WO 02/ 100980 PCT/ EP02/ 06665 Two-stage heavy feed HPC process 5 The present
invention relates to a nethod for hydroprocessing a heavy hydrocarbon oil,
i n parti cwioar/1e09s®t hod in which a conbination of two cat alPgItEP02/i&6tised to
obt ai n advant ageous effects in the hydroprocessi ng of heavy hydrocarbon
oils. The present invention also relates to a conbination of 10 catalysts
suitable for use in such a process. Mire particularly, the present
invention relates to a process suitable for the hydroprocessing of heavy
hydr ocarbon oils containing a | arge anount of inpurities such as sulfur,
netal s, and asphaltene to effect hydrodesul furisation 15 (HDS)

hydr odenetal | i sati on (HDM), asphal tene reducti on (HDAsp) and/or conversion
into lighter products, while limting the amount of sedinment produced. The
feed may al so contain other contam nants such as Conradson carbon residue
(CCR) and nitrogen, and car resi due reduction (HDCCR) and
hydrodenitriV‘fci‘E%tgile?a(leﬁﬁﬁdeIr%‘f?sﬁe desired processes. 20 Hydrocarbon
oils cogtaining 50 wt.% or nore of conponents with a boiling point of 538C
or higher are called heavy hydrocarbon oils. These include atnospheric
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More particularly, the present invention relates to a process suitable for the
hydroprocessing of heavy hydrocarbon oils containing a large amount of
impurities such as sulfur, metals, and asphaltene to effect hydrodesulfurisation
15 (HDS), hydrodemetallisation (HDM), asphaltene reduction (HDAsp) and/or
conversion into lighter products, while limiting the amount of sediment
produced. The feed may also contain other contaminants such as Conradson
carbon residue (CCR) and nitrogen, and carbon residue reduction (HDCCR)
and hydrodenitrification (HDN) may also be desired processes. '
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) and vacuum residue (VR), which are produced in
petroleum refining. It is desired to remove impurities such as sulfur from these
25 heavy hydrocarbon oils by hydroprocessing, and to convert them into lighter

‘oils, which have a higher economic value.

The hydroprocessing of heavy hydrocarbon oils is done in ebuilating bed
operation or in fixed bed operation.

30 For ebullating bed operation, various catalysts have been proposed. Generally,
these catalysts are capable of efficiently removing sulfur, Conradson carbon

residue (CCR), various metals, nitrogen and/or asphaltenes. However, it was

CONFIRMATION COPY



WO 02/ 100980 PCT/ EP02/ 06665 2 found that the deconposition of asphaltenes,
an aggregate of condensed aromatic conpounds which is in good bal ance with
t he rest wbDozheooBeedst ock, is generally acconpani ed by t reTfEPOZYBd6bDN Of
sedi nrent and sl udge. Sedi nent can be determ ned by the Shell hot filtration
solid test (SHFST). (see 5 Van Kerknoort et al., J. Inst. Pet., 37, pp.
596-604 (1951)). Its ordinary content is said to be about 0.19 to 1 w.%
in product with a boiling point of 340C or higher collected fromthe
bottom of a flash drum Sedinent forned iiuri ng hydr oprocessi ng operations
may settle and deposit in such apparatuses as heat exchangers and
reactors, and because it threatens to 10 close off the passage, it can

seriously ha ra.t operation .of these aratuses. Especially in the
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therefore need for a process for effecti (r;% efficient contam nant renoval
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apparatuses. Especially in the hydroprocessing of heavy hydrocarbon feeds
containing large amounts of vacuum residue, sediment formation is an
important factor, and there is therefore need for a process for effecting efficient
contaminant removal in combination with low sediment formation and high

15  conversion.

Japanese patent No. 765055 discloses a process for hydroprocessing a heavy
hydrocarbon oil containing sulfur impurities and metallic impurities at least in
two stages. In the first stage a catalyst containing 0.1 to 5 wt.% of metal oxide

20 was used to effect hydrodemetallisation and hydrocracking. In the second
stage, a catalyst containing 7 to 30 wt.% of a metal oxide was used to effect
hydrodesulfurisation. However, due to, among other features, the high metals
content of the second catalyst,'asphaltene conversion in this process is not

~adequate.

25 Japanese patent No. 8325580 A discloses a catalytic hydroconversion method
for a heavy feedstock. In the first stage a catalyst with a carrier material
selected from alumina, silica, and a combination thereof which comprises 2 to
25 wt.% of oxides of active metals selected from cadmium, chromium, cobalt,
iron, molybdenum, nickel, tin, tungsten or a combination thereof, is applied at a

30 reaction temperature of 438 to 468°C, a hydrogen partial pressure of 105 to 245



iron, nolybdenum nickel, tin, tungsten or a conbination thereof, is
applied at a 30 reaction tenperature of 438 to 468C, a hydrogen parti al
pressure wh 0206098®@ 245 WO 02/ 100980 PCT/ EP02/ 06665 3 kg/ ®@a/EPanasess vol ume
hourly space velocity of 0.3 to 1.0 h-1. In the second stage a simlar
catalyst is used at a reaction tenperature of 371 to 427C, a hydrogen
partial pressure of 105 to 245 kg/cn2, and a space velocity of 0.1 to 0.8
h-1. The first stage is operated at a higher tenperature and a | ower
catalytic 5 activity than the second stszge to i nprove hydroconversion.
However, it appears that the high tenperature applied in the first stage

| eads to thermal condensation of asphaltene on the one hand and, on the
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achieve a high cracking rate, but the problem of asphaltene cohesion

acconpanyi s KanHeat te nasiesiigd cehesiopeand percipitationoef aephalignesand goke
edi merP  FOTTRRTCR 115 92 br ocessi ng of heavy of I to effect
hydr odesul furi sati on and conversions.
Japanese patent publication 653875 describes a multistage catalytic method for
the high conversion of a heavy hydrocarbon liquid feedstock. In the first stage, a
fixed. bed or ebullated bed reactor is operated at a reaction temperature of 415
15 . to 455°C, a hydrogen partial pressure of 70 to 211 kg/cm?, and a space velocity
of 0.2 to 2.0 h-1. In the second stage, an ebullated bed reactor is operated
under similar conditions. The catalyst used in the above method comprises a
carrier material selected from alumina, silica, and a combination thereof, and
the oxide of an active metal selected from cadmium, chromium, cobalt, iron,
20 molybdenum, nickel, tin, tungsten, and mixtures thereof. In this reference,
vacuum bottoms are recirculated to achieve a high cracking rate, but the
problem of asphaltene cohesion accompanying the high cracking rate operation

is not solved.

25 In summary, the processes of the prior art are inadequate in inhibiting sediment
formation in the hydroprocessing of heavy oil to effect hydrodesulfurisation and

conversions.

The object of this invention is to provide an effective process for the

30 hydroprocessing of a heavy hydrocarbon oil containing a large amount of



The object of this invention is to provide an effective process for the 30
hydr opr ocessi ng of a heavy hydrocarbon oil containing a | arge anount of WO
02/ 100980wWB@2/1&P82/ 06665 4 inpurities such as sul fur, ComCad®Ponoss bon
resi due, netals, nitrogen, and asphaltene, especially a heavy oi

contai ning 80% or nore vacuumresidue fractions, for adequately renoving
the inpurities. In addition to efficient contam nant renoval, the process
shoul d show | ow sedi ment formation, high 5 asphaltene renoval, and high
conversion. The inventors, having studied intensively to solve the above
problem have found a catalytic hydropﬂocessing met hod for a heavy oi
based on two-stage catalytic cracking, in which both catal ysts neet
specific requirenents as to 10 netals content and pore size distribution.
The cat al yERPW#R$ SHCR s SUHYE GPARsisPs cajpeni fasidte, ymgtals gRbi®des, @er ease
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pr event i ngfrastidiad, t fare aplegaiataly atnwving hies dnpadticd.age additibysto ieffidiant or ed
to effect advanced desul furisation and 15 hydrogenatjon reactions while
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st abl e.é)peééﬁéﬁéne-rl}é‘?n 7 .ﬁ@ﬁfgﬂrbo?]f\/eFé?@n.tm different catalysts leads to a

synergistic effect Tresulting rn a process show ng stabl e operation, high
hydr odesul furisation and conversion activity, and | ow sedi nent fornation.

20 The progess. accor di to the invention is a method for hydroprocessing a
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first stage, _ \ _ e effl'uent of the fir stage is contacted in
whol e or i najsdytic wiadkingzSnhwlichpboihe saialysts aneely spetifici mqtilempnis esc of

2%%8%@% , \rlhhe%gl%i ont&h téil% %E)rel si%grmsrtiril%&slon?. 'ﬁ'(\)e %gta\MST Ou/osgé iR tr% %lrjsq sYégBe ETSEt al
specifically designed to decrease the impurities in the heavy hydrocarbon oil. In
particular, it achieves demetallisation and efficient asphaltene removal, which is
effective in preventing asphaltene precipitation.

