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

W@ ymsemnsss met hods, and catal ysts for treating PCT/US2007/080429

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 ony@iTHODY FORPROPUEIRGF AR BDEFRDDBCQdUCt ,

wherein the total product includes a crude product

that is a liquid mxture at 25 C and 0.101 MPa and has
EiﬂLQﬁ14§ﬁﬂéﬂﬂﬁﬂﬂﬂlﬂbbs that are changed relative to
the rﬁ%@f‘e‘ééﬂt‘{&eﬁf&%ﬁ&m ﬁelaEe@?o@r tgﬁlgcrﬁétf?&ﬂ afn@%gtal sts for
DESCRI PTI ON OF R s that have one
trrpfieg luyvsesiatheb fedp aod eraomessitidrstthad gatrmprmup@wsmg@uch systems,
rﬁEtchg,santd%agﬁrstg c %?éq{ u}l&ﬁ t ge?tgﬁl%%{btog%eng e&'ﬁg&fﬁe‘?‘fﬁg df,late to
usi ng’ conventional faci ies, are co nnDn
iystems, ahslacnd nttalyss fa comeston dnailadtvembMe@ﬂ toraudelspmhytt
wherfan C tatC pr?q?ufg\wnl?&pseanct Sde p(r:(?c%lat tﬁ r}telsre elapql.b? rsnéx 1\1/rg ra] Qa% ‘;ea
@ t(],chBa wd Ihts and @l raire pﬁipyrtlhs hhx afAMangy relatintertb Idgtrespt@ive
corr03| nponents during transporting
RS ° 3?6%8%%?%81%?5the di sadvant aged crudes. Renoval
DESERIPTION ONREEATEDI AR di sadvant aged crudes may
i nvol e chemcally neutralizing acidic c onents wth
vari Suddp L aVeRI“%%"rIH%‘?éIPWta{@S 3}«"0@%%%3%?@( ﬁ’( i‘ﬁf%‘ﬁ%s o
B omfni 8 Grah §hoktE @108 PRE s BThg @EbNeRBHAL fa8ilitléDhire commonly
proceSS|ng equi pment . The use of corrosion-resistant

B

e ot whﬁW@F@é@“@?gnlflcant expense, and thus,

the 4y aQfnuRl Eﬁﬁésofﬁa}f igslL@d Affic é@ﬁlﬁ)lneﬂtﬁthﬁt)@oﬁﬁl'bﬁﬁ to the total
eqg ui prent IA#\%’ not be ‘desirable. Another nethod

4crﬂﬁu@mer cANosPlohe prgde fepds dPivedvartagadicarlcp it @ ﬁq'l@gfplyﬁngh TAN

ﬁlﬁshéomﬁb%[esto E&r&ioﬁ%%&ﬁ nEhHGh Qﬁ%@ﬂoﬁl ﬂ@/%Pﬁ%EésEng of
/or processing of the di sadvant ged crudes e use

tbe dl@@sivamsgedwmdﬁhl lb@mqya}sofmarthmgm@menesl fyonaflifalypntaged crudes may

equi . . J t

4 PR L RSRSE LA L MRSy R

@klsa'dwmtsaigemetals uche e ofdden trapo@dtion cgdipment ahcyommmssing

fﬁllugﬁrlleﬁt Olt C use ?deOI’I‘OSIO res1tstara1tnt 6?916 gtel’(l: éll%lf)ﬁles Sl%l{l%lca%t experl?se and

eve resi
ey eesisy ef doﬁroilblaﬂzsﬁmmt maﬁlldh eilstnfg(mmﬁlehﬁnd}glot be desirable.

onventio cilities. ant a crudes
e S AR R e MR
diodvaxaep tRdedteeketransp@tiag hndmr pﬁd&ddsﬁfg of [&mlsaﬂluh'ta@@i crudes.
roces in%,of, uch crudes, netal contam nants and/o
ﬁﬁdﬁ ﬁsﬁ%f (o] tbétPrsd%aﬂtIﬁﬁ?t‘r’(ﬁlﬁ(taéfe“ﬁﬁwa‘éﬂ&é?‘{ O pHPegss The crudes
Yo aféezlu@ﬁty bhﬁ@@&&d H&duced froM thd@udeol d vol ume of the
catal yst. Such deposits may cause a decline in the

acti 1§%¢V@Fage1il gruges 05}69 &epntain 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
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Coke may form and/ or deposit on catal yst surfaces at a
rapid rate during processing of disadvantaged crudes.

WO poosmys7b® costly to regenerate the catal ytic BCT/US100Y080429
of a catalyst contam nated with 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
daystistan RNl Syl d @R casdst. SSRh def @Gy ke ddclifd in the
exanpl e, calcium potassium and/or sodium. Mtals in
aeHYigy ofdhg ¢2&lvst- or gani ¢ acids are not typically
separ@ie Fha§ FQM a%kl;%@éé@%m 896716k YleR ey a PNV RRLduRR brocessing
processes, for exanple, desalting and/or acid washi ng.
Prdgedugagedgradest famydneotivtie raggndrie hengtelvtiv aniyity of a catalyst
RLOESRESRRe MRl idnpefa B &ed ﬁéj{iﬁgsre%efneﬁﬁ&@ﬁhh}‘? 218 iflnish
are present. In contrast to nickel "and vanadi um IC
thy pitigey biythd epadsittandiengausetbe el et tradetesiordicace of t he
cat al l.S .l . s . ' L ds.
dopod LRl InhALoRLAS i L ARD o AR TR
eamaleysiciyparmoiasties angar odimul) aMeyalsin nidwd sdlopf ofzatibacids are not
cat St bte(?f Tt&e ge&gosié o({ ﬁont am'tnanlt Se for )
SRS EPArHEY AP HSATRBFETT Lagep BY S EPERRT RO dor Apmple.
debgtitomdek atibhevadadal yst bed, generally results in an
incrggse in pressure dro .through ﬁhe bed and may . |
effe mwﬁwﬁp ! AT AN OPVBEY Y NSF € rien fifygrs in meta
JaRé &l Gdnit ARk Ale H@khS 1OEordaganhickd @hdlSanBBYMCRLISE tyhapild
deactivation of catal ysts. D sadvantaged crudes often
EBAYCAT BF @"a{?f‘f“%lé}nlfﬁlfeb’ Hﬁ&atﬁ]éfﬁte%‘é{sd‘i’rgleﬁaf Eits 8&‘%{&%}11%?“15 may
®PbdifrefcRUNABNA v@&D ol el BARBI caldydepirGMs| YarQMRE at the top of
het eroatons may, in sone situations, have an adverse ,
tae pasdlyst befl- cHheglenesitof coytanpigymn fgaemple uBdals rayetplraltyfereanic
RlQ 3Nk QX YARD£ATRBUNnerally ¢aL BN anfiRGddd i B&stbatop
process di sadvantaged CrudeS with an oxygen content of

throupleths be@amgiopayptigatvedf plak fag efalyeibedir Moragier, the metals in metal
Qit?@tdo‘fgﬂﬁca&%%n&g WORe TBYa GACQANLE: AgIFa%Rlse ms during
. ganic o S,

processi ng ygen compoun when heat ed

dur i Aysadvotaesd crdes afey coorimotpaghdly oxndbdtérorome ffpotraagle,
= n [ f b i dat i.

0L SHIm k610701 1 AEK S5 LS, ) Ao

letvhen g)vetshaffecapecaalffts.cult to renmove fromthe treated

crude,.and/ or pay .corrode/ cont am nat e equi nt. during
or ocaX ey esd eGP e BT grhorbs.
fatif advian paged deaddasigdBytudel olitidea okggh comertbo@deust 0.002 grams

conpounds (for. ex | e, i di ne, quinoljnes, . .
QR s SR IR i e iy St Dbl NS St aypesgsine
beai0 62yRAZeh/RIndARUecNRIRIIQRENE fRt&shg, NBFTbEN Righdr@@RIAtion
conpounds nmay have adverse effects on catal ysts used
GOPEY IS Kok ﬁxa}ﬁrfpéec Kelgpes ,anil/H{ﬁoCldrs definerd ﬁ’éj opiqatiarrfiiaterkgly 3?“‘3@

4R f6HRE K DYARRINAF e®Brs) BASIrE difthi dul 98 RSO IBRAURD e atdiERle
heat ed during processing, may form hi gh nol ecul ar

4Refog ey eoFRSSEAYAMITRIRCARERER! dytipeProesy It iesgingn
RS ALLADIMA! 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
whyasoessHons, consi stent quantities of hydr ogeeir/US2007/080429

generally need to be added, particularly if

unsaturated fragnents resulting from cracking

processes are produced. Hydrogenation during

processi ng, which typically involves the use of an

GRkive By 008RALLAPomAL, IS heatdMMriRL prR&URE, h& form high
inhibit unsaturated fragnents from form ng coke.

IPRIETUAY &Ypighs cipaunds thy cpntElye & amyfosmatdp PRerptie units.

tr an§Rofitaduel tRALTRIL 1n£1§@é ﬁ}kﬂ‘dg@l% defgle%@ﬁl})@&raﬁ%ﬁg When

crudes also tend to éxhibit “instability during

peesevrRseihydiogendniigient hydmehrbpese Fonisisicasquatitisd ef hydrogen generally
i t

b BBy R R R e R processes

axﬁpll@éuqeébﬂedlbger}ah@thng p(dicersingxethiph ezplchglf:dm@@lees the use of an

n
B e B R Bl EFRORRAE Bt BRESTLRER,
:qorrmpg coke. |Hydmgdm satdsﬂyrtb agleldcecand/«i»ecqmy hnmnslmrtsto treatment
Sl gplflcantly changi ng other properties in the
df'€4dvant aged crude. For exanpl e, conventiona
pr oc gasdsanmigee Bruklas(}ﬂsotthﬁl talokHibit ylsﬁabiligii dyifing poaesksiny in
reduce%JANlln a dlsadv g cru ile, at thg same
PHEUOH [T NGUAG ”‘839 tyot LSS h’é‘ pe CHRETGR PERTmRgPents
&gihp plodeS DERANENLEN{BY OhuRRsifdblef Byt product¥Bic@lexample, hydrogen

contam nants) in the dlsadvantaged crude. Sone
Eﬁpg@éggﬁ%aWQﬁmhoﬁﬂFﬁﬁk g the quality of crude include

add' Mnlerfhohd PRceds® Hied RV AU BURA (ChHERS: sEEctE@Eﬁf)erE)hﬁ a
ght percent of conponents contributing to t

‘H$3§é%i\‘ia£ﬁ@ e phap e Hesilicomdyichpetneiothen PYOP%We‘Vé‘?e
&@aﬁ%@dg‘e&’ ctufl€ rﬁﬁ%@aﬁmﬁ@ %t)l?veﬁ{loﬂa[ £3Lds oftb S RAYVAR ta&ﬂ?ﬂo
crudes due to the costs of | uent and/or increased .
segngficantlyyredagedi AN mmdlaﬁdgamwﬁ plalge whide, atids sanagligng joply chpnging
e i gy S I
@mu@mmmmbsnh@mSEngaﬁdpoﬂaeynoIds et al.; 6,547,957 to

Sucabgt, ey 0,700, Byl iy 8,

disndGraazdé cmatlesa;b IQWG5 1He 281 G Bertant BEamgeneres comlributing to the

B atdy' Guty SR Fhefupongter Sl B ST sfhne

cﬁiadadntage@mdd& C&E iq t38 tostsnf Tanak andddr iadredsedbeo3R 20 Bandletthe
Bruijn et al 163 to Aldridge et al.

‘g sagyanlagsd C’PS“AM&WOH 8? é‘i‘u‘%{ t.a dﬁsaé@étaéggcql MY Hgfome

s‘ﬂtuZtﬂﬁs 4tEreds skBiGiy tsud Grude4 548 710 to Sinpson;

4 525 472 to Morales et al 836 to Seiver

S Agenoles. 005F3 ‘iﬁ’d?aftyn@fls |al s 2P /38 tagudhakar et Cal.
Mﬂ%&' hehgnelle @lal.; 6,47720.68R &9 ethllell&eﬁs(ﬁb SoleWefal.; 6,063,266 to
Publ’i shed Patent App Ilcatlonhbs 20050133414 t hr ough

OG0t 3BH1E 8562 mﬁ?ﬁfdﬁn chpl:;;5.92808bw39uhgkat pirabughl4.030

12&9&%3&35%%9’9 96@%31%&1& @ht ;5 @Q%@@Mﬁé&ﬁe L B @381 0
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.;
wWQR®304573801 t hrough 20050173303 to Bhan et al PCT/US2007/080429

20060060510 to Bhan; and U.S. 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”

lﬁ(ﬁbdQ(ﬁijlfM'M?dmﬁ%h 2b05013209% Bllak 425, 2081333/34R5udB3;
11/425,985 to Bhan all entitled "Systens, Mthods, and

AP s1lofhan bR ISAH a4 Trothen B 33384501 5S 40 Bheef

! 5@908&9%@1&%@ 4 Q(Q)%O}/@%Q@%SB&B QLS 5655016153k Bl¥Sughand
catQaﬂlé%sts or processing crudes. In'sum di sadvant aged

