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METHODS OF PRODUCI NG A CRUDE PRODUCT FI ELD OF THE
| NVENTI ON The present invention generally relates to

wayesemsso net hods, and catal ysts for treating PCT/US2007/080413

hydr ocar bon feeds, and to conpositions that can be
produced using such systens, nethods, and catal ysts.
More particularly, certain enbodi nents descri bed
herein relate to systens, nethods, and catal ysts for
conver si on METAGDFOPTRAVOCIREA ERUDE PRADULTPIUCT
wherein the total product includes a crude product
that is aliquid mxture at 25 C and 0.101 MPa and has

PHS.POFEIE IRVERGTHNES that are changed relative to
The respective propet

rty of the hydrocarbon feed.
DESCHIhPPregput @ e REDAPEDIARTIAEs triwstemhanetheds eandgatalypts for
: I : t
R B L LR R Sy SR R BGuen vstems
wethody, oorraghsiso ivaire paeduldrlyl estainamdodiorntnlescribed leargie delate to

8575 AR T S05C L ASRn PSRRI LRI,

slndreln ﬁwmﬁprédufﬁﬂémd@fi drinke pcmschudnethmeem liquDil sidwrant %g%ﬂ:land
GRITGRs B Sal R Smdeh P e PR A gt e

Ianpb/r@rofnfeotye@sarh@ fotd.t he di sadvant aged cr udes Renoval
f r om di sadvant aged crudes may
e ¥+l i zi ng acidic conponents with
vari Quﬁdd@al&eﬁave/&n& BF e @hyitable fPSiHieNtha€R vk ANdw (e LAlSs to

may be used in transportation equi pnent and/ or
fgﬁ%@@%@?% t@afﬂoﬁﬁ%ﬁ’f progyseed s eGP eatiengb fasilise diespatonly

RRLRl (ist-@RadvaN@iiesudi-gni ficant expense, and thus,
the use of corrosion-resistant netal in existing

equi grienyaniepd AeeyBadiasidasidic corponesy thagroRtiluedo the total

dcthiRiter QNS bOHe BRYe fBY, Olbi‘éﬁdv%f?tggéd' C?lﬂieg)tmtﬁ Q 'iJchﬁ/'eB/rhlgh TAN
Inhibitors to disadvantaged crudes before transporting

and¢atrihyrede sesesig b metdh eordpaarly dwingdedsioringesd/oTprecessiag of
tﬂg dﬁ&fvﬁﬁﬁée‘&%rﬂéﬁp I@érﬁ&/ra?ofm &%ﬂ&% \ﬁ?sl or Jsgtﬁl'él taged crudes may
equi pnent h fhe

process t and
iguai¢ ¢chemixfallp ncmimhmsg pridid uerepbnknte muh Wencms lh’d@S Alternately,

?%gé%gv ?GS%S%%LEI%G g l%nda?l e%];et ell'rl] (1] %I?SSEN%HIUOH C ulg&lﬁ t%né// or prgceﬁsmg

resi van cru aving
dupimene Ve sisobf dOHSMdrUR:stsﬁﬂldnétﬂi dbien dibeVBSJslgItlfla’mdexpense and

sive.to trans ort ocess u5|n
AR TR & ot GRS PR A Sl iR S ot b ginavte.
Aﬁtﬁheueh&tﬁoalt@tﬂhuﬁ:(cwnhslghmayamua&s a(ﬂgt/ldiiﬁifabn(&mtlﬂlﬁlplﬁlﬁﬂtos
or. exa vanadl u an or . rnn
%?3618% @mﬂ?sq?gpéﬁ“%‘isﬂ%gg a%f@]%rﬂocéﬁﬁig%thﬁéﬁﬁa&a&%g‘b?mde&
RO UNESrodibn MBthdorsGRAt RBA (RBRtaSectBBMipteRASEd toPfoc@ss the crudes
surface of thecatalyst or in the void volunme of the

angtos equalitg b progiesbopdusedEgmeba&wles. decline in the
act i \hikivaiade 8ru@dt @He¥ $bntain relatively high levels of residue.

Disadvantaged crudes having such high levels of residue tend to be difficult and expensive
to transport and/or process using conventional facilities.

Disadvantaged crudes may include relatively high amounts of metal contaminants,
for example, nickel, vanadium, and/or iron. During processing of such crudes, metal

contaminants and/or compounds of metal contaminants, may deposit on a surface of the



10

15

20

25

30

Coke may form and/ or deposit on catal yst surfaces at a
rapid rate during processing of disadvantaged crudes.

wo toosmys7b@e costly to regenerate the catal ytic BCT/US200y080413

of a catalyst contam nated ai th coke. Hi gh

tenperatures used during regeneration may al so

dimnish the activity of the catal yst and/or cause the
catal yst to deteriorate. Di sadvantaged crudes may
éam}l'sugﬁn 'ﬁﬁ:t\@icﬁvdlﬁ}né@tﬁé cabst. SSRh depBRNINGY &kds ddcfifd in the
exanp cal cium potassium and/or sodiun). Mtals in

GeEY ISy Ofébff ¢4t or gani ¢ acids are not typically

separ@jg Ejna§ QR Qﬂd%@qy&% a8 @ﬂalfsr e ey aGRHY R du?lﬂ% brocessmg
processes, "for exanple, desalting and/or ‘acid was
Priredesbgederadest {tomydweotihtte resdndrie Borveiahtis evtity of a catalyst
EpARERATEINGR RIR S L B Bt e e AT LR
thy pitivay biythd epdwttand{elaqautdibe entalpst medetgigrdiace of t he

cat al I s . ' L ds.
dopod BBl Rt dp o0& B e RLARE L CorRi AR TR
@camaleygﬂcupa,rﬁolte!sd;lma anqb(ar fodimul) aMeyalsin nidte sdlmp)f ofgamh @cids are not
cat st be The deposit o nt am nan

SRS SSPM?FE?%P@%F%QW@%‘?J "sr%ﬁsets g’y 8?“8%%1( %rbceé?ea Jor gpmple,
debgtihomant atibevastabal yst bed, general ly resul ts in an

i ncrease in ssure drop. throu htlhe bed ah may .

effe tr?“\?%ﬁe?aﬁl‘)ﬁ@“ trvauniet ‘II‘;FQPV%‘EHHE‘ REFEsFayhen pghts in metal

JaRt afl Ggdnit ARisake FaehS 19Eo@MYAN hickd @hdSand@YmC FHSE typasaild
deactivation of catal ysts. D sadvantaged crudes aoften

depAtiaear Bf ﬁ’g?ﬁnéléflﬁ?cek% sganbple fnﬁﬁlisdﬁﬁlefaﬂ SAlts ek atgpigacids may
GbdiUrefe RXNAR NN v&id doldhics BLYRBIN cafdly3BPHrE@dd YarBQIRH at the top of

het eroat ons %{%/ in some situations, have an adverse
@ ragystbed. cBiealepeitof coptamigynndergaample yarials frapetpiraliyeferganic

RiPapint tgé SERE LD 99&‘ %énerﬁfy%@s%ﬁ?ﬁlt anlifGbdsé fn p”ré‘*ss&@ atop
process di sadvantaged Crudes with an oxygen content of

tatoug]eggﬂae@arghga}gqf&n’gve@f plgg(shg@pqtabetrbeg r Meragfver, the metals in metal
Sit?@ﬁéf o%rn?d;/%g-@se g@(yd GACQRLELr %[a%?% |iems during

pr oces gen conpounds,” when heat ed
duri rﬁgsqdwant@é pnlges afey Cf)malmotgagiqelﬂy myand heteromome fpoeradyple,

o) idati.
s%ﬁholr lo%(lﬁierqpang ’mtro%% gr a%an cfs 1¥ {)ounﬁ é;g%roa Irsredlgalyi %1 nsgr)él:@ gl?ualtlgrr?s,
letvben sdvetshaffecape cdalffts.cult to renove fromthe treated

d d/ d t t
o oo g e e OB e SRR e iherbS.

ﬂai:iﬁa@vcamp&geﬂ desadhd@ s o EBYtudel Glithdi@ oRARh Combiitiod gaeast 0. 002 grams
ui no nes

conpounds (for, ex | e, |d|ne
‘?@%@ﬂ grl(‘\]élé)f disafyz t&%ﬁdﬁy(‘?%/ SR, enf) o PE: e“@é‘?ﬂ%ﬁz@Piﬁsmg
@@ﬁfﬁ@@ O%@aé&hﬁ&md@wem&%mﬁng pee&shg, Bastbin RighérQ@RRAton

npoun may have adverse effects on catal ysts used

GVRO RS Granlc keiones angd/Rraciqsdermer iy oxidation & alepbpie@ngypr

a{cnﬁ 6 RA 6l BIRPEMAI e@Res) BASIrE dl@ﬂléu'thQ %ﬂl(ﬁ/@ %&L{Hg§eaté@ﬂ$ﬁﬂ
heat ed during processing, may form hi gh nol ecul ar

aRd{og Ry oSS (FRB MimatetcqBipACHt dyting Progesgn e beayea Rlegeingin
CRESRLNGIARI TS.

Disadvantaged crudes may include basic nitrogen compounds (for example,
pyridine, quinolines, isoquinolines, benzoquinolines, pyrroles, carbazoles,
benzocarbazoles, and homologs thereof. Basic nitrogen compounds may have adverse

effects on catalysts used in cracking processes, thus reducing the efficiency of the cracking
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Di sadvant aged crudes may i nclude hydrogen defi ci ent

hydr ocar bons. When processi ng of hydrogen defici ent
why@soeasbons, consi stent quantities of hydr ogeer/US2007/080413

generally need to be added,3 particularly if

unsaturated fragnents resulting from cracking

processes are produced. Hydrogenation during

processi ng, which typically involves the use of an

Getaive By RE8RAhAPomAY, WHEE heatdBMiriRe pRR&MJRE, h& form high

inhibit unsaturated fragnents from form ng coke.

Ipplard erright caBRURGs thy CoREEYE & SRfasmaliQndn Ppering units.

tr anﬁﬁ@id(zax& ell Eﬁﬁ&s‘?ﬁeﬂl mélﬁ&é ﬂydk;ga% def&&@ﬂ}’d@&faﬂﬁﬁg When

crudes al so to exhibit “instability during

m@@@%@mfmgdiogerc@ﬂﬁwnt hydrrghrbpase prisisicasquagitipd ©f hydrogen generally

I {
e gl G R R AR o By processes
MWQEQWRdeeébgmpn@dmcmgp@k@ﬁuexwhphemuhyﬂnwgbﬂﬂheu&xﬁan

X n
ascﬁ\éé ]!g%@oégg%éog cata w&fﬁ@&!&%&i i ﬁh(%jl? unsﬁgﬁ\t/e%q}ag% % (f:rtorél .
:@nmmgc@w &wdagdmsadmanbagﬂdanmdMECmmyhnmmmmhaoUBmem
8l gglflcantly changi ng ot her properties in the
df'S4dvant aged crude. For exanple, conventional

pr oc asisdsamidee orudacsot el akkhibit 1hstabilisi difing peaedsing in

reduce TAN.in a disadvantaged crude while, at. the sane

M TR T it Ve A ey AR TR i S

&R b PtodeSRERAMENOEN{BY OhuRRsifdble Byt productiBt®lexample, hydrogen
contam nants) in the dlsadvantaged crude. Sone

PHEk ey adarioRdiqideng the quality of crude include

addI R nRerfiibhdl ?ﬂicestses Stien 3yt AURH (ChiRS sEIéctL:@ﬁfe‘)f)eﬁﬁﬁ a
ght percent of conponents contributing to t

<H$3§1&’ﬂ\'i3£ﬁfl aiydevphap ék%@ P‘lé%lflcmlmch@gmglQlf@ﬁ?fop%ﬁ\ie'\?éli*e

&%ﬂ@e{xﬁalgbbf b€ &g & Mo, %Bﬁfveﬁfloﬂa![ ﬁ%&ésﬂ& oﬁh% ﬁgk’él@ta&&l%%
crudes due to the costs of | uent and/or increased

sgficantpredagedl AN tmeedléhdgadmd mlge thde, @d@g sanagliging.joply cbpnging
@J 4 ¥6hta o Al SARYRBE @egtgﬁl ci%{tfny&?ep[ﬁéfuc i U@F‘Sr et

tuations, decrease st suc
@mummmmmbsuh6¢SEWm9&¢dmnmReynoIds et al.; 6,547,957 to

Sudh a 27.7. 2
to l\/b%l)él)glre ?ocessesi for 1I%pr%%15g @]g Guzglt@ (im((lf 1%({lucliel dddl%% aélélgeng g)G
disndGrraapdeé cmtlesab 1QW€5 (He 38 B Bert ent BEamgpenems caalributing to the
28,50 udh r l.: 5,914, 030.t 0 Bearden. et

GradtiRad bt DR Gbefionger Begn] i E o905 & afbine
@tad@dntige@bRlde, &b 10 ﬁBS todinfTanak anci(lér dlﬂdrgase(ﬁcogg&lp Bandlet the

e Bruijn et al 163 t ri al . ;
Cﬂ @gaﬁt?zé.ﬁ% CwsesAﬁg@mOﬁ 8? ﬁlilueai 0.0 disaghesglogeicpds . rbgome
ﬁtuZt%s AlkSres0 sRBTiky &tsudi Grude4 548 710 t o0 Si npson;
4 525 472 to Moral es 36 to Sejver

US Atgipndlgs- 6554801 Wd%ﬂtyn‘é‘fls |al s 347% tadydhagar et Fal;

@@jﬁ Rengnstie &lal.; 6,4771%h. 63 yE:9 eth!kHlm;eEs(ﬁtb SoleWefal.; 6,063,266 to
Publ'i shed Patent Applicati onNos. 20050133414 t hrough

Oo%0L 3BA1E 32 Bhﬁﬁaf@qn chpls;5.22808b r39mhgkar Pﬁaé)u@ﬂm 030 to

BOPRALBA22R0Y %ﬂ%aﬁa&ﬁe &ht o3, @ﬂ%@@lo“"ﬁééﬁe £Qu BORIS @41.381 1o
al .; 20050150818 to Bhan et .

Tanaka et al.; 5,322,617 to de Bruijn et al.; 4, 992 163 to Aldridge et al.; 4,937,222 to
Angevine et al.; 4,886,594 to Miller; 4,746,419 to Peck et al.; 4,548,710 to Simpson;
4,525,472 to Morales et al.; 4,457,836 to Seiver et al.; 4,499,203 to Toulhoat et al.;

4,389,301 to Dahlberg et al.; 4,191,636 to Fukui et al.; U.S. Published Patent Application
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20050155908 to Bhan et al.; 20050167320 to Bhan et

al .; 20050167324 through 20050167332 to Bhan et al.;
WQ@e@d804573801 t hr ough 20050173303 to Bhan et al PCT/US2007/080413

20060060510 to Bhan; and U.4. Patent Application

Serial Nos. 11/400,542; 11/400, 294; 11/ 399, 843;

11/ 400, 628; and 11/400, 295, all entitled "Systens,

Met hods, and Catal ysts for Producing a Crude Product”

Redo@ish1fiah du&%hlzbosbwﬁﬁ@@@ Bila/ é%aﬁ 2685138414 Ru883;
11/425,985 to Bhan all entitled " sterrs Met hods, and

HAPAI3YS35tohan Erabel AEISAL Sa TroUehen pf féd BEQS01 38 20 Bhamier alg

0561 589048 YMhafl €SEE DRSO VRO IRK REAS 365501658k @lfSugnand
cata}lé%sts for processing crudes. In sum disadvantaged

3Yendihan Ptyﬁl h%ohﬁa@%mﬂ’mh 0p0d BB iteBhgnfep pl.,
ﬁ%) 810 Joﬁﬂh% ' ?‘U\’s b, QR Aﬁﬁlc&lﬂ)‘ﬁ CANHERL | 1/800k 5%5 dengh 294:
econe unst a e durl n r eat rrent and or a endency
NG OGS SRRt dng 410D, a%g oll antislerit symnshwrhogse AndiGatilgggs for
29 n
Ao I PR e s s
mer%é fo ma atl:llweutl@ir @ammaquthdzﬂs uamd Gael}etsdat Rroducinget Giade

R aR o  B A RRE

firoceganBEu@sobl ens i n conventl onal transportation

and/qor tre nt facilities,_includj ncr ease

o J st Sy TEasb ot e e BNl Pl BEERARE Uor pgmte
RNAA{AY high édsRRS echtéts agdendehcyny Be@@@Nngidble Agridgd @At tand/or a
Thus, there is a significant econom ¢ and technical

(RRASACH BCOnHBE ey el latee AROuHB P HY R s rreatzteat)y Shsr
faEsi@PR eI imefudd te3ANVIZ M AGBDHuAK BHERIeliHR ©hipdfents (for
products with nore desirable properties. There is al so
Fagplgnicsileca Arzaricylydivred gierotteph mctH ICoH ety Aedd}singpgial salts
JF%}QQQS&mdQ Qﬂél/%f o%@ﬂléb%%%ﬁ; C(ng@)tun@s@ n S&Jﬂ%&ﬁrt&@ |te%9 t&use
properties in a disadvantaged crude while onl

ebleps incehyengpiah grrsgoitte pndieigpsameangiicilifies, h@ludlng increased
i e T e e
dyigp aﬁamemteﬂﬂmd sheraind sigati@hnyt stonboric adngabdngiloredfor anproved

Sg%ltglrgg, eth Sggcateﬁ%s%s %rrgE(HlVeIQIO %%I 8183(?\7 gl’l O%r]elgs II'U.r(Ilg l'ltO CI'llJ'.’I e

prudwtstwﬂnaord elsmableqadommeel 'Thead scalsg ersgnﬂichly: ec@ioan@artdoechmcal
osi tions onbi . nat i
O Rk RloP ] ARG st S B SR e DhroBgtisy Mag
cbyadum@d thee #}18¢ @11 sard viTp tivadimg dare prop@desh ki dbadvantaged
%E enbodi nents, the invention describes a nethod of
duci ng a cr ude product, that includes contacting a

hydr ocar bon feed SMMMWOFTHEVINWTIIOI\HS to pr oduce
a total Froduct that 1 ncludes crude [

wher dnyeniions desciifed hargia geerally refp .th@mS»efl?}P%ls cTds5talygs for

@)ﬂ%rgoﬂ-gfla INRBocatobs fJéM 1S Qfé@ﬂ Pl%ﬁucft %@ﬁpﬁk@ﬁ@ en(gru@e product and, in
nol Yy bdenum'cont ent of at | east

SPBICyBEAMNLst 9E-CRYHNEDk 156 nlm@é@hhéqﬁpwdélenm algopgenerally
LRRLE @Bmﬁgsu@hs h%ﬂ?akle novel combinations of components therein. Such

compositions can be obtained by using the systems and methods described herein.
In some embodiments, the invention describes a method of producing a crude
product, that includes contacting a hydrocarbon feed with one or more catalysts to produce

a total product that includes the crude product, wherein the crude product is a liquid
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10 wt ppm at | east one of the catal ysts conprising one

or nore netals from Col ums 6-10 of the Periodic Table
w@r@sois76me or nore conpounds of one or nore nMECEIUS2007/080413

from Col utms 6-10 of the Peyiodic Table, and the

Col ums 6-10 netal s catal yst having a pore size

distribution with a nedian pore dianeter of up to 150

angstrons; and controlling contacting conditions at a

h&IRE LU andh.181 Maagt h3@0cMon fBeddRN ik AlmdiHRIS SN Sorf@efnt of at
hydrogen of at nost 7 MPa, and a LHSV of at |east 0.1

lﬁaS!LO 1 ovpirp almelybdraugy e By dpearseticed iguing p Y /By esurat of at least
Eﬁ 21808l ok deny %tﬁ@ﬁg @&Bpl%ingegne 'gpﬁbrque@l?froﬁl%lumns 6-10

denum cont ent of "t he hydrocar bon feed and
i tlﬁev?em@d@ diable and/peangee mogowaunds 26 9geofr qu@mﬁiaIS\fromeColumns

RO Uttogh R R AREL Bl B30 mellhel AR e
D8 708icarvdthrmedédm oy Gadétanstuprto | ¥) agstdetsean qvedolbyg
éo‘ §E|e-1'é/|t1 098 9094 at% ﬁ teénpePatﬁ?fQ OFat %@t%bﬁéng %alrtu}l E?eaéu@ gfqﬁld% en of

escrihes a ducing a ctu
dt msuHWammaaﬁS\hq amlela;t(ﬂ)rldc]atb lponlutetbd cmde prodwe, the crude
t t duct .t.hat
TR ERLR B0 S RuR sPRtTE & dtb e R B Sy popngor the

hy8lra@albb ] tied and a(NUVEFe&bntaﬁ b@ﬁveam 809 .add 1.2(1%’a£ tht N&'V/Fe content of

car bo fee vin f drocar bon fee
A St e R R R R e
AStMtNthéBDEINY abd m@&ﬂéﬁl port AREnetd N £ AbteMhinéd byl LSBYI NdetBdd

ranms, and at | east one of the catal ysts conprising
Yor more netals from Col ums 6-10 of the Periodic

Tabl @y s @AM odHAE D the TRV B GORRAIHAS _m@fh_o@ BEpBiuciH aecrude
metals from Coluitmms 6-10 of the Periodic 'I%bl e; and

RetHcE BRY indlades SoRARINE A Gy desrdban lspswish ong o aifsesalYHEo groduce

Ploul FRRc AACinAucAnPALAL FhaRy %ﬁ%ﬁﬁh@ﬁmﬁyﬁrﬁﬁ&%% O qut
nost I\/Pa and | east . r od UCG

mxgure ﬁﬂi’éé’cﬂl‘l@ ad@t MP@htée bydy@r@r@mé@hgldlavma\nehgra@ qﬂhydrp@ébon
@g ‘?&Ialr og\g/"ﬁ%&ﬂlt% %(ﬁ)?gﬁa}n&anh“a éé{%@s a‘ﬁ&'@ ‘halPefne

a tot ene
@@wnmftat phst Qt01 rpomits, @t@l%t tfasttone ohitel pzﬁdastbmmﬁremg 0@6 ongre

Igfgt%]%%]%h a&(glgrrﬂgs ()C ?(5] })f tﬂé Per\lMa rFabﬂ: gu%dZor% ra morh Plingounds of one or

enes con S nes
et exatdlnidn 0 luhGE G mmwelaame Tabla;chn@?omﬁmh@ doettaﬁsngas

R R T e

MP, dma b LHSat ofianizhdy dast} 'ao @toa?&d the c@dm%ﬁdgmf: gltieb@ﬂde?gg(dlct having
t S

R A N T A N e I

AAQAGEL CJ 5d T; laéMblithe Tbatt i b atdhose 80P 6f AB Hy@odd@onVE&, Cs and C;
t he hydrocarbon feed having, per gram of hydraocarbon

gléaéten%cop@ptapv Rieimges W@ﬁghagfneégoqt%ésta Yrod L s
egﬂ{)lﬁlnt@mes aQ Qeté’ﬂnﬁﬂéa%ﬁ/t%m Mlihddassi7 4R C_tspfidresqs BGe@ifkd by

| east one of e catal ysts conprising one or nore
AeTMIMetholA3 47281 uim 6 of the Periodic Table, and/or one

Or MG} Cof IR O he @R n IRE e fBhRInSa bF HBICH T

product that includes contacting a hydrocarbon feed with one or more catalysts to produce
a total product that includes the crude product, wherein the crude product is a liquid
mixture at 25 °C and 0.101 MPa, the hydrocarbon feed having, per gram of hydrocarbon
feed, a total Ni/V/Fe content of at least 0.00002 grams, and viscosity of at least 10 ¢St at
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of the Periodic Table; and controlling contacting
conditions at a tenperature of at |east 300 0C, a

w@aoosioad7spr essure of hydrogen of at nost 7 MPaPCHENS2087/080413

LHSV of at least 0.1 h 1 tos produce the crude product,
the crude product having a Ni/V/Fe content between 80%
and 120% of the Ni/V/Fe content of the hydrocarbon
feed and a viscosity at 37.8 0C of at nobst 50% of the

ViSOt Y 1@t ohb6f Y BHAGAL RAprisRE Sndbr dre Sacllls rWH €L Rinth 6 of
Vi SCOS] t%@@l s as determ ned by ASTM Met hod D445. In

S heriaditbdieniil Qg ong REMPIG\FERPPEHS Br Bot etils frpddpmn 6
RTQAbE B Tabke! %%oﬂE&M&n&@fﬁ{g doRGLiYEEs %{Heﬁi%ré Gﬂat@east 300
h drocarbon feed with one or nore catal ysts to prod ce

- B oprdiRl pessera of hydsegenioh el nueked Miteans Yeodtleast 0.1 h™ to
GGl S LAk 10 BT A B0
BO%gfdhoS Y horofiteddf the hydioedrbdd fedd #7d acasep@tytat 81.8 8¢ of at most

o 2 b

1%02(2 éﬁ th%}/lgg)gl?% (r)‘rtgt,hg %déocgﬂ%ln geaeél?l{ ?n% @ %Vl}gﬁe?n 9190'9)%11?)&/1% a9 Iletg}mned
WMMG&QO@D@SOY nore netals from Col uims 6-10 of t he

P dic T d/ f
ror o st € B ol GG Tt h SRR bt o

aodhccmat inehdds ngntmmg a¢1§/<ih’ﬁ@.rlﬁ‘(ﬁll1ﬁ¢d wmmneair n&)ré @nm@tﬁb lpfceluce
of | east 300 0OC a partial ess dr ogen

st St st ooyt bR EEE S e f T
Rixadeest0ane D UdeMPaode ﬁydrodahﬁm%dddﬁwﬁg,qﬁﬂ SlhmhA Yy dgcatbon
Ni / VI Fe content between 80%to 120% of the N /V/Fe

legth &l NGV Emeonipapiort gk e aragmding 2/ ali reidcCapeRinf at

1efst Bl PRt aR0¥ae@lc chb6r BY SAAGAL BB né B:ShE Snetals from
content, wherein Ni/V/Fe content is as determned b

@@Wﬁl\)@ﬂ@] plthpBartrglicaFrdples and/eqpae eHMPEEFPMPRUNGS OlRNeOF m0¥€elaetals
il?é?n %EMnM%t e ﬂg‘;}%ggdlc lTleé Odli{g c@rﬂpﬁ g%ﬁ‘tﬁ@tmgtcbﬁhtlons ata

i nvention descri bes a nmethod of produci ng a crude
tpmpeiaiete afibleast 460 depatiehprasstuierad hydrpgedrod eanesd i Misegnd a
oPHGe 0. MR & ﬁ?&d’%b %ﬁﬁ} éi%%?'déﬁjbtoﬁlg ARTALY PI%'HS ng%E Ri/vire

con?act ing zones 0O reactor
¢0@teal qu@dlSG% toHab% |0ﬁdllemﬁ/é~§Ftt tratept oidhe lpsrdommpn fesdenéi n

r8s1 15: kiggt (Rr Eggﬁbg% of ?h 8}6 Qrbo ﬁeteéiJ re%ldl% con?enp where‘i‘jqE Ni/V/Fe

focarb
dopienois as cﬂmafrmﬁ@ddby AeSTIM)NRathorl wﬁd& mdmndh&m)nuaﬁt iabs degamined by
r at | east one of the catal ysts
‘ggﬂ%’%ﬁ%ﬁdg])g‘ﬂ)g or nore netals from Colum 6 of the
Per i aflk@mel abtbcﬁhmeam tmnn@ﬁ@omdesmea (575117070 Uﬂﬂsd@fmgoneuda:r
%tg)%c“retals rom Col 6 of the Periodic Tabl

BrYindydes srrtading ﬁé‘y@B??ﬂ‘i"%Iﬁ Bs™ikt One G Tt ?Xﬁtsepoé‘iﬂoned

iatoné 8AGEbre 30 addiag 26nePAF 4 TiRdd HOH @&SIHF B p}a‘)ddayd kY SRodtt Rt
nmost 7 MPa, and a LHSV of at least 0.1 1 to produce

lflﬁlédeé rﬂ%?o%“cffr%‘éﬂ%? whein thy ¢ rdutise hélu‘fdégllxalfffeat cont ém
®fo@piost hy%g)&u%f)n tde h!ﬂ\){ﬁg 86 A 0Br hrBStafRa i total residue

content. |l n some enbodi nents, the invention prOVIdeS a
Joptenoeat lset Odomens ied Yrcastape of M icydlys's pampriingrang pr more

Ihé{tglE glg)gl:: oﬂmff @@%'P&l&f‘c T@Jle aﬁ(ﬂ&t ond op%regé'oﬂ%uﬁs of one or
hyd S Wt
more metals from Column 6 of the Periodic Table; and controlling contacting conditions at

a temperature of at least 300 °C, a partial pressure of hydrogen of at most 7 MPa, and a
LHSV of at least 0.1 h™ to produce the crude product, the crude product a residue content

of at most 90% of the hydrocarbon feed residue content.
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a boiling range distribution between 38 0C and 200 0C
at 0.101 MPa; at |east 0.001 grans of hydrocarbons

WOwRaos/0as7bi | i ng range distribution between 204POCUS2II7/080413

343 0C at 0.101 WMPa; at |least 0.001 grans of
hydrocarbons with a boiling range distribution between
343 0C and 650 OC at 0.101 MPa; at |east 0.001 grans
of hydrocarbons with an initial boiling point of at

| eastr, 66k QfbRtmhsl b iMR ﬁmmﬁﬁrolfﬁé‘ﬁlth@r&%&@&rﬂfd@ﬁ%n @fat

Ni / VI Fe; and at most 0.01 grans of hal tenes. In
igelades PRHY A 96 Ry Gocarhon Cpﬁ»v@%lﬂqnoﬁt leps PP lb&rémaofrmifﬂsarbems with

PEAEUCLAG AseGhiEAR bRGREHSE ot fiRitooh Pe el es) KPR RELiDDOR orams
hydr ocarbon feed wth one or nore catal ysts to produce

@fIwéltoaarbmsdddn@tbonlmrangqelmdwom hetweenidd “prand ¢t [C at 0.101
W Gl R aF R R AGUSont Bt il “%bﬁfg“%ﬁe@é%%%e%“

O(ﬁ angt65) éaat 0.101L MBh; aateagd P.(®1 @@msat hydastrbappevitbfan irhi@al boiling
a .ar |

R SRR, SRR BTPL VA%, e R FolTS0 Bl b RIVER BER most 001
ganpolidsplefteane or nore netals from Col urms 6 10 of

t he Peri odi c, Tabl and control Li ng contagcting.

conditt PFORCEro e B RGP Pt s Beges pEiadtinge crue

I}iiadhict thht mﬂe@@ ubma@ﬂ‘ng hmgﬂm%bbtﬁfaecﬁ\tfltm&ior ?no‘li@&l.taly’d;tﬁio roduce

id ho veI ocCi HS t ast
o b ot e R e RS bt W e e Pyl it fidtid
MA@ 2B 01 580301 WKL th3 Ky(ﬁo&t@:)(ﬁhffeéﬂ hal§ ta Vﬁ@&@t@fof fhi€ast 10 cSt

vi scosity of the hydrocarbon feed at 37.8 0C, and

HHéPel nataeat Qpglof @eﬁtags%ﬁﬂp%%? Wr%ﬂwté{%ﬂmb?%%% 6-10
SN RHRdicSTable ah®8Sdnebr roflidnPBu kR Bfd dritfbre WAL Columns
viscosity is as determ ned by ASTM Met hod D445 and

] Q/af the PeréodiesTabples ardroneellipg comSFRNAEIHB@N DR OO PIrHuIS dipgn 370
R e g N O PARE R TS Ml ey e
M«ﬂt{t@ cldﬂﬂi)‘é)mffaekdst\@/lltlh thydrdogethe cnudet bledqmt ebedod médugnlavmg a
VISCO 1d/qaeé59?th§|0¥ft Sostt g(r)‘g; 80 ecv?sv\ﬁsufymf ale rer%(ge{r’lruo cPat agt"C and
w]Seran laIPq\mﬂmi: dﬁh)hycﬂrbﬁlrlﬁttn 2&1/10@G1 produdd nﬂﬁﬂrehﬂa lealstdl (D ﬂlﬁ‘lng

f h
T T s A C e T
@adrhiml bpnSIMINRHEA DTyely.ogen of at npst 7 MPa and a
tenperature of at most 450 OC such that a_Pval ue of a

hydr JB &P Bor PR eI NPT CT ek ticdof 8hfaiae apydrocarbon

fe&b@ht idel@des BodtRliab a GONSEHHIN B8 Wikh mmrg@ﬂ @thk PreddncdBSdne or
80 Nm8 n 3, and the crude product has vi scosity of

gpre Falysts fropraducs 7 galgeodyrt didnglyrlgs e P19 frdaggvherein the crude

%E&fc%' tlﬁ@uld"m&{u%é o 28 iog %ﬁébtlm MPadid @1@%9&1@&@&% f@éﬁ BeIM
thod D445 and P-Value is as determ ned b

WecorBo By e 10 eh as dhd “endid¢PrrEnting conwétmgrﬂweﬁtlp@rat a partial
Qg&&fe P RSdrBochoP hEMdsk &M £8 LI (¥ AF QGRS 4 8&Ph that a p-

i ncl udes an upstream contacting system conprising
o abr hydroearben faddftotad product nagutegermaiof attldast Ic@taddtylstogsumption

(%9&8{085'11 {99 @F& 8O NnffRI e aﬂﬁh@&ﬁd{érgﬁﬂcpﬁiswmscgm&r ff QJ mI)Jl]. %0% at
and/ of one or re conpoun one or
3% & ofsghahglrdaadion Geld yimao 6ty 1@hapéin Mseosuy is as determined by ASTM
Method D445 and P-Value is as determined by ASTM Method D7060.
In some embodiments, the invention describes a system for treating a hydrocarbon

feed that includes an upstream contacting system comprising one or more catalysts, at least
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Periodi c Table; wherein contacting a first feed having
a viscosity of at least 100 cSt at 37.8 0C, with one
weerompiwsof the catal ysts in the upstream cont BCT/URIP07/080413

system at a tenperature of st |east 300 0OC, a partial
pressure of hydrogen of at nost 7 MPa, and a LHSV of

at least 0.1 h 1 produces a crude product having a
viscosity at 37.8 0C of at nobst 50% of the viscosity

&fe ot R chialysk cb8fshidtond br BoRGhe@D toR CANRS b116@Mhe Periodic

contacting systemcoupled to the upstream contactin

Eapla, and/efrrde ebmpiegarmeaundy of et werenefals figaesauyn pd@r the

Eotioliic NG bie NEhdtBR L6 RATE QAR Edel AYvisY 8 Li8sity\bel Rlalt ﬁ)b €St at 37.8

downst ream contacting systemis configured to subject

Hhevitheae oametie ol hg catalysts psthe spaticdrd aertedting gyswsat@rfﬁmnﬁrﬁure of
 NGD h . .

R D P PreniR PP BT g TR ek AR TYRR Wt 01

¢ oprphicss mgudeaprodyys baviszem Gesinot BAg °§>0£ tlenest éh‘forolf ghervgpcosity

c}nﬁe f?lrst fgpcf £t 39 %t"él Q’n%it Sd’ow%gt eaﬁ%%%lta&r}l% %{te&l leg)qg#tgl I‘% up‘§tream

d'éeralcmtg sgzst&'mkahe porﬁtgdx/ed to mn@v@mdmcessafwttmmdg tof upseanor
e. Per

.metals f | 6_of Tabl e; .
S e T e T
fatd ¢-ensip tlﬂe(i@s@e%tn @htaditngdy6iin ik thacliafepocessior e of t he

catal ysts i ream.cont agtin emat a

oo ot St b M B R R Bt DSk T log § mearggarhon

ﬂ@bkd&dﬂﬁﬁ@m@f an@lpstA§t cofitabiey syasl cambhide e R indr@asdlysts, dt least
Produces a crude product having a viscosit

at
h@(?até*yﬁéﬁmﬁﬁrﬁn%@@ Opoteaetyls ?86‘4?%1‘}‘“‘69 of W%){DFlil?dé‘t Table,
efn@}%@l o ordorS cOfpoudikbrRdnd OMRST MEMR FOR @G olst}i§ P&{Bdic
coupl ed to the upstream contacting O¥st em and

s Metiedgopgetingddityidessin vine @d%%lta aldepse)i0aShy X7ive’C, with

SR %%f@%a@a%tstsqg t@ﬁgt?emn c‘@lﬁﬁ&tﬁigr&#tg}ﬁ aﬂé’éé%&{a&?e’%f at least
contacting system conprises a deasphal ti ng unit. In

¥ore’, endsodipmessirs of hyldeogem oler nicsh/ N@@carnrlkaééﬁé/ afyas foapn0.1 b
REQREEL O rS&déP'f?a (%Qad\H&%thﬁ SOPRELSHAY 564 OFI Hlétv[s‘é@s”ﬂty of
contacti ng one or nore catalysts, a
theéist feomhat 361?8 °lCh endm@mgamncamedcy@ Qst@mrrpnplsd tmghe lpmrream

&n%@n?l%‘;sly ?1%1 Pé{ g%ff e reé nt tO gra]fg fleeupasl%e

@naciorg IyseR, ehago medbwmﬁtraanﬁsomactn@rs@swmtcaﬂnpnsfes mmasphaltmg
CoI um 6 of the Periodic Table, wherein contact of a

lH&’ldrocar bon feed having a nol ybdenum content of at

| eastin Gorde mmmal&s Hﬁlly\féd@(ﬁﬂ.ﬂﬁs@ﬂﬁs atysteapmbduidink (Qfr@product
f residue ram of drocar bon feed, with on

g oo B SRRt S 5O PE s T s at leas

St ot Biupstredml@ABESEK bMPESi R, patgri ot cADRt WD0BNdrafasM .1 grams
produces a hydrocarbon feed/total roduct m xture, the

Hp8r S oH e BN LoRamn blghsRenodicd hlean iy ranon compounds
SRhY Q%Bﬂé%&zﬁﬁfr&ﬁboﬁfmr@@ oﬂﬁ@ Perﬁﬁr@ Rhie ReertRlyhdanem of

t he h%drocar on feed; and downst r eam cont acti ng zone
hydinspidan fegd hﬁ@&@@pwa%ﬁww@e&qf dhlgeh g, ] wiaem @bpakbdenym and

fatact %&&s LR AGOR: LT &quhx%ce{rﬁ&{iﬂe% Will®nO AL RN

feed/to roduct mixture, the downstream contacting
aadysesrin d@mpstre@mn@n@ﬁ@g@wstﬁn rea carpearatpst &f at gipst 450 °C and 7 MPa

produces a hydrocarbon feed/total product mixture, the hydrocarbon feed/total product
mixture having a molybdenum content of at most 90% of the molybdenum of the

hydrocarbon feed; and a downstream contacting zone coupled to the upstream contacting
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| east one of the downstream catal ysts conprising, per

gram of catalyst, at least 0.1 grans of one or nore
wOoredaloss7s6 om Col unms 6-10 of the Periodi ¢ Tabl BCEOS2007/080413

one or nore conpounds of ore or nore netals from

Col ums 6-10 of the Periodic Table, the Colums 6-10

catal yst having a pore size distribution with a nedi an

pore di ameter of between 50 angstrom and 150 angstrom

MheRd MovaRdaAtiontlifhRnb ¥SHRERH ROREiCEME hAtrad artRh A b al

m xture at a tenperature of at nost 450 OC and 7 MPa

@?%H@Q@urﬁ’ tpquloaynsm%aélamacfl%qysqemowggln& ORG QFdigore catalysts, at

1R4PIMCS WSS dAnt (a1 [su;gﬁlpﬂgiﬁg, Lﬁ@lt grhm oft ceitél%ﬂ,' A 180t Uér&ms

at 25 0C and 0. 101 a and the crude producCt has a

efing boaaigmaadniren Cobfmnsto- oy thd®viodit Table apdpiind enmre

2 0,
FREbER cBhnd By BRI CoL A 300 Bk ORGP Bl
@l ntgyohindesa poreeirhdidribfitiquroiducinadjampare ddmetsr olch¢oween 50
J e ion [ ' t .
e 0 SR RG2S e RO L o p BB mieure
g anpogirdirenf jthaist 459ciCuohd s MPa predsies Otolal ptadpentiadt includes a

R R R R R R R

the truge¢ prsil@it hinyohdgedeon conemos it han 90% dthatmdlgdsiundcdntent

rams of hydrocarpons having a bojling range
BB U B e LR 30 b e BB o feed
‘Thedh @@ashass HoWRasd hétBdd of ploduGiiE a @iae @idaBatvsth hélgbdenum
i nventign provides a nethod of producing a crude
wfesEaR psing 14t SYPRYt udes contacting a hydrocar bon feed

W t h 19 BenOémbBlBertR iR liYehord RoMcAHGRIrG afth Bbm RS Ghat
that includes the crude product, wherein the crude

igeldns @t lepss Od wippjnioamelykeive; atlens0.0lcemmg obhyracagppgs having a
~ C Ak Vd ' j ent

B b g e e 2 e G b B o e

@inpogast; aohat ledst Q. heragaodhybosrtvas haing eeaglingOafyt dgptgmsion

O 5 QN849tC DT &Rl AL 2. LT QR oL, &, 08 fife Per i odi ¢

BRETE S2h oy 81 @ife VT RHe conpotnds 6P 8nE" or nore

met alls sémoemicoli ments, Geaivehtien frevidedi meti@bdfer@iaring b ardof

EPORLIR el B o Tt Bl R nf e RS frngpoce

b@tagp@aﬁdt ﬁfiBina]ﬂdes]tB@cradl’tglib?&H&Zhleféﬁﬂthé erulid p@dﬁ!g naAefuidng

condi tigns, at ressur at | east 3 MPa and a
Pty @ngp%gf Mlgade %3‘%863(‘)‘(?%%3‘16}38‘&& @ datify Biregqigntent of
ANQAKULI001 %fhﬂls%ﬂgﬁmmf qoudarttavibdig ade RASHeGf Helch@BSM has at least
content of at nost 90% of the basic nitr o%en cont ent

P! emes AlAICOE AropoRCrledym ¢olunp el BrbEardehitde ardfpy one or more

doﬁ}f)%ﬂﬁds @R oty (Q\H:l(ﬁl@ fheflsTRInD @Qluﬁlfn_ U AU BGic FabIb BEEram of
product, that includes contacting a hydrocarbon Teed

wialyst. e dymprd et sately §h dagng o pere sdadisirRutien with pedampqre
&i!ﬂﬁ%ell dt %L:%@r??(? %%Istg(gdfsdéﬁldﬁgé’ gﬁg%{rommgﬁt%dﬂné J%g%gﬁ%gc?n?iﬁgns at

product Is a m xture at” 25 0C an
hyrdssocait bidpast &Pahad a eempesitule ef @ deaseidd) °ofto prodicedlag crade]

&JIE RS 3508 'i%gr AGAL RO B HrenBt AbstloBASr RN
1%{3 {fie cat alpy(gatus 1S 6bt al nalb]{aé nby en SV S
nitrogen content of the hydrocarbon feed.

In some embodiments, the invention provides a method of producing a crude
product, that includes contacting a hydrocarbon feed with one or more catalysts to produce

a total product that includes the crude product, wherein the crude product is a liquid
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conmbi ning: a supported catal yst; one or nore netals

from Colum 6 of the Periodic Table and/or one or nore
wa@eowousTds of one or nore netals from Col unm 6POT/UST07/080413

Peri odi c Table; and a suppaot; and controlling

contacting conditions at a partial pressure of

hydrogen of least 3 MPa and a tenperature of |east 200

OC to produce the crude product; the crude product

RAvIO8 B crtesiduel 60t @B hy@bcabonB&Ehad 8 ¥osRlue bhRert 85410448t 0.1
content of the hydrocarbon feed. In some enmbodi nents,

SIPES PHAZEMR PIg dsicarbprEed:anghat Iresgorstol hegatibistds ebtaipailieby
&ﬁlﬁﬂﬂﬁé atsli‘ﬂiortb@&{tzﬂ%@ %n@ BPhBkthadls ﬁoﬁ@ilﬁﬁﬁag BeRe %&%ﬁhc Table

one or nore catalysts to produce a total product
atnldéﬂr opgeri i somprandy efcpae pr vdigaretalien djohnheolcthe Beriodic

R S T R e e
lydnigemt! lodst AtMIlagad b L @RGdre gf Rag 2¢eTC g)rmmdugé the crude product;
tﬁg glrugec ﬁrog&)ct hgv?f%a re?i?g g)tn enl? %Sa&ﬁ%ﬁ%o%f oft lPe re% é&e&o%éhtzof the

rom eri o
HE@ihtherbamfbéd)r one or nore conpounds of one or nore
netal.s from t he Per.i,odi c

o o s IR s s h S S e paPor B RO g RS

@odicothatindudss dmtaetikoipatinesonfeednethohe diDnere dRhIRHS to produce

fro | ums. f the Periodic.Table;

o PRt T eESeBt syl PG e gt s @ liuid
Rxafs s *0fanbydoogan; ok hdroteastfecdl IPa nd®d-carbon residue (MCR)
tenperature of at |east 200 OC to produce the crude

Porisaudt lear 8- (0P Ligramp PHRIEE OhRXArergrban (o it kit ot ofdhe

RstsHAWRE of M6reMEdRIE RO DMun® 6 biBe BHIRCBIHLROMALESEE or more
wherein MCR content is as determ ned by ASTM Met hod

EAFIBNds o ORGRFENERBIS isTER SOolupRe af thedisripdin Tableiand @ge gr more
HBLE %moéolﬁ)rlhf?sdéj ¢ Qigth@Pgr[ddQeFa%[eoaqHEﬁ' oﬂer@'tmdr@@(ln%%ﬁds of one or

provi |ng one or nore catal ysts to a contacting zone,
mhrerr@tads fiem [Cotugnns Gré) dbfherlveiodiatlablysand cpgradlinggloniawiing

hns aﬁ%%hﬁﬁﬁ@pms‘éﬁ% r%%g o?& 1%3 f@/lﬁl%h@k te?lﬂ)teﬁtlt&fé be a{t Feast
pro uce thod c rising: conbini one
HOr€ tnetoelhcx the cmd@zrbqlum g cwlﬂdetm@u@ehawu@ad\/quabbmelar@dmanost

%a@tﬁe g%lfc%ngenpgmg oca eed n%,r]elg @%B%nrt nt %s m fietermlned

ey ARV @hodaidb3heat i ng the m xt ure to a tenperature of

at st 200 0 rma | u 6 t .

5t D st e B P o Er o Py g « e

Iﬁﬁ(ﬂwﬂmaﬁlnﬂgdea |prcﬁ/ai11@§ ()fﬁ:tor tr@regd’aﬁiﬂﬁ;&&o a cblﬁﬁ(aﬂngﬁ porROWBErein at least

t hat. .1 nc es t roduct er.el the crude )
SR § G e Rt BT O (IO 6 Pefgbualys i

pizbdifc@(ﬂ By thB ﬂlehwdrc@@@m@ cbieBdind@se 8r MSS inchidds ﬁ&ﬁt}%ﬁﬁmﬁf of the

| east 0.1 grans per gram of hydrocarbon_ feed
]@ﬂﬁl@ij‘é i13ble gpd/ ﬁl"c(fneé’F mtOFf’eCOHSPB\‘% QF DU TPIEEHMGHRESHIG, QOI&F]FIéd)f the

lﬁ@ﬂb@ﬂcyﬁtﬂe Jlithl :888orPB TérhAd Jni&tuc-ré' lahii degink R rﬁ@tu?é %tempture
cont r ol 2(8 con aCtlng cond |t|0nS at a partla

(p“raéglgﬂrQQO thipen 8 gapdt olmn| aagiel catalyg ceyastig a hydrocarbon feed

\Mﬁ{r{ﬁ@ ﬁﬂé&@@luﬁ’ﬁl 6%ete§l%§t§l§st2t9 rog&esaqgﬁl ﬁl@@&ct Ehiaﬁmgl'ﬁ&@%e crude
product has a resid of at nost 90% of

prediict rdicrsonthe ptudgproghigs 13Wmugtrgp;b@¢1atf2ée@ and 0.101 MPa whereln

the hydrocarbon feed has a residue content of at least 0.1 grams per gram of hydrocarbon
feed, and wherein contact of the hydrocarbon feed with the dried catalyst at least partially

sulfides the catalyst; and controlling contacting conditions at a partial pressure of hydrogen
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In sonme enbodi nents, the invention provides a nethod

of producing a crude product that includes contacting
wa@2dvgassos@r bon feed with one or nore catal yst SP€DUS2007/080413

produce a total product that includes the crude

product, wherein the crude product is a liquid mxture

at 25 0C and 0. 101 MPa; the hydrocarbon feed has a

resi due content of at least 0.1 grans per gram of

de1eeq @rl\@pd"anﬁ%qgmpe@ﬂgre%tf al 188820000 ued tHhh@e Qﬁﬂ@#%&& has a
has at nost O. %r ans, per gram of cataly : one

r@?ldlfﬁfrOéteﬁmf&r 5OSDB T EHURHIE coicptes tfwéwﬂ@aarbow%ql e

and/ qf s&fﬂ@erﬁ’ﬁod{m&n% R IPRHAA S8 id QNEM Qhod B R0 diBhah Srude
from Col umm of the Periodic Table; and one or nore
rredugl daff m@mle@épmmgg 9 hydrogrbanHeedPaith edi a8 naih¢asalestrdp @roduce

S0 floailglify, FERRAURLGUE B YnefER e ERLTH DAl AR tiguia

ixetre At Comd Wil h MPapéd hadropoa feiddie b egsidue tovsean 068 last 0.1

%}ng% ﬁ ﬁ’l o} Qro%%%{;ﬁ ﬁelell 49 af:lge@% gl?et df nl% c%?lﬂg{s}\l};gg gﬁno?# 0.8

ar pressure o a an a

grmrp epe]agram@f oftalgdt, df mtor ﬁﬁ)ﬁ% 10&als (ﬁropr @cdume 6tohthe Peuictiic Table
the crude uct havi C nt .o

BERRHE orghils simpfio PuSpbitmaRbdtl Poh ChETro S8 Eg

Tz&ﬁﬁ ar(ljd dShfeS)(D ﬂﬁaﬁﬂ&@l@ ifient  umhde 1% aiviaa Pd:rﬂj’dhcpf e(bilﬂ af(l}ﬂ/%r ane or

met ho (0] ucl n a Cr e p uct | nC

ot aaping o R S B dn g e R o- L hnd B Shupte, g o

O CAs AR atithl 1BEka! pord\@hmétBCheudes shearari2de ; and

product, wherein the crude Product is ali %UI d m. xture
Cé’f‘“?@“@@%&“@cofé&lo% a ppHie! petiE of 8dosA ﬁble%?t 3 MPa and a

ERPEAUR FANRRLOPIC RtpréReSthe Crulie BFRANE, BEEru8E HIURK having a
crude feed; and wherein at |east one of the catal ysts

ggidue gomenigi ahingst 99 %todINesesidugreopigpist U Ty digeathen ed. one

or mfiﬁ %ﬂ@&%&mﬁ&@éﬂh@%%m IﬁoélQesQafmétﬁkﬁi cﬁ%&dd&%g a bRRb e
and/ or one or nore conpoun s of one or nore netal s

frednet Gal 19@1@8 Gonarting atChJée Feed ivaidione Tampee:catalydts & produtea;total
%8&0991@11 158{g31éﬁ %rcgtgd’eéh)"i“(gc%:kg g«h?lgfﬂqhé %ﬂ(%gorg&uc?ls Faéh Eudeanture at 25

ressure o ast
‘i(bfmdé)r 18Xl Mn; gfe catdelfeddiavia® @ r@dus aattent hbat lttahtéi) tguaghe per gram

) g)gllldg %edhg Sd wae{e?ﬁc’ tqf?a%t on%r(])ff ﬁlrf]:tcat?l st@h?sng dr gral (ga];tf%};sh %t least 0.3

ue ‘cont rocar
gaooli: mendrsporé hetaisrfvosmn Cbhlmnsi 640t hesl)eaodre‘lfﬂﬂﬂdarmlfor one or more

L R e S e S e e TR
zaldtcoﬁtaﬂlu{grd@dtaeﬁngtdaamubﬂscalt W @ﬁﬁaﬁﬂ'ﬂ@sﬂé UﬂEydMg@ﬁl Uﬂat least 3 MPa

erein the udm ture at

& QAEAIIOR at {JEHEE({%/ g:rsgehaﬂlg prﬂgléct asr%gl%ﬁ:econtent of at
GONDERLOf G radidue@asbnif ﬂheglryaﬂeﬁsarp@ffe@f am of hydrocarbon
feed; and at | east one of the catalysts is obtainable

by c dRBPE HRPOdEMGHS Eie dnveplerales ¢y ﬁ&‘eﬁlﬁd slerpdngéng a crude
8l ﬁhﬁnghmgﬁﬁctﬁ% a@&dﬂ@«ﬁﬁonﬁg&i m&&&rﬂ%tnﬁﬂ@@ate@%% t@?)roduce
nore netals from Colum of the Periodic Table and

el piodyg that mekgesuhiguds preqh@t orherphy e pdapedyqgt i liquid
LT 3 @fanh BqOFﬁ/ﬁjaoﬁlk %yi@&!ﬂ%n (BRthaq 2 SURRE E&ntent Iof at least 0.1

andcontrolling contacting conditions at a partia
praspaeanpdf ydhcaenfeod; angdasieasgonRy trrmdtatystsanplirinahly ey

&)ﬁnbh R% néggal%%g{/e?lﬁglhggy&\%rggg %ar@igl{é %ﬁn@ie‘? gf"&ttrﬁos[ ﬂﬁ)

Ccru uct
micrometers; one or more metals from Column 6 of the Periodic Table and/or one or more

compounds of one or more metals from Column 6 of the Periodic Table; and a support; and
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resi due content of at nost 90% of the resi due content
of the hydrocarbon feed. In sone enbodi nents, the

WO pawos#376m provi des a net hod of produci ng a credBUS2007/080413

product that includes contaeting a hydrocarbon feed
with one or nore catalysts to produce a total product
that includes the crude product, wherein the crude
product is a liquid mxture at 25 0C and 0.101 MPa;

dogolind 6&%&1@@&&&@% RagariaVpre&oRi drhy@beedtor l@ast MEPand a
cSt at .8 0C, and at | east one of the catalysts is

téwp%rﬁwwf deaph 20 ofrts? AioAepe the erdarraduct dhedaudei ct hgni@e gr

RQE& REA o of MOMNIER! Jthme Bsi@le &H@nt?ﬁ&ﬂe%ﬁﬁm?&ﬁ@d ﬁe@n d/ or
one or nore conpounds of one or nore nmetals from

Col urms@ne¢mipddenddés; thedirventiapreyidesriomethad g parducing pgrude
|
I%sr;&e{Iscggl% elh%l e%% rt?)&gltél% Q%%l((l“rg?aqﬂlg%lsfg&gwﬁba&aﬁ otré ?ajtalysts to produce
% lempprodeal that mfclue\¢s thogtdG@0d@C wherepr thd awde plhéuqt rsurdeguid
r C I e
AR o B BT SR R o DI SRR Yy A st
FOC; @ndd axdeaseasﬁeS)f tltefcatalynw emthtz{mab[tn'tmnodﬂammg aatiaﬂrg/lsixide fines;

that i ncl ude ort . .m ner and one or

L o e Frof CUBRE b WP i S RS RRS sRpegnas of
@iRer albordMéels CompOunds 6 of the Peri@lic Tmﬂeg ah@h alppoifradtcontrolling
Col um 6 t he Per.iodic TaE!1 e| n t cat gll ¥st
bGP igr oL BRBETTBRET S Al Hth Py Hlemperaare

sliaan.isno of i@prodRasic Q&Qi@%r(&ﬂﬂldt tHereBpaldiathalisg a viscosity
obt ai nabl e béfycon‘o ning: a mneral oxide fines; the

ORENGR apEPE S ‘?féli‘%y@qcf‘r@ﬁ‘i‘ 51 ePsBY-of the Periodic

Tabl g 8l @hbddien®) %e%veﬁ@&rﬁpr@@ﬂ&%%ﬁ%’s%aﬁﬂﬁu&ﬁ a 8 ert,
metals from Colum 6 of the Periodic Table; and

Bippfabetides) gpdioge prhapreanaidelirame fodum @af the B%ﬂqdrc&ﬁﬁble and/or one or

1%91% %blfni)&m@m TERbR ABYs %mc@cﬁf?rhﬁ] & @f ﬁ% tPQn(gcﬁ@TéHiee Svherein the
from ot her enbodi nents. For exanple, features from one

aisthavamorarege disritsdinhiviba nidian poeadiameser of pomsay Aand the
éath?}gpfs I?)B(am?lﬂfg %gt gﬁﬁgﬁlglﬁ el @Jeﬂﬁ E)Jﬂﬁ% fn?ér‘{ot%g bﬁ%& dﬁore S{jﬁ{gtgls from

ucts are obtaina
@glsrlne fef thederivdedatieansl/ar. thel cmefou mpfeegomppriyeld iofremet g more metals
n ad to the specific
n"glct& I atlt‘)fft@eeseélrou B o ar“gi anSug 'EF DESCRI PTI ON OF THE
DRAV\YINfﬁhédammdag@@ tefaturdsdropr gedfit elinmméﬂtﬁmayvbé tombined

h kill h
BB ERR GR ehPpGiRRS Btehp iy’ Gt Tibonh el ey
Beadoaibaia anm@eainha faa 0 anpanid aferdiallingsats) N whi ch: FI G
ic of an_enbodi nent. of contactin

1 is_a_.sche di

syst dRTETES TRy SRISPETEET Tt Poetofy Bhat e gkt and
Qbte®9 BésB36bddNGrepy/ St €N that include two contacting

zones. FIGS. 3A and 3B are schematics of enbodi nents

of cdnfuther g@bog%qnésﬁ%dcywl features may be added to the specific

embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 1 is a schematic of an embodiment of a contacting system.
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i nclude three contacting zones. FIG 4 is a schematic
of an enbodi nent of a separation zone in conbination

wowdak/oas7eont acti ng system FIG 5 is a schemat PCT/0820a71080413

enbodi nent of a blending zame in conbination with a
contacting system FIG 6 is a schematic of an
enbodi nrent of a conbination of a separation zone, a
contacting system and a blending zone. FIG 7 depicts
a Rarags spegdd e teremy@Rad bMPdERb@S ¥isdon@BEh bRy fat

nol ybdenum catal ysts. FIG 8 is a tabul ati on of
IP@B CFOFeRETHPE ZpRSperti es of crude feed and crude
pr odygs OV 2RI EeATP Qéil'eﬂiﬁﬁkts o@EmE&H‘&@&& b%n@a@ﬁlg‘%"yé{%s feed
with three catalysts. FIG 9 is a graphi cal
inelpdectbencantiehing éfnegei ght ed average bed tenperature
vers lﬁGl £ ts (PI{a.UE Uf]anf &ﬁboﬂﬂne%p@padé 'ionozfoné: @rbgﬂl%%l {]&1 with a
t he crude ed Wth one or nore ca ys S. 6
@ntaatmgmtﬁmn of representative properties of crude
f eed d ¢r ct [ n n
tbo gﬁ‘{j & %91‘? nﬁh gf‘ nenlib% n?éirlllt g{’gﬁ@lﬁ% oﬁfn c%%gnn%ﬁ(lg]ﬂ W a
ctoatauﬂl@sysmmof represent atlve propertl es of crude feed

and d duct. a contactin

o o I e P oo o RO R by 4055, o
@htactingdystk@ethdarndendingdengr oduct s for enbodi nents of

cont i crude feeds with four different catal

Syot I T ket § B gltia a0 ach i s lsiing Pl ol bdenu
Rraratsue of crude products versus run tine for

enbodi ments of contacting crude feeds with fo

G 1 HErit SGARTMIAYISR oLy Bieat i v Pieperias g gmie died ghg eafe product

R &St Ocdfaciiet hdYduoBeNwHR IRKEaRYys&! ude feeds
versus run time for enbodi nents of cont act| ng crude

f eeddI4i § K 2fegphicdl eprateattiop af ueighied agree hed tepperatunsyersys

Bndih 8Phh @@l an e%&ﬁﬁl%ﬂttd?%bﬁﬁbtﬁg (HeQPhH Y& aGAR (ﬁl@tor more catalysts.
expressed in wei ght percentage, of crude products

ver sudGr Winis g itabulafion ofgrprednist v Bropfticof tade faeg aed adée product
go?ﬁgesm%ﬂld%rgenft OMLonBLfi{ B@E‘ﬁld& %}@l&/ﬁtﬁ Ewéé’a?élﬁgf’él FIG 16 is

grap represe atlon 0 gravity of
cr udé’l@r Dds emo;har eabglagon ofirepricspptafioy prepdywl afrerutlg fepdl and crude

psrgcrﬂ{c?f: i§ alln:?r&f) hd%?gnt 09 gonta%?%%t\ﬁne cTudg Padl wdth t z?ta HstC at al yst

F epr esent
0Xyg eﬁthbZns e metbplaempofem&mfeedmm/engh prqdenrts:mn ta]ag@mmerits of
r enbodi nents of

d ti
B e R 1o BB SR K Pt BT o et et al st
syst ans. 13Hk Ggraig&cm&e}aegeaﬂamd)radﬂ Fomlaf oflcfjae @Rt ErMS run time

or ergbord‘irlneensts (g)‘rI cogtragtgn% cfrued% (‘:rlee%s w1t foug ?hfﬁzge%g ga(%etlbsfst systems.