The second stage catalyst is tailored to effect advanced desulfurisation and
15 . hydrogenation reactions while inhibiting sediment formation due to asphaltene
precipitation, to allow stable operation.
The combination of the two different catalysts leads to a synergistic effect
resulting in a process showing stable operation, high hydrodesulfurisation and
conversion activity, and low sediment formation.
20
The process according to the invention is a method for hydroprocessing a
heavy hydrocarbon oil, comprising bringing a heavy hydrocarbon oil into contact
. with hydroprocessing catalyst | in the presence of hydrogen in a first stage, after
~which the effluent of the first stage is contacted in whole or in part with
25  hydroprocessing catalyst Il in the presence of hydrogen, wherein
e catalyst | comprises 7 to 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 VIII metal component, calculated as oxide on the weight of the
catalyst, on a porous inorganic carrier, said catalyst having a specific

30 surface area of at least 100 m2/g, a total pore volume of at least 0.55 mil/g,



calculated as trioxide on the weight of the catalyst, and 0.5 to 6 wt. % of
a Goup VIII netal conponent, calcul ated as oxide on the weight of the

cat al yst ,worn24a0(980 ous i norgani c carrier, said catal yst havcagEra/egmetific 30
surface area of at least 100 n2/g, a total pore volune of at |east 0.55

m /g, WO 02/100980 PCT/EP02/ 06665 5 at |east 50% of the total pore vol une
in pores wwth a dianeter of at least 20 nm (200 A), and 10-30% of the
total pore volune in pores with a dianeter of at |east 200 nm (2000 A) and

catalyst Il conprises 7 to 20 wt. % of asGroup VIB netal conponent, 5
calculated as trioxide on the weight of the catalyst, and 0.5 to 6 wt. % of
a Goup VIII netal conponent, calcul ated as oxide on the wei ght of the
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10-120 nm 10 (100-1200 A), 0-2%of the total pore volune in pores wth a
di anet er of attld4asa200400 (208Q ApeodA), and 0-1% of the total pore volune in

pores with a _di ter of at |east 100 m_ {10000 A) he present invention
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defi ned above. The catal ysts used in the process according to the invention
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invention is at | east one sel ected romni ckel, cobalt, and iron. In view
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least 400 nm (4000 A), and 0-1% of the total pore volume in pores with a

diameter of at least 1000 nm (10000 A).

The present invention also pertains to a catalyst combination suitable for use in
15 . such a process, wherein the catalyst combination comprises catalysts | and Il

defined above.

The catalysts used in the process according to the invention comprise catalytic
materials on a porous carrier. The catalytic materials present on the catalyst
20 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 Group VIl metal used in this invention is at least one selected
from nickel, cobalt, and iron. In view of performance and economy, cobalt and
‘nickel are preferred. Nickel is especially preferred. As the Group VIB metals
25  which can be used, molybdenum, tungsten, and chromium may be mentioned,
but in view of performance and economy, molybdenum is preferred. The
combination of molybdenum and nickel is particularly preferred for the catalytic

materials of the catalyst according to the invention.



but in view of performance and econony, nolybdenumis preferred. The

conbi nati on of nol ybdenum and nickel is particularly preferred for the

cat al yti cwormatieB@ml s of the catal yst according to the i nv@cTiEmm2/06663

02/ 100980 PCT/ EP02/ 06665 6 Based on the weight (100 wt.% of the final
catal yst, the amounts of the respective catalytic materials in the

catal ysts used in the process according to the invention are as foll ows.
The catal ysts conprise 7-20 w.% preferably 8-16 w.% of Goup VIB netal,
5 calculated as trioxide. If less than 7,w.%is used, the activity of the
catalyst will be insufficient. On the 06[her hand, if nmore than 16 wt.% in
particular nore than 20 wt.%is used, the catal ytlc performance V\,i II not
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.%is present, the catalyst performance wil be i nproved f
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Cat al ys t he 1ot al poré vol'une in"pores W
di anet er ofperformance will not be improved further.

The total pore volume of Catalyst | and Catalyst Il is at least 0.55 ml/g,
preferably at least 0.6 mi/g. It is preferred if it is at most 1.0 ml/g, more
15  preferably at most 0.9 ml/g. The determination of the total pore volume and the
pore size distribution is effected via mercury penetration at a contact angle of
140° with a surface tension of 480 dynes/cm, using, for example, a mercury

porosimeter Autopore 1l (trade name) produced by Micrometrics.

20 Catalyst | has a specific surface area of at least 100 m%g. For the catalyst to
meet the required pore size distribution ranges, it is preferred for it to have a
surface area of 100-180 m?/g, preferably 150-170 m?/g. If the surface area is
less than 100 m%g, the catalytic activity will be too low. In the present
‘specification the surface area is determined in accordance with the BET method

25 based on N, adsorption.

Catalyst | has at least 50% of the total pore volume in pores with a diameter of
at least 20 nm (200 A), preferably at least 60%. The percentage of pore volume
in this range is preferably at most 80%. If the percentage of pore volume in this
range is below 50%, the catalytic performance, especially the asphaltene

30 cracking activity, will decrease. As a result thereof, sediment formation will



at least 20 nm (200 A), preferably at |east 60% The percentage of pore
volume in this range is preferably at nost 80% If the percentage of pore
vol une i rwohigooss@nge i s bel ow 50% the catal ytic perfor meerEpPoregei al |y

t he asphaltene 30 cracking activity, will decrease. As a result thereof,
sedinent formation wll WO 02/100980 PCT/ EPO2/ 06665 7 increase. The
carrier of catalyst | preferably shows at |east 43% of pore volune in this
range, nore preferably at |east 47% The percentage of pore volune in this
range for the carrier preferably is at st 75% nore preferably at npst
70% 5 Catalyst |I has 10-30% of the total pore volune in pores with a

di aneter of at |east 200 nm (2000 A). If the percentage of pores in this

range i s tao e sphal t re apacity. in batt om of the
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the feed boi11’hg above 538C is at least 70% nore preferably at |east 80%
it is psefeCatatyst bhasat @394 of tiee hetak pard@dlubie 1I2Qory with%Pd(aksel 200Gt A) )

of | ess than 85% preferabl3/ | ess than 82% still nore 15 . preferably |ess

t han 80% |I¢a$th%8%@nbé%ﬁ%é of thy percentage ohpesin fhis range jsaingelovnddnes

too high, t n f v i 1 j-apei ve 200
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Addi t i onal I&spe;jiaib/eNipém the adsteckdéenteinera egewnsunt of vacuum residué, that

is, if the percentage of the feed boiling above 538°C is at least 70%, more

preferably at least 80%, it is preferred for Catalyst | to have a %PV(10-120 nm)
(%PV(100-1200 A)) of less than 85%, preferably less than 82%, still more
15 . 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) will decrease, and the residue cracking rate may be
insufficient.
It is preferred for Catalyst | to have less than 0.2 ml/g of pore volume in pores
20  with a diameter of 50-150 nm (500 to 1,500 A). If more than 0.2 mi/g of pore
volume is present in this range, the relative percentage of pore volume present
in pores with a diameter below 30 nm (300 A) will decrease, and the catalytic
performance may decline. Additionally, since pores with a diameter below 30
'nm (300 A) are liable to closing by very heavy feedstock components, it is
25 feared that the life of the catalyst may be shortened if the amount of pore
volume present in this range is relatively too small.
Additionally, it is preferred for Catalyst | to have less than 25% of its pore
volume in pores with a diameter of 10 nm (100 A) or less. If the percentage of

pore volume present in this range is above this value, sediment formation may



nm (300 A) are liable to closing by very heavy feedstock conponents, it is
25 feared that the |ife of the catalyst nay be shortened if the anount of
pore volwom2po®sent in this range is relatively too smal IPCTAPd2/0d66Mal |y,

it is preferred for Catalyst | to have less than 25%of its pore volune in
pores with a dianeter of 10 nm (100 A) or less. If the percentage of pore
vol unme present in this range is above this value, sedinent formati on may WO
02/ 100980 PCT/ EP02/ 06665 8 increase due to increased hydrogenation of the
non- asphal tenic feed constituents. Catalyst | is based on a porous

i norgani ¢ oxi de carrier which generally8 conprises the conventional oxides,
e.g., alumna, silica, silica-alumna, alumna 5 with silica-alumna

di spersed therein, silica-coated alum na, nmagnesia, zirconia, boria,-and
titania, asneease ague rnpxingressed hydwgesriiers of | the snep-esphaltanie ofeathe
carrier toC%ﬁgﬁt'gab Sf or at |least 80%of alumna, nore preferably at | east
90% still "eferabl y at least 95% A carrier consisting essentially
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affect the catalytic activity of the catalyst.

Catalyst |l has a specific surface area of at least 100 m?/g, preferably at least
130 m*/g. If the surface area is below 100 m?g, the catalytic activity will be

15 . insufficient.

Catalyst 1l will have at least 75% of the total pore volume in pores with a
diameter of 10-120 nm (100-1200 A), preferably at least 78%. If the percentage
20 of. bore volume in this range is insufficient, the hydrocracking and
hydrodesulfurisation activity of the catalyst will be insufficient. Catalyst Il has 0-
2% of the total pore volume in pores with a diameter of at least 400 nm
(4000 A), and 0-1% of the total pore volume in pores with a diameter of at least
1000 nm (10000 A). If these requirements are not met, the stability of the
25 hydrodesulfurisation and hydrocracking activity of Catalyst Il cannot be
guaranteed. Additionally, it is preferred for Catalyst Il to have less than 25% of
its pore volume in pores with a diameter of 10 nm (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

30 feed constituents.



