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;e3e|tey "ab.b d6 eTteOvZW O 02/09870 Hydroprocessing catal yst for heavy ~
oils and its use 5 10 15 Zonmmmmymm“m 01/ 08772 The present inventi éﬁy
pert ai nswogon2avgmat al yst whi ch sh vity in one oPCHBPH/8772 o
hydr odesul furi sati on (HDS), hydrodenjstogenati on ( HDN),

hydr odenetal | i sati on (HDM), and hydrocracki ng (HC) of hydrocarbon feeds, in
parti cul ar . fgqu% | R’ S5E ars, the supplied crude

oi I s have Bigggo:%oﬁ%a\'/rﬁ?%pa%&f as tV e(ﬂl eman@é 1“%? lighter oils |Iike kerosene
and light oils has been increasing, it has proved necessary to inprove the
efficiency_of the process for converti ng{yheav oi i nt.o Iig\n er oils.
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metal s | i k8agicslasiheayy RysreeRraRD Qﬁffﬁ-adson carbon (CCR), and the |ike. For
t hese reasons, the heavy feedstocks are often subjected to a
hydr opr ocessi ng step before the fluidised catalytic cracking operation to
ef f ect onelwrec@teyedrshytbe oslesplibtiucrudet oitn hakpdbecemet hempderatansn, as the
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conponent, "[1ke noly um a tungsten and a G 8 netal conponent, |ike
ni ckel andbis ismbighter |dilshasctbalyn heavyi dily dke taudapeibvaimasphriidrdiptieéessi ng

ivity by enhanci he aci di f th | P Qe
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obtai ned by | oading a specific silica-alum na30catalyst carrier with a
speci fic hydrogenati on conponent. In particular, thecatalyst of \ \r\ t
invention is suitable to effect cggR AR @opgsul furisati OM\M M \M\W
hydr odeni t r ogenati on, and hydrocrggﬁl?:@o? heavy hydr ocar bonf ) e

al so effecting hydrodenetal |isation when the feedstock contains *G002



WO 02/ (1987U PCTIEPI11/118772 3 substantial anpbunts of netal conponents.
The hydroprocessing catal yst of the present invention is characterised by
an aver age ipovsrodi anet er of about 10 to about 30 nm a spEEVERU/08TZf ace
area of about 130 to about 300 nR/g, and a pore volunme of at |east about
0.3 m/g, and at |east about 50% of the pore 5 volunme of pores with a

di bel 60 [ [ it hi f
di anet or SARYSL R HToRTORES Al a1y seneril basciobr tedp oS uhi na
carrier Wﬁgﬁ%%eésiﬁaﬁfh%%ﬂﬁ“ rum wherein the main maxi num of the peak

observed i e range of -50"ppmto -110 ppmis between about -80 ppm and
about - 10Qamamesanididenpayr patam) applicaticn 108é-2653Ry dlesgehesiailigawdumina
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+ observed in the 15 range of -50 ppmto - ppmis between about -80 ppm
and about -900ppppnwith fthehwidiai of thexipaak ot hali beigbtibeing A& e arhless.

chnnot be HBMEreR AR RCESH helr AV SibE b dhBfRraeh i abEimEL R, i ng
to Japanespenakani: LR Laeitiom BR7TOpRAbsIAd dfittezapenispat ent appl i cation

1997-255321 a silicon 20 atom provided with four -O- Al bonds has its
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ppmis an indication of a specific 25 dispersion of the silicon in the
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make t he Catﬂ%SYSt hi ghly suitable for the hydroprocessi ng of heavy oils.
The 29Si - S carried out using a CMX-300 (5mm probe) produced by
me/mag?et i EP @rBb3 Izggmm*uibbsga ]gzatwli/éti bevwseel s chmblustisn with, Wogl2dAa®87U
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i nvention can ‘be obtalned by conbining an organic silicon conpound with an
al um 2D source. 5 Suitable organic silicon conmpounds include al kyl sil anes

such as tetyanethyl sil ane, and traet hyl.si - al koxysi SuC

et amst hohg: piamey UEPELTRG. 8! RS ke iSRS U oY e
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oils, fl uof}ée?ﬁ gpgérftikﬁgrﬁielawwgrdaalrﬁon ether nodified silicone oils,
itre S;

al cohol no i'rcone ol amno nodiftied silicone oils, epoxy
nodi figgl silicone oils, phenol nodified silicone oils, carboxy nodified

il e oils,. d t dified sil]j ils, d m xt
conbi nat | RBSHRGEERS SHHIELRRGRIN IrSaivehe BBoyS R aLIEnT abh et et « ne
al umi na_SoWGRaIRY Wi £ AidH SV Bl eyl ablakPEAEIAGUIRTRISLER, and

i npregnati on, e 1 ncorporation, e silicon conpound Can al so be
di spersed metalsydli wevit frorh a)ée gabteculaheearyp bydrosarizen dit endcompeding itintal d be

" amount of  ENRE SIS pRBEhe velie el me ohtainad b Fadiid b SrEEe TIRAUEER 1 (o
about 20 Weaflydir ERERRLYh 3P Upecitict PyaRYENnaliBn ortpohént. 88S particular, the

catalyst of the present invention is suitable to effect combined hydro-

desulfurisation, hydrodenitrogenation, and hydrocracking of heavy hydrocarbon

feeds, while also effecting hydrodemetallisation when the feedstock contains



20 than about 1 wt.%of silica is present in the carrier, the effect of the
invention is not obtained. If the carrier contains nore than about 20 w. %
of silicwomhes® is |ittle further inprovenent of the ef fREHVEPOMRETZI um na
may be of any suitable type, including &l pha alumna, theta alumna, delta
al um na, kappa alum na, eta alumna, ganma alum na, or chi al um' na, and

al um na hy, / P( 7
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alum na and/or eta and theta alum na. A suitable process for preparing a

silica-al u@ﬁ‘?\‘& 3G e speeticysyrfagecared A abeut 18A0; @%ﬁﬁ%m Q, and @ as
fol l ows. irS' oz (biiie 3t % giugangaébﬁutcefﬁpﬂﬂ d HdCh gegas%fgﬂbndt%d‘y&r%' Gre

sodi um hydTf Oxi dé,” or "so um nate 1'S’'conbrn I'n an aqueous nmedium w th

an aci @ ¢ wlumendfiyporeswithuadizaveter deled 60 rmh igrpredent ire poresalvitiinrd remge
sulfate, and the mxture is m xed to prepare an al um ni ug]ygi;grate sl urry

