WO 02/ 100985 PCT/ EP02/ 06664 Two-stage HPC process The present invention
relates to a nethod for hydroprocessing a heavy hydrocarbon oil, in

parti cul awoazmetskdd i n which a conbi nation of two 5 cat alPgItRPo2/866e6ed t o
obt ai n advant ageous effects in the hydroprocessing of heavy hydrocarbon
oils. The present invention also relates to a conbination of catalysts
suitable for use in such a nethod. Mre particularly, the present invention
relates to a process suitable for 10 the hydroprocessi ng of heavy
hydrocarbon oils containing a | arge anount of inpurities such as sulfur,
netal s, andWasiRes {Q@%pf‘?fegﬁf ect hydrodesul furisation (HDS),

hydr odenetal | i sati on (HDM), asphaltene reduction (HDAsp) and/or conversion
into lighter products, while limting the anount of sedi nent produced. The
feed may alke preserdi inventimr rdlatesottt aninethdds faruleydrapradessiadsaheaay bon

residue (CCR) and nitrogen, an carbon residue reduction. (H and
hydroqeni(t’FY rPEATOHNOH aFH%"?ara?s’Be dd&i"&é& [ﬁ'&@_@@’é"éag!o(”l—@%%ar bon oils
cont al 'y NgcxdIyats ﬁgolﬁed%r@otﬁfn SO dddis fh BRI Md}epro%!ésgggomf of 538C

or higher are’called heavy hydrocarbon oils. These include spheric
resi due (ARrawnhdhycaocanPonesiildueTi&/Rpressinit cinvantopr athecerdlates et aol eum

refining. It |s desired to ,remve i.npurities such. as sulfur from these
heavy hydrB%rgbﬁ‘gﬂoaiqfgaﬁyﬁﬁaﬁgﬁgé@%ﬁ%@,Sue?rtl]oa W”&%%vert them into
lighter oils, which have a higher econom c value. 25 The hydroprocessing of

heavy hydrocarbon oils is done in.ebuLIatin? bed operation or in fixed bed
oper at i on. Mege pasiigularly, fgenergsepeinaenten re@iesots acatogeystsiitabigefaseen

. J | | e .0 i Ci i
Ui Fur 0 atec Bhtokes RS RAV RS- b e 3nGihad 46 Fiddnsgen and or
asphal t enest Iropwitess, s$uchwaas f quiidr,t hagtald)e alecoapoisdltanen @f efésqhal t enes,

A 00T e O teSuurotion (HDS) ' Fydiodemetaiisaton (HOM) aspnaniene | O O
reduction (HDAsp) and/or conversion into lighter products, while limiting
the amount of sediment produced. The feed may also contain other
15  contaminants such as Conradson carbon residue (CCR) and nitrogen, and
carbon residue reduction (HDCCR) and hydrodenitrification (HDN) may

- also be desired processes.

Hydrocarbon oils containing 50 wt.% or more of components with a boiling
20 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 heavy hydrocarbon oils by hydroprocessing, and to convert them
into lighter oils, which have a higher economic value.
25
The hydroprocessing of heavy hydrocarbon oils is done in ebullating bed
operation or in fixed bed operation.
For ebullating bed operation, various catalysts have been proposed.
Generally, these catalysts are capable of efficiently removing sulfur,
30 Conradson carbon residue (CCR), various metals, nitrogen and/or
asphaltenes. However, it was found that the decomposition of

asphaltenes, an aggregate of condensed aromatic compounds which is in
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WO 02/ 100985 PCT/ EP02/ 06664 2 good bal ance with the rest of the feedstock,
I's generally acconpanied by the formation of sedinent and sl udge. Sedi nent
can be deweroiiomds by the Shell hot filtration solid test PCSHPBING66{ See Van
Kerknoort et al., J. Inst. Pet., 37, pp. 596-604 (1951)). Its ordinary
content is said to be about 0.19 5to 1 w.%in product with a boiling

poi nt of 3401C or higher collected from the bottomof a flash drum

Sedi nent formed during hydroprocessing may settle and deposit in such

appar at uses as heat exchangers and r.eactors,. and because it threatens to
clogse of f Q‘Pl‘é‘?}?é?é‘_éﬁé’)"%? g‘%é@?tgrﬁ%lﬁ%@@“‘l’l‘%ﬁ%rgepﬁéﬁléfp%?c&f‘%%ﬁ“‘%é Ei/hesz 10
appar at usefs forR&Gdrab ¥ediﬂ}éﬁﬂ%nﬁy§&d§¥.%§%bﬁgcéﬁ be%;famwea% 4|ﬁ§0n feeds

cont ai ni ng large anmobunts of vacuum res sedinent formatio an

i nport ant Shell dwo} fikradionheold test t(BEFSTOr same¥anf serkaoprtoztesls f.olnsef f ecti ng

fficient t A ' nbi nat i ith | di rent  f t]
ohd hi gh coRbestinh epsSiBIRall Tl e B odHaBE o s 0cess For
hydr oprpcegsi g %8 in fp)egc%nyctwm 8GRI IRRNp&iht of 9HOE B MeyHE donecteARtEHht | es and

metallic inmpurities | east in two stages. In the first stage a catal yst

cont ai ni ngth@ kottam Bf atflagh dsimaet al oxi de was used to effect

cont ai ni ngor PGB eR e PR Rsind el <GB, A8 BReBk I Suc oot ElySt

hydr odesul fpparatisemns tiaasehangere drRl readwirg, atdibecadRat tirestenkhte hi gh
metals content of the second catal yst, asphaltene conversion in this

process i sCiRee @ftidbeiassagapinear spaouRly RBMPgsAbsseperatips dfoidesea
CoLa ¢ BB ORRRe SRS TR ot Uty SEAR ofcldtebhe 11
and a conbfeealsi contdihiegelafgerairuiunts ofpacwaes r@sitdoe 28editneitt dbrmaatiodeils of acti ve
Fin T Ungs BB BPIANCIBRBTERT SHETe RGP ESIOTe] oAb (b OaEsh eliaEn. |
t enper at ur geferd 38nidtnif8RCreRoldh Q3B bination with low sediment formation
and high conversion.
15
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 was used to effect hydrodemetallisation and hydrocracking.
20 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.
Japanese patent No. 8325580 A discloses a catalytic hydroconversion
25 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 reaction temperature of 438 to 468°C, a hydrogen
30 partial pressure of 105 to 245 kg/cm?, and a volume hourly space velocity
of 0.3 to 1.0 h-1. In the second stage a similar catalyst is used at a

reaction temperature of 371 to 427°C, a hydrogen partial pressure of 105



30 partial pressure of 105 to 245 kg/cn2, and a vol une hourly space
velocity of 0.3 to 1.0 h-1. In the second stage a simlar catalyst is used
at a reawpicanodesiperature of 371 to 427C, a hydrogen par tricalEppz/essur e of
105 WD 02/100985 PCT/ EP02/ 06664 3 to 245 kg/cnR, 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 activity than the second stage to inprove hydroconversion.
However, it appears that the high tef@perature applied in the first stage

