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'(57) Abstract: The invention concerns a catalyst containing at least a matrix, a partially amorphous zeolite Y, optionally at least a
— metal selected from the group consisting of metals of group VIB and group VIII of the periodic table, optionally at least en element
< selected from the group consisting of phosphorus, boron and silicon, optionally at least an element of group VIIA, and opticnally

at least an element of group VIIB. The partially amorphous zeolite Y has a peak rate less than 0.4, a crystalline fraction, expressed
wemi With respect 1o a reference zeolite in sodic from, which is less than 60 %. The invention also concems the use of said catalyst for
s hydroconversion, in particular for hydrocracking and hydrorefining hydrocarbon feedstocks.

A=)

(57) Abrégé: L'invention concerne un catalyseur renfermant au moins une matrice, une zéolithe Y particllement amorphe, éveniuel-
== lement an moins wn meétal choisi dans le groupe formé par les métaux du groupe VIB et du groupe VI de Ia classification pérodique,
- éventuellement au moins un €lément choisi dans le groupe formé par le phosphore, le bore et le silicium, éventueliement an moins

un élément du groupe VIIA, et éventuellement au moins un élément du groupe VIIB, La zéolite Y partiellement amorphe présente
un {aux de pic inférieur 4 0.4, une fraction cristalline, exprimée par rapport 2 une zéolitte de référence sous forme sodique, qui est
mférieure & 60 %. L'invention concerne également I utilisation de ce catalyseur en hydroconversion, en particulier hydrocraquage
et hydroraffinage des charges hydrocarbonées.
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with respect to a reference zeolite in sodic from which is b@ggdhmy 60 %
The i nvention al so concerns the use of said catalyst- for hydroconversion,
in particular for hydrocracki ng and hydrorefining hydrocarbon feedstocks.
20 June 2003 | A CATALYST WH CH COWPRI SES A PARTI ALLY AMORPHOUS Y ZEQOLI TE
AND USE THEREOF | N HYDROCONVERSI ON OF HYi RBON PETROLEUM FEEDSTOCKS The
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The catalyst can also be used in the hydrorefining of hydrocarbon feedstocks.

The hydrocracking of heavy petroleum fractions is a very important refining process
permitling the production, starting from excess, heavy feedstocks which cannot be readily
upgraded, of lighter fractions such as gasolines, jet fuels and [ight gas oils which the refiner
looks for in order to adapt his production to the structure of demand. Certain hydrocracking
processes also make it possible te obtain a greatly purified residue which can constitute
excellent bases for oils. In comparison with catalytic cracking, the advaniage of catalytic
hydrocracking is to provide middle distillates, jet fuels and gas oils of very good quality. The

gasoline which is produced has a much lower octane number than that obtained from catalytic

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 large-surface
substrates (generally from 150 to 800 m?g") which have a surface acidity, such as
halogenated aluminas (in particular, chlorinated or fluorinated), combinations of boron oxides
and aluminium oxides, amorphous silica-aluminas and zeolites. The hydrogenating function

is provided either by one or more metals of group VIII of the periodic table, or by a



substrates (generally from 150 to 800 nR.g-1) which have a ac idity,
such as hal ogenated alum nas (in particular, chlorinated orsztb;q%gﬁoﬂgt ed),
conbi nati ons of boron oxides and al um ni um oxi des, anor phous
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20 June 2003 2 conbination of at | east one netal of group VIB of the
periodic table and at | east one nmetal of group VIII. The bal ance between

the two emntdnatiod ofiwdleas enamitaboff grogt VIBhsf ths petieiibabicangar RRAE meBPYELr NI NY
the'activimtc# d selectivity of the catalyst. A weak acid function and a
strong Xg@nati ng function provide catal ysts which are not very active
and which work at a tenperature which is usually high (above or equal to
390C) and at l.ow feed volunetric, flowrate (the VVH expressed by vol une
of feedstock ﬂ&b& E%EY"B%‘ %&Fwﬁﬁ‘f‘?"%‘*g%?&ﬁﬁ%ﬂ%& fungling s the bagigipgrametiour | s
gener al | yoveg thBanticky aladledtivit? ob te) cdtalstPr AUF AR el EfctRr deQE!o:b% q
and a

selectivity of middle distillates. Conversely, a strong acid functi

weak hy dR6HREFERINgUnstingeREHe [sralsE Vil are Beisvamhiastiveasns whichveorsidt anhi ch

have. | esgmbayeus Mlch i§ B5RAY I {a8Svedr ¢ Q{j@o%f&dd'. b B3 felé?%ﬁﬁ]%%?ch for a
ered on a | c

suitable catalyst will therefore be cen udi cl ous ol ce of each
of the figyetatekthe \ofH saprgssed by vohunemef fepistyokstel kectrsalad: ner paitrof oflunizeof

cat al yStaats ; of . h ocracking,is the
exhi bi tin ta]-%? §Pgljc} Z‘;al’tahq‘&}(r é%(?ﬁ}eﬁiﬁf}f:ssgt?é&@gél a8y g\l}e?/gl:rn ]?rf“élx?%f”ﬁptv;‘?%\ﬁ?or‘ii regard
to the cwleativittof middd disiiateh Gomivergely absitong fabidxfivpition tayd @ fvealt helrd@agiaicocks

whi ch ar . ' . t.0 the products, which. are
obt ai nedi.grl &%ﬁ q%%‘éggg%@gﬁ%%@?c V\%E 2‘ g{rlfergo td“lﬂé&f h%vea e %VQMB?[etSﬁ%C%‘ﬂB%St Pht e of
t he cat ahiddle distiletesofikeseaichifat a siatableycatatys will thatefdry be cenldsteld O b pedidiogs, f or

the | ar r QRS St of akl y. aci di ¢ .sybstr.ates, such as anorphous
silica- gi%ﬁ%gﬁg%if:ﬁ gﬁleg%é:ﬁf)ﬁ'sef\.é\?ﬁ%s\é%g satcgwg#sée?eégw SR ‘}%‘Fee“ﬁ’ilfsf-i culoarl y for
producing mddle distillates of very good quality and also oil bases when
their acidity,is very,wak, The fam of aporphous silica-alumnas is
found in sli érﬁﬁ’;?“aef/ e girpiadvartases %"“ %ﬂ‘lﬂ‘% cxpiRiiyng of great il ng

mar ket havaricus $veisClcxability with aad (6 0RlkABsqiséd) Whiol tritgRabdilt AL dr Mt al
or, preferably, when the heteroatom c poison contents of the feedstock to
be treég%g’e@%g%‘%édv%hs%ﬁ?%ﬁé“ﬁ@f ’,aﬂfki“t"ﬁ‘ resridriBi thapiodertophish arg glfgingd gr oup
VI B and Ad daky pRh@kber 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 quality. These catalysts, as far as the less acidic among them are concerned, can also
produce lubricating bases. As mentioned, the drawback of all these catalytic systems which

have an amorphous substrate base is their weak activity.



These systens have very good selectivity in mddle distillat a he
products fornmed are of good quality. These catal ysts, as fﬁﬁ?%%@% ess
acidic anong them are concerned, can also produce |ubricating bases. As
menti oned, the drawback of all these catalytic systens which have an

anor phous substrate base is their weak_activity. 20 June 2003 3 The
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example, cracking and catalytic hydrocracking processes are indicated for the pretreatment of
the feedstocks. The nitrogen-containing heterocyclic compounds which are encountered in
the heavy fractions act as poisons with very marked toxicity for the cracking or hydrocracking
catalysts. Consequently, the denitrating of the catalytic hydrocracking feedstocks constitutes
one of'the possible means of improving the overall yield of these processes, and it is then
desirable to reduce as much as possible the nitrogen content of the feedstocks before cracking
them. At least one hydrorefining stage is usually integrated info each of the known diagrams

for upgrading heavy petroleum fractions.

In the prior att, the zeolites used for the preparation of hydrocracking catalysts are
characterised by several magnitudes, such as their SiO/ALQ; framework molar ratio, their
crystalline parameter, their pore distribution, the specific surface area, their sodium ion uptake
capacity, or else their water vapour adsorption capacity. Thus, the above patents of the
Applicant (French Patents FR-A-2,754,742 and FR-A-2,754,826) use a zeolite whose
crystalline parameter is between 24.15 and 24.38 A (1A =0.1nm), the SiO/ALO;



for upgradi ng heavy petroleumfractions. In the prior art, the zeolites
used for the preparation of hydrocracking catal ysts are chaddtner409dd by
several magni tudes, such as their SiQ2/ A 2Q3 framework nolar ratio, their
crystalline paraneter, their pore distribution, the specific surface area,
their sodiumion uptake capacity, or elge their water vapour adsorption
capacity. Thus, the above patents of the Applicant (French Patents
FR-A- 2,754,742 and FR-A-2, 754, 826) use a zeolite whose crystalline
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In addition, the same work made it possible for the Applicant to note, surprisingly,
that Y zeolite samples which are modified differently, despite having characteristics identical
or very close to those cifed in the prior art, can in contrast exhibit different peak rates and

different crystalline fractions and have different reactivities.

More specifically, the invention relates to a catalyst comprising at least one matrix and
possibly at least one element selected from the group formed by the group VIII and group
VIB elements, said catalyst being characterised in that it contains a partially amorphous

Y zeolite.

The term, “partially amorphous Y zeolite”, as used in the present invention, is
understood to be a solid having:

i) a peak rate of less than 0.40, preferably of less than about 0.30,

i) 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%.



Y zeolite_ The term "partially anorphous Y zeolite", as used in the
present invention, is understood to be a solid having: 1) e 1993 of

| ess than 0.40, preferably of |ess than about 0-30, ii) a crystalline
fractiaon expressed in relation to a reference Y zeolite in sodiumform
(Na) which is less than about 60% prefergbly |ess than about 50% 20 June
2003 5 Preferably, the solid, partially anorphous Y zeolites form ng part
of 't he composition of the catalyst according to the invention have. at
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the preparation of samples and references.

A diffractogramme r:fonsists of lines which are characteristic of the crystallized
fraction of the sample and a bottom, essentially produced by the diffusion of the amorphous
or microcrystalline fraction of the sample (a weak diffusion signal is linked to the equipment,
air, sample holder, etc.). The peak rate of a zeolite is the ratio, in a predefined angular zone
(typically 8 to 40° 20 when Ku radiation of copper is used, 1 =0.154 nm), of the area of the
lines of the zeolite (peaks) to the overall area of the diffractogramme (peaks + trough). This
peaks/(peaks + trough) ratio is proportional to the amount of crystallized zeolite in the

material.

To estimate the crystalline fraction of a Y zeolite sample, the peak rate of the sample
" will be compared to that of a reference considered as being 100% crystallized (NaY, for

example). The peak rate of a perfectly crystallized NaY zeolite is in the order of 0.55 to 0.60.

The pezk rate of a standard USY zeolite is 0.45 to 0.55; its crystalline fraction in
comparison with a perfectly crystallized Na¥ is 80 to 95%. The peak rate of the solid which
is the object of the present invention 15 less than 0.4, and preferably less than 0.35. Its

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



To estimate the crystalline fraction of a Y zeolite sanple, the peak rate
of the sanple w1l be conpared to that of a reference consi4elEg 493pei ng
100% crystal li zed (NaY, for exanple). The peak rate of a perfectly
crystallized NaY zeolite is in the order of 0.55 to 0.60. The peak rate of
a standard USY zeolite is 0.45 to 0.55; its crystalline fraction in
conparison with a perfectly crystallized NaY is 80 to 95% The peak rate of
the solid which is the object of the present invention is |less than 0.4,
and pref er abl Yhd pasialihamofph3ds zdolites agd pepaked il @cfordhbé Qithi @cﬁxﬁl?!e@fl.@écﬁ | ess

than 70% preferahly |less than 60% 20 June 2003 6_The_partial |y anorphous
zeol | tes%%{g@ﬁb'rféf)g?%'ém- 1 E‘&rbl‘smwﬁﬁ CAME 'qu1}’€§‘;‘[15% aZeolsBeral Whick or
deal uni niwfualtphh@Nhigh teaystalifgiosi (hthleLd BURY).CiMdrk emdtaly, Fk QoNbiRe e khRSwidl - €

which usually have high crystallinities (at |east 80%. Mre generally, it
i s possi Bef"gt‘“’tsd“ %Ws%ﬁ?%ga ‘QBP%?té%aSWq/?P%Ft 0%%-1ine fraction of at ieast

60% or at |east 70% The Y zeolites generally used.in the hydrocracking

catal ysts are_produced by -nodifying. the comercially available Na-Y
zeolite. ThisThfodi faeelifes grassdbyised b theahydrgeracking icptplysty | arg| producsd altyi | i zed,

or el se_ gaiak thd LheROlly 8tk R PHLAIDC T iRaIREidA ki@l ar T ed
out by at |east one of the dealumnification techniques, e.g. the

hydr ot hettphilized pligtstabilized, o ielfe dealupivifiedraeblttienitsl Be, obthednolhicfriahifidation imkes

pl ace by i h p I t kil led person:
hydr ot he?a?nﬂé?top {ea rr%tn{e,g&i %&r{? Eﬁé@aﬁg’g‘ﬁg{, dggé}g t%?%hgg?{s.’ %'él' @cﬁjy Foct)l? er i c

t r eat nentedtmengeadid ettdoj. deéenbly, thy nddéfiaatiorotakes plo@ebatdmtaniug threbtypss osuch as

t enper at . tion, 2l SUT nd. partial .pressure o t er, vapour.
Tt restiefis KRLOR d B LSRR ABAR A B SRS ! 10 EhFe R

si | i co- aThmhyiretherdiareatoekt io pedidedy defihedtby. the Thien of npaafigneeiablks, ishtibas
treatnment is - an increase, in the Si.Q2/ A 203 fr work nmolgr.ratio apnd a
educt; R D ERare et il SERnd s Teaten S ateat 15 « akes
pl ace bythi affestif Bgrdckieg Zenliniig atodisofi@n HRGHROWIMIS RUrArBEwdR BF Gicchiic] ONS
whi ch ¢ be fixed tg the cationic exchange sit of the zeolite,  In this
vay, t hel RECHMSRAUEEEIO5 AUS [SPAUBRH IS 30 nerEe 1 St/ &hpy &eﬁl rk Rl dptiq 30 § on
are r enoyRductibitn @i cdysadlliRGKesAparamkieon consists in contacting the zeolite
wi th an aqueous solution of a mneral acid. The severity of the acid
attack is adjusted by the acid concentration, duration and tenperature.