The pH of @hibelavaipge #otediamelsr evaMfehahydOPFRESSSHIG €At §ng; hrsed
reaction, {B)Wta LilicA- %!)Lﬂﬁﬁgeéérﬁg %&@‘%ﬂ Wg@nar%gb NV Q#Jéaﬁuh?\’/ﬁel?éiﬁ”th%%wed

the pH is between about "7 an ction tenperature

pLef erab: ymlm@h\é\eémh%mnak 6?sem»@dabolﬁme tange | of A8 pbm'ndml—rlabl ppmnoisage
the resu t|ng pr oduct ore fur ssi ng, or a period of
about 0. 5 POARBEDALHORD HOTO BReu edo0; Bn sanﬁsg%'@ﬁ’ﬂﬁ@ﬁeap? a5t one
resul ting i B

rerrove+d|1rrp d’r@!rg@ﬁg rﬁe?al %?hgé'gé;ng%lésc}t% i@#’ ?(;r%%l}/r%g [ sOt co ﬁ’é'g@fm he
gel. The sPénomecatuiqDoﬂEtdamamtsbe added as such, or in a sui tabl e sol vent.

The m xture is mxed, e.g., by kneading for a period of about 10 mnutes to
about 2 hours. If necessary, the water content of the mxture is 20

adj usted tPha RlMEufithd @alrﬁ‘eﬁf eéeéh@nh@%atmgstcaf try p?é@ériﬁh%ht%nﬁééﬂd y . s
bet ween about 60 and about %)

e mxture i s shaped
extrusi on. 22Si- NMFkrspwntrumn whereanttheenammaummﬁndef they pbak m@edlesﬁm ?f@ t he
after Ehl oianel Grod pPrddodd i e Bt RS Rl 4t RSPl s
cel | ul ose, |fOkhe S dmakink@nmdfr sgmanéék agebutsidei the Ypekied ¢anged.a The
shaped particles are dried and calcined to obtain a swtable carrrer. It is
hydroprocessing catalyst with the desired activity cannot be obtained. The
reason behind this is not clear. However, according to Japanese patent
publication 2515379 and JP laid-open patent application 1997-255321 a silicon
20 atom provided with four —O-Al bonds has its adsorption peak at -80 ppm. On
the other hand, silicon atoms provided with at least two —O-Si bonds have their
adsorption peaks above —100 ppm. It is therefore presumed that the fact that
the main maximum of the peak observed in the range of =50 ppm to —-110 ppm
is between about —80 ppm and about ~100 ppm is an indication of a specific
25 dispersion of the silicon in the catalyst resulting in specific catalyst surface
properties which apparently make the catalyst highly suitable for the
hydroprocessing of heavy oils.
The 29Si-NMR is carried out using a CMX-300 (5mm probe) produced by

Chemagnetics and the measuring conditions were as follows:



preferred for the drying to be carried out at a tenperature between room
tenperature and about 200C, and that the calcination is carried out in air
at a tenwernmatnse of about 300 to about 900C. 30 For the REEAVERW&BTAccor di ng
to the invention to achi eve the desired4object in the hydroprocessing of
heavy oils, it nmust have a specified surface area and pore size

di stribution: WO (12/0987U 6 PCT/EPOL/ U8772 The catal yst according to
the invention has a surface area as determ ned by the BET nmet hod by

ni trogen ag Béé),g,l.g&] frBGLi8hcyF 1 CT NgtERag MfHZ N ee hours at 500C) in the
range of ah B&erﬁ"ﬁoh? Fout’ 300 ™ /2970 REET apbty bet WEEn about 150 and
about 240 \au..u,c area—behawapbott—130—+2fg—wiH—tead—to
.insufficiée a% Qﬁlmsxn ty _On the ot Pl and— a surface-area—abe Ao
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- nitrogen adBalsptwidh shoul d be at | eh3tmiahmser (@98 807 pyispyeferably in [the
range of ééeﬁhdh &fnapation]. 0 M |/gi=15sethad+20 aliciesee, rdsi25maidresdrel jow

about 0.3 Sl iothith frah@én@f PET4i@ZTBNCe 1S Tnsufficient. The averlage
pore di anmet @\ gjapbh”ﬁm graf yst—acc T5ﬂ3’2‘—‘12@0§ ﬁ]ebnverffl on as determ ned by
nitrogen 4 e
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nm In thi sMegekring tmpefeiuene avprré’tqm Re@WBet or is defined e pore
15 di anet ey chemigal shiftsefigrenca he t otsilicans wibber (sREONgapr exiemali n pores| with
a di aneter| bel ow sai d pore di anet erreferedce ioé TM$ie215DPpPOY t he total pore
volune is present in pores wth a dianeter above that pore dianeter. If the

average pore dianmeter is |ess than about 10 nm hydr ogenat.i on net al s
are poorl y&ﬂl@p@lﬂg@éﬁs mitaire fesuse dnithe &%@Wte%f'ﬁi‘ Weéﬁf‘gﬂ'i}ﬁ ﬁoaﬁﬁnvﬁ)%y | f

the aver ag%b{)a?@&q %g/ r‘zg{ aQ @%Y@sﬁ@ q g Wi ﬁﬁfﬁﬁﬁim’é? seQr@.fi c
surface area o eases results in a decrease in
catal ytsc Suithislet yorgihle cmlicﬂnysctorapomn@h nlgcttmiet redkylsNanes ostabhoad dietrave at
| east about 50% f the p es wth a dia I 50 _nm
present inMss %‘ei Gl get Bglsge FNe. h@&g?ﬂé lanessieh ”E%t(%mg&??&?ﬁ%q‘ﬁﬂ
pores presegé};a Hof(){}k‘ﬂaﬁ n%tﬁ&ltrﬁﬁeﬂ%x?é"léﬁe td?ﬁ‘i BMéﬁﬂ%tlﬂ@Eyﬁslldhéﬁpb@meﬁe
consi dered to e effective pores for the hydrodesul furisation and

hydr odenet #héreshtstmightesiiconensils subb asf disetbylsiigonaoik arethyipheayisdicanag t o

th t I f th | bel b t t
2"t oo i dearad meyudfodrsele &Y Pashh med sk Aift s o, saff oS ik "
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at | east about 55% nore pref erablﬁﬁat | east about 60% It is /ﬁ d for
t he cat al y@ﬂlsa@b@h@h detfl@dtSi@qr\ﬂ/@ .iRinegMReijied aﬁi"'Q%P'lsdtﬁﬂﬂX FAt he
pore vol ung, oL.£S I Whhd a