FIG. 14 is a graphical representation of net hydrogen uptake by crude feeds versus
run time for embodiments of contacting crude feeds with four different catalyst systems.

FIG. 15 is a graphical representation of residue content, expressed in weight
percentage, of crude products versus run time for embodiments of contacting crude feeds
with four different catalyst systems.

FIG. 16 is a graphical representation of change in API gravity of crude products
versus run time for embodiments of contacting the crude feed with four different catalyst

systems.
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for enbodi nents of contacting the crude feed with
catal yst systens that include various anounts of a

wodoglogigsum cat al yst and a vanadi um cat al yst, BET/OSH07/080413

catal yst systemthat include a vanadi um catalyst and a
nol ybdenuni vanadi um cat al yst, and with gl ass beads.
FIG 19 is a tabulation of properties of crude feed
and crude products for enbodi nents of contacting crude

f eedgra this Q@ﬁpﬁl’baﬁ@ﬂr@seﬁlﬁﬁ&l Mﬁx%ge@%oﬂt@ﬁt‘ SYpSestdaGhlindight
hourly space velocities. Is a tabulation o

RSFEPERE e srues preiiwever%éagl ta]i*f‘dfoé pobrslipesefcstastie crude feeds

whibRdl iBRks: QfaPRLRR/LI Ng the crude feeds at various
contacting tenperatures. FIG 2 1 is a tabul ation of

cr uddIfelds atabpulariotiel 1pprowniative froperégsisd divde Fred agyd crude products
BPAIAGH0B SNEAGEHIR Sex, 0, SRS LIAR 00 ARUS s
adict s nde)}rbderrchhtaimn a@d ofangdnmaetalysig Mth e catalusteyftge that
' F
é(?eoag\é r &MB;%%Q ﬁg a% denurnl(l)/d@ibngg%%n c%ta?n%%gcy &o‘t% ds.
cont &dGi Host Itv@uhydrr ofqaommm béetdde/\feem artdmucteairaiuyts lf@f

SHEHuEE T SuidBae Rk f S Dy L R ke Ry B S ooy

dpae@d eWicttias.t wo catal ysts. FIG 25 is a tabul ation of

hydr on feed and crud r an i ment of
cont S0 NP e Sy Smr o LGSt T BrE AL s
Abdddendnbenficomeiting @t dnfileFetsIE @lp\tahblllseboh@ct\/l@ftblﬁp@atures

nodi fications and alternative forns,

embodilfretttis 2 {4halaen ofgraledighamd Bg}ldevavdkb?ts & 5%‘?‘@“?1?{5 the

Ghawindse crifiercd R RAR: MAY siiplouke to scale. It should
be understood that the drawi ngs and detail ed

desc rﬁlﬁt 120h 2 taheladppolarederdend and cade agpdegs for ginpodipents of

doRMeitd AP ch@e fBEWRAE hiokHadiunf ORI scl osed, but on the
contrary, the intention is to cover all modi fi cat i ons,

equi aGehtis a gabdlaipn efrhydrocarben fead hidgudgi rduat fioh ern@qﬁlmqértts of

on as defined by the
AR REARe Mo fon LR BUER-2T) BN Gorta
e nbodiIGeihlt isa @fbutahen pihydncirborsfead enddaedernirpddt floeerebaliments of
de sed her re defined as follows.
Crbﬁ thg%ydm O%rw@a{wg ? tal&cf gr d Testing and
I\/Iat ertil@l %. i ARbubriavofthydrocaber Bed endARPid godwit for aatmbadifent of
APl gr.avi t. term ned by ASTM
BE%IH; &%ﬁocaﬂo rﬁ‘?eg A cf'r%‘ﬁgﬁatﬁé’ﬁt(:ent age and atomic
car bomhipah€ RRéRR iOfusdepeblb ydvapoay edfifgienk aadlttdistive forms,
S%E:cl{gce erggood(ilr%gr}ts t%ereofa are &%tw%rbry\gag%f g)c/a ?J 1|\r{| ttl}ébérg\gglg? AR

drawings may not be to scale. It should be understood that the drawings and detailed

description thereto are not intended to limit the invention to the particular form disclosed,
but on the contrary, the intention is to cover all modifications, equivalents and alternatives
falling within the spirit and scope of the present invention as defined by the appended
claims.
DETAILED DESCRIPTION
Certain embodiments of the inventions are described herein in more detail. Terms
used herein are defined as follows.

“ASTM” refers to American Standard Testing and Materials.
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Boi Il ing range distributions for the hydrocarbon feed,
the total product, and/or the crude product are as

waledosoni7aed by ASTM Met hod D5307 unl ess ot her Ww&BUS2007/080413

menti oned. "C5 asphal tenes'isrefers to asphal tenes that
are insoluble in n-pentane. C5 asphaltenes content is
as determ ned by ASTM Met hod D2007. "C7 asphal t enes”

refers to asphaltenes that are insoluble in n-heptane.

Cr as‘@'?’@%ltge iESre CAND AP ffa%"t}aﬁ 1@@0@(@) ned AW oASIEMsMet hod

D3279 | um X net al refers to one or nore
deermingd by ASEM Misthrd 08%he Peri odi ¢ Tabl e and/ or one or

nor e
R e A

d liveqrudef pypdus kaerpd @tenlurmjoy oS TdhMeped D5dPc Tabl e. For
exa t
R I

andermediccoepolataringfl bp e Tdf Method Dﬁé@’éuléess oiwervas memioged.
of th Tapl n ers to
o o o8- LRI ARy GRS TR bl L
abplidltlenesamolémris amleteﬂmnmbbﬁASTﬁMﬁﬂamdd;D@tDmone or nore

el enment s of. Col,.u X of the riodic chX
cort cbninluees 1 T Reil ARt RS ndo el N
dshiliPassicotten isTakle@rminod beX8Tpl MethoCDBRIM 15

elenment (s)" referg to one or m)ree nts fro | umm
b o ChhBme PRBERE il o by GrGlser e % Shbe e
'Ddblc0dhE/0d bnd @ 1fore L@NRANSs dffoadbiGabid mietalSofafolhie XRE ied@ki6dic
Table. In the scope of this ap Ellcatlon

t of a
TFableafn ‘f’li‘161?1=?(tcﬁ’éfesﬂf’%‘?456%i? golinp NBMOGH{og Frange. 4 - lc?gﬁfp‘% Reiqdfe
PabB R} efdnPe, tOSuRR 6 RYG) TRREG 0 oNebAhEre et tr&h €FRMN 6 of
fromthe Periodic Table, or weight of a conpound of an
B¢ Beridic Fablsrantlioe ometring e eompemnds qf one af pefe tcgds figm (elimn 6 of

tﬂ@p&mdlcofab[get al or the weight of elenent. For exanple,
.1 grans of MOOB is used per gramof catalyst, the
c al c uCatvath Xweleghnt(sof refdnetorpn ghdeisgemeatsaf Colnmphe of the Periodic

f@)eﬁ%%c?ér"dné 1?1’1181% E)tg'ﬂﬁ Bﬁgnegﬁ %}'é) lerﬁélttsatkf@tlumn X of the

a conponent
Buibdicrlable, ibfwdrichex empdsmndatdwmwanmr ffee@,amalet b& 38) of the

]?e{ri;o)g C[tableoijor ex%mﬁfe‘ @01191919 § glenel rRQ? gfégs t? ﬁl’éf\bl\(ferlor?(l);rF} elements from

ion or percen age
Udinghtl5 of tht lﬁem@htbﬁztbﬂe&trﬂ/or Ol rpndre r:ﬁﬁpmmdzt d opapt mopetements

1 l1ion b i%t""' e feed" refers to a crude
fg?{?iﬁ(?ﬁmaﬁ %aom CLgdig 187 Sdlude that is to be treated
her eiln the' sCFpede tHicgglit HbA| wgho AL el bt Pedibdic Table, weight

hydr ocar b /to " ers to the m
‘ffrfi‘)e/?Pmé’B‘H’td Pénettﬁg‘ @a@%iy‘ifgoﬁlcgﬁﬁ ‘delﬁ(ltd}lfégg fepgnt from the Peoaic
TdBies bt Wéight®TF achisnd bPaheh &t AoRARS PddR BabRAk bdidiGated as the
rang[e di stribution between 204 0C .
weight of metal or the weight of element. For example, if 0.1 grams of MoOQj is used per
gram of catalyst, the calculated weight of the molybdenum metal in the catalyst is 0.067
grams per gram of catalyst.

“Content” refers to the weight of a component in a substrate (for example, a

hydrocarbon feed, a total product, or a crude product) expressed as weight fraction or

weight percentage based on the total weight of the substrate. “Wtppm” refers to parts per

million by weight.
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(400 OF) and 343 0C (650 OF) at 0.101 MPa. Distillate
content is as determ ned by ASTM Met hod D5307.

wO bl@seioat ons” refers to oxygen, nitrogen, andPOr/US2007/080413

sul fur contained in the noliecul ar structure of a
hydr ocar bon. Heteroatons content is as determ ned by
ASTM Met hods E385 for oxygen, D5762 for total
nitrogen, and D4294 for sulfur. "Total basic nitrogen"
r ef ergnid fldt (Qee @&HM@!&" disl&ﬁzﬁntﬂ@d%nﬁlem{%@lsm‘) bé B8#ed
than 40. Basic nltrogen ("bn") is as determ ned by
s Met hod D2896. "Hydrocarbon feed" refers to a feed
that “bﬂﬁetfga%ﬁotgﬁ/ﬁ&gﬁgﬁlg&ﬁé’z om%rg%ﬁdﬁqgecﬁtgﬁgpwct refers to the
include, but is not limted to, crudes, disadvantaged
pigdethat doptets therdayst @Eﬁlalpﬁ@@lssfngom refi nery processes,
or me. » I 0
obt ai SRS oL it AR 3 A AR E Bccn 204 °C
HonTH)edd 843 °d ®AQ “Fex DdOEMPshdidtillnie spulerg is asalegumined by ASTM
1(/1@5’1095 7hydr ocar bons boi | i ng above 538 0C (1000 OF),

ures t hereof. "Hydrogen source" refers to
hy dr O‘QEta:roa&mﬂ;l o¢fera tcanypau nidrogerd hmt/omlfplmsmdmal ivathe wlogular

B TR e e

1hagd rfm&@@ﬂ Db 2€&Xfor didhyiditoege lncBDMQ@&om}fuﬂ ndbtadessiciidogen”

is not limted to car.bo for ex le, Ct ,
el S s e Sngums 8 B RS o e 48 s AR flro gt Gpr is s

d'&lﬂirﬁiﬁ@albythMMtedeIDzX@&r es thereof. A mass bal ance
may be conducted to assess the net anmount of

pr ovi BRdroFabemiEeE grisBURa Y Uah inchiderpdrsekrbo oo feed

mky @b, BhEs AU ed td, RAL dlsﬁ(ﬁfaﬁ‘tﬁéedt&udég’ MRERSFHMR obtained
force needed to crush a catal Fl at plate crush

f5ep BAiGEn Nrecessss. @e BHWEhBareply I;}&smmeﬁ/ef %@@CM@ tped optpjgee from

I'éﬁfu% ﬁroh%sé% ﬁf&lldénﬁdit fabeCnok {itbProf %ﬁgre"sﬁhg sh&t reEﬁE@ Ivacuum
vol ume of catalyst and i's expressed I n hours 1)

Feter, hydspaarhongboibieg atloys 938 %6 GaPCUD atrauxtyses §1§=mvét i on of
al | ?]gallggﬂ‘fe SO f%le’u He?%? {é)&ygp)%:r? 99&/91% éoﬁlﬁ)oalﬁ)dqﬁl‘fi/or @émpounds that

descr rein. Xtur
\&kmrpm gietprayence ol b hydredadwe deaned dre Omaty@t reorpoprndde hvlacgen to

Epobnc@%; iﬁj F\l}ﬁthyg'rﬁgarg&rfg?c{ ot fcfr elﬂrsg nl%ajg %ﬁ’@%au 1@ ngt hmlted

er ei na Srred
ooposhbbmn fdrikasmpladl,ud€s halrmrij@mm atch anmetham ethaxfe ptopzme

C ou dsthat are liqu at STP. with qne

SOTBRING R h A mier hRYE BBt ditoSuRET assess tre
e higbunt bﬂh}fdi’@gl eﬁ’pfdvﬂldﬂ?o t_lﬁab(brﬁpcalﬁd(spﬁlcthefhgﬁfé)ﬁWOﬁ feed.
Inter tional Union g ure e em

(I UPA Al PRRis\a1vh sirenghp sefers %?OéﬁlfgeﬁA&g fueapeeded tp §m6‘}r/ a catalyst.
QAR Gruﬁﬁétféﬁgth iefs@ktetRinal kahSTENM&hSsd DalHal | ne earth
metals, zinc, arsenic, chrom um or conbinati

t her ebHS VATelprfenyolpmetisigyid f?eﬁ He P t0t§]a‘[0ﬂl§neo(?f Cé'iab’étrﬁné 18
@ﬂe@@d i Sh@ss Gel. efdﬁl%ﬂnﬂ?:)bf Al th@éamﬁat@]l%]sgmmatlon of all

cro- Carbon Residue" ("MCR') content refers to a
Gftpdst Yalymesfin ghergeptactinagiopigeas described herein.

“Liquid mixture” refers to a composition that includes one or more compounds that
are liquid at standard temperature and pressure (25 °C, 0.101 MPa, hereinafter referred to
as “STP”), or a composition that includes a combination of one of more compounds that

are liquid at STP with one or more compounds that are solids at STP.
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remai ni ng after evaporation and pyrolysis of a
substrate. MCR content is as determ ned by ASTM Met hod

w@4®8045750Wbl ybdenum content i n the hydrocar bonPdBes2007/080413

refers to the content of matybdenumin the feed. The
nmol ybdenum cont ent includes the anount of inorganic
nol ybdenum and or ganonol ybdenum i n the feed.

Mol ybdenum content in the hydrocarbon feed is as

det erqinestk Piv1ASIMs Meth @’@n&ﬁ@@%le asN@wﬁ&ﬁby th&fn@rSatioal Union

(Hydrocar bon conponents wth a boiling range

Py ang finpBed Grameer19BAOENCI9BP@RY and 200 0C (392

OF)  ady1elhsliQ hndMA? @altsmgfgaﬁ@ a&@@’trgﬁl' to a‘ﬁmﬂsméile% %ﬁﬂhﬁke(gartﬁhetals
ASTM Met hod D5307. "Ni7V/ Fe" refers to nicKel,

Ajrm areienchiondn, o copbimpionatiicesns A kerterof mewisﬂwm_p@l salts of
| ge{}ﬁce&'ids i{ & rﬁfeﬁnﬁ@d B?ﬁsﬁereo@)d @fwﬂé ckel , vanadi um

or conblinations t he Ni / V/ Fe cont ent
i ncl u‘&@srm(iwlvcgldiﬂsxduﬁl(CMélR”) vatradicters wridiviantgn ot ouipounddie

%@%& af elgeall?mﬁ&htﬁ? plot{A %ié%”&%é‘t@ N@ﬁ{jco%[e%{"l’é‘ gé @&!hmned by

'S as
ASIININUghdDld435708. "NnB/ nB" refers to normal cubic
ydr.oc

"Non- VP Bl Pab S SiegR il BUTEEHRESmsSlits

inellyedeuihon iegadi Thoxyyedemmanpatendacibdatthedodat ofhaotganac

BrBRRT Gy b BERIE B FahovoB ek B P ¢ oc

Ky@roc@ﬂbhﬁlfe%d isCi¥ Gbleemigé g &S TMIM@RA 15580ar omat i ¢
al cohol s, ketones, al dehydes, or caonbinations thereaof,

whi chNaBithotrelimya h@f&%{f@a@m%ne@vswﬁl boRliieraRgs Y PR:

aseen38FEIFL @) cRIMMANENES ayd{ @10 1nMI§Il UK Sshiffcontent is as
conponents that ar ases at STP. "P (peptization)

Wf@@edBYAsﬁl\’{/Me@QdD%é@%rs to a nunmeral val ue, which

repr @‘N‘?/r\‘/t/l%”tr&%sfté ﬁ’i@Eé}"@BAcﬁﬁhﬂlﬁﬁd&f&%}hb&faué}%Qﬁ@é& enes in
t he hydrocarbon f P-Value is as determ ned by ASTM

Met ho & i/BAGGONeRG rréem |t<arhetcelrtent of mekkil avangsbiure, iinapretogbinations
tﬁ&gof BRE ﬁﬂ%ﬁﬁten{ 1ﬁ~fslﬁﬁestu90rga91 c 1&eﬁ%ﬁa§%§%ﬂ@&oﬁ8&ﬁlds

I anmet er ore vo s determne
dvidfoln oga &4, ()rmn@lamylupm rapd preehaispngpmpowgdnt ‘Hot NidYvdk eontent is
4 itics (r) A9220 instrunent
Ic\lc#%mmgd& Q%EMW%&I%%& oss, Ceorgia, US A) nmay be
used “Non’theY’ ecforis nendrhebe@bicahaies of gpganbiraadrlof bydrocarbon
%%ers to conmpound that includes an organi c conpound
Bhded or conpl exed with a netal of the Periodic
Tabl eNonCaganidrbahining oe@AiceRrtgenfcdm@bisndt Orefdietolopiadlc oxygen

compounds that do not have a carboxylic (-CO,-) group. Non-carboxylic containing
organic oxygen compounds include, but are not limited to, ethers, cyclic ethers, alcohols,
aromatic alcohols, ketones, aldehydes, or combinations thereof, which do not have a
carboxylic group.

“Non-condensable gas” refers to components and/or mixtures of components that
are gases at STP.

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

ASTM Method D7060.
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content of metal in the organonetal lic conmpounds.
Organonetal lic content is as determ ned by ASTM Met hod

w@a@R/M4575Resi due" refers to conmponents that haR€T/aS2007/080413

boi Il i ng range distributionisabove 538 0C (1000 OF), as
determ ned by ASTM Met hod D5307. "Sedinent" refers to
inmpurities and/or coke that are insoluble in the

hydr ocar bon feed/total product m xture. Sedinent is as

det er4v Ql‘ijanQ?Yer’ASMMEF&@ i B97 ancﬁ%kd%iﬁmé"ﬁﬁfe@{oéﬂr@ e
determ ned by the She Hot Filtration Test %
Hamejers iedipe gOTB diagsier et pefs veluge, ag deterpinghpy 43 4M Methed D4284

(%ﬁ:‘ircury %&éslmetﬂa&%%oﬁﬁ aﬁgé equa%aoo)r &f ﬁfc?ontlé?ltl%@a@@bd

cubi ¢ Teet of° gas per barrel of hydrocarbon feed
mweat@/hamwltl@flna Nercepsy §teoigin, HsS. de ey rbie el tbyietﬂmm these
Mptbod D3663. "TAN' refers to a total acid number
expressed as milligrans ("ng") of KOH per gram ("g")

of sdEptaeomTANCT slastodemgpymdibd imudﬁsam)rmmwnﬂ@@@ﬂbonded or

(Ii'l?a zeqig(ﬁ: %Etﬁ a¥r§e‘ial Q t%f %Er?(%dﬁ]col“e%ﬁ e gtaﬁl? &Xl’?tt’ ?eférp %t the total

een contac dro on
@ateal ofstetalictha d@nortmallw sommiundis rﬁ)l'gaﬁbntea,lhca:onamals yst

hat h with a hydrocarbon feed and
en@Hw’ﬁg%%Sﬁ&&%@ﬁgﬁégﬁ her treatment (for exanpl e,
r egen®edted rdak & y@imhents HaBave ebélisg tadgdyidribgnhbme 538 °C
ith a boiling ran i Stri j an between 343 0C (650
%Jﬁ&sé%téf%gef{%‘ggrﬁéﬁeté?fpﬁgﬁ1 MPa. VGO content is
as detediftmneeerly imbivitdtangdr E3x3 G are\lﬁsSEl@&ilﬁ Wie hiy@bedrBon
to kinematic viscosity at 37.8 0C %100 OF V| scosity

feed/tgtal grofagt FHiHEES- §§@1ﬁ’§nﬁ4§?ﬂ\ﬁ‘%@ﬁ’86 pASEM gthog H4307.
SQAHhEX Fna?tlls& hé &t@ﬁﬂe‘d%ttﬁeoi@hell ittot Fdtrdt®n h@st%mﬁrﬁ PRAescribed

that if the value obtained for a property of the
Ry Kerneort @ &t &uthp douwsUpsi pé 6151} paget 4 he test

met h @‘gCFBh RerdrE & scdFRAA Qebi TR @legagrB@ tah€d @ Gfrbon feed.
recalibrated to test for such property. udes may be

pr odudediacantadet ¥ eatadyst sds fletemingddyosBiry Mﬁﬂmﬁlr%ﬁ%-i ng
for mai\ps,aRY Lg)?eﬁ S?Hhh %R e?jsg& %‘}'ﬁg g’lﬁﬁg{ ﬁ‘ dl%dH per

solid, sem-so
gaud @”bbﬂ samBtea AN zat d@errmmayl hyr’eY TIM &ettipdtDG6d. not

lim t“%%jecf cata &hgﬂg%?s to 8 nronqgr gt%ngté Hllalielh 98 Eee% &oﬁ\?&&{ Wlth a

salts, Theres rom
Iazdﬂicaﬂbbh fezzédA oged daatalySundiuck:s dtoi {sinp@ali ol tmaaycamﬂ}tsematdms l:wen

at, or oxinate to %a‘ q}ﬂ%tl on and/ or iort
Ehteg® RN LG b 0 PTONE ) MR DR Bl GELROR (07
&hspicl fegehemind/catalykipct i onal |y distilled in a treatnent
facil“&t o rog errultlhtg C onents | specific.
bor 1160 HEE QLR BT SHE S OC ERaP e bR 45 *C
@5& th)lah@bBS5C MG *rBRdd.001 Mebr Veat doi@noik h$determined by ASTM
Distillation includes, but
Method D5307.

“Viscosity” refers to kinematic viscosity at 37.8 °C (100 °F). Viscosity is as
determined using ASTM Method D445.

In the context of this application, it is to be understood that if the value obtained for
a property of the substrate tested is outside of limits of the test method, the test method
may be modified and/or recalibrated to test for such property.

Crudes may be produced and/or retorted from hydrocarbon containing formations

and then stabilized. Crudes are generally solid, semi-solid, and/or liquid. Crudes may
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is not limted to, atnospheric distillation nethods
and/ or vacuumdistillation nethods. Undistilled and/ or

wairdosaei7sonat ed stabilized crudes may incl ude PCT/US2007/080413

conponents that have a carhen nunber above 4 in
quantities of at least 0.5 grans of conponents per
gram of crude. Exanples of stabilized crudes include
whol e crudes, topped crudes, desalted crudes, desalted

hopReGudd did Qﬁabllpzratl&ﬁﬂp} fefuiQna: it RaNneQfed wo, -f&ﬂ&@tﬂof non-
refers to a crude that has been treated such that at

qopdanpabipgnseofvaich s2lsopiroRBHREORSHagred Aiper the B¢ forfgrp s ptakilized
g@&emgug’l?st%lﬁhoﬁ)mlg deedyRe &0&1%% & Erozﬂmegte ﬁ')t {ﬁla p%\ﬂ@uog%ﬁ@/or
renoved. Typically, topped crudes wll have a content
igfortgg sigpst 0.1 grans, at nost 0.05 granms, or at nost

0.02 sﬂa{bg%d QlfudésU[?]P @gﬂ%‘:?dg%ée RESiga Qrm/&ffrarcp(ﬁlahﬁ Hitl%?ﬁ’ed ina

crud one st abi "have properties t
adalment faeditstogivduce Bdltipkudepotatseth spaciipbeitiegirang distributions

'Z:V%H r%l?ﬂth}i 4k ﬂfﬁgtvé(?%h({vo}1u§§cafﬁ%éikznﬁ§§ﬁa¥stﬁ%§ bdes, but

1€hbtdtmumm«zl easndrsakrfmc@lrmllatuonrmﬂrthzods sdipt abinen Pisolreioh neghods.
ntaged cr

(iR B RSP AR PR e SRR AR iR o
(&rﬁdh&lﬁhlﬁ&ﬂibofleaécid dubiptitiet bis ldammﬂ’ grmmg oﬂcdnqjdnﬁﬁsqmﬁ gtam of

o the.di sad ant ag r econom c va
R FahSen S puoRY PROSIG R MRS e ks, Gl 2P, et crudes
diﬂs@@dvmteca@aaiescwtdﬁlbtnlaﬁ@nsluseraﬂa enmBhptdQeCAIb hymti@ that has been
produce, transport, and/or treat. Properties

t&ia?éé‘&‘é‘rffl%{g‘é@a% seedl th‘h?/milﬁﬁ’é‘?f&ﬂ@at I 2 B‘i’lén%]B‘tmtl Bejpvt 4°C at
¢.001 MPa WANFQf 1 &) |h§@e%ee1@re1nov@<§ T)@ﬁé‘ﬂly Qo ed Qfuddd willlgasd a

1; b) viscosity of at least 10 cSt; gravity at
Grpsat afat mapt OnpZrame, 5t Mgt O4ES gigay, ong mQ§9 0. %2 grémapf Neh v/ Fe
CRPoRMHs gﬁ}n deRSHpRaQARE2 grams or at [east 0.0001

grans of N| V/ Fe per gramof crude; e) a total
het erSeaestbilizesheredes have pippertéss shat all@osie grabifrgedofrudes to be
rogqr
OPRLGT1 T R 01am b GEHE D D SRR RS AL
@sclasy hratkseorebipsio ridthertcrwis latve Ioma@tm@e ©dsugald¢rsr09¢m&that
é(gblg?‘l %lecgi?.aVéel?ageg r ﬁ%sacf/&ﬁ%% ?ﬂdelé] )na%Pe unacgﬁg)paﬁ:)ﬁa)qg a?ransportatlon
ctamﬂr end/orof tremanemlt faciliny, ek athpaeaﬂlg sloefecorqgan vduawitoks of

ook B0 TR PSRl S

dli slaghvaiel agaehar iy denis@yod esilyderofes, tghs’pk’ﬁtpffnd/or treat.
di sadvant ag crude,

t least 0.2 ans of resi que,
eact TSR PL S Bi b eaE it I BSPagTe e o @ TAN of
At RSkAUE at Rist 85, &@a&tastq B wicoay Fhat M@u@b& o)l APISOS Ry at most
enbodi nents, the di sadvant a\g(ed crude. may have a TAN i

1D, Riatpire L3105 00st 1651D) @ tegal N/ Ve C(@t@t plrat (5351‘5t O(QS)O%gra@F or al
Bast0.060 Ooramd & 151/V/|F@ p@legrrirﬁ‘ bNcBad Qﬂé ﬁﬁﬂ'h&erogtb&@‘ gMﬁéHt 308 east

crudes, per gram of disadvanta crude, have a
GO FairmeRtetRalens per Slapecrle; 5 resalue F@a@tt opatdepst GY1 grams

888due PeLirad ' RERde: o a @@hﬁ%@@édﬁ%ﬂ@ Shat ﬁ—:hsct@‘é)\i%%ﬁ&ﬁ@s

crudes have propertie cludin but not limted to
aphafianes ppr grom|og aytle;d) 5 MIPR ganté¢ng a%at lepst (9)02zgmangxgfdenR per gram

&(%Mdgm) agg)nt@& olE fagk iIQ mgg§saﬂ5 Qf'&ganic acids of at least 0.00001 grams of
metals per gram of crude; or j) combinations thereof. In some embodiments,

disadvantaged crude may include, per gram of disadvantaged crude, at least (.2 grams of
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of oxygen per gram of disadvantaged crude; c) a C5

asphal tenes content of at |east 0.04 grans of C5
wasphalizemes per gram of di sadvantaged crude; BQT/ES2007/080413

hi gher than desired viscosizoy (for exanple, > 10 cSt

for a hydrocarbon feed with APl gravity of at |east 5;

e) a content of netals in netal salts of organic acids

of at least 0.00001 grans of netals per gram of crude;

RSidde) a QPN B3RS rdsRIBE, &P Teast b FANPAENARI SRR TRt 0 9 grams of
di sadvant aged crudes have properties includi

n
Kytue. Ipperagennipdinagntsy ths glisadvaniagedads myntaan e Tég\f i@ range from

(5 ?@15(5 3 Q) Qp @]3» H031E 1@for @af%r@ SQB%r ﬂg&?ta&%%&%ﬁtspcﬁgadvantaged
gram of di sadvantaged crude; b) a nol ybdenum cont ent

@fideat per gragyof @isadwaniaped crede, may bavieduselliemenentolf af leapt 0.005, at
llez?s?ébl%rﬁt g§s§%n%{an{se3| due per gram of di sadvant aged
co

crude; I nations thereof. Di sadvantaged
crudds scvmfyerilbudimﬂms dpslvagrgah cofdeslhaa guanttiagmdludmgdet not

. St : r )
i 85) 000 G107 30 Leaeh) B Q0B OLATR .y R s
aiosygeinlpat grom dﬁdtsmb/ema% dd@cad)ch (%@@plﬁlfm&s c@ndrﬁ) of NRast (a4

e e R

‘dj;cﬁtlty (lﬁd\ﬂelxﬂﬁplbe:t 1/&3&811 f@QAy0ocaboh BEOWIACARI gdvilyddf aVRast 5; ¢) a

at le 001 at | east 05 , or at
Dasatogned: g Bt teatar gonsiliers HoOIP el sPhstals ger
@S lof tR;i0en obﬁlbm&(b‘hsfﬁmeo@C and 400 0OC at 0.101 MrPa;

and at | east 0,001 gr ans, at |east 0.005 grans, or at

| eastln @0@’1@‘@‘?051%@“6% ﬁ%ﬁ@é@dﬁ%s W"Flﬁ’mé’%‘@? 1“F1h’6m|gdﬂ’@é0t
ghsdarb by hivasic RebyeeondAQr@Geand. Og@ogrgrgs 8t balic laglgegMP €mpounds

D sadvant aged crudes nay i ncl ude, Ogr am of
»f s isageategederade; hiam@bzéflenemcmtegtr i¥sleasa . 1| vepRp; ©) a

1@81@1%09&:%'& Rhst 8B érﬁﬁ'ss(;f i paf SR o@ﬁlsMﬁtggéarcH%Sor d

a l'ing range distribution of at nost 100 OC a
@Hmtlwahermf | east 0.001 grans, at |east 0.005 grans,

P g8l ol APl K PEROPAGR B enherd 1Bg 0001
dvias, apkeadt 6469 gl@m@O? aglez@rﬁ 01 IFgtan[hseﬁ;Lllaiﬂ_t/drgczfi@l@ﬂng ?Ttiaﬁﬂjollrlmﬁ rage
ARER R Pt BER, Bl PO AR PRk W AU D ARG 0s
abm$, eastleBt QO gr@msrsf, hydtochbast with D85Bligy mng, divtibdion between
PR b oy Sp 4055 RO b et 0 k. {3 001
gﬁlds aﬁhyldﬁ)asﬂboﬂ!; Vﬁﬂﬂ.:glﬁ(ﬁl‘ﬂ? raﬁ?ge digasdtiod bﬂ%ergﬁml 6, an@ r40(au?c at

t
L o AL A 08 e 5 A

?@fﬁ%a@bmﬁm@g@aﬁgmﬁﬁbmn betR@LAM®), °(PAK 6@0 a@mﬁ 101 MPa.
sadvant aged crude, at |east 0.001 grans, | ea

0. 003 igpdxpRtaged Frudes P@5aglude. par g@?’%ﬁ%dlﬁdeféﬁee E]élldf)(?ﬁ @ast 0.001
%’Hﬁlb a@le@s@ blobs Qrafn@ nge fhs brO'l %H;nﬁsQﬂ' h?(ﬁroéltrhbdﬁ@ Shith hWBi1RE rdfoe
|

in dition to higher b nponent s.

dFWJP‘EH’IHW at rtl%él‘éﬂ éh%j@al@ﬂa@@dafclwa%owagar%péﬁ legsit Q)@ grams, or
éi!'le%a%/(ﬂ Agect ﬁf&@%boﬁﬂs Wity ﬁah'ingqfarég%qﬁ;ﬂnml@ﬁ BEARAPTR “@fand

at nost 0.2 gr msoratnDs

200 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of
hydrocarbons with a boiling range distribution between 200 °C and 300 °C at 0.101 MPa;
at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a

boiling range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001
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Sone di sadvant aged crudes may include, per gram of

di sadvant aged crude, at |east 0.001 grans, at | east
w@208643y5@ns, or at |east 0.01 granms of hydr oceeboR®07/080413

with a boiling range distri2zbution of at |east 200 0C

at 0.101 MPa. Sone di sadvantaged crudes may i ncl ude,

per gram of di sadvantaged crude, at |east 0.001 grans,

at | east 0.005 grans, or at |least 0.01 grans of

%}Xrﬂg QQ@E@Q'@@S ﬂaﬁﬁ (ﬁf aPRhdtDING oFARAR hilirS eI Wi@R Hflin@kange
east 650 O | es of disadvantaged crudes that

‘Fﬁtﬂhﬁtloﬁé’e‘f"‘f@@aﬂ%o%drﬁéot hat HtYcMByes descri bed herein
i ncl udg.e dﬁ’s‘d&vaﬂfa@e&‘&ﬁdés 'Iﬂyytu?c‘ﬂucfeoper %faﬂfj(gﬁhsfari%agéd &D&‘e at least

foll ow ng regi ons of the wor Coast and
SUt ann adgast P OPheams.Caphlgast ﬁf@ﬂ gseandé hy@@@zﬁ’qnﬁ #itth a boiling

B Rn SRR RRFCHE 0. (GRXEL AfpiAlbh letgli BAun e
®otpancnBaylypielts thealiedvafitdgederufbhaymsi graneefdlisaddonesl gude, a
%ﬁ%ﬁ%ﬂmh VARLER ﬁsch% %osﬁ% Vi ,{19&egm% HFF [JRY €enhance

o er i es o crude such that
t he cﬂoudeissadwaetagexbepdeahﬂae ifiabwdet peag&pmﬂchﬂadmntagerd¢male at least

PR e LB OB B3P Tat PLtoF Bring Rt Ry PGtine

e digutisleioh eeal, leaasz(ldeecalt DbedMPer ein, is generall y

sui taple for tra t|n or treat Pro [

o | R R B0 B e ter G E B leal ol Bleast
@O@sLEmd, at ke 0005 gﬁﬁ@ct@dt Rt PO RAINsI 8 By@bcaemb wiBX&Siling
Internedi ate crude than the crude feed, or closer to

Tepge digrpuiop oh#ilsast Soberti es of Brent crude, than the

crud fExEﬁﬁIés of Ji@a"d@:i%ﬁ(ag@@ BRB& thd nthﬁ be %@ﬂ@&hs@n@&ﬁé bh%cé%@es
the crude feed. Such crude product may be refined with

Jesghed perpiy ippliede; bus greroptimitechier @pdes éﬁﬁ)ﬁmféliqufgﬂ@\émg rigigs of the

\?&ﬁd @J §r¢ﬁﬂieé0astp 4n8 sSiRah @ﬁ‘ﬁ)rﬂ'@fahzﬂﬁlﬂgﬁnds Brazﬂlan Santos and
desul furization, denetallization, and/or atnospheric

@irencis bhsansi Beyptian Fgko) Sudzpfolad; Vhisesl Kimgdsat Newh Se Aagola
@%ﬁ{opec @B@gﬁ o%gdB %V@ﬁe%g{l%dﬂﬁﬁ Mafa 315 Ql}{(? ﬂfﬁlof?&ﬁl Sumatra.
er Tl

descri be ern conta
hydr daeatibem of éledivmtagedmhelecmajaéry@m(esl)e prnpeattmscmrﬁ thect i ng

cﬁsaﬁgan%ag?d grudes su [ﬁ?tt th® grrcic(l)es are eyc?eq?ablenf}% gansgo&a%&tl

onepr oper t
thoadnanc.ar bon feed may be changed by cont act of the
hydr st zjar elative

ar ban
Ot BB s b Iohert i T B, P gifling
@(?fbﬁdzﬁﬂiﬁﬁlt(ﬁ theGpukagddi ﬁgiesﬁlbﬁ@hérahﬁﬁgeﬂeﬂﬂl@/ Reit4pleBEMBRporting
of a rogen sourc In so
HIGF § ﬁ‘%%%ﬂ?&“ﬁ%oﬁh%cwe n&‘@t RYars gg? éﬁﬁ%begﬁ’ﬁ’im‘lﬁ‘iﬂélf”“
t@eﬁet @hespaﬁmhgplbf)aﬁemnwzst TORS Hi@aklialeQriic Mhnde: crude feed, or
relatively small anmounts of hydrogen to cogPound s) in

oRsr i9yb GSEEIIBANE BERCTR ¢ Breniicaids. EH BRI e, thereby

&ﬁﬁl%cﬂi‘gtth@&oﬁyrﬁfc%mué 8Pt bRbe fRE! SEHBTRR pHRBLIRAMe refined with
contactin
less or no pre- t?eatment, thereby enhancing refining efficiencies. Pre-treatment may

include desulfurization, demetallization, and/or atmospheric distillation to remove
impurities.

Treatment of a hydrocarbon feed in accordance with inventions described herein
may include contacting the hydrocarbon feed with the catalyst(s) in a contacting zone

and/or combinations of two or more contacting zones. In a contacting zone, at least one
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zone 102. The hydrocarbon feed enters upstream
contacting zone 102 via hydrocarbon feed conduit 104.

W 2@8/08364 i Ng zone may be a reactor, a porti onP@f/US2007/080413
reactor, nultiple portions2of a reactor, or
conbi nations thereof. Exanples of a contacting zone
i nclude a stacked bed reactor, a fixed bed reactor, an
ebul | ati ng bed reactor, a continuously stirred tank

PG QT a hydeSTbon, fed &&%e@h&%@d Bedodigaet @E hy@o&dYeed with

reactor, and a liquid/li contactor. In certain
) aior?éﬁfaévstStrﬁléﬂY?dﬁ ﬁ@c@@mﬁ gropgist e bydepeaghen &sdplnewnieo
éﬁbo%fxﬁéﬁo&ﬁmfcﬂﬁg Isipb¥ornfe@M @€ breQdnct Bea lli%%g%ﬁ %19&” th @&Qe

th the catal yst(s) in contacting system1 may be a
@Wimﬁm@uéle préeganssosice & dya Pemofsrhydisaborpikat @@dﬁf a¥taimg
&)ﬂﬁgtl@%flhlﬂ‘c}ﬁ%%gfct gﬂggﬁge %@ﬂf ermli}%t gﬁ&%éﬁfglgdx%%@m
dopponaHs) bo the hgdrdeasbanhfed. f i r st cat al yst of the two
cat alyst
S nt Tobiell S bR a8 SRR R P B cgmgeine
xuing 02, HEnesg dopadbomaficad yrsdrs dwmsemdueg mmd@@m hydmot &hén

I nc. API It nbodi t TAN
sl 57 ol ea® Bt iy o Rar B BAE g b
poesdnd bea eaabe ot com&lﬁhaugﬁmeﬁayf Biﬁmpbﬁmﬂ A@hiaois ohe toREea

FisRE TR et AL A o ¢ Lo ey ey Sired

theedaabtecstent zﬁﬂﬁldlﬁéd bdagedeydr Opedyede idr aed a\Mqtuh/nalﬁﬁ or
nmore catal ysts. In certain enbodi nents, a vol unpe

©atagioy s CF‘iﬁalfl ﬁ@b%lﬁ?%%tﬂi‘er@n%% sygemis o EAGACY tPé‘Hw‘)ffShore
1RO (oRlal of AR 1RAro¢&bA el wi 1QaMBli8) e chidcBh@dystem 100 may
vol ume of hydrocarbon feed in the contacting zone. In
ReGrRONBRHOYE PIPEIst ST @ rtdY MipGeys- of cat al yst and hydrocar bon

f eed 1Yokl i TG Q00 b BEATRy (R0 Bxi B, 75,
.01-3 grans of catalyst per 100 dgranms of

@V—kﬂyﬁ_@@ _alinbemé fabgliinants, lventagsiof hethyigearbenefeedOpith abitsi pajalyst of
SO0 RS 0 R SA0 A At TR SR Ul
efweg THWdearbom feﬁ%é eszthﬁliecsw;ondmatakyﬁtﬂemaases)h@erbhemecfntent
C Onlﬁcarlga::s?sn av‘ijtI L glu(ghzer gm@?% nt? nﬁglq VISCO ﬁrh ﬁl/ef/Fe c]pntent
l'pu@@maasms c&mtenf[ esrmiae adnuere, ART glratwiymmbmbmamtgls Dﬁtmeselmgpemes of

th% %%g gltjlt g%%ge E’}Zfﬁg aétclog' ﬁ:?agla the sa%oprgp%irtlez %f glghgfgrocarbon
fRedbaretic mamtcs of @EPRIredatbof féad vath&me toﬁﬁlbtel’tgtaZ}@er may range
from 3500C to 450 0C, 360 O th 3700C t0.430

0C, dP CHaghaEEeEly b Vayped ataLﬁSW f C‘fﬁ’f’é“ﬂ%/ﬁ‘?nc‘iésaﬁnﬁdﬁnge
ffr@ﬁg% \ar)] b198g) @g@so an12%6 o amge Vf)ll%DdSlﬂ a{:)tot:hl b&urﬁ@ofhyliroca@oﬁﬁe’égl_ In the
to to

congyting Ztoae 5Inﬁ0111€ emp?fh%l@% aéﬁ'ﬁ@d%fﬁ%tﬁ]tyg angl p@yoq%bogtfeed may
1'[1@1@@4 frén b. 0@)1410 3tanls€@685-$ofmd, or 0a11-3 %@ﬁg of Gtdlysiper 1@(‘5 gﬁhs of

| east A partial pressure of hydrogen in

hyémca@?mf?gdzbth@cwtmam@ fromO0.1-8 MPa, 1-7 I\/Pa 2 6
MPa, @hta@ﬁr’% J\ﬁéﬁloﬁﬂn %%nﬁgm%%ﬁ@ﬁgfmcﬁd@ it ér@hot 11m1t6ed to,

pressure of hydrogen ma MPa, at nost
tmperagte, m@wr%hmenavurn@@w yNpgatbert fepdbBew Dr ppabingfons

@l redP %on%ctllsng conditions in some embodiments are controlled to produce a crude
product with specific properties. Temperature in the contacting zone may range from 50°C

to 500 ° C, 60 °C to 440 °C, 70 °C to 430 °C, 80 °C to 420 °C. In some embodiments,
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MPa, or at nost 2 MPa. In enbodinments in which the
hydr ogen source is supplied as a gas (for exanpl e,

why@soges gas), a ratio of the gaseous hydr ogePCHUSI00B080413

to the hydrocarbon feed typscally ranges from
0.1-100,000 N8 n 3, 0.5-10,000 Nm8BAn 3, 1-8,000 NnV,
2-5,000 NnBAn 3, 5-3,000 NnB/nB, or 10-800 NnB n 3
contacted with the catalyst(s). The hydrogen source,

feRpSAR: if ARESEARBYSne they @RI ISOMC b 4RI, 360 °QRS4e%), 370°C
and recircul ated through t contacting zone. Carrier

1§440 i oM 11 Can AHDIG, LY pEe ydrperiu fredkidagperally range

85801 10 308 G A §12592. %Baoftﬂcﬂd fsﬁﬁ]el%'t&"i\()ﬁﬁ drP& 5h7.
hydrocar bon feed and/or flow of th e ggn 'sour ce |n

e covadiaents g ire feg3t.5 Mhet leasr 1 fer, agla@,st i ar gigeast 20 b,

[
A PR el oPvch B MR D2 OB k0T ARG, L7 M
heMizner bp Mitehadme)mexagbodenanssed pasalaresarre pElrydgasn ang be at
SEEHIGHL B84 b RIRL A LLE AGATLAGH] MnAON s DEYE'PAE0 3 5
source ream cont ac
MBa c;malrremmwm th t he hydrocar bon f eed i n hydrocarbon
f eed con ui.t 104 or. s t el condui t I n
unet ISR d R e SR B b s dTupO Rk (o Granti
yietieos gash aratdeadhadséoua hgdbd @n}éﬁﬁrc@t‘dlﬂ&m}eﬁooarbbﬂ ttld typically

Brgs doindhl-0 (G o B UGB Rere oo BNy e B v
3-8,000RH’ A€ brwoigno Nae /Mrycdh@edd Ran tHeeedlyaiy/ Dhe hjilRogen source,
hy dr ogen source in _conduit 106. The total Bgr oduct may

Bpme EpRedimens cnmbiter nthamisr aa9ees b resvicutated diprab s m

SARBERL A0 ZANEr hOfhay b tbix@plR! IﬁgHgé‘h 1@ fUhda/khEbon! Mhe
downstream separati on zone B he crude product and

T gaympelacilimty Favee! the @fﬁr@%@% éfteéwnilf%@wc of the hyfhogen source

TR ab YRRV S PRALAGdr QR hSEAR &M@&e nfi®e ?r?(tﬁér%rﬁactmg

gasl 1 qui d "separati on. Thé crude product nay exit

ook tin eeine geprdimeritoa hydmegenisoarey [far eamls, hydsegot methane or
ion

SR e LR OTRL U R Mt

ot herThp thwlreg@u Sagreg ORE sHteups@canoeTiniagaig mmne ﬂ@ﬂecrteoﬁrenfrﬁmth the

%%%ocQ%Xn lfeﬁg l r a%g%%féa ?elregg(?ndgng :1%% %r s%}r)egrg(tfgls Svllan% (d?l’(l)c{ult 106. In

mlrdmncqmmxg zzba): 10 xcEss ofjths hmcdnmrfe@jexmtlsmmaiﬁ,t produces a

BRRp R Al oo St Mol FRR i i e a St a8 ke

mbwﬁﬁesltsng caON8s 1ss:bmbalg@ with ﬂ&&iyarocﬁborcfem)armadrltlmtSydrogen
t her eof nts, contactin

0 e t he
HYHF b‘b%ﬂn%‘hl(?% gﬁle\ﬁt@lwﬂf 6l pay Fryrepireem Ctogtab?%dzﬁ%l%z and enter
doMnstreal! REMEdon Hnd €S Q4 R ptddudiwBndit 1TOr € cont acti ng
zones. The total product may be separated to formthe

cr uddn A BT éffp&ra@a% (@)L08, heudobratust gdah Bymps Epagred
ek e BEsauRf u &%ﬁ&ﬁﬂﬁﬁmﬁ%@mﬂeQQe&ﬂlahesl 136 b e, biw

or three contacting zones | GS. 2A and 2B, .

iyt SRR Shhs CRKE POGUGIARAY §8ié SO URFSTRIB ARIEATAR &eci 1R via crude
%ﬁ%ﬁ%g QB&%u@ DEb, JWRSH FERR G A AdForBABE catdds, pilefiRes, tétage
vessels, refineries, other processing zones, or a combination thereof. The gas may include

gas formed during processing (for example, hydrogen sulfide, carbon dioxide, and/or

carbon monoxide), excess gaseous hydrogen source, and/or carrier gas. The excess gas
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i ncl ude contacting zones 102, 114, 116. In FIGS. 2A
and 3A, contacting zones 102, 114, 116 are depicted as

W@ e@ana&i760 cont acti ng zones in one reactor. ThePCT/US2007/080413

hydr ocarbon feed enters upgtream contacting zone 102
via hydrocarbon feed conduit 104. In sonme enbodi nents,
the carrier gas is conbined with the hydrogen source

in gas conduit 106 and is introduced into the

BABACE )R (& QIR LASS tefl MIOURBifiel Nraa 8ok dd B @R QBB Sones,
ag}nlihom};w in FIGS. a%&@and SLEJE15 t he hydr ogen sou?ce .