Wien carried pHdt icANe:@hihpdr BLAET BkeA blaYe by Sididside thd L&dlitd o tdneajudBRt has
solution containing ions which can be fixed to the cationic exchange sites of the zeolite. In

this way, the sodium cations present in the zeolite following crystallization are removed.

The acid attack operation consists in contacting the zeolite with an aqueous sofution of
a mineral acid. The severity of the acid attack is adjusted by the acid concentration, duration
and temperature. When carried ouf on a hydrothermically treated zeolite this treatment has
the effect of eliminating the aluminium species which are extracted from the framework and

which block the micropores of the solid.

The partially amorphous Y zeolite which is used in the catalysts according to the
invention is at least in part in hydrogen form or acid (H+) form or ammonium (NI4+) or
cationic form, said cation being selected from the group formed by groups 1A, IB, IIA, IIB,
[[{A, B (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 effect of elimnating the alum nium species which are extracted from
the framework and which bl ock the m cropores of the solid. ZﬂT@rﬁaﬁOtOrally
anor phous Y zeolite which is used in the catal ysts according to the
invention is at least in part in hydrogen formor acid (H+) form or
amoni um (NH4+) or cationic form saig cation being selected fromthe

group fornmed by groups IA 1B, IIA 11B, [1IIA 11IB (including rare
earths), Sri, Pb and Si; it is preferably at least in part in H form or
it can al so bene ﬁdawazﬁ us 'zeBBletwiiéh & af le@| &ﬂ\}% %& 4 prekcafpve) -
20 June 2003 7 T e partially anorphous Y zeoll e which is at |east partly

in acid fHfhfmnia sy %‘?‘%?%PK/PMF?\“YI—FWCBW@ ifhy eations, i taijalioe catinnsizatiioy

exchangedigiigdledida@bls, wht HefeRbl@el&. cati ons and/or  al kal i ne-earth
cations, wll prefer abiy be use The catal yst conprising at |east one

partially anorphous Y zeolite al so contains a hydr ogenati ng function. The

hydr ogenat i ngfdaghiaes lsﬁﬁfa't d groﬁmagpm(gpg&gf rzggﬂmg ls%o Li.ses at

| east .one netal selected fromt e nmeta g‘}so‘bps VI B
and V| hydrpganating dwictom.c Y@&)@mgfmmeaﬁlmtwt a@fdeﬁtkﬁdshemumm oprefeaably:ont ain

pat s cORBEOR Rafbud AR R A HoRTRE broBh o8 19 e hbeats S GRS 1 A

cobalt, nic enl um ium o r%‘leum -
pl ati numVH&mﬁtigPBhedlnubhals of group VI I, the use of non- nobI e netals, such
as iron, cobalt and nickel, is pref erred. The catal yst according to the
invention can contain at |east one group VIB elenent, preferably tungsten

and nol ybdenuithe El%hﬂyst@lﬁﬁimﬂtvh[ﬁm oah cbitsinfa® lda%n@@obl&ﬁir&ioﬁ—rﬁbl% element of
advant ageousl - ni ckel, - glr)f“‘\ﬁif'g m. cohal.t - nol ybdenum _i ron- nol ybdenum

i ron-tungSte ‘y{[ﬁ:F‘é &5 ‘Eoﬂn‘é‘gjf’ PG HOCREL PAIRIIYROSFHER ofridRpa Or

conbi nat pRAsudr Qmon@ltﬁ‘dﬂﬁbmmfgbﬁﬁ NI the ABAbE ndiAabRAGEHR) sW@R s iron, cobalt
n| ckel -tungst en. s ahgﬁﬂ%sa ble_to use conbinations of three netals,

ni c Rt nicksbds PICFFE'T‘:Q‘O ystAgsordineo Hag inygntiop gamhequiaimat Ipast a9 8TeW al so

cont ai NSV diGadk, MeRrably HRpiid and FIAISMEN. OfhePQREHINatBhY SF Ghd %&E)Mgg)f ous
mineral matrix. Alumnas, silicas, and silica-atumnas can be cite by way

of non- | MsfAlS %a@%aﬁ%gff%lsly juped; §l°5¢iwlﬂzsi§§wm @b@lbnwbéerzunau@mrmlrf@bnum
Pr ef er abloyy tun@Bibs,| ch%eﬁﬁﬁg%edcm&ﬁmlggﬁﬂt 3nf el bR Laese

E?JIAHOQ%
fornms known t6 the skilled person, and, even nore pre era um nas,
e.g. gantskelinalybiignum, cobalt-molybdenum and nickel- -tungsten. It is also possxble to use

combinations of three metals, e.g. nickel-cobalt-molybdenum.

The catalyst of the present invention also confains at teast one oxide-type amorphous
or poorly crystallized porous mineral matrix. Aluminas, silicas, and silica-aluminas can be
cited by way of non-limiting example. It is also possible to select aluminates. Preferably,
matrices are used which confain alumina under all of these forms known to the skilled person,

and, even more preferably, aluminas, e.g. gamms-alumina.

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 onc group VIIA element, preferably chlorine and fluorine, and also possibly

at least one group VIIB element.

. The boron, silicon and/or phosphorus can be in the matrix, the zeolite, or are

preferably deposited on the catalyst and then mainly located on the matrix.



In one realisation of the invention, the catal yst preferably, contaj r&;
| east one elenment selected fromthe group fornmed by boron, 4 MireA?%3nd
phosphorus. The catal yst possibly contains at |east one group VITA

el ement, preferably chlorine and fluorine, and al so possibly at |east one
group VIIB element. The boron, silicon_and/ or phosphorus can be in the
matrix, the zeolite, or are preferabl§/ deposited on the catalyst and then
mainly located on the nmatrix. 20 June 2003 8 The el enent introduced, and,
in particul ar hé Aemshd iheQc¥agd ik ﬁa&t&ﬂﬁtﬁ{iﬂ?doﬂl%lchoig 168%ed ARAE! &% ﬁf the
substrate, can be characterised by techni ques such Cast ai ng %croprobe
(distri bR of fhst substase, saarbeoeharasicainrshby yechnnammcbgqso@a@tmm@npmbe .
m crosco t f

el se by ?E{?tgg'?@s“ﬁ‘?ﬁgﬂeﬁ gé??%@éﬂﬁtﬁor tﬁ&%ﬁ%ﬁ%&{}g{%@gﬁc%}, QS p(i tés%r esent
in the cawadysjsef By edneponesp o ﬂ@er oalptis . or. cl¥hby catablishig :ofcajttd@amr ﬁﬁetﬁé

I nventio tion to the total nass
of catal slssgﬁﬂﬁ&gb&é(ﬂé% \ﬁ/gﬁtt%gcé{%@)é W%@éﬁonrﬁg{?& %preferabl y 0.1 to 50%
and still nore preferably 0 1 to 40% of at |east one

o oup Vi & andoiy SuuigeFReduphChRatah GGG ihd by sedlbl ot e
99. 8% or theaotdPmaFobdcatilgst99. 6% or to 99% preferably 1 to 98% of at |east

one oxi de-t hous r oor ycr II|ze porous. mneral matrix,

sai d cat al W‘B%Q?s ‘E‘%B (’Jtoé y|Brletf’ Pé’bfl?flJ%‘lllm?'@Pg@fe‘BW%'r to
99% pr ef enakbye, Of 4t bt oS@P{ydr@HafyﬁE@bhétm@ e thlpreIdblyOdel RRA tioRh khé ?fErQ%phous
Y zeolite, alg cat al y‘zlﬁaaa&ﬁsm bl‘y containing - 0 to 20% preferab lto
15% and evd 0¥ EPupt PPV IfIgnetels, of at | east one pronoter eI ement
sel ect ed- f 100Mot9OD gAY Pref@itR0. 110y 958941 of 8199. PRIR By @W@%lﬂamﬁ@%,@wéfem BY
preferably baron and/or silicon, - 0 to 20% preferabl .1 to 15% and

even rore [ P& M513 lorst opg oxisisstynst ammerpheusser persly ed. petous treigeral om
group VI I Apdpheferably fluorine, - 0 to 20% preferably 0.1 to 15% and

even nore (Pr eferably 0.1 to 10% of at |east one
catalyst also contains 0.1 to 99.9%, preferably 0.1 to 99.8%, or to 99%, preferably 0.1 to

90%, preferably 0.1 to 80%, of partially amorphous Y zeolite,

said catalyst possibly containing

- 0 to 20%, preferably 0.1 to 15% and even more preferably 0.1 to 10% of at least one
promoter element selected from the group formed by silicon, boron and phosphorus, and
preferably boron and/or silicon,

- 0 to 20%, preferably 0.1 to 15%, and even more preferably 0.1 to 10%, of at Icast one
element selected from group VIIA, preferably fluorine,

- 0 to 20%, preferably 0.1 to 5%, and even more preferably 0.1 to 10%, of at least one

element selected from group VIIB.

The group VIB, VIII and VIIB metals of the catalyst of the present invention can be

present completely or partially in metallic form and/or oxide form and/or sulfide form.

This catalyst can be prepared using any methods weli-known to the skilled person. It
is advantageously obtained by mixing the matrix and zeolite, and the mixture is then shaped.
The hydrogenating element is introduced during mixing, or, preferably, after shaping. The
shaping is followed by calcination, and the hydrogenating element is introduced before or
after this calcination. The preparation ends with calcination at a temperature of 250 to 600°C.

One of the preferred methods according to this invention consists in mixing the partially



el ement selected fromgroup VIIB. The group VIB, VIIl and VI|B netal s of
the catal yst of the present invention can be present conpl é‘%oe‘l"if‘ec?row
partially in metallic formand/ or oxide formand/or sulfide form This
catal yst can be prepared using any nethods well-known to the skilled
person. It 1is advantageously obtained,by m xing the matrix and zeolite,
and the mxture is then shaped. The h?/drogenati ng elenent is introduced
during mxing, or, preferably, after shaping. The shaping is followed by

Cﬁl ci nalt @ Brphaind Yt fbﬁli&ypﬁm@emtairﬂ@stedg&:mt dl $mi BdveRH UGB briRindles, @bn iRf L ET f
this calcination. T reparation ends. with calcination at a tenperature o
250 to 6BYENS twwﬁ%ﬁ%wﬁwﬁ figh 2 f6a der 46 CUFHEHgdass ehbawpenibhandn
consi st S4infin i Kkmeet.Ne partially 20 June 2003 9 anor phous Y zeolite powder
in a noist alumna gel for several tens of mnutes, then in passing the
paste thus obtained through a die in order to formextrudates of between
0.4 and 4 mhd hJiBpELaRe ARENYEL ABeRAbARGA fiHNGH Ry C@%L BE hbtLodyped in
part only (e.qg. igat%?acagse of0 conbi nati ons 01# oXI| gigg ;é gfr?odl}g C@‘feBognd

VI 11 et egmsbingions efpyidasef groap VR and Vi mstalsyiog porgpletely at fedimd &f mixaig thbe

par tial | y.,gp0] PhVSdaifSldriiBus WAk ! Ldesgel; sel ed as matrix. The
hydr ogenat i ng ?unc%ﬂo% car?lr%euf mztreg[gh’gggpﬁbgglgggélréﬁcotrg%&l r(r)lﬁtﬂé'Xchange
operations onto the cal cined substrate constituted by a partially anorphous

Y zeolite whi I I.Sh j e, sel ed trix using soluti.ons which
contain the pf%c& drg é@gﬁ"% gﬁ%}tﬂoﬁ héeala Eéll{al%@euﬁed meval’8 th'é‘o%yb‘?“oﬁéﬂﬁflg"hg
f unct i onopeaatiobe ontntthcoainied sbystaizeonstinted by h ppitielin anbphousOp eédlite @AkLG t he

shaped apd cal.ci ned substrate by. way, of a solution containing at | east one
or ecur sorBsfoedt t§3§fle tﬁ% "8&“!“88;{‘% Sélfla?‘égag" °hncém?%ﬁl BF RIEfURar eﬁﬂ? 6 #he he
group f oseteeckdhiyetdine group VIII and VIB netals, the precursor(s) of at
| east one oxide of at |east one netal of group VIII preferably being
i ntroduced after those of group VIB, or at the sane tine as the latter, if
the catal yst Ti@Nh@dldgemiting GasdtioRNeand bo UtrydBeletAlondNgt Alort S@ipheddiGordl OUP
VITT metal. If tg cgt al ys& contains at | east one g%_r oup VIB elenent, e.g.
mol ybdenRRFFatops ‘%ﬁé yrefjaad oglginpdipifosigpta by Warefeatoliitipaicontisingsatdenst ene wi th a
sol uti onpeQicRioRial Eadttonk AR JTRAL IAEVHR it seRLRIT M tHe Qr ;%’fdghgd #pdud 0

y

calcine it. | regnati on of the nolybdenum can be facilitate
group VIII and VIB metals, the precursoi(s) of at least one oxide of at least one metal of

group VIII preferably being introduced after those of group VIB, or at the same time as the

latter, if the catalyst contains af least one group VIB metat and at least one group VIII metal.

If the catalyst contains at least one group VIB element, e.g. molybdenum, it is possible
to impregnate the catalyst, for example, with a solution containing at least one group VIB
element, to dry it, and to calcine it. Impregnation of the molybdenum can be facilitated by
adding phosphoric acid to the ammonium paramolybdate solutions, thereby permitting the

introduction of phosphorus in order to promote catalytic activity.

In one preferred embodiment of the invention, the catalyst contains as promoter at
least one element selected from silicon, boron and phosphorus. These elements are
introduced onto a substrate which already contains at least one partially amorphous Y zeolite,
at least one matrix, as defined hercinabove, and at least one metal selected from the group

formed by the group VIB and group VIII metals.

