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SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE
PRODUCT FI ELD OF THE | NVENTI ON The present invention

wgensroaldey rel ates to systens, nethods, and carairySk®4/042310
for treating crude feed, and to conpositions that can

oS DENE, W@’ﬂﬁﬁq&ﬁm %@%@Eiﬁﬁ%ﬂﬂmﬁ% CRUDE

descri bed herein relate net hods, and

catal ysts for conversion of a crude feed to a total

TPk t total product includes a crude

Ll ﬁé?ngmﬁrﬁﬁTiaﬁ uid mixture at 25 0C and 0. 101

MPa Ths grd3ast invention gﬁm’relljpfemmzﬁblsystemh,anethoﬁ athergagists for

I h h f eed.
re ati Vefea atgﬁe@qrEESpthlglb{;/Q%hgr oggétp qq;?ecfw e cru %wtg%s
ol EviBEe :ﬁ%?ﬁﬂleﬁﬁf tB&lin gﬂlbﬂ%’ﬁneﬁ&sl d?:\ééﬁﬂéﬁ heiaain relate to

cru es to e econo y ‘transported, or processe
systems gnetbedsemtd amdysti focicbntergen ofa erude fawdrid y totelf modwd, wherein

thg Qi RS RGeSO pOR ISR s £ DATH PHORES f frostb L1 MPa
an@ﬁésdorfélﬂ?%re gr }f@h’le)s 1o aFehcqlaﬁ dide1atioe th thbr gc\!tﬁfét;ﬁ'gﬁéijty of the

crudes with [atively h|g TAN may contrlbute
criglerfeassi on of net al conponents during transporting

DMH%IQ o ﬁ ”Plfi} Kﬁldl sadvant aged crudes. Renoval

e—act+d CORPOHERTS ..uu.dlsadvantaged crudes nay
i nv @rﬁ&s‘%ﬁtﬁ MabRbheYorBbe b iiZibROprapdreLtheOIPRRANDS thé Edides to
vari ous bases. Alternately, corrosion-resistant netals
be ﬁa@nomecalb'etmnspprtqdamsmma@d eingepnvprimal featitigs, are commonly
0CEeSSic u Ihe use of corrosion-resistant
re@%?& ?gagal&%F %wglgnlflcant expense, and thus,

t he mwvmftag‘ddfdfraﬁds @iyl i@6ludé aditlicrempbnéris gt Gdritﬂilﬂlte to the total
equi pnment_ may not be desirable. Another nethod t

acndmwrﬁqef AN ot 8¢ arade ferdroPiradvrninger srdss Wétararrél@r%ﬂy high TAN

I 8 b R B R BRI b ing of

thmdisazhamtagécknmdash Reintoyalsofraeidicegaponeats\froat flisadvantaged crudes may
rrent used tp.process the crudes and/ t he

mm(ﬂ Yaﬁsta%}tze& St Gemponei Lk warpts dases. Alternately,

co@bﬁ&g Yééﬁ?aﬁ\g ﬁg:ta(fsr llﬁg§ Be ﬁl‘;édelﬁ tl%ﬁmaﬁoﬁ Bhh¥ Mdlk gfbge%s(i)ng

I evel s of resid Such high I'evel s of Tresidue t
equipmaif. f Theulse oﬁc@@xpnensustaat metat pfiersipyolvessigtiticand espass, and
usj.n venti onal. cili |es .Di sadvant aged cr.udes.
P s SR B GaPEEPT! BETRYTh B0 G DR GHE 1 3F desirable
AfNRIReBhodsy lifHibit cA¥s maP i oNetad @B Jof cbhEkidH Hdlbitérs to
bound heteroatons may, in sone situations, have an

disadvesitaged efuideg before tcealsmrygg sndipiprdeessing @é thectisadwantageyl crudes.
ncl ude rel at. ts.-of metal .con

i B o i B Mo BRI A1l AR RAGAS e crudes

andoPERTMANG o braiuet p%diﬂ@@ frofBthékrudes.

Disadvantaged crudes often contain relatively high levels of residue. Such high

levels of residue tend to be difficult and expensive to transport and/or process using
conventional facilities.

Disadvantaged crudes often contain organically bound heteroatoms (for example,
sulfur, oxygen, and nitrogen). Organically bound heteroatoms may, in some situations,

have an adverse effect on catalysts.
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cont am nants and/or conmpounds of netal contam nants,

may deposit on a surface of the catalyst or in the
woabd/oétdeune of the catal yst. Such deposits mapCTassm®4/a42310

decline in the activity of the catalyst. Coke may form

g prBETen Ry oY Ar R o eEAR g Bals AP el Soigminants

for SQRPIY, nicRel, QSRIRATAL M dLoR groaaDairypiptorsding bf yuchicrales, metal
catal yst contam nated with coke. Hi gh tenperatur e§
contaggmhnti ATidiny compenedsatnsialpayiapamty Ay feapsit prpa surface of the
ctivity of..the cat d/ 3l ¥ofind
catsfist o pghateld BReR Y SaRR SEn SaMRs haf A APlipd A the
activify fEhakatd@kt s of organic acids (for exanple, calcium
pot assi um and/ or sodi un) . I\/bi als i.n netal j1ﬁlal tséi of .
or d2akeanaicions aag/ier AerosttppicaRysY WSSt #adariigifdurng processing
di sadyant c VieRLd RSRBvity OF a catalyst
of oAt AM FHE T ST e o P LR RIR R PERR SRV BT coalys
conffligfie & Withwoke rdighitempantuesstused diring wgessgpmhaalso diminish

netals in netal salts of organic acids are present. In
the eaivity 8 the @lalyg a@%@%ﬁﬁ&g@f?f t%fﬂ“%fwr% pically
de%’%b&vaﬂﬁ%d &lﬂseselfﬁ;?fn'a de $hHtA18 GEmBfal M8 of BFgahieSdeids (for
metars in tal salts of organic acids ma%/ eposit
exafphd, edleintr, ablaysiim andiod saditmjrelletnds ingrstalcattapi/enganic acids are
particles, at. the top of the catal

i cul ar |
A R S e T -

desglﬂng};ﬁ(%r {vastifhg Or ganic acids, at the top of the
catal yst bed generally results in an increase in

pr eRrsoeseestro piitthensayhteteddn perveationahyocesseethewy Blefalpinggetal
it PR Rk 5 ey L BaPR R Sh TE lp Rtcny

eactiva

- depb@t Abay MSextdhBadmacy GURS caslysiemenbyinintahludrs of ggmic acids may

oxygen conpounds. Treatnent facilities that pr?

CEeSsS |
depdsit prefexentisde dn voidaebimgstbetvsrner{pgsh PEbRes ATt agf/ at the top of

the lg?et%]értét l?ﬁg)? e HeR0E: Feofis glge[r?%s? g(;r AR O et SRANARL AaSHf

ncount er pro uring pfocessi ng.
orghXi6 aBids, 20 X1eaep of hieRetlydshed/dennraliga¢satts ituar ingrease in pressure drop

e S Ao EH AT oL ] o
salt? b ?l%a%f%a %??ﬁag/r A& A5id  REORALBY opdtal@dts.on of ethers)
ﬁa re 8| | UC]

t torenove fromthe treated crude
andDiadvanyaged cruddehep nchrdernaganie oxygemsompdurdsn d reatment

R 1 SRR R S EEEERIA L 02
of %g@gg’; %&&%{ AMIEMNRILEE 8RRk RthyVnchtiiqaeHless tugh@plocessing.

ons, consistent quantities of hydrogen .
Orgeiengigby corepaiingls, vendwdied duping prasessing, yay form higher oxidation

unsaturated fra nts resultj from GJ: [
corpas LBe Pl MOREL Syt e S alcohols, andlo
acilld REGSS b IxidWib:LEF diepd)ABAt ave difi@lIMOTembee fio@ thé tredted crude
act1ve hydrogenation catal yst, nmay be _needed to

and/ohinky toruntsontastiente SqUEpIMERIASTing BT Fo6ssiRg R dsREe plugging in

drogen.is costly to produce and/or costly to
tra‘f%ﬁﬁ@g‘ﬁ’r 00 treatnent facilities.

Disadvantaged crudes may include hydrogen deficient hydrocarbons. When
processing of hydrogen deficient hydrocarbons, consistent quantities of hydrogen
generally need to be added, particularly if unsaturated fragments resulting from cracking
processes are produced. Hydrogenation during processing, which typically involves the

use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
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Di sadvant aged crudes also tend to exhibit instability

during processing in conventional facilities. Crude
wonssaeidesity tends to result in phase separati 8aTMK2004/042310

conmponents during processing and/or formation of

undesi rabl e by pr oduct r
o Bk S NG B B M BB TRY e el et e
facifigcesses often lack the ability to change a selected

property in a di sadvantaged crude w thout also . |
si gaisadvatagey codengpnignd ihexhipit si5tability dusing prgsessing in

di sadvant aged g [ .
coni it p L BRY LT R TR Fosp AHERL bARRop o components
durli@P6&ssiAdlahdl opfotinsidsivemindgsrhble hydproduéts €for atanhbie, Iyanezen
time, only changing hy a desired amount the content of
sulfids; weates adrstheadieXideluch as sul fur or netal

¢ oné&(@eﬂﬁ&ﬁaﬁ &mﬂc@sstep &rdi lsa@]ﬁ %%ﬁﬁf% El‘la#l%@ a selefiBd groperty ina
processes for i1nproving the qualfty of “crude 1 nclude
dis@idhtagedcrdild withbuttalsodiigrificeatly abanging oitiesspropertiesvarthe he
_wei ght percent of coprponents contri buti t he. ...
disivange Rraged BrIBEPS SRR BPREB e Fgnigapility t
i | i BaHHiRYatdhs SN, hangi
31g%§§§g§%%%de%A§ﬁgsgg§§§&gafg@ &dic%ulrjlent 1a%%l/ or incr eagg%iy changing
by & dediied tamolnatitike eonthet dficsdain anmageshtisuctess subfgdpt netal of
di luent_to a.di advaniarggd crude may, in sone
condampipaptshindhe isadvaeged ¢t ity of such crude. U.S.
Pat §4the gﬁﬁess@s ﬁﬂ?mgsziﬂbgoth&iﬂélﬁ? af cide lclude@dding, a2fiRichido
Meyers et al.; 6,063,266 to G ande et al.; 5,928,502
disgdyaBrgetiondes todpwer the weighppecens oBeamperenis cogfributing to the
. 5,897,769 to Tracht.e et al .. .
disghaneifprbguits Sh 10 e Thudl iRy B eyl BB TR Bf reaing

disRIVARBESEEdSYEilcabBhe @RE of Alladnt ahd/of DicrqasaC@ssitodandle the -
crudes. The processe systens, and catal ysts

S . -
disatbeeniaigerberuiles. tAddiomel dilviest toraligadarntaged cEUds mpy.dgy some
..applicabili.t ny of the technical .
Sm}?ﬁglﬁﬁ’é%%reéggtsy@gﬁﬁygg%&&&?n sum di sadvant aged crudes
genersilPaenh e, 4,517e37rta lSudhgkmopiesl £ 6257268 to Mexensleeal.;

606520t Srasde Aot > BB AD31S Berdrbienly ol I0nLy e der ot ol
5’8??’Le7a irtro;ﬁ{%fhﬂegf Ele, PER UGS 0 AiradhyEt Q@ 4IRS 981 to Tanaka et al.,

er ‘undesirable properties include
degceibatinieisypridesies aystems sandfcatahiciessior atoicessingrapedesn ilhe prasesses,

B o L B S G

be RS S mA B ThE 1RKYEA BSOS dsnth alieveh properties tend
to cause problens in conventional transportation

andIosun,rdsadwariaegedacides geresally havewadesirapledrenpsises (for example,

COrr os.i ecreased, catal yst life, . I '
g e S S SRAEL S8 Bk bl Pl RGP RO ndency o
consilR relaifd19 1drfe AnShdS bf hdRddeneueing Meatn@nd). tCrE¢MNIndadirable

need for inproved systens, mnethods, and/or catal ysts
prdperties arphetesielatively hifhsuenrain efgedosrableccompepents (fggexample,

duct {.th [ | . '
resh; Gk el OB PO AR T e it mE R i or
ord IR, ardiiel REariabalges smpb@idsy: auchirogeticseaterioaduse problems

properties in a di sadvantaged N .. .
in conventional transportation and/or treatment facilities, including increased corrosion,

decreased catalyst life, process plugging, and/or increased usage of hydrogen during
treatment. Thus, there is a significant economic and technical need for improved systems,

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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crude while only selectively changi ng other properties

in the di sadvantaged crude. SUMVARYOF THE | NVENTI ON
wonsnkieens descri bed herein generally rel at e POT/US2004/042310

systens nmet hods and catal ysts for conversion of a

crude f.eed to.a tal. produc r
mofs SRS Rk JBh s RESA RbiFRIPLLRORE Baibdfifont gocd fo
systeMe Riettas, Hhenk chiaBdtshBiteh clednge selected pfdpﬁrtfe@ liad dlsh@vantaged
conp05|t|ons t hat have novel conhinatjons o

crudombpda entyselegiyaly ﬁhmmth@rﬁa@mrtw%h%@ﬁacb@n@s@%?rﬁé@

SU B Vﬁ:ﬁfﬁﬂ}@ nmet hods descri bed herein. The
—an—‘gm—w hod of producing a crude
pr ofivehtiospdrited hgiei Qeﬁfeﬁuﬂtyl relgtesto (sysidms freettlodsd 4nd catadysts for

or nore catalysts to produce a total duct_ t hat
convsEanRis aTHee foph doa fﬂt@cna uct GaRBpERE ¢ R PIRIECIAN i ctome

em.kgdl%x hfsqﬁ'dn-céﬂdﬁ%{) ?rﬁeggor%%sglb]cgﬁlef;ﬁ?@fds& ggne‘feﬂ late to

avin ast t on
cothpesitbaisahat $1hse hevel agn‘amaxm‘ns of campoiety thbugin. oSuchi CDmpa51t10ns can

nedi an. pore di aneter | %efro 90.A to 180 A
be ﬂh’t@}ﬁleépy ugiRg thesgysiegts aflaénecﬂb(tadg SSPEE PESI pores i n t he
por Xhé rﬂ/@g@drﬁ}éﬂgbﬂég h%tﬂlﬂvdf%g?cﬁlcﬁ%raecrg&@ﬁﬂ%ﬁﬁ& WrhpHsihg:

ian pore di er, wherein pore size
con:tacsingl ahurbdeoieed withnd et erond mdyﬁy tqqgﬂimcwm tiotsdl prizg2hat includes

and . controllin nta n con uch
e e dRe PO b GRRREF A 4 i G101 MPe
thetéi‘@decﬂéékfjﬁaxflﬁg TAMEf &118hst B! drdl a@%aﬁﬁé&rdﬂtm@htﬂﬁsté\ﬁaﬂi&g a pore
hod D664.- The invention al so provi des a, net

of
sizp dtstnlmtlng vethor md‘élalp poubametenims g Eomd9d st 3t with at least

o LRty R 5 LBl BB, Bome

w1ﬂ1|i}ﬁ453Al&theﬂh@&idﬁ botesdi@méter wherein ¥érd rs&eaiﬁstﬁlﬁltﬁﬁ ifnddetermined -
101 MPa, the crude feed having a TAN of at | east
by @x&iM MethedB 287 and pontrallingeontardipg copditions sichihabthsicyude

P D PO AR 5 AL i s

deteahiaky by AimnmgethdsﬁsDﬁm e size distribution having, per
gram of catal yst, mO(m .to 0.08 grans of: ..
ol ybe @W@mlolbﬂéo BrovifGh & PR LRI Ci b GURREbact oothprising:
co %éeir}goafa&ﬁan d Wi Eﬂ?‘}s of inoTOLHRGED W Drolice™ bl hERIuct that includes

; 't ng contacting conditions such
thet drade priodudty whigeinrtbelamtle hasluet iTANqoid mixture st 290t 0.1 MPa,

TAN, o . d, i.n TAN
o et RSB R SEe e BTt B o BA S T B s
dls%b&f"oia%ﬁi J‘ﬁleélaﬁ bUASIRLAESHS at 1O A ShdHbierBMRHAAST ATV ethod
crude one or nore catalysts to produce a

D%ﬂ,&lndﬁhwmdvstthh‘amglthﬂ:pqxd sige tlistritoxign bapinedise gramphkeagalyst, from

o S5 PHEEHES b L P, B,
cal‘éul%ted% V\dﬁ%ﬁ Bﬂhﬁ%d@ﬁ‘mﬁ\s} Mu@ﬁﬁéb th&’éof aasé Eorﬁftﬂlnﬁg cdnh?@tmg

catal ysts having a pore size distribution wt

conditipasrsuply that theapmedearrodict hes 2 TAR of reowsHX0% @-lfg}enc; A9t i crude
g AL TRR A28 A0t HYRSTRE RlckRh bR N0 LDe por e

%1 ng one or nore nmetals from
Col umg 11@/6@’?1015 Higo Bﬁfvhdb@ laCinéﬂﬁkitl &f profeiy a ede product, comprising:

contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.3, as determined by ASTM D664, at least one of

the catalysts having a pore size distribution with a median pore diameter of at least 180 A,
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conmpounds of one or nore netals from Colum 6 of the
Periodic Table, or m xtures thereof; and controlling

woanmisaeidsng condi ti ons such that the crude pro#dcuskmg/o42310
a TAN of at nost 90% of the TAN of the cr ude f eed,

as 4\lner i ‘?%o}??'A‘gﬁnggI @Mﬁ@@”g@[@ (c:lﬁ%} pr o Cl n§§ aégci:zr Icgﬁrlbutmn

coRpRGRiESne GIQABIE inSdtAld frogPObagin 6\¢f ie Perictic Tabld, svd dt more
or nore catalysts to produce a total product that

compmimd@l eSoneg reorg deet@ifs domctolupme & the PRaods Jaelepwdaia@@res

thefeé)g danﬁ é:\gllllljtlrr]&h ngr%{%& Oﬁél’[l?%agtﬂ tBat %1% er Q@E Hak %g%\l/\ll of at

moMBI0ye ef %%N aftheatrudecfaed, vﬂﬁ&lmfFAﬂ‘hs asalb’&imﬁted by ASTM Method
conprises: (a) one or nore netals from Colum 6 of the
rlodlc Tabl e, one or nore conpounds of one or nore

P Grok .
T 4L ALTLIT B  E ATERLA, e comrsin
corfﬁ&dtimg‘m ctéieabed tvith lBae lor.)rhoﬁe Jeaddly st tocpredlme antotad prodopahatdscludes

e P S TR i
the%fru&e%@d n%"m 1(9“ a‘ﬂ“@a@é 0.3 Qs td@feﬁlmngﬁ by 'Ksmﬁ\ﬁ&tﬁbd D%64.hnd at

a range 0; and control l'ing contacting
leastameiof tlmrmtad;yxaﬂndrmm'(ses; ie) areuwdengre ovtals fromsCeluman effthePeriodic

st 90% of the T f the crude feed erein.TAN i.s ..
QR e By RS PR Priarpogas b CPIGRE Prfedelgaie
Table O ik Eurés tRBlebR And (bR by ﬁid@@n@ta@i H68 QU1&AHAD of the Periodic
conprising: contacting a crude feed with one or nore

Talblat Mqﬁsmrc coppaidsef ant ot laprepn@aka drom falumm i) otk Peredic

B B A oGS PUHEE hE Go
Cofund\bInffal 3 inl aQﬁﬁge ford, 1 t810; &d’tﬁcdmﬂellﬁfg (ﬂﬁfaetlﬁ@&c&idﬁﬂilﬁ such that

r|S|ng % a first catal the first cataly
thetrand odysd hagg AANbeL atinpast 9Q;ét0£lﬂgﬁsTAquféhﬁ @“@@@fd’t‘b}herem TAN

‘ 1sa}§d%§en§{n%@gé8ﬂ\%rﬁetﬂ{)d ke metals from Colum 6 of the.

one or nore conpounds of one or nore
met ghe nfvi‘eﬁm@hdlpﬂmvﬁie@ﬁ nidtisodRefrpredlicingkadrhde podhctyutabmising:
as melght of net or m xtures ther

o AR a”?%gﬁ;% includ
confaetingd @adelepd Withiong of BosHeAt XS FRPAVERA REFL P paipcludes
theogruéeelﬁeﬂlgﬁt g@lﬁ&éﬁﬁﬁe e bl%ﬂﬁ&t 192 RGuidARBrO bt 2PNt 0.101 MPa,

rom Co of the 'Periodic Table, one
theOdrudmfeed hmnmg)mn‘AEN oifatdcast @8, andrtbe B etirsoﬂerocamlmﬂ aomprsing: (a)

of Per abl.e,. cal cul ate |,

a 155t iAot LR h e DaT hokig. Rt bl LA anpR o, 05013 0.06
eﬁm bhOR S Qﬁbtillé‘ &lond OEIUETUEISS tRE Pgﬂﬂ&dlc Iraste; %n%i*‘ nffre at
m)st 90% of the TAN of the crude feed, wherein TAN i s

compoumis ef maetinby M@V folinbebal thy Reripdio dableoerlalated as

oA 3 TR EATER PR QTBL P 0 b

pelg%ﬁmef sBRnE cERRRO WDREst@.0 @lof:NoE @r FRr@inStald ®6m Column 6 of
[ um of the Periodic Table , or m xtures thereof;

the( Eﬁ)riOQiOSIngylm one ABRMErs wmwndﬂgofamemmrgn@tﬁlmﬁm&ﬂl@m 6 of the
reSh ot & AR B PRl e
coRtaetingRheitidns hﬁh@ﬁdt@ﬂld’@hd&@@dﬁct@@ﬁ & TN 6f at most 90% of the TAN of
the crude feed, wherein TAN is as determined by ASTM Method D664.

The invention also provides a catalyst composition, comprising: (a) one or more
metals from Column 5 of the Periodic Table, one or more compounds of one or more

metals from Column 5 of the Periodic Table, or mixtures thereof; (b) a support material
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di stribution wwth a nedi an pore dianmeter of at | east
230 ASas determ ned by ASTM Met hod D4282. The

wonskieen al so provi des a catal yst conposi ti ORCT/US2004/042310
conprising: (a) one or nore netals from Colum 6 of

e e e SR TR DR p s

maf¥tiit HE @StelntiBEES x-riPdifRacdioppaid whatrthatathlgstiiag apore size
thefa al umi na content of at |east O granms of het
distgibutiomwith@rmegtizmpase diagsirsral ahh%@@r%’:‘gl §lefa@fuélff a%\gl
ffraction; and wherein the cat al yst has a pore
Meg Q?A@%bt ribution with a nedian pore di aneter of at

| eaThe @96t n A% stevides caalybycoApObitivay dontprist2B8 ) ohber more
I nventi on al so provides a_catal yst conposition

metaliigotn &;oNgnn 6 4f thsrRerigRiciAbLe, Ge BT BOFT SIMRRYPLHAT epegr more
me{aﬁfﬁgﬁ q %ﬁhﬁ 16-5‘? e '1%9{% 'ge[bl{gf E‘le&t%femrg I‘?lg%‘?%f % ) aQUppdH material

r om bl e,” one
haviiig #thieea aﬂmhﬁia$oﬁ’renmm least0.6 gofimg dfcthdRe alumin@pd@yam,of support
one. or nore (ﬂgyound f one

[ tals f .
matespl,hdgeBHne e Bary ddeetpRpied whTeR T titdsi SR g siz

dls{r@m@n VHRRAhLdiAPbGe 'dﬂmé@&vdf'ﬁgleﬁstti?@t@ a8ldeRtNmed BY LM
'east 0.1 grans of theta al um na per gram of

Meshoddo4282mat eri al , as determ ned by x-ray diffracti on,

and erelnt e cat S & ore. size dist
RSt 1552 ALk PR ol a4 BPmor
megi‘fg £ G‘b%}nﬁ‘x AP MRRopa b4 %ﬁg or tHoge ¢IMRIUUOBE @leSE more
provi des a nethod of producing a catalyst, fgomgp“ si ng

metabmisomiGriuman §uob dasr RerigdichTabie 0ae onpoee meteld Wé)f the

Perllc?sf'@? igé#a E(}E}i]ite %lé mrgé% t(d:gr%ﬁdun\gh oF grllenort 1581;(6%1'&918 :ﬁtolrrf egﬁﬂﬂns@ 3f the

PefsMi®ThiSle NG moiREir &y thefeb £ (e @ippoxft hemerlad hawing b tlafa ilhﬁuna content
Peri odi ¢ Table, one or nore conpounds of .one or nor
of ardeast & 1 rrams @Hilatﬁﬁ it PETRIAEM SBBRE! makFial apfetermined by x-ray

dlfﬁ]aé}olﬂr ?‘?d &F&F—:ﬁQBe pat ggt Hak Q%Bfenﬁzet ch?crﬁ){}l%r?wﬁh Y &¥an pore

tenperature [ east 400
dlaﬁﬁteravﬁdt east ABO\E, hh&etemnﬁécybst ASMM@ithodtIh@Z&Qat al yst has

a pore. size distribution th a n re di anet er
ot "3hS invaionaiey provies 8Bt o/BH B RSB ORI

corﬁ%zﬂg{}a SRbbRYith! bR oP Y gﬁﬁllsatorf@ﬁﬂ Qq,uﬁior%@ﬁyﬁﬁﬂﬁreawherem the

conprising: combining a support wth one or
suppbrt&:on‘qirlaéstheta afupning,and wpp or moneofzhe mejal ueamprigieg @nerpr more

AP SO 2 P . BRSLRES L or
meﬁ?é BOR Eol®hntshE tl?eePérRﬁlﬁ&T A8 08 miRREesAherbSHE Bedt QIERMMES theta

one or nore netals from Columrm 6 of the Periodic
ahifisihd sypport/npdtaltroixgme aweﬁempreraurre af at lﬁ@éﬂ% Lrand forping the

a_support tal m xt.ur e
cof M5 BRSO By PR B, et ot
leaSEA3N A Sds d@@ﬁnﬁwﬂ%&@\ﬂlﬁ%&h& D4bg.i on with a nedi an
pore dianeter of at |east 230 A, as determ ned by, ASTM

Met Abd in4agon alyhprovides Ameadipdg spéocbwma Al ¥t ROHB NG
coﬁf)%lﬁjgcall snu%pgrt Wi doene%rr (r)nq)lfg hetaﬁ?ﬁ%fﬁ 'arégpport/metal mixture, wherein the

support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof;, heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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- crulp eedbpyeg apowl g cogtent

contacting a crude feed wwth one or nore catal ysts to
produce a total product that includes the crude

wonrodweice7wherei n t he crude product is a |iqui @BCWUS2WAB42310
at 25 0C and 0.101 MPa, the crude feed having a TAN of

t least. Q. 3, east one o caral ysts ha .
Catag)ﬁstt’ewg‘?r?é‘ the gett?lyﬁ)tlhais sﬂ?%ﬁ? ¥ élsmlﬂgl 2h"p g%éneoﬂlan rgrgm%?eter of at
1eas@t23b @a%t ddBMine @By ASTRI Metlast Dy2835TM Met hod D4282, and

he cat al yst having the pore size distribution
c onphd mvnglanaésoaprav@m weﬁw& of REOYEIng sy @uesprafducts Gogpprising:

confE TR B 5 1A, 5B G GO cics

the tARle@rodict, rwnewﬁafe drﬁkwlﬁﬁﬂuct dnglliqud ttigturd Mg Scharmiod. i GigMPa,

conditions such that the crude product has a TAN. of at
the gpile fombhaing HBANR abicastls i st s the,gatal gyt havipg ¢ gore size
Ts [
By LT, BBt I gt st
Meﬁ@ﬂﬂmmn@d the oitalybi inyimg the poe sizzalistvibutionorenisingsheta alumina
catal ysts in the presence o n source to
anc s Qi eors AL oY RN & e PR LD PPy dafie Sompounds of
oneo<§ qg{gl%g%?t g:r 8‘1 ?8M}ﬁl & b€ PR Q8 ThbleSoPmixkgbd fhefloX ta!ﬂﬂe
a

1 MPa, the crude feed having a TAN of
corfifollirgpsintadtiBg cdsrhhtlcmsu;dda fhetihe loavderpgodust baswg'éANmfmt most 90% of

eflauRof R e Febamelin 10v" s (harairpape TP ERes

Si Z?h@ir@%ﬁﬁ&fﬁlbdgﬂo‘ﬂ%g‘a helRAl GFpriRicthe GOBS Sodadt, @Hmprlslng
| east 90 A, as term ned by ASTM Method D4282; and

comaming @l drmdagfe¢d withtoae of mgrec@taiym Bribe peesense 9é & hydrqgen seprce to

o ST AR LB s Lo R0l

. liq@H $@RtEe SPOSTENARON @l RIPAGLhS @iRie fesibhavii n TAB oftaf &east 0.3; the

crude product has an oxygen content of at mpst 90% of
gatdwa@ 0@ grampyd ogy sprmeKigragn of crude

e S T RO B

- diale®? ofaOéh 08 A aﬁﬁétbﬂﬁhn@d bplAtSdlM Migthad DA2&% apd ochimdling .

comaRteonSitpes Prisdiied A puHiheiho ade Pkt e LANOE Ehost
905 4t ’?Aﬂd&gg Bfgﬁ Hnantdhtg r&fu‘ég q cQﬁt@Morg’ga?n@oﬁ?g@H béhtaining

m Xture at ’O 101 MPa, the crude feed having
cor@pduils ciclathat thasﬂud@ pfiaduetiiths ah okpgest coa;taat off atmiest 90% of the

oo 45 R LS P ST b D,

I L §s dQBEniREd ASTMWCEBS@ one or nore
an&rig}twaglgg ??%%Q Sunn 6l of m?he Peri odi c Tabl e, cal cul ated

as Wk ghventién alet ployides am@thqsﬂrcefsﬁwd‘t@tr@cﬁf Cruémﬂr oduct, comprising:
troll t dit
coﬁg%mrg% giﬂi&%@%@ ‘%Canlf:g) pf?(r)cgcalct’%llpﬁ 5?({ pro uczcsozah o&l\kllgtlr‘{h%d%cludes

theloru@é;&oﬁlli@ White thE QAUE brodast ifa iGN dahixare Hﬂ‘s‘& °(9@1% @101 MPa,
AN of the crude feed, wherein TAN IS

theckerudsr feedh bavibg a Aatipiastlerst. bosul, af feasy W@ftthwteay%@havmg, per
o B RS T 0P Bl RuB i Ror B g r e

Pefiddid M¥BleSondbrithére RESPENER oﬁﬁn@ofmdfdlgetalssfﬁimli celunm 6 of the
produce a total product that includes the crude

Peripdid Teble, ewhaatpdas weight ofqaetpl epmittuses thereof; and controlling

contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 h™", and the crude product has a TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.
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liquid m xture at 25 0C and 0.101 MPa, the crude feed
having a TAN of at least 0.1, the crude feed having a

weubdsweiwont ent of at | east 0.0001 grans of suPCwUSP®A/042310
gram of crude feed, and at | east one of the catal ysts
conpri.sing. one or re netalsf lLum.6 of the ..
por | BRIRESioB A0 TABOGT 2 B R o RIS TS s NsrhrBdycty Gpprising:

contBlif 8 chide Teddoh R Bndodhotehataiptd ddhe presdilce of @hydrogen source to
m xtures thereof; and contraolling contactin

cting .
produnedi toiabnrodudidhat ineltidesthe Fige puitgl hetgin theerudeypyeduct is a

. f.eed upt $~NMDl rh sel

i R RS BTG gl SORE 2 1R A Yoo,

cruranhving a shiferdodtdnoof Atiesp@0G0 N glaamsiof yulifir pengrant of crude
nore contacting zones is over 10 h"1, the crude

feehrand atleasipue 0§ the cumlyseT comprisgg ongeyaare Pstalyirmdrolpa 6 of the

cru fee i
P e e st A fOiSo Rt b ho RHAAD Ry o
PerfRIROTabM) & @hiRtufdiNhérso andledmtrolfingeabninctidGS Edndiltdrsadch that, during
D664, and sul fur content iﬁﬂgs determ n

) d hy ASTM. ...
contastingthparnds feeriwtaley ielseulr BYL0sH $hA slecte TSP GHhitjf phase
sepg{aﬁgfg 8#" glg g?u&rﬁ&?d&fr%?&ﬁ{actiﬁg 'Htalﬁ%cﬁﬁd?ﬁl:y_ s%Q&t\%%ditQQn 8ne or more

W trrone nore catalysts”in the présence
contdoting ases s ovrdi0dg'e the vaderreduct havinga deM of aitradst 90% of the

TRl G . Rl 4 B o R UGB 2558 kDS 70- 0% orune
sulfhﬁ g?nt%%{gcﬁ?th@&%@ RE I PhdrbiR I 20 M ACdetddhitcd )i ASTREMEHOR D664,

crude feed, during contact, uptakes hydrogen
andadulfar s@itedtieas datreitesl hynhSbM Methwdd B dar ati on of the

A LSSV Aol R BB

. corft @ Gl Red titHOnt 6Lchovd daial itslinaBie Prosénce e a paesantgirogen: .

of one or nore catalysts to produce a total_ product

‘sourdeato provbice ddetal predegt tleps inplusies dhe crogreprepvcty waergin jhgcrude

roduct. i.s a. ligui ] 5 . -
b AN A T S0P A conciions
suchrtigtehd @ade feed caiingbgtcivuptakdsyigdogen anh saedted mite to inhibit
hydr ogen uptake condition and then at a second
phasp densersionpd tha@udeiead A1ang caHRetf i r st hydrogen upt ake
con C
o SR L SR e
cotiydingaemdepfeak erithdiydiogewin the prasenaeaifioad ot motendaitalysts to produce

a tqgél\é?arlgégat ﬁ{jlt g)é; L{sl\%(sj ﬁ}e];:?rue /| g%ﬁ!& V@{e?%ﬁ?ltée c{ﬂ@%ﬁr{o&n&ég zg}iquid
mi{(tﬂfe £PY9e NUUHAIMPAARYE Yo ing BRRtacBRYRslit@ins b8cH @at the crude

e respective one or nore properties of the crude
feetléechntabirel Witk bydrogen atlasfirstgrydvigge siptekesoididowand then at a second

hy@'rpg%ggétg&]ca%ﬁ{tﬁgg rﬁg&%&%q,og&g ﬁFtrg‘(%S/éc?@htécfn getirf‘%céigfél%n? from the
sedoRAMSEBEA EpthiQd ¢ AWRBNOIGRA hdbEdOuRikeinIRE AREhydrogen uptake

tenpérature to produce a total(g;o uct that includes
condigorcis wdeirpltedda cahibinReiabierpfarsaude faeftop pasict mixtyre from

i qui I X e at 25 0C at 0..101 a
cerreingpel S A Bl e Bped S b el it 4L R by at mos
0090R1aAGE (0 le CAPELtive NS of Hoke Hropértitef the cridegeydt act i ng
tenperature is at |least 30 OC | ower than the second

contlae inviegtiorealpe provides a matepd fereduging prdrpiodpgscomprising:
co%@%&?gfa c%denfé%& w?t?%’n% %lr ok gatél?stg Qtea f-lrflé\{\lteﬁfp&atﬁ?re Eousleed by

contacting at a second temperature to produce a total product that includes the crude

product, wherein the crude product is a liquid mixture at 25 °C at 0.101 MPa, the crude
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wherein TAN is as determ ned by ASTM Met hod D664. The

i nvention al so provides a nmethod of producing a crude
weonrodweice7 conpri sing: contacting a crude feed RCTHSZI98/042310

or nore catalysts to produce a total product that

cl.ude e crud erei he cr d
feed B0 R qNiohlrar 8 abicbeoriieliis oonsHiE bkt inBugf ke ors
contREfg lﬂﬂﬁ‘f{ﬁe?ﬁul% id ANedt 30tCl16@6L théh the sE&tﬁldeoﬂfiieuﬁg%%perature and
aving a sulfur content of at |east OOOlf%rans of

the stideiproduet hagraaF\bfof et moet Ie gelatéifedo she TANf thnerude faede
t.s ¢C ri.Si i tals from Col unn 6
thlqatéﬁ%?ﬁ ‘gg%?l% eggiﬁ/gMgg%ngréc@comounds of one or
oT EhdRb@tfonl Al PrEvidesA it of peodieingadiradeTpbtiect, @mprising:
m xtures thereof; and contro

congashit eicos feeskwith pag ox mrmgtgr%égggcg %g@tggprpﬁwdhatarcludes
0%
e 2R B R e R SHsn T A L e

theanteaddd IfvidgheTANUskat leasd).3 mhe creida feBANavmgassulfur content of at
determned b ASTM Met hod D66 and s | fur c&%ent IS
leagtd). QOO & amsy %pglgan at east PRR, ¢ gafalysts
co %r’?s?né)&%vdrqg&e %%e'fﬁg B%Hl @I)luﬂlr ?Mcth@ Qeﬁocﬁé td61e PERBt Shore
; acting a crude feed wth one;or nore
corﬁp‘dtﬁhkly 6f Gnet @ npore anetals &ohoCalumpréoaitbe Petfiedic Table,atasixtires
crude rod wherein the crud uct I i, qui
thefpof A GOREO D52 BeEN TG OB LRPEEC (i A e Pradeetidy b g of a
moSt %@Nof’{he thTlI %?ﬁk: cQud]c fe&ch @né iédSudeSREdiA hh I8 s@fifr @8 h@HEof 70-

cont ent 1 grans of residue per gram of
13@% 0d Ehefsaﬁ’dr; ccmmilt af themgte foerk vdfereim & Adhisas yistegmined by ASTM

MBI B OB oS ofay R Bmag bR RS

et ghs 11fv€1§tf8n@9idﬁ'5%vﬁle9£ n{dﬂﬁ)dFEﬁTpk&ﬂdcﬁlgBa@h@a protiuct, comprising:

m xtures thereof: and controlli ng contacti ng
corganivhiztai conds feed with leag or merevalalpstpioquodiceridstah proanctdhatgncludes

B e IO A PRl BB 4 .01 e

the' @Sdefded BAMELDTADS oft 1 €east Qldiathé erde feudhavingraaiesiddd\bontent of at -
as determ ned by ASTM Met hod D664, and resbgﬁ§ cont ent

leapts). hgragstof e drscpen gransyiins fesdh and ableastaag of Hirewial v
cor%'gﬁﬁn? Bfevdrqﬁgre % o, ef)lu%oéjb‘]fﬁt'hg 9eﬁocﬁi§1 4d61e PERWBIGhore
conpr crude

Sing: ing a ed wth one or nore

cogpdualdy sf 6nd @?r mm@ dm’tds dronoCalunpr ®aiibe Petiadic Tableuatasixiires
crude product, wherein the crud roduct |.i,qui

thefroft A7ASORTOIBDE SENAFIMEoD iofpespichithas Ths Grage P@aactwg\%rff&l\] of at

mo@t J@N oPfhedEAN %?ﬁ{e cQude feEd‘ Qhé:&’dg@plfo@ﬁéjc HASY r &SR c\'fﬁ@nt of 70-

content of at [ east 1 grams of VGO per gram of crude
130%ed theaesided cdnteas of dreesmde febds andmdabgnm TAXDITps etempinehby

e TR TBhEL S TSR, 8 Shek ol S80S T

Col gHp 11@16{?{101{ N6 Fiowided b nelidfdl & préfuctipd &ﬁ%p&ﬁﬁéte&fmpnsmg
and controlling contacting conditions such that the

contaetthe qmro@hﬁeed th ome DANODE cadalpess to m%c@fa tpt@éprpﬁlmctdhat includes

the cru e crude rodu f
theAgRASRO TECEES WOt BRECGTS f R At gt <ot o0t M,
thé&}g%(gfeed N%g@ MASNBE AtSed50.0 £the EFide e&dmavﬂ@wv@m dupeknt of at
least 0.1 grams of VGO per gram of crude feed, and at least one of the catalysts

comprising one or more metals from Column 6 of the Periodic Table, one or more
compounds of one or more metals from Column 6 of the Periodic Table, or mixtures-

thereof: and controlling contacting conditions such that the crude product has a TAN of at
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
WQi200%/061687 or nore catal ysts to produce a total POTAS®Y/042310

that includes the crude product, wherein the crude

S B T SIS G B0 1O B 50
of th€¥810 efRerfof tlerbd RbY Hnd WHerddR VG O abhtentlly as daerinedigy

a support with one or nmore metals from Col um 6 of the
AS”PMWthOdDﬁlQVe one or nore conpounds of one or nore

| s. fgéq‘%}%l s&proYlges gm BSak of pd Uﬁ%s Lahle epcrgﬁuct com&orlémg

u ce a C a ur sor
confta@mfnrg1 R@niddgedinkih BHd omofwatalm folrodirt alwmt prpthectiha dicludes

resence of one or nore sulfur containi
the @mdp t, athezein thesanda Rrpduds & HliAwA anigiere %@é C'#hd 0.101 MPa,

the 6 B’Oﬁd }Lg%gaao%ﬁcc}f:@? %ta&%g'tahg %%ogtl{)(ﬁﬁ ?% catal Ebestsclrs WHginable

by: fébhﬁ@ﬁmﬁ@@ uppbltavittomendri moreahetals filoavColesined oftht Bdriodic Table,
produci ng a crude product, c ri I ng: ota i.n.

