; e3enx=nu889: . : ~<6<T=MI'H WO 02/ 053286 PCT/ EPOLl/ 15383 1 Hydr oprocessi ng @
catal yst and use thereof The present invention relates to a

hydr opr ocweai2ngs28at al yst and its use in the hydroprocessi pgrafrolyeasy
hydrocarbon oils. 5 More particularly, the present invention relates to a

catﬁmwm ' | e for the hydroprocessi ng of heavy hydrocarbon oils
conkitili Wmmm rge amount of inpurities such as sulfur, Conradson carbon
resi due, LCOR),  net al Hydepiocessing eatalyst andusedhensplir odesul furi zation (HDS),

hydr oder’re% allization (HDM, 10 asphaltene reduction (HDAsp). and/ar
conver si ohhe resentgpvention seiatasstaai hydroprcessingcatalyst apadts yse dp tsedi nent

detri rrent&dahgg}ggg?ﬁgecgq}eiaggth%pcgcglﬂgér{rgﬁsovi ng the storage stability of the

product p rese rnvention also relates to a process for
hydr o@ ocessi ng heavy hydrocarbon oils using said catal yst. 15 Hydrocarbon
oils contagining 70 wt. % or nore of components boiling above 450C, in

parti cul aMOFs dastichiaey, Bla oreseitanventipnsdelptesdora rﬁ@?@yﬁf SB'@R&%rf@htthw th a
boi l'i ng ' ° | r I h : roc | hese
"ncl ude o SopRicesshig 8 oAy dibcubah B MR Rrg oL, of
produced impwitiesokaam aef sulfurg. Cobhradsodesarben tresideen(@CR)punetalsssaadch as

sul fur fromthese 20 avy drocar hon. oi | hydr opr ocessi ng, and/or to
convert t&RhalErs 19 @?%g} "lyw 1€ Pﬂﬁatf%\/éﬁggi éﬁgFO%dB%t@Hizét'Q%’él(b@M),
Depengj ng p‘ﬁqﬁﬁ-'e LSideS eV d in
fi)eed eda%ha}lt%ﬁgbt at'?hga—ll)lggsgggarﬁa |or?9h%'r§{d£slﬁgaﬁ§$tggte@6 ﬁla%tg egﬁ
proposed ihbibitiny thepfornmatien ioh sedenttdet@arata td the bpestioRandirampsogngr e

capabl e of renoving sul fur, Conradson, car resi dye ,_various netals,
o ogen e OPdsdaBitestate PR BrouicEdBe Rremtin i tha S RS 4P | on
of asphal 3 pReess\Wbi RYdBPPORESIMIHRS HdréQEenons usinggid eatag@pounds, is
general |y acconpani ed by the formation of sedi ment and sl udge. Sedi nent can

be determ ned by the Shell hot filtration solid test (SHFST) (see 30 Van
Pet . s .or.di nary content

Ker k Loe o J. . e (op o9 4 (1951 . .
o saft tHtrethtan s 180t 7a it gR b e B cbrdpangtr il Abbuf 00
or hi gher4s@id, 68 ietiduianhydiech®iondliscdoraihirs 50 it Walor FRbieBNEorhpoR@stis dur i ng

ebul I ati ng be droprocessi ng nay settle and deposit in such apparatuses
Geor 1

h
as heat ewith@n@@iﬁ@g fAint0E R385 r highrmoataaaled heavy Bydrosarhon oils. Thege
02/ US328G BHE R oh b8 038, 8! ARS afaBRPARRARS VL), Wih SRS piRlc¥aharPer
t he operati’on o S€ appararuses.
in petroleum refining. It is desired to remove impurities such as sulfur from these
20 heavy hydrocarbon oils by hydroprocessing, and/or to convert them into lighter
oils, which have a higher economic value. Depending on the properties of the -

feed, this is advantageously done in fixed bed or in ebullating bed operation.

Various catalysts have been proposed for this purpose in the art. Generally, these
25 catalysts are capable of removing sulfur, Conradson carbon residue (CCR),
various metals, nitrogen and/or asphaltenes. However, it was found that the
decomposition of asphaltenes, which are aggregates of condensed aromatic
compounds, is generally accompanied by the formation of sediment and sludge.
Sediment can be determined by the Shell hot filtration solid test (SHFST) (see
30 Van Kerknoort et al., J. Inst. Pet., 37, 596 604 (1951)). Its ordinary content is said
to be about 0.19 to 1 wt.% in product with a boiling point of 340°C or higher
collected from the bottom of a flash drum. ‘
Sediment formed during ebullating bed hydroprocessing may settle and deposit in
such apparatuses as heat exchangeré and reactors, and because it threatens to
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Japanese Patent Laid-Open No. 1994-88081 di scl oses a hydroprocessing 5
nmet hod for heavy hydrocarbon oils using a catalyst with a specific pore
si ze di stwblagiosx2gs In this nethod a catal yst is used w thpéTigpofHh138k3 % of a
Goup VIIl nmetal oxide, 4.5 to 24 wt.%of a Goup VIB netal oxide, and 0 to

2 epoct 11 8580, PACIE, BASER, (B°HR, JFHRuRN" e ST BeRph, & HiesEs 5"

0.8 m /g, appdtatusesr € 10 size -distribution wherein 5%or |ess of the total
pore volune is present in pores with a dianeter |ess than 80 A 65-70% of
the total pore volune present in pores with a dianmeter below 250 Ais

present i 2 4ARIPALCY Ay el Ghe BRSO AABNE 4 N BB oAIGE2: 29%

of the to pore volune 1S present in pores w nmor e¥t han

250 A.5 15migetvey €or, hehvyh diydrodaiben roils heging aan catdlystveitkf4 ispeeific pore size
hydr odesul furi zati on and Conradson carbon reduction, it does not sqlve the

d
pr obl em ofistutigRnin thys rAethed. a ratplvtsis ysadowith 3ite-Bowd:Yo ad.a fyoup 208261
di scl oses QDI [ ithiSmyidad I opsgd to
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por es' St 25 AiREbEHh WiERpih 9, GORRSlor IS 1S1Al O PEIGPl TR sLAt BY 60REL L0 ¢
vol ume i swjthesdiameter lpss ésamiBOrA 6857 A%eofthedbtal Pore00lune presedbinpdtest t he
t ot al .vol i i ith di t f h 0 A
However) VB G BGte" eloBrA T ens ha renas of 29 & Peibi (BMERRIRLER, oo

