WD 02/ 100541 PCT/ EP02/ 06666 HI G+ MACROPORE HYDROPROCESSI NG CATALYST AND

| TS USE 5 The present invention relates to a hydroprocessi ng catal yst and
its use iwotohkaooshydr opr ocessi ng of heavy hydrocarbon oi |l s PCVmEP82/06666
particularly, the present invention relates to a catalyst suitable for the
10 hydroprocessing of heavy hydrocarbon oils, in particular hydrocarbon
oils containing relatively |arge anobunts of vacuumresidue fraction. These
oils contain a large anount of inpurities such as sulfur, Conradson carbon
residue (CCR), netals, nitrogen, and asphaltene, and it is needed to
effect hydrodesul furisation (HDS), carbon residue reduction (HDCCR), 15
hydr odenetal | i sati on (HDM), hydrodenitrification (HDN), asphaltene
reduction (HDAsp) and/or conversion into |lighter products. The present
invention also relates to a process for hydroprocessing heavy hydrocarbon
oils, in particular feeds containing substantial amunts of vacuum residue
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fromthese carbon’ o 's by 25 hydroprocessing, and to convert
theminto lighter oils, which have a higher econom c value. Various

catal ysts ve been propgsed for this purpose in the art. rall t hese
catal yats WRES aaEiRiIBNer Py Prastan e BB AES o PSS s IERah BhTen 30
resi dug ( rophciidsSiny Betiddsy AL EFRASLANEIsOrinapRRRUIRNRdrobaMRYEbilsi t Was
found that the c_ieconPao_m tion of asphaltenes is generally acconpanied by the
formati on ebnteiingreatativaly targelgemoseisi pbiMaceam Besidee eirastined byeseneilshel |
hot  CONFI con -zl;!noe}l lar eYamount of impurities such as sulfur, Conradson carbon residue
(CCR), metals, nitrogen, and asphaltene, and it is needed to effect
hydrodesulfurisation ~ (HDS), carbon  residue  reduction (HDCCR),
15  hydrodemetallisation (HDM), hydrodenitrification (HDN), asphaltene reduction
(HDAsp) and/or conversion into lighter products. The present invention also
- relates to a process for hydroprocessing heaVy hydrocarbon oils, in particular

feeds containing substantial amounts of vacuum residue using said catalyst.

20 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), of which at least 50 wt.% boils above §38°C, and
vacuum residue (VR), of which at least 90% boils above 538°C. It is desired to
remove impurities such as sulfur from these heavy hydrocarbon oils by

25 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. Generaily,
these catalysts are capable of efficiently removing sulfur, Conradson carbon
30 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
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WO 02/ 100541 PCT/ EPO2/ 06666 2 filtration solid test (SHFST). (see Van
Kerknoort et al., J. Inst. Pet., 37, p. 596 604 (1951)). Its ordinary
content iwodRildsup be about 0.19 to 1 w.% in product w tPoTEPODId6b61g pOi Nt
of 340C or higher collected fromthe bottomof a flash drum Sedi nent
formed during hydroprocessing nmay settle and deposit in such 5 apparatuses
as heat exchangers and reactors, and because it threatens to close off the
passage, it may seriously hanper the opération of these apparatuses. The
formation of sedinent is a particular problemin the hydroprocessing of 10
feeds containing a relatively | arge anobunt of vacuum residue fraction.
There is therefore need for a hydroprocessing catalyst which is
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distribution. In this method™a catalyst is used with 06 wm.%of a Goup
VI 11 205 neapparedises, ag. eatoex@hangers ehdaregctaip, @ng becauseoiti tegatamsl t0 to 6

wt. % of phpsphorus oxides | oaded _onto.a porous al umna carrier ich has a
opeci 11 c "ERRRRRl e Paimagee Y Ghadob ety haedl Bbr BnGRhhe obr eSS 1o
0.8 m/g, apga@tus@@re Size distribution wherein 5% or |ess of the total

pore volunme Is present in pores with a dianeter |ess than 80 A 65-70% of
the total pore volune present 25 in pores with a dianeter below 250 Ais

present in r : oA he_ +: t : . 22-29%
of the tota ep@rﬂgg’&}%ﬁ ﬁnes‘:‘:%s"ngbggetﬁt 8?%'15@5&‘)288%”&#39% a}rggﬁ%%g?mﬁ@?oé t han
250 A 1tloweaeris, caltaintmigod rélatiselpeatgedamaoniashvasrinefrésiduetaction. There is

hydrodesul ];huerrg-:* o?éin%gdafg(rj a hydroprocessing catalyst which is particularly suitable for
removal of sulfur, metals, and Conradson carbon from these feedstocks, which
generally have at least 80 wt.% boiling above 538°C, while at the same time
effecting high conversion into products boiling below 538 °C, and showing low

15 sediment formation.

Japanese Patent Laid-Open No. 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 V!II
20 metal oxide, 4.5 to 24 wt.% of a Group VIB metal oxide, and 0 to 6 wt.% of
phosphorus oxides loaded onto a porous alumina carrier which has a specific
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
25 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
pores with a diameter of more than 250 A.
However, although this method can achieve efficient hydrodesuifurisation and
Conradson carbon reduction, it does not solve the problem of sediment

30 formation.



Conr adson carbon reduction, it does not solve the problem of sedinent 30
formation. WD 02/ 100541 PCT/ EP02/ 06666 3 Japanese Patent Lai d-Open No.
1994- 200260 oditsuskpses a hydroprocessing nethod for heavy PaiTIEP)2/6d866 a

catal yst used to inplenent this nethod. In this reference a catalyst was
proposed with 2.2 to 6 wt.%of a Goup VIIl nmetal 5 oxide and 7 to 24 w.%
of a Goup VIB netal oxide on a porous aI um na carrier, which catalyst has
a surface area of 150-240 nR2/g, a total 3 pore volune of 0.7 to 0.98 m/qg,
and a pore size distribution wherein | ess than 20% of the total pore
volume is present in pores with a dianmeter |ess than 100 A at |east 34% of
the total pore volune is present in pores wth a dianeter of 100-200 A,
and 26-46% 10 of the total pore volune is present in pores with a dianeter
of nore than 200 A. However, this catal yst does not show a sufficient
decrease i HapaiseefatertolagtOpen YapdRede2iiibdndisglaseiscat hysoprotedgisg
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However, this catalyst does not show a sufficient decrease in sediment

formation.

Japanese patent publication 2-48485 describes a process for preparing an
15  alumina catalyst carrier which has 0.6 to 0.85 ml/g of its pore volume in pores
with a diameter below 500 A and 0.1 to 0.3 ml/g of pore volume in pores with a
diameter of 1000 to 10000 A. The pore mode in the range up to 500 A is 90-210
A. The U-value, defined as D50/(D95-D5), is at least 0.55. The macropore
volume of this carrier is very high, making it difficult to maintain stable
20 hydrodesulfurization activity. Additionally, this reference gives no indication on
how and in what form the alumina described therein can be applied in

hydroprocessing.