| eads to thernmal congensation 5 of asphaltene on the_one hand and, on the

ot her, thelOp@fp dokith rand A snafogcw'eﬁ%y oF Salided- %\m-h The firaesi38P isr acki ng of
ol € unshaihé ol Righeh relnBafbib UREST 1668, CADRMCOLANY MERThE! Ll | on of

asphal tene e second sta anese patent

publ i cat i osedibRiBgagdemcinjrese ahyrdudactors/ceagenc&itoalqw&r cit appehod tHairthehe hi gh
conversion 0 heavy hydr n I| uid feedstock. In t first stage, a
fi xed bed B'ekésmﬂeé@@ HP?‘zé{E he firsd s Eﬁzﬁg %(hgrmraége@ vatighper at ur e
of 41540 453EphatdhedbAARE tHeﬁH‘d BRESSH! Obthé?, tHe péididted ¢8&n and a
space vel omU%p % 0.2 to %ﬁ% the segon stagep an 15 eggpl ated bed
react or |sfraqimra§t Mdund@rwm thel 'duermahdraqkmgsof gihare anatapde. Thisedni n t he
above neth

nprises carrier terial el ected fr al um n silica,
and a conbfﬁgt F‘bﬁl ﬁérﬁ‘gf?"%ﬁb‘”{ﬁé‘ L RIdPigtog, © gcﬁp\p@ﬂeﬂ%t%ﬁﬁéﬁigct ed from
cadm um CiyrREtiEMin P dond §t8ge. Mol ybdenum  nickel, tin, tungsten, and
m xtures thereof. In this reference, vacuum 20 bottons are recirculated to

achi eve a high cracking rate, but the problem of asphaltene cohesion

acconp ying t i r a e 5,322, 829
descrl es é%f‘?/{ge Q%gerﬁbgﬁlﬁlé{y'ﬁ)g ggagggegé%&[obr?svﬁe?'glit"trjlgtgﬁé g%@“?l Cr st st age
catal yst Wﬁtéti@@mﬂfrltﬁ@h@hlc&v&sﬂm@ff aedwlhydesdarbbatigdidefeeastode, In and 1-15
wt. % of nol ybdenum cal cul ated as oxide, the catalyst having a surface

area of atthecfisst stggensy fxemhded Pét%ﬂuuélﬁda besl (ractef . opefatgdndl . The
second stagg ¢ahLypbrdtird Ot 4 PERFAEDRY d Ry SiSHRh partidi FIREGRESf AL this

211 kg/cm?, and a space velocity of 0.2 to 2.0 h-1. In the second stage, an

15  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, énd the oxide of an active
metal selected from cadmium, chromium, cobalt, iron, molybdenum,
nickel, tin, tungsten, and mixtures thereof. In this reference, vacuum

20 bottoms are recirculated to achieve a high cracking rate, but the problem
of asphaltene cohesion accompanying the high cracking rate operation is

not solved.

US 5,322,829 describes a two-stage ebullating bed operation wherein the
25 first stage catalyst may comprise 0.1-5 wt.% of nickel, calculated as oxide,
and 1-15 wt.% of molybdenum, calculated as oxide, the catalyst having a
surface area of at least 150 m?/g and a total pore volume of 0.8-1.4 ml/g.
The second stage catalyst is not described in detail. It appears that this
process is insufficient in the removal of metals and asphaltene, and shows

30 high sediment formation.



process is insufficient in the renoval of netals and asphaltene, and shows
30 high sedinment formation. WO 02/ 100985 PCT/ EP02/ 06664 4 US 4, 657, 664
descri beswe moubass st age ebul | ati ng bed process for the ceor@ps/ewedl heavy
hydr ocar bon feeds, wherein the first stage catalyst contains 8-8 wt.% of
G oup VI netal oxide. The second catal yst has a high surface area the main
part of which is present in pores with a low 5 dianeter. It appears that
this catal yst system does not give sulficient activity and selectivity in

t he hydroprocessi ng of heavy hydrocarbon feeds. |n sunmary, the processes

of the pri b8 aﬂn@57ag@4i¢\%§féi§2§§té my!ti-plaigsi ePriptinge fefe RTCESEN®I I 18 i n t he
o . \ . ~OP M Y
convers: oncoigsB SR histafke et M NEIE R Mt S8 BV AVC o ocess

for the hydntaisog8sei Bofabrauphelavigtdlypsidec Ihbarcond cataiystibzsnghighl ar ge
anount of inpurities such as sulfur, Conradson carbon residue, netals,
nitrogen, 8WdaAS aHEAntE: BrRIN Pt foMiNRDY &% Pregadl ihParge WHBW i'PVes. In
addi ti tQ: LEI gN t.am naat € Sni .show | ow
sedi nmen fglra?r]f]a tlbgn& éeﬁégﬁgga@%hgﬁlgeﬁéeﬁ%ﬁyasf%rha%@éﬁﬁgﬁ %gﬁ\%};@?%ﬁ The

i nvent or s, abtvifyrgndsseldctddtyiinties siydmipyodassia ofehedwy ajaovearponliéeds. have 20
found a catal ytic hydroprocessing nethod for a heavy oil based on two-
stage catal ytic cracking, in which both catal ysts neet specific

[ equl remeni® sy The oEQURNGE HK pPRF P lafe ifhAd b dRnipRing. cat al yst

used in the first age 1s specific y designed to decrease the inpurities
in the heaggintgrdr dorarddiom dhl theé nhpdnopraadsaing ief dutavgved &6 f effeeint

asphal i(gne éSdre val .in combinati.on with hydrodenetal | isation. The second
stage ¢4t ahydiodesuliyisaliod AN CAMEEYPNadvanced desul furisation and

hydr ogenati on reactions while inhibiting sedinment formation due to

asphal tene precipitation, to allow stable operation. The conbi nation of the
two differdhe ebeal péitbis| swestion ia toypevidstarnc efeciva pracessefll theng in a

process Sh%\{/mdrn rgée%%lmeg &P srh%taivgmyd%cgﬁng doﬁl"c?’o‘?ﬁé’i'nfdﬂ Eﬁﬁlgieoé}nount of
impurities such as sulfur, Conradson carbon residue, metals, nitrogen, and

15  asphaltene, for adequately removing the impurities. In addition to efficient
contaminant removal, the process should shqw low sediment formation,

high asphaltene removal, and high conversion.

The inventors, having studied intensively to solve the above problem, have
20 found a catalytic hydroprocessing method for a heavy oil based on two-

stage catalytic cracking, in which both catalysts meet specific

requirements as to metals content and pore size distribution. The catalyst

used in the first stage is specifically designed to decrease the impurities in

the heavy hydrocarbon oil. In particular, it achieves efficient asphaltene
25 removal in combination with hydrodemetallisation.

