CATALYST SYSTEMS AND METHODS FOR CONVERTI NG A CRUDE FEED W TH SUCH CATALYST
SYSTEMS This patent application clains the benefit of U S. Provisional
Application 61/043941, filed April 10, 2008, which is incorporated herein
by reference 5 Field of the Invention The present invention relates
to catal ystO3YH¥H and nethods for converting a crud@FaEHNREsuch

catal yst systens. M Background of the invention Crudes that have one or
nore unsuitable properties that do not allow the crudes to be economcally
transported, or processed using conventional facilities, are conmonly
referred to as "di sadvant aged crudes”. D sadvantaged crudes may have a 15
hi gh viscosity that renders the di sadvantaged crude undesirable for
convent i onakTALA@TSpOFTEMY @nDamel/Honst reatomenerTae ki thes #The titgh vi scosity
of the disadvantaged crude cap..be, gg%%@ﬁ&fﬂt acting the di sadvant aged
crude at el evated tenperatures ané> pressure with hydrogen in the presence
of a 20 catal yst, aI so sonetines referred to as hydrotreatlng of the

di sadvant agedygrudeien: aps1be-S.1 Rubli shed Rat.ent: :App} iicati on Nos.
20050133414 t hr ough 2005(5 33418 to Bhan et al.; 20050139518 through
20050139522 tBrBHANCRT! 4I°P! 1 200501455058 %46 Bhiredeteal | |1 02520050150818 t o
Bhan et al., 200501559080 Bhan retcah.uy 2005016:4320 to Bhan et al .,
20050167324 t hrough 20050167332 to Bhan et al., 20050173301 t hrough
20050173303 to Bhan et al., 20060060510 to Bhan; 20060231465 to Phan;
200602314560 Bhane 20060234876 to Bhan; 20060231451 to Phan and
20060234877 to 8 ; 000808 to Bhan;
30010000811 t o™ RBR 20y %Q“gm?e%n;’??%ﬁeﬂ%u[s AR R W 2008/ 016060
and WO 2008 106979 rt oo Bifarinand wrge P%ﬁdemtthpwq?batﬂt@rvsms 11/ 866, 909;
11/ 866, 916;,514/866, 921 through 11/866, 923; 11/866, 926; 11/866, 929 and

11/ 855, 932" to Bhan et 5 al., filed Cctober 3, 2007 describe various

pr oces¥es PASY ST BHE, CAnd G ALEEYEIY for processing crudes and/ or

di sadvant aged clrlud@sm&l_ &aveableéﬂtorl\lﬂ§reanﬁ54i 994 teoReynaldsnhet al .

6, 436, 280 ito & ? gkar et al., 4,937,222 to

t oAngevi né“e {‘O‘al"“ 021.’ é%% Cé’é‘ﬂefoL(i\Aﬁel 8?”%“%& Y19 4 6P Pk ef”

progebsed using ceonventional facilities, are commonly referred

to as “disadvantaged crudes”. Disadvantaged crudes may have a

13 high viscosity that renders the disadvantaged crude
undasirable for conventional tCransportation and/cr 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

20 catalyst, also somellimes referred to as hydrotreating of the
disadvantaged crude.

U.5. Published Patent Application Nos. 20050133414
through 20050133418 to Bhan et al.; 20050139518 through
20050139522 to Bhan et al., 20050145543 to Bhan et al.,

25 20050150818 to Bhan et al., 20050155908 to Bhan et al.,
20000167320 to Bhan et al., 20050167324 through 20050167332 to
Bhan et al., 20050173301 through 20050173303 to Bhan et al.,
20060060510 to Bhan; 20060231465 to Bhan; 20060221456 to Bhan;
20060234876 Lo Bhan; 20000231457 to Bhan and 20060234877 to

30 Bhan; 20070000810 to Bhan et al.; 20070000808 to Bhan;



al ., 4,548,710 to Sinpson, 4,525,472 to Morales et al., 4,499,203 to

Toul hoat et al., 4,389,301 to Dahlberg et al., and 4,191,636 to Fukui et

al . al so describe various processes, systens, and catal ysts for processing
crudes and/or 15 di sadvantaged crudes. U S. Patent Application No.

11/ 866, 926VH8%EAHB¥s in exanple 24 a catal yst that codpriUSEEY &% ppor t
containing silica and alum na and that contains both nickel and nol ybdenum
In exanple 25 of U S. Patent Application No. 20 11/866, 926 the catal yst of
exanple 24 is contacted with a crude. During the total contact tinme of 2952

hours the tgnﬁerature was raised from385C to 410C, i.e. the tenperature
i ncrease per 1600 MHobf siids Cabdut’ 8"BEFCE T Rh TUSITAGECSHVERE i dival
hydrOtreaUhDg/ﬂHKh@dﬁndUhE22583HK@H?S¢0ﬂﬁMnd&ﬁﬁiMV&te%dmeLtO deposits that

are formed _and t hat accu t r 0
Deactlvat?xﬁLl?m?ﬁm at al é?ggéﬁg tg?gﬂgﬁgﬁgi é% éh?; 5%58u1%nsated by
|ncreaS|ngiVﬁé61%ﬁmeﬂaI%ﬂb§2at whiseh. e anyidkotdeabphg-d $heareti ed out. Such

tenperaf urg i ner RNERLS, 30 ahoa»ﬂ@o/ﬁrdmw%e%%@l Lhe 98?&%&“ the
hydrotreatment. in addition, higher tenperatures nay 'ead to nore deposits

and furthews ﬁ@%edﬁvﬁtF@ﬁﬂdﬁtﬁhéﬁtéﬁaFQET”ﬂiCTUd@“Fmﬁbﬂ1d therefore be

deS|rable(ﬁ@dbaMQI@Laeéhggmand/or a catalyst systemthat allows for a

prol onged runtinme, wherein th cataIX remai ns suff|C|entI¥ ctive wthout
a

the necessity Of° eXfenst V&IFy fnetedstny tHE oHEt &5 fig- t émjeratitre during

the 5 runUKﬂHarlmeﬁﬁdﬁtJQﬂ92BtJMDudebﬁk&dantagEQUS t07,lhazet@ net hod

whereip, t %€§%¥%£% : efle%%%ngg%he @ |I|5 /%5{% reaction mxture

during the e, Fehmi s “dbove T é ffvention | SThe above
can be achﬂevedﬂbw,ugﬁmg>ph@p@@LaMysﬁbsyélensMandeﬁefhoﬂs according to the

'”Ve”t'onrl€@§0£&§”%|¥o£ﬂ§m9r8§%ﬂﬁ S RVeN -9n proyides. a Latal yst system

conprising: a first catal yst with a binodal pore size distribution, 15
whi ch f|r§Wdcét§Fy§ﬁGCbﬁﬁﬁW§és@%?HydﬂbﬁéﬁﬁﬁFéhb%éﬁﬁPouﬁﬂﬁ@ﬁaﬁg%%lde

particl es aRdcas SUPROLL:a WReL et/ the hydnegenatd onnaesal

15 disadvantaged crudes.

U.5. Patent Application No. 11/866,926 describes in
gxample 24 a catalyst that comprises a support containing
silica and alumina and that contains both nickel and
molybdenum. In example 25 of U.5. Patent Application No.

20 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

25 catalyst may deactivate due o 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,

3 however, increase the costs of the hydrotreatment. In
addition, higher temperatures may lead to more deposits and

further deactivation of the catalyst



consists of a colum 6 netal and wherein the mneral oxide particles have
an average particle size of at nost 150 mcroneters; 20a second catal yst
conprising a hydrogenation netal and a support wherein the hydrogenation
nmetal consists of a colum 6 netal and the support conprises

si | i ca- al UhY HAR9/126909 In addition the present invent %H‘]%’WW& a met hod
for treatnment of a crude feed conprising contacting a crude feed 25 in the
presence of a hydrogen source with a catal yst system as descri bed herein.
It was found that the catal yst system and the use thereof In a nethod for
hydrotreating a crude feed allows for a proI on%ed runtime ;EI’EI n the

cat al yst remaiis "28{FVE'SHATPST 250 “ERE WeiFght ed™av ér'’ige bed t éfpérat ure is

i ncreased chyaless sthasne 5Gapes LOROtbour s)roionged rtneief, thereiat al ysts t hat
may be us in_the_invention is..novel pres ention theref ore al so
provi des ggec%tatwlrl s% r':—]mlrnlssSIf'lfSLlczﬂemisyt aﬁ%ﬁro eﬁglfmi%g\ﬁrrepefeﬁ a decond

hydr ogenatfvliomtrret%alvoemduwrsappm tthev\drmert@tmn@hfeenﬁqorstumdneglema?theon metal is
a col umn G.qetal, shheaseqand hydrogenal Lagapeldal ks 4 gokum 9 metal or a
col urm "10 netal 5 and the support conprises silica and al unina, which

cat al yst washebtraicned byrecAHed Hicng ral cotiib| B mtRbule Yot We® support, a
colum 6 netat:Oxikdecand R-¢0h W Yulrikol uam. 10 aebad solution at a
tenperature of at |east 650C. Brief description of the draw ngs The
invention is illustrated by the following figure: FIG 1 schematically
shows an enbodiumityoff tthe ﬁ)fx‘@@ﬁﬁﬁ)nof the invention Detailed description of
t he in}{)enti on . ferns used grgcl}p arg def |ngd S fc(%LaPWSL S refers
to Anmerican Standar Testin er] al’s g"iAﬁ gravity”'refers to APl
gravity atan@bnd: @d(SG@C@:)LdlA@Itagrtml wvelglazs det erm ned by ASTM Met hod
96822. Accmd“;ﬁgom@ Jxdepgen Rereantageland, ‘atoni.& carbon percent age”
of the crude feed and the crude product "are as 20 determ ned by ASTM Met hod
95291. COmPrINGWGe- nodal catal yst” refers to a catalyst in which at | east
the majority of tihecpese. vekupe i s disdddibubed dinconesstiatistical

di stributions_ of Jpore di aneters, which statistical distribution has a

si gni f "carit*pRaki e R? di'sptag ¥t dnca pdre o5 vl tre Vet sud-pore di anet er

pl ot . oxidé Biavadal e € atral yisﬁupgoefcerﬁhetx@la cad alyystbgémuibihcheaty | east the
majority of ntgpoewpore vo(l)lurlg% edc';ﬁt [ Q“t}%qcel lﬁl\epm§%g;télﬂstl cgl di stributions
of pore di “Aet er's, fe8ch s at| stical “di stribution havi ng a si gn|f| cant peak
when dlSph@WQdCtﬁF &ave an average particle size of at most 150

micrometers;

20 a second catalyst comprising a hydrogenation metal and a
support wherein the hydrogenation metal consists c¢f a ceolumn 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