US patent No. 4395329 describes a hydroprocessing catalyst for heavy oils
25 which has a specific pore size distribution. The catalysts described in this
reference have 10-25% of pore volume present in pores with a diameter above
10000 A. Especially when these catalysts are made by extrusion, this will
detrimentally affect the strength of the catalyst and it is expected that it will be
difficult to use the catalyst commercially.
30



detrinmentally affect the strength of the catalyst and it is expected that
it wll be difficult to use the catalyst commercially. 30 WO 02/ 100541
PCT/ EP02/W6688400541 US pat ent No. 5322829 descri bes an ebul parapobedecat al yst
which may conprise 0.1-5 wt. % of nickel, calcul ated as oxide, and 1-15

wt . % of nol ybdenum cal cul ated as oxi de, wherein the catal yst has a
surface area of at |east 150 n2/g and a total pore volune of 0.8-1.4 nl.
The carrier has at least 0.4 5 cc/g of flore volume in pores with a radius
bel ow 200 A. However, it can be assuned that the catal yst based on the
carrier described in this reference has |ess than 50%of its the total
pore volunme present in pores with a dianmeter of at |east 200 A Therefore,
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A 0.20-0.30 mM/g in pores with a dianmeter of 500-1500 A, 0.05-0.15 nm/g
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in netals nsyEmah 50% asph@hd enel peranichime e sentadipprePaitard dibimetd24685t13
descri bes a HDS/ H catal yst suitable for heaVéah,dro,car bon feeds., The
c

cat al yst heash 208t/ Thsselore.dhamiifetion of Li@beagy NgintQ theopprestvell Pgensi t y
of at |east Qifigi. a macropore volume of 0.035-

10
US patent No. 4414141 is directed to a hydrotreating catalyst suitable for the
hydrotreating of heavy feedstocks. The catalyst generally has a total pore
volume 0.75-0.95 ml/g and a surface area generally is 150-300 m%g. It has
0.25-0.40 ml/g of pore volume in pores with a diameter below 250 A, 0.1-0.25

15  ml/g of pore volume in pores with a diameter of 250-500 A, 0.20-0.30 ml/g in
pores-with a diameter of 500-1500 A, 0.05-0.15 mi/g in pores with a diameter of
1500-4000 A, and 0.03-0.1 ml/g of pore volume in pores with a diameter above
400 A. The catalyst is indicated to be suitable for HDS. No indication is given on
the activity of the catalyst in metals removal or asphaltene removal.

20
Canadian patent No. 1248513 describes a HDS/HDM catalyst suitable for
heavy hydrocarbon feeds. The catalyst has a total pore volume of at least 0.5
ml/g, a compacted density of at least 0.4 g/ml, a macropore volume of 0.035-
0.075 ml per ml of catalyst volume, and a micropore volume of at least 70% of

25 the nitrogen adsorption volume and at least 0.12 mi/ml of catalyst volume. The
reference gives no information on asphaltene removal or sediment formation.
Additionally, most of the catalysts in this reference have a very high pore
volume. At a pore volume of more than 1.0 ml/g, catalyst strength is often
insufficient.

30



0.075 m per m of catalyst volune, and a mcropore volune of at |east 70%
of 25 the nitrogen adsorption volune and at least 0.12 m/m of catalyst

vol ume. TWe o2nedser ence gi ves no i nformati on on asphal t ene PcamPoab6cos
sedinent formation. Additionally, nost of the catalysts in this reference
have a very high pore volune. At a pore volume of nore than 1.0 m /g,
catalyst strength is often insufficient. 30 WO 02/ 100541 PCT/ EP02/ 06666 5
The object of the present invention is ©o provide a catalyst which is
suitable for the hydroprocessing of a heavy hydrocarbon oil containing a

| arge anount of inpurities such as sulfur, Conradson carbon residue,
nmetal s, nitrogen, and/or asphaltenes, to obtain efficient renoval of these

compounds &hd 55}&t%f$ﬁé%é@éhtﬁn@éntléngiggsl?rﬁﬁﬁéra{ E‘%ta\ystt WREH 1 SifFlefbr
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hydroprocessing operations, in particular ebullating _bed operations. The
i nvent 09s of lighied maiedakwitklonly dmief\aedimest forotiem Thedataysidshawd be

vol b, por oSl HIGHE b I, ERFRERS B ndeRiital Bsfbad with

probl em 1%aBMBOPKEEEDOIld A6V 638°C Reegbor & least ebmréion aneabaky dbiling
conprising 7-20 wt.%of a Goup VIB netal conponent, cal cul ated as
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of 1004080 hy@faprocedsiricabpgrationy dh waeticaflaradblletiag bed operations.

The inventors studied intensively to solve this problem, and found that a catalyst
which meets specific requirements as to surface area, pore volume, pore size
distribution, and metals composition solves this problem.

15
The present invention therefore pertains to a catalyst comprising 7-20 wt.% of a
Group VIB metal component, calculated as trioxide on the weight of the
catalyst, and 0.5 to 6 wt.% of a Group VIl metal component, calculated as
oxide on the weight of the catalyst, on a porous inorganic carrier, said catalyst

20 having a specific surface area of 100-180 m?/g, a total pore volume of at least
0.55 mi/g, at least 50% of the total pore volume in pores with a diameter of at
least 20 nm (200 A), 10-30% of the total pore volume in pores with a diameter
of at least 200 nm (2000 A), and 0-1% of the total pore volume in pores with a
diameter above 1000 nm (10000 A).

25
The catalyst according to the invention comprises catalytic materials on a
poroué carrier. The catalytic materials present on the catalyst according to the
invention comprise a Group VIB metal and a Group VIl metal of the Periodic
Table of Elements applied by Chemical Abstract Services (CAS system). The

30 Group VIII metal used in this invention is at least one selected from nickel,



0.55 mM/g, at l|east 50%of the total pore volune in pores with a dianeter
of at least 20 nm (200 A), 10-30% of the total pore volune in pores with a
di amet er wofozavoskeast 200 nm (2000 A), and 0-1% of the totrall/RPoz/@sc¥®! ume in
pores with a dianmeter above 1000 nm (10000 A). 25 The catal yst according
to the invention conprises catalytic materials on a porous carrier. The
catalytic materials present on the catalyst according to the invention
conprise a Goup VIB netal and a Goup %111 netal of the Periodic Table of
El ements applied by Chem cal Abstract Services (CAS systen). The 30 G oup
VIIl metal used in this invention is at |east one selected fromnickel, WO
02/ 100541 PCT/ EP02/ 06666 6 cobalt, and iron. In view of their
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nore than I n particular e than 1S used, the catalytic
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wt. % pref é 1-5 wt.% of Goup VIl netal, 15 calculated as oxide. If
t he amount %ni" QO A%AD'HOWS: 95 the activity of the catalysts will be

too | oy | fheRiRalyS8redmpris?TiZ0 Ak 85 epleferabfy 8atealw 94, of Group VIB metal,
calculated as trioxide. If less than 7 wt.% is used, the activity of the catalyst will
be insufficient. On the other hand, if more than 16 wt.%, in particular more than

20 wt.% is used, the catalytic performance will not be improved further.
The catalysts comprise 0.5-6 wt.%, preferably 1-5 wt.%, of Group VIl metal,
15 _ calculated as oxide. If the amount is less than 0.5 wt.%, the activity of the
catalysts will be too low. If more than 6 wt.% is present, the catalyst

performance will not be improved further.