25 hydrodesul furisation and hydrocracking activity of Catalyst Il cannot be
guaranteed. Additionally, it is preferred for Catalyst Il to have |less than
25% of 1We pas®swvol ume in pores with a dianmeter of 10 nmPCIOPOAY666F | ess.
If the percentage of pore volune present in this range is above this

val ue, sedinment formation may increase due to increased hydrogenation of
the non-asphaltenic 30 feed constituents. WO 02/ 100980 PCT/ EP02/ 06665 9
Catalyst Il is also based on a porous inorganic oxide carrier which
generally conprises the conventional oxides, e.g., alumna, silica,
silica-alumna, alumna wth silica-aldm na dispersed therein,
silica-coated alum na, magnesia, zirconia, boria, and titania, as well as
m xt ures of a\tmese axi qes is preferred for .the .5 carrier to consi?t for
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of catalyst II, i were found to be particularly suitable use in
t he proceswithcsligadahnineg dispersen thareion silice-chiated algminapeeighesiagaoohiapnt |
further ingi cat ed a@ Catal yst,lla .)gas a ts) rface . area of a I%ﬁt 00
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with a diameter of 10-120 nm (100-1200 A), preferably at |east 85% nore

pr ef er abl y Wit% | Wik thesedanesg beiigampasie up @Qéﬂi(ﬁer ably is based on an al um na
carrier. As the alumna carrier in this enbodinent, a carrier consisting
essentially of alumna is preferred, the wording "consisting essentially

of being i Wended develman tWabpadifiioentbdimkats of catbiRt licwmsaets fomy be
present, as |long as they do not affect the catalytic activity of the

catal yst. XobedreiaHarly guitale fvdiseandhg Proeasseagording todire inyenden.ri er
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phosphor us ared kdflat lsesial 80 antigalikial prefe@biyt between 100 and 180 m?g, more
preferably between 150 and 170 m?/g. It has at least 75% of the total pore
volume in pores with a diameter of 10-120 nm (100-1200 A), preferably at least
85%, more preferably at least 87%.

15 . Catalyst lla preferably is based on an alumina carrier. As the alumina carrier in
this embodiment, 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 affect the catalytic
activity of the catalyst.

20 However, to improve catalyst strength as well as carrier acidity, the carrier can
contain at least one material selected, for example,'from oxides of.éilicon,
titanium, zirconium, boron, zinc, phosphorus, alkali metals and alkaline earth
metals, zeolite, and clay minerals in a small amount of less than 5 wt.%, based
‘on the weight of the completed catalyst, preferably less than 2.5 wt.%, more

25  preferably less than 1.5 wt.%, still more preferably less than 0.5 wt.%.

The second specific embodiment, further indicated as Catalyst llb, has a

surface area of at least 150 m?/g, preferably 185-250 m?%g. It has at least 75%

of the total pore volume in pores with a diameter of 10-120 nm (100-1200 A),
30 preferably at least 78%.



netals, zeolite, and clay mnerals in a small anmount of less than 5 wt.%
based on the weight of the conpleted catalyst, preferably less than 2.5
wt. % norwo 025098&ferably |less than 1.5 w.% still nore pcefEPoaieys | ess
than 0.5 w.% The second specific enbodi nent, further indicated as
Catalyst Ilb, has a surface area of at |east 150 nR/g, preferably 185-250
n2/g. It has at least 75% of the total pore volune in pores with a

di aneter of 10-120 nm (100-1200 A), 30 preferably at |east 78% WO

02/ 100980 PCT/ EPO2/ 06665 10 Cat al yst IIB i s based on a carrier conprising
at least 3.5 wt.%of silica, calcul ate& on the weight of the final

catal yst, preferably 3.5-30 wt.% nore preferably 4-12 w.% even nore
preferably 4.5-1 %, 1f less than 3.5 wt .. % of ilicads present, the
et or mantd SvEhd L i hgsed B A BaNiebsCoPHRBEnebdeeTha & Rk arb e, t ne
carrier of Galaaiatoh el welPReSTdheY fifBIdBataR/spl pAdrEFblA 3. 98D WP % | More
containing other refractory oxides, such as titania, Zirconia, etc. It is
preferred praterablpe-bamddeece\wn mose peaferaily 4i5-damdl % sif ladspthas naud %pfof at

| east 90% of,. al um na [e ef er abl t least. 95% It is preferr for
the carrier 5P PHYSSERL gﬁ?ﬁepﬁr(?f mgﬁgeicﬁ\;ﬁ%tqag%yftow@oﬂ 1SS B@E’QHPF%@'F@h%f
silica gnd liamaengs thehsarvier of batah/@t 11608 ePletalRsmanti @ byaRmikei ddidnatignded
to nean that mnor anounts of other conponents may be present, as |ong as

t hey do notcoatdisigg ether cefrastpry exidesi suely asditanine zoagriny stc. 11 is prefeiredter

preferred odi S | a. p tal nt.
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preferred faumireasnoge Qi‘reﬂ@%tﬁl?rétalé@@t%.lﬁ BCprefened Foe themantierobf @Goup | A
metal is 0.1-2 w.% npreferably 0.2-1 w.% npre preferably 0.1-0.5 wt. %

cal cul at ed G@alyxi Afehelinverdion orpanstt esientglvsof pliesend alumigadty werlieg ect
i 50 oSBT b= LR el i 8380 BRI TP

components may be present, as long as they do not affect the catalytic activity
of the catalyst. In a further preferred embodiment, Catalyst lIb comprises a
Group |A metal component. Sodium and potassium may be mentioned as
suitable materials. Sodium is preferred for reasons of performance and

15 . economy. The amount of Group |A metal is 0.1-2 wt.%, preferably 0.2-1 wt.%,
more preferably 0.1-0.5 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,
or sometimes more than 1 wt.%, the activity of the catalyst will be adversely
affected.

20
In a particularly preferred embodiment, in the second stage a combination of
catalysts lla and b is used. If a mixture of catalyst lla and catalyst ilb is used, it
is preferred for catalyst lla to have at least 50% of its pore volume in pores with
~a diameter above 200 A, more preferably 60-80%, while for catalyst b it is

25 preferred to have less than 50% of its pore volume present in pores with a
diameter of above 200 A, more preferably less than 40%.
If this requirement is met, catalyst lla will show good asphaltene cracking
properties and low sediment formation and catalyst llb will show good
hydrodesulfurisation activity and good hydrogenation activity, and the

30 combination will lead to very good results.



In a particularly preferred enbodi ment, in the second stage a conbi nati on
of catalysts Ila and Ilb is used. If a mxture of catalyst Ila and

cat al yst wbh2i1so9ssed, it is preferred for catalyst |la t@Chaprez/edocs east
50% of its pore volume in pores with -a dianmeter above 200 A nore
preferably 60-80% while for catalyst Ilb it is 25 preferred to have | ess
than 50% of its pore volune present in pores with a dianeter of above 200
A, nore preferably less than 40% If this requirenment is nmet, catalyst Ila

wi || show good asphal tene cracking properties and | ow sedi nent formation
and catalyst Ilb will show good hydrodesulfurisation activity and good
hydr ogenation activity, and the 30 conmbination will lead to very good
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by using cabadlysts cdrl deandpligdthuaepprateplageisydotitt thei tibe adt alrgste b Hess f so
desired, any of the catalysts may contain a?di_ti on?l C‘g on r&s, 15
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boron), cenquEtalydsmbitu@ capbe\éhpliedgoyt it isrglsd pasdibledndstan iy usirgscatblyst oup
VB (e.g., lla and gradually replacing it with catalyst lib.

If so desired, any of the catalysts may contain additional components
15 . conventionally used in hydroprocessing catalysts, including, for example,
compounds of Group IA (e.g., sodium, lithium, potassium), compounds of Group
IA (e.g., magnesium, caicium), compounds of Group llIA (e.g., boron),
compounds of Group IVA (e.g., tin, lead), and compounds of Group VB (e.g.,
phosphorus, arsenic, antimony, etc).
20

More in particular, if in the second stage the combination of catalysts lla and Ilb
is used, it is preferred for catalyst llb to comprise a compound of Group VA,
25 namely phosphorus,, arsenic, antimony, and bismuth. Phosphorus is preferred.
The compound in this case preferably is present in an amount of 0.05-3 wt.%,
more preferably 0.1-2 wt.%., still more preferably 0.1-1 wt.%, calculated as
P,Os. As indicated above, it may also be preferred for catalyst llb to comprise a

compound of Group IA, e.g., sodium, potassium, or lithium.



phosphorus, arsenic, antinony, etc). 20 More in particular, if in the
second stage the conbination of catalysts Ila and Ilb is used, it is

pr ef er r edwbDar/1ec@8@l yst |1b to conprise a conpound of G oupCVAPO2/R@B6hanel y
phosphorus,, arsenic, antinony, and bisnmuth. Phosphorus is preferred. The
conpound in this case preferably is present in an amount of 0.05-3 wt.%
nore preferably 0.1-2 wt.%, still nore preferably 0.1-1 w.% cal cul ated
as P205. As indicated above, it may also be preferred for catalyst Ilb to
conprise a conpound of Goup IA e.g.,.,sodium potassium or lithium WO
02/ 100980 PCT/ EP02/ 06665 12 On the ot hé? hand, if in the second stage
catalyst Ilb is used by itself, that is, not 1in conbination with catal yst

la, it i ferred for catal ILb.to b f h _ 5 Th
catal yst el i abShnt b B Brsonb atds B ahiE it At BRRRR b e R 1
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dianeter may range fromO. mm Particles wwth a dianeter of

mm pref er @OPh@UB- 1.2 nm for exanple 0.9-1 nm and a length of 2- 10 nm
for exanple 2.5- 4.5 nm are preferred. For use in fixed bed operation
pol yl obal particles are 10 preferred, because they |ead to a reduced

pressurg drioR ddlalybypaeidrEeda hhsatieBhaRss ahd eBensishé RERHimaN P81 bl es
are preferred for use in ebullating bed operations. The carrier to be used

in the cat dihgst the pamielessaay ibe sherisabcybrdrigatRrdpeiyobal and theiedipmaiat i on
can be pre | art . ieal= product i t hod
For a onrr oy Eouté PARESIF T oA Peroby i picn P o B Sl Plard el
and al um nigum1s2ihim for ekbmpleOud-timen, geld & Sertlithed,2-¢8 nfimig ést, exaamslecabei ned,
to obtain an_al um na-containing carrier. Optjonally, other conponents such
as silica ey W8, aiaddetesiesh &0rdiss iy fixgd bgd epeintion; prlylgbabRarticles are

10  preferred, because they lead to a reduced pressure drop in

hydrodemetallisation operations. Cylindrical particles are preferred for use in

ebullating bed operations.