The second stage catalyst is tailored to effect advanced desulfurisation

and 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
30 resulting in a process showing stable operation, high hydrodesulfurisation

and conversion activity, and low sediment formation.



and conversion activity, and | ow sedi ment formation. WO 02/100985

PCT/ EPO2/ 06664 5 The process according to the invention is a nethod for
hydr opr ocwengeeas heavy hydrocarbon oil, conprising bri n@cCmEraz/beeyy
hydrocarbon oil in a first stage into contact with hydroprocessing
catalyst | in the presence of hydrogen, after which the effluent of the
first stage is contacted in whole or 5 in part with hydroprocessing
catalyst Il in the presence of hydrogsgn, wherein catalyst | conprises 7
to 20 wt.% of a Group VIB netal conponent, calculated as trioxide on the
wei ght of Tine peeteskyancording to i inveption .isa retheddos ipdMiprecessing aconponent ,

cal cul ated_as oxi de on the weight .of , 10 the_catal yst a_porous inorganic
carrier, s'&?%’yc§¥(§f)§7§rtboﬂa9',’ncémgonsérb%anpppgsar Sy wdégc?%ribogtm{ £a8t 100
/g, a tofiat sRrkeint® coiRicolvitt hydreprdcelsing cdtalst fin tRABtesePle ff t he total
pore volune in pores with a dianeter of at least 20 nm (200 A) and at

| east 65% lydregen tafteiiwipeh ¢he ebluentof hefrskstagetih cantg@ctaseinevh@e o10- 120 nm

retal  conpnEAr, i pvfiBhekShiny FRAIRACR e Bidrenke 8 eBEtal et ana

0.5 to 6 wWyhépreddi a Goup VIII metal conponent, cal cul ated as oxide on the
wei ght of the catalyst, on a porous inorganic carrier, said catalyst
havi ng a speé&gtalyst Isepmptsesare 30 vat %l ehatGCnap Y8 gnetal cempongdt.e vol unme

of at least 0O . 30-80% of 1. ' S~ Wit a
di aneter of 1 g‘ag%r%%% W‘gﬁ)gﬂﬁg V%tén' ﬁgpp{hgeaé%%%;o%ﬁ ﬁg’r@o?\ghv& unme in
pores W th a ofth @retgiVibimethl terapondfi) caru(Eted @sAxidd vh thataigisttofl having a

| arger percentage of its pore volune in pores with a dianeter of at |east
20 nmkogoo A) thensatadst.aPPst Reroussineraaniy Casngr. | ¢ fatashing¥ngeft ai ns to a

RNl et ComiTBINE SR LS o 100 T % RA GRS SoupETS A 11
least 0.55 mi/g, at least 50% of the total pore volume in pores with a
diameter of at least 20 nm (200 A) and at least 65% of the total pore
volume in pores with a diameter of 10-120 nm (100-1200 A), and

15 o catalyst Il 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, said catalyst having a specific
surface area of at least 100 m?/g, a total pore volume of at least 0.55
20 ml/g, 30-80% of the pore volume in pores with a diameter of 10-20 nm
(100-200 A), and at least 5% of the pore volume in pores with a
diameter of at least 100 nm (1000 A)
with catalyst | having a larger percentage of its pore volume in pores with
a diameter of at least 20 nm (200 A) than catalyst II.
25
The present invention also pertains to a catalyst combination suitable for
use in such a process, wherein the catalyst combination comprises

catalysts | and Il defined above.

30 The catalysts used in the process according to the invention comprise
catalytic materials on a porous carrier. The catalytic materials present on

the catalyst according to the invention comprise a Group VIB metal and a



30 The catal ysts used in the process according to the invention conprise
catalytic materials on a porous carrier. The catalytic materials present on
t he cat alwyeto2aeosy di ng to the invention conprise a Goup YCBRPeV@&ceaand a WO
02/ 100985 PCT/ EP02/ 06664 6 G oup VIII netal of the Periodic Table of

El ements applied by Chem cal Abstract Services (CAS system. The G oup
VIIl metal used in this invention is at |east one selected from nickel,
cobalt, and iron. In vi ew of performénce and econony, cobalt and nickel

are preferred Ni ckel is especi al ly @neferred As the Goup VIB netals
whi ch can GEowR Il Metsl %(ﬂ%urﬁ”oﬂﬂ-“n'gr% of Elﬁﬂn%ﬂ‘ﬁso@ﬁﬁﬁﬁﬂnﬁ)ﬁ/ Ghemigalt i oned,

but in vi e)ﬁ(bQ{ractp%”nﬁ é@%@}“&nf&ﬁgfﬂe @%%{ | Cu[‘l“rﬁ‘rétél Rfs%fgﬂr{e gHFOThe

conbi nation o enum an ar | r the
catal yti c imneatiomlis at tfast rmeecsaetlacttgdtfrcanauckblngotbajt tamd |r@rve|rmtwew ofl0 Based

on the weight (100 w.9% of the fi cat al t he rmunts of the
respect i ve PEPENIAGE: angt EFPRPTY; r‘FOBﬁtS é‘ﬁ'sar@sgée F"‘Ffefjhé\“ﬁf%ci%s

di 7-20
accor :ogr]gf %rQ%%%’IEW ’b‘f@ﬂéfrr'e‘an /Q%]?th%? ér@hb?‘O@B H?'é%léa%ﬁpﬁs%%n BPLsSS

wt . % y 8-16 wm oup B neta cul ate as trioxide. If
| ess t han mholyhdgénius, LtsregstenhendocthrUMlynoﬁayrbe mebhtioaead| st ini \sewrrsfuf fi cr ent .

On th th hand f th t th . %
et b BaeamAce Bad BB ramaalyatisntn K pRIRleR s TR, PrAIR T ot 5
conpri se Onfyifhddnuia aﬁ&%@&e@% baﬂtrc@l rf?ﬁeférfreﬁé’rufhevéétblytrﬁ%aerra%a| cul at ed

as oxide. If the anount is |ess 6/5 w.% the activity 20 of the
catal ysts @f the QﬁéaWSbECFQ@mmgftOrﬂm mvﬁﬁaﬂHG W.%is present, the catalyst

Pand Bt afipeed q e ABigrERIQY Gy ok WEE g GrteBieh (RCH Rl o8 i Tg 1t
is preferresspdctivd tstafticpsdtedall ™/ Ge maraYst85 ugeéf ar aply padcawest 0.9
m/g. The determ nation of the total pore volunme and the pore size

di stri but i 8acordingrtodbe drvantianse @srfollpnhet rati on at a contact angle of 140
W th a surffge4igHsisO8oRbrid8% 9y NGSYC PretisBy 818" wt.%, of Group VIB

‘metal, calculated as trioxide. If less than 7 wt.% is used, the activity of the
15 catalyst is insufficient. On the other hand, if more than 16 wt.%, in
particular more than 20 wt.% is used, the catalytic performance is not

" improved further. |
The catalysts comprise 0.5-6 wt.%, preferably 1-5 wt.%, of Group VIII
metal, calculated as oxide. If the amount is less than 0.5 wt.%, the activity
20  of the catalysts will be too low. If more than 6 wt.% is present, the catalyst

performance will not be improved further.

