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CATALYST SYSTEMS AND METHODS FOR CONVERTI NG A CRUDE
FEED W TH SUCH CATALYST SYSTEMS Thi s pat ent

wappbiiaetd on cl aims the benefit of U S. Provi sPOIEE2009/040248
Application 61/043941, filed April 10, 2008, which is
i ncorporated herein by reference Field of the
I nvention The present invention relates to catal yst
systens and net hods for converting a crude feed with
such catal yst systens . Background of the invention
Crudes that have one or nore unsuitable prggerties

CatY o ot EHP 1 OWP t'fel EFdES Tt GOBE RCHb M C&PPY FEED WITH
transported, or progessedrussngsconmenti onal
facilities, are commonly referred to as "di sadvant aged
crudes". D sadvantaged crudes may have a high
Vi Beosiday ehhabpp enders, 4 he dhsadvantaged ccoude . s,
undesi rabl e for conventional transportation and/or
t rieetHerOrPacP PP @85 1oThé INPGRY ¢ sclosiady Aprrithél, 2008,
disadvantagedocpyde: Lamde ihedyceds by cQnt acting the
di sadvant aged crude at el evated tenperatures and
pressure with hydrogen in the presence of a catalyst,

ridl S sonRt itpes refgerred to as hydrotreating of the
disadvantaged crude. U. S. Published Patent Application
NosThe 20056133414 hrGugle 1266501 332a8 1 BIsaR tens apnd ;

e 20950139518 through 20050139522 {0 Bhan et 2k yse
20050145543 to Bhan et al ., 20050150818 to Bhan et al

systemp9050155908 to Bhan et al ., 20050167320 to Bhan et

a8k oron20050162324, ¢ hroygh 20050167332 to Bhan et al .,
ﬁ@%ﬁ@ﬁ?@m—mmug%ﬁoﬁsmnsos to Bhan et al .,

200600805 rhatohBranyn2 00602324855t bt Bhan ;Pr20e60281 456 €
dotgognﬁﬁbw the crudes to be economically transported, or

processed using conventional facilities, are commonly referred
to as *"disadvantaged crudes”. Disadvantaged crudes may have a
high viscosity that renders the disadvantaged crude
undesirable for conventional transportation and/or treatment
facilities. The high viscosity of the disadvantaged crude can
be reduced by contacting the disadvantaged crude at elevated
temperatures and pressure with hydrogen in the presence of a
catalyst, also sometimes referred to as hydrotreating of the
disadvantaged crude.

U.S. Published Patent Application Nos. 20050133414
through 20050133418 to Bhan et al.; 20050139518 through
20050139522 to Bhan et al., 20050145543 to Bhan et al.,
20050150818 to Bhan et al., 20050155908 to Bhan et al.,
20050167320 to Bhan et al., 20050167324 through 20050167332 to
Bhan et al., 20050173301 through 20050173303 to Bhan et al.,
20060060510 to Bhan; 20060231465 to Bhan; 20060231456 to Bhan;
20060234876 to Bhan; 20060231457 to Bhan and 20060234877 to
Bhan; 20070000810 to Bhan et al.; 20070000808 to Bhan;
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20060234876 to Bhan; 20060231457 to Bhan and
20060234877 to Bhan; 20070000810 to Bhan et al .:
wQReBFIOM808 t o Bhan; 20070000811 to Bhan et al PCT/US2009/040248
I nternational Publication Nos . WO 2008/ 016969 and WO
2008/ 106979 to Bhan; and U.S. Patent Application Nos.
11/ 866, 909; 11/866,916; 11/866,921 through 11/866, 923;
11/ 866, 926; 11/866, 929 and 11/ 855,932 to Bhan et al .,

20b 76 @sh ot @beBnan, e 2001, deseki-bet Vefid DUSIIREES$E8SNos . WO
stens, and cat al %sts for processing crudes and/or

2057 Ltk it ag6d7er SeRe/ 105592 Par BRER Nod 6 55476080t o

Bﬂ/&p&ldﬁq &losal 11 /865 A3D 2&@/@@6"'@[45 e et/ s, 921 through
501 to Sudhakar et al . 4, 222 to Angevi ne

11é$6%v|923 418%65@%,6&011Mq6l6er9294a17<3,61]4/19955to°?3|5eéR gpan et

a1al .51 D48 61Qrt 9, S HPS QR4 B8OV 2ot D Mc%lsgtﬁset al
., 4,499,203 to Toul hoat et al ., 4,389,

SY%W%eragldetcaéﬁlYStfan%om W@PGEEGHQOC]FW&E aé]ld/éilr . also

ai 98sed g waki-guss processes, systems, and catal ysts for
processing crudes and/ or d| sadvant aged crudes. U. S.

Patént- AgprenéatiPon No2° 4 PP8660988Y et itesli-n exhipl €80

to2141%1155‘1&3ett<'7‘|a>iSt Bh9§8 C@dﬁprﬂos%%dﬁaﬁéﬁpp@t!talcont4a'9@'7n922 to
silica and alum na and that contains both nickel and

Angevyirieatuml -l nteXampt et 2% Y lles, PatEntdlAppli Eatk ot
a1 No. 4 11866926 the,calalysh 5ol exambhs 24 %tcg@t gct ed

wth a crude. During the total contact time of
4, hdUr 401 he ffenperat e aas raitS8d39t om 3@5@@@941@ /G /,

an!j @ 1@1“% 3%9%9F9£H{ €d Nor. e%ﬁ%opﬁﬁ %[-99& rlz%‘%&%u‘é%rﬁ@é&ésges,

Wien usi ng conventi onal otreating net
Sysh@n%,ataaicyglatﬁ&yS*d@ath mp@eéaengocmlat@/phat are

. accunul ate in the pores of the
LR ENA Ligko

actirvation of the catalyst can, to a
cerf ai .n Fexteent Abelication No. 11/866,926 describes in

example 24 a catalyst that comprises a support containing
silica and alumina and that contains both nickel and
molybdenum. In example 25 of U.S. Patent Application No.
11/866,926 the catalyst of example 24 is contacted with a
crude. During the total contact time of 2952 hours the

temperature was raised from 385°C to 410°C, i.e. the

temperature increase per 1000 hours was about 8.3° C.

When using conventional hydrotreating methods, the
catalyst may deactivate due to deposits that are formed and
that accumulate in the pores of the catalyst.

Deactivation of the catalyst can, to a certain extent be
compensated by increasing the temperatures at which the
hydrotreating is carried out. Such temperature increments,
however, increase the costs of the hydrotreatment. In
addition, higher temperatures may lead to more deposits and

further deactivation of the catalyst
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conpensated by increasing the tenperatures at which
the hydrotreating is carried out. Such tenperature

W0 p@pan®me s, however, increase the costs of theCT/US2009/040248
hydrotreatnment . In addition, higher tenperatures may
| ead to nore deposits and further deactivation of the
catal ystlt would therefore be desirable to have a
nmet hod and/ or a catal yst systemthat allows for a
pr otionged o UAkBBorWNeY @i} itthe1 cat @l yste ILMRIEASA and/or a
sufficiently active w thout the necessity of

Capxtetlsi VALY hEFeadtHY'% ﬁ@foﬁe?é?%?@get%r?&&téfﬂﬁr gwherein

th8UEd g tdre WAt h BBsud i AdGictikOBct i ve WRHh B€ the necessity
advant ageous to have a net hod wherein the P-val ue,

of TR Hrg Vt RBCEE AT 1] (P CoPPERAT  RACTIBIPIHTKEGr UF ing the

rufitihdg trhe kRt bAE, i ¢ eMRIIRS LAbAMEadt agHIETRLY halet he
i nventi on The above can be achi eved by u5|na t he

megRe @l W sdyis CefsF arky Het Hodsd caEEBY di iy $teihéty of the

reh OVEM 0t vhecan di gl ohd henRr 88 eNtehMENtiRR POV des
a catalyst systemconprising: a first catalyst with a
bi nrodal pore size distribution, which first catal yst

conprirses, arhydeogenatd wetal m neral oxide
particles and a support, mhereln t he hydrogenati on

met Bie comaes£en obe aa Aol aimsl GYBE AT At WerevATt Restens
anan rw@méds%lc@%reml@é 65, Navecan; gyerage particle size

of at nost 150 m croneters ; a second catal yst
Aceonprisimghe Rydpogenatviorn ivet BF CGheEa & EP6rY Shhay Biem
co&$§l hydr.ogenation netal consists of a colum 6 netal

and the support conprises silica-alumna. In addition

t hea prieséntcaitavent i ortprovildesaa pethod deodisreabwern,

d 0 0 r eed. |

T T SeenG6 1 "5 Pyrogen Sonf oot T & oA Sryer Akl
oxs@gtggnugples and a support, wherein the hydrogenation metal

consists of a column 6 metal and wherein the mineral oxide
particles have an average particle size of at most 150
micrometers;

a second catalyst comprising a hydrogenation metal and a
support wherein the hydrogenation metal consists of a column 6
metal and the support comprises silica-alumina.

In addition the present invention provides a method for
treatment of a crude feed comprising contacting a crude feed
in the presence of a hydrogen source with a catalyst system as
described herein.

It was found that the catalyst system and the use thereof
in a method for hydrotreating a crude feed allows for a
prolonged runtime wherein the catalyst remains active whilst
the weighted average bed temperature is increased by less than
5°C per 1000 hours.

One of the catalysts that may be used in the invention is

novel. The present invention therefore also provides a
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descri bed herein. It was found that the catal yst
system and the use thereof in a nethod for

woywoodeat i ng a crude feed allows for a prol oPQEUS2009/040248

runti me wherein the catalyst remains active whilst the
wei ght ed average bed tenperature is increased by |ess
than 5C per 1000 hours. One of the catal ysts that nay
be used in the invention is novel. The present
cat Avent iprher afos er ad 80 REVLERSt acatnadest, coppebdSd Ng
a first hydrogenation netal, a second hydrogenati on
hyﬁﬁ?%ﬁ“%%ﬁ?“am§gﬁbo??? HEPEA by hERET ¢ 5 Hifdrdgéhat i on
hy@Bs@dndtS o 6RLHIM: 6 dretalunnt Bensesond ty di-egenat i on
metal is a colum 9 netal or a columm 10 netal and the
hydepporaticonprirsesisid i <d vaRd 2alahfhal” whicon veat 4P ygetal
anMeshObiaigded Bymsal &Nidd j@acanfubl @t Xturenotatheysc
support, a columm 6 netal oxide and a colum 9 or
wag obPlfr TEY et AP SHTLRT oh CRr MR L efpREET WS Odf TAE PeRRIT T/
a 650QG ¢ Blicafl desgLiptd en LfiukhesdsawiNgsinThe metal
invention is illustrated by the following figure: FIG
solusidrerst iac akhyeshomwse aif eirtbadepent>S@E .t he process of

Brthg éégg¥yntognD8%a%A§qjd%a%rlptlon of the invention

as follows . "ASTM
r ef Bres itrycAepncan Stlandatd efedti nige and IMatieni aigure:

"APl_gravity" refers to APl gravity. at 15. (60

o) et el TR i, Arngubdy festiovetoos ocess

of DBIBR 2inveAttapinc hydr ogen percentage" and "atom ¢ carbon
. t he crude product

D5291. " Mono- npbda

“ASTM” refers to American Standard Testing and Materials.