3Pendhan Ptyﬁl h%ﬂ%ohﬁé@hihrmh 800 pEYB iteBhanfeppl.,
égﬂ%bﬁo t%%h@ﬂ ' ?IUVS b @b Aﬁﬁlcﬁﬂﬁ SCANHEA }1/@)0%%5‘3'191'74‘@() 204;

ecome unstable durin reatment, and/or a tendency
11é39<9c&4§4ﬂdé40ﬁ)él2&1andéﬂ/%0(l) é%g ell antitled QYSO%ﬁnShWﬁmgﬂe andiUatilmggs for
34 e n
b PR MR RY R IRET AR EAERSS o1
BXRIPIBE fo Blesi ad:lwat;ltl@lr“@astemall\{lqthdd&md Chatysrsdart Iomy,cmgmt(érhde

ont t .Salts of or
SR RO SR TR Gt Rotmoanuss v &she v ane: Frfel o
jfirocesdans@u@sobl ens i n conventl onal transport atl on
and/qr tre nt facilities, includj ncr ease
cory S i BT bbbl S e Bl DRGSR Ty pgmote
BAGIdY highedsRias echiesagendeheyy BE@@entible agride @At tand/or a
Thus, there is a si 3n| ficant econonic and technical

RRASACH [G1COPHRKE SRy el lanes AROUH B 2o dmg repizeny)y Ofher

(rAEsiGeR YeIpe R inefudd iSAdVId M AT u kK BEGRILi AR ©hipdfents (for
products with nore desirable properties. There is al so

Fagplgniesifleca Arapiedlydivred Raforteah mietd co@Biganty mesilsingpggal salts
Jf%}ghﬁfisdmdé rh?ié/@f o%ﬁh@l)%%%ﬁ cctﬂi‘lﬁ‘)tlan@s"jl nSL@EWHﬁ:@ 'te%g tEGuse
properties in a di sadvant aged crude while onl

eblerms incenvyendprzph Grnsgorsttine rm%ardp;emqné@cﬂlﬁeq h@ludmg increased
&)@%ﬁ;{ ?génlg&g&g%%@% ggf ﬁldr el ﬁ’ \ﬁégﬁ%r a IO%/MFIIE& o of hydrogen
&yigg engmenetlhod gheraind sigatfighny stonboric mn@@nsalm@e@for anproved

h f | nl
sg?tg@‘é’rg?erﬂgo%lg,’ anlﬁﬁ%j% %&ﬁ%s%sé‘é(%ﬁ%o&y%lﬁlo? %P&ga(ﬁlg O%:al%i’u & i toccrrﬁ@e
prodeentwidnsond @sgrabl gtbpagicei ‘Thead s <alsg e mgnﬁichryt eCcaioanceartdchechmcal

conmposi tions t have vel. conbi nat i
e
digadumterggd thee s¥isd @p scddrd vele tipgdisg dascprop@deshe feidkadantaged
%E enbodi ments, the invention describes a nmethod of
ducing a cr ude product, that includes contacting a

hydr ocar bon feed SMMMWOI«TTHEFINVWHONHS to produce
a total Froduct that 1 ncludes crude product

wher dnyentipns deseified brgp gererally realatp |tqﬁysiapﬁs xlflff}P%dS aatndggtab@f for
@R Grfod Ol AR catbbE rdol &Y P PRAud: %@ﬂpﬂfk@ﬁ@ Mu(ﬁ: product and, in

nol ybdenum'content of at |east 0.1 pm
wHlcyBRedinentst 98- Cﬁww&rg@énlnﬁ@wnh%ﬁpm@d&mw algopgenerally

£RRLE @&mﬁfsufi%s Ih§@%ve 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 Colums 6-10 of the Periodic Table

wW@easo4576he or nore conpounds of one or nore nRCHEIUS2007/080429

from Col utms 6-10 of the Periodic 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

hResats UPC&m@f) 181 Mreasét hp@Bcadon fdedikink @lmdlyHRASHIH é’or@efnt of at
hydr ogen of at nost 7 MPa, and a LHSV of at | east

lﬁa810 £ & pie e melypdrauryy the By dipeaRratleedthauing p DY K esuntrat Porat least
gﬁi 2180 onpdeny '&t&‘@ﬁg @&Bprﬁfng%tne gpﬁ%re%@e(ﬁl?fro&r@)lumns 6-10

denum cont ent of "t he hydrocarbon feed and
(Pﬂlﬂﬁexﬁepédlé diable nnd/peangee mogoTERAENds 20 9seofr m%@mmab\frome(folumns

EANLEAL pAodtd oty HARSL Bl 630 meCL, gﬂ;&; RRAARRAUD,..

and VI Fe conténts are as determ ne
db378ioandthrredédian nyor dawétandtugrto %) agstdwtseand qpadolbye

UM 09, RIEE ok RPTE SRR N By S o

it mswﬁb@amdhaﬂsw aalelay@rldc]auo lponiueibel cmﬂ¢ proomue thr crude
t t du
PR LR 80 ds B S R ORL AL B BRLSlyrBisomor e

ysragaibbg téed aimd a(NUVﬂ?eabntBﬁ b@ﬁ/eam 80D aﬂ.(ﬂ) ]I.2(M?aﬁ thé¢ N&V/Fe content of

R S A S R e A R i
ASTMNthESED s aﬁ‘a masllaﬁl pbrt anghetd Rt AkteOhin@l byl LSENY MetBdd

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

Tabl gn s@GRodAR& L0 the MR SHOIRGIHAES nefho@ Be rOducii2f & rude
metals from Colums 6-10 of the Periodic Tabl e; and

TEedHCE BrY inFlades SORTASINE A Gy EeFdhan feriswidh ong o @inpeTalYHdo roduce

Aotal ﬁ%ﬁﬁct ﬁ{%@lngﬁdes%h@@fﬁ&é ﬁbd&E %ﬁfé‘[ﬁhé’ﬁmﬁé/ @19;%[?; aolf uftt
nost” 7 MPa, and a LHSV at | east O. roduce

mixgre a2deC @n@a det MPapbe bYdy@r@rqsm é@nsidlawna\nehgfa@ qﬂhydrpqraébon
|
%ﬁcpe,ta E&%\ l\ﬂﬁ\}/ g(ﬂltefﬁ :'02(%%? grla}nggnhl a éé{%@s a8 @t 'halﬂafne

ydr ocar a tot ene
@orenertat hst 101 gosis, aﬁl%t @fasttOIne ohthel c@dm&tbmmlﬂeme O(BSOIan@ke

&Zm]ﬁ%[;‘»?éoﬁﬂ% 63?6‘&%‘& perMAR Bl Q{bﬁor%&é‘ r%
nes content 1s a sum of a
Idelb areltalmdn l@pmmm Vetf hedPeBR0I0 Taua,chnd:?fomsmhgl doeuaetmgas

th
R e T e R
MPodud b LHSA ofianiehdy daSh‘lao prodade tn@cmdmmdnmamdo@mdef;&@cdmt having

il e e et S el PlPdo NG o i BEsToon eed

A QdHEL CJ d @ ladbilitcGhe Fbnténd bLatahos28) P 6f @B HydtodddHonVRA, Cs and C;
t he hydrocarbon feed having, per gram of hydraocar bon
FopdeneContsnt MhRIIMIEEs B 7eprh aB?neéfoqt@éésta YMoD By Ls

Q?l@dﬁ@nes af Qet&hﬁﬁ‘éaﬁ)'ﬁrt&sm Milihdaaseh7 4l Calspiiddes s BGe@ffkd by
| east one of the catalysts conprising one or nore

MetMIMetheddA32381 urim 6 of the Periodic Table, and/or one
OF MR, € ROTRIANAS 0T ONEn@En dRE el B hlnSd bF SEMCal U f

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

Plingounds of one or

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@2008i0#375pr essur e of hydrogen of at nost 7 MPaPCHIS2087/080429

LHSV of at least 0.1 h 1 to 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

V.S GOt 1@t ohb 8 dY HAGAS RRprkRE Sndbr Bdre Srctlls frfh €6RINth 6 of
viscosity is as determ ned by ASTM Met hod D445. In

8o Reriodifoliieniil @ ong AEMPISFERPYEHS Ble¥eoF B Betpls fmpiCdymn 6
(ﬁrtl%d["é?lb@lg Table! %Q%oﬂf&ﬂﬂgc&)n{a@lﬁ{g doRgitivges a %{He@a@&ré Qﬂat@east 300

drocarbon feed wth one or nore catal ysts to prod luce

&/y 2 oezkl pesoera of hydaegen oha! nebe d Migeandy Yebttdeast 0.1 h™ to
e
e s R CLAR Bl bvipd SRR AT KB A Tclect B ana
BO%gfdhoSAY howortes @f the hydroedrbay fhad 4ad acanapsiytat 31.8 3¢ of at most
I 'S :

ﬁiog/géii th%wgg)glgé?rfgﬁ@ﬁdaoc%{b%fl gfgztg?lt %}nége %%ﬁgﬁgn \(/\190[&1]%’11% a@ Ilettg}mned
lyohPrMMaigoddnetSor nore nmetal s from Col umms 6- 10 of t he
Periqdic Ta and/ aor._one o re co ds,of aone
ror e ] Sl eGSR BB P g e
jaodhccont indhdes RGNt EdiIng aaydlmgarmrfdéd \iviﬂnsneair n&rd empersab proguce

of | east 300 0C, a par ress dro
pafopSs Ao o SpREOaRt s Eatt Sy0 gl RS
ke gestraand 0 UdEMPE OHe Bidrodal‘t%n(fédddﬁwﬂg @atighmhAny digcagbon
Ni / VI Fe content between 80%to 120% of the Ni/V/ Fe

legsh e &t NV EReoRpaP ot KRS e graiding 2 el i e ComeRmf at

10fst 8 PRt ar0Yac@st dhb6r BY BHAGAL Rk RE dné 8ShEE Snetals from
content, wherein Ni/V/Fe content is as determ ned by

Gmunavied heldhpBaamlicatidles auierpae EONPEIPIPRUNGS OlRICEF HioFegetals
fl?éin @EMn%t 1'@(3)@' tl@%ggdlc 'Fle@Ql'ﬁ@ c&ﬂ%ﬂ %ﬁ‘t‘é&m tCBﬁilthl’lS ata

i nvention describes a nethod E UC|ng a crude
tempefaere af aleast A dﬁé@a@@mra@tlﬁemé rdrpged ob elanesd i MReeand a
t’ﬁlé\ff‘ oPi%e80 0. R & &?A&L %41% ﬁ%?dg‘ﬁ&%@ drdg Pl%lagct(ﬁgwﬁ'%{l Ri/v/re

contacting zones o react or
qooteal bepwwd $O% tb AA % iohthie de/é&Fft tveteot ofdke lprdmtaxbpn fasHendid n

r [ . .
%Q% k{ggt & El%gﬁbg%ooé gl} HH) Qrbga {?g@ Ifeglél?é %oé?eng %ah%%%‘[ Ni/V/Fe
dwtd:nns ay cﬂmfnmﬁreed rlby ASTM)I\/Ethod éxi7odiadoesidienbnoht ints degasined by

at | east one of the catal ysts

‘g%'ﬁ%%”%ﬁdg]) “or nore nmetals from Columm 6 of the
Per i aals@nclambodimaung (helinveAgonodesdTibeea GOMMPO uﬂlﬁfsdmngmrwudmr
no netal s . from Col u 6 of the Periodic Tabl
Hf8(5ﬂcf O ipelyles SAaLnE AGYUEsidhan i vith ong qrér}%f‘e‘faéﬁmsé’oélfloned

iatoné 8aGbre 30Raddiag z@neP af 4 fidd HoU &SWE & pi»a‘)ddaya ng rodatt tRdt
nmost 7 MPa, and a LHSV of at least 0.1 to produce

lfl‘ﬁlgdeé rttffcféucbr%wett wherid g ¢ PdutiE e héluwégllxﬂlf{f‘eat cont &t
®fo12PARRE hydR%Bbn e i EY, &R Br hRIBsafef FH e total residue

content.ln some enbodi nents, the invention prOV|des a

PR ar lsat Odampes rid Sreastne of e lcyalyy's pRIpPTisigrANg pI more
Iﬁ%tgl% g@g{éggﬁgﬁ \%%P@i% ipkdiQfc T?Jle @St on@-oP Ql%regfoﬁﬁ'éurﬁg of one or
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

WOWak/0&780i | i ng range di stribution between 204rPOrZUs2ed7/080429

343 0C at 0.101 WMPa; at |east 0.001 grams 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

| eastm &k QibRAImEsl hd iMRAGoAtroli@aSth @1@@%3{5&) n8PoRien Bt

Ni / VI Fe; and at nost 0.01 grans of asphal tenes. In
@6%38@%%!1 iPE Rydgocaghoa CP??P%ﬁ*ﬂqnoi‘f lepss PG %gm%ofrmi%erb@fs with

