WO 00/ 44856 PCT/ EPO0/ 00489 Hydroprocessing catalyst and use thereof 5 The
present invention relates to a hydroprocessing catalyst and its use in the
hydr opr ocessi ng of heavy hydrocarbon oils. Mre particularly, the present

i nventi onwbe,b,_ag,gg to a catalyst suitable for the hydroprogesspigoodso heavy
hydr ocarbon oils containing a | arge anount of 10 inpurities such as

sul phur, Conradson carbon residue (CCR), netals, nitrogen, and asphaltene
to effect hydrodesul phurisation (HDS), carbon residue reduction (HDCCR),
hydr odenetal | i sati on (HDM, hydrodenitrification (HDN), asphaltene
reduction (HDAsp) and/or conversion into |ighter products. The present
|nvention also relates to a process for hydroprocessing heavy hydrocarbon

oils Fﬁ/bﬂﬁ)réé‘é% g@%g{@(ﬁt antisyeosardy®n oils containing 50 wt % or nore of

corrponents wth a ing point of 538C or higher are called heavy
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hi gher econom ¢ val ue. Various catal ysts have been proposed for this

purpose in the art. Generally, 25 these catalysts are capabl e of
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reduction (HDAsp) and/or conversion into lighter products. The present

invention also relates to a process for hydroprocessing heavy hydrocarbon oils

15  using said catalyst.

Hydrocarbon oils containing 50 wt% or more of components with a boiling point
of 538°C or higher are called heavy hydrocarbon oils. These include
atmospheric residue (AR) and vacuum residue (VR), which are produced in
20 petroleum refining. It is desired to remove impurities such as sulphur from these
heavy hydrocarbon oils by hydroprocessing, and to convert them into lighter

oils, which have a higher economic value.

Various catalysts have been proposed for this purpose in the art. Generally,
25 these catalysts are capable of efficiently removing sulphur, Conradson carbon
residue (CCR), various metals, nitrogen and/or asphaltenes. However, it was
found that the decomposition of asphaltenes is generally accompanied by the
formation of sediment and sludge. Sediment can be determined by the Shell hot
filtration solid test (SHFST). (see Van Kerknoort et al., J. Inst. Pet., 37, p. 596
30 604 (1951)). Its ordinary content is said to be about 0.19 to 1 wt.% in product
with a boiling point of 340°C or higher collected from the bottom of a flash drum.

CONFIRMATION COPY



2 Sedi nent forned during hydroprocessing may settle and deposit in such
appar at uses as heat exchangers and reactors, and because it threatens to

cl ose off the passage, it may seriously hanper the operation of these .
appar at use 0054849ser ef ore, in the i nprovenment of hydropr ocePETIRPOCOI4EY ySt S
there is need for a catalyst which achieves a high | evel of contam nant
renoval with |low sedinent formation. 10 Japanese Patent Lai d-Qpen No.

1994- 88081 di scl oses a hydroprocessing pethod for heavy hydrocarbon oils
by using a catalyst with a specific pore size distribution. In this nethod
a catalyst is used with 3 to 6 w.%of a Goup VIII netal oxide, 4.5 to 24
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present inal\g%rgﬁjggsth a diameter below 250 A is present in a range of 20 A
bel ow the NMPD to 20 A above the MPD, and 22-29% of the total pore volune
is present in 20 pores with a dianeter of nore than 250 A However,
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hydr oprocessing nethod for heavy oils, and a catal yst used to inplenent
thi s net hodformgtieRi s reference a catalyst was proposed with 2.2 to 6 w.%
of a Goup VIII netal oxide and 7 to 24 w.%of a Goup VIB netal oxide on
a porous alumna carrier, which catalyst has a surface area of 150-240
n2/ g, aid ot dhpapwse Rateme Lafd-Opent dlo. 1994-88081 discloses a hydroprocessing

method for heavy hydrocarbon oils by using a catalyst with a specific pore size
distribution. In this method a catalyst is used with 3 to 6 wt.% of a Group Vil
metal oxide, 4.5 to 24 wt.% of a Group VIB metal oxide, and O to 6 wt.% of
phosphorus oxides loaded onto a porous alumina carrier which has a specific
15  surface area of 165 to 230 m%/g, a total pore volume of 0.5 to 0.8 ml/g, and a
pore size distribution wherein 5% or less of the total pore volume is present in
pores with a diameter less than 80 A, 65-70% of the total pore volume present
in pores with a diameter below 250 A is present in a range of 20 A below the
MPD to 20 A above the MPD, and 22-29% of the total pore volume is present in
20 pores with a diameter of more than 250 A.
However, although this method can achieve efficient hydrodesulphurisation and
Conradson carbon reduction, it does not solve the problem of sediment

formation.

25 Japanese Patent Laid-Open No. 1994-200261 discloses a hydroprocessing
method for heavy oils, and a catalyst used to implement this method. In this
reference a catalyst was proposed with 2.2 to 6 wt.% of a Group VI metal
oxide and 7 to 24 wt.% of a Group VIB metal oxide on a porous alumina carrier,
which catalyst has a surface area of 150-240 m?/g, a total pore volume of 0.7 to

30 0.98 ml/g, and a pore size distribution wherein less than 20% of the total pore

volume is present in pores with a diameter less than 100 A, at least 34% of the



30 0.98 m /g, and a pore size distribution wherein | ess than 20% of the
total pore volunme is present in pores with a dianmeter | ess than 100 A at
| east 34% of the WO 00/ 44856 PCT/ EP0O0/ 00489 3 total pore volune is present
i n pores wotde/4a8sdi amet er of 100-200 A, and 26-46% of the PoraiPo@@4gs vol ume
is present in pores with a dianeter of nore than 1000 A However, this

cat al yst does not show a sufficient decrease in sedinent formation. 5
Japanese Patent Disclosure No. 1992-502736 and European Patent No. 0437
512-B di sclose a catal yst for denetallisation and hydrodesul phuri sation of
heavy hydrocarbon oils. This catalyst has 5-11 %of its total pore volune
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catal yst 25 does not show a high I evel of contam nant renoval acconpanied
by | ow

Japanese Patent Laid-Open No. 1996-89816 discloses a hydroprocessing
catalyst with at least one hydrogenation metal component loaded onto a carrier
containing 2-40 wt.% of silica. This catalyst has a specific surface area of 200-
15  400m%qg and a total pore volume of 0.4-0.55 ml/g, as measured by way of
mercury penetration, with the pore volume present in pores with a diameter of 0
to 300 A, as determined by nitrogen adsorption, accounting for 75% or more of
the pore volume present in pores with a diameter above 40 A, as determined by
mercury penetration. The catalyst has an average pore diameter, as determined
20 by nitrogen adsorption, of 40-90 A. The pore volume present in pores with a
diameter of 300 to 150,000 A, as determined by mercury intrusion, is 0.01-0.25
ml/g, and the pore volume present in pores with a diameter of 300 to 600 A, as
determined by mercury penetration, makes up 40% or more of the pore volume
present in pores with a diameter of 300 to 150,000 A. However, this catalyst
25 does not show a high level of contaminant removal accompanied by low

sediment formation.