The total pore volume of the catalyst of the invention is at least 0.55 ml/g,
20 preferably at least 0.6 ml/g. It is preferred if it is at most 1.0 ml/g, more
preferably at most 0.9 ml/g. If the pore volume is too low, the activity of the
catalyst will be insufficient; if it is too high, the strength of the catalyst will be
detrimentally affected. The determination of the total pore volume and the pore
size distribution is effected via mercury penetration at a contact angle of 140°
25 with a surface tension of 480 dynes/cm, using, for example, a mercury

porosimeter Autopore Il (trade name) produced by Micrometrics.

The catalyst of the invention has a specific surface area of 100-180 m?/g,
preferably at least 130 m?/g and at most 170 m?/g. If the surface area is less

30 than 100 m?g, the catalytic activity will be too low. If the surface area of the



performance will not be inproved further. The total pore volunme of the
catalyst of the invention is at least 0.55 m /g, 20 preferably at | east
0.6 m/g.wbtoziteospreferred if it is at nost 1.0 m /g, norePCprEPhBoabs y at
nost 0.9 m/g. If the pore volune is too low, the activity of the catalyst
will be insufficient; if it is too high, the strength of the catalyst wll
be detrinmentally affected. The determ nation of the total pore volune and
the pore size distribution is effected/via nercury penetration at a
contact angle of 140 25 with a surface tension of 480 dynes/cm wusing, for
exanple, a mercury porosinmeter Autopore Il (trade name) produced by

M cronetrics. - The catalyst of the invention has a specific surface area of

100- 180 n? r ef bl y, at - 1 : : 170 .nR/ t he
surface ar {é%t’allygpl §S§633_b?éthhaﬁé@%%tnrtmf’o cg}n{%/ﬁ’g %g%aﬁbf {%%tg(:t Invitﬁg \%ﬁ%efr%e t oo
| ow. If thepedifidzaon the earfate bhea \WRi&2MPRA4A aeCdrdaReaithothe BET eadtabyst is

too high, sedipent formation nmay increase. In the present specification
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I ncrease. 10 The catal yst of the invention has 10-30% of the total "pore
vol ume i n perfesnanaeh espediadyrether agfhatene ecracking Caciivity 2000 dayreapeefer abl y

Lo IR BRe D! eRRLER L e s rootow e
formati@n. |If the percentage of pores in this range
The catalyst of the invention has 10-30% of the total pore volume in pores with
a diameter of at least 200 nm (2000 A), preferably 15-25%. If the percentage of
pores in this range is too low, the asphaltene removal capacity decreases,
therewith increasing sediment formation. If the percentage of pores in this range
15  is too high, the mechanical strength of the catalyst will decrease, possibly to a
value unacceptable for commercial operation.
The catalyst according to the invention has 0-1% of its total pore volume in
pores with a diameter of more than 1000 nm (10000 A). If this requirement is
not met, the hydrogenation activity, the hydrodesulfurisation activity, and the
20 residuum cracking rate decrease to an unacceptable level. Additionally it will be

difficult for the catalyst to have adequate strength.

Especially when the feedstock contains a large amount of vacuum residue, that
is, if the percentage of the feed boiling above 538°C is at least 80%, it is
25 preferred for the catalyst of the invention to have a %PV(10-120 nm) (%PV(100-
1200 A)) of less than 85%, preferably less than 82%, more preferably less than
80%. If the percentage of pore volume present in this range becomes too high,
the percentage of pore volume in pores with a diameter above 200 nm (2000 A)

decreases, and the residue cracking rate may be insufficient.



15 is too high, the nechanical strength of the catalyst wll decrease,
possibly to a value unacceptable for conmmercial operation. The catal yst
accor di ngwoatibes4i nventi on has 0-1% of its total pore vol wpaa/EP02/0gs66 €s Wit h
a dianeter of nore than 1000 nm (10000 A). If this requirenment is not net,
t he hydrogenation activity, the hydrodesul furisation activity, and the 20
resi duum cracking rate decrease to an unacceptable level. Additionally it
will be difficult for the catalyst to Bave adequate strength. Especially
when the feedstock contains a | arge anobunt of vacuumresidue, that is, if
t he percentage of the feed boiling above 538C is at least 80% it is 25
preferred for the catalyst of the invention to have a %V(10-120 nm
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present in26ff of Vcengea v@um@omeoqrﬁﬁs withad diameteaiohdAtnm (100 A) or less. If the
percentage of pore volume present in this range is above this value, sediment

formation may increase due to increased hydrogenation of the non-asphaltenic
feed constituents.

15
The catalyst of the invention is based on a porous inorganic oxide carrier which
generally comprises the conventional oxides, e.g., alumina, silica, silica-
alumina, alumina with silica-alumina dispersed therein, silica-coated alumina,
magnesia, zirconia, boria, and titania, as well as mixtures of these oxides. It is

20 preferred for the carrier to consist for at least 80% of alumina, more preferably
at least 90%, still more preferably at least 95%, with the rest of the carrier being
made up from one or more of silica, titania, zirconia, boria, zinc oxide,
phosphorus, alkali metals, alkaline earth metals, zeolites and clays. If an
-additional component is present in an alumina carrier it is preferably selected

25 from silica, boria, phosphorus, and/or alkaline metals. A carrier consisting
essentially of alumina is preferred, the wording “consisting essentially of” being
intended to mean that minor amounts of other components may be present, as
long as they do not detrimentally affect the catalytic activity of the catalyst. More
in particular, care should be taken with compounds which promote

30 hydrogenation, like titania, since they will increase sediment formation.



formati on may increase due to increased hydrogenation of the
non-asphaltenic feed constituents. 15 The catal yst of the invention is
based on woparicesgi i nor gani ¢ oxi de carrier which generall ycamporiaes the
conventional oxides, e.g., alumna, silica, silica- alumna, alumna with
silica-alum na dispersed therein, silica-coated alum na, nagnesia,
zirconia, boria, and titania, as well as m xtures of these oxides. It is 20
preferred for the carrier to consi st fof at |east 80% of alumina, nore
preferably at least 90% still nore preferably at |east 95% wth the rest
of the carrier being made up fromone or nore of silica, titania,

zirconia, boria, zinc oxide, phosphorus, alkali nmetals, alkaline earth

metals, zeqhblAgAnf i§! G¥ferrd fé‘rnthﬁ?dégtélgé)tn%kc&r@mbo'?@%e' hvBRESENL be an

alumina carrier it Is prefera ected 25 from'silica, boria,
phosphorussulastdhtwllyaﬂéeafrometltamtaal s. A carrier consisting essentially of
alumna is preferred, the wording "consisting essentially of being

i ntended to nmean that m nor anounts of other conponents may be present, as
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pr oot & 30 | Ayar gaticIen may Re sphedralacyliidreal ohegMgnal anddhels siareetsr ment

formation. @é@accfgég%b Pl ERRA PARR%:s v%.trT hedighiidt of 4 51mA réIeIféI%f or

the catalys ing fo the invention to be substantially 'free
titani a. THe7-¢2 miny,sfor pramptd @$-tammhane aIeegﬁhabESIOamnm donerainptes2 Semron

to the art 5 Thus, I h I I

o1yt ebal Ao ol dBaBay Formire Bt paR S e s e 1 o
di ameter o r&eﬁeé mBecaugéer@Iélyy IeQad7 1102 BM réQicexampbes e 9- drdpm jAnd a
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The carrier to be used in the catalysts to be used in the process according to
the invention can be prepared by processes known in the art.