The total pore volume of Catalyst | and Catalyst Il is at least 0.55 ml/g,
preferably at least 0.6 ml/g. It is preferred if it is at most 1.0 ml/g, more
25  preferably at most 0.9 ml/g. The determination ef 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 Il (trade name) produced by
Micrometrics.
30
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



exanple, a mercury porosineter Autopore Il (trade nane) produced by

M cronetrics. 30 Catalyst | has a specific surface area of at |east 100
n2/ g. ForwOheieaszal yst to neet the required pore size di 8CTiHPOY/06G6M r anges
it is preferred for it to WO 02/100985 PCT/ EP02/ 06664 7 have a surface
area of 100-180 n2/g, preferably 130-170 n2/g. If the surface area is |ess
than 100 n2/g, the catalytic activity will be too low. In the present
specification the surface area is deté mned in accordance with the BET

met hod based on N2 adsorptio algyst | .ha at I 59% f the t ot al
pore vol umBaVR HRUEECK @%aaopdoghgoe &9, Biefer )thepr ef er abl y

at | east GQ/ﬁa%—@%reQ%rfé%ttﬁz%1Pf)porgeth‘éoéé’tgﬁltlbrécttlbi't?v\flﬁﬁg%b$%erl‘?\ferab'y at

nost 80% percentage o volune’in this range Is | ow 50% the
catal ytic tpepreserdnepecifesapeni thbl yurfaue asgshad detenuned Kin naccacdandet vy,

d th f d t f t [
Catalyer | iR B LA ekt SR STAPHI e vol ane 1 n por es i th o
di anet eg otaw?a{zo HH® Gl Qast2880Abf tRe abell ik dbluhRAR pErde W @

preferably at least 85% If the percentage of pore vol urre inthis range is
i nsuffici edtame\‘@dl @ferﬂt leesihedd avm w200 uﬁdcrwa@aaiyd at hleasteﬁCH’ulalTher ack| ng
rate 15 will

have | eus PRIgESEE BT Bord SAUML N rarlde, s SrBEG o £7mo8f af% ¥ 10 o

(100 A) or peessntadd dfhporepebmerﬁé agethef raege i¥obelow BO9sEetHe icAtdiftics range is
above this value, sedinent formation may increase due to increased

hydr ogenat PEROBNARER; especiagi-1ae Meahakene Craskingcaelstityt depteasesalalyst | is
based gn a «%’ﬁflpfﬁgré&%&ﬂmeﬁt f&?h%‘%‘oﬁ%ﬁ .r?crreéi@éCh general Iy conprises the

convent i onal ™ OXxi Silica-alumna, alumna with
si l'i ca- al udanalyg $pearssed I¢detr @ %, obithe otatatqairedvauum &, por8Ranitsiaa,

Zireonia o Ser O bl 380200 &, Prderasly &t 1dast 75 mere
preferably at least 85%. If the percentage of pore volume in this range is
insufficient, sediment formation will increase and the residual cracking rate

15  will decrease. A
Additionally, it is preferred for Catalyst | to have less than 25% of its pore
“volume in pores with a diameter of 10 nrh (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
20 non-asphaltenic feed constituents.
Catalyst | is based on a porous inorganic oxide carrier which generally
comprises the conventional oxides, e.g., alumina, silica, silica-alumina,
alumina with silica-alumina dispersed therein-, silica-coated alumina,
magnesia, zircohia, boria, and titania, as well as mixtures of these oxides.
25 It is preferred for the carrier to consist for at least 80% of alumina, more
preferably at least 90%, still more preferably at least 95%. A carrier
consisting essentially of alumina is most 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

30 activity of the catalyst.



25 It is preferred for the carrier to consist for at |east 80% of alum na,
nore preferably at least 90% still nore preferably at |east 95% A
carrier wonsilewsng essentially of alum na is nost preferpet/EPohescowor di ng
"consisting essentially of' being intended to nean that m nor amounts of
ot her conponents may be present, as long as they do not affect the
catalytic 30 activity of the catalyst. WO 02/100985 PCT/ EPO2/ 06664 8
Catalyst Il has a surface area of at Beast 100 n2/g, preferably at |east
150 nR/ g, nore pref erably at |east 185 nR/ The,surface area is

pref er abl y Catalygist hasoangyriace ﬁrf%%@fﬁrlﬁéiie@q)éﬁ /8s PERIEEIRNE 3t Heasd ai ned

range, the tig e.}s fof Cﬁh‘@ as 30-80%
of the tot A?Gt&q)dr/% ?r%"EJererrT%\ eg{ V\lne?ﬁtsqsgl ane T%f c%otarr]%( 00-200 A,
pr ef er abl y paFe iy ammastpzm en’agl if #he- §E%cel iaretmss outdiden tROYaiedhe por e

volume is present in ﬁvgls r n t he. Ca%ﬂglt%/ performance is insufficient.
If nore t h5AN%09HSFAEBHAICIRS HFe iy sy present in this range, the

sedi m%‘né f@a@%tqnhé@@be@m%ftﬁ&&sn ;Bc%sidq@%qﬁ rpbP@s Mtﬁ%l diBRefeVer ume of
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leads to increased sediment formation. If the percentage of pore volume
15  present in pores with a diameter of at least 100 nm (1000 A) is above
25%, particularly above 30%, the sediment formation may increase.

" Additionally, it is preferred for Catalyst Il to haQe 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,

20 sediment formation may increase due to increased hydrogenation of the
non-asphaltenic feed constituents.
Catalyst Il preferably has less than 50% of its pore volume present in
pores with a diameter of at least 20 nm (200 A), more preferably less than
40%. If this requirement is met, catalyst Il will show particularly good

25 hydrodesulfurisation activity and good hydrogenation activity.

