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SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE
PRODUCT FI ELD OF THE | NVENTI ON The present invention
wgeneyiabdsy rel ates to systens, methods, and cabraiysSk®4/042655
for treating crude feed, and to conpositions that can
be produced using such systens, ' nethods, and
CSY STHEMS MMIH)B&ANMAFI]A,LYS;E FOR PROVDYCING A CRUDE
descri bed herein rel ate PRODYCEs, net hods, and
catal ysts for conversion of a crude feed to a total
Fproduct wherein the total product includes a crude
FI JRQE‘TMVEMQN quid mixture at 25 QC and 0.101
h
e S S R
treaDESERIdP Tde@NardRo Rﬁmﬁﬁﬁoﬁﬂhamud:eqmm@ed hsing smﬁlesyeiems

el T 30 BLRRSLUSS LIt 0 Mok L LAy et

systléﬁfs nﬂefﬁBHB’ GRA bRRBAts FRConbérkids of @rcﬁldéQHéHJtW atota prydue wherein
"di Sadvant aged crudes". Di sadvantaged crudes na

the to’uailpmkhlcamcwdcs & ordo peovust thats admmdr miiee af 85 fhand §i141l MPa

i d nunber Cr
andff Gudovipir sronalien s Skt B0 SR AT hRpERy of the
cru@of-e@si on of netal conponents durlng transporting
and/or proceSS| ng of the di sadvant aged crudes. Renoval
DECRIBTE ' D ARIm di sadvant aged crudes may
i nv m I I
var e B §%a§%%RF t%a?n%%% s A S
be ét@MomRall$ @endportbd, aﬁr@p@febsetl using ecvenhiendl fagibifiey, are commonly

processjng equi pment. The use of corrosion-resistant
refergeddp a%ffll&ﬁl"?ﬁ@%qdv‘&d%gm ficant expense, and thus,

th t ' hﬂriwte to the total

cqup SaE:RlapERLARE: A5 ARAGE dEtc SR nehl it Bl

acid minhbeért(“CAN ))Gf 11hE| crrgly feqiv ddivalvantdged andesfwidloa f@%ﬁl\@h’ high TAN
inhihjtors to dIS ed crudes b fore tran

P D ST TR HOTIOB S ARG G B e Cna s ing of

the Wsa@Rnk Rl @Rides NRBInb P41 Df Hﬁ&lc%ﬁ'@bhéﬁté Yroaf digflvantaged crudes may
equi pnment used to process the crudes and/or the

invglyalchenyically peustilizing apldafdwwnﬁmé iyithreariopy biesgs. Alternately,

corfbs BT nra B g R hpadife G AR Bl Bhesine
equ@nélitf fihe ubd ofadwro@m&eﬁmm rﬁaaltdf&ﬂﬂﬂmi%sesﬁgiﬁmm exeass and

usi ng conventional facilities. D sadvantaged cg ﬂ
thugfthensecaf PPRPFHOBTRFATITNES A8} I S¥iiENSRIEIBRRt SHY NOf §f desirable.

t)ﬁgr L tﬁlb? sohitie co%g)%r}n R0o19& Bﬁcﬂggﬁ] bf cSF SR iRRb s to

eroat ons may sone situations, have an
dlsﬁﬂMﬁtagai aulleciefome txaatl:airmg &dmrqn@hea:nnggéﬂhe clisademntageg crudes.

include relatively high anounts_.of netal confani nant
The pye Q_f)@gﬁgq;l@n ifplafs m é‘ﬁ%‘l"ﬁ&]a R PIRSTY HsecBS RS fhe crudes

anPEOAGEFTARY oPhroTHEY pfd'dtdg&?ﬁrorﬁ%ea&udes.

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

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

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

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

may deposit on a surface of the catalyst or in the
woaia/oesd3ame of the catal yst. Such deposits nmayCTASS®4/842655

decline in the activity of the catalyst. Coke may form

and/ or deposit on catal yst surfaces at a rapid rat .

dubisadyaptagedeaidergmay inslidsdelatvedy Ryt ol e“ﬁla“?nfe?é“mams’

costly.t,0 a c L vt ERAVA Qfrudks, metal
e GO RLRSIRR S BIPIR DA S Sl e
contaSiaghte Bid/Bgcong@rnéy it metnl coayamainants dnay dépobit bhe surface of the

activity of the catal yst and/o ause the catalyst to
catal R b 4ok VOB O LR ISP TGS R B 4F the
iy t ts of organic acids (for exanple, calcium
acuvggtoggls?iadﬁ%%lﬁd/or sodium. Metals in netal salts of

or gels magpfordsareice deposit gmpiatalystypuaqeanha twpid ragmduring processing
.di sadvant aged crudes by .conventio r.ocC . far
or iz et GRES, e S ST B RGPE Gty
contﬁﬁﬁﬁ{%d SNAOLHRE e18eh fehpeRRMESHidcd MRking &%geﬁaaec‘.n iagalso diminish
metals 1 n net s

al salts of organic acids are present. In
the actvity afsthe taalystoindlor amube ameadalpshto dptieapratey pi cal | y

oD agbetos iy S g Pl Faclt oo fRbRIY Rigs o

I C acCl

exan%ﬂ@,fcﬁfcﬁﬂfl,i FRlds¥iuhhandfirdodiahi) MBgethie ineetl sdtsalf psdanic acids are
articles, particularly at the top of the cat alsyst I
not tppidallyTsepaniteddiime dispdventagssricrisias BY consrentiqnalprasesshe fof grample,

.h netal salt f organic acids, at the top of the
desal}gntg §lra%1§ava§}é%%'rally results in an increase in

Pr PREHERs Bie@iftch bhaugterédia doademtivtalnmycastdsedtianvedtyls ph mgtal

the catal yst bed. Mreover, the ngt S | a}{lnet %L Stal S
saltsaf opgagimacadsaass BesTaty It emdstiqpicke %‘?c_ Yang iy, iyt typically
depo%)?(t&%ér%tﬁ% gxtegaﬁ %gfé@éll{)?&%%a&[ﬁ?, §ScthB Yn ndfal S8 oPbERRIcCacids may

npoun reatment” facilities that process
depdiitgreferntiaieid voididesmes bétwaemn catglysirpactiniese partigflady at the top of

| east 0,0 Foxy, A
the a1 Dty G SO BT CHSERERE, G PR pricdedf s st
orgaf I SRIMC atQRY BPHIRRRAN Ded BoRAalleREGE; iduhiimgease in pressure drop

processi ng, y form hi gher oxidation conpounds (for,
throeglatiplbeq ah@tuen effectinglyoplua theretalpit hed Mpresypudts Brialsrin metal

al cohol.s, .and/ or aci ds, for . ' ion of ethers
salts ?‘fcé’crg%’il%é%&sf RY. 67 140G g%:\g{gg%(?%oﬁ Jﬁggtsf eated crude :
angigldvERM gk i @E el fantiage baaeicakyaneompainds. ifreatment
processing and cause pl uggi ng in transporttgg on | kiw&)sz
fac11®atUaxam@g%@sztﬂva@t@ge£ﬁv TSIty A ORNER SHRIFNIRUEAE (Gt VY~ srams
hydr aocar b . ' ol i
of OR YA SRR E, AT ERELFA% Ay Bhodbtt PRI e YRbcessing
Oregifib ok fddnycorpetndspwhen hemadidurmy procaskiag) ay form higher oxidation

unsaturated fragnents resulti fromcrackin
comppwisd e xamplepReonsad opGEiHs AL RS R g aloohols, and/or
iR | ida] ' iRl e et AR fhb€ tRfiredted crud
a°1d§£?1?1§e§54¥§%?%a\3@%§’? F%lﬁggg%g ysdtﬂ,ﬁérray be needed tor ) Cr_u ©
andiof Miayi dorroisadmiaminet dnipgrean tiefingprotessimgagd ¢ame plugging in

Hydrogen is costly to produce and/or costly to
trangpQFf&iBBINCY 0 treat ment facilities.

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

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

during processing in conventional facilities. Crude
wonetsaesd3rty tends to result in phase separati 8aTms2004/042655

conmponents during processing and/or formation of

undesi rabl e_by-products (for exanple, hydrogen
frons farmingecokga tlyidrogsn is sty gf-‘nPf&fi%‘iﬁ axgjor Ceét)r(b(/@rff%néP%T to treatment
faciptQcesses often lack the ability to change a sel ected
property in a di sadvantaged crude w thout also
si @ikddvastagddycradsmdtorgndtoeahibiriogebitityeduring grbeessing in
di sadvant aged crude. For ex | e, .conventi onal.
conpriiowd Suagf &ufGoRepHey BT g oG Ray R FPudiies §f componenis
duriﬁ?ﬂ%b%@ssﬁ@y‘%ﬂ rFolhARH b2 thAZREbIE by Aot @or Kanfphes h§&ﬁgen
t , on c b 0

angi ng by a desired amount the content
sulfides waten andoboedioxidesuch as sul fur or netal

i nants) in the di int.aged crude. :
P QB DroP TSGR e AU £y TBECH S SHEPRIY in
disaagagit{]gt@d%ncﬂelwﬁﬁmu} h1Qo SiioATARYMAN AH8LInG dste prépRried e thet he

g percent of conponents contributing to the .
disadvadated erudge & op exavenle. cosventigalmyoerispaseien lagk e ability to

. neral ly i ases C f eat :
siegiaierofes 10 et ToEPEhEpelprhd bl Ga s ARLAMAGRY changing
by &€®Rsiréd ARohRARE Contdie oflbGadyethpgedisqsuiies sulbadirtmaa of

di luent to a di sadvantaged crude may, in sone

contghtingts) omthe dedvayagedsrydsi ity of such crude. U.S.

Pat . . . .
e R by g g
disakivarBegddenies to Biwer ti, WdightGRicenvoBmamubaants corftibuting to the

. 5,897,769 to.Trachte E al .; 5,871,636, t.o Tracht %ﬁ .
disegpantasislproneatis. SuiRe s WY crafencrallsdRrFES Yot O feating
disaﬁ(/é}g%ae%‘_%dé Yot &'Be 8 of@hRhY sidorf i8Erefe@€BSS tMhndle the

Crudes. e processes, systenms, and catalysts
disadestagddanudes. Audgmnpdiddnens to hdisedeaniagad ¢aide meyt Bsome

. applicability hecause of .many of the technical
Sltuﬁ)tf(g’ﬁi eaé%ft)‘/ﬂ?lg& %usgg}b%qe'l n sum disadvantaged crudes
gengRabhi¥nt Ve 6529857 ERBhdhaRiQR a1 6,277,06D10 My@IPELel.;
rel atively hi AN, a tendency to becone unstable

gh T
6,0ah2G6rig Greadet etmht 5,93h80t0 Beardands abiyS.P bt 0 hiopgarden et al.;
ively. |large g '

5847 13 eiedfnd BAS ATRHEE R SiarSt QIR o Tanala et
desélﬁieaIaFMﬁé yroh@:%bs, Sy, &n@ﬁelltlwllydg $oir Igbdl:q@sing cpoae nTls pﬁrboeltsses,

exanpl e, residue, organically boun t er gat orrs, t,
systemit & GRS deseraddD theserBalaRis Iy Ch ks b%ﬁ?@?@%ﬁg@ﬁw
bec@ﬁg/o?%aﬁ&%@ﬂgqe&ﬁ&?&o%m%{‘f&ﬁﬁ aboWeh properties tend

0 cause”problens 1 n conventional transportation

andhcunt, dsadvmtiged awides gdnes]lyihaet uddeasgable propegied (for example,

corroqsion, decreased catal yst life, .process pl [
relagiiely el hNe & SedeRrAg EoRAM S st ale firith PR e oAy lhdency to

| IngbrH £t ﬁﬁxg;?ﬁ% | baeh0hddirabl

Con%-%ggrefl %?%f}pn%ﬁ%v%a&"é‘%?tfé‘ ﬁgﬁgﬁ%ﬁ hods, aglr?gi/ﬁgr cat al ystrg °
propatiecinninde selativetyf high smdwats ofgedtsirabld esmpenentsoferdaample,

R L b LRI R i
org®Rt BAHS and/d 6@&&%@%&%&@6&%&5}9 Ick PrpeRies Bind &b eflise problems

properties in a disadvantaged =~ = o ]
in conventional transportation and/or treatment facilities, including increased corrosion,

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

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

in the di sadvantaged crude. SUMVARYOF THE | NVENTI ON
wOnve3ons descri bed herein generally rel ate POT/US2004/042655

systens, nethods and catal ysts for conversion of a

crude feed to a total product conprising a crude
morgpdeasitalde prangrtiasn Thereds éﬁm a§igntinant eq@aﬁmm@éﬁ%lawé neggdfor

I nven r
s PSR SRR 1 s g ol iabimaed
crudé WHie ARt S%ldc’ﬁ&él? ichanghcdthergprppetits inrtse diandvaetaged eiuded

b u3| ng the S sterrs and met hods descri bed herein. The
g £ Bt hod of producing a crude

pr ?rﬂ}éﬁ{lons gﬁfﬂeﬁ'ﬂ%ﬂen g@d@b@ Ijefégs @ sG5tHeS, heeddyirdtagiigsts for

or 'nore ca sts to produ a total product that
convemémd@ascru&@feed ticl e tqaalgotodict cmhpm&'mg}a chide pradist gnde tugome

embpélg}afnﬁggqgj%gorg qrﬁ% eggaas;th%fseg gxgs %robeglﬁﬁreg/lilpa sgtggli?erglwg? e to
comh{)}g'tl iSRS nbRY 'c@ﬁbﬁ‘laﬁ&{s%f%bﬁ@oﬂérﬁi thieRid. | SuichWolitpositions can

pore dianmeter in a range from90 Ato 180 A,
be obiatri@dzbty dsmgsthe 60%naf andreethedsaleserihed deredt. pores in the

size.distri utlo havd of
e R et covtac e B bl PRLES oot Tt

conﬁétﬁ{gr d Ul RBd vathashedR hefrotaglg s Yo ﬁI&HM:d\AEthI grddi2B8at includes

and control l'ing contact |Q§% condi tions such #pét ‘il g
the @ndﬁjprogu@dwbqrema@e sruflaRrasitctis adigyid mpdpigat £ 04p1 MPa,
e e S AR R S SOl AT o
sizelli @AM EIoAGvich @ﬁid:d&n@ibwldmmﬁtet frprangé frgm Yohttad 80 Agwath at least

crude feed with one or_ nore catal s to produce .a
60% of the tqselawmber phpgres Hidhe pyrs StZﬁéh%‘?{@H@nd% PO%@F@*CH

[ apd d
w1t1'h£] %6% Jﬁgﬁe e Eﬁﬂg)toré & e{ek %e\%lg‘gégéhﬁr%ﬁﬁ%t?ggttl&lﬁgast etermine

by ASBM Methbé ﬁEItZSb,rmxda:bntrhldang aomangxggon@wlpn@ sughilgt dhosgride

prodist s b NG af oAy By RETR VL Nt Tarza sty 1@iFs s

det&ﬁﬁ&h)ﬁ?tAg\ﬁwmgthbH@G@qre size distri butl on havi ng, per
gram of catal yst, from0.0001 grans to grams of :

rml’@h@demmmon@ pmwdq;sraemgtbpg, gﬂ@rﬁgmlgg,mgmglﬁd)go uct, comprising:
t ht of
conf PO R O e PR Bl T g s

the bk ptdlactS vheriPtheduale ﬂﬂ(&ﬁlcals-EANuﬁi mtturm f25 90%nd . uon éMPa,
TAN of the crude feed, wherein TAN | er.m ned

t
the noinfardthawiag DEBAN of gblepsiPeh et lsastane g Bgzaﬁa@’éés I}SWH’& e size
dlstg})utg;{e ‘9 8%@%&5&9 BiaRleRYUE bt 1o 4P Pg Y H&em‘ﬁﬁ@d B¢ ST 8ethod

or nmore catalysts to pI‘O uce a
D417, ahd e eatdbist hidvadg the q:)btechezse dlttabmmdmvmgau@rcgrmnm entelyst, from

t he crude roduct uid mxture a 5
ot iniogid B Ristes efemolb A Gr SRR O0Rp T g pounds,

calc%leffeq AR {gl fﬂl&?gdéﬂﬁn{'\g‘fr MiLPe8¢ theddof! ﬁﬁ%nﬁ@ﬂm@fcoﬁtﬁ@cmg

aving’a poré size distribution with a
conﬂﬁﬂlma mtha thé ammde prodoft s alTeg 0f ata0est 26%defithe Addkef thy crude

Vet D4282, and,t he ing the pore
fee@.%@r@n g{W RS F?“@Hﬁ'arbp’ ﬁ%@%ﬁ%%%‘g‘ Dﬁg%fe ?nst al spf rom
Col e RontdQ fr6Viie0s MettdRlo® prodisinga ciiieroduct, comprising:

contacting a crude feed with one or more catalysts to produce a total product that includes

the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.3, as determined by ASTM D664, at least one of

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

woanisaetdsng condi tions such that the crude pro#aTUSh®wg/ 042655
a TAN of at nost 90% of the TAN of the crude feed,

wherein TAN i s as determ ned by ASTM Met h d D664. &8 i
as detevained by AN Myithed H43% fhegatabyst bwea& CRgrsiEs tiggibution

conig,hgglg%ke ]gl'apef &?ﬂaﬁ%orﬁ%ﬁlﬁﬁﬁ bRYHR FHER da%féj ohk bPmeRe

to produce a total product that
comipdahdsaedné bEmoraJtﬁetalsrfmin EloJumwi 6 o e Remiodisr Talée, jor ouxivres

therp«gfe anc%@qﬂlflrlﬁgmrg )Q)étn%zkt?%g cq)rég’%qns éu thﬁgi%g épgg lplr?,fﬁ.l&? B%f ng of at
mosY8bRast PP ﬁh(\s fmﬂe gludb 823t wﬁa%mOfANh@asC@ét@fhﬂﬁécsb ASTM Method

conpri ses: one or nore netals from Col um of the
D6@eri odi ¢ Tabl e, one or nore conpounds of one or nore
metal s fram Col um .6 of the P [ dIC Tabl
o ot ABarovidks fny i el B dffed BRidBieeSusy gomprising:
con@@ilﬁ’g@ crifle ®dedtviith SRS drafbre cIﬁB‘s% to PRRINGE a EB¥lEprodudp tHaniivludes
one or nore netals from Colum 10 of the Periaqdic

the Eﬁ?ldb prodm:t whseir ths cruslersertuct irdiamemétireat 4 "qrand £ 404 MPa,
t 1
the gruldgﬁeﬁg hﬁ(lgﬁ,}% 89 ifgggs%l() gs a‘%@rﬂﬁl f%g'g?%fg{%}lﬁ;d ]b§64 Bnd at

least 6R€lb{t the Btalshis RoinPebest (18 oae uﬂmonsr mdﬂalstfrdm@omrﬁii\ﬁl obthedteriodic
nost 90% of the TAN of the crude f vilnererﬁr% AEI

Tablgs one pemaTerrOmueynASTIMIGOr Fete Brsds TramdCqlppa i qtdhe frisgic

Tab% %¥ }nq)?tﬁreg tﬁ.@?&ﬁo& t{b?] Bﬁggl%b%%?aﬁ rﬂ'b@@ CBILRYH A of the Periodic

I'si ng: contac g acru d wth one or nore
Ta‘tﬂ:@bﬁé ysindret @nponddcef @ectoptadre mem]ufrbmt@niumnri@l ai d}@;fsPQTWéhC

Tabig o G Bue (e g pgmeb It NG Ve P T o
Coldmh ek Rlin Ia?eﬁfg% RO 1&g e{nti%oﬁt'i‘&hﬁg cOMARIngaboadY §h§such that

conprising: (a) a first catalé the first cataly
the hendk poydupeiras grBANof af inostt908aokihy FAN pf bmcodsdead, tV‘élereln TAN

. 0.,06 nmetals from Colum 6 of the
lsa&é?tﬁ%ﬁ A?%%’l‘s’em?gﬁe drﬁﬁ%zfe conpounds of one or nore
et B eSin{ERitn GoWIBvifePd methed BE proddtiag hakblde, prodiet, oatpeiding:
as weight of metal, or m xtures thereof; an

con@@o& d cn@p 5¢%ds\{~’1th pRROLBeTatakEHP PEeduGe 7itofal prﬁglﬂct gl?ag fRcludes
ecof |
e S0 S Bl B0 4 BBl Dl ot e

the @fud@EeR] }Qﬁ)mgQiJDAi}SI offat tiast 003, anditlee oretorinsore catalySislcompriging: (2)
of the Periodic Tabl e,. calcul ate of I
o it R rElSaIALf heving RELAERbSI TGt Q01 % 0.06
t
graﬁnlg,s?. %18(?/)(? %ﬁ%ﬁﬂtﬁ?ﬂgm E%Qﬁtlwpé}lib‘éﬁc tate, 3nd OMnRke a

AN of crude feed, wherein TAN is
coragoutids ef sriere dndry m&ﬁi[[MrMet (B«zidrrm%@f therPieriddie/ Erhle.cnalcalases! as

provj des a cat al I on I Si.ng:; ne .

e g SPEY e STBRbh Ston BRGNS BBl e,

perg QF sd¥Bh c§t91 BHEsst @f02$i‘ﬁn96f QRS 6r MBEcAhStals fRIth Column 6 of
um 5 o Peri odi ¢ , Oor mxtures thereof;

the (Bleyiodic s’l“labkeoome mn@lelcampaumdw;gbf@n@ hemaremgialszome Siolama 6 of the
A
corfRt@inghaBhBlins e Bk BletbddREdRt RYY £TANZES at most 90% of the TAN of
the crude feed, wherein TAN is as determined by ASTM Method D664.

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

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

wOonve3on al so provides a catal yst conposi ti ORCT/US2004/042655
conprising: (a) one or nore netals from Colum 6 of

the Periodic Table, one or nore conpounds of one or
havinga ehetesalaingnafontentef ai depst0-d ErapeoiHpte eimeing aey gramgf support

] Xt th : \ ' ' -
e SRR Bt i PP BRL AR BRSNS, ore oive
distriutibh Rathpemedifia porefdisnpposttat teatie230ah,, asaistetiaired iyreSi My

x-raX diffraction; and wherein the catal yst has a pore
MetldAd4 2%t ri buti on with a nmedian pore di aneter of at

| e . . i .

B
metdOffpini Gologn 6 d)thoPeicwlic Tahle ametoatroré canp@uids pfofe grfmore
et e 918 619 DUt TS 10T R BT PP (P EpoR st
hawigé1 g%@ alUBR Sontdn® BT £964400.1%r8ths bI'@eRReihiRihh perl gdatreof support

or nore conpounds of one or nore netals from .
matezhill sddeBrmined bg xRey difftactiors bhé whereimihg catelyst haser rose size

.. (b).as ort. materj.al havij a a 1 0
cisugpigh ViLEEeBio] PO A EHT YHRTe bt Ui BEPrRRg ST
MetB4lPP2s¢> material, as determ ned by x-ray diffraction;
and wherein the catal yst has a pore size distribution
wi fTihe anvestiomalsp providss apatabyst eFmpEsitioia §emprigings (a}ne or more
et.er m.ned TN Met. ' |
mets BoTeo e SrOhe St i g ridf o SEFMABF of Smore
met£19 R NCHgnR SeRRO Periodi¢ Tablecorerornmore nivtdlafromt Golfumnré f the

support/metal mxture, wherein the sup ort ri %e%
PeriphietTablel o Nt fampRENdSTOLPBE 8T BIOTE HE 2fsdron Lollimn 8 oF the
Peri‘égﬁgﬁragfelé H]%ggﬁgeg {he{:&rf;e(bgg :sghﬁmf AR GHYHE a3h&h aldiina content

eriodi one or compounds of "one or nore
of afRhal0s! famsoCdetmalufhimfpet genPef supgort nddylad, as determined by x-ray
..mxtures thereof; heat. treating the.theta.al um na
ittt e MEEED fhesceaPet bts Spats e Atigop Ml Pede rao
diarter A 14200 50N, s RiBicFALRUPSIAS THIVIEhSd Dagsz.at al yst has
a pore size distribution with a median pore di anmeter
of TRt ivemnsipn 2180 provides aduetbpdihip@dBSinA\STANRIVES ROBPIHIDG 2.

he invention. also provid ho : :
ot TR AP Pyl AR i o
suppeH EorfiBisRY thetDalinRin andoiRThdrd®f de metls Gomprivingoae or more

he support con%ri ses theta alum na, and one or nore
metals fromeCabim ok mgpngdlﬁ a‘ ableeORsy OTFRPLE cREpPanRdsiof 9ps or more

l.um -6, of 1 he. Per | odi ble. . r
e 8 DBl BPYEPEH Gt sBRLL R8s B g s
alurh 3l s@ppaRt/mBiakinikte dt hesmpdratuteeitat laastad(07E; nhd faréngthe

al um na support/metal mxture at a tenperature of .at
catalshsvheaei tarceatalyid havi H?Wg*lzierﬁé%’éé"gi%‘t’f‘? pnefianpopgdameter of at
Iy : ' |Sithdgti on with a nedi an
leasgg?"z‘&d?‘%‘#é@rﬂ% a%s‘?iggg/lte 30 A as determ ned by ASTM
Vet Tiadin42B2 alsdpeovideseniEihnd af pwdpceiog a daislyat, remhysings
pr.oduci ng a crude product, i Si

combining a support with one or more metalcsc%g.%r}nsé Qlﬂ):port/metal mixture, wherein the
support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the



10

15

20

25

30

contacting a crude feed wth one or nore catal ysts to
produce a total product that includes the crude
wonrodwets37wher ei n t he crude product is a |iqui BCTUSR0ORB42655
at 25 0C and 0.101 MPa, the crude feed having a TAN of
at least 0.3, at |east one of the catal yst%@gaw ng a
catalyst; whsteythgicatahisbhasianprasien distRdPR Wikt ofarggter of at
I t Sp ER\f 4B¥> ASTM Met hod D4282,
leas?‘gg ‘fg’ﬁ% dga?ﬁ)l Iﬁégtb@t%w ngvlt g&gore 'size distribution o
coMpe iirsiention hled arovidesameetiaotofqpredwingrcrmdeptalust, foropmising:
Colum 6.0 he Peri odi c Tahl e, one or re co nds
confasting RErB frss & HRGTEICS v Py g e § Rl BEr VGiTg: Meludes
the cf d}}?rodﬁ’cft @h&ﬁzﬁﬁﬁ@ o€ Eﬁﬂfuct 88 ﬁ%fx%ﬂe 295 e0RAA0N0NY/Pa,
tirons such that the crude pro uct has a TAN of at
the crm& feod Waving b AAN Afatdéast .8, atrleate ofeefthe whialysis havinglajpgre size

t ASIM Net h D664 t
dist TR ORL ArUER A B GLOCT G a4 Au dsRSEMd Y AS P
Metﬁ&m?@@ REd et hé‘\QnQﬂﬁrpé?@s&@@l@trWuhbn enapAdinglthet alumina

catal ysts in the presence of a hy d?%gen source to
and pn@dnmereanetelséionp Eothmart 6 pﬁﬁlﬁ Perietligdable; pee ermere Compounds of

roduct r the_.cr d
one B S8 el G b TR By AR R
cont@élhh% 8&ittadling, coth[hﬁoﬁslr 4R the gt dradd rodad haxy gy %rN GfJittrﬁcmt 90% of

| east 0.0001 grans of oxygen per ram
the TANMS thperude fqeéawherelﬁéf Ao 13 ?ﬁed%%@dmi%slf RaY} ﬂ@(*#bfre%

7, 5 bR GRN T Eh AR A FLAE Blel i

confabiitd Dédude geed ovitte@ie drgnare naiatystsmsthecpre@dc&:ﬁ” aT]AMrsgmfsource to
that the crude pro uct has TAN of t nD 90Q% of, t he

produsgagetak pradpgt that ig he fudeprpdygd egelg ff ¢ pfoduct 1s a

liquff ﬂgﬂﬁl‘é a@% %ﬁ& Bnba 'NT‘PJ] %ec&{ﬂpfé@&i ﬁa\i‘lﬁg B TtADNbS 4tN8ast 0.3, the -
crude product has an oxygen content of at nost 90% of

crudetfeedbbarienarcorigentoménttof et kersi @000 etamspieeeigan Fangrim of crude

et.erm ned A t.hod D664 con

ree End B bR PHEN By AT ERS LSRR por

diarétSCotPh RALURPA aasrﬂétéa@%ea%ymmqweﬁhoa DZIQ@IJ{?arﬂro@dti@Iﬂmg
conprising: contacting a crude feed with one or nor

contagting wﬁﬁlqn@ toreduec BAN suel Hiat fesaudaprodugt has Lokl % H@St

oo U8 TRESHEL coUSESL B BRIyt

confbolAdy suth &at HiRasideGrdducahal @i opiygaﬁ t:on?télf:t offat bst 90% of the

catal ysts havin er gram.of_cat 0
oxygfﬁra@ml)t/@rto £ Hgeeresic TRish vRETR LA | ‘rséllsn PmiRgd %Yc%fesaﬁ\‘{é\?e"go Doo4,
d I f one or nore
and SEYLREL el %dﬁ%ﬁﬁg@%@ﬁ@%&?@%ﬁ??%m e, cal cul ated

as Mg ighdntioh absetpadyidesra methbd o&protiheing afcrudarpdoduct comprising:
controlling contacti

oL S SEnacine Sond 1 Ene SUEh Ll 8 S e
the %ﬁgéﬁ%@gﬁ %ﬁféﬂ?th@ A ochﬁ&saa 1M Biixtafe A0S CAAF00f01 MPa,

e crude feed, wherein TAN is as
the detle lfemdrhamrig}a TEIVIE belehss . D86 atTlhest on ef e eatalysisdiaving, per

t
e sisrbehg: e bl e & Ot BempuaB R hat fof e
Perﬁﬁicaf M3, Dnk Br fn"d?e R&Eonedr AVAHE 861 FOMICRumA 6 of the
produce 'a total product that includes the crude

Perpdadlabie, ca]helamdms weight plimhetabrog duigtur¢sshereof; and controlling
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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liquid m xture at 25 0C and 0.101 MPa, the crude feed

having a TAN of at least 0.1, the crude feed having a
weubdsiwe3sont ent of at | east 0.0001 grans of subPCwUSp®A/N42655

gran1of crude feed, and at |east one of the catalysts

ri sing one or nDre metals.fromColum 6 of the ..
PorihsdmenTan Rl DEHAIGH e EOROOUAIRS2 GG REMCL gmerising

COH{;E{I@JG? %élﬁ? E@ggggma SorHhork IEQtaPy@fs iR e gprg_&m:ceof Phydrogen source to

d ‘control 'ing contacti
prodeeditbthiopredsa ¢t idvdndes dher érnde rodecicwhaergin thé erudc powluct is a

R Ao SR b (5 TETeroEs bt eana figrat b7, the
crud R PGV sdlft bfteROM 2t YeaSIREED IVgi"luﬁQ b} Yulful peN&aflof crude

nore contacting zones is over 10n 1, the crude product
feedyaud aigeast TahbHihe aatalm‘estcosm%mg ong er MaN wetalshizors Gedmn 6 of the

nd the crude uct havin {
PeripgIC 23, B5 DESEAOTUPC B TRE Sbpgn e iy GaghR Blot e
Perwﬁﬁ:r’ledb[é $ANitEred Shedgdfesnd dudetoling ASANL i fvaditiomé 4uchahak, during
ul fur content is as determ ned by ASTM Met hod D4294.

conmkmng, iveerrudefeed IllQ@kféﬁr moleg@lgr hydiegdnai a seleppd arie inighibit phase
sep t{ %f:}l ogrlill(c:lt ee%oc altngl ctln Of} ﬁﬁthoﬂlq 9%&% %%cft? ?rgone or more

re ce O
conBREBOKSIeh Fveg €0 hS Oike @ﬁldte (prcpmmdhmmgaa TaNadf gimomstiB8% of the

that includes the crude prod V\/ne ein the o
TABTo derads oo e ST PR BCtE 28 SRS EPTGETE 61 /{407 of the

sulfgf gcaff&)? gle dritt SN LARLdR Q'AQ@ﬁddstdeﬁﬁnﬁH & ALl NMbBod D664,
crude

during ’contact, uptakes hydrogen at a
andsselfecdontent &tas dbmrmnwdmﬁA&TMé‘de@e@Ma% on of the crude

Irgfﬂé?g‘%{éﬁlfnr%‘gpggs&ﬁ%‘dg%ﬁa@g 8? I ggflglg 3% %\sr{%) ng% Smprising:
con@a%ﬂh%ﬁ thiAg fadSkdEnd S oM dath]yAAh ARetetdhct BEa PARE@IIBRIrogen

e or nore catalysts to produce a total product
soutdeat pradoted @galtmedust ﬂ@en}gw@m&wﬁ crydeepredust.tihereip tpecrude

pmg'ﬁ‘g lscaoﬁw@ Frfl?di’fﬁe %g% t ac n g c onar ’(5 almgi%g %{s}glcl:'l%g ch MF‘% conditions

such i ehef 2@tk fesd, @Rfihaeb@dctiptikdd hetdngematad sekectddrrate to inhibit
hydr ogen u take condition and then at a second

phaﬁ@/@ﬁpé@élﬁn apthgiesudediaed dwang contast-f i r st hydr ogen upt ake
o 018, SRSy A N i
codfacdhggemdu pécakwitle hpdiotémoin the preserice of bxdort morerdatabysts to produce
Ieofacrd feed/tofal prod ture from.
a gl prachist gt BERRH the STUdS R sb Db e TP et Dhauid
mn{tﬁl‘% £ 5568 aRd @q'é?tl\/ﬂﬁﬂaé}gﬁcogﬁoﬁlh 'Egﬁ'tﬁctﬂ%o/@o?ﬁ tfdhb YeehttBat the crude

respective one of nore propertles of the crude
feell embntatied witheyrogem e lbSostrydxoigee sptakmﬂddmmﬁnd then at a second

yc@@%%&%@%ggﬁilﬁg (e}hg%gﬁg ﬂ}!ﬁhﬁ)gmb %1%63:@?1 1t13{1 g}n% ({1@‘ ¥nffrom the

A8l t41Q1 oR¥BEN P dGRE RS ddAdipBdkedn SRAMBChydrogen uptake
Sec%)er‘rpera to prod uge a totygﬁ %ro uct that lnc}lfu P

cortditéoncs u«ztérqb]ﬁdmuﬂl;lblt/\]’fe’ablﬁ iof & lsside fepdéotal ppduet mixtyge from

t 25 0C at 0.101
decgizariagpelivt it G e e Blprgiues e aipilel BRLEE By atmos
90%QBLAG toBe Ptk RS oSMel frogdrtiéd U the éralle gt act i ng
tenperature is at |least 30 OC | ower than the second

contheinverfionetpepravidesa methodtof praduging apredaripdydcogprising:
con}écgllgg fa AlaeTosd ngtg %)né 8% r%tolrevceata{l}(?stg :H% flrrAtlx!er%EaeltaHEG BoiitdRd by
contacting at a second temperature to produce a total product that includes the crude

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

i nvention al so provides a nmethod of producing a crude
wonredwes937 conpri sing: contacting a crude feed RCTHSZ08/042655

or nore catalysts to produce a total product that

i ncl udes the crude product, ereln the c ude r
Reedihgina AL bt Oehand D9nlorlinh SOTSaci S Pl opSicp (iR che first
cont%@tﬁ%q@ﬁék %r?urd%"l\éagtfﬁ?‘tc o%@e?tthagl tBe séctiﬁd E&rﬂ&@m@%@ﬁpgaﬂne and

content of at |east 0.000 rams
the qullé pnrodpﬂrhag a AANOF atrmicke 9D ¥ew]atiza tb the TIAMSof th@n:@ﬂ@ffecch e

catalysts conprj si tals from Col unm 6
wheggin ¢l I@é\?ﬁésldéﬁ’?‘@m?gggéqw&lﬁtgoﬁﬁr@lﬁ conpounds of one or
oG MR clisn Hs@?’i‘cg@déé A&hed of hedmghs 9 ehude paktluet, cOmprising:

m xtures thereo and controlling contacting
contaotingi 4 cruds fesd otitht dnstor e crtalystsio pmd@t:e wtpgal prachyqt Brat cludes

t 90% of .t he TAN e
the EgG R Ha Ry GROE Bt odr ot TrapRithed o sEL KBy Mpe.
the &90¢ fRH habink R AN vdgt 1£220.3 Yﬁé&fr@dleﬂfeé'd\hhvlﬁg asulfur content of at
determ ned by ASTM Met hod D664, and sul fur content is

leash§.08@t gramisroé uly pasTMeE ¢rode fosdgund atfrastngdf thegrataly sy
i d

conutE B P} MU B RSB BRLSh o o

confpRtiadstione b it OMEREs fiorh @otimp bad e Pdrivdic Tabbd, wd esixtubes

thersfi s bl RaHBE DodionsHel REE P PRorBigt hEVA RN of at
mos% 9 '?N)fq{me ?k}a\{ (?ffﬁéi% gl?ld% fefhhgncﬁlhy qudfe ??&iulaﬂ’{ds'ﬁgsu%f @(‘?ﬂtéﬁi%f 70-

nt o rans o due per gram of
130% blﬂhe teléut, coaredt @fttht et fmdewhérethANas ad getersined by ASTM

Moo T e L6 oS s B e e Db
mt”ﬁ{esln(/érﬂféh '#%‘w@esoef mE‘JE%d 8? pioRdéiag AaRIdR pr&duct, comprising:
m xtures thereo

nd control ling contacting
contaotmlg t cods feadohith hm ortlh@ce@atm@tsﬁo odeskice h&ga@rwt‘ gtat gicludes
t 90% of .the

 the fRBane R raRTLbedugie st i iyl g5 Rfd 0101 MPe,
' the ERSIE 4R HaQ T ARfofbhRag IV €hd @ade feadd Havihg b eésidubAldntent of at

as determ ned by ASTM Met hod D664, and resi due cortent
least §. logranie pErasidue Hetgramat oruder et apg sigvast preof thy sARlvSH

con?plgf%}%p rg)l%volr gneosre e@% Jaree @Jluﬁﬁgid&ﬁhyﬁerﬁ)d?iﬁgﬁe Re DY Gfore

I'Ng a crude feed W th oné or nore
conStfuily ot shetod nivre teeds fromaf@hmproasfiled Périalic Tabdé, wd esixtunes

crude product, wherein the crude uct I
thewgpf; and gontrolug q@taaataag sondonpch i Beres ol hika hg ofat
mo& 96@“0?&1 ?{AN Sft% %'feédh ﬁle I‘B@lﬁq hiey{digua CM%’( of 70-
at ast

conten rans of" VGO per gram of crude
13006 efitheaexidut cohreasvf the erudé fedde anchwhérgit BAN osrp degémygneshley

TSR S e AR el LR S o
Col T'ﬁ@m@e&f A FR6viedh mettRBlo? prodfuciy AlciRSprbdet, Qﬁéfnprlsmg

and controlling ‘contacting cond|t| ons such that the
contactide aprkifedd Wils ope crmomrcamlymho rooducof tothlprpdpet dhat includes

e bl i AR S R 2 R 0 O e
the‘%@%fg%éﬂ MFALODARINS at Feadt . HahSEMTE GEd BYviAD AW (Btddatint of at
least 0.1 grams of VGO per gram of crude feed, and at least one of the catalysts
comprising one or more metals from Column 6 of the Periodic Table, one or more
compounds of one or more metals from Column 6 of the Periodic Table, or mixtures

thereof: and controlling contacting conditions such that the crude product has a TAN of at
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
woR0ds/06858370r nore catal ysts to produce a total POT@SADE/042655
that includes the crude product, wherein the crude
product is a liquid mixture at 25 0C and

01
most 86 of thed Abei i aradsgos Tropiate gdngAss 3G SgRignTRe 70-130%
of ths%gz(% 537 Jf t{%@&uﬁ@fe@hyﬁfdsxwﬁe?mHW@?%ﬁﬂeﬁt R¥s d&eFRinBd BQ

ne or nore netal rom Colum 6 of th
ASTRﬁMa@IﬁdeDH’ﬂIYI e, one or nore conpounds of one or nore
metalsfromCqurm of the dic Tab

m ¥he HEEntion? é‘bPTOV’chS ﬁP&F&EP@eOfg’r% ‘%ﬂ%ﬁs‘imﬂ? Bfé’g}‘%"o?"m%fh%ng
contgc(?irn? Nudd'Red Fid o}ﬁé bor ord&R11y R td ﬁh%dﬁéét Po¥es brddueCHaSAEludes

presence of one or more sulfur contal ning
the omimudms \ahermntthmpudapmdectbehbwlﬂomxw aby°C and 0.101 MPa,

the %yl%déef& L%Végg 3%@@?&5‘? ﬁgdl i J/ea g)feﬂo tﬂe 51?§[§ 5 o%qﬁnable

by: &)hkbgﬁi fg,%%q poT‘hﬁnth BUEBE inbrt AbER fRIR'Cotlesn 8 oﬁﬁtemwloafc Table,
roauc

crude product, conprising: contact L{@g
one armdee doamd)uvxds bf awer ororermetalcien %tl@nﬁcpfﬁh%% iy Table, or

t .t hat | ud
letPFFéaJE?rg%tg u Cr88%cce? (faiarfgst ul e%ﬁ{sép %nﬁ?u Tiin h%%g&gyét }Qg géeﬁin@ the
catastfdcdYsdin ttﬁ@pr%eﬁd@of @RCr havtt Balfi@ condiring t()mp(ﬁumls ata
east 10 cSt at 37.8 0C (100 OF), t he crude

tempraativrecheow ABP @rfmﬁl coptrpfingcontagiitg eopditigng sugh tﬁ%teﬂ%‘? oy
d%g‘f L e FRR fxsghl% SCRIPY fﬁl%_‘?[gsbl@&‘?th%rcnfﬁ?:rf@ed‘ret al's from

one or nore conpounds
of ToBenwhtieDERo FRivides afmehodof proiudngé ctude pRefuch dpoprising:

Tabl e, or mxtures thereof; and controll contactjn
contagins 4 798 g oL Pion e CHERES gt BIRGEEe PG £r H L P§iudes

' the @r{ldgéro? acwﬂgreg{;hg@ﬁfde %Po/&ue{ isthRuid SH@Sietay 298¢ bA®0. 101 MPs,

eed at 0C, "and the crude product hawmf%
the ARle %d\hamag afvistOsify3@t ifast HecSamrt 348 §QI(119'0 gh), theesrudefeed

nogeqat e ol B v B Lon Bt s B e
mory%é?é:lg 1B8PESlumh ot thY PEESEE T@H)lé Oorférdi\imdie so@poids of ond or more
produci ng a crude product onprisin contactlnq
metals e Eobuhvé ohthoReriodic Feble, eranpityss theregfind gapigolling
| duct { 0
con’iaﬁtéﬂa%ﬁ;(ﬁagot TS Hﬁ&% tthe ruﬁg g%dglgfnha)%tra%gco%f%?@tii (Y\’G?ét%&t 90%

of tlQe ‘Ji@é'OSW af t}feh:@ud’erfbléifatm@b(hamd g @udeAptodiict &avﬂng aBtAPI gravity
1, and the one or nore ce%alysts conmpri si.n %% ib
of 7%1@9% oithc CRLAFGHY G HATPLS I RGN Al SO S adyigrmined by
I 2669.
e T2 ﬁ'@%ﬁ%@ s LTS bl ST M RE DO
co TTI?l{d 1ﬁﬁ&t@ﬂalsarprm1d& dGnkthot oSprodticing 2 conle ppedueh cemprising:
conpounds, of one or nore Col

contagib A GRS ASHGh g o1 Tt CEBHERIP |PF%{5‘°% B italarpdgt that includes
oCANJdof 1 0atMP

e AP OEE MER Ui it miadigtediag s TG e

the asdd éedrtnivinech BANAS EMehtOhlo dndeBrFee naiy ezielysn campysing: at

provi des a nethod of produci n a crude
least ORDFFRIYFHELOMPBIEER ?fﬁma R S SATRP YRS Oggg%ard“hmm"r mixtures

ther%@f 311& sh ﬁdﬂlﬁoﬂeﬂ%gﬂdﬁ@t JheRlRtheRUORIAA] datadfst tarBprikde dné Bemore

product, wherein the crude product is a liquid
Colmtmtdmetaw; o%oﬂ@ommmpoumib dfeae or more Column 6 metals, or

combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664.
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and the crude feed has a TAN of at |east 0.1,
generati ng hydrogen during the contacting; and
woanisresd3r ng contacting conditions such that thReTasda/ 042655
product has a TAN of at nost 90% of the TAN of the
crude feed, wherein TAN is as_determ ned by AST
VetlhednEesan als ervidesmEhohriyodndng aewdy Pﬁ%’t‘ﬁb gorgprising:
conl%ctlr%g C#lﬂge foel VAR B IkGE catﬁ@rgﬁ r’u:) PH&ch g Rﬂ&l%%&dlﬁg th@t includes
th one or nore sts to produce a
the &mﬁ@broﬁnadwhéretME ciude |pmihlst s ladiqnidméxtpread 6 ©C ani 8r16il MPa,

and Egt?eiqyg rq\;gg gr Od%gﬁ\h@tzati {]&%p%ﬁ%g Imﬁotgenz (illrg)r}%etgg ?ontacting;
and Qo&troéﬂ%‘céﬁtaét £23on@B6nOuch BBt %t FhASHRdEQ MRS b TAMNof at most

one r nore conpounds of vanadium or
90%bikthe TadN bfthe eofde featl vdhoreinr TAN ings detarmived hy ASTM Method
ondi tions such that a contacting tenperature is at
D6G4east 200 0C, and the crude product has a TAN of at
D Sfihe306nPibn bkG pleVid&fa hEBo€ bEIR &R a ciMiR pedduct Abmipfising:
as determ ned by ASTM Met hod 64. The invention al so
contacidng aerside fepdt it omsf orpperd @@t‘,a]rygtsao eradyec p t¥alpeeduct that includes

conprisin cont actin r r
the GRE PBEY ppERPL AR ol U5 IR hR 25 CPlapR Dy JaPe
the Eifutl€l €eel fh@dilﬂgta TAN&fai Radtlogl, Gﬁdlﬁielezmt onklof the Satalyistsq:unqbrlsmg

m xture at 25 0C and 0.101 MPa, the crude feed havi ng
vangdimnpRst orgRoTecQEIPognds of yApRdiYmy QrABKtgR%t }eeo‘fe rad controliing

o)

LTI B IRy 068 800U e
prodwirhid STAY & dyebiso9erh of ther TAN difi thengudeofecdovhanegip TAN is as

gas flow din adrection that is counter
detftr@“%qqe’yfff‘gw &ﬂa\f%gde feed; and controlling
C 0 nfl%Qh{fé}ﬁloﬁ%[k%' PrbABSs Shefod BP rogﬁ&n Eiléﬁﬁie T OELIEE tcoﬁh@ﬁsmg