F% RGhiae bRERALSS ot fatoh Aehus s PRLARLL DBOR grams
hydroca on feed with one or nore catal ysts to produce

o hyérogdrbeis gdibetboilingtranga distrdhagon bréweanidd “preadidet [C at 0.101
VPErE legst?l?)@l gfaﬂg%f H%cﬂgéﬁ%onk With albte)fei‘lgg ga \g}: él‘éﬁ%ﬁtl(ﬂlt be?\;_?ee9§43

and ydrocar bon f Ing a viscosit
®f andt650 a9t 0. 1@ MBe; agtcag P.081 @Bmsaf hydesrbonnwithfan irhgal bOlllng
. Qr, I
B U5 SOTEE DL NS, e TS Aihs F QUR HEct0
ganpoiutspledterese or nore netals from Col unms 6- 10 of

t he Peri odic_ Tabl and cont acti .
Comaits PRt Shol R uf S BOR et Rl PEPrlfing cruge
@aduct @ht 1p¢1aas Uﬁlﬁacﬂ)lﬁlg hylglalrogaeusbndfaeda\tmhmtor hoWalﬁtﬁio aroduce

o ob e RS BT b (e EHL S Frode gt b

RO @ 28 °Ciaa6 0301 Wit thd Kyc&o&%dﬁffe@lhamgh Vﬁs@(%lt?fof atheast 10 cSt
vi scosity of the hydrocarbon feed at 37.8 0C, and
i éPef natdcap qpg of e Gptalysty 9‘6}1%5? BRSTPT MEHNEETS 51[0%?%18‘@8% 6-10
dTd PErRdic TaBit ah@8:Sdne br frofliohPpBukRdE 86 drtbre WRGIEHdh Columns
viscosity is as determ ned by ASTM Met hod D445 and
P14 thePeripdicsTahies adhopEellipg cCRGT NMSHGAN T 6 6emPeraiuss dipg 370
V,

e n AP AR A OB RER bR By 3RS R ALy spece
wyutrtm daiHOroffackeast Yilth thyhdogehe ¢mdd predyst. dlsemads pmﬁduonlavmg a
VlSCOf a/qaeg‘%?tﬁglo}éfbsos‘i 90‘?[?? e%lesv\ﬁmt O% %'e h cérocgarl’rllg:o e 8a.§t"C, and
wiseréin h quuaiud olﬁhhycl]m@lrlain f2&1/10@1 mndloﬂnﬂjﬂﬂreliﬂa lab’tdl (l &llﬂfmg

on feed .has a visco
e R B T 1l RERT b SRy Bbmb Bl ARy TSl as
qRedrininall bplASS“MJMeth@ﬁ Dhgelr.ogen of at nobst 7 MPa and a
tenperature of  at st 450 0C Sﬁq%hth a_Pval ue o

hydr o S BoAM U o g MSPEA TR R BFEOf 8higiahae %Pmecafbon

fe@P@ht idc1fles BodtRtiay a GANSEMRIN 1O ith KMEH0H Bthé Preddncd®Sdne or
80 Nn8 n 3, and the crude groduct has a viscosity of

pre ralysis opraducs 7 aalgeodyrt thidnahirer e sre froRlggi utirein the crude

ﬁ&b&fepﬁ'atl uidMIQIUR! 11 29 PO GRSD 1 Y1 MPa@Rd @L@h?drﬁ&aﬁl%i’l f@éﬁ HASIM
Met hod 45 and P-Value is as determ ned by AST

WEPHB P! @tﬂ@@@ 10 p9f 2k dfrd *erand GPHERIRE COﬂW@tmgm@é@itl?r@r@t a partial
Hesakiop A Y LEMst @ MBa 88 % ik dHehe oY AF QGTPHM A 8%k hat a P-

that inc es an upstream contacti ng system conpri si ng
whie abp hn@p@armfawt@taépmémct mexureoerpaing atidst Icaaadtylgpgsumption
RIBOL A i 89 Iﬂ’ﬁ#e ABh& rad S8M AT g Qrf BJ? %0'7 t
C&e%gl C1 %arg&e, oraone or n%rreccos our% Sl%l g m o8
ot & efghahglrdoadhon G yisno ey 1@hepin wiseosuy 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
wo@eosnsE5Hf the catalysts in the upstream contBCT/USZP07/080429

system at a tenperature of at |east 300 OC, 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

e of B8 chialysk chi8Rkimtons 6r foRGet@d o MBS E118@dMhe Periodic

contacting systemcoupled to the upstream contactin

Kapla aae/rtle eoMPIEGAMBANTIS OF FEST Meranef2ls iToEs@ugn p8gr the

1©¥iblile 9ok NEhdiAR bERATNE QBEREdel AGViSY S 18 sity\DIeh Rlalt 10H€St at 37.8

downstream contacting systemis configured to subject

heitheaglormericof Aig calhkysty psthe BRAYCHD APRALING 8y Sepst@rigpmperaiure of
g . h . .

D B TR et AT DY Alheas 01

e oprpdicss nerudeaprodyes haverern aesasitycat Bhg °6ys ttenese 8o rof ghervgcosity

tal ysts I t

B IR 573 Mo a0 B8 B 0By B T Sream

deerrtog systdiakhé condigdicd to @p@voandrporeessadngbaxitthg tiof upsmeanor

nor e et atl S f](r}om Idmn t6 of tthe. Per i odi. c T@bl e biect th

WHEH SISV E SRt AT TR g‘%a OPPFER I QRECHRVY Hg" & SAPLREsT oyugpet the

fatd dxenmp tHeQpsieBn @htadiingSyQ€in ta tlaclaneprotessiror e of t he

catalysts in the upstream.contacting systemat a

¢ armpdh ST ST, B el e b DA ETaior B s fhydrggarbon

Ry DGR n@f anafps kAT cohtaMit, syatidl campiiihye @fe oainok€@dlysdh, dt least

h 1 Pr oduces a crude product having a viscosit % at

ofp o thgealglysty CORYEInes s HMOteHREWY g@%‘sqocl’i}mb? of fhe Periqdig Table,

dn8RH ofd or3or8 cAfpouddkthdné eMS MRAMR FORIRRIDEoSHS P&Mdic
coupl ed to the upstream contacting %¥st em and

Eablss pheirBopgctingadittidecdivige g vse 1ty of eldepseliShy I/ %e’C, with

SRS LSRG IR AKINE 1RYDHREN BREERIY 4O ALOMRSLARRATRS at least
cont acting system conprises a deasp%al ting unit. In

HOrve, eptsbelipmssire of ydeogemolenmios’ MlecmilpdSISY efyasicasn0.1h”

e e R N

thefist feedhat 3918 ‘Chendpdtwnesyancangiciisg sysiemmpnpled toghe ysiream

ram. of I . 0 ra 0..0. .

PTGy S M T b e ol Ao FRRL,

@nactorg syeee, eonpo trdbwoftraameootactimyrsesteme camprifes @ deasphalting

Cotl um 6 of the Periodic Table, wherein contact of a

HV'dr ocar bon feed having a nol ybdenum content of at

| eastin €onle sshipidmegiis, melinkdesmudesainds atysleaagbdiink agir@®roduct

‘ﬁ% resi.due per gram of %hydr ocar bon feed, with one or
CEMBFIS P RIS EOR AL IS HECR) SEPPRURS WY JLFG G lysts, at least

S oF BRNuPitreamtc@ABE @bmpesif, patera® st cadidt, 000N dramsMPa.1 grams
produces a h){dr ocarbon feed/total product m xture, the
‘ﬁ)?&? Bearis st Lofugn ?)?fdﬁﬁg?noﬁicx ameé‘nij@(/?ff?d)rénore compounds

STRhY BASBE M EANEERICoRImPE of RS PerRA0 Bl Qﬁer@i‘ﬁlc?ﬁﬁtg& REM of
t he hydrocarbon feed; and a downstream contacti ngbzone

hydinsriaan fesd havang ppbbdaprpisrnsaal ayleeng.| e abwARPcagm and

£ AL b 0Gs EPREIGORE LAH Gy iR LBGEIYE Will®nb ¥ RN
feed/total product mxture; the downstream contacting

apipdystsrin thevpstioginrrgnieeien2elstem rea eaperaipst & at grpst 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
worealss7s5 om Col uims 6- 10 of the Periodi c Tabl BCHOS2007/080429

one or nore conpounds of one or nore netals from

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

catal yst having a pore size distribution with a nedi an

pore di ameter of between 50 angstrom and 150 angstrom

Waee dbvaRidaationtbtiid@nbYsHRGRH BOR dieel hatradartinFeiudbial

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

[ﬁ@%b@g@urg t{lq)qlocwnsE@%macpp%%ysqeﬁ](ﬂowggln&oréerQ}”dpg)re catalysts, at

IQzISQQﬂéCJf 'the%%rn%&mt e NF}Qfslé@f%pH&QQ lﬁ@lt grhlﬁ o@celt&l%t' ' a&l 1434 Udr&ms
) a and the crude product has a

qf@lnsf b@@ﬁ@me@@hfr@ﬁ@bmw Wodtthed®uipdit Table apdipidd enuaic
0G0k ol A5y LSRR AR 00 B R NG B, o
@l G entgydhindesa a)rﬁ‘eitzﬁdidtﬁbﬁtiqmrwimmmﬁgarapqre didmelgr olch¢treen 50

| e [ t
R S T E A L
a @ mpaEirdtime nf theadst 430ciClrabd§ MPa predigts Diolal qupmtlm‘t includes a

£
SRR T Ripah 0 s BBl S5 R0 40P M
thetrug¢ prolak his)adhagzlafebmn cOmENO$ hitth@n 902 thatmdl}&)ﬂsﬁun@cdhtent

&R Bl RS LR 5D b b SR NS bupegrbon feed.

Thedh @aashasb Howpasd hétbéd of plodOINE a @Fdae giddedtvsth thélgbdenum
i nvention provides a nethod of producing a crude
rﬁihlf&%tmn% ik sYPlRt udes contacting a hydrocar bon feed

Wt h [9BEnOEmBBAl e thdliMehGort OMCQ@dJI%%r&altb@ﬁ BbmPIsAH @tat
that includes the crude pr odu wherei n the crude

iprladraat lopss Od wipRuobmAbREdmEY attleazso Blceramg obhyfeacagons having a
6@%5 M AGRE R8N h&REed B NGAB 0 aémb& g?ﬁh LPARIGR3R ENt

east 0.0001 granms per gra ydrocar bon feed,
@mpogagt; aohd lest Q. hgraumtt)ﬁh);ds@@rﬂmasheamng admglingQae dgstldfrmon
ft n%4§)E QPJ@SO“%t al SraInro(%@ g%%cargm co 051 1(|)']ne Per i odi ¢
bf”fﬁ € “ands or One dr nore conp nds ohe 'or nore
nmet alls sdmmmlﬁdlmmts the @ﬂivehdm p?ewdersdu metﬂ'cabdf@rqmacing aamdof

ERORLIRL e B R T Tt BT et bnd B at® RS frunapoce
DR pigalidt afasinandesiBOcraMggbdeBihe@athe Olutld HYdCRtaAgfuidg

condi tign f | east 3 MPa and a
@‘é‘ﬁﬁ%?ta?g Fci SP%QF 1pré‘a ?ﬁﬂgéc%é’ntf‘ée ¥idg & batiq ptrpgqgntent of
PNsuaion1 %ﬁﬁm%ﬂ@ﬁm@f aguedartabdigatde RBSe ©f MHelch@GER has at least
content of at nost 90% of the basic nltrOﬁen cont ent

(1 gms Ao BoBoRCle Sum Gjup el brsavdieRthle andig one or more

doRyBds 80 ol @VhHE fe@IsTRINOGIRh R @EULLDGc Falbik Hg%fram of
product, that includes contacting a hydrocarbo eed

Gafad st diseCdumpnh metad gatalys Spwng oPYE side distihugion with wedianpare
&1£}ﬂéteﬂ dt ‘BL%@E‘?G H&st?(fn%deﬁld ARG gﬁg@&ommgﬁt%lﬁét J?)ﬁta@t‘i'\%dc%ndltlons at

product is a dm xture at” 25 0C and
hydysoecaf bidpasf éé/ﬂ’ahla@ a genipessinde of 2 dusteiNp) °6fto producealst cradel

I%ii(ﬂJtZE 1R BT haUMlg g?ﬁﬁ& Rgll{lgéngc%ﬂten@&% AbstoBar iRisic

e catal) ysts 1s ai na
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
w@ovpowr1es of one or nore netals from Col unm 6POF/US1967/080429

Peri odi c Table; and a support; 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

WO 28 “Cenl due1 sanat ﬁ@hy(ﬁf)ca@ﬁonﬁ'@&ihag Q%sRfue E(Ii}ﬁf_:nrt 864cq848 0.1
content of the hydrocarbon feed. In sonme_ enbodi nents,

§1H8S PaEmt Pl dpetRpP st anaat Instorstol iegaiibistigs ebtepiiieby
&B@)ﬂﬂﬂé atsli‘ﬁiorté(pgétéigs@,%n@ SPhflhdifls BoMXHiReRE BPMe PEEMIC Table
w th one or nore catal ysts to produce a total product
aner onger|nefe somprangy of gae pr Beligdrctalwien & ohmrheolghg Beiodic

PERHEE Abndh shAHg Tk LU Rl oy BBt s M its
hydrigemof lodst 3MRagad b @REOdre gf ks 2¢etC @rraeduoé the crude product;
2ed; f e
R ERE ORI L IR B0t Bhien S PR o el Bl Pt e
hfdiicerbamtbedr one or nore conpounds of one or nore
metal.s from.Cal um of the Per.iodic Taple: and one .or
mor e AEtH %“'%C"?’Sﬂ%n&a &Sﬁ%v§“%9ﬁ%°%?estaﬁ%et éf%f@&%d@ﬂ%%gfreude
[aodlicothatingdudss craketiapdtteadonfee® Méth Ohe dion@e BBAIGHS to produce
fro | unms. 9-10 of the Periodic. Tabl e; an L
Rl Py T oSl sruCumtiet PO R Sgn g i o iauia
1AIxQES 128 °0fanhyd0ogEN; OF hdrote@smifecd MPA nddtd-carbon residue (MCR)
tenperature of at |east 200 OC to praqduce the crude

PRsaURAL lepth 8-0PPLigramp peceiiee Ohaxdrargrban Mol 4d it it o ofdhe
RHstsHAYRE of N6re iR € RGh @un®f 6 hBe PAHHIRCRILRANIHESEE or more
wherein MCR content is as determ ned by ASTM Met hod
3RS Oh RTINS BT SOUPRS It fedistiPga Tphigiang 8¢ gf more
IH@LEIQ %m%ol%ﬁ’scbj—% Gﬁh@P&[ddﬁeFaB[e%qg%jf oﬂer@tmdr@&!n%ﬁ§ds of one or
provi ding one or nore catalysts to a contacting zone,