Befageoresehectcambingtonsdlereidy ent er the one or nore

cont gg {d e AR Rend E&htéchﬁg ﬁ%%&}%@{rwﬁe&?@ﬁh e Qéﬁl%t?s')

via gas conduit 106 and/or in a direction countef

nrhduce p gialarodupids h@rﬁm@@mﬁ@m of metk spngctinggones dirp asal pg(alslct
ﬁpﬂs,“s! gen source and/ or

I{'ﬁ e ca te}r%tg(?togfg@qgigtﬁh{ag R{dg&qﬁd%g of t he hydrocarbon
f eed Iy hhancemiixi dgnbndiients ©6mnai@ting)fysitehleloo that includes
h r feed wit S f

tﬁ% 1 g‘lg(ger %&c?negeg tlﬂ F%(%&te g%;a/agl?%é) éontag?rg%sl%rgt%mol 0 1&?udes

wontactdnngtizomae 102arfdatommsteeaiaedtastimeeane 1 AN IGRTA and 3B

BRSSPt LR FO 35S 220 2 . 1

tlberd @piliesitas eqiaraid m&cﬁiﬂg()zmihﬁbdwnﬁé fe@aon. Clho h@dxbmlg)nzeaﬁenters

114 to addi.ti onal m cont acti.ng zone 116.
Bt PG e 145 S M D e one or mor e
cat aliy sdrfe erfSodsikai) tﬁer&aﬂﬁbﬁgas 28sontbn@ divaedhShydeeidh €xiréeSin gas
upstream cont act i %ﬂgzone 102 via feed stream conduit

Cﬂ}émhmf 28 i pEodssht EOrtE%?ﬁn&f’GH’E‘é’a%oan%ﬁ aZgiRire 114 cerpdn

SRIndnly, & Fowa B FiGRe3 A 8RI3 S HhERM ¢ bSurdOWaRt (R Mrier gas
contacting zone 114 via conduit 118 and enters

lawmqréb%ﬂne @6 RRETGoEMINETRICTIIHEe Byshiecatbpg fecttisepapaiely via gas

&)ﬁlﬁlﬁ?m%}{/opﬁl LAREAS Snid bhnAald b tﬁ@ﬁ}Ldr&%I'@hYéh ) fdrn
downstream contacti ng zone 114 and/or "additi onal

@@mnls;t gas sandugriDac iddgion ohde hi@ogan spercerandies thegtagier gas counter

t

R o R R g BN en L By NS CHI T BB E S Brbon

feddwaln the ety sts dovvnst ream separ ation zone 108 via

;gts a:CSO%Eagérj ()Lef?ﬁes raorca bE)n % 8 w1th c%tal%?tgﬁj sp 9 uc%on?afﬂ(ég zone 102

formdefepd smlaamt Thx fded snimmﬂmWSeMm smmamatcommmg nencll08 tvi a
rude ct cond 1 ElL.G [ chemat,ic of an

SRS inABE L b s Sorind gt PSR BF e BaFsBomng

m&@mﬂ&ﬁd) tactlipezode $adwaﬁﬂ1ag@d dewnstiear) ebdtitging tmmped or

unt opped) .enters upst separation zone 1

cr udé CBhuRs Ztoniszlé)li Eﬁ?(\?yelgafi@eeggrogmoa%caffmg f?c?ho‘ﬁ‘? n

Fieass, Be R4 btk &fts ﬁ}h’s&ezﬁh s@fMang @@ﬁdog rviéCf@edl s‘&eam conduit 118

separated using techni ques known in th

@Q&ﬁiﬂséowglﬁ%a@i qqatactwér%sv%}ﬂé‘ SASFAPHR ingiiC: %‘? s fipdstream exis

JRANEL PNk ngPlord Y P@Vlﬁ B@ndmf d1i Q&R R {RRGnalf@hnstream
exanpl e, water may be at |east partially separated

fontgasingrene 116.

The feed stream may be contacted with additional catalyst(s) in downstream
contacting zone 114 and/or additional downstream contacting zone 116 to form the total
product. The total product exits downstream contacting zone 114 and/or additional
downstream contacting zone 116 and enters downstream separation zone 108 via total

product conduit 110. The crude product and/or gas is (are) separated from the total
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di sadvant aged crude. In another exanple, conponents
that have a boiling range distribution below 95 0C or
whedsmszd® OC may be at | east partially separaperiufzo0mso413

t he di sadvant aged crude to2produce the hydrocarbon
feed. In sone enbodi nents, at |east a portion of
napht ha and conpounds nore volatile than naphtha are
separated fromthe di sadvantaged crude. In sone
fodRdi TR e pRldut @Rt dewReédnh Qpa@iiod Ne 369K FRE product
conponents exit upstream separation zone 120 via
©8th¢iul ¥2- 124. The hydrocarbon feed obtained from

upst rg@m R aRaRALO B £OMHoARNt bih éﬁﬁ%&%ﬁ@hﬂ%@érﬁ' of
includes a m xture of conmponents wth a boiling range
Wingetingsysteon 00f The dipadggtaged orudC(egher thpped gimentopped) enters

; et r
o st
lease h pokgsn af the stisadventaded corip arrendrstedviting achnoives hiypvwnange art

S b AR R ROR

ledidegrbup fted e Bones apple atdtomaydret 29 pantldH}ewpam@d from the

%gﬂ%%g glea grug%sltéls'? DY errglxgggle Cogb%%gﬁ%gatg%&aife ]?105\ mg range

diybaanbion fseedr eanauno °d 2ty o abieast partidiBrsepiracess@dhe

0oL R L5 B BB LTRSS T oL 2,

SRS et Ofnd@oMeSakds ek wolitile thA A@hthR LRGeS A D rorh IR
crude product exits contacting system 100 via crude

‘B?at‘j‘&%}’éft‘geé sdai ko semo empeflingite ablepd diPrrsinp 81 the pepagaiqdggmponents
REQPstedan s% RhRAIBA: Wiotia @n@hiv@ey t hat is the same as or

di fferent rom t he hydrocarbon feed. For exang t he

cr ude'hg hydraetbapeye bl BRI AR EPSHPAh S RABHORE TR A VY- ggsqae
egﬁlfoﬁﬁﬁe%ﬁt 1n¥1u§gsoasrhfxﬁlr$ Wo%ﬁnén%sx%ltﬂ | &gllﬁg‘raﬁ'gehhﬁﬂﬂﬁgn of at
product having a viscosity t I's between

loass EA51( g1, wfsomp embﬁd;mlentarad@dm rangd dtsrréauvwse% ﬂqagl 186 °C.

BRI S L 1 i
tahgr dadagibysioo tetwicery | G4- moa AGCLOIRALC HESORSTN. thideasi asportmn of
L?%fl)‘/’%? re‘tr‘t; ! e-lc-l'%l)élléso 121)ts rea selggrgu? ol o%g 'f% n% e% ers congactlijr%ga lystem 100

e Sul r anspor
@wedfo kxM}é@&lﬁE&t@hta@@ng@ﬂMn FIGEIG) v, adldmlonzﬂ rh&dnomrbon feed

R R S SR S

PRt¢anoOepohtidhene n:t[dlaapls@pwﬁbn&»@ﬂs&ea@omc@%stf@nﬁyatdemlung
100 via conduit 128 and.is introduced into blend g

Yn éfTéEfoc?Sﬁn%lt%$ﬂP?ngf9%ée l§GONIAHINg ptgm g Vt? f“%fh rgfuct
doRguicrvde product is conbined with one or nore process

streans (for exanple, a hydrocarbon stream such as
napht!h & geRpdERents, %Cgﬁjﬁ QF%P?tdhbléleeé ath@rerpggtat is the same as

S QER T@ﬁﬂhé ﬁﬁﬂ&‘)arboﬁ &gy ex@mghédﬂh@ @ﬁlﬁ@%dlfl& %gly b@ Eomblned
m xtures thereof, to produce a bl ended product.

il erwde kavinearliTemyidissesay ety aewline g blendsd m@@vﬁmawg a
Yif8Li8Aharde ﬁetw%&g@ﬂ%%%ﬁ RE&Ghde rbdRe BlaGRM Qs #O88hel G e,

or upstream of
In another example, the crude product may be blended with crude having a TAN that is

different, thereby producing a product that has a TAN that is between the TAN of the crude
product and the crude. The blended product may be suitable for transportation and/or

treatment.
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bl endi ng zone via streamconduit 132. A m xi ng system
may be located in or near blending zone 130. The

whb@sadetspr oduct nmay meet product speci ficati oPGT/US2007/080413

desi gnated by refineries and/ or transportation
carriers. Product specifications include, but are not
limted to, a range of or a limt of APl gravity, TAN,
vi scosity, or comnbinations thereof. The bl ended

pr odugtshewh trsFIb! 8NACOMhiZ QMR IR hirdd 8 e idid cordéiing
to be transp orted or processed. I'n FIG 6, the

Wrsadva ﬁtadgé@C@P%@e%?ﬂnéP% 19 8nd & dgrsisenpatian 9f 8¢ Felyeproduct
k&0 c&ﬂHcﬂHQ g&s&:’fﬂjﬁ@ VLRt 12‘8%1%(1 i&Rdoddagy HoRch ﬂ?@[z%g@ 0. In

crude 1s Separated as previously described to formthe
mwﬂr@c@n%bﬁﬂ) fideast a IrEomgidhoeradheaddce sdomhimad with epgor more

gésqfemgg(fwe}%@mel&)ﬁz){&&m%g R @APLER QQI?JII])h fo‘&ﬁ&rdt}%

condur t east sone component romt
s@paatchnaﬁ pagednor bgdoexhan fs@bhaamdg,ra lydrigarbofegil,ar mlxtures
OQucC
tﬁgln?fu{o Cpr&cﬁl%e %1 ﬁfenn‘le%&% dél% 1 tpiro% s%gr e 1 Sh)ﬁr&qgnloﬁ 5%?’()%%(16’ or
hB3Qur¢shhoughrcinuddicpd dichagdy 1rmnlvidmd1mg 738 13(Cbrhpstrqanodessh

d ter bl end 130 di rect |
S Rl aeobirT 1552 B ERe R R W ROt R
iEndiley 70nO RIS tTHe dlchaédpraduel evg edetpi@iticiecifldaeion c&lﬂl@ﬁded by

oduct Xxits bl ending. zo 30 vi.a bl end ndui t
S e R A O b -0 B AP, it 20t Timited

tb,l LRI @ UHETof AIPE gfarvmﬁm tvadodi®, & cbﬁlf)inﬁ@érbé tiRebf. The
distilled and/or fractional I%/1 distilled to produce one
c

Rgndeg prodestskity lepdingrzpne ti0org Dlendheondpis { 34 tp &¢ galfsﬁ?%ftdl Bns
<@ processed to produce comrercial products such
S trans ortation fuel, lubricants, or chemcals. In
sone [2ABo @ Hedisadvagpekeredsiniest UnsEChEPHYETEa hghthrough

SR NG GAL Ak inadenal 1By RIAMT e RS A TANOfo
9

at nmost 90% at nost or at nost of the TAN of
fohe tmﬁmab@oﬁ@ed ee. hyﬂwca;rém fzedhthembers aemacting syseem 100

tﬁfoﬂgl? 6&%t9o%gﬁ{yd¥b%§rbgn Ezé%\lc&fduﬁtumgglezgst sdhle t&%@)%ne%bsisfb%ﬁ[he

t 0.1, or a
dlisihltslvzuﬁageth erude cvdeseparr@tdmapnwil(] vif eaquie ht4. yAteasad pdraarsef the

cru C op&oducp eix’lts Cﬂn,&?ﬁt %{%E ?ﬂnid()ya d Btersg)?%%hng_agnegﬂo thro%g%w?ude

e Cru
prﬂdl@EchndmmlIB Q&heﬂp@od@ss&;reﬁn@a’lndlom cides, anter ®leﬁ&ing oor@.1R0 directly

In.some _enb oft e,Cru

LR SHRB 00T e FANh GEAT PG I PRI i Hpepaed
Iﬁo&gt ar hefﬂéﬁﬂb@%rbdﬁdﬁ eﬂtsZmlenHi’ﬂlg 361}‘691 ﬁWMﬂéﬂﬂﬁi@h@lt 13ae

cru roduct has a tot VI F t nost

90% %%g O ERPagHYgNLs the 5 ﬁﬁ%gijﬁsé/%d 1) uétt arpffagsported
3 %oréti nebyndn dNishi Wb d-gndr Tﬂia@t[ﬂnaﬂbf ditiedhy ploe@roae br ﬁl@l@dﬁstlhﬂe
certain_enbaodi nents, the crude product has, per

{Brctiny e ARBHRIE FGIonBRAY PAPTOSE (@ BRESHFCOMCE i ZFgacts such

afsrtﬁﬁéflart%olﬁua AP Bs! & cRerXicA® granms, 3 x 10 7 grans to
rans, or 1x106grarrstolx105 rans.

' caR bEMEIBITEe A con o tha dedrpeaseindeccheish die carplyst, the
Gudt e s NPT oM ST, ol MoStS0B, SMRARBLIRIE S (h@TAN of the

hydrocarbon feed. In certain embodiments, the crude product has a TAN of at most 1, at
most 0.5, at most 0.3, at most 0.2, at most 0.1, or at most 0.05. TAN of the crude product
will frequently be at least 0.0001 and, more frequently, at least 0.001. In some
embodiments, TAN of the crude product may be in a range from 0.001 to 0.5, 0.01 to 0.2,
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Ni /V/ Fe content of the crude product is 70-130%
80-120% or 90-110% of the Ni/V/Fe content of the

whyasoecasbon feed. I n sone enbodi nents, the credBUS2007/080413

product has a total nolybdenum content of at nost 90%
at nost 50% at nost 10% at nost 5% or at nost 3% of

t he nol ybdenum content of the hydrocarbon feed. In
certain enbodi nents, the crude product has a total

df‘@)l sREeNUM ©RRBMbAiRRAG] TYN b @B RdO Pk RRMrAf2e from 0.001 to

fromO0.005 w 05 wtppm or fromO0.01 to
®>, PpWﬁ‘bPrﬁ ﬁWQ@ﬁ@%EﬁEJ?%@]ﬂ@Oghe crude product has

a t otiako KODhSIAl s, MRtAldS pH@lu&%taéé tob @ INiA /8 coREAEH a€ most
acids of at nobst 90% at nost 50% at nost 10% or at

Ms tat OstIP) %t Hanasol i, at o198l coht et dVesofithe MY /A cemgnt of the
ag| r
U faeBglEaf dhah %m%’ﬁd?}?l%ﬁé?&?*@‘?@ﬁ?%él B Gene,
moduct @ tritat] & Wice, cooanblomyangc fepoi Hs 107 fiawh &) 5 k i) dersms, 3 x 107
dl I
i%!n%%@l )r?] }: u%gﬁ;is o?? qa@e g|£10 %?% 10%@%% %’? ce?{] I]ﬁ:%b%gﬁents the
@cdedsoduptien anhhst €ni I acintsyf NiAdFO einzoine embcvchimeﬁhea total

NEVRe PR Pl Qg aaben s SaTae de B du iy me

@htcal défmiee igardchrbotaalls (for exanpl e, rmgne3| um
cal ci um and bariu Col u met al s r exa
zi nc BHYCHY dtﬂﬁnts 5 1CTHeR Pirggl ffi’ﬁ%\f‘ 50”(1 ?c‘&lr%?oé‘ ent ot at most

s, &0iN63t,50%0 htundst 60w EL alost 1%, W aexaIBYeaf e h@Rbdeidm cOiitent of
m xtures thereof. In certain enbodi nents, the crude

the Byslieqartoadeed. ¢estaineeapodimentst (hg gRus Bropyet st iplak wppgdenum

Qhtedf @ANKEraGiI0dD1 WS m & BMpRh, HFHHDBRAFME to 0.0 f
r ange AOLCLBEIERI 28 . O oo gggﬁmo 38800

P aivd)- & BPEMO0002 grans, or 0.000001 grans to o 00001

gr amgy ngé@ﬁl%dﬁnén% [Hétcﬁlde %ﬁJdbcthfas PR3 e RS ﬁllétag(?ﬁ metal salts
gram of crude product. In some enbodi nents, a to

dongaaistacigp ohaitnzdss9(% an’élpal50@ahltr908©ﬂ0%r<gathm©st§&r @fsth‘t)lfotal
éo %n&g alenqﬂé{ﬁtsallts of%p aill%Qlc/{’ds %QBg'g)Rl@ca on %23 13‘)9 e?ni%famds

cont ent I'n net ani c
taail gdseralh/ fohe rrtwya@ sedut@ afrChmln lfuead nbnlirgigrdttai qarbenﬂ&‘ohcwe rhio]s,

1Irf1clies gsu?fﬂmé Xmgs a%cp sul ne&g \leelﬁlgllés % boEqL/Jl?c atm S rll’%md% Qbrllﬁ gre not

rocar
ludeaotnap]ghmdndsL pm:aantlnlsma Beid3084 beﬁi@eld 2084 Tlﬁi(hletﬂ.l];ib%on of

0 30% of . t.h hyd b
STt B i SRt Satre, 1oy SR ERE sy

epkeﬂh(ﬂél-@ﬁrth 19ethlk Ofr dxdm#pll, nﬂl@ne3ﬁlm Oa’lcu'hﬁ- @l batiimy; (ETolLthle metals

nbodi nents, the crude t has Vi s oSi t
(E‘H A;Z“é&anﬂﬁ%qm%‘@% 31‘“ 1U5C ek (f?b%%‘fl’ et%’i%"ni/ﬂ) évié%
Btk ©r BEpRC aibatin) efdnixlufessii®rembodi nent s, the
Vi scasi tgﬁ of the crude product is at nost 90% of the

vi scdBFeripingmiaduneniv s caids grpdpedas dtal €ontens olypptals in metal
Qﬁ@&f' &%anﬁf adcﬁ % HdeoRERE lﬁ?ddubtsm aQraﬂg%Qr@m @@OOb%Qf/ graf% to

-1 % of gravity the hydrocarbon
0 00005 grams, 0. 0000003 grams to 0.00002 grams, or 0.000001 grams to 0 00001 grams
of metals in metal salt of organic acids per gram of crude product. In some embodiments,
a total content of metals in metal salts of organic acids of the crude product is 70-130%,

80-120%, or 90-110% of the total content of metals in metal salts of organic acids in the

hydrocarbon feed.
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In sonme enbodi nents, the crude product has a total
het eroatons content of at nost 90% at nost 50% at

woEs/0d0% or at nost 5% of the total heteroat POEUS2007/080413

content of the hydrocarbon28eed. In certain

enbodi nents, the crude product has a total heteroatons
content of at least 1% at |east 30% at |east 80% or
at | east 99% of the total heteroatons content of the

hydr o asrh@lefiRRbnent) APPSR viBETQLH Mﬁod&hﬁo&&ﬂeﬁ #om contact of
content of the crude E)roduct may be at nost 90%

at
e Bydrapogondeedygyca e gntagH R CoRmions. 1h- Ko, §-120%, 90-

o9t 8Ptoef30thG kd Mﬁﬁgr%%ﬂ#@ﬂe hylifbc &85k fbd erdh %B&ﬁments
the crude product has a’sul fur content of at |east 1%

AbT dradytof 8B%udgtrrdduelgt 180U -49r 1580, 108 4&625.99% of t he
S ul f 3{1 GO &modﬂlflen'i{] E‘ne IEYLQIE %ﬁ)%[lg%g? cfl G gmt)lf O = Q1T 9 % at most
ur co e pro

Iments, the s tent o e cru
8(2% matlrﬁ@swo‘@@f th2 G%cosaly Ogawbldl@f@@bortfngi dokdéme emkmiuremts, the

\9 £CO£1P e n C z ncf 3{ %&1@% 18 ?ﬁ eOst '95]’7 eo? H V& dsu C%?tquorf‘rﬁ{éth dro%arfﬁ(%lsﬁeed

cru
@ﬁi%th@l&PI’mﬁty&ﬂ%e @tderostucdi® 7p- 16@%680 Iﬁ@% 0b9%0-df0% of the API

total nitro tent of the hydrocarbon feed. In
%%Y‘iye{?%hyélﬁ%%%oﬂiﬁp the crude product has a total
ni t r ag esmeanboeinhend, thatcrdde@ﬁ:tdudt%as atotdl ﬁaﬁﬁoatﬁﬁ%coﬁént of at most

st 80% .or at st 99% nitro
NS T S e i P AR RS TS
Basdcrbbh fde@IR AN eRBbdifknt NBe @rﬁw@owcoms@ttotamet@&atoms
nost 950/%\Fat nost 90%9 at nost Oo/i%at nost 10% or at

GBI A4 It o SIST &% ¥ foat SR OFA ittt 99 qlrile total heteroatoms

ehosaRdRRrdce®dn fdedd. Ccertain enmbodi nents, the crude
product has a basic nitrogen content of at |east 1%

at | dasemaguhodgpents histulfggpnignt oh the|caplePraigosragy hergmost 90%,

RARsC508, taf RE{N 0GOBL £ RosI% bhGe MEE 98@&9 8Pihf eRMe plloﬁuct In
some enbodi nents, the oxygen content of the crude

q@rt@l@@mboqhasentbethmruﬁ@gpd@@%s agulfmponteBOpat lgest dfps ot 186040%, at
1@ st g(??s dor]aplé% 95%%% t]%‘%ﬁ ur%({?ltgﬂt Qtfla% ﬁg%gzﬁﬂm%@& e['ﬂtsoﬁ)lg

rocarbon 1e n certain e ment s
mbmdenqm:sodla ctlfirgsntent@X thgemde pritdecttis 6f-1341%, éﬁslﬂo%%r Wt 110% of

t&lggsl%ur? n{%nt?f]theﬁ Rhcai 0 at least 99%of the oxygen

con arocarbon feed. In sone enbodi nent s,
t he tlot@ahe ﬂrﬂlﬂidﬁnlftntsafotai aitlvgy tdneenadfi the crodgpeudes maf bé menost

at nost % nost
bt T b O & e B s o B Rgns st B ngc g
Igﬁfm@ﬂbﬂﬁi feell NInt deRaih yoibod Ak i®Nhd @adk prbducCrastaabtal nitrogen content
errb nts, e de ro uct h total content of
dat 6%2 G gt st EW& oar‘r%&?} R B?atifimfbé?é‘ff thejotal pitipgenggontent of the
B@%6cadbn teast 80% or at | east 99% of the tot al
content of carboxylic acid conpounds in th

by ir OB BPBOHIHWHBETS, FNSOHEOSSHHSBIF Hhoh (s Crids PEpgiapay at most

9:5@/% %Fh@st@6%9 Q&P BPR UR S s RY?, BEa RV SR G iH3 b‘éﬂ@ nitrogen content
hydr ocarbon feed. |I'n some enbodi ments, car boxylic

chedwydgasarben faget Hi cedaipembedimengs, ﬁbg(grpqlq:product has’a basic nitrogen
content of at least 1%, at least 30%, at least 80%, or at least 99% of the basic nitrogen

content of the hydrocarbon feed.
In some embodiments, the oxygen content of the crude product may be at most
90%, at most 50%, at most 30%, at most 10%, or at most 5% of the oxygen content of the

hydrocarbon feed. In certain embodiments, the crude product has a oxygen content of at
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acids may be chemically reduced before non-carboxylic
cont ai ni ng organi ¢ oxygen conpounds. Carboxylic acids

wa@p@snoeTscar boxyl i ¢ contai ni ng organi ¢ oxygen BOIpSuUeso413

in a crude product may be dpfferentiated through

anal ysis of the crude product using generally known
spectroscopi ¢ nethods (for exanple, infrared anal ysis,
mass spectronetry, and/or gas chromatography). The

BiWde RNOdURIv. at Bak 80 b it RINOGI I lﬂ{esoxyg@scoﬁt@n@mgae n
content of at nost 90A; at nost 80% at npst 70°/$ or

ydragpdpn Bgdg B sops emBRYigIERES B ok ot pherapxyk pounds
éﬁﬁ@cm&r}qomg}t bd Ja%lo%{wh? aPhRdueY, hﬁn@st 169 S H%Qé’/s% 8t the
Q

most at nmost 50% or ‘at nost 40% of the TA
qontentgidraorasioppic feebepmponndsear thaibrdreedsiead faeth irscertme

0

G GO Ehaap BbAR B OER  GAH, By B ot FiRlpolls

leoni @nat lakt 1e ahlje@m 80%r ronlehe 8% ditig ihkconrendd cprboxridctacid
% at |east 30% at |east 80%

(%%%Oﬁxgéggg%éﬁép ?qﬁﬁgﬂT%N of the hydr%carbon f eed. ’

Addi thh eered ¢mphodirthents sa]@beedmrmmmm/coh@vmda nmxyrh)t: efmmc@ifm the

aci ds and/ ar net al ts. of carboxy
R8s e e S e M sdioos s tisd BB Rty capponyic
4008 tm 4 Gechdmit 418/ rb&dé@ﬁﬁbﬂa(hln-fcﬁﬁdxyha ooht&inidQ btgnic offgen

%(&{]phga Sgg’)-é%lg%éécc i%g'%n C&}%r gglPC;_C%EO r%feor}geﬁlgc x())/légndcsompounds

inQrneR R g Lfatiiakg (1GHGRMNNElY X ¥OBE cHOOPOtE Ssifd
the hydrocarbon feed. I n sone enbodi nents, the crude

%?86@&FKWWéPﬁ@@§xTFHn@¥%Bﬁ%¥%%@H%%“@PF@&P@V%%IH¥%on1
Egagﬁmgﬁngdgﬁgﬂﬁmgﬁmﬁégﬁmg)09 0. 13 grams of hydrogen

per am of crude uct. The crude product may

i ncl ude crudp pmflgctnlmcmlp ainbaimenis, (ipean Ty ein @n@nfcpfgt most 90%,
EL AL S at &9@7@%8& at 910%(@; &the 9{ 919&91%t P&he H}l;cﬁ‘(%aﬂﬂcon feed,
crude product. A'ratio of atomc y rogen to atomc
@éﬂb‘dﬁof(thl% apdoprodiss isqt maet Yo dunest ARy, Benask 145, er at most 40%
0P BR300 b B OIS 0
Ppéroconentifimt kast 3 @P/catdf:aSt Bl hy ljaasi(SQ%b ot fle@ed 96t @frthQ:O?Mg@
(i'?% Cf{:nt Oof! thedhy%?({cﬁr%o}l Pe%& eaég E ?ud%lpg(éd%ct qag n%lAﬁ(F(%fl a?ﬂ:as 1% at least
MH@MIhyﬂB@@emnmkmp@é@uﬁdﬂfﬁ&stmahwﬁbGMMmudﬁlproduct

oo MRS HATR RSN it o RS G eber? Rl R R ishh Sgaf,

Iﬁétalt SaRs @Y ouﬂ)exﬁfc(hdidlﬁ bf at@osl Eas tat &oﬁl@ﬂ)%g LSSt S0%, (frraOﬂibst 40%
of hydrocarbons with a bailing.ran

‘bfl ta l?ydﬂlfff‘libg‘h ?egﬁ agd a ﬁ%%‘?mf BOID%“‘%&W@C G RINRROTEERC P ‘?

QofPdndvaiEn 70013008, 801100 R0d-90- 15 09 @Mie fdh-Jaddk AGjoR@HSng

with a boiling range di stribution between 100 0C and

FRINIQEXYLEN CPIRYYED the fyydjogarben f5edho1 grams, or from

0. 00%; Qorre ShEHBn&GHs, MedhRIe %f&lﬁ&%ndﬂl&:@ 1ﬁ11t§)91bieblﬁ9r s‘hﬁ&gfés from

di stributi on between 200 OC and 300 OC at 0.101 MPa;

45-D ¢35 xan opfrem@F s 13 giams pbimidaon pergeren gf erkde ypduct. The

Hﬁ&yﬁﬁﬁﬁpBQ?uMﬁﬁg1@npﬁbk&ﬁ&sﬁﬂﬁ&%1%h§b%upygﬁ9@opﬁBM@ﬁﬂ

300 0C and 400 0C at O.

0.88 grams of carbon per gram of crude product A ratio of atomic hydrogen to atomic
carbon (H/C) of the crude product may be within 70-130%, 80-120%, or 90-110% of the

atomic H/C ratio of the hydrocarbon feed. A crude product atomic H/C ratio within 10-



10

15

20

25

30

and at |east 0.001 grans, or from0.001-0.5 granms of

hydr ocarbons with a boiling range distribution between
wdo@soiB7amd 538 0C at 0.101 MPa. In sone enbodP@ENER07/080413

the crude product includes3oper gram of crude product,

at | east 0.001 grans of hydrocarbons with a boiling

range distribution of at nost 100 OC at 0.101 MPa

and/or at |east 0.001 grams of hydrocarbons with a

309 bit BYhy BOGodlifsdaratdablt OO rdiet Ye@iRes HOR ubkeaind/ o Oéhs@Eption of

at 0.101 MPa. In sone enbodi nents, the crude product
yg{pehminghapropesa strelat gty sl aps/or ghat fydrpgeads prodired g vl

of naphi-hAe Bfodud R dRf c&ﬁﬁbﬂ@ntp{?vﬁﬂl Y QJnge bf‘bdi’l‘irfgeﬂomts In some
enbodi nents, the crude product nmay have a napht ha

woedisrntsothe srudgpedug iglygledy Pt 2rayn o thegpxie pwdactgfrté@ﬁgt @01
f
QR PR BLORSRIL S THIR,BEOH G o b RERRy gt ot
oot ehtC af0. 700-MBO% 1e800. OQﬁg%nsmr 1190 L0096 gfantsi@éhydrocarbons

\gi!ﬂi% E)(%l}ug% fande o&%tﬁﬁ‘étlog Pe%égn !’ﬂ(ydii’ eg:n%rQBB GCf && ?01 %E;?’ aFtJ leeflSt 0.001

e cru produc f nay
gaasnoo fromroie - grdme df hydmcarbbmngeh ] b@lm@raﬁﬁ&ﬁﬂtri&t@n between

SRy S0 SR PO Ty S

MArak3B0as \Sl(fh a BANg raﬁge BQriduiibd Wewleet 5® VGadelontent 0.of1 MPa;

i aulit O BB, oGP b -E7 B BBt b piipe e

diftriButlodm@eveb s 000 @ £Q308 ~C A @ 1@r aMs., 0 001 0 5 grans,
0.002-0.4 grans, or 0.001-0.3 granms.

embodP f¥Pk esmquﬁgené% the %mﬁfl" Bt “ﬁ%\’é‘esapﬁ’f&% a%CfEQ?rﬂf%ﬁ‘ﬂCt at
1®fst b0 MP&fns gpﬁ@dr&tarbﬂﬁss\twtlgg BoiliAd rafRSdistARNondF al RSk 1&P%0 at

at nost 20% at nost 10% or at nost 3% of the residue
@ HHtMR areyvortah@aw&)pbé@f% Shhydseqarbopy with a pgiling range distribution

KhQdi108 8¢ $nd 3dde Gl vd8: Rfpgduct has a resi due content
of 70-130% 80-120% or 90-110% of the residue content

of t Heshyierodithans, fheedide Prguempteiape gderst 0-Gtyerimay er at least

PFL AR E Bbnh 1 Bh BEMGL. B ETHEF QbR 4 5 HFoduc

yaalres e a@alﬂﬂlar@n@ntgﬁamost@ QOENY .orzatgn@sn@B goms@f @dphdhalper gram

C%rc?hn(% | Some enbodi nents, the crude product has a
PESUShd c7 asphaltenes content of at nobst 90% at

nost Ibed%me @ahbadisdnts3 Offgerle paiductﬂm!; a 408 and canteat ¢fot0al 30E5 80-

ontent 0 th arb feed. In
BOF S oP AR FERRGRASChy B ot AP BEG IR e Con
(grtlw‘ﬂr@de fydlicogay B perf gad of @udofraductin ﬁiflﬁg&ﬂom 0.00001-0.5
| tenes conte ging fromO0.001 granms to 0.2
‘g?r@ g%oﬁgf?las G’Y%O{isgrﬁa}n%or 0.05 grans to 0.1 grarms.
I N C&f t@tah @ﬂﬁzﬁdhmt@,cnide 9rd@1ﬁd;tdﬁs PVodUsinteRas - N@% 80-
content of 70-130% 80- 120% or 90-1 10% of the

28 Bh0-BH0% Ny G RKBbM FBAroRID Eni topsabodmens.
lgetaltls ro@@e‘@ hék, f& BHPHEIRNRSILEO Qt\@@ c&ienitn AMBde RAYD.00001-
at nost 80% or at nost 50% of
0.8 grams, 0.001- 0 5 grams, 0.002-0.4 grams, or 0 001 0 3 grams.

In some embodiments, the crude product has a residue content of at most 90%, at
most 80%, at most 50%, at most 30%, at most 20%, at most 10%, or at most 3% of the
residue content of the hydrocarbon feed. In certain embodiments, the crude product has a

residue content of 70-130%, 80-120%, or 90-110% of the residue content of the

hydrocarbon feed. The crude product may have, per gram of crude product, a residue
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asphal tenes content of the hydrocarbon feed. In
certain enbodi nents, the C5 asphaltenes content of the
whyasoecashbon feed is at | east 10% at | east 60PGT/0F2081/080413
| east 70% of the C5 asphal Benes content of the
hydr ocar bon feed while the MCR content of the crude
product is within 10-30% of the MCR content of the
hydrocarbon feed. In sonme enbodi ments, decreasing the
Gareasinhahigmem comoents @hmd, faﬁ)oby ?/g%‘hﬁﬁ@@@o@ﬁ@d ohsl €.001-0.3
maintaining a relatively stab content may
gt O488-harams, o POl Oyl %ﬂ‘m% he hydr ocar bon feed/t ot al
pr odyg to éﬂiwdﬁnenltsn t@%ﬂﬁl@%@iﬁ@ﬂg@m&al Ct5 bRy @?asphaltenes content
asphal t enes content and content may be conbined to
Praboaetd 0%, penene pifi at alost B%aor airisdst bO%@f he eatalt(ranth Cgh
' { t
R R R R S s
fieerdt hag xemrptaen ofdiyduoparbdn fgedhypdotddarabd £’ ﬁ@@@lte@@s content ranging from
h d NER cont ent
é(ﬂ %lé&?tg%fze 1%%?35169625 %Kﬁ%u(rgﬁ%ﬁggrg@?u roauct c5
as phah tcﬁraﬁsemtmdtrmm, thedrele pradde hps MR cdﬂ[élﬁt cfoivt B0, 80-

B FREETEDE St o R R GRIBEGRE, e

120 a10Q Agihh Benkcdnbedt byl hoeEI0bQ At hed §0% Sor amﬁlobtrﬁe)%:dsmﬂecs

BhRu5H PRl O Bt R L R Rt 003 s aphatnes
soarhedTtithofydtdeerbos wée 1sIth sttqt)%t @t 1@t 6()'%) hﬁlfilt 13@1;30% onihet
r

is in arange from 0

tphaltgnes C@Wﬁfg@if FP@M@YOC%YH@ fe%ﬂ%ﬂeﬁh%%ﬁ?& Copeat %fﬁhWe product is
%@k B0 Rthe MCRcofBtof B0 % dRtarB®Stee 8 Aot eMBshm&RY0

or at nost 10% of the MCR content of the hydrocarbon

feswasingthe Co pupidicppownient ¢fake hydppcadpp fesd b maitaining ¢ om
Iglaggeg stRpid l\/gfl@%tengmgg RicRaQ8nd gt%fﬁtiy o? [he%y%c&b&ﬁfe&f/@fﬁ

of per gram of crude product n sonmeé enbodi nents,
nrhducemixdere pr oduct i ncl udes from greater than 0 grans,

but r

0. 000557 BBt B T By R R CR R Bl be
@nbded tr podak.a rﬂ'du@nwatfaquls:tqmdyp bhgwegt the high tvabisity zpmppnents
i§1 Elgeac::ru:rc%é?r@t (.) u%.%gﬁg&éei tg) Lﬂrlel I?lgh %1%0%@%9%&30&1%%% 1rn§§edtll&lglrocarbﬁn Eeefl For
dxamplei Dsum afrmliy«irochnbon &ad € mmleltenssecp)areat andn Iabnolcarb@reﬁ:ed

LA FLALRPLER 1S 10D I5R50d Fl Pyl e

dnaneirle tpodueM CR e pmad e trefdeschtd@by §'edhe®iths mdyhiee compared

ru roduct produced. from contacting s ste OOh
ﬁ%m%ﬁﬁ’ 58S e PPPUHSHOR iRAHET Y SHapt SoRORyntY AT yAroarbon feed.

e caldb prodh@eshy bouE N rapbOREN LS, MaYorN 6t wﬂm% bEg. Rl s@me
not limted to: Cﬁ reduced TAN, b) reduced viscosity

eybodupspise i ratigrh MGG gapiapsoldhneraty Pro%ract g i Rt lighs c@pRnt is in a

Igﬁgesfkglﬁy@ﬂpmggg@,m@gtf@gen or comnbi nations thereof;
e) reduced residue content; f) reduced content of Cs

and &7 cagphaniadivedts, g cruelg @@HctmrbMﬁ?ﬂ?e‘:wtenmat is at most 90%,
dt %rs@@'w dy f%B’ét 58524 &t Ynost DooBof tﬁgwﬁq@c&% mhe ﬁp’dr&%}b%h Feed.

In metal salts of organic acids; j) reduced basic
The crude product has, in some embodiments, from 0.0001-0.1 grams, 0.005-0.08 grams,

or 0.01-0.05 grams of MCR per gram of crude product. In some embodiments, the crude
product includes from greater than O grams, but less than 0.01 grams, 0.000001-0.001
grams, or 0.00001-0.0001 grams of total catalyst per gram of crude product. The catalyst
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ni trogen content; or k) conbinations thereof. In sone

enbodi nents, one or nore properties of the crude
w@e@doel7so rel ati ve to the hydrocarbon feed, napCh®ES2007/080413

sel ectively changed while other properties are not

changed as nuch, or do not substantially change. For

exanple, it may be desirable to only selectively

reduce one or nore conmponents (for exanple, residue

BA G M k@BIASiInE Yk chille Prdiielr REAE BARpSHLLEn Whd/XQbhtment. The

significantly changing the anmount of Ni/V/Fe in the

Wgaf%@ay %Wltf%gaswq ﬁmﬂgtm fgictiom Al or ipfepsp yalsT tpRiakien abilities of

tﬂé‘ Eﬂu@tgpl%@ﬁgt aﬁfelh@@s &@éﬁd@& herEANE: rc@ﬁi%glrecpce aﬁ@@ﬁeq}ﬂ $nore

reduction, and not reduction of other conponents.

@lalysts degasibedherein ththpyaide pedudt duringsieealiednty used to

redug ' LT

mourg ™ oF b e e ey AR o iferen

deWHWQ@@HﬁE@ﬁwéxamp®mﬁ£® Sick auhpanitageylincluded duhay nbidingted

A/ t
B DeRhr M et Pectbind sl PRGN el pocea
csup&nt cﬁf solditn oygen, Suvlgen pdr@aEndions tfnetedf HH}tdlbﬁd nwidee content; f)

efficient reat ed redu ue W thout a
Pl bkt &7 G e S A OB H ! B pre Rt Rer
gmtiqdi) meedtuseddonteeofl AN tni r0a1Sl sAByofiofini¢dieidojerediicebhsic
hul k netal s and/ or. one Qr re netal n a su ort.
PRSP Sy CRRDINFHoaF iRt i SO RBedPente KBS PigRSHE of
RoFATR Y 0 cfde pRRIubEetkive DNBe BREk@abtdh Secd 86 bR ctively
herein may be introduced into the contactln% zone as a

hrrgedrdie Othﬁhﬂfo?ﬁﬁ%?? Aol ranged syuchsorgloqgt sybytatiaily clhapge.
CRRLARHIE, RO AORE ebitMe t@%ﬁ%hl@etw‘é‘!i@@d&b’ bhdisr AREEQhpdhents (for
hydr ocar’bon f eed contalnln ur is contacted with
PREPlsy seidvesEdior Vipersitpdn a|hy focaboncigerivisiaut yanifgantly changing the

&fRhal ¥ 1?\1/#@ ﬁﬂh@ﬁycﬁ&%ﬁfoh @@eq 'i‘r‘?{h?s' Han'®BY hftro g@ﬁ)ﬁ ARt ab
commerci al catal ysts. Exanples of commercial catalys S

ohteting eahyricerphtated] ongesive yeskudticns anflewt radbeiniog pdph

AR, R T IO eting eyl gyt bhponenc i

tmjﬂﬁBG_carHDNI@ﬁ thPah3@nt oDiiddGzen DNUSrin®DNR PByce SNSF e minimized.

%@ le gﬁ%évsa’nﬁ% 0(9&1‘:\;@[3/'\% 1%&&8&?s§%@.€%e0?ontent that is

Rbmldqmt trdaibéhl Bnd/GRNBG IO rtathkRMSH &G caRivits3 QuchRYB8&hbon feed
2603 7623 .7Z87 Z703; .Z713; 723:.. Z7

VR EHP & %g\l/eélgy grﬁefteéd 3 TS e Y IO ag?woarlegucll@ﬁém ¢

( FDUQaﬂillysts_ESéfcaﬁl onbJoSnére)embbiin®arR®f @ixodhiitR tnﬁty include one or

cat | ysts used to chan operties of the h Car
% figfeanddeng pr ﬁ‘iﬁ‘%én%é? Eﬂﬁ@l’s‘)fi O'H?‘Fe'f‘ 1§¥Bﬁ %‘ém elemental

t@tﬂ@ PPintthe foath WM Sordpold BEhahks). THRChtades dBittibal IRdiPnay be

limted to, vanadi um chrom um nné%ydenun] tungst en

iEPAaFLIRE th eRUAGHRS LARE 25 hBISPYIFAT 4 dREN Deering felivifadafalyst in

UL SRRHEY orR ok 8EintP, whiPSli1tFhndsH By MocibbiifebdMontaining sulfur
plati nuny or m xtures thereof. The catal yst may have,

ip epniggicarivig the arceyryant. The ceigbyal orcmbimpdonsf taiabysis Byedgy described
I%QJE ﬁlrd of ﬁaf‘n(ﬁ@@ g@mfn&gm éattalifs‘%@%xagl})fég Q#C(gﬁrﬂé'f&al &Ealysts that are

| east . I granms, at | east or 1n rang
@n@m}’lal@i t@ bgpwedes dGcgy-hgred lgﬁla‘ih%HD& 003S2; MD@?@I@B“O €311

(C344; C411; C424; C344; C444; C447; C454; C448; C524; C534; DC2531; DN120;
DN130; DN140; DN190; DN200; DN800; DN2118; DN2318; DN3100; DN3110;
DN3300; DN3310; DN3330; RC400; RC410; RN412; RN400; RN420; RN440; RN450;
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0.01-0.08 grans. In sonme enbodi nents, the catalyst

i ncl udes Colum 15 elenent(s) in addition to the
w@elogomzsh- 10 netal (s). Exanpl es of Col um 15 PCBOBI0DF080413

i ncl ude phosphorus. The caBal yst may have a total

Col um 15 el enment content, per gram of catalyst, in

range from 0. 000001-0.1 grans, 0.00001-0.06 granms,

0. 00005-0. 03 grans, or 0.0001-0.001 granms. In certain

RROHRNBDI (S RNSBE0; G by, 3tMi 15 RS0 %0@%2@ retalis) 7713;
The catal yst may have, per gram of cataly a total

P W%arr?e%ﬁ(\gl}l% éfﬁtaé%ﬂab]@ 1Oz} CR%@W@O%GM (Hgygston, Texas,

8agl 0.01 grams, at least 0.02 grams and/or in a

range from 0.0001-0.6 grams, 0.001-0.3 grans,

0. 009n gome (gnlaqqlgnetm cz@al@s];s Weod® (éya@gpg)ropeﬁlfg @fyéhe hydrocarbon feed
incl

1%@@%&%?@re é(l;lgrgﬁ ?Esags A% d am 0 cat aﬁp etgl'(g(?nclude

grans of per
310 e nehluomdtemasadmmechmiamymblybdmmﬁndwsgs@m umnga]zase

tgéh%n‘?u% (rﬁ%num i qdéoﬁ:) Igr}léca?l af’uhl%n% glnﬁflo%ll%{% )osmiurrln

I ha
mﬂluﬁo blammrﬁ Glrﬁtlah(es Jhewiof. HIT&rDatatylst oy l&wﬁqieagmmfdf oamlyst, a total

| d Col 7-10. A nol ti
s 0 BRI ofRatiTazank S SR 00] S @caipd 0T,
£ 1ebs20)1 gkarh§) or ra @dngde. 0. G@OIMD)lﬁagrthﬁtOl(ID)l@B Gams MO0B-0negrams, or

48, GTASMS. [ 30BN, B2 0, S, LFNRE UL O i o

idaftiot dee Coludm 515 rﬁétﬁ(m nE)(a‘iﬁpldsm)f adilinini Breldngentshiclude
conbi nation of Col umm nmetal (s) with one or nore

photrhowust [Bnratdysh Mg hsvea?rfavabﬁol?mmd S ejepepiqpatent, per gram of
@ diiRAEStroth DO, Y 8tams NEOIHE D). (kAN 0 B0MBLEOA Shms, or

Col unn 10 netal (s). A nmolar ratio of the total
@Q%rﬁwooﬂcgﬁﬁﬁal to the total Colum 6 netal in the

cat alIﬂ( §értaWnl§)%1thhtsatﬂe%thﬁlstflﬁ@ﬁﬁel 'C%len%' mgtﬁ%égl g hécatfh%t may
certain enbodi nents, the catalyst includes

e apleg g)imaﬁ dat@mitufmtvtal Ookmdl raeiyl(s) pomierit af atrdenst (bOQS)ﬂl _tah &ast

u
(% ﬁﬁe cara yg{;{E Orbg)% Eesaagnﬂ;()?l r angésof%d’FHI 0@?(51 g@ gﬁaglg?(?g(l)r%_bg Sramms,
20B-0-h g@oneoré)rﬂidd@&gnms InGoing embodimefls, i cltal w) ingludes from
Qﬂgﬁ 202(?{ aﬁarg ofl (? r%unglré P%ae{%)ag(g eéﬁogrc?‘%n(bf c?taf’yg'%gﬁ rsgmé grg‘t];o%ﬁnents the
cedyt (nsl)JdesrCcdmnﬂvilﬁdt:man(sWntdddﬁoh unthe CElueineﬁmﬂhl(S) are
i ncor orate r deposit.e n
t o0 aBELR Efboaterty pEERAB T bR BB i thg o
\aiﬂdérle:ror ai@érmleﬁa(gsl)onacauﬁlu mﬁﬂ/bedolumhe7 el ghﬁolﬁfrati(h@f Column 6
cata udes 0
IBFté]ﬁﬁyrﬁSO[ n> pral ngidpra rﬁ‘%ﬁ g @L P us %ﬁ’gjg nay IP%&W ol

C&hhAG RN (OrbIdRSS 7P0hRLS nﬁﬁb@ﬁﬂa RA&EELIBLE 8l16,0r 2-5. In
zeolites, or conbinations thereof. Refractory. oxides

SRy crivefiigats. e fatalyss inchides Colpmads elsmenys) i #gitioajty fhea,

&hlbifao bt B1B@n 6 hidAR] With 8 &%or@ e GRTHHAICOMESS and/or 7-10.
magnesi um oxi de, or m xtures thereof. Supports may be

Bothr rebmaTs. Sieca et BN (i) gl 10 metals). A
1‘1:1:51'611t &lid Qf‘thgﬁ)tteﬁ l@éﬁfnﬁl ﬁﬂﬁlet;ﬁqg tHéQJ)tQI%(ﬁ&nﬁ- 3 n(ekak.? Hﬁil@ @atalyst may be

Texas, U. S.A'). Porous carbon based materials 1 nclude
i @trange éronbt 10.jorfrpmce-5.oln catain verbediments. Wemcatahyd! mﬁlué@r(én@nn 5

rggtgl@'j Iaﬁ(? €Column 10 metal(s). A molar ratio of the total Column 10 metal to the total

Column 5 metal in the catalyst may be in a range from 1-10, or from 2-5.
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Exanpl es of zeolites include Y-zeolites, beta
zeolites, nordenite zeolites, ZSM5 zeolites, and

wo eoogioei7sd e zeolites. Zeolites nmay be obtai nedrd¢T/082087/080413

commer ci al manufacturer such as Zeolyst (Valley Forge,
Pennsyl vania, U S.A. ). The support, in sone

enbodi nents, is prepared such that the support has an
average pore dianeter of at least 150 A at least 170

A, ofp &md QASIdintE, éoluhﬁhs 8 A0t (sF BB AR in Bor deposited on,
support is prep ar ed y form ng an agueous aste of the
oS

SYPpAt to T %tﬁlysq ﬁn %f‘é%l S Qlumgp5-4@ mgtal(g) in

QedethibewiheoRaRt 8 etléfne%ﬁ@' asd 1nb&p§r>ﬁeﬁ Ue bpfﬂe gglteh l‘(‘)ﬁ, the support
paste. The water and dilute acid are ad é) I n such

Qrieumthe caipibistb{n eukodinatshio odichshe wefak(y) @dd/@roelgn%(st e
Sg‘ﬁ’(g%g 3&1& %elgﬁtséf?heaca%%%[ {nglqd{s%ﬂ%h@éfmﬁ}/me nﬂld%ﬁ gafment(s)

s inclu but are not n|t|ca
‘Hesuproraviyhe modus and mapoichide safidethgpdxatshl p@rque cabq)rdbasa'm e

rBQt? eﬁs i1 RCo XA at‘lqlegeo(fuk%tv%tcﬂgf)%g%elﬁ 1'Pé/1u5‘e” B hre not
extrusion ne
llmﬂtdlllcldSclhIrmﬂl cilitn.eitcaubiaties titahtven exded; mkaﬂnem mva@e bagiteain
t ed. t t f 65-260 0
i8Sl TeSiTD Sh o Pt e S RpEop S Ph Rk st pfprer
sﬁlcl’.ﬁas%tﬁt@hldirﬁ()latﬂ@ﬂi &1d 'Teahndlogdids@ Pblosdtol, Te€BNUSMA ). OPorbiz& arbon

L Sh a0 He)™ BBTFD T REROREAIeY SR aoRps granhic.

E)@P@ﬁ{s af Wolitek thefudt INGBifek, BB ds? Qﬁrc@ﬁlt@ieoﬁt@@ ZBM-80Qcolites,
to.formthe support having an average.
@ﬂé‘??é‘?%tfa zegtliteg Zelijet mayshy oktained fpogh § eRmpmERl f‘%%?f‘ger such as

zéwysgme}worg@%ﬂ&gﬁaﬂamm j.umi na, theta al um na,
delta al um na, al pha alum na, or comnbinations thereof.

The ASSHIPOBF Ingamerambedineia is Rt srtuhriihe suppphhas an

ALHTL R aRicRPOPHNALI BD% LOEke0T ARBL BIATUOR. ERLabiS!
support, may be in a range fromO0.0 9 grans,

Qnpdiuaissa grrants is @ereted(y Toryriagran aq@ﬁovan)am@ftth@mmp@}t apterial.
ﬁﬁgﬂg El%{)gﬂuﬂgrgs Qt}{ alfia] saéﬁdgd oftﬁ rst!e(&ﬂass gl[ng:%g&éorn of the paste. The

odi nents, t’he support has,
waieromd idiete |agd axg aldﬂedln lvegh ammums and byaswahmnethodaastrhgtimd to give

tg %Epﬁlﬁg@g gasEe n&%]éé)cgcoasqbtgrmlyg?%%%@gsoﬂlagldé1n§ﬁ1de \.gare gotqlmlted
tderigicricideatetiy ackd, ml;?urdlafzifdr aclthydrochlbric sadre errbodl ment S,
|l east 0.1

or an e g piEfe TPl SO Gine g Ay ghghSistrgpon”

haBd@ aall uamipa cudisg ahethedNioneth dyrudatésayrhd iekdudact i nraga be heat

A e ARt 08 98B

Carterhnisit, BF @PBMdluls PRI/ ﬁlﬁmdﬁ@ﬁbisﬁ%ﬂcdn&nwf&e Bal@nt has
Nos. 6,919,018 to Bhan; 759, 364 to Bhan; 6,218, 333

regrhedhpssispdlpvely The heat Geaz%exgziat% pachp frdeidicaidieaiy at a
@fferrukAd aQa?n%e tﬁ@mﬁ@)@n 260 O@br 9d001 190 ﬁ@) @Wﬂh@@ﬁﬂp@rt hﬁ\hﬁ‘g an

support my be inpregnated wth netal forma
pgtags pye diapysteg ek atdgapt ISAModi ment's, the support i s heat

tr eat1§ ger?a'in érﬂg&ﬁﬁéﬁéﬂ fh%%uﬁﬂ(l)rthJhﬁﬁg gamma alumina, theta alumina, delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations thereof, 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

determined by x-ray diffraction. In some embodiments, the support has, either alone or in
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from 400- 1200 0C, 450-1000 0C, or 600-900 OC prior to
inpregnation with a netal. In sone enbodi nents,

WO p@s®giTat i on ai ds may be used during prepar at PONUSL007/080413

the catal yst. Exanpl es of i3apregnati on aids include a
citric acid conponent, ethyl enedi am netetraacetic acid
(EDTA), ammonia, or mxtures thereof. In certain
enbodi ments, a catal yst may be forned by addi ng or
donfbHaROK @tth Bhet RENCOH MTRa, 2-Ha ﬂﬁﬁlﬁh@:@ﬂteﬂtopelﬂ gﬁh of support, in a
treated shaped mixtures of support ("overiayin
Tanesriray PAd)- @ Fapall-Sohd g@ﬁlso?fotfﬁ%8 BELS, @Sr‘@%ﬂle‘ghhbé@’
GHPROSE. 1RV hOSmBbdRHARS ﬁ{étshﬁ'ﬂdrtYma%f ha%@hﬁ&dsb’@'l&ra‘r&ﬁ' {19¢:900.3
concentration of netal often provides beneficial
gramalaylepst Oprevpyes: pf atdeapf0.8 rameg af Gty stumipg as dateregned by xofy
Arsbaned support after each overlay of nmetal tends to
I nprove the catalytic activity of the catal yst.
Met hdaspdared prielysis map be prepdryd usingsgeneraby erdvancagustshprdgaration
L%]hglia%oﬁs Eérﬁ%lgl%% flgca%ﬂ% P%?%rgtlonal\ll% de?dn%?(? in%?§ ﬁa?en?%p 6,919,018
toiBthian; L1 50 Sb# @ Bivani 6,01 BBABitp @meloxoetfabr MSEO 8210 Itcm Galsndievl@ al.;
ta;4§1§)§2 / ort1 m xture. The Columms 5-10
£z 9%03% t *ni xt ure may be nixed using suitable
m xi ng S(ﬁﬁ]f}.lei:rmmﬂﬁhentd,:_&ﬁﬁmb@& rﬂefy ®UmprRhaedWixt mgtal to form a

i.ncl de tumbl ers, tionary shells or,.

GRS ol PrabS Gy e p Bhoreis B PR L Rper et g ranee
RANUOMUTIOS L YHE) 0001 TPAGO0IVOE €C $rioRd dmpRYn@bAKith a metal. In
generally known m xer, or generally known device, that
qun@e@pgﬂsyn@p&‘@g@t@é\ ajdsanayde ypgyldusing preparation of the catalyst.