N of at nost 90% of the TA f t e cru e f eed
conbxh‘enga pruflareddswidls onkeeranere we@lybgs tagTure ¢ kejal medart thpkincludes

i nvention also ovi des a [Ne]e) I
the SRR SRR oG EORCAET fog u T PR 2 G oL e
the SfudfBed Ha@inal Y BAN dfat REQAUKC @ndat l6d on® bDthe that}ha;tcompnsmg

i ncl udes the crude product wherei n the crude product
vanpdium, pieyel o compoands ognglimner wixferes heroliimevidingdeas

f eed h r f I
e P Sep Pl gLl e, oSl nbwishl prdbibod Ay
dlrdé?b@ﬂiﬁsigscoﬁﬂﬁpfd the Iﬁlgvv\/cﬁ'ml@ajcltqrudﬁ feedueamircorrﬂo]émg (ométacmrwondltions
of vanadium or m xture er eo a t vanadi
sucl o oo e | AXCo g AR R T s
ntrollin
Whéc}gl%t égltl %%ﬁg?ﬁ@ﬁ?‘ﬁ hgta q%ét?g' crude p?oduct has
a tDheaihveésition/ af® movitesd meﬂlodtof mlsltJCIQQ%CmdethdNt,/CVﬁiPel51ng
content of the ude feed, e e [ VI Ee ont e
confaguER S et WO AR BBl bos 7§ e PR e frotudes

the BRI Ip?&ﬁlc@ WIREIR theQfrudyy Iﬁg&fdt R 1%’q1ﬁ<!1 HALURS ADICT and 0.101 MPa,
conprising: contacting a crude feed with one or nore

the catda Ifa;esiﬂmvtng, pergtamef arudotfedd, p tQi@lLN,lt’V Heaonienteliad degst (HRO002

arafs it iRt e b S Rt ng Q€ br el et or
Van%?l‘h%iaﬁ?’ gﬁxtﬁfé@'ﬁlﬁér&fnﬂld\/tﬁa 28HadiBm eAslySihafige sRePiee Bdaibution
adi um or

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

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

nore al kali netal salts of one or nobre organic acids,
wonesme3asor e al kal i ne-earth nmetal salts of onerPoT/USBI0@/042655

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

havi ng, per gram of crude fgeg, a total content of c e

al KHIq IKgntign alserigo syt MREOE 9 PrRduging 2, cride Rradugt, comprSIng:

. | - :
conBioifE BPIGE FREL i Bhe B mbSAStalids PR Al duct that ncludes
the prudd poddubig svhardio thel croderpredict ofa laquid hiix e 125 °&hahd 0.101 MPa,

al kaline-earth netal,. .in thg. netal salts of organj.c g
at 165} QRS Db SApUEE COBDITRE YA G O8R OF BT FRIpqUngS P yanadium, or
mi>@ds HekRk tRERAL g&d}[égg%lrisi\ﬁ% RBn&Bt AlorSAksiPnRfal 94183 Fode or more

acids in the crude f erein content of alkali
orgamit atids,and oniioad alivelineacarth meselshalts phonvearahors girganioicids, or

.Qrgapi c aci i s determ ned by ASTM Met hed ,D| e
mitiSefiefeoh s 2o Fpfe R SRR gL Pt UGG ol Spmbcor
alkdll KWL tand GRARAG-SAridmef0 N aftdl Bltsd O stahee 4ot 1dasiomenoo1

or nore catalysts to produce a total product that

grajgcandcrentrolliag spuideting esaditions gsdrthatiibe erade pipductdas @ietel content

s a Liguj d mixtu : . .
of Eafimt b bk gubhert g BT RaEgE Voip 38y pr st o0
of tAé comé of blfan mtetsle ardisalk4lime-carth mietal, ial riethl salts efoighnic acids in

netal salts of one or nore organi cids, or mxtures
the e dosd, whrginsqitient g akiak aw%%nﬂﬁ@fa%aﬁ-gﬁﬁt%fne gignetal salts of

orggrﬁggfidé‘is‘a%ie?x{giﬁr;g{@fgﬁmM@éh'@ﬁhj13,"1@; al, and

I neear In nmetal salts of organic acids
of Hhe ineagionGl®OHOTtidgs amethod od patdutiagstcradeeprofludt wmprising:

corfitinih chaledest e PaPo! fiof EAG st SAobhbdgRe: st nchudes
the Whidd pREducE dterdd erudd ol ek & a RUTD &lix@fe RISET 4dd 6.1® MPa, - - |

pore, size distribution having a pore diameter W thin,
the4Buda fedd comrisig ans quarase dikaliptetal salishelrasieor panre orgdagie acids, one ¢

distribution is, as determ ned by ASTM. .\et :
or i i s iy SRR e A e oot e
crufé B8 hRviag et ohas ofcriae fled Cottat Bontort ctlakalilmetel ahd alksithe-

al kal i ne-earth netal, . in netal salts of organigéﬂci ds
earthfmetel, fometabealis off ofgaaicasitsabet lsast AH00APT erapasapnd glrgpst one of the

cuf 005 SRR By 2yl g om0

erein content ‘0

to EB0dA akikeht 1esse 60%tofnixt @hal nimbersifgloresah tie mire sizegdisirdbution having
acids is as .deteym.ned by ASTM Met hod 3.18. The. . .. .

a PPW\ﬁéﬁ%?fft%rnWI&h@&sd{ emhaé%eagﬁfﬁ@%%m&ferp‘w RIBR AR Sizg digigibution is

as RRQHHE byCRTPI Flefidd 154985 Ak OfrBlIRG Rt @RAoMd OO BiReh that
or nore catalysts to produce a total product that

theicnaleypleduct has actotad eopentcfatkaliwmealeand dlkalineraadb nptaldinanetal salts

is a li.quid mx 25 0C a .101.MPg, .t he crude .
of gl i Pt Tt R thtcootipt B i mo L Ry oL et i
mef® MIRYF offanfl act RasFithOeH@ORE, 34 1RAEN cBMEnEdf dliedisthetal) BndAlkaline-

the catalysts having a pore size distribution with a

earthedetah ipweel siltsradoeganiqrcidsisagdetérmongdoity ASTH MRthod D1318:
wth, at | east .60% of, the t.ot.al. nurber of pores. inthe ..
por S €l BRI BT Hish sl Hg T BB ae o Py e prsine:

cofixtifg AfcrideefeSEHitA dn OF MiofH RERYES to XNS@JC@ laRo@DbpddEétakat includes
distribution is as determ ned b STM Met hod D4282:

thegmetlequeduch Whengjn dlenerade pragucs dnailiquid myxeirst 25n4t and{:101 MPa,

cr.u oduct has a total N J{V.E t _of
e R RO PO B iR Bt £ EPUNE oty SRRl g 00002
grablis/ MidRe 1&8Nérenif thé cAglysteh@fing Hpéke size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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byASTM Met hodD5708. The invention al so provides a

nmet hod of producing a crude product, conprising:
woanisaetIsng a crude feed with one or nore cat aPgTUS2008/042655

produce a total product that includes the crude

roduct mhereln the crude product a_l.i m xt uy. e
the pgre 91ge GiStTHNGOD LGRS FPSTC S Rbler ity 154 &%ﬂqfﬁgg ign pe ghdmeter,
whexce%] h@r@t siARfdi s dn 1958 &liSmiAdy o}aNSTM NRARRI HIM 978 bad §0ntrolhng

salts of organic acids of at |east O. 6000
cont@cft&fgﬁcopdltlogs suchdhatdheicedé peductdtas héatgt NgM E & ch)éltent of at most

cat havi n ore,siz
o0iaera N AP el i i ottt hOA P ol B dsggmined
bygngﬁﬁﬁ%ggtﬁgggD4282 and the catal yst haV|ng t he pore

st ze distribution conprising one or nore netals from

ColThenin&ntipn tlse pReides dinsetix pfeproémng)a cinde eredinh somagsing:

tals f
con e FRASFRLRLF ol 8P Wafiebls R PESRAG ptaces
the &aaéipltddaaswﬁé&%ﬁl th@atude F@ﬁocﬁﬁ:ﬂﬂ@. 1mu¢tﬁm@ttuﬂeas 251 °Caihdl0. 101 MPa,

content of al i neta and al kal i ne- eart%rget al
the erpdefeed Anvisg @ftotélr egairang ofelikals H@fal%tan%lé‘i@ R0oaehY mefls. 1n metal

TR PR by B TS ) Bl

catalVReY 1Rivih gDt € Bize dfstr&luklah iwithed mkdian pdreaildmad:temd adeash180 A, as
met al in netal salts of arganic a

detemtne S Y ABTVNE oo ety P ne et e disgipution
comg)rrﬁ)‘ﬁlg%%% of niTed BRG1LhoR ' NGH gg)f %eclséfg)ﬁmof MW Ghe or more

isi'ng: contacting a crude feed with one or nore
con@@hﬂdisy(ﬁtcﬁletob npromatds for dtedimp bod tt Parodic Tabdd, v eyxtures
crude pr

thergoh; apg @orgg Tlgg %gc]agﬁglg gortfge sy gghe Lt duﬁ%ﬂg'qﬁ"g@u&t ha %tal
confeRFBf AIRAING AN Gnd %lkﬁﬁﬁeeeﬁﬂi‘@leial W8 hidhal SatstoF 0@fan@&ei® of at most
nore organi c acids, one or nore al kaline-earth netal

90% af ths cofiteningf afialiretel, en@ alhalellea@ar@ngnet@k inyingtay;padts of organic acids

in tlixee%r&ge I@eflo\%}gqrelg (gﬂ{citrgﬁ{j 0 oa]lk t%y 'aH@ ?lk?ﬁﬂe-%‘gx%gttal &L ngﬁl salts
of RbdtAd AEEB AL HetbBbiats by ASTRL Metﬁc&i D3 or ganl c acids

of at l|least 0.00001 grans, at |east onegﬁf ;;
cat Blyjisventioavilsegraviges amsihed of pradaripg fic ck, comprising:
t

conf AR Rl S BL0 ho phBARL R0 B ot
the SHudle pbdiict, Mhgtdin theapuer predury iscnkquid nrixiues at@ﬁe?Csanfdr(blﬁl MPa,

Colum 6 of the Perlodlc@£%g%} '1 éy nore co d
the grudgfeedompsisRSAPE K B10re clphl QronE RETISET PRATE Rids, one
or &R é)ﬂ%ah% el lé‘fa"?ﬁ lfsl'b?roﬁé’gr m%ﬁador%%ltc El@ihk J R GhikRMésABéeHY and

condi t1ons suc at the crude product has a total
the caulediedd lofvir), jsal dramef atude deml, alidtall dontentelf alkalveretals, anchalkaline-

met al . sal ts _of or anic a t 90% 0
el e S BB ST Sl TRRA PR et gr e
cateﬂgét?ha\%ﬁ%% ﬁoﬁfsm‘%r(ﬁﬁﬁblﬁl(ﬁ‘l%ﬁﬁ h hedhe pordidiembredf atibat 23MA, as

t ent al kali net al and al kaline-earth netal, in
detereding¢d @AS?MMG&O@M?CSZa@ldj@e catalyst hevingraipaie 81zp glisiibption

Met hod D1318. Th ven i,on

co SRR R e o PSR S PR T TRt
corpdifas b6k Mrhdte ‘ﬂ[h@al@froﬁ%@luﬁﬁt@d)ﬂ’cﬁé BericlipTatsl &0 maixtures
total product that includes the crude product, wherei eﬂ

thetelo§; and wdntrplfingl gentadtinggondiiansisuch hai the cudepyogdist fagia tot
con?en]t o% aﬁépﬁ metal, and alkaline-earth metal, in metal salts of organic acids of at most

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

| east 0.00002 grans of Ni/V/Fe per gram of crude feed,
wabkodsaases7one of the catal ysts having a pore SPZE/US2004/042655

distribution with a nmedi an pore dianeter of at | east

230 A, as determ ned b ASTM 4282, and the
i thevaredd fpsd, WevingoRIpialls iaaciah &t ?‘%alemeo?@’eﬂdﬁsta & pigtal salts

one or r £Dei1¢d he Periodic
of orgapig geids | aggggﬁn%%le E%%‘p@gﬁég s of one or nore netals
f rone igedrsion abogfrotiies Pmrihodiof pivdbting amrudrﬁ prod,uc@,gcompnsmg

contaefing & PRI PTG PBT O SS P S AP AN 07 el O T peindes

the 01\%%1 ﬁg&@cﬁw n Hi%%nM Y&E&t GO @AE nfktubd 1@ 25roakendfeEal, MPa,

e conte t I's as determ ned by ASTM
the chet Hieed HES Q8 toleh dlifViTe periten odkptleai O0a2 sramsrithioWEger

gramgf%ggd%:cfg% %{I\fe%ﬁdogﬁ g% ﬁ%u %@y&%@%&é}lg&{ bote tsﬁg rd?s%gﬁdtﬁg vitth a

mech&]g é@lle d%d\ﬁ&ep&f At @kt 230cA La:éeﬁtetnlﬁmeawdaasmqe{ambd D82 ind the
cru roduct is a liquid mxture at 25 0C a

catalfz)st ih@ihnylaq;ore sizhdistibytien f;@rgp{rls@wq Q] rﬁ@re(meéa]é lfr%gglumn 6 of

the P&po%ﬁ g%t, 0§ ﬁ?ﬁlagf% ot 811&%50 £ il Fm%?e?ﬂl'a{a?s 2Gh ¢Solu@RS of the

sal one or nore
Pend?ﬁcg@{%lé AGhidEiresOther@bX tind esntidiigeaintacting conditdenst selehi that the

|
eruda pdhi 1%@%2&31 ﬁ%ﬁ’r?éqeqrggrqnﬁ Skaiuer ABLett e VB gordent pEhe
crudg %eg(ar %ﬁ?rﬁ]él VIR c%%teﬁtlslﬁ A8terimB9 89 L 9"V Mhethed D5PEST

aving a pore size distribution
W trhe mvﬁﬁﬂd)rﬁdﬂs@pﬂ’o&ldés a mettlerd fopnaiucﬁr%uu@@pmduqscomprlsmg
determ ned_by ASTM Met hod 282 t he cat al
contaﬁmgr@g:rpqlpefeﬁ% pathans or gioLg 9a%l}éﬁt§ tpnprﬁ ucen ‘&ogafll gfodsﬁéé that includes

* the c@&eﬁ@ggﬁw r@v%&@fnecﬂé eruflé f)rog[lémb aliqeRtAlxyEt at 23 @0ukd 0001 MPa, .

rans of nol Yy bdenum one or nore

. the dmdla/ﬂad@ BoMIpLLNg onm«)isnomaillkﬂm ra¢telgsakis of@Rey@Fmeye organic acids,one

ybdenum _or s t her eof

| d
oo R G 2R RS AR BB o

crud@ fEeQﬁt 1Ry Moed 'i:oﬁ’cfentabé?fgram wEtakle fesdoalkall meed, eaadtalkahne—

im metal salts of organic acids of at g%? foh
eartiofetdhgn covtalealts of organia peidyedk a leash B0 L grpmset Tt‘H“e or'the

catapggglavwgg‘,&%% gi%% ﬁ{se rpt%tlg{l vﬁﬁx&ﬁfi&ﬁaﬁ?bl‘é% &Eﬂﬁ” o€ [ddSt®0 A, as
deteihkRH by ex SEVItVIcthed 84282, anddicadatatpdt maw'ng ther pae sige dxstrdsltlon
I's as determ ned by ASTM Me (@&aﬂ Dlné. 0;5 e . nv% 0o of:
has alaal elybdensm epnigatmss St 9¢ whnigera Y4004 & BrY c g
molglgc%,p ol SI{)F K pr 3R rg81 bhuth & nf € @dlcWatdd a@%l%h“t oﬁﬁfoﬁ?ybdenum

0 produce a total product that includes t
or nﬁm@l@ théredfi ahd caﬂ‘t&ﬂlmg\cdnmetlng ucnmhtpcmsd;um thatthg crydg lpir@duct has a

I ETOEN TR e N
moag 0% g&h«gg@ggﬂ ?Qﬂ%ah et Bld dNklve @tk etk Nh rﬂétaléshlts of organic

rans, at |1east one of the cat a
acidiay iegaudofeed, sw]meld icanteitnftikati mgtel g ﬁkdﬂr&rﬁaﬁg\ﬁ%@tah in metal

di aneter of at ast by ASTM
Saltmf%@“@&‘?@éls%f' telnﬂglegz?ty aﬁ@@\dﬁgﬁl ng g% o%/al

ol T@ﬁ(’&g}oﬁ%eﬂ%wd&ei mefhadooprodatial ﬁ%tudefpmxincﬂ cOftising:
granms to ranms of : nol ybdenum one or

contmtmg)a ndﬂiecféedmitly bukeerumpresatadystseo pgoduse @é?tglmr%lfct that includes
or .mxt ur e r lsloicNghd 0.101 MP
the 6’8@?&’&?‘{1 b R theghy 35358@ Ctﬁ h‘%lﬁggnclr u eit%r oduct has =
the SrulA YR haAtng AN FaVteadt OthandTiAlcaide feed having, per gram of crude
feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having
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the crude feed and the crude product has a total
Ni / VI Fe content of at nost 90% of the Ni/V/Fe content
wohodshve3srude feed, wherein Ni/V/Fe content i SPa@¥/US2004/042655
determ ned by ASTM Met hod D5708, and TAN is as
determ ned by ASTM Met hod D644. The jnven al so,
a porsrae deEbatiorswib @ 1eadis Reue dieRtgtes o§ At dgast Po%@étdetermmed by
AsTREFRIGE| Do SR REHBAPHEIHES 085t tﬁiﬁuﬁ?ﬁf’ﬁ% &5 the

catal§t ﬁenp@ ooRIcEramshe O Si grarhh ef: ma]ﬁl@iepnmdum o1} I80I® dorrqmunﬂs of
m xture at 25 _0C an

molieprins kel ed SEHeBt & PRI LA S R gFolop gptolling
contgarrgs g?ﬁ%hg st th@%d@ﬁroﬁﬁét%a@hw B€a18ab64t00Esfahe TAN of

one Oor nore organi c acl S, or m xtures
the drbéy feed andithe crrinke pmdmte hissettd Nif\H§e gontentadf atmesiel’e of the

NG T S e Sha SR EAf g Binad by
MetRéd 9'57689 388 TANPROQ Le@faRd ba M Niehsd Deng. of the

cat al yst's conpri sin (a) one or nore netals from .
ColTham@ntipn & @PHB’Ii esdirectiredhokprodianga cde TR sempsing:

cont%tB}oggae crg{ie ﬁgo Q tVY} e%net é‘%oég ?Atglgrgtg Q?B%dﬁfzee{l g)?c‘al (?de&?rgﬁt 1|nc1udes
the Era@bGahettWhdi@inothe the Besduodis @ litahl wixtoret 25 °Gané 0.101 MPa,

conmpounds of one or nore netals from Col um 10 of .the
the @ads Fafl comppsiag opg orinere Alkall meial i of QAR PEMAreLTRYIGACIdS, one

or nl{ogé %I%algﬁer-éaa%glghg;tgpéaﬂggf aos %FEI{'A gtr tl@éc%s PR iR A | and

rom ntrolllng contactlng
the c0d¢lfeed hasing acbtal duattertt fyer grandef pndoised, dfadkadi mesalahnd alkaline-

eartf;rg{]etgq nltgléq?{tglaslg 1S o %rg%tug lagé§ a atgclfaksg{) iO %1? grrg%& %ﬁta? hé@sti She of the
cata‘rl?% ﬁ%ﬂ{ép T%fnsgag%j 3ht oPBlbof! me@RGrdth KRhine 6 @@ tHePei@tRlI Tabld)one or - « -

organic acids in the crude feed,

momtlnenwomdsmﬂ peabr mbrekialsifrane Calummp of HiePeripgis Takle, pr mixtures - -

S B0 BBl A Db Rm R P BERCR SRR gy o more
confPoNdsdFond oFRloROshetils P61 Gildﬂithrﬂﬂ 1@ of thederipdiediable, or. mlxtures
conprising: contacting a crude feed with one or nor

thercgﬁ, mhy@usa molagraiueliorl Cotuamn 1} watato oA Cormen é&@éﬂlﬂ%@ a
t
oy 8000015k D L RS2 s

totaBcdrérlof AkhANnfetalcatit atikdlinofeanh netAsih nﬁ)etﬂOﬁDQo@wrgwnc afids of at
Ni / V/ Fe per gram of cru e fe? and

t
most Q8% afithe 9@{[@11’[@5 ﬁ&a :znél Ialigesart eéeﬁ 22 gﬁ spﬁ%ﬂ;ﬁ organic
acm@?ll mr@d@fee& %e?&ﬁ 'CQﬁJH Et o-f%hJa &R a] alRRR- éé?ﬂﬁﬁﬁéiﬂdﬁl metal

or nore rom unnéof the Periodic
saltd" abblgamolacld‘s ﬂmr&&mh&déngSW(Mthyd 0181&r nore netal s

from Col unn 10 of t. ePer one, Qr e C
cor RIS SRerevid BeRt A EoArGE BT TP b opREsing
con a%ﬁh%g bl;ildz"f&ldewltp bnébrihste %ﬁtab@%ﬁ@? odu\éé" 8 E&hlrpr@dliw Hﬁt[ 1ncludes
total Col um 10 netal ot al

the imide pratuce mperdin the ctudepraduct tradiqidh tmxﬂureu €ﬁi @5 ¢ @rﬂndé)t llod gMPa,

N N S

graﬁfof{cﬁﬁle%éﬂj and 86dast WAE 6B cNhlyMs kBmpARdse () ohé oAmore metals
determ ned by ASTM Met hod D5708. The invention al so

frorpr@nmmé of theeR dvisdicoFabhe, odei of mgrescomnagadpeioangr more metals from
Coltn’d ofcﬂle Beriodic Table, or mixtures thereof; and (b) one or more metals from

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

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

wonrodwets37wher ei n t he crude product is a |iqui BCTUSR0ORB42655
at 25 0C and 0.101 MPa, the crude feed conprising one

or nore alkali tal salts of one or gani .
Colugan Hameishio i9ial T Rgtal s Puiase ol g ped fyntighing
cont?d'tmgt?{(])gﬁlll?iﬁgéﬁgg rtl‘?aq 'tlg?scru&g pﬂgﬂﬁfét ll'l%@ 8 tdthENPPfFe dohiRntstdenost

gram of <crude feed, a total content
90%adf tad KalViFevetsing ofithe caidedbédaadareihNadY B¢ cortent peasgetermined

c acids of at |east 0.00001 grans, and
byﬁ%i\ﬁﬁgﬁff)m catal ysts conprising: (a) a first
Cafmle Yilentibi&lsd | jalr ovlde§ atnddlsd o fAYdEhg Peudgprduct ccﬁmplsgmg
catalyst, from0.0001 to 0.06 grans, of: one or

contacﬂtr@ scriidofeedvlitirome o1 mom hﬁéal%tﬁ toBoduceabiofl pa}délcbﬁhat includes

e RIS BTRSH S S05a BB S TELE B P R .16 e

the dFudd #E& SohPREiRObre @ﬁﬂoﬁalﬁkaﬂh raeabgatts oﬁbﬁ?é yshoretdaganic acids, one
second catal yst havi g? per gram of second cat al é{ﬂr
or mare alisaline-Guidangjplzalis of oneqranere o A PEIPTRIES BisTiRfrhe

f,the Per | ¢
e L B G T € R AR, e
cartle fle€dl i tn@dalasltyef @hiniohcidredtdt least 0.60601ugrems taimdrth@one or more
and controllln contacting ndltlossucht at Hle lyst
catalyistiremprisige () H§1§St§aiagﬁblth%§ﬁﬁ Rl haEEPST IR oF 1rsh gafalyst

frong Pl@g{ﬂ ﬁ)g% ?@g 615}3 g?f %he ot oPEhelalsSRdrh € ofmP b @8 HePRGHRSTable,

e content of alkali netal, and
one &t kwkd cransantifofietealr morn nmalafromaqlolsnmf6 Qﬁtbgﬁﬁréoctl@ Takle,

calclglg@ptd;}eswg@ d Z)f fg%? hor\l\rpgll?(éﬁlesntih%%ﬂt aﬁ %ego%c# cata 'Tg§tal!he second

cataBfst HvihS (RS %ﬁﬁf & s@&d’iﬁd:aﬁﬂ'ys{\%ﬂéam oD Qra%ﬁ&neﬂi@nore metals

I‘nvent1on arso provides a net hod of produci ng a crude
from) Cotime 6 of thepRerisfliedablso preret arg cempedads Flewg ofmoke Bistals from

COI}IIH.Bl lﬁleée %@d{ﬁ%&eﬁ l%afe’tg o \Xﬁeeé O?IIrﬁg eo%gﬁgé&%?%l eof and

conir§111§g lcbftdétehghdoxntitiots QIChZEatQHé aide Prodiidt HyPa tothlhentmu dﬁalkah
ed conprising one or nore alkali netal salts ?)1;){ Opt%e
0

metok andaalgalmeg@ﬁthén%t%h insmetghgalts of prgaicacids of Abresi
con{éﬁ I ¢ al?ﬁ {ngtai) fan gﬁ(a?ﬁe-%hem&rag M hfetASHRDL o?éan'i@ Adid¥ i8%he crude

e "Ccru avi n per gram of “ crude
feed, @tfdreid coatmtlof alkali m&talpaindadlkzdine easth aletal gimdnetal salts of organic

al kal i neearth ne salts of organic acids
acidsfis a&dqt@ag@e@mémlﬁﬂemﬁé at | east one of the
Cat"ﬂ{eyl ?éﬁﬁﬁ‘éﬂs@ oREEs egrﬁléﬂﬁb@t)f FRIGBLIMS b .cnidfe ﬂr&ﬂﬁ:ﬁ c@m@ﬁlmg

grans o oneo nore netals from Colum 6 th
conRetihgdicoudE dtmdeyittoome @Tmmnrcetablstﬁ:to preikice t@nl@r@duq&ﬁl@é includes

the GEMdagrosee YRR T ool ey AL QR & 2 %€ A0t Mapa,

the EHﬂE rf&eldl doﬁg)ri%ﬂ@to*% 'bir H%r&ﬁlﬁﬁilh @ SalGUdlont Bainokd ehghsic acids, one
hourly space vé€locity in a contactingzone is over 1Ch

or rﬂoreaﬂ@lmheamh wdtal palsaione hhlé‘,w@ ereeniF a¢ignos mixyresdhorgef; the

B N R

cartfBhahl, iARBtaRsHBIoF BrafRrat s B8 hflleast 00008 gansahridsatdéast one of the
organic acids in the crude feed, wherein content of

cata;lyé.tahavmmtpat gragvaf catakyst.iahbeastdQH gramap!: ong ofrEoxt metlt fgom
fggfa’[ﬂe PefiS Cdlg %ablg AR AGL6E @bxﬂS&’m{& oPSIMNRbRAetals from

Column 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid hourly space velocity in a contacting
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
woR0ds/06858370r nore catal ysts to produce a total POT@SADE/042655

that includes the crude product wherein the crude

product i;s a |iquid nr e at

soneenes 1046 bl AER bR B BYEP SRl A ine-
earth'}kéty{ rrﬁtn%&[] gaehrétof %f aftc dcRRIYE aPmBRAANE, Gf ﬁl@%om@ht df%&a‘h metal,

cat al ys s has, per gram of cataty
and a{ueﬂmb e@.rtﬁ(iﬁctzgr armetalf saltonorganineeids irethglcsuderfoed, cérermmcment

of . the Peri C pre o oun f
of alkali wetahiage & 16%6%%} 6n B]Ie{all n%{sr_r,)éc olrfgegnilc ac@sblg as Q&t&mithed by
ASTM" WAtSfh@s wei ght of netal, or mxtures ther eof
control 't ng contacting condi tions such that qui d

h o"lﬂhd: mvsmamsalscepmmdcg/a methedosd predicingg @’@%pli@u@v%mpwmg

contq,ﬂtmgta qrxlrlg%eifh gcbg}g 1[61%%%: r%}qllgﬁc rﬁr%@ Oqf'\l'oﬁaxgﬁﬁu&gﬂétqﬂcludes

the chERprodite r@rdﬂelwltﬁé/érﬁ@e srodb@ns a liguidsnistatre and tiarl0. KETMPa,
Met hod D5708. The invention al so g}r ovi des a

the cpudedfaed hayieg, pengremmisaudetfeed griptal Ji/NgFe eurnie gﬂ@asg8 00002

: grarri:sr ?tggasg Sg%%fvﬁhte %%tg{grgtls ?}1%? ?glé gra{i‘ﬁ(giadai’aﬁ ot Pealf (9@(9‘1‘: graﬁ‘ls of: one or

crude product, Wherein
moré hetaty fusta quleh Gtofittse Berlodipulableyiont or moat ccﬁﬁp(ﬁlﬁdaaﬁone or more

101 MPa, the crude fee hav m_of
metdlsBen GolubsyRine brRadi Tate gl e 0 SR Tl Sigpures
thereo;f gl%]ndogﬁ‘gﬂmg &§H‘Jagt?{{eg &)‘ﬂﬁfti%ﬂg s&fh tﬁ&t 11@%&0&1;&%& Wiy in a

ast one of the catalyst
contB@Ngoat igovene0 br', andrthe mmtiapmdilcfdms @dbtahiNi/§ / Tost canggat of at most

90%':;%{&35 glll/gf,/]gq?gcl@gqnﬁﬁﬁ dm) t% ﬂd/%/.lég Fonr%ent?s adRidimined
byAﬁ’Pi\%[%&ﬁo&b%‘?@@f and cont roI I | ng contacting

itrons such that the crude product has an oxy

cofithe ivenfiomblsopstvides wenagthachef ryrgusang & e REOJyEL, Fprising
crude fe

d.th d
BT
the é‘i"ﬁ@é FlouXWHERICRA tRIEAE ptetluasis deigeidmibedretay 2 AIT bhdB1 ADYIP2,

385, and sulfur content is_as determn ned 2 h@ % 0
the mdmﬁm_d bavigg, peTigean plRHs R0 ANSIVBFDEIURY oh ahgpp JP08] erams
of o {zgoj%ggtlqu %ﬂﬁ ﬁlqtgntpd’f%giéﬁgt 0. mmzin)ﬁ/é B8sulf?, ana% 128t e of the

sts to pro uce a
catab@fs&iorrﬂfrﬁﬁigﬁinetdﬁ adoré metaldfesm tGoduron God thpr Betiodic Tathe oaf ar

th d duct t, 25,0
T st T e T 206 A0
therg(%e Qnd @orﬁ%tﬂﬁ{g J}!{ ia\{ﬁ % F& R SR ud th@i the @AfRle pPPodePRR an oxygen

ontent of at |east 0.0001 grans
con@ht sﬁdtfm,trst 9@t alic deyaen carent of thermudsaficed. ot she crude product has

tals f Col
a su@r”?éh?r'g%%aﬁﬂéo R £ o TR B fdkgeen
con{gﬁ{ f@la§ dEfRTnCR Ibk) Wy T MethOEERS, hnd k@ fukabh®nt 9&s determined by

m xtures thereo and control ling contacting
AS’EMrMeﬂlrodriM’.Z%ch that the crude product has a total

/fﬂcégggrgﬁtéle stgéogow %tir % gf/ oduct,lﬂg L{q\:lé ggg g%fvﬁlﬁhsing:
con?a@ﬂféfmcrﬂfe L gl 8)/ﬁ60$r thére catalystérto pestueat tahl Iirhdauoﬂ: thatimcludes

wherein Ni/V/Fe content is as determ ne X %‘{IXI/I
the Meklh prbdDET Odereamthesmdeprodushiseriiquid migture at 25 °C and 0.101 MPa,

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

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

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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determ ned by ASTM Met hod D4294. The invention al so
provi des a nmet hod of producing a crude product,
wOoaQo@riesI3ng: contacting a crude feed with one BCTISR®4/042655
catal ysts to produce a total product that includes the
crude product, wherein the cryde pr oduc 1S.a
morerdontrotadseef @& cp @ el A EAUmE o d’i‘% Idig fablel or hixtures

there(ég %ggl 8llltp(gh% n@or&%ctfﬁ%rc%nﬁltlgﬁé éucﬂ?ﬁa@ khé@h&egp@ﬁu&@ﬁs @fotal

or gani one or nore al kaline-earth netal
Ni/VeRd (to‘ilteﬁhf opmen st 90W@‘rftbd§ gIa(NVEJe aoitaht of the omidet faed gnd the crude

prodrades o sulfsteantesbn Bhiswp oieanifur g B ordde 664, wherein
NV\@#&%’JH&E{}}S gsgz{std%tegig%%lil’b | TR thS@IDIST 09 andIsOH R Conedit tsas

ranms, and a residue content of at
detemma@dbﬁ)ASTMMmhaﬁDﬁw due, and at | east one of the

Ssts.c rising one or, t I .
o Thr PR as § MR PG SRR Guli ARG WRbfins
contﬁ@:t’ﬁ*i AR Red (e oRE oK fﬂbr@cdﬁflré’cb@ Iﬁ‘edmdedd total plidact that includes
ures thereof; and controlling contactin

the ocmmodwm@n théherude produetisia ligwidduixture, A2 5°G g 101 MPa,
of al.kali |

o GG e A2 TP P D ol o

or moRYIRAlineQfartd nethil saﬁ?b@dme oamgbrabigahicreeidsaot Ihimmteathereioﬁ, the
netal salts of organic aCIdSIntheCLh?% @f iah&ﬁ i

crude fepdehapingdDRItSIAAD sride o lasehfoBiR galili megbiaps afiline
res c

eartlbgle%ﬁ me?e{riré?lg (’)fo({gﬁ%rh aflﬁ&%“gﬁt 8. o0 gﬁ@ﬁg &inf a@@sﬁ&&fﬁon‘cent

i ne-earth netal in netal
of atSledst 9. 10frai@k ghrdsiluacindst leastame @€ theraaiatyestis @}nmsmg W@tqii dapre

D1318, and reS| S c&gt&q@ is as deternlnrg_ﬁé STIM ore
metale fRBLC OB Ofthe PPRER L PR BeLE 1D HRY Pho af or
metzﬁg ﬁg}@&&gﬁ FSUHE PRAHY Fhble G Rkt Were6R raha@bmngmag

eed wth one or nore catal ysts to produce

conﬁacﬁr@ copditidus udhithat the cﬂudd produgidiag p tietal gt ef alkol @e@ihr?nd
alk: plg-e%}f,ggt ,{1%%1"3:?1&8]3 ?f !%a(}ﬁ a%cngn &%t at Erﬁ)s?%‘g df 9‘@ G nt of alkali .

per gram o

" methICSE alRaliRSdafiH Sn&ANreREtaldalia bl bl@aﬁb abidd irgtha I’aimcbffeed the crude

résidue, and a total Ni/V/Fe content of at Ieasé d, and
pro@comegdam@ontqﬁ@f 70-138%<qf thgwesigpe corternt ol élpeygp e feed, an

Whegép {))rlgslétnc% nZl metalngfuia almhﬁl e%rtilrnﬁ)éﬁll% Iﬂgﬁl 1Rkt Bfg%mc acids is

ne“or nore conmpounds of one or nore
as doRAnSd by Q’[E"[@@Métﬁo@ DaB18, had Reidue dbuteaiblag detormined by ASTM
m xtures thereof; and controlllng contacting
Methoh@580Bns such that the crude product has a total

N' IR Sveq‘ﬁ}gh %Etg epg(g des ﬁﬁ@ﬁle@ 084 &ﬁu&ﬂga Wd\e{/p’i;&hﬁﬁ) rébﬁ[ﬂhsmg

e Cru ecruepro uct has a residu
confa@ﬁﬁgem trudb ford-wiBD8nodr hive cakistiue prashicea totafprodict wwéludes

the E;glfeig @Epvc\]hggt; gzlélgrl}laléq] E{({e e&{?éﬁl&%ﬁt@}ﬂ%ﬁ %%tégrrem g ‘rd(r:n %%]/1% Q%B Vhipa,
the @i%ﬁglf%%t}{éggllgljg Qfam breride Y&A! 4 RRIdAE SOntBAIf1aE RAst.1 grams of

uci ng a crude product, conprisjng
residad) taad bitotgl NJ/WHﬁct@nfeaedf akilaalt (ba@oqargrams and 4t Igagisws of the

I T SR -
mo%trcoﬁ-g)ogﬁ;isa&fbng or HordPBRtald ﬂi‘&n@dﬂlﬂﬁn 1353 ¢heCl€Hmﬂl<ST dbfe, onmixtures

re alkali metal salts of one or nore organic
themof: dad cameolling contacting conditions such that the crude product has a total

Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

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

organi c acids, or mxtures thereof, the crude feed
\Vbambngxnper gram of crude feed, a vacuum gas ®BCI/US2004/042655

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

content of alkali netal, and al kaline-earth netal

Ni/ Vst caintenhistas deferrainga by AHIdY ddethed B5F0% png resdue Cgﬂffnhis as

| east, 0 ysts conprises one or nore

dete%?%‘f%y‘fﬂsg%&&%d%g%gf the Periodic Table, one or -
MOTRe BOERMNS mbvideca nrethwdrof pretuaing of aradn Iﬁodun‘mw@nmtﬂng
the Periodic Table, or m xt res t he

contasging AGRIderTEeck b B¢ PHEORS AT LI 0PTadeR Yt Broguct tpa gutudes
the cg{%%ltl&iucp% ih ‘Eﬁead &@1}5]%)3&@‘[ 194 haﬁuhfi‘illﬁmﬂ@ﬁteﬂs °Cedid 0.101 MPa,

ne- ear netal salts of organic acids
the cﬁide&bedWﬁprQ;ﬁ%) (m‘e drhmmre elkab muetalfsalig &dadrie Oﬂfelll(?iﬁ orgaRle acids, one
al kal i ne-ea

t al by
o AT TS LB S, AT 2 8
crud? ‘P&g%j‘} 0 fpe¥ Qrak3 BPeibic tded, MA2uaadLm0il (OVGU‘I’g ccllitemte)f at least

in VG content is as determ ned ASTM
0.1 grixhbaeid maavqonmd oﬁ@ihulemetaé,fané|aﬂ<1@aﬂmeﬁetﬁlametaéﬁa metal salts of

al kal h _net al a
orgafls SGsGEPTPP AR Do R PR SS R EARS oS e
met FOMAT Qi SofahdRdrivdil Diblfrond we mvge eompattes pf cutuatmore
conprising: contacting a crude feed

th. on r
metaiafrangkéqlgmn@ o tlsibrstodic TeRlelor ﬁ?léﬂlﬂ%*tt %fé aﬁ“ﬁ 8%@2’3“& he

crude 1AL, and
o R AR SR QRIS RGP o
alkaRBS-cgrfameal, it Mtk sflmad organicacads dfiat WoFe9W6 nf thetcootentef alkali

metals avutIkiRg cAkh FSils in Al sLs frooreaia g B e IRk, Bicdme
crud® ﬁrgafc?heﬁ%t 968 dhin SOVALIE0R oPthd DEORRAtRE bpthhhlde feed,

or nore conpounds of one or nore netals fro
whe€th WiGO Goménttihas deemmmdcbyTAS’lrM Mgthodi 307 eand W@Fﬁ‘é‘b pf alkali

d troll t act
e B PG 5L S SRl g0ty asv
MeROYDeE14.he Ni/V/ Fe content of the crude feed, and the

crude product has a VGO content of 70- 130@6of t he VQO
co ﬁﬂennvwﬂom hlgo @rqmtesm@homréﬂwmwl@éﬁ PEduct, gomprising:

conf STV M M AT e 5t e

the &u8OpRIIaM] WaSreih tﬁEbﬁﬂd peddupt ﬂdumurcgm&(tmﬁwd% b@ eudi84101 MPa,
co rrsin contactin a t one

the @aggfqeéthggme, o e o e el ol N ol iR w002

grarpﬁ, 8 aRf@@ lééétea‘ééﬁ%? St d ggra%{sug&i Refusie d)fsth@c:ithl%ﬁs domprises

ure a MPa, the crude f
one P Aé Fietils Hora oiumm bef dhdRdriodieTable, vat Dsmofe mm%mds of one

or rgncg[a Erse?%g arg%lgc CI a3 g f tgq. géﬁlﬂrégcr i%l?allgé)? lnlbl?te ¥ esaﬁeﬁc%tge anc? controlling
con*alaﬁxég 9<§nd1tﬁﬂ1g shdena e erdds %?odﬁ@b’hd@gt toﬁ?ﬁ/g’r/l?eﬂ&dhf[elﬁ ofakemost

total content of alkali netal, and
90% bR thle mmyﬁe tontemtoflthe ¢md¢®BéJ andathet eruds prodyeirias a JGQ@gontent of
of at

I 0. 0000
70- %‘Vap§§\% qLJQ CBBTFE& (#atﬁ% gﬁgé’ feegowﬁerﬁ nﬁ@é? cs%llg 118 rstats I?ig‘%eﬁmmed by
As@(}ﬁxﬁfhoﬁ%% 0TBARANS/ ¥ IFe BofdehtifBs Betifmihé®by AT Method D5708.

one or nore conpounds of one or nore netals
f r GhheCobention@lsofprovidestemethail of Teadheing 8 crudepreduss comprising:

cont(q%gglg gfcrutdg fgerdovgllill(l: gneaorcr%raelc\éfcéﬁysps 5 %%'ord%% a tcﬁﬂdprf)@ﬁﬂ}ﬁg includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one

19



10

15

20

25

30

catal yst by heating a precursor of the catalyst in the
presence of one or nore sul fur containing conmpounds at

wa 20@mpea3at ure bel ow 400 0C;, and control ling cearaskiong426ss
condi tions such that the crude product has a total
content of alkali petal, and al kal i ne- arth net al

or s alkaléngraasthReieh gHP Lot A dROTB PRI AR, GBI Hisreol and
the c?&{bt fé@ ?\Emg' a%iag tar] S @hde R84 ﬁbiﬁ@hbrﬁ&t%@ﬁkﬁh 'ﬁ?étél' and dlkaline-

rganic acids in the crude feed
eartlmﬁletﬁ,l in mmxﬁtselrtst ofm‘rgeailckahds ofist dast @A grams,ra@d@aleaﬁ one of the

cuasnhaPES e P e AR B8 o Pk pBY R  of
the PRIJIRITHle, RO @Pﬁfof’egc(fihﬁoﬁﬂg@om&%%ore SEFE ﬁ’éhﬂgolumn 6 of the
contacting a crude feed with one or nore catalysts to

Peripdiodiable, ar mittetes memﬂm profiuge 4 ¢rsalys esecurier.@nd derming the

wh t
LRk SR P By s
comﬁf &mpduddeat L8perdtr®babwMoOVI; and %ﬂtﬁﬂllﬁngxfon&tctmg

| east O. 00002 grans, and at | east one_of the cata ]X%
conditonsotugh s the qyyde redstt hrsaytotal sopisat of alkalhmeab and alglige-carth

metﬂgt al St 8{1%2 rgglinc agdg’];)f aﬂ‘ﬁof @b"/o tﬁe g&ﬁ&ﬁ (Qg gﬁﬁhqﬁetal and

one Or nore rom
alkalii€-cheh el Cin Tadod] galtssf dratticiacids inl'the eafle f@dpwhehenecoatent of

tal yst d,f t fal yst .
okl qari gnd N o 0 i BLRF RIS iGN AR BBy

NFR4 gir containing conpounds at a tenperature
AS-@V[I oW §6gﬂé ‘and controlling contacting conditions

suclhetilaintivhalso puslédgsraodethod bfprodutiog alcrude /deDGt comprising:

con‘ég@]%gg tf;]élgg gef%ygﬂg?q?gq%?r/ﬁc%ff ﬁ%tggrggl éi#o': uge gﬂot% c:ﬁ}nt Algglncludes
the &deég%éfem%uﬂ@z Q8:de PRsidchM@NtuamatiaR a@Q@VCdaﬁ& 0a01 MPa, .

crud nposi tion havin per gram of crud

the crortp Gsilthiapmg, per grawa of crodeo feedge @ml NifV/ig @p@g]@{rqj‘@h leagi 0.GP002 -
erary B o 9iree O 1 Bl RS hBiRBIeARP BortBinfle ApBR T Ane or

motWiridiald i@l CoRghn @oBe BeSbdit Mable Ocﬁhehﬁtlme BoRPOUE ofinde or more
320 OC at 0.101 MPa; at |east 0,001

methly drase Qoboms6 of the ParipdiE Tahlg, ?ram@%ura? ﬁle?qn% Ef? igreﬁu??eﬁt Gyt
precglgsooroa%ﬁ ﬁ'n%g(ghe()ﬁ]ﬁ%st %yél%&tuéﬁa the cé’t? r@aﬁﬁfr ih Iﬂﬁ:rbrgsence of one

or nore
or 8@k 3Lisd Snpeiing t@np@inds aw‘(Bnmemﬂmre tbeloﬁh@)(] W @nd nomtrolhng

congagagg, g&%‘ﬁg&%@a@h q%gtafglg c&%@%%&p&h@%@f toga:lJ FI?/M/ R Qene% mf at most

0 1 t 2 d
S A S i et st

by ASTMDSiethodrDIv48. a wei ght ratio of I\/CR cont ent to C5
asphal t enes c?ntent of at .| east

con B EioRa R aE YA e, ST AR IS e g e
con%g)gﬂﬁht &Nt 6901 gﬂﬁns' of h9&rodethBhsvited Héﬂlr&ﬁﬁéd\diﬁtﬁﬁdtlon

The 1 nvention al So provides a nethod
betweaniciGgnd2a) Wia Qrdvds;, atdmb@ Pe1 grgmsed hvér@parhgn%wﬂh a

bo1]tnejs$J %%g% ﬁlgm}avé\fpg? hgt?N%Fﬁg?(gpoé gnc? %O’j‘ Lé( %{ &.l(t)f)l\/fp'af)gtqgfst 8.001 grams
of hydrocarbons with a boiling range distribution between 320 °C and 650 °C at 0.101
MPa; and greater than 0 grams, but less than 0.01 grams of one or more catalysts per gram
of crude product.

