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BACKGROUND OF THE INVENTION

[0002] An atmospheric resid ("AR") is a heavy oil that contains 30 wt.% or
more of species having an atmospheric boiling point of 540°C and higher. Vacuum
resid ("VR") is a heavy oil that contains 60 wt.% or more of such species. Such
heavy oils can be hydroprocessed in order to remove impurities such as sulfur, for
conversion into a valuable light oil. Generally, hydroprocessing is used to remove

micro carbon residue ("MCR"), sulfur, various metals, nitrogen, and asphaltene.

[0003]  Asphaltene is an aggregate of condensed aromatic species, which are
dissolved or suspended in the heavy oil. In the event that asphaltene is cracked
excessively during hydroprocessing, cohesion of the cracked fragments occurs to

form granular species, e.g., sludge and/or sediment.

[0004] Sediment is a deposit which can be measured by testing a sample
according to the Shell Hot Filtration Solid Test (SHFST) (see van Kerkvoort et al.,
J. Ins. Pet., 37 pages 596-604 (1951)). Sediment generally comprises species

having an atmospheric boiling point of 340°C or more, and when collected from
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speci es having an atnospheric boiling point of 3400C

or nore, and when collected fronflash drum bottons in

a refining process, conprise 0.19 to 1 w.% based on

the wei ght of the bottons. Sedinent can settle, during

oil refining, in equipnment such as heat exchangers,

reactors and downstream filterk; and undesirably

restrict flow [0005] Especially in the
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econoni cal ly high added-val ue, while the generation of
sedi ment i s suppressed. [0007] Accordingly,
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t wo cataléﬁlc st eps. th_gfglrst step, a catal yst
hygregarhens (iat if qaiysis &lémn;ggiel Fwd fgnsiiong gge used i’ combination,
they can exhibit improved performance over that exhibited by individual catalysts.
When a combination of independently selected catalysts having specific pore sizes
is used in a two-stage hydroconversion process, a vacuum resid containing heavier
fractions can be highly hydroprocessed to produce a light oil with an economically

high added-value, while the generation of sediment is suppressed.

[0007] Accordingly, conventional heavy oil processing generally comprises two
catalytic steps. In the first step, a catalyst with activity for cracking asphaltene and,
optionally, for removing metals is used to decrease the asphaltene content to inhibit
the formation of sediment. A second step (final step) uses a catalyst having a high

desulfurization activity to hydrodesulfurize the product of the first step to produce a

desulfurized oil.

[0008] For example, JP 7-65055B, (" '055", Gazette), discloses a
hydroprocessing method for converting the heavy portion of hydrocarbon oil

containing sulfur impurities and metallic impurities at least in two steps. This
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Since a high desulfurization function is necessary in the second step, a higher

temperature is used which leads to a higher cracking rate and, consequently,

asphaltene is precipitated.

[0009]  Patent application JP 8-325580A, (" '580", Gazette), discloses a catalytic
hydroconversion method for a heavy feedstock. The '550 reference discloses a
method using a first step catalyst, in which a carrier material selected from alumina,
silica and a combination thereof is loaded with a total of 2 to 25 wt.% of oxides of
active metals selected from cadmium, chromium, cobalt, iron, molybdenum, nickel,
tin, tungsten, and combinations thereof. Reaction conditions in the first step
include a reaction temperature of 438°C to 468°C, a hydrogen partial pressure of
105 to 245 kg/cm?, and a space velocity of 0.3 to 1.0 (Vf/hr/Vr). A similar catalyst
is used in the second step, where reaction conditions include a reaction temperature
of 371°C to 427°C, a hydrogen partial pressure of 105 to 245 kg/cm® and a space
velocity of 0.1 to 0.8 (V{/hr/Vr).
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[0011] Patent application JP 6-53875B, (" '875", Gazette), is also directed
towards a multi-step, catalytic heavy hydrocarbon conversion method. In the first
step, a fixed bed or an ebullated bed reactor is operated at a reaction temperature of
415°C to 455°C, a hydrogen partial-pressure of 70 to 211 kg/em?, and a space
velocity of 0.2 to 2.0 (V/hr/Vr). In the second step, an ebullated bed reactor is
used at a reaction temperature of 415°C to 455°C, a hydrogen partial pressure of 70
to 211 kg/cm?, and a space velocity of 0.2 to 2.0 (V/hr/Vr). The catalyst support
contains alumina, silica, and mixtures thereof. An oxide of a catalytically active
metal selected from cadmium, chromium, cobalt, iron, molybdenum, nickel, tin,

tungsten, and mixtures thereof, is present on the support.

[0012] The '875 patent discloses the recirculation of vacuum bottoms to achieve
a high cracking rate, without regard for asphaltene cohesion. detrimental to high
cracking rate operation is disclosed. The aim of the first stage is catalytic

demetallization, not the prevention of asphaltene precipitation.
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asphaltene cracking, and a combination of catalysts, which enables production of
highly desulfurized oil while decreasing the sediment formation with an increase of

conversion rate.

SUMMARY OF THE INVENTION

[0016] In an embodiment, the invention relates to a two-step, heavy oil catalytic
hydrocracking method. A first catalyst having a specific pore size distribution is
used in the first reaction step (or stage or zone) to decrease the impurities in the
heavy hydrocarbon oil. Demetallization and efficient asphaltene removal in the
first step are effective for preventing the precipitation of asphaltene. An
independently selected second catalyst having a catalyst composition and pore size
distribution different from the first catalyst of the first reaction zone is used in the
second reaction step (or stage or zone) for achieving a greater degree of
desulfurization and hydrogenation while inhibiting the sediment formed due to the

precipitation of the asphaltene.
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[0018]  More particularly, in a two-step heavy hydrocarbon oil upgrading
process, a catalyst with a specific pore size distribution is supplied in the first
reaction zone to efficiently crack the asphaltene in the heavy hydrocarbon oil feed.
Without this cracking, the asphaltene would form sediment. In addition to
asphaltene cracking, moderate feed hydrogenation occurs in the first stage.
Effluent from the first stage is then conducted to a second reaction step where a
catalyst with a catalyst composition and pore size distribution intended for
improving desulfurization performance is used for both desulfurization of the oil
and for inhibiting the formation of sediment. The high removal of asphaltene in the
first reaction stage allows a greater amount of sulfur removal in the second reaction
stage and inhibits the unwanted generation of coke deposited on the catalyst, which

would otherwise lead to a decline in catalyst performance.

[0019] In one embodiment, there is provided a method of hydroprocessing a
heavy hydrocarbon oil, comprising:

a first hydroprocessing step of bringing a heavy hydrocarbon oil into contact
with a first catalyst ("Catalyst (1)") in the presence of hydrogen in a first reaction

zone of a hydroprocessing apparatus, and



second reaction step (or stage or zone) for achieving

a greater degree of desulfurization and hydrogenation
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precipitation of the asphaltene.[0017] The invention

Is based in part on the discovery that (i) when a

catalyst wth a specific pore size distribution is

used in the first reaction zone, and (ii) when a

catal yst having a catal yst conposition and pore-size

di stribution different from t-lie- catal yst used in the

first reaction zone is used in the second reaction
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the prepastion of the volume of the pores having diameters of 200 A and more is
50% or more based on the total pore volume, and (ii) the proportion of the volume
of the pores having diameters of 2000 A and more is 10 to 30%, based on the total
pore volume. The pore size distribution is determined by a method such as

mercury penetration.

[0021] Catalyst (2) is a hydroprocessing catalyst having a silica-alumina type
carrier (or support) such as those where a silica layer is formed on an alumina
surface. The support contains 2 to 40 wt.% of silica based on the total weight of
the carrier. The support is loaded with 7 to 20 wt.% of the oxide of a Group VI(b)
metal of the Periodic Table, and 0.5 to 6 wt % of the oxide of a Group VIII metal of
the Periodic Table, respectively based on the weight of the catalyst. The catalyst
has a specific surface area of 150 to 400 m?/g, and a total pore volume of 0.3 to 1.2
ml/g. The pore size distribution as measured by a method such as mercury
penetration is such that the catalyst has a first peak of the pore size distribution in a
range of a diameter of 40 A to 200 A with the proportion of 35% to 90% of a total

pore volume, and a second peak of said pore size distribution in a range of a



first reaction stage allows a greater anount of sulfur

renmoval in the second reaction stage and inhibits the
waiewanbed2 gener ati on of coke deposited on the Pel/ab3ee$/921149

whi ch woul d otherwise lead to a decline in catalyst

performance. [0019] In one enbodi nent, there is

provi ded a nmet hod of hydroprocessi ng a heavy

hydr ocarbon oil, conprising: a first hydroprocessing

step of bringing a heavy hydrocarbon oil into contact

with a first catalyst ("Catalyt (1)") in the presence

of hydrogen in a first reaction zone of a

dihefe? 29658 18190 E&@r?ﬁéléataggfj@orﬁ%l?@E)‘éréy&fdlﬁﬁﬁ%ﬁﬁim Ato

step of bringing hydroprocessed ol tained i n said
10f0i0r A whicddroprigeo3%6itot60% ofisaid ttotal pbreavaianeruhd pores of
i ndependent |y sel ected catal yst ("Catalyst (2)") in

diemetess $9e( deonlargeydwbisdreamprasestEoliine e520%00 legsref said total
0020] Catalyst (1) is.a hydrqgprocessin t st in .
VR RS BT G eERR 8 agire RIS GORE o eap A CorréSponding
" 4 ") ' A 9 t ' b
o EPRGoulrife HERGEAS M 1t b b 3.9 X RPEATE oo
mbke §6 the pobe verintteinothe didmetepradgelofrgt Alto @00t Ae The catalyst has a
Periodic Table of the Elements (Sargent-Welch
mewi porei dinme@raf INA toid80%8. 18806, 1968; the "Peri odic
Tabl e") respectively, based on the weight of the
catal yst; said catalyst having (a) a specific surface

P32 iy 8 RHORE gkl SR, ippersre o

nor e, 1 ze

3309€MB14300C at b PReRUANSN 3 toPS MP4 fitthédindEndEecoh@ readtim zones,
havi ng di ametérs of 200 A and nore is 50% or nore

anlathettherhening hydtariarmor @l disposed asardeljulidted hed is brought into

roportiaon of the vol une
co%tacrg with 8‘16 hydroprocessing catalyst.

