at least 80%). More generally, it is possible to start with zeolites with a
crystalline fraction of at least 60% or at least 70%.

The Y zeolites generally used in the hydrocracking catalysts are produced by modifying the
commercially available Na-Y zeolite. This modification permits so-called stabilized,
ulira-stabilized, or else dealuminified zeolites to be obtained. The modification is carried out
by at least one of the dealuminification techniques, e.g. the hydrothermic treatment, acid
attack. Preferably, the modification takes place by combining three types of operations
known to the skilled person: hydrothermic treatment, ion exchange and acid attack. The
hydrothermic treatment is perfectly defined by the union of operating variables, such as

temperature, duration, total pressure and partial pressure of water vapour. This treatment has



be used at least in part in cationic form (as defined above). The partially
anor phous Y zeolite which is at least partly in acid fort Sentemberai088abl y
in H forminits entirety) or partially exchanged with cations, e.g.

al kaline cations and/or alkaline-earth cations, will preferably be used.
The catal yst conprising at | east one partially anorphous Y zeolite al so
contains a hydrogenating function. The hydrogenating function, as defined

her ei nabo i | rh gRShlienfumBial fisabweiked the aplitche
group fort\!rlggffg{/t%%%@%%{%ﬂg&ﬁ%?’%%%l B anclj VIl of the ﬁ&ef["i odi ¢ tla | e.

I'n one reghd smbéquancefof thistréatmen i avincress ie feiQZ A 1Pp Srapypiymelghialp aad ot
| east one_el.enent. .sel roup formed by boron, silicon and
phosphor o3 Fed“f“ﬁﬁm in {hé:l c;;gs?atllﬁ% rﬁésg l'ﬁ‘ialxtaﬂx%teg.

€ ca t possi contains at |east one group VIIA
el ement, preferably chlorine and fluorine, and al so possibly at |east one

group VIIRB elenent. 19 Sept er, 2003 . OfLolitel Inkd AR a3BHO soluti
phosphor us™t it B’%&‘ et‘?‘félglgyafag?%(?la% gi‘eo@%%?%r are nreferagbl Sgltlalplgréited
on the cateitiising d6id whidincaneierflxgd kothateedbmnetchengeesited of thaaeolids- elnethis way, -

introduced, and, in particular, the.silicon i LS.l d mainly on the
mat ri x oa‘eﬁﬂ@%‘g‘f‘gﬂ‘??ﬂt&%ﬁwlﬁdgﬁgqﬁlgc‘?‘?%%(frgsé h%a?/i 0{1 g‘éﬁ%’?‘g@s such as
Castaing mcroprobe (distribution profile of various elenents),

transm ssion el ectron m ¢croscopy .coupled with X. analysis of thg .co nent s
of the caih¢ peiftiagk OEqrété’“b‘iPnélé%éBICPgtﬁ?tH’&m%‘e &8@‘8&‘%%" F%“}eoﬁgﬁ t|1Q(5i‘i gfgut i on
of el emeqli S -Ar-LREN he Rvéif of eeddcibittBY iChdpastddoby thi ridpronbeiralitre dgraiop VB,

VIB and VIT|l netals of the catalyst of the present inventign can be present
conpl et el gnbremparatural Whensarredauf PR afhydratharicghy &est Z?‘ﬁ&‘?rﬁ‘é%ﬁ?"g?‘e%tﬁ’f‘i de

form Th.eﬂ{%gafffé%ofrglfﬁﬁﬁzﬁirngf{ﬁé Hlixhintth GPedics WiitiRkre YoxBABMMBOH ShOfrapesrkyand

crystallised I's genera constituted by at |east one refractory oxide in
anor phous whichgdeki the wiopeposds|of hegolidrm Said matrix is preferably selected
fromthe group fornmed by alum na, silica-alumna, or a mxture of at |east
two of the oxides cited hereinabove. It is also possible to select
al uni nat eShe partialy apophersab zelitowhick inued incths coplyeh 2perdiag i WEdHEAYOT 1 al |
t hese for known to the skildle r . ] i
. : forfy & dlRodAATRIAHHE Bionil F6rm,

cat al ystsg‘g](?@%r“&hp “fgy‘ff enltlﬂ%% ?oﬁ @gﬂ Be prepa? ed in ac)gordance with all
of the netskiad@tion being selected from the group formed by groups IA, IB, IIA, B, IIA, IIIB

(including rare earths), Sn, Pb and Si; it is preferably at least in part in H+ form, or it can also

be used at least in part in cationic form (as defined above).

The partially amorphous Y zeolite which is at least partly in acid form (and preferably in H
form in its entirety) or partially exchanged with cations, e.g. alkaline cations and/or

alkaline-earth cations, will preferably be used.

The catalyst comprising at least one partially amorphous Y zeolite also contains a
hydrogenating function. The hydrogenating function, as defined hereinabove, preferably
comprises at least one metal selected from the group formed by the metals of groups VIB and

VIII of the periodic table.

In one realisation of the invention, the catalyst preferably contains at least one element
- selected from the group formed by boron, silicon and phosphorus. The catalyst possibly
contains at least one group VIIA element, preferably chlorine and fluorine, and also possibly

at least one group VIIB element.



wel | -known to the skilled person. A preferred process for preparation of

t he catal yst according to the present invention conpri sEsSédenbed 10081 ng
steps: a) the drying and wei ghing takes place of a solid, referred to

herei nafter-as the precursor, and containing at |east one of the follow ng
conponents: at |least one matrix, at |ea%t one partially anorphous Y
zeolite, possibly at |east one el enent selected fromthe group VIB and

group Vi i-L g’h‘%’g‘ﬁ nilﬁ%iu gn ; C%&épﬁotrué Eache A0 I@bellnmnhlesféloﬁ&t of afd Bf&érﬂﬁry

phosphor u n - group, possibly at |east one group V

el enent , Hélﬁswmirah@baiﬂwtabdmebmangy bhapdadn the)matdise dry solid obtained in
step a) is calcined at a tenperature of at |east 150C. 1 9 Septenber 2003 9
c) the precursor solid, defined in step b) is inpregnated with a sol ution
cont ai Ni NFhe eBiRHPin¥Eiuced, e ih, pamcarae rmebmycan whi‘cmm lochted llneintmmsthesmﬁid is

left in a noist atnospher a.ture en 10a t he
noi st sol Pﬁthﬁlﬁfﬂéﬁtfﬁ@dcar“n’ §S%rﬁ°tﬁl)‘seﬁ ﬂu%ﬁsug % ﬁ%s °é°p5? @fs\%ééél rtllgéo and
150C. The pRiRCH wBibuddledt s, ﬁé.nsﬁ@d@ibﬁ efeRftoD MiPORPFY &ﬂlpleﬂ vaﬂcnmdammmhbh al |
convent i onal met hods known to the skil llﬁd person, aécg% a }CT@

anot her premenesls 9fr ts atlystn op rebedys estatils “%raeﬁﬁ%fﬁph it &ISHEE"H % Xi ng
at | east  eumefR E»Eésént%‘ﬁxe%ﬁtai A cl@fign RbpabLY amor phous Y zeoI|te
fol l oned by s Ing, drying and cal cination. The group VIB, VIII elenents

and those selected from phosphorus, boron, silicon and the group VIIA

elements aye g}cthgwom ?xllcYVIﬂ[ mertacrgﬂ HP&@ chélg)é@b’f 8 RAYnTRIAEEn KAPYE ptderthe

skilled pers t ahy of stages a) to e), fore  or after shapi ng and

bef ore or cahpletelcal paitiedly immetailictfmm gﬁé‘li‘%!ﬁ?rform andiaraplfige formhapi ng can be
carried out, by way of exanple, .by extrusion, pelletizing, by the oil-drop
nmet hod, by tur ntabl e granul ation, or by any other nethod well-known to the
skilled pans @orous Atinkrhstatronehichlis mmily @mommi@ﬁlapr onorbaprysietlised fsogansepllsf t er

any one of th tion st ) b a

Fomper at urerdf] B7 G o Rin blgh B sSiffbislorRolPiRANAI T S0all
product obiatiish Bchréferablyeserotd (fxfonsﬂaagem)fommww alamagesiida-alwmings oromditirey
followng _introductiqgn of, the V| B, el enent (s elect ed

f r om phosFhati5est tye ehfe oxidep E?fﬂﬁer%{ﬁ%bwﬁeltgl? Silﬁ?) p?ﬁsr[)i &’I oot %Inﬂén%g%t ﬁ?ﬁ
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preferably of at |east 250C, currently of about 350 to 1000C.
_person, e.g the gamma-alumina.

The catalysts according to the invention can be prepared in accordance with all of the methods

well-known to the skilled person.

A preferred process for preparation of the catalyst according to the present invention

comprises the following steps:

a) the drying and weighing takes place of a solid, referred to hereinafter as the precursor, and
containing at least one of the following components: at least one matrix, at least one partially
amorphous Y zeolite, possibly at least one element selected from the group VIB and group
VIII elements, possibly at least one element selected from the phosphorus, boron and silicon

group, possibly at least one group VIIA element, the whole preferably being shaped,

b) the dry solid obtained in stép a) is calcined at a temperature of at least 150°C.