Wipre mesiats iem Cotpsnns gnlg) dbtherlivaiodialablysand chyjroglirgsioniaping
&ﬁ&igl)nscaga ngr)(iﬁiFres\é\ﬂg PR Urd A o '1&{;‘{‘3 ﬁ/IPg%B@L teﬁﬂ)‘éﬁhﬁf@&f dt Feast
y the nethod c I sing g one or

produce rising: conbinin
Or°€ torprodhe the gmldGubdueh U8 afidetpneduPdraviodiadM TRIsbers of Atgnost

d I re | :
2 ofthe SRAFc FRIPBAR R icaPAf 20 TRy SRCL ol RIS peerprine
ly AYKYIehodb3heat i ng the m xture to a tenperature of
at st 200 0C to forma dried .Col u 6 tal .
cat i s ufivihdhi, g Ty i an i el TRt frering  groigo
feodugnihaindreded ipravatisd ghstor tmordratlisGeo a chiding por@duhdrein at least
t hat includes t cryde product, wherein the crude .
i Dbt TSRy 4 b e OSSR asOR U s b Pepbiguatys is
Mb&Iced By thb ehelhod oG a0 chigBidinb age ar HSS intbuds BN TBRIMNOS of the
at least 0.1 grans per gram of hydrocarbon feed, a

g nd
Kierisi1able apd/aictne of mPFf’eC_OWBWBJé af DEPIEEd mgjafsp{ronpEolypin G the
Eeibail able Hithl a@8pgorPB TéhAd hkudtt ahll d€8ink AR HiRtudd 03t mpislure
controlli (r)l(g cont act | ng conditions at a partial

(ﬁraéglgﬂﬂgo tqqugp @glg% olymn|6gpetpl catalysty copagtipg a hydrocarbon feed

RRE At HeSuRh 6%Qtell%§t§fyst%9 Broggcesautgtlal ﬁr@@ﬁct tEinCIL ML 8he crude
product has a residue content of at nost 90% of the

medict wdegonthe prudoprodiss ispliuscmixbenatf28e. and 0.101 MPa; wherein
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

10
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In sonme enbodi nents, the invention provides a nethod

of producing a crude product that includes contacting
w@20vgdsosnr bon feed with one or nore catal yst SPEDUS2007/080429

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

dnudeas anpentieedh padiGre @t ad 1826200008 ueH (hhige 61@&1@#1%&&0‘5 has a
has at nost 0.1 %rarrs, per gram of catal yst one
r

A . (0]
istdygonte ! af Bost P8 ieuRTidw contept tpdprigrbonised.-
and/ qf s QREerod N, HRIRRHAGSyrofid QNEnQhod W diBhEh Srude
from Col um 6 of the Periodi'c Table; and one or nore
medugt Gafipgdndecspipatiag 9 hydroesrbanHecdpuith engi e mpah¢agalystrdp produce
éé!g b ﬁ{ggﬁ% frfag ﬁl@@&%ﬂ@éu&’é prOfIRe, %hg{ég{ e PBREAbS addt AN liquid

-10 of the Periodic and a pore siz
gixgtre a0t Cond WilD h VPanthd ihpdropotran fekiddre b egsidoe tawsen o650 loast 0.1

0% Do QR EOA Rt 000} B IrDR GOSN R o

grenp eradranef oftaladt, dfeastor B0G: OEals Gropr Gduwoe 6 Phehe Petiattc Table
duct, th d duct havi i d tent .of
SR OraB R Lo Gemes el b TR o B Etingk

Taddc and dheo MBreamined ifrBNCdumhde 10 ofea Pértydiddrabled ade®r ane or
nmet hod of .producing a crude product i pcl ud

Bt anpring a G unor Tud RIS hbnt B § SRigte g o
RO KCAstAbitRh aithRr et pokdh@hméteicheustes 5 Aeanariade ; and

product, wherein the crude, Pr oduct is a li %ui d m xture
@ptrolngeoniasHngcopdiogssy 2 parie! et of B¥dogAl Agleast 3 MPa and a

ERpeAMR Fankanbo®ic Rtpré@asSthe Crulle PFANE, (REEruGE AFURE having a
crude feed; and wherein at |east one of the catal ysts

THEduC GoBEenH ahingt SR Fr A egesidugreonigpi ty hydigeathen 664 one
or My} GorBL ARl hdnRMHERVARTSH (RovkQesOf mdthsy FPehdREihg  TRBL €
and/ or one or nore conpounds of one or nore netals
firediet @al invhndes gonLartiog acivde Red vadione Pabpie caighyels & ppdite s total

. . A .
B
Ceamdér 18l Mlgn; dfe catde|feddiaviR® @ r®@us pottent hbit 1¢abid). b guathe per gram

r h 25| c t t % 0

R L G AT
gaboo: mBndrsyort hetalsfyen Colomne 646 of the PedodieT ftdelamtfor one or more

d d t .that jincl 1t ' :
RORPUEPof St nRlRTRL LM s b6 LR SRE PEhs; M frinaer
andtcohedllinr oducingtdoaditibnick b gasaltfieswe utlieydpsgea utitleast 3 MPa

erein the crude oduct. i s liquid mxture at 25 0C
& eitgioigega bRe RO Erbetoh radirhud S disemen ora
6o HeRtof te réfidde@asbntQf the iy adBarb@r fe@l. am of hydr ocar bon
feed; and at | east gne of the catalysts is obtainable
by c SRBIR WOdHnerﬁt% Eie dnveptignlesqiings ﬁ@‘e'élﬁd 8@@9%@1% a crude

Raddet ﬁhﬁn@iﬁ(ﬁ:@é&ﬁﬁcﬁ(ﬁ% a AYdrIRbonI0Q WIESRMB LR S¢at@8 8hroduce
more netals from Colum 6 of the Periodic Tabl e and/ or

oirel piodyry that Pelypsubigudt predst. gheiphy e prdapedyqt Hp liquid

1{;&“1@51 2@ °@fa_n8 bﬁof’@fﬂa?éﬂ:h ﬁycﬂ@@rﬁin f_@fﬂﬂla@a $HRRO E&n'tent of at least 0.1
andcontrolli1ng contacting conditions at a parti al

prioseyenpef Hydmcagenfcod; angd akipasgongrd therrdtalystsengiurinahly ey
&Enbla‘g@g; ?a 61?]9&211%%&: %aglﬁg Qﬁj é"\%re}gg %alﬁ&g qun{&eg ng Stmost gtﬁ)

cru uct havin
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 poogi#i7e provi des a met hod of produci ng a credBEUS2007/080429

product that includes contacting 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;

dogolnidegeR RO NIRREs HADaRiaV preGaRidf Yy@bgadlof QA MBDand a
cSt at 37.8 0C. and at | east one of the catalysts is

(PRl deaph 20D Skt Priodepe the Grrdsareduct dieaudeiprlict heiiwe ar

ARGE WREAd 5t of H8Soal M Bsi@le bREnRR e o IBI f%e@n d/ or
one or nore conpounds of one or nore nmetals from

Col urkhs@neofmhcdandgpésy thgdiventihitreyidesrdngthad P perducing agrude
Iﬁg(ﬂfcf fﬁgﬂ 1h£1 eg 9 tQ&l‘ﬁ% Qg%/&g&h%&nl fgaiswf’{)ﬁ 01% ol? otré ?altalysts to produce

pressure o roge at nost
1 lermppiodiay that mfslué¢s th@@udesmodl@cwmrepr tb@l c.u@ée plhéuqt rsud@juid

Ny [ ' t
RS s B BaF R A M OB b REORIE U GO et
I ; end aetdeayeortef tltehcetalyaw mhtamnabtﬁ'mf\dom@mug aatuaﬂra/lsﬁxlde fines;

t hat include ner nd one or

S PE BT R FoB CUBRE b e SPRERS TR 5 AR sfpagpas of
@R®r alordEels CrompOalnds 6 of the men@ﬁc mlﬂeg anied adppodfiradthcontrolling
Colum 6 of the Per.iodic Taﬁfl e| n tﬂ catgll ¥st
Rk sgpdiar I AR TBOT SRR abhh Pared s eperaure
&aansitsno e tcﬁﬁrodl&aﬂie BllleAranet; therwdpaldiathalisg a viscosity
obt ai nabl e b nbi ni ng: a mneral oxide fines; the

GRENGH ahpY Séf] o Ghheydracrhan (S5e MsEPSBY-of t he Peri odi ¢

Tabl en 8l @hbddnfen@n %e@ﬁveﬂ@(ﬂnep@@mch%ﬁ?s%atQﬁ@u&ﬁ a RWipert,
metals fromColum 6 of the Periodic Table; and a

@b tides) #dfone phiaprearadsiTom folm @af the Baiodicokpble and/or one or

Iﬁ&% %blfn{)&m@@p(gl'e TERbR: (8 %m@mhﬁ‘ 5 dr W @Qﬂ(ﬁcﬁ@’féﬂi@ $herein the
from ot her embodi nents. For exanple, features from one

o thavemoreniae dissritvonb b d nwdian phesatiumeses of pdpasaby Agnd the
S. . . . i t
&ﬁgyépts RftairGhiR %gtc&‘ﬁﬁh@]gé d @i}feg@] %ﬂg% fuﬁ%’gﬁ%‘gﬁ%} d‘lzorg g{jﬁ{&%s from

ucts are obtaina
@qlsme fref the Periphe dathe arsl/ar thel aue foumpearomgpniveld iohemetag more metals

I f to the specific
%ﬂﬂgﬁi‘%ﬁé} gt ieg{OS%ggB%e%gl aﬁsﬁ 1% EF DESCRI PTI ON OF THE
DRAV\nmhAmmbwmms (ehturds éropr @seflt emMmeﬂtmmayvbé tombined

becone a hose
WA PR R hPrbURRS By HubtF ool bhRabfy ey
Heaoabiiad &vith dedilies fAQn ampemiyd aiger@didwdingstsi N whi ch: FI G

i.c of an_ enbodi nent, of contactin

1 is_ a.sche di

st dniae i, SRS PGk Pae Y B S et and
Hfte®OBEs3GBIIMGremy St €M t hat i nclude two contacting

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

of ¢ 6p1 furibes %@b@ygftnéﬁqﬁddﬂtﬁglﬁl 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

WORER/0&576HNnt acti ng system FIG 5 is a schemat PCT/0820aT1080429

enbodi nent of a bl ending zone 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 Ramans sResia e tchemy@Rad bMpdEAtad ¥iSdon@BEhe %@k that
nol ybdenum catal ysts. FIG 8 is a tabul ati on of
ipgpdedereRiesing Zpisperti es of crude feed and crude

pr odygs FON aii D %iefﬁﬁtlﬁkts o@gmﬁ&ﬁh@r% &%nﬂa&%g%é{grﬁs fnged

with three catalysts. FIG is a graphica

ipglpdeeben cantiing ednehei ght ed average bed tenperature

Vers lﬁG.l £ %tst]h (ﬂIaIiE Hf]anf é?ﬁboﬁﬂne%pmdée EOH%H&&QB&%H&% with a
the crude feed W th one or nore cata ysts. FIG 10 is
@ntaging sastton of representative properties of crude

f eed r . t I ' 1

the. dRot P oafrBE A s LR, SHAER onin SRELAEL I o
doatantliretsystamof representative properties of crude feed

and de. product. for an enbodi ment  of .contacting the

o a1 R bl o R Ry SR ibnt D, o
ohtactingdgsttaechdandendingdendr oduct s for enbodi nents of

cont i crude feeds with four_ different catalys

Syor 3. T o 8 o g oo pdisiid i iolvbdenum
Rtawalsue of crude products versus run time for

enbodi nents of contacting crude feeds with four

di 1 1 dilterft 1s @4thufajigh oLxyRReaREA vipIEperigs Gl grugle fred gpd erytle product

oL @satAnk ONcoRfacit hydioLenwHRIREL aRYys&l ude feeds
versus run tinme for enbodi nents of contacting crude

f eedd (i & K afesnphical epreteaiation el wiighied aypree hed teppeatutesyersys

1@nddh §iih @(ﬁf!an %ﬁl@&(ﬁﬁl%ﬁtd?tzi)rgﬁbtiﬁg He@PUAYEAGAM S8 or more catalysts.
expressed in wei ght Iger centage, of crude products

ver sU8Gr nis g fabglafion olgntyeunideyi mopstlicsoh erade g et endde product
Fo?ﬁ{jénqu nt QMon&ktfi{%%@&hd&ﬁ%@lvﬁﬁIwosé’a%}%%s- FIG 16 is
I ca p C in API

a grap representation o ange gravity of
cr udd’I@r dds encghey eabglagorn ofrrepresentafior prepvodiofrenitls feod and crude

t ' . ' A tal yst
SO SR LR SRS LB LRl 0 MR Eallcat 1 ve
oxy geiiGcianis e mbplagxpofessededdranderugh progect< fon tabalimedts of

SRR RBIEA R R Bipoc s of
Syst efiG. 13Rk GgrapBichlSe@ese Abdtibrad(i Fova@f of cA{dE @REBEEYErMB Tun time
o£ g ‘t?ord'irineen%s (g)tf corcl:tglcuthleg cfruedg gee%g] \qvit rfolill(rj Sif%ge%gga%l?st 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

worloghdesum cat al yst and a vanadi um cat al yst, RET/IS207/080429

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 eedgaM t71s QBRPRICalTBrEsch@ticH Sk ocdtcoNiBhit Spsestddqn vdight
hourly space velocities. FIG 20 is a tabulation o

RSFEPERY ESTUET PredysifeycF e B oo PbReipe bRl cpalagige crude feeds

GibRd iRbts: QfakPk@mki ng the crude feeds at various
contacting tenperatures. FIG 2 1 is a tabulation of

cr uddIf eldds atbularopel 1pprewn@tise froperiédsind aﬁuﬂ@fwé aggf crude products
fOPORRES hEHs 5ﬂ%%n%&|rhg%ef GEE O wi &.?41%‘& sysPaR ¢ 3]&1‘&9 L &rious
e an crude