15 A typical production method for a carrier comprising alumina is coprecipitation

| of sodium aluminate and aluminium sulfate. The resulting gel is dried, extruded,

and calcined, to obtain an alumina-containing carrier. Optionally, other
components such as silica may be added before, during, or after precipitation.
By way of example, a process for preparing an alumina gel will be described

20 below. First, a tank containing tap water or warm water is charged with an alkali
solution of sodium aluminate, aluminium hydroxide or sodium hydroxide, etc.,
and an acidic aluminium solution of aluminium sulfate or aluminium nitrate, etc.
is added for mixing. The hydrogen ion concentration (pH) of the mixed solution
changes with the progression of the reaction. It is preferable that when the

25  addition of the acidic aluminium solution is completed, the pH is 7 to 9, and that
during mixing, the temperature is 70 to 85°C, preferably 76-83°C. The mixture is
then kept at that temperature for, in general, 0.5-1.5 hours, preferably for 40-80
minutes.
In a following stage, the gel is separated from the solution and a commercially

30 used washing treatment, for example a washing treatment using tap water or



10 hydrodenetal lisation operations. Cylindrical particles are preferred for
use in ebullating bed operations. The carrier to be used in the catal ysts
to be usewoim/1bdse1 process according to the invention canpog/EPBEpEEEd by
processes known in the art. 15 A typical production nethod for a carrier
conprising alumna is coprecipitation of sodium alum nate and al um ni um
sulfate. The resulting gel is dried, extruded, and calcined, to obtain an
al um na-containing carrier. Optionally,1bther conponents such as silica
may be added before, during, or after precipitation. By way of exanple, a
process for preparing an alumna gel will be described 20 below. First, a
tank containing tap water or warmwater is charged with an alkali solution
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By the above production method it is possible to obtain a carrier having
properties which will give a catalyst with the surface area, pore volume, and
pore size distribution characteristics specified above. The surface area, pore

15 . volume, and pore size distribution characteristics can be adjusted in a manner
known to the skilled person, for example by the addition during the mixing or
shaping stage of an acid, such as nitric acid, acetic acid or formic acid, or other
compounds as moulding auxiliary, or by regulating the water content of the gel
by adding or removing water.

20
The carrier of the catalyst according to the invention has a specific surface area,
pore volume, and pore size distribution of the same order as those of the
catalyst itself. The carrier preferably has a surface area of 100-180 m?/g, more
-preferably 130-170 m?/g. The total pore volume is preferably at least 0.55 ml/g,

25 more preferably 0.6-0.9 mi/g.

The Group VIB metal components and Group VIII 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

30 shaped into particles. At this point in time it is considered preferred to first



the presence of air. The calcining is generally carried out at a
tenperature of 300 to 950C, preferably 600 to 900C, generally in the
presence wbD 0ai100s4f or a period of 30 m nutes to six hourspcCifEPDOM@ESI I ed,
the calcination may be carried 10 out in the presence of steamto
influence the crystal growth in the oxide. By the above production nethod
it is possible to obtain a carrier havi ng properties which will give a
catalyst with the surface area, pore vollune, and pore size distribution
characteristics specified above. The surface area, pore 15 volune, and pore
size distribution characteristics can be adjusted in a manner known to the
skill ed person, for exanple by the addition during the m xing or shaping
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basi ¢ i nmpr ergngérltlggla?lglsld'ftable The impregnation solution, if applied, may contain other

compounds the use of which is known in the art, such as organic acids, e.g.,

citric acid, ammonia water, hydrogen peroxide water, gluconic acid, tartaric

acid, malic acid or EDTA (ethylenediamine tetraacetic acid). It will be clear to

15  the skilled person that there is a wide range of variations on this method. Thus,

it is possible to apply a plurality of impregnating stages, the impregnating

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

are to be deposited, or a portion thereof. Instead of impregnating techniques,

dipping methods, spraying methods, etc. can be used. In the case of multiple

20 impregnation, dipping, etc., drying and/or calcining may be carried out in
between.

After the metals have been incorporated into the catalyst composition, it is
optionally dried, e.g., in air flow for about 0.5 to 16 hours at a temperature

25 between room temperature and 200°C, and subsequently calcined, generally in
air, for about 1 to 6 hours, preferably 1-3 hours at 200-800°C, preferably 450-
600°C. The drying is done to physically remove the deposited water. The
calcining is done to bring at least part, preferably all, of the metal component
precursors to the oxide form.

30



5 conprising suitable nmetal precursors. For the Goup VIB netals, anmonium
hept anol ybdat e, ammoni um di nol ybdat e, and amoni um t ungst enate nay be

ment i onedwe280stabl e precursors. O her conpounds, such a®CeRiPdBE6666
hydr oxi des, carbonates, nitrates, chlorides, and organic acid salts, may

al so be wused. For the Goup VIII netals, suitable precursors include

oxi des, hydroxi des, 10 carbonates, nitrates, chlorides, and organic acid
salts. Carbonates and nitrates are partdcularly suitable. The inpregnation
solution, if applied, may contain other conpounds the use of which is
known in the art, such as organic acids, e.g., citric acid, ammonia water,
hydrogen peroxi de water, gluconic acid tartaric acid, malic acid or EDTA
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conver §o t hay@@dbrdaesking héavy feBBstecRYBf WhitHradiees 050 wil%k Iboils above 538°C
(1000°F), and which comprise at least 2 wt.% of sulfur and at least 5 wt.% of
Conradson carbon. The advantages of the catalyst according to the invention
are particularly apparent for feedstocks of which at least 80 wt.%, boils above
538°C (1000°F), which preferably have a sulfur content of above 3 wt.% and/or
15 a Conradson carbon content above 8 wt.%, more preferably above 10 wt.%.
The feedstock may contain contaminant metals, such as nickel and vanadium.
Typically, these metals are present in an amount of at least 20 wtppm,
calculated on the total of Ni and V, more particularly in an amount of at least 30
witppm.
20 Suitable feedstocks include atmospheric residue, vacuum residue, residues
blended with gas oils, particularly vacuum gas oils, crudes, shale oils, tar sand
oils, solvent deasphalted oil, coal liquefied oil, etc. Typically they are

atmospheric residue (AR), vacuum residue (VR), and mixtures thereof.

