WO 02/ 09870 PCT/ EPO1/ 08772 Hydroprocessing catalyst for heavy oils and its
use The present invention pertains to a catalyst which shows high activity
in one owonpew7of hydrodesul furisation (HDS), hydrodenitproryeratisore ( HDN) ,
5 hydrodenetal | isation (HDM, and hydrocracki ng (HC) of hydrocarbon feeds,
in particular heavy hydr ocarbon feeds. In recent years, the supplied crude
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8 metal component, |ike nickel and/or cobalt. It has been cons red to
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before the fluidised catalytic cracking operation to effect one or more of
hydrodesulfurisation, hydrodenitrogenation, hydrodemetallisation, and hydro-

20  cracking of heavy hydrocarbon feeds. The hydroprocessing catalysts used in
this process conventionally comprise a metal oxide carrier of, e.g., alumina
loaded with a Group 6A metal component, like molybdenum and tungsten and a
Group 8 metal component, like nickel and/or cobalt. it has been considered to
improve the hydroprocessing activity by enhancing the acidity of the catalyst

25 carrier, e.g., by the addition of another oxide, such as silica, thereto.

Japanese laid-open patent application 1995-196308 describes a catalyst based
on a silica-alumina carrier which is prepared by depositing a silica hydrate on an
alumina hydrate using a water-soluble silicon compound. The thus-obtained
silica-coated alumina has a high degree of silicon dispersion. The

30 hydroprocessing catalyst based on this carrier is described as having a higher

hydrodesulfurisation activity than hydroprocessing catalysts based on a

conventional alumina carrier. However, the average pore diameter of the
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WO 02/ 09870 PCT/ EPO1/ 08772 2 catalyst of this reference is small, and the
catalyst is not suitable for the hydroprocessing of heavy oils. Japanese
| ai d- operw@ar/easto appl i cation 1997- 255321 descri bes a sil i paF/aPurisme whi ch
has a 29Si - NVR spectrumin which the maion maxi nrum of the peak 5 observed
in the -50 through -110 ppmrange is positioned in the range of -80 to -90
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for the C%&aldb?bcéé%irh‘foﬁh'éé\ﬁ}béi%_i n the hydroprocessing of heavy oils. EP
0922285 descCribes a silica-containing catga&?yst whi ch has a 29Si-NVR 10
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underlyi ng the present invention is the provision of a hydro- processing
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with a high activity for remaving at |east one of sulfur, nitrogen,_ and
metals (Ni 8QPW¢%¥HFH; anch—Sampne it at legshaboutgifie i dhe srMhinedagacehdler ti ng
It into Iipggkg_r oil s of higher value could be obtained by |oading a
specific sillica-alumna 30 catalyst carrier with a specific hydrogenation
conponent . Bf Op3b% ix3l describes a catalyst to be used in combustion with, e.g., gas

15 turbines. The catalyst carrier is a silica-alumina which has a 29Si-NMR
spectrum showing a peak area at —110 ppm to —130 ppm which is 0-10% of the
peak area at -50 to -130 ppm.

US 5,334,307 describes a silica-containing catalyst for the hydrotreating of
heavy oils. No information is given on the Si-NMR spectrum of the catalyst.

20
The problem underlying the present invention is the provision of a hydro-
processing catalyst having a high activity in one or more of hydrodesulfurisation,
hydrodenitrogenation, hydrodemetallisatic}n', and hydrocracking of hydrocarbon
feeds, in particular heavy hydrocarbon feeds.

