1 3 JAN 2005 WO 02/09870 PCT/ EPO1/08772 1 Hydroprocessing catal yst for
heavy oils and its use The present invention pertains to a catal yst which

shows high activity in one or nore of hydrodesul furisation (‘“_ES%N
hydr odeni trogenation (HDN), 5 hydrodenetallisation (HDVM, and oc%ﬂggki ng
(HC) of hydrocarbon feeds, in particular heavy hydrocarbon feeds. In
recent yesruzoéshe suppli ed crude oils have becone he g as t he
demand for lighter oils | i ke kerosene %nd |l ight oils has %een i ncreasi ng,

it has-10 proved necessary to inprove the efficiency of the process for

. converting ﬁg‘??é{m é%s'in%lz% gstlf dr 9% 0"9%35%9% ually, heavy oils like crude

oi |, atnosp | st I esi uum v distillation residuum and
vacuum di stillation gas oil have been extensively converted into |ighter

- oils by flui n ordert extend the [ife of the
FCC cat al ys?‘ille ﬁ%%h% ?xtx%@g %sq‘g(saa%ab(%“f VYR ONE 96 | evel s of
FCC cat al ystnopoi siins hidrodestifufisation ni (HD®RyEN, hym@a%nﬁro'gbﬂf\'-ﬁlon ni gheslpy, and ]
reasons, the

oy | cbs BRIHET Rt DR HOWE e Belocteeking(HC of Biskashri feedn n bot or o t he

fluidi sed cpdridudrineasy Reltbdgharesati on to effect one or nore of
hydr odesul furi sati on, hydrodenitrogenation, hydrodenetallisation, and hydro

20 cracking of heavy hydrocarbon feeds. The hydr opr ocessi ng cat al ysts used

in this pr m%&m%&@ﬂh&%ﬁbﬁe\ﬂ &9&@6Il§%a@e rB%E@r%e%E@i@ Cal%rg? r;héﬁ €9

alumna |oaded with nponent um and
t ungst en an@Pr%ﬁnd@blﬂht@ %t't&ﬁ k@@ﬁmﬁwéﬁﬁ llghtld{ie hab bleet mraamog, ichml t. It has

been congi dgbas ﬁ&eséé?i@g@r&}éq{'l@%ﬁ' E@R&]P&fetﬁ% y?cg:ﬁég bdr % oﬁoégﬁégpnhanm ng the

acidity of the catal Aot her
oxi de, ~suchelgdni ilghtfﬂ oiish éctmty, hﬂeananl&&d arLdieoquleratrpaetpdaamG digtiilatecat i on

1995-19630 d whi ch
< pr opar ed By poar v SRBRUNT e ARG, and Vel S ein Ve Ry BN o "Lsi g a
wat er - sol ubbeéﬂﬁxtﬂﬂéwﬁlymnwtﬂddmowbtet bilssbyofitid icaiatitic sraickln@(li’m@t g@d al um na
has a hi gh &85 &xithathd ik & il @@@E&&@gra{;ﬁég b%g?n%ﬁ sgg@gggﬁ@ghcat al yst

based on this carrier escri bed | furisation
activit{dt mrﬁydﬂhmﬁeyekss@‘i INGC watadyisty poisorizaliied sufur,anitrogen, metals like

nickel and vanadium, Conradson carbon (CCR), and the like. For these
reasons, the heavy feedstocks are often subjected to a hydroprocessing step
"before the fluidised c;atalytic cracking operation to effect one or more of
hydredesulfurisation, hydrodenitrogenation, hydrodemetallisation, and hydro-
20 cracking of heavy hydrocarbon feeds. The hydroprocessing catalysts used in
this process conventionally comprise a metal oxide carrier of, e.g., alumiﬁa
loaded with a Group 6A metal component, like molybdenum and tungsten and a
Group 8 metal component, like nickel and/or cobalt. It has been considered to
improve the hydroprocessing activity by enhancing the acidity of the catalyst

25  carrier, e.g., by the addition of another oxide, such as silica, thereto.
Japanese laid-open patent application 1995-196308 describes a catalyst based
on a silica-alumina carrier which is prepared by depositing a silica hydrate on an
alumina hydrate using a water-soluble silicon compound. The thus-obtained
silica-coated alumina has a high degree of silicon dispersion. The
30  hydroprocessing catalyst based on this carrier is described as having a higher
hydrodesulfurisation activity than hydroprocessing catalysts based on a

conventional alumina carrier. However, the average pore diameter of the
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conventional alumna carrier. However, the average pore dianeter of the
CONFI RVATI ON COPY 1 3 JAN 2005 WD 02/ 09870 PCT/ EP01/ 08772 2 catal yst of
this reference is small, and the catalyst is not suitable for 4t JAN 2835
hydr opr ocessi ng of heavy oils Japanese | ai d-open patent application
1997-255321 describes a silica-alum na which has a 29Si - NVR spectrumin
whi ch the xi mum of the peak 5 observed in the t hr ough -110 ppm
range is p‘(’é@?it?ulg%sﬁed in the range of -80 to -90 ppm \/\Hﬁ“tﬁ@%dth of the
peak at ‘half height being 19 ppmor |éss. However, this catalyst also has
an average pore di aneter which.is too small for the catal yst to be ,
sui't abl e i ncaalyshgt thip referesse iy somallheadythedatalystrs 002 22B8bleldercthiebes a
silica-cont I h has a 29Si -NVR 10 spectrum wherein the
area of themp’ae}g@g’g%@@%g%na%”gt | east about 10% of the conbined area of
al | "peaks adapangee iihoparepatentizpplchtian 489625530 deeatiesad smea-ﬁﬁmpm - 86ppm

d -92 I of t nbl ned area o eaks. EP O
225 213 Sgscrl Zi aggtsgﬁw%?%cq'?@ ﬂ%&'g'cp NS B0 SPEIRUT 'i’fht%eepeﬁR gas 15
turbi nes5 Thisarescan isd - Sﬁalnnougah: 119 p@nﬁﬂahg@&-;ﬁislﬂlﬁhétﬁm\&hé edhgBas g0 89S - NMR

spectrum sh a p m whi ch is 0-10% of the
- peak area af g%"t &Hﬁatg?) gﬁ%’] gfllf@65p%4gt PH@’SB? P%’ES 1P BPMi ¥aledwnt ai ni ng
cat al yst fOHoWb%rhﬂ'l&r@&a‘!mblsB%anan ab@r%gé(%@#éﬁamé{@; WhtR'mbiseal kst gi ven on

