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WD 2005/ 066306 1 PCT/ US2004/ 042137 SYSTEMS, METHODS,
AND CATALYSTS FOR PRODUCI NG A CRUDE PRODUCT FIELD OF
THE I NVENTI ON 5 The present invention general Iy
WP2P0y/406306 systens, net hgds and catal ysts for CT/US2004/042137

treating crude feed, and to conpositions that can be
PRVSTEMSIMETDHODS] AYPICATALYSTSFOR PRODUCING/AICRUDE
More particularly, certaiprep@drnents descri bed
herein relate to systens, nethods, and catal ysts for
conversion of a crude feed to a total product, wherein

FIELD OB{TCHE INMENTIONC| udes a crude product that is a

i g d m xt t 25 C d,Q. 101 10 h
or hep i eoton aenen B il v eRis oBo, Aon astaysiS for
tredti@gRAId & Fﬁh@l@@&&ﬂ{)éﬁiﬂéﬂﬁ%ﬂ%ﬁ e pfrbed LESCRIBEYSBIMEF

RECATED ART Crudes hat have one or nore unsuitable,
metlods and icetalyistsatMos pacticular]y, vertdin embadimentsodesgribed herein relate to

w5 SRS HBRPRCL PR P SRS %S Bt gy wherin
the 86tal stodadt indlhdacbrode sloduct thitiosl Vgt agiechre bt 282C a%d/0.101 MPa

incl'ude acidic conponents that contribute to the total
andhas @op grBwre propanjey that arerphangeshrelatize ip theirespective preeeaty of the
cm&[ﬁggs with a relatively high TAN may contribute to
corrosi on of nmetal conponents during transporting
DESORIPTION OFBRELATED ARE di sadvant aged crudes.
Renpval of acidic conponents_ from di,sadvant aged crudes
rraggz@e? iha s %é}ﬁnétamuyswt@@lef%rppeﬂlﬁggafcﬁlw% alloW e Giades to
be &BHBRANGNY Traft ' AP Esn ﬁﬁbgfaﬁka)é'liﬁ ol
© COrrosi ozﬁaééséd&eg%ﬂ%t&g?s mf@éﬁgse In Hites, are commonty
refdarrediie po f‘dissdvantagedicrudesit and/ or processing equi prent.
The,use of cqrrosion-r.esigtant. netal often involve
si S.R}spgmge )g g&aydﬂéuﬁi AGH ’c.cpweoB%nés ﬁ’_lat con\{:rdautc fo the total
aci® RhBS CTANSS bf iiRHrudefedd. Disa@Vdntdded nfidY kR Velafi®dly high TAN
not be desirable. Another nethod to inhibit corrosion,
maypgutribyiite eomerion phmetsl coppensatsshiringiitapsnastisg arsl/grprocessing of
r rEs: [
the s3ARHRNARE ST RORYR Acfd CARRRAG (i ARG flnegg crudes may
invelee chahizally abuthilizigsacidy coapgaidnveith aidastbasesu i Altamdtely,
used to tprocess the crudes and/or, the quality,of

congsigaTresistapt Batalray bohiedie tiaperesationeqpmen gy processing
equithIfs THE R ﬁfﬁlf}gd%io%l-{eﬁlsﬁhi e oAl BvbRYE Bnitlopnt expense, and

resi due. evel s of residue ten
thus]ithd aseudficomnsiopremstantuaetalontexstiag equipmany may potdealesirable.

ARSIl Pl 5 b oPoR AT s
disR¥AMRLSI crudél Kefbre tRNY S ng Ao prot QMR of the dsdtivedhed crudes.
bound heteroatons may, in.some situations, have an

Thezepeof sorresipr inthibitore maxinggativelyidfeed oplipmssosed to process the crudes

Ui [ P4 ' n rudes may incl ude

and{%g[é? 'ﬁ%% oﬁP éﬁgéﬁg E’r@gg%ﬁoﬁéﬁgfd‘mgg%t am nants, for

exabishévantiget @tudey afiadltetithinasldfiedly highnevdliof regidue. Such high

processi n% of such crudes, netal )
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 pitrogen). 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

o v me of the catal yst. Such deposits may
wﬁggﬁlqgg&q%n the 5 activity of the catalyst. 0dfban37

form and/ or deposit on catal yst surfaces at a rapid
r atBisalwantaged cmdesmay inchafe relatieely hiphagmeinty afdestal ¢dntaminants,

o B 0. BTG L 1 St B
conthRBfarftb BA G dRIRNBILIE ABtal EhtAhiRehte By WepBsit b8 surface of the

activity of the catalyst and/or cause'theé catalyst to
catadigst er inchaveid voture efitie satalyge Surhudpasitamayicavteuddecline in the

et a in al salts of organic acids (for exanple,

acuggy Sh?}ﬁqcafﬁ'g’t%gssi um and/ or sodium). Metals in netal
sal ¢skeGhaPfodMind/oR Absbsitdnoatdht shrfRe€ A d tpRIGRRT AlrBiE processing
from di sadvant aged crudes by ‘conventional " processes,

of disgdvantagedicaudes.d Bseax heapsty & weerarite theeatalytty, achvity of aaatalyst
re aften, encoupt ered in conventional processes en. . .

confifringled RitneafS) HhiehBbapRurErise uiriregBiepiinifiy 8 iminish

the RARAGIYS thd dhtdl P ahd/dt cdile tHedsbllysttrlderaivagteum  whi ch
typically deposit near_the external surface of the

catldisydvientaged efudes mayincide gagtels immetgl galkis jof orgapiseaciey (for

exaf SR PUbiLR] BORNHHh A sodhky’ Stobi® TR Vi B gapic poids are
not Gpially stpdested frohedigeivastiagedérudeaiyavhvemional grocesses, for example,

d xampl e, netals.in nmetal salts of organic acids, at
HRE ehorAod Wasung- o) yst bed general Iy results in an

| N EASEesi e BRGSSLDEtEed o %&Eﬁé@;ﬁg E/%&Qﬁcp%ﬁer?ﬁ%tﬂ?ﬁl metal

effectively plug the cat reover,
salthef erganic acide amipressal. tIs coftrast tpamickel and vanadiym,ovhish typically

rapi d deactivatiaon of. . catal.ysts.. Di.sadvant crudes,
depfePhei S Stenil htits Bt (i Y it Mo B pr R BRids may
dep&si@ﬂrbfe&ér@i%lly hﬂ%i& WOReRsS b@ﬁﬁe%ﬁ‘é@ﬁly@ﬂﬁi‘tiéléd{ ﬁﬁiciﬁ!a‘riy dtlthe top of
oxygen content of at |east 0.002 granms of oxygen per
the eptalystred d The dopayitaf eentaminsatsyfoy exanplermetalsgn sistalsglts of

orgfii 436, B B R85 ot le o8y st SALerty RS ERTR OISR i Thsure drop

throaghifiebed and hoay effeativele plugehocaalysibdd. oMoredveds the hieeds hymetal
oxj dati,on .Qf al cohol s,. .and/or . ac#' ds fornmed by

salt%%! QIBANIG ACi may Fayse yanid 3?3-‘-'511”@“‘?}} oficatalysis.- t o renove from

t heyitdRakh L N

eqlEJI?l%)mE\nttg u‘f‘?rﬁg‘%pnrl%g%é@iaﬁg %ng é‘gg%gé% ﬂgg?}ﬁg??%mem
facilitiesrtbpqmoeess disadvianteged G0d& wiilumnx yage dontenttefat heast 0.002 grams
oo R S e B Do Bin rocosing
Orghflo 8&?@%@6@1&!,{ Whes hedted iR BcesHBRGNA) Fo¥mMigRerldkidation

be added, particularly if unsaturated fragnments
compewnfst(forgxfmple, ketorasiand/or peids Bxmed by psidptioniobadaohols, and/or

wcidk KR B0 ol S BB RS B R ARy Al Rt B st groce
and/GPyhal eoﬁﬁwﬁﬂltéxﬁnhﬁ%gg%ndﬁﬂém pb&sdsihp agdredise Eglééﬂlg in

2005/.066306 PCT/ US20 42137 fromformng co
trangpogtaligraingss costly to produce and/or costly to

tr ﬂ%%taééﬁ érﬁc?e%tnw}hcluﬁgﬁi.r&rbééne&eﬁcient 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
instability tends to result in phase separation_of
WOSMSAEHSs™ 5 dining processing and/ or for nat ¥/ By2004/042137
undesi rabl e by-products (for exanple, hydrogen
fronsfgirmimgcokea Fiydrogan ds eostlp bonproduce ahelfor cOstly/teritanspert to treatment
.processes often lack the ability to change a sel ected
fa"llgt}eéperty in a disadvantaged crude without also

Si PédavanBddcrGdaRtotehdPiohiti iAREbilityefurind grb@ssing in

di sadvant aged crude. For exanple, conventional,
comyentiora sanilitodst irudeiogtabibiéy tebds fotrpsulbinpbase sgparrtienaf ¢ogmponents
+..reduce TAN i di sadvant aged ,ct ude whi | at _the sane
it Rttt PR PRSP B Hriia Rons bl 15 Een
sulﬁag,ﬁﬁég,ah@c&gaﬁ)@ﬁgmﬁ (such as sul fur or netal

contam nants) in the disadvantaged crude. Sone

pr Svasgriongkpropasprseicndaokibe ailify tochangea selpstadiupprity ina

- addi il ] - o t he
cisofiloRa Snfde Rl i OATRANETORRER, Y Biboblics BB,
disadvtge¢d oiig e B opexantplé,icosvenfidtal pgodtisses @ften ldek Wey shility to

i ncreases costs of treatjing _ di sadvantaged

signifjcanidbe Le!ﬂféee 16N e depdvantaged fradrewhile Atihe same mes ealy changing
by aglﬁﬁﬁ‘eﬁ Aot B Cf.%n{eli]:leof Ghafie gfd né%cﬁ?ﬁ?ulﬁ@%g lnketgn Of

uent 'to a di sadvantaged crude sone
contaminaats) onthe ditadvantagedshmlbi | ity of such crude. U. S

2 A U e A

e X

disadvantaged praperties; Addingslilgent, Beweven, graarally increases costs of treating

aisafffiRfgkd Stk bR L SEE° e BT Tne B ER St ahde il
disadvainglgys tidde saddiles of dihidae e disidahaged@uty iy, indvtie

. limted applicabilit because of many of the
situatioph deegpsentabplityof sudreridss t h above. 25 In sum

di a j .
o FSBRAIE CSuros SNRhAr & AT S MiRef ot ol
6,068 266 tnGyakle ebalcdn@28,602tta Blearddn et alg 5t91d:030enBeamlen £bal.;a

5398 RSk e S S O o SHAEBEPYR) B Pk e,

descRbORRdsFRodeSses i BtehR] Aidl callystdWos BroreRity Gudds. The processes,
undesi rabl e conpdonents (for ‘exanple, residue,

systesnsyand eathlysts desenibedh it essapatants, hawever, haya diatedapplicability
tals in tal .sal.ts .qf 30 _qrgani ¢ _acids, and/or
becaffe St iab Dok RendRstoten S AR MAsEr (o5 tond to
C aupQmpf didideaRagdderedes LendraioNdvetund Bsifblel bpatie (il éample,
treatnent facilities, including increased corrgsion,

relatiyeby kigh dd M A tandesey 1q hasomgugsiable dyring femeient aad/sr a tendency to

[.hcr b t
cond 85 GRAEA R0 B 404 05 W o T il
properties inchullexyiatiesy highrmhdudthsof vadekiablecabmloperits (fooexample,
conver si i, sadvant aged crudes into crude product

residyipy ﬁ%ﬂl'@@a{]ﬁ%ﬂsﬁ&@mm@zm@ metalpingnetal salts o
orgalR IR /R PRI (5ep OB SR PR ¢ ause problems

in c@ndﬂtmngbmpmtmntahdtor trestoehbfagiities | indtdidg mcogased carsosion,
de:cnleagegl cgglsﬁgtq}/fg,nﬁrggeesg 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 disadvantaged crude. SUMVARY OF THE | NVENTI ON

|ons descri bed herein generally relate
ngg{%é%gg nmet hods and catal ysts for conversi orF‘%'?U%ZW’O‘m”
crude feed to a total product conprising a crude
moredesituisle peopdrtidsn Therds alem signifisaptgconomicandderimigst need for

syodas mebadorine e RG  5n e P BLA PRERFGR b Ao
crudf WRRE ﬁgﬁ &H@& &qjmls&ms @the dRadvangabtmtaed
y I'n

e sy tenB and net hods descri bed herein. 10
summrmmm_wm@ﬁa met hod of produc:| ng a crude

e oA R Lot %%‘i%'ﬁ%@“ ¥R B Fd e P lcAaR® for

conv'efh%ﬂ’&ﬁ?cruﬂ@ﬁae& & RorAlpRetiiet co 1@g 8 ctude pwdlﬂiEamll; fokotie
is aliquid mxture at 25 C and 101 MrPa,. the Ck@%&e
embéchamtsammgomlerrsam«gasdmeeﬁ@ns dpsglbea‘rh?ﬁa% ajsp gepery) to

t h t sts_h t :
5 G PG B 50 o
be olté‘daingdfby usBgthe tetﬁ&‘?ﬁélﬂ?ndthmlﬁtdekﬁibcdl]ntm of po [ es in
e pore size distribution hayi re net er ,
Wi tThg investign providesa msdh fﬁ”ﬁ%ﬂ@ﬁ&? P“%H EomPriings
cont&é%fdérﬁaé kY %ﬁ&n}’: Br ﬁﬁ)réj @'z{tﬁg% BSFrodBde £ phbtubORat includes

and contr contacting conditions such that
the driide mrothake, whereiduhé cfuele; prodTtNs eﬂlqaid mixéure @094 &€ andh8. 1§ ANPa,

of tlggég;‘%ggeagwoégierebs %‘a%lléﬁq?%?%%e‘b %&gtgh%gapom

'&Fshm{il wittl PHiedi Boft & BEHERr B PRAHES frofIPAILS 18QA, with at least
e

contactlngacru d with one or nore catalyststo
GO%p:rdeeJtnealalunﬂtabf mrcsdndhe porasize distibution hayinga page diameter

wh d
wittf 95 88t efian gt Rarmetst, RabfeP e 2% Rpmblibt s doinfined
by ANTMShod Dg-QStZ\tang Qtaﬁtg%lﬁﬂg ?cﬁ-ftgdtimg cmaiﬁmbﬁs*elﬂ‘idlh?i rﬂwgcradoi
ore size istributi W [ [
prochit hasast AN TAS mast A8 oF HF JAN B theSTHVBEh JEhesah BASbis 2
rmeélg? @fﬁlﬁﬁh @@gwg the pore-size distribution

per gram of catalyst, from 0.0001 granms to
0. O%eGnivaition hlso provides ennethodoproducing & crge pioeist gemprising:

corrpounds cal.cul ated as wej ght of .nol
coniaFHRER B0k el 1ol A BV PGS L produof fhat includes

° 0f1 0atMP
N e P

the aradelfeed havingd Wmmﬂﬁoat 176 ane gftheiatalystsdiaving s pore size
dlsngl e pr]%é%% @grpgget (ﬁ} 5@50&@%%? ? q 8s GEtHAEn0d QFHSTM Method

ed"Wmth oné or

D4288! B SathstHa9HidARe ﬁoxb%iz@dﬂﬁlﬁﬁﬂﬂﬁthdvh@t ptrrgrhmdaésatalyst from
the crude Broduct wherein the crude Og%gct is a

0.000i cgmards tei & &g@rrmo zrsolozbdﬁum@ 0119 !?1' Wiose MofypdeRn GempRius,

calc%%gekl ?a%c’R mgkét Og ?D éﬂ%de%@%sé e At y St's eﬁ{?a\? ?ﬁg"‘gm @thg

conditidfs Slichithdthe drade potitictdase diARopatmeos DaHedfahe 'diﬁN'aﬂf the crude

| east 180 A, 4 WO 2005/ 066306 P %é]ggg 04/ 042137 as
feedymheraim h AN s Adtinined By & SBM deth e cat al yst

ror i laclficBAkg i SehbR o R TR TN 0 2o priing

confktin@s erude feed with one or more catalysts to produce a total product that includes

-

dcu:f_

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 a2 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 mxtures thereof; and controlling
contacting conditions such that the crude product has

WO 20050661965t 5 npst 90% of the TAN of the cruddHEE|04/042137
wherein TAN is as determ ned by ASTM Met hod D664. The

as deterpined B ASTI Misthyd DE332) afit tHeoshtl{st havidy diebrésiee didgibution
product, conpri si ngf:éo contacting a crude feed with one
comprising ope ergrsmetalstfzom Colma 601 %qnqét%“éﬂb& OpR Qt more

conpind!fue ol AR N ehomll AR R TAR FRRS

therg(rﬁmk&i émdﬂ{]ng\éiogglgﬁ'ﬁﬁ\bmfdiﬁﬂnslsrldsthaﬂﬂﬁ ,crm? pdﬁiuet hasweTAN of at
ASTM 4, and a east .one of the

mosg é@%’l % &%@é@orﬁfrth%%ﬁe ?353 Wﬁ%e’éﬂa'g%lrlé afgatermingd B ASTM Method

peggol um 6 of the Periodic Table, one or nore conmpounds

of one or nore netals from Colum 6 of the Periodic
Taldlhe invention also pawiddsarmethod efiproibging aenue poaduet, womptising:

conei ARG ed S e s 1 BB Pro Bt et
the £288¢ pdGctIwherei tBe cRAd 5s}raﬁuuf % Hied BpireaRds m%%g:olr} 02 MPs,

mol ar ratio of total Eo um 10 netal to total
the gudefead hawng TAN phatdeast P 3pasidaterntioed bindSTVhMetiodi Dep4, and at

ont i ng .caondi tions ch that the ud rodyct.has . ..
teas Su i Ol 5538 EompRiR: B Bl Sritee e sl G RiE 8 G nd Feriodic
Tabls) 6ficérmdreNompduids Tohe i hidesimial¥edi (dhuhin g oPekeiPeriddi:

I nvention al so provides a nmethod of producing a crude

Table; emistures theprof.sAnd gb) opeppranere aeetals drom Colya ﬁ)ef&ihq?@rﬁpdw

n t 1 :
Tabf¥ Ere i 65t B0 AEUrbnb G BloRe MR Sarbil Bl 18 el itogic
Tableg ommbxtapes therdofanevitreid a niblarwtio of Gtal\edumn tl Denetalud éotal

feed havi.ng a TAN of at ]Jeast O0.3,..and the one qr. nore
Colimm QrRdslds Hnismes fiRg latoaiO; 250 FoRteqlling fontardipg copitipns such that -

the GBAA6ahct HAY A TN BEA: SR I09 offthé TAN 8 tBE ¥itlde flddOherein TAN -
0.0001 to 0.06 granms of. one or nore netals from

isaﬂbltmneﬁkwaS'HMMethbdd)&ﬁﬂabl e, one or nore 25

CorRR e B8 B Bt PGk BTl v
contdttidgl @6dé feed §afh onde nidi caliSEA6 Prodabad 36tdl prédirt that includes

second catal yst havi ng, er gram of second_catal yst,

t
the gruds pradectowhereigithparude prasivet isie liavidmpguglat 2§ Fe andl)10hmMPa,
the Gl fseL HAGPER T B 01T 00RO s BRI ol o
a ﬁrﬁaﬂgﬁﬂ&s&t&h&jﬁlﬁ caltdgrgﬁiavin‘g, partgrhm of Iﬁggticyialyse ﬁotmh&f)ﬁm to OH%
t that t
B L D S

comk:/e&t?nhc% (r?wgg%gl_%gﬁ AERIsSEdin -@%Nl‘.PJSG 38 ﬂﬁ%gxgmc AEH1D ¥al AR as

e Invention also provides a cafal yst
weight opostal,i oo mixtwesthérsof gnd ()a senendoeatalyst,ghe saspad sathlystrhaving,

Col umm 5 qof e Periodjg, Table,. one or nore.c ounds
ver gipim it echnd el st o) 2 RMEGHE, S o5 e Fiete PR 6 of
the PR Tddle, Gh& bndfe donidtnls of dhe ¢ rote Rfdtdls FBIACdlamn 60of the
WO 2005/ 066306 PCT/ US2004/ 042137 having a theta

Perigdia tabls, Qad;c?liaied apweight ofgnssel, .or mixfneashesof] mglt@napuim‘gn a
consife 5B s SR EPAE b BB R RER S s B man ot

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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distribution with a median pore di anmeter of —at | east
230 A, as determ ned by ASTM Method D4282. 5 The

al so provides a catal yst conpositio
WQW dg:?"ﬁg (a) one or nore netals from Col u:#FTéU%’P"“’“‘m”
the Periodic Table, one or nore conpounds of one or
having asthetasluhina tontnic] ab inastd). b gramsef thets, sliininaj peiylgegm of support

it o iRl Bt i R i R P e e e

dlstﬁbﬂﬁﬂrf%tﬂﬁ&nﬁiaﬁf@di’é dRAHRAof at BRI 2B0 A, as astehhed BY R&IM
by x- rag diffracti on; and wherein the catal yst has a
€

Meﬁb@ﬂ@‘@ﬁ 10 distribution wi t h a nedi an pore di aneter

_15?.?%0:1%?% rﬁrbw@és ?gagglg co gogﬁo %grlsgn%h&g one Or more

ron a rovi

metaia fiv@s Colupih 6 6D therPesioty: Tabi), ofd6r mbremh@oum&T@efd mnre
Colum 5 of the Periodic Table, one qr nore conpoun

metals frome Columnp ef Méiearpéwf%}ﬁ, ebmuﬁms thereofy(b) pavpnodt Iaatenal

havégtg tﬁ %ﬂﬁn@% cgﬁ%ﬁted%r nor e nmpou % op%ﬁ Ig}%,'o Pte‘suPport

matamlahssddterm;meﬂﬁ};m)ﬁdlﬁ-adnbn anlaewhwdh ch‘lamrl]ﬁt has a pore size
xtures, thereo a su port ra avl n
distiAoR Wit e iaRiare lemci Ghpt 19%%55553 tezRRingd by ASTM

Metibd M4ng> per gram of support material, as determ ned by
x-ray diffraction; and wherein the cat al yst has a

porBheshyentigh aisoipvoridesa oﬁtﬂhsta;ompd:iiﬁm, pconmrishi'ga@ bne Omﬁlore
| ea 230 eter, ed ASTM Met ho
metls S Chinfis 0% 8 DS HG TRLE ne iR CoPimp Pt o o more
metsld iy eblunﬁpsrefﬂﬁlpreﬁodmm Bhe 6 orHRetSls frovd ChIvRRes Bf the
nmore netals to form a support/matal m xture, wherein

Peripflic Tablgy pas or morpronanondyef ener gre metalnfiomColemn rfahe

P TIBILTE! A uROHLG 19 058! mllBGR paEI el content

of ableastrie] guamswif ehetaralualine por@raniof suppoft niterid, Eas%tdrmﬂied by x-ray
Tahl e, r m xtaresf hereof; heat treatjng the theta 25

diffeaction; yst hasa bers sige distibutioa vith 4 w an gore
diath&8S4f a‘&‘i’é&st%o% sl b dICAS PRANE NS DagRer €i n the

catal yst has a pore size distribution wth a nedian
poredineentipe alsofprentided aemsthod 8hpraducisg d edtalysi, neniphising:

ASTM Met hod 282. The inventi n al so r vi des. .

confyN & Supbopt Bl BorpepLt Porpchmpprire i ayhpgen the
supforb ediRStises WietdalMen0 End‘@zﬁdi‘oﬂlﬁ&r% |o§ tHeQnétals BbRprising one or more

support/nmetal m xture, wherein the 30 support

metgls fjorm Selmmbotihg Peripdig Tahleclonsrer more sompowidsiof enerer moze
met%g %%ééﬂ%é}oof &6 8L pERb&c Fﬁ‘)@ 31- 1{1 x?ﬁ%&% h%at%eahgg rﬂ%ee theta

ONE o  mor e’ conpounds ot ’one ofr
aluniieh ah;q;nofrﬁmeﬂam&xm b adémperatuidesfiad thast 400502 and)formmg the

ag;@x res thereof: heat treatln the theta _alum
cat a@ﬁ%ﬁ&.ﬂﬂW%aﬁ epote sizerdisiy YYigh %mealtanme&sdme@r of at

[Qéﬁ 06 PCT/ US2004/ 042137
IeasFﬁdﬂgya@cd&%nerellﬂpt ﬁe cat g?’y gs a pore size
di Stheiitveention alsb phovadesedinetho of producinges eatakyst, admpdia’wt

30 A, as determ ned by ASTM Met ho .
comBifjh PEPOHIVGEN P TS TRETHS (R SUP st sttt the
supirOHpirise IR 18, 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 mixiures thereof; heat treating the theta

l-F

ma

-

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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contacting a crude feed wth one or nore catal ysts to
produce a total product that includes 5 the crude

r wherein the crude product is a liquid mxture
wg’tzg'%d%éaognd 0.101 MPa, the crude feed having FCHAPIP4042137

at least 0.3, at |least one of the catal ysts having a
catafyst, avierein thectiatdlyst hag a pore wize kiistribwtibinavitlpa o ditingyoed diamefer of at

t, 180 A, { ' ASTM Met hod D4282,
leasEg gﬁ% d@ﬁr&%%&%@%@ﬁh%si ze distribution
MG iiSteRfoh ARb %r&}idb@‘aﬁﬁeth@&‘blgf ﬁ%ﬁuﬁﬁ% E@ﬁﬁegﬁ?@g{% chngg‘sing:

co
Colum 6 of the Periodic Table, one ©r nor oun

confaéting amde fred witheonealr alae tatalysiSdo prodube atotalprodet itatlincludes
Tabl e, .or n xtur thereof, .and. controlling,
the il BiopPit WhESHHR P 61R0C BHCt R A iouiEnut Ree 39 SGised Orid MPe,
the @udé¥e@havthg HOTAN 3P104st 0 BNS 134WoRE of 1h8 cﬁaggfs Ha@ﬁﬁ;la re size
ASTM Mot hod D664, THe

wherein TAN is as determned b

distyibutiontwithe miedian nppm/di@restcaOMtld:aéu 18¥ Apasoditeriinedsbyc AGTM
[ 9 rishng: .coptactin rude feed.wt n .
Mo PRUFR2, o8 IR daPAP i s i it ity e siog Shef umina
and bfe orlfaofRAEtHIR Sroin Coluitin 66 Pleribdlia TabRC baleSmbRSopipstfds of
roduct, wherein the crude product is a liquid mxture

one g mpw wHalsdram Cyiuovph of thedexiodigel ablee or maxtrey the

: - , vin [0)'4 Nt entne
confiib s bt buluf U O R0 LIS o HRGovk o
the TANMDS tienctudé feedawherein TANN is dsaietainidedtysA STV MetidIDg6a.

Si distribution wth a nmedi an pore dianeter of at .

e dbe Inygntion aigo geavides msdhod ofmradncing s emdepuhict, sprprising:
contE e A e W O PO 00 bl B pd SR g sppre o
produte & todal piodust thahinchidesithe oaeld, pradiudt, twhereid tisecrade protdecttis a

oS8P BRELGEO B BOEREE TAo d 5.
i Bt e 398t f o o] B ALY 3

feed; apd-p{ legst anerafiteicatalystetmving:a hoxs sizzglistribgtiorhwith aveadiangiere

. ' 1 ' e _Rpr.odugt.
dianfti O B B4 06%, B HEkliRRe by B Yo Rttt Gnl B live,
contacting|cpadidonotoedets TAN siichl thht the ealide prdduet hdsCT AN at most

tl}e C'éxﬂfqtptégdum wherein the crude product is a .
90%, 9t dps il grude fogd, anddp aedycg @ conjrat of argrnie pxigen cerlgining
compPGHids Such tﬁﬁ%@ﬁmﬂ@ {oadSthal ark o ?%E:% c%?ﬁén?@isﬁt rﬁ{k‘? 99‘%: deitfe

cat al ysts havi ng, Ber gram of‘ atalyst, at [leas
oxygen@ontenfrafitee alude faed, wherein BANgS ad detérnineddnt ABTMMethod D664,

end et tc s B3 despemnesrin ST MEodaiiBh Gl ¢ Tabl e C '
caTRs!ndbmibrefsd\floUiaks # el prétfuciied éi{l&’es?]ltoﬁﬁéte&fmprising:

and controlling contacting conditions such that a
contaqtiggiagryds feed with ave onmbreciatalystntoepreduce adotah groduetghiatdncludes

r hy' . the cruyde.product .h T. of
the cftproghid, thepeifl M G SIDHECE iPE Mt kniiRiRe G5 Rherdiip) wepe,
the cagiededdiavinped TAW o¥ST Mabt. hosld B0 Rést ofie WPHRARE XEHRA8ng, per
PCT/ US2004/ 042137 The invention also provi des a

gramyRitcatadysht leagtdle0 Ingrams of wae opmedeimetalcisprprGalimg 6 of the

: [ tth O r [ a sts J
Per fRTAAL B0 ofnfikd ingeiite th b i Mor S Foff Brati ot fe
PeriqulioTabl, chlalatddusweigt of bt srdRixpiresitieieof, Waa cohtiolling
cr.ude lPdr_od.uct s a ., " . . .
contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 b, 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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15

liquid m xture at 25 C and 0.101 MPa, the crude feed
having a TAN of at least 0.1, the 5 crude feed having

f content of at |east 0.0001 grans of sulfur
Wﬁéﬁég&ﬁg{ﬂﬁof crude feed, and at |east one of tH{d/US2004/042137

catal ysts conprising one or nore netals from Col um 6
of ThhénveRdon alsé providesa methed of produding acnmle pisduof, comprising:

or.. nore als.fromColum 6 of .the Periodjc, Table,
contggting &imgegf;e@w@ OX RPTE GHARER IR R?_B?‘FP‘&%?#L sgpdrogen'source to
prodf?a@é‘%'t&thl%&t&%‘ﬂﬁt {ldfildes HHeTCril pro@its AghdrBik th gxgxdg git'bgl‘ﬁ%t isa

eed upt'akes nol ecul ar hydrogen at™ a sel ect
liquidnhixiire ap2fe¥atd. $@hiiPa; thererwde fe¢rtbhavingle T of atleasn@) 1, the

eradf et PP ot f Lo §RHT01 P44 of b ot of cude
feedPARPA Géashiéhel dMl@caTﬂ%t@E%ﬁfnﬂélﬁ% bn@@%ﬁl@fe hbls %ﬁ?‘ggimﬁﬂ‘@ of the

.crude feed, and the crude product having a su
Periedin (Teble, arfe orndrg oompbundsef one bf morecwatatafromColumen 61of the

P e et A S e A By . v
conth@ingOthe AR Feediiptdite nhdl¥@ilir HyArodesi At B bE¥E8E fateto TRRIBR Bhase

of . producing a crude product, _CQITEI‘I sing: contacting
sepagatiop o éher fred Audngcatagtivgliquad hoyrdy space velpeity in one or more

of o
conBERAGE v (RS0 U rAEDORGR B Y CPANLARE B of e
TAN bfthe ctidie feqd; atiibie cidedprbdiibt having X sulfier @hteabof7(RN30% of the

0.101 MPa; 8!2!3 0 trgl i ng contacting conditions such
sulfigipqpiept e ¢ eride fesga et hyNdw s determoined By 45 THY Medand D664,
and IR c3kAY Eladidheinddby BRIM Mclihdhass separation of

e crude I ng contact. e invention al so
pr dhe deentomasdprdvizkes pmoethed ofpraducingie cypde grocduct, comprising:

N X AT T

20

25

30

sourk®foHrodice dusthl dlsxlaaac_timlmaﬁ&s Gl PR ARED dErein BB SARE N
t he crude product IS&|I3 d

> Cr| | uid mxture at 25 C an .
prodgetip 2 ligpid mizfue et 1O pnd .40t diRas end penteadliel cdntasting genditions

t e f ' { i at.
st 304 S0P el e R A AR, o
phasb yeprapgiin of Hedfadefend dutingcordtig. first hydrogen uptake

coE,gi tion _being different fromthe, second hydrogen | .

upt Bk EVERiRR Alsoprovidetia msthad efmsediising  emde produstecamprising:

I

contfiiFlgREc LPYRh HADEED e pkobl 1O BF picf Ll bo produce
a totglarodims thatinbkdesthe chidegmodwheviereinthecpdopedtiétdsa tifuid

e T A TR
feed ﬁ@&%tacﬂd%ﬁ[‘ﬂﬁﬁggeéﬁ;ht Al ot HdRYeH Aptake BBAAIAGN Bid then at a second

producing a cru roduct,” conprising: contacting a
hydregendwtakesandition the&irs hydmogen uptake gandgion being diffstent from the

soco RS o Do EE, A pef B P8, B S g
conditivn i§ Cortolled kOBt PWakie @if B chide fEéddel PERidChintere #From
liquid mxture at 25 C at 0.101 MPa, the crude 8 WD

decr?ﬂ@msmmpé, PdIneSE 0oAF propedies of tecTrdaprrdud clrmge by aﬁmost
o0% R ot oL B St bRl atBR Rt P27 S0

C Th)al\ﬁﬁreﬁtfa:&ralstohﬁoﬁidesmﬂ:eﬂﬁﬂkﬁ?ﬁdd&@ingm%}ﬁmﬂ&t, cdffprising:

the crude product has a TAN of at nost 90% relative to
contacHag # ARpds feqdnuitl pngier marepatalysts at a first temperature followed 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. 5
The invention also provides a nethod of producing a
§ duct, conprising: contacting a crude feed
w&/izﬁ%%gﬁ%ﬁor nore catal ysts to produce a total P&Té'éﬁfe?‘”“‘m”
that includes the crude product, wherein the crude
feep havdng & TIAN af atilenst 0.3yand controfiing2fonfaciig cohdiidng'\¥a8h that the first
Hﬁf‘gg crude feed hal\él Ng,3 TAN of at |east 0.3, the crude
confachng frmpesapure 18 af least 30 ofilewer han the sepqnsiqontactiog terapesature, and

the @ud® hdciict BRI PARTBEGL nfoht 01Fc haifithe Bk TAN GARE RNE 100,

the catalysts 10 conprising one or norée ne
whezgin AN ds a detérmimel hyoASTMMetted 6. or nore  conpounds
of .gne._or .nor matalsfrogi0 l.um 6, of the Periodic

Tabt &, EmURAseRIVIdes Rmethod of prpdusing adidengroduct, comprising:
confRih@E thude FENWih bAOSr lﬁHférbaE;ﬁ‘@s ﬂ%ﬁ)?ocﬂ?g 4S8l @%Pg{ét (}Htﬁ?ncludes

a TAN of at nmost 90% of the TA e crud
the gimde prastuet; wherein thewrudepredurt id liquid anixtesnat 35/°C74d 01EN%MPa,

oo S B R B e ot

least 0006 prairfs GFSuTHG RF Frd?f Of SAdOREY) it A2 ‘the E‘ﬁalgsets

i nvention also provides a nmethod of producing a cru

COMBFISHG ORS OF B19it Mstaliyfromdeniuma i of gheaPerroditeTélde, donsiot mooeie

I d hat .
confbouliR o8 o nthd helels BhAS M o PRI Fihle, B s
bt el gl Nt
Vi R u
mosh §§‘?°rﬂ§ ?%F f&\ﬁa fitbe eryde fged, @id the crugde prashst has. aisulfun pentertt of 70-
130‘{/};@ tﬂé‘ﬁﬂiﬁlﬁ cofkeRBrhe &’hﬂg ﬁeﬁ%ﬂmﬁ@mﬁ%gﬁééﬁﬁfﬂ gyf ASTM

e catal ysts conprising one of nore
Metlzod D64, Gund fsulfiwecoRtent BdisclefEamnined bg STV Methed Deiggpounds

o RSP PR B TR o s v
con@atEarirdgfeea WAL dud1tE nidiE Loty 1 BROABLLA r R HAOMEE thPfhotudes

a TAN of at npst 90% of the TAN cru
the grude produrt, wherginghe praide produst is adiqoishmixtureat 25 0C 36d 030YMPa,

o Gt 85 TN b LU S i S
leastibhgeants ofvesiduedse @fdth 0ELCBY fAS MRS odeT e catdists

i nvention also provides a nmethod of producing a cfude

Compr$ipg, eRe orgaEs metalg drom: Gatumn § atjthg Periodic Tablsdong etmonee
cmporiR oSk MRSt PR ShL i e

I ncl udes the crude product,
thersof; aad|coyuollingicantactingatondfiofis awth that ABE.ci@e proddb Ha8a TAN of at

oo BB Bt B 555k ey o
13090 GDXHRQEsi X BrRint 6f #E@ridSeed, %ﬂ@w%rek:??s 8]0 d@%ﬁ%ﬁd by

cat al ysts conprising one or nore neta rom

ASTYH Methodda664 end resiguk eontentds o5 detemeinedbyrASTMI MetliodoDE307.
di c ,Tabl e, or

o TSRS GBI Ol LS P g ToRL G O

contaxting a chedeSesd with bh@br inbe: Gk I i
g e r Gakdl 21!% 55799&1&% et groﬁﬁb!ttﬁéet ifdludes

9 WD 2005/ 066306 PCT/ US2004/ 042137 rost 90% o
the cruge pieduch avhergin thereade, profiect ds ailieuig misitiee at5<*Coand®101 MPa,

t 7 9 f .t VGO copt ent of t crude
the ol KER hefing H TAN ohot Bart Ol o€ el BB A oSFopfpnc of a
least A9 Tdvhulie bR VG Wp&Qtam 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: 5 contacting a crude feed

or nore catalysts to produce a total lﬁﬂ
w 2‘)&"% udes the crude product, wherein the c %5%4’"42137

duc uid mxture at 25 C and 0. 101 MPra,
m°$l?§@?ﬁ@8%f@é8% $rusls feedr e and Qaprolduetshasam()amtemtofm.:so%

of th@’ﬂ'ﬂo etgeiof mrﬁ@é ﬂled,scﬁ:ﬁ v{r egﬁg:}@?@ c%tpréq 1§ a; flefegmined by

onmbi ning a support w t’"h one

AS 'MMﬁ’fhod 30fhe Periodic Table, one or nore conpounds
netals from Colum 6 of the Periodic

Ta bﬁé infsnips afspremiecs 4 Metedf Progluging duedesprodites) cy)ﬂipnsmg
conﬂbﬁl@gli SAide fadRGyit6 g &Qnﬁllé%s S@ tXiJ&ocF%s ﬁi&aiprﬁ%?cé ?hat includes

cat al yst precursor inthe senc

the Grifle produes wheteinthe cowde puodist ta liquid ﬁﬂﬂﬁfeaét%eck&ﬁ% o\o1 M,

the e feed H¥ng R 10X ot pE1dest B st e of thosmtabysisoniabite
by: cdmhmmgcusmgpoﬁmonzbemwﬁm ol Cotuflh Be3pdiodicTable,

nmet hod of producing a crude pr uct, conpr
one %Wpaecqqm@uads:@im OF state wetdis from Oolumby Gofthé BEySHES ThBle, or

ct that 1ncludes the crude

m‘tﬁ&gﬂ&ucg £ 8 Bhcell GG ot sor o doimaing the catRlest by heating the
catalyst gecutsarinl tHe. ptékbnddsE
term %WS%SL%H% I:’titlgast Olngtdggtl&g?ﬂ %%f%ﬁ%#%g&% id?}%ta

FEF hZviang captralting gentetting aohditions maktthdtGhe Gude

daé one or nore
pro néﬁj“iﬁs‘%%?%.‘é‘f“’*% WGty m&ﬂsw@s o one or

no mmpimnaim mrbvidoea af thod o p26k éHH}_,
con #Q Hf’qer'o i ¢, Tabl ea :r mxtures t ereoépm% rﬁmg
con §° rf&e‘fj %’@h?ﬁ%m mgresstalyets torprodupet totahprotinet thatinidudes

e VISCOSIty of the

 the cpudodaluch aghereill 1AM oot Ba Aadia SRl 03LacT0ifn B s,

the crude fee Wvlmmgfademvw o8tati3ny8 *Of1060FL HWerpde fobe

havin P RSabit O o 250, it 68 R 95 ety comupeiing avne or
morcasetml frexmCokathnby/ o AR 266>

talal Soe Vi gg kry(r’nat hggyg‘ll‘lsg?g%um n%r Iﬁ&g}%@gbﬁa‘é&%’g{m Or more
me &BF 0%'?% Padediadableconmixtines thmaf,rmmenmhﬁ@r e
i Ao Ak B Ao A1 o ot s

the crude pro

of the Vignosity ef the erude deed2ss 3C.8AC] ald mlcrﬁ@epmawwhgo%&pﬁ&my
of70|1§ tﬁ K?gl of . at _| east and t he one or

@rs EALLRFVIEE Phithe cayde fP%daé‘f eggie APAgrawiytis as determined by
e

jﬁadl um of mxture
C SI“V@PHOWW piionideh e nm:lhbd mﬁ:ma:ﬂucﬁﬁg atxgé ploduBY k
lum 6 neta one Qr nore conpounds ?

contacgﬁlg a¥rudPfefd &qﬁ OB OF Mors %ﬁt%lystg fo Progies mtatal prosuctthatdndlndes

or nore

the crigdechrodunt,rihd 4
N c%gd ol e e 108 Nl RREHESS (ot P,
® oot haydng LN afing leastD. Tamdithe o aretierertatabyits dPBSHM af

least olYE 2005/ 066306 PCT/ US2004/ 042137 The
east OB b0 sE Rfinishid AR AREL ol %@m&o&mgp@mfm@mmmmes

i nvent'i on

thereof; raod as eddidong) chialyeq wheRih BetddifioRal zfaﬁﬂf‘stg En%xﬁ ofle 8 fore

Col catal ysts to produce a tot
“m_r“r?c'iﬂﬁ &5 00 pralere ggmppredsnfione wheoes Gobien & triethis, pF oduct

combiniods tﬁe?éﬂfdanwcﬁﬁﬂ&lﬁn&%m%gcn%gac%%d&ons such tl?at 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,

10
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and the crude feed has a TAN of at |east 0.1,
generati ng hydrogen during the contacting; 5 and

ol ling contacting conditions such that the crude
W&%ﬁ%@s}'oﬁas a TAN of at nost 90% of the TAN JICTHR2004/042137

crude feed, wherein TAN is as determ ned by ASTM
MeThwinvertdaalsorevides @ method ofipreduging\ai aede prodedthessinprising:

conB5 08 P e SR oE PGP e a5 b o ctuces
the chifehroduic fieteih HRtcridicprodes is 4 Bqlil niffuda 23 TIMEL0.101 MPa,

wherein the crude product is a liquid mxture at 25 C

and the grude feed hopa TAM @P alrlgasé Ofle genanatingdydeogemriugng the doatasting;

o GBS B G RS s o
90% oF #HeUT AN of ity @ade fead)dvifepsth TAN g detemirRd thyNUSTM Method

condi tions such that a contacting tenperature is at
D664.east 200 C, and the crude product has a TAN of at