hi gh sedi gBae R WFD.Cihd 39-250A1R¢ 1618) BBle MDA breSort HBYSRsARLRI DES a

process for preparing an ' alumna catalyst carrier which has 0.6 to 0.85
m /g of idemmeeofmbrathan2ydhes with a dianeter below 500 A and 0.1 to 0.3

m / re | in I.e j, ¢ di r @f. 1 1 .A. _The pore
mode T ¢ Revelf oo 8BS Tehb fard RVE efteighy SRud ertiiuaandy ahd® P
D50/ ( D95- Bohradsondarb&mpdduibtion; it §bes ABEEGINE e PRIBIER of sedIieMAbRSIS5
PCT/EPf11/15383 3 of this carrier is . very high, making it difficult to

mai ntai n stabl e hydrodesul furization activity. US patent No. 4395329

descri bes ro S$i ahyst I ich necific
pore si zeJ%lags]%/r |ebﬁa?%'ﬁ. %R%O@%bam)s't %é%)‘{e'ggrs?%gd&:sﬁgf %?sgrg\?%rr éﬁocc%s%@ge

10- 25% ﬂ‘ nmm@ﬁ \fmhheavyproﬁs,leahdi a qmlmdua';%m ta iciptemért tr&dﬁonethblai (10]¢T,17:Y
Especial |y en these catal ysts are nmde extrusjon, this w )

det ri #®nt e&fegenaﬁfaeeeta{m@r@’ﬁ@??@%wﬁﬁﬁ@ éé@awyifct ofa%@rpvpi@"é%f@wéleet hat

itow il bsngiﬁ {ol SA Wk 9% Bf a%;&%\ﬁhﬁta%gg%%Pb%dsvanuﬂrﬁnﬁahmi whicRd

above, in the I nprovenent o ating oprocessi ng catalysts there
i s need foatalystsnala strfate aneaohils0e#tantiigyla tadaleporef valomeaohi .anto 0.8Boval )

and”hi gn By aPGieoporsrSite SHBRATORNBET ons DA% 356 Bt ferel iRb g
oper at i onjs SREEAEM pdiasRith Adiafeldrt oféeb than 300" AbheasHausy 6f therictdl i N

fixed bed operation there is need for a catal yst ch shows mEr oved
aspha? enpofecviluale iapiessntrio pones withiazdiemeterneh 100-200 Anead: 26484 of thet

w1 i fal et Y8 dS fielefif P pbids, JOb i SRMRRE SoFIE, HEPCRAE ™Y ot age
stabi | i t yHelvevee theoshestnfihvehisty dRfle found that this catalyst shows a too high

sediment formation.

30 Japanese patent publication 2-48485 describes a process for preparing an
alumina catalyst carrier which has 0.6 to 0.85 ml/g of its pore volume in pores
with a diameter below 500 A and 0.1 to 0.3 mi/g of pore volume in pdres with a
diameter of 1,000 to 10,000 A. The pore mode in the range up to 500 A is 90-210
A. The U-value, defined as D50/(D95-D5), is at least 0.55. The macropore volume _



It has now been found that these problens can be solved by the provision of
a catalyst conprising a Goup VI netal and a Goup VIII netal on a carrier

conpri si ngoak/dgi2ee, Whi ch catal yst has a specific pore si perdipsi/idsbti on,
including 25 a limted pore volune in3gpores with a dianeter above 4,000 A,

and a relg ! ¥k LAl PR XR) Bk " MEKER. L Mool B ShamlaidO edn0, A

The catal yst "o e present I nproved net | t ene

renoval , hz@f@deedlfuvizalﬁoamtioip;_i ate sul fur, nitrogen, and Conradson carbon
removal . The catal yst shows a significant decrease in sedinent formation,
which 30 is inportant for ebullating bed operations. In ebullating bed

operation I [ Sl I '

o oduct | oy SpehENB, X3bo 5 UecHbals IhRKBH XK N ARy B7 ed: O WHRD wnen
used i; fhasch Bedcifipegatisize disteboidral Tisd catalgsts edeseribddan thist heferericepr oved
storage stabil.i tﬁ%The I nvention al so pertains to process for

hydr opr oc B3¥¢ 19-+R43f RYBrYPBesRRlds RereR WiHba digmeiesakeyer$e;000 A.

PCT/ EPO1/ ' t j L Qngpnard : N
fixed bedspecany yfENes BEGRSE: 2t fabaty SXEILPA B diifientaly

i nvent i onatfectpthiessirengti2 @f whe atalysbandpit 4 expected thatcibmdll bat difficalt to nisexi de,
and 0.5-6 vw.%ﬁi)f G ou V,Ill netal, cal culated as oxide, on a carrier

conpri si n'&FYURIYSECOMAE A yst having the fol | owi ng physical properties:
a surfgce area of 100-180 n2/g, a total pore volume of 0.55 m/g or nore, a
%V(>200 A d) of at least 50% a %°V(>1,000 A d) of at least 5% a

%°V( 1001, 280indicHtedf alaovd, ebis the Stpravermeit- of, ebdllating) befl bydreprenedsmgPV( >

70,000 A 10 0-1 % T talyst of the. t t i
cat alyt i coRES e Needpb Ac el whicrobiRiaSE o RiEl of RanERIRAC: on
the cat al yghod&IC Ghdipagtidutar ifethRY &INd QRpPalTBAE Sferfovdl Ouith/ By Redimémd a

Goup VII1 metal of the Periodic Table of 15 El enents applied by Chem cal
Abstract Bymatioesanddrigh spsversjon afitbe drastipnWoilingrahayve &388d.in this invention

is at,least -one sel ect from.ni ckel obal t nd diron. In view of

per { of i 140K CBetrgton; SRUPeRL farmsiBACls qoRlieh of &prdhierhi Heleaysp vi s
nmetal s whiafld Pefixdite bed esherahdry BRrBUIR) ndath 86 8Moatalpst WRICATShoWS ivipksved
mentioned, but in view of performance and econony, bdenum i s preferred.

I
20 The coRBPhaitansnresnovall gl divdrademdetalligrtion i@tip@y-tﬁr{l@)@iﬁ@mw, Pt woslld &€ f or
th t al yi.Cou ' - ' t ' J ; d
on the. werbHetTE86 hafe 5 Kb piufiBh Lol Hin@E FOSHADe Bricte Wil Rl Tesi®> 10
hydrogenation, because this leads to an improved storage stability of the product
20 produced.