“API gravity” refers to API gravity at 15.5 °C (60 °F).
APT gravity is as determined by ASTM Method D6822.

"Atomic hydrogen percentage”" and "atomic carbon
percentage" of the crude feed and the crude product are as
determined by ASTM Method D5291.

"Mono-modal catalyst" refers to a catalyst in which at
least the majority of the pore volume is distributed in one
statistical distributions of pore diameters, which statistical
distribution has a significant peak when displayed on a pore
volume versus pore diameter plot.

"Bimodal catalyst" refers to a catalyst in which at least
the majority of the pore volume is distributed in two
statistical distributions of pore diameters, each statistical
distribution having a significant peak when displayed on a
pore volume versus pore diameter plot.

Boiling range distributions for the crude feed and crude
product are as determined by ASTM Method D5307 unless

otherwise mentioned.
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| east the majority of the pore volune is distributed
in one statistical distributions of pore dianeters,
waokioeh2@vat i stical distribution has a signifi CBCE/UR®AaK040248
when di spl ayed on a pore vol une versus pore dianeter
plot. "Binodal catalyst" refers to a catalyst in which
at least the mgjority of the pore volune is
distributed in two statistical distributions of pore
di amet esphatashe St atldrstriscab gistdlidutdsonnhavang ansoluble
signi ficant peak when di spl ayed on a pore vol une
10\ RTRYE P6r-e EP BB TEN6E. CBOF T hg T drigecarst T HutYohs T

MefB&q thycr.ude feed and crude product are as determ ned
by ASTM Met hod D5307 unl ess ot herw se nentioned. " C5
aspFFa7I BERB3*LPRFTT S 6T EspRaf TR Feat FARE #n3 ol teble

1r1| A-Ke inec, Gapasphahd enes (ont ent abSd@tSe&?ﬂr@d%E}eﬂSTM
TM Met hod D2007. "C7 asphal tenes” refers to

Me’ég%a@%@r?es that are insoluble in n-heptane . C7
aSp"’@{thlﬁfﬂle% cepLent) 1 s-a% deter phaed: by ASTM: Met hod

D3279. "Colum X metal s)" refers to one or nore
Cohptal’s Gf thel BRATOCHY Tatdeperrodr coTablte Maid/ 6PMBpe &t Of

on8DEL GRS sOF £ 0NEL Bn e PBRLabs QfqiColumMeX of which
the Periodic Table, in which X corresponds to a colum

X ﬁ@llﬁﬂffé‘irpc(nfd@r t@xang%umq -mppegf (FRE PEIRDIG c 1TaB) eof the

per QM- X el ement (s)" refers to one or nore el enents
of Colurm X of the Periodic Table, and/or one or nore
conpounts &f cdasedt (or éfeéleéﬁ‘eﬁpso@ﬁé Qolupre Xlefephe of

| l cr i c 0 €0
B e

oft hiee sTOpE ref etlhmgn@:éamﬁ atlivon, Xwef ghte dferg opetalabkomin
which X corresponds to a column number (for example, 13-18) of
the Periodic Table.

In the scope of this application, weight of a metal from
the Periodic Table, weight of a compound of a metal from the
Periodic Table, weight of an element from the Periodic Table,
or weight of a compound of an element from the Periodic Table
is calculated as the weight of metal or the weight of element.

"Comulling" refers to contacting, combining, or
pulverizing of at least two substances together such that at
least two substances are mixed through mechanical and physical
forces. Comulling can often form a substantially uniform or
homogeneous mixture. Comulling includes the contacting of
substances to yield a paste that can be extruded. Comulling
does not include impregnation methods in which a formed solid
is immersed in a liquid or gas to absorb/adsorb components
from the liquid or gas.

“Content” refers to the weight of a component in a

substrate (for example, a crude feed, a total product, or a
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the Periodic Table, weight of a conmpound of a netal
fromthe Periodic Table, weight of an elenent fromthe
w@P0000269¢9 Tabl e, or wei ght of a conmpound of anPE&l/E8MNY/040248
fromthe Periodic Table is calculated as the wei ght of
nmetal or the weight of elenment. "Comulling" refers to
contacting, conbining, or pulverizing of at |east two
subst ances together such that at |east two substances

crad€ paoedthheapgbs s haniealyhandr physdcalr ferngas.
Cbnulllngﬁ§an often forma suybstantially uniform or

PeRotigEtfedtis i REuteS XA MPAgRF net udiss ThetE8htact i ng

of sphshencescto ybebd s RSt il habn Gan e gext ruded.
Cbnullln%dﬁoes not include inpregnation nethods in

whi dit - ifldered 58FR° i iNvEPS_aPPRS & 15 d §obF tas 1e
di 30808 b/ _RAs Lk weeAPOREMS [EORES hend | B b Or(688S°r) at
"Content" refers to the weight of a conponent in a

0. sUbMFat e DAFSEL XAt AL A e Ede s @R E 16t &Y preiudethod
D59@7acrude product) expressed as weight fraction or
i ght percentage based on the total weight of the

subsf?%ﬁ%% bapd ppht EFeFBY's r@éeﬁérF§ PErT AR ﬁ@ﬁpﬁy“ds that

na¥ei Qhtka 'S skkkl aben sefersste HY@'}F&%&W 4
? 0|Iqhgirange di stribution Sétmeen 1 0@@%%2% OF )

deapd B3 gT (650 BF-joatP4F P01 MPa. Distillate content
'S éﬁydkgd%rnheﬁgc@y f¥¥EWsN%Bh99dP§§ éﬁEQ%%' b@é&ﬁound

nitrogen™ refers to nitrogen conpound% t hat have a pKa
angf ol ex®RNAAS40t hBasiTremilty 6genpledNge jof gscrude feed

an&'ew%r‘?é 'Ea&%q%/@é AJ_SJMWCD%OQ%QQ(Shyd;&g’Q{ ‘%%e%oﬁ%ﬁﬁ& in
ydr

refers to ogen, and/or a conpound
theoppoimdecdt-hat Whé@medan tseeirpeesencienofuce,ciutdelf eeel

111%‘[‘9ec§*’t% C?é;%&)é%&r Sgacte t° QJ giﬁh% dydrogen, cﬁocarboi}s

ound e cru h drogen our ce
suphc$1um§tﬂ@@e,|sth@me, propane, and butane), water, or

mixtures thereof.

“LHSV” refers to a volumetric liquid feed rate per total
volume of catalyst and is expressed in hours (h''). Total
volume of catalyst is calculated by summation of all catalyst
volumes in the contacting zones, as described herein.

“Micro-Carbon Residue” (“MCR”) content refers to a
quantity of carbon residue remaining after evaporation and
pyrolysis of a substrate. MCR content is as determined by
ASTM Method D4530.

“Naphtha” refers to hydrocarbon components with a
boiling range distribution between 38 °C (100 °F) and 182 °C
(360 °F) at 0.101 MPa. Naphtha content is as determined by
ASTM Method D5307.

“Ni/V/Fe content” refers to the content of nickel,
vanadium, iron, or combinations thereof. The Ni/V/Fe content

includes inorganic nickel, wvanadium and iron compounds and/or
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l[imted to, hydrocarbons (for exanple, Ci to C4

hydr ocar bons such as net hane, ethane, propane, and
wheianzpeo wat er, or m xtures thereof. "LHSV' rREBUS20090040248

a volunetric liquid feed rate per total volunme of

catal yst and is expressed in hours (h 1 ). Total

vol unme of catalyst is calculated by sunmati on of al

catal yst volumes in the contacting zones, as described
orfefi®i itke) okgakaremiResi due" ot GMIR Yo heBlinaef ersne

to a quantity of carbon residue remaining after

NiéVé%%r%&Q??ﬁtgﬁa PYrotyVEIE NG 8YstibSY M EoVBR /6Nt ent
is ascdeterndmed by ASIM Mathad B4B30s cMNaphd hat cubic

refers to hydrocarbon conponents with a boiling range
mepPst Biio6n thétween 38 0C (100 OF ) and 182 0C (360

OF Int-BnlRisMPae @ggﬂnﬂ@%e@@nt@n&omébﬁﬁ%t@egaanbped by
ASTM Met hod D5307. "Ni/V/ Fe content™ refers to the

i gt ehtolofcoRPEREN T S vididiadm JPPBR, 2BrSonbi nat i ons

t hereofi.oqihe Thibi ¥ Fe. €ant ent chBchedessinar-gaei 6
ni ckel , vanadi um and iron conpounds

sPafHl BIbryandRi EREPLNYTiRiTdv IRABR UP RHE GrgaRsptbrd

ChQQFQQ%QQ%UPXB$ NgbVhdass.conlpegnt is as detern ned by
ASTM Met hod D5708. "NnB/ 3" refers to normal cubic

met €F s(RePtGastper) cubiwe netref Povanelde Fieag. to a numeral

vai&@ﬁW&ﬁQﬁﬁ@%@?E§e8@§Wj&§QQ%%cEQa€9%PQQ§Qk%c%ngéor
m xtures of conponents that are gases at STP.

aspPeligdisc iTabhe" creterisaco t ReVPere o csTalsicerasned by
as$Regl il ed Pysbhe International Union of Pure and
Applied Chem stry (1 UPAC), Novenber 2003. "P
( pePrircatiionpteal’ ue*nagtidnPppaeudtanefear’s toda“naner al

voYahste .l r gpresent s dhe fLagch! atlontendency,of pore
volume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle equal to 140°). A
micromeritics® A9220 instrument (Micromeritics Inc., Norcross,
Georgia, U.S.A.) may be used to determine these wvalues.

“Residue” refers to components that have a boiling range
distribution above 538 °C (1000 °F), as determined by ASTM
Method D5307.

“Sediment” refers to impurities and/or coke that are
insoluble in the crude feed/total product mixture. Sediment
is as determined by ASTM Method D4807. Sediment may also be
determined by the Shell Hot Filtration Test (“SHFST”) as
described by Van Kernoort et al. in the Jour. Inst. Pet.,
1951, pages 596-604.

“SCFB” refers to standard cubic feet of gas per barrel of
crude feed.

“Surface area” of a catalyst is as determined by ASTM

Method D3663.
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asphaltenes in the crude feed. P-Value is as
determ ned by ASTM Met hod D7060. "Pore di aneter”

WO pditzi90por e di ameter”, and "pore vol une" refRBCT/US2009/040248
pore di anmeter, nedi an pore dianeter, and pore vol une,
as determ ned by ASTM Met hod D4284 (mercury
porosi netry at a contact angle equal to 140). A
mcroneritics (r) A9220 instrument (Mcromeritics

| nceycdNoneiress, tgewcgdca:,arhdossAwitmy e used rbage
deternm ne these values. "Resid ue refers to co onents

dighat P HaE ReBBPET ng T arfge °dCst Fi bt o’ bove 1588 00 2

0.{(d00%0F) vcas cdet &rim Ned PyASHM Med hod A80%ethod D5307.
"Sedinment” refers to inmpurities and/ or coke that are

i nsof uBle ity "t heterude te@drestal vVt gtiidty mitxeure. °C (100
or SediyRlodis vas sdgt efdi 1ed nayy ASTIM M hodid4807paas .

