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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.




for exanple, nickel, vanadium and/or iron. During
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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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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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systens, nethods, and/or catal ysts that can change
sel ected properties in a disadvantaged crude while
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| Gﬁ&%ﬂeﬁ?ﬁol@ﬁ@@éﬂu’é@ ATh&re © dls@8 chift dcBhéthR dnd technical need for
systens, nethods and catal ysts ffor conversion of a
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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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conprising one or nore netals from Colum 6 of the
Peri odi c Table, one or nore conpounds of one or nore
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e "’%E‘t‘%g Ghida!s %ﬁﬁ%ﬁh Bhe &l}ﬁm%ec%{a?ﬁ't&o-ﬁ@&e a%‘ﬁ} %Foduct that includes

oun one or nore netal rom Co
ofthé bﬁd?@fddndt, evherddh the tmale(prbduoeuk ahqmd/ﬁughte atf25rf6t arid, 0.101 MPa,

or . m xt.ures .t hereof : S nd cat al
séb@)%‘dé £qe§| &ngwal}AN {9@ S e et AR egfltgfy;s@tcompnsmg (@)

Bﬂﬁ% g%ﬁ? of s t 0017 to 0.06
llriﬁ?éﬁal Terr o of & %E% mor e cgééﬂuﬂg@lg@ one
orgrams of: wat at mofe mnta@lfrmmﬂo&umﬁ 6tatfi ¢he Pm'rqdudl" ablg abk o1 more

cal cul at

h f |
o RIRROR R e 5t ST B FP S e STOBEP SR T alputated a
c rv\r’éigfrl R t off@fktaved Eredf: A (BPS SecdRdTahlyst) meTsé%xﬂf catalyst having,
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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



material, as determ ned by x-ray diffraction; and
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C rising: (a). one or r metals fr Column 5 o

¢ HEvRE @%ﬁaeiw%@ﬁ é?nfGHTeonfD&t ffeaﬁt&-is E@&wﬁﬁ% ﬂlﬁ@laﬁaef&fam of support
. . . . t he. Per i.odi ’ .

oS )i P ik A e TR g i

10 ontdistributimr with @ mpetimrisore fliaoretera@f atieast 238t4 |as detepmined by ASTM
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15 PridiodRSTad1dIBhb 8f nke EIrRSHIRUOEE SheCiiradrs Hietals SRt CSIubG: 6 of the

conbi ni n’fq@s support with one or nore netals to forma

s (Repiordic Teblleator mixtuassherapfe (Biarsuppast matssiebhavieg Ahetaadymina content
f;gf%ﬁ%lstnlﬂ;i %%gwsgomﬁ glug{ﬁ%%c%r%r@? gtrfn X nrﬁﬁ‘%riglf a3 determined by x-ray

Pediffeidtion; bl wheréin ¢heddatdpst das o ppeuivtslisifibaivn with atedian pore

metals from Colum.5 of the Periodic Table, or

m ditmelen of Aideash 230 Aot detoreresdly ARIM Metod DA%y i na .

support ] r r ino:
20 &PRN TR S8 toilipd bR of ptdicily fXardl ¥ Sonftling

a q@iteniap agupbat withwhe onmord hetalsite dorama papperidinetabmitture, wherein the

of at |east 230 A, as deterni ned by TM Met hod . .

D4PBPOTt FOrBPTLYRS Apte BNMIRG G0 PRR, PIBERICPT RS S iomprising one or more

\F/’M.rliﬂgtﬂféiﬂ&l Eofithi5 bP EheI FePidRic S one Spﬁgferﬂoﬁﬂxﬁlnw@mfetor more

one or nore netals to forma support/neta '
m métalsefrom@etenms bfithe P3fiodisiable, ovminuies deredfeheat treating the theta

2 S G B BB RS PSR EEPL 8
&ﬁ&ﬁ%ﬂ,ﬂ)ﬁ?ﬁﬁ%@#ﬂ?ﬁ 13k a%gfgzl s‘é’ie dRfiButidPivith & thédP4 pore diameter of at

the Periodic or m xtures thereof;
helaast 28@4; andetenminediby ASTM Weithod 1343830r t / met al mi xture

at at erature of at l.east 400 ¢ and. fornj the 6. .

V0 200e BdaumioBaReuRYHES Smsbay of priFips B Bl cdfehsing

t N@nfAhiak H%ﬁ%ﬁtﬁfﬁwﬂh RAE Br fMloACmBtiakith ifbye 4 Sippottfrhetal mixture, wherein the
medi an pore diameter of at |east 230 A ‘"as detern ned

30 bysupBT/EOBptissd tipM2 glrmina, and one or more of the metals comprising one or more

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

metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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15

- slmplid mireretah @5 8€ w@ad 0pi0d ddRe, thaerude fegd hgying

The invention also provides a nethod of producing a

crude product, conprising: contacting a crude feed

\W?tzb‘o sA363197 nmore catalysts to produce a total pcavuRbo4/042224
at 1ncludes 5 the crude product, wherein the crude

thleﬁnﬁtﬂelcﬁtallﬁ;t Ras<d pore sk distributivadvith 4 GiedidAgpord Giameter of at
cru e feed havi ng TAN of at | east 0.3, at |east one

dfast 239 A,aﬂsaleyemmddv&@TMM@Fb@ $N4282. distribution with

et or MR RO NP A e Besp § e ol Hings oAl product, comprising:

RethétthgtErudofeed switteord ot tnidrd uaﬂalgmsao m:trduse a gatalfpméuct that includes
alum na and one or npre net sfr . umm

ther grude protugl) wherginethe £ruds Peo id gxuyes Bg%gf 443 0.101 MPa,
ﬁ%ﬁﬂ&e ge%{l ﬁ ég Eﬁ ?Qt £ab, 3, P egﬁ ohO8f &eE@ﬁhﬁts R#ving a pore size

control I ng contacti ng

@m&@bﬁﬂoﬁﬁﬁ}}ww ﬁiﬁdtahthd tﬂnamﬁteu dﬁatgleas::i m&%Ah \j\ai deteﬂmmai)by ASTM
st 90% of the TAN of the crude fe erein TAN i
Method Diiafhand By cRtsivs e i Rsn 528 Aty DR ol yieta alumina

%8 th grsm@re'ﬁétjaﬁq}&fx JoiRAN6lof %eaPéHoHﬁ:er db‘lé’ @46 br more compounds of

cont actlngacruefee one Oor nore
me af mtsmemsfnmmoamn Geofdilie Bertogity 'B@ﬁm owuxa@ezttberegg and

E}ngéﬁﬁg g%hgétgﬁl op d%g% ﬁ‘tﬂ‘g&b?t& Cl u ?e ﬁ f’ﬁlﬁ& lfalrs lédleAdN of at most 90% of
EF!A{I?H& f%T ead@fé&adwﬁer%ﬁalmﬁqs a aaeﬁﬁm@@bi Q@d‘l\m Métha D664.

st 0.3, the crude feed having an ox en
cont enfthedfiventioh ebsetpravideumgthadef prodssing & eristerpraduct, comprising:

de, feed I t
Gopuned ot RO T DIST e e el S BRERt B 9%‘?“3?;“ source 10
AG] Whideirhthe chixdi2 tisa
?ﬁ%&{gg r?tq?%% ?I%Qu&%ﬁg%ﬁ%fiﬂlﬁn&ag%gﬁdt ions, to t‘%é 1% ea)?r?Alilm N
t

alegst 03, the
h%g% Nz:@é%@fyg‘égus te& £5% 13560, 6601 gihs %E Bxﬁééﬁtp%f‘éram of crudel

ing ~conp oun suc
%é’cfj And® hOWEHE bné 8 thataRipsttavipnd mb sizé distribntion vats mkdian pore

e s B Kt P ot

20

25

30

' d
Iaqogga%Bpgttf on%% P%’ e Wogﬁ% t BRBRudeprodiQ HaB Y aHN 6fat most

S a ne ing a crude product,
CIUYR bf e TN of tHetcandd fagd,and toitkdutes dontentiof or@nmoxygp@ containing
cat al yst s to produce a t

i dresysh dant dhe PR RS E Py ?ﬁ&iﬁ (i BE5P90% of the
g@geE c&ﬂté}kﬁ? She¥rmdctebd é\ﬂﬁ’erélnm MR, deté:ﬂﬁle@fbydﬁs TREMethod D664,
east 0.

ast 1, and at | east one of the
caidaixygérscdmut E0as dessrmingaddm ASTMaIt/IaﬂythB'Sét | east

0.001 grams of: one or..nore taI f i
t he 30 veion a?sgd:fr@wdsq]%mg o of ir %O J%rgdgét comprising:
% 4 8fudfe o8 \Qﬁitl BhY 015m€fe dahﬂ‘ystﬁ%rpr@dhc@ aketal pnoduct that includes

as wel metal,-or mxtures ther eoo
anhd cn.mlatpmddct Ivdleram mmdm@mdmm a ligwd migewe a7 “Ceend 0.101 MPa,

o %’m%%"#hﬂ*lré’?ﬁ‘f‘mef@? e} f RRRSE S AP having, per

PeadtiN &l dider heedmetaldhomi Colihh 6 of the
ggégie(?fcebrm nefjage ASTM hgd D664. 7 WO 2005/ 066310

Ppmddsrzm¢ @622? moramnpmﬁ of one e meresnalals fom golumn 6 of the
Lo a sri duc r
LSt P A A A RS conotin
t Dshiating @ORELSHs such it @ FighidIRuFlgepice velocity in a contacting zone is over
10 h™!, and the crude product has a TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.
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. seqnircing @rerede fesd

produce a total product that includes the crude
product, wherein the crude product is a liquid

' 25 C and 0.101 MPa, the crude feed ha¢rAg2604/042224
R
@Aﬁ{l&%{‘? at ?east 0.1, the 5 crude feed having a sul fur

cont enThedfivattionadsstprovidedd mythwdef produgingur crpds prgdueh edmprising:
at. | east one the catal ysts

AomACHZE R gl doc it P ALmarCeoti g BJfE ARGt oy drogen source t

b ' 1, Whefie tHfcridy Sroduct |
o R e G b o or o oo ckisa
Riquidinmstuteres 26 0C;and 9l 0d vPache prvge sesdthavingagl AN of at least 0.1, the

o fooS Brvuae & e Honreik Mgk BB bl ofstufidh Fem ofcrude
i @bi binfl aPRAS N Of BRRAFAstPEOMrisikiEony d1deort eesiald iokmGolumn 6 of the

contacting, lrquid hourly space velocity in one or
rRerindicatile ok g moonexnpends of ongorrare metals foge olumn 6 of the

duct i ng.a TAN, of 2 0 . :
A T e Pl Bl e TR 4 . curing
CkRRhg Ahe Ride 3QUrhakieh rolesular hiydpai ary sebdctddatecto inkebit phase
f eed vvﬁerel n TAN is as determ ned b¥ ASTM Met hqd

Deparation nfitheshiderfeeshduring cansacting.diquist hewlSPRGe Yelggify in one or more
Met hod D4294.. 15 i ' i 0
ocfo%e% g2P78 130\661-;5§§x llp %e?&é{l@&oﬁh&%%ﬁé"l%ﬁ of alBbAIH% of the

conpri si contacti ng

ar ANUSKIhE B0 Wedhart e efudeppreducthatinga sulfur cohtent of 70-130% of the
presence of a gaseous hydrogen sgour&;j:£ tQ od

t stfr comtentafithe erade fagd) Whersin HANGS avdetomupRiL by ASDT Method D664,
t he, crude IS i i } 5 9C and

AR Sonili e i hertriified bYASIMMESEDAI04ZD DT © N
such t iaé ifveetiod alsteproeitids adnathodyofquoduring a epde pegiuct, comprising:
o0 o oL SEhe s b bl by BRI g e

L?%.lg%%: '{ofiﬂg%#% 9 t@ﬂhP%li:ogﬁ& i tt’Iﬁélﬁ&b@ {8 cRASProdug wheinithe crude

risin contacting a crude feed with .
hygbdogss ailiquidheixpure se2t 8C ahd 6161 dParand confrallipg eantgcsing conditions

PR TBE: s s S doatech s M Eadhy i a SpA(ERd rate to inbibit
nhﬁﬁsgrsgﬁ)ﬁtio%%fgh@&ﬁdgf&@huﬂﬁ cofaet. cont rol |'i ng

contacting conditions such that the cruyde 25 feed i s N
cont ac Tad imientiohglse ppwidesa method of Praguening e Arudp PEIquCt, comprising:

condi tjon an hen . at sec

b o DB R o RS B s o produc
d hg&&r udt Ui ies BRCANEE Pryduagwhereiithk ernde peiduichis a liquid

and ne ydrogen uptake in_the fjrst hydrogen .ugt ake that th de
c onigfiuré @4%5i ° ansh 16 MBeh;ead pomirallieg eonjapting Capdions figh that the cru

f eed/.t ot gl oduet .m x i at d
6 BB £ oSS AAYRBAA A st econ
bhy&iog@i?ﬁﬁtaﬁ@ccﬁﬁ%dn?ﬂﬁﬁr‘dﬁgﬂd@o dehaiptaks penditiore being different from the
nofe properties of the crude

) feed. The | pventi | so
presond dydwgar nplekie $IAHqs aBd Hg}(ilgggqgﬁa upiske, thilF ?Est%yﬁm gen uptake

conpt.i.-Si ng; i . g - ¢ ATREuRe fr

c 3pEgiSp BopuGfeH BdhhA PR ALY O, LR rebliola B om

C QatRedihgBelaw 125,384 onclof morepraperties ofthe crude peodsict daage by at most

product that includes the crude pr odug{ﬁs V\h&(r)tei ‘g t he

c P0¥erelativg e theirgspgcliveAnePr FOIP RFPELies S5 e chidqyesG

Ma, RO4cAMR 3Rdduct, comprising:

Feod harte i AopRptepriids30aehy G ool d sl pickiuct, comprisng

c eBatactingWernde fhetlivithsorsurmark aatalylsts at i fisst teraparetiies foflgwed by

L ARG arE A AR PR ture fyProdSoe A olal prodfiingtEAfes the crude
product, wherein the crude product is a liquid mixture at 25 °C at 0.101 MPa, the crude

8
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the crude product has a TAN of at nost 90%rel ative to
the TAN of the crude feed, wherein TANis as

wishRsakd3ss Py ASTM Method D664. 5 The inventi opch®9004/042224
provi des a nethod of producing a crude product,

ifd ATAN sPa 1@t .80%aml @inttdHingaetdtastitgicamditions soelr that the first
catal ysts to produce a total produ&t@ t hat, i ncl ydes
cohteciiRgigeIpsrataradt at least R G lower than e sprasd fontaping temperature, and

Cauind Mot
dh o I R B A aVio ot PN i oec.
villdréid ITA20 0 @& det@indd byl AFEM Ble@RdDaf4ans of sul fur per
gram of crude feed, and at | e

oo o s ook RGeS BBl porion
D R LA N A —

Tabl e, or
the ¥itude produtt) evhesdin therudegrodatt is atiquid miates ai@S5 °C and 0.101 MPa,

o oS vt AR el Bad 5 ShEb Rt el SinB Ao frufint of
1Q£s?§}é‘6p1 g&??sﬁotssﬁli{l}‘%er il SPErfak fddd adBRYeat ohd'6f thelbatlysts

conten e crud , Wherein TAN is as
wdeipeisitgras oo ynokS it Sfrviat Galumbate, the Reriedic Tablecanetasmore

i t erm ned by ASTM Met hod . oThe..| tion:
POV Qe orR PGS B oeit el e Rpviic HHAR, frifitures
HQEBF: lafid B8ntrol GR gaﬁaaﬂag cBnditidAesch ekhi \thd druddprodict/ias & TAN of at

catal'ysts to produce a total Eroduct that includes
thiet 90P4iothe TAMN of thewhuleded, and theranuds prodent sas @ sulfur content of 70-

iquid mxture at 25.C and 0.101 M .

{300 hEma el iy Ot o e hehdis Tad! Rs TG BY AsTM
Ve od YR GA0 M E AR bobnt 885 dtamiinéd By 8STVE MithodeD42h4e

per gram of crude feed, and at |east one of  t

h iy
+ cat al Vst mventinwralsi prgvidaea mcthagf redusing & Grade ESfHshoamprising: -

f the Periodic, Tabl .
- G e iedd VR ofs pORErElacd Fio GOTRSIOR BlocliRatincudes

b $hide SFochich SiRSSin tRndudopotadtlis atiquidnhixttre ag2s °C and 0.101 MPa,
conditions such that the crude prq&légt as, a TANdof att tofat
o srudsdeediavinga TAN ofiat deqst @ [ fhe crudg deed; haying 4 pgsidue content oi a

| {%ésg ﬁglﬁéragqgﬁbt‘f ?esﬁcﬁﬁi p@f Ereaﬁg% cg'g«tle]; fekd 4ba%e 1ch 3B @ the italysts

ent of eed, and wherein TAN is
SSmpledier the@dnby madT BlohCointinI66fithe Redodie Jablgeone or more

tent i det ' b TM D530 The ..
e Set e 1, by AT 1 g, oAt Thep s
RERARGH cﬁﬁg@;igg 'é:&tgtgctp 4 Aditiond sxﬁ:thlét’tdﬁe ée8sipmwidut 8@ TAN of at

or nore ca uce a total product that
inost 2086 of thie AN 106 the qoudedfioed, thevtrade produstdhas auesidys eateat of 70-

' Li quid mxt 25 0,101 MPa, .

L0 ot ks S o g o e el Ty HpfBmined by

@ RA D864/ GhY F&Mu?'%bnt@fat i8ls dbeasine®bi ASTAMMahod D5307.
p ee

er gram of crude d, and at |east one of the .
cat al The mventiqr dlso prpvisies a oretivsk of predusing 7 evA¢ PXduGH cEnPrising:
of the Periodic,Table, one or r.e :
GantiAing ey 654 o oo L L efogthto BORR A et BlqdBfinet inoludes
HethiHeStodd i aNBAEin 18E6uBOPIdRH ik B liqaidthixedre BE2S °C and 0.101 MPa,

conditi‘ons such that the crude product has a TAN of at
the\umnde0iosd bosag @ TR ol s lesud.d the zrudefpad haying 2V GQheontent of at

TA t he f eed e I

iaikhera oG st B e GLPE SRp Rk oA pe B Kl
E6iBEhisiAg nd\bieh Bl mER fRANCONIm 6 ofthePetiodiciTable, bye 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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ASTM Met hod D5307. The invention also provides a
nmet hod of producing a crude product, conprising: 5

ﬁ@@b@%k:ﬁg a crude feed with one or nore cat al wtgud2004/042224
produce a total product that includes the crude

RbSes of thiedrAN nf theecredeufited, thodude produet has @iV @Oreontent ef 70-130%

at .25 C and 0.101 M t.he crude. f hayi

aith 520 Somiant el Gudh fosdy b, VGO AP B8 offehnfed by
'Nf’e;ﬂjz 7 conbi ning a support with one or nore

Qrfgms roc;gn]%)%%rm 6 of the Periodic Table, = one or ..

nor e Therjventie: dfo providss ametkodnfiprpducingerude praduet, g9mprising:

t he Peri odi able, or 10 m xtur t her .

SoTaR g TR PO e gh MoFL NG hroaLs o pRGEHB includes

EE%H&%IB&H%F, WRErSWAS ciale proidaeris b ligiitempit@sents ‘O tnd0.401 MPa,

or nmore€ sul fur containing-conpounds at a tenperature . |

thelcondeToed Tyvinga Tédhof alleashd3 cansk at deashignecefiie patalyats is obtainable

B Db oS R Bl ABRUTOY s PR P Tt

 BhOY 6% RniPRuledofdnelt ibite mtgalafromuCsiumnd@ofithe Periodic Table, or

conprising: = 15 contacting a crude feed with on

0 .
erixtaras Ahatbofs tesproduasaoeNRIEST TOCBIST: 996 SeRREINE Hh.gatalyst by heating the

RS et p S REsoRbd Sl or SR Sy’ QEIHE BohOiE e o
§ RN Halova U0 SCOgId aonablliag cortastingl @ndBionasudithat the crude

(100 F), the crude feeg)l havi_ng_an APl gr v&ty of at
pecdloct g 2 BN ofiet mest-30% akthg T AN 8t thecipdrdeed-conpri si ng

one o lrl‘hs ﬁ\;e%tigg Lb f)tJ\ﬁ@épaqgéﬂi O olg%x‘éauéiﬂg a Eﬁfdig hhict, comprising;

Tabl e or “noreTconpounds e or hore metals
f«,bﬁtaétﬁg Aeradéfeefl vitteorRarinnee catibybisdo produnt & tatalaysoduct that includes

o R s oSS 5 B S 233 25 g 101 e,
@?esérﬁggfé'ﬁ% %Eéwg%gg v‘lgércg’%giﬂt)ftaﬁ 1@kt 106s1GE yA8 °Cag00 oF), & dude feed

aving an APl gravij té of
TRvihd QUOATL grindtyAilat trastvi(; ynddt ledsbong ofithe ratalysts\cRmpgising one or

APl gravity is as det ,hed..b AST

e e e ok GEBE PRSI o VR R LB RR of one or ors
%&»@Q ‘froh{lgsm of4he PeRbY TABR, or Mbithes thefeofy muontrolliag

crude product, conprising: contacting.a cyude g& o
wiohfactimeconditinms suctethal the tede prosiugthase Hsqosy pt ﬁ«ﬁ of at most 90%
that i.ncl yde t he, cru r ' i
ot Siecostty & Mecsias TP AP o 2l ol S o e en APL gravity
1909389801 BE ‘AI*]l%Yz'M‘Q oF tH s feadl, wieacih APgravityds bdetermined by

one or nore catalysts conprising: at _ _le e

&S EMyMethod RHB822; a%gl Vie0ail 19195 d@ﬁ%@ﬂ@fzd w@sﬁ@\a&ﬁm@%@-
vanadiym. or .m xtures. . f. : il ising:
ot al yHE ingsPh el it 4 HEGSE of pRAER a2kl prBlRY, comprising

QRBtaingR Efide ERAUNTH ndBiiabe, catalyststtn produee adofpbpmdict st includes

one or hore Columm 6 netals, or, conhinations thereof;
thelcmidn prastuc, meosm e GrRdTedHEia KA TR 125 Krnd 0-101 MPa,

cfude .pr.oduct . Y e

G LBRIRLaL VAR NG L, A 0t bR oo

Neidoese Eﬁﬁélst domﬁfﬁn_@g&ﬁm&ﬁsm% cg@f?wﬁaﬁfgomgﬁzmmgm, or mixtures

invention al so provides a_ net .producing a_cr.ude

dhowsafs end go Aitionsl gatabish pitaim e 2aditiens) GEEALYY PR gno or more

?@glgg%gﬁsﬁ%?sl, ¥iid S ﬁlgremoﬂﬁ%ﬁdsaofto% 3t nfdrOCuRind & aletals, 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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t he crude product, wherein the crude product is a

[iquid mxture at 25 C and 0.101 MPa, and the crude
F\woRobads0o TAN of at least 0.1; generating hydr ggenus2004/042224
during the contacting; 5 and controlling contacting

condi t Toaivsntén ahamwm@sanndhocbomudmcm@s cmd‘émdﬁct &bmprising:

nost 90% of ,the.TAN of the crud ed, wher i )
eStiastine,n Rude 50 AR Mo MRS ciglgsts 15 ol &t rodyet Fhat includes
pfﬁ%\ﬂrﬁi&spradﬁ@t\bﬂﬂ‘e&fthﬁ’ﬁﬁﬂﬂ 9i‘d'éﬂctais ﬁ'lig@ﬁi BHAHGH: 25 °C and 0.101 MPa,

I’ngSIHQ ContaCtlngacrue with one or nore

thpsnsletfgetbhm’EANaafta@ieaBt Qlatnentinghydriogen ding the gontacting;

t A ool footiting SR HOF ot Rl Te gl £ 740V of ot most
h aa%rtg-'tﬁe TAN &ffth@brude 36dd, FhéreirPNANGS ab 8@t8mins® bp A ST Method

catal ysts conpri sing vanadi um one or nmore conmpounds
oD664nadi um or nixtures thereof; and controlling

cont SCl i SyRRSh g TS b AR e proguy, comprising:

haentactibd™ @hdefecd®ith 6He%r ok bﬁal?étblt@[or rodaes & totglrodirdthat includes
wherein TAN is as 15 determ ned STM Met hod De64.

The aredecprodust, ﬁh@r@nﬁh@ grude pragdugids nému& mprwg 2 GCand 0.101 MPa,
c Elté (ﬁ rt%Q&‘ﬁévméggﬂ} ys > eastt oqgélgfd%éée}%ta é?é:u%ﬂﬂ@ cétgggtgtcompnsmg

t hadadiwig, o ®s mdr eOmpu!dﬁls foif @ahudium, Wi enigtuses thereof ade controlling
product |saI|q m xture at 25 C and,O.

t RNIATLIELORAEANH AN TGt R CORRCUNE lempeRye ipat ea% Ah 5, and the crude
o ﬁf’oﬁ'ﬁcﬁﬂﬁ 2% ATTIY Fﬁ‘l%o?ﬂ 984 gf R G BF P c%&}levf%?:ﬁ ‘%Bé%m QAN is as

nmor e conrpoun vanadi um or m xtures thereof
pdererminad be AFTM Methpd D§64g a hydrogen source duri ng
contactjn

th flow b
“difecti ﬁ?qvﬁg{loel} g@ B{m’t"gﬁ a?r%etﬁ?fgofﬁrga}wﬁg 2 ﬁ%ldg Pﬁ‘ﬁ%m comprising;:

f @@ﬂactﬁigqi &Qﬁg el oo kst bé’.’tﬂiyﬁ%@ W?fddﬁé@a tcﬁalcp‘i*odd%ﬁﬂlat includes-

the crude product has a TAN of af nost 90% of the TA

‘othet dredecproductf whetein thi erude mrodum is ¢ liguidymidvngiah 8¢ °€;and 0.101 MPa,

ﬁﬁ{w&@# %P‘g‘gﬁé B @%TE Ptl} I%{] Qﬁea%? n%r (?f\sltll'l% EatalYsts comprising

C QB ABrh thedr $idte GomPechdsiof bmﬁﬂm ror mkﬁ:r&aha:}eysﬂ tpsotiding a gas
produce a total product that incl udes the crude

prougmsing whedwigan sensce duing gonisgting, theees flow beige praideddn a

at 25tbqn t@%gﬁgoﬁcer&ypﬂge QI%xErg?ﬂﬁ Wt@e 5 d%‘f’ %(ﬁﬂghngﬁfntactmg conditions

s@(ﬂﬂﬂé’t th@ il pratfuct Bas TAN®faf moited0¢abfdhy SN of the crude feed,
corrpr|3| ng. vanadi um qne or nore ‘gé) g nds of 30
aidgterrningd b el Methed PR&4 v anadi um

e B A g oo

C Qoitactinggeraddfbed mdthsorelos imore baalysm ¢o proddes mtodnllpmdmaﬁlat includes
a total NN Fe contept of, at 0% of ,the N

F
C Sha e BPAUG b EPIIDS R Prodie R IO g MRt b § ¥aip 0.101 MPe,

N T

mgrdnes; aoleasy bnel uﬁthag:aﬂlyst&ndammusuﬂumnadmmnme & more compounds of

cont cting a crud th one or catal ysts.to
B e B Re b a0 AR ALY HEving ggate size distribution
g{vﬂz %%ecg% ﬁ&%‘ d?a:ﬁ&@r G 16548 186 AdHSd cdritroflidg CHtAtiAk ¥éndions 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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10

15

at |l east one of the catal ysts conprising vanadium one
or nore conpounds of vanadium or 5 m xtures thereof,

WZ‘%M?"@“{ eed conprising one or nore al kali nepal/us2004/042224
ts of one or nore organic acids, one or nore

al kal i Tae apvehtiormals@provides 8 nodthahel produnmga mrugapmduct comprising:

P SaASng 3eods af BRine 9E s Gelalysid By Biodfis ¢ el pppauct that inctudes
Opqléo!rr%a bédhet, \gﬁé}e@'tﬁ@bﬂuas ﬁﬁiht:hs ABigRld mixture®t 25 °Sah 9.101 MPa,

I C aci | east 0.00001 grans; and
caritasybht afthe catalystsi coguprisingi vanadivms geshonhete qompoyRdsef vanadium, or

g{n%%%éﬁ]%gqfa Wte%tg?% f%gcr %gr{qita}%s}g%?%q &é&%éﬂ%ﬁ rﬁ%tala g of one or more
aﬁf cOJc Q! oﬁ%%n%@%kaﬁﬁek&% Gp 84lis oFfonalokalore 6Rafic acids, or

a ka I he-earth metal in nmetal salts of o[&ganlc
amlxisrasmherecbfeanﬂ the erﬁdeefdf;d bving per grameferudsifeed. jadptal content of

"ﬁ@:ﬁq ,ngataj Angseegh eﬁ@"’st Sotalsalls PRORAnRACS oPht least 0.00001

b HERARY QhAAEH %oﬁﬂiﬁ&%u@lﬁ that eLgndeopradot khdsaa total content
p o uét conpr 1 si ng: % contacting a crude feed W

0 pBalisali metad, andtaditaline carth matddindhe metabsalts of 0sRARG a‘thlﬁa?f at most 90%

ghﬁdes}egéh qﬂgagflgaewf g,agcag{le-% dtlﬁ ﬁaleg% léﬁ}% of organic acids in

t RS GhaiRed 8pckr6i0 ¥BhAicht A0k} BEtalland alkhligd-arttematal, in metal salts of
salts of one or nore or an| C acwng@one or nore

alokganiansidsds defermingd by 4 WME &ore organic

o, R B A i i, omprisog

nM@bthetir ioralik el Methfhecamhdre n‘e(hlwlsts to pravetced tatsl predust that includes -

organi ¢c acids of at |east, 0.00001 nd ast
oe ond Qm“@awbvrw@‘*ﬁa@mo cbsed B i os ERgl 0.101 MPa,

20

25p

30

1%41%%%?% %E‘rtnBﬁ{uﬁ hggﬁ)ﬁn% e é.lﬁal?m'é&!‘ gisfot @A 8Pmbre é1@anic acids, one

e total nunber of pores
| r bdige pkaknesearth n'letat salts of bomotmoterngganic aeds of imixmrasithereof, the

eyt oSBT SRRl e

r ek bh g 16 Ji000ONgrasiscind drdeast one of the
2 %ﬁﬁgxe@d}u 28%%10 u%:?f]% gﬁg total content ofgral kal i

ﬂ&hﬁlgsts&nﬂzr@ dadre sige distribmtioptwith a madien pare djameter g range from 90 A

ﬁ&% ggtl) tfhas Ofli ﬁ)e/o ggﬁ{eﬁgﬁgﬁtg{nbetr%z p&%gﬁ.t‘raﬁlte é)ah ﬁ&é‘?llsinbutlon having
0 ra%ﬁﬂé Hlaﬂ&ie‘ii%@ﬁn ﬁf‘ ﬁ ST tHelheti@ oreiameicr, vimentia poredize distribution is

met al kal i ne- earth netal in netal

s aﬂstistenhmd @amsaMcM@tbod D4382;pad sprirelling sontaciag qpaditigns such that
18. .Th t | t f
gg%[dﬁ Bl%éll gt:/lleftg @Ito%gqu%t %g gfrf,r(%ﬁ I?rgélteiril 4 %lgﬁlgg ﬁfﬂé&é nlaert]al in metal salts

a dqrlorsmid K945 ofat Hm@ﬂ@o% lof mUdbnfe«ﬂt of am;smetal @nd dllqahn&earth metal, in
total ™ product that includes Qc‘f crude prodog 4 alkal;
whaetal salts pEorganid cigs of thercrnde f5ed,ivtherein rontent ol aljaliymetyl, and alkaline-

o 99 Al o S5 L pmipar oM Plspg D1

grams, Ednaéntlodatso oddes a bsthod af pfo,datmg aavidepradystyeomprising:
si ze d| stribution with a nedi an pore

r awg@.ctlng, arcowe feadovitls onenor mpreca yspsetgéagoc%@s/;g@tajt ]ﬂ'gguct that includes

| | °C and 0.101 MP
e B8R 9 e dhgerprodios B gPRgiP ohe et 25 7C and 0.101 MPa,
p Othe clide feddefavitigl pérrprain of\cm‘detf&ml am:talﬁu/‘ﬁ&me:outeahﬁ ai rleast 0.00002
thfr;,qilﬁv&r%gé quit'zég I AR ]gqv[nl}giabsgrg gjre;tp zlrﬁlnn}lﬂla.\on With a median pore
#]%;-1 lePSa Sl Qfﬂ)?@() ihe 190 W Githr=0 (a6t 60961 e téthPumber of pores in

e conte at nost

12



90% of the Ni/V/Fe content of the crude feed, wherein
Ni /V/Fe content is as determned 5 by ASTM Met hod

Q@B%ﬁos,dggﬁoi nvention al so provides a nethod of pcTUS2004/042224
produci ng a crude product, conprising: contacting a

crigg ?ofe%% bt ButestEhaVing @pére dadradtyrowhina Spk ofitheenalian pore diameter,
total product that includes the crudem

d
wheherein poresiee digeibytion isas determineddy; 45 rﬁe&gha‘@%; gad controlling
d 0.101 MPa. th . i t ‘
2Rl e L R B GRS i of s

-eart S, In nmeta
10w4 b theddi/V/Feahenbs tHe cafic fded, ehsteilNDVIRcoptentis as determined
p;ngram of crude feed, at |east one the catalysts

h

§T™ MsthoddP¥8i st ri bution with a medi an pore
di t f : t ' R
Tt OB B A s oo

* di gointdcHtg b @Pudededtpwlth ongopmeradatalpstetonrpdice af totalrproduct that includes

10

15

20

25

Col um 6 of the Periadic Table, qne.or, .nor co nd
ofthp Raids prosich viksrein Sheoru IEBALRHIS & LGV R ff i g and 0101 MPa,
TatB{e %rutdg fedl ﬁgv!ﬂ | told? chiY 1%19(5#&11(&1 etaRNrd1kd1#8-earth metals, in metal

contactrng con ons such that the crude product has
a daltk oF orpaniataeiils of of leadt K000 irgtanhs peaugtara bk euide Esed aattleast one the

gfe éa?zhgstlg Qﬁg&? &)g%aggée%ggt{ibﬁtéqqg@tﬁ gﬁﬁéd?f’n I%Cre RandB0t 'of aP 48t 180 A, as
al ﬁl{iﬁécﬂgi A?m ﬂ%ddrbmﬂbn@ﬂktcﬁta@st BAV3RgNHe pafd €lge distribution
e crude Teed,

in erein content of alkalil netal,
anghmpmisieg dmecoranor e imetals flom Colurmx Gof e Pegodie Tablegens ¢r more

acids is _ as_determ ned AST t hod . e .

" ARGIBAS S S B GO 08T DT i O EEHingj€ Fabierqrmixtures
Pr @gHoF; and CORESIBLE Géntaétﬁigto%ﬁﬂiﬁﬁﬁs suchitbistehd etde piddoctdng a total
or nore catalysts to produce a total product that

-+ i nednteie of alkhb metaldandpikalinetearthmestdl; in mefal ity gEorgapig peids of at most -

s, | i.quid mxture at 0, . { ocids
b Bt o, SR 0 M e aganic i
Or iR Brudt Jadd, haritiSontent of alltali rawt, sldcdlk-lime-eerth ntetal, in metal salts
metal salts of one or_ more organic. agids, or mxtures

t hef erganic asids W@@W@dé’ﬁ%‘é&%ﬂhﬁé D léég' gr am of

crude feed, a tot ' d ising:
o Kl i ndt inyBplicH Bpo, PRVIER h s dd SfirbaibEiey ‘Z‘Eﬁ?gﬁ’a&‘ Py omprising

of catadtiRpstcrdIREDWithronssr nrte tatalysts emprodiicet dhiotal product that includes
catal yst's having a pore si.ze dist.ributjon,

th A .
retheamdscrodertavkrein s oge produgt i gaud Bt 8t 25 7 aug 0.101 MPs,
g?’gﬁé‘ &Me@&%@ﬁﬁ%@n@&%&%%ﬁﬁéﬁ%ﬁ 8¥ bitdor3n & oRganic acids, one

St onprising one or nore netals from
CobiBrefalkiliricheartRanétadalts ddriesor noove organippacidsaor mixtures thereof, and

ggﬂng%gdisfpgcgh&qgg ,%%ﬁgn;%%ﬁqugag% %g&,ﬁpﬁa@%&g gﬁlaﬁg&liltnitfeﬁﬁls, and alkaline-

| SOP%'?{; ef% iﬁ‘?ﬁ]é&ltsiggé‘gﬁ ?:rgﬁ‘lc biah of Redst 09000 SEb6! athé@st one of the

cont ent nmetal, and al kal i ne-earth
metathlysts havieg alposedizesdistibutiommith aaoedian pore diamatertof apipsst 230 A, as

T LA 38, g o S e i
2093{1?95?1% Ond 61 8415 G 241unk6 b he Petid@iciTabIb, one or more

wherefn content of alkali netal, and al kaline-earth

30 me tathpoumismEpat osmbresmetals frong Ealummé ofthe;Perigdic Table, or mixtures

det.erm_nhned, b IM Met hod D ,318. ' i
o B AT isr ik SandoRs spiTabCE Bldp BrcthBbhas  total
CORPfitbSt dTAlkaliGARARGHA MBaltheCsantandtaioth metahsade@f organioragids of at most

catal ysts to produce a total product that includes .
90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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5 the crude product, wherein the crude product is a
liquid mxture at 25 C and 0.101 MPa, the crude feed
wﬁa%bg)& ototal Ni/V/Fe content of at |east 0.08888s2004/042224
N| N Fe per gram of crude feed, at |east one
mqhe bﬁﬂe Faddamhetein bantem of alkplh meetal] amel alkalinetdarthinosialnin hetal salts

ofpesrieds ?&emwémzﬁamﬁ * caral yst
havi e Al fibe Brofidel b UMb A6Y SBIRAEh BB RROEY, WlhBrising;

met aI s Trom of. i odic Tabl e, one or
comicting@nqradefied efitharme oo more eatalysts 46 produose ©oal predust et includes
the Per i odi c, Tapl t ur.es .t her eof

theGRedecTPRYR, VBRTERDS e IRV 1 AL RIS AL ¢ oC o0 §i}91 MPs,
e A5vifl h B NDY/W oBRicROBE 411500, 0000 T B ins YO MEAVIFe per

ntent of the crude feed, wherein
ghind b drede fetl cattledstomsnfdbe eataliysis Havipg APOM size disEibpiqowith a

el B L%, SR A Dyt
C%Q%]ﬂg?‘ ﬁ'f%%&e 'sf2 g%%\ﬁﬁ:h%oh%n@ﬁt‘g%@ &r ehor@intal PfreE Cilumn 6 of

e crude product, wherein the crude.
therRetiodic Tabla ohe qnmmmmmdaoﬁw@ramre@new s figpColugb of the

P%x{ag f g’f aﬁ],ed X Og%%r,e Qﬁ?e@ ,aa&d d:gn&%l?@g %B@Lﬁng@oﬁﬁlﬁoﬂ@ bich that the

cRidK g&dd‘ Rt BaYd tBtdIrNW/Fe abrit8nt O aPMOSII0%of the NiBe content of the
acl or m xtures 'thereof, the crude f eed gq |n5g]§
cttﬁbiberWmlNUNéFegnﬁﬁ‘mmas&emj@l od D570

B B AR B P O e

cOhtadthfy a Graliafecaivatthane diandre ﬂa:talysslta praﬂuse a tddaitproduotittahincludes .
a nmedian pore dianeter of at |east A, as

tpeeraderproducth hersinhrerKs prosistis 2 | mgu@aatt 25 oCend 0101 MPa, -
tlgr.‘sﬁc}’r')t;@%geﬁﬁ §1 @%ﬁ?ﬂel lof€ ofinStd A1l § #ngc L af%%f @né 9¥ dlore orgamc acids, one -

per gram o yst, fromO
o8 Frith® allk@link-Sarth matal sms of om:dnymdermgamo acids or mixtres thereof, the
nmol ybdenum conpaqunds, cal cuI ated

crtle foRLARE 2 CoRTeR AP AR B 1 togih g% Blsafl i g ellalive-
gﬁﬂpﬁg | bt it | bPBigas aBidk Bﬁat ke oqmdp giabagatdeashase of the

con ent 0 [T nmetal, and al kal i ne-earth
ciRlyats, halvfngrﬂbcab siza distritnition rvgﬂm medieh goregdiameter pfatileastg A, as

q%f@pr'é:]n% fﬁg{% lelfgfgglfi 5)843_?2 3#&? %a%ﬂg%t%ggia ghﬂ%ﬁ&@ gfrzg éhstnbution
hﬂ?ﬁg‘f | ne@lé/g %lﬁéﬂt S gﬁiﬂlf@f tatilpiafromao00] grams to 0. 3 grams of:

nmetal, in netal salts of organi,c ac] 3
melybdendat, eneronmarmolgs&qmunecmnp@ﬂeml cujnedrapaveight of molybdenum,

%%ﬁ%&s" eh S Py oTiR et AR o R PRESE 18 o foduct has 2
fﬂ%{r}&t SRhAN Shetall &Mk’d!iﬂi@%aﬂh tnedtdl] inphetdlaatts bﬁattgamc acids of at
|nc the crude product, wherein the crude pro

rhast 20% afithelcoritsnitwf elkali gl st rlkdineceartiymetal, fectal S80S of organic

S 0 b B By il o, s

sﬁRi‘é b a28ids iR detddm@Rd®y A5 AviEMethod DH848. one of t he
cat al_é?ts havi n 14 WD 2005/ Q6 310 PCT/ US2004/ Q42224
a_porthesdnyventignalsoimoriders mERAS REGNSIAL BFTEAedrg é:,ompnsmg

I t
CQHH!%{I“% & ?g&dgl (RS Q@,‘,‘%‘g’l r§5 Fa?ys'&y 0 f@% %Q%\%Iﬁ?ro@ﬂ& Pt includes
tB@ Erude produkt, whteih ﬂﬁtcrucierpwah&t BOOHquid anxtutwat@SS’C‘gpIdrﬂsl 01 MPa,

no bdenum one or. nore c s of. . npl bden m
Db ee S b ATAE Sbleatt o BHuRg Fride fouh o crude
40278801 NIRIFE Mok ki Bast 0.00002 grams, at least one of the catalysts having
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5 contacting conditions such that the crude product
has a TAN of at nobst 90% of the TAN of the crude feed

wiod s fr ude product has a total N N Fe cont epér/0§2004/042224

nost  90% of the N N Fe content of the crude feed,
aypoes size disiribuen st emedias pars diane:cmhﬁdeasy 90\ATRs determined by

Vet hoMﬁmggZ ﬁ%‘@éﬁt qng,{ﬁ @Y%ﬁ@\g}ﬁ&g; A ol pper gram of

cﬂfa g&ﬁ? g@i g P &ams‘iﬁ'%bly%ﬂélﬁm oHe oF Ara 6bpPeunds of

th one orf nore catalysts to produce a
moigrbdenpnn daictlatedats weight ol awlybdeeurg; erduixtissthereof; and controlling

B S 05, BLPRCL 5 RN o o3 e TN of
thé &l féEEtaﬁlh Rt iude plodabthadh t6¥Rl ¥i/VIREEOntend of ﬁi&noﬂ 99% of the

or nore alkaline-earth netal salts of one or_ nor

M@Emconﬁnt ofthe orudeifsed, mbereirii/ ¥ dfe cogtamnt ig %@W@F@d by ASTM

nt ent f eed,
s RS e A AN G et SAS B Melodioie, | ETC
Sal U STHf inPdriimdAi afsoqibHidedd nﬁthoﬂ@ﬁ@fodﬁcﬁ@%d@pr@dﬁct combrising:
at | east one of the catalysts_conprising:

cvuiaatinge are feashvit ponoF TBONToaSIS OIS w18l Brodapidhet includes

ol Beh RN R TR AR S 101 e

B erude fémrcﬁn(ﬁifsﬂigsorfe ro@ oTe hllath ndefal ahlts dforear |nmie orgamc acids, one
Tabl e, one or nore npounds of one or nopre

o €5 norcath Beial il S0P A LN, BB Ry G ipEegereof, and

e piate Feo HAFIE fiofhl CBeREe bt OF chidk Feed BE MU Hiral, and allaline-
¢hfth naeidl, Bometabsdlisog onganicacidsnd acleastiot00903. gearsh andhat least one of the
i e B e AL SRS o BLbe s s
186%%&&3@:3&% (ﬁ{ o?ﬁnor%al@@o/ﬁl@olﬁﬁﬁ CsThePEricic ThKB| dr mixtures

kaline-earth netal, in metal salts of
thegafiand (Haimdwrinmore etals fram Godunin 1@tnsitles Perinsiia Behle,gme or more

al kal i and al | i.ne-egarth

WR‘%’“@? ﬁfw.naora Freias ng Coin &%ﬁh%"%@“ﬁ@%iﬂwﬁ%é‘ms
éﬁ wh@&n h@ﬂcﬂﬂﬁ 1288 oﬂo‘w QY16 0 snedalTo tdtaldCelimn 6 metal is in

produdci ng a crude product, caonprising: contacting a

rangmlﬁomelem 10; hd omﬁhnw@c@ag apyditiens e fhad theeride product has a

B
t
Wi thn o‘ﬁé’ﬁiﬁl %ﬂlp Cgﬁ}g(g'?l}e-e 1 el{lfgl%llu gF ?Sérifg of argapic acids of at
ABS ol 98N Rantent drullcdlivdletal, eedlalkaliniergarth et lin idetaVsdis of organic