If the catalyst contains boron, silicon and phosphorus, and possibly the element

selected from group VIIA of the halide ions, and possibly at least one element selected from




addi ng phosphoric acid to the ammoni um paranol ybdate sol uti ons, thereby
permtting the introduction of phosphorus in order to pro Slng %t ¢
activity. In one preferred enbodi nent of the invention, the catalyst
contains as pronoter at |east one el enent selected fromsilicon, boron and
phosphorus. These elenments are introdyged onto a substrate which al ready
contains at |least one partially anorphous Y zeolite, at |east one matriXx,
as defined hereinabove, and at | east one netal selected fromthe group

formed bygrdupe VEIBY ihesy| dieradits gar06p iMedduce®irith She Ichtaly3E af FhAbS btageR NG RIHAS
boron, silicon and, phosphorus, and possibly the elenent selected from
group VI IPECPGFAtioR andyln Yagieus Waks: and possibly at | east one el ement sel ected
from 20 June 2003 10 group VUB, these el enents can be introduced into the
catal yst at various stages of the preparation and in various ways. The

i npregnat i on dhe imeregnation of the matdr rmaefesblyamarmiaddoud by viey ofalye sif callbé “dry™
so-cal l ed " W ' iaCh_yi: || - kngywn. to' the skilled
per son. ?’H%Iqéér{%lro edna f%ﬁ,ﬂfgggpgdgﬁ@g%ﬁgf eosulétllﬁ‘id\ri:t?%snoé1 : 2? e, jrmprggnatian can ke o
sol ut i on cardnd athinnmpe, sigle sthee ing o nelufituenitaizing nEndfyhe tonstin@nf biBRAknts of

cat al yst fge_P B, Si and the elenment selected fromthe group VIIA halide
i ons canﬂﬁ “af?'ﬁ&%schced by way of one or nore inpregnation operations with
excess solution on the -calcined precursor. If the catal yst contains

boron, a prefgrred .hod gccqrding to the invention_consists in preparing
an agueous so ?’oﬁ‘ %[g' ?‘@a‘g‘f‘mﬁﬁée _WSnﬁ%‘&! the ggoum VAL dishidniionn tinbbe at e
or | Ao nikTRAANSARAY Affeoncl 8 ARbkalekiioN LAt eAdRS RIESSNGE L

hydr ogen peroxide, and in undertaking a so-called dry I npregnation
oper at i offl¢iedpE@nsathe pore vol ume of the precursor is filled with the
boron-containing solution. If the catal yst contains silicon, a solution of

a conpound of the sili cone;tépe silicon wll be used. If the catalyst
cont ai ns bor di thmertalysticepfpins Paeonp peferzgdamethpd aenerding taths dntratide passidte d
si mul t angqiSlaYinYnUiBslsBoRAbH r AP 14kt &2 1oR8H &l bf n 082
si li cone- tCB;%ée s?l i (L:hgl!r"ll c_or?pound_. Thus,&gor_ exan%?‘é‘?h %0 é)g%rmelé%?’éaé? %s a
ni ckel - mshmpeium pentaporates i as| aflealingiedun and in the presence of hydrogen peroxide, and

in undertaking a so-called dry impregnation operation in which the pore volume of the

precursor is filled with the boron-containing sofution.

If the catalyst contains silicon, a solution of a compound of the silicone-type silicon

will be used.

If the catalyst contains boron and silicon, the boron and silicon can also be deposited
simultaneously by using a solution which contains a boron salt and a silicone-type silicon
compound. Thus, for example, if the precursor is a nickel-molybdenum-type catalyst whjcﬁ is
supported on a substrate confaining the paitiaily amorphous Y zeolite and alumina, then it is
possible to impregnate that precursor with the aqueous solution of amumonium biborate and
Rhodorsil E1P silicone of Rhéne-Poulenc, to undertake drying, e.g. at 80°C, followed by
impregnation with an ammonium fluoride solution, to undertake drying, e.g. at 80°C, and to
carry out calcination by way of example and preferably in air and in a flushed bed, e.g. at

500°C for 4 hours.

If the catalyst contains at least one group VIIA element, pref'erably fluorine, it is

possible to impregnate the catalyst with an ammonium fluoride solution, for example, to



supported on a substrate containing the partially anorphous Y zeolite and
alumna, then it is possible to inpregnate that precursor v%(ﬁf" Uaiqueous
sol ution of anmoni um bi borate and Rhodorsil EL1P silicone of Rhone-Poul enc,
to undertake drying, e.g. at 80C, followed by inpregnation with an

ammoni um fl uoride solution, to undertallfe drying, e.g. at 80C, and to carry
out calcination by way of exanple and preferably in air and in a flushed
bed, e.g. at 500C for 4 hours. If the catalyst contains at |east one group

VI A el enlitakep dfisy, adg.yatl B0QY iahé, toi darySoutP@SGhddoR, b WAPLEFRASlet N

cat al yst \A%ﬁtr%lan anmmopj urﬂf u%de sol(ibt;i ?n, for exanple, to 20 June 20U 11
under t aki¥® hdp atg ayd in g Hlughge bed, e @b YU 19F 4ipese al i nat i on, by way' of
exanple and preferably,  in air and in a flushed bed, e.g. at 500C for 4
hours. Qther inpregnati on sequences can be used in order to obtain the
catal yst of t(ﬂ@%'f‘&%"e&%‘“‘“} FFRERETSSAN be uged in pidar to ohtai the catalpsiof thepresent

phosphoriggentich. | S possi bl e, for exanple, to inpregnate. the. catalyst with
a solution which contains phosphorus, to dry it, and to calcine it. If the

el enents contained in the catalyst, i.e. at |east one netal selected from
the group fqengd Byive Qabind bl EORPL oYk 0SSl hor an,
silicon, phosphor ﬁs, Yat I eéstﬁgﬁgﬁgggéupp‘i?l %lﬁegrog?réex%{n?gh??zhgl%rx%gesﬁ‘%ne

group VIdaBlest sathatsolutie whishcofaipe phasphayuss éovdy &, andi torpaleigaét | on oper ati ons of
the correspondi ng precursor salts, an internediate drying stage of the
catalyst is generally carried out at a tenperature of between usually 60
and 250C, andf the clémmingrquettingd & bakdhlyst] i ©nt Bishgee mbtal eleced fmhy gt grapusual |y

carried t e r be en ..250 and.,.600C. In order to conplete
pr epar at‘iﬁggﬁ 0 Y%‘r ﬁép (ﬁﬁ gﬁ %g{ofﬁp 3{1[% mr?})%/l\glposs?bqﬂ g(’rlo% sé{ﬁ"&ﬁ@as"%mﬁ’e"glleaﬁtno"g noi st
at nosphegreum VIR tebsmet,asndr & kst baievwaeap MIBRRiLnBAC, araligtrdddCedRits tsew@iti d
obtained is then drited a}:]lha terrFerdature of bqt ween 60 and 150C, and

final |y FIREERBIORFRUIPH RN SOTRPUIHEPedFson salisglionicrmediate Arieg steesPf150 and
800C. Thie saulyaas peferiy@upic¥ otk £ aaempirauiohif Ghrveanudelly 66 th@I R Weldi--known to
the skil.led c[:gerson,. For exanpl e, among the squrces of nol ybdenum and

t ungst erMefpeqiie pajcigpgnestags of g catalystds usugity cated o prismpeRIG e Bebwies and
tungsti osachdsoead salts thereof, in particular the

' In order to complete preparation of the catalyst, the moist solid is allowed to rest in a
moist atmosphere at a temperature of between 10 and 80°C, and the moist solid obtained is
then dried at a temperature of between 60 and 150°C, and finally the solid obtained is calcined
at a temperature of between 150 and 800°C.

The sources of group VIB elements which can be used are well-known to the skilled
person.  For example, among the sources of molybdenum and tungsten, it is possible to use
oxides and hydroxfdcs, the molybdic and tungstic acids and salts thereof, in particular the
ammonium salts such as ammonium molybdate, ammonium heptamolybdate, ammoniwm
tungstate, phosphomolybdic acid, phosphotungstic acid and the salts thereof, silicomolybdic
acid, silicotungstic acid and the salts thereof. The ammonium oxides and salts such as
ammonium molybdate, ammontum heptamolybdate and ammonium tungstate are preferably

used.

The sources of group VIII elements which can be used are well-known to the skilled
person. For example, for the non-noble metals, nitrates, sulfates, phosphates, halides, e.g.

chlondes, bromides and fluorides, and carboxylates, e.g. acetates and carbonates, will be



ammoni um sal ts such as amoni um nol ybdat e, ammoni um hept anol bg?te .

anmoni um tungstate, phosphonol ybdi c aci d, phosphotungstic é%} Qﬁﬁfcﬁhe

salts thereof, siliconolybdic acid, silicotungstic acid and the salts

t hereof . The ammoni um oxi des and salts such as ammoni um nol ybdat e,

ammoni um hept anol ybdat e and ammoni um tungstate are preferably used. The

sources of group VIl elements which cdd be used are well-known to the

skilled person. For exanple, for the non-noble netals, nitrates, sulfates,
and

phosphates, . h i%gs . 9. . chlgrides, ,brom.des apd .fl uorides,

car boxy| aP&k, %lgf 1 ngf’gtf'%tgls’ah%ldg%r“ﬂgnbft wed, e cplogidesy witsiese 2oty Fuch Bsysed.
For the nhblbtdplamicicd, ah@bkghridtd duches HERfiuntaimofiatAokf@Sorida t r at es, aci ds
such as chloroplatinic acid, and oxychl orides such as rutheni um amoni acal

oxychl oride. The preferred source of phosphorus is H3PO4 orthophosphoric

acid, but the i ey . ' hesphat es,
are al so sui tgglélg;e? %ﬁ?s%ﬁgfﬁ%ggsﬁg% ?ﬁfﬁ%ﬁ@?}ggﬁ(’%ﬂgﬂ@%t ug %egf’a%s@flga
m xt ure efterpriberpdlorsich asithe ammoniupn phespbatem it alsonpieble Riosplaing 6gh be

ni trogen, as _a [ [ ndary. amj nes,. cycljc am nes,
coqppqugm%?&%ﬁéaﬁyﬁﬁglAgn?gaﬁﬁg%xgﬁgpaﬁﬁﬁgrﬁﬁ%(%mgkﬁﬁﬁﬁﬁﬁéﬁﬂﬁ§mﬁﬂﬂPW%
pyrr pfbfa tanaihing nﬁmgfmes'ucﬁfas_sh@mh, Wﬂtﬁ;ﬂdzﬁcbﬁlaﬂﬁ Q&hinekh lb§riclié Falniiiﬁes,
possible to use e ort hosi.licate. , _Sil.oxanes, polysiloxanes,
har i de. <preaipds SERY pyShe il B Finelingt o tbangRe o mimbe Smio
fluorosilicate Na2Si F6. Siliconolybdic acid and the salts thereof, and
silicotungstic acid and the salts thereof can also advantageously be used.
Silicon can be nugipgeef stlicongourses caghicdirtht Ty, 17 RosHble ta e etiarl @rthpsiliettert | on
nto a WhE RO, CEMGlandl, Xpdlsdoxdins, hafidd GARaEAMBE Adffthoafind: alositicate

i npregnating a silicone-type silicon coquund which i's place I'n

suspensi @R’gﬁ Vabippretodiupn Suprpiieate biar ks cBificeraolbrliv ecideind theysals ¢habdfy and

or t hobor §igedledd 3@ Bnd R Merdd R8N 3ls6 ﬁ%ﬁfé&&ﬁ%ﬁtﬁmb%@&ﬁ&d& and
boric esters. "The boron can be introduced, for ~exanple, 1'nthe formof a
m xt ur e dideborg-dyabmpfeenpfian of sthypesiliestt de solufen mtdhasvaterlaqhol mixture. The

ni t r ogengQRtah B NAdSL 0 ¥Y dmpiihidti i oY sEgRnd

am nes, cyc |(%h%'§%1 neé,rgggo?rpogngg ](l) tﬁigggéyrtﬁjgisﬂgdo%xﬁpélﬂlgin‘gﬁggil%ﬁa?!%des and
conpoundd sufpensien ppwatof.e  fanmi | y- Boron can be introduced, e.g. by a boric
acid solution in a water/al cohol m xture.

The boron éource can be boric acid, preferably orthoboric acid H;BQ3, ammonium
biborate or pentaborate, boron oxide, and boric esters. The boron can be introduced, for
example, in the form of a mixture of boric acid, hydrogen peroxide, and a basic organic
nitrogen-containing compound, 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, e.g. by 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 antons can be infroduced in the form of hydrofluoric acid, or
the salts thereof. Those 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 hyrofluoric acid. It is also possible to use
hydrolysable compounds which can release fluoride anions in water, such as ammonium
fluorosilicate (NHy),, SiFg, silicon tetrafluoride "SiFs, or sodium tetrafluoride Na,SiFe.
Fluorine can be introduced, e.g. by impregnation of an aqueous solution of hydrofluoric acid

or ammonium fluoride.



The sources of group VILA elenents which can be used are wel -§902ﬂp o the
skilled person. For exanple, fluoride anions can be introduce e form
of hydrofluoric acid, or the salts thereof Those salts are forned with

al kal ine metals, ammoni um or an organic conpound. In the latter case, the
salt is advantageously fornmed in the reaction mxture by reaction between
t he organi ¢ compound and the hyrofluoril?2 acid. It is also possible to use
hydr ol ysabl e conpounds which can rel ease fluoride anions in water, such as

ammonium flu Sili e (N .S Fb, silicon tetrafl ide SiF4, or
Soa o et ot e R RS efePlchR vttt b 4 B iDinSEn fp thgypiclfed
i mpr egnatgerstn.oAmaioniug et Snigatksiridahlceidedyre pesfbmblyivedci d  or amoni um

fluoride. 20 June 2003 13 The sources of group VIIB el enents which can be
used are well-known to the skilled person. Amoniumsalts, nitrates and

hi ori de: : ' i@ 5h Soed
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can possi-bly be brought at least in part into Icor

The cat almesallic egsitiidederm.obt ai ned by way of the present invention are shaped
into the formof grains of different shapes and sizes. They are generally

used- in the formof «cylindrical or nultilobar extrudes, such as bilobar,

trilobar, pol Vhotralysxwhisiaresbtained by siayof thr pretent riveaticthapshagedtinfohBy can

possi bl y che oduced used in the.for f crushed powder, tahlets

e hgs, ” 65 BF BaltR° Bfect s ootk Dy ke eeeraBl Ul bt 8 - by
ni t r ogen cyliddiedt ok inmitilalee @kthudey, duch bdibildBE tilebiQolf Bba Ka@HateE5 REataht T | €7,
J. Am Chem , Soc., Vor%. 60, 3{8?-%%6 él%éS) of , bet ween 50 and 600g n2/ g, a
pore vol Hﬂéte‘ilréiéf’é’ﬁ’r B A PP BoPRersrednd vsed Brthrderm of srushed powdenns/ g
and ‘a potBletsj ey iballs, i ddIWRRIMNTIE Kive abpecifioRarmdabrea HhERERI B nitQLy0dal .

The catal ysts which are th obt ai ped are used for the hydrocorversion of
hydr ocar B%HFPF‘Q% accepling t.°(‘iﬂf %%Trfn?"ﬁ‘é‘i] ety dinupeth flellen Jehia GhempSedheVol.

presences®f308y3600998)) of HevechSMaRd 600 g, f Bbre VIILAEL RAGKHAY lﬁ’ggtg%cﬂgyne

hydrorefining. The hydrocgonversion catalyst then contains at |
hydr o- dePSreniBgEn £ bigweate fenand Fve cllEatnifs £ sPesptsigen digtribptionywhith tdae pr esent

i nvent i opoAdrfodd Bind R o YdlR6dACKI ng hydrocarbon feedstocks, such as
petrol eum fractions. The feedstocks which are used in the '

The catalysts which are thus obtained are used for the hydroconversion of
hydrocarbon feedstocks (within the broad sense of conversion in the presence of hydrogen),
and, in particular, for hydrocracking and hydrorefining. The hydroconversion catalyst then
contains at least one hydro—dehyd:o genating element.