It has now been found that these problems can be solved by the provision of a
catalyst comprising a Group VI metal and a Group VIII metal on a carrier
comprising alumina, which catalyst has a specific pore size distribution, including
25 a limited pore volume in pores with a diameter above 4,000 A, and a relatively
high pore volume in pores with a diameter of 100-1,200 A.
The catalyst of the present invention shows improved metals and asphaltene
removal, combined with appropriate sulfur, nitrogen, and Conradson carbon
removal. The catalyst shows a significant decrease in sediment formation, which
30 is important for ebullating bed operations. In ebullating bed operation, the catalyst
shows an improved conversion, leading to the production of more valuable
material boiling below 538°C. Particularly when used in fixed bed operation, the
catalyst produces product with an improved storage stability. The invention also
pertains to a process for hydroprocessing heavy hydrocarbon feeds with the



anounts of the respective catalytic materials are as follows. 25 The
catal yst conprises 7-20 w.% preferably 8-16 w.% of Goup VIB netal,
cal cul at etoag/osnexi de. If less than 7 w. % is used, the aetrippoi/vs39f the
catalyst is insufficient. On the othen hand, if nore than 16 wt.% in

particul a % d t r

i nproved #?}E%EPEP% n?ggt#wrf Q\é{:‘g?r'gr 8'6@ f\}I%[Edj)é)proe %b‘ﬁ?"ﬁfg% %
of Group Opérationt al, 30 cal cul ated as oxr de. If the anobunt is less than 0.5
wt.% the activity of the catalyst will be too low. If nore than 6 wt.%is
present, the catal yst perfor mance will not be inproved further V\D

021 0 328 (TRCTLERA L3NNG 13160 GRIGLEh, milieecrod Wek 869

|nvent|on conprises alum era € Carfrier co ai n Iess an 5

. % & stalcalatednas trioxids, emalbm 5 6 ®s % bﬁGFOLEb Vllr/\tne%lpéaleulbt@caas okidel, oRor €
: preferably |l ess than, 1.5 wm. % nost preferabl |l ess than 0.5 wt.% If the
silica copcaRierePMRATsIigaAlnina, thecaal ystdraving ed@H‘P‘GmsmB@'C@' BfoRefties:

catal yst iddigbe afebet 0.1 hify, 3 108D Bofoldihe dt § BB UG HichD: o

carrier consisting essentl umna I's erred he?wor
"consi st i WP\Ks2601A d) bf abfedseﬁﬂ% m%thded 000 mftdiaeashﬁ%ramvmm of

catal yti ot b0 A 5Tt (ol B85 2 1080 &) 96028, v o APl 3000 &

strengy h f/r@lb as carrier acidity, -the carrier can contain at |east one
mat er 1 al se?ect ed for exanple, fromoxides of silicon, titanium
zirconium boron) zinc, phosphorus, alkali metals and aI kal i ne earth

tal s, | it I I t of than 5 wt. %
based on {1e S e b Se B e Briher. SRR rSbenSRes K ha s
. %9 mor @arl?ié?fﬁ’{é‘l?éﬁélylﬂésr%afé?% %f&e\% o%thétdatél d&?@ngrtsftﬁé @Méﬁtrbﬁss

than05wt I's i mportant for acrevrnﬁ desired objects In the
hydroprocmpnge@‘ Giotip B hwalmm ofsroup Ml ametaisafct@eansodlac'Eablerafg to

Si ze T ot Fleie S AR LB ASTREN Seoies oAb “wtb bl Tnd GouE 0 o

180 n2/ g, ngt&f wedldh)thik3Avémtion/ @ &Edst drie s@BcRIIEFOMI Mickal! EsAt, ArdiGrors | ess
t han 100 n2/g, the catal yst performance is insufficient. On the ot her hand,

if it is Hboew C!fSI?'fWW@PCEtanﬂrQQOHD@YdrnW(P—b@IQSpqc@llefﬁferﬁfﬂdhé\Srth@rpelﬂ por e

di st ] hi
herease VIPHUPBLARA P BB ok rORRARA, ARG 456 Rl 4 be' " o1
i ncrease mmenfibneddhutentviéwrafaidrisimanbe s@eecdnamegumbdbelenuraisi pref@ted.m ned
by ni trogig?(NZ adsorptjon using the BET nethod. The total Joore vol une of

the c2ft biation ofe malybdanumrdnd mighkedis npagicularly cpeafersed sfop thg,
pr ef er abl ga@rﬁc%&eﬂhrs%fthé chfal&]% AcBSRAind ' @thE-irverttlond. the performance of

the. catalyst is Insufficient e determnation of the total pore 30
vol une and the pore size distribution via nmercury penetratron is effected

f Zraeig%ﬁ“ 8" Fred el lobnufio o0 5 aha " SatRef inal g uRe ke heny
M cr OTet T bgbunts YGhbREGRARE B FoHbISRASEDadiollgast 50% pref erabl y

- 60-80% of the catal yst pore volunme is present in pores with a dianmeter of
above2®00The catalystssomprises 0920wt %e ppefeeably 8@ wis%oprafs@raupi WIB metal,

calculated as trioxide. If less than 7 wt.% is used, the activity of the 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 catalyst comprises 0.5-6 wt.%, preferably 1-5 wt.%, of Group VIil metal,
30 calculated as oxide. If the amount is less than 0.5 wt.%, the activity of the catalyst

will be too low. If more than 6 wt.% is present, the catalyst performance will not

be improved further.



this range, the catalyst's performance, especially as to asphaltene
cracking, declines. 5 At least 5% of the total pore volune is present in

pores w tWoandiaset er above 1000 A, preferably between 8 ape/rpevasgPre
preferably between 8 and 25% if |esssthan 5% of the pore volune is present

i i | Ki i vity dec whi ch, | ead
| nor ensed 08aradt PERAG: PERWST! Afthdar 1. heodndshr E6Tres Prutie: | o
pores Wi t PréfefibyTether carpiey @ohtdiPd Idsi thah0s rOHEeor2Siflea, NAbEe prafardnry fweve