N N TN N
%:aﬁté o?,'g%%{saﬁl % d?F é%?se At qHéd%)“RSWMBMOQ@@'SUW 6 of

¢ or 'nof e compounds of one or

nor e TRY @lventidnCdldo ﬁi@biﬂﬁ“ﬁa enetfodtofprahucingt crudajsodyctoeomprising:
m xtures thereof; and (b) one ér nor e taI

@tntzmﬁng agreste fpppbwﬁb,qng ar @oqeangt yst%weprg tgtai BFP[STUEHB@ includes

Y L
ﬂﬁhﬁldeﬁ'éed@v&@@idiﬁﬁﬁm@@ﬁmle@.dtZIZWDM@nammf MiV/Fe per

nmetal to_total t | £ 1t
g oot oo B o L b b S el B metls

T

GoRinti 6 ofNhb/Pedodioable; of mixisres| thesaoffij anddb) dne oxIHve ‘metals from

ggful;]r?ndlngg tgg Periodic Table, one or more compounds of one or more metals from

D

Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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5 The invention also provides a method of producing a
crude product, conprising: contacting a crude feed

Wdibo 39 nore catalysts to produce a total ppo#wStoos/n42224
t hat |ncludes the crude product, wherein the crude

PEGRIHEE 10 Sefl to t@tih! Coltinut 8 heetallis ?5 @ngeffofh 11111 G\;/Ead controlling
the crude feed nﬁrl sing one or. nore al kal

|
saintastiog condtions soh & ﬂgeeme 2RO B el Y Vesontent of at most

RS 7Y 5 RS LB 0 i

PBY ASTMMNMRithd DSIEOE eed, a total content of alkali
I d al kal h I
[)nre ggm Iﬁgmvg@tha;f alll,gi:;e proxisdes der %é&%@ga%@ ¢ Hg}dﬁﬁ%compnsmg
h ?](a‘l zi\qqngta g.;cf‘e af%%g ﬁr]tﬁaw ng?dog%?atél?%tﬁn ?ooéﬂogﬁéesfﬁ‘%g tpY&&uct that includes

f ﬂﬁ%&&e@ﬂ@@d  Gwikbréi6 thie exde pn:fduc‘tam e 11qmdrmvc¢urmt 25 %C famb ﬁal 01 MPa,
Col unmm

of the_ Periodic Ta%ﬁ# re cOo id e
othe sAiledeodeEDTIRREPRE A1 TR EHiIAl BI PhEPTRPOR Ot Bt acids, on
Tﬁxbﬂpg e, a]ﬂléalﬁ% %?ﬁ&ﬁ dAfts }S‘Pbr&rﬂr Xre %’?%aﬁic acids, Hi 2GRS thereof, the

a second cat al yst he second
C afudé Yeukd hasdngper goan of crudedéeds @ tasalccontentipfalkali mgtal, and alkaline-

Lgﬁﬁ;@%’pﬁﬁp Bhoia Seli A TBaEae it At RS . iR e or more
Elgglg allgﬁnglﬁgg%ﬁ?ﬁé{ 'Eﬁtafysf’fthé et nﬁ%l?ﬁ%laﬁmﬁaﬂ@ér%ram of first catalyst,

of netal, or mxtures thereof
aﬁdm ©.0001 0l 0.06gransnof one ngmommcialS(fm'n Sobimn f of theReriodic Table,

crude product ha total con |
- Rbe o1 RATS CABIRORRE ST R B Ot Gyl SingREAdic Table,

aﬁ%\é&ﬂaﬁ:ﬁ 2 lwel @R bf ﬁﬁ%@l r hikfiresBBie6f) land (b)al deadmd cmdlytt the second

al'ine-earth nmetal, in metal salts of organic

- -iacatdsfst lnaviﬂge pergram offseeand cakbystiahleaghit %grams ofj ¢ag qr more metals -

20

25

30

T o L BB Tl ) APy B ms o

Tl neh B0k kR PeModR: THbY iciRalatodnis t\nlfeti)ght of nmted,dmrcmnrguras thereof and -

e B i8S S B b E) L0k of aka
t hat d % of th
D ,Hgf‘aﬂlc A C4 agfiiﬂjlq&- &Iﬂﬁ é‘ﬁétﬁ'l u@é@%ﬁﬁ% gf Egégfﬁﬁ a@xd"s %f aﬁ&lb}ﬁ@O % of the

t henehtcRlgiadetal and alkialige-earth metalyin metsl kdtm ofrmaanc acids in the crude

ity LG 01081 € o S0 0 GRSl s f i
aC'%g‘mf?ﬁde_ I Aé‘?ﬂf?ﬂfemoﬁhmlsfude feed having,

feed, a total content of alkali
met al , Fednwednkiah alze p&ﬁwléara metied af producing 8 srudsgireduct fcomprising:

organi ¢ acids qf at,|east 0.0000 r.ans
owgn@ptmg@crugg @F‘Q@f}k"%‘?ﬁ TRgFe cpBlys gmd&u%gg &%l yﬂrﬁa@& that includes
f&mﬁ 8%1:1” ! QBrefl th e%ﬁrﬂeqj"maﬁét%armﬁdl fiftoRrat 260Cund 0.101 MPa,

e, one or nore compounds of one
Orthm‘mude f&ﬁ&bmphsmglonelor more akali metad saitsrof @8 or meps erganic acids, one

TS 45 e R o A o et

| I DR e, SRAE BN o Gald tteda 13tak agttert of Bkall indt0) and alkaline-

t rmthmumd inrmoetakalth af organistagids o6t leant OH00R] geams, agq agﬁeast one of the

AR, 4D bt SR o e s

fnhd dfiBe Pariddic TRHI8] oneld? niRé BdmP@IrdS od 6naamgmnreanetals from
aC| S in the crude feed wherein content of alk

ne@dhmnsz the Reiodie Tablesoalowiated as weightatanetalap @I%FICS thereof; and
or & mg cogt%ci!n?g Qoshdﬂ?otlﬁ ARG, lmﬁld hourly space velocity in a contacting
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5 ASTM Met hod D1318. The invention al so provides a
nmet hod of producing a crude product, conprising:

\‘?6%@?0*6&519 a crude feed with one or nore catal Wiard2004/042224
produce a total product that includes the crude

Rlope i dver W0 &' earidll thd erude peeiuRt Babuctotal Sortedti ofullalithethl) aad alkaline-
at 25 C and 0.101 MPa, the crude feed having

pextinmustaloin etal sy of ergepicAcidNolermOB 0 At therontent efalkali metal,

Fof AT 3t R B fmer s B ol s IR ol e el Shereim content
eTrafkalBhetbl afid SlitalGe-¢utth ietal, i hetdPealisafiorgahiddcids isme determined by

or nore conpounds of one or nore netals from Colum 6
ASTMeMpiodddi3d8Tabl e, cal cul ated as wei ght of netal,

or m [ t " ' t ' i e
condi ﬁ%ﬁ?%gl}?@ﬁ%@%j{mﬁﬂ%? @%ﬁ{gﬁﬁf? ki%gcg%vgﬁ%éc tgu?thcogl PHSING:
cRAtaeth Agrudetesd witlhuss orlfiofe-datalgetsitot fredure adetapproductt that includes
has a total NiN Fe content of at fﬂiﬁt' 15 90%

Nhaeride persiuch hisrein Hie cpdsorrofurt ds a Yud SRKIRE Ay 55814 0.101 MPs,
TR . d
ﬁﬂ@ Eﬁ@h feedl lﬁs bn%gpcgr{%tg%q crddé fﬁe(?a ytt)c?@f RPY/HSohnt Ef‘ﬁo}east 0.00002

nventi on a S a net produ0| ng a crude
EradieClt leastoonerdfshegntal ysto has per grgmeofeatatiest, fab ledst(.@0h grams of: one or

hetedagys Hom Uolnrk® pF i beriodiyiablss And HE periRiunds,ef one or more
| Betdls! Ii‘deﬁg g@)hmb WE heFeriddic TN cBlctidfed ¥ aveigh) of RRtal, or mixtures

crude aving, per gram of ‘crude feed: an oxygen o
cthedeef) tand tomttollinpeintdting Gondjtignsssuch thay kigyidrhously gpece velocity ina

sul fur, content of at;leagt 0.Q001 arans_of ,

oind oo ek B i Bt B AR L U gl ofa most
Ngiod o tHe GV Rl cefienfofahe thlde faddl GHbrinEVEFe cohten®is as determined
nore conpounds of one or nore netals from Colum 6 of

- theAREM MetlwodMABI08, or mi xtures ‘thereof; and

control)in ont act i ng. ,condi ti . d  in g
D b A5 A8l AR B Comprising
OoHeRAing QrteiRifedd with 0n€ brgherd @ealystathrofcecrtothd product that includes -
product "has a sulfur content of 70-130% of th | f (5

Ciba caie poschich evhprein dier UAF PIRFIBGAS A lIBgeRTIre Bk o dt0-101 MPe,
as deterdnned. b T '

"G 8L PP 385 B0 I o£ Q18000001 grms
abfSsxyie e \dnd aSuHunginked oDt 1paso G@ODhglf'mlmfwdhﬁnpm@laﬂsast one of the
conprising: . .30 contacting a crude fee it ane.
oHely¥ia R pTiae pBe PRIBERSIETAS FEh OHHGHQ ol tprbsfiostc Fable, one or

. ‘Q‘%eu'goﬁlg[’lﬂ"gﬁfﬁ)ﬁ‘%ﬂ&?% nﬁr@ %tb?&clzs gmﬁhﬂm d\6F thé PESodIE TabIE! or mixtures

IS a 101 MPa, the crude
f thetboltamid Rgntr@lting gomtactbi conditions swll that thextrude poduetdas an oxygen

oo G300 g e B gt o

| - k of 1hel cORR fodéd, Wlefein
EPaa DS oL L2008 o o, M g

V2605 6k Mhitd byUsyTidviethod 385 nandsulfonemiend és afdetermined by
on re s from Colum 6 of the Periodic

TégITS/,i h&%’?ﬁﬁ? 'es thereof; and controlling

cont acgh@%vf@@ A PPovies B nidiaid dfiRodifciiben Gh@dipRbustagomprising:

a tota e content of at nost 90%of the Ni/V/Fe
cemttanting afcrudecfeed with ohe etimonmentalyss tor preduceytotal produgisthat includes

A i ddl o SR Ser @, sl ertidO ploBlict 1S LG kbR £¥C &la 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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5 NNFe content is as determ ned by ASTM Met hod
D5708, and sul fur content is as determ ned by ASTM

“Meiogg),g 65%294 The i nvention al so prow des a rrei;@p@sgfo“mny

produci ng a crude product, conprising: contacting a
mowlemﬁpmﬂﬂsmf bneoremore metals froen &bl 6 pHtherRedodie Table, or mixtures

s B R SR B P Begont

R9/Pe é&i’terNPo@at hBstldes 6f the NiNEEE cERRRY df3hé'6ruls Eeed! and the crude
nore al kali nmetal salts of one or nore organic aci ds

m@ducms aonfuntangnt néf?%éB@% ofghesulfyg Icoetemfofdhecr@de fasdewherein

‘ECI (ds ?Sa‘??ﬁt?}' m& gﬁi-&gwqu o@gﬁ)sc %}é‘%ﬁur goittent is as

éétbl@ﬁlhed@}ﬁlSTMMetﬁéd@hE% earth nmetal, in netal
salts of organic acids of at |east O. 00001 ranms, and

a r esThenvotienalso prswvides aesthed of prodicinga erude ©xodugte comprising:

i i 805 s L B OBl ot e

fheerade Iﬁ"@ﬂﬁ:t coRareiEs cratle prd p? ublris Bdigaid Mbdaeat £3 €Crand 0.101 MPa,
Col umm of the Periodic Tabl e, or mxtures thereof;

’émnmqfﬁ%wmp@smg:m aranergglkabiastal ssis of pRg 0% tRake qrpgnic acids, one
gllr lggfe Mgllé e{aﬁ.ﬁ?ﬁetﬁ staﬁé Qf otféod}tn%}te o?éa.n?% é%?&s of%ﬁﬁhres g{é‘ijeof, the

i ‘ne-ear I n met al organi ¢ aci
aﬁldafeeﬁﬂﬁtmﬁpﬁércg‘ramfmé cade fesd a nftalaiohﬁdnt of atiedlametahranid alkaline-

e S ety 50k oo BB s s
?f)ﬂggﬂ[ 0 gfgrgvrﬂ § §P(aRE, AnB G I 'dgalu of %?dﬁﬁté’éorﬁn]gfsnﬁ Sor more

erein content o kal
nietadﬂ froe-@alomb oneftiie Penmiwfﬁalﬂé chelor mayé companids of ongler more

o S b e i

: th‘f%{}%i?%Bn@ilhﬁﬁs chﬁ‘ﬂlﬂ% &u&@]%ﬁﬁgctQTas RtSEUSnbt 8f ﬂkb!@ﬁetal and-

pro conprising: 25 contacting a crude feed with
aikehm-eaardrmetahumhgml saltsofprgaiccarids ofot alosp?Ba @€ thetaeatent of alkali

| nelu e}nﬁ (ﬂh‘%m th ,[lgdu%& aﬁ’ho gfﬁg‘]ﬂ% %E’;gg {n?xﬁ 891(9%3‘9% the crude

fn%%ﬂcthﬁ‘s lnREki IIRESonBnA BT TU-1 9098 AF thesrRsidudcotent @f theapiidecfabd, and
of at least 0.1 grans of residue, and a total N /V/Fe

Wbmegn@omntaf alkal setal, guctkelige-agh matel, mmetalsglts gferganic acids is

LG S AR VPR STRP IS B0, PlestiRE SMELAL S, d6i8ined by ASTM

w@mmf one or nore netals from Col um 6 of t he
Periodic Table, or mxtures thereof; and cqontralling

cont a&he inyestieralse piovides a matheg oftmedwrt&jecrﬂfle BrpEHcty a@mprlsmg

%&?cttﬁlg %4#; 8% wi to?l?tor %Ior@& s*fetE Ec?ﬁré‘ﬂﬁée ug‘&d}ﬁ;%?mat includes

rodudt evhereih thderiddppodiicitibe ligagi xdlxalre a‘ni $10 amwd 0.101 MPa,
the crude feed wherein, 18 005/,066310
efhhaying per gy of qradedised. @fesifue content o atlpest §- Lgrams of

TR PN, RSB SRS B g g f o
patalyits esmprising bnelopore metalsifrogn Eotunumlé op‘t}md’tmbdlc Table, one or
conpri si ng: ontacting a crude_feed

PR FERI O PR AT FROTE TRGRIA FrOR} GORIER 4 bt BrEpdif 28blecor mixtures
Pl'agel?? (2 oRE g bonfifialonafiidfs gmh;gg?t%@aﬂae phoduét 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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the crude feed conprising one or nore al kali netal

salts of one or nore organic acids, one or nore

%V(ggdo'sfdgss‘f@‘”h metal salts of one or nore organpgr/us2004/042224
or mxtures thereof, the crude feed having,

AV Peaohieht sray deteframgdd by ABﬂMlNhtbaé D&i708,(ahd@3igue content is as

content rans, and a total content of
qqlg}ya‘géT&ﬁ@%gwﬁ?éﬁ earth metal, in netal salts
Of 10 Ay Gt%ﬁoﬁca!léé 84idls PRRod ro@ﬁfodu@ﬁ@ aaéruéléeﬁr%ﬁu&%mpnsmg

of the cata ysts conprises one or nore nmetal s from
Gmhtannn@a ofude lfeedcwrth onle cr maml oatalmtoqnomeel totahprodnetghat inciudes

I
fg&bp@’ egfo txlv\[heg:gn pro %%’%%Hglpa e ateifaJ ‘%d an%l 0.101 MPa,
GROERAE fR o oﬂifo?e hikal nidhd seltdSiRone dR Gkt of%ﬁic acids, one
a total conte ka i netal, and al kaline-eart

netnadre allqalmeleanith mtal saltsfof@ng aninorexoligdpicarids; onraisturepirereot, the

e R e b Bl LD SR ot e
%ran?sn gnd Q?o’taleonEﬁt bf AR 128 S9na alaBne-enftie fietadfin metal salis of
30% of the VGO content of the crude. f eed,

vdrgamc aciYaaf .66 egramssanskat desstone afdhe patalysty cPmprises ene or more
D5307, t f, al kal
P8l 8 Lo R 4 PeFSRteple ShF b B compounds ofong or more
| Re@l fEfh Colihe e o&’me%%w\?ﬁlbl‘é} dr PiBthbes tRé?cedﬂa end controlling
invention al so provides a nethod of produm n fc al, and
pronthgting cerstifienssuphy that thereredenradnch bas 4 tatalcen %nw q;kagh@et an

t | o,
| %%: §L&ﬁ trﬁel:éXlg {rnu é&lp?agtg dy ?Fga%{c{ Lt R'of! Lﬂl@k‘t@O of Bthe content of alkali

erein the crude product
| Betdl, lahd dikelind-wirth @enl, i2 metal aslts df. o]:mnd\@ads intthe crude fegd, and the

Qg-ﬁg@ﬁn%%%@s et 15:3&3%@87@”933}; RE e b Fodtee bt Erugle feed,
&%m \?s ﬁ%gﬂte]nt %rﬂ n‘ﬁﬁﬁd%ﬁr Aeeivensd 2¥53bneand clontent of alkali

ri ses one nmore netals from Co
6m90°a1 tah& aﬂtahn@dmh fiatal dn meted salts ofmrganioagideisds defermined by ASTM
or nore netals from Colum 6 of the Periodic Table,.- or

mMetheddd138er cof - and controlling contacting

condi t Msch &lgb'" robiiRs § hitsiedureaedicinpescradé piodlct, comprising:
Ni fV/ F’gﬂgﬁolr‘{?ent of gt nost 90% of the Ni/V/ Fe_conten

oéoritdmng nuwdale feetiwithmoe ochmors eatrlyss predugeastotal pegguct that includes

ETTIRCHE T TRR i TR
g‘%&%ﬁfhe%&pﬂaw% gef\kt/ah‘( dReredyTeed)ta thtal N/ VolRd ammm eflatdyast 0.00002

t hod The invention aI SO_provi

netamsgansta WOSHceiterd 04 atleast - lpgramacand a @ﬁgﬁt(qlg, 02' ghe catalysts comprises

contactin r.ude t
pPHRIIEC rgq?%[ﬂg o8 885’5?% %ﬁ@‘e ?’%@P&ig 'I'EBfe Re er ugl% ripBunds of one
PHOMLE metdlGFdth Colifitn 600 R mhodmdtabies oanhxtqws dhareof} andecontrolling

d h feed
o contentisg apRAHPIBehIAS 18 Gt PIOGNCt oS Adniel Y ki oot of at most
gl Gy W0 200PHACARAGACTLHTRAIMMRE4A hadh VGO content of

sal'ts’of one or nnre or gani ¢
ag0q30%T the ¥YQO esntéhef drforudenfded, tw}femn MﬁOfsentdnt is as determined by

i B S B S5 ok 57,
d
salts ‘Sﬁﬁe ﬂ{\%ﬁﬂ?r?%lﬁéé 2idb fl%eﬂll&laéft Et&g@écﬁﬂéﬁ’fbdué‘tngompnsmg

at |l ea one O cat a ysts I S “obt al nab
C ediitadting g crudafzpd mithwintlor oroee catalysis &0 protindesa ifotad product that includes

Colum_6 of 5 the Periodi.c bl e nor e
DR SUIRRIOBHCTWRETBI s proapet 1 p SRR RRRE B 25 G At 0101 MPe,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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15

o thesgruggproduggwiierein

Periodic Table, or m xtures thereof to produce a

catal yst precursor, and form ng the catalyst by
BR5bdo8dsed 1P ecur sor of the catalyst in the prespagfis®fos/naz224
one or nore sulfur containing conmpounds at a

t efBRiCAIkilmhebakhun4alsalls ofiout arantreeirgdnigadids) baatikmees thereof, and

SR TR WA T T M —
B o 50k SR 8510 g 00001, st on

nreitalys'sai blgtainhble bgacombiairgdssuppont thamnede niare metals from Column 6 of
wherei n cQ nt of alkali netal, and al kall

edferiogic Fable, ong gt more,¢orppRas of ons QFdnere oS i f&al“mﬂ 6 of the
eﬁé‘ogl"x% o dﬂm%%&ﬁm&% provEst 4 QftalPdigRedirY] aﬁﬂsfoﬁmng the

ucing a crude product, conprising:
c oathbyst bynlgeating & poecufsoe of thietoatatysbindhe presenceaf ang o momsulfur

d | d |
P oRiabine trgand trdomperin pHATAUETT: ab Forffalfifs santacsive
an&ﬁtl?ﬁsaéﬁgh tha % cr&@@?rodﬁdi Bash HAA cherdt bPAkdDmetd€land alkaline-carth

gram of crude otal NI NFe content of at | east

0 nfefdl0id mejalosalts oﬁmtgamtc abida of atonest §0% ofthe aenteyicafaliali metal, and

S48 5 S R ORe p. fpin oo

mﬂfk‘ﬁh GRAROARIOAK A neOsAethQhetAD Irﬁm@l@l Stk af sroanizac{dslisl G¥teinined by
of the Pefiodic Table, or mxtures thereof to produce

a AN IMethod Pd3t&ir sor; and forming the catal yst by
h h al L
or - rror aBEdeAPOL ol prdVids aRbod oGy AhE  BRIE pibaeh Romprising:

beb@etiOh drudfedd oAt 619 drinfigre c@talymcb prglucoa tbt&]l product that includes
such that the crude product has a total N N Fe,cq tth :
# §30"and 0.101:MPa,

ecmdsvppgiuebﬁ@éw miyte gt 2

R i e e o

20

25

.30

lahdl arleis vheigf theeatatysesns obtamabledy: campioiig 4 sipporiwith one or
Ieast Q01 grans of h carino with a boiling ra
g susials B GUPTB O 5e BRI 38bJexom o 1ot oRRRRRE one or more

I ifkd p@d talyst
range % 9{)(]:0 %’%%P%gt@’ ﬁgﬁe g%?)ﬁc&alﬁdﬁgggthgwgt oﬁ%ollwe a catalys

Mpeecugor;| ahé Sornfing e qalyst b3 heating the catelystiynenrsartin the presence of one

boi | di stri but bet 20
o%lig;_prllg miﬁlrr]gcgwa.{ngqééﬁngqnl ﬁteq)t\/\e Pe Bgto @065.? ﬁgﬁ %Emtrolhng

ét Qﬁ:?g@ QftioR8 Sucl thEPIi)@ ik ﬁlrdﬂi&ﬁhdé%!toﬁ[ MV/Bé citetd ©f at most
pro uct e 1 nvention al so provi des a crude

CORpiosf the D e congentof hagrade ford.cuhepein NI \Gife content is g8 determined
1 r, as determ ned by ASTM Met hod
gﬁéﬂf@{m@%ﬁ%gbg grams of 20 WO 2005/ 066310

PCT/ USZ@Q%%%@EQ]SOV g8 crade &ﬁﬁ}ﬁfsmoﬁﬁlﬁvtmg, ﬁéﬁ'@%m of crude

Met hod D5307, and t conmposition has a wei g %tégfm bution

ofcompRsitiontat teast %O%g@wwi hydmeearbersmvithe beﬂmatram
1.5, wh
B3 iRk Sy e LAY St 0T sbons it

dejof raﬁgé dytribASTbdvaehoD6(DRDaNd 320 That 0. ToleMiPapst ledss 6,001 grams

rovi des met hod of producing a crude produc
g mf]byd@pargons witha boﬂm% range d1st1%butlon Betwedn 320 ° é 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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contacting a crude feed wth one or nore catal ysts to

produce a total product that includes the crude

W(S’de%ﬁﬁs erein the crude product is condensabberaisiood/042224
C and 86]101 MPa, the crude feed a MCR content of

atl‘esléu:sas detopined byrésﬂéd I\@trthmd D63@7, adé tHeamthpoaitidndias a weight ratio

S RgntERLg s G BRERYS taerd of et fow el MR gontent s o
CQic’eé‘i‘?ﬂlr@d‘Hy A$‘H\/I|:Mé’dh@§ 'mﬂ@b&ﬂ Csodﬁﬁhﬂf P@icﬁitéiﬂ Mgﬁ?e?mnl % ed by

one or nore netals from | urm”™ 6 o e Perio
TMWMﬂmnﬂmﬂﬂ'és t her eof , to produce a catal yst

precursQr;, an, form ng.the cat st .by. heat i t he ..
Cat ol yoitegn Bion 530 Bro\lnes ne @bl ok B line S5ridhradies, comprising:
s @bﬁwmmg:@ahae fetl GyiBOOMOBHHSre RhtabystsADREIREY E%tﬁﬁﬁx@&ﬁct that includes
500 C, and controlling contacting conditions such

t ﬂih.e aBdeiprogheidwherehthe sruderprodust Sreondgnsable pb23 °(9@nd &ﬂ 01 MPa, the

co dé&'??e | s%@ﬁéﬂ%ﬁtrﬁ% Eg’hgtypc(;@ﬁ fee% meﬂﬁ;"é‘ﬁi"% and at least one

. of THeecatalyiy il obRirdibiObyR lcoMibilisg 2 sﬁﬁfoﬁ%ﬂ%n@éﬂﬁb‘&' rﬂ&aﬁ from

crude product, conprising: contacting a cnde feed
wiGohumep f of ghe 1?%&061%&@ ;ﬂgp T MPTRHPFARARdSOf enecr rptmdmials from

L T ——

c fordeng tredaml By hemh@rthe odtalgtt gréasdor On 2 bréeds®ofifie or more sulfur
gram of crude f&;@ and at |east one of the catalysts,

h a%tﬁlgl% (oERROURGS & adPRpeiape PelavR 00 Ca apd eonirpliieg eontacting
Bb6s Subh fhat @%Q?urgoef /0%y Byt Radh I\&bﬂ%%entvﬁftapm%tst 023k the MCR
nu r € pore size

60 the tota por es
d pentemtb:ﬂthemrudmﬁed,nghaemdﬂ@mhmm israsuletehrinined by ASTM Method

di an pore di anmeter, wherein pore size
i

bution“i s as déterm ned by ASTM Met hod D4282; )
and co
]

-t hentagtinge crideefded whthromieror MERe catalysts teprdutaethtdd prodditMhat includes

o B e ot et BE P Bt he Bisnfebie 825 Mg .01 MPa, the
0cRiA4 FepdarmeI Rl cdﬁ’t’dﬁ 8fat 188t 02008 rg%zﬁl@ﬁer@lmﬁﬁf Muuetfé&dand at least one

E385; at nost 0.003 grans of sulfur, "as determ ned by
Actiibe petelysts Imzxs@ poa size distréhion ith amedien pérerdiamelerin a range from

S M th 07.. The .i nventi on
7R B B0, LR s PR KM OO AR 5 s B B cisibution
Cﬁmﬁ@a bbetiamétr wihkin 4. @%ﬂ@ﬁﬁé’ﬂia@fwr@mr WBerein pore size
det erm ned by ASTM Met hod E385; at nost 003 grans

ofiisgibution 1s aééletfétmé}eﬁlba{e‘élsw Mefhpd Mﬁ%@nmguolhag cpaplgeting

hlaThgpbabes bous D 0G0 DESESE A ARTS0BY g e

ZMSJ@M&ﬁMBRIé hﬁﬁ&ﬁﬁﬁd&&ﬁASTMh&mﬂm}BﬂSm ASTM
Met hod 307; E\(i t he conposition has a TAN of at npst
0.5, ashe pemion akpreyi Asswq@ﬁpﬂ@aoq%mham Pehgiam ¢lnemposition:

2%1&218%52 P?}Og%‘f‘aﬁn f:tf)ég/g %8 ﬁg%%hfne@ B Dﬁ?’l"l\g%il?tﬁgd Egﬁﬁ@t lost 0.003

dgams wif sdfirbas dkﬂ:‘e’ftvhmﬂ H}OASWM@thodtDM@dsﬁndht Ie@t Gt&?ra:ﬁs of residue,
Oﬂ-FeJ g%#g%gq a%%?m%ggjﬁgﬁtSTM Met hod 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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ratio of MCR content to C5 asphaltenes content of at
least 1.5, and the conposition having a TAN of at

wioggmﬁgg,l(ymerel n TAN is as determ ned by ASTM Merh@shos/naz224
D664, weight of MCR is as determ ned by ASTM Met hod

Ed%ﬁﬁunemby MTg/hMediod@Sprm thervempiosition hagie TAND atdnost 0.5, as

by . ASTM I n sonme enbodi nents, the

‘#\?@H’t"\‘ﬁ s%‘%{é&% n conbi nati on with one or

mor e d A& ﬂﬁin'&?éi‘ﬁpr@hdﬁ@ﬁ"@ﬁ%%bﬂ 85186 REvGh Pgrahi' ition:
mven??j%nf"Pl cérude feed that: 251 not be%%e eat &f pomposition:
| al least @ﬂOhgrayns afisplfin, a@dqtemuﬂcbbyﬁsaa\d Mathod 14294; at least 0.2 grams

1o 5 dtromite pY ARE B o BRYOT B piiod iR Hiping o weigh

S of MU ORBHS0 03 asHafendl contenelsr dtaqdt 1 SCAncptﬁaebmﬁsﬁuon having
hydrocarbons, a porti'on of which have: 15 a boilin

rea PO of athSantSL whemial HANiges detenmioed by ASTY Methsi 86% weight of

S T 80 AT 0 5 s

Hfermiadd ¥ ASTMVWWRthod [DZ007i ng range distribution
between 300 C and 400 C at 0;101 MPa, and a boiling

r ange tisemeismhodinenss theaneusim alseprevigss ircembipation with one or
g'\ﬂﬁgrr?s Hl% %@%rbg% glf{) g%fo@{;ﬁaoglg ﬁgéog&iggftcfﬁg m\?etntlbl? de fedHht: (a) has
Chics béttrbmatﬁlmbﬁdeﬁmer&p&lsﬁllﬁt afid/ &ﬂﬂ'acfvﬁaallf)di@ﬁﬁe@ (b tras@bmponents

hydr ocar bons having a boiling range distribution
techcarben rrabry abois 4,@ad thye arpde faed hapatdenst aéa%mépf such

DR D ) AR SR oo i e

iwlﬁtnhn@rdnge distritwitiog balolwol 00 HYatrab@jeMPasa bmhng ramge distribution

-

el R 0 S e S s

bﬁio"b%e oM 1@?35a l?c!iﬁ?é%g?@g&hq@m%ﬁ%e%’e%n 3b§)=cfaﬁa 480 *'el\ito 101 -

of at [east or in a range fromO
tMP2andC bfblhmg fhﬂge distribuion betsyeeh #P0-AGand ASO AT @t Q101 MPa (d) has,

boi | t of 200 C .101 MPa;. ye
ot bt B, A lenst Hlon s o hyioriort e ving ibbiline range
Qi&gg@@ol%tﬁ@ﬁ 100 °LQk 9'10N1\/IM @Q)Ol@émg bﬂmdi’éca@lﬁdiﬁ@lavmg a boiling

ri ses sul has at | east

mdls;nbmll ngg'mm 1o OC le 2@3 °@at 0.40 biviPas 0. @thgﬁimse@dlydrocarbons
, 0
(i flind, S84 aRuFiof bR 0 S0 R 308 0 810E VAL 0.001 grams

WfaiRIcatbors Bavife 8l boiling rarpe astib@fonbeygesh mrvt}aaﬂan 40@ °C at 0.101
hydr ocar bons; (n) one or nore al kali_netal salts .of

dYiBapnd RN m@aﬁf Bydrecagbons hewings bailingrangk distrihutien betyveen 400 °C
FsgP® b 1 B8 LB £ 3P dleay Tk e om0

abgend.¢ t@@? Cor (?Ehd}/ fn)tas ag ﬁﬁﬁﬁllollﬁ)ﬂmgqiomteﬁst I/eastQOO °C at 0.101 MPa;
arsenic salt_of an organic aci 22 WO 2005/ 066310
rereQueptings niskol yanadiym Q%ﬁo'ér@b@%#ﬁaét& 2 g of totpl NifV/Fe

ﬁle?ggag‘gw ér‘aﬁec’feeli,nﬁ )fl jxﬁ% élﬁﬂ:é,m)t llfélts%?t er0| Or‘]ﬁ\g)g%r@%% PP@.OS grams of

of conpos ns accor
aulftiepdreesn tof atude feedp (K) dias atleast b}OOﬂ @ @@VGﬁnbdr Igaam nﬂ crude feed,;

BRSO of s, BB AU 5P A SomPpiRes oxyBen
o] &}o%r%‘nso o‘ﬁE oisrrﬁﬁeﬁkﬂﬁ niefff sATR Jf%ﬂé oﬁ fné)re ?rgamc acids,

conposi ons accoF I nvent1 on,
cmetoaatdre glkaline-earth metal salts of one or more organic aclds, or mixtures thereof;

(o) comprises at least one zinc salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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15 .
nmet.hods .or, conposi tions accordjn o the invent,jon, ) ,
C il thedhydrogen pirce &k (a Ese@é‘ﬁt@lg)"i’fagﬁ’f Easi88 Tmedhane; f fight -

i}

crude feed with one or nore catal ysts to produce a

total product that includes the crude product in

who edvsiobss1er ude feed and crude product both havecanfsdoo4/042224
asphal tenes content and a MCR content, and: (a) a sum

of a dnusdmefersisbdherns phainvenim alenprenidesrid combiatibe adth one or
MCR %ont en&l@i s S, a suymof a ¢rude product C5 ,
a5 ol the osthods, prcpmpasifions apeoading to Hisdpvantian  gudefeed that is

BB AP BB o e

cont adhisopecminidinents, the mvertitnadéd poveles in tambination with one or
wei ght, rati f a MCR .content .of the.crude produyc 0 .
o of e Bt o calfsinons pECHUnG 1<,16 1BV <5eL PetioR of Contacting a
riEreed WK ohedr bfore cialy9ss td pddhée étc_ﬁ%l &hi&gﬂﬁt includes the crude

enbodi nents, the invention also provides,
quodiich &1t whichvihe erude feedrand tHidepredust bothdaves K dsphatienes content and

SR B bR LS oo 8 e o MR
(cohtely Ire A 0nOH S cride proBad A Yisphaienéd @htent and a crude product MCR
hydrocar bons; (e) inert gas; and/or (f) mxtures

tdonteabis.S’| andseomiacting oondivensare comdralled sueh Bt Sl is at most 99% of S;

rQvides, in cqnbination wth r I f .the.

i 0 e i Rl e sPaftRlfdpep B & st o oL MCR
rehiatofthe eAdededdurbiodn C2sphhlides taaentwthie Q0de PlodiEi€in a range
catalysts to produce a total product that includes the
dramd-2ecddd e lvherle?n the crude feed is ‘contacted in a

cont aGt. i [ . .

aci | 11py A EREdAe, o AluRlon PbBRIILE 1 BomnaldiPh i one or
phoreioff @ methodoshdongiositonvaddording tothe imentionfa liykleogen source, in

S5B REFRS B S o gao and/o

roge I ng contacting )
condi thenme suibodirhaits, tifeinventiontalw mrovides as equkination with one or

. hydrogen source to the, crude feed is i.n a.range fror .
- oHesot B methogs o7 mrovioes rcopite s e iyRiogaubpd hcontacting a

20
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30

Q:?ﬁdecfégﬂ fvﬁtﬂ%@ lor Pfor& Eé{ﬂ?%t% )?c? oBR¢H Aok ProMubhth@fifcRbes the crude

nore o e catalysts; he sel ected rate of net
tprodusty stherept teeride feethisrcontaetdd frya ventgéting zane that isadn or coupled to an

pressure . 30 the hydrogen source; (c) the rate of
iﬂfﬁf“&r@efﬁmﬁbﬁfake is such that the crude product has
TAN offplsee ehibabintents, thdihvédion e Reades) i ediBbinstidre®fh one or

than an anmount of hydrogen uptake that w_|| cause .
audrsof the methpdmercomnesitigns agcoptingiocthe inyention danetbedithat comprises

ToPabtl P BRI B ERaBIR R e bderkgBr g pagnaiora
hydfbgeh sdurdd andesmBllinpduntactiBf €6rilidnstsuch el (@0emtio of a gaseous

source per cubic neter of crude feed'wbe) the 1jquid
Fydugen sosre BEthe gride feadss dma range from 5890 npymalsybis meters of gaseous

H§uRiech Yafior B8%Bct R b pdb B8 BGRRAGNNRR o o ok Bbe canlysts

[{BY the 3tleptee sstel bEnctthytifvges aptakdiy/conirbliel thychroigga paetifl peessure of
is controlled during contacting; a contactin

ttheiedragany source; (o) the fatepfdydragen 5b @g)%ﬁ such that therude product has
pgilie | ! :
/Y sElce” 1, SHEE PR el 5106 BACKPRIG B of fiosen uptake

tthdatadill pressubstantial phase gagarativdy setwidnathé yrlide gead and hiccwtal product
IS . f 1.0-20 MPa; (h . .
Id?;rihg cgntgcat??d% ther t?e ected rate of hygrogt(:n 21ptake i3 in a range from 1-30 or 1-80

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

23



10

15

20

25

30

a flow of the gas and/or the hydrogen source is in a
direction that is counter to a flow of the crude

wq)e%gé, ',Z? the crude product has a H C of 70- 1388%/0§2084/042224
? the crude feed; (j) _ hydrogen uptake b

t he
bowrtjesphesseelosityoef gassud/entheritgen source i deast {ﬂnh SJI atggst 1507, or

Alape 20p L) Bpertal BreSeF o s o OB B 1Bt conrotea

cothNﬁﬁﬁ' (?PHESﬂEctﬁf tainpsftire H0%%n rﬂﬁ%dm 560900 °@, a total liquid
at most 10% of the Ni NFe content of the crude feed

bm)rlyt spece-veloeitshofithe gas andéor shehiydrogencsomzasris ing range froong.1-30 b7,

+120% of
i O Breira ot i cann 2p b JOBER sfired Pin PR A5 T0-20 Mpes )
8 BowldTthefastdnd/oyke Bphbgmtsotdce idia aoditsdtion e is c(dinhtet' h:Ea flow of
crude_ product has a residue conten

the crudgofsest; () itke erude pipduetdias edt/Corf 7Ph1e3%e’? eg% H?G &8 the(%'}de feed; (j)

u r f t
b S bl ol A ERSARR SB35
Aé1i0a] efbit htetearx )&ﬂﬁydrﬁgeﬁi R iculsit nieter oficnutie feed k) thep pride@roduct has a
crude product has a total content-of al kali

fofel NV ek st 9% AL AOSLO0Y6, SLAITOR 0% Gl dRe Ni/V/Fe content
e con% f&%d gi? 19 7‘}91?(&; PI%E?&‘?I% a s@ﬂr@coﬁ enfbf m%%ﬂu Qn/‘B@-fIZO% of the

| ne-eart
sulfuirebmtentsaf the crudé fepdgan) the amdd product has £V Giecdnda of 70-130% or

e S S A ESAA! Bk goe cono
9# 702 EB &% Gr 90-13b° ﬁé&@ue LbnteRSIf tﬁ@e/ﬁlde '.‘E'eedan) @Ebsérué@f/ﬂoduct has

e viscosity of the crude feed at
an wd_segep conhent offrasst 0%ARt mogj74¥s, ay mokt fw%,lea mst) 0 énormmost 10%

' 8{@8 Q¥ gq%];fé)tnlt}%t cg de fc%%d% ?@%@gﬁ%&r@f@g} l?qos(?o‘}gtag?ontent ofalkali -
fH&%ﬂ apd Ykafihe RBSHH rr%%m%etﬂtsal@éﬂ orghi%ie a6ills bh& mdshBO%S, at most

he ‘crude feed and/or in a range from 0. 001 to 0.5,
@0%101ta:ﬁ nnsp 1 0%rofohoeomient of alkal2 greial, angradkalivswsarthaatal, in metal salts

i nvent,i on.al so |
P B0 ST S P P TR 0 R0 by Dfactig. i
Ieagt 1L 9\(@)&% Bride protichiagd o Vigdosiepard7.8 86 of alanbs G0V gt most 50%, or
crude ed with one or nore catalﬁsts and .contyrolli

etonoadt)?/wgf the wisresityef thecrudetegd at 378 ohi («SMheé’F“ Ry e has an API
SATBLIPT 8 SETRRMER 0S40 Wt Aol PO ak s
glgﬂ}\l 61; a ?ﬁ)sw@%uaﬁmhﬂio%j taom?gt@r?%i @t rngmtm% axfat atosti®6, of the
% 0 e 0x ontent o r u
radbef thperuds oran & eange g 00 5&&826%@2 o ‘51_815 to0.1.
conpo gﬁnec 5d1§1§ﬁtsathm\«% &f"%ﬁo glfov?deﬁ ahRexbirafioR Wil one or

(c) a eas one conpound o rganlc oxygen
e of the agtindsie vompositonsracsadingrio thed ikatritionps alethod) that compnses

Ofrggﬁcar BOXY | C aC %Pﬁ?@%%%ggﬁ%agge%ﬁ?ﬁﬁ ound 0 g condltlons to

i A e e e

seieqtedmrgamf: oxygermo@apuundmyghued; schahatithgoruderpadneishas an oxygen
ok 8 o vh £ R sireben cosPEOHBE Enidé Pt sl R 3 compound

Bf‘ thE Iy anFceéﬁ}%gh Corlt ; condpouh ot pHies R hReHIGAlt BAS catboxylic acid;

cont e of non-car boxy I ¢ contal ni ng or ganl C
(njraphastdme obmaoumb@ﬁth@ Ofganic oxfigercenmtaining ¢pmpounds comprises an

ke Bt 8a ok Bl et Pl Bibong BRTBRATEE s Brddifo oxygen

Gémﬁlajrfgl dothpoanMsoMsisises an alkaline-earth metal salt of a carboxylic acid; (e) at

24



10

15

20

25

30

in the crude feed originates from naphthenic acid or
non- car boxyl i c contai ning organic oxygen conpounds.

w@mﬁgmﬁ@bodl ments, the invention al so provi degr/isfood/042224
conbination with one or nore of the nethods or

qe48P B¢ édrAiAnd OF eelbragnit Oxydud doRtadiihg @@np@\nﬂ@bbﬁ@n&é}m metal salt of
conprises 10 contacti ne%ﬂa crude feed wth one or nor

@actaabcwllg agig, wWhergin the 3 wenwnw@np@éalqrg metHs ﬁ@me@olunm 12 of the

Enlg aleeafli) g??&ua%p olaﬁ tg‘%% ﬁtreﬁt @ftnoﬁ Ja':tgcﬁt&( 010 containing organic

era ure at a se

tcamnﬁdwfax nRSHIGK &f c}wﬁo&mt ﬁﬂn@tﬁibdﬂﬂﬁ&oﬂaﬁnug organic
controlled such that the fj rst contacting tenperature ‘
|°§W“P@d§tth%@'“@e fesdieand/or{g) atrleast argefthe Grygsa: Goptpining compounds

ERSEIMER oF b B MRS 5 RANLGERoUhiing o
abcygelsmnimdé.S hydr ogen upt ake condition, and the

tenperature of the first, uptake condition is at | eas
30  Clpgomse cpbadmpsnts, iﬂaw@?ramraéso(ﬂmwﬁ%% g%%mmawawh one or

‘iﬂé}g'o’f'tﬁ?erlne#ﬁ%shc'ﬁfb% g‘é § E&grdlﬁg 1oCtBB iREhE6h, W théth8d that comprises

I'east one 0 e ca DI A st t enperature
foohtaotimgla brnde fertlaxith ong oxahom catabystrid whiclp éa)ethel r:mde dend is contacted

gt onsh e e GRals el & o erpaetege OPwSD aLit1% o second
Perﬁﬂl?e 288 Aetonfieliag bomBtisRHEEGH IR sﬁdﬁ) th@lothe first contacting

ogen gas Is generated during contacting; (e)
Hyrup@'gmm iyas leiast It loates thadithe segond mntmmgrﬁqnpanWQ, i{e) the crude

SR S50 P00 L EREREH Shr flent s second

GaRIpah AptaRy 86:RESE, abll the teRiperatitle of @e Firstuptkeicandi€ion is at least 30
wi'tha irst and second capal yst, and_ contacting of

t*Rclowerithen ﬂwetamamtqrﬁ ef thiersg@omlaméaky@pn iemgchthe cPude feed is

:&gl{}{%‘%{l Vﬂg'lg& iea$ qcit tgff‘ Qﬁglﬁ\@ ggf}iﬂ? {%e%ﬂweﬁkpﬁédiﬂﬁ contactingat a

Getif tnpetatnad) dng G aitdchiflg Qéndlﬂi@nslam tmm}olled lsﬁh:-h that the first
product and the second catalyst forns a cr