The hydrogenating el enent can be introduced at any stage of the
preparation, preferably during the m xing, or nost prefirSddtgmbed 20031 ng

t he shaping. The shaping is followed by calcination, and the hydrogenating
el ement can.al so be introduced before or after this calcination. The
preparation usually ends with calcination at a tenperature of between 250
and 600C. Anot her of the.preferred nethods according to the present

i nvention_.cpnsi I Ny: g DLXI I h albMtig S npdi6ids a ¥rougGiB te in
a noi st aﬁﬂﬁ?ﬂ?aé%Fng%qggegggg&Pgzgqg?&%%?ﬁﬁ?gg?S%%%n in pasgigg ?he past e
t hus obt aklegeént! prefenaithy miobiius, i n order to form extrudes of between 0.4 and 4
mmin dianeter. The hydrogenating function can thus be introduced in part
only (for exanple, in the case of conbinations of oxides of group VIB and
VI 1T et alipthe nfdist 6lithis tifeiny msisttdmeosphere atd teppriahige off berveeenti OgRd 1;5£pt ially
anor phous Y zeolite, with at |east 19 Septenber 2003 10 one oxi de gel
selected as matrix. It can also be introduced by one or nore ion exchange
oper at i ong) @ héist oRl ob@Red Mgt d)ds drictian s tdnipstasgte b beiwvedneGlsanddd8’ Gar ti al | y
anor phous %’zeolite which is dispersed in at |least one matrix with
solutions containing the precursor salts of the chosen netals, when these
latter behgpg dcBrsef Gtitepd)labovd éandiRiprépatedl ihectondianoel uitbdiipnomtionsl metirde

i mpregnati on operations of the shagfd and cahﬁined sup ort fq¥ %csngkion
of "the  pkaeun Softe illedimerseni dbacragro it oRrere et Prnesin pRGR:

arar,

‘cobal t a”%&h@lﬁ?is)ob\mﬁéa b Guixig BCMES QRS nkrirt A8l axbalesnobargaly pmdipRouseY al s
(not ably ybdenum or tungsten) have been reV|o%§g§I Hrodugﬁgiﬁhen t he
subst r at e zowlge,follesved by shapings drying Mwa&f@é‘o’beTﬁWP%u 116{/]3 CHARS H& or
nore i npregnat i ' ' ted i bgtinatiemenssikd theh gdsdiplyat

| east oné’glf)%% %&W@ﬁ%ﬁ%&?@ﬁgwg&% sglgcglﬁﬁitng tg‘ﬁ%“’gj? at | east one trq%g \ym th
sol ut i ons isoniueédbymgay dlany preskad knora t‘?)fhetsh@e@)ié?fﬂ‘état@y?ﬁéta@s@gg’ 1 SRS/ or
VI metal s tr%ﬁa;f’lﬁefgﬁgf c%rgo &Qﬁcﬁéﬁ&%ﬂg rEi8sor OF Qidddyy! |1 nmetal s

pr ef er abl Y B uced after those of group VIB or at the same tinme as
these latter. Preferably, the substrate is inpregnated with an aqueous

solution. _Jhe support is .preferabl L g of  ,t ; ed
26yt vornd OB e VR XSGR o, Ol e I sty
i mpr egnat ipAheR By thatdi grivdativnt of by ameotbemgéetbod walkdnoyn o sl sgttled person.
containing all the constituent el epments of .the fi .o T on
and) or 51 Qe ks pRb SOl B putet B hdfeo SRt et Sien B BT

group usually performed in air at a temperature of at least 150°, preferably of at least 300°C. In this

way, the product obtained at the end of stage a) and/or stage e) and/or possibly following
introduction of the group VIB, VIII element(s), those selected from phosphorus, boron,
silicon, and the group VIIA elements, is then possibly calcined in air, usually at a temperature

of at least 150°C, preferably of at least 250°C, currently of about 350 to 1000°C.

The hydrogenating element can be introduced at any stage of the preparation, preferably
during the mixing, or most preferably following the shaping. The shaping is followed by
calcination, and the hydrogenating element can also be introduced before or after this
calcination. The preparation usually ends with calcination at a temperature of between 250
and 600°C. Another of the preferred methods according to the present invention consists in
mixing at least one partially amorphous Y zeolite in a moist alumina gel for several tens of
. minutes, then in passing the paste thus obtained through a die in order to form extrudes of
between 0.4 and 4 mm in diameter. The hydrogenating function can thus be introduced in
part only (for example, in the case of combinations of oxides of group VIB and VIII metals)

or completely at the time of mixing at least one paﬂially amorphous Y zeolite, with at least



VI1A preferably fluorine, can be introduced into the catal yst at any |evel
of the preparation and in accordance with any techni qudogrpigmber 2008
skilled person. A preferred nethod of the invention consists in depositing
the pronoter elenment(s) selected, e.g. ﬁe boron-silicon pair, onto the
precursor which may, or may not; be calcined. To that end, an aqueous
solution is prepared of at |east one boron salt, such as anmoni um bi borate

or ammoni UB&&)&&&@Q& rs@fe@teﬂ @s @Aalftﬁl | RecafBkioUss al&dduoed b eonB o $RIE QoD ExdR¥EeOgEN
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will be use I cone-type silicon conpound. The boron and silicon can
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ions can b I'nt roduce one or nore inpregnation operations wth
excess sol ub¢sglption t he caIC|ned precursor. Thus, for exanple, it is
possible to inpregnate the precursor with an aqueous solution of ammoni um
bi borate or Rhodorsil E1P silicone by Rhone-Poul enc, to carry out drying,
for exanplReefatabBO@e stibrtmatetip impregnatagiuwith ap agugaest sobmiond The awpperivie pieferably
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containing aii the constituent elements of the finai cataiyst.

The boron and/or silicon and/or phosphorus, and possibly the element selected from group
VIHA, preferably fluorine, can be introduced into the catalyst at any level of the preparation

and in accordance with any technique known to the skilled person.

A preferred method of the invention consists in depositing the promoter element(s) selected,
e.g. the boron-silicon pair, onto the precursor which may, or may not; be calcined. To that
end, an aqueous solution is prepared of at Jeast one boron salt, such as ammonium biborate or
ammonium pentaborate in alkaline medium and in the presence of hydrogen peroxide, and
so-called “dry” impregnation is carried out in which the pore volume of the precursor is filled
with the solution which contains, for example, boron. If silicon, for example, is also

deposited, a solution will be used of a silicone-type silicon compound.

The boron and silicon can also be deposited simultaneously by the use of a solution
containing a boron salt and a silicone-type silicon compound, for example. Thus, for

example, if the precursor is a catalyst of the nickel-molybdenum type which is supported on



t hen deposited by way of any nethod known to the skilled person. O her

i npregnati on sequences can be used in order to obtain tH& Isptemhiyaert2003
according to the invention. For exanple, it is possible to inpregnate the
precursor with a solution containing one of the pronoter elenents (P, B,
Si), to dry, calcine, and then inpregnatélthe solid obtained with the

sol ution contai ni ng anot her prom)ter eI errent to dry it, to calcine it.

is also p035|bleto egnaet rso _with a.soluti g
two of the 3bioineaad Pé’lt AEQTPIOES e& p&ﬁ?ﬂb?ﬁ%ﬁmpre éel"é?llgeté@flﬁm
sol id obtaipag gt tLbhE SO OF ﬁﬁ.ﬂi@iﬂ?ﬁ "bfeet ket RiGioniers Pelsiivant oft o
dry it and to carry out final calcination. Th P V‘S el.enent is t
deposited RhfnaPouvicnateundsitoke Chﬁb}lg%tf‘l’fd‘éaWHlﬁmfp 80 Orlﬂﬁ’e RY PPRIgEpRLPe gy El‘f’he
catal yst of, the.Bf SERhe IOMASH, 19 hnBalc AinP a8 SHOLYRANIARC, &id locasty one
group VI 11 8% Such as rron, . ni ckel , ruthenium ym
pal | adi um da&madﬁn, for extinpie end ppfq@blhuwrdn # Hlashd e, fﬂflelxmﬁﬂlteaﬁt §00 it fors
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invention gapoal SO contain at |east one group VIB elenent, preferably
tungsten and nol ybdenum Advant ageously, the conbi nations of the follow ng
netal s are used: nickel -nol ybdenum cobalt-nol ybdenum iron-nol ybdenum

i ron-t ungstap, plhbtee! eldrid@ Siieth i< edladtéd frongsteegroupriormddhby pilieber bedn and
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cobal t - ni olralemedwreghdeium i r on- ni ob| um nol ybdenum

ni ckel - ni obi um tungsten, cobalt-niobiumtungsten, iron-niobiumtungsten,

the preferred conbinations being: nickel-niobi um nol ybdenum
cobal t - ni obiThwsy fopleyraplauinis pessible @ Brpreggissths IPéec’t“iﬁ%g’éthc”Gnﬂ“ﬁ%i’tsl BigoB Lt our

metal s, for axa%%lwrﬁg%lr 530akH E@P%hlééﬂ& B?'%@H@PMH&M k3 chrfy BhiS@yRESHDI €
to use condihatlons contal ning a noble metal, such

rut heni um ruxmhpharat 85Ty thele tonayry Ont imprégmatiomvith ancanmenivsi veride s BimnteraTy
the elements are |ntrod \ 91”@&1&95{% fyyt ePLLEsne gl Ng
precur sor sé‘ft tt?r ex%'%&g aé:hgf(g ca'lﬁc% h%ﬁ gn stal n %’ Vgé?ycat glﬁ@? has to
be carried ;@aﬁ:raaly Iﬁairémmﬁ'ashbdl bed, §ér, exhyiple at 500°C for 4 hours The group VB element is

then deposited by way of any method known to the skilled person.