[0023] In an embodiment, the feed to the first step is an atmospheric residue
(AR) containing 30 wt.% or more and/or a vacuum residue (VR) containing 60
wt.% or more of the components having a boiling point of, for example, 538°C and

higher. Such feeds are frequently called heavy hydrocarbon oils.

DETAILED DESCRIPTION OF THE INVENTION

[0024] In an embodiment, the invention is directed towards a two-stage process
for the catalytic processing of heavy oils such as vacuum resid. The first and

second-stage catalysts are independently selected.

[0025] More particularly, the invention relates to a method of hydroprocessing a
heavy hydrocarbon oil containing impurities such as sulfur, metals, and asphaltene.
Feed hydrodesulfurizatioin ("HDS"), feed hydrodemetallization ("HDM"), and

asphaltene removal from the feed is accomplished while inhibiting sediment
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[069‘?] A Th8 %yﬁ?c;parhé{essrsin@acsatﬁyst used in the first reaction zone (i.e., Catalyst

(1)) and the hydroprocessing catalyst used in the second reaction zone (i.e.,

Catalyst (2)) are catalytic compositions comprising metal oxides having
hydrogenation and/or hydrocracking activity and a carrier (also called a "support")

loaded with the catalytic composition.

[0028] The metal species used in the catalytic composition are selected from one
or more oxides of a Group VI(b) metal and/or one or more oxides of a Group VIII

metal of the Periodic Table.

[0029]  Group VI(b) and Group VIII also correspond respectively to Group 6 and
Groups 8 through 10 of the 18-group long form of the IUPAC Periodic Table (see,
e.g., the "MERCK INDEX, S. Budavari (ed.); Merck & Co., Inc., 1966).

[0030] The Group VIII metal is at least one selected from iron, cobalt and
nickel. Cobalt or nickel is preferable; nickel is more preferable. The Group VI(b)
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these metal loadings represent the best balance between catalytic activity and

sediment formation.

[0033] The amount of the Group VIII metal oxide typically loaded on the
support of Catalyst (1) is 0.5 wt.% to 6 wt.%, preferably 1 wt.% to 5 wt.%. For
Catalyst (2), the amount of Group VIII metal oxide loaded is 0.5 wt.% to 30 wt.%,
preferably 1 wt.% to 10 wt.%. These metal loadings represent the best balance

between catalytic activity and sediment formation of Catalyst (1) and Catalyst (2).

[0034] The carriers (also known to those skilled in the art as "supports") used in

the catalysts are described below.

[0035] Catalyst (1) is supported on a porous inorganic oxide carrier which
generally comprises one or more of 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 preferred for the carrier to
comprise 80% of alumina, more preferably at least 90%, still more preferably at

least 95%. A carrier consisting essentially of alumina is preferred, the wording



oil containing a |arge anmount of inpurities such as
sul fur, MCR, netals, nitrogen and asphaltene,

weswenidhiy a heavy oil containing 80% or norePEf/US2005/021149
vacuum resid fractions, while inhibiting sedi nent
formation resulting from e.g., the cohesion of
asphaltenes. First and Second Reaction Zone Catal ysts
[0027] The hydroprocessing catal yst used in the first
reaction zone (i.e., Catalyst (1)) and the
hydr opr ocessi ng catal yst usedlln the second reaction
zone (i.e., Catalyst (2)) are catal ytic conpositions

P TN o, B PSP e
co'[h’gpcl)gigﬁfstrhhy beadednwisblohges drlyadyhiotanaterpllgiafieonthe

] The netal species used in the catal ytic
pectompeste pbtheanatalyssl diypeehllys parovs @lwninamredusgdiey mepng of co-

o Bt o e BaE B S sS4 Bty R
RGN o587 Ti¢ ERRARHI7OSENELS LAEEE Brinan
aliiend d4PAEr Peri odi c Tabl e (see, e.g., the "MERCK | NDEX,

S. Budavari (ed.); Merck & Co., Inc., 1966). [0030]
The Group VIIl netal is at |east one selected from

(O3 or SBF Gatrsl GRSt & BReBiTaP HLAPPORRA OBy tfica-alumina
eI BT L0 96 IO 0L s
can be obtained by controlling conditions and operations in a method where silica
hydrate gel and alumina hydrate gel prepared in advance. The gels are combined
and a basic or acidic species is added to the homogeneously mixed solution
containing water-soluble aluminum compound and water-soluble silicon compound
to allow co-precipitation of these compounds. In an embodiment, an alumina

hydrate gel is formed, and then a silica hydrate gel is precipitated on the alumina

hydrate gel.

[0037] Silica dispersion on alumina is measured by observing a bonding
condition between silica and alumina by a *’Si-NMR measuring method described,

for example, in Japanese Patent Publication No. H2-237640.
[0038] Catalyst (1) and Catalyst (2) can be prepared as follows.

[0039]  First, an alkali solution of sodium aluminate, ammonium hydroxide,
sodium hydroxide or the like is placed in a vessel containing tap water (which is
optionally heated), and then an acidic aluminum solution of aluminum sulfate,

aluminum nitrate or the like is added to the water.



[0031] The | oaded anmounts of the respective netal
oxi des based on the weight of each conpl eted catal yst
W@ 1@6/0097429 are as descri bed bel ow. [0032] ThePEmDs2ws5/021149
of the Goup VI(b) netal oxide |oaded on Catal yst (1)
is 7 w.%to 20 wt.% preferably 8 wt.%to 16 wt. %
For Catalyst (2), the anmount of the Goup VI(b) netal
oxi de loaded in the Catalyst (2) is 5 w.%to 30 wt.%
preferably 8 wt.%to 25 wt.% It has been di scovered
that for Catalyst (1) and Catdlyst (2), these netal
| oadi ngs represent the best balance between catal ytic
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Goup VITT nmetal “oxide typicall'y [ oaded on the

usédipp e siti€a Sanirat ys prddlice asabridr ofta Catabysh (2 . Kas preferable to use
preferably 1 wt.%to 5 wt.% For_ Catalyst (2),

th
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activity and sedi nent formation of Catalyst (1) and
Catalyst (2). [0034] The carriers (also known to those

[0641] | eThé hytiRszedribn @dnéemtppon(pH) of siedmixed é‘tﬂutlon changes with
catal ysts are described bel ow. [0035] Catalyst (1

the progresséeh oﬁreacpom olisis preferpdle thapxihea the pddisionvafithe aCIdlc

A gpiTizh SRR COPI e Hod) 11 i (e oL Flapgrature
is Zg‘f(? gd §g°r§23 thlj (??tafyg? ljgana/leﬁr’tqg ’7%??@9@5?4 o¥s% It(%)é gl'g'l?preferable
th&%hé e&tentidn tisnd . £td €3 Hoirs,thereCitefdreblyt40 to 80 minutes, in

order to obtain the desired alumina hydrate gel or silica-alumina gel.

[0042]  After the alumina hydrate gel or silica-alumina gel is separated from the
solution, it is washed, for example, by conventional tap water (optionally heated),

to remove impurities in the gel.