30% the sedinent formation may increase. The catalyst according to the

“nvent i on a4 wt. et Suse; i mate poeferakly dess thamdSewt.t, tmost presereblyr y
oA d | t t
range 15 (BSINnG B ke b S9BRETROR ParBEic o hURLBSE inattel cucs

to an § ncopftrecdtalysewilnmnbfféstegat i on. Further, since the pore volunme 15
» effective for bottonms conversion decreases, a %°V(100-1,200 A d) bel ow 85%
wi |1 | eadAsdhe alisRina-GRITIERINhiS Biveotion, ceaisies Consistimg essentiajly of alwmvingi ng t o
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decl i t t able tevel ]ty ] . .
accorg[?ngg’%rgﬁqtﬁgﬁlc g@gn#g%"k% %&'19/@ ,ltgggca}?{@’;@é@%n%ﬁét g§%§1gérg%¥'€/éth%|s t han
10% of peelected, joe epargpdat from prides ofi sitican, ditaniener zidkonh@howoidH) Anc,| f t he

ercentage, of pore volunme .in thjs range is above 15% the hydrogenatjon of
hon- asphgpheﬁ? f%ﬁ%‘h&&etﬁ@&r@aﬂkeﬁnq sadh metels, #50lilec ABIAY MiRaralsnt

formati Ong J@gu SleSbr Medd keSS WY hgé{sf‘eci ey fﬁ@l%‘a%&“Gf g&&f‘d&ﬁi’,&%‘@dcomn

to the ar us, the particles may be spherical, Tylindrica
pol yl obal catalyst,hereferdblynteserthan iy wtdbagmdre qrefersbly deds thhan 1Bawt.Pg | stidl wi t h

a diapeter of 0 5- eferably 0.7-1.2 nm for exanple 0.9-1 nm and a
of el e s Rp L Bk

| engt +B824.5 mm are preferred. For use in fixed
bed operation pol yl obal particles are WO 02/ 0S328G PCT/ EPO1/ 15383 7
preferred%.because they lead to a reduced pressure drop in

hydr odenetitds impertargfobpehigvingribe degired @bjasts inpthe: hydregrogessipg of @rheayyf or

use in Ebﬂwv%tc.bfb%nb%ﬂ AR ﬂ‘}e' %E?alyst according to the invention meets specific
requirements as to its surface area and pore size distribution.

20 The specific surface area of the catalyst is 100 to 180 m%g, preferably 130 to 170
m?/g. If the specific surface area is less than 100 m?/g, the catalyst performance
is insufficient. On the other hand, if it is above 180 mzlg, it will be difﬁcult"to obtain
the required pore size distribution. Additionally, a specific surface area will result
in an increase in hydrogenation activity, which, in turn, will lead to an increase in

25 sediment formation. The specific surface area is determined by nitrogen (Ny)
adsorption using the BET method.

The total pore volume of the catalyst as determined by mercury intrusion is at
least 0.55 ml/g, preferably 0.6-0.9 mi/g. If it is less than 0.55 ml/g, the
performance of the catalyst is insufficient. The determination of the total pore

30 volume and the pore size distribution via mercury penetration is effected 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.



The carrier to be used in the catalyst according to the invention can be
prepared 5 by processes known in the art. A typical production nmethod for a

carrier owoRriosi2eg al um na i s coprecipitation of sodi um alpg#epai/eszand
al umi nium sul fate. The resulti ng pseugoboehm te gel is dried, .extruded,

and cal ci b o)

and cal o Reflast SR GPR A BoRAROF e Ly pBR JoHels SRERE Flores .,

wat er or wigt mdmheten@‘ abovedl N tfhear“thahled% of éhe pbre volonas isgresenm in

alum nate,  al um ni droxj de or sodiumh xi de,, etc., and an acidic

al umi ni un&h%WEQ%nt éﬁh‘ﬁtﬁr RRTTAIMNGe. 9&! i AP Ui AsPhaliene gracking added

© for mxingaeli ;l{gﬁ hydr ogen i on concentration (pH) of the m xed sol ution
changes vvlt% e progression of the reaction. It is preferable that when

t he addi tAbleast 5Vdnef the dotal pbrenvolume sopreseahin pocampitbtadjaméter @dove 7 to

9, and th urin X he erature is to 75C._Th h
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i nt o partactivig deceeasesnewhichoueads bhenareesed gedmtngntwefgrmdtlmxt tfusthen,

beading or 20 pelletising. Finall t he shape atlc es are drjed,and

cal i nad. PYRENGBI SP s Bl BIasePt ThPo B i BAUST 6 S decgveq 1,000 5 i

the presesssetssR! partfarkydbdval 309 the seenﬂeﬁﬂfeﬂnhﬁoﬁ%wﬁc%gg preferably

600 to 900C, generally in the presence of air, for a period of 30 m nutes
to six holing catzaity%yactdmedragdvethprrodemcrmha&atHea$t 8%5% of gaqmirelwluroedbt ai n a

carrier havin roperties i v, st _wWith t e surface area,
Cor vol UrareSSft S BRhe @ pelhedh M end odac R he pRlcetidd S RIGRE o

The surf séhttm tfﬁ@rréngéhs”l@ss &iah BeYEL tﬁezrﬁydilbgérﬁathiﬁ bPFedifdimsrbgsést i €S
can be adjusted in a manner know to the skilled person, for exarrple by the
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wat er . WD 182d €553 2f2CrdAsE iRRatohP3iBBoBvdrsions preferred that the specific
surface area of the alumna carrier before it is |oaded with netal

corrponfent-g ¢ satphyst @scewting 9 the Hveptianhas 0126 qfdtsmemwemmreﬁ Withe, it
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t he catalytlc materials into the carrier after it has been dried and
cal ci ned.levéle netal components can be incorporated into the catalyst

o um R eI J8F IR oot Be el b Ivenlih Ah HEEL RS ShR Bt ey
be nenti omeee peefertibipsd thaACLO% O6Sporet Vitlime Presentip. psres hvrﬂﬁa&ﬁarﬁétéies
hydr oxi des, car bog{at es, nitrates, chlorides, and organic acid salts

al so % kelaw Hf Hethe Brasevtage akparesvolyme ibihis parge is abeve ﬁéf’/udbe

cal s, cap e 8on SPAGPRG Eltert o Find BERAES e @%‘Zﬂfﬁ%%%dﬂat. on

sol uti on, sedimeppforertionry cont ai n ot her conpounds the use of which is known
in the art, such as organic 20 acids, e.g., citric acid, ammonia water,
hydr ogen peroxi de water, gluconic acid, tartaric acid, malic acid or EDTA