Catalyst Il generally has a substantial portion of its surface area present in
relatively large pores, that is, pores with a diameter of 15-120 nm (150-
1200 A). Preferably, the catalyst has at least 25 m?/g of surface area in
30 pores within this range (as determined via mercury intrusion), more
preferably at least 35m?/g. On the other hand, catalyst Il generally has

only a limited amount of its surface area in relatively small pores, that is,



40% If this requirenent is net, catalyst Il will show particularly good
25 hydrodesul furisation activity and good hydrogenation activity. Catalyst
|1 gener awvioyzhe®ss substantial portion of its surface are®urEPIEDE664 N
relatively large pores, that is, pores with a dianeter of 15-120 nm (150-
1200 A). Preferably, the catal yst has at |east 25 nR/g of surface area in
30 pores within this range (as determ ned via nercury intrusion), nore
preferably at |east 35nm2/g. On the otber hand, catalyst Il generally has
only a limted anmount of its surface area in relatively small pores, that
i s, WD 02/ pORSsEitrGTHEPORE0 8547 M pGPed) Wit Rrefetitiyether catilyst haam (50-70

Pr ef bl th ha f
o7 es. i ¢ RS RS PORGLTE 13 alare. ARty PGS R Bt 8ngd Batar vt 11 i s

al so based @?e@bgp@ggsghémg@g,%c oxi de carrier which 5 generally conprises
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3.5-30 wt.% nore preferably 4-12 w.% even nore referabl %/%4 5-10 w.%
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IS genera um na contal ni'ng her refractory
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the 15 carrier of catal yst | [ d of at | east 9 (V na, nore
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oxides, such as titania, zirconia, etc. It is preferred that the balance of the
15  carrier of catalyst Il is made up of at least 90% of alumina, more preferably
at least 95%. It is preferred for the carrier of the catalyst of the invention to
" consist essentially of silica and alumina, the wording “consists essentially
of” being intended to mean that minor amounts of other components may
be present, as long as they do not affect the catalytic activity of the

20  catalyst.
In a further preferred embodiment, Catalyst Il comprises a Group |A metal
component. Sodium and potassium may be mentioned as suitable
materials. Sodium is preferred for reasons of performance and economy.
The amount of Group IA metal is 0.1-2 wt.%, preferably 0.2-1 wt.%, more
25 preferably 0.1-0.5 wt.%, calculated as oxide on the catalyst. 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.

30 Catalyst | has a higher percentage of its pore volume present in pores with
a diameter of at least 20 nm (200 A) than catalyst II. If this requirement is

not met, the advantageous effects of the present invention will not be



conponent. Sodi um and potassium nmay be nentioned as suitable materials.
Sodiumis preferred for reasons of performance and econony. The anount of
G oup | Awetahonsss 0. 1-2 wt. % preferably 0.2-1 wt.% noreP23/RPrEl@6HADI Y
0.1-0.5 wt.% calculated as oxide on the catalyst. If less than 0.1 w.%
is present, the desired effect will not be obtained. If nore than 2 w.%
is present, or sonetinmes nore than 1 wt.% the activity of the catalyst
will be adversely affected. 30 Cat alysx | has a higher percentage of its
pore vol une present in pores wt a dianmeter of at least 20 nm (200 A)
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and di nensions common to the art. Thus, the particles may be spherical,
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For use in fixed bed 10 operation polylobal particles are preferred,
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carrier. tion ot her conponents s as silica may bef or e,
20 duri ng, pafeaéd &nr ysecoigiullatingbed Bpevationsf exanpl e, a process for
preparing an alum na gel will be
The carrier to be used in the catalysts to be used in the process according
15  to the invention can be prepared by processes known in the art.
A typical production method for é 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,
20  during, or after precipitation.
By way of example, a process for preparing an alumina gel will be
described below. At 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
25 sulfate or aluminium nitrate, etc. is added for mixing. The hydrogen ion
concentration (pH) of the mixed solution changes with the progression of
the reaction. It is preferable that when the 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,

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



described below. At first, a tank containing tap water or warmwater is
charged with an al kali solution of sodium alum nate, alum nium hydroxide

or sodi umwvbydnaoessle, etc., and an aci di c al um ni um sol uti eaTaPozbassd ni um 25
sulfate or alumniumnitrate, etc. 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

alum nium solution is conpleted, thegpHis 7 to 9, and that during m xing,
the tenperature is 60 to 75C. The m xture is then kept at that tenperature
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silica gel, followed by moulding, drying, and cining. The carrier can
al so be pr@ldunmdrrbyomaogndgﬁowttm an after the @lurpiniumehydiogelehas dsence of
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silica hydpogeddred byhes@dFing at SiIfcPsbiitetdiRh as sodium silicate with an
15 alumina source such as sodium aluminate or aluminium sulfate, or by
mixing an alumina gel with a silica gel, followed by moulding, drying, and
" calcining. The carrier can also be produced by causing alumina to
precipitate in the presence of silica in order to form an aggregate mixture
of silica and alumina. Examples of such methods are adding a sodium
20 aluminate solution to a silica hydrogel and increasing the pH by the
addition of, e.g., sodium hydroxide to precipitate alumina, and
coprecipitating sodium silicate with aluminium sulfate. A further possibility
is to immerse the alumina carrier, before or after calcination, into an
impregnation solution comprising a silicon source dissolved therein.
25
In a following stage, the gel separated from the solution, and any
commercially 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

30 knownin the art, e.g., by way of extrusion, beading or pelletising.



addition of, e.g., sodiumhydroxide to precipitate alum na, and
coprecipitating sodiumsilicate with alum niumsulfate. A further
possi bi | iwg 02i16098% i nmerse the alum na carrier, before or pafitEPn2/06664
calcination, into an inpregnation solution conprising a silicon source
di ssolved therein. 25 In a follow ng stage, the gel separated fromthe
solution, and any comrercially used washing treatnent, for exanple a
washing treatment using tap water orthot water, is carried out to renove
inmpurities, mai nI% salts, fromthe gel. Then, the gel _is shaped into
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to obtain carrjer hayi.n 10. properties which will give a catalyst with

t he surfacg"ea?ré@{,a?gﬁ’r‘@%\)ﬁﬁh ) dE“and pore size distribution characteristics
speci fied above. The surface area, pore volune, and pore size distribution
characteristics can be adjusted in a manner know to the skilled person,
for exanpl Bynetatwveaprdiducton deathed, i e pessibleytoebtdiae ogrrist hgeingf an aci d,

such as.nitric acid,.15 etic_aci r formc agid, _or other conpounds as
ol di 1 aBiarey Wrish WiF Ssga R Wi el asSnad, Bore valREE by
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area of 10
addition during the mixing or shaping stage of an acid, such as nitric acid,
15  acetic acid or formic acid, or other compounds as moulding auxiliary, or by

regulating the water content of the gel by adding or removing water.

The carrier of the catalysts to be used-in the process according to the

invention have a specific surface area, pore volume, and pore size
20 distribution of the same order as that of the catalysts themselves. The

carrier of catalyst | preferably has a surface area of 100-200 m?g, more

preferably 130-170 m?/g. The total pore volume is preferably 0.5-1.2 ml/g,

more preferably 0.7-1.0 ml/g. The carrier of catalyst Il preferably has a

surface area of 180-300 mzlg, more preferably 190-240 m?g and a pore
25 volume of 0.5-1.0 ml/g, more preferably 0.6-0.9 ml/g.