[POB@aERE tempgraiie iedtimesh 408 ra deverthen e Smdéom&ﬂ%& tegperature; (d)

TRt i Rech e gl el 1 bl ahhie e

?ﬁgitaaﬁlﬁg, @gd l(‘.jl:& dqeataktingrechdithorarredsd tatifollgd bech thettbe orude feed
i) the crude feed js contacted wt n additi onal .
iakey at least p perfineAf thogensrt tefthydspach: B%ﬂ’ dﬁ%‘geo‘ﬁtf Gontacted with a

AR omg bl oot 1 B¢ e BN ol Gy forms

anitiabdudé productcaridaviereini the irhrmlmrtabq:m@dalcbhasw T afpe most 90% of

EE%J iﬁ&gﬁgse %;%ﬁdt ggﬁgq%gcégg%%é%l@ rg nadl uﬁr:?ﬁmg the second
rc?ﬁg}fsa f(}frﬂx?‘gjcr&ﬁ ﬁ)@&lﬁ@' andUPherein MRS @hide Elu&lhlﬁk & T'm‘ll Sf at most 90%

1) hydrogen is generated durin
ad rbhea”EAij the inifial crudderodiet] (g3 codactingtie nenfmrtedan a stacked bed

esstar (19 3anb @it apetamba sB e G £RY 1853 EBE Pl feea i
QbniabRd %ﬂ%&fdﬁﬁﬁ%ﬁéé@ﬂ?ﬁt su‘@sfé udnf & &dcR WithtHe one or more catalysts;

conditions are also con such that a flow of
t(ﬁ@ng@s moge pfthe caﬁa}yetstw Y wam&datm caalystanddhe eryde fredris eqntacted with
t crud and a t he er.
R aoRet SRy R Msafnoe ard o@logo B FERRh lingto contact with the
vanainaifst| (W Plydrédends Ehrcpdted SDRLAh W rBn@ flom 1-20 normal cubic
subsequently wit h an additional catalyst at a secon

tragiprs pax ebic mstes aficrude feedntlhlxdroggnds aeneratedhduring:the contactmg, the
ggﬂg@é& %0164 Witk art dQitlnbdat S RE B L EndeSorH gds GAT bt least a
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| oner than the second tenperature; (n) hydrogen gas is
generated during contacting, the <crude feed is

woRsRkedo W th an additional catalyst, and thepCT/US2004/042224
contact].ng condléb{? S are ontroll.ed such that the

Aogion ofthe sengrated bydrogen, gad the conagling gonditiqns e glso pptrolled such
earﬂ&»ﬁifpie § RORD; diReHSPfhaf Rcolii@r fo tHe flo ¢ Srude feed and a

sequent contacted with an additional catalyst at
]ﬂbva ofthe gnﬂem'ed]hgdmgenn,e(m) dhzicrutle feed s eantaoteyl wishdivahadigm catalyst

08 5 FmPerafire, S clenl RS Aol RR A BT A sheBd temperatuce,

%Q\ﬂhéj&ﬁrtadtlﬂg %Bii@h&%tdr@ Boﬂ’&&lféd%ﬁ@h Hat theHr§ 1&hpérifire is at least 30 °C
met hods or conpositions according to the invention, a

frewbitiay t}wtsecmﬁiemgagtur@,dni bydrogen gasds geherdtedoduming ¢ontacting, the

° ne %Fﬁrc%gfagrga EY%{@E éﬁ&lﬁfﬁgc@ﬂ&ﬁ O?IEC{] @8 ﬁgrltat?clé ! conditfns are

Q:'oﬂﬂbﬂ‘éﬁ suth thef the alditional eialPdciptakis 438ast BpBrticA®S the generated
zi rconi um oxi de, magnesi um oxi de, or m xtures thereof;

(iyjirages; ansifari(g)the iomde feerhis shbsequentlytcantasted aith athadditional catalyst at

HHRPOI rimbog S b fortt T L Ao M ok 05y AR g B second
t@;ﬁp@ﬁﬁﬁ@fﬁtmo&b@o C prior to sulfurization; (d) a
life of at |least one of the catalysts is at Ieast 0,

year Inseme embeylingnts, ehesinventiongdsoriavidas, i gaypkingtion wﬂh one or
:§fﬁ§je %Sﬂo@%orscoﬁ\ﬁosﬁ%né Be topcﬁn%{dﬁg d\{\féﬁﬂorﬁ A &R0 that compnses
O I ments, e | nve

ntion a rovi
cRffactifg & Orudeifédd witdeomy or :ﬂﬁfee:amﬂystdﬁlﬁ wmcm dalsthecatalyst is a- supported
conpositions according to the ipvent a. net.hod that

caipbyst gecsthe supRosbeqrrRyisss alumiea. SEics, figeralumings fiappime oxide,
Gt ahivd 1d9tm4g$|9§ﬁm9ﬁ?d OBT {gﬂ&u&@%&’(ﬁ{ bl ﬁleacatalyst is 2 supported

supported catalyst or a bul k met al cata yst and
Satapyst tiedithe atpporsis porousyi el theemaho& ﬁn‘&ar abnyprises @a)zddluonal catalyst

AGiThas e it wates @ & PPRGFE® ERFATNIC B S SUBRAE @ alifeof
idbtore’oF %%%?géﬁ 351905 YB&; Bﬁf/bﬂ?) & lgﬂb bfe ofthe catalysts is in a

m xtures there pér gram of” catal yst, at
Ifeadtbe@oﬁﬁ@ﬂn@nark@crﬂd@fm@ 0001 0.6 granms, or from

510 dn <ol B e e op Ol W GBaN yh one o

%&e%‘fﬂ{@h&hﬁ@i & o%xﬂﬂo@iﬁb@@hébﬁﬂﬁn@toﬁﬁe afvehtién, Bafiéthed that comprises
O Table, or mxtures thereof; (c) conprises_one or

rmn@cm abmide fenc voth omener Mot atsdystsh et legst pnoaf the vaglyst is a

%ﬁﬁ%‘%@ %{"Tﬁ% O{ETE ﬁﬁlgqﬁegglrca%léfsé 3{}%&% %@{eﬂl 3 ai'ﬁs? 8% bulk metal

tdanlwef(a) dahpriesphd GiaorAetals fFon Eoltmiirs| 510 obiies CetivdioTable, one
7-10 of the Peri odic Table, one or nore co &gnds 8’6
on anase compeundsofpae ey mesecartalirzon Cobymust 5-{fef thefiesigtlic Table, or

SRRl BB UM BRGE BF oot e PO R From 0.0001-06

Fkarh 4 )2 Gfdfd 002224 greind o8 o ob iiidd nidtads ﬁom@olmﬁms 5+@ ofithe Periodic
nmore nmetals from Colums 7-10 of th eri o Tabl e
6% % PIPBE WOBHATRONES ¢ffonsis mare fstals g@ falumpg 3710 of the Periodic

er A o? m?){tﬂl% ?ﬁeré QZ xqée% ond 3Phore E ai? q%r ns 6-10 of the

or nore ne ums
H’eﬁodfc Tebte, oﬂeor mdreocoﬁqdmhﬁds cfiwne@t muare metabmﬁomrﬁtﬁumhs 6-10 of the

Qne, qQr e netals from ums ,5-6 of the 5 odi

f&sp&c TPlerpr misiues #msffoef% CORPrisas HHF 08 eerfowsfﬂgsrfr lumns 7-10
Bt PeriddRr&Hit, BB oPridke compounds of one or more metals from Columas 7-10
of the Periodic Table, or mixtures thereof: (€) has, per gram of catalyst, from 0.0001-0.6
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the Periodic Table, one or nore conpounds of one or
nore nmetals from Columm 5 of the Periodic Table, or

ereof ; (h) has, per gram of catal yst pcatus2004/042224
:“éggwsgﬁ%%g 1 grans, from 0. 0001- 0. 6 grams, O. 6)01 2g04
@25 or WOODH-30gramg ofirane op mdde fiktals f8myCalmmne - IOmféheaPenodic
nore nmetals from Col yom_,5 of the Per,iaqdic.Tabl e . o
Siableo pre GTmEE FARPOIAR AoTSOr RATE el dom Colppg il of the Periodic
Table Bpﬁll)?tﬁfés%r@ofgg?&ﬁn x‘i’éeF Bh bHfR%e ﬁl@ﬁlsei?ém ddlﬂnms 5-6 of the
3 §r Pses one or n% from Col um 6 of
H‘Qﬁbdﬂl Tabkelohe or moee cmmpuunés choneorrmiere aictals ooy Cniurrms 5-6 of the
rretalsfr m Col, umm Peri.odi ¢ Tabl e
Heriouiedabionor Brks ertafs & saTgFe g ot Bidie Hials frop, Gofpmn 5 of
811‘%?@%0% §a8E R o anQ'Q 2oRpBurifsdTBne 8r AOF: ﬁethlélhﬁﬂ@olumn 5 of the

%gramso one oP nore nmetals from Col umm

d’fcnbliﬁ: TRibls, od inix s tiesreafinéh) des,per grasooixstalys, aiflea@h%()@@l grams,

ontH Dol o, RO he S Bl 3 5 o B ot of oo

frﬁﬁ@rﬂ@ Fﬁl@oﬁfmﬁ hef fBe 'P'eﬁgdh@ TEBIR, Bne GNAoRIcolPoands of one or more

corrpoun one or nmore netals from Col um 10 of t he

Reetals diom n:ahum 5 of theiBerigdis<Tablee proixtures theyenf; (ihegmprises one or

G St Mo Byt PN R0 RO BA: Bbreboflibbiflachr one or more

ResthRGdm TRhiren 6 9P theMeridBicel sblypOHISres theress; () hawper gram of
netals from 20 Columm 10 of the Periodic Tabl e,

reated ystcfsorn 908310.6 grams, 00RO S@amsahR0s-lrh srame q$1-0.08 grams of

. Mor.e |(1:'§°é' ounagﬁgpm ﬂﬁﬁ' IO PeAdIL Hh ﬁg SfiEdrGre c&ﬁ})ounds of one

or nore  conpounds of ni ckel
'B'r&ﬁd%@ﬁetélb (ﬁfoﬁptoluhﬁl) 6 6Dilp iPBﬁeac dtabhel, or mmmrel therﬁmf,e(k) compnses

conpounds of = cobalt, or mxt Cé‘biﬁ@ (dg%norecompoundS'Ofone

T

Qgraﬂiﬁoﬂtﬁtalmlfbdmi 610001 -Ocgrams on01081 #b3 gtachsrafnone or more metals from
corrpounds or _m_xt.u

AT ST ———
%élﬁ#fnoﬁ) $1hnﬁé PQxfm ¢ TEdle/ G mixBfEs HERRT, Q) ¢ainptiydivanaditm, one ar

tungst en, one Or nore tungst en
Cmnmmttmunds oifwanadnmms ot tudrtares theqr@qf @ wpmpyises nigkel. gne or more

! m Col b T
%ﬁﬂﬁtﬁng‘“ﬁ%ga‘Prsm’f"?‘HFﬁ T°8H°§?PIBIST546§ gJ) 1t ?g%&cﬁgfé: compounds of
TaaF, o HRIELAERR L) BBhgies Bl ehdehutfindGainsars chpounds of

o the Columm metal is froml to 5;

Cmnbnbdemn, @meixtirestbersof (@rsst per mramoCeatelret, ﬁfsmoq 0Q14@ 3 grams or

eﬁ%‘ﬁ&n@@s J?bl " Pﬂ m@ii@m?‘%t ?ﬁl%n%erl 03”&9'%‘168’1%, %M&s or mixtures

Mgt 9@ rﬁ@§ funéétén, A8 or miees canpounds oﬁalhg:ttynstor nfixiunes thereof;
0. 00001~ grans of. one or nore elenents from

D bamy Piﬁgramf tiontalysetiasal QOT467 gramg,of: typesten, gne or more tungsten

GRTBRURHS B SRR ok 4B, 350 i or e

TP@H&hc ThblglaNd Bhesr ibrymethls f(dni Cpohmsph@ofthe Periedio Table, wherein the
mor e conpounds of hosphor E m xtures_ there

(miplan aasicoet the Solwnn | metal (o the §|w1ﬁafraaf @?éim?ompﬂses
cat al ry S&‘Ig e‘?&qérﬁ! frg%ﬁ) ?ﬁ]{l% IS berfbaR: By ’9 Bn8 br hided é’ompounds of

n sone enbodi nment S,
i Bﬂ@mmmre e&érﬁént@from @tﬂemnl 15 ocE'(bhﬂJPemIde’ﬁabh toln nun@tresrthersof (v) has,

g&%&;@% Iggtggreﬁ%%{)ﬁbotﬁo SI f O ox?é: 8ror£g1l~ene emehts Eom Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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catal yst conprising conbining a support with one or

nore nmetals to forma support/netal m xture, wherein
wOSEWeeAet conprises theta alum na, and heat tpcgais20@/042224
the theta alum na support/nmetal mxture at a

b€ tl‘IéEFeﬁbdtcérabﬂe ak xﬂlﬁmds tﬁ&eoﬁ:(w)aph‘bsf)hwmk;mne@ome emmgounds of

(a) _conbining the su 5 / et al xture}M E\A\F P

ﬂ’b@ﬁ'rhhaﬂiéa%‘t@l %l %’tﬁ@% dggams gt pigjia alumina pet gram o
I

BahlsP aplok W B %égé?? e ineld At ot DB,

the c aﬁ ed»me embbdinsnis thenhresition latss pmhdea, nvmbmmcm with one or

provi des onmbi nation with o?tge nor e

Wﬁ@ e spetbol R SPRIRSHEORY acspif ienfiors betfipd of forming o
Saalyst c‘#&?ﬁe 12% Blﬁmg &gﬂ&ﬁ%ﬂhﬂﬂm dr Hid#6 thekR€ b fotrh A support/metal

whi ch the pore size
dhigture, wHeirein thof su@poﬁ Boinprsas thetealuming and &f:@tl tgp@tlag thegheta alumina

e P S PP i i

Hpaktedan®Extridingthe paste;
?glr?}bgﬁﬁ th%% poyfic A, 1%%’?6’13%]&\3" o R %9“23'?3 SR A D e paste

pawﬁﬁmg thaa ahusgioa by heat tregtngdomipa gtis)tempenapie of gdogst 800 °C;

t ot.al, f pores have a pore
Qﬁ\‘éf‘grs fﬁ’ﬁlﬂgﬂ% taly Y5 A, or 25 A, of the nedian
pore djasme %ﬁrboﬁﬁﬂen@s g ihdGtionabe Rbvidés, irreqhbiGatioPwith one or
at least 20 90 nR/g, at |east 100 nR/g, at |east 381
mavrg of thte thetheds ars@mEPsifionsaccowhag tothe entjon, grmethod that comprises

ltoﬁgt%tﬁtbqé%g%ﬁﬂ g%dlvg d{n? ror%'g re Ffaﬂ;saf in easp?lé«'?]gor@lsiz ?{stnbutwn of at

Atast 6RSHS tHe BattHBis has:qh) ameaﬁﬁpbrdmamemsbgat l¢ast 605 at least 90 A, at
enbodi nents, the inventiaon

deasbi 3di airfeast 200 dat lgpst 2%3@351@%&50 %Ztahga@gt 230,A, at most 500 Aor
SR IRARE AR D0ARHA 0Bk Aok 136, 140UR 130050 B, TR SRIAI LS00 A; or

acti acru W|th one or nore
. %ammr A ) ablealtiotsof. tha toﬂdl muimbehef pmxpplmte a jfeay diameter within 45 A,

50 o i e G e o B
td’('ﬁ;ﬁg faé l?a@fj{(ﬁf /ﬁf&t'l&e@t 11@&12@0&11655’@ €50 SA/ETR 18ds m)(!ﬂﬂlzlg, or at least

per gram Of suppqrt
20l mAg:tan/db (dy atvbal o'bltgmnfmliaifm]m peres ofit least 0. 3;9& /g, at least 0.4

gram of _ support s, at | east 33grans or at least 0.5
%ﬁ%abkaﬁ ?e'{gu‘?ﬁ"‘ﬁ Fas th mﬁnprl ses 30 al pha

aI um ng.go a!c?ﬂtQ Qhe Eﬁ%ﬂtﬁm@tlé@’ﬁrﬁﬁdesi e temBinpmid@ith one or

or mxture thereof: (f) has at nost 0.1 granms of

ahpizaf themethadper cogmmtms senopding to the IxvepoN, a method that comprises

oGS FridsiTee BiE 0By o e Pt g i which the support: 2
ﬁbé A18REnaA Qﬂl% HiIRA-dl@nind Ctitafivendxioe zirdoniamoskidsmagnesium
catal yst that: has a ore size distribution with

aoxidsy namlmee thﬁr mworoaeo ; (B gempeeesgampy aluping andiy delta -

S SR T TR T e s s

CQE&' OfShipfiAs afleBQIE3 Siaks ordi Rast IObiJ ofittela alumii ;aB) comprises
por e di amater of at [east 60 A (c onpri ses ,one

mﬂplm alymping, gammeAlEaing delta aliming, dhesa AIVGHRG of gNKre Bgof; (D has at

conp als from Colum 6
oIPOT e P& qé’glégﬂ’% %ﬁggep%aﬁse%ﬁﬁier eof ; and/or (d
has, pRIsofiicdibodhertsithd méntl(ﬁntaldoqastudes @@cdmbma‘unm with one or

one or_nore netals from Col um of the Peri odi
more of the methods or compositions accordmg to the invention, a vanadium catalyst that:

—.

(a) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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wo 206/

Tabl e, one or nore conpounds of one or nore netals
fromColum 6 of the Periodic Table, or m xtures

&ggm I n sone enbodi nents, the invention apSHUS2004/042224
provi in combination with one or nore of the
agepioot) shecsuppmrpmspnsmg $hetecalumitianand thetvaaadlmaatadxsh hasea pore size

d t that h 10 t,
SR s s iah o GamptEot et R (& WopBrisPEHer guore
niefalPfrdin ajcmmﬁte SaRE PErEHO T8l Wk nitre tHRpahddR!df one or more

metal, and al kaline-earth netal, in netal salts of

metajafipm Coluing$ qfshe Bededio T ablearanisrues hereofiandier (ddws, per gram

of S p AR o ehlta'bh5oP G ufle bR L CEpughl Bt B perioic
Teble/@ne Rimait cbﬁ?éﬁncﬁﬂﬂ' 0Bk of Mere Mafal! fysrh Tod@in §ofihePeriodic

cr ude product 5 In sone enbodi nents, the invention
Tablecorgnitureebereof conbi nation with one or nore of the

et ol sSR! AR o0 B sk, oAt one o

rrfm@eh dISthe @itthadls ofooRpadikiais dteordingtth tineinatntionl b srudk p@cﬂﬁ:ct that has:
organi c acids, or m xtures thereof in

(aoa)TﬁaN fw@aéftmeﬁ@ o B.081 £ 5, frem -4l 1o, Zaqrrﬁfw 03 t001 (b) at
mih & 0008 gkl 85l A3t Chd Akalfle:<oFRSherdlfn btal s of organic
aadmﬁenb repdrn of oride EDIOdlhE (c)rat eaist 06?@03;@8@5 @ﬁ I\Iiééfd Fe per gram of crude
co |na|onW|t one or nore. of the t hods or

p@éﬁﬁogm 9 gﬁ@@amn&gr@@stmlq%@@ﬂtq @ﬁgrag%&o #depst ppgof the

B8ud crude feed with one or nore
? to pr ce a total product that includes a
c r u dEn mnmjemqulmbntsmhe noetnfion slbe providesy insompinatioh with one or

conb e crude pr.oduct 25 crude that i
HERROLA BIegioda o PEPBRRiF gt periinedy RudnrSEieTs 6iq Groppg el metal
sqlsens b fnakd @rg&% acilds, 578 RP brjord Slkalite e TAERI &8ts bF8ne or more

crude product With a crude that is the same or
orgahicecslss or thixgires thereof indwhiche(@) atdedso ong of M@H@h metals is lithium,

S e Sy T e B o b AR R 4 Pl o

calsiggiict into one or nore distillate fractions, and
produci ng transportatl on fuel fromat |east one of the
di st In someembogdimenissthe goyention ghepwvisss lﬁ@ﬁm;bmaﬂﬁ@ with one or

o S R0 A ST RO oty compie

cémmgla%udﬁ‘esdmﬂhrohe @r ﬁf@tﬁbatﬂysts ttopmdﬁaeta mtal tpkaduct that) includes
has at | east O. grarrs or at Ieast gra of theta

a grudgprerdugte irhegmathp éﬂrt@ﬁ%pﬂsmg 43 m@mng e gfufg groduct with a
cx%}ié'ﬂ]a?f’s t}x@s&:ﬂ@o?&i%%{ fro Che BAde ?éed'[?gmﬁ ﬂ)IeQEI"S‘ b‘i’éfor

um na per gram of support
trsmspertﬂig,s(tf) |cbmb1mmg thietclude prediicawitharceudt mame eﬂte s&me\mmfferent

05/ 066310 PCT/ US2 4/0 4 of at le I23O e) ..
Bsthe CRE £5<9p dPRD bPIePA QUgHI" Gpaimeat Fotlisied; (pbTradfohating the

o308 prodAlY; Wo) Bactidithe 1 chudeiofutintd by SRRy idtlat
fractidne,ceid pﬁﬁﬁumﬁ@n-ans(:@atmmfpcllm atdeast one obthe distillatefractions.

from Col utms, 7-10 of . the Periqdic T . Oor. nor,

oIS GROGHEHS, o HATHAIS Piogidenh saginatioh Hh one or
mofEofRRE hiefHoas Eﬁ%xﬁ%os?ﬁo@aéédf&ﬁé t@tlferiﬁ‘!}e%%n, 4 ﬁ)plported catalyst

conprises one or nore netals from Col umm
carapasititindhata (i) das airleasdP.3 grams or at least 0.5 grams of theta alumina per gram

of support; (b) comprises delta alumina in the support; (c) has at most 0.1 grams of alpha

alumina per gram of support; {d) has a pore size distribution with a median pore diameter
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nore conpounds of one or nore netals from Colum 5 of
the Periodic Table, or mxtures thereof; (i) has, per

w@&@mﬂ@&,l@at alyst, from 0.0001-0.6 granms or fr @@r/Us2004/042224
1-0.3 grans-of. one or nore Columm 5 netals, one

0?&’: IBM Q3@¢\ (’d)ﬂla§a pofeatoleaspothedmreswr the pdrel sizs distribution of at least
t her3eof npr,| seg one or. nore %@} ro gn 5
06 wn’/g nxeat t%ucel fea ks asurfage aren aé%%&x‘é‘??ﬁd% apleast 90 m/g;

Qr.
(@ acgpgmsgsr g é?n&%lﬁ ﬁ’oﬁPJFHﬁ%}%Q 7o (?f\tﬁe Befib8TSble, one or more

er gram o
cEmbainds lof ofié ONMmBrefiethlstrdin g}ozlumnsﬂ-lo Dﬁthe(l’emdwOT dable, or mixtures

grans _of: aqne or nore Col t al e, or
ﬂ@eqfhﬂl) gomprisgs O@Qﬁﬁg}ﬂﬁﬁgletai}ngﬂm 55 qf %qoz{lm i‘eble one or
o6 BBl 8P B Tl il RE LRGP %’P%&E&%ﬁ”ﬁéﬁé@?ﬁ mixtures
thispect; @plmpwrcgsamfof oatalyist) éroum?). 0001 Eh6>g:rameer ftomthedle0;grams of:

(n) nprises ten, one é e5 ounds
b OB ColgRn TR0 Pt Collss BERDHaatndy pxmixtures
ﬂ%?@o&og)r 568[%?15%9 Hﬂé)m%re‘lﬁeﬁﬂtf?&ﬁ Coﬁ{mﬁfﬁ %F tHeSFeriodR BMls, one or

conprises nickel, one or nore conpounds
ntfre bompeinds of oné unmnrrsnethksrfm Columz 6 wé theHesigdieckable, or mixtures

W SR 2 ke R I55 o RS RIPLABI AR PBgBRE: s

th er m%ifeeeahﬁﬁl 6 &eﬁw g 6PABAST IR 6 hstal compcﬁﬁldé adr riatures
at nost 1, at nost 0.5, at npst 0.3, or at,

tlmrecif (1) domypriises Wamadiyny ongraxmase cewnpEKlsof yanadiym, Qriixtures

B R B BERR 0 B BB, o

‘dléir@&it BprisésaiBgsteH, oheaﬁinoﬂs Qo asTsf tungstat, or hnéetates thereof;
E;rarrs of hy focarbons with a b0|I|ng ran

. (ol) mprtsas cahaltenamsanore@omponnds afzgbalt of Migtuies qﬁ%%f and/or (p)

t |, t 0.00
BBPribtag bl gt s miprE o flas B IeREEEL MRS Ibe . )
at 0. Iﬂ@ém%ﬁ}boﬂﬁien&a&eahvémmtal@ pi)ﬁ)ﬁﬂesg trawmnhnﬁandmmth one or -

ni trogen per gram of conposit per .
&qm gthodsgr qogg@{sm@n@%or% fpstglg anﬁfm‘l’rb ALy (fﬁnposmon that: .

(g)r 1%6 '@ANto?ta%o& ]{, k0. 9'%&419:7 st 6.8) o ¥R $ncRt 0.7T0&Y) has, per gram of

rans o nic and vanadi um per %r am
ddinpositipa st léaen0.00 hgmtrmbf aytmdanvons w;thtaﬂmling\mngq giribution

HefuaRs ﬁ‘@%@sot&%ﬂ’@@h@oﬁg#g 1 ofl s, e bD08 grams, or
1&&‘(8'@)& thé]Ps &@&9&%@%&1 4 b&iling Fe dsteduties Sedien @60 °C and 320

, and at | east one of the catalysts: (a)
m 0a1qacma,sanz1at ledtit<. 00 Iogreing of hydtacathenswidh a bopimaange

SRt 55t s o P ot 0L i frams o
*ﬁﬁ%ﬁﬁi‘%‘% et Ere ot GfEhfosRlonald) '11@§§>Er 88m o Gompbblh@ﬁ,eeﬂﬂmst 0.001

e total number  of pores in the po
ghiums o mledsd 0. 0h gvamgoftoBd niogemosds (Iilws at most 0. 00005 grams of total
iC:J'(F/ U52004/,042224 ore di aﬁﬁter within 45 A 35 A or
V?%le%ﬂ?rag’i O EOGPIFHHE (c) has a surface

ar ea pfsoffe ér%ﬁi‘meh@@ theihdentitin allmbwaé?@ in€drgbinatioratvith one or

| east 220 nm2/ g; (d) conprises a support; and the
mopepodithe methpds ercomyositions; aceording tp ths ,m\feggmwatﬁwapacomposmon that

titani um oxi de rconi

R P i AP o BT e
JOHBuiiB Hith thd 196dian E@ﬂelﬂiﬁiﬁet& diDatdéast N8O Resat mdstdO[Fagblaad!or ina
one or nore

one or metals fo
range from 90-180 fgnPOO-MO A, 120 130 X (bn?xas 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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Col ums 5-10 of the Periodic Table, or mxtures
thereof; (f) conprises one or nore netals from Col um

woP20080d6Bf0 Peri odic Table, one or nore conpoundsCchHUsHNS042224
or nore netals from Colum 5 of the Periodic Tabl e,

poreidiamhetenwithintdiek, &5t A, @S Aef thepeedian pere diarasiera (g)dws a gurface

least. O 0%, grans Qne or, .npr 25 .
et aigeest AR R oo TpR e ebBE a2 B B ol support
and g iftfort ddMpreIWEiri @S siee, FicABlain tihfur boite Gitiootium oxide,

6 0 e Periodic Table, one or nore conpounds of one
magnesiton exide; zeokitef argoapirxtwgs theagof; (¢ corapiisea ore onmgremetals from

: ol
R B8 AR ) A iy s
CoRftns- 10181 fhe PRHUAB TALREbAMI0ED thenels; (fptomprides bAS or more metals

thereof; ( conprises one or nore netals from Col um
fropCatimmmHeofbe Petiodic Tableconesanere crppeunds of orp ST AWES gietals from

ne or e et f ' . L Pkt
Cofitfy S o¢ ¢ Tarifhirlabie. bF Bty Mordhy ) ry el RiebPGf G, atleast
0.0001 BRMS: ¢l SRERRorfeCuluenlSunetalbSom ortrhere Radima 5 anéfaldospounds,
one or nore conpounds of one or rg)rﬁ_ el ntz({frﬁgnt odi
or misturen theseadt (Ip KemMpEsSSSEE O MOEE Metaiyirony Llyma ¥ egfodic
n furth ' | iodi
e o drfire SERBP R D DB BStalS B IRAGHA ST0f the Perfodte
TablearunBdurts terod (ipasepdraiimeiicatalyst atfieast 3080k groms ofogne or
exanpl e, features from olne.e mr%g;gnent of, the

mare CemIbh MRS 98¢ SHRFHER £OmBRUNds o Tapreg frereot; 0)
coth S.E:o &'or ﬁ{g‘?@%{em dcguﬁ:lﬂrlbrb?;theqﬁ@fb@i i & oné bt fire

plc S are obtalnable by any of the nethods and |
coBypolaiRHf das or mbermbtelsdrom Coturim 16 of thedleriedigJiblee pf mixtures

additional features may be added t.0 t specd fd L ‘
heGHRIORIYEAI COTBBETES BRHOHEPE SBR GO ESuBa (gl peripgic Teble
Rfmd B e lRiRteMémiTvl&nh i1 6 Bf Wil Periodic Table, .
onggfg%ﬂkg%p areg%égcgﬁthé%éer skilled in the art wth the

or hedxtefdstthextoft he fol | owi ng detailed description and upon '
referenge to.the 30 acconpanying.: ' ' b Ch ot :
FI Gin it Sbsiaieath EAPoano g el ki Od el of M Rvention may
be %yﬁﬂaﬁiéu vitHiRatued froifl oaﬁa ameogsmlamgifitmmoémmb i eearnple,
of contacting systens that |nclude two contactin
featwrs OmBIMARDRBUBH G SEOTFROHOOIRDY CAmtned ith %ﬁt‘g‘&%ﬁ"m any
¢ nd 3B ar.e ,sch grati cs of enbodi nents of contacting
of REGHBFFEIEIICY | ude three contacting zones. FIG 4

i S gn SeMeebediaients) cridb et duetstarobbtainablp by any ofitheanethods and
in conbination with a contacting system 5 FIG 5 is
systerys Hegeribed hesBilan enbodi ment of a bl endi ng zone in

COMG], Bl AmMolithndits, GRRHiGH FEurdY Hia§ 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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FIG 6 is a schematic of an enbodi nent of a
conbi nation of a separation zone, a contacting

wo ¥edspess1@nd a bl ending zone. FIG 7 is a tabulpatriusiomiod2224
representative properties of crude feed and crude :
pr odRIGS. 34 ahdr3Beare schenditive of erobodimenisof confacting systans that

fee ith three catalysts. FIG 8 is a graphical
m@ﬁ%&&ﬁ%@&ﬂﬂ%@%i ghted average bed tenperature

Ver SYgaG. h‘i‘f‘ﬁﬁ eRfatik 4P ah BbsdinRADOIH §9patatioh z6minadhibigtion with a
the crude teed wth one or nore catalysts. FIG 9 is
cantaeiing sitstamn of representative properties of crude

cont 410 fgs § ReeBiafat P graBlgifinf G HRERE e incompination witha
C%Qtabﬁnf‘ ther tabul ation of representative properties
0

crude feed and crude gro_duct for anenbodi ment of,
cont 406 Ags 8 heherratidef e ewbodinient ofr eqmebingiiansof ajeparatign zone, a

i s, a.tabulatio f, crude feed and crude products for
°8W8W$@ﬁre§n’cﬁngag%?ﬂd§&$°r?§' crude feeds with four

di f f grient ig atdhuledion DY sdppssntafivéproperties ofcrydefiedaal crude product
representation of P-value of crude, products versus run

for arembediment effnsntrctinmthe cowdecised wathithige crlalyglst eeds
or apIEhP if b s BhEA] PRoBRIn R B sl el eplratuc verss

lengtH of herfds ay embudimentiof ¢dntatifg thecrhdrifore miith oy or more catalysts.
contacting crude feeds wth four differ

nt .cat gl yst
syst digi: 9 1s waulationiof reprefeBigHy e BICPPRSS @ ege foed g prude product
- fofah %Bocﬁg{éhfgf confitRhE BRGHudd b P halitwBatbitage, of
crude products versus-run tinme for enbodi nments of
cont agIG. N9 isancdkerftatardstionafF repredentative pripeftias of crude feed and crude
catal yst systeps. FIG 15.is.a graphical
: -eréﬁ%%@rﬁna?m‘%ﬂ?l‘&?m&# SAptacting %F‘QGF T it o pafafgsts:
pr od ‘ 4R of | | e FRBdetPfor embodiments of
cont g@?%é“ﬁ%@ goggfeﬁgeg\n&?haﬁgggﬁae?f fer en{ elga?almfgt
@n&icting crude Geds Gvithsfoar diffepnt cathlyslegystedsnt at i on of

tent, d.i i-ght , . .
or S Sduct stopichl B reatmepon St Aas Bt BRHE FRIGRGS vefths run tive
fof @hﬂ&&i&ﬁé%ltscérﬂe%gtaﬁﬁﬁgi&udwehs {vitti ot differeandatalgdtalstas.

systens. is a tabulation of representative
pr opeFlG.d3 in graphitel fepeasentpiapneefnet hydrosen entakes yt crude feeds versus

mhodi ts of tact | 3 . |
ngg}gﬁxéflh;@? Eﬁ%?gmeg]'?{} ec%nt?gﬁ?%%@dé ﬁ%gﬁ t\éﬁgﬁu%\ﬁl%{e)@g%agﬂ%% ystems.
cat al ygd, laﬁga%régﬂmﬂfegmsémht@dmsﬂmsmﬁé borBent abxapressed in weight
system 32 WO 2005/ 066

10 PCT/ US2004/ 042224 that |,
pareintags, of GuARBIOdHFIS XEWHS/A0 tiRRfoR emawmﬁwama%?ﬁude feeds
C lvs and w | beads. FIG 18 is a
vﬁbﬁ?%ﬁtﬂg?{eg}caé%%g?fﬁaéé of crude feed and crude

pr oduplcs 1505 a gedpbivdl rprésentatiorcefithange ngART graveityf efoutade products
with one or nore catalysts at_ various |iqgui Fourlﬁz %
wysusgun simscior pbodimens of gontacting the Grudeifs our differerit catalyst
%[S%%rti es of crude feeds and crude products for

-,

FIG. 16 is a graphical representation of oxygen content, expressed in weight
percentage, of crude products versus run time for embodiments of contaéting 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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enbodi nents of contacting crude feeds at various
contacting tenperatures. Wiile the invention is

Wg@ghg@ﬁ@ to various nodifications and alter n@tirmzommuzy
forms, specific enbodiments thereof are shown

dhatendn@ & vanadivne calalyal eng motybderymvengdivg cataly se;é@dw@h glass
&gal e. It should be understood that the draw ngs
etailed description thereto are not intended to

| i mt ETeE 18 iy £tibulfioh @f pfopertias bf aublafeel @ndcdideqirediets, for
but on the contrary, the intention is to cover all

resehcidinents gﬁgont@@@gmd@rfp%dsamh ene Erere;catalysts af veripys liquid hourly

in spirit and scope of the present invention
\;gé’ta%"'e‘ﬁl‘%&@e%y the appended claims. 15 DETAI LED

DESCRIFOG. @lléi@tabalammrmﬁpwpms of afade feds and ertle prosiuets dor
descri bed herein in nore %gt ai l Terns .used herein

aamebadimenie f eentacsing srrde Tepdspl ivaniQus Soutactingpmmerayes.
St andagal, Tas! 1'11091{{%?@ %@E@}%{E@é & variof mdufidati¥ng eﬁﬁfﬂt’éﬁlagve forms,

to APl "gravity a APl gravity 1s as
d@bﬁﬁmenﬁddhyen@ﬁﬁb&ehﬁmcsﬂo@ﬁwmaymf@mpmrthtg@nmngs The

P Gt Athy(oa b %Sieprle&%’fd"eé’ B R Bt the OSSR getailed
h ugrgﬂ idfhto ﬁe bi fifer nﬂitasermbéﬁﬂoa% tﬁé)[!iarﬁé’iﬁar form disclosed,

the ota pro and/ or the crude
Pui@nthe contrans thisinesndion mto@vmvnmﬁnmmmmt%w alternatives

aé‘ﬂﬁ{ﬁwg nt ; onagl%eﬁcppf's %préxgqnﬁ mve" i0n as g@{ea btthe appended

a‘gg Itenes content is as determ ned by ASTM Met hod
“"Columm X netal (s)" refers to one or nore

@EMDEMM‘Mt he Peri odi c Table and/or one

O B ABENa s e S A B pSBl ol B, Tems

Q%Hm@reﬁyﬁ%%reﬁﬁé@gsmawgl e, 1-12) of the Peri‘odi ¢ 30
Table. For exanple, "Column 6 netal ( 'Ng?a to one

or nor BASEMEIrefets torAmerican Stendsrd T%aﬁlegpe@ Fabl e
d/ 11 o t .
From CARURHeEY e T REH RO b hf GG A ity fs o

eH&&%ﬂh&cﬁByAﬁNh&mﬁDﬁmmr nore el enents of Col um X
of the Periodic Table, and/or ope nor e g%?ﬁlecmdefeedand

of oneAtymigdyerogen PEISERIAET ANSATOIP W peges

05 | Tabl
g R A R e e e
1|3 18) {3(@ﬂ1ng&hlﬁgfeRﬁSﬂ1?dﬂ1@15Tabﬂl1e crifde fefixﬂltﬁt}@ p?o@ctuqughe crude
el ement (s efers to enents., from
Cotodst atehseranehy ST Bletiod T 7T Sehgr v pogntioned.
CONMPOURES, dsﬁSfaa]&iE?% ’Wef&?f@aspﬁél&ﬁ@ﬂlﬁt dre ‘&Eﬁbﬁﬂlélmbeﬁﬁnef Cs asphaltenes

the Perio e scope of this
apgpitentas asxletelmneﬁhy ASTMk@ﬂmIdB%QQﬁh the Periodic
Tabl e

Per | oaf‘éﬁl’l\’%g‘lt)ém flsé ’EQE%F X o&gﬁgﬁ?ﬁ@gﬁﬁﬁk&%ﬂl of e 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 & 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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Tabl e, or weight of a conmpound of an elenment fromthe
Periodic Table is calculated as the weight of netal

WO%I% Meight of element. For exanple, if O.lp@fa§hodéarzas
8 I'S used per gram of catalyst, the cal cul ated

th\e%ﬂa&c %blehﬁx mlcu b@aﬁmpmab alcﬁluhhﬁuﬁﬁl’b@(ﬂﬁtexamlﬂe, 13-18) of
rans gram of cataly ntent" refers
ﬂw&’etlh@c\ﬁ@bgh tFOOf-‘XﬁnEl@n&fﬂBWl lﬁﬁlﬁn@%ktrﬁ %t(’(‘f"cﬁ’r"r more elements

X m i 13 fg}%dﬁe&"dgs ?A%]?aﬁcp&?é gﬁr?%%%%?m&%ﬁf%ﬁ@ or more

el@ﬁgﬁtﬁM@olu\%ﬁﬁ@o%e}l’hﬁodwﬂablevvel ght of the

Substrate. " ' refers tqQ arts per

wei ghtthe scypecé this epplicaian "b"ﬂ%}&d’&“‘i’ﬁ o i the Parilc Teple, weight
di

of i % o W AR GRER T AR, Bl of e cfoienDfror the Periodi

ThslE |drﬂ@1%tﬂrdﬁa cOinpbundof amelelhelntvfhnm thi(Periodic( Pedde i5)cakemtited as the

e LA o SO 1o 8% et
e PSS s o

gﬁﬁﬂtpeﬂgramSoﬁ&tadysterm ned by ASTM Met hods E385 for
oxygen, D5762 for total

Ul e sntents pefersgh o b P PoRaRR e SAEA (ppgmple, 2 crude

h
ATy ly U eSSl gt e

b#32896 the toyad wein of thersubstrate f ‘EWeppmy” tefats s penEillionyy weight.
conp nd/,or .co ound t hat

pres gﬁg& gipetfé total B ﬁ fpsiion] %% g-{\@hgp tdfrg rtlgagg?mft%ts the catalyst
dﬁl‘ﬂ@%’ lq,geggﬁ%rogen to conpound(s) in the crude feed. A

y gen source may include, but is not limted.to
, hydr EDaatiblote? r¢fersrto &y arbons:mthg bgﬂquy‘alpgpdgg Rion petpeen 204 -
U
ORI H G %E@@Mﬁ%’eﬁ%@@* Il o o etermined by
mq\get}l&ppsgm anount of hydrogen provi ded to t he

conpound(s) in the crude feed. 30 "Flat pla CEF{@ leculaf
st r effffeteroatene refars oo THEPBIIRED; LY H eptaifed o molee
GaLaley, ASTM Method

oSl Shh, B e gh S B huasiy ASTM Mot

B85 Yol yicen, D36 Cfmf te&ﬂi nitedgen pd 4294 fowsul furve“Betal basic nitrogen™

catal yst, and i s ssed I e

refarsdai igen Sompg s that b Saveapkaad ?mﬁeéﬁ%fﬁaaw tiffoggn, (‘on”") is as

ata ontacting zones, as descri bed

ere "%a%§m8%%?ggl | PCT/ US2004/ 042224 " Li qui d

m xt uiERdrogeh eource brefers aninalsoganoand/ora cq::mqumd and/gp eorgpounds that

nor e conpounds hat .are . liquid t an

i 1k edg e sndie ooyl rblf Bl P RAGBRH B
§J{R€ in cf'l‘ﬂdéPéEHO% E&&Ggénrh@brde Medyudelade but is not limited to,
Az

I on of one of nore conmpounds that are Jiquid
l@rﬁro‘ﬁarb’bns\(fbhenmmqalerﬂtmGa hydrqg@nbnu&;suchaﬁ rrmﬂeanwﬂm@, Bfopane,

e St ST B DB et By B ot o e e
ARt 66BN Trbvidéd féﬁﬁ@);emﬁmtd; ¢ thRQBRde feed.

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

“LHSV? refers to a volumetric liquid feed rate per total volume of catalyst, and is

expressed in hours (b’"). Total volume of catalyst is calculated by summation of all

catalyst volumes in the contacting zones, as described herein.
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"Metals in netal salts of organic acids" refer to

al kali netals, alkaline-earth nmetals, zinc, arsenic,
Gvb‘b%ﬂsmsl@r corrbl nations thereof. A content of pgai@2604/042224
in nmetal salts of organic acids is as determ ned by

ASTM MiLioid HhikB#8” refés tdh compdm'ud!rothat:@sludgsadne(drlmﬂe)compounds that

C o g leqé‘ gépelaérflt %{}ﬁg@ e n rg%glreg ng 1 §]S Waa bereinafter referred to
’\%bb%tfm g%p%ﬁﬁbﬁ Pat il RRs *bAbIaEEE oPine ¢fhble compounds that

htha" refers to hydrocarbon
cmaMuM§TWi with and)m mpregcompeyadsithet are setidsaw STBet ween

I 1

Cigl&{?}{/ dt®urd S{EAsplied cneﬁlﬁﬁkxlglm MVerb&rR008;

I nati ons thereof Fe content" refers to
cont enfMefalsinekesal salinofergaric aridshrefesto alkal mppé@lﬁ,(ﬁ;]gahne-earth metals,

t@ﬁ%ﬁ;% gro%n%gﬁ@%loqlgﬁ oﬁ'ng' eréot, Q\eé & B8 fhel ﬁ%@ﬁal salts of

0 norrra cubi ¢ ne

ObroHAIR aBRIE iSa i cferiRiedl byoA STM MR HoddDI13 180

NOon- car boxyl i ¢ contai ni ng organi c oxygen conpounds” \
refer s“M@rmﬁ‘@vabnme@ng@ (MG somtems efe et 1o dTBR e parbgn residue

P P B NP T AR eI ot g

t AST®A WMeilsod D¥530.Cc et hers, al cohols, aromatic
al cohol s, ketones, al dehydes, or combi n tStl on]s t here

whi ch SNaphskargess @ y@g}og@;;pﬂ GORIRGRERHH Witih boiling range gxstnbutxon
nﬁa?’&? ngﬁcorrp 3SR e 06 e§3§§2 29, 0TeR NIPa. N é’éontent 15 as

are gases at STP
(ﬂ&@ﬁﬁm@dbﬁmmm&mhocbbswﬂﬁ value" refers to a numsral

| whi ch ts the fl | at f
asphal tw'gin Trokroo el WeRmDEt b RSO et

P‘ val uey &ﬁlgéngbﬁz@e ?Yo the c%ntci‘?éftxﬁé&éf vialadium, iron, or combinations

I\/leasurenent an i cance of phal t ene

i gni
P&mteofaﬂ"he N/ V/BO cadentrinks deftermined bmﬁ@TM MeghadPET08%

Vol 458, F 1962 '
dloarret e mN? et naafets o, pggluqug}%qagﬁars of %g per cglpgc%\}%tfr S)P(&ﬁde feed.
refer t“ﬁoﬁ’ %ﬁﬂaox?l'u%fﬁftﬁflm %dni\:& Spflygéﬁ cElin ﬂia-tde’l’ refersdo organic oxygen

pore vo as” determ ned M Met hod D4

(mnpmr;dsmlmtdelm'ehm aaaaﬂa:xorbn(-&‘c@z bErgrR Bgingar %pzsylmgntalmng
é@rrga%%g{grgly%é% A92 L?dﬁﬁg \%%ﬂqﬁﬁ 903 hers crychc ethers, alcohols,

cronerttics 1

NQF R AR lcolBR! Eét@nes%l&elﬂtdbs B Yombindfiets thered twiich drenot have a
t hese val ues. "Residue" refers to conponents that have

aclbpkylieggroumge di stributi on above 538 C (1000 F), as

et I bR ol rocncs

" S foReEa®TP" Of a catalyst is as deternined by ASTM
Met hod D3663. " TAN' refe s to a total aci dailurlber .
expr es$Bdpentization)ivghans (P-Nelu? " o p pemeral 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. 43-53.