The carrier to be used in the catalysts to be used in the process according to
15  the invention can be prepared by processes known in the art.
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.
20
By way of example, a process for preparing an alumina gel will be described
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.
25 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 addition of the acidic
aluminium solution is completed, the pH is 7 to 9, and that during mixing, the
temperature is 60 to 75°C. The mixture is then kept at that temperature for, in

30 general, 0.5-1.5 hours, preferably for 40-80 minutes.



By way of exanple, a process for preparing an alum na gel will be described
below. First, a tank containing tap water or warmwater is charged with an
al kali  swbuweiteresof sodi um al um nate, al um ni um hydr oxi de PCT/EPOLDGSHS
hydroxi de, etc., and an acidic alum nium solution of alumniumsulfate or
alumniumnitrate, etc. 25 is added for m xing. The hydrogen ion
concentration (pH) of the m xed solution changes with the progression of
the reaction. It is preferable that when the addition of the acidic

al um nium solution is conpleted, the pkhés 7 to 9, and that during m xing,
the tenperature is 60 to 75C. The mxture is then kept at that tenperature
for, in 30 general, 0.5-1.5 hours, preferably for 40-80 m nutes. WO

02/ 100980 BCT/ EPQ /gq%GS 13 %é way of further exanple & rocqss.for
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conpl etion of the m xing an alum na hydrogel can be obtained. Then, an
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be produced by combining a silica source such as sodium silicate with an

alumina source such as sodium aluminate or aluminium sulfate, or by mixing an

15 . 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 mixture of silica and alumina. Examples

of such methods are adding a sodium aluminate solution to a silica hydrogeél

and increasing the pH by the addition of, e.g., sodium hydroxide to precipitate

20 alumina, and coprecipitating sodium silicate with aluminium sulfate. A further

possibility is to immerse the alumina carrier, before or after calcination, in an

impregnation solution comprising a silicon source dissolved therein.

“In a following stage, the gel is separated from the solution and a commercially
25 used washing treatment, for example a washing treatment using tap water or

hot water, is carried out to remove impurities, mainly salts, 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.



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 hydroxide to

preci pi t awe 0200@Bunm na, and coprecipitating sodi um sil i cafeTmPoo@buim ni um
sulfate. Afurther possibility is to inmerse the alum na carrier, before
or after calcination, in an inpregnation solution conprising a silicon
source dissolved therein. In a follow ng stage, the gel is separated from
the solution and a commercially 25 used washing treatnent, for exanple a
washi ng treatnent using tap water or h%r water, is carried out to renove
inpurities, mainly salts, fromthe gel. Then, the gel is shaped into
particles in a manner known in the art, e.g., by way of extrusion, beading

or pelletising. 02/.10Q980..PCT/ EP02/.06665, 14. Fi ly,, t.he .shaped
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carrier having properties which will give a catalyst with the surface

area, por eoubinuhe prasence of gepe i ipBuencs themiystaha@vghde the Peieecs specified
above. The surface area, pore volune, and pore size distribution
characteristics can be adjusted in a manner known to the skilled person,
for exanpl 8ybyhd eboyedptaoduttidnr meghddet s Xpoagite toslvdringa starger dfaviy aci d,
such as nitric acid, acetjc acid or form c acid, or other conpounds as
moul di ng aBXPRETHRS Whieh pyill (VR EaERiRl St w@tmeeﬁue‘aﬁ%éﬁ?aop%ég@ma angl by

addi ng4@r ,3RD\&iA0 | tiQﬂWﬁ&%@f&EﬁEﬁv b ol Q?r%\zael.yﬁﬁé sLfrabe 4tegdpbpe the

process acrgordl ng to ttﬁfe I nvention a specific surface area, pore
vol ume, andojune and pork sizei distrivotionfchehactedstios cardbe afusthdse aofanher
catalysts H(plgv%etlovﬁsé' sl;Eleed %%Fsroin?rfoP]:eXar%%ﬁeawst}weIaddition 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

15 . by adding or removing water.

The carriers of the catalysts to be used in the process according to the invention
have a specific surface area, pore volume, and pdre size distribution of the
same order as those of the catalysts themselves. The carrier of cafalyst |
20 preferably has a surface area of 100-200m?%g, more preferably 130—170 m?/g.
The total pore volume is preferably 0.5-1.2 ml/g, more preferably 0.7-1.1 ml/g.
The carrier of catalyst Il preferably has a surface area of 180-300 m?/g, more
preferably 185-250 m?/g, and a pore volume of 0.5-1.0 mi/g, more preferably
-0.6-0.9 ml/g.
25
The Group VIB metal components, Group VIl metal components, and, where
appropriate, Group IA metal components can be incorporated into the catalyst
carrier in a conventional manner, €.g., by impregnation and/or by incorporation

into the support material before it is shaped into particles.



20 preferably has a surface area of 100-200nR2/g, nore preferably 130-170
n2/g. The total pore volune is preferably 0.5-1.2 nml/g, nore preferably
0.7-1.1 nwOg2/100bk@ carrier of catalyst |l preferably has @CImPhae@enr ea of
180-300 nR/g, nore preferably 185-250 n2/g, and a pore volunme of 0.5-1.0
m/g, nore preferably ,0.6-0.9 m/g. 25 The G oup VIB netal conponents,

G oup VIl netal conponents, and, where appropriate, Goup |A netal
conponents can be incorporated into the catalyst carrier in a conventional
manner, e.g., by inpregnation and/or by4gncorporation into the support
material before it is shaped into particles. WO 02/100980 PCT/ EP02/ 06665
15 At this point intinm it is considered preferred to first prepare the

carrier anth ﬂhi‘scﬁém‘?riﬁttﬁ‘né h@ischhﬁéiéréﬂee PRESTLALS fArbt Brdndfe GRY rc'bﬁ{era%r’ic?r. it
has been dried a cal ci ned. e nmetal conponents can be incorporated into
t he cat al yshcorporgteshei eataliytic trhatetiatsningd tisaiicaatidreafiereit Urasobsen pirietiesrad! y by

I npregnating, the 5 _catalyst with an acidic or basic inpregnation so|lution
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| A metal precursors include nitrates and carbonates. The inpregnation
sol ution, idreewsbise@theagompatnds sicheas @odgs Unydsoxides, esebonatesyiitrateiss

Known 11 <0, A BRn R 00 58 1 B osB SRS, o
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person that there is a wide range of variations on this nmethod. Thus, it
i s possi bl @ndo cignig acid salts. Carbonates and nitrates are particularly suitable.
Suitable Group IA metal precursors include nitrates and carbonates. 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
15 . water, hydrogen peroxide water, gluconic acid, tartaric acid, malic acid or EDTA
(ethylenediamine tetraacetic 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 stages, the impregnating solutions to be used
containing one or more of the component precursors that are to be deposited,
20 or a portion thereof. Instead of impregnating techniques, dipping methods,
spraying methods, etc. can be used. In the case of multiple 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
25 optionally dried, e.g., in air flow for about 0.5 to 16 hours at a temperature
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

30 precursors to the oxide form.



plurality of inpregnating stages, the inpregnating solutions to be used
contai ning one or nore of the conponent precursors that are to be
deposi t edw02/10098@ portion thereof. |Instead of inpregnati MGTIEPONMGGRIES,

di ppi ng net hods, spraying nethods, etc. can be used. In the case of

mul tiple inpregnation, dipping, etc., drying and/or calcining may be
carried out in between. After the netals have been incorporated into the
catal yst conposition, it is 25 optionally dried, e.g., in air flow for
about 0.5 to 16 hours at a tenperature 1getween room tenperature and 200C,
and subsequently cal cined, generally 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 least part, preferably all, of the netal conponent 30 precursors to the
oxi de formit Way(zd §89980eRETIIANER/ 1BB6ERalydf ild, MRYGRSUHAOR Hakl @rdup vapvert
the catalyst, i.e., the Goup VIB and Goup VIII netal conponents present

t herei n, i mietat Bempenents presenhihsreior inte thessulédicifarm huior Hy disogsetedid ng of
hydr ocar bon_{ cks. IS C be. do i .ot herwi se_ 5. conventi onal

Y oy 2" DohykRgBEesS of ARG fodks. ANCHITHE e nf AT Pk A

t enper agur eowvéhtidnal hegeierasd. dysedritact tathipst ineBestacisr abihcrddshd

m xture of hydrogen and hydrogen sulfide. Ex situ presulfiding is also
possi bl e. TeEPprEEs withfhyidredssr ase @ sulfW«aritainingsfesdptackupawity asmixtdrm e f or

the 10 hy R’EE S| dr ”q% f vialdiad icularly
sui tabl e ngEf(PlE}ﬁy ?)]pérﬁ(}gg P gﬁ\r%g@é' Fggszlgtocﬁgmggﬁa/\lﬁiaﬁﬁwd g?é%%st 50 wt. %
preferably at least 80 w.% boils above 538C (1000F) and whi ch conprise

at least 2_ w.%of sulfur and at |east 5 w.% of Conradson carbon. The
sul fur contldlft RFOCERR Of et BiERERhy IMYEBNHBRY S 3PaRticYarlyt SUitghieaddbntheur bon

Cons STaoTS ARSIy 1 Heall SLSIBNY AR, 10 Ml depl ek Y
nmet al s ar e hydegntessingheaayrfredstadksadf Widels tat 28asi58pami. %o arefat=tedt ast he
total of Ni80a\r/]vg%\{’ bglPsr Sbove 538°C (1000°F) and which comprise at least 2 wt.% of .
sulfur and at least 5 wt.% of Conradson carbon. The sulfur content of the
feedstock may be above 3 wt.%. Its Conradson carbon content may be above 8
15 . wt.%, 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 wtppm.
Suitable feedstocks include atmospheric residue, vacuum residue, residues
20 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.