[0043]  The gel is then kneaded using, for example, a kneading machine, to
improve the moldability of the gel, and then extruded into a desired form using an
extruding machine. It is preferable to extrude into a desired form before loading
with metal components. The particles can have conventional shapes and
dimensions, i.e., those known in the art. For example, the particles may be
spherical, cylindrical, or polylobal, with a diameter range from 0.5 mm to 10 mm.
Particles with a diameter of 0.5 mm to 3 mm, preferably 0.7 mm to 1.2 mm, for
example 0.9 mm to 1.1 mm, and a length of 2 mm to 10 mm, for example 2.5 mm
to 4.5 mm, are preferred. Cylindrical particles are preferred for use in ebullating

bed operations.



conprise 80% of alum na, nore preferably at |east 90%
still nore preferably at |east 95% A carrier
w@eonsiet7sng essentially of alum na is preferrepCT/UR®05/021149
wor di ng" consi sting essentially of being intended to
mean that mnor anmounts of other conponents may be
present, so long as they do not materially affect the
performance of the catalyst. Typically, porous alum na
produced by nmeans of coprecipitation of sodium
al uni nate and al umi num sul f at é3can be used. The gel
(pseudo- boehmte) obtained in this case is dried,
[OQXREUdF%aQWtIfeGéﬁMd@d alwiniat @l Brafs of YilicAalemind £41.grains are
[0036] The carrier of Catalyst (2) is preferably
drsadoqrat ¢adcined. hsidrying-tedatmintis carmédeoutcad moainrtengpepgure to
w.%to 40 wt.% f. sil.ica. is known, the .
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species Is added to the honpgeneously m xed sol ution
grownh aff thenglunahe crysalllitel @ silicavalonima papgmlend and

wat er - sol ubl e silicon conpound to all ow

co-precipitation of these conpounds. In an enbodi nent,
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sifE1-alun®d ChrridHal th HBRRSFE® SuFikocPrdiafid o forlRAR Wifbution.

y observing a bonding condition between silica and
Datitgknsadiyig and estrublivig, arasidrsueh agetittnchoid,swetibadid éroformic
exanpl e, in Japanese Patent Publication No. H2-237640.

acid can be added as a extruding auxiliary, or water can be added to adjust the
water content of the alumina gel or silica-alumina gel, for adequately adjusting the

pore size distribution.

[0046] In an embodiment, the specific surface area of the alumina carrier of the
Catalyst (1) is 100 m*/g to 200 m?/g, preferably 130 m?%/g to 190 m*/g, and the total
pore volume is 0.55 ml/g to 1.2 ml/g, preferably 0.7 ml/g to 1.1 ml/g.

[0047] In an embodiment, Catalyst (2), has a specific surface area of the silica-
alumina carrier of 150 m?/g to 400 m?/g, preferably 160 m?/g to 370 m?%/g, and a
total pore volume of 0.3 ml/g to 1.2 ml/g, preferably 0.35 ml/g to 0.95 ml/g. The
silica content in the silica-alumina carrier of the Catalyst (2) is 2.0 wt.% to 40.0
wt.%, preferably 5.0 wt.% to 25.0 wt.% based on the weight of the carrier
substance (100 wt.%).

[0048]  The following method describes the method for preparing the finished
catalyst using supports prepared as described above. The method is applicable to

Catalyst (1) and Catalyst (2).



[0038] Catalyst (1) and Catal yst (2) can be prepared
as follows. [0039] First, an alkali solution of sodium
w@bareEize, amoni um hydr oxi de, sodi um hydr oxi PIer/ugs20051€21149
like is placed in a vessel containing tap water (which

is optionally heated), and then an acidic al um num
solution of alum numsulfate, alumnumnitrate or the
like is added to the water.[0040] Al kali netal
silicate, tetraal koxyl silane, orthosilicic ester,
etc., can be used as the sil+td-source to produce a
carrier of a Catalyst (2). It is preferable to use
sodiumsilicate (for exanple water glass), as al kali
netal silicate, in which nol ratio OONa20Oto SIQ2 is

[0049i N AAkA1RBHEciA mtallR Alth @ad be@sdd ab Bi¥drhktal Peecursor.
hydrogen ion concentration (pH of the m xed sol ution

Inmragngessd \bwqutd ade pf aguaxsisisohitiohn ofethe masalliclsaltiis loaded to a
pr.efe t hat en the addition of the acidic .
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hours,” nore preferably 40 to 80 mnutes in order to
caomxabnmdnai sdftsiquedussalntios ¢a}x:bealmp1gghated sequentlally To

silica-alumna gel. [0042] After_t al u na drate
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solution, it js wash
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exanpl e, neadi'ng machine, to inprove t

nol dability of the gel, and then extruded | nto a

desired formusing an . .
[0050] For the Group VIII metals, an aqueous metal solution of an oxide,
hydroxide, carbonate, nitrate, chloride, and/or an organic acid salt can be used.
Metal carbonate and nitrate are preferred. For example, in the case of an aqueous
solution of nickel nitrate, an aqueous solution of 10 wt.% to 40 wt.% can be used,
and preferably, an aqueous solution of 25 wt.% is used. For the Group VI metals,
oxide, ammonium salt, sodium salt, and the like, can be used as a starting material;
water-soluble ammonium salt and sodium salt are preferable. For example, in the
case of water-soluble ammonium molybdate, an aqueous solution of 10 wt.% to 25

wt.% can be used; preferably an aqueous solution of 15 wt.% is used.

[0051]  An aqueous solution of metallic salt can be impregnated in a carrier for
30 to 60 minutes using the above-mentioned aqueous solution, and then the carrier
can be dried for 0.5 hours to 16 hours at a temperature between ambient
temperature and 200°C under flowing air. The catalyst can then be calcined at

200°C to 800°C, preferably 450°C to 650°C, for 1 to 3 hours in flowing air.



extruding machine. It is preferable to extrude into a
desired form before |loading with netal conponents. The
w@2anbHed7€s can have conventional shapes and di PENESNS(21149

i.e., those known in the art. For exanple, the
particles may be spherical, cylindrical, or polylobal,
wth a dianmeter range from0.5 mto 10 mm Particles
with a dianmeter of 0.5 mMmmto 3 mm preferably 0.7 mm
to 1.2 mm for exanple 0.9 nmmto 1.1 mm and a |length
of 2 Mmto 10 mm for exanplel2-5 mMmto 4.5 nm are
preferred. Cylindrical particles are preferred for use
! b . . 4 ! ,
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sheuRl sveathe followthgdebiredlsatfacelareiband pyraigize deatibetivng. S
carried out at roomtenperature to 2000C in the
presence of air, and the calcination treatnent is

ried out at,30Q to 9500C npreferahl. 040.9 C
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usedysltughtthe Digher lsuffac@hrenican ilaeidecthe hylfsphtidhactivity,
above production nmethod can provide the desired
whichmianancraase sedimenttibnca- al umi na carrier having the

desired surface area and a pore size distribution.
During kneadi ng and extruding, an acid such as nitric
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pre@abyptIg0 ©Bten0ehY/Ehe al unina gel or silica-alunina
gel ,M?or adequately adjusting the pore size
di stribution.

[0055] The desired surface area can be measured by a BET method based on the
adsorption of nitrogen (N>).

[0056] The total pore volume of Catalyst (1) (measured by the method of
mercury penetration) is 0.55 ml/g or more, preferably 0.6 ml/g to 1.2 ml/g, more
preferably 0.6 ml/g to 1.1 ml/g, most preferably 0.6 ml/g to 0.9 ml/g. The total
pore volume of Catalyst (2) is 0.3 ml/g to 1.2 ml/g or more, preferably 0.35 ml/g to
0.95 ml/g. The catalytic performance may decrease when the total pore volume is
0.3 ml/g or less. A total pore volume of 1.2 ml/g or more can undesirably affect the

mechanical strength of the catalyst.

[0057] Mercury penetration can be used to measure pore volume using, for
example, a mercury porosity measuring instrument such as “Auto Pore I[I™”,
produced by Micrometrics, at a contact angle of 140° and at a surface tension of

480 dyn/cm.



[0046] In an enbodi ment, the specific surface area of

the alumna carrier of the Catalyst (1) is 100 nR/g to
WQRooen®7gp preferably 130 n2/g to 190 nR/ g, aneCt/tig2005/021149

total pore volune is 0.55 m/g to 1.2 n/g, preferably

0.7 mMm/gtol.1 mM/g. [0047] In an enbodi nent,

Catal yst (2), has a specific surface area of the

silicaalumna carrier of 150 n2/g to 400 n2/g,

preferably 160 n2/g to 370 n2/g, and a total pore

volume of 0.3 nm/gto 1.2 mM#db-preferably 0.35 m/g

to 0.95 m/g. The silica content in the silica-alum na
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[0060] In an embodiment for Catalyst (1), the proportion of the volume of the
pores having diameters of 2000 A and more is 10% to 30% based on the total pore
volume. If the proportion is less than 10%, the asphaltene removal performance at
the final outlet of the reactor may decline, which can increase sediment formation.
If the proportion is more than 30%, the mechanical strength of the catalyst can be
adversely affected. Preferably, the proportion of the volume of the pores having

diameters of 10,000 A and more is 0% to 1% based on the total pore volume.