“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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gram ("g") of sanple. TAN is as determ ned by ASTM
Met hod D664. "VGAO' refers to hydrocarbons with a

wo Bfdislokddgdo r ange di stribution between 343 C 10p(:@ﬁfg2@)4/042224
and 538 C (1000 F) at 0.101 MPa., VGO content is as

instewesnt{Méstotpgritl -» Nigtdross, Gsa@ia, U.Sissrmey by useddbeletermine
to Iéjdlnermtlc viscosity at 37.8 C (100 F). Viscosity is
&¥'er m ned usi ng ASTM Met hod D445. I n the context

Of t4mieSidaePidiéie td Stmpdrienis thdt hatkea BOMiRE FhpRdisthBdtidnfabove 538 °C
the val ue obtained for 15 a(ﬁ)roperty of the substrate

(10 das deteyorirgddey 48 TM Methodd?530He test met hod, the

t est; t
oSt s (PR A S T R .
r et ciSugfbcd &rean idatdl it hodk detstirahd lf}gAS@'MTMetthm&ﬁBd
then stabilized. Crudes may include crude oil

ar e “Geév¥T eefery tcs@tqt@l acgiermm@é exeressed as peiMigraran alg”) of KOH pet
g%ﬂ/gp%g#mﬁon con ensa “ggggléisegﬁtMg gzritﬁgggft S, or

C o rrb‘lwm’l’ eaTers ttd Byﬁeéarbdmmmﬂhe boilmgeaﬁge disaribution between 343 °C

g ilized crud h stabili |on may ten,oc

(63 Fona 358,24108 15.at Do pBRI KR FPHER As delarBined iy ASTM
abilized crudes typically have not been

M%h&? lSP@’d and/or fractionally distilled in a treatnent

' fac:l‘leopsit}d refersiteclenenmbtid nbcmsﬂpapﬁh&ﬁCilWTH) $ismoisity s as
boi | i a d| st ri gﬁﬁllﬁ (for exanple, naphtha,
defermine I“ﬁ’c {ubricating oils).

D sty eaédn@éké bf‘ﬂ{l#%gﬁl catiidl it 1ﬁ§) beSudiRbstdddthhtSf tHeQralue obtained for

at nrospheric disti on fet hods and/ or vacuum
a posdrtyl ofzhe subsiretettetsd is Unmcbtoﬂlilmﬁs ofitbi¢ test method, the test method

‘-mwﬁéﬁﬂéﬁﬁf‘@@ G relst B s BR ShRR P B ove 4 i n

- qu ar@ﬂuﬁésﬁ%a? be ﬁfodh@e%lséndfbrgtetﬁﬂécﬁﬁ'oﬁf hy&Rbdaedontaddihg formations

gram of crude. | es of stabilized crudes include

andtiwenestahiliztds Cmdqspw mr:hndegruda @ila|Grudes age genssgally solid, semi-solid,
d d 0f
o 5B SR 5, oL B Rt papoondensabi

ga§éscta/ateh ahlt@lor cembinationEhakof ﬁranctbeﬂmﬂe w ﬁmmmmm caude
i1ing point below 35 Cat 0.101 MPa (95 F

Smhv@bﬂgehon ©p PEEN OqBHE Ak §F PLPXIMeSs ﬁ@dh%m@ée%h% qnﬂ%r Feloging site.
i
SO0 Bl 5ot S0 P S il o
t'ehéﬁﬂém @adﬂg{y?@ prdiﬁcy‘ﬁgﬂﬁﬂéécﬁﬁﬁﬁibﬁtsﬁﬁtﬂl iﬂﬁﬁfﬁ&ﬁoﬁlﬂ@ﬁﬂge dxstrlbutlons
one stablllze crude erti es a
(fosexBiple, BRpkiA, isgI1Hgs, 00T %m@gﬁﬁmnps ougn iR mnciudes, bu
is féétg%{?{idqgo, %t?@s#xﬁéﬂced?stﬁ%ub /bPUa dlﬁilﬁah() %ethods

nes, truc i ps) er cru
Unitdstdled nad/for unfractionasd siahﬂnlzed mudmmay ax:]udca:bmppmrdeﬂaat have a

coLpBORBIE B ST URRIS S0 AL B 0o Gorma OF FembaR rer gram of
crﬁcfeeq;x@rrg)'lt h(g%‘tagilleéd cﬁf&%zdelﬁ&@%ﬂo@cxﬁd&s‘) g EPERTES desalted

val ue I sadvant aged crude. nonmi c val ue
crudey, desaltadcthppeddatrudesy msmmbma’tlonhﬂtereorﬁ.c f"[i@imcdt’ reders to a crude that
e t hat | deened

hah bR FEGH g o 25 A0, T P R po PR et RE agjotling poiat below
35?@?;/@;%95 ?sﬁ@&qsatﬁmwmemmom %ﬁ:aﬂ?} toppedl dridks 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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at least 0.1, at least 0.3; b) viscosity of at |east
10 cSt; c) APl gravity at nost 19; d) a total 10
WBH%% fontent of at |east 0.00002 grans or asCH/esEbb4/042224
8 1 grans of Ni/V/Fe per gramof crude; e) a total
het erguaiedBbiliosd @'ﬁﬁesdifavaprdpeﬂfeb {itht @DGWdhastabitized crudes to be

het t f d t
 tgmsparieda son pnbene) Aot el e by tpBrPGIRLRR GRTEA (8, example,

;ﬂ%ahg?ﬁga@? RY @h‘g@“ GELEHEE Dtha9k ot ﬂ# i8R Lo dbOpRIrte that

enes ram O crude cont ent of
refder @ai dﬁa&)@ata@ean’ﬁ)mﬂvaymeﬂ erudp;s amyd:fe mlamtabnle) toa transportation

f | 15 sal f
)
sdgé‘%, 2 age tm& h&ﬁfcev%fhre thily B& E%hetﬁit@ﬂe%ﬁ that includes the

crude may 1 nclude, per gram of
dﬁ!saﬁladmagadagedh thatiideteemed toea;mstly)toz)rgdm traspegsander treat.

| 0. |
ENEH I OREE T TN A

ft‘i&‘%% Toicast g'@eb}j{rﬁ&ﬂi@ Bt ageﬂst g0 HS@ P bawiy at o i99d) a total
range’ 5 to 10

NUV (Eedcomten®obattleass 0. ODaGZ:gtamalon a@ﬁb‘ﬁ@i Qﬂ@ﬂ tggams of NW/F e per gram of

o) Rl 3o L g s o

%ﬁ a Alsidug 28 hteRlt Oflat WaR®01 ranistofireddie ped gbin of amie; g) a Cs
sone enbodi nent s, dlsadvantaged crudes have

pohgents emtentof atieass 0.04 grams of Ch pspbekbienes per gpmmofigryge; h) a MCR

gé%‘erz ogf‘t 18@(538 é)lr% g%%“%é ﬁ@%ﬁ]&% gltud?I 1% g%@ﬁgenpoﬂﬁgtals in metal

&R bR biARR iR Ufanleadtifo. 60001 @b 6F rﬁétabrmrrgranf of15ude; ot j)
asphal t'enes per gram of crude fsed d her t.h

cesbinaiibnsitbeross tlp sem@ embedimsns, disadygn 5‘1&3’8{1@8@3= per gram

{%@ﬁé‘ffﬁﬂ Lgéi%rgge gg:l (g? far ggo% ?%stidtgeg at dlgﬁsé 9. ??ﬁﬁng gg {d%fdue at least - « °
; %&m oBfesBe Xr mﬁj 039 peamsqrf aesidife. dn gomge embogiments, the

i nati ons t her eof . sadvant aged crude
v e A T T B 050 0
g é’n’% o%gx'ﬁ&ntp cﬁ’&ﬁvﬂftﬁé‘éﬁ cri@des der igeams bf dlsadvantaged

Jdrocar bo

ns wth a boil

n

| dtuate rm@phmra mﬁwemtemf@t Iast 0205 grame, ‘g epst0 &b&rfmm or at least
| east 0.01 grans, at l|least 0.005 grans, or at |east
0.0rag$-ams of hydrocarbons with a boiling range

di strj 185%1 {&n{}&&lﬁﬁ%& diaR afiapatlicradés }ﬁvabr@eitﬁb‘s mﬁadlng,tbut not

| east rams, at |east 0.005 grans %6 f
Ointifedgo:a)d’ AN ofigidleast &5h bhan owtzean go@gn’q qf@@ lqagrﬁib 5 grams of oxygen

PSSR STORHST G5 G APk colien ot s Japhli04 grams of Cs asphaltenes

8%@51“00&%% aélﬁ Hep @it desitddovigioaity for exanaple IS ¢St fora

rans of rocarbons vvlthab0|I|n q%ﬁ:i alis of
dnﬁkfeéﬂmmmmgrm@mf@t)ba@ 18ne) sstutent gf m@ al salts o organic

driast aneag 0doppt BRI K pH iy B el ﬁf""m"g‘éé‘“s fhereot

0. 005 ik AREnta@éd @udéstagy indludd, 1@x grin ofdlbgcwamagecbunde at least 0,001

with a 0|I|ngrange5d|str|but|on fat

grarfs, hDIBWF@aQOS@amésa@tat a0 gprams | of Rydnogay 9nsow%$@§ boiling range

U8 RS AR B i) o

Qgr&lQQ OVEﬁBeaéitO O(Jilagi'ﬁm@ oPByidro¢aslions with 4 beiling Cango 5lsg'ﬂlam§’n between
or at | east Od%larrs of hyd ocar bons.w
[

lin
20036 d0 LAt Do AP oo s dsset Gp0p B, O least
MD@T grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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at | east 0.001 grans, at |east 0.005 grans, or at
| east 0.01 grans of hydrocarbons with a 10 boiling

Wgﬁ,s%ﬁsﬁ i buti on between 300 C and 400 C at O0p¢@aus2004/042224
a; and at l|east 0.001 grans, at |east 0.005 grans,

orat 8101 34Ba; and o1 legstdh@0 lograrmy.cat dessk b BOS gramshoratienst P94 grams of

ragnge i stri.butd en_be Q

dfasaihot et o ntE Aol b8kl 20 Caha 350 °E at 0.101 MPa
of di saoiahaaaged sfudeemad indisper RarflGf dipadvamtagat crude: at least 0.001
| east 0.005 grans, or at |east 0.01 grans of

hygteme,at issst0.0R gramspen atileagt 0.9k gF hyrizacarbens Witk agboiling range
e 0 . FRO .
5 i FRRionoh e st o0 G afa0) Pl D004 Brethefast 0005 grams, ox

Crai s @61 s b3 roehrodins adtharboilirrrangeidistribation betvesen 100 °C and
of such hydrocarbons of at nost Q.2 8:9@ or at rrlost 1 ¢
0.200Coatd): 1 0ddviRaicAt Sengt/ QAP b gramnse #tgast 315 &rates: Qi gt lepst 0.01 grams o

O RS AN i U witRhioh BBbtoen 200 9% 808 *CA4 0.101 MPa;

gr ans, ["east 1 grans of )
hyal 1€2680.00N gravist &t 1as 0i005 pgams? Or atdaast 0] grampaf hydroesrbons with a

10 pebpifisirengedisgibuiign havien apo do e A00 S % P IhE Ut ShiffEiEsst 0.001
0. 2&13,941 "I’t%ﬁt 0.865 Lo atQﬁait 802 FPam 61 13rdcAvhs Yifhla boiling range
s 0T Ny a bo

gral drocafbons w t il1ng Trange
di distribtiiér bstwodn 400 1@ asd 655G & 0. EXlaMbPaes of .

6 satvgoged chun ek, AME ALPRET BRI R e, o
L1 gt ggrra]%ng% atilfz%f’@%g% g?{i%s%r bieast 0loh %gofmmbafs with a boiling

t he ast and southern California,
.15 CanagadifaibutiomdSat Brsid00 PErat 8dA1 dPam irjad ochighesbailing

Egypti an Gulf of  Suyez,. Chad i [ J : :

o R ot A BTN 6 gt e
Vel Yt 8f st hyltéaitRas af UG 02 grdms af AENbst@f1 grams. ‘
di sadvant aged "crudes may enhance the propertje

of the
30 di saSometisgbdantaged enidesimey inrdude; per g9k 4153 ‘éﬂmageg crude, at least

ac abl e fqr portati Ivels ith a boili
CEB38! B DA BB g SRR i ol
20 herRbddishivuBbebf fidedsp 266 °C'ac0.00eMReed" . The crude feed

may De topped, as described hereipn. The crude product
resul t i Beme disadvantagesd-smdes may frelude, per %“é‘d’ﬁ&éﬁvaﬂ ged crude, at least

200 8PbBSen ST D55 SR 6 585, Yo O ARkl eyt with o ollivg

0 transporting and/ or
t r gApeaRtribuibapEatless 660 °Che crude product produced as

described herein are closer .ta.the, r espondi.n

pr oper t Pasmples obisadrantaged sredssbeh mieat bs Gecd Vil e ppocesses

CT H&kErib i frBi6 JTRIRPRITo! jons of the
25 o 45l ind B b CEROBHOR JLBORIRRG egons

enherldi U®. Cuif Geshad soutternCaliforninCanadal Earf sands, BragiHan Santos and

crude product_may, be refine i th.l
pr @_amp@%bm Egymtiendpyt %ﬁéﬁ%&h%& :Lglftpﬁ ﬁ%godromnﬁorth Sea, Angola
ef blfﬁ SACtRiese T Giai Bﬁ?,af/ SRBheI AR Y ulid) Balakeia, and Indonesia Sumatra,
desul'furi zat on, (?leme al 't zati on and/ or atnospheric
di sti | | Arsatmeritof disedvantagedomudes ey entanee theemopastiesof the
30 ﬁ;ﬁgg@gaggageé Qruggsc sourcg Mt Te'¢ crhgesl ate gc%tcf)t%gl% fgleégr{sbgﬁﬂion 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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i nclude contacting the crude feed with the catal yst(s)
in a contacting zone and/or 10 conbi nations of two or

wo IisfsEApt acting zones. In a contacting zone, P@tr,dsg@ﬁyo4zzz4
one property of a crude feed nmay be changed by

tragspurang aral/or thextméntd é’ré;mﬁbsvuﬂtlie &de podiBtRoditled ay Qéstribed
relatlvet%ﬁ%he same property:of the crude feed. In
hetgimareclpssriothp camresp sprqurtwss of est Sexasdniermediate crude than

thé)%rﬁéﬁf‘egﬁ S c18heP Y HhO 96 5B O gprclndénge% el % ghafiﬁ%& crude

gen source 1s‘one
feadn ﬂmrel:gemhammgmeteﬂmanmg valuedif thmﬁddf &a@t Stuﬂl érﬁde product may be

rovi ﬂ(ﬁ relatively smal unts of grogen to
@Wﬁw €%9f ff‘hPTFﬁ’@aB’F%ethFrgB}ﬂ enhaneing refining effigieneigsi Pre-
t;e?%rg%?ﬁﬂfa?r ) e Tos gﬁﬁﬁ‘iaﬁgﬁ ddballi RG] MORE/ of 9%%&55&1&9(11%91“51@ 10

enters’ cont act1 ng zone
removedimipuritiéd. A contacting zone may be a reactor,

D st ot e Br A it Accopdpnge,VEk RGO frpeiied ﬁ‘@rem may
m&ﬁé%dnfh‘ébﬂ% ﬁlzeg:r@%eaf]%ﬁ%tﬁ% éﬁﬁgaggg in & cbhtx&th %ﬁe and/Pr

react or ting bed tor, a coftl nuous
comsbinatiens ofiwie or ezre oontactDgERNes. Ia a‘domtmttmg doregdt least one property

of Btk dresh ey B el Srodithufh endh e vidhod ar moge ctalyss

el @l 18 Thd SanfpreperbPsithe drdde fedd. ahf %@%ﬁleéﬁién'tst)é tacti
' Cont act of theﬁ%rude feed with tshe cat al ys,t(s,)m?fi%cmg1S

peormesidntheypresance nf 4 bpdragsn $oairee. doisoing @mbgdmamsﬂse h)fdl'tagen

bhat ch rocess ont ctl zone |ncI ud
ot &b R E5RE by P e bRl e GG Racking pidiiO TRt o
prcﬁ&k!ﬂere&'ﬂib@l@'l E&ﬂtaﬁno&%fdﬁﬂrdgfeﬂ@@orﬁ%&dﬂ(sf) @ theWride Red.
first _catalyst of the two catal )éﬂ s may_ reduce TAN of

 t he Fi@Ubis & whemalguplsewatasting syirnad PO 8t inglides sontecting Aane 1024, -
cn@%#éje‘%i Jn?e?‘g cgﬂt%cﬁ{ng@?né? 91‘1 cHRbRL Y54 F,Q%Sﬁt?l@t?rf@qne ey be a

er oa I NCreases

readtoln. e partibm of maa'amr, muibipleicstiasi dfy, reddtéry o eontsinattonis thereof
het er oat ons cont ent resi due content, AP g V|ty

Exaniss phe coactine zone inslleptacked ?%?eaﬂ% adtixedebed TeARRY
Cblﬁ&tlﬁg B9 ?eag clnﬁﬁﬁéi dsé%@rfe?' t%él% Hact BP 'Zrﬂaﬂlﬁdlzed bed

prop rt ea of the cru er cotact
reactom,ches;fraextamt h»md) aehqurd/]n:pnde catbetby Shcertdin embotianents, the

oS SR 13 OF 4h GUIP R B TRV BFLE- (DI BE Bis chufified with
theQ:%tJlf BofithcHRe Fshim 208 ﬁia?'be‘é@oﬂﬁﬁudﬁg c@?seorf £5fcH ]!f?kocess

tactln zone. I n sone enbod |nent a sl urry
c at ahy sontawtmgczoud oafy encludemgneld s e zmmdﬁﬁmmple two

PCTI U 004/042 .nclude from 0.001-10.qgr
cath ol 38 P HEiEog gt SoRaEh i GpAR R yEh B catyst of the two
catély ez redlﬁeulqwfofﬁﬁ drikid f2ed.CORHseticnd Bork 41 Of the reduced TAN
Contacting conditions in the contacting zone nmay

crudp §¢edith thetsecond catalyst deareases heeroatomssentgniang increases AP]

gl i RSO RAE s TAR R dae N ek R0 mlefborRE goptent,

resRINE @ORER) WPI afitg Cattdogitieioh oPtheskitpaities mge BAad pedduct
with specific properties. Tenperature inth

chagiga by et leay 198‘!1@1%9 t¢ thegeme pornesidessdthe aude @gd afier qontact of the
cmﬁgféﬁ%% l?gor%q%ré%gag,stsﬁ essure in a contacting zone
a)

ane 1-12 MPa, 4-10 MPa, or 6-8
I\/PaIn ¢drl§iﬁ ahbddiments itheolinge df vathllysidf gy @nkactih@BeR 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 shury of catalyst and crude feed may
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from0.1-30 h"', 0.5-25 h"', 1-20h-', 1.5-15 h"', or
2-10 h"'. In some enbodinents, LHSV 10 is at l|least 5

. east 11 h", at least 15 h", or at |eagQoddinez224
wo?oosm 3(1){)3“ ments’'in whi ch the hydrogen source is

inclugkpfromc). 8] - 40 gresns( 0.605-Sxgxaps,or 0.0y grrgerofgatalyst ger 100 grams of

o, of .the seous hydrogen source to the crude feed
CWC@&IF%%MWBPQW Ing 2908, 0. 1-100, 000 N8/ n8, 0. 5- 10, 000

N”B/ (ffﬁltacjtmé c@Q&uBﬁﬁrﬂﬁe c@ﬂ@tﬁ@%ﬂﬁﬁi&@‘ﬁmlﬁd@ b@4de not limited to,
or “10-8 Nn8/ n8 contacted with th

temperaulystp(rss;uremjedrhwrwg\m floovyceude feed ﬂ@Weom@mbmanons thereof.

nmbodi A i
cHGeR bl B AU a5t iy
ificf (3bp &ﬁé’dmi"é?npdi*athfeqaelﬁb conEdctingizosemay karge dm 50-500 ° C,
carrier facilitate flow of the crude f

a1, TOHOAES ot BEARY 6 obr@ssug@mac@mwm&@owwngﬁgm 0.1-20

e

frdw@uog@n‘swsizgql‘(wo e arsel $h! e e by, Imseintecerebagtiments, LHSV

et hane) nhay sed 20 as_a_carrier 2@3 yand
is pidensgt Lhaﬁ‘elﬁaﬂﬂrldUgh“P#ﬁélébnt%l e. The hydrogen

¢ he Bt EiE FREH R bk §?‘J°§§Sp5‘?’£?‘é"? PO Sdmple,
hyﬁﬁfggﬁl g}tas)]-@@and dri]f the Qﬁs’ém}is Inglragenesolf? to thertradst fegd typheally ranges
S 11 O ORI s Oy DT 300 il 2 3 U Gk, 53,000
NL%%?%I’WQ@) Nﬁfﬁn ! oﬂtaﬁ@:ﬂ?uﬂgﬁe% (9 ’Hle(h%ﬂfd h s@@8e, in some

i's conbin e cru and/or t he "hydr ogen
erstodigents,is combinet v&ﬂﬁcarﬂ'ﬂr@as(cs)eandm:@mmlﬂtedﬁ;o@ﬂhe contacting

contactin one 102 an er separat
. pgn Garier R may (o BE AEARH e U obR SRy e or A 19 chlifer gas

my ?ac e 'TR%V BEhs RAE Foechnklf R MoWNSE e h?dlrogéli Glineet muse S@itacting

known separation techni ques, for exanp
zqmas(sJ I"fhﬂ chrseygas atayaiso enfigcednining lpmmaqﬁaag Z@?ﬁ(ﬁ) In some
08 vi

 rnbdipose b snee oL roh (B R b ol Gt BRLAED: Afane) may be used

%8R8 Sdctreulatidi the cOhbRfinPr@EesSi ng zones,
aﬁ&%ﬂ&?gﬂbl nati on at hg?}?ggﬁ

The g i ncl ude
f or mEbe biydrogen sputeaBay MGI(®§WCBR%§?}}CJ 02 gwﬂ:h the crude
feg& gkgoga%blggy %g rs]ﬁ%'a% e)glbrqrsa oAt 306C ﬁ{ iR g%héj £02, contact of the

SOUT Ce, reier
crﬁﬂ@fe%ll GAfSa SaslySEtodiRes @ﬁxﬂl;ﬂddﬁootlmontcmﬂbs agrsly w@imt and, in

0, urified, transported to other roces&g onesy 4
scgmmmg@dlmsﬁeg@ 1@50@%%%@{1168%5‘ eaeiebis s Sorbiyigst Wih the crude
Q I
fegg ﬁ]ﬁélyp.ﬁ gg %@9 gﬁa R6 'glé fg);ﬂt? g?{/l%@ghﬁ? 8%i¥ contacting
z@feqmwd%nte%@araﬁoﬂ(mm 1®$v1|aebﬁdb.ntﬂak0 in two or nore
fof ﬁféép?u?@aﬁé%%e O el dn o ey b TSREERG the ol
p{%ﬁnﬁ 1fa119 gﬂ?\% @?ﬁquo‘iifte&ﬁ RS, HoPEkatiie, egas—hlq&d separation.

ree cohtacting zones
Tht &0de %ﬁbcﬁ:ﬁdmﬁﬁexm sapaeatiph mgnes 108 vmconduii HE, ertbthen be transported

tq;msc o g&{talpt Dp% cgg?pé'z o eg p% ngsz %@%alg%fgs':s!e?srpf%e{%“ ar’l %g%? B#gg§ﬁldg Zones, ora
c&ﬁﬂh@ﬁéﬂ H8reoP "R %&%‘n . ngludé 65 frRed aRiicd Mdc@Sing (for example,

Separat e contact s in one reactor. The crude
hidregeresul fide; carbon dunmdag andforcatiom mproxids)dencessigracous 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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In sonme enbodi nents, the carrier gas is conbined with
t he hydrogen source in 10 conduit 106 and is

wolJoggetes@ i Nto the contacting zones as a m xt Us@ru§ad04/042224
certarn enbodinments, as shown in FIGS. 1, 3A, and 3B

the hygsagesmbodinsatsootitastingtiee crade Feed vitisthewagalyst{s)to produce a

the one or nore cQntacting zones with the, cr o{ fe&dt b

Solpltas st 5 RETLOTEIH AR YO SOBOTEERAIGHNE Fongs e Lqtalproduct may be
%&M feed via, for

g an‘&F&e?Jfgg{r?gﬁ? {:ﬁ%}é’gﬂfdu&%&%a?{%ﬁ) of the hydrogen

sour cF1@R02-Brar¢ behematics efengfaslinents ofrontestingsysiemvi08#hat includes

the crude 15 feed may .e ce, m xiRg and/.or cont . Of

G oF ReReCorasting oS, 8 TR ery B 2BopRG o5 it 19D ifftuces

;cggrgcnd’g Johes B6RhYS1 ¥£§)FI'G‘S. 38 %haCH iABlude Bentadithef HNBS162, 114, 116.

.stream e feed streamflows from contacting .
I FEGILOA tmd 3Ancantadting zowssd 021414, 146 Breaispictahassenargg, contacting

the f.eed strea | o f.r om cont act i.n n 1 :
RSB O B D T SO0 SHHELRTVAPR GoIDESIE 2088 107 i ot 104

may i ngkade cRBSdRertD iR @irictlgns isondinghoith tierhyddgen source in
FIG 2B, the feed stfeamexits contacting zone 102 via

conditt 106148 is infrashuces intatha cortacting zonshes a waxtus I8 gexign

PO oo SR B EIGR,dor S5 385 RO Al the carvier gos
@R eririBaShdBYmbR coanicad ashewmtith theldiuide dewll separately via conduit 106

catal yst(s) in contacting zone 114 and/or contactin . \
2odVer Yméimtio@rcﬁuantbe %pwmf depernde feed g fen ifu gonduit 106.

) ) C oot : :
RSP B Sk ARG 0 0B o BBt cude
&l ay eghapcothiging andlbocorges of the caude) feakpithdhechtdlysm - :

the total product. The crude roduct exits se fion _
yone Komiast af e radertond yith epielysi(s} 8 Cqnieging zaned 0g Aoy & feed
7 i f L r i 114. In FIGS.
SRR, TR R RoA OB R 100 Sping cone L. I

cting syste taged crude (either
P pRI3 B thel fledppreath flomsdren cafaaingzoat il bh toeontacting zonel 16.

dui{ 122, | | 50, at | east '
por t1 diprActinagoRr ity Ll g8 netac o sBPSicailysty i shovm in
#gg; BBOAR Fedt @M dkiik BEntaéiing(AofE 10X eloAduis PBS andiénters contacting

rahe separation, pressure reduction) to produce |, )
tAvee ¢ 1 41dAs Sheun iFBIG. SBathel feed steeany exitywpntgeting zangdd # via conduit 118

partial |y separated %om t he di sadvant aged crude. In
MQS@&PE‘P&ZOH% onents that have a boiling range

di str "Pﬁétfeé’d‘st%hpfﬁag Be ComthctOe vitly ad@fiofalroatal yae(spin cbhtadéhg zone
2005/ 066310 PCT/ US2004/ 042224 | east partj al |

sH@amdios doitacting 2eme dil 6 saifoam: theytotel orednst.¢ Bh?ﬁos% peductxits

crude.feed. In s e di t ' : :
Coofeind Fone 1 T snAREIRAEREY 16 ot pBFREpdtalA 14r108 viacondui
af1®. THERAIRL RO and/bhgasds (ae)sepiragddroni tidaotal prodoete The crude
enbodi ments,” at |east a portion of the separated

qﬁnmuﬁﬁs;sepgnaﬁoggwmsi vacomwi 1420 via conduit 124. 5
T A ,- _ via ¢ .
o m&,lﬁggf}%?ﬁaﬂg @?%é@%ﬁlﬁ%ﬂ?{uﬂ ée%?ﬁa OR Sore?Shstredin of

SOone a mXxture conponent s

Widnbachn §ystdrnd 400.aThedidadaniaed trade (dithat toppecsor urdépped) enters
or, in sone __enbodi nents boi | i ng rang%e di stribution fih
ofeparetipzene 129vircondy; g E‘},SCPPW@%@B%? (gt legst ggrortion ol the

I %ﬁ%gh&%#ﬁg%ﬁsgkﬁgé%g%g ERIRRRE o wH thth@ar® Pfok EXMnple, 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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100- 1000 C, 120-900 C, or 200-800 C. At l|east a
portion of the crude feed exits 10 separation zone 120

wo 28R08¢er s contacting system 100 (see, for eyainiseeod/n42224

the contacting zones in FIGS. 1-3) via conduit 126t
lealtepattisllytseparpted deasn the dispdvantaged cevdsde REPdue dre cpde %@ew& some

di { t 4 Qs
eon i Riealin i fest AR R g O End Tyl FncO SbialiR Viéh naphtha are
sepRAFASEREMMEe dishdvaatagde cridedirtonexérhbodimetiacatileayt 8 psitiomof the

100 via conduit 112. 1 .. 15 1p so ,?E%odi ments, the
seperajetbcqmpangats exif sepasafiravzane R0 a1 it is the same

as r differ . )
oy udde srs Ry Bl epdatififecn 230, itonf AR dinedilSnctudes
a niikfulr€ 6 EMImptineaRWitlya bbiting kange distiiithition df at kagt! 18AJ€EDr, in some |
roduct having a viscosit hat | en e
crmpp s, § bolingirangs QEDBHORRIE [ IS v] GG fpegeparsted
th I , . . . .
origd s Ge R FoopBURAE: ity ARGt aNElio N Betocn
10%@ 00 am,eltzg]o-%wm,l oifr ﬁ@i]-a{)@?(b gAtteasthq:or&mso%tharﬁmde ﬁmgl gxits
et ween the TAN of the crude produc nd the.crude. .
seppRELanIone20 BROBRET PRRCWRE SRR DL P 0% PR S foniapting
m@%{agﬁﬁégf—gﬁ %%gd 'ﬁZ@ﬁ%ﬁHer@r&esgbd_ tb Forie£ h tAide product. In

crude tfeed enters contacting system 100
soMk @mbodithents, $€phratimczoat 12@ sy be ppsitipheshupstrefmr dpwgatream ofa

product, exjits contactin ste 00, Vi i . :
desgiong Wil b RercRIDERISIng: e gﬂ@ﬁa’r °‘§f8ﬂ‘é °f§%?ﬁ$£%°té‘h éﬁ?‘ﬁ‘é‘a condut

gone 130, at least a 25 portion of the crude product

I's conbined with one or nore process streans (for

exariplseme ambydinunss; Burerade paduc icblended sitne Frads tha ixthg same as
fram separation, o ng or _nore.cr SosiBed wi
or g tEelaRre B T e Leaepls el proBiiiiey @ chitifed witha -
crilARYREL PAISEHGE visIhfty théreineRBultihg Brarblendsd ptodhct ddying a viscosity -
crude, 'or m xtures thereof are introduced. direct

|
thatrs betwobre theivisgosianof theoruge prRsct e 1ssoritY of th griley In anotber

zon ia conduit 132, ] X S V.S k t is different,
bt B rioroisy g it M A R TN at s
theYe B pRldudRY afReducptiathma TANehatfis betwieemthedsN @ gheeqguds product
refineries and/or transportatig rriers.. Produ

ar@ph@md@aﬁ@hlgn@qd@rg@@,t n@gtbeépgg % or| qqmwnpg ’an. r treatment.
L?ng«g f"ﬁ‘%{ 1{133%? ?‘hiércg%t?iﬁ%#rhbgﬂgﬁ‘{érﬁsy crul®Need ofitér§ e6nthoting system

ended product exits,
100l 8 R Boriit 204 earkPA lstisha partion of the kBudet prodiest exiihepitactiag system 100

d. 42 WD 2Q05/.066310 PCT/US2004/
BT R T g
poljrégré éﬂﬁlg ldﬁjéig‘b?&ﬂi& is qBﬁﬁ)irredaﬁ% bieordhSre Pravebagadns(fud@xample, a

para as previously described to formthe crude
hydeesirbonBheanrsudeas neplithaprodused Gom sspatetion Phenegisals crude

fordRaeh BTG dica bR 25 SRS ae Ry o B PERES R Rps o The

' pr\Si:%a gﬂgﬂﬁg, brubit $eed brude | 3tk nReBErebPate ditrdduced divebtly into
product ex

I'ts contactl ng si/st_em 100 and enters .
blehding o 130re upadén bf wh blendingzione yizgzondyih 32.pAgpigig system
streans and/or crudes ente | endin
may be Saoripdan oy pest Eime 2o 330 EREHBHARGaA ey oot product
i hatb@ bl PéfRedcbhRIsiathnsporatios carrihe Mbduwded
S%Fggg%@{sg%ﬁgsabl ejrqdi ng 'gpne 130 legc,; condui,t t'134 .
specifications include, but are not limited to, a range of or a limit of AP 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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In sonme enbodi nents, the crude product and/or the
bl ended product are 10 transported to a refinery

Z:'WH/Z d-;l[,eat ment facility. The crude product ardiEE2004/042224
ed product may be processed to produce
C ormer m HIG. pﬁr, tbudisasivantegedasrude arrt&}s:sepaaatwmrzoha dR0 through conduit 122,

e e isaeaitagerl g Pesarh 88 EPRRHLY CessriOEs 16 1o R grude feed.
Ciryd @ﬁﬁ@ ?é%ﬂl%e %r@ lcoRta SRS sRAP (o thrdughROAGME 20 NAt RAst some

nor e ate act i ons In some enbodi nents, the
c codporpentciineh the disedvantagedicudo cbutsqpamu@n aong 20 viagonduit 124. At

o 5 B 30 T BN S g et v
?E% ﬁ%{%} &)‘nﬁ{ﬁ?g?% gg%%eé g?éceg@ﬁltem%g Ynd/ef cralles@ifiér blélfdmé zone 130

In some enbodi nents, cru
pdivelethyt orheis cand@ikN 32 and areoengebingd witls Gvs crode mroduct3o ftm}% blended

ORI oeblended piodalreriendite e 136 Xio SRaBR1NELT |
at nosfy, %Qﬂm&hleﬁasme%ﬁe (RbdUDP &td/Or Be b&_tnda’ti)ﬁﬁodﬁcﬂare
or at nost 0. 05. N of the crude g{roduct Wi |

f trensperted o peefiuery ms%qr aotrepomentfarilityaoihs crtad@cpreﬁwynd/a% the blended

?ﬂj{%{) m%g e B%’%Fﬁ%gg?‘} %xﬁglggef omi %rc%g &8 g&eﬁ%g#xgﬁortamn fuel,

Ohéam@rm@i Qfbricantd) ok chémicaBMPresEbang mmmludermstdtmgl end/or fractionally
pr oduct has a total Ni N/Fe content of at_ nost

mdéstillbgothe amdapsadueband/erblendsd praduchio prpdupgope gs/mre Hstillate
t | VIF J
E@gﬁ" . In ﬁmglg n%i%gégggegxfsﬁe e Srl?t?qrgé&g&,t égtg gﬁnda—ct‘ oﬁﬁét &nd/or the one or

C%r@ﬂisu!lﬁte@rabﬂﬁhmn@fbdhﬁﬁ%ea‘téﬂ 70% 20-60% or 30 50%

of the N /V/Fe content of e crud fe I cer 'n o
~ enbodi daseme emh@mg;eagp@ﬂ}; roqillgg &%&\[ gﬂ'}t&os&%"&ea’r most 50%,

6‘? WSy c%qta‘?%to's‘! flo‘g% g? tle"PQN %@Ehe' cﬁué’e fedd Ok §d&1§3’%1ﬁbéﬁlments, crude

gr ans’ 8!‘ ans to
I Q)l'@dt@t Résa TADin & ran@a@afa g@%n%o-vaj%mes %, o 4f- gp{% ofithe TAN of the

: C;&%Igge%%g Lhe Céﬁ%%&? Wagctq}oaﬁ tot aﬂ‘gt rﬁo;’tq at most

20

25

30

N' 110505, TAN D the crude roduct will
(d\glfgg‘%g ’g%n?%moﬁ{léh%QN]{Owgﬂgﬁ%%ntent of the cr p

f Muelhﬂy bmtﬂe&strmﬁﬂﬂhemi, sore freqeantiycatdeastifop1.nhxsogme - Ciibodiments,

t Ot%gl ngt o enqiﬁ)grpd Lal élﬁ@gﬁﬁ%oqﬁrﬁ'otéo%go Sggﬁyslncb‘b 2, or 0,05 t0 0.1.

most 5% Qbmb *&smbbeﬁﬁms AR/redd profiudtdiagth sotalNifeé Fel comlntsfat most
of organic acids in t he crude feed. In ce

t
eriBdatrarosts3 04 B WO S D05 GOBOE e MBSO 6119 2V FR gontent of the
ggglf'gcge @F‘? Jlllgeaﬂ:ug Sg@dggtt ﬁi g'?en%x;(wechl‘g{mt??{agg%})tw{ﬁ?@ content in a

2%3@%/61’ 10809%01(51@6%0320-60% bﬁB@JSOWﬂtthMFam¢m of fhe crude feed. In
met al salts of anic acids in the cr de .f ee

Ot@amn@nd@démenth eg@d@ﬂ%qdluyt l’faéerr‘ﬁ’-' TR ¥ aBie Bociiey agtal NUVFe

but not 0, d Hi to2 x 107
i n"‘io&@?lr’sﬁfaﬂgﬁ ?&Es) ng su o e %)Dfaltr{r)p ggé‘slﬁso0 XA eams, B
Cagroox Y Graat tds A mﬂ gees. huberwneembd)dlhmnnslmd ctugle has at most 2 x 10°
napht heni ¢ _aci ds,

LS LTE e T—
%qﬂﬁ%oa "/@f r9oef(1"il)@9k>ﬁthe Nﬂ;‘f’@%% teﬁt‘&'tl&%rué@fbed

|ne ear or exanpl e,
mag n esi Mmornbaﬂnﬁbddmxenta bk trade pw);luct(hab arfetallcontest of metals in metal salts

(f Ofr orgégc aCISS otZ eltt rr‘z?os%l B&/ﬁ?a?tdrr%sl{ %%, at mosr,m 03'0, or a{ mos.‘s‘t SQ 8F the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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15

exanpl e arsenic), Colum 6 netals (for exanple,
chromun), or mxtures thereof. 10 In certain

wé '6ggaﬁts, the crude product has a total cocanis20d4/042224
metals in nmetal salts of organic acids, per gram of

the tiilde produiorhias altotahcarery of foetals i DSRDSE ofj prgamictasids in a range of
0. 00005 3 Q2
1o§0% w&%@@@@‘f G 02kt 1 00l DRisnE NS G PR Sl of organic

pr O%g%aérﬁ& REd. Obg%% | 5t J28Erally FRuPinetal 9418 include, but are not

Iments, a total content of
litwitead 19, d:arbmmlmlacﬁlaJ thmla;ﬁmtﬂeg,amlfommmb akl sulfenates, déxanaples of

dugt 90: 110% of, t t
PSR e R R Sl By i,
bte:ﬂfmﬁ aHde ch}ile ieta rtidh S¥Rh$ Alefhl SATROAAFRRe alidli rﬂétﬂ! i(fo¥ example,

0 e cru ct produced from contact of the

lithinet sbdienh, wid potamtmn),;e&plm-earﬁemetala gxagple, magnesium, calcium,

U e e

RIRSH H8HS, CoHRmn Métaly(fef exa&@lé Rropiliey, drnistticts thereof.
from 14- 40, 15-30, or 16-25. certain enbodi ments

the dnsdsaiprenthediments the m@,@n@ﬂw hep agetalgostend ef/sneﬁiils in metal
809% t t
Sgﬁﬂﬂfeo ‘é ac{dﬁ,a%es %ﬁ’%ﬂg n%ro%;\ﬂ@t ﬁqetc‘e&ggé ’g)ﬂmﬁ)?%(gﬁog grams to

(166003 ga:ﬁg - Grdrh 9,0000603 @age 10, om@azs@%nsz&ww 090001 grams to
30-40% of the viscosity of the crude feed.

(:0008di grems of metals inineelSplis oberzane agidsae FRRRS &f“q%é’f%‘!‘m In

t 00/ |
S 5 MO Bl SHASE o e
;5%8@3& iPr0- 9%% 1994 D0%} red0API0% ohthiettytal trmntant ofl metabei métal salts of

sonme enbodi nents, the crude product has a total
Mreanie aeids ixthe 6idsdeedof -at nost' - 90% at nost 50% at

most Ocoé‘}t]aﬂ]ﬁ@; i) éyplgéaﬁf}ﬁoi{tﬁé Bludb et r@&ﬁced from contact of

cont en certal n  enbodi nent

. thBerude detal \pitbdaxaltysthmsthacmmacainglmndItmas,Oﬁ%O-d6@1%e81@-13@%, 90-110%, .