‘Each stage of the process according to the invention can be carried out in a
25 fixed bed, in a moving bed, or in an ebullated bed. It is preferred to carry out at

least one stage in an ebullating bed. Carrying out both stages in an ebullating

bed is preferred.

The two stages of the process according to the invention can be carried out in a

single reactor, or in separate reactors. If the process is an ebullating bed

30 process, the use of separate reactors for the two stages is preferred. If so



particularly in an anount of at |east 30 wt ppm Suitable feedstocks include
at nospheric residue, vacuumresidue, residues 20 blended with gas oils,
parti cul awby2uem®sum gas oils, crudes, shale oils, tar san@CTaiPb%066sd| vent
deasphalted oil, coal liquefied oil, etc. Typically they are atnospheric
residue (AR), vacuumresidue (VR), and m xtures thereof. Each stage of the
process according to the invention can be carried out in a 25 fixed bed,
in a noving bed, or in an ebullated bed. It is preferred to carry out at

| east one stage in an ebullating bed. rying out both stages in an
ebullating bed is preferred. The two stages of the process according to
the invention .can be carried out in a single reactor, or in separate

t If th bul | at .30 th f
Capar ot o r GREVBHs ONEr MG PEUANE Qies0) MIPePLrPEATBHALE P15 SPEBRRD.

PCT/ EPO2/ 0&&ffpind, HAGSE A @ hg, Qﬂ@ megﬁrtﬁgqm%%égr more of internediate
phase separation, stripping, H2 quenching, etc. between the two stages.

The procesd h@opmcess)ro@nﬂduonsrfer m@@e@@ﬁcammﬂm@ tothenmventiemtay beegs be as

follows. T rature neraII r ef 0 0 The
breseure glnli i S8EBe B, Bepbel, Bops0 7RG piaBialy 4ot dtnotnd y
space vgl opréss@eenaldily 1*5% @5 MPA hprbferBbBf €438l MPA, 3‘h% Harudd ha'@m/ BNQ(E@QGH
to feed ratio generally i 00-1,500 NI/, preferablg 600- 1000 NI/1. The

process i s Velcity agnetally Iﬁrﬂﬂﬁ’ehﬁ quEterabixgb3-21b ‘FFHIE,hG v@regeoiovieed ratio
| uci dat ed | b
Cooren ™! CmoRBRANY A1 Sop R AR RSO R BRRSE, ThEMBMkcd b MataBl, °

sodi um al und tHas kys@lpesen and an al um nium sul fate sol ution were
si mul t aneously added dropwi se to a tank containing tap water, m xed at pH
8.5 at 77C, and held for 70 m nutes. The thus produced al um na hydrate gel

was 10 The invention will be elucidated below by way of the following examples, though

it must not be deemed limited thereto or thereby.

Example 1

15 . Preparation of Catalyst A

A sodium aluminate solution and an aluminium sulfate solution were
simultaneously added dropwise to a tank containing tap water, mixed at pH 8.5
at 77°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 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

30 components in the produced catalyst and the properties of the catalyst are



separated fromthe solution and washed with warmwater, to renove the 20
inpurities in the gel. Then, the gel was kneaded for about 20 m nutes and
extruded we oembios@ri cal particles having a dianmeter of 0. ®Cr@&r2/mmwsand a

|l ength of 3.5 mm The extruded alum na particles were cal cined at 800C for
2 hours, to obtain an alumna carrier. 100 g of the alum na carrier

obt ai ned as descri bed above were imersed in 100 25 m of a citric acid
solution containing 17.5 g of ammoni um nol ybdate tetrahydrate and 9.8 g of
nickel nitrate hexahydrate at 25C for 43gminutes, to obtain a carrier

| oaded with netallic conponents. Subsequently the l.oaded carrier was dried
at 120C for 30 mnutes and calcined at 620C for 1.5 hours, to conplete a

tal yst. f i : i (Dt
ot al yat antrRn e 1 Co iy ek e o e P By S PERS5 o666
18 shown i rinviaatiice. 1. Catal yst A neets the requirenents of Catalyst | of the

present invention. Preparation of Catalyst B 5 The preparation of Catalyst
A was repeated, except for the following nodifications: In the carrier

prepar ati omprebhRitbamperabNsegduring the alumna gel formation was 65C. The
carrier caIT'r‘h‘a‘l—i‘O‘rT—re'ﬁ‘p‘E'&arUre was 900C. In the catalyst preparation the
i npr egnét i desabrepamiionorafaiCedalydic. A wasf repesiedynexcayty orattbet &licathipglr at e,
and the catal yst cal cingtion tenperature 600C.. 10 The ¢o si.tion and
r oper t 1 e BPISRAATRS I e PRI pEePa ATYE 1EMRELRUTS QiR T Blinipg e

requi r ementtgrRbtidrRllsy 85oC! TOE EAicP' RIGAAtIOIEMOEPturd WARADBD!ONIPlhe
Catal yst C To produce a silica-alumna carrier, a sodium alum nate sol ution

was suppl i eatalyg preparatinktheoimprieghation splulipneeontaingdatt.dl @iof rdnunmrosiunt at e

sol ution an di um_.si,li.cate sol uti.o re.added, and m. xed. ohe
addi ti on_ ot oRaTERy A€ hRe e b b el S E e R B e e haa
a pH of{p8. T helbempbaitishartRproperties of Catalyst B are given in Table 1. Catalyst B

meets the requirements of Catalyst Il of the present invention.

Preparation of Catalyst C

To produce a silica-alumina carrier, a sodium aluminate solution was supplied .
15  to a tank containing tap water, and an aluminium sulfate solution and a sodium
silicate solution were added and mixed. When the addition of the aluminium
sulfate solution was completed, the mixt‘ure had a pH of 8.5. The mixture was
kept at 64°C for 1.5 hours. By such mixing a silica-alumina gel was produced.
The sodium silicate concentration was set at 1.6 wt.% of the alumina gel
20  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
a diameter of 0.9-1 mm and a length of 3.5 mm. The resuiting particles were
~dried in air at a temperature of 120°C for 16 hours and subsequently calcined in
25 the presence of air for two hours at 800°C to obtain a silica-alumina carrier. The
silica-content of the obtained carrier was 7 wt.%.
One hundred grams of the thus obtained silica-alumina carrier were
impregnated with 100 ml of an impregnation solution containing 16.4 g of
ammonium molybdate tetrahydrate, 9.8 g of nickel nitrate hexahydrate, 0.66 g

30 of sodium nitrate, and 50 ml of 25% ammonia water. The impregnated carrier



kept at 64C for 1.5 hours. By such mxing a silica-alum na gel was
produced. The sodiumsilicate concentration was set at 1.6 w. % of the

al um na gwb 0220098®I uti on. The silica-alum na gel was i sol Ca&dPoyodesd trati on
and washed with hot water to renove inpurities fromthe gel. It was then
extruded into cylindrical grains wwth a dianmeter of 0.9-1 mmand a |length
of 3.5 mm The resulting particles were -dried in air at a tenperature of
120C for 16 hours and subsequently calcined in 25 the presence of air for
two hours at 800C to obtain a silica-alugna carrier. The silica-content
of the obtained carrier was 7 w.% One Hundred grans of the thus obtained
silica-alumna carrier were inpregnated with 100 m of an i rrpregnati on

| ut i h
i ckel ni ¢ dee e rsatenicPparBtirea BB P of Rindes AN SR g i 2 fnosoc
anmoni a wat fr. 1 Bn@ourer 9584 t@agfdcﬁf ceV\@ ﬂﬁé%@?ﬁ&ét%ﬁé%%&@ﬁ% a?a% Was

then dried at, a tenmperature of 1 for 30 mnutes and calcined in a
for 1.5 houpepertissat this pedialysé aref igivgn ciat diapsa . 1. Tatalyapdsi mests ahhd

properties of S ven in . Table. 1. Catalyst C neets the
requi r enent ge%#r%&%nigg;i{%fqusgflF?igtgepqrgg%%my 35’5‘“ on. 5 Preparation of
Cat al ysts D A sodium alum nate solution and an al um ni um sul fate sol uti on

were simultaneously added dropwi se to a tank containing tap water, m xed
at pH 7.5 BrepavatiorsgtiCatalvitidn nate was then added until a final pH of 9.5

was reachedA ]s%d‘M?'ﬁn J?ﬁm'&'(é“%l tl§ﬁs ?8' darI Oélu%’ﬁmﬂ}rﬂ %Lﬁ?a‘t%-r%g L@\gb é/@é %dUCEd

al um na hydrate vvas Co 0O a carrier

descri bed fglmulﬂaexecatlylﬁfdedfdro@wﬁﬁ tcsé téhk TOstairang gy wadsr, efxadat pH 78t 0 a
catal yst as_described for Catalyst B, except that the inpr egnatl on

sol ution cofit A TedAduD FJumpaigiwas Hanaddacuntia ff'%‘y@?‘&f@ ee readipRdi ti on
and propgrtyfgndhe (kY Hasth@lGoP 788 RIHUes 3HePibs produced alumina hydrate

gel was converted into a carrier in the same way as described for the carrier of

Catalyst B. The carrier was converted into a catalyst as described for Catalyst

B, except that the impregnation solution contained 17.2 g ammonium molybdate

tetrahydrate. The composition and properties of Catalyst D are given in Table 1.
15 '

Preparation of Catalyst E

A large-pore carrier was prepared by grinding some of the calcined carrier
material of catalyst D, mixing it with alumina gel prepared as described for
Catalyst D, and converting the mixture into a carrier as described for Catalyst B.
20  The carrier was converted into a catalyst as described for Catalyst B, except
that the impregnation solution contained 17.2 g ammonium molybdate

tetrahydrate. The composition and properties of Catalyst E are given in Table 1.



