WD 2004/ 009736 -- 1 TITLE PCT/ ES2003/ 000367 HYDROCRACKI NG CATALYST
COWPRI SI NG A M CROPOROUS CRYSTALLI NE SOLI D MATERI AL Technical field The
present invention relater to the field of hydrocracking catalysts, nore

particularly catalysts conprising at Least one Goup, V. t | east
one G oD A004/9883BS a matrix, grid a nicropordﬂgrg$§é$§#féﬁéagilid.
Background The hydrocracki ng of heavy petroleumfractions is of great
importance in current refining systens, since it nakes it possible to
obtain a wide variety of |ight products such as aviation fool, medium
di stiTY8L8s and light fuel oils from heavier feeds of lower intrinsic

val ue. One advant age of hydrocracki ng over other conversion processes,
such as catalytic cracking, is that it yields nmediumdistillates of

excellent quality, whereas the garoline fro i ﬁﬂg&l as a
| oner BEPBRE tHPERET © ﬁﬁ“ﬁyﬁ g%?éﬁ%ﬁ?%a%rggggng i
furthernore, the great fleXib”dﬁiﬁ of r.ocracki ng nmeans that the

production of different fract apted to market demand_
Conventi onal hydrocracking catalysts are bifunctional,

Technical fiecld

The present invention relates to lhe finld of
hydrocracking catalysts, more particularly catalysts
comprising at least one Group VIB metal, at least onc Group

VIII metal, & matrix, ond a microporous crystalline solid.

Background

'he hydrocracking of heavy petroleum fractions 1s of
great importance in currenl refining systoms, since it makes
it possible to obtuin a wide variery cf lighl preducts such
ss aviation fuecl, medium distillates and light fuel ojls from
heavier feeds of lower intrinsic value. One advantage of
nydrocracking over other conversion processes, such as
catalytic cracking, 1is that it yields medium distillates of
excellent quality, whereas the gasoline from hydrocracking
usually has a lower octane number than thal obtained by
catalylic cracking. FPFurthermore, the great Ltlexipility ol
hydrocracking means that  the production of diffcrent
froclions can be adapted to market dewand.

Conventional hydrocracking catalysts are bifunchional,



i . e . they consist of the conbination of a hydrogenating. function and
on acid function. The hydrogenating function arises fromthe presence in
the catal yst of one or nore. netals in Goup VIB of the Periodic Table
of the Elenents, such as nol ybdenum or tungsten, or froma
COTrlbillIdLiOri of On(!' or nore, -GDup VIII nmetals (preferably
Li on-nobl e netals) such as nickel, cobalt or iron with G oup VIB MLul s-
The acid function is generally associated with a porous support wi Lh a
hi gh specific surface axes having surface acidity, such as hal ogenated
al uni nae . M xedyoxters isuchofis ener phousisdticm f ur ndyderosedtivies.
Both the selectivity for various products and the- activity of a
bi f ungthepabnhydracrackiang ccatahystoar.e The gélydrapanatired I ihen
bal ance between the hydrogenating function and the acid function. Wen
the agidlsénnctiem iishaeak anthdde irhythenermta hyst umdt i 6 sOBt NG t he
catalyst is characterized by having | ow hydrocracking activity, which
makesmét alBecassarpupo Wik kofit thieghP ¢ mbodec 4060) er exict £hA ElaMdieiur es
or at very low (generally lower than 2h'1) space velocities (volune of
f eed $o@cheatsr eadleybdenumndr vehgsteof, cathiystaasalbapakaer) =M hi gh
selectivity for medium distillates. By contrast, when the acid function
i s stepngoranditale WIdLogenatisng Harkeramly sH@RaROPLRe MEARdISY st
characterized by having high hydrocracking activity but. low selectivity
for nesli mhalisti| catwsit ACHodd Ay dvbERaGENY Yadaifte st TPRerdtor e
have an appropri ate bal ance between. _ ' N Ce .
function is generally associated with a porous support with a

high specific surface arez having surface acidity, such As
halogenated aluming, mixed oxides such as amorphous silica-
alumina, or zeolites.

Both the selectivity for various products and the
activity of a bifunctional hydrocracking catalyst are largely
determnined by the balance between the hydrogenating funciion
and Lthe acid function. When the acid funetion is weak and the
hydrogenating funcrion is strong, the catalyst i
charzeturized by having low hydrocracking activity, which
makes it necessary to work at high (above 400°C} reaciion
temperatures or at very low (generally lewer than 2n'!) space
velocities (volume of feed to be treated per unit volume of
catalyst and per hour), and high selectivity for .edium
distillates. By contrast, when the acid funation 1is strong
and Lhe hydrogenating function is weak, Lhe catalyst s
charocrerized by having high hydrocracking activily but low
selectivity [or medium distillales. A good hydrocracking

catalyst must Lherefore have an appropriate balance between



- 3 the acid junction and the hydrogenating function. Supports having E

| ow acid function that are currently nost used in the formul ation of
conventional hydrocracking catalysts include, nost notably, anorphous
silica-alum na. Hydrocracking catalysts based on anor phous
Silica-alumna have~good selectiwity for nediumdistillates but, as
statcd above, they are characterized by having | ow activity. Supports
having a stranger acid function include- zeolites, Zeolites, specifically
zeolite Y with a faujasite structure, are invoved in the formul ati on of

nem#gﬁﬂgrg&ignlugqugﬁf@@HrﬁhgmngdyGQSmdﬂhmg,fhy@ﬁb@ﬁacking catal ysts
base on .touts Y have greater activity than conventional catalysts
based on agpppbeYs ShivLegabunics, aal ¢ hGugktips, thafe| ®EEi FHEY 0 Yedi um
distillates 1S generally Tower plan than of the .latter- sone .,

hydr qgg acki g pr geessis  tehatmulse i meobift earen e c AFANPSTS drd'S
described, or exanple, in patents US 3 269 934 and U$S_ 3 524 809. The
activity.godrsel eatividey Oficatzeaitalely, baswd Phyty o8ladkidng Wil Yst can
be altered by nodifying the acidity of the zeolite, which depends

| ar gepyapBeit.e kahesm caltaloampositasey @l SPEEPRY off HE S ddi Y et ween
the silicon atoms and alum numatom (Si/A_ ratio) that determne ,its
crystg) vt IgBddir eelittiis el |fknomadihat it igrleddrce sl & aﬁrpi%f“

hum
atomin terrahedral coordination within the crystalline network of the

zeol i tpogenernaieas ctargearscterized by having low activity

Supports having =2 stironger zcid function include
zeolires., Zeolites, spécifically zeolite Y with a faujasite
structure, are involved in the formulation of new-generation
hydrocracking catalysts., Thus, hydrocracking catalysts bascd
on weolite Y have greater activity than conventionael
catalysts based on amerphous ¢silica-alumina, nlthough their
selectivity for medium distillales 1is gunerally lower than
thar of rthe latter. Scme hydrocracking processes that usc
zeplite -Y-based catalysts arte described, foxr example, 3In
patents US 3 269 834 and uS 3 524 d09.

The activity and selectivity of a zeolite-Y-bused
hydrocracking catalyst can be altered by modifying the
acidity of the zeolitc, which depends largely on its chemical
compeczition, and moru specilically on the ratio betwced the
silicon atoms and aluminum atoms (Si/Al ratio) thal determine
it crystal structoere. It is well known that the presence of
ap  alominum  atem  in  terrahedral coordination within the
crystalline network of the zanlite genetvates charge

deficiency that is compensated for by a proten, thus giving



deficiency that is conpensated for by a proton, thus giving 4 rise 10 the
formation of a Bronsted acid center. It is therefore possible, in

principle, to contro the acidity of the zeolite by varying the Si/A
ratio within the network. Zeolite-Y-based hydrocracking catalysts with a
high Al content in the network (40w Si/Al ratio) have high activity sice
they have a greater concentration of Bronstead acid centers. However,
t hese catal ysts have | ow selectivity for nediumdistillates since the
presence of a high nunber of acid centers ponptes secondary cn@ckigg
react.i Qps PLOMBLENGE b ARzt oomatébn of Hrdgtterd peeddct SSVEEEN adgases and
naphta. On the other hand, hydrocracking catal ysts coptaini,n zeolkte Y
mﬁtht%%fggdﬁucgaggﬂb]bmtﬂnaﬁmimoipJ@higw ﬂﬂﬂ&?@&iﬁg? &td- et efore a
| ow acid center concentration, are nore selective for nediunldlstillates,
al t heugh they haviey | oueyihydrber a6KAdg rastiovityh it Hraet* '8 T &duce t he
Al concentration in the network and to achieve the gppropriﬁtg_raﬂqe of
Si /Al ratigsoincaydervasadkimginatzdykstng FhEA2ISESt M by gt ﬁﬁérgo
post-synthesis treatments to renmove al um numsince this zeolite.gagnot be
Synt hegjwzas Wi ith thehi gbt b1 (Bawi &islieh BRLAPhi BAVEerdbVihg> Erat meft s
general |y require severs hydrothermal conditions that . result.jn.aspartial
| 0ss safn@eoliltey chpstcal ki nEtgater \GRAERHEI i e ﬁirg)%]l“’;'e esirable to
have a hydrocracking catalysts with good acti vi and [ ect i Vit ESHor
conters. However, these calbalysts %avc iXW KRR H Y Lo
medium distillates since the presence of a high number of
acid centers promotes secondary cracking reactlions promotling
rhe rormation of lighter products, such as gases and naphtha.
on the other hand, hydrocracking catalysts centaining zeollte
v wiLh a low Al content ia the network (high S1/Al ratiol,
and therefore 2 1low acid center concentration, a;e more
selective for medium distillates, although they have lower
. n
hydrocracking activity. In order to ceduce  the Al
concentration in Lhe network and ToO achieve thc appropriate
range of S1/BRl ratios in hydrocracking catalysts, the zeelite
Y musl undergo post-synthesis treaTtments to remove alumipun,
since Lhis zcolite cannot be synthesized with a high S1/nl
ratic. Such aluminum- removing treatments generally regquire
severe hydrothermal conditions that result in s psrtial loss
of zeolite crystallinity.
1t would therefore be highly desirable to have
hydroeracking catalyst with good activity and selectivily for