20

25

30

30 at | east 1% _at Iea 300/ ast 800/ 0
arel00r 136855 e AR Bt O s Wt s T i pnppini, APY grevity of

@guﬂﬂe ?&ﬂmtisgﬁoiﬂrm-4@npszéoraqmsthe sul fur content of

e cr de product may at nost 90% at rmst 50% at
most IhOéHrtamemhodnmsnts,Ethe cmdc produgt lfaga vissasishef %ﬁnQSh @0%, at most

r od u,?(i/ o Of B?eu Csec&% g%?lf‘ %Hé L tsgﬁng/ eﬁ{blégﬁ'nent% the crude
%gg&ct%tas 4413‘4@1%9@1‘9@%3}?@ 0555% @ZWAJ&Z@M% oIfEt&&tlscosny of the

% or at | east 99% of the sulfur content of t.h o
ameifofi e Buisomecmbebments e Hiskesty Ofithecrgs PIAQUES Akpst 90% of the

g‘};cc{‘gﬂg og %gcglr' © t‘égﬁp@ﬂ% ﬁgf&ﬁégcr u%ﬁh% gk P ﬁ?“gﬁ‘ﬁﬁ b0f0%, 80-

£3090 B0t 19% bothalAPTigrdvdgahe e fsud. of the crude
prod’uct may be at nost 5 90%_ at rmsttaiSO% at

nmost
10% brsome emkadimontaithecrode arodurihas gdptabhsiereatomscopicat of at most

ﬁ%? 63 IJP%S? gﬁ% P{1 rpgsg rlgﬁ"c gﬁ ?ﬂﬁ?ﬁ 5% 9{ ﬁﬁle é%tgﬁleiérg/&SmQ Rkt of the

$10a6teed0%h cataih eRBoiRRYs, the caidelpraditct BAY% fal hbterdatdnad content of
nltro?en content of the crude f ee

reastii Yo pt loast BAY, 8t Igast BEYw AT BidRISE Sovagt the 9t hefgmatorns content of
e%?dﬁ%tfeéﬁ?y at nost

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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95% at nost 90% at nost 50% at nost 10% or at nost
5% of the basic nitrogen content 10 of the crude

WOZ&(%%‘GG certai n enbodi nents, the crude prodygrdsestarzze

basi c nltrogen content of at least 1% at |east 30%
least 80%a ot atdOdst 60%of the sdlﬁmsbntﬁﬂt%fahe tinde fRdl dn Borhé e@BBdiments,

ont.ent of e crude di nent.s
ﬁ%gﬁoet?ﬁt ealfudprpéoc@w éﬂpﬂsﬁ’é wﬁg/’i@ el 1ot B suifur
co%% Pﬂ]h Q¢e at nost 30% at nost 10% or at nost
? e oxygen content of the 15 crude feed. In

c er tiai snmerdndthdlmmts tomhmtrogmﬂmmﬂm dfitite drede Erodwct yiggrbe at most
nt ent | ea o, 1% at t.30%, at | east 80% . or
ot St 80560 1amo A% 20 WaRoR S 64 RIA T REED CaBiEs ¢l shs orude
f 0,
febd! 1SRN SRS e (8. DO ANOBTLisRbg) Siiafiol iftcast 1%,
at :B@sﬁ%,cﬁt Iees8QP%y oyt least 2994 of thie toiabnxtnogekecdmm of the crude feed.
enbodi tal content rbo

5o dn SO caadtnents, hase piftien FoMER Ot 1B ce Brodpufay ot most

9590 % mef3t %%”ﬁ%ﬁos@@@f%, EltmgﬁsiU%L Q¥at Bbst'H95 bf B¥Hasic hitfogen content

content of the carboxylic acid conpounds in the crude
offtlageeind¢ feede nIm e¢rtrin mmbddlmnwsthetcnsiaprudlwt pasalbasic hitrogen content

ofjaBlest 195 Fhss e gl ¥l or o et SO M IR i@ men goptent of

thotrublbe=ddot al content of carboxylic aC| d compounds in
the crude feed. In sone enbodi nents, sel ected organic
oxy denomeepihoditmentn yherxyigen gententiaf theherudoBroduetdeay st most

o 85, SR i, SRR, B8 908 B Bl gpent o

crﬁxﬁa‘ieé@ nmmaaf éi@w:hmente ahé atude peoduttisdasiag oyy@etontent of at least
I|c aci ds ang non- car boxyl i

19 GBI a;rl@eahswaoqw et 2% ot he-PRyHemeRmiep o the crude feed. In
soﬁ{e%gkb%tggﬁg&s Rfe G rgeﬁggﬂ%f}tchtﬁge iﬁm@ Hauenahy s ke gehghhf_m%, 10-

Ct UuSi spectrosc
706 120060846, FrB0-$0%a o the, oxrygérr amixcht afi gleysuds, fenthshl some embodiments,

i) somient of canpalin A BOmPREHES! B o PP AL 0%,
at g{?&? (%“ %&n@s@%’@%, Q@mﬂ&%‘% 800 cahteADS thd Qaﬂboﬂfllc%tzzld‘&%pounds in

e oxygen content of the crude f and
theérutibéeedr Ginl eentain émbodinsents, ﬂrmmdegﬁoducabmmtalmmﬁnmf carboxylic

ponnis o atest Linatderk a0%, &tlfast 8DYgatr diiGeaf oot et
coﬁf&)ig@f’baﬁgb c%@ﬁ@o%@ﬁﬂ@s iRed pdOfed 042224  content of

feast 1% | east 30% at |east 80% or at | east
99%Iofsomh @mboylgmt% seleetad organicroaygen carepduadsmay bg redveed in the

erife 854,05, iRt St G a S dnelo b oS Rl oty acics
miEsschentchily reBddel befdr ﬁoﬁ‘-bﬁﬁ@xyﬂfc%ﬂﬁmﬁ@ﬁré&ﬁh‘:&:x@gen compounds.

content of carboxylic acids and/or 5 nmetal salts of
Carborydiz erids and nge-carboxyliomeataiigogpreanicayyeeycompandpise crude

o S 2 S5 B BB B ko

spédtidatdpid treltHAY(fod Bxakmle) infkred AndlFEI8PBissisPectrometry, and/or gas
non- car boxyl i ¢ contai ni ng organi c oxygen conpounds of

chroraategrapley)f eed.
The crude product, in certain embodiments, has an oxygen content of at most 950%,

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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In some enbodi nents, the crude product includes, in
its nolecular structures, from 10 0.05-0.15 grans or

fwg de9519- 13 granms of hydrogen per gram of cr uder/us2004/042224
product. The crude product may include, inits

mobmtent] ofiat &astdc% wat dgast 39 0 I@smm,gwrairbea@'rr%% ohihe cxygen content of

oS S BB S B TOR g, s e,

£at0bakH 99R SFIHETANRPYF thE cMidE féed, 70- 130% 80 120% or
Qg ?LlO%of the atomc HCratio of the crude feed. A

crude mddumﬂmthmmdblpmduﬁt may bavers epnient 90 garbexylis ackls and/or

ST PN e e p——
r %&' el c}‘!ﬁieWe&“%hH a cORBHOST ridnadarBkelio geitaingngoorganic egdygen compounds

situ. The crude groduct i ncl udes conponents wth, a

r avithén 83-18Q%| B0rg @%s an 20-110%5 96 the nosrasEenxylia contaipg organic oxygen
crude s, per gram of the crude product:
aFO‘F’Bg‘E‘{d%@&%ﬁ gﬁt}?ﬁg or from0.001 to 0.5 grans of

hydr oc 3} §aRes embbilinfenBOite chieRodIRt tichides, Hu fis amoledulatstructures, from
20 nost 100 C at 0.101 MPa; at | east O. 001

10 f |0d}$r(®15)91:am} @ fgqmﬁé)%(? Lhgamsof hydiegen Rﬁrts«ralalrcgﬁ?wdeﬁoduct- The

I;/Iagg’l‘%e ‘ﬁ‘&ﬁfé‘?uu I ﬁ%ﬁﬁl@le%&gr %'%ﬂﬂ&%@ Sag o %r%%o% from 0.82-
20863?%9 @ﬂ@al'%ﬂ bel‘egrbiﬂd dflcﬂ@lerpmth!et dA satio bf Ktomic h&h‘@gmno atomic

f mmg?ﬁgﬂf%?@cgﬁltéﬁgmlﬂ% RboRih iR e b1 B qr99°110% of the
Eg—i/étréﬁg Ff‘ #heaglgfe(pé%g IA AR rré;r@:ﬁﬁt 4B EHAL rétiolRithin 10-30% of

or fromO0.001 to O.
15 9 l‘tl@d’f&u@é felit dtongia E—Iﬁdrratlwndicates ket tup’m@e pod geconsumptlon of hydrogen in

di stribution between 400 C

S ShecPioRtdh Tist el iRl P BROBE e PR B By am
of cr ugﬁbons \Lll&ﬁbgug@hg:lﬁa%%émga&%s SR BRarde of bmhng points. In some-

hydr ocar [1ng range distribution
mmtboiﬂﬁﬁenﬁ‘s dhe crﬂddﬁfbdhﬁandn@ﬁsoperaram ohthe qyut@mrog\aqn%t least.0.001

oot Bom Goghip ba syt iy sRRBS kil bl 1l ailibution of e

20 eTRed 1 085¢E 3t Otlb? M4 GeleRdt 900 teraray, o fioen aool-aassgraﬁsmmydmcarbons
granms, or at least °0.01 grans of naphtha

c rwittea poitidg cange|distabution betwesai 1007 Cand208 ° el%l%a at least 0.001

S: gg %ﬁ g:, t°6 %Héf Hﬁé E@%&%@%ﬁ gﬁg&gpﬁﬁ%\?ﬁggbger %r?x%nﬁié?mbutwn between
CragdeiRBe0tC 4 9. MNP MO 600 IREhmsiSRfEeth 048215 gtams of

sone enbodi nents, the crude prQduct has
c drydeneerbons whm&n%@ngqé%ﬂbaﬂo@ between 0o % ad 4064€ a1 0.101 MPa;

di st.i || at f I
25 Icf’??fiéﬁi tf% Q:(ﬂ. g@%uog efrc%ﬁ g é)‘bg tﬂ&l rgrg )ﬁ%ﬂs of! E)fdrgéragl?gﬂg vaittea boiling range
c rdd&ﬁb@tﬁdiﬂb&ﬁreeﬁ 406e°C m&&mmmma 0.5 grans,

»—dD

0. 001-0. 3 grans, or O. certatn d duct, at
enbodi r{ersp@eenw@ BRende c[irggmgl%pg{)ﬁqam Gpde product, a
7 L% °
ﬂg&i@@é%?aeme d&%{?drcg{)arn%gs f%ﬁéﬁ?@s@%ﬁéﬂbf 8fmost 100 °C at

pratdickPaasd/opear legst §100d fgransiofhydramceons vathvADibograsge distribution
in a range from0.0000 ranms, 0.001-0.5 granms,
30 0. bptwean, OS5 Caang 209,° Cbag%lp 3‘4% 'gr ans.

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 0.3 grams of naphtha

per gram of crude product.
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In sonme enbodi nents, the crude product has a residue
content of 70-130% 80 10 120% or 90-110% of the

wbesesieesgont ent of the crude feed. The crude pFEGUSH04/042224

may have, per .gram of crude product, a residue
cont gntonmeembodimgntsf the crigle@dciitt Bass: djstiliate contaw®f-70¢136%, 80-

1§ 0} e o ths sl contsd OF el B o ATt opgent o e
ofuib S REOHNS be, 12 el B0 bRcOM o/ fingdRiYn B00001205grams,

e MCR contenht of the cfude feed, while
0100¢-0c3 grmsporodi0@2-0/2grams.C5 15 asphal t enes content of

at st 90% At . .nos 0% r_a st % of

S phin testien crmBriBnis e st e Sinet R VR0 nghfi e 78-130%, 80-

186906k RN P4 of i FEOARIRL bEMhe enie Teet tn @bmickentwdiints, the crude
eed I's at least 10% at |east 60% or at |east 70% of

ptduacilfas g igedm ofiemide pridunt, 20/GO isentertiae rangefiom{).§Q001-0.8

t he ont ent e, crude u i ithin 10-30%
SHAms, H@BMWEﬁL 0%':6‘4 ?ﬁ@gt?%@f'@é & &P%\n sone

enbogh SRR SmbaEERASIRGEridegréduca i wickidne soment &h70-130%, 80-

the crude 20 feed while maintaining a relativ

ly

130%bbeS V% of therresidug conient ef the feehblhe @lyg%prqdﬁgt may have,
crude feed/total  progd ] i : -
PR B B o e AT oOOB TR, 0000
o.csoghins,e@o@os-m@daﬁg 0200180, B graahs, 005+0<2 gtaimspeid.H1-0.1 grams.
bet ween the high viscosity co ongnts @g t he cr e]@O'V 80-
pr od die certain embodimests; the amadgrproduct Bag 3 Y ﬁ%ﬁ%ﬁﬂf%r o,

] 0 : i hasa C
100, SLAGTIRER e ACK o B U ot 3R 166 U0 pRelct has e G
aéiﬂwlhtellh& coRehesfa et D(})"gSat mhost gﬁ%obr g st §8%pofatie €5 asphaltenes
asphal t enes .content and a crude pr t conten o
cREPTISE RS B ol 657eh erbhUmenlpe Brdys HSEPISABRBGFIL o the crde -
e 9kt et 1056 ﬁflﬁ,aél%o%‘ Bk ol 1%%% GDYUT the'Ch hhaltéfeg @Bhtedt of the crude
conponents i n"the crude feed. S of the crude product
featywhibeth MER rcanigat 6 thencrsdd 9padutis yGtin 4¢-39% M CRscontent of

oS oo Bl VPO Sl e e

Je Badtdining h rémfvély s@bleMERlooRtent Mag didredse the stability of the
fém%err@%@éﬁm?ﬁe rcru‘éieyproduct has a MCR content that
cnsdedfeedimed] padiidet mintturgost 80% at nost 50% or at nost

10% qf the content Qf t

ot 01 R ETOPHENEIG Bl G SRR MOR S6Ent may be
dopMeRdh plod®eda mbthep@tcBlreliVhnODétveEb theMigh viscosity components
PCT/US2004/ 042224 60% _or 30-50% of the MCR con efmd F

in thet ¢redecproduect relative tprthe bighyiscpsibtAERPORRLs 11 Hlescgepif; eed. For
enbodi ment s, fron 0]- =

SR, 50 Ry S O B A o e

Beltepreseatariiosli ARahBof 4 drede prodectiCsapietitehedonting afid »arude product
greater than 0 grans, hut ess than_ 0.01

5 "
MCBomont Dapibe rerasrieddy S, BbOSEIBIED S CRRRRELY tp 5) 1 assess the
tal vst .per f '
S0 B3 A o s o St s
Helia ARG fdth QR BEA0090%) erdl0r80% of Shén sanatmbodiments, a ratio of
inhibit corrosion, inhibif frj glti on, and/or increas

MéResoniesbaf eicoieasoduct fuSs aiphalirey Fopient is Wi fapge ffom 1.0-3.0,
P/EIQTHE%%%?EQ” bed herein may be

In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, ot at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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configured to add one or nore catal ysts descri bed
herein to the crude product during 10 treatnent. The

wo%égq)gﬁﬁboduct produced from contacti ng syst efchdk20@8042224
properties different than properties of the crude

60‘/ 86130.5890 o RRONRIR comeRPof theEtule feedb The anmerpstduct s, irtisome
()) reduced TAN, b) reduced vi scosub $ reducL:ﬂ%(fvI
enﬂ:oﬂndlerm A’r‘th'éO%hDérﬁrmﬁk)O Q008 @razemh OB AL1-95 CR per
oxy? IER‘,{“% or conbi nations thereof; e) reduced
FRE 38 & f) reduced 15 C5 asphaltenes content;

9) rIﬁ gﬁﬁ@ QmU@Einiéﬁfst gietcrude) prodaot decladbs Afdim greater than O grams but

reduce

esathakd) oo o B P opmens 00 oS S o b oatatyst er

di nents ol his
grzmn 885@52 p}'cg:‘ugf n@gz 41 t;ﬂ?% ?nag{ %@FIP 11%%@@ chldéRoduct during
Uaﬁﬁﬂ(ﬁ'&hgi{ ah/ oﬁﬁﬁdﬁﬁeﬂt, \éﬁhel catabgsh ﬁf)ay pnlubﬂz coireson mlnhﬁ ffriction, and/or
changed as much, "or. .do not ~substanti an For.
mmmrgwaéer scparnmn Rl e PRt By bt Fopted feflin may be
d uc t d
cof % ?1& O?h gore %téﬂ{%ﬁ JeSindMI HiRRH toathé rude product during

e amount of other cofnponents
Ue@lﬁﬁém exanple sul fur, residue, N|/V/Fe or VGO . In

e e Sar B RO B, o

ctron

of Rf%ﬁggﬁl 8€@g’§9{h\%ﬁ?§?je é&g&?{ﬁymﬂé&‘ﬁes}ﬁéﬂ/ ﬁEIuHB S Eli:ﬂiﬁ)tﬁmﬁti:d to: a)

| ess hﬁdro since | ess
re@iced TAN B)dedged vissositys o) mdumgi totab NiAVEF e eqntent; O rﬁ@,tced content

conponents in the crude, 2
ofsu @ﬂge@gggrogpz&,daé cf i %Hpsg e:FR e) é@%scﬂ%{ﬁ?é Contént; f) reduced
Ce?sg {,E@keﬂts :@&&%&M@R&:oh&nmim&émd pcengraanw@areduced
nspor

eC|f|cat|ons then such c¢rude

- comesnt obmetuly ia métﬁ]l slteof mgamuc @aldésdorﬂbcq@'a%@n?mf&?f ﬁB geme

al sQ reduci ng sul fur
e i G BT RO B85 0 A .oy

é#?l g%'h%n%ﬁ%ﬁre Ahé p%pdifﬁésaawﬁb‘edhangad & msughgor do not

be in el enental 30 form,or ,jn,t

: sLmstaanaimgej Y ot cxmmplee itanay b desibls g, QhiY seleRyel Sk TAN ina

criie s ppoutisd PRBRHIB, ke e e ERmTBEPegaR o (o

eyEa?&:ge QAL résitiez NI /K, OF Vm)mhehls wieeners by drogerswtaks duging
crude

e smncuedh ob TN s a Ao Eth MR ot
q ebsliydr
c%iﬁcg} g gﬁlscrtég ?‘?&N Qie#l@' de@%ec%an"ﬂé&ed&bd hﬁhll-‘dll‘ﬁii% gsliydrogen,

commerci al catal ysts that 48 WO

sﬁ@@%ﬁ@@ﬁ%ﬁ%ﬁ h?&'gggiﬁﬁmwmd taregucoothemgsimpongnts 4o fhe crude
used as described herein. in
feed 34, forgxample, egisadvaniaged c&dg éﬁ?’l“ﬁl %%W@ﬂtent that is

CAS4 i ficaBbls Yen Y Orude feed may
aﬁﬁ?%le%ﬁ%ﬁ%% sﬂ&t Sﬁggf 15[313100 e[l;r\lsllo
bER2O @fﬁc@iﬂ?lﬁateaﬁfdﬁﬂmmwwltmmﬁbo reduelTE S

RN440; RNA450; RN650 5 RNS N5 6 .
RVB 0 Statal ystpused i one OrIgors. en%;,o%gnergsi Ré@xe ﬁ}gﬁé@y&/ﬁéﬁwdg one or
n%q_g %u étﬁfﬁ aﬁ&/%r 81‘(%61] xﬂ&le%nétﬁlé Bn@Ruppéit.eThednetatiahay ben elemental

I'n sone enbodi nent s
formi of insths formeat atmqmn@ ef theansial: il coflsHeicastiied hegsiymay be

i nc] ud
mtroduceg into the contacting zone as a precursor, and then become active as a catalyst in

the contacting zone (for example, when suifur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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one or nore Columms 5-10 netals on a support. Colums
5-10 netal (s) include, but are 10 not limted to,

%6?‘% chrom um nol ybdenum tungsten, mManNg@HNEsPo4/042224
technetium rhenium iron, cobalt, nickel, ruthenium

arQ%bht%ﬂiplbf[&d fo'tsedlisednes desotibed herémdnalmle HDSBt H@SZE HDN6O C234;
m xtures thereof. The cata

CHLR AP CaaTx s CoMfaniid: 435 Otk Jhig 53 (3 DR 1a0: D120
DgﬁgqtleIlQ@%N%@'ﬁm&i ) fong‘igb%fpgfsg B3 1 ®RABIN3110;

or ira range grans,
DBI380G; IUN331;U RCA000RC4210; CRH41;Z,&T€4009 RI\DBO,’[REM@@; RIN4503 RN650;

RANG2 LA 105 N385 B B iSO e 865 240 268315703 1, 273,
L e S T

yst may ave a tot
UfSArjent content, per gram of catalyst, in range from

g anih S0gre SRR PRI 1 FDAgP PHHSTESBD e foed include
orie &%%@luﬂlﬂyjl’lgﬁeﬁgbﬁm ggd'f?t@blﬁlﬁ')rts 5- iﬁ‘ﬁeﬁﬁ&ﬁhﬂ%ﬁe but are

ave, per gram of alyst, a total Col'um
notéixmte(dst)), v.zmadmm chfonztim] mgtbdenmaungﬂtqnmanganese,da@menum

40.01 gr arms, E&?@%ﬁ%&aﬂ%& 1qh E\g%,gos%@r%gﬁﬁhéﬁ Plhtinum,
oﬁh:&m@&ﬂ{ér&ﬁ Q“hé' gkﬂnﬁpﬁ@eeﬁ@%wt:&aly%hﬁt&al ©@bMfiins 5-10

includes from 0.00 0.06 grans of Colum 6 netal (s)
mptat(s)hecatant of stdeesdt 95&001 gramso Aleastididil rasams; at lagst 0.01 grams orina

5 Pl OEO SO B 3 B S TN G L 01 B B 1
so?leé @hbsdimene! e %&aﬁzsﬁiﬁﬁﬂd@ﬂtbl@ﬂuﬂﬁ TeresTs (in ﬁmii&br( ﬁ))the Columns

th one or nore netals from Colum 5 and

-710 metalﬁs)nﬁucampleapif Gobmrch) elgments ipgludg Pb@épll%}l% rﬂ?hascatalyst may

hfﬂ{gl tairg%slugﬁ'b fe %gz{eﬁp& n agrag'n gg%altaﬁx%%_/r%&%zﬁcﬁn 0/800001-0.1

gramg, @ecr)r%mdaosm Dﬂmoosxonlszﬁama, o.’c:i)) ooclmﬂ-mo(gula grhms.30
somee odl nent s t he catal yst | nc es
el erfrger@in STAboGIIE RIS oAty AR udes falran 66&6’%‘?]303555 Gfalyst may
gér(gﬁ%rﬁwg%%a&g{s a%tgﬁ@f)lﬁn'ﬁﬁ% ﬁtﬂ%l(%)’ &ﬂﬁt&@ bf‘ﬁméas@O@Odi @fams, at

ments, the st 1 ncl udes
I@Imgmﬁtaéa(sso Oalgnhrmmmr ina@ rmgeétc(mp 000 xOcfpggrams, 0.001-0.3
rati o of the total tal to,t
gt 80>-0rf srﬂ%lsc%rt%@ bgn SPHlea?n’rbé’H énf. i i ncludes
fiffn @ﬂ“ g éf‘@.teﬂ 1Al sdme
I ncl'udes WO 2005/ 066310 P /US 004/ 042224 Col umm
embodingnts, hiedai@histincludes Gelunin & ¢lement(y) an additiortoghe Cﬁblmn 6
to I Columm 10 netal to the total Colum 5 netal in
MEREStat al yst may be in a range from 1-10, or from 2-5.

I N SHRnRIGALITRBAS, thEehtlFRSnEudé) mainaﬁlﬁ@tionaffe:omn 6 metal(s)
i ncorporated in, or deposited on, bg ort to faorm

withene ot moysmetalsrﬁmnrec&mmn Srapdior Eémmns .ufgolsr ragio of Column 6

gL 4 Rt el B Sl G140 11, SLETH ity gotioof

ChREMA & bRt % EbMrins 710 ﬁx@ﬁ@ﬂia%@ﬁﬁamgéﬁﬂo@nhotlm 1-10, 0r 2-5. In

met al ( c%}and/or el ement (s) are supported, the wei ght
sagte ¢rhbo meatsy‘érp cptalyistimekades Cok dlemen(s) irpadglition to the

cFlpfis 8 ETHR o PR o B RGeS 10

In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).

A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may
be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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materials, zeolites, or conbinations thereof.
Refractory oxides may include, but are not 10 limted

tvp@ 26\15}4}%§i6‘ silica, silica-al um na, titani um o>p|cziﬁ;52004;042224
conl um 0 nesi_um oxide, or m xtur
fak@r%nsl Qn%?mﬂel Ogpetalifed mpm%tl%frthetc&aléiolmnn 10 metal to

Tecﬁi&@%&{@gm Lsgﬂfﬂﬁgtp&éétm%t;g@ b rﬁﬁé@‘ﬁgﬁdl 10, or from 2-5.
c ar bon Inkeme@dmbtmdineéras, Calunhsiflé 0 ntacﬂﬁl(a@afe Jmobrpbramd mplor deposﬂcd on,
et b e et 1R BRSPS FIBTELSD) i
MRbffdtBn Z)ﬁﬂ‘{ Cbgfm @Yﬁtﬁeﬂt lai‘etlﬁéo o], 5%5&?&3}0‘?1, the support

zeol i tes. ites nay alne Prom a to
men diéracthe rcetal)su chn exsbodiimenty &t whivhthemetat(spand/or element(s) are

crBisd e Seightgt Qhd sty iR 81 Splst ot Mol element(s).

avnfg?ag &Pﬁﬁy B ?6%1@ rmgha@tmélﬁ&éseﬁaéﬁq%maés, gs&%& cdrbBn based

| eaSt n Certain enbddi nent
s umasenials, izeolites patcenhbinatibus theregf. aRefrapiey wxidea stay infludd;dut are not
20..ln an .ac

2 BB o R stiod kel AR TupG B ide, magnesium
Paxid, orfABued tedtnN Gu drtstrﬁa)aﬁé btaihed %ﬂﬁﬂcérﬂm@féﬁ% manufacturer

amount s and by such nethods as re uired to give

eﬁv¢m@a®m‘@npa§la§ﬁlﬁstsj@ﬁ Teshnologics & e(H@ystOEx’qu@B déSoi ). Porous carbon
2 Bl sl S b, BB foF i Bfton BB g sraphite
Dﬁ{hﬁlp[@)bf Q@olﬂé@ indRiAd Yapsblitas! bais badites Afrddrite ZK6IR68) ZSM-5 zeolites,
catal yst extrusion 25 net hods and cat al yst cutting

ménd &rsietits zeekiies.c£eelijpnmay be yhiaingd fiopya cemmersjalaarvasturer such as

nge from5-260 C or
frﬁ;%hgg%9gof%?%ﬂsgh§8%’%% %‘6) (for eXarrpI e, for
0. 5- 8 Mhigrsappaat)dit Some! ambbdlh’reﬁtsmstpséparﬁ ml‘iﬂ&mthem‘uppdiEhasan
extrudat e has reach;e a de Ieve

heat .
t UERBPR ORI Jeasiel T Ao sihle@t wreaﬁf‘@at £40 4. In certain
t o@’%r m i F]% assu%lgoor ¥ V%%@?aﬁ%%%&%%g p%g@ éﬂ‘" H%suGhort material.
dilas®he embbdiatentse ais keid S0added konthe grstaitonassizb ooéxtewton, of the paste. The

h [ d I 1 ha, . .
:jé’\?ﬁt%%gaﬁaﬁﬁelr?g% aﬂrp %ﬁg&ﬁmﬁgﬁ% S %%%{ewt 7 3’6 0diHs required to give
t his é&fudaﬂi@ ?aﬁgﬁ%&u&f coBgisRRcyA| BiEntiRes SfoklA mcﬂ{xdé”rbﬁﬁare not hmlted
al pha al um or conbi nations therof, per gram of

c 4o anbystacsiupcmntapldnan}lﬁbm acid, and hydrgdﬂomamld 0001- 0. 99
o ams 38¢ P3Ye sy 8GR TORREA iR BE s dip SRAl)st ditrusion

d @t eBhdts f&ﬁ&' chtdly¥$t élﬂﬁn%infaﬁlbaﬁd fohin ekfudde TBRRSMuIRES ﬁnay be heat
the support has, either alone or in conbination wth

omeﬁed fiba tespstatuteldnianangearn §+2605C ori from 851238 17C, fope period of time

0 BT 5T IRE0 sy herg e Pl iR ircate s

Xréa%lded &liédired ¢évieDNThe Read ﬁﬁae@esttﬁﬂiaf&ﬁﬁy?be fu.iirﬂleﬁldm ﬁ{a&tcd ata
may have at | east at | east gr ans,

.1 gra
| émperguss igegange fmm@pgﬂaa@ "Cor §0¢r1dne °6} tOtfn@tl the support having an
al ra di ffraction.
s&ﬁ%@%’é’&g a?[?el ysotrps?wr?gsyt )Sg)%re%ared usi ng generally

knovvn Tntertays empodipRhi] theRuppetinbiudeegamihx alidifs thdta alumina, delta
alyst preparations are described in U S. Patent
Ng Ra, alphaatumina, 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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to Gabrielov et al.; 6,290,841 to Gabrielov et al.;
and 5, 744,025 to Boon et al., and U.S. 10 Pat ent

wOoABNegALT on Publication No. 20030111391 to Bhaiyyd2004/042224
some enbodi nents, the support nmay be inpregnated wth

detertinkd by xérey diffractient. alnyseme embodismands, thessvippait bes either Hene or in

corbgRpo pith S0 et LB B B0t gamely Pl ARt support in

br}%rf?&ﬁ 8l1L.@n9 ﬁi‘atntib 8.918.b%ramd, dr 0FO0TR cER) di Heteirfined by X-12Y

regnati on aids may be used duri ng preparation
diffiaetioratlalsgme embodinenty thsssuppott msy dghe ot least ldganﬁcatdwt 0.3

d
o B AT a8 s 4 60 ATDBA S R by oo
dlfﬁ-ﬁaﬁﬂj ments, a catal yst may be formed by adding or

I ncorporating the Colums 5-10 netal (s) to heat
treaupmmwaﬁ ey be@rqvﬁreéulgq@sraen w QWY Faiglyst preparation

%’éﬁgﬁi S Bl 20 plehrefl {3115[ B abgt ssga&%ﬁﬂ‘ag 6,218,333

to Gﬁbﬁélb%mnﬁwt]F@ﬂ It@ Gabﬁelﬁﬁbﬁﬂ @hﬂ 6;749;(12\5 itol mon et al., and U.S.
beneficial cata ties of  the catal yst. Heat

Pa@ﬂbépph@ﬁgﬂ P&blé,?%‘tﬁlééqog r@g%ﬂilt“%%@rm@&ch over | ay ?f
e R ﬁéﬁyaﬁ,@ﬁn{ggﬁ; B Supbdteripbe b cudied Pithiterdl o rBtfn o

O prepare a cat usi ng overl ay
cataBist) ddsertsinentbediméhs dhé suppodis IRet treated\pipemperatwes in a range

o fiiéo' 4589087 C. megpbeod L Bactlo smpeenritl Vnsriag: I

sm%@ ¢ A %‘i Eﬂétféﬁl 5&@0&@@6 wsed GuiRk dhdpRitatioR PR datalyst.

net al (s)/support m xture
Exampldsafmpmgnmmn@dﬂucmdbhelm atid gomponenteathylemsdigmpipetstraacetic

wtable m xin ui i ncl ude tunblers,
ac@t@ﬂ ARUMORE, P Jém%;tu{ 6%5 - Miller mxers (fof
exaip |c@ntalf? @ﬁ%ﬁdﬁﬂdﬁ% QlcataRiat ﬂnﬁ Bél ﬁorin\éﬂ &y, addiii@aﬂﬁncorporatmg the
m xers, and any ot hér general known m xer,

or
Cafemes 5410 ynétal(sito beatinsated shaped mmmrwftsamoﬁ Spveraying he

O Al n R UL HBP G hbl oy o Gkl o
rel@ﬁ{léljmﬁlf&‘nil@oﬂéﬁhﬁét{o%) ofirSet4lafigh pwbddsaﬁheﬂdlhlwatalytlc properties of
honogeneously di spersed in the suppart

thecmdmtné{eastreatme oe‘ atshalgﬂﬁtsumorh@%ﬁr e@‘ilb%‘ffé]:ﬂé’? metal tends to improve

e res f 7 7
o RGN RSl Nods o) pRBie baldtit pin@ov kA huethods
arddesfbetO8 3 S6BALR fﬂiﬁ[i’chﬁﬂﬂ%lﬁéﬂcﬁﬂﬂo 20036bdhi891 to Bhan.
enbodi nents, the catalyst may be heat ,treated %the.
pr e Skhedolumns, §t104notaléis) and suppoyiasy g myixed; ‘?’lﬂ%lfmt? le mixing

cap LS %ﬁatdbl@n%%??‘?ﬁ?ﬂ@ﬁ%wé Rl TR ol 5710

me&hl($appet mm’t&reﬁnﬂyﬂb&myﬁ)aldmsmgesuﬂdﬂw anxmag eqmptmet Examples of

_ correspondi ng net al X|de I.n. ot her,
surehle puxing eAWPRIEHRING Hﬁyblsr@ Yeipnapy %l?&ﬁ ﬂ‘r@ﬁeﬁ“”ef mixers

(ft%g?élgngéebﬂzh }ﬁb for 86 thﬁ%ﬁ?’fygé)u hﬁ%ac't aneré e %ng oEHEr generally

ex arrp bel'ow 40
knbeinauix6f)0r Gnekally lmoper devitepthat witksuitably pravide therfaﬁiumns 3-10

hoyrs to renpove ma he volatile co nemt
el PPV 13 CPiah exboiments. e il SeRpRg AR e
Cdlin s%' f(%@gﬁé)ysﬁhﬁmﬁfaﬁQ%bﬁﬂvg%oﬁél?'ﬂl@ef&ﬂ RotheRSport.
generally re to as "uncal cined" catalysts
In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,

from 200-740 °C, or from 400~730 °C afier combining the support with the metal,
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10 When catal ysts are prepared in this manner in

conbination with a sulfiding nethod, the active
wol’fﬁés’?dﬁﬁslﬁay be substantially di spersed in the RUPOSW004/042224

Preparations of such catalysts, are described in U S.

Pat ¢ntorhioemb6didicRis3 8 cmtalﬁ?ﬁhrawétemeatetreamd in thepresence of hot air

290,841.to.Gabrielov. et al. cert
andfof AtEn gich i 7 acuppor s A tsaee BebErn e ¢ RO IR B remove
vogﬁiém&n@erartﬁgﬁgneg( %,t‘l}ﬁies@ B %bléh({nrtgitge egmmu mdé%aﬁjiﬂ%lﬂ drERbRWERG to the
cosegponding Guitalroxsde5- 10 netal s mi xture may be heat

t he 16 aihef puaBodifpRf, P hiirabe PhavaliBRY phhiet Sehll i presence of
air'5 @Enﬁﬁzrﬁﬁfﬁ in 8 kAI¥B ERIM 95 58b °Cq st lex2aPle belFWIT00RT, Yelow 400 °C

such at treating is conducted at tenperatures of at
ot belsw OORC ) Gor &Zperiomi csfdme iropefoms]-3 heursdo pyae e a majority of

NEHEC A
Ca@eﬁ A Yiebardd %@.ﬁcﬁia hiettod a7e belerdl Bt eferfed to bo“wraieined” catalysts.

odi ments, "t he supported catal yst may .incl
Whe catelysts es)preqraged i annet mecompsionayth %1?‘3?3%’6 method, the

T

ardB&CAPE in23 $5P ARG 6,208,333 25 GAbricibe etals and HR9PBti¢e Gabrielov
may be conbined with support to forman enbedded net al

etalat al yst. I n sone enbodi nents, the powder nay be
C O Reflaiffehibolifiordd, RRALA Rl Oort Xy BiCkebiSéd @ith Columns
stan echnrques’to torma catalyst "having a pore

5-50 z}ﬁtzﬂb wifoin atthan alvidiia mppnﬂ.@cﬂmnpsaﬁd Odnetatennxturm ‘Bhe theta
range from_80-20

alanivgisap gﬁlémglgl%aﬁ(/ %g:ﬁ éﬁaérﬂ% {) tr%ﬁ% q);\’lvsa telinﬁeratme of at
le%g r eg@g@ rﬁ‘gﬂé §atﬁ12§t HaSfila fore 32e ABLIB ARG dmcdRbore

surface of the enbedded net al
disattat yisdt 1¢dsp230 Ax Jiypicelly.cnble tichs drepiing is sondusrsk at yemperatures of at
| eadi ng to less netal on the surface than woul d

'm‘é‘i HGPW%‘e occur in the unenbedded netal catalyst. In

n‘%m%?%%ﬂhﬁent@ e Hpp bﬁ $&ithefB E:ainnﬂfcmlhﬁpp@u bag supplort
the catal yst extends thé Iife and/or cata Cl
prapared/ ag gesmibetdrt@mal mpy be combingd Mtk ansglpa?rtqdéré& ygt and/or a bulk

%ﬁ gstt Z%%c;]rﬁ%grﬁ@% %E‘%%B@ff?@%@'}%{ A6§ itiudeColumn 15

Ei% U0 @44RfId 2Bd suppoetetieatalyst nworrme/bulkmataie:amw magbe
of the catal st t hrough erosjion of th urface 5
Cmﬁﬁélmﬁgta nnwd%h@fltb@ﬁtﬂé@ﬁg%i’&inﬁ]é sz Ry d U gpicFons, 4gd-gmrons or 5-

d
4 i ong TSI} 1D 8 U Binell Witk GhoBon b Hrf PR Hcte
cﬁﬂ?ﬂclxﬂécﬁﬂc anbB&dimehts] the p@@ﬂmmaﬁbemctmbmedl withéh©nipport agd then
oxl de crystal 5 structure to a s {lantlalqlﬂy éfjgpn%tl i a
exsruded uging @t@n@m toshpiguey toj AR ASetRlNERAHTES PRRE stedli R bution wi
T
tﬁ{ﬁ%ﬁ@ﬁﬂg gltaetelr%hg from S0 }1%& 991‘1 sb'ﬁ? oF2houTm0 &

usi ng pO - ray
di f f Cambiney e chelyst wikh ehemujbpa)rt aﬂom elmmabmbedlmentsnat leasta

pc§r2§n %2533551 (7S YHlT 1 SRR OSBRSS AL SR H LT
9{ bheld6d in #%rﬁnoﬁ}, 'T'?a}c]iﬁtg 18848 § nﬁé@al%ﬁ tie &itFace than would

ract1on spect oxi de to the
otthéldtﬁne 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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10 of the Columm 6 nmetal peak in an x-ray diffraction
spectrum of the catal yst. From broadening and/ or

wE b6 19#f patterns associated with Columm 6 wetrals200a/042224
an x-ray diffraction spectrum it is possible to

Ths irictabs may rEtve tth theGutfacmofihereatalysisthrongh ezasian ofithe syrfage of the

randomy ordered. jn the crystal structure. For

c Xﬁﬁ{n : gﬁep%tu%ﬁhwqt%magﬁl&e{ﬁe “al um na support
havi fgeRa1AREH #hH/B0Mkingl F tHk ab@b6rien® ofthe tfalybts thhgls, in some
may be conbined to form an al um na/ nol ybdenum tri oxi de

embadimeats, Hestrociugdddudernfiths Galvmmn hmstah infideiGalyran 6 oxide crystal

pattern (for ex I def,i ni I ;

a8 o AR RaRont ST o BBl P 84 Qe ot

edBaidelaRiRE he Srdet 67HE Caluie6 aietdlimdycsdetérifingd sh@Dfowder x~
to produce a catal yst that does not exhi

el
rayadiftoaotio auedastsy (e auter 6F chemeatal Fhetah oy e sptapyst rativeity e order

ectru t_exanpl.e, . . £
of Baapnia D 58 i i BER Bt B o e the e of the
ColtafuRt6 il gRak YarDeudy difftdesion spectrviar ofthe Colynm 6 oxide to the order
structure paraneters include, but are not !ml mta?dttlgf
of theeCalumet meta] prok dn oK Ak diftragiian pectang of the gatalyst. From
conbi.nati ons .t here . . .
SRR OB RS e SRS BB SRl ey
dRRRetdH SpRBirenSit isThesiblRdb @stipate chafitn@olomncf metal(Spare gubstantially
size 257distribution maybe in a range from 30-1000 A,
r&giopdy opderest indhe gustalstrici*$one  enbodi nents, catal ysts

that ¢ n%}'{éixqaﬁe obﬁﬁé{ur&tﬁx%e%,tﬂé alﬂﬁiﬂ@sl%bblﬂhﬁﬁngﬁﬁnedian pore
gramc?f cat al'ys ave a pore size distribution with a |
diEskitano e Icasill Sk ety Hercombirzedge fompan slomingmolybdemm gepxide

A, 100-140 A, or 120-130 A. ther e i ment.s :
sty Ebe mohibdeu Fioias 3 deafte g TR EAFPEdsfipite Don, Do
al, Hina g : Smbaie mdyZie: heat treated at a
RIS Rk THERRnif ARl 6 Bibsed V28 he

30 nedian pore dianeter in a raﬁ%g,
thrperafl8detileadt SFOTC GAO0AF) torprodecezamtalyst (hpt degsanot exluort a

nittglél)l?f:r)gg{%ﬁ%e{lgg gfngqqggtag%%yﬁlﬁ{ﬁﬁﬁf ﬁéﬂg&&%&%& {eZ8n absence

35?3352 %@Qa]@: at least 200 A at |east 220 A at | east

?0 r at |least 300 A.  Such nedi an, g%e di arretﬁlrrs Various
are tippbmalembodiments catalysty may @3‘3“?{?%9‘% ¥ @QFFPucture. Varlous.
PCT/ US2004/ 042224. Th t ty: : i
s
s@@fa@? feaor b&3Bina@éhsAherkor. SRR ambyst diaythaysa distréution of total

catal yst "has a pore size distribution wth, a nedi.an .
qantitydifpoes sizes versys pareghametsis é‘g@ 150 4B Hlfﬂ?t‘f\,ofgl?e pore S1z¢
20-130 A with at _ fe@ a A, ah
pbation ey Yo i Bloge SERZIO- 1000 %, 56 S0P E br 0708, T some
Qﬁ@d’ﬁ%@ﬁts,%awym thatibclide Sﬂeﬁt) Og)'r grams Af gmﬁma@lmmft apr gram of
pore dianmeter. In_ certain enbodients, .the cat .
drdedy s hpes & poreSiZe S APREAR VoA e HCcPoR e 5 & RS from 60-200

81 A, g 09 07 104l empteios iyl st

pores’in the pore size
Rhstionl Pbdsof thayilogine peogeam df catalystrhave a pore sizs distribgtion with a

e
ShBhditnits, 48 Rlle?iéarné%tng?m%lﬁgtﬁ of #8Gofe sidd disesatior Rt Aeasol20 A, at

eas 60% of a total nurrbﬁr of
[astas0 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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within 50 A, 70 A, or 90 A of the nedian pore

W3 WisRes310 N Some enbodi ments, the catal yst has pprA2604/042224
sl ze |str| bution with a madl an pore dianmeter in a

range fTkBaldlPst 204 Have QRretéite distridities (ithAnédianbére didmeter of at

| east 60% of a total nunber of pores in the pore size
dileast 60k oot lerst P 4. dnsome embadimeais, therqgtalyst Sasapare sigg distribution

A _or 90 A of t di. Iy ' rg .
ol ritis st AR iR e s 00 1061 A By 139190 A, with o
C NMB4sd 60%H of! aetaﬁnl n@mbBer ¢HHdFE iAtheyort ias dishiutivadaginglapore diameter
certain epbodjnents; pore volume of pores may r

f reithing53h,3508, erad 4 of thesneslian mfsﬂgamqwr dngegain e@%@ﬂgnents the

oS B & bort e AR & Bl D o By e from 70-180 4,

| Nnwiie AEle & BO M&I ntiimber of powssfindie pore dize distdibutivadiaving a pore
100 nR/ g,  at ast 120 n%rpg at |east 170 nR/g, at
" alameianpithin 43 &1 Shde on¥ Mo megdian pets digBelehr ea nay

be in r

"o/ g, aIn e%%ﬂé%\ﬁﬁ E?Wgﬂmﬁ?lge @Eé}%ép%:%g‘réﬁ%lcﬂ%f; t{ﬂg p&l%%lz%ﬁﬁstnbuhon is

C adt @éayslm‘l&vatri@asazm eorsatzleasﬁim |glna:aterdhat\/60% ofia mdmamber of pores
pore dianmeter_in a, range fro 180 300, A

5 P flae.RoTR pizs distripitiondiEYe @ BT RECIeE Withiskol. i3t 4.2 A50790 A o the median
g%&%ﬁ /aﬁﬁ&;éu i:%gmﬁgf;ﬁbocﬁhehfsaﬁe c&\‘%grsf‘ge{sgh pdik sk disﬁﬂiﬁhom with a

surrace area may In a range rom
6Qméadien p&bgharﬁﬂeﬁ&(h rafgayfromdB0B00 Ay0§:408rA 1R E@305M0 A, with at least

talne odi ments, the St. exi sts
o riieaf st SERSHGS Fthe Gore s St Bylit heag ™ B Pigpmeter within
eX:tcmdﬂmSor J@A&%@h}é&fa@md&ﬁhw has a flat plate
crush’stréngth in a range from50-500 N cm 60-400

I\V c m 1pGoBEEmYodimertspoBominie ﬁ'f pores py-beat laastdhd codfe, at least 0.7

h t | d/
oGR8 Bt 1 D e oG e S e 1l 3???5ﬁé§haay range from
tooym@ﬁ*ﬁm A- 0@ ihYEl s oksnomm3rg t he art (for ,

exanpl e | CAT~r m process, | nt er nati gnal
Inc.). catalpstdapibgiament §7e élﬁ@lb@m@w@tarﬁﬁ@l Boqqrqxagaetermarmge

th t 2

e 0 5, A i 5 S s 0
:: rwa!@tm@ ﬁﬁllg% eleadtr1G0 um“eg ablehdt 200 oot l2kst 27 n&gmmamface area may

n-situ su

t W3 2005/
PO ingTengy @ﬂ%}lzl@% 5032{1%?/12@%786% gﬂ?’@r?é&éﬂ eI R e
the preg %ﬁcgm M&ﬂ? e %talgétqiébﬁil %‘}ﬂﬁ@ 51§b' Hsz{Buﬁbﬂ With a median

agents Such as Org anosu’ U comound (i ncludi ng
al pott dahfetetas a rmgey&mhﬂ BOIBE0 At lhay)ha;\ge aamniface atehof atleast 60 m%/g, at

Exa]péqlﬁ tpu NEZZgl fl%rshé@ w7, ﬁagaggmré (%iefc’a%tr i’g)rmzllgn SWGH Surface area
5, i b e20-350 m?/

> P A HAeCRRIRN o0 el pB2An2 A0 270 PR 50wt
CoI ummsln dartain anﬂ:taallu(lsr)ts ithe casalipstreatsison shaped farmss, fprorxemple, pellets,

and_ h s a re e r ti r

i m Gl i coiss BioRly P P Bk oxf Grspeth ima
m350§5’6(f Rk, H0e00/cAL 100-356 N/ck 2002900 N/EAE or 220-280 N/em.

ore vo ure of the first catalyst nay be at |east 0.5

30 c rrB/ g. Ifsentei emslrodlma:taltyscatﬂugt ahd/pethe mpwcuwpng'sulﬁded to form

conte | east 0. of u and ™

¢y ebnfdestbrintp ebuse R R M fe i o dlle AcTicaT

gr @aedak, CRY Bikerfdicial Hho.). ThGomk efibodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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catal yst has, in sone enbodi nents, a total content of
Colum 6 netal (s), per gramof catalyst, in a range

wofio 3{0001 to 0.1 grans. The first catal yst pErus2004/042224

capabl e of removing a portion of the Ni/V/Fe froma
either desebesitydrogamuiindp in thropresenne of hydregano epbaeidtphasemdfurizing
contribute to T of a cr.ude feed, ..r yhng_at least..a
agspPEh e freEpRsiar Cuprand (fBelufing Ky T i, tifols, end

sufl VI G:akinl SafkizatidPhrot&Bestre HERriBEd BI 5.5, PaBi Nbs. 5,468,372 to
alts “of

S of organic acids in the crude feed, or
Seameni etali, end 51688,736 10 Seuhans ebaloperties (for exanpl e,

sul fur content ..V cen ray] '

cont Ftaglren&nWﬁ%%’i aoﬁrﬁE ﬁﬂé P g%ym@(\é&}tgﬁ?ﬁ ffdfides Columns
518 nAdtAlVS Y corfibmbfior Wath 498piE And hes £ pordeizealidribition with a median

contactéd with the first catalyst. Being abJe to

pare ismsterdh y ratgerfgem 56380 A eBhdfirsheatalysianasphaye gsurface area of at
| - t h - - ‘ . |
RS o L AP S AN S o

et GhBMavE algabdhealumith coatent obariedi 0Bgrams ofigammamhimeina, and
first catalysts may be used in any order. ﬁn cert ai ”n:
typivslnatmests] 9990cerans OF earapa alvBne, ek 7St Of St ERfplist The first
t al,yst.") inc] I '
cAByBngSip spo it G Eass 0 B onteh o CLRd e, per gram of
calhlg§tl iniiah @ fraint 100G el granso Tae dirstroetatyst iscapablanfemoving a
from90 A to 180 A At |east 60%of the tatal nunber tha
persion bt eriVEi frore 255Kls ferh e dng P BOTHIoR: P2 e qfponents that
cc? CSORE (FRAN V5 cilay feefl, ﬁﬁfo%%n%‘a@f@%&ted pOibR AT s a8pkltenes from a
e nedi an pore dr ameter. tact of” the crude feed
ciidé feedhensetmpat lest apysion of temetslsiin aistad saltmefarganigacids in the

S Sl IS S S BB Wi g v

c éxf;gﬁﬁv\%gﬁ%kl%,iﬂﬁdﬁé’cdlﬁ@nt,scﬁ%nﬂhﬁﬁﬁﬁﬁ ihefeo®f mhyextibitebdatively
eed’ e other properties are only changed bﬁ a
smak chargeowhen the dmydr foedis contasied withithe &iskt catalyst. Being able to

mbodj ments, may be present. durni. ' .
SRR Bt e oP R e D3 Bl M ez
r@ﬂ%ﬁnﬁﬁﬂﬁwhbﬂts aRRalloWihecrutie fdeigo BAMoné effieiently irteted. In some

eed,” at |least a portion of the conponents,that

embodimients; en¢ or mexs| first catalystymgy be paedgaiany 88erand reduce

t | t ti. f oot i "
e T
CRRERIS -?Qhﬁltélgg inEymihatbnoeitiea SEppd@, afDEdsGGRR4 Bize distribution with

PCT/ US2004/ 04

24 crude product with a relatijvel
agnedian pore digmeter in paangs| fFom 7€ oniced0 Ao iiepsis of g total number
ul fur .conte ] ; ithin 45
e e U
S0bf thB nedisinfote gianictsnt Cohtattf the cride foed dvithithe seqond satalyst under

e g e e SLiE BT ISR e
({oﬁ éﬁ%ﬁﬂlg,e’fm gl g}nngﬁ}aﬁtgﬁ deinbEptliathe ér? HEBaRIEREH eIt 0T the crude feed

e arelatively |low content of
wiile\dtiiee prdpestiesaxaonily eharmged by stsnfll amaupi) A Htydrogan source, in some
relatively high TAN ,asphaltenes content, or content

eBTOOHIGIS maar_h%éir%ﬁen@m@ ORagiREni ¢ aci ds. A
rel at’I‘h\é%Eé’onﬁ&QﬁlﬁﬁHﬂg&&{&cg XEIER: & portic\bfRfie 8dmp&tRats that contribute
er the Crude f

0.3) nmay ren eed unacceptabl e for )
t6 tterBANTof dte amdafedd,cat lebst a piriion afithe somiperenisibetepadribute to

r%é@%ix mg&;r\iis%ogi 1|e§3: talnc\{ ?el: cQ iz:ttqlé]as(t:g p%ﬁ%lﬁaolfttﬁenﬁfcfvﬁpen&%%t of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a
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| ess stability during processing relative to other

crudes with relatively |low C5 asphaltenes content.
wRtaés1ef the crude feed with the second cat pbysiks004/042224

may renove acidic conmponents and/or C5 asphaltenes

cametpredust with atrelafivélly smathchivegedn tickesull fre dontént relatiee to the sulfur

enbodi nts, reduction of asnphal t enes anpd/ or
coRiARA @ué%raegi Egt 2 HUﬁﬁpwP«s‘cfr@ah ave gy lfur content of

4,/ £} f ' b vy
THYPERRS o R splliPedri U B e detold. BRG] pIIGKE also exbibi
relativedy smalbroleechipeeint distilabecantenipy 6 Ocemmtsnt, anid oesidusf content relative to
second c&t alysts may enhance stability of the total
ﬂt}'r%#cfeﬁ rude product mixture, increase catalyst life,

al | o, s4¥h& EBbdiRRhtsTH PSR FebPinaY ga@/a tdRive [ %@@éﬁx of Ni/V/Fe

f
or conbl nati1ons thereof, when used to treat crude

(foe exlarasle dat swost 5@ svtpmmy ibnfi a gativel yShige Téﬁ? adphalignes coatent, or
c%%?’r&ﬁd‘?é%&gls %{)9‘% %‘h%srﬁfﬁ&gé{ﬁé{fgﬁg ?‘% 2l t?\%;:ly)cﬂgﬁm (for example,

THRY BF 4iSidast 0.39 HAFUERIER tHeAdralld/ febd BhRGHIEHIE forltsportation and/or
catal yst precurSor may be heated in the presence of

refiningr Ardisadvaniagedreraderivilh airelativedphigh (sdisphalteges content may exhibit

S TRBIRY foof PRt PR P BRI i Ao P Bppatres
chiteRl. Cdiesbt bhihe @raetfabd/ fith tHygcemd tatalysth) endyaiealoys acidic
precursor 25 is heated to at | east 100 C for Zehour .