B o “TSyRho 4B allhly AT Sfioche |, ASRPRRERT HcBs el

mercapto modified S|l|cone oils, and mixtures and combinations thereof. The
combining of the organic silicon source with the alumina source may be carried
15  out, e.g., by kneading, immersion, impregnation, etc. For the incorporation, the
silicon compound can also be dispersed in a solvent if need be. The amount of
silicon compound should be selected in such a manner that the final carrier
contains the desired amount of silica. The silica content of the carrier is
generally about 1 to about 20 wt.%, preferably about 3 to about 10 wt.%. If less
20 than about 1 wt.% of silica is present in the carrier, the effect of the invention is
not obtained. If the carrier contains more than about 20 wt.% of silica, there is
little further improvement of the effect. The alumina may be of any suitable type,
including alpha alumina, theta alumina, delta alumina, kappa alumina, eta
alumina, gamma alumina, or chi alumina, and alumina hydrates such as



WO 02/11987(1 7 PCT/EPQOL/ (18772 nm /(<60 nm] is at |east about 55% still
nore preferably at |east about 60% and even nore preferably at |east about
65% Thewpar@y@l une and pore size distribution are obtai MeUERBIAY2t he BIH
met hod fromthe nitrogen adsorption isotshermat 77K using the BELSCRP 28
produced 5 by N ppon Bell K K after the catalyst is calcined for three

hours at 500C. The catal yst of the present invention copprise east one
el enent sebaverda, gibositey GDBOW@”&nén@B'ﬁB”%PI“Eﬁ atbl‘?é‘eP ?(P(ﬁ?fg"?gtfpéai

El ement s appl %ﬁoﬁgag}g @JF aﬁh@éﬁg{aaﬁtth%efﬂélc@aﬁalg% 5&%@8}% anl’%r?né’f a

conbi nati on O onent and a G ou

conponent a&lnmhafwﬁmﬁbtammammlhan”et al s which can be used in the

. present invention nickel, cobalt, iron be nment | d. These
bompounds. & FUaAR PEORRSsh (diy BYEPEERLIE SNCATNTITE ToN IR GRIEY S FOsPEING o
per f or nanc r a conbination of nickel and cobalt is
~preferp%d ﬂ\é‘ﬂ%eﬁﬁ&?%% @byl\\ﬁich can be used 15 nol ybdenum tungsten,
and chrom mnarﬁysbstémm i lmardd, cdmpoumd viush @S amrhonimnndwdaoﬂde,c(snd'mjn

nol ybdenumls preferred, Based on the we 100 wt . f th
catal yst i R¥SRKdRy QMEOdYFT BmINatR, '%ﬁﬁﬂl}#g%e%g tarﬂeaﬂH? Bgtm‘%‘ﬁg%f"&%y?

mat eri al s 2

pref erabl y%g (‘)ciajl Iu@ﬁ um‘%gmpb%ge%t& ?Iﬁg'fmghﬁﬁgafﬁpBPélLﬂnlrﬁln@Q?Fg%teath%"t as
trioxi dfef te Ineisturé hanneda:dﬁto @;\amar% ars allguthiumhleydrate siurgy. ofhe ndd ohttheyst
I's insufficie . t her f t bout. 16 wt.. % i
particl®ar n?ﬁS?‘Es SPH%'H”acglﬁﬂgeEOW{Rﬁ %ﬁ |p§°@g'éﬁ'%nt &%ﬂggﬁe%lﬁb?n'cb%% f%Pi:?gﬁr(fﬁdi s
not i npr OV?rﬁicngﬁéﬁ‘ﬁﬂ c Fgﬁomd@ha@é bé@ﬁ%hﬁﬁe@me.SSbéMe@h%ﬁo& Mando
preferably a lto a 25 wt.% of Goup VIII netal, calcul ated as

oxi de. |f wbeutSodite fsal ezactionateraperature. preferabdy nsh@eme?mabpubfﬁm Aad
catal yst w reth n abo

cat al yst p@L’PUF?& elma}y :[?& BRIrAhIG 8v%%e;{h?trﬁ§fﬂt%pt BTODJL%?Z}%W&E"@&( t he

carrier of s ﬁi%ﬂ'ey?t fcﬁrféﬁéﬁd)@ﬁf BBl ®5itH ot Ahduls. qn/mhltﬁ@ réictiopdst
about 80 vvt %of otal of silica and alum na, nore E)treferably at

| east abourosbleiedythe resultingr alupties wells yisolated @é{sf”@B@D{ omay; then pe i s
T o VA p B4 Hob e 1388, A Bl RECAR ARG BSveey o
essenti al | witf theeges Thatsiddrecompioghdatan ey abidegrasssath, or i rEosukattlent s,
as long as they WO | 12/119870
solvent. The mixture is mixed, e.g., by kneading for a period of about 10
minutes to about 2 hours. If necessary, the water content of the mixture is
20 adjusted to a value suitable for shaping, which for extrusion generally is
between about 60 and about 70 wt.%. Then, the mixture is shaped, e.g., by
extrusion. As is known in the art, extrusion aids may be added during the
extrusion to control the viscosity and/or the pore structure of the carrier after
calcination, if so desired. Suitable compounds include polyalcohols, cellulose, or
25 acids like nitric acid, acetic acid, or formic acid.
The shaped particles "are dried and calcined to obtain a suitable carrier. It is
preferred for the drying to be carried out at a temperature between room
temperature and about 200°C, and that the calcination is carried out in air at a
temperature of about 300 to about 900°C.
30
For the catalyst according to the invention to achieve the desired object in the
hydroprocessing of heavy oils, it must have a specified surface area and pore

size distribution:



8 PCT/EPI11/118772 do not materially decrease the catalytic activity of the
catal yst conposition according to the invention. Neverthel ess, the catal yst
accor di ngot@/obgm | nventi on may contain additional conmpountiST/ER018877desi r ed.
For exanple, the catalyst support matergal may contain up to about 10 wt.%
of ot her conpounds, such as 5 titania, zirconia, boria, magnesia, zinc

oxi de, zeolite, clay mnerals, or a conbination thereof. Preferably, the
support nethe calalysbacaorting & the insantidiobas 8 surfageoarearassdetgaaineddnathe

oot bl o (BE] ABBHE: & Sickaan rasniPUaR (RS barbodliptieh i CE A AL 5RO y

conposi ti o thERENESE 3FBLBUL PHOIHBLLEIEE hif/ddrehsrabhesktvechadtioul 850izw0! ve
- the hydrogenation netal conponents. In that case, phosphorus is generally

present i natdw 24t/ A sluyisce] areanbelawualows 13 aat'g ovik lead s dautéciant o |

preferably agbqut tq about 4 wt . %_cal gul at as,;.P205 0 | B net al
« compon tsaéwgtye(éﬂpaﬁl?t%ﬁét _g?n%'or?posr\‘léfﬂ% caigabébfggi ﬁ%%ggéﬁgt égzlg(n o the
catal yst cebipiatible Wit ¥R RstiuiipporeBsinedistitbion. by 1 mpregnati on,

i mrersion, or deposition. At this point intime it is considered preferred
to first preietal phee valume of el catlyst @septsting dotthe ipvaniiop acdeieraines s

into the carrier after it h i I nent s
can be i nc§¥ Bgrroegte@oaqeﬁ?trBﬂ?%gﬁ%@?%%g{Ieggﬁw%tg@i‘ttﬁgﬁhpﬁdqrﬁg}? 8% g#e gél}ﬁgglbl e
pr ecur sor Sef Aoty 4 tH&HSLRURD WIE. NEihe! total Pore Nolumbds balow ybdat @3 mirgpni um
di nol ybdat e, and ammoni um tungstate may be nentioned as suitable

pr ecur Hor sthe@atalystpepoumarce sussufiisieski des, hydroxi des, carbonates,

ni trates, | ori ol i i.d.s e t
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i npregnating solutio e used containing one or nore of the conponent
pr ecur sor s poreatiameter (2 /egssihEn sbe@TI P/ theshydrogeaation weetalspaisi pearly or a

portion thereof. Jnstead of. inpregnating.t ni.qu i pai

sprayi ng nétsﬁﬁﬁie,d’é”{s'@?ﬁcfﬁﬁwﬁseﬂﬁ@ec&cr %S%g%gég%yé%o%s'%@t ﬁ%g%@é@é&ﬁg{e‘ on,
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After the active netals have been incorporated into the catalyst

conposi t i okatalystidectrases, whirhcrasyits dya gecrrase iImeatalyig 2aHVilan” be done at
such a te : L od i ¥

ol vent . coneartpERER oo fingl i heirBRaR shbuld MEuE Tt Aead MR SO f the

si | i ca- al upbrs voRunié @f pores vt acliachetar belo®h80 Iimapressphizr pores within a
especially limted; usually air is use carried_out

d d, Dryi my, e.g.. .b

in air floflgR ChBMuAVErage Borepdamere’ Fo e Jg{‘]g&qréﬁﬁé?g‘ﬂ}r' Etlli})‘:étr e of oom
temper ggur %5%.0?%9@5\/@%%% pdtel GAmEt é’f@coh@ﬁié?é&%b‘éﬁh@%ﬁe‘éﬁvé’béf&eﬁr' nto
the redCtor as it is and be converted Into the active state during use.
However, i the hydesiesatfurisatisrcand| lysirodeyetdlisation tedationedobed effecigskeby The

the catalyst according to the invention. If this value is below about 50%, the

pore size distribution is too wide and an effective catalyst is not obtained.

Preferably, the percentage of the pore volume of pores present in the specified

30 range is at least about 55%, more preferably at least about 60%.
It is preferred for the catalyst according to the invention to have at least about
50% of the pore volume of pores with a diameter below 60 nm present in pores

with a diameter between 10 and 30 nm. More preferably, the %PV{(10-30



15 calcining is done to bring at |east part, preferably all, of the netal
conponent precursors into the oxide form Calcination is usually done at a
t enrper at woeo2nvgiteer t han the reaction tenperature at whi chP@HWEBPUABAI2yst wi | |
actual ly be used. Calcination may, e.g.y be carried out in air for about 1
to about 6 hours, preferably about 1 to about 3 hours, at about 200 to
about 800C, 5referab| t al

y 20 about 450 Lo apout 600C. ‘Igre c? yafp"tg %r,qt°i cles
may have tHB)/étfthesn)hifuatlenshaPert SedmsW Mare Reeerably A lrast; L‘E ®cl es
may be sp i i i , ,.and their diameter may range
from about@ﬁ é@%%nﬁéﬁg@é&ﬂ%@t%ﬁ{??é?ﬁgfg@%&/fh a dianmeter of about 25 0.5 to
about 5 mThepefevalkiye ahdword sizet distribetionJrembtainddaisirentitehBdH rabthad 2 to
~about 10 mm for exanple about 2.5 to a 4.5 e red, |It, may

be desi r abdf@mithe duiRQeeR agﬁ%rpgﬁﬁﬁ%}gﬁfmia?% H%‘”@Wﬁﬁh@ﬁﬁ@&%%q I
met al ' i lef § Gh fffoct 0 its use
~in the%go ﬁﬁ@r@%ggﬁé‘@? ﬂﬁy%brtglggﬁ %o%é’lﬁgégsfﬁ)ﬁgeh%ﬁsﬂn%@ gé done in an

ot herwi se conventional nanner, e.g., by contacting the catalyst in the

reactor at_jncreasing tenperature w.th hydrogen and sul fur - cont ai ni
f eedst ock, Te® Cﬁiql}‘ﬁtagfrﬁhﬁtrg)ﬁe§eﬁtf INNGAHOY &R 5%%%&86% oag &iement Sewapg
112/11987 0 I L2k i i [ [ is
sui tabl e %%?ﬁﬁg&%%pérno({:eéﬁy%é”g;ﬁhﬁr g%ﬁ? |8ﬁf?télggoéfff(5)l%ﬁ§é!fttg dgﬁiggtwone or
nmore of hyGhenérait Abstradty8enitesulCABI systeon), Thedusdeof @ar ogeinagtiom of a

hydrodenetal | i sati on,, and 5 hydrocrackin Th at al yst_of t resent
| Mventiton Groumi] matkLEapChRtaRte Eorub Al peiab SrBrEaentls PhreHBEyy
hydrocar bogg fc%ﬁ?_t\ﬂﬂkfﬁetérs AHi@Ftas bBUideNROME prederdpyEhith hickal, icdbalt,
hydr odeni t rogenati on, hydrocracking, and, if applicable,

hydr odenet iad,i etat imay. b&umentlned: daase moapeuerts all have enhigitnhydrogesatietbout 5

