CATALYSTS, PREPARATI ON OF SUCH CATALYSTS, METHODS OF USI NG SUCH CATALYSTS,
PRODUCTS OBTAI NED | N SUCH METHODS AND USES OF PRODUCTS OBTAINED 5 Field of
the Invention The present invention relates to catalysts, preparation of
such catal ysts, nethods using such catal ysts, products obtained in such

met hods and uses of products obtained. Background of the invention

JOCrudes (whether in the formof crude oils, or solid or sem-solid

hydr ocar bons such as bitunmen) that have one or nore unsuitable properties
that do not allow the crudes to be econom cally transported, or processed
usi ng conventional facilities, are coomonly referred to as "di sadvant aged
15 crudes". Di S2E¥aHT8gcREEPRIGEON iy SPHY CATALYSEH, VEBRDS| 0% USH¥E renders the
di sadvant aged soei dRTAMIGeS| rRBbEx1sOsnBORME T SRl mb¥ NS POt 8&pBrand/ or
treatnment facilities. D sadvantﬁggqxgru es haV|ng hi gh viscosities,
additionally, may al so include ?o&gn HEE ent hydr ocar bons. V%en
processi ng 20 di sadvant aged crudes havi ng hydrogen defici ent hydrocarbons,
consi st ent ‘quéhtic pesthef Itwedkbgen may need to be added to inhibit coke
formation, parti CU‘li@-r}:Ir)éf:J.ath ehemat e l.enpar @I)Ltra@%l?é't@ hp.ghapsessure are used

to process the dIS dy ed C is costly to produce
and/ or costly 55) %% 3rtm%Q§°§? g%W%ﬁ%CP éﬁﬁr?ﬁ§$ PEOANCLE convent i onal
met hods of redh@vﬁgdﬂWevWﬁghevwﬁéogvtyo©¥Oﬁh@Tdeﬁd@ahwagéd crude incl ude

contacting thesdisadvantaged; cridesat el evat ed t enper at ures and pressure
W th hydro enin %EWﬁf @en € of 'a catalyst. Deposits formed during 30
a

proceSS|ng may ac GEHRRY R f%?d@?nﬁgr8§“%fopﬁé Rat®Rr S to%whi | e
vi scosi ty andfori-evher hpiopertdiressare as dduceeh)byhaziomtactenefoit he feed with

the active ”E&@ksuhﬂn&h§1§ﬂﬁlﬁﬁﬂ1QDH%§tQL:Ebﬁcﬁ@E@HxétcAH@t the.deposits
and/ or | arge conpounds contrlb uting to viscosity can not enter.

Di sadvantageseﬁFWEBﬁvéﬁfVEHa?o%ﬁﬁaPV%P§mﬁ?ée?ﬁﬁf“?ﬁ@?“?@ﬁﬂ??% si gni fi cant
amounts of hyérogenidsn erdepmtamlprocessed e 4w doogenadefdedi ent hydr ogens

and the |asger, pREes 6f sINentafal ¥SluebEeRMRald Ll fn Thussithenaetivity of
t he catal yst

renders the disadvantaged crude undesirable for conventional
transportation and/or treatment facilities. Disadvantaged
¢rudes having high viscosities, additicnally, may also
include hydrogen deficient hydrocarbons., When processing

20 disadvantaged crudes having hydrogen deficient hydrocarbons,
consistent guantities of hydrogen may need to be added to
inhibit coke formation, particularly if elevated temperatures
and high pressure are used to process the disadvantaged
crude. Hydrogen, however, is costly to produce and/or costly

25 to transport to treatment facilities.

Conventional methods of reducing the high viscosity of
the disadvantaged crude include contacting the disadvantaged
crude at elevated temperatures and pressure with hydrogen in
the presence of a catalyst. Deposits formed during

30 processing may accumulate in the larger pores of the catalyst
while viscesity and/or other properties are reduced by
contact of the feed with the active metals in the smaller
pores of the catalyst that the deposits and/or large

compounds contributing to viscosity can not enter.



5is dimnished and the life of the catalyst is reduced. It woul d be
desirable to have a nethod and/or a catalyst for reducing the viscosity of
di sadvant aged crudes at el evated tenperatures and m ni mal pressures for a
prol onged period of tine. U.S. Patent Nos. 6,554,994 to Reynol ds et
al., 6,436,280 to Harie et al., 5,928,501 to Sudhakar et al., 4,937,222 to
Angevine et al., 4,886,594 to MIller, 4,746,419 to Peck et 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 Dahl berg et. al., 75 and 4,191,636 to Fukui et al. describe
vari ous processes, systens, and catal ysts for processing crudes and/or
di sadvant aged 'GruadlesaddsSef Rublerghiedh IPatenity sihp plri cldtsitomhdNos¢«20050133414 20
through 200501334140, Rhat &t oAh2200580439548. Lhriguah, 2950139522 t o Bhan
et al., 20050145543 to Bhan et al., 20050150818 to Bhan et al., 20050155908
to Bhan et al .2YIUE809% 7820 % BYBITAR B 4l L0e2008616%384 thiBtigh 20050167332
to Bhan et al .cat206504:£338015i10bd.oughu=200501:¢8303 vt Bhamasblalt. |
20060060510; t 9 ,Bhan;,; 20060231465 ;to Bhans 20060231456418.25 Bhan;
20060234876 to Shan; 20060231457 to than and 20060234877 to Shan;
20070000810 to Bhah &4l be deaprhoB0s082 Y% 2t o2 206760008147 16t han et
al . ; I nternatifonalecPublg cad ivaRcdNOsSy JADA2008A 01606 9crands \D 2008/ 106979 to
Bhan; and U.S._,Pat.ept,. l.catia S/ 866.,.909; 1148686, ;. 3011/ 866, 921
t hrough 11/ 8655%%%3%@%%!%%% d%(liﬂg%é?%%éﬁgn%&%% j8%’5,3 g%gl? %ﬁéhan et al.,
filed October P8*19007 ti&fe rel ated patent applications and describe various
processes, 1syst enw,. s. andesatvak yst, ss4,0104 procegsilag € udes saneld,omo
di sadvant aged _¢r, . U.S. Ra . nl Lcati . 11/,8 describes in
Exanpl e 24 a égtlé%?jétm’t ﬁg’[' igﬁ%ﬁ}égs .ég&éirkg?rsewg?l’s'i Iql'g%-'g gmt%na and 0.98
grans of al unPhgevger or amoff. 8¥ppéftio Hitlesl and®nbl®y el ¢The cat al yst
has a medi an por e s eyt ercokiddanA 1,68 u7at 1d easi1L0% ofl .t he total nunber
of pores in the,por iz i stribution, hgyi | por.e.dianeter with 28 A of
t he median po?éwgll'éﬁ%ﬁé}r?%h&O%L sﬁ;gr?%‘deqééraa\eéé@%f %‘ffg‘ﬂﬁ‘ﬁ’?ﬁ?%‘&%ﬁt act of a
hydr ocar bot f eed 4nit#h Bhetc bbby st anddhydibgerraevarregséeat ure of 410 C
and a pressur gyQfend, &inPa: RNOGUCES: & orUEE nRr aduet At has a reduced
Vi scosity as gonpared tg_the hydr ocarbon feed with a hydrogen consunpti on
[

of 35 NmB/ 103 *F&Yi%8EFi BUEFdn of pores in the pore volune of the
U.S. Published Patent Application Nos. 20050133414

through 20050133418 to Bhan et al.; 200501392518 through

20 20050139522 to Bhan et al., 20050145543 to Bhan et al.,
20050150818 to Bhan et al., 200501559208 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 Bhany 20060231456 to

25  Bhan; 20060234876 Lo Bhan; 20060231457 to Bhan and
20060234877 to Bhan; 20070000810 to Bhan et al.; 20070000808
to Bhan; 20070000811 to Phan el al.; International
Publication Nos. WO 2008/016969 and WO 2008/10697% to Bhan;
and U.S. Patent Application Nos. 11/868,909; 11/866,916;

30 11/866,921 through 11/866,923; 11/866,926; 11/866,929 and
11/855,932 to Bhan et al., filed October 3, 2007, are related

patent applicaticns and describe various processes, systems,



| S catalyst is not discussed in Exanple 24. In Exanple 26, the catalyst

i ncl udes an al um na support, alum na oxide fines, and nol ybdenum netal. The
catal yst has a nedi an pore dianeter of 117 A and a bi nodal distribution of
pores in the pore volunme. Contact of the hydrocarbon feed at 400 C and 20
3.8 MPa produces a crude product that has a reduced viscosity. Eydrogen
consunption was not discussed for the process using the catal yst of Exanple
26. Al though, viscosity reduction can be achieved with both of these

catal ysts, the hydrogen consunption is relatively high. 25Internationa
Publ i cati on Nos. WO 2008/016969 and WO 2008/ 106979 to Phan descri be
cat al ysts and amgt txad$yof s pgoddreicatabyst abdy opr dthadeatiypdedcar bon product s
havi ng reduced.,pifch, sulfur, and MCR as conpared to the initial

hydr ocarbon feed. The catalysts described in Exanples | and fil include a
30 support haV|ng‘?@&§@F?@aAPHL§@®8%]Hﬁthﬁ/Sﬁ%ﬁVBdgﬁﬁﬁFﬁﬁdlﬁlckel The
cat al ysts havexamdican: porecdiyameher sirefudess . thanadd0f Asiandasur f ace areas

rangi ng from 8.1112/,9 32 i A€ OYHLQCF Rp, producths; produced by
contact of a %@ég?n @y Po%%%ggﬁ)ﬁﬁ %ﬂm‘e ggtégrsts atB? 7 eréﬁ%ﬁes of 400 C
4

and pressuresaB?f%QM Srg ( Q%dﬁ%aigﬂhpﬁﬁf%&V%“WeHﬂéeH‘ﬂFt&h‘Hnd sul fur
content as conpaﬁbdwtmuhheumattﬁalohyﬂbona&b@nm%@edn pteseipublel cations do

not di scuss 5.LedUGL) QN,PLNE SGORLEY AL (AT FBlnCPLESSYE 0% W LA i ni el

hydr ogen consunp vanta eous to b ble to convert a
hydr ocar bon fééﬁ‘%ﬁtﬁ‘&oﬁ?ghdvﬁ§éoswt? S%HHC?H%Péf%ﬁé7%TW6%reconontc val ue,
into a crude poeduetohavhigoasdeer e@ﬁEdJﬁN\théQﬁS&bt%tbymEO@tia&idnng t he

hydr ocarbon fe aie%?}g&guy%t pﬁpt?g%%t% ectegphyghﬁbd SQtlng crude

product may, erea e conver rocarbon products
usi ng conventﬁoﬁﬂﬂGHV6ﬂét#ééﬁ¥ﬁ@’caﬂﬁﬁys%%V1ﬂib3LYc“lﬁmﬁﬁﬁPﬁﬂdh it would be

advant ageous &ge h@m&)@r%t at@ycsttm%f@rhya%g’ew AshsQmpricheocanver si on of the
hydrocar bon f .o : the invention It has
now been foung ?ﬁ h%ﬁﬁfggﬁ?gdﬁlfeéﬁnﬁntﬂ’vpaf%ﬁeﬁfsg%%lqA% ¢an be
converted ﬁnteagMWFUde pelodidetudsavi Ny EaapQedetr eds égkawpsc@si tiyrewi t h m ni mal

hydr ogen COHSU%BthQaszMﬁthndn§Q§&4EhﬁmhkghnﬁﬁaﬁﬁQ§1&£Qﬁn@@ta'ySt I n
addition it has_been found that suc ace %%Fa catal yst has an

i ncreased usefif "Pr Q?Gmm1meiﬁbcoFB?ﬁ@F§9y$‘h%%ﬁbm% 8dPHent s, the,invention
provi des a 25dgateaby st tUNPr ksd pgbinodal e rdrtion efnpeadssifrigm Col uim 6 of

the Periodic Jahl ¢,ARMY, OrcQRE- O s MAEL hEQMRAUIS ¢@Ea QREsQ ~BDLKy Netal s from

20 3.8 MPa produces a crude product that has a reduced
viscosity. Hydrogen consumption was not discussed for the
process using the catalyst of Example 26. Although,
viscosity reduction can be achieved with both of these
catalysts, the hydrogen consumption is relatively high,

25 International Publication Nos. WO 2008/016969 and WO
2008/1063%79 to Bhan describe catalysts and methods of using
the catalyst to produce hydrocarbon products having reduced
pitch, sulfur, and MCR as compared to the initial hydrocarbon
feed. The catalysts described in BExamples I and 11l include a

30 support having 2% silica in 28% alumina, melybdenum and
nickel. The catalysts have median pore diameters of less
than 100 A and surface areas ranging from 133.5 m?/g to 332

n@/g. The hydrocarbon products produced by contact of a



Colum 6 of the Periodic Table and a support; wherein the support conprises
from0.01 grans to 0.2 gramof silica and 30 from0.80 grans to 0.99 grans
of alum na per gram of support, and wherein the catalyst has a surface area
of at least 340 nR2/g, a pore size distribution with a nedian pore dianeter
of at nost 100 A, and at |least 80%of its pore volune in pores having a
pore dianeter of at nost 300 A Further, in sonme enbodi nent, the

i nvention provides a catal yst conprising: 5one or nore netals from Col um 6
of the Periodic Table and/or one or nore conpounds of one or nore netals
from Colum 6 of the Periodic Table and a support; wherein the support
conpri ses fromdv0Iygrammbbo WLk eamwlysid beacapdrdmons 0£80qrams to 0.99
grans of alum m_of t, t l.yst exhibits one
or nore peaks Jloygfml?(9 rgé%”ﬁg C?ngg&gk ggg%uwpggngh el gx%%as? one of the
peaks has a ba@éCWc’d’tthIéfoath“é%\fﬁ% ai@%@g*%éo e t’:l‘é‘ttérih ned by x-ray
diffraction athyar&chﬂban feuit hehesd Ppusore:aiBods ment &ischlhe i nvention

provides a pEt 0“”%k|ngcxiﬁékger““€g9q$£ ?&ﬂg w:U}m;n&%lHU|llng one or

nore netal s rom 10 e and/ or one or nore
conpounds of dwérerernpeeunetiahs from Col um 6 of the Periodic Table with a
support to provi demawsrejtcabés;apawclggsmasﬂ»d 20N wheseicptthe support 20
Conmpri ses fro 81 Hele mgon nJEBu(tEl ww({)_h <i %I’ algnv(:)LLc S!i't'y? n%nghare?m 81&! ans to 0.99
grams of aluni'fa péer ~gram of Pt and” al cining T Re net al / support
conposi tion atecaﬂfm@#pwlalteur@tf)r@rﬁrgi% f€0€3‘€f‘176®\7 @gt ® fi?r“é%%féi a cal ci ned

catal yst hayi %q@osswyfﬁp%o%&%;&j La& le%@-&tar%éﬁ fedehOvitd POfi@aSI Ze
di stribution a nedi t 100 A, and at | east

n po
80% of its po é’ Wﬂeﬂn%o "h‘m% Hz‘vﬁ@gﬁg“%}r Snéfgaﬁe? e ot ¥4t nmost 300 A,
wher ei n surf acbewradacis basccdvepeiraﬁ nhe sy clSThyWerchoebrl p88Bgtand pore

di aneters and . poke MBS, A 8y @St gp@glﬂ[?egﬂgyyﬁgTM I\/bt hod 04281. 30Furt her,
in sone enbodi nents, the inventiagn maki pgﬁf a catal yst

conpri si ng: Js- ﬁ‘éﬁﬂtﬁﬂ‘@ igngegd 5&@8%&6&@% %8&?% firfr '8 ¥ t he
Peri odi ¢ Tabl ecandiroyimenevorchaocaveonpounts hef horecorbonpf@d mithal s from

Colum 6 of the,ReriodiG fahle with a support to

Summary of the invention

It has now been found that a hydrocarbon feed with a
high viscosity can be converted into & crude product having a
20 decreased viscosity with minimal hydrogen consumption by
using a specific high surface area catalyst. In addition it
has been found that such high surface area catalyst has an
increased useful life.
Accordingly, in some embodiments, the invention provides a
25 catalyst comprising:
one or more metals from Column 6 of the Periodic Table
and/or one or more compounds of one or more metals from
Column 6 of the Periodic Table and a support; wherein the
support comprises from 0,01 grams to 0.2 gram of silica and
30 from 0,80 grams to 9.99 grams of alumina per gram of support,
and wherein the catalyst has a surface arca of at least 340

m*/g, a pore size distribution with a median pore diameter of



provi de a netal /support conposition, wherein the support conprises from
0.01 grans to 0.2 gramof silica and fromO0.8 grans to 0.99 grans of

al um na per gram of support; and 5cal ci ning netal /support conposition at a
tenperature from315 Cto 760 Cto provide a calcined catal yst, wherein the
Colum 6 netal catalyst exhibits one or nore peaks between 35 degrees and
70 degrees, and at | east one of the peaks has a base width of at |east 10
degrees, as determned 10 by x-ray diffraction at 2-theta. Further, in sone
enbodi nents, the invention provides a nethod of producing a crude product,
conpri si ng: contacting a hydrocarbon feed with one or nore catal ysts
to produce a tatabstproduct adchat idack utlesot hescpudevproduot podd wherei n at
lleast one of the;catalyst§; GQIRLISes: QR OgoRre metals from Colum 6 of
the Periodic Table and/ or “one or nore conpounds of one or nore netals from
Col um 6 of the P & FALICES AW Bpdre; LRHFeE &9h PEAE %S8pport conpri ses
fromO0.01 gransthnssQ. 2rgragmgef silica and from0.80 granms to 0.99 20 grans
of alum na per 9ram.ob, SUPPQLLe 209 IRBEGHD of 02 SR M oG; dTRal, catal yst has
a surface area of at |east 34 m2/ g, a pore size distribution with a nmedian
pore di anet er Bf/ %t CAHST 1OT ACTRINECRICL @S OTZUYForeiAlE H¥e vol ume in

por es gavi ng &opodire 6di et erexobaiat Tamst ag@& Appaind ; Zfﬁwlaerreitge surfaceI ar ea
is as determn . M. Met h 3663 a por.e, dj ters, and pore vol unes
are as measur é’gg%(%xAg "Me hgggb%gg.gréﬁ?t%)e?;z;gﬁg}ggonig“’gjrfb%gdf%gnts, t he

i nvention proviees -0 meehndd-cof - Pt edered vg A VEEURISepr BRICEL CBRPIt-Si ng:

30cont acti mg anbye0ear hap JLedyW tihonRes Une"BF enceat@lystistheen at | east 500
hours at a tenper at u(gea(%fd gﬁ C{I east 2(?(‘)n0d ( %@9 a ergj_saﬁtglree eoaf oa]'g_asl east 3.5
MPa to produceé a total Pproducttiat includés t né cfude” prodict®® wherein at
| east one of tthkasccaidihyst satcopprt deslegneeor apolegepritnglisby romCol uim 6 of
the Periodi ¢ Fable-and! ar one.LX. nore conpounds of one or nore netals from
Colum 6 of the Fl?eri odic Tabl e é’;\nd a squo_,rt; \/\_/rlerei_n_,%h_e support conprises
from0.01 grant 5 0. 2" GPARE™BP B4 EB° dd P TSt BT BE Gt dns to 0.99 grans
of al um nalspemegraim bfnaguppeor tatauydt wvepeiginghe Col um 6 netal catal yst

exhibits one or mye,paaks Hetween 3%de0s eesnandufQ degriges, and at | east
one of the peaks has a base width of at | east 10 degrees, as determ ned by

x-ray diffractPbiPaf RIS/ O SBGr PhéPre i W BB b &4 nEnt" €™ t he i nventi on
provi des a cr wdealpr 6ductoprodaced thy Aeheodmet hads: astidesericbed above.
Further, in some, QEDOAINENSy,L08 LAVRILLAN REAM:Hes.A shydecar bon
conmposi ti ng %8£g¥£ggérirgm 0.01 grams to 0.2 gram of silica and from 0.8
grams to 0.99% grams of alumina per gram of support; and
calcining the metal/support composition at a temperature
from 315 °C to 760 °C Lo provide & calcined catalyst having a
surface area of at least 340 m’/g, a pore size distribution
25  with a median pore diameter of at most 100 A, and at least
80% of its pore volume in pores having a pore diameter of at
most 300 A, wherein surface area is as determined by ASTM
Method D3663 and pore diameters and pore volumes are as
measured by ASTM Method D4284,
30 Further, in some embodiments, the invention provides a
method of making a catalyst comprising:
co-mulling one or more metals from Column & of the

Periodic Table and/or one or more c¢ompounds of one or more



a total Ni/Fe/V content of at |east 200 wtppm as M determ ned by ASTM

Met hod D5708; a residue content of at least 0.2 grans per gram of

hydr ocar bon conposition as determ ned by ASTM Met hod D5307; a
distillate content of at |east 0.2 grans per gram of hydrocarbon
conposition as determ ned by ASTM Met hod 05307; 20a sul fur content of at

| east 0.04 granms per gram of hydrocarbon conposition as determ ned by ASTM
Met hod D4294; and a mcro-carbon residue content of at |east 0.06
grans per gram of hydrocarbon conposition, as determ ned by ASTM 25 net hod
1) 4530; and wherein the hydrocarbon conposition has a viscosity of at nost
100 cSt at 37. Bet@laSir(dﬂt(ﬁ:ﬂmnmeﬁobyt}ASﬂ'eMiMihhﬂ‘dbMAeSih Rusther: ta some

erbodi Ment s, ¢ B0 GO0 PLOLHCS  Bouss 00 {LADSRAY LAL LRl coMPr si ng

one or nore di ate tions pro uced romt ocar bon
conposi ti on ascd®sEFIshé abolie grams to 0.2yprppt ﬁlﬁl%ﬁ’é‘deﬁ%dpn%nts, t he
i nvention pr ove_i;]d;e.s & 0. buenbhnProducecnd rp@m dhe hydnpsatbomaconposition as

descri bed above. In further enbodi nents t. r cific 5
enbodi nment seray be(:‘%:l(grri)3 ed® W' ﬁul?peoé"?u?dén 2 ]?“orgn oﬁhérpgﬁﬁgpﬁl ments. For
exanpl e, featutes $ront oWe 7@%@1%@\%\/&5@1@@% Aekr Wet h heatur es from

any of the othef. eshedi dBRES) catalyshNefdbl heongrdrodb reptsys addi tional
features may added to the specific enbodi ments describ erein. WHBrief
description o?b %QIEI%S s Tgs©® & ‘? i PRYENET or?ra:asE ﬁ]tguétonet(gjg E)g/ t he

foll owi ng fi guree§s HsG }‘élésﬁs\ﬂa“é&féﬁht]@sbfl%ﬁe@t‘rﬁ%dlfﬁ’\eﬁt—“%ﬁ”a@%ont acting
system 10 by hagg dgfi&agy\@nxaf ay.tgégaf raction plots of intensity versus
14 degrees 2- The bdenu tri OXI e and ? enbodi ne cat al yst.

FIG 3is a gr ap&ﬁ%ral 1?e 85%'}}% 1O of "8 PLVAFUE Bfomdg?uadé“(’%}rloduct Ver sus

run tinme for varpous:céad al ystde, pRIABCT4 dogippls ‘glﬂaphl cal representation of

inlet pressure 20 &Jntgheﬂnlz;egquggowa%%sfo@umlttrnn@nef oF Akl QUS16atal ysts.

Det ai | ed descrl ption of the inventio
to preduce a total product Lhat includes the crude product,

15 wherein at least one of the catalysts comprises one or more
metals from Column 6 of the Periodic Table and/or one or more
compounds of cne or more metals from Column 6 of the Periodic
Table and a support; wherein the support comprises from 0.01
grams to 0.2 grams of silica and from 0.80 grams to 0.99

20 grams of alumina per gram of support, and wherein the Column
6 metal catalyst has a surface area of at least 340 m%/g, a
pore size distribution with a median pore diametar of at most
100 A, and at least 80% of its pore volume in pores having a
pore diameter of at most 300 A; and

25 wherein surface area is as determined by ASTM Method
D3663 and pore diameters and pore volumes are as measured by
ASTM Method D4284.