Other impregnation sequences can be used in order to obtain the catalyst according to the

invention.

For example, it is possible to impregnate the precursor with a solution containing one of the
promoter elements (P, B, Si), to dry, calcine, and then impregnate the Solid obtained with the
solution containing another promoter element, to dry it, to calcine it. It is also possible to
impregnate the precursor with a solution containing two of the promoter elements, to dry,
calcine and then impregnate the solid obtained with the solution containing another promoter
element, to dry it and to carry out final calcination. The group VB element is then deposited

in accordance with any method known to the skilled person.

The catalyst of the present invention can thus possibly contain at least one group VIII
element, such as iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium or

platinum. Of the group VIII metals, it is preferable to use a metal selected from the group



way of exanple and preferably, between 250 and 600C. | npregnation of the
nol ybdenum can be facilitated by addi ng phosphoric aci d 119®dpembard®0ai um
par anol ybdat e sol utions, which also permts the introduction of phosphorus
so as to pronote catalytic activity. O her phosphorus conmpounds can be
used, as is well-known to the skilledlperson. Inpregnation of the niobium
can be facilitated by adding oxalic acid, and possi bly anmmoni um oxal at e,
to the niobium oxal ate so] utions. O her COHE?
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the ni obi Advasiageewsty. dhs qembisatipns of fhe dollaties gl B PR aE™
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ni obat e aﬁl%k&?{]tgﬂrﬁ%{eﬁpl Y, Hoeds S eibelomdifiioh oheredr bR Gk BRaambor uS

source is or osphoric acid H3P04, but the salts and esters_ thereof,
such as t hiekelroobali-molyphosphabdmntageasty) the fellgwing pembinpfions RbBISHET 458 vssdh be

| Nt roduceg, [0k XA TRlGhdehiln! "Eof A bR bl EAdLE, OTirdlABRIANElBEidnand a
basic org conpound contai ni ng ni rogen, such as ammoni a, prfimry and
secondar ynakélndshivmytelgsten, awbatsiobivoniogids gpn-ninbiynytingsten flaari proferrgéd

qui nol i nes nd. conpounds, of .t.he pyrro fam .]NH]H%_F i1 GpE rces
can be usg‘@&i‘%{f’é‘? 'H%{ngi §“°}3§§%?b6‘1‘“é %ytﬂdse gurgt ﬁ(g/qalt)éﬁ A0S | Q?%sz? gh%i ((:“':C)‘)E—_&Et)§ bl

si | oxanes poRidly®idsoxanitations bf foanmstalssfor exomde pivkélcobaisniobiain-welybdénugat es,
such as apmoni u fluqrosilicate H4) 2SI F6 or. sodi um f.l,uorosil i e

Na2Si F6. I'silfi IRPS%}{’IE 48 d‘s%nﬁ‘g'%{ﬁ‘)‘t'sogft SONPRINES 6F | nce’abrl\% s |l’co%1§frllgs?f ic
acid and higensghhobidieneofbdedin,dk aohaiimnaickgadolsiy-helybdedn. The silicon

can al so be added, for exanple, by inpregnation of ethyl silicate in
solution in a water/alcohol mxture. The silicon can al so be added, for

exanpl e, Bk BRERAR Bo@iced in Sdveial @AgrefnHBSnSof the 0o &poMBRLPrevTiarBalts
pl aced in suspension in water. The boron source can, be boric acid,

pr ef er abl yo dremmsdist ealcedtion s of thesABlYSURASHP B8 Farfigd gpt at a temperature of, by
way of example and preferably, between 250 and 600°C.

Impregnation of the molybdenum can be facilitated by adding phosphoric acid fo the
ammonium paramolybdate solutions, which also permits the introduction of phosphorus so as
to promote catalytic activity. Other phosphorus compounds can be used, as is well-known to

the skilled person.

Impregnation of the niobium can be facilitated by adding oxalic acid, and possibly ammonium
oxalate, to the niobium oxalate solutions. Other compounds can be' used for improving
solubility and for facilitating impregnation of the niobium, as is well-known to the skilled

person.

The sources of the group VB element which can be used are weli-known to the skilied person.
For example, of the niobium sources oxides can be used, such as diniobium pentaoxide
" Nb;0s, niobic acid Nby0s5.H;0, niobium hydroxides and polyoxoniobates, niobium alkoxydes
of formula Nb(OR,); where R, is an alkyl radical, niobium oxalate NbO(HC204)s, ammonium

niobate. Niobium oxalate or ammonium niobate are preferably used.



pent aborate, boron oxide, and boric esters. The boron can be introduced,

for exanple, in the formof a mxture of boric acid, hy@&Sepemper2®0Bde and
a basic organic conpound containing nitrogen, such as ammonia, primary and
secondary am nes, cyclic am nes, conpounds of the pyridine famly and

qui nol i nes and corrpounds of the pyrrol é3famly Boron can be introduced,
for exanple, by way of a boric acid sol utlon in a water/al cohol mxture.
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tetrafl uogife. Na2Si F6. The fluorine can be |ntroduced for exanple, by
|rrpregnat| on’of an aqueous sol ution of hydrofluoric acid or of anmonium
fluoride. The sources of group VIB el enments which can be used are
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Pr ef er abl anmoni,u OXI e n §1U&H 128 i cafd P M 158
nol ybdat eglﬁ?ﬂrﬁarﬁ ﬁl gds fgr Hq%?ﬁor% tungst ate. The sour t:neg of

group VI | ivael/alest Snmhlr@hThamlioen u&edlsarbe afléed, famexemple dytimpregritiqneef a
per son. or the s, sulfates,
phosphat e?ﬁc?{ﬁrtﬂ?%@eéoé‘ cgmPEHY ‘?li“gté Cgr o ez‘*‘lgﬁg“?@%‘ﬁn des, carboxyl ates,

e.g. acetates and carbonat es . are used. For the nobl e met aI s, halides

will be used, e.g. chlori r S,., acj such t id,
and oxyc HF%P?TB%§°‘§%T?“§’§ PHP ﬁ‘e?tln ?ﬁem ﬁor Ca(5;§<dyc %‘ﬁ&gﬂfﬁl 61@% tgﬁ)gst S
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The grai ns t hus obtained. are. of dlfferené t&aapbs and si zes. ey ane are
general |y forgeef & mixtye of berin agfd, hydrogen peroxide an asic organic compou.n

nitrogen, such as ammonia, primary and secondary amines, cyclic amines, compounds of the

pyridine family and quinolines and compounds of the pyrrole family. Boron can be

introduced, for example, by way of a boric acid solution in a water/alcohol mixture.

The sources of group VIIA elements which can be used are well-known to the skilled person.
For example, fluoride anions can be introduced in the form of hydrofluoric acid or the salts
thereof. These salts are formed with alkaline 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 the hydrofluoric acid. It is also possible to use hydrolysable
compounds which can release fluoride anions in water, such as ammonium fluorosilicate
(NH4),SiFs, silicon tetrafluoride SiF; or sodium tetrafluoride Na;SiFs. The fluorine can be
introduced, for example, by impregnation of an aqueous solution of hydrofluoric acid or of

" ammonium fluoride.

The sources of group VIB elements which can be used are well-known to the skilled person.

For example, of the molybdenum and tungsten sources it is possible to use oxides and



cylindrical or multil obar extrudes, such as bilobar, trilobar, polyl obar
extrudates of straight or tw sted shape, but they can ptsSedémbére?2(®Boduced
and used in the formof crushed powder, tablets, rings, balls, and wheels.
They have a:specific surface area, neasured by nitrogen adsorption
according to the BET nethod (Brunauer, ®mett, Teller, J. Am Chem Soc.,
Vol . 60, 308-316 (1938)) of between 50 and 600 n2/ g, a pore vol une
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pr ef er abl pxpahlidss sush aa ruthewétan a@gwnlegal wsyaasideof conpounds with boi | ing
points of at |east 350C, preferably of between 350 and 580C (i.e
correspondi ng to conpounds which contain at |east 15 to 20 carbon atons).
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60, 308-316 (1938)) of between 50 and 600 m*/g, a pore volume measured by mercury

porosimetry of between 0.2 and 1.5 cm’/g and a pore size distribution which can be

monomodal, bimodal or polymodal.