OneLr RS REBROVASIP! SRS ODROTRREASTOM Jorian § E gigtlig Table, or

mn{tﬁfe@khep%)gd&i ?)trcgf&@ta cbtﬁléj ‘f‘?{‘é&ng&le afe] fEBiY e H@tﬁl st‘me%hﬁg the

urd mxture at 25 arid
catdlyst@iediRar irt the peasertte of @ad ohmormsgllﬁur vommmgwpnmouads ata

| east 10 cS t 37,8 0C.(100 t he rude
tenwaxﬁﬂﬁs% 05204 Pv’t&‘ﬁ%& Sondighipe Fenditics sieh ARt oo
pro%o tthlagaq%l‘?l)f' SttnSost 90RY dfIhSTYARNGY tBE cilE GeclBt @l s from
(f the Periodic Table, one or nore conmpounds,

-~ of iih@lmf:ntmrésqmaﬂdss 4 rosthodaif prevlugingfa arde Pedvcsciomprising:
conér%zglgtglal cgﬁigr?g?ff: ?‘1)3% Q]Ee 1{1}59 Lf@ sq%f: ont %oclelaI 081 Sr%ﬁﬁé{‘%ﬁét 19cludes

VI SCOS

the%yud’é7pr§d&@ veferdth tHIhd O WAt id: @Equstﬁllré M 25f°dehﬁ 0. 101 M”a
crude feed at 37.8 0OC, and the cr ude duct havin

the ARudedfeed/havyngmt Visesit3ofaiorast A cist 3§r8a\ﬁ ( WOSH), tthgcry aleed
f.eed

I o

mobeinbalk 36 €lurlhe of thederiodic Tubko ope ovidescompoahdsef af or more

el RO ST BRI BN QR e Sharep B R Ol

cor{t%ctt%g cBé&ﬂHﬁg s&fﬁﬂ Aa i%@r?@éﬁo&ﬁb? h&d é’gﬁc&'i‘@ %’@7 8 Wb? st 90%

I's a m xture at
of fhe Vixtodlyaof thmerudes fedé af 28 °6aandnge aruﬁAMrcmifuchhavimt API gravity

0.1, and the_one or re a ysts ¢ i sin
of 7%&%9%@2@%%%@%’ R Frodf ) ShfOAP gAutels Hgegrmined by
B Me@Rod D2869.
WIP cat’ ystmﬁgaesraﬁﬁg&gd itional ecat al yst
confihée smsntiorealsy prowides Colethod @& predusing, 2 ande predwadr @mprising:

i, Ig gqrrpou nds f}ﬁ% (?}r%,gtpgg? gp%‘?&e %#?gr}%% Rrﬂéucg 2 r;[{)%gmoduct that includes

theCMU Srb @RS, M&n&l‘f@ém&@?o@ﬁ&d@a ﬁq&iﬂuﬁkuﬂ@& 25 Tzﬂ&hcm 1@ MPa,
most 90% of the TAN of the crude feed, wherein TAN IS,

theasudtefeed haviegla nyl\mwlmt hbrndebeomer mergeatalysk cMPsising: at

0 roducing a c
oo Bl BB 5L B REEA Bl g v
thet@radniSdnSadiRioRAIQdHERt, aviiedéia thePdddititmial édrayst Icﬁmbﬂg&S)nb loe more
crude product, wherein the crude product is a liquid
Colimn G neetals, opg oomomnupoygg[s afirepe or more Column 6 metals, or

combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664.
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and the crude feed has a TAN of at |east 0.1,
generati ng hydrogen during the contacting; and
woamisroeldér ng cont acti ng conditi ons such that tReTaIS®E/042310
product has a TAN of at nobst 90% of the TAN of the
crude feed, wherein TAN j s .det erm ned
et higiegeen aspgent PonodR s b Redcdede RamId: popperisine:

con@e[cﬁﬁ GicRgHede&d H’ﬁﬁ oR¢ BFmete cabRgs to%irﬂ&;ce(aqmaﬂpﬁoldﬁq tRat includes
crude feed wth one or nore catalysts to produce

thetcnlc?alprqzdlmdwdter‘tlh ghe drndd maé@cttlmhelﬂlddléxw@@q?c5t°c %Me@ 91 MPa,

o 2 A ek O, S Rl Moo

andechtroBHg c@hta'cﬁ‘f@éo@ﬁﬁ)n@ fsudH‘thatCtaé atuys psoduonipsiasT Al of at most

vanadi um_ one or nore conpounds . of vanadi
90%riof ther BANtaf sheserpde faed, whsieindiAN agpscdsia raqu%/ ASTM Method

D6§£nd' tions such that a contacting tenperature is at

sfast 200 0C, and the crude product has a TAN of at
noSThOfestior 41 froMdes a hivehodrofgeodueing, a whde pxiodudTNrbmpIising
as determ ned by ASTM Met hod D664. The inv

corpaspz dcsuds feed Witk op¢ ObFJSEﬂJ‘&t%QSt%\tocWB@@eﬁ‘rtB@EE’EO tct that Includes

theGR 3R, wiRARh 3 &l BrofilctdEa LEEH nifchflo 4155 T a0 01 MPe,

the@iwddefegd Ralting a TWINeo At rheash@a 1 camdcié 1qastohectf tlnescamlystfquUprlsmg
mxture at 25 0C and 0. a, the cru

vangadipugy OF€ O NOFRSRIRPQYngs 0 Y?dla i, épag}lxtgﬁé(%ﬁefrect %nc{] controglng
corﬁ?cttﬁllg g&u{i{?ﬁ?{ch $had cﬁﬁ‘tﬁétﬂig‘%@inp@l‘éﬁlr@ {s dF a8t mmzp léﬂ&i $he crude

lum or mxtures thereof; providing a

prodoctyiras 8 TAN af Aydos§ePe efthe TANdoff the gruge ﬁ@edcwﬂlﬁl@m Thél is as
as, flow oV in adirection that is counter
detg%mf‘ﬁégﬁ’ r‘\gﬁl\@&‘%‘@ ]bg%ge feed; and controll'ing
€O ntTﬁE VRBLGPAED bio9TRs & lrﬁé]ﬁhdd"kﬁtprédiﬁu@! waﬁd@px@du@t; cdmasrising:

a N of at nost 90% of the TAN of the crude feed
cowthrémgl arcriiNfepd with agle e merhesallysts RSTRAwSt ek mct thrpfdncludes

tl t.
LTI Y R A5 09 o 04 e
theQ:frudH)feQd BalAd ¥ TIAN bPatPeRcl0I¢ earﬁl dt ddasd orprofdhectatdlipds comprising

i ncl udes the crude product, wherein the crud r oduct
valumang s e PP LS g tbyiyies Ereoh REvEpBR £es

fe E
colpfflal 7 Hybger Rl @D coblabass, iFEs, MRl B pRividI R,
dlreéﬁoﬁiﬂ thsttis coumgtd sientpw afithe ictinie femk; and casrrbroélntgﬁqnwndg condltions
of vanadi um or m xt her eof . and. t apadi u
suchthay the £ruds Prodieiahas SrAN of a7 ?f thg, &W?ﬂtﬁs it
YR, trolling
Wh(%geg?ggt [ ngts?gtﬁgﬁ%ﬁkgﬁz%ssm&geﬁg?ﬂ]t)ﬁgﬁcr ude product has
a t @halinwdntivh Beo parvident nudthat ofimreducdinns eide brodiiby syrmerising:
content of ¢rude feed erein N,/ VI Fe, cont ent
comQoHTE osTiIe A B AP R GBS HEPPPHECH & ot DRt pliGmeludes
theP&rQyd ﬁ%au& WhtBRAnoEruRE prbdaENS aihqﬁfdtfﬂﬁmﬁé Cla il and o 101 MPa,
conprising: contacting a crude feed with one or
theartdd feed Saviog,mreo duoeoferuds ﬁpd,mt@tﬁmw\&/ﬁ%\eomm o) afelgaat A&0002
crude, pr.oduc t he. crude rod [
syl 0 Sk s Gt o s S orfes® cphiltls of
Vaﬁﬁflﬁh}’&gﬁlx@ﬁgp\!hbﬁzbﬂ Qnd @RadhEdiumatl ¥t hifehiea porepirentisribution
vanadi um or

with a median pore diameter of least 180 A; and controlling contacting conditions such

that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.
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m xtures thereof, the crude feed conprising one or

nore al kali netal salts of one or nobre organic acids,
wonesoelasdr e al kal i ne-earth nmetal salts of oneproT/usSBI04/042310

organi c acids, or mxtures thereof, and the crude feed

having, per gram of.crude f t ot al ntent of S
ke B PSR Sxides F b RSl oS hE e ompprsing:
corfhictREdahde RE dsthAne 3t notdEdtalJstd ROBHbdGder®ial Rsdlluct that includes

controlling contacting conditions such that the crud

e
theppradeurodusasvhereintthe crodnproductds a Hawid mixge gf 25 Ypand 0.101 MPa,
al kal i nes eart tal .| . et ' .
s 5 ot B Bl HARUTE Bl 3 RSN Ganadiom, o

mi0ebs Ahdeadf] e caaletfbed®inddrisingoneairahors alkali nedtalaalyaof éne or more
acids in the crude feed, wherein cqontent of alkali .,
orgeaicacidsaene ik ipHalinareth wetearalision opg PO grEanip Acids, or
R0 Bl S LN, B ASTHRIR O, Gonior
alkph ettt} andeditgdine Sharth metdnihandtalgltaoLongdec heids ofinttlbaso 060001
or nore catalysts to produce a . total product,kthat
gran prebeaptolIng Goptetipg snskions sHeh Bapthekede r%@cbﬁmfefal content

of %lﬁal?nlejcag Wn alXheeEtRinet?, i theAetaPsalQ b MnictdfRis OF HGost 90%
eed conprising one or nore alkali netal salts of one
of the comtent afrajjedti metak; iaod alkeliee-earthrmoetel, &t tatal setsediotganic acids in
nmetal salts aof one or .e_qrganj cids, . or mxture
R e S s SR S e, LB st o
ordafiftGicid i @ét@xlmiﬁ&%)‘f‘ﬁgm MR D1T®tal, and _
al kal Tneearth netal, in nmetal salts of organl c acids
of Zhe insastioalo®pEVidss amesthahef raedycingsa cryae piuetheomprising:

cof i pocLee Abront o Rt PS4 il Yot bttt nctudes

.« theMrbde fbdh@ Asher6iBdOErutld grddattdb a liqoidahix@fre BO2LC bid 0.061 MPa,

pore size distribution having a pore diameter w thin

- theqgudk foed eoraprisiag ene ropercdilahaneial salipef ena-prgaere osganic acids, one

o S L TS AR P o, e

crude fiehd kK nguipér diaa ofl chude dteds @ tdtalonteht &ff dledli meet, ahd akkaline-
al kaline-earth nmetal, .in petal salts of organi ci ds
cargh maial dp e soli TR TRt st 0! afetlaand ahlgest oe of the
Line- .ehal . i | : i i
SIS 9IRSl U Yy S R o
to a80A awkh bi kRee #0Vhofthe &ital numbeeobporssinttbe pdre gizgalmtgbution having

acids is as defernmi.ned by ASTM Method D 3.18. The. . . .
a Homl,gml;atgﬁwgpg]oiigé&f ira@ergetﬁa%qrﬁ gaa,naﬁterpyv BiGE piyge Si2g disfpibution is

as BEEGMELE bF AR $Aibd 97H2qhd &ﬁl’u@lli%fguc‘d)%talfcﬁﬁéj coMdithorRREch that
or nore catalysts to produce a total product that

the erodeptedudt hes & tasdeopteotiofcikalivhetnk iand alfreling-eatth mpeteld ircmetal salts

is a ligui 1 Xtur 25 0C and..0..101 .MPa e crude .
of pafiisath bl b Y7l b ot Flkgl et R ke G Foeral, in
metARLENSE Rbardd adi@28t the cREO ®2dIWASEIn RAEENALT AIRAPMeRNn@klkaline-

the catalysts having a pore size distribution with a

eartteietah, ip oretal ghlsmes asganinacidy igag determained by ASTY Myghrod D1318.

it t | t 60% of,the total i C
r oS DBl R ARG BB i
coftBcthhedd criiefed iR @ Snoilé atEIySE to WoEh& dtopd hebdatzBat includes

distribution is as determ ned ba/iﬂASTM Met hod D4282

theaprddecpdves] whergindbe eraide pragueidgnailigmigisixsue at 2hx4e al@th@ml MPa,
d h t WA
SR8 R, A Rt bl R Y SOl B g ooooo

€ conten crude Teed,
grdthd, MhdFet 16 baabS the caxslydishevifl Bgdre size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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by ASTM Met hod D5708. The invention also provides a

nmet hod of producing a crude product, conprising:
woamisaeidsng a crude feed with one or nore cat aPgstUs20a/042310

produce a total product that includes the crude

product .. wher.ei n the crud r.odu ui d..m xt ure
thelpoReieydistbition B pgort fane P YIS A L IR A i dfameter
wheRM ﬁ&% sk dﬂltﬂf’&itionq? bdsternandll B KSTMRtettRIdtIMA8RE 8ddScontrolling

in netal salts of organic acids of at | east 0.00001

conjaciing cpedltlgnwmbfthai theeudepgducithas @ tojel Nin¥/Hergentent of at most

oof 3t S BRSSP i dimined
by ASTAPMEtMRE Dewg4282, and the catalyst having the pore
size distribution conprising one or nore netals from

Col Thpimyention gleo F@Vidﬁé panethdl & progusingra %ﬂ%lﬂ@éﬁ%ﬁﬂ{ﬁ%ﬂsmg
o oL AR TN e Bhed D PBIARA B
theCiidH ro@ns, whigbintthetrutid productdea pigoidunixtirast 25 1@ tad 0. 101 MPa,

content of alkali netal al kal i nerearth t al
therrsudg fegcbh@\gngﬁ tosplganteat %%qlgegl etals anpbalkalingopesh mefils, in metal

sal‘c‘sodt}{a E{cm?sl cFE%lt leab®. @001 %?:Qns?fﬁé?%k SF ek @eé&eﬁt"’lkast bk the

organi c acids e crude f
catalysts Ghamng arpoendizodistaibkbn wnmhtaahed1m11wbra Idieakatere)f ablenst 180 A, as

defgeropbhas 156 Ve N2 a5 Cetely s hind, s Tore sizeisibution

coﬂﬁgﬁé’lhg BRe &r B ifrdR @‘3}{91‘11{79 ofthe PeflBdiR MABKC bne or more
sing: contacting a crude feed with one or nore

comablaid)% of en¢ o powducelsdrono Calunpy @afibe Petiadic |Trableudre@1>twr@s

e product, wherein t uct
bt R et SonaHa e P et i Ry gl Pyl 1o
coftSRlafilalIn QRS aRT alREIR -k th3hdtal R Bk tabalth S 6fgapid@clis of at most
nore organi c acids, one or nore al kali ne-earth netal

90%wofithe edntenief @]kahmeéalo&@aql,kqimg@aﬂg meggl, igimatalrsglfs of organic acids
in gzzgduecpe gb?de‘ W e}eli]r? c Cl{téi}q of Fﬁ(%ﬁ ﬁlt%%w alloaqﬁle%%fﬂr%ftal ChYfi&al salts

ot al” con

of 8tdsiciadRIBad ddtiemRinahedl HynA FEMEMethall Tx 3¢8. or ganl c aci ds
of at |east 0.00001 grans, at |east one of th
cat dihy drventieny plagyprovisiss @ 3thed of nsedycing 3 GG Prougt, comprising:

coff S PSR Il 053 0 0ufe Sttt e

theséraée phodtictj whdreimrthe omde psidagt io aehqmd mixtwee a2 af6 ahd 64401 MPa,

Col umm of the Periodic nore co
e = OB R PP B AL o0 B RS TP CBRTES aids, one
or MRt Slicalfe-Hrth t§lssa¥t§‘ 6f & or n@&g offRld Rdsi &%nﬁ&ﬁ%@ﬁfekéé@, and
condi t1ons such that the crude product has a total
theandefeed biving, ket prameofdrpdafedd,al tetal comderd af alkalimesals, and alkaline-
netal salts of or ani ¢c._aci.ds 90% of ,th
caB et SRz L P HEREF Acnat Sl P TR0 Uaamerig g one of the

caﬁ!é‘s%lhﬁﬁ\lgtaspo?é si9¢ @RBitutiOR Wilhiamédish fdrb dRniRadbf anasteno A, as

tent of "alkali netal, and al kaline-earth netal, in
detmtuaded b3 IASsTMfI\/I@hg@BAQS%@ndI éhej ostadest extieg Appwscrizeydistgtmwsion

t.hod D 3 18. Thel i et ho f

coBPHITE O oxTOi TRl B co P ot e s e, P o
coftfpU@Sis ¥ @de BE inbredBtaRIfrdil COlugi @bﬁﬁlte?eh@dlb rlQBléQ@r Rixtures
total product that includes the crude product, wherein

therbef, and chatipHingsentaringeqnidiisng swahdheirthe eude pragactdieg a total
COlolfe%to(;f al}f?i 'metal, and alkaline-earth metal, in metal salts of organic acids of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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the crude feed having a total Ni/V/Fe content of at

| east 0.00002 granms of Ni/V/ Fe per gram of crude feed,
wanods@asic7 one of the catal ysts having a pore sSPZ&/US2004/042310

di stribution with a nmedi an pore d| aneter of at | east

in (R eI 650 PPy Sor 8F B Ay U O A Rgpetal sets

of&@m%cﬁpiseasr&é{e%ﬁleﬁwmm@mhed of1314e Periodic
Tabl e, one or nore conpounds of one or nore netals

f r ofhColventiorcalsd protiislers me@lmdcofmw@mg@f criflspigdaet, comprising:

r eof rolling. co I
co RS0l R 5Bt PRaCORGH AL LB ot
the@rudBsrb 0 W Rreih ige Hudd/ploduerant tigtidahixture arZRE alﬁd%@ d01 MPa,
wherein Ni/V/ Fe content is as deternined by ASTM

themd«me@sa;\mg a o Nlh\&/é?ﬁtcp@tﬁn%ﬂf% lggpt Y02 gaala@@m&\’ &e per
o] SN0 ISR S SR o PR Gy

meﬁﬁh@u‘ord)cﬂlﬁﬂetéf of &tdéast PR0 AdasdeddrmingdiseA $ThMethodiba8e] md the
the crude productis _a liquid mxture at 25 0C and
catglysidpvivigsp Parp 8ize AisTDUieR GORBHPRE N6 g BAE Wetalidran Column 6 of
e )2 g ARG o T L A A8 s e
Pedsdie iTal@le,acm mlistures thaderf; uné sotthdlirpéqntidiiag cconxﬂﬂoﬂlmﬂh that the

cruge Rindtc s toteh S drscain R o RR0% 8by SRENATES olgng of the
cru‘aE f&rdg%h&lmi/v w eQ:fon%ht is%%@tegnﬁ)@@ B3 AATRMetBbd D8ASS.

one of the catalysts having a pore 5ize distribution
wi t fha invedfiemalpoprevidica ameagrodoff paeduciwgst crode produet, comprising:

determ ne TM Met hod nd.the c
comachngd ¢h %%‘? &1OP8 BT ?D"‘g%l%’ T%%FP pRdusy att8fi\P“>éu°t that includes
theBRAKDHB ML) W8 The crl@E piadchioh ligaidahikaire af Z0TT Bad0901 MPa,
grans to 0.3 granms of: nol ybdenum one or nore
therastdeiged comprismmeny; meralatiilianeial sais WEanstar ere organic acids, one

n t
o BB BE AR L kT REE R SORLOSp b ot e
crude Eéﬂddiavﬁfgrhttﬁfal c@fterdt] ferlgranief adude foed, aff dﬂadh IﬁetaE and hlkahne-
nmet al in netal salts of or gfanl Cc aci ds of at npst 90%

carglf wetib ig Bretal seltsott oagaein acidsalat leag{HOIOL grame aplepstipne of the
Catg@é% lhabl\}lnngr g;?%eaglzes LBul o(fgn & tE @L%é\dlﬁbﬂcﬁé dglﬁlg?é?%f Gf 1468 90 A, as

con ent al i
detatriiabd bg ASIM MetedctD4282) andthelcatiylst ha\mﬂg ‘dme@ara slzeadlstdlbution
is as determ ned by ASTM Met hod, D1 i nvent i
hagy togal @aq;w BULOFHEh Bt MRy &a@éSfSh bgm&a o, grams of:
ﬁrﬁ' S orGRE g‘&i &H&nﬁ'm%'bﬂff)%uﬁd’segalzf‘dlﬁtgd Q@@fe%ht S'Pth@lybdenum
cata ysts to produce a total prodict that includes the
or mixtdees phievehfrand congoking contecttrg ebadisions such that the bnuc]@ pld)duct has a

ot ontsnt of Tkdapiah 350 alkalen el B 10 OrgRale 4o of at

md%f 609, t}iérdéﬁfénf @Pﬂkalﬁn&@l ahd MkhNid= Sarﬁﬁﬁ&tﬁﬁ tin MbtaRbalts of organic
| east 0.00002 grans, 'east one of the catal ysts

acidairi thg aryde feeds whereifi csmtanb of albali wietah, sad plialinerepdh metal, in metal

ter of. at I st 90 by ASTM
sefptinoecisisass T EEinEL oL AT R E e ! o
ol yipd @ﬂéﬁh@@ﬁlﬁ@ﬁfomdé@ 3 nﬂd’tlﬂm Hprédicalgysirudd proaud; &fdkising:
grans to 0.3 grans of: nolybdenum one or nore

comgﬁpmmde)fee m}aw@e 9t morez@ﬁt@lwtatoa@roé@,ce\@emglh progfict that includes

t ures t
BTN, B bR plnSiAgs tnR RARE SO gt Mpe
theferhd¥Need hading TAN WQ&E’L 0.hand: ﬂdH o@lide feed having, per gram of crude
feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having
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the crude feed and the crude product has a total

Ni / VI Fe content of at nobst 90% of the Ni/V/ Fe content
wofhodashe1wr ude feed, wherein Ni/V/Fe content i sPas/US2004/042310

determ ned by ASTM Met hod D5708, and TAN is as

determi.ned by ASTM Met hod D644.. Th on al so .
a pyE é%ediégrﬂéut}%xtwgaa B{XEBP(?SE? ﬁlaetgr 8f %Hgasg ?@ éu a3 ¢ 3e@nined by
AS‘PWe'tIﬁJdW%QOEE@t‘hE gyt Ivitien foeg %M&Ed&n@ﬁi&:oﬁfenﬂ@éﬁ am of
catalysts to produce a'total product that includes t

catalymﬁoxpmwdtgramhm @3 grantfeofe Mgl dgnwdeite drgnoge pplanowds of

mogfbﬁ%\} B: gageéio Crv%?ﬁ% t%f ﬁ)(&%%gme% glie m%{t#rtgg tlfefe%q and controlhng

contRkiflg %ﬂﬁﬁbﬁs s4eh @t tHRReudd produce haé é&@hﬁ\h@f&@ﬁdsh 9®%toa'|the TAN of
salts of one or nore organic acid or mXx

thectrstedesd angribie ervde praguet as édOHQhNF/NéFeaCQIWlé ot tighp §0% of the
l.
e PR BF 0 AR el AT R pMrminea AT

- MefHodads108astd @A&qaasld@émnﬁed h;nAsa“M Ivmm;l ]Dﬁ\@l of the

catal ysts conprisin one or re netal s from
Col Théingeptfon g pr@r'i%éﬁa aethod) of Prosiiengra GREHePTOg Y o IsIng:

conffgcbxgg% c%der@gé with bt Br ﬁeﬁl%%a%%sgy%béo@lﬁce aI}Stangdd‘agt' tﬁat 1ncludes

or m X ures t her eof one or re netal
thefchain producanvideiafihd dreddPaoiodiica iqbdenixomeats)S HHanel 0. 101 MPa,
co@;&oounds of _.one or nore {al S fr um 10 of th d
the PRI Jar ECorBRISUAE Q1 QFRer Sl GBS O B TiOES opggple eids, one
or 1&18%,' AcfinetQbth lrr%e%lsh'l@‘ofjcgle %?hﬁﬁe B&aﬁfétaéidsqij HurBs hBfeat, and

I's in arange from 1 0; cont r ol Ilng contactin
theconiti feediv/isgiz totdl fvantenty QGWMEDmelf@Qd fslkali metad) and alkaline-

arﬁblfl t o ga?gzl}ﬁ Cﬂfagg%tngcl éé:&(f ch' ﬂeag&d (ﬂg)é)? a%%gg TR Jhlgast one of the

cat§l9§’t§ @%pﬁ&n@' (sPbie dTBAGE meddl§ frohkebluffr e thd PERSEL Tabls, one or -
salts of organic acids in the crude feed

mommnpqunds; af et orgporg m@éalfs fraay Golumafofihe Betigghic Eablerpr mixtures

net al sal f
el Lty Thesh Rl o LB T BB PR Table opg or more
corBpSNdE 88 o HiEthbRn@dhls Woﬁﬂ@@lhlﬁgl B @‘ﬁthﬂ?erﬁkfdid@ﬁble, or mixtures
conprising: contactin (g a crude feed with 8ne or

thegaof.avheseis araolgr 0 o tofali(erlamn g grrielito tafak Ppen sl idn o

ran%]g %gﬁ} gEOaW %ﬁgd %ﬂ?&lgﬁ%cgfg%tl‘%ggﬁdlﬁé&géﬁg% tHapt a;lrl?]d%&rgduct has a

totdl coateat ofNlkaH hetat; and elthlind-cath thetak in the®d @aﬂt& 0@ Dgamowfmds of at

mobt 076 o e o kG oh S b S Rl il orgmic
ac18'?1n%ﬁ@ cRid@freddGnERY 6111 &ﬂ'te?lt gﬁﬁlkﬁl mRRE AH R8-S AMPRERYSN metal

ne or noré net from Colurm 6 of the Periodic
salfsadfloegandr achdsxit as ésterntinedloyf ASEMJMeﬂ)oddh@hSr more netal s

fr o Col um_ 10 of, Lhe P |
BB RIETBI HARPI o P ST R SHECH BB cpgising

coﬁg& %dd Gud@Rk§ withlondloX M@@atél?ﬁ§ ﬁpﬁrodmfé{t@ta'ﬂ pFOdUBY tBdt includes
rati f total Colum 10 netal "to total Colunn 6 netal

the sudenpraduagkertinghe drudepmbductdna liguidimishire Al TEneekl-1 fgMPa,

L ] h t t
thergrrdp feed BRRE R oty R Geftel s B Eo g2 b tat SRV e per
gra% of 88d€1ddd iR thast¥iR g ki dital WS @OnERNRES ) die 0 $nore metals
eterm ned b ASTM Met hod D5708. The invention al so

from Ovlugess afﬂreﬂ’hn@ﬂlgffalplﬁmar mepre cempernds o6 gk ¢t more metals from
Co?miq}? 6 o% thquerlodlc Table, or mixtures thereof; and (b) one or more metals from

Column 10 of the Periodic Table, one or more compounds of one or more metals from

Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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contacting a crude feed wwth one or nore catal ysts to
produce a total product that includes the crude

wonrodweice7wherei n t he crude product is a |iqui @BCWUS2WAB42310
at 25 0C and 0.101 MPa, the crude feed conprising one

r e al kal i al al .0f one o r ani ¢ )
Cofymytd mefab itk ekl § el ain g Bhedhol | €4t dpSurpuing
corRbctiiRcBnditiSA e h Wedt HSo cr@de Prodlidthasa tEINSIY/Fetdaftett SR most

feed havi ng, per gramof crude feed, a total content

90%fof alhedl/V/Feegomtent afidhe srudg|feade 8hierein MeVal'e contenyds ag determined

f, 0 i£ acids of at |east 0.00001 granms, and
by%ﬁmh@ﬁ ?Jmé?cat al ysts conprising: (a) a first
cat ghy sivenfiditalbé polvideah aleyisdd dfawddi@ingrecruds prodatt, Edmpidising:

catal yst, from0.0001 to 0.06 %rans, of: one or nore
contegting crvdsriecsd Mifons op oIt et PR idpreducsn tetal prrdugythat includes

.of ]
oS08 RO, A o e
therBrodeUfe€d cdhgignd onedrdndie allaliseaalndlts af adeyatmoreoeganic acids, one

second catal yst having, per gram of second catal yst,
or gorq alkaineceagh meptalsalinpL ongifs IERe REFABICAS{d Qr mixtures thejeghy the
. of i i a .
o P 4Tl L 0B ) 0t R SATRRY TS
earfiaink], ic aletal lsatsost caganieaids ofcit leastt (R0000d rgraving tand élge one or more

catfis CORBrIGNGHS) DI GEE SR S e A1y GRT B P Frauh Refiet catalyst
froffE.8601 @%@%ﬂﬁgifsj N ofdbl Hoftgh&hls fioth 0Bhln 68f fhe ;inodi_c Table,

organic acid at nost 90% of the content of alkali
oneret mbre cangpoahdsofi ane-oe arcrhmetal sfromiCGplumn §l ofdlag Periaglic Table,
ic acids.in the crude ein c
i

calQugRaS wafund St g A% RS hPeh AL R Logiaflst b gegond

~ cat fgﬂ{agﬁ@, perrhdofisécond cot@tyer; i Red 02 AShMolVRInB € nidre metals - «

The 1 nvention al so provides a nethod of producing

-~ frog Celuthe efolie Beriodie mpblesinggr masn camprwyls #f epe gempreagetals from
it h | .eat t . :
' Com%)% ) ?)E%egjggggicefa%% @%}Xuclal%d é‘g w@fg%\?ﬁlgl?lglﬁh o?%rgl(tg?{lsgg&%f, and

he"Ct ude product,

coffAIEE tontgecting lcbaditiohysush taetirtcride R6hwnHada bl cditent of alkali

the crude feed conprising one or nmore al kali et al
mesal) and afaligpeanh m%alemémﬁ%ﬁalés efcqrganic agids e 007% of the

co%éktygiaﬂ(%ﬁ%talhaﬁ@élﬁél}]n%-aéagﬁ n‘ﬂ{tﬂ?ﬂﬁn 1 TS B 8Fo9ARIaEids in the crude

or mxtures there e crude feed having, per
feedt aherefn contehe of dkalj matal cind lalkabing-eath mbtal ik aletal seltsaif,organic

and al kal i peearth ., i al salts of organic
acigs jsps dSYerr&%neﬁ gﬁﬁsﬂ&é@%ﬁé &rlgﬁi‘ and at | east one of
Bh ngféﬁrﬁje}iﬁ&ﬁ alQ@}gfoR‘/gies RSP Rb i ¥oille pﬁﬁu&t?(@;(?ﬁprising:

grams of: one or nore netals from Colum 6 ]
cotthein@er ¢rodi feed aithenne onercos catayss topnodusedstotll pradacighat includes

nore nmetals from Col u 6 .of .the Periodic Tabl
the i BB WO e PRGOS BN e Thes s 0.101 MPa
theARHacRBd Ec%bﬂiﬂﬂ% 6006 AR bleNkatiansthlt JaR D 5 SteCdY thbr@lorgantkicils, one
hourly space velocity in a contactingzone is over 1Ch

or ioreaalfalineecarthuniealmabisiofenetnsnaye prgagic asilst ermixgiresthegof, the

net.al ., and al kal i neear.t tal., in tal, sal ts; of .
ongle ge e B Sr Y S degondtip! oRsTERFA{m R, 3 afkpine-
catfiBhlal, iAAcktallskidd 6B pAaE AdidIEHtaRleast MOOEN Hrafigllahg ableast one of the

organic acids in the crude feed, wherein content of

catalyltsibavimet pdr gram of eatilasti aideaship OR1 gears of: e eraneir maeigls from
C S EIPMUP AR TR, Be SRS ToRTDuhYs ASHYVEIM hetals trom
Column 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid hourly space velocity in a contacting
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
WQi200%/061687 or nore catal ysts to produce a total POTAS®Y/042310
that includes the crude product wherei n the crude
r.oduct

ol iR g gt  Bat TP o aistaeomeR abihedl g gpatine-

eartil {nV{aF% Fri%ﬂil ealts dfforgdnid ﬁﬁ&i onlt HYIOF0 W Iodl e, coatent Sﬂﬁkah metal,
one of the catal ysts ha per gram of catal yst

and gliislineteap mejalainsmetal se&,ﬁs of erganisrasidyan ﬁ}escmd%f?ﬁwmn gontent

of %%?lté g‘:l%aﬁ) o ﬂ? g&g %%:'th me9 ettﬂggﬂgseérf&g ?.%g? fes,ag "W&teRthined by

Amhm&tmcpmaﬁg wei ght of mat al, or mxtures thereof
and controlling contactin condi tions such that qU|d

houthg inyjsaiden 8lar provides paneihedotraeducig & erHde p%oda%ﬁowmg

g 8 G5B LEYope B Bp N FBL

thef @@dt, profest Siviterdin/th Erade prodecttis b $iqaisl mixtee at 26 ayd RBTMMPa,

N TR I TN T
f t
oL M0 5 e oLl BECHUO i of n o

mordimetal UflemTobaing 6 df sheaPdriodid Tabhe, ohe pemate @Bni@ndsdf one or more

e bt FLBE T e b PP S e L
the?é@fgzﬁﬁ coﬁﬁglhﬁé %Hﬁtfaéﬁngc&ﬂﬁﬁﬁhs Qlichalhatl lﬁ]?lfcf h(&r@%&ceg\;%fﬁty ina

| east one of he ca L
comtmtplgu one ctmel@h ' ndgheramnde Qrordrlcima&alt g Vdfe qangent of at most

Pef{fgﬁng/y i 'tﬁ‘ﬁlg,ﬂF%le gfur&) ﬁge@gv?%plbem g]s/}ZZ%er %OH%GCPS is &8defermined

by BtV NesthédBE®Ed.; - and control i ng contacting :
condi tions such that the crude product has an oxygen

confléainvehtien: alﬁ@BngbW@methQ@deW%Wéﬁ progfict; gpamprising:

~ corgtr é{d v fcg'ﬁ(ﬁj 1 fe?(ﬁ] QJI,I]&I%%C% H‘H)?e Qe[t%gytg fo O}Fﬁ%? cge asfé gfc%dqlglgﬁlgﬂhcludes

e suI ur con cru

théMiﬁ(ﬂeﬁﬂnﬁdﬁDty\gﬁdiemQHé ante podast isleliguid mxdirbyt 285TVird0. hoMPa,
E385, and sul fur contentqleoﬁgé s determned b

ASTM
theverdeblpong. pvhgramwfécﬁtl {128 O XPET FpR t o wlgash 0891 grams
C
A
catalysBlcompasing boné bamordmbﬂahkefsom Lelunudef ﬂieﬁuodl,c elbler, engror

mage serapaypas OF e innte thesela TR, Aot B ERedic dRlgeor mixtures
thefr&ﬁdandacothﬁ%g Nb{lMét’fr% Sains s&gh tﬁét th€asitle B8O an oxygen

gr ans, a Sultfur content of at |east 0.0001 grans
comtEntsaflaf most Wie ofitheloszgn contend 6f thh eruslgifeddy sndthe crude product has

« R st o505 % st onOre s S sk it "B peen

coffBh@b 8s ﬁét&*?ﬁlﬁ&i WS@M)Meﬁﬂﬁ E%%B' A ©lfhABdRent ¥ as determined by

m xtures t hereof; and controlling contacting
A%«icMﬁhQﬂ@%%h that the crude product has a total
Fe co nmost, 90% of .the N /V/E ntent..
of " e e e ior s SRen o BB A e bg R b fisng
coﬁt@&h%rﬁ crifle fLd H3@%6nefor tltge sathIlitE teprotieddta 1tal bRRluet tHatencludes
wherein Ni/V/Fe content is as determ ned by ASTM
thd\xa‘ﬂdﬂ)prom,()\ghergmdhggnuﬂg progueitie adiquig mikture at 25 °C and 0.101 MPa,

the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002

grams, and a sulfur content of at least 0.0001 grams of sulfur, and at least one of the

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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determ ned by ASTM Met hod D4294. The invention al so
provi des a nmet hod of producing a crude product,
woanpricsieng: contacting a crude feed with one BCTMIS2@®4/042310
catalysts to produce a total product that includes the
crude wherein th
mch SAnBPBing Obeiogt A e B FoRkRo PR g hiady ToBtE Sr mixtures
theFIMPAIdoRB0PIRE cOfitalRigteonbitRdhk subhithat tRetiuge BfodabEha8la total
nore organi ¢ acids, one or nore al kaline-earth netal

Nid/AF¢ sorgént ofi et wostHPeofthg AiVeFaeontent of thengrydafeed, and the crude

pr({dgtgtd%g% SPIEWJ (foni &ﬁ{)fea(f ?g(?"? Ikl{%qmlt%re Corfiist gx{ c%éljedﬁed wherein

Nidl/katdnenad tdndt@ﬁated uynAsvtwaMeﬁ@uttssm @fdgsatﬁmcanm $s as
of at |east 0.00001 and a residue content of at
detemaiaed by BSEMhﬁetqu Dg%ﬁ‘blue and at |east one of the
cat sis,8 u C
7 e p RGPS BReP UGy e BTl SRR e

coﬁf@dtﬁlgfﬁdradléfeéd iithGabk whThobe cdtallybte tdeoded ctofed btaalucothat includes
m xtures thereof; and _controlling contactin

theccavrin RIPSWE, \ghreﬁntthﬁa%rufl%méﬂ%éaé)lﬂaﬂluetxﬁﬁaét ot 0.101 MPa,
1
the ¢ Q?cieiefgé% %mﬁjl fr)%e'aTér:“]rl rgtl)rgc xig%tglggtaltﬁgg @?ergc'i S %f’féto?%amd 4tids, one
or mord dkdlinefeanthloadtal snkd aff gneanm dn(&b edaniveacelsy dihmixgtrad theraof, the
netal salts of or ggnl c,_acids | t he crtuatie f eed

cridp e v BT SIS Dhore Ferdes ta5ihcoRtenGit B SE9h ahd faline-
eat{t)}fﬁlgﬁﬁq? ‘ﬁfé’tHI %gﬂts & or%aﬂﬁ"c Sy & 88 0.6000 1 &hE 1aRd "é%ﬁl@lﬁt content

al kal i ne-earth neta i'n net al
of stdkdss 04f gramg aftlesldac,lmid at kastondof émmataéxstwmrsmg\mtem ghore

el Fo R o b Foriifi Fotie P 3% pioGy FerBRE s Y o gpore

- meM19HYE @&uﬁn%‘r&dﬁe PERSIE Tabl6, Wik Sk éiGhere OR hAC bbb ltng

crude feed with one or nore cat al ysts to produce a
contaetinlg qonditians suchahat ithrdrudeprodhe hes adualmostentef allipemeiah and

alk@ﬁl}_%iarki]gglet%[ Odt'ln% al aeﬁts of or, N cdacnasx f{at S’lO@II 902/5 ? ‘&‘ie‘%ggtent of alkali

cru fee Fam o

méieshd afﬂkdlﬁéledﬂﬁ rrf’etHBtlﬁmﬂietﬂfsaHi oiT (ﬁ'@ﬁﬁlc chas ar tﬁﬁﬁruﬂé feed, the crude
reS|due and a total Ni/V/ Fe content of at |eas

praslugtioy 2 rgvidisconiam ofT 0-J 3 of diearegifug t@t%f)’éﬂg?ﬁ%de feed, and
WhefdiP Eédrﬁérﬁ%ag{l@h %etaﬁoin% aﬁ?‘eﬁi?lls %a;tft B % & a1653ﬁ’§ of &8anic acids is

eriodi C one’ or nore compoun one or re

as tetmhised by MSTM Muathddl D13 18hendesidod centdiatlis & dedermined by ASTM
m xtures thereof; and controlling contacting

MethediPe3®hs such that the crude product has a total

N' / Eémkh g&?@g% glf ﬂ%s HRSh PO R aN':r’uXé Et%dﬁéin&ﬁﬂﬁnsmg

e cru the crude product has a res
comtaarttr@m crofle f68d $31h%ne for trivee cataliystsi & produeers totil ptddec‘rdhatdecludes

thaErarsRropsonherndhe Guitpiodttt aNEn T aERa Zh o el Egf vepe
the&%rl&é M@& h%n%?%pgram-r&ecrh&%/ﬁm 1208sidhS QP ¥F %éas@O 1 grams of

met hod of producing a crude product, conprising
residyet art 4 totpl NicH/Hel eorfters @i i tebst OH¥082 gramrse amhttétqsé ore eighe

uce a total roduct udes h
cafhtsororamaiar AT PRE B aliarip Saes b or ReGRI Tavls apeor
mék c&%p&iﬁdé R0 dQhoMRRetalk BONCCHRE, EETthE PEIGdiS THBle Odtemixtures
or nore alkali netal salts of one or nore organic
thexedftland emérolling contacting conditions such that the crude product has a total
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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or nore al kaline-earth netal salts of one or nore

organi c acids, or mxtures thereof, the crude feed
woaavisngiesper gram of crude feed, a vacuum gas BCI/US2004/042310

("V&O') content of at least 0.1 grans, and a total

) tent aof al [i . al kald -eart h .net al in
iR Foretis B d it ASTREMBIR o EBR Bl Rt e b oo
deteBABEd 8P A M tM@hsED3byEt S conprises one or nore

metals Trom Colum 6 of the Periodic Table, one or

nor &he inmsotienislse proyifss e meirdofmsoducing 2 edepradiat. gompprising:

he. Per i odi 0 ' . .
ol L el AP B SRR B o oo
ther@dbIsToARASWRerbidlthd crafe pexductd adiqiil hixmet at 25 &hand 0.101 MPa,

al kal'i ne-earth nmetal, in netal salts of organic acids,
thegrudg fepd sempEsp png pranerslkabiimeal ity af pngpimpre ofgapic acids, one

| e ; . . . .
P 350l o el P, g B0 G . e
crude fiéedtiaviig, P&-gkaA %l ofude Heedyshamni gastoibf VIGE”) conidat of at least

feed, wherein VGO cgontent is as determ ned by ASTM
0. Ingems.crnggdotal corient o6 akal el %d@ilfﬁhnﬁﬁﬁﬁh mefqin metal salts of

or ﬁaalckdéecff B0l gﬁsglaﬁd Eﬂee@%ﬁ% %P%Is 8taRktsQoARRES Gl $nore

S as determn STM Met 13 18. The’|I nventi on
metdls fromr Oolinias @ thePérimlioTalie,aohe o npracempolemdp 06 ducdr, more

el Ry g “rtoft Retelic T, S rties tomae EARL FORES The

coﬂ:téé{g% RS sucthBRdi ShderhepiobcthaB b @stiCdonteit 8f Alik&lVindtal, and
m xture at 25 0C and 0. 101 MPa, the crude feed having,

alkpbine-gartinmetal, ¢n ol fatschf ongant aridsNif/avimost YWavétite cofiteat of alkali

| east, Q. 00002 gr ang,. and .a cont.ent..of at |east 0.1
ettt iAo e A B el GRehs geedin B st Hedoin e
crude phRiuRt RtV 6 Of dodtBnfef 1013 B/ of tHelfeGBaionft 6f thakhele feed, -

one or nore conpounds of one or nore nmetals from

wherstin V& @ crttentisasiatradned byabd EM Miethe 1A30dsandrrentest of alkali

d contholli cont. ' 5] . thal
B R 80 B G RBR s OBm b by as
MAaRs4 Dfizthe Ni/V/Fe content of the crude feed, and the

crude product has a, VGO content of 70-130% of the VGO, .
contl8ainysptiemalse pigyider agrethegfmapdoiss eryAe Bradusts copaprising:

oL 058 iy ST VB bt et e

theadrade prodwdtgeberainthé¢ trode pfodpetasiadiqnigl mixturade2 pioahdc@. 101 MPa,
conpri.sing:. contacting a. crude feed.with one o r
thecctiln et Bovins,dRb ABELO i e B SE WS PE eiet 190002

ordnh 980 RS EnteiEaeleAst DNCxGHd A dRf RASCAnel oF tike datdiMtscomprises
m xture at 25 0C and 0.101" MPa, the crude feed

one onoieseiglsdien Golummr € ofithe dleriodistTables ah¢ or robreomponnds of one

or i rqe gl%%?sai%iﬁg (&?ﬁrﬂ%p é)? gfegfgaeﬁllgg{cgla%h]el; ,%{r I{;}?}?‘[erg [ﬂtlﬁrh%og? atlnadl controlling
cotti@RondAodls hidd thdtsiecrhi@esobantinaga tREINDV A htefif G most
feed,” a total content of alkali netal, and

90% afthe Neddre ¢ontent af theicrudedeed, asdthesrede ppdjzoh has a¥(G§xcontent of
f, ot . 00001 t 1. f th .
105305 ouBE Vil sean sBa TR RS adin g O 8058 Htprmined by

AN MEhSPDSE30E bl Ni /Pt deddit Wastle@rmiided HyeA$ Dl Method D5708.
Tabl e, one or nore conpounds of one or nore netals

f r orfhednentiomales pravidepamasendof pedusing? criwlg pipdae, comprising:
cot%%{hegogf cr%ge RE8 gvli'&leon% of %o% Xastgllyﬁg ?ocﬁroa&re’ a t%ﬂﬁi pIO%{lgE 18 includes

the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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catal yst by heating a precursor of the catalyst in the
presence of one or nore sul fur containing conmpounds at

wa 20@mpesat ur e bel ow 400 0C, and control ling cearastiomg42310
condi tions such that the crude product has a total

or BN APIea b il G € SR ALt OB GEH GO T B peteDt and

the%ﬁme%éd Mvu?gl ?@il drafESfetudedpst, altbtal éongen® of AlkalBicdd], arkdilkaline-

salts Of organic acids in the crude feed,
earﬂsh'actel in wetal ealts afforganicacidsrasiahleastA-RP0Q lezarns ene ak lewst one of the
cat@?st%Wt%{{ﬁgﬁy é@%@n@ %ﬁ@é&%{/\g}] ]il 364 gls b 1%ettal%rffn n%%lumn 6 of

Ion al SO provi

thePRtib@id Tablep bﬁ’éjéicrhﬂﬁ o@nngUﬁ’& d1odd BE nor€ MR ﬁbtﬁgl"olumn 6 of the
contacting a crude feed with one or nore catal ysts to

Pendiel Telde ot maixhiresghergotio nredice asalalist Breewsor apd orming the

e 8y b bR Bisbl B UIRy SR plchcl pl bl e it

corlﬂfilﬁii\i‘g(%f)n'}gbtﬂﬁ dt @@€mperatued 1tw10\i>\|l400/)"(EE.'elridc)d’a)tn&f)l:hn(gfcoﬁltactmg
east O

0002 grans, and at | east one of the ca@ﬁ
conditions susnthat the @gpde eritichhang tatal eorpetol allel vestal fry@%l@e-eaﬂh
mefﬁ tlﬁln’?et;l IS cgo rgém o 9cid off A1 d2e00 dir el @Rty ofélﬁal?fneta} and
nor e mpoun one of nore netals from Co
alkhifge- MI Iﬁetal; infmbtag salsrof mgahu:ra&sistlh érecfidd fee@,rwithnme cantent of

tal yst f t.al
o i e U R B o g Al O B it sgEpmiged by

Asgéfom/ﬁ%%y%%#g cont ai ni ng conpounds at a tenperature

, and controlling contacting conditions
sucliih¢ heventidrealsy proeides e dethodhe{preducotged cril¢ Moract, comprising:

t ent t 90% of t v/ F tent of the.
o el g 9B O o B (RS BBl s
 theR¥udSH IR LIRG e RFHOGudd| pl%dua\wahq@la rAix&Re BY TViCigsd @101 MPa,

crude conposition having, gram of crude
thammbdged hating, per gremsef cu Qe‘b raéﬁfgl D/ VAeoeasiant bbrideast 090002

B

. moté nBtads B&h|AdMEnh 8@ EhedPediod] dITHbl Bnd 61 ﬂ@&ﬂuﬁlﬁfbuﬁﬂ‘s &fhshe or more

320 0C at 0.101 WMPa; at least 0.001 grans of
metnjsifrondrems 6.aithe Beringiq Tahle.on mjstumsdhereeffeipseiuse  ratalyst
e S REERE DR Pl A LRRlRey 0 fscac o one
or fdtadufl Soainingr@mpotinds i decrpparaiuet beld'\h d00 ACpmtd cmmtrolhng

al so provides a crude conposition havi

comaEsrdigRs Behlsste GUePRRiHiabE (g FIY/Fegetent Ot most

& W?‘E nﬁé Me Hgﬂ L4 Yhereltl Ni/GASE cPicht & a%f&t d
90%f<;rt§fl éoélo tTg'tm tr(fe by ASTM Met hod D%BO? and etrwrgme
by@ﬁﬁ@d$ﬂﬁh@mDﬁa§§a wei ght ratio of NCR cont ent to C5

I f |
oo BB et A g pRviEn ad s CRRPRAING: HE B PEREATL . preds

co gsgﬁér{ PRt DUN1§Rhmb §f ﬁyﬁir%?&fn@‘vﬂﬁlda S{Mhﬁgsﬂ_a&{bé/ﬁfsﬂﬂﬂltlon

The 1 nvention al so provides a neth
befveon Q6 |°6,gind 260 det POt vRa; at:loaqﬁ 0i 09il rggammﬁhmqad@na with a
bofligE afes parme i vt 200 gL nd 328 6% .10 MBS e 001 grams

of hydrocarbons with a boiling range distribution between 320 °C and 650 °C at 0.101

MPa; and greater than 0 grams, but less than 0.01 grams of one or more catalysts per gram
of crude product.