25 in the presence of a hydrcgen 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

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

Cne of the catalysts that may be used in the inventlon is

novel, The present invention therefore also provides a



30 pore vol une versus pore dianeter plot. Boi | i ng range
distributions for the crude feed and crude product are as determ ned by

ASTM Met hod 05307 unl ess ot herwi se nenti oned. "C5 asphal t enes”
refers to asphaltenes that are insoluble in n-pentane. C5 \asphal t enes
content isWaYe8i ned by ASTM Met hod D2007. POTERAYHNES: enes”
refers to asphaltenes that are insoluble .5 in n-heptane. C asphaltenes
content is as determ ned by ASTM Met hod D3219. "Colum X netal (s)"

refers to one or nore netals of Colum X of the Periodic Table and/or one
or nore conpounds of one or mr e metals of Colum X of the Periodic Table,
in which Mot T SPBhtS 1% “at tol umd “hedfder 0 die 'exanpl E°°1912) of the
Peri odi ¢ Tabl-egenation t&odiummaXe elwepent ( S)hereef efre torone or nore el enents
of Colum X of the Periodic.Table, and/or gne or more conpounds of one or
more el ements " of I"um of "t he Peri odi'¢ Tabl e.°i’n 15" whi ch X corresponds
to a col urmydnoadertiChoreteXdanpl @, cdl3wt8) roftatther Rericodine IPabkeal I n
the scope Of; thi s, g2ppli call 00 el ght. . of, A ABkLal. fr.am he Beriodic Table,
wei ght of a conpound of a netal fromthe Periodic Table, weight of an

el ement f rorh PR PER 6di € TaBled 20 oF WeicgRt=of- % céokound@reftan el ement
fromthe Rerbodi€ sTablte: isical g at ed)as, therwel ghtn 0f +mtal or the wei ght
of el enent. _ "Conul I'ing" refers to contacting, comnbining, or

pul veri zi rMylofiat AtedstetRiG aSubstHAnces i togetABK -such that at |east two
subst ances;;ane #dxedothsoughpechaniiegk and physical 25 forces. Conul ling
can often Torma substantially uniform or hormgeneous m xture. Comuiling

i ncl udés the cOnt aCt'PRE Ut ‘SubstEnceset o°¥itefdta a8 t1arScan be
extruded. Conuftdng dersnaraicaibeldudesi Apragaatihon et hodsHcrewhi ch a fornmed
solid is iorp’rg]ge,d \jel?wf_'ft liquid or gas to absorb/adsorb conponents N fromthe
liquid or gas. "Cont ent” refers to the wei ght of a conponent in a substrate
(for examplegaidecrdederieedn alt otalinpeodust, or a. crude product)
expressed as weight fractd.on,or, ywejght, percentage. based on the total weight
of the substrate. "Wppnt refers to parts per m11ion by wei ght.
"Distillate" rebert roltyadriocarpornsowetdEHol £t g ar apgelaterials.
“API gravity” refers to APL gravity at 15.5 °C (60 °I).

APT gravity is as determined by ASTM Mathod D6822.

"Atemic hydrogen percentage” and "atomic carbon

percentage”™ of the crude feed and the crude product are as
20 determined by ASTM Method D5Z291.

"Mono-modal catalyst" relers Lo a catalyst in which at
least the majority of the pore volume is distributed in one
statistical distributions of pore diameters, which statistical
distributicn has a significant peak when displayed on a pore

25 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

30 pore volume versus pore diameter plot.

Belling range distributicns for the crude feed and crude

product are as determined by ASTM Method D5S307 unless

otherwise mentioned.



5di stribution between 182 C (360F) and 343 C (650 F) at 0.101 Mra.
Distillate content is as determ ned by ASTM Met hod D5307. "Tot al
basic nitrogen" refers to nitrogen conpounds that have a pKa of |ess than
40. Basic nitrogen ("bN') is as in determ ned by ASTM Met hod D2896.

"Hydr ogen ¥8at¢d*¥ef ers to hydrogen, and/or a conpouR8TEAHIEH+EEpounds,
that when in the presence of a crude teed and the catal yst, react to
provi de hydrogen to conpound(s) in the crude feed. A hydrogen source nay
include, but is not 15 limted to, hydrocarbons (for exanple, G to O
hydrocar bons sych as net hane, ethane, pr ogzne and but ane wat er, or

m xt ures ther eof’. “*PHEVCIPRT 1615 B VOPORBEFIE FiPdfuitd f L& FREE per tot al

vol une of m:zahaﬂ:eyfs:tanand isaexpriessed danthaurss (3 Yetehotiakd 20, volrune of

cat al yst |Ms ca c[}g ted by summation of all catalyst volunmes in the
contacting zones as "descri bed herein. "M cro-Carbon Residue" ("MR")
content refers“t :oaapkquammsy ffecar bormspesi duesr ehali mirrgiaftlelevaporati on

and pyrl M%‘ 19<fpzam%UbSc§ ,rc?ép@‘aa NCR. cont.enf ;S as detehmaed, bysdw ASTM
Met hod D453 Napht ha" refers to hydrocar bon conponents with a

boi | i ng ré’ﬁgéoﬂl%%?r “but i on bet ween 38 C (100 F) and 182 C (360 F) at 0.101

MPa. Naphtha ceomient ks:was.detersrmed tt}y ASTM MethodDb304¢ 30"Ni/ V/ Fe
content" refers to the content of nicke vanadi um iron, or conbi nations

t her eof . 'F*r?é“‘ﬂﬁl/Vf’ﬁetEbH%eéfﬁf’dfhcji‘iﬁdésd?w&rgaﬂ? cornlr“ffﬁ%lw“\?étﬁﬁﬁlr dth and i ron
conpounds cardbormorer ganoni eketolemganey anadumodndTeb. gan@nr eni conpounds.
The Ni/v/Ee content jis as de {?&lm;ﬁ% @py fASTM ,I}{getlhod %7) 3¢ tho " N8/ n8"
refers to normal ‘cubic et &rs" o et" Cubi'e ter crude feed.

5" Non- condensadle Tgast.refers to corrponents and/ or m xtures of conponents

that are gases”@%Lﬁ%EPX element(s)” refers Lo cone or more elements of
Column X of the Pericdic Table, and/or one or more compounds
ol one or more elements of Column X of the Periodic Table, in
15 which ¥ corresponds to a column number (for example, 13-18) of
the Pericdic Table.

In the scope of this application, weight of a metal from
the Periodic Table, weight of a compound of a metai from the
Periodic Table, welght of an element from the Periodic Table,

20 or welight 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

25  forces. Comulling can often form a substantially uniform or
hemogeneous 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
ig dmmersed in a liquid or gas to absorb/adsork components

30 from the liqguid or gas.

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

substrate {(for example, a crude feed, a total product, or a



"Periodic Table" refers to the Periodic Table as specified by the

I nternational Union of Pure and Applied Chem stry (I UPAC), Novenber 2003.

| D'P (peptization) value" or "P-value" refers to a nuneral value, which
represents the floccul ati on tendency of asphaltenes in the crude feed.

P- Val ue i sW"$8E@Phi ned by ASTM Met hod 07060. "Pore ditdret¥¥o40248nedi an
pore dianeter", and "pore 15 volune" refer to pore dianeter, nedi an pore
di aneter, and pore vol une, as determ ned by ASTM Met hod 04284 (nercury
porosinetry at a contact angle equal to 1408). A microneritice A9220
instrument (Mcroneritics Inc., Norcross, Georgia, US A) may be used to
det er m ne $HESePVHITTES. e’?ﬁeﬁ(ﬁ?Q‘T‘J’%‘W@ﬁg?‘érigaFBl%br?ﬁoH@h?%t that have a

boi | i ng r angeedi sdd ivhyti amm abevesthd8wi {1000 tiy ,suvastdeter m ned by ASTM
Met hod D5307. P " Sg_di rr%nt " rtef ers toili.rrpukr)iti es, nd/ or coke that are
insol ubl e in the'dfude®feed/total product” Xt uf €°"8edi ment 85 is as
determ ned by ASTMiNBthed 04807. cSediinenirivay alSo abeodetrer mkned by t he
Shel | t Filtrati. " SHEST' ), .as.descri y rnoort et al. in
t he Jot‘?. (%:Tnsstgq%te% Egg‘sﬁ%ﬁ ?é{:jes(' 5‘5@8@2.&%(1 988l (}{%S@Tﬂgr efers to
standard cubilé et &fsyaslgper charaél ofzB0et e dfletd. ASTM Methogyr f ace
area" of aypgat;al yst is as determ ned by ASTM Met hod 03663. "V&O'
refers to hydrocarbons with a boiling range distribution between 343 C (650

F) and 538 C (1000-®) “at*®."01°%Pa. "0E tortent F T ¥is OBt e hi*ned by ASTM
Met hod 0530%e iH\Vbscasi tyss refer 801 0 sknemattiregwh scasi'y yiatas37. 8 C (100 5

F). Viscosity is as determ ne S| ASTM Met hod 0445. The catal yst
system§(gcc(::l)ertgi“r%n %bt‘/h}e\“’l{%v%ﬁgf%nﬂ%%ﬁpri ses at least a first catalyst and a
second cat al yst'tiydmwgadditionr "t octdhe fporstdandnsecendrcatalystpdt he cat al yst

syst em may,, conf-al. g, 0N 0 t%][t?wﬁ‘ggii%i Qﬂé"dpé%%%ﬁké(sérs:a E’E@&?rﬁ%%y the W

catal yst systemconprises a first, second, and a third catalyst. Mbst
pr ef er abl ytthéheatHIY§6 L s YS9 eogiogtge of 2 ogpn I CaPRPYEThis! in The

second catalyst-uhs fref erably-bocated downst neam@f, the fd rst catal yst.
Further, if the catal yst systemcontains a 15 thi rd cat al yst, such third

cat al yé% i SUHIEF et ably F oeHtEd * dolitts Crédim Bf “t He® Secdbridoeat atyist . The
vol umet ri csucat b Wit Hahe, fétisthecapadyst:, t ond hecaeeondacat alogst preferably
lies in the range gorm 1 20 to 10:1, nore preferably in the range of 1:9 to

3:2 and sti11""hof e %eﬁr éferably in the range from1l:4 to 1:1. If the
cat al yst syst effigovit aiensra tchiar dotateal-yst | i guchfedil ndteapal ystai s

pref er abl y, prgsent %a@a%é’@'%ﬁeﬁéi&xﬁ%%g\g& itrhgﬁ%uhs aual ?{;tAPSS than the

vol unetric anount of setond cat al yst. third catal yst, present is
preferé%ly”?ﬁﬂ@@eﬁf Gar Ay ¥ol tmeetpelated by summation of all catalyst

volumes in the contacting zones, as described herein.
“Micro-~Carbon Residue” {“MCR") content refers to a
guantity of carbon residue remaining after evaporation and
pyrolysis of a substrate. MCR content is as determined by
25 ASTM Method D4530.