25
The inventors studied eagerly to solve the above problem. and have found that
a catalyst with a high activity for removing at least one of sulfur, nitrogen, and
metals (Ni + V) from a, in particular heavy, hydrocarbon oil and converting it into
lighter oils of higher value could be obtained by loading a specific silica-alumina

30 catalyst carrier with a specific hydrogenation component. In particular, the
catalyst of the present invention is suitable to effect combined hydro-
desulfurisation, hydrodenitrogenation, and hydrocracking of heavy hydrocarbon

feeds, while also effecting hydrodemetallisation when the feedstock contains



catal yst of the present invention is suitable to effect conbined hydro-
desul furisation, hydrodenitrogenation, and hydrocracki ng of heavy
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metal conmponents. The hydroprocessing catal yst of the present invention is
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provided with at |least two -0-Si bonds have their adsorption peaks above
-100 ppm It is therefore presuned that the fact that the main maxi mum of
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produced by} the main maximum of said peak is outside the specified range, a
hydroprocessing catalyst with the desired activity cannot be obtained. The
reason behind this is not clear. However, according to Japanese patent
publication 2515379 and JP laid-open patent application 1997-255321 a silicon
20 atom provided with four —O-Al bonds has its adsorption peak at -80 ppm. On
the other hand, silicon atoms provided with at least two —O-Si bonds have their
adsorption peaks above —100 ppm. It is therefore presumed that the fact that
the main maximum of the peak observed ifi the range of —50 ppm to —110 ppm
is between about —80 ppm and about —100 ppm is an indication of a specific
25 dispersion of the silicon in the catalyst resulting in specific catalyst surface
properties which apparently make the catalyst highly suitable for the
hydroprocessing of heavy oils.
The 29Si-NMR is carried out using a CMX-300 (5mm probe) produced by

Chemagnetics and the measuring conditions were as follows:



Chemagnetics and the neasuring conditions were as follows: WO 02/09870
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5 Suitable organic silicon compounds include alkylsilanes such as tetra-

(1)

methylsilane and tetraethyisilane, alkoxysilanes such as tetramethoxysilane,
tetraethoxysilane, methyltrimethoxysilane, and phenyliriethoxysilane, polymers
thereof, straight silicone oils such as dimethyisilicone oil, methylphenylsilicone
oil, and methylhydrogensilicone oil, organic modified silicone oils such as alkyl
10 modified silicone oils, fluorine modified silicone oils, polyether modified silicone
oils, alcohol modified silicone oils, amino modified silicone oils, epoxy modified
silicone oils, phenol modified silicone oils, carboxy modified silicone oils, and
mercapto modified silicone oils, and mixtures and combinations thereof. The
combining of the organic silicon source with the alumina source may be carried
15  out, e.g., by kneading, immersion, impregnation, etc. For the incorporation, the
silicon compound can also be dispersed in a solvent if need be. The amount of
silicon compound should be selected in such a manner that the final carrier
contains the desired amount of silica. The silica content of the carrier is
generally about 1 to about 20 wt.%, preferably about 3 to about 10 wt.%. If less
20 than about 1 wt.% of silica is present in the carrier, the effect of the invention is
not obtained. If the carrier contains more than about 20 wt.% of silica, there is
little further improvement of the effect. The alumina may be of any suitable type,
including alpha alumina, theta alumina, delta alumina, kappa alumina, eta

alumina, gamma alumina, or chi alumina, and alumina hydrates such as



general ly about | to about 20 wt.% preferably about 3 to about 10 wt.% If
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with the gel. The silicon compound can be added as such, or in a suitable
solvent. The mixture is mixed, e.g., by kneading for a period of about 10
minutes to about 2 hours. If necessary, the water content of the mixture is

20 adjusted to a value suitable for shaping, which for extrusion generally is
between about 60 and about 70 wt.%. Then, the mixture is shaped, e.g., by
extrusion. As is known in the art, extrusion aids may be added during the
extrusion to control the viscosity and/or the pore structure of the carrier after
calcination, if so desired. Suitable compounds include polyalcohols, cellulose, or

25 acids like nitric acid, acetic acid, or formic acid.
The shaped particles "are dried and calcined to obtain a suitable carrier. It is
preferred for the drying to be carried out at a temperature between room
temperature and about 200°C, and that the calcination is carried out in air at a
temperature of about 300 to about 900°C.