The Group VIB metal components, Group VIII metal components, and,
where appropriate, Group IA metal components, can be incorporated into
the catalyst carrier in a conventional manner, e.g., by impregnation and/or
30 by incorporation into the support material before it is shaped into particles.
At this point in time it is considered preferred to first prepare the carrier

and incorporate the catalytic materials into the carrier after it has been



preferably 130-170 n2/g. The total pore volunme is preferably 0.5-1.2 m /g,
nore preferably 0.7-1.0 m/g. The carrier of catalyst Il preferably has a
surface awvea20009880- 300 nR2/ g, nore preferably 190-240 nR/ gCampoznoqgeesr e 25
volune of 0.5-1.0 m /g, nore preferably 0.6-0.9 m/g. The G oup VIB netal
components, Goup VIII netal conponents, and, where appropriate, Goup IA
nmet al conponents, can be incorporated into the catalyst carrier in a
conventional manner, e.g., by inpregnaion and/or 30 by incorporation into
t he support rraterlal before it is shaped into particles. At this point in
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will be clear to the ski|led person that there is a w de range of
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or nore of € conponent precursors at are to~Be deposi te or a portion
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15 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, or a portion thereof. Instead of impregnating

20 techniques, dipping methods, spraying methods, etc. can be used. In the

case of multiple impregnation, dipping, etc., drying and/or caicining 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,

30 of the metal component precursors to the oxide form.



20 techni ques, dipping nethods, spraying nethods, etc. can be used. In the
case of nultiple inpregnation, dipping, etc., drying and/or cal cining may
be carri estomatiodsss bet ween. After the netal s have been i ncecpmprat/eded nto the
catal yst conposition, it is 25 optionally dried, e.g., in air flow for
about 0.5 to 16 hours at a tenperature between roomtenperature and 200C
and subsequently calcined, generally in air, for about 1 to 6 hours,
preferably 1-3 hours at 200-800C, prederably 450-600C. The drying is done
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at | east pé‘r'tnaYﬂ?eeﬁ%sr'&lﬂ‘?t%ICP”Ve@éh%Pa%tn'& athe: o B afdeeUors to the

oxi de Tor my 8,02/ A03836ACT! EE0R/ABAE indkklsy gfswten Sudep convert

the catal yst conmponent's present
t herein, inmthd hyadrsprdaedssmgfmfrhmqmmarboncﬁeedsmdsse Thmcdartnbefdmheaprem:es& ng of
hydr ocar bon feedstocks hls[ can be done in an tg\g g?& se cqonventi onal

r

7
manner, e. NS GRNNERHONAt HENBSE of Pst PY FAWRe g iMmt%easi ng
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possi bl e. Taedqjodce@swdh arrelxpxres@ﬁwhydrngentam hydrqwt palfider Ex stu table for
the 10 hydrog essi n of h avy hydr ocarbon feeds. It is particularly
suitabl e fd¥€ LH%P%%B g)%f heavy feedstocks of which at |east 50 wt.%
boils above 538C (1000F) and which conprise at least 2 wt.%of sulfur and
at least 5 wt.% of Conradson carbon. The sul fur content of the feedstock
may be abovidhes pigcess [of stheomregidninygptonh isonadicularyy sbdabipofas Bels wt. %

Typi cal Py, TREERRERIG o rEa0s BOURRAIEIER. (CH Ty e B or pom
cal cul at ed r@ardmacéﬁu@%; aff hélhvwﬁiéedétomsr of pahichcal dsdsy 300 vrPoabeilnt  of at
| east 30 wtppm Su e feedstocks include atnospheric residue, vacuum

resi due, ZPovedid8ied1BPeHdandivhishgmprisesat lgast 2 wdi%aof pulfercantibas oil s,

crudes, shalges 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.%. 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, mdre particularly in an amount
of at least 30 wtppm.
Suitable feedstocks include atmospheric residue, vacuum residue,
20 residues blended with gas oils, particularly vacuum gas oils, crudes, shale
oils, tar sand oils, solvent deasphaited oil, coal liquefied oil, etc. Typically
they are atmospheric residue (AR), vacuum residue (VR), and mixtures

thereof.

25 Each stage of the process according to the invention can be carried out in
a 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

30 out in a single reactor, or in separate reactors. If the process is in an

ebullating bed process, the use of separate reactors for the two stages is



oils, tar sand oils, solvent deasphalted oil, coal liquefied oil, etc.
Typically they are atnospheric residue (AR), vacuumresidue (VR), and
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Example 1

15  Preparation of Catalyst A

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

20 to remove the impurities in the gel. Then, the gel was kneaded for about
20 minutes and extruded as cylindrical particles having a diameter of 0.9
to 1 mm and a length of 3.5 mm. The extruded alumina particles were
dried at 120°C for 16 hours and caicined at 900°C for 2 hours, to obtain an
alumina carrier.

25 100 g of the alumina carrier obtained as described above were immersed
in 100 ml of a citric acid solution containing 16.4 g of ammonium
molybdate tetrahydrate and 9.8 g of nickel nitrate hexahydrate at 25°C for
45 minutes, to obtain a carrier loaded with metallic components.
Subsequently the loaded carrier was dried at 120°C for 30 minutes and

30 calcined at 540°C for 1.5 hours, to complete a catalyst. The amounts of

the respective components in the produced catalyst and the properties of



dried at 120C for 16 hours and cal cined at 900C for 2 hours, to obtain an
alumna carrier. 25 100 g of the alum na carrier obtained as descri bed
above werwoioonemwsed in 100 ml of a citric acid sol ution ecmERyZ0GeeH 16. 4 g
of amoni um nol ybdate tetrahydrate and 9.8 g of nickel nitrate hexahydrate
at 25C for 45 mnutes, to obtain a carrier |loaded with netallic
conponents. Subsequently the | oaded carrier was dried at 120C for 30

m nutes and 30 calcined at 540C for 165 hours, to conplete a catalyst. The

anounts of the respective conponents in the produced catal yst and the
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Tabl e 1. C%t&%%&tl(ﬁ.tﬁg%}%écﬁ%\{e%%phrenents of Catalyst | of the present
re talys

i nvention. aration’ o a B 5 To produce a silica-alunina carrier,
a sodium alum nate solution was supplied to a tank contai ning tap water,
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fashed it HaRGiddRs g miged WWhER the gt fion &8 the BhirvRrg shfla@lsquion hen
extruded i Q3 SorhpiBEEd, ¢ miglAd A8d W A1 of 8K AR @iixtGle @a@képf@@é’@@ a length
of 3.5 mm The resulting 15 particles were dried in air at a tenperature of