25 The process can be carried out in a fixed bed, in a moving bed, or in an
ebullated bed. The catalyst is particularly suitable for use in ebullating bed
operations.

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

30 pressure generally is 5-25 MPA, preferably 14-19 MPA. The liquid hourly space



metal conponents present therein, into the sulfidic formprior to its use
in the hydroprocessing of hydrocarbon feedstocks. This can be done in an
ot her w sewoaenvesat i onal manner, e.g., by contacting the cacalgpsr/iodenst he
reactor at increasing 5 tenperature with hydrogen and a sul fur-containing
feedstock, or with a m xture of hydrogen and hydrogen sulfide. Ex situ
presul fiding is al so possible. The cat a@ést of the present invention is
particularly suitable for the hydroprocessing of heavy hydrocarbon feeds.
It is particularly suitable for 10 hydroprocessi ng heavy feedstocks of

whi ch at | east 50 wt. % boils above 538C (1000F), and which conprise at

|l east 2 wt.% of sulfur and at least 5 w.% of Conradson carbon. The
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Example 1

15  Preparation of Catalyst A according to the invention

A sodium aluminate solution and an aluminium sulfate solution were
simuitaneously added dropwise to a tank containing tap water, mixed at pH 8.5
at 80°C, and held for 70 minutes. The thus produced alumina-hydrate gel was
separated from the solution and washed with warm water, to remove the
20 impurities in the gel. Then, the gel was kneaded for about 20 minutes and
extruded as cylindrical particles having a diameter of 0.9 to 1 mm and a length
of 3.5 mm. The extruded alumina particles were dried at 120 °C for 16 hours
and calcined at 800°C for 2 hours, to obtain an alumina carrier.
100 g of the alumina carrier obtained as described above were immersed in 100
25 ml of a citric acid solution containing 17.5 g of ammonium molybdate
tetrahydrate and 9.8 g of nickel nitrate hexahydrate at 25°C for 45 minutes, to
obtain a carrier loaded with metallic components.
Subsequently the loaded carrier was dried at 120°C for 30 minutes and calcined

at 620°C for 1.5 hours, to complete a catalyst. The amounts of the respective



13 velocity generally is 0.1-3 h-1, preferably 0.3-2 h-1. The hydrogen to
feed ratio generally is 300-1500 NO preferably 600-1000 NI/I. The process
is carriedwoamatiooskn the |iquid phase. The catal yst accor di PgTIEPO2/b@66

i nvention can be used alone in the 5 hydroprocessing of heavy hydrocarbon
feeds or in conmbination with commercially avail abl e heavy-feed
hydr opr ocessi ng catal ysts which do not neet the above requirenents. In the
latter case, it is preferred for the cW@mercial catalyst to be present in
an anount of |ess than 50 vol.% 10 The invention will be elucidated bel ow
by way of the follow ng exanples, though it nust not be deened |imted
thereto or thereby. Exanple 1 15 Preparation of Catalyst A according to the
i nvention al um lqu | O ul f.a on
wore st mf AR B SR ST T i o beBEl ST
at pH 8.5 skabtwB8@CTabkd.held for 70 m nutes. The thus produced al uni na
hydrate gel was separated fromthe solution and washed with warmwater, to
renove the 20 inpurities in the gel. Then, the gel was kneaded for about 20
m nut es anﬁFe% ﬁwegcg%h&{;@ Q%drefﬂg tB%géiiﬁ!e?ﬁloHaV' ng a diameter of 0.9 to
1 nm and na particles were dried at
120 C for AGCatmmer SNasarpujepmledl as describéd Gof dratalysbuy sbove, eltaptnttah theuni na

carrier. 1 0 h(ﬁ‘a um na carri r obt a?zgc? as descri bed above were
i mersed | 3”2'8 MNgsCagne| ﬁ’rref’@r BV8BY (t¥on containing 17.5 g of

anmmoni um m@balgd@ft e ek cBiydeatfumith 8adied wilre ineldkediih Mabemhexahydeat e at

25C for 45 mnutes, to obtain a carrier |loaded with netallic conponents.
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respectlve
10  with metallic components.

The loaded carrier was dried and caicined as for Catalyst A described above.
The amounts of the respective components in the produced catalyst and the

properties of the catalyst are shown in Table 1.

15  Preparation of Comparative Catalyst 1

An alumina gel was prepared as described for Catalyst A above. A sodium
silicate solution was mixed through the gel to produce a concentration in the
alumina gel aqueous solution of 1.62 wt.%. The mixture was then washed,
extruded, shaped and caicined as described for Catalyst A above to obtain a
20  carrier comprising 7 wt.% of silica.
100 g of the thus obtained alumina carrier were immersed in 100 ml of a citric
acid solution containing 16.4 g of ammonium molybdate tetrahydrate and 9.8 g
of nickel nitrate hexahydrate at 25°C for 45 minutes, to obtain a carrier loaded
~with metallic components.
25 The loaded carrier was dried and calcined as for Catalyst A described above,
except that the calcination temperature was 600°C. The amounts of the
respective components in the produced catalyst and the properties of the

catalyst are shown in Table 1.



14 conponents in the produced catal yst and the properties of the catal yst
are shown in Table 1. Preparation of Catalyst B according to the invention
5 A carriwpooeasospr epared as described for Catal yst A abovectaPorpdces hat t he
tenperature during carrier preparation was 77C. 100 g of the thus obtained
alumna carrier were imrersed in 100 ml of a citric acid solution
containing 17.3 g of ammoni um nol ybdate tetrahydrate and 9.6 g of nickel
nitrate hexahydrate at 25C for 45 mnutes, to obtain a carrier |oaded 10
with netallic conponents. The | oaded carrier was dried and cal cined as for
Catal yst A described above. The ampunts of the respective conponents in
the produced catalyst and the properties of the catalyst are shown in
Table 1. 1 Prerat : Catalyst 1 An alum na gel was

r fbove. A sodium silicate solution was
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tetrahydrate and that the calcination temperature was 600°C. The composition

10  and properties of Comparative Catalyst 2 are given in Table 1.

Preparation of Comparative Catalyst 3

Aluminium sulfate wés supplied to a tank containing tap water, and an
aluminium sulfate solution and a sodium silicate solution were simultaneously
15 . added dropwise at pH 7.8 and mixed. The temperature during mixing was 65°C.
The mixture was kept at that temperature for 70 minutes. The gel was
converted into a carrier in the manner described above for Comparative
Catalyst 1.
One hundred grams of the thus obtained alumina carrier were impregnated with
20 100 ml of an impregnation solution containing 17.2 g of ammonium molybdate
tetrahydrate, 9.8 g of nickel nitrate hexahydrate, and 50 ml of 25% ammonia
water at 25°C for 45 minutes. The impregnated carrier was then dried at a
temperature of 120°C for 30 minutes and calcined in a kiln for 1.5 hours at
“600°C to produce a final catalyst. The composition and properties of this

25 catalyst are given in Table 1.