the Si-NWR-: n};?\/‘; t he cat al em underlying the present
i nvention i S4ablgin t&eﬁyerpsmcmwgeﬁw @lst al yst having a high
activity | nEP”@QZﬂZSB‘H&%CI‘iHeshé! iiRACDHiHd %&trahfg{' wh:c‘ﬂyg §cc|\e gél nat i on,
hydrodenet al |isation, and hydrocracking dr ocar

particull@r ﬁ%%’W"%W@Bé‘?%érﬁafoééflﬁpeai@tﬁﬁpﬁm\lﬁeﬁtb@% abputd’ioé’dofe’tagerl y to
sol ve the ah@usingd Q#éla%ﬂau%gké@ﬂ@u%eééﬂﬂthk%hblrﬁed%}&é‘ ¥§1te aﬂ&g&é‘ af-hi gh

activity for renoving at least one of
80ppm, -86ppm, and =92 ppm is at least about 20% of the comblned area of all
peaks.
EFP O 35‘5 213 descn’b__es a catalyst to be used in combustion with, e.g., gas

15 turbines. The catalyst carier is a silica-alumina which has a 29Si-NMR
spectrum showing a peak area at —110 ppm to —130 ppm which is 0-10% of the

| ,peak areag at -50 to -130 ppm.
; US 5,334,307 describes a silica-containing catalyst for the hydrotreating of
heavy oils. No information is given on the Si-NMR spectrum of the catalyst.

20 .
The problem underlying the present invention is the provision of a hydro-
processing catalyst having a high activity in one or more of hydrodesulfurisation,
hydrodenitrogenation, hydrodemetallisatién’, and hydrocracking of hydrocarbon
feeds, in particular heavy hydrocarbon feeds.

25
The inventors studied 2agerly to soive the above problem. and have found that
a catalyst with a high activity for removing at least one of sulfur, nitrogen, and
metals (Ni + V) from a, in particular heavy, hydrocarbon oit and converting it into
lighter cils of higher value could be obtained by loading a specific silica-alumina

30 catalyst carrier with a specific hydrogenation component. In 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



metals (NN + V) froma, in particular heavy, hydrocarbon oil and converting
it into lighter oils of higher value could be obtained by Ioaglng a
specific silica-alumna 30 catalyst carrier with a specific hy r%gﬁHﬁQﬂﬁh
conponent. In particular, the catalyst of the present invention is
suitable to effect conbi ned hydro- desul furisation, hydrodenitrogenation,

and hydr ocy@eijesng of heavy hydrocarbon feeds, while %@8’% cting
hydrodenetal | i sati on when the feedstogk contains 1 3 02/°09870

PCT/ EPO1/ 08772 3 substantial anpunts of netal components. The

hydr oproces of t resent . '_n tion is characterised by an,
aver age porghlgﬁq%rﬁ@{%g'%&s 8%'88{5?36%?@3“%%&? Y&‘S'OWH?ES@@#@@'X%"@ figrface area
of about 136résentabmmtlon$&00hﬁ?écﬁenséﬂfﬂ)y%n é?/@l‘d@;e%'{‘év‘ﬂ%rr%fter%f ab8@sfo gbout 0.3

m /g, and at about 50% of the pore 5 volune o ores wth a dianeter-
bel ow 60 nnﬁpgﬁ?@e@@n? SPRCiPtacR; aTeg /T abeU gl to @bo%gﬂoavéfgagl@d por e

di amet er 15ppmg vdidige by &t m&pas&&lm@ nﬁgt _ah%%& et B0 aRA of B ﬁ%re

silica- alumna carrier which has a spect frum wherei n
maxi mum 8f FWémﬁééROVS%’éh\%iﬁmﬁet brlow 58 e isforessot ip perasovithdrl @ range s

Py ogenat | on et e Pog PRRTANBHE 15 1Y KRR L-SHA trEh theMs bER ?Peofmt he
Peri odi ¢ Tabh & sdicafEluminn carieT whichi Hasca228NMR apectrunh emerelrethel maihhe cat al yst
of the peakamutt SFehe Benl SyRondd 1) 1 RrB g ritl b o DshpPe Between |
about d- 80hpbﬂiw&ﬁm albdtut80- 98 aopinabout f—10mepmaland rmmpm;nﬁg(a‘t I@a@rt]@nﬁeas i's 4
et vi £y canr Rt SEERh oot SORARLASE Sip eV ErE! SDunH! efber . Fowever.
accordi ng t BetiadraTadeofEereants. publ i cati on 2515379 and JP | ai d- open patent
application 1997-255321 a silicon 20 atom provided wth four -0-Al bonds

has its adsorption peak at -80 ppm On the other hand, silicon atons

provi ded WI Tihe ailica-alaminat cudrierOussd |bQ1W£d§atE@§teoftth@'ﬁrese%@%ﬂéﬁ‘ﬁdnoﬁhs()é’aks above
-100 ppm g$w%reg ore resuped that the fact that the nain maxi num of
the peak ob%e ?"E”Hb EL]S ma’ﬁd“%’ﬂ#‘@c? 1he pegppbsaredigttien about

- 80 ppmiandraage of-501ikn pA10PpaTs beRieeA kbR —80 pBmIRRIGNbIC100 ppm.
If the main maximum of said peak is outside the specified range, a
hydroprocessing catalyst with the desited 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 ir the range of —50 ppm to —110 ppm
is between about ~80 ppm and abaut —100 ppm is an indication of a specific

25 dispersion of the sificon 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 foilows:



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-NVR is carried out] dsUAY 2005

CMX- 300 (5mm probe) produced by Chenmagnetics and the neasuring conditions
were as follows: 1 3 JAN 2005 WO 02/09870 4 PCT/ EP01/ 08772 Cbservation

f requencySfp s yHz Cbservati on .range27. 027 kHz Dat a. ﬂﬁhﬁ% &;32 Qoservation
poi nt s2048 Measuring net hodl dpa (29Si- MAS by 1 H gate ecoupl e) Pul se

wi dthl.7 merosec (29Si 300 pul se) Repetition of integrationpd=l5sec, ad=20
m crosec, rd=25 m crosec Sanple rotation frequency4kkt I ntegration

ti mes5432-12000 tines mﬁndom/proce55|ng100 (exponentlal function w ndow)