120C for 1éombdrkourad Thenbs spdiann isjlicatd sbiwdioniwas addpd eswshowxest By r for two
hour s qlg 800C t .ca-alum na carrie The si.li cascontent of
t
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solution containing 13.4 g of anmonium nol ybdate tetrahydrate, 11.2 g of
ni ckel ni t riAeesilitaanyinagel 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 resulting
15 particles were dried in air at a temperature of 120°C for 16 hours and
subsequently calcined in the presence of airA 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
20 impregnated with 100 ml of an impregnation solution containing 13.4 g of
ammonium molybdate tetrahydrate, 11.2 g of nickel nitrate hexahydrate,
0.68 g of sodium nitrate, and 50 ml of 25% ammonia water. The
impregnated carrier was then dried at a temperature of 120°C for 30
minutes and calcined in a kiln for 1.5 hours at 540°C to produce a final
25 catalyst. The composition and properties of this catalyst are given in Table
1. Catalyst B meets the requirements of Catalyst Il of the present

invention.
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0.68 g of sodiumnitrate, and 50 m of 25% ammonia water. The i npregnated
carrier was then dried at a tenperature of 120C for 30 m nutes and

cal ci ned wo o149 for 1.5 hours at 540C to produce a fi naCTaPovedoed yst .
The conposition and properties of this catalyst are given in Table 1.
Catal yst B neets the requirenents of Catalyst Il of the present invention.
30 WO 02/100985 PCT/ EP02/ 06664 17 table 1 Catalyst A Catalyst B carrier
alumna Al203 + 6% Si02 Goup VIB w1® ox 11.9 11.5 Goup VIII wt. % ox
2.0 2.1 Goup IAwWm.%ox 0 0.26 surface area m'/g 147 214 total pore

vol ume m /€79 0.75 opV(_200 A) 74 22.6 wPV( 100 200 A) 25 64
%°V( 100- 1;W Ye°V(— 1900 /-‘ta@ J0A 7PV QP52 1R Cat al ysts
A and B rre—tested—+n—vartoustconbtn Lluuaﬁ'—ﬁ thﬁ Qvf_%%w
hydr Opr oce @ rl; of hna\l\l !ﬂ\lrlr nhark\g ”'Q' %rlsf nc!/\ l'g f used in 5

t hese exa rQQﬁ'\MlEWi /ﬁlloﬁfrll e Fa pet rdllelim consli st ng 1n1f5Q() wt % of vacuum
resi due (VRYouRY Mot o% of at fospheri20residuel (AR). 2He conpbsition and

propertiesGobup e wtdedxare givegn in Tall e 1. Table 2: (F2@dst ock| conposition
M ddl e Eastugate atesmt/gVR AR = [50: 50) 187 fur (wt.% 4.Z%4 N trogen (wppn) 2

—+

890 total pore volume mi/g 0.79 0.75
%PV(2200 A) 74 226
%PV(100-200 A) ‘ 25 64
%PV(100-1200 A) 89 75
%PV(= 1000 A) 11 10
%PV(< 100 A) 04 12

Catalysts A and B were tested in various combinations in the two-stage
hydroprocessing of a heavy hydrocarbon feedstock. The feedstock used in
5 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 1.

Table 2: Feedstock composition

Middle East petroleum (VR:AR = 50:50)
Sulfur (wt.%) 4.79
Nitrogen (wppm) 2 890
Metals — vanadium (wppm) 85
Metals — nickel (wppm) 26
Conradson Carbon residue (wt.%) 16.2
C7- insolubles’ (wt.%) 6.0
Vacuum residue” (wt.%) 75
Density (g/ml at 15°C) 1.0048
10 ' Matter insoluble in n-heptane

2 Fraction boiling above 538°C in accordance with ASTM D 5307
(distillation gas chromatography)

Catalysts A and B were packed into a fixed bed reactor in two catalyst
15 beds in the combinations given in Table 3 below. The two catalyst beds

contained equal volume amounts of catalyst.



Metal s - vanadium (wppn) 85 Metals - nickel (wppm 26 Conradson Carbon
residue (wt.% 16.2 C7- insolubles (wt.% 6.0 Vacuumresidue (Ww.% 75
Density (woOmb/1emwssl5C) 1.0048 10 1 Matter insoluble in n-heprare/@eck acti on
boi | i ng above 538C in accordance with ASTM D 5307 (distillation gas
chromat ography) Catal ysts A and B were packed into a fixed bed reactor in
two catalyst 15 beds in the conbinations given in Table 3 below. The two
catal yst beds contained equal vol unet@énmounts of catalyst. WO 02/100985
PCT/ EP02/ 06664 18 The feedstock was introduced into the unit in the liquid
phase at alhedaedstopyyasyindipseeeddntectheyurst imthe liquid phaseecaisaliguigi 16. 0

MPa, an av f C, r 0 hydrogen
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renmoval ngp altelﬁlé| (Asp rgm%)\sleg)by the process, as well as the 538°C+fraction.

The relative volume activity values were obtained from the following

formulae.
10
RVA = 100 * k (tested catalyst combination)/ k (comparative catalyst
combination 1)
wherein for HDS
15

k = (LHSV/(0.7)) * (1% - 1/x°7)
and for HDM and asphaltene removal
20 k=LHSV*In (xty)
with x being the content of S, M, or Asp in the feedstock, and y being the
content of S, M, or Asp in the product.
The cracking rate, also indicated as vacuum residu cracking rate, is the

25 conversion of the fraction boiling above 538°C into product boiling below
538°C.
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with x being the content of S, M or Asp in the feedstock, and y being the
content of S, M or Asp in the product. The cracking rate, also indicated
as vacuumvoegildnestr acking rate, is the 25 conversion of tha/EPaedsEON

boi | i ng above 538C into product boiling below 538C. 30 WD 02/ 100985

PCT/ EP02/ 06664 19 C1 CC. 1 C.C2 CC3 Catalyst | AABB Catalyst Il B
A B A HDS 115 100 126 116 HDM 112 100 76 85 Asphaltene 107 100 81 82
renoval VR cracking rate 41 41 42 41 1%edi nent 0.04 0.02 0.29 0.25

1Sedi nent determ ned in accordance with the P 375 nmethod of the English
Institutelof Petroleum Friom thel abgve ¢¥dble it cdnGe seen t#af, 3as
conpar ed wWCakaly$td 5 conparat iAive cdtal ysh conti nat ibbns, the caBal yst system
accordi ng| Catdlpst Il i nventijon c®rbi ngs goodl hydnodesd furi sati onA
hydr odenet gifjg sati on, an aspmal t gne regpval (W thag hi gh crackegng rafe and
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O CTTGCIC

first st auyﬁ Qraﬁﬂiﬂg;f? &d in whdle dr inddart with 4Rydrop nr aces#i ng caf al yst

Il in thelSed#eerte of hydr og@d4 wher ei f.02 0.29 0.25 ~
TSediment determined in accordance with the IP 375 method of the
English Institute of Petroleum

From the above table it can be seen that, as compared with the
5 comparative catalyst combinations, the catalyst system according to the
invention combines good hydrodesulfurisation, hydrodemetallisation, and

asphaltene removal with a high cracking rate and low sediment formation.