“Naphtha” refers to hydrocarbon components with a
boiling range distribution betwsen 38 °C (100 °F) and 182 °C
{360 °F) at C.101 MPFa. Naphtha content is as determined by
ASTM Method D5L307.

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

includes Inorganic nickel, vanadium and iron compounds and/or

O



25 ratio of the third catalyst to the second catalyst of 2:1 or less, nore
preferably 1:1 or |ess. The first catal yst has a binodal pore size
distri buti on, and conprises a hydrogenation netal, mneral oxide particles
and a support, wherein the hydrogenation metal consists of a Mcolum 6
metal and WAPS{P%%he nineral oxi de particles have anP&V@Paye &tticle size
of at nost 150 mcroneters; Mneral oxide particles, as used herein, are
to be understood to be parti cles of netal oxides that have been ground to a
specific particle size. Exanpl es of metal oxides i ncI ude al um na,
silica, silica-5 alumna, titanium oxide, zirconium oxide, nesi um oxi de,
or nixt ur ¥ SPRRPESEL, OTIaNOTRRAG Wer & ’i‘d&i‘lgﬁégli%ﬂ FP@P%@%y ?“F exanpl e be
obt ai ned by /exi¢ ugdinngna CORPOSEtdENNEONPS irsSirAgi@ hikines al¢.oxi de to obtain a
m neral oxi de g&(tg udate and subse uent %ycq{eltndl ng. of 10ethe m neral oxi de
extrudate. Prefer the fi'fera OXI 56° cAl GRed®after “ext r usi on,

for exanpletat af tce"rmpermeuﬂre about 50000 for 1 or nor e hours

Preferably the.pineral,oxide Qggrtlr%h@?s Y SR ANEL aggq particle size of at
nmost 100 microneters, nore er at 15 nost 75 mcroneters, and still
more pref é‘riéblﬂye‘*atOirrﬁ@t‘PQI(“}“mScH%ﬁfiﬂetaéPsGaS’FﬁeanWié?raI oxi de parti cl es
preferably have-anaverage particle-si 2@ obrataieast, 0.4 mcroneters, nore
preferably at |east 0.5 mcroneters and nost preferably at least 1

ni cr onet er’PeSdThe! ?dpbto‘?t“‘ftofr‘f%]eo“ﬂlrgrfl(ifht‘%l ySte e ‘?%‘f Ligfanpl e i ncl ude
refract or wrexides; (poraus cakbarepased. materials, zeolites, or conbinations
thereof, Refrasgory oxjdes my.incl ude.alumna, silica, siljgca::alurina
titani um oxi de, Coif Ui oxi deé, magne3| um oxi ures ereof. The
25 suppor tvaray. foricexanple sonel Ute fganmalalian t@ﬂdedlelytai al um na, al pha

al umi na, ofe 6onblnaliAns,d Ret80lccee.  pPrEELABlY dkbey fidst peatal yst has a
pore size distribution with a nedian pore dianeter in a range from 80- 200
A, nore priefdr dpiyed R7ekHe range from 90-180 A and nost M preferably in the
range from 100«t9. 150 et KUl t PRELRE - BOE €1iSinZ et Stihbutd,en of the first

cat al yst is preferably such that at [east 10% of the total nunber of pores

in theboreldige %ﬁ%trrP%d‘lcirondﬁ%{%“éfrpo‘?“edjdi rafBt eréigréatier W HaR®5000 A,

nore pref efoalnlny, ads lieastnilbW of Adw: metadd munber wef-cpeyes in the pore size

di stribution has ypore di aneter r{gtreater t han ;rgpo A and still nore
simeth %

pr ef er abl fatO 'east 209 of the tt 'er-Co por es’in the pore size

di stri but irgrrhasr & ipef % 2di anstreregr edtier ondrart i350T#: ., Norcross,

Georgia, U.S5.A.) may be used to determine these values.

20 “Residue” refers to components that have a boiling range
distribution above 538 °C (1000 °F), as determined by ASTM
Method D53O7.

YSedinent” refers to impurities and/or coke thalt are
inscluble in the crude feed/total product mixture. Sediment

25  1is as determined by ASTM Method D4807. Sediment may also be
determined by the Shell Hot Filtration Test ("SHEST™) as
described by Van Kernoort et al. in the Jour. Inst. Pet.,
1851, pages 596-604.

“SCEFB” refers to standard cubic feet of gas per barrel of

30 crude feed,

“Surface area” of a catalyst 1s as determined by ASTM

Method D3663.



Preferably the first catalyst has a surface area of at |east 200 nR/g, nore

preferably at |east 240 The second catal yst conprises a
hydrogenation netal and a support wherein the hydrogenation metal consists
of a colum 6 Wnetal and the support conprises silica-al um na. The

silica-al UNPREP(1P ef erabl y anorphous or essenti al | y FATBISHMOBY245The
support can include gamma alum na, theta alumna or delta alum na, or

conbi nati ons thereof. Preferably the alum na conprises at |east 90 wt %
nore preferably at 15 | east 95 wt%gamm aI um na. Preferably the support

i ncl udes fromp 0001 grams to gr ars, 0.001 grans to 0.11 grans, or
0.01 grams to 0’05 GFARE® dF° QW’?%%%“ SR8 0-°80° g AN "fo" §' %999 grams, 0. 90
grams to Q1i399iguans, botwd:95480° 0. nggnan&nafb:aj v naoodVbst  pr ef er abl y the
support ¢ S fr ans 20 .to 0.2 f I|c n rom 0. 80
grams to mghgﬁaﬁs ggb U%O%é pergfam’d we pSE)At%rM Qe“r%tlg 90? silica to
al um na prefer @hlscdsiies” ireiehe trfancgeem‘imfonm lﬂi@@@mfoal Bi.6Ce (preferably in
the range &xom ;200 te s 4 bl M%QS”’?&%”E“{@ udkNEq SHpROr t of the second
catal yst 25 includes silica and alumna in conbination wth linmted anounts
of other refractoriptexydes,yspor cuscdr o hased Herer Palrrzests tes, or
combi nat i ans Lbﬁ@ﬁ’ eofr; -Refdact oy 0 deseqmy: bhehude, butadareinet |imted
to, alum na, ca, silica-alumna, ti tanl um oxi de, zirconi um oxi de,
magnesi um 0 &lféfe‘f’tofm‘fjniﬁcﬁ’r“@s “Yrdpabf . the cataprsdt s¥abTY "FHe second

cat al yst hastaisufcace 18(151&58.adf:ilmodaﬂashtﬁﬁ,@tsmﬂ’@ﬂéﬁeﬁw abley at | east 340
162/ g. The SE ond_cat al | ef erabl.y obtai ned by co-nmulling one
or moré& maglaé %01“ uhm 6 of tche ﬁggi oc?con?abﬁ eOF an IJE)}r“rcpone or nore
conpounds Qﬂtaebmet ori\dormrmafmrabwfmw@@ilwﬁt 6yefet menPesiodiic2Table with a
support to; proyigde a netal/support 5 conposition, wherein the support
conprises fromO.01 grans to 0.2 gramof silica and from0.8 grans to 0.99
grams of al unmi RB® percogfiat'of YSupport-¢ L antPloal ef it g “CHes meral FSupport

conposi ti omeat:;ast Q@@%f atureutram 315 Gl 0:af80, G 0 REQVISE san6ad Ci ned
catal yst. fer abﬁcy the second cat alyst has a pore size

di st ri but i OH=di %‘ﬁt‘*hLyrfédl A She” di At ért of° ﬁf@h%%{blﬁboﬁ““ﬁnre preferably
at nost 100wAstPref erabhy d4chenoeditanypere dianeter is at |least 50 A nore

preferably at st .70 Prefer abl th con at al st has at |l east 50%
nore 15 pref ergﬁgy At g\hls 7079 rr%gte 1(‘elrre er ang At Tedst “75°88of its pore
vol une i n poresshawisng:aoporecdi amether L@rﬁqeatt om)st ?lCO(DoAJ Ofr.efierably the

second catalyst 5, rmna)haq%lge of 1:0TRE f1xsh catalygh.and the second
catal yst each conprise at |east one hydrogenati on netal consisting of a

col um?b 20°Sret arly Theteolimyeet it dl' inky be i At et'endatatyFormor in the

formof a sowpausshfinkhe dBtal cac aiy%t,nﬂ@cﬂc ith$tq catahyst @and/ or the second
catal yst can cogrl}))rl se one colum 6 catalyst or a conbination of two or nore

col umn 6 MEAFS* Bk aISFEs" of” é‘oY%ﬁW‘@é Fr%t%l‘i“’émltnbjl“?fde”cﬁ?‘é?ﬁ um

less than the volumetric amount cof second catalyst. A third
catalyst, if present is preferably present in a voelumetric
25 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
30 column 6 metal and wherein the mineral oxide particles have an

average particle size of at meost 100 micrometers;



25 nol ybdenum and tungsten. Preferably the first catal yst and/or the second
catal yst conprise only one columm 6 netal. Preferably the colum 6 netal is

nol ybdenum The first catalyst conprises preferably at |east 0.01 wt%
, hore preferably at least 0.1 wt% still nore preferabjﬂy at Mleast 0.5
w % and mo¥P 2HPdf@Pably at |east 1 wt % of colum 6 met’&iVUSHREEHH8N t he

total weight of the catalyst. Preferably the first catal yst conprises at
nost 15 W% nore preferably at nost 10 wt% and still nore preferably at
nost 6 w% and nost preferably at nost 4 wt % of colum 6 netal based on
the total weight of the catalyst. The second catal yst conprises preferably
at |east 0.1 wW¥8SAoPeiPr eFetabtSF af® | edst “F W'ty “5ti 1T Yrore preferably at
5 |l east 2 wmki% ancsbarost bprefrerabéy cat heast o5iwt Yook ccodwmmebnmet al , based
on the tot a}:lou\rqgit?@hta gfe%hfe cagal__.cslte. Sineef erably the second cat al yst

conpri ses A oSt at “host” 15 W 96 and *hor e preferably at nost 10 wt % of
colum 6 net al Epagedsont tivaatlotaldaseightudsf athweirgat akysta, silicdn addition
to the columm. 6. metak.the £:68t catalyst andiorydhe.serondqcatalyst can
contain one or nore additional metals, such as for exanple netals from

Col unm 14 "Hd/6¢S E81eGAPS- 7-10 of the Periodic Table. The netals may be in
el enental formes diRecthe 4.008: 088 iconpaund rof &:hepmetad .oplaiExanpl es of
such additional netals include nickel and cobalt. It is, however, preferred
that the i SECERT A&t “AWPPIF e TBEONT cat BIYEE 'cOhtHi A€ essential ly no
hydr ogenatienines alisicot herxithanxthelacol am seoredalnc LW §hioutingl shi ng to be
bound tp any. kinel of Lheorat, Llais bhouaht, thaf. the absencg. of, any 20

hydr ogenat i on et al's Cot her than the col urm et al al Tows for a further

i mprovenente ohltheed aAter mxtwit hout fohesrrerdssit o ttempabstiarti al |y i ncrease
t he wei ght,«%qlm%lvge(g@s efgreq tenperature It is therefore preferred that the
first catalyst and/or the 'second cat al yst contains no or essentially no
nmetal s from 25Pcefamnmy!9 ore oohumn. 1Gide pdre iPees odive FablweraExanpl es of
such CO'UWHu%iQ[eQQE%”Uf%Q;q%%@'ﬁx!Q&hygﬁtﬂkgkghq%¥p?@P@hhﬂy art. The flr$t
catal yst and/or the second catal yst can al so i ncl'udé a Col uAn 15 el ement in
addi ti éh t'esttheé® ChlurneBemet ald Pridflemabt ywrehovever 24t Wes i%st cat al yst

and/ or theyseerpd M catal yst-does: net peontain aAY:Gabuim, L% ghement .