Measuring t EB&draatiah FeQeancy cITPer rencesil i cone

rubber (sec ﬁg@gryct@ﬁt@,{ggal FET eT Q?@ZEkHi ME—219-ppm—St++ea=—al um nas
suitable fo DESSOIS the L,dL at-yst Qhgs e present Hrvert+-en—ean-—b¢ obtai ned
2y Yk 5 Suitable

g¥g;ﬁrgl rS]: Pdo%bﬁét%ﬁﬁbhﬁal : :«::J::A:\EQ‘ 'J:L:l:’}ui Lapnes.-such-as tetr

and tetraet m,éas?u i ﬁk@%@l!\gﬁp@@ﬁl' AS byt TH dated degay énp
tetraet hoxygt ¢ et holy/JNicesec C98H3QSHaISel + 1 i et hoxysill ane,

pol ymers BlPR <i| | PETIPSes ed=4Q mitresecdidra fjgresdci ¢one oi | ,

met hyl pheny %mP’FMﬁf'On(ﬂ’qque%Wd e84 hydr ogensi | i cone oil, orgafmic nodified
silicone oi | Ktegiatianfmes| kyl 10 mbB#32-62008itimesone oi | s, fluorine|nodified
silicone oi|%indgypPReessng nodi fi e¢ 168 Hz(ﬁxpenesmanmnctlahmmﬂﬂw)rmdi filed silicone
oi I s, am no| Mealiufingtemypieratarene oi | monepowyratwdi fied silicone oils, phenol
modi fi ed si | ¢heomiel shift ssfereacdoxy  fritliohi @ebber [decomBnpEtEmaand
reference of TMS: -21.9 ppm)

=t hyl si | ane

Silica-aluminas suitable for use in the catalyst of the present invention can be
obtained by combining an organic silicon compound with an alumina source.

5 Suitable organic silicon compdunds include alkylsilanes such as tetra-
methylsilane and tetraethyisilane, alkoxysilanes such as tetramethoxysilane,
tetraethoxysilane, methyltrimethoxysilane, and phenyltriethoxysilane, polymers
',:iher,eof, straight silicone oils such as dimethylsilicone oil, methylphenyisiicone

’ oil, and methylhydrogensilicone oil, organic modified silicone oils such as alkyl

10 modified silicone oils, fluorine modified silicone oils, polyether modified silicone
oils, alcohol modified silicone oils, amino modified silicone oils, epoxy modified
silicone oils, phenol modified silicone oils, carboxy modified silicone oils, and
mercapto modified silicone oils, and mixtures and combinations thereof. The
combining of the organic silicon source with the alumina source may be cairied

18  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 wi.%. If less

20 than about 1 wi.% 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



mercapto nodified silicone oils, and m xtures and conbi nati ons thereof. The
conbining of the organic silicon source with the alum na source nay be
carried 15 out, e.g., by kneading, immersion, inpregnation, etd.3RAN g

i ncorporation, the silicon conmpound can al so be dispersed in a solvent If
need be. The amount of silicon conpound should be selected in such a

-manner thagobh@sHhi nal carrier .contains the desired ap o1/ sfv silica. The
silica content of the carrier is generally about | to abou ‘?Ovvt.%
preferably about 3 to about 10 wt.% 1T |ess 20 than about 1 W %of silica

is present in the cgrrier, the effect of the invention is not obtained. If
the carri er RC¥FHS FROSHB, & haphmitgnaisk mxbireg obthe fabeve. iltda preféresdsfor st |ittl e
further inpngwseaBait ok bhgeSdififmb i ' f,any suitable type,
i ncl udi ng al pha al um nfal, thet% a%dxgnl-ﬁﬁﬂégﬁag&a% %%nglygpoge?ag\"lﬂri na, eta
al uni na, - garfvNBR 8RA/PEEta gnd Hieta alumiiana, and al umi na hydrates such as 13 JAN

2005 WO 02/ A : IL.te. gi.bhsite, or boehmte, and
m xtures of Q?%é&g@éﬁ\'/}é_@%%ﬁ{; ?gz%%rel?gerg%ﬁﬁgﬁ)‘ﬁm'ggforﬁﬁ%g?fayﬁ{)ﬁ‘fco B B the
al umi na i5n theinyérnian i atgaby &tllows. be made up of gamma  al umina and/or eta

and t heta alum i | e _process for preparing a silica-alumna for
t he catal ystIHarHc@gSF ﬁ?ér%% éggg Qq%@oquHaesM:ﬁoquia ,m@.“lj'? hydroxigle) sedium n a first
step a basi dydroxigeuordsaiih ahsniaaEtsicdmblikdif tndfues o ieMunh Wik 0 de, or

sodi um al um nﬁt eli S conbi ned i,n a}_gaaquepus medi um wi th an acidic al um ni um
compound su@RUESMITSAMRIYNY UthasRluginium Rifrate o gluminium salide, ande mi xt ur e

s i xed o tir epare iamigkdits pickendhusleminmishiUydate HenPHinefoH BPirt0 M xed

sol utlog chan)ge?s th the progression of the react] ow, but” 1t I's preferred

that whefl afft _oﬁ%am MYFNBLOR REABISREUCT the reaqtion lnéitieprefartedut 7 and

about 9, - Thehek heh all eaPbbai! RTB LA LorfibRed i A lobdrRelPbiaRy Aot 60 and
e

about 75C. Ié ﬁ%ﬁj%i rable to age the resulting produc re further
processing, 2 9@ rTingl feactige tYnPeiBlbR Pefarably ialbetneen atout 60 anien t he
reaction i saBéutcaa®! RtRsy bbhdesiramelth | ' L& i by
filtration. It ma thenéiybe \A/ass,rhed todbrge@%\%gé%ﬁoﬁ%sgéﬁjﬁ%ﬁﬁ?he organic
silicon conBGREF!9s e dord® heriod-of gheu Orfe ageut 4 Moves. Vhercthe reotipoisnd  can be

added agssuebmpleted) thedreSUitihgRfnina gel is isolated by filtration. It may then be
washed to remove impurities. Then, the organic silicon compound is combined
;_.VWith the gel. The silicon compound can be added as such, or in a suitable
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 suifable 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 andlor-‘tﬁe pore struciure 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:



solvent. The m xture is mxed, e.g., by kneading for a period of about 10
m nutes to about 2 hours. If necessary, the water content of the mxture is
20 adjusted to a value suitable for shaping, which for extrusidnd JAN 2005
generally., is between about 60 and about 70 wt.% Then, the m xture is
shaped, e.g., by extrusion. As is known in the art, extrusion aids may be
0
e

added d“r-i\ﬂ?oz%oﬁfl extrusion to control the viscosity ar)rd/or t he pore
structure o carrier after calcination, if so deiPE8Y%&E t abl e

conmpounds i ncl ude pol yal cohols, cellufose, or 25 acids like nitric acid,
acetic acid, or formc acid. The shaped particles are dried and calcined to

obt ai n a suThabdislystaceording td thel isvenfioehes & edficrarédes ditdinised 19, thg carri ed

out at a tegEiratHrqe bet ween room t.egeperatur_e and about 200C, and that the
cal ci nat i onPF4 MEiRed Bynigggen adserptiog (afier calcinstien fan tiwed hows &4 608860 t o about