: s v s b . 1id
medium distillates, based on 4 microporous crystaliing s3cll

with a topolegy such Llat it has cavities with 2 high volume



medium di stillates, based on a m croporous crystalline solid with a

copol ogy such that it has cavities witha high volune 5 simlar to that
of large-pore zeolitg,Y, and which can be obtained with a high Si/A
ration in a single synthesis step, avoiding subsequent alim numrenoving
processes. The m croporous crystaldisne solid known as 1 TQ 21 is described
in Spani sh patent application P200101145. However, its use as

ahydr ocracki ng catal yst conponent is neither suggested nor described in
sai d application. Spanish application P20012287 al so relqtes_tﬁ sakg
crystalline,seli dymi eskaharapegidicatéylitest s1 i iFPTridcki hy. Aowever,
this:hpp 1 Cation does not describe its use as a hydrocracking catqust
conponent, i N .GONbUNEHta vbd hwElaup VbBobr SW/RL neeats. Westr Pptifon of

t he i'hvenhtion The present invention relates to a hydrocrackingﬁacatalyst

containhggéfasa hydigger | atvswa copponsmbsaipieht| s 3EREEPERFFOM AL | east

one G'OUp metal, at | east one Group VII1 metal, and conbinations

thereof . ..at.Least one matrix conprising at |east one oxide which is

sel ecfed from an anorphous oxide, an oxide with | ow CrXStf$blﬂitﬁg;and a

m xture of rhat hpiapdporous crystalline solid known a3 )
descripcd in Spanish patent application PP00101145. However,
'z use as a hydrocracking catalyst component is neither
suggested nor described in said application. gpanish
application P200122B7 also relates to siid crystalline solid
material, specifically to its use in eracking. However, ihis
wpplicarion does not describe ins use as a hydrocracklng

catalyst component in conjvnction with Group VIR or V1II

metals.

Description of the invention

The present inventlon relates to 2 hydrocracking
catalyst containing:

- a hydrogenating component which is selected from 2t
least one Group VIB metal, at lJeast one Group V1TI metal, and
combinations thereof,

- at least one malriz comprising at least one oxide
which is selected trom an amorphous oxide, an oxide with low
crystallinity, snd a mizture of both, and

- a4r least one microporous crystalline solid material
which, in the calcined and anhydrous state, has the molar

composilion



-at |l east one mcroporous crystalline solid material which, in the
cal ci ned and anhydrous state, has the nolar conposition I n
which X is a trivalent elenent, Y is at |least one tetrivalent elenent
other than Ge, and Zis CGe, the value (n+tm) is at least 5 and may be
.between 5 and 6, and the value of -nbm-is at |least 1, and which has, in
Its cal cined and anydrous state, and x-ray diffractogram containing at
least diffraction lines with values of d=13.64, 7.87,4.82, 4.55, 4.11 and
3.41 A As defined above, the hydrocrackinﬂ catal yst of. the present

i nvention conprises a hydrogedaPi hgYeo nt that is at |east one netal
fron1annng_the metal s of Q?qups.VjB and M 11 of th Peri?dig Tabhg. The
G oupnVl Brel@nmeM dan be THroWiWn  @Isd8num’ t digstén, L6F3Hh xPliFes
thereof. In a preferred enbodjnent of_yhe pr sgnt‘jn&enti Q& %QEugioup
VIB rtelenenilestsel leotert f pofetetWitdh Chol ném-ghd Fungtgi en

(n+m) 1is al least 5, and moy be betwcen 5 and w, and Lhe

value of n/m is ¢t least 1, and which has, in ils calcined

and anhydrovs state, an X-ray diffraclogram containing at

least diffraction lines with values ot d = 13.84, 7.87, 4.82,

4.55, 1.11 and 3.41 A.

As detfined above, the hydrocrascking catalyst ot the
prcsent invention comprises 2 hydriogenatj_ng component that is
st least one metal from among the metals ol Groups V1B and
vIJTI of the Periodic Table., The Group VIB element rnan be
chromium, molybdenum, tungsten, or mixtures therenf. In a
preforred embodiment of the present invention, the Group VIB
element is selected from between molybdenum and tungslern.

The Group VTII element can be any of iron, rutheniwn,
osmiun, cobalt, rhodium, | iridium, nickel, palladium,
platinum, and mixtures thereof. Amony the Group VIII metals,
preference i3 given Tto non-noble metals, proferahly iron,
coball and nickel. Particularly preferably, the hydrogenating
component of the catalyst consists of the combinatien of at
Lleast one non-noble metul in Group VIII and at least one

metal in Group VIB. The preferrcd combinatiocns are: nickel-

molybdenum, cobalt-molybdenum and nickel~-tungsten, 2allheough

combinations of threce elemeals, such as nickel-cobalt

melybdenum, can optionally be used.



The Goup VII1 element can be any of from, ruthenium osmum cobalt,
rhodium iridium nickel, palladium platinum, and m xtures thereof-
Anmong the Group VIII netal'., preference is given to non-noble netals,
preferably iron, cobalL and nickel. Particularly preferably, the
hydrogenating conmponent of the catal yst consists of the conbination of
at ;.east one non--noble netal in Goup VIII and at |east one netal J n
Goup V113. The preferred conbi nati ons are- nickel- nolybdennum

cobal t - nol ybdenum and_ni ckel -tunysten, although _conbination f three
el enent s, @nehCHSnH?cHéﬂlcdﬁditGI%%PyﬂégndW1L¥%ﬁ SﬁPrgﬁhﬁﬁée%gl séd. The
Croup VIII and Goup VIB netals can be totally or parti in al_ form
and/ apaoxidé) for imarel bi L s Fie ACE G Tﬁédgeéﬁﬁa€e§§g?f¥élhggﬁ%g%ént of
the catalyst. is the mcropolous cryzlcalline solid material which has,

in itSorwal ci ned and anhydrous state, a nolar conposition on of: X203:
DYO2 : nmZQ2 in which, preferab

In, Ga, Crlbe rB%FUrds etsr?@r"édfi,lybft%‘?qg?érﬁi’%alﬂ?t v?%gré%%?ﬂe%eért;b ? a@!e e _
R R L
G 11 r oot FaRePacter FURATE TS of FFF enf TRLA™( RarTar S gy or o
X203:nY02: m20;
in which, preferatly, the krivalent clement X 1is Al, B, Fe,
In, Ga, Cr or mixtures thereof, prclferably AL, Y is
preferably a tetravalent clement such as %i, Ti, »5n or
mixtures thereof, although Si is preferred.
The crystalline solid matcrial alsoc has, both in 1its
cuicined lorm and when synthesized without caleination, an X-
ray diltraction patiern that is different than that of other,
known crysLalline solid materials, and whose major
ditfraction lines are given in Table 1 (calcined form) and
Table ” {(uncalcined form). It should be borne in mind rhat
Lhe exact position of the diffraction peaks will depend on

taclocs such as the chemicul composition and crystal size ol

Lhe material, amocng other things.

Table 1

d(+0.3 &) Relative

Intensity |

13.64 Vs

787 Vs




known crystalline solid material s, and whose major diffraction |ines
are given in Table 1 (calcined fornm) and Table 2 (uncalcined forth). It
shoul d he borne in mnd ghat the exact. position of the diffraction

pocks will depend on tractors such as the chem call conposition and
.crystal size of The material, anond other things Table 1 d(+:0.3 A)
13.64 1.87 - 8 4.82 4.55 4-]1 3.41 will in Table 2 d(0.3 A) mms 1l
L S These diffractograns were obtained with a Philiqs X  Pert
4,82 W
4.55 m
4.11 m
3,41 m
Table 2
—_—
d{t0.3 A) Relative
Intensity
13,77 ' vs
7.986 m
4.88 m
4.60 s
4.16 n
3.45 8

These djlfractograms were obtained with a Philips X' Pert
ditffractomerer eguipped with a graphite monochromator and an
automatic divergence slit using copper K radiatien. The
diffraclion data werc recorded with a 28 step size of 0.01°,
in which ® is the Bragg angle, and a coupt Lime of 10 scconds
per stocp. The interplanar spacing, d, was calculated in
dngstrdm and the relative intensity vof the Jlines was
calcuvlaLed as a percentage of Lhe most intense peak, with HO-
100 being considered very streng (ve), 60-80 strong (s}, 40-
60 medium (m), 20 40 weak (w), <nd 0-20 very weak (vw).