B A R S SN
contazting a prude if_dﬁlsw'ah ond dratlorfcapsl yatik ol prgriuee anotdbprodadt it includes
the G RFS7bEh WHSTEHH eGP 5 B RaRIG Bckp Al 25r ] 01 MPa,

el tof aM86tR & ' -
e o A A of LI, 5 R S B NSkaieh Brpriyng

vanadizu, :nge or moid qwtnmundlaads\tan@dimél, enutixigres thastoficand coftrolliog
H 0 ) :
contiging edhilifons bt il f Shrtacgiod it R Reg 0D o prd b grode

prodict BaSa TAPHN dt IhROSE% F WODAN T GfdéIfeel NGh& oMt BN iiah
the gas fl ow bein rovided in a direction that is

detergdnask byr AS M Method f the crude feed; and controlling
o B RO e o Ay A S RO i - -
conta_tliﬁag 8 bmd&'fe?édj Wiﬂfl&nd@frﬂom oaﬂiysm/toﬁijﬁézﬂcb/? tdt@lcig:%ﬁﬂ thatincludes .
e invention_also provides. a pethod of producing a
the C%’F\a BEPdyrl Wherein @Sﬁﬁﬂ% ict isphiquid mlﬁgreaaee SGandDelp! MPa,
the cft’t\fﬁﬁ ?eeﬁ'lﬁvﬁ’lg eagpm of af Bast L S ahg aPlead b\iﬁ@ ofthk %\%igs&rc%ﬁigﬂsmg

hat inclu the crude product, ereint crud
vanaginmgl ong o1 reors doimpoiidsufiveoadiuag o2BixGrasitheof,rowling a gas

the crude feed havin r gram of grude. feed,.,a, total
compyg i SEaset s ot reseRe; e e tion bis FroiofLing
direcfit¥ethaf istcbentePioahy Abw of HE¥rhde fh_@d;"zﬁhﬂ%@h@ﬂlin@ B@nt@éﬁﬂg%ﬁditions
h&;g‘&gunds of 30 vanadium or m xtures theréof, and the
suc

ictiidecaeduioy Bas sbANTS at mnst 20% of thedi AN of thet grade feed,
t . ' 18,0 r st 180 A; and
Whm%gﬁ%f%gige%%ggo i%%ﬁg%ﬁl ?%@QSuch that the crude

prigustentias akotppdvidesN hathbé of prodatihg @ trude pidiict, R0MpHking:
the Ni/V/ Ee content of the crude feed, wherein .
contagfing 2 prude fsed swth one ordnere catalisida prdvesr intaldredist that ingludes

th a0 f / i by J ‘
o e B R o P e ek ek 28 “E by 8101 Mpe,
the cimderfreid hiavigg, o gt bf crgdefeed altotdl 860/ Ak tontemefat leazir0e00002
c%ﬁll %’St S awpr oduce a total product that includes

gramy b et e Oé SIS GRRRIISHE Ydadinme eng R coppounds of
vanaditU6Cn Rk 4 fheredf, adg the %gdﬂml%ln?@ ﬁavin%% poftfsite AREibBIion

. the catalysts conprising vanadi u one Or “nore
with s owegisupde didmetenaitleast)l 80 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.

il
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5 m xtures thereof, the crude feed conprising one or
nore al kali netal salts of one or nore organic acids,
re al kaline-earth netal salts of one r
wgpg%sm%ﬁ'gci ds, or mxtures thereof, and the @%&@0&!042137
feed having, per grain of crude feed, a total content
of Theliredntionelsalprovidet sinkthbd nEpedutihg aetwle, productiioalprising:
ts of .0 acids of at.|east® 0, 00001 gr .. and
conBEE b PR L il e o1 i eSS PSS # el ARG g gictudes
the %&@beﬁu&aﬁrh@reﬁpﬁi@ kRSt & lﬂfmcﬂfﬂfﬁhie zﬁ?‘j al an@ 01 MPa,
al kaline-earth netal, in the metal salts of organic

at leasti ae of thea:latadum coqysing vanheiuop nhent mofe erinpdundsref wnadium, or
s of . or '

..and al kal i.ne-e h,net al n net al C
mixi Bt S bt SPioBing ef B Roreativnciat S pfe or more
orgd¥id Adids, amo@dlml dlBgmeaath niEedl 8hlts dfHOER Rors 8 1%:§Jc°¢fc1ds or
ik organl c acids is determ ned by ASTM Met hod D

eactheteot and the cpuds\ieeidb a\angr@lehmnmf asudedfged,ragtotal contens of

alkaﬁ’lnnﬁa#ﬁ% serpeat J HRGLAIE Rodnk ot or 3 Rattd dooor
grarhg) @hd d@gmmﬁp,eccﬁﬁm I@bﬂ(ﬁﬁ@ﬁs sudh Ea€ the drikde Hrodeka has 8 islicontent
is.aliquid mxture at 25 C and 0.101 MPa, the crude

of alkali netalngnd; alkakigewarth snetalpindhe metal paltpaf grganieacids effat st 90%
of t}%re ctog’féﬁgcé%&aﬁ%g Alkafi€ eartd mIB §n ﬁ{egaﬁlsél?seotecﬁgﬁc acids in

orie "or nore organld acl or m

. the ¢rhde feed, whdnein contesheoff atlexdi hetal, Egd alkelingeath métat; i drtal salts of

f eed, t al f k t al d al kal 20
orgasi s e 0rnined Re AT MEROOPI MR ani ¢ actde of At
| eagle ngveﬁgﬁrg%llsﬂ Bﬂi@dcs%riﬂetﬁ&d B@ﬁ’éﬁ%a Bfudk &Iﬁ)dr}llct comprising:

catal ysts a pore size tion
contaetitigacrpdy feed withatnerorinwora catakysts té produ@oa ftaltpoodi@0that includes

the By B gk Py o HAURLIR il ah 2t £ apf PR MPe

: the thdefeed cofridiBgboNAbR: Alk-HRERT saltdOE bR Hr R6Feor é.tﬁ@ acids, one

distribution is _ as determ ned by ASTM Met hod 28

' Orn@mj alkelineresrthimgalsalis afenany reera @rganinarids, ehmixtures zlsrqqfethe

ent Rt
rudk SR B i e e, 6 R BBl oA o Bl e
eartlDfne’ﬂal imastal Qﬂ% off orgshﬁc ﬁ@:’uﬁ offut leikt @OOGO1i gramb,aind ad ledst one of the
Ik line-earth metal .salts of organic acjds

ca Wng A pIE §igR strvaﬁe%mf @gRedian pQse diaupetsr o dgange from 90 A
to laﬁﬂ, Atk 158 509P6£ e BRAIGmY TM% ﬁﬁ%&%ﬁf%&e‘?{%ﬁﬁﬂﬁt&n having

aclds 1s as determ ned by A
a poierdiametenwithinsls 4 obthednedian pere izdnatér, phectincporg size distrileution is

2 AR e KOTREABIRE 0o 70: AR, Gplacting coriftonsuph tha

the dridd pfd&ﬁ:t hhd¥etodd] \¢eRteRt ﬁdéﬂgﬂl m¥hE a&a Hlkbii‘ﬁb—&e[rﬂﬁﬁeﬁ[ %’Hﬁ{al salts

is aljiquid mxture at 25 C and 101 MPa, the érude
of onzarig apidy phet mess F0r @ﬁth@f:mﬁmméahcelemet@l, anst alkalivereartiranetal, in

e S50 SO0, O P S i
carttement]immend s4lts ofioggaicscidsis as dapgEnéd BMMSTMMAhABO 171 3.

with at | east 60%of the total nunber of pores in 12
woTbe ozl moyides? othapal pagducinga gudepidpe, comprising:

con B O P AT B LSy Bt e

an pore di ane r utl on
the crsdeqmodiet, evirvsin m@m&éﬁmww@uq@ea&Qmamxmmm ﬂDDMPa

i ng condltlons such that the crude produ
the R RaNgHBy PETEB, 1 SHRdaroch  1HBLRTY VRGO ABAIEASt) POOC2
granﬁoél‘gleﬂtleaglf oﬂegﬁ‘ thed Sy B ind D bR sheiéebliforRith § Medidh pore

termn
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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5 by ASTM Met hod D5708. The invention also provides a
nmet hod of producing a crude product, conprising:
Wﬁg ﬂ}%j a crude feed with one or nore catalysts to
foduce tot al product that includes the cr J&&/US2004/042137
product wherein the crude product is a liquid mxture

the pte §i%e diskidation llﬁ)ﬁngs/i’pore didineter withinf456Al off éhe median perealiameter,
content. of,, al ka) i .net , .and al kaline-earth netal s,

wheretn prre size distribytion igs %[HWPQSI yeASTMMethod IM282; endomtrplling
cont&rtfi R&itiof T Wt BlUdead Sllﬁ?guc& s b ﬁ%ﬁltNWﬁ?et ({Bgltegt of at most

I'ysts having a pore stripution
90%m£ dlieaNi/ | Heeconicatref the coidedted, ehsteil HOVA'e esntentds ay detererned

D4282, and the catal yst having the pore
by@%%w%‘{l\‘ﬁ)g ‘on conprising one or nore netals from
Oo*l‘lfiérﬁw@ntﬂfn e{lg?pl%@fdhgg hﬁthmmﬁm&h%ﬁlgoi

of one or nore netals from Col'um 6 ofq{{ﬁéﬁgdﬁl odi ¢
contasing @ crade faedwithese dEmpiecratalfsts trproduneta totdl prwluct that includes

e B R0h 2 b5 B USLo00F vee

the chiledbed RavinPd Gltal Sahtest STAllQNIGAREE, A ABa1ffe- é}ﬂl'm&&ls, 8 B3étal

of the content of alkali netal, and al kal i ne-earth
salts of peganiciaqidgef ot leaw 00908} gomseper grame pfierudé feedhat leastioke the

catl iF e Bt v et gl of gt o434 o
deterninabbylaBEMMetebd Y4283 Tadd\bE bardlyEiliglEng tBe poResize distribution

i pyention al so provides a net hod of producing a crude

COMPEISNE RE, or@eﬁfs mpetaly Fom %ﬁmac& ofithe Berdedie dableconeprimorgne

coml nchgmee t he crtnﬁgg pr o uc @%%%?kﬂ%@gﬁhlgé%%ﬁ

thereb§ and konfrillingreottanting abndifions suchl thi #HelcriiRoprodtittehas b weial

fee risin ne or re alkali .netal alts of o
contegy ﬂﬂﬁ@nﬁﬁe&imﬂg allalipe-carth wetalin stal Salts;af orgpnig apids of at most
90% et cofidhi &f dlkalPietal AndRIKELAL-SH el il ﬁmaq Isalld aﬁtdffgzﬁﬁc acids

thereof, and 25 the crude feed havi ngn gram o
in th@:s&tué%@dg@era:mm@t efmtkadinmetal, and Rika mmﬂi m,etaé,mj metal salts

of orf il o B By AT VBT 16, ¢ o7 P © '

C aT led iyigéRionaloGodd e Rethod of ﬁi‘o’iihémg dior@de protilictcomprising:
di an pore dianeter of at |east 230 A, as determ ned

contasyna\smqu%‘wm:zesg megs satahestsiamardice anetel prgductshat ncludes

o o s B 08 TR O G i f ki 6
the codefepdredsipaiSingrone or mope alkatbietad sdltswfiofie lon moré ogfnicheids, one
or. m.xtures

e A i e our
the cadé Péeﬁ'havi‘h@ n]%&%arﬁ’t)f &l ded Bl coRfaft O%fﬁhi &%;E?ﬁﬁ&%ﬁlme-

nmet al salts of organi ¢ acl ds
earth gietalpin mgtﬁl galts of brgahicakcids wf ableast AP0Al gednis; et keastivhe of the

cotat 353 B s s o A1 08 P AST R RSteiomPsriel 14 230 4, as

deterivireeldlyrA STVt MBthod D428 X aini ﬂﬁ@é@élyst%admglahﬁ;lré §i2e @Rfrfttion

netal, in nmetal salts of organlc acids is as
COMPEIEE 10RE A 0K MAl Binviom Uedenmé of i Periodic Tahieyoine or mioso
comaB 55 FER Ol 0 NG B AR PG s

there@iahml saitdlling doheditecendittinglsudt ©EUGE chiietprodifet HaasSiotad
de product, wherein the crude product is a

contepq Qf@,llﬂﬁl staly prd alkaline-carthmaetal, ometgbsalts of organic acids of at most
90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids

OFO.

3:
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the crude feed having a total Ni/V/Fe content of at
| east 0.00002 grans of Ni/V/Fe per gram of crude

wg%{gasgg !east_ one of th_e cat al ysts having a pore size
T on with a nedian pore dianeter of ACHUS0p042137

. Solglﬁ €i%ahdgt er m ned g%( ASTM Met hod D4282, and the
in tae eoud feed, whersin contsat ef alkelimetaltandialialine- eanlypieta; i goetal salts

f 1] P I 6. af the Periodic
of APiokeilbis s WElefintied bOASTM MBS RISES. [ore ot ol s

f r ofiscGovention@lsaf provides Peieilodiof phahicmg cWrudl Jo#i& Scomprising:
conia%ﬁ%le()f' dag,d controlling contacting conditions sucllwrl ’
€ ¢ finde feed puithy pRR Q1RO £ataly stdiogitodick w/tdtel prodbetthat dbcludes

the 8tudBBeddud0% . ' nt. ;of. t he rude feed,

© SudTpRR Yptein 18 Mde¥rbifuct RO Ao Rt w7 S0 10T Mpa,

the prdp fed DBVIDE 2 tTtabNi/NVENontmt of sieast 0\G00es gﬁnﬁ%ﬁ?ﬂW@E per
i 15 contacting

i d t, i sing:
aran Rt Wb o mBiihe Sotore hamioaiaybire siee dit stion with a
di acius hAgl t
e e Bttt of biYahet 290 M 88 Setelrifiod b/ AR RISHES 4282, and the
catalygtihayinga porpaize diswibutionchendpeisthgamet nSdre eRMeReM CBYiSin 6 of

L | | salts of one.or_.npre organic acids, one
the Pk Rid TIHSE, Bhe B ilcle Ko HBALPE G qranor Tl JomGplooan 6 of the

Periodigdble, aaiiidurethefbokt tﬂ%’; s b
havi pg a total egoﬁtent#ag:glrl&gﬁg%gé?m%r gﬁpf(gl{eag?s C?‘Chmtthe
crudspeodut hasiedptal BY/Ee sositent of 20mestio0Re ofthe INi/V/Re Fitakt of the
i i.ds. of | ea 0 0Q1 grans, at
BT By Bl S ol Bl
di Jhe inventimmalvs ploviless eheliodsPRodt ising:
co 90. A, as aré%i er;p' neg by ASTM I\%?ﬁ{)d é%?ﬁgﬂgcéﬁ@%mmg'
ﬂ‘ecg{ngﬁfg\ed {OR8 OpBioEe eAtalpsts|tosproiliseet 4 total prealactathat includes

e S ARl R i )

betboompristngpanerct snore alkali ngdtsldaRS o PeHeHHMEE or anic acids, one
ures thereof; and control%l ng

or miR ABRFL XEn SRl o ORI PTEARIE asidsc mixbutesthetves the
crudefeed hiveihg & @thledtintedt, ot kAl of Ghd fee&,I Saﬂ%aiﬂgé’rgf ﬁlgcg?rlf(gg%

matg],ln, in metal salts of organic ac
earth fpetal, in mefal sits of preanicaicids od atlleast ArO008I lprdnis) et legst b of the

e e U Bl b e 5 S5,
etermiined| tiyneS Rel Mathod D282, shdBs e iR

h its S f &eerrri ned by ASTM Met ﬁ%%y%?fgggqg%ﬂﬁtgg%%ﬁﬁﬁn
as aitgabnobs TR EOFARes gEra ofeatlyst, Somu.0001gramgs to €8 igetans of:
molyBdedC bae &QHPfe' rﬁblﬁ}gﬂenuﬁptg)fjn%gowgﬁg &t%]é"’f(‘:'j flyget? tvﬁgwolﬁbrzi%num,

or nore catalysts™to pro

or mixtyegs theseof; acbcantiotlingronthistihg colBi®issutR atthd @&d&rg‘?&gﬁ has a
25 C and 0.101 MPa, the Crude

' LEqui,d m xture_ at. )
total doudhe ot At} mifle 436 SRlipeseth metsl i anetsales oftwgimiodkids of a

most BaBbiofthe doRfends ! 1 iNnte¥drs i
(_) cont ente of at ?gl;ﬁ m%fa%gagg l%?geme’ a efaé,algpnegﬂggl&ofm%amc
acids im,ihg ciide deadawhargin dontanDoRBIRAI ARER 06 dRIRALinIS2AR e 2h 3etal

st 08 GRS DR
afftle inventiai dby/plovinay b ﬂ%ﬂ?)gm%?{% r %ﬁgéj ﬁgﬁﬁ&%gogﬁlg?%

tad Sl 9! a of catal yst,
contacng argy With 0op er moreuatalysto topmodnis :obtal pRiduBABRUMRIudes

| ght  of l.ybdenym. or m xtures
the cri@rouRh heltin U2 e Plogd WE R Phingire i 16 w010k MPe,
the crudecfeed iy TN aftap R0, D@t the EeFbecavitS ber A Yr chlte
feed, a fg\{\lal eri/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 nost 90% of the N N Fe content

f ude feed, wherein Ni/V/Fe content is
Wgezf’gffﬁ“%"réd by ASTM Method D5708, and TAN is & T/US2004/042137
determ ned by ASTM Met hod D644. The invention al so
a pque oize distritutivatwitita niedian pdrecdimgeter oﬁ‘atd&swwﬁyﬁﬁ determined by

et e R A e S g
805 O p 4180 SR o fy B

molfybdanuny epicipiedgs oveight of nwiybdahia) ér mixhats thateos anfl comteolling

o P B 5 BBl LN Bt e T of

the bduge @Rf, anarmqa crhil@poiistahat s&ﬁamarvm c%nfeﬂi &t a é%?cfk& ?1% of the

er gram of crude feed, of alkali neta
Ni/{Besantent ofthe trude ﬁBQdethreBdﬂI/k’ /Ftafconteg’amas datendmedfbya’tSTM

Me%@?gtﬂ@% g%ﬁ:@ﬁb&m 2 EEMF Oﬁé%s from

Col 'Iﬂﬁﬁn*ﬁenﬁﬁmfatse providésc dethad bf«‘pro@ﬁéin@ h mdﬂérp?ocﬁﬁm@ﬁ%%mg
of one or nore netals from Colum 6 of the Periodic

contpglinga ciyele fgediwitloene anaere @atalyatsdo produeea tasal produst that includes
the E[%H@bi%dﬁ&toou%% c;l%c(f)fro&lﬁ? isall cgl 3 Ta?ﬁtﬁ&ﬁ% ]6)1 MPa,

one“-or nore

the atidé feed Eelnlpﬂelmg oﬁabi' ﬁmrwﬁlkﬂi melal ©fts o8 ohé 6F @efe orghi6E aids, one
Colum 10 netal _to total Col umn

ratio of  t
or H@fﬁ%‘h‘gfmq -earfhmgtal $ﬂi‘ﬂ §Eone ermaresganic acids OF BXiHESS |thqasgof and

L e e T

earthrgetdl, inimetalesalts ofargenic etidoofiaiieast AO0QK gbma,tandmn $dastaffbof the

A A BRI A o
- mor @@ﬂrouﬂﬂi@ o€ bile 6PMbRIThetals fRInk 8bluntfEs 8 thePafodic Tabie, or mixtures

al kal i ne-earth netal, in netal 25 salts of organic
thereof; ansl (b} ongonmeremetalsdrapy Colymv Mbofithe Peiadis Tatileeone or more

' th a crude
compBYER Bl 3 35285 FollF o Ebe ERUF ey
therenf, wheremczamalay g4t dfootal Qoluaa 1@ héthbto teaPAbRind ddetal is in a
the crude product, wherein the crude product

|

rangp %aijf LTI oﬂ%cs?%ﬂaj?@n&m%t@géﬁadmowcmt the gradeproduct has a

totall @8l @f’ Ml e{a‘P a4 %Ml ﬁf‘tm ﬁfe%aﬁ‘ 'ig&-?cosg)cqgszof at
gram o

grans e ‘per crude ftee
most ¥¥4 of tlm:onfent bfalkai mietadtand aﬂmhne—w&x m(a’a}, in metal saltesferganic

aciali B Be Brpd e Ppre vt ohalkelt et andalGiinS e metas ipmeta
saltstdfe,r,cfﬂd R0 I@bétsxmﬁédﬂmswmemﬁrﬁps‘ls and (b) one

or nore netals from ['umm 10 of the Periodic Table,
ondheinventien denpusivities ameﬂm@oqurodmne aaudd Broﬂuam:ompnsmg

contééi}ing 'm:r&é)e fggﬁl gdrlti rog? ro'a %g):xé: i;al% b%tse g%'b@ngf%%s %trtﬁat thcludes
the Mﬂﬂ&%%ﬁ&&h&ﬂe crf¢ prvdudtGs ABGEH nhiRnir@hed5 @hvi 161 MPa,

metal is in a rarﬁle fromlto 10; and controllin

the cryderfsed having o daldNIOWFe contnt af at leastd). Qﬂﬂ@agr ¥ ViFeper
/ f st 90% the N.[V/
srenfof @t eB a1 P ICAATLE B ool ARl Bon SR i el
fromeGoldmhr ofl theBeridilic TEHIY) drietol ﬂﬂ)r@ﬁcﬁﬂﬁoun@s bhend dhfidreiridtals from
al s deg a net hod of produci ng a crude product
Colug&%pf ti\p ﬁ'ﬁno ic 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 wth one or nore catal ysts to
produce a total product that includes the crude
wherein the crude product is a liquid Xt ur
Wg’tzg%ﬁé?ognd 0.101 MPa, the crude feed conpri spﬁé"%ﬂ%“%‘n”
or nore alkali nmetal salts of one or nore organic

Colanind) metakto tofal Gohenms ietal fsdn azaigde Farhdl 090} bkl affg@llﬁlg
t he

bRttt gt b b d D o o
0%99&1%% fpe%lagéhf of ThE élude #é&@ipﬁﬁv&%ad gaggfi'detehﬂmed

organi c ac ["'east
by@BﬁNBMe&deSV@Sone or nore cat al ysts conprising: (a)

af rst cagal eflr catal yst havin er ram
'hi‘er@t’mﬁ'é’f‘é’?{%?s&m‘” £ HHF Oéé’gkf‘l“%"]@g@@ & %fcgc'n%iﬁ’émg
con%tlﬁé’ﬁ%rdﬁ%tf@édswﬁﬁ Qﬁ@ SO afiRts mr?r FPodifel 'aQFHaP?rBaQét?hat includes

one or nore conpounds of one “or e neta rom
the Coida prodici fwhetedn Perdradti prodimbisa lidifd odkined #tt25°Cand 0.101 MPa,

t ,of netal or m xt s thereof;. and (b) a secon
the $H8 K edPoriPristhng s Moge iy melhl SR f B GF ke, Areanic aoids, one
or r6Ye AALAGLAY Metal 8ditsl B8 opme?e SHeAITE abills, o?@ﬁxﬁﬁ'eﬂﬁéx%of the
metals from Colum 6 of the Perrodic Table, one or

crugepteed bavipg pet sram O@mdmfeedr@rtetahmram of aliqah nmtalumd adkaine-

mﬁ%ﬁ&?‘%ﬁ@ﬁ%ﬁ@?ﬂl oﬁ@%l g f%ﬁqﬁsﬁ av(‘@gﬁ{] gx@gxsn gl?c{ fls'on25e more
catal gtk dmptBings (O ﬂz’éﬂiatdlm tﬁé fieke cWﬂﬂ@?@gﬁﬁi@ﬁM catalyst,

cont ent of aI kali 20 netal, and alkaline-earth netal

from Q.0001 4¢ 0.9§ grams pLngoR moremictals féq’mzﬁolmté «fdbs Beriadig Table,

onerqr)g?%ﬁ?@sa {) S dgﬁg’fm%%&aeﬁ%% [ nﬁf e Cru éfﬁlf?é}hl ’th Taﬂlc,
calontaiaecb&mmghﬂcﬁ'mﬂetﬂt omnkaires theteat; and ) #bdcahd oatalyst; the second

. 1IN netal ts, of _organic ids is. as
catalit E?‘FH’ @%wm %Y%P;‘E st 12 eyovaca ps or-agg metals
frorH CRULASS oPtHEEI‘e?i%ﬂlcofabw BRLIGH MBrefofd] %fém%% more metals from

onprising: 25 contacting a cruge fee one or
Colnmné afdbeaPeridic Tablproaliubiedasvetight of netalcoer mixgures thereof} and

conls B e irdisobfitiegs ReRghsione Gt Prdstulis 8 af e @R e

methlp 864 S1RARIS- SRR iDihetdDéalts of Br’ghhmrﬁeicﬁ'of S0bst 9084 6NMe
or npre organic aci ds, one or more alkali ne- earth

content of alkali metah and alkaline-pasthametaly immetah saltsf osganig scidsiaghe crude

T e e

acuhasis‘ﬂemmahedbmwmeﬂﬁﬂmms organi c acids of at
ast gne of the

| east .0. 00001, grang, and at _|
cat eﬁY@tlﬁaﬂsggr%@?s ag}F%tﬁ%P RIRfuging 8 | cmalF presyst, compjging:

T s 08 S P i

ted as wei tures thereof

the GE e P PpRnk 5ne ot e ) mbETE 8ﬁgn¢sm0{°rf§samé acids, one

or mdré alikalikesHTiHYm SHPEEs YEbRCorinore drEanfOsEdS bi Hﬂxti!lﬁbs‘ﬂﬁreof the
2005/ 066306 PCT/ US2004/ 042137 zone is over 10 h"

crucbrfaect hawing, p@egrpmatf@mderfa@l a tatel cointend of alkali nfetad anélalkallne-

' h | sal
51 e ettt B B Pt o O e " o gme of he
catalli@fsdiavmgﬁﬂéi dgaéds aF bmygaattl@asrmhel granfs mb@é olsﬁbie&nams from

or gani ¢ aci n the crude feed, wherein content of
Colyp §10f thedegiodicakable lorepy fmeree@mmunéﬁt of onejon mase Metaafrom

Col%llgrog Y Igerf%(aicdlsab'le, cAiRul Ei%g Welg%g OP Xleta? o'%%TJ_')\A'ure tﬁereop and

controlling contacting conditions such that liquid hourly space velocity in a contacting
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The invention also provides a nmethod of producing a
crude product, conprising: contacting a crude feed
with one or nore catalysts to produce a total
WOAPS966M0 des  the crude product, wherein the 15(&133 004"042137
product is a liquid mxture at 25 C and 0.101 Mra,
zonklieoverideh™, anditheavidecprodiet hay Bt cotenidst aﬂminetm and slkaline-
I/Vt/ﬁfe cont e t of at Iea t 0.00002 10 g‘e | east
e 1n mgtal Qr@nr%cl sfiat gosh909 of hegoptent ofaqlkall metal,

I I
and aﬂ@:{l %gﬂgﬁaélaﬂﬁn%ﬁag@ So Cg anidAeRls TR R Sudd 283, ei(‘)@%% content

eriodic of norée conmpounds
of aﬂ(almetal ard taldalind-earth Motal)im nfztad Saltshef dPgamioakids i§ ab determined by -

|.at wei ght of netal, or mxtures thereof;
Assg\%h’té ejg}ﬁ%ng contacting conditions such that liquid
houthyingBiich A& Hovidés h&eﬁaod‘b%&&ﬁfci &8 todu®Y &im %mg
\/?Fe cont

h-1, and the crude product has a tot
conteicting arcpate fe&l $iioné ot tnerd‘dratalfymtoqnmdmta tofal ptodudrthaiencludes

feed, Ni [V E t i d '

the SR FRIPRBRL MBS 402 oFie PG TG SBXBFOM Het 2pd0.101 MPa,
the BRId8 FebdHavite 9&%&9 oF ofil (fsecpa@&umﬂvmw: Bt least 0.00002

cont acti ng a crude feed with one or nore catal%sts to

gramg.od deast ene ofithe cqialwa bes, pbgrammd] catalist, at of: one or

mofl RelHftronlicBhhe b e Felpie YaBE bhve by doliefipl gt Br more
met@ls&i’mﬂtlcmhﬂﬂ 6 off 6RMPeriddicOPablis; Balcolatedst WRightlof h@mtor mixtures

0001 grans of oxygen, and a sulfur content of at

theqe@%@fld gonfaeiling ﬁ%mct@g cendifigns sugh ghat fignid-hourlyspacsrvelogity in a
f
confa?ﬁﬁ% ¥§1’I§z s%gg;pf d l? g %ﬁd ot O&Baﬁctm ghotal T&W}pﬂfgﬂt &F at most

ro nore conpounds o
90%pf ﬂmrbélmﬁea:lonteﬁt ﬁﬁ'ﬂ’l@@ﬂﬂdﬁ'&cﬁ whereheENP¥/ Heaintent Bls detearnined

t and control ling contacting X
by%ﬁff@fﬁ?@gﬁ{ “that the crude product has an oxygen °'
25 TRnQBitida alddf prifiabs PRIl of BRodRLH rb;&dﬁ}ﬁ:%&&a,%rﬁﬂ;ﬁmgz

crude feed, and the crude product ha ]
contagting A crusie fesl withonor mbre @talmﬁr toqmodt@nta total poductithed dncludes

the R P LB, S U R b R B3 p R BT AR g Ve,

the &Tdbeddt aethgDietam Dferide fesdt hﬂﬁxﬁe&@oﬁfeﬁwaﬂ@%a& 0. 0001 grams
nmet hod of pr.oducing a crude product, conprisin

of oxpeems and Agulfurgontsat oiat deagt 0.A0¢herams ofsulfiire andiat @qsgonecpf the

S 0, SIS 0 P e

momtcoﬁ:ﬁnoﬁ‘nda”mf dhe fl)@ m(;nhPmetalst ﬂﬂmc’flld]miﬁn S&ﬁdltld’&:nd’d}@ Tarbéef or n?xtures
therfof o sl OmGARting cuRiHons SUBAIHGH B g prpgud as an oxygen
con@npgpé]ﬁ 82059t tRe'bfygen cSREAF thé@ilde ﬁ@& £id tﬁ@@rud%groduct has

catal ysts conprising one or nore nmetals from
a sulfir conderRax |76 ¢li360%Tefthe sulfreontentlof thiecRge Sdeﬁﬁﬁfhaem oxygen

PCT{ US2004/ 0 37, ds,of,.one nor .
cong 5125 Ap{ERITE b AS TRV O B ERR T 20 A Hp Eot 3 Getermined by
ASTV NV Bthed D429gr eof ; and controlling cont actl ng

condi tions such that the crude product has a total

Ni /Nredavesionatso ppovides amethod ofprerducing arryde/mredust comprising:

08 Sy RSB PR S
the £radél prodoet; eiherebn fHe/cMiderédiiet R lidusd AuxtdRl £ 251°Cadd b)Y 01 MPa,

ASTM Met hod D5708, and sul fur content is as
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
provides a nmethod of producing a crude product,

g: contacting a crude feed with one or
Wﬁ(}p&dﬁ%ﬂg to produce a total product that incl %2004/042137

t he crude product, wherein the crude product is a
mone oqtmp@umlw:im axtmdt® nBtadnfiofh QélinmidFEof thO Pigdi€ Tulsle, or mixtures

o S oA e T s bl
Ni/VEeHontedt batGho? D8%UF tHON! 9'\7%‘ S Snt 3 il Srud fel ﬁé@ tHeSerude

thereof, the crude feed having, per gram of cr
proquss has & sulfirrapnicohefiif 130% ef thelsulfetantent afitheatide! foeit wherein

i B sBnlFRt s fefiried b i et Db B shifureonfent s as

detdr@iaied B} ASUNVBNRRM Dedydue, and at | east one of the
catal ysts conprising one or nore 15 netals from Col um

6 okhetingentionialrgi provides amethnd of provucing aompde prdduchfcontpeising:

Col f the, P
conffPS STt i bRY TRy et s 5 BB ARG it nctudes
the andeiptddws whefdin theatudeliRodiict fien R iktulodt 23 °t%alo 101 MPa,

5 nt of alkali nmetal, and al kaline-earth netal in
the ¢rude; feed gpmprising owg grmerealkels metal saltsnfome 00 Mmoo otghric acids, one

kal.i ne-,earth
or nRPMRindtert Bl sl B8 Bhe olEre orf it ATE besredt e
cruderfadbhmg; ipecigratn dfxsude feed;iadorl caef alkbli Akt 3020 Maline-
t he. residue c ntfnt of t e crude feed, and wherein

earth mictal,ip P orgapig Aci aﬁﬁatalf:#@& 0i0980 L gramy, anst anesidpe content
of affeAs20. 1 of Ees%dﬂf‘éeﬂgaé 3Gk0shnd of th@éai&iggtg {a&]{ngre n gx%éa)%-r%re

Met hod D1318, ue content IS Frm
metglsimm Golutb obithe Pcnd’che Tah}egmna meﬂe&ompbmdsdﬂ" ®nélor more

el FRAEC B OO GA RS G i BLSAICL, yeOprSng 22

contactigudBadRiohs kidh tBAGHS sﬂ'udé Bﬂidubnﬁ}s Ydsat c&rtﬂ&t %f gﬁiﬁh metal, and
roduct, wherein the crude product is a
alkﬂﬁ’i‘ sasthomstads i metal saltsof organic agideief #tewst ﬂ%@loﬂf @13 qmtent of alkali

et ) Ml 0 A Tl S SR GPb0% b e s S e cruce

produeﬁras aGe OGNy 08 70-4BOPLUL theesidue bentet of e crude feed, 6and

catal ysts _.c rising one or nore netals from Col um
whergin ‘E%%eqﬁé’fﬁggf 1 mefalind alkplinersarth anety)y in mefalwitp af organie peids is

as d¥rniTRéEbYRETNE l\je"tﬁw lggj 14 BnPre {duE 6ntb&ik Q%j&éierﬁﬁgéfby AST™

m Xt ures thereof cbntro I'ng contac
Meﬂmlrﬂﬁmons such that the crude product has a total

tent of 0% 0t the N /VIF t ent
ot T eSO i vidgh  FRihod S SSusinken, trude ioduch gametising
u
contasggga mdgfgfzcgwfg%%@?gggﬁ%&g HUERD U! s %ﬁ%jﬂ@t}ﬁ&ﬂﬂ@lu@

the CNidF\W@@%dﬁh%ﬁﬂ escraée prothuctiis a A;Quidynmswam ¥bahd1h FOISMPa,

the o2 RPN, BEEMEN of By Ters Burtiied S plfTgpet 01 srams of
residpe,@ad @itog) Nl/WE@lﬁJIﬁfﬁ’ﬂ? dfatieast ODDOS gﬂ:ﬂns arfPA ISkt bitthf3he
crude feed with one or nore catalysts to produce a

ataly$sy comprising ere ermereimesala dom CQ umaé of g Pepndid Table, one or

r e
more‘égr?]agfp%hi%%% e olllqﬁioe cr gaggﬁ? r?fg*l?n]% cﬁ{é gbl?nﬂr guixtures
thereof; landl lcomtmlhhg smtnamgfco@diﬁoﬁu suE’fB it Bl Cprahd has £ fftal

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

138



10

15

20

25

30

or nore alkaline-earth netal salts of one or nore
organi c acids, or mxtures thereof, the crude feed
' er gram of crude feed, a vacuum gas
w?%ﬁ"@ontent of at least 0.1 grams, and a%ég{[éqzommuls'i
content of alkali netal, and alkaline-earth netal, in
NﬂW&a:bn&ﬁt isais déteflined by ASTM Method DSC08) G0 r@lthnmpnanﬂxs as

at | e of al ysts conpri ses one or nore
det@ﬁ@l *‘Fg FJ’(?E?%SC@% the Periodic Table, one or
f

Fhc R PRRA Ao AR Snclidl 87 pitehEmy o et ot ofpbfsing

contaoﬁnﬁg akbhida deedowith an¢ omommawlysmmsprminch attbtal prpﬂ@t that éreludes
duct. has.a tot.al conte of

the GR3Epro-ube MER R L arsda hrofist 5 Bapd s gg 0 0 10d Mpe,
the &Edé‘feeﬂ%fnp?@xﬁ’g‘?fnetoﬁ‘ ?nd%@ﬂl!kﬁl'i‘ine@fl sﬁksk@ﬂ dne bpni®Rd @lganiaeids, one

kaline-earth™netal, in netal salts of organic acids
or mmre alkaling-gatth Mmetall saltsraf onb or moraofganic ecids.tor maixtuzes\igmeof, the

crade e Rivifl, o57 o) e R 3 bR B0 Bt VEER ke of at s
0.1 MbR0sShd D il cofedit 60Nk ANneR, add Kikhiine-e@toinetal}! lildmetal salts of

al kaline-earth netal, in netal salts of organi c aci ds

organic agidsfef GP9R Inzramsyandt iastaneiod ghesatal gsts cMprIREs one or more
metélgﬁgy Fgﬂ 8 9f leeqyen'gﬁﬁ‘. %)Hé) gr lﬁgrepcr gg;%ﬁh&bg)t%ng oY ﬂﬁ)re
product, conprising: a I'hg a cru h™ one

metals fifvbd Coligvirpb yEtie Moﬂicdlﬂblw obmbxiueh therendimid dohfrolling
i n¢cl udes, .the crude product, wherein the cr%? g[oduct

contagting quﬁlmqa:smh thet thecrusds produgtibas a9 gl and
alkaliRE-Lattf ¥ T Qﬁéetgg%aﬂgbg%rggélk‘, deidh 6Eab m@s&@@‘/ﬂl’ftﬁl‘: EMt&R of alkali

content o grans, a V@& cont ent
metalf amd alkeliret-esdthimetal i metah slalatof Iomﬂic agivls in thet drade feed, and the

eruds TP, b £ V) et 2850 of Bh SiAB bl B8 o
whedin VGO cBBieat i ab Ei@l!@h@k& g? ABTOI MdBodPB530L lafid daiiést of Qlkali

m xtures thereof; and controlling cont act |&%
metelopat! alkalins-earbrmetahin mictel salsE o;gammdsrxags ertingd by ASTM
content of at nmpbst 90% of the Ni/V/ Fe content
Me&%émg?%rude feed, and the'crude product has a VGO

C oMmigrihveition E&o];ﬁﬁﬁfdéﬁ a inbtho GPprdntiapt caidetpreduet, ¢Omprising:
feed, wherein VGO content is_as determ ned by 30 ASTM

confgghingd cmgs feed withiong ormers catshistsfp praduge a delerndye ok ywludes

t d
the CHAPDARLPC Akl e crdiprbe 144 i Pkl SuR 195 F0 30,101 MP,
the crad¢ feetlihaging, perigiamfof echdeifedd, a ivdal a¥i/ ilPe e oniantxdfiag teastt (G00002
d t ot al hat th d .
st U5 Col iy B 451 o) B B8 5 s pmris
one 8f mére freBilIfrOmIAMRF of thé'PerfddicIab]1€ Rfhe ©F Tk SdrAouAS of one

or nore alkali netal salts of one or nore organic
or mps¢ tistalvfrem Gound ©oUb¢ Bedalic Trdy wsrzbusOhereslz ang pontrolling

oy e line-ga netal sa f
contFBfif Eonitan S bl ek e POkl BOE N PR Kyt SR o
90%1@54116 le\m?é caifitafn difth@md@fefe&eﬂm the trotia rddﬁﬂtiﬁlh mo content of
netal, and al kal i ne- earth neta

70- 1§9% gf e Vi Qeantented the crwde fged) wﬁgﬁlmvﬁ@mme@? 5ra§ def&ﬁamed by
AsTY r%&ﬂ%& 3367 OJndtﬁ’i fﬁ%f&hﬁ‘!e}ﬁs’& S hSe@Rhad IR'SS?}\@éllrﬁthod D5708.