PRhlds ) (SHeRakidn fmlsxlhélﬁ@e a élﬁlc(é@lﬁtc@inﬁor%ﬂp QB Snind tBracetic
materjals are mxed until the Colums 5-10 netal (s) is
e @P T ppgenis. F MixtEshg®Akous! y di spersed in the

SUPPQh Eertaﬁrpeﬁ%n&@ggétﬂgﬂtrﬁw bk 'P@rnﬁéi) hd/cﬁﬁg (BISinJ?)S%tratln the
treated at tenperatures from 150-7 C from 2 (%

Oaymay 510 m@tfﬂ(@oo 7e0 togedfhaped rwhcmsmf ﬁ'g)ppﬁé“os/a@qey@rg )-
DS, SRR ATRRATRON g R L5 TR
wlayiganurifain cangengiation of eméomrlmevwas banefgndeatipioygeperties of

tﬁ? Qetteggst aﬂgat:lfr%g) ?ng o?'a s?apeﬁ p@oﬁt aRer e%%h ﬁv&ﬁ? ! %fer{letgltfenbis Eo 1%prove

I"on "0
he mzﬂymceaztutan dthiee corlyse sothdilang pr@a]ala cavalydieusingrovet dyanethods

R D, SRR s S Bt uroy ir A oange rr o

35 0Qht@ohfths3A,0 hetsits) ARDsuPport maﬁﬂ@mﬁc@d wath shitabra rﬁﬁﬁlgOC

to. 300 OC for e of ti in r ange f
%B’(PPL?WB??%‘%Q@ g‘ hé\ &“}ef%]r(s FURPRE “%}ﬁiu%?t %8 Cég’ﬁfb“éﬁelﬁt s
MhIOMEppoRMYiRfukd gy tsehﬁlxé‘@hmg@u@alé et @luspiedt. ti@mples of
nmet al oxide. Catal ysts prepared by such a nethod are

Yy Biyige ‘;I"Oélff@?‘qn@é‘df‘%e yanbieiy étéﬁlﬂaWe%l@HsC‘gttré’P%t Mulpr mixers
(f&rek%ﬁ‘ple PARB Ry et %Mﬁﬁ&s@fﬁé) Qﬁlﬁ&@ﬁfr’gré anf iﬂy%tﬂwgé}féfalliys

onbi nation with a sul f ng hod, the acCtive neta
WHW@X@Mﬁe&WIMmOW@WQ@ il Wﬂi tiitabE PEYplsdipe Columns 5-10

ﬁét@l@s%@ﬁﬂoﬁ%xﬁfe YR el QbR AR, HtSy@laf aﬂj@ﬁ%h Qﬁtﬁ tlllen
tent Nos. 6,218,333 to Gabrielov et .

Columns 5 10 metal(s) is (are) substantlally homogeneously dlspersed in the support
In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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6,290,841 to Gabrielov et al. In certain enbodi nents,
a theta al um na support may be conbi ned with Col unms

W®2008043T8¢ al s to forma theta al um na support/Bol/usNe7/080413

5-10 netals m xture. The thketa al um na support/ Col ums
5-10 netals m xture may be heat treated at a
tenperature of at |east 400 OC to formthe catal yst
having a pore size distribution with a median pore

di amgf €§mOEmsHdith@®S the 23@1yA maiRiHedd dresed SHEB pRE&He of hot air
treating is conduct ed at tenperatures of at nost 1200

dlor pry 5B HEN BRHGIPHRHREC ip A&ANgE pyyeen 1 triad 1600 °C Lo remove

FTBR SR su RURRAS basPh périSHBPRE LoRLARS! 18 &Ss A8 SGveR& o the
herein) may be conmbined wth a supported catal yst
condsrondiag hglakoxidt.al catal yst. In some enbodi ments, the

sup DQ{1 Bﬁgr (ﬁ{iﬁoﬂ nXe?ﬁs W VH] ﬁle%qal % s rl?e§%t£€%%§l1iﬁ12& n‘g{eg@{ce of

exanpl e supporte cat al yst an
aedt adnytatyrayinbgange dsiedh 1(hioG0a “Bointed M v 490 *Gverfage] 50

%%%bg lo@ fdc’r azx%;]&g gmv%e 1%(21 rgﬂf%rfg)ﬁlsl -3 %ourg dsn;l 3{095] 2 mgl%ntyt of the

Yotatine mmwntrﬁﬂvdﬁ@%rﬂbrtm athelGoditmns| 5H1 (0 erels enthe dierd nnde

e o 8RR IR et bbb TS PR s Bl s o

‘uaivd N gW Berparagyssi aZprréﬂ)a&td‘lh lﬂﬁﬁ m@ithewint dondinaeck &fth p @uﬂﬁding

di ter in a ran e fr 00 A or. 90-180 A,

bR 5 o A e EABLR I peerg i Her peputions o

uﬁHchl@Mﬁd cdtdly SO A8 BIRdi i e, PateANDsEQ S 18,8300 Gab@dloddt at. hérd
to reside under the surface of the enbedded

t al
?1%%0&3416%9311’%?"%?‘& exanpl e, enbedded in the support),

| eaditf@ertath difSlii@Eh dRA d18ins Wphae fal Ba @orﬁ\&ﬁédj\mth Columns 5-
otherwi se occur in the unenbedded netal catalyst

Kpetale ibloam malistasaluiniag swyoris siumstal O mefals puxtgisy fhe &wt@f
athli‘fﬁm&‘ %@L}Wﬁohﬁﬁ% %nﬂ)smét!ﬂl? Irhitfn% n"f"aﬂ/qfe@iﬁatcﬁ%ﬁt@h ¥itd tgmperature of at
activity of the catalystby allowi ng at |east a portion
lost f01e’ (h@tfaﬂm the catplyss hpong heors gize diseibofion wich ¢ nedihy pere
SR INPATI LA TRD BP lfhoOorBll AT Rn s of a
wedt dPYBIC.duri ng contact of the catalyst with a
B?‘/gggﬁgﬁo bo% entsl Hlesorr%rt%gglng? 801‘2%?1%1& su%go ?étal Q{I%BOI'IZ S
pregaadd(as ﬁﬁscnbetﬁte&iln)anayd&&ohlbmem gith apapptorted eatdyt endddr actulk
nost 500 microneter '

Bty SBF THE g 3 RRR iy Sy bR 15
hethied)i Hon diﬁlinﬁle t?z Blfpﬁ@ﬂﬂ&dl.tfzﬁawst &hal/or g&gmﬂsmugn cﬁbﬁl}d&na}@lge

m xtures t €0 The m neral oxides i ne
‘f‘?sc'jllﬁ‘ﬁ&J afp %R?‘YC[?B Ath an P@E%ggé’a% e5t5 doeel- g@%‘b‘é?fts chmns or 5-
AXARRINE, TR posidaAmhy FeSonthadedRa thapsiri e dorhd aﬁi@nﬂﬁd@édljﬁﬂtzﬂa
extrudate production to produce catal yst supports.

Qs hHsORE RRRREmEnts. e W dgsmapsbe Gombiner i thi{as spgort andthen

&%Hédqlsﬁlg%taﬁ@ar@fecﬁﬂlqﬁ@% forf @ Al EARABhE b Porelze r@ﬂ%%tbu&@@wﬁh a
m croneters, at nost 00 mcronmeters, or at nost

medinoifee SpseteTing fﬁ%e_tf?o@l #2102 06901 HEA rfir180-4P0 B des
MRY  @fignihg AECRaigs Wil ROGHEEP altRysOALoMt ERBIRRERS at Rast a

portion of the metal to reside under the surface of the embedded metal catalyst (for
example, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, having less

metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst
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m croneters to 100 mcronmeters, or 0.5 mcroneters to

75 mcroneters. Conbining mneral oxides with one or
woeeos/ 0&sums 6- 10 nmetal and a support nay al | B@I/USRS7/080413

nmetal to reside on the surf3ace of the catal yst.

Intercal ation and/or m xing of the conponents of the

catal ysts changes, in sone enbodi nents, the structured

order of the Colum 6 netal in the Columm 6 oxide

I&a\ﬂ%‘bvﬁlg a‘ﬂera&t(éltﬁéftﬁ)nto@ (R S 88 A BlheYsubfaRdMeaB8st @fring use.
| um metal in the c@fytstal structure of the

Brepaditie gay groas (psthe surfaee ofrthepatadyst thieuelnsrasion of thesvgce ghihe
&?alﬁ?&ﬁ{n@cﬂﬁgct% th@Qath?zm&[h MhAYocdinhh Fagt i on net hods.
The order of elemental nmetal “in the catal yst relative
to t Hesgndenbagimeiie thevrialysimepraparphby ¢ranbiminapneg)inghee fralpmns
~ | r
A e S
@opparamil'te npir¢rdieoxidss nhg ingtuderalwhing, ydic@ollivaralutning tigihivpeaiide,
y I { Fr.om
BB bR B BRGNS U Y RGP Ry g
(EB(demlrfrcfﬁn ared:)aﬂudata p@nesx £ @ydwte kfippagt Forexgpelet aluminaifined @n be
eto estimat e 1e Col um 6 al (s re
SRS &5 bRy Bt P TR TR T . T fome
@htoditdatsemiteai] oeManpdsanaymaby haatclavite bax et AOditbmeters, at
al ug{s&a sur&?ort havi a nedi an pore anet er of ﬁl
tﬁ:é,y'it B‘Jgst ﬁﬁ?lﬂ’g]&l@iﬁ]& (P &f mOé 5 micrometers. € partlcle

memmhm%y&&&@ Wil trdig@ XoBHED. Tinkdroth&ers ThsoORicyadeny m3
trioxide has a definite gattern (for_ exanple, definite

IPSEMelgR) 52l 04 HeiFTePe o (e BRGEYMEIgR &0 4] BIFHBOLEs| Lambiging
fhfnkAXb:A&s Nl JAE 8r ABY: FulRad- 14 me@t £ adlipfort BAPAILA IS Snetal
of at least 538 OC (1000 OF) to produce a catalyst

P hgdeddle Worceiwhasiatalygt.pat t ern for nol ybdenum di oxi de

in arintércﬁl%b{oxﬁdnfdfd'r ﬁﬁithGf tﬁ@&ﬁﬁﬁdﬂ%té b@he @zﬁﬁ&% &angty, in some
absence of peak) .l n sone enbodi nents, The

aehodinyents, Waytﬂbéurpqi edeir & dhafyolemnbinreiah g he §gblpmr6t qxdide crystal
t al
sQI%Et%lreyt§ta ég‘(flgelnﬁgllygr ﬁcg)?rpor‘a@r ot CY)ﬁltmnV% {rj\l@taﬁn?%ocqgsrtatl S?IELQHI‘Q Ofthe

nor e metals to produce t
dmbeétmlfpaaiybo diheendes of thih €olBoinnmetalgndydherdeteahgied ﬁmg powder x-

%ggqgac%b F{e E & orc?er PP gl?mgnteq e%ad'é)ﬁjt%g§§t§l§et?éatgve§g {he order

e size
cvfm:kirmﬁ&l)maﬂabm@hmhetals;m&tmayd&tdetbﬁﬁmad oy amgtaeing the ordeadf the

ga‘%tﬁn ﬁé‘?eg;[ I g’ Ea%gg ta]? %ﬁ@’ TBFaSﬁQI{)StPE&H{%b ?fl tﬁ% Fglrugltn x%do PeDrder

¢Titk OsTeme HInetdl pEAkah QTR ) ﬁffta@tldrf)@)emlﬁﬁ on@é edtfyst.0Froh

m cy onet e o] 75 croneters. i.ments, at
%%E{?Pm% an %frai’ aftﬁ“BS i‘ﬁé?‘i“i‘t‘é‘i Egh ﬁg{;‘gmérm %Eg‘t”f‘ A ETY] ze

QEte& speeting [ QFPEsEbR th SstihRutd eI tRNESIeMSE 6 anﬁzﬂ(sthrétsws@lntlally
of the used catalyst with a support and one or nore

rep iy srdgted dn WEPQ’IS@I JRICHFS- ed at tenperatures of at

| eastpol O0nHe, hf%l}fbﬁéﬂﬁyrﬁtn%mie hm@ﬂhhhﬂQuWOﬁgh%&ﬁﬂ pore
then heated to at |east 500 OC, at |east 1000 OC, at

Jiggefer of 20@%@ SO may hesambingdpdoncan Yumpmaiaybdepn trioxide

&f&g&fheg?gt}eﬁg%i%d@g&g g?%xﬁ& HYEhL ﬁéfuﬁ’?é I 3@Sn (&R &HnRODE,,, Do
and/or D3 peaks). The alumma/%olumn 6 trioxide mixture may be heat treated at a

temperature of at least 538 °C (1000 °F) to produce a catalyst that does not exhibit a
pattern for molybdenum dioxide in an x-ray diffraction spectrum (for example, an absence

of the Do peak).
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range from50 Ato 150 A, 60 Ato 140 A or 70 Ato

130 A. The catalyst may include at |east 0.01 grans,
wa@tooseawso 0. 1 grans, or at |least 0.2 grans of PCEUS2007/080413

catal yst per gram of catal y8t and at nost 0.3 grans,

at nost 0.2 grans, or at nost 0.1 granms of Columms

6-10 netal (s). In sone enbodi nents, the catal yst

i ncludes from0.001 granms to 0.3 grans, fromO0.05 to

19-s8m8 EABBIimSHits ftlﬁeodila‘i)yspﬂaaﬂﬁ@ﬂﬁpa&&i 1 bnBiRiBa Qlppste@catalyst
cataly gram of catalyst. In certain

W54 W@rﬁ?@@lysméh LFUPPRLS R OF BOE GRAPMPT LY Eetlste gipduce the
&ta@}gg- Igrséi'ﬁg e&@oc@mgntg rtl?é'@olﬁ)tﬁn% @(;-mgfaﬁrfﬁ)r EQan%lél- nw]%nﬂ

6 netal (s). I'n sone enbodi nents,
Qﬂldels agd/@ztwwt?atoaidy@thamparm tickeoffat mmtéo@@ncrgmm gtanost 150
Iglcé)é‘l% e?gfcrlts mg?tqgo tlé}orgeitgé a@ﬁ?sét)?g 1%1rofglglrega%:ile 951%&% st28 of the
Eotboas frid hnstalstrhay rahgerfamn G Ingcroae@isyts SOGracromers.demicrapmters

tg rlB& ghécqgrg&grft & 18 ngia%ﬁl%g%otggS ang)rm%(r)t? r? Qon% e%ﬁ)og{n%qﬁ S%t least

S(XpmneofeWmQMMm a pdmclwmaf mwmlzemmqrsmo liSmeitdesrs.
'El{eg{%tcl)lreg%o é ?)Sﬁ% gat%,)l st%\[ %gl?;sh Q)gtgagl g)fl égrgs O]ngfln% %—510 metals is
@&led IIElI&tn@Sr)iture'Eh)e atﬂ@dsal()()S“C to@adrh@®ke asylofwi tebiilivg, cowtpenents and then

anal g _scanni e ec 0SC : hibits

G oS0 ™ e MBS o 1681280 oas BT fggen

tﬁ&/b,&u)nng bab rﬁetua@ﬂ@lmal\@nxtdhs the neddaekrdamhdg of afuefdyst may
hei ght s_and Iengt as coqgaredoto al ternative

HegeyHR Al Ao ht A nfth thil & e éstsi ﬁ%Acat al ysts.

Pr epafathQt st%ayﬁh@ﬁﬂe%le@&t%lsgreﬁﬁse adeRE0.1 BRGhs! & diedst 0.2

Pat ent plications entitled "A Catal yst and Process
grayns plhese yshperiaram of caglyst and abwposif)-3 eiempy a fopq (ag grams, or at
Iﬁ&@@li?ramsa&{tol&ﬂ's" cgfti Met%@bkrﬁsoﬁ%%%omql@ Gt pegﬂyst 1ncludgs

esul furization Catalyst and Method of Making a
mgé UPAEERok W@ 0.3 Brar. fromddinte P cigadmsapplrerg AUl @rams tabitlegrams of

d t

U AL 0l G PRSI 8L P

0Qudpsdronohed logram)toé) mmh sr §.01 gllamls taol.1 Ei’aang)é feluatni cometal(s).
f h [

lgl as?%l%{gm?&? meﬁctéJ th%lﬁbas{a% eac¥ys 1&% Oofr?lﬁ)()qu?% aa]?rgsgﬁ .6.Ilng9ams,
o to atoal gyasmS defsan Dive dranesrte D103 lrasnser Fahmed! Oshatl(d). Inycertain

it e B Bk AR W AP E R F alshs

drin@s ©al@ gtsihs, 0¥ Goma).(BN@iheio (XIBrgrﬁﬂs &fCAlum®9 ARYal(s). In some

G BB Bl GG S Earietaen Ry LR ol S TR erams o

®0iF0ghAE BE 8.000ab 8l0ys kinftRy CoRnmharReiaikzed by pore
structure. Varjous pore structure paraneters i ncl ude,

but _ de a1 pating Whsg aalyied weine Fcanniag eleq/En Hgroscopy.,

é&lfbﬁt@ﬁ QigAlliEARly 18WertOFRE 8181{161 nﬁrﬂ%ﬁsﬁﬁfde (MB@? GRb ah8he with
may have a diStribution of total quantity of pore

thp Htacks hayingredesd beights ged lpgih awnwéu te pligspptiae moa/ﬂ?éwm

b
S B B4R T MR TAISA

Redang Aysh%tl@mwtlﬁlw 1AUQealast an@Reopesy & thopr Mpviyifesfurg ahitra-Low
ﬁhf&?bﬁhﬁu&@ 'i)r&l{lamaﬁ)c{ “A Highly Stable Heavy Hydrocarbon Hydrodesulfurization
Catalyst and Method of Making and Use Thereof” to Bhan.
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catal yst have a pore size distribution with a nedian
pore dianmeter in a range from50 to 200 A; 90 to 180

wWA200208575@ 140 A, or 120 to 130 A I n sone enbpdi/neIVN® (080413

the ganma al um na cat al yst 3has a pore size
distribution with a nedian pore dianeter ranging from
50 Ato 150 A, from60 Ato 135 A, or from70 Ato 120
A. I n other enbodi nments, catalysts that include at

| eastin QortmeicABpptadone taﬁereblu}ff@ih% drethe @Hﬁfﬂ&ﬁssﬁ%tc@ﬂamtts the
have a pore size distribution with a nedian pore

fydgpercersineraglysig At viriedinheged s0H0AC oyemngopmare mpntpdo-
c%ﬁgoﬁhe éeﬁﬁeﬁgéﬁ?oﬁ{y@%‘gém& Stl(h’@y RBAin ?Bf P}Qﬂ(%rgde% &lalysts
pore size diStribution 1S at Teast 120 A Tat
m@a@hlbw@acmat@m of Basatalygo The caiplystaasribabi@roin hastenhanged
s%%@litﬁg} tg%‘rg}e&qﬁé 0 en Q1fi tWﬂG%%%&ted?’ 9)0489 OCiy&%ﬂﬁgﬂh@a

por e ters are typically at nost
wakal. yiBtingabje thavwdes tporalst oer disirter paiod ohtine iy ancrease the

90
fi;&g? q.uln?& I&ﬁl&)@gﬁ%@%@ fth’c)l{l b?hrocgs%‘?cf t}n%%gtf‘% %nta%hn% ?}%Fé‘isn L e
di st rMn baurhd @mqummsacmgstsmapm dlad!carmﬁtddiy pore ruct@reg éVarious

90- 180 -14Q A, or .120-130 A .with at | east

ISR BF B F AR OB P AP ABT g et Bl SRR
Ghrfade drdidf dr@Bmbidyidhg tlerdd0.r Eheohaaam;et Rty hdve hidsututidn oB3btah,
or 25 A of the nedi an pore di r. In certai
BB O RYE §1Z€St‘i‘?ésu%8?r89§ ©fa “t? 18 ngei‘éa‘%‘%@to M5 EeTesie

Stk PutRdnHRE 63N PIhge Bb@rretion) ANs@sorRge 6H30mA7Qn i&he A,
wth at | east 60% of a total nunber of pores in the
%@?Oéhf%elnisecatﬂfﬂ}ﬁtsr thpinsleds aﬁ?@?tﬁ)gs %{aIB%)?fegaHﬁ%‘F@Pa Pt of
A2y hade a"ﬁore@[ze%l@tlﬁ)uﬁf)n iR a MR8 PoRA Snclir &R Bk fr!)tﬂ 50 to

enbodi ments,in which,the nedi an, pore dianeter of the
B5rs 98ite &30 skOPjtR ] zénoru 130 g 130eéas1tn spBE embodiments 4ag 22ppin

fﬁhmﬁlﬁ c&hl ]yét@ﬁsc‘ﬁ p(%g’ 07 dl%%éﬁ(ﬁlrw1ﬁn§‘1trle(ﬁ911/ ﬁ(ﬁé d@mbR} Iadhgmg from 50
nber_ o ores in the pore size djstribution have a

Dot E50h dion 66 A 15 b GGToN 7070 1AL 2bh. O ersmbpdisients, caalysi
t
FRIAARRA RaOAELE of hla AR SIPALLRY @%azstﬁl@% agﬁoﬁéélyé

as a pore siz t1on
ctiastahtﬁtoemthra raedlfangme dipmeteilis @r&GO fiym BOSB0A00 2@(;) -390 A, or 230-

ZS%OD- 3191 SOII]F ﬁr\{\lnb&ﬁmgﬁts tﬁeaI%é 16I{OI§{]I'(%I11€.I%€teIOé]ﬁLe }IQ]OI'G SlZep dlgtrlbutlon 18 at

pores ore | ONn
Idasai®t Srat \‘MatthlSﬁ Asex léa,st D A, at tﬂastQOO A, of leetsh%Z()’VE,dﬂt Rastﬁ@@ A, or

R0 EaBTE SRR BRI pBRel Y TR Por o

I eas tThO cAalgNBhy. hab@a P& biae msmﬁbmdi VHEA ﬁlﬁdl@ﬁ)p(&e diahdi®eof at

ge from 0. 99 cnr Vi
Gt B 655 e 8 Tt o HE o hﬁ%? BT g istnfition
Witis4 fnlemuﬁ p&e di/élhieﬂ:r fh SRAdAOrR 9083 AaNm®L BI0 A, r 20- 830K, with at
from 50- 180 , .in sone enbodi nents, have a surface

I5pse 90'7610f giotgl @3@?“1)@ Borﬁ?}’“dhe e Flé%@ftn?‘%@nﬁ‘@)“ﬁg a gpre|diagagter
\;!‘KIQn aR/Ad35 Al o BB Bf #&thedi@h pék dl SR &k I%l?&rtﬁ'ig/eglboéﬁl‘éﬁs the
surface area maé be in a range from 100-300

cpidysphyay arppregpize ilpeion wpth § megian ppE-Qayeterpp g range ?rom 70-180 A,
SR LAY @PPOE] BB hinbe: B?p&@st iR eSord 6 dAGrifhiR ngﬁg £ fore

distribution wth a nedian pore dianeter 1n a range
dlarcmll‘&@n@%ANﬁwéyorﬂév’eofah%mp‘ﬂla@eoraﬂ@ale@t at | east 60

e/ g 'In 8fhbodiments in which the median pore diameter of the pore size distribution is
at least 180 A, at least 200 A, or at least 2301&, greater that 60% of a total number of pores

in the pore size distribution have a pore diameter within 50 A, 70 A, or 90 A of the median
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| east 90 nR/g, least 100 nR/g, at l|least 120 nR/g, or
at least 270 nR2/g. Such surface area nay be in a range

wo e@si0&0s800 n2/ g, 90-280 n2/g, 100-270 nR/ g, BCT/US2007/080413

120-250 nR/g. In sone enbodonents, the catalyst is

characterized usi ng Raman spectroscopy. The catal yst
that includes theta alumna and netals from Col ums
6-10 nmay exhibit bands in a region between 800 cm 1

486 £ h Lome EARABMORS He\@Iyisihak Q%ot%@&e Atribution VAR a
cm 1l region my be attributed to Metal,- rr%gen Met al

@?ﬁ%}gﬂ%@@@?@ igtarranee Koy | SOr 904 R0 AdPiisRE380 A, psh at least

&% Qi} & %Eal Blt}ﬁ‘ger 'of‘%clré’sqﬁ %hetﬂ'(‘)?é Qzeaﬁléﬁ%ﬁ%n "ﬁQ\QnéQQ &gﬁlaﬁleter within

netal s, exhihits nds near 810 cm1 , near 835 cm1 ,

. 98b Oéﬁﬁ)ﬁofthmn@bm%@memmﬁbnt s, the Raman shift of

a nol [ } cat

the_ chrafydm Rkl B Suhlse FbAE IR E31E 088 0.

(Mlﬁg)oﬁatémt (}&):Iz /g. Inrpeganembodimditratesyolunipeof pores may range from
dj alline. In some

%ﬁ%?g% | 8620 C%B/ ?a(:) §stczrétﬁﬁ} i ncludes netals from

Col uniihs c&a]ma)haemg B pbie siza Kid;ﬂ‘lhunorawtthag mediah QOM/&leaHne&Eﬁh cnmge

0 1 d d 650
B0 ARY Wy s P T BOERY PY VB Rbt oG Nt TR o
leas 02l B Rtas leadthe0 adkpdtYaikt X2badr at Redt QU S’ /gh Stich sai'fhkm am@ may

T TR e R e T AT S

exi stig cérthiSaRRAtndney, 1% cath Bkt HXARR Ip6re speldisettsition with a median
cylinders, and/or extrudates. The catal yst tgpl cal |y
IP?é"sdlémFtF%‘P aﬂf‘%&eémé‘} L9308t BAY hay elaﬁu’ga‘ieé‘i‘f’@‘é’ff‘ It @Q)md T

IBKSG% mglg 1420104 &M, a@-@gﬁ?l@@mlx)vgcdﬂat ROQ23ONAY SMh Vfface area
NcmlIn sone enbodi nents, the czatali:%} and/ or

m%ebeclataamgafrom@cmogf@ 72.198-280 ¥ f2e - 379 thée T Pk 410 m7/g.

sul fi
i (IH' gcr?meé i}gl%[néén%Aﬂx%%tatI{ﬁ 1% %a%a?%%%%cﬂ%&ﬂ%%%ﬁ%p&cﬁo&%ﬁy. The

qaipdyst hat ingndds thetaydurpina pd weteds fronboeliment-40 mak exhibit bands in a
1 he | 1 o reoi
BRLPLTL RN B 50BN DELAGT 1 QL0 LR in
oay & apgibutedd thatahgl)dygaoaﬂéjaimnﬁsefadndtlmasttretqtlmlgu feme
rr?bolfdynqen?sop c%ttnllyngha(f TR g;gta aiumlf?a Anflnug A0 Is ShivP¥ands
26 el ther aseous thé
Eaesidnoe’, ofar By@lcméeamd 880 c1h| qull sdmp hmedlﬂlaht& uhé Rangl shift of a

S _such, as nosul fur co '
SRR e Bty s <G B RSt s
imerisédidte BatlvEdirVaALiomdmogLe I8 ean@sebadigsanitd, bedntbﬂﬂnddla& species
Patent. Nos. 5,468,372 to Seanans et al., and 5, 688, 736
if 5Y&88%8ENs et al. In certain enbodiments, a first type

of cah %m&émlﬁodtmé@st tt@@tataiyyt&hat)mdlmé Qs rfonl aemmnd5 Aldy
nmet al ( in conbination with a suppgrt, and has a pore

S Handeip A BREOTI R ORI GG deadhebesn screl 630 cnn”

a[n@fl%‘() &ﬁ@Hﬂa}%’at&ﬁQteﬁ 10 V8O rhédol. BRbAL ¥SbodB¥nth AeEcailyst that
surface area of at |east 100 n2/g. The pore vol unme of

ingladepithess aleming PRk Eolrays Handyg mp@&%hleltsbaélﬁfem@r 67hn ™' and 990
frst catalyst may have a gamma al umi na content of at

l east 0.5 grans of gamma al umi na, and
In certain embodiments, the catalyst exists in shaped forms, for example, pellets,

cylinders, and/or extrudates. The catalyst typically has a flat plate crush strength in a range

from 50-500 N/cm, 60-400 N/cm, 100-350 N/cm, 200-300 N/cm, or 220-280 N/cm.
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typically at nost 0.9999 grans of gamma al um na, per
gramof first catalyst. The first catalyst has, in

wa ooms/oesThibdi ments, a total content of Col umm 6PCT/US2007/080413

netal (s), per gram of catalyst, in a range from 0. 0001
to 0.1 grans. The first catalyst is capable of
removing a portion of the Ni/V/Fe froma hydrocarbon
feed, renoving a portion of the conponents that

cont rth Bth€erh@odiN O theRaldi S BEAF BRRah B8 PrehREPY killd@f o form
| east a portion of the Cs asphaltenes froma

Y dr gL HEHOT ©ate) %@&Whﬁgueétknw@wth%arb Pt gamplst ACRICAT™

Iﬁg&@i $RI @nt&‘ﬁ&@nals ﬂlct)s Irpéconféregf%th%leﬁ&' @s ceitﬂy&lﬁﬁl be dried then
drocarbon feed, or conbinations thereof

%Bliftﬂ?yér Bitersalpeby théﬁatnblstenaywl Sfllfnded:mmte By cor\V@@Of:fdjﬁ caiplyst with a
fﬁlrocglrb tea tha[ ﬁgllugéé% ﬁ%oﬁf& mn gﬂﬁﬁs ngt. él&lh%lfﬁllilzed[lgﬂ)fn)dy

y ex ativel y shm es when
Wifide @d@r btsﬂoufs dedropen swlivlea the @rfmrtch of Inalrdgen.gir hqatia)lhwt
ﬁl}]glﬁia?%%% Ststs1$ hsglo \/ﬁ%£+sélﬁ{61yn o%% éfﬂ&%&%%% k?l%ul%de P(%l?/sulfldes
th'm)lsr aldeuifuaties). sEmkitu szmlfonlmnsn p@yes&ésladesdtTd)eh yIdU(SC BatbroMNos.

e nore effici Ly treated. ] n some
o T N f P R oY SRR gk s “ay be used
| n any c@radeermbddnnm h diks0 typabOEhicaR0 t“ Sirst bhelyﬁ’e)ﬁﬁdflﬁﬁels y]aelmns
cat | yst second _cat al yst i ncl udes Col unmms
5) P ﬁoré%‘%’roﬁéﬁl h&f‘%’%ﬁ a%J hag 668?%5”%‘&?&‘“1’1189“ gltﬁéﬂi@dlan
@r@@aﬂbt&i inialtbide FronM 30258 ATeTlicaitstR@fB sGhANRVE shrfacad area of at
ran e from90 A to 180 A _At | east 60%of the t

ota
@rmdg Blosrrege yolumppel (B fiest eatalyst giay br pdeast Gn cof/et Wée first
@a@a@}%ﬂﬁﬁaﬁ AhalaatnaYenifa K9G G AMERENS %ﬁ’hﬂlb b&aﬂ%ﬁlﬁiﬁma and
he nedi an (ﬁore di aneter. Contact of ydr ocar bon
W@éﬂlwﬁt st (98 et @amap i, gerreray pt %1 qatalyst. The first

&%s@ﬁés‘ ﬁigoﬁi@ BElbddiQBss, TaYa RIoRLHGS C%hﬁﬁr%jﬁeﬁf(gdﬁ&‘gra%h@ft
has sel ectedproperties (for exanple

aiadist. fin ¢ eangd Arom VAN et (- BRratisy &he frst W@lﬁamamﬁb@pvémm@sng a
I%E]'tll(gnnﬁf tlnaylgﬂ dﬁ"grﬁlgﬁlna I&gﬁzm}%ﬁ ke%d q‘élﬂ?ﬁ%{l g&ﬁ{)ﬁ bietﬁe an?ponents

y change en source,
tsarcentahwo@h TréNt0£ a hm@yceiyl@npfmb efmtOlegrat h:gst@q»ntt@otOf rlng Cs

a*sﬁl?alt%g ?rogn ?}&ﬁf%fcbton Y. e %g attalgast %ggrill%ﬁpfqg {nﬁtglps 119 metal

onen arcontTi
slaysjoftmganmmufs éethe hpdrotaelasitfeal, potonibimatiofis théreofc Onipo peptsies

hat t b te t el y high t .
B el YR FIG oy Bl RS Sl Sore B inarions
théreofs hidd exifiseblatiAeiglisinki0 Bainkds, wia meagtiroofrbby eoBabladed with

ds with he second, cat al yst pr od crud
b Bttt hO%e OF SR rEN e TndRiS O R Ry faSlaego whit

(ﬁﬂ’ﬁ&lﬁﬁﬁm% ethat pry@erticd i RSl knhll eQBERNha dyozflldixhtﬁe hydrocarbon feed
drocarbon feed. For exanple, the crude product ma

y
R &% SlirieRily Esifde it SOt CPO9SimERGogsfor PlRE I qiysts may be
wenient offer.t he hydrocarbon feed. The crude product may
al so exhibit relatively small changes in distillate
cont dneerayambadinatt theaergnd 89 gheatErh eerond ergystvdngleles

(E(tlgmﬂy §I rlg ﬁé{akgﬂn fc&ﬁginatloﬂ vﬁ%nﬁm}p Qh(m?a@tagm sli‘z% dlstnbutlon with

drocar bon feed may have at | vel cont ent
eNmﬁdymFg)rQ ﬂ]@me@)ﬁ(@mmage fepm %étto [3)) W ’f)phapst 60%t of ghe total number of

Igo?éSQIl ith\é%lo}/e sji]i.egﬁktr}—tﬁuon Qistﬂg QACBI?({]&‘?M)‘;S&)HJW% I’Atp()re diameter within 45 A

of the median pore diameter. Contact of the hydrocarbon feed with the second catalyst

under suitable contacting conditions may produce a crude product that has selected



10

15

20

25

30

or content of metals in netal salts of organic acids.
A relatively high TAN (for exanple, TAN of at |east

wa@2@p/0mEy0 r ender the hydrocarbon feed unaccept pii/@s1007/080413

transportation and/ or refingng. A di sadvantaged crude
with a relatively high Cs asphal tenes content may
exhibit less stability during processing relative to
other crudes with relatively | ow Cs asphal t enes

SO ER For CRMAE tr A sIglﬂﬁlcElM%Bﬁ@geb Nafveesthdishifle prbferties of the

second cat al ft S, renove aci di c conponents and/ or
lpgrogaibpmfoed wade e@ﬁ&mPqu [ andy changed by sfgl amount. A hydrogen

SV A6 36RO BREHent!, tha§ BEBrSIHP QG AFRBh@etifpeduct i on of Cs
asphal tenes and/or ¢ ;Eonent s contributing to TAN may
r edudde s¢rend faidpy intay resfuce Hdeasyadpasieay W dlhe doawandnsst thit contribute
Igadﬂgltl oglh)éth &r&gﬁ&ln%écy Gt lgfgt 5 Eﬁ*bgﬁ éﬁﬂé &}né/po(ﬂgntg ﬁllgt contribute to
rocar I'n certaln odi ments, one or nore
Ickatt’mln bigh onsosgies sad onldeca tiablyasostionayf ter¥idY/Ee certiaoif tht yrude

fgéac% tazibc;dltﬁ ?nlgiﬁlyf cgﬂtgﬁq up @éd%clﬂgo%n %eﬁg #rftﬁ )t/hg'rs%:éégoér% %é&gl%ga{&léa%%;gduce a
drivie fhydicoesln b omtivelg dmald changerin thasulion somdmere@mrfve tQM’le Bulfur

usedt tr at h di;oga bon fee nas. gescri E E N
R C s B e R
aaned- ym'?‘ <)f tmawﬂueccﬁlltﬁnabﬂta@hﬁirmarbbﬁ mdaidNiTAg crad Sprpd@t ay also

ShbiarSur s Bt i JrBliedr v Ry ShEnt b sovarope

@raaseet@ct@mfdr&a@o@feeaore sul fur contai n| ng conpounds at
a tenperature bel ow 500 0C (for exa bel ow 482 00)

for 40 F%P%?WWF%% Wthyf)r@ﬂrb‘al fg¢d mp VF@ relfively Iy content of
Nire At ¢loP&Cntpl, hthn&R5@ WYppim), HLY Qk&ﬁ Vlel)ﬂ/ hi ClémﬁANaefs AtShes content,

precursor is heated to at ieast ours. In
Feprigntef aptsbdn mstl salts hergpms pgds a‘i @%@lyw TARe (g arsmple,

PAN %95@133)@(5 3) IH%V ﬁn@er @Q:l Hﬁmc%orﬁfeg(ﬁr@rﬁkce%%@fe%lt train@pd?tation

range fromO rams, O. ranms, or
f@ld(m 8‘-f1®1@1 Ag@lmantagqé Ctuldﬁ with @&Qlal\ybthlgi‘aﬂjs @sRivillongs content may
t. L Vi . t
SHERICh Sa AR phoke R s b ARG b MIEIWHR b I6F RS
aeplmtdnamnmtsm Chatagaf aieywtlmperrb@uﬁegbwmn thehhe@ne dataysts, may
erature ne, or
re%npe amcf #Jur pcoggnt%ﬁnﬁl? s% '?’?P ?%ne %)np tiuaﬁ %?T @r&a? Fedlce
Iaztdrdceﬁsn fead. plmrmne rembbdlhiaﬁets caodqeaneot G dsbtalterms abd/owiponents
ocarb
B e G e iR GE RS og R RRos
Ihﬁghl@ ﬁ:le&lr\]lé\ltd té ﬁ@cd;?jﬂ bi&?& ?yﬁfrodaﬁﬁgtfédddﬁm grathueibod@idts, one or
reduce. t he vi scosi e crude pr
R iCOmBIRATID 0??8?1‘% alysts Iﬁlﬁy&ngqglg? Btglﬂf)tfyé)%&? (et prodygcrude

PrBidcdmeira] iM&tasB)Malpst Bk G BovA nedi bidEncP hRTEbEH uplakdbydthe
relatively small change in_ the sulfur content relative

IDGICHROR (17 F CRBRPEATS etk &'y Hic areb Ry dreedboarerdt h

Jc8blcli ¥&kiw. M ni mal net hydrogen uptake by the
hydrocarbon feed. For exanple, a crude product ma

have Iaseug ¢mbodipise A iy oY atalygios Bird eHelys ) mwbe%btamable
supP&re vd t%ﬁﬁ{nk@ﬂet%ﬁs%% FEH&&%HQ&%@&%% The

produceogou5| ng the third cataly may al so exhi bi
qaglyst pm@ngﬂrmlbp hedteshig dle pr%emalof ghawt mare sefus cpithiaing

&)%H)togﬁgs 'at a temperature below 500 °C (for example, below 482 °C) for a relatively
short period of time to form the uncalcined third catalyst. Typically, the catalyst precursor

is heated to at least 100 °C for 2 hours. In certain embodiments, the third catalyst may, per
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VGO content, and residue content relative to the

hydr ocarbon feed. The ability to reduce the TAN, the
woreaoaloss7smn netal salts of organic salts, the Ne¢NMUE®07/080413

content, and the viscosity4sf the crude product while

al so only changing by a small anmount the APl gravity,

distillate content, VGO content, and residue contents

relative to the hydrocarbon feed, may all ow t he crude

%}ﬁrﬁ@ﬂ&hal&@ Qe HEBRNRYI 521hRni &in)énplfn atrh@RURIRNG.001-0.03 grams,
acilities. The third cataly in some enbodi nents,

Help-0-dagrems.gr 010889101 grigesy ﬂihé ﬁlnfslfcataﬂf@t WERebEhi g figont activity

Jnh%taﬂﬁl%f QR RO RGCGhe Mr&&rﬂ%ﬁ'fégd% BésRHLdMHIFAE AH RGRe
ed/total product stability. In certain enbodi nents,

mi@dtmﬁntSdthG antalystrecesgr i hvasedsat GoIngrAtres briavafQsC in the presence

I om 0. 0001-0.1 grans, 0.005-0.05
(g?)ggrrg%de%ﬁ'g ?&g&dlffg grans and a Col unm 10 netal (s)
cont dit thinl @tatyahigey ferlaima01e@00@ podiod 5 the apwpor@n@Ofu Cord@ute to
0
t%) FARy Of%lé),ﬁ hgrdg)g%r&)g nget%% Iq% 315@ ?a%f %éc?m)nna (§/f tﬁ% gﬁa?é?% {ne@l‘l salts of
cvrgzdnrcztmcbmedtﬁceatNll/\é’Hs tongenpof the onndoprothine, and nglocrethe sis¢dsay of

GERbA B R e N G55 o806 RS sty

Iamhcp heAsd pRdudtvidy arralag@i 310711} c@mﬂge il ChelVbEyr cbn@ntivHlativead the

2-5 MPa. In certain e a fourt e

Sirpe DRt o ek aaf TRISHIT Ry Gyt it ParSken uptake by
e hlréSiboinMed@do MO} HxakipRNa Wullhiprddidd 6fag h@leliuiar ®HRPO7(%-
The fourth catal gst has a pore size distribution with

BOrfedfithsuyyr eongn ehbekygtcathon fasds i edoprogyst Rigfleecd using the

@D @zﬂél?ﬁ Mo alsh Reni PR Al AR 1) Qg1 gl'lfﬁ\g&t RIAPP rawf'ﬁ" dfsﬁHﬁtE Bontent,
be at |east 220 A | east 23 at

cataly na )
Y@ngntggtgawy regduegpniepgelatiwygo thg hyql'ﬁ)éargqp%:gql tTTW1llty to reduce

th@ ?ANd Bredled EAThetd shesPF %@m@tsaﬂ e@s iR &héﬁﬁ andthe viscosity
| east 0.8 grans, or at | east 0.9 grans of theta

fltirnde peducgyvhiln wfo alipenging hes@landunt e AR staviaylistillate
é&%lf&h q/%é) %gltegip ?ﬁg fe%ggédﬁ?éﬂ{ﬁ laf?\;e tg%thtygro%a g&?@? %ag/ allow the

per gram of cat al
Gu@Qeddugr @rps usfd ol uanﬁy@f trmtlabl(t®01lp®s gr am of

cat alﬁl%él}lrd cata?’y%{ 1inaslo?ne(:‘\e%(:o) mrr%{gt I%é.yl{ auce%?i Hm g f he 3/ICR

i s vana nent roc r
qoaienbd toomntdaetddn Wetl hvidle rmﬂmialhlng Ih&cﬂroccab(ai fygst/total product

e A R R TR T e
15?&!1@‘#&@)31 0. @(lilﬂl (.1 s19ins, O{E@(ﬁl(y@‘i;] grarhh@r ] BODD @r1] eainglayié b Column 10
t he Ird cata cat t he si xt

%\tf‘]éﬂt> ;‘/‘%‘%tentﬂfh%ragé%éﬂi“ 9%58 10§ §fams 917’ &Waméa‘%fgﬁ (&é 1
e8¢ pdriaeth Bﬁfa@ﬂl}@t ACokMIMIcRAL u@ﬁﬁtat(kbefa@gfss m!t}nfa&(llfﬁﬁe reduction
enbodi nent s, ef]gr ogen may be %ener at ed

%f&h{ea%@upﬁﬁwaf)f EOHIRICBIE bt oW R It Wi hy et feed a

g«ﬁhrﬁﬁe‘é i} rafied GORSHELHS € biB58-458PQ@nd pRIuRQG 4B Ofom 0.1-
0C, or 330-370 OC. The crude product produced

¥(}Mﬁﬁislu%MPédﬁt2ai:MPﬁg may have a TAN of at nobst 90% at
nost 13 Qe{‘ian%mlggaﬁﬁen%so g(%u% e R4 s’th‘%bﬁ{h 5ahﬁys-tl’-’9‘[ﬁllcﬁfdes

t he hydrocarbon feed. Hydrogen generatlon may be I1n a
@@hqlg@ Sﬁme@}‘}ﬁsj_m@gmmom‘@uMQ)theta alumina support. The fourth catalyst has a

pore size distribution with a median pore diameter of at least 180 A. In some
embodiments, the median pore diameter of the fourth catalyst may be at least 220 A, at

least 230 A, at least 250 A, or at least 300 A. The support may include at least 0.1 grams,
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N8/ n8, or 15-25 NnB/nB. The crude product may have a
total Ni/V/Fe content of at npbst 90% at nost 80% at

wWoREB0F0% at nost 50% at nost 10% or at | eaBtT/L%%007/080413

total Ni/V/Fe content of the hydrocarbon feed. In
certain enbodiments, a fifth type of catalyst ("fifth
catal yst") includes Colum 6 netal (s) in conbination
with a theta alum na support. The fifth catalyst has a
ARG (B3 Z8mdi a8 tehdc DLyt %ré}lﬁs W hiNet M8 diadR P MR a@linﬁﬁ@f)&rgré?ﬁ of
at least 180 A, at least 220 A, at |east 230 A
gt Bsdoysth cafalysemay inglyde. A saspe eatbodRantsEanos! 0. Tﬁ@ms of
CHERR 'S'tme"t@@é) f)erl‘ %Mﬁgﬁ @lal d’s? and atQealt m@@ranﬁt f lC%ﬁl?ﬂn fprnétal(s)
grans, or at nost O. granms of theta alum na per
R§¥ arnoft cgiglyplorin certarn @m@lr@m@dﬁﬁ@hfm@ 5 mhel s wppdrm. has
an alIﬁ) Q&n@érﬂlggdﬂﬁen@so Hlte%P& oga{rb(gleﬂ?gd/\fngy ﬂe hAllRa ngtIh%la Qg(ﬂtional
al um na per gram of ca ﬁyst e cata yst I nc es,
Gamlysombsapto db earrcswitlathe fpath Btalysgridesddfio@btaiatyst ray be one
a y n t 1 .
(g‘r?ltéo%%:s g)fi %1 %OOW%{ g) ?1r%t (C\%%lg%t ﬂcﬁg se% Qda%'i%¥s%§1§et %119%1/ gzgayiththe fifth
czwmyfst ehixirdh pBaly s, tht feer@o Icammstﬁcwmmﬁach@ls)uaam dowlipbidenimor
or ol H%Sten In certain enbodi nents, net hydrogen
)Li R hydr ocar bon feed may be rel ativel y | ow
(for IﬁX(ﬁfHDéIﬁbodfrﬁtﬁif@ OyddechMbhyNaBemeradd i@ coieeting of the

ro Js.con act ed Wlththeflft

NS o at Gk iSRG T bt e et o A0 °C.
8208870, &3G300170 PC.OMSE e300 R GproiNested h%ﬂlrsagﬁébnth@ﬁl&gklﬁa}bb’ave a
t he hydrocarbon feed may be in a range from

NBW
TA of B s )% 3(5Im03t 860 KBt S0Pher & model Ut %fdh"cTAN of the

BRSSO her@ont e bevidh @GRE BOM - §e’nWnih (dLhe
flgtg catal @Uyy ave a TAN of at nost 90% at npst
t

Moo« 1S Be cgde piglpctpomphare ¢ gl Na\/Ig copteat of at most

qyAneR8ERA% Eteff?&t 76_9A|\At %Hcosﬁfﬁ)% %{ g 19%091%%@1&91% @ﬁoﬂaf‘NﬁV/Fe
range fromO0.0 .05, or 0.02-

@@tenmfﬁhﬁelrvdwﬁlrbemf@d a SI xth type of cat aI yst ( SI xt h

cat alI% §§rtaln ¥l v, Qﬁhﬂ \%H)te %f ?Eﬁ&el%tt &‘%)fthacqga/gfhgﬁgﬂdgs Column 6

net al I'n conbl naf 1 on eta a
Befplio i corﬁlﬂmmtlsn )Mlth aclatadlywinalygod. Pfbe Bitgcadyst has a pore size

%gﬁE%m w1 h a mf\:lglan o e crlrglglet? of%?{e}:gstqg(? KE gt?eastqQO?é ﬁ? ‘%530 A at
lodst PRI &, 68 ileaSi 300 SN, pt zhlmtclsoif()OanyTlhEesuﬂport ma@smc]ﬁﬁé)at,@easm 1 grams,

ast 30 A at east 300 A
HEE tBn orAlme TSR Bl il R e TRt Bt 1 some
@hitaidBnendy the e@lort GadargdlptiEaluntiha t@@Sit oflbefovg0.a@Famsall alpha

| east 0.9 or __at rams of theta

Alying Ref %5%19 S?aéﬂer St T‘%ﬁfﬁ%ﬂ mc}?ﬁ@ %&P‘é‘? %‘Lochﬂﬁnt?’r‘i‘émﬂﬂé);l
driim S ONEBo16:R 6 GihaRY Sor gRint &tcalalyef an@qt léﬁﬁ't\ o@oopglainé SB C@lﬁﬂln 6
Col umm 6 metalag) of at nost O.

@%Iﬁléﬁl)%rt grarg pfcaglygt- e isemg eG‘@S‘ilm@Pténge 6@1u@6|6ma1§> are

1B Bdchh 806 GRiwN 6 netal (s) per gramof catalyst.
In"some enbodi nents, the nolar ratio of total Columm 6

met alln eestaingraodmpnihet By seeen upiky b éheihydecarhomyised maybe
Ig}angeﬁg lovx;]-('fc:Jr%xa ble; Ziotn 0 g'ﬂ 166 W?n@ @ngfﬂb ﬁnF(f}BéaTb()tnrf@ed 1§

net al |svana|umandteCou 6 net al
epncteg Wbdl@(ﬁfrh catadysbit a temperature in a range from 310-400 °C, from 320-370

°C, or from 330-360 °C. Net hydrogen uptake by the hydrocarbon feed may be in a range
from 1-20 Nm3/m3, 2-15 Nm3/m3, or 3-10 Nm*/m>. The crude product produced from
contact of the hydrocarbon feed with the fifth catalyst may have a TAN of at most 90%, at
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tungsten. Wen the hydrocarbon feed is contacted wth

the sixth catalyst at a tenperature in a range from
wW@108A&050C, from 320-370 O0C, or from 330-360 BXX/UREINT/080413

hydr ogen upt ake by the hyduscarbon feed may be in a

range from-10 NnB n 3 to 20 NnBW, -7 NnWto 10

N8B/ nmB, or -5 NnB n 3 to 5 NmBAn 3. Negative net

hydrogen uptake is one indication that hydrogen is

1064t 89% 9/ N3 RA o B Hibdk Yo% DeheCIrANIBY (RE BFHHGartdh QEHIC AN of the
fromcontact of the hydrocarbon feed wth the sixth

adearodiet wbqﬂa@éaragefwm ®91-84, tpxP-0809-02t0-Wost  80%

at ngg Eerégl/@mlﬁ;dlﬂi@ﬁ%t Gl ek of%ﬁtaiy@te{sﬁxtllf%ﬁthfystt’)hﬁclIMC%fumn
t he hydrocarbon feed I\Iy he crude product may be

1 metal(p)ang € ofupwrhy 1petgl(s) dn @mt@nfwn pipshe tbfrta augaguppert. [Ihgysixth

cﬁl?atl rsgl}éag{ g)%m%%g%ﬁmftt%ff w#]tﬂ qfngegﬁﬁlﬁ)‘(‘)f %negér ot(f) Etelgas)t( 1%}0 A. Insome

fmdmdiny@lts thechediag potealianageral pore eige dlrsmﬂvetmn ofy ryat teogy@A0 A, at

1%‘& bRPAPL %?‘%P a "Y”As SoPA A9UELDS 580 ?J 'ﬂ? Lg)ggl‘%‘ﬂ?& iR ac
'S accepta rans ortation and r nment .