It present, the third catal yst prefer ablad/ conprises a first hydrogenation

metal , a se¢oAE" Hﬁ/?frtéﬁéﬁaijizﬁnoﬁe‘%tall@é‘ﬁa ]sﬂ‘ﬁﬁﬁ?lil&?t@\)ﬁer%?rr? the first
hydr ogenati:eiteaet Bl =irS1aacolousnaberdmetals drhensecaondrhydsogenati on netal is

a colum 9 matcaﬁ or a colum 10 netal, The support of the third
cas. mierometer , .
catal yst can “i'ncl ude “t'or exanpl e refractory oxi des, porous carbon based

materi &l s, zeolh¢esiprort. &iconbi hatitonst¢ herteokby Ref eastory oxi des may

i ncl ude, byt.,ane not.Linky ed 19, alim 08, . Sldyl 68sepllak GAralum na, titanium
oxi de, zirconium oxi de, magnesi um oxide, or m xtures thereof. The

support of#“IHe thi rg caralystiopr eflerably ctarprrsesy sitiea “yd al unmina. The
silica-al udagknathenthifd cat abystea-alumina, titanium oxide,
zirconium oxide, magnesium oxide, or mixtures thereof. The
25 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 §0-
200 A, more preferably in the range from 90-180 A and most
30 preferably in the range from 100 to 150 A. Further the pore
size distributicn 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,



Mis preferably anmorphous or essentially anorphous. The support can include
gamma alum na, theta alum na or delta alum na, or conbinations thereof.
Preferably the alum na conprises at |least 90 % nore preferably at |east
95 wt % ganmma al um na. Preferably the support includes fromO0.0001 grans to
0.20 Myran®¥02008P"yrams to 0.11 grans, or 0.01 grans RGG'WB2090¢eHns of
silica; and 0.80 grans to 0.9999 grans, 0.90 grans to 0.999 granms, or 0.95
to 0.99 granms of alum na. Mst preferably the support conprises fromO0.01
grans to 0.2 gramof silica and fromO0.80 grans to 0.99 grans of al um na
per gram of support. 20 The ratio of silica to alumna_ preferably lies in
the range T¥EnPic 106601 of 1825 hot'® SEeft ABlgLi YRS Parkgé °Fr oM 1: 200 t o
1: 4. thEheocoldima 6ivetiahcisn the thbd:d: ezahlaétye&t ge@artefxomhaxanpl e be

mol ybdenum, tungst th r .gat c rises

pref erabl y Oa?to feat dnﬁg Pn%renb?eemﬁ %r%tb a% agf tih@ %t%gaétl Il nore

pr ef er abl Watbekeaf'stpozew% amng nost spvefmabllyuaIOd ¢asta >ame% of colum 6
metal , based,op.t %eﬁ%@'th"%‘ gh@ ]pf the catalyst. Preferably the third

cat al yst conprises at nost nore preferably at nost 15wt % and still
nmore preferabl §raterdsy 4o \M‘%bfc’é@l’ Wik 6emet alr sased  oh Ahett ot al wei ght

of the catalyst odhe,/goliom O-dt-albpracakumn 1@ metal is preferably cobalt
or nickel. The third catalyst conprises preferably at |east 0.01 wt% nore

preferably at F8ast*¥"¢ Wlt%l Y§ti tTHore’ pt éW@F%%EFVLéP“ Eastt 6% W % and
nost pref a@l@bytatzdr@astuﬂe W% 0fcrcoliunmed z0r ceod iwrm 40 aretcabpnbased on the
t ot al q a(zf amhem%at al sltL C‘SHI?rrelfS%rSablg/ the thl rd catal yst conprises at
nost 15 wt % “mofe pref &f St oSt 10" W% and"sti’l | nore preferably at
nost 6 wt% andhemsmllpﬂeaﬂemablayxatpﬂmstamimm%onﬁhml amegeotigdlwum 10

metal, based, on.fhe tat @upﬁ%erltgmn of 4 N8 Cm'aysf}umaef ergbly the third

cat al yst has a pore size Mdistribution with a nmedi an pore di aneter of at
nmost 150 AlYiere P @1‘36*315%}{5{l Ngpa ot CPTOlWUPPéf Eratsioy - t e afediahy pore

di anet er |LSneatal{uﬁQ§$ cBRp A < JIOEE p{c%ft%ahlz%,atml@%ﬁb%%ﬂy at. As
illustrated in the exanples the presence of the third catal yst has an

advant ayeoli$ %&f f ect” oA2 e PoValtie IO LEheP 5 “PBattiron t nt Xt uFe5t hat cont ai ns
bot h crudesdoeed. %OlV\thflam@.S.cﬁrOUde fraaduct . 001 gral¥ efcenabl ytdhe, f b St

catal yst, second catal yst and/ or, the thir tal yst, are _prepared by
comul ting #ﬁe equt %é)dél ﬁbgr edi"ént’s lllccA“mﬂnla g gn@x u}r{‘e “The 9%3% ed nixture
can be 20 ®xtwuded’ grext riudat e pantamel es; Whibcho may 9subsequent |y be dri ed

and/ or calgined. wqst p;F&@ertdh}ug,du@eats%Wh'c%mw@ BLy, @oqag%lw

conprising a first hydrogenation meta second (}; rogenatl metal and a
suppor £¢  wHePerndide oFi Fstldiy drageriat Dot evar s & I8oPLmP &F

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
25 includes silica and alumina in combination with limited
amounts of other refractory oxides, porous carbon based
materials, zeolltes, or combinations thereof. Refractory
oxides may include, but are not limited to, aiumina, silica,
silica-alumina, titanium oxide, zirconium oxide, magnesium
30 oxide, or mixtures thereol.
Prelferably the second catalyst has a surface area of at

least 300, more preferably at least 340 m’/q.
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25 netal, the second hydrogenation netal is a colum 9 netal or a colum 10
nmetal and the support conprises silica and alum na, which catal yst was
obtained by calcining a co-nmulled m xture of the support, a colum 6 netal
oxide and a colum 9 or columm 10 netal solution at a tenperature of at

| east 650CVOFOIH2HL cat al yst system accordi ng to the REAVERMTPEH2 he
content of hydrogenation netal in the catalysts preferably increases from
upstream catal yst (5) to downstream catal yst (5) By a crude feed,
also referred to herein as crude, is understood a feed of hydrocarbons

whi ch has been| roduced and/or retorted from hydrocarbon contai ni ng
formations and whi ¥IFRasCHGt Yybt - D&sh T BT BiY PRUF ARG/ 6Y $94Ct bhat ed (for 5
exanpl e i noran oat wms;aplmetm:s dirsatnl tdatinon tnitheorefi AddaeutmIci stk bati on unit)
in a treatnent faci |It¥ 1.0 pr ucg@ r(r)u %}I ee m})onentéovm“;h sgﬁmfi o

boi | i ng ranhge “di Stri G Fons at"q &7 TR Wit pl'é “Corponent’s’have not been
fracti onated Pf'omdlr@el@bmjeva q';m‘n‘m?@dst suclyrasidt nospheriscrdpsti | | ation
met hodss M and/at , ) ﬁpumﬂaﬁ; Lt psyarm&mqﬁm ¢roml H€ £ pdefeed used in
the method accor di ng to the invention may be any crude f eed known in the
art. The ctuderfeed maylee 96l faom defi 95vld 40 antt oF 1% gifi ¢ Ekadmpl es of
crude feeds:d Rehdder ¢Ogherdi LWHHE&LCtLﬂﬁxxéaLn@Sm@-DQL/Gfu%g@r oil. 15 The crude
feed can be pretreated before bei ng used d of the invention.

he
For exanpl @"tH&* ctUbé ™ f ée‘be“}?&ﬁab‘é“prléf)?‘e%]t d “to°r /e6r90v8 h‘brﬁ’ré)dﬁd%nsabl e
gases, wat#£rgalsahés,caonligoibi nat i ons thereof. The crude feed may al so be

topped, that is retre uch t_ hat at, Ieast sone of the 20
corrponents t hat " %}veerngx% tq}eo Seco%l n qﬁe w35 00°4f 67101 MPa (95 F at 1
atnm) have beémibenpvedith a medh_s&n tmecdu@‘eetfeeedilas debuted Wi th a dil uent

directly afder pproduction biam the fydrocarbay epntabaingdormt ion in

order to facili tate transportatl on, such | uént renoved before
use of theticygder feedti nettte ?ﬁe{\hdﬁ“fﬁcéb@cﬁfﬁ@%’oﬂt Héd shvEhti-on.