T+ sheould be borpne in mind thalt the diffractjion data



diffractometer equipped with a graphite nonochronetor and an automatc

di vergence slit using copper K radiation. The diffraction data were
recorded with a 26 step size of 0.01, in which e is the Bragg angle, and
a count. Lime of 10 second per step. The interplanar spacing, d, was

.cal culated in angstromand the retaBive intensity of the 3 |lines was
cal cul ated as a percentage of the nost intense peak, with RD- 200 bei ng
consi dered very strong (v5) , 60-80 strong (s), 40- 68 nmedium (nm) , ?0 40
weak (w) , and 0-20 very weak (vw) . It should he borne_in mnd that the
di ffrEQ-‘iinQIédd&iuat 9fpri nhed cuampller xisimphpl erasisghpl d18eSiGHyl Fi nes
car, be formed by nultiple overlaps or superposition of reflections
that, {braceerbai audandild omserdaph &9 i yreeEPevEhtobf © fdiFFiererer’fn
crystal |l ographi c changes, may appear as resolved or partially resol ved

| i nestha@enerial | ycercayst abbodi.phptSchanged ca@f i Al udd | it varPhti ons
inthe wunit cell paraneters and/or changes in crystal symetry, wthout
thi s dadfiengrecahanys i CIvivd iddmidamnhic y PatlBed  t hB2Yat FRP G t hg”
structure. These changes, which also include changes in relatiy

i nt nsictised veehn aloso bevausirgly di FREPeNeds inl%'ﬁ‘éstype a‘ffae-a%i%hty of
conpensation cations, network conposition, crystal size,qu ghg €1,
prefeﬁF&élﬂdﬁqgﬁ%@?bﬁ,CBF“EBStﬁé“tYﬁé%&dqiﬂ%ﬁdﬂt(ﬁaﬂﬁ&ﬁcﬁﬁer |-
treatﬂﬁ?ﬂs ggghlegérameters and/or changes in crystal symmelry,

without this causing a change in Llie connectivity between the
atoms of the structure. These changes, which also include
changes 1in relative intcnsities,. can also be due to
differences in the Lype and guontity of compensation cations,
network compositjon, crystal size and shape, preferred
orientation, or to Lhe type of thermal or hydrothermal
treatments applied.

The crystailine solid maierizl has a large pore volume
and & porc dlameter, measured by Ar adsorption, which
corresponds te thel or a large-pore zeolite. In additicn,
this material can be synthesized directly wilh the
mppropriate $i/Al raticu withoul the need for post-synthesis
processes to remove aluminum.

The third component ot the catzlyst of the present
invention is o matrix, as defined above. Sald matrix i3
prefveably selected f{rum among on2 or more ol The following
groups: atumina, =ilica-alumina, zilica, clays, magnesium
oxide, titanium oxide, boron oxide, zircaoniwn oxide, aluminumn

phosphates, zirconium phosphates, carbon, and ¢luminates. The



The crystalline solid material has a |arge pore volune~ and - pore

di aneter, neasured by Ar adsorption, which corresponds to that or a

| arge-pore zeolite. In addition, this material gal can be synthesized
directly with they appropriate Si/A ratio wthout the need fox
post-synthesis processes to renovelal um num The third. conponent of the
catal yst of the present invention iz matrix, as defined above. Said
matrix is preferably selected fromanong one or nore of the foll ow ng
groups _ alumna, silica--alumna, silica, clays, ngnesiunt oxide,
titagiumoxigde, b@ﬁamaaxwdepmpdsnﬂﬂmmnmmj&EprpmuuiniuanEﬁé§pmm%§§

zi rconi um phosphat es, carbon, and aluminates. The - 10 imatrix is

pr ef ecafd 34 conposesmat fermmorphouswiiter garmiret ,oxindee cepesidilsg lsohe form
of alum na, and, nore specifically, gamma alumna is preferred. The

cut algesimofa thei paeser priefantdcbn can contain, in addition to the three
essential conponents, at |east one acidity-pronoting elenent, preferably
sel ect ed friom ambrg yphosfhoihe angsortoninVHet baR alCypst OPREALEDpr ddent
invention can optionally conprise at | east one Goup VILA elenment. The
G oupdd iy ol erentthiss pheker aBPFertdddi neorPPRERtEr of &k r e hbod'fent
the catal yst of the presenL invention has a conpositkfn, e§$ressed as ;
by weigidiof-phemoting cleument, preferably selecte fre ameng

phosphorus and boron.

The catalyst of fhe preéeﬁt invention can ophtionually
comprise =2t least onc Group VIIA elemenL. The Group VIIA
element is preferably fluorine.,

in a preferred embodiment, the catalyst of the present
invenl.ion has a compesilion, expressed as % by weight of the
total weight ot the catalyst, corresponding to:

- 0.1 Lo 60% of 2 hydrogonating component selected from

at least one Group VIB metal, at least one Group VIIL metal,

o

and combinations thereot, preferably 0.1 to 503%, and wmnore
preferably 0.1 to 40%,

- 0.1 to 8% of crystalline acjd =2clid materizl,
preferably 0.1 to B0%, and more preierszbly 0.1 to 60%, and

- 0.1 to 99% of at least wne matrix, prelerably 0.1 to
S9%.

1L the «catalyst additieonally comprises & promoter
element selccted from between phosphorus and boron, said
promoter element can be present in & proportion of:

0 to 20% by weight of the rtotal weight of the

catalyst.



total weight of the catal yst, corresponding to: - 0.1 La 60% of a
hydr ogenati ng conponent selected from at |east one Goup VIB netal, at

| east one Group VIII metal, and conbinations thereof, preferably 0 . 1
to 50-% and nore preferably 0.1 to 40% - 0.1 to 99% of crystalline
acid solid material, preferably 6-11te 80% and nore preferably 0.1 to

601, and -- 0, 1 to 99 a of at |east one matrix, preferably 0. 1 to 98%
is the catalyst additionally conprises a pronoter elenment selected from
bet ween phosphorus and boron, said pronoter elenent can be presenL in a
proportioniof a - padtticulGys byemedgiemst, t hin t ofad “hei GRE of=tRdYSt

catalyst. - 11 |In a particular enbodinent, in which the catal yst
conprésesrascbeast bmes T ome Wiaye eV BRneley&nd - clenicht e L8ReRFi £3pr esent
in the catalyst in a proportion of: - 0 to 20 - by _weight of the total

wei ghte oprepentcanalyst Catctlofdh ngh td REPPeFekPRd”Enbodi nent of the

pesent invention, the Goup V11A elenent is fluorine, .and itf%s lpyesent

in the catal y8t 1@ a2Pbopertivi@hto ¢ 0% by M@ ght" 9N he Aot & “wei ght

of the, catalyst. The present invention also relates to a process for the
calbalyst,

According to a preferred embodiment cf the present
invention, the Group V1IA element is fluorine, and it 1s
present in the catalyst in a proporlion of 0 to 20% by weight
of Lhe total welight of the catalyst.

The present invention also relates to a process for the
preparation of a catalyst as defined &bove, which comprises
at least

£

1) « step of preparing Lhe microporous crystalline
solid, and a second step selected from among:

Z24) incorporation of +the hydrogenaling component into &
mixture of the matrix and the microcporous crystalline solid,
and

2p} incorporatinn of the: hydregenating comnponent
directly into the matrix befere mixing with the crystallinc
acid solid.

In the step of preparing the microporous crystalline
solid, the latter can be prepared from a reaction wmixture
containing H;0, optionally an oxide or anoLhur source of the
trivalenl element Xﬁ such as Al and/or B for exanple, an

ox1ide or another source of the tetravalant element or

elements Y, such as Si for example, 2 scurce of Ge, Z, such



preparation of a catal yst as defined above, which conprises at |east 1)
s step of preparing Lhe mcroporous crystalline solid, and :v second
step selected from anong: 2a) incorporation of the hydrogenating
conmponent into a mxture of the matrix and the m croporous crystalline
-solid, and 2b) incorporation o[ the;zhydrogenating conponent directly
into the matrix before mxing wwth the crystaline acid solid. Tn the
step of preparing the mcroporous crystalline solid, the latter can be
prepared froma reaction m xture containing H20, optionally an oxide or
anot her Ge&soU. o €ecofinphe, tridvarenicgasl mmentri6tisuehd ascALLandAeeDE  f or
exanpl e, an oxide or another source of the tetraval ent el enent or
el emes. Y, TiséichsasuStuter dxappkénga sgunte df reiershdl a¥ (&SY;", for
exanple , and an organic structure directing agent (r<) _ The structure
di r ecid gy bgent tesnpuef drvaldop iME6) net hyl spartei ni um hydroxi de. Tn
addition fluorides, nore specifically HF, of O4 groups can be used as
mobi | i zi ngT agemnddi foont hef Sid T tdeand monche speciddicdhloki 4&, TF OH
fluori.dcs are used as nobilizing agent, organic |Inolecules an fluoride
i ons @reupeckudedo tisiod the mebrldrang, Attt chATbE s e A3CHDENG zi ng
agents for the silica and

the germaniuvm oxzide.