The catalysts which are obtained by way of the present invention are used for conversion, in
particular hydroconversion, of hydrocarbon feedstocks, such as petroleum feedstocks, and, for
example, hydrocracking. The hydroconversion catalyst then contains at least one
hydro-dehydrogenating element. The feedstocks which are used in the process are gasolines,
kerosenes, gas oils, vacuum gas oils, atmospheric residues, vacuum residues, atmospheric
distillates, vacuum distillates, heavy fuels, oils, waxes and paraffins, used oils, residues or
deasphalted crude oils, feedstocks obtained from thermal or catalytic conversion processes,
and mixtures thereof. They contain heteroatoms such as sulfur, oxygen, and nitrogen, and

"possibly metals.

The catalysts which are thus obtained are used advantageously for the hydrocracking, in
particular of vacuum distillate-type heavy hydrocarbon fractions, deasphalted or hydrotreated



50 litres of hydrogen per litre of feedstock, and often between 80 and 5000
litres of. hydrogen per litre of feedstock. The hourly Jiélgapimiber 2008w rat e
is generally between 0.1 and 20 volunes of feedstock per volune of

catal yst and per hour (h-'). The catalysts of the present invention are
preferably subjected to a sul furizatiod5treatment which permits at |east
partial transformation of the netallic species into sulfide prior to
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then to C%Ef UtrO W feddIRERY nﬂfelliblilrlwdohmﬁﬁuwﬂum meaisageﬁerally) be@reey Odutndi29i ng
at 80C, and to carry out sulfurl atlonfi?ji e and preferably by H2S
in a fluskelmssgf feFé‘r‘OCé%&‘FrtS? tume, pt estpbys P°£(1}° rk. The sul fur source can
be el enmentary sul fur, carbon sulfide, hydrogen sul fi de, sulfur-containing
hydr ocar bons, such as dinethyl sulfide, dineth disul fi nmer capt ans,

t hi ophene Thermplistssof thhipsisent ipwniien AF H@Eer%b%w%@“‘&i 013§ ‘%Héﬂ ?pﬂy&‘iﬂ fide

or TPS-37 Ay hk 2 SEM leags? 3151%513 H%s?&rﬁﬁﬁbrp 38 tid Inlétaﬁlché;ﬂae§ whtb WhlfRie NirAtto such

as gasoline, osene , alone or mxed with one of the
sul fur- combmactmggthcmnwﬁhlrthmfe@dﬁ@i& hichiin 40 bo dreatpe This activation treatment by

sulfurization is well-known to the skilled person, and can be carried out using any method

already described in the literature.

Sulfurization of solids (catalysts) which contain at least one group VB element in oxide form
proves to be very difficult by the majority of conventional sulfurization methods known to the
skilled person: Indeed, catalysts which contain at least one group VB element supported on
an alumina-type matrix are known to be very difficult to sulfurize once the group VB

element-alumina combination has been calcined at a temperature of above 200°C.

Sulfurization can be carried out by way of any method known to the skilled person and at any
stage of the preparation. The preferred method according to the invention consists in heating
the non-calcined catalyst in a stream of a hydrogen-hydrogen sulfide mixture, or in a stream
" of a nitrogen-hydrogen sulfide mixture, or in pure hydrogen sulfide, at a temperature of
between 150 and 800°C, preferably of between 250 and 600°C, generally in a flushed-bed
reaction zone. Thus, by way of example, in the preferred case where the group VB metal is

niobium and where the group VIB metal is molybdenum, it is possible to impregnate the



preferred sul fur source is carbon sulfide or hydrogen sulfide. The catal yst
of the present invention can be used advantageously for 1SHepsrdber@C88ki ng
of hydrocarbon feedstocks, in particular vacuumdistillate-type fractions,
nore particularly fractrons with a sul fur content greater than 0. 1% by
weight and with a nitrogen content whicl® is greater than 10 ppm In a
first embodinment for partial hydrocracking, also called gentle
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hydrotreatment. In this hydrocracking node, the conversion level is |ess
than 55% In this case, the conversion process of the petroleum fraction
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at | east “one fre rogena |ng £l on al d r|x 'S an

oxi de- t ypés gremerthaul] pomn. poorl y crystalli sed, porous mineral matrix. By
way of non-limtative exanple, the alum nas, silicas, and silica-alum nas
can be cited. It is also possible to select alunmnates. It is preferable to
use nmatrifges ﬁmrﬁrﬁlbdaﬁxm@tafou rp'artaa,i Hydrcatdckihg,r Ao kaatiwh gentld hedrekriatkixrgj tber son,

ﬁ;g} ots f, ;;kﬂ%%%‘h%g@flﬁi ess él}/aﬂrsg mglbe al(yis[t %ccorr!ﬁng s mven{J ion 1sathen Ued at a
temperature which is generally above or equal to 230°C, and preferably between 300°C and
480°C, and most often between 350°C and 450°C. The pressure is generally above 2 MPa,
and preferably above 3 MPa, and less than 12 MPa, and preferably less than 10 MPa. The
amount of hydrogen is at least 100 litres of hydrogen per litre of feedstock, and often betwéen
200 and 3000 litres of hydrogen per litre of feedstock. The hourly volumetric flow rate is
generally between 0.1 and 10 h'. Under these conditions, the catalysts of the present
invention have better activity in conversion, hydrodesulfurization, and hydrodenitrating than

commercial catalysts.

In a second embodiment, the catalyst of the present invention can be used for partial
hydrocracking, advantageously under moderate hydrogen pressure conditions, of, for
example, vacuum distillate-type fractions which have a high sulfur and nitrogen content, and
-which have previously been subjected to hydrotreatment. In this hydrocracking mode, the
conversion level is less than 55%. In this case, the conversion process of the petroleum
fraction takes place in two stages, the catalysts according to the invention being used in the

second stage. The catalyst of the first stage can be any hydrotreatment catalyst and comprises



| east one nmetal or group VIII metal conpound, such as nickel and cobalt,
for exanple. It is possible to use a conbination of at 19eapterober 20868al or
nmet al compound of group VIB (e.g. nolybdenum or tungsten) and of at |east

one netal ot netal conpound of group VIII (e.g. cobalt or nickel) of the
periodic table. The total concentrationl®df netal oxides of groups VIB and
VIIT is preferabl y between 5 and 40% by wei ght, and, very preferably,
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preferably being between 5 and 15% by weight.

The first stage generally takes place at a temperature of between 350 and 460°C, preferably of
between 360 and 450°C, a pressure of at least 2 MPa, and preferably of at least 3 MPa, an
hourly volumetric flow rate of 0.1-5 L, and preferably 0.2-2 h“‘, and with an amount of
hydrogen of at least 100 litres of hydrogen per litre of feedstock, and preferably
260-3000 litres of hydrogen per litre of feedstock.

For the conversion stage with the catalyst according to the invenfion (or second
hydrocracking stage), the temperatures are generally above or equal to 230°C, and often
between 300°C and 480°C, preferably between 330°C and 450°C. The pressure is generally at
least 2 MPa, and preferably at least 3 MPa, and less than 12 MPa, preferably less than
10 MPa. The amount of hydrogen is at least 100 litres of hydrogen per litre of feedstock, and
often between 200 and 3000 litres of hydrogen per litre of feedstock. The hourly volumetric
flow rate is generally between 0.15 and 10 h'. Under these conditions, the catalysts of the

present invention have a better activily in conversion, in hydrodesulfurisation, in



I n anot her enbodi nent in two stages, the catal yst of the present invention
can be used for hydrocracking under high hydrogen pressi@rS&eptanickitd0ooas of
at least 5 MPa. The treated fractions are, for exanple, vacuumdistillate
types with a high content of sulfur and nitrogen, and have previously been
subj ected to hydrotreatment. In this hyd?ocracklng mode, the -conversion

| evel is above 55% In this case, the converS| on | evel of the petrol eum
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al um na base, and preferably not containing any zeolite, and at | east one
nmetal which has a hydrogenating function. Said matrix can also be
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wei ght, anqathe weight ratio expressed in terns of netallic oxide of netal
(or rretals &t group VI to netal (or netals) of group VIII is between 1.25
and 20, and preferably between 2 and 10. Furthernore, thi s catal yst can
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an anount of en of at least 100 litres of hydrogen, | it of
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f eedst ock. ork@npfRY &IPS e metal or metal compound of group VIII (in particular, cobalt or
nickel) of the periodic table. The total concentration of oxides of group VI and VIII metals is

between 5 and 40% by weight, and preferably between 7 and 30% by weight, and the weight
ratio expressed in terms of metallic oxide of metal (or metals) of group VI to metal (or -
metals) of group VIl is betwecri 1.25 and 20, and preferably between 2 and 10. Furthermore,
this catalyst can contain phosphorus. The content of phosphorus, expressed in terms of the
concentration of diphosphorus pentaoxide P,Os generally will be at most 15%, preferably
between 0.1 and 15% by weight, and preferably between 0.15 and 10% by weight. It can also
contain boron in a B/P ratio of 1.02-2 (atomic), the sum of the B and P contents, expressed in

terms of oxides, being 5-15% by weight.