The invention also provides a crude composition having, per gram of composition:
at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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the crude product, wherein the crude product is

condensable at 25 0C and 0. 101 MPa, the crude feed a
worhsmemsent of at | east 0.001 grans per gram sETaiS2be/042310

feed, and at | east one of the catalysts is obtainable

restlip e BmBtnedig A yiod o En 07 a5 e s R ratio
of MCI@ E@ﬁé}ft 18P SspiBlidies chiitef JPat 1A% 105,6dhekdie I\EERlc@ﬁlﬂeﬁt is as

e, or mxtures thereof, to roduce a catalg
detpmmned B ASTM MetlmrdDHIR0; ed €aasphgkiene gonenris agydeteranined by

t rsor in the presence of one or nore
Asﬁmﬁ%‘ﬁému ng conpounds at a tenperature bel ow 500
0C; TS thveidd Akd %1’@)91&9 Bihaghddef peedidtirdg Derads peldutthedmprising:
the crude product has a MCR content of at nost 90% of

contmcémmmmqﬁeedwmbfonﬁ e morgepialy e P Prafesed tntalprodusithelincludes
d.b T R
the aqrg € %P%%})%r rTg &8 ﬁ%%/ %Iﬁ‘g g%wﬁ%tgg g%rﬁ%ﬁgagle at 2§ e a!nﬁgelr@)tlll\qpa the

crude udi aSNIOR cobfutt a4t 1843t 6.001 ebend e @ram bhcrade fe@d arlr a8 least one
catal ysts to produce a total product that include he
of the gaalysisge obteinallsdyerembinmad WRROTH Mal pRe of grore metals from

Co §'4p lP%n@{hc Zélb%éas ¢ grorg%% g&ép Bands $F%ne oY %r‘% Rt

con ent o anms per gram of crude
Coliertl6 ofithd Patiollie d%iblep oemixtutch thecanif ab ysddich a\caiagls’apmmrsor and
size dlstrlbut&?n with a nmedi an pore, di aneter |n

forprifg e cRBlSYRY heale TaoRiaLift PRECHOT BLibE PSR L Pfig Or more sulfur
corktgltnﬁlﬁg WHRGhd IaQ% Sratufe bdIGwBBD @CSéﬂ@ccﬁiﬂtI%Ilf &b:‘éh’ta@ﬂng

a pore er wthin 45 A of th I an pore
contlitionstsach thahthe erutlegoodict hase MICR edntbentiod at mgstéﬁ% of the MCR

det d. by ASTM Nk d Ly | 1,
bR SN MR BIRE T BRY B A e
D4330CR of at nost 90% of the MCR of the crude feed,.

wherein MCR is as determ ned by ASTM Met hod D4530. The
i'nv@he umnwrsdsqapmld@eg nggt rediepssd euen PIeduetnepmprising:

coB SN o AL P By ST s QL8R Rl ot mcues
thelorQ@3pr8a@ditbwidreinthé blﬁlde pﬁaddettls bdsndeﬁghbm/atéxST’M e 0hied MPa, the
D4294; and at | east O. ranms of residue,

crugle ffesdr MER wtqnsvﬁxﬁ%'esﬁe 0PSB0 DeTigEamh Rl i Sisd gt least one
of Hl c\éjtagﬁf l‘%.Vﬁl Lﬁtdﬁ)rg 9?? gﬁg&ﬂ fidn I&ﬁ’ﬁﬁ' edlgl? Igrd?ﬁh&& in a range from

gr arrs OXy
70 detoelm)l An,adltlbyt 14T 50k hiocko 2B Bbibert ofrposés 1ﬁ) Ih):(}ﬁ)rg siaerdistfbution

sul fur, as detern ned, by ASTM.Met hod. D4294; . at. npst .
hayinga P@F%fhﬁmétfﬂr W&Eﬁ%“%@?‘é Htféﬂé\gl%}%r’% &Wﬁ“ﬁeﬁhﬁrf“ﬂé’ﬁ/ﬁlze

dish dﬂlt%ﬂ i8R x%ﬁ’rﬁeg %&%@Qﬂjﬁe&%@'ﬁ&@ﬁ a\’rﬁ%oﬁﬂ@lhng contacting

erm ne od D5307; and the cofposition
coﬁtﬁﬁoﬁs STAiNtHaf ﬂmtcru'dﬂ:qirocﬂ)mﬁ hasses MR ef atinmast! 90%6 ASTMMIVER bititie crude

feaaphitgin HGR Bradremashps At AL 57007 gr ams
of Sk fiWentidts alg@fg)ﬁfvmeg ‘ﬁ@n@é c&%ﬁ%ﬂy@ﬁ hQﬁnQ‘b%? éram"‘&f composition:

| east 0.2 grans resid det er m ned E%.Zli/&
at Mest{b@040530T pf exyden)ws detﬁmﬁmdthythTMMn@Oé $; gﬁmost 0.003

grarné%l%fs sugftxg as gﬁgl%?lhgg f% é%gﬁ{\/f 31&0@11 EEDb. 3ogfra1%§ of residue,

as determined by ASTM Method D5307.

The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as

(
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a TAN of at nost 0.5, wherein TAN is as determ ned by

ASTM Met hod D664, weight of MCRis as determ ned by
wasTiglowetshod D4530, and wei ght of C5 asphal t eneeTiUS2@8/042310

deternmined by ASTM Met hod D2007. In soma enbodi nent s,

the ve SO in co tio i th_ one
detggmipgst o 08 TRh MRS Ao s Oupr BRa Ra S BAN ofgt Bt 05, as
detEfMgnsd™ oﬁREmMe@ﬁdﬂ%éﬁed that: (a) has not been

treated in a refinery, distilled, and/or fractionally

di sThé imdntlc(rtﬂ)lsmlasvxdcm orvda cempesitipyhavies PEb& AR MiseRiposition:

w B0t Rt DRy R BT DBR BB R rams

of RYid18 &8 dbRARined bP ASTM MethodD58H7; had gie @nimisitlloﬁglaf/m@ @8wveight
di stribution below 100 0C at 0. 101 MPa, a boiling

ratioa @écﬁuognﬁenmtqscﬂsplwéhewnmow legsti 1 S omdgfbe a‘emgosm@ having

an
o Tf§Fop i b e RPEEAY 551 HRUR BENERT VAR S50 g of
MR isReRte3Rthed GyanSir MQQet(BGd 84580,1:0:d WdRght od 0 aspHalieddsigas
range distribution between 400 '0C and 650 OC at 0.101

detmnequﬁJMM?éhodg@%Qﬁ%f crude feed, at least: 0.001

9 20l O GERAR AP BBy i oy

moly 6if the ﬁ{eltmjals oh wnplgma)ﬂs actdrding tatigandingibnj drudd f@nd that: (a) has

nowhyah Gees s <baehn g Blleso o A bchigellirse Rods ) B Sompdnents
haylf X"@%‘Boﬁ ggmgﬁ‘ A3 ﬁoegldQﬁ‘e &ludf féeg%ameas@ 030ka@is 8ruchf

rocar bons having a l'1ng range distribution )
cothpénwatsped @n06f ande %04 (GIbcanpri}se& bgdrverbonsnal porti@e bf which have:

o oG rms PO BRI A0D OC Gral BBt bEoliPeggs fisgiguiion

© bethRin 16G°@addPOPéC ﬁtt 0 h@laMPaOa E@nhﬁg rér%@%ﬁsn%lﬁhon%twd%nQOO °C and

range from0.3 to 20, O. to 10, or 0.5 t %
30@PCiand.d 0 hMHispi bomggpmgﬁtdlséﬁblﬁtonlt@%Qenﬁ@Q @@nét4 0. @0110101

v S B 2B S PR 0RO s,

peICg'erﬂQ)ffcﬁﬁié fedd, ht 1@@5]@111 0Glegrafisloff Uy droCarpodamvitie d dBig range
0. 0001 grans or %Bms of sul fur_ per gramof crude
t

dlsfr(t_kg@on ORYOVHER %t at|Oe]6{§ afbq01ggrams ob hydyeggrpens having agtoiling
ranée ld%?rﬂgu?%g bg&\;%eﬁqgo a{: §38b °€:af 0962 VkpLD. O()? H}Hseofﬂ'gfdrocarbons

conpri ses oxygén cofrtai ni n
haviyg & GoAmpeasse disnibutivg betweanr290iCkaldi 300€Cadt 0sldll (NPx0.001 grams

of Rifraparasisviae SR g angss HsOPgHe bREru0 3t o ATucea 0.101
le)elrj ggﬁ .9{(:)05 g%scdg*r@;&oo?&%pfg hd 354 bOMBe %dnrge dSRfibutih bRRveen 400 °C

conprises at least one
an@65@PC at G0 T MPh; @) hay g@ANCofat lahst (1 s heasteBodiine mange from 0.3

to &, Gbitul it §eS redhbendriiabheibed Sraha Biasr Ay #8101 Mpa
(g)t&gnﬁirﬂc\!selmzké? nvan&c‘hHﬁeanﬁeﬁ%% (H)Qﬁis hﬁeé%’f’b@'()@@? ﬁmﬁ)()f total Ni/V/Fe

vi ng napht ha and conpounds nore vol atiTe than
pemgpimtd‘fa:rlidedmcb ® pmniprlsdsrsulfmé]) babadeasedh D801 giams or 0.05 grams of

sulfiiner rn e e ot b e SR ARS SE VIO Ry B grade feca:
(D) hBY &NEdsP0.1 g@arﬁ%ﬂ@ﬁd@é g&%ﬂ&ﬁ%‘f tAle Fecdf UAEcdngRbebtiten

one or nore catal ysts roduce a tot al pr oduct t hat
contpiningtesiradasbons; (dpone or more alkali metal salts of one or more organic acids,
one or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof;
(o) comprises at least one zinc salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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product in which the crude feed and crude product both

have a C5 asphaltenes content and a MCR content, and:
woadosawesasm of a crude feed C5 asphal t enes cont ear/uazm4/042310

crude feed MCR content is S, a sumof a crude product

LSO A A B O o
moﬁré"@it thSmeltoddor H&ﬁbos@t@oﬁs&fzc@dl %Pﬂ@l b intdhtiohh@uedieea iat g

conditions are controlled such that a merght rati o of

obtainkiR byaemening efphthe and catepqyndgiere velatile @@nayph@latfme@ crude.
2. o gimeensbofmeig o RLGEHGH li piich EOBERLLAR b i o

modé SOthE hRYAGHE Br coipSidtisiatdraing'th the 1ﬁﬁﬁ1t@h aBkthodfof Ebrﬁactlng a
nmet hods or conpositions accordrngﬁto t he |nvent|on

crudy fredgeith emaeroRoreicAtalifsisdn Pratice g dtalguaducs thas indlugdes (hﬁ)crude

proﬁiys eoﬁp%ﬁé n%fid rfgff%ﬁ%lrdg:?&de rSAudgﬁg&Q{és?? a((fjs)atséﬁa%aﬁes content and

a MORIcBffent, hid: %@)’@s@ﬁf’@ﬂﬁi cEefeed Gshephaiteass do(mfcnalalsd)crude feed MCR
provides, in _conbination with one or nore

conenttindsa $Hm ebupiiee Prosist Grasphelfangs eanterrand ﬁ%ﬁiﬁpa?riucaMCR
corr{agt*r?g ohd 881{{58 gddﬁdﬁoﬁé‘rg%oﬁt‘?&%d%t:ﬁ 108 Rlat HREEI9 of S;

sts'to uce tot al ct t inclu
and®/oti@d trmdmdwctmg\b@fchmcnstar@cmtmﬁed ﬁlemdhatsa wmghtaratue df @ M(é‘R
contacting_ zon that or coupl ed é of fshore
contgRial ST DTORHRS 1o ifow APRHEHERES CORENT /R ETgR PG!S in a range

ﬁDH{pz%gge)Oﬂp3%9@@|nat|on with one or nore of the
net hods or conpositions according to the invention, a

met ﬂmmbmehahb@dmpnussths irventiarcalsm groarlctssude:omemtlmn whthame or

t t t h f / .
mai o G ook SO imae BT ingge durud Ay BataRd Do, in
whidiClle @by er{ Surét i5:%h) LasLbusa(1 a@aﬂigen gxﬁ r(@dﬁéthmu (da ighp

t he crude eed is in a range f 00 normal cubic
hydmt:vbenso(e)gm@ewsalk@/@ir(éblend@@mf@eeoéer cubi ¢ meter of-

S T e B RRL e M s® brofRIcE, flephfatian with one or

md#@bﬂih@ nheﬁh&ﬁrd)tr 'E:@rhb@ﬁtldihé aéadrdinggo ﬂlﬁﬂﬁﬁéﬂtﬁwh predndros c@rﬁtactlng a
the hydr ogen source; (c) the rate of R%{drogen pta

cryde feadowith pe ontharecpialstsip pasce ﬁé%tahm thag gghides phe crude
prchdugt wﬁéjr'ém tﬁ(? 1{!(%9 ?%g%]cdfﬁﬁc"{’&ﬁn asco éo\nt | aﬁ&pﬁgﬁ) Hf]cou%ied toan

ydr ogen upt ake cause s ase
offskeqafailitpn bet ween the crude feed and the total

pr oduct durr&a cont the sel ect.ed r%te .of
hy dib§uhe tipbekimens. § I%VGP%\%@%‘S‘? PEdEs 38 combinagign wathyage or
mdzb BE ﬁle;ﬁ%tgdﬁ ko ltn.EGSI IR OILII‘I?QH rtﬁéelnp&{tloﬁuephﬁtﬂcﬁttﬂt cBnprises

crude I qui d 'y space velocity of gas
coatactinyra ¢rhée fwdl mo@remesm uracecatslysts i thagpresehde of a gas ahdasa

5h 1, 20 h 1, (f . parti ss re f
hy e EuH n{rﬂ@nﬁ;?arta b <obificB ik Bhf S palf ol ¥ gaseous
hygr‘c?bﬁ‘ St oaRE L fdelis B £4@R @ﬁbﬂn@SG(ﬁﬁﬂ%ﬁfaﬁ&dﬁi@rﬂe&rd &¥ gaseous
ange from50-500 0C, a to l'iquid hourly space

hydeiga saupceaper tchbic gesteranf @t usie fcerdecctmwtadg@rh suaergrotef ihe catalysts;

Olfargre gD futrosin Rk S dhyrdlef 15 JaRiRt b4 Rg B gssure of
thdMRIrode)sorch! (?wrefrat% R hgAs c@eltake ik BecH e tRE 86 PLUdGEL has

isinadirection that 1s counter to a flow of
TAN of less than 0.3, but the hydrogen uptake is less than an amount of hydrogen uptake
that will cause substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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the crude feed; (i) the crude product has a H C of
70-130% of a H C of the crude feed; (J) hydrogen

wapb@keidsy the crude feed is at nost 80 and/ or PCI/U&2004/042310
range from1- 80 or 1-50 normal cubic neters of

o b ST B oA bl aB 5 o
at 188 0 2OY4 g) 8 badial ﬁ?%%mé@f%h@%ai AR/ M thdhiosaNoaRde i9bodthled
crude féed; (1)the crude product has a sul fur content

dunnfg FDiaLE08H(g) 2 Bt tonperhRISis|ih arrarrggrftcémﬁ 0500 Gea total liquid
ude fe the cr uct h a VA&O cont ent 1
hogly- SpSen el citrepb it Sacgmat o dne el e s A Tatgr i o. 5o
and ©84; re(smre bhﬁle% A5 864/8F 6 UglroBas scuréesis iiflb arpe Mo 10010 MPa; (h)
70-1 0960r 90- 110% of the residue content of the crude
a flpwenf thq gds antéor thalaisirggengaetce ffig aghresiigrythat issatetst togs flow of

o 850 e 5L 08 P o FB0 e 0

hydrbgerCiipifle bylthe dHEt f&edSis at thodtd0 ik &nd rake ﬁiokrﬁl-l 80 or 1-50
metal, and al kali ne-earth netal in netal salts

nomyyay gvbie n@g{gqra of ydragenpss culgg %etegtof goule feeds @%th@g;ruﬁ@ product has a
tot rﬁi’w % ‘{ rrgi%g\t Qf‘%, a?fmc% F@J b, ?Irg% tnﬂlfs’c 1@%%1‘ the Ni/V/ e content

|ne ear I'n nmeta ts of organic acl
of 1h8 chide feddy (g tHeagdde Iﬁrﬂalu(ﬂ hE’s ¥ allfig coftetihel 10k 18086 bedet] 20% of the

su1g§[9'gﬁr@m"q%gﬁé" Gruge edfhelha ey peocoet b Y Gileepog 70 30% or
é‘t/ cﬁ?}.{%y@ig) grfgté]? %; QAR febd1@n)the %ﬁﬁl’e% HdRikt ﬁa{lea i€ content

a t he crudé product s an
of m a%)%m 60-170%13&0b6 ofsidan caRentgrfdbe ¢rpdofeedh@) dmmiede product has

feed; and/or. (t e crud uct f at o
on Bien QERE sk 0 Boag it 190k o B L2 e By St magt 10%
of RkyddbonRnt bi'e -Eﬁ{ﬂquedt g% thé é&@ﬁe vf)ﬁﬂdctﬂﬁg laQbtal ébn@ent of'alkali

rangefromO 001 t 0.2, or 0.05to 1.

metai @dmﬂ(aénb@emﬂmmeé mmpéallsnlxtsefvﬁqrgmaacsds @ﬁatm@égo%; #f most :

nblnatl . [ o
Gofpares Sibe bet Rt or SRR a R T PCSE R e tppael s
of Gl%ﬁi% 361§ it M lcardel fodl; #q) RISElut S€ thewriide foe demngdilﬁactmg, is at
catal ysts and controlllng contacting conditions

leaﬁfe]dﬁb ® the ede praduet hasagasoeithatigeh ¢ shatanest 8% at most 50%, or
at ng %g}ngfs th%: le 11%/Q)f ’dg %ggtﬁng? % géa . @ftgl@ Chid g?&cﬁéphé:s an API

npoun i%s 1eqlice e Cru

greMt? @!ﬂ GO IBQ% mn%mggemltymﬂtbmtmdé fe:etl amlsédr (9QBs afud¢ pduct has a
en cont;nt of thg crude f Ieastgdw
Rt 80%; plameit g, at 1@9%@.«@ @BWP%E h@r@bﬁlﬁ e of the

T %@HP@% %ﬁﬁle%eé&%ﬂ/o&%ﬁ%‘mr%g R 800PXYH 5C0.8¢t0.2(6)0.68 t0 0.1.

east one compoun organi ¢ oxygen cont al ni ng
conmposomisernbafimesssthamvehtial alsorptoaides.ahcombination with one or

carg xyI i C acid; %d% at Iea I onﬁ& und of tH%h .
mas § SR CRBRR TS AL B GR F DY BIaP: S @ethae] that comprises
coﬁ’tla{ftﬁlgl Mu&’@fet:@ Witk of f’Hotre QJtal?s@ ahdPntolitngd@nthctif@donditions to

t one conpound of the ofganic oxygen contaihing
rechmerp oomielst of @ngrmics@sygen nettaihingaiotmpofinds i avhielx ya)i accoatsing of
ein the netal

sclS)id Rigais OO ERTHOTRER AR oS e pat PR g B prveen

cottBt &F af RI3EER, 6f theRRy %@f&%\ak bEthe @RId8IfeHdn ga)% A dhe compound
conpounds of at nost % of the content 0

of ﬂmmrgmcbmgen coteming sommyuodeomippiscoapstadalt pp edreoxylic acid;

f eed
(o) S G e Rt Of s St a8l b PRtk Borises an
AlARRRNEAI 6F RehBoRflic W CaY R Pal die coRpoahdbMNUe OFGIAIY dkygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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oxygen conpounds. In sone enbodi nents, the invention

al so provides, in conbination with one or nore of the
woRbis®dss60r conposi tions according to the i nveRCTMIS2008/042310

nmet hod that conprises contacting a crude feed with one

or nore catalysts in, which: . fthe crude, feed is
leagtpe S afh e Bis e ning CRmPSY s comprisgs @ metal salt of
a c{lﬂgg%}nct R Rk ﬁle{]rﬁéthl%eﬁq)rﬁ;hls S Grakibre Meetal FANSEERAM 12 of the

erature, and the contacting conditions are .
Pergati¢ Tabledd) thactude pacduchkasfa qoptent ohmercearhexlispppiatning erganic

i s at, | east C lower .than the secqnd nt.act i ng.
corpiioids af fitost gY o B it O nlr SRR o BRRRE e
corﬁ%!&lfn@g athe endeftbdd tndpe() geRast Pha ke tHe RS Ed htafidg cb@Pounds

at a second hydrogen uptake condition, and the .
in the epdle feadrasigiatesfeorn inpphtheme agid ot BertratbeRylicscoatainipg grganic

30 0C |l ower. than the tenperature of the second uptake
OXYSREPTPEH S c) the crude feed is contacted with at

| eant sopierBbodifients aha inehsorpdls@prlovides, ih eombimation evith one or

foll owed by contacting at a_second tenperature, and .
mogef the preshods AfcUBPRAIEMS FecUfiBg ¢ HerByenbignstmpthod dhat comprises

f C ' t ' t I
cotpii AL AR RPRERRIE Rl s BLwRRE: (o7l plic BOEK: contacted
withhas$ ldast c@l&@é(t_j}&gcﬁfhlﬁklﬁ’ atngfirsioinaetaturg follosyed ydoagetinga@s second

is generate uring contacting, and the contaciin .
tergRspTIE; BIAKhe FRITATIN OBHLIPBY g &nga@fﬁdﬂ#&b ﬁ{ﬂh@l@ﬁfﬁ?&gmaﬂlng
terpREulcll AR 0 E R fRaP B st RISk RORELRIRE () theorude
feednglcapaosidwithhedrpgen atanftscloriregsniupipke fcondibor andideh eealsecond

hyggger{,\ﬁg?g (.‘:ﬁ)%%lﬁ]é?l: fﬁalfdytfléfef o %@r%&f%g {L}gége;cdo?lﬂ‘ rog.?lg %{Eléast 30
oCHBREr tﬁégf/c’rl,@fte_rﬁﬁkb?atﬁﬁl\éﬂﬁe {dagnsapaie: padiona(y teoRbdotedds - - . .

of the initial crude product ‘and the second catal yst
coritasteds with et ledss ope ofithstcatabysts avladirsti temperatuee {odlewee bl gentacting at a

has a TAN of af .nost. 90% of .the TAN of LnhLLLal
soc P s G P poRar Ao Re g Ko Rap ol e fis
cofth@flatmpaatutER Gt flost 100) CloRMieatah gk deBombedn@icting tdnipeddture; (d)
ebul I'ating bed reactor; (i) the crude feed is .
hydrogemgasdsl eaeratechdrraontashag: (exsirggen 2ap bstsgeatnd qusing
C 1 . JL . t : i
cofftiindhe SolpG P PoBlihPhe 8BRSt subh PR cRide feed
upﬁlﬁm léaeedpdrsio? oflthﬁcg‘gﬁdamﬂ thhdegemdf)ithé ande feedtiatymictédwith a
t he presence of a rogen_sourc S t ot
firgs 64 BRSOPAFALAYE éndl%yl&ﬁﬂ%&@é %Mfggcf @é)%qtﬁg s ggtﬁlﬁfsf_oms an
int@ANEIR 8aRE, A vHefeih Eheq?ﬁi%f‘&gdé ?&Hhéth%@awmf atGHI 90% of
neters ‘per cubic nmeter of crude teed; (1)hydrogen iIs

thegBANTof tleeccrdde feady andeontactirgcdfi thginitidl ercie pdeduceadl the second

contacted with addi tional .catal yst in th esence o
catghyS5ogas a Gige Rodicherd BT (R Cric RS AT O al most 90%
of fhedF g %F ’éhg"’}ffﬁiiaf &ﬁd&?x‘%&iﬁ&} I(PeonfREhs isQRSfoAREd Al SfRacked bed

control such tha flow of the'gas is in a _
readtorp@) camadtingtis pafarmed irean eliatieg bebigaetpr; (H ¢hacerudeefeed is

corfii Wb el AL e et T A 0 ARHaP UL ey of Pipe galysts:
() lohé 8f mbRIGISRALAAIGstR R VehRSAURRI Y aMd THe cAlleadsl fsiconi@bted with
catal yst at a second tenperature, and the contacting

an edditipnal oatslyat ia thopresaict efla bydrhgerhspuraersabseaquent to contact with the
t eperature i t least 30 0C | ower than the ond .

vapagiR caliog COtRTiraRs BrogaRTalag e 8 i Filde oM, P2 giotimal cubic

meétQ9 h&dubRAmettNSf crude feed; (I) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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crude feed is contacted with an additional catalyst,

and the contacting conditions are controlled such that
woheosaddict i onal cat al yst uptakes at | east a poPCTmIS2#/042310

t he generated hydrogen; and/or (o) the crude feed is

b | d with ddi ti opal |
PorjoR ot i EepeHise P e aaidns santeone serflichs iR b Eotretled such
thafh BoGYF @%Aéqgilrﬁy&abe&ibﬁtha& ReconBee Rtht EREsAhe EiRidE Seelland a

i
east 180 n sonme enbodi nents, the invention also
flowrofvhecgemeratad hydndgenafnighe wiudn fesdds eentagieewh atvasadium catalyst

t hods or conpositions acgordi .10, the | [ a
ot g GRS SO se et R o 49 enRl (i LG B epfhrture,
andPthe FBHBctHRL @niFods hid cohtréled suah tHah eheCbiatbimpératuge & at least 30 °C
supported catal yst and the supportconprises alum na,,
lovesir thasahe sdcpnd temyieratiaa(n) hydiaegasos gereratod duidng ¢aptacting, the

xi.de,. magnesj um oxi . Of i I . - .
oD TR YT o R SRR L
cortlled such(thit thd eddiBék0 dathlyst ijgakes atieadt agortbun adhk péreratd

catal yst that has been heat treated at a tenper

. | it ur e
hydrpesrs andior OC s qrade fead dupsrapeRit etacted)wish pr P@%?naéﬁa‘ralyst at
o L8 i, OB S s DS 1 AR e
tenfyrehtare iShtueast €80 ¢¢1 t he crude feed. In some

enbodi nents, the invention al.so provides, in

corb} #0889 SROQUINANEEC BT eRBald PORKleRdl Figggmgtion with one or
mofOOPRS WS 098&9*5&5&915%90& g'ég gﬁ\r}mfﬂt/égﬁon,aa ethBa thd: B&hprises

conprises contacting a crude one or nore
contadtmig\astrade fatd ithone onmood catdlgsts it whight (a) heaawlyspora sugported

B e

. zir&BHEn BRIR| BaflehOLiBaMS niixtitbsQherbbie (H)ahd @eﬁél?st-f@@ k&pported -

one or nore conpounds of one or nore netals from

- cat@ybtiamd gh&suppob is pdreusPés)ithelingthpd flugher spmpiisasiangglditional catalyst
LS04 b3 P E Bh EOPBh B8Rl g1 of

at 1852 0Re 6f the @AKAlyefs SR 1€asiBI5alesr; bh@T (@ htIFAsS obe dPthefcataliBts is in a
Periodic Table, one or nore conpounds of one or nore
fixpbbed o slurgipd aothaerisledeetly of the Periodic Table, or

m X - (&) - i r- .

T 55 A5 TR 55 Al R g o
moe@Phe Reshodk 0o bempdsititnsacordiak so fhednvedtibuausethod thad tomprises

t he Periodic¢c Table, or m xtures thereof; conprises
copy@ingra Grpdeiepd ah One PH 0T FAlHTYS: AL %GStcﬁnetO% g?epf@ﬁﬁrﬁg*a i

r

oS A, ORISR e AP TPL o
cathlystt €0)fcpmpeijestas or pere gretals wém caxtlahys$-10fof dm Periodic Table, one

0.0001- 0. 6 0. 001- 0. f:
or FROISAHE B S A 4TORe T 0 PR30 O 418 ReogikeT e, or
migi?fe% tﬁé%@&?lwg g, Yer SRR FcaliysE R (ﬁoddlog?blﬁgl(%a)m 9.0001.9.6

the Perrodic Table, or m xXtures thereof; o
granoyypr frems).@Hed.d igranoy of: met el mofermaetalShionntisluging Sef0 efithe Periodic

eri odic Tabl e; on r nore conpounds af, one €. . .
e SOt P PRBPRHG OBOBE B P HdDPaR T0ah CORIBIRG |G hE Periodic
Tamef&&hs&u&mel%ef;:(c)(cg)}ng;gapéﬁescﬁ&n&e Sneils FORECHBEAL 6-10 of the

fromColum 5 of the Periodic Table, one or nore

Pexjodip dabldsonsforamae opmpeunds 98 pag et mprgrmetals fipm Solymnsfel 0 of the

Periodic Table, or mixtures thereof; (d) comprises one or more metals from Columns 7-10
of the Periodic Table, one or more compounds of one or more metals from Columns 7-10

of the Periodic Table, or mixtures thereof; (e) has, per gram of catalyst, from 0.0001-0.6
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Periodic Table, or m xtures thereof; (h) has, per gram

of catalyst, at |east 0.0001 grans, from 0.0001-0.6
wonrese1d87 001- 0. 3 grans, 0.005-0.1 grans, or OPOTAB23/042310

grans of: one or nore netals from Colum 5 of the

Perl%dlchIe e or rmre

AN Db nows Bropian st T CORaBsg T he Peffodi

Ta %ﬂéfo@S}n&Q %&?@éund@ lo¥ oﬁ@m&bﬁ:&ﬁetﬁﬁfﬁcﬁﬁ CoRnghs Bl @bSthe Periodic
rom Colum 6 of the Periodic Table, one or nore

Taldem:ranmtises:iﬂle@né (Breomprisesraneair snare gietaty framrC@uens HHieof the

ref LS 2% SRR b S Ot e

Peffo i Fable Jordhikfies Pefldf; Qgﬂﬁm@p’rﬁ%o@s}‘ oraf6reQhictle fONEbRIE 5 of
from Colurm 6 of the Periodic Tabl e, one or

nor e
the&@mpdlsrﬁléﬁblm pneaEmere aFoURds of ceror giareatetaln frgmdfoluma 5 of the

Pe C Tabl c
pef5i SO0, i o S B SEPOP s
frofNE0001 -(mrgeaxﬁgmumrm gfims) 0O08H0. hgfaﬁlsmﬁt(}ad)BOfOISanms of: one or
Colum 10 of the Periodic Table, or m xtures thgre f
moge gt frfp;@rcoémnﬁ@rf theaReziogic; Tablg. 9rp 0T MOTRLCAmRPUGASAEOTsTOr more
I
PRl BT L AR S STk B0 ORI Ul or
mdﬁ@ﬁﬁtallﬁéﬂrahs{lcﬂlﬂmﬁﬁ@f thenPeribdicoFabidy@nfer moek condpduinds oone or more
m_xtures thereof i ses vanad or nore
e SO R VIR - S QT HbEp O iy, pef Bt of
catGRIPELRES O?;U 168 fgran?,@@ -0 bfants? U]@@S‘-@dlsgl‘ﬁfnsnﬂ) 0k®l08 #hms of
m’xXtures thereo conprises cobalt, one or nore
one omnomdstaksffrmm Balumn 6pf thiePetiodis Tehler et or ape compounds of one

e AT
on&@f RAbdSthetafs TR ol 0 Sf 14E PEBoAIE ThbRMES d¥GR0rd c&n@bm of one

nol ybdenum one or nore m)gybdenum compounds,

or mOiztt wetels frmvelC@bimn aepfﬁa@rﬁ@np@le ablen gmaHured FErest; e, per

: grar%f) %qltlagmsf org au(fq%? (f 3 glfa%ms or 1(_?% }.Qalﬁg rogohéneoér:‘c’r}lo@qﬁetals from :

. Coluh® $0 8Nthe %ﬁoéﬁb Tlﬁﬁregioﬁdkﬁgﬁére moﬁ@ﬁﬁlﬁﬂi;rtif%ne of mdtexinetalSrom

t hereof; (t nprises one or nore netals from(‘éalunn
Cogrgip 19 ﬁéthp ﬁrlééllﬁér alpleh PEMBTCHRETSSE: (FDCOMPEEEY Enadigpy, one or

mo%) g&@}? Lfn%P ﬁf" V%Jo%]ﬁmﬁ? o 89&1‘6{6@%’6%%0% @%@pﬂs@sﬂ‘gcﬁ? ! 0%15 or more

coxfnp&md& of aickel, btnixtarepthesed; (0N eompnses ceba, eneot mofero@mpounds of

um 15 of the Periodic Ta one or nore conp d
cowt eh@lwreﬁﬁreéecm @rEorBrises A ? > QB QJPIR SOPEPIRAT &

mo-[g;& ﬁys?& bt %ﬁ%oegg?ﬁgﬂc{s pe(r‘@rarﬁ%? cath%t g46a70.6801-0.3 grams or

grams of: oné or nore
froed @08H0s dramsoCohelydehbmobng btsmﬁa@nn«zidbdﬁnﬁamoenpomnés Or mixtures

theyey  HONPEES DURRRLeTer TR RTRPIES Of WapRgp.or pljtires thereof
(5)AROSRP faﬁ?‘of Qg s“?rfrcﬁﬁ b%o@%gﬁﬁﬂﬁ%mﬁmw% Re bﬂﬁloreothngsten

m Xt urés thereo (x) has at "nost 0.1 grans of al pha
compomids omeixtupesinersbt; c(‘atcangogtses e dt oror¢ yictalsmomtCalems 6 of the

theta a a tal y.s
Pegyfe JahlSgun AR DSOS B R BRE L SRS SO b e RLS Tahle wherein the
mAR TS 8 e ToMrhA 10 ARt o THRICHIRHn bheetiEt ROFS] & 5; (u) comprises
conpositions according to the invention, a net hod of

oné or moregelan@as ﬂoys@ol@mﬂrﬁ ofiteeyParindixt Fablg oae supose compaunds of
ong OF mote elo mentrsT?rom éot ? fl%roqqtﬁe PeHYAR! ’i“elibqgto? mixtures thereof; (v) has,

per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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m xture, wherein the support conprises theta al um na,

and heat treating the theta al um na support/netal
woiznisieeseat a tenmperature of at |east 400 OC, 2qw/US2004/042310

further conprising: (a) conbining the support/ et al

of s eodie HrbBndmrinwgs el G BRPHEoRD S PHEsPrRg s of
ph(?s(kl)H&‘uE‘ o hixfird SHBRHA K s af mabt 0. B asins3HQ1He; ahﬁfiﬁVa@E:r am of
furizing the catalyst. In sonme enbodi nents, e

catalryvte md/on(yahsoat deast.dggams of tb@tﬁr@mapa ber gmmrpf@n@b@t
| nvghgc{%éng RSB R0eSne fn e &a&& hRRRIAGHR gun}gmég wiflpe or

motE€8Ckh¥Aefhdds &r eémﬁ@morg@wdrmgs@ thennwtm@h 4 Bethpdrof forming a
size distribution of at | east one of the catal ysts

cathlyst: copapyismgrronibanng 8 sepperiih ene gfmaxe metaksto @mma sypport/metal

ml!ﬁfg‘%s t&fhgg Erib‘ihg SPlgo%S%)r%ﬁr%gf‘the?e} athlugglét Weaﬁre%ggﬁ%ﬁakta alumina
su;?brt}’rﬁetal hD@e af 4 @M RoatlB8GIAL 1eA8C00 4OAancﬂﬂ1®th&r3&bﬁnprlsmg ()
30-250 A, 180-500 A, 230-500 A or 60- 300 A,
combiaing the sarperifneiat BRERCIHWHCH (BER 8Papigadex fh@g ‘the pastc
P A5yt il e ey o
andibr (ceadfurRihgn®é gatabst. | east 100nR2/ g, at | east 120rTQ/ g,
at | east 150 | east. 200 n2/ ar at _least 220
n2/ & S%?‘Bp&ﬁ@fmé fﬁ*‘étﬂ&@ﬂ%ﬁ %ﬁ%pwgdgﬁ’l n GPH’PH’@UB% Ve oG or
mogé n&ﬁ t‘ﬁ@%eﬂ%d@ Fea8?0s1§$ns a%@erHm% td 1B Shiiof! a RARH thhat %omprlses

or at . In sone errbo i nment s,
comtmtmgtal andeafesd “pmhcme@emom catdmbu inathidntheipote smaedlstrlbutlon of at

o R A S Do) S GOREF PG Jheaer ] A e lega0 A, a
leabeR® AM d a0 00K, a[f‘l’éa@t SIPR Oitll@‘ét mtﬁl afsﬁ@st 28M AWK Bbst 500 A, or
the support: (a) npri ses al uni na,

in s fdnige &oal W BRA, ﬂ@Q éﬂ? Al il A, 230—859”% Mﬁ(b)iﬂ@lé 230-500 A; or
60{5@9 'ﬁgh)p{{‘ l%ag*sg(g’g ﬁgghempéinﬁ%rgﬁ%rﬁ] E%OIeegIlj-laYeansér%rd1aZ§8H ﬁl}m 45 A,

35Ha%r 2P, oﬂﬂ‘r’érﬁl@ﬁarﬁptﬁQ Afdmetét (d) easifad2. a5eagcsﬁaa1r$ea9n‘ 6031& t least
al,umi na, er gram of support,,

90 g tret J@astfaw?) reds pt 9as 10 ahde. of leeRdpa nara;m hast 209@} 57, or at least

I | of ,
22 RS M55 B 0 AP ATE g B B g0
cnffeaareast 048] apiizg, ak uﬂemOﬂeum@am of support. In sone
enbodi nent s %{he i nyention also ovi des, . .
coni seIRS eRbodimenis ibe dpvertionalse %ygieﬁ,épﬁg m&pon with one or

mo%’ 8 Injelt o?%?ﬂ?gi{‘&lsta‘ac&ﬁﬁlg't@ YRNL{Qftion2a YRR 'tl‘rHT‘corgprlses

cat yst t hat as a pore size distribution wth
comchr@ra qrodeefedd awthtame oofnoa¢ suppaged &0alpsts,(ib whedntbe iseprost: (a)

comRH AU B GFo DR i @G ch OB G pgngsm
ox{@dbﬁﬁlxﬂ%ﬁhgfe%ﬁ%gkr ool (B)e&‘ﬁﬁé)rﬁgs 8 hlveAAPEAF&Sdelta

one or more netals from C3lum he Peri odic
alubaibd;e(¢) lmsepayrgram o€ suppopoaidesst 06 goames of gammealwsting; {d) has, per
t he Peri odic

eGP P Sy 5 B T3 o A comprises

alﬂh%ﬁﬁmg sl AR del@NBuBinaMBER alEthidhSorfthiRfrEHesdl, @) has at
of the F5er| odi ¢ Table, one or nore corrpounds of one or

masbPé grenndialpharhngiiapen geupef supporber i odi c

In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a vanadium catalyst that:

(a) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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Table, or m xtures thereof. In some enbodi nents, the

i nvention also provides, in conbination with one or
waonnws/efest he met hods or conpositions accor di ngPCoO/USk®4/042310

i nvention, a crude product that has: (a) a TAN from at

nost 0.1, from 0. 0Q from0.01 to O0.2:. or, from .
2 supSs, s SOPROT PUTPIRTR SR BOEB0TS U AFECOR P hepore size
disiR@ion v Rb&ah boR-Bahtbr ok Mast 60MATRY abmﬁﬁéds ®n8br more

organi ¢ acids per gram of crude product; (c) at nost
memls)ﬁomzc«gumw thé Paricdic able.gngior ofore eqraeousds gfiens or more

Sk R LR P T 505 5030 B G, o ram

of é‘e&éisiﬁ ﬂﬂ%ﬂ@ 001 bR oRNRaHbIRB Sl ﬁtohecmmmm bﬂhe efiodic
Tﬁéow in conbination with one or nore of
a

xm negre @@mpolsndtsmé age axmerednaiglstieon Goluymy e ﬁf th@rPerlodlc
TaRiR€, ;DL E; arlek netal salts of one or nobre organic
&1 QFnixgEs e re al kal i ne-earth nmetal salts of one

or IPEEnOEFBMimeRS] tHs invehtioh AkolpRsideb; aneoﬁlbmuw wdth: one or
(a) at |east one of the alkali netals is lithiu

mosoaf thmmegrods o sewpeFitionsarGHngry the nyedion, @ ProdHgt that has:
@3 rj;ﬁlg'f{b‘?n ?%8{1 OB R 0081 Eﬂa@?eﬁbﬁifﬁ o't “(ﬁ‘i,cdr f8m b5 $90Y; (b) at

hé’i nvention a row S, |
mo3PODOI0I @imyof the alkaliaietaparel aikaltﬂ&eaarthllﬂmﬂsinonetal salts of organic

SR T St AT L AR G S g i
prdoikbe BHCF/BIS@E gre%{e‘? %‘a‘ﬁq} aPn@t il 105 NG o 1t Bakns! % !’éi’l@tsoré of the

crude pro hod further conprising: (a)
catabrnislpargtgmdsfe:rmiamedmtoduct with a crude that is the

sa or dif e ent, fromthe crude &de to {nﬁrm&ia bl.t%nd

sui {&pAree prgpodimsnis e nvsgtion g§o PR 1 gomRmagpp yath one or
md% BFHE Imethddd oR cEfpEBtidtiakccordingh teAiiPertondbdel GrBdE alkali metal

fromthe crude feed to forma bl end suitable for

salts ganeenmoraeighiic iaeids, que)or froae dikaline-¢arth mefel seits gbone or more
: or aﬁ%ga%gi?eorgl?lgﬁ/]‘)grp%{hg%eg% i acg}tcg n(faa§ atnl ?s?) Ege &f t'ﬂg ?111(8{1 glgetﬂglg is lithium,

sodibA) s PEYthsatung Anfilee (b)fat astainelof ﬂfet allediideGhrth hﬁ:tals is magnesium or
disfillate fractions. In sone enbodi ments, the

calciient i on al so provides, in combi nation with one or
nor S..Qk . .
e L R R
mdiasf fik nhetlbsds o@cBmgbsaﬁmsQIccaﬂlﬂgetaﬂte 1ﬁvﬁlt@nammeﬁfodtt]nﬂtcamprises

al um na per gram of support; r| ses .
confpeRgfRCPde feRd vathsps rormoef% yatf#&%t) ihHuge oo gr%ﬁst thft includes
i

criti3@hais the sathasr duffemne froni uheremdfe feddgo pomes bishd shigabbofos

si ze . di trlb ti.on of atf least 0.3 c / or .at | east
teSEp G ) OB e G RO AP P GPoeifol s 485 sog giferent

t 4 t ORIt 8 EacAl iSO fri®icRbEng th
froggﬁc&ﬁaé%dsggoﬁa%len?%l Per | gdl c Tabl c, t)ne gr nor e ne e

crulerpoduetsmdfor () drastiomating threeradsproduehigolonmos mprel distgHate

t he Perjodic.Taple, or.mxtures er. eof h),. rises
fraienofnpe s Arsrp AR ol BFotoRe ol SR kins.
Tablig soRPEMBEJIRAR, §:e MRRUNEES aldd pRVEIS) in ¥BF®il%EbA kith one or
from Colum 5 of the Periodic TabI e, Oor mxtures
more of the methods or compositions according to the invention, a supported catalyst
composition that: (a) has at least 0.3 grams or at least 0.5 grams of theta alumina per gram
of support; (b) comprises delta alumina in the support; (c) has at most 0.1 grams of alpha

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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thereof; (i) has, per gramof catalyst, from

0. 0001-0.6 grans or from0.001-0.3 grans of: one or
wouoes/oeodearm 5 netal s, one or nore Columm 5 nePai/us2004/042310

conmpounds, or nixtures thereof; (j) conprises one or

re I's . from Col fthePr odcT
of Brlegss 120 & o) SR B LOGTY OB of P ALt 10t Sp A RyAE gf at least
0.3%8mYP6r B%ds?@l V7Q:m-|3?9§3 (8 hah silfack lafe%&)ﬂah RS0 mY/K br BfSast 90 m%/g;
per gram of catalyst, from 0.0001-0.6 granms _or from