ISasnOé grﬂn@datdeasgo agﬂmsr atﬂerastr(s&)gams raglehy@rmans jogat most 0.99

i e B0 Sabdf PR Bhet Y FRE Bype M BoRE eSS

?ﬁﬂﬂﬂﬂhdﬁ&;ﬂ? S)ital ODGblaﬁllh safetiyggl aac@siban 6fnaed(sywbit 40 nfokie). 1 grams per
our at a

E5 a1 St Ghrn dD b bnSreTr R b el S Gl iy

FeRR@eh ctfrc@tm y86 Qn &end EmBAtn G, the m@MardSd AGothIaCAEan B Getal to
from 400 OCto 470 0C, or from 410 OC to_460 0C,

tﬁ%g%% Stipdaldpaydns i b HlEe froggiO; 120y 111 @s9rfd ngsittaip emppdiments,
@ coramts HQ%is dnadli@RSihd 8R%o1@hn b8R8 PRYS Qno%dérﬁﬁﬁatnd)%g%

or at least 10% of the residue content of the
Hygsedcar bon feed. At el evated tenperatures (for exanple

gr eaty@fient tﬂ@ﬁk/d%&grbgﬁ:}eed '1%%&&&35 %@th@l{bdslugﬁ ceﬁ&lgﬁ a{r@ﬁémﬁ)&ramre ina
durlng cont dct of he y rocar bon one or

wregecia K- €. homeRoGah ot Hos %fé)r%@r ekt hyrdrggen uptake by the
HARLLAURHSY o ng%é I Eind&RGh Ofo N ORTRE 400 O] TRUDIA 650

or co erm ned by measuring ‘an anou
i /Blé,dlr RENM for G@GM /mf rNerggtl\womt Iacitdgag upthke lsomfelndlcatlon that

l’g{&‘p ﬂ% éﬁﬁereﬁe& 1?1 Et e CI'U. eede'I ([%BI&TO&)UCQQ H%I% COI[R%gt O? %e

ans ‘or a
Iqﬂrdcynl’bbm tead bdth tﬁmdlﬂ totladt nmychdvmat TAW(D@ A hée 9@% Mtamst 8:6)‘% at

A R T R N N

@mapimt @by behla apﬁ@eeﬁﬁl @od).ar0.020.8] cm)aBrO @ sw t abl e

flow rate of droc nfeedthrg h con n%
zone IOt %’d“i’ npta % TS CONESHE éé,hy arar ﬁﬁ’ ‘f’lth ©
oy, FE@RI Bk efdid egdalces@m&%fau,recfuﬁ@m& o@ﬁﬂﬂdgeﬂrdaﬁﬁg to
0.03 grans, from 0.0001 grans to

BOEIng whids @leﬁflgﬁbcmded’mdélett thiyfis Etcﬁ@)t@rl%@é tr&rrsggm@pn /e
&élﬁnén@ ugihbe ﬁ@(ﬁ&in}gsﬁld/of @ﬁsﬁdrﬁﬁé"hﬁi%g@h Yssctostl}l Hﬁ‘mﬁﬁifﬁé“'the usage

cat al yst or conbi nations her eof at el evated
Qféwé@g@mraé%oowd@%a%awﬂ wacesting @sisdue wi th mi ni mal

for g, 's&ﬁ‘e Qﬂb(ﬁlﬁgénrtge @(;ntaclt Bt @@f&c@ﬂban Féé@%@i%%?mh ?atalyst the

seventh type of catal yst sevent h cat al yst
fifdt eqtalyst, the sixth catalyst or comblnatlons thereof at a temperature in a range from

360 °C to 500 °C, from 380 °C to 480 °C, from 400 °C to 470 °C, or from 410 °C to 460
°C, produces the crude product with a residue content of at least 90%, at least 80%, at least

50%, at least 30% or at least 10% of the residue content of the hydrocarbon feed.
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content of Colum 6 netal (s) in a range from
0. 0001-0.06 grans of Columm 6 netal (s) per gram of

w@ a108l0ys50 The Columm 6 netal is nol ybdenum anedDusS2007/080413

tungsten. The seventh catalyst is beneficial in
produci ng a crude product that has a TAN of at nost
90% of the TAN of the hydrocarbon feed. In certain
enbodi ments, an eighth type of catalyst ("eighth

cat alA/t%teVﬁtedl RelpuAaSesCR)r URmSp16 o b e MBAREAOSL), ifpurities and/or coke
conbination wth a support, and has a pore size

BRSIOFN Juteoieniact of the fwétﬂcaﬁbowﬁé with QR PTEROTE [atalyptanlyden
Jo'hfém 9 Berﬁ')rﬁl@d ﬁ&pcoﬁ‘tmlmﬁ%/ %ﬂll%lga&(ﬁ't @hﬂa?tfon %?Mnﬁlﬁ%@s #hd/or coke
surface area of  east 200 /g. The pore vol une of
mipebeedegpimined Ay mey%lnngralyarb@ma@f Jedigent odncedrdyrgne cPhfacting. In
&%%8&@&% YRl It H&%ﬁlnﬁpgﬁlﬁﬁiﬂe@wg\)@% n%%[‘f) B %rglfns B at
'y at

east gr ans gamm a typl ca
g ).00] 9998, @rgmn fohygl@mrbomﬂe@dﬁowépropeqt dfhemitefcontenthf h

s%g tlr%ay %‘tgilg]otagﬁkg 0%'092&?1 fi‘chii ? c%%oa]c x%qc%ggﬁo S IPa(ys‘tse necessary

Ipa?WEmfshlﬂid@dm bf thap@tass tlr,ld/(l)rno anaingaig e sifimblnflowaeE bt gychmarbon
f
D T SRS S e R e el

Kyhﬁ)chilbbﬁ/feE&/t(ﬂzﬂ(Mdllhctafrpmr()t(loom glﬁmb Re0. @mgmm@lefumn@ f)(l)(ilr‘grams to

e droca feed. In odi nen th ht h
DR AN IR e SRRV ol
dafayst, eBreaTi Rutal W8 AR MR atATHd Ly dem bt i eHeRiof i e!IdVQﬂed

por phyrins) while only chanlgbqng t he amount of

tF‘ﬁ‘B‘?r@%}Fﬁs allopst raglucigpaiggtiae yilpmminal fyimation pigedimesy des,

ni ckeh c&tlid dfidintaRad kien@ s ceﬁﬂ%t‘@‘rseye%mta% ) has a total
sulfides) by a relatively small anount.

paed oM bh msfl(®rig anuve fram (G-@004 &M%%Ofl (pplgmn 6 metal(s) per

gﬂé(rﬁ loP Eﬁ&l?& n Tﬂ@é&luﬂiﬁ% nl?e@al Mbl&ﬁ?&eﬁgm%éleﬁ&hgs@&h QR UBRLAhC
thods as describ by Yen in Trace

Ws&t is bepeficat mmr@lylmng @Are prddoet tl&@ h@m:EAN@B R m¢re P@% of the
TRG of ARy AL ﬂﬁon'\{]e&h' gan, 1975, page 36). Renoval of

or ganorme aOPIC conpounds may enhance |ives of
cat ally s¢rgimpashadinaemed adogB type afvadlydt K élgﬂgmamyst ’) includes

ts
ég} I%Py g’ il tne&l(??tlﬁ% ai(&iloéltwlgb u des& Ibag alyi)%% s?zg dis(l‘)nbutlon with
enmédahr( ®re diameenini arraﬁgecfrbnmb(l A t@l&ﬂj@p ®h¢ ciginhl ciialystangydiaee a
a_nedi.an

size di st r e di

FaRGe | 86 A0 n a0 RaSRe BERE RO BTGB B e
ORYmi/BcThdegtal cAt8as inad havle QYFaanBa alahinh @aéntOf AFegr @H@rams of
or at Ieast .1 granms of %'ééca-al mna er.gramo
FRaAl g 4 fy.Plc%hlé afpeit A '8 PSPl g %ﬁ in résgfam?f@lghth

dmelyat. (Boe oGt &dlysk Rasdinls3Mg@ @mf)é(ﬁﬂibﬁls QQoekk! cto(ﬁtth & @ﬂlﬁﬂ@é
0.005 grams to 0.2 or 0,00 %ramsto

Hefal (s R?bg@mf)fftghlé?étag“lb(%)m EBReelPm OrQ a1 pramgée §- ! gl;ﬁms “or from
®o PO9hs B AP orhs. 011%56 %‘ftl@&ﬁalys@ iQQpatle @“Ff@m@)@ngga ﬁgﬁlgﬂ &MtRe

or 001 grans to rans per gram of nint

NidY & yad/or q wrmqfaherfn@lmvmémthe byrbogsirhpmHecda dmpapaa
J@()dln%[s gk %féhfycaﬁﬂﬂl sréle%fﬂe@ ﬂéﬁfovesrb? a%oﬁ'ietgﬁ clémﬁpc]iﬁlds (for

el ement contént in-a range fromO grans to
grank, vaoados, gehhdenpn, gdoe ngtnkdrp@rphamnso w@@@ ogfy ah@gtng the

Egl’l(gl:lllt of inorganic metal compounds (for example, nickel oxides, nickel sulfide,
vanadium oxides and/or vanadium sulfides) by a relatively small amount. The

concentration of organometallic compounds in a hydrocarbon feed may be monitored by
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grans. The ninth catalyst may facilitate reduction of
at least a portion of the conponents that contribute

WO e0s®esi7due, at | east a portion of the Cs and BTT/US2007/080413

asphal tenes, and at |east a7portion of conponents that
contribute to high viscosities in the hydrocarbon feed
at tenperatures in a range from 300 OC to 500 0C, 350
OC to 450 0C, or 370 0OCto 430 OC and pressures in a

JpBAEBhSHRABYO mkiiods & dR@ibed b} Ferf inVHRe RBIe of ThRe @IM@m I'n
sonme enbodi nents, the ninth catal yst may reduce

Pegglonmy (Ao AThon Seience Srplivieiitac. tthré@erh@a@ d%d P9$?936)
ﬁé’ﬁ%v%%ﬁo%gh&loﬁétafhb CompYAnAS ALPOhah&aes Ytalaf sFBLAE&RI NY

hydrocar bon feed/total product stability. In'certain
et ameefithe cighie caiplpisth cat al yst may reduce at |east a

port III(P Qorg eﬂil?)% rg&% Qnﬂl‘tl{ Qma&g@@ﬁlﬁ?}ﬁig S%”?El((j]éld%s CColumns

hydr ocar at tenp ature
@ahdmprals)isu resbiodtioatwitheampp@t dRdas Lport asige digfribation with a median

DUCA5REPA0 ARl 003 PE(EA BRI BAT AL Dy Ayl

IE‘aSM?Ql amyns pat deksid ) Segrams) de atrleasd(m t grahﬁ\olf pificaaalmaiiaghaiegram of

ARty TnoPll st EEBE Py AR sl SR Rar S e rom

(8@%1 0. 3rgesis, 7005 grains KOG ghOfg oraIO()lIIgSatms&G%l(g‘rarhhzﬁld a Column

LERHARS o Sotiaate ol Dl SmE DD ELEERED BP bl w0 0.03

g}yrdg @€ 8.0bDLrafme &) Whbdass P& didrdbNhiAg catalist. \Th E@tag0@hi®Aiments,
bet ween 70% and 130% _bet ween 80% and 1200/% or between

G nRHEAPTONRY: PEREANRPE PHHLARORL fRE (lPn e clepprteqptent ina
tafle SRR 0 00PN RNG.63 %&H@ VOSSR 06 09f2 ordifs, 6F @J@@s grams to 0.01

product is at nost 999 the viscosity of t
Hyay dbanBghcdelmay fasflityredactiongf 9tHeEtsh9ep<§tl<grh@fﬁhea<mlponents

BAbRrSEE @é ﬁé§1h§e hﬂe%@ﬁﬁoﬁﬁf?@ﬂh@@?&rﬁl CPasHSt%ﬁE&s L8 %t Rfst a
catalyst ("tenth catalyst”) includes ums 6-

mw fspmpeneois it pentiitonte tpihigh vascesipgsan thedmdmhaéorafegb@te

SRR BRI WA FREL0pr ) 2 oy

pres,%unemml adegedton @dse 8 OIRALL gr'aMba, @t th éma On @rﬁnegmimshments
t%é {nnﬁ catalystl.lﬁ e)g{egu 2 of ea%st lpoﬁ*on%k Hw%elﬁe[h@%o%{ﬂbu% tg &l tI\QCR
crmteal ((fsl)e lydnicertn fel&d avlt@ngaentﬁnmmh@d@%ﬂo@eaiﬁ@tal proQuct

0. 005 a 0
AT gprits B Rish e D FRBER ) i ahe® AP S apee
Haki0 mtﬂ)g@lﬁ)éhtnlgiharﬁgmtﬂlyar&&bgm 0% at OPOASuEE an® 1dact D008 and
I% %,&or 0. 001\}[ %rarrs to 0.01 grans per gram of
gpuey akat loppte MIBRt h catal yst may facilitate reduction
of atcdngasdt aéhyﬂf@"cirb&ﬂfe@d with the @RINROIHA M rfEh td@bst at temperatures of
contribute to residue, at |least a portion of the Cs

o mpsiOP0aE pRd Preaesol ah iasta MPamay Podissiagrads Rspduct having a

&Qﬂm&ﬁ!@hﬁ a Ecrt'eﬁtC ‘&%ﬁﬁén@é&&’l @ﬁlsﬁﬂagale‘d b&ﬁ&ﬁ I a8 a bl@cdsnﬁ" of at
hydr ocar bon I n some enbodi nents, the tent

Bay 4P st mmy%%%da@@std@% alegest 50”@o%ttﬁloéh30<% Oﬁbﬁfféﬁ%f%ﬁem the
t()ﬁ?& Es%ﬂa{l{eh&%l@ Cty Qsph!ﬂl?en%nféﬁp LaPr e Vlgd%%t)t‘é(f(jcﬁ@l%%'f&gfﬂ)on

I'e mai ntai ning hydrocarbon feed/total product
fg@daﬁhlllq myntammgcaeN i BiFa cemdrs ditweent &) % ard BI0&y éﬁmelt §}fe anst

%t”/g oY l§ettwéenejoecﬁé§ rﬂd}/ 6Pthe Ihydsrgca)rbdnsfeed Ni/V/Fe content. In some

embodiments, the viscosity of the crude product is at most 99% of the viscosity of the

hydrocarbon feed after contact with the eighth and ninth catalysts.
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obt ai nabl e by conbining a used catal yst with a support
and Colums 6-10 netals to produce an the el eventh

W@ 2108l0y50 The el eventh catal yst nay have fronmPOr/08207/080413

grans to 0.3 grans, 0.005 gsans to 0.2 grans, or 0.01
granms to 0.1 grans of Columm 6 netal (s) per gram of
el eventh catal yst. In sone enbodi nents, the el eventh
catal yst may have at nost 0.1 grams of Colum 6

met alif §dme ditbcRiAN® € ARAE HFNSSatalyRe @h@\caRtyby pﬁt:l@héé@olumns
may include fromO.001 grans to 0.1 grans, 0.0

@ 1@megharia compingtiog ayifh APEPRTaIRg hen? poresizgy #la%@ﬁf&n ‘@&1 ypppdian
e ARGAELR)a R AL Rito BIEX EPhd @i AhYStsu ﬂo?t rﬁa%f habd at
enbodi nents, the eleventh catalyst nmay’i nc? r’rom
lgasp0.91 gmamattl@std) 05 gyrmwet legst 00 rangs @, SGSa@hlama pep erafy @rignth
1 I r
&][a@};]s ¢h Qatzgg{e h%l‘% @(glrngg gw&g) a ys 3% aﬁ)g% frogﬁ ddho1

['eventh cat
ganetod thgdnsE oS grfanspo ) 3giranes, di G001 drams ort).Of gr&rnaand a

?ﬁlﬁ Mo RR ?(y)déoﬁ tlgr % Mo 00 (?0(}1%%% 0'6 OfS g{%nseb%b@ Eltaas to

uce a eas
@@ﬁmamenir@ ODhatans om®.01 pratns pb](grhm ok eitalysts ?fh)stlentlhest,alyst may
onent s at cnt te to res
ARl S FR AR B B Ra TR Y Kb Bub PR, a s
af &edon dMhsOMderagthanaat, Ind & 1tased f)drl’iort Mnen@f)namttadtysﬁtﬁbute

basbSh i Bl iaeaf (2550 AP facts TR A8 o

PHRS Ul B a pdiiien 68ERIPSENPIRCBhSiBlite IBhe BECE e@ﬁ@ﬁi of the t he
presence of one or nore sulfur containin ounds at

hydposien Gedreniaraduaigng hodogrbedpesiionspro st paPLIY. 1} 1o

per i qff cQfaid @Sodihas, afelbRULSypd &% 8talyidReldnihQufasyst”) 8SS
t han 8 hours, or | ess than 6 hours to formthe dried

qQpandlerbyccaRInyag a uspy gt ith arsHRPOsnd IGptmns Seldumeh (q s
ﬁ@(ﬁfcg A fe QVRR cggysttoTﬁéQeV%ﬁhféafalﬁmw Bave RBnCBH¢ 18 Ans t0 0.3

nbodi ments, the twelfth catal yst” may, per gramo
gr@mal();ﬂ@ﬁ eramsve 08 oo pr).Qbgrame frshi g@@mtOé fplupm tametalfrg @er

r
SR Qelab BATP 0o iR R OSBRIy feus
¢ apgahy ot Coimyninehethlis). Bi sgmefemadltneatsithwltvgcn&matalyst may include
e d hydr baon f a
eS(B:rOIbE)é%{lmh to 5] 1 r%fc'a 6805t to%eﬁS s o% rgr?l%fq:]l eg?a s t§§)%3 g%ams of
Catuah y6 tnemiy) p@e g&tﬂ cfﬂeth&ehth natslyitu Imwetthlnaarﬂbydimnmrtb@eieventh

d havin i.clent s r con onvert .a
SEREHORY b Res Home Y b s SRR IS P GRS drm o1
gmﬁ& fotdn@had ystolnmy 9 ﬁl&@ﬁll(@ﬁpeatgralnﬁ@?eﬂevantﬁ Qiithliy@n Tht ele@th

0 ents that contribute to her vi scosities,
n;fp BFOPR @E%‘ﬁ‘ﬂ&lﬁ% APSTS SFF&t PR Bt é “t‘eéhaflé’glfedﬁaé‘?eter
ﬂi’(&lﬁ 56 AnbtiB@EEMhe @W@b‘iﬁlys@ﬁla@ﬁdﬂhéﬁ 4t @eS RINEbnGf the components
asphaltenes in the hydrocarbon feed. Athirteenth ty

Bt Ceatflavtﬁéq highgr ARG (Brsonpagentséhy cepEpug toorﬁsldue

SRR bR NG ERh BRPo Sl tﬁ@ﬁ)i‘ir&c%}boﬂ"féeh m neral oxides
having a particle size of at nost 500 m croneter, and

a suppoee compdimenits o seiin ypapbsajalyst rayeliiagaalyiomay, e 1
&iﬁf%lé& &m%ngﬁgaa{rﬁlpp&i @Qﬁ’ COluA®s &&al@s % PO&ITR -2 cQﬂ'alr}[?t Igélcursor

grans to 1 grans of um 6 netal (s), per
i Orataéémrbpm@r alay b¢ heamql i ewrespiyg O preargnore héfur containing

50H1p551?d% it Qte&%&ﬁ[ﬂéﬁel&ggo&%’& HlowWPRIoC for a time period of less than

24 hours, less than 12 hours, less than 8 hours, or less than 6 hours to form the dried

twelfth catalyst. Typically, the catalyst precursor is heated from 100 °C to 150 °C for 8
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0.1 granms of Colum 6 netal (s). In certain
enbodi nents, the thirteenth catal yst has at nost 0.06

w@e@s®43750 Col utm 6 net al (s) per gram of thirt ere/bS2007/080413

catalyst. In sonme enbodi neaps, the thirteenth catal yst
may i nclude fromO0.001 grans to 0.1 grans, 0.005 grams
to 0.05 grans, or fromO0.01l grans to 0.03 grans of
Colum 10 netal (s) per gramof catalyst. In certain

Iﬁﬁl%odh H@ﬁtrﬁemﬁdaﬁnén&i {He@Rath cﬁﬁgﬁhﬁ/@t péﬁfg)ﬁrﬂ g, hiem
0. 001 grarrsto .1 grans, 0.0 rams, or from

@Oleq}n ¢ aﬁ@e@téoetemsn arangs [rom ()L igrmsgo l@é)@&lf%@) 0 Q% zigms to
SRS, ot@. 06@%@% 9 0.BE rag{salﬁl@{weﬁfm Jata@y%mngy cat Mgiﬁflcant

The th| Tteenth catal ys may i ncl ud per gram of
acHyity andrstahilidawhenused (oftreghthe hmm@ﬂméeqdcas gesgripgddiprein. In some
~ I
SR Ry D SO 008 B O
wifooaic e sontent poroavet ezgordq)rscofrthéam@uabmdﬂs thmetahstfidgn The
t%%{fﬁ‘n] cq{ f‘y@% avcgr% %gsst a tphlglr?% %g}he ]porggongéts ﬁ%‘%goﬁl%%te to hi egher
ssasczmtle}f a ad)mmnsf thd @Om\ponémt& maQ@%rtblutefiG%smiﬁle nxamemuhgm ng
m.30% t % of pores

RalPHEs SRS Eha & e icheun B At PatRadet o 3006

of por estdamiyig of cpolye (Thizecriet eyt haPbdmBpaisd By @mbining

1%t %o ores. ha ore size between 1 180
Qo @ene Bl ds TaBot fatutR sPe LR ot
hR&mida, MAd afsﬁppnno The iort&HerfatapRY @8y R ifidgh (aoologran§ﬂoz()e3
bet ween 180-200 A: from0.001%to 1% of %or es havin
gore 0403 ér%tﬁ)v@@rgr%orl%@bgr,&ms 19 G hreepons 0 ?b‘%‘lcﬁm‘ifélﬁ sper
%@ﬁﬂ'of‘ thirfecR@IcBtaBkZ §n REANGERL ARG, RRAQrésnuf LQM2AXG Bé:\/e at most

5% of Eores havi ng a pore size of at |east 5000 A
Q- hefeme eh ERlvEmcasials) nlyceptaig gedodmentadhe thates@htcatélﬁstélﬁs at

Hi6@ 0PRERARSACBIhAL mEQRYTEPSH of BiflediRhualthe ARShd .

a portion ofthe conponents tThat contributé to residu

@Epodapsngsh the tageentrmdfadyst baginglude frpm@é}ﬁ)l eompsdanderams, 01@@5
e

S . SE o Ay SRR o RO 1 k) o aram o
@saéxit de ceaiptinkrdunees, deistblrruemldcahdyfe inray iSdlde dtonn@0Q lhgrams to
(5; ?% Sd (g()cS) to %E)S{gpagr?]ssglp fl? 6%}1 %ms% ggpe}mrs% ldopu%}no9 %%tal(s)
amdtmi ubmthns hatneha;l{s) p'EAg&aam:f/thlrtefsﬂi caﬁlyed hteahenedmtle satalyst may
cha ed relatjv rbon f dWhI| ot her
BPBHERe i B bifiah R oot AT el Bt U el 0.
Shigh) iofr 0.038tn 1€ DanRgeth of hiiferilefidet.i TIY: miiteleh Pkl ahs, MByme

have. enhanced perties relative to the hydraocarbon .
G, 2 PHG §£e g‘émﬁ?ﬂ?@ Wb apedipt BOTP SPH’FF%{F oﬁ%t/%‘col 159 A.

mdm%ermeéatnygﬁ chay AbveaBE &N, &f pokddha@hg AP6HR si‘z@bﬂllt)tﬁdsﬁm A;
in a selected sequence may control the sequen

508 BTty 30 Fof BUETRNING HROFC YiAf Ry EP L dPBd nfff)‘é‘éé?% tPé‘P% of

&%@&fﬂabl%g a M’Slz‘@Bbt\XgE@YOd V30 RtrrdnE 8k tio @0’1@ ‘%f bdOMmQfngtahRre size
C5 asphal tenes, at |east a portion of the iron, at

heawesn 130330 A7 BAMAKL% 1ed % PLRAss, hasing appregize betgen 450-180 A;
ﬂ?&ﬁb'l%‘to%f% Bﬂﬁ)réééhg@qgg ) Ile Rizk B@tvxjaélrfjfﬂ)c%bp rfrofnﬁﬁ‘fl &%) opﬁores

reduced before at | eas portion of heteroatoms in
hanmg hypdreodzertisorech SU200 A; frf@_mi Q&BH% to 1% of pores having a pore size

between 200-1000 A; from 1% to 10% of pores having a pore size between 1000-5000 A;
from 20% to 25% of pores having a pore size of at least 5000 A The thirteenth catalyst may

reduce at least a portion of the components that contribute to higher viscosities, a portion of
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Arrangenent and/or selection of the catalysts may, in

sone enbodi nents, inprove |ives of the catalysts
war@sous7shhe stability of the hydrocarbon feed/ por/ab2007/080413

product m xture. Inprovenest of a catalyst life and/or

stability of the hydrocarbon feed/total product

m xture during processing may all ow a contacting

systemto operate for at least 3 nonths, at |least 6

tﬁ@%ﬂi‘@neﬁ§ that conBele «d re4RBE, WalfHalnes, %ﬁh@ﬁ@a@ﬁﬁﬁtr nthe

catalyst in the contacting zone. Combinations o

copiperidsdn thghydrperkontagd- al [ ow reduction in at |east a

por ti@Rerfnbbiigehls oi‘/(hg%!rst @r{rodg%QEI’te@lﬂp&Htatlﬂ/s%%f al&ﬂ% fRle

asphal tenes, at |east a portion of the metal’s in netal

@élowsedfasmoghmweé@p@@dhatem east a portion of the

Corrp . .

of T Rarer bt kel GRS 1ol A o R e R s

hyydslbvear ode fredut fodk prasluotdibat hpy B@Erand/esse@bteﬂ Ipeoperties changed

LR RO 535n 1SRG L5y P AL BIALTS s

smgmﬂmmnéy changemg Tihe mseh;lag mgdé profuce mmhh@ enmcm piopdrtigp ralative

dr.ocar b abov. .5). Alt a
t he éﬁogflrgglh ﬁf mus bﬁ &?06? a%ﬁiftabg? é({; ?!%Vpﬂ%%}lOB élngllor e 1X1hg
| ncr eneinpahdny of@mmad)r@g/ateayxm iaatselefted fequdnyeimag asinonthe
feed with sel ected cat The abilj to
RGPy TR B bt A R RaHGe THF SRa: SANAPT
drhayhytdeRcapdioe dreRdC M@yhakhdVatidas sSfoadiinl d'fttne iffn, dth&ist a
hydr ocarbon feed/total product m xture to

Rt ithreticket Andigy 4 .lea&te@@rtr@ of (g vapakinre sbe ﬁ%?ﬁagbontfwé can

el b @lce® BeBle Yiblead: SR BERLI@DAYE) inMBY hyRRodRoh fde@RReduced.
upstream of a series of catalysts. Such positioning of

t he fATFaggerag apdjetselgelionl thsvwwatralists vy ol spimng Rmhesliweris. approve

Rl Bfthe EQQ&&M@%‘R@ stdMRft@bt GO H§cﬁ6@aﬁﬁ‘>ﬂ%&dh§tﬁﬁﬁr@&uc%¥ﬂr§
in metal salts of organic acids, while maintaining th

Iptrabicimentyof gfcatalyst 1Hy airdderatabdity @fetb‘dl/l)tdmcatbOp fesd{iesal product
Iglr:%%ré‘ﬁ& ﬁ}b&egs'nl{g% é&ﬁl&%{ ayc%%ltaéénl%%gﬁem t(g]o%e e for at le?st 3 months,

st a
dildan/Feonthse mpatddastolf yeacwdhait cphpanemn bsthe cmﬁwémh thefontacting
Zogn'ponents that contribute to a decrease in the life
ot her catalysts in the system or conbinations
t her @&fimbirfatioms df lseledtq,(ﬂcramsa;tsbnzry dlleededdedon @xatepdta,portion of the
rti.o asph

SO G sd noabty Bied it sthef S tiob PRER pislys Ry
sl'el}tdbi?ﬁg?dnhgel’d:lcﬁ ﬁ&a&t@oﬁidgﬁé ﬂte@@lpﬁ@n&fthzgggﬁﬁbﬁatoafmtﬁ least a
?‘%Ii we?rﬁ% ‘%?oﬂrtcgel?’lmrrﬁr‘bo ‘ir‘é#\ frsﬁ%l@} ]@é?rg‘f%g ‘i’z\#fi%ﬁ‘gﬁfq‘er

Profpir@Rics e lroedrhsiateal 6 thanBenOwat n@fntading @8Stabifity of the
portion of the Ni/V/Fe fromthe hydrocarbon feed may

Ii‘yﬁr%érrl?%n vl menlugt mixpes dging Pé‘)chiané (B cxmeple Fn%?l%mg a

16AtRhBSH Fecld @&Jatule Qpgshvaf tsgr AttélﬁatfvuyStS ?ﬁeﬁdeﬂe%t TANhﬁld/or API
second catal yst(s) and/or the third al yst(s) be

Pogitnarmedngemprial yaadnced by ¢natact ofdhe W%ﬁgb@tl fee#w&hﬁ@lpcted
c\%i ! s?stG LTQQEbﬂ@% e Raan b A 68l dRlyalhaRle bR il bKiET €

hydrocarbon feed may allow the stability of the hydrocarbon feed/total product mixture to
be maintained during processing.
In some embodiments, the first catalyst (described above) may be positioned

upstream of a series of catalysts. Such positioning of the first catalyst may allow removal



10

15

20

25

30

second catal yst(s) and/or third catal yst(s) my
further reduce TAN, reduce the content of Ni/V/ Fe,

wo edsoes7sul f ur content, reduce oxygen content, PEnUsImnT/080413

reduce the content of netalss in netal salts of organic
acids. In sone enbodi nents, contact of the hydrocarbon
feed wwth the second catal yst(s) and/or the third
catalyst(s) may produce a hydrocarbon feed/total

Uibledtilaf bkl o Edh@imiR@ss, thelafEMeRnaNandor IBAME Blnetal salts of

ur content, a reduced oxy %en content, a reduced
%%%%ﬁdwhlﬁﬁemap@mﬂ% thestahiliy of the héi@”%ﬁ*b%fﬁ%d/tﬁﬁaﬂ gpducy
hLedyced asphal tenes content, a reduced viscosity, or
conbi nations thereof, relat i ve to the respective .
pr opéeihe ifis cyflystialovis dir srererapthedinesats, nhidme valeil at laash h pgption of
NW/P@H@B lla{l By ac(?(ilc EJthdﬁ&% 9@@%&9& cfoﬁlﬁgﬂén%ttﬁz%t cBﬁtﬂgﬁ{g [oba
m Xt ur e urlng processi ng e second catalyst may be
PposipteiinHedif¢ of dlearicgsglysteint thesyswint, br ¢cdndisdionyttiereatt abmpshe
e I

@%%o%g%)&%ﬁ? §ee5 f&‘ g IHSle re&h 1n§?¢l(t) Feg%% % tpéf?flsoh é)? f:f nggﬁte}{gs ift the
lgydntcabbn fE@d/Zcmz[l@Sochetndlstutr@retaImeb mthteh}hiycd:larblgﬁ ficed ﬁ&gjﬁts plugging

ur.in ont ac nati ons of cat
T PGP REh S ar b BR el Tt bt Rl g
@ataaﬂlr)ngystelﬁlhﬁiy heppaked authelhtaépletﬁihmehtqw catalysm Reafoval of at least

R A B e S R 0 ooy Pyt Bt b B9, ipggease o

1&@6&0@@@% ¢a@aﬂys@§pdsiﬁlanédyﬂt@p@alﬁmeattﬂgz@d For exanpl e,
the fourth cataly used in conmbination with

t he flibe §?Cog<éfaé€f1%(§( %t)d/or é@é@%caéegysé(py@gx lgﬁ) posttlﬁpqcbdownstream of
@atift ¥sdi(s) Furtﬁef tdheepbahy BYdtchrbos fettiRot®irédu¥ SihixBore with the

and/ or seventh catal yst( sg) to change sel ected
SroPerialyess) gpd/ar hijd) P%@m{(@ may geger WHCP d ADhIrsuehEp gemignt of
IQ%/V% @ﬁ&@@ﬁlﬁdr%@nt@ﬁt Itemﬁe |8¥ eﬁ%é{t@rﬁrhn%?%dgyestﬁé @(ﬁﬁe%gof metals
amounts, and/or while maintalni ng hydrocarbon
lﬁé@mﬂlﬁdtsaﬁommda@ﬂs stability. The order and/or number
of C
ot st Sk oYt o FRAEEE ) B ith Fokifbhe, O LRER (o)
aplrltm thetthigt @tﬂlYSI(BMnaM\prncﬂumla hm@bc atnlyqjlrfofgﬂétntallpbélh@e nnvtthmv\l@t has
a re uc%?l %A?\]O gtrgcﬂ%%l fEO Cé)ﬁ{sglenéﬁ%déloefds(}x?éf%nﬁctogﬁ%gtgg %e?gér content of
rhaeld it metbesalmofmrgnmauhdm 4 feilured @@ﬁla)lfent:h&)ntees ] eﬁiut:exbvwcosuy,
rtles of carbo f eed, whi he TAN .
SRR ek Sy DO G et fe hidfogti red whit
ﬁél%gmﬁngttgestéﬁﬂﬂya)m dfe(hlydlbﬂﬁ‘té(\ﬁ feeIStal yrogﬁctﬁghﬁu{]é)(ﬁiﬁﬁg:@bb@ﬁng.
Reducti on .in net ro en. upt ake t he .
e BB B e PRy Ut P b e el g

@sB@inl bBe hadg@awtiséhikkUktsen simlar to the boiling
poi nt_distribution of the hydrocarbon feed, and a

r eductdd aFAN tp drlater hrlregsninpeqifing pniscrae Wﬁ? GedytpgHnimize
fyagsden I&ﬂ@e @ﬁrﬁl@ c%ntﬁ%tggotohﬂﬁlaﬁéﬂé%? cRAIOHUGh ﬂ@Mty@eﬁé}atlon of

only change by relatively s amounts as conpared to
hydeogan B¥ANE cPnEctor, aeatidis éltaamélﬁ: FralatvelHjpoh ap@wt of hydrogen

|
S B RS A S RS Bt e

g
the sraze RipREAERS oA thie @v&ﬂrgear@m fwb Hoe dxpenrile thedpurfly eappdyst inay be used
ﬁfcoﬁlgﬁation with the first catalyst(s), second catalyst(s), third catalyst(s), fifth

catalyst(s), sixth catalyst(s), and/or seventh catalyst(s) to change selected properties of a

hydrocarbon feed, while only changing other properties of the hydrocarbon feed by
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hydr ocarbon feed. In sonme enbodi nents, fourth

catal yst(s) may be positioned upstream downstream or
whednsoesTsaddi t i onal catal yst(s) described her eP@T/US2007/080413

Hydrogen may be generated @dmring contacting of the

hydrocarbon feed with the fourth catal yst(s), and

hydrogen may be delivered to the contacting zones that

i nclude the additional catalyst(s). The delivery of

deltBreI ALAEE AndYBYWRR HAMBN R Hy@robd¥Bor fe@WMo0fi pfolct stability. The
hydrocarbon feed. In sone enbodi nents, the delivery of

e aRg/aF BT AesiabstsadssElssied togninHrizg nes W dpeantigtake while
Ihylg{aﬁl%@'tp@ﬂycfr&%ﬁ)on E&ﬁ/t@c%l%u%t stébnht? ﬁ/ﬁlﬂﬁﬁ%t hydrogen uptake

configuration (see, for exanple , hydrogen
fﬂb?yvs iRsidge pentent.SNIGQ gpitery. fb&tﬂlﬁ@c@pntﬁgt ARI m@tyc oheoathiiatgns
M
g& drgfré)%%g{)/r?%e@ g)rlfeleh\cf/&ellrltgge(f\gﬂlg% ég@ dﬂf rthe r!e ?Fctgl@propemes of
tb@hjl(ht@ftarhmg feednehifdf e TéRNaamgloe the yonosaty tof Hig czucdﬂ @rotiee is at most
to flow of the
Sﬁ)'”/%fo tﬁg %F Nnan og gle%fsy)s?tg o% El%tl%dirgceﬁrg q}%gcf the hydrogen
f | ow Redycti@e mmm hwdrbgmtupwkt hy tHeélytﬂﬂo(mb@f fedi(hmay produce a crude

h ar.bon ed. Al nat | i vel

PR R P sh TR e SO v feBoTiad SR isguin of e

liveyochi®og e raat @tdediodd TN eQntvacd iha J ANofahehgibsiafoh ifded. The

one or. exanple, contactin one 102 i.n_FI 3B

%%‘FJB&R f 5G9 PGy RO A r“éan%e&’yé‘%?ﬁl‘fegi ‘%&W#“B‘ﬁéf’
&nipardid g abaieliMohdhydssaitdn fdhat is counter to fI ow

of the hydrocarbon feed (for exanple, adding hy

t hr od§Hreesh 8enctation & sPeglic epiactng %ﬂjle%‘ﬁéalms‘ﬁl% 1

lgfa}ogeﬁﬂ)q)tltlé? cEntBRAO N6hcR Al DOR! scleQRe 3Edut-fieh APRDehids Bf the
rection that is concurrent to the flow of the

Hdecabar st Begme eambodingnp! feurtaeiilyst s Hywt isgenitiordomeieam,

&ngnlgﬂﬂéa‘in LR twi a@l@ﬂ%ﬁfﬁ Eétﬁ‘lgstﬁ?@(%cﬂ-geg hefidd |}g'fdr(;)g@1 ma 'Be

sone enbodi ment s, fourth catal yst and the six

geaeratey S eonasient qf mheﬁexﬂr@grbmefepﬁ E’Fth \bhetfhulﬂh@ta‘lﬁus)c hnd

ARy LT8R GRSt 15, ol o} il o0

‘Hddictivanaf the laycabgegtnéae/)bewanynwred the dloWAN thertefdmabhln feVd Fln some
nt.ent n ent o

n?tiodlmenFs ﬁ\lr %am (%qfiled%/d?%%? g)évc% e nt ?o e ﬂoigvmﬂ

l’twldfcm@emfday t he hydr ocar bon feed. Low net hydr ogen

R GRS G

ISatRerple® peritel @atatingtif endyll0Ciay 08 (ff)ﬁ@dmplenccﬁlwcf&ng zone 102 in

| wo different seventh catal ysts ma
ﬁgggg}’ ﬁn‘{;@%?%%fl}aés Re detysred &9 ght “l?&f‘le?Pi}t&%/““é% %Of example,
ARBLERNE [ NIntHE. ﬂgmsﬂrr@@ml SRVE rab&ht@ads aby St thaRydrbeason
a total content of Col umm mstals9 per gramo

feet dpype eippodiments e IWFI’ES’&?IOﬂ% OBy §°¢ G@Ct}ﬁx%ﬁvlth'ﬁ?f‘eﬂow of the
Q@M%G@ﬁz@ﬂ SRM&H&ti\zeEﬂinad da%ked@%f@@‘d@oxﬂséeofo%xﬁw &L, 3B),
um 6 netal s( s) per gram of downstream seventh
lzyéfqgw giy be peperafasl digp@Foniasting injore gerading poner Eor e,
&)ﬂ&t:ﬁﬂ;t zom—c: 1 ) atﬁ‘@ ﬁ%)n%t lﬂJdg(%)an 'S({hréer}ﬁa}uﬁsdeﬁ%ﬁ t%ea\fﬁﬂt(aﬁc)htlonal

catalyst, o east 0.02 "grams of lum 6 net
qeafacting zone in a direction that is counter to flow of the hydrocarbon feed (for example,

1t10n of

adding hydrogen through conduit 106' to contacting zone 114 in FIG. 3B), and to a second

additional contacting zone in a direction that is concurrent to the flow of the hydrocarbon
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gram of catalyst. In sone enbodi nents, the position of
t he upstream seventh catal yst and the downstream

wa@ewsidrscat al yst may be reversed. The abil it yPeDUSRE7/880413

relatively small anount of sgatalytic active netal in

t he downstream seventh catal yst may al | ow ot her
properties of the crude product to be only changed by
smal | amounts relative to the sane properties of the
fRYHIracahRpR, J18Rd h(deseKANRY &nddit 164 &t do@bingSABE 16 in FIG.
change in het er oat om cont ent, AP gravity, residue
dontent, VGO content, or corrbl nations thereof).

Cont gg onﬁ’ef elﬁlgb%nﬂéﬁ‘%'sr %QBQEi{bafa%%ﬂanW dhdkith %ath!l@&ta?ee@% ﬁl”sgnes
downst ream sevent h catal ysts 'nay produce a’crude
pherohich the raurthigaglyat bR upstream e siglhogtalyst, aryie vena, The

a0 Al B S PR TN g

NiA¢/Hh ydm@fuaanld@n refleedh qratenbd matds mmeeitlahlisyof vedocadidpywvith low

d r v
SEPLRLy R DSI1E HORIASAILERL TS RO SRS, o
cﬁthmqupetties af tbatmatly s ddoo tf twramachangedtbly analt amdentprebduc to the
ng ﬂ %fl ertt; es. relative to the hydrocarbon
%aglggropgﬁlg PHER RSP %eid the initial crude product
with Iﬁl@br&ddhlﬁddﬁﬂﬁits cat (&iffyﬁéht deGenlt @eHlGes thiyebearsetli@ combination.

froduct WI 3&9@ tles relatlveto%{e

iSEysgfh Qf"f éusﬁ 8 f‘§% © dpWRSiIEYM sy P GRialystppgy have a total
doREheSTRTYI@h § FRY(s)AB& e8dm bicatiysh ek Pinpgfrd©.080 BDI0k igkayns.

of the hydrocarbon feed/total product m xture during

Ff%’@é@%ﬁ%@ seyRUsGHALYSE B Hﬁ“ﬁ‘é‘r{?@l coplepipiy HuaRBp T

SRS reafmdelend cabidfst ks lseqhdl (C QMR AahiORe Wtaﬁ Bontent of Column 6
controll ed contacting congltlons for exa

peipee imithe pEsUSHY SeenihFdiRbiea Phd deapEHr $ramp ?fg@p@)lmﬁﬁwetaks) per
%ﬁ'o?&atélpst r ﬁ%ﬁie%&bhbﬁ%ﬁ@ Ghe H&ﬁtﬁ)‘ﬁ%f b uﬁ)afeaﬂysgcéﬁﬁ%apﬂﬁt and

mai nt ai ni ng hydrocarbon feed/total product
tm: sl@wserezgn abenthcyalgsimaygeproeedsimpbilint ehanghnglyonell

ouﬁP&ecaB@ﬁﬁB%&Ne%?etﬁfln fp ﬁo&fésltllgﬁné Q{]\%gﬁ{%ﬁtaf Jlﬁ‘é e}ﬁ% Fther

e respective properties rocar
@blafbmdsmf thegfude hveodhgtdo be anlp omng e/ Slnoiﬂlaﬂmpnt@ dfdaitve to the same

Xture. ajf e by._vari ous .pha ratin
R e T e B T
earar, Al glmvuuyayeshme cagedvV G cofitomt, @mmpimuonsmlméqﬁbl lity

ft d duct i
nycr GQBPRGH EaBaREBRr 50 Baate i B PR EetPa
afalpsphal frenes a truaapiobect MudnsearAoof éteﬁdi (b, @k mPEIBOGS hit

m X e, precipitation of co omth

s leaabin FleBur A1 s SRS pilroybonTeed. tn some
GREBRInRLs, 80 T ANSI (BOhydrd¥artof Fdedinthytble niﬁ;serﬁdmn@ Fedub&l by contact
contacting period, the concentration of hydrocarbon

Vidbte yptiean ang EI%‘VHSHPEHH sroenth qaiplygs ﬁ?ﬂ?’@@ﬁkb%ﬂ’i‘taﬁ of the
fyaedhtboh fled Mtﬁqléﬁttaly@ﬂ t$ tfé%ﬁleanqﬁilﬁalcdﬁﬁﬁ%odu@tswﬁ}h&anged properties

concentration of total product in the hydrocarbon

ey odhahydgicador feefh apel tea cemat gede dnidal curde prodaetivath aof
thﬁloﬁﬁlégﬁl 9&9 gﬂﬁhce HOLHBL hblider Rk i fg@@ﬁgﬁ&g{%?lame bR

hy drocar boi / or conponents . o
ipttiebiurede Hrmmhe Thy @hibtcfa@ edncef e Antcoamagintay owy @ssistinkmyini@ining

tgng %?%}ﬂh,%f GRANIRearbH rEHRIR podudt AEx DNARLGApREAhEed My

In some embodiments, catalyst selection and/or order of catalysts in combination

with controlled contacting conditions (for example, temperature and/or hydrocarbon feed
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conmponents that are soluble in the hydrocarbon feed at

t he begi nning of processing. As properties of the
whyasoeasbon feed change (for exanple, TAN, M¥T/0S2007/080413

asphal tenes, Pval ue, or comsbi nations thereof), the

conmponents nmay tend to becone |ess soluble in the

hydr ocarbon feed/total product m xture. In sone

i nstances, the hydrocarbon feed and the total product

1IGRY rakcd iy st RNRER$n AV REn BRSIQNE thd1$RkdeRIH8N FdRd ABMAntaining

anot her. Solubility changes may also result in the

Igecadan et qtd dadusaixtug weiliy dritneg RIpesTieg aheangiae ppe or

M&%%rc%ﬂé@éf thE CRLIBHLAR t Rk VB BEASER (ivd ROPYER of the
floccul ation of asphaltenes, change in concentration

ofirdsgiipotad bbmbifised Uity drastripn fedliud prodasidhiture may be affected
r I

B LA L4 205RlpE RRRENL R SRR T RAUER IRy .

epdrptoingnagybechustetl by grocesplemayolialityed d@é}ddm%boreﬁcahmdé)r

Jr&(% aI‘ Cﬁ.lgt 1&1 l?eaﬁ %o%grbgéfeegﬁotﬁ g({dgg 61‘%11981?6: fﬂggc%attigﬁ 8% asphaltenes

pro&h P nec e produce a criige

Iimsrm dmdtydmarhordksd/toedi pmdmpemktlu&s pre@pttatnvg opc@umasitnfypm the

e R R S B SRy , Por L e

proc QAS;&ertehiy dimecauring thef @adctimpdtiod, diydhomantdos hydrocarbon
ot al. product be assessed. Typically,
% 29 " (Al pgduct 8 they Yﬁ’i?§i‘r§(inn%¥‘il/w&l RHud migiyre Ay change) As
thé @&fébﬂtﬁhbl@ﬁf 10 oag pfaﬂh@tem@ hf drosarbdiefehty @iapp@aRe Mifieed
enerally occurs. |f the P-value is initially at |east

a2 QPR JHRERLPD Qi ST B AR SEIUBYILY & theoapnopgyiy of the

1§laaRh®ofl el BEL/GRBLPEdnRDT tHe61 frhinkt inNEk KRR bR dledkhif
hydrocarbon feed is relatively stabile during

RBHCABENtHE lenpy @redenee b bor Famglet Be Bydrpsappadecdinas q@p@in

SRl at ASsoRBRER MR OB Rl o tH@efégﬁmﬁfngf pRILSHDNs
contr ol |ng contactlng COﬂdItIOﬂS Sel eCti Oon

rarcatiapof the hwros&b@tkﬁ:d/@aogﬁémeﬁgnm W MGBt 65 aselﬁaltenes

¢ .
T D S
Ipdessiie feetb/ydzﬂ@g@iucumwaalk@ In Iayrdc os@ndzerithd b}eldochtbowfeed and the
(%I%F?I‘Odl%&/ IIIlgl E)Bf r}/cfor{%)? on%/e ing OXU(.:L?]G ro(r)lit::) gr} the?egohé‘tality
&mmymbmymgohmamﬁphehﬁmhamhmh@mdﬂuMn&dhamammnaﬁamhgdwabrmom

evated hyd en., pr for.ex | e east 7
e LD b RS IO sk S i At bR
heshueatich dfﬁ@ﬂro@eﬁrﬁoﬂ@écﬁaﬂdh@tﬁ@mdﬁc% ah(EMqirﬁﬁplfAMdl’a og®mponents,

ssur.es ¢ ormati on I t thus t .
‘g‘i“g P F@P%"stﬁ%ﬁf%t‘ﬁ "Ny drye 8# %‘6 RAFREEY “‘B’éﬂ% ﬁ%ﬁng%%}eWtoﬁ the
prodeisdbhy BOlkBudl OPbIGkhidple, rSpdata te@eHebl df@iE BroéhibEP fkdbtal
reS|due and C5/C7 asphal tenes is_not dependent on

OB 28 Dt P e B UIC PTOUHCCOT SR dra et BB AT e DBy tes.

not  Quigb pHRLERS, hbe- vﬁfﬁ@%@@ﬂé 'h?&o&a@ﬁﬂ?l%&yt@{a?pﬂo&c@hlxture may
| east 30 OC For some hydrocarbon feeds, tenperatures

ksfmepitored aad thesabiity pfele precess dyilioeatbendeed GEFH@Y hydepicargen
I@éd?l%?dﬁ Enlogﬁ t%xthﬁ%niy%fa%ésfeﬁom oﬁl@ﬁg § PVRLOBHER a@most 1.0

pr oduc hat neets the desired spacifications.

indicrtesabetdlocanpion af aspbaltepeskdeont d}erhaﬂnooarbwmfye%ge@a{rally escars. If

: I I r. . .
L hBATL SR PHETY BBESNTE S 16, R P5RL n
contacting, then this indicates that the hydrocarbon feed is relatively stabile during

contacting. Hydrocarbon feed/total product mixture stability, as assessed by P-value, may
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of the hydrocarbon feed/total product nmay decrease

bel ow 1.0 and/or sedinent may form causing the
w@e@doel7som xture to becone unstable. Since, el BOBUSINNT/080413

hydr ogen pressures requiresbarge anmounts of hydrogen,

a process capable of reducing properties that are

i ndependent of pressure at mninmal tenperatures is

desi rable. Contact of a hydrocarbon feed having a

el RGOS Qf)ntﬁﬂhﬂg%ﬁttactﬂt% ORlitidds, B sefeclln difcalalyeX aﬂps'eﬁctlve
at | east { at |l east 1000 cSt, or at |east 2000

@dgringjoh C%Ealb,‘%h {F eqm@wtpéhﬁbéﬁeaﬁ e penglingpf eongrctiee quldltlons
Iﬂé}olnglgde gb%goﬁ)l LHS%QI@&M&J pfersé?ﬁré ﬂQ@foQéﬁ Jp@aké %d&@a@&n feed
Mssures of nost MPa with one or nore catalysts

oF P@é‘mnﬁ@néihﬁrepf oduces a crude product having

22 3” @?ﬁgﬁ (?{B at?lZorr]l(ef%H ha?fﬁgggh(gs%tleg E‘%&hﬁ b'itXhe 1@%%81'56%“ feed
ﬁmsbeizQ@/@nsaortmd/onp)%pedtarmtact@%@ﬂevmé hy@sgf@qmswes (for
f%fal\%lgﬁ;r zgt)feagt 1 M@g aIP }églgtqeiﬁlgagc? ata%%s\? %5 %5 %&r&%@{; ?I%P?(it%q tggt are

ue remai ns con
mbe flught/acidvagd hehpenptrassuees dobe foemattqml igjnhibited oln®w the properties

if the t t bove 450, .
SEBRRGA st gl B LR R iy o R R Sy AP S SpiSauction
dfaedidigr @bidps od GIC, bphlalkénes Bawodepsndenisindlitimgen pretshe
er aé re decreases bel ow 370 th m ni nal chaneges to

t
AR B Btk PERT B pROBEIETIES BERapcting RmggrRIcIs st leas

B0 diIFENnS, hyd@RABEA feBl, tealpRRIRISWT aSledt 85(CWNAPbd @fuired to
such that C5 asphal tenes and/or other asphaltenes are

A6 et (RTPer tlﬁﬁ?fﬁkl%]ilxﬁr(??@rbpﬁ EceRPIOgH e @ MOdyFt thijdneets the
sk rpadifanoheed. 1nc?\9a@é&pt%ﬂngé}aﬁfes the MVEReR Ra§ Btcut Rvergh

hydr o%en upt ake and/ or hi gher contacting tenperatures
Hevpted dydiogen mepyehats Ba PePetigooiihplydeocarhar faed prercagrped the P-
\ta'ﬂ% of ‘i@kﬂyhfot:yrb&f feE(m%tah ¥gfd9&%§a9(31@crgz%@ @él()@tlad arﬂydi) gé%ﬁrﬂlent may
m xture and one or “nore he cat al ysts.
fopntaaedinghe p@d@@@tlxm@ tp bepomecamsiplde. aSm@erfgl@ra@g dpdmapingkessures
S : : . 3

B BRI et L pRRES bR SRR P T B,
indaperdent dfpreshae htyrdmomd Itdmmrdhueﬁls deﬂnyblch anges by a
Lg:,]?tdotmeacty otséq:lagrotca? ggrg {f]:é(} l’éaV(l: Sa? Vr{SeCPfelép%)q edst tlﬁ b?t at 37.8 °C (for
dxempler atlewsteﬁ)mcﬁt atnleasoitO()@mSe oc axrltaaclOOﬁ gStz) omesonalledaemperature

Pt Ear e RO Rande T 4B o ok TPhHOT g Bl R satora
byt 7 eviPaavitit Gdelvir Agrd &h@lﬁts&t@bdribﬁ&’ h@tintphelubasdr o@tﬁiﬁ rpb@ma having
f eed/ t ot al ?r oduct xture. The h&fﬁ%égar bon f

GREEATET I, S SORP Rt TG % SRS SR o o most S0%

AMRBERT%, afmbitP6Y, §ARdsaCH% NG nloeiMPe bethe k8 pdclivd ﬂ@perty of the
terrperature inthe first contacti ng zone

hygFrcaiopn frgdt B canlirte dor gilucdmpipt way Bekeshtpove L0 by

&%HBI@B?Ih‘é rc@ntacttﬂﬁg kSnfeRARE! Sk emplt AH 5o e LRGN Ehe et
cetera) are the tegrooeratures in contacting zones t hat

(@ECTHYET in¢TeRseTabare €10 CheheP-yadye drenstbalot heandthehydsocarbon

Feéc{/t%tal g&ﬁ&&%hﬂ& HeBIRERALMIE TR Bfpdrituf deaBEEs bdiB70 °C,
0C and a second contacti ng ]t)enper ature may be

mmlraalrcaﬁges tollegt hyidgoc@don k@d p@ESrtig0eQarsOC, or 40-60 0C
di ff §h %Hle érHl%?ﬁrhgh?s, Eérﬁ?c‘ﬁngg %ﬂfp@ﬁ[dr&gire controlled such that Cs
asphaltenes and/or other asphaltenes are removed while maintaining the MCR content of

the hydrocarbon feed. Reduction of the MCR content through hydrogen uptake and/or
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tenperature. In sonme enbodi nents, the second
contacting tenperature is greater than the first

w@eousaei7sng tenperature. Having different contBCT/URIP07/080413

tenperatures may reduce TANeand/ or C5 asphaltenes
content in a crude product relative to the TAN and/ or
the C5 asphal tenes content of the hydrocarbon feed to
a greater extent than the anount of TAN and/or C5

BsRPabiiRnge lafpdfatur@Mnay EsuldNY forksh diRo bhdssd thanshy reduce the
second contacti ng tenperatures are t he sane as or

WbiIHY Af the hpdrogrbaadesd!/iptehspduckaiixtese apgipidife gf pnercgmore of the
&QJNS?SC (CioRGo12 R REn A% 'te%?ﬂeféqﬁ*e gnd tyliRlpe® AHAMNR LoSdinARA A the

fourth catalyst(s) and a second contacting zone nmay

qarﬁésrswdﬂémfoh@her@ataw‘y%w €) axpbaltengsye fe rrpeddrvhilpiee WICRgontent

R 3eRBop ETBERR inBe{ T BRuE e ARC, *CF " he
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e R R A
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. or at | east sane or
ferat canspsting] tpriperaigrec éhmg ﬁlff@geratsoma,ﬁdn@@éme@m& nagy reduce TAN

eglglfr%)t‘? i%u Fs%ﬁal%fnesaéon eﬁo?ta cﬁléllgp?oduggglﬁf?\;e {0 g‘lealt 1{1 QH@& the ?5

pressures ecr eases t e cost
gshimliope can e f &ndhyétiol:@wm fc@htpa@matﬁg ektontigangby fropumeofl TAN

e}lr\ﬂ%r %‘15 aspﬁ]alEe%g net%”a%%t i 19 wli]leg {h% Q?St a?c[ sgzcgnda Cfon%?ttu}% teml())eratures
arattmlsym‘t asandshrhm B a4 Cﬁﬂelaclt:@theil yst The contacting

dit t
of 1 Thr S g GRe sk iy SR S e tgpogos! Tty
MBRyst(Oaintl astcoadl corietihy Zb’n@(i’lﬁi’yb@d’llucfeeﬂiir witilpsttshéest@ied hbrein.