FIG 22 1s a't tion of cru
apm@dt&@lf 8 rrdeMbderrrtno@htm gl pfangdnmaatalysigwithe caialudeysft@?e that

(ﬁlé{lkﬁg E?a‘ﬁ &@denﬂ/@na@% | Sital H%Q%P obgzlds.

grocar roduc
c o nt ERE(BJ 19gs ] Inadaulayohr dqmqiﬂwres béedde/\feemartd\mudeamaiuyts lf@

Gt B SR Ak P O BRI R kR RS i fours
%&?ﬁbe‘]ﬂctﬂb;tnm? gat glngsngdFl G 25 1is ? tﬁbul ati on o{ o
o TR s kR A Sam i P LS e g B R OTE R o

AfHoldBndnbeof icoi@ding @R cinfile SeLSIS @tmahblllsﬁ:oh@ctl/[%rtérﬁp@atures
nodi fi cations and alternpative forns,

embodilfrert's 2 {ahulake ofgreled e and Bg}lde\/avdkb‘%ts 6x ﬁlﬁb?qém?fﬁs the

&hﬁmfggﬁecﬁh@feédﬁ)wgfég@rmsmouﬁe to scale. It should
be understood that the drawi ngs and detail ed

deschil9t$20h 2 {ahalabemolgrededend and caide agpdegs for ginpodipents of

doRMeitd B0Ch@e fhewRRE hlotybudiunf Ok scl osed, but on the
contrary, the intention is to cover all modi fi cat i ons,

equi VT edtis a tabdlappn erhydrocyrben fead pridrgudgi redugt ﬁOh@nlsqﬂnmmts of
on as defined by the
AP R e BB RA Mo B 571 &N Cort & n
enbodilieHtis a gfbulatien @ﬁ’rwémarbmsfead enddegdrpirgrldt floeembaliments of
r re defined as follows.
@é%ﬂ%%g%ydmczﬁ) %%%&n gr d Testing and

MVat erHI@! 2. 1% Aﬁbugtlm/@ﬁlydrqca‘beﬁ @edl andAfPhd groductt foy ambmb&difhent of

0C (6 AP raV|t eterm ned by ASTM
ﬁ%%a%%% %6 Ocaflgto ﬁ?egvﬂ gﬁat &i'cent age and at omi ¢

car bovhipahermntmige 1soq‘usctebeblla yﬂ«aﬁewa@diﬁéaﬁeﬁis addltmfaive forms,
S%E:cl{gce erggo%(ljr%gr}ts t%ereofa are gl%tw%rbg]\xpag%f g)%/a ?eTM ttl}ébérg\gglgs. %1'
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

waledosnsi7aed by ASTM Met hod D5307 unl ess ot her ww&BUS2007/080429

menti oned. "C5 asphaltenes” refers to asphaltenes 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‘mlp’a%ﬁgelﬁe&e&m& AP gfaSityst 198ter @ red AP oASTMsMet hod
D3279 | um X rretalf “refers to one or nore

Jetaringd by ASEM Mhsthwd HO8%he Peri odi ¢ Tabl e and/ or one or

nor e AQQIHRQHIHQ) rﬁ%er&:ﬂ%g@ ﬁnd'@(grﬁlc EhHeh ﬁer@efnt g@ bie h%ir@éarbon feed
the Periodic Table, in which X corres s to a columm

mmwctefmduemmﬂ ¢etermingd py &S Tivhidethed | a?lc Tabl e. For
examﬂoﬂ n rg{@elﬂ 1bQ1t1H§stf?l &E hydrB@a&lﬁ{ Sfeédot Qrﬂ(ﬁalgﬁo { &nd/or the
}'Fom um 6 o d nd/

met al s e Periodic Table or one
cwuderm®@0t:@ﬁmmgnr@ﬂ by e Tt Method DFst aiess pthmvdsd mentioged.

of th‘% ng)ilél%q S rf-:l-f"e-:l lt(? a ]ph%%:ngsrmat L‘l&)ﬁqﬁoﬁgl& I?en%ﬁé eés to

one or re e emen
abplivlltenes apatéwiris zcsmieteumnnd)bﬁASBWuhdsD@(ﬁmone or nore

el eng; Peri odi c ch X
corr eCpamiuere s Mhnifsab R p St et s o
dspiealtPssicottem isTahlk@rmined bye X8l MethdCoBRIIN 15

elenment(s)" refers to one or m)ree f

5 or CohRMRFEERE “lsroou i bre BRERG Chbta % SmboDsta
"Dib1e0iME/00 bnd B meore ban@ihds dfloadiGabd mﬁbtalﬁof@olﬁrﬂ@XRﬂ[heqlﬁthdlc
Table. In the scope of this ap Ellcatlon

t of a
?Pé’fealn WIFIWPHQGSP%‘F‘}S&I? golynp fgm %éfoé ﬁ’fan&ie a- lggﬂfptaﬁﬁﬁl@fc
PablB Rk efah P, EOSuRE binRdi1G) TRRE8o WebAhbre @fetadrréth €8RIN 6 of
fromthe Periodic Table, or weight of a conpound of an

¢ Berisidte Fablsrange omseitings s eommennds qf 9ne ol 1agie Ateeds tigm Cqlsmn 6 of

t}q@p&mdlcofab[get al or the weight of elenent. For exanple,
i f 1 grans of MOO3 is used per gram of catalyst, the

cal ¢ u‘patum Xweleghnt(spt refefietoppe glotei glements f Cplymphgof the Periodic
f%gea LYBdr g 01?11191% o 5?@ 8P6ne% ﬁ{s}ge"&elﬁé}{t%f@ﬁumn X of the

tent"” a conponent
uibdicrlable, 10mchékmrmsmndatdw@ﬁwamm¢r ffele@amalet bt- 98) of the

]?nggltc‘ %%Rlegfor%xg&ﬁ@e‘ pcg)?lgngﬁjn §a gglfél%%‘Ré? éﬁ% t?ﬁ V\? n?&% elements from
WUdingh S of the Bmcslutbﬁetbﬂeaetnd/or OWY rpmdre r:«aﬁlmusdst « opanpt wopetements

f d f d
Bir 5By AT 0T ge Thae Ts o be (reateq

her eiln the'sC¥pd @€ tHiep@lit Db A wdghd ALIC netal Kb i@ Pedibdic Table, weight

ikemeoat e et dopdba Py BERGHP Iy b Gk e g Trom fhe B
TdBles bi Wight® a cahgiuad bpahyethat abhaRsPddR TbRAs Ldldigated as the
r ang{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.

w0 beBes083 ons” refers to oxygen, nitrogen, andPOF/US2007/080429

sul fur contained in the nolecular 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 ergnide (@t (IGEm @&HM&;&S ditsﬂﬁ'ﬁntﬁgf‘é\d%nﬁle ks@isQb bé B&Sed
than 40. Basic nltrogen ("bn") is as determ ned by

STV Met hod D2896. "Hydrocarbon feed" refers to a feed
that “Cﬁﬁelféia@ﬁotm/ﬁ&ﬁﬁﬁﬁl%[}@ or""lﬁ%r@@a%&qged/t@ﬁg BYCL refers (o the
include, but is not limted to, crudes, di sadvant aged
ke that JonHes Eerashst @Wlaipmfélssfngom refi nery processes,

or m“ﬁs’(tjﬂl?té” }eﬁgg gquro%gﬁglvﬁﬁl aolgoﬂﬂ?/%dr %%ﬁ%ﬁ[ﬂltl&ﬁ S&ween 204 °C

obt ai ne romrefinery processes I are not
HOik edd 863 °J 6GAY e DdUeMPahbutillpte spufens is asaleigunmed by ASTM
M@fﬁ%@'ﬂs%?hydr ocar bons boi | i ng above 538 0C (1000 OF),

or m xtures thereof. "Hydrogen source" refers to

hydr O‘QIemoammd;l’ oxfera tcccmygcru nifrogerd hnﬂ/omlfpm@ndmetl irathe wiokxqular
in the drocarb dan th

b R o N TR0 s T By T Rl

Irasd rfmw@@n D e@dor Wtdh yidio € And04R % dommifui. Ndbtatiessichiitkogen”

is not limted to car.bo for ex le, Cto C .
e B SR A e o1 8 40 BB ooz G is o
duiraned by WSIT®T Me@bd M28%dir es t her eof . A mass bal ance

may be conducted to assess the net anmpunt of hydrog

or ovi- BEGEE0YTHESE GREBRACSY it Ko RSP Bor Egbon focd

m#y @b, Bh@s f6UBhedtd, SRAESN dlsﬁ&fa%§edt&u&9 HREBSSbMR obtained
force needed to crush a catal Fl at plate crush

fsqrp ghigeny nrecessss gePETHEhBareply l%ésmmewéf W@B)CEJ‘JPW tped optpiggd from

&ﬁﬁe‘%& BrobQs@ iNQhddNBilt rafecnolt it Prof ﬁﬁgre&%@ skt re§18E@ Ivacuum
vol une of catalyst and is e gresse in hours (h 1)

Fedugt hydspaarhonoboitieg 2loys 238 6 GBI UD atr edxses Sieravat | on of
al | Iﬁggﬂggﬂ{ so\ﬂf%le’uféfeﬁs fomygﬁ%ﬁ: QH&/&CJ éroe gﬁ&pﬁlﬁ/or ’iloc‘mpounds that

descr erein.
Elompo gictprayence lh e hydmdatmnesfeedraed che cmalryet regnpopradde hacgen o

%@%o@c@%&gwgtg?/&rh%go%rfg?c{ c{r eﬁrsg &Q{l%a}plrngﬁ@élisﬁ 1@ %g)t hmlted

erel na rre
tochydoshbbonfdrkaimpledl;ud€s hy;droxtalﬁ@lrm such esmethamen ethznfe pmpzme

U BT GRI CR "

fee i@t bohytdRezefPprovidil © thabdepcasdpiacidhyathchpoi feed.
I nter, t| onal Union qf Pure and Ap gl i ed Chem s

(1 UPAEE! DR SernbarPan seiom s e RE e §ro a catlyst

A5G @ruﬁpsu@ﬁgth isefs@lttefingd lkaASTIMENM@hsd Dalal i ne-earth
metals, zinc, arsenic, chrom um or conbi nati ons

t her ebHSVATdgmentolypetraligyd fGed e peqjiotalyjofumegf calalysifing is

Apled@diShdss @ES. efdﬁl%ﬂuﬂé)()f AV Metnethiddb3 k8mmation of all
"M cro-Carbon Residue" ("MCR') content réfers to a

Qg‘lg%)ﬁt yqlg,m@-pfln theroppactinggpgeas 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®2®8045753bl ybdenum content in the hydrocar bonP¢BE82007/080429

refers to the content of nolybdenumin 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 erpimeet Pw1ANMs Methb eridB8Pable aSN@EU"'ﬁJﬂaSy th&fn@¥rSatibRal Union

Qﬁ)drocar bon conponents with a boiling range

St angpbet! GrrwesrT9BAGENC1oBPwRYVand 200 0C (392

OF)  ady1ehisliQdn dM? @altsm@efgta}ﬁ@ a&@@’trgi@ tol a%aﬁ%né#eﬁ@ %fkmlﬁbe&rtBYnetals
ASTM Met hod D5307. "Ni/V/ Fe" refers to nickel

AjRen B PUeChiopdHY, Qﬁrcombtﬁmqmathetﬂ@é A etrteny ol mﬁMS/umE@l salts of
%ﬂﬁ@zwids if &l fltnb0a bPRsPONYERba pi3f ckel . vanadi um

or conbl nati ons t ere e Ni/V/ Fe cont ent
i ncl uBsroiGadrogdivsidueii CMEIR™) vatradiclins @ridiuan@y ot owipoueddie

%@%&r E géﬁ&%&ﬁd}hﬁﬁ%\,};\ plHRRGY QE\?&? it colHEH gé %é;&nined by

ntent 1s as ermn
AGNNUEhRDId4 5708, " N8/ n8" refers to norrral cubi c

met er, as c. neter ydr.o
"Non MG Bl IhE T Syl BIT BHRET BT Rs-
ihelfedeauh n e dadi The mxbgenermﬁrmmndﬁclhdmtthwkmamﬁt offidtgangc

car boxylic lic containing
St L N U AR L R
Rydroc@ibb@fesdl isGiy @bteini@dd e &S TMIM@RG] 13580ar omat i c

al cohol s, ketones, al dehydes, or conbi nations thereof,

whi Ch NIRRT KB @ oGt SE MRS SRR A PR TRSH UG

@ascen 38 PE 00t P) SRMIPrENtS ANl @101MXL. UNGshiffcontent is as
conponents that ar ases at STP. "P (peptization)

W“@@edBYAsﬁh@Me@QdDgeWers to a nuneral val ue, which

repr eseRyR thershid ﬁi@Eé}”x@B&cﬁﬂn Ligpdanembrhidsphaldcenes in
the hydrocarbon feed. P-Value is as deternm ned by ASTM