30
For the catalyst according to the invention to achieve the desired object in the
hydroprocessing of heavy oils, it must have a specified surface area and pore

size distribution:



25 acids like nitric acid, acetic acid, or formc acid. The shaped
particles are dried and calcined to obtain a suitable carrier. It is
preferrewwdorosshe drying to be carried out at a tenperat uUPET/BROMISETE r OOM
tenperature and about 200C, and that the calcination is carried out in air
at a tenperature of about 300 to about 900C. 30 For the catal yst according
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bout 0.3 / - | & al fLi gl .
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preferably about 10 to about 20 nm_ nore preferably about 12 to about 20
nm | n1Phi hepiaiyst paffPERanes s '§§&f'8@@tpore di ameter is defined as the pore
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effective specific surface area of the “catal yst decreases, which results

in a débr ediameter aitwhighi 80%cof e ytotal pore volume is present in pores with a
diameter below said pore diameter, and the other 50% of the total pore volume

is present in pores with a diameter above that pore diameter. If the average
pore diameter is less than about 10 nm, the hydrogenation metals are poorly
dispersed, which results in a decrease in catalytic activity. If the average pore
20 diameter is above about 30 nm, the effective specific surface area of the
catalyst decreases, which resuits in a decrease in catalytic activity.
The catalyst according to the invention-should have at least about 50% of the
pore volume of pores with a diameter bélbw 60 nm present in pores within a
range of the average pore diameter 5 nm. The pores present in the range of
25 5 nm of the average pore diameter are considered to be the effective pores for
the hydrodesulfurisation and hydrodemetallisation reactions to be effected by
the catalyst according to the invention. If this value is below about 50%, the
pore size distribution is too wide and an effective catalyst is not obtained.
Preferably, the percentage of the pore volume of pores present in the specified
30 range is at least about 55%, more preferably at least about 60%.
It is preferred for the catalyst according to the invention to have at least about
50% of the pore volume of pores with a diameter below 60 nm present in pores
with a diameter between 10 and 30 nm. More preferably, the %PV[(10-30



The catal yst according to the invention.should have at |east about 50% of
the pore volune of pores with a dianeter bel ow 60 nm present in pores
within awoangs’of the average pore dianeter 5 nm The poPE€WEPsisSer?t in the
range of 25 5 nmof the average pore diameter are considered to be the
effective pores for the hydrodesul furisation and hydrodenetallisation
reactions to be effected by the catalyst according to the invention,
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Based on the weight (100 wt.%) of the final catalyst including the carrier, the

amounts of the respective catalytic materials are as follows. The catalyst
comprises about 4 to about 20 wt.%, preferably about 8 to about 16 wt.%, of
20  Group VIB metal, calculated as trioxide. If less than about 4 wt.% is used, the
activity of the catalyst is insufficient. On the other hand, if more than about 16
wt.%, in particular more than about 20 wt.% is used, the catalytic performance
is not improved further. o
The catalyst comprises about 0.5 to about 6 wt.%, preferably about 1 to about 5
25  wt.%, of Group VIII metal, calculated as oxide. If the amount is less than about
0.5 wt.%, the activity of the catalyst will be too low. If more than about 6 wt.% is
present, the catalyst performance will not be improved further.
It is preferred for the carrier of the catalyst according to the invention to
comprise at least about 80 wt.% of the total of silica and alumina, more
30 preferably at least about 90 wt. %, still more preferably, at least about 98 wt.%. It
is most preferred for the carrier of the catalyst according to the invention to
consist essentially of silica and alumina, the indication “consists essentially of”

means that other materials may be present in minor amounts, as long as they



20 G oup VIB netal, calculated as trioxide. If less than about 4 wt.%is
used, the activity of the catalyst is insufficient. On the other hand, if
nore thaweabpws7d6 wt.% in particular nore than about 2BCTEPOVG8372used,
the catalytic performance is not inprowed further. The catal yst conprises
about 0.5 to about 6 wt.% preferably about 1 to about 5 25 wt.% of Goup
VI Il metal, calculated as oxide. If the anmount is |ess than about Q.5
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I ncor porat € addi tional catalytic conponents into the catalyst comnposition.