wt. % of sul fur referably. 10 about 0.1 to gbout 9 r ! bly
about 0.5 ¢Vl va\?['.m&}e"*ﬁgpﬁ#?%@j%%e EBﬁtegﬁpoﬁ}y%lﬁ'ﬁéLBFg Cﬁgg[(%g%@% s is
general |y gpaukeplpdt c608t M PréRad IAs [GrUpewIB Ymbrild wHible daanpe adedibout
500 to about 4000 ppm preferably about 500 to about 3500 gpm, The

feedsttick meyyhsemus.ntuigstemi aaAt chremive) may ke tmeatienedti Bklein adgw of

vanadi um i n : telely 15 Ni +V or | ess,

pr ef er abl yg%ﬁg{gﬁé'ﬁ?o%ﬁ? %g?%guéqogjqd%ggg%ﬁtlagé wppm The initial boiling
poi nt (| BPBaé&SMh theb3RMhtwi b0 ey radl thy fireal agataiyst inehmling 5560 Carrferetiss abl y
at nost about 400C. The | BP nmay be above abqut 250C, gr even ﬁbove ?y%gm
300C. GeneREOupts Af thesresprsiveosatpiyiie, Fraterals 8y A4S dING- | Ihenti@¥edoc
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feeds, generally at lTeast . % s above 390C, preferably at
| east 2ouGrddp WMiBYUnetaly ealpulafet apltyoxide] Hdess Hrmruabest Mwith isuisedbitee

A L R e
oils, wt.%, in particular more than about 20 wt.% is used, the catalytic performance
is not improved further. o
The catalyst comprises about 0.5 to about 6 wt.%, preferably about 1 to about 5
25  wt.%, of Group VIII metal, calculated as oxide. If the amount is less than about
0.5 wt.%, the activity of the catalyst will be too low. If more than about 6 wt.% is
present, the catalyst performance will not be improved further.
It is preferred for the carrier of the catalyst according to the invention to
comprise at least about 80 wt.% of the total of silica and alumina, more
30 preferably at least about 90 wt.%, still more preferably, at least about 98 wt.%. It
is most preferred for the carrier of the catalyst according to the invention to
consist essentially of silica and alumina, the indication “consists essentially of”

means that other materials may be present in minor amounts, as long as they



25 sol vent deasphalted oils, tar sand oils, shale oils, and coal |iquids,
and m xtures thereof. Hydrocarbon -oils obtained by subjecting these

f eedst ocW® ®2019870pr e hydr opr ocessi ng operati on may al so bePGEEBI/UBHE process
conditions for the process according togthe invention may be as 30 foll ows.
The tenperature generally is about 300 to about 450C, preferably about 340
to about 410C. The pressure generally is about to about 22 NMPA

2 -,
pr ef er abl ydabeelt metetia)lyageatease Wsacataliq pgtivity 96 heycaighet GRETRRSEgN

Po1 The” nginBBR o p i RiohA ekl BN et hipoRtn ¢
general |y hgyabentair3 @Qiditiorab asmphtisNif/ $o desirkedr daryexdmple, @R8 ¢atabisout
- 1000 NI/1. The process may be carried out in a ed or a, noving bed,

fi b
i ncl udi ng SURPITATIAGIHHaR coptain YPdeRRMY 19%%‘!?%‘%38?99@@0% S\ OB RS on
b 3 d_. - | qul P f
b niom UG Zrcor” TR, B8R e cayia; BEBHACRY iRt or a o)

had a pH ofo@binstionkhetedit PRHEabiy, thstsuppbrignateniall€ordinsi less #warlabbatnFoni a
wat er was added until the pH reached a val ue

d 1€ ?f g to btai%%@gﬁ na
hydrate sl W% of heseqddiignalsemponests raororererasly Igss fiasa °.at that
t enper at ur . LhE ak 0l | he
obt ai ned fﬁl({éegéretgalgggvéas&yes5%?@%%*???@@%%%'@%&?? uggﬁg g]frtré’rg}%%um
car bonat e satalyst ocompositibhe Fadir sepperaplen plessphepc Boid 8tayribeutussdato I®IBOC
with stirring. The slurr iltered, and the filt e was washed with

Cfil k
wat er Hhd Aissplyguiey hYeE e‘ﬁ%%ﬁaé al §eMpPPRRALSHfING r?%aeal PRPSRDLTYS P e
di met hy| Séé&g@ﬂgn@gégﬁﬁr@%émﬁhic%teﬁ?ﬁuincaﬁ“&'rﬁéhntcﬁf aelott 0. 8Rb Satsidtes, and

the m xtur or 30 mnutes at roomtenperature until an
ext r udabl ewti%¢, prefe(akdy ebogivhteaboul 4 88%, ealculatadasBdOsThe ni xture was 20
extruded to formcylinders with a dianeter of 1.0 nm The extruded nateri al
was dried at a tenperature of 120C for 15 hours and subsequently cal ci ned

for 1 hour Tat GPQSp VIBEMBI! Idéffitemt¥ine GitNis V1At RStaM ddinddhetisieansbe
| mpregnation sol ution cor:r[‘grl si ng nol ybdenum tri oxi de, nickel carbonate, and
t

or t hoptis pinsorporatédy, intd ttee whlalistt paIieRpine ghaasyealionald MAWSRe®dr PEd at
2 o i RhAiPo. bolerabEhb e AL sthech RS BIRER
cat al yst appef8ire@nol first pbégard. the carrier and to incorporate the catalytic materials

into the carrier after it has been dried and calcined. The metal components can

be incorporated into the catalyst composition in the form of suitable precursors.

20 For the Group VIB metals, ammonium heptamolybdate, ammonium
dimolybdate, and ammonium tungstate may be mentioned as suitable
precursors. Other compounds, such as oxides, hydroxides, carbonates, nitrates,
chlorides, and organic acid salts, may also be used. For the Group Vil metals,
suitable precursors include oxides, hydroxides, carbonates, nitrates, chlorides,

25 and organic acid salts. Carbonates and nitrates are particularly suitable. The
impregnation solution; if applied, may contain other compounds the use of
which is known in the art, such as mineral acids like nitric acid, hydrochloric
acid, and phosphoric acid, organic acids like formic acid, acetic acid, oxalic
acid, citric acid, malic acid, and gluconic acid. Salts thereof and various

30 chelates like ethylene diamine and EDTA can also be added. 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 steps, the impregnating