TF fluoridcs are used as mobilizing agent, organic
molecules and fluoride ions are occluded within the
astructure, which can be removed by conventional mcanz. Thus,
the organic component can be removed, for crawmple by
crlrection and/or by heat treatment with heating to &
Lemparature above 250°C for a time of between 2 minutes and
25 hovrs.

In order to gencratce acid centers that are active 1n
hydrocracking reactions, the crystalline selid material is
preferably gsynliesized in the prescnce ¢l an oxide cor anolher
seurce of =& trivalent elcment, such as B and/or Al,
preferably Al.

The reaction mixture has the Ffollowing composition ‘u

Lerms of oxide molar ratios:

Reagents Useable
(YO1+Z202) /X203 greater than 5
H,0/ (YO, +Z20;) 1-50

K/ (YO,7205} 0.1-3.0



t he gerngni um oxi de. tHe organi c conponent can be renoved, for exanple by
exl roction and/or by heat treatnent with heating to a tenperature above
250C for a time of between 2 mnutes and 25 hours. in order to generatic
acid centers that are active in hydrocracking reactions, the crystalline
solid material is preferably syﬁfh%%i?ed In the presence ct an oxide or
anot her source of a trivalent elenent, such as B and/or A, preferably of
The reaction m xture has the follow ng conposition :u Leans of oxide

mol ar ration= Reagents Useabl e %'1C2+-ZC2) /Y,()3 greater than 5 H70/
(YOTE /430 +1080 Ft/ {YU-TLE2)}~6-¥-3.0 Y/ 4020 =2.) 0,1-3.0 Y02/ Z02 greater
than | The m croporous crystalline oliq material can be «crystallized

wi t h Y6/ éPehout stirring, Eﬁe§GF5CF§@§s at a tenperature of between 80
and 200"C, for tinmes sufficient Lo obtain crystallization, for exanple
between 12 hours and 30 days It should be borne in mnd that the

conponent STr?ef trﬁ?.cr% rgf@eﬂsﬂi SSCP}%(Eé‘Ifiy?é‘n caref ramuaripus soNrceg and,
crystallized with or without stirring, in autoclaves at 2
Lejperature of between 80 und 200°c, fror times sufficicnt to
oblain corystazllization, for example between 12 hours and 30
days-

T+ should be borne in mind that thc components of the
synLhosis mixture can  come from various source$  and,
depending on these sources, the crystallization times and
conditions can wvary. To facilitate synthesis, crystals of
previously synthesized microporous material can be added to
the synthesis mixture as sceds, in guantities of wp to 15% by
weight of the total weight of oxides. These seeds can be
added before or during the crystallization cf the material.

At the end aof the crystallization step, fthe solid
crystals are separated from the mother Tiquors and recovered.

The compensation cations in Lhe crystalline solid
material in uncalcined form, or following heat treatment, can
b exchanged, iFf thcy are present, with other cations such as
meral ions, H® and H® precursors, such as NE*;, for example.
Among the cations that can be introduced by ion exchange,
proeference is given Lo those that can play a positive role in
Lhe acCivity of Ihe material as a catalyst, more specifically

cations snurch as HY, cations of rare earths and Group VIII



dependi ng on theses sources, the crystallization times and conditions
can vary. To facilitate synthesis, crystals of previously synthesized
m croporous material c"n be added to the synthesis m xture as seeds, in
gquantities of up to 15% by weigh- of the total weight of oxides. These
'seeds can be added before or durTné t e crystallization of the
material.. At the end of the crystallization step, the solid crystals
are separated fromthe nother liquor: Ind recovered The conpensati on
cations in the crystalline solid material |n | ci ned for

fol | oV rey heat2q eBEHEAS, g L’rSé‘P@xc%%ge& ’ t G agr@ pr%entlmw th

ot her catlons such as netal ions rec such as N10d,

for exkhpl el VBATERY WHEB(ﬂﬁuﬁqﬁu§T¥%ﬁg#ﬁnTBEEFnF ogﬁbe&15?9n5n -exchange,
t to t hat | . it

N R CIELRL: N ocfitra%%&?y%‘%fti‘l@%%tﬁ%ﬁa{ A eSailon® s uch

as H', cations of rare earths and C?ou VLIT ;¢ irlals qd qetals

of gridtips’ PPALCRIERR 137,49 %‘B"P‘FT@ 3118, 0 "‘f/ﬁf VIPBSEE ' WE

P di ¢ Tabl Lhe, El f th

sglr: glf:’rgt é?’f ale[“?cb?’gjr‘fseg athJﬁ“ Ss%rpec&e Ecglw“b gﬁf of‘:ri &ryélﬁ'du ai:Elenq

catalysts o! Skl B! 0l (46 d)s&gélg&t&tlega' E¥a cihgeGLyst 3l i ng,g solid

naterla € subjec to calci fon’in presence’ of stean1and/or

Dt wabhe S0 8n 700 arid A% b Stente Lol FIBAR hod B ETERE T

its components, al temperatures of between 200 and 700°C, for
a time of between 10 minetes and 5 hours.

According to the -second step o©of the process for
preparing the catalyst, Lhe hydrogenaling component can be
incorporated in various allernuale ways.

According to stop Z2a) defined above, the hydrogenating
comnpon&nt. can be incorporated into a mixture of the matriz
and The microporous crystalline solid.

According to step 2b) defined above, the hydrogenating
component can be incorporated dircchly into the matrix before
mixing with the crystalline acid solid.

The hydrogenating component can be incorporated in one
or more ion exchange sbteps L1f it is incorporated into tho
mizture of the crystalline acid solid and the matrix.

The hydrogenation component can be incorporated by
inpregnation, both if it is incerporaled dirsctly inte the
matrix and if it 45 ilncorporated into Lhe matrix/crystalline
sollid mixtare. Impregnation can be carried oul in one or more

steps sStarting from a solutlon containing al leasl cne



According to the second step of the process for preparing the catalyst,
t he hydrogenati ng conponent can be incorporated in various alternate
ways. According to step 2a) defined above, the hydrogenating conponent
can be incorporated into a m xture of the matrix and the m croporous
.crystalline solid. According to steps2b) defined above, the hydrogenating
conponent can be incorporated direcLy into the matrix before m xing w Lh
the crystalline acid solid. Thc-2 hydrogenati ng conponent can be
incorporated in one or nore ion exchange if it is incorporated into thc
M Xt up eeofi rshe wiysial Lenetacint sotideand the Imst xondhwelpdr ¢genat i on
conponent can be incorporated by inpregnation, both if it is
i ncorppsakethadtimst by ittoupgdhev]patarick WDHII BEi tthd nPentodpor tidblitht o the
matrix/crystalline solid mxture. Inpregnation can be carried out in one
or nNoWEenStBRS HStcArdd ergr f 1om ecmpdnenbnisofivaingdng Laf hice ssmigme T1 oI5
precursor of at |east one oxide of at |east one netal anong those naking
up grefipstViBasnd o |Godup heTPer] erleul TabHe atwWhen sthensy drsydhati g
conponent is formed of the conbination of at |east one G.oup VIR el enent
and atlémast oner pupcVrEEPRT (8] et the hexpreddr sl shhef Gﬂ'-ﬁg'poﬂidjer( s) of
the G oup V11 e[enentg3) iséare) preferably i rggnated after, éﬁ_éﬂ
t he @éﬁ@eﬂtﬁﬁlasésﬂﬁéeim@ﬁﬂyﬁﬁ@bﬁwoﬂmFﬁ§%ﬁ¥%%fsﬁ ESTrofP% hdt oxiTe(s)
of the Group VIB elenent(s). .

same €Time aus, (he imprcgnation of the precursor(s) of the

oxide(s) of the Group VIB element(s).

These elements can be impregnated by means of the pore
volume method, also known as “dry” impregnoetion, in which the
volume of the pores of the solid to be impregnated is filled
wilhh a solutien containing at least one precursor ol aft leastT
onie of the Group VIB and Group VIII metals. The impregnation
can =lsc be carried out with an excess cf a solution
contuining at lesst onc precursor of ot least one of the
Croup VIB and Group VIII metals. In this case, the excess of

solvent is removed slowly by evaporation under controliled

conditions.
T¥ these elements are incorporatad in various
impreguartion stages, it is preferable to carry out an

intermediate calcination step between each impregnation at =z
temperslure of bectween 150°C and 800°C.