Biesrae g 46oesro g ey el 6 g Bt “BALT DR e

W hee300edu @oﬁgctdﬁmd}@dm@m&efe&a Bsth®first KRl Aaakame first
feed. In sone enbodi ments, renoval of at | east

a
Cd%ﬁhtsf Y/ %ffoutr?liléa@}yé% Sieetigher ?e@PE@Wﬁ%EFFRiIéO SHChVithibe gher
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in a hydrocarbon feed nay reduce t
HbKIV|ty of a catal yst upon contact of the hydrocarbon

feed I}{\"séd?e érHl%diments, contacting conditions are controlled such that the total
hydrogen partial pressure of the contacting zone is maintained at a desired pressure, at a set

flow rate and elevated temperatures. The ability to operate at partial pressures of hydrogen
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catal yst. Organonol ybdenum may form nol ybdenum

sul fides during contacting with the catalyst. The
woredoglogissum sul fides may precipitate from sol up€DNS2007/080413

causi ng solid nol ybdenum campounds to accunulate in

the reactor. The accunul ation of precipitates in the

reactor may lead to a pressure drop in the contacting

zone, thus inhibiting hydrocarbon feed from passing

$hr fUan 3 ea ﬁwsaﬁtlhd?&s@ A IS (Heslah@f ohlifuedkatods teast 0.5h™,
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for e

Bt hede” b A St P BRhnd G gearton
ﬂaycdﬂn@ﬁmbfe@s&smsm\reeafr@atmﬁgmwlnab@efdpﬁﬁg@?grpme@saﬁﬁ/agmcrease
sl.eps. FEqr exa e e n.ne roma,.
?fbi‘n‘?f&fél & g’ﬁr‘ifeﬁt&?lﬁ TPCES: g?-@ﬁ%fﬁ%ﬁ#ﬂﬁ?“ﬁ@”&?@éffp@é’ounds may
fuftRPal1Be tHerHydRcarbbl feB@tot R réeised b 4 10Bre RFMEES fandei€For
bitumen is diluted with naphtha. Before the bitunmen is

QABRISCHIITS: $1BU4H L/ORE MY BTN o7 SiehiB vl a8 d spqqad contacting

io%é H]!a_t, aﬂwlds b QEHAC Eatd1 st V@&H&Hiﬂoﬂé Bidrddaftfdn lf'é?:ld%a%ﬁg Qtn@agu@ e
I'i ght” hydrocarbons and heavy hydrocarbons. The

VipEmeE Alobbdenugy @ cpRtagias GrrsErtyrey offay ol MBi. @cle‘éss\f ﬁ@t least
J b hgay k&ﬁ%abdt&re BER 1GoMRARENTith B & ﬁtycgﬂagéé Ihé(y REACES&REion

In one or nore cokers and one or re resid
dydlead pactkion gl niotngihgybderempt e hpdro¢arimi fnfgi S epditagifitiee

I%H&Qd molybdenum hydrocarbon feed with the ninth catalyst may result in at least a

portion of the Ni/V/Fe and at least a portion of the components contributing residue, Cs/Cy
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as an LC-Finer). Coking (for exanple, fluid coking

and/ or del ayed coki ng processes) involves the thernmal
wa@e@skitstgo of bitumen nol ecules into |ighter coPQDDSVDF080413

In the residue hydrocrackisg unit, heavier bitunen

conponents are contacted with a catalyst in the

presence of hydrocarbons to produce |ighter conponents

and an unconverted residual stream The unconverted

Jsﬁl%lt@h@l andtot QREOsITRYO RRGe@RBA 1o Rodd€a bluldé Pro@@ SlifibleGor

uppl enment the feed to those units. The residue

W%@P%mdﬁﬁfwefpfﬁ%ﬁ?“% ocess 50, 000 barrels per day

of ap %ﬂ@erﬂ%c?éhrﬁént@h%&fﬁ%taﬂ@ﬂan\dﬂﬁ WahtH Ja@a‘i’ﬁ?ﬁ‘la?bé P¥RIdned in a

feed. Reduction of the viscosity and/or Tesidue

ok centacting zapelpwnyeantsd heflug gontactive gonscad azpﬂ@ém of theesagpnd

dRAL LR EERE thalitadndIGRle HlHﬁ %Bégéa%ﬁl% HQEatte'l&yst

may erfhance the processing rate drocar eed
igylstthiml itasgng hene sty higlise ahidicaval earhqastsyf bﬂe/%l?el Vtad@ut an

DELELL hOoSBARDR RLAPRILL FRygf @ hydr ocar bon feed may
e po 31 %gs

reamo one or nore cracking units
(for PBadmmﬂben femtds lwruigl aatAHi grdy&yi ofatacki Hyferexample, Hitumcol

t|c rac thermal, .crackin nit, or
Sl bk AR Rty s BT i B e topSurcams
thiog bl €kerieo OPROEBLISY stephr Eat dxamplepérudddaiydndearbon f eed
in on nore systens descri bed rein nma odu
e PR fort s S THEn B eeervie b dhesiode DEREER O
émia&udmpr@bssl @a5ituder 8afl@Ed Kfth Bapheta. BRASE tha bit@Giénik uhted, the
at least a factor of 10, or at |east a factor of

@eblent naplthasis aeppved and g sesuliing Biodyqt issyacwgn distilsdiugi & prgruce
ﬁg@l@gyd?@ééirﬂ’(‘)gs ghdleG08dtta®bnAtThe S@RithydfHParbSits & Beths ForE for

and/or 0.1 grams of residue per gram of hydrocarbon
fugher prregssinge Thrdhe 2w piebi BIMCRE PP SRS Attty RigplkyypEecaspgd in one or more

ARESLADER ST R BASHIRRARMYRFA! ERBAfpIR HURRILBE units such
unit. The contacting system may include one or nor

wsandiGyEng).deskang e xhaplei itnid agiay andof d@ﬁ@d@@hﬂg p@cesses)
of the
HAIEE R BaEY AT Rl BARL fRlo R PRShRERD o

nost I8 Cr%rcﬂldlle hedoes¢lduyeurof, h¢aver hlytdn@uamtponﬁnt%@conﬂ'dq@d with a
ca{a'fll S 1ng %@ %ce (ﬂ:ql/ rgce%bons)% roSuc% hrg}lteF %P%lré)u E‘gnép an% aLtjl ug(lconverted

on fe er a rocrac
ramdlla.l stﬁlamc é'he hecanvercd rmchxdumeammmﬂyme sentxd uhe dlunfcokdreto

roduc nd h arb ed has a | ower
TSR L e B REER R AFEEuPBon SpL BAT ops s0.000
m&@sﬁdgﬂ@f aabmao hhié Oﬂlg?mteg anaﬁ waﬁkm m@pu?bltummwedme
i mprqved. . rocar bon eds .havi ng at
of " CReGesioant bR aseidy Ororé%@‘tﬂfgflg@d)f arhw@ﬁo%on el Puce
DiEd AREAGES $lal Be hrRakeENta ik hy@bt Rty aRehaf éBlnce the
Deasphal ti ng\@ rocesses may involve solvent extractio

Igﬂ(ffﬁ%?g Rt ?’f’ébqnffée% 'y @@te\m stgéh%lggtgp@sﬁndtc@alyg%qﬁénbed
Iﬁt%?ﬁ" &) dhenRSrofatdyet i ﬁ’}rﬂr&cfar‘tﬁh fdc@ @Sy R p@tﬁﬁ&ﬂe@ ﬂFQfeaﬁlh)? one or

nponents that contribute to VISCOSIt east a
Ip@ﬁetcraéhméfmltsr@r@mﬁeﬂme@ul%aﬁag b%ﬂmﬁfeqkmumé g f&ﬁl@ e plyfiigecracking

ﬂ{‘td(hgﬁna%ﬁ@lahg &rﬁ? dr &Bér%1t§ &le?leto d&ASR 'B%I’o&eﬁ’&ml%&ﬁ%fh hter

[imnate the need for solvent extraction, redu
ctomoa@m n ifre@lfmetné@fuhfr lslresaibpe fited impr/as mosniyaiens d@ﬁl@ebed herein

ﬁg)t IBrSJh%Q %X’ee(afthgt lﬂﬁprg%%%lﬁ)m&és&gg RIS ?l?escracﬁﬁlg unit by at least a

factor of 2, at least a factor of 4, at least a factor of 10, or at least a factor of 100. For

example, a system for treating a hydrocarbon feed having a viscosity of at least 100 cSt at
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exanpl e, a systemfor treating a hydrocarbon feed

havi ng, per gram of hydrocarbon feed, at |east 0.01
w@e@s®43950 Cs asphal tenes and/or 0.1 grans of rECI/USE07/080413

and a viscosity of at leasts910 cSt at 37.8 0C may

i nclude one or nore contacting systens descri bed

herein positioned upstream of an deasphalting unit.

The contacting system may include one or nore

Tag ab ¥Rl odesshi @ﬁgm@@:ﬁﬁf PramaPabhiBcLbontQAHSY iRBlude one or

crude product havi n% asphal t enes content of at
THOIS COWRUNS FYSLaiRs deyd 6@;a¢r@a@0$la@r@de§st@§@w§pp@ﬁ1§gg unit. The

&)g&hﬁﬂgt st@mrn?a%' 1961&6:%@ Bleﬁﬁ)recbfataﬂ/tsts Mhb&f}l@‘éﬂﬁ catplaﬁe of producing

hydrocarbon Téed residue content, a viscosity o

neyude 1Boducoaviriger Viseasitod AbOASLD &S dher Wscotityd Hisi hyatop@h@n feed
epf

e o AP O BENE SIS R Sth 8, Ty e product

adas p makticrd thervirdde p8iducient! hpdrovantle fpedodayodntcaa désgiue

Iﬁr"d)gcﬁr ﬁ\o um& h§1n atﬁ? Sulfd Srghl&c'i gf I}n rehé/f(%ﬂe c%c{e [?Qduc e%%

as a ene, resi e anas or Vi scosi
liydepcarbby fendt hamldwexcmcbmy thaedle otigieal hy droesinmfged, the processing

effjcien of. .t he .deasphal ti ng unit nmay be increased
%{?tngug’et%fra%@/lglgPtrP etlmll.’f)%/egat | east 20% or at | east
50% afydidearbon fe@dmﬂw@fai leadt ®1¢ \eranks I $Q AEpheldedinaebs S,
‘%ég’ﬁ} a crude feed with one or nore cat

ts. .
SN R RN i L N

R6faRe ady GOOGRRbINaI eRE e aliidRkbhtacting R daRRiia dmyysbe
separated fromthe crude product and m xed with crude

IF@@&G atsahaétle%u &d%tlf)]é @]aattleﬁlétta Rogtlgltﬂftﬂg:kﬂoglpp@ﬁnts that contribute to

$i5RRBPAILAL 4 PEHNEY (R cIBRhSnPIhREIhRBuR RE feksfal € Ad/@Asphaltenes
For exanple, a crude feedmay be contacted with at

1o &t the deasphagfing pregespapayhigni apte B ppaddopseivgniegiractipgereduce the
ARRn} &%e%@zﬁéé 'scyl%nt rﬁﬁbf/oP@nh@nclthé’@fl%lel%g th@degsghMﬁI/%prQé'ess For

40 wt % USY zeolite catalyst, and/or "an ultra sta
exawplet @sy@@ﬂafpy@«tatmgh éyctre@lrbqnée%idraallng&er g of doldroearbon feed,
t
BUSHED ot G0 WALACRUIRDS Lo OB RN Rhco B a ean
lﬂﬂmt Frsawt m@mmlcludﬂ: gitel dr Inatré mmtmngmyatsma debcribeddw ram pdsltloned

stgea(fr{ a deg %Ealtn?% mt]c fT%r %ont%p"f‘lng%% %%y ng 8ne mo?e

rocarbons rm a
cawayml describbd bargip osptableroé paxlatmgmcrud(apraﬁqm havmg a C5 asphaltenes

repar te th ed ar of
BRUA LS mnral bR EiBelbd ¢f Fifla R RrBhERarae gdien
dfar mbstvelom.thdarqeh®or feePresjias adniten aailislcas@atf al isdt 50% of the
S ort. A support was prepare ing 576 gra
A ﬁlaw(%f PrcopTboR Lo BT ﬁ‘h%lﬁa et Plaﬂd?régmﬂﬂre of the
Midergant fddthydroMrbé @20 mab. eﬁeﬁh}: dlé‘dsf)lthlt 5mgr Qﬁiﬁe 8t crude
water and 8 grans of glacjal nitric aci

PG &/ OYTIHétu?eé%%c vy mseluriedd dhodydrasaha feé‘9< Pfr‘stf‘d%er
atsbﬁa@t@ﬁﬁ" I‘@ld"llle g’ndT(Er'ﬁs@Qﬁl@tﬁ@n (A @néi’ﬁa"l‘hﬁiro&%o%ckéaeﬁl%ﬁﬂes%&g

C, and then cal ci ned at

frf@@encw% therﬁle%@al'gmgamt ey g le%ﬁaé%@daté%@tpi% l wa&tﬂo% at least
RgbAN 1&3&&@7%&!’1@3&%&11@1%%&1%&% The cal cined support

was placed in a Lin
In some embodiments, contact of a crude feed with one or more catalysts described

herein produces a crude product that has enhanced concentrations of naphtha. The naphtha
may be separated from the crude product and mixed with crude feed to produce a feed that

is suitable for transportation and/or meets pipeline specification. For example, a crude feed
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furnace. The furnace tenperature was raised to
1000- 1100 OC over 1.5 hours, and then held in this
WO 208043760 2 hours to produce the support. ThePGU/PpINT/080413
i ncl uded, per gram of suppeot, 0.0003 granms of gammm
al um na, 0.0008 grans of al pha alum na, 0.0208 grans
of delta alum na, and 0.9781 grans of theta al um na,
as determ ned by x-ray diffraction. The support had a

95y BeaCRatled Vil 1A a MBladaang: MdtaObdlie PALIG Y PhapmliRfcatalyst
0.821 CITBQ%Q%QT e support had a ore size distribution

Mt b @l Y& &0 Uf%rﬁit“@ PLEFUDB 2c0Nte Gafad st @Bd/qogngtitra stable

4 Q@Olft@ea@dlysp UfiReseo@fb cﬁ%&ﬁ%ndyr}e&lﬁg a BOtiBn %f t%@ hydrocarbons to
di stribution having a pore dianeter wth 5 A of the

nrediicananhdae he amwmamr sgpagatechisdre tt&emh_sprm_ﬁteeirﬁdwm

trl)e{cﬁ il glsallag gH %ﬂ:ﬁ{ogg &9{? with BRICRudR 'fgeg, %ﬂilﬁ%lrehtbéf{l(%eq@ecp End/or
east and includes at 1east 0 grans o

chmthadlatalﬂmma) fexamplend2. Preparation of a Vanadi um

Cat al yst Having a Pore S@m&iﬁl bution with a Median

Pore Di aneter of At Leas The vanadi um cat al yst
was pPFaaganigdg exuntpivs of edppompregaratem eatalysTipeepadatiorisnand systems

SRR AT S

l&(lﬂvrzm on prepared by conbining 7.69 grans of VOSO with

pH of the sol uti
Ciand ool CadRitSinmerE Sooe! S Cotie Ooy it
SM%rmdmmrma (@ft@@iﬂ&la’tdl’ﬁts&ﬁih %ﬂﬁhﬁlo grg el Mhigdn 0QYIMichigan,
occasional agitation, dried at 125 0C for several

Iﬁétﬁ* sWith gd TRER Og‘éiﬁtéli fpdd smugelue! pgic sidisnssminpis. The

Iﬁﬁﬁﬂtﬂgtdlﬁlgzd(fﬁglﬁlreyﬁés eQQmeﬁ'tﬁ}@ﬁi%woa 04 1erREs of plI¥@! nal WBkween 90
per gram of catalyst, with the bal ance bei'ng support.

andd 2§ 80l trencaltimby st9 1REA, \ahlrioreeultﬁrlzreﬁﬂ gtms Gt datimed support

%\ft%gmg%n?gérgg}%%%[er gﬂ #@n%te céel cme S‘i@@“ﬁ’ﬁ‘/g gfaced in altlndberg
Aeded. i Tedbinyce tGOpefAmeiwa haseddad HbOOnllﬁbé@ o0dr 1|Cﬂ)lic&1$s i then

t e.distribution of the yanadi um

rlfin g G aReERlo TR Ro IR o G TR QT g ram of

sﬂlpﬁdfet)e)om diainS oExaiM AutBRAPMGI08REESs dfABhP bRPAIA0.0008 @hims of
catal yst having a pore size dlstrlbutlon

G Rl e arrdaqr”&é &R ok Shstaelungina 4 dpigemaipedbynr-iy dtragtgne The

s?appd’r eRarakth@nirafora 1 Vel haen w1 galeabiisie JakRD gmé/g P@ﬁ@
Size Distribution with a Medi an Pore Di aneter ,of

JugpEst hagapope sizeris HHUPD dathurediandiopsdiapipier 45Pap Ar eah pw % of

th@ &dl 9{11&19&40@901@% &4 pord El%e @Ltﬂﬂﬁtﬂﬁ HAWRP Q hbre R LRAN %&i‘thﬁb@s A
he net hod descri bedp Exanpl e was | npregnated wt

ﬁtlmwb@remwﬂmptpegnatr on sol uti on The nol ybdenum

i nmpr 1.0 26
or ame B (R TR0 B0 PR P R 1308 e o
BOobHROR] atleddT 13§y /a el iofludmnbkid &rrand efehqtdBEmpinaand
6.51 grans of deionized water to forma slurry. The

slurry
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was heated to 65 OC until dissolution of the solids.
The heated sol ution was cooled to roomtenperature.

wab@spks7ed t he sol ution was 5.36. The sol uti onPEDUNIME7/080413

was adj usted to 82 nL withedei oni zed water. The

al um na support (100 granms) was inpregnated with the
nmol ybdenum i npregnati on sol ution, aged for 2 hours
with occasional agitation, dried at 125 0OC for several

E'}Qdi'ﬁ[lﬂe 22Pfephafibn R h WV A8 divat C4BRsOFalifs a 3’0?@9&§Dlsyﬁltlon
resu |ng catalyst containe grans_o enum
y anPore Ldiametey of 23 ba%\@@acb@nﬁgalwmﬂ)fepared
fﬂ"t‘l&’e fﬁﬁ&%‘ﬁ ﬁﬁHﬁErC@B@hMﬁIna hashoRt ﬁ%&@ecﬁﬂyztﬁe Ae@bl bR
with a nedian pore di aneter of A’ a pore vol une of
@sanml%wag impypghated guithfageaadiyne angyeenplien srdytepn prepared by

. 0 | i .
At one! o B YN0l D248 DA 200 P By Wi
waspoi’e d| ameter within 86 A of the nedian pore

di a n c |

0 TR DA Okl a8 oz gar
Speioh rase (p Y houik &itRao@Rios flagi 4tism (DfedfahEZSC’&I fat yestramMasirs, and
obtai ned on_a Chronex Raman 200 sgect r omet er oper at ed

then gasiped g d&h G niok hpws ol Rt PRiine T vsLomtagerl §i94 rams of

\Wﬁé((ﬁbrﬁ n[gﬁr Eraﬁﬁ?f th%@smmtﬁﬁzhe%aﬁﬁé’@fen%fsuw Pk R@ﬁa@luﬁl é‘a@alyst
he sanp . he spectroneter wavenynber scal e

W§ R@éﬂ sizsrdattaption iw'rrg ampediapperriliagielof 690 4. a pore volume of 0.69
Qﬁﬂ zpﬁﬁlﬂ (ﬂé}lea ﬁg np?gn %d&ggﬁalﬁgp BE. 7% of t e total number of po’&es in

4 act | om nophenol wer e repro + cml

thobybdien dlmrlé)am@ gfghe wgingdug Cgtalm?tﬂlatéh u;rmemlwnﬁqy pathin T Al of the
nds between 810 cm 1 and 900 cm 1 when

Igér’)l&é yﬁ% gg&e%grran Spectroscopy. FIG 7 depicts the

S p ec fﬁhumx@mple Iulembmmteathalpy@amuor%fot Cdl@8n b epm]@sténatmg tiipere

TR AR B PR PR BT A A o Lao
Eﬁﬂmﬂs 8n Pﬁeparz@ninwm Mélbdaniii @Skalvet ledvirbed Porg SizetDistiribution

AT D B ahav e

préfirdd. in TH@I fSll(ﬁr)ﬁﬁgT’ﬂiaﬁneﬁi em@ﬁm@h €§ppbi @rdphRPaY &el iithddfdegeribed
Col um 6 netal catal yst haV| ng a pore sjze
igifspmpisdeyas Ampeenied vt BAlYpEmRmdnRFRgRaion gelutign. | Thgs

ﬁ&?b&nuﬁhmﬁregmap kQu@dnSPasGRIPaRa by b @6ine AR Mhosr of a
net al catal yst having bands near 810 cm 834

@ pMo-Gn g 3§$@ﬁf@rﬁff’1003a§ Tetapy of AEH Hal2 Refrfegams of

é@ﬁﬁﬁhﬁ&ﬁ%&% (MERS, 168% %h)gl?atmslflﬁ @9@&%&1 \béztelttl? S BIRRY 1R sturry
di fferent than a gamma al um na catal yst having a ‘pore
wisAwatdil &y 651 ﬂﬂ}mtlbdnswllttll@n af ﬂnéts@lah plbe keathidapiotienr waf cogled to room
I 10 r .

GERS Bk LT Bl b €6 B BBl pBe oy g o2
DL stithidoivhizedwatet. h a Medi an Pore Di aneter of At Least

b g TP e el A Sl B B cc

iyprdeR@ioNBL A6, de&riot DRELrt Fitrxesamibaul dgitates, drid®hegs at eok

wWth a
several hours, and then calcined at 480 °C for 2 hours. The resulting catalyst contained

0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A a

pore volume of 0.77 cm3/g, and a surface area of 116 mZ/g. Additionally, 67.7% of the
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nol ybdenuni vanadi um i npregnati on sol ution prepared as
follows. A first solution was nade by conbi ning 2. 14

w@e@s®4350 ( NH4) 2Mb2g 7, 3.21 grams of MOO3, O0.BGI/JFENTE080413

of 30% hydrogen peroxide (20 ), 0.14 grans of

nonoet hanol am ne (MEA), and 3. 28 grans of deionized

water to forma slurry. The slurry was heated to 65 0C

until dissolution of the solids. The heated sol ution

RS e BFpdr& ik %@o&%@fi@ﬁ&ﬁ@n ofAhS aeAMdesal éh‘tdlﬁ@he\’&paspore

made by conbi,ni ng 3 grans of VOSO with 40 grans

HENPA FiEun Aaper thwlﬂméqu%?tﬁﬁ i on and second

sol UtT*hQ%o%d@n&@%dl?@gxtﬂlﬂ%d%%cfs ek b el 98k 284 WBKES cm!

was added to bring the conbi ned solutlon ‘vol une” up to

wixnrnaly eedybiydiaghap yeeatiobspipre AR areamasae Qi ofppiceqgaditst wis obtained

5 :

PR By R TR O bR PGS Phlbr esuion. The

Xchoion yvagltiptioweadiSaomait aggiveact approxidratdyl4amW 28h@@nfpdy. The

ﬁi) A Ir%lt W%yén%mb?{l s%al% hweclg eﬁ%lra(fe%cp u%gl Eﬁtie lé‘h%grn%gncis%rf4
“ I'ng cafa’lys coft ai ne m of

acatk)ailqp@henoo ‘OR tgndpasitehs vidadiounincapheho) woi rgrradm“ed)lfo within +

mol ypde t he. bal ance bei.ng su rt. The.

B AE T el ot o 0S8 TP E BREO i BRic b

i 8denisho tmOandWatena' wheh ﬁllyp@lr g Rlin@ieSpedtrosdop30BIA.7 depicts

RN TR R A

Iﬁjnz ﬁzdjdlﬁhblhtfbbltmthrh Médidh pord@eihadr ¢fese Adi lmraue fepea‘serai a Column
| east 230 A. The vanadi unf nol ybdenum cat al y

Aniupintl8dnayd qefalyHdbat inprgetihlaid - Dgemes A %ﬁﬁ‘@ﬁa ﬁ%}%%ﬂng a
R¥e B@é@ﬁnﬁﬂ%ﬁ%fh&qﬁ&ﬂan pokGiafel@eftiiob 4.t he spect rum of
t he vanadi um catal yst. Plot 142 represents the
mol y Hdésrarameladamoasiratgs e mepparapon of aiodempp sieedl paiplyghaving a
IWré H,2aiRGHRA vﬂfﬁraemﬁuﬁf%@&laﬁétegé% I%astqz-!% ﬁ qaﬁﬁ'g?!ﬂﬁple also
al so denonstrates the preparation of B
deatoabtyatds pltmrangn @‘rém@@umeérmeva? @atelm'téilﬁdng Q@d@ mfwlfié(hcm :
al
Céhli}Clrf%%lgg) d "W t%m?ﬁe §ﬂtcélgl ots. g\? tu u(iaglgﬁp ecPEy this
methéd i@ dgtemant dlah y gposik kluonedcataiyet nayweel 4 pmszeetqsmlppwd w1th a
her asure tenperatures throughout
me&laliéredlfl %tg%ya?l'eg“gg al yst bed was forned by filling
Exvenisio 4. Brdpatativarof tiMoly bdanomi€anadant Cacalist havingalPoreSize
h.racto .cei;alsts anq stlllc gar.bi de
iég_%nt an Pore Diameter, of At.Least,: LAy ). Such
ﬁblb/bdé@ﬂmﬁlaﬁablhlﬂﬁ cdtslydo@lab pﬂépﬁed 1C) theafbﬁo'lwvﬂl‘g/mdnﬁera MYt alumina
catal ytic ﬁéy erti es und r rocess condi t

t [
YERYT Prr8gre ernetddegeibed fpdtxampierle VB ’@?P&%g&aﬂﬁﬁ?f’vﬁhén

Iﬁalyadenu@}vumuﬁmm&gr@ﬁorssolmu@ﬁ Prepakd bd@116€E. 0K elrs@lscaﬁﬂldhgavas
m xture into the contactlng Zone portlons of t

B SPIOTS ARTENT G TS0 93 2R e BRI w0 pHBR! 0%
g@ﬁ) gEﬁ’Ber@{ldé 0,2 884 Qfants@f %ﬁo@ﬁnbﬁﬁﬁ&f(l\/fﬂ]@ £Iﬁa§280§rams of

| icon carbi de was p03|t|one t he botton1o
qegangzed watep tosferny @ slagyaTbmltl@yrwsulpﬁ@@dtto oA (hentil dmsolutlon of the

Sahel %%th/e%l:& éo%%%{(])n%g @{gﬁ@d B X SapkAfurE ™8)  was
posi'tioned on top O e
A second solution was made by combining 3.57 grams of VOSO, with 40 grams of

deionized water. The first solution and second solution were combined and sufficient
deionized water was added to bring the combined solution volume up to 82 ml to yield the

molybdenum/vanadium impregnation solution. The alumina was impregnated with the
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silicon carbide to forma bottom contacting zone. The
bott om catal yst had a pore size distribution with a

wore@sams7por e di aneter of 77 A, with 66. 7% of tPeT/U81081/080413

nunber of pores in the pore3size distribution having a
pore dianmeter within 20 A of the nedi an pore di aneter.
The bottom catal yst contai ned 0.095 grans of

nol ybdenum and 0. 025 grans of nickel per gram of

1561 BdeviSihn/vadddiin ihi@e il dNGRuRR] %Gd B0 2RbHRTWIR oSeHRRAAItagitAion,
m ddl e catal yst/silicone carbide mxture (56 cnB) was

qméuat l?eﬁf@dfObWV@rebhqyfs tethgyoralchied @bmilaét fiong howsh eThegesulting
I d
Ja%'ip%} gonggllrglg ﬁg g @%‘aiagfgt 699 gragl-E%g &ﬁiﬂgﬁf&kno rngft‘) éﬁ a%%{ls 2
0HlyB&nkn, with the @%ﬂ%b@mgmhlmonoﬂhé mtvlm’mﬂ@umzﬁ‘fanpabumgaualyst had a
b PGS TR R0 BRKLNG By Ror e i aneter

cat alThitexample aemenkt@teOthe @re@amumf ofru (Oddahn amcttd) afkBa golanm 5

um per of catalyst, with bal ance
B Gt B R GpR R o S R ghal o 230
& arglgelt eadittrudlgbdeAizn eﬁ&)/st\a%ambmﬂjahdimemmmrt OpndHItdne
nj e co ctln zone to forma top contacting zon
g @@Rﬂzeélg’tyjﬁ‘ %Félmécoﬁéfrr Elé i Fepighs St Wi Yapadiv
GRGsaNPIPOIE réfiredlt 8le nitflyblBrurfcandscaenhah PeE sle @étrﬁ)ﬁt%fﬁwuh
of nol ybdenum per ram of catalyst, with the bal ance
%’é‘f"H@nlﬁﬂr‘? iir‘é’fnle‘ie?;/oaz g al um na support. Silicon

car bifgg MaspRARbLUEABRHRNNE PRSI at@bnurﬁﬁ’@tc?&l%trﬁgvmg
zone to fI|F ,dead space and to serve as a preheat

beagenear i) qnt ang 890 % whes apdgadd &y iRapen ApqciagpRY. g

ﬁ% £8. Ehbact S GAfE Febd/ Rith %ﬁréé@at&ﬂr&@%“t%ﬂﬁ%@a@(b@ Wit a
the preneat zone, the tOp, madle, and
@omlhmosmnezldh@slowah tras ¢riftpod deﬂ@upwnples fﬁh@easure temperatures

|
tﬁ?}ﬁl?ﬁ&ﬁ?g %téﬁ?é’t % cgﬁgrsaed SY&LI% ?&g\lég loﬂ gll@g ﬁ%&ésbetween the
thyoogh rancg aslnnm‘[vailltdﬁ dneorcm:tta ctithrgtalyetn @sd siticon cadide (26- grld
§ta 0 ldll\gl 283 A3 Cg]A)XtSH(ghemPceo% cgr%lcfénebe(l % d to LaveQO if any,
cat a ys ST ¢on "Carnra8 WS WO eount & ot
dahytic@lraperiee hindeathalpyatys.coldtigpardagaribebheddin t hﬁ catalysts were

SRR S h 3 EENE B ot SHAROE e S RatRal il gflure imo e

m{adﬂlﬂyzoa&p&ﬁénsQE,thetrha&t(ﬁont acting zones were increased
|ncremsnt to 316 0C (600 at a rate of 10 O

(50 OF B’g BdiPw 9 His reasHr 4@t {1 ét%tﬁggf%fmé‘“ﬁﬁ?oﬁ{lea‘i’%@al of
@é re%ét@r iidoarcaditic Rl positidiRD af 1€ bEIRNGAKS Yadidd 18 8&hvE & a bottom
370 OC 700 OF) over 1 hour and held.,at 370 OC for two
FOROTS . A TpHonE e spilinen PEtidsmisie (4 qbias ROSitiopss) onptgp of the

R € Rbide SIRBN At lEm c&ﬁth’&iﬁ L6Rm iR %otlt\.@ﬁ §at£l§z§1"h§@£ B&rb Qize
the Gul f of Mexico was %ered th heated i n an

Geteputign vethraagpesiangiony @a@etelgfﬁ 6. @2@@@@) offthg togap ngigber of pores
t

08 0 BRI A 0, MR 00, B DRy

dignetere The povdm thdytt catioed 0.0Heeramnuclendlpeddniith @0l 025 grams of

il fg&gmﬁﬁ‘&f RIARE M ARG ank OB EOI AGHI R HORE. m ddle

con
A mlddle catalyst/silicone carbide mixture (56 cm®) was positioned on top of the

bottom contacting zone to form a middle contacting zone. The middle catalyst had a pore
size distribution with a median pore diameter of 98 A, with 66.7% of the total number of

pores in the pore size distribution having a pore diameter within 24 A of the median pore
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zone, bottom contacting zone, and bottom support of
the reactor. The crude feed was contacted with each of

WO b@soat7ad ysts in the presence of hydrogen gasPCT/US2007/080413

Contacting conditions wereeas follows: ratio of
hydrogen gas to the crude feed provided to the reactor
was 328 NmW (2000 SCFB), LHSV was 1 h 1 , and pressure
was 6.9 MPa (1014.7 psi). The three contacting zones
Wah&eh aab @dddiocadd (i O6nt&idQ. @Fdra@D oF NBeD i (18Ferdths 870
OC for 500 hours. Tenperatures of the three cont acting
pepledeniy per rRB! FHElY 8 akidths hyfaregibaing AR alyming sppRort.
foll %oggaéﬁ&%ﬁ%ﬁe carthide R ulrd 1 QF) wB@ﬁosﬁBQecf‘% of @Rd
t hen 38 OF) for 500 hours, then 390 0C (734
I@iﬂ)ﬂefcentaczltw@omg rf@ml At ceMeingganc @he Tpxag)st Hadra pRa0dze
{ t

%ﬁﬂﬁ%gﬁ%gxaﬁh@d arp;{ggéj%ig@%tfng JS}% d’dnd%;El%al(ﬁ&P@ §4 g{a&g Up
malsbdentmpdugren of pitdlys, gigksth bejaicd bping pemgelyargatnora, alurmna
Stugg Pas-liquid separator, the total product was

arated into the crude product and gas. Gas input to
t he Sylstoe ruhals wae asditicadd by top offttesorf ¢cmvictntonotd fil deafﬁapace

t he stem Jet tes
TR 7t MO Bt ity A T oce
idelhédrtive ée@tingeb @l tcopaiporigag eheqfreleanioas eind sp,afhiddlloeand bottom
crude r oduct e results listed are averages of the

‘Eﬂ’@fatrl 7085 ek taﬁ{’] oUpat TeRt"hges of conponents. Crude

pr od u{qlte cm@ae vete@IfiEEbS MFORIC etk akddud aidltere bf ®holFd Kxdrogen
hown in Table 1, the crude product had

sgl%fé%aa@ I ¥lFehydrasamats, intg e fonigrtinggRpes it 4 &1e o ol of gaseous

IS perdolu@Rl (S o £OR M1y R {silbod RRrbRe W no@BuREYAGArt of the
content of 0.0007 grams. The crude product had a ratio

@ﬂumm c@ghteni cmperesreashiha FenétrEse cuKt we ipreagedyo 2R " (400
VT?\BIVQH h%upa%d heley &@4 @ foPb h&ir§: kghel%qnﬁfgaﬂ agh hﬂﬁntﬂmn?aszg

ppm The |ives of the catal ysts wer € det erm ned y
pResweTe myreasedaiqérnentalivnve B Hyd (660 1) ehp eateae e C(SANABPE) hour.

I%rc%ﬂﬁct{n?}ohe%%tr@m 1fnta§ & af%l%d’@ fgrea%qroug- Iﬂ%n Q&E%héﬁﬁatl@ raised to
be correlate the tenperature o
yaral(yx “thedkr 1lhpug @dble]dlae%’éb"& ﬂoatwoelwuxsaﬂhb yattadting gones were
ﬁ egg ses, o amY}ABT | n%‘?g?ses FIG 9 is a graphical

fesenta versus tine for inprovenent of
t he (ﬂrumhefrcﬁreemt Mzrrs plgomointtiacGulfigf Moxies wekelleréd) éen hented in an

ot B e el g Doral T2 angom b B a Pl i petine ne

propertid rsmaﬁlhnm iR TetlelderTGegd T driddet fhe@l WaTed @i thellop of @B eeactor.

'&ﬁt ; ocg}fg%\%:a 3 th%prglbeﬁééo%rs,:{%) cqg{tla&hggaornlé nmltddfmcontactlng

@)ﬁ@ rﬂéﬁbmbﬁh&mg QofRCandtiodbintsbifporelf e ru@hot. Thabuge MABW as
possible to estimate that the catal ytic

%%tamf;ii Wh b H éheccatalisl dr e eesense oblwiiogsp £8 (egtacting

C-B)i@l'tl@ﬁ’é Wete a@foﬁb\kfé)tratmfthy(ﬁlﬁgent dal® @f cﬁ@@@e@%oldg@w tRe reactor
correl at eS to é]?ar of " comer C| al operati1 on. his

g Nam ‘GenBAdt $GH DS LHRNVas d it agndi magpserpaas p Qé\épff @att-7 psi).

e tHreQ @&t&ﬁhgkéﬁ%& wBR:AE) @ PO “’@ (ﬁ}oz"ﬁgﬂid%eﬁht%&d Q%70 o
a medi an pore dianeter of at | east A and
B dotis o anperatures of the three contacting zones were then increased and maintained

in the following sequence: 379 °C (715 °F) for 500 hours, and then 388 °C (730 °F) for 500
hours, then 390 °C (734 °F) for 1800 hours, and then 394 °C (742 °F) for 2400 hours.
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catal ysts having a pore size distribution with a
nmedi an pore dianeter in a range between 90-180 A, wth

w@rooBmawto 60% of the total nunmber of pores in POEURING080413

size distribution having aeépore dianmeter within 45 A

of the nmedi an pore dianeter, with controlled

contacting conditions, produced a total product that

i ncluded the crude product. As neasured by P-val ue,

cr uderht @QEVprQfudd (tHaf RAHE brulld JobE® afd @R) dxikd (HARStalyst bed. The

mai nt ai ned. The crude product had reduced TAN, reduced

Rfa) REogheet pianingAduced B - lsidiesesprraiat | In discear-Heyid separator,

AXWEE BrdafALER %eﬂaﬂté%ltlht\é%et &u&eﬂﬁocﬁfcyﬂl‘a gfa§ e@as dﬁtﬂt 'td?th!': E’ﬁtem was

resi due content and VEO content of the crud

peasegd by aags ooy cwllg%roﬁaﬁ Potiee (he syseam asmesutef éy & migbliest

R PRl BB SORR AR Bl G R s Pirosguase of

ddathonentsRgties Miderpsodarct. i TheaesRlinReedrat weerye Q- th@deigrminpd eveight
L

SRR TRRREALAR oS08 Bfour Phork i PURA AR 3 T ric,

3ret hod of separ ating the total product and nmet hod of

anal t uct r S S scrib
B e b s e R

Mteljﬂﬁ oaf07s igfanB Pdregidtiddofeent A2 56 renahes, fieed, géﬂ EMitdnOoft @07

r eact fromthe top he reactor tq the bott

A AU Wt s S R R A P

4 DRNion 0109 e Th®lot20Wf HekelMBRN@hadih ia€ 074 Gappgar.de was

positioned at the bottom of the reactor to serve as

bot t G SNEORE, RIS BT Aemncy Sy MEATTEsA Seaahis gucrage bed

PR CRAFEIMS ) erWRTuPRAbh bPME drAB fde@P TR cdidiRtsSitel fRPbe
carbide to forma bottom contacting zone. The bottom

coaehiedde thsaamperasee of G setalystded Birhehavedithan agcapdest his
(R:Qfe@seg ' am%qrm&feasg:sz ajlé o Wit é'ﬂap@lfbal é?)l%gengalﬁ@n botwvalp WIRE fime

pores in the pore size di stTibution aV|ng a pore
fgi armeeemeni efihacrade fpedoh therenpeldiganngsclescritpdimghie pxanhe Plot

%ﬂggﬂg@eﬁt@tﬂﬁl %(rélra%é %Eﬁd&qheothile% cgffit i {)nqule%lps%ﬂ%mﬁ%fjtlme

rans per gram o wtht
ﬂgatcmtﬂceng)ecmge Seppoh the @y, tno@ﬂlc an@bgtsmi eatallym rievecamijodiey of

tm: nL{l (h%qvgg%)otf \ﬁll%fcogtggtlintﬁl 81%6% CH%%%? Igé]pr}) %at%%tipﬁ’?. From

acting zone Zzone
ttlemlatﬁtalalsgable WiAHTait pas possﬂ)]zeeo dﬂtlsltatd thutthmtal\yttchciavuy of the

[ por e_di ter. of Wi, t h 667 t ot al
LR s aBSTE R lopa il i e ST Tl B0y "
@ﬁbﬁte@k@ﬂ@éa@bf@ﬂntdiurﬂﬁlzipepgua{ t he medi an pore Ioll anet er .
The pcat inclu 0. 03 granms of nickel an .
0. 12@.18 ﬁlap%fa@ﬁ racgﬂgath? Wd%%?gw pne %tﬁwt having
4 hee had @anesulivit aﬁthémhﬂ[ﬁ)re SanbeOsY 2€ RAN1166 AMAg additional
positioned on top of the first contacting zone to fill

b4 | B V6 ISETVEORE IR . BIedHE Rpre AL Thrange between

@Rt A Svl}lthb«ﬁ %am% Sagie@ial AtPoe obpREAR i oty %Qﬁ’stﬁ%t)n
i ncl uded four eatl&g zones corresponding to the

fpﬁma@@prez%meterm@m Aeb Hearadiangorghuseteraih eoerodedt t om
SHURPGI con§1§or4s %g?%d %V&g&g&&%@hﬁg&gﬁd&g (HeGuRHPREEL 185

sumari zed in
measured by P-value, crude feed/total product mixture stability was maintained. The crude

product had reduced TAN, reduced Ni/V/Fe content, reduced sulfur content, and reduced
oxygen content relative to the crude feed, while the residue content and the VGO content

of the crude product was 90% -110% of those properties of the crude feed.



10

15

20

25

30

fed to the top of the reactor. The crude feed fl owed

t hrough the preheat zone, top contacting zone, bottom
w@eousaei’sng zone, and bottom support of the reBCT/U82007/080413

The crude feed was contacted wi th each of the

catal ysts in the presence of hydrogen gas. The

contacting conditions were as follows: ratio of

hydrogen gas to the crude feed provided to the reactor

Pasphé6. @Bﬁt’a@isofe (5)vith II'W%\C WA std ’I‘Pnaﬁ Hﬁﬁda Pore Size

thution wit MedignFe : ~ 180,
%@%a&g(&g% f(gFﬁe Jﬂbegﬁ% clg%ﬁt%f céﬁﬁéﬂ%g %ﬂéﬁ)e §at8§rst 1él!ilﬁdltnyo

contacti ng zones were then i ncreased and mai ntai ned in
meibod, piethodioh geperatugeihe eotal zmlugt@n(l grEod Pf arfadyzinpalge ¢rada Roduct

i TS e L G BT G BBy G vorome

dodicen €agbida total r un tinme of 1173 hours. The total

pr od |

descri eﬁféi tfe%%)f(]% %? Eh%ggac%ﬁ w%g ﬁra%qr?e t%gg ?'f%gt(g? é) the bottom of
thyenege Thak:aofor @zadﬂllemﬁrbrahotmneroaglemAﬁ%t fo@joamgtnyanoér Bicbn

dur.i duct had
G e b ad L SaPog Pl FbroBSho G bprom
@G esilicdd. cddbldegtia tiie ((Bf) c aséptbﬁitlaneabﬁ 16} @le ificon carbide to

esi Addi t.i onal erties of the crude
PR PrGreaTHirARDe 3 ﬁot%ataiﬁt HR RO with
Hemsdre ah@stet a7 dQRAGHI7AGottheotl helgbdr @61@3 W thépdrB Size
cat al ysts having pore size distributions with a nedi an

Horbtipn Raunet PR dpmelss géthetine ehtho Bredign Pe diagise-e dhegbottom
GldpdeinPladiet 1 %lﬁﬁ‘é oh@blyBadnesuaed.03 Amsdf hREMGReram of

Ni /'V/ Fe conten and a reduced oxygen content,
Goglyst, i thobaliee PRivbh®IPPeTes of the crude feed, while

"esi dueeaah et AR MER Fantento Al bhenRIMASI B @ eihe

were 99% and 100% of the respective properties o
kottgalecofileelithe ZBRatedben the tapmenactinggbng Teddrecardest hyd 4 Ppre size

&'[é/{ﬁ l%&l%\tl Satrﬁedlezlt—ﬂﬁ)rer (?Qrﬁgtglr ofABRA! M6 %@X&%@J to{a?ﬁumber of pores

er an conte contacting zones),
lnhl@ oot ate Pstobliion hgepas pere dmrmrmr Iwaidl,n 267A dfahpm@dilam pore

dﬁ lalng &e:é['r%b tt)andta‘f E.xclylgﬁfd i% @g ér'%r%c ot gﬁ% an 3) i(l%%%ﬁ}% hfe mg'labr%%num

Iirwgtangoftchtelyptr opBritel tmkmeabatr@'almda [ Slllircatﬂaﬂn@, Wéi‘_5|[f3$1tld_ﬂe,d on

e reactor, The crud
P30S ik Portiing e Bt ol G SRRLRN osfRE bt BiERr 3550 e
@aﬂysomdc\mtl@aalbd g ZDiheher@Nbindeo tHaomm BP0 hedfingd Ad@es
react or.. acting conditions were @»Bolloms:
ORETRYding W f B@Efﬁ‘t ‘?“6 e e’ P e ancﬁ BOP Ry HPgeT
the mactede meﬁﬁlaMﬂﬁ & POPer@EFBnimakiMnWasle 2, Fre). 10, was
and pressure was 6. 1014.7 psi). The two
o B toprd tpaetr abhes bt BRI e Pyhes casionC

&oﬁé@tlrgf Qone "%0&&{1 _bnthdiine LbAwe aﬂ@ﬁ%tt&ﬁQZpﬂ&ﬁLHf $he rdd€orCTHAGude
éro uct had an averaﬁg TAN of 16 and an average API

eV g apnigeted gith egilirafl Hiy ptabels glsihﬁ dgresanee othyderecp eerd ddie
J@)ﬂ%ctlnggcoﬂ@lﬁgﬁg \Qécre Qsaﬂoﬁb\yé'nrat@ df"'hp(ﬂ%éﬁfgﬁ RAhdBudOreba provided to

the reactor was 160 Nm>/m’ (1000 SCFB), LHSV was 1 h'l, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated to 260 °C (500 °F) and maintained at
260 °C (500 °F) for 287 hours. Temperatures of the two contacting zones were then

increased and maintained in the following sequence: 270 °C (525 °F) for 190 hours, then
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wt ppm of zinc, and 3 wtppm of potassium The crude
product had, per gram of crude product, 0.0033 grans

w@boosohf7sor , 0. 002 granms of oxygen, 0.376 gransPOIf/UVIB0)/080413

and 0.401 granms of residues7Additional properties of
the crude product are listed in Table 3 in FIG 11.

Thi s exanpl e denonstrates that contacting of the crude
feed with the selected catalysts with pore size

WISk 216 Rowds, 1@AGe s of (RPR~LB0r As(KREUEROhE TRUdR650
%roduc at had a reduced TAN, a reduced total

afail ghoso@r & italzimiéme aihd 736p%ssi um cont ent

whi | egl ik r&ﬁ@tte%ﬂ&d thy@ct%f)ﬂ{d s's }ﬁ?ﬂed a%%'e%%e&ﬁlrﬁxﬁf%le
of the cru&)e product were 76% and 103% of th

Fregpedetnredecidrad pe pydregs To¥N pﬂé%m@cﬁe aferegk, ABbeamily 12 5 during
bc"el'sirﬁébmegtﬁde%%)dﬁctqa& dp%ogﬁﬁlq)f%ltdg 8895& &Qéz%'g}‘aéﬁ -l sulfur,

ste ar | ous tacting itions
(. eBdteprmsap pay enus 44 legraepel YG0, anldé) Hargrars dmebidvonidditional
tacti t
UL AR ROy, G bl Prgfch separat ion
as dél?hasraxla:mpllmdamEnsampb ma&onfﬁhleng:thd? aiuglestesd with éresatafystd @aving
roug S TG o fardn bt 2Rk Boaf GrEnlrigo d pagpeed

wdrtidie [goddccont lhanbideed TAE, aelluire Ni/VFocoafen? afibd feBuced oxygen

silicon carbide to 1 t catal yst ..unl ess ot herw
TG TGS e PP eiESs Pt R B BS G O MK B content
age driprodiRt WP 994 ainll @0 AE the fresp&etit b frop@rtitsumued criideeeed.

react or. Sl |icon car b| de vvas 03| t| oned at the bottom
n 2. Contactof a J h alysts. Wgctor@geﬁatus

?@ ﬁf nlhﬁ‘l%r @ncp&iﬁe@l%f(‘c‘éﬂtta&ﬁfgbﬂﬂes)z Qﬂﬁly@tﬁ‘ Ah@otaPProduct separation
con acting zone. After the catal yst/silicone carbide

methedi ee worlect gpalpdd anheaiet govidiae mPhgd yeirdle ymeaadescribed
heaghPlk . Ssilicone carbide was positioned on top of the
top contacting zone to fill dead space and to serve as
a pr eéheade eohd3(-h0 emdh bpeag themroperich syneaeized ikable 3, FIG. 11,

\ké&aﬁg@% thé‘n?o oi"th%&ébgl%?rﬁhef La& ﬁdﬁ@ﬁt ﬁée“[ﬂ@greflé&%onﬁ top

eatin es correspon ng tot one
¢Qn/cacimg12toac,tblongn zoneging ao, arhkbottgmmoppomqii perreactdrn The

con?tg‘(ﬁ%cto dmi’%l 1 WARE Qs f%g sd rﬂ%l 0¥ %d(?ro eAlsgas ﬁéﬁe crude feed provided to

i'con carbrde mx
the sdattbowad0i Nm{/né (DO 1SCHB), dd{ﬁ\awhs hiy', 206 press'ﬁl'eewasaﬁ:SHWat

p m.of cat al yst
B4 BER i oo SR AGRh Fert el iR REB g G eem A
tphospBIcUsas 1001 hodrde bal ance bei ng al um na support. A
nol yhde catal yst/silico rbide mxture ( cnB
Wi t hb‘S’ﬁé 8P1éﬂdk}§ty“ %%?Vﬁbag‘é[}f}g\f@%s]%fé‘g] ar é“fetr"i‘%%lﬁjpﬁéﬁwﬁzf phlo-2
@nﬂg@fo@éhsmgr Fhélirad®preduc®hadl BO wippnast cRRRint, i6GWt bNsddhn, 0.6
contacting zone, The nol ybdenum cat a ad a

I
VO GBRBHE WD obRoRssiss THE CRE WeéﬁdalﬁﬁY | EY TGN QA FIfle
Iﬁa&&t Y9033 g\ﬂahlla of ﬁﬁfup@ (AP GEnREIr Bgyg%H,sz%t orddiads V(@@ | dhd@dio

| east 0.5 grans of ganma al um na per gram of
g@pbﬁfﬂ?ﬂdllen P@@&wpa@r@ert&ﬁ ol the s1ug¢ Aredudipreyisied i hitiob i KIG.

gatal yst/silicon carbide mxture

This example demonstrates that contacting of the crude feed with the selected
catalysts with pore size distributions in a range of 90-180 A produced a crude product that

had a reduced TAN, a reduced total calcium, sodium, zinc, and potassium content while
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(48 cnB) was positioned in the both contacting zones.
The uncal ci ned nol ybdenum cobalt catal yst included
w@20884335@ns of nol ybdenum 0. 043 grans of cobetT/USENT080413
0. 021 grams of phosphorus wsth the bal ance being
al um na support. A nol ybdenum catal yst/silicon carbide
m xture (12 cnB) was positioned in the top contacting
zone. The nol ybdenum cat al yst was the sane as in the
$ufiBr ERARMASMAN St @n@fesfas@bmld 8 thé crad@pmlet #Bse 76 94%, and
I bdenum cat al yst as described in the top contacting
féhe EspgrtpIe @S ohihg edrdofee silicon carbi de and
élés"é‘?ﬁ Cohth%r A€ PRIAGIH REurZCAGR st RYtenl¥Bhd At 'Vhrious
'€ 11, an uncal ci hed nol ybdenam ni cKel
Eachgedsiad @pparatauercepydr badympgigind content of

[
SEELAPASE .y RGOS0 0 T s o
\gﬁa l:hecsﬁmc at @sgrshed ipE-0@npdg anbheghitaimsis yedeswliided 0si02 the method as
U @I %gIlt ’Noag ?9(9 SLH]to Q{aéﬁéﬁof ét aﬁhlgl‘cl’ Pﬂ% é’iss Welw nlilxed with
ance el ng uhi na su den
sa]atoa Icytbtdksm b lv«):lome caioloif d epants sxlnqwnealbitla t@ trﬁart myst unless

B3l ek ThiCubdReE % At e e TR Mo i e

IEXcﬁlimcb eheDottén vtidre frdaoiar.t &ﬁcdvhfaﬂ:ndﬂ \adsfmﬁlﬁbr(e@at the bf)ttom of each

Mexi co) was filtered, %6 in an oven at

ALY 3V & adiotgs 56@0(% qb]i‘—*’j‘“‘f’r d 3 posom fogipcLing 6011"6‘%3 top
donRcEigudae.f @rE thOFatdcamPt@s c&bikik nhiRvied Setd1Radell GPAE torREting
summarized in Table 4, FIG 12. The crude feed was fed

108e% H&aghggacyrr. sikigong earhide vas osilipaed:onieR Rbihe 4o cppiaciing zqae to

fiie@dakpRuagl foREQH N, pldBeaPl @Rt acE 8A6tor. ORh ¢QBIAG AL B8ded into
zone, bottom contacting zone, and bottom support of

& hadbesg frmee thphiacledqgddeurhsaiing gosescofresnending (g the:prekgahzese, the

GRor@ B YSAS, dnﬁ ddBhSagREe of hydrogen gas.
Cont act | ng conditions for each exanple were as

f ol | dnbxample Banomcdgidebgelbdrasmingckeragtidyst/ gbepndarbidegnixture
%Q a) a{s E)gsM@Iﬁad 1‘1@ 91 %IE‘@ d‘H C(ﬁlt&agg Qon‘ts,c%ﬁe\; cat(ﬁgsq n{clﬂl%e% pgr gram of

rtial pressure of rogen of each syst
Ry s(, V014 ganpif )nolybﬂismnm@é)@ gty of nigkwlj énng Ot(Ré gfanrsstf

PR Pkl R AR e PRE bFE. “Terper atures in-
aI | oﬁombazbtlermgl @&MSSlh‘&m&aﬂMﬁ rﬁl@u(eﬁ(ﬁ@ cﬁh )wifhothe B04yst having a

nt Af t 500 h the t .
R R R T SRR
dofRclioaE. afrhmﬁolylisﬁehﬁﬁ cetaal hl&galz:omeﬁ ofeI0e gfamissgd t o

54 0C (670 OF), held at, 354 OC for 200 hours; . ra
‘PBlY%‘%G ‘%@‘ﬂ( Faw °h ealyyieyigh %? b@é‘@eé’@n\g SYPPOEha, %P@eé aﬁem
.50 &@fks bOgadhila Aéming Q6r Hinh of iherat 371 0C for 1000
hours; raised to 385 0C (725 0O ZS held at 385 0OC f
200 H’é EF%mPI? Reth ungileigy! @@Y%deln}“ﬁ bet‘l(é‘ﬁ‘ﬁ@fs'é/\%llk‘foé‘ Célfbl@ggxmre

Q& chTabasPRAiudnd uh@l'e @o@tco&%hng GohQr TROGhARHeS mofy®llerfim/cobalt

total contacting tine
catalyst included 0.143 grams of molybdenum, 0.043 grams of cobalt, and 0.021 grams of

phosphorus with the balance being alumina support.
A molybdenum catalyst/silicon carbide mixture (12 cm’) was positioned in the top
contacting zone. The molybdenum catalyst was the same as in the top contacting zone of

Example 8.
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of 2300 hours. The crude products were periodically
anal yzed to determ ne TAN, hydrogen uptake by the

waeewdp4§7eed, P-val ue, VGO content, residue conP@nuUS20amnasi413

oxygen content. Average valesies for properties of the
crude products produced in Exanples 8-11 are listed in
Table 4 in FIG 12.FIG 13 is a graphica
representation of P-value of the crude product versus

run trh BRarhSE 16836 mOfbddABmGah BkYB e fYiBERMBhbp EXRMAhEFone of
8-11. The crude feed had a P-value of at |east 1.5.