[0061] Especially in the case where the feedstock to be processed contains a
large amount of vacuum residue, e.g., more than 30%, and especially more than
60%, it is preferable that the proportion of the total volume of the pores having
diameters of 100 to 1200 A of the Catalyst (1) is 82% or less, more preferably 80%
or less based on the total pore volume. If the proportion is more than 82%, the
proportion of the total volume of the pores having diameters of 2000 A and more

can decrease, which leads to insufficient diffusion of extra-heavy fractions into the



malic acid or EDTA (ethyl enedi am netetraacetic acid),
and the |like. [0050] For the Goup VIII netals, an
waouenug4met al sol ution of an oxi de, hydroxi dePCT/US2005/021149

carbonate, nitrate, chloride, and/or an organic acid

salt can be used. Metal carbonate and nitrate are
preferred. For exanple, in the case of an aqueous
solution of nickel nitrate, an aqueous solution of 10
W.%to 40 wt.% can be used, _gnpd preferably, an

aqueous solution of 25 wt.%is used. For the Goup VI

netal s, oxide,_ ampniumsalt, sqdiumsalt, and the .
catalyst porgh 1pie firstireastian 2ong-t Th)@ 1pd@r Gagy lead to a decline in the

wat er - so e .amoni,um salt and sodiumsalt are
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anmoni um nol ybdat e, an aqueous solution of 10 wt.%to

25 wt. % can be used; preferably an aqueous sol ution of

[0062]m . For Catdgst.(1),00Ijrefmatslq tleatuke sathivolameodf the pores having
metallic salt can be inpregnated in_a carrier for
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For better performance in the process, (Catalyst (1
Z%wrcta%sd?aﬁgg opzhe gHalparevalumehéd proppoidmgredtes ithan25% can
as,and pore size distributions. [0053] The

syurface ar

legLe icgeasf EQMen S MHIGe Catal yst (1) 1s 100 /g
to 180 nR/g, preferably 150 m/g to 170 m/g. A~
surface area of greater than 180 m/g can be used,

[0868 houor Cagalhstqbyrit BurtRerdaheepsrenliameree dttriblion has a first
hydr ogenati on activity,

peak in a diameter range of 40 %x to 200 A, the peak representing a pore volume of
35% to 90%, preferably 40% to 80%, based on the total pore volume. A first peak
in a diameter region of 200 A or larger can lead to reduced activity resulting from a
reduction of specific surface area. The first peak (existing in the diameter range of
40 A to 200 A) can have two or more local maximums, i.e., it need not be
unimodal. A pore volume of less than 35% can result in an increase of a large pore
region, which can lead to a loss of catalyst mechanical. When the pore volume is

more than 90%, catalytic activity can be advefsely affected.

[0064] In addition to the first peak, the pore diameter distribution for Catalyst
(2) can have a second peak in a diameter range of 200 A to 1000 A, based on the
total pore volume, with the proportion of such pore volume ranging from 10% to
60%, more preferably 20% to 50%, based on the total pore volume. While not
wishing to be bound by any theory or model, it is believed that the presence of this

second peak in the pore diameter distribution results in the selective hydrocracking



whi ch can increase sedi nentation. [0054] The desired
surface area of the Catalyst (2) is 150 n2/g to 400
woriog/oognef erably 160 n2/g to 370 n2/g. [0055]PdhEs2005/021149

desired surface area can be neasured by a BET net hod
based on the adsorption of nitrogen (N2) . [0056] The
total pore volune of Catalyst ( 1) (neasured by the

nmet hod of mercury penetration) is 0.55 m/g or nore,
preferably 0.6 m/g to 1.2 m /g, nore preferably 0.6

m/g to 1.1 mM/g, nost preferdBly 0.6 mi/g to 0.9

m/g. The total pore volune of Catalyst (2) is 0.3
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catalytic perfofnmance may decrease

decadagtd padimeniofarmation. 0.3 m /g or less. A total pore
volume of 1.2 m/g or nore can undesirably affect the
mechani cal strength of the catalyst. [0057] Mercury
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the vol une of the pores having dianeters of 200 A

[0066] As discussed, Catalyst (2) is characterized by a pore size distribution
having a first peak with a peak position in the range of 40 A to 200 A diameter,
with the first peak representing pores that together contain 35% to 90% of the total
pore volume of the catalyst. Preferably, the pores of the first peak within a
diameter range of + 20 A from the peak position contain at least 50% of the pore
volume in the diameter range of 40 to 200 A. More preferably, the pores of the first
peak within a diameter range of + 10 A from the peak position contain at least 30%

of the pore volume in the diameter range of 40 to 200 A.

[0067]  Such pore characteristics show that the pore volume distribution relating
to the first peak in the diameter range of 40 A to 200 A is such that homogeneous
pores exist around the pores having diameters corresponding to the peak position.
The half-value width of the first peak is preferably 70 A or less, and moré
preferably 50 A or less. When the pore volume in the pore diameter range of + 20
A corresponding to the first peak position is significantly less than 50%, an
excessive increase of unsuitable diameter pores can result in strength deterioration
and generation of AP and fouling due to pulverization of the catalyst. When the

peak has local maximum values, the pore diameter corresponding to the larger



and nore is | ess than 50% based on the total pore

volunme, the catalytic performance can decline,
wespenidhi y t he asphal t ene cracki ng perfor mancegT/vk00$1021149

adversely affects the inhibition of sedi nent

formation. [0059] For the base support (i.e., not yet

| oaded with the catalytic netal oxides), the

proportion of the total volume of pores is 43% or

nmore, preferably 47%to 70% _Qased on the total pore

vol une. [0060] In an enbodi nent for Catalyst (1), the
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Thé Hydropengtioh Proogsdi anet ers of 2000 A and nore

[0069] The heavy hydrocarbon oils to be hydroprocessed by this invention
include heavy distillated oil, petroleum residue, solvent-deasphalted oil, coal-
liquefied oil, shale oil, tar sand oil, and the like, typically atmospheric residue
(AR), vacuum gas oil (VGO), vacuum residue (VR), and mixtures thereof.

Preferably, the feed contains vacuum residue.

[0070] In an embodiment, the feed contains an atmospheric residue (AR)
containing 30 wt.% or more and a vacuum residue (VR) containing 60 wt.% or
more of the components having a boiling point of, for example, 538°C and higher.
The "feedstock" (also called a "feed) generally comprises at least 2 wt.% of sulfur
and at least 1 wt.% of MCR (micro carbon residue). The sulfur content of the
feedstock may be above 3 wt.%. Its MCR content may be above 2 wt.%. The
feedstock may contain contaminant metals, such as nickel and vanadium. If metals
are present in the feedstock, they are typically, present in an amount of at least 20
wt. ppm, calculated on the total of Ni and V, more particularly in an amount of at

least 30 wt. ppm. MCR can be measured in accordance with ASTM D4530-03.



can decrease, which |leads to insufficient diffusion of
extra-heavy fractions into thecatal yst pores in the
wo pooso97¢énct i on zone. This in turn can | ead t OPEI/US2005/021149
decline in the vacuumresidue fraction cracking rate.
[0062] For Catalyst (1), it is preferable that the
total volunme of the pores having dianeters of 500 to
1500 Ais less than 0.2 nl/g. Wen the total vol une of
such pores is greater than 0.2 m /g, catalytic
performance and catal yst |ife20re can be adversely
affected. It is also preferable that the pore size
distribution is such that the proportion of the vol une
of the pores having dianeters of 100 A and less is 25%
[0071] esThbapparaars used foohydropacessing dak be A reactpo ptovaded with a
greater than 25% can | ead to increased sedi nent

fixedrbask ronovipeded) a Aeidiaagdiedar anpgbullated bedsr Sinee itdg desirable

hat pore dianmeter distribution has a first peak in .a
to B Ao P EperaBirR bl S8 PR aplee ThilSRbarth fign
ebAIIRRY §ayol ume of 35%to 90% preferably 40%to 80%
base&i on'the total pore volune. A first peak in a
di anmeter region of 200 A or larger can |ead to reduced
activity resulting froma reduction of specific
[0872F ack an embodtiment, thetinpestion elates tmg hydrapecaessiagenethod
. range of 40 A tg 200 A) can have_.two or. nore | ocal
iR RaARd b2 8actiog NRHURJRVERE 4 AT SRtonR P B iesad
le t 0, i i [ . .
reicr st A fRAGRACh EPH ind I bR FERMYq th #hdfaction
appefdt@Ntfebe pMhaded fiea mg& réatteBrican WRIotitied p
catalytic activity can be adversely affected. [006

orlmomddattoomnwith Gatelyst (19 tand&atalysth@) posepatatgreagtors. When the

di stribution for Catal yst ,
first and second reaction zones a%/e provided in one reactor, a boundary between the

ling two

zones may be needed. In order to remove suspended substances in feedstock, it
may be desirable to use one or more additional hydroprocessing catalysts having
shapes and sizes different from Catalyst (1) or Catalyst (2) upstream of the first
reaction zone. When used, this additional catalyst would be present in an amount

of 10 vol.% or less, based on the total amount of Catalyst (1) and Catalyst (2).

[0073] A preferred volumetric ratio of Catalyst (1) and Catalyst (2) in the
process is 10 to 90 : 90 to 10, preferably 30 to 70 : 70 to 30, and more preferably 40
to 60 : 60 to 40.