Variouz precursors can be used for the Group VIB
elements. lor example. and without this implying any
limitation on the scope of this inventien, in the wvase of

malyhdenum and Lungsten various oxides and salts can be used,



These el enents can be inpregnated by neans of the pore Vol unme nethod,
known as "dry" ~inpregnotion, in which the volune of the pores of the
solid to be inpregnated is filled wth d solution containing at | east
one precursor or, at |least one of the Goup VI|~ and G oup V111 netals.
The i npregnation = al so be carried ot With an excess of a solurion at

| east one precursor of at |east one of the Goup, VIB and Goup VIII
netals, In this casen, the excess of solvent is renmoved -InwWy by
evaporatjonl under caontrolled conditions. these elenents are incorporate
in varPglis 2npFBGRELEh ?Pé@QQaHQviSH%WEFéWémWERQfWQ%YRﬁ%ﬁEfana“d

i nternedi ate cal ci nati on step between each inpregnation at a tenperature
of bef WBERIYE0 TETERF HOHOET Vari ous precursors can be ased for the G oup
VIB elenents. For exanple, and w thout this inplying any Jlimnmitation on
the scope 6f tm%?ﬁ%ﬁ%nt?gn,bfﬂ“?hevééée &f ©MFH] bde%dm%ﬁﬁf%img§W€ﬁ
various_oxi des and sal,ts can be u .. Such_a nmoni.um r nol ybdat e

amont U REBCRF O Y baATE = aTd  SRTGAEGA" URGS: chAtB9%As 2601 GB W1 oup v
i f T,cal cements, typically, the corresponding nitrates, sulfates, and
halidés are usually used. if '"Erie catalyst contains at |east one

o f’g‘)t er ehemefly SHEh g5 PRGRRNGLYUS AN/ O POLRY: 308.3L ! ARk, dNe, Group
such as phosphorus and/or boron, and at least one Group VIIA
element, such as fluorine, these can be incorporated at any
time in the preparafinn of the Eatalyst, preferably in thc
suppoert that already contains the crystzlline solid material
and the matrix. It is also possible to incorporate the
prometer and Croup VIIA element(s) into the matrix, with
subseqgquent mixing with the crystalline solid.

lhese elements can be incorporated by means of any known
method, although impregnation is preferred, both pore volume
iwpregnation (“dry” impregnation) or with excoss ol solvent.

As source of phosphorus, orthophosphoric acid (HsFO,) (s
preferred, although any of its salts and esters, such as
ammonium phosphetes, can also be used.

Ns source of Group VIIA element, any of those well known
to thoge skilled in the art can be used. For example, in Che
case of fluorine, hydrofluoric acid or a salt thereol may be
used. IL 1s also possible to use fluozine compounds that can
give risec to the formation of fluoride by hydrolysis in the
pPresence of water, such as anmmonium fluoresilicate

{ {(NH):=51Fg), silicon tetrafluoride (8iFy) or sodium



el ement , Such as fluorine, these can be incorporated at any tine in the
preparation of the catalyst, preferably in the support that already
contains the crystalline solid material and the matrix- It is also
possible to incorporate the pronmoter zind Croup VITA elenment(s) into the
‘matrix, with subsequent mxing wirtA7he crystalline solid. These

el ements can be incorporated by neans of any known nethod, although

i npregnation is preferred, both pore volunme inpregnation ("dry"
inpregnation). o. with excess oL solvent. As source of phosphorus,

ort hophbsphdpice igs d (NEBPOEE) - ' LBhe priefierrigie  alatholgh aﬁyo@pqzt@tsial ts
and esters, such a, ammonium phosphates, can al so be used. An source of
G oupl MEp Aléicererita L ¥dy, of Srhesemmals, Rnowiisregndbsen skirPMeddieditie art
can be used. For exanple, in the rase of fluorine, hydrofluoric acid or
a salkydTRél 6T lFap B! L 19T OF sateni wpsEiBPET 8- use 1 uori ne

conmpounds that can 3ﬁve rise to the formation of fluorjde by hydrol ysi s
inthe pre8erde oft eFtagt?ctﬂrést}AﬁnﬁﬁFHmrelfd@Pos‘?T [ i TREe cat AN,

S| F6) silicon tetrafluori SiF9) or :Sodiurn - rafluari
(Na25“1‘l*—6‘f”l‘ﬂ 1PPuGrS dE2Ean e Cg"hlco? yor &FEE T ATHES S he chf’%l‘“’fﬁn, Jt:b&

exanple ?g Epregnatlon from aqueous hydrofluoric acid solution or
annonlu foride As the final stage in t he preparation of the catalyst,

caIC|nat|o$hEs carri ystougfattﬁg te qtu&%%ent]betm@gn %?%fgraﬁﬁg_8000c

subjected to & sulfurization step prior tTo coming into
contact. with the feed 1in order to transform, oL least
partially, Lhe Grdup VIB and VITIT metals into the
correspounding sulfides. The sulfurizazlion can be carried out
by any ol the methods described in the literature.

A typical sulfurization method consistz in heating the
catalyst in thc preserce of a stream of pure hydrogen sulfide
or & mixture of hydrcgen suifide and hydrogen, or a stream
containing hydregen and ligquid hﬁdrocarbons Lhat 1 turn
contain at least one sulfur-containing compound in their
cemposition. The sulfurization is preferably carried oul a2t a
Lomperature of between 150 and 800°C. This process is
generally carried out in a continuous fixed bed reactor.

The presont invention also relates to the use of the
catalyst defined above in the hvdrocrecking of a teed
comporatl of hydrocarbons. Said hydrocarbon fead can
opticnally contain sultur and nitrogen in the form of orgunic
compounds, togather with metals and oxygenated compounds. T

the <content of these compounds is high, the feed can be



The catal yst of the present invention is preferably subjected to a

sul furization step prior to comng into contact wwth the feed in order
to transform at least partially, the Goup VIB and VI:LT netals into
tic ccrresponding sulfides. The sulfurization can to carried out by any
oL Lhe nethods described in the |itéa®ature. A typical sulfurization

nmet hod consists in heating the catalyst in the presence of a stream of
pure hydrogen sulfide or a mxture of hydrogen sulfide and hydrogen, or
a stream containing hydrogcn and |iquid hydrocarbons LhdL in turn

cont alubatciedsttoone sykiretreetirent ngr conpbundhian tyeérecrgokposi tiron Tho
sul furization is preferably carried out at a ternperature of between 150
and 80«€r Ohi sepuoecesdhsK-Cgerartatd yicrmref esla ddt compauodnt toudey=fisxed
bed reactor. The present invention also relates to the use of the

cat altysat def€nedlabeve imeniiel Hyalridee ackihfyat aftekd ivuapsded -of

hydr ocar bons. Sai d hydrocarbon feed can optionally contain sulfur and

ni trogen i TehechEARYSTT orgami cbe compsunden ogetheec i ehingt ahsaand
oxygenated conpounds- Tf the content of these conpounds is high, the

f eed No4Fr o2 tbes  ELBFEEPBE -t oTHERGdr BY#ehiaBAt TR or0g o Athevarious
hydrocracking in order to reduce the concentration of said_conpounds to
| evelCL:gi that SHFE At V@S NITheIREN1Y fehet el §st Iof TERBTRAVERTESE  The
catal yst care he used for hydrocracki ng heav hydr ocar bon fracti ons.
Theséﬁq%&&?%ﬁscgﬂ;qkpOﬁtvéﬁ%ﬁh 80% Dy volume’ of compounds with

hoiling peints above 3s50°cC, and.preferably bhetween 350°C and
5807C. These fractions generally contain hetercatoms, such as
sultur and nitrogen. The nitrogen content is asually beltween
1 and 5000 ppm (by weight) and the sulfur content is usuzlly
between 0.01 and 5% by weight., Oplionally, these fractions
can be subjected Lo a hydrotreatment pricr to hydrocracking
in order ta reduce the hetercatom concentration or Lo remove
any contaminating metals they may contain.

The czatalyst feor hydrocracking hydrocarbon feeds of the
present  invention has  high actiﬁity and sclectivity for
mediuwn disctillates.

According to the present invenlion, the hydrocarbon feed
is brought into contact with the hydrocracking calalyst in
The presence ol hydrogen, generally in a fized bed reactor.
The hydrocracking cenditions can vary depending on the nature
of the feed, the quality of the desired prodoncts, and of the
particular facilities at each'rchjnery. Generally, the
temperature is usually above 200°C, often botween 250°C and

180°C. The pressure is nusually greater than 0.1 MPa, ofrern



origins, such as vacuum gasoil for exanple. In general, these -fractions
contain at le: st. 80% by volune of conpounds with boiling Points above
350C, and preferably between 350C and S,00"C. The fractions generally
contain heteroatons, such as sulfur arid nitrogen The nitrogen content
i's usually between 1 and 5000 ppm (4% wei ght) and the sul fur content is
usually between 0.01 and 5% by weight. Optionally, these fraction, can
be subjected Lo s hydrotreatnment prior to hydrocracking' in order Lc)
reduce the heteroatom concentration or to renove. nny cont 'natin\_g(f

eeds

met al $TeREY P adont dMRE ThEPEaf sl HRETPORIAGTr 58 F 48K g T dartih

of th resent invention has hjpgh actiLyjty..apd selectivity f.or- nedium
di stig@ atE‘)Eg. OEEET g kf%t‘t'ﬁ%npbgs@ﬂg Fﬁbén{qf“on?*tiﬁé FSArSearo e‘?r%'ed i
brought into contact with Jydr.qoer ackin talyst in .t resepce of
hydr o ﬁ,‘ﬁ%ﬁé?an§?9+5¥f?Qgﬁeﬁedﬂwﬁﬁﬁ%ﬁghfﬁhgeﬁ%'ngr%b fn%nggn i tions

can vary.depending.on Lhe nature of e, feed, hepausl i tor fo ey gesi  ea

prodd%? T ERd icular at“ éach refinery. al ly,
th ure is. | Iy ab 00Q:.C, _qften .bet) 5 .80 C.
(e SEIPHALMS SRy AN 08,6 AL ARELIESRSES0E AikucdfD ©

1 MPa, H ydrocas pon I Lg j.s..usually /. 50 an en I )
betmeé%agg a%é%5006§%n§’off%f!%%#%ﬁ% é?lteg%EQM$ﬁ% 32|O%P?y Eﬁé%%% is

generdy v, el deen A Si}aéﬂgs?%f VY HRPf J0eedaREr VosMundYeat alysL

per, Hour”
LESVs of between U.U% and 5 h™.