I\/bt hoE}I i/B7iBontepS referjiathe cemtent of niekiil.ardngsiiyne, iinagreqombinations
of %E @Il/W%J‘Mtemr 1ﬁ£1F&ersrgI?)r§agl{c 1&eﬁ%aﬂ@%§ﬁ%§$&ofﬂ8&%ds

| amet er ore vo eterm ne
duiton ocgapR34l, érgenwanqdupm raod prgenaispnapmpowndnt Het Nidyvgk eontent is

a?%#%hm‘hgd]} Q%TM’%\/{E%&[ gtics (r) A9220 instrunent

OMerities In rcross, CGeorgia, US A) my be
used “Non’ et exfers [tendﬂme]S(EElbwailﬂlkﬁ‘S of ga@pganbiretadriof bjdrocarbon
%ecf ers to conpound that includes an organic conpound
onded or conpl exed with a netal of the Periodic
Tabl &Non-OQugandiebahining oeRiceRt enrce@titdt Oretdictotopdadlc 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

w2@8/M4575Resi due” refers to conmponents that haRET/ES2007/080429

boi ling range distribution above 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 ep‘%@@@anwerﬁsfﬁwi% &@@ia@ﬂz&:@z ancﬁ%lrd"@ﬂﬁmé"ﬁﬂfeﬁi rebe
determined by the Shell Hot Filtration Test é
Hyneleis Bedipp BOTp fiaypgier.rad persvplugie. ag|deterpingdhiy 49TM M?th D4284

(ﬁl%}cur é&gsl-metﬂazg &2omd& aﬁgé equaﬁ@ﬁaoo) r of ﬁfcﬁnﬁéﬂﬂ%@b d

cubi ¢ fTeet of gas per barrel of hydrocarbon feed

mss,umfeab@/ham@ﬂtl@flng RNercessy Sieoigin, HisS. e iy b Head tbgletpmm these
hod D3663. "TAN' refers to a total acid nunber

expressed as mlligrans ("nmg") of KOH per gram ("g")

of sdPpaeomTANCT gfastodemgpyndiba iwdﬁﬁmrmmwnme@ﬂbonded or

(i%)%@)?GQB(? %tﬁl |a¥1r¢é$al o{ t%t: BLiko col“e%ﬁee gtaﬁl? JXI‘EI’ rc’eférg1 %t the total

een contacted wt dro on
®ateatl ofsetal e tha depsporbasillic som[mundis r@rgMHIeca,lhca:ou@ntab yst

hat . h with a hydrocarbon feed and
n@Wﬁ%&%ﬁ&%&%@lﬁgbﬁﬁ her treatment (for exanple,
r egenBedthed rdat & gmipphents' HadBave £b@lise taogddidribamnlhbmneg 538 °C
ith a bailin an i Stri jan between 343 0C (650
@hédqe@&‘séﬁtgr%g“{??%%ﬁgetg‘f%ipgl MPa. VGO content is
as debedifimeeefly wimpivildtan@dr 3t are isSRBRIif Yhe hy@bedrSon
to kinematic viscosity at 37.8 0C Vi scosity

ST B Pt QST ARG PN Ve DS

St @X aPhist b &t@ﬁﬂﬂeﬂ%ttﬁeoiﬂlell iHot Fi¥rdi®n h@stlé‘rgjﬁrﬁ PRAlescribed
that if the value obtained for a pro%eg@y of the
By Reneort & b duthe ous g jFé, 61511 paget ¥6d104 he t est

et h @‘gCFBh?efé@ &t std¥RA Qb IR &%a@&'bfaﬁgl%f @ Ofbon feed.
recalibrated to test for such property. udes may be

pr odudediacana ool ¥ eatadyst ©ds fletemirgddryaalN detleadd?¥ioAi ng

for e ene
e e B e s L

grarud@”boﬂ samBteaBIAN zas (laernmiepg hyn“cSTlM ethpdtDG64. not

LT m teded Qual ng"‘{@%éfs' to Bhe ARG ”%Sl”&?&'a 98B 0 &e}ﬂ?&% with a

salts, "or c i ons hereo rom e cru
Ia/dstcalbmh fezeé.dA oyed deatalySundudet,dioi 1sinpalimiosnl tnm/caaﬂwematdras basen

Shps S TG4 ol U8 BT DR Bl LS 9
dihﬁlplel ﬂe@dleﬂit‘edl/c@falyfsnrsactl onally distilled in a t r eat ment
facilj Jfo c onent s speci fic.
bot 11457 458 GRLERs gyt S P e g eibupelbRen 45 °C
(65@?9)&&@5% :C M@i@; *[3Rdd.on1 Mekr veart doa@noik la§a1etenmned 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 vacuumdi stillation nethods. Undistilled and/or
wapdosaet7rsdHnat ed stabilized crudes may i ncl ude PCT/US2007/080429

conmponents that have a carbon 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

thapReguds dild 8%abilDhi&ORRY RakbQnst: it Rangafed w, FaRRa-dos non-
refers to a crude that has been treated such that at

qopdansablpsasesofraieh salBopfsoReHREoRs Hhgredh Aipen e pigflg forfgrup piakilized

&S&eOWu‘%?stQﬁlﬂEQO%Q ded¥R &0&1%5 P Eroafma]ce ﬁ‘)t m p%\ﬂ@udﬂeaﬁ@/or

renmoved. Typically, topped crudes will have a content

igfortgie spst 0.1 grams, at nost 0.05 gr arrs or at nost

0.02 f . .

0 0 SR Sy U RANERb SR 038 R n

tadalnosat fabditstoaiidure edltipkudepotatsbath spantipbritiegrang distributions
r . n l.

QSIDL PRl LEUIRCN PGk ARl S PRATR s

1&1¢>tdrm1®r1m«zl esndfsah!@lccchmllmonrrmtbods asdiot ablen pisdleiot megods.

R G s T i T
c&rliomelamnaraboéea@inl qumycmet bius ldasrmlafr graﬂng obcdr@unm:mw Qtam of

ue. to the. di ant age r ud e econoni c val
G B Sulen rFeb G oSG Wbl cmion G e oS crudes
diem@d vt @geadkscorudmbind@dnsidferel e eTRHpEDQeoBIb hymﬁe that has been
produce, transport, and/or treat. Properties

(R gyl hak gl P TR TRIE it i b P Roiingaint el B C

3.001 MPa E%NFQf 1 &dm) heasteeR rehmovad. T@?c'%tly Qo d Shudd willl@asd a
1; b2 viscosity of at least 10 c g gravity at

Gopient ofgt mggt Opfpdpms, 3t mgst O gy, ong Mg 0%2grémapfwc VI Fe
SRR 2 ol dreRShpRdQARR2 grams or at |east 0.0001

grams of I\Ig /' VI Fe per gram of crude; e) a total

het erS@ale@w@ﬂl@@lrﬁredﬂs hayfe pagpertéss shat gllothe gtrablfrrgedcﬁmdes to be
tgh% n%@?&&%zs%%neg "u%ﬁﬂngfu GEHES by i oftifind 8 %?%Tﬁ%

east resi due’per gramo
fipeliasy tra¢1¢se<vreshlps:)o idteertcruglfs lztve IOEfa@tm@e Odsugatderpropérti@sthat
e r
12(%2?‘1 E1 cg%ava%?aéeg ﬁgbcﬁ/r&?_ﬁ%‘% lﬂdc%ldreg )r%a%})%c%g)&%%)qg a?lfans%grtatlon
ccaumr emi/oma‘ trermnallt aciliny, theits ahpasalhg slosofecarqganivduaoitas of
ram o

ar%d ﬁlg? 0’975 egﬂréogrg%%/aluei wa%%en%leg%tg?jreﬁeémlgt at 1n(§i1des the
cd$aﬂaﬁﬁ/@ﬁ<ﬂ ageaétharis d&n[myod mﬂyutd)q;rocmeé t@hgpattodnd/or treat.

di saqvant a crude, | east ams of reS|

eaot TeeuRe phsi e mgs iy in B blg oy S B w A or
4t @SbtAUE at 104st 8, dreakhstQ; ©) \gicasty Pt 1@@%@@& )| APIS@dVRY at most
enbodi nent s, the di sadvant a{%ed crude. may have a TAN in

1Y tdngye 1108/ o8t 1§D @ teial N/ Ve cqptest gt ey 4 0qHeragy or at
1Past0.060 1Cornd & 1\51/V/F5' p&hRbNer8IR el R h@teroﬁ’tb&@%&ﬁéﬂt 808 Geast
crudes, per gram of di sadvantgged crude, have a

SQNF e cErRatoms pef 2iamd cryge g s resighue F@é@t‘o 1t depst (Hp1 grams

dr883tue PeOZad 0B BB de; loh a 80 IHHEMRONIARAL Stat Rhs @%M%Mn?sgﬁ@s
crudes have pr opert| es including, but not limted to:

aphafiapes per gramjogeratle: ) & MIYR gantgng alsat lepst ()02 zgmanesxgf @R per gram
cﬁ%ﬂh@?ﬁ a gént@&t o% fédt iI(P mggﬁsagcg nganic 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
wa@gphaki’enes per gram of di sadvant aged crude; BQT/ES2007/080429

hi gher than desired viscosity (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;

Rfidde) atQQPH. B afainRI¥S rdsIQE, AP feast LIF FANEGBRRMI SRR Ie8st 0.9 grams of
di sadvant aged crudes have properties incl uleg& but

gt ilprreenkpdingnts s depdvanieesdsgets RomMaEnt igta range from

d.2856.3 R ﬁp 03 903Ns 1@for Bas0.51b &' %&@taﬁ%@&%ﬁmﬁﬁ&dvantaged
gram of di sadvantaged crude; b) a nol ybdenum cont ent

qpdegtper gragol gisadvanigged crede. may bayiedullersnniepitof af leagt 0.005, at
1E§s§§bl Q3¢ lg§s§m§nglfan{se3| due per gram of di sadvant aged

crude;’ or d I nations thereof. Di sadvantaged
crudés scrmg/embndlmﬂjl@s dlp@ivagam‘hcofdedh@a@mnlttlag@dludmgd:eﬁ not

lﬁﬁltéd%g‘ J%N()(%]at Q:Elsq Elehs%fi‘slg ag vﬁ%ﬁ%&ﬁg}ﬁ’of U lea% 0 005 grams

rocarb
afiosygeinkpat gram otﬁdlswantagﬁ o@@eacr)ei (ZsOt@ptﬁEer&s c@ntend flzf fMRatst (h(M

55000 Gioae R Ry P AT ESASR BFTH e Py B8

\dsi;cstlry' Cmﬂelxﬂﬁplbe:t m(fm f(ﬁ@@ly@l@cﬁh@h BAOwWAKCART g@vilyOdf dvRast 5;¢) a

at |le 001 at Iea 05 ,_or at

Pt s ity Bemearo s e BT e g Prssatyaer
@i of Edagd; |oon cbﬁlbmwhs&&@eo@c and 400 OC at 0.101 MPa;

and at | east 0, 001 grams at least 0.005 grans, . or at

| eastn WIWleI@tPOQH%e%SF lﬁiﬂd PRge SIS have ﬁr%elﬁ‘&? 1“F1H§1ngd3r?@ got
iehhisdareh Ay b b RabWaeBndAQrAGea0d. Og(ﬁlogrngs it badic HtfogMP@mpounds

D sadvant aged crudes nay i ncl ude, Ogr am of
R§7 saEvAHisadeataged gede; hiam@b@@enemmategtr Releashp)- 1 veprp; ©) 2

IQSI@L%OQ{GM at Rhst 8k éreﬁﬁ'ﬁgf r&-lcgllb pBf S oPhishu ek ge%rcgﬁiesor d

l'ing range distri but| on of at nost 100 OC a
@Hmtlwahermf | east 0.001 grans, at |east 0.005 grans,
or atp,l

‘ : Cl
O i85k b ARG AR I By Enld LG 001
gvﬁas apleasdt é@@ﬁ 2RMROK aghaﬂtr@ 01 granisedi by droc0@Hs githaeboiliog raige

L e e e e S e R

@abmi, easttleBt QO gam?uﬁhhydtocmbalem O5ligy angs, c}mnbwmbn between
PSR e ot o RS 406 E RO ARl Bl R . Bl o0n
amnds 6ﬁhy|dﬁ)a81b01€3; v(}lﬂﬂzglﬁ(iﬁli%rg@e dm@lﬁm\?\dﬁ)?ﬂaﬁerg%(;mrsj an0 flg(?fC at
SRt gan S SER bLerbingt B BTN s oty VB Rt

3@ abbSAGURNb AEROra BFUH@SbUTRY bbtR@brH®), °CRsd 6§® a@haf 101 MPa.
di sadvant aged crude, at |east 0.001 grans, | ea

0. 003 igfxpRkaged Frugdes a5agludy. gar g@?’r%lﬁ%dlﬁﬁdeféﬁeg E]&]fjf)(?ﬁ geast 0.001
%‘hﬁlh aBleRRDI0D A GrahRANG @ Bk HI0H REknksQ hPdro@rbd i $ith hBi1AE raHoe

01 MPa, in addition to higher boiling conponents.

drypbetian ol at s 1f) ‘SaaVeld %%atclwa‘éo@ﬂagambér legsit 819 @ grams, or
A néaad)v(ﬂr%ag@@k HyEREEboR iR mﬁngqang%tmnmmﬁ BERELRPNR 0fand

at nost rans or at nost 8!’ ans.