The invention also provides a crude composition having, per gram of composition:

at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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the crude product, wherein the crude product is

condensable at 25 0C and 0. 101 MPa, the crude feed a
woRRsoeswsent of at | east 0.001 grans per gram eETAISRDE042655

feed and at | east one of the catalysts is obtainable

nmbi h f )
residan adsiegnioRd gn M Rethed B A fhe GPurmoition DapSRRLratio
of M%le ?en? {o hgﬁ?etn@% isﬁorftérﬁ ?Y £k 5 wakrdidR1die Eblﬁé‘ﬁt(is as

ures ereof, to produce a catal yst

5 deterﬁﬁﬁéﬂLHySASTh@thddr A 339, ﬁﬂd&f&wpha\lyeslts bynténs as astptarméned by

|l yst_precursor in the presence of one or nore
ASTMJMF’ (,Q)%O i ni ng compounds at a tenperature bel ow 500
0 \ £ 9 Rlcfolli o 9rdcRibRhistal @ide Srdatict] dvaiprising:
t ﬁghegl%j%r&% aﬁ%ul(!’:ﬂooﬂe a MCR c%nt ent gof at ﬁlrrgst 90% of
contddiieg MERldecfaédeMth ohe bhmorr aathdystetodrodyssradpigl Moguetdhatdpgludes

is as determne ASTM, Met hod Y t
the c&r@@rﬁeﬁj RBOR RO O TICPRaDS 25 46 it BRTNIPE the
crudé ?e@ﬁr INCRGonkRp Bﬁ&tléa{ﬁgo B0 L brade deb gfimv\bf dsrudmﬁeed,r andiat Beast one
catal ysts to produce a total product that includes_ the
of the caidiysisripobiainablafbyr eimbining actnprIt PithPye O prpre metals from
con a 0C and 0.
confopd SEREDhfod D e MPsb g iRt dihpost i heas fom
Coldnfi£6 of @R PeRbdicaTable, 6N@ixatret tirravd!talpysiuee hauiahygt prep[rs(ﬂ, and

size distribution with a nedi an netgdlameter [ i
formig ée chiabyst MOhemting thpertakyshiprasusser INdhe Preserte syt opfygf more sulfur

cont%‘lg%}agncaﬁg)%geds A éttgl?rlé%étrulr@bélﬁ\? 5Bgre; iﬁ@@on@t’oﬁiﬂg‘ YOy

ore n 45 A of the nedi an pore
conddii d¥BLER thav\ﬂﬁrdﬁlld&: odet BaszeMIIRs toritd of ehmpst 98%o of the MCR

determi ned by ASTM D4282: and contrt ol
contoot 468 THGF (OAAMIATBHO I RCRIIEAE 2 AECERENE PR AN Mrhed
D45 MCR of at nobst 90% of the MCR .of the crude f eed, :
w%er ein MCRis as determ ned by ASTM Met hod D4530. The
i N\The fiventioh slso pravided @shethed efdeoduninda Fuide praduch, ﬁ‘gmprlsmg
per gr

oSS TSRO Oy BBk AR LAyt s

hanenabismb tride pasiudiet ebidonesbldyt B5STMNEL HiddMPa, the
the &gg%ogand at 1 east eg rans of residue,

cmcuéemmcaac@yemefm lvestr@ | g0y Der BREmioh GRHE e ARk least one

of tlgeo%%/,a&wéﬁ?s( lixaafH%gr %Sgrﬁ%gztn%gﬁ%@f i arrgé ngdlaﬂ g)reegc!l@ﬂb@f in a range from

70 A& e507R NRHL Byl1eAss Bt Met the thtdl ddmbeadt pmss{ 1n0h@ﬁr5re giza wl@t@butlon
sul fur, as determ ne%' bty ASTM Met hoEi nost. .
having@upoye dismetst Vataa ¢ A ArthyRadian gors] 1@]‘?1% &i‘effg}n R 1577

f
R
conﬂﬁ%n@su%%ﬂﬁh@drud@ﬁﬁodﬁct&as adIcR oé ﬂwmnﬁd)o%/ofﬂtm' GR okt crude

D664. The [ nve | on.al Vi r.yde conposition
feedy ahierayn Mielk eéﬁllf&ﬂéﬁ%d%ﬁ%ﬁ Elﬁ? 4&3@1 0. ggl gr ans
Of i B{?'eg'rtloﬁsals%% 1%%&u@é’ccﬁ%ﬂﬂ%ﬂ&@ﬂ1g%%&m@f composition:

rans o resi due, as determ ned by ASTM
at nM%t 000!4 @faﬁmjf cagett, bedesemyined by ASTVAY atpdE185; ghmost 0.003

graqilg'éﬁ @oul Trg}s 0 nqeg%gma’%ﬁg ﬁélé?& dGP &Y 3 glfanﬁtof residue,

as determined by ASTM Method D5307.

The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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a TAN of at nost 0.5, wherein TAN is as determ ned by

ASTM Met hod D664, weight of MCRis as determ ned by
waSligoweishod D4530, and wei ght of C5 asphal t eneeTiUS28/042655

determ ned by ASTM Met hod D2007. In sone enbodi nents,

the invention al so provides, in copbinati vvlth
determinqtidWe’\%Tl\/ItMethﬁémgQ% 25 B FTBRIST B ES 3 Py 05> as

det the de ?3 wigsf eed that: (a) has not been
eer{ni‘reegt Phia Fe |nery distilled, and/or fractionally
di'Bitd ihb@fion @lsp pln@\admudeccmspdsamnd@vmgc pertgyamf gp@position:
above 4, and the de f.e t r f
e B oS AR B %, BB g
of reiggtge{, rglg @ét%i‘ﬂg dblgjf RS'TM Méﬂﬁfd 945 070 altBihe coﬁhpbﬁtlbn h@wﬁ@l geight

ow 100 OC at 0.101 MPa, a boiling
ratio OAMYER dorstertitd (% lasphaltanmententmf e@@aatn]dS 200 tkge(pcgppq§1tm]}1av1ng

MPa, a bo I|n dlstlbut| a
a TAN Of%@(@ W r%‘l @ eﬁ?{fr}? range %}1%} Igut4 g%lght of

{ @hé&el BU580, hﬁd- £1G¢lagphhhérel ixops
MCI?%na\éggﬁlr@?lrg?ggﬁyggdg‘gtmen 400 00%850 8% at 0.101

deteﬂu‘ﬁaedlésdASEhkMeﬁmd@?% of crude feed, at least: 0.001
gr ns _of roca

ns
I R
more!"é/fdcﬁé)ﬁféf%@ﬁ‘ Sr EaNpdRgions Beddrding td thedevettiot, rdriniﬁt fieedhthat: (a) has
between 100 OC and 200 OC_at 0.101 MPa

not euitroasad iiorrsfineryadistibiec apd/pr fragjionatiy distl 1€ PR posents
hav1ﬁ§%\fls\e §1P ﬁlglﬁggr%bg{)94 308 & fl"&He Red@ls M:f@ast 0. S%ng bRsEhof

hayi hg a boi range distribution
compéiienBgiRr 3 &Qrﬁcﬂﬁifeé@({c})@mpn%s hpdrodPagnsaadotiop®f which have:

Bt oot R RO LR

bemfegﬁ 1H38C @nd’ gc% af. 16?@% Qb&ﬂmg&aﬂge@ﬁn&t%n Wetwden 200 °C and ;.
ge from0.3 to 20, 0.4 0, . ,

300 8@ at 0“101 aPaba bb]lhmg rzmge@stnbutam he@m @@dc@@dﬂos)ﬁ)cm .101
‘MPaa@nq'i 3 gg%hng T rélPLg e%Wee&allg)?dEua]n\c}%Eg °Er6a? Bgl Pg@%? %) has,

per %’Hgfjﬁ creRdeed 'a@ 1eEQRNPOO B ESnB\Wf fh!ylﬂnocﬁﬂb&)nsfmlﬂ a b@hﬁg range
grans or 0.05 grans of sulfur é)er crudF

distdfimeion below HHs®Gat Q. E(HSMP@z 004! grago! by ‘V@% ﬁ?%ﬁ bypling

rang&dé%el 1; 1%51%3872 ]é%xggg %t %ﬁt"CQat@) 191 W&a ®foot eg?‘élﬁé’ §f RRFrocarbons

conprlses oxygen contalnlng
havity drHRaaizhens dlétﬁbumeb@mmm) 4! kel 300rFet at10. WH| WBadi.001 grams

of hdetrbea hegingta A BTRRLR BT ORGERPEVRER 300 "GPRIY o Bh0-101
MP%Pagéﬁcbe’l ggé%s %ﬁg ﬁ)?m?hawﬁ §bofAg réﬂ%%%ﬁﬁbﬁtldhf be®Rieen 400 °C

ri ses at east one
and @56 €Qia€ 0301 M (Qhaoa JaN of atdeadt 0.4, atdenst @boinraeargs from 0.3

t0 280 it £0,0F Uiile 0 HBHS! A BRIOE POBACAdEBbR 0] rig o isFo1 MPa:
(2 (t,&gn%ﬁﬁy ﬁm{éloﬂmﬁl@fuﬁg%ﬁc & (ﬁ)m’hts at Raglot 01)00@ *gﬁ@n@(yf total Ni/V/Fe

conpounds nore vol atile than
per lﬁ:ﬁhbmudef ﬁml a(l)mouqbelses sulfsord hasbidgasi@908] grames or 0.05 grams of

sulfpe B4 Oh e 0t 5 tsdfeb B 0PT et P ieds 8 e feed
M Hag \éf"l%ét O, %ﬁmg%f Rethueher gbpstdrint f@ecD f(hh? eoﬁlgﬁﬁks\mxyg’en

catal ysts 'to produce a total product that
contalimhgl Hmocdﬂaor[s; (mene or more alkali metal salts of one or more organic acids,

one or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof;
(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:
woadosaessm of a crude feed C5 asphal t enes cont ear/uamm4/042655

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

C5 asphal tenes content and crud roduct. nt ent
- SinGopme ambodimes i GVeBRR 0 HE G L TG TIBR B LD RRE ot
morecolgn e rtﬁethoas ‘sm%ﬁ?/ %&gréng ﬁﬁtﬁé Hvehlidn, (chplcaoat MetisNg

Fons are ntro such that a weight ratio of
obtaiBabVERy eandeng naqfhthdmd&onnbeumscrdQHMVOﬂamlath@B ngglphafro@rfeegrude.

2.1 sopie cRbadiigens. e PHERGHB BB Roit CorE R Thy I B &

moreagf%ﬁ %’é@l\’)ﬂg §5corh sﬁﬁ&ﬂp hERLAiRR toMht InRRBoMra MEthed of cdri‘ﬂr&:tmg a
S or conpositions according to the inventi on,

cruddfedd &géxmwgm e catarl}’Wh tcprodhes mg@ml @g@lucs@ar ingludes the asude
prodl%% nglgé@btéﬁ émﬂ% gﬁeagaﬂg rchl%é ggcgcfl)g %‘?? 31 C%qg%}z{halt%% content and

a MCR @61%@1“11: and? (DU RnEHROGLdefes Cs Tab;ﬁlalt%mbmeﬁt aldsaude feed MCR
provi des, in conbination with one or nore of the

contené ishSidssuor otmenpde produeidsaspllignerconient ped 7 FYdR Pmﬁlﬁct MCR

actin C I, fS;

cont%ﬁgsagygrgicqngac:s uc(gtlglst%?g&t%%é uﬁ%ﬁ@’ﬁat F%f: gg[es the

and/&r(‘ﬁ?ﬁle%ﬁﬁlr g Mﬁnﬁm@ afdt@nﬁbm@tbsdchemt iasvaighttrais eth MCIh
contacting zone that is on or coupled to an offsh

contérof Hietayuda prodistio b aenhiakisnes cORRR! Ghibe il pogpeigs in a range
ﬁonﬁg?ﬁ g%sOrigtcpgbrnatron wth one or nore of the

< 8y 20npdsi ti ons according to the invention, a
metdhaing fabodioeps, the mventidraal o p@vsdes,rlu dembinatiommith onger

morngbe gl aF bemReREe AT BT N ST Ll sofeg: i
Whl&lﬁ[ﬁg hﬁrﬂggm} {RkceBsT (@] tRefls; B) %?&ﬁ)%blﬁ ohYy di)ag@hare9 () ¢ight O

eed is I’na rangé from5-800 normal cubic .
hy&ﬂenhms &) igers gusndigdflogisursothetsel.per cubi c neter of

Caares noggitepna s asbtiahfe o TS JaRonbitiion vith one o
moré‘ Qf B EndtBods MR tbRApbEGoRYacY@itignd tik ipaditioal a meﬁﬁ)slmfeonthctmg a

t he hydrogen source; (c) the rate of hydrogen. u
crude dessiueith pmaor mpie coialists tp rpéQfl]r‘@? afieal prafic rth%% é@%u‘i%ﬁ gﬁ’ crude

prorﬁ&?gwggrgltﬁa ruEX 9{6&9? Qonlfzf%‘]tt d c%n{a%‘gﬁ% E(g}ﬁnth?ris 8ABHESupRid to an

cause su antial phase
of fSB&B Micalityon betmeen t he crude feed and the total
product during contact; § t he sel ected rat

hy dn sejan capedirentssthe jnventig also Prayidet. BEopb! %§B Vrth9Rg o
mor% 181% rﬂ&fl(gds o(r%g)mﬁaﬁﬁtl P fhgstg WRERVERIonC H RiehoTBh@rcofprises

I qui our y space velocity of gas
contaeiox ciuble fdeddvidgeme os more eatalystatin freguesentenof,a gas apd/es e

e e SR i BB B P GGt o

hydf%%reh Q@ur‘é?ﬂ)t 18E Efurdg ’fee(iQQ irfa £8P¢ B6hl NY0G BRI BLBIE ﬂldtéis bflgaseous
romb> C, atotal liquid hourly sp

hydm@em smlrye pér duhE: rgasr @fmudwfecmeommdogéh OBQ O BArY %f th%caaalysts

e fromO 0 I ot S
(b) Télﬁgglsfteil kale H§,l&qt§éjglﬁ)g%ﬁ]% S goﬁtﬁol deoirn\glrj P? I}%%#Fab&%gsure of
the Wcﬁo dfoufcel [9\hedhtel TRy ﬂ@%eﬁﬁﬁt/alaé istsfieh Myithhe ganriegoeducehas
% a direction that "is counter to a flow of
TAN of less than 0.3, but the hydrogen uptake is less than an amount of hydrogen uptake
that will cause substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (¢) 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

wapi@ke3dsy t he crude feed is at nost 80 and/ or PCI/US2004/042655
range from1- 80 or 1-50 normal cubic neters of

hydrogen per cubic neter of crude fee the crude, .
hourkyrspaieecteldraty of epnang/onthe Yydregebiovess s af 16%%‘ lﬁﬂbﬁt atg s ‘i’ip , OF

50 or_..a. ti efntloled
at m%‘?g@ig fﬁﬁedpalf‘ig? ee r&gﬁ/& g agluct lﬁlﬁé 1éﬁédzggsega%%{l?s:@é%ntncj-tznt
durir®f cohfic g ((gpzi c&factinYeraperhtiore is i & vmge drorehd-560 °Chetotal liquid
crude feed; the cru

hou buspagoResHyoU LRk 01 o HE DAL SRS I SrREC g 150 ™
and u/)%? ﬂ?&é}ﬁ% oﬂglg g%g@?om@ Yooy HosRed 16 51 86 @de N0-30MPa; (h)

of t SI due cont ent of t he crude
a flofvatdhe ga3)antitoe tlmrhydleog@ncsdmt ihas dancmy@l@hls@emtémo agffow of

t 90% at t 70% %, t 0 e
the cRgtieatep) e GHES BRgLtrteRBRTGRY 70r PO Ue ot DS grtp a: O
hydrt)%égl %{té@eoyp&lg dHRE fhass @t 8t B0 amamk e raﬁhfge &lokrﬁl-l 8(mﬁ‘t 1250

| I'ne-earth netal in nmetal salts of org

norngt icdlsic afetas ofipgtro@@oger aublqmqtergxlj ggudg feesk (pdhe cqlg%omduct has a
totalt]ﬁ?\lré‘g gtpr%gléﬁ (?ifgﬁ\t &osﬁé%har glog& |5 5 0, oraeltiﬁaoés't Q%Sﬁ*rﬂg"l\] W yP%l oontent
of t c%dé%é@ (9hd Bad&predactihaed sulditdongneeftiatidngr 80-4 2@% of the
r) the crude product has (\SI scosHX ’8(&1 o
sulﬁa‘ﬂoﬁteﬁtbfdhe arideend; Gopthe srudspeedushls % i e 3§70 or
90- 12[ 5%]%‘(1 tﬁo gg}&f %{o %ntto??ne A@&Sﬁeé@??&ﬁ% cﬁlde%r&fﬁct ﬁz%)a feEﬁﬁue content

as an of 70-130% of an
of 707138%ta¢ 90f1 10Peothe dsidueednteanal the crfntiy fetelde(O() Iﬂu‘:{j@ude product has

product has_a TAN of at 90%
an ozpeen w@iteibhek mogidi0¥y At g}pst;%gf, a3 gpst ﬁ%,{% i%{ 85 O mo%{ 10%

- of tlferoqggirf @o%%rfg %gg‘r{% crﬁcﬂ: i@ec[ P A8e LARBPRHRLLhdsR: 1Biad corﬁerﬂl)f alkali

I'n sonme enbodi nents, the .
metal[liylrﬁiﬁlkaimeaﬂaﬂh m]a‘taiylndnaal salis obergamaarigh o\t TAOSH 98%p pt most

t.h t
o e BB 48,
of og%aﬁg: A dshn GRErRde REQqF aPAlalstcT tanetudofted aduring@ontacting, is at

tacting conditions to reduce a content ofc/oﬁ]?an C
leasoxyg@nthe endgi prpdigt banpviserssy ehd Whi e of af @pst? 0t Bf Bt e or

ot it QU SHAE S SRRANE Lo ARIGEN AT igin API
orafify $1178- DOVESNarCAPT gyitpdf the el dekel; foed/ds (1) ) catdelpeedsict has a

onne conpound of the organ 0 en c tann
Tmmmg§§08e@m%@° ot 30047 &t st 204 éaérba'a%?ﬂsr L0%cpifhe
TAlgé)zﬁtt}gc,tCﬁ{lc?eaf%Ed BT %;ESl; +&h oA +8 fogsﬂloloq (8XYDBR0.05 t0 0.1

conpoun S Cco ises an al kali netal salt of
a qarsbﬁa&whibodm@ t}(ed)lvamoha&stprmnéescummhmiat@m witteone or
ani ¢ oxygen cont aj ni ng

d
ot ot 4 HEhERT QTFORBLSIOROBR G O BOEOTE " AL foghcomprises
con‘rf'at 1S€§ 'i:laﬂg FedQVRR Uﬁ@o%ofe%ﬁtaﬁfs&%ﬁ Ccoﬁ?@fd/lﬁﬁ% c@ﬁﬁl@tﬁigﬂﬂoﬁ@ltmns to

nprises a netal salt of a car glllcamd
redmteear &ntent hﬁoﬂgnmlaloxymommn@ pempeunds frewhishalag a cpggat of

Col um 12 of Lhe Peri odic Ta th
selgests pesiptsen Gpmag s i it deru P b Seygen
con‘fe%[mf’é{ st 9673& DSy 2R Y REntt T Qh&&ﬁ&@fé%df(fb) at least one compound

on-carboxylic contalnlng organi ¢ conpounds in the
of thé Ufganlfceﬁgigeramiﬁanmng gpmavuride KOMPYHRS adﬂetah@hcgf@g?éwoxyhc acid;

cont ai ni 0 n.the crude, f
(© Relg B P NSO At PR P Rl o RSt S o
alkali metal salt of a carboxylic acid; (d) at least one compound of the organic oxygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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of thY ?’%&?Q

oxygen conpounds. In sone enbodi nents, the invention
al so provides, in conbination with one or nore of the
worwdsmd3or conpositions according to the i nveRCTMIS2008/042655
nmet hod that conprises contacting a crude feed with one
or nore catalysts in which: (a) the crude feed is
leastometcampeendwiithe areanis Ay CeiheoniFining sopppwidcompsisesa metal salt of
irst te rat.u I . ont [ Gand
a copgi s i rer i e LAY oS R R e BGRARFLD of the
Peri6A0 TaBlk] @pihs uahlletphaduct hes o ¢onsdnt obndracirbovgylicawpirang prganic
is at | east 30 0C | ower th?n t he secondoé]gat]ont acti ng
compeunse i piRest 90¥) ofithe CieR O neRGaiLEX YintoRATRIRE RF§H
comh%flﬂ{d? %ﬁle%'fu(% ftaécf' Sha/y g) %Efegstl{ﬁ’& A et EaiARG cohBunds
8tV 4 Second ydrdgen uptake condition, "and the .
in tHe @ ppRrfaddisripindted fiemaplgthenip heid ®r nomdatboyylid epnigining geganic
30 OC lower than the tenperature of the second uptake
OXYEHHAMPOHNS- (¢) the crude feed is contacted with at
| e?ﬁgor{?@ Sggfﬂifntéﬁts%_te ahvesitisn Ako prdvides! intcoid@iatibh fth one or
folTowed by contacting at a second tenperature, and .
moré hfthe omthmdsion gompositiensaesording te s insentea. & ephodihat copgrises

first contacting tenperature is. 0
conbfita SRR BEORA RS EABb ool Al comacra
witoR SedsBoreTeh @ L4l y sl b 18rs€ RAfpR e Jolldvedd Hyeintgeing ges second

I's generated during contacting, and the contactin .
tempeyaidie, pohtheaoatagtingcandiions pree@nabed sueh that rlgufée @ishﬁogﬁactmg

f eed upt akes ,at, rd. d
tempae R S0y CBRE i PRI AR Bhuklfe REMRRRE e grude

feediB domeaendithalyatopsi at afitkt hyphdgat ipigkeafontition end theenfag e decond
and the first catal %&St forns an t'bniti al rude,.pr od

hydeagan WAeke FRokire P e dPmBSTHUES B B OR2E® HORARPIOf B feast 30
°C 1'8%%{ ﬁl%}? %f‘ie%mg{élﬁtu%’%lgk @ sLddRd Gptale chfBfon; 3006 BRIIBELdNY
0 e 1 cru

niti e product and the second catal yst
confacted®vith at lesdieorprafdh¢atal psislateh@usticmperasure follevask ytkepatacting at a

secq?}%aalgp?}?g&% 21{13 tt}tegc)%%iaaﬁ%g{::(g{dh%ol}%% g%‘gl@?%’}ltﬁé %J(ﬁhﬁh%t' R first

b 84t 20013 C CRRirakdd the sécdnpebiitastipttemperature; (d)
Con%%ﬁﬁ‘%?}pﬁgﬁged reactor; (i) trhe cr uge ?eed isnr%Ot P

hydoupeh et Bentrated during dontaasing (e Aydogen sasup semiipd dudng

contact .with the one of e A
configfied gnd e Oplep g et RS ATES bl thou Ul feed
uptdiey deleh® @ PoltfonCIMhagdrechtat lisiratena(litici contel feedisabytatied with a
the presence of a hydrogen source sgbs uent to
firscandtsgeandygatatyst.rpad gapiaeingaidhe guge fee @R?t sogyst forms an
.. ner. t . | . f i %
i AEFEHEDR S, o L RSN ATy PR S0 of
the TAN bAghe drudl féadg atideontauting of thegnititherude povdudtend thessecond

contacted with an additional catalyst in th esence. ano
catalFst forgi YHRE REOCVSECRY. HISBT B (R F1BAe PREVGIH ATy Of &t oSt 90%

ﬁ}he ﬁﬂf#altchﬁlﬁg?%& ’It @Qoﬁgﬁﬁ{gtiis BaFortied iRl Sficked bed

controlled such t W of the gas is in a _
reaclbf; €t doatactingis pesformetinem ebollathng Hedavactdr; (hesrudgeeed is

congede b By G Rl Py S TFHO T STRAGH Qg B g Mg cgtalyss
G) &l Hmd:8 'c‘fpﬁfe@é’cﬂﬁts&lg d varbeed ¢smtyisyand thé cide f&idiit t@iadted with

catal yst at a second tenperature, and the contacting
an ahifiitinal onalysirie theqmesentd efth kyuedgentsatrce Febseqyet to contact with the

tenperature, t least 30 QC | ower than th .
v B Frdforgt agestosaat ¢ B BHEReOR PR ARhal cubic
mefePRehbiBShetdr¥ crude feed; (1) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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crude feed is contacted with an additional catalyst,
and the contacting conditions are controlled such that
woOheosadsh3ti onal catal yst uptakes at | east a poPCTMS2#/042655
t he generated hydrogen; and/or (o) the crude feed is
subsequently contacted with an_ additj onal t al
portien ekthe gqnqr@tné Bydrogere and e cORECHRS FAHG gt puUEd such

that a}afi oW to? %Og%a el% Sd‘hcelatl&lﬂ fsgguﬁt@%rﬂqe HeRARL tth8e fedd ahd a

sone e ment s he i nvention al so
flow BF thél géﬁératedmydﬂj’gen,r(m)lthmomde feed ecantactest it f vakagtium catalyst

met hods or co sitions a r e vent |
o e ST TR0 M A e
and tﬁé cgﬁ%ﬁ gactoﬂh ¥ShSate Qoﬁ%lﬁeﬂ suéidhat e fFttehpshturSisat least 30 °C
Cat al yst and the support conprises al unina,
loweS tHan (ﬂ&; sesond Earpatamren@) hydrogen ganid genzated dunggonacting, the
magne xt ur t her

eradg ey et e Gep ke s <PRE Rl sk
conh%%&’ F‘lfbs ttflé’t)thé R&diti&an @Qal{%@trdplf&(%s 6Ot b pOBticivIabke génefamai

cata that has been heat treated at a tenperatu
hydra@amv encﬂeo(oo Geprinde feedissubsagnenthit aptrctadayithan acidétle}al g&’falyst at

st one of t catal ysts d
o secqrinr gy iathd Bseo art bR ar SR ke et e seeop
temﬂé?ﬂu&ﬁsﬂlb’e{s’t'l@@%n the crude feed. In sone

nbodi nents, the invention also provi.des,

c ohbssqm ¢robodiinents dhe inyeniien @s%proyﬁlgs,ﬁglc'%@ggqagpn with one or
mor% ??%ei}é(’%g oF ?g@?&ﬂl&g atcgorgﬁ]@ th H{/érft’i%n AmidBlol 98ht thRbrises

ing a cru one or nore
cont&@ingl Ay&hide fead wiask o@n&re)éatalhﬁs maWhic};ls(ta) ile catadysp por supdorted

catal yst or a bul k ne cat, g{ ﬁ an t.he egﬁgoQ}e
catakystandyrhe SURPOH FORIDHESA uregl@aﬁ’rl@ ihiegm UEIBH%r e <
nbre“conpounds one or nore netals from

cata@@il aﬂdil‘the Supbortd$ podoes; I?e)thg diethotifbither compaises ajy asklitional catalyst
her eo

e b POl ARy g oo

at le% ?{he c%fb@ys@g is APle8st EY yaB, antl@m(&al Wasisonk-of theofatal yes is in a
eri O ic Tab e, one or nore Con‘pounds of one or nore
ﬁxedrbeébsslﬁmmmlmdlem@ feed0 of the Periodic Table, or

t t f
{1 b SoB sEER bt B YRR pEE BrV oo SR AL ifh one or
mor€ 8FBRUASEo&f or@BspositioRy dcoming] 16 the ﬂmvel@u:inu ansti®dibatebmprises
the Periodic Table, or m xtures t er eof :égggéqngr ses
COHT@ﬁtengﬁ civde Eeedreyitl @nerqr ARATESRIANS, a? 95t B ¢ PV EdY &
suprf er% c&toa]?}%?r%lgé: ]?IE'I% ﬁet?%g%yéger | gs1 @t s%iﬁ)rt‘éa cHRIY8t sEjuit Metal

odi ¢ "Tabl e, or m xtures
cataly3er(@ndompiriks bsor ek nptamfrom Calbaing $t10 ¢fitherPeriodic Table, one

AR T R OCTRET R e
mlxﬂggs[etfl%&%gg )81%% Béf gg{}ﬁ oPLatiEiCa BB DODT gfﬁlnﬁofrdﬂ‘ﬂ’(ﬁomll@6

or mxtures thereof; (f)
orar@ € fioe8.00 hO. grams 0& ametoah®rd metalTsomFusnsSdf of fhe Periodic

Tabie 0B & &pé%boé&wﬁﬁéoﬁor@%‘é%r%%”gﬁ P CoLpRfF 5 Yo sRiPeriodic
Tab?@ Xk Hi; rés*iﬁérs&ff {c t) ﬁsfm)hb SEMoBNRefls mneam@ 610 of the
ro erlodlc Tabl e, one _or nor

Perrodrqdhabﬂnj $>nebr Imee mmpmmés ofeanglos nfare metads fipw (éolwm% frd 0 of the

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

of the Periodic Table, one or more compounds of one or more metals from Columns 7-10

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

26



10

15

20

25

30

Periodic Table, or m xtures thereof; (h) has, per gram

of catalyst, at |east 0.0001 grans, from 0.0001-0.6
wgnreose39B37001- 0. 3 grans, 0.005-0.1 grans, or OPOTAR208/042655

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

Peri odi c Tabl e, one or nore ounds of _one o re,.
gramget 8108110 ognams| afnenePTaRoTe n@t&?pm?@umaaﬁ &0 gfthe Perodic
Tablt%n OB o %E:%ﬁ)ré Qc?nré&g.}ndF &f EI&;@:@%JQ $5al9 ﬁ%nPCol'ﬁﬁfn% 7085 64 the Periodic

um ic Table, one or nore
Table @TREXAES thére6f) €f) QOmpTise ome baimerd motalsCoomEolemos 5-61ef the

L 3%5 Gafie mostisepp Lot 126 Bhe
Perlcghé)?éo&% rrn%&gﬂ&}thgﬁgil E@r Bis & BneQr nfie nfal B0 C8luanS of

ic Table, one or nore
the Pecingio bk, ofie mmomrconmoendmf@m of mone wetalmiiom (gHlumpg of the

pr G 38 ey b AR i, SOF b B

fromqp?()(f:lr-O H%Eaﬁn§@'mﬁm"§1§ra9{s 01005-0!1 grame, ¢reled-6. O’Brgﬁia:ms of: one or
of 't he Perrodic. Tabl e, or m xtures thereof;

morg ﬂa)mbssﬁrom é}ohgmﬁwocffchec%ﬂr@ﬂﬁableﬁ PBEPOMOTARIRPNGY QiRPegy more
e OO nip g in i QR e B R Ah el AL SpHIR oo
moré@fe&lﬁérﬁ'@lﬁﬁﬁ@%d%mﬂ& Tebld, bae Bemlomjctcanﬁfainﬂepf @Te Or more

m Xt ures thereof; npri ses vanaﬁ %mb 9?1 or nore ¢
metajpfrpourrlums6 Qféh%laqsrmﬁlc Sibleviok prirpgest {3) hgs,yper gram o

cataﬁﬁg‘? Eﬁ;né(z 6?(?:16? ék)?rram% r(‘))eOOg(r)Onggfa%sc 6308 Wéraﬁ‘fs 00 $40808 oris of

I'se$ cobalt, one or nore
one 6ﬂﬂibfﬁtﬁélalscfforﬁ Gloalrn 6 of theiPetindie I ableg Dmmr mpyg)compounds of one

or iogh AR CONTH Bl FIAGH SIS b PRLES (o 9 gogprise
one S?ﬁ‘ﬁkzy 1?15%1 A1 HRE 160 oBihe PRABJe TaBIeOG%eO@IQQ%Qohp@ﬁmEE)f one’

enum one or nore nol ybdenum compounds
or mamtammm@oémhn loro)f ﬂwd?epwdsel‘@btm aysiEHres diraedy (lh%ftseper

o RIS L RS E BT SEESE R of s o

CollitHR 96 bE the IRFBIRITAVRS, Bné b‘ﬂﬂﬁﬂe&ﬂnﬁﬂﬁﬁ@;ﬂfdﬁm 0D ot ¥ietalefom
thereof; (t) conprises one or nore netals, from Col um

Colemofl0 htheiEsriogi bimbr migRgs Sivecaly (THgoERTsEsY Aaf ughone or
morg g{)]ingog}]fio toﬁ ézaxégil? rfggluﬁ?s-[[ﬁ gf t(#k%%%rf&%% ﬁ@kﬂng(%rgrorlnéore

conf&@ﬁﬂsjoftn‘iblél of ﬁhxt@ﬁﬁmhersﬁs(o() gemetisaseobalgloarenieré ¢apmpounds of
um 15 of the Periodic %%? one or nore q§

cobalf, oo BrEsHBED o RATPHS B b OISO ROT ROTREP R

molg%) o S?{ mflr%télt%g 81‘?33%(%%@531 gex( AmFataBRe, f1R01001-0.3 grams or

ans of : "'one or nore
fror® |OQ)®BI[IBg1fammfG®bthfdermﬁm ohe bhmommpbfbdmmmmpom qyrmixtures
nor e _conpaunds of one or nore

r% ! SR Gl Hifes thereof;
thereglo () PHBPPEAN BRACIETT B @ IF CHFRD B IES 0y o T hjutes thereof
(s) ﬂ%gﬁ&:ﬁ%ﬂ% cﬁﬁ‘lgftofrz)ﬂp(f §O1CE. g%%ﬂéj?f gf %Et@ﬁsdﬁéerlﬂﬁ:ore Qingsten

es there has at nos rans of a
conqjoumlm ar méxturys alradf; ¢ hecahpyrists omet/mere (nygtalﬁ £r§rra€01|ugalsé of the

Per@é r 4 oc{pgf,ﬂqgrtloarf:%ge qq]%@%&?o&wggﬁgﬁ egl%lt d}/csfable! Rvherein the

moBP PR OO0 WM (04R8P0 tRPECSuf 6 ﬂ@taﬂﬁtﬁtﬁﬂs tOIS (u) comprises
conpositions according to the invention, a net hod of

onefcymnire glemwmfmmﬂolmmﬁ btha Feriodin Tablegons QupprSIcompPyHls of
oneoor}?noorcra e{m ents rom chl fl? 68 PRHBES l:Itaﬁl%%1’351111xtu1res thereof; (v) has,

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

of the Periodic Table, one or more compounds of one or more elements from Column 15
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m xture, wherein the support conprises theta al um na,
and heat treating the theta al um na support/netal
woinisiemsat a tenmperature of at |east 400 OC, RQWUS2004/042655

further conprising: (a) conbini ng t he support/ netal
m xture wwth water to for and extrudi

, n
of thy Qgtledlc TBbleconmixmpytherret: a(Wg Pg?ﬁ QrUSy O™ §8f“|%ﬂ i of
t t f
L B e Pt
catallysty et/ orq(y) Bss lgasodb cgeams mﬁthci@ nhumaa pergraintoy catalysbr
nor e of the nmet hod or co S accor 1 n 9v1t'il g or
i nibIReTmbodinggntsd e Pygpt ?ﬂfﬁ P@g eﬁ’dﬂtcg OB
mord &€8e \gdeﬁﬂ)dg BEcGh 55‘?&&15%@&&51‘{1@@ thel ilvattiosNa in@ﬂﬁoﬂ@lf ﬁ)rmmg a
Sl ze stributi o}row  east one of the cat al yst
catallyatscon(pw)sm coebirEing peumaom wiitle Prg Oforgtmetalsde fgpl %Supaf)rt/metal

RVCTIN T VTS e
supﬁ%h/ﬁl&alamb@lﬁg Qt & fe‘?%ﬁe%rkaﬂ afleastG00 P&l futthor c‘kﬁﬁprmng (a)
30-250 A, 180-500 A, 230-500 A; or 60-300 A ai)ngath
combmmg the S%mft/mﬁgl mistete Withypater toff ogg AdPastaand eétrbl e paste;
) - Be B iy PR Mty ARlpe s Trg) B

and/bﬁ@\“;%ulaﬁlzﬁﬁ?gmecatwseast 100n2/ g, at | east 120n2/g, at
| east 150nR/

c? at | east 200 er/lg ol at | Y}?%l 220
mp iy soranenbedimantsqthe daventign plsperdyides; ip cgm %f OB Sfiongsor
morg b &h% Aedtn Ss e %5'&@931%@1&79 Ac@@r%ﬂngoco i éttion2h nleBRJAth& - cdmprises

or at I'n some enbod di nents, the

conﬂa&ﬂgﬁ ¢rade foked ®v1ﬂnrcm¢|od aamre patabfaﬁbnndnclothe\ppremmm@s@butlon of at
nore of th

leas} Wﬁthqﬁpt;ﬁgst a0 Rore :d]tla!:pgegg’ 3&? gegg 63)81& ;aq cl:érag 0A,at
leas} EﬁﬂA\/‘éttléhst Af atqwsezﬁmﬂpm&a@mgmawﬁ@ﬁ 2301, whinokt 500 A, or

stupport: (a) conprises al

in asaﬂgecfmnaPWQés, 10041 49idunt2exBad 2291256.4% dﬁ@éfapd‘e 230-500 A; or
o0-JBNEB AT 60000 CHRIASEJE TP pet g os A

35 Aast. 2508, rof@ﬁeafﬁbasn w@rzﬁ»&mete@(c)lamc@arsa of atrisaso60 gé/rg;mt least

al um na; (d) has, am of support, at |e
90 'y ams leost 10 m gt 1055 Zmatie AieathoVam 4 i a’2300(18)/1‘%’ or at least

220tnﬁ rl g)%r @l p(hﬁl o1 F a1 92 s eg(%sl*@??%alsq A ta’el dt’c%d@?@ 4

or mxture t at nost
cm %, atag . %rﬂﬁg a@latileastd). pem’/gr am of support. In sone
enbodi nents, the i ﬁ@entl oh a vi des,
1

conBispEe cBRodimeRts Fe 1g¥entigp é‘lSSfpr‘?‘ﬂ St cr%r&:gn%lron with one or
mor%%tfgﬁ% {:t‘h?ﬁ%sorac%i(}% iBEs 4R ofdiSs toHE HyvkMibn, 8 nYeiRebihbBomprises

as a pore size di stribution with a
contmdn@ﬁl crude deediveittedrer orohoratsuprratst] ca@lyAts, inbyhiekh thersuppesk (2)
ort t he, .sup ort co Lsn hta al um
corRpAITaLH uwar@aflmé ICﬂei'éuranEo fitaniuim QiR 2oty ?%%dew‘@‘?%ﬁégﬁ‘m
oxu'i@ %!r At Eheld ”ﬁfd%r z‘éf)ht@t U) @ékﬁgrlfb@ ghinn{aGlureaphise delta

of more netals from Co of the Periodjc
aluﬂiﬂbt @D ham @engramfeupparh @uh:as Og giame of gamplaclyping) () has, per

f t he Pe di. ¢ Tabl
arayy et A D3 s gt ot 5 O3y S pr Bl ghifac T comprises
alplllaeﬁﬁﬁm{gt Oma A RABInS delt® BRInGAa, Wﬁﬁi@alﬁﬁﬁlﬁd ®r frﬁﬁﬁi@@hbfﬂﬂﬁ (B has at
of

the Périodic Table, one or nore corrpounds of one or
mostr:. bgnptsalf slphe alntdot perrgremef serertPer i odi ¢

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

(2) 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
wonoes/06393t he net hods or conposi tions accor di ngPCo/UShm®4/042655

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

a supg?)fc’;z;thg @%ﬁpo}{ g%%s&%ﬁh%épﬁ@%@@%@%ﬁ%yaﬁ%ﬁm& cettﬁgst%a& glpore size
dlstrlrlgﬁ{l&ll Wlt?l%.qn%i 5[?'% 8 ﬂla‘f@ertérl'bf efeddt 60l A, @? E(ﬁhpﬁs'éls bfie 6f more

gani c acl r gram of crude product; (c) at nost
metaQs ﬁi@ﬁﬁ[ﬂ)l@hﬁ Brof Gﬁd\]PdrM/diéeTq:b& oge anmofe mmmméq& efenetor more

d/ but
i v Cpn ot Deckertons B e TrseEy ap S Al per gram
of ca%ﬁgéé ea&@éa@%' 001 glalhsHEheITRASE HRIMIS frohh@oluﬁmaswﬂ thél Padisdic
In conbination with one or nore

Tablaeme@m mae ccmnpmr;ls of omsoraveatalg fram Qﬁlsunilrh@ éﬁ%heé)ﬁﬂodlc

Of IO ¢ aI| netal salts of one or nobre organic
Tablﬁ’c‘?rd’é‘,lxug re al kaline-earth nmetal salts of

ong, Qfmé@ﬁ@odm@ﬁ@ aRE tvastiéitals®@provides Linesmbhetienfvithrone or
whi ch: (a) at least one of the alkali netals .is
mor¢ of the mqthcsi@@r gwppwtupmaa@gﬁ%to Hiedpesntios) 2 gde gradpcigha has:
& 0§ 41001 (b) at
@ 3 bR Bt ARk OO LS i om TR B HonE GOSN (o) a
most0. Ummtgr&ﬁs Mihb afka@ nﬁBTalnm{cEalbéhﬂekmrﬂmndtddm mwetal salts of organic
conposi tions according to t&tg Q vent i o?m/get hod th d
acidg peraramed ceusterpaeduch 40)at @paghe VP QTS 19 PHigEn of brude
! 41 bhals, bMaNdmdesnef th
pmd(c]f1 ¢ glelal/é% @da l%C?aPJr?ﬁaEﬁ(‘(ﬁ%@ﬁ%g&?ﬁs? F]Ig%@con%n si ng: (a) ©
catalB@t¥tpen pragh dheuds prdéugpr oduct with a crude that is the
same or diff rent fromthe crude feed to form e
suil® gepe e’f“BP imeRiss 6 ARYeRGon 159 p{:ovﬁ‘ﬁ Shitng njbietio fg “g 10 or
mor? 5?&1%9‘{11 ethbdsd %oﬁﬁaHQﬁoﬁsrh%EoﬂdﬁlgttBQh@ﬁwemﬂfn ehd franemtalkali metal - -
ecru feed to forma blend suitable for
salts ofeaie e moré axgamctauc@s onec)x mcrra@llqabn%@mtgmmb%ﬁsl?é gne-ormore -
product; and/or fractio r < Tithi
oradi i mar s Slefogf FRichEl 3 HE of LSRR o tihium,
sodﬁﬂ:nSl ap P@tﬁﬁsﬁrh%dfd#%) di 16281 @e dfeRsilkaliee- @frthtrhlﬁals is magnesium or
didtiflate fractions. In some enbodi nents, the
calciument i on al so provides, in conbination with one or

g I e or
Im;\r}g ﬁ{’)]instﬁ %oH%el?l?s eq{éve‘ﬁ‘ﬁ@ %Eb:;)'r&ﬁéesaﬁf&ﬁlgdlﬁlﬂloh% tHéh

a suppo cata conposition that: (a)
morBd$ iRt métBads o&o&p@marms a:ucoahng toahe¢ inyestigy, amsetladd thiteqomprises

con’;:ctl;mrg g grqp g | fg @Ug;foqsr?ne rg égita}ygg)tgfy:)?%rg? g g)s’tildpgl?i% t}@F includes
a cr@«hé’&%d@xﬁt | O%ﬂﬁ’&#uﬂﬁmgﬁgarﬁﬁ%p@) CombHind@e crudePr&dt #éth a

n wt n pore di aneterof at [east
cru@3@atAs teeanteas diffqrenteronnthermeudst feedhto foomadlestd sufiablp dore

trangll)g;%gd g{:cg bg%q%glgg (férugﬁplfogggt with gcxg\ﬁg (Jj;ll?at etgg%alﬁgasnél ferent
frmﬁ rtheaérgjoff’eéﬂ tORrid lﬂenc( Qﬁtaﬁl‘éff&rﬁ%e@t@mﬁﬁeﬁ@d’)ﬁ"ﬂ&ﬁb@tﬁlg the

ums 7-10 of the Periodic Table, one or nore
crudmprpdumdmdaﬁcﬁr (dhﬁaajmnmhﬁrﬁwdle PredushntoPreRignate fistigate

t he Peri odj e res .t fi
fractiqps, gnd gpqrﬁagpﬁlnégﬁ ﬁfﬂﬁi at l&s{? ¢ of e%‘%hg@pr Filh Stshs.
Ta bﬂn%on{%rb@nlﬂfdnﬂéi{t@ {RORPEHEAS] R provides) in comisinaiinaksh one or
from Columh 5 of the Periodic Table, or mxtures
more of the methods or compositions according to the invention, a supported catalyst
composition that: (a) has at least 0.3 grams or at least 0.5 grams of theta alumina per gram
of support; (b) comprises delta alumina in the support; () has at most 0.1 grams of alpha

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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thereof; (i) has, per gramof catalyst, from
0. 0001-0.6 grans or from0.001-0.3 grans of: one or
wounoes/oeced3am 5 netals, one or nore Columm 5 nePai/us2004/042655
conmpounds, or mxtures thereof; (j) conprises one or
nore nefals fron1CDIunn 6 of the riodi ¢ Tabl e, .on
of at least P30 d@)ﬂpﬂﬁme velugigeol the H%?Seofﬁfg? BPS Sf%%ﬁ%t@%‘ﬁttﬂwefét least

0.3 cxrslg/ g t NG &L 0of KUY 3 /ga@ ﬁas 'ilrfg@:é%b'é %attl%f 60n?/ g(&)at Ras 90 m%/g;

gram o rom()OO .6 grans or from
e c&nﬁ)@s’bs Ond ogmaf&men‘als fosre Cotunmmr 2 1 (Q:of tlmeeﬁodmwbb opher more

comEup QU B Pt ML R IRBES AP s tAE T e B it tures
there$f R@gdé) r1s8§ ot &t HERSndte Hef Coluin £ 6MRAE PeASdic Table one or

one or nore conpounds of nolybdenum
moremol(ﬁpmm dﬂtﬁkmfmoré njetadofrpmiGrdemn érﬁéh@ﬁerlqﬁn@T@ﬂem fxtures

e SR e Lt SPSFASE o0 (01 5bRSE 985 05802 o

one Pt (C@Fuh S rn‘?é?ﬁls GG Horé OGP fiets ﬁompﬁiﬁﬁls, oronxhaes
more compounds of nickel, or m xtures_ thereof. sone

thereef;tﬁ)ehon@nsg orfelng nhoTe axetalefomy @Q}u@p&nfd@@Pemqﬁhc Tabr]e one or
moreﬁ&%@% (gqvgé%g%c?rg %hegal% g&g&oq{lmh%ecit{{ﬁé ?%ﬂﬁ“éble or mixtures

I nvention, a Cr
theréé?g(ﬁp&lst bé%rgtrﬁrﬁ%tf cataByst, fiag @OTAN.6fgrahs anfomD,00dt0.igsams of:
S

one Qrgnmﬁqlunrgn 6 rgqtghsecggto?&qggsgtobmg n@?al ﬁ@%@gg&ﬁbgﬂxg&%%
abai |
L A T i g

therddf: @D cofiprigés thelybdtlerinf) bng bmmr@fomlyrdlndﬁ of moh/bdwunm 0g mixtures
boi ng range distribution betwee

thersaf @) Q@UPIVIOA (UNgRIFN NS B4R 6OHBTY 2 n@ﬁqeﬂy"ar‘%l&‘g}lf%oqﬁ%”e"f

beit @i SARrE Mdbd
© ol 0 8 - plae s L Lol ueRsERoof aeg

combﬁ&ls @idkiel, bogenmpey cogmmmdﬁ oﬁmd@d)sqrmlemlreqthyreﬁ s, per:

f
mscgrll%%gg'@?rsnlfelgﬁsgﬁ%e A %Ié tso grr?g}od]és QE‘l%?ﬁ'ﬁ)ﬂ{atlg{l let(ﬁ%%E or

morQ 019@19 AR PRI cOhpbatichs efdbé‘rlﬁﬁﬂg ta gk ivesadnpaTde cqnpasmmxfn that:
conposition. In sone enbodi nents, the |nven€|on a

(a) has oViARE of atimost d i mest 0ok 2tines Osher armaglel:4P) lieper gtam of
ods 03|t|
comppitia 2 e SR b 8 Ry Gt Mlat Puoilife LAk A @iiol
betviefl 93°Claa 260 G(I%t 0f10t P« at ehst G0 grans,reheast (HOFegramg.eor at
distribution with the nedi por e

least @8 erapBof Rydepcarhst Wb bAl 1%&6?%3?@63%%%%&@?%% °Cand 320
°C ag%} 1R epy; ofd Q% 1%?& 0Ao1 %Qnélél%ﬂ dré b REvith am%ihﬁ%raagé e

ameter ’o greater t han 60% of
distfih@idhdetleenB20EC amﬂ G56r°€sat Dri 01 AP ¢e)ehas ialsast 0.0005 grams of

di stribution ha}w ng ore . di aneter w

basig PitOgeMPBT SRR L FOEPN ORBE) RSP et O%S?mﬂ%é“%{‘ afpdo 001
grarﬁegrgc}t?%igé.%gga?ﬁs(%gﬂ%l% o, ah@®85{e) hdDatT R 0.0000Rbrams of total

conprlses a support; and the
1cl&llanbwtnadmrrppdrgeamafmpmmml ica, silica-alum na,

titani um oxi zi r.cani um ox
s edh oS emsaiaienfy HePuoRalsh pro e I Rl St ong or
mordRF theTRERb S Jrrc%ﬁlpggiln@ﬁ@&:cgrd%% tofthd e, @diwle Tabipesition that

one or nore conpounds of one or nore net aI s form
inclGadsumar ﬁaoi@cajalysth,@nﬁem leastione PhBlecatabystsriaithas agore size

dlstrlgl?tloel’lo\f\flthg fe) mERAL pe pore Tanfetet o rat 1l %EA ait?nost 500 A, and/or in a
range from 90-180 A, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90