The object of the present invention is to provide a catalyst which is suitable for
the hydroprocessing of a heavy hydrocarbon oil containing a large amount of

30 impurities such as sulphur, Conradson carbon residue, metais, nitrogen, and/or



sedi ment formation. The object of the present invention is to provide a
catal yst which is suitable for the hydroprocessing of a heavy hydrocarbon
oil containing a large anmount of 30 inpurities such as sul phur, Conradson
car bon rewodwagsseet al s, nitrogen, and/or WO 00/ 44856 PCT/ EPOD/EDPGsIRE89 4
asphal tenes, to obtain efficient renmoval of these conpounds and the
production of lighter material with only limted sedinent formation.

Havi ng studied intensively the above praoplem the inventors found that a 5
catalyst with three nmetal conponents including a Goup I A alkali netal on a
porous carrier containing a specific anount of silica, which catalyst has a

specified r , ;#{r%m S/ i J i
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catal yst conprising 7-20 wt. % of a G oup VIB hydrogenation netal conponent,
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| east 2 w. % of sul phur and . . . . )
More in particular, the present invention is directed to a hydroprocessing
catalyst comprising 7-20 wt.% of a Group VIB hydrogenation metal component,
calculated as trioxide, 0.5-6 wt.% of a non-noble Group VIII hydrogenation
metal component, calculated as oxide, and 0.1-2 wt.% of an alkali metal
15 component, calculated as oxide, on a carrier, wherein the carrier comprises at
least 3.5 wt.% of silica, calculated on the catalyst, the catalyst having a surface
area of at least 150 m?%g, a total pore volume of at least 0.55 ml/g, and a pore
size distribution which is such that 30-80% of the pore volume is present in
pores with a diameter of 100-200 A and at least 5% of the pore volume is

20 present in pores with a diameter above 1000 A.

The present invention is also directed to a process for hydroprocessing a heavy
hydrocarbon feed in which a heavy hydrocarbon feed at least 50 wt.% of which
boils above 538°C (1000°F) and which comprises at least 2 wt.% of sulphur and
25 at least 5 wt.% of Conradson carbon is contacted at a temperature of 350-
450°C and a pressure of 5-25 MPa in the presence of hydrogen with the

catalyst according to the invention.

It was found that the catalyst according to the invention, with its specified
30 amounts of Group VIB metal, Group VIl metal, and Group |A metal on a carrier

with a specific amount of silica, which catalyst has a specific surface area, pore



25 at least 5 wt.% of Conradson carbon is contacted at a tenperature of
350- 450C and a pressure of 5-25 MPa in the presence of hydrogen with the
catal yst according to the invention. It was found that the catal yst -
accor di ngwomotshssei nvention, with its specified 30 anountspof/E€maopsdV B
metal, Goup VIII netal, and Goup IA netal on a carrier wth a specific
anmount of silica, which catalyst has a specific surface area, pore WO

00/ 44856 PCT/ EPOQO 00489 5 volunme, and pgre size distribution, makes it
possible to efficiently remove contam nants such as sul phur, nitrogen,
nmetal s, Conradson carbon, and/or asphaltenes from a heavy hydrocarbon feed
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The present invention is described in detail below.

The catalyst of the present invention comprises catalytic materials on a porous
carrier. The catalytic materials present on the catalyst according to the invention

15  comprise a Group VIB metal, a Group VIl metal, and a Group IA metal (alkali
metal) of the Periodic Table of Elements applied by Chemical Abstract Services
(CAS system).

As the Group VIII metals which can be used in the present invention, nickel,
cobalt, iron, etc. may be mentioned. These compounds all have a high

20  hydrogenation activity. However, in view of performance and economy, nickel is
preferred.

As the Group VIB metals which can be used, molybdenum, tungsten, and
chromium may be mentioned, but in view of performance and economy,
molybdenum is preferred.

25 As a specific feature of the present invention an alkali metal which is a Group IA
metal is present in the catalyst. Sodium and potassium may be mentioned as
suitable materials. Sodium is preferred for reasons of performance and
economy.

The combination of molybdenum, nickel, and sodium is particularly preferred for

30 the catalytic materials of the catalyst according to the invention.



As the Group VIB netals which can be used, nol ybdenum tungsten, and

chrom um may be nentioned, but in view of performance and econony,

nol ybdenumis preferred. 25 As a specific feature of the present invention
an al kal i woedoadsashi ch is a Goup |A netal is present in tireTEPD@DOAST .

Sodi um and potassi um may be nentioned as suitable materials. Sodiumis
preferred for reasons of perfornmance and econony. The conbination of

mol ybdenum nickel, and sodiumis particglarly preferred for 30 the
catalytic materials of the catal yst according to the invention. WO 00/ 44856
PCT/ EPOO/ 00489 6 Based on the weight (100 wt.% of the final catalyst
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10  will not be improved further.

The amount of Group IA metal is 0.1-2 wt.%, preferably 0.2-1 wt.%, calculated
as oxide. If less than 0.1 wt.% is present, the desired effect will not be obtained.
If more than 2 wt.% is present, the activity of the catalyst will be adversely
affected.

15
The carrier of the catalyst according to the invention comprises at least 3.5 wt.%
of silica, calculated on the weight of the final catalyst, preferably 3.5-30 wt.%,
more preferably 4-12 wt.%, even more preferably 4.5-10 wt.%. If less than 3.5
wt.% of silica is present, the performance of the catalyst is insufficient.

20 The balance of the carrier of the catalyst according to the invention will
generally be made up of alumina, optionally containing other refractory oxides,
such as titania, zirconia, etc. It is preferred that the balance of the catalyst
according to the invention is made up of at least 90% of alumina, more
preferably at least 95%. It is preferred for the carrier of the catalyst of the

25 invention to consist essentially of silica and alumina, the wording “consists
essentially of being intended to mean that minor amounts of other components
may be present, as long as they do not influence the catalytic activity of the

catalyst.