900C. 30 Fom thélmng@toabbi@lt 180 €QRKBLAB00 ﬁuzfgbﬁréféma?bé%eﬁ%b&ﬁhis@‘éﬁdt_he. desired -
object in the  hy B?@rocesm ng of heavy oils, it must have a specified

surface ar e®PUhd4p Aspyriacaiased PQQWi%W.Ut 13@ mfjanwitl 0! Wdnoffides 70
PCT] EPO16 084ctiity. SORN thel Bt Y fincfiCS UiBY 4! oYl ! b iy g5 SUr face
y Artr Sor pti on 'Y ar

area as deternined by the BEI nethod ogen a on ter
cal ci nat i oninf@pratitieasitiniba required poGize distributionr ange of about 130 to about

bel ow about 155 agre Wi PELE Ryt 3Gty iR lRn BF oherfindlic ot her
hand, a surbagitogancaisatptior skduidibe a018ast@bguti 53 nillycurefeedbiljoh ¢henange t he
nccor di ng t5 FRa T2 bl o0t BT HERTe R ¥ SN 2Ll 3R shoul d be
at | eastid abthatcatalyst pardpmancefieinsbifigientn t he range of about 0.4 to about 1.0
T oo g e (it o B S o e el str s L
accordi ng tdeterinddriwenitrogen adsorpdioh ehatid Bd idIhaahi® SRiboREFPIPABR shoul d be
Ir |nrr;[ hrem; 2” oTE rfgr gr%fégéba\%gﬁc%u? ilgt%f? %Egtgégtn%?m rreegrgf{a?aglly ab%gto %J.’é[ tola?bc;[u? about 20
' 20 nm. In this specification, the average pore diameter is defined as the pore
15 diameter at which 50% of the total pore volume is present in pores with a
diameter below said pore diameter, and thé other 50% of the total pore volume
|s present in pores with a diameter above that pore diameter. If the average
pore diameter is less than about 10 nm, the hydrogenation metals are poorly
dispersed, which results in a decrease in catalytic activity. If the average pore
20 diameter is above about 30 nm, the effective specific surface area of the
catalyst decreases, which results in a decrease in catalytic activity.
The catalyst according to the invention-should have at least about 50% of the
pore volume of pores with a diameter béléw 60 nm present in pores within a
range of the average pore diameter 5 nm. The pores present in the range of
25 45 nm of the average pore diameter are considered to be the effective pores for
the hydrodesulfurisation and hydrodemetallisation reactions to be effected by
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



20 nm In this specification, the average pore dianeter is defined as the
pore 15 dianeter at which 50% of the total pore volune is present in pores
with a dianmeter below said pore dianeter, and.the other 50% of 1@eJ§Q(p;t§@05
pore volune is present in pores with a dianeter above that pore dianeter.
If the average pore dianeter is |ess than about 10 nm the hydrogenation
netal s ar di spersed, which results in a decrease in catalytic
acti vi ty.e"lm?ﬁlz'?%%’xaverage pore 20 dianeter is above abButE8¥ % t he
effective specific surface area of thé catal yst decreases, which results
In a decrease in catalytic activity. The catal yst according to the
invention shoU(<@0HuN¢isaat ibash sbowtfiith, Bi0Yhwe préferablycat deasbhibone 6084 pores with

a dianeter. iLn pores.wthin a range of the average pore
A tiord B-Be ER ok st PR Rty

diameter t5 nm The pores p ange of 25 5 nmof the average

por e di amet Ere pore volus: atel e tige kitriblatioe bfcesitainel RaiEHeHIH rgéﬂh@?f .
hydr odesul furi sati.on and hydrodepetal | Lsation reactions to be effecte y
the catal ys?orai}&%?'g%ed" q%o%’pﬂgn fSH%HP@%.‘Z?%NFmBM%B%‘M%P 8 Phduse about  50%
the por® shyipfors Bel KIK AR tHecatnt W GkirmitdorhirediHoaktdt ¥Googat al yst is not
obtai ned. Preferably, the percentage of the pore volume of pores present
in the specified 30 range is at |east about 55% nore preferably at | east

about 60% file LRaWSEIrIAE BRksEAInidMoft BbAbiSls AIERS Sha Bichfnt BgeLiyenti on to

have at | east about 509 ore volune of pores w ter bel ow
60 nm pr esdfMiGiowrd V& angiGraumVHll efiibe dteriodicvisble af0Elaments Gapplied bpr e

pr ef er abl y,CﬁQﬁca%EMEﬁ(n%gf §Qrv?)ce§ (é?g%g&g%pmhgzﬁgeg g? Q %ﬂ%ﬁ@%ﬁo (72 1

nm/ (<60 nm] Is at |east about ‘| nore prefera | 2ast about
60% afll VNP metd cempenant gndia GreupsYlllahetalcobfvhertseprpferredyvol ume and pore

Shre O U AR ANl SRl ek BB S DA 00N
K. K after tiﬁi_@, et Hlay e mentionedi Thede tompotmdsealitawe @ kigh hadéyentlion cat al yst  of
s e Tl e
Abst ract Sedfviiicket afdASDhal) &t preferreihdsuGmupf ViB metdl waichaandfe ased0 G oup VI
metal  CHTPRGDaAIA, du Tt Ay bndRiRL SQReNEbd2aPhel & e of
performance and economy, molybdenum is preferred.
:‘:Based on the weight (100 wt.%) of the final catalyst including the carrier, the
amounts of the respective catalytic materials are as follows. The catalyst
comprises about 4 to about 20 wt.%, preferably about 8 to about 16 wt.%, of
20  Group VIB metal, calculated as trioxide. If less than about 4 wt.% is used, the
activity of the catalyst is insufficient. On the other hand, if more than about 16
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 VIli metal, calculated as oxide. If the amount is less than .ab'out
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 io
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