(et hyl eneﬁhé‘% ﬁg&;ﬁg@gg%@ ﬂ%b&'}h Lhagthd bn{aed.meﬁeoQggc&rQeoﬁ&b'tbs%ﬁer50“

that there 1s varrarons on

possidd e Tlmuartpé;paitidésrmday be sﬁhen!rpr @gmmlnm ot polylobahantrtheie gliamnietey
solutions to be u ed g&[}t ai ni ng qne nmpre of the %zrs&gggnt precursors

that are 'F‘é‘ytf@”% ted0m 533669'?15 &ﬂtht%é’r%'ﬂ?ter Mgt Rrefarabidat i ng
t echni queg 7 n t he
case of rrrGJI tfigﬁghr %ﬁ%ﬁﬁ@?o"ngﬂdﬂ 4 %d@m@%%? ﬁ)nm?ﬁ‘ Pg)r(&ggﬁyc% rh‘?rndhg may
be carri emingutare rpreéarvexd: n FoBOu sk tuerﬂxdde tmctrqperata:tralpmlyiabal ipadicles are
incorporated into the catal yst conposition, it is optionally dried, e.g.,
inair flow for about 0.5 to 16 hours at a tenperature between room
tenperature and 200C, and subsequently cal cined, generally in air, for
about 1 to 6 hours, preferably 1-3 hours at 200-800C, preferably 450600C.
The drying is done to physically renove the deposited water. The = WO
112/ 0S328! PCT/EPO 1 /15383 9 calcining is done to bring at |east part,
preferably all, of the netal conponent precursors to the oxide form



It may be desirable to convert the catalyst, i.e., the Goup VIB and G oup
VII'l 5 nmetal conponents present therein, into the sulfidic formprior to
its use iwotohashger oprocessi ng of hydrocarbon feedst ocks. pElpopangpe done
in an ot herw se conventional nmanner, e.g., by contacting the catalyst in
t he reactor .at i ncreasi t ature wi th hydrogen and ul fur-containing
f eedst ockbreti o PCEiRr ey IEBF (chg deBytid RrrPeHiR Aot auitpRmetalialp,
presul fi dppératisng! SRinaAEsl Prbicled Gird prefertedlf¥Slsin étflﬂlaﬂh@%%ﬂtoge‘?é{ on i's
particularly suitable for the hydroprocessing of heavy hydrocarbon feeds.
The catalyst is particularly suitable for ebullating bed hydrotreating of

- heavy feedstocks qf which, at,.least 50 wt.% boils above. 538C (1, 000F) .and
wht oh compie 2ier 1o dtusel f thef ERowsl adfording o, heaRterion s be prgpared

Conr adss onpg apideBsseN kndWn' Wi HRNaPNtA Ofypidi proadefics kmemodd foraBoarsert . %

Its Conradson carbon content may be above 8 wt.% The feedstock may contain

cont am na@emp#siag Glusinahis popreciritatiamef sadiami aluminaieiandl alyminibmssuliate.al s
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cat al yst aRinfihg eaftitht A paridular metiobbiorbancihy Xesl cheiér iy desiribedtieigwof heavy
hydr ocarbon feeds with such a boiling range that at |east 70% by vol une

wi |l boi | Ahifisste a4 5. camt@ining ttRR| Waler | aTyappi watsi is| chiprgedawitly aie aliGiic,

frequentl U . n . e ] P % 1

o5 Sha SRS PLE R S Ltn AT R infim RyfrenldRSor SN Tycotde Ry Bnd

gener al | yah sacidio valumifiumppsolation vafl dlugfinilireguibate! gr BRIMiRiUNM anitrataget@f isS00 to
4,000 ppm The feedstock contains contam nant netal s such as vanadi um

ni ckel , afdded dor midRgr Jiheyhygdrogepuienscansentratiopdril) fofetheeAtixsd isplutive r ange
f 30 ; d ; LI . 00-.1,
cal cul ar e UL S pPBIESSRIUEMS Fendhdr it 18 WiErank that BiRdn Y

vacuum r eadditien of ¢#sé duiic aRintihimeediutiohlis gampieted, theapHiis Wl & O yandithatm gas
oils, crude ils, tar sand, ojl sol vent deasphalted oil, coal

| i q_ue‘fq ed B'ﬁrl"q ﬁg’?}lege t%?ﬁ?@&’?ﬁﬁ”f%@;ﬁ%%?%’%spheri c residue (AR, vacuum
residue (Yhdn, # dBtaihed Rlublifs Wdrate YE (s Heliarad o HOWOIRH ahd The

process o this i nvention can e catri out Irn a , N a novl ng
bed, or iwaahed¢basingareinduettiallpsvidelyiusatadethad| forrexanipde casing yap watertdre

resent invention i articylarly suitable for fjxed,k bed and ebul | ati ng bed
P ey ot onbarmnuler.ofo Bhbus dhe!imhuTiiss W8 1B 45l ThEr attk ol shadeq dnto"

i nventi onpamigleReineg mahh&MknowReindtHeL BRE6ad.Ub§ wgg%faéhméién,%éhcﬁﬁ&%r
preferably 400-440C. The pressure generally i§ 5-25 MPA preferably 14-19

MPA. 2the pelglisindaourly space velocity generally is 0.1-3 h-1, preferably
0.3-2 h-1g;. r rati . j - ./ 1
pr ef er abl glngggelpg%g%ﬁ;hatrﬁq%ggg? gﬁgg gar}%g@agéﬁl;{i )e/-gh%&?aﬁﬂ ]Cioﬁg'%PHd% ir%orBh ase.
1g Thﬁ i ntepnperaturaitd Izogﬂc,egenérdmt Fpth_bqireswe:?e Meadr.@‘ndttﬂe da;l)&id\iﬁ%n;(o@gd'ftmrlrpllgs,
t hough it. n e deenmed n it theret o or thereby. anmpl e
(A) Carr i @%@5 @@59‘?@-09(6 @gm &0 10 @W?ﬁgt genayaly i e RERSARCRI Al ATh kA
sul fate SBJ-EI%)& 83 i&ﬁgéqglsg)fﬂ%@%sl y added dropw se to a tank contai ni ng

p .0 a )

tap water; mxed a and held for 70 m nutes. The thus
produz®d Bluthenabeveypiraaiuetigre! metisod; eip ais apessibleo o t distaimolau tcamierandvings hed
with warmwater, to renpve the 20 inpurities.in the gel. Then, the gel was
kneaded 1 BIOPSRis Whighil @i a Lalalust Witk the al4rfagn Aiedy Pess VRRME, APdBYi ng a

par 11 ol esoaeristbfticn EFARt e RBRIBH ShoveThe ISR ANATPOR VERR o,
(B) Cat al gBd ppreepize alistobution characteristics can be adjusted in a manner know to the
skilled person, for example by the addition during the mixing or shaping step of an
30 acid, such as nitric acid, acetic acid or formic acid, or other compounds as
moulding auxiliary, or by regulating the water content of the alumina gel by adding

or removing water.