Exanpl es ofrglude f eedssbangludarwhole ngk ugde 1Qkks, »d:0pped. crude oils,
desal ted crude oils or conbinations thereof. Exanp les of crude feed that

can be 't r gdt%€G 08 Ng 't he® et Hod: g0 Pt Ay Wénf"r orfdhct ude %r dbe f eeds
fromthe f}ﬁirld)\ﬁbln@ﬂd’ agi pase Ofhat-hey WDIploda d.spec&ul dr Goastsandosaut hern
California, Ca a r sglnds ecIglr 2| I |a an tSangt 0S 3 and Lanpos basi ns, Egyptian
@l f of Suez, n|te m NGt A An ol'a O fshore, Chl nese
Bohai Bay, VenéhdeﬁJawt79d¢dla/stwaﬂltay31easea¢rdi ICﬁﬁ@h‘HSJ aaSunatmalisdhe crude

f eed pr ef e{taqle)ﬁ b%ﬁ@t%h?&%ﬂatLXOthé%i C(QIQS.LQleﬂ'Ej d@alSEo}LQ% %St nor €
preferably at |east 10 nore preferably at | east 2000 cSt

and nmosdt piefeérablie aelreast “‘8(9@0 ”i‘fs;t beppfeeaBryad tirpi gcogi tyeat 37.8 8C
is at nmostrdin008, 0Qbmpound of cFhenstzude feed preferably has an APl gravity

of at nost 19, 1{{9%;@?29{%’”{ atd/m)st 15. Preferably its APl gravity is
8)at |east 5. E vet and/or the second catalyst can
comprise one ¢olumn & catalyst or a combination of two or more
column 6 metals. Examples of column 6 metals include chromium,
25 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
30 least 0.5 wi% and most preferably at least 1 wt% of column 6
metal, based on the total weilght of the catalyst. Preflerably
the Tirgt catalyst comprises at most 15 wit%, more preferably

at most 10 wt% and still more preferably at most 6 wt%, and



The crude feed preferably has a total Ni/V/Fe content of at |east 0.002
granms, nore preferably at least 0.01 wt% Ni/V/Fe based on the total crude
feed; The crude feed preferably has a residue content of at |Sleast |w%

nore preferably at |least 20 wt% still nore preferably at |east 30wt %
based on tWe 25t1a4°0cr ude f eed. The crude feed pridfTérsapypy+atss a sul fur
content of at least 0.5 W% nore preferably at least 1 wt% and still nore

preferably at |east 2 wt% based on the total crude feed. 20 The crude feed
preferably has a nitrogen content of at least 0.05 w% nore preferably at
least 0.1 wt% and still nore preferably at |east 0.2 wt % based on the total
crude feed™st Prefepielyrgidecréet Hriefér @bl hast 4 oCs "asphalt Ehes content of

at | east 4% wonne prefier abky alc | east 8 wt % based on the total crude
feed and a 07 as hal t enes content of at |least 2 wt% nore @ref erably at

| east 4 wt % based T tHe I GtiaP t crUte tpaafpreterably aLTh%a?:tr dé f'eed
preferably, h@geapli\dirembgar#onn@l%esudwe 30{MIR) meontrerteodoiat akeast 0.2 wt %

based on t o] o e 1 sche ically il rated an
enbodi rﬁsntJ (;%fs'tt gmrret get t%ﬁe |rna\})eﬁt o Lo% { e 18(5 %%@g udgs a series of
cont act i ngneA@neshaAT2L Oflfh@Ci:ri@@el freedhentertdicupst @ 'earm. t heelseripés of

contacti ng.;zones. P2 y¥ha, &r ude feed cendwt 1045sEach, confiacthbpg zone may
be a reactor, a portion of a reactor mul tiple portions of a reactor, or

conbi nat | oS TERBP BORE BoBxampFEs OF A 'EBhtaceiny Yone Phclfdéch? st acked bed
reactor, avdiignedobedher e@@a‘; Lq;rg,L an ebul | ati ng bed reactor, a continuously
stirred tank react ct or a}spray reactor,

and a 'l quid/ i Hu‘f&g{% At aLcOt rhe f’?lehfn@ gb‘fl?tatlhégﬁat&eﬁ%‘fsfgt YShe” cat al yst

syst em ar eargi/puatied Slelﬂoadfdmd\jb‘ed:an contdie chy dsogemesauticeomay ent er

contacting, Zone 102 cocurren u?# i%é’tlrﬂ? ﬁfrol‘l“d%gg‘?, d JVI gd/ccglude feed conduit

104 or separate[y Vi a gas coni n cont ng zone 102, contact of
t he crude $eadnmi thlactats ystipdodieéese a Thot akt prodact »¢ hiat i ncl udes a

crude produchwe.aRd,rd.0 SOME, 19.enbodiment s, 9asy 4N QK. enbodi nents, a
carrier gas is conbined wth the crude feed and/or the hydrogen source in

condui t* 1062PRES t Ot &M CPrEdidt O haludi Agh the e r LHe gr 8EUctC a4y exi t

contacti ngrzare 402ard f&ﬁaﬂd’r@c@&D@fc{te(ﬂhéofQIsmeEdf)égﬁsﬁsﬁhﬁngrZQﬂ@S st orage
vessel s, or conbi nations thereof via 20 cond hod

accor di ng 16 PHReST et On iy *be® tdried’ it hégr%gedB‘ﬁf ?‘ﬁd‘bel}émﬁr ocess or a

batch process:.r than Lalcnccbhﬂmmt hed:iaceor dbung wtiehtie vonventdor aocrude feed
s contactgd in,khe RLEseNce (of .a hydreoen. squLeg, Wth a: catal yst
20 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.
Tt is therefcre preferred that the first catalvst and/or the
second catalyst contalns no or essentially no metals from
25 column 9 or column 10 of the Periodig Table. Examples of such
column ¢ 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

30 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



85 system as descri bed above. The nethod according to the invention can for
exanpl e produce a crude product as exenplified in the exanples.

The hydrogen source may be any source that provides hydrogen during contact
of the crude teed and the catalyst. 30 Preferably the hydro en source is
hydr ogen g¥&.2'P'8#8t ably the contacting is carried ouﬂ“aﬂ5§mﬁ@ﬁﬁﬁﬁature of
at Mast 200C, nore preferably at a tenperature in the range from 350 C and
450 C. Preferably the contacting is carried out at a parti al

hydr ogen pressure of at | east 3 MPa, nore preferably at | east MPa and
still nDre($ e era at | east VPA. Preferably t he contactrng is carried
out at a p tﬂ.artH§&FSaaﬁ1B?%§§ﬁ?%”ﬁ8|%%?% 26 VPL Ufbre Bréferabty bel ow 15
MPa. cPneherablegathe contacting is carried out at a LHSV of the crude
feed in the ra fromo0.01 hmto 30nore preferabl he ran fromO.1
hmto 25 hd, s???lal:mr (Pefgsallrd ca{ﬁe #aﬁ%% f%ﬁr hﬁi?%g tri and
nost prefeﬁabhyt@nfKhedﬁ¢ramgeu$Haﬁm©n4hMEWEmaaﬂﬁ@L%, zeoliPepef eprabl y t he
wei ght ed avefrage: hed tepperat uge: i esawgraa%%q rpa/y aﬁuahamuﬁ%ereferab' y

| ess than 4C per 1000 hours durrng the runtine of

Pref er abl y"tthe ' Piiad Gé- orhﬁﬁﬁﬁurelHﬁﬂcrBHE”?eéH“@ﬁ@»ckUdé“P@ product (which
i s producesl deenmai Ns:naleve: ikeduhid@ sc Ot @cldeNgo - EXaRPles rrExanpl e 1.
Cat al yst A The conparatrve ¢ tal yst was repared in the follomnng manner .

Mb03 (94. 44 gr alig)”W&S* & otoi"HEd" Wi th “itf de’ o S Ui Ha“ (742585 grams) and
crushed and 'Sicevedi 20ucatei ned aLUﬂkmarﬁmﬂesJhaMunghar@aﬁnmayetsrze bet ween

5 and nm.cro ( 0..91 _grans a Lancaster Ier VVth the mull et
runnlné? it |§?%§%)y %géﬁﬂxnm OI€3€§H QOH%F%ﬁIZG wat er” k4207 62
grans) mer%ﬂadde@xtbgehea 1xmune,aﬁ@tehehmesal@rn@ﬁmax@UﬁexmasonulIed for 5

m nut es. Ssr%&tqup&slﬁqg%&o OB AlE, - Y1 eCrd NdUSL L] €S, Vst Baterson, New

Jersey, USA) was added to the mxture in the mler, and the m xture was
mul | ed forgat af '6f* 28°%HF iFrés 2 he af estAli Ag wﬁxﬁﬂW@aHadma“ﬂH of 6.0 and

a | oss on #.gnict hery (as BRgsULednatudkshopsn at. O@@OG}raQrfc 0- 6232 grans per gram
of nrxture The led m xture was extruded using mmtrilobe dies to
form1.3 t?rWBbe e ]raaare‘ﬁaPrrtresmer@'é&@ﬁu%aee b8r?ﬁ€1§sa%Ere dried at
125 C forcﬂewenatahammsoandqtheataamc@ae@<ﬁbm67&]®0(&2&&>ﬁi>b099QMD hour s

to pr Oduce a?% C%tad )é%t ton]%9C «%e bJ’: afurrmlt aal nﬁgét preigratf Of Cat alyst,

0. 02 grans bdeénum with7t al ance béi ng al'um na i"né&%and support.
The cat al ystrrost a@cmmeéars lvatralyst dravenge & - @ogealsrozfesellstter igbdtion with a

medi an porr_ercﬁ!ri aned eragrts é-c;le 69%)1:5}(}“86%% 911111?:@1% EQE ad]:am of support.

20 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

25  comprises preferably at least 0.1 wit%, more preferably at
least 1 wt%, still more preferably at least Z 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

36 still more preferably at mest 10 wt% of column € 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

13



5 nunber of pores in the pore size distribution haying a pore dianeter
within 33 A of the nedian pore dianeter, a total pore volunme of 0.924 cc/g,
and a surface area of 249 re/g. The pore size distribution nmeasured using
mercury porosinetry at a contact angle of 140 is shown in TABLE 1, TABLE 1
Pore Di ameY&2'1'42R/%% Pore Vol unme <10 0.91 70-100 20. 4910529864034 09
130-150 4.51 150-180 2.9 180-200 1.06 200-1000 0.85

least 0.0l wt%, more preferably at least 0.1 wt%, still more
preferably at least 0.5 wt% and most preferably at least 1 wts
of column ¢ or column 10 metal, based on the total weight of
the catalyst.

3 Preferally the third catalyst comprises at most 1% wt%,
more preferably at most 10 wt% and still more preferably at
most & wtd, and most preferably at most 4 wt% of column 9 or
column 10 metal, based on the total weight of the catalyst.

Preferably the third catalyst has a pore size

10 distribution with a median pore diameter of at most 150 A,
more preferably at most 110 A, Preferably the median pore
diameter is at least 50 A, more preferably at least 80 A,

As dllustrated in the examples the presence of the third
catalyst has an advantageous clfect on the P-value of the

15  reaction mixture that contains both crude feed as well as
crude product.

Preferably the first catalyst, the second catalyst and/or
the third catalyst are prepared by ccmulling the required
ingredients to a mulled mixture. The mulled mixture can be

20 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 [irst hydrogenation metal is a column 6

25 metal, the second hydrogenation metal is a column 9 metal or a
colunn 10 metal and the support comprises silica and alumina,
which catalyst was obktained by calcining a co-mulled mixture
of the support, a cclumn 6 metal oxide and a column 9 or
column 10 metal solution at a temperature of at least 650°C.