Preparation of Comparative Catalyst 4

A large-pore carrier was prepared by grinding some of the calcined carrier

material of Comparative Catalyst 2, mixing it with alumina gel prepared as



15 Preparation of Conparative Catalyst 2 A sodium alum nate sol ution and an
alum niumsul fate solution were sinultaneously added dropwi se to a tank
cont ai ni ryotoapoosat er, mxed at pH 7.5 at 77C. Sodi um al urcmatre2/0&ss t hen
added until a final pH of 9.5 was reached, 5 when the m xture was held for
70 m nutes. The thus produced alum na hydrate gel was converted into a
carrier in the sane way as described for the carrier of Catalyst A The
carrier was converted into a catal yst ass described for Catalyst A, except
that the inpregnation solution contained 17.2 g amoni um nol ybdat e
tetrahydrate and that the calcination tenperature was 600C. The conposition
10 and properties of Conparative Catalyst 2 are given in Table 1.

Preparation of Copparative Cat st 3_.Alum niumsul fate was supplied to a
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50061 o pr SaTRSNERTS rhine JrEp g BaR AL (B8 hubPeligS o nle brdig e o™

25 cat al ysishewa igiTede in Table 1. Preparation of Conparative Catal yst 4 A
| arge-pore carrier was prepared by grinding sone of the calcined carrier
material of Conparative Catalyst 2, mxing it with alum na gel prepared as

10  Preparation of Comparative Catalyst 5

Aluminium sulfate was added to a tank containing tap water, and a sodium
aluminate solution and an aluminium suifate solution were simultaneously
added dropwise to a tank containing tap water, mixed at pH 8.5 at 65°C, and
held for 70 minutes. The thus produced alumina hydrate gel was separated

15  from the solution and washed with warm water, to remove the impurities in the
gel. Then, the gel was kneaded for about 20 minutes and extruded as cylindrical
particles having a diameter of 0.9 to 1 mm and a length of 3.6 mm. The
extruded alumina particles were dried at 120°C for 16 hours and calcined at
900°C for 2 hours, to obtain an alumina carrier.

20 100 g of the alumina carrier obtained as described above were immersed in 100
ml of a citric acid solution containing 16.4 g of ammonium molybdate
tetrahydrate and 9.8 g of nickel nitrate hexahydrate at 25°C for 45 minutes, to
obtain a carrier loaded with metallic components.

‘Subsequently the loaded carrier was dried at 120°C for 30 minutes and calcined

25 at 600°C for 1.5 hours, to complete a catalyst. The amounts of the respective
components in the produced catalyst and the properties of the catalyst are

shown in Tabile 1.



WD 02/ 100541 PCT/ EPO2/ 06666 16 descri bed for Conparative Catalyst 2, and
converting the mxture into a carrier as described for Catalyst A 100 g
of the thwe ooho@itned al umi na carrier were imrersed in 100 Pail/EFD2/66666 t ri C
acid solution containing 17.2 g of amoni um nol ybdate tetrahydrate and 9.5
g 5 of nickel nitrate hexahydrate at 25C for 45 mnutes, and dried and
cal ci ned as described for Conparative Catalyst 1. The anpunts of the
respective conponents in the produced Watal yst and the properties of the
catalyst are shown in Table 1. 10 Preparation of Conparative Catalyst 5
Al um nium sul fate was added to a tank containing tap water, and a sodi um
alum nate solution and an alum nium sul fate sol ution were sinultaneously

added drop B@{%ﬁafy%ﬂ rﬁﬁgg‘%ﬁnaﬁgcot em@ger m xed at pH 8.5 at 65C, and

hel d for m nutes aI um na hydrate gel was separated 15
fromthe >@Lﬂatygpn and Washedamygmwa M &RLESB 1 9 Tcmpueativbe| | 8BHparkives I N

the gel.|Then, the gel vas kneaded for about 20 mdg%htﬂei%anj eéatgludteld as
cyIindric;I ."pai'tiuica f viug a—di-anpter o mantia 1€ 3.5
mm The @& T¥ded al uni nd paftMEPes wer é""ﬂ‘?'?aed at HRBc P6r 16 HHWR2 and
calcined at_900C for 2 hours, to obtain an alunina &&krier| 20 100 g of
t he al um narawpmB 1% oRt aijned as1descri bedizabove |weretitamersed i m3P0 ni  of

a citric agldho 9 Woh8P cqntaiigng 16/4 g ol ammni umpl ybdate 21

t et rahydr n off i ckel i tTrate hexahydrate inut es,
to ob%/al Swage*?rﬁam?/ggoa ed MK'.S.. ret-aH--e w..yz. eRts- 1%‘3 bse quc..t. the
| oaded carlotahporaMeiume Mgl [at 19688 for | 30 mMi-%ut es land rgﬂﬁm ned ﬁ C

for 1.5 howPy(>200Aconpl etle a céit al yst. Thé&3anounts of3& he respecBBve
conponent $ojpRyobeo Ry oduced catgd yst and the propertieg of the catal yst jare

shown in TgblR Gooo A) 0.1 0 0 0.5
%PV(< 100 A) 0.4 0.4 14 04
Catalyst Comparative Comparative Comparative

Catalyst 3 Catalyst 4 Catalyst 5
carrier alumina alumina alumina
Group VIB wt. % ox 13.3 13.0 11.9

| Group VIII wt.% ox 2.1 2.2 2.0
surface area m%/g 162 125 147
total pore volume mi/g 0.77 0.80 0.79
%PV(>200 A) 46 70 74
%PV(>2000 A) 19 35
%PV(>10000 A) 0 3.5 0
%PV(< 100 A) 0.4 0.6 0.4

Hydroprocessing of 50:50 VR/AR feed

Various of the above-mentioned catalysts were tested in the hydroprocessing of
a heavy hydrocarbon feedstock. The feedstock used in these examples was a
Middle East (Kuwait) petroleum consisting of 50 wt.% of vacuum residue (VR)
and 50 wt.% of atmospheric residue (AR). The composition and properties of

10  the feed are given in Table 2.