Sedi ment may al so be determ ned by the Shell Hot
Fi | Thatqeoi 1785t SYS SHFSTICras ndeser e d B WaR KEPRBDF 1SS

at€ledr .o iflLRecdoulysd nsty aP%Econég§%xﬂB@&esI%ggd@gﬁlon

"SCFB" refers to standard cubic feet of gas per barrel
Lookheriide o eéed. sesond deddwedr bheacTat alSFstsyr§easnay

cog€$§{Qhﬁ?@rb%oééngé&@%fgﬁ%lD%gggl VEO' gfRESpiQ the

hydrocarbons with a boiling range di stribution between
CaBaly YC PEHEOFCPahte 538 I0€st1008cO ) d @ 16ir#Pa.

caVR, SONLLAL b%eE‘érgﬁiyerﬂﬂe”%%t@!yé@TMé\@énh%nQ%QZ of. 2 or

"Viscosity" refers to kinematic viscosity at
3 ¢40BL 09 . Viscosity is as determned using ASTM

thfﬁg:ﬁﬁ%%d CIB§1§§E%iy%Ee%¥§E ﬂ}aﬁﬁgﬁgkﬁ%okgsEpgam of

i nvention conprises at |east a ?I rst catal yst and a
theetomt cattallyst. Fwiddditildnthe theafyyistsyandmsecopdins a

th?ﬁﬁa%&%gryéibesﬁéﬁa{ﬁﬁﬁft%%&%ﬁ?EEHXS preferably located

downstream of the second catalyst.

The volumetric ratio of the first catalyst to the second
catalyst preferably lies in the range form 1:20 to 10:1, more
preferably in the range of 1:9 to 3:2 and still more
preferably in the range from 1:4 to 1:1. If the catalyst
system contains a third catalyst, such third catalyst is
preferably present in a volumetric amount that is equal or
less than the volumetric amount of second catalyst. A third
catalyst, if present is preferably present in a volumetric
ratio of the third catalyst to the second catalyst of 2:1 or
less, more preferably 1:1 or less.

The first catalyst has a bimodal pore size distribution,
and comprises a hydrogenation metal, mineral oxide particles
and a support, wherein the hydrogenation metal consists of a
column 6 metal and wherein the mineral oxide particles have an

average particle size of at most 150 micrometers;
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contain one or nore additional catalysts. Preferably
the catal yst systemconprises a first, second, and a

wo kiopd2eoed al yst. Most preferably the catal yst BYBUS2009/040248
consists of 2 or 3 catalysts . The second catalyst is
preferably | ocated downstream of the first catal yst.
Further, if the catalyst systemcontains a third
catal yst, such third catalyst is preferably | ocated

downstdreamoat dt hgasecond catsahy st . hdhe nvolawretbi ﬁe
ratio of the first catalyst to the second cataly

TR RAbIY PREBAF IS I (Hng@F B L0 (1Gatolevs Shren

grhed er@abl yokhithe pange1ef s1z8.to 3:2 and still nore
preferably in the range from1:4 to 1:1. If the

cat %fa;}%lessy&feﬁ?’%ht%lr%esa TORIPES cAt @MySt, SddéRat hftulca-

alGal@d ysti da$iphebelab) vz ipresenh bRide VoldgRisiug aapyat or
that is equal or |less than the volunetric anount of

migeeoht Ceraryst. A third catalyst, if present is

pr efied ablerpriesenticd A VehWRBhA Cr batd :Qu@fi ot Be P& theq
catal yst to the second catal yst of 2:1 or |less, nore

DY ppEferEBI9y a1 COMBPSHesy! CPHeTEPEEY %dfjd}%/fsatl Rasdg to

obPh M daln RRI-E 15bZ8qdi St Rukonngandh, HtS6S g@lndmg of
hydrogenation netal, mneral oxide particles and

theUppertal wWirerei AxEhelHyadr Ggenat Rbhy ﬂ@tealml@@ﬁéuls%l@@ By

pe COL ML G; nBtal and - whenei ntheghperal: %'t‘é%p@%% gles
have an average particle size of at nost

aboucromCersy M ner alorexihderparticl es, as used her ei n,

to be understopd to b t f metal oxid
o Sl g hentenst gt e parLacl £5,of metal orlder,

paExanpd esi zef offebal moxi de imekutet at siminae @lrletfeaably at
Si |J(]% aal um na, titani um ide, zirc

mo%g éqjl%o&%ltags,o?n eglOFﬁeP]é% era%nfy at most 40

micrometers. The mineral ox1de particles preferably have an
average particle size of at least 0.1 micrometers, more
preferably at least 0.5 micrometers and most preferably at
least 1 micrometer.

The support for the first catalyst may for example
include refractory oxides, porous carbon based materials,
zeolites, or combinations thereof. Refractory oxides may
include alumina, silica, silica—-alumina, titanium oxide,
zirconium oxide, magnesium oxide, or mixtures therecf. The
support may for example include gamma alumina, delta alumina,
alpha alumina, or combinations thereof.

Preferably the first catalyst has a pore size
distribution with a median pore diameter in a range from 80-
200 A, more preferably in the range from 90-180 A and most
preferably in the range from 100 to 150 A. Further the pore
size distribution of the first catalyst is preferably such
that at least 10% of the total number of pores in the pore

size distribution has a pore diameter greater than 5000 A&,



10

15

20

25

30

The m neral oxides particles may for exanpl e be

obt ai ned by extruding a conposition conprising a
WOorReenzd9ooxi de to obtain a mneral oxide extr urEE/ESHNY040248

subsequently grinding of the mneral oxide extrudate .

Preferably the m neral oxide may be cal cined after

extrusion, for exanple at a tenperature about 5000C

for 1 or nore hours. Preferably the mneral oxide

mopardidd@siNgvatr ancayerage ogachectec $i z8im0ferabrmpsted Oth
m croneters, nore preferably at nost 75 microneters,
th%nﬁo%et|51312en€|létﬁi=}é1f"e%%{bl§ﬁsata RBSE FO7TA T GroMEEEFET THA

1000 NEr alncoxicde 1 pabtd ch.as praefier abl yehave @n cavenageotal
particle size of at least 0.1 mcroneters, nore

“UIB]P%‘? talflof et 1Peklt RRI FilEPoRBEBF SONPIBSE 2 pore

dl%@{@faﬁ@ét@& Leastzsg mcroneter. The support for the
first catalyst may for exanple include refractory

oxi esiergergus e af both raded YRkt BRF at SSUTAEGIE PESE Bf at

180001 MAtLi208s hhes epferREETACLOr Y- 04 da® HBYy . ncl ude
al um na, S|f|ca silica-alum na, titanium oxide,

zi rBhi WRoeK; éétahfé@thé“éji%léﬁﬁdé hpir dASAAHIES PREFBOTN @

sugPEr S URRQI nMaYe f 0§ f%%ﬂﬁ%ﬂ%ohn§599§ g3 al U Bago1umn 6
delta alum na, al pha alum na, or conbinations thereof.

me P bf BIRBING ﬁﬁéppr\z storgatigleps £ 1 hasa 2o Potieiasi ze

di styd béitl'l%% Wi hRi @ Median -pore; di aReLaodsn 0@ £Eabgfrially
from 80- O A, nore preferably in the range from

amgpPlBE ATélFFd SHBBOL preferigsilydenIees ralige ney ohf208 t o
al%é@nﬁ or %ﬁérlttgeélﬁrﬂieneimroef Sc'oﬁ%lghﬁiéﬂl?%kie‘%%o‘%f tB?eferably

rst catalyst is preferably such that at | east 10% of
the helyoitral conpbésedfatporesti A0t ket porersizeferably at

t tol :
e et dmey P P R et ot i dmbor 61
frporesViqi tdrempore &ize afiagtsyi Bubpongtrass aopérél grams, or
o.giaggﬁﬁg éyﬁ%QBgrg££ﬁg]of silica; and 0.80 grams to 0.9999

grams, 0.90 grams to 0.999 grams, or 0.95 to 0.99 grams of
alumina. Most preferably the support comprises from 0.01 grams
to 0.2 gram of silica and from 0.80 grams to 0.99 grams of
alumina per gram of support. The ratio of silica to alumina
preferably lies in the range from 1:1000 to 1:3, more
preferably in the range from 1:200 to 1:4.

In some embodiments, the support of the second catalyst
includes silica and alumina in combination with limited
amounts of other refractory oxides, porous carbon based
materials, zeolites, or combinations thereof. Refractory
oxides may include, but are not limited to, alumina, silica,
silica-alumina, titanium oxide, zirconium oxide, magnesium
oxide, or mixtures thereof.

Preferably the second catalyst has a surface area of at

least 300, more preferably at least 340 m?/g.
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1000 A, and still nore preferably at |east 20% of the

total nunber of pores in the pore size distribution
wWha®oa2qey e di aneter greater than 350 A . Pref BCHDE2009/040248

the first catal yst has a surface area of at |east 200

n2/ g, nore preferably at |east 240 n2/g. The second

catal yst conprises a hydrogenation netal and a support

wherei n the hydrogenation netal consists of a colum 6

metehe adohie cstpPEEt GORRkirsesbsy | disarialddnopacoiel1ing
silica-alum na is preferabl y anor phous or essenti al Ial/
or

ON@ndt gHAFs MetThe Stighdril €an % REI E]EI% Famme 14l dAPhg, an

onk het anUioR@o@hadebt &l Wi RdreOhe €QNDI M@ @BSunn 6 of
thereof. Pre erablg}yt he al um na conprises at |east 90

Ehet BEr st preferubty atsureast 95 W98 malani Aaprort

comp&s erahl,y w@u@%e%Hp@t@étsdpﬂﬁrlﬁd%mﬁmeQ QORL 0g0@Ngr&fs to
0. 20 grans, 001 q?rarrs to 0.11 grans, or 0.01 grans

0. @Og]Oar@Sngrséﬁ%céf aRf | fe %afRd 90280 & dhe’t 9reM9999 alumina
pedl @& & Wpghaps 5&5cbé%%%nﬁh@”ﬁhe0%e@bﬁ%%dﬁ@o@t99

grans of al um na. Mst referablg t he suy por t .
COBBPPF GBS At G- OTPAL s TEEM032 gr%nﬁcbf o) I"Fchoaprgevide

a ggpmrggcﬁgaggqggtto 0.99 grams of alum na per gram of
support. The ratio of silica to alum na preferably

| i esPigF 9@ livahfe $eEMACEGEOYED 123,2 M€ Piéterabl y

aikPrihe f@nge chr 9mida 200 J 0 elgdanbheSae £mhodi nenp s,
t he support of the second catal yst includes silica and

Mo UPH $iE e LyoAbi At o Gwift-h PrRARE @il artitn e dafnoppret
dl&ﬁét{é”r“l%r %r0XLdes, sPOf O%r%aﬁa?%??%ﬁg JmueLisal 5o 4

zeolites, or co |nat| ons thereo Refractory oxi des
Prafyrinel vde, sbabnare oty dti mesedtt beasdl ifiTnamosel i ca,

préféf%yﬁla%mlggsttbéanl %s‘&xg‘égﬁeﬂﬁ%&rﬁe@e%%d% % of its

HHQHGSIUH]OXI m xture ereo
pore volume in pores having a pore diameter of at most 100 A.