The first stage generally takes place at a temperature of between 350 and 460°C, preferably of
between 360 and 450°C, a total pressure of at least 2 MPa, and preferébly of at least 3 MPa,
an hourly volumetric flow rate of 0.1-5 h?, and preferably 0.2-2 1", and with an amount of
hydrogen of at least 100 litres of hydrogen per litre of feedstock, and preferably
260-3000 litres of hydrogen per litre of feedstock.



It 19 For the conversion stage with the catal yst according to the invention
(or second stage), the tenperatures are generally abovelSo$emernbér 2003230C,
and often between 300C and 480C, preferably between 300C and 440C. The
pressure is.generally greater than 5 MPa, and preferably greater than 7
MPa. The anmount of hydrogen is at |east 800 Iitres of hydrogen per litre
of feedstock and often between 200 and 3000 litres of hydrogen per litre of
feedstock. The hourly volunetric flowrate is generally between 0.15 and
10 h-1. ... Under these conditions, the catalysts of the present invention
have a bet fFer thecovedrsivn ntage it they catdlis nceonding ta the inveation (atsssond\atagelaien t he
zeolite contents are considerably |ower, t t.has f h&He
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conpounds and/ or napt heni.c .conpounds and/or paraffinic conpounds, and
possi bly netal's and/ or nitrogen and/or oxygen and/or sulfur. In these

uses, the &hdatthesesonditiens, thecatalystaphibe Pisyeritanyertionthiyc  Peis ReNVeRNACHEY
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used in the process are dasolines, gas oils, vacuumgas oils, atnospheric
resi dues, vlthewnmpesdidgeglystat nospheric distillates, vacuumdistillates,
heavy fuels, oils, waxes, and paraffins, used oils, deasphalted residues
or crude oils, -feedstocks which are obtained fromthernmal or catalytic
conver si on The catelysts sbtaingd bievay ofithetpresest inTéntipn arsratlsei ysed frattley adreraiining g€h as

Ul phur . OXQSDR00 Dl 0400, 81l ST, HELRR: PSRN caltkCbE 0TS,

as such an on-1imtattve exanple, vacuum
deasphal t etiydrocarbydr pbdwead debmt astuciligss. dihe aopin wedcBonssysepraed bydbgapatomsf st

of at |east 80% by volu of 0 upds Wit Qi l i ng. poi nt J t
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contai n heteroatons |ike sul fur and njtrogen. e nitrogen coptent is.
usual | y feedstocks contain aromatic compouncis and/or “olefinic compox%x%s ador napdwmc

.compounds and/or paraffinic compounds, and possibly metals and/or nitrogen and/or oxygen
and/or sulfur. In these uses, the catalysts which are obtained by way of the present invention

have an improved activity in comparison with the prior art.

The feedstocks used in the process are gasolines, gas oils, vacuum gas oils, atmospheric
residues, vacuum residues, atmospheric distillates, vacuum distillates, heavy fuels, oils,
waxes, aud paraffins, used oils, deasphalted residues or crude oils, feedstocks which are
obtained from thermal or catalytic conversion processes and their mixtures. They contain
heteroatoms, such as sulphur, oxygen and nifrogen, and at least one metal. The heavy
fractions, as such and by way of non-limitative example, vacuum distillates, deasphalted or
hydrotreated residues, or equivalents, preferably consist of at least 80% by volume of
compounds with boiling points of at least 350°C, and preferably of between 350 and SSQ°C
(i.e. corresponding to compounds which contain at least 15 to 20 carbon atoms). They
generally contain heteroatoms like sulfur and nitrogen. The nitrogen content is usually

between 1 and 5000 ppm by weight, and the sulfur content is between 0.01 and 5% by weight.



bet ween | and 5000 ppm by weight, and the sulfur content is between 0.01
and 5% by weight. 19 Septenber 2003 20 The catal ysts of toHieperass 003
invention are al so advant ageously used preferably during the pretreatnent
of catalytic cracking feedstocks and in_the first stage of a gentle

hydr ocracki ng or hydroconversion opera??on. They are then usually used in
conbination with an acid catalyst which may or may not be zeolitic for the
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brought into contact: with the feedstock to be treated., This activation
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literature. A conventional sulfurization nmethod well-known to the skilled
per son consémstad litres ¢fdwdiogen perditrerf feedstacko f The dropthy velymstrigtlogarcos 88093t ogen

and hydroggg, sul 6%9&15(?%;%&&1?5 ofbedstd l?%e?‘nlf)l%ﬁfglo?éatﬁyst%& 490 and hydrogen

sul fide mi Xture, a erature of between 150 and 800C, preferably of
bet ween 250 and 500C, generally in a flushed bed reaction zone. The results

whi ch are i rta t he i.n b \th Y zatibe el
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achi eved upelatitting adldabtqrstiairandforaration obtinp andtilie specich inde swlfide beforathiey yre .
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tabi 1ty Dbl ey Pie EsbslBI et i hcreast in pressure or in
hydrogen recycling rate, but this is to the detrinent of the econony
A conventional sulfurization method well-known to the skilled person consists in heating the
mixture of solids in a stream of a hydrogen and hydrogen sulfide mixture, or in a stream of a
nitrogen and hydrogen sulfide mixture, at a temperature of between 150 and 800°C,
preferably of between 250 and 600°C, generally in a flushed bed reaction zone.
The results which are of importance to the refiner are the HDS activity, the HDN activity, and
the conversion activity. The desired goals should be achieved under conditions which are
compatible with economic reality. Thus, the refiner seeks to decrease the temperature, the
pressure, and the hydrogen recycling rate, and to maximise the hourly volumetric flow rate. It
is known that the activity can be increased by a temperature increase, but this is often to the
detriment of the stability of the catalyst. The stability or service life improves with an

increase in pressure or in hydrogen recycling rate, but this is to the detriment of the economy

of the process.



of the process. 19 Septenber 2003 21 The follow ng exanples illustrate the
present invention, but without limiting the scope therd&fSeporipgiad03:
Preparation of a Hydrocracking Catal yst Substrate which contains a
Partially Anbrphous Y Zeolite A USY comercial ultrastable dealumnified
zeolite with an overall Si/A nolar rat?lo of 15.2, an Si/A - framework
ratio of - 29, a crystalline paraneter of 24.29A, .containing 0.03% by

wei ght Na,. Wi a. peak rate . F rivstald 1one. f-r: | 85%
e amor phiipEdblly iR el rifete 8 BRtenliihital $47 Bl B P Bkl
presence diergofparti al water vapour pressure of 0.5 bar absolute. The
zeolite is then subjected to acid attack carried out under the follow ng
conditions: normality of the acid: 0.85N, duration: 3 hours; and
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the first _one, gth a Ear&! al.. water vapour pressure of 0.02 bar is applied
to the zedlartiall It¢ hese treatments, the partially anorphous
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anorphous Y zeoljte_ are . inpregngted in.the dry state w an ueous
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ni ght at 12@Gciokiaj batal@RGubsta! doyitaddecthizéizdofite is produced in the following way:

50 g of the partially amorphous Y zeolite described hereinabove is mixed with 50 g of a
matrix consisting of ultrafine tabular boehmite or alumina gel marketed under the name SB3
by Condéa Chemie GmbH. This powder mixture was then mixed with an aqueous solution
containing nitric acid at 66% (7% by weight acid per gramme of dry gel), then mixed for 15
minutes. At the end of this mixing, the paste which is obtained is passed through a die with
cylindrical orifices of 1.4 mm in diameter. The extrudates are then dried for one night at

120°C in air, and then calcined at 550°C in air.

Example 2: Preparation of Catalysts which contain a Partially Amorphous Y Zeolite '

The substrate extrudates, prepared in Example 1, which contain a partially amorphous Y
zeolite are impregnated in the dry state with an aqueous solution of ammonium
heptamolybdate and nickel nitrate, dried for one night at 120°C in air, and finally calcined in
air at 550°C. The contents by weight of the oxides of the NiMoY; catalyst obtained are given
in Table 1.