30 At this point in time it is considered preferred for the catalyst according to the

invention to consist essentially of the Group VIB metal component, the Group



nore preferably 4-12 w.% even nore preferably 4.5-10 wt.% If |ess than
3.5 w.%of silicais present, the performance of the catalyst is

i nsufficient. 20 The bal ance of the carrier of the catal yst according to

t he i nvenwoma/4ysskl generally be made up of al um na, opti oRa@r/EP0E@WAR%I ni Nng
other refractory oxides, such as titania, zirconia, etc. It is preferred
that the bal ance of the catalyst according to the invention is nmade up of
at | east 90% of alum na, nore preferably at least 95% It is preferred for
the carrier of the catalyst of the 25 invention to consist essentially of
silica and alum na, the wording " consists essentially of being intended
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Group | A menay detimenielly afechipeaproarttiessiitiae catalystsul phi de, dependi ng on
the circunstances. The presence of other conponents 5 may detrinentally
affect the properties of the catalyst. It is inmportant that the catalyst
accor di ng t10id epomaenihia0thd aatalystdoacdingrteahe ipoestiorohasts sardcgaren,si ze
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than 0.55 mg.istiB&s than 150 m?g, the performance of the catalyst is insufficient. The

surface area is determined by nitrogen (Nz) adsorption using the B.E.T method.
The total pore volume of the catalyst as determined by mercury intrusion is at

15 least 0.55 mllg, preferably 0.6-0.9 mi/g. If it is less than 0.55 ml/g, the
performance of the catalyst is insufficient. The determination of total pore
volume and pore size distribution is effected at a contact angle of 140° with a
surface tension of 480 dynes/cm, using, for example, a mercury porosimeter
Autopore |l (trade name) produced by Micrometrics.

20
The catalyst according to the invention has 30-80% of the total pore volume in
pores with a diameter of 100-200 A, preferably 35-75%, more preferably 40-
65%. If less than 30% of the pore volume is present in this range, the catalyst
performance is insufficient. If more than 80% of the total pore volume is present

25 in this range, the sediment formation increases.
At least 5% of the total pore volume is present in pores with a diameter above
1000 A, preferably between 8 and 30%, more preferably between 8 and 25%. If
less than 5% of the pore volume is present in this range, the asphaltene
cracking activity decreases, which leads to increased sediment formation. If the

30 percentage of pore volume present in pores with a diameter above 1000 Alis

above 25%, particularly above 30%, the sediment formation may increase.



performance of the catalyst is insufficient. The determ nation of total
pore volune and pore size distribution is effected at a contact angl e of
140 with a surface tension of 480 dynes/cm using, for exanple, a mercury
por osi net wo 00A4856pore 11 (trade nanme) produced by M cronet PCTEPIE@48he
catal yst according to the invention has 30-80% of the total pore volune in
pores with a dianeter of 100-200 A, preferably 35-75% nore preferably 40-
65% If |less than 30% of the pore voluneg8is present in this range, the
catalyst performance is insufficient. If nore than 80% of the total pore
volume is present 25 in this range, the sedinent formation increases. At

| east 5% of the total pore volune is present in pores with a dianeter above
1000 A, preferably between 8 and 30% nore preferably between 8 and 25% |If
| ess t han 586 dhdichtech@beveoltheecarseprafsthet datalysli aceaisirg tehtheadpiemtiogne
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leading to c(::aarFirexlf.elflgwgggr', tv'a?ig%%él tl'?eorggﬁllg'aé}ﬂg to carriers additionally comprising
other components such as zirconia or titania will be evident to the skilled

person.

15 The silica-alumina can, for example, be produced by combining a silica source
such as sodium silicate with an alumina source such as sodium aluminate or
aluminium sulphate, or by mixing an alumina gel with a silica gel, followed by
moulding, drying, and calcining. The carrier can also be produced by causing
alumina to precipitate in the presence of silica in order to form an aggregate

20 mixture of silica and alumina. Examples of such methods are adding a sodium
aluminate solution to a silica hydrogel and increasing the pH by the addition of,
e.g., sodium hydroxide to precipitate alumina, and coprecipitating sodium

silicate with aluminium sulphate.

25 Among these various production methods the carrier used in the present
invention is produced preferably by adding an acid aqueous solution of an
aluminium compound to an alkaline solution in order to prepare an alumina gel,
adding an alkali metal silicate thereto in order to prepare silica-alumina gel,
followed by extruding, drying, and calcining to obtain a silica-alumina carrier

30 particle.



ot her conponents such as zirconia or titania will be evident to the skilled
person. 15 The silica-alum na can, for exanple, be produced by conbining a
silica source such as sodiumsilicate with an alum na source such as .
sodi um al woisogagseor al um ni um sul phate, or by m xi ng an aPOMERGY/@489 Wi t h a
silica gel, followed by noulding, drying, and cal cining. The carrier can
al so be produced by causing alumna to precipitate in the presence of
silica in order to forman aggregate 209m xture of silica and al um na.
Exanpl es of such nethods are adding a sodium alum nate solution to a
silica hydrogel and increasing the pH by the addition of, e.g., sodium

hydr oxi de AOmBFeEbiref Srodiudiibm tetBOd i EPsEDeRl Beadwng sodi um silicate with
al um ni um sul phate. 25 Anong t hese various production nethods the carrier

used in the present invention is produced preferably by adding an acid

o pr opar o L ot Il e R, ghgtHS ABARE ah AR SRR, R b RRe' Br o 0!

order to peeganhe hyitdxide & f&d imto gefank o‘awteinom@dtalpywatetrrardnastgwawryangmcand
calcining to obtain a silica-alumna carrier g]rtl cle, WD 00/44856