Preferably the second catalyst is mono-modal.

The first catalyst and the second catalyst each comprise
at least one hydrogenation metal consisting of a column 6
metal. The column 6 metal may be in elemental form or in the
form of a compound of the metal.

The first catalyst and/or the second catalyst can
comprise one column 6 catalyst or a combination of two or more
column 6 metals. Examples of column 6 metals include chromium,
molybdenum and tungsten. Preferably the first catalyst and/or
the second catalyst comprise only one column 6 metal.
Preferably the column 6 metal is molybdenum.

The first catalyst comprises preferably at least 0.01 wt%
, more preferably at least 0.1 wt%, still more preferably at
least 0.5 wt% and most preferably at least 1 wt$ of column 6
metal, based on the total weight of the catalyst. Preferably
the first catalyst comprises at most 15 wt%, more preferably

at most 10 wt% and still more preferably at most 6 wt%, and
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Preferably the second catal yst has a surface area of

at least 300, nore preferably at |east 340 nR/g. The
waewonghdeat al yst i s preferably obtai ned by co-Peil/UB20g9/040248

one or nore nmetals from Colum 6 of the Periodic Table

and/ or one or nore conpounds of one or nore netals

fromColum 6 of the Periodic Table with a support to

provi de a netal /support conposition, wherein the

mo St PP e rCONRT bSeSoft oMde0brgramBmh 05 ek a0r @Rs68H on the
silica and fromO0.8 granms to 0.99 granms of al um na per
Lo A Of9¢uppoFte Gt @d i ni ng t he netal / support

conpasiddc@maatatal émezr@tptrl%efsr o 890G e 768s0G D wes
provide a cal cined cataly . Preferably the second

 RBEAIRSIT HAS 1 ﬁBrJee%?tzé drtS’t'r Phutt oM™kl £ S& el antt

1epot & diameter nebt atrdmstaphf0aA 189 & pref erabbyudt s
nost 100 A . Preferably the median pore dianeter is at

nefehstPEFIACD FBretpref étably af FeastatrAgvat. FPreferably

th3f§$@ﬂﬁﬁﬂdét%ﬁ§s§e§ cAlalysthobasa@tnd gasts 0% 2Bk re
preferably | east 70 %, nost preferably at |east 75

ProfeFalis aﬁofﬂ@svomrfrét PIpGresTRabi YAl FereddPanebertotal

wefn@atofmsle 1Q0.A st Preferably the second catalyst is
nmono- nodal . The Tirst catalyst and the second catal yst

each’ c?tﬁﬁ#ll@@ 8f Teastolowe Rydrbgendlts diomet gptalyst

an&@@§'€ﬁé @%c%%dac§€%i§gk Q@%EE%ktaIHeoﬁéﬂdyn&OQengééltfgﬁhl
be in elenental formor in the formof a conpound of

met hes metiel AsTRer f $¥&tPcatialtydt ARdN droive SeesAdor
Cof%ﬁé YAl can Fﬁgpﬁéﬁeo&%e 16@h UM R GALAI S0 p8 in

conmbi nation of two or nore colum 6 netals. anpl es
eleferiol lurfivr8 et ahstiqciade ochroapupgublofbdésuneand.

Exgﬂgﬂ§$%& SB %fgéépéybﬁﬁpnkta§g 99&?&%§H1%%%ﬁognﬁh§obalt

second cat aI yst conprise onl one co
1t Pref elrcaxtﬂvyert,hereﬁdamﬁﬂ 6 hreet alhe| §inpt yrdenuymt and/or the

second catalyst contains essentially no hydrogenation metals
other than the column 6 metal. Without wishing to be bound to
any kind of theory, it is thought that the absence of any
hydrogenation metals other than the column 6 metal allows for
a further improvement of the run time without the necessity to
substantially increase the weighted average bed temperature.
It is therefore preferred that the first catalyst and/or the
second catalyst contains no or essentially no metals from
column 9 or column 10 of the Periodic Table. Examples of such
column 9 or column 10 metals include nickel or cobalt.

The first catalyst and/or the second catalyst can also
include a Column 15 element in addition to the Column 6 metal.
Preferably, however, the first catalyst and/or the second
catalyst does not contain any column 15 element.

If present, the third catalyst preferably comprises a
first hydrogenation metal, a second hydrogenation metal and a

support, wherein the first hydrogenation metal is a column 6
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The first catalyst conprises preferably at |east 0.01

W%, nore preferably at least 0.1 wt% still nore
weew@bara y at | east 0.5 wt % and nost pref er abPGI/ES2009/040248

|l east 1 wt % of columm 6 netal, based on the total

wei ght of the catalyst. Preferably the first catal yst

conprises at nost 15 wt% nore preferably at nost 10

wt % and still nore preferably at nost 6 Wt % andnost

mePhef efrablge cahdMpstir dgatdoioh eetummié dreialinbasede0nl or a
the total weight of the catalyst. The second catal yst
Cotyprikdetirteferably at least 0.1 w%, nore

pr efies ablppoat beaste 1% cSkkhl shose, prefienablkyrabkample
| east 2 wm % and nost preferably at [ east 5 w % of

reEplUrRT Y6 TSP, BAs¥YP Giftre Pafal Wightlsr eRelites, or

coBl M ysdns Rhetesabl yrdhe secondxcat alyst iceMprEseSudtare
nost at nost 15 wt % and nore preferably at nost 10 wt %

nopf L getifth L6 néf-‘al!“ifb%se?dﬂdﬁat'héi%?%amidﬁ' 6Ftﬁﬁéum
ox§@é§Jﬁ%ﬁoonﬁﬁmaggiﬁéF”héé%ééﬁ%mcgkyﬂ@,Ebﬂ“%f%tu&@@ fhesdor.
catal yst and/or the second catal yst can contain one or

nor BraddifPicsRaPt netal S U CRTas Y brPedaRsie YnEpaPsises

sifrem Gl ummanandtes Goliwms ) fmifa of n the Reri-gdigralyst
~ Table. The netals may be in elenental formor in the
15 f BF pi fald Ye efpenheuofon e spetak L L Exapl @ usf. Shehsupport

cafdgidi.pnpalypekak syhnel ude hickelnand Gobalits Ltuhsna, or
however, preferred that the first catal yst and/ or the

coglatviidi Gert &hyseoEontRi e réddgnthal #yuhig ehyeregenasi on
tsher, ot Lumm 6 it hout, Wi shing.

le?%]{ ?ﬁﬁ%uﬁd Foggﬁié%n%ﬂgg?hegg%a%? V?@; {&%ouama ltlh{at%

Preherdbsende efiranyt hirdrlogesatiron fret@ls axteler tohan2@ he

u allo f further-i enen
or SR et R el OSBRI 80 4l
of | sickie@se ankle Owed ght aas averagé d9bedr drehpel.@tOugeamnpt t s0. 999

gr LRET 5,07 Jr etepred Lhats the fLLsha calAlysh20dLel, the
support comprises from 0.01 grams to 0.2 gram of silica and
from 0.80 grams to 0.99 grams of alumina per gram of support.
The ratio of silica to alumina preferably lies in the range
from 1:1000 to 1:3, more preferably in the range from 1:200 to
1:4.

The column 6 metal in the third catalyst can for example
be molybdenum, tungsten or chromium. The third catalyst
comprises preferably at least 0.1 wt$, more preferably at
least 1 wt%, still more preferably at least 2 wt% and most
preferably at least 5 wt% of column 6 metal, based on the
total weight of the catalyst. Preferably the third catalyst
comprises at most 30wt%, more preferably at most 15wt$ and
still more preferably at most 10 wt% of column 6 metal based
on the total weight of the catalyst.

The column 9 metal or column 10 metal is preferably

cobalt or nickel. The third catalyst comprises preferably at
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second catal yst contains no or essentially no netals
fromcolum 9 or colum 10 of the Periodic Table.
WE@opLe@ed of such colum 9 or col um 10 net al SPEHTB200%040248
ni ckel or cobalt. The first catal yst and/or the second
catal yst can also include a Colum 15 elenent in
addition to the Colum 6 netal. Preferably, however,
the first catal yst and/or the second catal yst does not
leSONt@IOL Ay, CObUAMPAS: iRt LEapt esentucsthecthirgbre
catal yst preferably conprises a first hydrogenation
Prageatllva aded6Aathydr d@tehé)trﬁdoﬁloﬁ%tlalfe%erﬁfbéysﬁﬁpé??“ L wts
orBer e o ke tblshn hydregenat bapedet @l i @160l WBNght of
6netal , the second hydrogenation netal is a colum 9
thief a2 9t col umm 10 netal . The support of the third

catgl sty 6aR LRel vde-d Qfat%&?m@' Bohsf 1 At %rty %k des, wrs,
por ous carbon based materia zeolites,

MOER b HAIAoRY EhePedt . I Refrracher §-bki d@%rwelfﬁéﬁ]%ﬁé at

mobUts afe Nethgl bkt eghd @r A1ymaRancst 14 G of column 9 or
silica-alum na, titani um oxide, zirconium oxi de,

cofahesi tinteki dBaset T Xther 9teherebfht THe tGppoEeL BTt -

t hep thidd Gt %hé!SEhPfc?fc%rt%Q'y)étCQQ@ré s&srSidii-ea and
alum na. The silica-alumna in the third catalyst is

di gk Ritdliny Wabr phoRGlat ReSSeALPARTST aforapheest The A,

moSLPPAU e, CAN i AE! UAE: 9 akbuBkbasp {NeliR @luikRasOfc
delta alum na, or conbinations thereof. Prefer ab}loy t he

dialeiriha ScEpRPSes 20 4eastre90raf 9% 2mbr e tpriepekabl yA at
| eagt 95 t%.9aamR, alimna., tpﬁégf ?ﬁ@%ﬁ’esté?l%esk!&’p%é third

i ncludes from 0.0001 grans 0 grans, 0.001 grans
catalyst hagr ams adopn BQEOU &FE L0 @n OtshegrParml@fe SEl tlea;

re200; & %&&g&gstﬁgt chga%%n%f 0Ep §<Qe O AP 150,81 9995
grans, or ramns o UM na. st
Crpd@fzemabilqr .t he support conprises from 0.01 grans to

of a]]QJJ%'Pa%f Skh'éc?l@c‘fj Jat%'l“g@t%u% A 4 Qa?91 958 B0 /or

m na er gram o
the third catalyst are prepared by comulling the required

ingredients to a mulled mixture. The mulled mixture can be
extruded to extrudate particles, which may subsequently be
dried and/or calcined.

The third catalyst is preferably a catalyst comprising a
first hydrogenation metal, a second hydrogenation metal and a
support, wherein the first hydrogenation metal is a column 6
metal, the second hydrogenation metal is a column 9 metal or a
column 10 metal and the support comprises silica and alumina,
which catalyst was obtained by calcining a co-mulled mixture
of the support, a column 6 metal oxide and a column 9 or
column 10 metal solution at a temperature of at least 650°C.