The extrudates are impregnated in the dry state with an aqueous solution of a mixture of

ammonium heptamolybdate, nickel nitrate and orthophosphoric acid, dried for one night at



air at 550C. The contents by weight of the oxides of the N MY2 catal yst
obtained are given in Table 1. The extrudates are inpre@f3dpbembar 2008 dry
state with an aqueous solution of a m xture of ammoni um hept anol ybdat e,

ni ckel nitrate and orthophosphoric aci;l‘:f dried for one night at 19

Sept enber 2003 22 120C in air, and fin %y calcined in air at 550C. The
contents by wei ght of N MoPY2 catal yst oxides obtained are given in Table
1. Ve thenpepiesinatfdaidng GfiRlan e hhssoNE M2 dntn Bve_Y%h_E laf 20VR@YEOUS
solution containi'ng amoni um bi_borate and Rhodorsil EP1 silicone enulsion,
and obt ai selglystrxidesprgimeSareziveainlghie I The final contents of oxi des of the
catal ysts thus prepared are shown in Table 1. Electron m croprobe anal ysis
of the N MoPBSi Y2 and Ni MONbPBSi Y2 catal ysts reveals that the silicon
added to tWe thent dmpregnated dhedsanaple ooft the NHRINY enfalyst withatie @aveoup| splusignt he
matrix an 1SN ] ihp1Cas; a Ch i of
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cat al yst s NeMoPB&i¥ @talysheThs find) comfents ef pxrigescafriba eatalwits thuaprepapaé eresshewhut i on
of ni obi um T%tﬁ@llat e Nb(HC204)5, oxalic acid and amoni um oxal ate. The
aqueous sOruti on cont ai ni ng niobiumis prepared from 1330 m water in
which 33 g oxalic acid, 37.2 g ammoni um oxal ate and 92.3 g ni obi um oxal ate
are dissolyed. This kes it sial e It i mat el 5%
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oxal i ¢ acitik sikdodl addernitheoaekat aicerdirg: th ithiesihlantidn dotateidnaialycbnvhematrixeand
solution is. c e{ar said solution is heated to 55C, and ni obium oxal ate is
added. Watg® %"Fﬂé’ga‘éfa’a’g‘auﬁsﬁw&rder to obtain 1330 mm of solution. The
catal ysts of Exanple 2 herei nabove are inpregnated by the so-called excess
sol ution t hod, The 1330 ni of sol utiqn, brought i nto contact wth 380
g of cata & lend L O, alysts contain a Rartially Amorpl 24 o 0

are then qihgdad Or Oone night at 120C in a streamof dry air. The final
contents of oxides of the N MoNbY2, N MoNbPY2 and N MoNbPBSIi Y2 catal ysts
t hus obt aiThegatalvets phEraaple 4 hessingbgyje @rejimpregnated with an aqueous solution of niobium

oxalate Nb(HC,04)s, oxalic acid and ammonium oxalate. The aqueous solution containing

niobium is prepared from 1330 ml water in which 33 g oxalic acid, 37.2 g ammonium oxalate
and 92.3 g niobium oxalate are dissolved. This makes it possible to deposit approximately
5% by weight Nb on the catalyst. In order to prepare the solution, the mixture of oxalic acid
and ammonium oxalate is firstly dissolved, and when the solution is clear said solution is
heated to 55°C, and niobium oxalate is added. Water is then added in order to obtain

1330 mm of solution.

The catalysts of Example 2 hereinabove are impregnated by the so-called excess solution
method. The 1330 m! of solution are brought into contact with 380 g of catalyst. After two
hours, the extrudates are recovered. These latter are then dried for one night at 120°C in a
stream of dry air. The final contents of oxides of the NiMoNbY, NiMoNbPY; and
NiMoNbPBSiY, catalysts thus obtained are indicated in Table 1.



19 Septenber 2003 23 Table 1 : Characteristics of the Catal ysts of the Y2
Series Catal yst Ni MOY2Ni MoNbY2Ni MaPY2Ni MoNbPY2Ni MoPBSi Y2 NiONBeibe?BISEr 2203
MD0313. 912. 813.412. 212. 311.6 (% by wei ght) Nb20503. 006. 406. 4 (% by wei ght)

Ni O2.93.02.92.92.82.8 (% by wei ght) P205004. 64. 44.24. 3 (% by wei ght)
B20300001.41.5 (% by wei ght) Si O241. 03% 339. 036. 540. 737. 6 (% by wei ght)
Conpl enent 42. 239. 440. 137. 638. 635.8 up to 100% consisting mainly of A1203 (%

by wei ght jrapfesarildtadteriSeRBEAe T AV YSérfesi N the H . Ydrocracking of a

Vacuum Gag, Q. L, M IN,.PanL L3k CROVEL S0 .. J16 . SAkaAl. sl_sugae%agm,@
whi ch i s|dedgti bed i|nNiBe@ETpNa®NLY,t|ONBiP%r ¢ NiMebPHind dfiMePBaR: HNeMoNpFRSI Uy €
hydr ocr a¢gking conditlions op a petroleumf ) t he mainlcharacteriktics
of whichMa® as foll oldd Denkity |(2834) 0. 9222 Sullphu2y % by wdilgnht) p. 46

(% by weight)

Nb0Os 0 3.0 0 6.4 0 6.4

(% by weight)

NiO 2.9 3.0 2.9 2.9 - 28 2.8

{% by weight) |

P,0s 0 0 4.6 4.4 4.2 43

(% by weight)

B,0s 0 0 0 0 1.4 1.5

(% by weight)

Si0; 41.0 383 39.0 36.5 40.7 37.6

(% by weight)

Complement 422 394 40.1 37.6 38.6 35.8

up to 100%

consisting

mainly of

ALO; (%% by

weight)

Example 4 : Comparison of Catalysts in the Hydrocracking of a Vacuum Gas Oil with

Partial Conversion.

The catalysts, preparatioh of which is described in Examples 1 to 3, are used under moderate
pressure hydrocracking conditions on a petroleum feedstock, the main characteristics of

which are as follows:

Density (20/4) 0.921
Sulphur (% by weight) 2.46
Nitrogen (ppm by weight) 1130
Simulated distillation

Starting point 365°C

10% point 430°C



Ni trogen (ppm by weight) 1130 Sinulated distillation Starting point 365C
10% poi nt 430C 19 Septenber 2003 24 50% poi nt 472C 90% pdPicphddri20a8

poi nt 539C Pour point+ 39C The catalytic test unit conprises two fixed-bed
reactors, with upward circul ation of the feedstock (""up-flow'). In the
first reactor, i.e. that in which thezf‘eedstock passes first, the HIH548
hydrotreatment first-stage catalyst sold by Procatal yse is introduced which
conprises a group VI el enentSO@gBj,irg group VIl gfepent which are deposited
on alumna. In a second reactor, i.e. that in wiyich the feedstock passes
second, one of the hydrocrad®farpintcat al ysts pré?f’af‘:ed in Exanples | to 3 is
introduced. In each of the rgagLans. 40 m of egeal yst is introduced. The
two reactors operate at the sane tenperature and at the same pressure. The
operating conditions of the Rouspoitinit are as fd13¥dns: Total pressure5 MPa
Hydrotreat ment catal yst40 cnB Hydrocracki ng catal yst40 cnB8 Tenper at ure400C
Hydrogen flow rate201/ h Feedstock flow rate40 cnB8/h The two catal ysts
under go &Fhei entalytioutestutufit cpmprised iwe tixgd-besk regetarsy adlky wryyerd cicwdion o Be not ed
that any fte&rs&,'c{%g‘f L) ST bheStthd AdhdiGal.é Ahat TREAMRE the feiitdda8ses GRS he

sul furization s ‘been” carried out, the afore-described feedstock can be
t r ansf or NETH548h dydratreatpeitc fippbetpes eaiabysis seldebedipetdeg isnintedyped ovhigh oss
conversi g . 400 j el b MuRbnamigd! e

i st 11 a ey el B R e o L £ Do)
and in t evepandofeadigriodtat i whichribg EmrgtockTpasass seeand] grg ef Beriydrarikias

catalysts prepared in Examples 1 to 3 is introduced. In each of the reactors, 40 ml of catalyst
is infroduced. The two reactors operate at the same temperature and at the same pressure.

The operating conditions of the test unit are as follows:

Total pressure 5 MPa
Hydrotreatment catalyst 40 o’
Hydrocracking catalyst 40 cm®
Temperature 400°C
Hydrogen flow rate 20 /h
Feedstock flow rate 40 cm’/h

The two catalysts undergo an in-situ sulfurization stage before reaction. It should be noted
that any in-situ or ex-situ sulfurization method is suitable. Once the sulfurization has been

carried out, the afore-described feedstock can be transformed.

The catalytic performances are expressed in terms of gross conversion at 400°C. (GC), in
terms of the coarse selectivity of middle distillates (CS) and in terms of hydrodesulfurization
conversions (HDS) and in terms of hydrodenitration (HDN). These catalytic performances
are measured on the catalyst after a stabilisation period, usually of at least 48 hours, has

elapsed.