PCT/ Epc@/ osadon@f AMalEipigAE ﬁ@v@epe&juekumwur%ﬁH aje Oaéw‘mm rbtéﬁ*tsw
First, an al E&édéd Sé%lcymg%sam ,ﬂ&t@%%méa Uﬁmé‘? of m%HFBh or
e'is ap wat er ot ter,

sodi um hydrOX| into cont al ni ng an
afl d 5 sothd ireactidn progressesi Breferabeeafter gll, thal anidnalumisilnp hetrepound
alumniumnitrate, added, and th sul m Xt ur S xed.. .The pH of
the m xtur éot&‘lﬁ'ﬁﬁd&s E@e”t%‘g’erdeé'&?l Sﬁ 'S¢ 0 % g CRMB P&P@h%m'éPgﬁ t he
acid al um pj HRPSES] capBbbRihdis been added the pHis 7 to 9..After
conpl etion o he m XTI ng an al um na hydrogel can be obtai ned. 10 Then, an

al kal i 10ret a1heSl Bhcdkali metdl siicate wacieas @l weterarasmooegaigenisisiiceasalelian i on
is added as silica source. To mix the silica source, it can be fed into the tank

together with the acid aluminium compound solution or after the aluminium
hydrogel has been produced. If the silicate compound concentration in the liquid
containing the alumina gel is controlled in a range of 5-10 wt.%, a carrier
15  containing 3.5 wt.% or more of silica, calculated on the weight of the final
catalyst, can be produced. By such mixing, a silica-alumina hydrogel can be
obtained.
The obtained silica-alumina hydrogel is separated from the solution, and any
commercially used washing treatment, for example a washing treatment using
20 tap water or hot water, is carried out to remove impurities, mainly saits, from the
gel. Then, the gel is shaped into particles in a manner known in the art, e.g., by

way of extrusion, beading or pelletising.

Finally, the shaped silica-alumina particles are dried and calcined. The drying
25 condition is room temperature to 200°C in the presence of air, and the calcining
condition is 300 to 900°C, preferably 600 to 850°C, in the presence of air.

By the above production method, it is possible to obtain a silica-alumina carrier
containing a desired amount of silica and having properties which will give a
30 catalyst with the surface area, pore volume, and pore size distribution

characteristics specified above. The surface area, pore volume, and pore size



is added as silica source. To mx the silica source, it can be fed into the
tank together with the acid al um ni um conpound solution or after the

al um nium hydrogel has been produced. |If the silicate conmpound -
concent r awpDaw/44836t he | i quid containing the alum na gel ispcompeczdoksdd in a
range of 5-10 wt.% a carrier 15 containing 3.5 w.% or nore of silica,

cal cul ated on the weight of the final catalyst, can be produced. By such
m xi ng, a silica-alum na hydrogel can bgy obtained. The obtai ned
silica-alum na hydrogel is separated fromthe solution, and any
commercially used washing treatnment, for exanple a washing treatnent using

20 tap vat gloy @ el HaRleristits A bBIagiibiddin SR HEMHd 16 the "Bid
salts, fromthe gel. Then, the gel 1s shaped into particles In a nmanner
known i n t bersant foreegamphy byvtine addidan rdisingnthebeaxinggoroshamihg edtepiafigan
Finally, the shaped silica-alumna particles are .sri ed ﬁnd cal cined. The
drying” 252E@ndUCho?s i"%t”Po%‘?ﬁjté‘ﬁB@? Or {f8MGo@CiEn of HINEF é’?@??@éma? AHr,

and the Cahﬁjdg(;mgiam%ﬁyt'%PByir%ggr@gnéQh@Q/@ét@r cBR@IRIARhY HRA-A0nfedGel I N

t he presence r. e aboVve production nethod, it is possible’to

obt ai n & sblyiaddirgg amiemaoving water. cont ai ni ng a desired amount of silica and
havi ng properties which will give a 30 catalyst with the surface area,
pore vol une, and pore size distribution characteristics specified above.

The surfacqnhar@wiePor YSEA! IFBtheddilalsl Sccurdibg\O tRQirARRIBNRFEIFRNHAE489 10

distribution characteristics can be adjusted in a manner know to the
skilled péugace area oéxBPpBE0 1Y) /g heosel direfiesab i utthdd @me gmiaxidng tetal 8REDI ng
step of an id Cc i L id ic acid or formc acid, or other
conmpounds gg%%neoaf@’:éngnﬁ&(irblr%{éelrr%@@féjgy@&g ulating the water content of the
silica4@l um na gel 5 by adding or renmoving water. The carrier to be used

in the catal yst according to the inventio referably has a surface area
of 180- 300 The/GroupoY'8 5\624'&%&@%%%}- ERHPE\"@' mgiR| comRranaNty e Group 1A

metal components can be incorporated into the catalyst carrier in a conventional
manner, e.g., by impregnation and/or by incorporation into the support material
before it is shaped into particles. At this point in time it is considered preferred
15  to first prepare the carrier and incorporate the catalytic 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. For the Group
VIB metals, ammonium heptamolybdate, ammonium dimolybdate, and
ammonium tungstenate may be mentioned as suitable precursors. Other
20 compounds, such as oxides, hydroxides, carbonates, nitrates, chiorides, and
organic acid salts, may also be used. For the Group VIII metals, suitable
precursors include oxides, hydroxides, carbonates, nitrates, chiorides, and
organic acid salts. Carbonates and nitrates are particularly suitable. Suitable
Group |A metal precursors include nitrates. The impregnation solution, if
25 applied, may contain other compounds the use of which is known in the art,
such as organic acids, e.g., citric acid. 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 are to be deposited, or a portion

30 thereof. Instead of impregnating techniques, dipping methods, spraying



volume of 0.5-1 m /g, preferably 0.6-0.9 m/g. 10 The G oup VIB netal
conponents, Goup VIII netal conponents, and G oup |A netal conponents can
be incorporated into the catalyst carrier in a conventional manner, e.g.,
by i npr egwatdoanssand/ or by i ncorporation into the support mRCEmEPad/ 004kl or e
it is shaped into particles. At this point intinme it is considered
preferred 15 to first prepare the carrier and incorporate the catalytic
materials into the carrier after it hag4been dried and cal ci ned. The netal
conponents can be incorporated into the catalyst conposition in the form
of suitable precursors. For the G oup VIB netals, anmmoni um hept anol ybdat e,

anmoni um di a d nj t | Qf S
suitabl e pr'gg{ﬁb?gr %.?C' (&%ﬁe e%ggb‘nrgéﬂl?ngés%éﬁc I@glggmpgggﬁﬁ%r{d%ra@s?tc.,
car bonat es, dripingr &id?6r c8ibindid #es, beacalriedrogaini betwdath.sal ts, may al so be used.