For exanpl ait.%heselecably abottl] tmabout 4vddo: caltidpied a9PdDssol ve t he
hydr ogenati on nmetal conponents. In that case, phosphorus is generally
present in the final catalyst in an anmount of about 0.5 to about 6 w.%,

pref erabl y TheoGodp \WBaketdl cbrioriénts AreluGro@s \AE Mk .comiforients!eal e net al
conponents and Goup VIII netal conponents can be 15 incorporated into the

cat al y$® cmqr@@ratend antoribencri@hat fammiesr in & gtonvgptlwairwr,o@ g., by
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to first p e carrier and ncor porate eca erials
preferred to first prepare the carrier and to incorporate the catalytlc materials

into the carrier after it has been dried and calcined. The metal components can
be incorporated into the catalyst composition in the form of suitable precursors.
20 For the Group VIB metals, ammonium heptamolybdate, ammonium
dimolybdate, and ammonium tungstate may be mentioned as suitable
precursors. Other compounds, such as oxides, hydroxides, carbonates, nitrates,
chlorides, and organic acid salts, may also be used. For the Group VIII metals,
suitable precursors include oxides, hydroxides, carbonates, nitrates, chlorides,
25 and organic acid salts. Carbonates and nitrates are particularly suitable. The
impregnation solution; if applied, may contain other compounds the use of
which is known in the art, such as mineral acids like nitric acid, hydrochloric
acid, and phosphoric acid, organic acids like formic acid, acetic acid, oxalic
acid, citric acid, malic acid, and gluconic acid. Salts thereof and various
30 chelates like ethylene diamine and EDTA can also be added. It will be clear to
the skilled person that there is a wide range of variations on this method. Thus,
it is possible to apply a plurality of impregnating steps, the impregnating

solutions to be used containing one or more of the component precursors that



into the carrier after it has been dried and cal cined. The nmetal conponents
can be incorporated into the catalyst conposition in the formof suitable
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di nol ybdat e, and ammoni um tungstate nay e nentioned as suitable
precursors. O her conpounds, such as oxides, hydroxides, carbonates,
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conmponent higher than the reaction temperature at which the catalyst will actually be used.
Calcination may, e.g., be carried out in air for about 1 to about 6 hours,
preferably about 1 to about 3 hours, at about 200 to about 800°C, preferably
20  about 450 to about 600°C. _
The catalyst particles may have the shapes and dimensions common to the art.
Thus, the particles may be spherical, cyli.ndrical, or polylobal and their diameter
may range from about 0.5 to about 10 mm. Particles with a diameter of about
25 0.5 to about 5 mm, preferably about 0.7 to about 3 mm, and a length of about 2

to about 10 mm, for example about 2.5 to about 4.5 mm, are preferred.

It may be desirable to convert the catalyst, i.e. the Group VIB and Group VIII
metal components present therein, into the sulfidic form prior to its use in the
30 hydroprocessing of hydrocarbon feedstocks. This may be done in an otherwise
conventional manner, e.g., by contacting the cétalyst in the reactor at increasing
temperature with hydrogen and a sulfur-containing feedstock, or with a mixture

of hydrogen and hydrogen sulfide.



precursors into the oxide form Calcination is usually done at a
tenperature higher than the reaction tenperature at which the catal yst
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ppm_ The feedstock may contain contam nant netals, in__particular nickel
and vanadi MV gslrssalPrsferaplyin anameunsof abeut 5 16ebaghd® WepMN +v or | ess,

preferably #a pfi-AHHMNg BonRRME) endRTaD BHoA WP Rerally be at most about
550°C, preferably at most about 400°C. The IBP may be above about 250°C, or

even above about 300°C. Generally, at most about 98 wt.% of the feedstock

boils above 390°C (ASTM-D 5307), preferably at most about 95 wt.%. Of

20 suitable heavy feeds, generally at least about 35 wt.% boils above 390°C,

preferably at least about 45 wt.%, more preferably at least about 55 wt.%.