15 Preparation of Catalyst E A large-pore carrier was prepared by grinding
sone of the calcined carrier material of catalyst D, mxing it with

al um na gwb ;pnesr ed as described for Catalyst D, and comearrPOngscbhe

m xture into a carrier as described for Catalyst B. 20 The carrier was
converted into a catal yst as described for Catal yst B, except that the

| npregnation solution contained 17.2 g amoni um nol ybdate tetrahydrate.
The conposition and properties of Catalyst E are given in Table 1. WO

02/ 100980 PCT/ EP02/ 06665 20 Table 1: al yst conposition and properties
Cat al yst Catal yst A Catal yst B Catal yst carrier alumna alum na Al 203 +
6% Si 2 GoupViIBwm.%x 13.1 11.9 11.5 Goup VIII w.%ox 2.0 2.0 2.1

Goup IA % ox Q. 0,0 surface a / 161 147 214 total pore volune
m/g 0 85 42 %g@%ta'@%?%'t'ﬁ%ﬁ %’p%% PV(>2000 A) 24 1 1 9%°V(>10000

A 0.1 0 Catﬁf\ét 100- 1200 A) 7&L§§§t§0 OAPV( %aflé(p}g(i) g S §] l Cgtaﬁfst c'éPV( ¥ 100 A
0.4 0.4 14—Catatyst—Catatyst Catatyst CHAT I T et um [5" al-oprna
G oupVl Bw-CE% 13.3 130 gn.ﬁﬂunﬂpau Wi o/nmaumma 2 ') S #{6]/93 Q¥ dhox 00

GroupVIBwt%ox 131 11.9 115

Group VIl wt.% ox 2.0 2.0 2.1

Group |A wt.% ox 0 0 0.2

surface area m?/g 161 147 214

total pore volume ml/g 0.88 0.79 0.75

%PV(>200 A) 63 74 25

%PV(>2000 A) 24 1

%PV(>10000 A) 0.1 0 0

%PV(100-1200 A) 74 89 80

%PV/(> 4000 A) 16 1 0.3

%PV(< 100 A) 0.4 0.4 14

Catalyst Catalyst D Catalyst E

carrier alumina alumina

| Group VIB wt.% ox 13.3 13.0

Group VIl wt.% ox 21 2.2

Group IA wt.% ox 0 0

surface area m“/g 168 125

total pore volume ml/g 0.72 0.80

%PV(>200 A) 35 30

%PV(>2000 A) 12 35

%PV(>10000 A) 0.5 3.5

%PV(100-1200 A) 68 55

%PV(> 4000 A) 14 18

%PV(< 100 A) 0.4 0.6

5 Catalysts A through E were tested in various combinations in the two-stage
hydroprocessing of a heavy hydrocarbon feedstock. The feedstock used in
these examples was a Middle East petroleum consisting of 90 wt.% of vacuum
residue (VR) and 10 wt.% of atmospheric residue (AR). The composition and
properties of the feed are given in Table 2.

10



surface area n2/ 168 125 total pore volume m/g 0.72 0.80 %V(>200 A) 35
30 9%°V(>2000 A) 12 35 9%V >10000 A) 0.5 3.5 9%V(100-1200 A) 68 55 9wV(>
4000 A) 1wo 02800986°V(< 100 A) 0.4 0.6 5 Catal ysts A througrCEERO2/E@6bTSt ed in
vari ous conbinations in the two-stage hydroprocessing of a heavy

hydr ocar bon feedstock. The feedstock used in these exanples was a Mddle
East petroleum consisting of 90 w. % of vacuum residue (VR) and 10 wt. % of
at nospheric residue (AR). The conposition and properties of the feed are
given in Table 2. 10 WD 02/ 100980 PCT/ EEQZ/ 06665 21 Table 2: Feedstock
conposition Mddle East petroleum (VR AR = 90:10) Sulfur (w.% 4.9

Ni trogen (wppm 3300 Metals - vanadium (wppm 109 Metals - nickel (wopnm

46 Conrads]eén:l r ] .99 22.5 C7- insolubles (wt.% 8.0 Vacuum
resi due2 (w. /§39§8g?)£et§§%g§ﬁ‘tp&%o at 15C) 1.0298 1 Asphaltene fraction -

mat t er i nqVidalecERst pethsotmn® AR gDt boi i ng above 538C i n accordance
wi th ASTMTZLRP z;z.@)s%l [Tation gas cﬁromat 0d4 gphy)

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.%) 93

Density (g/ml at 15°C) 1.0298

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

Catalysts A through E were packed into a fixed bed reactor in two catalyst beds
in the combinations given in Table 3 below. The two catalyst beds contained
equal volume amounts of catalyst.
- The feedstock was introduced into the unit in the liquid phase at a liquid hourly
10 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 (Hy/oil) being kept at
800 NI/ |
The oil product produced by this process was collected and analysed to
calculate the amounts of sulfur (S), metals (vanadium' + nickel) (M), and
15 asphaltene (Asp) removed by the process, as well as the 538°C+fraction. The

relative volume activity values were obtained from the following formulae.

'RVA =100 * k (tested catalyst combination)/ k (comparative catalyst combination 2)
20  wherein for HDS

k = (LHSV/(0.7)) * (1®7 - 11x>7)

and for HDM and asphaltene removal



5 Catalysts A through E were packed into a fixed bed reactor in two

catal yst beds in the conbinations given in Table 3 below The two catal yst
beds contwpredoossgual vol ume anounts of catal yst. The feedSrmPR2/0@ss
introduced into the unit in the liquid phase at a liquid hourly 10 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/o0il) being kept
at 800 NI/I. The oil product produced by this process was collected and
anal ysed to calculate the amunts of syLfur (S), netals (vanadium +
nickel) (M, and 15 asphaltene (Asp) réenoved by the process, as well as
the 538C+fraction. The relative volune activity values were obtained from
the following fornulae. RVA = 100 * k (tested catal yst conbination)/ k
(comparative catal yst conmbination 2) 20 wherein for HDS k = (LHSV/ (0.7))
(1/y0-7 - ¥K=xL#Bwenth @ HDOM and asphal tene renoval WO 02/100980

PCT/ EPO2/ 06665 22 k=LHSV*In(xly) with x being the content of S, M or Asp
in the feedstock, and y being the 5 content of S, or Asp in the

product: Tl BORHRaEnt BF S 5 @%éﬁééﬁf@%@e@t AL B fe
Cat al ys§ | cAnterAoBSCMA or@edminytdt drodtC A B C D RVA HDS 106 116 102 100
129 101 RVA HDM 117 106 115 100 86 92 RVA Asp 119 109 116 100 72 91

Table 3 below gives the tested catalyst combinations and the results obtained.

Table 3
C.1 C.2 C.C. 1 C.C.2{C.C.3(C.C.4

Catalyst | A A A B C A
Catalyst i B C A B C D
RVA HDS 106 116 102 100 129 101
RVA HDM 117 106 115 100 86 92
RVA Asp 119 109 116 100 72 91
Cracking rate 41 42 37 40 43 38
538°C+ fraction
(residue) (wt.%)

| Sediment 0.1 0.09 0.09 0.28 0.60 0.21
(wt.%) *

10
C.C.5 | C.C.s | C.C.7 ] C.C.8 ] C.C.9

Catalyst | A B C C D
Catalyst Il E C D E E
RVA HDS 89 103 106 98 88
RVA HDM 102 98 76 99 90
RVA Asp 100 93 75 99 95
Cracking rate 38 40 42 39 37

538°C+ fraction
(residue) (wt.%)
Sediment 0.16 0.36 0.59 0.47 0.18
(Wt.%)’
' Sediment determined in accordance with the IP 375 method of the English
Institute of Petroleum

As can be seen from Table 3, the catalyst combinations according to the
15 invention show high activities in HDS, HDM, and asphaltene removal in

combination with a high residue cracking rate and low sediment formation.