Further, in some embodiments, the invention provides a method
of producing a crude product, comprising:

30 contacting a hydrocarbon feed with one or more catalysts
for at least 500 hours at a temperature of at least 200 °C
and a pressure of at least 3.5 MPa to preoduce a total product

that includes the c¢rude product, wherein at least ong of the

6



Advant ages of how a hydrocarbon feed wth a high viscosity can be converted
into a crude product having a decreased viscosity with m nimal hydrogen
consunption by 25 using a high surface area catal ysts are descri bed herein.
The high surface area catal ysts, preparation of such catal ysts, contacting
a hydrocarbon feed with such catal ysts, the products obtained from such
processes, and the uses of the products obtained are described herein.
Certain 30 enbodi ments of the inventions are described herein in nore
detail. Ternms used herein are defined as foll ows. "ASTM' refers to
American Standard Testing and Material s. "APl gravity" refers to API
gravity at 15.&u@G/{60csupkisdPbngraavidie nens sdeter mned HyASkM Met hod
D6822. 5At omi c, | g e a o) b r e of the
hydr ocar bon fe’egxg&g r 1%(:%“({%9 %%dgggnog%emggo‘%ﬂ; e?%oﬁgd&g@%%gTM Met hod
D5291. " Bi‘%élﬁalfré’atcé’lly@"t 6 ?’éf*é‘ﬁsl’ﬁtréo‘élccéﬁléji%/é‘f“i|3n3W’ﬁ°éI’°| at |east the
maj ority of th&w@@ﬂﬁﬂé@Hﬂlﬂﬁoﬁiﬁ coistieebut-ed 0.0 tgandO:.cstat igghhealr

S DuL1 ons 2h:BOR0U.AIRE 8%, 880D, 9198 i theals L ahil Bub! gR.paving @

signi ficant peak | ayed”0on a porée vo sus pore dianeter plot.
For exanple, &hpwoar: caa}fﬁawWﬁHmaHavémBo%/d“@fah retydyre %Phh*é di stri buted
i n pores havi ngieacpakee qjeaﬁ’ﬁtlﬁltwcklﬁ]t weeRqb:sands 100aAngstyoms 45 (W th a

peak show ng a.%edgp A, ggq 5‘V |ts %%égo J%ILFn;% di.stributed in pores

havi ng a pore anet er a peak showi ng at 320
A . Boler g r aﬁgﬂ@t@w@wiﬂﬁm i"o’ﬁS’ fib*%fl‘tih\el%yd‘r dcéh%‘@n feed, the total
product, ang/ or the;&wﬂ&m%m&&am&&ﬂ%&mvréa@h&opbymﬁsiﬂ\d Met hod D5307
unl ess ot herw se mentCl duced b 1C§ Asteneds@wr&@grasmto asphal t enes
that are insolUBi'e H*RIM: p@n(f ares sty t€nés ‘Céntent is as determ ned by
ASTM Met hod D2007. l*uriherr m"&{W%cas‘mqalrt@@hés'ihﬁeiwgt%%‘ asphdeeenes that are

25 i nsol ubl e u@dpﬁchﬁgg@r}%mpg;?ua&ph%&&ae%@ontent is as determ ned by ASTM
Met hod 03279. ne or nore netals of

ers
Col um X of the Pét |i“8bl‘?]cNTa%Gi/¥ ‘é‘ﬁ"&/ﬁ'm)' dn%L 'F”rﬁ)r?@ cbipBuiits of one or nore
netal s of Col wemedtiokd thyerfPar Mothost Falbilée, in 30 which X corresponds to a

col um nunber (fOI’ %émleecon]cegrg)ofogt tlhgst?%r '?Oglld%bT}?sbJ %razﬁ:%rf exanpl e,
"Colum 6 netal. (s)" refers to one or nore netals from Col utm 6 of the
Per i Odl(:-Tab|(§ydrocarbon composition as determined by ASTM Method D5307;

a distillate content of at least 0.2 grams per gram of
hydrocarbon composition as determined by ASTM Method D5307;
20 a sulfur content of at least 0.04 grams per gram of
hydrocarbon composition as determined by ASTM Method D429%4;
and
a micro-carbon residue content of at least 0.06 grams
per gram of hydrocarbon composition, as determined by ASTM
25  Method D4530; and wherein the hydrocarbon cemposition has a
viscosity of at most 100 ¢St at 37.8 °C as determined by ASTM
Met:hod D445,
Furthex, in some embodiments, the invention provides a
transportation fuel comprising one ox more distillate
30 fractiens produced from the hydrocarbon compesition as

described above.



and/ or one or nore conpounds of one or nore nmetals from Columm 6 of the
Peri odi ¢ Tabl e. "Colum X elenent(s)" refers to one or nore el enents
of Columm X of the Periodic Table, and/or one or nore conpounds of one or
nore el ements of Columm X of the Periodic Table, in which X corresponds to
a colum nunber (for exanple, 13-18) of the Periodic Table. For exanple,
"Colum 15 elenent(s)" refers to one or nore elenents from Colum 15 of the
Periodi ¢ Tabl e and/ or one or nore conpounds of one or nore elenents Wfrom
~Colum 15 of the Periodic Table. In the scope of this application,
wei ght of a metal fromthe Periodic Table, weight of a conpound of a netal
fromthe Periodi c Tabler, wei ghte efbannetenette finomitibe Reviedi & Table, or
wei ght of a conppound of .an element fraom th riodi.c. Table 15 is cal cul ated
%o The wei ght _Sreuat s ehe Mo ahe Var St B e et i . 17 61 gram
of Mb03 is usedegsaibygl aheof- cat al yst, the cal cul ated wei ght of the
nol ybd]genum rrFt al i tiﬂl@tﬁ?ﬁfklt adnlycﬁiimiarfscso. Q@lug@ﬁnﬁo@fsp@mmﬁgnum met al per
gram of catalyst. 20"Comulling” refers.to _contacting, conbining, or
DUl ver | 71 ng ot S FREEE T S QP Siree g o gEtnar SsUCH THAC at | east two
subst ances ar eeriogetertthr odigh srsehbhi aktuard plyysieakmpolisest "@nul | i ng can
often forma substantiecal bynUuRlf QL G oRAMISNLAYSotFeXt di8aikedtl | i ng
i ncl udes the 25 cont 'Cti:lne% gf} substtancgg Lo ry__ilel.q targgslg,e thatddcdan be
extruded or formed"} ntE %t FUNKEES Y t FE1 &8 T Y phatSiras, ™8 71 £9% bl et s,
cylinders, irreguharscextfigsigslioentsodsalrybdbdlindedggr egat es or clusters, by
any known extrgisic@nae a0l diing $abletdagingaressing, pelletizing, or tunbling
met hods. 30 Conil' T ng does not, include |npé§q‘_nat },bcglglpmat h(;ds in which a

h , g

‘ NC|
formed solid is i mr SBETHOR 45 ivdto7tgaly 14%a Bratsof's Eonponent s
fromthe liquid orFgasl is a scheh@ont efitan pefaligetp cfhe aselkghitingf a
conponent in af,a@qggrﬁjtrate (for exanple, a hydrocarbon feed, a total product,
or a crude pro uct% exgressed as V\Bj%ht fraction or wei %ht‘ per cent age based
on the total wei ght™%f 2t HE¥Eub<eY dPdT " & VHQF ppifs r&f ePE ot hai*t& ber million
by weight. 15 dedtBesti-thateds refgs®rio thydrosarbons witdiiaeobkiang range
di stribution b&t@é\@;&_wz C (360F) and 343 C (650 F) at 0.101 Mra.
Distillate content’ 1s as determ ned by ASTM Met hod D5307. to"Heteroatons”
refers to oxygen, Ri%régens a@rsfalsafPipcetbHEan nidd ¢ R ehee idl écul ar
structure of arydroeandorertet etoatinasrcconi.crisi @tasydaterm ned by ASTM
Met hods E385 for oxygen,..D57 or..t Lirogen,. 1 4 for sulfur.
"Total basic nitro%ﬁeé%"yrlesgr(g%tpgl%ﬁlt ?% eer?g}(]:%%ggﬁno sqﬁﬁ% Lﬁ%‘s\%ém 5 a pKa of
| ess than 40. FBasPe WrerBgEnr b tige 9T deteéPnf i@da by *ASTM Met hod D2896.
"Hydrogen sourges:I&f essotioc ydboger, iardtosr a conpound and/ or conpounds,
that when in the pyesence of_a hydrocarbo >d .and.the .catal yst, react to
provi de hydrogen t%ﬁ’fﬁ %%’ﬁp%ﬂnﬁ(’ﬁ hlynr?cﬁﬁergﬁlg?r%ggav?'jg’(r)]npﬁje%ﬁ. A hydr ogen
source may i ncligdesithutan benorveitad edta ¢, chyfdr bratsbnsvEPera exanple, C to
04 hydr ocar bong..sacfaas; BBt Nane: uethang: PIORARS, cA@Rduhlibang), water, or
m xt ures thereof. ﬂ?ss bal ance may be conduct Sess. t he net anount

. A I , yndu dto. a
of hydrogef” prividcd 9 8 THE EBHPGARTCS) " i7ot A Wy BFbCATBH feed. » LISV
refers to a vdhunetahi eutfiaquidcheed:afates.peretgagbblowveol umehof catal yst and is

expressed in hauL,dchC’ dontadOld! a VRLUNE: B Cledl ¥Sth ksacabeulated by

summati on of all catalyst volures in the contacting zones, as described
her ei n the products obtained from such processes, and the uses of

the products obtained are described herein. Certain
310 embodiments of the inventions are described herein in more
detail.

Terms used herein are defined as fellows.



"Liquid mxture" refers to a conposition that includes one or nore
conpounds that are liquid at standard tenperature and pressure (25 C 0.101
MPa, hereinafter referred to as "STP"), or a conposition that includes a
conbi nati on of one of nore conpounds that are liquid at STP with one or
nore conpounds that are solids at STP. "Metals in nmetal salts of
organic acids" refer to alkali nmetals, alkaline-earth netals, zinc,

arsenic, chromum or 5 conbinations thereof. A content of nmetals in netal
salts of organic acids is as determ ned by ASTM Met hod D1318.

"M cro-Carbon Residue" ("MCR') content refers to a quantity of carbon

resi due remnui ni ng akter evaperad ixaarald ‘mérnah;ysirsfsﬂfngaarsubst rate. MCR
content is as glg{ermlped by W ASTM Met hod D4530. "M ner al - oxi de
fines" refers to oxides of nmetals ground to desired particle size. Exanples
of oxides of metal SAPheFadey” birteap econd! I9v AT ttedat 0.°- &l Uni(Ad, "1l i ca,
silica-al um naapt idrafi i O%isdes Lozl CANLYMsOKI i nomagHEs) um oxi de, or 15

m xtures thereof. mic I\{pmgen eréug(]a ont eant étnomtghe N dro%@:&pon feed" refers
to the contéent of ? S8R Th *Ehe “Thd f”b SRUM GORt 8Nt i ncl udes

t he anmount of Pﬁdﬁ’gah‘r%*Oﬁtﬁty’bd@mnﬁlahéh@r@aﬁ@rﬁ?losi‘ﬁfdeﬁﬁ@nf=1‘>n t he feed.

Mol ybdenum contj@tn;m'b,rui he g%QMh\ydin)e@a;rsbgn feed is as determ ned by ASTM

Met hod D5807. . d nom Cd a qqa, al ) ertc;"wr efers1 to, a.c wgle}lh in which at
| east the majority of the e"Vol Une ™ 's Ui sfrl‘bﬁt’e& inone” statlstlcal

di stribution ofegdr ehqjlmam@tiéwsof tthe mrratyeviceals di ribbiad on tvavi ng a

signi ficant ope@kat\&ﬁaen di §Qr@¥&ﬂu@ﬂs%f2§oﬂDG§aME%m MBE SIS POri@.di anet er
pl ot. For exa 50% o |ts

r’rB nmononodal cat al yst % ore volune in
P ores havi o e R h et SR S 6P KApk 3507 APt a0k ot 150 A
"Napht ha" ref epsrat gohyndr oearbarpreodiporest 91wkt hrar kgabpld.i Ag range

di stribution betyeen &%%«{119 b @b 182 4 %7&@@ 18k §:5101,M28. Napht ha

content is as determ ned M Met hod D530
in pores haVan a pore diameter belween 50 and 100 Angstroms

15 {with a peak showing at 80 A) and 258% of its pore volume
distributed in pores having a pore diameter between 300 and
350 A (with a peak showing at 320 A).

Boiling range distributions for the hydrocarbon feed,

the total product, and/or the crude product are as determined
20 by ASTM Method D5307 unless otherwise mentioned.

“Cy asphaltenes” refers tce asphaltenes that are
insoluble in n-pentane. s asphaltenes content is as
determined by ASTM Method DZ007.

“C, asphaltienes” refers to asphaltenes that are

25 insoluble in n-heptane. <y asphaltenes content is as
determined by ASTM Method D3279.

“Column X metal{s)” refers to one or more metals of
Column X of the Periodic Table and/or one or more compounds
of ane or more metals of Column X of the Periodic Table, in

30 which X corresponds to a column number (for example, 1-12) of
the Periodic Table. For example, “Column & metal (s)” refers

to one or more metals from Column 6 of the Periocdic Table



"Ni /VIFe" refers to nickel, vanadium iron, or conbinations thereof.

"Ni /VIFe content" refers to the content of nickel, vanadium iron, or

conbi nati ons thereof. The Ni/V/Fe content 5 includes inorganic nickel,
vanadi um and i ron conpounds and/or organoni ckel, organovanadi um and
organoi ron conpounds. The Ni/V/Fe content is as determ ned by ROTH Met hod
D5708. "NnB/ n0" refers to normal cubic neters of gas per cubic neter
of hydrocarbon feed. 10"Non-condensable gas" refers to conponents and/ or

m xtures of conponents that are gases at STP. "Organonetal lic" refers
to compound that includes an organic conpound bonded or conplexed with a

metal of the P@ﬁhﬂﬂi End ARl ore" n@anaEbal dieCocaptentetarefrets to the total
15 content of ge} | n th‘%E ganomabg)l I | c conpounds. Organonetal lic content
is as deternin&8" 8y A "Periodic Table" refers to the

Peri odi c Tabl e as spetinhy Bd:lopettHe) T neéerrattpormal ctnicon efenpure cdnd Appl i ed

Chem stry (| UPAQiumnl\k?V&nbﬁJ I%Q%J_c%labﬁ’e( %B%Z-%b%}) mM@A UBrp&inas P- val ue”
refers to a nuneral val ue, ents ccul atlon tendency of

re 1
ARt £ 0 AR L D R AR I e
Met hod 1) 7060. whRar & diranetaedt td' pedilann pomeedi @netepitpland3~igor e 25

vol ume” refer o perg.dianeten, . megl,an..pane, d*c%ﬁe&ren,b @mleﬁp(qfrvol ume, as
determ ned by ASTM Met hod 1) 4284 (nercur 0@83 ,f a_cont act angl e
e Ve

equal to 140") "7 &t CRErPt MRE ROPHH F nSTr r P18 fnc.
Nor cr oss, GCeor galde bh@&oA Jnamay eeussgotaisdef emei we mohegsd e@ntval ues.

"Resi due" rgf ers,t 8.cQuponent 5,4 hat; averg Qoi ling range distribution above
538 C (1000 F), as determ ned by ROTH Method 1)5307. "Sedinent" refers to

impurities and/or EBKEet RgAPeaPl HhE AFEbF W A"t HETPRIdPECRIEEH: 881 t ot al
product m xt ur ehe $ediment a8 casvedeberomi aecnbyurASFM Vet tiod (BD480Te Sedi ment

may al so be detgrnhned. By, t he; phebl ot Hht M 8lkomhel 88t daiSHERT )
or welght of a compound of an element from the Periodic Table

15 is calculated as the weight of metal or the weight of
element. For example, if 0.1 grams of MoQOa is used per gram
of catalyst, the calculated weight of the molybdenum metal in
the catalyst is 0.067 grams of molybdenum metal per gram of
catalyst.

20 "Comulling" refers to contacting, combining, or
pulverizing of at least two substances together such that at
least twoe substances are mixed through mechanical and
physical forces. Comulling can often form a substantially
uniform or homogeneous mixture. Comulling includes the

25 contacting of substances o yieid a paste that can be
extruded or formed into extrudate particles, spheroids,
pills, tablets, cylinders, irregular extrusions or loosely
bound aggregates or clusters, by any known extrusion, molding
tableting, pressing, pelletizing, or tumbling methods.

30 Comulling does not include impregnation metheds in which a
formed solid is immersed in a liquid or gas to absorb/adsorb

components from the liquid or gas.
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5 as described by Van Kernoort et al. in the Jour. Inst. Pet., 1951, pages

596- 604. "SUB" refers to standard cubic feet of gas per barrel of
hydr ocar bon feed. "Surface area" of a catalyst is as determ ned
by ASTM 10 Met hod 03663. "VA&" refers to hydrocarbons with a boiling

range distribution between 343 QC (650 E) and 536 C (1000 F) at 0.101 Mra.
VA& content is as determ ned by ASTM Met hod 05307. |S"Viscosity" refers to
ki nematic viscosity at 37.8 00 (100 F). Viscosity is as determ ned using
ASTM Met hod 0445. In the context of this application, it is to be
understood that if the value obtained for a property of the substrate
tested is outside dforitimi't seffrst hre thesteinkt dds doheoROtt Bsta rret hod may be

modi fi ed and/ of,J.ecald brat edife! €Shyd Qo shieN cBEOPET a1 product Hydr ocarbon
feed" refers to a feed that |ncI udes hydr ocar bons dr ocar.bon f eed may

i nclude, but % Aot mit%d° to *Rrdes asdi"%‘éﬂ\% n”taﬁbia GF Ut st abi | i zed
crudes, 25 hydsaocantenshabtatmede faoom rmefigrmaw pProegsgesie.or m xtures

thereof. Exanplgs,.of Qydr o',;grptglgpcs fpggqutqgg,l, r,y;,dwg}rqgm refinery processes
i ncl ude, but are not lTmted Lag resid short residue, naphtha,

gasoi | and/or hydr d%:‘a%bb‘n‘é%&%%ﬁg b\{f’éo%‘é’“@” (“LOBG BPILBKE Fiseur es
t hereof, 30l n ©inergnbodi nmentednheshydr gzar bornfiedd F¢ @5¢rudest herein al so

referred to asy Gpyds.f eexﬂvtgllz&@@ c%t&ﬁ{uq 1£80: &6 BES bEJOA@.‘Mf eed of
hydr ocar bons whi ch has been produced and/or retorted from hydrocarbon

cont ai ni ng f or'tfaP?POMS*Ahd whi ch has not yet been distilled and/or
fractional iy di stitdeedrdatonst readaent dx@ged,i hyttagepr coucer mub fipl e

component s Wi t[),.spEGLf |0 DOTlh0g, fange L 310 LDUL L gBSc,oHeh as at mospher i c

distillation net and/ or vacuumdi stillation Crudes nmay be
solid, sem sdOleterosAF GO HuU#l. ds(ﬁ%l‘dé@“f*ﬁﬁ%/bb’rf@fﬁd%@“’fh@?b d8fpiw coal ,
bi tunen, tar saggen,0nseauger QJoLa] Ther&feudesrer ncradeo eedmmy be stabilized

to forma stahilized crude sp referred 1.0 ed crude feed.
St abi | i zati on rra§/ZL| %81” mtm@te is Eo % m- "*rag‘f‘” %E%)A ot q]:‘% %Jaw
non- condensabléerfaséstesmatier 48al ﬁ*ﬁoﬂbr‘mémrinatm"ohsﬁt Hér eof fromthe crude

to forma stabiclizedegnydesmSuehh st abidgl. zati on may often occur at, or
proxi mate to, the prﬁductl on angd/ or retort /St abi | i zed crudes have

d/.0
not been distilled &AdISF 18 FF adtiohalfy” ?‘T’Ii I 38‘% F 8 tTBRtHent facility
t o produce mulaniifbre comrmpofenttsainivhin sijethé meb@ldel Ag a angercdisd i but i ons

(for examl e, BaphiHAcndbsthlital e3colGR pARdhOMJdibIdCabi ng 0 Is).
Distillation includes, hut |s not |imt %eec}o tm)s heric distillation

met hods andtf/ or”\r}%%’t?ﬁﬁ'?)dll&*r}}el By{ugyarbon hyarofel sotrce ray

include, but is not limited to, hydrocarbons (for example, C,
to C,; hydrocarbons such as methane, ethane, propane, and
butane), water, or mixtures thereof. A mass balance may be
conducted Lo assess the net amount of hydrogen provided to

25 the compound(s) in the hydrocarbon feed.

“LHSVY 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 zonas, as described herein.

30 “Liguid mixture” refers to a composition that includes
one or more compounds that are liquid at standard temperature
and pressure {25 °C, 0.101 MPa, hereinafter referred to as

“8§TPY), or a composition that includes a combination of one

11



20 nethods. Undistilled and/or unfractionated stabilized crudes may incl ude
conponents that have a carbon nunber above 4 in quantities of at least 0.5
grans of conmponents per gram of crude. Exanples of stabilized crudes

i ncl ude whol e crudes, topped crudes, desalted crudes, desalted topped
crudes, or 25 conbinations thereof. "Topped" refers to a crude that has
been treated such that at |east sone of the conponents that have a boiling
point below 35 C at 0.101 14W (95 F at 1 atm have been renoved. Topped
crudes may have a content of at nost 0.1 30 grans, at nost 0.05 grans, or
at nost 0.02 grans of such conponents per gram of the topped crude.

Sone stabilizegk agbudeshavas pﬁﬁﬁ%ﬂd esqlinak: alrk owihhéheSstahbidriezed crudes to
be transported, tg C%QVQPH!9W9k05H? gqﬁg facilities by transportation
carriers (for ex I Nes, C or ships). O her crudes have one
or nore unSU|tabIe”ﬁﬁéb@ﬂﬁl@@ﬂﬁhﬁﬂiﬁeﬁﬁéﬁgwﬁéhﬁﬁkﬁédvﬁﬁFaQEélk@ﬁsadvantaged
crudes may be naceeplabli®el @antEansportat) Qlﬂ SniGAr fiBhi@dber a treat ment
facility, tpus %gpQQEO %1% | o econo clvaJ L0 th(}5§ad gntaged crude.
The econoni ¢ val'u "HEPEHTH ¢ hat P A T es 8 VI F T At Rel des
dlsadvantaged<@wadé-wgﬂﬁeeﬁeﬁ;ﬁ@bﬂ@@B@@&Wt@ﬁpWB@d@é DEﬁénsport and/or
treat. The prm%s:&l@sb@f R%Qﬂjtﬂydf‘%ﬁppclﬁnf.@&da*eﬁ.%ht@-% for exanple the
crudes or disadva 13999 g les yan% ¥{ % ydr car bon feed,
such as for exanple’a’cride’t é&d “'fra 39‘%@%“ dV|%%3§??”H t7af"feast 10 cSt
at 37.8 C, at rhfeaé‘tmm@f @Stﬂubsatratfeastlcﬂ@ﬂ@@t%t is g att elréa@@td 200 cSt at
37.8 C 15The hmﬁﬁq&ghg@nmgggd such as for exanple a crude feed, may have
an APl gravity at post %éhqp st 15, ¢ O at nqsg 10. Ltgpa further have
an APl gravity of &?nFEbSPx e funes” FpferRyilt SEATPOR™ 1"6daT° liehhs for
exanpl e a crude flegdesdnmythale sazd.ot Bkani¢d/Eeociort et mefalat | east 0. 00002

grans or 20 at;l.easd, &n@%@@zQﬁaﬂﬁmQEd“LLVZFﬁnH@r=Qr§&}0iathfocarb0n feed;
The hydrocarbon feed, such as for exanpl e a crude feed, may have a total

het er oat oms coHPBHER of & lzft”ll)%é’é‘fd‘b GOECY AR GFC hIPEPTHEBNE 08r Yt am of
hydr ocar bons f egdvi25] nhesene. enbodi nents, the hydrocarbon feed has at | east

0. 001 grams of OXYaRnGaRLAI B 08,:C QPR S RSL Gk AM.af« hygiracas bon feed,

and wherein the cru has a oxygen contal ni ng conpounds content of
at nost 90@6oﬁhﬁh%“ﬁﬁﬂ¥6%a?%bﬁdWé@HlﬁﬁﬁﬁeﬁﬁﬁbntﬁFﬂW ¢gfpgbunds cont ent,

wherei n 30 oxygeterts i asludet erhi aﬁt&ﬂmbyoﬁASEMd%ﬁhoﬁlg&&Emm and The
nydr ocar bon T eed GG @Rl Oy SEATRLE. amgiggggmgec%mgmhm%% a residue

content of at reS|due drocarbon feed. In
sone enbodpqnaﬁwgroqaﬁéon feed is as determJned Iy ASTM Method DJBO]

“Monomadal catalyst” refers to a catalyst in which at
least the majority of the pore wvolume is distributed in one
statistical distribution of pore diameters, the statistical
distribution having a significant pealk when displayed on a

25  pore volume versus pore diameter plot. For example, a
monomodal catalyst may have BO% of its pore volume in pores
having a pore diameter between 70 A and 300 A (with a peak at
150 Ay .

“Naphtha refers to hydrocarbon components with a

0 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.

12



hydr ocarbon or crude feed may include, per gramof feed, at |least 0.2 grans
of residue, at least 0.3 grans of residue, at least 0.5 grans of residue,

or at least 0.9 grans of residue. The hydrocarbon feed, such as for exanple
a crude feed, 5 may have per gram of hydrocarbon feed, a sul fur content of
at least 0.005, at least 0.01, or at least. 0.02 grans. The

hydr ocarbon feed, such as for exanple a crude feed, may have per gram of
hydr ocarbon feed, a nitrogen content of at |east 0.0005, at |east 0.001, or
at | east 0.002 grans. 10 The hydrocarbon feed, such as for exanple a crude
feed, may have a Cb asphaltenes content of at |east 0.04 granms or at | east
0. 08 grans of 05 a&ﬂhaynenegﬁgarugmaahgf hydicecar besn f eed; and/or at | east
0.02 grans or nml east  ( 0 gﬁans of C7 asphal tenes per gram of hydrocarbon
feed. The hydrocar% such as for exanple a crude feed, nay have a
MCR content of at U@d§f“ﬂ@@@2ﬂgfaﬁﬁﬁe$tNCRGpépngﬁanvﬁﬁHHW@Wocarbon f eed

The hydrocar bOJhnfa@ﬁﬁ'n SHEN @Q&E%r@@m @h@re@nr{UdQ‘hEeiﬂdﬂv/ﬂéﬁy ohaue a content
of metaIS|g| salts of grans of

n
e per B M dp Rt SRk PR SRR el nh e TR QRN s ar
exanpl e a crudesbeedckany of gartheradiave aadnoigpbdementowetedit- ofhat | east 0.1

wt ppm  The hyCHhQWJbQBmf&i@du%HC&E@%TMd X anpl ueansd Udeod eed, 25 may
further have any kh\l"d rrbl nation he above r;centl oned LFropertl es.

The hydrocarbon feed), /“éuc &° £8r "¥XY ‘f e CrabR Yedd Mray©inEl ude per
gram of feed: were&astlycﬂ}o(a@ﬂbcgraw at | east 0.005 granms, or at least 0.01

grans of hyglrocar bops - Nﬁd@n@aiﬁ@ %.Q'”' !ré‘jgzr'%airlg%o%&kﬁ{@%b% between 95 C and
200 C at 0.101 MPa; at | east 0 rans, | east 0.005 grans, or at Ieast

0.01 grans of “H)?H%eﬁa%o‘ﬁ’g‘p%ef“hg U‘S |‘?‘?en§a‘?ea’n§‘e i'stri buti on between 200 ' C
and 300 C at 0. l0l'0vRanoratalieast rdJed®logran®und @btl gadtdd: @65 grans, or at

| east 0. 0L gramB.ofc BydLAcATbAnS, Wt DudabRld Lig, Lange,dbstafbut | on bet ween

300 00 and 40 at 1 MPa; and at | east 0.{90 grans, at |east 0.005
grams, or at |%€astds. @1“”@1‘arré”’@f“"r‘ﬁ%li’bldérﬁ(ﬂﬁs?“w t’ﬁi%r%éf’l‘ﬂ?gt?%ge 5
di stributi on bethweeno40@tEl and e BEGrGamine®a 0L MiAgounds. In a further

?ﬁfgidremmer t :Egeréécﬁr ?Qﬁ(r}'%oé‘o;&%ﬁp’iss UEN A8, 1 Qb a SXATRLE 1R LS8 f-£Ed, MRy
P g “Pariocdic Table” refers to the Periocdic Table as

specified by the International Union of Pure and Applied
Chemistry (IUPRPAC), November 2003,

W “P {peptization) wvaluve” or “P-value” refers to a numeral
value, which represents the flocculation tendency of
asphaltenes in the hydrocarbon feed. P-Value is as
determined by ASTM Method D7060.

“Pore diameter”, “median pore diameter”, and “pore

25 volume” refer to pore diameter, median pore diameter, and
pore volume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle egual to 140°). A
micromeritics® A9220 instrument [(Micromeritics Inc.,

Norcross, Georgila, U.S5.A.) may be used to determine these

30 wvalues.