In the catalyst system according to the invention, the
content of hydrogenation metal in the catalysts preferably

increases from upstream catalyst(s) to downstream catalyst(s).
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The ratio of silica to alumna preferably lies in the
range from 1:1000 to 1:3, nore preferably in the range
WO e@i1269800 to 1:4. The columm 6 netal in the PEI/D82009/040248
catal yst can for exanple be nol ybdenum tungsten or
chromum The third catal yst conprises preferably at
least 0.1 wt% nore preferably at least 1 wt% still
nore preferably at |least 2 wt% and nost preferably at

I eaﬁjz D WMUe0fc68] UMD HEEkalcqbasetkanid he teoetak, ls
ght of the catalyst. Preferably the third catal
U“%]ﬁ%fr(i’%des‘? aferost @G@ﬁ%arﬂi}@@é BPé%r%ﬂ year ﬁﬁ@fmﬁ%% %

an@él Stdddrter erphehedadl i BBsta L0 v %o@sﬁna%@bidgnaf@d
nmetal based on the total weight of the catal The

Whiegh e OvetAF BPOR R i-LiGERAl OF sEHREiena re9 £6Pal t

ex&hpTd ckelan Elaﬁoi; hédh catialyst ae98Rrhses i ef erably
ﬁ)east 01 wt% nore preferably at least 0.1 wm %

dl%HHan]e UBEEf eiﬂ%lbéf‘ yrrgaEast faC 5l it Woehrresee mUltlple

coRp&fatably cat sheasti d wi%:el QQB@%%@l&Qh%H@ 18hat is,
nmetal, based on the total weight of the catal yst

th‘l’-’r@f‘@r%ley COHBOPRAN Y Eatalnpst @@ﬁ'pflf%cé“sloé]tatﬁﬁsifrqg the

cr W&o nRuef enabl é/s %td&%@ue%@c"‘&%&&dla%tﬂ Il mBPREAs
preferably at nost w % and nost prefer abI y at nost

and/ o %Wuébld&ﬁﬁlgl@tifl%lwo% met al , based on the

totale weight reEqt hes gataliyst nPred eé@@ﬁﬁm'&e tbhird
catal yst has a pore size distribution wth™a nedian

inporel ol aivet e ahy atr wrsstfep80 kACYWN nbe ey éfrér-abhg arude
fe %&n;%% %Ollgreé@&?h&ﬁjkpeaQEQBénl J§1d|%§§REﬁe§SO@t

east nmore preferably at |eas
cridi¢ ufsqer@ G@Cﬂnde heocakarpltegienhet pr e%@rnt% acmﬁi t:hede he ¥ 4.

ThEALALYS e NAS can Bgvﬁpétﬁ%%%ﬁ BLESEL %&hégh%sgdvﬁh“m?hé’f

the reaction mxture t contains b crude feed as
nepedd @Gs the invention. For example the crude feed may be

pretreated to remove non-condensable gases, water, salts, or
combinations thereof. The crude feed may also be topped, that
is, it may be pretreated such that at least some of the
components that have a boiling point below 35 °C at 0.101 MPa
(95 °F at 1 atm) have been removed.

If the crude feed is diluted with a diluent directly
after production from the hydrocarbon containing formation in
order to facilitate transportation, such diluent may be
removed before use of the crude feed in the method according
to the invention.

Examples of crude feeds include whole crude oils, topped
crude oils, desalted crude oils or combinations thereof.
Examples of crude feed that can be treated using the method of
the invention include crude feeds from the following regions
of the world: U.S. Gulf Coast and southern California, Canada
Tar sands, Brazilian Santos and Campos basins, Egyptian Gulf

of Suez, Chad, United Kingdom North Sea, Angola Offshore,
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crude product . Preferably the first catalyst, the

second catal yst and/or the third catal yst are prepared
wWh000029 i ng the required ingredients to a nmuPCETUS2009/040248

m xture. The nulled m xture can be extruded to

extrudate particles, which nmay subsequently be dried

and/or calcined. The third catalyst is preferably a

catal yst conprising a first hydrogenation netal, a

chseeonbdnedr egenave ey wetal zandaa Bupperis, wher ehfohdieia
first hydrogenation netal is a colum 6 netal, the
Suddeldhd hydrogenation metal is a colum 9 netal or a

col tan hQiaretrakqapek thesuppakt acompidsies, sicl seagand or
al um na, which catal yst was obtained by cal cining a

at chediil 199 Fxt UFPer BfEE ShpFort, 127 tol Y 65het aF 111

noPX1 hes andia yeak umds & ofo GOl 18 MBS @lp2aldtbop &t Beast
nperature of at |east 6500C . In the catal yst system

te
60@e cor'di Ay E6TEReY i hventissrsithedtoht ¢nt’ ofts at most
1, bydr@genati on netal in the catalysts preferably
i ncreases fromupstreamcatal yst (s) to downstream
cat By st UC$) IBydaretirfeF lgedasaPs ot FefErdédyt 8T hef eigst

198Sn&FdId8.c e JWNder st.pad a of eedcof - hydy ocar hens wai chy is
has been produced and/or retorted from hydrocarbon
atcbp@i ni-ng formati ons and which has not yet been

diSfﬂé|é¥$d@”@é@&_%£é¥éﬂé§ﬁ%t%Qs(éoEoéa%ﬂﬂﬁﬂ%/E@ 8Bntent of
atmospheric distillation unit or a vacuumdistillation

atuhtayt ith 092t pearmentofaditsieyabsy prodiice tmil-Oil pres
Ni ZORONENLS Wht Prspegi £i ¢ hall kngqrange distributions.
hat is, the nultiple conponents have not been
f r athd orarded ftRednpt e ride hby aerhodiisgomtast of at

erie di st ' t [\ .

le%%stl|:Hti%ngné%%%%%%h$ﬂgggﬁggg§f2@§mﬁge %ﬁﬁqt e

preagefod accordrny 07t He Gaveenbnonhemyotse amyder Geed.
feeﬂukqg%ﬁml@eggepngerégTi %Egdg sulfur content of at

least 0.5 wt$%, more preferably at least 1 wt$ and still more
preferably at least 2 wt% based on the total crude feed.

The crude feed preferably has a nitrogen content of at
least 0.05 wt%, more preferably at least 0.1 wt$ and still
more preferably at least 0.2 wt$s based on the total crude
feed.

The crude feed preferably has a Cs asphaltenes content of
at least 4 wt%, more preferably at least 8 wt% based on the
total crude feed and a C; asphaltenes content of at least 2
wt%, more preferably at least 4 wt% based on the total crude
feed.

The crude feed preferably has a Micro-Carbon Residue
(MCR) content of at least 0.2 wt% based on the total crude
feed.

FIG. 1 schematically illustrated an embodiment of the

method of the invention. System 100 includes a series of
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feed may be solid, sem-solid, and/or |iquid. Exanples

of crude feeds include coal, bitunmen, tar sands and
w@ewda2edd . The crude feed can be pretreated bREDDS2009/040248

being used in the nethod of the invention. For exanple

the crude feed nmay be pretreated to renove

non- condensabl e gases, water, salts, or conbinations

thereof. The crude feed may al so be topped, that is,

cohtad@yhdPeopeet 1eat edrisdichiudRatcall éeasts SR rebnt hige
conponents that have a boiling point below 35 0C at
Seb?%%)loﬁvﬁé)“(c%teﬁga%oriesatlrﬂz NaveCheen rGrovedduif the:

Ea6h Ustendeed nigs zdht uhed WM th raadibugnd ghdechl yraht €8actor,
fr oduction fromthe hydrocarbon containing formation
mu

R RTHEOTT G OPacPT i T at ¥ AH&ns f6r FAEP bRE SUch taFF Beht

ExBRy1 de Jrenpvedhef ore se ahclihgecs udesdfeed el tB&ctor, a
nmet hod according to the invention. Exanples of crude

fixeddRed FEPGEET whoP e 4 ude 169 8ot BppecPor Gd60BF - gucusly

stdesad tedicrudecgi | s« @Troonbianat |, 00s; ddhetrof -« sExaaPIl £
of crude feed that can be treated using the nethod of

SPEfe T IRAERE oA ne | b it Udefgedsn F 2 Ot -he FFSERBRP Y the
cat 8O ONs Af thbe worl ght U StcRublcCoastaand isout ReLdy ped.

California, Canada Tar sands, Brazilian Santos and
Canpos 'basions! Egypts diryGaiftesf CSuezst Tad.oneniléd
cohpgdomNerth Sga. - Angola L {;shore, &hi mese Bahak « Baya or

Venezuel'an Zulia, Mlaysia, and Indonesia Sunmatra .
segpeates e iegds pref@iidblyPohas Ta 9PReasiing 4on871820C
coi?{aé‘é A@laclﬁ?l‘e %QQd&SEeedTRLifchp%eEﬁégs'é/t rdfast 1000: 4

St, sti nore preferably at 2000 cSt and nost
rrpdefterdisity laclbhéasta 6000 BrodPeef erabl yin tsOM@i scosity

emggdfﬂgﬁ%§chi%.atlﬂnéﬁmé”éMﬁgdqgg tgheaQJ&§¥iéEe895 is
preferably has an A gravity of at Tost

combined with the crude feed and/or the hydrogen source in
conduit 106. The total product, including the crude product,
may exit contacting zone 102 and be transported to other
processing zones, storage vessels, or combinations thereof via
conduit 108.

The method according to the invention may be carried out
as a continuous process or a batch process.

In the method according to the invention a crude feed 1is
contacted in the presence of a hydrogen source with a catalyst
system as described above. The method according to the
invention can for example produce a crude product as
exemplified in the examples.

The hydrogen source may be any source that provides
hydrogen during contact of the crude feed and the catalyst.
Preferably the hydrogen source is hydrogen gas.