S
compomantsand/erfiscsphalienss cantibuting te TARY Hpyasthe giayge freh In some
am of  catal a j
o0l P 4R o AR oL ] T
réi2e ;&]Eepviéhbsﬂj? afithe chitie feéd/tothl @mclhl!c’g/mtxmyelaﬁm tni the viscosity of the
o Teeddla opein eEpodHaIT 988 LB G REGDY second catifss may
| r oAb ife, al

AR BB or g M B B, Mol sl
niiireal St Rydrogenrgptakedsy. thd bede iiéeddonemabiyations thereafdwben used to

at | east am?grt i.on, of the conponents that contribute

tiegt crpfiefepdRs gescriped BSTeile feed, reduce at | east a

por t if9RaRE efBEdiRhA, 3 thifd ML 8t caialysty @ird SRR may be obtainable
acids, reduce a Ni/V/Fe content of the crude product,

byrodmbéning e seppertiwvisic Golungn 6imet#es) tr praducey eagal st precursor. The
caitet bRy BEh 58, Rt Gk S e B My ridhing
s @oﬁ%%%&ﬂﬁ%@tﬂre BIONS0D °Bi(Fd? eRarhplepbilywl482 TR Edr a relatively

nge in the sulfur content relative to the sul fur

sbonpetod of time trsformthe unesbeinestirdicatelyst | Exnicallyy theicatals precursor

e R G5 R B ol I BB, o Ry e e
grfif oF bhihMEt, BORY £0blugin 13 dlementudticheind rafgefrom 0dé01-0.03 grams,
product produced using the third Catailplwsft na

C L al so. .
0005602 grrmsepul 000V 1grams. Ehaihidsat P%aygﬁgkbﬂts%mﬁcam activity

di,still.a Y/ " i .
a3l g BeS B BlnegbEPGHRRYER s SUCEALANE LSRR Rbodimens
tﬂ'&btalgﬁq:réﬁﬁi‘@h' $s Neatedeit edmperitures belowos WG in the ptesencefod one or

Ni / VI Fe content, and the viscosity of the crude
mere guder GomnoEngds. so onl y changing by a small anount

t he ' i St v .

05, e Bt e PP o 3 SRty ot
the TAN éfthe crudd deed; rducd attleasbe poutied off fheametalsiie metad fsaltsiaf organic

treatnment facilities. P
acids, reduce a N% /Fe content of the crude product, and reduce the viscosity of the crude

—
/)

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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The third catalyst, in sonme enbodi nents, may reduce at
| east a portion of the MCR content of the crude feed,

who heosrméaibai ni ng crude feed/total product st ab|le 200
In certain enbodinments, the third catalyst may hTtﬂyS 4/042224

C(ﬂrmt gmlélgi mla@w&lycsmail@hangmga%% aﬂﬂﬂl 8 cc):?ﬂ?!éﬂﬁ rel3ti0® g;ith@ stlfur content of
s or ranms and a
SaR R seerand ity RRBVRly weibimalingt hydragerouiniigry the erude feed. For
0 eQQlQﬁIeO a @rude pAdtRuct 191&9 Qavdla Qﬁﬁﬂrc@fﬂént S 709%- gg(i‘rd%f Yfe sulfur content of

gr ans gramof catalyst. A Columms 6 an
néh%mld? fe'@ t alhystudnwoduatpxtodumdazsu@ﬂne thinhcatdlystimdyeslsd exhibit

f th hat t te t
A A O
3@%%%&@%31% t(?ﬁl@ cﬁﬁﬁ fged51 n]?heoefb?ﬁ’@% ?édu'c@ Héc%?[? giﬁ’lefrﬁé?ﬂb in metal salts

b edanisrsalss, the NdNﬂi‘ehcmm a;mﬂ thtamcwy o(f‘tlfemmdehproduct while also only

A b U SRR TR ot e

a comerite rélhE e 1dithd Erulsl fde@Nmd hilow REGLApRALS 16
of at least 180 A In gonewyerr%odl ments the n'geflg‘%ﬂ”vamtyof

poeamengfasildiesof the fourth catal yst nay be at | east
ast 250 A

500 A T suppo?’?%’gﬁléﬁhﬁe??tc??ql? Iricis, Paycpdgee s %Eﬁ’aﬁ%p orgign of the MCR

at:oﬂtezaaifﬂﬁb Grude a8, while maikedinidg Sn@led88d/ ol pAddub€Rsyility. In certain
0.9 grams of theta alum na per gram of support. The

f B@PPWHP&iSaﬂ?stblrﬁhﬁ%talNﬂdmﬁdbaveu eloma Gmpil(sentest ima range from

cat a )il)gt]1 %ﬁﬁ%?é? eastgy%m%%?%{ildél) voagd%r&’gumn 10 metal(s)

medaértan a raeye fg:rrmmmﬂl-@alsagrmh 0.005-0 ©B tgadriis, or 0.001-0.01 grams per
nmetal_ i s vanadium In sone

- CRBBUPHERIE (rColamad snd il RasiCH alsbit By Geilipienogiption of at least
-ag ﬂbftioﬁrb?"théaﬁﬁﬂo\ﬁs?_l&tgﬂgag g&ﬂ:ﬁﬁﬁﬂqg i R(?n ﬁ{é fg&’i Ltl}extn gratures ina

fourth catal yst Itional e one

: nrmge frofn 30(195@031’([! ond 450 Heabd prebsmﬁmlaﬂge firdra OsletO MPa 1-8 -

20

25

30

XS% ethlrd catalyst, the fifth catalyst, the
#hOLaY the seventh cat al yst, commerci al

catal Y @ergﬁ:s&ﬁb&ﬁﬁ rfoirth P
57 WD 2005/ 066310 Pg%g uszom%i%*ﬂﬁt?@&‘“%?ﬁ ) imcludes

efolyginn® metal(shindroogdnationywithea Q‘etﬁeﬁlmnem sipparhgThe fourth catalyst has a

ftact f.th d f eed
-0 3k R g 8 e 35 dlhindsh F st G S0 80 TR 58
O¢mb@EBResiE Othe meli ;ﬁwai@nﬁfe@ deede BHANLS ?stfrﬁme%tq@ast 220 A at
cont acting may have a TAN 300%0 most 90% at™ nost

glgast 239 Ar@gteag@%) Asror gt leass oFTest swpertm in¢ludéhat least 0.1 grams,

U810 8 AR B b0 St R g ram o
csupgertpThel ltkﬁ.h'mrmihalm»iﬁyandl@ds’i lin drie/éhBodiRBAB Nt nist BL1 grams of
gst 90% at nost 80% at nost 70% at nobst 50% at

Qumnghmetgl(shper jggam of catalysl; andmtdeasid.000 Feragsof Solurnt 5 metal(s)

t dj fi,fL.h t

% g PP G, 1 Porkt biAb B, i ron s ¥ o

met aI (m)soine emm"limeﬁts cnlie Miuﬂehfead gt cdhtadied avigimiPRiditional catalyst
Th fifth catal yst pore size distribution with

e 18 Spatach "ﬂ#bihé |f°‘§$h eatalygq Jie additinnal gatalystampy be one or more
'%f tRd chII%@&ﬁg. ARORR csﬁ‘élyst, the second catalyst, the third catalyst, the fifth catalyst,

the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof,
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| east 250 A, at |east 300 A or at nost 500 A The
support may include at least 0.1 grans, at least 0.5

wohadFossp at nost 0.999 grans of theta al um neqras2004/042224
gram of support. In sone enbodinents, the support has

an allptsamsl emhodanmﬂwdxogcn My hsvgegemtagrchmg spntagtiigof the crude

e Pl BlBeafl iR S e e BT 100 Jpo g 230-380 °C, o
ﬁ@t:wmcﬁ m&@h&@ roBeét ﬁém@ﬁoﬁﬂs@hmmac@;@may hheBSTAN of at
0.0001. grains of Columm net al

ot 20w miost 808t v eeonat mash L0% s gt ANt gl foed

Lenum I n, t 3
W oer e e R h A et 1A 050 YRS 1L Nipft, or 1525
e nel qmb\came réduck ﬁi&g@fa@é a mtamwmefmmnﬂommm%, at most
N8/ n8, 1-80 rrB/rrB 50 NnB8/ nB, or 10-30 NnB/

80%aret mnst 29%et mess 806 atunpstdOVe @T f leastil e of tatalNi Vi e content of
tﬁ?% dé% at a tenperature in-a range from 310-400 C,

70 C, or from 330-360 C. Net hydrogen uptake
by t Mg cefthidembodadents,n fifingpe ob oathlysint Afth oatplys) inclwles Column 6
range from 1-20 NrrB/rrB 2-15 N8B/ nB, or 10 n&ﬁﬂ
mﬁéﬂ@r@@@“ﬁh@@%ﬂ“ﬁéﬂo@%@&@’ﬂéﬁ?ﬂﬂ% a é@h atalysthgs a pore size
: t
é&%@ﬁ %{ﬁ%@%ﬁ%&éé&% a?x%e‘(& of%? Y1 80N Gt ?eag_ﬁ%% aft“least 230 A, at

o or "at nost 10% of
Iedee 23RN, apleadt360 dX, lmdat meﬁ(SOO'FSANFbé suppertanaydecipdeaticast 0.1 grams,
maybe in a range fra

01-0.1. 0.03-0.05
2 169t .5 g, o7 étemp%h t0s8a53 At e alumSiageh e gpport. Insome
é]ﬁ%cﬁ:u?ﬁ ts (thé )rér.@tha hldnﬂﬁé H&R&nt@"b@l@w 0.2 grams of alpha

and in conbination with the
dlimaina pek grarmaf mﬂpﬂr ﬂhe Ehhalyst)msliuﬂcsq i sarag gybodiments, at most 0.1

B

I%b IreE gpim BPERalFstZ In Shifié Eﬂnﬁécllhibﬁts”ﬂl\é tu@h 6l rﬁ&ﬁ](s)%i@
at” 1east 230 A, at |east 250 A at | east 300 A , or

mﬁlybd&ttmsmdlﬂttuﬂigféemupport may |ncl ude at least 0.1

grans, at, ] east ra at | '

| east e §t qﬁ%odgrapntg,[ne{rﬁ%cg?g@ lgrt%eg @E&edqhay be relatn;ely
BYWHIb kaRle, Hod1D O - 190 DREY’, 1T3@mg‘v 1,550 Nﬂﬁ/mamot 10480 Nm*/m®)
in sone 58 WD 2005/ 066310 PCT/ US2004/ 042224

whiyoihie wmdefﬁ‘eechzsw@nfapteém@dh ﬁﬁhﬁat@ﬁtsa#t(asl)‘:maﬁ’a*%%ﬁ?ﬂée from
Hihid %0, s 300330 oo 3B agPoC %&ﬁk@%ﬁi@f‘ﬂmi’ the crude
ﬁe& UARode efibodiniéhts, pRiy Leriamraigedaim 1320 Nmf/m’s26 Nm 3m?, or 3-10
S e e et el S nk O ol CELATR & bR oh ctalyt
%%gfwe { TANPof ddt[ilné‘s?%‘%'t ﬁe o 9 db RS04, B8 alGRbtTOYPof the TAN

I S"Vvanadil um and m 6 netal (s) are
ofthy belds fiveda L6 rof thengsdeeprodivi maytbeancarram@ fiam@.01<0.1, 0.03-0.05,
contacted with the sixth catalyst at a tenperature in
@0%8&3 from 310-400 C, from 320-370 C, or from

330- 30 eltaid! Mﬂéﬂgeﬂﬁdﬂ %&%{Q\étaﬁ (%[)MH' Satt_a]%@te'finmes Column

belnarange rom N8/ n8
] mew(sbxlaﬁi ﬁiSI.unm6 mibtal(®) ddimifnationSvitintbe tigste alowdna sppport. The

en upt ake i ndi cati,on tha
Dt B Bre sive AU ERIEh § e R ol fEgdedst 180 A. In
§Jn‘1’%rﬁ95§iﬁ‘1%hts%e hidn porE dibkiRtbr WE bére 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

38



10

15

20

25

30

the sixth catal yst may have a TAN of at nobst 90% at
nost 80% at nost 50% at nost 10% or at least 1 %

of the crude feed. TAN of the crude giroeks6ha/042224
‘%2"@%6?@61 range from0.01-0.1, 0.02-0.05, or

%ﬁ%dﬂn&ﬂs altal BPCHRINIY ﬂfeﬁﬂ@ﬁaﬁ@ﬂh&n@fn&am{s) of at most 0.1 grams

contacting of the crude feed wWith the fourth, fifth
per gian hfmlmstymd gt denst @809 hgragys of Solume § magtal(s gad Holumn 6

en durin .0 O I

ER0E R P PEBRRES I iie Hlbo fmeRl Al A1 G o RSal Column 6
th&al i3Rath) CSAGES mietad ﬁt&@'lbegn aﬁrai'lg@rfrdm anspmrit1mor 2-5. In certain
hydrogen is costly, mnimzing the u a&e of gydrogsg
i embodimends,dbs Calvorres sl és/vang lluﬂ"pﬁ@cfi @re
Inc tain a seventh t eof cat al yst

5@ %rﬁ?%ﬂygﬁél{has a total cggtent of Col)/urm 6
rret a: (W§1e1|1 theariidefeed ]isr dbﬁtaﬁteﬂ&ﬁﬂh ﬂie Ghxtly caialystga‘t a(fe:hllﬂer_ﬂtuﬁe in a range
net a ramof c t umm nmet al i
A BYSACh G BR300 7@)& ToFeits, Dol aydspes uptele by the orude

et_ 3 3 -

JpE}af bR m b Bl et LN O#Q?RE‘@?E‘JJ 8Ynt'38 10 NH s, or S
eNiadehi> e 9 NmY o’ eghtivestet hydmgmjuptalta isdne inﬂmnnn that hydrogen is

chrRengEARs o s T KBHPI LB £ et of ind Bofe foed with
t n?r g‘} {Mgg ééﬁ{a?'l‘:ﬁsltﬁﬁ)og af mbﬂ'%"/@ BPHO@@SO% Nat Mkt 50%, at most

ng conditions al low a crude
PY094, Lz tat Ieastki% of et PAN of ittt crhéesfeadxl\ll“éhﬁsbﬁhe saidepradpct may be in a

PR é%fpé%»ﬁqaﬁ%gdoéﬁ Do ced are not 30

Si gni fy GARk £ eaithéinp feheiciade feeduath e fourth, fith,
have enhance propertles refative to the crude feed

v aowckixth katalystredueasdheovepl teghisement of hadogen dungprocessing while

04Bhed Sl B RO T g i, s
_?151%8&61}&%’ and/BY @é&ﬁﬁ@@l’hﬁ Fr@fogélﬁl% obtly] enihiredingfibe usegamfhpdrogen in a

gravity, east a portion of the C5
aptph@hﬁeweﬁesatiemﬁ@mceéﬁ ¢astSon of the iron, at |east

a_port}on ﬁt(é nothqun?lgntxg &Q/Qrﬁﬂ[?ﬁ% ng{ MM gt has a total

ni ckel ; ast a por the vanadiumin

t Bshtdidt BEI eofuparls emtal3® i sthmge frohed. O@Oal -0.06 gransof Golumn 6 metal(s) per
portion of heter oat ons

st o Go100Eh et p BpDHGER B GLERBTE g peventh
nbod "
>elayst Ty eedeg?fal%ﬁ ?Ijtomi’é 47 ﬁrddb)ﬁﬁgiuef thhl ¥as &2 ANWTFaBmost 90% of the

feed/total product
”TANJéf&heEruHmﬁdse@lverrent of a catalyst life and/or

oD et e A ol Sk BB BB nd s
g{Baﬁngt? grals%tbe'xﬁ aﬁ/d}tﬁ@é{a% is Bthel$Re HeRribo®RérbEm. OF

ear out replacenent of the catalyst in
the c oBélaatngtge zatabzst(s)mfhim applmauoroanct@n@@llms opetating conditions

f ?{{g?l o S i e %‘lpldlf?(ygvéé sg ﬁlgotgi}gqrgll tbﬂt I%tp Tltzﬁ\z %J%%OI‘ %?Jc&édoﬂ}oﬁémes
?glmg L& f‘ae'i‘ﬁ?'e t@ﬁm' &add fedd RAilE 'oﬁ'fér pfo tpEﬂ%s eEiR! csudeYeebarenot

ts of organic acids, at |east a portion of the
c mﬁmmﬂ)schahgﬂ:d CBiret resWting crude Pnductanay havetenhanssd propsrties relative

O e i S, Bls SRTROA L1 R W8RG ortaliBTbAdIG: refining.

Arrangement of two or more catalysts in a selected sequence may control the

sequence of property improvements for the crude feed. For example, TAN, API gravity, at
least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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properties of the crude feed are changed, while
mai ntaining the stability of the crude feed/total
Wﬁfﬁﬁﬂﬁéﬁsm xture during processing (for exanpl epcT/US2004/042224
mal ntalining a crude feed P- value of above 1.5).
Bickel; mad/oneat lgast £pordiop lvd tiecrapadiumAh tienetiide fotlcan beveduyged before at

y be 15 increnental.ly reduced, by contact of the
Eﬁﬂ&é’%%‘%%%@@éd? %#%ﬁ%?é.m%@gabi lity to
incre ar, r ; ;
%@%déééné %Hrrg/;?i) g?lﬁgloi‘%}f'ﬂ’{eeéal’alfﬁ@ﬂﬂ?, i'sBRR nRirénts, improve

the cr w the stability  of the crude
freeschfitld eatalpsts dud’/or thiestabilisy obthoerurdsi faeddiotad retluct mgpture.

RCrRE 4! ASBAIRL R AEonHOLY BFCH cris P o Ghot mixtue

SRAESoBssing nddyyalow a &iﬁﬁctﬁ%gsgét&fﬁ&% dgerate fob 8t lehdt Stmonths, at least 6
0

catal’yst may al’l ow renoval igh nmol ecular
wenthis; orad keeaind peantvdthostteplacement ofithegatal yst am themontnsting gone.

o abr PPRyTgHoRs & el et il KRR bt hbPa bifion of he
Ningbe, ahleattaSiorBon 8Fhe CsRsstalend@RAedsiB pbiionfdTithe metals in metal

renmoval of at’ least a portion of N /V/Fe, renpval of
sadisif orgaoigmsidsnetsieast e pettion eftheenmpnnments shat ggatribute to TAN, at least

ontribut.e to.,a decr [ ' f
§ BPfoh 2y e Sipfe, o SEEBRRRaH okt Hobf 0ilcrle/IBEd before other
prtperifes of thé@rideeed M@ changddpwhile mathiadhing thd sthisitist ofthe crude
%%I‘tl on of C5 asphaltenes in the crude feged/total

diete} praduat misture dering propessing 410z exyeplec@aniaiping acgude feed P-

j f, Qt & al y st it i I
ORHEBH 0081 DoAY SRS, AR lOP DAY e e
dired dyesoataetofthe e feedplidnsedduteidatasts.. The ability to
catal yst. Renoval at. | east a or%g}%nﬂup%n%ggwﬂlgwme stability >
| j : itieoned PR
- bEGESARE Bed ol pRlBPRifire TDVE mitntd TS pioREIgoned
and/ ofn $dmee ¢rthbodimentsathy firgt<ptalyat(doscribed iabden) aeny be positioned

downst r eam qf he .firs atalyst. Eurthe nt,act

BRTCa 12 SeBEYPE FEFSthr RO R oL U Fi5t o 2%% 3y Glow removal
Sﬁgighmléﬂaﬁﬂgélﬁrco&%ﬁar&@h@tﬂ%bﬁt%}rﬁﬁ@ﬂzb, hid/bh@ktals in metal salts of
reddce TAN, redtce the content of N N Fe,

60 WO _
2RABICoERB, Shikohainssomy thustability ofsheemde fred(iptak produeiimixture.

reduce, 0 en_content, .and/ or t :
ot al 41 A giafsl Qlipts, ol e, 0P repRNBE B o acta portion of
RINGHE, TBRAbal of BEIER JonsonbAts, refbdal of eesipuhdntts thhtconattnelto a
catal yst(s) and/or the third catalyst(s) may prodyce

deareasdén fheéigl% pbother gateuste in the Rystere. Qrieambingtions fstredpm the
5 TA
e S T Pe bbb BF B bor Rt SR AGH ihe orude

&ed6@BploBuaGhistiure felatbaue tib asddfebd bihtsitsqringging of ather catalysts
reduced viscosity, or conbinations thereof, relative

positioreddospeteamaing tbise fcreasesshe lengthicetfome e samigpingsystem may
I o ol ey S hinarv

BRNEFY Somniy chde gesi hap g Somhe embodirentseinclease adifetoftone or more
second catal yst_bei ng upstream 10 of the third

é@?@ﬁ‘ﬁé’??iuaﬁmc\ﬁﬁ% _ rsheatagyt. ability to deliver
hydr oggp Sé‘%f}g Rfal s{(ﬁdan‘a%? Hgg%ﬁ{gggﬁl%gépés@tioned downstream of

mnimze rogen "Usage duri ng
@anfivishaitdl ot s Foftherabatagsefihe batle feeditbtat prodecteniatire withfthe second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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hydrogen during contacting, and catalysts that uptake
a relatively | ow anount of hydrogen during

w&gﬁ&@&%img may be used to change selected pre@Rub00s042224
of a crude product relative to 15 the sanme properties

ré&fuct bslfiarosdent, eehhce brygencagEne antlfoe réddnoe the coateat yfimetals in metal
may be used |n conbi nation with the first

5%159(@0}85!1’(1%901 Second catalyst(s), third catal yst(s),
fift %g@%@#@ fents, S4nthdi o AN feBd with I QooREYARL(s) and/or

cataly ange sel'ected properties o
tliecthitd catabyist(s) mmj prochesng crude dtedédotappmdectimiatire that hes a reduced

TN AR UL RS AP B o7 B S e pontet of metals in
nf¥tAl Rh1tSEEly hnif H.g@? fa re&u&a;a@naﬂkﬁemmeap abEdueeh 9feednt 6r

m ni mze n dgen upt ['e mai ntai ni ng t he
combitetibestisteof, ad:latlm mdhe: respecabye prapertiewiof treedrudefeed while

e B 5 SEL By SV S 2eing. The

s&ﬂﬁﬁ @efaly3l malBe ‘?Miﬁﬁnécﬁﬁ%ﬁ@s BEheF®titH thk B&Bnd WhialystbelRupstream

of the respective properties of the crude feed, while
ofﬂmtlﬁ@dlcaahbeDrVMevemascosmy of the crude product is

at t 0/fheT and/ a heV|
crud Zflgq ]Pég’ij PER Oﬁpﬁ%i?ec}] cgig%mi% at&rscﬁ;eto minimize
g@ﬁ H§B%efdﬁﬁﬂg BEMa iRl (CinBingtiod ©f Pataigsts that fmuyrgaﬁeranon of
range distribution simlar to the bailin

hudlroacn ng cantactiog, apd catpbysty T@a@ptal@eﬂjrelagﬁglya{ow@mgof hydrogen

dﬁf-}@g é?e l t?%ﬁélv emtag gts rﬁg?dT@l':ég?ﬁ%&fegferdgﬂg%{rﬁgs% aT&ﬁdegéﬁﬁh& relative to
 thedantd prepertied ' the afide i, For eramplesttle fourthhmtaddst aayrbiecsed in

corination RGIABn G5 Rl VAN s6catA BRI Qe CrglVSP: it cStalyst(),
s g(é]l({l 8@?199@)? g?%fsév&l?lq ‘:ﬁﬁl&ktg% t4 Shmge ?E]@ﬂ:@& PR ﬁi’é’s of a. grude feed,

ron o rtieso

whileSonie clesiping otiest tpsopeitiesrdfthcatdé fati (bg)selnayd bmounts and/or while
positioned u downst

rapiBtaining,emd %quaf{t?e}gl[%fgsiucd SBBilt edhe, Bider ?Pdp’e%ﬁa%%eg of gafgtysts may
th QeRdtedd ?dl%géf HS20¢h (4 2R A ain M@ NRE auae feed/total
uring contacting o e

crude feed with the fourth
pralm:l: ytability). Manmah)ﬁl mggmgen npigkdallawe tesidneeortent; KO content,

léaCt | nﬁgl} Zﬁ.)lgﬁe@lﬂéaxgl 2 PT {%EP lﬁdt?m{s erﬁé}doaf éﬂ@ g%%lfl%geeg to be maintained
| vﬁ%ﬂﬂ 69 dfhd fé@gécltl%vpﬁfpehfé@ of fedgudecRed, WHileIROT AN and/or the :

I ments, ivery of the hydrogen may

w&mmw ofthe crude prrsiupt iswt mrosit Mo of thecTAN aﬂ@/@ﬂthers@scomy of the crude
fe%np in a stacked configuration (see, for exanple,

s ZB) hydrogen nay be generated during contacting

i N ongdaeidiminehBy&oféh diitake BxhsRhwle f@@lrmagcpnoﬂgceza)mde product
102 in FIG 2B), and_hydrogen may be dellver 31

thatdias h badingcangeaistribetiomsimilar iorthe Reifipe goint disist PF ﬁg e crude

F?(g\%u%]a r?chlgecﬂ[‘ggl reﬁ%lga to dl}%ﬁg% Irtr}e%rhe n{ha%cd ST %@&Bfnﬁf! HI®of the

d;ﬁﬁ@libt e lgERIN1P Eheai@B by elativel yhrhbl] tineurts aswahparbeto the
crude feed. Alternatively, in a stacked configuration
aterais, HAConf thaemide fedr| G 3B), hydrogen nmay be

Cfor r@‘ﬁ'ﬁ%‘?%eéehgﬁtl é’110(‘\3{? @%Oh&igx%ezcﬁﬁg G106 £RBfve addition of

(for con 1"Ng "~ Zone
hydrogen to other contacting zones and/or allow selective reduction of properties of the

crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be
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FIG 3B). A hydrogen source may be delivered to a
first additional contacting zone in a direction that

{hg) yg‘ffg to flow of the crude feed (for exanppermns2004/042224
di ng oProgen t hrough 15 conduit 106" to contacting

Zgaterdtad dhﬁné:b&atacﬁiﬁg of @ncerude feed odthntile fridiht datudpsi(s), and hydrogen

contacting zonelnadlrectlonth s ¢c ent tce

t mayfbesielivered tethercoatactinggpnes gie ﬁhiﬁlﬂée a%ﬁ%?rﬁg catalysi(s). The
£ogen 1

el e it el B clcokdle: {"O?’ﬁ?‘ PESE e SdP BRal 1A sole

t Eﬁlbédi)ﬁidﬂts? #Healalivbryarfehalseiogen may bcesoncuﬂemthe thenflova of the crude
the fourth catal yst being upstream of the sixth

cfeedl yst, or vice versa. The 20 conbination of the

fourt h]i%gk?ir%(ﬁé i s%%?@%lgﬁ%ﬁ' s&a}‘cﬁ' %ﬁ:& FI@DB) hydrogen may

reduce uce cont ent, or reduce
Cc bageidrated duFhgbontactinget ahe smitacmngfzone @'anemnqdc,dagptacung zone 102

N RO T RT A e —
th ?n F&tﬁ%e%o% 994¢d Fi@® iR A la¥rectiaNgeds RYusisBio fiWBLRE Srude feed. In

0 the sane roperti es of the crude feed. 25
| sorae embedincaitsyie lydragen fliv ey be conyrsnt with sheaflgrs p§ the crude feed.

CerBaiteRy By FARCSHRRRBIon CE0 R FCa 10: - Hayy 2fe ey be
2 gbiritod dBA Ectitatting 7R oHEBorRadiRl;ohe Efor blmileenBiting zone 102 in

yst, 1na range from 0. 000 rans.
d <F\Iﬁ$3B)e anhyérogan houres mRy be dnlaxzmbmea ﬁrSt %ddamm@b ﬁ@rzé%ﬁhng zone in a

O SR IR AL oy B BT U BN YA e v

C@BhRN! IGBC' tooChntadkinpRoke L ialHIS) 3Bn ahBQo w pa:bné adﬂltlonal contacting
seventh catal yst, or at |east gr ans of Co

mznad: it dipestio tkaisroneument e the ﬂqw ‘obthe cams s %@‘ample adding
f t dth
AR Pl i B3 SRR BR Ly oriR iy and the
ab' i t)ln%@m@%ﬁlb@dlxﬁ@ks’;lthe\&hm samlybt annlcthmmxﬂfcameéyma;ctwscd in series,
active netal in the downstream sey, nt h gi% % The
aleitber with the forgh eatalysibeing 'emeeewé b O 15 YE§Pe-
ch a,,%%gﬁ /og g%zﬂ%&ﬁg&ﬁlé& with 8t hyBtidahl ‘égtaMQ(%Q%/ l%ﬁﬁs%l@AN reduce

properties of ‘the cru
f e@dv (Febnnt and/er reduced edriterelof meteds In wetahgpdts iof orgamc acids, with low

het eroatom_  conte APl gr.avi cont
Cd'#‘\’f wptake ofh Wﬁ%’ttp ? g-lﬂ) n%zlp{arg I it ?,' ‘aym other
§'§e e&fﬂ% Eﬁd& Egodﬂeﬁbrb% AN SV BB ARMERME FlATive to the same

uce crude product that has a TAN
ofpreperﬁmdftﬁé)%udafeedost 80% at nost 50% at 5 nost

; CO)Z% 2#53&;4%3 \ d%l{{%ﬁg Jfl%{l xfgqrex{tﬁgve&ph artly%ggf ﬁgog ug«!:cpm combination.
' nﬁ{ees%%ﬁtﬁ ANl s Oskdd SfstRMnCRGMARS dowidirehiGevasth éﬂﬁlly’sﬁﬂﬂly have a total

downstream seventh catal ysts (for exanple, contact of
t hententidECékaemh Gunetal(s), patt gassaf celyst,or prangeifram 0QO01-0.06 grams.

o HhrcacPasiredt sffcorh.foia R rom HsOB A ptaCoonlchy BE PYfinbfl Hdfal(s), per
%%MQE dWivnbrén Sghihi candyst, GRdtad dfifal tocorilmgeitiben theaotal content of

roduct 10 with changed properties relative to

Héolummtﬁ mbtat(sMnéh@uM@n)sevenﬂecaadwn exatdenst @84 e@msm Column 6
i ncr epent al ssist _in |
o F AR T BECHHE St pPEB B pOu Ry g PP, B e plircam scventh
Pr €29t iafid 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

rﬁ
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In some enbodi nents, catalyst selection and/or order
of catalysts in conbination wth controlled

WwOBb@RAksd@ conditions (for exanple, tenperaturecanbd2004/042224
crude feed flow 15 rate) may assist in reducin

the amg @ropeptisskod thy cruble feed (fbe ekample, azdlativelnsmall amsein heteroatom
feed/t | product mxture: .stability durti

AP LGV AT T o R oot PR oy therspd.

the cryfchéads siude Felwillethephtidant R5PEGkstRam seventh catalysts may
properties of the crude feed. "Stability of the crude

produie oemide prastigtthanhastaF AN oyt mestR%ect apsh§0%paztitaess 50%, at

h t f d

50T SARNE gL IT AN S 48 BSACHA Rk pRbedlihis, e TAN
BXAERhRle 188 i Ok ikirdhéntaldf redicedbyusiartdce adthabetimstream and
crude product 1n the crude feed/total produc

m xt ure

flownsireant seyenthicatabyistefareamples eontediof dherrade fsed, PR gatalyst to

roduct .. Xt ur reckni i .
Fire s Pl Bl S e Brosog SOTORRIG {28 ed, and then
bHREQ QT theihitiae thude Drédudwith uh hdditibhal catalisatnt produce the crade product
period, the concentration of crude. fegd aﬁil/ c%l.t ot aId TAN
wiithcrbangadrproprties Tglnsive s thedpitial cradoproducty; % by pRiliyy reduce

h e. . e i .
ARGk Pl o BRERRE hoflaflic] Gt Bh LREAGEbroguct
ﬁﬁkﬂﬁ?édl&mg%r?éégﬁingr udg p][odgct : d/SO| ubility of thef )
conmponents of the crude feed and/or,, conponen . the,. .
t ot al Ippesaeembpdiments, eatalysl selsction ddpr %ngocﬁ‘g@%aixs%larcgmbmanon
W8 dc%a&811€&‘@61ﬂ£cﬁn§ %teigdiﬁesﬁ’s“ig&geéﬁag fo, GrkisifathRaMdMRrude feed flow

cofntai n conponent at ar e in the crude, feed
adte) e atsbyy imrednging hygrogeresptakaby the cpudsifeed. imaintaimingrude

Sesoiisial BIOQUSt IBOS G DY SR RST Bl i PRz ong gL more propertis
op ﬁ%%?rﬂsf &}?m rflﬁmﬂe {o%he REEXRe pRSpertislof theccride fobé: Stability of the
crude 1e

total product mxture. In sone instances,
cheledeetfotal prahictmixtuteanayoheaifosteductariony phasesepaepting from the

ph nd/ or peco i ns@l U e ]

ChRR SR S E " T By BRShlel g, orcxamae,
fiﬁs%ﬂiﬂi%%iftﬁ S4la¢ feetiaid/or eruli@proidogt ihvbe eude faadéotal product mixture,
phases. "Formati on of two phases, through floccul at i.a? o of
Focasiplior obspbaltenesfigm e cmde (usiAolgbprodus mixture, precipitation o
PCT/ US2004/ 042224 ' r

papRgA IR S TR0 PR S Rhu o 5ul R pgBoror

t ends AiQertamditaes dutihglthé eomdctinp@eriod,iihe eoréntrdtion of crude feed

R L DL SR
de. f / . 0
o574 B P e ot ieses s

Dofrhatbnfokeaatls grodubie siabitityuef thé cathponentsed theerude fred and/or
product m xture may be, nitored,and th tahi | it
PP ReRsE ok e dp aarortrddn e vt i et ity hads b change.

; i ' luBleRn igd ¢fade feed at
(g ol HIcR EBYmAR cGRRATSAPonakplLate ol Blen i efade focd &
ahebediteing of processirge Ax prdpertiesef the mawda fteg cbeage @or expmple, TAN,

e oL 12 g e s o
GROLAE idsP GolublRGH Jl%rgdeéﬁe&/&ﬁélcpi‘écﬁﬁ:t hliaurd, 118 s6fy destdnee] the crude

S re?at Ively st g@)i uring contacting. Crude

ffeetidridothe totalpprodust imayi fatnu two phashs and/gr begamg dnseithigiinggpe another.

P-val.ue, b trolled,b ' ' .
S ST M S PR S 8 v o
%gx%rﬂh%spﬁ'oﬁﬁﬁﬁdryﬁttﬂo Pbses, through flocculation of asphaltenes, change in
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conbi nati ons thereof. Such controlling of contacting
conditions may include controlling LHSV, tenperature,

PWwoBLe/Rs3aydr ogen upt ake, crude feed flow, or pCT/US2004/042224
conbi nations thereof. 15 In sone enbodi nments,

C ogymReiittationtof oRrle de¢d @Al tatakprodatt ald/ecbraeipitatidwadf oGmponents, tends to
asphal tenes and/ or ot her, _asphal t enes:, .are renoved

whiedece e Bl ansproprre pEthe ol vty Additionallye the ¢Lfivigagy. of the process
Re ' t o .

A n%ﬁg?;b %ﬁgﬁéd & M@gﬁ? %@%ﬁéd REBHED o HE CARS 'Teé!?lth?%f ?roduct mixture

er = con nperat ures nay resu
f omanbe aecessary Wwoppliasesciutiaprodagt widddesired peopestieabi | ity

of the crude feed/total_produ m X e,and/or.life of
S one. o RBHES BlocsH i R yune of B Cesstitresy O PRGsch iytigy mey be

oo . ot .
" USRS 005 LK ek SR e o o
aspivahieanssbd msémed. cTygeallynh PHeludthatviSRt most ko indidatesithat

cryde feed qnl hanges a ativel y, smal | unf . . e s

" lecetionoh ampalirtes to i vrgeabheA e, T Phvatue s initaly
CORuLLL hSdaxﬁi%htPU@&lu%ﬁﬂféﬁﬁéw O ]ativEly RblO8uriiY @ntacting, then this

contactiny zones may be different. Opérating at
10 di inlimates that dreperede feed is ehtiatlysiebile durine centadting. Cradeyfeed/total

in crude feed perties i | intain.ng.th .

S BB TgicERe FRETRE S Ay For e SRt e B ppcontrolling
Theoftddting cbRBHoR) b9 seledtidd dfhatabty, BE bélogiveideritig dfitatalysts, or
start of a procesS. A first contacting tenperature is )

t heomeinptiomattherect Buch eontrolling efeantasting gopditiens may Highude controlling

cong ing t erature r I . e
¢ SRR i R DR bl B shode BE2A, o compiatons threot.
15 et cet e[Pdond énbdiBmbRR@heicihg fenperatart actdongroletharh that Cs

that are positioned after the 30 first. contacgtin

fz-omphaucnes ad/orQhetasPhiSnew B EPROYRIOVRIE BIEtATHNG TeMGR content of
100-42 ) ' or hi ,
e PO 420, G800 B BEMOR SARMEHN AMRERShE wor ighr

C. gorfté@ingiémpératurdshray fessit incforhatixn ofgwoenpses abatmeny reduce the
some enbodi nents theraiecond contact,ing.t erature

i sstgbidisy afrthe grde ford/tptal produghynutyre AR/oL §pp more of the catalysts.
20 7 Aﬁoﬁ%gl?dﬁc%%&gﬁﬁﬁgﬁ@fﬁ% lahd h%r A &1 GthlcSi cBRbinRidH GAth the catalysts

enes con In a cruqliégroduct ‘
64 d¥¥oriBeDRdroin 6RO/ FETC, Bphaltenes RoiRrreduesdavhiledhe dIER sontent of the

TAN and/ or the C5 asphal tenes content .of the crude
f eEERde geeg ‘ﬁ‘iié&tﬁé‘geﬁf% Fﬁlahvteﬁ%%nqqﬂaén%%‘u nt of TAN
and/ or  ¢psARPOabsBRRNIsCEHEIcHAR conditiitare ¥hiRfbllel Sudh that temperatures

and secon cont act | ng terrper ag ures are t_he sane as or
Wi ithome drin@e sbntecting winke may e diffstentp Qperatingaf different temperatures

t] i.ncl fi . ) . .
25 gogﬁg‘gi fp? %glégtg\t%ﬁﬁggégel( 121330 uc%cefegd gﬂg@%r&lag %ﬁ% é}%ﬁét%é]@;tﬁée Qability of the
MBYidB $hddfiBtaP bR ctGARAkYES The trude Ssedicheds & ffst contactiitgezone at the start

first contacting tenperature may be 350 C and the )
seobagravesst dcfifsh gontatingrtemperaturerigghetenmpgrnivre ihe gt contacting zone.