For the Group VIII metals, suitable precursors include oxides, hydroxides,
carbonates, nitrates, chlorides, and organic acid salts. Carbonates and

nitrates ar i r i I j I rSOkS
Mncl ude” i (atabe! @l kiRt kad e Hob SR SedhBh the CafihistlooRfEHRO o
ot her canpdsgsiohbily dsed af aintfloehfor @abkabud tion1@ heues &t a tewpharadgredvefareo

acids, e.g., citric acid. | ] be clear to,the, skilled. person that

there is a 'APHblaBRFEIYP %féé ?ﬁb%é)r%”doﬁ“qsiﬁoéjeﬁgyi‘?@éf.'n%%?'rﬁ?r ?go"_btoggq Bile to
apply a plpgaki byerSfablyTRILEBAE BO260-8089C ! proférapaBe16018Cs hetding ko0 be
used containing one or nore of the conponent precursors that are to be
deposi t ed, doneatopphysicaily3emavertbefdeppaiedadter Thepeadgnig iagonedamiripge,

be” used. 1 riepnn el i, BF e ARBuGRTEsRT BBt tolRe B ofhg °"

and/ or al cining may be carried out in between. After the active netals
have been incorporated into the catal yst conposition, it 5 is optionally
dried in ai The catalyssasiinies mawshave the Hiapes and dinengiepacamegieioberrt.

Thus, the particles may be spherical, cylindrical, or polylobal and their diameter
may range from 0.5 to 10 mm. Particles with a diameter of 0.5-3 mm, preferably
0.7-1.2 mm, for example 0.9-1 mm, and a length of 2-10 mm, for exampie 2.5-

15 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 sulphidic form prior to its use in the
hydroprocessing of hydrocarbon feedstocks. This may be done in an otherwise
20 conventional manner, e.g., by contacting the catalyst in the reactor at increasing
temperature with hydrogen and a sulphur-containing feedstock, or with a

mixture of hydrogen and hydrogen sulphide.

The catalyst of the present invention is particularly suitable for the
25  hydroprocessing of heavy hydrocarbon feeds, in particular heavy feedstocks of
which at least 50 wt.% boils above 538°C (1,000°F) and which comprise at least
2 wt.% of sulphur and at least 5 wt.% of Conradson carbon, by contacting the
feed with the catalyst of the present invention in the presence of hydrogen
under conditions of elevated temperature and pressure.
30 The sulphur content of the feedstock may be above 3 wt.%. Its Conradson

carbon content may be above 8 wt.%.



room tenperature and 200C, and subsequently calcined in air for about 1 to
6 hours, preferably 1-3 hours at 200-800C, preferably 450-600C. The drying
is done to physically renove the deposited water. The calcining is done to
bring at wbaagusspart, preferably all, of the netal conponePCT/BP&rIA80Ors to
the oxide form 10 The catalyst particles nay have the shapes and

di mensi ons common to the art. Thus, the particles nay be spherical,
cylindrical, or polylobal and their diagpter may range fromO0.5 to 10 mm
Particles with a dianmeter of 0.5-3 nm preferably 0.7-1.2 mm for exanple
0.9-1 nmm and a length of 2-10 mm for exanple 2.5- 15 4.5 nm are

preferred. pt fé@ﬁs{?ﬁclk kpc%maﬁn Bntthiraht rﬁé?ﬁlsc%éﬂx lé%tmckeleand {&eadiieup VI B

and Group VIl onents present therein, into the sul phidic form
prior to ifTypicatlyj nhésee mbtals cmeopmnhgnofanhylmmfo@tﬂeea%t?-@cwéppmm S
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sul phur-cogﬁebm ng feedstock, or with a mxture of hydrogen and hydr ogen
sul phi de. The catal yst of the present invention is particularly suitable
for the5 25m@tmw@mﬁn@cludemﬁyowd¢mawag heasy /impRPRIIG fasifugs. heavy

compr i S6. aturB A Dihesf ighy i VRl AR ifodep WikeRicon

carbon, by contacting the feed with the catalyst of the present invention

in the presence of hydrogen under conditions of el|evated tenperatuyre and
pressure. 3Jhemrecsss phifis dpendian can kenearigddt o R They rd. dpé O%‘”Q/t% I'ts
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12 The feedst'd con tam nant rret such as nic

vanadi un  coyditioak| i, pdrtiesier n‘eiaralebubatedmeeisent in an anmount of at |east 20

W ppm The process conditions for the process according to the invention may be as
follows. The temperature generally is 350-450°C, preferably 400-440°C. The
pressure generally is 5-25 MPA, preferably 14-19 MPA. The liquid hourly space
velocity generally is 0.1-3 h-1, preferably 0.3-2 h-1. The hydrogen to feed ratio

15  generally is 300-1500 NI/, preferably 600-1000 NI/Il. The process is carried out

in the liquid phase.

The present invention will be illustrated by the following examples.

20 Example 1

To produce a silica-alumina carrier, a sodium aluminate solution was supplied
to a tank containing tap water, and an aluminium sulphate solution and a
sodium silicate solution were added and mixed. When the addition of the
25  aluminium sulphate solution was completed, the mixture had a pH of 8.5. By
such mixing a silica-alumina gel was produced. In this case the sodium silicate
concentration was set at 1.62 wt.% of the alumina gel solution.
The silica-alumina gel was isolated by filtration and washed with hot water to
remove impurities from the gel. it was then extruded into cylindrical grains with
30 a diameter of 0.9-1 mm and a length of 3.5 mm. The resulting particles were

dried in air at a temperature of 120°C for 16 hours and subsequently calcined in



calculated on the total of NN and V, nore particularly in an anount of at

| east 30 wtppm 5 Suitable feedstocks include feedstocks conprising heavy
at nospheri c residues, such as atnospheric residue (AR), vacuum residue,
and m xt uwesoodbgsseof . The process of this invention can bepcampo@shsgput in a
fixed bed, in a noving bed, or in an ebullated bed. It is preferred to
carry out the process under isothermal 10 conditions, in particular in an
ebul | ated bed. The process conditions fgr the process according to the
invention may be as follows. The tenperature generally is 350-450C,
preferably 400-440C. The pressure generally is 5-25 MPA, preferably 14-19

MPA. The liguid h | i | I.Se: - -1, ~ bl
0. 22 he 1. BRETRagT B aad i F o $pBEI6 bl Psiliodpining oo The®!Y
pref erabl y §Qr-d&@8nibfthe obiginpdaeser was Fantidoed out  in the liquid phase.