“Residue” refers to components that have a beiling range
distribution above 538 °C (1000 “F), as determined by ASTM
Method B5307.



| east 0.001 grans, at |east 0.005 granms, or at |east 0.01 grans of

hydr ocarbons with a boiling range distribution of at JO nost 100 00 at
0.101 nPa; at |east 0.001 grans, at |east 0.005 grans, or at |least 0.01
grans of hydrocarbons with a boiling range distribution between 100 C and
200 C at 0.101 MPa; at least 0.001 grans, at |east 0.005 grans, or at |east
0. 01 grans of hydrocarbons with a boiling range distribution IS between 200
00 and 300 C at 0.101 MPa; at l|least 0.001 grans, at |east 0.005 grans, or
at least 0.01 grans of hydrocarbons with a boiling range distribution

bet ween 300 00 and 400 C at 0.101 MPa; and at |east 0.001 grans, at |east
0. 005 grams, or at“ ieastn0. 0drgsan® iabuwhydsocanhonsond tthaa d2e@i | i ng range 20
di stribution bet 400 nd. 650 .C a Some hydrocar bon
feeds or crude ?22 “nay L%eawldéocalbofz JEereg(nfl(gtf‘1 :‘\g%éma {65t 0. 001 grans,

at |east 0. OOS%Q?JQWEH Jéra‘aﬁOT@a‘st‘GCOb®1A°§?’3a%€s‘ “hgf W@r’océﬁéﬁ%@tv\méﬂh a boiling
Lanlge distri buéjs@nb@fdoa&mxlasﬁ bl;oﬁhccgﬂlﬂllgﬂ&é)]mwpgatﬂondﬁﬂﬁi vigpsto 25 hi ]gher
oi | i ng conponent.s a t he vant c¢rude .has, r gramo

di sadvant aggd ¢ daes” éB ot tl/ﬁ AR gr ojélarﬁ DS of At pp? 0.2 grams or
at nost 0.1 gr&Hs, pages %né()’hydrocar bon feeds or crude feeds may i ncl ude,
per gram of feed, &iciheastro0s QQlsQ1-ANBa cabid east . 9L gk aEc0r 30 at

| east 0.01 granf'rcs)1 of h\y roc r”anS with a boiling range distribution of at

| east 200 C ato™FLH®BL" *°°- Sone hydrocarbon feeds or crude feeds may

i ncl ude, per gr am dfurfeed ared” kéastcafalDBL gy ansdetatniwasby BSFO5 grans, or
at | east 0,91 araps Rkghydrocar bons with a boiling range distribution of at
| east 650 C. Exaanes of crudes_ t ry%glht b treaéed using the processes
descri bed herein i n¢lude® *ehut™ab 1??8? 9 ﬁ1‘t”e £ 0258t JGBE from of the

fol | owi ng r egidssrofuttibve beordad: 348 SC GUHOf *Coastl @¥kd°SoubLherCat i f orni a,
Canada Tar sangd§g; Brazi ly@an.sankes; and &@Hﬁ@i%e@a@ Rgrm F@YRLJ an Gul f of

Suez, Chad, Unlted Kingdom North Sea, Angola O fshore, Chinese Bohai Bay,
Venezuel an Zul'1%2°7Mal aysi a, and | ndonesia Sumatra. 10Treatment of

di sadvant aged cr udes snayitgnhartees tthekpreoperd ivescofityhe: dif sadveant aged crudes
such that the g ar r P eat nent .
The hydrocar boﬁl ?ee% ﬁsgggﬁ%t S?lpcia% heve Fe"g@érl%sggﬁgﬁté\?@?r@@%e%%%de product
resulting fromtrekt #Bﬁtcoéf—ﬁ“ﬂhéi hWISo%I%Prlb@W 95 fided® YsPHescri bed herein,

is general ly swidtaploesfQfatt {aRspOFdInEpABDIOT £bF @ablﬁwﬁrtymmmﬁétl es of the
crude product uced escrl ed h I, r correspondi ng
properties of %QE aff'ex%%% Fhter r(r}%dbigitce&éﬁu leiagt E;L éﬁ’ g]r ogogjr'b%?l feed, or
cl oser to tfhe 'E6t redpendiangP20optoper #iEsr o‘feCB#é?ﬁaiéﬁi dd’e“*t?héﬁft he

hydr ocar bon f aegdn g:Reeeby. enhanC| ng the econom c val ue of the hydrocarbon

feed. Such crude proguct (Dral)( 2 refi.ned Wt hfwgstsriagr1 %cqug(g -treat nment,

rocar refers to
t her eby enhanci ng refT A ng ef | CI encres. i ncl ude

desul furi zat i owdrelemerad | | Bedrogarboanfi¢st nay nospeéri evldiist PW ation to renove
Lmpurities. limited to, crudes, disadvantaged crudes, stabilized crudes,

25  hydrocarbons obtained from refinery processes, or mixtures
thereolf. Examples of hydrocarbon feed obtained from refinery
processes include, but are not limited to, long residue,
short residue, naphtha, gascil and/or hydrocarbons beiling
above 538 °C {1000 °¥), or mixtures thereof.

30 In one embodiment the hydrocarbon feed is a crude,
herein also referred to as crude feed. Crude or crude feed
refers Lo a feed of hydrocarbons which has been produced

and/or retorted from hydrocarbon containing formations and

14



For exanple, in sonme enbodi nents, renoval of at |east a portion of the
organonetal | i ¢ conpounds and/or netals fromthe hydrocarbon feed is
performed before the hydrocarbon feed is contacted with other catalysts.
For exanple, a small 30 anmobunt of organonol ybdenum and/ or organocopper (for
exanpl e, at nost 50 wtppm at nost 20 wt ppm or at nost 10 wtppm) in a
hydr ocarbon feed may reduce the activity of a catal yst upon contact of the
hydr ocarbon feed with the catal yst. Treatment of a hydrocarbon feed
in accordance wi th enbodi nents described herein may include contacting the
hydr ocarbon feed with the catalyst(s) in a contacting zone and/ or

f:onbi nati ons o{mitcvspm;y naﬂprﬁtqsu&g@iatﬁlg &ﬁ@ﬁcs/ot;I ﬂxaﬁﬁozﬁﬁmyacti ng zone],c a';]
east one propert rocar bo e ,change contact of the
hydr ocar bon fegdt\)/{\ni? o1 ayqF{A‘“"r}il)“(‘)Te““ gﬁt fqé'gggrpef)a‘ﬁ(vggﬁd’p?%e sanme property
of the hydr oca?fbm@mﬁféedwﬂqhnﬁl’s@h*-él@rﬁ%élmﬁeﬁ@@e GoTTrabeiivgsi sustrdormed in
the presence 0&1@»]@1}/@1@9@,@@%&& ﬂe@h&&neyid&rean&mﬁs;ndtihen hydr ogen

source is ope or nore h rocarhbons t atgom?nd cearntd?gp Gontacting
condi tions, 'resct oty pr Vitd8Y &ratiVer v Shal Aol f“hydrogen to

conpound( s) i nCtules hyadr oodrbor of-eedmpla O%he e riyeshi- et Saedire °ly dr ocar bon

feed may have @ha Mfz,sc% tcyu&f oatuluaasitwm@ayc& Abp8lh8aGoe asdy contacting
condi tions may_ b contr g‘t pro ce the crude pr oduct <}he crude

product havi ng? a 975068 t(sfu 6?3 et "ot | ?(53(7 %t Re"Vi scosity of the
hydr ocar bon fe@dedatSf@EsBI@Ll@mdlavliseéwqubvts igsheet eéritiedeth by ASTM Met hod
0445 20In sgne, &JE‘GQQ'o@%rﬁc&rﬂ%n@yweo‘éﬁééonwét%@d M)éehaé&e a copper content
of at least 1 vvtér@? .and cont actl?r}%; condi tions may %Q[Etrol | ed such that
the crude prodtf®P Hdd°8° dGFpE" CoNt &Rt c&f‘d‘éttc’nﬁgf 08)“ #&' hydr ocar bon
feed copper comtgnt, Swherseihiltihetcoppey «Comt entur stascdetrerimened by ASTM 25

met hod D1318. nuF|p%du]m'1§n3&11%53&9%116&19 sCL@Bt acting system 100 that
i ncl udes cont act'i ng zone . The hydrocarbon feed enters upstream

contacting zone 10 Wélﬁyid?ﬁl?é?b‘&’fef %‘é‘dbﬁ%‘hdjdﬂ”lﬁﬁ a8 /Bbnt acti ng zone may
be a reactor, @apofdraohy efisailli@creact orgatmedi ifptElipertd @nsdwdf a reactor, or
combi nations LRSEedle maanmhes b, %pggm%%mqng%%qt%lbyﬂﬁm% i§lacked bed
reactor, a fixe d tor, an ebuilatin reaCtor, a continuously
stirred tank r@&ét?ﬁamea'@s'l’%”)’vhaa ‘f“lsthi*%ﬁazt@a' BEE et ioPrigtdpgay react or,
and a |liquid/ldiqu)d oontiackoion Q&Eufudgw akikoms @bt anediosd rpr e contacti ng
zones |15 descriBethidl:U . PUBLL shad Ratents Aol iqali on i, 20090133414 to
Phan et al., whieh is Tneor orat ed n certain 5

embodi ment &0 t“ﬁéh@@mt aerdipg’ bWt@?ﬁ/PS ldﬁfé?“ %ab@%étﬁ}@ A dHIPEAOT e
facility. Contagt:efiubbedydiacaraen feedawd:Bosatabystantsy 4| Bncont acti ng

system 100 mayCHbe _A.,continuous pr, es]sa q’_r ? bat glp@ngr olgeg:sao ? contacting
zone nmay i ncl ude one or nore ca al’ or’ alysts). In

sone enbodi nertrsde coftaatienfol IﬁéﬂWdF@@:&r}”b@ﬁﬁ flé@%iﬂw vhrlg ffifq%‘ﬁr cat al yst of

the two catal yStscdByui8dUEE: A ROIdH08: Olicseleat € paBt Bhs=g0RLent and/ or
conpounds that contribute to residue content of the hydrocarbon feed.

Subsequent “cofARtPAF O he Fefiiced 15 metal /resi due content hydrocarbon feed
wi th the second catiabysi” detneases: visdoshity handbor FnortedseshAPl gravity.

I'n other enmbodi0BNiS, ¥iSCOR LY. il Baphahi £nese aleasnialignes,

organonetal lic content or conbinations of t{hese Propertl es of the crude
pr oduct changé’ObVL épﬁipvéaﬁsat (1@%0 101 Mpa (%5 °F atm) have been

removed. Topped crudes may have a content of at most 0.1
30 grams, at most 0.05 grams, or at most 0.02 grams of such
components per gram of the topped crude.
Some stabilized crudes have properties that allow the

stabilized crudes to be fransported to conventional treatment
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relative to the sane properties of the hydrocarbon feed after contact of

t he hydrocarbon feed with one or nore catalysts. In certain

enbodi ments, a volune of catalyst in the contacting zone is in a range from
10 volt to 60 volt, 20 volt to 50 volt, or 30 volt to 40 vol % of a total

vol ume of 25 hydrocarbon feed in the contacting zone. In sone enbodi nents,
a slurry of catalyst and hydrocarbon feed may i nclude from0.001 grans to
10 granms, 0.005 granms to 5 granms, or 0.01 granms to 3 granms of catalyst per
100 grans of hydrocarbon feed in the contacting zone. 30Contacting
conditions in the contacting zone may include, but are not limted to,

tenperature, pz&aawtﬁ% By dr-age s oulohecd vk s hyds acaipen feed flow, or
conbi nati ons therg . Contacting COﬂ?ItI?ﬂS ', gon%aenbodlnents are
control l ed to Pr&dode att¥lde Br ot - wiThespeitT &“br Sperti 887° preferabl y
the contacti nguierpsriat preveiksiat thaagen@o0hen A suiveneidsddi ment s,

tenperature inpa,00nlachs r&gué@n%\/ﬁr% G@themmm 135@& mzsgoéﬂa%&ﬁ om 360C to
110C, 5or fron137OC to C Lk % % rocar, bon feed “f general ly
rangef rom 0°1 41t 636/ %: 3, 64 Fﬁmftéi%lﬁ 0"8° HPEBZ0N- 4, le 1 tol5 1.5

h-1 to 10 h-1, erddochidtvels: e idhe Hhsssometaerbodiorent §‘,hGquwwa!Cat | east 5
hl,at |east 11v§1b%1may be such that a reservoir that includes the

disadvantaged crude is deemed too costly to produce,

transport, and/or treat.

10 The properties of the hydrocarbon feed, such as for
example the crudes or disadvantaged crudes may vary widely.

The hydrocarbon feed, such as for example a crude feed,
may have a viscosity of at least 10 ¢St at 37.8 °C, at least
100 ¢8t, at least 1000 c8t, or at least 2000 ¢St at 37.8 °C

15 The hydrocarbon feed, such as for example a crude feed,
may have an API gravity at most 19, at most 15, or alt most
10, It may further have an API gravity of alt least 5.

The hydrocarbon feed, such as for example a crude feed,
may have a total Ni/V/Fe content of at least 0.00002 grams or

20 at least 0.0001 grams of Ni/V/Fe per gram of hydrocarbon
feed;

The hydrocarkon feed, such as for example a crude feed,
may have a total heteroatoms content of at least 0.005 grams
of heteroatoms per gram of hydrocarbon feed;

25 In some embodiments, the hydrocarbon feed has at least
0.001 grams of oxygen contalning compounds per gram of
hydrocarbon feed, and wherein the crude product has a oxygen
containing compounds content of at most 90% ol the
hydrocarbon feed oxygen—-containing compounds content, wherein

30 oxygen is as determined by ASTM Method E385.

The hydrecarbon feed, such as for example a crude feed,
may have a residue content of at least 0.01 grams of residue

per gram of hydrecarbon feed. In some embodiments, the
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at least 15 If-1,or at least 20 h-1. A partial pressure 10 of hydrogen in
the contacting zone nmay range from0.1 MPa to MPa, 1 MPa to 7 MPa, 2 MPa to
6 MPa, or 3 MPa to 5 MPa. I n sone enbodi nents the partial pressure of
hydrogen may be at least 3.5 MPa. In sone enbodi nents, a partial pressure
of hydrogen nmay be at nost 7 MPa, at nobst 6 MPa, at nost 5 MPa. isln

enbodi nents in which the hydrogen source is supplied as a gas (for exanple,
hydrogen gas), a ratio (as determ ned at normal conditions of 20C
tenperature and 1.013 bar pressure, herein below referred to as Ne/ nB) of

t he gaseous hydrogen source to the hydrocarbon feed typically ranges from
20 0.1 N8/ 18 $0400:0000NIBLIS 104 aliTBl1Bas 0530 £QR NTBLAT, o1 N8/ B to

8, 000 Nre/nS, NHB/ t 5, /nB, 5 10
MBIV Lo 800 KRR B oReuLPEd S T RE Bt hi o s 4P eai s 0ot cour e,

in sone enbod|ﬁ9ﬂﬂ50 59re@nb¢ne@lﬂW1hocaﬁrﬂe¢ﬂgés96@sW°aﬁdf$ﬂéu¢cu!ated
through the 25 Conkﬂﬁhﬁﬂgmﬁﬁﬁ&af@?&r%%Fhg@Sf&ﬁﬁyQ%ﬂefQRr%&@Wﬁbﬁ, nitrogen,

hel d/
yar ochr bon °f cBa ARG 8P "1 TGN Bf HE RV DAER s6ur Ge T i DB CAR Bt i ng

gone(s). The caradtep.(Pas ammyeadtsd. €nhance mexitng."hatrdres.cont acti ng sone(s),

In some embodi nent gy, %yé@ocﬁﬁég&pg@@dSQUE]Q%Q(}E&I e%@ﬁm@,cxw@in@g@n m?t hane
recircul ated throu

or ethane) may be used as a carri %aB ag %
contacti ng zon@éylmve]”“T%?mh?ﬁﬁégbﬁ‘ B0 &8 hray MBS SREHEY Ry zone 102
cocurrently wi t¢h itthet Hyde@carbdrateddCViachydr dearthdndfeedarcondui t 104 or

separately yi amg@t%y&%%én 308, knclpfa@tﬁ&lbygnp&@n?ég& feent agl, of the
hydr ocar bon feed mnth a catal yst produces a total product that includes a

crude product, "#fd@ ﬂa§@ﬁéuﬁﬁﬁoﬂVﬁéﬂYé”.@héca?h s8ﬁé”€ﬂﬁdﬁiﬁénts a
carrier gas |sn&mmbwnﬁdgmuthofheeﬁpdannmbbqnuf@em1andh@mo@haohydrogen

source in condgit;, lgﬁﬂolhﬁ horal oproduGls TRY.E%h1sCONE AGLLAY £oRe 102 and
be transported to ot processing zones, M storage vessels, or

combi nati ons t HEPEbFENFF BP0t ©f 108 0P P88 8mbodi ment's, the total
product mayscont ai fihe hydrocarbon feed, such as for example a crude feed,

may have a MCR content of at least 0.002 grams of MCR per
gram of hydrocarbon feed

The hydrocarbon feed, such as for example a crude feed,
may have a content of metals in metal salts of organic acids

20 of at least 0.00001 grams of metals pexr gram of hydrocarbon
fead

The hydrocarbon feed, such as for example a crude feed,
may further have a molybdenum content of at least 0.1 wippm;

The hydrocarbon feed, such as for example a crude feed,

25  may further have any kind of combinaticn of the above
mentioned properties.

The hydrocarbon feed, such as for example a crude feed,
may include per gram of feed: at least 0.001 grams, at least
0.005 grams, or at least 0.01 grams of hydrocarbons with a

30 boiling range distribution between 9% °C and 200 °C at 0.101
MPa; at least 0.001 grams, at least 0.005 grams, or at least
0.01 grams of hydrocarbons with a boiling range distribution

between 200 °C and 300 °C at 0.101 Mpa; at least 0.001 grams,
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processi ng gas and/or gas forned during processing. Such gases may incl ude,
for exanpl e, hydrogen sul fide, carbon dioxide, carbon nonoxi de, excess
gaseous hydrogen source, 15 and/or a carrier gas. |If necessary, the excess
gas may be separated fromthe total product and recycled to contacting
system 100, purified, transported to other processing zones, storage
vessel s, or conbinations thereof. In sonme enbodi nents, gas produced during
the process is at nost 10 20 vol % based on total product, at nobst 5 volt
based on total product, or at nost 1 volt based the total product produced.
In sonme enbodi nents, mninmal or non-detectable anbunts of gas are produced

during contact sefid:Re f eed kb, Lheacatadystor Rasdch ©ASESs e total
product is conquered HQe cru odinments, a

der ] de 25 product, sone e
Erude- (i ther | Cofbea ey hvBBRRds s FEBF ol Bt ePotta F 408t V0l r Cand
separ at ed priOﬁtﬂblébnﬂaetmmi@hI@ﬂ@:@FOWbmeawatatygﬁstﬂhoébnba@sing zone
102. During the;sepacald oM iPLeAESsSs @lirb&ashn 2 RO td 95i 0ht.he g hydr ocar bon
30 feed is separated usin Iechnlgugs kg%ﬁm In phelﬁrt for exanpl e,
spar gi ng, nmeEnbPaHE BRpArati ¥R pPessufi reduct f6ny- 04 Broduce t he
hydrocarbon feed. Fora éxanpireemiwaimmtpayhcheyatocheast fpatt Fatll yssepar at ed
from a di sadvantagednCrude cuhd £RROLAST i £X300| Ly %1 mponents: that have a
boi l i ng range |str|b%}|on bel ow 95 C o¢ bel ow 100 C

i Stri n bel ow 95 C or bel ow ) q%§"be at | east
partial ly separ&t®éd” 4 onfide ctude®to “ptodacd sy he® iydt&¢ar bot feed. In sone
enbodi nents, atrdweast hgdportbor eftmaphtiarandnbe cirpoumdsomuiteavol atil e

than naphthg apeseparat ed of rembhe di sadvaptaged, £LUAQ- 10asr N SONE
enbodi ments, the crude product is blended wth a crude that is the sane as

or different fPdifi’t Be™ydocarFant fedd. 9 BEF ExRUPIE2PHE €t'ddé product nmay
be conbi ned wi bdilangristige hawtnpuaiahi bbevent 1M Scosida goa Hereby.resul ting in
a bl ended prodygt, Q.V_a!e@.gt%.%hf%‘%§.}wé,¥ﬁﬁzhﬁ%-ﬁa'(?.0'8%%%%9 the,viscosity of the

crude product and the viscosity o e crude. I'n another exanpl'e, the crude
product may bel dllefitied W tWAEPGRdBO AV Hy 4aPTANRI viggastitoy rHdfor AP
gravity that imsewiebt enent; abheroebyc producingra pr aduet .bai Jrassa sel ected
property that |s twee hat. sel ecte r.oper.t ] rude.product and

t he crude. Thé%bﬁgﬁﬁgngQ% ﬁ%£”n8§iﬁég%%?tgﬁﬁeg?%&;%?gﬁggg??%%P%n and/ or
treatment. |n $dde? avbothdrentys 8 sddvarabeiereer utde 1S apeptttateéd to form

t he hydrocarbos: 2014:eeda; Bhe hydegoanbon Geash,i sc tikapt acanbacheds wi th one or
nore catal ysts_to, change sel ect ed . pr.oper of ,t.he rocarbon feed to
forma total ﬁ?béhc?@sgﬁhﬁéa'?mﬁ %§P§PB(35%¥Fh¥lybﬁagggf88u%?gﬁnd/or at

| east a porti okisofitptépudetprodde? “rom the total ¢ gobatst may bl ended with
at | gaS_t a port 11 ONs e Kgax&)tagﬂdinza@b@. _ ngﬁngd@rﬂé_d,@s ang/ Q{Cliﬂdéi,' fberent crude
to obtain a product_haylng, the desir roperties., . ln some

enbodi nent s, ﬁﬁ@mc?bgg&%rgaug?méngfgﬁ‘?% bl Ended 'pP oYlic P 4% P¥ ansport ed
to a refinery @ndeaditstidl edemndf crydrpaeticonatilty dikstiiltedatq produce one or

more 30 hydr ocakbpm, ka6 ti-ons modhe dayes ogasban fikactiongi ey, bg processed
to produce commerci al groducts such as transportation fuel, |ubricants, or

cheni cal s. *Bl ndlPHig “&htf-"$e pAFRLENG -of T¥HE2 dt %adbart 43e8 Ertfife and/ or

hydrocarbon crude has, per gram of disadvantaged crude, a content of such
hydrocarbons of at most 0.2 grams or at most 0.1 grams.
Some hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.003 grams, at least 0.005 grams, ox
30 at least 0.01 grams of hydrocarbons with a boiling range
distribution of at least 200 °C at 0.3101 MpPa,
Some hydrocarbon feeds or crude feeds may include, per

gram of feed, at least 0.001 grams, at least 0.005 grams, or
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feed, total product and/or crude product is described U S. Published Patent
Application No. 20050133414 to Shan et al., which is incorporated herein by
reference. In certain enbodi nents, the crude product has at |east 100 5
wtppm at |east 150 wtppm at |east 200 wtppmor at |east 220 wt ppm of

Ni /V/IFe. In sonme enbodinents, a total Ni/V/Fe content of the crude product
is 70%to 130% 80%to 120% or 90%to 110% of the Ni/V/Fe content of the
hydr ocarbon feed. In certain enbodi nents, the crude product has a total
Ni/VIFe Wcontent in a range fromO0.1 to 5000 wt ppm from1l to 1000 wt ppm
from10 to 500 wtppm or from 100 to 350 wtppm In sone enbodi nents, the
crude product taaSlcaqiaIah Jmhkyhdenvmcanient wiofh atbdinstg @bGe at nmost 50%

at nost 10% at,, . Eug%% ol %tl m) t 5%%,(())f t he mol ybdenum content of the 15
hydr ocar bon fedtt “TRYESrt A A |msnts t he crude product has a total

mol ybdenum cont ent Erawgeng F?olrﬁe@ oot Wt&‘fmnb? drEavppaind £8en 0. 005 wt ppmto
0.1 wtppm or faf&msQeaDh@L@m%e@%e\Mplprmc;hmesom erbai:mentiseatdhe crude

product has ;a Co at  nost 900 0°q at nost 30%
of the copper 80‘%{%’8&“’(’%0?% &&ﬁ%‘eﬁqb(’i%quoe%do Lﬁec‘“’é’r’"?élg} éﬁbod‘l nments, the
crude product HestaardtalbticopperlifontientCaadgithy faom 02001 wppmto 1

wt ppm or fronm;8::QQ5: M PRMOnL:iHs WM u@@mla%%ﬁnfcaﬁtsajga edrhadi yrert.g, the

crude product bas content .o salts of organic
acids, per gra ’b’rdo%rw.o?dgll pbreddulﬁlgojannglP%ﬁgebﬁ”éﬁ% 3*’1‘ Bemto 50 wtppm 3
wtppmto 20 wt pprmzgesars Zulira, 18 wtyppm Bod llnwpmﬁmownta@tfal metals in netal

salt of orggni c acigds:Reht g)ﬁams%tiv%ﬂég@d%Qu@é@%‘el(jtenhance «hB certain
enbodi nents, API raV|t of the crude Bro duct rodu‘_gﬁed fromcontact of the

hydr ocar bon f eBtPHR Sfﬂﬂ?s?”’dﬁ’“ﬂﬁ@ Cotast i°hg” dofbi Ti%hE S s i ncreased
by at |east 2,ast actca:a:sbléi Joattda@asdrtbrior aat/dreastatbbntr.el ati ve to the API

gravity of the hydigga RODEE8H ok B 68T bAL My RIDOL] NBRE SincAPhe @AY ty of the

crude product ranges from 7 to 40, 0, to
The Crude product rcsu]tmnq irom Lroatmont of the hydrocarbon

15 feed, as described herein, is generally suitable for
transporting and/or treatment. Properties of the crude
product produced as described herein are closer to the
corresponding properties of West Texas Intermediate crude
than the hydrocarbon feed, or closer to the corresponding

20  properties of Brent crude, than the hydrocarbon feed, thereby
enhancing the economic value of the hydrocarbon fead., Such
crude product may be refined with less or no pre-treatment,
thereby enhancing refining efficiencies. Pre-treatment may
include desulfurization, demetallization, and/or atmospheric

25 distillation to remove impurities.