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@2@85435mams, or at |east 0.01 grans of hydr ocBCHUSR07/080429

with a boiling range distribution 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

%TMEH QCRER 0085 Wahl, @ aPRhd: DINY oFARAR hPdrSEaibdAY i@ taflin@kange
east 650 OC. Exanples of disadvantaged crudes that

%tgmﬂosé’eww%‘”%ﬂﬁéo that HHYMEB%es descri bed herein
i ncl udge d@d&vaﬁ{agecf@ﬁdels 'II{E'yQI?c%dteoper gfaﬁﬁ(ﬁ%lsfaﬁ@amagéd érﬁ@e at least

foll ow ng regi ons of the wor Coast and
Qs@ﬁ}tgii@ﬁh atiamt 8P rams. i nblgest fmﬂ g@aﬁ@i hyceia@zbans gith a boiling

t d,
Un CR K| ng om Nor%{ﬁﬁd aO 1§négfaeﬁrb @hgﬁogﬁg%ﬁlsﬁleuslée:ha
mgnenaayTyp%Hne thealiadvantdgedsrudbhaayper aranarfdiscddones] @ude, a
c%gmmmﬁy%?&c%pﬁstﬁ cha A gm{nsa&eﬂm%gttbdﬁ ff8Y enhance

roperties o aged crude such t hat
t he c&ouﬁelgadi\raetag@bcemeabia@ ifficbudet peag&pmﬁdmad@mtagﬂdcérmle at least

RS e LR oL BB R 80 FEY O bR R B R Bfine

e disutiiseioh el leaas200esck D.heMpar ei n, i s general | y

suitaple for tran tin or treat Pro [

or  ROTE v BaraR S e oter HaE T e aP §odg leas
@OMSLimd, @t he0.005 sampandi 18gt PO R SsIOE Sydbcast wiBX&8iling
Intermedi ate crude than the crude feed, or closer to

apge digrbuiopshdilvigt G%oberti es of Brent crude, than the

crud EExfaﬁﬁlés oft &&H@Qﬂag@cﬂl bRn&i g nhgﬁ be %@ﬂ@cmls@ngvtﬁé ﬁl%c&ﬁes
the crude feed. Such crude product may be refined with

Jesgibed hergly inglyder hus arerpohtimitechiar @pdes é‘iﬁ’ﬁ“a‘ﬁélilenfgﬂ?‘emg Feys of the

\%rid @ §r¢ﬁﬂie@oastp A8 sSUIRAM @El%nﬁ@faheﬁﬁlr[‘dfj&nds Brazﬂlan Santos and
desul furization, demetallization, and/or atnospheric

@neno bhsansi Beyptian Baket eudznfolad; Vhiges] Kimgdoat Netth Sesf Aggola
(BM’Q{O%C @[61@9% Efo%g% V@l&%& 1 ﬁ Mafa@sﬁ r&}{@ Igl?fgﬁl Sumatra.

describ erein i nc contacting
hydr daeatibem of @e«'dithagwbdtcneles:masadny@m(esl)e prnpéattiawrﬁtmct ing

cﬁ&ﬂ@an?&?é A& sn?‘l ?Ltthé) &ﬁde% are a eq?arblerrf%f &an%g&Eaﬁgltl

onepr oper
thoatnancar bon feed nmay be changed by contact of the

hydr arb n e cat sts rel.at
o AECERAR s % Lottt B s TR BeS b  hilg PRl ctfine
@dﬂfnﬁd&tﬂi@ﬂﬁt(ﬁ the@uak dedi ztsgiemlba@hefrahﬁegeﬂemly ReitgpleesemaRporting
a hydraog sourc In.so di nents, .t .
R e ReR L S B RTut Ry s ta netebeharin pmygser
t@@{d(ﬁ;l’reslﬁﬁdlhglﬁlbp&geﬁﬂwest Tens Iﬂtea@matednme @vaindig: crude feed, or

reI atively smal| anmounts of hydrogen to corrPound s) in
Q6 iyt SEIEBHNE BRRCTIEY €6 Brantcaids, (BEHBHERTE 6. thereby

GAMAGIHhO& ofNSAlud BPhE BRle e8! SHET AR pRRSERAMe refined with
lgsosr(])tr %(c): 11:);6r—‘]t(f:]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.
wo2@8M04563 i ng zone nmay be a reactor, a porti onP@f/US2007/080429

reactor, nultiple portions of 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

Pro@eily QO a by eSdiibon fedl ﬂclzi}kﬂedth%@d BgdodtRa6t ME hyd@o&oRYeed with

reactor, and a liquid/li contactor. In certain

VK196 aﬁOF?eCﬁtaévstStrﬁém@dﬁ fhscsﬁlinﬁ groesist diths kydigsaen &sdpewmeo
%ﬁbto%ﬁe%ﬁ%&nafcéﬁg Isipb Yornfe@ M RE breQdnct bea mza%geﬁ %&&n th @(ﬁﬁ]e

the catalyst(s) in contacti ng system 100 may be a
aehedinpsude hydegaiissorice & dpartmofsihyeesarbonpilat vader aditaing

I
ct%\ﬂ}%&é &1[18111%{9& rofde n%@edf ahal Xrﬁ&ﬁlts(cff‘ﬁgdl%%ﬁﬂphg

In'sone e ments, cont act
dw@p@mm)b@theﬂle@dcamanfeaifl rst catalyst of the tvvo

R R R
Aving HOZ. Hﬁlemmnﬁb@aﬂem ydrs dipsor@nsesacieg ecmealt)blm htydmtzarhdm

Pl 7 X s<phea®t B by v RaPhPE B RR D RRgh . kil

poetsind bea ﬁa@ﬂbe ot confihatighsatietyr, Bxamplemﬂ artaahtaomsor ohe tnRgea

r rties of ude a at least 10%
PRE SR g R D b G RS Y, et iRny S
thigedaadd(ecS TN ACdidiadd tdagedayd ropay i dr aad antuh/uqaﬁ or
nore catalysts. In certain enbodi nents, a vol upe of

@3ty s CFrItlalfl Arabedimenis tﬂ?erf‘@nti‘%tﬁg syglemis op ‘}réﬁb@eq P @ottshore
38160 bRl of AR 1RAro¢RbiA el with 1AQat B0 of céhtdc@h@dystem 100 may

vol ume of hydrocarbon feed in the contacting zone. In
ReGYRONERHOBYPIRESE F 2 BRI RipGeys- of cat al yst and hydr ocar bon

feed 1HRYodtAG Y Q@neﬁﬁ%&u&%e LOn@fagBuysQ- (%Q@xa?nlﬁé WS
or 0.01-3 grans of catal yst per 100 grams of

tpdistse alnisome Fabalinants.fvented ol BethydrgearbamelceCoith abtst erjalyst of
tﬁ@[wq éa'ta‘?{é?s d{u@ If,e&l?ce GAN @Ghd @%r&%%n HRY. S%é@%ﬁn cofldbe ke

eratur pressure, en source
edlupagd ThWrydtmmbomfehé gith thepagond catelyptisieratseogerbdeneofntent

aganéc?ea% n‘%)l ?]t i o&ﬁerieﬁlb&% nt@ HP% ng%ggl ﬁg/%/Fe C ntent

con uce a cr u ct VVI
emqimms @atenil esrmhae adruene, AR giretvaywmbmbmamgls Dblhesermgpemes of

th%tz)r%g gl&ft ng%ge E%,%g 36609 ﬁ:?aglge o tBe sa%oprgp%ttlez %f gle hygrocarbon

feedoarcki nﬁmﬁztcsoﬁtemﬁhaiaﬂfoﬁ féed vﬁth&(hﬁbﬁﬁlbtel’t@taly@fse may range
from 3500C to 450 OC, 360 O gC 3700C t0.430
oc, df C‘FF‘HW%@@”W@% VAo atad’—ié\? f CQASURS 106 AP BSRPEe

fr @B d060 Ivblfzg ensnably, olir a@ge vbIvosn aotoﬂal b&urﬁQoﬁhyhmcaﬂBoﬁfehd In the
to 25 h 1 5to 20 , 1to .5to 10 h 1

conggeting Z0ge. SIHHOIIIG emp?fhgls% aéh%(d%f ﬁ%tﬁ]tygt angl an@oﬁtfeed may
iheagd frém . 0@)1 -10 @fanls€@6¢5-5ofmd, or 0af1-3 §§1§§ of catdlysdper 100 g@kns of

| east 20 1 . A partial pressure of hydrogen in the

Iwéfﬂcar@@mf?gdzbth@cwtln&ﬁg@ fromO0.1-8 MPa, 1-7 MPa, 2-6

MPa, CQﬁltagﬁI% MegitioddIn %%nﬁ@%@bf@ﬁ&ysmcﬁd@ Rt dr@hot limited to,
pressure of hydrogen may be &t nost” 7 MPa, at nost 6

(MRRCTatgre, pisssureshydvegen spurerpew.Ayfgarbert feprbBew.r pabinggrons
A re P %onélcéng 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,

wWhyaBogess gas), a ratio of the gaseous hydr ogePCHUS200B080429

to the hydrocarbon feed typically 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,

RpSATR: 18 AROShARB LSne hEy @RAIITRESS0MC b 45tATT, 360 2@ RS4ES) 370°C
and recircul ated through t contacting zone. Carrier

19430 eyt bam RPr Cax dHpl LIﬁFrY pbgeRydracariaprpedayiy eaperally range

@5H0N-t0 308 CA K1 B259A. msaofhaq ld fsaﬁlelfs'té’\ﬂo Rf &bhg sh.
hydr ocar bon feed and/ or flow of en, 'sour ce |n

i cabadimenis gl e fegyt.> It lesar H har agla«@t b ar aideast 20 h™.

|
e Tt P Bhch A OO AL Ao PR rh0 L, 17 v
%MP&I;‘I@T b Mitah dmsmenaybodienentssed patialprassure pidrydgrsn anay be at
BEED N, BLRG B R AM DS GATLAGH PonAOR G0 DENA1PAER 3
source ream cont ac
M8a,cunrreodt PWRE. t h t he hydrocar bon f eed | n hydr ocar bon
feed_ con tely v condui t
upst LSRR A BRE GoS ok SO R A (P 8anih.
HMeteoe garsbumaticeﬁdha/\gatsébua hedd @n}é@ﬁrc@fo(lﬁl&lh:}eﬁooarbb@ ttezl typically

Brgo aringhl-00 QRS oL ARB BT R 0 ENG ey e B i
3-8,000N’ A€ brwni8n0 Naeg/Hicdh@aad RoR teeeadysiyd/ Dhe hjligogen source,
hydrogen source in _conduit 106. The total praoduct may

BRI PR S AP N £8HET H55 i Tesvewhied GrahrBam

SBRSHR A0 N6 hPFhay ba biixampR! QbEh, KdOYAdd/ckhon! The
downstream segar ation zone 105 the crude product and

qgaer gaympeleii daveel e Bydregebop drediandipiodire of e hysgogen source

19%{b9croﬁla1:ﬂ/n SKIBRWEY) SERALAldr QR hEFAN GiHERe nfifhe XA PIRacting
gasl i quid separ ation. The crude product may exi t

9onstin eems geipaliatiton hygngenbogrey ffar el pydsegeimethane or
GRAGHLLy ﬂe]x?sed ?ﬁ'hdcah‘ﬂa? B2 D LEARTRRE hﬁ&’ugﬁq‘%hé Joﬂ&é@;g Jodt.i on

carrlers I nes, “storage vesse refineri
ot herThp hmlreg@l sAgrce owre shterrpsiacapnevinianang 1yne  bgceofrentheith the

| ud r I 0 i .

3 16 B0 REFE IO BPOGERTH G Sy i 106. 1m
Lqmrdzmmcqmnmg aeg 102 xeess ofjéas bpdrecdnlyoirfegienitsocatalgst produces a

r The £Xcess be recycled to
e R oo Al R FRE PP SenTpbER s o
IRARSSsNY cAONCRS 1ss¢bmba1g@ witk galy8roc@borCRabariadrid@i s/ drogen
t her eof 0 nts, contacting the
i SEsPeoh| Fodde fE e o afy Sy ey POupBges 16 and et
doingtrea! REMedon Hnd €0 @4 R produdt\6Bndit 1NQr € cont acti ng
zones. The total product nay be separated to formthe
cruddn AP WRFERM S7PaTal e (Q0s)1 U8 heeggudepradugt andgan By by teparged

SR adicbRINYrsavef u s%@geﬁ&ﬁluwﬁlo%%&%mat&@ecmaﬁesl 6 b, Lo

or three contacting zones 2A and 2B,
iyt SRATRUR- JYis CBMP DOGUGL AR ik SO RFERHIB SARAEE AR aRNei 1A via crude

FORRL A0 e, JRNRSH BERM SR 85t REbrAABE cabtds, pilefRs, 3btage
an

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@anat7es cont acti ng zones in one reactor. ThePCT/US2007/080429

hydr ocarbon feed enters upstream 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

BBt cld t& bRt tefll POOUSBifiel Nra@§ickdd i SRR 9ficBBML Sones,
a?niho&% in FIGS. ﬁléss&@and 3%5 t he hydr ogen sou?ce .
stfegcoreseheorcampingtionsdcréphy enter the one or nore

cont 8¢ {dR%eARARRenY, EdhidhRe MY AL @eaIRATL LG 86 Q?cﬁl%t@sb
via gas conduit 106 and/of in a direction countef to

nrpxduce p gplgrodupies pgrnraedindyn of Bete aphiactinegonesx divp rasal pgaiyet
Iﬁﬁg@gs' tar;tQ@to fodd et hep Rafdu&féﬁd Q?sggspgen source and/ or

rier gas counter to t 'ow of the hydrocarbon
f eed Hi@&Y. Zehhandematisy Qfgnbn@im@nts obermgeetindfystehpel 00 that includes

tﬁf\/} ! glg%{ gactgr%ezgné@ tlﬁ Ff(ﬁ{e 2?& %ﬁséontag?%;s?g%rg%%o tirll?udes
upoin¢aattanmgtizaomee 1@2arfdai0wmstaiaﬁ%dtasﬂrrgeam 1 TPh&' I8 and 3B

e Y e O AT

tliberd @ptltesitas egparatd @nsiclineimeldnwosd feeaaon. dhnhadbiaighnAesieenters

114 to addi.ti onal m cont acti.ng .zone 116.
e P e 14 M e R one or mor e
cat ally sdrfe enfSodSHaM) the r&aﬂﬁhﬁgas 2Eonthedfve@dhshydesidh edrécsin gas
upst.ream cont act i ggﬂgzone 102 via feed stream conduit