[0074] In the hydroprocessing of a hydrocarbon oil, Catalyst (1) and Catalyst (2)
can be used in the reactors as oxides; however, it is preferable to conduct
preliminary sulfurization, in advance, using sulfur containing hydrocarbon oil,
organic sulfides, organic polysulfides, carbon disulfides, hydrogen sulfides, and the

like in the presence of hydrogen. The preliminary sulfurizing method can be



(2) can have a second peak in a dianeter range of 200

A to 1000 A Dbased on the total pore volune, with the
w@e@poed7epn of such pore vol unme rangi ng from 1B06/U82005/021149

60% nore preferably 20% to 50% based on the tota

pore vol une. Wile not wishing to be bound by any

theory or nodel, it is believed that the presence of

this second peak in the pore dianeter distribution

results in the sel ective hydrocracki ngof |arge

nmol ecul ar speci es such as aspB&l-t enes and resins,

which, in turn, results in decreased sedi nent

COE‘]%&&%HHH e *e%@ﬁ)?]w hgﬁf@r&%ss@é)ls td B? p%fggfﬂ%l gfr?lrhiﬁlf), or it

eporevoumsvmt a“pore dianeter o
candedndustedanitsiat kigdreaotopge2Gita)or | ess, preferably 15%
or less, based on the total pore volune. Wen the
proportion of the pore volune with a pore dianeter of

(0B730 i 2p PRTVEHNER B16 1By SR FHIeT Fod BRCRS SHTiedpi gt o
1id§ﬁd ﬂbgﬁg%ﬁ&% Yc?fg%@*gvfﬁs(v%)of'osl ENRRC kﬁ*\ifmfe%ﬁﬁilg% %o BYR, with

ng’a first” peal

hy@sEdn & flowtrag: fafiddd KidrddenAotthe BYQrobathcindil GHZ/OM)tdf 300 to

the first peak representing pores that together
1 500N BRiln, Iﬁs&mbiy@@%toﬂomé\lh/&x avitlpareactionate prf:sstuh@of 51025

cat al yst Preferabl , the pores of the first peak
MRt prckerabbyi @@d@tt a topparafyrgAf338°bdaid50°C, preferably
4(@)% Itl%@e ontaln at | east 50% of the pore volune in

range of 40 to 200 A. Mre preferably,

t he pores of the first peak within a dianmeter range of

10 A fromthe peak position contain at |east 30% of
EXAsMPPIES vol une in the dianeter range of 40 to 200 A

[0076] Selected embodiments of the invention are described below in non-

limiting examples.

EXAMPLE 1 - Production of Catalyst A (corresponding to “Catalyst (1))

Production of Carrier

[0077] A sodium aluminate solution and an aluminum sulfate solution were
simultaneously added dropwise into a tank containing tap water, for mixing.
During mixing, the pH was kept at 8.5 and the temperature was kept at 77°C. The
retention time was 70 minutes. The addition and mixing produced an alumina

hydrate gel.

[0078] The alumina hydrate gel obtained in the above step was separated from

the solution, and washed with hot water, to remove the impurities in the gel.



[0067] Such pore characteristics show that the pore

volume distribution relating to the first peak in the
wale@amowen2 r ange of 40 A to 200 A is such that PCT/US2005/021149

honbgeneous pores exi st around the pores having

di anmeters corresponding to the peak position. The

hal f -value width of the first peak is preferably 70 A

or less, and nore preferably 50 A or |ess. Wen the

pore volune in the pore dianeter range of 20 A

corresponding to the first ped3R-position is

significantly |less than 50% an excessive increase of

it ' 0o St : :
o429E, | PRSP ES SACHPERH A ity SHERTh] mochine for
20Plivaed, 28 improved the Hﬁol@@bi@igy 8f theWetnarid @ eperkrutdas ubmgaln
maxi mum val ues, the pore dianeter corresponding to the

extradges mathineiistousydihdricakgrams ketveng & dignoeter 060 %hte Iwinni and a
a pore dianmeter of 20 A or, preferably, 10 A [0068]
le@ﬁgzﬂfﬁs@ mmy  shoul d have a mean pore di aneter ranging
from70 Ato 180 A, preferably 75 Ato 175 A A pore
di aneter of |ess than 70 A can prevent heavy oil from

[0086}; usFiallyntHe&tiRfe® aldthinah] Gasarikdtat 1208difb16 Bours in the
difficulty”in hydroprocessi ng. Wien the nmean pore

presemce tof nirpand ealsintd@t RO0YN fombhoansct® aftainoarealvuolinaesrrier.
having the first and second peaks can result, | eading
to difficulty in achieving the desired | evel of

thrcgidestféug bzgtgi on. The Hydrogenation Process [0069]
bon oils to be hydroprocessed by
this invention include heavy distillated oil,
petrol eum resi due, solvent-deasphalted oil,

[008%] | i dO@Milesf a citric acid solution containing 17.5 g of ammonium
molybdate tetrahydrate and 9.8 g of nickel nitrate hexahydrate was impregnated
into one hundred grams of an aluminum carrier obtained in the above step at 25°C

for 45 minutes, to obtain a carrier loaded with metal components.

[0082] Following impregnation, the loaded carrier was dried at 120°C for 30
minutes using a drier, and calcined in a kiln at 620°C for 1.5 hours, to complete a

catalyst.

[0083] The amounts of the respective components and the properties of the

produced Catalyst A were as shown in Table 1.



oil, shale oil, tar sand oil, and the like, typically
at nospheric residue (AR), vacuumgas oil (VG0 , vacuum
wo e®cdog4l VR), and mi xtures thereof. Preferabl B¢T/Ub®05/021149
feed contains vacuumresidue. [0070] In an enbodi nent,
the feed contains an atnospheric residue (AR
containing 30 wt.% or nore and a vacuum resi due (VR
containing 60 wt.% or nore of the conponents having a
boiling point of, for exanple, 5380C and hi gher. The
"feedstock” (also called a "f@éd) general ly conprises
at least 2 wt. % of sulfur and at least 1 w.%of MR
EXAMPLE 2r-Rro duesionusf) Cathitest Bi( dorresponding tofGaalyst (2)”)
feedstock may be above 3 wt.% Its MCR content may be
above 2 wt.% The feedstock may contai n contam nant
Pme als, s &h as_ni ckel and vanadium If netals are
—%#&M—@ﬁgﬁeedst ock, they are typically, present
in an anount of at |east 20 wt. ppm cal cul ated on the
total of NN and V, nore particularly in an anmount of
[0884] eagin &hedus sphtion MERodaim hedroxadewas alde BRLCH Tk ERAtaining
w th ASTM D4530-03.[0071] The apparatus used for .
tapyateptocsbeyipifta bh Adumimuma suldatesobitictesrasaddedadiopxase to the

tapesindipiatorheigoped heaiy gaﬁg@%egzeqﬁoegq@wrs%@
RS e By AP BPLGGEDH v

furthée Ak @ wigl /fuedus Solatiby @i esdiReehpdrodideiti®of 9.5 at a
i npl emented by a reaction apparatus having a first
temprcatiomozH1TE andheld e dhthinetest Such addigionTme mixisg produced
reactj o zone1 and the second reaction zone in the
alpied hygrate el

[0085] An aqueous solution of sodium silicate was added to an aqueous solution
containing the aforementioned alumina hydrate gel using nitric acid or sodium
hydroxide as required, holding pH at 9.0. After separating the silica-alumina
hydrate gel from the solution, washing was performed using an aqueous solution of
ammonium carbonate so as to make a remaining amount of Na in filtrate 5 ppm or

less to remove impurities in the gel.

[0086] The gel was then kneaded using a kneading machine for 20 minutes, to
improve the moldability of the gel, and then extruded using an extruding machine
into cylindrical grains having a diameter of 0.9 to 1 mm and a length of 3.5 mm.
Finally, the extruded silica-alumina gel was dried at 120°C for 16 hours in the
presence of air, and calcined at 900°C for 2 hours, to obtain an alumina carrier. The

silica content in the obtained carrier was 11.3 wt.%.



apparatus can be provided in a single reactor, or can
be provided by coupling two or nore reactors with

w@22d0aloyw2 (1) and Catal yst (2) in separate reartDUS2005/021149
When the first and second reaction zones are provided
in one reactor, a boundary between the zones may be
needed. In order to renobve suspended substances in
feedstock, it may be desirable to use one or nore
addi ti onal hydroprocessi ng catal ysts havi ng shapes and
sizes different from Catal yst241) or Catal yst (2)
upstream of the first reaction zone. \Wen used, this

p ﬁkh ANA c &l tﬁft woul d be present in an anount of

based on the total anmount of

Catalyst (1) and Catalyst (2). [0073] A preferred
volunmetric ratio of Catalyst (1) and Catal yst (2)

[008F pr be@sd dfs ciia acidGolution cootainingtle2 grcszamnemum

magbdpigdruphdatenid b &bk madts hexs PydiRscupp pregnated
1nf?)' dne FRTAREY i}arﬁ&)f a %lu%hahly éatr?ég%bt% Hed6 tﬂ? ﬁg?{lé‘stgﬁ Gt 25°C

reaCtors as er a
fof @9 dhiahitcR! R dthied varsiet Toaded wltwmetalféom@ﬁf& T Idgded

sul fur containing hydrocarbon oil, organic sulfides,
cannqanas:tlmnld;mdl 4ti1aesC fmafﬁ(bnnnlmhes ubinigdedricthgod oglemed in a kiln
I(fldes andthellktflnth ence of hydrog .
atﬁﬂ@ G fe |-fihoxrs, ta GPmplsts pegt e@@@%&@ﬁ éaethe

R P A ol B e

1.(ex situ). [0075] In an enbodi ment, the invention
relates to a process carried out at a liquid hourly
space velocity (LHSV) of 0.1 to 3 hr 1, preferably 0.3

to 2.0 hr 1, with
EXAMPLE 3 - Production of Catalyst C (corresponding to said “Catalyst (2)”)

Production of Carrier

[0088] An aqueous solution of sodium hydroxide was added to a tank containing
tap water to adjust pH to 13. Aluminum sulfate solution was added dropwise to the
tank, and the aforementioned heated aqueous solution of sodium hydroxide
(prepared in advance) was added for mixing. The aqueous solution obtained was
further mixed with the aqueous solution of sodium hydroxide at pH of 9.5 at a
temperature of 55°C and held for 30 minutes. Such addition and mixing produced

alumina hydrate gel.