Preferably the contacting is carried out at a temperature
of at least 200°C, more preferably at a temperature in the

range from 350 °C and 450 °C.
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19, nore preferably at nost 15. Preferably its API

gravity is at least 5 . The crude feed preferably has
W@2a00112d90Ni / V/ Fe content of at |east 0.002 gr aPGT/UR90L040248

preferably at |east 0.01 wt% N /V/Fe based on the

total crude feed; The crude feed preferably has a

resi due content of at least |w% nore preferably at

| east 20 wt% still nore preferably at |east 30wt %

baseek 1t drhe tatatoctide deed. cTheied ude faeed partial

preferably has a sulfur content of at least 0.5 vvto/g
NYABYEhrererdbPyCat 2T edfts ™ St s antCst itetrgrely at least

5 prefarabloiat nbeasprramdbihased oast he Mrot.albrerdgo1y the
feed. The crude feed preferabl%/ has a nitrogen content
e

CopFagGtiNedst COrO5M T Mir & PREFEFabIYIERITeRSE OIS iRUOY

20ath Stidde mReecpreferablyy at beast 0.2 wt % based on
the total crude feed. The crude feed pr ef er abl {Hhas a

C5 Hspirdlatenes e opteC oM at S| 6as¥ 12 \tWy afpPelHSV of the

crhef erabliy ahel ashe 8 WnYoohased 0p, the 1 of alo W@ reraply
feed and a C7 asphal tenes congent of at least 2 wt%
inpphe ]iﬂfréfeelféﬁmyoa% heas? 4 vt % bisdd dRTEhRr¢BrEAPLLlY 1in
th@rf’%éc eedy bhe grude feed: il ekabl ?r@@éﬁéfbly in the
M cro- Carbon Residue (MCR) content of at least 0.2 wt%
rapgs ek ¥h 4-Heht ottdl Schude feed. FIG 1 schematically

|||p¥%ﬂé¥§%1§a€h§nPQ HEHH d%%rgag B@ﬁng%ﬂﬁ}akhﬁe is

i nvention ystem 100 i ncludes a series ofcontacting
inzosesed OR. ltéhe chades Teedrent eaisl upstsseanah he° s erire$000
of cci)nt actl zones 102 via cr e feed conduit 104.

hophd 't ahta 6u]2%hr%e e ge 3%tor a portion of a
reaméﬁerarmh/t ItpbePmeueOI’dﬁ afi xaureact afruder feed and crude
pro 33§n?ﬁuxﬁflghg£§ uced) remains above 1 during contacting.
Examples

Example 1. Catalyst A The comparative catalyst was prepared in

the following manner. MoOs; (94.44 grams) was combined with
wide pore alumina (2742.95 grams) and crushed and sieved
calcined alumina fines having a particle size between 5 and 10
micrometers (1050.91 grams) in a Lancaster muller. With the
muller running, nitric acid (43.04 grams, 69.7 M) and
deionized water (4207.62 grams) were added to the mixture and
the resulting mixture was mulled for 5 minutes. Superfloc® 16
(30 grams, Cytec Industries, West Paterson, New Jersey, USA)
was added to the mixture in the muller, and the mixture was
mulled fora total of 25 minutes. The resulting mixture had a
pPH of 6.0 and a loss on ignition (as measured at 1 hour at
700°C) of 0.6232 grams per gram of mixture. The mulled mixture
was extruded using 1.3 mm trilobe dies to form 1.3 trilobe
extrudate particles. The extrudate particles were dried at
125 °C for several hours and then calcined at 676 °C (1250 °F)

for two hours to produce the catalyst. The catalyst
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Exanpl es of a contacting zone include a stacked bed
reactor, a fixed bed reactor, an ebullating bed
WO 2@etiaig9 a continuously stirred tank react or PCIZBIHR09/040248
a fluidized bed reactor, a spray reactor, and a
liquid/liquid contactor. Preferably the catal ysts of
the catal yst systemare situated in a fixed bed. The
hydr ogen source may enter contacting zone 102
cofOgiidgntdey Wit dhecotdudedf eedoyi grafdide eedreondt) t
104 or separately via gas conduit 106. In contacting
Wl%%n%hqiﬁ?la€6ﬁtQ%%“%fa%qﬁ%qér5689Fe%%9vﬁ%HP9§tcatgP?st

caPEogdicess & Hehahapreducty dthatvi ngl 4des-a Grudeistribution
.Eroduct and, in sonme enbodi nents, gas. In sone
W1

P difERts Poge caf Feregad iLd /chnbied Wi OF thE EPtRie
nuh68d anFLest he hydrogen ssour gest P sendH 1hal98g dhgore
total product, including the crude product, may exit

dl%@ﬁﬁ%ﬁnW%ﬁﬁl?oﬁé-&O%EdﬁﬁfH€@Fﬁ§n§®6?t%kP%QFe6thértOtal pore
vo PhAEESSING 220RE3y, S4QH 30e1vesse! SreHro oM RALy ONS
thereof via conduit 108. The nethod according to the
i nVEHt iRT Smay ZBed talr 18T 100t M83 S ed it Mo S frBEess
poPbs Bndiateh Py oe@§§acﬂ nihe rethed accardingteabhe 1.
invention a crude feed i's contacted in the presence of
a hydrogen source with a caf®4fstl system as descri bed
above. The netlBgdapePRIidW 19 pgEs T Nventijon can for
exanpl e produce a_crude product as exenplilffied in the
exanpl es . Thelnyarogen sour EOhuyebe any |source that
provi des hydr ¢ggey during contactgfjthe—crude feed and
the catalyst. |[Preferably the|hydrogén source is
hydr ogen gas. P@eﬁé@ably the contatidng i g carried out

at a tenperat yre-of-at st2060-0C—nore preferably
at a ten‘peratur@O 3p‘he ST

130-150 4.51
150-180 2.9

180-200 1.06
200-1000 0.85
1000-5000 5.79
>5000 22.04

Example 2. Preparation of a catalyst Bl.

A support (4103.4 grams) that contained 0.02 grams of silica
and 0.98 grams alumina per gram of support was combined with
molybdenum trioxide (409 grams) to form a Mo/support mixture
in a Lancaster muller. With the muller running, deionized
water (2906.33 grams) to the Mo/support mixture and the
mixture was mulled until a loss on ignition of 58% was
obtained. During comulling, the compactness of the powder was

monitored every 20 to 30 minutes and 1 wt$% (based on loss of

ignition as measured at 1 hour at 700°C) of deionized water was
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range from 350 OC and 450 OC . Preferably the

contacting is carried out at a partial hydrogen
wWpe@ssee of at | east 3 MPa, nore preferably apCT/E8209/640248

MPa and still nore preferably at | east 6 MPA

Preferably the contacting is carried out at a parti al

hydr ogen pressure bel ow 20 MPa, nore preferably bel ow

15 MPa. Preferably the contacting is carried out at a
adi&BM OfcHheaigrude heed ivhet hessasgei dhiomdd @41helwio

30 h 1, nore greferably in the range from0.1 h 1 to
Ob?%llﬁeci St PHnBF et it st ¥PahIt MPﬁSF%Ofrtarﬂj)é’dﬁFoW?@ 24

1 tm@%ﬁp&c@nﬂowpd&efmekyww ¢he-yangeshh rr1034mm
h1lto . Preferably the weighted avera

et bR 601 SOTHot chadth 1P BYEL UREIE BOL rarer aFl

ext £8Sed AN 4C1R8T wdBOQy hQur $ cdubibngc they rit @Bleiné@eat
met hod. Preferably the P-value of m xture of crude

537 eeld aritPCcr'idefpF obiR tNQUMS ER ST PrigtfucEd? Wéfmi nshe bulk
deﬁ@P&@le Jdr AUkl R eOPt @Gtd NG . sEvagphes Exampl@ultcing

Cat al yst A The conparative catal yst was prepared in
Ca‘ﬁﬁjeyf’ffolqoéwaﬁﬁeﬁan?@? INFO°F Ggﬂaiﬂ Syr dhe)® Wasméofrbi ned
mo%&ﬁ&bﬂ&@evﬁ@%etﬁéu@&ﬂﬁu&?%@%ngssgﬁﬁgﬁe ang CrLUshede and

si eved cal cined al umina fines having a particle size
capetyen 5 2angReDORT £ roffetless (39509 A I@d&@@) PpRegdiameter
of LQPC@StﬁrthmAU %asé’védb tdie il L6F o 1 Unping, o%' %Bk&s agh & ne
(43.04 grams, 69.7 M) and dei oni zed water
poye aEmSZ)e WErsE raddedor daHedrixrare ahehetee rwééimtfll hg A of
cnli A6, uRs MULLEGLOF 5 AUt esmSUperdlac(fl. /46 L0 -
grans, Cytec Industries, Wst Paterson, New JersSey,
suysage wescaddedsh ontlse miTREUPeré rﬁltﬂterlﬂvulttten aanteadvged by
r e t £ h
el e i o had & BH af 80 and B Tostan o TR
Z.ignition (as nmeasured at 1 hour at

TABLE 2
Pore Diameter % Pore
in A Volume
<70 25.61
70-100 57.76
100-130 8.96
130-150 1.50
150-300 4.38
300-5000 2.44
>5000 0.47

Example 3 Preparation of a catalyst B2. A support (3000 grams)

that contained 0.02 grams of silica and 0.98 grams alumina per
gram of support was combined with molybdenum trioxide (797.84
grams) to form a Mo/support mixture in a Lancaster muller.

With the muller running, deionized water (4092.76 grams) was
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700 0C ) of 0.6232 grans per gram of m xture. The
mul l ed m xture was extruded using 1.3 mmtril obe dies
W@ 20oba2ay9l. 3 tril obe extrudate particles . ThePCT/US2009/040248
extrudate particles were dried at 125 OC for severa
hours and then cal cined at 676 0C (1250 OF ) for two
hours to produce the catal yst. The catal yst cont ai ned,
per gram of catalyst, 0.02 granms of nolybdenum wth
adtbe dalanrcecheupgoat ki nesdange suppoerte. wibenulled
catal yst is a binodal catal yst having a pore size
Ungiktd i S Oh WEPREEOTHEYT &n °g6r e SBRAREIST BERMLET AW

wa§08p1fi dle (ret-ahpouirber OfhuReESS |thd Re1 RAT @nsi 6/ support
dlstrlbutlon having a pore dianmeter within 33 A of the
mixpdianrgore °diramet er, a total pore vol ume of 0.924

CCFgua@ﬁQs%p§HE£a&§x@ﬁ§£v@£ 2490849 .usThe; poBensi 2811obe
di stribution measured using mercur por05|netry at a

digdpntaciordhgl-é bF 1 4a0° i ShowRei Ra . ThaBbgrgicles

weEXaiPl & ¢ 1PEepar atd amof aieahalyst ﬁ%ﬂ °C A18UPPOFf for
(4103.4 grans) that contained 0.02 grans of silica and

twQ, lo0g yr arfdcaFORPREL FerP Yikafeof 1 supporthanes tesabF pedias

0. %t hy el yb‘i%@u%gﬁl%éjeca(tﬁqgsgr@Hﬁ)alr%of oﬁkagram of
Mo/ support m xture in a Lancaster h

captyer fuARBngragei ohinced drgren, (‘29@6 t:?@ deansyet beite

suPbSuppeie %b%&H&éhéH“%éé%iy@kXEBrg M&SonBHahedaunt i Ly a
0Ss on ignition of 58% was obtained. During

hagbpal 4 infgllapheotenphEtatess osf 88hd, polideratwasambnf § dred
th&V%&’alZQuﬂn%e%OoE“ ﬁ(yﬁ@ss lqp(%h% %{%(?ﬁé§qjl%%rl%§§lglfl having