WO 02/ 100541 PCT/ EPO2/ 06666 17 Table 1: Catal yst conposition and
properties Catalyst Catalyst A Catalyst B Conparative Conparative Catalyst
1 Catal yswod2/1emuri er al um na al um na A1203+5% al um na SipQZ/EBoDegs6d/l B Wt . %
ox 13.1 13.1 11.4 13.3 Goup VIII w.%ox 2.0 2.0 2.1 2.1 surface area
n2/g 161 163 195 168 total pore volume m/g 0.88 0.87 0.76 0.72 9%°V(>200
63 63 38 35 %V >2000 A) 24 13 14 12 9%V >10000 A 0.1 0 0 0.5 9%V < 100
A) 0.4 0.4 14 0.4 Catalyst Conparativel8Conparative Conparative Catal yst 3
Catalyst 4 Catalyst 5 carrier alumna alumna alumna Goup VIB wt. % ox
13.3 13.0 11.9 Goup VIIl w.%ox 2.1 2.2 2.0 surface area M2/g 162 125
147 total pore volune m/g 0.77 0.80 0.79 9%V >200 A 46 70 74 9%V >2000

A) 19 35 1Ta%\§:¢]e%%89q:{%)%£ﬁ§¥& %V < 100 A) 0.4 0.6 0.4

Hydr opr ocessi ng "of eed 5

Middle East petroleum (VR:AR = 50:50)

Sulfur (wt.%) 4.79
Nitrogen (wppm) 2890
Metals — vanadium (wppm) 85
Metals — nickel (wppm) 26
Conradson Carbon residue (wt.%) 16.2
C7- insolubles’ (wt.%) 6.0
Vacuum residue® (wt.%) 75
Density (g/ml at 15°C) 1.0048

' Asphaltene fraction - Matter insoluble in n-heptane
2 Fraction boiling above 538°C in accordance with ASTM D 5307 (distillation

gas chromatography)

The feedstock was introduced in the liquid phase into a fixed bed unit packed
with the catalyst to be tested, at a liquid hourly space velocity of 1.5 h-1, a
pressure of 16.0 MPa, an average temperature of 427°C, with the ratio of

- supplied hydrogen to feedstock (Hz/oil) being képt at 800 NI/.
10 The oil product produced by this process was collected and analysed to
calculate the amounts of sulfur (S), metals (vanadium + nickel) (M), and
asphaltene (Asp) removed by the process, as well as the 538°C+fraction. The

relative volume activity v.alue's were obtained from the following formulae.
15  RVA = 100 * k (tested catalyst)/ k (comparative catalyst 1)

wherein for HDS

k = (LHSV/(0.7)) * (1y°7 - 1/x°7)
20

and for HDM and asphaltene removal

k = LHSV * In (xy)



Various of the above-nentioned catal ysts were tested in the hydroprocessing
of a heavy hydrocarbon feedstock. The feedstock used in these exanpl es was
a M ddl ewbagtioskuwai t) petrol eum consi sting of 50 wt. % ofrcraporioacsesi due
(VR) and 50 wt.% of atnospheric residue (AR). The conposition and
properties of 10 the feed are given in Table 2. WO 02/ 100541

PCT/ EPO2/ 06666 18 Table 2: Feedstock conposition M ddl e East petrol eum
(VR AR = 50:50) Sulfur wt.% 4.79 N tr®en (wppm) 2890 Metals - vanadi um
(wppm 85 Metals - nickel (wppn) 26 Conradson Carbon residue (w.% 16.2
C7- insolubles (wt.%9 6.0 Vacuumresidue (\t.% 75 Density (g/m at 15C)
1.0048 1 Asphaltene fraction - Matter insoluble in n-heptane 2 Fraction

boiling ab ecWpj h 0 I t

chr omat ogrgl}éﬁy?%%%%f Q{%gﬁ %ylﬁfﬁgg‘u?eg% ﬁet ; |qéun|%d %atl nto a
fixed bed uomtenpac8ell, onAsp it e prodalcy/st to be tested, at a |IC]UI d hourly
space velocity of 1.5 h-1, a pressure of 16.0 MPa, an average tenperature
of 427C, with the ratio of supplied hydrogen to feedstock (H2/0il) being
kept at 8994 Bluébefb% %Oésmé SARAESaNRIOINE Bk Rsultliobtdthagess was col | ected
and anal yse cal cul ate t e anount’s of sulfur (S), netals (vanadium +

ni ckel )5 (M, and asphal tene (Asp) renoved by the process, as well as the
538C+fract lr%Bre él'he

Catalyst A B 1 2 3 4
RVA HDS 85 90 100 98 90 56
RVA HDM 120 116 100 95 90 101
RVA Asp 118 115 100 110 102 95
Cracking rate 37 38 41 41 40 37

538°C+ fraction
(residue) (wt.%)
Sediment’ 0.07 0.08 0.29 0.28 0.25 0.20
(wt. %)
T Sediment determined in accordance with the IP 375 method of the English
Institute of Petroleum

10  As can be seen from Table 3, the catalysts according to the invention show high
~ activities in HDS, HDM, and asphaltene removal in combination with a high
residue cracking rate and low sediment formation as compared with the

comparative catalysts.

15  Hydroprocessing of 90:10 VR/AR feed

Various of the above-mentioned catalysts were tested in the hydroprocessing of
a very heavy hydrocarbon feedstock. The feedstock used in these examples
was a Middle East (Kuwait) petroleum consisting of 90 wt.% of vacuum residue
20 (VR) and 10 wt.% of atmospheric residue (AR). The composition and properties

of the feed are given in Table 4.



relative volunme activity values were obtained fromthe follow ng fornul ae.
15 RVA = 100 * k (tested catalyst)/ k (conparative catalyst 1) wherein for
HDS k = (Wbi$Yh¢mB4ir)) * (1/y0.7 - 1/x0.7) 20 and for HDM anu/Eespbrsbdé ene
removal k = LHSV * In (x/y) WD 02/ 100541 PCT/ EP02/ 06666 19 with x being
the content of S, M or Asp in the feedstock, and y being the content of
S, M or Asp in the product. Table 3 bel ow gives the tested catal ysts and
the results obtained. 5 Table 3 Catalyd® A B 1 2 3 4 RVA HDS 85 90 100 98
90 56 RVA HDM 120 116 100 95 90 101 RVA Asp 118 115 100 110 102 95
Cracking rate 37 38 41 41 40 37 538C+ fraction (residue) (Wm.% Sedi nent
0.07 0.08 0.29 0.28 0.25 0.20 (wt. 9 Sedinent determ ned in accordance

with the | $g§|7eg4?é%}%qo&f?%(ﬁ§%§ggm sh Institute of Petroleum 10 As can be

seen from e ca according to the invention show high
activiti es MigdEHBSsst ideMoleumd (MBphRI=t @he¢0y enoval in conbi nation with a high
resi due craekupgvtt®e and Tow sedi ment formaiiggp as conpared with the

Nitrogen (wppm) 3300

Metals — vanadium (wppm) 109

Metals — nickel (wppm) 46

Conradson Carbon residue (wt.%) 22.5

C7- insolubles’ (wt.%) 8.0

Vacuum residue® (wt.%) 90

Density (g/ml at 15°C) 1.0298

' Asphaltene fraction - matter insoluble in n-heptane
2 Fraction boiling above 538°C in accordance with ASTM D 5307 (distillation

gas chromatography)

The feedstock was introduced in the liquid phase into a fixed bed unit packed

with the catalyst to be tested, at a liquid hourly space velocity of 1.5 h-1, a

pressure of 16.0 MPa, an average temperature of 427°C, with the ratio of
- supplied hydrogen to feedstock (H,/oil) being k'ept at 800 NI/,

10 The oil product produced by this process was collected and analysed to
calculate the amounts of sulfur (S), metals (vanadium + nickel) (M), and
asphaltene (Asp) removed by the process, as well as the 538°C+fraction. Table
5 below gives the tested catalysts and the results obtained. Comparative

Catalyst 5 is set as standard.