A, with greater than 60% of the total number of pores in the pore size distribution having a
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fromColum 5 of the Periodic Table, one or nore
corrpounds of one or nore netals from Columm 5 of the
weoeoismdss7 Tabl e, or m xtures thereof; (g) has, POBUS0ANY2655
oflcatalyst at | east 0.0001 grans of: one or nore
Columm 5 netal s, o e or Col umm 5 net al ounds
pore GhAmRISIWIES 46 Ho 3ok or YA PIEMES ReRe CBSiRST &) et S Etace

area pf ATk4P EW& %tf 1eddf §26 ﬁiz/'gogﬂ & lér@ptﬁ C/%e(cﬁ rcofﬁBﬁ@es a support

conpounds or norehetals from
and fResuguiriccongivises alomid, xilioa, esdicakduroing, t@uagnurra@xld@eﬂrcquum oxide,

magg;?ﬂlﬁ%gﬁgﬁztgpﬁieséf g;éngqgrg%&lgl%eg%n@)rﬁgfe 81|(1)er ar orgunﬁe als from

Coh?ﬁnsrﬁ ) !f}f e PEH@JI? qtiple( ble GrARREICERPOAME FlondBf ﬁloi’@lhadaﬁ; form
m 10 of the Periodic Table, one or nore

ColmmrsrﬂalamdﬁthOﬂ’envth Gablepomminsiras theraoffHEoINMpTFes ONeAT mefe metals
A t t her eof
fromp GRS E B B R e A B el i Bl Shpre gl from

Coluzgk 5 8t PEABAR Table, PRI Qlirel Hefeof 0P BAN) g6r @hmTeatityst, at least
more el enents from Col um 15 of t e Perlodlc Tabl e, or

0.0061 gramse: ormeqremre Gohuthn S treipls cans ol iRsp C U & el gompounds,
or I‘n&)étﬁfﬁsﬂg ae% (It cg%ng{qges%%n%)ls m%ie f:e‘ﬂsI % ﬁﬁ'@&hﬁﬂn BRY ¢ eriodic

ures from other e nent's of the
TableN¥®SYritéte ch@po@idloge of @atinealsfframCohane friod dierRenibdic

Tab g et Bt e pE e o UG BPpe o
morg %ﬂ%}l’rp § QEUGE Sn8bf %gﬁ; %‘blﬂﬁm Emb @&M}t)&ﬁmdg hg fiRth&dBereof; (j)

) descri erein. In further enbodi nents,
comeleiston® raﬂinof@mbmﬂﬂ"somtﬁplmn Al o€ thetRsriptie Eabbes iofi¢ er more

enbodi nents d b h
TS e 1 T R A
thergﬁc %H?(t) f@tﬁﬁﬁﬁse& Ond BPSBresHéhéfefrbi CHlemarts ofithdPéritdic Table,

the follow ng detail ed description and upon

one beﬁmreem@duods bieormanr omya algmegtsdrenmiColamy 25 @ﬁﬂ’@l?eﬂP@lGTable
matic of an enbodi ment of a contacting

OrH§§§Ye§ e t‘%EGS 2A and 2B are schematics of enbodi nents

of 15 GRS LMBEdiREEse Matdraforh Bpddificerh badimentsaf thengvention may
zones. FI GS. 3A and 3B are schematics of enbodj nents of

be comburaedtwmgfegtygqsérmn phat cmhedimngBlsof fed ¥R FPRgramPLe,
featgrga gﬁpg{ one Grnbbdited o?ﬁ@ﬁﬁéa{tﬁn% ORI R fQfurés from any

on zone In CO h a contacting
oftﬁa/&h@femﬂfklﬁ‘nerﬁsls a schematic of an enbodi nent of a

FI G e cERoRURERR PRCS ProsHoi MR RERT B 2y OF tEHReiils and
syst%&%%&?iﬁaé@ﬂergﬁm a separation zone, a
In further embodiments, additional features may be added to the specific
embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

include two contacting zones.
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contacting system and a blending zone. FIG 7 is a
tabul ati on of representative properties of crude feed
wandsmesede product for an enbodi nent of contacPCnESkiea 042655
crude feed with three catalysts. FIG 8 is a graphical
representati on of weighted avejage bed tenperature
 dHT6i5s Sheamg P P SehsmaiGs oL ESBRR B CORC LRGeS fgt
. . the cr . i.th one or nore catalysts. FIG 9 is a
mdufl%ﬁjﬁ?ea‘#b?lgaﬁhggQ(r)ﬂ({egp%'r esentative properties of crude feed
arEl (R Bugle seheadhtic of fiwembodierebbali sseperatibn gom iacombinatine with a
‘ crude feed with two catalysts. FIG 10 is another
contacHBg FEI§™Bn of representative properties of crude feed
angl£54de RONE bf bR EmBBdiRIERPEH ATBIBAIAE 6@ Thathibigitibhievith a
cruéfési“iggé vﬁﬂgﬁi t wo crgtallysts. FI G 1% Is a tabul ation
contaeting sysemf eed and crude products for enbodi ments of
contact.ing crude f.eeds.with four dif.fer C
oy lch s 8 pimegs 35 EmpP el 1Y ptpbBIT S EhRgHSh zone o
L Al afel dilendBn@sbtet S versus run time for
con ecrrlggg?gqn%nts of cont%cti ng crude feeds with four
di FiGr7einta taadatiops repyeseatative progerties of gruge fed srd cgide product

represent atjon of. net hydr . rude feeds
foragg Bém? Ot?%acfuggﬁ’ee r%%’i %g‘ﬁtgv slfﬁg%l% E%ﬁ@égﬁ ng crude

f epts. Qistalpriiical elipkdseritation oBweilghietl asyrapebal tefipGatrd versus

a graphi cal representation of resi dé% cqonten

t,
lengénasimas fudniembadinggnt oﬁ@?rg@ﬁmgé]ée’ cryge gd’gthﬁmg(% qare catalysts.
ve run i f s i r d
! SEBE S foeatplyffonc s §FRARATE Phcbefes PERAE K ABGEHIR product
for a8 cgibRAh&R bl tapicmgniatrudnfeel vdtidmyeatalyst?l gravity of

d duct ti f nbodi t f
coRiGot Rgnethe: BPHo YBPFTNA NG RFOR P8 S ARy rade
prbdgl%t;%)? I% embbdimenPot SnfrcHhPBRIce@le fE&PWRR NG BhthyBLsof

en content, expressed in vvel(gn per cent age,  of
. cr B8, pr sdusthdatioarefiesadefred andecrads preftsstifonsmbediggents of

contactin rude . .fe with four different catalyst
Contéﬁig’tgéi%‘.ke é?‘gﬁ W]cijhi fqug %%?etr%rg g F‘%Iﬁsﬁ??fsgefﬁsr epresent ati ve

p :Tgﬁ’@,r 13 8% Ripifcd doréepdtianof Brule of caded pialubBrversus run time

enbodi nents” of contacting the crude_ fee th catal yst

d
for esyttdgments hbconitassing gmide Apdds yathaliepuditerest catalysh syBg@fum

ca ysi. and a.vanadi t |

oy SR TR Sy AR BT by bl b LRE focds versus
run ARk YOG AT Mams of contating lorle, featsdvith foor diffesmt bagalgst systems.

FIG 18 is a tabulation of properties of crude, feed 4

and’lGr Iiis aerephieal serresenahinn AT FRSINLE CoRteRlRRIETFh i Wy gle

fee ' i i § BfiSonkdcitl drude feeds
per B S Rs B R RS JrRuiHa BhtorkdBuk
witlpfoapeiffaras cathlyst yydenfseeds and crude products for

ggﬁﬁ%&fﬁe %Sgrg{q%gqﬁg%ﬁggg’& hoti 0 gl?an%g %9 E&P?fgra\\/lﬁ)r/bg &tde products

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

systems.

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

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

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
wentcsmsnt s t her eof are shown by way of exanpbeTius2aohe42655
drawi ngs. The drawi ngs may not be to scale. It should
be understood that the dra\/\ziin s ,and .det aj Ilec{‘ th olass
that inelade # pATadinm prtpkysieng aanoly AT FRAGIUPLCAENSt, agd it glas

beadi nvention to the particular formdisclosed, but on the
ontrary, the intention is to cover all nodifications,
e oEliGy B &4 abandoabf propaticy ebcridd feed gnderude praduetsdpi ri t

and scope of th ( ti i )
embagliperis cqu%fitiﬁg_% " egqec@éﬁ%g\é%&rlg%}aaﬁgt&gﬁs%@ ﬁ/gru?l}/s lfqla?d hourly

'-gg;n_ts of the inventi ons are descri bed herein in
Space?ro%r:tgaget ail. Terns used herein are defined as foll ows.

" ASTM19ried esbslation Afipropesiss f etvdefegdyaad e mrpducts for

aterials. "APlI gravity" refers ' at 15.5
el e e b LT Be
Methed 1689 entiohtie Fiseeptitlé RURRopemodiftcatiensamd adttontive forms,
carbon percentage of the crude feed and the crude
specificauimiinmgnss theradé ersrshpyva by pyey S FRRNRIeHD 6*1%%2‘%1%.5- The

Boi I i ng range di st ' : t2€i
R
descHBEGT tHeRESaB Y oASTMIE tdibdit BESHiventivhgs sheopargeubirsierm disclosed,

nentioned. "C5 asphal tenes"” refers to asphaltenes, that .
but carthe porrsryBheintentigans M@.Vﬂc%{ Iagglﬁéﬁté‘éﬁe%‘f)“&%?’gw“% aégggatwes
determ.ned . ' 9200 ventibR b4 BTN d BE LA fspended
falh]?%@iélg t{q%%&ﬁga@ﬁg%%gtﬂg? gl S ofve?lo1 [ um X1 of 'E?he e
claiffgeri odi ¢ Tabl e and/ or one or nore conpounds of one or
. nmore nmetals of Colum X of the Periodic Table, in

DE #as to a colum nunber (for exanple, -
1- %J%?t AlenttRRjh&its 9E ith@Rliéhs rOBesiBEPhein el duerdethil. Terms -
met a ?s ref

ers to one or nore netals from Colum 6
useder¢ih areRtafinedps follwse and/ or one or nore conpounds of

‘ tals i | ¢ i odi
TanrSTM B ArErfrenpra Toufedod MESEEL PO0
el egpnbeval” LI INARI efavithet PR PO6E “MabAR, gravit/isps one

or nore conpounds of one or nore elements of Colum X
detephinkd bpeyS1diMetiradPé823.n whi ch X corresponds to a

col um. nunber (f : RAEthO&H8e feed and
Taﬁigmlcg&rgg%%(egrﬁ??%?%é%ogﬁ%%no C%?%nrrgér]{% (Aé]e)?g'e refers tc? s
the &08e Prodi@Iaee & daEntised iyoAS Tl Method$@P1t he Peri odi ¢

Tolr o one or BT, compouns, oL e 0 TRURC e
prodifeP R 6”19 fdet%:ﬁ‘léﬁleé B&'éslsc N Gho BT ubssdiERivde ridndiohéde
i ¢ Tabl e, f

erro I'ght of a conpound of a netal from
t he‘CRasplattemesT akfbw to aeihghtnes thag aredhzaketie irf pesiianeh £ asphaltenes

contenbinee Reeparr by STl Baf e et ed & the

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

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

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

if 0.1 grans of MOO3 is used per gram of catalyst, the
woabisweassed wei ght of the nol ybdenum netal in PO®US2004/042655

cat alyst is 0.067 granms per gram of catalyst.

"Content" refers to the weight of a con‘p ent
the Pstibdic Table, @\@h1cbme§pon§58}%|8%lu¥f@éﬂlmk§f a‘ﬁ?r]‘&glt}cl(g) of

the P\fBP%ﬁ qhLyre Ffé{n g)ga%g‘gl%fas X $5dledRn ’g@”qgferg tb%% '09 Eho@é elements

perc on the to wel ght of
fromSCd1ehb ab &f the\/lidiiia)ﬂic Ta&;ﬂeami/ctrmnpaxr eorp eompourids of omg/or more

ht Crude feed/t ot roduct m xture" refers to
elemﬁh’fé%?ﬁkgﬂlﬂ-‘@ﬂt }ﬁa‘?ftb%ﬁ?%%‘fl%TEWE catal yst during
C i@t OF § neal I BeFRiRaR Tibld) wikight
31@‘8% Ofﬂ%ééélcgﬁg}?%n@{)etv\een 204 0C (400 OF) . °

ofa 6651151303141a Oﬁﬁlﬁﬁeﬂ(fr@ﬂhedier@dmdﬂabl@avelght of pp blaﬂ’@nt:%mlém Periodic
is as rmnedb STM Met
Tablp g arit gt 5 e pmBAI G iy B Wefioni Tob Y 9 28R as the

£&uh8vesthk HE ElmRnO TFoR ekatpleci@oll amklechmtmmd per
Welg?:lgﬁglggdta IS as e?et erm nerél ASQ‘FKIC?,/%3 Met hoggs‘r E385 fo

granpafyeptaiyst, 05 6dcilated tesiglit oﬁtherr@@&hdewmhmth? %talyst is 0.067

sul fur. fil'a#g tbaslc nitrogen” refers to nitrogen
gralrgdm‘,g{?ﬁag &Y% have a pKa of less than 40. Basic

Ni ECORBAY kefBR 't the‘-"waghﬂﬁtaafoi’ﬂp@ﬁéhtby a AGHdabd(ftrockaDPBY 6 crude
Hydr ogen source ers to hydrogen,

nd/or a .
feedc@tqﬁzd mﬁt&h @r acruss ma§xpﬁéqed\ﬁﬁ @Y?lghr’i %{aﬁ‘%orbci)re\ggg]atepegfentage
baseﬁ @d\%tal %&eﬁj 1R 13F t}}e@gle.&?att@ h?%fer§ ep%?t@Y)bldl%ﬂhon by weight.

onpoun crude f A hydr ogen
o) uCﬁﬁleITef}d/ﬂomt btodiect hiture’s raﬁm’s td theinigtire that contacts the catalyst

hydrocarbons (for exanple, C to C4 hydrocarbons such
duripg prpsessi¥e, et hane, propane, butane), water, or

- MG ’?&Eﬁ% %&o%@nsb@itﬁﬁ GBIl Yake GaABuE btk een 204

assess the net hydrogen provided to the
°C (¢00fiynd G4} °Cr{63MeF )t 0dO1 R, Distillate cpntartas gy defprmined by

ers to conpressive force needed to crush
AS@“&@%"E@%E% at pl at engr ush strength is as determ ned
by <ASTEM Mot 1o e b Sky e MO genedrel & shtfuﬂcdtmdmﬁflbﬁlrth@:molecular
liquid feed rate per 'total volune of cata g {34
struetnper @sdrdracartiosu rfgte(rhatm}ls carfeRi]1s pohfeipEupgd (\’/)é §T3)§ fﬁﬂ%"ds
| cul ate 0k
3833 oEre T a0t L hifbelh. B DR TSl O IR R rien”
refefﬁ%@ﬁt%ogeﬁ c@m@@ﬁiﬂi@&hettlmve 4 pHEh off test ttde 400 Basiomitnages (“bn”) is as
nmpounds_t hat are_| |§w d at standard tenperature and

detq@mer@é@a/eﬁi“@é Metho¢ D2§96-\Pa, hereinafter referred to as
‘%H)dro (#B sgur&? r%?ecfé td A r(% %«]ﬁi al A& AR Ang @be‘&hhﬁlﬁhnds that

npoun are Ilqwd at STP with
Wheﬁhfiﬁ 1l pregshee cbmmdm fted tahd theamatalysb kdadstogro @dehydrogen to
"Periodic Table"” refers, to the Peri adi

comaBed(F) Bl oSBT BRI P Ay Limited to.
oSS P A e f s ke
butalek abdtereomidtivesriiesdos, A mass balance may be conducted to assess the net
amount of hydrogen provided to the compound(s) in the crude feed.

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

“L HSV” refers to a volumetric liquid feed rate per total volume of catalyst, and is

expressed in hours (b™"). 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, chrom um or conbinations thereof. A

content of netals in netal salts of organic acids is
wead@sea3n ned by ASTM Met hod DI 318. "M cr o- CRCD@IS2004/042655

Resi due" ("MCR') content refers to a quantity of

carbon _resi dug remaini nglpafter evaporati on and

pyr &i9p4d Bigires efgrsdp A LPRPORERR HBhitcHdes SN TRieSPMmPRBRS that
are ll?%.u %Tmmgﬁéégge anci\ﬁfélé‘ﬁ?@ 25r€f 8191 NP4 WeFePtlePRAferred to

onents a boil range distribution between
as “SBP [vev amﬁnmﬁ)tmrtUatmﬂu@@ a(@abigronaf oge ¢Omonrepmpounds that

are B o B0 VbR ot Dot parReondy AL R Hon or

corpLRadit 98Blet REESAS the HikiodcFRbRORIBBdified Bff ﬂfe&ntefhahbﬁal
content of nickel, vanadium iron, or conbinations

Uniothef Bt and RepNid Cheraisty (LEAC), Noysmbet 2008i ned by ASTM

s VDS B! HPSF obRnErish paRt T R R it metas,

zinc$ BRE@E, NhAEm RIS P cEmBXNGST (BQBPR UN dentertelf etiesalt meughmhs of
oxygen conpounds that do not have a carboxylic (-CC2-)

orgapoypds IZ«I@B] detesmpined by ASIdAMathadiglHh8gani ¢ oxygen
Cygﬁ{?gﬂ) ?ﬁ:’brnﬁ &{lég te b@#/l(ﬁ{ grcggrr% ]li ﬂgfgerl% g%%l%ntlﬁiéﬁaﬁogg residue

rema@méealtte ﬁvapQEatmmhd patol pitsoftahaibendte. MCR bor[tentnmas dedarenined by
a car bOX&‘I c _group. "Non-condensabl e gas" refers to
ASTEMMethed 4530 d/ or mxtures of conponents that are

9 asﬁgﬁ{ha@ﬁers & h {6 1) eﬂt@ L@ 2 Bdiling’r %E WRtribution

refer to a nunera represents t
betvidendBLACE1I00AF ) amlcmm)c“y: (692 éEpatéJl t0dr¥Pai Naphiba conjerd is as

feed. De i nat i the P-value is described by J.
detejmlﬁ@@lthéwlﬂeh‘ﬂ’/@i)égbgnent and Significance

- of AephgirteRgerPaPhicEA! v aRdium] 98h & coafbimsiohs thefeo®f
Petrol eum Vol . 48, Nunber 458, Febr uary 1962,

. 45-“98/V/Fpepricut;’ efetsde the content Qﬂmp]éﬁle‘/@@ﬁ@iﬁﬁb apn poeeeﬁalbmaﬁons
ther8$§ ;@}e\élﬁffy Eﬁ é:oé‘%fp e1s \?]1% ?et@gnlgggbgg{%g?\?n% ﬁ§7

Vethae’ /2@ deré tRdHHaY cubis BRiciedfl gas dbr albﬁ:@imb'&c bf angé feed.
equal to 140). A microneritics(r) A9220| nstrunment
( M ‘Dsnearpaxylis cwemm%g@%gé,yge@éawp‘én sUreferx t9 opglicxygen
{
oS B4 TR LISSSUNTD pofe ot Syhn
orgﬂﬁ@mﬁy@ﬁ&oﬂ@oﬁﬂd@@ﬂclﬁk} butase det lemitediod ethyrs ASTNE kietsoalcohols,

t d t. of
aromgi BFolists EFGHES. P donst PG P B hep g it o JapEe

. Caﬂﬁlﬁ( HF% i ned by ASTM Met hod D3663. "TAN' refers to a

act d nunber expressed as nmilligrams (" ngﬁ
K()—‘I‘I‘ﬁrer capdamsablegay” wfers tngsingpongriland/onmixives o mppr@yts that

are gases at'\@{"lb()d D664.

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

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

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

di stribution between 343 0C (650 OF) and 538 0C (1000
wOE)msaEsszOll\/Pa. VGO content is as determ nedroy/UASDM042655

Met hod D5307. "Viscosity" refers to kinematic
. Visc at .37.8 0C (100 QF VSCOSItyIS
mst&éf{l?é]imﬂ}éamsgﬂ HASW%%Shgagf@my § A mitkbe rmdeq detgpmine
theddVaPue@Ppl ication, it is to be understood that if the

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

i s ‘Reswluef ere:ﬂfrs ko edrhgorshistthet htresa borking oahge tdistribweiin above 538 °C

10gF o PG R Ao LS M Re P0G aced and or retorted
fr odeBﬂ’r@feasr %%rﬂﬁf& GHbiY s Jf%‘a!ﬂ?éﬂ HRs] %&@E@d

stabilized. Crudes may include crude oil. Crudes are

genevsgiergarea] ¢igr cadmst-ises de@erm@ml/hyrASTMJWthod D3663.

Sta Z Al inc ud but is.not.

emo/al BB TR B R Bt b e o kOH per
graf V@) ndtirgpls. TheY Bak defeailinkh By ITHE ME@h@DBLA

stabilized crude. Such stabil | zation may often occur

at, VPO pFedss rabedroearbensevigh » Beibing sz ﬁiwt@butm@thetwmn@% °C

b Bl r t
(5 PSSR BB R SO gy
Methad DI5B30Y. to produce mnul ti ple conponents VVI t h speC| fic
b0|1\} % % di st.ributiqns (for exanple, r\)]
di st$IostEst %klﬁ%?téfrwﬁ ity etd; 319(:6190531:) 150051’[3’ is as

deteanﬂeuldsﬁtglmum\%ﬂag&i)44§ut Is not limted to,

at nospheric distillation- -nethods and/ or vacuum
di dnithd eomitexh Ofr'éllﬂrmllbélcatlslmdltsi fol Heanhdewsthodrthat if the value obtained for

o oYU IR S0 AR D ASAS ot

- maybtembdife@ andbr Rtaligael 1Ored iﬁfé‘\f&ﬁp@é eggponents per

gram of crude. Exanpl es of stabili zed crudes i ncl ude

whdfradesrpgele prodpesdding fon ersetteddera iy drcarbod esntathingfotmations

ond VRPRFR I, o S SRERUACEM IR PRAER bty st BRRT gl gpmi-soli

andloe Hgiids Seabildfatibh enag anQIede Bhtsis hbﬁlﬁmﬂéﬂ/@) fenitSial bMgbrP@Indénsable
bel ow 35 0C at 0.101 MPa (95 OF at atn) have been
gasSeYrRiFe d2 tST?bF‘HﬁPIWtIOItSébﬁS%Qf feany ghescruda to Taag @ sigbdizad erde.

Sucﬂgtaﬁithzﬁ@cﬁlt m%% i uc ataB nﬁﬁg%{ma(?e ou ﬁ@ch@% gﬁl{i/gg%zod'tmg site.

2 grans t's per’gr
c r l&ﬂ@l&ﬂd&:mfe& bypwailed)aae notdeeh disgllpd apkort frasiohdldt distilled in a

al | e stahilize rudes to be trangported t
tfea‘@b*‘i?\%‘ﬂlqés FPTo 5 H@Wf © gomoneRts wdthispeqt laﬁglﬁagtr%n&e&#ﬁtnbuhons
(for %ﬁ‘ilﬁ}bl@ rzﬁpﬁfh‘ar QiSRS GO RBBIok NBRicatid té“gﬁ DRtiIERbP Rk udes, but

O her crudes have one or nore unsui properties
is nqttimitaddacsmosphenic distiflatiemmeteds arid advant diatatorudethods.
carrier d/ or

t t at
UndieREpdiREFRRYBRIE Sy Rerd TR Mg Ehberhisiipal bave o
carb\éﬁ i@ béioaboke 4Gh gashaies 808deR1 09 %raﬂah@f c%%%a@ih@ pYALHE of
be such that a reservoir that i1 ncludes t

Cmd@i saipples afabidizedierudesdnclnde wbeln@mdeaaomtdn}daspdesalted

and or..tr rti.es,.of
o 0 RSB SRRL o SRR B R SR0] o
has b&h t&hteﬂ[éhb}oﬂhaﬁét 1kRasdmdofkhe 8dmp&Rsls tQat:ﬁav@ﬁ bMih%g @8ink Below
| east 10 cSt; c; APl gravity at nost ;
35 @@@ Q|101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will
have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

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

0. 0001 grans of Ni/V/Fe per gram of crude; e) a total
woeb@vwssons content of at |east 0.005 grams oPCT/US2004/042655

heteroatoms per gram of crude; f) a residue content of

east of resi.du r.am cr.ude a
& S R e Path popeiEs TebSlovd G et lised codeedp be
tranwlt& BORRnfiGHal %@dﬁeﬁ{ fa@ﬂiﬁ@?by th@o%%%rp@aﬁlﬁ&)@ ftoRbxathple,
'east 0.002 grans Eer gram of crud

plpedmns,éwc:ks;br stapsl chen* crestea haveadriesorghore mgamableauoldmm‘ that

ea 0000 rans, of ., net.al s r .
renddy teFEhadiafiaae RERFRIgs SRHE SafEE uiisodRn FEt Bhsportation
carrfbr SAd¥ RN ragdnCatitiey, Y inpattsde. loRekofimivafue to the

di sadvant aged crude, at |east 0.2 grans of residue, at

disateapiaged cidgr diwg cepnonuis valye maxtbe gl thapa sgrvairghagfincludes the

[
disa RN ol i Eaited To0 <HRTR RIS el RGP | |
a rPaogetiés afiidaddantiged ctided 2§, indude, but & Dot omikéd tod &) TAN of
In.certain enbodi nents, disadvantaged

0.4 .5
at Legit bt 0. b3 His6PSI ke bk Gk 0 PR ety sl | 5 1 a total
Ni/ Ak CHhteF UL %st((f 00?‘)82 ggﬁﬁg ot $Rt @b@dﬁsgr of RARHED pgjgram of

grams, or at |[east ramns. sone” enbodi ment s
cruddi s)eaitotah hefgedtommsushasenh af/aa‘. lpaso ﬁ@ﬂﬁ igerend afdletedoatgms bett gram of
TAN of at | e st

ted t 0.
Cmc{%bﬁtaer'ﬁ?d%?e Sogfent egéttle%ft 808 FABHR @Fld‘cb‘?dﬁ:fe%’iglﬁé’? ﬁ’:‘%ng)&f Cs
asp}ﬁ[tgﬁ’e% osRd ofCak 1&5@0@@&%' (;f@}%§p1%‘?t@ﬁé%%r glfan?‘@)f ér@@é gl) a MCR

rans of C5 asphal tenes per gram of “crude
contgit Qaf aﬁ ﬂeglsté} OQngmmsl ef MR peii grewgifteyudef Dra Oen‘@nbbﬁememlslﬂ metal

h_API| f at.|
sale 3t orblfe i A7 B Wi aP @it BroSpperiie osdl s
comefnaabnsl @asbf. OnQORR bnibodifber®d, disalivintaglg tridle @ﬁayCchl(ﬁﬂél §Ri gram
conbi nati ons t hereof. D sadvant aged crudes may

of dxsﬁ‘é\raat?@ed praide.qit dasdh-2 ar@ssowfamlélgeeat lepsi86, grams péegsidue, at least
5 QoAb SRl b LhES o R AT 1y Sy, B

disadvaitaged utude madydtawe a T2 0L raugd fi2600.0Gr 813 10.2000.3P8;5 at10, or

04 ‘H(b%t g g‘n‘f 81 o %e%ﬁggﬁs& Wof’c???ge rcgkﬂﬁﬁqn%g%hlggdlsadvantaged
crudd] 1%559 Wi d sqlmfup e&ma%f%%a{%eas cgo féa&to.& %191]na{\@laat least

at Teast 0.001 grans gr ams,
0.02| grarms. 0. 01 granms of hydrocarbons W|th a boiling range

di tribut| bet we 00 O 0 0Cat 0.1 a;
andh Sy SRR GeyE e ks bV Peweriss il byt o
hmlieﬁaéta) QAN 0513858t 0F; By ER 08 getMolr Bt Rad?@idos ?arﬁ@ﬂﬁ&ygen
di stribution between 400 and 650 0C at 0.10

per @pweadeaitedord cba Qdesph&ﬁﬁ]nqs wohtenieof ap leastdl. %grams of Cs asphaltenes

pr REAREIEEN g Ve e 6951 00 i o R fre

crudwlfédal m}bAPl brgity angdesbt $0;d)RWohent & methlsi® fetal 8t Abanic
at least 0.001 granms, at |east 0.005 grans,

VPa:
acldwf %ttleaSéQtQPOQi gamg phrpgtadt Pt erD @éwdmspr\t) ecmbinggigvsitiryeot.

r aﬂf&d@&’ﬁ%@dk&w 8%9%{1%@2@ p% O}grﬁeas i gagjg cﬁideo%t]le% 0.001

granllse aisleadd 0005 gr s opht Iba/sd 00¢ i HRNST }defr(tba&)dﬁﬁ ilifhgbdiBngRnge
stribution between 200 0C and 300 0C at 0.101 MPa;

dlstréhuhpa%ftween 85 1CandRE0 *Gtat P4A5 MRy; eblsasy Ohegrams, ahdeast 0.005
gramsS854t 19s08.001 B Y WPH A ABBRPING 2 WohiheRange distribution between

200 °C and 300 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least
0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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'ran%(aéégétripgagnrcr)fvﬁ D&Y ?6(2‘:’&3 gt:‘kg I1 G Nﬁ%l . agfdﬁiongg gi%{m&ﬁﬁga

boi ling range distribution between 300 OC and 400 0OC

at 0.101 MPa; and at |east 0.001 granms, at |east 0.005
wgnreme3onr at | east 0.01 grams of hydr ocar bonsParis2@4/042655

boi ling range distribution between 400 OC and 650 0OC

ot o) N el e TR A BRSO S R 0 s of

hydedcattRas twif. DEligY @ABe digtribatioh bétstee 400.°QaadES®FC at 0.101 MPa.
hydrocarbons with a boiling range distribution of

t
nodPisabpntaged erudesipay Wolide; per g of divad wntaggth eude: at least 0.001
il tS... TVRi t '
gt 10, GOODARER! G TR 071 o T SRR A Dol e
distabatiorhyftit aest ban3C aif0. Bl MiPaf atQeddt Q.08 Mgranis, att lessn §1000 .gtams, or

grans, Sone di sadvant age rydes may i ncl yde, per a
at legst Q']B éga%ﬁﬂfggé@c e%ﬁewltg@%oﬁg&ra@g%&tr PoRs betiyeen Edg{g and
0} (gr Y eas] h
200, CHRD AP, ot Kost 00 3 atne Yt B0, 007 el YRR GO grams of
hydadcathoh® WitiReboilSgmengk digdlibatioabetsveen 00@ SC ang 30T ate 101 MPa;

er m of di sad aged crude, | east (O.001 grans,.
oo 1t O 0 EeGrootia UL BB 5 stdist 091 ot iy dpeatbol Wit a
boilaAE 28R bliwReP 900 *Mand 30WeC h ¢101 Bital &4 Afledt 0.001
| east 650 OC. Exanpl es of disadvantaged crudes that :
grams, gt leabte). 00 egead, arsit legst(hel graosed dedrogabons wih afbeilimigrange

. i.nclu but not, d.iJnt crudes from of the
dlstflgﬁlﬁlﬁ‘?i‘ae @(?O[)ﬁ:sarglf6§t0h{§ UM & Oonet ang
SOWdifd fishehlahfagédiéradesGanpmalulia) pes aRds of Bis@Biahiagéd crude, at least
Sant os and CagBos basi ns,1 qlg‘%égtl an Qul f of Suez, Chad,
e

0.0Q)ngrem, ileryboAY Nevems, Sed, I graops efthyrdeocatbeps wéth a boiling

eat nen advantaged cru y enhance

- conipo@eiis. oPepichldys tlef ditddeathgricradd legepergramde$ disadvantaged crude, a -

the ¢rudes are acceptable for transportation and/or
confesa %ﬁﬁﬂydw%rm%o %&%Fo-ai%%{’aﬁ/%ﬁﬁtéﬁ%agér&ﬁ%s-t hat is

L0 &ifnd g%?#@g’ggﬁfa &lufes Hay ﬁlfcglrdé,e&r ParR8f disiddBtab&Eude, at least

The cru y be topped, as described herein. The
0.0Qr grdmspatdehst§.002 gualtsi optficasnd.Oi geenmerithydfocatbons witti@ boiling

feed,. d i b in, i | | i tabl
range R RGHOPE S o S KA B Pr opert 1 es of t he
Cr USiind i REMGhtaPEPEHERAN AP indRRIE! pe? %@arﬁ] 6f isitvah@géd G88¢, at least

to the corresponding properties of Wst Texas ) .
0.00 Ingremseatileast0.00 1 grmsherati¢nst &P L geantsceidydmcamops withtadoiling
the corr.es i.n erties of Brent crude, than the
ran%er?e}at§$flé%%,89%ﬁeeai‘sg%§“etghanci ng the econom c val ue of
t heEamisles dfaishdvaligied eruade that adylatberfted @isingfthayprdcavsésh
| ess or no pre-treatnent, thereby enhanci n% refining
(8)

desetilreddiceaie ir@@.}de;iwgtafeetgtt iaptedriacrigrs|fnge of the Tollowing regions of the
f @i i ] ' I [
o30SR BB R0 BB BARIAR s
Camipasdesine b yiptiam Gatfrod 8neg Ghiat hiUnitadeRingdoa NtetcSdapadgola
herei n may include_contacting the crude f egd W tgw t he
gZug]@ d Indonesia Su

Offghore, Ghingsg Bahat Baye §snerueland Bigniklalaysiaoin matra.

Treatment of disadvantaged crudes may enhance the properties 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 described herein, is generally suitable for
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conbi nations of two or nore contacting zones. In a
contacting zone, at |east one property of a crude feed
woayose3sshanged by contact of the crude feed wWeCH/USR®4/042655
or nore catalysts relative to the sane property of the

crude feed. In sone enbodi pents, confacting is .
tranip@ﬂmﬂ@@r et p Properics Oofe gy aF hpiogisskas deseribed
herefPAIE R85 B Rospd i S HBPQHE o SWUECR xS [RGBl QL& th
erehy rgcar bons thatpuﬁrﬁ%r c%rtai n cont a():(ti ng coencﬁti ons n
the aredecfeed, or ploser tdehe edrestsparsling prapdrticsoidBrentcrofle, hiyar thg erude

fecd B RRPRIGm e b Fenepmig Ao F T ik Sokd s roduct may be
refirfe@ HiAAEdsE ndRE kARt iy f @B @R RIMIEOsTHBRhEBEY Zene
102 via conduit 104. A contacting zone may be

a
treatmggtmay includgslesilfnizetion dewgiallivationand/ptemoppheric dittillation to
r.eact. or conbi nations thereof. Exanples of a
remog‘lgﬁ?gg{lﬁégg zone include a stacked bed reactor, a fixed
bedrda@aeit of a caleebed inddctdrgartve dvitteiacémions despibbd RetemShyy

. _stirred tank reactor ("CSTRPI@lD; a fluidized bed
inclyde septagtingsthe grudy feakhwitlythe catedysys) inguiontactipg pepe and/or

oot I it . :
comBAAR oo bPuRE LT 0 B Poneler Ak AR fodione property
of a Gode &zt mdy bhdchaapediey Eenatt of thh ctilde feal with ohé 6) more catalysts

contacti ng system 100 b conti nuoys process .or.a
relatfyg;ie ﬂl%?@%&éeﬁw@g%ﬂ@% fqeﬁg T, e ?Pﬁ?/o‘ﬁﬁ]& toRONEsEng js
perfégﬁn%ﬁ i er¥hée 6f PhyRISHMRbErce! WOsdAd h¥sdidkents! fhe 898 gen

.Odl ments, contact of the crud_e feed_vmth a first
soureats @ng st mofe hyrrotarponsdhaupdersertain condodes JoMlitafos réaet to

provEe e VST e LB BRACE roarypet gl Al Bad KR

he FRg. Oads Qe h&RtedticoafetindGsRas B0 tHil in6lddd Mtac{iﬂ% zone 102A - 4

ot her enbodi nents, TAN, viscosity, Ni/V/Fe conten
crudp &ed epterotantacting gare 10%0%p GQ@W&%eFﬁ conigmtingzens Mgy be g

: ' ' r [ f.th . t
reacfif b S reAboh AR pERER bER s hich St BBRORL
Exaraplet bfa contaleingeede icligle actiokarbedataditie agixedded sactoniahh

one or nore catalysts, In certain enpodinents,  a
ebullagng hed tpcton@gopapuqushy sigred Smkdeadtord ¢ORE b & fuidiged bed
- rl. Oy« 0 . . 0440
o S A A e A B L L
contzaing sydtem s oo oecdplidie ah ffskors fadility. €fontzat of the trudadeed with
crude feed mayi ncl ude om 0. 001-10 grans, 0.005-
the Galilly) BronlRtbES a0 bRR b APguiists Pt gr abaichprocess.
Cr 9HS cdRRIink Tohd Hra§ MRl dnRGr HRRE cattPNE 2t eRnple, two
conditions i'n the Contacting zone may include,” but are
catalyess). | lispme @¢mbeodinpentss eprieciof thepredesiged withyadirsigeatal yse of the two

flow crude d.f,l ow, i nations. thereof.
cata i M s TS Pt et e BT e L oL P reduced TaN
crudé st vath 186 sédnArcad B EdRr kAR IPEAGME bobithind PRGEdEEAP]
pro erties. Ten‘per ature in the contacti ng zone nay

gravitggn eothermmdimens, TANsGswaity, 06/ V/Fe cagignip iisterpato@s-wpatpnt,

resi o AR By QAR ARRE PR 18 g (AP grpauct
changhby at leae 10ee@lativt ko genrema ?fdpeftﬁ@ o€ tHer@ideedd Sferltodtact of the
0.5-25 h 1, 1-20 h 1, 1.5-15 h 1, or 2-10 h 1. In sone

crude fgse dyihetneor npgyggatalysts.

In certain embodiments, a volume of catalyst in the contacting zone is in a range

from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a shurry of catalyst and crude feed may
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is at least 5 h 1, at least 11 h 1, at least 15 h 1,

or at least 20 h 1. In enbodinents in which the
woydspgeas7source is supplied as a gas (for exarprais2004/042655

hydrogen gas), a ratio of the gaseous hydrogen source

to the crude feed typically ranges fromp0.1-100, O

inclnionB0-001 30 zoua6- 0, S, A0 RSS90 PR Opggams of
¢10- 800NnV contacted with the

crud%‘g‘:iegqggl %{ag%giydr ogen source, in some enbodi nents

i's C@ﬁﬁbﬁlﬁgeﬁbnvﬂtiohs onthe icentaciamg(209% nmydnqclgdet ﬂa@gargtn@ghmlte& to,

t hrough the contactin ne. [ yi:!
tempERGWiS} REESSYFS, PYGRORen SIS iﬁa ‘%blgg‘%"r“.g Hereof.
Con&?ﬁ?wgft ok kil b EerhboMnehts bitecontroted fo%ﬁddt&j&dal c@ﬁdef Ibroduct

rogen source in the contacting zoneﬁ( 8
withcpedifie progpameaa"yrexapsr@tuemath@ SOIHAGINGFORG May daRES I YR t5pr§8 e

0-GE s RN SURCC KRR o 8 RG2S B 120

MP£ 3L I@ﬂ’a g@?O R’ﬂfﬁ bGP, aLHSVt dirtheighdé Redorlitgaotralig range
Zone F gen source ent er Cont actin

fromt 033601 corsfm yL-3 BT 1-9rd 5 élr Vo883 ThsB ePediRgHtsoF HSV
hel on tling zone 102,
is ati??%flg 1 %I atgjhgl gPea%tl Vi %Eﬂg&gg?gﬁ yst produces a
t otfakmBbdidiests ib bﬁtﬁch the hydiegemsoureede smpprbxdd @b a gahfor ¢gxample,
some enbodi ments, gas._In sone errbod

hycigasn E6)Suth FEtheERsT s R ORI Facig thands Teef orbieally hnges
frong Mqrﬂﬁ)edb yGe d 5 1%?%;%{13/&@61 8 ED@MV@ 2P 06N> Y 5-3,000

exi't” cont | ng’ ‘ent’er separ ation zone 108
Nm¥Yind, oﬁ@‘(l0di(l)()f[\lrﬂ}.hﬁh,3 cdmacsﬁbwrthlthmtaimx(@) 10l8: hxdegeprsgyece, in some

product ,and gas be. se fro t
e Gt RSN BT KGR “SCiAP At 5 o ifihg saacting
zond OE 2 APR Bay B2 Sor! dxaitptt, %ﬁ edtlelfim, AMPoCdrpeie Phockniér gas.
nmay exil separatl on zone Via conduit 112, and then

. maybiacilitae perof gt ¢rode fead gmfm Bew e thedyydrages SOIHP%%}} thg gqutacting

zon%s{(scs a@g ﬁ%&f’?ggzl?sorﬂax féc:) g1 1)8}1%?{%% )981?@5@&5%&%2 €fy some
emlfo@ﬁ?@rﬂs AUy REeREQGES ﬁbﬂ@(aﬂﬁpﬂd‘ h@&ﬂ)lgpxh enethyebrargérane) may be used

de, ¢arbon di oxi de, and/or carbon nonoxi de) ,
as agatres gagasistiscuiied ByerehdBe FREactngFOBF carrier gas.

Th el"heé’t}rglmgeg ggur?@}ﬁa @nfe ?E%ﬁ%ﬁﬂlgagn& o0y ASLiRehtSYRieMRe crude

100 por er processing zones,
fee®inondeit V@S 6deparately ciarbndit 1060 dn cheteeiofg aome d Bpecontact of the

crudatesd YR eSH! Progucise-aid Begreifedatete Suldidpduss i
smﬁe‘@nﬁd&xﬁ%ﬁ? (%9? nﬁlas%hhergn&ﬂﬂﬁénts -Ehﬁrﬁé?tg% 1st0ﬁﬂ>‘ﬁi3d Wty thb%mde

Separate ormthe crude product and gas(es). FIGS.
fee@ardl/ar the Rpdropat somscedh cendiiili Ofe e tothl producienayrRyitypaiastng

100 _that includes two o thre acting zones. In
zonpﬂ@%amggltgrrﬁypggtw%@f}e |Vﬁ@°c§§i§lﬁg|]nbioo i ncl udes

co O0Re aAde bidh detGepdated Gloutthe total
COE%%%%?ﬁgnggﬁggogOZe 112% lfg In Fng 22§§nd 3A,

prodmttuamggngerzl@nlgswmo@pamman techeiquese fareppmpleegasliquid separation.
rate contacting zones i

i g SO SRR B 3R SR T PO e

to t?'a‘iﬁgﬁor?a@f@ﬁ dhPRAL Bipehit®, §dfakt @EsseidSrefifertgdthargstovdsting tbuees, or a
ogen source in

comblnatlon thereof. The gas may include gas formed during processing (for example,

hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen

source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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conduit 106 and is introduced into the contacting

zones as a mxture. In certain enbodi nents, as shown
wonoda®371, 3A5 and 3B, the hydrogen source ardfms200h042655

carrier gas may enter the one or nore contacting zones

e e e cenerateby o o doe SreleiL .
total;/?lr(gduc{ RpeERATRY & m@% %Hr%I c&géctmg%ﬁ& I o t8fal pRRAuct may be

source and/or the carrier gas counter to t he
sepafdtéd/\tocfbrrhltl&: audeieofie dndrggs(enhance mi xi ng and/ or

tact_of th de .f eed .t { .
O RS S ShASe LB, 1SR 8l RT3
two oLthrdeUciBachng E&fésSh{ﬁms 23%&2@%%&@@3 ste@IVB0( nOkides

contacting zone 102 to contacting zone 114. In FIGS,
contBcingrmings] 02 4nd lflée FIGS r aand PBurclndesantastingeenasd 020k, 116.

4 to C act | zone ;N .
In FIERS ad bt G B AES dr 1al 1 s BB AR Regahe cdding
zondslifPoneBactoR e ThE&HdS foe@ aMetXddntacting kaed 1020viz oneluitlid4yi a
conduit 118 and enters contacting zone 114. As shown

i nIEs@ne @Bbodimentselba camrice aaf 18 £PBined Ntiicthe HydrogeRSOHGE in
t.118 1
conc?u(étZ]é)%o qngw mtr uc %ggtggﬁ% 8‘ acg?l%tzgﬁééa%gll rtﬁ&gl%g] irpcert-ghf"

emb6dinddnyss b §HovarfhnCBIGS attim gma ¢} Beﬂih]kéfdm‘géh eourco andiat the garrier gas
zone 116 to formthe total duct t ot al roduc

mayesoier $he e QTGRS goataﬁglglzme%wa S i e { RPN it 106
and/%P t Gae A& gn%?ﬁ)ﬁ&g}) 16018 tIi'eQ.@ucYé Re& ORI exdrhPle, @hﬁult 106'.
e pro and/or gas Is (are) separated fromthe

Addlit@irﬂbf thé bgdrogen sbneceandibe tlmcmdmrtgae roungerge per aw ohtheemede
108 vi a condul t 2. FIG

feedghn elipaee mé’fm%a‘%é?fa‘i"é‘ﬁ%ﬁf @8 ﬁ@%ﬁ ggetl?irvgﬁ?\#l}?fc I@gﬁ'? acting
. SYidict QPtheEhﬁie%&ﬁQMﬁB&@m@ls)qﬁ béiRadiBiotA0RE 10DRARAY adted

unt opped) enters separation zone 120 via conduit 122.
stredm. Jap :ﬁeredtstroalnﬂme fic@o condactingzone A0 tsrqongasting zengel 14. In FIGS.

3A ?&}fgﬁ tﬁ% %eteﬁ ég ?)?VS :fr%gi(g(ﬁ)g?c%ng %Blgers | ﬂgto c%ﬁﬁﬁ%ﬁ%ﬁﬁme 116.