Suitable feedstocks include feedstocks cbrhprising crude oils, vacuum gas oils,
atmospheric distillate residues, vacuum distillate residues, coker gas oils,
25 solvent deasphalted oils, tar sand oils, shale oils, and coal liquids, and mixtures
thereof. Hydrocarbon oils obtained by subjecting these feedstocks to a pre-

hydroprocessing operation may also be used.

The process conditions for the process according to the invention may be as
30 follows. The temperature generally is about 300 to about 450°C, preferably
about 340 to about 410°C. The pressure generally is about 2 to about 22 MPA,
preferably about 10 to about 20 MPA. The liquid hourly space velocity generally
is about 0.1 to about 10 h-1, preferably about 0.2 to about 2 h-1. The hydrogen



The initial boiling point (I1BP) (ASMI-D 5307) will generally be at nost
about 550C, preferably at nost about 400C. The |IBP nay be above about
250C, or wevmmsabove about 300C. Generally, at npst about PORERILG TS t he
feedstock boils above 390C (ASTM D 5307}, preferably at nost about 95
w.% O 20 suitable heavy feeds, generally at |east about 35 w.%boils

above 390C, referably at |east. about 4 .% nmore preferaply at |east
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resi dues, coker gas oils, 25 solvent deasphalted oils, tar sand oils, shale
oil's, and cdw praagssdaayabe cariedray int hdhedf betlyar ecamobing bed, mchlting ned
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may be gs 30 follows. The tenperature generally is about 300 to about
450C, preferably about 340 to about 410C. The pressure generally is about 2
to about 2EX@MIE lpreferably about 10 to about 20 MPA. The liquid hourly

space velocity generally is about 0.1 to about 10 h-1, preferably about
0.2 to about 2 h-1. The hydrogen WD 02/09870 PCT/EP01/08772 11 to

f eedst ock r880i grap®y) earuiatet sasPBIOMina O dlomakiant siBRe vrEladdeidaber® eys about
600 to about 1000 NI/I. The process may be carried out in a fixed bed or a
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M hutegsal ebecSitn Mifihg® e S0y was altertd Ynthe' fiter ke’ was Washed with '
water and introduced into a kneader. 99 grams of commercially available
dimethyl silicone oil (KF96 by Shin-Etsu Chemical Co. Ltd.) were added, and
the mixture was kneaded for 30 minutes at room temperature until an
extrudable mixture (water content of 63%) was obtained. The mixture was

20 extruded to form cylinders with a diameter of 1.0 mm. The extruded material
was dried at a temperature of 120°C for 15 hours and subsequently calcined for
1 hour at 500°C. The extrudates were impregnated with an aqueous
impregnation solution comprising molybae'num trioxide, nickel carbonate, and
orthophosphoric acid, after which the impregnated extrudates were dried at
25 80°C for 18 hours in air followed by calcination at 450°C for three hours to
obtain a hydroprocessing catalyst. The composition and properties of the

catalyst are given in Table 1.

Comparative Example 1

30
A carrier was prepared as described in Example 1, up to and including the
dispersion and aging in the ammonium carbonate solution. Then, the slurry was

filtered and the resulting filter cake was dispersed in 75 liters of 30°C water and



wat er and introduced into a kneader. 99 granms of commercially avail able
dinmethyl silicone oil (KF96 by Shin-Etsu Chem cal Co. Ltd.) were added, and
t he m xt we omwes7kneaded for 30 m nutes at room t enper at ur BCYEPI1/08aT?
extrudabl e m xture (water content of 63% was obtained. The m xture was 20
extruded to formcylinders with a dianeter of 1.0 mm The extruded materi al
was dried at a tenperature of 120C for 15 hours and subsequent cal ci ned
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to obtain a hydroprocessing catal yst. The conposition and propertjes of
the Ccat al Y& Hicsoc e e CoupEs HosisAANATE BXARBRECERskISREdingt was
prepareg a i i Em i 280\ Wdi : i Lon and
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and t he reswlsttheg extiuded todhenveyinderspeitls adliamefdr ofi 1.6 mamofThasxtimamiaées and