[0089] An aqueous solution of sodium silicate was then added to an aqueous
solution containing the alumina hydrate gel using nitric acid or sodium hydroxide
as required, holding pH at 9.0. After separating the silica-alumina hydraté gel

obtained in the aforementioned process from the solution, washing was performed



hydrogen at a flow rate ratio of hydrogen to the
hydr ocarbon oil (H2/G1) of 300 to 1500 NL/L,
weembeodit y 600 to 1000 NL/L, with a reaction BECT/ES2005/021149
pressure of 5 to 25 MPa, preferably 14 to 19 MPa, and
at a tenperature of 3500C to 4500C, preferably 400C to
4400C. EXAMPLES [0076] Sel ected enbodinents of the
i nvention are described below in nonlimting exanples.
EXAMPLE 1 - Production of Catalyst A (corresponding to
"Catalyst (1)") Production of2&arrier [0077] A sodium
al um nate solution and an al um num sul fate sol ution
I t
st SRes 30RRIH of AAGHiGE CRGReS <o &8 8 thATa remppining
anihivaF NeERL fiRfatSS ppanor lebetd emmeveimmaitisdsn keppelat
77C. The retention tine was 70 m nutes. The addition
and m xi ng produced an alum na hydrate gel. [0078] The

ol 58158 B8 B P

T8 1l o LIRS 65 KT L85 M e B LR exiacing

m&dadine ¢ ?ﬂﬁahazﬁ graﬂhs %@Viﬂg'w&ﬁﬁietélooﬂmrt@\lﬁmfrh@ld a length of
nol dabi | i of the , and then extruded using an

3.&xtmu dingilymhdwextwdﬂdt snhmfalumlna ezl wgs diried ahd20Wgfer 16 hours in

d
the Ip?erg%}lgé o? a1r, a ?cmggn a'f’j1 86]0‘% %0(33 torhrg fto%b‘?am an alumina carrier.

The silica content in the obtained carrier was 11.3 wt.%.

Production of Catalyst C

[0091] 100 ml of a citric acid solution containing 12.6 g of ammonium
molybdate tetrahydrate, 8.7g of nickel nitrate hexahydrate was impregnated into
one hundred grams of the silica-alumina carrier obtained above at 25°C for 45
minutes, to obtain a carrier loaded with metal components. The loaded carrier was
dried at 120°C for 30 minutes using a drier and calcined in a kiln at 600°C for 1.5
hours, to complete a catalyst. The amounts of the respective components and the

properties of the Catalyst C were as shown in Table 1.

EXAMPLE 4 - Production of Catalyst D

Production of Carrier

[0092] A sodium aluminate solution was placed in a tank containing tap water,
and an aluminum sulfate solution was added for mixing, to achieve a pH of 8.5
when the addition of the aluminum sulfate solution was completed. The

temperature during mixing was 64°C, and the retention time was 1.5 hours. The



[0080] Finally, the extruded alum na gel was dried at
1200C for 16 hours in the presence of air, and
wa@ 2006i000ga2 at 8000C for 2 hours, to obtain an aPCIUSR05/021149

carrier. Production of Catalyst A [0081] 100 mM of a
citric acid solution containing 17.5 g of ammoni um

nol ybdate tetrahydrate and 9.8 g of nickel nitrate .
hexahydrat e was i npregnated i nto one hundred granms of

an alum num carrier obtained in the above step at 25C

for 45 minutes, to obtain a €26rier | oaded with netal
conmponents. [0082] Follow ng i rrpregnati on, the | oaded

r ' :
S S5 MR ol 37 SR ehydBy SHpH! Pt Godim
sﬂﬁ@t@)Qfm{ siliea 8owrk a;bassthen hR&R] Thé Waﬁﬁglﬁlisshalf bédeneplaced in said
respective conponents and the properties of the

taple tapethar wish &lw@umnumrsellfate %l@)t\mn i In thapease] theysadipue sficate

e AT e SRS i 3 e
ah?rﬁl% egéir 's%ﬁ?x“r‘@%daﬂg%etﬂetselﬁo%aﬁﬁd W@B Witthdtater, to

um num sl fate S ution

redfdve QH@* ﬁﬁpﬂlﬁﬁ@é’ﬂnstﬁetg@l t e pélnkas thied Krcaded asiapRIkdeadag
heat ed aqueous sol ution of sodi um hydroxi de prepared

maching famk bowe o auplmdfeftm rrmlctalnbty affthe ol emguoded using

oA BICB Lty IS, SR REITE & PR PG 0 (b and
a %ﬁg%ﬂ(?e%Sfrﬁﬁm %gngflﬂ%g éxtrl?Msﬁgﬁj-a dnqﬂlaaé%‘ij wWASXI{M at 120°C for

16 hours in the presence of air, and calcined at 800°C for 2 hours, to obtain a silica-

alumina carrier. The silica content in the obtained carrier was 7 wt.%.

Production of Catalyst D

[0093] A solution obtained by adding 50 ml of 25% ammonia water to 16.4 g of
ammonium molybdate tetrahydrate and 9.8 g of nickel nitrate hexahydrate was
impregnated into one hundred grams of the silica-alumina carrier obtained above at
25°C for 45 minutes, to obtain a carrier loaded with metal components. The loaded
carrier was dried at 120°C for 30 minutes using a drier and calcined in a kiln at
540°C for 1.5 hours to complete a catalyst. The amounts of the respective

components and the properties of the Catalyst D were as shown in Table 1.



alum na hydrate gel. [0085] An aqueous sol ution of
sodiumsilicate was added to an aqueous sol ution
wa@onwbaaTeng t he af orenenti oned al um na hydr at ePQEIS2005/021149
using nitric acid or sodi um hydroxi de as required,
hol ding pH at 9.0. After separating the silica-alum na
hydrate gel fromthe sol ution, washing was perforned
usi ng an aqueous sol ution of ammoni um carbonate so as
to make a remaining amount of Na in filtrate 5 ppm or
less to renove inpurities in-2%he gel. [0086] The ge
was then kneaded using a kneadi ng machi ne for 20
' » & i ility of the gel, and
E WMPQSESugg?“@g?ﬁg(gggggﬁbggpng machi ne into
cylindrical gralns having a dianeter of 0.9 to 1nmm and
a |l ength of 5 mm Finally, the extruded
_ﬁﬂﬂﬂjﬁﬂyﬂﬁﬁﬁxmLmel was dried at 1200C for 16 hours in
the presence of air, and cal cined at 9000C for 2
hours, to obtain an alum na carrier. The silica

[OW? /oe gErAn dﬁlu@f@}lﬁ%ﬁ:f’f&g&eﬁlﬁl{ @’?c{ 6%@%%8@“1 linate,sol solution were

sigulthh€oaty ddded diobatiseCtord tahlalcﬁﬁtaihﬂng t@p Ofatﬁnfﬁmhixﬁlﬁg The
nol ybdate tetrahydrate and 10.9 g of nickel nitrate

mhxdng lm,mlpqamrwsﬂr%@e%mhﬁ@q);ﬁ nduunﬁ rilee droporieel addition vods 7.5.
SRR RRRIE S A8 SRRy Tl 2N PH Godaavin 1rched ofte
refe?l%ggﬁﬂé Wa %em n%gse dl“lg@fesﬁﬁirng\'%ﬁm'irﬁhegng)gése&tﬁ{q(eﬁ?agac

Y nates usi ng - a
cafdin&P AP Hedcpibed for theWasrier frod i iR b et @htiBist DI RE obtain
amounts of the respective
alumina grains.