S e ASrA4HRB zoRdsSIDIUT 1, 1l 6l Rl ifuhdd cSheFUr m@hre eatalystsc Asdhown in
feed. For exanple, wat er may be at g(glst partial l ¥
FIGs éBaﬂlatfeaﬂl ame@m %ﬁecm‘te‘é@e&ﬁ@%b%vwe 1t 1§ agdspiras contacting

zong: & z{m AR B]ig Oﬁi?}ﬁgﬁ g'llg 3%: aexl?tg &%%Q&lﬂg%ﬂg 114 via conduit 118

eI oW 9 e ow 0C may be
and%h’ce@ﬁ@dntdbﬁhglzalhé yl6separ at ed from the di sadvant aged

TS e o Te cruce 1ecdh | bosonE TR RINS o
114\éa91g)aotr b Etg%}oﬂéﬁ’% Wfo%%éi%@ﬂ Eg(;a?a@t fT}Q:mofah roduct exits

advan a crude. In sone enbodi nents, at |east a
confRtihg 2oneol]4tand/os epanaingdzone hpd mahergers xenar@@p\moac il @ via conduit

110;2@1;@;% e&ﬁog ngcggxééas%%éag@-rgggaé%ggﬁ fﬁfzgot 1?{811110 df 15 e
profiict EXfEs e?ﬁraﬁ@ﬁ'ﬁ&{éeﬂ)tiﬁ/l%éﬂﬂuﬁ 1goi l'ing range

I stri I on of | east 100 OC or, in sone
enbifidi. demt s¢hemabioiof pmgmbedigentiofst seppiatippEonsfupstrears a5 ¢

BT e

sepgﬂaﬁg)ﬁ bR 1200 H %ﬂﬂﬁﬁﬂ 220@: 36@@&’[1@@2011621)2(9 @ﬂe@&fﬁa poftion of the
0-800 OC. At least a portion of the crude feed exits .
dlsadvantaged crude is separated using techniques known in the art (for example, sparging,

membrane separation, pressure reduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at
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separation zone 120 and enters contacting system 100

(see, for exanple, the contacting zones in FIGS. 1-3)
woizeospessai t 126 to be further processed to foPOTAIS2004/042655

crude product. In sone enbodi nents, separation zone

120 may be positioned stre or downstream of a
loastaa Al TRgaHRcL o hecdisgsiaRassd Griyde PHEOdEdRs prgafred. In some

embgﬁnjé%%ltsg ANfeaS ta'r;%gtuﬁﬂy St d\ﬁ@]ﬂig Qnd b@tlng&gﬁlg iﬁ%oer(é_j %é\}a’tciLeqléﬁgfri%g‘éha are

nent s, e crude product
separitad fiom thhdissdventagsd oruddi i smenembodmebiscatdeasde pbied of the

F le, th d t. be . conmbi ned with
sepdefih E5 EYIeRl GG PRERaAony: S0 TP bRdP By resul ting.

| N Thelkherdesh MitPdEe FroBPXbAGtich Y428 InYsohfd@mboliments, includes
bet ween the viscosity of the crude product and the

a migtuse o6 ¢ampasientstveitlca beiding rangadistiiartiondapleast 10AECar Lidsome

rnoduct rmay. be bl ended wit ud VA a that is
et PP i Gp BB R Bl oF IR, "l 3 eumeEa
crudetfadd inSlubed Me@futend cdMNofdntd Wih @fb@ﬂﬁl_gﬂm@%ém‘: ttriBltort B8ween
crude. The bl ended (g&oduct may be suitable for

10011096 spok20:2000% > andhbP0q e athishtt a patiahthe pridefeed exits

RS . . . p ot .
b4 PGS e e ALY B
zondshie FiGRdE3 priadunduieklq © beduitke protgssey 36 rmldOude product. In

conduit 128 and is introduced intq blending zone 130.
somp G ity SPEFEIORFONE 420 ey be Pasienediupsen phdowhtgam of a
r .
e N R g R o R RS R condu
112pr oduced from separati on of one or nore crude feeds),
a crude, a, cr.ude feed r _m xtures thereof, to produce
2 1 S6iBe ePppdttis: DSk ottt s it e HBLG e Same as

or diFfexdit fro@d thElcxiderfB&d. LIReRAhpR! e lchide ‘i‘)%{ﬁl%gnﬁg b8 €bmYined with a
into bl ending zone 130 or upstream of such bl endi ng

crude deeing i GesRpluiscosiep thembyiraiuitngsiy stbiended prastict bavingsviscosity

i |.endi zone 130Q. The ,bl ende duct
BRGS0 G0 A0 TS 01 895 AL o
exarApld/ the cudapsqdct aby b8 bladéd Witk crude gvial aSINAG ithdt ¢adifferst,

include, but are not limted to, a range of or a limt
therglty papfucipead proglucttingg hag p d A% thay/is heiween ibe RaN @ffbe crude product

f. .exit i
w [RSESL TR PO LB POy Wiflenc
6, Asisboeh saBMA M, agentadr erdsodimbes Scredpfeedibnters coatetidgé/stem

t hr ough duiit 122, and the di sadvantaged crude,is
100 3R BPR an elsrS s el dhs U POTHOTE RENER ggystem 100
via c{oﬁﬁ&ﬁt 13§80 Lis %ﬂ?ocfu%gcﬂiﬂtchﬁl@ncﬁﬁ% S @@ntlﬂ%iénﬁﬂllg%?é ¢4, t]aggeast a

through conduit 126. At |east sone conponent’s from
portiphod theaarodegerddest usleonabined wish anati morezmoessd 2eamsa(for example, a
conduit, 124. At |e a portion of the crude product
v Ssiitneh g PG b o TG SHPERnBE B PHgORHue
feedd)3R culde (UGRAE BREUSImikATes (RERBF, tPPRERESa Blch&RITodRd/ Phe

crudes enter blending zone 130 directly or via conduit
procesyatrgarss. arudedoedhicrield, o mixturbethereafiarepntoetiveed diedtiyrintoa

O A TR N T TS -
may bk Ustatddrio @y aéardieHdaig dne 180.eMHeHleRIIM6Sud hfhy meet product
specifications designated by refineries and/or transportation carriers. Product
specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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transported to a refinery and/or a treatnment facility.

The crude product and/or the bl ended product may be
wonroesasssd to produce commerci al products suchprPas/us2004/042655

transportati on fuel, heating fuel, lubricants, or

OSSR (1 0B Ut VA0 toncui 122

and ﬂie@%ﬂ%fﬁéé@d%@ﬁdeﬁ@s@’a&@é&& paaﬁo@gl HENCEbEH &t folh @eEcrude feed.
fractions. |In sone enbodi ments, e crude oduct t he

The pruda diead theroeniers cortaetingrsystem I&Qéhmuglmp@dtuﬁ . |Atdeast some

con 5 S0 Y L ALk T BP0

leastd)Portiah ofihs trudleYProdukct exitsropatactlildsydtent DGO d_lﬂ\ér@érs blbﬁdmg Zone
crude feed. I n sonme enbodi nents, crude product has
130 #gpghrrogdyih Ad% Gthen pengess sirgameand/acradrsentsy kp@dgxg%oaﬁ 130

s 5 SR S 0 FURATER L

prodlmls tTHe.l3endad progisitt e@u‘rﬁ bleanﬂmg[mhe 03QA yiawondiit hdst 0. 05.

of the ude n | east
e RSB s R he GG Pr AT S aY bt GOprofye S
trans%@ﬁ@&j td‘@fé"f %eryTaﬁB'/ *®h tfeaﬁ?n&ft %ﬁlt r QVHH %fud@'?l/ocﬁ%t éﬂ?i/ @} the blended

range from0.°001 to 0.5, O. .
prodpet reayee mb@dq:dr@mrsduw henmemdel mp@tmnmuchas tranip@ttatlon fuel

Ni /.V/ F t of .at st 90% at. at .no
heatdggtel fvGOS By Ron®ie "RiteesSh ) ke gl pprionany
distibingtthecradéip@dheed/of BRnas '\Fi@d@étqg Bfdducd BnSEBore distillate

enbodi nents, has a total [ V/ Fe content in a range of

fractiongdg sorme qobgdipents o cride Prodyighghst blended mrodyct@nd/or the one or

15. . mor&gag{g]ﬁggfrgg I&F%yﬂéqlsrdioqf‘e%ed' n certain enbodi ments, the

cru er gram of crude product a total
Ni m/édﬁ& @obddintnts tha crude geodutiims b FANOf 4t @barm)% (at 51014‘[ 50%,
o 2 x 10 5 grans,

10 , 3 10
 at mig 3005 p ost 19ref the Tt ofthe ek &< dnoar pstodimentreorude

prodSEiUfs aBSN &l a PR g& 0128030 201798 30i6hh/ Y/46%0 Br @ of the

enbodi nent s, total N /V/F8 content of e Cru
crudp fepdudn cérgairy émhz@nﬁ%en80’em: 20%de pmdL@t)héls]aOF/Abeoftah mobf ¥, \dt Fost

con of t de f n so inents, th )

0.5, G680 Btrmbn DB e EsbEior ab oD FTRRCoTES e bGpet wil

freqtfe%ﬂ%rfbe of 184t V0T aﬁ&'ﬁ&e‘ﬁeqﬁén‘t@ﬁi 1e80%00at 18sthe e¥bdidents,
10% or at nost 5% of the total content of netals

TAN of theplallde pradust wRY be gvamta@ga&pmsO Oﬁhl toHkS5,dxQldte G- 2ed 0.05rt0 0.1.

ceypt

ol Sk STRMRIRE' fe bl B0t S B dHE U T eapBiefor st ot
90%[ @trig@st Gf)%lat&ﬁa/st 1095, Zﬂﬁﬁ)stzr% aR% m@rst BQ 0B NV i@ ohRhBdf the

content of mstals iin netal salts of organic acids in

crude fred ¢ Tihe erude aoducs, gmsaree eraberimenist hagariatebNIY Feopantent in a
ranggrgf g 80§a|1537 Ob/@ Zb %te/?iiog Fﬁs) S%iﬁ/ﬁ?gtgé le % g&télﬁ 'of ; tl%? crude %ed In

iCc acl onr ¢ aci
certa&uérhb(lithmerits thx amdb @sodukt el Padgydm of aide prddaed eutd)esl ij/Fe
are not |imt na hthenlg aci ds, nenanthrenlc

contey iy 8 rangf dr ok %&. o NGO Thd rgrias. PoTI0 graras tor g 10 grams,
or1 fmbalgrfﬁﬁé S §g u@ﬁc&kdfﬁéﬁ%ﬁhﬁb l(hg %fud%ﬁtﬁﬁm nrngt 2x107

hi"um sodi um pot assi I ne-ear
gramsfod Nlé&dﬁﬁ'plresonrmmiﬁsinmamts ahd wital Ni/ &R cbm‘temtwf)the ollerpioduct is

70-138oafs To s orclosFPEBE e O Sometit e freteSa for
EX AR et he QUd8btalESRs bRGEERhtent of metals in metal salts

of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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In certain enbodi nents, the crude product has a total
content of netals in netal salts of organic acids, per

wgnrerwmoesoscr ude product, in a range from 0. 0000001/UgL@AM42655
to 0.00005 grams, from 0.0000003 granms to 0.00002

gr ans, (?r E%{)m 0.000001 grans.to 0, 00001 grans of .
the eggdgi psodust i iotad gpntent ot ngm metal salts of eFzagcasidsn a range of
1-8054/98- 7050 98%0%, 0P 3691059 SRO HitiEdnfons Qfﬁlglf&i?sltiHMﬁ%gltés & organic

metfals in netal salts of organic aclds e cru
aci¢w indhe truide feed- (8gic 80ds1tRa0generall9Gorii Bftabbaltshiaclude, dlut are not

i B Akl T S s B8 Byt of

carB6:8icta¥ide indhitR, BuiteenRRE G to PRUHERR dofRMiARtBfhiccids, and
thé crude feed with catalyst,” at the.contacting

benzoiedicid. orhe, métal protiarsobthe 8tal 38%s mawinthudiopllal naals (B0 example,

.,0f the. APl gravit f.the cruyde ed. In certain . .

i sty Bheod PRA PR e Ses Al GsPmi pitebesiyp, poleium,

andlbrAh), EShua, 120hetAB(BR exdmipleefiha il @Jﬁrﬁﬁdﬂngmmﬁmntlls@netals (for
crude product has a viscosity of at nost 90% at nost

exagplg aisenie) Cabumn G owady (ferrxayiple; shionyiump, arimeixiwesdhereof.
v sErset B G e i 158 1 2o] A5}k " Fuftp o

saltk b€ omasieesidsypedordnh f @nde prodecdin 4 fang® FFOMENDENDIO0E Bfz8ns to
{)(ﬂ% viscosity of the crude product is at nost 90% of
0.000> grpwe.o&em - A9P09(Fegramg d0 PR gyams cortrm ABH00Y hgrapmy to
t ; ' - %. .80- % - %
oot U pAE.R SENE 4, (Pt P er o rehu Rt
songndnbbdmmants, a otk cantedef pretadsiot mbtabsadts tof bedanteeicls od thensude

proffiS8-1 8upscho-FRR' 51 e BF B olpLonbin Bhimesls st salsof

orgfhid d6ids 8fthe chileG&Ydt ai.n- embodi ment s, -t he crude product

has a total heteroatons content of at |east 1% at

| e aktcegaigenzhodiments, /g gradiy oftthe erade podustgirodured fiotm¢ontact of . |

heteroa ntent, of  the crude .feed. 0 o
the JRIETPAL AR SR b S s Hb b RS e G BB By by 00-110%,
or 108y130€; af the ] g oAthd@ade 2040 ibdertaBSEmBH mems, AR gravity of

nost 5% of  the sulfur content of the crude product. %n

the ggide grodushisdepmmbiridd, 133@ & A6dS. product has a sul fur
co f % t 9 . %8n02r
o Bl s odh RS el iolRhar 8 hso Ry AR w8008 at mos
80% orsa meseTiso of thentisepsityhef theibfude faxdnile séme tmbbdinehtsghe crude
roduct js 70-130% 8Q-1209 r -110% of the sul fur
PTOEUffh 8K VPO an &ries o L60%.A0SSe BB nerbe Vispesityof the
cruﬂgléof‘e'é@.g s R diREntt REe Wsé%@y B"f%‘&ﬁc}%@%ﬂdm isge%t ng@'be% of the

% at npbst 80% at npst 10% or at 5%
vis¢ositybf thetcrolgdeedcohid ethe AR grdwitycrfultkecrbideprodiet is 80-4130%, 80-

odi h rude product_.has a total nitrogen
lzo%brﬂr ghﬁ@%‘?ﬁtﬁ? ggigrai'%’ Cr}lied@f“?'%% at | east 88% or
at 1nedsde S dRheri) ehed ﬁ%%é Ol 2EE R tARHERatGhs EBRent of at most

()
crude feed. In sone e i ments, basic nitrogen
90%.cameast 5@, atheost i Udeorrt oehst b Vamdythatotalhbster@bums eanten of the

cru%egfoée/%%.aiﬂ %Dlx%g)e%n %gm%éﬁgqget: cr:lligg/%ro%{lctaﬁas gt%gttal }?eo{grggto}nrs] ontent of
at least 1%, at least 30%, at least 80%, or at least 99% of the total heteroatoms content of
the crude feed.

In some embodiments, the sulfur content of the crude product may be at most 90%,
at most 50%, at most 10%, or at most 5% of the sulfur content of the crude product. In

certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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of the crude feed. In certain enbodi nents, the crude
product has a basic nitrogen content of at |east 1%

wakodsaast3730% at | east 80% or at | east 99% oPCThS2004/042655
basic nitrogen content of the crude feed. In sone

s SR TRk G R SPGB OBt Y5 RO ens,
the s cofterdbf HRrudprodud: Be700K3036,80c TAUEr 90F 1 10ME oL the g6l fur

feed. In certain enbodi nents, the crude product has an
conteityfehe @od B¢ of at least 1% at |east 30% at |east

809

o e ARt ke ARSIl e s
90%t Bremedt 80%6, pt MAstCiti%, Br iahmastrsdh gia fd‘tadnmtie@ﬁ%onfbﬁt ofB8grude

0 0
feedf2 glége%tg?nhgégs m@gé)o f ﬁgﬁ'}let he é)?oc{\.\%gl%sf??tg%a n%;ﬂ%gﬂ%:gxgpr?tro% a’? least 1%,

at 1G5 OOXN I 864 of ATPRYVA Fhhd Bl Rlrkilen BOABMTr PV uBEFecd.
% at nost 50% at nost 9 at nost 5% o
t h ha sxmmet enbochmenﬂsebaswrb‘wgdm controi @f tbo apde pdsiuchmai et most
o, crude f n cerfain e o r ude. pr.oduct
959/ gt et BRLERE SoPoSaqiBere ] FOY1%A oL i Ua gL gpnten
of thLe%ﬁﬁfe 434, BlechfRTmb3dMherd, thel@bde ROYact Pas Qbail@ﬁﬁﬁog&?%ntent

he total content of carboxylic acid conmpounds in
of attlbﬁ@t tYou aidedst 80%, hileass §8%e ahdtdease i’ of dhe kastcanitrogaganontent of
the & C#gfe conmpounds may be reduced in the crude feed. In
%odi ments, carboxylic acids and/or netal salts

of I wnb@mbmin@ﬁﬂs e BRYzAR0ARENDTAE Linde pEittietmbe bohemost
non- car boxylic containi ng organi c oxygen conpounds

90%calrpest Ve ahEpes 03hdt MOL O%p-0m el most e ot termsygeneegigt of the

e
O SORUAIS o, SEASRLBIOHA o copy ot s
1%, usleng 39%1 er lehdt ROk onat lsgpe 89 Yoar cledrey gar thaeist of ftier crude feed. In
, infrared analy mass spectraqnetr nd/ or

: somg géggp IS Hist @Qloéfﬁﬁ‘?’) conﬁq%o%’hﬁ agldﬁ RO { ISINR I tfa o, 1- 80%, 10--

70%S Q@ ‘3@%”@103 G-50%A5F A o%@éﬂ eOnEAVRR crffle &ted ms §0r§@e{91b&ilments

80% ~at nost or at nost 50% of the oxyge
the totahtcmll«tnt of carhexydicuel ¢oagrbundmel thaiude ptddelctmayj be at most 90%,

ot R 3G ot T rodad s T T Blenf Qe SheBRe 207 boyfounds in

the RHROLENER certain@nidident D iRdetalic PRZAUAAS % YGEN RN bf cRboxylic
at |least 1% at | east 30% at least 80% or at | east

acid gompegndsiod ablegsid fo.@b lest0 o fat lepst 80Py @e af lsad 9%nef thtotal
contg E%S Qggbjgc@é‘onﬁo Lﬁé\lmttﬁlgg lg?@et t 1% at least 30%

eas e TAN of the crude

f eﬁdsonMdhbM:iﬂxahﬂsyseletctba oeganiieopioed ueipomyds hﬂa:yeaeareduced in the
content of carboxylic acids and/or netal salts of »

crudg Asegdo by sprae SEPagmsnisaaTheSt icgout and/ohstal st serbapdic acids
mayo%? é‘herﬁfcag% 6 %d ﬁé}?{i’eq{on Ja?oo?(glh'g Soxftﬁﬁglgxo"il 190)%%8 &ggounds.

non-c I ¢ containing’ organic
Carbwixihid ﬁb1&'§)a1ﬂiﬁﬁbca8lﬁ>x31ﬂ6@’ontmnlr%0)rga‘rﬁ@/mqueh keempounds in a crude

prodiiangy berd el e R TR EE EEOL DuE A Brga known
spectBSdopRERethbdl (foSexaRIpRS Hlf?a'iecﬁéﬂ'a%{syﬁﬁ% spEEt?cFHwtry, and/or gas
chromatography).

The crude product, in certain embodiments, has an oxygen content of at most 90%,
at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of

the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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0. 05-0.15 grans or from0.09-0.13 grans of hydrogen

per gram of crude product. The crude product nay
wonaedswd®37in its nol ecul ar structure, from 0. 8POTAIS2004/042655

grans or from0.82- 0.88 grans of carbon per gram of

crude product. A ratio of atom c hydrogen to atomc
contmtbﬁatl a5k L, afleashd0%y eideash BO%uer atrenst 9296 wif the oxygen content of

70-1 1200/ f t.Q t 0
the SIEUdF % dan dgﬂl p?(%lu%?%%éaog%lg uc?ﬁeaﬁl o, a? ’L%E\'/g%d’ o2 e{t Poast 80%,
or a\t\ddab\tlQ‘D%lﬁftin@%m of the ceudedeed. eed at omi ¢ I—V Cratio

| nd| cates _that uptake_ and/or consunptiaon of hydro

%%mélde@@ crudernspdiict Py aksa Fententod carbox Hig acids and/or
metﬁygzr'ltg g?garb o QUG B o 19 stido%s, aff BSstCged ealt BRSO, or at most 40%
I'nc e eBHpSREnts With a fdan ge of boi ng points. In
of thoamde fded tinateandomtent bﬁnm—caibommd:unnammg:bngdms oxpgern @mngrounds

of th odu st 0.0 ramns, from
witgng1130%, 38512&‘/%%3@%1 M&@%P%??gg% ¥ canigiing frganic oxygen
coﬂ@@ggsgytﬁggﬂuggféegn of at nost 100 OC at 0.101 MPa; at

[‘east 0.001 granms, or from0.001-0.5 grans of

hy dncone porbedimmdnits, theaide mgduqngéudhssmmsbmls@darkﬂmmm, from

005D s e OoEam 8- Rt e oy Rl PEE AR TR s R ghe
crud%;%;ﬁl_@@udi in®dy thE1UEd, Rt BiolRANRr REteke, Aot (3610, IO0kamb o frdfh10.82-

. at_ | east 0.001 grans, or from 0.001-0. rans of
0.8% gepmsed chbas pei grameofissnds prgducindeaate of &tpmeﬁ hyshogratpatamic
300 t 0
carbon }98') gptﬂ ?xgl%e%%&gl%t ]?18}8&%% 7(229%@ g?@%a&b@oﬁm of the

atOI\Md H/ Caraho ok § t}f&:g:rlﬁc&f@ed dASii‘llidekpibcﬂLwﬂ atbﬁhWHﬁ@ r&0wikind0e30% of
538 0C at 0.101 MPa. | n sope enbodi nents the cru

the gruglgdiead atormicdd/Esratio indieptesthairuptaks @ad/oF eonsEmptige 0? hylrpgen in
the Jrddt iDEHEH) rMIC ERERE BANRylbLh BpRALLITR JBNGP
| eaElte @u@@progucalmlmdes legohporsartbeiis a\nmtga od bbﬂmlglmglts almgeme

emfagtiogite T D87 MAEEL g Hese PrdBop Co s rroReatfast 0001
grainSasifrda @@@)1 & @@%rarﬁﬁ oﬂﬁydr&%%on@ vitth agEélH"ﬂ(;g fings ﬁi%tﬁtﬁﬁon of at

per gram of crude 1%ro uct. In other enb ment s,
mogirlG éCmt 840t MPrayt Isastd. Q0 lrgapms,toa fivon0.801-0c% grams mﬁbrdrocarbons

al fyaR@
witp o8 Fnes st eoedh H0RE R 2038 Y 3 o8 Sip &isf e 0.001
graf@Sordrdhh 91001108 £raBR R BREroedrbdis i3k Yoy rdid%istdbution between
90-,110% of the distillate content of the crude feed.

2007Heang 30; 90 #4106l 0d dMPart lasst Q- Bl eipmaeordrasm 001 ihS stgns of
3
hyd?c%ar%@ﬁ? @’dl oaﬂ%eraﬁgé’ﬁf’é& butlgﬁ] 8%5; gﬁ‘g@% rd; Qnﬁ?l 2 (gqg gtl(g 90 15MPa
and&eiﬂ@dﬂ 01801t Gramb e feony 0H0p e d¥cdrathaist lay dvédariams tveitit a bcﬁlhng range
30% 80- 120% or 90-110% of the V@O content of

dlStEﬂ?Btl‘é‘?]ERﬁ\é(e?fbw °G it ol lndRes, the crude product
aSpy sB?{ b%mélg%lé§lrhg @gud@ rp‘?@cﬂﬁ{ gcﬁgya(?ep&afne&tcrﬁ& fFoduct, at

range

leadd 02-g®an48 @jﬂmdmcadmn@ m@mbrlﬁhlml@aagsdlsﬂrlbusmf at most 100 °Cat

@_agg @%at lg@s_t %O%rl ug(rje?mg ofol'ij rocar %%s %wt Sbo?llfr?g f:a%ge 1str1but10n
between 100 °C and 200 °C at 0.101 MPa.
| In some embodiments, the crude product may have at least 0.001 grams, or at least
0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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120% or 90-110% of the residue content of the crude

feed. The crude product may have, per gram of crude
wonodwets37a resi due content in a range from 0. B0D@WH2M4/842655

granms, 0.0001- 0.5 grans, 0.0005-0.4 grans, 0.001-0.3

r L -

9" 3ff%omle {h%éalgrh 153 TBude rofbcPhada dishliA0Bonibil F90L130%, 80
120‘7’(9 0119@‘1’(1 0BOf tH2di%t11 208 ccﬁﬁenl b0 theafrudenteed/CRha distildai¢ caftent of the

the crude feed, mhll e crude oduc ha
orads apebict e EEHR OLF PIRESES SbSETAE TBC ORURD S B
0.00198 5 oPR38, 8f 0100809 %@Qhaltenes content of the crude
"~ feed.

n'certain e diments, the C5 asphaltenes
corh eatttamfenﬂabémmntsdélefoeleisb preduct heea¥GQ ougterttof W@d§0% 80-

60% S 0% sphal £ enes cant.ent
1200t o st BB KA rbine ol BefBRT roPe S ERRS the crude
pro&ifc@ﬂé’sc Feﬂ Sramidriaidlle %)%d%@%aOfGOft%nMERnc@ﬁhg@fromfo @doen 0.8
crude I'n some enbodi ments, decreasing the C5

grmas&wlt%ﬁemﬁw@aw ‘bgramseorc(} R0 Bemamahi | e

mai,nt ai ni n re i vel bl n 0
Rt ool ey id b AR Rad RSB FRE 01307, 80-
12094, %t 90-8 10Y0 bR sidi® Ostitera i $he driide febd.aThdhadutie prgluct may have,

content and MCR content may .be conbi ned to {)rroduc
per gEnhehardepiodne) aresighe Repeldn aaargertram §i09R0 PM@W{SW 0001-

0.5 GAIROH B065.0] 4:%51’% 6983 gﬁﬁﬁ# %toggeqc %gfcf\ﬁ%rzt)@o.bh%. 1h$

SCOSity corponents in e éru or exanpf e,
s u M e@értan emhﬂémﬁ@s;l tlfé&ramqhaﬂmce hesa MECR eontestrod 78- 18086 §0-

o0k T S S £ U oL s

aspﬂ@ﬂ%bc&nmﬁﬁ%&'ﬂ@o%a% 1065t '8OPI, 85 8h6d 50Ys of the TR Bsphei®nes

conpar ed S) to assess the net reduction
content oif thi cxuids dersl thy certaip ombndisnents, theeCsaspladteheseapntegt obthe crude

- seed g o e 0 R0 BT o2kt NG Gl S f he crue

20

25

30

feedPhiEReMTRIhteR! oft the cfildd §eoduicOd Withith @0@60/(6&1&11@1\4@0 eéntent of
content is in a range from1.0-3,0, 1.2-2.

the grude feed. In pomeembodimentsodicreaing the Geafaphalaféleﬁ) P@ﬂ@mtof Hgscrude

feecfr\gsiych?%%ltglgﬁ%a trglr%r%\é&%ﬁ i@@e&é&&%ﬁeﬁ%&'ﬂ? atsgﬂé’ st%otlhty of the

crudy fee@tdtglgtoduchmpan®@. embodi ment s, the cr ude product has
a MCR content_ in a _range of 1-80% 20- 60% or
30-18G9metermbadingnts, %r%e%wh%?en%@n&%a N@%ﬂwlﬁfﬁ% eife

conﬁﬁﬁéﬁ%ﬁpgs&%%g éﬁggeﬂggfigﬁlg@%ﬁb%%:ﬁﬁt\gfe%@mg%é%ﬁ\q;cog%&%mponents

in tlg?r aud@produ@tdelatwmuhet highvisosity emiymaents i the ctutle feed. déor

exa{nﬁ dggltn@f) Cl ud %f @D@%B%?e&%%@%lhglﬁgﬁggr g.?i% feedUMdR content may

be r@g@@&@éd’ By §OQJSuﬁ{ @frﬂscrﬁtﬂe ol GakahayithesR@htcdf ﬂ{H #érude product
ude product. The catalyst may assist in stabilizing

MCRheontant ttmyﬂnewcm@sen@drhyrfg Thasgpomaxnbe opmpardd (¥’ to S) to assess the

t L t... . Th hi bi.t
net FAC QMO Higinerer Y R B yian By ooup e PO B protf Pislobt may
be iflfa rhllige 561Hd 89996 q@m%, JYBOLgTHS ol8 S ¢ bddesleBEEinentiBYralle of
configured to add one or nore catal yst s descri bed

MCORegagitgnt pﬁt}pwwd@my@bwptocﬁi@ph@lmlpm@pntem is in a range from 1.0-3.0,
1.2-2.0, or 1.3-1.9.

In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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treatnment. The crude product produced from contacting
system 100 has properties different than properties of
woheosowsde feed. Such properties may include, BQT/USR®4/042655
not limted to: a) reduced TAN, b) reduced Vi scosi ty;
reduced total N /V/Fe content; reduced content

c)
60%¢ ors\+-3 o of e MER cantant plfda cruge eftsirmT heepresirogs hapfin some
I e r
e SR RIS GABLET b s ek A o ORI A% CR po
gragl éfwiriide; produad. reduced content of netals in netal salts
of or gani c aC| ds; i nations_thereof. In sone

b BOmS RTDOdgR gt f%quée ngtéeﬂmla esdfom geeaisy g 0 grams, but
lesspﬂl U‘E)tl é L000901.9.dok %raﬁﬁé" deofoeseh-0maY1 g{‘aams of total catalyst per

ect| y ‘changed whi I"e ot her propertieS are no
granhﬁmgmi}b medunic fihe oatalyst mat assigbintstabilizihg ;hecjmategﬁodtﬁm during

e O e 0 SR G DFoSPav Rl i, andor
1nc§éﬁ%‘@ht@ﬂseﬁoﬁ1%t1@ffﬁ9ﬂitt1695f t‘HE Bﬁfde 3953@1@9 %ﬁloﬁi Q8scABARYEIn may be

residu e, hi s manner,

coﬂfggdrad@e add pnekemquat@qusmquﬁ@rmjo tbe crude product during

tre concentrated on TAN reduction, and not on reduction
SRRt her conponents. Thus, the TAN of the crude feed
canThecrgé prifict pbibeRd lﬁﬁ)hﬂ@)ﬂt@ﬁﬁg ByHERJ60 hasprdgertieeiferent
of such hydrogen is also being used to reduce other

thap prapstites 08 thercrudrefeed. uBechirserpriigsmay wclude ohsjake ned limited to: a)

n r J
redgc %taf%s %ﬁ%?gce((‘i ‘}g%gglgf%%fedn eQﬂot ’1/9?2% f&t%#, @%d%cred content

of sluiiaﬂmg)gérﬁﬁlitﬁfgeﬁmmoﬁibﬂﬂat1bml$1crebﬁ&Dl reslucéd esidde cheedt; ) reduced
be nore eff|C|entIy treated

Cs gﬁapi(’alt?rea GentaRls glireftred NgRpoptept h&%@%%%?ff gﬁgéglwwﬁ%%%dmd

‘ corgé'[jﬁ Qg h{é‘?ﬁf i i Rt g s bPYRIhik ABRs; m{ s EhHA R Mer .- TR 58 me

K metals and/or one-or nore a S on a support.
emlfdmhmenﬂsadn& arayorb eropertéds effthet cadedf o duady relative hethe erutie déed, may - -

d of, th tal. The catal ysts .descri bed
be FRFEVR g G AT QEPITTR G R SCTReAc T oo o
sulRtaBa P Hang@NFot X@MpRe RS tRCdeki¥abldfo Ghl§ aéleétway feBudelEAN in a
contacting zone (for exanple when sul fur and/or a

crude fagd vitheut glom slgmﬁcn@ﬂ}s@aﬁgmg itlee apaeind of edengampankets (for

L I T

corft@dtiak Yigdyshe ‘Ryacaataeddbn FANRAA N, 6ad Adtysirsdidiah @!f Bther
contenplated to be used as descri bed herein i nc

corppymentsHps, the jHdbef the gade fepd tan bg reducesh philewsing. less hydrogen,

sinf S B i B B L BB S i o BRb it e

feeDNE3 1d3 ex ANBIEOS ishiNaihtabBd ciiliS Ba0s h@hﬁm,, buRé)%@lﬂiur d@ﬁféihﬂthat is

RNA12; RNAOO; RNA20; RN4A40; RNS50; %
ac %1%60 mREBEIMeRIIG (P! tRRBOatioaRs L coEats, thep P e Fyigaieed may
be éége?'efﬁgl%aﬁy tréded to ﬁaﬁicez"l? ’w1myuggls@fe‘?lu€%§'s{1fﬂﬁ] e from
I'nternational Houst on, Texas, A). In

sontaeiystdisad nt me mamab ymbedms:ed: df dh&:imactgmnp mqyemlu%one or
e crude, feed i ncl udemine or nor

mops i Sl PRI A M MFHAIS 2 TEPRTE: ﬁ&}é{n‘ﬁ I8 in clemenal

forRr iRHR form of a compound of the metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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10 not limted to, vanadium chrom um nolybdenum

tungst en, manganese, technetium rhenium iron,
woab@los393mi ckel , rut henium palladi um rhodi uMPCDAISROAN42655

i ndium platinum or m xt ur es ther eof The cat al yst

Pt TS i i Appeusrb i Ry BBt D Rk o
c31© OMu. guansc4at d3a415¢4411 qu4wca4m1 Q448 C 504 @W33e; DNOND; DN120;
I ansg,

0.0001-0.6 ranms, 0.001-0, 1 grans, or
DNG00RNG 408D N7 M&Qﬂ@@%am@m&;pmm BN 01

i-nal Ld0)- bh ]
DN30P, BNES IO, 1R 48 RILA IR, RGegh R4 Asos mavssos
Rstmoj meo‘m;@mml 0L RM4BDERME0A0; ;@ﬁoanagz?msazvm a713; 72723;

m 15 el ement caont ram of cat st, in

Z753 aﬁﬁl&e%éovﬂneh ersppygdatye %@ﬁﬁiﬂtﬂeﬂ%@bin@ ﬁelylﬁ%rwas,
U.SQ P0005-0. 03 granms, or.0.0001-0.001 granms. In certain

enbodi ments, a catal yst includes Colum 6 netal (s). '

Thén smn@érybcbdmnayts,mﬁdmsteusqdeo cymampodpedatsalf yist grude feed include

t ot al | um conten of at_ ] east .OOO
one gt IRt Cptinesdo et 5 araasaegporat PGS 501%@6&3 Ly g e
not l'nﬁlté’d o2 DRR AL 'Ehﬂmgqgll hQ)lﬁodgﬁlﬁHBtuanté}p hidhgncdE AB&metium,

5-0.1 grams, or O. grams. I'n sone

rhensmomme@ha nickel, m@nm,tpaﬂln@mm dwdiynpmsmigoitridymglatinum,

or n RS et Lnfiéﬁf%talyt* B b Bt e PR AR Ay SEa R Cubths 5-10

meteH s 6RAEH DY ai BaRAA00 @Parks) at Iest OW0W Barks, 201648 RO [ Sthmslof in a
sone enbodi nents, the catal yst includes a corrbl nati on

rangg firomy D QAN -8-rasemp.(500 548 1grasie 001 b} eramss a1 & 04 10g)$ grams. In

somg‘@ﬁr}g@ﬁ{lﬁép@gl a n‘ﬁggffﬁﬁ%{eg Cc}rlgu;nﬁl Sr'éﬂnﬂént tlljl gdcﬁf;l%r%%l tHI®olumns

5- l(ﬂn&taﬁ@ Ekaﬂn@les of CAtdmn A5 alehnents nmludb ph‘osﬁlﬁirumT Ite cuetldt may

to I -10 netal may be in range. from 0. 1-20,
havea o O? Cofirsn £3 Clemosoasiib R SR MERtAY St FdaRgh éwﬁoooo‘l-o-l
granid) @'%Q@ﬁo@@'éﬁ]ﬂs booebs! Wt r§ﬁ1s |2 02d@il 10,01 gramihe

conbi nat 1 on “of Col um’ 6 al 's) wth one or nore
mefatatain cmb@bin@mssa &tdmsillmlud%s 1®lurhm 6agnétel(s). The catalyst may

havel R B et S GyHotie el pieat o Htprs 54 Bams,a
1east@byFi@n;b0atrI@ets{ab .0 %rfhﬂtﬁaﬂd%rélh a &l gde Mo 010D 210.6 Frain3€o. ?01 0.3

cata be in a range from1-10, or from 2-5.
grangse BtOQ - lemma; oreEh 50.08 resarasit Iy syme enhorimaenseshaeatalpst includes

o BBy S S0l RO B B

embbhmle«mt He\catalygBinchedes QoRniralTOE ehemt(s) in a&ultléﬁ tofthéJ Qolm 6
In_sonme enbodi nents, Colums 5-10 netal (s) are

meta}lﬁ&orporat ed in, or deposited on, a support to form

?c?ﬁ?éﬁﬁ&dérg sﬁtglté ‘i:gthﬁfs Eﬁﬁ&ﬁ@&%ﬁg@lﬁm@nﬁg metal(s)

Wlthl One QI pmratrethls ﬁnom(ﬁoluhap Gaintled Cotumisie 1 G.uppnslar tatio fod Oodumn 6
the cat al mhodi nents in_which the nmeta

meta] Qg uny) W@F?ﬂ(l?)‘/ AR agngs drons B 1-40n - \e Py #me- o”fmtof?é ratio of
cm&@té @'nye%& @6 Lﬁqﬁ% Pélne&mﬁg%m éke{n g%ﬁ{é%)zo g, ﬁfi 5. In

support nm us and int
some embamhmnss, thmcd‘ekyst mh]daschlanmo]nS djaaem(sbrm m:td1mrst,o the

comﬁ:é{;‘lu![)raejis (a%}orrnnc Rét | ongnet cl;]renrlgr%fmeta gffrrofar?&c?ﬂ%no )gl (eifor 7-10.

In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).

A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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l[imted to, alumna, silica, silica-alumna, titanium

oxi de, zirconium oxi de, nmagnesi um oxi de, or m xtures
woOhers@e3937 Supports may be obtained from a comrectTiuakoo4/042655

manuf acturer such as Criterion Catal ysts and

ol b B b L aSReY g b ] Chffinad 0 meta o

the tb@l CoRinnY S hRehI Grihi Qﬂa@@%@y bO A Pktgl HARNI 16, orEXARLES
zeolites include Y-zeolites, beta zeolites,

rmima;tmilq embedimentssColmore §- Hapetal®xre medrpoeated @ pt @eposned on,

a su;?ng)g’lul s t %ecogabr ﬁsléln%ﬁeﬂ“l nﬂ? d%@xﬁ? éol%npg gCI%rmecal(Es)

comﬁ’mﬁﬁ@y{ivl/tﬁ WoRumdJ1 §elém)ent(§)fwe Hl¢pAREdted in) oS @PRsited on, the support
enbodi nents, is_prepared such that t he support has an

to foampdheepsalysr dn embadimentsdn Which tha sietalés) and/opelementés) ate7o
sup[fsa‘rteé) rth?(ve éﬁg&e th% r%e)%@g[ 1h?lu8§§' Jlﬂ@ﬁgxgbagglgg%[{%)g %I%d”‘all ?le{nﬁn’t(s)
The mwﬁtrma)n’m gorbad andl ma3smn’mde mdfeecttory I@Rﬁlﬁs,qmr(aﬁ,lodrboﬁ based

added t,o the paste to assist i.n extrysion of the
mategiaty &0l e inaioRs Herert eﬁgéﬁﬁ%ﬁw desluay ineludgdpt are not

limi@ARY! Qﬂlﬁnlﬁg dsﬂ‘?ééi §H&i‘a1ﬁﬁﬁﬁ§3 giSan@sm LA Fifdnfubh saqns ﬂlsog%esmm

ext rudabl desiréd consi stency. Exanples
oxidgodrdsixiured uhdtepf lcSJ,tppaxtemambe lobtriteddrdno a comterdalaoamifacturer

such iy Ca Brept et (AR ranal 5 R app s earbon

base6l dAri3s inBMlE, Wuk SR 1HeLEREE té raewﬁ&@éaysén Msﬂ %ﬁaphne
nmet hods to form extrudates. The extrudates nmay be eat

Exmpl@apé@b%mesanql@dﬁpﬁﬂﬁ@m% betn zgolitgnguotienitn Bolits, H¥MoY zeolites,
and %: rgg[:gg %e(ﬁ'?fé %o R}% ﬂb?%qﬁ cf fr6 cogmlgercﬁrl%g{? tg%‘tu{eﬁ éuch as

ours € nol S ure con

- Zeolextt(Matley Eorlga,SPdhﬁ@ﬂ{?eeﬂh aJgeshred level . The heat

treated extrudate may, be further heat treated at a
t e PERAGHeIn SOME GEhogdEmenty As Brspared serhgbatdhe supoxt heggn

aver%ég aerQ dlaBle ?@rg)? Qﬁ i @ 84 E\O Qﬁl\ébﬁi q978'% QY 1BLF 1BORE In certam

ter o east n certaln enbodi men

« embodimestsppeuppoitie pregarsd @y foreiag emkdqeeout pastaoizhe mupmrt material.

B AP L 05 B COIR LIRS LOREE0L: e
wateR bHdH ke alifl a?é)éﬁél'eﬂﬂ é&ﬁ%rﬂdﬂlﬁfsoafnd b@%ﬁclgfn@mo% aCREBHRY Bl give
support, may be in a range fromoO 9 grars,
the eatrGOabmp@tega desired Ooistency. Fixamples @f acads melsude,d:u_t argreptrbimited
iffr ag one

to, g5 Bttt hath St e ®id one or i

comhi padid May be tanaledand tor wingOfaaktally kaowa chidBlsBextrusion
al um na content, per gram of support, in a range from

methgpdg angd ggalgqfta:ﬁ’gmg@negh Isgo é(prgn@(tr@ﬁteg @‘h@e@mg}aﬁmgnayd@ heat
reat%ﬁ L] t@n&}gx% 19'&( 1ﬁ(a {]a?lée a{nf $ 366 b@%r {JOH] SR E(?Jﬁfq gl a\%fl%g%g time

€ast rans,
(for gtamiye, fai 0. B@&ﬁmrsi) abd/gf e, th@fnoﬁturb eaﬁ?téntQ)f Sheabanmlaefhas
t het alumna as detern ned x-ray diffraction.
reac edilevak Ahgdeat trﬁé»pedtfénydas amagcbelfgrth«a hatieqaigd af a

temﬂégh?% ;12 Qtrﬁllglé HorPEERI G 4©Br SRE P{Ubogdg‘i ﬁ% fc%?i@.ﬂp Elg[?peogt{havmg an

preparations are desc
aver&@orﬁdﬁﬁﬁteasﬁaﬁleaﬂm Ael ov et al; 6,290,841 to
Sa g ?’tla?nverreﬂgod%lnents tﬂe support 1ncl§ estg(e)tmlrgr(l)aoalrfuggnaa‘lhefa a?umma delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be in a

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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Pat ent Application Publication No. 200301 11391 to

Bhan. In sone enbodi nents, the support may be
wonprsagseated with nmetal to forma catal yst. | nPCEUS2008/042655

enbodi nents, the support is heat treated at

t raty .| a r = 2 :
R 5h55t B figh " me litbiterks e Mproft s JpHE; dome or in
confimaioanhiddothenioans ofguegmah ilete diosnanentdng pes ghndelf supgort, in

ti f th tal yst. I f i [

o ol e ot 0 MR S o CRESHRZbY ey
diffRfo ﬁ.eﬂleﬁninﬂéré}ﬂl%d%hélﬁé,‘%ﬁég Rilrflay(IEREA) 1ca® TP Blaths, &fleast 0.3
' mg%‘ures thereof. In cert%pg err%}édi rrenteg, a gﬂat z;i ys?aIS
gramm,yat beast @ P igesondy gr atdekishQ.8@ramsm obihpraluming, asiistebmiinedrby x-ray
d'ff5' 10 netal (s) to heat treated shaped m xtures of
HEAGHB%rt ("overlaying"). Overlaying a metal on top of

t heslipRited EQRAY RS AR e paHRPRIdg gbmann? kRowH Ib,%g@t prépar¥tion
y

or relativel uni form concentration of netal often

techmiqnes d Ezamplee bf eritalyst peaparafions ajsrdspaiteidds Ug. Rappart Nos. 6,218,333

to GiBI0L3 a1 50,4108 BB 4E BB EHRR  Bh LB SR s

Paté@f A ppllitatidaf PublieativatNd. o030 NEBHDEsBhan. prepare a
cat al yst using overlay nethods are described in U S.
Patlasomgsp1iod s teyiypperh maybenprreznaisd yithimeal todorm a

n . p - (
Cat%%?’egl %}@ Sul % é%ﬁlg[s’#gil %létql %lil%%e@%? é? %p%g#%{%%gﬁuan%agge
frorb-400-1200 4C( 430-1G00REH bt 600-20WFE pridhi iEpregmatorbwith a metal. In
sorqqale e;lil L ?l)géri}g,s%{:f{gpgl@xwt o e@g?ép Bg %&%@%%a%qwg%f%&béa?alyst
Exa%%ésomﬁ{pré.%ﬂﬁﬂidﬁjﬁﬁ RIS b Ritrie bl BRFodert NGhi18ndaminetetraacetic
troughs, Miller mxers (for exanple, batch type or
acic@TA) eusnanyp ey mikinpeadheredfxer s, and any ot her

\?\fl rcghlﬁ%aegrfr@\éﬁp%nﬁf g‘ré:’a‘iaﬁrrét %{%’? @%ﬁérlnge_dl%gpa%indgeo\fiir?c%i‘pc}rgt%g the
ColiBing b (1) h&td R hedtitoehied 8haged Hikbdred ¢ @ {(“ORSind he
materi als are mxed until the Colums 5-10 netal(s) is

Ovqrhayige smbiel emtopafithe hrshisepipdehaprd smmgﬁxagi@g_ai sbstpygially or
el B8 Malponh SRR R AR 2R g Bt sl Bbropgio of

the O&falyst. H¢ad tredki@-of AGh&sedafuppdrt aferivach ogerlapef siepd adrids to improve
with the netal.In some_enpodi ments, the catalyst nay

the pefakydigpot Yignlidee catalytie Mythadsre eraprrarotataly st uging oyerlay methods

are g%ﬁg@ gd Gh | gé%ntgzép}?icﬁﬁgﬁ’?ﬁlﬂcﬁfiﬁ% Ha[ F003019B397 85 RGN

nd O renove VO e matter such that
at Tlea€olumnp 6¢1t0i metalds) anl sumirumnayg bs aiiKednettlabidtableanixing

converted to_ the carrespopdi ng netal oxide. In othe
cquEEN L e Coliies orl0 TRRaN g 4P Bt o G daile
et B B R bt A s AL Kl Eg kBl 0 AT of
suithigle onixBIREq0PEmenbinchidp éumnloldrsoftationaey shella or tiogghsf Maherimiers
hours.to renove a . Ori of the vol atil,e copponent
(Cor Bl BelsR PR o R E R oGBS T st gy GTER goncraly
knoWRi idlxeR0r @BnerB G SeviieC Bt Bl SitaBHGltoAdIRITSIuARES-10

generally referred to as “uncal ci ned” catal ysts. Wen

metgKs)aiuppers naxtarep s sentain embodimentsytheraaterials amixaduntgihe
Col\lllmmtnrs] 5307 rylletfai(scgl i c%tll{}&gntiatllg%omogeneously dispersed 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 catal ysts are descri bed
wOonoddng33Pat ent Nos. 6,218,333 to Gabri el ov et pajusand042655

6,290,841 to Gabrielov et al. In certain enbodi nents,

a theta alum na support nmay be conbi ned with Col ums .