Iotagple 8 wep mixsd with silicongagpidesmdnepitiersdin the hathpopiagting zgnes (60
crude product obtained by contacting the crude
feed with the four catal yst systens of Exanples 8-11
r espde Exyeply 11,Rouncxdaednaelyylenyihvaickehealalyst/spicophearife thexture
~ syst ens
35 O has BT RGEn B Lol ks A InERAKRD 1S v
molgbdeonmmpse] @falyshiecludesl, pérramam Af catdhet, O anfms dfenalyimlenum,

(TR e RSP o b SRR o g

fwpparnif erred that the crude feed i n each trlal remai ned

rel atjve sta j.act ok, exanpl.e, .th
cruae Pebodi B HiLSE BBk AR nERAC RSt e op
(%Btacﬁﬂgezol?e ValeigolQbdehing cﬁ:tﬁlyﬁtewefs fieokdit a$ BITA Pdontacting zone of
]%% Elvely constant during significant portions of

|aI except in Exanple 10, in which the Pval ue

i ncr ejaﬁ@hoﬂf u@Ma:lréfpiaﬁfo@ @mmimhcolj B¢ BReat, aleh @Bat@f in an
net hydrogen uptak versus run time for

V6t F‘t %tﬁ{na?%lfe dyst @ﬁ%a/q ") fcﬁézr% é‘g%rﬁ &xlogp hyaapdsdest! fgas.
Blagiphes 858, hal thkGRopedifd stifRLS2AM TR 4,dr pOeme YRl |fé:éd was

obt ai ned by contacting the crude feed W th each of the
fedtodthg Sp of {hetreastor g thesegxrgmiales. glhe rrude deed dlotvied drqueh ey preheat

JONEI 08 P e B0 CESRink 6L, APVl WP IR AGRAG The
hours was in a range etmeen 7-4

c(m@ fee30® cSTREyd Wik exshoftheicatalsbisin the presdnge n@hydmggm Bigen
(Hﬂz?clﬁﬁg andﬁﬁﬁs for ?&%ﬁ%%ﬁﬂigﬁf& s %lfg\x’sv EAUY) ﬂ? ﬂ?@r&@éﬁtgas to crude

duri ng- eac
k@pmewgnmamnmg“@ﬁ1ﬁbNm@U§(H@ﬁﬁéﬁB)ae&ﬂwe&ﬁedm%nnm&ﬁghnogm

feaci sggt%%e s%f9 1\(7\1{35J g%lﬁ) i %91#1 Clgi(él agﬁ Oélur]%lil}ln#r&le Q¢ %8@ ?ours of

cat
ctolnEactﬁI[gJ and thd:IH]lOS’ﬁI‘eﬂ e 1.6 hi der thoy mdmmtnghadtaamgesmadu @emperatures

t of 88-90% I d cont nt of.th
il B o B 16 P 5 SR Bt Bl $ours
tﬁﬁ ﬁ’l@ﬁfagﬂésflh hg c@fta{ﬁﬁg pineslweite c@ﬂhﬂ]eﬂ adfotnyw@. Qnd taﬁlpd:ra@re in the
the crude feed wt C t. s e 0 anpl es
GPNIGUNG Z00FSNGTT {ALfe() Lo iﬁ‘e’gﬁﬁﬁ%eﬁ %%ﬁffﬁ)f ;(%9 5T Efed to 366
cad@nt), Hefd 4 hes ar fd roplﬁ@@ @aﬁseﬂmm’@qm(ﬁ‘iff)\tﬂe}tﬁit %71 °C for 1000
const ant during si i cant _portions of each trial

Ioves; raigd 1538 “Grldph al}eldrf’ééﬁ% sCeWE 3P yprep fheg Fi%{??@‘éo # finglpy

tgﬁlﬁé&hﬁﬂé 08 he (B U@ﬁnﬁ%@ﬂ‘%@@%@ﬁ%ﬂ%d Hérst fo‘?ﬁ tcft{ﬂrcoﬁﬁ&ﬂlg time
he catal yst systems of Exanples 8-11. Plots 17

<1f?é00 hopgs.-

The crude products were periodically analyzed to determine TAN, hydrogen uptake
by the crude feed, P-value, VGO content, residue content, and oxygen content. Average
values for properties of the crude products produced in Examples 8-11 are listed in Table 4

in FIG. 12.
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180 represent APl gravity of the crude product
obt ai ned by contacting the crude feed with the

W@ 2108l0yw650 syst ens of Exanpl es 8-11, respecti veP@T/ub1007/080413

each of the four trials, eash crude product had a
viscosity in a range from58.3-72.7 cSt. The API
gravity of each crude products increased by 1.5 to 4.1
degrees. The increased APl gravity corresponds to an

AP 9'T@G| 13yis @ford ?)H%alqréﬁgs%nﬂéﬁm&amd"bf%er c@ﬁ@?)r(ﬁdu@mersus run
21.7-22. 95. ravity in this ranaﬁlslo 117% of

tt%fOAmcth ﬁ\ffwcwlyafswtﬁl@s e iigentea 8d.l- phecrude feed had a P-value of at

194:2P R iiﬁ‘)lts TRPILS et atd PR r@ﬂres‘éﬁt)/tﬁ@ﬁ vERBLEME cruB& PloBsE ®Bkained
I n wei ght percentage, of the crude product versus run

hyi qpptationg thaemdoleed wish dhatleuryeatalyshsystems olgfxamplpatld gespectively.
1§)r é%@O I%u?sI ﬁle:!tﬁgalu ]og C’I’Iﬁg d)rétﬁlg 1%&19158@8% le%iyl%ef?)r catalyst
u ro y

content of the cr tal ned contacti ng
ykteme pluldenfpées 8- Mi. tlin Etctreplc at.ahy/Bivalsy wherrovot.5 Exanpl efsthe run

t?mé]' t{me <§r?deocfttﬁevr?1h {2395 ﬁ/%}?)%{) ﬂlﬂ)u dglu ! lhéa Li:ﬁacﬁqu Sl%gm the P-

conten at” nos ged.
‘puh&dlﬁ dte dnald panlucxdpgeiah (muhtuemay hennferredrhgeth code feed in each trial

0014- 15 gr . of crude
il e et AR S A e e U R B b e
§ebzﬁ’atﬁ)’ u@lseshpifm CHIEIG. 1 & ed Peslus ef tﬁi trued ?frommn sdnaited adlhBiely
200 hour.s 0 ontacting.ti . . The relativ stant
Rt SRt PRy bl S gt Tt RN P
whleagdrede®r gani ¢ oxygen conpounds are reduced dur| ng
t he cont actl ng. Since TAN was al so reduced in these

exanpii@s!4 i g?ﬁapwHéenr?ﬂe%ﬁav%ofﬂﬁhltydaqgev upiake by Goulerfpeghyersus
npi

@h uh]la%ﬁt@ﬁlt&m}lst §sCRAN A bRYnRE BRIV gOX YAE PIROTHROMIAR?, 164
are reduced sel ectively over the non-carboxylic

igpiRteal pit Aylregegamiake eyigehbemprstifeige ciude @R%Wpth gachpf thgt
Jafa@gw{énﬁ %Fﬂk&rhﬂ?&% of, resﬁe,?cLV% f\IZp[Q/dQ)F):n uRaUR SRR feéd

psi), and a ratio of hydrogen'to crude
¢Véédﬂmftlnm®ﬂmflr8f 5(3]90 (DOUYS@IEByn a Tphge heé’zmoﬂ FAGAN m:?/mcf“@d;éoo

0,
%ﬁ%c rude A%Miglet]n é éﬁ 3 f&ég%%%%f%ggggfgely
mnstaMeluBmcptrmsur e and r at [ o of hydr ogen to crude
f eed, he r n_of on S 2
ot o0 "o B ERHPAG o B OB Rt
[®rceatage, @ﬁcmld@prodlmn déerusomstiné forgdch dff@le(c?l&ﬂ)ysﬂﬁf)st;ema of Examples
9 MPa (101 and .a ratio
) e Bt gttt Pobtonie e {006 SRleafr o or ne
Iiaﬁdlb,b(‘doh(éﬁt (ﬂ“fthdldrhtliGeffde @lotMFS, cen)tiemtl 7Wﬁ§‘pre]s€nt 5es‘1/du%/q:ontent of the
ed on the ght of the crude fee

et B GomaRne B ey Tt e Ll spreusefganies
and réspbdiQel9f ARYEUVACIANTE 01 5 thd d&sidue @Bntett b€ the @EldE HhtdaBet@Emained
crude feed MCR content was 19 wt % based on the wei ght

ighatiygly consiapieduriag gignifiging ppigepedsadh tFialducti on in crude
f eed IMER =9 Q%ﬁa?ﬁwﬂ@@ﬁ}%htra%@@f chﬂ%‘é it Rer %Mﬁ%}l StuReGude product

Col ums 6 an nmet'al s cat al facilitates
YeHHE @ﬁ)ttlmfé@g@qch@ﬁthﬁtcatmygﬁﬁtems of Examples 8-11. Plots 174, 176, 178,

180 represent API gravity of the crude product obtained by contacting the crude feed with
the catalyst systems of Examples 8-11, respectively. In each of the four trials, each crude
product had a viscosity in a range from 58.3-72.7 cSt. The API gravity of each crude

products increased by 1.5 to 4.1 degrees. The increased API gravity corresponds to an API
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tenperatures than the uncal ci ned Col ums 6 and 9

nmetal s catal yst. These exanpl es denonstrate that
waeoomsaei7’sof a crude feed with a relatively hi ghCTBB2007/080413

(TAN of 0.8) with one or note catal ysts produces the

crude product, while maintaining the crude feed/total

product m xture stability and with relatively small

net hydrogen uptake. Sel ected crude product properties

g/ Athe@sde pfQfe@fin § DB SAGE 207005t 488 oafvith BANE FMEE is 110-
whi |l e sel ect ed propertles of the crude product

W%Of\ﬂlﬁt APheroaty ofdw,ciydetferd: sane properties of the
crud @Ié} eﬁdis a gﬁ%ﬁﬂc gll'r&ﬁ'@eﬂt’atl@?of%ﬁ?g% cbﬁ‘teﬂ-tatgelp?eséed iff %@h@f
the crude products was produced"w th a net hydrogen
Repreakee. loy the isande productiversdsrup timgtfonrash ofghe patalyst sypgms of
c 0,
ke TR RS PAE 18P dus pRut B0 i pCJng SRAE pitc
@ftaiegd hywsnta@in¥otiof crodede¢dowigh tthcatMymmt@m ofdfxamples 8+lude
[ I e

?p%g%v Elfgh %%d@ é\%}g&a Hfgi a?leosx ec%gtg]%tt dt at 1%8%&%%%? tlgercﬁ%lee feed.

Ipch duncie pmﬂsct&&i Qﬁ%ygén tchent @msi rdnpe foond.emt4-©O0 15 heancy ped eram

e paMS BT TRR o e atvare Tl r e SR PR s grce

Bu@icageaiiel regxtamlytcynscﬁdnt eda 206 hoideofoaduiiy twas ThtQelatively
117% of the API ﬁr avity of the crude feed ile the
PPYRYOFYSFSPIEN OR T CTIYE PRI AEmOfibates ihafsslacteq 983agie fpgen
AbnFoe&dstaye Rluck BurtioUbliecdntebng. Eiaidnl /886 wialddhiedbdon irtGEse
of a Crude Feed Wth Catal ysts Havin2 a Pore Size
Praples pun ks pjerrd ﬁla%éffaétrf‘ mopicn ahitherrathexyligreopfaininggganic
é%gerﬁsoyﬂpbﬂndy‘a&' Ig@dce(li'lyéjécﬁaa? of MRUBRL MO xy b of4 AR o@éamc

, each reactor apparatus (except for nunmber and
TOBUEIMIPFNdSont acti ng zones), each catal yst sul fiding

et hag Ex%‘g‘ﬁg 11,98 RhaRhQdHG R BPELL MRS NOtkaRE o LRI N1y

crud ct ‘analysis were the same as describ
@Qbfh?)l)é@ gnd fafio @&h}&lquggn & mei@efefrﬁ ofd 60 it An a(ﬂlO(&qSQﬂB) the

r\é&!lclﬁm? opcfru(jsel IJ écPﬁ@Rhc%Btthggas ﬁ%ewt@r lﬂgs%d oft ﬁg vwl%\fvoét%% tg%:'ang feed.

reactor was from of the reactor
Hfa tbmeemtewoqdeS) °G(150¢th acthe bndepresmsre pod raltlp ohkdlregen tihegude

fgg he re uc 1gnagfh Cl'lg(f %ged C ocog'tgrﬁtv eas % 4 wtg oggsg@ o;i#ﬁte EV:%{gthh%f the

Pt Ot arfied oneeon i'ng“zone.
(ﬂ’aieé’ﬂeglﬁt/SI | i cone car bi de mxtures were placed in the

t h t bi d
R SR e R R U R R
(d en7 p@)aem ando bbhRIere taGud fpEdaltaal Naone’ (nm(m@’B) the

act or c or was | |nt a Li ndhe
rF’ qe 8f "trﬁ‘%t #?‘{M%E&@Bte%‘?aéeﬁ%e‘%tt‘i R ge Sh&E Wel?g‘t oPthe crude feed.

&O1 eRpEane 51399 oC {1%8 Py, @htﬁélﬁarﬂeo{t@ssu& hgd faqe bﬁﬁ}tdr@n to crude
zone, and the bottom su e crude f

leerhihsapdigtion eliprus depddfiC ﬁ@ntE%tVﬁ‘lSQE‘,fVé%r ‘i’f‘s%‘é‘l ‘B? é’§’éﬁ¥:‘éf the
Ghadwdr ogen gas. A catal yst/silicon carbide mxture
(40 cnB) vvasegositj oned on top of the silicon carbide
t o f ohifsipgrease@redacion iycradmiged PrEgR{fcaopsiratsyijgat the

191%51@1'&1&5 E%Iﬂﬁiﬁs 3 B Y(ﬁlgétgfs %H‘a&ﬁtf%ﬂtﬁ{es AR RAL I%Qudtlen at higher

he catal yst was
tnmpgr@t@gqa tran the uncalcined Columns 6 and 9 metals catalyst.

These examples demonstrate that contact of a crude feed with a relatively high
TAN (TAN of 0.8) with one or more catalysts produces the crude product, while

maintaining the crude feed/total product mixture stability and with relatively small net
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catal yst as prepared in Exanple 3. For Exanple 14, the

catal yst was the nol ybdenum vanadi um cat al yst as
w@e@patwd i n Exanpl e 4. The contacting conditi BOEUSZNT/080413

Exanpl es 12-14 were as foll/aws: ratio of hydrogen to

the crude feed provided to the reactor was 160 NnW

(1000 SCFB), LHSV was 1 h~\ andpressure was 6.9 Mra

(1014.7 psi). The contacting zones were heated

hyagdeeBmhial. |S¢iebRd 3dhde Podd® PR pOITks A¥Bar RoRENHQA dRfsakb Me
and nmai ntained at 343 0C for 120 hours for a total run

Rrpprgticsiol Sis@Tuds dited. whikysglecisd pepnertiss ehe @rdemeduct were within 20-

ﬁ%‘&fatﬁ& bﬂ&ﬁ@&%s%ﬁ%e‘éﬁfd@fe%ﬁpar ated as described in
anmpl e hydr ogen upt ake during contacting was

d ete rSmW@@hH[vms shewthinclablgl 4y sach oy de emde prodestawps rrodyeed with a

e 290, APRPERAAS IR R PBT TR, 94 o
ndtan hydagederN upttakst 4fasf iha caude dvdeanflao m/@agé-total D@l/‘Nn‘@ntﬂfnt of

e{% Ir{o%f?’ 6 19/ %fathg tog(]:g]%& qg%&:ﬁ gfgze c(f"uc#:qg%ﬁ wggéj &Bmﬂ%% I\ilm:—;] gor the

a range from uring
@ﬁdetfhﬁl erabd\@ 3 éléld awérage I'eh@ermhtyhrdné nanhdcmje@mmlm was 88-90% of

at aJ t ake wa n ange
1 By TR IR Bk R P TGl o wes
Ilhel 1Gud ehddv @Ou&@hteﬁt&ﬂ the chAl féad. ahe avegere AR ErAYit oOcabh crude
mthe et _hy t ake val ue ng. contacti ng,
PR T CPED ST it AutE ey B Bitad Pt A e
dradeSpréducilPas/at NS/ 438, ¢fGhe S%a)y 6fUhd agdcent.acti ng of the
cr ude f eed .and the vanadl um cat al st Gener atlon of

yﬁ&ﬂ)dtﬁnt\faﬁh Bm&ﬁﬁﬁP&%'lﬂﬁﬁM‘ér BpAtaneaam'mrK vmh m&men
usded | nconventlonal processes 10 1 nprove pr opertl es

| en. By lgmaylesthd 4y aagh raaeirpipakiye (§xeep for number

J?M%ﬁ’c@ﬁ%f Q&Htécﬂﬁg E&{éga@a&h Q&a1 ?&@Qﬁd&g n%%ﬁ{deé%f? tottfn ‘for&lﬁétt S

of processing a cru Additionally, contact of

spyaeonfractodiing ifaghtrsudenirgdydieanalysiy anedhasmsas éﬁsygbed 1n Example
r C

PR S S eI PN B BRI fecd flow

uomdmzmmlwaaﬁioyﬁdetmpwf datr@dcgos to, thx botpinesf thidred@or. (S@lmoacarblde

\%&% Cpl%tﬂ%%egil at @a%g tormn op eaéh rei%c o, é) Cs r&?%fa? {)gattrs I St gg(zré‘ nEach tmactor

donraimed Kvbfecon&ndng:mb enfieiahe cmzrlm/smmmg cﬂﬂ!ﬁk&l)lxtummre placed in
atal yst sul fi.di th htota

e e At B ol e Sl T e i ¢ e or

smafaetiig®ns &ffﬁl (aﬁd @pﬁe amcbtedeﬂva aﬁ(@ﬁmﬂaezc&e iach eat@t. yisdch

were m xe car n avokurre ratio of 2

v Lo B et e bl e b eais corfespdnaing

O tkeres e oh & dhCh RGing A8, ahd 8 thead shjpew The @addifeed was
reactor was fromthe top of the reactor to the bottom

T e A L s pEsense Rhlydsessn eioned at t he

bot t om.£f1 &@1@1@01{' &ﬁﬁ@@[‘hu&&e BRINE) A8s FoshiBhddUR S Qiptﬁé tilicon
Each r eac%l had a bottom contacti ng zone an to

@mi@eat@tf@mgthz epreactipg rene. Faebxaamd Vs thespirlysiorms tlaeavam @
J&azf}ts%seﬁeﬁ/é@erdqn Blagado] %Jﬁ%&@%%%% A g&%@ %he%ol%%ﬁum

react or, l'i cone carbi de was position on top of
Qatqévscaﬁrnra@mdng Exane B oFé1 Eaanméeald the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.

The contacting conditions for Examples 12-14 were as follows: ratio of hydrogen to

the crude feed provided to the reactor was 160 Nm’/m’ (1000 SCFB), LHSV was 1 h'l, and



space and to serve as a preheat zone in each reactor.
Each reactor was | oaded into a Lindberg furnace that

WO p@B0das0 f our heati ng zones correspondi ng to PEEUS2007/080413
preheat zone, the two contasting zones, and the bottom
support. In each exanple, the vanadi um catal yst was
prepared as described in Exanple 2 and used with the
additional catalyst. In Exanple 15, an additi onal

radsade Yk /6@| NIP£QAD1£2H4). deheBoxthdting Z6AR v&éﬂ@ﬂeab&ﬁ%crementally to
§@3|t|one in the bottom contacting zone, with

dCt(PYhAD oveap eyt OfB’éﬁler?@dW@tW% déhifndce d@%h%ﬁt for a total
RheRREIsPNoukdre nmet hod described in Exanple 3. The
vanadi um cat al yst/silicone carbide m xture (15 cnB)
was powl piodnagicyigd theeoniagiinggancaand gresepraated g descaibpd @
I r 0
A R o A S S e
ww&mnﬂmExam@¢12mﬂdwdmamamyéwxhélHg7NhemnﬁkﬁﬁﬂﬁﬁhnmdﬂwCHMe

SR PLSERGOS 5y RO, ISR BSS LD GOa 22

TOB)n e’ 1904 8.7 iSe el am tnemmdaeq»podwnmaammgmzam@e ftom 0.3-0.5.

A5 TRRE e R s BftE S0RE Rk Bl Shh el %ﬁ?@%&%ﬁé&%ﬁm

Al hbehyashdid upmal waB i alapgé frb@i-ngs NRe/m’ to 0.6 Nm’ /m ( 0. 36

Y RN iy G P b RN R e i THD. G

was mh theqme@&dwgeﬁ OptakORee Ottt d’oﬁgctzngnﬁ wab esu@a&rmh@
Pyrex(r) (d ass Wrks Corporation

iydigend yva%%%@te(i@bthe FRSY Ok BNBIGET (o) e pdeting of the

&QJ@I@&i dnAGheZARKIuPeMEB st SRALBFonBAB Moo B REihd todiRbing allows
Exanpl es 15-18 having the properties sunmarized in

Iggsphydrogen (pbguserlgn {hgPrgcsss relgtitee ap aHowT of hlrpges gpegrin

cUﬂ@en%Bh‘eg %rofcgs%gs tf) Inﬁfﬁ%de Haﬁe%ﬂ&h)f hﬁ@dﬁﬁﬁg&p&u&g n@he IteQLHrement

contacting zone, bottom contacting zohe, and bottom

foulsporydragen direngreeniecting termil & deeisds theendswhsrocening e code.

with

gas. RRRtnRly, kG BR KBS b b AR i MR G

mnmkemsCHMmeﬂwmﬁmhyd%d@émtgaQOW@Whmeh@TAHbﬁﬂeewxbpﬁﬁuﬁ
a wa 0 NnB/nB (1000 SCFB) for

R i bR SR kAR A0 %500 SCFB) for the

remai ning time period, LHSV was 1 h 1 , and pressure

was 6.9 MPa (1014.7 psi). The contacting zones were

heated increnentally to 343 0C (650 OF) over a period

of time and maintained at 343 OC for a total run tine

of 1400 hours. These exanpl es denonstrate that contact

of a crude feed with a Colum 5 netal catalyst having

a pore size distribution with a nedian pore di aneter

of 350 Ain conbination with an additional catalyst

having a pore size distribution with a median pore

dianmeter in a range from 250-300 A, in the presence of

a hydrogen source, produces a
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crude product with properties that are changed

relative to the sane properties of crude feed, while
wo@riog/0ei1angi ng by smal | anmounts ot her propertiBST/O820011@80413

crude product relative to the sane properties of the

crude feed. Additionally, during processing,

relatively small hydrogen uptake by the crude feed was

observed. Specifically, as shown in Table 5, FIG 18,

E%L%EWSJ r@ﬁ‘l‘t‘é‘& of‘@@rﬁdeTMdWltlﬁé V%uﬁ@*ﬁ’tzﬂ&sttahﬁ anAN
elcru e e Ccruae
Additional Catalysty

E&fép fF%?tCE%WUé%(e’l@Ptlf?f BRI Ao epppfagpntacting
Mnés\// Jabh @a@fﬁ/@s@ Eﬁlfl&ﬁlg ﬂltathm‘-l) Sheifla pRBu®@ %ﬁaﬂoﬁ: 91@&1@@ tan@bach
at nost 50% and viscosity of a{) nost 75%relative to
qrpde psedvst gnabypie mereetbe gpinet 4y glessribefeinfiaariple Ad dilk datsdyalsiwere mixed

PR Sy RSO AR A7 At e
ahardee irsleated] Aheonty Red {low heeach rdetopwadinan tlm’t@xd@fab@reactor to
tHQ Bi(g[on{' gfrlﬁetg %&&!)ry t§11?c08§£] % d% I\&%Q ??sgt%ggr@t g‘o@omqg%%g]l %gjctcﬁ to

creased VI Scos And decrease
sgrxa\as tpotteh aitppue. Eachtrivetor ihsctmlscvttoyn @amchcidid zoge and 4 tpp obntacting

t he rom:t e |ncreased

B, Shedfe BT R RS GRS SRRl At fortifiag rones of
dablatea@OK kiigor2eabale wae |py5m£d$rleél ah kaprof dfe b a)ncerctiﬁ@zéne @dfill dead
was initiated. | es 19. Contacg f aCrud eed at
VAT BHL EHES a?ﬁglng‘&ﬂft‘ea%‘tef‘%lgre%t rS‘i"Féort‘Yf‘é ‘InﬁPsat s

MRdRrd fienaS@iigt iasludiLFeiin Hethel AndsXdfRdpending tbhBe preheat zone, the
properties of the crude feeds are listed in Table 6 in

Woéontiglng'?ﬁ%esc%ﬂtt%"diqttﬁ@ SUBRfi ti ons were as follows: a
rati qn efchhyslhfeen: %§dlﬁﬁﬂl cﬁtla?rstcxf/déqﬁe Rads isenbdes Ek@nple 2
the reactor was 160 NnB8/nB (1000 SCFB), pressure was
Bdgsegpithy tﬂeidldlqo%kqa}alysand tenperature of the
cont gf E!x 1€ 95! edﬁ a&@ﬁo&?éatﬁ&é&&@& Qiiad Qlxdb @45t QPR UN
time. I'n Exanple 19, during contacting was
Positioaetsia thedwepmagopiagtingdorsf, with e fddigianal chfalysttbginghen 1
f

B ALNE By ity @ Aod e R MBI R apion
faplysg ﬁhm cabide mifar(pf end9as poriticoed dieheptoq; dumittctwggone
ggﬁ{ él{}] Xampeg (ii%ffjlg H&lp na}-%atal}l]s\{/%ﬁl% aélér/%%e ngﬁ Si’e L%) cm ?as
[eoitibeat in dfe hmbmlcsmacnmlgeb]&l whlthe&ddiftlomerlgaa]wﬁ baig s
durj he. LHSV. was
St b e 85 b0Bl dSp i YT b adigy
daf]hﬂfysdﬁlli&i&l dafb@(d’liﬁl i Gira(36 cBNOWR pbﬁtla_r&g lieth® ,topl'_doﬁacti];@ z0AS
sho n T .G 19, crude pr

\rquil EXT@& 52’ a4 aﬂgﬂﬂ@éﬁe‘taﬁﬁ‘x{]‘gﬁ%ﬂe&n?%égﬁn\ﬁ ‘§?§d’§?lfl9ned n

th@b&tdnv&mta@uﬁgwﬁmmwmﬁé addi@onvl &EOSE baindhe hﬁﬁybaéﬂmdﬂvanadlum
feed, while the API gravity of the crude

cpgush asyyopagd ip Fganp gif%fwatnedlam cEls S B CRBE Mg (30 cm)

w@sllg,mloﬁe@tlhqlqupmcgﬂg%gt to Cs asphal tenes content
was at |least 1.5. The sum of the MCR content and Cs

asphdn tewerle dddtvent (Whss Werks é omporatioas Neve Yok, HiieAq bipds 30
&ﬁg&@%oggme@nﬁ eaéﬂgorga%uﬂg %}f?:' tenes content of the

crude feed. Fromthe weight ratio of MCR
Crude (Santos Basin, Brazil) for Examples 15-18 having the properties summarized

in Table 5, FIG. 18 was fed to the top of the reactor. The crude feed flowed through the
preheat zone, top contacting zone, bottom contacting zone, and bottom support of the

reactor. The crude feed was contacted with each of the catalysts in the presence of
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content to Cs asphaltenes content and the reduced sum
of the MCR content and the Cs asphaltenes, it nmay be

WO pdos/#Te0 t hat asphal t enes rat her than conponertBUS1081/080413

have a tendency to form coke are being reduced. The
crude product also had total content of potassium
sodium zinc, and cal ciumof at nost 60% of the total
content of the sanme netals of the crude feed. The

1§dkdobf &0 MloBAELR  cohMBoI HARCR EQEHE wiB §s %@0@9 %a@d‘) of Iﬂﬂrogen
suléur content of the crude feed. Exanples 6 and
e frothe £iude Eed peoivided kit the fereigr wemld@P e daep %%FB) for the first 86

R anfl |8b @\gnﬁhﬁ:(la 0d @@FB ﬁfoHﬂ@%IﬁM@éJ gllﬁe E)Qlﬁ)dc EHS@QMS A% and
zone Is greater than , as conpared to a process
nrergvreves 68 MHSV064.7 mslh Ehe cov@ctpng@@npéewem lma@d prcsintadly to
3%3“6 (35(1“ Blerl ngﬂ&f (#fl v anggﬁ rﬁg‘lhé a{t¥54$ & ﬁ)? (ﬁ«rﬂl erF{h}ﬁe of 1400
change a property of a cru |qU| ourly
lspzmce velocities greater than 10 h 1 allows the
cont 5y éene%alﬁf;lgg ? shiongt?at ﬁlatpc%rn}:‘agtr(g%%mde fe eg%vciﬁﬁl Sﬁl(ﬁlflmn 5 metal
reduced size re commerci a avai
anedsehaingA Isnmameehstnas&elwm azmedmwoad diavettihe 3650 dain ment

St PR R TR ERL B R Pl iR BTN por
dfihabone r:fn@@ iftoint 150300 B anfat pre2dice Giﬂﬂﬁ}alﬁdgeﬂﬁowﬁmd&es a
Fe d at Various Contactin2 Tenperatures.

hiaieng b b i R rary S i Pigertisnl cage
1@&5 Ghil® Sﬁiy |cHan§K1§ﬂSE)|sﬁ1aﬁ ambhies &héﬂjﬁoﬁeﬁ%@ ohé@¥ e pldGuct relative
properties listed in Table 7 in FIG 20 was added. to

P P PEPeRiREOBa e fogh A diiena ity ¢lyring PRCSSHBR reftively small

M%c%hﬁ(ﬁﬁt&kéﬂ}th@@ru&é/\fée&@ﬁht@ﬁ&rkz&g zones in the presence
of hydrogen to produce a crude product. The two

cont aPtsiheplly oe8oWRnel 2blsex E¥Céd8atbe eufle Brogyst has a TAN of at most
fﬁ@ﬁﬁ@ﬁ%ﬁﬁff the QiteaELd fﬂgE%ﬂ)@é t1'5 Oﬁs Th cﬁlﬁgliﬁ)elﬁbts produced in

contactlng Zone were as
xampéas d6-Ur eaghrhagl héotﬁld)b/‘ﬁﬁﬁmmnt ﬂ@atmw%@n%me@@om@@@f at

b Lo AEER008 Qu R BRC A0 A o

Lhtieetly, P@p auirdiredustsproducedie Haanplosr T bheab hadan &Bﬁgﬁavity of
1; '

itl)%t 038 5f tt?e IQIt%rawtyH%\{le\A%de%%p?S O’ tenperature In t e

on1cont Zone was C (600 OF); a ratio of
hydrdgemnmm:mbudﬂepeﬂdxmaﬂu&ﬁﬁmﬂhﬁbﬁ%M@&ﬁ@&ﬂﬁﬁ%ﬁgﬁkam@b

was, 6. 9. MPa 14. 7 The al product
B PR e et Bl Bt Pl Bk aesmaSioedh B Pl SRR o e
vistbeityt ine Agagravitguf tle phaas es ep@nah®increhded tviveosyfand ﬂa;w'a@bd
product was, separate

se .separa tota
g%r%‘i“é{d “}S‘Vﬁi‘a pet 2%‘8 ! Latfﬂlé‘n% P PBW&EE&%“ g the Gl feed
warihigdicgal | y anal yzed to determ ne TAN and Cs
asphal tenes content. Average val ues for the properties
of crude product obtained during the run are listed in
Table 7, FIG 20. The crude feed had a TAN of 9.3 and
a C5 asphal tenes content of 0.055 grans of C
asphal tenes per gram of crude feed. The crude product
had an
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average TAN of 0.7 and an average C asphal tenes

content of 0.039 grans of C asphaltenes per gram of
wae@emde4soduct . The C asphal tenes content of tPeT/Ts20dB080413

product was at nost 71% of 76he C asphal t enes cont ent

of the crude product. The total content of potassium

and sodiumin the crude product was at nost 53% of the

total content of the same netals in the crude feed.

E@npléN 0 fCdnlifet 6f & Geudd Y Gi Vﬁﬁﬁusﬁ@HWS trnd @9 Rfind 8tems and
TAN of the crude Teed. A P-value of 5 or hi ?her was

HarHEitheere dieremg acdnedhed imgranmde @e"ﬁ]%?r@t)l?eétﬂeéd’ fhg crude feeds

AR @Srable@dnd red. 19hauk @&té‘%tlﬁg Ec%fd1tfoh£‘w¥n'&'a§ (ARSE: a bRBor
contacting tenperature that is 50 0C | ower than the

lodrmzae eisrg theemple fepdurevidstl o e reasoomes {40NmENS (1@9@ &8CEB),

ELRa RO A0R87 0, SHTNES AP RABIEAR, By 71

(t7 ﬂ(é‘_’RI_f@rsmtataﬂ amdinec dntaanplofl9.tthelld$ Vi derlrigemtactlng was 1ncreased

60‘%?5 ?ér%ﬂ%ltf iMe Tflro%df’lﬁ;t {OOIQ th Enlﬂ?ameaq Eﬂ[‘ 4%(51%‘ scln(ll fhen the
ani c “acr ds nced

IR mab Inectatednp2d. ahu asl niamfaeneé at 2(Ia7 Is! foFO6 h@marrpl e,

e db boamp o i S BRL AR D e S ERmARL AR

dedbiat MGE ¢ddtent) eestdad uedtemdhe@kodtdigs doaleal, pot @s&nudnadtdls in metal

sodi um content. of the crude p om le 6 4
SRS W R R ufse b Reb R I L Pt B e g07n
Nieiddralusd @b tHelpmpeft@g 0EBE Bru@X pididhc®s arasﬂdmaﬁ u‘&@@l 601G 19.
Pval ue. Usin r tenperature of a fi

cont AtSPAY" Fo g‘%?@l%q F sl GRS Plofiugt i ﬁﬂa@ﬁlenl,&hé@ aregced

PRNARY a FRNRAUADSsidy frOhi RXIRITAN &1 BS PRAstEbeRe 8RG8 REd, while
metals salts of organic acids) that have a tendency to

the A payipheirie erady Ripduch ol ifdd Ofe ity \ Py aff the crude feed.

REQRAL fli6 31 OCIEQRIALST A0MHaRInco il RESA 1GLOLs SHABh the
guns and/or tars). Renoval hese conpounds at | ower

MéRsengniangd Calambalt@awpnte@hwm@l@e@ teldsive faethe gy obide YR
I ) ; .

A18% P SRS 8 Sy, EDRTRPYshAEATEx

toarrpetn &ls usrésltttrhatonaﬁnearpbbﬂ: tedmmé durabf the M@l criterg nd the Cs

e&?l%‘alﬁ]t%%s! 1]? Ene ferr%@%rgg |as>}) %lg'e'r_]%s\(/?ﬁl Iat%}ilbcom % e(:;lrtsu t%gt ha@g 9

tEhdehey tblﬂ)modfbkwateibemg iathicath T%rcﬂld@lpmﬁlad:telso chﬁd téital keaatt of

0 A for. Geater .than 500 hour The reactor
RO O A B R RS (G TR i Ty
REnE $) the thde fll aThPudfdbicintehepah@éu@nprodich@ds 80909 ef the sulfur
(%é]oduct ana%/ %js the catal ysts and catal yst sul fiding
Ay BerelGife sane as described in Exanple 5. A

ol y hgempiy saﬁcaigf@etmo(naﬁlat@&amsﬁaactﬁf@@adﬁ&lslwn bbenielikindch
descri bed i n Exanpl e and m xed with silicon carbide

3z 155 W@ugbéher@flﬁftglgrﬁepw@éﬁ%@m@atlghysqsﬁgmpfrr%w a process

@A deHRVIrUHE, bfodlee @1{]@3 pd@E A .‘Iu'nﬁﬂ‘figoﬁeﬁlets h@he ab111ty to
bott om contacti ng zone. A vanadi um cat al yst cnB)

fsteetetechapge 4 epartoh 8 grude &l pbléayid houpy aphse gelaamsgreater than
fU H(eefiloWs 7313 c%hl!a&tﬁ‘%?)r&%gsbcb de pe(r?oréie(ﬁ: H@essteg of %dmeia sug relerlrttlBV)e to

vanadi um cat al I cone carbide mxture (11
¢uagnercially avallable vessels. A smaller vessel size may allow the treatment of

disadvantaged crudes to be performed at production sites that have size constraints (for

example, offshore facilities).
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positioned in the top contacting zone. A crude feed
(BCG-10 crude) having the properties summarized in

waamse4850 FI G 21, was fed to the top of the reemUsS1007/080413

The crude feed fl owed through the preheat zone, top
contacting zone, bottom contacting zone, and bottom
support of the reactor. The contacting conditions were
as follows: ratio of hydrogen gas to the crude feed

RLPIE 26 EonthbiQf heAuHE FedtPit VERDuNIBhEHBting PAAp&afBYs. The

“Was ~\ and pressure was 3. Pa psi Q) .
CPRECHROYEBRE aRt (Mheplelpiescradicaane At aCiIee iekEmpl ﬁ?yTlte(frude
é&ﬁha@ﬁg(tﬁ;ﬁoﬂégrﬁes lfg’{ﬁzﬁgﬁ T&‘b_?_éAﬁllnoIgI@gQGAf iafﬁgeadggd t%]tlzestop QFifhe reactor

the crude product had a .44 and an APl gravity
ofl comaged Wiathe tueleatgyholindlre vadonagingtzppanio fhe pedserica nf

i 9 ' f,.
ot PO 3Rkl DRl ol SR B
tompergiuean of crude product, 0.0043 grans of sulfur,
0. 00 5. of .0X 4 ..\ d 1 1,
or ams BB B R P o FhE Tl e g, e 1 v
tpmpetuote iatle thp singdtingizohalslae 2@ i(h(SHIGT)24 rafib to€ hydragealto crude

Dt TRt aed Rl e B85 3ol LRPABPEr avi ¢y

of 1% ohtacilipeconditides ipitetivabmirastadling zodcppdere af follal i UA$V was 1

1,1 wtppm of sodium 0.9 wt ppm of_ zi d1.7 ppm
i Gt RET fion Plo Ehcutristps Bboe i € e e wiade! hflien o
RERAVET wasOL.60 B3P0 D11 60BS OF B)S il df fiEssur® wAO 6.9 BIE 0 0f 7 M0,

and Q. 38 E%r ans of residue. Additional properties of

the dingdaprabai st be préteeriiastingng apd Was ipfresluced into the

%@Jh ui@pRR|sEpa AR M$ the 3hLBqlid flas€ Qphatet. bRl plhgt Gayde
eed wth the selected catal ysts and at Ieas? one of

ThEaeding (e cade aRpiv 28d grsr dhepryde podyct PBUPITOAICHY dnakyzed to

BRI AR TN Snddh 2RPLREnRlofléfat er than 180 A produced a
crude product that had a reduced TAN, a reduced total

cal ciAnerags selibesrfpr the properget fssidgmradnet obfaiied dnriegthe amtare

I ceontant ¢ i
IR 1, e A e RO AN o Sl G S B RO Effom
ofdd 156 gransel i1 efrdnltanespapferanhel ccwdgdecdt ddd crudit pdect hagire
al trat that the TAN of th roduyct is
BB S3NIE SR Al oo £ R PSS,
dsphalsnasipthoh of eplapedent Tiof C4 dsphadtatalcysts.of Haicgide product
exanpl e 0. .denonstrates that .gne or nore properties
SRt A PR B bR g e B Er % riBE: Pr pesur 6
hi ghdme thileugbpuwt pahssaineyalt sedivinafipercdiddipesiuctMidssit most 53% of

denonstrates that

xanmpl e al s . a u 6 t al
‘g%nfogfﬁg%te‘}t ﬂgiheé%‘f BFES IHEHGE Béfieﬁbeqilﬁe ggb‘ ¢ :‘H%f“tdc% Ppfget was
& Mokt AR, deheT AN thdrudRas@IN ASPLEE OSTOPYhiPh@ R4S BRinthined
total product that includes a crude product with a TAN

quiige cyuachine] east 90% of the TAN of the crude feed.

Exanl s&leddnsfatifEkarfles? favdendagd @dintnShR! 0b) cohfcting
an Continuously Stirred

temperature that is 50 °C lower than the contacting temperature of the second (in this case,
bottom) zone tends to enhance the reduction of Cs asphaltenes content in the crude product
relative to the Cs asphaltenes content of the crude feed. Additionally, reduction of the
content of metals in metal salts of organic acids was enhanced using controlled temperature

differentials. For example, reduction in the total potassium and sodium content of the

crude product from Example 20 was enhanced relative to the reduction of the total
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Reactor (CSTR). A nol ybdenum catal yst (25.5 granms, 50

cm 3) prepared as in Exanple 3 was charged to a CSTR
w@emdoe4§76ed (BS-4) having the properties |isteBCT/nS2007/080413

Table 9 in FIG 22 was neteged at a flowrate of 24. 1

g/hr to produce a LHSV of 0.5 h 1 . A tenperature 421

OC (790 OF), a partial pressure of hydrogen of 14 MPa

(2000 psig), and ratio of hydrogen source to crude

FRR6uRfand 2 Borien? of RO QR ISHBct WBHEENBIPE AW relatively
through out the run. Total product was renoved from

toRgant Gpds feef fitalmsetieopnixgnel sty fat w@eah pramples pymeasured by P-
PhiRduct and process gases. During the run, an anount

of sediment was nonitored to determine if the reaction
vess dlsinggslofer tpmmjawetqﬁ aifiggygpntedtiag zenedulows teploaal of e high

R B ST S R

frdypbnthazsa ghd¢nae tq;ﬁoud eolpmeuod/ondangouRBhahiog plysarkproperties

L LS N

npducts ahb@eﬂteﬁlpmwmalmv weﬂ mrmpmpnc& t@ bavteppivedbeloo diey plug

St RN gl kbR E! o et s seaP R My

tamﬁemmp that {10 |pos1tTdﬁed afierdiee mm&u&ttlﬂga;@ne per gr am of
f of

Vl 5 a Pore Size

Dﬁﬁ'ilﬂiﬂi@n W-HH zﬁl\/ﬁﬂﬁﬂmoee ﬂﬁmdf @tt Qﬁbaithﬁb ACf@fl C@@dteloﬂlaﬂ 500
crude rogen in the presence o east

M%%f&ﬁ@?@%%ﬂemt ORI AP TSl QL regess) the

HANSBIRT & pafitidn fn@thgg Qnfel leﬂodﬁ& AL QE MN@h1RY aRRBRA st sulfiding
Spectroscopy produces a total product that includes a

BetherbWere disueme i dascEbe ésFpepleont ent of at | east 90%
of t h@m@%ﬂglﬂﬁl &%Ws?ﬁtl 29fcmts)|1§e1§c&é&qﬁ tlfleelﬁgthocir &sél&ﬁm&ple

al so denpnstrates that cont 9ct of a crude
hydroigehwithsilien goriede@ee0 o )de fqr@algnolmlr@nwn Icgrtbldetﬁdwpn

%%@el M&&uré QﬁJS%ﬁP \95 s%@ﬂ%j éngm c@lﬂgc%ng %Qnec rz@s Vlanta(?lum

term n pectroscopy produces
<attellxst &l 75pmo tpreparedhizpt the mcthgd é@cab@lrlu dizapplodwres nwkddhwigh silicon

c&o 1de (I:7 Zto ITIll gaﬁc'naﬂlguon Cégafl S /s1fco-|r-1?|éla 1&9%13)% 1'.% PSS crgej was
Iﬁainahgcﬁh thertolamrmnng mmously Stirred Reactor (CSTR)

The rgeacto the total product separ.atio

ot hatetas aL e SGHERe Shing e orsiS Ritfd/ &R Tt B g 21
WBiHBO o thelop of fme r&ae Bt GeRqeddorBohed thrix@inp preRet zohb etop

cat al, st h% pore size distribution with a medj

58lagt QFOIBFOIiE@C?n&Z%f}‘FdaWt%WBI&POG BAegraghs-
crm{amcgedwml&esrw@é AMoNbw & bl of Bl drofdnt das tohﬁe aah@ﬁ@@ rov1ded to
bei ng pri mar um na support. The cata

B¢ EpPaftet Wasded W{P/ H b@@@%@@%‘?ﬁ) FHSY s 2eh gndpmaseure ey 3 146\’11)3
B87 Bi®MThe ﬁ§o Qﬁta%ﬁﬁg ARG Dre négﬁ%tﬁl aRy °C (4% °r

properties of the crude product after 2I3 hours are
t abul/dteaptal umgpe ef 78 hoyrp.he gpde produpt madiol k¥ 0§0.44 and an API

%Q\H%,Qﬂ}ﬁs 9f TReALIBRbdudk ﬁ£d (95 oi‘ifa}éﬂﬁn JoeeGpp a8 sodium, 0.9
.0 grans, per gram of
wtppm of zinc, 1.5 wtppm of potassium, 0 8 wtppm silicon. The crude product had, per

gram of crude product, 0.0043 grams of sulfur, 0.003 grams of oxygen, 0.407 grams of
VGO, and 0.371 grams of residue. Additional properties of the crude product are listed in
Table 8 in FIG. 21.
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feed/total product. After 765 hours the sedinent had
i ncreased to 0.00329 grans, per gram of crude

wo ewd/sos@l product. An increase in sedinent reCBUS2007/080413

to sedi ment content of the7grude feed/total product
m xture when contacting the crude feed with the
nmol ybdenum cat al yst of Exanple 22 indicates that
impurities and/or coke are form ng at an increased

r at e. A 1dil GRS o 9207 Bovt wiB Ab CRAL st 1ARmkANthe crude product
decreases contacting tine and/or catalyst life, thus

hade g af §3¢ altslfan@?& #pvey 9D LhasThe qrwﬁg&a»%h@&%wtppmﬂ)é
Jaﬁ‘?tﬁn tlhlewﬁ)@ﬁlad%&hurﬁfo @W & A alﬁxa'nw p%a potass1um 'The crude

Preparation of 1ums 6-10 Metal ( Havi n2
rapducehesh per@ram %qvme;m@rblnu ﬁaOOQQ@mpmftsutf@O@ 4@? gmm} of H&iP),
e&l At I%Qaﬁﬂs G102 R iti%ﬁalgkd ks & HOLA& gﬂ&iu Pard G5l & Fable 8
al uma per gram of supp £ was i npr egnat ed W th a
indll§gdenunt ni ckel solution. A first solution was
o R RSO0 B APLET L AR B
hRAIRR agd atﬂsasobneaﬂ%dmdtﬂ)egénawpga pxiedee dandubtn vﬂzﬁ’h g nadisn pore

RionfG RS BT AR i Pl SRt HRR o

180lced sotal Thieius0 badliuing Qlﬂbﬁﬁotﬁ@lﬁhﬁﬁld kilichrD@MmMehewpies @ifuf @ntent,

pH of the sol ution s 5 34. A sec ti
PrOsReE. by EudB A s ARG et PO R et ot BRDs S or
Be B3p@ti A FropdrtidVoDthe cand f&Q. This@kaiipe oko dahORirZetnakETAN
to forma slurr Concent r at edatgthosphorl c acid

b B o LSBT Nl eBGRY e e 500 hours withou
?ﬁ%éénféh@(ﬁftthé &tﬂ%ﬁt ks &Rapk ABo ddiiensEREHthhQihe Waore properties
irred until e solids were dissolved. The pH of the

of dhq gridsrfeggayaygbexdpangpd @t # jopvet Pregspugs higher dHaughpelcyh glevated

éﬁlb&ﬁﬂufé@ WS %xa&@i@él%&’enﬁﬁgtra‘éééftﬂdt QI&NmAeheal @a@ﬂys\f\@ltaﬁéxhlblts
ded to bring the conbined solution volune up t

@n@s %me 86 i’ @ 8170c¢me woleirbdendhy Ramkreiipepmﬂce@/rm@qhmﬁ a
@%i Wb that (BN aocﬁu&ega?ocﬁlgﬁwtﬁ A ANGRL W ;J[t ‘1’% Sk u gy AN of

support was | ted wth the no nic
botwtl¢ trd. aged for several hours wi t h occasi onal

_@_%n‘i % h? nC rﬂr i e‘i{ r & e ar Cz’? Yg{ alantE)olillrtS 01?5? dSttirI}g&]
Rextir CRTREaA aopgidemon tailpe d25. penmersa@nmod pm@hm&l yssith Example 3

oo G e e Bl gt TR e o i

Tk yshaleaudini fRieetatecaall yair thpddaceradisanofns B’ dAafEfﬁpeEa[ture

f 15 with at |east 60% of t 0 nunber
B bt sl bres By TR il ety N RO et of
Iideogeh Sfurdd tb Biube 2Bd Hf B0 NBmredD@BCPRY ®erd ndiR4ifdd th@ugh out
tE'gre vol ume of 0.84 nL/ and a surface area of 179

14y Telehporeet pas reesnechipm e P Pyl sedPbEl sprigdedinifrude
Prd@ucER{d I RESpadds, @)uﬁﬁgﬁl@%ﬁ@ aRhmBlnt BP&inferVRas mIMBred to

reactor apparatus exceflcibla or nunber and content of

dorpgeti hyreaginasypssc tie ftlbravitdpienees gefpacaici dhe amount of
%%I%gg pel‘:\g'réj[g 6f &ﬁ@éjfég&, reﬁ@@& Ué‘!)véen (ﬁ(ﬂﬁl %ﬂl‘hﬁl and b.O@(‘)‘i 3f grgrhp&lrmg

the run.

Properties of the crude product after 286 hours are tabulated in Table 9 of FIG. 22.
The crude product had a TAN of (.26 and an API gravity of 21.2. The crude product had

2.2 witppm of calcium, 0.2 wtppm of sodium, 6.4 wtppm of zinc, 0.7 wtppm of silicon, 0.2



10

15

20

25

30

were the sane as described in Exanple 6. A catal yst as

prepared in Exanple 24, (12.5 cnB) was m xed with
wa@RlogoeiTscar bi de (12.5 cnB) to form a nol ybdenpor/us2007/080413

catal yst/silicon carbide msature and was positioned in

the bottom contacting zone. A nolybdenum cat al yst

(12.5 cnB) containing 0.039 grans of nolybdenum 0.01

grans of nickel and 0.0054 granms of phosphorus with

\K/ﬁbﬁmbﬁb@tﬁ;@sﬁmb@ NGtpAHIAKBR0 BREp A VATGiugh, BROD &Rt ﬁon The
di ameter of 108 A and a surface area of 266 /g

Hdegroduict dsparigeagholccaidsingrlucts 9088 gimy of wilfup OpAsa Or disilac,

o1 YBRepHIGeakRl /sl 2ihd GOBi&RT bi de m xture and was
positioned in the top contacting zone. After

sul f ilhataxemplefdemprstralgs tiyeontact afierudgheedotithriydogpre the
%\@%ﬁcer (ﬂfl l%gst 1‘1)e ol%rE) LMl tﬁzit e%lg s()t%ndﬁn%ealraﬁ& 810 cm™ to
ecace u a

rocar er cr ving the
Efﬁl()csvpe r$|®®mumw Rareah Spacticabdpy p1<®iuce‘r‘8|a@ota12130dm3 thheidclpdes a

({ hc?e (})I‘giﬁ.l ? 1}}/1&% Q ?es{c]lgg ?gn?ernt ofT zp ea@%ﬁi Cﬁﬁ 1%£}d eec%%e{l C}V\?e crude

feet Ehlb lemgnpzlemim deamllistkwftstthﬂrswpm Df a cxfldet feed W&hlhj?CngenTlln the
nt act e
PRe ARy e e g N R aBR et hy fib Bl et i sy o

LTongi 1tats ea® rvaéEbyaisarh @l $pewEiscspgtpr@luods anyer p}g@m glaslnﬂodes a

fe d S 8 000 . SCF .
R R LR RSB e S TN Dol &
@dsrﬁgmhee Ef(anl%e 83.\Etict 0P Oi’ﬁd(gﬂ‘eeﬂ%dtar@at%"_l!ﬁﬁﬂ @ar bon
( ]t roug t he cont acting zones for 600
A S Hrred Reactg ) é@g aeler wﬂaraf%etht: y%al product

s‘é zﬁrﬁlﬁﬁltrhélﬂodz @Iﬁlgcspﬁéﬁlﬁc@ aﬁﬂesﬁ adli ddga‘éﬁfjsﬁtﬂngﬁﬂét%@wg&@hé dAme as
e foll owi ng sequence: 400 0C MPa (1000 psi Q)

‘feé?ﬂbeHBE esd2. cpystdag a g ss d@trﬁ&lr@) witlhp mpdiag pore

Ji&&ﬁétér of-libf Atghabnsipad @GAE gltafnﬁf@f Ianlryb(ﬁeiﬁﬁm p‘éPg&ﬁto@ |c¥t§1 s% with the
952 hours. As shown in 3, contact of

W}m@b@mgmnmfréje gl ganmp nlelglsrwrsesp%ﬁ Téme catpkyst did Mvaxlahld absorptlon

. t $

T L
ppetidsef d@mttelnu)rqofhctamr w3pipmxs age tnipgatellia Tabletdentt1@f22. At 213
I%urzszs g{eeﬁggf Sgcgl?]l ?errng? %{r %uc% fé}edo\g/%sg(s 00 1@ 951{1s ef‘r fral? of crude
fEéld/t«ﬁ)tad: Btodadt. Bffer§6DRhurDihe iserjmedidad inareated |t(®0¢9®329 grams, per gram

r atd&%telsqotg;ct %I\éﬁl]{;rggsglolg %‘etrg}lgﬁ?{{t ?eiqgllvle%;[ %ﬁun%e%tcgn?ent of the
cﬁﬁ@duamltadpmdm nGQoieadich DGRBS & RS tecd v (B¢ ABDRAM
r? totia product, As shown jn Table 10 of FIG
A e

ety 1%?“%‘8?1?9 TICEEF Eh HrREtE; ahgn increased

Qn @intlh@%e&fatefﬁf s%ﬁ&nt?oﬁﬂﬁﬁoﬁﬂ&ré&ﬁes|c@ﬁ§(§tln§ Ql@le(hﬁd/of alyst
bdenum cont ent was at nost 90% of the f

1#64 Drsdbeared At BHPIG Fehanp Asperecatabrit WA %lé%tho%%frﬁxample
B80% and 120% of the feed Ni/V/Fe content, C5/C7

asphaltenes content was at nost 90% of the C5/ C7 feed
T eparation of a Gohsnns-O-1HMetal¢s )k CatalvstHaving at, beast 10

Jvhﬁ Mﬁ?ﬁdéﬁﬁﬁl q&'?up@&q (éOB%réﬁﬁs? ﬁf&?’&&n&u’(@% 02 grams of silica-alumina

and 0.98 grams alumina per gram of support was impregnated with a molybdenum/nickel

solution. A first solution was prepared by combining 62.34 grams of (NH4);Mo0,0; and
17.49 grams of MoQO3, 3 grams of monoethanolamine, 12.22 grams of 30% hydrogen

peroxide, and 50.47 grams of deionized water to form a slurry. The slurry was heated to
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at nost 90% of the feed viscosity. As shown in FIG
23, the crude product has at least 0.1 wtppm of

wodoglogissum at | east 0.01 granms of hydr ocar boPGT/DS20071080413

a boiling range distributien between 38 0C and 200 0C
per gram of hydrocarbon conposition; and at |east 0.1
grans of hydrocarbons having a boiling range
di stribution between 343 0C and 650 OC per gram of
aRysl70aan PONu P BRQ i tioh @ the THIRIsC MU o IRIRAHE o@b SR @ at
| east 0.001 ams of hydrocarbons with a boiling range
tamg%rﬁﬁu@utThéﬁ%wéﬁ%éwﬂ%W@@ &hd 200 OC at 0.101 MPa; at
| easty %c&gﬂsogﬁl%%ag)f)regéf% %péfnhﬁ)ﬂ]ﬁ W 95‘ ﬁmpgf N%N@ %,-8A9% 9.63
di stribution between C and 0.101 a;
gam$ elNiCD, @0130@6 arpsnsef dﬁymmﬂc\afrtwﬂ §01m 4 sﬁuray Heasineentggted
B LY BBy Mg ToP Ry AP AR (e figiindtonur
fomininga thsﬂhlltlomgvap olim¢d witil gt solak steresB ol atheOpH oflithg/FReytion
‘%Sd st 0.000150 grans of Ni/V/Fe; and at nost 0.01
gr ans of C5 asphaltenes. This exanple al so
denoridi fiadt egluti dnednd atcohdh szohﬂmnaifelnec@ﬁblmedfayld sufieieinaieionized
feed/ t ot e.remins a 0 .
ISR e Ty BPSLGER" Bhe B Bt loiri e
ﬁlhl@bdbahlafnyd(bBln@tegﬁatmheshitidilﬁ THe pit ofBSitesultiMdRoldibn was 2.02.
'[L el at u{selﬁlgr%g{l]a 1tl;]trho mo%%%gﬁg} 121@1%%4 g%%lcage%?or s%%ereﬂ hours

\dﬁﬂ&%&iﬁﬁrﬁl @g,ﬁtaﬁ&lﬁﬂnéﬁ atQPS P@FdrREveeQ Rk i 200 She@lalained@SIB2 7C
tenperatures of at nost 450 OC the viscosity

o tlﬁag‘”éf’vﬁé‘@uré v Bbeuliing Gfalybentasessh BF 2faeofifihek Ar 1§

dragd o ﬁnshhﬁO@@ﬁ R bE orWGHFHD@EE Palhrite Bbi g&iatp o80Th
N8/ 8. élrExa G%Pr epggbesl i on of CoI?erGG W ©

iealy depem/ngska Céraﬂwsr]lzadm Theshiag) Pogsciligiaetr ¢id S ATHEh aleat 9&% of the
AP nihiselP 8f ﬁges if tﬂe%ref &eh%ﬂﬂlﬁu&?ﬂﬂﬁ{g a M&g&a&g@r \Qfﬂhm 28 A of

grans) was conbined with 2 wide pore alumna (73
e axdipn aerd d@m@h@woamwhgmevféw@nhm el af supfecs anepaf ri(?f) al ’lg.