Cracking rate 41 42 37 40 43 38 538C+ fraction (residue) (Ww.% Sedinent
0.1 0.09 0.09 0.28 0.60 0.21 (M.%' 10C. C 5C C 6C C 7C C 8¢C
C. 9 Catwbygtiod98m B C C D Catalyst Il ECDE E RVA HD8C3EPLO®B6ED6 98 88
RVA HDM 102 98 76 99 90 RVA Asp 100 93 75 99 95 Cracking rate 38 40 42 39
37 538C+ fraction (residue) (w.% Sedinment 0.16 0.36 0.59 0.47 0.19 (wt.
%' 1 Sedinent determned in accordance with the IP 375 nethod of the
English Institute of Petroleum As can be seen from Table 3, the catal yst
conbi nati ons according to the 15 inven %aon show high activities in HDS,
HDM and asphal tene renoval in conbi natfon with a high residue cracking
rate and | ow sedi nent formation. WO 02/100980 PCT/ EP02/ 06665 23 Exanple 2
Prepar at i og of Eéal yst F A silica-containing catalyst carrier was prepared
as describ €Catalyst Cin 5 Exanple 1. One hundred grans of the thus
obtained silica-alumna carrier were

Preparation of Catalyst F

A silica-containing catalyst carrier was prepared as described for Catalyst C in
5 Example 1.
One hundred grams of the thus obtained silica-alumina carrier were
impregnated with 100 mi of an impregnation solution containing 16.2 g of
ammonium molybdate tetrahydrate, 4.7 g of nickel carbonate, 0.66 g of sodium
nitrate, and 2.1 g of orthophosphoric acid. The impregnated carrier was then
10 dried at a temperature of 120°C for 30 minutes and calcined in a kiln for 1.5
hours at 540°C to produce a final catalyst. The composition and properties of
this catalyst are given in Table 4. Catalyst F meets the requirements of Catalyst

II of the present invention.

15  Table 4
Catalyst Catalyst F
carrier Al203 + 4% SiO2 (calculated on catalyst)
Group VIB wt.% ox 11.6
Group VI wt.% ox 2.1
Group A wt.% ox 0.3
P>0s wt. % 1.1
surface area m°/g 217
total pore volume ml/g 0.78
%PV(>200 A) 26
%PV(>2000 A) 2
%PV(>10000 A) 0
%PV(100-1200 A) 78
%PV(> 4000 A) 0.2
%PV(< 100 A) 13

Catalyst F was tested in combination with Catalyst B as second Catalyst layer in
the process according to the invention. The feed and process conditions were
the same as those described in Example 1. Table 5 below gives the tested

20  catalyst combinations and the results obtained.



i npregnated with 100 m of an inpregnation solution containing 16.2 g of
anmoni um nol ybdate tetrahydrate, 4.7 g of nickel carbonate, 0.66 g of

sodi um rmworoatieq9s@nd 2.1 g of orthophosphoric acid. The i Por@pozab@es carri er
was then 10 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. The conposition
and properties of this catalyst are given in Table 4. Catalyst F neets the
requi renents of Catalyst |11 of the present invention. 15 Table 4 Catal yst
Catal yst F carrier A1203 + 4% Si 02 (cal g\hﬂ ated on catalyst) Goup VIB w.%
ox 11.6 Goup VIIl wt.%ox 2.1 Goup IA"™W.%ox 0.3 P2 W- % 1.1
surface area m/g 217 total pore volune m/g 0.78 %V(>200 A) 26
%°V(>2000 A) 2 9%°V(> 10000 A) 0O 9%°V(100-1200 A) 78 9%V(> 4000 A) 0.2
%V < 100 A) 13 Catalyst F was tested in conbination with Catal yst B as
second Cat atysd 5l ayer in the process according to the invention. The feed
and process conditions were the sane as those described in Exanple 1.

Tabl e 5 bel ow gives the|tesCe@® 20| cat@l4/st [combi nations and the results
obt ai ned. |\@t8RA100980 PCT/ ER02/ 06665 A4 Table 5
Catalyst Il B+F B+F

90:10 70:30
RVA HDS 119 122
RVA HDM 116 113
RVA Asp 110 108
Cracking = rate 42 42
538°C+ fraction
(residue)
Sediment’ - 0.11 0.12

As can be seen from Table 5, the use of a combination of two catalysts in
5 Catalyst bed I, wherein the second catalyst is made up of a catalyst based on
an alumina carrier and a catalyst based upon a carrier containing alumina and
silica, leads to high activities in HDS, HDM, and asphaltene removal in

~ combination with a high residue cracking rate and low sediment formation.



C 3C 4 Catalyst | A A Catalyst Il B+F B+F 90:10 70:30 RVA HDS 119 122
RVA HDM 116 113 RVA Asp 110 108 Cracking . rate 42 42 538C+ fraction
(resi due)woSedooyent 0. 11 0.12 As can be seen from Tabl e 5pcriPous@edf a
conbi nation of two catalysts in 5 Catalyst bed Il, wherein the second
catalyst is nade up of a catalyst based on an alumna carrier and a

cat al yst based upon a carrier containing alumna and silica, |eads to high
activities in HDS, HDM and asphaltene renoval in conbination with a high
resi due cracking rate and | ow sedi nent fQrmation. WO 02/100980

PCT/ EPO2/ 06665 25 Cdains 1. A nethod for hydroprocessi ng a heavy

hydr ocarbon oil, conprising bringing a heavy hydrocarbon oil into contact
W th hydrop¢Pcessi ng 5 catalyst | in the presence of hydrogen in a first
stage, afte AHPch the effluent of the first stage is contacted in whole or
in part wwth hydroprocessing catalyst Il in the presence of hydrogen,
wherein catalyst | conprises 7 to 20 wt.% of a Goup VIB netal conponent.
cal cul at ed hs trifxngthosh farhbydsipgeressing tse heaval Wystrocathdn 00ib  camprising % of

10,3, Croun V111 5kl P BRAGD v R SHLA B, B0 2405 A SBH Lt
surfacesarea of ajathlgest irlfe pRésnca dfohyalrogen en \litsistfde, aditdramsith Ahe5

effluent of the first stage is contacted in whole or in part with
hydroprocessing catalyst Il in the presence of hydrogen, wherein
catalyst | comprises 7 to 20 wt.% of a Group VIB metal component.
calculated as trioxide on the weight of the catalyst, and 0.5 to 6 wt.% of

10 a Group VIl metal component, calculated as oxide on the weight of the
catalyst, on a porous inorganic carrier, s.aid catalyst having a specific
surface area of at least 100 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), and 10-30% of the total pore volume in pores with

15 a diameter of at least 200 nm (2000 A), and
catalyst Il comprises 7 to 20 M.% 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 having a specific

20 surface area of at least 100 m?/g, a total pore volume of at least 0.55
mil/g, at least 75% of the total pore volume in pores with a diameter of
10-120 nm (100-1200 A), 0-2% of the total pore volume in pores with a
diameter of at least 400 nm (4000 A), and 0-1% of the total pore volume
in pores with a diameter of at least 1000 nm (10000 A).

25

2. The method of claim 1 wherein catalyst Il comprises a catalyst lla,

which comprises 7 to 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 VIII metal component, calculated as oxide on the weight of the

30 catalyst, on a porous inorganic carrier, said catalyst having a specific



m /g, at |least 50% of the total pore volume in pores with a dianmeter of at
| east 20 nm (200 A), and 10-30% of the total pore volune in pores with 15
a di anet ewook/1e1980 east 200 nm (2000 A)', and catal yst |1 eocrmEPIYes6Y to 20
wt.%of a Goup VIB netal conponent, calculated as trioxide on the weight
of the catalyst, and 0.5 to 6 wt.%of a Goup VIII netal conponent,

cal cul ated as oxide on the weight of the catalyst, on a porous inorganic
carrier, said catalyst having a specific 20 surface area of at |east 100
ne/g, a total pore volume of at least 0,85 nli/g, at least 75%of the total
pore volune in pores with a dianeter of 10-120 nm (100-1200 A), 0-2% of
the total pore volunme in pores wwth a dianeter of at |east 400 nm (4000

st 1000 nm ( 100080RET28F 308D 1 aufSefl S e R L RRRL B (s 1

conprises a cat alay$dash|sad% ofMhectot#lgrape vBRind it for With Ydimatdr?up-M®B
nmetal conponent, calculated as trioxide on the weight of the catal yst, and

0.5 to 6 wt.% of "M (P80A A), 2% fotmsotaial posal valumeedn forexiwié ¢h t he

wei ght of the 30 g r i oo T i t
havi ng a specifi g?%%ﬁ%%?é@@fﬁggﬁ%%%g%é%qséP¥ ﬁeetogﬁggr%?&%%éwo
n2/ g, astotal poriepemsmwith afdiatneterasitatfedsd 1000gm (#000BASt 85% of the total
pore volune in pores with a dianmeter of 10-120 nm (100-1200 A), O0-2% of
the total pore volune in pores with a dianmeter of at |east 400 nm (4000
A), and 0-L % of e vobu i P 1 I t at

| east 1000]3r'1m (1(}{6%0 "%ﬂ‘ag &}E%lﬁe?h%eﬁn ctlrﬁgi %éf;%vr\/rvl\%ﬁ g?%' g‘%aﬁnfgﬁs of
catal yst |l a conssststialyssfaaitimidd.y of al unmina. 10 4. The nethod of claim1l

wherein catalyst Il conprises a catalyst Ilb, which conmprises 7 to 20 wt.%
of a Group VIB netal conponent,
10 4. The method of claim 1 wherein catalyst Il comprises a catalyst lib,

which comprises 7 to 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 comprising at least 3.5 wt.% of
15 silica, calculated on the weight of the final catalyst, said catalyst having
a specific surface area of at least 150 m?/g, a total pore volume of at
least 0.55 ml/g, at least 75% of the total pore volume in pores with a
diameter of 10-120 nm (100-1200 A), 0-2% of the total pore volume in
pores with a diameter of at least 400 nm (4000 A), and 0-1% of the total
20 pore volume in pores with a diameter of at least 1000 nm (10000 A).

5. The method of claim 4 wherein catalyst Ilb additionally comprises a

Group IA metal component.