The catalysts obtained by way of the present invention are used for hydrocracking
hydrocarbon feedstocks, such as petroleum fractions. 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 hetefoatoms 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 residues, or the equivalent. The heavy fractions preferably consist of at least
80% by volume of compounds with boiling points of at least 350°C, preferably of between

350 and 580°C (i.e. corresponding to compounds which contain at least 15 to 20 carbon



process are gasolines, kerosenes, gas oils, vacuumgas oils, q@??%fgsric
resi dues, vacuum residues, atnospheric distillates, vacuum €140 es,
heavy fuels, oils, waxes and paraffins, wused oils, residues or deasphalted
crude oils, feedstocks obtained fromthermal or catalytic conversion
processes, and m xtures thereof. Theygontain heteroatons such as sulfur,
oxygen, and nitrogen, and possibly netals. The catal ysts which are thus
obt-ai ned are used advant ageously for the hydrocracking, in particular of
vacuum ditemp) | They gogsealiyeeoppin hetewatentso fuchr ascsulfyn and aétzagshal Thednibpgen

hydr ot r °a @%.t [QRbAN w1138 se6 nﬁgmﬂlb«; %;%mﬁg thf g&?ﬁk ReoRlcglotd@b! ¥

consi st t least 80% by volu of “conmpounds wt ol'l'rng pornts of at
| east 358@ 5%pbefgighbl y of between 350 and 580C (i.e. corresponding to
conmpounds which contain at |east 15 to 20 carbon 20 June 2003 14 atons).
They generally contain heteroatons, such as sul fur and nitrogen. The

ni trogen corfltertydreraskinglchyditbiatsyash ad teapdrab 06 (pregounce blyydredeq nécyclivpdrateh e
sul fur cont gnt, i §oht3r%tt\’\% L.0.01 cal?.%g: ‘%% Qérié?ﬁé ght. The h thlocrtacki ggh
condi ti ofis, "SUch Gt ehperat ur 6. presaur e ey %Eaﬁwgﬁﬁﬁéc ¢ APk Mand
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of the edstock, the.. quality of the_desired produc d_t he
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a an ten greater than : hydrogen recycling rate is at |east -
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vol unes of feedstock per volunme of catalyst and per hour. The catal ysts of
t he pr eseffeialystankneshowr e -preferably subjected to a sul furization

treatnment which permts at |east partial transformation of the netallic
species into sulfide prior to contacting themw th the feedstock which is
to be treat edtheTedatdyse of W prspent rieventiemare pyefasahily subizeted om a sulfveizatioknown t o

the skilbefhAf Atk paRfls G leRCphdhl daGolitlioiSirdle HYIPLIRELs LT SR

described 1 n the erature. A conventional sulfurizatio
wel | - knopwor i@ cortiectiok ithdme with diresfoedstask rvdiicht is té he treaied. nThis activatopiestmade of

hydr Ogenbféﬁl[élirigzﬁioh% %cﬁ—m i%ttHé Q(lﬁ)éd &?stowea%ﬁ C%.E ge g‘eﬂ'ged out using any method

already described in the literature.

A conventional sulfurization method which is well-known to the skilled person
consists in heating in the presence of hydrogen sulfide to a temperature of between 150 and

800°C, preferably of between 250 and 600°C, generally in a flushed bed reaction zone.

The catalyst of the present invention can be used advantageously for the
hydrocracking of vacuum distillate-type fractions which have a high sulfur and nitrogen
confent. The desired products are middle distillates and/or oils. Advantageously,
hydrocracking is used in combination with a preliminary hydrotreatment stage in a process for
the improved production of middle distillates in conjunction with the production of oil bases

which have a viscosity number of between 95 and 150.

In a first embodiment for partial hydrocracking, also called gentle hydrocracking, the
conversion level is less than 55%; The catalyst according to the invention is then used at a
temperature which is generally above or equal to 230°C and preferably 300°C, generally at
most 480°C, and often between 350°C and 450°C. The pressure is generally above 2 MPa,



800C, preferably of between 250 and 600C, generally in a fl u%glgg) bed
reaction zone. The catal yst of the present invention can be & 2003
advant ageously for the hydrocracking of vacuumdistillate-type fractions
whi ch have a high sulfur and nitrogen content. The desired products are
m ddle distillates and/or oils. Advantageously, hydrocracking is used in
conbination with a prelimnary hydrotreatnent stage in a process for the
i mproved production of mddle distillates in conjunction with the

pr oduct i amd ppéfeably bRtPasit isvessctharh B BPa, atdsefeiably lessher 1®MPhetTheamolix and

150. In fi.rst e di t for .partial hydrogracking also,called gentle
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preferably | ess than 10 MPa. The anount of hydrogen is  at |east 100 normal
litres oforpeisfaalyds litre of feedstock, and often between 200 and 3000
normal litres of hydrogen per litre of feedstock. The hourly volunetric
flow rate is generally between 0.1 and 10 h"'.. Under these conditions,
t he catal yst Jn@fseeons gpladiment, the pegess dn carsied owdintter staged, Whe gatdlyst odtheer si on,
hydr odesyldotr ifRhEAH beRBhsbY FbOERAE hlbgeiiflfud | hysks: In a
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hydrotreatment. In this hydrocrackin e he conversion level s |ess
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used in . the secpond stage. The catalyst of the firsi. stage can  be any
hydr ot rel%fthFY 8'{‘?121%? Sgicﬂ'g%m 1R e Bf‘?b@arﬁs%ﬁg’“ﬁ%‘rﬁﬁﬁ FEalystent
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VI and VIB metals, such as selected from nickel, cobalt, molybdenum and tungsten. In

addition, this catalyst can possibly contain phosphorus and possibly boron.

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 preferably
3 MPa, an hourly volumetric flow rate of 0.1-5h™, and preferably 0.2-2h™, and with an
amount of hydrogen of at least 100 NI/NI of feedstock, and preferably 260-3000 NI/Ni of
feedstock.

For the conversion stage with the catalyst according to the invention (or second 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 3 MPa; it is less than 12 MPa and preferably less than 10 MPa. The amount of
hydrogen is at least 100 V1 of feedstock and often between 200 and 3000 I/l 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 activity in



VI1I and VIB netals, such as selected from nickel, cobalt, denun1and
tungsten. In addition, this catalyst can possibly contain gﬁbéﬁ Hs and
possi bly boron. The first stage generally takes place at a tenperature of
bet ween 350 and 460C, preferably of between 360 and 450C, a total pressure
of at least 2 MPa, and preferably 3 MPa, an hourly volunetric flow rate of
0.1-5 h"1, and preferably 0.2-2 It-, and with an anount of hydrogen of at
| east 100 M NI of feedstock, and preferably 260-3000 NI/N of feedstock.
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than 12 MPa and preferably | ess than 10 MPa. The anobunt of hydrogen is at
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per litre ofin bRkl eRGEdimEREin MY slayesV @k diRlyEd oF thd HsehBin@ert®n 806L Ay
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phosphorus and possibly boron.

The first stage generally takes place at a temperature of 350-460°C, preferably
360-450°C, a pressure above 3 MPa, an hourly volumetric flow rate of 0.1-5 h™!, and
preferably 0.2-2 h™, and with an amount of hydrogen of at least 100 NI/Ni of feedstock, and
preferably 260-3000 NI/NI of feedstock.

For the conversion stage with the catalyst according to the invention (or second stage),
the temperatures are in generally above or equal to 230°C, and often between 300°C and
480°C, and preferably between 300°C and 440°C. The pressure is generally above 5 MPa and
.preferably above 7 MPa. The amount of hydrogen is at least 100 I/l of fecdstock_ahd often
between 200 and 3000 i1 of hydrogen per litre of feedstock. The hourly volumetric flow rate
is in general between 0.15 and 10 b

Under these conditions, the catalysts of the present invention have a better conversion
activity and a better selectivity of middle distillates than commercial catalysts, even when the

zeolite contents are considerably lower than those of the commercial catalysts.



nol ybdenum and tungsten, in particular. In addition, this czéil st ﬁgn
possi bly contain phosphorus and possi bly boron. The first eggé' rally
takes place at a tenperature of 350-460C, preferably 360-450C, a pressure
above 3 MPa, an hourly volunetric flowrate of 0.1-5 h-', and preferably
0.2-2 h-", and with an amount of hydrggen of at |east 100 NI/N of
feedstock, and preferably 260-3000 NI/N of feedstock. For the conversion
stage with the catal yst according to the invention (or second stage), the
tenperatures are in generally above or equal to 230C, and often between

300C and 480C, and pref.erably between 300C and 440C.. The.pressure js
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advant ageous| y enpl oys .t he _hydr.ocracki ng process according to the

i nvent i otk VelNg obihe ity npaiberdp thapdesged bY hedsor dance with the teaching of
the patent US-5,525,209 with a first hydrotreatnment stage under conditions
permtting the production of an effluent with a viscosity nunber of 90-130
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and/ or Oa!n%}olr Q_)ng'ge%oa 5 régl?ur?rﬂ/t%se 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, and 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 nitrogen, and at least one metal. The heavy
fractions, as such and by way of non-limitative example, are vacuum distillates, deasphalted
or hydrotreated residues, or equivalents, preferably counsist of at least 80% by volume of
compounds with boiling points of at least 350°C, and preferably of between 350 and 580°C
(i.e. corresponding to compounds which contain at least 15 to 20 carbon atoms). They
generally contain heteroatoms like sulfur and nifrogen.

The nitrogen content is usually between 1 and 5000 ppm by weight, and the sulfur content is

between 0.01 and 5% by weight.

The catalysts of the present invention are also advantageously used preferably during
the pretreatment of catalytic cracking feedstocks and in the first stage of a gentle



napt heni ¢ conpounds and/or paraffinic conpounds, and possibly netals_and/or
nitrogen and/or oxygen and/or sulfur. In these uses, the cé%%ﬁ%ﬁﬁ%paﬁhich
are obtained by way of the present invention have an inproved activity in
conparison with the prior art. The feedstocks used in the process are
gasolines, gas oils, vacuumgas oils, t nrospheric residues, vacuum -

resi dues, atnospheric distillates, vacudmdistillates, heavy fuels, oils,
waxes, and paraffins, used oils, deasphalted residues or crude oils,

f eedst ockigydrosickingak Qydtbéciveeidn bperatibk CTRE ar® theh Ab@IYtsEd EANM:i RN with
processes angd their m xtures- They contain heteroatons, such as sulﬁhur,
oxygen arfl 35i%saisgeshwhich nayior may et bmeeofitie fr theryegonsbisspymendtstagei ons, as such
and by way of non-limtative exanple, are vacuumdistillates, deasphalted
or hydrotreated residues, or equivalents, preferably consist of at |east
80% by vol ume Té¢ hydemfwingdonditions, lsut asgmpeiatirs, poéssat, hehsgenIBOfeling ke

pr ef er abl a 8 I..e. .correspondi,ng to C ounds whi ch
cont ai n a%uﬁiggltﬁ&l %@%{}})O%g%tec g%b%n egf' (‘5%3&6 ngdmgéﬂ%‘? heﬂ?t"é%ﬂ?gﬁ%rfeedsmch
het er oat cslitl idf ehesddsired paddetsi dnd dgetallatibh @vaitdbleo@efe GERiteeN tThi SeSsiatdkd is
between 1 and 5000, 0bpm b i gh and & he f,ur content i s between 0.01
and 5% b)}’s\’/@iygfa?‘.’c %‘ﬁ’g@tﬁ‘/‘aﬁg%&%ﬂf‘@% %@éﬁ%ﬂ Hi Hﬁ@rﬂr?saweaﬁ abaiesh05 MPa
advant agaadisfish atneed | MRL. eTtHyrdden rdi@clidgdRitelis 8f &R R0EMd GifendRb@lonldof

the first stage of a gentle 20 June 5003 18

cracki ng b&ﬁdsto?ﬁ%ang ié} r

hydr ocr acRPh§OBF AYReT Se Brdreps B Wprephtbedviockrndhe howly Nelimesisafloy mtreis i n
conbi nat igesbraliyttwen 08Cd 203loflnstor WHASR B VOluriBYr ARlysPEnd Gkl ¢ for the
second treat meyﬁlt stage The. hydrorefini na condil}ti ons, sylfcﬁn algeqthghllﬁerature,
pressure, hydrogen recycling rate, hourly volunetric flowrate, -.can be. .

very vari abl emeeraaagzgtegofumelrbr&&ﬁt ﬂﬁkuﬁﬁ gﬁcl g@%éiﬂg%%ﬁgéd o Al ot NE

desired products, and installation ava e refiner. Th

t enper at FPEMPRL pormitting 3t leasbpastisliornstonmatios oEthe hetallie 26 Grtarsil EBUGforEhe
Pressur ege$ alP%ExIR iR MRt Rt af ekt . 4h dr.ogen recycling
fate is o) east %lg and often between 0\5335#j ggooﬂﬁgf‘%‘iaaf“?t%re%%“eﬁ%y
hydr ogensyizationsis vefll-tnesaisio ghk skiltpd phrsom,| apd\aah theetarriest ¢utowinpadny insthod
general | 5L 0 e 2Bey 9 . eedstock per volume of catalyst
and per ﬁgﬁr[ Tﬁe c%tgﬁys%s 8? Hﬁgﬁgﬁeséht invention are preferably
subjected to a sulfurization treatnment permtting at |east partial

transformati of QfividiBniiChifuli-fionPREnES WALt td 48 BSHSS 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 eéonomic 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.