25 100 g of the alumna carrier obtained in A were imersed in 100 mM of a
citric acid solution containing 16.4 g of ammoni um nol ybdate tetrahydrate
and 9.8 gwofo2sxkel nitrate hexahydrate at 25C for 45 m ngtegpoi/sz@phtain a
carrier |loaded with netallic conponengs. Subsequently the | oaded carrier

conpl ot o s R ERye e TR EfacklafRA e AllBROGRT St bés -

produced |eadéd with metalt dtenporafs tis @900l 186 nsd, abw?érab Xew@wn 700mFRpP! e
WO 02105328G PCT/ EPOL/ 15383 11 Conparati ve Exanp g Carrier

pr epar at i F#thsl BWe't 3 D\fﬁierrf%é%ﬁltébe tetat ppte V%'élfnﬂ/\}ét%ﬁ dgnkig or (ygi mere

© silicat e) ?té Bt /Be al um na hydrate gel as a silica source. The
silicacnen ' a'nedSCarrier was 7 w.% (B) Catal yst
prepamation A catal yst was pr epar ed fromthe silica-containing alumna

- carrier as described in Exanp 1. The amounts of the respective conponents

in the prbdiéegupay il mtahﬁemwept%aedtﬁwmw Heetahieanranents c@Robig i n
Table 2. ?19083 88 afrt getlfkf(acrrg?hﬁs? éﬁ)leﬁﬁr'aercopl(lgﬁ%rg% dgﬁhr{ﬂepm@é empgul fate

and a soofl um a um na were sinul taneously dropwi

t ank contimpheguatichpandibeby dtcappbrationdntd thiexstppatt materianbefore itus tshaped 5
sodi um al um nat e was added until|l the final pH became 9.5, after which the

m xture VA% H@ﬁ@'elsoﬁt'/tb'snﬂ"h‘m s timen i '%t?P&ﬁﬁ’@EP%P[ﬁfPH&dgt@I firskhBrepare f8ed and
cal C'1"(‘)ed &Rrideara | iResH gxtf\gpeﬁm&ﬂctrﬂa@ta@ MG tHE1 Rri@RakEC |tS5as bBn

Cat al yst preparatlon repared romt e alumna carrrér as
descri bedried &rdrploined. Tﬁaanﬁbalammummems cahebe Ememrateﬂ mtortien eatadystn t he

produced cat al yst and th ro ertJ of the cat are sh in T bIe 2.
Conpar at 1 SEBSSH dn theafordh s BhitaiNe resresie 26 Ok U TP vl avet

added to g ,ﬁonh t@,lnqtg i e""até"‘rﬁmoﬂﬂﬂgal H%&%ﬁ%té“' f&if a‘,ﬂqn%g%ml um

al um nate sol ution vvere SI aneousl dropw se, m xed at

about 60 tuhgsteeate mayblneumeratmrmlduas rsaltgblb prandrsloet dOfhar ctinpoundsesucifhe gel
was processed furth s described i, anpl e bt ai n al.ynmi na

o oy e Ghdps ek brifes b onales nilatesn ChiridSe AL Aoy SAledmay 3 4

of ammmauaa;rmimeat @'o?QhéaGYM;ﬁt\ﬂllaﬁhété]lé duitaé mbeﬁebrémﬁdl@ae dm@ydrate

wer e added to and dissolved in 50 m anmoni a water, and g of the
al umi na dwdm@rﬂeﬁveﬁerbpﬁﬁmémratﬁs,lgmorfdes)famqh@rg@vmgta@da S@itszﬁarb@mates

m nut es, %@jsgg}a%ﬁ afe PAHdUAry S8EHe Wrhd ifpt&ddtion soltide! P 2860, may

PCT/ EPOl/
contain other compounds the use of which is known in the art, such as organic

20 acids, e.g., citric acid, ammonia water, hydrogen peroxide water, gluconic acid,
tartaric acid, malic acid or EDTA (ethylenediamine tetraacetic acid). It will be clear
to the skilled person that there is a wide range of variations on this methed. Thus,
it is possible to apply a plurality of impregnating steps, the impregnating solutions
to be used containing one or more of the component precursors that are to be

25 deposited, or a portion thereof. Instead of impregnating techniques, dipping
methods, spraying methods, etc. can be used. In the case of multiple
impregnation, dipping, etc., drying and/or calcining may be carried out in
between.

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



conponents. Then, the | oaded carrier was dried at 120C for 30 m nutes and
calcined at 600C for 1.5 hours in a kiln, to conplete a catalyst. The

anount s ofotbesyespecti ve conponents in the obtained cat alpygigpanissghe
properties of the catalyst are shown pn Table 2. 5 Conparative Exanple 4

(A Carri epar at.i carrjer with |arge re produced as faqll ows:
The carri élcﬁﬁ[dgfsnaén?Eo&rfﬂga?gﬁafg%ﬁF%rEB@A?EV\%V%ﬁ&B'l?g% %Q{Hpﬂ’ﬁ%ﬁded _
agai n W t predcifscib tithitoxlge fdith.of Conparative Exanple 2 (A), and .the

m xture was extruded and cal cined as described for Exanple 1, to obtain a

catal yst carrier having a desired pore size distribution. (B) Catalyst

P R £ HE B TR SRR odlh 1R IS o el cea
cat al ysst metalt bempomeres toreserstf thiehein C irteltiietsuifidic Somwmprior toaid @sé.in Tthe

- catal ysts of Exanple 1 and Conparative Exanples 1 through 4 were tested in
t he hydr obY@erEagesgings ofahydracarbepdiesdstasks. fhisdeande dane in @adethesnisased i n

20 th : I role I St % _of

at mosphor (o uenBRafAnfel < By Atatil (et L B RoRy AtindtbaghiL,
fract i onatenmgeratuvk dvithenyireen Knda sulfuridontdinimgofeatsidck] omwiine mixamerdsi es of
the feed are given in Table 1, WO 02/ U53286 PCT/ EPOL/ 1s383 13 Table 1:

Feedst ockhYdRasaianddiydregrn sulfideEx sify prasuifidingisspise possibt®) sul f ur

(W . % 79N trogen (wppm) 2, 890Metal s - vanadi um (wppn) 85Metal s - ni ckel
{wppm 26Conr adson Carbon residue (Ww.% 16. 2C7- insolubles (wt.% 6. 0Vacuum
resi due (Whe %caiddgstsidfy thg/ npresentlSiovéntid8is phatticatariynssulitablee for rthbept ane