The present invention will be illustrated by the follow ng exanples. 20
Exanple 1 To produce a silica-alumna carrier, a sodiumalum nate sol ution

was suppli t | Dipgt : el ; e
ST ution and"s RBrd BlaripRt e il AAmhe Eamicl WorBmBHGhAbU MG 1 00
addi ti o ofoft k@ 2mpedgnationumotutiophatoetaibingt i 16 was ot oaphetredm trhalypdateur e

had a pH of 8. 5. B ch mxin silica-alumn el s produced. In this
case the sﬁfrémgﬁa¥?’c§g& O?@R@%P%Eﬁt?d??’\ﬁ&gd?g%’ gt 19 ég/a %&d?%‘df'tr?tﬁe agpum' na
gel sol uti oy pfihgr 8544 GmAbHE %t@@hh\éﬁﬁnm@ggafgegﬁcb?ﬁtefriwéé ahé@radavashed

with hot water to renove inpurities fromt el. It was then extruded
i nto cyl i ndengaratyraiafs120°Chfor3®0 amitiutgreeed edicioed-in arkilanpral .bemytrh &f 3.5

Th i i cl ied. | i f f
T6 hours' anthChd TR % B FalP b o5 ealle e RS MIERRE dENe
%esen% of ingicatddPlast BatdNHLrS Rihe GNPV RN propErlies af ahiyTcarl@ardreer .
¢ given in Table 1.

Comparative Catalysts 1, 2, and 3 were produced in the same way as described
above for Catalyst 1, except that the sodium silicate concentration in the
15 alumina gel aqueous solution was changed to 0.45 wt.% (Comparative Catalyst
1), 0.53 wt.% (Comparative Catalyst 2), and 1.39 wt.% (Comparative Catalyst
3), resulting in catalyst carriers with silica contents of 2.4 wt.%, 2.2 wt.%., and
6.0 wt.%, respectively.
Catalysts were prepared from these carriers in the same way as described for
20 Catalyst 1, except that the amounts of catalytic metals present in the
impregnation solution were adjusted to give the metal Conténts given below in

Table 1.



silica-content of the obtained carrier was 7 w.% One hundred granms of the
silica-alumna carrier were inpregnated with 100 mM 5 of an inpregnation
solution containing 16.4 g of amoni um nol ybdate tetrahydrate, 9.8 g of

ni ckel niwobabasdzexahydrate, 0.66 g of sodiumnitrate, and p&PErbo/is925%
ammoni a water. The inpregnated carrier was then dried at a tenperature of
120C for 30 mnutes and calcined in a kiln for 1.5 hours at 540C to
produce a final catalyst in accordance y4th the invention, further 10

i ndicated as Catalyst 1. The conposition and properties of this catalyst
are given in Table 1. Conparative Catalysts 1, 2, and 3 were produced in

t he sane V\ﬁ.ﬁ las.descri bed above for Catalyst 1, except that the sodium
silicate ¢ B§n1t'ration in the 15 alum na gel aqueous solution was changed
to 0.45 wi CHtdigsanpar ati ve| Catabisy st [1ITomparadvent | Qor(Guatieg atGaepatativel yst 2),
and 1.39 wt.% (Conparative Catal yst| C&3plystresul |tCatglyst2 cat|alatslystcharri ers
with siligca contents of 204 wt.% 2.2 wt.%, and 6.0 w.|{% respectively.
Cat al yst's [Wed@®, (wt.®pared fromtihese lcarrieds in thelsdnme way adidescribed
for 20 Canabywt%J, excepf thag thel anoupts off catalytic jmetal 2 present in
the i npregRgdi@nesol Ut on way g6 ad] ust ed.oso gijve ttegnetal coliddnts given
bel ow i n [BaS@t3%) WO 007 #4856 PCTTEPOO200489 [ 14 1Tabl e [I: Cag.al yst

Cat al yst EEERBEr atTve Conpalighind€ Comnpammal V€ @lmlingst 1 Caluadinst 2

Catal yst 3—WoO3— (W~ 9% 1175 1174 III. 4 I1.6 N O (WM.% 2 2 Z 2 Na2
(m.% O. E.QUQaé‘@arga%%zﬁg)O 06 R 02 (W~ %26 21T 1.91H. 2 205
pore volume (ml/g) 0.75 0.73 0.75 0.75
%PV (100-200 A) 65 63 : 64 63
%PV (>1000 A) 10 11 10 10
%PV (<100 A) 12 13 12 13

Catalyst 1 and Compérative Catalysts 1, 2, and 3 were tested in
hydroprocessing of a heavy hydrocarbon feedstock. The feedstock used in

5 these examples was a heavy oil consisting of 50 wt.% of atmospheric residue
(AR) and 50 wt.% of vacuum residue (VR) obtained by fractional distillation of
Middle East (Kuwait) oil having the following properties:

Sulphur (wt.%) 4.79
Nitrogen (wppm) 2890
Vanadium (wppm) 85
Nickel (wppm) 26
Conradson Carbon Residue (wt.%) 16.2
Normal heptane insoluble components (wt.%) 6.0
Fraction boiling above 538°C (wt.%) 75
(ASTM D 5307)

Density (g/ml, 15°C) 1.0048

10 50 mi of the catalyst to be tested was packed into a fixed bed reactor. The
feedstock was introduced into the unit at a liquid hourly space velocity of 1.0 h-
1, a pressure of 14.7 MPA, an average temperature of 427°C in the fixed bed,
with the ratio of supplied hydrogen to feedstock (H./oil) being kept at 800 NI/
The process was carried out in the liquid phase.

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

calculate the amounts of sulphur (S), Conradson carbon (CCR), nitrogen (N),



bal ance al um na alum na alum na alum na surface area (m/-g 214 212 211
205 pore volune (mM/g) 0.75 0.73 0.75 0.75 9%V (100-200 A) 65 63 64 63
%V (>1000 ) 10 11 10 10 9%V (<100 A) 12 13 12 13 Catalyst 1 and -
Conpar at i we dgealiggkysts 1, 2, and 3 were tested in hydroprogesgrigoodss a
heavy hydrocarbon feedstock. The feedstock used in 5 these exanples was a
heavy oil consisting of 50 wt. % of atnospheric residue (AR) and 50 wt. % of
vacuum resi due (VR) obtained by fractioggl distillation of M ddle East
(Kuwait) oil having the follow ng properties: Sul phur (Wt.% 4.79 N trogen
(wppm 2890 Vanadi um (wppm) 85 Nickel (wppn) 26 Conradson Carbon Resi due