As Goup VIII netals which can be used in the present invention nickel,
cobalt, iron, etc. may be nentioned. These conpounds all havzcﬁm%ss
hydrogenati on activity. However, in view of performance and ec

ni ckel or a conbination of nickel and cobalt is preferred. As G oup VIB
met al s whi ch can be used 15 nol ybdenum tungsten, and chrom um may be

mentioned,y vi ew of performance and econony, ym S
preferred 09i(‘i’}'aon the weight (100 wt.% of the fi ngfé]}él%gg& 4t i ncl udi ng

t he carrler the anounts of the resp@ctlve catal ytic rraterlals are as
fol | ows. The catal yst conprises about 4 to about 20 wt.% preferably about
8-to about U6 nut. matedéllyzm@asarihh’l @tafﬁtwactrvmlocuhatceﬁiyascmmp@ﬁloﬂe. If less
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‘about 20 wt nfdyi eonmmddmbmrmmbums: ifp&y H@@f@@n@er ekample} ’tHen@-:EtéHgﬁd further.
% preferably about 1 to

The cat al yst c rises about 0 abo
about 5 25SHRPYLmEEn frell u?r%’t%ﬂomié% A efrallier £8MBRYNdS, SUCh ashe anount

is |ess Bhaﬂtaaﬁo%rcorﬂa%wia Yna§heRicaClihy 'dxbﬂeszebl"i@ ey ahiigtalgd & gbe too Iow.
If nore than apout % S gresent t he cat al yst performance will not be

i npr oved fuP‘P‘ﬁEF‘aﬂqf‘tth?@OfaP Esferably othe sHPReTbmaterial aontaists lessdharmakduy st accor di ng
to the inveggh taI of silica
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and alum na, nore 30 preferably at | eas ‘nore
preferably, iaiesrre%g!tfsmw@le9@3morpwa’mtadﬁ:gomawatawmercampmntmmtarhe carrier of

the cat al ySEatQﬁ/ ﬁg?&ﬂoﬂ e e’xQI\‘ﬁﬁ gﬁ@sﬁ%ncc ﬁ‘fl'ﬁé@% Egs&r&gin@l b%‘ of silica

and al um na t1on "cons ssenti Bt ot her
mat eri alf@ rrdr;escpjee ﬁlrneem*mgwatmm rmtalammremsagnnbmcae phesphdnd AN 2005 WO

02/ 09870 P t e th alytic
activity of %xﬁr{%/ ?é%@tm é%e ﬁ%égrc’ra%%ﬁq@ @o%'ﬁ%% Qgc?%f"r%aﬁgﬁ ea%tof"gh
Never t hel eswl.%. reefesbiy apotit ‘htocabrodtmgt Vo colbdaedasP:0on  nay contain
addi ti onal conpounds if so desired. For exanple, the catalyst support

material may contain up to about 10 wt.% of other conpounds, such as 5
titania, ziTeo@rayp Vi meial ragpeserds and rGroux Vil mezs @binbenentd aan Beneral s, or

Zboﬁfngilg'at in%'rp%@%oe(?rgto tﬁeerfsa%l?sql cv,amerh?n Sau%%%etntrgr?z}l e&éﬁéercgr&albgs less than

impregnation, immersion, or deposition. At this point in time it is considered
preferred to first prepare 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, ammoniﬁm heptamolybdate, ammonium
dimolybdate, and ammonium tungstate may be mentioned as suitable
precursors. Other compounds, such as oxides, hydroxides, carbonates, nitrates,
chiorides, and organic acid salts, may ai:so' be used. For the Group VIII metals,
suitable precursors include oxides, hydroxides, carbonates, nitrates, chlorides,

25 and organic acid salts. Carbonates and nitrates are particularly suitable. The
impregnation salution; 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 companent precursors that



wt. % of these additional conponents, nore preferably |ess than about 2
w.% If desired, it is possible to incorporate additional catalytic

conponents into the catalyst conposition. For exanple, phosphgréc‘ﬁ@ih&pgay
be used to help 10 dissolve the hydrogenation nmetal conponents.? U
"case, phosphorus is generally present in the final catalyst in an anount of
about 0.5W@oEeyt 6 wW.%, preferably about 1 to ab? Pztlm 72% cal cul at ed
as P205. The Group VIB netal conponent,ss and Goup VIIT netal ¢onponents can
be 15 incorporated into the catalyst "carrier in a conventional nmanner,
e.g., by inpre natlon i mmersion, or deposition. At this point intinme it
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metal s, amm hept anol ybdat e, ammoni um di nol ybdate, and ammoni um
tungstate nay E mentioned as suitable precursors. O her conpounds, such
as OX|de§ hydr oxi des, carbonates, nitrates, chlorides, and organic acid

sal ts, sed 0 G.oup VIII .metal s sui tabl e precursors
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i mpregnati o contai n ot her conpounds the use of

| t
DO o e Be A beriad oY afiersdd efsie iR theSehent, CRwenTaTAli watehd.
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precursors into the oxnde form. Calcination is usually done at a temperature
; hlgher 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. S .
The catalyst particles may have the shapes and dimensions common to the art.
Thus, the particles may be spherical, cyfindrical, 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 § 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 VIli
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.g., 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 sulffide.



between. After the active netals have been incorporated into the catal yst
conposition, it 1is dried and calcined at need. The drying can be done at
such a tenperature and for such a period of tine as to ensur & & WA 2605
sol vent, conventionally water, does not remain in the pores of the
silica-alumna carrier in the liquid form The 10 atnosphere is not

especi al | yyd dofgbdsed; usually air is used. Drying may, Tgt? Og% carried out
in air flow for about 0.5 to about 16, hours at a tenper UY%&Bet ween  room

tenperature and about 200C. After dry10ng, the catal yst 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 al so be cal ci ned before use. The