2 F ti iling above 538C in accordance with ASTM D 5307 (distillation
gasrgﬁrloﬁﬁft"gglpé?ﬂ?g?mgof V¥t arpgng%ecﬁ;%glwr@dca,ga sb@c%&icmﬁé')bsa't?b'ﬁed bed
react or. ' : A0t I A b Uk se at
LTS qui o [PhidUmatAg Bk HABOIrBBAT S Hoar) ey of wilch ™ leasting Wi

aver age t boifscabove 8381C 40,0AN°RYiand whichreomprise atigast Red. Y%yafrsadfen and at

feeds1tso CkleggggoM.% 8F bgﬂré(des%tn c‘:flatrbgrcu).0 Twle/slu'lfur content of the feedstock may be
above 3 wt.%. Its Conradson carbon content may be above 8 wt.%. The
feedstock may contain contaminant metals, such as nickel and vanadium.
Typically, these metals are present in an amount of at least 20 wtppm, calculated
on the total of Ni and V, more particularly in an amount of at least 30 wtppm. The
20 catalyst is also particularly suitable for fixed bed hydrotreating of heavy
hydrocarbon feeds with such a boiling range that at least 70% by volume will boil
above 450°C. The initial boiling point will generally be 300°C, frequently 350°C.
The sulfur content of such feed generally is above 0.1 wt.% and will frequently be
more than 1 wt.%. The nitrogen content generally is above 500 ppm and will
25 frequently be in the range of 500 to 4,000 ppm. The feedstock contains
contaminant metals such as vanadium, nickel, and iron, generally in amounts
above 3 ppm, frequently in the range of 30 to 3,500 ppm, and more frequently in

the range of 100-1,000 ppm, calculated as metal.
Suitable feedstocks include atmospheric residue, vacuum residue, residues
30 blended with gas oils, particularly vacuum gas oils, crudes, shale oils, tar sand
oils, solvent deasphalted oil, coal liquefied oil, etc. Typically they are atmospheric

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



10 The oil product produced by this process was collected and anal ysed to
cal cul ate the anmounts of sulfur (S), nmetals (vanadium + nickel) (M, and

asphal t engol0ABE328¢ enoved by the process, as well as the 538E&pyaedskpn. The
relative volume activity values were @btained fromthe follow ng fornul ae.

15 RVA 00 * d_cat.al yst Co f
DS K = (TSI bR ajgyn San bg carrebBufl ¥ Sxdiie! 1 aimbviliBR noval
and 538C*nrqr18a¢+<é|5wlalt@a Bed. Rstddﬁi\étéd b@rlfe*'ﬁ‘\)e@a%ﬁ&the%@%thﬁ@rﬂi@hﬁ@nt of
S, M or Asp in the feedstock, and bei the content of S_ M or Aspin

t he prodmmculaxﬁw mt/apﬁmmtedvbenqu/ 3dlgting Herth epetationsi Thenpeasess

el b | TS i HsRsS echiiind 8 ko PVEhTof e b Hs RIdAE, e
| (Eivtarrp/gsg élgﬁ‘ilp;;r?féiri ggg}gleﬁuzg EMVIERA601C YptdfePaBly4 UDOSUOPCL. IhiO pressure

(wt . 9% 05. gwvvaluin fztfa M eprferabin i MbA. ahee iavidnkeyn seasrivelngity

(ror ) 14 A9 S0 35 LirbiordeE) SRR 1 brBeeh 8504, 85885l . o00
d) 74383665 3P0V 600 MNIN, preldrabR %D@PAP\@OMWI IPRO pel g 98 BANRUGU (rr A Iuid
d) 0. 20. 23. 50. 56. 8%PV( >10. 00 d)O 00. 00. 50. 04. OTest results at LHSV = 1.5 h-1

and reactPR@P& enper at ure of 427CRVA HDS87100949042RVA HDML241009290106RVA
Aspl20Q-10011710299Cr acki ng rate 538C+ fraction (residue)3941404036~

Sedi nent ' 0. 060. 290. 260. 250. 15 5 ' Sedi nent determ ned in accordance with
t he | P 37bherirtventioniwill be dluddated thelev bRetayobithe following examples, though it

must not be deemed not limited thereto or thereby.

Example 1
15 (A) Carrier preparation
A sodium aluminate solution and an aluminium sulfate solution were
simultaneously added dropwise to a tank containing tap water, mixed at pH 8.5 at
65°C, and held for 70 minutes. The thus produced aluminate hydrate gel was
separated from the solution and washed with warm water, to remove the
20 impurities in the gel. Then, the gel was kneaded for about 20 minutes and
extruded as cylindrical particles having a diameter of 0.9 to 1 mm and a length of
3.5 mm. The extruded alumina particles were calcined at 900°C for 2 ﬁours, to
obtain an alumina carrier.
(B) Catalyst preparation
25 100 g of the alumina carrier obtained in A were immersed in 100 ml of a citric acid
solution containing 16.4 g of ammonium molybdate tetrahydrate and 9.8 g of
nickel nitrate hexahydrate at 25°C for 45 minutes, to obtain a carrier loaded with
metallic components.
Subsequently the loaded carrier was dried at 120°C for 30 minutes and calcined
30 at 600°C for 1.5 hours, to complete a catalyst. The amounts of the respective
components in the produced catalyst and the properties of the catalyst are shown
in Table 2. ‘



As shown in Table 2, Exanple 1 achieves a desired decrease in sedinent
formation as conpared to Conparative Exanple 1. while maintaining high 10

denet al | iwatob@ss280d asphal tene renoval activity. On the ophefephpidss
Conpar ative Exanples 2 and 3 do not aghi eve a sufficient decrease in

sedi nent fornation. _Co rati ve Exanple 4 shows a | ower residue cracking

rate and @m@%@—@@—@&—fon performance. 15 The influence of the vacuum

resi due cymddrigr pdparatibrf he sediment formation for the catalysts of

Exanpl e 1 and conparative Exanples 1-4 was studi ed by changi ng the space

vel oci t y. EFamjplee1 wastreneatask exegptithatnwater giass (sodiunnsilicate) wais aoixed éntoer si on