Ignition as nmeasured at 1 hour at 7000C ) of delonized
a peterdigasaddeditbin e/ ki xifuréeunedian wdeoggapater, a
| ye S ai_ned. o) c 1
AR bt e S FE VR R
popovaiert nidgitexnr a6 et arsingg bysmﬁnvuryImﬁnpammesryoatoan1

coffit QR PR oy PRIt 5L ghg o exc

s were dried at en cal ci ned at
TABLE 3

Pore Diameter % Pore

in & Volume

<70 23.58
70-100 40.09
100-130 12.77
130-150 3.02
150-180 2.56
180-300 4.04
300-1000 4.53
1000-3000 5.16
3000-5000 3.19
>5000 1.04
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537 0C (1000 OF ) for two hours to formthe catal yst.
The bul k density of the catalyst was 0.547 g/nL. The
WO e®alizdony cat al yst cont ai ned, per gram of catBCTES2009/040248
0.08 grans of nolybdenum w th the bal ance being
support. The nol ybdenum catal yst is a nononodal
catal yst having a nedian pore dianeter of 81 A, wth
at | east 60% of the total nunber of pores in the pore
size distribution having a pore diameter within 33 A
of the medi an pore di aneter, a Eore vol ume of 0.633
EX [P _.-‘- 2 O! O S D n9 The pore
Thé“ @ét{alwtl %sa§r€§§§éﬂ ed, Q%e”@b@y&ylr@rn%n@t ryaahickel
contact angle of 140 is shown in TABLE 2 . TABLE 2
SOEXaipl ¢'2F PREBaPhL FOMPGT g cdt'al ygtas2 of Aidigpor tand
1303909 gran®) qbhahi contaideed (6. 03 grans of-ysilirea ang-ry
0.98 grans al um na per gram of support was conbi ned

wagi keRts yBASAUR ERT I HS UGB8R glatr)lacs MaERT avas

ad¥Bd SUPRATith M XEUESI Th aR&ast 8510 d:ehwe iWHhENubhene 3807
mul I er runni ng, deionized water (4092.76 gramns)

9r 9@z added HEOFRe ( ’B? S uppores) xF e, CArditee /i ¥Earef

sivasa mid ed unki bras].98s,0f m%&@&@&%@%&u&% the
per gram of m xture was obt ai ned (for about

SURPPIUE e $)2S TRECHPESIWitHe TS/ SuppeEt S Ktinre a\ﬂésMSOSB( 417.57

grdhe) My suppont.m Xﬁ&fﬁg}"@%l@%%w@%Psdlngie]m%l% water
trllobe dies to form1.3 trilobe extrudate particles.

waThedqrdt ticltés nereuer iay ahelP5X0G amb iern Ledl EPneth

nifhe 37 GGd(1000:0Fnd d0f w0 h0uL S The £onpaghed Byt kos

density of the extrudates was O g/ mL. The
59rés‘uﬂ%|mg @alxally@t cont ai ned, per gram of catal yst,
lﬁq%dokl %?q%ﬂy%kt@hhgdth?l&fHa@F%mP%Fggobe dies

support bdenum cat al yst I's a nononod

tocheath yist3 ha\ulngeaemmcmtep@laetdpaﬁ%t erThgf e88rAdates there

0
dr§5d|§@§&xpgé)ggr several hours and then calcined at 676 °C

(1250 °F) for two hours. The resulting catalyst contained,
per gram of catalyst, 0.079 grams of Mo, and 0.022 grams Ni,
with the balance being support. The molybdenum/nickel
catalyst had a median pore diameter of 98 A, a pore volume of
0.695 mL/g. The pore distribution as measured by mercury

porosimetry at a contact angle of 140 is shown in TABLE 4.

TABLE 4
Pore Diameter % Pore
in A Volume
<70 5.5
70-100 53.6
100-130 33.6
130-150 2.1
150-180 1.4
180-300 2.2
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t he total

nunber of pores in the pore size

distribution having a pore dianmeter within 47 A of the

wore@oamopor e di

aneter,

a pore volunme of 0.651 PLT/yS208910140248

a surface area of 365 nR/g. The pore distribution as
measured by nercury porosinetry at a contact angle of

140 i s shown

n TABLE 3 .

TABLE 3Exanple 4 .

Preparation of a catalyst C The catal yst was prepared

in the foll ow
conbi ni ng 377.

NBo F@ M iRImetArnI
7 grams of Ni(

NO 3

ckely gekdti on
and 13

was nmade by
7.7 granms of

dei oni zed water to £Brfh a sIurry.°¥H@esIurry was
heated until ¢l eanggndysefficient dej oni zed water was
added to bring the conbined nickel solutign weight up
the 3807 grans. A &Uppd0 (3208. 56° gr ans) |t hat

cont ai ned 2 wroo Uﬁfocgd—iﬁo & antt 98wt % of —aljum na
(wei ght percentage based on the support) was conbi ned
with the nickel solxtlddn and| MO I (AU17.57 grans) in a
mul | er. Duri ng—utng,—4191t 71 detronized-wat er was
added to the m xture and the m xture was null ed for 45
m nutes. The resulting mxture had a pH of 4.75 and a
LO of 59.4 wt% per mxture. The nulled m xture was
extruded using 1.3 mmtrilobe dies to form1.3 trilobe
extrudate particles. The extrudates were dried at 100
Exgga %l poyES ?ﬂgmﬂh%qué&gln%q ; S g\
a peruggamofracababystatd. 379 agransandl My, FANdf02022
gr Ni , with the bal ance bein upport. Th
ol BT nF EREE OB Al diTy et ARG 4. hech A Pore af BRetare L
wa®f e@Biphed aipar enyohaumQfes0c69heathe tEi®cparares
di stribution as neasured by nmercury porosinetry at a
ORI dnorbosroh a0t < SRBwhcr A TaBLE e rAarest By

fidExahpde SpacCoptacdeOftrd Chudrofieed mid linCahakystis1A of

and Bl in | . ,
the reactor with catalysts and silicon carbide

(20-grid,

Stanford Materials; Aliso Viejo, CA). Such silicon carbide is

believed to have low, if any, catalytic properties under the

process conditions described herein. All catalysts were
blended with an equal volume amount of silicon carbide before
placing the mixture into the contacting zone portions of the
reactor.

A volume of catalyst Bl (24 cm’) as described in Example 2
was mixed with silicone carbide (24 cm’) and the mixture was
positioned in a bottom contacting zone.

A volume of catalyst A (6 cm’) as described in Example 1
was mixed with silicone carbide (6 cm’) and the mixture was
positioned on top of the contacting zone to form a top
contacting zone. The volume ratio of catalyst A to catalyst
Bl was thus 2:8.

The crude feed flow to the reactor was from the top of

the reactor to the bottom of the reactor. Silicon carbide was
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a volunetric ratio of catalyst A to catalyst Bl of
2:8. A tubular reactor with a centrally positioned
W b@oieeeed | was equi pped with thernocoupl es t oPEEEHS200%040248
tenperatures throughout a catal yst bed. The catal yst
bed was forned by filling the space between the
thernowel | and an inner wall of the reactor with
catal ysts and silicon carbide (20-grid, Stanford
podat esiatl Sit AhkSPoMi @ ot CAR. rSHEhoSItd cRIrvearnbi depdStom
believed to have low, if any, catalytic properties
SUBRCEr- t he process conditions described herein. All

cataly sdas AR ke s blended, Witk qcany e gued o ! iHie aagBYaG u of
silicon carbide before placing the m xture into the

. o : g <)
miZHREActi mg V2ene Por I Ohs ot ifRedPeatt of° LY Av{sPHRR @15

incatalysdoBakrl 24 £68)s ax desarbbed i N5 Bxamplsenduwass
m xed with silicone carbide (24 cnB8) and the m xture
JaHRI P ALIHHIBReBEF NVl Bt t &) cOAt AEEF hgHHE STA (Vb1 LD

caPhi &t Y $lotAcbBnedB)anHaeseki bed v manp ealavast) .

m xed with silicone carbide (6 cnB) and the m xture
TeRpsr PoFias GhedPBnCeBR G EOBBAt BT ng' FErétotPorirt a'C

(4bOP£PNLAGL HNGoZPNEng THE VRl uBB 4T 8t i @,,01) ¢alakystaAd.0
catalyst Bl was thus 2:8. The crude feed flowto the

hot@hrd it wad fFent the- a6 reft U ReOf eled o1ontE CthE IbaPEomwas
in@fed gy ri8RCLAENL DI | § QN Lar bidesyasposi fd aned at ;they oc

bottom of the reactor to serve as a bottom support .
(5qh@?bé¥§|@§P§'MEF@ESQQWqQﬁQinﬁyZPﬁ@$dﬁﬂ@iﬁ@l@tgaéé@u%t 316
ocMEE Ul Rfyo YAk Yo iydrogen sul.fLdg, and, Qo velb% 70 oc (700

hydrogen gas into the contacting zones at a rate of
°Fl.6ver tlersinogndolfie faseEo s/ Onikt pe per heolngne The) of
co£9£é%i¢§“4§ﬁ£§t é§élééfg%éaa%glggowﬁ§orgHbf%%%nESHp@§ature.

part of” the volune of catalyst) .

After sulfidation of the catalysts, the temperature of
the contacting zones was raised to a temperature of 410 °C. A
crude feed (Peace River), having the properties listed in
Table 4 was flowed through the top contacting zone and bottom
contacting zone of the reactor. The crude feed was contacted
with each of the catalysts in the presence of hydrogen gas.
Contacting conditions were as follows: ratio of hydrogen gas
to feed was 318 Nm’/m’ (2000 SCFB) and LHSV was about 0.5 h'’
and at a system pressure of 6.55 MPa (950 psig) as the crude
feed flowed through the reactor.
The runtime, viscosity, API, P-value, weighted average

bed temperature (WABT) and WABT increase during the runtime

are illustrated in table 5.

Example 6. Contact of a Crude feed with Catalysts A, Bl

and C in a volumetric ratio of catalyst A to catalyst Bl to

catalyst C of 2:6:2.

Example 5 was repeated and the apparatus, sulfiding

procedure, crude feed and operating conditions were the same

24



10

15

20

25

30

Tenperatures of the contacting zones were increased to
204 0C (400 OF ) over 1 hour and held at 204 OC for 2

whowes2698d t er hol di ng at 204 0C , the tenperatRCEUSF009/040248

the contacting zones was increased increnentally to
316 0C (600 OF ) at a rate of 10 OC (50 OF ) per hour.
The contacting zones were naintained at 316 0OC for an
hour, then the tenperature was raised to 370 0C (700
as0Fo) myefl1t Boupiandheld@br3dd O fid dJama1heussusdde
contacting zones were allowed to cool to anbient
Ing epyerdt . CAFE&YSSUIHiFatPoR*8FPthe’ cdt AIYSt8attpe of
catgmﬁtmr g10tnthe wontacki ng ZoGesuas: iAirsedot oca
nperature of 410 OC . A crude feed (Peace River),

Cah%w%fg X e FPopertt d3l ITSEdaHSTabl & 4 Was f | owed

t hr ough (e otropa €Ny ACtd NG zane a@é“%e@@&&@@hcﬂﬂt%rdmgz 4
zone of the reactor. The crude feed was contacted with

wagath Wt e ééf-%\F?@? sca5pidse (Br é@e)n@éldofchﬁy‘d%%"gléﬂe gas.
po PN Aedd NG conRditépnsowel g ias Fohbows: ratio of

hydr ogen gas to feed was 318 Nrrg/rrB (2000 SCFB) and

LHSV W mgb 6t COCBLYSY Bnd 18t C& syt ScpFesstr& gixample 2
wa 8. PP P, 1(95Q1 PSEGle aSsti@CrudechBed nhl ewedyihroughias

the reactor . The runtinme, viscosity, API, P-val ue,
pO@vé‘FJgQﬂ@éH igdvér Qg@db%dCQWPQQuF@n?V\ABT) and WABT

i ncx e@cﬁl%n%“%‘fngawﬁyéﬁ”ﬂ' I’@Ecﬁﬁﬁ dd ldstrated i é?&@[{gﬁesl

. Exanple 6 . Contact of aCruefeed with Catal ysts A
was BixethdriChi Aialgerumsamiicer 46i emof a@at ahgspia e was
poSat alyst B L t00Cal Al YL G 9bn2; 6:2. Exanple 5 was

r epeat ed and the apparatus, sulfiding procedure, crude

f eethamdingpaeat v hgceondit Mﬁs %V@lmehe veavpasdf grerage

: | 3 S

T L R e e e
ar@oirblmrlactﬁdofincmlal@/sfts A, Bl and C was used in a

VOléggﬂﬂfé:7tatb8n9£ct of a Crude feed with Catalysts A, Bl

and C in a volumetric ratio of catalyst A to catalyst Bl to

catalyst C of 4:4:2,

Example 5 was repeated and the apparatus, sulfiding
procedure, crude feed and operating conditions were the same
as for Example 5, with the exception of the catalysts used.
Instead of the catalysts used in example 5, a combination of
catalysts A, Bl and C was used in a volumetric ratio of
catalyst A to catalyst Bl to catalyst C of 4:4:2

A volume of catalyst C (6 cm’) as described in Example 4
was mixed with silicone carbide (6 cm’) and the mixture was
positioned in a bottom contacting zone.