boi i ng abSveoRa R A SO TRAH BraSuBT BRI prdfers) The PolETohal 1o
50 m of thetiviat vhiMes wieve bbtdinsd ednwir follokad fornalaa fixed bed reactor. The

feedstock was introduced into the unit at a liquid hourly space velocity of
1.0 h- 1, a pressure of 14.7 MPA, an average tenperature of 427C in the

fi xed bed, 6?%'(::‘1_6&9%@8%8 eétaw\l%ggkiéegrﬂwéﬁgéeQBEQY%gﬁdst ock (H2/o0il) being

kept at 80 / T rocess arrired out 1n i quid phase. 15 The
oi | profluct produced by this process was coll ected and anal ysed to

cal cul ate the anmoun f sul phur (S), Conradson carbon (CCR), nitrogen (N),
WD 00/ 44858 MBESEPEHR0A450

k = (LHSV/(0.7)) * (1¥°7 - 1/x%7)
10  and for HDN, HDM, CCR reduction and asphaltene reduction
k =LHSV * In (x/y)

with x being the content of S, N, CCR, M, or Asp in the feedstock, and
15 y being the content of S, N, CCR, M, or Asp in the product.

The results are given in Table 2:

Table 2:
Catalyst 1 | Comparative | Comparative | Comparative

Catalyst 1 Catalyst 2 Catalyst 3
RVA HDS 118 100 99 112
RVA CCR 114 100 101 115
RVA HDM 105 100 101 100
RVA HDN 143 100 97 157
RVA Asp 108 100 102 105
Conversion' 55 49 48 56
Sediment 0.32 0.38 0.4 0.65
formation?

20  'conversion of the fraction boiling above 538°C into material boiling below 538°C
2 sediment is determined in accordance with method No. 375 of the English Institute of

Petroleum.



15 netals, (M, and asphaltene (Asp) renoved by the process. The relative
volunme activity values were obtained fromthe follow ng formula. RVA = 100
* k (tested catalyst)/ k (Conparative Catalyst 1) 5 wherein for HDS k =
(LHSV/ (0. W0 odi448dd YO-7 - 1/ x.7) 10 and for HDN, HDM CCR r edgatreegoand
asphal tene reduction k = LHSV * In (x/y) with x being the content of S, N,
CCR, M or Asp in the feedstock, and 15 y being the content of S, N, CCR,
M or Asp in the product. The results arg given in Table 2: Table 2:

Catal yst 1 Conparative Conparative Conparative Catalyst 1 Catalyst 2
Catalyst 3 RVA HDS 118 100 99 112 RVA CCR 114 100 101 115 RVA HDM 105

55 49 48 & TOBLAN ReyRO 1ngap g sget tidleas indfed iy Chimadive CHMREEDN |
fraction baihicAthzab®¢ediasdontend aﬁatsﬂrdaad:orhenﬂ mmgudeeﬂhevscma@fzhemesmm i s

determ ned in accordance with nmethod No. 375 o I h |
Pet r ol eum WROIEHMASE8IVSET/ Shows Godgereass In seélmen at%osn in ggrtnlb%% i%”Of

with good hydrodesulphurisation and hydrodenitrogenation performance.
5 Comparative Catalyst 2, which has a sodium content in accordance with the
present invention but a too low silica content, shows essentially the same
results as Comparative Catalyst 1. Comparative Catalyst 3, which has a silica
content in accordance with the present invention but a too low sodium content,
shows RVA activities comparable to those of Catalyst 1, but has a very high
10 sediment formation, which may cause serious problems in the petroleum

refining process.

Example 2

15  Catalyst 2 was prepared as follows: a catalyst carrier was produced in the same
way as described in Example 1, except that the sodium silicate concentration in
the alumina gel aqueous solution was 1.2 wt.% and the silica content of the
silica-alumina carrier was 5.2 wt.%. A catalyst was prepared from said carrier in
the same way as described in Example 1.

20
Comparative Catalyst 4 was prepared as follows: an alumina carrier was
prepared as described above for Catalyst 2, except that no silica source was
added. A catalyst was prepared from said carrier in the same way as described
in Example 1.

25
Comparative Catalyst 5 is a conventional hydrotreating catalyst with the

properties an composition given in Table 3.

The composition and properties of Catalyst 2 and Comparative Catalysts 4 and

30 5 aregivenin Table 3.



Fromthis Table it can be seen that, as conpared to Conparative Catalyst 1
whi ch has a sodi um content and silica content outside the scope of the
present invention, Catalyst 1 shows a decrease in sedinment formation in
conbi nat i e ooMa8ds good hydrodesul phuri sati on and hydr odeni tpagaoabisen
performance. 5 Conparative Catal yst 2, which has a sodiumcontent in
accordance with the present invention but a too low silica content,
essentially the sane results as Conparayiyve Catal yst 1. Conparative
Catal yst 3, which has a silica content in accordance with the present
invention but a too | ow sodiumcontent, shows RVA activities conparable to
t hose of Cat‘laalb st. 1, but has a very high 10 sedinent formation, which may
cause serious problens in the petroleum refining process. Exanple 2 15
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Catalyst 2 and Comparative Catalysts 4 and 5 were tested in the same way as

described in Example 1. The product properties were analysed and the RVA

5 activities calculated as described in Example 1, except that Comparative
Catalyst 5 was used as standard. The results are given in Table 4.
Table 4:
Catalyst 2 Comparative Comparative
Catalyst 4 Catalyst 5

RVA HDS 107 106 100
RVA CCR 107 102 100
RVA HDM 120 95 100
RVA HDN 113 68 100
RVA Asp 117 105 100
Conversion 54 49 51
Sediment 0.20 0.19 0.33
formation

10  As appears from the above table, Catalyst 2 according to the invention shows

less sediment formation and has a higher activity, in particular as to
hydrodemetallisation and asphaltene reduction, than Comparative Catalyst 5.
2

hydrodenitrogenation, and asphaltene reduction than Comparative Catalyst 4,

Catalyst shows a higher activity as to hydrodemetallisation,



17 Table 3: Catalyst Catalyst 2 Conparative Conparative Catalyst 4
Catalyst 5 MO03 (wt.% 11.4 11.5 12.5 NO(WM.% 2 2 4.5 Na20 (m.%
0.26 0.06 0.1 Si02 (ww.9%9 4.5 0 0.6 alum na bal ance bal ance bal ance .
surface amanod4¥836g) 195 182 339 pore volume (m/g) 0.76 0.p&3/EPobB048SPV
(100-200 A) 47 55 8 9%V (>1000 A) 21 19 19 9%V (<100 A) 7 15 60 Catal yst
2 and Conparative Catalysts 4 and 5 were tested in the sane way as
described in Exanple 1. The product propggties were anal ysed and the RVA 5
activities calculated as described in Exanple 1, except that Conparative
Catal yst 5 was used as standard. The results are given in Table 4. Table 4:
Catal yst 2 at i i t; l WS di 106
100 RVA BeIIhl s eSS oF 106 HrgseRntefif He? of R¥ ick R%/%\%Asp
117 105 100co@entvengdisdica®brdént5l Sedi ment 0.20 0.19 0. 33



formati on 10 As appears fromthe above table, Catalyst 2 according to the
i nvention shows |ess sedinent formation and has a higher activity, in
particular as to hydrodenetallisation and asphaltene reduction, than .