- rate and e Lpent, formation of. the various catalysts, (4 sanpl.es qf each
catal yst) {hQAQR’Eﬂh dgﬁtgng?alr BnaSliG? es%rc?'hngﬁ'gq@gg”%@{:d? dﬁﬁ%ﬁmg t he

i nventg oncarrieEw@s ®t.%.shows | ower sedi nment formation at all conversion

WO 02/ 0S328( PCT/ EPO1 /15383 15 | evel s than the conparative catal ysts.
Addi t i ona(BNGatalyst prapasalien i n sedi nent formation with increasing conversion

catal yot s~ Sl Suwad By Kol e SHEERO el ARG alferf AR o e
with the Pramplem®nTRe @imdlitts oftive Yedpectile COMiNEhts i fReapiidaced chthipdtah 4,

the catal yst according to the invention prepared in Exanple 1 shows™ a high
denet al | i 28d thshpres rthe catalyst afe ghowspndiabid. cracki ng performance in
conbipjation with a decrease in sediment formation even under high vacuum
resi due cracking rate 10 conditions. WO 02/115328h PCT/ EPOL/ 15383 17 The
process oConiparative Bxampist®rein the catalyst is in the formof a fixed bed.
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Comparative Example 3
(A) Carrier preparation

25 Aluminium sulfate was added to a tank containing tap water, and aluminium
sulfate and a sodium aluminate solution were simultaneously added dropwise,
mixed at 65°C for about 60 minutes to obtain an alumina gel, and held for 70
minutes. The gel was processed further as described in Example 1 to obtain
alumina particles.

30 (B) Catalyst preparation
In this comparative example, 13.4 g of ammonium molybdate tetrahydrate and
11.2 g of nickel nitrate hexahydrate were added to and dissolved in 50 ml of
ammonia water, and 100 g of the alumina carrier were immersed in 100 ml of the

solution at 25°C for 45 minutes, to obtain a carrier loaded with metallic
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A carrier with large pores was produced as follows: The carrier obtained in

Comparative Example 2 (A) was ground and kneaded again with the alumina gel
10  of Comparative Example 2 (A), and -the mixture was extruded and calcined as

described for Example 1, to obtain a catalyst carrier having a desired pore size

distribution.

(B) Catalyst preparation

A catalyst was prepared from the alumina carrier as described in Example 1. The
15 amounts of the respective components in the produced catalyst and the

properties of the catalyst are shown in Table 2.

The catalysts of Example 1 and Comparative Examples 1 through 4 were tested
in the hydroprocessing of a heavy hydrocarbon feedstock. The feedstock used in

20 these examples was a Middle East petroleum consisting of 50 wt.% of
atmospheric residue (AR) and 50 wt.% of vacuum residue (VR) obtained by
fractionating a Middle East (Kuwait) oil. The composition and properties of the
feed are given in Table 1.
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2 Fraction bonllng above 538°C in accordance with ASTM D 5307 (distillation gas
chromatography)

The catalyst to be tested was packed into a fixed bed reactor. The feedstock was
introduced into the unit in the liquid phase at a liquid hourly space velocity of 1.5
h-1, a pressure of 16.0 MPa, an average temperature of 427°C, with the ratio of
supplied hydrogen to feedstock (Hz/oil) being kept at 800 Nl/I.

10  The oil product produced by this process was collected and analysed to calculate
the amounts of sulfur (S), metals (vanadium + nickel) (M), and asphaltene (Asp)
removed by the process, as well as the 538°C+fraction. The relative volume

activity values were obtained from the following formulae.
15 RVA =100 * k (tested catalyst)/ k (Comparative Catalyst 1)
wherein for HDS
k = (LHSV/(0.7)) * (1A°7 - 1x°7)
20
and for HDM, asphaltene removal, and 538°C+ cracking rate

k = LHSV * In (x/y)

25 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.
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Catalyst composition
MoO3 (wt.%) 11.9 11.4 11.8 9.7 11.3
NiO (wt.%) 2.0 2.1 2.1 2.4 2.2
silica {(wt.%) 0 5.0 0 0 0
alumina balance balance balance balance balance
Impregnation via citricacid | citricacid | citricacid | ammonia | citric acid
surface area (m°/g) 147 195 173 162 133
Total pore volume (ml/g) 0.79 0.76 0.72 0.77 0.82
%PV(>200 A d) 74 38 36 65 30
%PV(>1000 A d) 11 9 12 2 14
%PV(100-1200 A d) 90 79 89 99 91
%PV(>4000 A d) 02 02 3.5 0.5 6.8
%PV(>10.000 A d) 0.0 0.0 0.5 0.0 4.0
Test resuits at LHSV = 1.5 h-1 and reaction temperature of 427°C
RVA'HDS 87 100 94 80 42
RVA HDM 124 100 92 90 106
RVA Asp 120 100 117 102 99
Cracking rate 538°C+ 39 41 40 40 36
fraction (residue)
Sediment’ 0.06 0.29 0.26 0.25 0.15

5 ' Sediment determined in accordance with the IP 375 method of the Institute of

Petroleum
As shown in Table 2, Example 1 achieves a desired decrease in sediment
formation as compared to Comparative Example 1, while maintaining high

10 demetallization and asphaltene removal activity. On the other hand, Comparative
Examples 2 and 3 do not achieve a sufficient decrease in sediment formation.
Comparative Example 4 shows a lower residue cracking rate and
hydrodesulfurization performance.

15 The influence of the vacuum residue cracking rate on the sediment formation for
the catalysts of Example 1 and comparative Examples 1-4 was studied by
changing the space velocity. Figure 1 shows the relation between the vacuum
residue conversion rate and the sediment formation of the various catalysts (4
samples of each catalyst). As can be seen from Figure 1, the catalyst according

20 to the invention of Example 1 shows lower sediment formation at all conversion
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5 In summary, as can be seen from Table 2 and Figure 1, compared with the
performance of the catalysts of Comparative Examples 1 through 4, the catalyst
according to the invention prepared in Example 1 shows a high demetallization
performance and a high asphaltene cracking performance in combination with a
decrease in sediment formation even under high vacuum residue cracking rate

10 conditions.
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oooodDvU43dKh The catalyst of claim 1 or 2 wherein the %PV(>1,000 A d) is 8-30%,
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"()-/Kh consists essentially of alumina with less than 2.5 wt.% of silica, preferably
less than 1.5% of silica, more preferably less than 0.5% of silica.
20
5. The catalyst of any one of the preceding claims wherein the Group VI
metal is molybdenum and the Group VIII metal is nickel.
6. A process for the hydroprocessing of heavy hydrocarbon feeds comprising
25 the step of bringing a heavy hydrocarbon feed into contact with a

hydroprocessing catalyst according to any one of the preceding claims in
the presence of hydrogen at a temperature of 350-450°C and a pressure of
5-25 MPa.

30 7. The process of claim 6 wherein the temperature is 400-450°C and the
pressure is 14-19 MPa.

8. The process of claim 6 or 7 wherein the catalyst is in the form of an
ebullating bed.
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