5- 10 some gmbodiments; theacataest mazbg deptrestad the wesanap ef hot air

-10 netals.m xture. The.th '

ondB R A A S el B B APERY 6P omove
voldtBORRite! ER 11k aflbadt @ PSktichQT tROCHlandne 5A (0t tetalsatrabyislerted to the

having a pore size distribution with a nmedian pore
corgsporaingmeiel exide. east 230 A. Typi cal ly, such heat

treat] ' : c

o 1oHRE lrBoSARAH hEe ¥ P ERELEMAFSe Rlar BB Sl tod Bidence of
air fQEMPdratuads i o pa@etiront 3550000 fdr epareplar edowass00EEcbélbed00 °C

her ei n3° n&y be copbj ned. with a_sup ted catalyst . .
or bglerty 0 L) kPRRAG! tHag i) 3/epee FIRMSIHROWSIR YR ST ACHE of
the zgﬁgﬁ%{cé%{)ﬁ&ﬁ?lﬂtﬁ&ut%ﬁvérﬂﬁé FQQI%HMI@%&EIE@(% {h%)metﬁlclfxide.

e supported catal yst and/or the bulk neta
Catalgbta pyephrediby soeh & megtodcire ptrerallypefeed tavas fungalcined? eajelysts.
particle size from1-50 mcrons, .2-45 m.Crons,. Or 5-
WHBGCIHIGHS A B Re DBV BEoBBa Ul ¢ P CpRaHTIad, the
activO Bt Am e BE SARAIEN PHisFRb v Hhe supBo@ OPRpRAIBGH FEJICE catalysts
t he powder may be conbined with the support and then )
are dxtcribetbih WiSi RefentMord £:2d 8388 kmGgbiadoy ef 4lopnd 6,288:841 jes@abriclov
; Eavi ng a pore size distribution with a nedi an pore
®24i aneter in a range from 80-200 A or 90-180 A, or
120m13Raif enfbRabhditd) @ thdig albadiad ppominidy Hehwnshipgadowith Columns
allows, in sonme enbaodi nents, at |east a portion of tEe
5-1fresls togfopre githrta alvenina suppor{Gotumas 1l 0 mptals FisYER gl he theta

t (F '
atofiEh 6t olBing S, B B HRlTore SEDARURY, (el 1R aRigRpEhite of e
leaso b PQIts Eoroncthel cathlyst haeingreepdre dide distriiugion od thed ysdian pore :
. sone odi pent s, havjing |less nmetal .on the surface of
dinpRET LA okt THACA U pert Hemg S Capalc i s o peratures of a
mo@Gbpykty of the catalyst by allowing at |east a
portion of the netal to nove to the surface of the

cat fal spste ethboidingendss gheTdvppont (ithst aragmmeyadaltsuppdvborsasubae

of the catalyst .through erposion.of the rface.of . 1he
pregayed i A Crith RreFitibRA Bt COPORRE eyl et e A fpafbulk
metafOalydtN 1€ 5SiA¢ ahb&lInRAf/ BE stipported cathlysh@ag BipeRaIdemef 5

the catal ysts changes, 1 n sone enbodi nents,

th
meta(s) dion exeinpledbe sefportaé caplysimnder ke bulk petal atabst W b
eI R AR b B SRR AT L bt S s, o -

40 Qo IRRGREKdeanal B8 tombiied evithesuppdrt tohferah wmbetdatiahethl
may be determ ned using powder xray di fCLr action
catahgsth Jysomerprabesiipents dhe ppwre Ay doreamhngd,with dhesypger) apd then

| i - f i . ] .
oG8N R AT e SRR 0oy i
me@iah pore Bametein areake frome0-200rAyr 80180 Ac b b20-3p@At r um

et EPpERIE T AR VY Ut wPPb IO SpEERT G iEH At leasta
porﬁ% BF ¥ tmetd10 Bside under the surface of the embedded metal catalyst (for
example, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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br oadeni ng and/ or absence of patterns associated with

Colum 6 netal in an x-ray diffraction spectrum it is
woaesiless7t o estimate that the Colum 6 et al ( BETAISE004/042655

substantially randonly ordered in the crystal

structure. For example, nolybdenumtrioxide and the
Theamegtaisnnasmepota thy awfa?g of theecatahyst gspeghierapien ef thesuzface of the

catalfsqahrﬁég goﬁ‘gg’én u m ?ﬁg % 0%18(;?{ %%n a'rl]'he nol ybdenum

t ri Im@rdaeathﬁﬁarﬁ/diemxiﬂngtoé th;eatot@“omelﬁtfs of tiexcatibyses c}ﬂagesmnt ®me
/or DOO3 peaks). The al um 8 Col
em‘?qqllﬁﬁlilt&éh?rﬁtﬂ%‘ﬂréd REdr plths Coluhp Sapeigl 1 theCe %@ﬁ grystal
sl EBSLn B A RORROFL ok MRy S g ot
embeadad catalysty iﬂiefo‘rdacotf t}mﬂcﬂpmut&mmal fhay be )datnphmsad asing powder x-

s SRR S BRSSO TBOSLAER v o e nter

of eiYQﬁérRérlSmBQlﬁﬁ tRd ﬁﬁHFai Ytifle RAY %@‘ﬁ%ﬁe?ﬁlﬂeﬁ%l&@ﬁ‘npaﬁﬂé thRIRdRQ the

Imted pore di anet er, pore vol umeé, surface areas,
Colamncfomisiah p@akananmkrey diffractitmespeetrurh pé therﬁagluma\ﬁwxade to the order

of it P alih it Sealr ety 2 sbite® effefal s Sl S

broﬁdie%ﬁl 6r|ale’éric@ Bf n’%ﬁis*sdbleﬂed aana@dlﬁrﬁﬁﬁsﬁe@QﬁanA,ray
0 A or 60-300 A In sone enbodi nents, catal ysts

dlfﬁracéuon ispesttuire itis ppesiie teoesgmgtedhst the Cobimmo mtalsh areﬁébstantlally
of, ¢ S ore size distribution with a
ranﬁ%fal""a%d%rs? Pl SR ¥p range from 60-200 A 90- 180

A, 16QxIADIeAmodybdtRitin 136Ade il tht ARmisabggoreayisg a median pore
_catalysts that .include at, least 0.1 ans of theta .
dingieigphet | lest 130 Arnef beeamiipad torfaye aaaﬁweafg} ofybdenum trioxide

X mn?{rl%ﬁnr'l'fgglfl%lg%i %1&12{88)_( ggghs%]d%?ﬁ %ﬁ@ﬁﬁrﬁﬁrexb&pﬁ HERHIE Doo1, Do

250 A In"sone

- andéortingi peaikt)s , THehadumindiCaburmo 6 ericiideretidnreahay behqaotreated aten

tempaizbre Dt 1R 558 P (LGRS Kiprodios heatti P it oek et o
at%ﬁpfd%m&&b(ﬁhmln'?ﬁc?ﬁdg’gl%-r Frd¥B6h cﬁganf&' XARbR! 8n absence

are typically at nost 1000A. The cata yst may have a
Oftboﬂamspezle) distribution with a nedian pore dianeter of

east 0 .or at ast 90, A, In.so enhodi, nents, .
© helottn geodiBen  catsaRpaLbdiher SR 55 PR RS Various
pore@ﬂu&ﬁregﬁfﬁnae@rﬁﬁnwe b ade ﬁ&ﬂﬁﬁltédt@n?&@-dila&&téi« B89 vdhkhe,
A, or 130 A, with at | east 60% a total nunber

surfee preps T |<:ﬁmbm@t19@rtber§pfz elhei catalysh tray dave adistripusiop of total
oo B AT, Ty ok D B i

disibiuios hiag bdllﬁhlradgutﬂo@mwu)(bo A, fedoad, p06@3d® Ardheomen
a range from 70-180 wth at | east 60% of a total

empegipents gfatalpyiethat WC]EIH% atgast O} gramgiof eRmpyae WA B Fgmept
catﬂggt%agé Qﬁg{eesﬁze"qlgthbﬁr}h Howith a %dﬁm %hgnéh @fn i gb‘igg%h%b -200

odi ments i1n n pore
A; Q(D-aﬁﬁtﬁerloo-ﬂ 40 e op 2@ 130 Ae Iniotiter eﬂmbbdlmentssceaalyi;teﬁwt intBe at

leanO atgqa%{esa%ttlgﬁzwooggl@? pre]B glt:aénlgg %tqlﬁg%ﬁgq g%gq%tzsgzre c{istrl ut?o%(mth a

megfaﬁégfeb&lﬁéq%ﬁﬂlaé’ﬁn ﬁ@ﬁlel SALFRYTER efoovd dohh Nor280450 20y some

embodiments, the median pore diameter of the pore size distribution is at least 120 A, at
least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A.
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pore dianmeter. In sone enbodi nents, the catalyst has a
pore size distribution with a nedian pore dianeter in

wa 20@nge3from 180- 500 A, 200-400 A, or 230- 300PAT/USRGR/042655
at |least 60% of a total number of pores in the pore

S e duahELES Lon D316 8RB AL Bt 0ol or
1eastesﬂoﬁdir BERAS,90PD! Bh 36T 0Aim AL, 8Be SN bc6ha§ta pb?eas‘ﬁe &stdbution
at least 0.7 cnB/g or at |east

Witk AP PRI fEhs: Fapgss GO SOLD fw@aft@s& @32@%@@ with at
leas%(faﬁbpa %tg rﬁx%hb%?%f goreg) Ingtpge) PgﬁeiéggﬂSt{l?‘.ﬁ%oq} ha(\)/hngl\% pore g%meter
withiredti A:B@é\r er 25 An@ftte mietliaf portieméten NinWRrtaibSntddiraynts, lt]ile

enbodi.nent s,, have surface area of at least 10
Catalrs}@t/r%s 347§ Y5 lstfé?@tlﬁwgt% aa%lef{l@hgqre fiangiey ig 2 rameq oo 10-150 A,

P LSS AP o Yl G

dlanmtermﬂmz 46 A6, olr a5 deof the medrainqnblremmrmert he catal yst
R i B e b o'

at leﬁ% /Q 80 &f afleadt®0nta 6P aﬂl@éﬁ 236GA a%r@@t&t th§p6d‘;g/09 a tét@l‘?}ﬁﬁnb]ep Of pores

g, at |east 120 nR/g, or | east
in the ppressize d;steléumyhm ai peradinmatge withim$ (Bé 30@ mzp@z\ of the median

9 nP/ 0- 250 n2/ cert.
pore B0, T slmeiEiboRiRerts U cabihud B% £Perapedr P vl &
med X aTRd @amﬁ&lr ﬁrﬁ‘& fang6 YohNTEEE 500 ANZU00L0EX L bruthdt 550 A T0Eh at least
. cat al yst t pically has a fl at plate crush strength in
60%p1 e pGLnymehob posn Reqere o2 digoibaienhavinga peE dymeter within
2 3 C In sone enbodi nents,
50ﬁi’gg%g?gpl%{;@tggg?e%%%tlﬁgeo%l%g%st precursor is sul fi ded
t oIff smme erabadimsnisf pde solgmieiofipotes nisee a13das00.5 ealial suest 0.7
rt_(for, exabrrpl e, ACTICAT(tm) process,

t
co é@r a ?Sgror%g?m Fralt coriain gmbqdimen P ORISR Pates iy range from
0.3-688 ah) /?to ARY3 B8 /gr &&ps- b*’y%%gﬂ fided. Alternatively,
a

the catal'yst may be sulfided in situ by contact of the
catlb¢ yaalysii lalving acpardeizé disttibubian withcl medisn pore diameter in a range

t ds. | t | f t
fromyit{ 1L AGPBh & B b BRR Ryt digeh Sttt ¢ bl EReeat
leastaR0 MY Q@ RAst 1970 rh/g Wik %aﬁ'l@@%r §Hﬂe§§% D78 i, SGRMALEr8dCRea may
as or ganosul fur compounds (j ncl udi ng 2aI Kyl sul fi des

be inyprapae frpmakdd-3Q0nmdEs] 2070 18 ie. 169 20950 /2.mx-1901230 m?/g.

N I L

pore Sﬁuﬁﬂﬂﬁn atragde from IGGBOGIMmQﬁB@&H ABifase arealof bleadt ¥pen™ s at
cat al #st i ncl udes Col yms 5-10

leaStrﬂgtrgJI/ & éyaSE IiHOQ:@nv‘@» pldeash 8 o 2 dqspi? 10 milad Shelssafago rrsa
may Bk %€a Pdfn E?x‘oﬁ}ggo gg%ﬂ'lzigh 9. g§§ ik 1@%??9 %@”"8% ?ﬁ%h% g,

range ave a

S uhf mtmre&mlaodnileﬁts theesalyQRAIRY ig. shaiiw ﬂsﬂﬁ@ fMCquﬂiplleJellets,

the first catal may _be at | east Q. The first
cylindggs#neer exiyidpies e oThe @é&%tmw s 8 élﬁt @ﬁte pshetrenghén a

rang@fr’émgs“(%@o Rferd) %@m)oﬁtwgﬂr Go-3 30"/ dnY Fﬁo@addoyr}r/%{nl, gf;.?éo-zso N/em.

9999 grans of um na, per gramo
c alnailoyra emﬂﬂulemémts she calgityad/ohte, catalhyss preeurRobio dullﬂ'iElB(ﬂ & form
meta?sulP Iies (pﬁgln ttoeur;te) gsflngc;c%!:#nrlrc?ues knngxgvg llrg ale art (? rr e%’(r n]e ACTICAT™
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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catalyst, in a range fromO0.0001 to 0.1 granms. The

first catalyst is capable of renoving a portion of the
woli2008/06293F r om a crude feed, renoving a porti onpof/ushm4/042655

conponents that contribute to TAN of a crude feed,

renovin | east a portion of the Cc5 asphaltenes from
either gaseals %G'é@«gen safide imihe arestecest! hydregen,iaydiqeid-phase sulfurizing

B

sulfexidsy)! Ex—sﬁtd'sﬁlfﬁnia@lﬁh@Pdces%%e&i&ﬁérﬂfeﬂ,mHFS Ryitean INoy, 5,468,372 to
resi due content, or conbinations thereof) may exhi bi t
Seaﬁ’@n%?tla@eﬁl}ﬂ 5684 73(bWa5'rF‘@€§in§\ﬁe9flt the crude feed is

rﬁl%%lttgg eMb%En%%ﬂas 'ﬂrscttt}q{):ea&;faéaﬁ?};st (¢ @ﬁétgzgtaf}ge néﬁlilc}eg Columns

sel’ectively ¢ properties of” a cru
5-10@neyal Ghamngntbdnavioh evithpa sx,tp@btt; agl han ampeteadize/dikyibstioh with a median

t [ f dto.b
PoreAREIoE i § St Eabl0 71D Sorhbe CRUGHTHTSY otiee g atsa of a
leasfé n%%‘fﬁ )‘r‘%gtﬁle%&esvd'lﬁi‘w Q?tﬁést}:‘rgt da&l%@)ﬁa?ﬁn‘é%f leakt'D. 5361&1?/%' Mhe first

nts, the second type catal yst ("second
catadyst aiayéna\'/'@ a gamhmdihsmﬁe [comtast <ﬁ“-a1 Bastét akiag)s dfijgamma alumina, and

SR HI AL UBAE 0,30, R8s 8 OE SLERy i s
cata{1¥s@ O th SrlPentfliNentdl a 082 bntER 6 Tolihe 6tradtals) n}bﬁi"fg@d’m of

ofes in the pore size distribution of the second

‘ cataizeat,anytgangfrefven 8.0961 ¢o Bil eramer Th fitst eptalBstAs egpaplgeof removing a

por e R AL e P 2y s A1 R o

© conGr@iikd {ol DAY offe rdleded; eerfovingl alelet 9®Uﬂtontdfal&e @giSsphaltenes from a

sel ected properties (for exanple, TAN). significantly
crudhiendaampeing et lpastagortien ofdhe H}@F@éb@rm?té%sagﬁ of frgape geids in the
[ r
eru R e e R O hEE pBpGiep ¥ CHAAE Suilt Bntent, VGO
conbay, AR gasvdtye rdsiduie conignic ontahinaipns Teeecpmay @xhlzbttablyﬁvely
y reduce ap | eas ortion, of &= Somp nns.th
il bohanE G Enghe PGS foa IDFoRHetLT A THS R Baiie il o
sel&ﬂ%l}r ‘Eﬂar%% pkdiRriEQrRaneiictetIahile Qﬁlwhmgtlﬁ% b@er propertles in
rel ativel hlgh viscosities, and réeduce | east
relagioelyi smalllotfnduh‘s iy aHOWeﬂmm@rf@erﬁO hetmeorg reﬂéiﬂéerpﬂydmﬁéqd In some
i tionall ds wth the second
em@’éﬁl PRI&ONRE hl?lr%ngggatﬁlg' tﬁ(%ay eu&u ERARIGT el at i vel y

S Mednl ceftBiARE oI HE tsdidekorid @?6 besdtalyl(adebaiel ¢adaly®) includes
sul fur content of the crud eed. For exanple, the

Colgmud 8- ¥rwetalés) mgmhm@omwgtmafsupp% B0é hes HPOTPEYE LaBGhEion with
a mrg?lga hate { f&ﬁm&g SO exgé %’B?ﬁ)rngl& a(? ?86 e%tl %FG&%%?%IG total number

|ve cha

of pr&dih |t1|1@1§di‘e §1@él iBaibutdEof d@rsbaiﬁd caﬁﬂh;dst hes dlptee dmmte&mtwnhm 45
relative to the crude feed, errboa@rrent

A of thereedisrporgaiangice Cepnﬁ'rtﬂt at 1ih@ érlyiqf%fvé i thersecqd catalyst under
sulwb{e\goﬁﬁcﬁr&oianﬁﬁﬁ)ﬁhﬁy ﬁtcnﬁ@ P RRMIat PAdtseRcted gropertles

atrve t enes rcont ent, or cont
(foﬂéxampﬂeaHS\N)n;lgmﬁaintlyaba@edfrelam‘gﬂnlthe mleq:sropdktles of the crude feed

relatively hig or. exanple, TAN | eas
W Hfawhfé@?ra@?m%%re epﬁo%lgﬂ%f@obytﬁwgep%lgﬁpgwe%f@mgen i i some
r Arels Aidbiag. A di sadvant aged crude
em%c?ﬁ%ﬁt@r%@ ti eFé}ﬁjﬁl élﬁé@(% %Eélp%al tenes content may
exhThé $ecbm'h&taiy$tbmdy| I'eglucntuatt laagt qopoties of thg compandnisthaiccontribute

to tﬁé t}%\I c():fr tﬁg gfc’ude feela ateleas !a\}/)gll’t%nlo?%ecc%map%ggr%ls %hea? Sontribute 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
weazpisaessnes contributing to TAN from the crudectaseoo4/042655

In some enbodi nents, reduction of C5 asphaltenes

and/ r co onent n buti.n to TAN reduce t he
cradg Pocict SR BrRO RS FORb chERa I B ST GHURY R I dhe Sulfor
contEﬁ' (ﬁ{thé/ @ruﬂ@feteh eFyi é&:ﬂ]?lé YheruddroahdtdRay 188E a shffur content of

certal n enbodi nent ne or nore conbi nati ons of
70%s B3 of thetsalfyrstomtamhf e aedesst aBid drede prbdudienayatlssl exhibit

relatP ?d Uel aﬁ;ggs 1% éj?s(%%% cgaﬁeﬁy r\??(g :ggﬁ g A %e%{,dgla gg?tglétoreﬁtlve 10

the&umdnagmlnatlons t her eof mhen used to treat crude feed

as described herein. In sone enbodi nents, a third tfp
of Ie sarag gmbodimeniisy the errdalfeaskmyy hexp ayslasibelailowspateniyof Ni/V/Fe
or SO, A5, SYORRRL WP NI, TRCKG Rl LA

contbgtatf@ktals id Metapsais ef 6padic RB. & relImivelySlﬁgl’i TAN (for example,
t ai ni ng. conpounds at a tenperature bel ow 500 0C
TAY phit Tesehfh)

t least fs) Bay pendsihe @wd@éye# raceeniahlatqr jnsposigtes and/or
refin?fyd. ity p: %gl sfﬁﬁx:&rft#%d tggltdfgﬁi;}g}t 4 %?egt{igw gllx I@gg eg%téer%s %Qﬁt@htylﬁgy exhibit
less btebidity drthgdCotessing rdiativesto other cardbawntheeibmchlyrmw €5 atphaltenes

cont) (oSO LPERRE TesgRt Bhthe Y B R HnoLstins
com?é&@i% anld/ @Y a@p}f&?tel%s%ﬁﬁtnbﬁfmg tPPANO S 11 @8 felBC1In some
catal yst” may exhibit significant activity and
embgdlatﬂnt& reﬁummpft%@dph%ten¢se@1d/mmnmpu@és ¢agdbuing to TAN may
d.h t.h
recufERELH IR & i ot e R SO PR L S ntR 40 B S Phiy of e

crudt feedp e seMaiR e@bodRRNE] ofldsrem sl otbiPBROsMEsondldalysts may
third catal ﬁst may reduce at | east a portion of the

enhapgerpabibift of t ﬁmtalmmﬁqct/ﬁud@pmu@mlmm igerepsecatalynglife, allow

i S bSO AL 0 SRR L L

treattclnmadecﬂeexﬂ&ciﬂsmhedmer@md reduce the viscosity of the

d ddi I 1 f f
sl hditemis iy S e cabR st (a8 phoe et Cbtainable
by C(WnBﬁm?ge{ bit\@ie {I&'n|6 HBANOR0 o duR€ a Sy nE QRGN tThe
{0 Pt o pfod S prelliser

relative the sul fur conte he cru
catalystt irequescamhaydieyhenied iimtile pmesentsyoff angen mqne snklﬁn kcynﬂahmg

com§E98 o €5kl S BTDA R 2 AL U BB R et

shori iodll dfdignd B F6m Hfﬁ%n@ﬁl%@d BRI adLy or T‘}Jja‘x%ﬁ@y lt'l§é &Qalivsﬁ‘. Precursor

) ird catal yst may al so exhibit relatlve%/
is he@'@dﬁi@ akleasy 1p(PC é@rakﬂiws R cettpin embodinents ibe thv&oatalyst may, per
nd r |du conte relative t
era QO bt PR RO 5 PRRABE o Thi ek ol gPL TR eroms
0.0051 8 grambt & 00008Q0. GBQﬂaﬁnSS athe $hird Ealbt/nYyrE&haRidigiificard B6kivity
t he VI scosi tétof the crude roduct whil'e al so only

and gtpRikty Weerpysed tastiedt thesgrpdmiecd pedospribegh heyeiny In ginsg ¢mlp%d1@ents
e P R PR 00 SR Rl Gk
mor@wlﬁlrvaﬂﬁpeﬁnﬁso% treatnment facilities . The third

cat al in some epbodi nents, may reduce at |east a

porb¢ é rdspatal vk magreduce at least a portion of the components that contribute to
the TAN of the crude feed, reduce at least a portion of the metals in metal salts of organic
acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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content of the crude feed, while maintaining crude
feed/total product stability. In certain enbodi nents,
woheostdasasd cat al yst may have a Col unm 6 net al ( BLT/US2004/042655
content in a range from 0.0001-0.1 grans, 0.005-0.05
P O e D GRLATR A% B GalIfh squient of
the grudenfsedemd GvidOklafively nginamal npehydgogam witakedtyshy stude feed. For
Col ums 6 an 0 netal (s).catal yst i l.itat
cxeimglfa g 15 POt MRRBEE S eparct 7oute BB segpent of
the 6L fdedUtMRelcty dudt pidgucddudthof tBe thift cakf PR At AorXhibit
a range from 300-500 0C or 350-450 OC and pressures in
relativelzsmellichages in APDgmwPdy, distdlajgreontant, YGO doptent, hpd residue

ertain odi_nmen f QLKL f al yst .
conf B g SRS, ol 50 e e R Bty st
of cB@HN k| the NMV/Re dortdie! ahdaheisessity IRy drudelhedh@wtile also only
catal yst has a pore size distribution with a nedian

chapging by pamellemaynt te A geavitygdiatiliate comfppt, ¥Msdennigtis and residue

' r i

conlety EREY 1, B0 ER Y ol P bl G ita S ey of
trealre@s tfacd@esA. The support may include at least 0.1

grans, at least 0.5 grans, at |east 0.8 grans, or at

P eabie thirg cEalR Hb?onquf'éﬁ\apdémalﬁﬁﬁaasbaqdu@% et 2 Berpigs of the MCR

i | i - i. tis, .

confifof @CHA T80 WIRE pRab AR G feb A o RO RHTE 1 cortain
emtpdiménts tthe o catalysemsy havedDOtlugmadmetd](sodmient iba range from

t S r..gr of cat t n certai n.enbodi.nent
0.0ff by S0l SeS T AA! BEEAE A oE G At
contel€inCd 146l8e Fr8R1D.0001 -5 sRRIsA0085L0VH3t draB, @BDAILRORbrams per

cat al yst subsequent to contact with the fourth

grawaf &E@S/}Sﬁ | lTrlﬁ.‘e{hau@ﬁ q f}nﬁqﬁ} metak(a) qﬂééltlyﬁmaytféci&t?ée wrugitoneof-at least
o rliph P SRR P SnbLf e SHERS e k08 BI90 Mo n

 rangd fréh 308t580YStor 35hetseegentibraainel 54 rango FoBY G140 MPa, 1-8
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catal ysts descri bed herein, or conbinations thereof.In
MPagie-2MIGdi nent s, hydrogen nay be generated during -

co L j e [
C o Mot Hod e Ch Ol BRI RSB b E0h HikBls
ColOG@n SanetaR6)-i8 ¢ombilnatidineith muthieia phundng sugpoctd The dodrthoeatal yst has a

such contacting may, have a. TAN of. at npo 0% at nost
porgjgg digtriHHSR Wafop ™ laraPorﬁﬁwef%mfar iqaﬁe@%%a% Grsofive
emtdautdént e8I metiud h@ﬂa‘?ﬁarﬁ&@ﬁéﬁh& BN ARt by de 28 R4& 20D ANat
1-50Nmv, 10-40 NnV, or 15-25 NnV. The crude product
leastrB30 Bawideast 260 &, oNit/lsgsE30¢ An (Thnatsuportmayirsiude@dgeasit0. 1 grams,

80% t. 70% at t 50% at t. 10% t
nos 0’a ’ a S 7 at S 9 Or a

at 1GAE05 B, Bt 16T DeS Sy it B L RO F DS et g of

suppdtt.CERd RfuRth@ARGEE ABPIRIu, fnl sohfd dnytRRAiénts, Ak Alo¥Ss.1 grams of
“"fifth catalyst”) 1ncludes Colum 6 netal n

(s) i
Colgmnisi metel(erpenetam of qatedyss, aaldwideast GOUYP@rams rpfwéolmmm $metal(s)

cat al yst has.a pore sjz LStri LonW th.a nedian
per BEPEL RIS pF s erihdBpdh gk R AAT il S5 TR
| edatsod@nidodithents @ftcrddfedd may bk @aktact3® Yith an@tdidibnal catalyst
nost 500 A. The support may include at |east 0.1
subgpqueny to contact with the fourth catalyst. The additional catalyst may be one or more
of the following: the first catalyst, the second catalyst, the third catalyst, the fifth catalyst,
the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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at least 0.5 grans, or at nost 0.999 grans of theta

al um na per gram of support. In sone enbodi nents, the
weuppmetoshas an al pha al umi na content of bel owrPOT/AIS2004/042655

grans of al pha al um na per gram of catal yst. The

catal yst includes, in sonme enbodi nents, at nost O.

gr afsonef enfioddimmnts, hm@e@sn)ayd@rgegmamddfurmatcamﬁsmnamha@rude

T B LT
330- %Zg o ADITKDERAL BRI HHodhdsadFone Buchl ddntaefib@inay have a TAN of at

odi nents, net hydrogen uptake by the crude feed may
mosb%()%,eit st 80%, atomost 6%, exatipess 1 0% fithe TAN afgbe rpnge feed:

tmeN B
Hydr%gee @ﬁ’?eé%tfoé]anNFBH{ %@n\g?ﬁ a@ I % at0 a tgln}ﬁ&&ek? 3{ ﬁfgs
Nm¥R® aTh@diige ﬁlroam,t&ﬁ K@ aQ@6tal N{(/WFeB&ﬁ;e?nﬂ of ﬁlginos‘.b 90%4, anmost
330- 360 OC. Net rogen uptake by the u
0% ot TBbaFiacsS ety iset 1 0ocoroh A8 ¥ bl TabUNGE) omtent of
or 3-10 NnVvV 3. The crude product produced
the?r}‘l(iﬁnfeggvt act of the crude feed with the fifth catal yst

mayn Bawen embédimehtsad ﬁfthsjrz]pegﬂ%tag}st (roisth c@edyst’ytinehadsets Column 6

50% or at post.  10% of the TAN o e ude, f eed. TAN.
metal(s) e RV iy SoRPart, T Glh ERRETE apbit bize
dlStlleR%ﬁQYlg‘lSa m@?mg gtggﬁ Hath J)f]at Gkt ?ﬂmAem%'t DEOASat 18ast 230 A, at

yst ("sixth catal yst’ ') incl udes
1eas@5(l.lh]’at5eema$(w As)r amebsCodUAN The weprair{ sy insludsmbloasitl. barams,

h th h | h h
s s kS I SRR TR AR i Mo
emb%ﬁm%nté ARSupp&Phdy ad ApLAEm BIARGHIAPH telow 06l graghs aﬂalpha

por e |amater of pore si ze distribution may. be a
alurhipaper @20 of catatyst. ¢ Blat capadyst mclugdes, inggme zafpommeaﬁs Fitelagﬁt 0.1

o o TR TSy o
mein(é}?BEr gridin dfeaslyst. h @hds@abodimaits, rm@Comnﬁ% greas) of

al um na per gram of support. The catal yst may
moliypdanyaeand/og tengi¥Bnbodi nents, a total of Columm 5

metal.(Sdin ggl% &?ﬂe{ﬁ {19[ l‘gﬁg@eﬁ ﬁ?}taﬁ; b??he‘@ﬁcﬁe fed nﬂlfy@)gﬁelatlvely

per gram east rans " of 3
lowCfdr ¢rample ol 0 ($1)—1@1hNné(lﬂ1 L 806N méJ ié@ I\bm/mgrcmd{)&() Nm®/m’)

wheghaprigb s GRS Wi G i Ahe ST edas Hes ffom
3103460&5*,9 Eofd PD-P10L°CQr frbml$30-960 023 SNedt Byl e?ehaupmké by the crude

ments, the Colum 5 netal is vanadi um and gl;ah
feedDah stmme nbetiakrts) may be inod lsabﬂ@frgm TaRA Now /muﬂgb‘c N /mpen3-10

de feed d th t
N e L g e
ma%ve%rTAN%%Qs@m,%moeﬁo%w HRGEFOUPSrak end3y 10%ef the TAN

crude feed may be in a range from-10 Nm to 20 NnBW

of the7crid/feed. TORME the cruds pIaiuRkmray be 51 aravee Riegsl-N 18- 1»803-0.05,

en uptake is one indication that hydrogen is
or(ﬂédﬁgggenerat ed in situ. The crude product produced

f r o ceAAh RETHoBImEHIE aGixie 8/pk @€ Catslykth(“sikeh ciatydti”)dadledeg Stolumn
may have a TAN of at nost_ 90% at_ npst 80% at nost
5 nr@t;é%s) and Gelymn 6 metal(s) in combination with the theta a Ymina support. The
sixth catalyst has a pore size distribution with a median pore diameter of at least 180 A In
some embodiments, the median pore diameter of pore size distribution may be at least 220
A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may
include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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10% or at least 1% of the TAN of the crude feed. TAN

of the crude product may be in a range from0.01-0. 1,
wO0.2005/08335, or 0.03-0.04. 15 Low net hydrogen epralse004/042655

durlng contacting of the crude feed with the fourth,

crnbgelgp Rl BN SEEHBUPIGO HRBLTEINE) Stmpst 0.1 grams

per g(%ﬁ%%étaxgs ; Ialgc{] étgé;aaspb B0 brabiadt dolemAs %@&513&3 lafd TR%umn 6

ransporfa [or tréatment. Since producing
metafRppargram aﬁeqfnaiym thy sé1yel ﬁmgedlmegtscﬁsum@lar 1atio pﬁtozalr@lume 6

meta O3 Eot o GG mr iRt R Qodaehber 22 B seriph
embéMRRNES the ToRln¥$S nletd (i‘é/%ifa&u‘ﬁﬁérﬁi 8 ColurR@s neetdl®) ate
content of Colum 6 netal (s) in a range from

md}@)dg@gga@:l/gﬁtuggsﬁm of Colum 6 netal (s) per gram of

&7\%6‘%42%6 Cﬂr@ \1/S ec%%a%te%@ 1 e%ngfl) % gg r}H g‘t%ﬂ]?érgfhre in a range

frompB( 1®d40E)I Ay ﬁ@m‘:’jm}iﬁﬂ (PT@ @y Efont Bfiﬂ 3603%(3 aleﬂ'HNreéerﬁiptﬂ&SHy the crude
90% of the TAN of the,crude feed. ;25 Qther, enpodine Jgts
feed grayttiven pitfrge froge cOHRIm 4K tp 0 Ny P Mpt/n to 89 Rk /maeg-5

N B 2T SR PR Dok 85
being ferichrated ayyidui dat Icnrdeqamiducopltodud:ddl fiogm opﬁaatdf nlge crude feed with
e R e B B SFb 8 RELAS o
10%Ir &1 afitléa\éﬁ%%fEHéermlb@%é‘ &84 wRi! €A% Hahe BRAPR %Eddu%fsm% beina

he crude are not 30 significantly changed.
rangﬁ:éQmQDhQ 1@:01@@@%@00@607% have enhanced propertl es

L BYsE e i g SonEAtie A ernaF R i the fourtn, it

or sifthicaROURIRANLcRfthd Al redBirémétodhyslogen durghgSRbestRE while
sequence may control the sequence of property

prodpeipg 8 wends mredurbihat is aceapiahie hé@@nswﬁﬂtl@kmréreaww Apce
prodﬁéel.gé Ff}cy/()r tgirnt #@'ﬁiﬁ% P?glﬁgéﬁ isq:%st(i’)t ntu fni gq}?ep{f E gfqﬁﬁ%rogén ina

I ron, east 23 port
procéshelﬂmekﬁls ovadlll procesind @ast a portl on of the vanad| um

in_the crude feed can be, reduced re at |eas
poht ?eaﬁmotfmmre%étaoﬁ?xemh gt e?@fv €9 é%@n@lrféta?@a J?@aatotal
contéilt o’f‘@% quiés?fn asl%h &Frlo @601t (?‘@6 %?a'h%l &ﬁfo‘imﬁﬁ% mbtR(s) per

sonme e | rrpr e catal yst
granmpofthatalyst. h@hcsCalmnin 6 yetl 1st Ihelybdftmilm drgléat/ttugséin. Prhedencdnth

m xture.. I nprovenent of a cata I f
cata§yt{s broefigtal R G ERR A R BEREOL R 155 BT Ohodhes 0% of the
TAI\ﬁMthE‘QruBE@éé@SSl ng may allow a contacting systemto
operate for at least 3 nonths, at |east 6 nonths, or

at Oltlmasmbgdl;r@ats ohithenust, scm@ﬂa@gdefwrtb;‘ ﬁﬁdh él}@]ataaﬂ)%@feﬂﬂn

in i.natiaons
catalg§§ fisgcb 3 g/e\ﬁr ngﬂ%tlf’ Sﬁ?e{vﬁsea eSFr e561‘Bort i on of
th sel%t{n‘g/tﬁ@cataysttﬁ 38 Ehlﬁaﬁﬂifcﬁﬁ&ﬂarﬁfcohﬁ@lhﬁ? op&Rhial t@iiesons
at least a portion of the nmetals in netal salts of

may ¢Hgw i ceudediradict g be paduced thyhes SANand/orsclesied prenerties
T
can ORS¢ T Ol Sl e, R bR Ot e
signifief@lyechah el Theapsiliingesudd ploliectaidydeve eslthnaeepobartige tblative
while maintaining the stability of the crude i

to the crude feed and, thus, be more acceptable fot transportation and/or refining.

Arrangement of two or more catalysts in a selected sequence may control the
sequence of property improvements for the crude feed. For example, TAN, API gravity, at

least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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valug af atloystl

feed/total product m xture during processing (for

exanpl e, maintaining a crude feed Pval ue of above
wo.28)5/06843¢ er nat i vel y, C5 asphal t enes, TAN and/ 8CTARR004/042655

grawty may be increnmentally reduced by contact of t he

nickeL, G Gara AP} P IHG B T SPUERH & I eudrg e P Hbd pefore a
leastta%rﬁéﬂmgt&%’coﬁ@m flelcRWetfb&] &b akiucbd.y of t he crude

/total product m xture to be maintained during
pr Auessﬁnm@t apd{oseatestionbbthicrreial sis maw in some emé@@rrgﬁgts improve

iSRS ARk IRMARE, B SRSA BRI By

Improdéadnt S akaplydt hﬁVﬁnﬂ,%B@MEﬂhtny)f thie @hldmﬁ@mldteﬂl prdﬁ@b@’ﬁixture
contam nants, netal contam nants, and/or netals in
duringenrapessing mpy oy yegactiag Syem i ppaatsdeiatasast »gonghs, at least 6
[ e
monfhsaffds ot gsag Ui hgﬁ%&agegﬁég{g Lot calii APk, %@lgffg 20h8!
r e@bmainaﬁf)nﬁaxbf delratt catapatstmaynalteiw NidhMidrein at Eamtvaportdn of the
aci dic conponents rerrg)l1 of ¢ rrponents t

t .
Ni/V et lepttegoridonoldhe Fe agbaltenes ?""is? %P%‘POBPE%F metals in metal
salts %ﬁtﬂaﬁa}iﬁ: da'% (%s Qz‘?st § Stiof ﬁ{e &o hQﬁE 'tﬁ%ﬁ‘ §oﬁtﬂ§l§t€‘ﬁ§ TAN, Qeast
e cru ee exanp e, reducing | east
a poriontoif gre refid @5 oaspxhhinamshcrrnoit frencthe dmdb dead/ hetﬁnralother

r.odu e | at ta. t h de f hi.bi ts
pronfi G5 6F g P ede b catnr ot SRS R URE SRR L i T
feed kQHSproditt hARRRS kiR ﬂr@&@ilﬂ offor Ekd’!ﬁﬁ)l& hﬁalﬁﬁﬁmﬁgﬁ cAfde feed P-
system rms)s be operated wi t out repl eni shnent  of

v Révfiswnatively, Gt aspbaltenes TAY and/ar 1 grwitiinyay/bee
1ncregqe'|n?%1 rgg&cgﬁ %y antﬁgt g‘?%e %ru{;’l'%/ get%gggglg%?eggeﬁg E{az}fs{g nﬁ{eea%ﬁﬁy to

1ncra‘nhdn$dllyt‘a’ﬁﬂﬂir%Slbctlv'glbeclﬁﬁg@p@pembﬁ by 8 (cB)dedBell @ny tili®w the stability
third catal yst(s) ositi oned downst r eam of the
of the icrugle feggl/tat @fodummmerﬁ tq bpringitaiped durmedpgrssing.

t
Bkl ARG 1 e SRSkt
upstﬂeeﬁiwfa seties afaratabysts. cﬁ‘uchl[pbéxitlﬁang eflthedirstudatalyst trralytaﬁnw removal
o N P S SO 20 e, ey COBLERt, Ly s o

orgafitRels ”@Hﬂ@maﬁl@ﬂﬁlﬁg theQfath G oF Eﬁéd&u&@%@d%tﬁlrbrbéﬂﬁzt ﬁﬁﬁtﬁf&d

catal yst(s) and/or the thifd catalyst(s) may produce a
cr Uhefifst eathlyst alowsy imdonie embodun@tfs, Heit rehneyalepiiae agiadportion of

NV rafe V5 Fatis comrobsie At pEPARE R BN pie o 51

decr&ds8 aihe 138 bflsthercakRpuciadhasnia g RembERAbE theredf, from the
reduced vi scosi té.l or conbi nations thereof, rel ative

crude éeeh &or expenle.iroeuciieniideast @BOHPN ORE's evnbebericgdnithateryds -
feedﬁacaf(}%r%{i nc!t rr]r% {u;]e re?tt%g lté Jthteycrtﬁ)c{e f%gf mﬂb&lﬁ% i)h@ﬁl%]ogf% af‘talg’tStS

ure urirng processin

posmrmedbmm@@ée&m Qneé ﬂmsnnsleasee $he lengthejfnmdthe tmacsmg@yﬁem may
cat al yst bein streamof the third cataly or vice
be opespted Withgat 1gp enwﬁvlemcpf gatelyverRemerrad Qéﬁt lgasta ,‘9@6&%0@ ¢he

N1N9d13$fr§1§1tt(}:1§%% ? N r}wfyn ﬂ?n%l na lSBcﬂlné {5{; ?Qeanhfg %ﬁgffe Or more

I'ons o sts t
catallyste ipbsitiynegieafer &telfm;t cafalyzy.dr ogen duri | ng cont acting, and
catal ysts that uptake a relatively | ow anmount o
hyah%é?é?ﬁnd catalyst(s) and/or the third catalyst)(/s) may be pOSRlOHCCg downstream of
the first catalyst. Further contact of the crude feed/total product mixture with the second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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during contacting, may be used to change sel ected

properties of a crude product relative to the sane
wonropactdses of the crude feed. For exanple, thectwsedoh042655

catal yst may be used in conbination with the first

catal yst(s), second catalyst(s), third catalysté )
redpqersubureanigny.gediede, oxygsn eonientangly raduce Hegoskens elmetals in metal

to change sel ected properties of a crude

“m$§£§?%§ﬁ9?@50n|y changi ng ot her properties of the

cr uasoheethbodimalts cba@ctestaedrade feoed mith thBsés@nd catalyst(s) and/or

mai nt ai_ ni ng crude_feed/total product stability.
the éhlﬁﬁe«‘rataém@gmaﬁ me afcnadatfﬁqdﬁﬁai PRgyeEIdEr doat élas 2 Efduced

bRl Hatdﬁbéﬁ E&térfﬂ%f tal

TA@%gggh%ee ota Epfogﬁ%§&§§§§éﬁltye M ni mal  net metals in
metay shlts g€ orgapicacidsad tedused asphaliceecamtanta remdomwm}t, or

i.still te on ent, API t t
conshigitogs Disteatielatiin e aeorty oo SN o oo S bitoc
maftﬁ‘;t]aiﬁiﬁ tHees‘ﬁa‘?ﬁl‘?tSf'o\f%hé)érﬁ@eefeﬁz&/?(ﬁal‘ﬁrod&@nﬁiﬂ%ﬁrlﬁr@ﬁxoé@@élh@ The

e N and/ of the viscosity.of the crude product is
secand eatayst 9@ bef pashimngdis wnidd, eitherhwitly thesegindycatalyst heing upstream

) Reduct ion in net hydrogen uptake by the
Oftgf’ﬁﬂﬁqagai‘fft 1$576ice a crude product that has a
boi Thshikigne @el‘ij‘!fe?‘h&dl@gélh spetified abntbQidgnBNichdI® minimize
c{c;m nt distribution of the crude feed, and a reduced
hydragenrushgst dur@gtC@ntaﬁ@ngrA@pmbm@wsaf @aﬁiw@éhat fagibity-gespration of
hy%}'/%eél?c{u\rllghsoéta g, RLY gaH stgﬁ%t take 9 éltlv% aercyunt olf_P\fIElrogen

armun as C are

dur@tfg dogctifig)theayf Reubed Itdydra@ge Ebl@@étb}blﬂbd:lﬂﬂs ofa squée pfoldact relative to
contacting zgnes may_al |l ow sel ecti ve addition

thesguye pEppRTtics 06fh?éguc{eoﬁqg(gCEqrﬁéalgg}?eglegﬂwlbgat%lwtmy be used in
corﬁﬁh&ﬁ}n' with ngl%gﬂ&tdaﬂlnys%), RECOHE rcg.‘ﬂagl%’gg?f t&{& rertga)ﬁ/%g(g),ffﬁﬁ%atalyst(s),

sone e ments, fdourth cat
sixmo;ataﬂysc(s)e dncﬂfpsvserventﬁnca‘dtbym(s)tuo @hmge@eleb‘eﬂ\m@eﬂfmﬁdjf nicourkel feed,

bRk drech s et 1 Gt gaen by aencr e
mafRdiftnY Shide fee Bl ?Vd@lﬁ@&@%ll‘i@y TRE oftRk bN@beAurhBerldfRatalysts may

contacting zones that include the additional

be sedtctddyte mfisimizd het hydrages uptale Wlhﬂé mwmmgmihqayldg deed/total

progﬂﬁgiﬁ%ﬂgﬁf é/flrrl]ﬁ.?i Ino’c y%‘fl}%gtrege ?a'i( &se rCeFd due %ogtgfﬁe VGO content,

disGI04A6 Ustent! APDgtabiRey, fdr @vmbinatities tﬁéﬂédﬁoff tﬁe drudE@cfed&éi @B’ﬂiaﬁh’camed
in a stacked configuration (see, exanpl e

withis)20% 9 fiihe gespesting Mepeyberat dheerude fqeﬁgwl@éﬁﬁha Tiamh @nci/ or the
Vlsg&%ﬁl%gﬁ} %der}tg %&9(% % d'{tfn%'st 5@%@%}2@ %&ﬁ%ﬁfotr d\ﬂagwgc%gﬁy érpt%e crude

rogen” nay ivere
feedddi t i onal contactlng zone (for exanple contacting

zone 114 in FIG 2B) in directi i's counter to

f 1 ofedictionén eeft@@rérorgs% yptakg,b &eﬁér‘é}%[fe%fr ey PEodupsa crude product
e e
feel smd,a rbduced Tap raedativel tatheSBAN diyhlr ogdnfeedy The atpene HAT efithe

uring cont ct| e cont ctln zone (for exa
crodl eaed R Ao eniT hRIGR ey SR RO COBBRER
atoRBc HRt LY Bl deTFedy. i rst additional contacting zone in
a

Hydrogen generation in specific contacting zones may allow selective addition of

hydrogen to other contacting zones and/or allow selective reduction of properties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be
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direction that is counter to flow of the crude feed

(for exanpl e, adding hydrogen through conduit 106" to
woanisaetIsng zone 114 in FIG 3B), and to a seceam/usS2004/042655

addi tional contacting zone in a direction that is

concurrent to the flow of the crude feed or exan‘pl e,

generaigil nlgrmg/m@cmmgtotﬁﬂmghde;f@n@lmlﬂl ﬂl@ﬁiurth@a (a)nanqﬁgy ogen
116 FI G, 3
oy G 88  FdFh  Ba DA FROR e LBy e

deli®drl e theMytifbgeh ﬁqanyiérdohn{éﬁto&hy slowhsithgcrups foedam edmé he
si xth catal yst, or vice versa. The conbi nation of the
embpgipents, gherdeliyery afithehychogeadnay bmeancameniity thelgw phthe crude
feedreduce TAN, reduce Ni/V/Fe content, and/or reduce a
content of netals in netal salts of organi ¢ aci ds,
W tHor bxashpleftin aptaeked odnfipyehtiog €seebfor ehample K. QBémydmgm may
net hxdrogen upt ake may al |l ow ot her Eroperu es, of

be geperae &%a&e@nt@camsén 8RF goniariing<anp(fo T he 102
: | Bt t

o G106 T RGBS 100 S 200 i
confaetingszaheiln4 G:mEKB r2ad)iin a dirftieonsthatas chumattalﬂm bedrude feed. In

somg R Y B o6 SR Rt e ey PEhe SRUE focd
Altéiﬁétﬁle}ﬁis tn a §thel@d rc@ﬁﬂ@rﬁﬁ&f@s@e PO ekafhpBO FUG 231), hydegen may be

downst’r eam seventh catal yst may have a total content
generateGoluting centawinglis 083 corpt@qﬂngrzam dor ercumnie.rcenigrteg emer 02 in