Production of Catalyst E

[0095] 100 ml of a citric acid solution containing 17.2 g of ammonium
molybdate tetrahydrate, 9.8 g of nickel nitrate hexahydrate was impregnated into
one hundred grams of the silica-alumina carrier obtained above at 25°C for 45
minutes, to obtain a carrier loaded with metal components. The loaded carrier was
dried and calcined as described for the catalyst production method of Catalyst D, to
obtain a metal component loaded carrier. The amounts of the respective

components and the properties of the Catalyst E were as shown in Table 1.



conmponents and the properties of the produced Catal yst
B were as shown in Table 1. EXAMPLE 3 - Production of
w@22t0ah9g82 C (correspondi ng to said "Catal yst (B2)1/1S2005/021149
Production of Carrier [0088] An aqueous sol ution of
sodi um hydr oxi de was added to a tank containing tap
water to adjust pHto 13. Alum num sul fate sol ution
was added dropwi se to the tank, and the aforenentioned
heat ed aqueous sol ution of sodi um hydroxi de (prepared
in advance) was added for ni x28g. The aqueous sol ution
obt ai ned was further m xed wth the aqueous sol ution
f RU RN g .5 at a tenperature of
E Piwmh?l‘gﬁ%tlggdﬁtrgﬁﬂbgyg&ch addi tion and ni xing
produced al um na hydrate gel. [0089] An aqueous
solution of sodiumsilicate was then added to an
i 1 contai ning the alum na hydrate gel
using nitric acid or sodi um hydroxi de as required,
hol ding pH at 9.0. After separating the silica-alum na

451 & A5k BIIBR ot B, PUEER L 0, 1 BE i

méiggous sol uti on of amoni um carbonate so as to nmake a
remai ning anount of Na in filtrate 5 ppmor less to
renove inpurities in the gel. [0090] The gel was then

kneaded using a, kneadi.ng.machipe for 20 mnytes, to.
(ODBEF ov EhE RarTrsicBSnes £5F GAADRECJERS WG eres ey with the
u [ [ .
TR B U B G Bl
described for the carrier production method of Catalyst D, to obtain a catalyst

carrier having a desired pore size distribution.

Production of Catalyst F

[0098] 100 ml of a citric acid aqueous-solution containing 17.2 g of ammonium
molybdate tetrahydrate and 9.5 g of nickel nitrate hexahydrate was impregnated
into one hundred grams of the alumina carrier at 25°C for 45 minutes, and it was
dried and calcined as described for the production method of Catalyst D, to obtain a
metal component loaded carrier. The amounts of the respective componehts and

the properties of Catalyst F were as shown in Table 1.



was
in the obtained

t 0 obt ai n POI/US2005/021149
Production of Catalyst C [0091]

16 hours in the presence of air,
2 hours,

t he extruded silica-alum na gel

The silica9cont ent

3.5 mm Finally,

dried at 1200C for
wapaooad7er ned at 9000C for

alum na carrier.

. %

carrier was 11.3 wt

100 M of a citric acid solution containing 12.6 g of
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concentration in the alum na gel aqueous sol ution was

set at 1.6 w.% The silicaalum na hydrate gel was
weepavared fromthe solution, and washed wi t h POL/US2005/021149

water, to renove the inpurities in the gel. The gel

was then kneaded using a kneadi ng machi ne for 1 hour,

to inprove the noldability of the gel, and then

extruded using an extrudi ng machine into cylindrical

grains having a dianmeter of 0.9 to 1mmand a |l ength of

3.5 mm Finally, the extruded silica-alumna gel was

dried at 1200C for 16 hours #B80the presence of air,

and cal cined at 8000C for 2 hours, to obtain a

A m L&ino Ne silica content in the
ESAMPAZ! vcar I e l&ggsrs'?n%\:t.% Production of Catalyst D

[0093] A solution obtained by adding 50 ml of 25%
[0899PNi Ea¥RIEEhdvR the froferfibs BPTHU BRI URIRT Phe feedstock

tetrahydrate and 9. of nickel nitrate hexahydrate
congsinedrps egrtatofdompomentschavimgibeiding rpmmmts of higteer than 538°C, 4.9

silica-alum na carrier obtained above at 25C for 45

whineit sdfurs 33 Whwainpma of fotal rifrogeR.dkly wi-tprref é(anacgum, 46 wt.

conponent s. . The aded.carrier was dried at 12 for
PG ChAAELngS) Wy 8 b Pty Sk P sl dleipeTha ot au
ba@é@%tﬁé’fot&l-\ae Wb tHeOrec@dtBeIEt € @ catal yst. The

anounts of the“respective conponents and the

properties of the Catalyst D were as shown in Table

1. EXAMPLE 5 - Production offgfgi#l yst E Production of
Carrier [0094] An alum num sul fate solution and a

sodi um al um nate soldhditih Bf Mebdétbareous! y added
dropwi se to a tank C'OTTrIg!l;‘km‘n'g—mp—wa‘t‘Er for m xing.

The Middle East vacuum residue/atmospheric residue
(VR:AR =90:10)
Sulfur (wt.%) 4.912
Nitrogen (wt.ppm) 3300
Metal (wt.ppm)
Vanadium 109
Nickel 46
Micro Carbon Residue (wt.%) 22.5
Cy-insoluble " (wt.%) 8.0
Vacuum residue fractions = ° (wt.%) 93
Density (g/ml; 15°C) 1.0298

*]1: Matter insoluble in normal heptane.
*2: Vacuum residue fractions having boiling points of 538°C and higher.
*3: Measured according to distillation gas chromatography (ASTM D 5307).

[0100] Reactors were loaded with Catalysts A, B, C, D, E and F in the

combinations shown in Table 3 for hydroprocessing.

[0101] The feedstock with the properties stated in Table 2 in the liquid phase at

16.0 MPa was added to extra-heavy oil in the 415°C acceleration condition and



m xi ng tenperature was 700C, and the pH during the
dropwi se addition was 7.5. Sodium al um nate was added
wo wobhes74unti | a final pH of 9.5 was reached. A¢EUS2005/021149
retention time was 70 minutes. The resulting al um na
gel was extruded and cal ci ned as descri bed for the
carrier production nethod of Catalyst D, to obtain
al um na grains. Production of Catalyst E [0095] 100 m
of a citric acid solution containing 17.2 g of
amoni um nol ybdate tetrahydrate, 9.8 g of nickel
nitrate hexahydrate was inpreghated i nto one hundred
grans of the silica-alumna carrier obtained above at
keég 8Ca thpdanirt BEUE6C. PhaPhFlrfdgen GAlsTihbdbQROA% Miiblbf
tal conponents. The | oaded carrier was dried and
supplied hedropgnde slug feedstotk (Hp AR )adtGB8yNL/Iptwdbiain amoil product.
net hod of Catalyst D, to obtain a nmetal conponent
| oaded carrier. The anobunts of the respective

OGRS i AR S LB BV R o

[ LA ] [ ' I :
SRS TR0t RIS A e on, st
can@érdtiot) and ahranesurmif MORA(nhiero Eabah yedidae \wabBhegregutslare
and kneaded with the alum na gel of the Catalyst C

shayai in, Tabtei3t he mi xture was extruded and cal ci ned as
descri bed for the carrier production nethod of
Catalyst D, to obtain a catalyst
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it was

nitrate
and

45 m nut es,

F [0098] 100 m of a citric

d

at 250C for

havi ng a desired pore size distribution.
hexahydrate was i npregnated into one hundred grans of

nol ybdate tetrahydrate and39.5 g of nickel
the alum na carrier

Production of Catal yst
w@eood/osequeous- sol uti on containing 17.2 g of anprOnUSINNS/021149

carrier
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*2: Vacuum residue fractions having boiling points of
5380C and higher. *3: Measured according to
wale®biobd7ad i on gas chromat ography (ASTM D 5307)pCT/031903/021149
Reactors were | oaded with Catalysts A, B, C, D, E and
F in the conbinations shown in Table 3 for
hydr opr ocessi ng. [0101] The feedstock with the
properties stated in Table_33i.n the |iquid phase at
16.0 MPa was added to extra-heavy oil in the 415C
conditio erature of

(05055 A3icaf BeoP o (b RSNET b Tt 4R TBE pRiqesSip of vacuum

reRRE S Hioty 2 RARO Wk forhBaEa vARE i i sRifples of
vanidas ealal gt cetbamdticisaEyamglesd @il 2t MRisaivkighi MCR removal
(cracking rate), TLP (total liquid product), an anount

andfalseeadhievrt highrismetalbizatien had highoereeking aateowhilgridecegasing
mount. of MCR (micro carbon residue). The results are

sedipeh formatien-e 3. Tabl e 3 Catal yst Conbi nations
Eval uated k> | P-375. | P-390A: Sedi nent according to
t he met hods described in | P-375 and | P-390A net hod
respectively. IP-375 and | P-390A nethods refer to a
sedi nent anal yzi ng nethod (gi ven No. 375 and No. 390A)
anong the anal yzi ng net hods established by the British
Institute of Petroleum "Institute of Petrol eunt.[0103]
As can be seen fromthe results of Table 3 in the
processi ng of vacuumresidue fractions, it is shown
that conpared with the conparative exanpl es of various
cat al yst conbi nati ons, Exanples 1 and 2 can nmintain
hi gh MCR r enoval



and al so achi eve high denetallization and high
cracking rate, while decreasing sedi nent

wo ooonmbd7en. CLAIMS @ 1. A nethod of hydr opr ocesBETgS®05/021149
heavy hydrocarbon oil, conprising: (a) contacting in a
first hydroprocessing step the heavy hydrocarbon oi
wi th hydrogen in the presence of a catalytically
effective anount of a first34atal yst having activity
for hydrocracki ng asphaltenes in the heavy hydrocarbon