O cGhitiha E5be o] ¢ ARG L e A it rmperature,fourth

hi ghler4tBEP6r dtels)Rur® tiedbmberaf@eitiacontabtiy zdnes thiahare positioned after the
catalyst(s) in the_second contacting zone jay resylt o
301 n figst santeetingzone.TANizshepriactiog tempsmanteanes by g& oyl 00-420 °C

o BRAF ofiotd St EhiBhatifi byl T EgE e 26100 7C, 30,90 °C, or 40-

f i gerCalifferspabadthe dittahiaotng tmperatirer &sseomeembodimentsOthe second

C. EXAMPLES . . .
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

64




10

15

20

25

30

Non-limting exanples of support preparation, catalyst
preparations, and systens 15 with selected

wobesngen@ent of catal ysts and control | ed cont agi@mngs2004/042224
conditions are set forth below Exanple 1.
RlfivaiaticoNAN fana/of)&teallyasphﬂhqnpmdntem of thepwude fred to a greater extent

%rg,[? Bhear d@.l?% ﬁngJ J@&%’%@S Zéq %rg nof %@S’Gvdhteg [t1|1eotnust and second
Mn‘fﬂngg?eugx?egéﬁ%s%ré th¥ishiRe 38 8r ?fhﬁﬁi’sl (P“CC Sdash oﬁfé@ 8

nitric acird for 35 mnutes. The 20
r esul Fomgxampld, edirsticontacengwaseanay indkde aHirstiegtalyst(s) and/or a fourth
Trilo di e Iate dri ed betwe 12
T A e SepBd EODAFHTEZS HAY; 18 “f‘%"%'ébwg?lé{ﬁ&s?g?“&%eg herein.
Xﬂé s?@&lt ﬁqghger%ﬁ@ ‘EE@B@“CI%IH eheedomi &fntdl:glné%peraMe

e ca upport s pl aced in a Lindber
faay badao °C[.'h €oﬁtachmﬁ:the cadpdectintles fiest cordaoting zope with the first catalyst

o tdhe fugher fépigcefpsgp op er catalyst(s) In
S SonaR catafyiiat &4 Behtrmbn i bitile sPitatt i I iher catalyst(s)

’ch@“sleéﬂi‘ﬁ%nﬁ@ﬁn@iﬁi@ Iﬂ% ¥e3ul$ HPEekter then TROBagl/&NE; a‘sbhaltenes reduction

gamma al um na, O. grans of al pha al um na, 0, 0208
mfhﬂsrudefeadealaavatmtﬂnp rTaﬁN andfonCoamphaliangpeedyetion iy the same crude

Bt oot wreb PR i Blnduli B e 1005
pore volune of 0.821 cnB/g. The support had a pore

size distribution with a nedian pore dianeter of 232
. 7% of the total nunber of pores in the

pore §j z hut i

25" 5, Nop Bk SRR {BbREBaBRER, YRR Rl nd ysems
JefReRtied bRsndeavnt of grtalpas endeaipiiod boﬂtm-:thlgtmadmopmm set forth
size distribution of at |least 180 A and includes at

' b@latm 0.1 grans of theta aI uni na. 65 WD 2005/ 066310

as Prepared by:mullin
g(%}rtl buti (I))n i 8

WG Ersl\eﬁ‘dhmimﬁ’(xfﬁteﬂon ﬂ:’ﬂt&ystnfndﬂ‘ echealogie BB, Wicligan City, Michigan,:
EE Aok oGS grelhmat derape s ety 4 s gginutes. The
gegﬁg %ﬂled'}mxﬁff@% @xﬂm}e\ﬁqﬁmh@ﬂﬁqmﬁgﬂm di® phite, dried between 90-

P | npregnation solution prepared by 5 conDi ni ng
12 $9C GirdRerdéal AR 1B, Sdidhrrasuited fn 650 gramed awatoéned support

f th | h I
s i
g;,% Ohe @gﬁ% O el e écﬂo%)@@j‘l@@ab bt I chbﬁi?s; and then

(f T OF severa ours t hen cal ci ned

U

ak1d48 thiCrdngt ot gsursto prbéudeabeibipipor. dhe atppott included, perigram of

0.04 grans_of 10 vanadi m pe m of y
SHROBaD 0% 2Fses o eamFOR pininy 008, dtams Aol a@g{nnahda@zos grams
F B%%Oeﬂ%hﬁlg %%drsde 5’?/@1 %r'aﬂl@ ?"ﬂ%‘h %uﬁﬁﬁ{t' %‘d&gﬁgngi l?ﬂf—&?(’: c(lelfﬁ'actlon
dhe suportltiad axitfyce fdalof 1 t01m|2Agymd ﬁﬁoti%&r& vohne afi0s$21 cm/g. The
nunber, of pores in . the pqre si edlst tio o
varmedh Wad%%ﬁl?%élsmnan fo e o e SR DA i 66.7% of
thin 85 A
Ligad R sty MERE ik Bt KR o, dpctor v
bﬁthengecharpprrre 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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size distribution with a nedi an pore dianeter of at

| east 230 A. Exanple 3. Preparation of a Ml ybdenum
wdbhabeesio having a Pore Size Distribution W tRcBUS2004/042224
Medi an Pore Di aneter of At Least 230 A The nol ybdenum
Egaiple/st Preparativrects Vanadiuih €atadydtdia wﬂ’mneS:ze‘Dletnbutmn

I .

i .::. ST tglys w.:—ixsnprepared
tﬂ?fcﬁﬁﬂﬁﬁ%\aﬁﬁnﬁg %b%fmnﬂa"‘é‘u ) ﬁ% 'tﬁpﬁﬁmtde%medm

ution Was prepared grans of
Etdxhﬁl)::u\/m&)ﬂnprﬁgmecbwm vaﬂadvﬂﬁimpnegnatugr sohetioof prgpered by

¢ Hz‘aﬁlglg%fg%@%&% mf 335% ‘@Eﬁgg e o l eéqndéq’XEA gt%rh é&] g}-ﬁqﬁée solution

wi@sheated to 65 C until di ssol ut| on of the solids.
The heat ed sol ution was cooled to 25 roomtenperature.
The Pht dimineesuppom (1MW was igppegnated ovithothe vaeadive [inpregnation

sl ALPLLIop AQPErs B OGP IRES! AR ARG RO, o yepal hours, and
e T

vinadiug, pangrathefivatalyst,i widtlthatballiOe teihg suighobio (Fhe. vaﬁhrhum catalyst
resul tipng catal yst contained 30,0.04

had Dese & MsHehutiperiftus medien ppss diageter o ﬁg’séa? Befegyolume of 0.69
ortf g %g%%é ared EP \lNll dﬁp/gbqﬁgl%xﬁﬁ? 46/ oratk Btdb ﬁ{u%ber of pores in

utio Ian pore di aneter of
thé pore siprodistribotionref the venadium waialyst katch pors diameter \w&aa 76fA of the
1%6 n2/ g,. Addl tionally, 67.7%of the 66 WO 2005/ 066310
BECHANBIES 224  total nunber of pores' in the pore
si z eTHis%kéxh Bld deRidnstFatés e g@pﬁfbﬁﬁﬁ Sk C¥ihahty S lcalaR@t Baving a pore-

pore dianeter wthin 86 t he nedi an pore
sigk Mtwnonmmm@wpp@edmgwfaté@stm Ar epar atl on of -

V@ﬁpa Mec:ﬁaﬁl’%f@bﬁlﬂetef’ﬁﬁnﬁ!ﬁhﬁ%mﬁ The molybdenum catalyst was

enu anadl um al yst having a Pore Size
p@pmed umﬂxe.fouowmgrm@n% dTherlwming soPRoe pEpated bxthe wthod described

i Eeile | 3 TBIRERAGE Wit B HRGR LAY Harlt SRR TRE

mawaameﬂ nhyreghﬂldﬁ&sbhﬂ@nd%mﬂwaﬂ b}ncd:_:lxlanmg@l 26 graas of

i mpregnated with a | ybdenunt van nat i
(NN, 8 EEEoEMoDs! | b%vgran;@ 305 Belys, T 7cetams o 1o
mgﬁgeech ga(h%gig éﬂﬁﬁg‘gsé'nd]é 59 %Hﬂgﬁg%&% fork gélun‘y The slurry

granms o gra rogen peroxid

whiB&2ed to&S1E gith disseltition Bﬂmé he.ﬁldﬁ él’herlfeaT(eWEél).ltlonmms Bodied to
grans of deionized water .to forma slurr Teslurr

roparstempsraderet dhe sHELiM solutinnswas 41860 kb polufien valyme geas a atljusted to
n was cooled to roomtenperature. A

Sggi‘owgﬁgggﬂfﬁ%ﬁwa\t\gs made by conbining 3.57 grans of

VOSOfh¥hluthiddsupp o] 0 grathS) was inmpreghtetodith the'lfhdybdalmm

sol ution and second sol uti on were conbi ned and o
irspregnation selutige, agad fad W%Wlth/@s%m&ha&ﬂ@u%udﬁ@d@h £25 °C for

SCHBIR) R A Y ShaROnRab TR ROuR] Thf bt et eopteined

008 $rdfPSEEIRbEhUM pét gkif 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 mzlg Additionally, 67.7% of the
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nol ybdenuni vanadi um i npregnati on sol ution, aged for 2

hours with occasional agitation, dried at 125 C for
yﬁg@&wﬂpurs and then cal cined at 480 C for Bchgsbsdaea2224
e resulting 20 catal yst contai ned, per gram of

totat mhmber ofPof in tiznpore iz distritiution aif m@nalzbgwmnscatﬂyst had 2 pore

th | b t. Th
S SEHI S A Pe s POEAAEHED porc s ze
di st ry Eké%l@”d&ﬁoﬂsﬁﬁ?&'tﬂé‘?ﬁgﬁﬁ ti6h 8% CBlurtt 6 %ﬁ%léatalyst having a

Thi s exanpl € denonstrates reparation of a Col
;@remzadlsﬁﬂmmn@othme&ian pelteailamd:eaoilattleash2'3(hé a por e
i ze ld| Stri butl on w ) 1t

LXpIIp ‘,gf,'. Wi LY anadil L Atalvss 1
ﬁ&ﬁ%ﬁ&&ﬁ%@& Ma/cﬁaﬁ Poé‘e DMtaf of A@Ue@it mtm "ﬁhe
cemrarty posrtiioned thernowelI_was equipped with

mhblybdemon piredivn catelysiuvas preparpbindhe fellowing sugngy I hg alumina

SReSL ety e EaC iR A R 81 TR Mbrodrle iy o
ﬁlbl%’bﬂéiﬁx&if%na‘d&tﬁl‘ﬂ ifipleghatiohsoRfidn ?‘vl‘épa%alrhscfalimg eA st solution was
grid, Stanford terials; o) VIeJO

tade oeommbinisedel gramsiof @YHdaMgaRa el 76S of Py 036 grams of 30%
bt RAC RS F1 4 PSS of B pBARERISn O HEAL A 3.28 grams of

cﬁ:%tﬁicd/\%tﬂfﬁ% forh @@Iur@f "ﬂie' ﬂlﬁ@ﬁwﬁﬁh@te&tokﬁsf‘tﬂ mtﬂldmsolngon of the
the mxture into the contacting zone portlons of the

sotids.t The héited OIRBOSVEEHRED t@@@ﬂ@m 224 The

crude, feed flow to the

react%rs’e‘l?cﬁ‘dtSﬂﬁ“’ﬁ?&t"fﬁ'@ﬁ?%:#e hé’g{rbeac of 70%%?%%’@?3% bi H{]@O grams of
YRS PSS WhteP TEEE Bist §dietidindddastsdd sohaionesert oombmed and sufficient

as a bottomsgg ort, Abottomcata st/silicon 1d th
drionizetbwatex Was cf 420 bring thecombing (w SIP 142 fhte yield the

3| i uég%%%c/igﬁnaﬁglfegﬁéﬂo% s%g&foﬁmmg @ik Ms hﬁﬁﬁgné'f&!?mth the

pore lze distribution wth a
ﬁ@@men@malaﬂmﬁ&:hpfegnﬁuomomnm agedffar %@ms witheocragional agitation,

nunber of ores in the pore size havi
@epkﬁtdza r’@rtgt saveral howrs, and thpqualqlﬂgij E} )%6?210111’8 ‘The resulting

e e ’i“’@é@“ﬁ?ﬁ‘ﬂmﬁs of
ﬁ@g%ﬁb!ﬁlm with thetBaganbe bang suprertn gr lmrmallybdnrmm/wpgmm catalyst had a

| e catal yst/silicaope carbhide (56 cm was
parssize st WWW%P‘G@W@POE 18’6’9{369?3@(51?‘acti ng zone to

f
orm z'hf},‘ Qllns & R 3{&% it oné%@maﬂﬁﬁ o &Hhem# 8tnadtMsind Ratblumn 5

a por Si ze a nedi an pore dianeter

fietad SatAlysvhavingbpoiesint dismibutionatithaimisdian gore dameisr pf]at least 230
he pore size distribution having a pore diameter
tthin 24 A of the nedian pore dianeter. The mddle

Eg&&@&% léﬂﬂfﬁi peAl Culé F?é@vﬁﬂpﬁ‘hi’ée‘?@ﬂal]ﬁm A 1bll8 reddor with a

B e bal ance
beainatly positibned thermsaypgibwas equippadivith bamedopsples i meRsE

o T k25 8 RRRAATERA T by e e oo
E&%&? heGRLA (?ogetn DRAGN3AnRL WRIISIfARe redbtdF With u,magmsvanﬂ rsumon carbide
|

nedl an pore

ter of 192 A and cont ai ned mas
(#0- gﬂllhl%!hd'erdlMBwaalsgAhm Vieje,43A)- ySich silicen CM’Q@%&P%%’S to have
o%{f,n? alP r’ Ic&%fyhc%rope%?e@”u%d% 1O pro%ess conditions described herein. All

catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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support. 20 Silicon carbide was positioned on top of
the top contacting zone to fill dead space and to

SPbMBosAmsAoPr eheat zone. The catal yst bed was | gadagk2004/042224
into a Lindberg furnace that included five heating

zones CThy @adefedd flow 1o théeapioevas frorpthe topt tithe ogactor to the botiom of
m ddl e, and _bottom and the bottom

. . contact| ng,zones,
S UBpBeCor TREICER CAIPYAR WA RILIOTES 1 e BOYIcH LICHFRRIPHG Sarve os 2
82?0&5)3#‘1;5&15%%ﬁu DEudfon? cﬁﬂ??@%‘?&gﬂﬂde At (40 S pies ?%iﬁoned on top

en‘gas Into the contacting zones at a ra
of of th&silitdrecarbiide gafenusbotitnx tontactingrzoue | Thebgthdn catblyst had a pore

bedige GRIpHESN Vish e Rare AHARES: UL 72 o orilt b 4% offthe fogal mumber of
ici?;btr@scihitﬁ]@pﬁg I@%%at g%ic% 9B b dAtki& WitdiR 20 oPthemedian pore

our and or "2 'hours. After hol ding at
2 Odiarfietet. HEhecbottome tatalyst conteined (095 grams @f swdybdenum and 0.025 grams of

STt Sl e i
at 316 %@epeacataiy%%ﬂicaﬁhe&:mshﬁmm 6lcyn®s ia§ pesitiéhed on top of the

370 C ( over 1 hour and held at 370 C for two
hobottom dintactingzant tofgrme ameiddlgenostacting zoned Ths reiddle catalyst had a pore

anpi ent_t enper re...Crude fromt IS H j
RSB o BLE B LR P ST ot mamber o
OVisdpesin the %&@E%ﬂﬂﬁéﬂiﬁuﬂﬁn 13irfg d 7128 diameterwiiliin 24 Aofiths median pore
to formthe crude feed hav!.ng the 68 WD 2005/066310

PGYAnSRO 0Thonddkie catplysinontainee 0:Qerarms 28 aicksl angdf).@8 grams of

FIG, {.. The crude fee S,.; :

- omobbperi e fp g SFEAE il SRR AP Rl support

zone, t ARof SIS NERABIdImbEire (4Dahdoviswsitoaeden top of the
bottom contacting zone, and bottom support of gﬂp? p »

r emiddbe comtanting zoaktof foEm ataR QOIEW&ZP@g ﬁ‘? fppegialyshhad a pore size
the cat al in.

oy Wi e p R HERAE (1 2R ARPEMARK 004 grams of
hyﬂ;bgggénl\xlﬂng et @rainhof cataiyde Witeitie balan¢edeaing prithelyraganuos alumina

was m8 (2000 SCFB), LHSV was 1 h'', and
prewppoile was 6.9 MPa (1014.7 psi). The three

cont act éﬁgmg ?B@%"%s}ﬁag?ﬁﬁh&ijoﬁ RpofthéGop €8Rtakling#she to fill dead space

mai nt ai ne 500 hours. Tenperatures of
t hend forsesve o atpaeteanzpnzo Ths catalyst badewas lnaded-iniorp Ligberg furnace that

Pg;ifnrc]:]tg,ygligg %gg p%%‘ﬁ%%u%ﬁ&%é%%%gg?@ nﬁlj%h?% |7zggeg 6]&927[%)9, lglddle, and bottom
gom%cﬁég%gings?%&h(g%%ﬁoﬁ)wp 1.1800 hours, and then 394

or 2400 hours. he total product (that is,
the cr ulibe patalysts weanstilfjded byintroderinge gessons poftuised 5 vol% hydrogen

Th t Ict i nt. d.| - | i .

ph §ggﬁ§ g@a?i{zcg%ﬁxqq\é\g%eg'ag éétS El;ljea(fﬂn&écgég 5?%‘“%%? 2 lrét? Efé .5 Liter of gaseous
t ol ktufd e Yehm¥EEn S Tastal @hly(Qliédiecaetidel &ap norhouhted as part of the
gas. Gas Input to tthe system was neasured by a mas

f | olumsrof catalyst). Tempewkires olfthe n@twm@wmw%ageﬁ%@ to 204 °C (400

by.,a wet . 15 test t 0 . o :
peri/diiFt 5%’9‘% adﬁz}}eﬁ%t?(}#o E(I}glf %?‘?ﬂlﬁgé %&g@t&h p 0% ot %18 gontacting
of ,GRENRAETHcFea8dd inbrRnhtalle 68 DEIRC{600TFS ar ettd 65510 I5EOJF) per hour.
are averages of the determ ned_ . wej ght percent gges of .
ﬁﬁ"ﬁr crementally raised to

Ta 917(? °é (70%f°F§ LGr 1"hour and held at 370 °C for two hours. The contacting zones were
allowed to cool to ambient temperature.

Crude from the Mars platform in the Gulf of Mexico was filiered, 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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As shown in Table 1, the crude product had, per gram
of crude product, a sulfur 20 content of 0.0075

woYoidSse3d [ €Si due content of 0.255 grans, an OpyQgEs2004/042224

content of 0.0007 grans. The crude product h

d

propatties smhnkfRedimiTable 1,HIGCE. Ibpwade derskwashedde ﬁledgp of e reactor.
d T, f. 0.09, .Th t al ' . i .

Thguads Jood HaictroHRb 84 b Fopd, o SefeoR 28 HBMe tBhtacting

' %@ﬁumcnﬂ:t@ny\m bitef tiresage Tiectrude feed was
zoﬁkp%%?ﬁ%ga%q BT;} ver sus rpgn length of the crude

cotitesied witheacinofthy cetelyistsiie theprgsepee 0@%@%&%@ Soniagiing e
t t th tal st I ' j
cob R G of b BB e LIS o ot
wals 328 NIH AR (2080 JCHB)SEHSVakvaONhOf andiidssurersasss.? MiRa (1014.7 psi).
a%"t ") for inprovement of the crude feed n the o
The shreacentmginganses wesdiertsado ST 16 (D0SE ) mamtpieg at 37 °C for
ts t t i —
e
in ﬁﬁgglléﬁvfng sk nb?.@?ﬁﬂmdﬂ & °F)efol smﬁmmm and tthen388°C (336°F) for 500
a maj or i of the run tine, e
howrsnthan BPOEC £5HO) i 150 hoiese BB 381 st 43, )3y 2400 hovs.
Fromy oYY | | bed. Th
et | g frafhonfBlaliss R RRCHEHc bid YRS cRREEID Lol bed. The
totaRstoaRt vas Gmtrafuced intola gay fiquidiphgse saparatost In thietgas-ligiid separator,
oo o oo e GGt (¥l to e sy
wﬁgéag%?% ’ 2 & dtow 3—5}#&%11%30}95 SISk B SV térh @dastrhenisured by a wet

con e crude feed wth one catal yst having. a
tegt Gicters IThe celidetproduct ivas peiledicallyraalyaed joudeteraing @ isighppercentage

of gompoml 71 B TR AU o TPl Lot E ler R of e Rfifned

i §‘§ﬁ' sohBRts ACridel frodict bRipettied @26 afmihimézed in Table 1
W‘%lg I%S%%gfggcfﬁg%res in theﬁiporebsi ze distribution 5
off il g a pore diameter within 45 A of the nedian pore

O o St T B prBEUAE AT, a il

QT BED 00T grafRas isRihe ¥nEnivell0ESS grameeanfexygen oerdent of 0.0007
product m xture stability was maintai

gramed T cvdld prasiigtleas amakio of M@%@antﬁmt/tv?gq&'%@ﬁkh*?&ﬁ‘{&ﬂ%%t of 1.9 and
 TERFEG0 Do fou BF bR acmedi Gl R Do U, CO T ot et

and TRelMEAr ik eadlyanivent detdrmimedijeneasuting 8 wWeightgbaxerage bed
o e, oo e e Ly o R ey e

a 5 . . . . VT Al .
e O B B e s
d@RRAED L WABIieeRksek o F1G Hiisrgriphical nepressntabnp 0§ WABT versus time
(“g’% r%tgrg%rg?qngé'g Sﬁéletcg@gatleéf {%tﬁg l{}ét&%@%&gpﬁ%ﬁ%&b@h Iﬁﬁg example.
P%}Eié? féggc%exltnﬁ ﬂg‘i&é}éﬁgﬁ%g R)g%%f thOHARY S ntdeeing aoResagrsus hours of run

Each catal yst was m xed with
tiaR fBfttakacting urradedtedswith thertop.amididie andrbettasn cefalysiée Pver a

flow tg the reactor fromthe top of
meiratsof s fimes 6 W AL ¢ be s nf2e R gt pRFd gﬁprbﬁmf“ely
20 Bemﬂ&hﬁmefaﬁvkg&tdb!b WhenT at Waybagibiemnstimats thitthecatalytic
carbide was positioned at the bottom of the reactor H)
aSt@vityeofake eutdlpst thadmetipgeoraffected H Sypigatly, a pilot unit run ime o 000-3500

hours correlates to 1 year of commercial operation.
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20 catalyst/silicon carbide mxture (80 cnB) was
positioned on top of the silicon carbide to forma

%5@%@@% acting zone. The bottom catal yst hadpaThRb®4/042224
size distribution with a nedian pore dianeter of 127

A, Wit ITHEexbMpd$ dérhénstrates thad uoiactipcthe srude féddewitlo oge catalyst having
size distribution having a pore diameter wthi 3(?{ A .
o ponesizedisaibubion witly an porgrfiarpeler ofat leagt hﬁ%gtan additional

0o e e T 0 P B8 v
b@MBOSALAPIG &t ledst 50% afahatoyaltnumibet ofpreciarthé peremizetdistabution

(80 cnB) was, positioned_ gn p of the ottom |,
c bavineainete digmeter svithin 49 3%&1 tﬁ%ﬁ’eé’éﬁtpﬁﬁet AgetepyEth gntrolled

ST SR B0 8 e
Nundagired by Peedtes chnletfiel/ ool praduzemiitetersidbility ovas hzaintamed. The
CicRietRsoduct Bl oot ANy EIp RN i CHsahPalied Sfitur content, and

n ir?cﬁ%led ?E%g'c%ﬁteﬂf ﬁgﬁilvg fro TR orRsleREM wiRR th8faMue content and the VGO
cafalyst,”w th the ba

ance being alumna. Silicon
c avhieteofiths cmds ptddooieeas?0%t-bl% bf these pioperties ofithesridefeed.
zone tao fil d . a.prehes

. S St S LS A 2S '-‘3;'::‘ AnaLaay
f g5iS@Mationalith ANEdiaH Fopb Did@eicr M8 a Between 90-180 A. The reactor
cOrrespondrng to the preneat ZonNe, e [WO contacting .

z apparatua fekcepifob e trumben prbeantert of vultagpg/zo8e3.1@talyst sulfiding

- TR TR ———

t Rert B2 @elal Gedcpided & Engﬁ?e G Wieh taalsfwayaitket kvithighequal volume

the preheat zone, top contacting zone, bottom
cofsdicon ngbidsne, and bott om-support of -the reactor.

The crude f ' f

Tne 8 ook A SRRk i BB o irgetor ot otomof
CqR¢ AGtNITEORALtbt @as filled froasbdtiohl vep i tht ifallofing manner. Silicon
hydr ogen gas to the crude feed provided to the bo

r sathiés wazRosittmedgihadofiomoy threastor jo.187ve a5 bptigmysupport. A bottom
an [f3i i ilicon carbide to
BRI S te a9 s i Fepiescon cri
NEfbith @ibofiemalontafly £ores TheMpitbmrcalist hadia pore size distribution with a

| RGBT G G127 O i A BV RBCERAER  he pore size

27046 i1 {
e e

34atalyst fisbaded . flqrar@ 0f molybelefiwon and R framsipf nickad per gram of

1173 hour.,s. ,The, total. product exited the reactor and
webetadysh Ay @abg@ng%@%}lgﬁ,woﬁn Exanpl e 5. The crude

producty l&aﬁca@ﬂ%@ﬁﬁfcaﬂ@c&me%ixﬁné@m@) Was pusitiogsl difop of the

gravity of 12. uring processing. The crude product )
hmbttopecontpeting eénecofoen preddp contagingzege.g¥ berippeatalyst had a pore size

sul.fur,.15 0. 0034.qgrans .of ox 0.4 o f

o itegbuar it iRl aBmeRERT0 4, itk eotoB R uittgifibmber of
t NRyr&d iH 98 pUre dig6 Hishitutioh Hatihglahold Bammeftr wWithfd 20 A%f the median pore
This exanpl e denonstrates that contacting the crud

e
f atiaefer. HThetop cateliistinekided 0108 gramopicnighe} and 0.12 grams of molybdenum

paheta stesta o s TEpRE Lo BN ileph Paide ositioned on
I agp 6£the TAM contatfiteaR tifil\dae spa8tatdto seividasa prehieat eone. The

oxygen : .
c);galyst 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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20 content, relative to the properties of the crude
feed, while residue content and VGO content of the

W Y8 0bfggluct were 99% and 100% of the respect pgenus2004/042224
proper?ﬂ{es of the crude feed. Exanple 7. Contact of a

Cr ude BSet drudé (Vieiwoelapheavingsthe profeetiessauturizes pulahla s, FIG. 9, was
G5 b s G0 550 2R RS b8 e o

961&{9&1:1% %ﬂH,%tlﬁH?&dﬁ?ﬂcﬁn% g@ﬁh aAd Bbirsth lsﬁlbﬁofrﬂ ¢Hhe rdiEl‘bP.O‘Ii"l&e crude

were the sanme as described 'in Exanple 6. A crude fee
- w8 contacte)l withvéach of the catabysty inithe preseneaof hpdrogen gas. The

Tabl e, 3, FLG 10 fed to the top of the react .
iRk sontiGions P BToueTS b b diEnales 1 fie'sRRf! 8K provided to
BRTEAGL] WEb 240 m*RSL(1 000 SOFBRIIHSN wheNeh”’, antipegivk@Was 6.9 MPa
support of the reactor. The 30 contacti ng condi ti ons

(@114, Tpsi). STHedwe: contapting zsfnehyusrekeda 60 SCr(ER0 ) qad maintained at

SRR A o TR Bl Bl BB BB Rhes were then

{nkPskded artbindintalid] ih e follovand seqBe@nZR Y& (5251 pfoed 90 hours, then
increnentally to 343 C (650 @) A _total run tine was
289 7C 123+ F) 2 Wibopoo 810848 £6 (608 TR)So0d) bty znd thegedd3 °C (650

TOUPELES S b 00 el PR BEFLTINNS. oo sat g e
cr ude Thg @stalgirodad editddl the pgaKtop bind alas beparatéd a dusenilidd in Example 5.
sodi um O. wt ppm of zinc, and_3 wt@gpm of Rggassi u

6 .
The coraaeodych g syaEgeJAN of Aiesnd apgigasy a@w@mﬁ during

A B 4o AR O 55 g it
DI00D gfacmsofufeykls 4] iras OFMEO,and 01378 geainsof e, Addiiondl
FI G 10. T I
it b B o dpmpghits ey Contacting
por e elihéseexq}n?ﬁer élé?ﬁﬂﬂsgé‘[%s {Hat @orft?c@hglg thd cr98e 2@ whth the catalysts having -

produced a crude product that a reduced TAN, a '
pertusizdlistobalionsavit amediso giotmdiamietes in arrigp betwssn 9180 A produced

cont ent il,e. 10, sul fur ent. VGO. te
A ot o o § e, FRR & aptE R ot Bl rocuced oxvgen
?&ﬁe&@%%tﬁfe th AR A &3 bftBe BAUAP Eodd] Rhilotesidue cortetitand VGO
eed. Exanples 8-11. Contact of a Crude Feed Wth Four
CantehtyfithSyrude produeidvese 99%eandol99%cpkihs sespegjive properties of the crude
Eo ditions. Each reactor apparatus (except for the

er and content of contacting zones), each

tRbilpey. Cohtddions Craide Fled Bvith Twad Ghtabystd Ulle reactor apparatus
Separ at1 on , and each crude product an [

frxcept foe number aér{lgtcag@etv efirontapingzenep). eatalysts; the ol product separation
catal ysts.we ' . Wi il i ; i - .
Gl s ULl SRR, Bt e dsrivod

lﬂ{]Eg@ﬁﬂﬁtdjerwi se indicated. The crude feed fl ow

t hrough each reactor was fromthe top of the rea

Lo ¢ heh Boge SdBCr Hucrpaahesing ths PIopeRce SWBERZAa 120le 3, FIC. 10,
iel § I t t

S 0158l 4 Rl I 0SSR ggRatine op

eonthaitd MgeZtnachtacting pong ahd boitery seppuet ofAh¢ mactoheThe

catal yst/si|jcone carpjde m xtufes .
contact){ng conditions were as fghows: 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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were placed in the contacting zones of each reactor,
sillcone carbi de was positioned on top of the top

E@%wg zone to fill dead space and to serpeTaS26004/042224
pre eat zone in each reactor. Each reactor was | oaded

I nt OTl&e druwlpe;ﬂgctfhad raasempaTANef i tédnd aruavehth.ngTawty of 16.2
zones corres nd| to t r at z
duEingPER4ESHEE 7 kgt g B 385{“ 5 "iBm of sodium, 0.6

I | .
W@Wﬁ?ﬁgs, fﬁl g&’tﬁﬁg grf S“SS‘%BX%’[E‘?S’WF*’M had, per gram of crude
prpdadt 0,003 prems ol el 0.002 gmmsﬁthmaerz 696 emaes @6\@@ and 0,401

gr%%gly ded per @tagi 1‘3 8?01{.#‘ ngpg?fgl gﬂ%g%tegrlgn,gblehnFIG

Oohosphorus wi th the bal ance being al um na support A
nol ybdenum cat al yst/silicon carbide mxture (1
Wi t hT]Iuh examplaldgsonsteatésithatconoting pithsicrudefped W}tb@hq sslgcted

di t f
B 0 S BTEH S 0, 8 O 0
hafd 4 RHELedCPANER fedatedtofit calERIE sédium]RingPatRipotassiin @mﬁ&n’c while

of catalyst, wth the bal ance bei ng support  that
sulfiuc Content, ¥GQ centent, Q1dTsigRapaRtaTt of Shereatidn RrRAYEL W Wees 76%, 94%,

t ol CT/ US2004/ 042224
a‘%nﬁ%%%ﬁ’g p%%gcghveﬂg%v% n(e}‘z‘{l?m%g%?era um cobal t
ESdhpley SLIRI (r:maat o5 Oirilde Fiod With et Cﬁﬁlzst\ﬁgstems and At
pOSI I one Ot contacti ng zone
Yarig acting Gondivionsy. Jinoh reactos aPRATYY Tonoer e the gupper and
f
Qe of gentd “%-}% T RS ATRE InchftieR bdch (B pidd separation

methdB O4rid ea5h&1ﬂalpy@ﬂﬁﬂmm witrgshd sinte asaiesmrd)eﬂllm Example 5. All
mxture (12 cm, was positioped i,n the.to

catglirals WerRmins BRI CATRIAS & 2 M%EWH@“%&%P Nifiq [ @fbide to 1
p%?at%lg&tﬁésk g ef@ﬁ@ iftficatda* AR @udd febd ﬂE%ﬁtfmiugh &6bh relidor was

enum ca t as described in the top contactin %
frafrthe ep ofﬁharqabmr & thadottomed the reacter. | $ibieon eashide geas gagitioned at

m%%%&%\%eegcﬁ%&gg tqkj%%\?ﬂ sgslo ; %tﬁlbg%agh ?ﬁfﬁ pe%&to% Baffbottom
c&ﬁé&in%%ﬁé b.ﬁd & o?l?e{cﬁhg SorE, XA fiirehe éa-‘tﬁyﬂ!‘s’lhoms carbide mixtures

bot tom cont acti ng_zone.
mﬂhmdnn dihe wmlt@chdg momasrof ¢hahl reacien |sgl§fm¢ Wéblée &ps pggtioned on top

g‘{hg mﬁ%é)fﬁ?ncﬁ?ﬁt@.ﬁéfs)}lé M? ae S%gﬁise q?ﬁg tgglﬁ‘/ﬁ ('.E)%hgglozo%ﬂheach reactor.

Eaai?regétbﬁ%ﬂ&aawm@h Mdﬁarglﬁn&ld@ﬂmmclﬁem‘ﬁd)mﬁﬂemng‘aones
catal yst/silicon carbide mxture (12 cm

caoasponding to tha'prehsat zome, the five é@litﬁ‘&mgcﬂ‘?@e& ﬁm@aﬁ?&wsﬂ’eﬁ?aﬁ? t.

t t h f
e
(tf@éﬁi)q’)as\ﬁ@ﬁltibhéd Rrihe bottdie Boftectiredzons. The cadlyshincluded, per gram of
tenpérature of 93 C (200 F) for 12§ E 821form £
cethly s D06 srermsiof melybsaniw 044 grams pipickg, pkd 021 et o
PRLSRGL eﬁhﬁ&e%caﬁgmg@mmpﬂpoﬁ G 11 The crude

A molybdenum catalyst/silicon carbide mixture (12 cm?) with the catalyst having a

‘ll'"‘_ll

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.

72



10

15

20

25

30

fed to the top of the reactor in these exanples. The
crude feed flowed through the preheat zone, top

w6 sAE4he9 zone, bottom contacting zone, and lpetrtusneod/e42224
support of the reactor. The crude feed was contacted

Wi t h In@xampie 9,0 uhatleingd trolydetire/cpobalt eatalystdilidoncratdgdsmixture
as. .25 Contacting.conditions for ea exanpl e, we S
(#8 Fiodmas posiaseRin ﬁg?gaogb@?%g Zonesy Jde unpitged mﬁﬁ&%nwnfcobah

¢ s?ﬁfclﬂ?lgcf'l 151913 0 0m NTBMBR LALRAD @@%?Tg%@ cbIet, IEu;H 8021 grams of

pressure of eac systemwas 6.9 MPa 14. 7 ps
phophoresswith thelbalande being afumend support200 hour s of

o RSB o e Spptist
@gﬁ%@% 188 Zl&? ‘?ﬁowg%&uﬁﬂc%taﬂ:ys& G2l tHe) sahf as 3R the 18 kOnt@éting zone of

I ng. ter O hours, 30 the tenperatures in
Bampdodit acti ng zones were controlled as follows: the

oS a4 0 o AR HR R 5 358 s sone of
Béfie % 69 nfiked WithdilRbn 386ide sh@posifiOndiPinrthe béthicdR@cting zones (60
371°C (700 F), held at 371 C for 1000 hours; raised

aw).385 C (725 C), held at 385 C for 200 hours; then

i sed final 73 .0 I . . .
t erpandrarpiol | 3ogndatf Re Ren Rt fel (e ggAt iR gfse mixture
(89 ¢hd) whposhidneli #h tHeibtast doRicting PEne0fTH230Malbineds. The
crude products were periodically anal yzedﬂéo det eirm n
milybdemputy wighe! catalysk incluged i nee geant akcataliy, U2 gm0 reipdenum,

L, [ 3 : .
GO0 Fens of Bl pE DD @y o BINARE oABE Bilan 1R R yina
gngﬁqganp! es 8-11 are listed in Table 5 in FIG 11.
T he oh GRS IeBTRARIAYSEEHIcp B FEE TRATITT (st e Fpgifoned in'he top
. t if1 i f.
SRR bl B BT S i Baing o
Bxbnpld 84, and 146 represent the P-value of the crude '
t1 gep;&i{ég %@?@h@éﬁ%y@@%% gi%ffg{ M@ﬁtlgcg vgargqﬁ%refd? BnHehddinan .
6&%%‘?&&&19{&1:%;1@@ 932@@&3 OHY for 12129 HoukAof6rme thel diedecfend! for
product remalned of at least 1.5 for catalyst syste
Btaniplend] & hating the propd&xianpinemarizedtind ableia Fifa. aThasas feed was
5 f t of th tine, th

0 PR i1 i, e S B By e pren
fc{n@f@og/s *&gntﬁct‘ﬁ?é e ObotioRe cortading BoRE] uad bbRemeapport of the reactor. The
it ma

e inferred that the crude 15 feed in each
tmilafeed srancontdeted withi eagh of the samlysigin thepressneaet hydyogen gas.

for example, the crude f [ . .
et popriiepoF 301 Pl Here(ps Sy HARS DERGBAEA! s to orude
feMBhAGcom ARk iwe! 160 M PinA (1000 SORR), sidithe tatalpressure of each
portions of each trial, except in Exanple 1%" IB \ﬁ,hl ch
syistenPwenb. 0MPa Ll 4Tansl). MRSV was 24 Iy @uramwthe st 200 hours of
represent atj on of [ - fae
(SHESBETRASGREREED Y R0 Sy BB e Frpores
Fyatl @ifactifle koiees e BAT T (50117 fop §60 hgws of Bbreactingd G\fter 500 hours,

150 152, 154 represent net hydrogen uptake obtai ned b .
the teraparatieestin all cpuiaetinecoyes, Ve contelbecas Toleve %WB’P"%“" in the

%ﬁ%@g@ 6§1§e§%§gﬂi§&1 18 554 o (EFPES el PhiYs 54 MEL P YOU RARE 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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crude feed over a run tinme period of 2300 hours was in
a range between 7-48 NnB/n8 (43.8-300 SCFB). As shown

Wﬁzﬁé%dﬁ, t he net hydrogen uptake of the crudgieedosnsz224
was

rel atively constant during each trial. FIG 14

| RnfbefHndR Rif 899 °C €TI0 aba hekdrat 399 P@ fordR0€ hoary, orta total contacting
expressed in wei ght percentage, of crude product
(timepf239Gbers.un tine ("t") for each of the catal yst

syst eng, of _.Exanpl - 11 4 heesdrithe TANE L tak
the cruhe® PSBW@"ﬁi”ﬁ%f’é"é%dﬁgug ‘cglﬁgéedrl%o of 88 SO%’ o?drogen uptake
t B tHeashdbURed; P4, WEOdaatent, wekidieaedteniland oxded, cobfBt. Average
160, 162 represent residue 30 content, th

rude . )
pvaluescor prepartice f thy creda predustgpronuced ip kxamples 85 } #reisted in Table 5

cmqysli systens of Exanples 8-11, respectively. As
S ‘I'n" FI G 14, the residue content of the crude

pr oducFIG. eIk ﬁ@iap‘t@éﬂit‘éfpnﬁemaﬁmn of Buvalud wf thegerude product (“P”) versus
significant portions of each tria

grudime 61ty fepeach ol the satal Y SYRAES BtE?“?%ﬁE’T &'34 ia\slqh? fan‘e feed had a P-
g gﬁué rgg%qggi ?glu Gr'tlotf ?40,’34&%@, ah@ ﬁgl'fi' &g{f@nﬁﬂl@—\(ﬂﬁé' of the crude

heé “cat al y'st "systens npl es 8-11.
Phaidact obiailéd BOOGE!AGIE The &Gd¢ fesd 06t tha S satalsh systeses of Examples

LB f B o MR bhined oft e
CQis3y ?&gﬁ%&?@t@ﬁls QF Eﬁéﬁgl% 5] (B-Th Exah®RPES the/Bhvilue vas above 1.5 for

each o our trial each crude product had a
VirRsDef thy rimtimer An g dndmfitiEems(2300mesy) forkeanple 11, the P-value was

gravity f _each’ de products..inc e :

2 distaBe PSe qhabe BEROARH ot BETERACH At fdRd tha e oude
t i A lsthBR during wehtacti  @ageple, the crude fee
¢ focl $5n Gt egésh{.ayﬁég[mhg?%lg ity in this rgnt;geﬁ?s iy
130 rct piasef separatepPAS ghawp -m/F%?r- 12rthe Eryaes ¢tthe crudp grodpgt remaine

is.a.graphical .representation. , le 10, in which
SRR s oG SEREbepRis o IARRE ERiGRUn gl 10, n whic
(‘t2p haShisSasedn time ("t") for each of the catalyst -~
systens of Exanples 8-11. Plots 74, 176

7 2 ] 7 8 113 »
r epr es 6. bxisgegraphjeal sepressmiatia ok peicy _WGBPB%E%W crude feed ("He")

obt ai ned b t ' ; | . Plots 148,
3 Hin Be L BE el SR th Aebrbtehll bitgydrogen ges. Flots
Cr1S09501 E5iighrobes nertmalsyganpue obiainadhycsoniastes Esrede Tood it
| nelsot g AslaysbsysEmeRs ol A b stspadiye it %ﬁﬁ/ﬁg%gwp"akj bya
of ¢ i ' btvebh G48 Nm'/

0 lorie s YAl i eted 672300 Kot vadih SRAUALERCER A8 N/

r qhRBi00|SCRBIN K shbwafin FIG2TN) theonat bydogerovntakes ¢hige crude feed was

time. The relatively 15 .constant oxygen content of the
crf@éBVﬂYG%%@téE%&gﬁq%épéﬁ that selected organic

OXVQG”WFAQF ?W@%gm%al pleSSiaRA dussidi@ doint erprsdetig weight
Si nce was arso reduced in these exanples, |t ma%
bepetazhege,asf ciinketpradudt €857T) varsporuni tone 61" )t fhreachof Hheqatalyst systems of

containin rgani Xygen .c Qun : .
oty Pt o B RS BRTRRPER i RS idue copent ot
OaE B HRTEIN 1e of the ExalTbal. Plotsa56, 8¢ 16162 represent residue
conditions of: 371 C (700 F%), a pressure of 6.9 NP

Y K

(dhaaTofse pradamoduct aeised 5 Nywiseveie erudle fied Wit thegptalyst
160 N8B 1000 B '
VERTEBIOL B 351 T Fapodptvely, LR niR £, B4 WrelRE content of the

Cr 468 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 API”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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feed. At a tenperature of 399 C (750 F), at the sane
pressure and ratio of hydrogen to crude feed, the

w%ﬁﬁ%@&;gﬂ of crude feed MCR content was 25.4 ptRas2004/042224

ased on the weight 25 of the crude feed. In Exanple |
164, 166, 1682370 represonich Pl grmwity 6f the ziude prodBt phtaingd by contacting the

.,0f 6.9 1014 7 i d . at
cRea T ofle Sl Rt el 1B R ugbcp g e o
trfddd @%&H QUdOproaiistdRd a8 et oMRnCORNeO Frones8.3-72.F o8t.The API gravity
ased on the weight of the crude feed. At a

of mp@m}e{pﬁe%mS Boeaed(bysls m 4.1 segrers MCM%%W
offsaendie B EeiboriRe St Bro R in h g BB 2L 9ds, APt

gllvity i i FH8eis 1Bedt 1 79hb5the DT ge@at) dfebticiefeedn crude
feed MCR content denonstrates that the uncal cined .
Col uliS. ¥ isadzraphicat represeatation pEexyagaicpnienk §§PYR‘R§R3 in weight

cont ent duct i on Wa]at )
pfieiRes A Becanrtoliot o oh'S Versb SR Ut (30! SR of I catalys
syaaRd OOGHEHI BT USPRA 1412241 76] 1S epeesemtixggen content of the crude -
denonstrate that contact of a _crude feed w

{ th a
prastugt obaingd by gentaciig theasrude fepdgyi atglyst systems of Examples 8-11,

t al { ' 0
ST BT L Sy Rt ot o s
Eﬁ&]?bﬂ;?ﬂé bbé)d?@ﬂ%&&;jﬁlrb)dygér&bdmﬁﬁﬁ? s naigk fmém 0.084H08§ah grams per gram
upt ake. Sel ected cru roduct | rties were at nm
of cmilo pradvet GHing f‘_BCIbFI@EeB‘tSiSE%W%FP FiE Tey E’G@W%“é’u‘?"_"\%ﬁﬂ‘ BEthe crude
P e_u%%d&%ﬁggﬁ%‘oﬂ&mﬁ BReCIMARUPS OidntaciBE fﬁnig e Relatively

properties of the crude feed. .
cShaeit bikggdn ontems ofsthe wruderprddist demonsiuatels thet selpeted prgagic oxygen -

products was progduced wth net h en t

compodyces Teauted fgm&tth%%f{t@ﬁ‘gr\ﬁﬁ?cﬁéd@g‘é“§%§é§&§§¥‘hms‘* '
e ; i ORp6itioatof MRS & cbireining organic

SRSl e SOl e

oxpgdn dinpinads arkeedused selpitivelycayst thetnoarearhpxylie GopainggLraanic

while mai ntaining a P-value for the crude feed of,
OXHBRACORPOPRES gy er age resi due content of each crude

pr odyg e uRs1e8R, 0%uctitn doRditios bfl 391 COrTeMEF)oa prdsaure of 6.9 MPa
crude feed. Thé average VGO content of eagh, %e h

(b0 BTpsi), and s raticofiyAsegen te Redodesdaiiopm g’ { HDOSCRRD the

f T Pl ' f
R e

ok | &455 %ﬁlﬁféfa%ﬁe 2899 of _(75!5°E?aa3t2he:sambgprp¥sumdm1d U 1) olﬁhydrogeﬂ to
nost o of the viscosity of the crude fee a e .
cradeifised, dasneduetionfofcander fapfbMER: conjpativas &3 v iyay S‘i‘i@%ﬁ’gwelgh‘
0g.fﬂlfore S%Zﬁ Distribution Wth a Medi an Pore Di aneter

%ruieé &t 180 A Wth Mnimal .:, Hydr ogen

Cons URTExagiple 9,2t Faatimt emditichs bf:, 37dLE€N(708 §E), erpressure of 6.9 MPa
(28 ar at usaﬁfexcept for nunber

“aowi i 2GRA pf LcegPnda emdp dpecs i AP T Bl 099 SCOFB), the
rgﬁ\g(glah ok %d? %%LMERZ&H&EE ¥Rt 7 SR AR ittle %@%’i of th@rude

Ct anal'ySis were the sane as described in E anﬁle
Bed. At a teaiRatateT B89 ECIV 5B )attthe samepressure/asidumiio of hydrogen to

S SO0 Lo, e G HIP LGRS LN 8 SOE LSRG AL weightof
th@@ﬁ{d%eed,Si i con carbi de .