catalyst | conprises 7 to 20 wt.% of a Goup VIB netal conponent,

cal cul ated as trioxide on the weight of the catalyst, and 0.5 to 6 10 w. %
of a G ouwoMkiibosset al conponent, cal cul ated as oxi de on t reT/RBOR/0dst4 of 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 |east 0.55
m/g, at |east 50% of the total pore volune in pores with a dianeter of at
| east 20 nm (200 A) and at |east 65%%f 15 the total pore volume in pores
with a diameter of 10-120 nm (100- 1200 A), and catalyst Il conprises 7 to
20 W . % of CeA8up 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 20 wei ght of the catal yst, on a porous inorganic
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di ameter of at h‘éaéﬁlugﬂt Bfntf(e?(ﬁgstpétaggaré‘ AtatyS$tin Mhol@-oriRepdretied of claim
1 wherein catal has | ess than 25% of its pore volune in pores with a

di amet er of |esgydrﬁaw0@®smma1@wsw in 4 pesenee pEhMG@ISH, whareim 1 or 2
05/ 100085 peT; ERsasbbedbEes 7 GAPUEYE Bha SRAR VI Hela YorB iR, 10

02/ 100985 PCT/ one ot precedi ng

cl ai nrs wherein caitlaibpeit akltriokiae d)lestbet\halghﬁ@%tbé oattalypt)ramo\/OIEuIma n pores
with a diameter of éeastvﬁﬁ nm (200 A 'm nmet hog of any one of
the pr¥teding Crbtng! anefaim Vihaataf Fgpohent caloulatéa B oxde on e

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 at least 65% of

15 the total pore volume in pores with a diameter of 10-120 nm (100-
1200 A), and
catalyst Il 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 VIIlI 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, 30-80% of the pore volume in pores
with a diameter of 10-20 nm (100-200 A), and at least 5% of the
pore volume in pores with a diameter of at least 100 nm (1000 A)

25 with catalyst | having a larger percentage of its pore volume in
pores with a diameter of at least 20 nm (200 A) than catalyst Il

2. The method of claim 1 wherein catalyst | has less than 25% of its
pore volume in pores with a diameter of less than 10 nm (100 A).
30
3. The method of claim 1 or 2 wherein the carrier of catalyst | consists

essentially of alumina.



of catalyst Il consists essentially of alumna and at |east 3.5 wt. % of
silica. 10 6. The nethod of any one of the preceding clainms wherein

cat al yst wibo2aewpsi ses 0.1-2 wt.% of a Goup | A netal conpom@EP2/06664 The

met hod of any one of the preceding clains wherein the heavy hydrocarbon
feed is a feed of which at | east 50 wt. % boils above 15 538C (1000F) and
whi ch conprises at least 2 w.%of sulfur and at least 5 wt.% of Conradson
carbon. 8. The nmethod of any one of tdwe preceding clains wherein at |east
one of the stages is carried out in an ebullating bed. 20 9. A conbination
of catalysts corrprisi ng a catalyst | conprises 7 to 20 wt.% of a Goup VIB
nmet al conponent ha(;[ ed as tri XI de an.the wei g@,’g of t aI yst, and

0.5 o 6 e oo 5o Fef B Sne ol Biadhuld SalEs it 28vEEi e on < he

25 wei ght of thﬁawés%lmah 5008 ot itB Yoe! Solunes Qﬁgbfésc\ﬁmﬁlaedilan%@érdofcﬁt al yst
havi ng a specific surfac?zqqega of at |east 100 n2/g, a total pore volune

of at |east 0.5Baft2gnmy 5t 50% of the total pore volume in pores with
a dianeter of at least 20 nm (200 A) and at | east 65% of the total pore
volune Tn pores with a dianeter of 10-120 nm (100- 30 1200 A), and a

catal yst |5, conphé sesthddtal a2y avie 86 tife preCeding Mhlaw@mreunqm@amiér,
calculated as trjioxide on the weight of the cataly and
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cal cul ated as o§||“g‘$ on the weight of the catalyst, on a porous inorganic
carrier, said catalyst having a specific surface area of at |east 100
nm2/g, a total pore vol unme of at least 0.55 m /g, 30-80% of the pore vol une

5 h f 10-2 0-200 d 5% of h
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comprises 0.1-2 wt.% of a Group |IA metal component.

7. The method of any one of the preceding claims wherein the heavy
hydrocarbon feed is a feed of which at least 50 wt.% boils above
15 538°C (1000°F) and which comprises at least 2 wt.% of sulfur and

at least 5 wt.% of Conradson carbon.

8. The method of any one of the preceding claims wherein at least

one of the stages is carried out in an ebullating bed.

20
9. A combination of catalysts comprising a
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
25 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 at least 65% of

the total pore volume in pores with a diameter of 10-120 nm (100-
30 1200 A), and a

catalyst Il comprises 7 to 20 wt.% of a Group VIB metal component,

calculated as trioxide on the weight of the catalyst, and 0.5 to



with catalyst | having a |arger percentage of its pore volune in pores
with a dianmeter of at least 20 nm (200 A) than catalyst Il. 10 10. The

cat al yst worbiio@ss on of claim9 wherein catalyst | has | ePSTIHPAZ06685% Of
its pore volune in pores with a dianeter of less than 10 nm (100 A). 11.
The catal yst conbination of claim9 or 10 wherein the carrier of 15
catalyst | consists essentially of alumna. 12. The catal yst conbinati on of
any of clains 9-11 wherein catalyst 132 has | ess than 50% of its por e

vol ume in pores W|th di ameter above 200 A. 20 13. The cataly

conbi nati on of @w epf@@fw \émme&a{@pmwleﬁé ey ated aaﬁx'é@toauiz@t |
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conprises 0. 1- Zha\llnﬁ/oa)‘specﬁizcmmfalcé m@aabf @0 ngastetd0 m?/g, a total pore
volume of at least 0.55 ml/g, 30-80% of the pore volume in pores
5 with a diameter of 10-20 nm (100-200 A), and at least 5% of the
pore volume in pores with a diameter above 100 nm (1000 A).
with catalyst | having a larger percentage of its pore volume in

pores with a diameter of at least 20 nm (200 A) than catalyst Il.

10 10. The catalyst combination of claim 9 wherein catalyst | has less than
25% of its pore volume in pores with a diameter of less than 10 nm

(100 A).

11.  The catalyst combination of claim 9 or 10 wherein the carrier of

15 catalyst | consists essentially of alumina.

"12.  The catalyst combination of any of claims 9-11 wherein catalyst ||
has less than 50% of its pore volume in pores with a diameter
above 200 A.
20
13.  The catalyst combination of any of claims 9-12 wherein the carrier
of catalyst Il consists essentially of alumina and at least 3.5 wt.% of

silica.

25 14. The catalyst combination of any of claims 9-13 wherein catalyst |l

comprises 0.1-2 wt.% of a Group IA metal component.