Hydrodesulfurization conversion HDS is assumed to be equal to:
HDS = (Sinitiat ~ Sefuent) / Sinitial * 100 = (24600 — Seffiuent) / 24600 * 100



are neasured on the catalyst after a stabilisation period, usually of at

| east 48.hours, has el apsed. Hydrodesul furization convéPsieptentips 2083
assuned to be equal to: HDS = (Sinitial -- Seffluent) / Sinitial * 100 =
(24600 - Set hi,,,) / 24600 * 100 19 Septenber 2003 25 Hydrodenitrating
conversion HDN is assuned to be equal t® HDN = (NI f11t181 - Ncf fluent) /
Nigitial * 100 = (1130 -- Neftiuent) / 1130 + 100 The foll ow ng tabl e gives

conver i ononsgeH A kS ARIRNN Rl R cqlifia Vil 2PN IV 02 of the

partially anmorphous Y zeolite-based catalysts in partial hydrocracking at

Ni NoPv2s RBRR A gsdad e MGy IR RGNy Vg g o it Norbr Y283, 99-2

Ni MoPBSi Y2Ni MoPBSi / Y299. 5598.5 The results of Table 2 reveal that the

Subst rat e ReaRhe R et aRe R AP i RS YRR RRR i, e

about an iconvesieHDIN fon tHeltatapétsf or mances of the catalyst in terms of
hydrodesul furization, and, particularly, in ternms of hydrodenitrating.
Exanple 5 : ‘Conparison of Partially Anorphous Y-Based Catalysts in the H
drocr acki urgie 2: HCSA1LERMAYiSeOHF (KA pakimlEATt othhoubliezaditebyssd sa@Bsisah ni Ny
partial |y anmorphous Y. zeolite and nighium preparation of which has . been
described in Exanpiréidl hydrgerackiggat 4808 ynder hi gh- conversion hydrocr acki ng
conditions (60-100% . The petrol eum feedstock is a hydrotreated vacuum

distillate, the main characteristics of which are as follows: Density

(20/4)0.869 Sul fur (ppm by wei ght)502 HDS (%) HDN (%)
NiMoY; NiMo/ Y2 98.6 953
NiMoNbY> NiMoNb/Y; 98.9 ' 96.8
NiMoPY; NiMoP/Y> 99.4 96.4
NiMoNbPY; NiMoNbP/Y; ' 99.5 972
NiMoPBSiY; NiMoPBSI/Y; 990.55 98.5

The results of Table 2 reveal that the adding of niobium to the NiMo, NiMoP and NiMoPBSi
catalysts based on substrates containing alumina and a partially amorphous Y zeolite brings
about an improvement in the performances of the catalyst in terms of hydrodesulfurization,

and, particularly, in terms of hydrodenitrating.

Example 5 : Comparison of Partially Amorphous Y-Based Catalysts in the

Hydrocracking of a High-Conversion Vacuum Gas Qil
The catalysts containing partially amorphous Y zeolite and niobium, preparation of which has

been described in Examples 1 to 3, are used under high-conversion hydrocracking conditions
(60-100%). The petroleurn feedstock is a hydrotreated vacuum distillate, the main

characteristics of which are as follows:

Density (20/4) 0.869
Sulfur (ppm by weight) 502
Nitrogen (ppm by weight) 10

Simulated distillation



Ni trogen (ppm by weight) 10 Sinulated distillation 19 Septenber 2003 26

I nitial point298C 10% poi nt 369C 50% poi nt 427C 90% poi nt 4@1Saptéiipe] 2003

poi nt 538C This feedstock was obtained by hydrotreatnent of a vacuum
distillate on a. RR3 60 catal yst sol dn%v1 Procat al yse and conprising a
group VIB elenment and a group VIII ele t which are deposited on al um na.
Prior to the hydrotreatnent, the feedstock contai ned 1500 ppm nitrogen and
3.2% sul fur. A H2S precyfspPfoisul f ur- contai gggag conpound and an ammoni a
precursor nitrogen-containing conpound are_added to the hydrotreated
feedstock in order to silA¥h BBt t he parti al %ﬁf’egsures of H2S and NH3 in the
hydr ocr acki ng st age. Th%do/ggﬂﬁlt ock thus preggreed is injected into the

hydr ocracki ng test unit whi conprises a fixed-bed reactor, with upward
circulation of the feed¥opkn{ " up-flow'), #H{Ee which 80 m catalyst is

i ntroduced. Before inj eclgim%‘oﬁlpe f eedst ockgagefe catalyst is sulfurized by
an n- hexane/ DMDS + aniline Xture up to 320C. Any in-situ or ex-situ

sul furization method can be used. Once sul furization has been carried out,

t he af ore-desgribed feedst r (& ( i L1 ons
of the. ot RHpRR BRI oy AR AT SE 8 R (48 B MR Bl
Tenper at uraldGy-MAAGH -y dndgamprisingve grate A tlemestcad taqréurf Vlelemem8viudBih The
catal ytic perfornances are expressed in terns of the tenperature which
nmakes it ﬁlg'%%sft?)‘{%na each a gross conversion |evel of 70%and in terns of
the coarse selectivity of 150-380C

Prior to the hydrotreatment, the feedstock contained 1500 ppm nitrogen and 3.2% sulfur. A
H,S precursor sulfur-containing compound and an ammonia precursor nifrogen-containing
compound are added to the hydrotreated feedstock in order to simulate the partial pressures of
H;S and NH; in the hydrocracking stage. The feedstock thus prepared is injected into the
hydrocracking test unit which comprises a fixed-bed reactor, with upward circulation of the
feedstock (“up-flow”), into which 80 m! catalyst is introduced. Before injecting the
feedstock, the catalyst is sulfurized by an n-hexane/DMDS + aniline mixtare up to 320°C.
Any in-situ or ex-situ sulfurization method can be used. Once sulfurization has been carried
out, the afore-described feedstock can be transformed. The operating conditions of the test

unit are as follows:

Total pressure 9 MPa
Catalyst 80 cm’
Temperature 360-420°C
Hydrogen flow rate 80 /h
Feedstock flow rate 8 cm’/h

The catalytic performances are expressed in terms of the temperature which makes it possible
to reach a gross conversion level of 70% and in terms of the coarse selectivity of 150-380°C
middle distillates. These catalytic performances are measured on the catalyst after a

- stabilisation period, usually of at least 48 hours, has elapsed.

The gross conversion (GC) is assumed to be equal to:



m ddle distillates. These catal ytic performances are neasured on the

catal yst.after a stabilisation period, usually of at | d&s3epldnbenC83 has
el apsed. The gross conversion (GC) is assunmed to be equal to: 19 Septenber
2003 4, 27 &C = % by weight of 380C "' of the effluent The coarse
selectivity CS of mddle distillate is Zssuned to be equal to: CS = 100* by
wei ght of the fraction (150C 380C) / weight of the 380C'" fraction of the
ef f |l uent - ction t at u is.fixed in order to reach a gross
conver si oﬁk&:@g% ?’ﬁ%ﬂbﬂ’f%%ht?{tﬁﬁﬁ@ugn% herei nafter gives the reaction
tenperature and coarse selectivity for the catalysts described in Table 1.
Tabl e 3: talytic Activifies, ) i.gh- Conyer.si on .Hydrocr acki ng

Cat al ysts%‘ﬁ? ¢ slacEwfy @#Pﬁmaﬂﬁ@%ﬁ&ag ‘gai“-"@’ t‘%elelq&"i“'é_y( 150- 380C) (% by
vei ght) NdbY2doMy ¥23A4d0ithé fAsNT ¥0-D80RDY YR3RRT6E the 380°C™ fraction of the

Ni MoOPY2Ni MoP/ Y239371. 2 N MoNoP Y2Ni MoNbP/ Y238971. 5 _

Ni MbPBSi YERIUBPBSI / Y238772. 5 Ni MoNbPBSi Y2Ni MoNoPBSi / Y238472. 8 Tabl e 3
reveal s that the use of a catalyst according to the invention which
contains partially anorphous Y.zeolite and ni obi um r,esfu}gs 4@ Bi %’hmil
conver si offhp&eastian temperatyre yielixed i grles togRach agFARs QRYRTaien Hi6r o/ O b fretsht.
conver sl OrTaQ{G, 7 Q&P ANCERRL thel RaGRARBMpS A rMhld cSeldeBdelettidityMidrChe c8RRERI N
the sane zeolite but which do not contain niobium Moreover, at an

i so- converdssapihedin Tapiwh.by wei ght, all of the catal ysts containing a
partially anorphous Y zeolite and ni obium

" Table 3: Catalytic Activities of the High-Conversion Hydrocracking Catalysts

(70%)
T (°C) Selectivity of Middle
Distillate
(150-380°C)
(% by weight) '
NiMoY, NiMo/Y> 394 _ 704
NiMoNbY> NiMoNb/Y, 392 70.7
NiMoPY, NiMoP/Y» 393 71.2
NiMoNbP Y, NiMoNbP/Y, 389 71.5
| NiMoPBSiY, NiMoPBSV/Y, 387 725
NiMoNbPBSiY; NiMoNbPBSi/Y; 384 72.8

Table 3 reveals that the use of a catalyst according to the invention which contains partially
amorphous Y zeolite and niobium results in higher conversion levels (i.e. lower conversion
temperatures for a given conversion of 70% by weight) in comparison with catalysts which
contain the same zeolite but which do not contain niobium. Moreover, at an iso-conversion of
70% by weight, all of the catalysts containing a partially amorphous Y zeolite and niobium
according to the invention result in middle distillate selectivities (150-380°C fraction) which
are better than those recorded in the case of catalysts containing the same zeolite but not

~ confaining any niobium.