FGEShEL X BBl S A hUAE P e s

direeBéihYSTs coditerdtb ﬂo@aﬁi the cAide qmr(m@fxaﬁpleu addifig hpdragdisthrough
per r am of cataly I n_sone enbodi ment %(%he .
coneis 104" gncastacking oM HeBrHIGeyBhERd ik HCPRd AR gontacting
zongl gly\?ﬁlﬁ‘éc?%mlﬁ?‘fse&tngmﬁéﬁt% L dTRY f € chaest or eXaf le, adding
abi T y O USeE are atlveysnra anount catalpytlc
hydésdeh Vigrougt @nduit 106eo donmatngez@rreéé& enklg. 6ﬁ)al yst ‘may

all ow other properties of the d r odu 0 be
e GRSy D PSP oG ot S tRed 1 dris,
e1th@f f&ﬁﬁ ftfel ?ﬁrﬂ?fza’cﬁl@@t Beitifgoste g of fiRrsiaK a8mlys:, oftvice Vgsa The

atively smal' change in heteroatom content, API
congmaatlony)f theeﬁsmdh: eatelysit with an mﬁnumh p@tnltyst(ra maygrBiasak AN reduce
t of the c feed

N B8kt erdinOuhe i au L TR By Ml bEG T RE Wit ow
net ﬁfvﬁﬁl@ 61 hyddgtenhSh@crhAblfed. @bv&f&"é hy&Q%n aptaltexshy 8004 ottier

nost 50% at nost 10% or at least 1% of the TAN of
pr0pmes:¢fuu@cmé@arodm te ewnbnaheagadent snalt graounigrelitive e the same
o rtl [ fftg ?‘eﬁe increnmental ly reduced by contact
PrORTHE § eam and downstream seventh catal ysts

(f o sexe I’dfﬂib@dlnmifd, aeb differéecwntitertdlgadmaly bh used in combination.

catal%/st to forman injtial crude product with cha

Theyienph crtalysuspd upPHEaALIeRANCIQHSTPR o vaafcaaiys ey 145 a total
f r

oSN O, P BB i i 0 g

Theedwingadarp sopatt dcaedyst @hatliave a tatal doatanhof Calhmmré@etals(s) per

product). The ability to reduce TAN.i ncrenent al
gramcafidepmptreamhiaYERILFAIRY S RRAL & el fordy RS B ggfal coheht of

Colféx%glgd dfn@ttaf{g) iR &%&re%’&@%ﬁl &"t‘eﬁxﬁ Yo RGESEHP @ranlsrbf%%‘l‘ﬁnn 6

ment’s, catal yst selection and/or order of
meiai(k)dey gtamn oflcacmmm hasomsmembodiments, the position 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 flowrate) nay assist in

woedisoicsg7 hydr ogen upt ake by the crude feed, PCT/US2004/042655
mai nt ai ni ng crude feed/total product mxture stability
during processing, and changl one .or, nor

the sathe praperics abthsicoetisdeed EPuesay 186 TEREVELS §‘6‘éﬁ ehepdin hé€oatom
cont#%né, éfgfl{% %\%?y %sbcgg%oﬁ{eﬂfj &6 eOnterl @pédrhﬁlﬁatﬁfns igeqy.ude

m xture nmay be affected by various
p h@smactsﬁm&rcaﬁdm@ed xathn thérepstreanieant] dlowhsiogaa sqyﬁb@w@talysts may

prodes s Pofec s b Al Of ey A% HaBR Bl af ot 3926, o
mostplI 008 W bt Iegsttlb)@?f:t'hg q@\l‘ﬁ eetlelcRiR! fe®t. Q‘ﬂ%@inefﬂﬁﬁodfﬁents the TAN

occul ation o asphal tenes fromthe crude feed/total
of thp cadie dtednay bir imcrepreatillyireduced by spnteesHghds Pseashicthe

owgqrgégjglosfpsg% E:q?t%lglftéf oggafpté%lren,oci)? aﬁ? (’)’fi tﬁé c@gg‘?ae@ta&lltﬁgﬁatalyst 1o

formp(ﬁflhﬁﬁ% cfube %)fb‘élﬁ&%'ftﬁ Sidngsd pfopéftiégi eeldtBedo &fdﬂr@de feod,@ind then
product in

he crude feed/total roduct m xtur
contadiafi . initis! erhée prodedrwitlnan ellitigna i) prialy it pr%ugejﬁ@tcn{c}e product
e cr,ude feed/ c
Wlthfcgﬁlﬁggfl PEFPeLies I él‘? \ée?%) GtBe ﬂlqﬁ'%l ggﬂeﬁgg{&& %%g%@ k&ﬁrgﬁﬁce TAN

incrérHRARRAP agdfst Iﬂlﬁalﬁfah&ﬁﬁg fieethbilist/of lheo:mmlmffeedftcﬂaqurodliwe
total product in the crude feed/total product m xture
nnﬂmenagueaﬂe%@%@% For exanple, the crude feed nay

o 'ﬂ% goemebgrﬁg&ﬂxﬂg&g A“f% sél@@tlo%%ﬁmr ®rddd of BRalgEty ‘ﬁf—‘c&ﬁlﬁﬁa‘uon

égl nni ng ot cessing. As propertieés of th
w1tthoﬂdsllécB@1ﬂ1ta&hﬂg1 gcmd@ﬂicms (foranmhple, EANerakECRandfSr crude feed flow

o) TBRp S P S8 BIROUS BUOGRD Pegedt Srorenti ppg e
feedﬁﬁféggrr g@c%&ﬁfr@!;taﬁh%d&{ﬁlngrﬂrﬁéééélﬁ% dnd chiEng o5d @ﬂﬁ@ﬁ: properties

and t'he total product may form
of thphasdespradutt miatbeaomle nemtlu%pl@pfslﬁlee pkthg ﬁ@tdﬁ(f?ed Stablhty of the

S I
cru glgefi?tp%tl BXOdB? e %aa&tb X zfe]gtreg‘:f# Vtan%)&ls }Slﬁges F&gtl grg%l the
crud%%é%taq) E}r&[ﬁlcttrﬂ&uﬁb APRSse staﬂibl’réﬁtgfmﬁ)l’ becduksad by lfox)éxample
asphal t enes, change i nconcentratiqn of c ﬁﬁe f eed

insotubtilétty of ﬂm@de fegthanddor récprontctn His wde ﬂ?{f%duct Sixture,
nds t e
oGP AR 2 5501 S o o
com@ﬁ%@ﬁgbmg}i@addle Ex&ﬂ/tgahprpﬂmt nluameatoe domhbipationsrthereéf. t he
crude feed/total product mixture necess
pr ctfiseEaiR tEpagar 1}35@ e rontagipg peraed, r%%‘ooae%r@ﬁﬁl 8@ Ehad feed
and}&J Ed&ﬁ%r@&tﬁ? Stﬁe Bihide tf{;é@/tgfa‘llﬁfoldﬁctq{uxhﬁg nfak el ee @i}yth@t aI

ure nmay nmonttored and the sta
conctdmeraﬁmocms totalrpuoduct eifie canid/ferd/total Q@dﬂeterdM@P ahanges fue to

NCTT AR R Oy e T i
con@%ﬁ&%& BF&'EE zot::ﬂ;ﬁi‘galﬁctﬂ fh t‘h& ‘éﬁﬁeffé‘&ﬂtoﬁﬂ’ ?ﬁfd@l:tl HixPE6 whfrﬁls td Ehange.

initially at |east , and such
For Bxaraplasthe nnrde digsdsnay cangain eompownt%ﬁhgftaae palublgin g crude feed at

ontacti then this in a
the BaNG B rogtsabe) ASuirnResCa e abiefech Mol HRE AR PAN.
Mch ed 'al§ﬁhaﬁeﬁ@s UP-eaﬁE &Qchhianauaﬁs ﬂueﬁees)eeﬂ compBremad may tandyto

bé control by controlllng contacting conditions, by
becemb éas s@lnbleﬁn thatcaudesfeed/toa] predustmixpareg T gistpoes, the'crude

fee(gencﬁtb% ?o&%]tgrﬂél igﬁg :fgr?%{vg nﬁ,ha stle A ?(}’ctr g%égg %n‘rég{ﬁlbfeqwohg @nother.

Solubility changes may also result in the crude feed/total product mixture formmg two or

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. In sone

wendicsmsnt s, contacting tenperatures are cont POrIUS2004/042655
such that C5 asphaltenes and/ or ot her asphaltenes are

renoved whil e naintaini t he MCR cont f the ¢
concesgion RE e fesel anetotal NORISECLT PR RGH 0?9@?3@@6#58 s to

reduéerﬁlg p? (?frb Ur nmrcg Bffhe: fcaﬁ&grsa%ddi‘l%ﬂaﬁ%E affiti @Ry BBthe process

ormatron o hases that nmay reduce the
may bé &blh.lbed chﬁfexhﬂnplec repeed ‘&atmﬁn't ofl thp erude feedftpiat product mixture
and/or |ife of one or nore of.

t t aI t s. Control
may ¢ DESHIAY 19 Prgducsriahds BﬁOQHC&rYHﬂhKE}&FS iake in
CO égggsog sstHlel hletﬁ%ﬁélbﬁdh)é%hﬁiede@wotdv@@bdaemmmlnhm

alténes to be reduced whil e the MCR content

monmcﬁred hed ﬁrew(tiénlﬁtg@cﬂ thmjryce@hgmg’@sfe% agd/oermde {@déﬁo‘@hﬁqorluct
o e B

ﬂoc&@ﬂfoﬁ%'a%a&@ﬂb@%‘rdﬁ@ﬁw@ud@ fbéegaietallyQeenat ifitfje Rtvalue is initially
fferent tenperatures allows for selective change

at lezmt U deaticbswhpt- qu@er ticregSaRor Ilsere}?éllvﬁltYaﬁltarhler@‘lrtI}gé’0§faﬁBg$ |d[*%}1 this
1nd1(}a£eé alhag rtll(?: rud S%I‘ liePatn%l %ﬂg %ﬁmg% é&ﬂgﬁ&% Thgusd fégd'?total

e start of
prodRétahB&Ee sAbility, %k amﬁﬁedwlmwlﬁ@ ey et eomérolled b:heontrolhng
tenperature in the first ontgctl n& zon

cont@qjmga:@pdﬂgns@,@mg],egt@cm catal ysits, 8y é?llﬁ ive cg&erwl} catalysts, or
com% nggns)&lﬁelrregf %Jeh [ Ond QIR il a? bRLIHLtink QHAdiNoAEHRE IR TUE @ontedlling

are 't ures in contacting zones that
LHSV @erpp&hiur® Ipmﬂstaé,t}mdrdgeﬁ uptake;credmfead ﬂpwgow;méomemons thereof.

| o6t e BebadtrdsRBRL e e Qe LB 9

’aspﬂglﬂex?eg l.389F oﬂllaflﬁ Slietls é&Qe&@e@@h@@m@ﬁtalﬂhgﬂﬁme &ﬁtent of

rent t eflrst contactlg&terrperature
the codefeedbBdilution of tlteH‘éCBecmtﬁﬂlt BoeushdtidieEenapiske av@/%hﬁgéer :

ter than the f nt act
congpfisPRErLam oY Ferl L ar AT PSR R B e e

stabft{l6PtheGPudtSREIH ot A PesiucORi:tire and/oality (hfdﬁle or more of the catalysts.
productrel ative to the TAN and/or_ the %as&] h’a‘ﬁ ]

Controhofesmtasting kranperafuie 2ng dydiogen vpfakegrombinal e cafalysts

des%ﬁ)gﬁ ?).terﬁ:g ?IB'%VNS tﬁg 9,’ QL hgﬁer%§ ROBL fRNEd HUCTE MICR icbnRAYof the

rst econ contacti ng terrper atures are
crudefBe @il cBnges by\fatré'laﬂnveljasrﬁﬂl afoesch ot her. For

| first contact ¢
A IRRgS? CaPodmEn: Contrg e Capa e Loafoioss el ifperatures
in ogg of %Lé %}%ﬁa%ﬂﬁ nﬁd}%&ﬂﬁer‘%ﬁh Wpe i o i fnt temperatures

escri he“first cont act| ng tenperature_ nma
allob@ f&ssalaaavamngam sredofedd propediss M'}gletneam'f@mgﬁlé sﬁhgh%ef the

300 OC. Contact .of t f e
crudeoed iAo L SR @I 106 Erideriged Gy i SahiaF e rops af fhe st
of aﬁgﬁésysk ﬂr’}g H%cﬁh@féﬁfpeﬁa@tﬁ@%@r% WiBpdhtufy intthe B80E@TActing Zone.
he ot er catalyst(s) in the second contacti n%
Othepermtavtiyig tesperatuies (fpr exareples ssepndriampaiatire thics temperature, fourth
asphal t enes

BT oSS SR LSk Sl S A e aer

ﬁrsPédh@a%uBg egnahe rirétféentfaethsgtte@ erafige ﬁmgl be Gih garige lﬁgpm 100 420 °C
tenperatures are within 10 EXAMPLES Non-1imt

andexsoprideeontdctiog pavaperatpieapait b m@rrangqa‘qhaq iy2p-100°C, 3(5 98 °C, or 40-
60 ekt rreantt t}?alrllsthe ?1rs%i cor%actmm%emperature In some embodiments, the second

contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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with selected arrangenent of catal ysts and controlled

contacting conditions are set forth below. Exanple 1.
wonepawcaron of a Catal yst Support. A support WRE¥/US2004/042655

prepared by mulling 576 grans of alumna (Criterion

Cat al ys nd, . Technol ogies LP, Mchigan Cty,
relfje A R AN AV e s ans CANETE (arire Saed te o grasey oxtent
tharPthe @hRGhedf TAN 2h&/0R €l HhHdh '

? mJIeI ed m xture V\g/é)?gf(? ?I%%Ie}%ll?%ﬁr ouigh?garllg:g%ré;nﬁﬁ%?ééztg% second
contficanglcarperatiges angd thesaneeas @0vithi 50 6C of aanh dthen cal ci ned

at 918 0C LCh resulted in 650 a f cal ci ned

R Prtpte BTl adhmaoes Bed it Bl T fenftyi RafEra fourn
catalybk(s) 4iRich SUPRDESNt AR PbACAHY ifdhlelotitg el sfs) 28&8ed Hefin.

furnace tenperature was rai sed to 1000- 1100 '0C over

Theyfirst qogtacting teptperaians hasi ke 339 Chans! the pegend eentactinguemperoture

t t. t N e er. am of

ma RN B AR i crad e AR iy R op S S R catalye
andk f@lrhhuatayste tha higheDRGPegit@epriof tae@intat dithAhd\dthedddthlyst(s) in

0. 97(?1 ranms of theta alum na, as determ ned by x-ray ]
the ggepnd cINRCHRE ZoRemaY FrgHdn Breates the AN andlpegs amhatignegyeduction
in tﬁ&éaépfe@d Iéﬂtﬁ)e 1 g{eem(ﬂl adifor @5 a l‘ﬁﬁéne% %ddlﬁtioﬂ- Yheth% 4hRe rc}ude

had a pore size distributionw a nedi an poreé
feeddwharethe firgsfan@ 3& oA cuthdtingBemPperafurdshee tvithaal 10fuber of

pores in the pore size distribution having a pore

diameter within 85 A of the nmedi an pore dianeter. This
EXAXNAEE denonstrates how to prepare a support that has
~a pore size distribution of at |east 180A and incl udes

at Naakmitgexgmales of suppestmersirativinneat&ystippéerations, and systems

. Pr ration of a.Vanadi um, Cat al yst ving a.Pore Size
witt e R e Bt B, AR oot GoRaRnE et forth
beload0 A. The vanadi um cat al yst: was prepared in the .
foIlI oW ng nanner. The al umi na support, prepared by the

fia Cabalysh Supnox twAssupppiit 8gs atrepdred; yimuelling

’ Lum ¥ i by, GOMDI AI.NG - .
576 PRRFL T PRI AR b AP . S SRBE 5 s GIRL 0 R,
U.SpY) ofth 5B& geamtsudfivenenvas Egrarhs ol Blacial wibdid&id BRBOhin(k00 The
was i nmpregnated with the vanadi um i

5
resul g Tonlsd mixgan e Xz sgubogh ¢ A obeiab Birkie Dl ded betveen 90-
12536 G Btn i pSan s T VB el T 63 Eratridch a el Shbpore

withCeOibdiafl fereQididetar GIMB208. YRO&HEHEA suppbriaaPlREd in a Lindberg
catal yst, with the bal ance bei ng support. The vanadi um

furnaeq: ailipdhrmaeritempseatere ayas gaigecstorliOBolil 6 *Giover TS hrewtiszand then

B9S8R 1 s 3 o T B B S o

ARRie A reparationg

 suppidnie 010003 bramsrdigamdia Homas, 0.000HeapRIE afphg @lumina, 0.0208 grams

di stribpution of the vanadium catal yst had a pore

of deffaAunia. Hid hY F lzgrams of thetrealyratinast qséarminndavee-eay diffircon.
The SHRP 9GRS 1 ' 055B1 04180 P CELE e, e
suppooriaddi ppresies disfribatioh edthta A&0aPpore diameter of 232 A, with 66.7% of
the total number of pores in the pore size distribution having a pore diameter within 85 A
of the median pore diameter.

This example demonstrates how to prepare a support that has a pore size

distribution of at least 180 A and includes at least 0.1 grams of theta alumina.
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Exanpl e 3. Preparation of a Ml ybdenum Catal yst havi ng

a Pore Size Distribution Wth a Median Pore D aneter
wohRoosocksast 230 A. The nol ybdenum cat al yst waBCT/US2004/042655

prepared in the followi ng manner. The al um na support

pr epar ed by t he net hod descrl bed in Exa ple 1 was
Exampledq eparationtpfz u.!z-.~ Catalvish Haying 4 v.¢)Distyibution

With'§ I}! %M@Q@ﬁﬁr GLEH 3 L ngﬁ %dl%ﬁ'i)%g K\}é{ﬁrepared

in tH.e follogiimmanier 3The Hatna pr%iirt,gprapaeabf)y th}mﬁethb(aﬂéﬁcﬁmmm
I\ﬁF]_Ai)1 and 651 ranms of deionized water to form a
Exadipi¢ fywaspmpregng w%@ VARG PRy e ERRUOR SQiipp prepared by
conﬁjdlﬁ‘l?lg I7L{5t9I RnObs VOR G ikfis2 gr-gﬂrﬁ ot %@ﬂ)ﬁ%eé Qlatiy | 9& PMY$ the solution
cool €d to room tenperature he sol u on was
was2.36. The sol ution vol unme was adJ ust ed to 82 nL wth

de| ni zed. wat er . um.na su rt I,anms
o A Nipadrt (100 <t B R P b SR g B et ption
sohﬁﬁ)%d 0%‘8@0122 oMk %w?ﬂ ({]Qas‘?&ﬁl@ﬁ 19&[?1% GHd AUbORC 18 ée%graﬁflours and
for severa ours en calcined at 48

thelﬁ wlcﬁem@tul%@ °CToe2 hestsl tTihe gesmﬂtr@l oasdl yst omitainad d.00. g@:ﬁns of
granms of nol ybdenum per gram of catalyst, with t

Vanaéwah o gsémn)é calghigbMith ﬂrtﬁ balgpge hsinsuipperit 20 §@naﬁaan gatalyst
hadgag%o‘?%a&é SisHbatibh B L8 Feﬁhﬁ E(}I% d@f}été‘ﬁofpagbe,& & RFELE untelof 0.69

pore vol ume o ace area
cmlg, abd 6 smfh@ ardwlofl 1i0an3g | PAdiiondldy, «55 Thef e ad>ta]m1mlﬂmr obpores in

ore size dlstrlbut n of t.he no
the 531&%1%?54] stigidh dp Q5 hevaRdiEY AR AN A P Sa5eleE e A Rrof he
me@8h Podi@IRA&r . Thi s exanpl e denonstrates the
preparation of a Colum 6 netal catal %s havi ng a pore

si ZEhigexample dcmgmstmiets heprepatiton @’r“car €o catalygithaming a pore

sizg SRS UGS it a TR s TR o LR 230 & ¢ i 26

" Exddhplerd. Rreh & tidhtdT W&ﬁuﬁ@ﬁaﬂs@ﬂﬁlﬁﬁ aToréSideSdistribution

230 A. The rmlybdenurrivanadl um cat al yst was prepared

Wiihha MedigmPere Diameterofoht Leass 230 A, i Ihg I%Qlﬁ}ﬁfiﬂntlm %if?éﬁéf"\@él .
pregnéf?%ﬁlethgﬁflﬁgg e%ﬁ%ﬁ%éarga aﬂlnﬁﬁgg@dﬁrt]pre ?Igeq}?cgdecﬁjescnbed

umionpr
in EXaaipbs Ed/aaﬁnlﬁregﬂm:wﬂ%afnncrlgtbdeaﬁinuMpwgnm mmte)m YT'he
C inipng 2.14 grans of (NH4)2 3.21 grans
mo g lmme@@h@?é tigh “@@%eﬁ?rﬁlf\@éjéﬁm;?é?%&f‘a g(arq?s@f)
can s
e s s L vt
motthamdlatmneﬁ@/IEE) Lantliol 5 lograme bfitéiomized Watee tesfokmasslufhelhe slurry

was Blsdo B0 (g hARREL RS o N hEpis st tgpled o
1001 %efﬁ‘uﬁ@ "glg) Igg ecéfo &ﬁh%s%eﬁ; Vﬁ{e%lutl-gg%gﬁdéﬁes&as adjusted to

Ion an utlon Wer e conbli ne
82 millfiitlc deodizatiewatar. zed vvater was added to bring the

T ol e
imﬂlﬁ@%lahfﬂ)gcﬁm Qgeid"f'& b htoﬁt% v[;'igﬂ &qggHzﬂg ér d \%f ?ﬁéd at 125 °C for

regnation’sol ut on,
seveaLhsirQnad tegichRirednt 480 °C for 2 hours. The resulting catalyst contained

0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm®/g, and a surface area of 116 m*/g. Additionally, 67.7% of the
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dried at 125 OC for several hours, and then cal ci ned
at 480 0OC for 2 hours. The resulting catal yst
woanisaicssd, per gram of catal yst, 0.02 grans oPCT/US2004/042655
vanadi um and 0. 02 grans of nolybdenum wth the
bal ance, bei ng support. The nply enu nad| um
total mgpabey Ok PYSHNAhe BrE s iié“fd‘i"g’coﬁﬂg g IBH beletiim, cafalpidiad a pore
diaRRk SithRIERESE (B m3lin forcHibde@xanpl e demonst rates the
preparation of netal and a Colum 5 netal
caThisygsemplevdengnsirgser the preperativs of & Blolinom6 wietd catatpstihanng a
ter.,of at.|east 230 A a . Contact of
p Oreﬁlzédbsgréﬁge ORItk ¢ ﬁleﬁlﬁpé’gr@%ﬂe’% ?gaﬁﬁi@?ég%gar react or
iéu.aP FARd ¥t DHRIYH RS/ VAR IRWECh AT hadin e Size
] errmcou. es To neasure enpera ures roughou
: 1 af] Pore Biapng Al Lieast 238 Axefbdry filling
moh%bl:ﬁlgmilg/gfc ac l?uer}l\éee@é{ \?I% é/rtc]]?r Hldtlhg Ifc?ll g Olﬁfr;] glannéelr "Ivﬂ%l Ilumlna
suppbROpigpardd biptianhehed VesceibéddnsExaMpls D, Mﬁh@qxeg@é@ed vatch
silicon carbide is believed to have | ow, if
molybgemynyvpradijig sapregaatioprebriopmecnsrasasfellewn dzi&tﬁr%mlutwn was

a5 o iy PO lE] S A O, P o0

hydrd g peroctide €17, d. 1dhgrame m” aohbethadaaing QMEAjnmum 28 gmms of
react or. The crude feed fI ow to the reactor was

deiogiged paisT B¥ 1oFRe SRkt Hie FerY Wes Beatedhin f G wiil rd&ﬁelslapn of the
sohd§' lT'hQﬁQat&?gcﬁﬁt?o% \X}@ssco% b 08 erberidlfe, DOt tom Of the

tor to serve as a oftom support. A bottom
c aAadeymd/ stmildtlouovasamdallﬁe:ombxm% 8.5(42amn8) VOSSO, with 40 grams of

tioned op top of the siljcon, carbide for .
deiogjge Wﬁﬁe&oﬁleeaﬁlts utyagyand SppRncksoRiis et a?rg}é o 30 ; %Pafﬁﬁlre%t
demﬁk@@w%e? el Badchon bi%% Hle%omﬁeﬂrboﬁfﬁroﬁ v@h@ﬁ@ﬁﬁfo O ml’th Yield the

wth 66.7%of the t nber of pores 1 n'the pore

.molybidgaundivenadit ummgh@wmrsghmopo e dluanet was mlprhgmatez;bwAh the

molsRirdi R st Entiol e ion, aked fora B et ang agjfation,

dried'4tQKS P CHBF sceAMOrs, %Hahéfﬁéalmﬂud 41 4Bbechsl 2nGE:s. b?h@ﬂasﬁﬁmg
al um na support. A mddle catalyst/silicone carbid

catalptycoutame 5ieer @red) ofeatalpsis0.02 @rams efivapagiumfant Iﬁ)d)thrama of

nt acti to, f.orm a | e nt actin one.
ol RS Wil uf Pk Sl int Rutberty e Fuf CRRBnl Pt Rl AE bad o
pore REAidafAriRQI08 vitlPABle@ian brdBaetei\bt 1D00R. 7% of the total
nunber of pores in the pore size distribution havi nghm 5
N

pof bis gxampleslemanstifites the prpatation ef aEgivan @me@al andakio
0.
metaglg%gl%tq%k/ﬁlg afa};o?’cl: %(1%% gl%gﬂatuﬁloﬂ %\ch ngdlgll; @ nicgs am\%l kfeatt heaQtdZSO

rans enum per ramo
A. the baI ance being an al um na support A top

cat al yst/3| | i cone car bi de.m xture (42 cnB)
e 5.; Contactof 2 dg Fead With{hhxree CGatalysts; ﬁgtub@lﬁgrqa@torwnha

R e

tempﬁ:fﬁlﬁeaﬂﬁlomnﬁm cutalydd bod. Gheoaalgst bed lvis dermeah yefilligs dre space
f t al h the b b

betwgq:ruﬁq% o %’GB’SB ,apé an gnneer w%ll o? %hee regcltgrgvvl%g cI:arHysts ancfl 51?1c0n carbide

(20-grid, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have

low, if any, catalytic properties under the process conditions described herein. All
catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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Silicon carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a

woneis@atoszone. The catal yst bed was | oaded i nt BC&US2004/042655
Li ndberg furnace that included five heating zones

correspondlng to the preheat zone, the top, m dd
andTheAradmiced floacioithgreaeaewas A the @pdzfttb%mgtgpwh@ bottom of

Th
e BTN P R0 s OO B GFvS
botfb)‘ldé@@eﬂ @alsottoni Cathlfyet/stiduoh aathidegmbire $4thm<3:\) mebsﬂi‘oned on top
5 l'iter,  of gaseous m xture per vol l&(gt %éal
of tb%ﬁlélP%?aﬂ?‘éP fq o betimyeoniging gPng o 0&5@%%1?/%’[ a pore
sizd &lgttrfﬁﬁﬁmltﬁfa i gc% HiankBERE 7RG 64, 7‘%'1)? the tota)l number of

contacti ng zones were increased to 204 0C (
poreyiarthd pdre size alixdribuetionh mwmg%o@@dlfametei vithii 20 AMftthw med1an pore

e R B8PS B RO s PSR AER G G0 55 o of
nlcﬁé%ep%hmﬂﬁfcaﬁ%ﬁ wJ}hﬁe%Qﬁhé’eClSélﬁ@arZ&lﬁﬁﬁnm&)Eoﬁa' nt ai ned

OC for "an hour, then |ncremen5all faised to
370A00ddIrGatatysy/sitivere carbidemiztie (6 icon hwassmlt@meﬂ on temef the

he con tin es_Wwere a coo
boriFelineiRg AREF frthih AR DR i Alren P mif B RBla pad a pore
sizd B8 Bibn Rith MEXédigh p&s didndi@rog98 A, Kath dsrea%aff thdto@dd number of
oven at a tenperature of 93 0C ( 200 OF for 12-24

porpoirthe perefsize n@tt,qndwémg@ewr%évm@erm %‘bér?f thg median pore

d
o EPREE G0 TSRS DS gl i
molybdetighpéfgamrofieaalysg et tht bilawerteant indummmenppirdd| e
contactin% %@_ bottonlconta |n% zone, and pottom
supfdPr casalystfriliGops carbide e P e PRsiliongshemiop &f the

. midfid borf %fgs‘ﬁlﬂ Obnd ﬂ?)efoﬁﬁg }]y §5rﬁac't1ﬂ§tzaﬁe pfl%st%g‘égtgﬂifst IOI QGEBize

gas. C I Ng con ons were as S ratlo Of
disthipdtiageithgasedian pdre diamater off d 82 Aparohdoddnadd). 9hgramsadt or

mofPReR{ BeNEER G okt (TETHE HIRRY oD E R Ty g ihma aluming
suppBAt acting zones were heat ed to 370 0C (700 OF) and
mai nt ai ned at 370 OC for 500 hours. Tenperatures _of
t heSﬂmﬁmearb@nW@@mow@ozmtm@f éhertap ontactingzoae tafily dead space

o BhR5PRRa  ThL RIS NSRS 518 2508 e v

inctuded fis9Redliag 2683 ddmespoadink0 thdwtlict zardthchep) eiddleD&nd bottom
n&742 OF) for 2400 hours. The total product (that is,
CON3ehing ZoRRs. M@@?ﬁ@ﬁéu@%‘) exited the catal yst bed.

Th eTfl@éa% BE %%Cstull 1 t gas(g#lﬁf%ﬂal %J%E&Jsam&ﬂﬁe bt § l@lbf% hydrogen

hase sep rator separat or,
sulﬁdﬁ ald 9 wlUdiydnegensep ﬁttat}&d:ohmbtmg hmes aw:imtemfoldﬁj hter afigaseous

.gas. @Gas input .t st er sured by a SS
iR peE BRIETBIILD of Sl CORLT (LSO Gyt S W4 SO o &t of the

volhe ¥f \’:‘@cﬁlg%t? Stre %ﬁfme TI8hEEHER R %‘lelrb%twéi\@ﬁqcreased to 204 °C (400

periodi c yze to determne a weight percentage
°F)afver:bhmmmdthsldﬂtt2l0é °Crfodzhquredifter hoT&hlag mb%@ﬂ G thé sangatting

are aver a of the et e
g RSB o Dt o L oa) T B b oG TG RSE o e hour.
The é’(mte?ctlﬁg %Bl'fés@\ferg maﬁﬁalﬁg@m 1'6”C-lf@p£r?h(§ur t‘h@@ nféféﬁ‘i’&ltally raised to
pr oduct d, gram of crude product, a sul
370 °C (700 °F) over 1 hour and held at 370 °C for two hours. The contactlng zones were
allowed to cool to ambient temperature.
Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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weight percitaags ef campanentse |Gay

content of 0.0075 grans, a residue content of 0.255

granms, an oxygen content of 0.0007 grans. The crude
wonodwetoshad a rati o of MCR content to C5 asphatTase®4/042655

content of 1.9 and a TAN of 0.09. The total of nickel

progglg]ﬁ%/ ?}Q}?lglla L ma"@gérw\'ﬁ% ’Pnj&h Theg%ﬁe 3 Off%L‘iogth? tap of the reactor.

Th@aﬁa@ﬂe%d%%tﬁm @EHér;ﬁe}{ea%'E ‘r)op‘é@ﬁt%é't%l el ﬁﬁgﬂ@c&ftaamg
the crude f e catal ysts 1ives may be correl at ed

zotepbatimn @@ﬁ@xémgtzone apfl bpttemo‘aplairy@ﬁ the e@ctort The ciydk ifepdewas

as, cat al reases i ncr
congreed & BRI coriits P BRSRR e TR R8T P e
coridiitiBhs 6Vd'fe as folbwh RO GEARIIb g gds N tHer ot Fe@cﬁﬁro'v[deﬂh!@ the reactor
cont ac zones described in this exanple. Plot 13

way 3 E@e/rm 200 Se¥B), aldés‘(im 147", epdpichyugeWanhoddPa 6@14 7 psi).

t f o
Thé B8 oA IR srPhedilllo 700 @00 SO RINIBa S IAFC for
50@hdas. OT érhyeratirds o thiethrdel d@ﬁtacﬁlﬁ@zdﬁé@iﬁ/em‘ therh ﬁlcﬁaaﬁéd‘:mtdl mMgintained
zones aqnly chan gedQ/\AEE);Tr oxi mat el OC.. From

in the followiag jedyenast &7IBT7 15 ) Méoéé@gisbfl‘@ tpgn é%fi °¢r&¥3@ °F) for 500
b
b 3bert 0, KA ) or 380 o B S RS TIRE 20 hours.
300%6@% pmﬂmms(thm s, ee]heactrade pmdﬁctyuad gagfexgedihercatahyst bed. The

peratjon. This exanpl e denonstrates that _cgntactin
o ROt S BRSO g I e FRareig: 4% o diopl separator
the%t%f 151’091&’6‘[ hok2 s%a&zﬁe@nﬁ‘@ %e%i‘ud%%r@dﬁ@t ﬁﬁ@gﬁr ®s iRputh& BRtsystem
and addi ti onal catal ysts havi ng pore size
wa@ln@amebuw omags fow aoinleAnGp@ m@tlng &mswetﬁm masanmngﬁé by a wet

A, wWth at
test iR st orndr oo Yasbeflbote BB A i afifbh lsians geentase
of onehiB B iHelcrdel fibducdS The fﬁsul&dﬁstéﬂaﬁb aterpfdseofdhad@édtined
with controll ed contacting conditions, produced a
g@pmﬂ@ct@rwgl% rgrisrermaraged in Table 1
fﬁﬁﬁgured by P-val ue, crude feed/total product m xture
ability was maintained. The crude product had '
r ediae elbwiAN, Tabdel Litkel chiidé Wi ddacclend! pertgrarm ed oneld ps(uiuﬁzu & sulfur
cont nd reduced oxy ent relative to

nt en co
corgiery @40 @Qéﬁgrwr R ESIYE COBRPRID L0 TEHE %YE%CW" 5£0.0007
orafRNeR Rk mﬁac ﬁé&ﬁaemgmgmxzva@ae&%ocsJalﬁmteﬁestdaﬁﬁeﬁt of 1.9 and

properties o e cru 6.” Contact of a
a T@rNJdEO G%eiihdmtaﬂ ofmkﬂamdlvymaéumm PavetppnPore Si ze

mer 06 RO Dbl e Ve e o ARG b R roge bea
terﬂﬂ%@aﬂﬁl‘é WAW? veRns At lel?th ePHeRBide Be® Ol“&séatalfsﬁ BYesShay be

fidin d, netho separating the total
corM@iadjtsxthamnmthmfdhe @aﬁdlystiaedgIttlhbelmvw@apawmlystm e
t he sa .describ 5. Each.cat
docpe AT AR T RGBTl (in T B PoopeRBi SR AE VAT Y8us time
“torfufienfreRshdnt 6Mthe @ridededEiachOEont@sink Zomastdascriten i thié &&mple.
reactor to the bottomof the reactor. The reactor was

Plot {1 B¢ ecprasepiliscrversge MSABE p)f ithe three coslaring Fapepriensay hours of run
t1m§lfi)11 %O%Cﬁlgé chl%e\f'@e%l \9 tg%%lldélteb&l{aeo %%g%?at%l%ts t Bser a

serve as a
majlﬂitﬁbﬁlthé k@i tiine ohe WBITdﬁ the anttfcﬁng Béhes 38)y obasged approximately
posi tioned on top of the silicon carbide to
20 °C. From the relatively stable WABT, it was possible to estlmate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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forma bottom contacting zone. The bottom catal yst had

a pore size distribution with a nedi an pore di aneter
woR0EAE637W th 66. 7% of the total nunber porespPCm/USh®4/042655

pore size distribution having a pore diameter within

32 A .of th di an di anmeter. The hottom cat al
i nc 88@”@’ §ge %E I %k’?@ﬁ%‘%ﬁ? ﬁﬂ’dlegee(ﬁlzwﬁb A% c251>1/1yst having

a patb e |d1§ﬂ@6utﬂ>haem}f)a{ m%éfaﬁ }))Sﬁet diabiehot at’t‘ieaﬁﬂi SN&&nR %Hﬂ‘iﬁonal
support. A top catal silicone carbide m xture (80
catadyiy hawarg Pperetsizerdédri 10moplﬂoa ntediantpora dimmetsniae tangg between

o 08, O G R S
havﬁigaa[@ﬁre dia@fetekQ@ihin Wb tAhoBfie AtéiRi JoRedibkrl, WidiB&firodkd

ores in_ the pore size distribution having a pore
cHpg editignspiedueed 4 tatal preduiehatipclpdadehel Fande peaductrhas
I f
eGP AT BB A S

crudapradeet hbé ratgcad TAND &du&d NWVFe:@ntnnd,ee&md palsirtdoate@t] and
on top of the flrst contactipng.zone to fi]J]l dead space

redyged oxgeenopien, elativis e fhegrudesived, winle the residpe copfent aiidhe VGO
con{éﬁﬁgpﬂie cRiae gs R A }'fd“)@%?t}foﬁ@f)rolrp&g eV dethe At fped.

heati ng zon corresponding to preneat zone,

Example 6o r(ftmtm:tmj az@'mk,Fe&ddVithél“ oo Chairtvsisifhat HaBSalPore Size

Di g’ Qu# egong,wﬁ EM%LII% 9 ) ¢
appaafisGExtdpt ffoﬁﬁﬂ rfu'nfBé? Qnd wrﬁ’éiﬂ |Bf E&ﬁacﬁfn%%ﬁés) Z&ﬁﬁyst ‘éﬁl@idmg

cont act | ng zone, bott om cont act i ng zone,
metba@gmthOquif aep@ram@&ne detal prhductand merde:eicbfwaslymgtﬂaaa@redje product

f th t al resence of..h dro
werb O RES e i o SN R PR Bt A G rme
ofsﬂkohyﬁmﬂgen gas to the crude feed provided to the

reactor was 160 Nm8 n3 (1000 SCFB), LHSV was 1 h 1,
and hsreaads feed {lay te thy oo wastzom thesiop of fieareaster to the bottom of

’the reactor

e SR PEKRIE0PS3, PR B 5P AT P st

carbiénpes pdsiticesd af the hettbmmfeintcactdi ogez@nse a boede suppdt. A bottom

cataRg e SEaD e (PG5 hos ROt Paap SECaHGDRHbide to
forrh @'bo%élﬁ 018%51%6%23?1%2 T %oggfn(cggtgrsgﬁd 4 €5re 36Q Tﬁ@t’l’k?lﬁlon%ﬁl a

t hen 343 0C for hours fo un
medigmepore fliaterS olf a7 4, wTﬂne66t ?%a)lf tkmtotwnmmben now i ftiee pore size

r and was .se rat dln
i B 5 e ARG POEeAb ARl P botiom
cata®e R iRledB1 1% aMé bymBfybdenu St 6.09 gfb[n%&ﬁél(ég perl §m of

crude product had, per gram of crude product,” O.

catafjish ygithothe Salanes being @%ﬂﬂgr ams of oxygen, 0.441 gr arrs

of V due, . Addi t.i on

oF TR caBSt Pl SRR kSR UIR) waE RO on App g e
bottom dohfactifs zoHRits f@xampep @tﬁmzmg iz84e STRNBH caIykelsdd d]ﬂ)re size

the crude feed with the catal ysts havin ore size

distgbution; with # Bsdiapipore damesr ahl Yo ewith éﬁﬂt’ eet the tofalmawmhsr o
t
por S R B Y BB PRI A o pore

diametyg eFhecomtaatiyst inelhddd 6.03 ganishd nﬁlik@bﬁfdt() E% g@nstdfenolybdenum
crude fe? V\,fﬂl e_residue content and VGO

per gram of catalyst, with the balance being alumina. Silicon carbide was positioned on

top of the first contacting zone to fill dead space and to serve as a preheat zone. The

catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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content of the crude product were 99% and 100% of the

respective properties of the crude feed. Exanple 7.
waanisaet93of a Crude Feed Wth Two Catal ysts. TReT/US2004/042655

reactor apparatus (except for number and content of

contacting zones), catalysts, the total product

S eym Ativde (Henetnuella) bavinethp lpmcttesanam}eslzsd uaﬁ@ble 2, FIG. 9, was

a ul fi di ng netho e crlbed
fed b tactar.c Preveteat Tod P Bt Malb RGP
contﬁé dk SSotRMBRHhARE zbfk, ha®beiten stpfort dGhe MStof etihd &ude
op of the reactor. the crude feed flowed throu h

feedt\h@ qontsistedtwitloersh of s catplysicin thepresense of bydigasn gas.

contﬁ% @g?%ﬁll Rg)tng ﬁvge? %sﬁ’[gﬁ?vggt ét?g})f’wgée%l cﬁ%ff' t(; ﬁl% c'h?c%%&{ o?rowded to
the RYES6OFRN 1 GRS Ant 1000 BCEB), TGI8V Wa@\lllﬂ‘e dnd prebduee waaé BvIPa
s 80 NnV (500 SCFB), LHSV was 2 and pressu

(1014Zps) 9T1|\ﬂiav0( crpagting penep W%beaﬁ%t@éﬁt &dePf gF Y29 daintained at
2 1SN A TR ALY 00 LTIl e

increased agemannhinéd M thé fc&fmdwﬁglsequemag%mﬂ\m (5w for 180 hvées2then

o5 B T e BB o Bt g BRI (o0

°F)M@gﬁf}1 g&ta@t%%wﬁﬁm%e%f@{%ﬂoduct had, per gram of
cru uct, 0.0033 grams of sulfur, 0.002 grams of

oxyTgenotaDpﬁaﬁct@mandstmfreM@@ and nahs @emawe@ padescrtped in Example 5.

tional s qf the cr rad .
Thegrle i itush i o Bta B R VD42 g an oL 3T ol RY'8812.5 auring
pro®8ARNSTEAER8e bRAluctaRA! 5 ik oPErutl Brodfubid €.002® dramst df sulfur,
the Selected catalysts with pore size distributions._ in

0. 0%4@mgeoﬁ¢x>@@n,1(8®41/agrpmé @l Y&10.and OATS grsaEresidpat Agdigional
a_led € [ sodi um zi nc,

P f"Peﬁtae Spog? aes%rlu u rcog)%ﬁ agéjﬁ%%d fnofgb@ ?r 1‘lzlc:]'jé)zt;}@t gnt VGO
CormtigNéxangiié dérashsikdes Cloin tedthctify thdierude febd vﬂtlotdia chtaweis Ehavmg
76% 94% .and 103% of the respectlve pr%pert 3§-§ A

POfQﬁla‘“d@S’F’é’élHOH%‘(ﬁhﬁ messhag.ppte diegisien &t 2 Fneg bepReR “Rdél Produced

a cr&et nlgroﬁl%f thdAr R écfucéy FhATE &Rl MiNGEL Q&ﬁexf@oﬂfdaact%ﬂﬁ&d oxygen

t1ons. react or apparatus (except for the
conteutyibelativentd th@pltopattlembf the ntwletfeag whde ess)due@anhntmda‘{’@@t

confh b DR LR, 2L oLl B S SRS OB o e c

feed®S descri bed in Exanple 5. Al'l catalysts were mn xed
mnth S|I|con carblde |n a volune ratio of 2 parts
ndti ped (Wi akysts s Ehetehetpngpperatus

e d.flowt ou h
R N T R TR T T—
meth6R&hRle préthldt 6RyEa R efaMaissulfing metied vadre tHegamett dcribed
of each reactor to serve as a bottom support. Each
1llErXé@@i€tﬁ had a bottom contacting zone and a top

onf ag tdg '%%gf@?? 10 'gfélggj ha'v{i}%etﬁ@g?otp%ﬁ{e/s Sl b GRD& ﬁlafa%ie FIG. 10,

n1xture zones of
was' fe@ €3 Bk torsbf the aaetoz.alhe cededsddsiddi tkmﬁgh e Iire‘m:at zone, top

confacting zone, bottom contacting zone, and bottom support of the reactor. The
contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 80 Nm*/m> (500 SCFB), LHSV was 2 h™", and pressure was 6.9 MPa -
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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of the top contacting zone to fill dead space and to

serve as a preheat zone in each reactor. Each reactor
woasosioeaded i nto a Lindberg furnace that included/uSen/ 042655

heati ng zones corresponding to the preheat zone, the

two contacting zones, and the bottom support. In
Exaiie erude pmduetrimdl avi avexdzerd APheleth Lt skaverage API gravity of 16.2

R ApSHE' ThE PR Bl Sha e Wik 8Pof it ¥3opm ofsodipm 0.6
wtppﬁ@ bided ,an@@ w%bﬁ%f@fota’sﬁhﬁﬂ W&E,cr@iebé@d@t andg; pef gram of crude
ybdenum rams of nickel and 021 gra

prosﬁ‘as%%h%rammoa” ﬁultﬁkrem@ﬁ? A qﬁ”@ﬁﬁ%@ﬂapé&ﬁ m&%&ﬂﬁp a;td 0.401
I

greffRIo DRI Cﬁﬁt%%fﬁ%@%ﬂ#g&gﬂhg e Fodtii iR e 1688 in FIG.

10a medi an pore dianmeter of 180 A was positioned in the

o e BeE i B o B Bl
catgl?gt? Wt"ﬁtporé"é&@dl"sﬂﬁ)uﬁaﬁﬁﬁ%erm% &@OSP%QQ bloduléd a bﬁl% BeRRct that

east 0 grans of gamma” al umi na per gram of
hadsa.lmdocetd TAnN Ex svipted ©tal aalcung addinme dinpoinglpdéassineaingent while

RS A B S kel e 1,50

and{T0384 fohé%éljw 1650<Hahé ci6dd fleyyst included 0.143
grans of ybdenum . 043 gr ams of cobal t and O 021
Examples 8ak1. {bentabief isC A. dehF ¢edeWii alystowiten

Va S!.uggg) g{g%actmnﬂ &{Rﬁiﬁ?n u%mEc fl?ea%éﬁ)tr / ﬁparét {qetxgg It ?%rgt%% (r)uﬁm{)gr and

contéif offBdntadRgUdheD] dalcl 3§tal§@ﬁsulﬁt&n§ﬁlﬁﬂlod§each tétb}%plbdxﬁbt separation
contactlng zone of Exanple 8. In Exanple 10,

th
mefhory Beiachripde arqict analysissrste Biscsams a6 Hesarigpd @bﬁ%ﬁ%@lp Ag All
catélgglt? W%Fe ﬁg@ ﬁ)hﬁh 15@9{}1 é"'@/&lﬁ&né Ir:lt {56 %%(sténgc)%n%ﬁl%lde to 1

tion Cont acting zones
parExaiaﬂpktemlest otherwise aidmuameld T leyoid dferedntl oW elkeeligh each reactor was

catal yst/silicone carbide mxture (
frow& tobidEE Tenone Bebpis b Hiedeasiorg S0 o was positioned a
the &8I iaesh fREYPRSRIT a{gla%ﬁbm%bﬁw SEadh%lad%S‘xel%d dowttom
gram of catalyst, 0.09 grams of | ybdenum

corgatcamg zone aidoki®p, contadtig Bheg ngtlwfcatamyplheoméarbmc mixtures

welsl aqaf PesonGishte 2ot sb b tPRRy sitionb et iSae bositioned on top

of e s ¢dﬁ%ﬂng Rode® filPPead @PAcRGhE RlseF A& a PrdRedTRbidiheA M eactor.
catal yst was the sane as in the top contacting zone of

Eaghagagipiewas loadadrintea Ringherg fernpes thafinelndest foug eatmggpnes

S 1 B B S B SR
t h elmﬁm@lé 8 eth vl cimedmpblesdeBuhniflay caglybiigligunajaesidd sxture
mrari zed in Table 4, FIG 11. The crude feed was fed

(48t<‘én t) M@s Peptionedin dhe ofloppeontastipg sare. ShgrRgtabist inphusled s Reg gram of
catgl%‘tfjo.fl h@ﬁﬁ%st&w&gﬂdehﬂﬁl, Blogh Efaaiins of nickel, and 0.021 grams of

phosphorus, with the balance being alumina support.