(8)o0WpLises @egnme oietalp fremgrolsmme 7 d&l afrthe Betiaskia T able.gme or more

COI(IRS)L&I‘B{%&f g% Qr Q}(%eéafztaﬁ]fro% R ds7r é(? é% ﬁqe ?ﬁﬁé&% ’Iftagﬁr glolfnixtures

the¥, ) d8inpAses BnX b idge ﬁl@ﬁ[seﬁﬁm {oRme Gfmltheslwlodlc Table, one or
rmly denum one or nore conpounds of nol b enu

moge empends RE prer mergymetalsbions calummy et t«bﬁ egpdic ﬁjﬁbﬁowemlxtures
the%%%%e p& glrff %@%&tglgsto?&%@ “djlr-ﬁ% g{rj%g% &glirorgg)g)é)ll tO 3 grams of:

onérbp(meesSolhhmrSeméralsam@H @rmére)CalamnpiSimsesl dvingloahds, onmmnres
nmor e _conpounds of nickel, qr mxtures thereq Q
thegenfe( LFAVARTISEE ARSOT AR FTRlS Aoy olmyd Bi%l@.Paegdlc iIjgble, one or

mo‘I‘Q g&hg&hﬂd@ R Iﬁgﬁ 2ealS % eh1ukiies PEHMBPER0@E gable, or mixtures

conpo It1ons accor to the Invention, a cru
theﬂ:mfp(cks hts om gront of c@m]yshiﬂ)naO'DAM 016 @hmes frof, 0.601-ABsgrams of:

. 5, b) h m of
on% BRPeL ‘F&g Ggmeﬁaagél%ea% Wftcgq?%% 655‘?& P ROTRS RIS
the?ed}oaj é&ﬂpﬁsggl gﬁm@hﬂ ronB 4t hidie &ﬁﬁﬁ&%ﬁs 8@&&1&&9 o? ﬁﬁxthés

' edst 0.001 grarms, | east
thﬁg¢ca°n(ﬂn) tmrnratses% makyﬂ)d@lm e R B100¢ cdmmlmda pﬁmnbfbdpmhm,aor mixtures

R TR T e e

é(o)vuoh{pr@edoaiualt Néhel 3 MSke dbmpburdd of eébabtebmaaur%a theoradmd/or (p)

0C at 0.101 MPa; (c) has at | east 0.0005 grans of
comassqs nmheh@genr g@re epreiusfls elonpledi arinpirturgsathensal, per -
o a??l gornée%gr%gﬁ?(ﬁ {1 Mihe ?l%\?egﬁ(gl’?] glscg) H%Q/%deg rlﬁ%ﬂlggnag%) %@totne or

m(Qe PR dh@lz®r @f)mp@ilad)nsmcecheingaa dle\&anaﬂionm pede gdilﬁm@tﬁon that:
conpasitign. In sone enbodi nents, the |nvent| on als

()8 61 AR OF Ames st Brs: 8 MASLOrb 0B AL TBHA. B> )th?é per gram of
001%?54388&? a?[ea&%mﬂrs# %llﬁg Bﬁhﬁﬁ{;&?%ﬂg%lﬁpa H&find Pa\ﬁ utlﬂn

e conpositio at i'ncludes one or no a a ysts,
betsvedn @5 °Camd 2607€ a0D.10h MRzaiaa]eystOsi)Ol(gaamnasleastpiw(é game, or at
dlsérlbutlon with_ the di an. pore dj ter of, at

leaplQ Q1 grpsts of hydiocagheps Wi aROHﬁlﬁdﬂQﬂe igfrt uﬁl%lgeéW?fino%ﬁO °C and 320
°C%@O]1@@ MPa; %H&)at%&)stﬁ oo%%l&&@dr&o@boh@%ﬁ d"lﬁﬁ'lhx%}r ;

aneter of |'east reater than
d1s1trhimttontbatwa@ur3@@ PCahd 660 &€ ai f. IOhMR}o (® b atdeast 0.0005 grams of

di stribution havi t thin 45, A 35 A
bl Rislpaat b e AT O (LR e g pES aRitng Hledstg 001
grfh 6k a‘%“iea@tto b? @ﬁﬁnsjf@ QERY 1firo@en; hRASH (ef BN R tbst @00@’05 grams of total

[ east 220 g; conprises a support and t
nlmm@r\tan@dlmmesembmmmsmnl ica, silica-al um na

tit n| um ox oni_um.oxi nesi um oxi.de, .

ot bne ilpdmefisy B8 PSS proTR BB RELES ik ogp o
md¥P bEtHRBhFh&sior @Bmpeditiomacordhgab tﬁdlﬁvé?ﬁiohozdbﬁda_ 8&hposition that

one or nore conpounds of one or nore net als form

inaberdeg wne oEmotE astalysis ape af loakit endefbthe catalysisi (e hassapore size
dlsttrl SR Wlth( tfh)e me%%rpo‘?ee FiaBfer 8{:, aRhst 1%%}'&1% most 500 A, and/or in a

range from 90-180 A, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90

A, with greater than 60% of the total number of pores in the pore size distribution having a
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fromColum 5 of the Periodic Table, one or nore
conpounds of one or nore netals from Colum 5 of the

woenisodia7 Tabl e, or m xtures thereof; (g) has, POEUSZI0ANE2310
of catal yst, at |east 0.0001 grams of : one or nore

um S5 net n r t al unds
borg e RE e T A Bhe i Ru S El i L BHES Sirface
areh bOI 1684 @U@n@/goﬁt ehe lﬁ’@fﬂzﬁgd bﬁaﬂf@eﬁk 220 BF%; Q1) cﬁﬁﬁoﬁses a support
conmpounds of one or nore netals from Colum 6 of
andvéar: istjpport cmamn_ses almina silicassiliggeal yninag ill)anwasomé@rzugmmn oxide,
cat aI

el T B8, SR S0 BP0 B gt o

CoRimi¥ 5¢1 0!6£the PRAO &S Table] bne;:@rrmmmﬁapomiswfoﬁebem Aksls form
fromColum 10 of the Periodic Table, one or nore

Cobwmscuhie! e Periedie T ahlsy e mtwrsthergh (Btommiisepows orpere metals
e

frogx é(')lﬁll%élgss %ﬁié ?grrl@c{ﬁ% %B(IE ucfn%sbr{nm? @8&1 %1%{21@ of 5&%51) 1%10{ehmetals from

CoReiirt Ddf ’Che'P@hb&lcdfmbleQbr mNteres dmpmﬁ;((@$ hay, pemgamrofrm’rablst, at least
elements from Col unn 15 of t rle Peri odi c Tf\bl e

0.08Pk gigmscoft onerrgnore Gplymp p egtaleAnG o msse §olumy compounds,

j
AR PRl O AP o
Tablay@Rtdr amore Eamnpexmisilf ene bemberestaksifom Gobinen®d oﬂth&fﬂ)retlodlc

f th b nbj i f f
e SGROEES e OboR R SF eyt (aen B A one or
mogc% ggﬁmﬁf @Hfé?a%s ofi€ 6r ﬁi@{’ﬁ%(ﬂﬁ&!ﬁ% IQMtaPEBfmSB‘unHB r ﬂﬁkﬁ%ﬁhereof )

systens déscri bed herein. further émbodi ment
corapidses ioon af mpbeametabssroraobenm i eﬂthte detipdic sT@bk;l, pior more

co PR ARCEO VR BB I0 /GO BBCINET PG oA 4l ¢ mikides

: the?&)‘f%/@ﬂ@)%o%ﬁns%@oﬁmsiﬁo& keldnhees fromtdiBumh tl 5\if i Rt dic Table,

benefit of the fol low ng detailed description and upon
ong ef mprsrrompogndshel aae ©b meah Glergnts o fgbimm] i thp Perpdic Table,

1.1.8 hemati c of an enbodi nment of a contacting
Orwgflre%the%—?& 2A and 2B are schematics of embodi ments

of TORk@eE bfbodiNshe Ratufatidunspediit 4o RReLAOF i gmention may
zones. FIGS. 3A and 3B are schematlf of enbodl ment s ?
be goinbined PG fegrutes iom piher srpkadirments Af e IRvAiaRt Forgxample,

feahRBEFom onBentbolifindht 39@0 lﬂ?s;eh{:lol‘l) Ifl])e CORBHATAN Rhufes from any

separation zone in conbination th a contacting
of iy sttemembbimentd. s a schematic of an enbodi ment of a

O e o T b RS S 280
sy&&ﬂ?ﬂé&@ﬁﬂ)é&ﬂle?&n.a separation zone, a
In further embodiments, additional features may be added to the specific
embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention will become apparent to those skilled in the art

with the benefit of the following detailed description and upon reference to the
accompanying drawings in which:

FIG. 1 is a schematic of an embodiment of a contacting system.

FIGS. 2A and 2B are schematics of embodiments of contacting systems that

include two contacting zones.
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contacting system and a blending zone. FIG 7 is a

tabul ati on of representative properties of crude feed
wanasmeuwde product for an enbodi nent of cont acPCmgSkdee/042310

crude feed with three catalysts. FIG 8 is a graphical

rep ti of i ght ed aver ed-t rature

vor SI051 e T feRan S BB ARRAEREr GRUBERE Syt
indlR tBfed¢Bntheash ¥kl one or nore catalysts. FIG 9 is a

tabul ati on of representative properties of crude feed

and F&@ udlis qpicbematic oinn embadimentioha sepasttianyrong éa pemgbinaigon with a
cOc,[rutde feted wth two catalysts. FIG 10 is another

TABtHEY TSI of representative properties of crude feed

and FoG UsIR apchemetic Hfain aiboditadiofalendingcnt &€ tormbinkdiéh with a

crude feed with two catalysts. FIG 11 is a tabul ation
cogfpctmg iysieeed and crude products for enbodi ments of

con t . S '

yot ied IFh EhHg5iq SRR epi it aThich RO o Bk fckiton zone, o
coftastitlglsgstein, andiadlepdinduons versus run tine for

enbodi nents of contacting crude feeds wt

[ : 0 our
di f F&Pehts actabulpijen olsigpiesshiative pEppettaesiaf cgﬂgrffs rude product
for AR Gh &kt 0P R0 ctﬂ@tﬁ_ﬁ)ﬁﬂlﬁ@%ﬁ VHH‘% k& yagude feeds
versus run time for enbodi nents of contacting crude
f ee @GS isha drapliicaliréfrescatution af skeightedsaystagabed fein(erdidreiversus
raphical represent gti on esi

lengﬁg? u é%f ane dérﬁ?ntrs) Ice%tmtg*f@et?le gg ?qugn egtt&ﬁf&rtrgore catalysts.

ver $48. ¢ W thibiBhbPEL RPReGHARR R0t GUT AR 1B £1dUG8de product
feeds with four different catalyst systenms. FIG 15 is

foreangmatysidirpent of epntectingtthe crude éfedovitntyes ¢atalyg®s. gravity of

cru ducts versus rup tine.for enbodi ts

C ontTaP 105 Wikber BhR R bl T Bl P R e dbed g orude
prédst RFEn embbdlimedt bScont@tap Hetrhdd fopd RaRAwWachalysef - -
oxygfn content, expressed in weight percentage, o

f
© cr udréGplloigadebnlgteansefsradefeed ansd qrade papedts fassmbogdments of

cti | [ fferent catalyst
co R A R PR S bR s el P et a1 v
pr opeGt i 28 aqfragtictd eepreetation of Pvdkie pif oflide tpsoduots versus run time
enbodi nents_of contacting the cr udsigtfeeed wi th catal yst

forsgpalyadigenth af cqnirating £ruplareds B UM YIS Nt cAtRyplypefemim

cat S ' o

oyt ot 3, B AMAN A LI EL T oYt iy Wth BpRY By ¥itle feeds versus
runiring okleemiddiraests oficontatiap yatde fead witht fougdifiesenb eatalyst systems.

Fl 8,js a tabhulation of properties of crude feed.

and FEG ol stilie rureeeitohi hERCLe S e et oot ek
peﬁ:@ﬁtq?e,\@fkﬁld@ BoRicts RfBis @i fthY MrenffodUREHtOSScontthE crude feeds

ourfy space'velocities. FIG 19 is a tabul ati on of

withr fopediffesmt oftalystsystefieeds and crude products for

Is of .contactin eeds varli

gg‘gﬁégﬂe ﬂ]ﬁ 2 gém?aétnmreésgp tiGn gf’ cqlaglge m Aﬁf grav1t3|f St Grude products

versus run time for embodiments of contacting the crude feed with four different catalyst

systems.

FIG. 16 is a graphical representation of oxygen content, expressed in weight
percentage, of crude products versus run time for embodiments of contacting crude feeds
with four different catalyst systems.

FIG. 17 is a tabulation of representative properties of crude feed and crude
products for embodiments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with & catalyst system
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Wiile the invention is susceptible to various

nodi fi cations and alternative fornms, specific
wenhsdicnent s t her eof are shown by way of exanpPeTius2dome42310

drawi ngs. The draw ngs nmay not be to scale. It should

thay i RO P G5t Ak O O RR W BB BT o e R with lass

bedddvention to the partl cuI ar formdisclosed, but on the

contrary, the intention is to cover all modi fi cat i ons,
equiFlQJ inis o taindatintofipnenertiesof erideifery andioride Rraducipior | t

e GaRRRT bk ShiofPRLER PRI ahbud Afhid houty

spREReMcARAt s of the inventions are described herein in
rmre detail. Terns used herein are defined as foll ows.

» ASTIB. Y95 ertabulaionras prepsristod sesie deerls and rrids pepducts for

Leri t 15.5
eolBFEGRR on b0 1 4R8O P R e
Met hyoigh 368 ﬁ&enﬁérﬁﬁsﬁsd&pﬁble gevarfras essdi fgtioanshdadlemative forms,
carbon percentage of the crude f eed and, tgg cruyde

spesifesripodaments shegraf argshosa yywaysaing gugyings. The
drat%g%x% 19%){ g@%ﬁo qgﬁﬂ%; Ig ?H(H%g Bg }1% rstf)&i3 Aﬁ{ d zlrréev%glgs atd Getailed

desteipeomihredo bxy: ndbiéddet Itmlimlil&Bé)ﬂlvamic&Bls tid peatiovlaeform disclosed,
nment i oned. asphal.t enes” fer t 0 asphal tenes t .

buberutte ST S amerg@ﬁtlawecover AER ekt RRAGHS fud dmatives

fal? # Witﬁlrﬂﬁg Oé]ﬁ/it ﬁﬁ@@ob@ b 30 p %%vaen%h Hgﬁeﬁﬁeﬁﬂy‘é}h& Sppended

ers e or Colum X of th
claBes.i odi c Tabl e and/ or one or m)re conpounds of one or
Columm X of the Periodic Table, in
Dmﬁ'ﬁﬂgcgi%uﬂ “to a colum nunber (for exanple,
1- 1ertbn dufRARRE O the TRRhBons70E dexXABRI KoreinGR o diail. Terms. .

netal (s)" refers to one or nore netals from Colum 6
usest her¢in areddfiogil es fdlofws. and/ or one or- nore conpounds of

one netals fro f odi c
Tabl g‘%Tﬂ%oﬁ B%E%gf%ﬁ%pﬁt%%ayﬁe%n an%l (Ii)Uf a&g%ﬁ%r nore
el eraPl §ra@fty Calfersto XPOEraviig aPEs.5 di(60 TBbIARI gamdiyds aone

or nore conpounds of one or nore el enents of Colum X
de@fmﬁ@@@ﬁ%é’@b@ﬁ@@% whi ch X corresponds to a

col ‘A'{Um}}%?%?g RfccfiAR0 uc{eato %é?x)?qg%%rf t%dérﬁde feed and

Tabl e or e ers
thm&d@prodwtereedmmm&drhymmhﬂaa D$291 he Peri odi c

o1 e BN R e ior-dar F SO [k PR Tghe: Sidjorhg crude
pr Qpﬁg ?%: dér@%@nét{’% IQa SfbthSEHSIT7 &fles@ om%{'\@ise Heﬁfﬂ)ﬁéﬂle

erio I ght of a compound a netal from
t he “Peniphditene¥atefers tonesphhitenos thanare Ilmwhﬂuﬂe inrpentanbeCs asphaltenes

Peri.odi ¢ Tahl e, . or ' f onpound of an el enent
copteps taf'lge %HHP%W%W @Pei%}?%c%fo@&r ated as the

“Column X metal(s)” refers to one or more metals of Column X of the Periodic

Table and/or one or more compounds of one or more metals of Column X of the Periodic
Table, in which X corresponds to a column number (for example, 1-12) of the Periodic
Table. For example, “Column 6 metal(s)” refers to 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.

“Column X element(s)” refers to one or more elements of Column X of the

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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wei ght of nmetal or the weight of elenment. For exanple,

if 0.1 grans of Mbg 3 is used per gram of catalyst,
woheospaleal at ed wei ght of the nol ybdenum net al PCI/uSk®4/042310

catalyst is 0.067 grans per gram of catalyst.

the RO oktbI% FLP R PR 85O RIS AT PR RUI-18) of

thePerBdic . AfRAUEhH I SX 1858993 e?e?né’iﬁqsg*l‘é_féfrﬁ RC3e@? nf¥re elements
wel ght percentage based on the total weight of the

frosuBetumat 16. of th Peidie Edtde and/or greerarangre comppindsofigpe or more
wei . "Crude. feed/ tot.al. uct mxture" refers to
ele’f”r‘?ﬁg:ﬁ% g%mi”hﬁ O_ﬁ%ﬁ?ﬁ’&?‘i‘c f}ﬁgﬂc atal yst during _
Pr oGe/eIsbépe ofithis h%)}hl_id&ﬁ@ﬁ, vt'/eﬁ%lﬁro'f alrfet YRR €lRY ITodlio 4ble, aveight
boi ling range distribution between 204 0C (400 OF) and .
of 3agnpanded@ eyl fzem thelReriodizal abiy, sydight of an glspeahfromghe Beriodic
et er m.ned by ASTM 0 o t ve
ol R o o pEgUd Sl e o R GIOART B 1 oftelefed as the
welpDk 6EMERI oSthe tWelight 8f elemant Yithr eganpleNif OHegrameaf MEO; is used per
content is as determ ned b¥ ASTM Met hods E385 for .
gragx gratalysethe palpwpated greaght of thegpeliybdeny matbin the eatalyst is 0.067
[ fur. " asic nitrogen"” refers to nitrogen
gn%%ﬂ%%gﬁgggf%%¥yﬁave a pKa of less than 40. Basic
ni t Fogelent’ réfbrs)to itk wsightiadfarscvimpedertyin ASTb4tiuet Had:xB2PBH a crude

"Hydr Qgen_ source" refers to hydro

~and/ .
Foeg o Sl MEOCHIRH/OH A CEkFBRINE SRREESCHRS Reight HRGIoN Giswrighit Rspeentage

ba%9§§1‘{9@toftﬁ%&éi %f{ﬂégtlgfﬁa?é.y‘%‘gﬁ)ﬁ?%fe}&o g?t‘ékglemillion by weight.

ogen to conpoun In the crude fe hydr ogen
souf‘Caudedyed/totdl pobepctonixtirs” reders ko thietnsidturethat contacts the catalyst
gégrocarbons (for exanple, G to C4 hydrocarbons such
duride pOCesSWE: et hane, propane, butane), water, or

M X P @flaten 848Q o hEBRBoRakiANE BoilRY riteGtEMaiRtetween 204
assess the net anmpunt of hydrogen provided to the

°C<§®®ﬁ3‘tﬁ)mﬁ@§)¥3 P@ (63" IDatiod 0 edRp. ifﬁ te p@lé@lg igam@merminelf by
I , rs to compressive force needed to crush
AS?“@?%\C‘%PE‘; I'at plate crush strength is as determ ned

by AGEM-MedhedefisliobxygdiibMiogef idfortsalfar coatainedtin il molecular
liquid feed rate per total volune of catahﬁg{ and is
strestyied adadrosarhens Hleferoatoms qentent is,an detsmbnedchi AP M Methods

E3§§!fc§rl%)lx$/%§nd ]5976? %F{&.Iai % ogén, ahd ]ﬁé§@h¥‘%h{f¥l‘?l € .bla{]c an%gen”
contactrng Zones, as desctri’bed herein.”Liquid m xture
refé18ft@ hirdgen aoapegads itiat bave dpila bflebuiies 4G.nBagic niwigen (“bn”) is as

conpounds that are liquid at standard tenperature and

detﬁﬂ@%@lb&&%@@@,m@ﬁ@%ﬁ Q\/Pa, herei nafter referred to as

" STRIdroBkn %&%@é&&%g@dﬁc{%’éﬁ, AnAfr ﬁ%@ﬁp@uﬁ@%ﬂ@oh‘@ﬁunds that

of one of nore conmpoun at” are liqurd at STP w
when én the preseacecafimpoudedsed at thacatalyot ieds tapraSide hydrogen to
i.c Tabl e" o the Periodi

comptrd iy e PYRer SRR A s g B P e it to
by B (APl Gany T o ApNAEaRth & Ay PR prpane,
butah&)a iatee,- eanikturesgheresf. A mass balance may be conducted to assess the net
amount of hydrogen provided to the compound(s) in the crude feed.

“Flat plate crush strength” refers to compressive force needed to crush a catalyst.
Flat plate crush strength is as determined by ASTM Method D4179.

“LHSV” refers to a volumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (b™h). Total volume of catalyst is calculated by summation of all

catalyst volumes in the contacting zones, as described herein.
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zinc, arsenic, cliromum or conbinations thereof. A
content of netals in netal salts of organic acids is

waod@serwsm ned by ASTM Met hod D1318. "M cr o- CaPOomsS2004/042310
Resi due" ("MCR') content refers to a quantity of

oyr ool RS iR te apam Pt B BRD AR Sk b cpmagpds that
arehiquﬁﬁil\ékd}{%m&npééﬁ@e and\seuRa(25ref 01681 MPA) NeehEaEDRerred to

cohponents with a boiling range_ di stribution between
as SEIRYG c(rmm)sltmdhaz dehgles ezombgryion of one ofimppompounds that

Mal\fﬁl}({ﬁr}%ﬁ é)pg Ioris 161%%:' cgq(n@%'ﬁ%mgt dQX Sé%;l’ M y%h od D5307.

vana ron,
conmbpGidiONSH1E’ hﬁ!f&@ fo the Neﬁe»ﬁlse"am@ nk @pémﬁdfds’é}eﬂﬁ Thterriatienal
content of nickel, vanadium iron, or conbinations .

Unidneofdtie achApplig A Iramigtan (LRAG)sNakerabard0ined by ASTM
nl\/g: glrgféta?lzlolgetal Sea}ts CNFELZggﬁC @% e{)e erf:tfr? Sg&flrﬁﬁ?ét%lg Uzﬂkaﬁme earth metals,

zinc N@Beri@ fchﬂ%ﬁdhm@‘ ot euthisihationg tiergeniAccantgty efimeeiipinunetal'salts of
refers to or ani_.c oxy gen co ognds that do not have a

or&aamt?@;éﬂlﬁés‘% eopngd by 48 M MsHodd? BdBy1 i ¢ cont ai ni ng
or g C ® , r i
| U el iy i
rena:hﬁmg alisr evepbdrarios anchb}demsmeff 2 sobstrapaVIGR ¢ontent ihsrdetedfrmined by

ich do n ave a carboxylic group. "Non-condensabl e
ASQTMMEFE?%P%%({; conponents and/ or mi xtures of

co ”Pflfaﬁﬂhéf ’ fe?@g tcﬂ{eﬁx&%ﬁﬁﬁ Rbnpenénts wﬁh(amﬁﬂgzﬁhg%‘ﬂsmbutmn

val ue P-val u refers to a nuneral value
betveepn 88 é@t(w@ #8) dnkd @00 GCABIDIF)tae Ad & AP f Naphthemeangamne és dsn

t he. crud . L hation ofthe P-val ue is
de@@@@??ﬁ Eg?%@\ﬁ?\/{et%& ﬁé?@ aus in "Measurenment and
- Si gt /NVOREGE RS toASARAIVaRNBuREREN, 22 Eb1@BinatiRUth&rabE.
of Institute of Petroleum Vol. 48, Nunber 458, Febr uary
: 1962N1/M5F e BLaR” refgrs fethg pgnt@nteqf mckehéfg,na;hurpoqr@n, or combinations .
e Y r ter,
RSP e BTAF o B SRR Rt
by Aﬁlﬂ\?hh’e’trbﬁ:ds M%al(dﬁbroqmstyrspﬁrgaspmbgc Adteofpndeafetd.
angle equal to 140). A micromeritics(r) X
A92 Dionserberit cniaiping PEganiq Y eER eompwdé gsdas to organic oxygen
r
COl%g?&l%S%h 8?0@1&%V§% g’Hé g@dzgp%ﬁﬁelﬁtlgbl:? E?ﬁb ﬁflfc contalnlng
ordx@id dxyge asrgpoudids ircluaies bturmreaﬂuﬂ\lmi&ﬂao,Oa:ﬁu{rs,aiy@h@ét)lersaﬂcohols,

det er m ned by ASTM Net hod D5307. ."SCFB" refers . to
argnaiifcrisadrobubiienaserlelyicy 45 C%glnsfa\?l}sgﬁereﬁf{ S g gave o
rea" of a catalyst is as determ ned by ASTM
¢ b%%ﬁ%é%%@ "TAN' refers to a total acid nunber
exp r‘bbaexdndmsablé eagrefess 'coptbpneits K@ pRIxtyesef (Ofgpohents that

f TAN | ' :
areogasgsa%_[%' AN is as determ ned by ASTM Met hod D664

“P (peptization) value” or “P-value” refers to a numeral value, which represents the
flocculation tendency of asphaltenes in the crude feed. Determination of the P-value is
described by J. J. Heithaus in "Measurement and Significance of Asphaltene Peptization”,
Journal of Institute of Petroleum, Vol. 48, Number 458, February 1962, pp. 45-53.

“Pore diameter”, “median pore diameter”, and “pore volume” refer to pore
diameter, median pore diameter, and pore volume, as determined by ASTM Method

D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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"V&O' refers to hydrocarbons with a boiling range

di stribution between 343 0C (650 OF) and 538 0C (1000
WORB)osa61d67 101 I\/Pa. VGO content is as determ nedCouS2®INI2310

Met hod D5307. "Viscosity" refers to kinematic
. Vvisco 0 0 S as
insHaT R e TR P R eEoERe) ) ey e deggrmine
ths@islydppl i cation, it is to be understood that if the

val ue obt ai ned for a property of the substrate tested

i s OBesiiurd referd toreompondnts et %/ av§ta heglingoange distribaten above 538 °C

d| alibrated to test for
(I@CES{WE{%%FPQC @@&r@%%ebéégﬁuced and/or retorted
f r ors Oy Br asraishe Bra@dll @iibic et bO pasiecr Bﬁlﬁelajf@rdd&&‘eed
stabilized. Crudes ma%/ i ncl ude crude oil udes are
5

gen eS@HﬁW aesljof a cgtalyist i5@s dgteraingd By AS”J}M,I\Qethod D3663.
St ahi t
SRR Y T

gre®® (M néf dagipte. t NENeObs ddtamindtEbye ASTR Methodr ID6E.
stabilized crude. Such stabilization na g%ften occur
IS8

at, 8PP rsrniakydresarions wigdkAkIEHNER ufign Betyerpy 343 °C
b 2C
68 Bt all cabFE0 ) LIRS AT R oG8 e s T™
Mdithed D63G7.t 0 produce nultiple conmponents with specific

ai st ViRati68 Yk stk at beakor o ooy 5 ViscSsiy is s
det@ﬁﬁkhhahlfg%wm%%ﬂ@@m@w is not linited to,

t nosphertc distillation nmethods and/ or vacuum
di st tHeabntert pfthisagslicatied) it isi th Ibe dlndwslt,bod that if the value obtained for

o B AL PR 108 20 SSPE R RIABE ROy, e test method
ma#jHRhodifi&s attf/oecdlRastbd @ tostd6:ih 9fopéﬁ§fponent s per .. -

gram of crude. Exanpl es of stabilized crudes include
wholCaudasueryshe nrodred and/aazeéortqdefgan hzdrosarhere sontaiamg fp@@atlons

e [ C h
o SRR Ey BnRURAL LR e LB s
andl/8AE§uid OBEbilfzatiemao idninbs it hedlirhisadtoareativhl diiglomcnoﬁtlensable
bel ow 35 OC at 0.101 MPa (95 OF at 1 atn) have lg!ﬁ
gayesMyEr saltsy py ecanlvlpaﬂqné Shsaepidrony the ciderto ﬁ%%aatab e ude.
t . .
s R A BEATEy AL OB, By Syl i
cr u@&b‘ﬂm caiideb typicadig havenetdehmdstiBedpel dr festivhely distilled in a

allow_ the stabilized crudes to be.trans ted to . e
tree@i%fﬂcﬂgh 0 prp%%trﬁ%lﬁpfercgmnorl?ratw%ﬁpwﬁﬁ @wﬁiﬂg Lqneg distributions

(fo&@ AthBIE Sndl %Bﬂ’l'é GXATRLL v 0 ,RBH/P ﬁﬁmc&t‘iﬂgg&%) Disti¥lHiRSincludes, but

er- crudes have oné or ‘nore unsuitabl e properties
is ndtahmteelrtd,eatmbk;dmld dstitlutzont megthdds Midéadaantra distilletiamesthods.

i T TR AT
cattdh lﬁﬁm‘b@r 536% ‘4'115 aeMAReaees l&fs’e@ 8 grﬁﬁ@oi%b‘ﬁ%bﬂ?ts péd $8m of

may be such that a reservoir that i1ncludes t
cruties &amplea 96 stabiligetberufiestinglydeiwbole ¢rudss, t@m cyude@, desalted

t d/ t
S e e A R R
had Been&}ea?éﬁNuéH ihat atl1@As§orfk df thatothf@htsGhathabd a‘bbgﬁlg%bhﬂ below

of at least 10 cSt; c) APl gravity at nost 19;
35t°6x #410.101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will

have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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Ni /V/ Fe content of at |east 0.00002 grans or at | east

0. 0001 grans of Ni/V/Fe per gram of crude; e) a total
waeb@reetsons cont ent of at | east 0.005 grams oPCT/US2004/042310

het er oat ons per gram of crude; f) a residue content of

at |.east of resi ram of ..crude: a
o5 SORRPuizEd ShE bile pafiesuRcuol B Bhupkd SRl
traﬁﬁjéﬁ@&l s eRBInabirédfineht ﬁéludes bﬁra@pbmmmhwg (fof exddmple,

| east O. 0021;»,58{161”5 of %@; gram of crude; %
pipstingse trtckst omahipg) s Other ﬁh@@l qng aFfmase Yasiiebls arensrigs that

ren?ter h%%s isa vgxgcgg d1 195 er e%?d‘r&f,laéssmﬁgﬁ e%%agg%p?réebr%% {Sofjgﬁansportation

1 ons n so

carlies adi/cmt aAghtettracitty s llmphrudg a 1@\@ lec@omtic @hlue to the
di sadvant aged crude, at |east 0. rans of residue,
dispdyrafaged grugearhie s¢onogus Helue may heéa tht aregeryplg tt fholtdes the

T

ar @l’ng:&rtids@tfﬂ&advaﬁtag@d 8rudes ﬁl@y ifkldlepbutCudnsidinided wr a) TAN of
QL e B b RS 9
NiAHEE H&nt&ﬁrbtf'if‘{e QfO G"HOOQ s 2P At 660 grdhs 'o?ﬁ%"V /e Igel‘ gram of

granms, or at |east rarrs I'n sone enbodl ment s,
crudiese)dmtatal hgenbamwd:emtehlavﬁatmasp@ﬂ% glsamsruf Ihawmagqm:bpd:r gram of

t | d t f.at |
onilgDarierine s e o1 Framectapeidis e dtipt Gl e Cs
as;ﬂfaHE’tf‘es fcefdnt (ﬁ‘)at Rt (6 PlaAls 0 S asSHARERRD epéraﬁi off c@@&et h) a MCR

4 grans of C5 asphaltenes per gram of crude f
comrntaof lat tphg0.Q02egranie of MER persgramiof grudeol) aseaiepl &, metalﬁ@n metal

salfyt g picacils e B0 W0l el Blelopefdl b 2 i

: coﬂﬁnﬁﬁoﬁs&ﬁ&%op 1HQ0ME cibdtEndis, ﬂﬁb@x"aﬁtd@@dl cAamagfincludel per gram-.

f) conbinations thereof. Di sadvant

aged crudes mady
of ﬂﬁ@d@é@gefb@'ﬂld@raéiﬁaé‘fo Aeeampofnesded afclﬁ'@ﬁgg 3 gramp ehrpsidue, at least

0. 58%&19& oﬂe@ﬁﬁg r(ff‘tat 68309 %a?‘%fbfgio' ng RS0k eh%@&ﬁnegt 'Ehe

ocar ons rang

‘ dlﬁdﬁdntagbdlbmdﬁ nksthaven TP @C: gmge 306 QCoao. 3o 2020.8/820.5ab 10, or

| east 0.01 grans, at_ least, 0.005 grans, or at le

0.4001§h3 13- alReCeB R RROGEBFHD disaiynipeRd SBider. ARG E’é‘ﬁb%fa Ssadvantaged
erflleShid BVl POUBPLARER of A01efr 0309 2 AbieRlt (o1 PG at least

east 0.001 grans, east 5 grans,
0.02emshs.0. 01 granms of hydrocarbons with a boiling range
di stributio et ween 300 OC nd. 400 OCat 01. MPa,
ona o EpoBgt, safyanagid udshaye a@@eﬁwmm g, Qi not

linliRA%6: 4 TN 6F A8a PBShMRS%@&QB&t@mtOIﬁ A1eh9i0l 108 BrARNGE
i strlagutl on between 400 0C-and 650 OC at 0 %r xyeen

pegremchfamdedeet]; c) a e ssphalienes chbuidet, of pé teagr(h(m giﬁms of C5 asphaltenes

pepEBRiTREt ) B ffnelben 83k 1R g SO B Blesr it fora

ni@etf&dﬁwmAh’![ BEvItR 088! 164531 0; ) dldoRRNPSS Bétal¥Rs neld) QalBlofdhrganic
101 MPa; af least 0.001 grams, at |east 0,005 grams,

acldrs ofat lpash8.00@0 loarags afvmetsls pey arase af Biode; anif} eorabinesians tlagreof.

ran i stributipn bet.ween 100 OC 00.0C.a
i s Rihden it oGt tE8e, bECp i e Sy S st 0.001
gra{n@ﬁéi lefst 0008 ropdths, OF af Tkt 00ArdBANS ofhyidiocartdk Witht Beligerange
di stribution between 200 0C and 300 0C at 0.101 MPa;

disgibutieadetveen 03 “graade00 3¢ at 8491 MPapeblegit &Y, srams.at least 0.005
graxgs?%} atqeé%%o.%b?gﬁan% ofl'l%gfo%&% R?&ﬁh‘ﬁ”btohm% range dlstrlbutlon between

200 °C and 300 °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 300 °C and 400 °C
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boi ling range distribution between 300 OC and 400 0OC

at 0.101 MPa; and at |east 0.001 granms, at |east 0.005
wareswsier at | east 0.01 grans of hydrocar bonsPairuis2@4/042310

boi | ing range distribution between 400 0OC and 650 0C

a.. So sadva des ma | ude
at 0P yioe o e B Dab e AL AR D 00 RS of WietB D e of
hyé%cél%aﬁ with @®sil1M ’c} e diﬁtrl&ﬁtldlﬂﬁﬁve&} Ab @ A#6301°C at 0.101 MPa.
hydr ocarbons w t oi ling range distribution of at

nos Disaigagageatcrgdes maylvnalud¢,meaamm olodisadyanipgadeqrude: at least 0.001

e o (385 OQPRRPERS & aCBh St DEnd SN AR e e

disitsutioR it o850 S Calt 0101 NIB4; 201edstdD. (6015g1ﬁllhs adt 169980.005 drams, or
grans. Sone di sadvant aged crudes may incl ude,

at ]@ﬁst@i (Jagremn phhedocarbens, wish a beiling rang Gistighuiion, b e&? qnglé)gfc and

208 RPN B o g e AL P S B 2 P s of

hy@ﬁoc&b&ﬁklePa boﬁh@&a@e&iﬁﬁﬂ&ﬁﬁ«ﬂﬂﬂwé&ﬂﬂi@?ﬂw 300ciQusl®,.101 MPa;
gram of di sadvanta ed crude, at | east 001 grans,

at gst|0é}§)§tgrgn@@5 cgptdhe05 g;amg,toqaéggﬁt %Obgra@}s%y@pcarbons with a
boﬁ%lgsgf%ég&g@ﬁ%&ﬁé%t@?&%dd uld29 i o F1 PR ARG 168 0.001

es of ant ageéd crudes
gramg at lehs 01006 krafs, 08 ktlgadt 0 Ipgrane sE bpdrdesborishvath hboitihg range

| ud b Lim d f f th
Gisdontiaedies "o sohaCuepihl MPS ‘Gt Conat and
S 0Utslaﬁferﬁlsgﬁkléﬂtégeﬁ'c?ude%&%qﬁcﬂ@t{ Pé?@gﬁl of%ﬁﬁ%ﬂt?ﬁéd crudc? at least

Santos and Campos basins, Egyptian Qulf of Suez,
0. (MJri igrads, ki legst @i 0Sqrahs, Seat leasidd) lagra‘rrs oh bychpca@hmnsewh a boﬂmg

angg e chton S ot 100 it o0 Pt gt BrioBBEighy iiien
cofn?@ne%@ PBypida8s, @b d¥sE&vﬂ'ta§g@&’\éﬁﬂ%%ﬁ§%eﬁgﬂéﬁﬁ§f &sRafthadd crude, a

e crudes are acceptable for transportation and/or
contpetaafrsedt hydeoarlane oaatmest G grammmab@@@t &} @@éﬂst hat is-

Th o gpﬁgigsaa%lgacerjg hgerrg?ngdes | elIlC u ) g 2 rof d(fs ie%eg%ruﬁ% at least

0.001 Yean O RE&10. 005Sdthrh b, G af Ie@iﬂ()m leghiie ot hj&ﬁoéeﬁﬁo&ﬁ%ﬂﬁa boiling
feed, as described herein, is generally suitable
ravigg dastabigionrof iahigag 740 SE at PAAL ﬁ@%‘i Properties of the

C ru %ﬁnfg:rcﬂ&ﬁ%m AUGRY nﬁé{ ?ﬁ(ggé 'pgfeéjre@ Jf%#}d%n?ag%h%ﬁﬁfe at least

e corresp |ng prope
0. GOIltgeziIﬁEd't Rrbg 00005dgahbian at leestdrQidgaie efhydrocarbasevith @boiling

t he correspaondj roperties of Brent crude, than the
range digtriputiog of tahféﬁgﬂgo &hanci ng the econonic val ue of

the gebiids o?ﬁgad\éﬂ&?e&éﬂggs tﬂaﬂﬂfg@& bé‘ﬁé’a’c@cﬁué’l ih@ o dhdel

| ess or no pre-treatnent, thereb anci ng tefining
degfribed heremi inslnddfbat arealbt‘rhmiteah'ay cruded; from of the following regions of the

des i.zation, at.i o a her i
e 19 151f G B v Cpfoie: waiads T gbeatn BB an Santos and
Caﬁ{gég Badif @gyﬁla@m&* 889¢L, Bhid) Uniée mgmfﬁl N8R KER %gﬁla
rein may include contacting the crude feed wth e
Oftshom, @htn(ese) Bohmi Bagovierezuélag Zulom Malapha and Indonesia Sumatra.
Treatment of disadvantaged crudes may enhance the properties of the
disadvantaged crudes such that the crudes are acceptable for transportation and/or
freatment.
A crude and/or disadvantaged crude that is to be treated herein is referred to as

“crude feed”. The crude feed may be topped, as described herein. The crude product

resulting from treatment of the crude feed, as described herein, is generally suitable for
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conmbi nations of two or nore contacting zones. In a
contacting zone, at |east one property of a crude feed
woayosheiawhanged by contact of the crude feed weCI/US2®4/042310
or nore catalysts relative to the sama property of the

crude fe In so enbod
BTGB OF HORRE hr HOBROE BF0G YR Qj@‘ﬁ% Bilpizd s goribed
herﬁl?i e SI3099) BRYoSresf RRIMENHRIBE: SONEAT ks RISmRHiatdréde than
rocarbons that ‘'under certain contacting conditions
the rcaatetfe¢d3 oprlovérde theedoa!tesmeidylgsmapftrtl%@iﬁﬂest @i flandbeprude

e SOPRAIERL S 3 SRS e i ot may b

reﬁ‘ﬁ@él‘ LAGLERDr 760 Pee-kEAMCET, u@eeﬁy%ﬂamgefeﬁnﬁ@ﬁfﬁ@“enags Zpe
02 via conduit 104. A contacting zone may be

trea‘tmamt way inslyde desudfirization, demetelizatipnand/pn aémsanherle istifption to
act ?{H or conbi nations thereof. Exanples of a
renl:ovﬁt”gfm @ zone include a stacked bed reactor, a fixed

bedTf@asém of a’fudefedd mtacagdm/é witteiav@itions deseribedbiereisl niay
stirred tank reactor a fluidized bed

inchudg cowtcting thp cayle ot the&ﬁ@}@t(ﬁ) T @pfactipg gone and/or
0]
o v BB STP I sy BTk o s
of aC@rﬁlHéféedQﬁa}I Hitec}ﬁhgﬂﬂid)}f @mthcnof the ichelededdabvitls bhsyr mnare catalysts
contacting system 100 ma : }pe a_conti nuou(ﬁ process ar a

relgjiviede thsrgmedgorertyeot dlierads feqd JnimGembedimepigoptstipe is
I

re I TRUR Bk AP Sy SPACLASS B 8B

soured @loys br oford glroceobanattlzdt yede ceetginrcedacingrddaions heact to
de, f.eed. Sb uent..contact of the duced TAl
preEdRTBlof 8 ST RTERE S S L eV BHEE rude feed.
- het gf@at E'Esscﬁéiﬁitﬁ:rﬁf R clifCsRREE B0t E@Méd dontdeing zone 102A

ot her enbodi nents, TAN, viscosit Ni /V/ Fe content,

cride fed eatepsreontantingmone Hekvia gendsitn (4ntA coxpactigegone pay be.a

R8P RhsbRSARSPRIS 8% SR g R e

Ex@hpleb6f & Ed}iﬂ@c’cfn@%n@fdcﬁfde eGRicked baf rehdrer, alﬂxd& bfa@ﬁﬂcmr tan
one or nore catalysts. In certain enbodi

ebuulﬂtlugbe@fea@t@rm gﬂ@tmmwsmfélr@é AKCERGIRF (z@ﬁé"Rf’}s a.ﬂw%}zed bed
f
rea\c/: (())Ir,o oesgfrg}glrg?%tg a%gd X(l)l lﬁ’d/lodriﬁ)dgzﬁcﬁl C c? c/ﬁan? Emfof)(‘ﬁmeﬁ% fhg

vord i'n the contacting
coedifhg syftemdsen enbagidientas ofshak lfdidﬂjtyOfComaIcabﬁ/lhb cad feed with
crude feed mayi ncl ude from 0, 001- 10 grai ns, %3’55'?‘
thegheiles(Sbin ayntyeting sysicms | O Mex bs AFERIBENS PSSk process.

cr ug"ﬁ% fc&?tgc’dr% z:oﬁe B9 Aedd J8 #Ae CQQEIE@‘{R& @Qam%le two

conditions | ntactlng zone may "I ncl ude
catalykts). i Inii soed ehihodireepe cattactef ther @adaifeed withdr yecatal pa 1015 ehe two

f ow, cru flow, or_.c |nat|osth f.
S 2Ra% 1R uc@éﬁ%ﬁ of g]ﬁ'@rﬁlcf? E% gf @xe reduced TAN
crxﬁl@ Hidaalinhet s@cd?fd%q{é?ﬁt éec%déé’sehe%r@%ﬁ{s c@ht%ﬁ't ABeRdrbases API

properties. Tenperature in the contacting zone nay
gravityg én dtheneBBediments,TABOvi4epBitRANi/V (ie4@0te0C heigroaggmsctmtent,

ress a contactin rom
resii COBCRPATT 2y B oribs i At these TSRt i &g product
ch&r&g bgra‘t' el 1@%i raMtlve 8 ﬁﬁ%ﬁﬂe gbﬂe@t‘i&%f&lﬁ@éfh@e feed Qftér cbntact of the
1-20 h 1, 1. , or 2- h 1. In sone
crugletfexdi wﬂhbm o1IHIS¢ catalysts
In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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is at least 5 h 1, at least 11 h 1, at least 15 h 1,

or at least 20n 1. In enbodinents in which the
waypdrsepges7source is supplied as a gas (for exaRpiraiS2004/042310

hydrogen gas), a ratio of the gaseous hydrogen source

h f i_cal l f
inc t e é @8_%8 eed t (R)Ifcg raﬁgw3 rom 0rE 1ti[08’p%g900gramsof
cruée?ee@qgﬂi@rc%}{tacﬁﬁg %&eSOONm‘/ contacted with the
catal yst(s). The hydrogen source, in sone enbodinments,

i's eomiacm@k:cmdtti@ns ar thespuigetingseope ary inelofle. but areaat limited to,

thr h the c actin r S far
g PP GO Eh B Sy e (o) GRS o R hreot.
Coﬁ@éﬂﬂ?&bnﬁﬁfb‘n‘s irt e éhBodiRknts AR cohttdBed R#o@@/a00rudd Iﬁ‘dduct

hydrogen source in the contacting zones(s)
vvltbapmlﬁ«r prppsrticsy Temperaguhiribe CoRaGtngG Zone May rengetiiqm O ﬂg500 C,