15 cal ci ni ngi t. er ab all, of the netal
conponent EP%?S% 0?30% 9‘%*‘%&8%{% g %rs%ta%q: hﬁﬁéﬁgﬁrgcﬁwﬁlqy done at a
t enper at ur ehydipgghean t@dstohles rb:aceifemh tomgpesrat Mb& abf V\hydgdsgéntaﬁorpat al yfst

be, carried out in air for
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MeNsi ons conmon he "ar us, e

ticl t he shapes and
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may range fhyaimdseoiphuisation, hydRRidhit ter of about
25 0.5 to aﬁ)ﬁ? 5 gwlf r%ferygbly ar%%ﬂﬁ%n %Ff)dgi \A%Mr%%aapglr]l a’l ength of

about 2 to Nfor exanple about 2.5 to about 4.5 mm are
preferred. S@ua%we@&t@lﬁg'g%ﬂéﬂaﬁy E&té?ﬁ’ai’l%éti Gtﬁ@s&% é{fséuifgn’ Bree;wt?e Group VIB

and Groug VIIl1 netal components present Ydic form

prior toYit3PqEa.Tite agput QOWh%drf@ﬁ? @t@@gblﬂgﬂhwt ﬁ)ﬁdtooafmulbdnmﬁ%e?ﬂbé ocks. This
may be donemirébe%rl:o%é?]‘?b%éiﬁxblecﬁgd’&%k%‘?sn?é eg%@ 50@3’ cont(ﬂct ing the
errpe 8 t £

catalyst in the reactor at 1ncreasing and a
sul f ur - cont il fieskenile ba & Berangs ofwbowt 5901 abmrtdOOEDbpdnypi'efegmyly am‘it hydr ogen

sl e LS 2908 D SRS RAER, bbb
f eedst ocks Ragticsier eiakebard arenadivre, péndngliyrio gematrioont, of about 150 wppm
"~ 15 Ni+Vor 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
).7‘550"0, 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 cbrhprising crude oils, vacuum gas oils,
atmospheric distillate residues, vacuum distillate residues, coker gas oils,

25 soivent deasphaited oils, tar sand oils, shale oils, and coal fiquids, 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, preferahly
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



hydr odesul furi sati on, hydrodenitrogenation, hydrodenetallisation, and 5

hydr ocracki ng. The catal yst of the present invention is parti cuLgrlé
suitable for the hydroprocessing of heavy hydrocarbon feedst ocks tj NefB08ct
si mul t aneous hydr odesul phuri sati on, hydrodenitrogenation, hydrocracking,
and, if applicable, hydrodenetallisation. Suitable feedstocks generally
cont ai n atwg@absz@bout 5 wt. % of sulfur, preferably 1&%@%779. 1 to about 2
wt.% nore preferably about 0.5 to abput 2 wt.% The nitrogen content of
sui tabl e feedstocks is generally above about 500 ppmand w | frequently
be in the range af .about 500 tqQ apout 4000 ppm preferably about 500 to
about 3500 BpIFEdAe FASTEELY s goRil iORith 06t AFHCNHL Prefarabls abbut

particul ar spCelboanthopanadi um generally in an anount of about 150 wppm
15 NHV or less, preferably in an anount of about 5 to about 50 wppm The
initial boilThEESHMIY BP)cariadmit in 330%ed bed lor gemeriag Ibhgdpiciatingpst about
:-550C, preg : P . about 250C, or
even above a%glﬁw%%%ar%sﬁ gjl% l\‘:!typ é%’? &]m'):-sg{éﬁat{‘)eguolp %o%a&%%}é%f?{e eedst ock
boi | s ab8ve 390C (ASTM D 5307), preferably at nost about 95 wt.% Of 20

sui tabl e hegyé{?gl@qu, generally at |east about 35 wt. % boils above 390C
preferably at I|'east about 45 w.% nore preferably at | east about 55 wt. %
Sui t abl e feedstocks include feedstocks conprising crude oils, vacuum gas

oils, atno i 1 St e, residues, .vacuumdistill ate residues, coker
gas oils, 2@@%@%?\%’%&%%%%@{%“%#EI,%h't"'é‘r’m?ér’ geovare addesdtpdOdiers, and coal
hase T bedotocka. Lo, 0 BLom Tvtl o o e e e s ) et The
pr ocess(?@on%q)ﬁ%h% #@Fﬁrﬂ@%%’gﬁ%g@ség‘i‘iﬂr‘mﬁgﬁw feqehedha kalve ohB.day be as 30
fol | ows. Trmtaieapemaniuaenyguetws:aﬂd.yrhb%lmquagenersalﬁ%@ecii g: a;dggﬁﬁ 39%9@% Lﬁ{ erng:vg)A

about 340 tg about .410C. The, pressure o]
preferably o?ﬂerGtQ%?%mBﬂ?m%)%ﬁ/%ﬁe hores, Tham, ehesasipipte wag dltered oci t y
general ly oft Eeoubtabed fir al2retwakOdiBpdrsed e 78 fBlsy 008, Qﬂu%oEQ about 2
h-1. The hydrogen 1@%]@@ 2005 WO 02/09870 PCT/ePOL/087/2 11 to. feedstock
rati o generd"nyy BHYUs, apd the disprasing mas kepbfos 3Qunigutas abit

15 60°C with stirring. The slurry was filtered, and the filter cake was washed with

water and infroduced into a kneader. 99 grams of commercially available
’,cllimethyl silicone oil (KF96 by Shin-Etsu Chemical Co. Ltd.) were added, and
‘the mixture was kneaded for 30 minutes at room temperature until 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 mo!yb&e'num trioxide, nickel carbonate, and
orthophosphoric acid, after which the impregnated extrudates were dried at

25  B0°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 resuiting filter cake was dispersed in 75 liters of 30°C water and



600 to about 1000 NI/I. .The process nmay be carried out in a fixed bed or a
novi ng bed, including ebullating bed or fluidised bed operation. Fixed bed
operation may be preferred. 5 Exanple 1 880 grans, cal cul ated 43 4@20%
of alum niumsulfate were added to 70 liters of water, and the so ion
which had a pH of 3, was kept at 30C with stirring. In 10 30 mnutes | N
anmoni a added until the pH reached a val ue obtain an

al um na mﬁgzt/dgﬁgl urry. The slurry was heated to 60C |¢1]§J(91"§ﬁqﬁut es and
aged at that tenperature for three holff s. Then, the precipitate was
filtered off. The obtained filter cake was dispersed in 75 liters of a 6%
aqueous arAovdtengiasasblutien Gvddh aitita) wasauded fretvel mipetesi Thenihe skegt for 30

s ol S bok (34 KOG P PR and g, e 11

conmmer gi al | pbiainag Idaipbeszonélofrml:]dmydoamdl aloaima legilraté Iﬁﬁgﬁ}ebyTﬁélid&pEﬁSm Chemi cal

Co. Lt re e m xture s knea or 30 mnutes at room

t enper at Lr eVant ﬁqre@ﬂhe ﬁ'%@ﬁ‘f&%ﬁ?%wﬁ?'ﬁdmﬂ %ﬁrt%}d I kppadesp anas

obt ai ned5 Theeagiektnth ememucweamr(wd@ac@mefﬁmw%sldmﬁéd Yhi hu%%bgﬁft er 1gf
or