according to the invention result in mddle distillate selectivities
(150-380C fraction) which are better than those recordd@ SaptdrhigerCase of
catal ysts containing the sane zeolite but not containing any niobium 1 9
Sept enber 2003 28 CLAIMS A catal yst conprising at | east one matrix, at
| east one group VB el enent and at |eastpgone partially anorphous Y zeolite,
havi ng a peak rate of less than 0.4 and a crystalline fraction, expressed
inrelation to a reference zeolite in sodium (Na) form which is less than
60% 2. A catalyst according to clai ell.AIMSch al so conprises at |east one
hydr odehydr ogenati ng el enent. 3. A catalyst according to any one of the
preceding clainms, wherein the zeolite has : - an overall Si/A ratio
great er tHan 15 catalyancdpipribinglaV |dastaomevoatkixy zitlcapt gueegivep Vibhelemewirand g ddastt o,
the overall Si/A ratio, -.a re volune at | u t0,0. 20 /[ g.of
S0l 1 whose f reEwrBy BnemiBr’ §7Sald 4The neaf BN, of i Thud Oy o8 Bk, &
di amet er of atfrictiaftexprefdd idtreldtion @b aksfeiena@ceoliiiingodion ANy) fone, wiick dess
precedi ng cl ai ps, &erei n the group VB elenent is niobium 5. A catalyst
according to aﬁ%“g & of the preceding clains which also contains at | east
one elenent selected fromthe group fornmed by phosphorus, boron, and
silicon. 6. A catalyst according to claim5 y\/ger?i n the -elenment is
deposi t ed %on the @R ya¢cosHoe  Fhi AR | dealBiFt oo eCMBRIES . 2% leastc 905 y st
according to amireRByRbghmglaraEi ng cl ai ns which al so contains at |east
one group VIIA elenent. 8. A catalyst according to any one of the
preceding clains which also contains at |east one I&éogp VIIB elenent. 9. A
cat al yst accor dicaglysacedrdingit@anyrongiof die prensdige slpny/ wheginthe reeitte has ‘:nanganese
19 Sept enmber 2003 . -
- an overall Si/Al ratio greater than 15,

- an S/Al" framework ratio greater than, or equal to, the overall Si/Al ratio,
- a pore volume at least equal to 0.20 ml/g of solid whose fraction, between 8% and

50%, is constituted by pores with a diameter of at least 5 nm.

4. A catalyst according to any one of the preceding claims, wherein the group VB element

is niobium.

5. A catalyst according to any one of the preceding claims which also contains at least one

element selected from the group formed by phpsphorus, boron, and silicon.

6. A catalyst according to claim 5 wherein the element is deposited on the catalyst and

mainly located on the matrix.

7. A catalyst according to any one of the preceding claims which also contains at least one

group VIIA element.

8. A catalyst according to any one of the preéeding claims which also contains at least one

group VIIB element.

9. A catalyst according to claim 8 in which the group VIIB element is manganese.



29 10. A catalyst according to any one of the preceding clains which
contains in % by wight in relation to the total nass of the catal yst. -

0.1 to 99-8% of at |east one oxide-type anorphous or poorl rystallized

porous mineral matrix, - 0.1 to 99.8%of partially aﬁ:’tﬁ %’Uge&o?golite, -

0O to 60% of at |east one group V B elenent, - O to 60% of at |east one

hydr o- dehydr ogenati ng el enent, 0 to 20% of at |east one el enent sel ected

fromthe group formed by boron, silicong phosphorus; - 0 to 20% of at

| east one group VILA elenent 11. A catal'yst according to any one of the

precedi ng clains, wherein the matrix is selected from alum na,

si l'i ca- al WM na catalystmicoatiag to sy 086 { he prefedifiOCIBRS: FHIEL E&I@ai&:@ﬁ%@rbﬁi Rhgiffin
the

hydrocarbon feedstock with a catal yst according to any one of

preceding cl aﬁcﬁgo_“ t_fég.fe tﬂ[ai)?‘ﬂff‘é’gﬁ‘ea{:&@fsﬂi ng to claim12 for hydrocracking

with a catalyst oWhiCht §SIF at GQAPbAS BRidakyde ORadrpIie JRYaLRy ARAMATRISIARSNY
a

el ement. 14_ A process according to claim 13 for hydrocracking at
tenperature of &Weyal YOG a pressure of above 0.1 MPa, a volunetric flow

rate of 0.1-201 j[,m@g%%aoﬂ;%gﬁ ShhorplffeY & JcB@Of at |east SONI/ 1 of

f eedst ock. 15. process cording to claim 14, wherein the pressure is
greater than 2 NRa6@hodlkelssst oahemup X \fbementhe tenperature is at | east 230C,

the volunetric fl & i _ -4 \ng. t hydrogen recycling is at
| east 100 NO of Bfug)e% s?’tggﬁ(m%ttgté c}é“%éﬁ |d6°r$%8%f“ﬁrg§?%és€‘g than 55% 16. A

process accor-di igo R0%alfat kadbne elvmpint sdectddcfrgm dssgrogp fosmad bl bawh, fliddia, and
the conversion js &ﬁgea_ter than 55' /"0 17. A process according to claim12

for hydro-refi nPHGPUIHH a catal yst which al so 19 Septenber 2003 30
conpri ses at 1 easd 203M6f hyleisoottahiyas YgRNatmag. el enent .

1. A catalyst according to any one of the preceding claims, wherein the matrix is selected

from alumina, silica-alumina, aluminates, silica.

12. A process for the conversion of hydrocarbon feedstock with a catalyst according

to any one of the preceding claims.

[3. A process according to claim 12 for hydrocracking with a catalyst which also

comprises at least one hydro-dehiydrogenating element.

14. A process according to claim 13 for hydrocracking at a temperature of above 200°C, a
pressure of above 0.1 MPa, a volumetric flow rate of 0.1-20h™", and a hydrogen

recycling of at least SONI/ of feedstock.

[5. A process zccording to claim 14, wherein the pressure is greater than 2 MPa and less
than 12 MPa, the temperature is at least 230°C, the volumetric flow cate is 0.1-10h-1,
and the hydrogen recycling is at least 100 NUL of feedstock, the conversion being less

than 55%.

16. A process according to claim 14, in which the pressure is at least 5 MPa, and the

conversion is gieater than 55%.

17. A process according to claim [2 for hydro-refining with a catalyst which also



18. A process according to claim 17 which is carried out at a tenperature
of above 200C, a pressure of above 0.05 MPa, a hydrogen recycling rate of
at least SO NO of feedstock, and an hourly volunetric flow rate of 0-1-20
lt-t. 14_ A process according to any one of clains 12'%3PIeMP&HI8I n t he
catalyst is sulfurized beforehand 20_ A process according to any one of
clains 14 to 16, wherein the feedstock is subjected to a hydrotreatnent
bef ore bei ng hydrocracked. 21. A catalyst, according to one of the
preceding clains, conprising: (1) at | east one matrix and at |east one
partially anorphous Y zeolite that has a peak ratio that is |l ess than 0-4,
a crystalline fraction, expressed relative to a reference zeolite in

sodi um f or m ( Maypasehaltiedssodedydra-dehd®aogating plegient.east one el enent sel ect ed
fromgroup VB, .(3) at |east one hydro-dehydrogenating el enent sel ected
front the group-consisting of the elenments of group V(B and group Vfll,
and (4) at8.| edgtrowseaqedigtteclaghdiesliicl haticd o€ hieckeagedatuaevf itovg ROOAT,

consi sting of _phosphor -k and ,si.li con erei.n the zeoljte has the
fol | owi ng chaf &% ‘?rlcs i%ﬂsﬂ:vg‘g(%%v AR rr%‘;ty:é@‘q K4e qfsatgéését'@rmjﬂgﬁ 1.5,
an Si/Al'v frfeewekkaddahihout fiasiunstcgrfRat ertc dfffan2dh!l. a pore volune that is

at least equal to 0.20 n{/g wherein between 8% and 50% of the pore vol une-

consi sts of pores that have a dianmeter of at |east 5 nut.
19. A process according to any one of claims 12 to 16, wherein the catalyst is sulfurized

beforehand.

20. A process according to any oné of claims 14 to 16, wherein the feedstock is subjected

to a hydrotreatment before being hydrocracked.

21. A catalyst, according to oae of the precediag clairs, comprising:

(1} at least one matrix and at least one pactially amorphous Y zeolite that has a peak
ratio that «s less than 0.4, a crystalline fraction, expressed relative (o a refecence
zeolite tn sodium form (Na), that is less than 60%,

(2) at least one element selected from group VB,

(3) at least onc hydro-deliydrogenatiag element selected {rom the group consisting

of the elements of group VIB and group VI, and

(4) at'lcast oue promoter element that is selected from the group coasisting of phosphorus,
boroa, and silicon, wherein the zeolite has the followtag charactecistics:
- an overall S/Al ratio that s greatec than 15,
- an SUAIY tramework ratio that is greater than |5,
- a pore volume that is at least equal to 0.20 al/g wherein between 8% and 0%
ot the pare volume coasists of pores that have a diameter of at least § a.