The following examples illustrate the present invention, but without limiting the scope

thereof.



they are brought into contact with the feedstock to be treated TQ%B
activation treatment by sulfurization is well-known to the ZKk{4"&d Ber son,
and can be carried out using any nmethod which has already been descri bed
in the literature. A conventional sulfurization nmethod well-known to the
skilled person consists in heating tqg m xture of solids in a streamof a
hydr ogen and hydrogen sulfide m xture, "or in a streamof a nitrogen and
hydrogen sul fide m xture, at a tenperature of between 150 and 800C,

pr ef er abRta@bloR! PRSAraihe of A FROGackIRR 6F Rviiyoreiniag (datRRaEUBSE ateSAREK ON
zone. The results which are of iy-grtance to the refiner are the

acti vi t ycentains adjgrtially Amorphous Xafeoltle - onyersion activity- The desired goal s
shoul d be BSYiceMmaRrdiil GffasG ol deitiBhSicdWabIRB vithGn GRBRRASHAN tholir kdlicrFqBaM C
reality. Thuys, the refiner seeks to decrease the z%gg?erature, the -~

pr essur e 38 aidl fnepgk seftnoh &byt Pvsigling parameig ¢fo? o8 gininge 0R8%r by

Vol Uet I igfeigdht AW il £ pedictrat Of 59 W iRk chRRIAE Ha¥idYof 3%, RarhIDhiSAPEH, PY @

tenperature increase, but this is often to the detrinent of the staﬁlllty

of the chydpthsmmic atmeniasoR Cyfont hasy ipithepiesaee of mparéal eqtesiveppug prassuse ease

el boo > UE 8.5 bar ﬁhsmﬁgé’. 090 i?ﬁlﬁé!‘%;é B S Rted ! zix.ctici“ aftadiS cdrfled R: ik ThgENt Of
t he e follown

t he econony o process _ exanples 1TTustrate the present
i nvent i ofiollowing eoinditions: noimality effhe aad:IiHdh dutatiomck hards; auhtenpee8rd 99 Canpl e

cont i na el By BafPot HCRRACHP N QRN AR, SR B ialy RUBRARME 0 O

deal uni nipfessae 220102 thar v dppliechtoothe zedlite. SiAt Ahe pml aff thest ireatroéntd, 3he partially Si / Al

framework ratio of,. kY hpe t 9 0 Lning 0.03%
by e GREORIoR Aol Eaicrab b oBia GRNANRE Riceth of St o YA, 01
85% is afrt?,philzedSiby "a framyaodittagy of 80, tar gat welemeatt (620G liquidmitiegen et N t he

presence of a paptial ter .vappur pressur -of 0..5 .ahsol ute., The
Dottt Famio% of wht B obi B W PERRIES . idoroestd GRALITARERF.0id ow g
condi t i ORgdrostaciimyd datalysdbubstiste asritdning tHBSN zeslite BiprédiceBin. thO IS Vi tay:
tenperature : 95C. A final hydrothermc treatnent which is identical to
the first one, with a partial water vapour pressure of 0.02 bar is applied

to the zeolitgy gfF thepertRN@a@brphbieSezdoli@AdeIETTed hedelRbParit idkddywittaamp phous

zeolite has eak rate of 0.26, a crystalline fraction of 44% an_overall
Si/AL raf in@tr?x (Ponsisting of ultrafine tabular boe%m¥te or alumina gel marketed under the game 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 Hydrocracking and Hydrorefining Catalysis which contain a

Partially Amorphous Y Zeolite, According to the Invention

The substrate extrudates which contain a partially amorphous Y zeolite of Example 1
are impregnated in'the dry state with an aqueous solution of ammonium heptamolybdate,
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 Y| Mo catalyst obtained are given in Table 1.

The Y;Mo catalyst was then impregnated with an aqueous solution contfaining
ammonium biborate in order to obtain a deposit of about '1.7% by mass of B,O;. Following
maturing at ambient temperature in a water-saturated atmosphere, the impregnated extrudates

are dried for one night at 120°C and then calcined at 550°C for 2 hours in dry air. A catalyst



of 72, and an Si/Al rv framework ratio of 80, a pore volunme of 0.3
liquid nitrogen per granme, 29% of which consists of pores 2% %‘%Oéést 5
nanonetres (50 A) in dianeter. 'A hydrocracking catal yst substrate
containing this Y zeolite is produced in the follow ng way: 60 g of the
partially anmorphous Y zeolite described hereinabove is mxed with 40 g of

a matrix consisting of ultrafine tabular boehmte or alum na gel narketed
under the name SB3 by Condea Chem e GibH This powder m xture was then

mi xed wi VRich$ &O&X swbtained. dp Hheasame vy e tinMeSheatalysitwas dhen(prepayd wei ght

acid perbyﬁhﬁ:&%ﬁa@in STide YRV cathifby' B m%ofsﬁrEP]l@lhdah@H'h%ma'ﬁihézﬁqjoﬁﬂ:q of this

m xi ng, the paste which i1 s obtainéd is passed thro
cyl i ndriiagrchha way @s do deposit abauh2i0fe af Sifkt dhe impregasted extadates aneethttrhdamddr i ed

for one fefeﬁemgﬁtaﬂa@%dqhawalcmdﬁgrOre il ngﬂ&%%?@%ﬂ% MEEGTP. e 2

Preparation Hydr ocracki n st's P4’ a
Part i al |ptakish rashiovest Wﬂémahp@ OfA@eoYcMﬂgcamY&tHU way eoff laomq”libraxsssdhsttdnat e

ext I udal et Bnf @R BibBraRAldd @b RhoBIB RIS Enind BONLLT BlofXammLE, | are

i mpregnat e ry state wth an aqueous ut 1 on o

hept anol 'Eﬂ?dalpecgnatdtﬂ etthdhios agrtbenndrgdiforoncliBGIC ak h2#Crand aleah dalciadilay 5$08Cci ned
in air g;) RO% in cﬂ,?aﬁontents by weight of the oxides of the Y1M> catal yst
obtained are grven'in Table 1. The Yi M catalyst was then inpregnated wth
an aqueous sol ution containing amonium biborate in order to obtain a

deposit of about 83 of B203. Follow n ring at anbient

t enper at ur e :;ﬁ'e Su%StF’“e{er f%ta uregtcgamgf%gpq?gfaé@ ?H%PP g ﬁ@d pEspeset it es

are dri dtkafnple b,nﬁrentr@hatgnaéd 1P @e doyOstathavitlc ah Q:iqﬂ&ﬁis a;bluESﬁ)foaﬁrar&n&ﬂk&hS in
dry air ne, 2003 20 whj YINDB.i s obtained. In
the sand® @QS" Yid% ﬂﬁéi’“cﬁ‘ rﬁ?ri’?tgtsowﬁgn’%r}ﬁ? 8%?’%5‘ athO G aignand; Bllge ¢ he
Y1M catcalciet ibyir at S300UOTES borils i Whighi 6 tREWhISIMG 4D RIdROURINE] arei N SUCH
a way as.to. di_glﬁsm about 2.0% of Si 2. The inpregnated extrudates are then
dried f8¥"éhdablednt at 120 and then calcined at 550C for 2 hours in dry
air. Finally, a YIMBSI catalyst achieved inpregnation of the YiM

cat al yst by vva of an aqueous solution containing ammoni um bi borate and

t he Rhodor si IT Ep‘im(%% Ats-ipgrreaed indthe deyotiae sty agiagHeous Folatiomef amirdue d
extrud ab@&nﬁfﬁlﬁihﬁé})téﬂﬁdlﬁﬂlafeoﬁmw RitRkdHd RthopRhAR Gl 8ReF R %h@ﬁghtaa& 550C

for 2 hours in dry air
120°C in air, and finally calcined in air at 550°C. The contents by weight of YNiMoP

catalyst oxides obtained are given in Table 3.

We then impregnated the sample of the Y NiMoP catalyst with an aqueous solution
confaining ammonium biborate. After maturing at ambient temperature in a water-saturated
atmosphere, the impregnated extrudates are dried for one night at 120°C, and then calcined for
2 hours in dry air. A catalyst named Y|NiMoPB is obtained.

A Y NiMoPSi catalyst was obtained by way of the same procedure as the Y, NiMoPB-
catalyst above, but by replacing the boron precursor by the Rhodorsil EP1 silicone emulsion

in the impregnation sotution.

Finally, a Y\NiMoPBSi catalyst was obtained by way of the same procedure as the
catalysts hereinabove but by using an aqueous solution containing ammonium biborate and
the Rhodorsil EP1 silicone emulsion. Fluorine is then added to that catalyst by impregnation
with a dilute hydrofluoric acid solution in such a way as to deposit about 1% by weight of

fluorine. Following drying for one night at 120°C and calcination at 550°C for 2 houss in dry



The substrate extrudates containing a partially anorphous Y zeolite,
prepared in Exanple 1, are inpregnated in the dry state wt ﬁﬁwéﬁwéous
"sol ution of an amoni um hept anol ybdate and nickel nitrate solution, dried
for one night at 120C in air, and finally calcined in air at 550C. The
contents by weight of the YIN Mb catal yst oxi des obtained are given in
Tabl e 3. The extrudates are inpregnated 4in the dry state with an aqueous
solution of a mxture of ammoni um heptanol ybdate, nickel nitrate and

ort hophosphoric acid, dried for one night at 120Cin air, and finally
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e 1: Chardcteristicy

nt s..of axild

the Y1Mb and Y1IN Mo Catal ysts Catal yst YIMOY1MoBY] MoSi Y1IMOBSI

MO8 (% by

wei ght) 14. 3lte P Ldn@dibal B203 (% by weight)01.501.6 Si02 (% by
wei ght ) 50749 752 351 4 _
Catalyst Y Y: Y. Y Y Yy
NiNo NiMoP NiMoPB | NiMoPSi } NiMoPBSi | NiMoPBSiF-

MoO; (% by| 13.5 13.9 12.8 129 129 12:85
weight)

NiO (%% by| 3.05 22 295 2.9 3.0 295
weight)

P05 (% by| O 4.4 43 45 45 44
weight)

B,O; (% by| © 0 1.4 0 L5 1.6
weight)

Si0, (% by| 494 47.0 465 486 479 473
weight)
1¥F (&% by 0 0 0 0 0 1.0
- weight)

Complement 34.05 325 32.05 31.1 30.2 29.9
up to 100%

consisting

mainly of

AlL,O; (% by

weight)
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Conmpl enment up to 100% consisting mainly of A1203 35.034.333.532.9 (% by
wei ght) Table 1 continued Catal ystYi YfY1l. Y1Yi i 20 June 2003
Ni NoNi MoPNi MoPBNi MoPSi Ni MoPBSi Ni MoPBSi F- M3 (%
by13.513.912. 812.912. 912. 85 weight) N O (% by3. 052. 22. 952. 93-02. 95 wei ght)
P205 (/., byO4.44.34.54.54.4 weight) B203 (% by001-401.51.6 weight) Si Q2
(%2 by49. 447.046548. 647.947. 3 wei ght) Fy4 % by000001. 0 wei ght)
Conpl enment 34. 0532. 532. 0531. 130. 229.9 up to 100% consi sting mainly of A1203
(% by weight) 20 June 2003 22 The YzNi MoP catal yst was then inpregnated
wi th an aqueousThso¥ iNiMsk eatatyshivs benmismyesnatse witht ampqueoipbdlativmgontaibingi ng
at anbi ent p L ARGE AhiHhE. | oWk iafdihy & GHbient temperature in a water-saturated
atmosphere, the impregnate_d__ extrudates are dried for one night at 120°C and then calcined at
550°C for 2 houcs in dry air; A catalyst named Y;NiMoPMan is obtained. That catilyst is then
impregnated with an aqueous solution containing ammonium biborate and the Rhodorsil EP1
- (Rhone-Poulenc) silicone emulsion. The impregnated -extrudates are then dded for one night
af 120°Cdnd then calcined ‘at 550°C for 2 hours in dry air, and the Y NiMoPMnBSi catalyst is
obtained. A dilute hydrofluoric-acid solution is then added to that catalyst of fluorine by
impregnation in such a way as to deposit 1% by weight of fluorine. Following drying for one
night at 120°C and calcination at 550°C for 2 hours in dry air, the Y;NiMoPMnNBSiF

“catalyst is obtained. The contents by weight of these catalysts are given in Table 2.

Table 2: Characteristics of the Y,NiMeo Catalysts which contain Manganese
Catalyst Y: Y Y,
NiMoPMn NiMoPMuaBSi NiMoPMnBSIiF
MoOj; (% by weight) 12.6 ' 2.1 122
NiO (% by weight) 3.1 29 238
MnO, (% by weight) 2.1 2.1 22
P,0s (%4 by weight) 4.4 4.5 49
B;03 (% by weight) 0 1.2 14
SiG, (% by weight) 46.0 471 46.4
F (% by weight) 0 0 1.0
Complement up to 318 30.1 29.1
100% consisting
mainly of ALO; (%%
by weight)

The analysis, by electron microprobe, of the .Y NiMoPSi, YNiMoPBSi and
Y\ NiMoPBSiF catalysts (Table 1) and of the YNiMoPMnBSi and Y NiMoPMuBSiF
catalysts (Table 2) shows that the silicon which is added to the catalyst according to the

invention is mainly located on the matrix and is in the form of amorphous silica.




at nosphere, the inpregnated. extrudates are dried for one n;ﬁ% at 120C and
then calcined at 550C for 2 hours in dry air; A catalyst n AGNoPVh
is obtained. That catalyst is then inpregnated with an aqueous solutlon
cont ai ni ng amoni um bi borate and the Rhodorsil EPI  (Rhone-Poul enc)
silicone enul sion. The inpregnated -exaéudates are then dried for one night
att' 120C and t hen cal ci ned*at 550C for hours in dry air, and the-

Y1Ni MoPMnBSi . catal yst is obtained. A dilute hydrofluoric acid solution is

then added to Eﬁﬁ_iplec:ﬁt ai’yg?tjrﬁfiolf oy Sﬂﬁstp‘%e Wﬁﬂéﬁe&ﬂﬁ&uhgh ) gefilte Sﬁ ¥1 as
to deposit 1% Dy wWeig 0 uori ne. oW ng dryi

120C and Sik¢zephminan at 550C for 2 hours indry air, the YlNlePNhNBSlF
"'catalyst is _ se cat al MS arg, given
in.Tabl e 2. ng%)é%g%gﬁaﬁggtag@?%? ?Bﬁd&%y}[’}ﬁéﬂ E} Ri? 4\}5’5@5 ?ys'f‘go kot ai n
Manganes ési@ﬁhmi WMZOéE Njhy&owmekmgllcmﬁmﬁthW&gﬁhMﬁﬂBca(élﬁnbma and
weight) 12 61 (% t)3 1 @6 )12, 12. 2
P205 (% ‘é‘ 3‘2"‘2 °“§4‘/§Cé% f "‘26‘91‘" Wdﬁt“?‘“@ll"? dg; \31%5/%'6% $0% By

wei ght ) 46yt of 46 lﬁnﬁug%:mtpmjsgmtzm&aowfaﬁpbemﬂkemmgo*yolgp%ergﬂflafatI ng

31.830. 129. 1 malnly of . Al 03 %, wei e anal ysis, by electron
m cr opr oB&ILgonssHasAhghe £ %B‘f%ﬁgh ‘%1 oV NV ROBELT B ReWHGTREN I ab| e

1) and ofyak ﬁ%nﬂMM&!{ue@ﬁﬂsoﬂtMnM@Rﬂﬂﬁ% fiitric acid at 66% (7% by weight of acid
per gramme of dry gel) and then mixed for 15 minutes. After that mixing, the paste obtained

is passed through a die with cylindrical o;iﬂces of 1.4 mm in diameter. The extrudates are
- then dried for one night at 120°C and then calcined at 550°C for 2 hours in air.