A molybdenum catalyst/silicon carbide mixture (12 cm®) with the catalyst having a
pore size distribution with a median pore diameter of 180 A was positioned in the top
contacting zone. The molybdenum 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, bottom contacting zone, and

bott om support of the reactor. The crude feed was
woanisaetsd wi th each of the catalysts in the prPeTaISe®4/042655

of hydrogen gas. Contacting conditions for each

exanple were as follows: ratio o

cr UnBxdrerldl Oclanr mgloiusemely g 1%@2%%%&%7/ ] ?%?té ide mixture
B coba
(48 &) v%ef]s_ ﬁgﬂr}ﬁé‘ﬁnﬁﬁé Bl b EASMLrEs. A RURLRAHNRTb fnm cobalt

1 during the first
cata%@ﬁnbl@dédSO @43 gﬁﬁisaxftmaigbdeanm 01063 gtamm’fwbﬂtz apd ©.0211grams of
or the rral n|n contacting times. Tenperatures in

phosphprug gyt PEIaFHBPYE (650 OF) for 500
NOW o bed&Rﬁlﬁ 9&51 kit A BLiBORLRANI(H2 clheviAIBRIEEE P top
n contacting zones were controlled as
conthdtingtnpeTht mokybidendrh eatelyst was tha game Ak the i@ qoéﬁ@éﬂg gene of
354 0C- (670 OF), held at 354 0C for 200 hours; raised
Exapglesse 0C (690 OF), held at 366 OC for 200 hours
r a'Iﬁ EgaﬂfxﬁleQZ)lthQ q:nc(lg B8 catdipdt ds adscdidd D@hé ip cbABRting zone of
hours; raised to 385 OC (725 0C), hel d at 385 OC for
am@rmwasmlxddemh ahgmjcar@da and pesiticned & thehoth egntagsing genes (60
750 0C) and held at 399 0C for 200 hours, for a total
ontacting time of 2300 hours. The crude products wer e
perh edh@plel I, anahaatsased @olblaum/niekdAbial sy sitiogencarbide mixture
pgake by the crude feed, P-val ue, VGO co tenc{/
(48 ew3) waseposBionedhin, the hetterm paBiactngA®at 1 % ’ée al ues

mol}%@c; ﬁlg.rngrg 8{?1 %tgl Qtfm{:lnﬁecf: Eﬁ)gfjgraf?f (8%&'1 1,008 g ]lolglybdenum

0.052%rbiss af @E:E&’Hmﬂaﬂ 0T gpHBIH| @haﬁphomso‘fvltmhﬁﬁiadmlcgfoemg@lumma
crude product ("P") versus run time ("t") for each of
supp®ie cat al yst systens of Exanples 8-11. The crude feed

hagA ARG Qhta ﬁqgfst/élﬁ@o?{ catbide nftki0te(1246y) W4Lpostddhedaf the top

represent t P-val ue of the crude product
conmbtlﬁg peg. Ahe conylaehimgatahyst wasthe shweds Wi the tetheortasting zone of

cag gyst systens of Exanples 8-11 respectively. For |
‘hours, the P-value of the crude product renmined

of @flyat &8t thd Murk ﬁfatfﬁﬁﬁ b of Mt adfilttzednhbe hedledlih an

In Exanpl e 11, the P-val ue was above 1.5 for nost
ovehlaba tempetatune ofﬂﬁ *EHe0R A for 1% % h%rﬁ tq fosmthe sde )fe?ddﬁro

Exa[n]pgn;pér Eh éélvﬂ?%gﬁ &rol?e%l!rléég i r | a 'E{llﬁght ﬂ@b RV 2?1% ‘r?:Ir*lglfe feed was

fed k1l téh6f the bdetok Mes%@ﬁqﬂbst I‘Iihalcrurde rfmdﬁﬂxdwetdeﬂhatughehq/preheat

stabl e during cont actin for exa the cru fe
zong, tgp ﬁ@mtagmg@ng, gtpgrtcéan acHBg ZPNSnAL letig)Irerup_PQ #Elée reactor. The

cm@ f'é@{l as USs nchdi& Gttt %Sc}fmﬂé* Edtal g&gﬁi e %ré's@rll&tdﬂh%lﬁb en gas.

uring signi rtions of each fria
Corﬁ%rﬁﬁigtoohdhh&%ﬁfw EachléXamiple wbnecah fdllh)@vsP ra!tm Ql‘éh}{dmge@?ﬁé@ crude

T
sys{gfﬁ‘livascﬁb gjﬂy fsl 8? ﬁs LSV R8s @'0%19{11)9% Qﬁe €D CWBSurg of -

154 represent net hydrogen upt ake
contdetiagnmd thgn lowntedcto il 't fmtlmmmlmmnwctlhg aaen. dpmppratures

NCCHIEE RN R T .

the Qémﬁé@rgreg QYL cHRSctind BnEPRER c@ﬁﬂrdl&%@ﬂas TolfRw N/ teﬁlperature 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 rel atively constant
wduaoisng3sach trial. FIG 14 is a graphical PCT/US2004/042655

representati on of residue content, expressed in weight
per cent

age, of crude_ product ("R") rsus.run tjne .
tomppratny of 815 MACHOGE) e heldeh SR iC By 20l Retr ok dnipl Gtacting
. < ach of the four trials, the crude product
Unmﬁgé%%)bgggdue content of 88- 90% of the residue

c oMhe aitude brddnets ereneiperfoeibchlly Rhalygeditoaletetdie AN, hydsogen uptake
represent resid ontent of. the crude.product
by ﬂ@kﬁrlé@qﬁgaci, g’yV%% 3&3‘5 CABLCH respdug gantent, an\i,ﬁ)ﬁgefl Ggntent. Average
valugsﬁfga/hyq%%rtﬂ oF BRERfe FREAMR 8 d&el ln FkeSPRS 8L Melry 1isté8 in Table 5
|

FIG 14, the residue content of the crude
in FIgf.dduct remai ned rel atively constant during

si gni fj.cant trtions of each.trial. ' wp

o B L YR RO PR Ot S oy b vorus
run tid1€ (‘4P RE QA S calal Jat A¥tenhs YEE Sdisplesi$l 1] he Ciude Yedddrad a P-

each of the catal yst Séftens of Exanp

|l es_8-11.
valuPpbetde® 1 .51 68ots 168, 1427044 apd dderaprospnt tg? Bwaftg? fithg gude
. t i 2 i
oL RS ST R L n (ST ampes

8-1 1r1@§1fé@ﬁ{'é1¥.eFNr- 2300 eashtlefP-vilae bdihe ctudearsjucemairimadudeat least
1%roduct ad a viscositﬁ in_a ra&g frgyh§813-72.7 CSHISf

1.5 fpheataippt sypievso) Etmalge 10 REXBRBIR e (B G 48 hgye 1.5 for

mostoftht 9un4tirée.d a9 flﬁee%ggfh% R S RRSRAr ) Fbr IBEAVIIE Y1, the P-value was

corresponds to an gravity of the crude products in
1.4. Fromnge Pivabra Fih7erdde podudtibr epchurialyit nkaytheiinferigd gleat the crude

110-117% of th Pl. gravity,of the crude feed. . F
fee g el rmieoei el Arale afing FOBeP i T SRR, e erd feed
i fe%% L2y WRE GRwiPBY 6N 1 208e POfaldd 6 the tidlde proddeiabmained
dni%ﬁ@%@ vg?%%%mﬁhn.tine (";")g%gr é%ch of theegatal St
relasyedy eorstent d@ieygr§cat portion of eachpal, gxcept indgamples 0, in which

epresent oxygen content of the crude product obtained
theﬁvgﬁ%ﬁ?ﬁgﬁF%g the crude feed with the catal yst systens

of Hpgarpisasgréphidal rép@sfeantion of yet hydmigen npke py orlide feddy{H,™)
an oxygen content of at nost 16% of the %{ de feed.l 48
versga i eme (8™ o b e catplyst syptemRyR e REeITResof hydrogepgag ePlots 148,

f.r . - f t .
og5pr BBt AR SRE A g BEGUUE e v
caclcONthe Bitalikt dysensof Hrampled 8et], raspaitively. Nt Ayinegéty uptake by a

constant after 20Q ho f contacting tine. T
cradeged PYRBRUR BFSEATEY By RVER T e %ﬁﬁg%‘_équff’%zﬁg Nm'/m’
(43.@[3?)‘6%F ?'Kér‘sﬁ){ézgtif? 81 Mt 1R6leeal QT GRMleCofaNY 8@Be feed was

compoun are reduced during the contacting. Since TAN
relatiealy @bstant ddricgehchririslhese exanples, it may be inferred

that at least a portion of the carboxylic containj

or qUfs 44 5y GercB TP et FetTE g eat Bar Rt T e
peréeﬂ?a BOSF GBS dck ERYREBL AT IRE G@N)ifSr sl @fthe catalyst systems of

congounds. I'n Exanpl e 11, at reaction conditjons of:
Exafitles0c] {.700ea0kpf the fpurdsisksy e 6fudg peodvebhgdiaxeaidye gentent of 88-

nd.a ratio o ogen t.0 .cryde 0
e s R TR Lt Wbt S D A
confeht 8f ik YudedsaricOsbihined wetalthctils thherude fde withetle cAblyat
temperature of 399 0C (750 OF), at _the sanme pressure
systamd of Expoplss Sthidraspestively. As shown in FIG. 14, the residue content of the
crude product remained relatively constant during significant portions of each trial.

FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A APT”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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crude feed, the reduction of crude feed MCR content
was 25.4 w% based on the weight of the crude feed.
wonoBvasgple 9, at reaction conditions of: 371 OCT(URRD4/042655
OF)5 a pressure of 6.9 MPa (1014.7 psi), and a ratio
of hydrogen to crude feed of 160 NnV (1000 SCFB), the
1645 Eifu 863,70 aepresentiA PF gravity/ofthe sridsrmrodist obtpingd lyRpntacting the

e TREEY P 0SS b BG 1) Bl bt four

trialdch aitulde pefdublHdaoERcokiy &Y auﬂiﬁgé €eth 58. BLG2F7&3$ﬂCUTh@AP<D@raV1ty
crude feed MCR content was wt % based on the wei ght

of e@fﬁl qrpde nr.odaes fneeqgsedrpy £S5 .tqhéfl éiﬁgeas r eBecregsed APLergy

conb GRS B P ST o e s

gravd@rih eliik rargdict 106h1 Bb ofithg T gravipesfahe crde tfidedn t he
uncal ci ned Col u mi 6 and 9 mﬁt al s cat al gst . Theae )
exdnEt &8 IsfearaplicaldpRrcieRitior ShpRYEen sontent EXprESFE &y Whighh
percgg{ag{e HriELdal)] %uﬁ%ﬁ’iwsﬁg i thhhe ¥“t’t)rf01°&%h%T tHE X afalyst

sts prod ces the crude produc
systams of Exannp]gs 8Hd. Mletsld72,d6d/ I’Icﬁt, 48 papochant oxygsn congent of the crude

bI|Jt and with rel at.i
prodief ained oy sexitr B e h SR s sefiss SReS dpamples 811
resp%@t@ J E&Eﬁr’l BERRBAY h1?§xy‘§entchﬁteﬁf O rﬂcﬁs?%%\éﬁltﬂeasrude feed.
sel ect ‘ed properties of the crude product were wthi

EacRorudg@yodict harcbarsmelp copenttin agange frave O&Olll/&h@ Q‘Oéécgrams per gram

o SRSt B BT 1 S D e

prodiR@ réaidialRl feReistslyGonathnt Bs 264 NF8 b Ndbnfatting ﬁﬁ:EB)The&laﬁvely
products had an average TAN of at nost 4% of the crude

constarichxygericanters ¢é fegasudeqraguckpemorsistes fhat selegied prggpicerygen
corfly Gk e, IR TSRl s

exarhipies iV efag @ infesied tat atdedsen boﬂfoneﬁ (tliie erbueylip comtaimingvaganic

88-90% of the residue con the crude feed..The
Xy Bt RO LB Bt SEPOLBRETYET (RSB iy e ipinE oy goic

£ E(K}E@\(fﬁ? content of the crude feed The average API
°Xy8“ ‘each crude product was 110-117% of the API

gr dwnilixpmple 1 hat mactie doaddionabf: 3&1 £E«700 Sos progsuse 0£6.8MMPa

C10ff i frod s i, A Boach3S e Bl of ORI AT 0 Rl ne

redﬁ%foh oEabilk YSdSMURVE @ WO 1 B.5 St bRkt dni thei et YW hb caude
di an Pore Di ameter of At Least 180 A Wth M ni mal

feecWA‘r otpeecswsi3OP 56 (73 ety senelpresyre awdntio eblidsegen to
cruileD 1%8@)%16 %eél(%ﬁt)l(oc X acirucPe felt ]Wﬁ%co%ﬂgnt a]%bgrht ‘é’g}c ,hbca?&t &ﬂh‘ %1ght

Oftm@qd@feeaeparatl on net hod and each crude product
anal ysis were the sane as described i

catla Epemplerab reactieniconditiong o elfd alC ¢ 98 uﬁ% aé’F es§‘i‘rF |°§ 619 MPa

B0
10ffg Bl sma FEHE RO &% Khel 1) FAE0 NAHEP oM Ofe
red@ition@d Brigiefbddiel CRaconpes iwiak ONEdvidd, bakeel dmathe oright ofthe krude
reactor to serve as a_bottom support. Each r eactp

feed. At atemperature of 399 °C (750 °F), at the same pressure and ratio of hydrogen to
crude feed, the reduction of crude feed MCR content was 19 wt%, based on the weight of
the crude feed.

This increased reduction in crude feed MCR content demonstrates that the

uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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cont ai ned one contacting zone. After the

catal yst/silicone carbide m xtures were placed in the
woanisaetIsng zone of each reactor, silicone car BCUaSHMZ/042655

positioned on top of the top contacting zone to fil

dead space and to serve as a preheat zone in each ]
r eabhese examplps devaeistiatethal cpaiaciad aichids faed pithisaelgtively high

.4 ncluded t ' 0 .
TafYIIRCR Bk PGt PEEO ORGSR RRIES: o, e
maia@idng tedrideefebdtdtalProdirpmiitture Bubility adé withadlavmsly small net

contacted with each of the catalysts in th resence
hydgrechyiabge Nelgeied omide reduRIoBSTIPL BRFECA MASHE Thok Hif Bme
| .
pobd el K5 P LMD S, OBy e A 508 26 Birin 20
30% af dileyssine paspettieg of dieadndintecdit al yst as prepared in

Ex I 2. F Exar; 13, t tal yst th .

o Sl SR b b B0 A B e v
net Iﬁg&%’gé@uﬂtﬁ{e b CRIR! f¥eds otapmbita4ThY/RAGDTE CRBRAS IR products

catalfyst” as prepared in Exanple 4. The contacting

hadcmraietago TAN of atfnestytesf the cride fasdl canglsanf ayietaggdotal Mi/V gontent of

of r Qgen A crude . f.eed provided to.the.reagto
o AR e e R L B 95 e
the RRRB Tt 1B vE3 ST avdrddidsidudidointent N€ach @RlRGIrbMt was 88-90%
zones were heated increnentally to 343 0C (650 OF)

of the easidae gentewicpidhe emude fagdd ThapvrraganBd Oxgontem obeachgrudeaoduct
h Mol t (N j f I .

o T S50 A TR S8 v ot

crugepridadtarhsadd 0dages bibad APD glavitypl themruddefieedywaliilzghe viscosity of

upt ake during contacting was, deternined fo ach
each grugdeypsedust, Wabah MR 4e3epiihe visgosity @ﬂ%?%%ﬁgu pt ake
Ex es 12:14: M eheor - ChRle FRAWIAT RIS 14AH QtPolil@;giz?n

gop anpre 13, net nydr ogen upt
Distribatige Witlo mMedian Pobe BidinétéRo0A il Beast S&iﬁ) WitinMiningal

RS R R —
and QRtIRLYQARRUAL \é@ﬁ@ﬁiegmogﬁal\l%ét}éﬁltﬁdi@gh%ﬂﬁw}e@a@fbtamir@diﬁt

was in a range from-0. mto 0.6 NnB/m (-0.36
sepS@HBn methhdomeers) crudngrodhet applysie Werode semp a8 descippd indExample

rapge, fromQ.2:0.5. From the net .hydr
5. uiBRE R A E Pi e sl b TR PR, | B e focd flow
to dAVRIFABRR WaR SroB e ke elthateatidetd tht otdm bP tHeNeRcto6 Silicon carbide
SCFB) during contacting of the crude feed and the

way peiiénnghat the Rojtem of caclbreagtpiie sevedy abeem Wupethglach reactor

i ) | i. .
oS LGl c%g‘fagwllg 2@1%& %ﬁerqyedéa?%§sg/]§flﬁgge?%ééﬁﬁg rﬁ&%ﬁ%&ﬁwcre placed in

process re 0O an anoun en use

theeontetirid zunalof pichaesses siliconenaridewns pasitidried ©ndbp of the top
di sadvant aged crudes. The requirengnt for. les
cotpieding gare QU ArpdepteaAndiih gV e AR PIEESH é@?"eﬁ’seélcg FractogsEach
I .
realor B REAG! £ FLAINER RAREL K RCh i AN aRhy Sbnds MBrresponding
to the pethestctone, thalcmtating wone, wird thedoTidi subport.wike tode feed was

than the TAN of the crude product .produced fromthe
contardc Vil s e EnbaPyrseice o Bidoes g3 19,

gg NhaGiaRb/silicth Ba6idEesdnll (o @n’Yanapbumifeaial typ bf #eilicon
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 zones), each
woav@logsa37sul fi di ng net hod, each total product PCT/US2004/042655

separation nmethod, and each crude product anal ysi s

were the sane as descrlbed in Ex QB ﬁ%v catal
werlie gpiagtingi cordigions &sExamplisde- Ve ff?} § BtoPt, dl?gen
to th%%%\icﬁ £8id r89 gcﬂ‘e?l' qga.lc%& \Qasﬁgbﬁ\%lﬁ%@gm SOV EHSV was 1 b,

ermns e cru eed flow to €ach
and pﬁaaatreWawa,@ MP@U](IIMEV psip Tife cohtactiepzines weee lndaeedbocnemcmtally

of the reactor. Silican carbi de wa idden
to 38,16 6F30GF) B neBag obFmegnd grpganed al Bb ol 3@8% 165 a total
ngggyﬁ&ﬁg had a bottom contacting zone and a top

contactlng zone. After the catal yst/silicone carbide
m itoted @sodmetsexpd:chﬂﬁ@omacmmmﬁ ek Weisgepanied apflessaibed in

I t
ExaBF &t oI LBHGe EBFE FYaRag e e o Bl sahllE
systé’mp & Eﬁﬁh{ﬂéq,aenét'hyﬁﬁfg@n UB@RE Qs -IBEC NN #ACE-65 SORB), and the crude
| oaded rg furnace that included four

prodveabadwT ADNES. &rlme@@m hy nebhydsegsuptakerwasdn 8 rangediom 2.2-
50 SESAERDS O SR a0 i A BoTRLbATL R0 el 830305,

In E@kﬁﬁlﬁel 1ae durify EH8TEhe of tmrwudesfeeu with hlhd memdmmmamidmm
cat al yst In Exanpl e 15, an additi

catadst. alel/ydrageni upikec¥asH d@ange, TR &- @ﬁﬁanb {785 toy @ N’/ (-0.36
ScRSEDSLEP AL IRECRLACL gy ot s 20
pr eframate bat Hylm gﬂﬁub’(aﬁe dalser ahtmxg dontaBbiagypl was3kstifated that

hyaggn S EERHE ) G EHE OF U1 ARV B (g B g 2 gf the
cruéeﬁf §&‘an?@£€ Wb R @R YSEdeRdtlon Gy &b 86D ¢InkicEing 3Rows

was positioned i'n the bottom contacting zone,
lessvhytlt'ngeheo befalietliin el proedsatefaivetie an griohet afdiygtagen usad in

t al d by th t h
corS g BB S R B SRS, ST e
for fe@@ﬁyd’i@éen%?in@|c@ﬁt@§|t1ﬁg1teh&flﬂotd@@re§mh@663tm Proc®sing & crude
an additional catal %st/sn i cone m xtur

( SOAddTBWaNHSCQm@T pf Mefauderfe%@t &Q@P&Ybéw%i@wﬁl%??éalyﬂ
t he, addi t
ol R PRSI BOe 1ot ety
pro&uceah‘ﬁ)n\/ﬁiéaﬁdmidualahallybﬁérﬁm tatalgst. car bi de mi xt ur e (30

rTB vvas p03|t|oned|ntheto,con actln . In
ep [15-182 Coy Crude Feed Wi A

Ada/Qfolﬁal gaéd#%) E?&ar%?ctéxsﬂa(p atafs (¢ Bg‘g ?)g %h‘tél'}jgg]ﬁﬂ doﬁte%ﬂ&f‘contactmg

zorkXaspheatalyst &iBfidiay ineghddy eathtopépxtolde@ SSpATAEITI meﬁhocl,rand each
Table 5, FIG 17 s fed of t%] E)l %:tl - were mixed
crugtRrogdpgldaalysis avers BRSEE As ?f(jﬂ Mt 2URERES

Wltﬁ gﬂfc@ﬁ Eérﬂge %ﬁ RS ol HATLED Bﬁﬁé:ilhagl ZPh18e tAN Park @ithl@@ﬂ unless

ort o e reactor. The crude feed was cont act ed
othwmke iadichtedf Théervdaferdyffivsta qach n@cm sl o G oy eff thg sgactor to

theg)g]:tp@\,%s% nhe?%t@qtglg O§ ﬁg@%&%@gg wfagéostel gr{eﬁ gt @}Wﬁod)gt ﬁfé (;e acaéﬁ‘ reactor to
ser@{]%vd Batnt Qlé)&)ﬁﬁ. FaACiattoVBs] 4 BENHS coldadtibdGOnSaiE) tdpaontacting

e firrst .
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of

each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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. 'was é)lpgl\%m{l%d

hours and 80 NnV (500 SCFB) for the remaining tine
period, LHSV was 1 h 1, and pressure was 6.9 Mra
wWO206EH6393psi ). The contacti ng zones were heat eBCT/US2004/042655

increnentally to 343 0C (650 OF) over a period of tine
and mai ntained at 343 OC for a total run tinme of 1400

Lindbetg Birnath dse irekaiep fes hetimgzines cerrespandiog it the prajfeatezone, the
cr lumm 5 npetal catal yst having a

two B%rﬂg&g}gzzgngq §’P$Th8l}’f’%8’ﬁ‘ WPPHa medi an pore diameter of
350, SadhexaRpRl NRtaAR Mt Btadyst JAS bidpaikalas adcsib¥®in Example 2
having a pore size distribution with a nmedian pore

andd$€a1n@1tﬂéﬂleladdlélon@ir¢g‘@1}fst om 250-300 A, in the presence of

or QYEFREE (St SEpuSEREHTER P Ria BEHRE AR LR wes

posifbRdEf tthebotim Edndateing QSﬁie with the additignal haﬂaglsh‘geﬂmg tiemal |
anounts ot her properties of the c¢crude proguct

molybdegpmcatabyst pepasdey fropether deseibed HeExdRle 3 dbg vanadium
cataﬁggél 1&&1%%'&&%(1%5{)&1@%}]? El‘ﬂs)%da}' : eelgﬁ@& fhtth% ?dé)y g&ahhg Zone.

e Cru was O
Spem E&amp]el 16, arasdd‘iﬂimm catalyFiadili @nsartilGnixtde (80 emty wake

duct_h TAN of at t 50/ T
posifppgfbins potegh Camtagipe 20na 80y he FHtighe deb ek e
mol P RAHGE o flﬁst F?é@oﬁﬁréh %2 tHemdtho8 et ed iPELAhAL 3N"lfh¥/v5§adlum

content o 4% ,an oxygen content of at nost
cata]:‘;@%lhanﬁcardec maxtu;c @0 cat’) wasposiiisued é ﬁleutmecmﬁaqtme zgedre

rtie e fee Addi t.i he cru .
P 3B GBS i e BRE ) W Rf{HEned in
the ‘&ftﬁ‘)‘ﬁh Ent&ting @Onel 9300 18E addiBodlca@lydVhdidg B nidlgbdehush@vanadium
feed. In contrast, the crude product produced under

. catalyshasgerepdred mcEwmi@ #i She viredimp retalysysilitasdattide gixture (30 cm %)

HeVi scosity and APl gravity of

t han Gxusiele Wedyrek? omatsédermm@smom Newsforly, TaBd.) beads (30

,decreased APl gravity, it may be possible to infer
cm’} Wegfe RosHkioRgf! WP%Forﬁ%ﬂt%@PPf‘zat ion of the crude feed

wa t1&c

F e A e e
in Table®, FH@ Yane fad talihs ¢asp bittle lremcﬁxaﬁbb eruﬁe féEIdeﬂowed through the

properties of the cryde feeds éjln Tabl e fJ,rr;

prelept70n /0D PARIAGEHAZRBE: B OB LA 158 2ot i o Pt e
reack @ e RludAVPIRN BB tddQyitNEachIHUR (R G5tPMANE PRTeric® of

the reactor was 160Nm8BW (1000 SCFB), pressure was 6.9
hydidigan €40 1Qoritagtisig conditions f@npmhmlmwem lae flloesaaatingf hydrogen

s SRR a0 MR o B R 08D SR e v

houl%Va%G 8@ W@t /B 450 SCFBELof B Terhathidg fie beridd, LHIWivas aibreshd
h 1 for 48 hours, and then the LHSV was

preSISW@rVé@sﬁe?jMP@ (201477 psi). Beicandachingizerss veare hepted incregrentpdly to
) n e r
343t g/‘u(:ggQ rﬂVﬁl‘ag% d%fﬁ%% %1 fhik ?ne%a?gﬂf\%ﬁsat%ﬁ?ln%{nzﬁﬂe of 1400
houfs€si due cont ent, heteroatorrs content, and content of
metals in netal salts of organic acids durjng the t

perThsseexamplestdeopsicye s coptact o1 g cqudgdedayitha Cplign 5 metal

catalyst having a pore size distribution with a median pore diameter of 350 A in

uct 1ntf1 EOP %@ ed VI scosity and decreased API
re ve

combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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Aver age values for the properties of the crude

products are shown in Table 6, FIG 18. As shown in
woabls®e®37Fl G 18, the crude product for ExanpberiS20vad42655

a reduced TAN and a reduced viscosity relative to the

TAN and the viscosity of the crude feed, while the API

" to thersauietpyopsirtiesef the cigde fredd ddditioaslly,cliring Pyocsssing eelpgbyely small

hydg{%%%/‘ié‘tﬁﬁé‘k%y hecrﬁﬁ%u%% (88 dhscA el ght ratio of MR

asp enes content was at |east 1.5.

Thesptifically,tab shdwaRincatl e SIF18N d7,Ghe as b phddRioEsas@OPNANRIL at most
/vvas reduced relative to the sumof the MCR content and

15%st the e o&hecrudsrfeedior Bramples dptide Thesaudemradictygoduced in
ook \ :

Eaff N 7Ll 94 8 PO SRR R AR BBt o

moaSPYa hihdnssositytof memottd Stifetative do tHeatimapdymirtiesrodshe crude feed.

‘ather than co nents_t hat have a en to f )
Addigemaly, e&%ﬁ%&tﬁdﬂé@wﬁ o @m@eﬁﬁg-ﬁu&a%@ﬂé%@rawty of
100%)1?3% o%@%@ig&rﬁfiﬁ‘b‘f%ﬁr%@ fes@di um zinc, and cal ci um

at nost 60% of the total content of the sane netal s
of Inkentastdbe tmdd profinet podifced vndertrontcatilytidnditiode (Example

roduct was, 80-90% of the sulfur,conten t he crude
19) Pisgfycda B e riross unos HiIER e ABL aiiy e to the
viscoSitdlhdd AP %ﬁ@ﬁy Bethe @Rlde Fbdde drromGhe itadasa tikkovity Bh@d&eased
the contacting zone is greater than 1Ch 1, as conpared

APk gravityp itoves be persiblhiegnigr thastolag and{orpolymerzatign @6 the crude feed
crl%dgdproducts with simlar properties. The ability to

WasSBI B vel y change a property of a crude feed at

Exdrhplés #9.n0vnta¢t spaCruleFoal 4t ¥arigi €BHSV. t Tidcohthcting systems and

all ows the contacting _géo_cess to be perforned in
the gaiglyals svest thesame ag described ia Bample 6o The pppettica rf {he crude feeds

e BEL R YR B 18, RTEL P Rl Bafe BRI O ur
hydpseedwat iothe sihtdededdhabvided® thé reactomes &0 Mns'/faf 61000 SCFB),

L TR DL

{BE LS 8 chhiBct Fi% d
(U REIREELBE @b, BRSO DR Fhras

ovepa pprod ofme fistetihi' to T2abl enginiameriai]2 b)) fordS avdw dnd ghen the

e taop of the gt or, _and cont AW th the two
LH%QtvﬁafS)}g‘frgaﬁe tq ?\@9 nd gy @PFﬂ ﬁta@gﬁgs Vf\q)rrgﬁ BOATS ¢ esence
of AVHaaHR819, ShdEraaeERdctGidd AR alREeteCleterhite TAN, viscosity,
contacting zones were operated at different

densignperQeaniest, residueconfenic betarpatosrponiambant sontaet aigpetals in metal
salt§ gf‘%%%i' 9, 4 %ﬂﬁ?%%%in%s%%%?% i the TRV YOS af E}gla'i and 229y nl.

mp are”in t'op I Ng ZOne was

Avétide vatudsabi the @hopeyiibs @f et dradeCprodects edhyas inl BANEBWIG. 18.
(1000 SCFB); and pressure wa 1014.

s 6.9 l\/Pa](E1 7r1)si).
Condashawyinckabls ¢.iFdHs 18, the ¢radeproduch fepRrapple g hadageduced
| ., - . ' .

TARSES AL gy d BB A B it
the AP re@yéty df thecsrudieproded wan d 0460000 thOBOT SEFBY of trdrude feed.

pressure was 6.9 MPa (1014.7 psi). The total p uct
A veskghtaehia pleMbSt ¢RnE Bt afPhaliprs s rrentem bl hectim of the
MR Shtd Gnd Cs asphaltenes content was reduced relative to the sum of the MCR
content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR
content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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gas-liquid phase separator. In the gas-liquid phase

separator, the total product was separated into the
wonod®epa3oduct and gas. The crude product was PCT/US2004/042655

periodically analyzed to determ ne TAN and C5

asphal t enes content. Average val ues for the properties
potan'swr, aq@um aithg candotatciinm efl aiduest 9§ 74 eicthe taialoatent ef thel sjpe

el Tl Bto e MRuipHER: SIS0 phalalh fusdtood W he sutfr

condsnp baiht enek p&l. gram of crude feed. The cr ude product
had an average TAN of 0.7 and an_ averag

as phsanRlpes agbhy demonstraty, tb@,goaﬁaa%g ‘a%nd@@n%%m th@dled such
1:ha‘lpe%e ﬂ{-lﬁga[g}rogl h‘fl'ieuc% 18 éﬂe A getgﬁ]f%s} | taﬁ 9@1‘@%&9&] 1ioeé:]f)rocess
thaeighdl HEVIes 1 ddntoepsrbdmfe drinde prodickes with dingitar PrepettidsalThe ability to
R T L .
10 LB Ws thB cwec 5& Scds€ &fbe ghorhbNilestile one‘dQ@edpeﬁi%%féhve to
was at nost e TAN of the crude feed. A P-value
cormﬁentlaﬂycawallabgmeesse]mArsmaﬂelavesmil st maygal]@wﬂhameatng:nt S

disgAS et G o pe EhrPRn ot SrRbR T sred Ttk Blusibd Sl (for

a}r@p@q)f&ﬁ;—}gf&&@u&ynt acting tenperature of the second
(f'n"this case, botton) zone tends to enhance the

Mnﬂﬂ F@ed @t Vagious (fontactingTempegatures. The

conge% L}gg %qtgséeélgs gr}édt & itatglﬁig S were the &Em?:a% ﬁesg 1b§<§12nt %%) p% ?t lf’ge crude

feedBiAhS tHelprofireids I5stdd i "M)leOT BAIGC 190dad addeisio @lﬁtht@p@fthe reactor
using controlled tenperature differentials. For:

andesoatasted Wighethg ¢wp eatalyistsim thertyo SOnigsting Zgssinkihg Piserg A
f .
R by LS9, O/ AL BAIRIS 0y edat i
tempetatgss.um and sodi um cont ent of the crude pr oduct from
Exanple 6 with a relatively cqonstant crud eed/
o oARFCtREotEoBt THRF IR R Ehecy S BIoG: LIS was 1 1

tenﬂ)@ﬁa%dﬂa ?Igthka)fOI%D cHBhdiRg bl s B6d W@’OOt"?WaﬁB B Eyd}f)ge"i‘l to crude

rst contacting zone allows renvoval
feedrmiae ¢ 60 Rim el GO0 éﬁﬂﬁﬁc)mﬂspr%uue V@Seﬁﬁ)l\/&’a (@14 7 pSl)

naveoKeC reRty obb i By et oere e Arep orralg LY vas1

h;havp&atubhinshe Bbttdth @pRattiRS08E wae Bl 5es $66Nd) 04 ratio of hydro gen to
sti cki ness Efosém.r exanpl e, B%urrs and/ or tar SzM Renoval

cruderéesé weerto {L00BRETF emﬁmrmsmeewm% BA(AATAD psS,
Cor BRI Pl BIRMESAE ftadiEYoRL HEt nfi8lccl ifo the

gasClafuid pledse s@edtad. | Iﬁgheﬁgashi(ﬂlhfphatse Sparady tlﬁ&oﬁahﬁ’fodacrt@vas
positioned after the first _contacting zone.

separpteddpiorthe erugde PEodueiand gage fhedryda prodiisl %ﬂtp%dlégfoy analyzed to
t}ﬁﬁ st and/or a catalyst of the
det‘ésfjb’gﬁu ca |onudzi)e}sg§%%lflg§g&rngérrs or 0.02-4 grans of

c at Alvyxage paines]ﬁﬁt}grmmr@efs otf keude rpuathict elstdnedrdyring the swmere
nbodi nents, be s|lurrie rude feed and
istF RO ANE (rTaBr 180 GG RER AL orTdh Y Pbls.anf Srhreraialienes gontent
of (05 PGns o e aliattérs Per §ABRF crude feed. The crude product had an
average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs

asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.
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797 OF), pressure in a range fromO0.5-10 MPa, and
rati o of hydrogen source to crude feed of 16- 1600NM8W
woaoosaepari od of time. After sufficient reacti BATHISRE4/042655

to produce the crude product, the crude product is

separated fromthe catal yst and/or resjdual crude fe

U The toial sepieRbe  RoasaBRRIA 4o e §id B YA HREE 3% of

Ly 08 NRVEAR JHROGeEe ftuct

ﬂmtP%@ﬂ?h%#%EgFFggﬁg§%?§6£ﬁggﬁgﬁ1content and a redu%g 5
at masplned dfthe TANDOf tptcrudel fadd. v Praluenes 1c¥ anfleigheradas mamtamed

Further, nodifications and alternative enbodi nents of
duflv&w%@féméspects of the invention will be apparent to
%%%gﬁfsh%tka%’% inprza*ﬁgﬂ@sf & add D0/ heVin@h k(B Meswesd @&p)%ntactmg

ccordi ngly, scription is to be const r ued
tempdrhtu&tthmls §@ °Cdwergthah the cbmacurtgetemﬁr@ag@ of theéa@ﬂdr{gl this case,
bottt@g?%%eﬁgllldal}? elellf,?glc%: % er%{hltlc&tqpl% ssﬂh? tergég %BS{ reltrlétt%e %}'ude product
relaﬁ\t/@tto thd€s hphaerf corentl dﬂlﬁﬁru&ﬁ'\fe&ﬁlom and des cribed

herein are to be taken as exanpl es .of enbodi nents.

EI mm@xaamewmnenuoér@ nienbel BeiBlstin metal galtne! qragugacids was
enhem% tg{lg?‘ tg 1;0?13% tJEeSEL4.D e(ﬂffhl%bg%l? ulﬁ@‘}fi’a@pﬁﬂ Je RIAGE ASES total

and cert arn e I nvention
potadBHmRd ¥bdilinZ&Altdnd d PR RERR! Pryducafrbmdixamylé 20 bas enhanced

apparent to one skilled in the art after hayjn q
relatyeniefthe regnction of the ktalingtasgRmand spdiumRpRFFeT 8 the%ﬂ&ﬁg’é% uct

frong%),éalg 1658 5?61%1%\%1? LGBt &ugg ?e"éﬂ}t&gg;glegﬁ& infixWird Siabitity for

epar |ng irirt and scope the invention
eaclﬁéxﬁqﬂ@rashmdsuradbh@-\fadxhd owing clainse.CL Al MS1. A

met hod of producin r de roduct, c rising: .
o9 § geh R M 9B AP B e TMEHE A SE fsdeh
molg ulWelglFtu g)%uﬁ(?st @ Skpled CPRGMHRS B ah@bRncRIDAUE b organic:

the crude product, wherein the crude
amds} theltiledveiageraleheyyto frmipotyumess md/@g:ompoam@s Imavimg phyysigal properties

of SE’E’gﬁfg 911? élgsl }ick%g%(& Ot &G I C 2 n /01o &38) #%Hlo&giq}f thdde

rogén’a

con{ﬁéqﬁ&)ﬂﬁ %W@tt&hﬁelﬁﬁl@@bﬂdv@ Eho&rbdnipbﬁﬁﬂs&b ba raacasichefore they plug
hydr ogen uptake condition, the first hydrogen. uptﬁ %
andgonidhe Faalysa) therebly rceraging the g of e cotd BriiopRrafinged figher

ondi ti ke in the first
temgPafiS AR hedfongiftel Bk AR CoBABMARENP TN L00
ExdinyiR24e Gohtact of dd@ridedibed ahdla Gataliutas aBhtruy.e Afbudinmetal
I
catalyd e Qe R DR ARG By O Q00 gt .07 s Bheatalyst per

100}‘%%8.5 8;&1@% d\é%&ﬂ ‘?ndé%'gsﬂ%[rr& &ﬁ&ﬂ%&ﬂt? BeQlurtiB® wethWBecrude feed

claimed in cllaim 1, wherein the
andaBsct@l uniet the rfbldmemglcendlubns: beaneraie ifh @e@n@rﬁpm Badas °C (185-

duct TAN, it API It Ni /.V/
T PSCUEL PSS JANy SRS L BB e s
of fﬁoﬂi(ﬁ%ﬁ SR ﬁﬂtof tﬁ‘ilxé< %ﬂer@ﬁfffﬂlerﬁ P&cﬁbﬂﬁﬁin'e RE pRAutdithe

tals in nmetal” salts of ganlc aci ds content, weight
crudcapnoducﬂf thatcmdlequrdumr isgreperated &ovribe catabysornd(gyresiduad Prude feed
conbi nat.i ons t her eof

' I
O I AR W 1 SO S N

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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controlled such that crude product has a HC, a
resi due content, a sulfur content, a VGO content, or
woandsioazs7 ons t hereof, of 70-130% 80-120% or PE@OABIO¥042655
of the respective property of the crude feed. 4. The
method as clainmed in any of clains 2 or 3, wherein the
of teantiecthpsecskiltmddi theoms thargeneth kmamen of edrt ol eutd:he trh'antlon Itisto

v RIS 15 oD LB SR 808 Y

as S@hdples OF eRbdiR hits2 A 169106t Bh € Hateibl sdhay BSSubs@ierforthose
nmost 10% of the respective property of the crude feed.

illustratghandhiaspider ddereinapans dngl progassepfiay bairersrsed and wpigginifeptures

ot g i ame” BE AR hHERa TR Tt Bha Y frfhpio e skiled i

the@ﬁrﬁft%ﬁha\ﬂ@ ﬁl@lbéhéﬂtQﬁSh@ descabtion 60tht ivlehtoh. SOhdhgeh atay de made
rati1o_of a MCR content of the crude product to

in the Ggmé@iﬁ Hasaribad deresnvitheut separtiag Epmdbe spigig aed sGope phthg
to 1.9.6. The nethod as

mv&?ﬂ%eas ?ér?b%%%l{h?félg?’% %mé wherei n one or nore of
the catal ysts conprise one or nore netals from Col ums
5-10- of the Periodic Table and/or one or nore
conmpounds of one or nore Columms 5-10 netals. 7. The
nmet hod as clainmed in any of clains 1-6, wherein one or
nore of the catal yst conprise one or nore netals from
Col um 6 of the Periodic Table and/or one or nore
conmpounds of one or nore Columm 6 netals. 8. The
net hod as clainmed in any of clains 1-7, wherein one or
nore of the catal ysts conprise vanadi um nol ybdenum
tungsten, or mxtures thereof. 9. The nethod as
clainmed in any of claims 1-8, wherein at |east one of
the catalysts has a pore size distribution with the
medi an pore dianeter of the pore size distribution of
at .least 60 A, at least 90 A at least 180 A or at
| east 230 A. 10. The nethod as clained in any of
clains 1-9, wherein at |east one of the catal ysts has
a pore size distribution such that at |east 60% of the
total nunber of pores in the pore size distribution
have a pore diameter within 70 A, 45 A, 35 A or 25 A
of the nedian pore dianeter. 11. The nethod as cl ai ned
in any of clainms 1-10, wherein the hydrogen source is
gaseous, and the selected rate of net hydrogen uptake
is in a range from about 1-80, 5-50, or 10-30 nornal
cubi c neters of the gaseous hydrogen source per cubic
neter of crude ' feed. 12. The nmethod as clained in
any of clains 1-11, wherein a tenperature of the first
upt ake condition is at least 30 OC | ower than a
tenperature of the second uptake condition. 13. The
nmet hod as clainmed in any of clains 1-12, wherein the
met hod further
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conpri ses conbining the crude product with a crude

that is the sanme as or different fromthe crude feed
woaodsmesa3a bl end. 14. A crude product or a bl eRdT/US2004/042655

obt ai nabl e by a nethod as clained in any of clains 1-

13. 15. A nethod of producing transportation fuel,

heating fuel, |ubricantsCIbAkMeSicals, conprising

processing a crude product or a blend as clained in

claim14. 16. The nethod as clained in claiml1l5,

1. WheAehdihdd6f ROAEESSH Bihde BraduLtS esmphisiag:! | 1 ng the crude
product or the blend into one or nore distillate
f r aeaniasHBg a prudetfhed with hpdrogen il the peseenica o ba¢ psmoB: eatalysts to

progh?c:e a‘%ﬁaﬁ S{oﬁukﬂﬁaﬂmﬁ&éﬁhg gl Bpordiuét? %Vhte]%gr{ 811:6 & ei pr}gduct isa
liquid mixture at 25 °C and 0.101 MPa; and

controlling coﬁtacting conditions such that the crude feed is contacted with
hydrogen at a first hydrogen uptake condition and then at a second hydrogen uptake
condition, the first hydrogen uptake condition being different from the second hydrogen
uptake condition, and net hydrogen uptake in the first hydrogen uptake condition is
controlled to inhibit P-value of a crude feed/total product mixture from decreasing below
1.5, and one or more properties of the crude product change by at most 90% relative to the
respective one or more properties of the crude feed.
2. The method as claimed in claim 1, wherein the one or more properties of the crude

feed and crude product comprise TAN, viscosity, API gravity, Ni/V/Fe content, oxygen

- content, residue content, sulfur content, VGO content, alkali metal and alkaline-earth =~ - .

metals in metal salts of organic acids content, weight ratio of atomic hydrogen to atomic
carbon (H/C), or combinations thereof.

3. The method as claimed in claim 2, wherein the contacting conditions are also .
controlled such that crude product has a H/C, a residue content, a sulfur content, a VGO
content, or combinations thereof, of 70-130%, 80-120%, or 90-110% of the respective
property of the crude feed.

4. The method as claimed in any of claims 2 or 3, wherein the contacting conditions
are also controlled such that the crude product has a TAN, a Ni/V/Fe content, and/or a
alkali metal and alkaline-earth metals in metal salts of organic acids content of at most
50% or at most 10% of the respective property of the crude feed.

5. The method as claimed in any of claims 1-4, wherein the crude feed and crude
product both have a Cs asphaltenes content and a MCR content, and the contacting
conditions are also controlled such that a weight ratio of a MCR content of the crude
product to a Cs asphaltenes content of the crude product is in a range from 1.2 to 2.0 or 1.3
to 1.9.
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6. The method as claimed in any of claims 1-5, wherein one or more of the catalysts
comprise one or more metals from Columns 5-10 of the Periodic Table and/or one or more
compounds of one or more Columns 5-10 metals.

7. The method as claimed in any of claims 1-6, wherein one or more of the catalyst
comprise one or more metals from Column 6 of the Periodic Table and/or one or more
compounds of one or more Column 6 metals.

8. The method as claimed in any of claims 1-7, wherein one or more of the catalysts
comprise vanadium, molybdenum, tungsten, or mixtures thereof.

9. The method as claimed in any of claims 1-8, wherein at least one of the catalysts
has a pore size distribution with the median pore diameter of the pore size distribution of at
least 60 A, at least 90 A, at least 180 A, or at least 230 A.

10.  The method as claimed in any of claims 1-9, wherein at least one of the catalysts
has a pore size distribution such that at least 60% of the total number of pores in the pore
size distribution have a pore diameter within 70 A, 45 A, 35 A, or 25 A of the median pore
diameter.

11. - The method as claimed in any of claims 1-10, wherein the hydrogen source is
gaseous, and the selected rate of'net hydrogen uptake is in a range from about 1-80, 5-50,
or 10-30 normal cubic meters of the gaseous hydrogen source per cubic meter of crude
feed.

12. The method as claimed in any of claims 1-11, wherein a temperature of the first
uptake condition is at least 30 °C lower than a temperature of the second uptake condition.
13. The method as claimed in any of claims 1-12, wherein the method further
comprises combining the crude product with a crude that is the same as or different from
the crude feed to form a blend.

14. A crude product or a blend obtainable by a method as claimed in any of claims 1-
13.

15. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product or a blend as claimed in claim 14.

16.  The method as claimed in claim 15, wherein the processing comprises distilling the
crude product or the blend into one or more distillate fractions.

17. The method as claimed in claims 15 or 16, wherein the processing comprises

hydrotreating.
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