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



Conparative Exanple 1 30 A carrier was prepared as described in Exanple 1,
up to and including the dispersion and aging in the ammoni um carbonate

sol uti onwolih@ng7ot he slurry was filtered and the resulti ngPGT/EREI8TRKe was
di spersed in 75 liters of 30C water andg WD (12/09S71) 12 PCT/EPOL/ 08772 a
wat ergl ass solution (6wt.%silica) was added in two mnutes. Then the
slurry was heated to 60C in 30 mnutes and, kept  at .that t erature for 3
hours, to 8% 9 ReLeposiedsPbR BPton ﬁ‘@ée omszga%ﬂtﬁdﬁﬂﬁée%?g@*@c QIMES) es.
The di sper g iy | i |ddsCletS akeh BB uSRS Ne dhaidBe Vet Bt

heat ed andalpﬁg]gde ﬂiﬁdndstéesrg?gﬂgggﬁﬁmudnt i I an extrudable m x (water co%tn%nt
63% was oimegeationhdipping, uete. walsyinge anasor r calsiting may e ydarvieiérautnin h a
-diameter of 1.0 mm The extrudates were further treated and a catal yst was
pr epar ed t ReS&om as described in Exanpl e 1 above. The conposition and
propertd es of the catalyst are given in Table 1. 10 Conparative Exanple 2
Exanple 1 was repeated, except that the water content of the silica-alum na
hydr at e beAftertrexactive oetalahbevbedndncooppraded irda thadatelvplecanpssitibntihe 15
catal yst are, givyen in Table 1. arati.ve EX le 3 anpl e ,1

repeat ed, b‘;x@'g?g aﬂﬁa&al‘?'ﬂggéﬁd‘ s ?3%%9 Sﬁpa%dﬁpﬁn%x%‘f%aagﬁm\_g%_iatﬁ'ﬁe sol
(col I oi dal aﬁ#} kdCRich™d gfsﬁbg oROMEAad €8 eRONE tHEE heusident T6enveiBARIlY Waferand
properties of the catalyst are given in Table 1. Conparative Exanple 4 25
Exanpl e 1 dess nepearaid, indke gores lodthe silisa{alwoina earienis thediaudd fame The

conposition and properties of.the. catalyst are gi [ I . le 5
30 The“?:at irYERege 'ngef'ayxg"@i?fﬁa %“\y/ea'[i%aégeg'sBiﬁﬁgr@ﬂ%h&? \?@H? e
tested in BYMRIPGRGH S M %br b\ tB)bove 3Bhsurk er dstentderatling betwdsn ock
used in these exanples was a M ddl e East atnospheric distillation residuum
havi ng t herdashitempeatprepodtakaiit 200°C. After drying, the catalyst may be charged
into the reactor as it is and be converted into the active state during use.
However, if so desired, the catalyst may also be calcined before use. The
15  calcining is done to bring at least part, preferably all, of the metal component
precursors into the oxide form. Calcination is usually done at a temperature
higher than the reaction temperature at which the catalyst will actually be used.
Calcination may, e.g., be carried out in air for about 1 to about 6 hours,
preferably about 1 to about 3 hours, at about 200 to about 800°C, preferably

20 about 450 to about 600°C.

The catalyst particles may have the shapes and dimensions common to the art.
Thus, the particles may be spherical, cyli'ndrical, or polylobal and their diameter
may range from about 0.5 to about 10 mm. Particles with a diameter of about

25 0.5 to about 5 mm, preferably about 0.7 to about 3 mm, and a length of about 2
to about 10 mm, for example about 2.5 to about 4.5 mm, are preferred.

It may be desirable to convert the catalyst, i.e. the Group VIB and Group Vil
metal components present therein, into the sulfidic form prior to its use in the
30 hydroprocessing of hydrocarbon feedstocks. This may be done in an otherwise
conventional manner, e.9., by contacting the cétalyst in the reactor at increasing
temperature with hydrogen and a sulfur-containing feedstock, or with a mixture

of hydrogen and hydrogen sulfide.



WO |12/119870 13 Sul fur (wt.%4.7Nitrogen (wppm 2_333Vanadi um + ni ckel
(wppm) 38Asphal tene (w. % 3. 9Fracti on boiling above 390C (w.% (ASTM D
5307) 91DasizopsTogl M, 15C) 0. 9546 PCT/EPU | 118772 50 m of PEHEP@ABAT2yst to
be tested was packed into a fixed bed reggctor. The feedstock was introduced
into the unit at a liquid hourly space velocity of 0.7 h5 1, a hydrogen
partial pressure of 13 MPa, a reaction tenperature of 395C in the fixed
bed, with the ratio of supplied hydrogen to feedstock (H2/o0il) being kept
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-process, as wel| as the 390C+fraction. The rel at LV vol une activity val ues

wer e obt ai RY¥EArGdesHIfYTRAtion, | ovii¥OHBRIFIPERAtIGR/A =nY@pdenmetaligatiy ca@'&‘ﬁlyst)/

k (Co r at.l S i.N = (; ; ® 7
2 PE MY D ket fefoleRent iichion (it eaflicrady SultabiSér L o
X bei ng t héhe dytioprocéssthg Nf Hdavyr haioCarbionafeteidstocks tohefféetesintultakecand y

C+ fraction in t

Ub 191870 PHTodBsulpsahon hfodanTageBalon Rl Cras kgt B Tianplgabls.
hydrodemetallisation.
Suitable feedstocks generally contain at most about 5 wt.% of sulfur, preferably
10 about 0.1 to about 2 wt.%, more preferably about 0.5 to about 2 wt.%. The
nitrogen content of suitable feedstocks is generally above about 500 ppm and
will frequently be in the range of about 500 to about 4000 ppm, preferably about
500 to about 3500 ppm. The feedstock may contain contaminant metais, in
particular nickel and vanadium, generally in an amount of about 150 wppm
15 Ni+V or less, preferably in an amount of about 5 to about 50 wppm.
The initial boiling point (IBP) (ASMT-D 5307) will generally be at most about
550°C, preferably at most about 400°C. The IBP may be above about 250°C, or
even above about 300°C. Generally, at most about 98 wt.% of the feedstock
boils above 390°C (ASTM-D 5307), preferably at most about 95 wt.%. Of
20 suitable heavy feeds, generally at least about 35 wt.% boils above 390°C,

preferably at least about 45 wt.%, more preferably at least about 55 wt.%.

Suitable feedstocks include feedstocks cbmprising crude oils, vacuum gas oils,
atmospheric distiilate residues, vacuum distillate residues, coker gas oails,
25 solvent deasphalted oils, tar sand oils, shale oils, and coal liquids, and mixtures
thereof. Hydrocarbon oils obtained by subjecting these feedstocks to a pre-

hydroprocessing operation may also be used.