Example 4: Preparation of Hydrocracking Catalysts which Contain _a Partially

Amorphous Y Zeolite and a Silica~Alumina

The substrate extrudates containing a silica-alumina and a partially amorphous Y
zeolite of Example 3 are impregnated in the dry state with an aqueous. solution of an
ammonium heptamolybdate, nickel nitrate and orthophosphoric acid mixture, dried for one
night at 120°C in air, and finally calcined in air at 550°C. The contents by weight of oxides of
the Y-SiA1-NiMoP catalyst which are obtained are given in Table 3.

We impregnated the sample of Y;-SiAl-NiMoP catalyst with an aqueous solution
containing ammonium biborate in such a way as to impregnate 1.5% by mass of B;0s.
Following maturing at ambient temperature in a water-saturated atmosphere, the impregnated
extrudates are dried for one night at 120°C and then calcined at 550°C for 2 hours in dry air.
A catalyst named Y,-SiAl-NiMoPB u{hich therefore contains silicon in the silica-alumina

matrix is obtained.

The characteristics of the Y;-SiA1-NiMo catalysts are given in Table 3:




catal ysts (Table 2) shows that the silicon which is added to_the catal yst
according to the invention is mainly located on the matrix #hées2q03 t he
form of anorphous silica. 20 June 20043 23 Exanple 3: Preparation of a
Substrate which contains a Yi Zeolite and a Silica-A um na W produced a
silica-alum na powder by co-precipitation whose conposition was 2% Si Q2
and 98% A1IM33. A hydrocracki ng' cdt al yst 24ubstrate cont ai ni ng t hat
silica-alum na and the partially anorphous Y zeolite of Exanple | was then

pr oduced. at e 50%. b i ghte. the partially anorphous Y zeolite
of Exanpl e][-‘%',’[te xed at'?lg%rﬁ%ﬁf/m %ﬁ:ﬁ%ﬁdﬁo (r%é‘flﬁtﬁ consi sting of the
silica alum na prepared herei nabove, was used. That powder m xture was

t hen m xeg-wth-aRr—agueous—soelut-ron-cont-alpiag-—hi-tric acid at _66% (7% hy
wei ght of | 58t per gramme of [dry g%'FS‘lAA'mi Ben miked f¥rSwd-NiMalBes. After

that m xi 1g5¢oggfbpaﬁ,t@tlobt aingd is paggqd throughfa die wscylmdridal
orifices | | | The extrudates arel then dried for T
one- ni ght | HiO @ebeysigh®hen cal ¢i ned at 559C for. 2 hburs in ai%7. Exanplq 4:
Preparati %(9(%*5 W pAcKT N Catal ysts Wy chContarima Partigid—Amptphqus Y
Zeolite a 'Iyi ca- Alum na The substrate extrudates contaiiing a .

si | i ca- al pRdh&%dndveaghpartial | § anor phou¥ Y zeolitje of Exanple 3 are

i mpr egnat g R the d state W th anagggous—sotutjror—of—an—arreri-tm
hept anol yb%gfgéb#?vg%p nitrate and ortﬁg}ghosphori cacid m x‘t%,r’de, dried|for
one ni ghtCokpl&@GC vp & r 00 finally3td@dlcined i air at 550 The
contents c\émsmin hrthm%f 0 i‘qleé pf the Yt-Si Al-N MoH catal yst which are
obt ai ned [ar e grvenin Tabl@ 3} We inpregnated the {sanple of Y1-Si Al Ni
ni-um bi bor.ate..in suc

U

P

cat al yst | by weiglghjueous sol-uf ron - contai-ni ng anmg
way as to—if . . nt
tenperature in a water-saturated atnosphere, the inpregnated extrudates
are dri ed Emampti® nPriphrzionb? 0 Subsidate keliiclc@biaitch Priotb2RZdofife 2 hours in

dry air. A catalyst_naned.Yl-Si Al {él‘i I\/nglwhi ch therefqre copntains silicon

in the sili ca-%ﬂ ltj‘%%ﬂn%rlou%torfi >]<h y|§§°°536 88 (REYSTREbIRLs confaping (3 X zopfite g

Y1- Si Al - Nipibluceadt inl grdérstoalseeatde v preapace Tedpioas Satal6is Jutiieh 3203 based on the same
substrate. To that end, 20.5% by weight of the same USY commercial zeolite is used as that

used in Example 1. That zeolite is mixed with 79.5% by weight of a matrix consisting of
ultrafine tabular Boehmite or alumina gel matketed under the name SB3 by Condéa Chemie
GmbH. That powder mixture was then mixed with an aqueous solution containing nitric acid
at 66% (7% by weight of acid per gramme of dry gel), then mixed for 15 minutes. After
mixing, the paste 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 and then calcined at 550°C for
2 hours in air. Cylindrical extrudates of 1.2 min in diameter with a specific surface area of

223 mzlg and a monomodal pore size distdbution centered at 10 nm are thus obtained.

Example 6: Preparation_of Hydrocracking Catalysts which contain the Y Zeolite of

Example 5
The substrate extrudates containing dealuminified Y zeolite of Example 5 are

impregnated in the dry staté with an aqueous solution of an ammonium heptamolybdate,
nickel nifrate and orthophosphoric acid mixture, dried for one night at 120°C in air, a.nd
finally calcined in air at 550°C. The contents by weight of oxides of the YNiMoP catalyst
obtained are given in Table 5. The final YNiMoP catalyst contains, in partticular, 16.3% by




24 Table 3: Characteristics of the YE-Si Al-N M Catal ysts

Cat al yst Yr-Si Al - Ni MoPY1- Si A - Ni MoPB Mo(Y3 (% by wei ght) 13. 1229 $n&i280By
weight)2.9." 2.7 P2Cs by weight)4.74.9 Bz63 %V weight}01.4. SiQ2 (% by

wei ght)47.646.5 Conpl enent up to 100% consisting mainly of A1203 31.731.0
(O/.-by weight)- - Exanple 5: Preparation of a Substrate which Contains a
Prior Art Zeolite A large anount of hydmgcracki ng catal yst substrate:
containing a Y zeolite was produced in order to be able to prepare various
catal ysts which were based on the sane substrate. To that end, 20.5% by
vei ght of tWeightelini zusie siffrremeshaparanadien afe429 nos sdthan avieall SiQg/ddQarratixafipl e
1 That ze@}i L Sa: V)] ight of a matrix consisting of
ultrafine ?gghﬁ%ﬁ%@éﬁ%ﬁje or“élglhﬁlg{%gy%gévle mar ket ed under the name SB3 by
Condea Chem e GrbH That powder m xture was then m xed with an aqueous

sol ution contai@in L hrd [ t 0 - veraht Cj r.gramre of
dry gel), then wﬂxgnfmé%‘%ﬂeﬁgﬂm%ﬂpgs?ﬁgﬁ WM%Y‘&%% "E"%Eaa%aésl gg%bf(g}l%)end is
passed t hr ocagdiniag diremogitdn djtoratelr i diklowmigl npesingf af . ainbienti fempdiatoret ar -a The

extrudates are then.dried for, 0 ' and then cal ci 550C
for 2 hou?"vé‘e‘f"ﬁ‘?‘tt'ﬂf’t?.i a@ﬂﬂ%ﬁ?’i‘%%ﬁ%%@%f esd]ageg%e. ?ercrln%%f ﬁ“%?lgﬁrrgeatqgﬁoﬁ ?"ﬁpa
speci fi ¢ sihéh adléinat #5507C fo2 2 o0y ig dgneir.a AmNibfub ddlminarecailye vehidi is idbpdd on
centered at. 8 nmarg-tcﬁus obt ai ned. Exanple 6: Preparation-of
Hydrocrackl"’ffé PQP K PRIk ch contain the Y Zeolite of Exanple 5 The
substrate extrudates containing dealumnified Y zeolite of Exanple 5 are

i npregnated in . state W th.an ueous | ution of, an L.
hept anol ybdat e,’gr{ﬁ{@{?ﬁ?’ (r:la?zfl Se%t“éasé)rq%moergt o“f)apfoosp or e %r(?feéluFﬁ %W’ng for .
one ni ght - &dtatsls? QGoven bati the teweh precursor was replaced .in the impregnation solution. by the

Rhodorsil EP1 (Rhone-Poulenc) silicone emulsion.

Finally, a YNiMoPBSi catalyst achieved impregnation of the catalyst with an aqueous
solution containing ammonium biborate and Rhodorsil EP1 (Rhéne-Poulenc) silicone
emulsion. The other stages of the procedure are the same as those indicated above. The

characteristics of the YNiMo catalysts are summarised in Table 4.

Table4: - Characteristics of the YNiMo Catalysts (Not in Accordance with the
Invention)

Catalyst YNiMo | YNiMoP | YNiMoPB | YNiMoPSi | YNiMoPBSi

MoQj3 (% by weight) 13,5 12.9 12.7 12.7 12.5

NiO (% by weight) 3.1 3.0 29 ' 29 28

P, 05 (% by weight) 0 44 4.3 43 4.2

B,0; (% by weight) 0 0 1.8 0 I.8

S0, (% by weight) 162 15.4 15.2 - 170 16.7

Complement wup to 67.2 64.3 63.1 63.1 62.0

100% consisting

mainly of ALO; (% by

weight)




finally calcined in air at 550C_ The contents by wei ght of oxides of the
YN MoP catal yst obtained are given in Table 5. The final YNV BeALA| yst
contains, in particular, 16.3%by 20 June 2003 25 weight of Y zeolite with
a nmesh paraneter of 2.429 nin with an overall SiQ2/AL203 ratio of 30.4 and
an Si @2/ Al 203 framework ratio of 58. W inpregnated the sanple of the

YNi MoPr catal yst with an aqueous sol ut2®n contai ni ng anmoni um bi bor at e.

Fol I owing maturing at ambient tenperature in a water-saturated atnosphere,

t he inpr a trudat es ar i.ed e ni ., at 0C and hen

o o 1| e dTBHE Spcepdipaoniontebs RF 1y NEkoPSR AR KaRinei i chably o

whi ch i s sighyzesht the silfcoh @d sl tbsh@&amysn ébording/ty thd Ri¥ienaH B mdly Wetcadnahoed by

way of the sane_procedure as the YN.MoPB -catalyst above,-"but the boron

pr ecur soF‘aMsanﬂé“dPé'@e@mloﬁa‘F‘H@ OW‘@gnatl on solution. by the Rhodorsil EP
1 (Rhone-Poul enc) "si%icone enulsion. Finally, a YN MoPBSi catalyst achieved

i mpregnation of the catalyst with an a ueous soI ution containing anmoni um
bi bor at e ExamiplRiTe d Zenparison| of( this (rasalpsts dredracking a ¥aenwn €ns Oilavidi her

st ages Oi’alttgf"cgﬁ‘%?ﬁgwe are the sane as those |nd| cated. above. The
char a e YN M catal ysts are summarised in Table 4. Table 4:
Char acter| stl’BE cratalxsme pydjiaftioCaf avhy sltb bl dascrloloindthaabove ekarhles, are
| nventi o I Mo YNI PYNl YN| PSl YN % b
wel ght ) 13 BE bl SR R LR XOR e ol W g RS i
wei ght)OélmﬁéteﬂﬂmBé:ersmmﬂm(%by wei ght ) 001. 801.8 Si 02 (% by
. : o oY
wei ght) 16. 212&%’%&&6/‘67' 016. 7 Co&%iament up to 1OQ/o consi sting

67.264. 363. 163.
: +~ Sulfur (% by weight}- - - -2.46.
Nitrogen (ppm by weight) 1130
Simulated distillation
Starting point 365°C
' 10% point 430°C
50% point 472°C
90% point 504°C
Final point 539°C
Pour point +39°C

The catalytic test unit comprises two fixed-bed reactors with upward circulation of tﬁe
feedstock.(“up—ﬂow”). In the first reactor, i.e. that in which the feedstock passes first, the
catalyst of the first HTH548 hydrotreatment stage sold by Procatalyse and comprising a group
IV element and group VIII element which are deposited on the alumina is introduced. In the
second reactor, i.e. that in which the feedstock passes last, a hydrocracking catalyst described
hereinabove is introduced. In each of the reactors, 40 ml catalyst is introduced. 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 cm’
Hydrocracking catalyst 40 cm’
Temperature 400°C

Hydrogen flow rate 20 I/h



mai nly of A1203 (% by weight) 20 June 2003 26 Analysis by el ectraon

m cr opr obe of the YNMoPSI and YN MoPBSi catal ysts (Table 4) 20:p80PRat t he
silicon added to the catal yst according to the invention is nmainly |ocated
on the matrix and is in the form of anorphous silica Exanple 7: Conparison
of the Catalysts for H drocrackin a Vadllum Gas G| with Partial Conversion
The catal ysts, preparation of which has been described in the above

exanpl es, are %%?dk ndertnDderat hpgssure hydr ocracki ng conditions on a
pet rol eum f eeGST SR MRS E& i n cHarAEfhristics are as fol l ows: Density
(20/4)0.921 Sul fur (% by weight)..2.46. Nitrogen (ppm by wei ght)1130
Simulated distjllation 365C Starting poj.nt 10% poi nt430C 50% poi nt 472C 90%
poi nt 504C Fi ndhe b PHElEss Brdsan arigr i PIGEEISHRN SAELRSRRESHBOR SR TR Hr i ses
two fixednpResifleAChOdit sMifzRWahdthad &Gultatid. 00nsd tHehQlfufif@ida iPEdtried out,

("up-flow"). In the first reactor, i.e. that in which the feedstock passes
first, tHe feedstogkdeseribed heyginghove és alkaiabg tiypepaesdeat ment st age sol d by
Procata[ yse and conprising a group |V elenent and group VIII el ement which

are deposited on the alumna is introduced. In the second reactor, Le-
t hat in whi chThheatdlgdciperfnsinapres sewxpresicd imtehpslpblsrdaedeswlfurzation sesverdioosr i bed

her ef nabeigs| 5 I ORNGEHng bohvEAGRs HDN® ThER%h Rl o piftoffharel 2k Hithsdias

i ntroduc
in the catalyst after a stabilization period, usually at least 48 hours, has elapsed.