I Nl ng asu VVI one oOor nore ne

Co I'Itlminﬁermbn Elsbilﬁ:oﬁ&w Oftethod abp@dudng a@fuda‘lph&iuct, comprlsmg
nmpounds qf one or nore netals from Col um

6
confp'étm% prude fgsdavitiypnegraperecatalgtsite groduge piiel o J%t that includes
the GRHEPMAhCP WREHSES B enidPrddcM s iuikE 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 conpounds

t erature below 400 C, and controlling

W@&q%&@?%g conditi ons such that the crude propmszﬂggmn”
a total content of alkali netal, and al kaline-earth 10

or moteadlkaling-eacth ahetalshlts ofidnecrgaore @rganiuda;:ldst ommixtoss teossf, and

tent of al kali tal, d | kal
the Sy 1o AR tne® ity o i oD oy SR kA mihEf i alkaline-
earfhB8R6tal, W B1cRil @alﬁ%it&gﬁm@imds%fﬁ hdast ®O@I01 g¥Mds, and at least one of the

al kal i ne-earth neta in nmetal salts of organic acids
catalystglis ahtainatde byyconstgming mupmn witB v8e ommers myiakt from Column 6 of

des a net hod of cing.a cr
the IR 85 B Bin Genar g Sl e Blef FOBE G 6 of the
Perfgdi € TaE,r ik furbPtheredfHdGRodude dtal it pfbidaisof, RAd forming the
i ncludes the crude éﬁo uct, wherein the crude product

catglystby hegiingia precuserotthe otalystindhopresency/pione eraorersylfar

i r.ar epd
coniifie ABiiclings s 18hAHA Gl GA6H 00 S andechilbfng Nontcfife
conditicns suctoghat the ctudepraducthayadioeal buntemftalhah igetal, sndaiRaline-carth
th one or re_nmetals_from Col of the Periodic
Blllélet Aaltoet organic acidy @sﬁﬁ#a%oséPO%ﬁﬁmﬂaﬁc obaikaii metal, an

(RS, h Ot Ot bl CaclBth She @1ad oKl ifitein content of

uce a cat st precursor
alkﬁlhmeta&twﬂyaﬁtahhy—ehﬂhmm mimtai&h& yBdrgmie acids mrdeiterrmlked by

or nore sul fur containi ng conpounds
Aswliﬁﬂléﬁ&gi re bel ow 400 C, and controlling
CONTRETnvEGHSHOASH HroPides & erﬂlddrlﬁtpr(gdiﬁl%g%/@'g {s&,ﬁu&t cdifising:
0

a total NN/V/Fe content of at nost he Ni /V/Fe
congasting arcruste feedwith wde of metk callpste tapriviivog/aftetat produat thatdncindes

the Sl A ity SuERRNE 0 7 B Soge S0 RO 81 e,

the efude deedierigs pki %ﬁm ﬁtcnkd%&ééd, Q. tORINYVAFEcoRtent of at least 0.00002
hydrocar bons wi t hoilin ran?e di strl buti on

grama andah legst enepfdhoealystyis blg by coppbinipg 3 suppagbwith one or

oy stk A 000 POl Pnbppus of o o mre
methlsefim Qobhn §rodthe Mmdfc Tablk, oc anmres théredt ta prmiulce agatalyst

tribu 32 d 650 C at
prefyBRE a2 CRATAL ) (ot eI REokiafinghe prsence of one

or rHérR R cdi’ﬁﬁniﬁg ta@hYe?ﬁﬁer@cﬁfe I:Q‘lcﬁﬂh()@%%d%ntrollmg
product. The invention also provides a crude’

contastip® senditonssugh ﬂgtt theerudgrpradust havarota NI/ \Gfie content afat most

505t N e uil St o3 P RN A5 bl S Betermined

by &SZTMLH%M/MIZ}QS? resi due as determ ned by ASTM
l\/bt hod D5307 and the conposition has a weight ratio

s oGdesa pde s@negslwaéfmg, per grem| @é@td

COH%’?' 18#%2%{380 g&%t%ﬁhﬁ: enes COﬂt en?%dm}?%s

betwlainedmithat 250 °CA&T(M (Mbltdlﬁ’aﬂatﬂﬁa%ﬂﬁ 005 gi%ﬁ dﬂhyéfdcaﬂﬂnﬁhfﬁh a

rovli roduci ng_a crude oduct,
ﬂgftﬁF&Pg ﬁlﬁ@lbutle% hemeen 360 Lenddalréaid wfwah 8t lpst f0¢ grams
of iy@tRhshahs wht aYAHEEnge LidfidltiBl BAWELn SHPiC hAFESEIEE 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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t he crude product, wherein the crude product is
condensable at 25 C and 0.101 MPa, the <crude feed a

nt of at least 0.001 grams per gram of crude
w%o%ﬁ#g at least one of the catalysts is oftGHVEHP4042137
conmbi ning a support with one or nore netals from

resxdﬂe @s determined byt ARTNMavVIEthad D5Fob) dd the eorﬁ]bosimﬁﬁms a weight ratio
M@Epounds of one or nore netals from um 6 of the
of oateat 1,65 asphaltenes contprtfian lepddh 3, Wlaﬁrgn dcR coptent is as

det at Idylé} ﬁe CN{e @53@ aﬂc?f)ma %}%s CBhEdnishs Lrl’éf?-nnmed by

précurs r-in presence o
ASTM Miethed DRA0GT cont ai ni ng conpounds at a tenperature

bel 500 C and controllin cting condi t| ons
oucH? e S RIQEIIET 681\?8%0%1135 r%fﬁwma EGHiePRodugt, camprising:
confﬁ@ﬁﬁg 20PeaRireddwitYblRe ollélo rgﬁlgc %ﬁfw{?gﬁﬂttgat includes

wherein MCR content 1Is a
the D88 Prodint thvmn themméd modmtwcatelsnabtmt R64Cahd 0.101 MPa, the

cmﬂg{%%gck\g aCJ rodu%pgg@%rlsygfﬁn%mﬂatgcalnaatleastone

of thedtaMly s %dﬂﬁ&n&ﬁléby* aﬂwﬁﬁg a supfort Withnk bPRIEd metals from

wherein the crude product I's condensable at 25 C and
Colgma@rofivi Periodic Zabley enteorinaerd cammctscqftosnpr mbremetalsdiom

{ 1 am of. cru at |.east one
Cotfy R B orthePEiBEY THRIR ortoixiingt foreBE 1o piief b poiERR prifres and
forming Rkl catalpaty Iﬁaﬂﬁ@ﬂﬁfcata[ysﬁpfe@ﬁhger il thepregéhcé of Bnel&Oméye sulfur

with at | east 60% of the total nunber of pores in the

conyggp@g compounds at 8 mpesrturehelaw §0Q *Gormd contpiling conlpeting
confos it 58 EGhADRENE M LN copl P BESSISRe R

contentioftthe truk Ifestly wherdim MCR gotbntdo asldétermiinedsbic ASTVMEMethoa

D45§hUde product has a MCR of at npbst 90% of the MCR of
e crude feed, wherein MCRis as determ ned by ASTM

MetthHedni42i38 - als-'c;lﬁmhaé’see[‘ﬁk%d%k?%d%ﬁg& Tt oeﬁprﬁ&ﬁé‘il,ecomspnsmg

conposi tion having, per gramo
conigctimya gwdqfeedfwmmw mexe cat;d:@tmnormddm aAST\pivBedi dlait includes

the Sl prbet s 18 oo Ry g2 o AR ARE R, e

cruddFeaba MOR conterthflay Iﬁ&m%@ﬁﬂﬂ peb of ldild fe¥E Ahd @hleast one

al so _provides a crude corrp05| t| on aV| ng pe ram of
of thertpl¥sts haying a pererdizerdigtibutionyviths I in 2 range from

o G S A B e A i

havidig (azpoge diemetelr within 45 Amﬂth@gredlanqmeidamm rvelgbrdiy p. éﬁTsM:c

o B DSl it

conﬂﬁbﬁkoﬂlcm fhe @08k ﬁll&ﬁu&‘?ﬂpg aF@%@OT/g?ﬁf @Bk MER B2 e crude

5, as determ ned ASTM thod e I nvention
feedangrep‘rMﬂlﬁwsalemdeMMeﬂnoﬂmSﬁg, per gram of

t t | 0. | f
o 28 ieafioh atsReranfdiia s st eyl pef gpa B prumpesicion
at maf;t 0.604 ghifs o@%xﬂ%ﬁm%ﬁdd%ﬁﬁnﬂéﬂ ESSINIMMéﬂ%d@fSWat A6 0.003
t he conposi tion havin ﬂ(_;lht rati o of MCR content

gramsoofEyliys op detewnined byt od D4394;tand asleast OB grams of residue,
as dGBIRASA by ASTAFWIAHod 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

1—
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a TAN of at nost 0.5, wherein TAN is as determ ned by
ASTM Met hod D664, weight of MCR is as determ ned by

od D4530, and wei ght of C5 asphaltenes._is_as
ORI by ASTM Met hod D2007. 10 In some PCIT/US2004/042137

enbodi nents, the invention also provides, in
detegmingdby ASTMMethashB5307; and the avimpidisitiomsiake TAN bf at most 0.5, as

| to the invention, crude feed
detep%gge%ﬁi f@ﬁi@ﬁf%ﬂd}gg treated in a refi nery,
di sThd in@entiddlsPprotidReh bﬁf&fé'doﬁ'lp@biﬁbh hlhﬁﬁg, AE(BIP brzﬂfi‘%f composition

onents having a carbon nunber above
at le@ﬁ{]@

B0F gerensefsulfur, las determingd gy a&&TMsttbed] Dha%m ilmntt (&2 grams

of e b Bl Y AT bl EBTRT, e ol oA ingpveiahe

ratidoef mﬂ Q6ntentath | a&%lianbﬁ@s cohtddPof & amast qrsgmﬂthetcbm%u&meﬂ having
bet ween 100 C and 200 C at 101 MPa, a c? range

a TAN«af ot piost 84, wb@lmWoeaed@mnms@byésé’MM ethad NB&4, vzaplght of

MR g Bt AR ot MR8 DA e S Rl o

deteﬁﬁﬁheﬂtgﬁwsmlvﬁﬂﬂﬁmml MPa; (d) has, per gram of
cr\Lige f eed, t Iea 0.001 rams of hydrocar bons
ﬁgms @vsszm $¢ poyides,in sembipation with-ane or

o 1Al LTS L o o
not igechOteatddhin ﬂ)‘eﬁﬁdrygdlamﬂﬂ;ed; endYprfractionblip distiled;i(bpha components

A s b
comga éﬂt@ﬂel\ggﬁﬂl%f@hﬁierfeé&”(bﬂbnﬂﬁ{s B ocar@s 1489 o@v&ﬁch have:

and 001 grans of aV|n
a boling range dishrihution bf-'lOMbLﬂ(l w]amio\bhﬂw@boxﬁng waﬂmﬁm@n

Q AN t | o ‘.

vl 08O, 5000y VBRI Bl i Meflyon B o cand

300-2G &5 0.101)MPas wmmgltahgaﬂlshﬂidubﬁ%eﬁ%eﬁBOOf’C%d lspa9t a?-@Qm ;
) .conprises nickel, vanadi um an

01 MPa
MPs;, A} %eﬁparagg%@xs om BoRsS0 400 e w5 650 e pap- 1) M D) has,

per 28 @I lesi Mort 9001 it SPEPbER G0t el

dlstrgﬂawndfelmv (6@ °Cet6l.10] NP ﬂs()()&tgrd:maefhﬁrﬁ&ib@tsmmgfa bmhng

rangg ARARE o B aen S epiitre e bl Mg oﬁ‘éh%re%i%ﬁm@garbons

havigy ¥ $eilirgaahgé dishbuliys bAGRER 208 *C @R 396‘30%{ 0701 $154, 60"l grams

netal salts of one or nore organic acids, one or nore
of hydrpearbens hayingn bailing range distibutiondetveamB08 °6r a0 °C at 0.101

MPagEhT0.000 el bR Aoving U SRR P Bibeen 400
and 650 @as0.10Nd1PA Sk & Tsdﬁllbfﬁfleadl 00, 8RRt 02%; bflin ZAm¥Ofrom 0.3

2005/ 066306 PCT/ US2004/ 042137 I n sone embodi ment S,
to 20, Rt tonlfle 5T PSrioh € hay wnereaé bojlingaeinsiof at least 20 t°ﬁ abAd 01 MPa;

(2) ceﬁlg?ﬁésemeﬁelt WhalRikd rofl. ({i’ﬂ%% ietaktqgﬁoa(ﬁ% §%|“§ ola? Ni/V/Fe

I nventi on, crud

per grmnmf |cng1erfa¢ﬂ;t(t)a:ompﬁsmmb;r@daa§ﬁf Rast o901 |g@att1§16:m 05 grams of
na ht ha om.a crg&s q ne _enbodi nents, th
%{P%feﬁﬁ h%?sat ¢35t O.9RHD EFAIES ofry GDiner 8Faan of crade feed;
® h%ﬁ%i%ﬁ?f%%’%f“ﬁé*“%@“%ﬂ“%‘m i e (5] R Pl i
contammgdlydrm:aﬂaoma;t (@) yse or moremibaiumetaasatlfstoa bn@ooshoed orghdt acids,

I he crude
one Or'1 more a‘lakc’alme-eartfl metal salts of one or more organic acids, or mixtures thereof;

(0) 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:
of a crude feed C5 asphal tenes content and

Wé’%ﬁ“@e&gd MCR content is S, a sumof a crudd ¥ RpK042137

cru
C5 asphaltenes content and a crude product MCR 10

confmesnmg ﬁnﬁbdiﬁmt;, ﬂmg'nmmiioﬂ glsccpadﬁg%sg ns?@jéﬁnaﬁond\}vith one or
0 uch that..S' is nos oof S; and/or
mofzp ¥ g B0 47 Potagonitivien AR emngiobe BierGpn, eind dord thatds
obtainulle @ trethaving rabhtha ¥e® Bﬁxfdg ¢ Lpduct
to a grgsphlg?t e%esacontc ?31%? 0 :nﬁgggpf& Iee %#‘gg?}@}tﬁ)ﬁﬁo?ﬁcmde'
a rHyigme embodimentss e nGntion albo Pravides, B combisaivn with one or
geeiorel t the invention also provides, in ]
more e AEttots of Somponifichs Cgardini:to'thy iny R 2 Mstkod et contacting a
cruckeofepd svith onesorassie lciaheitd 10 préifick AM6RT f)r%ﬂucﬁlaeﬁ YI08S Phe crude
urce,,i-n. which the hydrogen source 1s: (a) gaseous;

0
pro qut iq]y.@*cgg}b% c@@g feid@ndmdmducg;b))th ]iw?rhta @s asphaltenes content and
. : t
o MOISEGRHBER () g B B8PSt e et M
contenbisi §j @snmi of ocritié priduerCysphal@hes SdnterdfRhe a@tude}oduct MCR

o ne{hggsm%r congositi ons according to the Invention, a

et 5 5y- Bid ogtacking cerditionpae senfadledsuch that 8 ismé most 999 ef S;
I : t, that .incl ud

e Loy A RADnd aleoleofiEHidh st Ve TabiR s MR

contggmfft_bc cmge poodnct teed n‘gk 3s_phﬂltmes Qeﬁlﬁhﬁsf th®crafle pﬂi{dﬁéﬁ@ irPa range
i Loty S enbodi ments, the invention also
ﬁon%?g\}?&edslor:lﬁ tgglzgi nation with one or nore of the
e eclae efmbo MRS, L RonUiH Do | QR 2
method that co npri i:l'!g:giﬁ%z 5 ¢ %E%B Ct Yl{rqgs’téﬁ] g‘r’%giégﬁé%gﬂwoflﬁ or
more,fkthsmetheds assomippsitions accohding teethe invention,a Igalsogndbaice, in

- which R ARER SRS B 0D oot 8) bt Ghatumes (@ light -

“hydrhgatbomps Ge)dnett gas; aad/oR€) efikleesitBadof S i N a range from

5-800 nornml .cubic neters of gaseous hydrogen source
pef? B gm nt5 therdpvrntipa alpoquovides, evicambibatiomewith one or
O 8 .S . elected rate of net .
T aroact ancarerpestan rorlite B RE TGN A el f ot
crude feed switteons or3fotervatatysts ogmodR 168l plodhctithe: ibddesihe crude

ogen upt ake.i §.such that the crude product has
pr"d'!%‘%\ﬁib%"?elf‘ é’%‘g@ﬁ%#ea}%?mﬁ%e B ¢aniRcigs Aonsihatkis onor bewpled to an

offshibRafaciiity.anount of hydrogen uptake that will cause

supstanti al phase separation between the crude feed

ankl 30He enehasdimertsdthe invedtion algo peovides] in doghbiddtion with one or

of hydrogen uptake is in,a range from
more T B ke thot o fp PO RS e fue Bremtioe. hprsfingehat comprises
contasting a eryaierfecd Rith ofE LE M. i ' i Qi
Hodec23. VIO %185? 066306 PCTI 8%%2%%%7 %ﬁiﬁ%ﬁﬁéﬁ%éﬁ%%ﬁ%&
YArQeen Sevacy apd copitolling rentasting depditioge mchdbatcé) asatid of @stous
L or _ at 20 h:-1: (f) a

bydrchn s6oe B eSE Bpa Kb e S S0 ol it sty ptapscons
hydragen sowree per @ibic nheter 0 cruds el donGictedSYittPorkd Ao the catalysts:
(b)tht gggetrgture is.in a range from 50-500 C, a total ?

P SHGFEd 1415 0f nst hyregen pefake i conrolled by yaryingaipartialtpressure of
the hhai¢s 0 IS, | romQ0, 1- h-1. 5 and
o B 280 T e o e Whenthal o B hos
TAN pélesnithan 0t et fredrydiogen 26takPas lefdthan n sthoWhtQSf Lyl SR aptake

n source is in a direction that “1s

[or t roge
that w?@ gﬁlfsgrqugsgarg}/ﬂ? pg%eépparanon 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
the crude feed is at nost 80 and/or
Wﬁ%&@@%%m 1- 80 or 1-50 normal cubic netersPcﬁ‘n?szomm‘ul”
hydr ogen per cubic neter of crude feed; (k) the crude
homﬂy spacetvelueity af gas dml/ed thelhydogen mmm Iehstat] D at 1e8A%6 b, or

sg 0% Qr at nost_ 10% of /| VI Fe content of
at MR, 5 pastial pregsupaof the té Nﬁ?dwasenasoymeﬂwomﬂed

urif] @*’ﬁ? o g SRR et UEE“%?%}%S?%“ 30508 vt lauid

hounlp spaeatvelfcity 0f ﬁmaﬂdfoﬁ ﬁre]h‘gﬁ%gnﬁ sbinee VG acangeefromdX 1-30 b 1
roduct .,has a resi

de f
and BE al psure i the, g&%@@ 95¥ purGes in & xangg drogy, ﬂﬁ%& MPa; (k)
a flofW of the gat HAlof &8 ‘i‘lydfc@an E&ﬁcé fs‘lﬂ% ﬂe@@&?fhaf‘ﬁ%o&ﬁe% & ﬂow of

oxygen cont ent of % at nost % at nost
the catderfiestl; dpthe cmdeajrodnnt hasmH/C of 704’160W®0ﬁ&1& ntudeffeed 6)

hydsogip BRIAKE bY Tl tont dEp Sha G0 Bhalt 17 abis Biomn kg or 150
norni&tcabicsRbiess cﬁ'fhyﬂf ﬁggr A etk oPbrudR HKed? @%m@émwlﬁﬁoduct has a

50% or at nost % the content of al kal'i met al
totalNH Vi eceontens Oéatrmnstﬁéi’/alat miogt Sﬁéﬁ,alr at glost10%fof a:;e@sw @&e content

of tiryFe {5a; QNE EHIOE ob it nasH syl s RENG £ 70- 13085 G 8 a0% of the

sulﬁnfwﬂeenp bﬂﬂiecbtudwfeecﬁ () 3EOGuly pivtiuct ha8 aW GO cahteADS 70-130% or
at nost 50% or at nmost. 10% of the viscosity  of

99'1t19°<2 efthgd G@@Gn@tﬂ afthg cqude feed; (mdhe eryde pidyethas amasidugcontent
o TSSO A3 ol SHARIE, g ol
an oRpgdn @Mdént af msﬁO%Mmast ‘m%s at xﬂﬁﬁt’q‘SO%, atmest 400840r af mast 10%
of tl{éo 3 100/ of glie %@%’féﬁ 6)5] gfcr u ebprg gcg.h%gg/ zrl]tcltgrﬂ@n&of alkali

meta 5aﬂd"alﬁﬂﬂﬁ &Fﬁqgétﬂie i Betal Bits d’f\é?g%hic%;@ oYt RIcRMI(H6 Sat most
in conbination W th one or nore of the nethods or

50%; enplonpsti 10ks ofibe @Mﬁemgoﬁ@kaumeﬁahmmkehne-aarﬁemh@b in fngtal salts -

of g a5 an iUt Bra) GVl SEBF e Jroh P CRlyaing. s
leastr ESU(@)?th@ cﬁﬁéﬁﬁ'ﬁﬁu@h&@ﬁ Qﬁ%ﬁty% $BQPCCsHt Ald3t s, at most 50%, or
npounds in which content of selected organic

at me%yl&e’h o Byepydasasisy *P%ﬂlﬁ emﬂ@efaedsﬂéﬂ & Kals)thecryde peoduct has an API

gravily 81611309 o th APY 01y Ot SRUG fol) aR8oFRY e Aol has o
TAN ofrquanmi 0084, at hmﬂ%tg@;&%mtggm a0%x, ngammd;]%g?f the
Taxy 85 <G Eebirliminarsadmilificons i i arilosgo o1

COMPeMAL §m§9&§8{én§se ﬁlﬁﬂverﬁﬂoh%h@ ggg‘}lﬁés ﬁ%émﬁﬁat?on with one or

carboxylic acid, | east cofpound of the
mor@pﬁﬁnmmetbm;sgnmonmomanmwgrcbmwhn myenm:prmm@bocmlat comprises

I.kal i nesearth .netal salt a carbo c aci d e
contifihg GEREH MR Reor s 58l GnaForlibe 2eptrnk Tondions to
redu€® Hﬁ@hteﬂt off orgaﬁﬁc Qi%i:ﬁl c@nﬁiﬁiﬂ@&) b Bi ﬁrﬁlcﬁoﬁpﬁ @Gﬂént of

conprises a netal salt of carboxylic acid, wherein

seleqteborganisl oxafserpmn@,]@@mdﬁ@s l@duqedrsucm&aataﬁ@ crudgrprodictihas anoxygen

o8l 3 SO B o PP B oo

of the @ngRid6hsyeeh cahtaimﬁg céRfoudts EORpERR aehRétalodalt of a carboxylic acid;
non- car boxyli c_containing organic 5 conpounds in the

(c) atlegstonesenipoungd| phthe Ogganig 0xy8eR compiing commounsls eapprises an
de f
ekl bt o CBBRUE ic ) ke heesf DA AR F I GHBAEE oxveen
containg@rdotnpounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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oxygen conpounds. |n some enbodi ments, the invention
al so provides, in conbination with one or nore of the
r conpositions according to the invention, a
wneai{tagg%%%(ﬁat conprises 10 contacting a crude HEdUSgP4/042137
one or nore catalysts in which: (a) the crude feed is
Ieascomr.t anipetind dfthebrgagie Vixyparecatitainligy coaipdhuii@d ConRbrises a metal salt of

rsi, tenperature foll owed by contacting at a second
a catlz% ¥ aqlﬁprwheeﬁaﬁpmet@&mspﬁgn%mpm metglsdram Column 12 of the

t f enper r \
PS4, 8 LG B b DR Ll G i
compemprbroeiatmmst PO afttlee cotete of heﬁdartmxyldmémitﬁﬂxg\urgdmc

A i 41 e i s
in tﬁe%ﬁr f@édiéﬁ gﬂ% ésl”ﬁ-aozﬁ ittt 248 o‘fg %111 ﬁ(?ccﬁﬁttz&%@g%} ic

| ower an the t'enper at ur e COHC

oxygﬁmmmpounds(c) the crude feed is cont act ed with at
t le

| e st one of the catalysts at a fir [ature
£ o TR SUBECHPOSRELS: Ahe- iV aRtion Al prgise-dfsambination vithpre or
mork Bﬁth@%&tlﬂfdd &gcoa%iﬁdng BScaifig§9 maﬁtérﬁftn?yfd&tﬂott%aﬂct}ﬁpnses

first contactlng tenperature is at nost
contaeting  ¢rudes Eesdiwith one awpregcamme irawhich; (a) the @0de feed is contacted

wit{ S8R o e o2uRE G ctbroafe® Rllabeh koo o psecond

temp‘@ittlﬁp hnmmﬁchhg B6ndifiGnire QoReeliddahuL e thas ﬂﬁfﬁrﬁl}'&htacung
t he crude f eed ﬂ)akes at least a portion of the

temprEitareds eﬁ%ﬁ(bgfe the seqond onteeting temporatures (i the crude

o e AT AP O G Bl co

hydltogcxt upthkecooumtiition, add dic, temperamire of the filseuptilkd donditidhuslg: least 30
ct.has a TAN o{_ at nost 90% of 25 the TAN of the

°C b eidha e fo ARt A g’EtSF?Fﬁldd%Ptﬁlﬁé’oP‘ﬁ%Wa (<) e frade feed is
contﬁét&ﬂﬂ'ﬁh aBledst B ﬁ’%@@ﬁalggt@taﬁe ¥iodt td) as ad}téil\ly c?ntactmg ata

product, and wherein thé crude pro
secon Samposres And Hie chHAMCting t:hmiltlmns ara Icomrmlliad spelo that the first)

conieieTabbageds 158 e A0 o BB R erit asplehag e @

hydibpen gases gersdetell dafing Sonta&iHd ¢4)aF dvidgeh ﬁﬁ@lsfgéﬁéﬁteﬁmhng

cat al yst subsequent to contact wth the one or nore

contaciing) angithe coptacting epnditipns e @lsepontmlleéaudt thet theicrude feed
ol Sl 34 T e S S oA i

first snﬂjsecenctscﬂta};xau end cbmaﬂmgt aftthe Wtutdh féelal&md\tMﬁﬂat Uﬁthlyst forms an
at dr oge enerfated at a rate |n
initgl m‘ 1%?6?1 e ERiAl crudechresuct baya LA ef Hanast 90% of

the T{N 6f Hﬂ%ﬂi&?ﬂaed( and ébﬁgicﬁgg gf i BRRELARE groq{'dﬁtiqﬁﬂ thf'§cond

cont acti ng, the’ crude fe I's contacte
catalygtdpmsoneriide aJtr'allycgtand whehsin thiecgrede prodfictdhag a T AN of attmost 90%

25 0 6306 CT|U52004/0 137
ot 155 of ¢ el GRpIRREGE) RIaTiR 18 B AT 2 Stacked bed
reactﬁﬂ lﬂlﬂ) ddnthﬁﬁn@ﬁ@péﬂf&ﬁmﬁ(iﬂtaﬁ@bhl?ﬂm"g%ﬁ reddi (1?thfe| C?Nﬁe%ed 1is

gas is In a direction that iIs counter to the f
contastedt\w&h & additipaalatahicst subseqasnt bf contest gathehaorelor more cata.lysts

e L LR R T —
an adglithsabesenirktinthé Preddhca & b hiy@Rakn Saired YisHse@lenftoS@mBRewith the

tenperature 5 and the contacting conditions are
vanagiyp GailysEq(o ydragen s gensrated afta nateriparrange omd "&Q ndmaé tubic

e S RN SRS e LGRS, e

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

—t
-
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crude feed is contacted with an additional catalyst,
and the contacting conditions are controlled such
W Z@@ %Jﬁ; addi tional catal yst uptakes at |east a
Y®¥8%%8: the generated ~hydrogen: and/or (0)PGHES2004/042137
crude feed is subsequently contacted with an

portivaidiftheopttierftad Aydokemand theconbiting chAfBhR4rd /a0 cdfiffolled such
the contacting conditions are controlled such that the

that g dlogyef the gapis inra dicectin that jsceunter ywihe flawiofhasrude feed and a
o SEBE RS 1 6012k PR, RS i madis cy

at a firsposperatorsamtabseluegtly withrm ddditnal caalyst alﬁ&tsétmﬂldttéiﬂﬁeraﬁ]re
onprises contacting a crude feed with one or

and thecopipeting condgHprhare cantrelicd sugh thay the fizst ‘@I@Gﬁ’&fﬁﬂ%ﬁ lgast 30 °C
low&%zﬁl the E?&ﬂﬂ tEHﬁ)eﬁd'ﬁHQo@?nhg@?géﬂ Eﬁsis E4Fhaa duﬁh% E&rﬁactmg, the

I ca-alumna, "titani conl um oxi
crudaf:i'@ades cemtacted deith an additional estallybte Bmd)fhe dobjactihg camlitdnsae

cont(@eapﬁépﬁ@%ted Catqu¥St and Ehg support i.s &o ogenerated

hyd:%%&@'aﬁ%r (O RE AR fREER sﬁ@s%ﬁuéﬂt@a&cﬁ@a&%d @n\& %@%ﬁbﬁﬁé t%atalyst at

ove 400 prior to sulfurization
a sec;ogés@mmenue anddhe sonthgtingsonditiats kreaxontrollél suehithat the second

[/ aor t t one of the catalysts is in a 20
‘%&?'f)étdl)e 15240%?% ed in the crude feed. In sone
emposhinieeSinbodiniéntd, MyEvimibnHlSOprBviags, Ciﬁ%ombﬁzatlon with one or
conbination with one or nore of the nethods or

morg, @fﬁb@ eshwrar@@moelmgs perording tntherinventionsa methied dhatjsemprises

c??&e fe%? eas gr ﬁo&rcﬁﬁzﬁésﬁseﬁ[w {ka?ﬁa% c?x{al)@ is% supported

one of
catalsrsnmﬂrtheashmwémm alunfiti, lsiliea} ﬁlmaﬁﬁlﬁzﬁhﬂ:ﬁ mmﬂﬂntohﬁie,

. Supported catal yst bul k nmetal 25 catal yst:
ETC%PFB O s THRBSTIT ARAS, RE MR m%@mmm lw sgpported

S g o SR, 1 R 5 g Ry

that hasdiean beatttisatebit;a tempetahise al;m;e 4000 pxﬁorctasallﬁgrmnom;t(d) a life of
| t Q00 f 0. 0001-,0.
e g T LY 000050, ) BB OE ok s

fmecﬁbé@or%furﬁﬁ&u?ﬁ{dd?ﬂﬂ@feea.am e, one or nore conpounds of
one or nore netals from Colums 5-10 of the Periodic

30lmmwmeccmpedimentis, thesinyerdioaslso preyides np eorgbinatiorewith one or
f h
w3 PR o SBRTRAAAD St en el Eompres

contﬁnihlg arsude fead @v‘flﬂrt s oﬁﬁbﬂe@dta@sﬁbi Jeast @ic BT tHelwatabyst is a
eof Eprlsestpine or nore netals from Col ums

supp?rt fi)catfa}?swea@é w5t and e supporigsh catalyst gp bplaneal

cataxga.e Zﬁoﬂ?hgem%ﬁﬁ{? '%p@%&% 5-96 of (18 p%ﬁ;)aﬁdrame, one
ab , O m xtures thereo as per gra

or meztcdinpetinds oHondo0N0k-10¢t6ls ﬁﬂﬁn COhR0M563-00 68 G Periodic Table, or

i 0 R W e At Do Hom B3P0

gran@/\& fdm W00(E -0 9@%@ 48 Rk 0P BRrOmetils RoRRESImnE 591 of the Periodic
Col urms 7-10 of the Periodic Tabl e, or m xtures

Table,ae v more cpmpormds efame on move metalefromt Goluming 5ra (G| therReriodic
ic Table: one or e co

5-6 _of , the, PerLi unds
Tabigof ndkuk B thefedL B b fppiiee She AMGof: e BB gb of the
Periobiad T gble, @neBrthore @8mipd8h& A onk O} nﬁﬁéfﬁ{étﬂ@ﬁoﬂf@olﬁfm%rl@ of the
metals from Col um of the Periodic Table, one or

Periqgisy Cable psonvtaes thetnos; (d) coroprisesona os mforometaly fiem Colahns 7-10
of th B&iodic ‘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 cat al yst at | east 0.0001 grans, from 0.0001- O 6

rarrvamS 001-0.3 grans, 0.005-0.1 granms, or 0.01-0.08
§r23?15é 61% one or nore metals from Col um 5 of qwmmms?

Peri odi c Tabl e, one or nore conpounds of one or nore

grarion®:001 9.3 grevis 66 dﬁiﬁ’brfmmfc rhétsls B Odlfinds# i1 of ﬂfe Penodlc

m Xt ures thereof; % conpri ses one or _nore
Table, ghg eomarercosponngds ef prg 9rinpre mgiglsdiory ﬁ‘@h@m%ﬂ@ of the Periodic

ogp t I
Tabfig PR BB £y ooBtifes IR o nfors RIS RO Coflnfls 86 the
Perioflic Tableabys br mi)feomlﬁpélﬁﬂi o0 ofic gr mose metalifforl. aalms of the
0.01- grams of - one or nor

00%59 1 grans, 2
Perigdic Jjable; prmixtyres thergoly g)tQ‘i’@Bﬁ@W ORE o TEKs] r@e’cabrféora Column 5 of
the PEHGC PO %rﬁ;ror%%sm])gu&[s Y8 o E?neft#lg ﬁ‘g&fb&ﬂ&nﬁs of the

or m xtures t ereo
PeriodigyTiableg or mixteres theremfe(ln)dIan =t feraamoCoktalyst, Dleast 0081 grams,

s B R o, SOORIY RS, SPLD '
morgkﬂ&él!; ﬁ%nf @&hﬁ'&fS of the Préﬁﬁdmpfdble, $h& Bt Rloré 88@pdiiids of 6 Br more

grans or 0.0 .3 grams of one or nore
metﬁeﬁanscohmm 5 Gﬁharﬂwmdlco'fab!@ @r Raxivos therfof) (D compesezsrone or

morg RefoiE BB Bl brab B8 P2 (bl ab bricBbrompeidy SF o or more
metAl9 fBfi SERniPEafthe PerioBiR Tible, '@iﬁhﬁxﬁ:@&m&%ﬁ (Pthas, pet me of
vanadi um or m xt ures t her eof ; (n) rlses ni cke

cataljigh from RHPR1-0 mremsnA0 b. ugrers) 0. 0@$-0nla gramsed. fOﬂ 0ed8egrrms of
one Eno{gnofe? ssﬁ&n?.% ﬂlln}n Fifie ?En{ﬁig: %‘8§ﬁn8x?éj5ﬂ§lo% fg:g)é)h]l&(riﬁ of one

or ‘m xtures ereo nprises no
or nonemetalsios Giblﬂfﬂn@tﬁﬁthe Periodic abko ommixtaresithdrese k) comprises

t her eof h per, gr talyst, from 0.001-0.
one gr moge @P‘a‘ﬁ%m Son g6 es the ﬁmﬁ@gc ‘&abl ﬁo?mén%cogweu@ffs of one
orn:ﬁ‘i?éﬁefm HFOATU A ATVIRE PeriGific TableUsERix § reof Qtﬁas per

onprises tungsten, one or nore cohpoun en
gram pf ¢rtadysty fremt h@d(Ee0.6 gr(ns; oh@.£0140:3 g@lmmfoéne:m mbxycsmetals from

cor R FE AR s S8 o R EPowhPhe BPoe mets o

CohGRi'P0 bf fhie FeniSdie T 4PN, Or iilkaurss théReT; GaY) Ybmp ﬁsésfva&ﬁﬁum one or
Perlodlc Tabl e and one or nore metal $ from Col umm

morg compurds of yenadivmpranixigres tiereof @) gomnﬁmrmﬂ@dmeor more

comég\ﬁl(ﬁ%kﬂ{gﬁellgg o Oers]zétﬂ%r%gﬁ (Sééoe sh{:@éa?rf %és ?go#lg{[%c%i@%unds of

cobabf, of InéxtRes itiedé ot (ﬁgmbmpmaemotybﬂamn CEHE UGS compomids of

nore el enent ro um 15 of the Periodic Tab e,
molyhdeRyiy of Tityrs %ﬁ?@m "@ a@r gragef eptalitofromd. 091,88 grams or
frond O%ngnglcl)@.gl% fo? xﬁélyge“ i, ce'Pa rQ hd%&n@nmoﬁﬁg O hmixtures

one or nor
therapdn{pbeomisrises tmgsteny ommnmiemm;bands Mﬁgﬂtmr ibxtuid thereof;

WO 2005/ 06 | U 42137 f t he Peri odi
® h%ﬁa@ﬁ{egfﬂa} SRR RO Blo0-3 s B it G GO tungsten
s %}mﬂﬂgﬁth@feofﬂmx!iﬁ{s% 011(961' ﬂbf‘et HERE AAR®Mimn 6 of the

has at nost 0.1 grans of al pha alum na per gram of
Pen@h@ Ealylgtand anel pmc(q/metaés;fram Caduamn 10.¢f the Bensodi¢ Tables wherein the

o {3 FnR Con 07 b Bt oo Cotummms BT i it oo o gormgses

one émharecbﬂezhéiﬁs e OsienaY 153%@ ?bﬁb&le TablC OhélbiBhokeotiRunds of
[ nvent| on, a method of formng a catalyst conprising

one grgReNerAlemaends Somfoelumn thofithe Periodio Tablep omnsxttlmfﬂwmfa(ﬂ has,
per g?éiﬁ %95!11/51@{, ?110111 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

27



10

15

20

25

30

m xture, wherein the support conprises theta alum na,
and heat treating the theta alum na support/netal

WP] § @t a tenperature of at least 400 C, and
arther conprl sing: (a) conbining the suppor tEGREY3004/042137

m xture wwth water to forma paste, and extruding the

of thedReriedicMable) pr midttatesithegresf) GhpphdsphibAR, 6hé Jiﬁiﬁéretcbﬁ@bhﬁuk of
ho bum na at a tenper.at iLe of at | east 800 C, and/or
PROSPETUS, IR P eliﬁﬁ’é @ahay fanost Ol grams of plpbaialming pen gram of

b 550 458 R SSTRLAE B0 JAINIEORR
i nlesameembedimentspihetitrantion aisoi I:ﬁ'e&deg Qﬁb@ﬁbﬂnﬁ@orﬁwﬁh b6 or

mofegtglvmg{wngne or mt.e catalqysts in which the pore

TSP fe BBP?IBHO%PO%% fwfef I%Fa*é’tths Hzéfeahomr?énetap@p%qr@lnga
cata} thcé)trr( 90“% I eggt east n%g%ﬁg 1%Qlflél sugé?rbfmetal
mixipgy vmareat the eamorta@mm;meatthe’malbmﬁﬁﬂ afAd haat treating #{eGhdta alumina

vl e RSB ol o

biahgith®
it o e g 3

(b) Ob@#@nﬁtb&we%lwna(hy)h@t treatingoduminacat afteraperntas of £0easp 80 °C;

s ﬁ t | t 100 nR/ t | t 120
andjﬁlﬁ(fj 5 gas‘%) #%bghﬂa S?SI east ZOOger;ag g?Sat
I ehsiome&%bddﬁﬁﬁus,&hd rixﬁfenﬁdﬂ aldo bﬁi\ﬁcﬂesVﬁi doTRbiRAt oA \;ﬂﬂQ bne or
t}eg sof at least 0.3 cnB/g, [east 0.4 cnB /g,
moregf th gs o copmpagitions ageoriingd e mvmvgamqth@bﬂmt comprises
contzﬁﬁﬁn% Q'cﬁﬁ%tféed ohB%§ Hfo!ré’@at?ﬁ §th Btvﬂa\ﬁagﬁféwoags%? distribution of at

ination wt one or
least operphibie catalystsdms:(adla nuedian pdre diaiweﬁofan leagt 60EA ddedshad A, at

s SR e A TS PN o 55 e o ok A

ina ra@gmm:ﬁ@e-lésbuﬂm 109- 140 Al 20150 B Q@o-@kb'?&dﬁﬁo sbbt}@@?ﬂ'?oo A;or

zi rconi um oxi de, nmRgnesi um 0Ox
60-3Q(hé; @)ﬁt leasi §0%r ofAbe totalbnuraler chqmnmhama garentiambtonivithin 45 A,

35 Aat%}%SOA tﬁ‘?iéé @ #?r@&iﬁg%%ﬁ&ipgpﬁ fad? q%gga.ss’y %g }g, at least

90 m g,&ml@ﬁt mmpﬁbg,t at ledist | BREE/gDaBlelt 25D us?vg, ai 1&&@% /@ or at least
conprises 30 al pha

het a_al um na ; t{x
220 niyg; H&r (‘ééntﬁﬁl xolummeef allyef the peres of ﬁhlea&fﬁe'i@ndg,mwwat;04
cmW@%tIEhﬁih@&n‘i/g%%ﬁm{é)/ Pla%u most 0.1 grams of
per gram o ppor

al pha al umn t. In sone
erfheoieembsdintents, theiantition Adceropidey,iif @mbination with one or
e of the nethods or

c ination with one or
more 8§ Eﬁ%&&%‘i’%& °8E’é°8?ﬁ%°ﬁ@ a‘i%‘r[iplﬂe tq thedRyangan, amethed dhalgpmprises
contabiigfd daille fedatwith did o fASre3u 61?ec§da¥£%%é i{f) W tth@ Qun‘r}?ﬁow @

a nedi an pore di aneter of | east

comprges\ AWDIpe 5 iGe &@eaﬁﬁirmummmmaa znmomunpmﬂﬂe, nﬁetgaesmm

omdetata ysFé: "i%o g%é %}tg &égg@?’}%ﬁiﬁagnd th vanadl r‘«g@lta
alumipayr(e) h‘hs;’ipmtgﬁm @fs &f:lrﬁaﬂeaﬁ(h dzﬁﬁﬁgf%g ?d)‘Has per

metals from | urm 6 of ePerlodlc Ta

gram gFSqPBP@ 3t doasld A @sams onafdeast 0ifgrams o thetasalfmina (Ee) mnmxﬁses

i, RGOSy ot ok SR B g o o

most @b erams Gﬁuilﬂlalmﬁrﬁhﬁﬂeﬁ'@fﬁl@@fwﬁpoﬁ of the Peri Odl C
T ble, one or nore conpounds of one or nore netals

SRS Ty bRilients, the dnveatipn dlse provides, in combination with one or

more of the methods or compositions according to the invention, a vanadium catalyst that:

() 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

he net hods or conpositions according _to
Wﬁ%\@@ﬁot% 30% a crude product that has: 10 (a) JC?MZW’“‘”B"

fromat nost 0. 1, fromO0.001 to 0.5, fromO0.01 to
a sufpot, Msubpm&nﬁﬁsmg)tt&tdaluﬁbﬂa, ahd mmﬁdwwyﬂm pore size
f the Ikall met al and al kal i ne-earth netal,

distrihutign vith 3 me @p@é@@eteaef pldeqss pO gf 4P) GsmpriaRane or more
meta‘H ﬁ'giﬁcéoluﬁnﬁ)G cgci 9991%63) g@gﬁg? e Wo%g&ﬂocﬁfe ke

crude pr o
metdiajﬁ'oin@dumhzﬁmﬂihé)ltergrchﬂﬁ‘ ablef orahixte@s thepsud, afd/drf(d) has per gram

ts ra crude product, 15 I.n sane
°f°3§%%§d¥fﬁe4ﬂ§%% Bt tonie ormatesme 1g&splurp 6 of the Periodic
Tabl6 O8He! d?3hdre ao&rgm(ﬁ 3¢ oflE or mtald BEmEIINRES &¥ the Periodic

conposi tions according to the iInvention, one or nore
TablaJdtamxtlm&breof salts of one or nore organi c acids,

or_ nor e ear t al I ts of Qne or
e o arlian BIb Pevides, i, freinatiap wijh one or
moré ﬁatﬁ& n¥tdelr E&ﬁp@:ﬁ%ﬁ{s‘ acE&dMeStoi thie iﬂvhﬂﬁéi{na cr@&%erwt%at has:

pot assi um and/ (b) at |east one

(a) aﬂAMﬂma@a@sﬂQ hﬁpai ODé torﬁénﬁ‘gmﬁrﬂbto OZDor,ﬁmmuaﬁﬁ tolh1; (b) at

e A T A Y e —

aclds:paﬂgmn of @mﬁe PERREK ()t nfost b @00@2’ %ﬁ!ﬂs@f NifV/FelpeP gratrlaf crude
Wi

ses contacti ng a crude th one or nore
prodich g/t (@ a@aﬁsr than Ograms o less rﬂm&m gress, phat lgat one gf the

thod further conprising: (a)
catalgétrb]'gl nt ng the cﬁﬂﬁieﬁe'roduct with a 25 crude that is
L :11:11 ?maeemgmérfite, rteerinviention alse pﬂfvtik}hgs ﬁﬁm;mbﬁimﬁo@rmirt]laone or
syi table for,, transpqrting; conbi ning t ,
more gt fhe ol 8% CompaFitionts AGERTOg AP thes i Fasiash Rie f sore alkali metal
salts @F Bﬁ@éleﬂbre JrEAR 5di&s, ShE O rrfo?.'@ SikhBnd- ?xe@l $018 of one or more

suitable for treatment facilities; racti onati ng
organip acids,rardeixpiresdthereof lmdhlgh (@it lfeasa@ne oﬁeheu aticplit metatsrxs: tithium,

sodfBh bl a5 3 e Pl U ine B bR i Bonesiym o

calciainstil | ate fractions. 30 I n sone enbodi ments, the
i nvention al so provides, .in _conbination wth one or

rotiesoate enhodiraemie, dhe iswentionase providss dncerhinsiionvitthene or

t
mord s R SO PR Aoy s
contmtmgra eeudedeedywitlronodr moppeatalyst ty prodogy 4 Bﬁﬁl piishichthat includes

s 8 A RS g i e v

i S ST e A o

transpryéing; (bdeambiningrthe cmde Ipeoqwt Wh@fcrudr;ethptnﬁ ehfssanm or dlfferent

from DI Wt e Gitevicto? u il PisTlesty§F Bbotipnaring the

crudedproll@ASind2R (ﬂﬁﬁ'&tlonétﬂi%]ﬁz@ FRdeSREARA tt6 'onBBf Mo EidliRate
from Col ums 7-10 of e Periodic Table, one or nore

fractipningod ensiueing dreasportation duekStom &t Ivest pneof thmdistitlatefrastions.