EXAMPLES
The inventicn is illustrated below with some specific
examples, without these being considered to limit said

invenkion.

Exanple 1

This cxample illustrates =a typical process for
synthesizing the «crystalline solid material containing
aluminum in the network t(hereinafter Ai-3C) in accorxdance
with #tho invention.

0.86 g of aluminum isopropoxide and 0.53 g of GeO; were
dissclved in 34.47 g of N{16)-methylsparteinium hydroxide
solution at a concentration of 1.53 moJ/kg_ 4.714 g ol
tetrasthylorthosilicate were h&d:olyzed in the scolution
obtained, and wuarirring was maintuained, allowing all the
alconol formed during hydrelysis to evaporaic. 0.52 g of

hydyofluoric zcid solution (48.1% HF by welght) was Lhen



the hydrocracking is carried out at tenperatures of between 30 0"C and
500' C, pressures [S- | between 5 and 20 MPa, H2/hydrocarbon ratios of
bet ween 200 and 1500 Ntn3InB, and LHSVs of between U. U5 .snd 5 h-1.

EXAMPLES The invention is illustrated bel ow with some specific exanples,
Wi t hout these. being considered to I4hit said invention . Exanple 1 This
exanple illustrates 2 typical process for synchronizing the crystalline

solid material containing alumniumin the network (hereinafter- Al -

SC) in accor dance with the inventiqgn. 0.86 % of al um num i sopropoxi de
and 0388%¢ . of TG 02l vt eCDTEIPQSbH/‘éH PR 34S19YR S‘ﬁSN“(:E ) was:

- et hyl . spart i y co cen ati of 1.53

no. | 1 kg. 4. % %c# “E-’-e?) % ~s§ bgé‘rlemﬂl\g#eﬁw&y @'ﬂ ggé%e sol ution
obt ai ned, . an t s. nai nt ai ned, al.l ow n t.he al cohol forned
during “h%’ﬂr"b?‘yz d§‘[t30S @Eﬁ%’r aethy 2P9r5?1nﬁ§7‘81r glﬁ’%&&ﬁléi ®aci d sol ution

(48. 1% HF g‘ we qt) was then 20 adde T nal ositi,on of thf

synt hesi s g&F V\@% Fa95d9GRe dldzﬁ‘hcg é r[Ba Y5 R TO-°C

S%HF &I—% 8|1r\1,,ewh lSO—I] fl'l\_lo(jlﬁ rrgi[ahlylf artel nLym, hydro i.de. le:ehg el .
was hear8d+s 1-for 5 days i e m“I %Veg WeEh " S'XFtéLﬂqon nt er nal
|'n'q§15€£E§E®Mﬁﬂ%£@ Ehhhdzy;ng at. 100°C, the Al-SC material was

obtained. The Al-5C material was CLhen subjected to a
calaination step ot 500°C for 5 hours.

The chemical composition of the calcined Al U5C material
syntheszized by this process, oxpressed as % by weight of the
respactive oxides, was as follows:

3.4% Al.0;
90.6% 510,

6.0% GeO

Example Z

This exanpla illustrates the preparation of &
hydrovcracking catalyst containing the Al-SC material obrained
eccording to Lhe preocecss described in Example 1, & gamma-
aluuinag matrix, and nickel molybdenum as  hydrogenating
component, in accerdance with the invention.

In a Irirst preparation step, the Al-SC matcrial obtoined
gccerding to the preccus described in Example 1 wan mixed
with o gamma-alumina matrix (specific surface area of

122 m*/g end pore volume of 0.21 em®/g) in a proportion of

1:1 by weight. The mixture was homogenized, adding distilled



distilled water and drying ar_ 200C, the 211-sC material was obtai ned-
The Al -SC material was Chen subjected toa c¢:d T c. | nation step at 500
C for 5 hours The chem cal conposition of the calcined HL_ JC naterial .
synt hesi zed by this process, expressed as % by weight of the respective
"oxides, was as follows; 3. a% A12;08) 90.6% Si 02 60 % GeQ2 Exanple 2
This exanple illustrates the preparation of a hydrocracking catal yst
containing the Ai-SC naterial obtained according to the process
described in Exanple- 1, a gamm- alumna matrix, and ni kel,nnl%ggenum

i

as hy@rGdend®Fhd 2conddhent O Mrchdde? dafRBEGPRDt e TR EntiiH 2 first

tion the Al-SC.material oht ding to_the_pr
Hest it edl i ERAF A lydD S Fed PRAHT Y0 arfeeR i o> not PL% PORBEI 11

U1 3952 Bkt 10, BH950005 VOIAUERF L e aGREAty L, BloRort o0
"G e A T RESRpRrop Pate Bropd: tIORE. thi s paste  being otirred
I S X T e I R e S T
aiumina and the Al-SC material was impregnated by Lhe pere
volume or “dry” impregnation methed with agueous ammonium
heptamolybdate solution. The solid oblained was doied in en
oven at 100°C tor 12 hours «nd then calcined in a crucible
furnace at S00°C for 3 hours.
The calcined solid consisting of the supporl, containing
a mixture of gamma-alumina and the Al-5C material, and of
molybdenum oxide, was then impregnated by the pore velume
methoed with 3 seolution containing Lhe reguired amount of
nickel niLratc. The solid was then dried im an oven at 100°C
for 12 hours, followed by calcination in a crucible furnace
at 500°C for 3 hours.
The chemical composition of the catalyst prepared Lnder
these conditions, expressed as % by weighl, was as follows:
11.B% Mo,
3.0% Nio
42.6% y-aluminu

42 . 86% Al-SC material

Exomple 3

[

Thiu example illustrates the preparation of



alum na and L11? Al--SC nmaterial was inpregnated by the pore volune or
"dry" inpregnation nethod with aqueous W nuosi um heptanp Lybdate
solution. The Solid obtained was dried in an oven at 1.00C for 12 hours
acid then calcined in a crucible furnace at 5110C for 3 hours. The

cal cined solid consisting of the supBort, containing a nmixture of
gamma- al um na and the Al -SC material, arid of nolybdenum oxi de, was then
i npr egnat ed by the yore volumes nethod with a solution containing Lhe

reqw red anou ni ckel r SI licate,. .The so g?en dg{ggii_ an
oven "atd 1’1‘0””1}’iC ”"f?ror G3LAGUPS, f EPRGRETIBY cal iana\t,\%‘{31 n“n a ¢ruci SEe
furnacﬂeﬂ : 00 for .3 hours.  The chem cal al yst
pr ep&r gﬁesé_'hceond’rlw%rr\gm%xpﬁ’gss G5 %q%!y V\eq%?g%génsrgﬁé

folloms 11. 8W Mo03 3. 01 N Iur| riu 6, teria
Exampiod T S ‘éﬁénfnpéoﬁrpf’tﬁgt U’” 2% héyp T 6pa %ﬁ“?dona%%n I{%A%als% ks

hydroc.rackéﬂgwgat au%/ste ‘:ﬁ@“ﬁﬁ glgreljn'%{?]rthe AJth(C %terhﬁ re ﬁg@grddl ggt}lo t he

i nvention Ich onponent was rporate only in
i VIS Ay T T 1 TR e gt
method, Lhe solid was dried in an oven at 100°C and rcalcined
in 2 crucible furndce «l. 500°C, lollowing Lhe same process as
described in Example 2. The solid consisting of gamma-alumina
and molyhdenum oxide was then impregnated with agueous nickel
nitrate solution by the pere velume method, dricd in an oven
at 100°C, and then calcined i 500°C under the conditions

described in Exomple 2.

The gamma~alumina matcix containing molybdenum oxide and
nickel oxide was mixed with the Al-SC material in The
appropriate proportions .Lko obtain a catalyst with the
following chemical compositicn, expressed as t by weight:

_'8,3% MoOs
2.2% NiOD
56.3% y-alumina

313.2% Al-SC material



met hod, the solid was dried in an oven at 100C and calcined in .

cruci ble furnace HL 500'C, followi ng the sanme process az described in
Exanpl e 2. The solid consisting of gamma' -al um na and nol ybdenum oxi de
was then inpregnated with aqueous nbgkel nitrate solution by the pore
vol ume nethod, dried in an oven 00C, and then cal ci ned nu. 500C
under the conditions described in Exanple 2 The gamma-al um na matri x
cont ai ni ng nol ybdenum oxi de and nickel oxide was mxed with the Al -SC
rraterEl al i t e appropriate proportions -Lo obtain a catalyst with the
fol |l oW ngp c‘?lem cal corrp05| tion, expr essed as % by wcighL: "M 3% MO03

2.2,. N. 46 SW um i 3.1 T ¢S
exarrpl e il O]I usfraf‘oep{lp? ‘%@'?jis\%‘%t ﬁ]efﬁ Selee lle%{/]i‘ﬂb "”fg 6E§§£I yst ppepar ed
accordin anpL Wi he 4 nventi t
hydrobra %%§¥fﬂp a%ﬁ&nf%ggbfﬁgﬁigée éJ%W#?’CH%réét%rggflcsrarggéFVen in
Tabl 3 T 3 , 1 _Nitrogen,
o mrﬁg gReoEbLY iﬁ RyfPlcc i B &% S Uan b d65: 8LuMuLE

main characteristics are given in Takle 3.