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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was positioned at the bottom of each reactor to serve
as a bottom support. Each reactor contained one

GO LaREIdseHozONe. After the catal yst/silicone carpeigszo04/042224
m xtures were placed in 25 the contacting zone of each

r eact or Thesk kxanples danﬁnsttfate}nihst qon?ct mﬁm&rddegwﬂ ofithod refdiively high
contactin ne to | ea space n to serve .
as %N T éAbat 0. ﬁg ORe SEMATe eatalysls pradyees tﬁ? ede @FO‘{HSQ while
| %ﬁ?l %ﬁleacrﬁdmgg/ﬁﬂal J%Jlfb? ﬁn*ﬁ]ﬁe‘ sthtifi ﬁ%lﬁhfe?’a‘?lvelg small net
I'ng z

hea nes correspon e preheat zone
c drydasgenngiaken Seleahed ctude plnmducbpnoganme mtere dthreost r‘?(]‘ﬁeof the same

Lﬁ:gg%qm;gés g%&%ts ced, bﬂ éacq%? gﬁ&e %&eyst roduct were within 20-
Cafohh B it ko ser%aewaéeeealtloned on top of the

['1con to formthe contacting zone. For
Exarrpl eSprJ,ﬁcaHg, asahowy s1 Takle 41 ¢teshwi thediruds products wes presiuced with a

R e e TS P R B R Sk s

Fq{ad@ﬁ%%fn?e TAN bP& héd 2y sitth¥efude F&d, and an average total NIN content of
nol ybdenunTvanadi um cat al yst as prepared i n Exanpl e

7eatwn§)st2®t%/ai61&3mcal POV ustanef thexzade femﬂ»evlvtﬁma@tamgg a P-value for
2-14

d 0,
C BR otia8 e oo pUES TR ek e o et B gilirydiirbGpot wes 88-90%
V\’Bcﬁ'tﬁ@&sﬁiﬁ@ /cﬂﬁeﬁt]&(iﬂe SuliBleed Wa\fﬁﬁ% VO coradift of each crude product

pressure was 6.9 MPa (1014.7 SI) e cont acti

20w et 7% ebibedl Gwaivahetiht grile foeda 3 he AveGe AP gpsity of each
dof t .
£ oA ptoe s Ao Bt APTEHRY of it Cpd Plecd ShiNME Siscosity of

exdabg enid Hreduet wed hitfost d5%sofahel visersity 2 i atideifead. .
descrl bed |2n Exanpl ef5 Net Ipydrogen upt akeHdu,rl o_

! ) %thg e(m‘ﬁl géeﬁld'h% : Kﬁf s'ts;t ’iﬁ‘ﬁ’hmmal
| rirdeugeh djoh_iggpﬁonh)m Eﬂg&plesrmﬁdﬂeeamhseacmrappm’gle (écepifor number

18..7 SCFB dth
- rf’é’élf@fﬁeﬁ‘é\@ffl\l enmné FoS) GaLoata g bl weofh P ot roduct
14ﬂeg%§ﬁbﬁ‘ Hteh&gcrﬁﬁe fuﬂ%ﬁu&raﬂgl@_‘ysig R Welshmehe descnbed in Example

enu vana lum catalyst, nef hydrogen uptake
i n5.aAH a:a’@@sfsrmm nfixebwitheh egual yobne qxfrmum O@rlndea 6The crude feed flow

ictggﬁ%}gr ePFTBFnWGS 5)0{31 @e gqpr (gfﬁ{‘l% }r:f:glgtr%gfo %%Pg q’ltj%i react ot Silicon carbide

A’s?osﬂwn'e@ dt e BbASH oTdach deatBStoteive B aaditbmaduppdrd, Each reactor
hyd en was generated at the rate of 10.7 NrrB/rrB (65

SGféB)almdr omg:ou@ntm zaneg Adter theccatalysigilicone eprhidg mixtres were placed in

c 3ﬁ$ glﬁfé ?ﬂﬁ'lag;?fa %\Rteaﬁgeé‘gagcrt%;%} g%rg:f ca[:%g%ggg E%sgﬁj&ﬂeﬁ?)ﬁ top of the top

Pr @mBRfing 061 o\l ddadaPackiddé s@le by dlprbiedq zoseth ¢adh reactor. Each
conventional processes to inprove propertles of

a n;amsawasa@edbdcmmebmdwg frges thehimatuded Bireq hapting zones corresponding

01 AR R0 S R kS S0 s 03 ot s

c rddﬂ&cfﬁﬂﬁltﬂ\bdch dfitie mmﬂmrtwpmmmnymgai gt
produced a crude product with a TAI}I that was | ower

t han t hé cralystisilicprecasbida aipueridoicm ) Was pettoned om top gf the silicon
_ %} 139 %af‘ong%é/ 96:1'&51:‘1!& Cz@ﬁél P”cﬁ‘tExample 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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v avdeifend and sy nadiuen ratalysie Geapistion oFH iR %wgc% acting allows

Exanpl es 15-18. Contact of a Crude Feed Wth a
Vanadi um Cat al yst and an Additional Catalyst. Each

bec3fpar atus (except for nunber and cont enpchiusz004/042224
cont act| ng 25 zones), each catalyst sulfiding method,

each t @ha bomaaﬁigcﬁondﬁms ﬁirlExaansthM werd s dolows: watio of hydrogen
product anal re _the sane d s§r|
5t0 th Ppn@&{%m%p ﬂ%ﬂwﬁa&&?rw KONy e L0t S, THSY was 11,

LB 89 RO Pt o8B GBI el el
f t03 3t W ESO1TY evartagreriod of fumrantl neintained tit 34%°C Exrd20hours for a total

to f{he gg&iom of the reactor. Silicon carbide was
pBE PSR hoythe hott om of each reactor to 30 serve

as a behlpRoiieRekd éed FR ehnta OB RAned At WeR¥ehAled as descnbed in
contacting zone and a top contacting zone. After th
cExahplst. N ¢t|]:gdrugen aptakd dumgcmltmlngmas detenmiedifor ttaqb catalyst
cont act

oL | FS0E 0L \CaEh A 5L S SRV ALEAED) o
; gf&dugﬁﬁﬁ a ARG & ThEXRBHYE] fﬁﬁeﬂgﬁﬁ@@%ﬂi t@&rwasllﬁ a range from 2.2-

ch reactor. Each reactor was | oaded 1nto a
28.05MHEes (3. mzwmnmmmudqpmm hgd acrm&uea remr: from 0.3-0.5.

pﬁéﬁ’gag'gdlfd?fe “Tlhl}% IIH ﬁﬁlﬁ “:?Eg%wﬂb'ﬂ% rhglymgnum/vanadlum

b@éthl?@i‘ ﬁétﬂﬂ@fd en luptaﬁams fxXa Egﬁ&&m SNatimho0es Biysh® (-0.36

repared as described in and used wi th

t S@F d|4t0 SGEB),@ad alnwude EOdwtrl_aﬁénﬂi@T ima raggge from 0.2-0.5.

nas | poin el YRR B v s g PO, et fifhated tha

g@h whogalersed althstatbef 1037 Nag/mh@5ySCiEBLduringtoahtasting of the
prepared by the nethod described in

125 RO L s OB OBI G 9 08 By RepERlBS

© CoBivendidnal bfoopsses to immmrdve prophﬁebof dlsaﬂvannagatwmd@s szerequlrement

20

25

30

Wgérﬁp%;&@d%%%ia AhERE Bgp e EidA gt CHISEF s PolS B ApY e & cude.

3. The \map oﬁ%ﬁ%ﬁ‘tﬁ& £k FsR iR e yBdenui/ anedidm catalyst
cnB) was p05|t in the top contacting zone. In

Epsodntel 4 Frude proshici Wltb adIAN titah wps lover ithandhe TN e{ithe crude product

(30 ¢ 0S| t| the b m cont acti ng zone,
wpqul W’Sxa&ﬁ@ it &%"AMF“‘B&P fhe
MY RISAUE YR Shiatt ofld CrRASTYEE Wath QWﬁa&ﬁ‘ﬂn Oatalvst and an

nadl um catalyst/sil1con car Dbl

niAdditiens] Eatelypt. Kesh rwmrtapm alys (axcepicor @ganmpg centgnt of contacting
C%S%é? g@ﬁ:lb?ﬁal%\ﬁnﬁlkﬁ m@}hg " 3?!1 %3&1 &’E"‘?‘ﬁ‘% sé%[‘n%iﬁm method, and each

Pefide protiidt hﬁhlﬁi*ﬁwhex%@lﬂé SHitd dxQieE@itRd 1£3Eu§|1ﬁple$a nAlb Satalysts were mixed
Basin, Brazil) for Exanples 15-18 having

proteiliconsathideriarg volame zaio of 2pasissilion Plﬂl@delt\? 1 pest gagalyst unless
: ??p'ltgla\glﬁtg? catfigfr hﬁb & § 4 fkd AdRS0 gﬁéfidl%aclf‘t&e\%g ﬁ@M%toPtog rtnhe reactor to

one, op con Ing zone

C e iftol6F the Reactor Silltoh taisideupgqrositiohed higthe bewat of each reactor to
The crude feed was contacted wiith each of the

C SETHP 9% B SOTOMISHRPO3H: cBachaeackr hag g boBgmyFogiRstingBafeAdiaigp contacting
ﬁogl?éd d%ﬁa‘sthé RltaR RGN Wbt Wil BS whd! J18 in 1R dofitalfing 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 &
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gas to the crude feed provided to the reactor was 160

N8/ nB (1000 SCFB) for the first 86 25 hours and 80
woOHSsBs34H00 SCFB) for the remaining tine peri edrnisid042224

was 1 h'1l, and pressure was 6.9 MPa (1014.7 psi). The

[Gadbag firhacethaciachdedione heatthgizonesoverespdnding to thapithent zone, the

(650 F) ,over a per g of tinme and nmaintained at 343 C

W@rcoat%%me@fﬁmth% oMo FBRPOour s. These exanpl es

denoqﬁtegaggxgngﬁlg 1609 un?Eathygtr Wakpr] gﬁ-&’d W ddicAbdePinERample 2

5 netal a’Iyst aving a“"pore size distribution
atidtusecwith dhaadditboreal datakyst er of 350 A in conbi nation

i st PG bR sdamoaratatT sitn BuBRleinPRES s gl wes
ﬁofsg(rjﬁhgéﬁq 38®oflo 'c%nfa@ﬁn@ﬁ(ﬁﬁeﬁrﬁﬁ 116 acRiiHOHAT QARSI LCiBe

uces a cru e product wth &;opertles that are

mhlg'bgmhm adtmltyst\mepamed bbetlsamthqzd eribgdein Bxample de The vanadium

52}5%45%'8'%5 65& gﬁﬁg tl%g h% wag p?s!&l%}ma\ljg E@egt%%gﬁtactmg zone.
2005/ ﬁﬁé’s&k% 158 &H%&@Ri%%é t/%ﬂ’lcbﬂ BarbRITMINGGD €30 £8Y was

of the crude féed. Additiona during processing,
positimed & ghesbnabm contadhn@mneum Iﬂ@e asiditional eatalyst beingfhe

S o B SO, T o
%ﬁfsﬂfcﬁﬁ chrbidtanxead éﬂ@bmﬁm’mﬁioﬂﬁoﬁ&} ih7the Tpecontasting zone

products produced in | es _15-17 each_hadia tot di
Ni / VI me‘amnle At s@faddtummatﬂn%ﬂl@ﬁn%wgw ﬁ%nehwosmne in

d v f BurhSranadium
i 2o laR 0B Pbing Bihex WBf B oy RinaPly I ol bt Bl fubRanadt
édfly € /ay PR pRfeddH Gxampleot] UTledvanadifmecapdl pst/silfvon Tarbéidstmbdute (30 e %)
an API gravity of 100-103% of the APl gravity of the
Wﬂﬁm@itﬂ@@dmmﬂ@bﬁ‘?m&‘é’@gzpﬁ% crude product produced
under ; & { %ﬁ&ﬁﬁ Nel@%ﬁa U.S.A.) beads (30
produc 1%%2% 2¥ @g‘%sn‘::vrgg%s% Vi s‘lt):lgsmy and ) (
&ﬂbrmspﬁtﬂﬁiedgnam}tqonmhagm to the viscosity and

€|P chrg?mil | t(ﬁﬁ@Oﬁggq%gé%g% {&pﬁ%rpﬁ{;? lg%(a' ' cgﬁr%gerties summatized

£ RRGHET TRObAE fed flowed tirbugh the
ﬁﬁfédé%é?ét?é??a@&zii&ﬁfﬁ?% ed. Exanples 19. Contact of

prebeat dené%qﬂcmtta%gmns botisy. comaetingrangcandhptiops suppgrt of the

%ggtﬁbﬂ L e‘ﬂ% geea \éﬁé:?){lﬁva\.e {SS (‘ﬁlﬁf eﬁ%ﬁgf glgsca%jysgsr 1hk?§éj%1je§bnce of
h&&&?&h %nsfﬁ‘ma%tlﬁ béthﬂufﬁs f&ﬁeaeﬁ'&ﬁmﬁpl@h@@é amﬂ:llows ratio of hydrogen

cond

bas olte mdmgeé&év?@&a.tﬁéﬁa@& o S 000 g% o the first 86
/8
a5 S5 NI T e Sl Bl PO B s 1, and

Eres:(u?@ Qra§ 6.9 P2 (14l 0ps). Thertohtabiing tdneEmwh@téﬂgmcﬂehmntally to
duri ng contacti n was |ncreased 20 oy

343 1 (@50 Fo v aperiod ! fimerand maipinied ghadp o Tor thtal rwﬂgime of 1400
48 hours, and then the LHSV was i ncreased to 20.7 h"

HIHSHHI ntained at 20.7 h-' for 96 hours. In Exanple

19, t lrgerexdmphis demmohstriasthananyeos 4 orude feednvitlea Talymn 5 metal
viscosity, densjty, VG content, reS| du contﬁg:% Aj

hatelyptdiry s mnﬁgﬁmmabwoeoﬁﬂ%m ametsr ppg3g A in

combination with an additional catalyst having a pore size distribution with a median pore

diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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salts of organic acids during the tirre peri ods that
the LHSV was at 12 h" and at 20.7 h"'. 25 Average

Wﬁ%msﬁﬁr the properties of the crude productpTais004/042224
shown in Table 6, FIG 18. As shown in Table 6, FIG

16 $he daliRR B#Eilﬁe@éﬂﬂé' etudt FeedPddtichall9, athgaproesdsiagdrelatively small

TAN and reduced viscosity relative to the TAN and
lnrﬂmgan@p@@bbythﬁcmﬂ@fqum obgged-while the API

gr avi he cyude. t

0 214 DS PIOY L1 71 B 10 B O ot
590 bethe TAN Gﬁﬂﬁ:&@ﬁ@d feed &5 Bxaniphsst] SWElS Hie dradesspro@ués produced in
The sum of the 30 MCR content and_C5 asp

Bxhompiedt 1 5, cabchaa o Ny Y JCAmieTt RSt 0% 16 SRgen content of at
905604 aR0GisCRO R ARISTS, AR RD o solprBiles S8 crude feod.

Addiigndlgee ceatdl podudtprotibeedrin @xam@lesdﬁqlé"feach bad/BRAPI gravity of
content and the C5 asphaltene it may be inferred

10021035 phithe Al csavit ¢iche emdf rt]‘tegn'p onents that have a

t end f

oty B 4R ARt i i
f@’ﬁi‘d@%@@é pRAR2OWith hatressed visposity dindi decredsad APy gravity relative to the

T TR i —
Agggl‘é{rfg%gt z@ g&'f) ssikie t@fﬁfe?‘%t @bkihBandMt holymetiesicddf thé crude feed

anp es 6 and 19 denDnstrate t hat
waRlinitiatédag condi tions can be controlled such 5 that a

,,systems and

fhe < : Q)@er@ ﬂiéds%niéréa @es&r&ew Bx@nple |6&"I'lﬁf1mﬂﬁrﬂieseﬁ'thél'd:mde feeds
ability to selectivel change a pro erty of f
dre distedtin Tabjaiodn AdGr 18- %h%l tagding @P’Pdl %ﬂsg‘f’%fﬁtaé if°1 “a ratio of -

.40, h-1 all t 5 _
Pigastue 1S B ruf BRI leteais b 10 NEVLPITRD scra),
?ﬁé?du!r@%@ﬁ YOIPR D144 hﬂlcEirempEﬁﬂ&'b of tteecontayting kanes twae 371 °C

eat nent of 10 di sadvant aged cr w be perfor.nmed d

- GH0OSF pibo the total sun téme ExExampie 18, tgg fdurip cfcglta(cpgg was increase

I sh 1
S Eo0 BT 0 1 BSOS 3P 1B 6 e e

LRtk iRBreased6 20, T&HHaﬁdmamm:&ld}eﬂ; £8.71e for Phbowrse as
descri bed in Exanp

T d
pr opeln Example é?e‘&e icﬂld‘l’ 5P %y%%%aq%lgeg ‘i‘bd‘&LaV h ng ai @Ek?,tv&scosuy,
ggﬁn 0‘9 g co'hﬁ: g ?&ﬁ@éorﬂélt afbr 68058 ebRentMrid cdniint bVretals in metal

a ys WO contacting zones in the presence B
edlts of )bﬁga@gmﬂsahmmgdhm’ema pemwethprtb@thSV wad 1205 and at 20.7 b

contacti ng o es were o ate fer

Pdrisee yelue PREHES ti\ {sr?.ret ﬁngvpo% Table 6, FIG. 18.
cont aGkiAgyg ﬂ{‘“?a EeFR? I%Oihb%)"ﬁie ﬂr&‘&\ét YREx 16119 hadareduced
tenperature int cont act | zone was_ 260

C (50
AN and aaielduc&alfwbnpdrty) gﬂatmedo drey apg theswigeasity of ths crude feed while

kP R TR R M A e

ﬁ%ﬁgﬂﬁaﬁo PMERk LowiEnt th A5 MspRStehes dantent wWas@dedat LiSe ’IThB sum of the

ottom contacting zone was 315 C (600 F); a ratjo
MCRycdntegtsmdth asphaltgaes eostenhaves 16Bcodslatige to thoFumgighe MCR

%Qx%e t E%J aSp}\lN?’tenes o:onjc\é%'?l of tiig ial 8% Jerom 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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The total product exited the bottom contacting zone

and was introduced into the 25 gas-liquid phase

WG BRSAE e | N the gas-1iquid phase separator, tpEewS2004/042224
total product was separated into the crude product

pothsgam, sodiem ke ang caldlien of\@nest 60%Cdfthe total aoaieyr@tthe same
to determ ne TAN and C5 asphal tenes gontent Aver

wstala of thercradedensh o P TS CoRleRlaf dee GRARIBOANEHVAR Sg% of the sulfur
e listed in Table 7, FIG 19. The

%Hgglg?ftetg%c ggf%aTAN of 9.3 and a C5 asphaltenes

conte lExaxr%@zs@ and. 195dengmanste dfiat Contastpipadomditiens pax begccmnnolled such

of crude he crude prodquct ha ver age TAN, o

G0t SR o thg cori® Sofeatst e A oS Fragsed £ a process
pﬂ?lh f

%agﬂ&ga?p%? ?tene?h g‘%ﬁ%ﬁ? ﬁ{)F %E‘ﬁd%%rﬁidﬂéﬁgﬁ%ggﬁﬁkﬁ{% The ability to

atlecibatly dtifgeh ptopertgof asphilel feahadiquahbanty sphce veloatiesdgeater than
.80 WD 20051066310 ,PCT/ LUS2004/ 042224

ot logvcan Onghecig PGSR i e FEOBBRU YEROSH £ TP Uge size elativeto

REROMEEL

%
e

;nlisadmﬁagms:mc’@s totbsperfkitriedfat produdtivm sifes thabhave siize goastgaints (for
A P-v }Eg or, hi gher was mai ntai ned during
@B?ﬂ‘lﬁ ? ﬁm‘s %honstrated in Exanpl es 6 and 20,

i4niife 30 Coatact bf a iCtule ¥R8€ at VAPibuS Obhiddttingé M emperatures. The
f?ﬁ%furefﬁf 50 C Tower than the contactlng

tcontacting sylsEnmfantirﬂm @éaimﬁsi wprmth@ samge amdescribeshintExagple 6. The crude

nggqr%ﬁ&t“ e E’?Pé’% €5 Elél%s jafélg EF?{?.I%) @a&d@ﬁqy éettSB ©F the reactor

288 RehthaBe HithAns /M cadhlyith n thewale comecting/aid ixﬂhabi‘e,sence of
reduction of the content of netals in_netal salts of

L (hwgmgpn taprioducemeruda produeia ﬁl&)@dwgé;pmjc’ré%;qn@ﬁ Wst operated at different

@ure differentials. For exanple, reduction in.
pot assi um and sodi um content of the crude 1,
pr Oduﬁoﬂtddﬁﬁg Cadifibes idGhevap centaatimezbnervedrans fodlows: LAV was 1 h™;

{apeR iy PO BE RN S0 Coy R s AT PRy dposen to orude
‘}g&ﬁ& &Nﬁa%?’f @Sé’d serB); Al M fiGire rwastsw mt(@@ld 7 bM)

eac exanp as nedsur by P-val ue. Usi ng
| over (t@nmmgt:umhnozﬁs ia thé bettons omttamtmgmgnzm @I prwe's "LHSV was 1

e S S B SEL LY o P kb B bycogento
We@d wad S66' R’} IOUG‘S@FB)tﬁﬂ%&@ﬁret\@asf@ Mmcﬂmmv Psi).

or conpounds hav physi cal properties
sof t néle tamupmﬂusttemd ﬂeémﬁ@mont@@m Zenie @dnﬂgasanwd}wed into the

BTG RPGS SHPRURTS i TN B o par B dofak pipdyct wes
gé’raﬁﬁlx'ﬂo%& &ﬂ@e tictlan@ gadt Bhe/&rhife plodastatms periodically analyzed to

reasi ng the e of the cat al ysts operating at
rdegﬂmneTz&Nw@ﬂzﬁswswlhemﬁcoate@t .positioned after the

first contactin one.

Feed dntrragscalys q%é t gro?é%{% °?§%Rpg&ﬁ%?8&?l an furifg € run are

Qi%&eﬂi MAabRHFG. B9, CRieAdniad feell had'e TR bE ©. atahda Cs asphaltcnes content

(0.0001-5 grans or 0024grams of cata per

AR5 Scgramp ef €5 axpbaliensa pergrpm of gruge fﬁ&ﬂl@d‘lﬁéad an

Sa!vlérrargle WO{’ 5] 7%98 afi Véjrggé es gsphaltenes 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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25 and reacted under the foll ow ng conditions:

tenperature in a range from 85-425 C (185- 797 F),

,ﬁbgﬁ,@y(;ﬁgnon a range from0.5-10 MPa, and rati o mfT/us2004/042224
rogen source to crude feed of 16-1600 NnB/nB for a

per i oThetothl ovatenbE 1mta$umﬁ end sodium dmthei cowdet product gvas at most 53% of

Wieitel Gotrtos et pelaial g R o R DAREQS i g ppduct was

9?&18& 19%&9@5 qtmafﬂ:eraﬁi&tfuéd AUcialasofl. 5ok hiphePWad Mhintained
centrifuge. The crude product may 30 have a changed

Hmﬁhgwmnngl ckel , and/or vanadi um content and a

20U R RPN BB TP R B o P conaing

iiRhat 1950 venoweisthas R Ghatadfing fetpetanie rmiflth!rsewmd (in this case,
be "apparent to those skilled in the art in viewo

bhﬂmn)jmrtemdm toenhanoe thsrradyagiop of Cajasphadisnssiconteghin; t&le pgide product

s e CypstBalenet il S B B0 5200 of

t eachiid dia8g, redudtiof @f the dohlﬁanﬂbf mitads mmﬂablmai’mgmuc acids was
of carrying out the invention, is to be understood

enlmcemesm@cmc@kedﬁmqrm@ﬂlffswn%lémﬁ%ﬁ@na%w Ysbign in the total
éﬁ% TR gﬁza&}}g}e ceotlrﬁ?eiif of th% %&% 0 Bl 78 W;a§ enhanced

S nay stituted for those

kélh&k% toahefbdanibrisrabe tdvﬁ(i)otussmmrandrsadmm emrﬂem obthessede product
may be reversed and _certain feat u

.ﬁrmﬁmmpleréa\ylﬂbé rfelam\reil}z@@lﬂaﬁa tPTfPPfQFlP"‘é@"%EE pigbility for
a I in the art after havin
%%ﬁ?? %l%a ggs\tag%ptl on of the invention. )

Ch ang Qﬁsu?yldwbr mﬂpbram dfhefirst entactisg amalldyescremewdu of the high

R

SR B A RSB bn S B gy o o

20

25

30

%cfrgpfth‘lﬂt Mve a]tend%n {J‘ﬁﬁn‘ifolﬁﬁﬁg Hﬁd]ﬂﬂc@nﬁduﬂd@hﬂﬁ@gipl@)tsmal properties

cont |ng criude one or nore

oftsoftyess ancvor mcknmma(fa axatrple, gpm@@wpr tarﬁat Removalgeighese

ch&pﬁénfﬁ @tﬁ ; o%%%%‘lp?‘% aﬁﬂ}v %&%ﬁr ud gn&){ tﬁ)g}ég%r&g\?’ecfbef ore they plug
icD& ifle Eﬁﬁnlgkts aGbeby Herasing (e dffthaiatdlgss bp@atig airhigher

e one or more catalysts co r|S|n a first
(tahpérﬂtntes thttearé possmoxwdtaﬁﬁy&w ﬁ@c‘ﬂ%@f&r am of first
O

SOy ruci?d B B as RREGY.

a?%s? Qﬁ@@é‘i‘ga%lgﬁt df'ﬂ% aiplioBtich (WE(ID@IISS grammor O:Olzulngraﬁls of catalyst per
eriodic Ta cal cuI ated as wei ht o]

nhOﬂtgnamsof thn@ngigeffeetﬁmpyaugme 1be wge g@ ¢ crude feed

tal yst 0 e e,
DA a3 B coRin cBAAbS SN A ko fih 85-425 °C (185
ofo7t9ps, p r&@meqﬁ laGadgtifrdn oaneo MPa;TMcbraﬁom;ﬁhydr@gemiomaeto crude feed

or rmre metal g from Col
of 16-1600 Nm§l /m’ for a pertod o% tlme After sufficient reaction time to produce the

crude product, the crude product is separated from the catalyst and/or residual crude feed
using a separation apparatus, such as a filter and/or centrifuge. The crude product may
have a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes
content relative to the crude feed.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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of the Periodic Table, calculated as weight of netal,

or m xtures thereof; and controlling contacting
wé%ﬁwﬁba&ﬂ tenperature, pressure, hydrogen sowcqrRIS2b6ae42224

and e feed flow such that the crude product has a

ofAdaching thbsenskilledif theodrt the gerelh! mhnidhef cz{rbgdng baiatle invention. It isto
wherein TAN i s s dega}egnned

by, AST th 64. 2,
berind ﬁ@tqvédhﬁsth% yendiomshown Aa N‘}l ge Sﬁng% YPiRfe 1o be taken
o O BB sl s S SRR hose
ilistratebanddesérdbed Iﬁrem\nmrhs iand pmcbaes maf be mevecsedcaadkzawn features
ith the first_ cat, st for ed str and t
5 ﬁ‘é%méfﬁm%hmﬁhée Stz i dapendonn 1T S5yl T ap AR R silled in
ﬁ aﬁ e b@ﬂ&ht%?ﬁhé‘ﬂésoﬁfméﬂ‘@f the SenfibA. e@H%ﬂ@eE Hlay be made
e secon talyst forns the crude product, and
in thedelempnts dascribbd beminrwithaft dgparting froa0the @pmtt hed smme of the
the feed str emst od as clainmed in any of
\Eyeition a8 dSsoribRa i SSUPEE LS e an ~of  Col um &
netal (s), per gram of second catalyst, is equal to or
greater than the total content of Colum 6 netal (s)
inthe first catalyst. 5. The nmethod as clained in any
of clains 1-4, wherein the TAN of the crude product
is at nost 30% or at nost 10t of the TAN of the crude
feed. 6. The nmethod as clained in any of clains 1-4,
wherein the TAN of the <crude product is in a range
from 1-80% 20-70% 30-60% or 40-50% of the TAN of
the crude feed. 7. The nethod as clainmed in any of
clainms 1-6, wherein the TAN of the crude product is
inarange from0.001 to 0.5, from0.01 to 0.2, or
from 0.05 to 0.1. 8 The nethod as clained in any of
clains 1-7, wherein the TAN of the crude feed is in a
range from0.3 to 20, fromO0.4 to 10, or fromO0.5 to
5. 84 9. The nmethod as clained in any of clains 1-8,
wherein the crude feed has a total N /V/Fe content of
at | east 0.00002 grans per gram of crude feed, and
the contacting conditions are also controlled such
that the crude product has a total N /V/Fe content of
at nost 90t of the Ni/V/Fe content of the crude feed,
wherein Ni/V/Fe content is as determ ned by ASTM
Met hod D5708. 10. The nethod as claimed in claim?9,
wherein the Ni/V/Fe content of the crude product is
at nost 509x, at nost 10% at nost 5% or at nost 3t of
the N /V/Fe of the crude feed.
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11. The method as clainmed in claim9, wherein the

Ni / VI Fe content of the <crude product is in a range
from1-80% 10-70% 20-60% or 30-50% of the N /V/Fe

of the crude feed. 12. The nethod as clained in any of
clainms 9-11, wherein the crude product has, per gram

of crude product from 0. 0000001 grans to 0.00005

grans, from 0.0000005 granms 88 0.00001 grans, or from

0. 000001 grans to 0.000005 grans of N /V/Fe. 13. The
nmethod as clained in any of clainms 1-12, wherein the
first and/or second catal yst.sr[1aMes a pore size

di stribution with a medi an pore di arreter of at | east

60 A, at east f9 Aal Iewé 180 or at |east 230

A, as d\e ST A8  BY RSV ?H’odi 5425?9 T47%'The met hod

as cl ai ﬁé’&aFW“&r?yc’%‘Pe CPH MR 1P P HRErBF HYTetF Progtee @ total
and/egeducs gbondnGedeal thst Sudrayerdactp orhersip Ade dirvder PAsAtdtot? 2
suchifhatmiaturk easis 60%o0b. 100 heat ebakruasrdees nafinparggal acid
i N tHRROIENSLE G qie§4trbb.ut4n@&hba>ue 0@ MR0f Qatalll AR MFrising:

within 70, ?gt gg,hApS@  £1 QL Za5c ﬁsgghams @@ng@gh Qprf@rst

di anet er. od ‘as claimed in an C?‘”Eéolmns
1- 1625348 e O h &8P 2t £t ﬁramsc hp?nfs°ésm°ror¥ie ac r§m| )

t he Pr@seireeodds Tablﬁyd’i“@g’éﬁ“°§?36?“&’éundi6°f PREBURIYTHS Trom

cl aigkgni holinye gbricha Tabld.- ¢Hculghet @f veidhe ofptehld or mixtures
fur tdaefeceOqY | Ses conbi ning the crude product with a

CI' ude t Qagecbrgﬁ r:g:glys%ar{ﬁe @gcogﬁ cq{:i %ﬁr ﬁming,r@em élgﬁ dr éé@@nd

eed t bl en Tthe method of. any, '
1 16c Fﬁr}/?lhe?t 2%351'. 0. gl ﬁ tshe.sotng or ore mr;e%agesfé:?{] Cgl rEBr;:f the

cr uo"ér‘pﬂdb‘dﬁf}‘tleorf’n%lc’éﬁﬁret 6°‘?§P‘6¥}ﬁc°é T“Fa s|5P tmﬁf?% fff°‘“ &promn ©
heatdtngef Reeiodi¢ (Foplice atalatgh achesdpitars "etp8: oT & st 5Epreot
as craimed in claim17, wherein the processing

conpris Q%nt A lsit:u_i} lcbdeaer J.t'x@ Rofdititla tﬂ:&ﬂad’HﬁIre Ohprdd3ereh| pyashgen
i nt oﬁogz[l:% rggg %rw SEeeli | f@gvﬁ suc,fhr 'g’lg.t It‘ﬂg %rud’-LgproEb:@ ﬁE%tJ]@ﬂi of

as clal med .| n 17 { RLoce e
COﬁ'paftI tgogg SH% d)FOtthFeT of the cfﬁ:? i\ S SSere:L gf‘rgN Brsoaéu%a?%%g d by

cr ucf’é“br“&‘dlﬁét”“tonpn SI ng an upst ream cont acti ng
zonez.10Zhe grehodrasnorénedatnatipst § . ivhetehe thorredet jeng 12 giyaracted
102, vithenOReccall ABH1@st edsadugst So compet gimgte firpsteatalyst.
cat a:J YSlmne tn@@lot:liarssztlag@dainygltauhayidﬂ&el@@[‘mtﬁrzﬁm tBf crude feed
fi rs}ltl?%EmeY s‘%: cag%lg bor)grrsaarﬂée stheQnG Q{a% f%gd sgﬂagm Q15.=.| a TAN

nor e neta rom Peri od

Tab].e
one Br*ndreE PdnPothia¥ot” BIF?ecro”Pe rfrﬁ et afst 4 the feed
Col uttmesd withithe sPeqnd cEELY Talipas “c‘:“alcrfa‘i‘eat’@&“%s "\Rléi‘ﬁht““de

of rﬁibGUCp has a TAN of at most 90% of the TAN of the feed stream.
4. The method as claimed in any of claims 1-3, wherein a total content
of Column 6 metal{s), per gram of second catalyst, is eqgual to or greater
than the total content of Column 6 metal(s) in the first catalyst.
5. The method as claimed in any of ¢laims 1-4, wherein the TAN of the
crude product is at most 30%, or at most 10% of the TAN of the crude feed.
6. The method as claimed in any of claims 1-4, wherein the TAN of the
crude product is in a range from 1-80%, 20-70%, 30-60%, or 40-50% of the
TAN of the crude feed.
7. The method as claimed in any of claims 1-6, wherein the TAN of the
crude product is in a range from 0.001 to 0.5, from 0.01 to 0.2, or from
0.05 to 0.1,
B. The method as claimed in any of claims 1-7, wherein the TAN of the

crude feed is in a range from 0.3 to 20, from 0.4 to 10, or from 0.5 to 5.



or m xtures thereof; a downstream contacting zone 114
posi ti oned downstream of the contacting zone 102; and
one or nore catalyst in the downstream contacting zone
114, the one or nore catalysts conprising a second
catal yst, the second catal yst having, per gram of
second catal yst, at |least 0.02 grans of: one or nore
metals from Colum 6 of the Périodic Table, one or

nor g Coppo H&%d %F cqgs‘hef %ﬁ ;x? re aetal s sf r&mqultumr@deofeed

:nh)e(thg?eréllsoct Iﬁ]g%ﬂfpl?e né:Fnet ?] e?s%fs;:lc\)%(;ogograms Se rrgEtagl df grrude
cat &Psfst @dh%é%tﬁ?émga??“ﬁ’dﬁ%nsd?rénﬁtsé SO o gt 51“%%1&‘“6613
A 2tudeTihredgydteern astat|Maiwee certet af mt2@st vhergithe fHE/Fe
UpStcbBant 60NthaGlkidagreed 0RRerk 2 NONEFOEonBEntt e atl @eiShineany
cont,aad hmoggpﬁall4 corrpr i ses one or nore stacked bed

r ea(itbor%h JES cﬁ.glme in c alm QI rTEere:.n tl'(1:eI ﬁ queZQélygnt of the

reli n ream contact I Ng zone

the Caﬁﬁn%rf’?‘écém SeBnTett 1o SoHe: Tk FoMpi Sed” “bris~or® °f the
nor &8l PatthaFriedisedact ors. 23. The system as

cl aizmred Tha metiyd @F CQhiadeAEn 202292, wherdi nhe R VgEest@pent of the
fur thefe QBRI SE5 a GoRdeddn 1L@dk, cOUpde ot o3t he 30-50% of the

upsts f3m g@qggccg{c{;gfezegne 102, the conduit 104 bei ng
confl gured tQ _convey a.cr ude fe d.to the cont zgget
am_

zone?1027° §5C8hdai T‘fB Eolipl Bd S Ae downst T
CONPARIFhY2S 2 BiFe I PELE T‘H%‘* e&ﬁaﬁﬁ t 7P - YUY %f&ﬂ? i“gdr %"d’“
t 0 comee)fram totcabooprayeecte for WPl prms dOWwiseT égifP00L grams to
Contoaedob txg gZadB &£ bii4y/Fand one or nore conduits 106

COUI%?O' Thé Qleéhh@ a¥d mgfn%arﬂlcﬁptcﬁc&]jaﬂgs £0R¢e whO2i AR Gfrst and/or
the sggon L€ @ SCQavteegCEJans 1%9%@%:11]1&104 Dﬁhcaoﬂgdikﬁ ? Jeoélameter

bei n con gure. to_convey, yearo en,source and

car rT et HE8" iPAty Th beaﬁbﬂ’rea?ﬁ SRt aat Phg = Zone" .’l’bf% A s

and/ssterpied duvwieSY Meshe! Rédt-acti ng zone 114. 24. The
systiem ase oktioted dlaingh ainman? 3Rt gkl 113t oexsystthmiirst and/or
furtdaedna GOMPELS e ABotPSlzE GASRRasAbicBNnhEOne k2& 60% of
couphed ta Ameygﬁgsl%amncmt@%@m aZRPE L2, nak 18 pore

UDS | SR SR ahan 4?50,96351%0 &g Q%L'Wgw gdpow aianeter

or o TE Thé CrUdé 'feed: con U|t b_coup [ed to
t he %pstTP%é‘ﬁ‘iI?%ﬁﬁr‘ﬁﬁ“ﬁﬁ ’i‘o‘ﬁ"@ ?IFZf)laé‘H"’d te YAt rteeélrcnontac ing

coNntcaviriiprRy vRhEti@2in £hePYERRhgi ¢ 4 28 198¥ NG €T i gur ed
to cenveye mtiredceudeideead duyorn thenupsisr edemese yar aeiron
Z0oN&,12Qr ngﬂrh&smfn@mh&gﬁha@kbﬂgt ZOta Lddde that is the
same as or different from the crude feed teo form a blend.
17. The method of any of claims 1-16 further comprising the step of
processing the crude product or blend to produce transportation fuel,
heating fuel, lubricants, or chemicals.
18. The method as claimed in claim 17, wherein the processing comprises
distilling the crude product or the blend inte one or more distillate
fractions.
19. The method as claimed in claims 17 or 18, wherein the processing
comprises hydrotreating.
20. A system for producing a crude product, comprising:
an upstream contacting zone 102;
one or more catalysts in the contacting zone 102, the one or more
catalysts comprising a first catalyst, the first catalyst having, per gram

of first catalyst, 0.0001 grams to 0.06 grams of: one or more metals from



25. The systemas clainmed in any of clains 20-24,
wherein the system further conprises: a blending zone
130 coupled to the downstream contacting zone 114,

t he bl ending zone 130 being configured to conbine the
crude product with 86 one or nore process streans
and/ or one or nore crudes to_produce a blend; and a
conduit 128 coupl ed to downsBPeam contacting zone 114

and ctﬂﬁn sbéie@@ Bg;2QRer.130, orlteha: Qae%hsou;l@;ﬁopewgr more
COﬂfI cgr:? gonv%y ttlne errl:f.I dii 'Ipa.{)lpeducg.%ull g] ‘§Elght of metal,

dowis ream contact ng zon to t he i ng zone
130°T "ARFTe ERATARAt 134 coupl ed to the bl ending zone
130, the domrrdntam ck3dpchiriangpre dahfPPgit edd tdevresrRra It HE
bl erenthbany tzhe: béendiang zone 134. 26. The system as

cl ai med ghd oglmai‘mg.élys\é'h@xr SleNadvhR rSHSERPA LY EINS €[ 4] Rhe one
addi tion @ ¢ yaqglctom;;]r:i n%ou'écggd thtalm Ct(l)lgdslél:cgndln%%alytspe

conéﬁrmre§§t el n ure vey .a §t one

pr oCREE NG5 T 5?1“8?%? At Yﬁtéef‘é:t legﬁte ¢ %rﬁ“‘s OFF P OF more
condgtals £I8™ S o6 ?fhéheb}’%ﬁ%ﬁlﬁg"aﬁ’cfn@“fs‘ﬁ no5e . °°’1'If?énd5 of cne
Systeemeas metads feeh Celummy off thel BATh®Ii0 FaDPB, apherleded asheeight
Systemetf, q@OsixtieBateansor coupled to an of fshore

facili t)‘ther%ﬁ; 181 . SY ShE ML 85a Wadd 198G hde AN Wed@hin bl 8Bmeter of
20- 27, \M’L%oelAn a total content of Columm 6 netal (s),

at’l .
ram of second cataly is equal to or ar

Phaitlt hE™ GYPn Orfeeres oF CAIURYY GeREvalCafPeLiref figmimcrins

fi r@Pn%aQ%FWPr or the downstream contacting zone 114 comprises one or

more stacked bed reactors.
22. The system as claimed in claims 20 or 21, wherein the upstream
contacting zome 102 and/or the downstream contacting zone 114 comprises
one or more ebullating bed reactors.
23. The system as claimed in any of claims 20-22, wherein the system
further comprises a conduit 104 coupled to the upstream contacting zone
102, the conduit 104 being configured to convey a crude feed to the
contacting zone 102; a ¢onduit 110 coupled to the downstream contacting
zone 114, the conduit 110 being configured to convey a total product from
the downstream contacting zone 114; and one or more conduits 106 coupled
to the upstream contacting zone 102 and/or the downstream contacting zone
114, the conduits 106 being configured to convey a hydrogen source and/or
a carrier gas inte the upstream contacting zone 102 and/or the downstream
contacting zone 114.
24. The system as claimed in claim 23, wherein the system further
comprises:

an upstream separation zone 120 coupled to the upstream contacting
zone 102, the upstream separation zome 120 being configured to produce the
crude feed; and

a conduit 126 coupled to the upstream separation zone 120 and the
upstream contacting zone 102, the conduit 126 being configured to convey
the crude feed from the upstream separation zone 120 to the upstream
contacting zohe 102.
25. The system as claimed in any of claima 20-24, wherein the system
further comprises:

a blending zone 130 coupled to the downstream contacting zone 114,

the blending zone 130 being configured to combine the crude product with
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one or more process satreams and/or one or more crudes to produce a blend;
and

a conduit 128 coupled to downstream contacting zone 114 and the
blending zone 130, the conduit 138 being configure to convey the crude
product from the downstream contacting zone 114 to the blending zone 130;
and

a conduit 134 coupled to the blending =zone 130, the conduit 134 being
configured to convey the blend from the blending zone 134.
26. The system as claimed in claim 25, wherein the system comprises in
addition a conduit 132 ccupled to the conduit 128, the conduit 132 being
configured teo convey at least one processing stream and/or at least one
crude te the conduit 138 and/or the blending zone 130.
27. The system as claimed in any of claims 20-26, wherein the system is
positioned on or coupled to an offshore facility.
2B. The system ag claimed in any of claims 20-27, wherein a total content
of Column & metal({s), per gram of second catalyst, is egual to or greater

than the total content of Column 6 metal (s) in the first catalyst.