0 5 A s B85 T gy i e o
moreBﬂheQdethod'sS&rl c@mp@éiﬁoﬁﬁ acd@i?dlﬁ%t‘@fm%\%ilﬁoﬁ,f a §ippoREd BRAISst

met.als from Colum 5 of the Periodic Table, "or
compﬁf,ggpﬁ,tlgg (a) has at leastO 3 grams or at least 0.5 grams of theta alumina per gram

O

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 fromO0.001-0.3 grans of: one or

nmore Colum 5 netals, one or nore Colum 5 netal
WO, or nmixtures thereof; (j) conpri seFHESIgP4/042137

nore netals from Colum 6 of the Periodic Table, one

of ab leadtR3I00K A(eF BaRPpGIe YolmewTeheiors® bE thEict sizé dizEriutlow vt at least
69} the Periodi¢ Table, or mxtures thereof:. (k )
0.3 cas/e g5t legstdhf e /gaiibhasysurfaceee af @bleas 6 g /g ok ableast 90 m*/g;
. - ' . q t
@ S50 0 P By OB IO DCRLAT, S0 Gl mre
compoanéndt oner nomeprctaefomafudnkinns¥ - Hhef the Periodic Gableo unniixtures

of .vanadium or mxtures  thereof; (m .conprjses
ﬂle‘i‘?ﬁf;;@o‘é’ﬁmﬂs%ﬂ@ erm?mez@t%-ﬁsea@aﬁl%wﬂé i Tehle, one or
mor® cohipolRdslor oglg%i' e mefils FAAROISER §6‘f‘tﬂ§§’ﬁﬂodiepﬁb@ or mixtures
mor e “conpounds of tungsten, or m xtures thereof, (os

thercofyi) has pergiaad of catalyst, dromr 0,000 b-n gramsordiom OLH1:0.3 geams of:
m_xt ur t hepeof: and/ or conpri ses ni cke one or

one s FA0tE: it o el ARE RE ot ol B il oqBIeOBRS, PR ages

there6% 00 coM@ptiSes onb %r kRYEmbial Tréth €1 14A\E §€the Pefodic Table, one or

conbination with one or nore of the net hoo_ls or
motg SAPPoImdsay Hng et ogt mgtalsdrarh Eolvmart ¢fithe Periedia dgble, or mixtures

R b e Bl 9 B g 0 ¥ o
one@i aiore Col@iiPe fietdl§ bne 8 mbRACHUMIDE Mefdl ddEpeiinds, or mixtures

h%éirocar bons with a boiling range distribution .
thergl; (i spmpses vanriymoone xmage ¢ermpRPRds ef vanadiym, or pwtures

v T —
thergd(;) gw?momﬁaﬁ@eﬁfunﬁd%ﬁs e mginalte dbpﬁﬁimwg’af ;Lu_mgekeﬂ,t orlmiatngres thereof;

. r 0 rocar bons, wi t oi | jng range
(o) SRR 604 OB PRABRHY CamPoRds A oBBBH T AT ephelnes; andiy &)
comppiSesPicke? He ? ngﬁ‘g 501%12@1% 6f nickés iof @%M&Qﬁ&c@fr gram

of conposition;. (d) has, per gram o onposition, at
| ednsome embodigrentss thsrinvemtipm alse pooditlesyimnembination with one or

i »and/or (e). has at.. nost..0.00005 grang of ps
muor o SR o g RS Ja st oA gtns PO fon tha
(a) @ RET AN oO i MBS at b 013) UEMbED3 Ab1SA nikssPYi1¢ El?,hais,rper gram of
conbi nation with one or 30 npre of the mnet hods or
compgRiam;at 1egpi0. Alcerams phhydsoeaskons with i beilingrange distribution
St | h i 16| C t
b G BRgOoE ot LIOT MEE 3 AR 00T R B B By i, or
leasti0.f1 grdmst afdrydrichibohbhwithedodingrange disaibrition b@‘fWee?t260 °C and 320
e from

°C 25§13 %S ane ol S3001 amma iAo aspontaith s boing ot
distinaiTRREwdh 320 “0eRR6589C af9. 1M1 MIPS @Ph&Y at 143106605 Blams of

the total nunber of pores In the pore size
basig nifragen per gramivf\eomgositi®n (I¥haaR5 fredlHiomposition, at least 0.001

PCT 2 42137 re diameter within 45 A, or
sranic Ve 00 s o B Rt R e nes oy Lo g@aarts of toral.
nicka) &d whaditiml R gtand fcoMogitionl | east 120 rn2/g, or at

| east 220 nP/g; (d) conprises a support; and the

suBbanme ehpdimests, G unviention albo pravides, i exmbinatinnith one or
mor bt A8 1 om0 i 0 e RS A-RELSesion
includes enéred mbfe datAVBLS ahdhtUBRE offc éﬁmfcamﬁtﬂii)i lﬁafﬂ laGofedike,

. qne or nore caonpounds of one or nore petal's form ]
distrebgptionrgthihg megtaninoee diempteriof; atrlgppiel 8004, gtinxesti 58@ A, and/or in a

rangk B 90-186 K), 166184 '/l? ¥20-251F A9 fb)'floarsea e i#h }Snore 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

Table, or m xtures thereof; (g) has, per gram
W@“@Z@Sﬁ? at |east 0.0001 grans of: one orﬁ)%%‘m’“‘m”
Col um rret als, one or nore Colum 5 netal conpounds,

pore]dlametcrrwxmjﬂﬁsA,t 359A9@f25 Afb}‘ﬂ@mdiaﬁ@sr@manﬁterr(@) Bas a surface
sfrom [ um 2t he Periodic Jable, one or
area b Loas 00 GFed ablons 120 31/ argr ot I6BR 20 H e (0 RAHSeS Agfupport;

o B St T o, U AR Bl il i,

magﬁ‘cdmmmxﬁienﬁodiﬁes andmﬂn?_rmm teréuf} (B)Rompris¢seénecsr o mJTﬂals from
or t hereof ;. (] conpri ses one gr more meta K

Colutppsi-¢0 O e PfG}O%lFoftah]é ﬂ)mrda%e ceqmraunds Lo OF P mgals form
Cohﬁﬁﬁ@ﬂlm@? ﬂﬁfPeﬂﬂﬁc Q*abfp&emfﬁﬁr"éks ShedrE AT Ay RbA ?Hse"sqi(xié for bllfte metals

Periodic Table, of m xtures thereof}”and
froncGalurirseef the @emdwrﬂ?aﬁe,erbm mmGrefqompoGnﬂmrffmionmﬁore Imgetals from

Cohfgih 1 3% 1 PG sbinr Porcies Eieaore a) dunor gt of byt at least
0.0001 S48t bhesraRbre ddlht’f]ﬂ 5théals SHROSH xH@f&t@olufnﬁa%/ ﬁiﬁﬁf’c%mpounds,

from specific embodi nents of the invention
or mizxses ithegeat) () coraprises one br moremictals ﬁnmo@mlnamt Gofihe Padodic

i.n [ For ex f eat ur
Teble o' ik chRpof BT ool ey o Tliin Bt Bifocic
Tablamt mixturtHeRFfEy has) rﬁw@rm:af SatalyBt fftllédshﬂ 00O BARYEMbSe or
crulde products are obt ai nabl e b&any of the nethods

more, &g %I@rﬁls 8B ef INpReC m.&rne compewndsherrmixtures thereof; (j)

com peci | e Iggrlg'&welgescrl eﬁoﬁ%wﬁg’&%%@e

comPRECROPINEN ibre TitdEal DRAMY ‘Bﬂﬁnﬁﬂlﬂiﬂf ag%noﬂlctmm b€ fExiures

thergf St GmprisEH R TS ele@hsnit IO (iojomeh 19 e Periodic Table,
one §aHi6fe ddhipdindtE ole Gf‘mb?J AERBLE ﬁ&% U&ﬁnﬁﬂ 196F HERRGAROT able,

drawi ngs i n whi ch: 1 1s a schematic of an
or miiyss theeaeof. of a cont actl ng system FIGS. 2A and 2B are

i R SRR BBl or it i g imveition may

be cdtiBinbibRNA 4¢40423d Bdm dfiléffé-mb%&qrﬁ&ﬂs 3Bihrriftvéafion "ok Efarible,

enbodi nents_of contacting systens that i nclude three

featgesfrors ons gmpeiment ofthe inyentionamey he wambineds wigh features from any

of the BRRIEABAlinRhts? Separation zone in conbination with a
contacting system 5 FIG 5 is a schematic of an
e nhnﬁirﬂrarmnhlﬂlmemst endiepgodieteare wbtabidhile by amyofdhe inehods and

: on actl stem FIG 6 is a schenmatic of an
Sys e@]’?ﬂ% ‘a conbi nation of 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.

31



10

15

20

25

30

contacting system and a blending zone. FIG 7 is a

tabul ati on of representative properties of crude feed
055‘**3‘?6 product 10 for an enbodi nent of contactin

the crude feed with three catalysts. FIG 8 i sPGl/US2004/042137

graphi cal representati on of weighted average bed

te ngm&tsm &d/3B sweschématips bf einbodimentyrof aontacting systérhs Biat
- nt.acting the crude feed with one or nore catal ysts.
mc}ﬁ"(f)j&t‘hrﬁef WIgZARSH i on of representative properties of

Cr UBKG. 468 d saidhnatic\Wian Bﬁﬁgaﬁﬁeﬁ% bes séﬁaxaﬁgp gﬁgﬁpﬁgﬂ%on with a

contacting the crude feed wth two cat
coMagpting syfieiiher tabul ati on of representative properties

of feed and crude, produc r..an enbodi ment of |

o onTIO 35 B SFfkaRP of at PRbodiientSf o EhdiPE £ i cpination with 2
conitRtiig kygpsthat i on of crude feed and crude products for

embodi nents of contacting crude feeds with four

di f¥I&r &t 2 sehematis of ey imeft 6 a denbigationgifapsepardtion zone, a
t] P-val yue of crude products versus run

cont| mgﬁgﬁo#agrpg%%%%’ of contacting crude feeds

wi tFIG. Glis a tiblulatiog of reppdsantitive H6pEeies of drhde febd dndl cRude product
P %;grggl al reforesent ation of net hydrogen uptake by
or o‘ﬁ-g’éﬁ‘s" \Feptagting thgsrudefeed with throoeutalpss s of

co ks L\ i fferent ,catal yst

;g;??ﬁg 0 glpleR fepR el b e Bl o Bt versus
length of nudor amembedimentofesamdtingitherngletfeqiewiie 6118 @8 md2é catalysts.

crzﬁﬂg ?r.odyag]t@gver us run tinme for, enpbodj nents of

contdet 1y @n piepesenaiivg RIRPaTHES ofrydedeed and crude product
for @pérabodithes6TicBMBetidg e chtrde foedPwih ﬁ?@baﬁﬁ&%‘?. or ude

representation of change in APl gravity
pr ddeiGis apethertabulation pfrepfasentativeoptbpertiesofadrude feed and crude

[ rude feed with. four different catalyst
prodiSE 2 efiolihfent bChincfRl i o P nilbany saruKtbr
ox Ri@n1 cisni teilati@rdfcpsdesfded fnd\GuadbrodfetPfir “é%ﬂlﬁcﬁﬂx?mnﬁfof
crude oducts, versus run tinme for enbodi nments o
On%mﬂ%ﬁ‘iierée‘gsﬂﬂ%f%é@m%@mﬁbwﬂmf erent catal yst
sy ol ' ' f srepresentative .
o onSr ise depotdcal ibribeh G, BF b A of R RRFQNR s run time

for esmhtpdithentmoBcontacting tadt ifeeds With fouridiefefenehtathyshsyRing, Y St
a nol ybdenum

sy that include various anounts of
o FIF B8 5 4 RmphicaL FERiRsGHARoR &l 92 Ay ormEe Upteksn by kipsle Zosds versus
run e f&'&ﬁ%difﬁ%n@@@ﬁéoﬁ%ﬁgg i lf%]égg g‘gér{o fﬁéﬁ%ﬁ‘&eﬁ Igglralgfgf systems.

incl ude a vanadi um catalyst a enunt van
caFlFyldis agrphidal teprgsentstiotbetigsidud-td@tent,@xppessed in weight

' ti f de feed d d
perck ) 8 88 ool RGP i e s gt e
withbiidifferentdatdipst eyst@h@l ysts at various liquid hourly 5

spﬁ velocities. FIG 19 is a tabulation of
pr ﬁrltsi 138 ghAphical representetioraefrhengeio ARl @ivitysof aude products

i . ' f . [
versv.gs'gﬁ? ggr{*éf}ﬁg &tng%@?gt% 3»? 'gg&gcu%rg%ﬁg cudE 8620 itk Bl X Ferent 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 a catalyst system
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Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
b’mts t hereof are shown by way of exanple. in.the

ra\?\ngngs. The 10 drawi ngs nmay not be to scal efq'f{mszuowmzis';

shoul d be understood that the draw ngs and detail ed
thatdmctude pranadivirheatslya and @ nislybdentmtidaaditng dataliét, adibwith glass

[ nvention to the particular formdisclosed, but on
bB""‘%She contrary, the intention is to cover all

no g i i : I t [

A L e L R R e R
embadinatets ofadntagiingerude freds with onk ar mere dfal PET At L&ridus liquid hourly

DESCRI.PTI ON Certai n enbodi nents of the inventions are
SPAEIEOFMFE herein in nore detail. Terms used herein

ar gIgef9 ReAdaRgadd & rties '&?RM& fE&fs@hS ok BBALG S for

St andard Testing an terials. "APlI gravity" refers

embpginepts efrcantactingerudSfegds & vasiousyontasEing temapératuress as

20 . ned..by. ASTM Met hod D6822... At ani ¢ _hyd

oo A R0 o i E0F bl B o,
speci fkeemBotimehtd ThePEdftes SHORHIS waY 6 KA ifltHE BRRviAYs. AFHM

Met hod D5291. Boiling range distributions for the i
draveipggiaay setcbe tp seale.olt shoyid e understapdithet the Weawingdend detailed

o e T e R i o ot
but @sthk abhteare,sthe aéntivhds towvetdl] RodificRgoiisptfuivAlents and alternatives

fau.asggﬁt nes ., content | s as determ ned by_ASTM Met hod
R HED thespighandscape af ths preseatfinyentipn apdifinnd bibihe appended

claiigt al s of Colum X of the Periodic Table and/or one
or nore conpounds of one or nore netals of Col unm X of

DE )] PTEONe, in which X corresponds to a

co . nu r (for.examle, 1-1 f the Peri odi 3
Tak%ggnﬁg}rg% %‘?ﬁ%f,tﬁe t&yeﬁwserq-@saﬁ?‘(@)hﬂ%ﬁammﬁ §etaﬁe Terms
usedHerdi® bfe d¥Bhad &s follewsCol umm_ 6 of the Periodic Table

ang/or one or nore conmpounds of one or nore netals

f r oS EM usfersto Ampenigpa StandartTesting phd Mategiglsirm X

| ) "7! f - | x
of “TELEaRly sBrEitabPaRhe, 1 E A it
detemiinedey ASTWDMetleddDess2s of Col umm X of 33 WO
PCTI US2004/ 042137 the Periodic Table, in

2005/ 066306
WhREIIR Troees pereERiagsAnd asnigeArten peeeniags of therpieteed and
the c%tliﬁe];ﬁ%dd(& areta?ﬂ eﬁﬁin@d'bg rf{&?@&(%&ﬂtﬁ&f D?mr:rpl e, "Colum 15

el ement(s)" refers to nmore el enents from
CoBonling 1éngefdisttibutiees fardhe ciidb feed athel tatal producty amddorethe crude

C oun of, e ts, from Caol um 15 of
P"“P???f‘p%%‘fﬁ_i“d@éﬂﬁ%&ﬂ BT D30 lens ffvéise mentioned.
apytd aphdlRnes ™ Wefes Yo AphakeAR Rt abd REILRNE iﬁ:i‘khﬁﬁé.ccs asphaltenes
Tabl e, weight of a conpound of a nmetal fromthe
contqnd i5 a5letermiisddy ARTMHvletbpd BR0@T.enent from the Peri odic

oA A e RS Ao R B

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 Mo3 is used per gram of catalyst,

| at ed wei ght of the nol ybdenum netal |
wﬁﬁ%ﬁ%%' Sl%é_’r/{lﬁ%woma?

is 0.067 10 granms per gram of cataly
"Content' 'refers to the weight of a conponent in a
the Berfiwtic Talde(ih whielk X opirespoads toudeluhie admber (fort adample, 13-18) of

the PR b PGk mipipis o BRI SBARLY /e 48 ope pore lements
front€lofiltin 95 of (B8 PRHBALTAR and)tk BRIbr fnBfeiodoAnBRts Snotf more

mllion by weig Crude feed/total product m xture”
elemestefremtColume lﬁlcbfﬁ-]lﬂ’RﬁrlUﬂEIT&bdmt acts the catalyst 15

d t

i O Bk 855¢ B i< Shatieioh pieht 5 oL iimdfe B¥IOAE Toolge Seigh
of alcbmpdenddia faefab Hlmthe Rbriéllid FabIN Reighl $lan! dlthént HRM B! Periodic

is as determ ned by ASTM Met hod 307. "Heteroatons"

Tablep pewsighbofagayepnund of aw glementfiomdhe Berigdig Telbla intalainted as the

weipior B S bt woiftk oFelethl” Sortahpl I €F BERBN Moy s aased per

grafr 38 bathlyst, ﬂie)c@R:ﬂlatWﬁghtf oftthé ﬁbgibd&hinﬁ feed in tietbaldhydPis 0.067
for sulfur 'Total basic nitrogen”™ refers to nitrogen

ErARH AP NG S festalyshave a pKa of |ess than 40. Basic

ni tgg%ﬂ;&ﬁ% the whibht HFd Gliihdteth foa g@?%éééénvﬁéomga;n&ﬂe, a crude

D28 rogen sou

feed; mqnalerddm}u,djrarcm?prodmxg)se@mnehd %&M@hiirﬁacnoh beweight percentage
resence 0 e fee t he, al yst react_to
bas%‘r éotﬂm@g % ufb ‘rﬁg{&z@? fefers Wepats e nion by Aweight.
hy d‘t?&ﬁ!fe%tb”teﬂ?r&ﬁi%t ﬂnﬁ&{n‘éd ?efe@ % tliesmlrkﬁg‘c % the catalyst
rocar bons such

hydrocar bons (for exanple,
during prasessings, et hane, propane butane) wat er, or

e e B AT GOl en 200

°C (300PRud (333 “C6501eF )Gt 0001 Ryl DiRflatk cahte 9 b8 dGtetsibed by

strength” refers to conpressive force needed to crush
ASTMM P‘§/9t5 07.7) at pI ate crush strength is as

\Ollglt“u ne W iquid f r gt'@%é’r ax}dé(irgﬁ vV o ﬁﬁé‘q{ ﬁl%émdemﬂar

struﬂateaif)ﬁshydml:aﬂ)ons He&x@artms eshtert if mﬂaerﬁﬁnetd) by ASTM Methods

38} Jeiyen. JL G PiR) BDRE AP LHORG L SRR Lotel sei pijgeEen”
refef86 itfbger ﬂoﬁﬁ@&%%ﬁ@@@pﬁggf H&z&ﬁéh@ 4%3@2 mtr&dcﬁ g‘bﬁ ") is as

mxture s to _a conposition that includes
determined by Il ddethtxh D289 | i quid at standard terrperat ure
Lessure erei nafte ferr

and ﬁhf_(,\ gLl S ‘(,ea rg)ghsptgé}ya{ogﬁn,t or ;8 COmpaLn c{gpcﬁor compoun(c)is that
whefi Wﬂiegﬂéseﬁéb &ifa Qide fREd BRY Be CHABRILRAS tb Bﬁiwdealiﬁlrggeﬂ% d

at STP with one or nore conpounds that are solids at

compmymd(s) in fherqredsi feedraf ihydrogen susce may inclydsy betds sotilimited to,

hydREPRETE St 07 CPAG SR8 1D at. oS e,
butane), ahtes adrmxnfresxhaa@fr CA atksibalanicefngdy Beccoalilietkd to@sisésk She net

al kz}l [ He earth peta
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 2 volumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (&), 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, chromum or conbinations thereof. A
content of netals in netal salts of organic acids is

W%Sz i ned by ASTM Met hod D13 18. 10 "M cro-Carbon
eg?%‘?ﬁéw( "MCR') content refers to a quantity %‘fcl% 2004/042137

carbon residue remaining after evaporation and
py r'diiquid mixthred refetsstoaactompokifion it imbides sneor metedompoadds that

B Mg o B SRl s

99, o g A e o

are liqyid ot BEP withrone or more\cerkpounds that diewolids atdTP. or
cond) . Lhereof ., "NiJV/E ont ent." fers to the
conPelib e BISK e Kiriasi Tablas spreitoh Y Hetnlsmetion
Uniﬁmefm{e.anahgplﬂzd Théiist9 (UPAC), Noveméed 2031 ned by ASTM

Met hod D5708. "NnB/ nB8" refers to normal cubic neters
of " iedalp ity metabsalts o prganistacisisy crfer toadkaliznetals, alkaline-earth metals,

s - VAN Al Rl NG, or gany X n ounds"
zinc, SR8E R, br CARDBARUIUAES N Sl 48 D EAT BORAS st of
organtcrdmﬂsyl'_ 'hhs:d(temedbngsg‘MM‘m fod] I:hgz(yl i c cont a: _ni ng ;
organi ¢ Qxygen conpounds include, but are not limte
e arbon Besides dr

, t MRS comterfiisfess to %thﬁﬁm of carbon residue
remaining A¥eP eva5lalBf and ﬁkgi;’rgﬁqﬁ‘%l subftratd nﬂd@ it i AHefPhined by

whi ¢ch do ndt have a oxyl ¢ group.
ASTMMetbohB4F3bl e gas” refers to conmponents and/ or

m I Hf .coomonents that are gases at STP. "P
(pe PP@ﬁ? i SRS o, D CRMPONERYS 9‘9‘3 odlingrapgsdistgibgtion
betwéah B8 CCWHOGF) 2881200 eot(g% ’;}f) at bliog Mﬂ’eﬁ‘_tN%ﬂgaﬁ&gﬁ_ﬁﬁt? ﬁsei%f

asphal tenes in the crude feed. Deternin

deteymiped by ASTM Method BS#hy J. J. Heithaus in
pop TS I a8l iR Vet iR Forlor SRR dhere .
e et et
therqof dhe NV eontest i brdstermined by ASBMMatbad B0, and
POFRY R WersdS ndihA rcgft)ig ngeta¥ of‘gM%flﬁg qnetg%%t%éjdf Iﬁsd

(mercury porosinetry conta angl e equal
éc}r?}q%n-gmbzrlﬁ%lcg?gt?a}mﬂg ﬁ@énﬁ&x?@%ﬂﬁ@cﬁﬁﬂé’ﬂﬁfm tlo organic oxygen
i, nst.r unent cr ritjcs_lInc.,. .
compeiindy ﬁ%"g ,90 PAJAYE 3 caroxylie (f&ﬁﬁ-} %Hé‘Pu ¢aboliic cantaising
. i n f . -
orgahid %i%&ﬁio&%un&ﬁﬁélhﬂé‘,ﬁmt ARt Brdifed ngﬁ%‘? @%% O%?JB, E&?c\aﬁgols,

a boiTing range distribution above 5
aromgtie alcpholadetppen skivh dashotcobsgoations theB@FByvhick e mst have a

i%ﬁ cubic feet of gas per barrel of crude feed.
carb u?%g%% area” of a catalyst is as deternined by ASTM
Methiaslcéidleisible ghétheférs teEsnpdhedtslaBl/Ak nikiutbs 0 E8BPonents that

expressed as mlligranms ("ng") of KOH per gram{("g")
are gazes@bntPe. TAN 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 C 10 (650 F) and 538 C (1000

“@eztoﬁ%%ﬁ% 01 I\/Pa VA0 content is as determ ned b3i ASTM
307. "Viscosity" refers to kinematic PCT/US2004/042137

viscosity at 37.8 C (100 F). Viscosity is as
instel@ient (VivesneriticsdndSNtdibdshGeorigid §1.S. A hipebe asedas Hetefmine

this application, it is to be understood that if the
thesg Ypiygs.obt ai ned for 15 a property of the substrate

ot St onphiTiid 48l b PG KngP Rlsifighifove 538 °C

(10&(13‘?() ésdetesmnhd@yo‘p&Tlt/IyMeﬁﬁoddﬁOﬁay be produced and/ or

t e NCEBS et a it ublorast Gl 6ep BRI AL T Tood s
ar @‘SGﬂH&rﬁH’Vof%‘Ea{z{ﬂyst detinifthd by@@S’i‘MMHh%g']jti’,g&.

Stabilization nay inclu but is’not limte ,
r erfdAN"” mfermmwmidadsrmlmw exXprgssd a5 millipams ($migt)sof KIOH per

gmg?‘n%f’fltl Oq%rté‘g 58 E‘ﬁ%&&ﬁ%ﬁk&%ﬁﬁ@%@n occur

at “VBO'Pleers E@ﬁﬁr&&rbdrﬁ%ﬂ{ QE@%F %ﬁe @%ﬂsuﬂoﬁtsafvbeeﬂms °C
StabiliZed crudesbé/ i cal ave not been
4.

te.
(65‘21°1"s)tan11 P38 *a k) “H) abR41 0 yVquntelnw agdetgrmined b)‘ ASTM
Methb &85 t facility to produce nultiple conponents with
Specrfic boiling range distributions (for exanple,

naVideasitycti refekd dodigEnatiéGiicoite é1037 8 o0 (1 00 NYiRkbkis) is as
Distillation includes, but 25 is not limted to,

de teamm@égmas AS TV Methed D4dd. et hods and/or vacuum
?ﬁ el B {e%omﬁ%gﬁf H.dﬂ'ms ltﬁlﬁ&l@fb@d?lﬁat éf the value obtained for
r l'ze

actionated st crudes may I nc
a prqmmmf ¢t substinate tdstedds autsidlanth dlmﬂswfﬂmr testimoastkod] thentest method

uant f at ],eas of conponents per
may %& CFE‘?‘@ Ti&teﬁ)tf §f iBFOREEY- cr udes i ncl ude
prb@lﬁlﬁa qm%&" tRSriedfomRl! catbbl @68taining formations
desalted topped crudes, or conbinafions thereof.

and thea stabilized. Cendes mayanelndelerudeail. Soudea sregenerally solids demi-solid,

sl St B R0 o 0 oL BREEE! P S Gt
gasdipigter) @Slfs, HeEonyisitatiohy mlhe‘feéﬂ fYom tieppedk ﬁffblﬂﬁf& stabilized bﬁ;‘de

a content of at nost 1 grans, at nost grans,
Such stabijzation may eftenRecur arsmroxm% pgocb{ﬂﬂog ﬁawpbﬁtqrﬁeg site.

e

reatteabailitgth produiesmbitipleecotpmneps Mithdpeafic bmhﬁgtmngaalﬁsmbutlons

(o TR VRl P S Bt b,

is n 3NAtedRS, aBhosPheRc HRAHAERAPMETHBASREYdr Vs uid? ﬁfstlllﬁﬁ‘&ijlﬁfsﬂlods

t hem di sadvant aged. D sadvantaged crudes nay be
Undigtifled aqsl/ apindrapionated sinhilizad andesrmay ivelud¢ eomponghtsithat have a

facilit 1 hu ow _econom ¢
carbh AR oo e in s P Eg JERED ot SRRSO B
crudéR ¥xBaplesi6fistibibzederi@&and0lé whoRlcnides, tosied cﬁ'llik&s desaltcd
di sadvant aged crude that is deened t 0o cost |

crudgy, glgsadied tappech spiges, or ambmatwns:ethpreobr‘ﬁp’@p@d” as emsto a crude that

has lgéefi %%%(t%[f.k?&etﬁat at;fe%l g:}aé/ (Ef t[ﬁg by S?Ig:gétth% h%yg %;aofh'nrgn 111%i below

35 °Cias0.061 MPaC{BS aF at ¢agh) Bdve bBen retovll] Tgpiomly, Yopped dREiEs will

19; d ot al
have a conte)nt 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.

36



10

15

20

25

30

10 Ni/VIFe content of at |east 0.00002 grans or at
| east 0.0001 grans of N /V/Fe per gramof crude; e) a

wtocgoggmgg%tseroatorrs content of at |east 0.005 gr%%mm‘ms?
0

het eroatons per gramof <crude; f) a residue c
of at least 0.01 grans of residue per gram of. crude;
g) Senestabilizedairudes deve properties thit allow thestabilized condasito todf

e B0 Pony R ned iR ot B Expnhriotiaies o expriple
pipeliféy, @itk br ﬁﬁ%'o Dthét ofdes havePoRdr nfor® in AEBIY fopetiSthat

of at |east 0.00001 grans of netals per gram’of” crude;

rendgy them digasiyantaged. dpisadvantaged crufles maynbe wrdsoefitalde tess transportation

' V. C ..ncl.ude, per gram pof
carei SRR OB G T sbipBG 1oV Shafeieleto e, a
disaliemtdged ciidgr WS eBdnonEs vElE madibels@@bthat HreleFoRlat Mcludes the
resi due, or at least 0.9 grans of residue. In sone

disadyamtnged emds that Axdesmed 0o pestly delproduess transportaced/er troall i n

20 PEobpFie' S sl venilacl] Ak i inclid, B o 19k 10P8) TAN of
at leakt 9ald ublehst Gc3) b) visdesity fat legetdeSt; o)l IAPI Grivitiyag Btdst 19; d) a total

. ude, may have a sulfur content of at |east 0.005
NirvjFe psitentof prisast (D000 gramsor 2 feast0. 000 carame o B aer gram of

oruds ) A58 BABAaRR Hobtent P A UAN0.00 frafls T BS1cltSins s gram of
cruday f) heesidued:obtenb pf strleask ) §é mranmifaedidud pertgrdne af trufe;3)a Cs
MR T T TN Y N
cont&& R al k@R OV0RYrardls BFMUR périSen e Eﬁﬁiisﬁ(): 2 t@o%ﬂﬂﬁ* &Q@Zﬁ:émetal

desired viscosity (for exanple, r amcru
saltsiof epgapjcracidsmet agleasti Q.90001 grams ofxpetals Per giameofowedes ot j)of

com RS 10 1R 5008 BBl Bt ol nly sy TR per g
of diemivhiagsd @ude, ab Bagt(.2 ghinfad yésithRgsdedst 0.99FardBVS residue, at least .

i ncl uPIe,_ per gram of di sadvantaged crude: at | east
0.5 gyampg)ef residue o5 At leagt 0.9 guams of restriye Impryme embedimentgethe

i . . )
disad}llthg ] e Riay VK 8 TANPRTPratld Bo Pt 03% 38 R ar 0,500 10,00
0.4 dr @t 50.10 tegainrmbodiménts disadvaiitiged gnides; peogramt of disdtantaged

0.00 rans,of hydrocar.bon Lth a boili range
cmd%nf%%yr]*?a?fstais e AT atigest B0k aramsoatleast 01 mraringss at lepst
0.02! . 0.001 granms, at |east 0.005 grams, or at |east

.01 granms of hydrocarbons with a boiling range
di xsoms embndimentoatisadgaaged amuled bavepropertitytncluding, but not

s 5/ 004/ 042137 t.0 1 - _and at

05SSR EFRPA OB ol By 430l o3 Bironn

per goarh) bf grudeteed] c) M@ claphaltdres Sontért bf at legt 0I0LraMHBLCs asphaltenes
di stribution between 400 C and 650 C at 0.101 MPa

per grgma ofigde fredd)s bigher therydesired wigeosity éfor gramples > 10 oSt for a
i . : . ) | .
cadSSAUHMAPEE 5 U1 10533 ool R el b
acidswiftahleastifcd 000D @grarangemBtallipst giatéf conde) br HicombiatibRdthereof.
at 0.3.01 I\/P(g; t least 0,001 grans,, at |east 0.005
gr Bisadvagtaged crudasmay inchadegper akans of disedvspteed srydesiat feast 0.001

an i i : .

e S AP G S A G0 I PR RQartdeba Bl S0k e

distribution bateesst 90°0 andy2GRC aff 0. 101y MiPacaldend.0 Wetdmsaatleast 0095
ran di st ti.bution. between 200 C ang 300 C at 0.10

gram 4 AF e U 4o g BBQY%P nsyith aelaggn@zfa@es dighriion Setween

200 °@ andSWB°Clat Ol 04 "VIPE; R 1eabdFHNCHLRE R 1846f 610F5 grams, or at least

0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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10 boiling range distribution between 300 C and 400 C
at 0.101 MPa; and at least 0.001 grans, at |east

or at least 0.01 granms of hydrocarbons
WQH(BE Jli)or ling range distribution between 400F@/U$q04/042137

650 C at 0.101 MPa. Sone di sadvantaged crudes nmay
at 0162 IMRks angb et legyt 81000 fgraths; atlleastt00P5drrams,te at fast 036115 of

bydfhe e ool ing BRSO B e 800 & padh g0 °Cat 0.101 MPa
di Ihikddebihthedn éiﬁdé?.tmdf%&luag Ge ﬁ%hh O¢ cilgfgd%ﬁ'ged {i’ude af least 0.001

addition to higher boiling-co ents
grangs, shlges 9t (0 entaws, wd ot least 0. Qi@raxys aﬁhp:lroohrbamh/vamh a@eﬂmg range

disefe5 of By op BB Gk 91 MR Ao s S0BS erams, or
at leﬁﬁtlmﬂsgrm of BedrosiborRaritlds BoMiA rﬁig% @@ﬁ?ﬁﬁtﬁﬁ%ﬁééﬁd@o °C and

| east 001 grans, at |eas . 005 grans,

200 |°€a§9 1p1 MPsg phleast §1004 anaros; at lmrté) 05t grames b dt reagt 0 Q'Ograms of

hycigBRBG N b kit b ool PR AR G ine by 0101 M

at least 90N pnirag adleast 05 @amk, G:ii%t lea& OO L hd B hy@och®and with a

or. at | east ranms of hydrocarbons

0.005 grans,
boﬂmgrrrsa%mrmtm bep RO 08 GLEEAID Parat 67104 M Pacceedl a6 BOSKO, o0

g BBk 08 st PR SR Ao A b 5 e

dlS':l'd)tEonbetWeen#O@dChnd 650 tdas0.iopMPf the foll ow ng
world: U.S., @Gulf Coast and sout hern

of th
& n?‘rﬁaﬁ argieed Epdennag infhade, per-gram;of disadvantaged ceude, at least
0. 00‘3%% aldesdt 0005 Eeard 'of‘Eli 168 P)‘O? S%éii?&f l&ﬂrﬁrgag &% \ﬁﬁ{ja boiling

Ki ngdom North Sea, ore
rangsdgsmbu@ne pfiel meost 200 P@ at &ﬁnaweam aitﬁhdmtﬂ:dngharamomng

t f dis ged crud enh nce
comptiRts’ IypithiE I Bad) it u S AR b0 ber Gt cisbavaniovd orude, a
contélh of stichehydfdedfondbPat3665¢ DAkl bkt héR 0SIPALEAL | on
g/or treatnment. A crude and/or disadvantaged crude

eme disadyaptaged emdesmpy insludei perrgdre of émadmed eadecht least
be
o0 8t Tt O ) ERE R iy o

range Histributickeof atdehst 260 Wesid.1@eMPaer ei n, is generally
2005/ 066306 PCT/ USZOO4/ 042137

t abl
ts :J ?@%8%%?‘; ﬁ@fagﬂﬁ%} e TRERInGRIE, Pepesse of fisadventaged crude, i least
0.00 PEaeiECA 1045001005 Brafiss, S8 4EdsP6 01 %m&aﬁoﬁ Hithlaboiting

t he correspondi Ag pfoperties o
fﬂngﬂ‘ﬂiﬁ@bﬁ%@ﬂ a$ leastiof® Yhan t he crude feed, or closer to

t t d th th
B AR il YRS R PG SBbisoHInG thepgesses
descritied hefmd Brchugedbut Rkecibt GifdiAA t6), r&ﬁ&é@ tfroﬁwf e féﬂéﬁiﬁ% R&fons of the

less or no pre-treatnent, thereby enhancin

W°r1‘¥m :df-Sriowld Constiasd sputhers Cabifemia; Canadadiar saraly, Braciliad Santos and

CamfiES a5 PO L 2 o A0 A N ISR R
Offshore) hidese Bohai Buys Vesnelan Wulih, MaM9A, £A0Ing6RsTa S btra,
i ncl ude contacting the crude feed with the

h
g‘f@%ﬂ(%f)dlw@twétca&es mpy£shancg ity ploperties of the

disadvantaged crudes such that the crudes are acceptable for transportation and/or

treatment.
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 deseribed herein, is generally suitable for
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10 conbinations of two or nore contacting zones. In a

contacting zone, at |east one property of a crude
Wb%ﬁ‘s;' be changed by contact of the crude feed wt

one ortiere catalysts relative to the same prigpuPy3p04/042137

of the crude feed. In sone enbodi nents, contacting is

trangporting tmﬂon mzw:ltmmtp rPeqmma ofthexcringel prgiact (oduced as déscribed

nts rogen urce is one or nore
herdif A% SRR wﬁ&ﬁwf’%ﬁﬁf‘?ﬁm Tewasltoaperinteicns than
the &:@dé

© hI?dr gegeg gortjcgo dgf)ﬁypﬂgg Egﬁgd)p@fl%ﬁig he cr ug ?g@g %%\ Gﬁ]a& the crude
feed; @lfémqnbﬂmﬂng:ﬁmea@mnmg vsbstOé' thel@0de fead. BocH ¢rd@5product may be
i ng. zone .102A ed enters acting

refifed ‘Lﬁﬂ?is Oh 0 gresAfpen gher ﬁé’& E&g.rﬁémﬂsﬁ %wwée Pge-
treatn@eat iy includOddsulfikiRtion, dedmqdIRFatiofHnll/d? |aﬁncf§gﬁérﬁc9&i§ulﬂ1fuon to

a reactor, or conbinations thereof.
reme%mmﬁ@ zone include a stacked bed reactor, a fixed

(t:) gﬁ;rléiﬁﬁl%%ts(f a |er21%g§ﬁ[ %’ﬁa}%%c\wgg WeRts or‘aes"rg’e‘l herein may

inclideldonitaeting thedtrudecfoed With the CAAIFH(s) BRE boHtactMBTofe and/or
qU| d contactor. In certain enbodinents, the

yi d/ I
co H%P 5’°§>§7 BB LONaG N Fones Jplagntagting zaytef ateast one property

I

ot ARkt SO Py i Y U R il mor oty
relatixertp it sans gropmﬁsﬁtht ciade #dedh In sora€ embodii@nt) Edriddting 9s

ae %2% ncl ude o or nore catal ysts_(for exanple,
PERQLRS rE§epes f 2 ny ah Oswuaq%éamﬁp@bo@m@eth dwdragen

f
e e
prova#e relatively smed @mbunts ozfmdmgemmmnpdunﬂm msm onde feed.
R P ARG Bl S PO e &b Sone 1024

crulef'éeWeE&.rﬁﬁ’ﬂt@ﬁhg zbs PO0ViR REBECTU4 A conth@lgddRe may be a
cont ent,, API gravity, or conbinations of tﬁese

TeaCiOR. ARATEORQE aeactnp mayitiple portinas of azecttiavrponthinations tewof.

il 8 S JRSBER Sl Bl

ebulletibgbgdstesctot, i ooﬂnmmuslyanfh@d nmﬁctoﬂ“mm")‘—‘ aQmedlzed bed
from

catalyst in the, c zone is in a range
reactb iay pagion Pk BOVIGAHAR eAniasiort Yo Reron smbOG RS the
contdclih@'syst&@h i 1En &f cd&[ﬂéﬁq? b Bffshdte fdi S‘P’C ULBEE b 1He é}%ﬁ? feeg%th

sone enbodi ments urry ot catalyst and cru
the cnta;ysg@ inCPIRaCEIFsEa6]1 (0GEAY IS O 0dithiPbSFrocéss oF 4 batch pesdess.

et o bacAbR Ty MRL oS BF i ettt o ol o

cataljmf)t a6 bdie emBOEmeRNERRAd B iHe QPG fe&[‘%th@. firf&atalyst of the two
contacti ng zone may include, but are not Iimt eoy

catalysisamay sdyre TADY efthe erde foads &g@mmrmtam @Mhe cndudesl TAN
crude B8 PR sRbnd DY Ak R PG lormn P A s AP
gravify. dawtieer ambbdickeenpy; TAN; tvissbsity, BIACTE b§nt§ﬁtoh)£érbht6§15 content,

er at e |r1 t he Contactln Zone may range from
res-“d%g‘g’é@ 1%5 I grayity, gpcembipations®t these prayerties of the cpadespradct
R L W W

crudegfeedawahloye nemge: catalgsts.0. 1-30 h'', 0.5-25 h-', 1-2011',
1..5- 13 .h-" g_r 2-10 h- I n some enbodi ments, LHSV
In cértain 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

39



10

15

20

25

30

10 is at least 5 h'', at least 11 h"', at |east 15
or at least 20 li'. In enbodinents in which the

“M?’% 20 source is supplied as a gas (for exagpl e,

‘8‘3 Sgas), a ratio of the gaseous hydr ogenPGHUS2084/042137
to the crude feed typically ranges from 0. 1-100, 000

inclhiieSfro,0.00151 0L §rafi300.80B5HBams, o8 0WAC3 PaRdsoF catdtyst f2Q 00 grams of
ci\alr%{rﬁ 5-3,000 NnmB/nB, or 10-800 NnB/n8 contacted

cru ’E’ﬁgeﬁ%litmtzeg? The hydrogen sour ce, |n sone 15

eioARRL Sondiflo AR Z6A fnbf inchIR( ERerf R} Jimited to,
rough the con

recircul ated t |ng zone’ rrier

tempergtuls presaure cyainggen, sounce floge m,'udb ddadutow, wid:bﬁibuﬁngmﬂwreof
|I|tate flqw. of the crude feed

00“1%@53515 difigps aSS?lﬂse g 1&5@#% gerteolieft to procbieme srde mepduct
mﬂi@%@iﬁ(’:ﬁﬂ*@ e, GRbdpefiud %ﬂﬁ%nﬁk&?g_gd}% né?raﬂké(frﬂﬂl 303500° C,

cont actl ng zone(s). In sonme

60-44@&60@@3143@ 80 areB0¢426r°Ce xPressine, in hycdntagting zomtma;nmngﬂs from 0.1-20

MPE deF e 40 N B8 vk DiRa- LEr bk R rEesd ilkaspenly gunee

fron$ 030" h@YS-ES‘h’éf 1-00Rtarsinz epe-1662, 9R s6e eRibolimeptsl RHSV
t he cryde eed’ in condui t . 104 or separately via

is atdenstid bi ,31.1(3@31 lhhcoﬁﬂmﬂﬁﬂg ,00 atleas 20 hg’ont act of the

S B ERE F E e,
hydmg&ogﬂﬂ)ﬁ’khﬁo o@ﬁﬁ% gakdbus (h[mr Qﬁiré’@l@ttﬁe cradé Bedi 1cﬂB&anges

@ 5b|ned ude, 2% an o t he ro n

fromy {1,4+100,009 mQH@@OOﬂm xnot!as 09%@@ ,Mboa& , 5-3,000
)

N 1808 ek PEA® o B VWick BleCarc RS, PO RORS s%?%am ome

embadigheytss 1smmhmcs\emacaheﬂgds(mm&mirmﬂabd tlﬂmglumb cithdithg

.zon%e(geral g\gmaf% ara |o,n %g‘igeléques for ex lqeamergas

maySedRaR ﬂ&ﬁ‘ of ﬂﬁ%r&fﬁefeé’d ﬁl@m bf tht Iydﬂigg E&.E'Ee Hﬂ e contacting

transported 30 to transportation ca I nes,
Zoneg(syr EE@C%M@W@m M@slmmmmrthp c@ttecs_tmagrmnz(s)a da some

t eof a i ncl ud
e fots” B PR e ey Bt Biechi o 5l Ty be e
as a sattits gig,and acdivnlatidakicigh it WnGictif@eh@n nonoxi de),
excesa aseous hydrogen source, and/or carrier gas.