15
Table 5
Catalyst A B 5
.RVA HDS 102 105 100
RVA HDM 115 117 100
RVA Asp 118 116 100
Cracking rate 38 39 40

538°C+ fraction
(residue) (wt.%)
Sediment’ 0.09 0.08 0.26
(wt. %)




conparative catal ysts. 15 Hydroprocessing of 90:10 VR/ AR feed Vari ous of

t he above-nenti oned catal ysts were tested in the hydroprocessing of a very
heavy hydwomantsm f eedst ock. The feedstock used in these exampbheescomas a

M ddl e East (Kuwait) petrol eum consisting of 90 wt. % of vacuum resi due 20
(VR) and 10 wt.% of atnospheric residue (AR). The conposition and
properties of the feed are given in Table 4. WO 02/ 100541 PCT/ EPO2/ 06666
20 Table 4: Feedstock conposition M ddB& East petrol eum (VR AR = 90: 10)

Sul fur (mt.% 3.892 Nitrogen (wpm 3300 Metals -vanadium (wppn) 109
Metals - nickel (wppn) 46 Conradson Carbon residue (w.% 22.5 C7-
insolubles (wt.9% 8.0 Vacuumresidue (Wt.% 90 Density (g/m at 15C)

1.0298 1 I [ - t ' j = : jon
boi 1 1ng abas BE e d o ags- T aally g Bisie e RRpARh ohdv A

chr omat ogr aghyitie$ imhidDiSe dti3ho dodvasphaitensd seradvalnint bembirgatiod wittase hight o a
fixed bed unit ackecg(. vm'tr} t he cgtal yst. . to eftes ed, at a quuid hour |y
space vel odf$iguBs clagking jratg  ahde JoWr SesimMeRt ofqUPALoR, asy FURAEE np¥that ur e
of 427C, widdhdhstiveta@nt 5 supplied hydrogen to feedstock (H2/o0il) being
kept at 800 NI/1. 10 The oil product produced by this process was collected
and anal ysed to



cal cul ate the amounts of sulfur (S), netals (vanadium + nickel) (M, and
asphal tene (Asp) renoved by the process, as well as the 538C+fraction.
Tabl e 5 welemogitves the tested catal ysts and the result s PolntERIDe@66
Conmparative
HDS 102 105 100 RVA HDM 115 117 100 RVA Asp 118 116 100 Cracking rate 38
39 40 538C+ fraction (residue) (m.% Sedinent 0.09 0.08 0.26 W. %
02/ 100541 PCT/ EP02/ 06666 21 As can be 22en from Table 5, the catalysts
according to the invention show high activities in HDS, HDM and
asphal tene renoval in conbination with a high residue cracking rate and
| ow sedi nent formation as conpared with conparative catalyst 5. WO

02/ 100541
a Goup V
catal yst,

P

Catalyst 5 is set as standard. 15 Table 5 Catalyst AB 5

as oxide on the weight of the cat alﬁ/oStvi/t 09n ?JDOéOUS i norgani c carri er,
. /0 O

catal yst hali ng A @@¥sk cemprising /-

10

15

20

25

30

roup VIB metal component,
calculated as trioxide on the weight of the catalyst, and 0.5 to 6 wt.% of a
Group VIII metal component, calculated as oxide on the weight of the
catalyst, on a porous inorganic carrier, said catalyst having a specific
surface area of 100-180 m%/g, a total pore volume of at least 0.55 ml/g, at
least 50% of the total pore volume in pores with a diameter of at least 20
nm (200 A), 10-30% of the total pore volume in pores with a diameter of
at least 200 nm (2000 A), and 0-1% of the total pore volume in pores with
a diameter above 1000 nm (10000 A).

The catalyst of claim 1 which has a total pore volume of 0.6-1.0 mi/g.

The catalyst of claim 1 or 2 which has 60-80% of the total pore volume

present in pores with a diameter above 20 nm (200 A).

The catalyst of any of the preceding claims which has less than 85% of

its pore volume present in pores with a diameter of 10-120 nm 100-1200

A).

The catalyst of any of the preceding claims which has less than 0.2 ml/g

of pore volume in pores with a diameter of 50-150 nm (500 to 1500 A).

The catalyst of any of the preceding claims which has a carrier consisting

essentially of alumina.

A method for the hydroprocessing of heavy hydrocarbon feeds, wherein
a feedstock of which at least 50 wt.% boils above 538°C (1000°F), and

which comprise at least 2 wt.% of sulfur and at least 5 wt.% of

. RVA

WO

iR 2/ 06666 22 CLAIMS 1. A catalyst conprising 7-20 w. % of
metal component, calculated as trioxide on the weight of t
and 0.5 to 6 wt.%of a 5 Goup VIII netal conponent, cal cul ated

he

sai d



surface area of 100-180 nR/g, a total pore volune of at least 0.55 nml/g, at
| east 50% of the total pore volunme in pores with a dianeter of at |east 20
nm (200 AV 02Q@eB0L6 of the total pore volunme in pores w thpraTdiraredses of 10
at least 200 nm (2000 A), and 0-1 % of the total pore volume in pores with
a di aneter above 1000 nm (10000 A). 2. The catalyst of claim1 which has a
total pore volunme of 0.6-1.0 mM/g. 15 3. The catalyst of claim1 or 2 which
has 60-80% of the total pore volune pr&sent in pores with a di aneter. above
20 nm (200 A). 4. The catalyst of any of the preceding clainms which has

| ess than 85% of its pore volune present in pores with a dianmeter of
10-120 nm 100-1200 20 A). 5. The catal yst of any of the preceding clains
whi ch has | ess f i ' t of
50- 150 mm (500 o TR08 Ay rE9g B cRRERCURINTE, tpRA! Secitciih B Bng R e

cl ai ms whi ch hagrecedmg cleamgonsi Stl ng essenti aI ly of alumna. 7. A nethod
for the hydroprocessi ng of heavy hydrocarbon feeds, wherein a feedstock of
which at |east 50 wt. % boils above 538C (1000F), and 30 which conprise at
| east 2wt g% of ThUl sl Bairh SASheReiftategbt YDA 10mR11BAHIRRAR0666

23 Conradson carbon is contacted with a catal yst according to any of
precedi fig cl ai maboge SABECrEtMSAr bfangl whereinviher tsied has |assifugGomtetoeff t he

feedst ock boils €,5 nd rein fee a sul fur
content of abo@@%&?ﬁ%ﬁ’aﬁﬁ%ﬁ&glo%&%qsgo@s%%ggarcﬁ’gwné89%‘?\% V&%%ve 8 m.% 9.
The met hod of any of clainms 7-8 wherein the catalyst is in the formof an

ebul I ati ng bed. ) ) o
9. The method of any of claims 7-8 wherein the catalyst is in the form of an

ebullating bed.