6 Q
oo 3808 -+10145 TR, SR o8 RAFAABDOREHIGSuffeGfom0.1-20
Mpaaurlizqnpg,aasmwa; ecé-8Pat EHSVhvfagérutibhéed twil:l@ehéramy range
zone. The hydrogen source pmay enter gontacting zg

fromop1 88 hcuPSekt iy lvd@ iy atlh%léhud@ ZHE‘%H i WWW?OQ@&H@*LHSV
-el GEN iing zone 102,
is aﬁ‘% ac%1 a%{le\éhtgllc}?dgwe Setcjaig Wi t ath%thgPyst produces a
tot &l erﬁb@ﬁmehtsﬁmaihldhr’thd: hiptregen souredds pupplied bs a gaxd(for axample
some enbodi rrené%%I n. sone enbodi rrent(? a carrl1
hydyagen gas) @B ekt RHFOI Y AP BEILSOMER O SRTHRE feRd (ypically ranges

froHW'ﬁ 996008 RADS2, 102566 06@'%%5 1-8H60 NaPah, Qrmmxmw 5-3,000

xi'f contacting ‘zone 102 and énter separafi on zone
Nmf’l/m ,00heH8D® Nnt’dm? ¢qmta$mdaw1alt tlmmambmt(snd&e ltyldmggnug‘lgce m some

L T TR N Ip—

- zodQTCENGRE ?nay%sfdﬂe%&h BleSHRBEEH, ﬂl@lﬁ‘umTaﬁﬂ/& fk’%ﬁz PrReddeer gas

may exit separafion zone 108 via condui t and t hen

- malydadilitatesiior pEthetconderfaehaulardlavonl bahyiweeen sq:qrfpfellnu theeontacting

ZOleFPS; a%ﬁ Va[erﬁgrte g{a% ﬁna[yﬁzgéon%?ﬂar?éfshm&gr%glrn tﬁé 801’1% n QOﬁegg)e %1’1 some
embBdifReAtsdy hy g gd QuesSifaeExhingle, B?Qﬁﬁ@élﬁ methaﬂé ogethane) may be used
sul fide, carbon dioxide, and/or carbon nmonoxide),
as @ RAESE A A96 serTCHIpRATEINEE Hisr OBtaCHAGZE: carri er gas.
The X t
100 T8 iEppdfufin P i B Ehing ok cblndy S The crude
feedtin caghitvidd e |sSparaftélyQ@a‘rtrindait 1106s it dftmtaimhg kones HiPg contact of the
empodi nents, contacting the c with the
Cﬂ’élﬁtf%ﬂ%llﬂ( g patalysigrg coa ot ucbﬁ@a% udega gryide prafugt Apds in
so&@@m%dﬂ% ; a%n HRGEHE emBOBaRnts] D Eartief s iPEQHMGEA W tf?eecrude
séparated to formthe crude product and gas(es).
feed- aad/@r thedogdergeh isowrcoin emidoid il 6@ nThe wial protduatmay gxis y@ﬂm’ﬂng

100 that includes two three co tactlng zones. In
zopg 13 an &n%ae@@tloggﬁpggétﬁ ¥ig ce9dbhi% 00 i ncl udes

con
ConA AR 05109 PPt

prazoot wsiig gepermtipdsow 2gpatdtipn téchB@igues, fq]e@iampéej gasliquid separation.

rate, contactin nes | e rea
Tig SBHfe s eRes b aterg o gaee 180% FERBNNTR, ERESR Bf fansportea
to BHNBoRARRAARAS, Sipdlines, SRk AdeSlesBBS rdfe T BIHREProdkdsthglAdBes, or a
hydr ogen source’in
combination thereof. The gas may include gas formed during processing (for example,
hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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conduit 106 and is introduced into the contacting

zones as a mxture. In certain enbodi nents, as shown
wonodsloeke7 1, 3A, and 3B, the hydrogen source ardimiS2d0me42310

carrler gas may enter the one or nore contacting zones

" In tptve Enboimeonrarene tirerdb G PR eflet afoduce
totéfl' p’iodlfc@ {s YRR In R uhdre bBRXactiddtbnks. OThedotal Bfoduct may be
hydrogen "source and/or the carrier gas counter to the

seffarased tof forth éhecerudeprodeet andgaehance ni xi ng and/ or

COMSAES 2l AR SR 5oL B D B g

twa Q?tlﬁ&rd&ta@tlﬁg%e%t LERIGS. DRearddexn] oshfaemg éys@wsmo mmudes
contacting zone 102 to contacting zone 114. In

comgactingrones | @2andilddd FEEB edivand 3Rgnglundmsaninsting ??IP?@ 198nb14 116.
In %]]1%8:?% S Od’%& c In&%tn% og&eg ]t 62 lcfgfni fécésI%: ;d.gpli%ﬁgﬁ o%g%%}ten g:&rﬁactlng

herude on or nore cata

zotds@n oﬁfBrea&tbﬁ Teecudé feedrnexd dontaedng acid g viooendi@2 04i a
conduit 118 and enters contacting, zone shown

in B maembedimenisciie sish BAER COBDIGH M thﬁb@e&%l sppgce in
cogalﬁlt dﬁ%rh%u'lé 1n%§u%'gqnt%%§&§m%‘ﬁ% ?ﬁﬁ azfﬂ&anglﬁl celafh

tream na contacte tiona
emballialenss, ésséholwm in@DGECt,i3dg andAaB, ﬁﬂ:zhydmgém sowrcharalien the carrier gas

zone 116 to formthe total ot al roduct
maggnies tREeAE TRHE CPYALIEZEN Yﬁﬁguh dfed SepasAin| viergpnduit 106
an%{jglec{‘(ﬁl?éc jort @@lﬁftéﬁtb A AR S HABrYdere&EPRE Yok edetlple, T&%dmt 106'.

crude product and/or gas is (are) separated fromt
Additical ofpheoliydrogenToaroe raudi/er precdutt gexédqustes écpmea&qvonf 1110 waide
08 VI condui.t 112, S a,s 0
fecdinmemance Tpite Sfinsanisto bR et SFR o Br SsfPuct i ng
SYS@matPF thd BRdE fsadvianE A8l (s§ inétshtdBink Refie 102PREHSs QFeed
untopg;d) enters separation zone 120 via conduit 122.

stream.s Epafead isoerny Saws fip01 cantadting goneal Goietcopiacidig zane 114. In FIGS.

3Akﬂ]§\?§/i%/ wt f %{2 dtgc ! uﬁ?\gr %r(e)ﬁlgcﬁo% a%{lgg Z(l)Jﬁc’e ﬂgr tz) %8&%91%:“2%ne 116.

S ep@oatdcing zdHee IO 16 4] ETBMRLY ﬁﬁlud‘e@mﬁ O ﬁid)ﬁ@cettdﬂ?st@ r ASI ghown in
feed. For exanple, water may be at |east parti

Flﬁe%%rtb@ &ﬁdﬂf@ﬁ@ f«ﬁlés eniastivg Aenegkl de ernsluiti 1) 8 apd FW@?S contacting

zoxgcg( ?{IP | o A ?%,gﬁg%etﬁ& le?él«lOd&@%aﬁﬁa&?ebl 14 via conduit 118

an@éhteascbntaaﬁﬁg :ahieylléepar ated f r om the di sadvant aged

crude to produce the crude f, .ln 0 enbodi nent s,

at 11 Zla;%edastrﬁaptmqyrbeo@nﬁ&m f@%ﬁﬁﬁg Hpfeutacting zone
114 9h& gf &ﬁn&c'aﬁ gme e tHRABAT n@gagctf fI‘BH‘t(Stheproduct exits

di sadvant age “eru I'n sone enbodi nents, at | east
copactiigoronefl 14 hed/eeqartaatieg zmmﬁ@r@dtestees(a:epamapm rerd H}8 via conduit

0 12Q vi con it 124. The cr tai hed f.rom
11§ o SEre RIS 2  (WShe B R oA REI e i cride
préAutt 44iR s@ﬁar&tﬁiﬁ%ﬂ@%@vi@ﬂ&ohdﬁt ppi.ling range

distribution of at |least 100 OC or, in sone

enmb FAG e st asschemitdd off angentzodiyeerdiof a sépRuationrzoné upstrepmengt

coppstintr =GP LG il ot PR o D g B oncOpet SR

selgdrﬁldn' 24t i1 oM viaebnaan1 20 0m5eeRattta zohd 128,00 136 a Mdrtion of the
800 OC. At least a portion of the crude feed exits
disadvantaged crude is separated using techniques known in the art (for example, sparging,

membrane separation, pressure reduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at
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separation zone 120 and enters contacting system 100

(see, for exanple, the contacting zones in FIGS. 1-3)
woizeoswendai t 126 to be further processed to foPaTAS2004/042310

crude product. In sone enbodi nents, separation zone

cod 9 T B R A BT Lo R R i, msome

emﬁé&hﬁn’t’éoﬂtl@é‘sf h Egrtﬁ)ﬁ%tf aaprtedand @n@;ﬁfﬂlﬂdi nofelvolatils ti@Mphtha are
mbodi nent s, e crude product is blended with a crude

sepatmd fr@ntthmdlsmntage@m@? f Inesomstenthodiments ag st pastien of the

F d h
serpEe PRy S BPrrE REogt S ey P FEE, Fesulting

i N Fhbbede esbdRbaabte fréia ep@atibonvione 030, tii sbﬂﬁatenibsdlments includes
bet ween the viscosity of the crude product and t

a rmx@ngmﬁ qoynpsnenth @mélrmmg nghdistiibutian afg least i@ﬁf@ PYydie some
e R Tl AT SIS 120 Bt e

cruldB &ediiscli@ds\wagixtird of &’dihb@fentshﬁt}ca boiting rahe distdindionftetween
crude. The bl ended (ﬁr oduct may be sujtabl e for

10Q-7 804 &arlegﬁoe SC Rt 800 G Aelitst & RGTiiomG Frud feed gxits
r ] alel

80 D RISy 951090 (RLL By DL 0L Bt
zoﬁdﬁ@n BIGSId -Pyvaa veiduixi2bgo be fitrder prgesgd tcefm’ﬂlQ(brudeaproduct In

condg@i\‘ 128 and i.s intr O(a uced into. Dbl nd| n zone 130.
SO cIRPesiEICAY- FHAE 9B 0N} 20 ke Bosfigned Rstarin Hlelogisigam of a

[

ooRIHHE Ep RS, 0 1 A ABES B 00V coni
11roduced from separation of one or nore crude feeds),

a crude, a de fe tur t.h f, ad

2 i Spitioens $hungp ot BrodRT iR ol BRGE e Same as
or GiFfES B thb ¥Eude ESed! Pk @%mf;lé eché Bltlﬁ@ pseRdt ﬂa{ BE béribined with a

into blending zone 130 or upstream of such bl ending

crudo heving a difGereiiviscogiy, therehy X¢Sﬁ§m§y§ edlanday pt%iuptd@éltn@cﬁ viscosity
n.,or ne n Z0n

o R PSP Pl B SBE PR Ehaa o another

exaffle abe tidd pRAIEEREPBe Blaﬁcﬁdde\K/ﬁh ciide taihg & [TRON fliac &tdlffél%nt

|nclude but are not limted to, e of _or
theggbyappduging4 prpduct gt hos 3 FALY thyt IS&FtV&E@H%h%EAN&féhe erude product

o B TSNS R PR B b h AR R0 Ben
6 Wsehdwxs &dFH’.htSagembrkarnﬂnbceimhems, csajrafcad emers zomtactir%)system
t hr ough condU| 122, th dlsa vant aged. crude |

109, S3oRdwH Lok ap é\/lF%ﬁEéIPQ“ rﬂilqo%r& 3 BrOflBrh iR EOTLAIE System 100
V1a ‘ﬁdunﬁ ik ‘é%rcfd%@é’d ﬁltbemeﬁdlhggénecgrot q&toleﬁagn@%h@ mqpleast a

roug urt 126. At | east sonme conponents fromt
poﬂhosaxﬂ deentradpeptodwai decambibedseplanae dnmorgireces? Straaig (for example a

duit 124. { t f th duct
hy PPHTEOR S 1ch g B D0t o araion Ll iy Bot e
feeliSP a CHIdR! ueg&uQQ Fééal dr miBireFhBRGT, RS Eﬁﬁﬁ&: §Bl’éﬁ@é85pr6ﬂl€b’t OThe

crudes enter blending zone 130 ditectly or via conduit
prok8g mdmaroeuctﬂﬁatﬂ neuleyditthixtires herpd€atsrinierdiced dirgatlyrintg
bl.ended duct, The_.b roduct exi
blegiig 7o Pyl & e of 5% D KRB SOBACS - Adhate system
ma§ Bed6caRdE e heAM I ling AR DB ENTRE bRAGAUSHIRHR Enay meet product

specifications designated by refineries and/or transportation carriers. Product

specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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transported to a refinery and/or a treatnment facility.

The crude product and/or the bl ended product may be
wonros@ss®d t o produce comercial products suchPas/us2004/042310

transportation fuel, heati ng fuel, lubricants, or

= R Ry
ancbﬂﬁ@s%ﬁvﬁﬁ%éﬁ%ud&s BEREHEEasqiteviBtislTBERiBedd fotdtike crude feed.

fractions sonme enbodi nents, the crude product, the
The cedd é@dﬁh@ﬁ@m@rs camtasctmg RiEMOHY through cendiis}6. | Aileast some

cop 8l i TR AR S Bl bR BTPo BOORAFE Ry 124

lea&cﬁ)fﬁom@ﬁ ofihs en@RYrodiict atitsiooatactiflysydtent DGO diiNerdérs bitding zone
crude feed. In sonme enbodi nents, crude product has a
136 fpygh qondiih §38-oPther growessatreamsandior gudes eater Mrndmgzone 130

a5 0 B R RN OO i

prddi\usﬁ; "lgheibrl]erﬁibd peslucOexdts bidndingsdon® 130 viarcoatiuird34. 0. 05.
TAN_of the crude product. wil| freguent e at | east
0. obmIomeembedments, ihg GBIE |p9°<iuat af}dg%fég Elyeeg%i produdt 3fse
t Bk, 0
traﬁs?agcg& ¥E>e£]fe§'1 e%dﬁg a 6&%"(&%& g%ﬂ?tg e tcrl.{a@f)r&ﬁlcf 5hc90r the blended

or "0.05t
prddacisnagbe ptooeksed tut prpdmdee:ommﬂieiabpmdmm suvhsis arans;toaﬂatlon fuel,

heabyggfucl eSS Shienisee B oRE o HBTe A e rfctionaly

disﬁflinghtﬁe Efudd Brdaaechnd/h %léﬁﬁé’&j? ro0AAH produld oRO8Emore distillate
di nents, has a total V/ Fe content in a range of

fragtiBBY4n 100 0upodioesBIthe srude prahs, dlie blivederipradies and/or the one or
f the cr ug In certain enbodi nents, the
mo&?gﬁﬁp‘ﬁ?%&ﬁ&?mﬁ’é@' e;‘é‘/de@Fe #9%f crude product a total
Ni / W &sin€ eab&diineht3, Be cAIg Prddueihak axrAN of afiRBEO(0E, b mbst 50%,
10 5 grans, 3x107grarrst02x10 grans, or 1 x

- at mosté 0ffs, axrgt mest1l 0% afiths Tghakthe cridedpadailn sams caibegimests, crude

*procfﬁgt ﬁ:ars% %IQ ?&Sngggzg t%) o)(’ a2|%07'{]"5/?,% Y0, ol Y. éO\% ? hﬁle”ﬂkN of the

cont ent O

crude lﬂ@&l. [h eeltih emboditrehB) the o&ﬁ&e]p?.‘ﬂ&ﬁct aiis DUANLE%4r afost heat most
Ni / VI Fe content of the crude feed., In

one .
0% Abgarteh s mopHb2.At st Bl ofifE MORER 0% TRt the g prosiact will
frefffidrily be'af bega/ﬁt(%ooﬁadnhsl?g fo 14BN PRLAD A1, 3h SBRS bmBBdinens,

nmost at” 'nost he tota
TAMOf tha erunke pawduzt may be ed aalngs &lons0.601 ‘@r@&;ﬁ.@l 8c0.3s0ri 005 to 0.1.

the_crude f In certain odi ment crude
pr oM rabodiingpty the mocgl? lFPétaatPEafNﬁ/{l@é‘? egnieny of at most

90%f a%sﬁrsb%, AChdst 109, HdBO%%08r oA nRRPS %%ﬂ&%/vm &%t of the
0% 6f the tot'al content of netals in netal

crusia Iftesi dfhearlgwmodml i sonp embediorentiehdseeidtal ti(ydRe¢ content in a

o RS Akl A Bt SR R R 1

certdth E&Bb&in’ﬁﬁtsdﬁre R p?&!hfc@ﬁé’at B8 grimvTRhRIS pRdduetds RANNIIV/Fe
acids include, but Aare not [ mited t o, na,phthenlc

contentds a rpt@rfmm el cgrams @rsS Xdﬁé 2hens <3|>z:1(bogr@!ms ﬂth%X 10 grams,

o 5B PR L T S bR Lt 210

grah <G NireFeank Ebrﬁ@élﬁb&lfnfeﬁtfs 0y @d’fﬁl' Mm%ﬁ&hﬂcﬁﬂ the crude product is
calcium and bariu um 12 netals (for exanple,

702130%, &6rd 20%d At 90r)! 159wf therNI 8/ Heecogiest ¢fthe crda dignde
?n_r i IE'F(? é %rﬁgcr)&'églfentg, g ﬁld% p{‘(tcﬂl tl%fé%qmaﬂon‘fa{t QLS inQhetal salts

of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total

- content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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In certain enbodi nents, the crude product has a total
content of netals in netal salts of organic acids, per

wanreosoefescr ude product, in a range from 0. 0000800T/Ug2@AB42310
to 0.00005 grams, from 0.0000003 granms to 0.00002

graps, or from 0..00000 r .to 0000 rams of .
thespd ot it o appenty TR R MG Paregiaiigyin a rnge of
1-80841d@- TR DCE0%,] &t 39030% SPRRAbIEEInSent f hietadd inGR&EIENALts 6f organic
metals in nmetal salts of organic acids of the crude

acigs mdtbe eruds foed. 1Bg9mic 8oids thavgensralyfonm gugtal fsalihiaclugde dtut are not

lirrﬁii%gttcg E%@gqlgcg%c%ss, tli?i(r}l_s,ni%gi?elzs, glﬁh{nff’c a2 wlﬁ)n?%;%.d%s%rﬂples of

n>certai n enbodi men

carBbMictagidRlindliide, Gutiste nbf Peited tophashiledit Adidsypeanhieéni©hcids, and
the crude feed wth catalyst, at the contactjng
bengotrcid. ohke meigl portion ofgheguetalzelis map nclwiz, allpli mefgls(fygrample,

.10f the. API i f ' . .
o TR S A LA e i
and Barftfn), Cohidth 1Dmells @Sr exbmpte rindiand eabmitin)yp@olsmnt Hemetals (for

crude product has a viscosity of at npost 90% at nos
exagupls agsenig), Gobann pastels (Iop examule.sdrmyiugy), eraixtge thereot.

fee - ' '

O R o g U R
saltshf ovgamixomiidsy paf grithef crudd@rdduet in & range fenedHOAI00d rgrams to

t he Vi it d t i % of
000> oo Bl00DHS eiis SRR Gt of reTRH0adP Ligfas o
O.ngO% E%n‘%glf‘ﬁ?etﬁﬁ BOMEL] Latts z)@bﬂg%gf@ag%l'peﬂ-éxg% ofrudprdd@¥0 In

gravity the crude feed. I'n sone
soreerbmtiddierents, a tdt@ contedeofmetdisdn nisted saltstaftoaganieacidsoefithererude

S0 313 oo P RT3k Lo B RSl st o

ordabtdRids88 the drildecREd. @l N enbodi nents, the crude produet .
as a total heteroatons content of at |east 1% at

| eadn gty embodimgnts, ABDgrawity af the erisle pogducbprogdneedtizam contact of

het er pat Qr f . . T _170%. 90-1100°
R e e S R R T R
or MO0 1 D6 I tHEDSPT 4a¥ity éft theoside B IAtemas embOdments, API gravity of
nost 5% of the sul fur content of the crude product. In

thecspdeapradesiiolemdir4d, 16438, e 1dddS-pr oduct has a sul fur

con : 9 04: r

ot S0kt fbofiRR, dibnPl pLEREL A% it BRt 1R 90 at most
80V4) osstmro st ADWb fitkaviscosith ef thel chutde feaht larsbmefenttodimenis] ¢he crude

product i.s 70-130% 80:120% 0- 110% of e sul fur
Pt e VSoPREHENE $olo0br s, Gntlotl hahds viteppiy of th
cngl%tfééag 4R sGRBLRBbdR{ents) ﬁleﬁfiéfgﬁtyp(‘iﬁﬁé’ &hdéfﬁ%/odg@t i§]£at lgie&t%% of the

% at nobst 80% at nos % or at npoS % o
viscodityl ofrihe erodeefeed ovitilethie AP ghawity ofidie cfusledroduat is&idt k0P, 80-

odj , ~1.he ude oduct _has a total nitrogen
126%2?%&%% h}eeéa@gri‘%t};)é‘f Cfugﬁg?e 0% at |east 80% or
at heashe 8886AMhREHE ehk phdducORRN t6RNh&RbaRinstddftent of at most
crude feed. In sone enbodiments, basic nitrogen

90%0 At mnst 5690, ahmostr 10s op abemasitS ey thetotablaaterogogms gontentsaf the
Crt%gog/%%ﬁ ﬁp {cr?%%lé E%BM ﬁ}e c%&cf@prgéuc?has@t%t[al %g/f’e%atc;rrrl]se content of
at least 1%, at least 30%, at least 80%, or at least 99% of the total heteroatoms content of
the crude feed.

In some embodiments, the sulfur content of the crude product may be at most 90%,
at most 50%, at most 10%, or at most 5% of the sulfur content of the crude product. In

certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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of the crude feed. In certain enbodi nents, the crude
product has a basic nitrogen content of at |east 1%

wakodswasis730% at | east 80% or at | east 99% oPCThS2004/042310
basi c nitrogen content of the crude feed. In sone

teas oot o bl STt StBof B ehfiE 6o O B Sogimens,
thelsQﬁ/ﬁur Sént@it ofasd credé sodhdies PoCY 9®R, SRMLERT 0r3f0-1 1084 of #dGulfur

feed. In certain enbodi ments, the crude product has an
Com&mgéﬁmt@ndeﬁrdof at least 1% at |east 30% at |east

cr ud frgmbiR e il RO 0B ptaulaMiay be o mos

90%h at MbstBDYR 6 109, driat Mok of b heta rilitrB@% cohfent 30e crude
20-60% or 30-50% of the oxy%ép content ,of the crude

feerde dul certain smbedigenisd thesreds, proguct hay aifotal giffegsn content of at least 1%,

o A oS0 SETPRUR 0 8 LR e s

t he Ig esth€ Binbodinichs, bavidxtikygdnccoatint of thepaudegsodust tlag at most
crude feed, In certain enbodi nents, the rude prqduct

95%m gt most 0% ak BETYAYo.ct most By 9tiag mgst oo Hpgpgen; content
t oSt hagh bh&8Slt
of YETRHCH4 o CoR R ernim Bt B DG S L i Hbontent
of thleast 1 U at Feest 30%, at kastS 0410 di lnmn 98% «fehebdsedhitrpganiantent of
oxy egﬁ%orrpounds may be reduced in the crude feed. In
th%ﬁﬂﬁ; odi nents, carboxylic acids and/or netal salts

of ‘iﬁ‘%&tﬁ&‘%b&dtﬁﬁhﬂsthw vE& SReHt 68k ¥ride rsR”:t ﬁaet BE &t most

non- car boxyl i c contalnlng organi ¢ oxygen compounds.
90%a rhmrstl 5080, at indst Y6, at orest Hihoxyat impst Phtodithe oxygon gemtens of the

crEHPE] dFerBRB AR gy Byl 3O e, Figen sprigplgf o least

1913k RAstPONE flchit JOPR\WD a6REE DOUSERARE 6xyERh REAtEn dfAke crude feed. -In

exanpl e, i'nfrared anal ysi s, mass spectronetry, and/or

soga subhdioretso gheawgqn copfient f ﬂt@@ntstedm@tct isjip agapgediom 1-80%, 10-
TOF oI S0-3Ey Al BUBF LR e Bt T sl aimens

theC1orHl eﬂﬁtetﬁ—’tfoffch]@oﬁtjli&lefbld &ﬁﬂpoﬁiﬁﬂd offi t%l Cﬁ.fdetﬂﬁéﬂtﬁ:f thde be at most 90%,
product is at_ nost at nost_50% or

90%
at Fposia9%h, A ESHI0Pr nm\%%foft%cwm e% thecarboxplicaqid gpmpounds in
L L

aciQ%mpouhdrsofax legetnl %60t least 3055, dt leastcd036lerfackedst 98fdof the total

crude. product has a TAN of at t, 1% at |east 30%
copfent Qfcatboglg acid coppeUaLs fn @’9‘%‘6@6}5% T?AN of the cr udqe

fee

cont S PRLONRICH) s it B ARMEmRIIANG B reduced in the
crmhrtb@kylhlsomacnﬂbsdmﬁenw, cmbett:yla(wz&dsand/nostetai' 8al§s ca°tcax’mxyhc acids

% ,0r .a 0/ of the cru feed, and a cont

m%¥f G m %?ﬁl%?éfﬂciﬁ% 8Fﬁ‘51nn?aﬁ‘§°’i¥g& ﬁﬂri‘témt}%%?t“% 8%8&8%11’0““‘15
Cathd:BiP adils Mn—@a@b&%@ef%o%m% Jrkf¥e ekydei®ompounds in a crude

non- carbox% I ¢ containing organi ¢ oxygen conpounds of
pr«tctuet mau e diffesentiated tbmuteh emﬁém:t ¢rfethc stude peoduciiasingoganeadly known

spectroscoplc fnethods &s or examp?e if¥rared A }t/slijsr fithss gpectrometry, and/or gas

chromatography).

The crude product, in certain embodiments, has an oxygen content of at most 90%,
at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of

the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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0. 05-0.15 grans or from0.09-0.13 grans of hydrogen

per gram of crude product. The crude product nay
wonedswdes67i n its nol ecul ar structure, from 0. 8POTAIS2004/042310

grans or from0.82- 0.88 grans of carbon per gram of

corie gt Rt (et ableod B cr R DE % hf ek content of
the7c9u&l331@e@ aﬁ@tﬂe%%x{ae RodRQ1had DTS of et OV &t IEKSEI0%] htdeast 80%,

of the crude feed. A crude product atomic HCratio
or afiledst %%@)fﬁ&%bN afttee endeifeefleed atonic HHC ratio

| nd| ttlg)?%l h u ﬁ?é%g q% yrh onsurrlr{%{g c%xﬁﬁ?acggggnd/or

Sl
me’mr g&lﬁgﬁ‘%aib‘éx?lﬁ@é&@se&f al most 90%, at-most 70%, aﬂiﬁ@St 60U er at most 40%
product includes conmponents with a range of boiling
of T|b@|cmd§ feqds ad preortped ingawadboxyliecantajliag v gAcexygen compounds
f
HEEHRTSPs, AP PR AR bR PO RaNGhe Bl Shaumc oxyeen

corhy@iﬁﬂﬁafﬂ@msud@feéd a boiling range distribution of at
nost 100 OC at 0.101 MPa; at_ least 0.001 gr

f r oft rEALbdimghtsfhe sruds pEdYELINEHALS. i ttﬁméz@?@}lhar sgpctures, from

1
0033 gl ML B0 U of AYBEr A o0 6PGrufl pbadOit The
cruldy @fc&h:u&fﬁgjn glgiéudgjgna’;sbmlb%ullg stmntgleet cﬂi:om 0. ;85169 gramshe tfome 0.82-
200 0OC a . a eas
0.85 2rapipnt GrisRes 2P SeTAde ProNeh do EBGH SO E RYdroBe 19 digmic
carF\)/gﬁ' @‘T/Cﬂ éﬁ’ e e dﬁ@ B witln Q@ 1@0%, %@Q 2@% @I‘ 9@~1 1-@}16 of the

| eas O 001 °gr ans, fromO
atogria fEC mzitldwfdhc)cmdb&q:d i ¢mdfapmdu¢t| amfgnmgﬁ[{g?gatlo w1th1n 10 30% of

thqqmieof:% Lion %Z(‘L;\A%é’ mﬁlgatgg gﬁﬂ }g ocr: cﬁ%T 0. ]é)l‘l o&@ydrogen in

the%fr@é@s?fs rﬁfaﬁdﬁy Bi@H Uld/or Wat h§@®beWisGidd@eambsiaf R
hydr ocarbons with a boiling range distribution of at

nos f'hd omde PrastucoinglpdesvPanpoagnts witha naéaes@f pilyeel pejptgmin some

B RLRONS, ML 21 DAL PG ARG AL LR Bcast 0,001

graRiE) O6F 6RITL G0 1 tbh)es gialidof bydduabonsyith abeiliag rh@&ﬁstﬁbﬁﬁ;h of at
grans, or at |east 0.01 &rams of napht ha Q;:er gram.o

mog "Gt MPpipt deased- 0@ hagmsneiram GOpd-@? a@@smféad&carbons
wnﬁng%l%$%¥§raﬁ1g@9ﬁm Pﬁox‘f Bﬂ%% 1606 °@hnd™®60 @2 gélgﬂﬁ)guﬁrle;%i 0.001

ans of napht ha per gram of crud
grmr ﬁﬂﬂndljﬁ)(m?@lﬁ granhdef lgdrmbartpne shithta bealingradgesdistribatien between

f %
20§ and paf i abhT hims ailast 0,000 Srarant Fomd s S gramzof

hy%‘ra@agﬁ@ﬁs With b ‘38111?1% ‘I'Q‘Fgrerﬂ'is@ﬁmfon%i/w&% 3008C eglaaﬂom@t: & bq@@ MPa;

oduct, 1 n a range from0.00001-0.5 grans, O.
andyatdeast 0001 @radR oDframdl.Glisto 0. hg@erstod ihmdmynmbdmmnh 8 bOﬂimg range

crude product a , GO 70-130% 80- 120%
disfibugign TWCBAOFQQ Moﬁﬁgmatwahe cr udeQ feed. In ’
SONgy, SIROLhHERSts HitEcrGd BB AR Gstitedes hﬁe‘i agraﬁ‘ﬁ bf &d&pduct, at

crude product, a VA& content in a range from
leadt @OQVOgrats ©f gyfansa,rbonso@llh abeiligg zange d@t@mw@ of apymastsl 00 °C at

0. l%rl I\QP 001d/or a:% 183560801 grams of hydrocarbons with a boiling range distribution
between 100 °C and 200 °C at 0.101 MPa.

In some embodiments, the crude product may have at least 0.001 grams, or at least
0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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In sonme enbodi nents, the crude product has a residue

content of 70-130% 80- 120% or 90-110% of the
woeasisddesecont ent of the crude feed. The crude pCcoaiSed04/042310

may have, per gram of crude product, a residue content

Botss mepments e o pep P aiE = Bl tondeng 278 Teps, so-
126%,% dd-il1 (9% BPhe difilRRY dodtdnt 6MBediuieTés. TGI8 Econtent of the

product has a MCR content of 70-130% 80- 120% or
crug® potides why béyeeNDRcoltreda profudthia agrugieiromdi000@hi0. grams,

Oom;z)tfr ude g{&&r@%{)zga&la C5 asphal tenes content of at

%q or at nost 50% of the Cb5

as phﬁé&%ﬂ?&nﬁ&d}ﬁl@ﬂt@ m& chude peddudendseedGOl donésit bAT0L130%, 80-
enbodi nents, the C5 hal t enes content of the crude

12@%@ 90s1 1% pﬁﬁ@tV(i@%On t pigthe erudgdgedo An spme embpdipugspthe crude
c5 :
progss s, R bPATe BRANETA VRI Lot A5l & Sos ool 03

grainf¥e 0 FOR 0ch @R} 0. OOZ-UIZIEgr@IhSLdﬂ ofo®a .3 ktansome
enbodi nents, decreasing the C5 asphal.tenes conten

t he [ squereembRAmERS) e ﬁﬁ%dﬁﬁ’éﬂqﬁ%lbasa@ regiflug papign) o ¢ %ﬁ%%a 80-

e I
R
periGhamasiflaldegneduce antddie cntenvVizR camge éom Orfl0die0. 8(gm:ms; €d001-

0.5rao QBT ¢ panerieseris, hOOED o osiaea -0 rams.
rel g& &%garlﬁ &nB&ﬁ?J&h@ hinyi AR P 6cbﬁcFﬁH§%%@N c?oﬂtéht bheo-956Me80-

f eed. exanple, a sum o a crude f
1205 porad 0 £1086 of tretMAR @ntbntiotthe deide dead, mﬂe dmm'edﬂ prodyct has a Cs

L RS T - -

: coﬁf@ﬁfc JIehd GRAERBAT ﬁﬂc&ﬁélrﬁembomﬁelﬁbl rfﬁe @?Msﬂh@lt&maﬁt@ﬁ’t df%he crude

) to assess the net reduction in high viscosity
feedomdmhﬂ 8%i at 1P¢Sé 6@%uqreatf1@étj7 0%@6thet¢seasaha¢l@@eqo¢@@@m pfthe crude -

o B PR O 2, B GRS

 theCdriidiefeBd. OTipinet @nl@hrﬁsmaalehemﬁﬁg ﬂﬁrﬂsearsphalﬁnesrboatdhaaﬂme crude

from1.0-3.0, 1.2-2.0, or 1.3 In certain
feed v lei mERtaNNg héelétmébést@‘ﬂ% NifeR Cﬁ%ﬂfdnmn%eéﬁﬁ Télﬁ ptapfligy of the

t st 80% at nobost 50% or at nost
rdfg(f)%d{tgﬁéro%gé’n(}%% gﬁt of the crude feed. I n sone
e b dgsomatmboditvenisy the €5 prgiditedesivasteat MARVIERNdotEnt | may he

range of 1-80% 10-7Q% 20-60% .or 30- 0% f t he
comsBifEd i Profuea remaiigematisal sgdationsib elrsn RO RiG tVIqqgsgty qOfiponents

in ﬁl@ %ﬁwgﬂicm&m th EMI%B%E%E%\%R%%?B% 1th9%d9 88, For

or 0.01-0.05 gra gram of crude
eannpid,wcs;um bfia emide feediihdispaltesss ctoh‘entanstbhacrpd@&l@dﬂ\/ICR content may

be GFATERER ByG00b 911 260 EriPRAICOL S SrBRRES BOUBH £ PARICR broduct
MER ct)ﬂttefi‘ﬂ mepb&epedscRed bPka nTH%fsuﬁfsl#i’@ B Q@Ysated BN S) to assess the

catal yst nmay assist in stabilizing'the crude pro uct
netcheductigntin Aighpascosity emmponditsin thesatdedned. Sl’l@éthf;atradmduct may

vt AR S99 3580 b B UE PR Bl oo
MORREHEht of'YRE HRds prRIB6tb I AspHRltend’ cBBnIS in a range from 1.0-3.0,
1.2-2.0, or 1.3-1.9.

In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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configured to add one or nore catal ysts descri bed

herein to the crude product during treatnent. The
wonrud@eprwoduct produced from contacti ng syst enPCO@Sk@g/042310

properties different than properties of the crude

60apor 3y SRR QRN PL SR ol e Poftagh e some
emb8difenty f¥FROGRAVS.EREam D, 008 0L s ah) n&ﬂﬁ@l 0f053g}t|!11{1§' b5 MCR per

oxygen, nitrogen, or conbi nati ons t her eof ; e) reduced
graneef dude produent ; reduced C5 asphaltenes content; Q)

e %oan%mk%@ﬁetea@t%fﬁds BRREES AL Myl Bams, b

les@Haf9;010rans,) 0. GGUVOI [HEG( 105 8mb, e 10600001 JOEOOS)‘D Fearhs of total catalyst per
enbodi nents, one or nore properties of the crude

grapr offrode prodhett The cetelyshmay assb ity @elahzmayheo@ude product during

traﬁsﬁalgﬁétté%qv%{gdy%&r Prg%qu g’gé lﬁ%{d%ﬂﬁ&& nh {oﬁ—}o‘ﬁi% afnﬁlﬂq%ctlon and/or

incEoe8 PR sépardtidy abRitide of theleheletppodutt. yl\/&ﬁﬁoﬂc tiescellbyd herein may be
reduce TAN in a crude feed without alsag significantly

corafr@ﬁ@i tedd l9ae arporR castlywt Aescribeshrapiae thearede medws |d@r1ng
tre%t pr, residue, Ni/V/IFe, or V&). In this manner,

ygrdgen upt ake during contacting may be

" cofmbe biudapestiucoprodvidddrimau contantingaystemndtOOdias prharties different

thog HORSEAGS A doT el B PGPS Ry Sy e o: 2
recﬁt;eds’yﬁfll Bygardﬁ&ﬁﬁrlbc%sﬁil &ﬁl'c&gto%ﬁ /1 /Pe E@xﬁ@ﬂ‘te dPltelaﬁéed content

nponents in crud eed , tor exanple
of shlﬁm:b»qnge:agmdomudecohdsnzmohs @‘rﬂ:reT)M) resdviced residue lsppntent f) reduced

S s SRR T B TR R0 et

. coﬂf@ﬂ‘t JTendiARS & Bbfal %11@ r@,? birgaahfc%k@doﬂ 19 chBBiMaRonkANE WL TAYbme - - -

al so redu0|ng sul t al ysts used in one or nore
embn@mhntsenmesoraﬁonermpmmﬂtm@udeprosin@l Tetive pe thgrerpdsyfeed, may

e S BB O e L T B R R BEB

sulsstHBaRP bt oef Fohexatplalit mﬂ_)h'@e daalrably $6 Snlg}esleém\k&ﬁreduce TAN in a
herein may be intr uced into the contactlng zone as a

crygle deadreighout alse Stgne”waa@k ehasgetthe emgunt of ethen Fgmponents (fa
e
xR AT AANE NN SEITROL 1n S cpter Ui BPAA B during
coﬁﬁﬁidﬂgr rﬁ&)}é Pe “cﬁhgerglaltqﬁf’y)ﬁffﬁdﬁ rezhxnbwm ahd aot mtl)f redatttﬂinyfftoﬂsher
sed as escri pe rein or ot e onnerC|
co%ae%ﬂ%t@us@a Noet bf crikrRadgen be et F%’i@ et %ydrogen

sm}_'%%gg Bﬂﬁg g?dﬁ)%ﬁg% ll’%z X Lllr%sucsgg ?&fe'gg@éjotﬁgtr c%hﬂ)oh&ﬁb H’fjfﬁe crude
feed3 44 for@hkarmpleCA dsad Crifaped CAXB ,ha£5 mgh "KHSAbut I@Nlllfal content that is

oo IR0 TR FEETCBAHAD ToARISIUO RSB G ORI SUkksryde foed may
be %@gfﬁc RNngeat%M@%duWA&’ wmglso%% si¥a210;

N5610; Rwv30; RMb030; Z603; Z62 Z2673: Z703,;
z71:€:ataz375m;sea‘z‘153ne mmOxzmodmrnﬂpfahelmamommW mcl@dq: one or

e ShEOR AT B crafSie A0S 3h 8un o bR B Btementa
foraf of iA@h& fodti fa@Rfhpolifd HfiBe metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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one or nore Columms 5-10 netals on a support. Colums
5-10 netal (s) include, but are not limted to,

woamadewsy chrom um nol ybdenum tungsten, nanganase04/042310
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combination of Column 6 meta (s) with one or more metals from Columns 5 and/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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materials, zeolites, or conbinations thereof.
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alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be in a

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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to Gabrielov et al.; 6,290,841 to Gabrielov et al.;
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In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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conbination wwth a sulf ding nethod, the active netals
woayshei@ubst anti al | y di spersed in the support PCT/US2004/042310

Preparations of such catalysts are described in U S

P Nos. B, 218, 33 i L and .
Bt expbo it ot saalbinay b e e i il fuseass o hot e
an@’ of S@g@n %ch Hirr&@a HRRQAthrd TY rixecsibéaneViC 4hd3@00PTSto remove

5-10 ‘netals to forma theta alum na support/ Col ums
volatileOmatear sheh thiatat deast a porsion loéthe Golumnn a- 19upgials eragsinyetes to the
ure may be heat treated at a

co‘?%ﬁ?ﬁ%ﬁgﬂ}ezalgf(ﬁg | east 400 OC to formthe catal yst

havifether @ab&limerts, Kividvit, B datdlyspintdy tre H@ﬂﬂrwed)mrtﬁe presence of
di ameter of at |least 230 A Typically, such_he

airtat teamierajuties incdrrage frem H-50Q Hp tlonexangie, hﬂo"&ﬁ()(?m@:tbei%éoo °C
S I e
o BP0 R SR T B PO Kl Ut i o
thewylgile ):orﬁp(yndﬂ% Wwithiduit b6t ewirighthe Columpor 3- 20 need aitoythe metal oxide.
and/ or a bulk netal catalyst. I n some enbaqdi nt S ﬁysts

Catalyssoprerared BY atehst mﬁtﬁyd R e s ek %@5“1”

|
WESEIRl Sy SR raHRRh URC nRRA Y EbreBRRLAN wichR fdiodRBlod, e
acuD\a:r metalsenz:Syl %Substanmﬂl-yﬁﬂsmsed amthe sﬁpplﬁft rﬁ’lepamtsonsozrf sBeh catalysts

arq GrpFA i B b RGE A o 2Lt 1§ FaPmeI A S h 1 Cabriloy

et 4ihe powder nay be conbined with the support and then
extruded using standard techniques to forma catal yst
hav ilmgerteipembodinestsda et duninarsupparhmay fre dpmhingd math Columns
e from 80-

5 LBk A SRR PR el e

-alRhih® ¥WppottfCA QMBS SITDQREAR Misturddnay Bahéat reRRH tat £ fen@ferdth® of at

met al to resi de under the surface of the enbedde

" leaged Q) ° Gt farmy ghe qatadyst énmng p@oresisedisfeibution wikb agnqsb@rmre

dla(slilfﬁeer d%‘%gg %LZ 652-’\ n’FyRE}% u%%%tq)lee tﬁt‘i‘%ﬁﬁg tlsI %%ﬁu temperatures of at
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example, embedded in the support), leading to less metal on the surface than would

otherwise occur in the unembedded metal catalyst. In some embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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embodiments, the median pore diameter of the pore size distribution is at least 120 A, at

least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A.
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catphysli hes aporesias digibation with 2mgtian pore diageriergn aAarrﬁ&ﬁom 70-180 A,

o PSR4 3560 b e e
atcmfons 10 AR : ot tlssimacn 0 11

o n?gancbmwtsgn "VlhiPhctB‘? msfin oREliTmERE 9f1 ti@ werec%%eaff gglbutwn is
at lggs\f g g? A2 aPRAS 28b 2€ of Eés‘t Qg%}\ %Séﬁht ‘Jﬂa%(ﬁg dF 2 EbtRAH %ber of pores

Fin a range rom 1 ve a surface
in the @areafizeadistribaidn eerore diatmeter adthirDH0 1@77 9 A, be98 A of the median

100n2/ g, at |eas 20n2/ or _.at | east 270 Suc
pois hRetd ANSFERN hgdtncie, ¥ PBTe BEFeSHS dﬁ%@mon Wi a
meé%gﬁ?e (’ﬁg{ngter &g 2 g@ 88 £80-900 A 28002860 ARLR30LIDOCR r\*]ﬁlll Bt least

I ments, talyst exists in shaped fornms,
60%>mt‘mubml nlpmbd:reif poresyh thegerssizadigiributiex havidga pste dTemeeter within

50 b pb b E6e st el g8 N cm 1007350 N om |

20013 NGB diftent 25bre $OubleCOPpoted nsSMR: £ MR, H\%ﬁf/? at least 0.7 .
IT}he cat al yst apd/or the catal yst precursor is sulfided