30 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).



1000-5000 5.79 >5000 22.04 Exanple 2. Preparation of a catalyst E . A
support (4103.4 grans) that contained 0.02 grans of silica and 0.98 grans
al um na per gram of support was conbined with 15 nol ybdenumtri oxi de (409
grans) to forma M/support mxture In a Lancaster nuller. Wth the noiler
runni ng, dBPGAPZEYwat er (2906.33 grams) to the M/ supPdriS2iwPit®tte and t he
m xture was nulled until a loss on ignition of 58% was obtained. During
comul Iing, the conpactness of the powder was 20 nonitored every 20 to 30
m nutes and 1 wt % (based on | oss of ignition as neasured at 1 hour at 700C)
of deionized water was added to the m xture until the loss on ignition
val ue was obt aPRetl.“"TAg Pitof “t it "CoRpEEt Wo/'Stippbrt polider ‘has 4. 63. The
conpact Mhsuppostd powded d@Sly@JX(ﬁd’di@@ds usiing Aas veant pidoaheadi es to form

1.3 trilobe extru at i xtruded par t icles were dried at 125
e e e A e S Ho Nt G TS HOLICE TE6 T Bt fiihe. Gatal yst

C and ther €4Fei ned
The bul k densit yapfndtheetateany st stwidg «0. 547 og/ Aitacribhearesulfoibkng cat al yst

cont ai ned,c.per, 9r am.of oAt alusl. 809 nam b, molybdenum, i th the bal ance

bei ng support. The nol um cataly i's a mononodal = cat al yst having a
medi an por® sditanttem o ﬁlBlJA &MWQﬂ%%mLehgvlégwb%fFWH@U%OFWHLhHhher of

pores in thepete: sizgendistdirbuthon ;havingaqpor.e Hi-apes errpwit hin 33 A of
t he nedi an pore dianeter, a pore volunme of 0.633 nm/g, and a surface area

of 355 110 “3?HétﬁﬂbeBW%PF¥%ﬁtPﬁﬁf&gtn%ﬁﬁhFédﬁ%V)WSCﬁEPéUY9‘ﬁoreS|netry at
cont act angheicoby 14Q ho8s Shown ak NathABbEe2i « TABLEL 2atRonendiamet er in |

10 and/or vacuum distillation methods.

The crude feed used in the method according to the
invention may be any crude feed known in the art. The crude
feed may be solid, semi-solid, and/or Liquid. Examples of
crude feeds include coal, bitumen, tar sands and crude ocil,

15 The crude feed can be preltreated before being used in the
method of the invention. For example the crude feed may be
pretreated to remove non-condensable gases, water, salts, or
combinations therecf. The crude feed may alsc be topped, that
1s, 1t may be pretreated such that at least some of the

20 components that have a bhoiling point below 35 °C at 0.101 MPa
(85 °F at 1 atm) have besn 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

25  removed before use of the crude feed in the method according
te the inventicn,

Examples of crude feeds include whole crude oils, topped
crude ©ils, desalted crude ¢ils or combinations thereof.
Examples of crude feed that can be treated using the method of

30 the invention include crude feeds from the following regions
of the world: U.5., Gulf Ccast and southern California, Canada
Tar sands, Brazlilian Santcs and Campos basins, Egyptian Gulf

of Suez, Chad, United Kingdom North Sea, Angola Offshore,

15



% Pore Vol unme <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 20 Exanple 3 Preparation of a cataly st B2. A
support (3000 grans) that contained 0.02 granms of silica and 0.98 grans

al um na per gram of support was conbi ned with nol ybdenumtri oxide (797.84
grans) to TOY%42M87 support mixture in a Lancaster nulfi@rUS2PH2%he mul | er
runni ng, deionized water (4092.76 grans) was added to the M/ support

m xture, and the m xture was nulled until a loss of ignition of 0.5787
grans per gram of m xture was obtained (for about 45 mnutes). The pH of

the Mo/ support m xture_was 3.83. 5The Nb/sgpport,nixture was extruded using
1.3 mmtri Qﬂ&gse Bohai Bay, Venezuelan Zulia, alaysia, and Indonesia

sumaltna.

The crude feed preferably has a viscosity at 37.8 °C of
at least 100 cS5t, meore preferably at least 1000 cSt, still

5 more preferably at least 2000 ¢St and most preferably at least
6000 cSt. Preferably its wviscosity at 37.8 °C is at most
1,006,000,

The crude feed preferably has an API gravity of at most
19, more preferabkly at most 15, Preferably its API gravity is

10 at least 5,

The crude feed preferably has a total Ni/V/Fe content of
at least 0.00Z2 grams, more preferably at least 0.01 wt$
Ni/V/¥Fe based on the total crude feed;

The crude feed prelervably has a residue content of at

15 Least lwt%, nore preferably at least 20 wt%, still more
preferably at least 30wt % based on the total crude feed.

The crude feed preferably has a sulfur content of at
least 0.5 wt%, more preferably at least 1 wt% and still more
preferably at feast 2 wt% based on the total crude feed,

20 The crude feed preferably has a nitrogen content of at
least 0.00 wt%, more preferably at least 0.1 wi% and still
more praeferably at least 0.2 wt% based on the total crude
feed.

The crude feed preferably has a C. asphaltenes content of

25  at least 4 wt%, more preferably at least 8 wt% based on the
total crude feed and a €4 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

30 (MCR) content. of at least 0.2 wt3 based on the total crude
feed,

FIG. 1 schematically illustrated an emboediment of Lhe

method of the invention., System 100 includes a series of
Y

16



dies to form1.3 tril obe extrudate particles. The particles were dried at
125 C and then calcined at 537 C (1000 83) for two hours. The conpacted
bul k density of the extrudates was 0.545 g/ nm. The resulting catalyst
cont ai ned, per gram of catalyst, 0.133 grans of nolybdenum with the
bal ance beWRg'®ppétt. The nol ybdenum catal yst is a ndWdAoedPI¥at8al yst
havi ng a nedi an pore dianeter of 88 A wth at | east 60% of the total
nunber of pores in the pore size distribution having a pore dianmeter within
47 A of the nmedian pore dianmeter, a 15 pore volunme of 0.651 nL/g, and a
surface area of 365 n2/g. The pore distribution as measured by nercury
por osi net ry A e Ebritaet Hhgl e ot A6 §2h6RATH YPABLE'S.L"TABLE 3 Pore
Di anet er i4erAc% PorenVabumy $60e23.058v70-d0040: L9 <308 1:3Q0%2. 17 130- 150
3.02 ii 50-180 2.56 : : §
cach contacting zone may be a reactor, a portion of a reactor,
multiple portions of a reactor, or combinations thereof.
5 Examples of a contacting zone include a stacked bed reactor, a
fixed bed reactor, an ebullating bed reactor, a continuously
stirred tank reactor (“CSTR”), a fluidized bed reactor, a
spray reactor, and a liquid/licquid contactor. Preferably the
catalysts of the catalyst system are situated in a fixed bed.
10 The hydrogen source may enter ccntacting zone 102
cocurrently with the crude feed via crude feed conduit 104 or
separately via gas conduit 106. In contacting zone 102,
contact of the crude feed with a catalyst produces a total
product that includes a crude product, and, in somne
15 embodiments, gas. In some embodiments, a carrier gas is
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 therecf via
20 condult 108,
The method according to the invention may be carried out
as a continuous process or a batch process.
In the method agcording to the invention a crude feed is
contacted in the presence of a hydrogen source with a catalyst
25 system as described above. The method according to the
invention can for example produce a crude product as
exemplified in the examples.
The hydrcogen source may be any source that provides
hydrogen during contact of the crude feed and the catalyst.
30 Preferably the hydrogen scurce is hydrogen gas,.
Preferably the contacting is carried out at a temperature
of at least 200°C, more preferably ar a temwperature in the

range from 350 °C and 45C °C.



180- 300 4. 04 300-1000 4.53 1000-3000 5.16 3000-5000 3.19 >5000 1.04 20
Exanpl e 4. Preparation of a catalyst C The catal yst was prepared in the
foll owi ng manner. A nickel solution was made by conbining 377.7 grans of
Ni (NCB), and 5 137.7 grans of deionized water to forma slurr The slurry
was heat edW@R1I12¢%ar and sufficient deionized water RMALSAWHEE2H0 bri ng
t he conbi ned ni ckel solution weight up the 3807 grans. A support (3208.56
grans) that contained 2 wt % of silica and 98 wt % of al um na (wei ght

per cent age based on the Wsupport) was conbined with the nickel solution
and Mb03 (417.57 gr ina muller. During mulling, 4191.71 deionized
wat er was adde@r?g@ntaﬁé ﬁﬁr‘)ét%ﬁ]tdl“tghégrﬁa)&‘dfg% Ws “ruf 1 360 61 45 i nut es.
The resul tiyrgogextpHeshad & pH ofa4 %SMBdndnaréCﬁidz‘feL5BLy4 M Yeper M xture.

| SThe mul | ed m xt ur sextrud [ | obe ie to form1.3
trilobe ext Eﬂuﬁa?e psgﬁrl\t,\?c 'S PThe” rea%t lyu%a esasm By g '?ra%éé @Y or several
hours and ttmeﬁccazhg:ltnedamle@?ﬁuc 5(11215©aﬁ)mflohy¢1metmogr«5$%dﬁeeb?asful ting

catal yst coptaineg, pe f. catalyst,. 0.079 grans of M, and 0.022
grans N, 20 w fh the E) Fgﬁ}(r:gé?bgl %fg %ﬁpp%}t The nol ybdenum ni ckel catal yst

had a nedi an péreldicdret eic o198 A v pore veliung of 8. 695 RL/g:c The pore

di stributiondas:aeasur ede by, Jer eLsy oRQf ost MRt By @t acanbact--angle of 140
is shown in TABLE 4. TABLE 4

in the range from 0.1 h'' to 25 n'', still more preferably in
the range from 0.2 h™ to 20 h'' and most preferably in the
10 range from 0.4 h'" toe 5 h',

Preferably the weighted average bed temperature is
increased by less CLhan 5°C, preferably less than 4°C per 1000
hours during the runtime of the method.

Preferably the P-value of mixture of crude feed and crude

15  product {which 1s produced) remains above 1 during contacting.