WO 02/ 09870 PCT/ EPO1/ 0877 12 a erglass solutipon (6wt.%silic¢a), was
added i n 1 WTe HINEE Vo Afoa csatabst Hebe PIRbarel) tPErefore 3o 0beherL b and
kept at thehahHPer abNe TIRE canfpeiidon Ay [])_%Bé?fh@s ?f $he RefHDhr8igiven in
silica-coated alum na hydrate particles. The dispersion was filtered, the
filter cakdambesiwashed with water and heated and kneaded in a 5 kneader
unti | 2 extrudable mx (water content 63% was obtained. The m xture was
then extruded to formcylinders with a dianmeter of 1.0 mm The extrudates
were furtheonipfaties B@shme gat al yst was prepared therefrom as described in

Exanpl e 1 above. The conposition and properties of the catalyst are given
in Table 1. 10 Conparative Exanple 2 Exanple | was repeated, except that

the wat er Ig%gfgﬁﬂé 1 Lvatsh?eeoseitailt%déa%@ekﬁﬁgﬁgt tHYY YRl P BREAY Bf B sHRbUlutiAs 66%

The conpos and proper
hydrate before extrusion was 66%. The composition and properties of the

15 catalyst are given in Table 1.
Comparative Example 3
Example 1 was rep'eated, except that instead of silicone oil 20 grams of a silica
20 sol (colloidal silica, silicic anhydride 30%) were used. The composition and
properties of the catalyst are given in Table 1.

Comparative Example 4

25 Example 1 was repeated, except that no silicone oil was added. The

composition and properties of the catalyst are given in Table 1.
Example 5

30 The catalysts of Example 1 and Comparative Examples 1 through 4 were tested
in hydroprocessing of a heavy hydrocarbon feedstock. The feedstock used in
these examples was a Middle East atmospheric distillation residuum having the

following properties:



15 catal yst are given in Table 1. Conparative Exanple 3 Exanple 1 was
repeat ed, except that instead of silicone oil 20 grans of a silica 20 sol
(col | oi davostbase@m, silicic anhydride 3099 were used. The POIVER&I/MSTENn and
properties of the catalyst are given in1g3able 1. Conparative Exanple 4 25
Exanple 1 was repeated, except that no silicone oil was added. The
conposition and properties of the catalyst are given in Table 1. Exanple 5
30 The catal ysts of Exanple 1 and Conparative Exanples | through 4 were

tested in‘WﬁW §ssi 0 eavy hy afb‘m'i_f‘_ef‘e—dﬁ__ock. The feedstock

used in t W was —a MddteEast—atmn ICIIb dirsitillati on resi duum
haVI ng the onoyr LG \AD n2/ laYoXehwi anlJ_nQ772 13 Sul fur

(Wt.%94.7 N @Pﬁg&{m %ﬁﬂy@zw&ﬁ"@nmm um -+ nj r‘l(%& {wopm)-38 |IAsphal t ene
(wt. 9% 3.9 FAsPhaleN: 6Vt Yng above 390C (wt. % 8P (ASTM D 5307) Density

(g/ i, 15C) bragion Huling abpve RBOWa(ML. %3t to bedtested was jpacked into a
fixed bed &a8ThtD 580F) feedstock was introduced into the unit at a liquid
hourly spa¢®ereltp¢giy, 05°C). 7 h 5 1, a hydrogem9pasti al priessure of 13 MPa,
a reaction Teénperature of 395C in the Tixed bed, wth e ratio of
supplied hydrogen to feedstock (H2/0il) being kept at 800 NI/I. The
process waS0chM rafetiteocatalyst thdd tenied mmck%mtm & fxeddbed r@&@dUCEble by
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the fixed bed, W|th the ratio of supplied hydrogen to feedstock (H,/oil) being kept

at 800 NI/I. The process was carried out in the liquid phase.