Por example, in some embodiments, removal of at least a
portion of the organometallic compounds and/or metals from
the hydrocarbon feed is performed before the hydrocarbon feed
is contacted with other catalysts. For example, a small

30 amount of organomolybdenum and/or crganocopper (for example,
at most 50 wippm, at most 20 wtppm, or at most 10 wtppm) in a
hydrocarbon feed may reduce the activity of a catalyst upon

contact of the hydrocarbon feed with the catalyst.
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5In certain enbodi ments, the crude product has a viscosity of at nost 90%
at nost 80% at nost 50% or at nost 10% of the viscosity of the

hydr ocarbon feed. In sonme enbodi nents, the viscosity of the crude product
is at nost 1000, at nost 500, or at nost 100 cSt. JO n sone enbodi ments,
the sul fur content of the crude product is at nost 90% at nost 80% or at
nost 70% of the sul fur content of the hydrocarbon feed. In sonme enbodi nents
the sul fur content of the crude product is at |least 0.02 granms per gram of
crude product. The sulfur content of the IS crude product may range from
0.001 grams to 0.1 granms, from0.005 to 0.08 grans or fromO0.01 to 0.06

grams per gram of @rruaamﬁtqqugtnydlregas;@m axbodi neRdssanktdeipht rogen content
of the crude produ st %tsb 70% tg %O(V 80%tq } (Q(V ey CQJQ% t.Q 110% of the 20
ni trogen conteff-BF"THE AYHIGCET BOR T8 R SEne E5odihents the nitrogen

content of thehwmérlpﬂ‘fodﬁm Wil h aﬂﬁcl@agﬁy&&(@2 gr an%orﬁéﬁtgwan@@f crude

product. The niahﬁﬂge&m@ﬁﬂéiel%qoéf the &I Hee QBmQanMnéoangen f4 om 0. 001
grams to 0.1 g from 0 0.05 25 grans

r fr
per gram of “cr ua%1 45¢ b’bﬁjéf’“o’ o ]qaﬁis%ﬁege%éh’i’ ﬁén?%ydfﬁcargPﬁ &%r oduct
i ncludes, in itsgynel eowoad st ruckgr ed, the dmMide@Bogr dised tvwa 0. A8 grans or

from 0. 09 gr amiotd Qe i3 =95 Qr@aﬁ)]fvchygr‘@zge@angeg M Qfs efdde product. The
crude product ?ﬂgﬁfl ncl ud%ap nits nol e&ul ar 30 structure, fromO0.8 grans to

0.9 grams or f 7t 18 588 Y 8‘?1@‘08?’%5%“}?%%? *§ram of crude
product. A rat perfofnad am thehpdegen ¢oaatwhigercarbore . ( HCgond t he crude

pr oduct mylobeemc;dmn&it?()%&ﬁé)hq'(%Q%QanSQ)&”EQ 1%29r/@ o@r (%Q%)l);&oé;%ngf the
atomic HCratio of the hydrocarbon feed. A crude product atomc HCratio

within 10%to 30%of"14e “fyfdrBcaibamnt lF’@eb"”belrﬁ“(f* I—V%Cfa‘tci §*Phidicat es t hat
upt ake and/ or censunply emaldf ahydiregen hiyardgee Pr cossamiissr ehatievel y snal |,
and/or that 5 fydragan,.is.pyoduced in situ. The crude product

i ncl udes conponents wth a range of boiling points. In some

enbodi nents, the crOdE™Sr FHGEL"IHASE ‘é"d?‘%‘f”‘@ﬁé’f@ EBTt @AY BFPCat | east 110%
at | east 12(3% vOfcoalt ) edstt 130% 0D0 cst at 37.8 °C, and contacting

conditions may be controlled to produce the crude product;
the crude product having a viscosity at 37.8 °C of at most
50% of the viscosity of the hydrocarbon feed at 37.8 °C, and
viscosiltly is as determined by ASTM Method D445

20 In some embodiments the hydrocarbon feed may have a
copper content of at least 1 wtppm, and contacting conditions
may be controllied such that the crude product has a copper
content of alt mest 20% of the hydrocarbon feed copperx
content, wherein the copper content is as determined by ASTM

25 Method D1318.

FIG. 1 is a schematic of contacting system 100 that
includes contacting zone 102. The hydrocarbon feed enters
upstream contacting zone 102 wvia hydrocarbon feed conduit
104. A contacting zone may be a reactor, a portion of a

30 reactor, multiple portieons of a reactoer, or combinations
thereof. Examples of a contacting zone include a stacked bed
reactor, a fixed bed reactor, an ebullating bed reactor, a

continuously stirred tank xeactor (MCSTR”), & fluidized bed
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to the Distillate content of the hydrocarbon feed. The Distillate content
of the crude product may be, per gram of crude product, in a range from

0. 00001 granms to 0.6 grans (0.001-60wt%, 0.001 grans to 0.5 grans
(0.1-50wt %, or 0.01 granms to 0.4 grans (1-40m% . ISIn certain

enbodi nents, the crude product has a VG content, boiling between 343C to
538C at 0.101 MPa, of 70%to 130% 80%to 120% or 90%to 110% of the VQ)
content of the hydrocarbon feed. In sone enbodi nents, the crude product
has, per gram of crude product, a VGO content in a range from 20 0.00001
grans to 0.8 grams, 0.001 grans to 0.7 granms, 0.01 granms to 0.6 granms, or
0.1 granms to QeheghANB.spray reabto:SoRRs enbogdiiAenics; d tde@tesdadte product has a
resi due conteQ 1§%Ll SEf &?Q CﬁndQQQngdmﬂg ggsgeﬂgg%cé the resi due

content of the ﬁ%%ocar on feed: Einhe crude pr have, per gr am of
crude product,U- é riadi ke dcbrceht AaPh i g th ange - f?%}ﬂoﬁ%%%‘a?@éa‘ﬁ r$m 0. 00001
grans to 0.8 gi}am;am@hol&l QFaRErd1@dOhek c@f alfB rofbr@icgr ans de@rfi6 grans, 0.05

grans to 0.5 Q | n some_enbodinents, the cr ude
pr oduct has a torT§ me&%“ L;e 3‘(5mgac g?ts rslécém content of %(gn% h90% at nost

80% at nost FHIphae éftmﬁmb\t SG%‘L@f—i tHe thothabrCsraem ’"@ida@fahaltenes cont ent

of the hydrocambensteed.inl forotbemqerhadinnBt fay thea Gonasphalt enes cont ent
of the hydrocarhon feed ?L%f | east 10% at least 30% or at |east 40% of

t he C5 asphal "enes conten Pthe SI’iydr ocarbon feed. In certain enbodi nents,

the hydrocarbon fedd tragacpen gramraf thytrdscarbon feedcaivotal C5 and C7
asphal tenego ggmberbtxaﬁ@r&gl e LhomQ+001 ok met&wa%&agr albrad: 01 tﬁ 0. 150I
grans, or a rta odi ments, the crude
product has a I{IC{F? ggﬁ%mﬁt“ g?@({rr%s?rh 955/““56111 C?Fbastys (5’0}5 St 4P nost 80% of

t he NCR cont esttafyst henehyydedvecarbonrfeado! |selsorm eeddi periest decreasi ng

the C5 asphal t;ghes: @@mo%n&g Qhat h%nh'yﬁﬁ@@a{robqpq1f<ﬁ1§dceroM\@|c’er1]r@-' ntaining a
relatively stable NCR content may increase estalllt% of the hydrocarbon

feed/total prddTIanPRt L’if‘éd THeb® €ﬂﬂ‘ﬂg 5?‘6*(?&&"%&50 1VEShe enbodi nent s,
from 0. 0008 gmatwl /tres Hu20cygrans, hy@r@c@ﬁsbgm dedtyo.t0. I geans, O 0.01 grans

to 15 0.010 graps Qf MCR.pel, 91 amsof, GLUAs PLOAUCLs p: c{rd\fl_l{l certain

enbodi ments, the c¢rude product is a hydrocarbon conposition {hat has a
t ot al N|/Fe/VIEO‘ch@ﬁt‘”WP%{‘E@”ILéa%S%ﬁ% ppniSER2 B¥edue cont ent of at | east
0.2 granms per agplamefchydi@eandon i conpossit on;coabdiStivhd atfereanrt ent of 29

at |east 0.2 929;5@%1:?@ ogr@r{p gj Jyhg;gaql%[b ggﬂg@ttj@ggt gssul fur content of

at least 0.04 grans drocar osition; and a m cro-carbon

resi due co#t eﬁ?“ﬁ?“’éttol éh%tﬁd@edﬁ”"@?%bp‘é? ‘L@? AWIBPCHPER ote&R b eEonposi t i on;

and a vi scosi tyntefctadr MASth kOGS atecd 7wiBnCondktndraychalgesi.rable to only

sel ectivel y reduc%n Lgln embodiments, a volume of catalyst in the
contacting zone is in a range from 10 vol% to &0 vol%, 20
vol% to 50 vol%, or 30 vol% to 40 vel% of a total volume of

25  hydrocarbon feed in the contacting zone. In some
embodiments, a slurry of catalyst and hydrocarbon feed may
include from 0,001 grams to 10 grams, 0.005 grams to 5 grams,
or 0.01 grams to 3 grams of catalyst per 100 grams of
hydrocarbon feed in the contacting zone.

30 Contacting conditions in the contacting zone may
include, but are not limited Lo, temperalture, pressure,
hydrogen source flow, hydrocarbon feed flow, or combinations

thereof. Contacting conditions in some embodiments are



nore conponents (for exanple, viscosity) in a hydrocarbon feed w thout
significantly changi ng the anount of sulfur and/or NN/V/Fe in the

hydr ocarbon feed. In this nmanner, hydrogen uptake during contacting nay be
"concentrated” on 30 viscosity reduction, and not reduction of other
conponents. Reduction of sulfur typically requires the catalyst to include
additional netals (for exanple, nickel and/or cobalt). Conversion of

hydr ocarbons that contain sulfur and/or other heteroatonms nmay attribute to
hydr ogen consunption during processing. Since |ess of such hydrogen is al so
bei ng used to reduce other conponents in the hydrocarbon feed, the anount
of hydrogen used:tduriengid peoducpr ocesse maydbe: miri spzedicA catal yst having

mini mal _amuntoobe fOUMS: Lo dQniptal( SdxcoBc IRSULLAGE AL ed, and a

sel ected pore dlstrlbutlon may assi st in reduction of conmponents in a
hydr ocar bon f eedst K0 CoAt ridyat erdimingh. vicgeositye tio produeeiagcr ude

product with rpeﬂluc;eéi; th&ﬁoﬂﬂ&ny?@@%ﬁ@gpﬁjoedﬂQanh@6WWQ60@4®r ben feed. In

sone enbodi MS fu have a m nimal c e |n other
properties gg “o %?édg qfﬁg% %Toca?%’no e84, hﬁ%@‘ﬁ?88u§€% %Pdde pr oduct
may have accepﬁmbr@eropemtieglﬂham 'atd oW 1, tCo4be’ theahspont éds t o treat ment

facilities and{og,aiphgn pr (ppe\@(,slggghﬂnllt §.n°FQL kbnexanphe,-a.ydg-ocar bon
feed may have a hlgh Vi scosi t Ni / VI Fe ang/or sul fur content that is

accept abl e to neet’ t7%a fﬁ@ﬁ?méWd%o}HT Y dRstor €4ty o spddi t°Ckt Hons.  Such
hydr ocar bon feéd mayideet ndr & efdd eb entalby 10 8dt ed mbtitithepeatatey st

descri bed h@rQh“hQMwQQQQ%'H&a%b§&ﬂ§5£&,%h&h&ﬁtrékﬁofﬁgxbep%@BWQ>N'/V7Fe or
sul fur content. |In sone enbodi ments, contact "of ¥drocarbon feed using

the catal ysts dgéévﬂbﬂﬁiﬁ@réﬁ%aaf>N@ﬁﬂé&éﬂﬂ%@s“ﬁﬁ Y= I"@ast"”200 @ and
pressures of ammHU$m05nWRaoameapmﬂﬂstIﬂnb@@a:pfodmeegxam@wmﬂea@roduct t hat

has a vi scosi tlYAlptf 3at l\W?aSt TI;I'Qng%m%§& %1 ;,37 <38p9'1 18(1 yprtoalsml}l‘ l(:e/V content of

at | east 200 wt ppm a residue content o | east 0.2 grans per gram of
er ode producthYQ“H¥§t?®4&?eﬂc&ﬁﬁeﬂtM%¥ df’WE%s?”@dQ @r&ﬁﬂ pe¥Pram of crude
product, a:sul fur mmnmmﬁhm@heaﬁnheasm1ﬁmomwgb@msspefmgranmgbloﬁude pr oduct,

and 2 m or o- cagbon, Legldlue, AR EONEDL N Al | 384:0- 06 gramg per gr am of

crude product. used frore -enbodi nen s t he
i nventions nawilmwm@@exmﬂetUm%WWFQUﬁUhkmnemahgaandﬂoﬂl@ﬁ@ror nnre metal s on

a support. Th‘?or@?éu@:le,s WY D8l By 6l2BBRAL, a5 nd/n?) of the gaseous

hydrogen scurce to the hydrocarbon feed typically ranges from

20 0.1 Nm*/m® to 100,000 Wmi/m?, 0.5 Nm®/m’ to 10,000 Noi/nd, )
wnt/m? to 8,000 Nmi/nt, 2 Nai/mt to 5,000 Nei/n’, 5 mmi/n? to
3,000 Wm?/m®, or 10 Nm%/m® to 800 ¥m®/m® contacted with the
catalyst (s). The hydrogen source, in some embodiments, is
combined with carrier gas{es} and recirculated through the

25 contacting zone. Carrier gas may ke, for example, nitregen,
helium, and/or argon, The carrier gas may facilitate flow of
the hydrocarbon feed and/or flow of the hydrogen source in
the contacting zone{s). The carrier gas may also enhance
mixing in the contacting zone{s). In some ¢mbodiments, a

30 hydrogen scurce (for example, hydrogen, methane cor ethane)
may be used as a carrier gas and recirculated through the

contaclting zone.
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formor in the formof a conmpound of the netal. The catal ysts descri bed
herein may be introduced into the contacting zone as a precursor, and then
becone active as a catalyst in the contacting zone (for exanple, when

sul fur 5 and/or a hydrocarbon feed containing sulfur is contacted with the
precursor). In certain enbodi nents, the catal yst includes Colum 6
netal (s). Columm 6netal (s) include, but are not limted to, chrom um

nol ybdenum tungsten. The catal yst nay have, per 10 gram of catal yst, a
total Columm 6 netal (s) content of at |east 0.00001, at |east 0.01 grans,
at least 0.02 grans and/or in a range from0.0001 grans to 0.6 grams, 0. 001
grans to 0.3 gr arrs'rhc-OhQ@&qghadmlt@ m@yler@,faﬁ@nt@dfti@go.ﬂor@rm to 0.08 grans.
In some enbodi t al es f 0 0 06 grans
of Columm 6 net 1 mug WJ% éwy %ré)?g o8 §€ﬁ({19g%%ggg%og{;ﬁg%teé conpounds
of Colum 6 rre‘ffé’ld(lsi) 1|0ﬁd?rué@1‘>é’c¥)?i~%l3€rsVsild%‘?aa%oﬁ%w@@énurﬁnt FIBRCHE@ANd/ or
tungsten trioxige. 1dn eefkal preahodyaRitashol ke atiah stat niglsudes only

Col um 6 negals 5c£nhyUSQHun%d§mg 1 O%Qg ln Zougp %%g&g!”% the
cat al yst incl updres onl y ol ybdenuni anal or ybdenum In sone
enbodi nent s, tHesewut &W’y%‘iﬂmﬁﬁ‘di utkes: a%c?ﬁbifrfﬁtbpéh“@@f%(m geriGrnetsal (5) with
one or nore nefaksmfinhem(Gehums nirot@rbdaokebmsnd L0t hadrdg@) i ncl ude, but
ﬁ{gkgﬁf LLPL;E?&%%§1n|Tr1u99Q%§§O&%QCHﬂ%EE#Qbugb%ﬂgﬂ%hflE%ﬂd&?gﬁflgr

m xt ures t her esfe Ilf}?ea@@atbal ystospaytelale otper rgreansofo carat.yst, a total

Col ums 6- 19 nRrbahgd 9)s£0R1 et cbrﬁbiaqa{s@dagetﬁdr@maxml eashi0.10001 grans, at
| east 0.001 grans,_at |east a range of 0.0001 grams to

0. 01 gral
0 8 gramm, 02001 GYARE™ §T0o%GPkits 70 1005 GPAHE BED T kians. or 0 01
grans to 0.08xgresmsng|aesseny cendyodif meridsdutihe watcabyisw-i elcbdes Col um 15

el ement (s) inyaddidab0MhdiQad he oLl UAPE:, 6}’);&109@'{@1'}&@)@, Las@nme enbodi nent s,
the catal yst has at nost 0.03 grans, at npst rans or 01 grans of

Col umms 7-10 rfECaEIE: pé?rbﬁf]a‘?ﬁ”(?f”%cat roRee, qﬁrﬁff%r}g g?r%“dﬁ?fé‘ﬁt“s t he catal yst
does not i ntl udeé/Golaumns iéx kxsnetial secdhlbargonbe evoodi meat vt he cat al yst

contains at Mgk, 008 GATEn RbyP8 ol BLanPkodciMBSto Qof0B.B8  oram of

catal yst of one or nore netal rom Col ums nd 10 of the Periodic Table
and/ or one or WF& d8hpalintsiedf OiieseI e 86%0%8%936? POIFE"BE nore metal s
from Col ums %taﬂﬂ}eleesﬁﬁclbhe)xPedﬁrh]:ﬁdhﬁld\ﬂsT’a‘rbireoa’J nia simel | further

embodi ment the,alALel, 495 aabc deserihe NG Ush TRLAl foge 1 - A Mol ar

rati o of Col umn ["'ums be in a range fromO0.1 to
20, 1 to 1& oPl® 31360?3 on) ROSINBr &b di At it e, 5tﬁ‘é1°c5f‘%“?°5/§{) i9%éf udes Col umn
15 el enment ('s) p%cmd”t agldiski obtt @ \tche s fat ikotaohr&oldatnpraivoedal (s) with

one or nore mﬁta omo ?&i’m Cg%ér%{@“s L;lﬂgl olrongtg Di% %@99'%Q£§€ otrh Lcat al yst

i ncl udes Col um and Go Aol af rat1o of the
total Colum 2O¢nErakrcad dphlg @@rwact 01" the Ieed wcLh the catalyst.

In such cases, the total product is considered the crude
25 product.

In gsome embodiments, a crude {either topped or untopped)
is produced from a reservolir and separated prior to contact
with one or more catalysts in contacting zone 102. During
the separation process, at least a portion of the hydrocarbon

30 feed is separated using techniques known in the art (for
example, sparging, membrane separation, pressure reduction)
to produce the hydrocarbon feed. For example, water may be

at least partially separated from a disadvantaged crude. In
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Colum 6 netal in the catalyst may be in a range from1 to 20 10, or from2
to 5. In sone enbodi nents, the catal yst, includes Colum 15

el enent(s) in addition to the Columm 6 netal (s). Exanples of Columm 15

el enents i nclude phosphorus. The catal yst may have a total Columm 15

el ement content, per gramof catalyst, in 25 range from 0.000001 grans to
0.1 grans, 0.00001 grans to 0.06 grans, 0.00005 grans to 0.03 grans, or
0.0001 grans to 0.001 grans. In sone enbodi nents, Colum 6 netal (5) alone
or imconbination with Colums 7-10 netal (5) are incorporated with Ma
support to formthe catalyst. In certain enbodi nents, Columm 15 el enent(s)
are al so i ncorgoratedxanile, acoupparits tigatf asve tahﬁouoahglmsz@e I n enbodi nent s
in which the t( re up i ght of the
cat al yst |nclr1%§2g£1§?t]§£ﬂ469 r%Ib S(FQ) g%loa) s > P E? E%ént(s) The
support may bePaFérdly &Wfﬁh%q Jaes ‘él?l?léiéea‘rfdpmﬁ’rﬁeném Proxseb@nrbodi nent s,
tpe sEpport [ nﬁiaudeﬁlﬁbdam&amlaﬂﬁméﬂu&m Ra ueamcgnbb?gﬂbhm wmbrh Hal m}f ed anounts
of other refrac xi.des P s.carbon based nmaterials eolites, or
conbi nati ons tChth{n){r & R T 38? A oXi ¢ ens‘;‘pr?ghal i‘ncl Ude, “ b it 53lac?me“:_lot limted
to, alum na, sCiJJbﬁé‘aa}”LngP‘-‘i‘ cELe - um na titani um oxi de, zirconi um oxi de,
magnesi umI oXi def Ofn ¥oxd uzl'nﬁﬁditnhﬁf €0fnhe Supa@rﬁradmay bem@bg@ci ﬁlﬂﬁh I{ om a
commer ci al manuf acturer, s Was Criter S Technol ogi es LP
(Houst on, Texasug%%i li!EBOr”’éat]}(s Car o(g Hﬁﬂgléeenga} ;;}’? 'z hé’qzmﬁr%ae but are
not limted toeedet |P\¢at@tﬁméh¢fbéhe m@lﬂ@rprpéwugla@rb@phmkenemrﬁplees of

zeol i tes ingl udecy-2eohd eai et m%d@% Lugeé@e&u,@um@liﬁ @s, ZSM5

zeol ites, andferrl I‘It(? %eolltes LS Ze lz é’ e obtained froma
commerci al madufActUra? uscuc%avé“é)gzaeollf/%‘f“?i’/ RSy FOPEE e PERhsyl vani a,

US A). vippogidrt @f nhenbode nertisct the @mppm@wtnclmﬁd@s gama al um na,

del ta al um na,c.ahpha;al AH¥-R&; 995 lgnb+1{}a%y19i@sp£$}ﬁfoeofﬁay b kﬁ@ﬂﬁoc@nb()d' nents,
t he support |nQI udes from 20 ns to 001 granms to

ra
0.11 grams, or 8"dtrVgfdie*to aOTﬁ'% &r‘g(rﬁs’ il %le/i’ca{wqa?fd“’é%dh@?a“n’s to 0.9999
grans, 0.9@ grdamsezte@to 1999eigr @msjucong B 5ot tOLIEL grans sefecalum na.

I ncor poration p%pé&»i,?f pnst ed DARE.SYEh: as%lwtlca'dcﬁrdp@‘i:@y the sUpposs My
inhibit formation of coke at el evated 25 tenperatures. |ncorporation of

silica into tReESUPpErE Hay 288 stthandﬁ“g‘f)‘érf%Pi’l‘gCLcﬁf‘%th Fettsetal s (for

exanpl e, Col umar6tebadrtes)orobn@olxurfebnaet.al $oidomeosmrionatdran, W t h Col umms

10 el (9) LsLMANONA oL, SURDALLs ) spars) ancoh pabalyt] o metal s

t hroughout the sup mation of st having a
surface ar®a éﬁe‘ét Tlhéd%‘?tdrgﬂ@fbﬁ?/@ieda%s I%Q%tcoﬁfiﬁcﬁ?@/&“b?“%twl Ba%t 400 ne/g.
Cat al yst that cheae/sas | @y geasidr b ag cat@a pWbidrta i rhaalycas®umbnof catal ytic

metal (for ex%g&h %0C9$}§nm§ t@ﬁ&%&@z)ﬂ:pnzxt least a portion of the
total product and/or at least a portion of a crude produch
from the total product may blended with at least a portion of
25 the disadvantaged crude and/or a different crude to obltain a
product having the desired properties,

In some embodiments, the crude product and/or the
blended product are transported to a vefinery and distilled
and/or fractionally distilled to produce one or more

30 hydrocarbon fractions. The hydrocarbon fractions may be
processed to produce commercial products such as
transportation fuel, lubricants, or chemicals. Blending and

separating of the disadvantaged crude and/or hydrocarbon
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the surface of the catalyst nmay be prepared by comulling the catalytic
nmetal with a support. Conulling of the support and Colum 6 netal (s) may
forma substantially uniformor honbgeneous m xture. In sonme enbodi nents,
wat er and/or 5 solvent may be added during the conmulling to facilitate
formng the mxture into a paste that may be extruded or formed into
extrudate particles, spheroids, pills, tablets, cylinders, irregular
extrusions or |oosely bound aggregates or clusters, by any known extrusion,
nol di ng tableting, 10 pressing, pelletizing, or tunbling nethods.

Colum 6 netal (s) and a support may be contacted with suitable m xing

equi pnent . Eﬁafq&besi,cﬁtal S;&Ho'ﬁa@i anmw agud&gm@;éenio apeddeq Eu@blhers
stationary s [ oughs xe X at type or
cont i nuous tyS%kEJ%] atéh e lCmJﬂng} 5§0%)g§a§e§g§% gmh m xer, or
general ly knovwméévli‘%cemqmarawdl remyintiablgipreove de t he Col urm 6

rre: a: (ts%/ sup}oom c@it?ﬁatlblr@ﬂbogﬂne?ﬁ[laih@ @magdjtnrmam@lhatsh& et er i1abs arg. m xed g
unti e u ).is. (are) subs ia onmgeneou i sperse
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surface becaus&? GHPBs Yr &k poLed edPRTng the Colum 6
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the support), AeBdfitng®t &7 54 ofbtH Obrff‘teh’éo'syﬁﬁ?%iﬁ‘b‘"?]ﬁéﬁﬁ“m% k€ ot her wi se
occur in the urenhedded mretal Teataltyst enbodisenes erbedixmat;s,cadbavi ng | ess
metal on the §,.guf ft%‘é&l‘?n &%nﬁrﬂt@n¥§$L %?E%W%Sféé%e ol ddiCu QL catalytic
activity of the catalyst ow ng at ¢ a poriion of the hetal to
move to the sd“r‘f’%.‘&reféf’mtohé cAraPySe Hur MhgPuser frre téfals G4y nove to the
surface of thegatal yst t hrough erosion of the surface of the catalyst
during contact of .th St, W droc on feed W t hout

wi shing to bound bl;? gome O%bOAJX‘f” 1taﬁehho Cm%{ pm?‘f‘lp‘ pﬁ? % F3%he addition

i nt er cal at Pon C&AEFGBr Ofn% ﬁ@o?oﬁo‘&h@lcmmoﬂ%m §roft E“ﬁéﬂ catary$bs may change

the structuredoppsietodfenther @atu{pmrécmm m'da thlel C@}wm 6 oxi de crystal
structure 15 tL%bgdlsubstarL] |aI lé ng % 6§ er CoI un@r of gl in the
crystal structure of "the e ']"ﬁ orrder* of the ‘Col um 6 net al
may be det er mraegingsit g ﬁoﬂ\ﬁiewtwnr éy UIWfo’PIEleIl oﬁm@kﬂ@ésW Frhetor der of

el enental netalsipghhe catalyst relative to the order of elenental nmetal in
the 20 rretal oxi de_may be determ ned by conparing the order of the Colum 6
metal peak® n an XIr &7 @ PrFRet L§'pé)c£‘f* fﬁ%&fp%%écb&aﬁnﬁ ®t6%i de to the
order of the Gohwam 6f netals peaketdan mritx-o@Qyrdadifa actdsonpspeectnum of the
catal yst. Frophsoadenijag.and,or ,aBsensenof 1PRLLEr 08 ASsAG,LAt ¢d with Col um

6 netal in ] )
wippm to 20 wtppm grams, or 10 witppn to 1 wippm of total

metals in metal salt of organic acids per gram of crude
30 product.
In certaln embodiments, API gravity of the crude product
produced from contact of the hydrocarbon feed with catalyst,

at the contacting conditions, is increased by at least 2, at
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25 an x-ray diffraction spectrum it is possible to estimate that the
Colum 6 netal (s) are substantially randomy ordered in the crystal
structure. For exanple, nolybdenumtrioxide and the silical/alum na support
havi ng a nedi an pore diameter of at |east 180 A may be conbined to form an
30 al um na/ nol ybdenum tri oxi de m xture. The nol ybdenum tri oxi de has a
definite pattern (for exanple, definite Don, D002 and/or D003 peaks). The
support/ nol ybdenum trioxi de m xture nay be heat treated at a tenperature of
at least 316 C (600 F), at |least 427 C (800 F), or at least 538 C. (1000
F) to produce a catal yst that does not exhibit a pattern for nol ybdenum

di oxi de in an Xedsaysdiahfracti on ospectiensm (boreiexarphe, tr@napbsence of the Do
of peak). 5N SONR.SROGLITHLS.cCON AELANT R SOLUM B JRLAL(S) hspipport

m xture forns [ um me a’[/support m xture. T'n sone enbodi nents, an
acid and/ or wat®&rvityg fdéet] cEpde RECBBILURIN S nEteRl 7 Sigppbr t1onixti¥re to assi st
in formation oértikezLokkumm 6 netal /support mxture into particles. The M
wat er and/or, dil ut cid are added in such_a nt nd by such nethods as
required tosgi ve tE%atéép‘ﬁ%ne%borf‘gp%%séugfoeo?fugﬁoé'?Jdrguef’%al %Seéi red consi stency
suitabl e to bevisgeadd Phatd patit i8hest Bxanplos sbfromdi 88 nelaide, but are
not | idm' ted topodt mai @faaiedmmﬁli:@ Aactith nsadddbben a;@&f)di, f andshydrochl oric
15aci d. The .Col um 6 netal [ suppart m xture may. be formed into
particles usi nég"%%"{}\(ﬁl{l’f’écﬁ’ﬁi v”cr]‘ju“’éjg"f‘%ﬁptogethé"r t*stch™as ’1ém"§'°e>‘2?r’{ﬁ°cfer. The
particles (extiiidatas)yopnypibe cuet usisigideneWh cat al yst cutting nmet hods to

form partiches. The, pantiGhes 2@ciBYnbesneat dheatedrsatnaact@nperature in a
range from 65 60 C or riad of time (for

Cto z C Jfrom85 Cto 235 C for a periad
exampl e, for OEB5%hairsy "3A 'lgg)r"“'u‘ﬁt fPeg ﬁén%rl §{’u‘?°€ cgn‘t &nt™f the particle
has reached a gedhrewnteveb! Threh@Gblogan®d fetdl [s)yosappdetimrdsor t he
Col um 6 25 netial (S)/SUPRREL: RAT LiLleSadBYob&theatst reated (.cal cined) in
the presence of hot air and/or oxygen containing air at a tenperature in a
range between FT8S End 66" C*VHtiEER"538PE Séfr]lguﬁéﬁmilﬁ'l?fotﬁ“ebet ween 500 C
and 650 C ti6 renpverwdhat imke rayt efrogutl Ot hatarat td dastgramporircon of the
Col utms 30 6- 10 (@Bta) § & €-SRNVET &t Edit RE €oLr &spandi.ng, Aptgl oxide. The

tenperature conditions at ‘which the particles are calcined may be such that
the pore structifé P%®He final calcined nmixture is controlled to formthe
pore structure and irsusfiaeebalieastofl thheicat@lnystisctdeses ithed:rhes ei n.

Cal cining at tenperatyres grepler {fap, 168, C gy, | ner easect hapore vol ure
I p

of the catal yst, us change the distribution of pores and the surface area
such that t*he r&éfagpeyvsfzoqz@nb?f &&e hydrocarbon feed. In some

embodiments the nitrogen content of the crude product is at
least 0.02 grams per gram of crude product. The nitrogen
content: of the crude product may range from 0.001 grams to
0.1 grams, from 0.005 to 0.08 grams cr from 0.01 to 0.05

25  grams per gram of ¢rude product.