Examples

Example 1. Catalyst A The comparative catalyst was prepared in

the following manner. MoC: (94.44 grams) was combined with
wide pore alumina (2742.95 grams) and crushed and sieved

20 calcined alumina fines having a particle size between b and 10
micrometers {(1050.91 grams) in a Lancaster muller. With the
mutler running, nitric acid (43.04 grams, 69.7 M) and
delonized water (4207.62 grams) were added to the mixture and
the resulting mixture was mulled for 5 minutes. Superfloc® 16

25 {30 grams, Cytec Industries, West Paterscn, 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
pH of 6.0 and a loss on ignition (as measured at 1 hour at
TH0°CY of 0.6232 grams per gram of mixture. The muiled mixture

30 was extruded using 1.3 mm trilobe dies to form 1.3 trilcbe
extrudate particles. The extrudate particles were dried at
125 °C for several hours and then calcined at 576 °C (1250 °F)

for two hours to produce the catalyst. The catalyst
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contained, per gram of catalyst, .02 grams of molybdenun,
with the balance being alumina fines and support. The
catalyst is a bimocdal catalyst having a pore size distribution
with a median pore diameter of 117 A with 60% of the total

5 number of pores in the pore size distribution having a pore
diameter within 33 A of the median pore diameter, a total pore
volume of 0,924 co/g, and a surface area of 249 m’/g.

The pore slze distribution measured using mercury

porosimetry at a contact angle of 140 is shown in TABLE 1.

10 TABLE 1
Pore Diameter % Pore
in & Volume
<10 0.91
T0-160 20.49
100-130 37.09
130-150 4.51
150-180 2.9
180-200 1.06
200-1000 ¢.85
1000~5000 5.79
=>5000 22.04

Example 2. Preparation of a catalyst Bil.

A support (4103.4 grams) that contained 0.02 grams of silica
and 0.98 grams alumina per gram of support was combined with
15 moelybdenum trioxide (409 grams) to form a Mo/support mixture
in a Lancaster muller. With the muller running, delonized
water (2906.33 grams) te 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

20 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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added to the mixture until the loss on ilgnition value was
chtained. The pH of the compact Mo/support powder was 4.63.
The compact Mo/support powder was extruded using 1.3 mm
trilobe dies to form 1.3 trilobe extrudate particles. The
extruded particles were dried at 125 °C and then calcined at
537 °C {1000 °F) for two hours to form the catalyst. The bulk
density of the catalyst was 0.547 g/mil.. The resulting
catalyst contained, per gram of catalyst, 0.08 grams of
molybdenum, with the balance being suppert. The mclybdenunm
catalyst is a monomodal catalyst having a median pore diameter
of 81 A, with at least 60% of the total number of pores in the
pore size distribution having a pore diameter within 33 A of
the median pore diameter, a pore volume of 0.633 mL/g, and a
surface area of 3%y wm'/g. The pore distribution as measured by
mercury porcesimetry al contact angle of 140 is shown in TABLE

Z.

TABLE 2

FPore Diameter % Pore
in A Volume

<70 25.61
T0-100 57,76
100-130 8.96
130150 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 supporlt was combined with molybdenum tricoxide ({/927.84
grams) Lo form a Mo/support mixture in a Lancaster muller.

With the mulier running, deionized water {(4092,76¢ grams) was

20
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added to the Mo/support mixture, and the mixture was mulled

until a loss of ignition of 0.5787 grams per gram of mixture
was obtained

(for about 45 minutes). The pH of the Mo/support

mixture was 3.83.

The Mo/support mixture was extruded using 1.3 mm trilobe

dies to form 1.3 trilobe extrudate particles. The particles
{1000 °F)

The compacted bulk density of the extrudates was

were dried at 125 °C and then calcined at 537 °C for

two hours.

0.545 g/mL. The resulting catalyst contained, per gram of

catalyst, (.133 grams of molybdenum, with the kalance being

support. The molybdenum catalyst is a monomedal catalyst
having a median pore diameter of 88 A, with at least 60% of
the total number of pores in the pore size distribution having
a pore diameter within 47 A of the median pore diameter, a
pore volume of 0.651 mL/g, and a surface area of 365 m’/g. The
pore distribution as measured by mercury porosimetry at a

contact angle ¢f 140 is shown in TABLE 2.

TABLE 3
Pore Diameter % Pore
in A Volume
<70 23.58
70-100 40.09
100-130 2.7
130-150 3.0z2
150-180 2.56
180-300 4.04
300-1000 4.53
1000-3000 5.16
3000-5000 3.19
>5000 1.04

>5000 0.0 5 Exanple 5. Contact of a Crude feed with Catal ysts A

A tubul ar



t hroughout a catal yst bed. The catal yst bed was forned by Mfilling the
space between the thernowell and an inner wall of the reactor with

catal ysts and silicon carbide(20-grid, Stanford Materials; Aiso Viegjo,
CA). Such silicon carbide is believed to have low, if any, catalytic
properti esWAFEE12¢h process conditions described her ditd/USAPAatal yst s
were 15 bl ended with an equal volunme anmount of silicon carbide before
placing the m xture into the contacting zone portions of the reactor.

A volune of catalyst El (24 cml) as described in Exanple 2 was m xed with
silicone carbide (24 cnB8) and the m xture was 20 positioned in a bottom
contacting zone. A volune of catalyst A (6 cnB) as described in Exanple 1
was m xed mizib1si4 i cenpacaribinder (6 cenBlrand ¢t he m xture was positioned on
top of the,contacting zone to forma top contacting zone, The yvolune ratio
of catal ys{heAcf‘ga%YagttaiW%tpjﬁﬁfe%alsf" t%ﬁﬁs SLiguind man%‘ID'IFN'% cr tﬂqdéjg?léed flow to
t he react oreolwasofh rrom thee tiop cofbihienar @a¢t dryrtos tdie NOOEP-0m afdt he reactor.
Si|icons carbi dewas, posiidaned alcLhe bpttom of,the reactqr, 1o serve as a
bott om support. The catal ysts were sul fi de by 1 ntroduci ng a gaseous

m xt ure of“S WeRshyditogen sl frde dndc o vekiehydtogehegas s

added Lo bring the combined nickel solution weight up the 3807

grams., A support {(3208.5%6 grams) that contained 2 wt% of
silica and 98 wt% of alumina (weight percentage based on the

10 support) was combined with the nickel solution and MoO; (417.57
grams) in a muller. DbDuring mulling, 4191.71 delonized water
was added to the mixture and the mixture was mulled for 45
minutes. The resulbing mixture had a pH of 4.7% and a LOI of
59.4 wi% per mixture,

15 The mulled mixture was extruded using 1.3 mm trilobe dies
to form 1.3 trilobe extrudate particles. The extrudates were
dried at 100 °C for several hours and then calcined at &76 °C
(1250 °F} for two hours. The resulting catalyst contained,
per gram of catalyst, 0.079 grams of Mo, and 0.022 grams Ni,

20 with the balance being support. The molybdenum/niclkel
catalyst had a median pore diameter of 98 A, a pore volume of
0.692 mL/g. The pore distributicn as measured by mercury

porosimetry at a contact angle of 140 1s shown in TABLE 4.

23 TABLE 4

Pore Diameter % Pore
in A vVolume

<10 5.5

T0-100 53.6

100-130 33.6

130-150 2.1

150-180 i.4

180-300 2.2

[Re]
I



5 into the contacting zones at a rate of 1.5 |liters/hour of gaseous m xture
per volunme (aL) of total catalyst (s'lI'con carbide was not counted as part
of the volunme of catalyst). Tenperatures of the contacting zones were
increased to 204 C (400 F) over 1 hour and held at 204 C for 2 hours. After
hol di ng at WOF4"CG2%%he tenperature of the contacting zdlhe& a4 eased
increnentally to 316 C (600 F) at a rate of 10 C (50 F) per hour. The
contacting zones were maintained at 316 C for an hour, then the tenperature
was raised to 370 C (700 F) over 1 hour and held at 370 C for two hours.
The 15 contacting zones were-allowed -tp cool to-anmhient tenperature.

After sulfidation of the| CRFEIJETEEFhL t ehf@Bturd of the contacting zones
was raised to a tenperature ofirdd0 C. A cruslamkeed |(Peace River), having
the properties listed in .uuyﬁ)%oune owed througk the top contacting zone
and bottom 20 contacting|zone of pﬁe reactoﬂ The grude feed was contacted
with each of the catalys1s nnovhﬂxmresence of 1 hydragen gas. Contacting
conditions were as foll ows 30 afi % h drog%nogas tto feed was 318 14110re
(2000 SCFB) and LHSV was %g) at a systemipressure of 6.55 MPa

(950 psig) as the crude 25 feedoddomed t hrodgh the reactor. The
runtinme, viscosity, AP, “P-value, weighted average bed tenperature (WAl ST)
and WAI ST increase during the runtinme are illustrated in table 5.

Exanpl e 6. Contact of a Crude feed with Catalysts A, Bi 30 and Cin a
volunetric ratio of catalyst Ato catalyst Bi to catalyst C of 2:6:2.
Exanpl e 5 was repeated and the apparatus, sulfiding procedure, crude feed
and operating conditions were the sane as for Exanple 5, with the
exception ofartshe eat alyshse used. uhn&t eadd ofi thhea catyakyst sardsed in exanpl e
5, a conbination of catﬁ%r sgs A _and_C was used.in a, Qlunetrlc ratio of
catal yst A't6 AR ééih‘?J o228 Y5 s Y61 (e of catal yst C (6
cnB) as descrl beduianaExaa@dteaMwwals amumedrw.ltyhpsnumme clarbicde (6 car) and
the m xtur J1i ttom Ln vol une of

cat al yst é? %u&ﬁ%&ég98§§€%Fm%cgﬂ%ﬁugkgﬁ%%g%%e ga%QQQtuéﬁxed wth silicone
car bi de (TQHG@EB?UhﬁﬁCPhélW$x®@ﬂe vids W posistti ehed’dsn farmiddive contacting

zone. Ay volung ngf . catabystnAelnChi&) ds-feaoni bed 40 iExamla1l.pas m xed
with silicone carbide (6 cml and the m xture was positioned in a top

contactlngtl”ze’oﬁéacwr"“-h The ' iht i T SUi §edsity P APT 2OP9vdt-ue, wei ght ed
aver age | 5sihedotenperature; (MABE) vand, WABT. | ncreasel iduni ag-dihe funtime are
illustrated in table 5 Exanpl COnta?t of a Crude fee ﬂn-t h Catal ysts