The oil product produced by this process was collected and analysed to

calculate the amounts of sulfur (S), nitrogen (N), and metals (M) removed by the
10 process, as well as the 390°C+fraction. The relative volume activity values were

obtained from the following formulae.
RVA = 100 * k (tested catalyst)/ k (Comparative Catalyst 4)
15  wherein for HDS
= (LHSV/(0.7)) * (1°7 - 1/x°7)
and for HDN, HDM, and 390°C+ conversion
20

k= LHSV * In (x/y)

with x being the content of S, N, M, or 390°C+ fraction in the feedstock, and
y being the content of S, N, M, or 390°C+ fraction in the product.
25



RVA = 100 * k (tested catalyst)/ k (Conparative Catalyst 4) 15 wherein for
HDS k = (LHSV/ (0.7)) * (1/y0-7 - 1/x.7) and for HDN, HDM and 390C+
conversi om0 02®8ko = LHSV * In (x/y) wth x being the contral/EBé/@B772N, M or
390C+ fraction in the feedstock, and yideing the content of S, N, M or
390C+ fraction in the product. 25 WO 02/09870 PCT/EPO1/08772 14 The
results ar iven in Table.1 bel o Exanple 1Conp. Conp. Conp. Conp.

Exanpl e 1E§Q pg&ﬁ%y%n ﬁﬁ%lkbﬂlo%t al yst conposition MO03 (wt.

99 12.012.012. 012.012.0 NNO (W . % 3.03.03.03.03.0 P205 (wt.9% 3.63.63.63.63.6

silica (wt.%5.05.05.05.05.0 alunm nabal ancebal ancebal ancebal ancebal ance
surface ariga 20025019021 0e (InpCgMPAPD (|rfigrag. 08. DCoHnF1.2. 01 2COMRIS
Example 1 | Example 2 | Example 3 | Example 4
Catalyst
composition
MoO3 (wt.%) | 12.0 12.0 12.0 12.0 12.0
NiO (wt.%) 3.0 3.0 3.0 3.0 3.0
P205 (wt.%) | 3.6 3.6 3.6 3.6 3.6
silica (wt.%) |[5.0 5.0 5.0 5.0 5.0
alumina balance balance balance balance balance
surface area | 200 250 190 255 210
(m2/g)
APD (nm) 13.0 8.0 14.5 12.0 12.0
29Si -33 -80 -85 -107 -
maximum
peak (ppm)
%PV(APDz5 | 63 66 48 67 68
nm)
PV (ml/g) 0.48 0.46 0.55 0.50 0.65
Test results
RVA HDS 115 110 100 100 100
RVA HDN 150 110 130 98 100
RVA HDM 109 105 115 100 100
RVA 390°C+ | 120 107 95 97 100

From the results in Table 1 it can be seen that the catalyst of Example 1 shows

5 better results in the removal of sulfur, nitrogen, and metals, and in the
conversion of the 390°C+ fraction, than tl‘1e' catalysts of Comparative Examples
1 through 4.



maxi mum - 83- 80- 85- 107- peak (ppm %V(APD5 6366486768 nm) PV

(m /g)0.480. 460. 550.500. 65 Test results RVA HDS115110100100100 RVA
HDN1501 13 09&800 RVA HDML09105115100100 RVA 3900C+120107P6DERQAMSFr2om t he
results in Table 1 it can be seen that tihe catal yst of Exanple 1 shows 5
better results in the renoval of sulfur, nitrogen, and netals, and in the
conver si onMM)% 390C+ fraction, than the catal ysts of Conparative
Exanpl es gh 4. WD 02/09870 PCT/EPO1/08772 15 CLAIMS 1. A
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of heavy hydrocarbon feedstocks which conprises at |east one netal 5
conmponent df G dupydrpRrenessing @talypt suitablerin pastiguarefordbapidsinigeessing a-

mai . e mum of 9 Epea BieEBrl M RS ufigs "GrblEes B e bl Gheel,
bet weensabout - 8dnjpomeandf Gbows \AB A diRMGraupdy Whe aidarrigéheortptisthy stlicaas an

aver age pore di aneter gAPD)_ of about 10 to about .30 10 nm a total pore
vol une of at | ea@imiggoifie giligargluina caiier fvving aa o NMidSRECHBD Whetsibut