In some embodiments, the crude product includes, in its
molecular structures, from .05 grams te 0.15 grams or fron
0.09% grams to 0.13 grams of hydrogen per gram of crude
product.  The crude product may include, in its molecular

30 structure, from 0.8 grams to 0.9 grams or from 0.82 grams to
0.88 grams of carbon per gram of crude product. A ratio of
atomic hydrogen to atomic carbon {(H/C) of the crude product

may be within 70% to 130%, 80% to 120%, or 20% to 110% of the
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5 effective in renoving conpounds that contribute to high viscosity and/or
resi due. I n one enbodi nent Columm 6 netal (s)/support conposition may be
calcined at a tenperature in the range from315C to 675C, in the range from
400C to 650C, or in the range from450C to 600C, in order to create JO
a large surface area. A catal yst with dispersed netals may

advant ageously have a longer life than the conventional hydroprocessing
catal yst, at elevated tenperatures and | ower pressures (for exanple,
tenperatures of at |east 200 C or at |east 400 C and 15 pressures of at

nost 7 MPa, at nost 5 MPa, or at nost 3.8 MPa). The sel ected di spersed

metal catal yst anzaMcaiﬂ(pWaaupb@c&@snmolasrwdslnrauiet hONtch%QﬁBQJJQQ or changi ng

the catal yst, thus c roceSS| c
econoni cal |y advdh {’afgeougtwflj'ﬁéu?:lété S/éfj ?Pa"ygg L%E f:% O?OW%‘{ h a
hydr ocar bon feedorrﬁ@r gt rheastin&lRthoumhst laitak@asgltﬁ/@O@Onmn:sgm att | east 2000

hours, at |easty3QQ0n hy qum@ p%cclq%a% L9900 ROUT$:208, alal&asha9000 hours.
In some errbodl {nsnts cata é s may be characteri zed by pore structure.

Various poré s Ueeh & SoBTAWEEErS” PHdl'ude, 25 but are not linited to, pore
di anet er, pore vol dhe,crsde fracéuctal eagideorccopmsirnat wionsa tthepeoft The

catal yst may hgye;a;dissheibution of total quantity of pore sizes versus
pore dianeters. The nedian pore di ar‘rgter of the pore size distributien may

be in a range from'30°°R°t ‘B“bfﬁﬁ“eﬂt%ouﬁ ’E’B:‘dﬁop‘%’ﬂ“ or%6d At bS04, The
catal yst may haweeat por et siczet dildty idsut ey wWedth ar rmedieastpobes dicanet er of

at 1east 60A oAl 1heasinf0 Auedi. B RSy AQ0. Aonl Bs@MepbOdI MeNt S, ¢ he
catalyst has a pore size distribution wt a medi an pore dianeter in a

range from 30 A {900 A"SHA ¢ t8D %,ud%rpreéuqdc °8Y 86A, PHii €R*atf] east 60% of
a total nunber cofdeppresci ,n ihhe pone [icwed ASLY ighutd o havigngna pore

di ameter wi thi n 3Q; As0,49) Ay 961 %Qfa{r?% of, §he Eanfﬁe%aﬁ QLS diangter. In

some enbodi rrents por e vo une ) Eores may [east 0.3 cnB/g, at |east
0.7 cnB/g, or dFamip ke 01429@??1*9 ”I* “igdrt ai n enbodi nents, pore vol une of
pores may r@ange fromd:BaonBhgedite Q& cgnad Ao/ gad @ 0c8 cnB/g, or 0.5

cnB/g to
9 content, boiling beltween 343°C to 538°C at 0.101 MPa, of 70%

to 130%, 80% to 120%, or 90% to 110% of the VGD content of
the hydrocarbon feed. In some embodiments, the crude product
has, per gram of crude product, a VGO content in a range from

20 0.00001 grams to CG.B grams, 0.001 grams to 0.7 grams, 0.0}
grams to 0.6 grams, or 0.1 grams to 0.5 grams.

In some embodiments, the crude product has a residue
content of at most 90%, at most 80%, or at most 50% of the
residue content of the hydrocarbon feed. The crude product

25 may have, per gram of ¢rude product, a residue content in a
rangg from in a range from 0.00001 grams to 0.8 grams, 0,001
grams te 0.7 grams, 0.01 grams to 0.6 grams, 0.05 grams to
0.5 grams, or 0.1 to 0.3 grams.

In some embodiments, the crude product has a total Cs and Cy

30 asphaltenes content of at most 90%, at most 80%, at most 75%,
ox at most 50% of the total Cs and Cy asphaltenes content of
the hydrocarbon feed. In other embodiments, the C;

asphaltenes content of the hydrocarbon feed is at least 10%,
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100. 7 cn8B/ 0. The pore volune of the catal yst includes pores having a
pore dianeter between 1 A and 5000 A and pores having a pore dianeter
greater than 5000 A In sonme enbodi nents, the catalyst has a majority of
its pore volune in pores having a 15 pore diameter of at nost 300 A, at
nost 200 A, or at nost 100 A. In sone enbodi nents, the catal yst has at nost
80% of its pore volune in pores having a pore dianeter of at npbst 100 A, at
| east 5% of its pore volume in pores having a pore dianeter of at between
100 A and 300 A, with the bal ance of 20 the pore volune being in pores
having a pore dianmeter of at |east 300 A In sone enbodi nents, the catalyst
may hgve at Ie&fs;tz&&%m ,abr Iaeasdaa%%%otafitm POBEPNEQ L bl 't:damtmlifas havi ng a
pore di aneter g no ln so Jrent.s. e catal yst may
have at nost 5% o?hl tggm(?régl Vo ur?‘g :Prh cﬁgraelsnn%aw ngera“ |f)or}J{e1 di aneter of at

| east 5000 A. S\:rérpcalé@n &Py thapayrekialieviac H o er o b et meehor5 cel g

and 1.0 cc/g anrd @ast/f hace1esed edntdht 1:2a8in340ci. go1 kRadD :500E:

enbodi nment s, thedcsat 3' yst hé’:l\ﬂl ng a pore S bze di si\rl(pqr,l on vvlth a nedi an
_pore dianet er i & range Promabsit’ 50 A 1o 10y ave-a surface areas
of at |east 340 nﬂﬁ'gtf’TStslelh aghpdigeetar e rﬁﬁydfbewpﬁu'i& lhaﬁg?er‘?om 340 n2/9 to
500 rr]?/g 35? &Bl]@nkoo%@ fm,l%kgsas@ras]}z%wﬂd(g tor %2511\(5'[2/ gos gatalmyzts havi ng
specific surfage topol og arge, surface_areas, e, distributions
descri bed abovgﬂg’r{m‘ “OL é{btihtL ShRRREEE r U % i nBs C’wﬁe ce(r)ng}no*rdelrmg al” applications
at | ow pressur ésurmdl@i avat@datréapemat wwesentFod Bhampllecarhe daedl yst does
not deactivg afhere ah: Aiﬁ@-ﬁingla%aﬁbtﬂfel&uﬁatbRMCRTh&ﬂ%ﬂhaMed run tinmes may
be attributed to the hl% rface ﬁ a of the catﬁ%é/dg aqd/or t he narrow

di stribution of"PFSF&® 10CdPEEt &Y Ph The " FEre® iy ePE3yst . Thus,

the netal s of whewat al yst remai n exposed for |onger peri ods of time, thus

pl uggi ng of the,porgs. ofokihe gatal Mséombsenmomrﬁ@i-s,Tih%mhd}g)'@{@u{faﬁge area and
sel ected distribution of pores in the pore volune of the catal yst allows

processi ng of h?d)nz%q’i?i"écd)sp??/ BRB7 dro i ghor ¥ die cPldes™tn'dt woul d not
be able to be processed w tMIRconvemn ofiatrucat @logsts. havi ng the sane pore

di stribution, but §Hat,e|r%d1r§léﬂ1f>c§tﬁ§:e§1feat%le%rﬁi%@'p@gd&tcgwiled catal yst at
tenmperatures ran ing from315C to 5C, e ran from 400C to 650C, or

in the range fPBHC2ODB0CRGSEHCE HF atid Foate Mt OFomit TV SBF Yores havi ng

at least 200 wtppm; a residue centent of at least 0.2 grams
per gram of hydrocarbon composition; a distillate content of

20 at least 0.2 grams per gram of hydrocarbon composition; a
sulfur content of at least 0.04 grams per gram of hydrocarbon
compesition; and a micro-carboen residue content of at least
0.06 grams per gram of hydrocarbon composition; and a
viscosity of at most 100 ¢St at 37.8 °C.

25 Tt may be desirable to only selectively reduce one or
more components {for example, viscosity) in a hydrocarbon
feed without significantly changing the amount of sulfur
and/or Wi/V/iPe in the hydrocarben feed. In this manner,
hydrogen uptake during contacting may be “concentrated” on

30 wviscosity reduction, and not reduction of other components,
Reduction of sulfur typically requires the catalyst to
include additional metals (for example, nickel and/or

cobalt). Conversion of hydrocarbons that contain sulfur
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simlar pore dianeters and narrow pore distributions with |arge surface

ar eas. In certain enbodi nents, the catal yst exists in shaped forns,
for exanple, pellets, cylinders, and/or extrudates. 25 In sonme enbodi nents,
the catal yst and/or the catal yst precursor is suifided to form netal
sulfides (prior to use) using techniques known in the art (for exanple,
ACTI CATI' m process, CRI international, Inc.). In sonme enbodi nents, the
catal yst may be dried then suifided. Alternatively, the 30 catal yst may be
suifided in situ by contact of the catalyst with a hydrocarbon feed that

i ncl udes sul fur-containing conpounds. In-situ sulfurization may utilize

ei ther gaseous ahydirogeiersuifdrdecdnd tdiesptesenceacohydypdeogen, or

| i qui d- phase f in n as r syl u (i ncluding
Al oyt sul 11 des, “hol et GBS hspLehend dhROasY L4 EETRELRES

sul furization ﬁ?oﬁé@s}é’@“ar@oﬁeb%rfpﬁ’éd’ PRy, sempgeeit iNodle 5, 468, 372 to
Seanans et al. hy(arl’ilﬂa5bcﬁ)88?(7cf)61}5c0 aheaimpns }ﬂ;fdr5g(ﬁz| nwc{ikﬂu qu whi ch are f

i ncor porate n. er , el a [ ns, after
sul fidation "of %fcﬁms’ 'dro ?oméeéﬁ‘i"ﬁ‘ﬁ ca a% he'h m(‘firo rzo%e%‘?l ng catal ysts
are typically ﬁéa&“édﬂ"t‘b 40D netpvier - ondi @*F Sﬁb#@trmmdhsa% ac 6Pt kAt he
generation of bysly @gemauijfdndﬁay sls@mheatﬂoragmqfonl& mysﬁlgs@%e@eﬁshng
catalysts may |n Tloblt deac J[Y tﬂ on ‘91f1b [lee yst., qat al%ldst descri bed
herein has enhahced” abl ‘the resence of h é’ stiT1"dé when
heated to 400 G:¢deé§§dvﬁaw1t’Wl”@éW@eRBewBethg?Sa@rbf@at‘@d ﬁpewéat t he
catal yst ovgr 8yshehinh, pedd.odndhkohd MRxs@YehhE! ease:A.he ;ﬂz%daémtphat, of
hydr ocarbon feed that, can b Frocess d throu h a cont actl g.syste
certai n enbodi Eﬁ% ft & “THEAL tehﬁ fst " ﬁepmﬁv o’ i°8™6 §}1 ‘ai1"e by
co-mul li ng Col mmeSd#EfmaPé@) wittehpaodgpportde Goodwy imag Ttahe Col um 6 netal

(s) with the SH&Q%EEM@}&(@&#M(&) 202 M XL L 60F, %@SU:%T:MHGQHN honmogeneous
m Xture. In sone enbodi he m xture nmay be extruded and/or dried. The

mixture may be® ‘c"‘:fi‘l“EE‘?'h‘ecia‘éP‘éj%’%r?ﬁ@‘r’%t QP et Resh ¥835°C Ad 700 C to
produce thescatedupst. sThedsyuppemt femy nkndlayden fuiom 0.s00ditgr dme: to 0.2 grams
of 25 silica apgd0r8Q,QVars . § 8,099,970k 9 2l.umNae Qf nbgom 0. 001 grans

to 0.1 grans of silica and 0.90 gramto 0.999 grans of alumna per gram of
catal yst. in sbifid*EBfiodrwett %rartsﬁ@r‘rﬁtk%rsé’eﬁhﬁfcﬁé”d}sl etfnd cal cined at a
t enper at ur e of hjprbweesdn3idedCran tbe 766k «Ce £ O cpeodyc erddhedcattal yist .

catalyst described herein by reducing viscosity without also

In

20 reducing Ni1/V/Fe ox sulfur content.
In some embodiments, contact of a hydrocarbon feed using
the catalysts described herein at temperatures of at least
200 °C and pressures of at most % MPa or at most 7 MPa
produces a crude product thal has a viscosity of at most 100
25 o8t at 37.8 °C, a total Ni/Fe/V content of at least 200
wippm, a residue content of at least 0.2 grams per gram of
crude product, a distillate content of at leaslt 0.2 grams per
gram of crude product, a sulfur content of at least 0.04
grams per gram of crude product, and a micro-carbon residue
30 content of at least 0.06 grams per gram of crude product.
Catalysts used in one or more embodiments of Lthe
inventions may include one or more bulk metals and/or one or

more metals on a support. The metals may be in elemental
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30The catal yst may have from 0.001 grans to 0.3 grans, 0.005 granms to 0.2
granms, or 0.01 grans to 0.1 grans of Colums 6 netal (s) per gram of
catalyst. In some enbodinents, the catalyst may include at nost 0.1 grans
of Colum 6 netal (s) per gram of catal yst. Wt hout wi shing to bound by
any kind of theory, it is thought that the addition of silica to the
support may allow 5 Colums 6 netal (s) to remain dispersed throughout the
support while being heated to el evated tenperatures (for exanple,
tenperatures of at least 315 C, at least 335 C, at least 375 C, or at |east
425 C). In sone enbodi nents, the catalyst is nononodal. Such Wconulling of
metal and suppdpty drobi anedidy calsc btvgtouon,ofmaye peoglcera: mononmodal

cat al yst havi nga%ﬂz@%? cﬁe‘s% %IdSI}é,eQHtrh nb&“n&)@r@dmglﬁdmopﬂe di ameter of at
nost 100 A, with at | east Jdo/oo ts pore volunme 1 n pores “havi ng a pore

di amet er of at CADSACLRED ZANC Fife? AP n#y KAYE PacYifr Pabwearea of at | east
15 340 n2/g. Thet£atkal ystnemypnhavena poke (el ureyph s orndn wehg to 0.9 cc/g.
I n some enbad t lyst | X or e pe et ween 35
degrees and 70@3@}03638}@% i I%Oxljgé?ty%ﬁe%?lqt hlgr}%éa qu HCQ %asetp}w dt h of
at least 10 degfl%é%"e{“‘a@‘)dét ermned by x-ray di ffractl on at 2 theta 20This
ﬁat ﬁl yst reduces at1n|§7'i$bua q@@mm@mo; thbe:acanponent sidkhato 6@ty | Eute to

i gher vi scosi @ L 0 X onents. that. contribute to
copper content Fn\%\n{aqt%hoﬂt g:l gnlrﬁ%{éﬁ%ﬁq?e Gté L:?%h ?ﬁ gu fntj)rt gﬁ“&/ ogr; "Ni‘/ Fel v
content. Treat GEHMLGR, tméylﬁiﬁé%céﬂlb@#eﬁﬁeedlw t4-2a VO MaEmh & 25041t al

catal yst that gest aifnNsatAONS:,06 oAl NEIBhn aTBEALL @F LRkuANSt92and 10 netal s
may be econom 9al a d(?tﬂ)to?ge us SI nce J|t al | ous Jprod cébon of a product with
reduced viscosity and moni mal ~adesult Ur P5atS oR- andr or’ ‘dénEtArl ation rel ati ve
to the sanme préperti & doffait%ef#yfdﬂo@%@ﬂbemﬂﬁeé@l 0.30simg e lcataabyst (5) of
this applicaties (ﬁﬁdgﬁﬁl@tr@(}'m) a&@eircﬁw nggrgﬁmdlotrl ONs. PB¥sakbowed crude
product to be produce s sel ected propertles changed relative to the
hydr ocar bon fenga’Vhll 8?’%1"“@ POBEPT e S BI AR S thy o o ESE? %&ﬁ“‘f eed are not

si gni fi cantBy ehaddegkanFheo Pe8élld-iamg «dr Qclempr @de@cttal frypéaweaenitanced

properties relaliMgst 0 tlnesmdén%@gmﬂ_bf e&paRhs Bh%mm ¢gore acceptabl e
for transportatlon and/or refining he cat‘ yst of the application may

remove conponefit's 't hat""EoMT Pﬁ’cﬁeé F%Chaaﬁié?;‘“rléageémf“nuflf?él?‘? fEY6P* ot her
catalysts in th@@ysm emibriam. t hen bydraocasiiodifeed, Fer cexagpte, reducing

the viscosity ofelud ogarbon.feedhlohal opragdyctoThitHEgmichal] vento the

hydrocarbon feed 9
an embodxmenl tho caLa yst includes only melybdenum and/ox

molybdenun oxides.
In some embodiments, the catalyst includes a combination
of Column 6 metal{s) with one or more metals from Columns 7-
10, Columns 7~10 metal {s} include, but are nol limited to,
25 manganese, technetium, rheniuwm, iron, cobalit, nickel,
ruthenium, palladium, rhodium, osmium, iridium, platinum, o
mixtures thereof. The catalyst may have, per gram of
catalyst, a total Columns ¢~10 metal (s) content in a range
from at least 0.000) grams, at least 0.001 grams, at least
30 0.01 grams, or in a range of 0.0001 grams to 0.6 grams, 0.001
grams to 0.3 grams, 0.005 grams to 0.1 grams, cr 0.0l grams
to 0.08 grams. In some embodiments, the catalyst includes

Column 15 element{s) in addition to the Columns 6~10
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W of other catal ysts positioned downstream and thus, increases the |length
of time the contacting system nmay be operated w thout replenishnment of

catal ysts. The catal yst of the application may produce a crude product with
a lower viscosity as conpared to the hydrocarbon 15 feed with m ni mal

anount of hydrogen consunption. In sonme enbodi nents, at contacting
conditions at a total pressure of 3.5 MPa, hydrogen consunption may be at
nost 30 NnB/nB, at nost 25 NnB/nB, or at nost 10 NnB/n8. In some

enbodi nents, at contacting conditions at a total pressure of 3.5 MPa, 20
hydr ogen consunption may be from1l Nn8/nB to 30 NnB/n8, from1l NnB/n8 to 30
N8B/ nB, from SadNaB/(58, t 0n 22mNEBGLBBinedE s f ram L@ aNeit&nb® 220ndNBLNB3 I'n
some enbodi nent s, m%ongta%tétn% gpndi‘%i\ ons, nRy bem\cgptcro%lned?'gpo produce the
crude product; “at'a ‘partial’ 25 pressur e of “Hydr ogent“at""a ‘priessure of nost 7
MPa, and wher eir¢FahydraagernicoAsuptysn i s arnassboB0eNB/ 108. | n ot her
enbgdi {ren:s COM?}_@.D%@@O@QG}@UilQ?ﬁc%M}él@@}sC@?]td pbied.to pr]?duce tgeMgr udecI
product a parti ressure. of hydrogen. at a pressure of a and a
t enper at ur e%of at 2”3 m?eoﬁ%ﬁlé‘ieﬂ?‘% Lglf ’%ﬁ%?sbﬁﬁgﬁ“w at mpRt rsEgﬁré

enbodi nent s, thevgatd] pett 6f Oxherapphpeati- ok way drernusedaianlveondi nati on
with other cat@lystSnor@ME@%aimen0do:800) ReknLabalyshe i ®raogat al yst that

i ncl udes suppo i ner al ']d i nes. Such

Ic:ﬂ%gd _ czt aloysat fines and/or mneral oxide f o
catal ysts are G&s€ri5éad” iRV S PatrehitoRopI T c&0F SHis &t iPFed ™A Ccat al yst
and Process fo¥f the dvanerfeacttrle 6fonUCthambota8dl Iurf Dilst Pétiatdéc Pr oduct " and

“A Hi ghly S}ablg,Heavy.Hwdiocarben. anbdredesubf .28 apeCalal yst and
Met hod of Maki ng and Use Thereof" to Bhan; and International Application

No, WO 02/ 32578 €™ BnhanY S3FP "f%hi ch are incorporated herein by reference.
Arrangenent of tworoplapreteatd gsitvgni f ratseltectednsequencetamy control the

sequence of properd % J ppr.ovenent.sy for,the {eed:qFor. examle, a catalyst
having a surfacée area of af npbst 300 A descri bed herein may be pl aced

( 0 A as ]
upst ream of t i "€atRYsTehayihg PiSdrtacdecsr®es ot var 1e&st405A. Treat ment
of the hydnecarbeacifieed i the hydsogenod pit ieluphesencel o vhe bemer surface
area catal yst Jmyofediea 2 parthangl e comenanta,inat, contribute to

residue, at |east a portion o e conmponents that contribute to high
viscosity at |@&8tvsy peritren Gfvihe B8teddphalrtfefdemmoll aetdldgst a portion
of metals in nmehalasabtsc of 0egasiL asiis. 12GeCantractnofotdre treated

hydrocarbon fead i th,the higher sunface anea catalyst Jmy fyrther reduce
Vi scosity, coppéef content, vanadi um tont ent.” netal’s' Tn metal Salts of

or gar“ C acp(ds_lo, or from 2 to 5,
In some embodiments, the cataiyst includes Ceolumn 15

element (s) in addition to the Column 6 metal(s). Examples of
Column 15 elements include phosphorus. The catalysl may have
a teotal Column 15 element content, per gram of catalyst, in
25 range from 0.000001 grams to 0.1 grams, ¢.00001 grams to 0.06
grams, 0.00C005 grams to 0.03 grams, or 0.0001 grams Lo 0,001
grams.
in some embodiments, Column 6 metal{s) alone or in
combination with Columns 7-10 metal(s) are incorporated with
3 a support to form the catalyst. In certain embodiments,
Column 1% element(s) are also incorporated with a support to
form the catalyst. In embodiments in which the metal (s)

and/or element (s) are supported, the weight of the catalyst
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Arrangenent and/or selection of the catalysts may, im 25 sone enbodi nents,

i nprove the useable life of the catalysts and/or the stability of the

hydr ocarbon feed/total product m xture. Inprovenent of a catalyst life
and/or stability of the hydrocarbon feed/total product m xture during
processing may allow a contacting systemto operate for at |least 3 30

nont hs, at least 6 nonths, or at |least 1 year w thout replacenent of the
catalyst in the contacting zone. Combi nations of the catal ysts of
descri bed herein allows reduction of: viscosity, at |least a portion of the
C5 asphaltenes, at least a portion of the netals in netal salts of organic
aci ds, at | eastnauvpes taions:@hbotihealesiedsr(s)oraeonhl rathongst herreef, fromthe
hydr ocar bon fe fore. o r rti of., . on .feed are
changed, whil eg. o?rgin%_all)en}[)gggﬁsﬁggcg?g%?f%ﬁygJ(')Jfllagh%e}bégégl%g%gf .b(%ﬁ]‘feed/ t ot al
product m xt ur EHWuFFRRG I PPICesSIengupeE Exante s Heiented Ai-A% " AYdr ocar bon
feed P-val ue oforabhexe ok. @th Thetabidrotiyrd erselreet ierekyr changeepr operti es of
the hydrocarbog, fged 1y, allow Lhe shability,Qf hehydreegrbon feed/total
pr oduct WnixtUre to bé malntained dur | ng proceéssing. n sone

embodi ments, cBMfEPEi aReiragbard apidescatalypst Wempytherpdeitt + eHédd downst r eam
of the catal ysts, afuiihe, idvepsd, e ie-teduce, sekectwdopreperties of the

f eed. For exar’rplr% ﬁ;md%QE}eal 'mogxc t%ﬁ@_xﬁﬁ%\;}) (pg%%iftioned 15

) Y i ! o)
downst r eam of tHe T1Tst cat’a'l"aifg%g%l!b reduce e content of the crude

produce as conpmwedtt gzNevPFained threnfeedmexcdas wapufizareoriueat al yst may
be positioned gowastd@am@haihe sdanetratidszagienieatdliysd, to{seduce the
het er oat om conlg_q;r]%d)ofE%he crud%PQrkga%u tmaeil:% c rtparcgqlcigo t he 20 het er oat om

content of the fedd = EXAMpIes 8P (Simver€itar tat aTVefs il Ude "Fbs3; HDs22:

HDN60; 0234; 0BIEte®344; 204 14ted0d@don0@0Y or 0844 ys G44PL11G454; 0448; 0524;
0534; 002531; ENL20:s DNLRQ, 5 PN140¢1 JaN190 0o DN2QOQ; A8 OR:: s D2118; DN2318;
DN3100; DN3110; DN3300; DN3310; DN3330;. RCA00: RCA410; RN412: 25R14400;
R14420; R14440%°"RRRBG: *19'148%50:75411 462 10-° RIHE6 19 *RRESE 6O R#30; RVB030;
2603; 2623;15 264311208y 2182123, £r27 58 ;coamdk c2ZBJanwhicchrar evavai | abl e
from CR I nternationak, (Ngey (HRUSt @Ry, L8%85:2, VoS A ). I n sone enbodi nents,
t he order and/ or nunber of )
In certain embodiments, the suppori includes gamma
alumina, delta alumina, alpha alumina, cxr combinations
thereof. In some embodiments, the suppoxt includes from
20 0.000%1 grams to 0.20 grams, 0.001 grams to C.11 grams, or
0.01 grams o 0.05 grams of silica; and 0.80 grams to 0.99%9
grams, 0.90 grams to 0.999 grams, or (.95 to 0.97 grams of
alumina. Incorporation cf a Brgnsted base such as silica into
the support may inhibit formation of coke at elevated
25  temperatures. Incorporation of silica into the support may
assist in dispersing catalytic metals (for example, Column §
metal {s) or Column 6 metals in combination with Columns 7-10
metal{s)) throughout the support. Dispersion of catalytic
metals throughout the support may allow formation of a
30 catalyst having a surface area of at least 340 mg/g, at least
360 m’/g, or at least 400 m’/g.
Catalyst that have a large surface area with a minimal

amount of catalytic metal {(for example Column dmetal{s)) on
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30 catal ysts may be selected to m nimze net hydrogen uptake while

mai nt ai ni ng the hydrocarbon feed/total product stability. Mnimal net

hydr ogen uptake all ows residue content, VWcontent, distillate content, API
gravity, or conbinations thereof of the hydrocarbon feed to be maintained
wi thin 20% of the respective properties of the hydrocarbon feed, while the
APl gravity and/or the viscosity of the crude product is at nost 90% of the
APl gravity and/or the 5 viscosity of the hydrocarbon feed. Por exanple,

t he conbination of the two catal ysts descri bed above having surfaces areas
of at nost 300 nR/g and at |east 315 012/g uses | ess hydrogen during
processi ng, asigORpaFLd £0 tUse0h1 fdtens) ngl erepatad ystedaving ansurface area
of at most 300 A uic wreduetion Lo, nel hydragen, uptake by, the, hydrocarbon
feed may produt®?dYEruds-pr St THAC has~8"baiT? g range di'st Fibuti on
simlar to theChorkihgepol it chvsteitbat pantettiphéy wWdfocarbon feed. The
atomc H C of theqerdide RHLEAAUCt MYk SRl dknehaRGeePYntebat i vely smal |
anmounts as con? red to 53t§§ Cgtom’c 4 C of the hydrocarbon feed. In
some enbodi rent®. " RA{EYYET 28T REPT Ol ANd M orderof “Earar ysts in

conbi nati on wi férncomtitel kieduconnactd ngsicohtit mensce foirveikdmpl e, tenperature
and/ or hydrocarhanafeed £liowasiat 8 uRYeASShsdroi s f @ducd ngahydispgen upt ake
by the 20 hydrgcar_gonq feed, gﬂi nt ai ni,n!% h dgoq‘e}%b%n fge,_d/;gt,_z%lmproduct

m xture stabi | FYY O g  BPEcEs SFRG S 8N Ehaiding "one” 6P not'e “properti es of
t he crude productcingleati ver boy tkhewr espectipve pioper tikestehigt he hydrocar bon

feed. Stabijity.Qf;the bydrocarbon. figad 9t AlirBhoduct m xture may be
af fected by 25 various phases_ separ a;t?l g\g) fromthe h\édrocar bon feed/total

product m xture. PhAS®E"seFEFat i%dn®ih PERLSEY By OPBicteR e,
i nsol ubi ity ofuitheldywdrogarhpompréeedand/lor «f gde-gpleductnén t he

hydr ocar bon f eggd/ 1ot Al ; PLOAUCE, L XEUN BearfibASGULALI N Ofc,85phal tenes from
t he hydrocarbon feed/total M product m xture, precipitation of conponents

fromthe hydr dédfBoriviresd/ ot A*2Pr Sdubttali ki 87 S Evibitnati®ns t her eof .
At certain iti negaduniingri haneanactricrggperbod, khber eoneentration of
hydr ocar bon feee%e%‘ﬂ&‘s-"k? L0 8L, REOAHCE § 1 4t Fﬁ%@% gat%l(fP&ﬁ cheedahetal product

m xture may ch%nge. e concentration of t al product in the
hydr ocar bon 5 § @editt Gt Apvappotlddet vt ube CCREHGe S NFe 'y % oflfat i on of the
crude product ,psgekihisl iy m@ked het: compenenten of nbhe dydrogardon feed and/ or

component s of 1AgcLatal; PLogiel LiLuhg, xdtocanban Legditotal product
m xture tends T0°6HANGE Y FOF BXARPIE, “tHe RYUrocarbon feed may contain
conponent s 20 haisyariensol bk eCalame Herhya (6Earbéhe Fe@ECH: “fhe begi nni ng of
processing. As;pkgperbies ef thechyshocarhon feed mbangepttarnrexample, AP
TheY Commoment St pafa pge. BRITUHENER iariBen FeebOTPANLRYS ThereD),
significant amounts of residue and/or high viscosities to be
processed at rates, temperatures and pressures not obtainable
25 by using conventional catalysts made using impregnation
techniques. In some embodiments, comulling of a support
containing silica and Column 6 metal (s} forms a smoother
catalyst surface. A smoother catalyst surface may lower the
Brensted acidity of the catalyst surface because less alumina
0 sites are exposed.
Combining the Column 6 metal (s) with the support allows
(for example, comulling, in contrast to impregnation of a

support) at least a portion of the metal (s} to reside undex

33



becone | ess soluble in the hydrocarbon feed/total product m xture. In sone
i nstances, the hydrocarbon feed and the total product may formtwo phases
and/ or becomne insoluble in one another. Solubility changes may al so result
in the hydrocarbon feed/total product m xture formng two or nore phases.
Formation of two phases, through floccul ation of 20 asphal tenes, change in
concentration of hydrocarbon feed and total product, and/or precipitation
of conponents, tends to reduce the life of one or nore of the catalysts.
Additionally, the efficiency of the process may be reduced. For exanple,
repeated treatnent of the hydrocarbon feed/total 25 product m xture may be

necessary to pm@w@@i@cecwct@epér@w@&d wetdn desired eron@,Eatnip@@, Duri ng
processing, the1 P- \éa!iue t he Or%( ro](é%rdbrg)n feﬁg?/(}t[%)t aI gluct m xture nay
be ronitored and i He’ stabl ’”If/p t & Brot &8s Ry lda xbon feed, and/or

hydr ocar bon 30sf¥edet gtaal ledd@élerm%‘t ar@xmay e wmmbe s, UELY ¢ cal | y, a
tF’hvalhug t hat bl Sat?rll vAPSt 1. Q)mbrmﬁamsukha{dvﬁh@qeulartengn of @&tsphfi: tenfsI frO{n
e rocarbon ener a curs. e is injtia at |eas
1.0, gnd such P! Vglcj 5 i“H%r‘ﬁéé%]e"s o?xﬁe§d?e1h§t f\/g am!s}éﬁbfaem&ﬁl’} ‘hg cgnt acting,
then this indieatiedty hat titcheabpyldsocar bohowieedati éeéﬁfeti at PWIayn stfabi | e during

contacti ng. Wdlﬁco%[mmofﬁ‘&fq/{@ti@l_ M&Q&C%fnh%@ UE@M%@Q‘] IJE;EMWL;%S assessed
by P-val ue, g be colnt rolle gqntgﬂe ont agtl ng.c ‘%ﬁ(}ll tions, by
sel ection of catarysts "By “%’E?é“ K’/‘e OF ofeti ‘6%118 FYst8°6F" conbi nati ons
t hereof. Such eortiroldi hige clirtont at:tnhng@c"(i@ndw idonsnareyniawt| eadebeontrol |1 ng

LHSV, tenpepat ULg,: yRFf §SSHI L nyydegen cupy ake, hydrocarbon feed flow, or 10
conbi nati ons t hereof. he accurul ati on of sedi nent and/or insol uble

conponents in the FEHER6r Y™y d8dPt %P redsting ¢hafg¥ i nit Wé contacti ng
zone, thus i nhilphighng:-haydrtecaddianct eedefeont pas shavp:t hi:cughot heecont acti ng

zone at desi regorrfﬂoQX%tfvaB?SLhoAcNaLQPLodm'aQth%&@1'h ALESSWR JRY, I ndi cate
pl uggi ng of the cat aIy A change 1 n ressure of at least 3 MPa, at |east

5 MPa, at |easf® 7'fP&! BF Gafefdast 40 K "‘Bv@roxéd%rf‘dﬁ’?tiier’ftﬁ‘aj%f °time may
i ndi cate catal ysta phitgghag:) L Durdnagn prraeessi ngLurhhe renketirpeessure of a

contacting 20 &%dijfst%&kﬁ%dmb%$ é%%‘é&&’g%g?éf?ll%i ”D%E%%@t h@:

r
increase inin ressure may indicate OW t Aroug cggal yst is
i nhi bited. TheCCPWWPb@ eb GRY froRe rinet datRedoBYe anFHcr ease i n deposit

or sedi nent fogsi@atboonThanbhsr ease drﬂeﬂ&ﬁoslérﬂcataﬁﬁdtﬁflﬁh ey plug pores
of the catal ysi, dtlhus 2 restri ?] d1‘el3:ovy ofL men Eydr ocar | bgg feed through
n

t he contacting Fénect 'f‘e uvlelw ocar o] am\?l*"%g Vi Scosities that

i nhi bit theo hyféifri@éafpw iﬁ@eéef@%ﬁwbmeﬁgbx rCaﬁBﬂp@FltJe’@@aﬁwﬁm Of)ulrhﬁed are

contacted at e&@wahe@lmbmlr @g@a iR 8SSULES dlffﬁfa@@o@)@%@fﬁ}m at dwast 7 MpPa,
at least 10 I\/P@ rod th t are nore

a ce pr
fluid. At el eva(fiéltrﬁmailﬁfco feri® 1r‘%csgu%eers C%oke ?%]‘ngteloomﬁ?fig Re5hi Bl 8d, thus the
properties of :m@yhdydﬁe)earlbonarf@édwmy Ye: changed- withm bmad@nmg

and/or absence of patterns associated with Columnn 6 metal in

25 an xn-ray diffraction spectrum, it is possible fo estimate
that the Column 6 metal {s) are substantially randomly ordered
in the crystal structure. For example, molybdenum trioxide
and the silica/alumina support having a nedian pore diameter
of at least 180 A may be combined to form an

30 alumina/molybdenum trioxide mixture. The molybdenum trioxide
has a definite pattern (for example, definite Dgpi, Door and/or
Dops peaks). The support/molybdenun trioxide mixture may be

heat treated at a temperature of at least 316 °C (600 °Iy, at
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m ni mal coke production. Since reduction of viscosity, residue and Cs/C7
asphal tenes is not dependent on hydrogen pressure, reduction of these
properties may not occur unless the contacting tenperature is at |east 300
C. For sone 5 hydrocarbon feeds, tenperatures of at |east 350 C nay be
required to reduce desired properties of the hydrocarbon feed to produce a
product that neets the desired specifications. At increased tenperatures
coke formati on may occur, even at el evated hydrogen pressures. As the
properties of the 10 hydrocarbon feed are changed, the P-value of the

hydr ocarbon feed/total product nmay decrease below 1.0 and/or sedi nent may
form causing thepreduct mkmtuweotonbeeﬂﬁfaﬂmgrabumo Siynee, el evated

Ny Qr 008N DT eSSUL SR,k OAULLE) ! AR 00UN,S. Ol YN 098, 8, BLgCess capabl e of
reduci ng properties are I ndépendent "of pressure at m ni na

t enper at ur es |§0H6§Fwabﬁémﬂﬂepﬁb@és§ﬂﬁﬁa®féﬁ@ﬁapésﬂﬁftﬁﬂé§§ﬁ¥es of at nost
7 MPa and t enpekadpibeSnobndainck eastnQQ,; Gaskt hout produci ng sedi nent and/ or
coke are adyantagequs,. uring; contack,, Lhe b-yalug, my be kept above 1.0 by
20 controlli'ng the“con actin T For exa in some

enbodi ment s, i fietdids t@m@@@@lmFéﬂrﬁcﬁéageSCEbWWE64@6m@¥S%%@rP-vaIue dr ops

bel ow 1.0 and ey dr oaagmnerﬁzﬁﬁ%&&t,al &rprﬁ@mcammlxtﬂut@ becma unst abl e.

I f the tenperature decreases G _.mninmal change
hydr ocar bon 25¥?1§ &ggm%r “%g XHQ MEXEUTGHE 8?6&2 %rg r’éin’F’oduced by

contacting a hyﬂﬂ@@dﬂﬁ&mnf@e@tMWﬁhp@né pyxtmoe engatalyseesdestrd bed herein

may be usefyl Lfa Wderrange. qjuapﬂel gaddons dus! MuRgs hutpypot limted
to, use a feed tﬁhrefl eries ucl g 30 tra portatlon fuel, a

ro
di l uent, or an®¥f EﬁUT éﬁ?“?@g ﬁ%@ég g “881 PP dcesses. For
exanpl e, hydromaﬂb@ﬂe#@edsmﬁavmwgsanmﬁpmngﬁ99¢ﬂy bifarmmbsvtqo (for

exanpl e, bitungn.angior BeanYeids/ LalsSandsqer wde)atmyobe fonuerted into
vari ous hydrocarbon streans through a series, of proceSS|ngPsteps usi ng

cracki ng uni t s*Qf 8FFE¥aApt, aﬁﬂ‘ébﬁViat?Hj“EEﬂaEF%cﬁﬁﬂd”’ EPEF | ui d
catal ytic crackding unit, thermal cracking unit, or other units known to

convert 5 hydrocarbon cfogm O eagm\ﬁ;pogprmn@m fhy be forddadUGtd on of the
vi scosity content of rocarb feed produce a feed streamthat nmay

be processed |W”GﬁFF§3Hﬁ?“bﬁﬁ%ﬁbéoﬁﬁ§qb?%dés@ﬁh@r?éﬁéhd?sﬁ?drocarbon f eed.
A systen1u5|ngomhedaethoﬂspanduﬂaﬁakyxt&mﬂesnmmb@dahenewﬁngmamhange W

properties of &@XQ%O%%[FP%'& he8SalBY, *?Srnﬁ%gchqugd %a%”&ﬂic; one or rmore

of the crackin t ment of the rocar bon in one or nore
syst ens deé%rl%%UbHéFﬁlni%%&Q%ﬁédﬁdém@°¥@éﬁ9tﬁhﬁ F%ﬁ@o@%§‘?he[bi%ce55|ng
rate of the cramkirogUlkdém lw at +heast ‘a fachater@bs 3¢ aind gast a factor of

15 4, at |east %fi‘&t% OJ pedles tang?%gkn'ﬁllf %Eorﬁm‘%fmjeogo?f%r exanpl e, a

system for trea rocar VINg a Vi scosit | east 100
cSt at 37.8 C(@hdﬁ@ﬂﬁﬂiiﬂQYEﬁ%J@ﬁ“@%&ﬁd@@>6@@lgﬁahaof hydrocarbon feed may
i ncl ude one or norenCent @Gt kNg:tSY st ebpdasceiibed her ebnupPosi tioned upstream
of a 25  metal (s)/support particles may be heat treated (calcined) in

the presence of hot air and/or oxygen containing air at a

temperature in & range between 315 °C and 760 °C, between 535

°C and 760 °C, or between 500 °C and 650 °C to remove

volatile matter such that at least a portion of the Columns

30 $-10 metals are converted to the corresponding metal oxide.
The temperature conditions at which the particles are
caleined may be such that the pore structure of the final

calcined mixture is controlled to form the pore structure and
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20 cracking unit. The contacting system may include one or nore catalysts
descri bed herein capabl e of producing a crude product having a viscosity of
at nost 50% of the viscosity of the hydrocarbon feed at 37.8 C and/or at
nost 90% of the residue of the hydrocarbon feed. The crude product and/or a
25 m xture of the crude product and hydrocarbon feed may enter the cracking
unit. Since the crude product and/or m xture of the crude product and

hydr ocarbon feed has a | ower viscosity than the original hydrocarbon feed,
the processing rate through the cracking unit may be inproved. 30Tn sone
enbodi nents, hydrocarbon feeds having at |least 0.01 grans of C5

asPhal t enes rraygmc@l%g@@@ﬁdflt el RIak 9T ysko iﬁé@&@%d?ﬁ@%iinﬂg dai’i@%jﬂ%nt ina
refinery operatjqn. Deasphalti processes may invol ve solvent extraction
and/ or contac?%ﬁﬁm?ﬁégggﬁﬁgrﬁggﬁ Qmwaﬁéfygtm%%‘P%ﬂﬁV%‘ggbﬁﬁfﬁenes.
Reducti on of avolusase! ahporatebretef tidse chomponenisstHattioontfibbute to
viscosity, at h@asheaPoLid AReDisubRaGeMRNentS ythats eontki bute to residue
and/ or asphgltg,@sr rigor to the 5 deasgpalt[q? grpcqssmngé elimnate the
need for solvefit' €xttadti GHCVHEYGRETRE® amBhnt " 6F "1 8quit &d98ol vent, and/ or
enhance t he ef fiwgicency aof/trthecdeasphalibi g processit Foruwexanpl e, a system
for treating antdrocarnposf estholaviNOnaPel Shanmef Rydreegsban.feed, at

| east 0.01 granms of C5 10 asphaltenes and/or 0.1 grans of residue and a
viscosity of at”['@4sto 0 TSP > 878 E fraytt Kbt ydevdrie BridedF éocont acti ng
systens descri befchefel:n pesidi,@nedUpsiream:ef-ca deasphakling.upit. The
contacting system may include one or nore catal ysts described herein
capabl e of Br oduéFAY A E7Td@* 1% product having a C5 asphal tenes content of
at nost 50% of theahydrocar borh fieeck:Gbdasphat trepesiwconienisla eesi due
content of at mogh20% el &be HXIEQRANDAN.f R bESIAUE: FORLENM 8 visCosity

5
of at nost 50% of the hydrocarbon viscosity or conbinations thereof. The
crude product AndfEYeEIntSPHFE RS 200U her s DERS SBFOUUERT &¥dB\Adr ocar bon f eed
may enter the deasphalcbsng unilteasSinee’t he &t udespraodutt aand/ or m xture of

the crude Q%OQ#&ES ! E.Qﬁhxg&Pga@pqn E%&%théﬁw),thEErﬁ%@h§h§e”?’ residue
and/ or vi scosi than the orlglna 6hygrocarbon eed, the processing
ef ficiency of Y- 25T¢ea@ 4t iRgrentict Ty beriehetedsedByvat | east 5% at
| east 10% at peasts 20%Orwatwilteast H0%afinthe oerdgipgltref ficiency.

of Using such EAFalyst S Undart aont KT Lont AUt a0 doadi TIoRe. are set
forth bel ow. Bauprecally Rdgpairaepron offta c@bkindl B2MbeatorCattddy st Having At
Most 10 wt % Mobyhdeniyan-andnan Sukhaes: A eaa0f Rb h&ast 21340.9211900 A support
(4103' 4 gr ans)hf}ulg*g'? a9109£6?9jtn89000h8\?rsgr g‘i‘r_‘mle%];t 3600 hours, at least
6000 hours or at least %000 hours.
In some embodiments, catalysts may be characterized by
peore structure. Varicus pore structure parameters include,
25 but are not limited to, pore diameter, pore volunme, surface
areas, or combinations thereof. The catalyslt may have a
distribution of total guantity of pore sizes versus pore
diameters. The median pore diameter of the pore size
distribution may be in a range from 30 A to 100 A, 50 A o
30 804, or 80 A to 80A,
The catalyst may have & pore size distribution with a
median pore diameter of at least 60 A, at least 90 A, or at

most 100 A, In some embodiments, the catalyst has a pore
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silica and 0.98 grans al um na per gram of support was conbined with

nol ybdenum tri oxi de (409 grans) to forma no/support mxture. Wth a nuller
runni ng, deionized water (2906.33 grans) to the M/ support m xture and the
m xture was 5 nulled until a loss on ignition of 58% was obtai ned. During
comul i ng, the conpactness of the powder was nonitored every 20 to 30

m nutes and 1 w % (based on |loss of ignition) of deionized water was added
to the mxture until the loss on ignition value was obtai ned. The pH of the
conpact 10 Mo/ support powder was 4.63. The conpact M/ support powder was
extruded using 1.3 mmtrilobe dies to form1.3 trilobe extrudate particles.
The extruded parid ¢l esiwetiendii®daatedi2b Grang skben: cal £iraeg: ateb37 C (1000

I,1) for two hours. to f.ormdthe c yst...The 15 bul k_densi of. 1 he

cat al yst was 0%1‘7 tsé;)lr?f. E\Tﬁtgﬁrt_eos%b%‘n%rc%t gl %/%t%?gbn“fﬁ?n%d}%%setr 6gjf’am of
catal yst, 0.08°greafBtdf "ABleybeeharys Vit Hha Rerbal ahcd sheimgigupport. The
mol ybdenum cat akyisty 4 Sore rmaeendalivahasyst hawi, ng: aonedisammdore di amet er

of 81 A wth %&ﬁhgﬁggmgggggueéhe total nunber of 20 pores in the pore size

di stribution having a porée dianeter within 33 A of the nedian pore
di anmeter, a pore vél uirgeofrbQdeBR AL /Ryre ardvae sur pace aredeoft 355 n2/ g, The
pore distributi@rtas. Ireasy ed byasencuryn’por esidehéy: at 2 cantgact rangl e of
140 is_shown i cr:]er "'Aa‘%ITEem'lledn,zm%nIéA:Blﬁgré‘ v%?&sr?e [gfaxgcg:te%rmgyn raAﬁge%ngrg %.IYOl ume <70
25.61 70-100 _
em®/g to 0.9%9 cm®/g, 0.4 em?/g to 0.8 cm®/g, or 0.5 cm'/g to
10 0.7 em®/q.
The pore velume of the catalyst includes pores having a
pore diameter between 1 A and 5000 A and pores having a pore
diameter greater than 5000 A. In some embodiments, the
catalyst has a majority of its pore volume in pores having a
15 pore diameter of at most 300 A, at most 200 A, or at most 100
A. In some embodiments, the catalyst has at most 80% of its
pore volume in pores having a pore diameter of at most 100 A,
at least 5% of its pore volume in pores having a pore
diameter of at between 100 A and 300 A, with the balance of
20 the pore volume being in pores having a pore diameter of at
least 300 A.
In some embodiments, the catalyst may have at least 90%
or at least 95% of its pore volume in pores having a pore
diameter of at most 300 A.
25 In some embodiments, the catalyst may have alt most 5% of
its pore volume in pores having a pore diameter of at least
5000 A,
Such a catalyst may have a pore volume between 0.5 co/g
and 1.0 co/g and a surface avea of at least 340 m'/g. In
30 some embodiments, the catalyst having a pore size
distribution with a median pore diameter in a range from

about 50 A to 100 A, may have a surface areas of at least 340
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57.76 100-130 8.96 130-150 1.50 150-300 4.38 Pore D anmeter% Pore in

AVol une 300-50002. 14 >50000. 47 Exanple 2. Preparation of a Colum 6 Metal
Catal yst Hay' q at Least 10 w % Mol ybdenum and a Surface Area of at | east
340 yelg, , A support (3000 grams) that contained 0.02 grans of 5 silica
and 0.98 grans alum na per gram of support was conbi ned with nol ybdenum
trioxide (797.84 grans) to forma M/ support mxture, Wth a nmull et

runni ng, deionized water (4092.76 grans) was added to the M/ support

m xture, and the m xture was nmulled until a loss of ignition of 0.5787
grans M per gram of m xture was obtained (for about 45 mnutes). The pH of
t he Mo/ support mfigkt WhenWesidc83rea may belha Myspppebh mmoxklUpetamas extruded

using 1.3 mmtrjlobe dies to form.1 3 trilabe extrud particles. The
particles wer eglc)ié imegg’athqié%p L§’mmot He/ﬁ" cal g?ﬁemd}(%tt%S%ge& %1‘000 F) IS for
two hours. The conpattiedtduilaitenspef l6f suriacexrpifRives av@s 0.545 g/ nL. The

resul ting catakystaceoit-abneds pole gramipiticat alostihed. IdIeohans of

nol ybdenum W tb)lghjtbt]]_({a (p]%laance bei ng support Thag_ nol ybdg}nﬁq}@ gat_]%Lyst is a

: j 20l rul)y. Limes : QY AR .
nmononodal cat afyst " hayi ng & fedian: pore di aneter “ot 88 W that |east 20

60% of the t ot alessunbernofelgopres! oot pire diczeedimgtei BdLi on having a
pore di aneter wWhtNigB: 4ibeA Qfc tHRLABEHIFRor at least 1 year of run time.

The enhanced run times may be attributed to the high surface

area of the catalyst and/or the narrow distribution of pore

10 diameter in the pore volume of the catalyst. Thus, the
metals of the catalyst remain exposed for longer periods of
time, thus plugging of the pores of the catalyst is minimal.
The high surface arvea and selected distribution of pores in
Lhe pore velume of the catalyst allows processing of high

15 wviscosity and/or high residue crudes that would not be able
to be processed with conventlional catalysts having the same
pore distribution, but smaller surface area. Calcining a
comulled catalyst at temperatures ranging from 315°C to
675°C, in the range from 400°C te 650°C, or in the range from

20 450°C to 600°C may facilitate formaticen of pores having
similar pore diameters and narrow pore distributions with
large surface areas.

In certailn embodiments, the catalyst exists in shaped
forms, for example, pellets, cylinders, and/or extrudates.

25 In some embodiments, the catalyst and/or the catalyst
pracursor is sulfided to form metal sulfides (prior to use)
using techniques known in the art (for examplae, ACTICAT™
process, CRI International, Inc.). In some embodiments, the
catalyst may be dried then sulfided. Alternatively, the

30 catalyst may be sulfided in situ by contact of the catalyst
with a hydrocarbon feed that includes sulfur-containing
compounds.  In-situ suifurization may utilize either gaseous

hydrogen sulfide in the presence of hydrogen, or liquid-phase
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pore dianeter, a pore volunme of 0.651 niL/qgq, and a surface area of 365 nR/g.
The pore distribution as nmeasured by nmercury porosinetry at a contact angle
of 140 is shown in 25 TABLE 2. TABLE 2 Pore Dianeter in A % Pore Vol unme

<70 23.58 70-100 40.09 100-130 12.77 130-150 3.02 150-180 2.56 180-300 4.04

sulfurizing agents such as organosulfur compounds (including

alkylsulfides, polysulfides, thiols, and sulfoxides). Ex-

situ sulfurization processes are described in U.5. Patent

Nos. 5,468,372 to Seamans et al., and 5,688,736 to Seamans et
5 al., all of which are incorporated herein by reference.

In commercial applications, after sulfidation of the
hydroprocessing catalysts, the hydroprocessing catalysts are
typically heated to 400 °C over one or more menths to control
the generation of nydrogen sulfide. Slow heating of

10 hydroprocessing catalysts may inhibit deactivaticn of the
catalyst. "The catalyst described herein has enhanced
stability in the presence of hydrogen sulfide when heated to
400 °C in less than three weeks. Being able to preheat the
catalyst over & shorter period of time may increase the

15 amount of hydrocarbon feed that can be processed through a
contacting system,

In certain embodiments, the catalyst of the invention is
obtainable by co-mulling Column 6 metal (s) with a support,
Co-mulling the Column 6 metal{s} with the support may form a

20 mizture or a substantially homogenecus mixture. In some
embodiments, the mixture may be extruded and/or dried. The
mixture may be calcined at a temperature of between 535 °C
and 700 °C to produce the catalyst.

The supporlt may include from 0,001 grams to 0.2 grams cf

25 silica and 0.80 grams to (.99% grams of alumina, or from
0.001 grams to 0.1 grams of silica and (.90 gram to 0.%98
gramg of alumina per gram of catalyst. In some embodiments,
the mixture may be dried and calcined at a temperature of
between 315 °C and 760 °C to produce the catalyst.