ﬁ{n‘i#vlg b? éblﬁgct&?a:ﬁ%?%ﬁ&ﬁﬂFéeg #lpf’i‘&g%aﬁ{lﬁsts( Jt%glg’égére of at
wost TEMBa. B rdactur dpparatusi (excapti fd; nuhBOT argiogteaimd corﬁtélcting zones),
[oni zed . dd Xt
tﬁfg [Sogerfltplrzoﬁlact\r%@é( E{lﬁlro\é\%\rﬁla o% e(?e epégc}ucp angfnsm a%%l%at%fglgt suf%%mg method
\&xp&refshmeéfdes&ﬁoedaoE;gmqﬂmé Cytec | ndust ries, V\ést

Pat erson,. New Je dde

e i S hRSERER etk e S ul Sy i age

@3.5rhritb@sm dhelyb@suint datagystiiXdou fcerbii@ higwupdnafwab pGsi@sidd in

cﬁ?n LA of 0.6232 granms per gram of mxture. The mulled
RPARCREE B H P ded using 1.3 mmtrilobe dies to form

1.3 tx mb@h@en@mtdata%@t@w@m &InB$ningd @3 RxhmYERhSlybdenum, 0.01
particles were dried at 125 OC for several hours and

ng@hOfdg‘Fli?i - Y4 grenseEraspigupih the balaggs beingrlminhind
Iﬁ@fn%la)fﬁédlﬁl%lf@dlﬂﬁge&f Qdg arags s@tffacgﬁfe)( Belegyum/g Whi leteﬁ %vuh

bal ance bei ng m neral oxi de and support. The catal yst
leaen garbishe &1 51 o) @ BrmiagulyRsisnp eaalystirdigpmearbide mixture and was

ﬁysﬁgﬁécﬁht&ftoﬂ.%tﬁu 143e66. 7% of the total nunber of
pores 1 n the pore S|ze di stribution having a pore

di anetfear swifiddtion o8 satalfysts.lee spaticans J00eevdd tanetl & 2 teaperature
& K9 t)@.l A heated hydrocarbon feed (Peace River crude) having the properties

summarized in Table 10, FIG. 23 was fed to the top of the reactor. The hydrocarbon feed

flowed through the preheat zone, top contacting zone, bottom contacting zone, and bottom
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pore volunme of 0.924 m/g. The pore size distribution
at theta = 140 as a percentage of total pores was as

wo edoBowEys0 <70 A 0.91% 70-100 A 20.49% 100- 13PCEUS2007/080413

37.09% 130-150 A 4.51% 180-180 A 2.9% 150-180 A

2.9% 180-200 A 1.06% 200-1000 A 0.85% 1000-5000 A
5.79% and >5000 A 22.04% This exanple denonstrates a
catal yst that includes a support, mneral oxides, and

RPForPst HOfBHR AL By d b Qb JAGbdNMas@ othe b RitdPeIch @fiHe ca_t@@htﬁ in
and/ or one or nore conpounds of one or nore netals

the BissaOst Ay dB2e 2ash & opgstinggrrditieiisivere asHallevay gpyosef hydpgen

Qas IRPFe@d %hszﬁ8%rﬁi/ﬁﬂ’ l%bd) §@F1\_*M 4nd L@IS}"(E%@@S RO rﬁle%é U&hé’c‘hng
of at |east 80 A d the catal I's obtainable b

ORVHE hepteddo ﬁ%e@ eﬂ a mosdsere of iLh MPat(P—x@Omﬁ@) aid the hydredarbon
{3 ﬂ(l)@edftﬁl%@h%le Ugﬂ?acglgg E?Ifeg] for %66 h&gé Cl“e‘rl?g{éléalﬁlsr F T o%?es&tﬂ& for

one or nore” conpoun one or nore
@ wmevngcaig 1ones JRae thed iadjuTedbind; mantdingd Bwipplotowiag asmkece:

ocCRPNAEL 1Mo Rid) YA 196 2 4 W {Pa B0t 149 hours.
6ta ?E\gata ys@%—kgsrlng ne Il:(ﬁ |d1té4@& nelLéqfﬁ)q

Treactbronappanafouthe (ex capystf ons 23Aitbenrsand cont ent of

t ti t | t ti
ot hi e GG, b sttty Dy O PR PSS a4 e g M
adtihogtragceoft ddRagane *@proksed a bade prodicx alﬁtliaﬁ a5nolfodenum

mol ybdenum cat a as des in a

BT oGt & MR e p e 25 D ey st o &g o gy arams
R dranBs cRRRB ipkddaned Cl/a;, adpﬁalk@ﬁ&stc@meﬁmtlgthmg a@ﬁﬁscoAty of 74.4
nol ybdenum cat al yst as descri bed i n_Exanp

it 2t -8t Pusing FhédPP HAPWirdeEnperaspgs thg & |V6h‘§ OBFhe é??d/él?f@}nedlate

AOELVREs POSTH BREEMbUR b€ -€ PRasGREHuRET duliBlg 26 futin fwte@ﬁt most
sul fidation of the catalysts, the tenperature o

%%gra@ﬁpwr%ﬁ%@ta@\a@dv%u sed to a tenperature of 400

0C. AJWGNRGAT BN 8L, (ﬁeé&l%ac&f\/tﬁé Pee&‘ Qth'oHthlfeB €ontacting
properties listed in Tab

topditionsent bomostgedld dnhae u:afetl?vﬂ@ L@hhft melybd@h@@pntzmn’eas at ypst 90%
UM ARG I'anzb&eglﬁl% coR@hd ﬁg]l\ffﬁzlt‘eﬁ&)éleﬂgwgs%ﬁw ﬁ%g%bd% Y8, of the

support e reactor rocar bon eed
@ahNa‘étFedonwmthCé@tmpmﬂtends eomamtzway stmost A0 fohé tlpr(ééiérfceel

%sglila\qxges %gﬁtel%tgt%é refsﬁo gt it W?f &l? %)eeé res1dug ﬁcgth?\l rrﬁ(/‘o ngy was

fogen gas
4t 2000008CHB)e fendl VllsdtdSMy V\As sOwh il FIG. 23 Tthe cﬂlml@plodm agstat fegst 0.1

heat e 0 0C t d bet 400
G RPGRs hhGaen Bt Lo 40 2R PSSR ik P e B ety
&stdbiRMmswasn shec ydrocardpgtaheg dydrbavgs cbﬁﬂi)@éﬂ@cfh hiktBat least

reactor. As shown in Table 10, FIG 23, the cru
(bF st ol hyiocarions bayineapogineganes digribytion b@@%ﬂé“ﬁegua&fh 850 °C

ﬁl;le?gfa%f h?ﬁro@ar%o%p%ﬁﬁ@n PRe &ﬁc@?r&ﬁctcﬂsto%ay Stlleasf0.001 grams of

V/ Fe content of 164 wtppm an bdenum cont ent

yriragabopgt wigha bqu%raég%chﬁﬁﬂ@t@é pefsen Y dsanddf “e@ht-aek MPa; at
lggst @.Oby Qﬂ'aﬁ’ig Bf m%cgﬁ)%gs Mtﬁ Qb@ll&)}aﬁggjdlgnbutlon between 204 °C and

343 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling range
distribution between 343 °C and 650 °C at 0.101 MPa; at least 0.001 grams of
hydrocarbons with an initial boiling point of at least 650 °C at 0.101 MPa; at least
0.000150 grams of Ni/V/Fe; and at most 0.01 grams of Cs asphaltenes.

This example also demonstrates that at the P-value of a hydrocarbon feed/total

product mixture remains above 1.0 at pressures when the hydrocarbon feed is contacted
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nmetal catalyst that is obtainable by conbining m neral

oxi de fines, one or nore netals from Colums 6 of the
w@e008045760 Tabl e and/ or one or nore conpounds OPCDNE2007/080413

nore nmetals from Col umms 68sf the Periodic Table; and

a support produces a crude product having a residue

content of at nost 90% of hydrocarbon feed residue.

Thi s exanpl e al so denonstrates that contact of a

Piehe e AR RAY aif £R6ks e bR a@n &0l MM abie B rddures #ndlny $tont I5t°C and

i s obtainabl e by conbining m neral oxide fines, one or

+Or’e M%P&%W&ﬁ%?ﬁﬁﬁﬂ§l 6 of the Periodic Table

and/ @'xafﬂﬁﬁ 29 rals%éﬁoﬂsﬁ%?ﬂ'ﬁgﬁ oﬁéra oRditiORI R aBbRE MPa and
fromColums 6 of the Periodic Table; and a support

tpme@t@t@@g ohatanqstied> Yoo thgoiscoraty ioh thegrugi @mgtttigfatémm b obthe

tn geg ﬁeh tﬁ%g{aeg@w%ﬁﬁ g%%p@bgtgoﬁmg 18 0C. |

%gs Sc&tﬁl?/ ?e%aféﬂd EID thg Plo%&%é’ %Er 3%0(9 r@g% gantspwas

sane con
dexdinel evi®? widd pom atunena(@3eRE eraok) ztnki@rltshqzﬁl and 31eved alumma fines

cat al ystdescr oxi mat .
SRR L B seSiesy gt A isForfiters Qo PRRG RS fRb Y with he
13&1&11‘: tn@ihingt 4[88043%&1@5 yi569. beds nitmtgzlgﬁd 42(TMQSgremaﬁfpieﬁ)mzed water

em) tra s .t hat e top. cata u i.n _Exa 25
FETBURL S Pt agh G BB R s e TPRR. Sifpdrfioc
BX30taghs, oﬁhymd@gﬁm wemwmdﬁ)mxmiseg OUSA) bastaedécoto the

catal yst pl uggi n% l e 29, Contact
e Py W ltﬂﬁ“‘ge vat E‘H%edefOth%{Pl(‘%C )25 @%ﬁ“ﬁ?sy e resulting

hix@iré BRCL P 0RO ahBdnUSOI FX2RE glfaﬁf's p lof Andus OMhERbilled
of contacting zones), the total gro uct separation

HefHowas eryded yingduthmdHEiby dies to iy | Sdtilebg extrudpe prigrlsyy The

&%@QQ Weli& &Q@dﬁéﬁaﬁ 185° @ﬁ%%édeﬁ@ﬁodr@ar@‘tﬁé@éaﬁ‘cn@d af676 °C
enum catalyst (27.5 cnB) as prepared 1 n Exanple

(2215(%/ P) dargyo hour.oFlim catai! seinehenvd i (Barayafmiaditidenon want)h the
&aﬂn@é ge?n%?nﬁl%ﬂtﬁ 8XIM\@§1(1%F€IL'H %ﬁ?ath gﬂg n?&retsgp]dlsmbtlgon with a

contacti zone denu cata
wedBin mlrefhametdr dzfyl W Iztewnleﬁdn?f@ off deomtalbeldlbﬁnof&»omm de pomnge

(instpgt%gn \r'ﬁl%/aﬁ 1ame cr w1t?un 3(3 A 8 meglan ?%re él%tmeter and a total

Fum-cataryst/srlircon ca
I(dﬂe7v<ﬂﬁmenﬁ) 92ﬁaaﬂl/g)05| tioned in the top cont acting zone

After sul fidat.i ca yst rature of
the dBRPhEeIRg Hnde hlff D AR e AP Pl e &
B385wOC70A by U%on@I (A 20 aed; ((FQBDQ& 3’ma@%ng30t1tso A éfl 5}1% 150-180
ropertj ri i.n T 4 e
RedPeaphafo RHFelsbee 1 nd@P Durbua st daliF SR a 75 ana
15000 Wale g4lbe preheat zone top contacting zone, bottom
contacting zone, bott om support of the reacto

The %%&%Plﬁélﬁmf)@gatet\ééat%ﬁt%tné]dildw A DBt FiBralcgides. and

SRAhYAL Sethil fﬂbh@cﬂﬁrﬁﬁ @ %F ﬁle @’tﬂzn&ﬁéjf{ﬁﬂ@ﬁhdgﬁ%ne @H&I@%Bﬂlﬁ&nds of
conditions were as rati o of hydro gas to

e O MRESG RIS ﬁnwe@thn{l Q@ﬁ@le Sepplic ek | Figya §t fos 8 PArepize
F8Bodoea v Iﬁ&fténr}g)re diameter of at least 80 A and the catalyst is obtainable by

combining: a mineral oxide fines; the one or more of metals from Column 6 of the Periodic

Table and/or the one or more compounds of one or more metals from Column 6 of the

Periodic Table; and a support.
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zones were heated to 390 OC at a pressure of 15.9 MPa
(2300 psig) and the hydrocarbon feed fl owed through

wo b@soeszsdt or for 4703 hours. During contacti ngPehes2007/080413
P-val ue of the hydrocarbonsieed/total product m xture
remai ned above 1.0. As shown in FIG 24, the crude
product had, per gram of crude product, 0.0665 grans
of basic nitrogen, 0.241 granms of residue, 0.063 grans

@iant.ﬂé 87. Eomtadt ir2ANIrb&RBSH F&dMith £ CBlud 6 NfetzQ(sQ@Ztalvst

and a VISCOSIty Oof 45 cStl at o/. o
A M e FinescThcpgactos appagiiys (grccpt fﬁyw@@aar@mntent of
cfo%{%@uﬂg ioﬂesﬁl tﬁ@&y@a'l idl%tiuéﬂ @éﬁa&ﬁoﬁnﬁ@lﬁ@ c?ﬁd%%r&iu%&fnhl Yt .0 catalyst
a nedian pore di aneter of between 50 angsfrons
%lﬁdilq@@etb%\g@rpmam atidpsertbed icExpeplp?.oduct having a
basi ¢ t -
hydr &%F%ggﬁ@e%&%ggcde%ﬁbg%gﬁa co %% e60 rY?df g (%lsmctehxsalllrlrcp garbide
@htsgootieroriSo mfmdMhaposamme@unth@bot@mwtaowmﬂ feed
%lggde%ulﬁ%gt% ¥ Qs%}qé%gi{l%% Fin 156 gva%%%&eg (% ts?l cgﬁ %arbltde (total
mhsne Shcaf’) aﬂdezvdvrﬁasm@mﬂemme m‘p dhectmgdooe ar bon f eed.
Exanp e[S ggfégat oep ? ﬁg tgllgftg&kleatamﬁﬁrﬁwger()f tlﬁ-rcrrq)l‘[elt&lgtzlr%gazo}{es was raised
tSQ|t¢Ih1be®a[lu1‘A@S 40mde dyydosnionifeg (P&fse RDvegranimg de propertles listed

Ni -6 HO a d 99 dei oni ze wat er
I oy riRoRRifi M B n el e PR 3R 0
SUPPRH 2008 20801 6035@1@ ):ortehaid wabhabfpe o@ t&ﬁre@i@ MEhof
silica-alum na and O. granms alumna p gram of

ydpsenbpn {ed vapsitackd Whtqa[ctt Hdhggaiabysts i g}emr?sglﬁce o hydrogen gas.
N PedRRBNE @E@lay %110()&/@5?&{15 9t By REEH agaﬁtﬁqteelm 3(28&°RBF

rarrs(%ﬁﬂlnarru During nulling, HNO3 (128.94 grans

/banéhalsarewrﬁ Yied Thatwey cqirgiase @eig‘f“%ﬁ'@?at% 300 °C and
aedefhel Betlbén moﬁt%ﬁ 4@1‘% Btrhgprégsﬁ&*e WF € 8 WS (3 {)s‘«? ff)10671419urs
m nut es. Superfloc(r) grans) was added
asitlxet ydeocatydn fdaé ﬂmV%i ihlr@ghé@ rimtqred for 5 mnut es The
r esu'&s sﬂgwmlf(falﬁ[e 10h§fh 33 p[hle %Ldél r%?u.rc?gﬂi e?wé‘cgs ap(gf 5@ 1%1%%7 3
grams per gram of mXxture. xtur
Exuresdied cogemgf 0.2Q2 grams,rpet ghe of icgslyston NoVfhieto@edtrof | @betppm
extr t r The extrudates were dried at 100

é fng(?q%dg{lfglﬁaﬁgm%m 8&) > A% hen cal cined at 676.6 0C

( 125(Th&!%)xalﬁlp]le dEMnsltpam that chihexctr @ablytliongbasafieed yfﬂh a Column 6

cont aj r f catal yst 079 rams
Ao BlBSomaPERR AR & ooy e Bt el 0O B
@@h aboysins and ttﬁ:lﬂaﬁ&gt Tabl& encvmlfoyib dﬁﬁdﬁicﬂmg&ﬁids lsfactnaloy siore
i.an re anmet 96 A, with at |east 60%
B et AT g PG5 EE: T & HaP oG o poduct
Iehiv S fal r4idue @BntBR \oif atgn@st 9@% %f ﬁy@@@mﬁa fddtrilidhe 3 Thid eREmp1O &lso
medi an pore di anete vol ume_of 0.596 nlL/g, and

%?@&??aéf‘ééhaéﬁ%a%f)%@dﬁ%ﬁﬁ’on Foed e Gofumes HECHE FELgFstghat s

(kﬂ‘lﬂﬁé%@‘equ%ﬂlbﬁﬁl?gjm%fahoﬁlﬁ@ﬁ&@t (§1|e36§ tnore 1h&alk B8 lumns 6 of the
apparatus (except for nunmber and content of contactlng ;
(¢

li%lﬁé@)Tab]le 1ed/pioAng|or BIoFdPEIPOYRds &f aid G indietRgls, from Columns

the Periodic Table; and a support produces a crude product having a viscosity content of at

most 50% of hydrocarbon feed viscosity at 37.8 °C.

Example 28. Contact of a Hydrocarbon Feed with One Catalyst. In a separate

experiment, the hydrocarbon feed was contacted with the catalyst as prepared in Example

24 at the same conditions as described in Example 25 and in the absence of the top catalyst
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crude product analysis, and catal yst sul fiding nethod
were the sane as described in Exanple 5. A nol ybdenum

W@ 2108l0y650 (27 cnB) as described in Exanpl e 30 mMeBURIRBOB0413
with silicon carbide (3 cn8y and was positioned in the
bottom contacti ng zone. A nol ybdenunt vanadi um cat al yst
(3 cnB) prepared by the nethod described in Exanple 4
was mxed with silicon carbide (3 cn8) to forma

d@érﬂk@ﬁ%ﬁﬁ%’@dlm&ﬁﬁﬁ@idﬁ{eiyﬂﬂ HoGRIbf paksitb Bearit AbdAr Bed
37.75 cnB) and was €03|t| oned in the top contacting

gh thagreagior.dhg qatadigt beshplegeed. hEhig etagiplesdegnonptppges that the top
&Qa!i‘}sﬁ&s‘éh PR %[b@ézﬂ’&%ﬁl%vés%'t I%@Q Qn@nhﬁiﬁ@ @b Abdtngs @br A8miple,

A hydrocarbon feed having the properties
@dﬁh@ﬂp@@@mpwrrds)ﬁhfé cqmrlbtp:q: C] ca@zltvsv\dggglw to the top of
E}Qﬁnﬂﬁ@ Q‘(f.t @finta&n)? ali-Y\Qﬁ'Q&"il BQPﬁeeﬁ%ﬁl z( bgim 6 Me?zﬁ@hCL&?Vst The
prefieat Zone, (0P CONntac £0Tl1e, ctom contactrng
rzgte, appaveubEkeaphios uwpmrtandatomdmeomwotyng Phes) ftszetdtawa@duct
S%?fﬂ‘%}tﬁ)gltlﬁgh(y& Eltaldg &%@uc? anz{l ‘If:]‘sg gI%l‘(:) c% C?Y}{%% Sﬁ)l#gﬂr\}él?gthgi 2% MeKame as
desctrib@d\m E)raatpilecﬁ of hydrogen gas to feed was 328 N8/ n8

(2000, S and V. was Q.5 h 1 .

S ones TPl Bl R IS5 oL aperdetid ESubl® of PGl e o
10230 npsicgthlyaigsilidos chryide atanizoms fpeddodel ovead bbtm’rm ctgfﬁactlhg
contacting zone for 4703 hours. During contacting the
Pal ue of the hydrocarbon feed/total product m xture

r erralmﬁldlya@@l\aﬁl/\knﬁlilurﬁsatsllwm cinf) prdpared 24 the iR@h&T A@ibed in
roduct had, ram of crude,product and 0.255 granms

il A D W%%kféﬂ’%‘iﬁ (@emiHo Foraey mahbdspugestiom

chbdl c;%t/ﬁﬁ@ﬁ@aﬂn&eﬂﬁ@ﬁ‘ﬁé ﬁ@b@ b hds pofibRatin @k té contacting zone.
rocar bon feed a catal yst prepared by conbining

a us et teg aldfapion of dscyiakyss.aherlomprraresof therenigctingyaeswas raised
tBraQQ‘H%eg /m@ of BgHe PL ﬁg&séarm\fwmteﬁ» ﬂ&‘\ﬁng'-:tﬁl@?)%&m@éc at
0

of hydrocarbon feed residue
SDFIEI]E?@IZ%@ llndhbbfl 1 aFIGoP4iwasted taihe topf M@traac(@) TEakhydrgogtbon feed

AR SPOA Bf pUR REER S b LRI oo
szper)f)the Jamjoﬂ Jhe ﬁy@o@mlmnd‘éeddxeascmntz@cﬁ wal eachtt)ﬁthb catptysts in
tﬁe # [-Lhce (-)rfql fc'og S g/agta ?nragtc%gdly 1l gvee e %s%{) W rat%%of hydrogen

I Cl ent on%
gsmafeaedamzsmﬁh3/m6{mo® BGrREing HtHDpwhhes B, omegwa mmtachg)

17 57 conbi ned
St B RS ST IR S S AN i aRie e B Pisrosigon
M&ﬁﬂov@d thuEH t;h'b gdjc@Bﬁ;r Q’gogroams Dmﬁln%\rb(érﬁs@tl)lg lttﬁ PH2Me Cﬁ ({1
99. 21 0 ej oni zed water to rma slurry. The
]@’ldWFFS‘PgQ\%Tg/F%%ItPé ueffpixfurgjepained abayg s or t (3208 56
gr anmes shbwih inClaGt 24, MRctr@ieQro@ic a8, i gfainl ofGard pkiiuBia0 o665
0. 98 grans al um na per gr.am of sug port was conbi ned

gihokiisic pitogen. 0241 grams vt suluRseop 21amssy (Qpldrril)r asphaljenes, a

0eiR! @heen3101039 ofls! 44A, Vl&gial%/ ofk5dsi pniged water was
added to the mxture and the m xture was null ed for 45

m nutléé exppple deropstrptsgythat sontpeieofigdydigegpprofeed with a catalyst

having a pore size distribution with a median pore diameter of between 50 angstroms and

180 angstroms produces a crude product having a basic nitrogen content of at most 90% of
the hydrocarbon feed basic nitrogen content. This example also demonstrates that contact

of a hydrocarbon feed with a catalyst having Columns 6 and 9 metal(s) produces a crude
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4.75 and a LO of 0.596 granms per gram of mxture. The
mul l ed m xture was extruded using 1.3 mmtril obe dies
wo eooBo#3TsA. 3 tril obe extrudate particles. The PCT/US2007/080413
extrudates were dried at 180 OC for several hours and
then cal cined at 537.7 0C (1000 OF) for two hours. The
resulting catal yst contai ned, per gram of catalyst,
0.079 granms of My, and 0.022 grans Ni, with the
SRR eI MORSRIRA I at hb® 90% o BEeNORIBAEK) tedlydloYsbon
ad a nedian pore dianmeter of 67 A, wth at | east 60%
fs¢d-t he total number of pores in the pore size

Elarigib 80! PRRBabiRibh 38 TabiN® HhATRIRE Wi Srlpatt ift R folifling

nedl an pore di aneter, a pore volune of 0.695 ni/g, and

Rangy. f Aoskd selytigr W%Badﬁ@/y gomBhoing86.93 Zranseh Na®NOsp 6 HaO, and

égﬂr%?&ﬂ{ 1 nﬁ@&j wilel t(]) f@m@ Llﬂﬁg.s r{ﬁe \17?5 1{\42{3@{1 tﬁ)clear.
tdlyst e reactor apparatus (except for nunber an

copire320%H56 gems)dbiticogjaingh@8) gramhef oticl-alpmindand 0.98 grams

rati . pr l,vSi s
SEPAH P, TERARS, LB LRI, B0BL 3L B g
damlEx @PL L glms A andMpbd 268185 rerakse in catdry Burif@ mutimB,) HISO 5

i bed j .32 s m ith silicaon, carbid
% Ut o Ol Rl S AR 2B bbb i R g Bfure
ahd niee mAUT® e eudnibyvanathiute) Safealog®t16((30 graby) wiseidasdEd the
by the nethod descrihed ip Exanple 4 was m.xed with
e ] B P Vs i o & B o 1Sy ae Y SAAAPLAS 418
MdtadlIsr OHSbT beaR peadrbhdemmngeur e (37.75 cnB) and was
positioned in the top contacting zone. After .
sul f iTélﬁ_tnP%lﬁd By xlyng avag é’f%dﬁ‘%tlséf}g 12 élf%%?b&é’ﬂqsﬁ‘@f%ﬂ&mbbe
MNB8acE BlrBAEk. 1B 3x RIARE At d 8f 10880 10GevAalMbdfQaaiHaN
feed (BG 10 haw(gfg t he %ropertl es summari zed in Table
cpicineptjat 761" (Wel 354 dl fergwe Raurs o phepesultig Gagadyst emtainpgeper gram of
J&Ya@';rsﬁ @)ﬁﬁb%&n{s%@ did byt é}ﬁrﬁélﬂh _wh!ﬂ%h@ﬁa@ﬁ@@%eiﬁ%%d cdi@Pst and
contacting zone, bottom contacting zone, and bottom
sipporEhegfolytenye/aickdcatalphichafl @ b diga porsahagiered 90t with at

f in. . . of
A
Wildn 89 erpf glassmé¢dpant reedldinmeter3 2 o ufiRG0 0. SICHB) 2, andla buH8e area
%86 2b h 1 . The two contacting zones were heated to
Bat a pressure of 15.9 MPa (2300 psig) as the

Exaupie at.bOonthatad aghsirechrbén Beediwithhthe €tatilest! Thgrezamespparatus

or 4703 hours r contacting the P-val ue of .the
S PaeEr R raLnitet AofRO cohar il b Fafrudp feod
dudd présucsimansis| and Ehidyst24difidinaendioddeerp tho datad adtrekribp@in

ram of crude product 0.235 grans of residue and a

BPYsity of 41.8 ¢St at 37.8 OC. This exanple
denons bBbemulnNalalyeony 26¢) RidedriByCinh PxamnpRBO MRS thivddivitha
catal yst that,has or nore netals from Colum 6 of the
Peop sardtde thpre aahyroposEivaedin ﬂ?ﬁ)tfoéto’é‘(ft‘?ﬁtéﬂﬁ’észo’éﬁf one or
nor e Nﬁb@b&nﬁlﬁl%%rﬁ @Ha%%thﬁ cﬁlpbq)ré:ﬂ%%e'd%?'tﬁe Iﬁﬁmcﬁdes%ﬂﬂd in

0

one or nore netals from ums 9- the Periodic

Fabinke Gyl Bixed eh silicorsaebi gt nadot a wilybéenupgyagadium
Jﬁ?atl}%tlﬁlicon carbide mixture (37.75 cm?®) and was positioned in the top contacting zone.

After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A hydrocarbon feed (BC-10) having the properties summarized in Table 11,
FIG. 24 was fed to the top of the reactor. The hydrocarbon feed flowed through the

preheat zone, top contacting zone, bottom contacting zone, and bottom support of the
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from Col utms 9-10 of the Periodic Table and having a
pore size distribution with a nedi an pore di aneter

whediseei1s60 A and 120 A produces a crude produpCT/DS2007I080413

a residue content of at nost 90% of the hydrocarbon
feed residue. Exanple 34. Preparation of a Dried
Catalyst. The dried catalyst was prepared in the

foll owi ng manner. A support (200 grams) that contained

Raddd. ghaf®d Hfas BorfkredraiFea®f oMhCk@liysand 1@ P& eBe@MBydrogen gas.
al um na per gram of support was inpregnated with a

GRIPHRR FRGOBL EEHE a8 fllgRFoFtio PhBYdsegen £ru foedsvassep Ninean’
@MO(P%)%H‘ QH%@] B8 @ ﬁ"ﬁhQEwé\/&%cu&gAfzo%s xgééﬂ'e‘at&i‘ t0 390 °C at a

grans of 85% H3PO4, 0 grans of
mgﬁsmquo,f éﬁi() Waé%(i()dmfg@ ﬁmha hzdrmar@pn fq&ﬁeﬂosﬂted thrpughebe egmghcting

P 9705, AR AE Ik (Rl ROL NG e
m'rxltux@reommmégbcrvedu)ced to 166 nlL The sol ution was then

00! S S E AT SIREL A FoauTBPH, Bfuat NSRRI OB 55

1.71 e sup ‘Was | fegna
grmhy@ﬁendudandlaazis’comloﬂ% DSt aa@é& °€or several hours

sever I RBuPE BOBPAR e AR PSPy Bad i g Bty

JORS N b’j/&ﬁmbﬁﬁfig agl[samanilysﬁ At@bnyisd 6-10mehbs, gidarsep@frt fybduces a

0. 032

Gidetto B R kv R B P ARCE 8 Ry Bapolten pisidue
PRinyle s ume{aaﬂaioh/onh d@ﬁimlfsaat ﬁid}’ﬂl Mbels)2CAtalystO fThE cABiIgst was
gr ans perdgramo cat al yst . npl e 35. Contact of a

RN ORI R FEBRITWI A e an 3Py weade bpconpbinipg 7.7 grams

SRav@h Usid 18X ¢ 8RinsfoP teiBMPRIEK a @6 (RN @y, Ofhe SRAY 3Gk hOGed
zones), the total product separation nethod, and the

wilieleargnd slEeienirgiopigpd wiler was adedsig r?@naﬁle@@@bmp%@@kql folution
V@i@%&)%@%ﬁgfﬁﬁky Mﬁﬂ%ﬁﬁﬁﬁ@hﬁ) a@ %Q?m%e&&&ﬁﬁ 4@45.49 grams of

described in was m xed with silicon carbi de
S(uasoreepntﬂmﬁf}g %ﬂ%igl]amg pf A@néfdl sohutiph evap mpdam eoorbimes 28@95 grams

v .
plaR S e A e o A e
lwagd cowltcdani A gu@0f1432§)|8 2rgrapfs) tol gcmcbawdm%@rarg? &miligh-alumina
n?tOE)d8y %ams e\l%mm? E)gagsegrg% ofill %Sorpk%lﬁsn nﬁ)rlrl(l:egﬁw%l at%{%r?ialge?nqatloélfnd
Mn®B) (4an d7 gmmsi incnedleir. nDtuhu@ mhalping @nd AL dengnwdwea.ter'ﬁhe added to

at al S re sul fide t.he
R B B Rl s S B Y el Py e SR SRR T ot
&718 inddaaL(DIQﬂ 0506 eh@nsgat QjalylSiéfﬁnxthll&e t enper at ure ?f t he
cont ones was rals to rature_ of 405
i[%ﬁ%ﬂ%ﬁﬂi TOBYE Wag 8’&“’@%5 teing L- ? @? 3o formayA wilpbe
fIxﬁﬁdaQé Qﬁﬁﬂéd el?ne wmmreb %Rk dridd Itawoeclfan sefdréd hodR an@dehed
reactor. The hydrocarbon feed fl owed

%aiﬁnt%l@hﬂf y Cpﬁvl@% 40 T ho‘l“ép“&%‘i‘?f‘%%l%% G brRatainsgt Res ggam of

&%Ns@@tm@ %ra%ﬂ%f@ﬁ MARgh ROt QEMSND Q@ﬂh&h@lﬁalén@@b&ﬁ@&ﬁ)?&rt The
hydr ocar bon feed was contacted with each he

@alvmeygménqkﬂl qatdysphadgenediangorndignelgiel 6dds witighleas OPHg! the

t%&pgthﬁﬁe? BE%GQ@SHE 1 o{reoil‘r%gié\)é%ﬂblﬁ@%l than fSBfQ GAER: 4AR 25 A of the

medlan pore diameter, a pore volume of 0.695 mL/g, and a surface area of 268 m?/g.

Example 33. Contact of a Hydrocarbon Feed with a Columns 6 and 10 Metal(s

Catalyst The reactor apparatus (except for number and content of contacting zones), the
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and LHSV was 0.33 h 1 . The two contacting zones were
heated to 390 OC at a pressure of 13.13 MPa (1900
w@3oogp43so t he hydrocarbon feed fl owed through PeEUS2007/080413
contacting zones for 2537 IB®urs. During contacting the
P-val ue of the hydrocarbon feed/total product m xture
remai ned above 1.0. As shown in Table 12, FIG 25, the
crude product had a viscosity of 63.5 ¢St at 37.8 0C
t@ﬁd%ro@uoz 4Pafilieame @b, ARl PHRIuANEaIGSS, @ﬁ@@ﬁzﬂ% ST er%ﬂ
024 grans_per gram of crude product hi s exanpl e
‘M@ﬁﬁﬁ’ﬁmﬁﬁ%‘é@sfmﬂﬂb S.of a hydrocarbon feed with a
dri edy ﬁ@fy@he)fﬁ%nhﬁ&&géh@aﬁ?st @27%&’?% REQMEE ]ﬂéﬁﬂpﬂa%zﬂvas mixed
resi due content of at nost 90% of hydrocarbon feed
widls$iligra. camidet(hem rmod ivp pesiticand math@b(monecrqnammgezone
errbo P | -
bo. anon B A O S A RS ) Tyl Gl in
Exinglatewey mped gith smc@mamlrl@@)cm i llmfsrrrdemmbp@nuovﬁvam@dlum
%Eal)%gﬁlséon%%%u% l.X ure hggté){nv | S dp&”t?({nﬁ& m tg% toﬁjugntactmg zone.
gener/dler mﬂﬁdraeton of the aatalystmghmmmtlmg Aonwsendre crised kd a iesipb@ture

n rms. of. the invention sho
A oo R Ehatsed 15 A0U R e SRR B AP fbre 11
H@b@dwaﬂ’eﬂ&) thEkprE teseand. Mad Rydradathordded MBwad bsdugh uiteed
for those illustrated and descrjbed herein, parts d
B e BE ORI Per OO SRE LB ahn T GpirsF ¢l

HeAENTHhO FeclB)s Bdhtdétddlvigadch sdppaind@ttihYhe @tsen@r Wotbgbn gas.
be apparent to one skilled in the art after havi nﬂ’ t.he,

havsting cyditions wergas @lioﬁ’f; i BHo Of hydieeen goeiRtieednyas h%
@B Serpade LHsVihe (23 BMERE Swel&necliReHnBEREL Redldd th@gff) °Cata

dep artrnngromthe spirit and scope of the invention

RessHESE 1 -B &P (R30siep ot the i digcaghonifegsl nessed firpugiytis epntagling

%‘ﬁ&m{M’Rﬁ Hal:_d %hﬂ@crﬁitaféﬁh’?ﬁe ﬁ)rv%%%ff thehQHIBL drBd@ed/total product
contactlng a y rocar bon one or nore

D&t estagnetl abgieddlce a t ot al product that includes the

d
ot oy e BTGRP E SR, RESRYEN ol
drass af eadiedud agondsepof 61.8 aSt alt 8a8tCo0. 1 gr amns per gr am
of hyl(liﬁsoec):;g Fl%@igmgl%gra e§t H]git ontact oefsél he{grogz%r&])n fte%c? wﬁﬁag cat l%t‘%hat

i s obtaina
e pemmetadtss frbmr@o@ohm(mf tﬂie BénddlméTaFBdH andbir 0neT<arhhc&e acrrdpScumds of

S5 AP 225l TRGE 4TELRL B kOl o

Canmhod-i Bgthé OEH RIS TablE M0 blid @mSoratormpduadd df@dhe or more metals

ressyr h en_of |east 3. MPa and a_.tenper at
@‘?m f%@ﬁ‘él} ‘%g’eto'% indie dalie a‘?‘frté“lf’rglﬁ‘d’@repﬁl@m r{PLPﬂ & ith a median
Irdw@r@m@teﬂsisapéenrmw 0 12oresbauss £entiepbdat hatindstid@0%mtent

of the residue content of the hydrocarbon feed,
e ety Oreedithfhy deaspibamtect iesidge-det er mi ned by ASTM

PRInAE 3458 paration bPS DIRUAAIN:. GhalRdloaaREW & Refallf in the
TColum © nmetal conprises nol ybdenum
following manner. A support (200 grams) that contained 0.02 grams of 0.01 grams of

nickel and 0.99 grams alumina per gram of support was impregnated with a
molybdenum/cobalt solution. The solution was prepared by combining 46.68 grams of
MoQs, 14.07 grams of Co(OH),, 20.08 grams of 85% H;POy4, and 300 grams of deionized

water to form a slurry. The slurry was and heated to 93.3 °C (200 °C) until dissolution of
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3. The method of claim1, wherein obtaining the
catal yst conprises conbining the supported catal yst,

WO b@s@e7som 6 netal, the support and one or nDPET/IBL08Y/880413
from Col utms 9-10 of the Papiodic Tabl e and/or one or
nore conpounds of one or nore netals from Col ums 9-10
of the Periodic Table. 4. The nethod of claim1,
wherei n the support conprises alumna, silica,

@é bdiegaml Med ﬁﬁheﬂﬁeﬁt@@hﬁm\/@mhﬁ%{ theisbIGRB WB @Xicd&io 166 mI. The
or mxtures thereof. 5. The net hod of

@ﬂtglpgqf’vlfg % )é:’»(&%to 9N PP dlheat hefylg solwion wis dd -
cat alpys fs%pp%n Wi ?mﬁ@érﬁ% Wfh 5l ﬁxbgb&enum%ﬁt a)htd&ﬁ 8. aged for

supported cat al I's a regenerated cataly
seeerhldyuesfwit %pfmonal agkietomi and dried PR OF f@de‘@aetl apt}rstovemlght)

ﬁlﬁ:er uhtﬁl%t%ﬁﬁlygpéoﬁmheg &ﬁpgﬁn of %ata%%rer% ?IEIS% Qlf%?,u AU éams Co,

el n-the supporte tal yst
(2 ghams Of phiphghonmst dndd). Bf grahadiiVibyithwhe bainve bieg supppior Tk

&@g@&%ﬁ&/c&ﬁﬂ%&&?z?aﬁﬁys?g%dlfﬁo?ofrﬂaé a:%;%,}%so eagﬁ% JRLARG, of

al ned ca pore-si ze

Elxzmtnle Bt Contactidf b Hydrechrbon Memth abeied ICaiaim B reactor

str 150 a t r an 35 .
SRERS BFEer By Pnar S LafTR or arR TR 4 BRI, B pleuctFgparation
mé&Rodyehdibd cafle plodidnadalysiheére the shiie aoikaitee th Eahgpilyst
has ce area of _at | east 100 nP/g. .., The .
ot na bR sba 3 e TR g Bbal Ao mAR 3¢ JAE mived wih
SITAChBRIS (P& Bt PosRios&Eih theGdRamicoMhctfgXbay. €S

thereof. 13. The nethod of ¢laim1, wherein the
obt ai An%‘éllyﬁéftn&lm @yl 9§t67 F{Elr)tl}ﬁ‘é’rng éé’ﬁf?rsi‘@é’ém&ﬁ‘é‘% pithg pedian

ShreaBnter & 1@Q1Acﬁlldléeﬁaﬁi f o4t henfarhQ@endRBleran df Oftalyst,
one Oor nore conp ounds Og one or nore elenments from

Ot Bghalagrebping r@@mla@m agEnapiniaa support wag e fad sgfcon carbide

Gbay Ul‘ni)'an%%t%lﬁdhnﬁe Hﬁb%ﬁ’tﬁ&[n@%nef eed has an AP
gravity of at nost . The nmethod of claim1,

wher €libn cgthlgste W@@éuﬁndewmmg thagiedind pndaserzhed in H.SAPpent No
Vd A t .k R
R E, iy FRE oy BHA{OHS IR chelfathy bl i
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remained above 1.0.
As shown in Table 12, FIG. 25, the crude product had a viscosity of 63.5 ¢St at 37.8
°C and, 0.243 grams of residue and Cs asphaltenes content of 0.024 grams per gram of

crude product.
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19. The nmethod of claim 1, wherein the crude product
has a residue content of at npbst 80% at nost 70% or

wW@roososi7560% of the hydrocarbon feed resi due cpOr/@s1007/080413

20. The nethod of claim 1, s9wherein the hydrocarbon

feed is contacted with one or nore catalysts in a

fixed bed reactor. 21. The nmethod of claim1, further
conprising heating the one or nore catalysts to a

t enpematdih@pRideAbndi8RS thatkWBtalotlayadrobdB%h RES WK a @fled catalyst
| ess than tﬁree weeks. 22. The nethod of claim 2

HedusPe ¢THE RAdIchhavifsragreddicopspicof 4 Boy d9teed hmrpeﬂrbqn&eed
&gantacting the hydrocarbon feed with the one or nore

catal ysts. 23. The nethod of claim1, wherein the

met hdrthermpadelicagonsnil skandtiva empedhaenthgl taneuscaspeies of the
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produci ng t nsportatlon omat least o

técotdinglhatias fesaptionnsto bR 4onsiuerbashiie tiafivepmbydandiinfyr ehe purpose of
t% ;ﬂﬂ% tch{ le%ﬂgéd alnglgn t th% ?é}l%fa% %hlgner mﬁ}%?rg%%%uftﬁlf glglg 1on It is to be
lm'deﬂsﬁ])ed Gat @b fets of the mve‘miqmrshoxﬁn amet dekcribad adryintare twl’me [a-kelm as
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one or e s, frqm Col f t he Peri odi
PSSR B b oS R e Ao e et oS ar

dMeXhalig thObéheti TR adsdfigtionlof @le ilMREtion2 AthalgestntryfbRmiBda in the

dried Colum 6 netal catalyst; contact|q$ a hydrocarbon

Flepdntsdepibes Beramuvealoweaﬁﬂ%frﬁ%ﬁ%q SPHH BT §F8PC ?fdh‘b%%ﬂﬁ’é’é as
Rséi¥edin BE RAMGIngtdiadks.i ncl udes the crude product,
wherein the cruﬁé product is a liquid mxture at 25 0C
and 0. 101 MPa; wherein the hydrocarbon feed has a

resi due content of at l|east 0.1 grans per gram of

hydr ocar bon feed, and wherein contact of the
hydrocarbon feed with the dried catal yst at | east
partially sulfides the catalyst; and controlling
contacting conditions at a partial pressure of
hydrogen of at least 3 MPa and a tenperature of at

| east 200 OC such that the crude product has a residue
content of at nost 90% of the residue content of the
hydr ocar bon feed, wherein residue content is as

determ ned by ASTM Met hod D5307. 25. The net hod of
claim 24, wherein the Colum 6 netal catalyst

conpri ses nol ybdenum 26. The nethod of claim 24,
wherein the Colum 6 netal catal yst conprises at nost
0.1 grans of nol ybdenum per gram of catalyst. 27. The
nmet hod of claim 24, wherein the support conprises
alum na, silica, silica-alumna, titanium oxide,

zi rconi um oxi de, magnesi um oxi de, or m xtures thereof.
28. The nethod of claim 24, wherein the Colum 6 net al
catal yst further conprises one or



nore el ements from Colum 15 of the Periodic Table
and/ or one or nore conpounds of one or nore elenents
wo e@sn@bunm 15 of the Periodic Table. 29. TheromURmd7/080413

of claim 24, wherein the hydrocarbon feed has an API
gravity of at nost 10. 30. The nethod of claim 24,
wherein the crude product has an increase in API

gravity of at least 5 relative to the APl gravity of

t he hydrocarbon feed. 31.cher s hod of clai m 24,

wher ei n the hydrocarbon feed has at |east 0.01 grans

of C5 asphaltenes per gram of hydrocarbon feed, and

Y\’f‘%rﬁétﬂocf&%r&h%ga@ﬁﬁggﬁ)huaac%nﬁ‘m% asphal tenes content
of at nost t he hydrocarbon %eed C5 asphal t enes
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Igriduafegteads pr degrmingd oy M4 M Wﬁloflll?é3%/dr ocar bon feed

W trhe fB@o@BE 1AM MMhErefRhALY SIS -6 Bfal cORBrif® hidRBaSum.
claim 24, wherein the nethod further conprises

3-r Abe methad phdaithle Whpigieobprinia e ctalys comeriss compiging the

s‘illbﬁérfeh lCQt%.@Stf {h@@blu?[ﬂlsé m@ad tlf%rsgﬂﬂ)?t' g OBJ ANSRO LRl ¥ Columns
fromat |east one of the distillate fractions.

9380 OthBﬂmﬂc‘; lepndiduciany nsore sunewupdsod 9o¢ or roRprias fign
é&ﬂ?ﬁlﬁ@ W09 @e py 9c°ﬁa{b?e°n feed with one or nore

catalysts to uce a total product that includes the
£r kaempltho@ uﬁ:dlalm/\h stheiem thdrgppeny d@nmrse&jfdmnmawl&al jilgpatadiimina,
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ue cont ent per gram
of Thydedodobhdainf leedigreartbe auppbrealshitatynes aﬁlsetdhnetatyatt al ysts

as, at ns of . cat aI
b InapelREbe it Y5RGBT do R Rl AL o Sl
Aan dh@ﬁlelfhﬂ@ofh’lalﬁiflf @ﬁe@ﬁnﬁmgbpoﬁd cgniaeysmorrgsnﬁ@ an@il@h® 6 metal.
r Col um of the Periodic Ta and one or nore
%m& g‘]f wethpdpl %W&‘e@mf c Jpretfrd Cﬁéfyusb“d}f“l?“*feé& ®lm}%wetal-
93n$h@ﬁ1eﬂl’i@d1 ef &Qﬁsplo WheBindhe QpBor@Id camIye dBaipAk& af Cdithn 9 metal.
9-10 of the Periodic Table, and a pore size

i 284 Piiod BhE i b Sl as P B LA Bt SO BR ARG B omvith

Iﬁ&ﬁlanll%ge MaméRFfrom 50 angstroms to 150 angstroms, from 60 angstroms to 135

angstroms, or from 70 angstroms to 120 angstroms.

11. The method of claim 1, wherein the obtained catalyst has a surface area of at least 100
m%/g.

12. The method of claim 1, wherein the obtained catalyst comprises molybdenum, nickel,

cobalt or mixtures thereof.



controlling contacting conditions at a partial
pressure of hydrogen of at |east 3 MPa and a

wo eowpetasur e of at | east 200 OC to produce thePCT/US®07/080413
product, the crude product 9havi ng a residue content of
at nost 90% of the residue content of the hydrocarbon
feed, wherein residue content is as determ ned by ASTM
Met hod D5307. 39. The net hod of claim 38, wherein the
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hal t enes per gram of ({gydr ocar bgon feed, and where
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content. 46. The method of claim 38, wherein the
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Iﬁrb(ﬂicmnaﬁone}ﬁ‘ﬁ &HoRd dlstﬂﬁ% fiRtibHR danldpiddieing G@REPHHERS fuel from at least
fractionati n? t he crude product into one or nore
&

et fhejdigiflate frgefangns, and produci ng transportati on
Fual mEth QB 3odub@g b crude product, comprising:

providing one or more catalysts to a contacting zone, wherein at least one of the
catalysts is a Column 6 metal catalyst, wherein the Column 6 metal catalyst is produced by
the method comprising: combining 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 with a support to form a mixture; and heating the mixture to a temperature of at most

200 °C to form a dried Column 6 metal catalyst;



one of the distillate fractions. 52. A nethod of

produci ng a crude product, conprising: contacting a
wa@ewdo4¥76ed Wi th one or nore catal ysts to prodeCEUS2007/080413

total product that include®3the crude product, wherein

the crude product is a liquid mxture at 25 0C and

0.101 MPa; the crude feed having a residue content of

at least 0.1 grans per gram of crude feed; and wherein

at | %@ﬁtﬁctﬁ@% I‘?ﬁro&:ﬁ@or?@&dﬂviﬁ iR dR8$ ColRfih cAh@mc@falyst to produce a
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feed has an APl gravity of at nost . 57. The nethod
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e{te37 8t°C and wherein the crude product has a viscosity at 37.8 °C of at most 50% of the

viscosity of the hydrocarbon feed at 37.8 °C.

33. The method of claim 24, wherein the crude product has a residue content of at most

80%, at most 70%, or at most 60% of the hydrocarbon feed residue content.

34. The method of claim 24, wherein the hydrocarbon feed is contacted with one or more

catalysts in a fixed bed reactor.

35. The method of claim 24, further comprising heating the one or more catalysts to a

temperature of at least 400 °C in a time period of less than three weeks.



62. The nethod of claim52, wherein the nethod further

conprises fractionating the crude product into one or
woreeos/0di7sd i | | ate fractions, and produci ng PCT/US2007/080413

transportation fuel from awb4l east one of the

distillate fractions.

36. The method of claim 35 herein the one or more catalysts are heated prior to contacting
the hydrocarbon feed with the one or more catalysts.
37. The method of claim 24, wherein the method further comprises fractionating the
crude product into one or more distillate fractions, and producing transportation fuel from
at least one of the distillate fractions.
38. A method of producing a crude product, comprising:

contacting a hydrocarbon feed with one or more catalysts to produce a total product
that includes the crude product, wherein the crude product is a liquid mixture at 25 °C and
0.101 MPa; the hydrocarbon feed has a residue content of at least 0.1 grams per gram of
hydrocarbon feed; and at least one of the catalysts has at most 0.1 grams, per gram of
catalyst, of: one or more metals from Column 6 of the Periodic Table and/or one or more
compounds of one or more metals from Column 6 of the Periodic Table; and one or more
metals from Columns 9-10 of the Periodic Table and/or one or more compounds of one or
more metals from Columns 9-10 of the Periodic Table, and a pore size distribution with a
median pore diameter between 50 A and 120 A; and

controlling contacting conditions at a partial pressure of hydrogen of at least 3 MPa
and a temperature of at least 200 °C to produce the crude product, the crude product having
a residue content of at most 90% of the residue content of the hydrocarbon feed, wherein
residue content is as determined by ASTM Method D5307.
39. The method of claim 38, wherein the Column 6, 9, 10 metal catalyst comprises

molybdenum.

40. The method of claim 38, wherein the Column 6, 9, 10 metal catalyst comprises at most
0.1 grams of molybdenum per gram of catalyst.
41. The method of claim 38, wherein the support comprises alumina, silica, silica-alumina,
titanium oxide, zirconium oxide, magnesium oxide, or mixtures thereof.
42. The method of claim 38, wherein the Column 6, 9, 10 metal catalyst further comprises
one or more elements from Column 15 of the Periodic Table and/or one or more
compounds of one or more elements from Column 15 of the Periodic Table.
43. The method of claim 38, wherein the hydrocarbon feed has an API gravity of at most
10.
44. The method of claim 38, wherein the crude product has an increase in API gravity of at

least 5 relative to the API gravity of the hydrocarbon feed.



WO 2008/045750 PCT/US2007/080413
95

45. The method of claim 38, wherein the hydrocarbon feed has at least 0.01 grams of Cs
asphaltenes per gram of hydrocarbon feed, and wherein the crude product has a Cs
asphaltenes content of at most 90% of the hydrocarbon feed Cs asphaltenes content.
46. The method of claim 38, wherein the hydrocarbon feed has a viscosity of at least 10 cSt
at 37.8 °C, and wherein the crude product has a viscosity at 37.8 °C of at most 50% of the
viscosity of the hydrocarbon feed at 37.8 °C.
47. The method of claim 38, wherein the crude product has a residue content of at most
80%, at most 70%, or at most 60% of the hydrocarbon feed residue content.
48. The method of claim 38, wherein the hydrocarbon feed is contacted with one or more
catalysts in a fixed bed reactor.
49. The method of claim 38, further comprising heating the one or more catalysts to a
temperature of at least 400 °C in a time period of less than three weeks.
50. The method of claim 49 herein the one or more catalysts are heated prior to contacting
the hydrocarbon feed with the one or more catalysts.
51. The method of claim 38, wherein the method further comprises fractionating the crude
product into one or more distillate fractions, and producing transportation fuel from at least
one of the distillate fractions.
52. A method of producing a crude product, comprising:

contacting a crude feed with one or more catalysts to produce a total product that
includes the crude product, wherein the crude product is a liquid mixture at 25 °C and
0.101 MPa; the crude feed having a residue content of at least 0.1 grams per gram of crude
feed; and wherein at least one of the catalysts has, per gram of catalyst, at least 0.3 grams
of: one or more metals from Columns 6-10 of the Periodic Table and/or one or more
compounds of one or more metals from Columns 6-10 of the Periodic Table; and a binder;
and

controlling contacting conditions at a partial pressure of hydrogen of at least 3 MPa
and a temperature of at least 200 °C such that the crude product has a residue content of at
most 90% of the residue content of the hydrocarbon feed, wherein residue content is as
determined by ASTM Method D5307.
53. The method of claim 52, wherein the Columns 6-10 metals catalyst comprises

molybdenum.

54. The method of claim 52, wherein the support comprises alumina, silica, silica-alumina,

titanium oxide, zirconium oxide, magnesium oxide, or mixtures thereof.
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55. The method of claim 52, wherein the Columns 6-10 metals catalyst further comprises
one or more elements from Column 15 of the Periodic Table and/or one or more
compounds of one or more elements from Column 15 of the Periodic Table.

56. The method of claim 52, wherein the crude feed has an API gravity of at most 10.

57. The method of claim 52, wherein the crude product has an increase in API gravity of at
least 5 relative to the API gravity of the crude feed.

58. The method of claim 52, wherein the crude feed has at least 0.01 grams of Cs
asphaltenes per gram of crude feed, and wherein the crude product has a Cs asphaltenes
content of at most 90% of the crude feed Cs asphaltenes content.

59. The method of claim 52, wherein the crude feed has a viscosity of at least 10 cSt at
37.8 °C, and wherein the crude product has a viscosity at 37.8 °C of at most 50% of the
viscosity of the crude feed at 37.8 °C.

60. The method of claim 52, wherein the crude product has a residue content of at most
80%, at most 70%, or at most 60% of the crude feed residue content.

61. The method of claim 52, wherein the crude feed is contacted with one or more catalysts
in a fixed bed reactor.

62. The method of claim 52, wherein the method further comprises fractionating the crude
product into one or more distillate fractions, and producing transportation fuel from at least

one of the distillate fractions.