CI9Amish order to produce a hydroprocessed heavy
'—Il"ry'&\'ll'l'otar bon oil having fewer asphaltenes than the

heavy hydrocarbon feed, apd (b ontacting the . .
L. hyérlasﬁhsgé@éfér%aeeﬁsmg& E%aa"r(yb%YfﬁBF‘?r%ﬂP > RYEPEGHIE i n
the presence of a second, independently sel ected
cat al yst .having activity for hydrqdesul fyrizing, the. .
G LF iR GHRS et HRE AVGroRr e esrp ischeevilbiEosiTpog Oilpeith
[
hy SR T G fektice o Lo apIRHPEREa A bt T Batalys
haﬁh? ey _Wh%hbcﬁ%kid@%s@ld@l@@fets in §hé h@d@ﬂg&ﬁ@@aﬁon oil in order
catalyst”is characterized by a pore size distribution
to prpdung adydropocemsad heavshhpdpeabopagl having fewetasphaliegees than
of 40 A dianeter. to 200 A dianeter, wth the first
theeayy hydrecaeben fisdpaids t hat together contain 35%to

90% of the total pore volume of the catalyst, and
E(gb] bén%gt?ng g{e S)fc&]éﬂﬁtq%%%sfeb(g%%v? %ro\’\cna}bholnnoi wq{hahn}%r%éen in the
presence of a second, independently selected catalyst having activity for

hydrodesulfurizing the hydroprocessed heavy hydrocarbon feed;
wherein

(i) the second catalyst is a supported catalyst, with the support containing 2
wt.% to 40 wt.% silica based on the total weight of the support,

(i1) the second catalyst is characterized by a pore size distribution having a first
peak with a peak position in the range of 40 A diameter to 200 A diameter, with the
first peak representing pores that together contain 35% to 90% of the total pore

volume of the catalyst, and

(iii) the pores of the first beak within a diameter range of + 20 A from the peak

position contain at least 50% of the pore volume in the diameter range of 40 to 200

A.



position contain at |east 50% of the pore volune in

the dianeter range of 40 to 200 A 2. A catalytic
w@ewpoed7te, conprising: a first catal yst and aPGBUSIN05/021149

catal yst, wherein (a) the first catal yst conprises a

porous inorganic carrier loaded with 7 to 20 wt. % of

the oxide of at |east one Goup VI(b) netal of the

Periodic Table and 0.5 to 63#t-. % of the oxide of at

| east one Group VIIl netal of the Periodic Table; the

I gh [ d h I gh
2. Lot yeBRIC Rord e BpRASEE: ol st i & o suppor t e

catal yst wherein the support contains 2 w.%to 40
wt.%silica, based on the total weight of the support;
a fis} chtabyss endadecaidtatslysi, wirdheinact eri zed by a pore
size distribution having a first peak with a peak
position in the range of 40 A dianeter to 200 A

O B ey Aot ST b A 7 o
ng(f/ot <§1 the ‘éﬁ'g?é Y4t e dnk ‘@ro&xﬁ %@%ﬁ?ta@%f H%?&‘ié@: T and 0.5 to

anmeter range o romt pea

6 WS bt e Gdde af at Rast @RSGrapV U nidigl gfthe PeploditeTable; the
the dianmeter range of 40 to 200 A. 3. The net hod of

weight percentatheing based onfthe seeighttefithe catelyshr i ses a por ous
inorganic carrier is loaded with 7 to 20 w. % of the
oxi de of at |east one Group VI(b) netal of the

Per i Siglgees-lé%%& AP ia bGhforia AT st Wherdi 8% sBbpdit contains 2

| eas
wt.% to 40 wt.% silica, based on the total weight of the support;

(c) the second catalyst is characterized by a pore size distribution having a
first peak with a peak position in the range of 40 A diameter to 200 A diameter, the
first peak representing pores that together contain 35% to 90% of the total pore

volume of the catalyst; and

(d) the pores of the first peak within a diameter range of + 20 A from the
peak position contain at least 50% of the pore volume in the diameter range of 40 to

200 A.

3. The method of claim 1, wherein the first catalyst comprises a pbrous
inorganic carrier is loaded with 7 to 20 wt.% of the oxide of at least one Group
VI(b) metal of the Periodic Table and 0.5 to 6 wt.% of the oxide of at least one
Group VIII metal of the Periodic Table; the weight percents being based on the
weight of the catalyst.



Goup VIII netal of the Periodic Table; the weight

percents being based on the weight of the catalyst. 4.
wab@emed7mnd of any precedi ng cl ai m wherei n t heP€T/1S1005/021149

catalyst is characterized by (a) a specific surface

area of 100 to 180 nR/g, and (b) a total pore vol une

of at least 0.55m/g. 5. The nethod of any preceding

claimwherein the first catgkyst is characterized by a

pore size distribution wherein the proportion of the

U Bl e TR Bl D b

b}”@? hel @c SuPfaePfdd &nl(ﬁf tol 189 @/ Ugﬁd grg ) 4 RalRRI8 S olume of at
havi n n

ameters of at |east 200 ges froml %to
leﬁb%SimBg.d on the total pore vol urre. 6. The net hod of
any precedi ng claimwherein the second catal yst
corrpri ses 5to 30 wt.%of an oxide of at |east one

R o0 TR s
b){/{‘?%ézées%é)gi ﬁ‘l&ﬁﬁ{?ﬁvl’l&%ﬁl g f)c()jﬁ Csithe vBluh@8f @ﬁéﬁﬁd}es having

and oup net a elng based on

diseke@hd oDt fehe 208t Aliy at least. 50% ebased badhetotahyorenadtedengnd
cl ai m wherein the second catal yst is characterized by
wlaerspae&nefprop@rmmarféhawehmﬁ ofi e nagesslvaving dipmetaes ef at least 2000

A sfides B8R 088 te Bhambagicorn e tofed Pordkalimel o Vet va

characterized by a pore size distribution having:

6. The method of any preceding claim wherein the second catalyst comprises 5
to 30 wt.% of an oxide of at least one Group VI(b) metal of the Periodic Table and
0.5 to 30 wt.% of an oxide of at least one Group VIII metal of the Periodic Table,
the weight percents of the Group VI(b) and Group VIII metal oxides being based
on the weight of the catalyst.

7.  The method of any preceding claim wherein the second catalyst 1s
characterized by a specific surface area of 150 to 400 m?/g, and a total pore volume

of 0.3 to 1.2 ml/g.

8.  The method of any preceding claim, wherein the second catalyst is
characterized by a pore size distribution having:

a second peak representing pores in a range of 200 A diameter to 2000 A
diameter;

pores having a diameter in the range of 200 A to 1000 A, wherein the pores
having a diameter in the range of 200 A to 1000 A contain 10% to 60% of the total

pore volume of the catalyst; and



a second peak representing pores in a range of 200 A
di anmeter to 2000 A di aneter; pores having a dianeter
w0 moobhe7sange of 200 A to 1000 A, wherein the poOT/ES2005/021149
having a dianeter in the range of 200 A to 1000 A
contain 10%to 60% of the total pore volunme of the
catal yst; andwherein the pores having a dianeter of at
| east 1000 A contain 20% or-3%ess of the total pore
volune of the catalyst, and wherein the catalyst has a
MeaghBRiPtHE FITes Eﬁwhg atcﬁﬁméﬁ:@ oF aneaZtol G(R) A&%nfam%()%_t}? less of
nmet hod of any preceding claim wherein
theytamab poreceslanegfithe caﬁatysgchrﬂu&ha’elmt}kenmdystthasa méan pore
35Q0C to 4500C and a pressure of 5to 25 MPa in the
dipmessr indbe sangsmf 70 Oog zones. 10. The nethod of any
precedi ng claim V\herel n the heavy hydrocarbon oil
dIS osed as ebul | at.e ed i's brought into contact
he methaey g@%@f@g mg emfﬁe YREODEREIsSEEdS carried

odls f%@s?aw & e R .ang“aaaf SEHEbES 23 e in th fir
arﬁP§B%8 grlléacct{&lgolngg above 538C. 12. The nethod of any
prece

|ng C wherein the feedstock is a vacuum
resi due containing 60 wt.% or nore of conponents

1001 ThO theBRRWEf AdBfreceding claim, wherein the heavy hydrocarbon oil
disposed as an ebullated bed is brought into contact with the hydroprocessing

catalyst.

11. The method of any preceding claim, wherein the feedstock is an atmospheric

residue containing 30 wt.% or more of components boiling above 538°C.

12. The method of any preceding claim, wherein the feedstock is a vacuum

residue containing 60 wt.% or more of components boiling above 538°C.