1.0 mm_ The extru ried at a tenperature of

hours and sWB%g?fﬁ'eeﬁ‘g Fag‘i@lfeméﬂ'nfjﬁfﬁ with aydigmetar o6 d@anmTihke exrudatest es wer e
i npr egnat edwatd furABr BEABQURd & féﬁfaﬁ/@f‘%k weﬁé?édﬂtﬁ&&rcﬁx?%@rc;e%b%d”ﬁ' ybdenum
trioxide, nickel carbonate, and orthophosphoric acid ter which the

i npr egnat edE53p! 9da@@ye@%cwmﬂls&tar@mr&mwﬁ the chiaiysbanerghedn inf ol | owned by
cal ci nati onTa}e450C for three hours to obtain a hydroprocessing catalyst.
The conposition and properties of the catalyst are given in Table 1.
Compar attiPve Exanmple | 30 A carrier was prepared as described in Exanple 1,

up to and i aghugia Elfg-;.n idbspersion and aging in the ammoni um carbonate
sol ution. ThenH ﬂ‘ges rgy was filtered and the resulting filter cake was

di spersed in 75 liters of 30C water and 1 3 JAN 2005 WD 02/ 09870
PCT/ EPQL/ 08E>Za%np!e 1 was repeated, except that the water content of the silica-alumina

hydrate before extrusion was 66%. The composition and properties of the
16 catalyst are given in Table 1.

Comparative Example 3

Example 1 was repeated, except that instead of silicone oil 20 grams of a silica
20  sol {colloidal silica, silicic anhydride 30%) were used. The composition and

properties of the catalyst are given in Table 1.

Comparative Example 4

25 Example 1 was i'epeated, 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:



12 a waterglass solution (6w.%silica) was added in two m nutes. Then the
slurry was heated to 60C in 30 mnutes and kept at that tenperature for 3
hours, to obtain a dispersion of silica-coated alum na hydrate']p@r\yAlqlcﬁBs
The dispersion was filtered, the filter cake was washed with water an
heated and kneaded in a 5 kneaded until an extrudable m x (water content
63% was obbedoege. The mixture was then extruded to §&f ﬁg,lﬂznders with a
dianeter of 1.0 nm The extrudates wegge further treated and a catal yst was
prepared therefromas described in Exanple 1 above.. The conposition and
properties of the catalyst are given in Table 1. 10 Conparative Exanple 2
Exanpl e 1 was repeated, except that the water content of the silica-alumna
hydr at e bef pgefgXdt%pl 0N Was 66% T1he conpgyi tiom ang properties of the 15
catal yst ar ENBro¥em (vigpm)abl € 1. Compar att v,zﬁga'rrpl—e-s—Exarrpl e 1 was

repeat ed, eFRpRARIGUINAnidkBRWRAY) Of ST Tcomerggt 20—grafs of a silica 20 sol
(col loi dal si{ ]‘{gﬁene’ jckeltpr) 369% 1% —The conposition and
A ef—a—TF

b CaniTydt e—309% 1
properties St—atr-e<gyet Fabie—1—Conparati ve Exanple 4 25
?(% TCHEP no si|¥Eone oi| as added. The

Exanmple 1 w BakE
conposition D E-G et 6 s psae_gL.\Len_in Table 1. Exanple 5
30 The cat a mﬁ’_&-" e and_Conpar at §- §4€anrml 8s 1 through 4 were

= Lt

tested in hdroprocesi g of a heavy hydrocarbon feedstock. The feedstock

used in thegenieradlcafiysfto Be Weslah waBaSIckad [HRS BNkl Gefi L) gON 1 esi duum
having the _fall ow ng, pryggert?es: 1 ?? AN 2005 V\gﬁog?)ggé-%&%aﬁﬂe

PCT/ EPOL/ 08e#Istagi yay intrpguagdnte the unit at a liquid hourly space velocity of 0.7 h-
5 1, a hydrogen partial pressure of 13 MPa, a reaction temperature of 395°C in

the fixed bed, with the ratio of supplied hydrogen to feedstock (Ha/oil) being kept

at 800 NI/l. The process was carried out in the liquid phase.

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

calculate the amounts of sulfur (S), nitrogen (N), and metais (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
k= (LHSV/(0.7)) * (14*7 - 15°7)
and for HON, HDM, and 390°C+ conversion
20
k=LHSV *In (xty)
with x being the content of S, N, M, or 390°C+ fraction in the feedstock, and

y being the content of §, N, M, or 390°C+ fraction in the product.
25



Ni trogen (wppn) 2333 Vanadi um + ni ckel (wppn) 38 Asphaltene (w.% 3.9
Fraction boiling above 390C (m.9% 91 (ASTM D 5307) Density (g/iﬂ )
15C)0.9546 50 m of the catalyst to be tested was packed into a 13 KAl BaLs

reactor. The feedstock was introduced ingtoethe unit at a liquid hourly
space velocity of 0.7 h 51, a hydrogen partial pressure of 13 MPa, a
reaction te rature of 395C in the fixed bed, with the ratio of supplied

hydr ogen to %F%ﬁrqmﬁﬂllﬂ)Tabé& mdpekagt at 800 NI /1. The process was
carried out in the liquid phase. The oil product produced by this process
was col |l ected and anal ysed to calculate the anmounts of sulfur (S),

B ne i s S e, TG PTES S
+Traction. . e reljative vo Ur&aﬂ,&léjl Eﬁxaggp ﬁgmﬂl\o “Trom e
_ o ig [ Rar2XargRle 4

t

fol |l ow ng formuae, RVA =106kt

Cat al yst 4) rE5yheretat-er—HBS & LHSV/ (10.7)) " (Ily-7- 11x.7) 20 and
for HDN, HDI\/F‘Q% i§90C+ conversion k = LHSV * In (xl'y) wth x being [he
content of BEXNPOSKIOR, 1390C+ fragtion in tlhe feedstock, and Jy being the
content of SMAQ@3 fWt%) |38+ fratliPdh in (HE. ®roduct 1225 1 3 |HANG 2095 114
Exanpl e 1Coi@dwh%Fonp.3Bnp. ExhsW e 1Exgmphe 2Exanpie 3Exanp g 4 Catpal yst

A~

conposi ti on| PROS (WM%) %93l8. 012. U13.912. 0175 3.6 36
sifica (wWt.%) | 5.0 5.0 5.0 5.0 )
alumina balance balance balance balance balance
surface area { 200 250 180 255 210
{m2/g)