A Bl believed to have low, 1? any, catalytic properties un

process conditlons described herein. All catalysts were
15 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
20 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

contacting zone. The volume ratio of catalyst A te catalyst
25 Bl was thus 2:8
The crude feed flow toe the reactor was from the top of

the reactor to the bottom of the reactor. Silicon carbide was



and Cin a volunetric ratio of catalyst Ato catalyst Bl to catalyst C of
4:4:2. 26Exanple 5 was repeated and the apparatus, suifiding procedure,
crude feed and operating conditions were the sane as for Exanple 5, with
the exception of the catalysts used. Instead of the catalysts used in
exanpl e 5, WQ 28UnBt°fat i on of catalysts A Bl and C was P4JEF2(H-H248yvol unetric
ratio of catalyst Ato catalyst 131 to catalyst C of 4:4:2 A vol une of
catal yst C (6as described in Exanple 4 was mxed with silicone carbide (6
wnW and the m xture was positioned in a bottom contacting zone. A volune of
catal yst Bl gl_z Ce) as described in Exanple 2 was m xed with silicone

carbi de (IZSchBY dnd 't he® Mt iFe” Wadepbitiodned 159va Af ddlP&8 tdht acti ng
zone. A valgaerof catalyst A (12 cnf') as described in Exanple 1 was m xed

with silicone car b(,jw%eu 31L2 cael_ and“%@gdm xt.urﬂg as, po§i ti %n%csi inatop
contacting zone.© “ArHYSEEEEIRURT I E NS COSTEYECABI & BA"de, wei ght ed
aver age 5 bedutenperiatut® {MABI3n and fWAETaridn @b easlés ducramgent besrunti ne are

i1lustrated. in fablg 8o :ng wonbD £ONVENLI QAL Processes.it s expected that
the P--val ue decreases during a hydrotreatnent. Surprisingly it was found

that the FasegabuedurirAgreheoruns ofbleganplted S3t@ vand! 7-riémai ned stable. A
conmpar i son..of,: exampl ecb, chiceh goesRoL s Capt ab ANy rcatalyst)C with
exanple 6 and 7, which do contain catalyst C, further illustrates that the
presence of*"BAFaiy<t® € hde £°Ph7thield pokit e ef1€EF 8h the k- val ue and
t he stabilidop of) therr eacdiroanm xdur ar >JABLE:sbr Pr oparty —»rCelae-feea-----
Crude agoq%ﬁhhHgREX%%ﬂlgc,ﬁjgftemperature of the contacting zones was
increased incrementally to 316 °C (600 °F) at a rate of 10 °C
{50 °I") per hour., The contacting zones were maintained at 316
°C for an hour, then the temperature was ralsed to 370 °C (700
°Fy over 1 hour and held at 370 °C for two hours. The
15 contacting zones were allowed to cool Lo ambient temperature.
After sulfidaticon 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
20 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: ratico of hydrogen gas
to feed was 318 Nm'/m’ (2000 SCFB) and LHSV was about 0.4 h™
and at a system pressure of 6.55 MPa (950 psig) as the crude
25 feed flowed through the reactor.
The runtime, viscosity, APIL, P-value, weighted average
bed temperature (WART) and WABT increase during the runtime
are illustrated in table 5.

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

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

catalyst C of Z:6:2.

Example 5 was repeated and the apparatus, sulfiding

procedure, crude feed and operating conditions were the same



7 Exanples 24 and 25 of U. S. Patent Application No. 11/866,926 Run Tine,
hours n.a. 5800 5300 4700 2952 Pressure, MPa APl Gavity n.a. 7.9 6.55 17
6.55 19 6.55

WO 2009/126909 PCT/US2009/040248

as for Bxample 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 2:6:2

5 A volume of catalyst C (6 om®)y as described in Example 4
was mixed with silicone carbide (6 Cmﬁ) and the mixture was
positioned in a bettom contacting zone.

A voiume of catalyst Bl {18 cm’) as described in Example 2
was mixed with silicone carbide (18 cm’) and the mixture was

10 positioned in a middle contacting zone.

A volume of catalyst A (6 cw’) as described in Example 1
was mixed with silicone carbide (6 cm’) and the mixture was
positioned in a top contacting zone.

The runtime, viscosity, API, P-value, welghted average

15 bed temperature {WABT) and WABT increase during the runtime
are lllustrated in table 5.

Example 7. Contact of a Crude feed with Catalvysts A, Bl

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

catalyst C of 4:4:2.

20 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

]
La

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 cm3) and the mixture was
positiconed in a bottom contacting zone.

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

positioned in a middle contacting zone.



4.44 Viscosity at 31.8 0 (10003), eSt P-Value 8357 2.6 40 1.25
3.

81
.4 33.5 1.3 14.4 1.2 Start tenperature, 00 n.a. 399 394

WO 2009/126909 PCT/US2009/040248

A volume of catalyst A (12 cm’) as described in Example 1
was mixed with silicone carblde (12 cmﬁ) and the mixture was
positioned in a top contacting zone.

The runtime, viscosity, APRPIL, P-value, weighted average

5 bed temperature (WABT) and WART increase during the runtime
are illustrated in table 5.

In conventional processes it 1s expected that the P-value
decreases during a hydrotreatment. Surprisingly it was found
that the F-value during the runs of examples 5, 6 and 7

10 remained stable. A comparison of example 5, which does not
contain any catalyst C, with example 6 and 7, which do contain
catalyst €, further illustrates that the presence of catalyst
C has a further positive effect on the P-value and the

stability of the reaction mixture.
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391 385 End tenperature, 00 n.a. 408 403 408 410 Tenperature increase per
1000 hours, 00 n.a. r-j. 1.7 3.6 8.5 WD 2009/ 126909PC171. 1S2009/ 040248
CLAI M5 A catal yst systemconprising: first catalyst with a binodal pore
size distribution, 5 which first catalyst conprises a hydrogenation netal,
m neral oxV@SUPHREMtl es and a support, wherein the hydCdgeddtoiisnet al
consists of a colum 6 netal and wherein the m neral oxide particles have
an average particle size of at nost 150 m croneters; a second

catal yst conprising a hydrogenation netal and a support wherein the

hydr ogenati on netal consists of a colum 6 nmetal and the support conprises
silica-al um na.

TABLE 5
Property Crude feed Crude Product
Example 5 6 7 Examples 24 and
25 of U.S.
Patent
Application No.
11/866, 926
Run Time, n.a. 5800 5300 4700 2952
hours
Pressure, n.a. 6,55 6.55 .55 3.8
MIa
APT Gravity | 7.9 17 19 18,5 14.44
Viscosity at 8357 40 35.3 33.5 14,4
37.8 °C
(100 =ry,
¢St
p-value 2.6 1.25 | 1.4 | 1.3 1.2 |
Start n.a. 399 394 391 385
tenperature,
°C
End n.a. 408 403 408 410
temperature,
e
Temperature n.a. L.6 1o 3.6 8.5
increase per
1000 hours,
°C
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2. The catal yst systemof claim1, wherein the second catalyst is |ocated
downstream of the first catalyst. 15 3.The catalyst. SySteM of claim1,
wherein the volunetric ratio of first catalyst to second catalyst lies in
the range from1:9 to 6:4. 4. The catal yst systemof claim1l, wherein the
first cataMpstoodditai ns essentially no hydrogenation MEaISEYtHEE t han t he
20 colum 6 netal and wherein further the second catal yst contains
essentially no hydrogenation nmetals other than the colum 6 5. The

catal yst systemof claiml, wherein the catalyst systemfurther conprises a
subsequent third catal yst, which thi¢wghi25 catal yst conprises a first

hydr ogenaton pe 2. S8 ation netal and a support, wherein
the first hydrog(teﬂjaltllkgln rﬁps ﬁ Pé{lﬂ{ﬂ% ﬂurm 6 nmetal, the second hydrogenation

metal is a col anmhStnetadyort &l *(:@)ICurlwfnmqqi)fl Imepak. 512e §isTHeuEapal yst system

of claim 5;;,;wWherein the thifdogatalysh nd@obhsnpresent.cdn asvelunetric
anount that is equal or l'ess than the vo umetric anmount of the second

catal yst. ©xide pafid d4patyst syt @h of’h%]f%” m-1¢ WHEPEFTETRE fFrt and/ or

second cat@lnstteant ai BsL@ucal M@ﬁfmlanal @t n ﬁlérhan@aaalqmthyst em of
claim1l1, wherein the anmount of hL genatlog nmet al the catal ysts

i ncr eases l:fjrr(%r]nctu?‘n% “é{feaf“ysgtvprf%g%lt & §t Peam fé"sfhe catal yst |ocated

nost downstirceametersd. The cat aI yst system of claimb5, wherein the total

amount 91 hydr ggenation,ietal. Lhohe catal stsl nenesses. 4 amythe catal yst
| ocat ed rmst ups reamto e “ca oca fost ownstream 10. A
met hod f orsunreat ner:eof ‘ahét:ﬁlyééO@Géedl@Ganaél ﬁgn‘é:mitsaéfmgioéuw ude feed in

the presenge of -aq mmlr Qgﬁggbrsto'flﬁﬁﬁrz\@et‘shsﬁi%t—ﬁl ¥sinsSystemas claimed in any
one of clalms 1 to 8. . The nethod as clainmed in claim1l0 where the

contacting®is ¢af r‘tﬂédl éut s et ehperatiur e 1" Ehe Tangect o850’ ¢ and 450
C. 12. The. net-h ok Qﬁjwﬁla}!cﬁ&d ant e aunLLLOc,szn@lg/etthe cont acting is carried
imed in claim

out at p essu[e of at |eas NE 1@?1 a :mn%r B
10, whé? ei v t hé CatHiyers of tH‘f © a‘tléIL{}s{ s‘ﬂ}?tré%n e SIO ated’in"'a¥ixed
bed. 14. dheimet hodaasscla medond cltailpsd3,ienwhen eiire theqewenrght ed® aver age
bed tenpergtuyrg is increased by I ess than 5C per 1000 hours.
4, The catalyst system of claim 1, wherein the first catalyst
contains essentially no hydrogenation metals other than the
20 column 6 metal and wherein further the second catalyst contains
essenbially no hydrogenation metals other than the column 6
metal.
5. The catalyst system of claim 1, wherein the catalyst systenm
further comprises a subsequent third catalyst, which third
25 catalyst comprises a first hydrogenation metal, a second
hydrogenation metal and a support, wherein the first
hydrogenation metal is a column & metal, the second hydrogenation
metal is a column 9 metal or a column 10 metal.
6. The catalyst system of ciaim b, wherein the third catalyst
30 is present in a volumetric amount that is egual or less than Lhe
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.
g. The catalyst system of claim 1, wherein the amount of
35 hydregenation metal in the catalysts increases from the catalyst

located most upstream to the catalyst located most downstream.
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9. The catalyst system of claim 5, wherein the total amount of hydrogenation metat in
the catalysts increases from the catalyst located most upstream to the catalyst located most

downstream.

10. 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 claimed in 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 claim 10, wherein the catalysts of the catalyst system are

situated in a fixed bed.

14, The method as claimed in claim 13, wherein the weighted average bed temperature is

increased by less than 5°C per 1000 hours.
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