Hydrosulfurization conversion HDS is assumed to be equal to:
HDS = (Sinitial — Seftueat) / Siaitiat 100 = (24600-Seacnc) / 24600 * 100

Hydrodenitrating conversion HDN is assumed to be equal to:

HDN = (Nigigat — Netttuent) / Nivitiat ~ 100 = (1130 — Negnuond) / 1130 * 100

‘In the following table, we recorded hydrodesulfurization conversion HDS and

hydrodenitrating conversion HDN for the catalysts.

Table 5: Catalytic Activities of the Catalysts in Partial Hydrocracking at 400°C
References Composition HDS (%) " HDN (%)
YNiMoP NiMoP/Y — Al,O; 99.43 96.6
YNiMoPB NiMoPB/Y 99.57 97.4
YNiMoPSi NiMoPSi/'Y 99.85 98.3
Y -SiA1-NiMoP NiMoP/Y -SiAl 98.6 96.6
Y -SiAl-NiMoPB NiMoPB/Y,-SiAl 98.7 97.8
Y NiMo NiMo/Y-ALOs 98.6 95.1
Y NiMoP NiMoP/Y 99.3 97.0
Y NiMoPB NiMoPB/Y, 99.7 97.8
Y (NiMoPSi NiMoPSV/Y, 99.8 98.7
Y NiMoPBSi NiMoPBSi/Y, 99.8 99.0




reactors operate at the sanme tenperature and at the sanme pressure. The
operating conditions of the test unit are as follows: Total 0p+'-@§s°199§ 5 MPa
Hydrotreat ment catal yst 40 cnB8 Hydrocracking catalyst 40 cn8 Tenperature
400C Hydrogen flow rate 20 I/h 20 June 2003 27 Feedstock flow rate 40
cnBfh The two catal ysts undergo an in-sjtu sulfurisation stage before
reaction. W note that any in-situ or 28x-situ sulfurization method is
suitable. Once the sulfurization is carried out, the feedstock described
her el nanove | TRk el U860 IR e e o GRLAMII! oA B RerbS
expressed in terns of hydrodesul furization conversions an i
hydr odeni conéiningya parirally smomphogHINeolitEh és movatddivy tin cerpsrdfdiydenesdfusiz@ion
measured i,n the catalyst .after,a stabilization period, | 1y,at |egast 48
noar s e dn S GF hEgntidnd i e e af bbb S fsp b 6 im0
equal t 0:ledst bl clerhdit Beledted from Trd gioup &brimed bSi BiSi laad P'prdW@esan(idAaRRmeaiment )
/24600 ' 100 Wd[eﬁg‘en%@r@atip conversicon HDN is assuned to be equal to:
HDN = ( iBsripsmance lekgls of the getplypt aqrogdinedp the igppstion 1130 - Nefiiucnt) / 1130 *
100 In the follow ng table, we recorded hydrodesul furization conversion HDS
and  hydrodenitrating conversion HDN for the catalysts. Table 5. Catalytic
Activities of Furkenmarea testesulispfTblq 3 shavy dhiah & is oy ansasepus toigtroduce silicon
Ref 1 enCosDOshi L ARRERLALRY 6 oMY, MUY Yorics
YNi MoPBNi NbP Y991.5’57_9_71. 24 YN MoPSi N B @fé 859_8‘?:‘%“%9&%@“%%3 e of
Y1- Si Al - Ni sybsdicvoertainingisiliong obgdne fromsh AllicaaoRBN( Y SBUNMS) AriE8). 797is8
YIN MoN %@bee’%a%t?&?ﬁlﬁ%ageous to introduce the silicon onto a precursor which already

- contains the group VIB -and/or group VIII elements and possibly. at least one of the elements

P,BandF.

Example 8: Comparison of the Catalysts in the Hydrocracking of a High-Conversion

Vacuum Gas Oil

‘The catalysts, the preparation of which has been described in the preceding examples, -
ate .used under high-conversion hydrocracking conditions (60-100%). The petroleum

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

Starting point 298°C
10% point 369°C
50% point 427°C
90% point 481°C
Final point ‘ 538°C

This feedstock was obtained by the hydrotreatment of a vacuum distiliate on an
HR360 catalyst marketed by Procatalyse and comprising a group VIB element and a group

VI element which are deposited on alumina.




Y1N MoPNi MoP/ Y[ 99. 397.0 YNNi MoPBNi MbPB/ Y199. 797. 8

YNNi MoPSi Ni MbPSi / Y199. 898. 7 Y1Ni MbPBSi Ni MoPBSi / Y1 99. 899. 0 20°%{Hig 2883 28
The results of Table 5 show that the use of a catal yst according to the
invention, containing a partially anorphous Y zeolite, is nore active in
terns of hydrodesul furization and injsyerns of hydrodenitrating than the
prior art catalysts, and also that the addition of at |east one el enent
selected fromthe group forned by B, Si and P provides an inprovenent in
per f or mance |M€|HzSOf pteb@sarat ailfystonkiniog dicogpbend: hend nuentNEN. prekinsbEt

ei moi e, _the res .t.s of Tabl,e 5 hat s ta trod ce
L1 oon milEs hits Sopifrgrrorthe b i tudientd AOHER REGT AL T o)
r at her ttharparuinltdiéssﬁms raf ;S mdsulbtjtpradmt @oudtcasaebml hgdrobracking Btage.neThd r om a
ili t herefore

| - Y .- | t | ar |
2vant agERRRIIH PRI S PR Bt PPk edn B EH L Py
cont ai nsa ﬁkaﬁb@rlemor»\dﬂ&;;am& Gircufption [ uplfldw § bethe ésistock] ifto WhidH 80 ml of east

.one of th npari son of the_ Catalysts
0 Che HARE i CRToE BRGSO Brinct i ot SYREEAEHI 951 o
the pr epahaimanmmbsmmehﬂ&u@@?wmm | e thad ahPi-HuRR 0LlsE sARARREGS. are

used under ~hi gh-conversi on hydrocracki ng conditions (60-100% . The

pet r ol eulethpd dastuifalle; s Onos puliusizrtion das \Paey GATIAR AUt fhat feedsterk Aescribed

char act efdrsihito%e 84n Y ambroRh&d. afhelo ?J:rlaﬁ‘ﬂ?con%ﬂﬁé pihd €Y it QS804 ur  (ppm by
wei ght) 502 Nitrogen (ppm by weight)10 Sinulated distillation 298C Starting

poi nt 10% poi nt 369C 50% poi nt 427C

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

The catalytic performances are expressed by the temperature permitting a gross
conversion level of 70% and by the coarse selectivity of 150-380°C middie distillates. These
catalytic performances are measured in the catalyst after a stabilization period, generally at

least 48 hours, has elapsed.

Gross conversion GC is assumed to be equal to:

GC =% by weight of 380°C"™ of the effluent

Coarse selectivity CS of middle distillate is assumed to be equal to:
CS = 100 © weight of the fraction (150°C-380°C) / weight of the fraction 380°C™™ of
the effluent.

The middle distiliates -obtained consist of products which have a boiling point of
between 150 and 380°C.

The reaction temperature is set to reach a gross conversion GC which is equal to 70%

by weight. Table 6 hereinafter records the reaction temperature and the coarse selectivity for



90% poi nt 481C Fi nal poi nt 538C This feedstock was obtained by_the
hydrotreat ment of a vacuumdistillate on an HR-360 catal yst2°rr&m€e%088 by
Procat al yse and conprising a group VIB el enent and a group VEIL el enent
whi ch are deposited on alum na. 20 June 2003 29 An H2S precursor

sul f.ur-contai ni ng conpound and an NH3 precursor nitrogen-contai ning
conpound arc added to the hydrotreated figedstock in order to sinulate the
partial pressures of H2S and NH3 present in the second hydrocracki ng stage.
The feedstock which is thus prepared is injected into the hydrocracking
test unit moehl}@@@pwﬁéedsm'@bﬁﬂé@ld%»é’é“feﬁaéﬂtsrvawcs hf thpwiscasityi nuobkatwiceh
("up-flow I i i.s. 1htroduced.
Bef or o ¢ he "FagsE el Frle pRFC: fiafiofe ftoRhe odital B i By s ekl

n- hexane/ DMDS + aniline m xture up to 320C. Note that any in-situ or

ex-situ sul furi i gqt i [ syl f.urizati on. has-been
carried out, t hréﬁ’ﬁce‘gg‘s% oc Qg%s%sréioggggﬁ%etr%g?o%% \t/%&_lg zi[rllvet')léio? P"E‘h‘%‘f"%ﬁﬁ‘a%‘@rhe
oper ati ng pafidlyt aiomphafs Y reolitestsulinin coare wlecfivitibOnt middit alisGiae swhicie ArdVPa
Cat al yst 80, ¢ Tenper.at.ur e360-420C r.ogen flow rate801/ 1, Feedstock flow
rate80 c nﬁﬁﬁm?’— ﬁléa“cr[g?sgloyf’? THOerH gg%rg%%aslysgsr‘ g "é:%tfa@é}éfd‘ﬁgvgtah!?a‘fté’ﬁf)é'reﬁ't’ﬁtr e
permitti ngsdecertusmi teqrugroironl bek.dd aof Si0the atdysny adchRIUGORN RE iveh@titdnVi t Y

of 150-380C mddle distillate These catal i rf ormances are neasured
*n the cat Hyete wachyi, esply, U The S Vem G pbvidey Pl RRRC 6P pltganits tour o,

has el apseéluorioe osthe activigrisalegnnd®d.i s assuned to be equal to: GC = % by

wei ght of 380C'S of the effluent Coarse selectivity CS of mddle distillate
is assumed to be equal to: CS 100 * weight of the fraction (150C 380C) |

wei ght of the fmacititon; 886 Cl&rigfseert et efid Visanity numbers of the 380°C+ fractions

obtained with the catalysts according to the invention are cleadly imprdved.

Generally, by adding to the c_:al:alyst according to the invention at least one element
selected from the group P, B, Si, VIIB, VIIA to the catalyst containjﬂg the partially
amorphous Y zeolite and the group VIB elemient the conversion activity can be improved, and
this is reflected by a reduction in the reaction temperature which is needed in order to reach

70% conversion.

Table 6: Catalytic Activities of Catalysts in High-Coaversion Hydrocracking (70%)

Reference Composition : T(C) Coarse Viscosity
Selectivity of Number .V[
Middle Distillate 3180°C+
(150-380°C) Removal of
(% by weight) Paraffin

YNiMo NiMo/Y-ALO; " 375 658 12
YNiMo P NiMoP/Y-AlL0; 374 66.4 LS
YNiMo PB NiMoPB/Y-ALO; 374 67.1 16
YNiMo PSi NiMoPSi/Y-ALO; 374 63.0

YMoB MoB/Y-ALO; 386 694

Y MpSi MoSi/Y-ALO; 386 69.6

Y MoBSt MoBSi/Y-ALO; 384 70.1
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Table 6: Catalytic Activities of Catalysts in H gh-Conversion
| -1 ydrocracking (70% Coarse Viscosity Selectivity of Nunmber VI

Ref erenceConpositionTIC)M ddle Distillate 380C+ (150-380C) Renoval
Hydrotreatment Test of a Vacuum distillate

Example 2:

-of

_The Y(NiMo, Y;NiMoP, Y NiMoPB, Y (NiMoPBSi and Y;NiMoPBSiF catalysts,

preparation of which has been described hereinabove, were compared in a hydrotreatment test

of a vacuum distillate, the main characteristics of which are given in the following table:

" Density at 15°C

0.938

3.12% by weight

Sulphur

Total nitrogen 105G ppm by weight
Simulated distillation

Starting point 345°C

10% 412°C

50% 488°C

90% 564°C

Final point 615°C

The test is carried out in an isothermal pilot reactor with a flushed fixed bed, with

upward circulation of the fluids. Following in-situ sulfurization at 350°C in the pressurized

unit with a direct distillation gas oil to which 2% by weight dimethy! disulfide is added, the

hydrotreatment test was carried out under the following operating conditions:



(% by wei ght)Paraffin YN MoNi Mo/ Y- A1203375-65. 8112 YNi Mb

PNi MoP/ Y- Al 20337466. 4115 YNi Mo PBNi MbPB/ Y- A120337467. 1116 YNOMne 2003

PSI Ni MoPSi / Y- A120337468. 0 YEMbBMbB/ Y, - Al 20, 38669- 4

Y1MoSi MbSi /Y, - A120338669. 6 Y1MaBSi MbBSi / Y1- A120338470.1 20 June 2003 31
YINMoNi Mo/ Y1- Al 20338770. 3123 YI Nl MOPNi MoP/ Yi - A120338471. 1124

YI Ni MoPBNi MoPBI Y1- A120338471. 8120 Yi Ni M3RSi Ni MbPSi / Y1- A120338272. 5

Y1IN MoPBSi Ni MoPBSi / Y1- A120338072. 6 Y1N MoPBSi FNi MbPBSi F/ Y1- A120337672. 3
Y1INi MoP- Mh- Ni I\Z?P /[ Y{ A120338272.0 YINi BSi Ni MOPMhBSI / Y1- A120338071. 9
YLINi MbPNhBSi FNIFRVB SIF/ Y1- A120337771. anpl e 9: Hydrotreatnent Test of
a Vacuum di st i Chialyst idiem&1Ni Mo, Y1Ni MoR{0 &th™Ni MoPB, Y1Ni MoPBSi and

YI Ni MoPBSi F cat.al zsts, preparation of Lch has been descri bed

her ei nabove, wAYBPEBHFared in a hydrot r¥%thrent test of a vacuum
distillate, thgyd@beh abaracteristi.cs ofpqi ch are given in the follow ng
table: Density_at 15C0.938 Sul phur3.12% by wei ght Total nitrogen :1050 ppm
by wei ght .Si miepdatgciflevitpteat i on 345C S04 ilhg point : 10%: 412C '

- .The -catalytic performance. levels of the catalysts tested are given in Table 7
hereinafter. They are expressed in terms of relative activity, assuming that that of the
Y NiMo catalyst is equal to I and considering that they are of the order of 1.5. The equation

linking activity and hydrodesulfurization conversion {% HDS) is as follows:

Ayps = 100 0.5,
(100 — % HDS)
The same equation is applicable to hydrodenitrating (% HDN and Agpy).
~ The net conversion of the fraction of the feedstock which has a boiling point higher

than 380°C (% 380°C" by weight) which is obtained with each catalyst is also evaluated. It is
expressed on the basis of simulated distillation results (ASTM D86 method) by the following

equatiorn:
0, L _ _ {o o o .
Cony 380°C~ = (% 380°C-) formula — (% 380° C-) feedstock
(% 380° C+) feedstock
Table 7 : Activity of Catalysts in Vacuum Distillate Hydrotreatment
Cataiyst Ajps relative to Y {NiMo | Aypwnrelative to YiNiMo Net Conv. 380°C
' (% by weight)
Y NiMo | | 53.4
Y (NiMoP 1.07 1.2 55.2
Y NiMoPB 1.15 1.4 57.8
Y (NiMoPBSi 1.3 i.7 59.5
Y NiMoPBSiF 1.25 1.65 62.8




50% : 488C 90% : 564C Fi nal point615C The test is carried out édqgwgzoos
isothermal pilot reactor with a flushed fixed bed, with wupward circul ati on
of the fluids. Following in-situ sulfurization at 350C in the pressurized
unit with a direct distillation gas oil to which 2% by wei ght di net hyl

disul fide is added, the hydrotreatnent test was carried out under the
follow ng operating conditions: 20 Jung32003 32 Total pressure :12 MrPa
Cat al yst volunme :40 cnB Tenperature :380C Hydrogen flow rate :24 |/h
Feedstock flow rate :20 cnBl h The catalytic performance | evels of the

cat al yst's t esThue @rangiey slow avéfalleantage e using af dagalyst Bbayrdiap do ¢hepmesmg i n

ternms of _relativ ctivity,. assunmi ng that that. of the. .YINi Mo catalyst is
cqual ¢t 0Pt Bl Winger RN Al BbgroBhiRlid g dsnvelE R 8 ki | on
| i nki ng mgtcbiidesiombd proddets @€ 380N (pradickOwitk arbetling int H1EIRGhar 38@6) fill ows:
100 (10Q -9%1PS) .-0.5 t The same equation is applicable to hydrodenitrating
(% HDN a %ﬁ@é#@?@ﬁ@ﬂh PEQh#%r si on of the fraction of the feedstock

whi ch has a boiling point higher than 380C (% 380C+ by wei ght) which is
obtained with each catalyst is also evaluated- It is expressed on the

basi s of si nmulka eafalystscedriingite the isyentios i AemipEsEnifanb) tehys ohds hdivigw ng

Fecdst ook Toaertiife ; abrdl odio BH, S i) WM | D PR Gliduty ™
Hydr ot r elgtdmsiesulGaizatiyis t WikbSur ehmtinig\ie be Ged/idNinybAtdDl it edeadsi thigt the pXithiuldoliet
Conv. 38h(.)lg9‘l activity of the catalysts of the present invention is due to the presence of the amorphized
zeolite. It is reinforced by the joint presence of boron and silicon on the matrix which briﬁgs'
about an improvement in the hydrogenating, hydrodesulfurizing and hydrodenitrating
properties, on the one hand, and an improvement in terms of the conversion, on the other

hand.
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exanpl es show every advantage in using a catalyst according to the :
invention which permts better hydrodesul furization and hydrodenitrating .
activities as well as a better net convgqgsion of products of 380C
(products with a boiling point of |ess than 380C) than the catal ysts known
fromthe prior art. The catal yst according to the invention is therefore
significant in terms of its activity Ch&lM$iydrogenating . aromatic -
hydrocarbons and in terns of hydrodenitrating and hydrodesul furization.
Wthout wanting to be tied to any theory, it seems that this particul arly

hi gh acti VI ty df Mwetatyat edrmﬁ'iﬁlg)it ledme oné esail adatgbdst Ons bﬁﬁﬁﬂ {15
presence &‘cm:ii&gﬁ % ﬁg{s?slt#l is reinf or ced by"t fm nt* pr esence
of boron 5??&1 %lvfl rqip, of c?n"‘B‘F‘P 8 fragthery expuessedpinoneltion tto ian

t he hydr ogfsradd [y s I ert
the “one h M;@"ény. oot (Ruybr RAF daK YRGS REAE K8 coll AR St or
2

hand . g eformnod) hysX) ray Aliffiction i rebatiopte siid gefdtence asilite \Wyherein

mat ri x ar-tﬁeq;rartli S y; lite Wt eak rate
of less than 0.4 ﬁ@ amg%‘"t‘dgaﬁ fzﬁd‘éﬁt}& rlgg{?%ﬁgw“gr esé geﬁ'gm‘fnélﬁ% Sﬁmﬁ‘ﬂgé on &
referencé"’%@éﬁr?@jéyﬁ?ﬁl iX/Agofir m (Na) of |ess than 60% the peak rate arid .
the crystalline fraction being determned by X ny diffraction in relation
to said reference zeolite, wherein the partially anorphous Y zeolite is
obt ai ned by u% nf satalyshi seepiding t toc helhiquel which alonmangirkbs Ya@Vighd abhe Y

zeolite. hydro-dehydrogenaﬁng elemént,

3. A catalyst according to any one of the preceding claimé, wherein the zeolite also
has at least one of the following characteristics:
-an overalt Si/Al ratio greater than 15, ‘
~an SHAILY framewotk raﬁo greator than, or equal fo, the overall Si/Al ratio,
- a pore volume at Jeast equal to 0.20-mi/g of solid whose fraction; between 8% and 50%, is
constituted by pores with a diameter of at least s Im,
- a specific surface area of 210-800 m' g,

4. A catalyst according to claim 2 wherein the hydro-dehydrogenating element: is
selected ﬁom group VIII eiemeuts and group VIB elements.

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

least one element selected from the group formed by phosphorus, boron, and silicon.

G. A catalyst according to claim 5 wherein the element is deposﬂed 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 preceding claims which also contains at

least one group VIIB element.




2. A catalyst according to claim1l which also conprises at it oned
hydr o- dehydr ogenati ng el enent. 3.~ A catalyst according to a @ H93 he
preceding clains, wherein tile zeolite also has at |east one of the

following characteristics. - an overall Si/A ratio greater than 15, - an
SI/Al 1V framework ratio greater than, (lgr equal to, the overall Si/Al
ratio,. - a pore volune at |east equal to 0.20 m /g of solid whose fraction

bet ween 8% and 50% is constituted by pores with a dianmeter of at least 5
nm - a specific surface area of 210-8 00 n2/g. 4. A catalyst according to
claim 2 wherein the hydro-dehydrogenating; elenent. is selected from
group VIII el 8nehecsalgsideenrdiog t(\/ﬂBll@Bewbmmth@ngAdei&bLamenamamr@aﬂ@;ct o any
one of .the preceding clains which also -contains at |east one el errent

el ected fromg hg d S, lRor on..apd. silicon.,
zatal yst acccr?r%lllgligg't5 dgag(l% q&%}é gpél’)lglt){l ciEd Pm 8@‘553%’?%‘85 /“ttﬁ’e

cat al yst weightdnpelatrinyio Miedatabaassof tivecamiitst:i x. 7. A cat al yst according to any
one. of the preceding clains which also contains at |east one group VIIA

el enent . _ 8.9 PtoLeu. o tlat RASQU da@det@/})a@mo%u@fm bb&we&&aﬂt p?&dl%ifﬂl)i}cmi ch

al so contains at |east one group | B el'ement. " 20 June
catal yst ad@#i¥i ng to claim8, wherein the group VTIB el errent I S manganese.

10. A cat algyy 9@@@)5%}%% ) lilcﬂ%eﬂt’ot af‘gle precedi ng- cl ai s whi ch contains

in %by weight’inr mass of the catalyst: 0.1 to 99.9%
of at | easﬂ tmﬁ@%@fhtba&ty:pehmmwhythgwup@oietnﬁntr ystal lized porous m neral

matrix, % f parti S Y,zeol i't 0% of t Ieast
one hydro etﬁ;./?mq%/g é’zﬁ"aﬁe PO@‘Fe e %/nt nPetcgaZ%‘a oﬁ‘heaﬁm?%gg?m%gy é?f’erﬁ‘
sel ect ed f phogphéras;gr oup - for med by boron, silicon; phosphor us;

- 0 to 20% of at least one group VIIA clement,

- 0 to 20% of at least one group VIIB elément.

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

selected from alumina, silica-alumina, aluminates, silica.

12. A catalyst according to any one of the preceding claims, wherein the
commercially available Y zeolite has a crystalline fraction determined by X ray diffraction in

relation to said reference zeolite of at least 60%.

13. A catalyst according to claim 12, wherein the techniques used in combination are

the hydrothemmic treatment, ion exchange and acid attack.

14. A process for the hydroconversion of hydrocarbon feedstock with a catalyst which
comprises at least one matrix and at least one partially amorphous Y zeolite with a peak rate
of less than 0.4 and a crystalline fraction, expressed in relation to a reference zeolite. in
sodium form (Na) of less than 60%, the peak rate and the crystalline fraction being
determined by X ray diffraction in relation to said reference zeolite, and also comprising at

least one hydrodehydrogenating element.

£5. A process according to claim 14 which is a hydrocracking process.



0 to 20% of at |east one group VITA, elenent, O to 20% of at | east gne
group VIIB clenent. It. A catalyst according to any one of tgrpe"%ee?@@ai ng
clainms, wherein the matrix is selected fromalumna, silica-alumna,

alum nates, silica. 12. A catalyst according to any one of the preceding
clains, wherein the comercially availgble Y zeolite has a crystalline
fraction determined by X ray diffractionin relation to said reference
zeolite of at |east 60% 13. A catalyst according to claim 12, wherein the
techni ques usqg, i A peeuEhd Aaordifg 36 @laith®s ndinlbeadking bt eatmperaturé @f above
exchange and acid attack. 14. A process for the hydroconversion of

hydr ocar BO¥'G: depressyek ofnpbaye -t MBn.ya volymettic flownists ek 8. 15200 o ad phudragen i x
and at | . i S Y zeolite with a peak rate of |ess

t han 0.4?%%§1[gé]€fragge{agqﬁﬁr%ofrac ?% expressed in relation to a reference
zeolite. in sodiumform (Na) of |ess than 60% the peak rate and the

crystalline fraction being .deterjmn by X.r diffraction inr ion,to
said refer encé%z é’prPP"é;,s acohgding &0, cglbrﬁég'r ?‘%ﬁﬁ’"hﬁ% Kresste 13 gLeater .tﬂan f&\ﬂ'a and _
hydr odehyds aggnapg i @ﬂ@gﬁm&% atAedit 036°CS (RGNS flow Gkeis0. L40MN &ky 1 S

a hydrocracking process., June 2003 36 16, A process according to claim
15 for hihdmydragek kesycling ig at lepsid PR NIflof feedileksdbe opersion bringsissy Banp5%bove
0.1 MPa, a volunetric flowrate of 0.1-20h-1, and a hydrogen recycling of.
at least 50N /| of feedstock. 17. A process according to claim15, wherein
the pressure I8 grmatess atdoading tvFlaimid, inl which tivopredspravidaat IeakeS dMtmpandthe e
is at least 230C th oligpetric flowrate is 0.14 On-1, and |e hydrogen
recycl i nﬁ’qvgmﬁn$§?§%5¥lﬁ“ﬁl<l‘?ll of feedstock, the conversion being |ess
than 55% 18. A process according to claim15, in which the pressure is at
| east 5 MPa, d the conversiop is e . 9 . r .
according to gé:y ‘%r?éocg?s %‘icgfd'rs'rltlsg a?yogﬁ%jg{: \?ﬁé’%‘%?g t‘?ﬁg/? (‘f\él'? 'glld;\git% %gﬁ? s
sul furi zagdrdetoObabrhghd. 20. A process according to any one of clainms 15 to
18, wherein the feedstock is subjected to a hydrotreatnent prior to being
hydr ocr acked. ' :
20. A process according to any one of claims 15 to 18, wherein the feedstock is

subjected to a hydrotreatment prior to being hydrocracked.

21. A procéss accbrding to claim 14 which is a hydrorefining process.

22. A process according to claim 21 which is carried out at a temperature of above
200°C, a pressure of above 0.05 MPa, a hydrogen recycling rate of at least 80 NI/l of
feedstock, and an hourly volumetric flow rate of 0.1-20

23. A process according to claim 21, wherein the catalyst is sulfurized beforehand.

24. A process according to any one of claims [4 to 23 which is carried out with a

catalyst according to one of claims 3 to 13.



. )

21. A process according to claim14 which is a hydrorefining, process 22. A
process according to claim 21 which is carried out at ate Y0301
above 200C, a pressure. of above 0.05 MPa, a hydrogen recycling rate of at
| east 80 NM of feedstock, and an hourly volunetric flow rate of 0.1-20
h"1. 23.. A process according to claim21, wherein the catalyst is

sul furized beforehand. 24. A proceszs7 according to any one of clains 14 to
23 which is carried out with a catalyst according to one of clains 3 to
13_ 20 June 2003 37 25. A catalyst according to one of the preceding clains
conprising: (1) at least one matrix and at |east one partially anorphous Y
zeolite that has a peak ratio that is less than 0.4, a crystalline
fraction, exprzéssed\ bﬂhl@rtsﬂ' aotding td BAEHL ré€lingd Slaints SRAriNmd:q

that is Iess t han 1 (2) at Ieg;st one hydr o- deﬁgt drogenati ng gf'eI ejrrrg‘ny%% hat
i s sel ect88 Maimap ét Grlons m@ik@mﬁ@hws Yheeolifecthahhas @Pezgkr Uttupsthall i lasnd

t he el engpi,s) £f t 0

sel ected fro%m@tah(g§g?1g3%/h?8th(§?gxé %)éseg;rela{]geg%h%%gegre@ eozrr(ggfrllte o 5% Hy ﬁOfIB

wher ei n thatisdess! thare60t4s(2) helesisslohe hiydrg-dehgdragérating eleatnt thadil s@hé@té@'ﬁlorrﬂ%A'

ratio that i s greater an 15, a Si/A" framework ratio that is greater
than or 03813 ’Bb\? fg‘?‘f‘e%?f) rqups i \J1 a“déhepSIF@ei}EIer@O*ﬂmé’tIBi §ﬂchf3)l%ast

ot t t
equal to t2(§h fﬂt@mﬁ&@%%ﬁkn?ﬁia‘f‘@@%l&%daﬂ&nﬁﬁ H;ug %ﬁsns & e@ﬁfﬁg@g ¥ S S

of pores that have a dianeter of | east 5n
area of 2adbsifom, ndergin the zeolite has the following characteristics:
- an overall Si/Al ratio that is greater than 15,
- an SI/A1" framework ratio that is greater than or equal to the overall Si/Al ratio,
- a pore volume that is at least equal to 0.20 ml/g wherein between 8% and 50% of the

pore volume consists of pores that have a diameter of at least Sam, and

- a specific surface area of 210-800 m¥g.