ThaheRydegensoursemayentereoptacting repecdRicocaunegtls ythdhe crude
feed%&@onduﬁ%u ?pm&él?r{rzd;%{)n‘dﬁﬂ 1b8. B}%ﬁﬁac%g%gegi G cBRAG Bt the

st orage vesse I 'nations ereo

crudg ﬁ@ﬂ/\ﬁﬂﬁesmalmbﬁ&eﬂdtcﬂﬂaﬁwuct that swhwleesbade peodust, and, in

acting the_crude f with the catalyst(s) to
SOm%?IB ents; g%, 0 SRR e E fg@eaef%qrﬁsrdgqsras ¢Qmbiged withdhe crude

feed aRd0YbPHE 'h?ﬂroé@ﬁ‘ SSurce! eeoh@big 0" ”Pl‘ijé‘lﬂal ?%ﬂg@%&? gﬂg&&ﬁﬁﬁ’lng

to formithe crude product and gas(es
zonesl&ﬂ@néﬁmesswa@nb@qwm&gaoﬁndmmtlé)ct| ng system 100

eb%%(g‘g%onf@%%tcor thg}éee co act| Zonegeﬁiﬂ'omthetotal

odaarmsm AgrallPREGV Spariitidn thni &ﬁ@ !
i cont ag:glbng z’énes 10 112 11 b@or [nggﬁlq&ﬁsiﬁ?auon

The @tk Brogineignasawbseparation zane 11_)Benec<mdmplulax ad then be transported

a reacto The cru
to mp SRREALT oot Bl G002 106 "SS5 Bl P tpssingyqones, or o
comlsm([jtﬁn&l‘ntreﬁlﬂ’ et gas Iﬂalyemqaad R fofiis dFinePFtiesqlg (Yot Bxaniifle,
rogen source in
hydrog ide, 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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10 conduit 106 and is introduced into the contacting
zones as a mxture. In certain enbodi nents, as shown
t he hydrogen source and/or the

j , 3A, and 3B,
“}92%05#@%3 as nay enter the one or nore contact}nyUS2004/042137
zones with the crude feed separately via conduit 106

andhgome embodinicntd, contactingrthecrulle fécdawith e cafal yst(s) woprstiuce a
feed viia, for exanple, conduit ,106'. Addition of the

totahpreducdnparfumed i AN OF mplecoptacting Fonsss Tas tatelarodust may be
sepira@®forinifie BAE Brotfiol AR, © o Al yst” cont act

) ki fcitbive O sogey ot ot i
oo B TS £ 28 0 30 ESOR G Bk PR OnGpring igterny| O sdes
com%ét £bmdS103 B 1 PRIFIRIS. 9%6%& 'éo%cfuﬁe %&9%?0?8%1@2‘13 ?ff," 116.

1i 0 contacting zone 116. ntacting z
In FIGS. 2dagnd 34| emdacting zonesni®2el Idafl #6 aret depicis astseparatercon@Oting

zonf i Rl T S0 oS LR 500083 BadEiod,
| N 1 k6me 3BbodinRentC Bt i 3 Btohbitdd Wt itety i

via conduit 118 and enters contacting zone 116. The
conduit: l06Gsandd s intredycasbintathe sontaeting zonesizis midguest In certain

crntRirBinkS b6 ool ARISE T A 3R hr et sPlreR ARYBE s e sas
maySatitérshebnecrthare cofthcffonkd With ke &ude et aepdraely2a4 Conduit 106
116 and enters separatlion zone 108 via conduit

110.

and/pp in & digesdiop cowrter iodhel flow of s qradg feed yias &y exampls. eongnit 106",

. T . ' '
Addiith b3y R0REY EyceelalfS il 80 UG e e AR E e Bl
feedanivp ehilpmed miding asdpueaticoof the omde [fedd withinthefcatalyst.

contacting. system 100,. The di sadvant aged cr ei t her

t oprR% chPt %ﬂﬁs?mdo wHR _e#@yst@ I gopipctiezans gt e
streftRNIHE Feed Searh NoMRRFIA LR 1HBYBnd 262 to%on't&ﬁﬁ% zéne 114. In FIGS.,

portion of the di sadvantaged crude Is separaled using

3A anscihithpufesd Rincsum flows tftoe enntacting omx hiblogontsptingyzong, 116.
e efhfad R 020 14, TG RRY R oS o g b AR Bhovm n

" FIGPZB | thefdedl stredn it orticting g rH25de andhoES fidedfrs ddhtacting

anot her exanpl e, conponents that have a boil i{;{g range
zongj] k4. rApthovarinddGedBothe deed stream swits oontatingzope | 14 via pongdyit 118

mdgmcgﬁggg%%%g{#gzoom 042137 least partially

separa e di sadvant aged crude to produce the
cr Uthe féedlestrehmn repynipe contduetudi widnadiditiedal baalyki(s) ip ooritadingdone

napht ha and co ds. nore volatile an naphtha are
114 ggifiar caniarting Fitgerd oEptheript et chbe R Rt SRS
contaFRROIORE M1 § an@br &ﬁﬁ‘a?étm? zO0 fﬂﬁ%ld%‘%él‘% ?egafaﬁeﬁ Z8hé 120284via é:onduit

conponents exit separafion zone condur t
110.Tibe cmudel prodeeithnd!ir gas e afe) espasghirami thertotal peodi20, Theerude

one .enbodi nent s, .i.pcl udes . i Xxture of conponents
proc%cf%ﬂg Sﬂ?ﬁﬂ"ﬁg“’?’sﬁg Vi @Pa‘i‘%mfon of at IeathJ 100 C
Or FIG:Y BONSeheBARO6H dFdHlodirAer O hisBShrat@iORne uptfdaliéf ON

of at least 120 C_ Typically, the separated " crude
contpeting syptemuldfs Therdisedviandagetl couster{eithen teppsil ohuntopped) ientgrs

sepdfiitgfe 226 4 4bhdls P22 RS hepiiop R 2 s By e ol

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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10 separation zone 120 and enters contacting system
100 (see, for exanple, the contacting zones in FIGS.
wb;:%! via conduit 126 to be further processed to forma

068%quct. In some enbodi ments, separati g ZHHE04/042137
120 may be positioned upstream or downstream of a

leastlpGéiblly Spatiitéd fromifthedisqivastagsd agde ld(’}ﬁpdﬁdadhe prude fietl. In some
exits contacting_syste égo via conduit 116@&1‘;@{ n
embodiraerssigh inastenostion plcnaphtha and corpeyndsangse ¥a pephtha are
s ) < . ‘
sepffitfifropl e diubifoeb RRR 6oty CBbERonts RITAEE pOAEIOf e
sepathtiell combbnents exdicseparatiorpzanedi20 fvir eontduitil@dosi ty t her eby

resulting in_a bl ended prodyct havjng.a vi scosi t hat
i s et epthgbtgingd grgmt %p%rﬁn?lh%on& B@glmg%ﬁ%eﬁtﬁémmdes

R T e A b T

embgidithents nthoily tehgs distyibptiamoft hepsal 26 WU Eypically, thessparated
T hat js between. the TAN of,.the.crude pr.oduyct. d

crudefeed iR s ¢ RE e SO PEREL Bt A e et dfr oy Bveen

100_11%0390[2@90%3, dimB00 *CahiRAlt-a poffios BB chillefedd extts

in certain enbddi ments, crude feed enters contacting .
separgtiorernned@Oand enterscontactinigysten 1 0 (see ot example, ithegonigcting

zongs AR T8 vineonat 134 PoRIouRs s RaR Py A S bhogyer. 1
someeniBodifémg sépftiohIdne 220 R HE pasitidhed Bstiean opldowhgream of a

crude product is conbined wth one or nore process | )
desaltinguwit, After prosessingthe grude prosiust 5ty coptasting systesn Q0 via conduit
112napht ha produced from separati on of one or nore crude

feeds), a crude, a crude feed, or mxtures thereof, to

pr ddyome @nfbodintkdts, feihude prodifue is Hemdedseitisa creathat isrthelsame as

feed, crude, o i xtyres thereof are introducged . .
or dﬁ?@@;ﬁ@}n?‘?ﬁ %uéﬁfge%dfwgéxz@ﬁ& ﬁl&@r@e RIpdyt &gy, Rsrcompied with a
crugt IR AR YioPosh Rty ristdting il MEARIHDL RN Ing B¥iscosity
thatjs between theyviseesity ofithelcmutde peduct dnddbe visessitied ithpreruded Iynother

exaig o P iy REUc e PRIt Oath Pyl 4 TR obighidrren,
there @y pRdAEInG a productihht Ids 2 TAN @liad ¥d betwedn e TAN of feickyte product
or conbi nations thereof. The bl ended product exits

andfiheseraileygTheblendedprodust mey he switabisior tignsnortation apder teegtment.
o B AT SO T B

énters separation z
10032Dcortinizudl, airat ldabt alpbztiomofiht banddipsadhenetisgediactingleystem 100

via Fondait 13 g eGSR I RIEHIBRORS TS PR €57y g ot Teast a
por%&poftﬁé gﬂ\glg gg(gf\l}gf‘ik torhBied Withl BRSE nfRTBrocEA HIRRAS {férl %xc?mple, a

romth antaged crude exit separation zone
hydwicarboorstrearn siéhvas naphtba pasletedfirporseparatiof of dng ar mage crude

oduct exit ontactin stem 100, and ,enters
feed5h ity S £RME 1St 67 Pt FeBeshalainrodiog = bty Bradyete Jhe
prodeh§ SdEEns2BhI0 Feel] HHIES of Ri:eireb kiRASH fAge HBBBudedWirectly into
directly or via conduit 132 and are conbined with the

Wi
blensingizonerl3a we upstreammfisueh herding gonepria donrduit 1Hie omixiag system
roduct ,exits bl.ending z Q,vi andui t 4. |
ik R bl i e WERTRE Sorf 0. THE RieReS R i srtalodust
spedifielidnk dadignated 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 transpotted or processed.
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10 transported to a refinery and/or a treatnent

facility. The crude product and/or the bl ended
wo' 3ggBy be processed to produce commerci al

products such as transportation fuel, heatindGHEy2004/042137

| ubricants, or chemicals. Processing may include
di do FIGi Gggheadlslddyanﬁgmtﬁrumaitém sepptiration 20n8 920 HeotedhiciRduit 122,

I R TR
The RARIG¥Edd thidEntbls Hﬁgmfg sﬁrgl\%ir}rfa aﬂm%rgg?@gg p% » OAt léf?st some

nmore distill ate racti
COMpBOMA dhm@m@anmgei andelexipsepdration lzase F20MMNcodduidt 124, At

s8Rt oo om0 et
130 roskhcdontias 128, TOMek ero%eis%&%n%ncﬂ/bﬁ%&ﬂ??e%&%y dﬁ% 208¢%30

. or 40-50% of the TA crude I'n cert
direciiyg yiseondyit 18P end md:enquadwth thesredepadiiut toafonmsﬁlenﬂed

e Byl i ol e . O

f r Bosoens dntbdiimanhts) 188 Giudd pRIAAA ﬁﬂ%rtﬁé’bl%n&éd%}&&i& at
| east 0.0Q1. In sone enbodl ments, TAN of t'he crude

transpoped 2 frlpemyandior & tieawmpat factlity0 Tbe erude peodsict @dir theblended

prodietiapfe blolissddto brpance RpR R RTIRACET ek op hafiroiti e,

heatlugfuclﬂﬁbmcmlts opeliendiCdls. Procéssiig a9 ineluda Wiskillig aa8foR Fractionally
he N N ntené/ﬁbg the 25 crude feed. The crude

disti E&Eﬁ:‘i‘“ lensigsaredut e Produes ene qumeredistillate

t erbnfi'b a3%
fractg)?@t Egéoﬂ I'VI chﬁ?ont g&? nggﬂ 11191? ﬁ%/@l\?@gg?’ TN cerig %one or
nsniae'bcﬂlydmtrpawdiuct has, per gram of cr ude
t al V[ F nt e fro X
ﬂ;ﬁj/s grat Bn%nt§<, tf;l“o S%prgﬁgct%gs 2 f]feﬁ ?5‘ ‘gﬂ% 996‘ Et most 50%,
at mds@%ﬁ%gbﬁa’f&nost 0% loDehel PAN (IR &ulO febdX I&Ebn?e %96@161&1& %'ude

certal n enbodi nents, the crude has at nost
prodygt hasa SANoN taage il -80%e2@70% B BeaYs or #050%ntthe TN 6the

crud €84 T Bhoclricl ARREHERBEEEUEL ptodye o2 TR o om0y T plfost

0.5, aamt @ Fpatcose 0125 at thbst Oclr, uelg: mm@ms; Tms of te®rdde product will

f u |i1 mtIOf ﬁé& mfgn metal salts of organic acids o
equgnt lhg“s‘t oz Grquentloatileast 000 by Insomermbagiiments,

TANGHF the @udprdhiuct R N 2 Ogﬁ;«ﬁhg dol 189Ls2b. o‘i% 02, 8{0.05t0 0.1.

organic acids in“the cru I'n"certa
ﬁn@qmnsmbgdmwxmezm&/ 106686 ﬁa%t&l%m% @éﬂt&ﬁﬂof at fitost

o SR R 5o 6 b PSS b e
crudeZGecﬁ O%e @ﬁd@&oﬂﬂ@@ @fsofnl %nfb%ﬁﬁ‘ﬁeﬁ@ %@Qtotélfmw&'@ 8§n’ﬂeﬂt ina

salts of organic acids in the crude

rangeafdafiﬂVe, K796, 2hhh %g@rf&-%n%pfﬂmmemonm oﬁhe nvide desd. In

cora iR 1o 04 S BGRB8 Sl v
contentalnkm'mygd froradi x50 T prats ges x0t @ams, % 107 glabRdo 2% 10°° grams,

t heni c_aci ds, phenanthrenic aci ds, and benzoic

or 1t cerampio bzl gy | [ eesain erbodisnents, dhe eradebas at most2ie 107

gm%%@éﬁﬂ%eﬁﬁgépégﬁl ntg%gdr ttﬁe n%t%lalﬁlzvﬁgocpn%f('t\ﬂﬁs f:m%e product is

70-13f%g RB20%4, or:ﬁ(l)—dﬂﬂ%ofﬂimdll‘bﬂ?el dofilent 6Pihe Bfudé Zediet al s
(i[gr exa zin and cadm um, Columm 15 netals (for

Fﬂj’{l%e GE’?S, G;@q‘qglﬁﬁrqgluﬁ{ghqgmsto(aﬂ eentent gfpietals in metal salts
of orgéfiic @BidY BF at R6stB0%4, YUY f5st's064 GPhost 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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10 In certain enbodi nents, the crude product has a
total content of netals in netal salts of organic

j r gram of crude product, in a range f
W@%@%%.ﬁ)? grans to 0.00005 grans, from 0.000 $2004/042137
grans to 0.00002 grams, or from 0.000001 grams to
thegraamedest aasa tﬁﬁalrtenfamﬁmetahummem salts afforgenimadids in a range of

9. 90085, A 45 PR ke o R ROEEATRI S g

aci@cindhe ofud fedc r&@m& Bcils aidy! génet-aﬂy@m; 241 <Rty &189:% Wit are not

90-110% of the total content of fretals Iin netal sal
limged to, Gprhanylic asddsy thiols, mn@escmmﬂ@m and sulfopates. aEnamples of

P f the d oduced
oA Rt byl R AT R s e
benzoictaedd. i Tig: metabipdrtion 6f the snefdl <48y ﬁﬂhﬁﬁ@?ﬁahgﬁet&ﬁq%r example,
or 10 130%of the APl gravity of the crude feed

lithpp.soriymy 28 BPWé‘m’I@) ingreanih mptalir (forxxample, masueslum calcium,

ancﬂf 0 |:re%f?§{nr e cr f@e pr oé C%ﬁﬁ glic?%@?lg%@s@ﬁvﬁa%fl%é{wtals (for

exampd;tt alsél%), Eolunusé me%%foﬂﬁxaﬂiplémhfonﬁﬁﬁﬁ)ﬁr mhikfures thereof.
of, the crude I n_some enbodi nents, the
e"ﬂ%cf‘d%md %Etoslyctlhasatvta'r@@m ofmelpin metal
f
sauz ef 5 %hicRkid3! g,egrgﬁ.gsf &lﬂﬂe i Sg@gintaymﬁg {&He 06606861 it to

In some enbo t he

0.00005cgrams,i fyoma O. 006@@039@%:@% i) IBGO(%gmms,omrs&dm OdIOOO(DIEgrams to

oo kS . 5 B il

sonichentsydirelentt, eeetal bohtaRt B8 nReNOF HEmt s%.tts b Srsgteﬁté(igld@ 0P Eﬁécémde

has_a tot %I het er oat ons cont ent of
progigd is Hhd40%:; 80+b20%,1040- Hi0%of ﬂmgqtalsmwﬁ ofmetatstmlmetal salts of

-_orgﬁﬁré)g‘gg%qp‘gcﬁ@ﬁtf&ﬁt of the crude feed. In hgteflogtons

€ crude product ‘has a total
c ortneanamfemmdaﬁeﬂtsa AP gritydf thetitide BORuctFrodiRas Eofﬁpc%ntact of

th I eaa?ré’épg% of the tot aI het eroat ons content o
c P deeg ysty 3 the,eantacking apnaitions, is el 313,180 120%, 90-110%,
or 1001186% ofQhe PP Hggf ﬂfc%’cfetfegﬁi kbggt eﬂ?ﬁﬁnﬁgq{% d}ﬁ gravity of

nmost 50% at % or at e su
the @r@d@ pmducitlsﬁhm b4=-€1|@l,e15|a30mu¢6-251 n certai n embodi nents,

S B P S S a3 s

0% east m8870%P6f thé vis@@s%/ o19é &hdd f28d SH {otie &Hﬂfcﬁﬂmﬂfthe crude

the crude feed. In sonme enbodi nents, the su
produghasi viggositn in & range ob HeE0%: 20-50%0 on 3B49%aH e eidgosity of the

R, R e B AT L B

viscpsitychfithe omyle Fsedavhilenlé AP g9y ofithe¥Risde p?08fct fg?{m?ﬁt%, 80-

0% st 5% of, a_total nltrogen content of the
120%" 1%@@6’ the ARkgravitinthe eisigifeadht s, the crude product

hasy gorhObibodiideh RIS chRRY eas?ﬁagg{}o a? ﬁ?t% o%@s acfaothten? 875t most

30% at least 80% or at
90%0p atr mo:géﬂ%; ehmesit 1084, driabmostLidé of thedotal et&@a®@ms content of the

crudB ?%’egg g{rlre Cﬁ[é%)ﬁ g{ﬂ%ﬁ@]& u sgél%o%%gge n%géf ni;@% totgqq %ﬁégéjagcg@%omnt of
at 1850 3%, 40t 309A lat [¥Rst 1805/ %0Pht 164 959 Ghd otdl B8RPt HRL Efftent 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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10 of the crude feed. In certain enbodi nents, the

crude product has a basic nitrogen content of at | east

0 + ast 30% at |east 80% or at |east 99% of the
wba@?@&ﬁ rogen content of the crude feed. |n Bgh{ES2004/042137

enbodi nents, the oxygen content of the crude product

leastB9%D6r &lled¥099% oIl sulfur EBREnt P Yhe @hddRed. B meémBBihents,
10% or at nost 5% of the oxyg% content of the 15

the gylfiyeonieniof the crde praductisF8 3Rt 89:120%es or POrd d0%rof dhe sulfur
conf}ﬁtc‘oftﬂ gégﬁg?gecfontent of at least 1% at |east 30% at
east 8 9

or at |least 99% of the oxygen content of

t hdneome enfbedimernts) totalaiirogdiivomicitof the chidie ppodi@ehay be at most
y:ontent of the crude product is in a range from 1-80%
90%, gt mpsb 0% at gt 18%, oratsanst 8% afiadotak pieger epntentof gie crude
. o) o
feed, I R e R R0 TR ot it elogt of a east 1%,
at leastiid6,tat bemyt 8084 2dr atteast 99090f 1RO tethl nivegerbddiftentidf e stude feed.
10% at rm%t 5% of .the content of tB%e car boxylic acid

corfP SPmA SmbRdiments, bpsieiattioger content of the-gridesprodst maya most
o, | " J i
N e W S

of tigoyndefeedt In eeatsin @abodimentsshe otuak prazhiot keasta bekic pitrogen content

rhqyyl i id, c 0 in fhe de,.feed. Jn sone
of s ¥hah eal i AR TR 00 v e BB e B g oent of
the ¢radeifed. in the 25 crude feed. In sone enbodinents,
carboxylic_acids and/or netal salts of carboxylic

acill sompgmbpdimantsytheaxygen eantent of thefcouds product maybeyat imost
- . ds. . g  d
0% AERBUS0%8 A RIS G AT L OR BN 2 ISR Bt the
cruderfeal. dnwdrainpashddirhens; Yhexarudt prodnehas aih 6fydeRiiconi@ht of at least

% A PR Sl Bt e
h&ne
som%ﬁﬁo&ﬁ’&‘h% ?%Ee&{yﬁen SR of g%;cgtg% gﬁ?%ﬁ%ﬁg@ ﬁ'ozg-li 0§0%, 10-

crude pro , certaln as an-oxygen
70%; 301681, 00 B 050%obthe 989gen cantenbef the 0ftde dtedirds 5o ¥mbodiments,

NN T N TN T
at mé§%80%a  at FRSE 16994t nidst 896 JTARS cohidht OF theldafbok Pt did E&ﬁg?unds in

crude feed. In certain enbodinents, the criude produ
the grude ferd.oloerstainembudimens, the erde prducUsE@0abamtal of carboxylic

. ast 9 I t % I %
acid SOpBRs N oot 135 gt ast a1 RS el O o eagt$% pf g e
contémterf carboslylidcid cortipounde ghibe chate feedAN of at | east 1%
at | east 30%, at |east 80% . or at |east 99%of the
TAlR 3905 grabedipgats; selegted prgnnic grygen pompRunds majcbaiedaesdin the
h DAVAR| ' r L
crudgRed. T oo EAB0TMents, AL BTPHeI oB8l0P BT MY of BBl P acics
may de chermicabp ¥duoed beforensh-cdfiixylié cottaintpudgartieexlygeakdmpounds.
Cartsd t ent. , of non- car boicgl I C contai ni_ng or gani ¢ _oxygen
ArbOE ¥ RiridEand HonReaRboxLG SORRINERE orBE; ShYEeEGOmPaURdsin rcpide
rodG in@PbO @Rk drtia L Stth g{go%gx
P t he ??ude feed.&laﬁﬁlgg%ieﬁgl g)di rreﬁ?gw?ﬁdgugf!% € rgxgblg{known
specirpgsonigansthods (forexamiples infearedsanalysis, i mass spectoometry, 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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10 0.05-0.15 grans or from0.09-0.13 grans of hydrogen
per gram of crude product. The crude product may
wo'o inits nolecular structure, fromO0.8-0.9
grah%&%:rmfrom 0.82- 0.88 grams of carbon per 9‘?%%?004’“42137
crude product. A ratio of atom c hydrogen to atomc
conteutrdfan leasl %6, atfledshd0%/ atdeasp80¥i) ot at demgpt 9994 of thei oxygen content of

70 130% 120% or, 90- 110% of .t he fomc H
Ks?sd{al@ote Fada produgt hnsa TAN@f at leagt rﬁ @t%ﬁa’mableast 80%,
orat"l’biﬁ??%l&tﬁg%ﬁ oﬂt'ﬁeﬁﬂﬁleg%gfrje feed atomc HCratio

i ndi cates that uptake an consunption of hydrogen
in Addit@oqallydzhs sruds praefust inag hyvesmedntent afi dirboxtlicarids and/or

[ . Th d
et §CO bl A 6 annhast Sb¥h o TORo ot g 306 oF at mpst 40%
of the @FRie 1@5@ QR ri%h&nt &F}ﬁmccfa&'&ﬁ(tyﬁé @S’Mﬁihlﬂggﬁ%éiﬂg oxydeh rc:ompmmds

gr am of t'he crude product | east gr ans,

withfry W@O%Oﬁo-ﬂaﬁ% or -2Hsof theyrmemebrixylic containing drgmhc Oxygen
LSE L n of at 20 nost 100 C at 0.101 MrPa;
com%@ﬂﬁ%ggp%&%ﬁa or fromO0.001-0.5 grans of
hy O ssae bmaammmtshﬂﬂ chgiel prodhct RieBRles]iis it WYMdulh structures, from
bet ween 100 C and 200 C at 0.101 MPa; at |east 0.001

0.05¢). bﬁ@anvrorf&wwdbhi grags g hidrogen peraras of owe pradust. aThe

crudp Bl CFypad At B bd i ERARE Bou B3 B’ o s

0.88 ggramsoﬁéarbdm/ﬂerr@an lof o:deiptdilust. b@rdtiol’tff at(ﬁﬂﬂ&lydrogen to atonnc
é"&@t %I}Ltl on hetween 300 C and 400 C ¢
) o Shetruge pRosg saptkbe WA G467 30-129% o6 S 40 of the
atonﬁ’é B SREGH e Eﬁadg‘fé@ 5 @&C aHL Bﬂ)%gfi%ﬁl I-rdd(,sxtaﬁb R 50-30% of

bet ween 400 C an n some
the candsdfigedratomic HAG raticLiddicptes that tptakedanddsronsumeyptiog afiydfogen in

the oot is e B i gl s e el peted SR 100 ¢ ot
0. TRd cda prdiflicPincRiled @fonentd Wit ﬁH%e 6f bdINAYE G ﬁ&b?ﬁ‘&)me

vvlthab0|I|ng range dlstrlbutlon betvveen 100 C
embodimeptsothe caudeprodiet imoludes, per pram ofitho aiude prasiuct: ptleast 91

sran ' 0108 L b oF ol PR BB rBls fibon of

mostdOeeC &rébiGii MiPaj &t leash@ 00T gﬂﬁls o o6t OL00TRY.5 BANS of h drocarbons
grams, or at

with § Wiplinict e ae aumb&mmm?c 5130836 e, a1 VRa: adsest 0.001
gramd OISl G0 (? ct has’a %I stlzfﬁtﬂ %%g?ﬁ?@@# g@’%{lﬁ%h/emeen

the crude pro 'at e cont
200 %ba@m “Gat @oonm% atfledsh®.001 gtans, at fomdnPERD.5 @tanef

hydnglats iy beiife fange dhslidios Setrieen D0 abicnd 40h Y6 % gage Mpe:
and st 1281 @0@13 DoPfrSh 1 to & PE4mE of hﬁd@%bo&rwﬂl Qggﬂigggange

certai n enbodi ments, the crude pr oduct

dlstnguimjv%tmmﬁw‘Eﬁflaud)Sa%tfﬂ/@t@ool WMPB% or -90- 110% of t he
sonme _enbo
| 1 D ol e b el e WP e S ol ety at
least V@01 cg@meaf hydRocarboi gﬁth‘et &muﬁ)g 1200 axs&ﬂ:&uaﬁ dFBt most 100 °C at
0.10 1}41%0(19;;82 ﬁgrarrs 0.002-0. 4 rarrs or 001-0. 3 grans.
)y MPg sing/ oz ghlsast GOt grame af craﬂta prilingrange figtribution
betwétdRMC &id 700 F38%. 1P,

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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10 120% or 90-110% of the residue content of the
crude feed. The crude product may have, per gram of

‘ “@V%g%% duct, a residue content in a range fro
. .8 grans, 0.0001- 0.5 grans, 0.0005- o"‘ELT’US20041042137

grams, O. 001 0.3 grans, 0.005-0.2 grans, or 0.01-0.1

gr aﬂnssommembbdﬂentsﬁﬂfe@mdmb@ct hitea distillfte pomient@f 7043 0%, 80-
coni gf 70-130% 80- 120% or_90-110% of the
12 the digtillaie eantens of the grpdecteed, Sféﬂ%‘? grntent of the

crld® Drouhima be 0% Rfted GEGTASHRIBES b ey ERRL0, 0001 75 grs,
0.064 -0, hgraosyoie0.0820.2 dramser t ai n enbodi nents, the C5

P b s b ) e 120,50
126%% ORI EIRS of 2t vah Rt 6f e Yhfde. féﬁf %%g g%%%g)}gﬂ%% the crude

content of the cru product is wt
pro}oRt hasmes grany of ciude pmdudleaf\m cohtensinraeangeiooth 90006 1-0.8

de ing_th | t t of th de 20
e O o S PR Z D et e 103 e & R cont ent
May I ehe@fBodient] Al 'ci'ddblpréﬁuci haa fé&lﬁﬂ@c&ﬁﬁﬁ/o? 96-2B0%, 80-

roduct m xture. In sone énbodi nents,

0 Bir8s of mremdumtmmf ﬁaawnmtfecchy’[haecru@mdm dnay have,
pﬂtﬁgmﬁr TR oo dRL RSl omneef e R Ao OPCE 8 s8ms, 0.0001-

0. 5][@1@; LI0VED0590.4 lgfantl, 0J00Y063 @&bdsy oomgain@ drrm 01he.1Grafe
ee

L o ger@n b, tin gruae proinet haaMCB- e ofT0-430%, 80-
1208, dr3RLERINLERIMCR cotch 6 BE cfuds RIAE w18 fikiimdroduct has a Cs

asphal tenés conten A crude pro
asphalfenios corgentaxdf an:lneslt 9@%,&1 mosh&0% ioreat most 56% of el Lphditenes

con& gwtgmc?qsﬁe?ei net reductl otg?l n hi gp vg%%;)& ty tSntof the crude
feellBYat 108t Iﬂ%aat'l@d%géo%r@'ﬁﬂea%%% %@ﬂ%c@/ t%ﬂesg&ﬂ?éﬂt ﬁisthe crude

In some enbodi nents, a ratlo of ntent
feed milile ﬂpﬁrM@kcortt@m@s ﬂmm prodiect ls:mthmrﬂt() 3% ofithe M&Rgentent of

r 1.3-1 n..c rtal n
the chil fed) 8 sBime ehitpaftucds, Sbortasid 08 G Rplfiheh dantent gfghe orude
feed shile niasthin@(Pa relzﬁiveljmdeGSMER abntBMShaypiddeasd) thebtabiisy of the
0% of the MCR content of the crude feed. In sone

cru iotalpredugt mExere de product has a MCR content in a

perr ol SR e 003 g halidnel Koo McR Romens may be
cond:imetmte prodice afresthemdtive] milatidaslyp betveden lteshigh mss@;i@ components
in o e picgugiyelafiiio e B iosty GomAPTAISIR (RESTRIStre For
exaliple} ARBmITHQEhARRES C; Eﬁﬁlaﬁéﬂég %oﬂt@ﬂpéﬂata drgk’{e' fégc? MR Qtent may

greater than O grans, I ess grans,
be rgpeeEYGl b10S 0 Adsuge afmg:mdc p@d@@taoﬂas@hﬂmes gmmm and a totlafproduct

r ram of, c product ., The cataly.
MRS b B el PR Che The GBS b Eomaer 05 © ) 5 sess the
net fedaBE@OInt A Gltécc&yil?/c@ﬁx bﬁﬁﬂé iHBRE crufib fecda iSAbHE AR product may
i nhi bit corrosion, friction, and/or incréase

be ipgraneedeqrarl 9%l %ﬂ?%a Ql‘i ?é)s8Q916 of fe In SQIIJ% embodiments, a ratio of
MR of RS HoBL Ot PO b b B0 1030,
1.2Qr0pdut.3-109r i ng

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~

47



10

15

20

25

30

10 treatnment. The crude product produced from
contacting system 100 has properties different than

of the crude feed. Such properties m
mﬁF dﬁ% but are not limted to: a) reduced T%Ffm%%‘m‘”ﬂ‘m”

reduced viscosity; c) reduced total N /V/Fe content;
60%d or Beh0deaf theMERtcontzht efithe erudedsdy Fhe arader prgéduwct has, in some

et R e g o OB S5 SR S PR p

grarf @A ERIAL prdtluct. nCr eased AP grawty |) a reduced
cont ent of metals in netal salts of organic acids; or

i) laseme ﬁa'tbpdm@ems; theceride prodectincludesiionn greates thanrﬁagrams, but

s .00 BB 00008 S s MG g DB, B3 s p

granp bO peide Ipﬁﬁiuaf eTH a1 Mk ChsaiSt ﬂ%ﬁdﬁﬂuﬁﬁg fie cﬂﬁfe roduct dunng
substanti ally change. For exanple, it may (?e3| rab
trangRerigrpy ardlpeiedtmenty Thecnatpdyst pogyiinhibit zorr@mmanhlbé ancuon, and/or

ot ety Ao e -
oonﬂgdr&d feeaddwne 6P ore batalysissicB@bRE herelly & thE Gﬂldu ?ﬁﬂﬁ@t during

during contacting may be "concentrated"
weatmehicti on, and not on reduction of ot her conponents.

18 o2 RO hRE g Al SOt e

thangireperties ofghe smde fal:dr &thoh pmych:es nmyrincmé@ﬂ:m ar@ pobBmited to: a)

reduﬁ%ctfﬁ %& c@gﬁl \Inggﬂsfitg,r Q%S\gl%d égﬁlta}gﬁ*/ dva nt ag gedct:lggc(lj gontent
of s\lfif ecsa%;@bh GhifrSodHE 6 cdtﬁﬁﬂﬁﬁfﬁﬁtth%@&g 2 eﬁ&ﬁ&ﬁ%@%&ﬁﬁdn&% f) reduced

speci fications, then such cru
Cs aa:halteme@ sontent; g3 saduded MGRe mwmnmmdmm@rmty, i) a reduced .

comEt84Giehls itimstht el i wi el brullendetor. Inome

embmﬁﬂentspmé or rﬁﬁﬂa/pibp@ﬂ@s SFth&Bfulle PRIGALS rdlitiva 15 YRP&Qhde feed, may -
% tals may beln elemental 30 formor in the form
be selgctiy e piher properties ueaot ehanged asmyels of dp agt

subsﬁﬁﬁ@i iy cliYe ngx‘ B{?ﬁﬁﬁ% gfélgtan% stngﬁle(ig %ﬂ?cste{e@ﬁ\{é? peFdH@g TANina

precur sor, Five cas &
crude Fredovittiot tliso gignifiven(l§ ohargx@thé emowfitesf oﬂtﬂr&u@p@ﬁﬁiﬁ@foﬁ

de d i Ni t ith th
exanfifg Shiruf Fesicin NIV HOQH Tnghisimar hydpethisipke duing
h i al
conthlliag ey yst‘é’ﬁ%éx‘%mﬁl tod" SROFAN PRicflbn, BRY nBdn REUCRETBIMG,

compugesis0 dbgashe 8 ¢l faicandegedimad ompleatsing kess H)elrogen,

smceé%%s fﬁﬁ@ﬁi&%'@%ﬁ% er eLn ﬁsélgip %@%ﬁér&%%n@}aw e crude
feed. CHbfhr edriBle, ﬂﬁédvaﬁﬁiééd cRNB 1S ZQAN %Qlfu%ﬂé?ﬂ that is

DN190; DN200; DN80O: DN2118; DN2 DN3100;
acceiRpls (o mepNsEmentRnd tramm@tmmmmcamm then M@ude feed may

v e b SR S GGRERRRR, A0

Z7Gﬁalywlsméd Araneay amdra bhﬁ)oﬂinmm’tﬁﬂlthé ﬁiveﬁtib’ik lnﬂﬁzﬂhcluﬂ@ 6ne or
Xas, .. I'n some enbodi nents,

more&mé’ff{‘?gﬂ?% A PreQr é‘!ﬁﬁ &l@@? o a sepnost. ofheupetals mayeberia slemental
form oB fﬂ #€8Forn?BLa Bbm ﬁ&%&@% ST%Q %‘aﬂﬁ&ﬁg JeddBibéy ﬁ&@ﬂ%ﬁy be

Col ums 5-10 net i nc
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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10 not limted to, vanadium chrom um nolybdenum
tungst en, manganese, technetium rhenium iron,

i ckel, ruthenium palladium rhodium_osniu
wﬁ%@%ﬁﬁ&pl atinum or nixtures thereof. The c2t /042137

may have, per gramof catalyst, a total Columms 5-10
areetteimpijted trbecused @ dedcribed hereth olile R8s HI2822; #H3N60; C234;

C3 b3 B e s R AT TR el Bsah 08 bl oo

DNISEIDRIGE Btz i Dagy G sy, sie gkt

DNG3 00N 33 50; RIC408); RIC44 D; RENAARN40 R0, RIN4HG; BNEGRRN650;

RSB0 R0 a0 Rl o0 S48 7B g3 2o

Z7531288 7769 WhicR AROHAi1b14 frott &8 InterddQ6kl, e APIRISRIB Texas,
0. 00005-0. 03 grans, or 0.0001-0.001 granms. In certain

U.Sfdodi nents, a catal yst includes Colum 6 netal (s).

They.C | 20 Ve r gram of catalyst .

{ o B R0 bRkt A sk AT OpBeOR4ES prpfle feod include
onegirafidre Cdlumhe 8510 Hetllls oﬁraﬂdi%goﬁ.t CoRidgrs 1@ metil@yinclude, but are

and/or in a _range from0.0001-0.6 granms, 0.001-0.3

notdimited togvangdivg, thepminm, molytylegumotuggstar, ananganesestgpknetium,

' , ' A ;0001 - 6, 1.4
eSS LR, ML S AT 0y i,
or mixteree thecebif n¥he satalybﬁna;ahﬁwh per granl ofdetlysylatonl Columns 5-10

ntot

meﬁeﬂkg)s”%?*tée S%rﬁéﬁwaﬁg 'totgb?tgn%n-"e at @P@W@M 1zt 6.0% aims or ina
rmﬁ@ﬁ@h@b@ﬂno.@f%rﬁakmﬁc:?%?ﬂhﬁ,%).OOIWH Braf\e oPG.OF‘gU;.@S grams. In

matals‘fromCo um 5 and Col unmms 7-10. "A no
someggrnbpdifeds) thewat@lyshinchides Colbniniihelsment(s)in additite td the £olumns

51 RS ERepales B8 Colipinha Semen fodhufe Hipphius. B paplyg mey

havk 2610 Cohidth 151e139;enpéon2en5,-1pek@ra3;@o§éma QGERFERGR, 0.000601-0.1
catal yst includes Colum 15 elenment(s) 1n addition to

eramgD. 0G0 1.46 erans, 61000850 same kP10 ghasor mor o

N

hava,r;itbr mrnl1 gﬁcét@lylmehadtélﬁ}olmnh ﬁl‘rmlce:tgtll(s) aidé@lt of atltlb@ UQJEBI grams, at
mm ta t he total, um metal in the
tea ] %_f%*?s,rﬁg?e%%bf grasns andior in A sange.fisn 0800110y grams, 0.0p1-0.3
r - I .
B O T Do B Bl ol Aty incluces
frong®L000h-0106 grarms| qf Golumn Gohetal(s)grer grant of datalysst b sa@o¢ urm
10.nmetal.to . the total | u netal .in e catalyst
et HENS, hé GorplyfintiBngs oot TS clefFafh 52 A0 E3HE CRmn 6
metgi®odi nents, Col ums 5-10 netal (s) are incorporated
in, or deposited on, a support to formthe catalyst.

| n laspmgiembodiroentindhe eatalgs inplidess: comabination(of)Calwms 6 metal(s)
: e, Ncor por
i QA1 S, D308 OB B A6 el
metalabalolemn 5l metahipay bebni fanigs fiwid 011-300¢-10ebE2-5S )A Bt @dtio of
el enent ( zﬂ are supported, the_ weight of the catalyst
Colympa gl Golymap dr k0 mefel maw b in & yangs fgmyP1-20, 1-10, 0 2-5. In

souf|FRAh ks, thd BESHAR ke CifufhS BUIGHSATHh MR o dhise
refractory ‘oxi des; porous carbon base erials,

combirwition e Cobume 6 mipital @) ivittsoriehsimeere mdRel fraff OolmmsiSdad/or 7-10.
H_ﬂ( [ %cl ude, E:ll.lt are not

In othet 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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10 limted to, alumna, silica, silica-alumna,
titani um oxide, zirconium oxide, magnesium oxide, or

w@iﬁﬁ%s%?othere(’f Supports nmay be o_bt ai _ned fr?ﬂ;&"@%@oﬁonls?

omer Ci aI manuf acturer such as Criterion Ca
and Technol ogi es LP (Houston, Texas, U S. A ). Porous
Coluan Sanetaligiend Coltuanilfimetalis)l uUmoldnmncamfsthc] tttallColarhe AQ metal to

e G R EEP B R e
MDA 8k @ndBRlrhdrRs CMI@S-Q@QM arelﬁlc&‘E)GIJttﬁf ol & debBsited on,

zeol1tes. Zeolites may pDée O btai ned froma comerci a

a supmrtlfoaﬁmmﬂhc catalysi. do cemnlepﬂiod(ﬂmw, @olmng@m metal(s) in

h
compRRRH wilCSumy 13 Al Grt iR matated . S Fpasited: opg thg support
to f@ﬁﬁh@&ﬁtaﬁ@f einCirAtBRAiBEntS fin aamdh&m hleﬂe%) fnd/@tcléB@fis) 4060

A, or at least 180 A In certain odi nent s,

suppsafsothe eiglof the @telyst indndusrall sspperyboueialieins a3 element(s).