The process conditions for the process according to the invention may be as
30 follows. The temperature generally is about 300 to about 450°C, preferably
about 340 to about 410°C. The pressure generally is about 2 to about 22 MPA,
preferably about 10 to about 20 MPA. The liquid hourly space velocity generally
is about 0.1 to about 10 h-1, preferably about 0.2 to about 2 h-1. The hydrogen



Exanpl e 1Conp. Exanpl e 1Conp. Exanple 2Conp. Exanpl e 3Conp. Exanple

4Cat al yst conpositionMb03 (wt.% 12.012. 012. 012. 012. 0N O

(wt . 9% 3. 00 080983 03. 0P205 (W . % 3. 63. 63. 63. 63.6silica PCT/EP01/08772

(W . % 5. 05. 05. 05. 05. Oal um nabal ancebal angebal ancebal ancebal ancesurface area
(2l g) 200250190255210APD (nm 13. 08. 014.512. 012. 029Si naxi num peak

83-8 oPV( APDt 5 366486 \/ 460, 550. 5Q0. 65Test
D S Ao iR dslaa T804 (OTBERTAS AbrRadh 16 Estuh oI ctssaoly 2bout
0511510010@R¥A3HBGH: 1686 Nui-| _ _107___ 195 __-1-97__-~100 From the results

in Table 1 it can be seen that the catal yst of Exanple 1 shows 5 better
results i nTtHeeprcmessanna(yf be w&rtied cmttmoge‘medabeldnm al movangd bed, trieduding

-conversi on the 9 C+ fr t han. tal ysts of Conparatiyve
ool o1 PHITENBa] o MLiFRsash P opeEbicr Enel Bast SbSrefonpnae pretked.
hydroprgcessing catal yst suitable, in particular, for the hydroprocessing
of heavy hydrocarbon feedstocks which conprises at |east one netal 5
conponent cﬁxampi@ﬁ VI B and/ or Goup VIIl on a carrier conprising
silicaalumna, the silica-alumna carrier having a 29Si - NMR spectrum
wherein the mai n maxi rum of the peak observed in the range of -50 ppmto

110 ppm i s ggetgranis, tbRillated P RINANE! @mw&mm&ﬂpsmmb Vaere éM‘t%oe!onTG h?ers

catal yst has an average por e di aneter (APD) of about 10 to about nm
a total pooéwaigraaddhe solutioas whighohad e.r4 of Bgwaa kept a63@°CGiwith s@fnr@dut 130
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and aged at that temperature for three hours. Then, the precipitate was filtered
off. The obtained filter cake was dispersed in 75 liters of a 6% aqueous
ammonium carbonate solution, and the dispersion was kept for 30 minutes at
15 60°C with stirring. The slurry was filtered, and the filter cake was washed with
water and introduced into a kneader. 99 grams of commercially available
dimethyl silicone oil (KF96 by Shin-Etsu Chemical Co. Ltd.) were added, and
the mixture was kneaded for 30 minutes at room temperature untii an
extrudable mixture (water content of 63%) was obtained. The mixture was
20 extruded to form cylinders with a diameter of 1.0 mm. The extruded material
was dried at a temperature of 120°C for 15 hours and subsequently calcined for
1 hour at 500°C. The extrudates were impregnated with an aqueous
impregnation solution comprising molybde’num trioxide, nickel carbonate, and
orthophosphoric acid, after which the impregnated extrudates were dried at
25 80°C for 18 hours in air followed by calcination at 450°C for three hours to
obtain a hydroprocessing catalyst. The composition and properties of the

catalyst are given in Table 1.

Comparative Example 1

30
A carrier was prepared as described in Example 1, up to and including the
dispersion and aging in the ammonium carbonate solution. Then, the slurry was

filtered and the resulting filter cake was dispersed in 75 liters of 30°C water and



3. The catalyst of claiml1l or 2 which conprises about 4 to about 20 w. % of
a Goup VI netal conponent, calculated as trioxide, preferably nol ybdenum
and aboutWwQB0BH about 6 wt.% of Group VIII netal 20 conp@&c&mpPpl/essizul at ed
as oxide, preferably nickel or nickel and cobalt. 4. The catal yst of any

one of the preceding clains wherein the %V[(APDt 5 nm/(PV<60 nn)] is at

| east about 55% preferably at |east about 60% 25 5.. A process for
r opar  ng. EHESEIBRES OGO i) K BRRERdn RO ITRHS- WiRercing YIHEY

silica in WaroionedBbo i SOFiRaIA A KEPIEP Mdt tBolt &URLA PRBLE, 36! ' con
corrpound. . he process orf clalm er el the silicon conpound IS
sel ect ed fobtaiB( dispegsionpofosilichkphted aluesinaahydraies pheivtss. Eved dispessight or

-nodi fied sili ils. ... WO 112/09870 16. PCT/ EPO1/ 08772 7. A f
the hydropBislEra B TFacoKa G roiRbLEE MAeh 8Pe Nealechotn Seadomi a
feedst ogk k598t @%tieHh é‘i(tFu:HdBf@'hﬂﬁ‘%\ﬂaPér RrtEIRES R} Was &{ta@gel@gé%gx@eabout
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Comparative Example 4

25 Example 1 was repeated, except that no silicone oil was added. The

composition and properties of the catalyst are given in Table 1.

Example 5

30 The catalysts of Example 1 and Comparative Examples 1 through 4 were tested
in hydroprocessing of a heavy hydrocarbon feedstock. The feedstock used in
these examples was a Middle East atmospheric distillation residuum having the

following properties:
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The oil product produced by this process was collected and analysed to

calculate the amounts of sulfur (S), nitrogen (N), and metals (M) removed by the
10  process, as well as the 390°C+fraction. The relative volume activity values were
obtained from the following formulae.