2. 'The Catal yat "07 TGRS he ek Sodfied EENE Paflye of 80 Ao
about 1 15 to adldQuiprdls hetWeeprabioat a30ypphaitd Sodut -adBDIppA) and. Wherein
the catalyst has an average pore diameter (APD) of about 10 to about 30
10 nm, a total pore volume of at least about 0.3 ml/g, a surface area of
about 130 to about 300 m?/g, with the %PV[(APD * 5 nm)/(PV<60 nm)]

being at least about 50%.

2. The catalyst of claim 1 wherein the carrier has a silica content of about 1
15 to about 20 wt.%, preferably about 3 to about 10 wt.%.
3. The catalyst of claim 1 or 2 which comprises about 4 to about 20 wt.% of

a Group VI metal component, calculated as trioxide, preferably
molybdenum, and about 0.5 to about 6 wt.% of Group VIl metal

20 component, calculated as oxide, preferably nickel or nickel and cobait.

4. The catalyst of any one of the preceding claims wherein the %PV[(APD *
5 nm)/(PV<60 nm)] is at least about 55%, preferably at least about 60%.

25 5. A process for preparing the catalyst of any one of the preceding claims
wherein the silica in incorporated into the catalyst composition via an

organic silicon compound.

6. The process of claim 5 wherein the silicon compound is selected from
30 the group of alkylsilanes, alkoxysilanes, and straight or modified silicon

oils.



3. The catalyst of claiml or 2 which conprises about 4 to about 20 w. % of
a Goup VI netal conponent, calculated as trioxide, preferably nolybdenum
and aboutw@o%o48o about 6 wt. % of Group VIII netal 20 conppaemP)1/08at2cul at ed
as oxide, preferably nickel or nickel andg cobalt. 4. The catal yst of any

one of the preceding clai ms wherein the %9V[(APDt 5 nm/(PV<60 nm] is at

| east about, 55% refer east about % 25 5. rocess for.

preparing t'he Cﬁ W:?[SS %P% @p&chSﬁgxgquG}&%pﬁﬁrban ‘AﬁES&ﬁE%P’@eﬁeph%

silica in incor Wﬁ%c%(ﬂbérﬁ‘tféecgé“t@cl@@é %bﬁ?écté&%t?xsh&dr%@eﬁ'é} éﬁenfb"e@a’i[]ré of

silicon conmpound. 6. The process of claim5 whereinthe silicon congound i's
r

sel ected from abouhd0griowbast 480RG Iasid ahydrogainkpaisl peasssre ahabettraitght or
nodi fied silicon,_ o 02/ 09870 PCT/EP01/08772 16 7. A process for the
hydr opr ocessi ngagf) ng Mcdr bon feedst ocks wherein a hydr ocar bon feedst ock
is contgcted with hydrogen at a tenperature of about 300 to about 450C and
a hydrogen partial pressure of about 2 to about 22 MPa. 5 8. The process
of cl ai m 7 8wher dihe preeess ef oleim bowheerid iebydiegsrizan fesdstirck has arels oibout

390C. 10 5 Tho br'aeesaofRr o B huglelL il "Brst RPRTbCE wie: BT oo

has a sul fur cesddRbclobodabbvd380i® about 2 wt. % and/or a netals content,
cal cul ated as Ni +V, of about 5 to about 50 wppm
10 9. The process of claim 7 or 8 wherein the hydrocarbon feedstock has a
sulfur content of about 0.1 to about 2 wt.% and/or a metals content,

calculated as Ni+V, of about 5 to about 50 wppm.