The S4ARH gV Bk Soll and o JuREE retABRY BRRES pofils Bbn bied

matgriild, 2eollfes; or\Wainbinatits thetedt cRafadof oxidddes) influde) bt are not

amounts and by such nethods as required to give the

limitedito, pluming, pitise.silicacpluminagtiapiven §¥@W¢°Ek‘ﬁl‘n?ﬂlé% mggnesium
oxidRChRiitE gﬁ%fsu] ghﬂ?&% 1993? be bﬁ@gﬁgﬁ &h&{ fc?aiji;gﬂn

ateti ¢ acl c acld FOPC At
suchmsttxetemay Catalpsts mnﬂ'ﬁ&hnakd»gms mﬂﬂ{amgtoge'ﬁetan UB.AN oMous carbon

s A I e D B e e AR o i
Exaﬁxpl'@to?%ﬁﬁeﬁm‘éﬁﬁg 8 _addiiiés, b&a?e IRB€ endriioite™ ;1 l@lgf G -5 zeolites,
f (r or exa

235 for ‘a peri od
and &Iﬁelstelmqh&; Zn@iites mayi be Iobtab’sdrfmm awnmnmnalemmtfacmmch as

- ZeofFROHIR Gt RebBOREF Dk her nont i reated at a

te mrsapwrg m emﬁe EmBESinene st epakedSluch tRat tRDRpHdR Badn

to formthe support having an 30 average r
averagepre sianstenef 4t dast 15050, a&leqshl'&bés o # leab b dve An gertain

I
cmbly Ryt BRlbpdh L R PO gl Mol @ i materil

In sdrheembbdimEnts, anacidis mddegamm pabwrtb Eﬁslstdmbm.sxcﬁll dfthenpaste. The
al al um 0 atlonsth r of ram of,
wateg 5h Sy Gie B1iiy5 Q0 ainpuBls apg fy gudhy Bebet G reddo give
the SirddEble palE i dgs@ecgécﬁlﬂﬁteng% C#legﬁﬁﬁds 1951u§$ biPRE nBt Rmited
grans as 50 WO 2005/066306 PCT1 US2004/ 042137
to, ntidic ecidi, n@cﬂlckayldxsulﬁ.}noohcﬁd,raadhyMChlbncmde errbodl ment s
t he,suppor er, al.one or i i
o P HRBS ey It exGiaed e GieDRGe Fenpiity kSR RRBHR btibn
metlﬁ:fd@ Eh@katilyBPQfiting 1 in'éthoﬂs E@m exirfies, 1Thb &&nﬁ&t@yﬁmy be heat
0.5-0.9 grans, or 0. 6- ngﬁrams as determ ned by

treatgd ptg temperaturedn iagange fnorsé OeTborfiremrSs23 5t Wefos a;vpmd of time
o B4 A58 BT g e s

reachdd,mﬂéﬁn:ed ?ksledie'l“ﬁé hean &éaﬂ@& extriidife may be fiacticr heat treated at a

Supported cat aI ysts may be prepared using nera .
tempeFRY 1B ARG A0 ID erPr 0B AP GO Ree RO having an

e described in U S. Patent
averﬁ%éﬁré%&afgét%@aﬂéa&@g%el ov et al.; 6,290,841 to
Galn cartaiy embodimentsatie sippetdiRAfdes garbm@rah@hing) theta alwghina, deita

. S.
alumllJna, alpha alumina, or combinations thereof. The amount of gamma alumina, delta

I'

alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be ina
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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10 Patent Application Publication No. 20030111391 to
Bhan. In sone enbodi nents, the support may be

w ed with metal to forma catalyst. In certa
d@o%&%g&nﬁts the support is heat treated at PCT/TS2004/042137

tenmperatures in a range from 400-1200 C, 450-1000 C,
detesmigd byooay Clifiraciont dn sompe engubadlmmtsgwhdwppmhﬁ eithét alone or in

conﬁ:?%@g %&aﬁen{.%o e natl a ds. may be ggregaguorfl£gpon,1n
a rabfPRGRMAL0.99 @has, 6,599 SM Bics %@h&% %&a&%ﬂédgyx-my

__ethyl enedi aninet etraacefic ~acid (E amoni a
diffrpetiony r lasomp e&mb@dmﬂentSc@ptsappor@mbm havnaattlsast a.lcgmak,m least 0.3

el ) 8o b ACRRB ] SRR B Betecmed By xray

diffsctiport (" overl ayi ng"). Q/erl ayi ng a netal on top of
the heat treated shaped support having a substantially
or Sppperiadetalysty mayi teqrepaseshesing genera) latowmmlympt@mauon

T T R

to Gabmlbayt abf 6 (290584 It torGhbrielbvi dtRL. Ok 5, 7AR02R4cBYSH & al., and U.S.
Pt pgplcatio %@g%%ﬁﬁé&%bae%&ég??ésﬁmﬁéiP?LSd"". nus.

o b B AL e bbS b o A i it fform «
catalysty dd cesitztitn embddahhxﬁs,rthe( supportA5 hedt ttept¥d it teinfpek 1% & a range
fromp b 30D <2, 307 b 634566 2 ey toensresrgtionishp metal. In

bt RGBT py SRR Sl e Ay

m XI n rfonary s
Exaggples phi %gnﬂmlm aids include s cit(it ecideompohent, éihylehedxmetetraacehc

a m.xers, and any ot her
amdgﬁﬂ‘fAZ,l Moﬁb%l‘n}ﬁtﬁ% %‘186? general |y known devi ce,
t hht ceNainl ersbbdiadbngs, Beaiydembi Be Gy addh o3 Gncorporating the
In certain énbodinents,” the

I ort mxture.
Coluis2r 1( §'ﬂ§§g toset treatpd phaped @nxtgmmspwmﬁ‘ommm’)
vl U0t uahlok BATRARASRY lobe a5 ARyl o

por t
relatme anm‘brmbonecqtmtlahlmf awtd] ofien phdiddbeteficidlratalA0mdddities of

the el HicaPFeaing o s npee sersoe ter Serioealn s istal s to improve
the caaleic QBRAS Hﬂl‘lb%ata] e Nﬁf@d}(% fggﬁ(rek?ﬁ: % uElhg %(I?x?aa) Hethods

t he presence of hot” air and/or ygen
are df:s@ﬂb@d inWiSe Rateny ApphigaiondtubticatictO¥o.208301 11GO0 m:ma

h.th |
T ot 31 Bl B S 5P S4B
equiphent espAAA Coluiises- l@iﬁe%(s%@u ﬁbr@hﬁﬁhree"m%éﬁ%% 10

mgo)ggver t he catal yst may eat treated in th
metalis)SUBPRIEMBFturgmay e miged bying switabld mixing equipmeénto rExamples of

sS04 Gyl bt RS ] A8 B e
(for dxmpb batclr Eyymver canﬁmdm itype),dinpabivaixesy, ahd sy @tﬁaﬂogyﬁeﬁlﬁ

kn W t.hout converhck% ge CoI umms 5-10 netals to
OWRIPIXPT, gL geqerallyknowy devics, gt xvill guitably pervide theﬂqxbumwrialo

metalAREH I mxgtﬁ}eefm%@nmeﬁ% D8 i B3RS ot ed Puntit the

en catalysts are repare
Colummlﬁmataiﬁs)\m (ah'e)961!lm<s|tkan‘1111zdlyrh])rlli@eheﬁls131E diepersed in the support.
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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active netals may be substantially dispersed in the
support. Preparations of such catalysts are described

i Pat ent Nos. 6,218,333 to Gabri el ov et

w&ﬂg&ﬁ’gﬁ to Gabrielov et al. In certain enbo%%ﬁ%ﬁgo‘m”
a theta alum na support nmay be conbi ned with Col ums
15Insoh? eembadimenis, thercatalyshaiay belhest treatad ippbe pregisica ofibot air
5-10 netals, mxture. The, theta

| | umi o o
andl/F sk eT kb il Fh8 teru s Iyarangs bePEeAgD 2G 2pd 1000 °C to remove
volaﬁl% %?étr‘s:?s@m tRatl £ TRSE ﬁgHﬁﬁmefﬂ_?é ColugRists-1ORefald fe boriverted to the

the catal yst havi ng pore size distribution with a
correspaticing mpotad oxdieanet er of at | east 230 A Typically,

S S5 B K 4 i) YRGBl e s o
air at{BmbBBfurés FOIRBES 3k F5LBOOPE (R eRarBplepbelbw J00L03 beldwad00 °C
descri bed herein) may be conbined wth a supported

or befew 40§ 8€) fora neriod afdine inptange framal - dours|ta reppaye a majority of

di t t.h { t ' s
e ERRTR s I BB RIaB8 e S0 B R
Ca mgﬁépaier@b_ Piilch dkiodaed gnesdllyrefenied to as taivaltined!” catalysts.
powder with an average partjcle _size from

1-5Q.
Whepicatalyits are preparaddp $hi§ masnensinoombingiiog, wifya S‘#%‘gmgdmb?d, the

. i : ts a
o o5 ABaNA SUPARLY ' ol b kbt
are desoribied QoS tHatdd Nosup 08,83 aiGhbidelov etalr, add 6,299i844 to Gabrielov
standard techniques to forma catal yst having a pore
etalsj ze distribution with a median pore dianmeter in a

ra oéEnﬁgdiﬁﬁﬂrsAa HetD Pukth Mppbft dadloelctinbined with Columns

Conbi ni ng t catalyst with the support allows, in
5-10smetals enfoont athetasslumind sspport4ol@ond o1l Oimetals mixtise. rEheytheta

to resi nder .t.he surfac f t
st PR CaiRes 58Pl Bty 1o et BERE s pfperate ofa
least!400@ NS féan HRSGitdIPitdavidg o fire Sidé tivatbutioarvidos ddian pore

ot herw se occur in the unenbedded_netal tgat al yst. |

n
diameteref atiprsi238 d-s Typigelin guehohent tregting is ganductedsds iemapesatyres of at

' most”ﬁ)ﬂq’ﬁ‘t al yst extends the |ife and/or catal ytic
acti

vity of the catalyst by allowng at |east a
pold sopie exhbbdimenat tle suppard (edthena téramenridlsoppat ot dsupport

| ' . 52 .2005/.066306
DreppGY REABOT PO Miohe SRITGINGY i APROTRS Lyt apflag a bulk
meta? EatangS ?ﬁgsamé%ﬁdaﬁﬁa&@, 186 Ofiporte batalRt Sy iGleatolivha 15

cata uring contact of the catal t3)/s,t wth a crude

metal(@p dForlemampes tht suppodeditsalysh avdfng thf bulk anetd pptatish may be

t he catal ysts .changes, in nme.__enbodi t .
erustielinfe Rkt 2 oes Rasifeizs S o0 ficfons’ 235 pmigraps or 5
40 nfiofl€ 'H[é’%g@ﬂer@n%f b&ldribiRed With sSpP6rt &fonil dnyeniteddedinetal

order of [ um metal in the crystal structure of

catalypte In sorme ¢abediraenis.the Povrier reasties cosrbipewith|thgywnpgort and then

extrfeh Bl Mol BIAMATE ) B bR sige digribution with 2
medfah oeadisinesdr il & ratge\feorh 801200 Hori00-18014, ok E2®ABGIA. met al

in the netal oxide may _be determ ned by conga N ng t h(i

or §embipng kee catalyshwitisthesupporhallows, ip shngem 9&['1116 ts, at least a

f : )

porfl S RSP SRSE I e MBI e L o
exanaplé fenstetided irsthe stpport)pleading te Fsainesdl onfheosurface 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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br oadeni ng and/ or absence of patterns associated with
Columm 6 netal in an x-ray diffraction spectrum it

WIOSZD @& ihle to estimate that the Colum 6 netal (s) are
S "al ly randomy ordered in the crystal PCT/US2004/042137

structure. For exanple, nolybdenumtrioxide and the
Thezhetals meysngwon tthédarfaoe ofithewaiabyst tiabagh dsidnaTehesurfilce of the

t Ieast 180 copbined to form an
cat ?Pé‘%%@’éﬁaﬁ?t@%%‘ﬂﬂaémﬁlpre&ﬁe The ol ybdenum

tr |1@eéfd§ﬁ f

b0 Bpba ndifEhiifl bERbhBbRE i BF LfEiAHRYy affets oh Some
embpdumtasl @haﬁtmtum order dfdhd€aluntrr 6 anetal mtthaCohmIpe oRideIcystal

s el e %@P@%ﬁﬁ@ﬁh@r O Gh i A kg of the

embaﬁdad-da&‘lys@“ The 61%% ONth& PG i ng{) Igﬁii BE’HEt@rmﬁ‘l%d %Qﬁlgga%gvder X-

20 of the D001 k. In some e Iments, cat al

ray digfjaction sethods: r by elpmamalslneta:lw thee ca‘t&iyst melatlv@tmrme order
ncI but. a not limted t
of eﬁ%{eg&g#g%le ?12#19 %e&a?l Eé% comparing the order of the

c°1mmrﬁmmnpemmdmer ﬁyfdlmﬁo&qieaddﬁi of Th¥ (W¥An & oxide to the order

h &?qirlb tion of total quantity of pore sizes versus
of thy rttelpeak yen ¥rsay diffrastion spetmun of thefcatdipstp Hram

brosBfi 0! AticR S pRRerT iy Sl Ll RRelelin ey

diffradiion spmﬂ'umiet atpobstbie to Estimays thet tief Celaiimes ﬁlet&msjlﬁer%ﬁbstannauy
randﬁ@gxm ﬁf h’gl st have a pore size distribution with a
6,12 thg;ckyatal siructpres range from 60-200 A 90- 180
A, Fétkakfpik, tholf¥d E‘*’ﬁgpa
cat al ysts thé)t [ nc%géé &?degg% %ﬁ%ﬁ&%ﬂaﬂ pore

dlamatea of pideast 1 8¢ Aamaybe Ganbhgdsm fhmmlpmm/mmdenum trioxide

s S TR LG K
d/ STh
- ﬁf“;???“g“f”f S L AT e

temperafire of gijeast 538 °C £L000 “F)v produge 2 eatalyspihat dnes abt &xdbit a
e sl 0598, SR S e e

of the>Did; PsaQ04/ 042137 The catal yst may have a pore size

d| trlbutlo W|tha di an pore di aneter of at | east
sefalyst stsypayhsrrb asagierigeddinpore staecture. Various

e T

surfagegeasg or gombipationa theréafa Jhe 6aatyst nmyttaveh distibeiondf total
n having a pore

quantgts'rogé{ﬁerkl%g\%e{épﬁr ﬁor% g%%leql 2! iileb gqtlécggl porg digmgternqfthe pore size
d1s1:r1bl€ticﬂ1 rdaganeinqrang@ﬁsﬁr:toal omo@ms@isa@m or 66—'390 KAl opad

pore size distribution with a median pore
embo “é"ffﬁ? @pta}yﬁtséhq;tam@@dqﬂfé?ﬁﬁW@S mns\of gantna ahlmine&ptet ghifof

t th
cra B b MRl RSk e B e g oy 020
A; 904 sowﬁ, 116- 1400k, arneoneolhnlnmm ethBoBERhts, $alQ80 Bkt IRM R at

di an pore dianeter of the pore size

1 rrl1 whi ch tfl

east O i thefs alughina pedaram o ey BERaye aporsisiatbudon witha
t 0 f r. of

oty LA A S AP 6

embodinzmts; Sre meédidri pore Giatetst®f fhe e WzeAli@fibhtivh FRHicas 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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pore dianmeter. In sonme enbodi nents, the catal yst has a
pore size distribution with a nedian pore dianeter in

rom 180- 500 A, 200-400 A, or 230-300 i.th
ngﬁlﬁ@gg’t& 60% of a total nunber of pores in tﬁ’éﬂ' Q04/042137

size distribution having a pore dianmeter within 15 50
A, Thecafalystima#(hake afpotesizendistributigrowith di mediae pore|diamgetgeof at
ot S0 S0 005 o B, 8 55 e ion
; ! 4 Rny 90-188 A0f0R D46 A, BRY20-2BWA, with at
mthf&‘ri‘:r(i)et%?dngaog@gﬁfg eiag?r%/aga@g 4-0.8 cnB/g, or %’5; 0.7 cnB/ g‘gm :
least 50% afattata) sumbernofippres ip theepose size distrthutiontliaying,a pase diameter

oS R A8 SRS ml o BB 1O e
catal?lsg Rad'R bSre sile distBiBetontwih FRlcliandord Siafifetdr iR aFRige fréth 70-180 A,

X ast 220 or at l|least 270 n2/g. Such surface area nmay
with plleast 68% efratotal nombenef 0w inthegpora sige Bistribytion hayig opre

. [ or 0;220 . 1 al ipnpents, the
dlam%%f %%4%&?%% 3%%8&@? ezlég%%ugb Erle%g{ne% th a nedian
POheenshiodivaéms i Whithi@edias pove HidneO0ofthepyrd wizeedistribution is
surface area of ,at | east 6(@5"2/%12— at %5 | east, 90
at leaspl 8 A, atdenst 200 Anpy 4 loast 230én greatordhatdQys oba tofel ugpher of pores
. 1 . = . AV -.De a n §10) .
in thhbbe Sl ispeitbn e A Rr Ao BPY s J0NA270 NG00 AR the median
pore diahg@ter] fin sné ainbodindeats] the chtalyst hes agairelsizetdistribwtion with a
Shaped  forns, for exanple, lets | inde and{ o
medigy porg fliraeier nifrangs PpeIsBispBi, 20p5on A of PH0EATY f pih B least
60% WHM@%&%P ﬁsﬁ:mégeﬁ%i{erﬁmiﬁai&pﬁam§ £Q1i486ker within
cm 100-350 cm 200-300 NNcm or 220-280 NNcm 30
50 A} 70 400e9@ Afdhemedian potealignactet. yst and/ or the cat al yst

R YRS Ry 1Bk R el T e a1 st 93 chPfd, i teast 0.7
cm’/ % sRabSt 0ACIGAT ceRbinGRbbdintdiits, pbice¥dlatie@Tabres nfey: tange from

n soye embodinpnts, the catalyst may be dried then
0.3-090 em'dg .- 4-A18& apigtar Pei-G-7 cig. cat al yst may be sul fi ded

| WL A SO it AL Y Al Boft e PR e
from 0L FR0r A ziadyi, nsommey/emibddimas, havde YEnPRREre668Mdeast 100 m¥/g, at

PCT/ US2004/ 0 37, eifher.gaseaqus rogen.sul fide in
least 1§ T St 190 s bl 228 4G AT HELe SORuFARS ity may
be in2IBRESEHSMAN0FDOIHYLNDL 7D WY/E ABDD40H/6] Gl 7adi20m?/g.
al kyT'sul fides, polysulfides, " thiols, and sulfoxides).
ExIngiettainsphfadiments,i thtrcaialps deving apoee sies distiilsdionrwith Zmedian
Pat ent .Nos. 5,468, Seanans et al . n
pore ik 8 rangb iR 10300 A gpay B K oue B ate A Ieost 60 Ve,
least @O}Cﬂleé‘leﬁisvm Rf/gCatedsy $30 /b drsk st 2 V6i/g) Suok budae area

Colums 5-10 netal ¢(s) in copgbination wth a support,
may b in heRsge hpny €0-800 a0 B0-PABUYieo MU (T2 /srea A0 250 aF 46

di i . - T .

O 1Tl it A L 55 i 51 B Yl
cylinﬁ&i’s,/@andﬂirﬁbt&?ﬁteﬁ. HEhe datelﬂj'st topially ﬁms afipt bhteaatruthlemm ha

cnB/g. The first catalyst m ave al um
reng BRGS0t Nigen, 160490 e, 100380 Bfcry 290e50 Wiprnor 2889 9V/cm.

t ypi I . f '

or Bl e i, e v RO caRRRTRANIR [l to form
metabaifidesr(prich trrst)pysing tectirdues &ndwnin the sEb{fonexataple, ACTICAT™
procergg,t &&l( ﬁl)térngtfornaﬂ rh?ch. OI]; 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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catalyst, in a range fromO0.0001 to 0.1 grams. The
first catalyst is capable of rempving a portion of
the Ni/V/Fe froma crude feed, renoving a portion o
Mhents that contribute to TAN of a crwszmmw
feed, renoving at least a portion of the C5
e1thea@§b%h§ By@rogdd Qulfide ihthe preskncé efhlydrogemut ﬁmndtphmmmzmg

agwﬁgéhggogmﬁ%"g%ﬁ%ﬁdg QHB‘P%IQE aﬁwis"tlﬁqsem ys ﬁ%ﬂhggls and
sulf%?eggrﬁk Q@ Qﬂhr Iz é‘ﬁ'Bio%essésUdré HEschiB rrgnfr{ S, Yoteht X649 tsQ!Hs 372 to

ue content, or co at1ons thereof)
Seameeahldnﬂﬁﬁ%l'mﬁlmﬂemamrmbl changes V\,hen t he crude

f d ted h the f t b
o5 certa o belpecisa et bps st s GRSk éhyae) 1efyés Columns
5- IOViﬂét}aﬁs)QH b¥mbiaagh Q@tlh%é\}\lﬁ]{) B8P ﬁﬁ§ 4 ?o;re elsthe %@su‘iﬁﬂltﬁid Wih ¥ median

anmount s may e crude be nore
poreeﬁdmcteemtal ange Famcl$0-250 Aofks ﬁshmdystem)shavo rcsutfacaance of at

teast 5o he boreoltEle o i o By A enet B EGHIE e firt

cataB@lt Rhy Rdve)a gahthsl @RSnind SUnkeR of &t 1448t 0B!gaheh§ df bdinma alumina, and

|nat|on with a support, and has a pore size

typicallyiat iost 0599 grmws of gamue ahnos, et Baretlirst entalystaThe first

cataévgt 91%&'?@%% ?.Hlé g\ t(l)tgf gotnteg:?g/g eEIuJ G}n%{a?ﬂ } ﬁ)%

catali8G @alradgé &oib0. 00@1\/@ (1 pans. dhefiesteatalyst sicapabile ofrenfoving a
t he nedi an pore dianeter, Contact of, the crude feed

portigntof thendli/y asrede feed, grarsing & portion|of thesomponenty that

contf it TN ofF st BT Enlyig i R 1Nt SLRE CYaSpialienes fiom a

crude lfeanlg sinoviigodtilewst & pottiva of theangtals e metad saltsfoftonganis aciids in the
whi | e ot her

ol oo st 5 oo, v

-.

" contBfDAVY GR regfﬁﬁe &?nttﬁ{t %%Bﬁlbﬂidﬁbﬁﬂlhﬁ&ﬂf)@ﬁiy Ahibit fé&nvely -

second cata yst reduce at | east a portion of the
smali changas when mﬁaxrudm‘}écd istpontacted withrthe firgticesplysth Beaingielde to

f |
st et S5t BER B S i B BRBRL e Bhprecien
relatdfely A8l aroRas hiagallod thdrerulié fe¥d kebe mptestficiehtly heated ufiesome
product. Additiopally, cont act of ,crude feeds with the

embgdissnts, epR of lyglte fifshc be ussd\jmanyenlen 66306

U, S P S S e
Columhihsf irﬂ 0 metadfse it ccmﬁbmaitmmtlﬂaasdppert, ariddras @xpangdiee distibution with

o e 1 i o o 10 80t S O i Humber
of pBYeS fHHRE pORYs si2d AQriBiifidDbt the §eRbAd £atAYMt IR hoNBRAGESE: Within 45

distill content, V@O content, and residue content
A ofithé mtedizg ppne ﬁamhm cEanlactfof¢he crude feodrwitbrthosticondeaalystender

smt%ﬁ ude f lng ]cgl? Q%ﬁ?ip&gﬁc%%%ﬁé%goﬁcﬁgﬁﬁtthgg%ﬁlgcged properties
(for Eﬁc{lﬁﬁlb VEAN) KipfiificAilY clas pdiblelafe fo 1he RABe propefties 00 tHetude feed
metals in metal salts of organic acids, A

whllp@ﬂm prapestien arghontnrhariged bes amourtan: pydragen guige, in some

r unaccept abl e for
embgglﬁ%lgghagt | g’ﬁése%to‘ﬁéﬁlg%g& | ng. A di sadvant aged
cr tnie s¥dohdl catalyst Mk yetuye fti IQHSt £hortivnloditeanapoaets diat contribute
exhibit less stability during processing relative

to th@ AQY péthecrudectsedyat leasta nartioncttyibe enmusneaisthaticopgbyte 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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content. Contact of the crude feed wth the second
catal ysts, may renove acidic conponents and/or C5

WOk es contributing to TAN fromthe crude feed.
Ir Ekg&r?%%enbodi nments, reduction of C5 asphal t FHeEUS2004/042137

and/ or conponents contributing to TAN nmay 15 reduce

crude phdtRctWRE 8 $élhifvedy sthBl® cldnigd $n ﬁﬁ%ﬁiﬁﬂ"&éﬂte&g @gtg&tto fﬂﬁ@%ﬁﬁﬁ

relative to the viscosity of the cru
content of thegradesfend dF omaxamples the andapoductondy et aenHiundontent of

0 | yst h tability.of the total
e A S e e cSRATIEE T
relatively sneall chahg@vin ditMbRRoniRal VYO CORRA, Mt AKRIND YotibR r:til%tﬂggto

h eed, or conbinations thereof, when used to trea
e crudefeeth feed as described herein. 20 In some

' ' f | . G"third
Ay T ——
(for examipld) aCmiostr50 Wippah) Aut & relbGvdly AHICEAR, &sphatteist content, or

The catal yst precursor nmay be heated iIn .

ecC SOor.
content ﬁ@eﬁ%@é\‘&%‘ Bits oherseRic geide  Auelatively drghaT AN(for example,

TAN of G0 [BaQU} LAHP LS anpl
of i AR 1n S repdbAEPER AL o8 BB or und Gl B,
refiningf ¢k disadventagedémilnwithaheltvelgthiglyss asphylpeneatdrtent ikl exhibit
25 1s_heated to at | east 100 C for

.St
les sat Ry BB pRE S Sl s ergnoes Wi Blatirehclonzsaspbalienes
content. "@ynta@tF theddrade REd Gathahy $dcond @%‘)t&lggs,g?g}‘ng%o]vg _agm n tO )

content in a range from0.001-
compongits gad/ones appbaengs entgbuting to THAN fiohy the catdel fyat. IMayme

embodidiits, beducbR B L E@Rbu ek ald/bnlcorfinsly SRatrbiting T akraay
reduce thervisctisity of the cmdeefeaatow%s?mt BiEHIRQElative RARL %ﬁc@stitly of the

4 f%ﬁ eratures bel ow 500 n the presence of one o
crude leegy {0 SRR FMROS IR @5¢ oTmere epmbinatinnsof second patekysts amay

enhance 3fablIRF 8 th@ ¢ .ﬁﬁbtfa {8 Lhal nericbute
to tﬁe TAN&g];ﬁljto e c%‘fgg’??@e&g& qr ﬂg’é:regfef%%ﬁ” < allow
minimal pet hydpegenfuptake byshatmde feedpbrdonstihation® thetdoaWhdh used to
educe . a Ni/V/Fe content of the crude product,

matcm%ﬁ%g&g%@??@“ AT 8eosity of the crude product.
Gté bBaiiensCRIRYPOLE Glidlge (4RRH gyt IS bl Bblathable

catal yst may produce a crude
by combpwing 2 sunpod/ wHPEeirmny metal(s) toi prhdweraaiatalysv preguson| The

j l. t ent | at i ta th | f
catalyst GFECRAR el e st i Hle BRI FiparE pulbnropysiing

compourris bt fjetiprgtirebelosk SOIC (o eganisle, Yt 4T at) £ ?&P@ a
may have (a SS| fur content of) ?gé/e 13 “%nl%f

short perfogipt gk 9 0GB Hieoiealgmed el extlas. Mupieallske catags procursor
s O 100SCSESRAR kB 90 D P o
gram of egtalyst| Haxe e Godmhe 5 plex(SRk camértii a ra1pe Hods0.008-0.030ha5!
00050 kb Y5 0 BOLAE: L e Kl LISt st sy
and stabilily Widnaise@ i 8k theatﬂgdelt 1;&&1 g%]&&eﬁﬁé&ﬁg&)éin.t ﬂ?sq%ﬂﬁeugﬁn%%q;g\ems,

product while also on angli ng by a snua
the catalystpreqymporgs heated,at telinperaturat tel oo 50@PE in Wepresendeaitlone and
' ontents relative to the crude feed, nmay
moresul%??%ﬁé#ﬁwggcrude product to be used by a variety of 10
The thirtivenalyst Ay bddub@st 13 dofid ' i
eP‘oodi msn)is, irrmy reduce atPBI eé@tﬁg&g&ﬁ |81r11 @}ﬁ?@n%ﬁto
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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content of the crude feed, while maintaining crude
feed/total product stability. In certain enbodinents,
rd catal yst may have a Col um 6 net al

[ (s
ngﬁ?éé%f:’qﬁn a range from 0.0001-0.1 granms, O. (5%?5":’65.2@%4’042137
granms, or 0.001-0.01 granms and a Colum 10 netal (s) 15

product wif 3y but ol B8 R 8y S e SR oo
the crude 68 4B Sif reRAvel) niTBind] 08 hyRé & th@ 6k Fide For

reduction of at least a portion of the conponents
example, a ¢rade powtuct ay bavea subir contenief 7PYd £30% of thersulfur content of

the crude &SP THE BB B e Parofiiigsiiedf i Alyoaty AR St .
5 relatively émdll Mishged fh API SavityidistiaRabnten GO oheuf, bhd tesiieof

catal yst ("fourth catalyst") includes Colum_5
content relgive kq the crudedoedi The abikity ke raduge theekAN qibg metals inippigl salts
 The f i . . . . Y .
o rgaic Ay \KIAY E2L Bl e St GbALR YR el
changing eyrb extalTenioant the APRTpetvaty, distidatel conteiteV G cdntentf andrresidue

catal yst nma e at leagst 220 A at, |east 230 A, at
conteats relaheg f\ézt%@cwﬁe Sredomay ey ek Pfﬁﬂgctstaﬁﬁmf g3 varety of
10  treatment Haglgide at least 0.1 grans, 25 at least 0.5 granms, at
east 0.8 grans, or at least 0.9 grans of theta
Thaithind catalysty inggoarm ahbodimes,mhay Euce asdedsha partioh pf thendd(CR

content of ff € S Syeng AEe rolotal adodt daE T Sein
embodimdhts) Qiblihit aR1yst meP havda SoRiEinbé ﬁm%ial(sﬁ&fnté]ﬁ @1k 8dnge from
alyst. In certain enbodi nents, the Colum 5 negtal

cat
0.0001-0.1 gramsn 880805 sramarar 00/ dH0 hrerams andipeColpmid Orraetal(fay
] : ity Sl

15 comtent inJaGBlA R0 001 s BER O 0S-SR srklb A 03001 P01 gravs s
‘gram of ca]?dl@isﬁ 12 @alunaﬁtﬁa#ryslﬂ lﬁatﬁl(@rbaﬁlﬁt Q{]ayrfaéiﬁtatﬁéxfedhdt'ﬁ:ln of at least

. ollowing: t irst cata t, the sego cat al yst, .
a portion gifjhe FWP‘%’%&‘S?WPF‘WWM&HRG‘%& apde fqu at {EpeTaRERs in &

range fmng@b@-'sﬁ bgoﬁhﬁo-ﬁgﬁeﬂtaﬁdg?%%@ﬁraﬁﬂ b (gl-1g7 ysg s.

escri be erein, or c I nat1 ons er eof .
MPa, or 220882066306 PCTI US2004/ 042137 | n sone enbodi nent s,

20 RO ARG A A GRS,
~ Column 5itRetdl(d) 3 BSmbinafivBHith 4QRetFalugal SBPoft, TOE fordBcatalPst Gas a

~ The _crude_product produced from such contacting may
pore size diaw@utaomwmﬁ afmegian paye diageter afet least1880h, Inomeost 500
. 0% t
embovinds e A0Sk 14 B TAN S AL SE U H S0 4.0
least 230 An@/led3t 2DA46r atiidsn B0 Ar The s@poriNngy idludéheleastidb grams,

2t 0 B L0 Vg B Bl bt e
support. 111%"/&3&? ggglykﬁﬁﬁfr inklude O s nglg%ﬂﬁﬁﬁ}(érﬁ?, afRIR5EN gffms dthe

crud In certain e diments, a fifth type of
Column Sougtal(9) per graf 6f datatyst,zind sit lepsti 000000 dramCof Golnng: 5 1otal(s)

t al i i i i t t het l, i t.
per eram §zali{) 19 b Suboihmetts e Lofieny S e 6 WeuRbh i ¢
In 80118 SnBBdiRRLE, HedttRicSEedliafbe boatted B0thAn adlitioaalsdatalydd
. at least 230 A at |east 250A, at |east 300 A or

A
30 subsequenjfo pansact SGth the formd catabysbr Thevadditional catelystrmaebeseneormmore
of the follg\gvﬁlrg'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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at least 0.5 grans, or at nost 0.999 grans of theta
al um na per gram of support. In some embodi ments t he

WB%%?JGE as an al pha alum na content of bel ow Q.
gr ans 1%l pha 15 al unina per gram of catal ystPCTﬂ%@m""‘m“?

catal yst includes, in some enbodinents, at nost 0.1
gr dAsowE embodimends, aydroger mayde ggneratedidusiag sbytectingrof thet crude

fed SR8 In U LR Sk BHIT i B B 0P BS0 5 0o o o
3308076 Qe proand pRocicd goivich cbitabid Mfhave a TAN of at
mongBOdl ments, net hydrogen uptake by the crude feed nay

Toepnes; $0Ye, atzelorsbiﬂ" et ByegtHI% of theohAN. of theigade feed.

ol AR B T i 5o

¢at .aThs trude pmdmtrmay ahvy Btotal Ni/V/R8g0nfehDdf at ibst %00, dbmost
Otyfrom 32&/3 or from 330- 360 C. Net h¥dro en upt ake
Bt ot wém%%%wl@%%/oe%@dmh %0 ?%; /Facentent of
the dradOfefir om 1-20 N8B/ n8, 2-15 NnB/nB, or 3- 10 NnB/ n8.
The crude product produced from contact of the crude

f e &t contaim embedifients) a fﬂilﬂbrysd)f el pet *“ fiftly eatﬂyﬁ’@‘indﬁdﬁ Column 6

T A
distriBiitioB Svitia hetRNGRrd didMefr Qﬁaﬂeést 180 &3 a‘p}egﬁ 220 gr at IFast 230 A, at

0.02-0.03. In cértain enbodi nents, a siI xt
Ieas%a%ﬁﬂ“ﬂ 300 A homatmadsy §60 A. i Thel sugiport Gl unmiudeEat least 0.1 grams,

N R i e T T .
embpdinent, te sdppdrt hixdd Aphavilihi oERtneEE 9@6@ Odl' ARk ef al?ﬁa

at least 1 In_ some enbodi nents, the nedi an

0 A
alumina, perigzam of carglyst. sThecatalyst inchidesgin snmp epthodimentn st mog®.1

erant) of CoE Bgn it her Blaok Ekal 5 oy Bl D ol o flnn 6

metagshp@ gram off eatalysD. In sgrr@rembodiméreg she Qoﬁmgf Getal(@fare

t t 0.99 f thet
molygﬁ L‘-ﬂﬁ“%@?[’ﬂﬂﬁtﬁ?g; guppg?f The cg[ glm)sls? rmyel ﬁcl ude,
| NIrS@MmRiPEnbsdiReRR/ 1%@; ngg@%t@ﬁ%ﬁfe%ﬁ%eﬂd dmi%Pe rela%vely

enmbodi ments, a tota t al
low (fex exapmle, frora 0. 0dok)0 Nimi/mjy b8 Nipkm”® gf-56rNnt /m%bamusﬂ Nm*/m®)

whe@g cﬂldeéggdsn% tc%rx%g%!lﬁag?h tgs g%fhd:ra I rrgﬁ fsllgegle : ?zﬁ&rg Mrange from

310-40000}i froem 30370 €CIToF R6m330LIG0OT, Doty dfeen ihtale ﬁﬁfe%!mde
to total Colum 5 netal maybe in a range fromO. 31 3
feed, in gpme gmbodiments, mayrhedn g rangefdilrRhiND ke 160V Br 3-10

Y 'cudeAlta | ar.e
N %gjlt ?Elgecr?bm ang'?&ﬁghtﬁﬂlgaégg %?enoftﬁ (s ﬁg%?df\glgatlpgiﬂh catalyst
may hmea'EANobﬁ/at iost % esabehdist 80 hyRbstH0YE ok Qfmss‘téll)w S thOTAN
£ th&eradd g“(?d Iﬁ\rg ?r]_h% 400 C, from 320-370 C, _or
orHsEYesETic Mo o B 5y s ere 0.0 oty 0,0.05,

or 0.4220i0B, 2a range from - 10 NnB/rrB to 20 N8B/ nB, -7 NnB/nB
to 10 NnB/nB, or -5 10 NnB/n8 to 5 NnB/nB. Negative

ndp WW@GI&K@ sixthdype afivdiatyst (‘Sixth batalyktyvinclgdes Cslumn
s SR bl e P St o
sixth egtBiYlsds al 6@)&‘6 5ig¥ BisaiblAoh Withd meBah pBR 4iafbief DS 1890480 A. In

at _nost 5 at nost
some embodiments, the median pore diameter of pore size distribution may be at least 220

A, at least 230 A, at least 250 4, at least 300 A, or at most 500 A. The support may

include at least 0.1 grams, at ieast 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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10% or at least 1 %of the TAN of the crude feed. TAN
of the crude product may be in a range from 0. 01-0. 1,

L02-0.05 or 0.03-0.04. 15 Low net hydrogen
Wguzgﬁsrq%G%gnt acting of the crude feed with the mem‘m”

fifth, 'or sixth catalyst reduces the overall

embbdigientsg 04l FICoNHA 6 Gttal(K) ahd Cohimee 6 aeeitak) vhatineost 0.1 grams
produci ng a crude product that_ js acc(lsgj‘ci(t3 l.e f

per drea e afalat rahatdaest 0,000 gxarmicafi Colismn Sdheta D dn Cglpmmn 6
metaggggéev erhh PRI 1 640 BB Hinehd AR r FRHBIOR YRG0l 6

NTNn a process decreases overa
metd totota Gohgmn G sitetal R4y benincamnhgs fromrthbadDnie b, wor 265. skaveerinin

e oS Ao ST B e
mol%&ﬂ%ggdggﬁggw_uof Colum 6 netal (s) per gram of -

cata . m 6 netal is nolybdenum and/or
t uNlsnethe cilide feed iecontactabwith fhet sixth chtalysf at@itempémature in a range

onBR AP 8 ot 340 8785 orh 130 2B Sl e bRy the e

feed HROSH iR Yaige ot €0 Nint®ah? to2200mSm®, 17 Wak’ /ey 10 Nm*/m?®, or -5
fifth, sixth, and seventh catalysts nmay also be made .

Nm’smiteoy Noghy'. Negativenetdiydrogen upiske isnus indicasion that hydrogen is

.. Sel ecting t.he gatal yst 0 D] ' ' .
being G tef th A T AudeSirbiles Brody P aRolap! ot the Bl food with
the shttdualyst BapBavy PTANEGST at Akt 9096, at AMdsaBOYo0at st 80%cak most

properties changed relative to_the frude feed while, .
10%gpnetileast Lipefithe EANFofithrcrude freds JAN gi the gede ppduct may be in

rang%%%%bbﬁ%?ﬁ)ﬁ@@@%%ﬂﬁ@&f esul ting crude product nay

ave en propgertiés relative to the crude feed

an{Lowt et Aydb gemuptakeahrimgtcabiactifigof the anedp feedavittothe fourth, fifth,
., and/or refjning. Argangenent t.wo or, nore catal yst.
or sigfh catalyst sedugs (e AR EORTSER AL FTagE dudng PioEeRs e While
dRERB A dride FTOMRY R atcdiblé R tabssiRtation dhd/Gi0feabiediP Stnce
pro TA_N,E API gﬂrrg(\!/it , at ngégst a portion of the G5 )
produsipigand/ontranspartingdydrogan frosastlnrmisimizing the usage of hydrggenina

aspc%rgti on of &Ilhe ?9 W%S 005/ 066306 PCT/ US2004/ 042137
PrOCHIS ISR Q4P B PATCS BT ‘portion of the vanadiumin

t hen edrtstiCerhBRiimens, Psevemt ugmcbitvatayse (‘Btventteasdlys™) has a total

portion of heteroatons in the crude feed are reduced.

contpqtrof Cepduram 6 mtal(s) in & eange fogn0-890 1-RO6 ey gfedumap metal(s) per
oran 0
a?}g:?aé@ ﬁhghg?ég?‘?‘??% gz?\lfwgwgguge ?‘é&é /tora .z%eésgg%nth
catalyistdis bemefictal improdueing atrude peoduat thiat/lsts d TAN ofiatihost 90% of the
tability of the crude feed/total product m xture
TAI@B?&‘EQ’%%&E@SQ ng may allow a contacting systemto
OP &fiRdr@nibRtindintd SAAE first, BOGHES thifd, fhRBSHAR, sifB HnldSevéth

at least 1 year without’ replacenént of the catal yst in

catalyhts neayretdseche medezamdéor uShds in atheowise descoibedlarein.