RVA = 100 * k (tested catalyst)/ k (Comparative Catalyst 4)
15  wherein for HDS
= (LHSV/(0.7)) * (1% - 1/x%7)
and for HDN, HDM, and 390°C+ conversion
20
k=LHSV * In (x/y)
with x being the content of S, N, M, or 390°C+ fraction in the feedstock, and

y being the content of S, N, M, or 390°C+ fraction in the product.
25
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RVA HDS 115 110 100 100 100

RVA HDN 150 110 130 98 100

RVA HDM 109 105 115 100 100

RVA 390°C+ | 120 107 95 97 100

From the results in Table 1 it can be seen that the catalyst of Example 1 shows

5

better results in the removal of sulfur, nitrogen, and metals, and in the

conversion of the 390°C+ fraction, than the catalysts of Comparative Examples
1 through 4.



| SI10%#& ()- |!110%#& ()- | F10%t& ()- VWAWKXZ| [ bU4 | | 3! 10%t& () -

| S 109%#& ()-1 |s!10%#& ()- | Ss#10%#& ()- |s!10%& ()-

|'s! 109+&WQ 0ZERTE [ [\ | [:bU4 | 1010%+& ()- |S/s! 10%#& ()-1 PETAPOLEETL) -

|, 110%& ()- |s* 110%t& ()- | SYt10%#&16) -\ S\\\>] 11111 [ NA410#10#10#

| 110%t& ()-1 19°110%& ()- |17M 10%t& ()- | f5#10%¢& ()- | 34s! 10%t& () -
11 AAAA SH10%K X& ()- 1310% & ()-1 13 s10% & ()- |' 10%C C& () -

| ] 10%&()‘33%1 10% & ()-b_""9aYbbc|[: NA410 @ #10%'f& ()-m | @10% & ()-
| @10%'\& ()- |k@10% & ()- 1110% & ()- SHIOWX X& () c di ddddee| [: - 410’
| Y71 10% & ()-G | %10%& ()-1 1410% & ()- 1010% & ()- |,/110% & ()-

| @& #10% &1() - méfe w@pgmqswg catehipisoighie (in mm#aowgth(e)hﬁrmpr&mesemg& ()-

| B0 Ty A AR SR P e ot
1110% #5& () - hi it 'dnbht Aﬂda@ou Y184/ @rdl)pvllml#%()@érﬁe&cbmp%mg silica-

"D #10URE () - % @#10WRE () - #10% #, & ()-) |
10% #, & () - ”qkmw@v@ﬂ_@mpm yeng ):arrlemfmwr& a) ®$oNMR spectromwherein

i 0w & () ufTooa (pedrihedh T Regt bbse e T e S8 ot adem iwato

1;&]418% & () - #] 10918’ fhpm \ig lokbieén (Qbdtit 18V $prin) andaB ot €4 40 pphd, | dHdEwkeMiMl 1 s X

&10%< & () - #] 160% gal@jyst ppsan &VQr)ag#]pM%Q@m?tawj\E@b)ﬁO&a(oPmanma.bp@Baq)[ 741

|10%< § W&&%gﬁ%f‘"@ %s %t(?b%tfﬁogfi’o@?;g i‘#‘]'#el%g%(&%é

@- 10%’ & ()- +aba%<“|&o(t¢ aUE(uth(m?Jg,MIWWWM@MW@:A&QKPVSB@Q%)? ()
"&10% & ()- 310% % 310% & () -. &10% & ()-10x" 10x' ppppppp_7F410x’

110% & ()-!10% d atlgestaloutiSies & ()-110% & ()-110% & () - pppppppOS7F410x
'110% & () - |10%& () IKN@!10% & ()-110% & ()-!10% & () - ppppppp @410x'!!10
W& ()-/K@!'10% & ()-110% & ()-110% & ()-!10% & () - pppppPPOSF410x' |1 10% 10
% & ()-!10% & ()Fheldtalgs( df ¢laibd % heleir lh@%&e{'}raé'éLQt%&c@htqm@@tﬁQquPmFMl 1

0 L% € b bl g o oo o

q<qHqLqPqsS3F41! 10% & ()-!110% & ()-!10% & ()-/K\@! 10% & ()-!10% & () - PqTgX
g\ q] gkqoqoS3F41! 10% & ()-'10% & ()-/KR@'!'10% & ()-!'10% & ()-!'10% & () - ogsgw
a{ qaqqOBF4 8! 10%1&e(gatalysiamf qewa & ¢n 2 whish @pmpma@a@@w(t} 1o aboaie2Q )Ml(%qqxﬁqqq_

F4/K\@|10%&() 1 10% & % 1 109% & 0% qaq 4/ K\@11
0% & () -110% & ‘¢ w e %J%%QQ‘%BOW % '%‘j'a o I l X %ﬁaég%w/ 1 10%
‘& ()-110% & ()mdwa&nam 'aiﬁi%a&o(tﬂt 0.5\ @'éw@t%()/vt%qaﬂ rGl@GﬁF%H 19¥at () -!
10% & ()-110% & ()-/K\@!10% & ()-!'10% & ()-rrr

rog ' r (20/ F4/ K\ @orpenent.\calcidaied 3s OX@@p/@r&f%r)ablvw%ﬂ qnnicke)@ng' qopalty 2r 6r 9r <
r2rBrdDF4/ K\ @! 10% & ()-110% & ()-110% & ()-110% & ()-110% & ()-!110% & ()-B
rErFrPrUrZr_rsS3F4/110% & ()-110% & ()-110% & ()-110% & ()-/ K @!10% & ()-_
rdrirjrkrl @or sWThe catalyst of any one of the preceding claims wherein the %PV[(APD *

411100 & ()1 10BNV IR Est st 0505 s Gt 1o Ao €6 1006 &

"()-/K@110%& ()-110% & ()-110% & ()-110% & ()-rrrrrrr [FA/K@!110% & ()-
110% & ()-110% & ()-110% & ()-110% & ()-rrrrrrrdDF4/ K\@110% & ()-!10% & ()
-110% 85 () 5. 10%A8p(gcess Jos &re{garlrtg)%a&cat)alysrt of eny tonEFdf thopreedng tRmeE () - |

10% & 1109% & 1109% F4/1 10% 1109% & 1109% &
L bi 100 & WHeraoie siika i EEbbAslec: g dne ) SHR & LRBHRAON Vigodh & ()
1'10% & ()-!10% %r%n@gﬁ,gbh cohipddriRpUd/ xs&M 10%" & () - 10x" 10x" 10x'

|16t 10% & ()-M | & ()- h (y#10%" & () -

| "' s110%" & ()--t4tt"vvwUw [:bU4/ | SSHI0OW' & ()- |  10%' & ()- |
©10%C & ()'6. ] Lllhe process of claim 5 wherein the silicon compound is selected from
30 the group of alkyisilanes, alkoxysilanes, and straight or modified silicon

oils.
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8. The process of claim 7 wherein the hydrocarbon feedstock has an IBP of
at least about 250°C and/or wherein at least about 35 wt.% of the
feedstock boils above 390°C.

10 9. The process of claim 7 or 8 wherein the hydrocarbon feedstock has a
sulfur content of about 0.1 to about 2 wt.% and/or a metals content,
calculated as Ni+V, of about 5 to about 50 wppm.