Ig o ot lenstdt HemY gl fn @t@@n( pnbasimerys. prsg velgmel peren mayyarge from

. 0. 3&?&?@%&%0 g%}gﬁ g_;é%ﬁ%oACTI CAT(tn) process,

at1'o me enbodi nents, the

‘cat gy %ﬁtaryﬁt/hd@ﬁlgde[ p(ﬁd sizb iy trshltion deith a Mletlian patel dighster in a range
t he catglyst .may be sulfided in situ by coptact of the
frognPQell §& A TARY in 50rae erabodimentst haye 2 sHefperiga of at least 100 m7g, at

lea§tl[‘1i %0%2/ g o# %é%'sﬂ %I?g,rge 2&36:2320 dr'i E:'a%tlﬁ W gr %ﬁéﬁt duffcd B¥a may

er gaseo gen sul e in"the presence
be & a bangde digan] 005300 in gj tQQaIfHBm /gul MSOzmﬁ’g, mg]gﬂtﬁ%nlz(tgl
S; oé gepar?q?lz gl%l{)g(ilm%gﬁsst%g ggtglyg‘{ﬁa%%% $ s{zlé)){lg 3 Ullfl{gfog?mﬂl a median

poﬁé&&ﬂ%ﬂe?@td @H%&fr%el%é%o@& ﬁla‘}%ﬁ% h Qﬁ@ac'e re\réd ocifg at fé%t%@tmz/g, at

to Seamans et al .,
lea%}mé/gsleest 180 m?lg atleast 426 nerg odatrm 270 m /fgt rSsslth Blgrf@e area

bt p Sy B ABTTLET O ONEER & JOBE D i g A 230 Bblee
Si Z &y dirshin lelkﬁ%dlﬁﬁn%é" B cé’tapﬁﬁéﬁﬁs ROdHEpal RERS,Gor éxdndle, pellets,
range from 150- 250A. The rst catal yst may have a

cyhmd-emaed/ar @arudﬁteat Theeatalysicgpieglly. hersmeﬂqb olage wxshﬁtteneﬂl ina

aly t 0
raggt i S0 S NS 180758 N banr s BN R £ 70 280 Wom.
| eash sfnd c@badietis, Bahmlysl aHdldiahe @dﬁﬂymp@éo@adok 1 salfided to form
nost 0. 9999 grans of ganma al um na, ram of first ™
mataltsalfides (pripméo figep ysing techniques known in the art ? or example, ACTICAT
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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catal yst has, in sone enbodi nents, a total content of

Colum 6 netal (s), per gramof catalyst, in a range
wobnrwH08146001 to 0.1 grans. The first catal yst P6T/US2004/042310

capabl e of renoving a portion of the Ni/V/Fe froma

e SR BBt o b B PR fgin
ag@¢ $dcBRs ef%ahbﬁﬂ@ caaphalds %ﬁ@ﬁdfdgcmﬁsmﬁa@ep&wdﬁdels thiols, and

rem)wnga | east aportlon of the nmetals I n net
sulferides).oFx-city awlfurizatipupracesseshare desoribed irf Ued Patsnt Nos. 5,468,372 to

conbi na f.«. Ot her B operties (for exanple,

Se%ra?.q fit e %&?ﬂ?ﬁé&e{}% ngﬁlfl%?ﬁet Pl gravity, residue
CONYeMdrtai®EmBOTRIcAR] 4 RS typdeIf ethlystEirse xithlist”) includes Columns
relatively small changes when the crude feed |s

5-1donetalés)dn counbinatipie Withraswuppert.ang has a patiersigegistabytipn with a median
oL ABPEPAR, RUBEIA L P A o IRl S e arca ot

leaétﬁmﬂ)fﬁl%fg Mile pdreoMhinieothe fiest Catalyst mapbe mole&st 0.5 cm®/g. The first
efficiently treated. I n sone enbodi nents, one or npre
catalypimay have 3 ganampalynyea epndent ohatdgsst §odepms pheaame glumina, and

oL S o5 B ko SRAOA. T

caiﬂlyﬁﬂhasalhl somewribodanag pctoﬂal cantht bASoANPo6 metil@H per gram of
stributio or, r in a ran
catplyshimvbrangs Gorpb 09l IR0 | SeR: Ghectir el brcapetipApEmoving a
poﬁfonQ)%l‘feSNL/V /B Yo %rc?ucﬁe' fe&d gérﬁ&xﬁh%’ﬂﬁ)bﬁfban thd\Qnsmemd that
catalyst have a pore dianméter within 45 A of the
contﬂbwarto padeoth amde feed, :€owvangtat dfast dportipn déthedadisplialthnes from a

second.cat t _under it bl e con
e (O e L ABERR of g g g TEeT FPLa genic acds n the
cnﬁi%'f@&it BflcRfiIRRIdnk erédfOIO Rt BB ties (Aexain ?w bilaaRbht¥nt, VGO
chang ed relative to the sanme properties of the crude

coffiterntel gtaefltmm@duwmﬁmr@@n@rr@ﬁ@m therenBrigededybiprelatively

oA et SOR SRR S BOTEETRL R

selo@veleehabge plopti@ias bf @ciude fdedrw}ﬁfe dnhﬁc}mmrmlﬁr@rdﬂaﬁies in
contribute to the TAN of the crude feed, at

relgiyely ghalbpmews mssdawitbeciudateed inbs nwm @ffwnﬂy treatd. In some
en{g))gg?&anvs%;{ B 8 i SC AR ERay BOHsdaS AP offer| CaST 2

lon’ o e conte & Trude pr oduct .
Addilh certh bmbodinehacthe sécond tipfe dfeetty st sécont eatabstBhihcludes

cat al ma roduce acr ud, roduct th a rel.ativel
Colyran y—ii‘%m@%@ HSHOPLa o S TREBA 8 BSR4 fisetbttion with
a rﬁé&i%‘féﬁor@ Q 1195 %‘ggs oY g@ﬁ\f 8980 A OAt RX&WPYEof thEfotal nfumber

cru product e a sulfur content of 70% 130% o
of ptues suhe porecsiaet chstrlbwtﬁort tighe saeded aalyst h‘EIwe aporedBameter within 45

A BB Mg eSRBR e Copeeon Brideliad PRt e SR00R Fupst under
suﬁaﬁJl@&dn‘(e?cﬂhQ cBﬁTﬁhGﬁs‘&ﬁ@y f)l%ﬁgee d &u&@?ﬁ%ﬁ%ﬁ?ﬁ?'hﬁ?@&ted ;\kl/’@lg_ertles

crude may have relatively ent of Ni /
(fo(r femmnldi,aTﬂﬁNae slgatﬁcmﬂs}t clﬁt@gfwt 1elatiyve tdihe same propeities IOf/ theicgrde feed
al t enes flent or cop t ent aals '
it SR RS R A e bl SRl Bl ATy e g in some

enfb%@fme@ﬂ‘saﬁfbly%e pléhiturl cbg@éingd. 3) may render the
crude feed unaccept abl e for transportation and/or

r ef iThie rsgconA cdialystimay resgediatdeastia podtion of thegomponenty that gontribute
to %ﬁ ﬁi’ﬁ l[ eeCrlll? e f%&? ?Fetalstma briidit ofb(hé components that contribute to

relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a
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| ess stability during processing relative to other

crudes with relatively |ow C5 asphal tenes content.
waanisaeiesnf t he crude feed with the second cat aCYAIS3004/042310

may renove acidic conponents and/or C5 asphaltenes

contr t0.TAN fr t he .cr,ude, f eed
o B A Bty sl Shints i B Efuer B o the sufur
coRARSNBNEBAE RRHT FBHELME1E, Ihd ANdeBI0duEdHSEhdvVRR sulfur content of
viscosity of the crude feed/tota product m xture

70l 3% wé thesulfivecantent 0§ theyereste, feee Biaudg H@ductlmay also exhibit
relétexgegﬁl i gfrﬁgal%%sﬁrm n&&%glagn élgé(;né, A gbc?)ﬁ{gﬁjr ékf{%ﬂl@le coPteflt relative to

théra@died cr ude product m xture, increase catal yst I |fe

al  ow m ni mal _net h%grogen upt ake by the crude fe
or db A ambedisicniselte sPide et b torelFiagly lewmétepb@ﬁi\h/V/Fe

BRSSO A PR BBl e

coﬂt@ﬁfmﬂineﬂas én sietab sdlts ofiokganicodciden Sredaivaly(lsgh TAND (fﬁfi ebcmmle
a_cat al yst

recursor. The_ c | yst pr? rsor r%/
TAN af eidedsh 08 Ealapsrr@sd@h&@ gd “‘oﬁ%%‘? pracaepteble fpriigpuspo ation and/or
ret?tﬁﬂé aArHﬂégvé}R QRS \gl%h % C%l&;@%%r RbH s agiﬁlaﬁ}é\ﬁe%c&ggfr%gt may exhibit

exanpl e, eI ow 4 a relati
lesp atabitity dfiritg precetsmngmelmlvm atimer zhwdern mithtrh]atldely &Gy stphaltenes

Typically, the ¢ t.precursoy is heated to at
coptehls Comast bRE oris T ik et SRt ety B BT e
coﬁ(%bﬁ&t§£{d¢ér3@5tasﬁ%tené§e€onﬂf@ﬁhgfto AN Y B lthe HAUE f&d In some
um 15 el enent content in range from 0. 001

engpodimssnts) r@iosticn O2Cgrsahaltenes a@/@&@n@omntg ¢mbutmgeto TAN ‘may
red e i S St TR ol B G it e sty of the

¢ - criiRTedd. NAGegh @bodiniens) BRe 61RBLY dmnﬁﬁauohb 6f Seabid ydlysts may
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ng ecursor is heated at tenperatures bel ow 500 0C in
e pﬁabélém@%thetot@lrm@rct/ﬁmdé peefluptmixdwiepivareass catpst life, allow

mlégnn% %eﬁ%{d% %’eﬁltulp ke n értﬁggfeeh (ﬁsctoxrniﬁpa%f)}x %@re%% \%lﬂz?l used to’

trebe@dde feediﬁil@esaﬁlbéda&&%éma portion of the metals in. rret al
sal ts of orgam c acids,. reduce a [ V/ Fe cont.ent

t he I sera cigperdients: %Hardrt@%%%caﬁ%@t \(ffﬂ%lé‘b stalysior mey ée obtainable
oA RLR b GALHA B0 bGP RGhBh GllEp RS e
catdytshpracuredrahayied heasadeh lthecprasenee ofortehe nsark fsuﬂlfunmntaanng
copi et akPubr o e SF a0k TRy artth e B s
sh&‘i P%J &8 fine f6%6rR )El?ém{cﬁlcuﬁd(iﬁﬂﬂj@atQSIQd tr%lggﬂy tH@yaﬁa@st st precursor

fur content of 70% 130% of the sul fur ent of
is herammﬂetofaebdst 190 8Cdpud boys o fucstrtapr edbakuients; the tluidecatdiuyst thay, per

et AN e G o e Sttt O OBk 03 ghams,

0.008%0. G@'Eraﬁ@néﬁﬁ(‘)og 6|Oiltgkéh@s thetthRd Qﬁth‘l@@t rﬁ%@é*xhlﬂ_lh ﬁgnlﬁcant activity
blltytoreucet AN, the netals in netal salt

andftabiligawhen switis treatﬁbe Mud&/felEé ag dericeihed hexeig. tiheome embodlments
' ft t
e sa3IGR nigentpos isdiiah B RaBR AL Sl ST S8y heemes ptang or

mé&eBileRcomyhdzont ent, and residue contents relative to
the crude feed, may allow the crude product to be used
by dheahirkeajalpst mayaadwasrit [aaic pqrth)regp he components that contribute to

the TAN of the crude feed, reduce at least a portion of the metals in metal salts of organic

acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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The third catalyst, in sonme enbodi nents, may reduce at

| east a portion of the MCR content of the crude feed,
woehbds@eni nt ai ni ng crude feed/total product st aOTitSEOp4/042310

In certain enbodi nents, the third catal yst may have a

P B Bl B0 R RO oo

theC@@hdRed AndWitBkélatvetP Rfidial hét rgdf@eﬁ Qpfak@ By thel2de Re®S5For
granms, 0.005-0.03 granms, or O

I ans r
exa;nplc,aet qusi%prodwot@mwhm agubWecontenief aq)%s Oe/a@ 9§@1%trwpntent of

the CEH% 0%8§t ih [ ed Ct ' ??topf[r)o@fce{l %gﬁgﬂ% tchtg a§$ 8xh1P1t

relitWHB%rﬁillJé}%‘ElgéﬂnakFIagi’Qﬁtyf ﬂﬁtﬂl&@@oﬁt@ﬂt Q’GGD borﬂ&ﬁ aﬁﬁﬂeﬁdue
and pressures in a raﬂg’g from

cogtent TR)PHVG forthe erudg feede @bﬂ”é}ﬁ fczsredacer fh@u Fﬁﬁ\l t%@'é@?s in metal salts
of ﬁ%%%c{s%&s, iﬁheflglz{] ?feg% 3351\;1 %1?1 ‘}é&t%ﬁlélf gﬁhﬁj@}dﬂg’gﬂcﬁduct wh%le also only

chakigénd L §rhalt ahahr)tshe ARS gravitgrdistilarecatiet, rV(BOtdoﬁtEnWlahﬁl residue
a nedi an pore diangter of ?t | east . 180A. I n so

o pElp ERIFBIRLLS the ¢rudgrsad.naxnaliow thegmudedrodct fhke vsg 50 by variety of

y be at |least 220 A, at least 230 A at
tre@aeglfﬁgﬂ or at |east 300 A The support may

i nciThe éhimt cdtzéysi,t inGorthe grbodimatts, neystd@eat pastrmmortadn of the MCR

I t. 0.8 , t. | t 0.9 f . .
confpht e uft Bedny Ble Saipisanne e P ehPredidNbiioagn certain
emrbe&kﬁe%s tHthﬁ&’ eaa@&taﬁg} m»eta%laﬁmrmﬁ&taﬁs)leoafeﬁm aotfan%e from

al (s) "per gram of catal yst, "and at |eas
0. QOOD@Ollgrgmn&O@f’r-Omlgmns Br OO0 &1) grpms agd afdoffmn 10 metal(s)

coft @i s ifork 1100810 B TEN 20.05 Wi 0o B lgms per

ordd€ o£ QMG AACUths 6%@qqlrﬁétﬂ®|caﬁ%ﬁﬂnﬁ§ FacHitie e@liRbn bPat least -

contact with the fourth cat al }/\/I The additi onal
a pottoal qféhe eragpasenis et gpntpibuie to €lhdn the|oresisi foefd atttﬁéperamres ina -

rarf Ierf ?d §{)(¥56Pr %{tﬁélcat a y%ﬁl%gﬁﬁée/s léiaf%#% ‘{Hél ys Pa 1-8

Mlse@\éggismm?at al yst, commercial catal ysts descri bed
herein, or conblnatlons t hereof.In sgne enbod

hy d B EEHIHEHD m@éﬁﬁe%&uétatmﬁqfr?@tab@hﬁ‘%f%qrﬂh@twstt)Hacludes

CopHES AR 1 UL Rkl Bhn PRI s

porBhsizedistebutiorowtiiic & nmdﬂmlmm:ldrbmtnr sfigtHeasd ﬂ]S(?aét ilngommy
have a TAN of .at no

empd Geniio G TELIORE ABmERK oS e HBTE CEIal S BayPS 5@858%%% at

leagteﬁ’)%rﬁt dt ‘P&str@O &eor a?le%strﬁ)@% Tﬁ@mp%oﬁ%wclﬁge at]lQas/Ll@ 1 grams,
n3, or 15- he crude product nmay have a

at Ietiﬂ”t @LS Mvza%é@ash@ &rgtamﬁ oaat least 0.9999s af thetasiuBdgpengram of

sl 1 Dy eORtt ey e Ssa somagmpedineils, MGRrE gl gras of
Co‘ﬁ!ﬂ?ﬁ’g 'n{@zﬂtﬁ rﬁﬂnfotf féatb}ry@? aﬁkﬁ aCleast0y09b 1 @raflﬂsfdfl”Column 5 metal(s)

catal yst" |ncues 6 netal (s) I'n conbination
pexgreim of oahétsa Ialqartam@nmmmrtts theneolproint himetatl islvpsaditias a

B TSt ombtamegy e e St AMBHA R AR o catalys

subsequent to contact with the fourth catalyst. The additional catalyst may be one or more

of the following: the first catalyst, the second catalyst, the third catalyst, the fifth catalyst,
the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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| east 250 A, at least 300 A, or at nost 500 A The

support may include at least 0.1 grans, at least 0.5
wareswsie@r at nost 0.999 grans of theta al um NRCPAIS2004/042310

gram of support. In sone enbodinents, the support has

ol uf ek Sp s At e Seribecusa, f B oorubeftne orae

feeu%apﬂﬁe f&l}t}p&tﬂ?ﬁ%a teper@re iR a tangedrAAB0OL0DPOMD6380 °C, or
nmetal (s) per gram of cat al yst and at | east 0.0001

33¢BA0rCoTheotudamraiustprativesyl finan supghagentictisgmal peve a AN of at

dj t

R T aRL PO b SoPob b PRl TRifo (Rl e

HydRjeak gexkefaﬁdaﬁnsy bl 4 eage oM 10 Neh’ahf vel40 Nmévn?f o1 15-25
from 0.01- 100 NmBzn8, 1-80 NtBZnS,

Nnaxﬁagpnfﬁhe @udqmog@ctm@@m: adpiahNy/N&E q:wépélt f)%@dm?% 90%, at most
sof LR it eb st AR U301 P ARSI e of

thed?Gde36d.0C. Net hydrogen uptake by the cr ude feed, in
sone enbodi nents, may _be in a range from 1-20Q

2- 18 wﬁammb@#m@ntfoa it e of pivalier GEED st inoades Column 6

meParl{gg &)‘ijnl;lﬁ& avlgji g&ffﬁ\%luém sﬁh%tﬂ‘? ’g%éaﬁftﬂ\”cﬁtgl the %'(pfo}éqsme

dlsﬁ'ibutﬁoﬁt\mﬂf)é’/ixwman pbrermahet&m’ﬁanﬂealshESOTMt ddast 200 A; atdenst 230 A, at
f eed. TAN of the crude belna n

leag 0. o leagk 15,1, it mpt i (o tprort o efue E1eadt T grams,

at BER O ts,s’or a@@g‘?‘é.b% gﬁﬁls‘gfﬂ% é’i'ubﬁ?ﬁa ergkﬁfﬁ bt suppgrt In some

cat al I NCl udes um 5 netal
embedlaie@!ss) thersuppnrbhasaﬂm abphawilurhing hemtehmfdaeladvu frilrgaams of alpha

oG PP Gh TPV o AR BOpEieaB T PrBpdigenisegigpost 0

. grah@ QoA olhfin $QAB AR RRAL ARG fSoatl 3¢ aRE Sk 1844t DQ0E1 Siad¥RIf€lolumn 6

of pore size distribution may be at |east 220 A, at
mettadésy per2gamay catalyise dstsopsgmkodigmentss the CPomn & mefpl(gtare

‘mogﬁjéf%SOO dA/,ogThe support may include at least 0.1

5 grans, ‘at |east 0.8 grans, at

| eagd cdttadn &hB&ﬁmeﬁtfs ﬁhmgerﬂ leglﬁ}aﬂiﬁ c@fdetfbal @ay be relatwely
al um na per_gram of sup y3 i ncl ude

low (o8 bHBEBIE BNl 00 PEE! 1-80 Nes ains-50 Net it 65 it Rin /)

oASBUAIT e FEAS Gl Ry by SRR B o

310/0a kP Csiromrsd 03I wan obfromt38 0300 °ﬁe qu:;mgdtnotgén opttlad ywthe crude

I.n. sone enbodi nents, the nol ar_ratig of
feedpingiomesmbodimpents maypegn daange fomy 1pd Tﬁﬁf gﬁagﬁ} o 3-10
Nn&%ﬁﬁ%@h%&#%‘?gﬁoﬂﬁct%réducb@ o8R! dotdlt smﬂe @fda% %e%l wf‘tﬁ‘ﬁle fifth catalyst

I's “'vanadi um and the Co nmet al ('s)
magrteven [ ehatrmaem @)Yy att mm‘g SO%n at Mbstrﬁon%ze)r ar mdﬂ 10&eal the TAN

of e erd o R oo 4oty 14 raeke TR O 0-0.05.

or §89-03¢0 0C, net hydrogen upt ake by the crude feed may
be in a range from-10 NV to 20 N8 n3, -7 NnBWto 10
NmV In oertai emhmdlmnismuxth typiegfodatalest (esixth yatakysi@hingdak €olumn

s gtals) Son Cobiie FsdBhin G080 T R B3 PRER S Bpme " he
six® éﬂﬁyi‘t?ﬁg a‘ﬁfbfel'blze distribution with a median pore diameter of at least 180 A. In
some embodiments, the median pore diameter of pore size distribution may be at least 220
A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may
include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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the sixth catal yst may have a TAN of at nobst 90% at

nost 80% at nost 50% at nost 10% or at |east 1% of
woheoshbNeof t he crude feed. TAN of the crude pPOTWSR2004/042310

may be in a range from0.01-0.1, 0.02-0.05, or

.03- 0, 04, t hyd dur t act |
e i A R SR THED AR B A SRR srams
pelg%raﬁl ofthtalyR€WRE st k%_o@@@u @hdmd GG ILRFE the(sHHAT@IGAN 6

ring processing il e producing a crude product that
metal(shpereprammbif eatalyst. t Insassentbadinamts ity welar rasigrafdetnl Column 6

i.nc roduci d/or, trans LN r n_i .
megds Fl G Irg PP SEGRRE Fh A PR o 5 oo
enBB8GnRARS e WA |5 REQIIE YandlgE @6d the CdluBrd @btal(s) are

enbodi nents, a seventh type of catalyst ("seventh

majghdehymany/ontmeatenot al content of Colurm 6 netal (s) in

ar e from.0..0001- of: .

per R PTG Ll RlePRAT T TR R AR Bl g ronee
froansi (0400 W GEIne B20-B1e °S eorefidrh 386380 Y61 ndt hytiged uptakd by the crude

produci ng a crude Er oduct ; t hat _has ,a TAN;of; at no

Feamaohe 1B ATIRNTR | hSTE 0 SN e HaNmSRE i ASYE dimfor -5
NehAg: d %ﬁﬁn:’ s ;Ig%%tiyréa gét; l‘ﬁfgrcf ggg hh{ége {d gr%qndiééﬁ%tn h%t?@iqgo gen is

seventh catal o) e and/ or use
beidg refiovhied imlsiac rThredudepredunct pSelueed from dontactalf the ysidé $9ed with

oA ST ST s
105 8f alas IANARAITAN S8hé Eltéﬁ%ei%lﬁp AN bEheCR@RREduct may be in a

rélative to the crude fee e ot her properties of
rartgedromn 0.0¢-0E E0220.65n@t0.63-g04f i cant |y changed. The

ot benATnttich B Bk Siruloalfs G108 S5ER MO0 b B, i,

- or SR fedus the BVSAR kéqiieRBn BT yafoge dufhg Frocessing while

Arrangement of two or nore catalysts i1n a selected )
pragingrcsudeayodunttirasis acheptatde fsitaspsitatipp ged/pyireatment. Since

e R AGEE bRl Skt B B s PR e W By ot in

prdc@@SdeciafldveRll Rbedstifg ok, at | east a portion of
theni ckel , and/or at |east a portion of the vanadium
i n dmeeridingabpdipgnisan syEEHRIY P ( scvnth eaalysty) has a total

g ‘ .
BT R T AP S O
gr&0 0BcaiibsidiNie todymn Gmicalds molyddemim td/ormngityrs t Bhe seventh

and/or the stability of the crude feed/total. prod
caig]ygt i§ beneficig) iR DrOEsng grerude pze c thqsfae"hgwdqf&F most %t% of the

T@&@Pflﬂeicwde%eihe crude feed/total product m xture
uring processing nmay allow a contacting systemto

opeGiher ehdrodaherteafthe Srsmetdrsl, thatd, featt fifhpuxthhand seventh

at |least 1 year without replacenent .of the catalyst in
calalits g A Prgegs e b R GRY o P EC g

cat &l.ysf; g@%gtt%h{sﬂw RERI A ‘ﬁf)}bli&ﬁtibﬁ‘al]‘:i’d cdﬁ%ﬁtngaop@ﬁaﬁlh? @Bndifions

the Ni/V/ edst a portion of the C5 asphal tenes,
matallogastrude podtétan bepradueedithatias TAN aed/at sedestadsproperties

PR 5 e PSR RRE o D DR o

si%;g;fdo ; gﬁg}tmﬁlg?& ohi RAEIAE Srudb RIS mhy RaXctdhBarded PEofeRtRE relative

to the crude feed and, thus, be more acceptable for transportation and/or refining.
Arrangement of two or more catalysts in a selected sequence may control the

sequence of property improvements for the crude feed. For example, TAN, API gravity, at

least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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properties of the crude feed are changed, while

mai ntaining the stability of the crude feed/total
wonroewsiesm xt ure during processing (for exanpl CT/US2004/042310

mai nt ai ni ng a crude feed Pval ue of above 1.5).

nichel, S0t ard st mmion st B Bag sy b s R4 com pFEibgbefore at
1eagtecﬁgor%ﬁ Bt ﬁ&&%ﬁtbﬁﬁ if @teadruéé feed dRGe@llli ty to

I ncrenental |y /or selectively change properties of
t he Aameqnemndmwlmuo@wftthreca@ﬁm Mayyin §oE €mhodineents, improve

v G Gy e o S Bl BBl PR e

ImpRFSMERTH ARMKE )ifd @i/ dre bRl of ﬂmﬂudms&d/mnp@éd@t mixture
series of catal i/StS Such positioning of the fir

dudag progessingepaysdl eeuRLHIS SyFCmity ﬁp%teefemtal?aakéurmnths at least 6
mei, PrATRRLP sod St Blonf MRTERY T ARy BRI Bhfclfl one.

st algonitiatidhs bflﬁ:l&tedobataﬂmmap hiddw peddtien it Xéast £portibe of the
first catalyst allows, in sonme enbodi nents, for

Nif\dHenah leagfra %ﬁmP‘é akthe éjS ﬁ’él?liaihé’ﬁ?so?t Ingst q/pﬁuglon,og tes/mptalsrin metal
salgsodr#lrrg fég?(?% gggb\éla(%f r‘gﬂé %dh‘ﬁ?Hﬂ? 31#& g%ﬁgﬁ)ute to TAN, at least
a pogticl ofShsrekidug, h& cey&tmﬂpns;ﬁmeoﬁifmname ensletfhed befbre dtheym

DRSS Gh USrores s el HREL. While R Tty e crude
fedd tQnyltod{Rt 1':& e H&Ing% béCedsigl(RR cAHAR, h8RehihiAR LRI feed P-

ugg al ysts p03| ti oned downstfeam and
valuh wf abovmdr iaasédsematwe]yeﬂgaftphafteues,r?éﬁq laed /oo APA gravily may be

LT85 5k LA GRS RTE Rl it

mcfrérﬁéﬂt&ll‘}earﬁlv&@ﬁleéﬁ*%ﬁy BEdhge ipfopR IR of HRQGh dERES mak RUbRABEstability
i fe 'of one or nore catal ysts positioned after the

of fhlfrosgdecfaccb{}%mmdm@n@éwﬁq be maatyised dyringeroesssinge -
{0 ol b P DL LS BB Bt

upbteRe 6f0f RkiePoOEHdYsteN Sﬁdhryﬁ)siﬂﬂohfmgtdf ﬁléfﬁ@mh(ﬂalyﬁﬁlaiyyﬁlo&sﬁemoval
and/or third cata %/st (s) may further reduce TA

of higueeequher weiglitenntaprnagty, Vol cprgmEants, ppdjer el etal salts of
or%aglfcg%gdso&ﬁﬁg ?laﬁﬁs aﬁgtthe ?t%ﬂlgf of' tﬁéj%ﬁe fé%ﬂ/t&tgf]%lﬁgﬁct %1xture.

in ne ani ¢ acl ds
e b i esticatalysoaiioes, irofontdemlnrdidentt, ferremavhl dffee leaem)prﬂﬁon of

catal yst(s) .and/ or thethlrdct uc
NicY/fgaemeel/of geidic GopyenertsFRevple F%T&PSIHQ%SEX%‘% g@&e toa
deJ/%e lﬁltﬂeqﬁy S?ch%y%atagstg 9%@@ sterfl, &%@Hﬁﬁf&ueﬁm%feof from the

tent, a reduced content o metals in metal salts of
cnmiegfami &oacexainplearedmﬂn@ gidezs p ipattionrnd €5 @spitabiones im the crude
reduced vi scosit or canbi nat i ons . ther
fed oA BoR TRy FlagPle 6 A rul e R R i eing & Gher Bratyse
poSRbAEd W RGedm SmdtRRY, trckeas&fthé té%gﬁlrdf‘i'i@néc #edbhtaltiale system may

product m xture duri ng processing. The second catal
bempyratlﬁd witeiut feplestshinensefrdatsdyst.eRemeval wif ahleadie po the

st bei ream of t ird cata
£265nihg SR PR TR AT B D b e Rea e Foggof fore
caﬁ%&%ﬁﬂtlﬁﬁe@ﬁ&@%&ﬁr@ﬂ@atél?stm ni m ze hydrogen usage
during contacting. Conbinations of cat algfst s that

f aciThetsgcogd satabysi(erandfor the third catalyst(s) may be positioned downstream of
the first catalyst. Further contact of the crude feed/total product mixture with the second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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hydrogen during contacting, and catal ysts that uptake

a relatively | ow anount of hydrogen during contacting,
woayosheiassed t o change sel ected properties of BCTUSHM4/042310

product relative to the same properties of the crude

eed. For exanpl e, the fourth catal yst e ed. i.n.
el IR EPBR o RoL ARV Fatctin o et TE Koy SHHer in meta
sl Yl Sids. third catalyst(s), fifth catalyst(s),
sixth catal yst(s), and/or seventh catal yst(s)

to
c hafysosetmbedithentisopmtact eSthgfcrudedpesiwith Ewdecqusd datalyi(sy and/or

changi n ther pragpertie f cr .
SRR BHRGCh5h BEORH ble RO AHUEE o SR B o roduces
TANE 80 lied suliQsbutnt, Stradidet] o¥ygehn®nthe @rre@itdd 0bntentdTehetals in
of catalysts may be selected to m nimze net hydrogen

metad tsalkeofidiganic atidls raediicad asnbaltenes ganterledredyeed viseasiticar

bi.lity, ' LI '
coplinte ereth Rffis e R ARE Pty Br o EEELAHE
maditai@iEthe abbititsof the ef@de fedd/tbhepoiductanixaed dtudndprocessing. The

mai nt ai ned wi thin_ 20%_of the respectjve p‘a{?perti es. of
seqopd catelygempy b posikoned in sariesapithen ttdrthe sreond edtelystibpingrupstream

IS, at nmost 90% of the TAN and/or the
Ofﬁ%@g‘g%‘%yg@%ﬂggéﬁ%e feed. Reduction in net hydrogen

upt dike abifity toadetivexdey diezed tospecficictvatcing zande tqmde thuminimize

t hat has hoiling range distributio imlar.to the .
hySigEF" Hisep aPTiee m%igqﬁnsuﬁoaﬁlwwf%@g cefalyts Figbigeiliy gengration of
hy&ali?)génll? g&wwgiﬁtiﬂ%'aﬁﬁ cgﬁlﬁsQQhJ??taﬂkfe alrBBH Gy U8y h8Snt oFN§drogen

crude “produ may al so only change
dutiyg caitattingeingy berasdd tacbanpeselasted propartied of o ctude paodwet telative to

NG NE A TN T N S TRIRE e

combHRAGE Wi&%@ﬁﬂ?éatﬂ?ﬁgﬂ,@ehé}ﬁi c?a@dl?s‘%(s? ﬂﬁi&@&atélbfét@s\){f fifth catalyst(s);
ed.

~selective reduction o progertles of the crude feed
sixiincat gy (drand dir seventh catadystish toeheagy salgated praperties of a crude feed,

R A VB EAE AR RO PO e AL 0 e

méitthiniy GO Red/tdidl pRdduch stakititd eTHeag derintifor hb@ibé0s dathlysts may
cat al %st (s),.and hydrogen nay be delivered to the
be gelaetae i mylipieast Bieginatalgeviifengiatining Hig crude feed/total
C . .
BB it B ARL R 50 contn
distiltbedionent, 3\PI tehevitstedr coabinations therdoy df thgemndeeged® be maintained

concurrent to the flow of e crude feed. F xanpl e,
wifign 30tk e ResHY s BEPELFDS! fgg e@sde%iﬁd: &ilﬂﬁﬂ}e&[éﬁu d/or the
vi%@ny SR %Sé‘gféﬁi{ct%?ﬂ%& 99YE£5k HH TARDARPEHBE VisBshity rla% the crude

ne “contacting zone (for exanple, contacting zone
feadn FI G 2B), and hydrogen may be delivered to an

addi_ti.onal .contacting zone. (for exappl.e, contactin
- ondefiglignn P dspger ptale &&Fﬁ%@@%@ﬂ oy, PO g leoduct
tha& vy, BSilihg Sarfek WG i8R sirhilar 36 R WHRQMARMfribhtih of the crude
ydrogen Tl ow may be concurrent with the flow of the
feecl; amtba fedeckd PANeelativé toshg TANofthe candk detde driiatpmigtH/Erof the

erdiiror SRRt AB0 PG SHHREh EHVENCTIE et o TRE I B
atdrR0 HRCIf itk GaNEred®2 1N

Hydrogen generation in specific contacting zones may allow selective addition of
hydrogen to other contacting zones and/or allow selective reduction of properties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be
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FIG 3B). A hydrogen source may be delivered to a

first additional contacting zone in a direction that
woomsmdmser to flow of the crude feed (for exaRpiraS2004/042310

addi ng hydrogen through conduit 106" to contactlng

zone 114 | 0 al
efiaed Sirtng Sotting AT et ters R RcRealbiPE e hygrogen
matyfb% delio¥e@ko tHeR offabiGe: F0Re8ltHat RIcIAY @lﬁ@écﬂitlcﬁﬁﬂctd‘ﬂﬂystas) The
hydrogen t hrough conduit 106' to contacting zone
deierypheSgogen meyes sl e ¢ode fendodn sryet
emt% gm?e&jsl, Xc{e 1{1§r|at tyeghézdaé; eelrjlgrrg er ee'é\c?gn%ﬁrr%rﬁ%o e ficﬂ)? bt tWe crude
faﬂatalyst or vi ce versa. The conbination of the fourth
catal yst with an additiaonal catalyst(s) may_red

TANFoF epmerde.Np pviackedemdightation fiseofor pEample, B Co gR.dyrogen may
be% ?é}[ﬁ%@lcl 1ﬁ%?&§£cgfng§ﬁl)ﬁ% &‘{t%cgllhg faec(fggée)%ﬁipﬂé’“cgﬂta%tﬁl\ﬁ zone 102

in AIGI IZBJﬁihdlmd&k@nnﬁay tad de;hwvemﬂln@an pddiriendl b&lﬁaafngtzhﬁe (for example,
crude product to be only Mnged by smal | anoun

coRtactig ap@e &% ihElG 25 1 éﬂ%“rt hatds CQLH%eréP dew qfé%cmflﬁfeed In
50@9%198 RS geﬁﬂ%f;&%v §0Lork! @ﬁmttfﬂlteaio\a%ﬁhmde feed.

e used in éonbrnation € sevent cat al yst used
Altmsitnvelamnf a simked eonfopunationgagn, senesamiples EIG 3)B§t hythygdmanaey be

a toé content. of. Columm 6 rretalé%%‘
AR UL PR iy 89 SOTHoQ B0 ol Eortaeide zone 102 in
Flg.foy%t/{ addog &Y Wff& h& B YQlvefBMo RaUS: ARdtRhal conitifE Lone in a

lumh 6 netal s(s), per gram of downstream seventh
directical thattis covmer tp éloe»quahe ¢t de feel 4fog examplanadding hysiregen through

cont ept. of PN I st ream.sevent h
ool ic copPRtibd Pare RGBS AP ABRAF R G R Edyetine
zoRE OdiARieh tl'ﬁ,tﬁisaioﬁ&lrrenl b the MR wedthbe ege fed (fd@xample, adding

position of the u stream seventh catal yst and the

+ hydrogers threugh coadeind @am‘t%mgﬁage bko indi] réBh The

20

25

30

abi IIn Lot ?mﬁ&?lm%{l{]b hg rﬂ{ (yataﬁ lalld ﬂﬁo ?tfa y%fa%rg lugéd i% series,

actrve ne rea sevent

eitBdrivoivh Bk hfalrﬂpcfamzﬂs%s“ﬂbbmg uphtrdaneolthe dﬁ;t}pmaiym oxt\acebeerw | 'Dhe
chan anounts relative tothe sa

combpert potie Gpurihearaly i i Prascida(togn ealpisbmag reduce TAN, reduce
le\@b @}:{)ﬁ‘t@ﬁt %@%Jﬂed@aa%ﬁtehf]%&@fSQﬁ‘M@%% ﬁrHrn%arﬁP éclds with low

gravi ue cont ent content, or conbi nati onis
net Math)hydﬁgen hsz theafrudehfeedt r Licke nEEledirogentuptdke maystllosasther

PriPi OF T SRS IO KRR GALY Shasd oY ] agtoU sl tag same
{Rﬁ;eS%@%ﬁe&Edg@g& 10% or at |east 1% of the TAN of
he crude feed. In sone enbodi nents, the TAN of the

cr udie sdree dmhediments) Warchffemnaftdvynthe:dmbstds 1hyy loowsed ¢t combination.

The el Al wSERRoTEm SR e O LR AL S sy have a total
coRBHRINubA AR Aok B 8F eyl B0l 0003 PO ks,

properties relative to the cru
Thc dnwasiteam savpathicatatyishinay hantea q@taé aemnmfﬂohann 6 metalS(S) per
ion cat aI st .t.0 progduce the c ude
gfaé‘i’m 8#@ éFY"r fc t@V% {h\"}gls £4ug! ﬁ%o‘f 85 gf)angﬁl%t&ial tbidat of
Coirfl eeﬁétal(smetm Ripktidavh $eQeritB @u@pystT ANai 1885t ©RYr@hé ¥f O8Yimn 6
assist in maintaining the stability of the crude

meftalésol perogram giicai@lyst Tnispmg reélbedmtm@s greqwsonmg the upstream seventh

catalyst and the downstream seventh catalyst may be reversed. The ability to use a
relatively small amount of catalytic active metal in the downstream seventh catalyst may

allow other properties of the crude product to be only changed by small amounts relative to
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In some enbodi nents, catal yst selection and/ or order

of catalysts in conbination with controlled contacting
woandiobicens (for exanpl e, tenperature and/ or cradasSt@eds2310

flow rate) may assist in redu0|ng hydrogen upt ake by

the crude .fe de f otal r oduct

the e prePeSi st the §oH, PO S URAIS: HT Rty okl Gange Bxheteroatom
coﬁenﬂmw gRIVRPSELES cRtert NGO désEent) r&@aﬁlbnfaﬁbﬁ; ih¥Rof)0

respectlve properties of the crude feed. Stability
of Jostact offthel eruide delidrwitlathepipsierast and dawnsreamyseynth catalysts may

pr st as PSRl T by SPRG D B B S0%,a

md3B % Jortit 1eabO1% F @ET AN dfisodrults foed ylméorﬁdw@nwdjﬁhentfs eBd TAN
and/or crude groduct in the crude feed/total product

of theyarudedeed mex balinareraentally wdpsedl yceatact wihithawpsieymand
aobBRHEL PRSP B B FRAPLIRLIAR, b it it

fored arc il BAlde pAsducheith @hangdtl peogiettits meltamm tHeu crudg fdeﬁ;eand then
contacting, period, the concentration of cr ude fee

confael/ob fthe igttial ciyde @irduct Witk pr additional caiakyst torpapdyse @aﬂfe'tlde product
o S T R0 LSRGl e T
inctbraagsaldy slae assist imnmanttaioing dlie stétaligrafdiee gudelfeet/total product

sol ugqqllt of the conponents of the crude feed and/or
MiXHiEe, RoesSilge total product in the crude

feeg) F&Hl@la B&‘Hﬁféﬁ{s Eﬂté‘l&é’c%@le&ﬁd}pﬁldy& o aRGatalyefs in combination

exanpl e t he crude may contaln conponents t hat
witir @ngrolletbéanticting henchhomse(fdr@admate teltm:et:eég]ermndAQg coide feed flow

s} 35 Bpi AR e eashe e FoESee bR Bt d e

, feéﬁﬁﬁﬁl ﬁ@ﬁh@c‘?ﬁmﬁﬂ@ k@Bflity dl‘iﬂi}% 10PRSINE HnT JKBY, 1h§ Bk &Omore properties. - .

becone | ess soluble in the crude eed/total product
of tiexarudeeprodiyet selative tadheneerestive propertigs ef the smndgriged: Rability of the :

B T S T S

crud@Sedd/totad pfd&i@ctCrhix(ﬂlﬁef Pasietsopaahtidaragybé catisad by, &"mf @{aﬁ’ipﬂ‘@
two _or nore phases. Formation of two phases, throu

lnsomeletw@thed‘rﬁu@rfea@ APt GEpdasprodyes iy thejcradsrsaditat %ltpff%ﬁwbmlxture
ﬂo%wg't?or{o%eagpﬁa{kg%%sgﬁ% égﬁ&&fee%/m&gad& filikdkd pfa ngﬂa&&% of

onent s ce t one 6
cotnbeneﬁﬁ fbmyshscrudel faetlltﬁmblbrb&uct ntirtued, or ca)mhm;ttmfs thdreof.
process may, be reduced. For. exanp| at ed

b1 ot FERRn GEeSuTIRE coniagting PRI FieaNERTUIE f udefped
anlor 4 &ﬁ{cy inltBe BARE Lféé%/tétapﬁﬂdgﬁctl?ﬁ&gﬁ‘@hay)"ch fg@e%lsrtﬁéj

proper During processing, the P-valle o
concvetntfeucﬁmdﬁhe attal produstiincthe niude lﬁfred/tmaypﬂmdummmmc eltingesidue to

o o By eSS 0
coﬁllpgnéfﬁé &&ht R4l ﬂrédlﬂ 1nmﬁ§ trulle @eddﬂgﬂapﬁi‘bﬁﬁcttrﬂﬁfure tends to change.

occul ation of asphaltenes fromthe crude feed
Fogexanple, the omde fesd mdy qmnpcmapqmntséhat e $0é1ub19 irgthe el tfeed at

iy et seak Aserig e ne A FrbFhdee Ut hamplpran
MGRU@?ad;pﬂﬁl@erie§ P-@A18¢,io¢ ebMbBhasisl tRerdd) R c@@pé@@tsl 108 tend to
ed/ t ot al roduct m xture stabili ty, as

bemekcs@@hnigle 2 thalcueie fmﬁowépmdn@trrmxmd bysoafmwst@membe crude
fee§€ 3&7 J(%aq gr%ﬁlﬁ lﬁlay gcfrh%tg%é) Ca!ﬁd/%; bgcomeaﬁlgolxg'l'é n or?é/ another.