30 The catalyst may have from 0.001 grams to 0.3 grams,
0.005 grams to 0.2 grams, or 0,01 grams to 0.1 grams of

Columns 6 metal (s) pexr gram of catalyst. In some
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-3-0-0-1000 4.53 1000-3000 5.16 3000-5000 3.19 >5000 1.04 FIG 2 shows
x-ray diffraction plots of intensity versus 5 degrees 2-Theta of npl ybdenum
trioxide and the catalyst as prepared in Exanples 1 and 2. Plot 112
represents the spectrum of nol ybdenumtrioxide. Plot 114 represent the
spectrum of the catal yst as prepared in Exanple 1. Plot 116 represent the
spectrum of the catalyst as prepared in Exanple 10 2. Peaks between 35
degrees 2-Theta and 70 degree 2-theta have peak w dths of about 10 degree
2-theta. Distinct peaks for nolybdenumtrioxide between 10 degrees 2-theta
and 30 degrees 2-theta are absent fromplots 114, 116. Plots 114, 116 are
simlar to the asss@ynedtd, f LAEdaom ypat far Andlare adtunbma.0. 15-Ehe ©thange from

sharp peaks forCOgQrLry?gflﬁ&%%%)r :"%ig@gm(&l o, 41¢) to substantially no peaks or

broad peaks (plots 1 i'cates that "the nol ybdenum netal is noving
i nsi de the al uni na "E&094l B5S4RE CahPiBtc Be et ectetl® ByPeRE¥ayt dif fracti on
t echni ques. 20Exafmiesnsk and a2adamanst rsal £:aa coeihboshghb e trakiyngl 1awcat al yst
that incl Udess %%%n%qt .%Srllrgetgpgs)oEo rl:%[;\gu?)&la%aee sggl l%@gughout the support
while being heated to elevated temperatures (for example,
temperatures of at least 315 °C, at least 335 °C, at least
375 °C, or at least 425 °C).
In some embodiments, the catalyst is monomedal. Such
00 comulling of metal and support, followed by calcination, may
produce a monomodal catalyst having a pore size distribution
with a median pore diameter of at most 100 A, with at least
B0% of its pore volume in pores having a pore diameter of at
most 300 A, The catalyst may have a surface area of al least
15 340 w®/g. The catalyst may have a pore volume from 0.5 cc/g
to 0.9 ¢efg. In some embodiments, the catalyst may exhibit
one oxr more peaks between 35 degrees and 70 degrees, and at
least one of the peaks has a base width of at least 10
degrees, as determined by x-ray gdiffraction at Z-theta
20 This catalyst reduces at least a portion of the
components that contribute to higher viscosities and/or a
portion of the components that contribute to copper content
withoul significant reduction in sulfur and/or Ni/Fe/V
content. Treatment of the hydrocarbon feed with a Column 6
25 metal catalyst that contains none or a minimal amount of
Columns 9 and 10 metals may be econcmical advantageous since
it allows production of a product with reduced viscosity and
minimal desulfurization and/or demetallation relative to the
same properivies of the hydrocarbon feed.
a0 Using the catalyst(s) of this application and
controlling operating conditions may allow a crude product to
be produced that has selected properties changed relative to

the hydrocarbon feed while other properties of the
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or nore Colum 6 netals of the Periodic Tables wth a support calcining the
one or nore Colum 6 netal oxides and support at a tenperature from 315 C
to 760 'C to provide a calcined catalyst. The support conprises fromO0.01
grans to 0.2 gram5 of silica and fromO0.8 grans to 0.99 grans of al um na
per gram of support. The cal cined catal yst has a surface area of at | east
340 n2/g, a pore size distribution with a nedian pore dianeter of at nost
100 A, and at least 80%of its pore volune in pores having a pore dianeter
of at nost 300 A. Exanples 1 and 2 al so denonstrate a catal yst that

i ncludes one or nore netals from Columm 6 of the Periodic Table and/or one
or nore conpoundscofrbonefcer ey eolmet.absipomyCobanmmd6 dhethe Periodic Table

and a support ;e gign cm% a%ggg tma Om%' éﬁﬁanté@rprgp&%lamawwo 2 gram of
silicaand IS from0.80 g grgams of alum na per gram of support,

and wherein the E4E a\“lyﬁé‘f”ﬁﬁgn afe%raf“gcé Fed off 4t FEFE 840°MR/ g, a pore

si ze di stri butimwnsyatrht ormedi/an porieidi.aneter of at nost 100 A, and at

|l east 80%of its pare oé{toh'x}@? dfnnﬁ}.prEﬁ];%Y'LMméy%%Svﬂ'£H§$x . 9f at nost 300
A. 20 Exanple 3. Catalyst Havi ng urface Area O At Mst 250 nR/g. The
Yo

conpar ative cat’af y%ot‘“\ﬁv‘a@%r Epar 8F At HE Fol MO0 g teifieretalbose (94. 44
grans) was con ned switdr Wide tporedabeamiona (2442.595 gransd, and crushed and

si eved al um na. b, neg hﬁv'v Qo&,j%r&ﬂ ﬁ{,&m% Z&;P%&?/‘%Bvﬁ apgd,ytQ mcroneters
(1050.91 25 grans) I'n mul runnln%é nitric acid

(43.04 grans, ”BgtWrM“]a?irdvﬂé‘toohP‘%éﬂdﬁ%CtaéPm( 42@‘5’/ gy Hiaey Rereidded to the
m xture andot he besaurl tang yEi X ous & iwass nvkhedchor abdnimut eswcrSupar fl oce 16

(30 grams, Oytgg |HAURII Cone VESL.RLALSON, NEW ST Se o), vas added to
e nul | nd th

the 30 m xture Iin er, ture was mul r at total of 25
m nutes. The rwéé‘ﬂl‘l’% ﬁ@Plfﬁ“ki;]meétH&dca‘bi‘)lH b‘F 6.0 and a Ioss on ignition of
0. 6232 granms per gnan:afaipkxtodr ehe Ebﬁiﬂiﬁﬂ“c&dmﬁiﬂﬁrﬂﬂﬁbe\l\@&,ﬁ)ﬁbr uded using 1.3
mmtril obe dies form1 3 tril obe. extrudte_ L e The extrudate
B R T N R DA s A LA
(1250 F) for tigec holksutmérpr gaoes rhedapary seosuMieleat alysereont ai ned, per

gram of catal x»sli)@dltamtzb 5 afr @B a0fs ngo&wadenum atid Rotde pbad angesoei ng
m neral oxide anq\w The cat? yst having a pore

0 a at al
Si 76 di stri butt o' | ol oHec B e Sl RO e S8 B Hre006 of Ut he
total nunber obspcBesnin’the apomestml@el\}m */efi. st ki bord erbddivienys.a apor e

di ameter Wt hiBy33.+A0fcohhe: sredians 1&@@&&@@;@%@; Aaupptal pore vol ume of
0.924 cc/g, and a surface area of 249 Q pow g/ze; di stribution
ot

measur ed ugi ngYREYEHr P PBPBE ety %tirgmcgrﬂm “&n 140°°s' shown in
TABLE 3. TABLEx®nPore3DNafvef erfrpm ANn'/m® vo A)Nme, or from 10

r’m*/m? to 20 NmP/m?.
In some embodiments contacting conditions may be
controlled to produce the crude product; at a partial
25 pressure of hydrogen at a pressure of most 7 MPa, and wherein
hydrogen consumption is at most 30 Nm®/m®.  In other
embodiments contacting conditions may be controllied to
produce the oruvde product at a partial pressure of hydrogen
at. a pressure of most 7 MPa and a temperature of at &
30 temperature of least 200 °C.
In some embodiments, the catalyst of the application may
be used in combination with other catalysts. An example of

another catalyst is a catalyst that includes supported
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% Pore Volunme <70 0.91 70-100 20.49 100-130 37.09 130-150 4.51 150-180 2.9
180- 200 1.06 200-1000 0.85 1000-5000 5.79 >5000 22.04

catalyst fines and/or mineral oxide fines. Such catalysts
are described in V.5, Patent Applications entitled ™A
Catalyst and Process for the Manufacture of Ultra-Low Sulfur
Distillate Product” and “A Highly Stable Heavy Hydrocarbon
5  Hydrodesulfurization Catalyst and Method of Making and Use
Thereof” to Bhan; and International Application No. WO
02/32570 to Bhan, all of which are incorporated herein by
reference.
Arrangement of two or more catalysts in a selected
W sequence may control the sequence of property improvements
for the feed. For example, a catalyst having a surface area
of at most 300 A as described herein may be placed upstream
of the catalyst having a surface area of at least 340 A,
Treatment of the hydrocarbon feed with hydrogen in the
15 presence of the lower surface area caltalyst may reduce a
porticn of the components that contribute to residue, at
least a portion of the components that contribute to high
viscosity at least a portion of the Cs asphaltenes, or at
least a portion of metals in metal salts of organic acids,
20 Contact of the treated hydrocarbon feed with the higher
surface area catalyst may further reduce viscosity, copper
content, wvanadium content, metals in metal salts of organic
acids.
Arrangement and/or selection of the catalysts may, in
25 some embodiments, improve the useable life of the catalysts
and/or the stability of the hydrocarbon feed/total product
mixture. Jmprovement of a catalyst life and/ox stability of
the hydrocarbon feed/total product mixture during processing
may allow a contacting system to operate for at least 3
30 months, at least 6 months, or at least 1 year without
replacement of the catalyst in the contacting =zcne.
Combinations of the catalysis of described herein allows

reduction of: viscosity, at least a portion of the C
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S Exanple 4. Contact of a Hydrocarbon Feed with Catal ysts From Exanples 1
and 3. A tubular reactor with a centrally positioned thernmowell was

equi pped with thernocoupl es to nmeasure tenperatures throughout a catal yst
bed. The catal yst 20 bed was fornmed by filling the space between the

t hermowel | and an inner wall of 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. Al catalysts were blended with an
equal vol une anount of silicon carbide before placing the m xture into the
5 contacti ng zomweapomesons dfasthe geeattors Thrembydsotarkon fseedsflow to the
reactor was from.,thetop.of t @ 1£8ACL Ofo.li 00 *?;‘% 994&901(% the reactor.

Silicon carbide was positione bottom of the reacfor to serve as a
bot t om suppor tS°"PETHE “EattErYEts WELE%I}W?H%J“BSW ifkef oGP Ty “AYfaseous
m xture of 5 vel¥ehyidsogennsuykirdexand @bdvoldeiydieogemigas into the

contact ing zongs,al; Axale ook Bl biens/ Nowo.ol,gaseqys it ure per vol ure

(rat) of total catalyst (silicon car e was not counted as part of the
vol une of cat a@%etyt MBEFEnPErER UPESC BT "Ph e CoRTHPEP ngor BHES iWerée i ncreased
to 204 "C (400yE)ycauebn Ifdhaur-vanda: hel shat: 204 . C fror aRihauriss After hol di ng

at 204 C, the I@Q&%&%%y gﬁg&%}ﬁg?&&nEQleg%>1889§_§%&k£n85%%.ed

incrementally to 316 er hour. The
contacting zorfed°here i’r‘ﬁ”ibﬁﬁ Hihed Yo Ardrprsrienf 6?‘*‘36{h0’ﬁbiuf)m<iuﬁén t he
t enper at ur eo was zrats ed ﬂs@mS:YIG,aGJnéJ(alQr rﬂge)armnlﬂg hour and held at 370 'C

for two hours. The, CQP'%‘%%EI‘!’Q&“‘%Q IS 0ql ?ﬂbl ent

1 00, £OY, ¢ |
tenperature. After su fion o tﬁe ceéffé%‘ é’r%’al 8 C"’H“”r}'ature of 25 the

contacting zor®s Wagopdiivedd tdewas vemperfat s éaétﬁlbzblﬁ Qf L)l\e hydr ocar bon feed
(Peace River) ,:mhél\{ti:ﬁbg tt(h&@@tr(%p@é_td(@ff-dh'j]%bﬁﬂ iled Jakbhe dewas fh.owed through
t he preheat zaone op. ccp_lluﬁgacit1 zone ottom cont actl nﬁ& one, and bottom

support of theoxfjfé%]cct’ & hydr ocdar b quée@%% &8nta with each 30 of

the catal ysts QOHnwr@apr(éséh@:él@ﬁt hyde bgéntgasdu@ntadti/dgFecondi ti ons were

as follows: rabhenf ochyd088M085% 0. fLedowas 343 NIB/MB (2909 SCE'S) and

LHSV was aboutf 0.5 11(31 ]'{he tY,\D con;t a]cth zgges wer e ‘k}eat ed to 400 C. and
mai nt ai ned bet %h esuliurization catalys ay be positionec

downstream of the demetallizaltion catalyst to reduce the
hetercatom content of the crude product as compared to the

20 hetercatom content of the feed., Examples of commercial
catalysts include HDS3; HDS22; HADNGO; C234; C311; C344; (C411;
Ca24; C344; C444; C447; C454; CA448; C524; CS34; pC2531%;
DNL20; DWN130; DN14Q; DNL90,; DN200; DNB0O; DN2118; DN2318;
DN3100; DN3110; DN3300; DN3310; DN3330; RC400; RCAL0; RN41Z;

25 RN400; RNA420; RN440; RN450; RHN650; RN5210; RN5610; RN5GBD);
RM430; RMH030; Z603; 2623; Z673: Z703; 2713; 2723: #753; and
2763, which are availlable from CRI Interxnational, Inc.
{(Houston, Texas, U.5.A.).

Iin some embodiments, the order and/or number of

30 catalysts may be selected to minimize net hydrogen uptake
while maintaining the hydrocarbon feed/total product
stability. Minimal net hydrogen uptake allows residue

content, VGO content, distillate content, API gravity, or
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400 C and 420 C at a system pressure of 3.5 MPa (500 psig) as the

hydr ocarbon feed fl owed through the reactor for a period of tinme (about
9722 hours). During the run, an increase in inlet pressure fromabout 3.5
MPa and about 7 MPa 5 was observed at about 6500 hours and 9000 hours.

Al t hough the pressure increased during this time, the pressure stabili 7ed
at about 7 MPa. Since a rapid increase in pressure was not observed the run
was allowed to continue, The P-Val ue was nonitored periodically and

remai ned at 1.0 or 10 above 1.0, therefore the process was consi dered
stabile. For exanple, at 7896 hours the P-Value was 1.0 and the inlet
pressure was aboutntibnMRaefdQl 21 pgicgrydAiaaioute@000 hrounsitatihed i nl et

pressure droppggitig hel QWJWNP@ ebr MRl %epém@%pmo%%@é akatal yst (24
cn) as 15 described in m xed with silicone carbide (24 crr)

was
and the mi xtur ée"\ﬁasw}ﬁﬂ& [ nﬁ%ﬁ TRV T He “BUTt o e Sht &et Fh gz bife S+ Aol um
net al cat al yst p{dBucin)isast descritbeds ithe Banptaeri8ywas/or x@d with sili cone

carbi de (6 gn8), @@QM@&%%&&P%@@SM@I tlboqn@gn%ktqﬁm of the contacting
zone to forma top contacting zone. shown in 4, the crude product

had a viscosit §Bf"¥g°8 %t 157, Lgocca‘éli"éﬁ Ht@lch‘ﬂ eaﬂ?f""ofhaﬁl‘?;m grams, per
gram of crude product ,‘ar@asi\lb;i\#ti:aos:tomvenzt’/@fan%a Gewtppnd &/ 8l ybdenum

cont ent of 0. 4 JPAM:o800 o MR, e00LenR, 0L 105 @xaplig, demonst rat es
a nethod for contactin rocarb on%ee W th one or nore catalysts to

hy
produce a tot aﬁl‘mﬁll%dﬁi‘éf‘l)tsl‘rafia‘ilﬁél‘%lcFé‘§f"f‘}?ed’éﬁ"%&é ﬁr@ﬂ%‘ctwoﬁ& | east one of
t he catal ysts conprdsesi@nenafetMBydofet alpsafa om Gel upr ot 3bofedéde Peri odi c

Tabl e and/ or %ng/ QF o IRL €, GRIRO ?9&]&“ «one,or anggﬁlggtr_agn%]?from Col um 6 of

the Periodic | e and a sup he support rrses ' tfrom0.01 grans to
0.2 gram of sifisEatandor rséﬁ% r8(9°gtﬁ’§n%01tlé”@ oL regfEr R tarumifnEhper gram
of support. TheCotdtinn 6ot alrheadimnystn/hass ansufifuaseprdkear @hyat | east 340
n2/ g, a pore S|1;§ distribution th a nedlp]n POl & di anet er_of  at nost 100

change b ively .8ma ag conmpared
A, and at |east 0%0 Of it oyre or'ire” iR ores "havih hg a }pore di amet er of
at nost 15 the atomic H/C oi the hydrocarbon ieed

In some embodiments, catalyst selection and/or oxder of
catalysts in combination with contrelled contacting
conditions (for example, temperature and/or hydrocarbon feed
flow rate) may assislt in reducing hydrogen uptake by the

20 hydrocarbon feed, maintaining hydrocarbon feed/total product
mixture stability during processing, and changing one or more
properties of the crude product relative to the respective
properiies of the hydrocarbon feed., Stability of the
hydrocarbon feed/total product mixture may be affected by

25  wvarious phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be cauvsed by, for
example, insolubillity of the hydrocarbon feed and/or crude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total

30 product mixture, precipitation of components from the
hydrocarbon feed/total product mixture, or combinations

thereof.
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5300 A Thi s exanpl e al so denonstrates a nethod for contacting a

hydr ocarbon feed with one or nore catal yst to produce a total product that

i nclude the product. At |east one of the catal ysts conprises one or nore
metals from Colum 6 of the Periodic Table and/ or one or nore conpounds of
one or nore netals from Colum 6 of the Periodic Table and a support. The
support conprises fromO0.01 grans to 0.2 gramof silica and from 0.80 grans
to 0.99 grans of alum na per gram of support. The catal yst exhibits one or
nore peaks between 35 degrees and 70 degrees, and at | east one of the peaks
has a base width of at |east 10 degrees, as determ ned by x-ray diffraction
at 2-theta. Exanpl et5cer€Cont ammemﬁumddydmeoeaﬁmlﬁg@drmi akysts From

Examl os 2. and, .. Ine.ABRALAL IS, SULL! Hn0. 08 Gt alvsh,,20. hxdrgoar bon feed

and operating conditions were ane as e exception
of the catal ysPédfOAaW“uﬁ%‘ddFm@dl B?ﬁ’?“ﬁ‘ rf‘ét%‘l”%é]ﬁél%f’gt'( 242g P as descri bed
in Exanple 2 wa&mwxedmmtdf shd ite0fe peanitden (124 10403)aand the m xture

posi ti oned yn. Lhie, BoL Lo 600t B6Li NG, 282608 o B! KL 0, Pt Bl ygatal yst (8

cnB) as deséri be was m x si'licone carbide (6 cnB) and
the mixture po@ittaitowewv@h: sepuof- it hefcbift aerrargnioré ¢ forma top
contacti ng zoneyd:3QRxHdnNg:dshend/dn, capbafitd bNeheast al pdoahet ipressure from

about 3.5 WPa 0dabout, 40, 44D, es obRerved. Al aiout (6500, haur's. S nce

the pressure d| 6 stabilize un - was in Table 4,

t he crude prodbet chala. Vibschglregagiongeeedt agy 3?“8810 cempcgsiiduéhelont ent of
0.264 gransy pgfe gbﬁml@ferﬁ_HQQlyQE@@i%Bm @QM&VAE@ kre@mmm,tq of 251.6 wtppm a
nol ybdenum cont ent of vvt ‘ ?u ?3. ent E d h 5Thi s exanpl e
denonstr at es t%acemrré’th e(’foh 28F i NG B RYAFoCar bor Fedfwith one or
nore cat al yst sifoy prayglee ?%é‘itgaftFisHL‘I pr @“@utsitolthati‘ﬁcﬁnél ud@@atmmer utde product.

At | east one of:itbe cﬁamw§5§m@rrmm@s) ,0Rge Q:romﬁ&’(@%t maﬁ(@l Sedd @3 Col utm 6 of
the Periodic Tbaet?:loslc, aﬁ%sé%‘[a]%&e in the ]1ygr()rg,ggkl§|oqd ?ee /Lgi_del prodnol

15 mixture. In some instances, the hydrocarboen feed and the
total product may form two phases and/or become insoluble in
one another. Solubility changes may also result in the
hydrocarbon feed/tolal product mixture forming two or more
phases. Formation of two phases, through flocculation of

20 asphaltenes, change in concentration of hydrocarbon feed and
total product, and/or precipitation of components, tends to
reduce the life of one or more of the catalysts.
additionally, the efficiency of ithe process may be reduced.
For example, repeated treatment of the hydrecarbon feed/total

25 product mixture may be necessary to produce a crude product
with desired properties.

uring processing, the P-value of the hydrocarbon

feed/total product mixture may be monitored and the stability
of the process, hydrocarbon feed, and/cr hydrocarbon

a0 fead/total product mixture may be assessed. Typically, a P-
value that is at most 1.0 indicates that flocculation of
asphaltenes from the hydrocarbon feed generally occurs. 1If

the P-value is initially at least 1.0, and such P-value
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to nore netals from Colum 6 of the Periodic Table and a support. The
support has fromO0.01 grans to 0.2 gramof silica and fromO0.90 grans to
0.99 grans of alum na per gram of support. The Columm 6 netal catalyst has
a surface area of at |east 340 nR/g, a pore size distribution with a nedi an
15 pore dianeter of at nost 100 A, and at | east 80%of its pore volune in
pores having a pore dianeter of at nost 300 A Thi s exanpl e al so
denonstrates a nmethod for contacting a hydrocarbon feed with one or nore
catal yst to produce a total product that include the product. At |east one
of the 20 catal ysts conprises one or nore nmetals from Colum 6 of the

Peri odi c Tablea&ﬂdﬁ@psoneaonemmm&empﬁp@undﬁueﬁmpnanﬁktnmretma{aIs from

Coum 6 of the.Perlafle Table and,a. upROLt coche, supperf.,gomprises from

0.01 grans to ram of i'ca an rom rams 99 grans of
al umi na per gréhﬁ%ﬁ02®”§ﬂﬁ¢6WPm“¢ﬁ@ cé@éﬁ%@Fb@kﬁFﬁPﬂ§tﬁhé”éﬁuﬂvre peaks
bet ween 35 degmeeenanﬁa%@lﬂggreeﬁss@n@dam;meaﬁmwonenoﬁouhe1ﬂ@aha has a base

2-theta. Flé Yiga" ra |ca re esen value ‘6f the 30 crude
product versus Lr*hrﬂ‘ft?i*ﬁfebﬁ’mo?éahWCoP“t@’ﬁfeﬂ%athaF%is*tJY%‘y’st efs of Exanples 4 and
5. The hydrﬁcaﬁﬂﬂnﬁEEﬂﬂ}h@ﬁw@oP‘ E&hUQOQJmﬂllMﬁ@$h&ﬁ%2ﬂwﬂh0tS 118 aﬂd 120
represent the P-value of the ro i ne contacting the
hygr ocar bon feéd (%I{ n't he' three (”cé ,91]»0? Fée\;rifsgo P9 XLUIel es 4 a%d 5
respectively. Fromurae deaaeneunwkehéwérmbm ddaettpor Clafach trial, it may
be i nferredt hatmdihe: iydr agaebon feed i n each trial remained relatively

stabl e during cont q,gtl n for xan d the?pcz/droc on f eed d| d not phase

(
separate). As shown anaclg:F‘@Jdém’iﬁ B le *BF Tha" S e © pr 0T ¥ emai ned

rel atively conétdmt deacitag meivgrdafi t;%mﬁt pwvre@aoﬁe gachharial. Exanple 6.
Conparative Ex%mhseuﬁléh%&pp@ﬁ@al la!ﬁh;bwl hd dllyﬂgodafa chM G@L@'M«% hydr ocar bon

feed and operatin coqdlt ons ve he sane a ﬁﬁx n‘?ﬂe , with the
exception of tHRETAYAYSIY the CO“L%?R?BPU’rPé"o‘Ft é&PU 6 Met'dr®cat &l yst (24
cnB) as desiri bad.d mdEeanplie Srasasranmxediniititsiplvoone <artbe de (24 cnB) and

the mxture Vﬁ@atl%@?k(“ ORELhahBe Lhe L BALLOM GORL aCki NG WEZONE. 1 4hE0ok umm 6

nmet al cat al yst é cnB) as described in
MPa, dL Yeast 7 MPa, or at least 10 MPa over a short period

of time may indicate catalyst plugging.
During processing, the inlet pressure of a contacting
20  zone of a fixed bed reactor may be menitored. A rapid
increase in inlet pressure may indicate that flow through the
catalyst is inhibited. The inhibition of flow may be caused
by an increase in deposit or sediment formation. The increase
in deposit or sediment may plug pores of the catalyst, thus
25 restricting flow of the hydrocarbon feed through the
contacting zone.

Typically, hydrocarbon feed having viscosities that
irhibit the hydrocarbon feed from being transported and/or
pumped are conbacted at elevated hydrogen pressures {(for

30 example, at least 7 MPa, at least 10 MPa or at least 15 MPa)
to produce products that are more fluid. AL elevated
hydrogen pressures coke formation is inhibited, thus the

properties of the hydrocarbon feed may be changed with
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Exanple 3 was mxed with silicone carbide (6 cnB8) and the m xture was
positioned on top of the contacting zone to forma top contacting zone.
20Si i con carbi de was positioned on top of the top contacting zone to fil
dead space and to serve as a preheat zone. The catal yst bed was | oaded into
a Lindberg furnace that included four heating zones corresponding to the
preheat zone, the top and bottom contacting zones, and the bottom 25
support. During the run, a increase in inlet pressure fromabout 3.5 MPa
and about 5 MPa was observed at about 5543 hours. As shown in Table 4,
the crude product had a viscosity of 101 at. 37.8 C, a residue content of

0. 273 grans, paﬁngrdan&d&@ pfometitte . produet yed@cNonVbfFericamtient of 255. 2

wt ppm “a ol yb?? q}mﬁ il gh aoﬁp?]%g%ggm ng ‘&g%‘icﬂ%nﬁe@mﬁg 10,6. In

conparing Exa e conparativ € crude
products have §f%¥%a? v&PWé§Oﬁdﬂfah*ﬂiﬁémxﬁ&aﬁpWéx‘KWh@“@Wu@éNﬁPoducts
produced in Examples:s:rand opanenl-ower avalues Hhore ol seosisbye and hydr ogen

consunption as, ar.ed he_respective va th de product
produced in’t h&" %%Caﬁﬁ%&§ﬁOJ tEWBFPMIﬁggcﬁwﬁlq@aSIQQO €§w5§%cluded t hat

cont act of therWdF@@apb@chee@PWﬁ% igerdgen dinthhdypreseher fekdt he

catal yst pr epat@qnaa1ud£§c}rnida@elt it a ExaRl eSeli@nded JpRY FiRAUCEH Vi scosity of
the hydrocarboﬂife%x&de u%lanﬂxggga% eOLHMHEMN go%ﬁrQPn Leﬁdtmnth
hydrogen in the" presence of "the catalyst prepared as describedin Exanpl e
103. Exanpl e 70Ebﬁ®é@éwﬂVEﬂExa#&bEH*Theﬂhyﬁ?d@@@b@w@ﬁe@ﬁihéontact|ng

condi ti ons, wanﬂyc&%émﬁt !T&ﬂi wes %ﬁl@ﬁa{m 2SyAXANPF @nd. hyd:604HBKCI al

bi nodal nDbed nu ata S iterion Catal ysts &
Technol ogr e, FBURERHL et 2 ale et he A Rt SoUSHa TSTER T8Y about 5
w% a surfacei@meauoﬁﬂa@dum Qﬁ@unﬂh@xawdehawwwgmalbbhwwal porce. si ze

di stribution W%hhm@e@ﬁ@hHﬂkﬂOﬁﬁmQhﬁﬂEt@&MQ£ ahout adolic & d4sed for upgrading
resi due was prepared m xed w | i cone 20 carbide (30 cnB for a total

Si
catalyst/5|I|céﬁHOS%Pde%”ﬁFdeWQa%V‘%ﬁ ST R ST puEE Pondat i et he
contactlnglzonexkﬁhakﬁmnomaﬁesann1mamednaﬂ.ﬁ@ﬁ%rh@ums tueetorawirapi d

| norease in preSSuLe: LRANIR,LLILS! PLessULe; of QT ek ) than, A3 MPa (about

1872 psig) and rising. Rapid increasé Ln 1nlet pressure was
temperatures of at least 200 °C without producing sediment

and/or coke are advantageous.
bPuring contact, the P-value may be kept above 1.0 by

20 controlling the contaclting temperature. For exanple, in sonme
empodiments, if the temperature increases above 450 °C, the
P~value drops below 1.0 and the hydrocarbon feed/total
product mixture becomes unstable. If the temperature
decreases below 370 °C, minimal changes to the hydrocarbon

25  feed properties occurs.