S A5 BBp oo B ARDE i
mayadBhad dré ddt td Bé&plodacdlthat 28 THN hiWorgeledted propeiiésal
10 salts of organic acids, at least a _portion of the

changedpalativstite therprudeigad while pther propantes af thesrude feaedye nPbn

s A BB ALEARE IR, OB s v
to thalcende!festnad, thok, Heandre iabéeptdbld fpr tlafspoitation dddjorabfiking.

crude
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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feed/total product m xture during processing (for
exanpl e, maintaining a crude feed P- val ue of above
. ternatively, C5 asphaltenes, TAN and/
Wéré%?‘%‘&%ay be 15 increnentally reduced by co?ﬁ%@&%‘?‘mnn
the crude feed with selected catalysts. The ability to
nickelcarelimmdt dddst/a portibn of thelvenadiugl iy thhandefepd ept bé ratcaf before at

the crude.feed may.allow th tabilit of the crude

least g qprtioh %ﬂheﬁ‘?r%t%% l?rfl%?tca'\“ie ﬁié‘?ﬂ’i—’:’.rﬁﬁ‘i‘ ai ned during
pr o8 &asbdifent! [ fior, :
(descri bed éﬁgﬂ@?%&@g@ygﬁﬁﬁ%ﬁ%@yuﬁ t6 1';113 Saé%b%?ﬁgéms’ Hmprove

lives of ithescatdlysts amd/gsthe staBikith oftheicradenfeeditotd]l prddct mixttire.

catal yst .ma I r ....20.af high I | a .
Teny gt o6 ekl i Ao efabiie o S ot SDhetel bt mpture
during p5éeaking MdysalRiv @5%&@6&?&%':0 \WBEraR ORI IERY Bihchthd) &t least 6

stability of 'the crude feed/total product m xture. The
moxith.r ag leasl 1 year atithowksteplaneaentof dhehentiilyss in the cootacting zone.

re . Of. a rtion Ni/V/.Fe, renmpval af

v oo ot Sl BBt Ay R Bionicn i 18 Sporion ofte
Ni/C/FY, b 1eakt@ dotich of{B€ Cs asphaitenes) i 1édst £ poitioA l0F & metals in metal

catalysts in the system or conbinations thereof, from

salty prorganicagils, ftdeast 2 pertion,of thy eompongnts thay contributede TAN, at least
R854 0, SR e L e
propértiegpfithe ofudetfemtare ahaigedwhilpasintining thekabilify afahe crude
TR TS ST RN e
valieddfabyoé 1.5ReARMEAatitdly 5@_? éesggéﬁn%nss, PN iaﬁ&]’of’f&ﬁ% %Sil\/lﬁtg may be

~ Ni/VIFe fromthe crude . in some e
incrementally eeduckd by coitactrod they crnde feed Ovitheseleictedtcatabysts. t Therability to

e Bt B P IS8 BLE b o s

of tliopnas fRAMAI prodbi@ rhixhieé 1B AlaiSlined dlir iR SrogRghact of
the crude feed/total product m xture with the second

catlaisgseegbodivasmty, theirstcatalyst (fescribyd alaaye) may bejpositioned

ups e OEa ik dERA i, 855 R0HERNG bt e pHe chialys? Rl Rl removal

s L g o metal salts of

oreRib L MBRIES e SbHEY OF Hheceriecdodfatn FRpICS BOHE-
Cataelib( éa}alﬁi H1Gvs, ih BEmE Bibddindindd, ¥(ﬁigtéﬁ%vw apfegﬁgj%rﬁon of

_a crude feed/total product m xture’t as are
N/ Feammayal efthcidic conpénentse amaat of compmpohents dha xynteibute to a

cec§FRL he i SR SRR B Sl o el e o e
crudesfded: SRbr\examPR), Feducb at kAN fMibPBECE APhfBInes ﬁ?ﬂh@*cxrdg%

to the respective properties of the crude feed whi

feedfigtah praducthigintere reledivs foithy coide fepd inhibite pluggigtofother catalysts

. ' ' i Ng, ' d..
posilbRE vt S, BerBleRs AR 100 ofBiRg a3 &P tipg systgm may
be operataddvitiedun kepslénidieneng oﬂcmlzﬁa rrt)qnli@/tabéft dt ﬂ%sf dipdrtion of the

e apnility to el ver

) talyst, or _vice versa. T i )
Nl/‘f@ 8 %@g@ﬂwtcau ?d MRkdD SeME LEb0odBNeNH drcreasp gdife of one or more
oAl 2k 3 uring contacting.
ca%m%tﬁpgﬁgﬁ%ﬁﬂgggsgﬁﬁgﬁgﬁt hat facility generation of
hy dihe gecondwatabyst(s)paridasiithe thirdosachl gfs pinyig b8 pbiitibnaddoaBtream of
rel eit [ V%lmxthl ow anount of hydrogen . )
the first catalyst. er 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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during contacting, may be used to change sel ected
properties of a crude product relative to 15 the sams

r s of the crude feed. For exanple, the fourth
w@azﬁéﬁ?{é 0%maybe used in conbination with the quTé'ésmmmv
catal yst(s), second catalyst(s), third catal yst(s),

redfiefstutfur esratbntstedase oxyel icbntead, ahd/6k fedhce 1B dOREntSITHWRAAIP in metal
ca algyst(s) to change sel ected properties of a crude
saltg gborganigacids. onl y changi ng ot her properties of the

1 St L BP0 s 08 Wy WY i o) o
the dnxﬂecrataim@) matytprbmxce@fcrm febd/sdtal praguc? thibarsthbsitisadedited

i zen dr oge ke whi | e mai ntai ning the
TAY, i f"&tc *3 8 gxyasm goptent, mreduegd coptent of metals in
mmﬁyﬁlﬁgﬁ&gﬁﬁfc%ﬁisaé }éﬂ'ﬁ%ei @s?hgl%ﬁleg SORER a e %&:ﬂ%ﬁﬂf/ or

distillate conteht, API avity, or cbd I ons
contiiations th@tec(ﬂ‘uslatwa d@ tlfee'espebnvdapropmtms af nhe drudeifeddd whilkd %

R S T T
secaid d@iﬁﬂirst ?) dsﬁﬁ)nwﬂl%@imﬁpﬁutﬁ'ﬂ&c&%ﬂd’c&&%&%&?g upstream

crude Reduction i'n net hydrogen uptake
Ofth%@lfércawsﬂé’éd'lqmgﬁqﬂr oduce a crude product that has a

b { to.the b [ . . .
o HHE LT 20 BeiN S b in B pten Pubfiine fonsdlepabouipimize
hydiodih ueagatdmgcentabeng'rﬁd}bmbmbﬁmmimt fAEi8tPsetation of

H C of ;the crude product may al so only change by

hydpogen dptjag gonagiing, a%eﬂ%%lystam ama&? 8 aelet@vehhb“emnm of Bydrogen
dunE% Qoﬁfacﬂx{r% Ub@%s@@ fiflc éf’%]mglﬁe gfo%%c { efative to

contact nes nmay a wse
the mmgpcrtms)oﬁﬂlb erudedbed chrmgamplb@ﬂw&bdit@ﬁatﬂbfkmMy be used in

o T, SR B PP s,
smﬂ@@z&al?bt@é) e&dﬂcﬂ%ﬁ&ﬁﬂb&taﬂ@t{@% fcgﬁgge s@fec&@tp%es é)é‘ a crrr%d)? feed,

addi fi onal catal yst(s) "descri herei n
hilgonky) chapgngoshgasapsticei tuseads f@dﬂ)jﬁﬂec’@d maroansdand/or while

W@ g]g"%&é fﬂ?‘%& rUdshBQT Pﬁl h th 0? ﬁ%talysts may

be selectedied migmiAes hyiidben G5takel¥hild ﬁla@ﬁﬂmiﬂgqﬁabmde feed/total

at al f (s). .The delivery of the hydrogen may be
produgh ety Mintmal pes hydtogen iteke allowsiesidue ponseteV GO content,

e e
withix2086of the nespncstrapk@drtms of tigwradd ﬁed,(\slﬁh thé TANCXRIG the

BN IR N T R

feedl02 in FIG 2B), and hydrogen nay be delivered to an
addi tional contacting zone (for exanple, contacting
z oRédqciwnu in nft lgydr@min iptake byi the chide fieedhaty produamntrede poduct
feed. lLn .1 embodi.nent s,
that pas bt ind P TGS Simiteh D s Boled, oML Btin of g crude
feed;:etﬂd[dfreﬂ@@d TARN ieRfivetd heMAN | loﬂth@ URAKED Mtb&w B/ Sffthe

(see, for exanple, FIG 3B), dro?en may be

cmd@ EWQTII@@W ahge Ioﬁb’ Qi@ﬁg%b]’ fﬂ‘l@l\{e}y snd] soennis a5 sognpaedtto the
aton#g/cgmg%rg goptacting zone 102 in FIG 3B). A
y

rogen Source nay be delivered to a first additional
C OHlyarigei geZediitéon i sPecific contacting zones may allow selective addition of

O

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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direction that is counter to flow of the crude feed
(for exanpl e, adding hydrogen through .15 conduit 106’

ting zone 114 in FIG 3B), and to a
WQ’%&&%@% contacting zone in a direction th &19@&004’042137
concurrent to the flow of the crude feed (for exanple,

gen&dd&dtblfiéimw?gﬁg gféﬂﬂw:ﬂlﬂm&ﬂ with tﬁé)ﬁiurﬂl&atﬁma(a); fm'um Bydrogen
. X , t
may58 G iered i dhe Fontarikia poses D ek dhe Fbirongl Gualy@le). The
e . | .
dehgw%%%@ggfmgy B CBusiel /4o oAUk HAEE FRAMLPLorhd'®

vi ce versa. I nation o
emboklémeénts, the deliveay v theviiydogen nzegchet Gomoatrentao geyfbavw of themyude
P reduce TAN, reduce Ni/V/Fe content, and/or reduce a
®dcontent of netals in metal salts of organic acids,

W Uorl RimpR2in H Bkl QnfigiaoN e Dtbr EReinglbUEG, D85 hydrogen may

Low net hydrogen uptake nay al ow ot her " properties o

bé geherateddiuingroodtacting & bne wnlagting aense@foibsxaspld, ontecting zone 102
in G, 2 o B PR Bl e 98 P Bcamoe
contABHng SotSEX in'FIGO DB 4 Hiéotion That i &ifidriio EIRWAINES crudé thed. In

upstream fromthe downstream seventh cat al yst na%mhave
dloaneiche

somg epghagimerts the hydrggercBpwrmaysbmeangiurent wigethe crude feed.

AN i g sbsed C Tt een R S, BT, fiBispmay be
genavhitedaluinig contieting i Soe copeicting Eawe (Bbr ckantpdd, coptactaghvant 102 in

catalyst, that is equal to or larger than the tot.al .
FIG (3R cAdhgrogse seureqRYsberslivered)to pirstaddiitonal oxacting zone in a

dire S fHalis Blutel B floBlofHhe &fiiteel (37 MAAE, A UITbeR through
cond(;.ﬁe 1%1430') tonfactofg ﬁe Illlgs':lt Fﬂiﬂ.tﬁ@ﬁ&lﬂhﬁ)l’& secatchdd;h’_irt;]mhcbmtum g
NWN ream sev.en ca ma revers e N
zon i RGN S Bonkugnt torae 108 af the GRS ed Lpor exgimplo; adding
hyd.lgl"g'ﬁzg\ﬂ%gt @bndufit idaset_odéwfhzﬁﬁgmesmtm@%ﬁl yst may
w

er properties of the crude product to be only

chdngemepmbodiments,the fusthreatabyst grd the sbth plalysBr 08830 Geries,

eitngf Sy B RAY St oot BpRRE A BR Bl ST Vg VA" he

combixizgionaif @i foutthicaialyst Mih agifadilitiodal daedysiaPma néduoe TAWGe:duce
content, or conbjnations thereof). Contact of the

Ni/V/Fgsenteab andfor redupe a Gpatentfmelalg 1nymgial salis0h csganicagids, with low

r
nct AR SRR PR CHER o LAY B IR e B o S
prop&f8es afithatrude psddudt & baf ortiy) ehabgbd bf stil amounis rélativk tolthe same
Sone ogl%ugertltez% the TAN of the crude feed may be
PropeFilesFant G096 $%%duced by contact with the upstream and
dovi $bme dMboaUReS) thd dehSseldith cBSBAR iy KeOIed i cithbination,

the crude feed with a catalyst to forman 1nitial
The sevanth patalysicusediupstreanafigmdhe dowesttdapsseventhcatalyst may have a total

r f.eed, . an en. contact of .the initial
conBht e 6 ARRIGHTR: s BRI aladh b Teldh o N DS grems.
The dougietrid deiinthl htalvithing leive adofl eRfedtiof Colghb ime@alslg@), per
the initial crude product). The ability to reduce TAN

gram AE deywasiream sevapih ca%s*sls,tthatris patiahtaeniaregT thes the tatal contgnt of
confihn i1 o G P i, BL MR8y gt gotumn

processi odl men I on
metab(y) /per grabdef cabdlytal@bothié embodifeiis| thatpodifion of 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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with controlled contacting conditions (for exanple,
tenperature and/or crude feed flow 15 rate) rmy

reduci ng hydrogen uptake by the crude_ f
Weaﬁés?‘%?‘l’r??ng crude feed/total product nixture Mﬂlﬁzf’?“fp‘m”

during processing, and changing one or nore properties
the samelpropartieseofithe dmude feeel (f61i ex@amiple, bielatiagp ekl Vifange in léeteroatom

coPBERPL BEV115 retitis Sontatt,V Bh agatest o douinhiony hemoRous.
phacefiasesRhatiag fidomdb B u gﬁﬁ ah@ ﬁg(ghg&ealnr BYAK Eltatysts may

m xture. Phase separation caus
progmp@ e peoduatibatliris|a T&Naff at hmst:ﬁ?ﬁ%,eatﬁmmd SG%ddtQiiost 50%, at

r f ee ot al. product mni xture,
mo%:tI Iolf)g c’u(f% g? Peg%t lc# °£%Wé% e ngu gefe I %glp X@tgame TAN
of the oflide tfeetd iehyi b€ incRirBSGtRIlY RHLQY con@é?:frﬂ{fr@%ﬂé dpske A 'ahde

crude feed/total product” m xture, or conbi nati ons
downsireamsrseventh satpkysss (for |empk¢ucomg:t ofithecoudeateed with a catalyst to

f eed d/ |

o L AR 0o s 8o UK ot e

conuumgﬂae iditial drad@prodearositl abddforl chiRst t@:}ﬁ&d 9%%&1&:  product
anges

the. crude, feed/total product m xture c

Wﬁf @ﬁ?&?ﬁ’ BiPnstties gelative todhp injtalorudespdunt). | The ability h:ereducc TAN

incrEARRANS ey 2ot M inbiiing B AL e SPGB
mlxﬂﬁndgnngpmassgg For exanpl e, the crude feed may

corﬂlal n _co nents t are soluble in the crude feed

Be OO ShiAbyst Scetion /et opes s ratiligs gf copmination
ﬂmm, aﬁ{gg&, et

v flog 0 naﬁﬁﬁls%P&lgprsl?1a”té}}]‘;ﬁJ 9ﬁer eo?’icéu?%f@ed flow

asphal tenes, P-value, or co

rateh Ay asRiv iR rqdaymgéwdrqggn uptake by theesrade fled phnaintainisd) erude
R R ORI MK - —
of therasdisprodoéieslatioc R e rédpadtiie! Ropdii t{%ﬂ@hﬁ@t‘egd Stability of the

83%%;/9' I |t changes may al so result in
cru %Fb@é?@tlrerﬁl%t be affectedbyvarions pbases sepasating &om the

d@'i@e%ﬁa%ta] t hrough f,l occul ati
o aspha?tenes c ange T E%%S\%’ IR DESEESEAY: of example,
msolumntwsﬁ 080r0dofbad andionceds priduorinahe Gl Sl @RS #B8uct mixture,

Booquitibn GsSPhaiishedimahe Frude el prochesmaixsre psipiiation of
comlﬁcﬁieﬂ’tsyﬁélﬁ theeldié FRAAb Y roHH& rifibr€) &E:S%ﬁbﬂfap tp@rgg ess
reatmen "t he

may be reduced. For exahple, repedte
cr aa gertain amegtdanng thechentacting peried, thegonoentration 58 afidle feed

andi B BRI LIRE oRLe forainalt bgbciopbedine b hanaccdiatbor a
concmtmilmtoﬂﬂle(iotm ProvRi‘t ethe BRIE FYIRG AR gfbd%@ﬁ-gﬁﬁnﬁ? b+dntg¥s &le to

t he Eé cess, crude feed, and/or cru

formptiopyvicthe cprdepgpdicrsyubilit of ém@apoﬁy:ps ofitheyeruda fEbd/mxlthﬁ'
compoihtsiof tiH to@’ ?]}ocﬂn ﬁ n 't@? ul%@é ?eeg} 0 B@%ﬁ&f@&h@% I[gngs to, ghange.

asphal t ene
For extmple, thel aredd feed miatyicahiajn ccﬁhpdn%ﬁ%tthﬂt afe so@ﬁlﬁe RGO crude feed at

P-.val ue .i ncreases, or is relativ g st ab urlng

the begifig & REPCessing, A propeties afithes ﬁeﬁbchange (for exhenpfle AN,
MC]% €; rag}l)lﬁﬂfeﬂﬁl P‘ bbf &)nq*iéérltgoq‘ss ?@%‘gﬁ%ﬁ’ttb ngtggpccpgg@ ggaé:&em/to

eedit ot al
becorpe Jesh g@lub}cay ﬂkaecrudmfaedltbt&ﬂprbdudt i fue. | Inrb‘ﬁme(illﬁ?ﬁiﬁ% RGcrude

| t f t al t t
feed A1 hotB ipoel i fofa i phases Ae bbtcoms Aasbution oragbther.
Squ&WtM$ds%MS&%ﬂ@H 1HR kRIS AR Protutt infghHgs orming two or

contr ol
more phases. Formation of two phases, through flocculation of asphaltenes, change in
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LHSV, tenperature, pressure, hydrogen uptake, crude
feed flow, or conbinations thereof. 15 In sone
enbodi nents, contacting tenperatures are controll ed
WO LPSA4306 5  asphal t enes and/ or ot her asphal tRGTEES29944042137
renmoved while maintaining the MCR content of the
coyentietidr 6flcrulke e tah@ Potall prbB&et Mad/dr Précdltativh b ESfiponents, tends to
hydr.ogen upt ake and/ or higher contactin terrperg(t’ureé
redyge ﬂ?“gléfﬁqu opp of Boteaef the catalystso zﬁ{ﬂdfdmlllfhge efficsence ofithe process

maly U5 reSha b Yhplb JEpGE FeqntEnl ot A Bl Fetfdsal broatct mixture
magdetreotssafy toproduet hrtudeifoeiicd Withedesite paogé@een upt ake

in conpination with_the catal ysts described herein

al | HEoeessipg,dhe Preafuesotithe prade Sepdfetal proidies mixtura/BRYy be
mof Bt tndthe Etgﬁ}iffcgf‘ﬁg R{O.%g%h QRlaY fgeﬁgg%gﬁrr%ﬁciegf:eed/total product

_relatively snma anou SOofne e
mixtord mey bagssessed) Tlypicallpr£P-sahit teit i reost . stidicates that

TloqgRfRhch asDlaneh FOTE (R crte e @apereyrpehuas, U s Bgalue is nitally
at 16dst QY85 ah@ Suchep-Satlb pm&!g&n@ﬁﬁ I&%&%&&@S%@gﬁ% g@&&édn%?men this

. While maintaining the sta
indiicates/thastthé cude thedtis relativelyestabileaditingdenfacthl. eDivds Seed/total

prob S SR bR PSS e bl b covling
contadting coRBRiOAS, by Belhich of (HilHhs, ‘rbg%tféﬁﬁé;&tdélﬁﬂp%% cghérig&ss or

(for exanple, second tenperatu
comljpations theraple rSuch centrolling of contyctingeonditionempye irndudeasntrolling

118, SOEB SIS S Bt R3] b oot

mayInbe@nieerabodimests] conRckiap tdnfbréured Atk onBBAGDSlch that Cs
ntacting ttgrrperature may be in a range that 1s

C
“PE@I%%) /opotgerpsphalteyes apg removed whils maaining she MER content of
WEN js ture. . enbodi pents,, the
the AL e RO of GPRICR bl PR TRaRSR MRS ol Mioer
contfacting teropdratotds mapyt resyleinaforthationpfitivo phaéds friedt @ity reduce the

ont i ng,t rajures may reduce TAN and/or C5
stabf{38Fhe, (e REHI0R! profust Taiire and/opAierofone ppymore of the catalysts.
ConZff) of 066386 bFRE i .
onan d/ or@ t he é%sphal ‘?%(gg;%g%?neﬁé%fmzéﬁg%g}ahggW%[@el}lge %agalysts
descxihpddgrain alaws the Cstasphaltenes trheunaducet whAN theaMGR céifient of the

rudd tiop,.. if any, when the first and
s;ﬂgg%éﬁﬁrg%ﬁ{'%gi&ﬁgm{]agﬁﬁ%rsmwuﬁe the same as or

W tThisbmbQ@nibodim&ns; koftabig conditiohs afdditrofled suchlthat temperatures
. _contacting zone may include a first catalyst(s) an %r
1n oge pHRoFHcontaciag Zpyesimay bedifferent.c Operating at differentjteppemtures

oot ARLATE ey SRR sl AL i o

crudedeaditbtalgnodict nigutes 1T abdy Red BRErsREigOEd nfactifl BERCAt the start
de feed in the first contacting zone wth

of the c¢r .
of 2 precess. rétﬁurétaff’aiaﬁ?ﬂg tegmngragireriy thettempereturs By the first gentacting zone.
Othe @Bkt | npttabe! DS
PSR SIS (B CEin, CERE et e o
tempiexatyre gt esterahanm thertemperbtares Bhcomtqetiag b shat itihed @fter the

[ h de fge | at i to the TAN and/
firs SEp R " A B comacing Empciatatemey badn  rses R AOLAZD °C

d 4 kécond ¥ i i§503106 ot¥ §4lb °&0
ot SR B AR T 00
60 °Gdiffereat them thedfirstdopsactipg epyapeaatiren dn sand espsdiemants, 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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15 with selected arrangenent of catal ysts and
controll ed contacting conditions are set forth below

|le 1. Preparation of a Catal yst Support. A
Wgéﬁ?r;;’zqﬁfso\%as prepared by mulling 576 grams of B{T¥§2A04/042137
(Criterion' Catal ysts and Technol ogi es LP, M chi gan
relattye ip, the/TAN gadior the)C5.asphaltendsivofitht of thewnwdl fel tora gaeuter®xtent

ans of jal nitric.acid fqQqr 35 mnutes. The 20
b8 Aot SERN Sl b g T2 180 & A0y Wb Lt gad second
' N I i o @ z . and
conttlﬁtgﬁgqg?}gﬁaﬁ%?%;{é tgélga%éjisv\(ﬁ %quﬁ%‘é’gulﬂ:t e a? ngtggroc grans of
a d&ar examplesafirsb contastingizone magiingiugoa frd catakysiés) and/of 8 Fourth

cataﬁ}ﬁ?(%rpgaglg%asl?ﬁgtf d 3 E%@ﬁ%ﬁg%@ed | eq'rcg | ng}b%rsgribed herein.
The lﬁ&%ﬁﬁh@%%teﬁib%{-atﬂreﬁnw 50 @hd e @ecdﬁﬁ'ognﬂagﬁﬂé}Eﬁg?rtaMe

for ours to produce the support. The supp

range
mayibeci00 64 Cqnsrctef tin rndeRed imibe first COnOUES Zyemstithe first catalyst

18,13l L 0008. grams of al pha al um. 0,020 .
and/ 3PP TSR, 0 1y o2y e B e Wit AppECatalysi) in
the sebortd duatactifig Gehefay RERItY geated Yhaa TANGHEIOP Ts asphaRenes reduction

support had a surface area of 110 n2/g and a total

in thg grudefeed gelatiye to the FANApdigr Crpsphaltanssaeduction inths same crude
j j ' ' j di s f. 232

Teed R i, Bk s ol TR BRRRY i WALV 0”2

pore size distribution having a pore dianeter within

M@ﬁggo of the medi an pore dianeter. This exanple
rates how to prepare a support that has a pore
Si 2Rn-1tthitng ieRMhpRE of builort o) |
_least 0.1 gr amsbof % h%‘?’g ﬁma. ,%%ﬁ%&%%%%&@%ﬁt&ms
withselertod a0engauan of catalysisphd cantrabied gantactingconflitons are set forth

belo nadi um Cat al yst Ravine a Pore Size Distribution
th a Median Pore Dianmeter of' At Least 230 A. The

Examplelli m%«m&lf 2/@atabiseBappekt. Aspp6rtivils pPWaRE by mulling -
manner. The al um na support, ‘Fr epar ed Eé' the method -
576 grageof gherips (CrtesiopiCaraystsrnd Tepbnelgstes 48, Miehigan City, Michigan,
f Q LN
U Y5 968 LA RSOl O AR O
resuling bhudfed tnkighae wak 'bﬁﬂﬁudedaﬁroaﬁliz 1.3Mglobkdie Blase) AT between 90-
t he vanadi um | npregnati on

{100 %\A/as_i reqnat ed Wt
125 Lol and itasm K 85 Cpywihich rosuitad e 63@ grams|of aghleieil swpport
sy dr for ver hours, and _ then calcipe
with dhilgPbord B 356 The MRS ot o piaced e Lifbere
furndee 0 The fintiBceOkmperanad sehis viibed0 10002100 PC Gl ¥ SbursVinkilthen
t he bal ance bei ng support. The vanadi um catal yst had

held 3 this range fog 2diovrs togmedusa the Sppartde awpnest incluiledrperagram of

I p. Of
suppit, G000 krghs AT Y o 0 PpF ennfil e A5 0288 Brams
of defta rahnminm,fanﬂd)r.!llﬁli grs;ms bﬁthpﬁrsﬁtnginaﬁaﬁaérﬁﬁﬂmr:ltﬂmr@fdiﬁ?ﬁﬁon.
vanadi um cat.al yst a pore dianeter wthin 70 A
The gup 3 hadp éwfmaéewﬁﬂl& tgh/B anda fefnpar ai%rr@ of 0821 cm¥g. The
. . i . tral gt )
o SBOS 0 S5 STOESH i A p 3 UMD 1 S B o
the tatalnvmber obpores i the poregee distribution having a pore diameter within 85 A

of the median pore diameter.

ot
-
-

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.
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' With 8 Medith iPore Didiefer v Atdeabp230 D Jhe helytifendin dafidyst was

Exanpl e 3. Preparation of a Ml ybdenum Catal yst havi ng
a Pore Size Distribution Wth a Median Pore Di aneter
of At Least 230 A The nol ybdenum cat al yst was
WO 2740639 n the fol | owi ng manner. The al um na RGISBRR0P4/042137
prepared by the nethod described 20 in Exanple | was
ExamplepN Preghrakioh of aVanddiem Catalit Baviip DPoredSié DiNtribution
Jhe  nol yhde jti on was_ prepared b

) , y
b alYledig b do heyangiym hatalyst was prepared

Diameteas V‘ t Leasp 42
o O Rioh ik ap e TR e Py L B e ot droed n
Exawaplerl, twasfimpragaatet writtya vaffadiveh imprggnaionisehition prepafid tG
Ll di | uti f ot lids. The heated sal uti
cor\(liggll Ln%'glpésgrql%so 35 ¢ \I}pgghv{}&.é?eogrgml Sroé‘ _dei% e par%gg.s ﬁ@lo 5 IO?H]C solution
was0lytion was 5.36. The solution volunme was adjusted to

82 nL with deionized water. The al um na support (100
gr aifby alunsina syppegin@ 00 @) wias impiegnated withahe vanadium impregnation

solyf0 GHEH B v Ph Pt oo ripnettisda 25 S i sgveral hours, and
thelQ4cinec3P80 PE R0 Ph I8 berkifhaCol ot ColBHER .08 s of

I'ng catalyst containe
vamdiyehcen granp of c4ilyse, ofithahé Balysde, begi supptire The a@ddium catalyst

ei ng supcﬁor_t. .The, nol yhdenum cat al yst Eﬁf a pore
hadia pere sizerdistHhutionwith armediznpors diasester ofi35fet.@pase volyge of 0.69

a2 _'45\ Ritiad) L1

7 .

ol PRl Eagk QhodTR 13D el cABEo B 780400 TR B pores in
the POTY 4iB2 03¢ tAMinh 3T thet emadiumucdtalyst thd p porsdiameteh evithir 20 A of the

ize di &t ri bution of the nol ybdenum catal yst had a
mea’ﬂf’é’or‘ﬂ BPESEr within 86 A of the nedian pore

di aTBis@xampltl derfoiRIRs tHSTERTAIH 6t CHBmRA PRI haPing'a pore
., a Colum 6" nmetal catalyst having a pore size
sizeidlistritiupionivgth avnedlian

0,.A E

'ame@néatdbma%ﬁ. of at | east
5B h Catilvsfhaving a Pore Size Distribution

DOenuym 318 ST DAVINg

230 A The nol ybdenuni vanadi.um cat al yst™ was prepar ed )
prepared fpthedpllowinggnannene The Finming sippas prepamedit the method described

in PGS 14, D408 LGRS AT ol
molybidemum limpregpaiiicaﬂsosimticguhr?xpgpag?d by canbmniig .26 %rag?soﬂ 0
3 elortly Sibeiaing S5 Rick:, 13 Frerpoh 96 KEHadNA 1 ke chc

mohdeBidlamPe {md)gﬁd 651 ?ﬁmgf&m&hﬁéa Wated ¥EFm a%ﬂ%‘yé The sharry

3.28 grans of ionize er to forma slurry.
wasshaeated toves®Chamtilalissomtioh of thensolitls. dTlsshdatedi sohutioh waseooled to

sol i ds. The _heated. sol uti.on wa ogled tq roo .
rooR iAo TR PELELAR STioh g Svibe 1he elufigh Raimte wasdiusted to
82 RILOWith Heidhizefl wiesO4 with 40 granms of 15 deioni zed

water. The first solution and second sol uti on were

c onbhalymimeisuppprti(t0@arams)wiap inpregnated with Heesmalybdenuno
. _brina the conbin ution,vol unpe ta 82 m t o
imggt ot AahEAB A2 S R B eTeL Bt Rrieh £ 1 28 o for
Ehdtldry Ve LR SOt hth 1 h - -
Sevar;%l yb g’nrglﬁl%q{}ana Jflll}?nCI I mpr e%}a? g}rzl5 LlIssc') ﬁaieirgsr?,l o %aal ¥ch F oxbtamed
0.0hgranss ofirhdlybderami peradrar@if caalyat) 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 em’/g, and a surface area of 116 m?/g. Additionally, 67.7% of the
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dried at 125 C for several hours, and then cal ci ned at
480 C for 2 hours. The resulting 20 catal yst
contai ned, per gram of catalyst, 0.02 grans of
W9§H‘3§6qﬁﬁﬁ?§and 0.02 grans of nolybdenum wth tHGI/US2004/042137
bal ance bei ng support. The nol ybdenum vanadi um
totaloiumbbyes of benés in the@oee size distbatioh bfiheaolybdehush Myt Bad a pore

ore di a te f 300_A. This exanple denonstrates the
ﬂ%i ‘%F’?ﬁle@mw ediamgterand a Col umm 5 net al

g g: gikﬁég,-lségml}?) eastﬁ%%bﬁ%&%’&ﬂx‘aﬂmvﬁ ﬁ]léglfccﬂglgjrst%awng a

pommeahstnbﬁmm '@Ith dené%bmﬂpdﬂéﬁiani’dtmaﬁ' aCleastl Aaﬁt& A
Lubyl ar reactqr Wt h 8 2 05|t|toned )

ample ¢ .' ation g a Mol

DidtFIBRELA WSS M&Hiyﬁgﬂﬂlétnﬁnfe%xa&ﬂﬂ LQEE 230 8¢ ﬁ}%t al yst
~ bed was fornmed by Tl

mojyhdempnsianading catalysnms pm:lai‘edoﬁ thehbllowingtmannek.t The alumina
al ng, silj car bi de 30 id, Stanford
sufpRhE it Bhga B et ERERE 1 Heb fpsppiuimits a

mol;&idbﬁnﬁﬂxahﬁ:ﬁlﬂ\iﬁlprdgﬁ%oﬂ §olﬁl’i16h Onggérlé% g%foglgﬁé? %eﬁxkf ﬁﬁuuon was

under the process conditions de

made by, combining:2.44 grameefdNHHMed)7032 b grans afdoBpl.66 grams of 30%

R 5 1l BB A e o
deiafioed ﬁﬁﬁﬁﬁﬁfoﬁﬁﬂ s‘l—lﬁ?ﬁ%@ﬂﬁﬂéﬁvas Hemed fdJGif""(fJ 886 Jﬂss%ﬂititoﬁ of the

the reactor was fromthe top of the reactor to the
soligs+ Therheated splutiarmwaneoolet toiroom températies.was posi ti oned

upBareot SRR ks ede DR RltibRect HBR o Vit R R 40 grams of
deimﬁ&)d watsr. JDisé ﬁrso suldti@naidfecosd sdlitfonsivre eoMbiRE LS Suffiient

dei a botto nt acting zone. The bottom cat alé/
e‘%P‘ﬁf‘crﬁqr‘@a‘Sr ‘é’P% §? Prlsafhedi?ﬂwlmd solytion; volime up ta %mbtc:e:rleld the

mo@fadgnzmﬁ‘vaﬂdhﬂn gﬁgl%gﬁ%u n on ‘ﬂt e '&lﬂﬂ%ﬁég&%l aﬁ%gtzasted with the

pore size aV|ng a por

mOlwbdmum/zmw mpmgmtrbmlmmn;eagedl faﬂbhairs witheodoasi drlhgitation,
0. 025

dneéraiﬁégf §¢ fgr?ﬁrétg%gp ﬁ(ﬂgﬁ a&?ighqgngg r%a@? ty@{) bden u h %nghe resulting

a6G8inbgl
dé:>’§}’ttal yst/gglpl‘z}lig one %P%e ure ( %)%ndooz grams of
molgbdsnuip vdth the belepcebeing B.lpp])ﬁ Atk tocotyledentimdtanadivmaaeal §shad a

dle.gonta e. Th dl e catal yst had
poréﬁ%é;]glm 98 Wy %G?Pg’f?‘ﬁﬂﬁteﬁ"%‘gﬂ pore di erreter
of s éxanwilé Helﬁ@nsﬁ%e%fthé BRph@tigh o'y CBRImMPE mebfl "aﬁci;a 3 lumn 5

the pore size distribution having a pore di anete
metg} qatalyst havipg sporhuzerdisirdutipn méth adhedien pore d]'dmetm mfdtt Izast 230
_catalyst contained 0.02 grans of nickel and 0.08 grans
of nol ybdenum per gram of catal yst, with the bal ance

Exapgile §. fonthctf aaCsideIved With Phiiee [Ca¢alyaby Al thbilhi ©R88r with a
m xture (42 cnB) was_positioned on top of the
°en?ﬁaf§cﬂ°é“’é’8ﬁil thermayel) sre eﬂ%lPP%# with thesmoeaiplesdoimmgsirone.
richut i
AN aih S 0T8: Gl LI A0 o e
betwgen tlmthymimnlhmpban mnamvaﬂ ofthi atd¢tdr ,w:m dabaljrsiwm’ft?dlm&:arbzde
(20-gr1c|:1 rkqagfgrmater%ls A%%W ejg &rqn) nguch sﬂp icon carb1de 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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20 Silicon carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a

r one. The catal yst bed was | oaded intq
W@Pﬁ&ﬁ@?ﬁ’ furnace that included five heating Fsitaas 2004042137
corresponding to the preheat zone, the top, m ddle,

and Hetdrode feed floctoithgreactoe vas 66 the B $TithOFBasStePRANE bottom of

The catglysts were sulfjded by introducing a gaseous
the; e%?‘i??-egléféf’% Cronds, WasRasHioned stighe bettom of thedemsontolsetve as a

' ' t f.
oY PP PO ARk AT ARl ABRER (o) PooBiionrd on top
of gt silligont caglsiilé toefonmezsbbdttotiecomtrting o UNkietshtden @Adlystbd a pore

RO T s
PO%ESE@ !a(l:fe pﬁ!}é’ 528 Hﬁu‘?ﬁuﬁ%g‘ﬁaﬁn% gr fo NOMERy “ﬁ‘ﬁﬁﬂiﬁdo AU Hd Bedthn pore

e contacting zo were | ncreas

dignapgere ;ﬂlﬁths‘i)ltﬂom;a@qll_ﬁst@oﬁta{lﬁﬂ 0.095 geamsiof mblybeémikDad 0.5%5 grams of
. r OUL. e.con cti ,Zone re mal ntal ne
nick B R PF pariysy S 0T hRnce bing b Alwhing srRROTBA 1 0
370 ACmidd1€ cdtalysyShcoheRamideftknlie |(§% ?xfl?ma.g% pgsftﬁﬁecf 3‘@ top of the

hours. The contacting zones were to coo

botiem iceptactingganede form a @iddle contantinglzont/aThe middlé catabystthad a pore

sizk A Biidon it el 0% qiag RS o . Rt 1% of e 6l pugmber of
pores irf thepordsize digtibutios Haviny b PereldiineBSwitiin2A08 /o@ﬁﬁgi%@ﬁian pore

di PCT/ U 004,/8];2137 properties summarized in Table 1,
iameer. 3 he-piddlecatalyst eanlaiped; 0.02 grams ofinickebpnd9.08 geams of

. .ough 1 h h
molaehith per gifh 6f chiltyse 3ol tle WRSod DK B o RFnd Si0Re
bot Adnp cetatyatsiliognezmriside mchiiaq82 om*PWRPSIsioded bl ®p of the
(0]

mic{@%gt r.. 1The crude feed was  contacted with_ each .

AHngZ0Re {9, oA 19p corfactinggongy dhe tRprratphest had a pore size
distibtion Withth Pediah Bbie : '

hydr ogen gas tgﬂg gltglcgﬁ%tgp @gg%%%iﬁn?%@.%gra%sa%ﬁ or
molyhdersing prihgamef{catyst, SOEBhe baleghé baisg prilirily egrnma alumina
sul:@&(gssure was 6.9 MPa (1014.7 psi). The three

ontacting zones were heated to 370 C (700 F) and

mai Bitiaom eatbile akQokitioatd o R JTHY Bp cbrﬁﬁaﬁ{gaidﬂé%éﬁgfdead space
the three contacti ng zones were then i ncreased an

and {p sefve a5 a grelieat 3096 he caflysipedvpsdonsisd idpa Idndhers fshace that

i : fo 00 1
inclhBd RS Top risihaits il bl toe i gl angbottom
con(gctifig) 2om€s, drglthe b6othaupport. The total product (that is,
the.cru r oduct as xited the catal yst bed.
el ey Fth n S o Bisinechuesssius TS of 5 yoiPibydrogen
ulffifeame 95aRM, ohtafiit
° total pr odu?%ygfv\%gghs% g%)gﬁ%ggﬁo#ﬂﬁ%ﬂﬁégg%%é%?foldﬁgﬁr 31;1%3“0“3

mixgye perypiume Gul) pbtotd eatalyst Giticonasrbidzasas et chynted aRsast of the
[ t.er. s exiting the systemwas neasured
voligh P8t GRS Blperiliencr e Bl SHiED atRes pasgued o 204 °C (400
°F) pesri 1dstiue ahd Yeldnd b4 o0 f6rQ RS T AREroRding hIt4 @%%B%ang
e

of conponents of the crude product. The results |is
ZonegvEerg ysreased inprementallictosk16i°6 4600 Diag hratp of t@PE 65E%F) phr hour.
) uct QRrerties are summari zed in
The SOTROREIches W ifia il 3 0 S pnFig afer el anived to
370 A€ ¢EMCTF ) foaelr 1 houir AIAR1DA 39090 Sortddts. Phedhfading zones were
allowed to cool to ambient temperature.

Crude from the Mars platform in the Guif 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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20 content of 0.0075 grams, a residue content of 0.255
granms, an oxygen content of 0.0007 granms. The crude
ad a ratio of MCR content to C5 asphalten S
W@&ﬂ% fmgf 1.9 and a TAN of 0.09. The total JiCTVRR4/042137

and vanadi um was 22.4 wtppm The lives of the
propetiesisysinmrized i Teltiet jFIGd. Ahe cnalefeddrgasiedas thettepl of the reactor.

The Zde Apeihloecs Eouef dhs. Behra) 2pt for et A gt s 6Ald cOning
zon& %&&ﬂu%ﬁaca%m% LRIMRRoat wpﬁoﬁfofm&ereaa&almtmmeed {vas

bel i eved at as catalyst'life decreases,
contactcd sathewch 61 Be cstalwtsan threcbiened oﬂaﬁh‘w@rgaat Contading

condtET Vi o o s s OGS SRS g PG e reacto
was 329'1‘9{13%13 (F00tSCEES, LHB‘VW ﬁ‘l g ﬁé@ﬁ@g@smf(whﬂ psi).

hree contacti ng zones versus hOUTS of run tine

The @l@m a@ttaﬁgngezommweﬁle@tgd t9 30 Yhe/005p) and mamtainagray 370 °C for

s00 Bt TPt RE ot Pongets B e8esr® el bt b Funitained

in th@ﬂbll@)ﬂng%&@lehce 299€cC (ﬁl@?ﬂ)tfbﬁsooeﬁcﬁ&s will theat3dBl°€ (VB®BE) for 500
le to estimate that the catal

houracmpw{a@ GRS sqtlgpg)@punsa@dﬁaen B3 mze%msmo hours.

correl a@e@@& ﬁ%gﬁﬂgﬂo rclaaﬂ(alf pera ﬁ@@c%@%ﬁd The

totalaﬁG&dc@@s&SﬁlﬁrdE@&'dddﬁﬂm gdsQliR1i@ Phase segmratan il the gas-liquid separator,
nstrates that .contacti the cryde f ed W th

the (503 BRCUE VSR led SEP AR THE Modpct B Eas  Ga IR0 SaAvlsm

was BRfaSyred B8 neiss BbwalbntreR&! G Lxifin g@ﬁe St wapeﬂeasured by a wet

catal ysts having a pore size distribdtion wth a
test mWaﬁhp orude picsloet was pemiodicaliy gealyesdite deterraine a5ecight percentage

0% f
of cchbehets o T rnit pothcs, 1o reyft T B ayRtneBT LR blletoifd
weight pé\'c@ﬁtagé%%f REBAkbSRenf r Crude produey proﬂérhbs £0Bhrflatiesl] in Table 1

contacting conditions, produced a total product that
of FIGycl-uded the crude product As neasured by P-val ue, -

P ncar A TRNE, BE SN I pEf B3 cudiiRoduct,  slfur

contemdlf @d107sl\gtﬁns acedidiet conteaduﬁ@ﬁSS glaisy an:oxyt@n contastcbf 0.0007

i e Beadyes BT rttosn G popiset s aspbalime Rty of 19 and

a TM@fGbgd%@Eﬁﬂ%d@PMa&ﬁ&%fﬁczibﬁﬁﬁpﬂr operties of

the crude feed Exanpl e 6. Contact of @ Crude Feed
W tThe Tines ﬁ‘ahabgtdwsts Tesa deterwened Pomeassiring a viBlighted aneragsrbed

temppideie NP9 ord o} B O icafoe BEE TRE SR De Moy be
corrél 9l €lthe@ém: Qﬁl?é?&ﬂtﬁg cZAYSVed. Tk BENSed Thilttab S4tAlgst life
nmet hod, net of separating the total product and

decreases @d”é\fBﬂéwate;ﬁSn Fleh@iser graphies] seruesentationef & ARE vegpptime
(““t”)?v‘:ﬁ{ ﬂﬁp;t‘g(rérﬁ&q oT the egd ?1 thgﬁ&ﬂ g oég'stdd e'a] ﬁ'i ?}ﬂs example

equal™ vol ure.