Solubility changes may also result in the crude feed/total product mixture forming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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conbi nations thereof. Such controlling of contacting

condi tions may include controlling LHSV, tenperature,
wonresddr@; hydrogen uptake, crude feed fl ow, 0OPCT/US2004/042310

conbi nations thereof. In sone enbodi nents, contacting

t enper at yr es e.controll ed such that. . asphal t ene
congERIrgHOnAIEEHe s%%n%f?igm &5 PAHBVE Cl&ﬁ"f"& %&Pmpgp?fﬁﬁéends to
reduB€ YR 6Pt LM merlofiiecatdliie AeditondRedietdfitiesdst dfohe process

MCR cont ent through hydr ogen upt ake and/ or hi gher

g
maydatredicedgFo wenssteddngaiment Pf the gruds et/ ot pofductwmixture

ases that may reduce the stahi Lt t crude
e R eaP o PRAUEES e brEnaham stbe Brose st or “vor e
of Theing pkeeysiis thd@RhRLlof ee @Y feed/iotd predeemitiufeamay be
and hydrogen uptake in conmbinatjon with the catal ysts
mogiterediand @hq\séatt@ﬁw of Itheonve cessecrats igeehIvariios srisle dopdietal product

reduced, whi | h g . y

LR okl T A0 e B SO el

floectdatibnrofakshaltemast fecth itiecrade@ded parsalbr@cesnif ik [Pedhlsdiishinitially
that t qulper atures in one or nore cont}{i\ct i ng zones, nma

at lgastd; %, prqd seh. P-vglee morgasesar igrolativelyrabledhydregontaséing then this

indlich flfat Bl Rl Y R A AR R Eol RSl O e Bota

prddaetihixoiralstapilivglus tassesset byeR-valhe, nsayusbecohtreledby eorgradling
first contacting zone the start. of a process. A

coRPHEE QRREABY Ao PP LB, Y SHE P EpBR AR Gl ner

coxiq InstioRERGE | L %8RG BEEoRREHB ¢ hAdIBod SR R Tude @8ntrolling

or exanple, second tenperature, third tenperature,
LHSOUt¢thperetupss peessure, hydtoges tuptaksy, cands febdflownpesambinaions thereof.

conttPngmBGE i it B RS relp P Lo e ) e

. aspHAlténes aRGBr bthershBNchdd 1@ CerdbebdavBIRCARtHMAL AL MIR content of

tenperature nmay be in a range that is 20-100 0C, 30-90

" theopndeofeed.ORedBtiomof thefMEBrrontenhihreush hyidrogen vpiske erd/pghigher

temperature. |n ‘ d] t So
col GG St TP G bR gptu e
staBiidy afthi REidedeqetiotll productiaikiigg add/bf BfeeTlone oninded dftble catalysts.
tenperatures niay reduce TAN and/ or C5 asphal tenes

Copiak lrpontagting empgetiye gad by drepeh FRfeke i cOM@INPARR Ay the catalysts
f
oo P B LS, SO Bl DT FEBICR B or e

crale feal dréy ehangellioy & cedativiely sum)] andnent. t he first and

second cont act.ing tenperatures.are the s a r

Wi t AR W@@e@%‘%m@gﬁc‘?&gﬁcﬂ% POI#Q?OIQ%W%EO?%”EF‘FMM temperatures
in gﬁ{éﬁﬁg)ﬂﬁ r&@nl%%&%g hRG e derrdedi] "O:ﬂera%‘ﬁg at ¥ttt t@ﬁﬁ%é}?ﬁres

ourth cat ahd a second contacting zone na
allows fardelectiteathangst inloyste(fsyd propentichetilhaneitaininghike ftabity of the

orB el BB Gt ShiE B 460D CebFYTIR TEroph the start

of S?H%%ssf. &€ @rdt Borth&irel tEBibeiaRd RGhd RehpeRMEe M TR firfi&ohtatihg zone.
catal yst and/or fourth catal yst at "the higher

Oth@rpetagting empeiatires @ocexampds, sgvondl tarhgergititegthird temperature, fourth

.second caontacti zone, ma

t al t ' t |
e ORI VR BRGPGrc PR P BOR e fier the
firbtR8ntat it dnB e A filt &nkatEing GniftatilANANSY i@ra ehge from 100-420 °C

asphal t enes reduction in the sane crude feed when the
andl piseqond gdnigeingridmpenatuae mapi fe iearpanga that ess20a Q0 YE.t30r %@ or 40-

60QC ciEléeArlgﬁtLtE?n the first contacting temperature. In some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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Non-limting exanples of support preparation, catalyst

preparations, and systens with sel ected arrangenent of
woav@logsics and control | ed contacti ng conditi onBCas2®en42310

forth bel ow. . Exanple 1. Preparation of a Catal yst

rel e i FANCERTE dhs (et e Eenet oy B47 18 BifRter extent
thaMtH@b,lﬁélﬁhtgftIAN M@ b @éiﬁbphéiteﬁefﬁe&ucﬂbﬁ hf &glﬁw@léﬁlﬁfe st and second

wat er and 8 grans of gl aci al nitric aci for 35
comtacnuxgésmpam@wseeg@theu sagperg ot within 3 7 ef ¢ash otherr uded

P AP oL S LR o

catBBt(Yraats seéond coataciimeLbreuRPOintlude bthefcataightes) dpur®ed herein.
di ameter of 182 A. The cal cined support was placed in
The first sapaeting tempaietire may bedof a@émfiéﬁepiﬁl‘“a@%‘%@t%g tenReEture

Q¢ r
ma&goﬁ%gigf g%](g) ta%gf)gt cnilde% d%fg I t?%fei?sg gor}tglﬁ{ﬁg%hgw)gﬂ tﬁ@ﬁltsst catalyst
andl/Bﬁfchﬁ@ataB&t atghamghér tﬁmpﬁ@fdre pﬁoﬂﬁ%n’gcmish e cgmtalyst(s) in

al um na, 0.0008 grans of  al pha al um na .0808 %ams )
thegrecens qoatastingrons manteselt gvgeatgs has ToN ¢ w3Sphilfsges reduction

I t

in 8% PREFE BERYPYG T TR b bl 2EM 9“?@%‘,%?%&@ a0 Sfnorude
feed.v@dzeh therBfsyandr Jmeoﬁqumadtmgadnperpmraamwﬁhml 9P 1d.but i on

with a nmedian pore dianeter of 232 A, with 66. 7% of

the total nunber of pores in the pore size
E)gAglfL]gytl on having a pore dianeter within 85 A of the

ore dianeter. This exanple denonstrates how to
pr e plndimitingppanples bhsuppas pacnamt@n,scpaz&lysﬂ ipsepaiabions, and gystems

t t 180A and | ud t f thet
wifhsslePlid et ot bitasta it PoreBEd boacind Qe g or
beldavi ng a -Pore Size Distribution Wth a Median Pore -, :

Di anet er of At Least 230 A. The vanadi um cat al yst was ‘
“-wc.- : Catalyst Bapport. ATHepeit was pepaigg pympulling
57$ %5:1 e ot aatlm%fflng I'(‘@H{g? 55 ?%’Eaa 33%8[1@%6%&1%@35%9@' Iglllc}jilga\f@élty, Michigan,

U. smﬁp@rtﬁdsbgrmr@wutﬁgma 8€g9alg§ aﬂglaaﬁl MEBQcdd fuir BB nBidutes. The
granms of dejonized water. of the solution was

respltirg motfeel rafxiire Mas wpffbdtthremel@a é)3 Tudlebe Nshieplate: ddedipatryeen 90-

125, 6 A R0BR MR aFT R EET Bichtretiat Ty o FE e o Pl Supron
wilhoHhediaR BoreldiaReteRd fCligne] @he é‘aﬁ&n&@dp@f)rt ZvaR PWced inTABindberg

resulting catal yst contained O. 3r ans of vanadi um
furpecre gjﬂarﬁlmac@mrme;ﬂéure msmsetdht@ 11990 he@ Gevergl. éhpm,ratnd then
he vanadi ata pore Skge di str.i
nelgiip 8 RREs MR RO PACHafiRE o BPpSus TRE sEPmBliib AN fer ggpm of
suppho? 00083 rani%rtﬁf eflﬁlﬁmaa@ 66083§raﬂal‘Q>f Aiphg alumina, 0.0208 grams
dditi ona Iy 66. 7% of the total nunber of pores in
of dﬁta uminag arzdeO AT &t gtpme of Sistagiuming, ssdesrrmipaddataraystiffraction.
or.e ne. 3
Trg SR O i BEE G o) LAY A0 AL SORE (ORI RT 0B Sy, The
suﬁao@liddlﬁp(ﬁe cia¢ disyblutibR withG Iﬁedi@ﬁ pore diameter of 232 A, with 66.7% of

the total number of pores in the pore size distribution having a pore diameter within 85 A
of the median pore diameter.
This example demonstrates how to prepare a support that has a pore size

distribution of at least 180 A and includes at least 0.1 grams of theta alumina.

65



10

15

20

25

30

size distribution with a nedi an pore dianeter of at

| east 230 A. Exanple 3. Preparation of a Ml ybdenum
wQav@logsie7 havi ng a Pore Size Distribution W thprarisgioans2310

Pore Diameter of At Least 230 A. The nol ybdenum

nerc,. e
] Ej‘-’éﬁ Egggg §_t|;1but10n

wﬂf armk&iai!. PURE DiifiRERY ra@m 1&&&30@& ”Thé/béiﬁﬁﬁm catalyst was prepared
I mpr egnati on solutlon. The nol ybdenum i npregnation

in thefollovwing weasnpr. éfwrabaning supprit, prapgred. tyghe methodgiescribed in
NHU) 2Mo 207 e of 30%
Expbps 0108 PR i gnaBe i erteaatpRastorfrapaed oy
co:ﬁbﬁmg 269 gﬁn%fz\ﬁdswbvﬁh SQ%ritﬂi OF deisilised Waterl V& pBl afthy solution
was heated to 65 OC until ssolution of the solids.
wayB&7heat ed sol uti on was cool ed to room tenperature.

o e P ST P

sol@’ubﬁn g@d fo#P2ARYuks Wikk Bc@kdAB]) aghasor, Apee gNELEW M kbverdl®ours, and
enum i npregnation solution, aged for 2 hours

thew cahclmadcaaéS@) Paiforadyhauas.i Bl redutltlagl catalysamneihedd). 04 gams aff

urs, and th alcin 80 0C for
Vel b 4ehmh DLy Sty T Ralsnes Bitg Saroro b ad R catalyst
had®® [)o&rs@z@ RétribaicH \wﬁﬁ a nf¥d} A daob@dllaﬁie&@ e€3beiAng p§1"ép@>@t[rﬁe of 0.69

I nol ybdenum cat al y st h ore size distribution

cmivgt dndba srefiicaarepof & lﬂm@t&ddlmnaﬂsmw%wf plasy ot} shmber affpores in
theieff PO TOR O T P mE B ELRt R ERe dfimeauity 7pgof the

meg%q,ogé dianm@test ri buti on of the nol ybdenum cat al yst had
a pore diameter within 86 A of the nedian pore
di arkBisexampls @n&vawps;ths erapaEAtiontoé § Gokemp p eptatvat hayings pore

sm%d&?# Mg%{&mﬁ% ﬁﬁ&)&l éﬁ&n&@%f%} d@aSWOGAS' ze

ion w I'an pore angter of at |east

© Exaniplé3. Ei(ami?hﬁorﬂ of E’Mﬁcﬂﬁbdﬂnmﬂ CatalestMalviyoe Rurd SiaaBékitkibution

Slze Di
At ,~,£!

Catal yst haV| ng a Pore té{lbutl {1 Wth a Median
X ) -:' ' - y

Thie molybdenum catalyst was -

‘ preggﬂle}‘iqg %%18@[%%%&{%? l?e' Adhindas g%r??ﬁbﬁgd 'bgr X ethod descrlbed

l'ow ng nan um na su prep
in Brdrhpld 1dessdmipbeptated vmhmmbbbdenmmmpmmaé@nabmdom The a

| ybdenunt vanadi um | regnati o soI tlon ared.as
ol BN SRR STt e 26 S 0f 4
maggmz@f %wtgrgxmg%oo% ?-%gfaﬁ;@of@fowm@z, oozﬁg@algg afs of
% hydrogen per oxi d

grans of
maomoetbendiammiedMEry), @MEﬁ\ﬁl geaneh @ de®ngped vatafto derimomblegy. The slurry

wai Reqtrd L B afessibh ol Bisp . Shecienied aloen it Fepled o

rod&‘ﬁ‘?en?ﬁé?ét%@ e PEPHR th@ E(H@tﬁ&ﬁ Wh5.36\ FRE WIFiGPYlhne Qva‘é‘@éj usted to

combi ni ng 3.57 grans of VOSO4 with 40 grans
82aitdbwnﬂtlzied>nmt1@vaterThe first solution and second

v TohaBtES Suong A eEohmi i €6ty U JERE- RN,

1m€i%gﬂ3t1oh%o}ﬂtlﬁh dagteP SorPhKRIGARH TR égﬁa‘u&ﬁ) rd?ﬁﬂ %¥ {2*C for

ution um na was | npregnat ed
several hours, and then calcined at 480 °C for 2 hours. The resultmg catalyst contained

0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm®/g, and a surface area of 116 m%*/g. Additionally, 67.7% of the

66



10

15

20

25

30

nol ybdenuni vanadi um i npregnati on sol ution, aged for 2

hours with occasional agitation, dried at 125 OC for
weeaeveriaieshour s, and then cal cined at 480 OC f oPCR/US2004/042310

hours. The resulting catal yst contained, per gram of

catal yst, 0.02 grans of vanadi um.and O rans_of
totglRuRaE Al RATeS N TRe PoRE StpgIdLt Mt %Shes%{ygﬁflﬂ"%ﬁ%talyst had a pore
diaffiRbeY RE@ 8% Nasrads Hﬁﬂféﬁgﬂeycﬁhm%ﬂ a pore size

Istribution with a nedian pore di aneter of 300 A. _

Thi $hisxeaapble dteronszatesthe prapaetion of aColunom 6 aeta] catlysihaving a

pord s B BT MR R AT bV Beter of ot

Exb@ 4.213&%@1‘21@‘1@5?& BolybdédiindVanadindn Catiest ﬁﬁeﬁl%\ﬁf Pbre Size
.r.ee. a ySiS . u U.ar reaCtor W t a centra Yy

ipm Y¥ith i ediandldre DiameteriohAd due kelh®coupl es

2 Y a5t 230
neasure tenperatur : .
T L e L
suppdg:, pepareR bR lihe @Bthod dedchibed invirtampdé 11 Was ingaeimredwitina
catalysts and silicon_carbide (20-grid, Stanford .
molghderina/venadan dgpiagaption soljtiongyenarasd asi felpwe aprirglesofugion was
' . | c | yij I 0
male b SR 2 B (N B0,QR A Sl P MRS U Barams of 50%
hydrage yabsdeviifON) e Migamasiof moanethanmdimine| (VA )p andiB L8 gtams of
silicon carbide before placing the mxture intgQ tpe_
deipnizedhwaientp PEme ShorY-i bhgslery tae heatediodts “fhuntd digselvfign gf the
flo the reactor to
soljdia s RpAaf af AL Rhe A87ed 0% bl 0
'EOS At ée@&ﬁﬂso@litidnh@afﬁﬁdm @mbihiag Bléﬂcgramns O VESOsevids4@grams of
bottom support.. A bqttom cata t/silicon carhid X
deigpized, Wéte(-4%11%ﬁﬁ>)t sQlgEomn g %eF%rﬁJe%/? Yien e GPH‘EH’@B §P§ spient
GoGERN 81 RalRAT B0 O SAONACL BRI S) il e
mapghdenath &marddium afmpregnationolitiods Thembiminhevas anplegnatedwith the

o RS b S o b 8 P o,
drigﬁ gtt %5‘ O‘g,gito? kattal %?ﬁlts%r[ﬂecﬁerpce@&ﬁecgﬁtm °of fof D Iy Bide MR esulting

grans of nickel per gramof catalyst, with
cathlyst dvatamde pérairag ofinatalysyDfd gsappof vanadium aidll 602 grams of

e o BB S e S SR STE) M8 vt s

pote iR AstHbattBwiR A hndkildnB:Z Sfetef BL300 Adl € cat al yst had
a pore size distribution with a nedi an pore di aneter

of  Thissxamipleriep@mystes the ipeepavtiah ofiaflodimn b mprialesd arfColumn 5
oA SRR SR g 5

A.catalyst contained 0.02 granms of nickel and 0.08 grans

per gram of catalyst, with the bal ance
hpha Crude Heed With Threefatalysts: A fubglsgseactor with a
e (42.¢ It 0 t he
A0, Py RS0 LN Rel
tendpt@athiRR tiEah o h citalysiebedo Mbe Shiaystbesltwasfthedbyfitlingahe space

nedi an pore di anmeter of 192 A and contai ned 0.04 &i{gam .

betteentheytberarnyalinnd agrianar avallofita spator with gatelystsisag siticen carbide

(2&%%1&‘,%‘:8&6%%&%&; 430 1@&,%)” &uch silicon carbide is believed to have

low, if any, catalytic properties under the process conditions described herein. All

catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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support. Silicon carbide was positioned on top of the
top contacting zone to fill dead space and to serve as

wea prs@aeat zone. The catal yst bed was | oaded i RCOD/US2004/042310
Li ndberg furnace that included five heating zones

anc 156 PRaRTEg gt o g oames s St pra oot BB aElspfo e botiom of

theﬁé&t&ats@lhab%to%rm&‘é ﬁfa§1%sﬁﬂ1c91%d aPthe ibotto R Ehd@adtoDRSREKSs a
m xture of 5 vol % hydrogen sul fi de and 95 gol@b

botby segpent. gabotitom catalyst/s beanarbidgmined 44 con) wag positioned on top
of ey Bhsp e PR3 B e Pt tHF bRind oBpPita pore

sizb BBt kieA Wit a ediah poie)diani@apet At A eih 667906 the total number of
contacting_zones were |ncreased to 204 0C 8400 OF)

porsy gt the pRis izeadigirihution havinmapere diaseter Widup 20 /ot e hnedian pore

hol d
e By B, AT A9 LR IR RSB GRS Wams o
nick&GeP Eyanpef cafddiit, Wiﬂlilﬁledﬁmnaebelﬁg ad al@sina@ipportai nt ai ned

at 316, 0C for an_hour, then increnent, gl ly rai.sed to

370 Aguiddiromtays/siipere qarhidg mixtee (8GR APas pestbensdgn topef the
bot@(ﬁ:ﬁ rc:%nt?éqp-g nz%éi? g(?ﬁ)}lg%&m%e&{l\rf%&ﬁﬁ% gé)ﬂeo"ﬁ% rﬁﬂdfé%ltays(? had a pore

Mar s atfor
sizé Atr{Butibn efithMencedian pare diarhéter ef8 Ahwith ﬁéé%ed the tadal number of

oven at a te ture of 93 0C (20
OGS T e DTS A< 1 HEU 0T R HECAROTR ert%@mgééf 6f ¢ median pore
dla%é@a F[‘hé %ﬂd&l? c%_tﬁgjs@colitalﬁédcé 0 grabldf %Edk‘é?arqu?@S gﬁ&sf&d

top o react or he crude feed fl owed
mdij'hdenngh pehgrapr elvatlyst, ovigh the bplapembeang amgluminresuppdrdd| e

contactin n bot t om cont a 3Z0ne

s up oD casFRa ket SRANE T B R psl0bedPh L e
mi¥dIt BoRAGheont REfoRRaAbY ShiftadtihplAdBe PTRS RPCAtDfst A¥dA p&@ Rize

gas. Contactl ng conditions were as follows: ratio of

dlswcdxtlog avithopamedian ppie d@&m@ter 98 A prsl saiaingd). 9111 erqngseadt or -
328 NV
e spbdraplc s, igh bk RlalRPodod ppalh BRTHE e

gte heated to 370 OC (700 OF) and.mai ntai ned at 370

C for 500 hours. Tenperatures of the three cont ?fti néq
zon§§lc\ﬂércérb!4$éﬁasl nesitioneden mPLites topsrpagingangdo fill dead space

o LR RO 7205 ko 0 i g

indDided ffive ht 86 dones sorreapehditpeto tROdreBeat ¢aHe tIRppSf middRg@nd bottom
hours. The t(?t al Eroduct that is, the crude product
COlﬁﬁ‘am@a{"é’Peseﬁ]il e bOHEMSHPRIY st bed. The total product

Was B Eétﬁsfgtﬁ i‘%g:ré Q184 BpRubitithsa PARSEs ﬁﬁﬁﬁ’fe%@ @rvol‘% hydrogen

t he gas separator, the total product
suléidp an(hﬁzédolfynhydrbgm s inte tlp;fr auitreting nohegata ral@gf 1 f pitetr of gaseous

th f.l t |
e RGO BTG e TPER ByPide et Soieinidas partof the
VOI-EB% &fcﬂﬁﬁlsf)r %H@Era‘f‘ﬁ@s Pehé esitsdingYoAcakdne %’créé%ed to 204 °C (400
determ ne a wei ght percentage of conponents ofthe

°Frovedé honoahddteld atd4r°Esfar 2 bouss Adigr holding\aé 28 %@, the corffacting

det er m ned i ght per.cen o onent.s. o e
20l OB PSP RN S Ay (ST PR ARr Y 1p €889 per hour.
The contacting zones were maintained at 316 °C for an hour, then incrementally 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.
Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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of FIG 7 . . As shown in Table 1, the crude product
had, per gram of crude product, a sulfur content of
wO0.208/614g7 ans, a resi due content of 0.255 granBCTAIS2004/042310
oxygen content of 0.0007 grams. The crude product had
Pl Bl o PR i Fu PSRBT EBF R Rt bt e ractor
Th¥ RAdiIeHN NSePBrohghiiRPpRehebh Sord, ‘tf’cﬁﬁcdﬁfachh@ zGR, aliydle Sontactlng
were determ ned by neasuring a V\EIéaljt ed average bed

zones hpdemtconiacting wmmT; and\hettemssupnert PEHgtrpackIr. tIhe crydgdaed was

a
cop §iig PRI GAETbRhY Ryt Y PeiPRen FitboElRhis Cotilfine
comtl@rﬁt\ﬂéry gt fdliowe: eheierof h&@f@ger&gE\MBThe mde&eé @rovﬁ'dﬁ to%he reactor
328}\Igr3apbl cal representation WABT versus tj
wag!

ar” (200P SEERNEHBY wasd ]é @aé Presgye Wﬁsér?eMPa (1014.7 psi).
I o
T B2 R Gin DS M8 BEIRE D, Y ROPH IR iainfldl ot 350 oC for
50¢ hows. Tempen&tmmf&h@ﬂmammacnng fzm’(es omzmc thehiimgeaged mMamtamed
feed with the top bottomctal

in froalOHPE e RneRaTP T 1| n) a0 st BRC e S8 e A oy for 500
hoéi3'hEn 9 yC S’{Bglrb?? #hraR0H ﬂcﬁﬁ%ﬁl tHhert 04 (7200) £2©400 hours.

relati ve e WABT, 1t 033|bleto esti mat e
t hafThe Imﬁalqﬁbduoy(ﬂlct iscthe viutly pnfductrmld@ts)admd theadtalpdt bed. The

o508 6% Htitespech eiehiPaRs adirdipd B P pid separaor,

the®B&AT ﬁfddﬁ@t VH&' s%pﬁét@ﬂ'%t@ tleqRaShloah@anli Bad. GBSt Mk system
the crude feed with one catalyst having a pore size

wad ingstasurbdiby emasé flhwzpontollein Gas exitig dhesystenpvasmessyst by a wet
tes;é{ng{er : Eﬁd a d%% QI[ 09@&@%}@9}&6@? gnag}rzgﬁg? get@{nﬁmg a r"%\eﬁ%hé percentage

. of b&th tsYTtHBGude proitdt. The k&R li60Yaefavbhaged ittt determmed

nunber of pores |n the pore size distribution having
weight pergeripgasey coinppnenty omdeproduet prepertes 358 FememaERwst lerT able 1

| of?&(ﬁm controlled contacting conditions, produced a

product that included the crude product. As
meagyrshdwhyn Padblall e cardedeodueehdd, ptograprafdnele prodicyrassulfur
stability was maintained. Th rude product had
Coﬁté%ﬁ}lfé)co% Algrams daes agopigtet 035 giaf1s, LR Esr carfeRi gt 0.0007

Cr ugﬁ{éf Y %n}q‘ \/\?1 ﬂ&@ &Y CRUBLEAL tof @ Bhé’i%n&socgnlﬂ%t of 1.9 and

e resi due content an
a TN bé 0109offhb Itxﬁalmfumké(ebmrmﬁmhdlmwm 4 wifp.of t hose

pr ogrzlr %? LA cr gyg{eea eed.. %“R%ngcoﬂ%ﬁ Qc%} g;éargge bed

te e?&tﬁfek{uwm "g‘ Vefsug nMEréhgtﬁ o?g{eecrﬁli@féga efhd Eatdly B§‘HQ€S may be
etween 90-180 A The reactor apparatus (except or

cotrtleted dobertermpetationofghe caialyctdmdadit is hglieved dleit as catelastylife

| fidi t he t .
degiPestinct VAV HECHST. Of ooy U A pladop D IR T s time
“tPRr ﬁﬁﬁ%vé&ﬁelﬂ%ffﬂ{e' c*?ﬁ’& fleBd Eﬁﬁéﬂéblﬁa&m ER66s dat@edsh thigsxample.

m xed W th an equal volunme of sili con car bi de. The

Plagrl3d eeﬁre@dtsfthcweragetWéBrTe@fdh@thrmcs)mew@ng zwswcpu@hourh ef run

. reactor to the f ther prar ct.or
tinie oF e B Se RO OB b O RAR 814 bl SRR, 0¥8a
mapdrity @ fhe run time, the WABT of the contacting zones only changed approximately
20 °C. From the relatively stable WABT, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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carbi de was positioned at the bottomof the reactor to

serve as a bottom support. A bottom catal yst/silicon
woanisiodesem xt ure (80 cnB) was positioned on topCofustdee/42310

silicon carbide to forma bottom contacting zone. The

bot mcata t had a po strlb tion.wth .
o1 GarE e e i opiectie e Grhae et P e dafilyt having
a pOHRRY dlﬁ’tﬁ'bﬁﬁoﬂ With faqn&ﬁarﬁp&b aRntbtétotiablehstaB0 M d &t dational
pore dianmeter within 32 ‘A of the nedian pore dianeter.

catglystsbeving mnoze aménstrihutwlmm aonqcmmgpmlmetmnwmhﬁween
o088 0P8 1R U550 BB Pl LS e Mituion

hawiag Ripdfe dikmbier SithB4TAoX tmﬁedl@ﬂ?ﬁbﬂe Qﬁmﬂet@m V\ﬁmoﬁfrolﬂéaie
boft om contacting zone to form:t

contagiing cppéitiopp pe @P@/gﬁothlam@l%&aélr@i%gdgﬁgérggé%aw As
mefaﬁurg% §¥ 55‘%%'1&” 121:35 i e(a/tg‘m3 éI%dué)[ 1;(9196 éabl’é% gzas(sélaﬁﬁ/ﬁiﬁéd. The

crudie %)Eddd@tlhadlﬁdﬁk&wm,&e@ﬁtreﬂ Nil"a/ﬂ?et:elitem tdiute Rl RBr Oiﬁntérh;i‘and
nmedi an pore dianeter. The top catalyst included

redoesh @ XaPh PRE T ) 09 CEia RRedaR L (GO ANGF e R e VGO
cox?[rentboafgﬁé dble f@dﬁ@c WAi® b/?' 1"’166}’601}3@1)&%)(3 af?éﬂﬂam thebhulle Rlid.

e was OSItlone on to I rst Contactlng
Exaﬁnﬂe 6.0Chontdct dﬁﬁ@rﬁﬂ&@éedﬁﬁﬁth Tmmh&ﬂs 'Bhi[trléh&ai Pore Size

M : an, I Range B 13( Ih@ reactor
ap]%fﬂathp %XE%}%MI@ a8®er a{lﬁecohi@ﬁt &Mbﬁ%ﬁh@ Qor?e@P %&al}@ﬂﬁlﬁaﬁg

port.BS-4 crude (Venezuel a) having t
mehaglp erethodof separatitigabel tatal predicea] methGd of anam:sng éld crugle product

h f.th T d d fl
e 3B L R G LS LR 248 vohu

..+ of 6iBBéREdbi8. zone, and bottom-support of .the reactor. .

The crude feed was contacted with each of the

cat dhpsrugleifeed fhew tr Gigapastor ofas rfgfm thgdpp ghthe ragstor to the bottom of

thefﬁ%g%tggtwegrgacqgrdév shfgﬁ]eic’ir%\eélré %f) égvﬂ’jhe fo?l%\a??éxglanner Slhcon

car\bﬂfe \i&(})débmdnéd-@ﬁﬁe 5@&5’}1 of ﬂl‘d$6élc‘¢‘ﬁs:o tee 4s a BOo1 rsﬁ‘p[ﬁ)\pm’ QA bottom
9 MPa (1014.7 The two contacting zon

cawé/.s@lh@m cabidlp mire 80 eglobwmosameﬁﬁn en9iibe Siheopegbide to
fOI%lC %xgtgc?n Qgﬂtaétﬁ{gs \?\%r Igﬁ%hg‘ttorﬂ— @HQ@Eﬂ{a Fef gﬁ)éé) Elzé Eﬁtr b\ﬁﬂgn with a

con INg zon en | Nncrease mal nt al ne
méddivinhré dlalnevdr of 1 22 Aueithe@b. 727 6f HE t¢tamntey pboes id 88 pore size

h h 28 8 550 6 h 315.0
15([@5%1%@ ; VIB 2 P9 H@%?eg W@H@% Rk 21564@6%%5 (SD%@ %%terf ﬁhe%ottom
cat&%@t ﬁeﬁﬁéd 91 ofarhOb ol Yl Bhdd. Oj-% AhsPHickel ﬁ%ram of

product “exite e reactor and was separated as
caﬂb&tmﬁﬁhebaim@edwpiguﬁpor’fhe crude product had an

ovcr o TANL AL 01220 85, BXOIRIE W SR Sl B
S S Mgt i s e

dlstxelmtmuezvlthoajmedlao pate Garogier of 199 Aofwitih 66 meéh@tqmi wymber of
isted.

pofis s eiofs sie” SREP ot baied i RIt T BER £pf the megian pore
! Ve SoPBAID RQUET GPeidhiS oF LI .18 i o bl lonum

pore dianmeter in a range between 90-180 A produced
per gram of catalyst, with the balance being alumina. Silicon carbide was positioned on

top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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a crude product that had a reduced TAN, a reduced

Ni / V/ Fe content, and a reduced oxygen content,
woeb@ticws7t o t he properties of the crude feed, PamiUS2004/042310

resi due content and VGO content of the crude product

were 99% gnd ,100%.of. t he respective properti fot

Cr uS-F U CPSTRAPIE) bV BRPONS: SR E Sy LG O, was
fed MR RV YR Bactdh eTHLR G Ofee AAPWE@ HISuSHEKE BRIhehtOone, top

nunber “and content of contacting zones), catalysts,

conthaingaoat, bottothrontastipg reie, and brittonbauppertd éhqeaeions t The crude

nal ysi nd.catal yst sulfidi r he sa
ree]$PegEZuRris TR ah e 2 Uy Mk ARG BRo b e
cokt@MindGEohfli@oRs KRR dsifEifoved! Wiy dfABdrdgen Eadtoethd crudk GeedfRovided to
was fed to the tgp of the reactor. crude feed

Th
thefmmx@rdwasﬂé@d&mf/ﬂh d1900PekB), 2 wepph h@o@ﬁdatar@w@ wered MPa
(1 (ﬁg;?tcé)s' : ﬁqj‘%@%tcb c 1?41%06169%%&%5{68% SKiYPE gé O(?{)Fl) ltag(\?\én:aintained at

contac conailtions were
260 aCi($000%F) fyrdr8ggdeinrsy aeniperdtines of thd ewd eettagtimpvioneswe then

. the reactor was 80 NorVnB (500 SCEB), LHSV was 2 h' 1,
incisae P ECB RPN SDIoPR TR uEPe 0, °C (38 °Fpior 190 houss, then
) ' bedsi o
28RS TR AR (MOt s 843 057 5
°Fydoo ti2Chouratbrartoal amagee AN Bfhodrsl6 and an average AP
O Gl U 0PRSS BT e s
Thgfggﬁl'e E)?oduépﬂad%n}’ﬁvg% GfANPOF B33 laHilhn Zb@ager»aplpgragi@ﬁyﬁz.s during

er gramo e product, 0.0033 granms o
precassing: | THe. @0® modna bad, ox ggenef @udrdoducin® 0033 xr@Ds of selfur,

01 f i,due. N ti .of the,..
o5 o T EB sFLBHED 1 BB 8l Miions
prépe AR o€ tHARNSHb k@ are 1vd 6 O BICE ARG FOG. 9.he crude feed

with the selected catal ysts with pore size

di sfThissrainptesdempngtratanthet entagting 8B orudsy lsed wéth the eqtalyes having

roduct .that had a r I . reduce
poBlsfae bt A Sk R JPueiol FHEThPEER0-150 A produces
a cSllelpibdue0tHaChdd a MR RIOTANDA redacsll NESTHtueneanadth rafuced oxygen

the crude product were 76% 94% and 103% of the
contgriptedativdo regpepartiesoidhe ende fedguhiersgiduecompiagd VGO

co%;?&tjﬁf tl@%gé: ﬁ&oﬁ@:t%ve% 99‘%0&1%961@0%15&%%%5#%%& gl‘&f%{étgﬁ of the crude

stens an aril ous ntacti ng tron

of conpt act;tn zones)., | Iral yrc,ul fi.di ng et hod,

o S & tcgragagatus

Exanmple V.o Contact g de Ke %0, G atalysts

lysi i j :
REREPhuR0E S S0 RS, AT U RO i
metldd, mmde atddociodnalysizaatdscagdl y it salfidogrhéttied werelthe sqag 4s described
. catalyst unless otherw se indicated. The crude feed
in ERYRPIERr ough each reactor was fromthe top of the

reacy ghdd Rel MBCDES &rde) Bhyvihb ehd 9864rAEs suBhrhi®RA i6 Table dSFIG. 10,
was positioned at the bottom of each reactor to serve

waadedtoisbe topmfdhgsactor. Hectiudesized Bpwhdthreughdhe preheat zone, top

contacting zone, bottom contacting zone, and bottom support of the reactor. The

contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 80 Nm*/m’ (500 SCFB), LHSV was 2 h, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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contacting zone and a top contacting zone. After the

catal yst/silicone carbide m xtures were placed in the
woamisaeidsng zones of each reactor, silicone carPbTas200a842310

positioned on top of the top contacting zone to fill

CeadbErreenebid ot s End a0  Riand 87 FyirfeSRp eravity of 162
duﬁﬂg ?@gessidgatme réﬁldéq:@gdlfc@ Had Deatthp@ ofeAlRRINE @ WePROS oA, 0.6

preheat zone, the two contacting zones, and the
thmntoé NS ANIGY WtPPHhOmeiﬁﬁplU@”l gThesgrudmprarusthad, per gram of crude

ni nic a
e} 088 Bl BT Re el of SRS i BN i 0401
greidd f r¥§ud. NEddifeshl pRsperts aftiefcradd mbisdt arellisteltindrables3 in FIG.
of nol ybdenum 0.047 granms of nickel, and 0.021 grans

10of phosphorus with the bal ance being al um na support.
I .
i AR oKkt B LRRAGAGPUE S latl] Ry e e
catalyﬁﬁdm&ﬂpcﬂé) Eige dis&i’lﬁitlens ﬁi‘ a ﬁiﬁ@e éf 9B 33PAgirbdmeéd crudetpreduct that
contacting zone. The nol ybdenum cata]yst had a
hag 3 feluogh nB FEALOEH @Aal@ake%nﬁp i ﬁﬂ%ﬂ’e?’ﬂdﬁ’(ﬁ%sﬁwé‘? SeRteRt while
sul?‘wiI LRt - d@%@mﬁ:}ﬁe HUué c&%xf&%f%@&ﬁ&é follfdt vl/éT}Q hgste9a9s,
east 0 grais of ganma al um na per® gram o
anéwm%rotfiherre@eanw Iﬁoﬁemamoﬁuheamdlerfmﬂ nol ybdenum cobal t
V$ /3|CI [ tcon

Vﬂﬁ@'(@dxﬁ li @%&Rﬂﬁﬂhﬁﬂ mﬁ%éct&%ﬁérxﬁfs (é)&e mﬁﬂle%u%%r and

grans_of ol ybdenum 0. 043 grans of cobalt, .
cogfesine cofitapiigszomes)usachi catat13tSh sulhding meathdse caa tatab pmqqlact separatlon

PR o B R R o F RS b oA RU BT EGREDE'S

cathl}BtsFRdry REQIIUMIIE Siliddy &drbidB $n & b@luﬁ%ﬁﬁn@@f 2 gaﬂtmhédi*ﬂzarblde to.1 .
contacting zone of Exanple 8. In Exanp t he

paﬁ@atply@bmms @ateamsg ﬂnda@t@e sT:hq ede fend ﬂnw th@ygh erpbaerdiogvas

frorrJlg {sh% ttlg% ntEﬂég n&c%)ﬁ §o ot%ﬁ ofl n l%eﬁcéc&z |o$1gig %3851@&%% %Pgtloned at

thedbaopl 6f ehth reabtod fCSdred ambdﬁdnyqu)@nnmﬁac}cfeebtor had a bottom
catal yst/silicone carbide mxture

copfaeling 7zmeand i laponksting Aoico n‘%fé%tth%%)at%ﬁﬁ@ﬂgc?ﬁ%carblde mixtures
We%]gﬁ!:é‘df lﬂc Ie ol Ita%laﬁg gb’%%rb'f %5&4 re&?& ?ﬁ%g Cﬁ aebidd gga Bgﬁﬁoned on top

grams o enum
of greanp cmftadun(gkaehe toafild dé)ad(lslaagf anso (sérvp hos pfﬁheatsz,onwﬁ ¢nch reactor.

EaghfeaPpE P Qe Eb i A LTIE &P IAEs it gl st bones
coﬁg@bflala Wil rdtise S, HORYSE GingORRes, TREHEPOUBAAr.

was ‘the sane as in the top contacting zone of
ExaﬂqnlEsatﬁple& atgl endal amad melybﬁermndhlakﬂ@amxStBsﬂhtormarblde mixture

43 Bhpersteniontd bIhghoromeonsay Heqrna T e i ue, pe eram of
cafal}8t, 9148486k thebdenum, 0.047 grams of nickel, and 0.021 grams of
phosphorus, with the balance being alumina support.

A molybdenum catalyst/silicon carbide mixture (12 cm®) with the catalyst having a
pore size distribution with a median pore diameter of 180 A was positioned in the top
contacting zone. The molybdenum cataly.st had a total content of 0.04 grams of
molybdenum per gram of catalyst, with the balance being support that included at least

0.50 grams of gamma alumina per gram of support.
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Exanpl es 8-11 having the properties summari zed in

Table 4, FIG 11. The crude feed was fed to the top of
woheosreswt or i n t hese exanpl es. The crude feedrPCirmsem4/042310

t hrough t he preheat zone, top contacting zone, bottom

o B 203 P SRR OO i

(4$@h32IVVa%,tp%smenéchﬁl tﬁé B&ﬁ%ﬁta@ﬁing%ireo OEhe Gialciksdhalgbidifim/cobalt
conditions for each exanple were as follows: ratio

of
cath atmgledecbaé 43 grapesufenglpedenyms 01043 rmsefcohgltvad 0.021 grams of

S th tal pressure of each
ph%i? m&rwvtg“sé‘ %810 Wg‘@%ﬂ%ﬁ&g" 5“55’5‘9 LHSV was 2.0 h 1
dur iAnghotyderdnt Sital%'f@t@sﬂ'i@iﬁrcﬁrtﬁﬂe £oatRql 2 06) widpdsitRied in the top
| owered to 1.0 1 for the remaining contacting tines.

me%mgr@na r dhe rrnlsdqdpn% Getabyst wes the seige aeinghgiop evntactingzone of
Ex?rﬁ or 500 hours of contacting. After 500 hours, the
Setatures in all contacting zones were controlled
as ToEkawple 10)he ntoipletentun catalyst bhdescribédinttheppaonsting zone of
were raised to 354 0C (670 OF hel d at 3% 0C for. 200
Expgilesd Wanimbed with shepnprarhigoandpgsitioner in the begcqtactigg zones (60
cnf'o hours; raised to 371 0C (700 OF), held at 371 0C
or 1000 hours; raised to 385 0C (725 0C), held at 385
0C fwExaffleHduasundabénedmolybdenim/zickél matatystipBeatepasbidd mixture
99, 0C <p@50 0C d, held at%§99 OCfifl 200 hours, for
(8 ey inthe betfam Gentasitsg 0ar Lhe FREIRge

mdNRRHGhAMiIMR! SatRGEt 19(51{1&%' by 5!1%' d»f%:ﬁﬁ F}tsp ocbet g%rﬁb BEm&ANdenum,
hydr ogen upt ake” by the cru val ue,

0.026 rgraans of migksil.cand Ocingrems of ah@pbwg,enlﬂc tlmbehmce bpeing alyorina

val ues for properties of the crude products produced
SURROTE 5 anpl es 8-11 are listed in Table 5 in FIG 11.