TABLE 3 .
Density (em’/g), 20°C 0.83
Sulfur, wt% 2.61
Nitrogen, ppm (by weight) 1.000

Simulated distillation:

Initial boiling peint 219

5% 3538

10% 375

30% 407

50% 423

70% 438

90% 457

95% 166©
Finel boiling peint __ 489

'he hydrocracking experiments were carried out in a
contioguous fixed bed rescLoz charged with 1.0 grams of
catalyst diluted with silicon carbide up to a tolLul volume aof
14 cm'. Before the vacuum gascil was brought into contack

with the catalyst, the latter was subjected 1tT0O0 a



Initial boiling point 219 5% 308 10 375 3011 407 50% 423 70% 438 90
a 457 95b ;66 i .n4l boiling point 489 A e hydrocracki ng experinents
were carried out in a continuous fixed bed reactor charged with, 4.0
grans of <catalyst diluted with silicon carbide up to a total volune of
14 cm' _ Before the vacuum gasci| “wA8 brought into contact with the
catalyst, the latter was subjected to a - 24 sulfurization step at 400"C
for 6 hours in the presence of F3 m'xture of H2S and ElIl (10% by vol une

f H2S) h | 2 .

gul rmqlzia‘ﬂ%lmb%aEiﬁéorﬁ%?pg%np‘mﬁmédr?‘Pﬁe gﬁ&%cng!soﬁq}@ g@g"%iﬁﬁo{?r acked
th h th foll hti t

T mekﬁéﬁ?égéﬁraﬂ%f aﬁg Hy Qibjﬂdﬁi’g&g S bayhet e‘?%iiog NP, e
| ty (VH

Yﬁeoflgé%‘fl(ér?tteepﬁér a?ﬁf ecﬁ‘e{%%n @% Cogﬁglg%lofql\fqﬁfr esu s re‘%%r |§£:1yl "

conversi on and yields were determned Ljjo0 t i ion of
this W%lf'%?g ﬁ/ﬁl PR AR S Ved Geneta é Cla‘a fge'fl gn gB%EFS A
cont act

0t hydrogen under the following reactien conditions: tolal
pressure of 5.3 MPa, Hp/gasoil ratio of 1291 Nm'/m’, space
velocity (WHSV) of 2.8 h™*. The conversion was adiusted by
varying the reaction temperature between 385 and 415°C.

The results regarding conversion and yields were
determined aftcr a period of stabilization of the catalyst,
whiclk was observed generally after 8-10 hours of conlacl
between the gasoil freed and the catalyst.

Lhe cunVersioﬁ was calculated as % by weight of products
with o boiling point below 380°C present in the effluent from
The reactor.

Yo calculate the sclectivities, the tfollowing bolling
point ranges were considered:

Gases: < &5°C
Naphtha: 65'C-150°C
Kerosene: 150°C-250°C

Gasoil: 250°C-38B0°C

The scleglivities {in wt %) for the various

hydrocracking rractions ware calculated as f[ellows:

Salectivity (%) = {wt% ot fraction i}/ (wt% of 380°C producis) +100



bet ween the gasoil. feed and the catalyst. 1'h" conversiofl was

cal cul ated as by weight of products wth o boiling point bel ow 380C
present in the effluent from the reactor. To cal cul ate the
selectivities, the follow ng boiling _point ranges were consi dered:
‘Gases: < GC C55"CG-1 ~s0 "t~ Naﬁht‘hga:' Ker osene: 150C-250C GGasoil:

2b0" C--38U C The selectivities-9 (in w% for the various hydrocracking
fractions- were calculated as follows: Selectivity (% _ (wL'~ of.
fraction ) / (W% of 380C products) 11010 25 The selectivity for nmedium
distillates was calculated as the z: urn of the selectivities for

kerozcne and _gas ran of boiling po 3et ween. i r| d 3800
The resul t Egggr %rr(%\bh& EPoTERyWe Tj[éJ h@'ﬁ'? “Fot"*'heé® ciurciiao%é;
fractjons of pred S obt ai ned. t vari_Qus reaction e ratures.
shownﬂ b1 @ of %%‘FABI% “2-Ren |onIPgr’rg‘era"ur‘\rnee (a&_gg.%O%J (Laige
of boiling points between 150°C and 380°C).
The resulls regarding conversion and selectivity for Lhe

various fLractions of products obtained at various reaction

temperatures are shown in Table 4,

IABLE 4

_ Reaction temperature (°C)

385 400 415
Conversion 380°C, wt$ 4247 €1.36 78.23
Scelectivity, wLli

Gases 13.47 14.28 15.66
Naphtha 23,595 2B3.98 32,1
Kerosene 20.87 22.%4 23.28
Gasoil 41.71 33.80 28.87
Medium distillates 62.58 L6.74 %215

Example 5

This example illustrates the activity and selectivity of
a catalyst prepared according Le Example ? in accordance with
the invention, for the hydrocracking of a vacuum gasoil whose
moin chargcteristics are given in Takle 3.

The hydrocracking experiments were carried out in &

continuous fixed bed reactor charged with 6.0 grams of



385400415 Conversion 380C, wt %2.4761.3678.23 Scl nctiv'ity, wL 1:3.
4714.2815. 6f Gases NaphLha23.5523.5832. 19 Kerosene20.0722. 9423. 28

Gasoi | 41. 7133. 6028. 87 Medium di still ates62. $856. 7452. 15 Exanple 5 Thi s
example illustrates the activity and selectivity of 7 catalyst prepared
according to Exanple ? in accordancé®with the invention, for the

hydr ocracki ng of a vacuum gasoil whose main characteristics are given
in Table 3. The hydrocracki ng experinments were carried out in a

T o 5 S BB RPN g . GO 9B Hes of AT c i LCBET S the
Clbj oA 6 B SHPPUFNalPR ol R RO of HB hoGh &P h PRSP Eeance
71 ow 3R e5bf 9%es5 Cral Ain 14508 { KB sul TSRt o s cop YAt Peoglar Lo, ' he
ol | GWatp Teatbhom Tetndl ioRes Lot o= pe BRSaRE=oP< & TUY g HERECC

=

rati?ﬂ%i &39%1N§besRﬁ%ﬁnM§|QEiﬁxsﬁy%§¥¥h total gas flow rate of
442 cn’/min. Once the sulfurization step was completed, the
varunm gasoil was hydrocracked in the presence of hydrogen
undey the Loilowing reoclien condilions: votal pressure of
.3 MPa, Hue/gasolil ratio ol 1291 Nml/m?, space velocity (WHSV)
of 1.9 h™. The conversien was adjusted by varying the

reaction Cemperature botween 385°C and 415°C.

TABLE 5

Reaction temperarure (°C)

385 00 415

Conversion 380°C, wts 47.47 £5.02 £5.18
Selectivity, wrh

Gases . 14.94 ' 18.76 24.73

Naphtha 17.35 19.50 25.49

Kerosenc _ 21.7% 24,62 21.836

Gasoil 45.92 37.12 57 .62

Medium distillates  __ _67.7l 61.74 49.78




of 1.9 h-1. The conversion was adjusted by varying the reaction

t enperature between 3854 and 415"C. TABLE 5 Reaction tenperature (C) 385
400 Conversion 380C, wt% 47.47 65.02 85.18 “;ele .ivity, wCWh Gases 14.94
18.16 24.13 Naphtha 17.35 19.50 25.49 Kcres~nc _21.143 24. - 96
Gasoi | WS. Q203 OOPEI6 82 MediumdistiTl ates 673F9§f%ﬁ?qﬂ?é§b%é§7

2004/ 009736 - 2-7 -- PCT/FS2003/000367 CLAIMs A hydrocracking catal yst
cont ai ni ng: hydrogenati ng conponent which is selected fromdt |ost one
Goup VIE netal, at |east one G o |1l netal, and conbinations
thereof, at least. one matrix codggiikég at | east onri oxide which is
sel ected from an anor phous oxide, an oxide with low crystallinity, and a
m xture of both, and - at |east one mcroporous crystalline solid

mat er| al  whi ch, in tt}le cal C|tn d and q_;]Eh%/drous State, has the nolar
conpdsi ti ¢h BREBIORYREXFRZ05 3 “Pr YRk 9 Yivalent elenent, Y is at

east one ety el ot | GIeL LR a0, B8, Aol e L Al ve

loast one Group VIB metal, at least one Greup VIII metal, and
combinations thereof,
at lecasi one matrix comprising at least ono oxidc

which is selected from an amorphcus oxide, an axide wilh low
crystallinity, and a mixture of both, and

- at least one microperous crystalline solid waterial
which, in the calcined and anhydrous 3state, has the molar
cowposition X;03:nY¥0;:mZ0z, in which ¥ is a trivalent element,
Y is at least one tetravalent element other than Ge, and Z is
Ge, the value {n+tm} is at least 5, and may be betwzen 2 and
w, and the value of n/im is at least 1, and which has, in its
calcined and anhydrous state,  an X-ray diffractogram
containing at least djffraction lines with values of d

13.64, 7.87, 4.82, 4.55, 4.11 and 3.41 A,

Z. The catalvsl as claimed in <¢laim 1, wherein the
trivalent element X of the microporous crystaliine solid

material is Bl.