The crude product produced by contacting a hydrocarbon
feed with one or more catalysts described herein may be
useful in a wide range of applications including, but not
limited to, use a feed to refineries, feed for producing

30 transportation fuel, a diluent, or an enhancing agent for
underground oll recovery processes. For example, hydrocarbon
feeds having an API gravity of at wmost 10 (for example,

pitumen and/or heavy oil/tar sands crude) may be converted
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25 attributed to catal yst plugging. FIG 4 is a graphical
representation of inlet pressure of the reactor verus run tine for
catalysts in Exanples 4-7, and the two conparative exanples. Data 122
represents Exanple 4, data 124 represents Exanple 5, data 126 represents 20
Exanpl e 6, and data 128 represents Exanple 7. Although, an increase in
pressure was observed at about 6500 hours for Exanple 4 (data 118), the
pressure beconme substantially constant at about 7 MPa and vi scosity
reduction in addition to other properties of the crude product were still
changi ng as conpared to the hydrocarbon feed properties. No rapid increase
i n pressure wasnobserved hpirdehrisoncatadaystthrExg@npl eedehadl a rapi d i ncrease

in pressure at @poul.; 85QQHOULSH IO tRe Satal yst P 0g t.he | ess anount
of netal has ap?on esr ?Uﬂe{%l) . mfn go gl‘l ng E£<a e%\é &cf 5, the catal yst

es
of Exanple 4 wér?“h’l%é??/é)éfd FachEy & b oﬁefrlt‘ijéscadg?i"ﬁé h%‘rkdc‘}&r bon feed for
| onger periods woitt itherdahamrdchencabhat y st @frebExanpk ekrown The chonger run ti ne

may be attriputed:da,bie eal abyslael. Woﬁé@rrxp § @ naving less netal (I ess

than 0.1 grans oOf per gramo catal t) as conpared to the
catal yst of Exanpl é“’gu‘“‘"“’“ C”fl hh‘éd’ﬁﬁ‘é‘?ﬂ‘h@j BRARPT &4 @1 hé(ﬁ(fl”‘?‘\’i?,f”ﬂ hteeHe
conpar ati ve exanpbesu{Exanple strandtizxang @c7)prdcheser ude Jproductys have 15

simlar values@LgLK@Ihwl %x GQ“HJ§§tG thﬁﬁ%?Lﬁﬁ&rhkde UP ygﬁ%nples 4 and 5

is significantly longer than the catal he conparative
exanpl es. As sUeh9 iFhe Faih e é%élaﬁﬂ%fcftf’ s Cof iede becdet Lo e hydr ocar bon
feed Wi th hydr pgereriched be presencenof tkhe wmmnesmdal ticatalystrpmepared 20 as

described In E4aMDles, hoplth:2. M0 R8.done,qL | A pLessUses,and hi gh

tenperatures for nger peri 0ds © he "conparative catal ysts at
t he sanme tenpePEtipcesbandeqt é8suresy “TPABLE’SZIL@“‘S dappligedgrtraét Pyme, hours

Tenperature C produce a feed that improves the processing rate of the

cracking unit by at least a factor of 2, at least a factor of

15 4, at least a factoxr of 10, or at least a factor of 100. For
example, a system for treating & hydrocarbon feed having a
viscosity of at least 100 ¢St at 37.8 °C and/or 0.1 grams of
residue per gram of hydrocarbon feed may include one or more
contacting systems described herein positioned upstream of a

20 cracking unit. The contacting system may include one or more
catalysts described herein capable of producing a crude
product having a viscosity of at most 50% of the wiscosity of
the hydrocarbon feed at 37.8 °C and/or at most 90% of the
residue of the hydrocarbon feed. The crude product and/or a

25 mixture of the crude product and bydrocarbon feed may enter
the cracking unit. Since the crude product and/or mixture of
the crude product and hydrocarbon feed has a lower viscosity
than the original hydrocarbon feed, the processing rate
through the cracking unit may be improved.

30 n some embodiments, hydrocarbon feeds having at least
0.01 grams of C, asphaltenes may be deasphalted prior to
hydroprocessing treatment in a refinery operation.

Deasphalting processes may involve sclvent extraction and/or
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Pressure, MPa APl Gavity Density at 44 42008520 110410 3.57 14.3 0.9704
5 6536 410 3.5 13.5 0.9785 Conparative Exanple 6 5543 410

contacting the crude with a catalyst to remove asphaltenes,
Reduction of at least a portion of the components that
contribute to viscosity, at least a portion of the components
that contribute to residue and/or asphaltenes prior to the

5 deasphalting preocess may eliminate the need for sclvent
extraction, reduce the amount of reguired socolvent, and/or
enhance the efficiency of the deasphalting process. For
example, a system for treating a hydrocarbon feed having, per
gram of hydrocarbon feed, at least 0.01 grams of C4

10 asphaltenes and/or 0.1 grams of residue and a viscosity of at
least 10 ¢St at 37.8 °C may include one or more contacting
systems described herein positiongd upstream of a
deasphalting unit. The contacting system may include one or
more catalysts described herein capable of producing a crude

15 product having a C, asphaltenes content of at most 50% of the
hydrocarbon feed Cy asphaltenes content, a residue content of
at most 90% of the hydrocarbon feed residue content, a
viscosity of at most 50% of the hydrocarbon viscesity or
combinations thereof. The crude product and/or a mixture of

20 the c¢rude product and hydrocarbon feed may enter the
deasphalting unit., Since the crude product and/or mixture of
the crude product and the hydrocarbon feed has a lower
asphaltene, residue and/or viscosity than the original
hydrocarbon feed, the processing efficiency of the

25 deasphalting unit may be increased by at least 5%, at least
16%, at least 20% or at least 50% of the original efficiency.

EXAMPLES
Non~-liniting examples of catalyst preparations and

nmethods of using such catalysts under controlled contacting

30 conditions are set forth below.

Example 1., Preparation of a Column & Metal Catalyst Having

At Most 10 wi% Molybdenum and a Surface Area of at least 340

EﬁﬁQ¢ A support (4103.4 grams) that contained C.0Z grams of

49



3.5 13.5 0.9785 Conparative Exanple 7 1.872 41.0 3.5 15.8 0.9608 Property
Hydr ocarbon Feed Crude Product Exanple 4

silica and 0.98 grams alumina per gram of support was
combined with molybdenum trioxide (409 grams) to form a
Mo/support mixture, With a muller running, deionized water
{2906.33 grans) to the Mo/support mixture and the mixture was

5 mulled until a loss on dgnition of 58% was cobtained. During
comulling, the compactness of the powder was monitored every
20 to 30 minutes and 1 wit% (based on loss of ignition) of
deionized water was added to the mixture until the loss on
ignition value was obtained. The pH of the compact

10 Mo/support powder was 4.63.

The compact Mo/support powder was extruded using 1.3 mm
trilebe dies to form 1.3 trilebe 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

15 bulk density of the catalyst was 0.547 g/ml,. The resulling
catalyst contained, per gram of catalyst, 0.08 grams of
molybdenum, with the balance being support. The molybdenum
catalyst is a monomodal catalyst having a median pore
diameter of 81 A, with at least 60% of the total number of

20 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 355 m*/g. The pore
distribution as measured by mercury porosimetry at contact

angle of 140 is shown in TARBLE 1.

25
TABLE 1
Pore Diameter % Vore
in A Volume
<70 25.61
70~-100 57.76
100-130 FOEY
130-150 TTED
ET I T EET
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Conpar ati ve Exanpl e 6 Conparative Exanple 7 45 15. 56C (60' DE)

10. 720 10. 403

15

20

25

Pore Diameter % Pore

in A Volume
300~-5000 2.44
5000 i 0.47

Example 2. Preparation of a Column 6 Metal Catalyst Having

al Least 10 wt% Molybdenum and a Suxface Area of alt least 340

yﬁ[gi 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. With a muller running, deionized water
(4092.76 grams) was added to the Me/support mixture, and the
mixture was mulled until & 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 mizxture was extruded using 1.3 mm trilobe
dies to form 1.3 trilobe extrudate particles. The particles
were dried at 125 °C and then calecined at 537 °C (1000 °F)
fer two hours. The compacted bulk density of the extrudates
was 0.545 g/mL. The resulting catalyst contalned, per gram
of catalyst, 0.133 grams of molybdenum, with the balance
being support., The molybdenum catalyst is a monomodal
catalyst having a median pore diameter of 88 A, with at least
50% of the total number of pores in the pore size
distribution having a pore diameter within 47 A of the median
pore diameteyr, 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 of 140 is shown in

TABLE 2.
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Hydr ogen, wt% 10.109 10.432 10.485 10.617 Carbon,
Ni trogen, wt % 81.987 6.687 0.366 84.174 4.387 0.399
83.72 5.064 0.397 84.513

TABLE 2
Pore Diameter % Pore
in A Volume
<70 23.58
70-100 40.09
100-130 12,717
130-1590 3.02
150-180 2.56
180~-300 4.04
300-1000 4.53
1000~3000 5.1¢6
3000-5000 3.19
>5000 1.04

wt % Sul fur, w%
84.450 3.714 0.371

FIG. 2 shows x-ray diffraction plots of intensity versus

5  degrees Z2-Theta of molybdenum trioxide and the catalyst as

prepared in Examples 1 and 2. Plot 112 represents the

spectrum of molybdenum trioxide. Plot 114 represent the

spectrum of the catalyst as prepared in Example 1. Plot 116

represent the spectrum of the catalyst as prepared in Bxample

10 2. Peaks between 35 degrees 2-Theta and 70 degree 2-theta

have peak widths of about 10 degree Z-theta.

Distinct peaks

for molybdenum trioxide between 10 degrees 2-theta and 30

degrees 2-theta are absent from plots 114, 116. Plots 114,

116 are similar to the x-ray diffracition pattern for alumnina.

15  The change from sharp peaks for molybdenum trioxide (plot

112y to substantially no peaks or broad peaks

(plots 114,

116} indicates that the molybdenuwn metal is moving inside the

alumina cavities and cannot bhe detected by x-ray diffraction

techniques,

20 Examples 1 and 2 demonstrate a method of

catalyst that includes contacting one or more
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84.617 3.782

10

20

25

30

4. 487 0.397 0.385 Nickel, tppm70 2.4 63

or more Column 6 metals of the Periodic Tables with a support
caleining the one or more Column 6 metal oxides and support
at a temperature from 315 °C to 760 °C to provide a calcined
catalyst. The support comprises from 0.01 grams to 0.2 gram
of silica and from 0.8 grams to 0.99 grams of alumina pex
gram of support. The calcined catalyst has a surface area of
at least 340 wm'/qg, a pore size distributicn with a median
pore diameter of at most 100 A, and at least 80% of its pore
volume in pores having a pore diameter of at most 300 A,
Exampies 1 and 2 alsc demonstrate a catalyst that
includes one or more metals from Column & of the Periodic
Table and/or one or mere compounds of one or more metals from
Column 6 of the Periodic Table and a support; wherein the
support comprises from 0.0) grams to 0.2 gram of silica andg
from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst has a surface area of at least 340
m*/g, a pore size distribution with a median pore diameter of
at most 100 A, and at least 80% of its pore volume in pores
having a pore diameter of at most 300 A.
Example 3. Catalyst Having & Surxface Area Of At Most 250

n@/g. The comparative catalyst was prepared in the following
manner. MoQs; (94.44 grams) was combined with wide pore
alumina (2742.9% grans) and crushed and sieved alumina fines
having a particle size betwsen 5 and 10 micrometers (1050.981
grams) in a 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
malled for % 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 for at
total of 25 minutes. The resulting mixture had a pH of 6.0
and a loss on ignition of 0.6232 grams per gram of mixture.

The mulled mixture was extruded using 1.3 mm trilobe dies to
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0.6 32 0.2 63 55 56 0.2 Iron, wppm 0.4 0.2 Vanadium w ppm Cal ci um
wt ppm 205 6.7 189 5.9 100

form 1.3 trilobe extrudate particles. The extrudate
particlies were dried at 125 °C for several hours and then
caloined at 676 °C {1250 °F} for two hours to produce the
catalyst. The catalyst contained, per gram of catalyst, (.02
5 grams of molybdenum, with the balance being mineral oxide and
support. The catalyst is a bimodal catalyst having a pore
size distribution with a median pore diameter of 117 A with
60% of the total number of pores in the pore size
dgistribution having a pore diameter within 33 A of the median
10 pore diameter, a total pore volume of 0.924 cc/g, and a
surface area of 249 m’/qg.
The pore size distribution measured using mercury

porosimetry at a contact angle of 140 is shown in TABLE 3.

TABLE 3

Pore Diametexr |% Pore

in A Volume

<10 0.91
70-1006 20.49
100-130 37.09
130-150 4.51
150-180 2.9
180~200 1.C6
200-1000 0.85
1000~5000 5.79
>5000 22,04

Ezample 4. Contaci cof a Hydrocarbon Feed with Catalysts From

Examples 1 and 3. A tubular reactor with a centrally

pesitioned thermowell was equipped with thermocouples o

maasuvre temperatures throughout a catalyst bed. The catalyst
20 bed was formed by filling the space between the Lhermowell

and an inner wall of the reactor with catalysts andg silicon

carbide (20~grid, Stanford Materials; Aliso Viejo, CA). Such
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0.3 197 0.7 15 5
2

2.
wt ppm 0. 3 0. 2

1 1.9 152 1 Copper, wppm0.9 0.2 0.2 0.4 0.9 0.2 Chrom um
0.2 0.20.20.2

silicon carbide is believed tc have low, if any, catalytic
properties under the process conditions described herein,

ALl catalysts were blended with an equal velume amouni of

silicon carbide before placing the mixture inte the

5 contacting zone portions of the reactorn.

The hydrocarbon feed flow to the reactor was from the
top of the reactor Lo the bottom of the reactor. 8Silicon
carbide was positioned at the bottom of the reactor to serve
as & hottom support.

i0 The catalysts were sulfided by introducing a gaseous
mixture of 5 vol% hydrogen sulfide and 95 vol% hydrogen gas
into the contacting zones at a rate of 1.5 liters/hour of
gaseous mixture per volume {ml) of total catalyst (silicon
carbide was not counted as part ¢f the volume of catalyst).

15 Temperatures of the contacting zones were increased to 204 °C
{400 °F) over 1 hour and held at 204 °C for 2 hours. After
holding at 204 °C, the temperature of the contacting zones
was increased incrementally to 316 °C (600 °F) at a rate of
10 °C (50 °F) per hour. The contacting zones were maintained

20 at 316 °C for an hour, then the temperature was raised to 370
°C {700 °F) over 1 hour and held at 370 °C for two hours.

The contacting zones were allowed to cool to ambient
temperature,

After sulfidation of the catalysts, the temperature of

25 the contacting zones was raised te a temperature of 410 °C.

A hydrocarbon feed {(Peace River), having the properties
Listed in Table 4 was flowed through the prehealt zone, top
contacting zone, bottom contacting zcone, and bottom support
of the rveactor. The hydrocarbon feed was contacted with each

I 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 LH8V was about 0.5 h™'. Tha two

contacting zones were heated to 400 °C and maintained between
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Silicon, wwtppm1.2 0.8 0.4 0.2 0.3 0.6 0.3 0.3 0.4 Magnesium wppm0.8 0.7
0.2 Zinc, wtppm 6.0 1.0 0.6

400 °C and 420 °C at a system pressure of 3.5 MPa (500 psig)
as the hydrocarbon feed flowed through the reactor for a
period of time (about 9722 hours). During the run, an
increase in inlet pressure from about 3.5 MPa and about 7 MPa
5  was observed at about 6500 hours and 9000 hours. Alithough
the pressure increased during this time, the pressure
stabilized at about 7 MPa. Since a rapid increase in
pressure was not observed the run was allowed to continue.
The P-Value was monitored periodically and remained at 1.0 or
10 above 1.0, therefore the process was considered stabile.
For example, at 78%6 hours the P-Value was 1.0 and the inlet
pressure was about 7.1 MPa (1012 psig). AL about %000 hours,
the inlet pressure dropped to bhelow 7 MPa.

A volume of Column 6 metal catalyst {24 om®) as

15 described in Example 1 was mixed with siliceone carbide (24
cm®) and the mixture was positioned in the bottom contacting
ZONE

A Column 6 metal catalyst {6 cm®) as described in

Exanple 3 was mixed with silicone carbide (6 cm®) and the
20 mixture was positioned on top of the centacting zone to form
a top contacting zone.

As shown in Table 4, the crude product had a viscosity
of 79.5 at 37.8 °C, a residue content of 0.278 grams, per
gram of crude product, a Ni/V/Fe content of 252.6 wippm, a

25 moliybdenum content of 0.4 wtppm, and a MCR content of 10.4.

This example demonstrates a method for contacting a
hydrocarbon feed with one or more catalysts to produce a
total product that includes the crude product. AL least one
of the catalysts comprises one or more metals from Column 6

30 of the Pericdic Table and/or cne or more compounds of one or
more metals from Column 6 of the Periodic Table and a
support. The support comprises from 0.01 grams to 0.2 gram

of silica and from 0.80 grams to (.99 grams of alumina per
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gram of support. The Cclumn ¢ metal catalyst has a surface
area of at least 340 nﬁ/g, a pore size distribution with a

median pore diameter of at most 100 A, and at least 80% of
its pore volume in pores having a pore diameter of at most

300 A,

This example also demonstrates a method for contacting a
hydrocarbon feed with one or more catalyst to produce a total
product that include the product. At least one of the
catalysts comprises one or more metals from Column & of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periodic Table and a support.

The support comprises from 0.01 grams te 0.2 gram cf silica
and from 0.80 grams to (.99 grams of alumina per gram of
support:. The catalyst exhibits one or more peaks between 35
degrees and 70 degrees, and at least one of the peaks has a
base width of at least 10 degrees, as determined by x-ray
diffraction at Z-theta.

Example 5, Contact of a Hydrocarbon Feed Catalysts From

Examples 2 and 3. The apparatus, sulfiding of catalyst,

hydrocarbon feed and operating conditions were the same as
for Example 4, with the exception of the catalysts.

A volume of Column 6 metal catalyst (24 cma) as
described in Example 2 was mixed with silicone carbide (24
cm®) and the mixture positioned in the bottom contacting
Zone.

A Column 6 metal catalyst (6 cm®) as described in
Example 3 was mixed with silicone carbide (6 em®) and the
nixture positioned on top of the contacting zone te form a
top contacting zone.

During the run, a rapid ingrease in inlet pressure from
about 3.5 MPa and about 10.4 MPa was observed at about 6500
hours. 8Since the pressure did noi stabilize, the run was

stopped.
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As shown in Table 4, the crude product had a viscosity
of 86.4 at 37.8 °C, a residue content of 0.264 grams, per
gram of crude product, a Ni/V/Fe centent of 251.6 wtppm, a
molybdenum content of 0.4 wtppm, and a MCR content of 10.6.

This example demonstrates that a method for contacting a
hydrocarbon feed with one or move catalysts to produce a
total product that includes the crude product. AL least one
of the catalysts comprises one or more metals from Column 6
of the Periodic Table and/or one or more compounds of one or
more metals from Column 6 of the Periodic Table and a
support. The support has from 0.01 grams te 0.2 gram of
silica and from 0.80 grams to 0.%9 grams of alumina per gram
of support. The Column 6 metal catalyst has a surface area of
at least 240 n*/g, a pore size distribution with a median
pore diameter of at most 100 A, and at least 80% of its pore
volume in pores having a pore diameter of at most 300 a.

This example also demonstrates a method for contacting a
hydrocarbon feed with one or more catalyst te produce a total
product that include the product. At least one of the
catalysts comprises one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periodic Table and a support.
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 catalyst exhibits one or more peaks between 35
degrees and 70 degrees, and at least one of the peaks has a
base width of at least 10 degrees, as determined by x-ray
diffraction at Z-theta.

PIG. 3 is a graphical representation of P-value of the
crude product versus run time for each of the catalyst
systems of Examples 4 and 5. The hydrocarbon feed had a P-
vaiue of at least 1.2. Plots 118 and 120 represent the P-

value of the crude product cbtained by contacting the
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6.5 3.6 25.6 5.9 0.9 5.1 5.1 30.7 Distillate, W%

Resi due,

W% 37.5 39.9 38.1 42.5 44.5
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hydrocarbon feed with the three catalyst systems of Exanmples
4 and 5 respectively. From the P-value of the crude product
for each trial, it may be inferred that the hydrocarbon feed
in each trial remained relatively stable during contacting
{for example, the hydrocarbon feed did not phase separate).
As shown in FIG., 3, the P-~value of the crude product remained
relatively constant during significant portions of each
trial.

Example 6. Comparative Example. 'The apparatus, sulfiding of

catalyst, hydrocarbon feed and operating conditions were the
same as for Example 4, with the exception of the catalysts,

A volume of Celumn 6 metal catalyst (24 cm’) as
described in Example 3 was mixed with silicone carbide (24
om?) and the mixture was positioned in the bottom contacting
zone,

A Column 6 metal catalyst (6 om®) as described in
Example 3 was mixed with silicone carbide {6 cm®) and the
mixture was positioned on top of the contacting zone to form
a top contacting zone.

Silicon carbide was positioned on top 0f the top
contacting zone to f£fill dead space and to serve as & preheat
zone, The catalyst bed was lcaded inteo a Lindberg furnace
that included four heating zones corresponding to the preheat
zone, the top and bottom contacting zenes, and the bottom
support.

During the run, a ingrease in inlet pressure from about
3.5 Mpra and about % MPa was observed at aboult 5543 hours.

As shown in Table 4, the crude product had a viscosity
of 101 at 37.8 °C, a residue content of 0.273 grams, per gram
of crude product, a Ni/V/Fe content of 255.2 wippm, a
molybdenum content of 0.6 wtppm, and a MCR content of 10.6.

In comparing Examples 4 and 5 with the comparative

Examples, the crude products have similar values for all the
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22.8 39.8 24.4 47.4 27.8 23.0 28.9 P--Value 2.6 1.2 * 1.2 0.9 1.0
Vi scosity at 3?.8C 8357 79.5 25.9

Examples. The crude products produced in BExamples 4 and 5
have lower values for viscosity and hydrogen consumption as
compared to the respective values for the crude proeduct
produced in the comparative example. As such, it may be
5 goncluded that contact of the hydrocarbon feed with hydrogen
in the presence of the catalyst prepared as described in
Examples 1 and 2 may reduce viscosity of the hydrocarbon feed
more than contact of the hydrocarbon feed with hydrogen in
the presence of the catalyst prepared as described in Example
10 3.
Example 7 Comparative Example. The hydrocarbon feed,

contacting conditions, and sulfidation were the same as
Example 4.
A commercial bimodal molybdenum/nickel catalyst (RM
15 5030, Criterion Catalysts & Technologies, Houston, TX, 24
em®) having a molybdenum content of about 5 wt%, a surface
area of about 255 m®/g and having a bimodal pore size
distribution with a medium pore diameter of about 117 A used
for wpgrading residue was prepared mixed with silicone
a0 carbide (30 cm® for a total catalyst/silicone carbide mixture
of 54 cm®) was positioned in the contacting zone. The run
was terminated at 1872 hours due to a rapid increase in
pressure change (inlet pressure of greater than 13 MPa (about
1872 psig) and rising. Rapid increase in inlet pressure was
25 attributed te catalyst plugging.
FIG. 4 is a graphical representation of inlet pressure
of the reactor verus run time for catalysts in Examples 4-7,
and the two comparative examples. Data 122 represents
Example 4, data 124 represents Fxample 5, data 126 represents
30 Example 6, and data 128 represents Exrample 7. Although, an
increase in pressure was observed at about 6500 hours for
cxample 4 {data 118), the pressure become substantially

constant at about 7 MPa and viscosity reduction in addition
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115 89.4 51.4 Property Hydrocarbon Feed Crude Product Exanple 4 4 5
Conparative

to other properties of the crude product were still changing
as compared to the hydrocarbon feed properties. No rapid
increase in pressure was observed for this catalyst. Example
4 had a rapid increase in pressure at abouf 6500 hours. In

5 the catalyst having the less amount of metal has a longer run
time. In comparing Examples 4 and 5, the catalyst of Example
4 was observed to change properties of the hydrocarbon feed
for longer periods of time than the catalyst of Example 6.
The longer run time may be attributed to the catalyst of

10 Example 4 having less metal {less than 0.1 grams of Column &
metal per gram of catalyst) as compared to the catalyst of
Example 5,

In comparing Examples 4 and 5 with the comparative

examples (Example 6 and Example 7} ithe crude produclts have

15 similar values for all the Examples. The catalyst life for
Examples 4 and 5 is significantly longer than the catalyst
life for the comparative examples. As such, it may be
concluded that the contact of the hydrocarbon feed with
hydrogen in the presence of the monomodal catalyst prepared

20 as described in Examples 1 and 2 may be done at low pressures
and high temperatures for longer pericds of time than the

comparative catalysts at the same temperatures and pressures.

TARLE 4

25

.Property ”ﬁ§drocarbon Crude Product
Fead
Example 4 4 5 Comparativé Comparative
Example 6 Examplie 7

Contact 4200 | 8520 | 653¢ 5543 1872
Time, hours
Temperature, 410 410 410 410 430
°C
Pressure, 3.5 7 3.5 3.5 3.5
MPa
APL Gravity 7.9 14.3 * 13.5 13.5 15.8
Density at 1.0149 0.9704 * 0.9785 0.9785 0.9608
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Exanpl e 6 Conparative Exanple 7 (100F), cSt
Nms/m  29.41 61.18 36.24 21.6 Inlet pressure

Hydr ogen Consunpti on,
3.78

Property Hydrocarbon | Crude Product

Feed
Example 4 4 5 Comparative | Comparative

Example 6 Example 7

15.56 °C
(60 °Fy,
g/C[ﬂa
Hydrogen, 10.1069 10.432110.720 4 10.485 1¢.403 10.617
wt3
Carbon, wi% 61,987 B4.174 84,4501 83.72 84.513 84.617
Sulfur, wtd 6.687 4.387 | 3.714 ; 5.064 4.487 3.782
Nitrogen, 0.3¢686 0.399 | 0.371 | 0.397 0.397 0.385
wi %
Nickel, 70 63 32 63 55 56
wtppn
Tron, wtppm 2.4 0.6 0.2 0.4 0.2 C.2 N
Vanadium, 205 189 100 197 151 152
wtppm
Calcium, 6.7 5.9 0.3 0.7 1.9 2.%
wippn
Copper, 0.9 0.2 0.2 0.4 0.9 0.2
wippn
Chromium, 0.3 0.2 0.2 0.2 0.2 0.2
wippm
Silicon, 1.2 0.8 0.4 0.3 0.3 0.3
wippn
Magnesium, 0.8 0.7 0.2 0.6 0.2 0.4
WwEppm
Zinc, wtppm 6.0 1.0 C.6 2.0 1.4 1.7
Molybdenum, 6.6 0.4 1.9 1.9 0.3 0.8
wippm
Micro~Carhon 12.5 10.4 8.6 10.8 10.3 9.6
Residue, wti
Cy 16.2 9 6.6 8.5 8.5 8.0
Asphaltenes,
Wt
Cq 10.8 5.9 1.6 6.5 5.9 5.1
Asphaltenes,
wi % )
Naphtha, , 4,2 8.0 3.6 G.¢ 5.1
wi%
Distillate, 5.0 281 30.9 25.6 31.8 30.7
wi %
VGO, wth 371.5 39.9 38.1 42.5 44.5 39.8
Residue, wt% 47.4 27.8 23,0 28.9 22.8 24.4
P-Value 2.6 1.2 * 1.2 0.9 1.0
Viscosity at 8357 79.5 25.9 115 89.4 51.4
37.8 °C
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What 1s claimed is;

I A method of producing a crude product, comprising:

contacting a hydrocarbon feed with one or more catalysts to produce a total product that
includes the crude product, wherein at least one of the catalysts comprises one or more metals
from Column 6 of the Periodic Table and/or one or more compounds of one or more metals
from Column 6 of the Periodic Table and a support; wherein the support comprises from 0.01
grams to 0.2 grams of silica and from (.80 grams to 0.99 grams of alumina per gram of
support, and wherein the Column 6 metal catalyst has a surface area of at least 340 m*/g, a
pore size distribution with a median pore diameter of at most 100A, and at least 80% of its
pore volume in pores having a pore diameter of at most 300A; and wherein surface area is as
determined by ASTM Method D3663 and pore diameters and pore volumes are as measured

by ASTM Method D4284,

2. A method of producing a crude product, comprising: contacting a hydrocarbon feed
with one or more catalysts for at least 500 hours at a temperature of at least 200°C. and a
pressure of at least 3.5 MPa to produce a total product that includes the crude product,
wherein at least one of the catalysts comprises one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more metals from Column 6 of the
Periodic Table and a support; wherein the support comprises from 0.01 grams to 0.2 grams of
silica and from 0.80 grams to 0.99 grams of alumina per gram of support, and wherein the
Column 6 metal catalyst exhibits one or more peaks between 35 degrees and 70 degrees, and
at least one of the peaks has a base width of at least 10 degrees, as determined by x-ray

diffraction at 2-theta.

3. The method as claimed in any of claim 1 or 2, wherein the crude product is a liquid

mixture at 25°C. and 0.101 MPa.

4. The method as claimed in any of claim I or 2, wherein the method further comprises
fractionating the crude product into one or more distillate fractions, and producing

fransportation fuel from at least one of the distillate fractions.

5. The method as claimed in any of claim 1 or 2, wherein contacting is done in the

presence of a hydrogen source.
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6. The method as claimed in any of claim 1 or 2, wherein contacting is for at least 1000,

at least 3000 or at least 6000 hours.

7. A crude product produced by the methods as claimed in any of claim 1 or 2.