25 6. The method of any one of the preceding claims wherein Catalyst I
comprises both catalyst lla and catalyst llb, catalyst [Ib being present in

an amount of at least 1 wt.% of the total catalyst mixture.



calculated as trioxide on the weight of the catalyst, and 0.5 to 6 wt. % of
a Goup VIII netal conponent, cal cul ated as oxide on the weight of the

cat al yst ,worn24a0(980 ous i norgani c carrier conprising at | ea®CTEPB2/0d6690 of 15
silica, calculated on the weight of the final catalyst, said catalyst
having a specific surface area of at |east 150 nR/g, a total pore vol une
of at least 0.55 m/g, at least 75% of the total pore volune in pores with
a dianmeter of 10-120 nm (100-1200 A), 0-2%of the total pore volune in
pores with a dianeter of at |east 400 n5r3/.(4000 A), and 0-1 % of the total
20 pore volume in pores with a dianeter~of at |east 1000 nm (10000 A). 5.
The nmethod of claim4 wherein catalyst Il b additionally conprises a G oup

| A netal nmpone T hod of an ne of the pre ing. clainms
wher ol p Cattal yor ThE et Seaanb BoR e 9 s HaribeBal 902 Pk PEi al yst
I1'b being presen ofynigh st

m xture. WO 02/ 18%%@106 Iﬁ;p ?é@m%tg%g?m%%@%o#ﬁéﬁog% anid @at%@glﬁ!]lqbg?évsﬁé?’el n
catal yst 11 a hasmaast b8&s of Eﬁ)]@@m‘vmlumepomres'wmhrmdlalmepier alsowd 200 A. di anet er

above 200 A, and catalyst Ilb has at nost 50%of its pore volune in pores
with a dianeter above 200 A. 5 8. The nethod of claim®6 or 7 wherein

catal ysg 11gb COWhésrﬁétl"@Jd%Pélﬁmyé or’”‘PWerélﬂ”&FHwI%tt Hb'cBrrRﬁfsb's%JG%u VA
phosphorus. 9. The nmethod of any one of the precCeding clains mhereln t he

heavy hydr ocar boretakeaimpéneitii thpaiticlleaphogohamis% preferably at | east 80
wt.% 10 boils above 538C, and which conprises at |least 2 wt.% of sulfur
and at least 5 wt.%of Conradson Carbon. 10. The nethod according to any

one of thegpr ececthegrr@tmdm)fvm? eh8 @t thd @aééedmt?e dMinthhet@igemel Feg@f ri ed
out in an ebullating bed . A conbi nati on cat al ysts congrl sing a
hydrocarbon feed of which at least 50 wt.%, preferably at least 80 wt.%,
10 boils above 538°C, and which comprises at least 2 wt.% of sulfur and at

least 5 wt.% of Conradson Carbon.

10. The method according to any one of the preceding claims wherein at
least one of the stages is carried out in an ebullating bed.
15 .
11. A combination of catalysts comprising a
catalyst | which comprises 7 to 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 VIII metal component, calculated as oxide on the
20 weight of the catalyst, on a porous inorganic carrier, said catalyst
having a specific surface area of at least 100 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), and 10-30% of the total pore
volume in pores with a diameter of at least 200 nm (2000 A), and a
25 catalyst Il which comprises 7 to 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 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 at least 100 m?/g, a total pore volume

30 of at least 0.55 ml/g, at least 75% of the total pore volume in pores with



catalyst | which conprises 7 to 20 wt.% of a Goup VIB netal conponent,
calcul ated as trioxide on the weight of the catalyst, and 0.5 to 6 wt. % of
a Goup WbDlo2frevad conponent, cal cul ated as oxi de on the POTEPOYI66Df t he
catal yst, on a porous inorganic carrier, said catalyst having a specific
surface area of at |least 100 n2/g, a total pore volunme of at least 0.55
m/g, at |east 50% of the total pore volunme in pores wiwth a dianeter of at
| east 20 nm (200 A), and 10-30% of the total pore volune in pores with a
diameter of at |east 200 nm (2000 A), apg a 25 catalyst Il which conprises
7 to 20 m.%of a Goup VIB netal conponent, calculated as trioxide on the
wei ght of the catalyst, and 0.5 to 6 w.%of a Goup VIII netal conponent,

cal cul ated as oxi_d j : 0 [ ni c
carrier, said cataa(ﬁﬁrg\%témhogvﬁdr/'l\gé(gmsnpgﬁq(%?%og%‘b?g%%)é g}t g{a]s goftglaéoqgglgg{m%%g

nm2/ g, a total poperawhithe $anwfevdf dtdosst ADBRMNUOI0 At ahaa@st %/&%heftotahe
total pore volune in pores with WD 02/100980 PCT/ EP02/ 06665 28 di anet er

of 10-120 nm ( 100°12E0IUK)e inRares yfith pdiaraeter opat Lagh BRR NPh(10980eY)-with a
di aneter of at |east 400 nm (4000 A), and 0-1 % of the total pore volune
in pores with a dianeter of at l[east 1000 nm (10000 A). 5 12. The catal yst
conbi nasi or2o0f clThientdthlyshevaibinaiairaby staiml 1¢ omipsrieire satalystall @boygirisekaa

whi ch conprises 7 to 20 wt.% of a Group VIB netal, copponent, cal cul at]ed as

trioxide on the GelaY¥t Ue vHuck ROMRISES 4nép @5 Wit's 67 &t IPEP ¥'Ka™BERI VI | |
metal component, cefldteAt ShicRalRt ey Rikiden MELHKNYr thakRA& %Al 08" 2
sal ng fic su

porous inorganic carrier, catal yst 10 havi speci ace area
of 100-180 n2/ g, ta6twt.d opar@roupl iltemetal cimparastt, 6albblatdd gs oxidd eaghe 85%

of the total pore volu [n pores,with a dianeter af 10-120 nm (100- 1200
2. 0 2% of the RGN BbrbE,BRENEL N PopelbU Fivraa e ITEr. 57 CabaPIEL 400
nm (4009 A), and@yhd% %get:m% dPtRE alR@r& ¥o0-48B rhfigPart8tal Wokd vBIharmet er
of at least 1000 nm (9100 0 A.
at least 0.55 ml/g, at least 85% of the total pore volume in pores with a
diameter of 10-120 nm (100-1200 A), 0-2% of the total pore volume in
pores with a diameter of at least 400 nm (4000 A), and 0-1% of the total
pore volume in pores with a diameter of at least 1000 nm (10000 A).
15
13. The catalyst combination of claim 12 wherein the carrier of catalyst lla

consists essentially of alumina.

14. The catalyst combination of claim 11 wherein catalyst Il comprises a
20 catalyst Ilb, which comprises 7 to 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 comprising at least
3.5 wt.% of silica, calculated on the weight of the final catalyst, said
25 catalyst having a specific surface area of at least 150 m?/g, a total pore
volume of at least 0.55 ml/g, at least 75% of the total pore volume in
pores with a diameter of 10-120 nm (100-1200 A), 0-2% of the total
pore volume in pores with a diameter of at least 400 nm (4000 A), and
0-1% of the total pore volume in pores with a diameter of at least 1000
30 nm (10000 A).



15 13. The catal yst conbination of claim 12 wherein the carrier of catalyst
Ila consists essentially of alumna. 14. The catal yst conbination of claim
11 wher eiwomatiedogst |1 conprises a 20 catalyst Ilb, whiclkrcarmpozi®es 7 to
20 wt. % of a Goup VIB netal conponent, calculated as trioxide on the

wei ght of the catalyst, and 0.5 to 6 w.%of a Goup VIII netal conponent,
cal cul ated as oxide on the weight of the catalyst, on a porous inorganic
carrier conprising at least 3.5 w.%of silica, calculated on the weight

of the final catalyst, said 25 catal yst 2gavi ng a specific surface area of
at least 150 nR/g, a total pore volune™f at least 0.55 nm/g, at |east 75%
of the total pore volune in pores with a dianmeter of 10-120 nm (100- 1200
A), 0-2%of the total pore volune in pores with a dianeter of at |east 400
nm (4000 A), and O0-1 %of the total pore volune in pores with a dianeter
of at | east151000 THD camlst QRPRbiAhtioNBf QR4iADA28/hEfeln RSO0 dddbnkily The
cat al yst conbi nation of claim 14 wherein catalyst Il b additionally
conprises a G ouponpriggsa Giowpbhemtal @mponaie cat al yst conbi nation of any
one of clainms 11-15 wherein catalyst Il conprises both catalyst Ila and
catalyst Ilb, catalyst Ilb being present in an anmobunt of at least 1 w.%
of the ot a6.cat afhestataiyst dombirlationTdfearsabad b$ clan@gbi nas iviiereih cdtalyst 16
wherein catalyst Ila has at least 10 50% of its pore volunme in pores with
a di aneter above coOtPrSesRih catalystylta and gatrlystdib, waialygidhe beingrgesrittdn

vol ume in pores W ' ¥, | yst conbi nation
of claim 17 wher ‘gigrggygtgg%ttlgé%t @gl?rr'p/?epﬁg‘% @tal}%’t@%ﬁgﬁ@k@hm al conponent,
in particul ar phosphorus.

17. The catalyst combination of claim 16 wherein catalyst lla has at least
10 50% of its pore volume in pores with a diameter above 200 A, and
catalyst lIB has at most 50% of its pore volume in pores with a diameter

above 200 A.

18. The catalyst combination of claim 17 wherein catalyst Ilb comprises a

15 Group VA metal component, in particular phosphorus.