3. The catalys! as claimed in <laim 1, whercin the Group

VIR metal is selected from among molybdenum and tungsten and



cc, and the value of n/l1n is at least 1, and which has, in its cal cined
and anhydrous state, an X-ray diffractograrn containing at |east
diffraction lines with values of d 13. 64, 4.82, 4, 55, 4.1.1 and 3.41
_A. 2. The catalyst as clainmed ini claim1l1l, wherein the trivalent elenent

X of the m croporous crystalli.ne's% id material is A]. The catalyst as
claimed in claiml, wherein the Goup VIB netal is selected from anong
nol ybdenum and tungsten and - 28 the Goup VIII netal is sel ect ed from

anong. ir cobagic_ant _ni.ckel N, ca L a_l, . as n claim
1, \Aﬁg‘f’eeﬁ#“f_%bﬁ;ggoa‘gﬁéﬁ g csogfrjp n e?ﬁirgmsé’f“g&g §'fc'rndm"gt cor |na i on

of ~ _ni ckel - mol ybdeni n), cobalt-nmol ybdenum nickel -tungsten, and

ni ckgll-cg‘ al t - mol ybdenum The catalyst as clained in one of clains |I. to
3, which conprises at least one acidity-pronoting elenent. G The

catal yst as clainmed in clai m5 wherein the pronoter is selected from

bet wgen Phosphor borq atalystiasy Ia_Ll med,idy oNng of p&l ai s
I t\(l)\@G V\ﬂ?‘ch coﬁg??ges at Ieaslt lgﬁee&(;‘rg}l}p [\:/I TA el erfent. a- Thc catal yst

as C}1 L-irf%%éxlkl. 1‘2% compURERl N stshes & gup MT! ﬁ—@’xﬁe@”&oln&ﬁwk‘.@ﬁ)rﬂeul'rhe
catal'yst ds clainmed in one of clains 1 to 8, Wwhic
nickel-molybdenum, coballt-molybdenum, nlLkel-tungsten, and

nickel=-cobalt-molybdenum.

5. ''he catalyst as claimed in one of slaims 1 to 3, which

comprises at lcast one acidity-promoting element.

G. The catalyst 25 claimed in claim 5, wherein the promoter

@lement is selected from between phosphorus and boron.

7. The catalyst as claimed in one of claims 1 to ¢, which

compriscs oL least one Group VITA element.

. Thr: catalyst as claimed in claim 7, wherein the Group

VTIA elemont is Iluorine.

9. The catalyst as claimed in one of claims 1 to 8, which
has & composition, expressed as $ by weight of the total
weight of the catalyst, ol:

- 0.1 to 60% ol a« hydrogenating compconcnt selecled from
at least one Group VTH melal, at least one Group VIJIT molal,

and combinations thereol,



has a conposition, expressed as % by wei ght of thr weight of the
catalyst, of; 0.1 zo 60% of a hydrogenating conponent -seleclLed from at
| east one Group VIR netal, at |east one G oup VI37 netal, and conbination
thereof 29 [) .1 to 99-rs of mcropaaus crystalline acid solid
material, and -. 0.1. to 99% of at |east one matrix, 10- The catal yst as
claimed in claim9, which conprises: 0 L.o 20% of at | east one pronoter
el enent selected from between phosphorus and baron, and - 0 Lo 20~ of at
| east one G ogp1VIdA ebepends _ nlilsrdher &ad alowsts s clrad meqid deaiim 10,
wherein the Goup VIIA clenent is fluorine. .12. The catal yst as cl ai ned
in claifediawhenein the matrix is selected fromanong one or nore of the

foll owi ng groups: alumna, sillica-alumna, silica, clays, nagnesium
oxi de, titanigum oxddessbaroatofie@er &L @i wnxoxi de, al um num phosphat es,
zi rconi um phosphates, carbon, and alum nates. 13_ 'I'LL catalyst as

claimed In claiml or. 12, wherein the matrix is gamma alum na, 1A A
process 1 on the preparation of a catal yst a defined
10. The catalyst as claimed in claim 2, which comprises:
0 Lo 20% of at least one prometer element selected

from between phosphorus and boron, and

- 0 Lo 20% of at least one Group VIIA clement.

11. The catalyst as. claimed in claim’ 10, wherein the Grouop

VIIA clement is fluorine.

12. ‘JThe catalyst as claimed in claim 1, wherein the matrix
1s selected trom among one or more of the rollowing groups:
alumina, silica-alumina, silica, clays, magnesium oxide,
titanium oxide, boren oxide, zirconium oxide, aluminum

phosphates, zirconium phosphates, carbon, and aluminates.

13. 7Whe catalyst as claimed in elaim 1 eor 12, wherein the

matrix is gammo alwnina,

l14. A process lor the preparation of & catalyst as definoed
in ong of alaims 71 to 13, which rcomprizes at least

1) a step o¢f preparing the microporous crystalline
solid, and A second step selected (rom among:

2a) dincorporation of the hydrugenating component into a



inonen( r: i ;i i ronl to 13, which conprises at least 1) a step of
preparing the mcroporous crystalline solid, and a second step sel ected
‘corn anong; 2a) incorporation of, the hydrogenating conponent into a 30
- mxture of the matrix and the m croporous crystalline, solid, and 2b)
i ncorporation of the hydrogenating Bonmponent directly into the matrix
before :mxing with the crystalline acid 153 . The process as clained in
claim14, wherein the hydrogenating .conponent, is incorporated by neans
of i step selected from between inpregnation and ion exchange. . 16. Thc
--- process: asf cLaimethtinixc| aigh the WACERPOAGMEET Yt 2 bedit | 5Rat %st ep of
i ncorporating an acidity-pronoting elenent and aL | ease one G oup VITA
el emamnt? i nto the catal yst 17. The process as clained in claim 16, wherein
the pronoter element and Goup VIIA el enment are.iaﬁorporape%_ggtgtthe
rnatri:; 249 THeproeesstaencl ffed th§ cl BYAF 24P GharSi n TREFEAry st
is subjected to a calcination step at a tenperature qf between )C and
| 3007 cxg: LThenpporthe | MpLTa¥ GeRaRs THERGT FLEh W cﬁrﬁ\lﬁggll"‘%g?ude:;
v3 sulfu;iza}jgn step at a tenperature of between 151) and 600C _ - 31
i B30 1a.

1%. The procesz as claimed din claim 14, wherein the
hydrogenating compeonenl. is incorporated by means ol 4 step

selecited from belween impregnation and ion exchange.

16. The process as claimed in claim 14, which includes aun
addivrional step of incorporating an ncidity-promoting element

and at leasl one Group VITA element into the catalyst.

17. The process as claimed in claim 16, wherein fthe promorter
element and Group VIIA element a2re incorporated into the

matrix.

16. The process as claimed in claim 14, wherein the catalyst
is sabjected to & «alcination step at a temperaturc of

betwaen 150°C and 8900°C.

1%. The proca=ss as claimed in claim 14, which also includeus
a =sulfurizalion step at o temperature of betwcen 150 and

BOO"C.



20, A use of the catalyst as clainmed in one of clains 1 to 13 in the
hydr ocracki ng of 4 feed conposed of hydrocarbons. 2:1. _ The use as
claimed in claim?20, wherein the hydrocracking is carried out at a
.tenmperature above 200G ~t. a presggre greater than 0.1 MPa, using a
quantity of hydrogen of at |east 506-liters of hydrogen per liter of
feed, and a space velocity of between 0.1 and 20 volunes o teed per
vol une of catalyst per hour. 22. The use a-Z~ clained in claim?21,

mhere%p RQQaHgngﬂgrgggl?gtgigg%rrled outat 2 %p%ggéghgégg Qﬁzmgen ul

and a tenperature betmeen &~ use “&s

cl ai fﬁ%d i chal Ayalo ey e f daskd cc?th{?é:?&é €8s Ry &rBEL b ons,
hydr ot r eat ment
21. 'lhe use as «claimed in claim 20, wherein the
hydrocracking is carrﬁ'.ed out at a temperature above 200°C, at
a pressure greater than 0.1 MPa, using a guantity of hydrogen
of at least 50 liters of hydrogen per liter of feed, and a
space velocity ot between 0.1 and 20 volumes ot teed per

volume of catalyst per hour.

22. The use as claimed in claim 21, wherein the
hydrocracking ls carried ool at a pressure of between 0.1 and

l2 MFPa and a2 temperature of between 300 and 480°C.

23. The use as claimed in claim 20, wherein the feed is

subjected to a prior hydrotreatment.