Conpar at | we) feafsgdsyst 5. Catal yst 2 shows a hi gher activitycagEpro®o04so

hydr odenet al | i sati on, hydrodenitrogenation, and asphal tene reduction than
Conparative Catal yst 4, WO 00/ 44856 PCT/ EPO0O/ 00489 18 which is outside the
scope of the present invention in view ofgits | ow sodium content and
silica content. WD 00/44856 PCT/EPOO 00489 19 CLAIMS 1. A hydroprocessing
catal yst conprising 7-20 wt.% of a Goup VIB hydrogenation netal

conponent, &EI ated as trioxide, 0.5-6 wt.%of a 5 non-noble Goup VIII
hydr ogenati on nmetal conponent, cal cul ated as oxide, and 0.1-2 wt. % of an

al kali metal conponent, cal cul at ed as OXi de on a carrier, wherein the

carrier co rlssat |l east 3.5 wt f sili ed. on hec | yst,
the catal ys i MYIEPRIQFeSRIRD a?%télyé %&”PB%EE 71%@’}(; of t%t a\@% g
vol ume of at flicﬁrogeﬁétlc% /rSetaﬁQerﬁ‘)oH@ﬁﬁ Sid@aldd gk sthibkidat looaevwm %ﬁ of & such

t hat 30- 80% of ore volume is present in pores wth a dianeter of
100- 200 %\, and aoninehis Goupf Vlhehmgenaﬂlmmeéal peepenent, ncgloulatedriash a

di anet er above 1000 A. st cl ai m 1 whi ch h 5%
of the total pofP¥ 90?09@3';91%5/a8gra§ alb\ﬁ(’)lf We&adF%WBPQ?n %Jé%tear%?ng%‘é
3. The catal ystoRfa Wantidh, Iviféreth e CArdES camprisEacst l%b@ﬁ30$ WRELWEE Bilit85
m2/g and 250n2/g, a total pore volume of 0.6-0.9 m/g, 40-65%of its pore

vol une present talcplates onithe eatalyshehercasalysbbayiog a sugiaggoares oftat lsase
150m?/g, a total pore volume of at least 0.55 ml/g, and a pore size

10 distribution which is such that 30-80% of the pore volume is present in
pores with a diameter of 100-200 A, and at least 5% of the pore volume is

present in pores with a diameter above 1000 A.

2.  The catalyst of claim 1 which has less than 25% of the total pore volume in

15 pores with a diameter of less than 100 A.

3.  The catalyst of claim 1 or 2 which has a surface area of between 185 m?/g
and 250m?/g, a total pore volume of 0.6-0.9 ml/g, 40-65% of its pore
volume present in pores with a diameter of 100-200 A, 8-25% of its pore

20 volume in pores with a diameter of above 1000 A, and less than 20% of its

pore volume in pores with a diameter of less than 100 A.

4. The catalyst of any one of the preceding claims in which the catalyst
carrier comprises 4.5-10 wt.% of silica, calculated on the weight of the

25 catalyst.

5. The catalyst of any one of the preceding claims wherein the balance of the

carrier is alumina.

30 6. The catalyst of any one of the preceding claims which contains 0.2-1 wt.%

of sodium oxide as Group IA metal oxide.



20 volune in pores with a dianeter of above 1000 A, and | ess than 20% of
its pore volune in pores with a dianmeter of |less than 100 A. 4. The
catal yst of any one of the preceding clains in which the catalyst carrier

conpri seswd ke . % of silica, calculated on the wei ght etTiHPE0/00ABY
catalyst. 5. The catal yst of any one of the preceding clains wherein the

bal ance of the <carrier is alumna. 30 6. The catal yst of any one of the
precedi ng claims which contains 0.2-1 wpg% of sodium oxide as G oup | A

met al oxi de. WO 00/ 44856 PCT/ EPOO/ 00489 20 7. A process for

hydr opr ocessi ng a heavy hydrocarbon feed in which a heavy hydrocarbon feed
at least 50 w. % of which boils above 538C (1, 000F) and which conprises at
| east 2 wt. % of sul phur and at least 5 w.% of 5 Conradson carbon is
contacted gt a A provessstfor I&ydrbp&ﬁﬁséﬁ@@l healvyahydroeasionefeet! ib-watchvBAdanyt he

resence of hydrogen with a catal ording to.any one_of the precedin

(F:)I ains. 8. Thg *Wldg‘é‘éas@()@ffe%‘? at,;@q@{@p th/ecl‘?ft"w@g? g’é’& c%)r% -@&C {11 P(g(;i:ts °

w96 of 10 SulplilyrfiHloBino88S ta Bttt 26/l o, CONSARRAR R BOasP 5 WAG, RIFOCESS
n whi cﬁ R

of claim7 or as a netals content, <calculated on the
total of Ni anchhradfsoratcdrbaBtlsZ@nqutpch atmar terpaertatwm af 1350-460%Ceasd 30

15 10. Th f ch
tnaer | ot hor mAtSsSuRqPT; asan ME Ic it itaRates, 61 nYiliotRo) REr an sEEA at e

bed. according to any one of the preceding claims.

8. The process of claim 7 in which the feed comprises at least 3 wt.% of

10 sulphur and at least 8 wt.% of Conradson carbon.

9. The process of claim 7 or 8 in which the feed has a metals content,
calculated on the total of Ni and V, of at least 20 wtppm, more particularly
at least 30 wtppm.

15
10. The process of any one of claims 7-9 which is carried out under isothermal

conditions, more particularly in the form of an ebullated bed.