APQ {(nm} 13.0 8.0 14.5 12.0 12.0
298Si -83 -80 -85 -107 -
maximum
peak (ppm) ,
%P\/[(APDd:S 63 66 48 67 68
nm)/{Pv< 6o nm)] :
PV (mi/g) 0.48 0.46 0.55 0.50 0.65
Test results
’-.-‘RVA HDS 115 110 100 100 100
1 RVA HDN 1_50- 110 130 a8 100
RVA HDM 109 105 115 100 100
RVA 390°C+ | 120 107 95 a7 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,



' w. 9% 3.03.03.03.03.0 P2C6 (W .9 3.63.63.63.63.6 silica
(Nwa f(’/()5. (?5 05. 05. 00 al um nabal ancebal ancebal ancebal ancebal ance surface

ar ea200250190255210 (n2/g) APO (nm 13.08.014.512.012 0 29Si - 83- ?% %Nl%%
maxi mum peak (ppnm) % (APD56366486768 nm)j (- PVv<6onm PV.
(m /g)0. 480. 460. 550. 500. 65 Test results RVA HDS115110' 100100100 RVA

HDN150- 11013098100 RVA HDML09105115100100 ,RVA 3900Ck 12010795?71(30 rI?rom tge
results in Table 1 it can be seen thatighe catalyst of Exanple shows ]
better results in the renoval of sulfur, nitrogen, and netals, and in the

[ [ ‘of Conparative
nver si orclgfiMshe 390C+ fraction, than the catal ysts o _
E)C()a\r/rpl es 1 through 4. 13 JAN 2005 15 0 CLAI M5 A hydroprocessi ng cat al yst

[ [ [ [ heavy hydrocar bon
suitable, in particular, for the hydroproce55| ng of
f. Goup VIB
f eedst ockst . whi gh i Fdc tal..c mpan t o
and/ or Grg]up \/th Q%Jiﬁﬁa %ﬁ??gﬁ a@&ﬁ%y ?ésb?enrr'ﬁ &ﬂ'%@ n{] ahyqrw?e’ogﬁsrsmaaof )
al uni na carri eﬁeﬁwhwo‘@rmeeﬁwﬂclswmhmwmset tmaéﬂ'@]dmétﬁl IR & the

Group VIB and/or Group VIIl on a carrier comprising silica-afumina, the silica-
alumina carrier having a ®Si-NMR spectrum wherein 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, and wherein the catalyst has an average pore diameter
(APD) of about 10 to about 30 nm, a totai pore volume of at least about 0.3 m/g,
a surface area of about 130 to about 300 m?/g, with at least about 50% of the
pore volume of pores with a diameter below 60 nm being present in pores within
a range of the average pore diameter + 5 nm.

2. The catalyst of claim 1 wherein the carrier has a silica content of about 1 to about
20 wt.%, preferably about 3 to about 10 wt.%.

3. The catalyst of claim 1 or 2 which comprises about 4 to about 20 wt.% of a Group
VI metal component, calculated as trioxide, preferably molybdenum, and about
0.5 to about 6 wt.% of Group VIl metal component, calculated as oxide,
preferably nicket or nickel and cobait,

4, The catalyst of any one of the preceding claims wherein at least about 55% of the
pore voiume of pores with a diameter below 60 nm is present in pores within a
range of the average pore diameter £ 5 nm, preferably at least about 60%.

5. A process for preparing the catalyst of any one of the preceding claims wherein
~ the silica is incorporated into the catalyst composition via an organic silicon
compound.

6. The process of claim 5 wherein the silicon compound is selected from the group
of alkyisilanes, alkoxysilanes, and straight or modified silicon oils.




peak observed in the range of -50 ppmto -110 ppmis between about -80 ppm
and about -100 ppm and wherein the catalyst has an average pqr® i r%wr
(APD) of about 10 to about 30 nm a total pore volune of at |east abo 0.3
m/g, a surface area of about 130 to about 300 n2/g, with at |east about
50% of the pore volune of pores with g.doaneter bel ow 60 nm being present
in pores wwthin a range of the averagé pore dianmeter 5 nm 2. The

cat al yst o7f cIaAml wherein the carrier has a silica content of about 1 to
about = 20 ‘Wt . %" pHefesEalary theb duerogracessimmaft hykDosstrbéh  fedsTdRs CRbatbiist Of

claim1 or 2 Whyahc8@R SRR 20 . % of G aoup VI netal
conponent, cal culated as 1ri Oxil?%)g%nt%?t%f\gﬁlgﬁﬁ;o% %@mfﬁﬁ'ﬁ&fég%te’ooo. 5to
about 6 wt. % oft® @JHF5UG endreturogempartiainressusd ehdbalEDltcashoakdBRpa in the
preferably ni ckplseRke Bt £KG :,?pﬁ .4 . The catal yst of any one of the
precedi ng cl ai %V\her ein aiL’]l easC%3 a c}étanggg/gi%'fnstﬁ Pore vol une of pores
with a dianmeter below 60 nmis present in pores within a range of the

average p@re di ferably gt | east about 60% 5. A process
for pr epa?ir' ng t g%%g{eg? gfs gﬁ&??gﬁ?m&%@e&y&%@%ﬁ%%ﬁ% hgp anHBP whatrledsh  t he
silica is i ncompewtaA56eC andior hershabinlbystabsGGEONE i &Fihy k&d@f&c%&%rﬁb%vé‘ licon
conpound. 6. Th ocess of claim5 wherein the silicon conpound 1S
selected fromthe group of alkylsilanes, al koxysilanes, and straight or
nodified silicon oils. 1 3 JAN 2035 16 7. A process for the

hydr opr ocgssi ng,of rbon_f eedst ocks wherein a hydrocarbon feedstock
is cont actgéd wig!?% pﬁ%?%%i%laiw 4 qg&ﬂﬂg?'ﬁ%ﬁ@ Bdregasean fpgstogly hapusulgE0C and

a hydrogen par s¢rdéntpf ebsutrOe! of atmnoR it 2% St/edMbtatlcdMidht] dhidd eci & Iqﬁ_?nce of

a catal yst accgyg] f clainms 1-4. 8. The process of claim
wherein the hydr%@gggéogatfog%ggt“’@@mhas an 1BP of at |east about 250C and/ or

wherein at | east about 35 w.% of the feedstock boils above 390C. 9. The
process of claim7 or 8 wherein the hydrocarbon feedstock has a sul fur
content of about 0.1 to about 2 wt.% and/or a netals content, cal cul ated as
Ni +V, of about 5 to about 50 wppm '