FI.GA Al bﬂetﬁmg Ezﬁ@l@bt%ﬂhc%&ﬁftﬁ@@ﬂiﬁhﬂeqm e’ )qvé/seﬁdéﬁlo@fad in the top

the cru roduct P*') versus run tine ("t") for each
cogfctingezonat Ehgfmolséa)dgwnﬁat@ryswwr sameag in the iy copiaging zone of
X%%§%£pad a Pvalue of at least 1.5. Plots 140, 142,

and 146 represent the P-value of the crude
pr oduede fokrh ahmpﬁrst})latf@'ﬁi @dlf efVitkieo xwidiltdred; dheti Heatedig an
four catalgg stens of Exanples 8-11 respecter g
= gf eed for

OV%rt ajgmpe He (005 & 15124 parg o fgem thegruds

I e
RET BE Blr y RRbres PSR 8 le PYAGCTE T crude food was
fedlto3hd top aftlst readtot ﬂnethersa rcxm'nprles ‘Fhe trnde faed flofvetl I’hleronglnthe preheat

2300 hours for nmple 11, the P-val ue was
2R OB EPAIRE 50 hELh GerRiagfigRone- a0 SOBGIUpPyTapY the geactor. The

crdﬁ@&'eé?iewésrkfoﬁfarc%‘a vtflt}?éach Ioﬁtlférdé Qt?ysftseiﬁQhé 68360 of Hj/cﬁfl)gen gas.

remai ned relatively stab during contacting (for
Coateatipg eqnditivers donmheh tnwdpld Mctrm@st fofbas: eraslepnﬁ hydmogen gas to crude

hpwn FILG ' th duct
fecp GRSt Pet YA N ey 4RO, 6y P RLBRRRRT Gt cacn
syﬁ&ﬁwa@r@@ PfPagagia. 1 pdlﬁl LHSYGRRD.0 H‘ Bx3aPine k8,200 howhioEh
the P-value increased. FIG 13 is a graphica

contetings ent then brwased feelt.0 hy d@rdge rﬁnaqatnag sompcting tieest desthperatures
Ll t.al yst
in i) SR Rntecenk PTG R 0B R By AT 00 howrs,

thelethpERRIr&SiAR1 ddftactiyFRee WettdoalkellebisAlolleds: ke temperature in the
conFact ing the crude feed with

contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to

366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for

1000 hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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each of the catal yst systens of Exanples 8-11,
respectively. Net hydrogen uptake by a crude feed over

wa 2008r6idéme period of 2300 hours was in a rangeCbaiSmend2310
7-48 NmV (43.8-300 SCFB). As shown in FIG 13, the net

A ol o o

tinle&¥m886Rb@%]I on of residue content, expr essed i n wei ght
percentage of crude product ("R') versus ran tine

"t 'I}1e fcmde orashictstwarh eelc@dlealgysﬁnabygd ordsteymige BAPL, bxdrogen uptake

by eqcrgdq, %g? jﬁ—galgg,n\% @ﬁt ngtéésllrgﬁzs 01 rﬁf ﬁlga 5%2,% rcgg Kt Average
val&edoR Propeftids b€ tie drld Proebts ?‘Foﬂﬁ@ed]tﬁ ®xahDies 810600are 1i6ted in Table 5

resent residue content of the crude product
IHBKgdllned by contacting the crude feed vvlth t he

o 0 B S AL P PO Bl ) v

rutptitﬁé at) fopsmhrgahe @itﬂ?st%ﬁét@m@ OﬂEkaﬁﬂ;ﬁleﬂ&-ﬂﬂ n q he crude feed had a P-
gni ficant portions of each

valge BpRleatt |r5e e dAD akiPokiih Ao ki iaresaniabe Pfilipialjbesgrude
prr}dtﬂ%cﬁft#iﬂﬁg}; cony éé{tm i Gl feelf %&Eﬁe fd{? cEﬂaggtlgff.s{ean df ®xamples

eac t systens o
8- IHI efsethively. 1B6r, 231]6810uﬂ37ﬂlerRemles efthe Aﬁideg]mduot yencinddhod at least

ude product ohtai ned ct| t he cr de f eed
Of ﬁatglg{g sysiems )9? ﬁixgryg]pg% r glsl g'l ue was above 1.5 for
mors€§fptﬁ§ H%V%E{ Al he@2810¢ e LR @jdéq{ouk? i Exanﬁﬁ@ iy Ctﬁé‘ﬁ-%alue was

pr oduct a viscosity in a range from58.3-72.7
1.4THaomRhe Braltietof thd credrezprrodmtcfer gach diuads & maryrcheea&erdd lti;pt the crude

reed i pesdnbisTRgar arery rable i aE Contactil B nbomlse s cpye feod

diPndt PRAR sbpRBleR 1AL sHAVDR FIBPH 2 Gh@Pivalhel oF tlttehérﬁdé ﬁr@ﬁﬁc’t'r@mamed

110-117% of the APl gravity of the crude feed.
relptivedy emstant @lertngsegmﬁgaénpelﬁtocnowaCbin@eniccﬁnnéixrample 10 ln which

ressed in, wei ght percentage of the crude product
theel?( “?”t%?%ds run tinme ("t") for each of the catal yst

S Y STFE0GE]1 ik afpt@itidd ot SepBestdtatibll of ifet hydrogdn dptalle’By crid8feed (“H,”)
represent oxygen content of the crude product obt ai ne
velsys ol ndot four eatelyd sydems W the presencepf Aygrogen gay: diiets 148,

150 529300k n&éseﬁ ek h@@ﬁfﬁ%s Bl‘sgl&gc?w ﬁ%&%ﬁrgﬁﬁé’?ﬁ&‘&é £d28%ith

an 'gxyge con ent
cadbasfhhe€ catalgstpy sieine bf Bagnples B3y gespectintlgniNet nydiogamgmke by a

from 0.0014-0. 0015 a gr am,of cru
crugg £eedpveng Fn g Perlczé @%&morn VEASd at@nget %u %%Nm”m
(4£98bE @cpcg . %qg r%h%lg ﬂﬁFl@f qaunt nEQRkARA Lrpe.tkebnrel c)fude feed was

const ant ours of contacting time.
relatitedy corstayt dwirgt eanh trosty gen content of the crude

t th I d )
P oS T, E e san ot Rt Aot spresit Baveialy
pere@l%agé 20 cruaé ?Fc%cﬂ PRPNESSusSURTRI]St”) fdr el@YofARe bAAIGE§8ems of

hat~at | eas orti'on of the carboxylic containing
Examgh:n Bel loXygach @fdhpﬁwm trials e eradieiproduediad atrésidlecontent of 88-

| ar bo cont ai ¢! e
S0 khBRRac: R fad P RLERR Fs g Thogneresgn residue
cor'?’tZﬂt dehd Jrg@e %Huct%b%&ﬂw @nfiktife heMraie(fAEHLHitH tHSdalalyst
aratio hydrogen to crude feed of 160NnB/ nB
sys(t@@@@f @m)lcs 8 h&, respectively. As shown in FIG. 14, the residue content of the
crude product remained relatively constant during significant portions of each trial.
FIG. 15 is a graphical representation of change in API gravity of the crude product

(“A APT”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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reduction of crude feed MCR content was 17.5 wt %
based on the weight of the crude feed. At a

woenp@catsar e of 399 0C (750 OF), at the same pPETAISL@4/042310
and ratio of hydrogen to crude feed, the reduction of

165t EntoDE 10 RorsEra T bt pEbeeaibPloRP it by Soppacting the
cru‘(&@ @é@dt\ifﬂpﬁlle;éﬁtal}%? dys@msoftkaltples 8211 Vréﬁ)‘ééﬁ\ﬁél}ﬂf In®a8h YPae four

psi ), a ratio of hydrogen to crude feed of
trial 6 @detBYmde pmd@@ I@d:lasz)scomemraeraagq from 58¢3-¢2-ugst. fB@ARmmy

of Gl Pl ipgehedby 5T a8 gttt e gbreRlea 1 SEUAE

coBEPORILE af IPTIoRAViE cﬂfthé"b‘xdﬂ@gﬁﬂu&t@ irc4 tihge fioao21.7122.95. API
reducti on of crude feed tent was 19 w% based

grayity imehismanghis 1d0-k1H&o @ﬁtha AR ééayﬂypﬁ the qrade egded

PO s e fIAT vl RELR T, GRNR0N ARBRD SRR ir M

peffcéiﬁhﬂ;d batlrerideprodutt €0,y estngstriun tinset (“tY) Qh@ach of the catalyst
enperatures than_the uncal ci ned Colums 6 and

symwfs%mmwl TRickel Ex Al 148 %ﬁﬁﬂ@ﬁ%@éyg%ﬂtomem of the crude

Y,
o o AR s Sl A0 T b1
respedtivelypriadb ctudewoduet hai a1t @iygem gorttére: of atudestf 1686161 it atude feed.
prod

t tabilit d th | af i | |
Eaffugrul Brogy e e aRasensealisd Bte Bhia 0B S I B epsaer gram
of ﬁg@ pﬁ)tdu{:mﬁltn éQﬁ%}P‘E‘rlal hgs SRR, ANABL 6188 oﬁgeht%%nﬁ%ﬁﬂ&e(he crude

l'ected properties of the crude product
pronkactaemahied melziﬁ)velss Constint efter 20Qmeupsrdsentactarg tofiet hbe relatlvely

feed. Spe | | h
coRSt G SpPaL ek be SR BrosR B s TRe o SR Skyeen
coﬂﬂg':lﬁf{ﬁ@ a@reﬂﬁ&d%ﬁﬁg tHee®dachg. a8 inb® FANAHaNIWY £edded in these

. Such products had an average TAN of at nost 4%
exmﬁplph at r@mbl%lnﬁ@e@ thaired least anastiey el the catboryliocangainiag organic

61% of
ox?%eg?gon%ﬁﬁgc%s are rec ugécpn se}]etc?{lag objél{ tHe ﬁ?ﬁl E&%h)@q Jo ?au? Bg gﬁgamc
ox@denddd@ip@udds. The average residue content of each crude

product was 88-90% of the residue content of the crude

f eedn Exarapigdy dgeactiomeergitient ofo? 7 ledc iV 00r foet pipsshtsaf 6.9 MPa

(O R kb e S A R 8 L e 008 PR 6:

redaktidinef dille fpeaMER coﬁtenﬂmeasCWLﬁ'jwt%ﬁlmkd ohileevdipla of the crude

vi scosity of ea [ oduct was at rmst 45%
fee\s«ir s%@str:myerawr? or e3P okh ot e S BEeste 3ad 1A R  hgfiogen o

dCEHéqulﬁﬁgﬁl ﬁ%ltuae CatiaiyRicontdaV v 84 Rege b%ea ®n the weight

ution a Median Pore Di aneter of At Least
ofﬂkﬁ:&ndkie\fn‘etdu M ni mal Hydrogen Consunption. |In Exanples
each react r ap rat us, o nunber
S onTEEaps 0o FegionaopaiBhs S ST FE R0, ) A DETEq G g MPa
(mﬁatic}ssqi) affP& PatloQrd :ydﬂf @ﬁiﬂﬁéru&eﬁ@ﬂ @f!c&UNH?hH’O(QOQ@SCFBy Rhe
product analysis were the same as descri bed
redactiompbicrbde fakd MGR abytsniswasel7ed wiechhsed o ﬂmmqln}aaf the crude

fee\é()lAL{rgeter(r)l{)ers{ulreI: 5P3b P?' 58 e’F), l(" t%e%gnulg %refsseu%e an(!l ratio of hydrogen to
crude feed, the reduction of crude feed MCR content was 19 wt%, based on the weight of
the crude feed.

This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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to each reactor was fromthe top of the reactor to the

bottom of the reactor. Silicon carbide was positioned
wanodshe1dsot t om of each reactor to serve as a bBCT@ISL004/042310

support. Each reactor contai ned one contacting zone.

Aft the catalyst/silico arbi.de m xtyres were. .

ol adbeseHapis: dbReRRrTGoLRAhr eaele et ofl £ Ridkively high
TAN [TLQ¢ O%thﬁle\@@%&e @étthly@t@ @ebdes 1B chfde QIR Rvhile

contacting zone to fill de Space and to serve as a

maprtainzegtthe onde fwdé@tehpméwtrmﬂtu@%hht}e%@wh wadiviebasieall net

hyérggggu;glﬁﬁer g@ge&ge [y ht etal%gfl‘hg pﬁ(?,pie éegtl’\lgegg %tte IJI'H)?%%O@B&I e Yame

prdri)@ﬂfeél%f tHRErdRBed, @ﬂﬂletsbl%ct*é@?@&t‘éds@@ﬁfetcmdﬁlﬁoﬁlﬁdﬂ Gere within 20-
eed was contacted with each of the catalysts in the

30%@§@W@TOW§¢%@§FAG gade fovdeat al yst/silicon carbide

f
o SPESaCAY, ST bp R TBRRA FRISH BD L BRp R R S RGO vith o
neﬁH}@rd‘g@h @bme byvtge drﬂ@e feaﬂwﬁau mdsaﬂzaNyrﬁ'lm%(Qw rsmw)e Sutlnproducts
nmpl e 2. For. Exanpl e the catal yst was the

haw w@%ﬂﬁlﬂaﬁ at past 43{3 Oﬁﬂ@wd@ofe% aRpYEage tOFaéNI/V content of
at %?c'qu lye?igtﬁe tc}tgﬁ\h‘f‘@tcgﬁ o&@ﬁécﬁxﬁ@ £€3§h ef?i‘ijeeﬂgﬂi{téfﬁﬂ Q'I“%lue for

repare cont act
thecotdl ﬂeedbaﬁa‘tfo@é 3E>7{amat/ﬁage1&sﬂme wemtentas ehai ctrodvsprodad:tl veas 88-90%

of Sl oSk BIPBURRL Qb e by b ABECS VA comtet o eRTLGHeS product
wadd$3 @19%'\4?%4 ‘&@b“?oﬁté?ﬁ bt the ERG1Y0O]. 2Fild NBrbL AT MR of each

eated I ncrenent to 343 0C (650 OF) over a period
crudtf praduet waxl Ival %A ofrshd A1 B48ty0f thoerude el oahide thervisgosity of

ooty SO eear s e pEogaper b B Befea Tn

. ?@ 12-Fi: @Eﬁtat!f/&kr@@%ﬂdypéﬂwﬂum@s@mﬁaﬁgI:moﬂmze
. eterm ne or eac cata ys sys em '; ; _

ﬂ%&%ﬁ% qd b C d i)le-gﬁlilal%; g%Ch erg ct(I)rn égwjeﬁf n%r number
and dcht&rt b8 c3nt§ﬁ¥ﬁ§)zon@d) ckath eatﬁryﬁﬁ@dﬁﬂi@@ m@thohﬁéhcﬁ tdtalbroducd
range fromO0.3-0.5. In Exanple 14, during contacting

sepsfationanethesbiendseaghy cwd@ pradyet 29l Xpiscieie Miasameds dascribed In Example

L i T
to édeh redctidevap it the tyadf the Tédtarmo hertmitgm dfrthene@ctdr. OSificon carbide

From.the net h dro en uptake val ues duri ng conta t| ng
wa pogiHanedat Sech F@@B’nse\‘i\)&sas 0t B@Pait ﬁ“eh tRhactor

coﬁtgitngd 8{1 é(%ﬁa;crﬁgygﬁqé Géftégﬁ@zatgl gtysﬂ@coﬁe RiBfdei gt nRs ‘tva% placed in

cru e vanadi umc ta yst. Generation of
thdr;odtamgﬁgl zaherdfrgcloeadtas siliegnatdrome wWas pesitgmbdagenp bbthisdop

used in th | ati t t.of
confagipant BrIL AR AT BEI0ESEES p SRS s SrcH e Bach

rea%foq hyd q’d’aﬁ@@ 8469 L SHdbERSFurnHRE tHae tHéldRABDEe h&Hink888es corresponding
ydrogen during contacting tends to decrease the costs

to thie ppaflmaiemle,rtge eontaaivhg. zon(ddtnd rtherimtﬂom supportt adhe ofude fieed was
cofhB Aot e Rl Bl vt oLl voL

t han, ¢aystAlceh cirlBRieGhitelRe RFOEHT byas positioned on top of the silicon
carbide to form the contacting zone. For Example 12, the catalyst was the vanadium
catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.
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produced fromthe individual nolybdenum catal yst.

Exanpl es 15-18. Contact of a Crude Feed Wth a
woamadicwsy Cat al yst and an Addi ti onal Catal yst. PEaiS2004/042310

react or apparatus (except for nunber and content of

contacti ng zones). h_cat a sul fidi met hod,
eac{;ﬁ‘f 8‘?153“‘&%’8{} lo’é%% ﬁﬁ?’inBi% ﬁréf%o‘ﬁere ah goqlggv@ hragﬁg’l?é gydrogen
to ﬂHE eﬁﬂetfee@%bs\/ﬁbé tOMBE Beakld® wad T80 Xn &3 1000 SLFB), EXSWRk& 1 b,
catal ysts were m xed with silicon carbide in a

and/pﬂessmtee was 6.9 MPa 0l 0pAspsi)siThe @@ntaefatgcﬂ@és wereﬂwaiefl incrementally

to ST, 650 EIWEF & pRuTO B b eiRAER 8 F P FL Ry fora ol

runt t8mé BE3dhdeen of t he reactor Sili con car b| de was
positioned at the bottom of each reactor to serve as a

bot Toial pragpels exitekibh cortartingrzonasan Were senarlehisdaseied in
e SOy ReR PLEEIIB ER0RupL-Ehe Mt oy oo s

systat BﬁE}temg)lé opast Bfdregahupteackas 510 Nmé/aﬁe{ GSaS'GFBt)e attdithe crude
positio on top of the top caontacting zone to fill

progugichod FakeN DA G- Po 1 @P‘%@P]é’sl SangirhaMEQgen ygkke Was Ehe Frnge from 2.2-
3.0N$ALL13. E"’}%h/ g@lﬁ% (%j)qgcﬂlc't RiPa ?AN“ﬁ’lba%ﬂ% 0.3-0.5.
ondi ng

f'urnac ating zones corres
In Exarijbie 19y danmgtcontaneng dsih:he bmde cfma]tmh thegndgbdeapmavatadiom

bottoms port. |n each e di l;y st
catplgst: pridyiasan yatakio uas R &dﬂ‘g\l Hnao By Y36
scFB&o qcb%(;l?iﬁr ahd %tc@ﬁd@ﬁrodﬁc@ hkX 3¢ 1111251;]2%1 & ﬁ%ﬁip() bigonal

cat al yst icon carbide mxture (4
pos Ftdano techet hydrhgerbaitalematues daong noptading, it wats kstithated that

I N YT N T R

crod@ Rl e b ¥R Gtd1)6 0 BRn&rafibh Qﬁh}’ﬂréiée%rcﬁlrlhé 5o§tﬁét}ng allows
was positioned in the top contacting zon

e.
lesg Bydrageraigdietisethial the progespaelative focamraneum pﬁleydwg@m}sgg ;B0

cowe{lﬁoﬁ grogg%le% *Ooiﬁ%gOVeé%r h e %So(%fgﬁgr?g%%ﬁ.gé&%tq@%a z ?Hg requlrement
for(lédsfh YivlgeR H&RAS €chtddying Mdﬁﬂi degeade grrdobe df pfbcE@Sﬁ@ﬂ @'ude
e  vanadi um cat al yst/silicqon carbide m xture

c m ﬁddﬁ@nplé‘sucpm@ﬁé& thécradhe:feed svitighe ﬁ@ﬂ)’hﬁi@n‘i@/ﬂénadl“ﬁn catalyst
pro?é%&[@%}@’u&ggroﬂﬂct%% 1 'I‘gwha%%sallomg fiah ltl'leo?ﬂgcc{f:ﬂ)rf]%&{zlg% groduct

positioned In e bottam cont
prodiutdd frbra thdigidividabmotyddahws tathbisng t h e
rml bdenum vanadl um cat aI t Efan'pl

Ad\ﬁ?ﬁ’%%‘i’ @%tt:‘ilgﬁe q’Eahlﬁ‘ réa@l‘?r Eﬁﬁre&ﬁ@(eﬁ t?& 3 Her and content Ic\>|£ contactlng

G ass rks Cor por at1 on,
ZOT¥B), Ieachbafalﬁst)sultﬁd&@nétﬁﬁ)d G:aﬁ) tovad rpeoqmlo'ssepananadmeﬂlodamd each

crol RHEBLA SR e TGS QER<OES 01 Bt e MLRATSis were mixed
mtﬁ%mc%n%arbﬂeQn a%lﬂﬁﬁ@ raftl%Q)f Q(})aI'tE' §1litc915’ ceﬁfnd% he 1 peACh@lyst unless

he crude feed flowed through the preheat zone, top
ot}mmvmsamdmmgedz dﬂne cnbbtfcmﬂm 1] eachurc@tczrm froam thetfop pHthe reactor to

thesb om of tﬁe reactor Silicon carbide was positioned at the bottom of each reactor to

serve as a bottom support. Each reactor had a bottom contacting zone and a top contacting
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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reactor. The crude feed was contacted with each of the

catal ysts in the presence of hydrogen gas. Contacting
woandiobicens for each exanple were as foll ows: Parius2mit/042310

hydrogen gas to the crude feed provided to the reactor

LiRpE S e oo 3o THB AR GBI P arifigg e the

twiBSntdctihg lzonwgndpﬂfé%%%ﬁlgﬁ? Sorf: 9 MPa (1014.7 psi). The
contacting zones were ed increnentally to 343 0OC

( 65 efeh epgmpleathsamnatumicatalyst wan prepaiied s desseibed indZgmple 2
C f.or..a.,tot n of 1400 hours. These exanpl es

%gﬁﬁ(}ﬁ@#}%@d?ﬂﬁ{l&ﬂ cgﬁ{lyg%ﬁt of a crude feed with a Col um

5 mpd pkafiplealysd adtiodag caaalggrsﬂm%h?earwdesﬁm@&t(w By Wk

a medi an pore dianmeter of 350 A in conmbination with an

positienadiin ke batrmegnacting prgy withibe additioral gntglyst bring be
e LA RGP Y A e Do PR 32 91

catBlyeekikidoneichibidy @peirki(e3 claP)atasaositioheigate topl @hiacting gone.
the _sane properties of crude feed, while only chapglng
by SmHrampled@nenadshtienal patelyefsilicos carbideiaidpigda0 produast
Po R A R ABEORAL L0y LUl Lt e
mdilyﬁﬂeﬁ@ﬁl’a:atal},tsah&phmd blpehectnettiod ﬂ&ﬁﬁb%ﬁl Besweply 8d The vanadium
eci.fically, Tabl e g?h 17, the crude

as sho
catﬁf sidiigonrazbide MU %@P%@@s I?pg%oap e Forhpapacting Zone.
cru f ]
pr oglﬁce fle lgg%ﬁ@l%gc%%ygetggﬁgﬂggﬁ g @ c‘il&j'\kﬂ %§|Q_081tloned n
thedmﬁbarﬂomffctmg zoms withahe additianay gainlys:tdm@me afolghdempmtvanadium

% and £Qsi t o nost,. 75% r.el t et
ca3 AR DR RIS & ihs BRI FRiteos cofide BpddE o o)
WaQ'bQQHé?ﬁeﬁlﬁ'ﬂ@t@ﬁ%gnﬂa&n?(@ﬁBJ es 15-17 .each had -an APl ..
gravity of 100-103% of the APl gravity of the crude

f eedin Exampler8s Byex (GlessWodes @rrpergton,g¥eyd Yodd Wihde) beads (30
on-catqd¥t%§. qgltlon Exanple 18) . produced a
mg)r‘g?fu@f)s P55 Y %glé%f NIE &8s t y and decreased API
. gr a0réde (Sehidk Businf Bralpfoy Exe@slet ¥ 5-ABhaMl the ﬁﬂépéﬁﬁe@éummanzed
the crude feed. Fromthe increased Vi scosity

in §elle Sakley 1Apyasdedia tby top of thesgpagier. theswd%fqeé ﬂ%?wéfthrough the

R AR 5, o I Gt

reader] THS chudSYeed M doﬁtat'&dtvi'lﬂ@asb{ of ﬂﬁ&aatgcﬁstlheha:@bsdnys o8
were the sane .as de crlbed i n Exanp {
hydiogemegas; &ongactipg gorditions foreag eé@l@phe.%qr%as ofloygh ratiogofihpydrogen
[
gt the el E&ﬁ 88@%%*3&9?569?@%% PAPNBERE (800 SLERYRr R frst 86
homisand 8a OJSICYI‘IIBD\fO(ﬂJB(Bﬁn&i@F@)Um@p@EEluLHSMWaSBI B, and

Pfefé}}{@ &’ a\?\é;}) M i%%%?pﬁ% O’rﬁ) %%E:Ttlll;émfr%ﬁ gﬂré?q, ]é:ﬁ%?e:d]aiﬁtgemgp]tally to

34@@@5@01:} %velie{"ﬁerio@%‘{u%erdnagn&ﬂtain%& bl 4B W@ ForiaNEPASERNE of 1400 -
over a peériod of time froml h 1 to 12 h 1, maintained

howats. 12 h 1 for 48 hours, and then t he LHSV was

I n ¢ ggege%artn?)lezs %emonstratea ﬁ]lgt (‘[E)%Itaré% z{] gr%dg %ee(?i Wth a Colugn%rS metal

catalyst having a pore size distribution with a median pore diameter of 350 A in
combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative

78



10

15

20

25

30

In Exanpl e 19, the crude product was anal yzed to

determ ne TAN, viscosity, density, VGO content,
woesistdeecont ent, heteroatons content, and conPemtusefo4/042310

nmetals in nmetal salts of organic acids during the tine

eriods that t LHSV . 1 . ..
to the é&il]&%%l‘opal%a%gp &‘8 lc}r_qlscﬁetm%? o%(idlﬁg%azlyb?ﬁp%ﬁé?eﬁsging I%la%lvely small
hyc%%é#l%&k&eéyy&msbﬁm fédd Wakdbeerded.FI G 18. As shown in
le 6, FIG 18, the crude product for ExanBIe 19

ar Smmé@:]lym shawnan febla de Hl G 19 Bsicrydernspdiat bas 2 EA%% at most
s AR LR B SO L1 LB O e n

Ex&hples 1 5-19kadhieades totke NisgHe céntertiof bt mostt448s,ah odZien content of at
content to C5 asphaltenes content was at Ieast

moyHR) el yiscosity MraRmash Bhelaiye teshesaneproperdes e’%‘h@ gryde feed.
e t
AR pURE HEEG S EbBHAE ploRul M T Blos 351 MR BATLE NPT 8RRty of
10000 tof Eirt ARL g}ﬁwwm@ otueatfeddo C5 asphal tenes c ont ent
and t he reduced sum t he content and th

as pHusangags theicudgeyo ot P o oSS G P@RoRS (Bxample
fyQemti h
[ BRARC SA RETRAERL R od e B9t SifacIve e
vist@itgland APl @rdvityfof theagsdeifepd s Bobinuthe indreased atmeSI’a’l mdmreased
f at nost 60% of, the. tot nten of the s
AP ey € gy 0o PERRble T P RBBADUAT PO HEFALPL lahe ride feed
Wa?{rggé{gd was 80-90% of the sulfur content of the crude
eed. Exanpl es 6 and 19 denonstrate that contacting
wpdk 2 3 getl adl Vanioms LAES V.o Theewntediing sy#ems and

o B S MBS hp 0 1 OB S

. areQfsydEn ARBRWHFIG. 1§ Thetdmdctipy @peditib@sweréae f(ﬂhjvi'sl tayrati® of

sel ectively change a property of a crude fe

hycﬂrpa@n ghstie thel gpudgiged pravidsdite ﬂ@szfe@qt@a‘v@rl@%m%o (KOOD SCEB),
pre\%urg V\%s %@eM?g gf(ﬂgftc? }g@)z gﬁ ﬁg)?:rattlﬁe B HRYHRER %f(?ﬂ%s was 371 °C

uce I've tOo COmmverci
(708v°&) fcﬂ blheﬁtoVa@ s@etime.  Exahplen 9vhs wS\Bdmmgmmtahhg) was nereased

t reat nent_ of d| sadvant aged crudes tao r
overacRsBieriof Hmsi fres Lindp 1@%%%@2?@%%&9@ R ég 3?&5‘13 e then the

H%xawg B 1 tact of
L Cr u%glcfgegst g? b{e/]ali [ %tdsﬂl%%ﬁdt?%egﬁ%%gﬁ%%ggg? ﬁi?’gs The

c onfmEkample 49 sthe orudanpdoducewentralyrsd o detemning & Adaviscasity,

delgﬁ?%g%bﬁegglitqrﬁtgéga% %@qﬁﬁg%fg rtﬁlggfzég erigh v ng &éggmfz%ﬂs in metal
saltd ¥ o F%ﬁl@éﬂdﬁﬁnfn@@ﬁé @fne PBGoFARAARS EHSW ks dthe H'Wad at 20.7 b

cata ts 1n thetwo contacti ng zones in the presence
Avefaghydiuegfem theoprppatiecef the crde erqgimgt@@tﬂshownhe ks 6, F1G. 18.

L ST

TAQ@ BAPE FédﬁgedZ\QEL%sM? fatde th ed AN anbl R\ iv@sityt oflthl ,crude feed, while
enperature in the top contacting zone was 260 0C (500

theOzP;M gravityef the efudn @m@gbwa& HAc e of e Rlegsavityonithy ?H}de feed.
NETE S R Ve e

MORIBnRft il ¢ 0phallehiSMeon@st was reduced relative to the sum of the MCR
content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR

content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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h 1, tenperature in the bottom contacting zone was 315

OC (600 OF); a ratio of hydrogen to crude feed was
waatsmiasd (1000 SCFB); and pressure was 6.9 MPET/US2004/042310

(1014.7 psi). The total product exited the bottom

cont act d i d t CLiquid
porgiize Sedfi 207 o prigtne QAL BRPHTPAob R deb LGk date
me’éa]l‘s%ﬂtﬁé &ludP FRd U dthe WARSRRRNAb LM icRIde phdtRicEWHSI8000Bb ke sulfur

and gas. The crude product was periodically analyzed
content @& theramidesledAN and C5 asphal t enes content. Average

b ERAnpRE o pli% 198RS B8 odhiddflEe ARG B baliftbied such
tha€h UHBV fh@(ﬂlg'ﬁ@ﬁe @ontANngfzofe f& g@éﬁﬂer&heﬁ:ﬁl @Eshhslcbepasd to a process
content of 0.055 grans of asphal ene]i}rper gram Q

that hascreL HE ¥ pf 1T e toPioduceiBdRprodEs W LT &fhe ability to
o A Y B SF P RSE A 15300 el e per

10 63 atiswh 8letenastinoprioesss tobe padoratedde vgnseid of tednaai site relative to
nmost ([ 71% of the C5 asp haltenes cont ent t he crude

corpmgksially. appdakl oY eclE ot W eavesa%ltsa@sm@m t@é@ﬁﬁmqt Rt
dlsﬁ(i\fép ﬁgyggr&gésontgtﬁgltpg}‘i?ﬁmt g'ﬂg?%u %lg}{ s tfl:?tﬁlg(f@h%é g?l%%ﬁl@ (for
examplel,&)ffshoxélfactﬂmm at nost 10% of the TAN of the crude

18 er ﬁ ggl ntil ned QUrl nq,he

corﬁ?éﬂ gg;yﬁexfnk Eﬁd th(a'cﬁtai}l@tsssw&@% sahfelk deQMbag id Beam le 6. The crude
rature that is OC I ower than the contacting

feetiélmauag sheauprepafies Meémc”fﬂbdh { unF §hil8 vessddeddtotthetep of dheereactor

o G Y R0 L Bt T e e 20 e g Ssence of

hy&% gé}?ﬂotlﬁ&ﬁﬁe aRAiRPro@ict.t MBe SrdetdBiag zomdaidre @F@[laieﬁ at different
uction of the content of netals in netal

nmeg@mie@ aci ds was enhaneced using controll ed

t en‘%%n{;\ Eﬁ%f%c %d tfo%g %‘%he?&éwdf Qccung QN reoafs ?@ﬁo% :fﬂalSV was 1 h;

ass um an

tenﬁfe@ﬁu&tln eatp Ex@aging z2de was 260 PIGIQ.’QIED‘JFD&i aitib\of hiydrogéreto crude
reduction of ;t he tot al_ pot assi um an SOdléPé ont ent of

feed preasd60) dm o GLA00 SGESH: mackpretsutesvay 4-f MPe /P&l
c ongoﬁﬂ%tn%(%‘i’ﬁ tfo%g% {hgtb%hoﬁrﬁgté?;ﬁ]g@&ah' u%ee?e 54 ﬁ@l'ojw'st Y.HSV was 1

€, as nmeasure Using a
h j ten@eraneapeﬂlaﬂ)uttemccbn‘acﬁmg &ine szsBéﬁ Cr{60G¢ dea adtioonfchydrogen to

cro 4 s 164 R | QOO At Dbt oS P L0 s

aci 4§} t&égl HrodlRY §x1?edttﬁ@g@c&91¥ cbRadtRLPoROIANRESIABEAAQRH into the
conmpounds “havi ng physical properties of softness

gasaliglid phaseiseparates sin(the gaseb@m’b phase gepasatan thiedptal grosipct was

serSGHIF Gl g5 GHHG HHos b CRLHD T BB DFE ARy bt ALY EBaeed to

defelifinG AN ¥5d 65 aéphart&{aycmnsﬁtea& ng the life of the
catal ysts operating at higher tenperatures that are

posiAvemge yalads B thermopérrtls& ofceswedegupdusy obigined desingrfieqaun are
l1s‘r§?I n f@)ﬂe Z,C]gblﬁ) n,g% crude fe %%a% dl"}QN C?‘b%l Ata & lory asja)haltenes content
of 0.055 grams of Cs asphaltenes per gram of crude feed. The crude product had an
average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs
asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.
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catal yst and/or a catal yst of the application

(0.0001-5 grans or 0.02-4 grans of catalyst per 100
wareswetde7t he crude feed) may, in sone enbodi NBATAIS2(08/042310

slurried with the crude feed and reacted under t he

foI l.ow n% condi tg@gas@#;m Q%f%@iure n a chuc{t&v%%rn]atmost 53% of
th&toéﬂ ontMRaf twn{e%étals% tﬂ“ey&lﬁdeg@ed SORE TAN 6f B¢ bidge bR7RCt was

of 16-1600Nm /mfor a period of tine. After sufficient
at mestct0% nf the AN of the eeheA dvadee of b ge highehwasmaigtained
uﬁrodu is separated fromthe catalyst and/or residual
P08 Usi ng a separation apparatus, such as a

fi | terdeditbb@ited R LAnipIEL6 a0, Gavise amr@tctuctmmye hey)eodtacting
changed TAN, iron, nickel, and/ or vanadi um cont ent and

teraparafatecihal 1050 36 Jowen tharthe coniaghing teaipsratwre of thersaeondr (injdis case,
bo{‘étﬁlﬁgao&l{er%&qo m\i;aglrclg lghgg‘gglgc@légt%?@ ?L}{Iﬁ[’t&?etrs] \?é nt 1n the frlude product

relBigvetp e ephsphaltéﬂa@e@tsmldfltl@brude feb@. art in vi ew of
this description., Accordi n%e%/ this descriptionis to

be slditionalip radution 9f thegonirat ofingtalsin medalsalts efipaganic acids was
enﬂéﬁrcg@ﬁ 6&?&1‘3&1 ?&nc% fafe (ﬁ{‘ﬂeﬂe 11%1&.' poxt ﬁé récﬁ@‘uon 1n the total
enera nner rrying out the rnvention.
potaesmnndﬁdsbdmﬂl dolnsent dhihe ﬁ:nrd&qamﬁuct ﬁeml Exepntié @(hwah erﬂzranced
and descrlbed herein are tqQ be n as exa

f
relgliysdqithersduction ??QH@SW@P APSUREGPIEEt gﬁ%gem%atpé%ﬁuct
froﬁ@Ex&ﬁ@%% Witdh H?él!lt ABGAnCEaEL R RELEaR nﬁfi‘ﬁl}esst%mty for

processes may be reversed and certain features
eaahmmrﬂ@rasmysmdbuﬂwahed i ndependently, all as vvoul d

k h t after ha
bondRERE G viehfecthigui o5 o T Bptapiad fans bR AetberAG e hieh
mdIBa1RSvTBH @oPotiiB (RIrABRAbR, desphhlegds RRT/6 MetlstsARYST organic -

departing fromthe spirit and scope of the invention
acids) tHeatdwve béehdencyt tedorng poldmerﬁgarzﬂm cempeurdsaying pBygical groperties

of 80 &9 I%géj C)df/orD stlglg’%gsggﬂ*r ex%n%f% %‘ng cﬁéf tar%? rTRem 311 N9¢ %hesef

cru ne or no
copeghds et R)v&e@&@hpdﬁitﬁﬁwlbvd stah compbuidigso bé ﬁen@‘cwéd ®efore they plug
product, wherein the cruyde product is a quid m xture
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rﬁ%er&tﬁ?e%ttha(eafle O%Rf%n?{l %QF(; ﬁ{%rt]g lﬁgﬁtfng%oﬁ talysts

I'ng, per ramo 001 grans of:
Exanmpleo2].nCoatacedfia Qrﬁdameﬁ)indm Gatalysttdsen $larisod$ d:»ulk metal

Tabl e,. one or nore conpound e or nore netal
catply§hAner iratabyss o1 &ﬁ@p&’é%ﬂea 5%8%5 gramsAr 0254 gEPné%Of catalyst per
10%%1@ ofShe EBREEFeed Phrall lﬁ@%@ %mﬁab&mts b@ (Ej'l%r%a%l'ﬂp HelcRflle feed

tacting conditions that a Tiquid hourl pace
and edaoed tipdentha fallomtimg ¢indiianertemipsrabre in 4 @Angd froan&b' ﬂlﬁe°C (185-

797 HEY BrRtHEe o v Grm PRV 18 Fria o i ssh Sy iaGterude feed
of YEUBOONRRA? 67 pliGPb A OMLRE QLG Attofkifh AR, RITROMEE the

onprising: contacting a crude feed with one or nore
crtrdatpad)cgm;t ghd mdmyopu@mmeratﬁ‘d faorh ylar @@@Y\St sod/pcessidoal crude feed

usfie o oA, HEne Ad U T EuEe | PR ATaS et nay
ha®d a g@an@&l FAN, Grod! Orﬁclbéfaandﬁdi‘ Sakddiels cheest dﬁ@‘é‘ 188ucRd (Rtadphaltenes

aci d
content relative to the crude feed.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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nunber (TAN) of at least 0.1, the crude feed having a

sul fur content of at |east 0.0001 granms of sulfur per
wanresoefescr ude feed, and at | east one of the caCalugsdg/042310

conprising one or nore netals from Colum 6 of the

o FRRFE pd S RS o P ERTREA g 5B . i
be Th¥drstb6S tHabh Bl F6Fms e GRBAH dHoRG A HeqG1bel Berein are to be taken
condi tions such that liquid hourly space velocity in

as exrenples ofsmebodimenis t Elsgenisrand matertlemay b substituied tor thise

. odyct ;has .a TAN of a st _90% of t,he TAN of the .

nBH S d8%red AR et hoctones My btgerdiy ind Bipin fatures

of fe if{n1idh W9 Tbetutigized Inklependermtye atl a8 wohEbecappafent ®Bshe skilled in
wherein TAN is as _determ ned by ASTM Met hod D664, and

thesayt 4fter having din bansfibef thistdepariptien obtheATontivn: Kbangss agy, be made

.3 T A j [ [

in QR AR B BB T R b0 or e

inv@Atdnl deatritiddan $hd followirprilsinis. of the crude feed. 4.
The nmethod as clainmed in clains 1 or 2, wherein the
sul fur content of the crude feed is at |east 0.005, at
| east 0.01, or at |east 0.02 granms, per gram of crude
feed. 5. The nethod as clainmed in any of clainms 1-4,
wherein the TAN of the crude product is at nost 50%
at nost 30% or at nost 10% of the TAN of the crude
feed. 6. The nethod as clainmed in any of clainms 1-4,
wherein the TAN of the crude product is in a range
from1-80% 20-70% 30-60% or 40-50% of the TAN of
the crude feed.7. The nethod as clainmed in any of
clains 1-6, wherein the TAN of the crude product is in
a range from0.001 to 0.5, fromO0.01 to 0.2, or from

+ 0.05 to 0.1. 8. The nmethod as clainmed in any of clains
1-7, wherein the TAN of the crude feed is in a range
from0.3 to 20, from0.4 to 10, or fromO0.5 to 5. 9. A
met hod of producing a crude product, conprising:
contacting a crude feed with one or nore catalysts to
produce a total product that includes the crude
product, wherein the crude product is a liquid mxture
at 25 0C and 0.101 MPa, the crude feed having, per
gram of crude feed, a total N /V7Fe content of at
| east 0.00002 grams, at |east one of the catal ysts
has, per gram of catal yst, at |east 0.001 grans of:
one or nore netals from Colum 6 of the Periodic
Tabl e, one or nore conpounds of one or nore netals
from Colum 6 of the Periodic Table, calculated as
wei ght of netal, or m xtures thereof; and controlling
contacting conditions such that liquid hourly space
velocity in a contacting zone is over 10 h 1, and the
crude product has a total N /V/Fe content of at nost
90% of Ni / V/ Fe content of the crude feed, wherein
Ni /V/Fe content is as determ ned by ASTM Met hod D5708.
10. The nmethod as clained in claim9, wherein the
Ni / VI Fe content of the crude
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product is at nost 50% at nost 10% at nost 5% or at
nost 3% of the Ni/V/Fe content of the crude feed. 11.
woheosmeideod as clained in claim9, wherein thePtir/Ug2d6e/042310
content of the crude product is in a range from 1-80%
10-70% 20-60% or 30-50% gﬂﬁ Ni /V/ Fe of the crude
feed. 12. The nethod as c+= |§n any of clains 9-11,
wherein the crude product has, per gram of crude
product, from 0.0000001 grans to 0.00005 granms, from
1. 0. o@ometb@d@famslucmg@c@@rmowéarﬁ@mp@rsmgr om 0. 000001
g{ ZI Wéta nr% ag%ggeo f%eg nefr 'ﬁg{ré/ v\{?lystﬁo Iaﬁcé? {ol?ﬁ%r&?hct that

el n e one or

indhgtley ME Gudespratitet awBere®| t11b S@ikle Broandy i9 & liquiibsi:@tve al 45 °C and
The nmet hod as clained in an¥ of clains 1-13, wherein

0. 100 B thimerude fostl dpvieaeal AN of Helgash 0o ped & Igast one of the catalysts
bl SR 108 1 BRGS, o BEtls AE g o

thecBerldit) Tabe, iofie annodd carhiumds df dik, orwiere @ietalt remCOblumn Gof the
nmetal catalyst conprises in addition one aor npre

Peﬂ@‘ilﬁﬂ@b]ﬁr Qﬂ%‘@ﬁ?@l AhWeiggt of tRetalbeF P%’EPP’@S theseed; aghe or
ror SoRRURALBERadtgd0faBbnIRES tf M AIEN bR WiGina

comae:mgrzoma issovee P i mh;i thé code porduntras aCAN rofi st mosjpr% of the

TN af g lrich s Bioetn B B ety ASTNEMEG .

2. et @lme&{oalo&*ﬁfodaeﬁ{gwmﬂr@d&@l%mpﬁ@mgne or rmore

el ements fro ['uim 15 of the Periodic Tabl e and/or
one contactings gudpieed sdthofneen ease catalysts @ thewpmessnée ofia hydrogen
5 of e Perj ble. 17. The method as
sougia s Ralpt BrodgrLffSaltds febie proBreoRE e spie
rédRbBis M giCRATRe$€ 25 PC afdld 11D PV tirdgidd RB&haad akdtaltacid
p
the additional catalyst having a pore size

numbglt (LA ofom laaist 1 dheredide fecd diewing agiHieeongnt of af leass £.0001
1 h
graéﬁi/o s111[fu1’31 éer ?ﬁﬁ {%&8 v\#erdéig}]d he:as{g&te (}q%;@(za&gl&gk ggrﬁprllang one or

mdie iletdd B6mi Colama Gifakd PérpdicoNablé, lvak or soddcamnpamdpblehe or more
to an offshore facili 19. The nmethod as clained in
meidy frgm Colymped af the Pew%? Sablecumiziresifereatigrd ses
c on
tcﬁlgtHlﬁggdb&hté%ﬁg%hﬁ&lﬁgﬁfsugfl ggﬂt ?ﬁ%ﬁ‘iﬁ%gﬂy %ﬁ%&% glélr%éflig ?195ne or
momb ecithaingdionesig osantOdct, |th[ﬁgcru<ﬂd‘|1erodum des & FAN opatakess 90% of the

AN i cPists i PG e e O B R SPRSEAAN G- 13902 o e sulfr

cofﬁﬁﬁt &‘%ﬁﬂaﬂd@&eal RhéreR AN defter ﬂn?edrss, AP M\eﬁl%a §3d84, and
the netho

further conprises conbining the crude
sulfnromsbntent iMasIdefarmmudbyWSdiMlMethcbthéwﬁe as or different

3. fr OL?hte rr]r?eﬂ(l:or gseclgn%%g in glalfng 5 wﬁerem%ﬂe sulfur content of the crude product

" 1s 80-120% or 90-110% of the sulfur content of the crude feed.

4, The method as claimed in claims 1 or 2, wherein the sulfur content of the crude
feed is at least 0.0035, at least 0.01, or at least 0.02 grams, per gram of crude feed.

5. The method as claimed in any of claims 1-4, wherein the TAN of the crude product
is at most 50%, at most 30%, or at most 10% of the TAN of the crude feed.

6. The method as claimed in any of claims 1-4, wherein the TAN of the crude product
is in a range from 1-80%, 20-70%, 30-60%, or 40-50% of the TAN of the crude feed.
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22. A crude product or a bl end obtainable by a nethod

as clained in any of clains 1- 21. 23. A nethod of
wonrodweiqey transportation fuel, heating fuel, PCT/US2004/042310

| ubricants, or chem cals, conprising processing a

cru roduct or. a blend .cI i in ¢l ai 24,
7. The e Biedipds cBfimPhauamro R 25 RGP S ANGT thé ude product
is A8 8SSHHNE COUTRHIOSE Froth 6101 hé oagoﬂﬂa@ncoromh@ pr.oduct or

the blend into one or nore distillate fracti ons.

8. The Tirenretiepdeas cddimeditianynofclaimed -B3vhsrein she mr@f.the cmée feed is
in RIRGE 3R 350 B £58 D 4B H O £8% 1o 5.
9. A method of producing a crude product, comprising:

contacting a crude feed with one or more catalysts to produce a total product that
includes the crude product, wherein the crude product is a liquid mixture at 25 °C and
0.101 MPa, the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at
least 0.00002 grams, at least one of the catalysts has, per gram of catalyst, at least 0.001
grams of: one or more metals from Column 6 of the Periodic Table, one or more
compounds of one or more metals from Column 6 of the Periodic Table, calculated as
weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid hourly space velocity in a
contacting zone is over 10 h™', and the crude product has a total Ni/V/Fe content of at most
90% of Ni/V/Fe content of the crude feed, wherein Ni/V/Fe content is as determined by
ASTM Method D5708."
10. The method as claimed in claim 9, wherein the Ni/V/Fe content of the crude .
product is at most 50%, at most 10%, at most 5%, or at most 3% of the Ni/V/Fe content of
the crude feed.
11. The method as claimed in claim 9, wherein the Ni/V/Fe content of the crude
product is in a range from 1-80%, 10-70%, 20-60%, or 30-50% of the Ni/V/Fe of the crude
feed.
12.  The method as claimed in any of claims 9-11, wherein the crude product has, per
gram of crude product, from 0.0000001 grams to 0.00005 grams, from 0.0000005 grams to
0.00001 grams, or from 0.000001 grams to 0.000005 grams of Ni/V/Fe.
13.  The method as claimed in any of claims 1-12, wherein the one or more Column 6
metals are molybdenum and/or tungsten.
14.  The method as claimed in any of claims 1-13, wherein the Column 6 metal catalyst
has a pore size distribution with a median pore diameter of at least 60 A, at least 90 A, or
at least 180 A.
15.  The method as claimed in any of claims 1-14, wherein the Column 6 metal catalyst
comprises in addition one or more metals from Column 5 of the Periodic Table, one or

more compounds of one or more Column 5 metals, one or more metals from Columns 7-10
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of the Periodic Table, one or more compounds of one or more Columns 7-10 metals,
and/or mixtures thereof.

16.  The method as claimed in any of claims 1-15, wherein the Column 6 metal catalyst
comprises in addition one or more elements from Column 15 of the Periodic Table and/or
one or more compounds of one or more elements from Column 15 of the Periodic Table.
17.  The method as claimed in any of claims 1-16, wherein the one or more catalysts
comprise in addition an additional catalyst, the additional catalyst having a pore size
distribution with a median pore diameter of at least 60 A or at least 180 A.

18.  The method as claimed in any of claims 1-17, wherein the crude feed is contacted
in a contacting zone that is on or coupled to an offshore facility.

19.  The method as claimed in any of claims 1-18, wherein contacting comprises
contacting in the presence of a hydrogen source and/or an inert gas.

20. The method as claimed in claim 19, wherein, during contacting, the crude feed
uptakes molecular hydrogen at a selected rate to inhibit phase separation of the crude feed

during contacting.

21.  The method as claimed in any of claims 1-20, wherein the method further

comprises combining the crude product with a crude that is the same as or different from- -

the crude feed to form a blend.

'22. A crude product or a blend obtainable by a method as claimed in any of claims 1-

21.

23. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product or a blend as claimed in claim 22.

24,  The method as claimed in claim 23, wherein the processing comprises distilling the
crude product or the blend into one or more distillate fractions.

25.  The method as claimed in claims 23 or 24, wherein the processing comprises

hydrotreating.
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