Plot fl 86 eepresentsitiie Aveeage WABAT of\AS thirde0dtntdeting ¢ l@ne@fvetsbehours of run
eactor to the bottomof the reactor. The reactor was

time oY SQuPCtne hopeden vih ihsgopmiddie, rrd Pesigm gaikmsePver 2
majoﬁtir bEAR run BffePI W ARS dg‘iﬁt édn‘?&ﬁﬂ 2bn s%%lyﬁ@r%a}lggﬂ %%)r&ﬂﬁlately

eactor to setve as a om sup ort
20 °€aFaim she mlduwelgrstabww 11 Whmpasm(o&():o@aﬁmamhat the catalytic
acti t?fsof ttl'lleogataqyst 'ﬁaﬁ Ogt been ectgcll nyplcallc ?; %ilgteumt run time of 3000-3500

hours correlates to 1 year of commercial operation.
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forma bottom contacting zone. The bottom catal yst had
a pore size distribution with a nedian pore dianeter

f 7 with 66. 7% of the total nunber pores
Wg’oﬁog@@g di stribution having a pore di anet ert m%ﬂﬁm‘m”
32 A of the nedian pore dianeter. The bottom catal yst
i nc Thidenkatpleldepicnstaies thbtothattingnherdddfedd vgtheot dafalyst having

ni ckel ,.pel f 25, catalyst, with the ba nce bei ng
an’i?p%rfll? tefrutlog with R SAife Rove iasieg rgpreercableas 14D amcbactde@onal
cat@lfits ‘Pﬁﬁng %ﬁjo}é 56 diseibution with Jxﬁ@dmpg&’é %F}Qn‘ié%&t iy a& between
zOne to m the top contacting zon top ca
90480 Aq wyith a ledistz 0% obif thter totall ninmbenvfipores iméei pone piae dlstnbutmn

L5 e it A R P R A SRl
coxﬂmaﬁgtceﬁdiﬁbh@ 'pPod%Qed'\a ftalt aﬂ}&d&% tHafhoRRES ﬂ{’eocrgac[aﬁ%agét As

he top catalyst include 03 grams of nic

me@lllfzd @Y Bﬂ@luﬁ cuge ﬁd@dﬁmahprogmt Iglmam shbilibt whymaintaineda The

B e KT ——

rediitdd m@ga@l c@rﬁé!ﬁ:@el@ﬁ% {00ths erude Ml%ﬂé ﬁi%qalda@&ﬁnenm&d the VGO
cat aI st bed was | oaded into i ndberg furnace that

com% of mmﬂ@aﬁm Qo%ﬁég% @ﬁih@@gmmsgnftthc ernde feed.

Dlstlnltl)lliﬁ()! V&ﬁﬂzhﬂ@n Ponel ?méﬁdla' mhsoggnge B&vﬁ:ﬂﬁ%ﬂ@@ﬂ THe reactor

Tabl e ed to the to the reactor,

aPPWé“Scﬁeﬁ%Fé’t if%ré'aﬁ F‘Plgﬁi!énflr?%@gwfi%@%g@m s); eatalyst syifiding
Heat

G AENo15¢ RSO O Gl A0 oA s o

wergjthsamaecds dﬁfsmﬂirad in Fixainple 5 Eachtdamlpt waembeedokith sl eQued Rolume.

. gas. The.,5 contacting conditions were as follows:
Ofs%ﬁ a'E)ltf’d"'nydrogen gas to the crude feed provided to’

t h ermee@ﬁa@feemuﬂ@%é\m%ﬁ@ wad @0fh REER) of ﬂaéﬁ\écte@%o ﬂie e bottom of

-', and pressure was 6.9 MPa (1014.7 psi).
the E@ﬁtoac Hhp eagion vas fidled ﬁrmb@a)m @ ®pln me(fﬁb@Wing mer r Silicon

car s, B8 pia o B bl Sk hosk B M8 Gaom epe. 4 botom

catalym‘/sﬂﬁs& darbitld mixtuie esmad%l wastpogitibiéd @iopBf SRsIBEG arbide to
525 F), for 190 hours, then_ 10 288 C (550 F for

f"méf °Ff8 contachug zanes e tiomryatalyst hada pss rize, distrgutionswith a
metﬁélgg&e@ﬁﬂetef&flfﬁ% Teith BEYSS ftﬁéto?al%ﬁ{n%t: éeac u gﬁ%

hours. The tot’al produ exite
dlStthtlcgelmnlm @plora sliahester wititid 32nA BR themedisn pord Hanetard The bottom

catefs ke DB BF RSy onuB aud PG e Ok peF Gt
catal\ad, wiltethe DaRit Obeifig Seffport oduct , 0. 0023 grams of
sul fur, 15 0.0034 grans of oxygen,, 0.441 grans of VGO,

and tepxatrlysiisiticons cafrbgiiedmestugﬂéﬁﬂ ani’) ek pogitionselani tep obthe
TABLE 2
ol ERA TR oSS E o b pfrore s

distfipettbrvwith a hriediagiore YRiretR dY 100 A, RhE6598 8f the total number of
di.stributions with a nedian pore di aneter in a range

porgsdn fhenpre pize distribution baviag 2 nere diametep wiitinc20 Aedthamedian pore
C / d.a.r

dmn(ﬁ)cﬁ%elﬁ{% tgé‘%ta 1ﬁ Hﬁ&fjp N[? g{\/gmie %fc rﬁﬂc&? do%Z? %?m?cl gdenum

per guanoef daexbykt, Wulﬁn ‘dﬁ bababelbeing ahingind, Siliforvédrbide was positioned on

top of the first contacting zone to fill dead space and to serve as a preheat zone. The

catalyst bed was Joaded 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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content of the crude product were 99% and 100% of the

respective properties of the crude feed. Exanple 7.

Contact of a Crude Feed Wth Two Catal ysts. The
wpezﬁ?ﬁ’%fmgpparat us (except for nunber and contwwﬂm‘m”

contacting zones), catalysts, the total product

sepBSa ¢rade (Venavatlapbhaving ﬂhd@rdpfeﬁtﬂs@hnﬁimizw iffTatle d, FIG. 9, was
th were the same as descri bed

catal yst sul fidin
fed;tn the, éﬁﬁf@eafe&%% ed Beweg trpugiethe pagheatzangetop
cox?%c‘gﬁ?r&h@ Dot BnkAaH E@nlﬁ;ﬁr ahd ﬁotg:lm El!ép?grtf]?% the f(’]@?ﬁ%} egh, e;]@rude

op of the reacto e cru r'oug

feed fwais pomtaetad w.lﬂrmchbﬁrlle catahtstcihitigpresanee oPhydropen gas. The
ont acti zone, bottom s ort of the reactor

co é‘%@%@ﬁ?ﬁ%ﬁ%ﬂ%%% ok yidEossn gasiq hasrude feadprayided to

ad
AR A 9068 PO 4o s g
(10p4 3 sl dhadwo Godtahtiteg zane®Wéreheatsd)to 260 CHHR0 W) mhd oidintained at

26350 e AT e vl e

inciRasdd\dnd Qﬁﬁﬁﬁ%ﬁiﬁ thelfoR oﬁhié%gﬁ%n@g UL ‘@9@29 ﬁFGf‘i’?? 59@ ﬁours then

TAN of 16 and an aver ag€e API avi t urin

28%%65&5‘?1*‘)1@“ 2thdoursuthen gi 530 60MT) far ﬁ&mom:mnd then 343 °C (650

o of SOdI 6 wtppmof zinc, and 3
Bvﬁp%r%%“%fa@@%ﬁn ilcjﬂgagmf:ﬂ:soduct had, per gram of
cr UTliee tog] peldtict eﬁtdﬂ%reﬂét@ffﬁld?ﬁazﬁwgﬁﬁted 43 -deSbHHaE I ExAhple 5.

oxygen, 0.376 granms of VGO, and 01 5 grans of
The grudeprodugtchadanavarage T dbet §.42 aed an average ARl gm@ucf 12.5 during

e

0.063egrams of brygenc 81441 weinss Uﬂ V(BODQECEO S8 graghssiNiedidiie, Qdditional

“propfiiSe B8 hridh productareatrld d Althine e B In°d§88. i

Zi NMChis eRdinpIe d@mohsttssnARR
VGO clgnt en]tSl and resi due cgtﬁ?gﬁ%&g%% cru &?lystshavmg
porqgige disgiautionsvithardediasporo iantmtenin sp*mga hammﬁmt 80 Aproduced

CTE‘E e%‘fg’a}‘% M%ghaﬁ%?%@g‘% mﬁxpé%a M L %gxtggﬁqf Brega T iSa oxygen

conféﬂtj elativer® the pebpeitien 9f tHeagille fead; villileaBRiAddigent BXE T30
he number and content of cont acting zones), each

°°n@af %ﬂt the crughgprodich wera39Y6 and Q% of gheaespeetivr properties of the crude
fee€pParation 15 nethod, and each crude product analysis
Were the same as described in Exanple.5. All

Exapaple 7y Gontaetrof anCrait BéedWith| Two ttacﬂvm dEhé feadtoy appmus

ts silicon carbide_to part cataly

f, 2
(o} o2 aabRe ] st ot Cacing #Resb caimtysso the tpiabiodlo separstion
methdld, QAR RéGIkt hEATEIO andRRtal vhl é?ﬂ@idll‘)? n{e%d%%'k gge s\r/?g%% Wescribed

to the bottom of tHe reac con car bl
in Eyammplei@ned at the bottom of each reactor to serve as

E had. a bot t
cortt SP REPBEL e by FREDR ponbited suBianZg Bhatina FIG. 10,
wasded ® 16 topsof the pRaetoraThé Bids el HdRved tHBUEh BledsiBitbat Bodehfp

contacting zones of each reactor, silicone carbide was
contgefifng F098clptiomn censacting 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 b, 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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of the top contacting zone to fill dead space and to
serve as a preheat zone in each reactor. Each react or

ed into a Lindberg furnace that inclu f
Wﬁ@@ﬁ’% Bones corresponding to the preheat zoﬁ’e(,dw{"%m“l”
two contacting zones, and the bottom support. 25 In
Exaffieergle modunt had an ammwmm mid:étﬂverage API gravity of 16.2

i ProfSisi. | e S PO LeslR o e af sdium, 0.6

logel I f
W o et Fﬂb@ el 16 onide pASIGY B ol aram of prude
prasikiek PHOB 3 grams oflsuﬂifma bR 2grams bEoxygen] WATH gramsmf MGQ, 2Ad 0.401
denum t/silj co car bi.de Xt ur
e AN Aol pdper St s Brodpstaristd oo inFic.
10w th a nmedi an pore dianeter of 180 A was positioned in
the top contacting zone. The nol ybdenum catal yst had

t dhis exemplecdrmerfstrates thag centacting of the grodefeadwithrthgsedsoted

ol S0 3 A Bt e
hadya estuoéd ’Smarréduc@tdﬁﬂm%%ﬁﬁﬁ@ el 4 td édndént while

an uncal ci ned nol bdenum cobal t

n ,
Sulll?’apﬁp‘fg NsG@ icentsnt apd m@umcsmtgm@f(thmmdeprodaet were 76%, 94%,

o o e bitet BB A0 T"! 0l Nea 0. 14

E hes 8oft. nﬁ‘b MeﬁﬂmCrﬁd@FBe Witls Fohr Cakildt Systeths n@24)t
al ance el ng_ al um

& ging nditions %@%@P?ﬁﬁs&%@wb%@mbﬂ and
coﬂ?@ﬁtb? E@n gaéaoﬁ%ﬁ{al Pﬁﬂﬂdl'ng n{uﬁfgo& Qhch tﬁ&i‘fn%a{n’ﬁ%gparauon

zone. The nol ybdéhum cat yst wa sane as

method, angraagk ciudg produet aﬂalyfsmupltm famd a desaiteldn ERamples. All
catf ot RO HRA M UECoR oS B Vplimedniq BEA IS HhGB cafiue to
partmalwt%ﬁﬂs bﬂlehbﬁe Bt &0 MR RO EPREW thidt %&h%@ctor was .

In anpl e 11, an uncal ci ned nol ybdenuni nic
ﬁo‘@é’ﬂ%mﬂsqf/@q TeRElonto Télarbbﬁ@m ofithet rgactor. (SiBcamdarlide was positioned at

{i n The
the Bt ot 856h edoibif R ST ERBNCGLPOR, EROF sracihad = bogom
contacting abnecatdad ﬁoﬁtconﬁcﬁ’ﬂg YA thedayddeRilidbne Erbid® mixtures
ns . of nickel, and 0.Q1 granms of phosphorus, with
wergp AhImuhecopietins 2menPh %s'ewpahﬁonwarh;dg/w%mmoned on top

of tESHop! dbatachhg | k&fﬁo?ﬁf @aﬂ%gﬁﬂe’%h{i t& sér}gaézmm'eﬁ@a’i 23ne,; in each reactor.

803|t|oned in the top nt ac INg zone enum
Each seaxtorsvasdesdedetosahmdbarg ifimmadecthhincladed foot hmlng @6gesof

| f h f
corieIse b bt HhR. the o Gratacbng poncinandahe by sppart.
t e rmemhipn@s afn 133aleired %lfeedehe:mﬁa(e?é rﬁgyﬂs?héo% hfidP mixture

crude feed for havi n
(48 smo]o\@a& p@suwmmezlmtom\cdnwtmg Zone| The cblysTheluded,ger gram of

cete SN PRt S bR R bED B bt PEGh b0 VBT Bt

phosphorus with the balance being alumma 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 catalyst 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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zone, top contacting zone, bottomcontacting zone, and
bott om support of the reactor. The crude feed was

contacted with each of the catalysts in the pr
ngzo?%ﬂ%en gas. 25 Contacting conditions for K Zf; 2004/042137
exanple were as follows: ratio of hydrogen gas to

cr ude Exteptt 9] uhivagalcined nﬁﬂybalgmmmﬁﬁﬂcaw?mwbﬁ@%xde mixture
and, t he _t ot aI ressure of each syste

(4m§))(wmnpsmoa§d yn theihair padacting zopesq fhe H@C%lﬁégfl o bdémm/cobat

cafst BoRitea S kLB mEnBal ik 0. QREals bfeckall, fhd O grams of
phosphbastwitly thedatsicabeiag aliita §pportF) for 500 hours of

cont act | After 500..hours,. 30.t npgratures.in
al | AcBielvRdentiy catsheysiieotcachide Pemug‘oflgscn?mawgsmwé in the top

colSERE bt Tb PR e, s BB S 7 o] BtdPing sone of

Ex38Ple8.(690 F), held at 366 C for 200 hours; raised to

> ¢ R ENEpI Y, et iy Bleriif ol op greeaet e Lo niActing zone of

Exbﬁb&ﬂ?‘wh@nﬁxéd With silidon/ €ArBidE a6 BOHIGh G th Sl %ﬁ%%zaones (60
enperature of 399 C (750 C) and held at 399 C fo 00

burs, for a total contactlng time of 2300 hours. The

crudeprod S yere perio nal.yz ..det erm.ne .

TAN‘fns SO o AR ROl AR GBI SRS mixture
(4sant)ands posRivned i 168 Bbesth coBRBRMHMEN The Rh&ikined v er age

5 val ues for propertjes _of the crude products pr.oduced

malybdepumiekel satﬂw@neluﬂ%@éagnam Oﬁav@taé-yss §hetams;of mplybdenum,

0P B RO RSSO e B g

suppmeth of t he cat al yst systerrs of Exan'pl es 8-11. The
Plots, 14

(1:25 o freb%sﬂ{asg fg Yﬁéﬁﬁl T Ogléﬁtgn ' easﬁaenb? Wmosaffqmg in the top
coﬂtgct 6! TRRLRINRE Y BRNfhS 8 sﬁﬁ’t@ ak ﬁi_lﬂil@ téP&htaib P zone of

our catal yst systens of Exanpl es
EXﬂ@Bbe&;tlvely For 2300 hours the P-val ue of the crude

o OB ST e Bl Lot Rl Bl B

ovéln at af teiperage opH3 PdJ Qz{IUJ"F)tfmﬂBZQtP\hoﬁrﬁl & fonsh thé cﬂuhe fded for
(2300 _hours) for Exanple 11, the P-val ue was

Exgmples Snkl aving the pmpemf-‘é semwgz?;} wdlrble 4.311Ge 4t hTh@ prayfle feed was
o g I B 9 0l e ot
zor(ek, tnp @ntartihg zotd) bottdimd:enﬁ‘aetacg zotie canddottphestppere phthetregctor. The
o b S A B B SR
Co{i%fe:ﬁﬁg%d?ﬁoﬁ F6dedch 'ei‘allm'g_lﬁ Wé?@&s foﬂo%afﬁiioeof:hgdrdggn BAY Brude

P-val'ue increased I's a graphic
feed during eontacting was meezﬂm%ﬂr(d)wscamhmi the totalipkessuesef each

sydsgh ban 6 TREERLOTLBE LT wesp d e Alnltsi i Dot of

contfflingDand thed |0vRREEEREND hr €br Y %@ﬁﬁﬁﬁ 'éaﬁﬁ&ﬁlgmhes ”Mhﬂ?:)‘atures

_contacting the crude feed wi eac t he cat al

in @&@anfm@saﬁw 843&C iﬁSO °rFé Qpé@ﬂlhoetsy)f catactingr r500 hours,
feed over a er| d, of 2

the{Bhpe i ol el ity Sriphllg T TuBS: BE'chlpefalitd in the

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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(43.8-300 SCFB). As shown in FIG 13, the net hydrogen
upt ake of the crude feed was 25 relatively constant

' ch trial. FIG 14 is a graphical
w?’egb%@s&i‘gati on of residue content, expressed i‘?FTAE?’&H‘!’”‘m”
percent age, of crude product (" R') versus run tinme
tenperatpref afr399LEn(7660 *Chanddmldhty309 °€yfot 20 hatrs, ffa tRaledntacting

. 8- each of the four trials, the crude product
unf’?ac’(]fzgobglg]lﬁue content of 88- 90% of the residue
contmhgiengle pro@ucty W jefifically AadyzkaGo ddtenind TAN, Yodrogen uptake

represent residue 30 content” of the crude product
by ¢he andefeedyP-velve a¥ GOnepnidns, residuecdnten, anidtdxygérecontent. Average

5B e e R b SORIE Pk i Tl

in PK®duct remai ned relatively constant during
significant portions of each trial. FIG 15 is a
gr aPHick isrcgsrphiesi renressntatipn off Brigbue of thetrude pradugt (5P”) versus

d "A AP ' "t).
rorl e €40 B B4R b ety S ST ERRRISH B 1 The oriifoead a P
validd oD 12430 3/50 38364 46,2524 A A48 Icpleserbiie Plfbue JGBe crude
70 represent APl gravity of the crude product
progpetabiaiped by eentactiogithpcruple feed withuthe dour catalyist systems of Examples

8-19 %%c%@etlﬂgﬁé%o ouls’ -@E]ug of the &E?&Ppgtgch%% ree%zané{] of at least

eac our trials, each crude p
L5oseatalystysystama of Ergraples 8+105 GnExdple TlS the Pogludlas above 1.5 for

moff Gt fmsfine "Bt o dlcin ABH OOt Gxacenle &L Bvalue was

1.41 - ' Ct $nal
190 Dt G OGP e

feed irpearh tigloemalned setativplyneiable dufing kentactimbefdredmplel, (e chfide feed

s g i epr esen [ f.,oxygen. cont ent, )

did s Pl B8} AoV 1598 PohikRd o e Boduetcpmained

relatiVely onvasitsdifringgrifieiit portiohs bO¢ach %541, Hleeptif Esa&@levﬁi in which
}ys ens of Exanples 8-11. Plots 172, 174,” 176, 178

the e\’ﬂa‘@’s’@ﬁieaﬁﬁ@ygen content of the crude 10 product

obt gy . ' e ¢ wi t.h t.he g %
car a3 oY g Al Beelfnf b1 B8l BEpryce s )
versusurde tipred iy forlfank aamlyst gogems trnthe breseiceaif hpl®ged 849 Fots 148,
Each crude product had an oxy

t de feed. en
150,038, T4 epresEi i tppi Vsl ito 060 by ot b srode foed with
. 1L L Al TR
cachb ey s USLBRICARTL o, SO el o o
crudesieed pvesiayrup dinst pariodaif 2300 BOGrs e is a odnge betweeh7at8 Nm’/m®

BN rel ativel 5 st ant ,oxygen content of .the
@3RS s Homindntat E3E ndoebd BakphBA cme focd wes
relativalgeonstaf HaeHp dacharial, r educed during the contacting.

Since TAN was al so reduced in these exanples, it may

be hilR & ictigtanbicalyeprescndation qfaesidusrcaptent, leapreaseddn yeight
T —
Exampjayedal L obpezich @ thed0ur thialsx thefeh@lelptodiitt hada fdsidd@ content of 88-
QOVCO%%I ti OCE’S§' of 371 C (700 F), a pressure of 6.9 MPa ]

7 Qlgng resiqug;cpnteghof the cande deesk Blgtad 56198 60 63 aepressut residue

' f .ude f

cont Bt o e PR Bt by Cuab RS (bl R Gl e opl
systems dEExdmeplds 8Atl, mspetipelyatAsrshoah iB 85,0 4 #RQediflue &ntdnd 6f the

Sane LP{ essure, and rati o of hydrogen_ to
crude prochict remained relafively constant during significant portions of each trial.

FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A API”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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crude feed, the reduction of crude feed MCR content
was 25.4 w% based on the weight 25 of the crude

arrpl e 9, at reaction conditions of 371
“@gﬁy e a pressure of 6.9 MPa (1014.7 psi), ggyU§2004/042137

ratio of h %/drogen to crude feed of 160 NnB/n8 (1000
16dcit6g, 1680670 yeprhsenti AL gréwvity mﬂhe trede phidcCsaiaed byesntacting the
a

TR b e S
e e v

crude feed
of gach emde produetstiverensed biyd.5 tock bdsgrdes: élﬂ:ecﬁctr%ed AR gbwl@ty

oo R R o L PneeiBem AkR59.95. APT

graxitytianhis resheds 10012094 IREAPT kAORFbPind cARie'ba]) | he

uncg:l i ned Colunns 6 and al s” cat al yst
200 /I 568 tfn graphicsl Z@M@ﬂiﬂmmfoihgaecommtmb(pmssedmwelght

t tn f d f t h
o P buRP! RO el B e ot ot catalys
SYﬁem&bﬂExmplbm GudePlotha7g rlwdem Q98 $predehi &)Sr)%en content of the crude
a% ni g the crude feed/1total pr oduct
Pré{ﬁ‘ﬁg?'? FJPQE hGoHpetEng the srde Sead withuthe oatalyst su;snmmgefrﬁxamples 8-11,
{ {
o er (i 6 ad b GRSdep RO RBRL o0 BnckE L6 S e feca

Eagh¢rade productmeran exyged codtent i u@laagerfﬂﬁu 0100Y40005 'gBirfs per gram
ties of the crude feed.

of @ude g?%&)&‘g'{‘i‘ii‘l}“%a%a%”ﬁ@&m%ge oray IeE I 16athe oxygeneontant dbthe crude
e e e X T

constayt n¥YEsn cralentef the erudg erovent dﬂmmtsnms thaé S¢ledted Bi@anic oxygen

coRB Ol 1850 e B PGt nEn Sive TAN PRa<E? tedcaiaghese

exazﬁplesa 1tnaay’%aamfem thatRit Yeabtbepdrfibn of fH cRIHRSH

abov Ee average resi due content o eac"j[: crugﬁ'lgorgalnlc
OX3&FB 89{'@?0 appredyosd sslectively over the sonombexnylicafontaising organic

oxygeh d6m P@@g}s The average VGO content of each crude
pr oduc was 115-117% of the VGO content of the crude

f eel, E:mnmlamm gmcﬁéih conidiniirisyofo3 71680 Evooer Cﬁqn&rsefétb% 9 MPa
(IO\YE§ 170/ L APl gravity of t l%de
PRl PR S hygFomsm tobra b P16 e 41 OBSECEB), the

e A e BRI

% -14: Cont act of
feedoopiea tspmperatmiesd 398 GCI(350 W) &t the Memé presdivs endFatiooF Ridr@éen to

4 th droogen Consunpti on.
oroBfebE T redtih et B BRR cofiindieus 4 evboireed ok the weight
ofﬂmmbéerfeeé.nd content of contacting zones), each

g If| di ng net hod, each total product 20

%@Hf‘@etuah%pre&wnﬂs of 7478 6 @ad eF) apadsysic ©F 6P

(101t41mp§ja'£ﬁd R Of il ol Thedfor i3 i tag? RSO, the

m xe
redurtion of crude faed MCRaontenowaa tNS ass; bised WAThd beight Pﬂh& BRide
of,.t he reactor égqg(ge bottom of the reactor.

feed, 43 petzine g6 (XD %D, at the S@metmeasmfe aadrratm efinidesgen to
crude FeedCthéGedittiBn B LARESHINMOR conkidt vak $85H9 9 based on the weight of

the crude feed.
This increased reduction in crude feed MCR content demonstrates that the

O

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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cont ai ned one contacting zone. After the
catal yst/silicone carbide m xtures were placed in 25

“I(Pﬁ, ting zone of each reactor, silicone bi.de
was p05| Ioned on top of the top contacting z%ﬁ@Uts%?om‘m”
fill dead space and to serve as a preheat zone in each

r eacthese exenoples demenstratenthat dontadeck 4 ertide feell withesethtively high
| uded thr heat
N R M L P
m&ffhingihe chite 264/ARA proARe Mixturk BatfiityIRd vﬁﬁldreﬁﬁ%elﬁ small net

contacted with each of the catalystsmt rese
hygrozsy ypislsenSelasted snuda produst propérties wereataassh VOI% ofithd shiree

o S )RR RS e b et vt 0

30Va¢ﬁhysamw@ﬁapeﬁ&smmruaefes@t alyst as prepared in
le 2. For Exanple 13, the catal yst was the

nDI a@ﬁeaﬂy, @aﬁbowlsm B@Icp #enach efithercniBeqnmiietSwasmoduced with a

% &S gr%e l d V\gs tgﬁﬁwe’%@}@%@?ﬁﬁé@mmm

haxPﬁiThtWﬂa’i Ihosim% cqrmé Gallé fRad Caﬁﬂddntdvgx;age tah Ni/V content of

rogen t

2-14 were as follows: ratio of
at @H%tr@/e B%éf"é‘ét&l H#U\ﬁqut pbthe gendedeast, aﬂnlwmntemwwalue for
R0 o ol s SR 5758 B M oo

ing zon

1014.
TS 8 et oo gt
u
way Eﬂsm 0?1“?%%6% gontent of thegruds feed.c The ewmem‘mwty of each
crude @ioﬁﬁb! Wk ZIUNEE799 08 (HeA BT %ﬁﬁy gftﬁg cAle 36 a(@ﬁ@ the Vﬁsécosﬁy of

e 5. Net hydrogen upta urrng con
@r%ﬁrﬁ@wtm aéamht 4@6 af;hgtwscs;as}t elithe bfudEX’mDI e 12,
(-

Di Sﬂlﬂb gibutiysl ﬂﬁh@ / i ‘
i rrB?rrB vag( L Mg dﬁt@i)lhﬁeﬁar o?mq_.écﬁtomﬂz;&égﬁﬂ% #gj

—&m&m o Bonple 13-14, pachieagipr apparhtusdexdeptifor number

and RRICRE bt Dby hink 4506 n LRBNANollabg mothogetach stakarodi
sepanation methpd dndaach Gruds pNnﬁblrﬁilaI)&st&e MeaiR a@;d@sc}”%ﬁd in Example

SCF dth d d had T
5. Bedeldsvanagned m@”anmtqsﬁqv%h%m? Jq‘i@ifégg@&‘e Facrude feed flow
to euéH 1eastoflal BNt MBS bf Y reaclor r a el o EW’%QE@;’ mgg’fg%n carbide

hydr ogen was generated at t
Wi ngd; pf the bottnmalfteadgreaétot imeserueras abotterrsuppett.t Rech reactor

i T R T —
the pomaeBg zbﬁd: af bath rbACtaH) sifiEsHeHartiifle M%@E&eﬁ %ﬁq?ﬂr Bf the top

conventlona rocesses to inprove properties o
Ungieonstie @é‘dﬂ'@ﬁ §Heos andlie sereead & prebedt zofioin daels seactor. Fach

eSS A R i Lo i

of processing a cru

to ﬂterprdmat B, metdmntabﬁng%nebm%ﬁﬁm% Eﬁﬂrﬁ ame! 6{-23% {eed was

& ﬁeﬁa&Aﬂ%gﬁ %ﬁ%@&hﬁwﬁk%egﬁy&?m fromthe
'cgﬁ% Ay s B A B RT Bhe) A Rrhed B o of i glicon

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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Addi ti onal Catal yst. Each reactor apparatus (except
for nunber and content of contacting 25 zones), each

’éﬁ(’t’% qu| di ng net hod, each total product
separ h nethod, and each crude product anal §ST/452004/042137

were the sane as descrl bed in Exanple 5. Al catalysts
ver Ehagonsastingiconditions foo Examples d2-14weae axfollowsy mtib of hfdrogen

S TR T
andr;ﬁ‘ee@tl@rw%9 M 100£708D). The EhRadtRAG0oAEs we heliRd %%]ﬂgﬂtally

of the react ilicon carbide was positioned
to 33 LA fF)eavena perind efitimoashmaimtainedzat 343 BGtfortA0 hours for a total

h reactor had a bottom contacting zone and
nmwﬂ%g%{%or@acsu ng zone. After the catalyst/silicone

c ar'mtdlq)rwwym&dw EnRdcHBS Gondd dnb SvebORpafatdd s EeMbRd in

each reactor, silicone carbide was p03|t|oned on

Exaf%e ¢ Nehhydragenumakeduring coniagtingywas determined for pachecatalytt

s, TG 1 SRR s MRS 50, and the

prodeCT hids2 TAN 622.73.7In Examiile 18, et hpdwoger liike wa m@adn epﬂbm 2.2-
3.0 MR D S 17 SO o ol rogehomacd o & rand fea .3-0.5.

= RABE e S fpgor

catalyst, aueylg,ydm@u uptgeavqmm al‘&ng&imm d@lb$ Nartah® to 0 6 Nm’/m® (-0.36

car b m . xt.ur 45 cnB
SCEERNH Y SEER), st SRE phRe e R TANGS 2 et S0ts A2
adFrbmahéh t
pr e;ar ed b;tQ?Eglangt Eodé ggg%w n Exan ﬁ}‘g% %hﬁ%{ed that
hydspgen wag genczziedpltbe rade pf EOY MNmadmi [QﬁeSGEB()t dmmg(cbﬁtach@ of the

crudfFSed R hl PSRN ol M86oBRoR 5 h bt Giinelconiipibe Sows

less. hynﬁi’))gmam belifed @b ihipaouess felutive o &th@lﬁﬁt %@H}*cﬂ@ élGsed @R e,

he additipnal catal yst being the nolybdenum
°°nV€5H %‘F"Q?P“ﬁ?%ﬁé? HRPIYE PIQReiHES pbdisavaniagadeaudas. E%ammtbrement

for 1dss BYRo¢ARAHLY Bdu S ARlshS d:GRR AL AP piHoEL o (il

cm "was positioned conta
Ex dviditionglly, t@ntaatimﬁth@ crge fwdmkh/mhlnmljzbdeﬁmﬁhﬁné(dmm&:atalyst

prodaeit £ ha¥ BinaRel itk R TEY Iy woe e pepts TAN of the Srud product
producsdyfcianbeindividetl Hiblyblenef calalyt. as prepared in

Exanpl e 4. The vana | um cat aI St/SI I [ con carbl de
L] | 10 2 f it -4 LA >

ﬂww%?%a-@fﬁ%ﬁ%% %?%ﬁa e}“(’??ég‘?@“\(/@ﬁk%°Wé?f°°macﬂng

zoneg)y sachi cmtuiyist sulfidigmehod, @a¢h fgal eRict SepivdBod PRMASand each
c]Ba3| n, zj 1) far Exanples 15-18 havi ng t he
cru %P’E%‘BF& S@Wﬁﬂ}ezse@e as describash 1 Bxample GAlllcataAmS Wexg mixed

with tsfhcbﬂ %aﬂb 1ﬁfa Joh.ﬁné ﬁﬁ?tggg paﬁ? Ehg%% ?a?blfig ﬁ %ﬁ Wetglggt( ynless

through eat
othemisg ladtcawg Z?ha erudafedofidw tmeeﬁ:l:l PEHRtdT Wk ﬁfohﬁthe rt@ﬁ@f ®E reactor to
the b ge cr s con"@ct ed wi.th each of th

Qtiony,af %WF“PFC"E &%%9@ & W3$ Posilienes b Hledvggom@fmaah; faaplgr to

Semﬁ?%%l‘ﬁijgﬁé’gﬁt SR roRUDF A i OGnts Hing P Pl lob cBhtacting
zoney édier yst/gidicdinBdanipidé ﬂﬂﬂﬂreS(ﬁFeBé placed ihhige Edntsdting Gones 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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25 hours and 80 NnB/nB (500 SCFB) for the remaining
tinme perlod LHSV was | h'1, and pressure was 6.9 MPa

The contacting zones were heated
mcgjg(ﬁ%ﬁ'?al ly to 343 C (650 F) over a period BfT/UPHR4/042137

and mai ntained at 343 C for a total run tine of 1400
Lindimg Sirnadedbat mc&mim! four hhatmg gonestcorrespondingto shot proheat zone, the

%e f eed Btﬁ % taI 30 catalyst having a
r‘fSP Ctél?gz%onﬁﬁﬁn i FPWPPH a nedi an pore di aneter of
35Ctuea¢mexa§@m it AradiuM ééﬁal?di vl Prdpa0diPds e8érdediSh Example 2

ving a pore size distribution vvlth a nedi an pore

anddlﬁq}mtbthﬂladdﬁlth@éﬂlfﬁom 250-300 A, in the presence of

prrolég‘?‘f"%gg fﬁﬁ{l%gﬁlge%ﬂgﬁté@%ﬂgg i Ud‘g‘d? 5 g4§” ) was

positioAEEint the Bottdm eomeingf e, wMﬂie%.dﬂﬂio)ialCdﬁﬁlﬁt ﬁem ‘the
smal | amounts ot her propertles of the crudbﬂp uct

molv@wm@dﬂmmmd%am ceseyibed i Esapp The yanadium

RO BB Ry (13 P RSB R S0 S g ane

by Ih Exampledks, baadditiasal @mb&vaﬁcorﬁ;aebndé neiztuke/(30amm’ ;hmvn

n T FIG 17, the cr duct, has a_, TAN of at
POSI:ﬁleg mfge/g%ﬁom centagiigegone, ﬁtﬁl& g qaaisf%bswgﬁ@s
I
molyBchin iy pHafd b%‘*#%éﬁa*%ﬁ?émm SR ERAEERY, B etadidm
caxabss;/ghmmmbﬁn migfure(30 &w&mﬂumd . tlmctop mgtamﬁngavbne.

ekl 17 5 i O BPSe C Snet i
the Emwmpb@ﬁa&ﬁ Yéneasith tﬂlé@dﬁﬁoﬁﬁ'caﬁ[ t/bém(g ftfe mdl9Bdedvbdium

t he API grawt ‘of the crude f In contrast, the

catalystiscorppaed in Exarople dodbe Nawadivm ﬁatahfsﬁmb@omcaébdq mixtgres(30 cm®)
was %ﬁgﬂ{ff/l%%@a")ocreas%%&%Pa product with increased _

I'SCOSI gravity relative to the

Vi 96 Bxhiplealsy PARK® (Ghivs Works CotperatiouNe aastk, TISoA) bbals (30
sl ncreased vjscosjty and decreased APl gravity, it may
cm b@erﬁd’é’%ﬁuﬂpﬁl ngach FEHAGHRgZOB® ki ng and/ or pol yneri zati on-

Of drti&’e {?aﬂ&% Haf ﬁxd%?'r ?fdrrﬂ)&mge%qﬁw he t]p?od)gﬁ%gtsﬁlﬂnanzed

Feed a I oUs
in TalyisﬁeFrK} difdwasifed tdthe ¢q;t aof the tenctoer Ehe tmde fived fhwved through the

descri be The r ertles e crude
preegEpbe. 1P sOpGRRoNT, DPHGTLCsHRE s, g bofat sGpBor of the
reacfd?NTRE thide f6Wid donbiRtedtlith @h fo@teQBalysts ndthé Bredénce of

hydrogen gas to the crude feed provided to the reactor

hydmgen g@0 Gontactigg condborsdopsach exampleuvere aafolpve: watio of hydrogen

s 0 R T NI S s

hourb3nd B0 Mrh RV (300 STEBfon theGtinkigingEme PeicR SAIE VR Vapvar, and
period of tinme from1l |f' to 12 h-', nmai ntal ned at 12

preswe wag 0. PR4 Q1.7 Bﬂh Th?é‘ﬁmtqeang rousy wWeae heated mgrsanentally to
343 38, égi(r”F) fgglda }E@'l&?itcﬁ' ﬁ%a?neﬁ at 33:?50 ?cg- 43t Fun fifle of 1400
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combmatlon 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
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contenit adUceghalenes édittent 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

79



10

15

20

235

30

25 gas-liquid phase separator. In the gas-liquid phase
separator, the total product was separated into the
crude product and gas. The crude product was
wBéP'?S(%E%I ly analyzed to deternine TAN and CFCT/US2004/042137
asphal tenes content. Average val ues for the properties
potasdfiumny sodiunm,raimby and cdltinimnefdit chost 60546 tof thertotal eordent| of sheechme

metayfof 2 e5108 o MBI G B P ri08isE w094 ofge sl

conté&fIdd ®O&sSrRgr 9ram of crude feed. The crude product
had an average TAN of 0.7 and an average C5

as Bainplen 62nd d Aidemonsifatothenenipcting cosditms casieaontrolisl such

that B L AR rBind S s g Hiercbe 16 oo SR paE o Hprocess
that B&BHEVTYES 1604 vadu@ef crull®protHéts withQsAAr pr8Perd€d. The ability to

2005/ 066306 PCTI US2004/ 042137 . The total content of
selegtiyelysahiangn apuopsdyplinciude faed ag Haeid hondy spacewslocities grsater than

10 5 i85 e Konballyl niRPYs TS b B TR VBB e e B o plpive o
comikefdially dvaitablé\besatls! AesmallediQesselasize Mayalial th thdatiert ofr
i gher ,was mai ntai ned _during contacting.

: 5 As .

di &4 prplettoi e pexiarpedat mocaw&oa@,tesftb%h%ge gize cpagtrajnty(for

exaﬂftﬂlésoffsﬁﬁl%’faéiﬁﬁég contacting tenperature that is 50 C
ower than the g

ontacting tenperature of the second
Exaxple 2(hi Co f a CoudeFeedzatiéari ontactingh Temperdtares. The

condsii S 1452 ABREVER B 80 el IEFRNDRG: Tpemee
feed %ﬁﬁF thetepereidiiifte PRt dbYe 7 HETICE 10QhsAldé @ tﬁg gﬂpﬁfi{thé’feactor

nmetals in nmetal salts of organic acids was

and eontastasowithythedyosatalystsl ih sk twormpatasting zonis fih theqmesentsof

g R o kRGP T b rbicne Pl i AR ot itferent.

- tempéRfuresihanced relative to the reduction of the total

pot.assi um and, sodi um content of the crude goduct r
f r GANERERgROBIRIORS imihy tor-tontacling gorwere A5 follgwi LHSV was 1 h™;

Qb ) tddaoyS Pl
g5l 0 1oPE Sl P Vo280 A0S0 o A ropn to e
feed ) 60 Mivm® (1008 SRR amdanessute wap 69 MP2(1DDHE psiyroval

CLchienalns i oF bbb ETER Vot ol SOAT R was 1

h'l; thhipérahtde/ B tBe bOIGHE Botabting! &h@‘g&?ﬁ hys®eC %6@0“‘@#)9? réti B HyArbEen to

havi ng phéSl csal ;properties sof t ness and/ or ]
crude;feied ian d 68 Nogdm”™ Eb0MBICGEB) pantkprassureowas &P MPa (hd.7 gisi)of

t hese ds lower te rature al |l ow such ,.
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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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crude product, the crude product is separated from the catalyst and/or residual crude feed

using a separation apparatus, such as a filter and/or centrifuge. The crude product may
have a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes
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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Amended claims

1. A crude product, comprising a mixture of compounds, and the crude product
having, per gram of crude product:

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 least 0.3 grams of residue, as determined by ASTM Method D5307; and the
crude product has a total acid number of at most 1, as determined by ASTM Method Dé64.

2, The crude product as claimed in claim 1, wherein the crude product has a total acid
number of at most 0.5 or at most 0.1, as determined by ASTM Method D664.

3. The crude product as claimed in claims 1 or 2, wherein the crude product also has a
total nitrogen content of at least 0,001 grams of nitrogen per gram of crude product, as
determined by ASTM Method D5762.

4. The crude product as claimed in any of claims 1-3, wherein the crude product also
has, per gram of crude product: at least 0.001 grams of hydrocarbons with a boiling range
distribution between 95 °C and 260 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons
with a boiling range distribution between 260 °C and 320 °C at 0.101 MPa; and at least
0.001 grams of hydrocarbons with a boiling range distribution between 320 °C and 650 °C
at 0.101 MPa,

5. The crude product as claimed in any of claims 1-4, wherein the crude product also
has at most 0.00005 grams of total nickel and vanadium per gram of crude product,
wherein weights of nickel and vanadium are as determined by ASTM Method D5708.

6. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product as claimed in any of claims 1-5.

7. The method as claimed in claim 6, wherein the processing comprises distilling the
crude product into one or more distillate fractions.

8. The method as claimed in claims 6 or 7, wherein the processing comprises

hydrotreating.
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