A volume of catalyst Bl (12 cm’) as described in Example 2
was mixed with silicone carbide (12 cm’) and the mixture was

positioned in a middle contacting zone.
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catalyst Ato catalyst Bl to catalyst Cof 2:6:2 A
volunme of catalyst C (6 cnB) as described in Exanple 4
woreIneeeed with silicone carbide (6 cnB) and tPEI/US2009/040248
m xture was positioned in a bottom contacting zone. A

vol une of catalyst B I (18 cnB) as described in

Exanple 2 was m xed with silicone carbide (18 cn8) and

the m xture was positioned in a mddle contacting

zonze vA el biecofataialy sti2Achb) aBlcasrdesgribetkdnple 1

anple 1 was mxed with silicone carbide (6 cnB) and

wag H%l%ﬁ%wl}rtél Wast poRT tivedei nla £Bp Coft A8t it ZYie.as
podNeidibY iR a ¥YbpCOShidbt i zoRzval ue, wei ghted average

bed tenperature (WABT) and WABT i ncrease during the

r unt§re e ey | Mé%?%f’tjetd"l AFtabPevalue Exgnpingeq average
pe&ond@sdr Lfura Gunge) faed wigrh i GatalystsuAng Bheabtn Gid

a volunetric ratio of catalyst Ato catalyst BIl to
are at-atYracest 14: 4221 Beanpl e 5 was repeated and the
appat %&ﬁnen%%ﬁh@'@Bostoé“e%dliftelsCé%ﬁ@cﬂ‘é%ﬁ‘%h%@dthe P-value
operating conditions were the same as for Exanple 5
deGf ¢ Thelledeepti Brdott 19re "eatal yIrRr Lsew !yl Ast gad gpund
th&?%}@@tﬁ]%ﬁh% H§§an_!; N RXaRe 0?2 ex@mSIbiNaki gaqof
catalysts A, Bl and C was used in a volunetric ratio
reppl aﬂt)ﬂé%leA focerra Y1t BE £82BRtal YstvhEchf dgeq: pon
coM@h e, of catalystc C (6 LBy ascdesetd bﬁd mﬂh@cﬁxégp&&tdfaln
was nixed with silicone carbide (6 cnB)
capRk{Ur € wagrposrt L bhed-iatea oLt oﬁﬁl%dmeéf@tnlcﬁg OioﬂétaJA/St
c Job ues ol et Bbysti & loddl2.CBR) s @%%cléieb%qd' Dhe
Exanple 2 was  m xed with silicone carbide (12 cnB8) and
stehel Wixtafr ¢ hgaseposien oneduira-a m ddl e contacting
zone. A volunme of catalyst A (12 cnB) as described in
Exanple 1
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was m xed with silicone carbide (12 cnB) and the

m xture was positioned in a top contacting zone. The

APl , P-val ue, wei ghted avRCHYS200%040248
tenperature (WABT) and WABT i ncrease during the

runtime are illustrated in table 5 .
is expected that the P-val ue decreases
Surprisingly it was found

processes i

during a hydrotreat nment
that the P-value during the runs of exanples 5 ,
A comparison of exanple 5 ,

7 remai ned

t

st abl e.

does not contain any cat

which do contain catal yst

P T

fur

ther i

In conventi onal

6 and
whi ch

wth exanple 6 and 7

|l ustrates

Propesty he prié<SMe £89dat al yst  C_haSreds BXeR8Ftpositj ve

ExgfpEet on tlhe P-val ue |[and t he sfPabill i fly qf Exp@ples 24 and
reaction mi|xture. TABLE 5CLAI M5 1 . |A cat gl yst23ywf &mS-
comprising:| a first cgtalyst|with a binodal porkatenge
di stributiagn, which filrst catal yst |[conpri|s@PpPaication No.
hydr ogenatilon metal ., rineral | oxidel|partidles Hy$P6f, 926

Ruguppbegt, whereimathe hHydeegenatiddn |[net@ [consi st®56f a

hogot utm 6 netal and wherein the mineral oxide particles

Prhaverean average .parti gl €.8bze ©fS5at #ost |150 3.8

MPan croneterd ; a second catalyst conprising a

APhyerogenat ijon net@al and a/suppards whesein the 14.44

Vi bydsogenat ijon etal cgnsksts| ofs.a@ ¢osumn (6 et al74anrd

37t he°support| conprises |silicaralumna. 2 .| The catal yst

(1system of glaim1l , wherein the segond catalyst is

cstocat ed downstream of the first catjalyst.] 3 . The

p-catad yst systemeod cldim 25, | whenei|nitBe |[volunetriz

scati o of filrst catalyqt §0» second g¢atahydt lTies ggsthe

tehgd@efreom|1: 9 to 6: 4.

°C

End n.a. 408 403 408 410

temperature,

°C

Temperature n.a. 1.6 1.7 3.6 8.5

increase per

1000 hours,

°C
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4 . The catal yst systemof claiml1 , wherein the first
catal yst contains essentially no hydrogenation netals
worden2ddban the colum 6 nmetal and wherein f urp¢PUS1002040248
second catal yst contains essentially no hydrogenation
metal s other than the colum 6 nmetal . 5 . The
catal yst systemof claim1l , wherein the catalyst
system further conprises a-sihgequent third catalyst,
whi ch third catal yst conprrses—a first hydrogenation
1. met&al catalyetonds hgdr ogerdtsiion :net al and a support,
wher i 1 Jhe fLisLe ydneaenati.an, mELAL {88 GALUTRLE: on,
net al “he "Seco hydr ogenat 1 on al 1's a colum
whneltlaifimzrt aaceluph dQnpreisas. abhydfbecwsatiady seteyst emefal
, e n_t hird l yst, | in. a
o R B S e diar cor T Ry s O frecal
conpl sinetafi @ awdunt @fmeﬂui $@@owdecatalwmﬁ mifieraThexide
yst, s stemof cl ., -Wherein th f|r t d/or
e SELEHT CaE o CoRta med teaPumne s bl Snaet 850 i
mlcammé@@dssysten1of claim1 , mhereln the annunt of
hydro ena%!ontnﬁtal i n_the .catal sé |an§ases L q
t he™ catal Vst 6CAt ed” HHST Sapst FedhT 1 7T He "CAt AFyS "and a
subp@ﬁﬁeﬂmnnﬁm dbmnsydfmgnd@wdbmgﬁlaalOﬁnﬂakab ol thOlumn 6

i %% %i ncreases fromthe cg aIys{ | .ocat ed nost
meE% t+Earh o *PRECE at &'VE I°6c St ed st "Hdiist ream  10.
2.A nethathtfaokstr eat t@ntodfclaier udewhees camer isecbgd catalyst

..contacting a crude f the resence of a hydrogen
B R RS S S ERE I i A A S

3, cI aimes btQy8t. stdrenTher rathed1aswiedsdived nenvelanstdle ratio
where the contacting is carried out at a tenperature

°fi h'tte Tdnigd >fr ot 356°BC Ahd 486 0€°2 12" thé Rt ho ™ *:°

toas:£]laimed in claim10 where the contacting is carried
out_at a pressure of at least 3 MPa. 13. The nethod as

ol alHeda T EPai iY 10E™ ierer ™t e BATH ystoof 15T catalyst

contains essentially no hydrogenation metals other than the
column 6 metal and wherein further the second catalyst contains
essentially no hydrogenation metals other than the column 6
metal.

5. The catalyst system of claim 1, wherein the catalyst system
further comprises a subsequent third catalyst, which third
catalyst comprises a first hydrogenation metal, a second
hydrogenation metal and a support, wherein the first
hydrogenation metal is a column 6 metal, the second hydrogenation
metal is a column 9 metal or a column 10 metal.

6. The catalyst system of claim 5, wherein the third catalyst
is present in a volumetric amount that is equal or less than the
volumetric amount of the second catalyst.

7. The catalyst system of claim 1, wherein the first and/or
second catalyst contains a column 15 element.

8. The catalyst system of claim 1, wherein the amount of
hydrogenation metal in the catalysts increases from the catalyst

located most upstream to the catalyst located most downstream.
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the catalyst systemare situated in a fixed bed. 14.

The nethod as clainmed in claim13, wherein the
wowedoghe@a aver age bed tenperature i s increasedP@/USHE%040248

than 5C per 1000 hours. 15. A catalyst conprising

conprises a first hydrogenation netal, a second

hydr ogenation netal and a support wherein the first

i t ecq d
YGRS RRE S U S0 CLTE focd MEASE RN
logeted rard whﬁ?@tsa@pow fdmrmtgéssg l9oeat sghdoaltupgpmastrean.

10""“'&%&%?1' ¥SL pas,obtal ned | b&ﬁé%%é‘%c[‘a?co%)%%ge'Ig!%dg&tactlng

m xture of the suppor a col umm
a coﬂmiﬂnf@donnc@hanpra@em alf sohutiropeatscirtcenpécht areatalyst

sygéeglag 51 1m%g019 any one of claims 1 to 8.

11. The method as claimed in claim 10 where the contacting is
carried out at a temperature in the range from 350 °C and 450 °C.
12. The method as claimed in claim 10 where the contacting is
carried out at a pressure of at least 3 MPa.

13. The method as claimed in c¢laim 10, wherein the catalysts of
the catalyst system are situated in a fixed bed.

14. The method as claimed in c¢laim 13, wherein the weighted

average bed temperature is increased by less than 5°C per 1000
hours.

15. A catalyst comprising comprises a first hydrogenation metal,
a second hydrogenation metal and a support, wherein the first
hydrogenation metal is a column 6 metal, the second hydrogenation
metal is a column 9 metal or a column 10 metal and the support
comprises silica and alumina, which catalyst was obtained by
calcining a co-mulled mixture of the support, a column 6 metal

oxide and a column 9 or column 10 metal solution at a temperature

of at least 650°C.
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