CPT@‘“%\H}? B {sdpgodys Eortg%?ﬁn&aﬁﬂ@%anpsnﬁ aZgixRire 11f ceridn
SNl & FowR By FIRE3 A eREB S IhERME¢h kSurdONORE B8 rier gas

contacting zone 114 via conduit 118 and enters
la@dfrmqrélmne @6MRET OB EMETRRSCYIIEe hyliecatbpg feegtseparadedy via gas

c%h&ﬁ@m6%b{/op§1 LRREAGH &nid binAdd b BORdr&atah Yéh(vﬁa) fdr N
downstream contacti ng zone 114 and/or "additi onal

@émﬂk}t ga8 am@ﬁd@éc Addigior ohide hy@ogen speeerandia theptagier gas counter
%f t gydtr&taﬁjl Eereﬁ%“h ten ké ﬁnyﬁl@/\ﬁ Jr e & 8%9ﬁ§7dr8&rbon
z ne 11 / 8 2!

or addition ownstr contacting zon
feddbwainthe entblysts dovvnstream separation zone 108 via

tot alCoB'éagt oLf(fltle R)%gllbgn %Q w1tigla tgs? 211 uﬁ)sg l11r? on ﬁ Jone 102

gas ar ated romt
formdefepd smbamt Tbx fdes stukmrmﬂdzwsefmm spmaarak:omactmg penell08 i a

d t d 1 El G
SIS G R RS SRRE 1 aHs Danadipl e JeRsBF R B s b o
mtsteermﬂ&iﬂd) tact;ﬁ{gezodé $admaﬂdﬁag@aid@xm:sdea1ﬁ ed)ﬂ:tzhﬁ?g g@ﬂqu or
t enters | ONn zZzone .
R0 A SRS L Ul i ol R G et R

Fieass, Be ROd stk Rits tecsh saiacant agrdog kiddeed s&eam conduit 118
se arat ed using techni ques known in the art

B0 SRS OV G B BB R AHY. S PSR NG B s fipdstream exis

doRALEdanOEbh ok @n o8 WELyih Behd A1 95N RRR {RRBnalfBWnstream
exanpl e, water may be at |east partially separated

fopgingFene 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
whedsmsre 0C may be at | east partially separ ap@du§200m080429
t he di sadvant aged crude to produce 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
oRRd TR pAldub@Rfd ddviR@Ednh @pafiod Me 36D AR 3FRE product
conponents exit upstream separation zone 120 via
©8tul ¥2- 124. The hydrocarbon feed obtai ned from
upst g@M 8 ARAALLOBr AAMboUR®NE b R PIRATBRILTIRELS of
includes a m xture of conmponents wth a boiling range
pngeingnystenn 00f Tha dijadyantaged orudgegher thpped ghntopped) enters
. i dist 1 . | ;

B R Ry 20 (e ERS 3 1 A s hron fFREH20.

least b porésn af the disadventaged cowdp orreparstediting tactingives bgpwinan g art

Slig b8 o R PRk p S RO 0B o

ledidegrbop 8ed eBmesapple atdtomaydrat £20 pamdlesepansd from the

ontactin em 100 (see, for ex lLe, the.
G AT 90 bR A A BFE e Pon SRR ot Gy ranee
diyidbooanblow Seedr bansudd °A 2fay be ableast purtidlBrsepirneess@dhe

L B RO HE s bR SRS S B 20

ERNHSIf mepHih Ofnd @oMA&AE MBE: VoNitile thAf H@hthp LRGESStaD o AR
crude product exits contacting system 100 via crude

%%%&Euléﬂtgeé 6Hdui o s .ef_lll’?fh@%% ablipda PRERE 8 the Repagaqdpgmponents
REQPsdaml SpRhRAGBRL Wotila @nakiveey. that is the same as or

di fferent }f)rom t he hydrocarbon feed. For exan“% e, the

cr ude hp B PAREFe AR AR TN EPSHPAh SRUGHORIE TR Ayl g soane
Shiclifian in¥hud&QsthxYard Qted'o%}ﬂnén%sxﬁ!tﬂ | Mliﬁﬁaﬁge@iﬁﬁ‘ﬂﬁfgn of at
product having a viscosity that is between the

lggss 651G g7, ivfsomp embpediglentpradeiler rangd disndbuyoselos icast 189 °C.

Bl R RS I RIS R GMEG W botine
echgsrdistobuypion Hetmicery] (9- B AGCR0RALC tva S0RSTAN. ttdeasi sportion of

t AN of rude pr he crude.
HELER 53Dl e SR PLE ) BRI RaBE R ma 100
(agvedl fop exdnnpéa tthrsmohtadsngstooewnin FIGEI1G) viy, adiditiosd hyddocarbon feed

enbodjjrent s drocarhon. feed enters contacti system
AR AR S S R S R S R
W|otir¢anosepahtidi@ne I 2008 aypbaghdition@Xips Sea@Ont dde/ins g mSof atdesulting
100 via conduit 128 and is i.ntroduced into bl endi nI();
Dn SEBBrocysHng RadP g roGiiee s gontafling gglgm goode? tdnprgfuct
doheuicTade product is conbined with one or nore process
streans (for exanple, a hydrocarbon stream such as

naphth 8Os GeRAGERENS Bincaidp RFogesidhblgaded jith greryd that is the same as

AT QERTBANKE BRESh bR (&l U EEs ex@mghégﬂh@ CRIPAIAER 8y bOEombined
m xtures thereof, to produce a bl ended product. The

Pitot egde kavimearrilioms) dissedy e aeylting iygyalondsd predeeirgge a
1i065i8hads Fork MrRAUGSd b MRELLYe JrbdRe RlaeR!iRDsikPN8he 3 de.

or upstream of such
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

whbk@sdetspr oduct may neet product specificati oPGT/US2007/080429

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 odugtsh&wh tnSFIB! &NA L&z QM AIRGtsY hﬁir@ﬂaﬁf(‘)ﬂ &gkt coddding
to be transported or processed. In FIG 6, the

Wrtead Ve ntedyewcabeniscdrindris 19 and d depsisinoation qf de cFelgeproduct
&%@c&ﬂcﬁﬁ@ gysféfnuﬁ‘fé VEORAE 12182a%d iGRfoddags Micad tz%ﬂ@i%o In

crude is separated as previously described to formthe
Hemdlingzand biY. ideast a Wéomyfdh@a@radmﬁdwcéwomh@ﬁd with epesor more

@8&%9&&5 Q(féy&ﬁﬁrﬁielé)%fcﬁ&raﬁ)%g Qirafikh Q0Rbnd fo‘&ﬁ@eﬁql%ﬂl

eed con UIt 12 east sone conmpone tS rom:t
e achnar vagedner bgdoexhan feaihr atudor hydrisarboofegd,r mlxtures

tfeigp(?fuio cp (}tfn e I@frf]:nrlle% ‘?(%du@t pl%rg&)lg)%g% %Ir aélggh)gc{r 13)09 %&gu&ﬁde or

ont ac em1
rmammshhwgma:mmmcm didydy 1rxrmlvidmdmg A8 13(Borh1pstrqranrrdesdl

D T e
laéndéle Zon® thoctThe a)lefnd)erd‘praddat eagsdet rpmﬂurs@emffcfaaoﬁxl derideded by

1pﬁod.uct dZXI ts bl endi n 3)%&‘30 VI bl end @n ui t 131 d
PSS GATIERLY, Ca FUHEL BFY %?éanSa’ﬁ Yiypge not limite
) endacr @ dueitof are giarvﬁiﬁsrpm tvedodit®, @ combinagdny tRRGf. The
distilled and/ or fractional Ig/ledi stilled to produce one

Rgndad prodest sxify lepdmerzpng {00k Plerdicondyis 34 tp B¢ Hapspaad Bns
<8 processed to produce conmercial products such

as transportation fuel, lubricants, or chemcals. In
some [ehBod thedtsadvappeestcradsinisst UNSRCAHEPHYERTOAS befhthrough

GRS NG GAL AL nta o ErE HABR QLG S AT A0l
at nost 90% at nost 50% or at nost 10% of tRe TAN of

forpe theynadioeatbrolised. el hyiligcarben igpchthembiers pemacsing syseem 100
tﬁfoﬂ?l?%&lgtﬂﬁgﬁ{yd%%bgn %’%\Ic&fduﬁltugmgtt leerlst scife J&E@g)rtle%g?fﬁoé‘rﬂhe

t 0.1, or at
disanlv agftageth erude erdieseprraiducioned 30 vig mduue h24. yAtdeastd pdreersef the

cQung%: c})gg'du%ﬁ ? its 'ggrf’&zﬁtl{l# g}?ﬁ:e IdOy d %Bteﬁs 3&%%11n%_a(9 1130 tﬁorzg%w?ude

cru e pro
pradlg(ECCfndeiIB Gﬁﬁeﬂpmodéss&;reﬁn@a’hdtom cfhdes, amrer Bleﬁ(ﬂing o1, 1380 directly

of  the cru
iR SR g5 M M AT pE S RSN Hpegaed
Iﬁo(ﬁlct OrheftlandeDprbdicd efits Z).lentli’mg SO1ivel 30 Wﬂﬂﬂd:ﬂdi&ﬂh&nt IShe
crud roduct has a tot Ni / VIF nost
At N IS s U R (R Mo e PR
8 Yor&rf nebyhndNistiMédFgnde? Maidnay dibdiRd iy plo@GRI0BOBr heedistillite
certain_enbaqdi nents, the crude product has, per gram
fgctignsy dde 6%58%% fractioppnay bprosested te Bt tcommerrigl QFPQ]EC“ such

&5 @M pbrexiohQued, lgﬁl@diﬁtst&cﬁerﬁlcg-lg grams, 3 x 10 7 granms to
2 X OSgrarrs or 1 x 10 6 grarrstolxlOS rans.

I'n cdptamqerahadonnie Al contpe of thg edrprasiiidiecdhaish te capyst, the
Gudt pl'@du%t 9 @B\ b MNidoW I, af Mot 80%, SR RLIENRIH S (h@TAN of the

t ot al
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

woyasoesashon feed. I n sonme enbodi nents, the credBUS2007/080429

product has a total nolybdenum content of at nopst 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 OSQQ eNUM 68 /BbJifRNGI TYIN f)f BERAIOPDAW: BRNrdmRe From 0.001 to
fromO0.005 wtppmto 0.05 wtppm or fromO0.01 to

(?359(?96‘(5‘?3%4 from 8o Rt dioment © 0-2he crude product has

a t otialo KOS ms, IRIAIS phﬂu&%ta@l o INiA/RF coRfedASH aE most
acids of at nost 90% at nost 50% at nost 10% or at

Wi tat BOsLED %t penasbi . at 19plerTh. bt et dfesofithe NEY /AP canyent of the
I‘grf 51% fe%d aﬁl' &ﬁal %m%{ﬂ mlath rtﬂ&?'[l&gﬁoéu%?gasl IL% glaaﬂ‘L&f crude

at gener a or m met ts Inc are
maduCt (] mtatl & Wi, coo@nlbtmyang@ fepoi ts 107 ok & 5 k i desms, 3 x 107

%&tﬁll &))FE )? 1 u%grﬁs, o??q 16m|gI % ?§ 10%9&%%' %‘? ce? e%b%géﬁ/enls, the
cids inc e, 'bu are no fe nap enlc
@ededsoduohienanhbst 8ni 1) acintsyf NvAbTFd elnmme: elabcbdlimeﬁfh e total

BV PRt B O SR S5k R e

@hical éfnies lgdrdchrbo®tealls (for exanpl e, rmgne3| um

cal ci um an ariu Col u met al s r exa
zi nc BHYE Hmnfs%lcﬂ’ﬁlﬁ Pﬁrgo% Hﬁ?ﬁ%ﬂ‘ Wil fr%ﬁ’ﬁ %@g@em Of at most
FUS 069,500 htunayt 60@Bl alost 1%, aeXaIBYenf ﬂcehﬁagmmﬁﬁm cOiitent of
m xtures thereof. In certain epbodi ments, the cr

 Blieqartioadecd fpgeapineaodientss (hFrERF BTOfH iy %tPtaélalP{YQdenum

Qheet ARMEr@RI0dH1 v@l%im & empph, G6MBDOBRREME to 0.0 wpm, or from
range I?grqiogr:n 0. 0000001 grans tgo 0. 00005 grans, O. 0%80003

4P aied-; $tPOMP0002 grans, or 0. 000001 grams to 0.00001

gr aimgy, %mé@ﬁ@dﬁnén% métcﬁlde %ﬁJdbcthfas Qfo%@brﬁerﬁ%f A8taRE metal salts
gram of crude product. In sone embodi ments, a total

d orgasistacig ohattnass9(% ah@paISO%mtrgoseﬂO%r@ahm@sté&r elghgfotal
éo &nldf alpfnqgéfﬁtsallts of%p ailnl%glc/ﬁls %QBélg)ﬁl@ on %2: 1339 a?nf%famds

e total content i n met ani c
tlaa:tl gduerilty forre rrh;pdj mte aICdeﬂ Hueed nbilinigadttai qarbemitscdacwle rthigls,

ﬁ‘F&es Al ﬁ:éllllg Xcu?s an%cps%l ﬁatg% E{%%lﬁ&lég %faﬁ%{/bgg)vl?ceat%ldfs rl;]rpc fa& %‘i Qr% not

the drocar
loointdac tnaplgh@nm&hdsl grggnthrenid Beid3 084 beB@pid 2084 Tlﬁﬂneté.l];@%on of

r 100- 130% of the e hydr ocar
B aBOPR B PO Spb e s Yol S RYORRR FREP sy
eicleredrtt 1Bethls Ofdr dxdndpls, nﬂi@negﬁlm odlcil; dl. batitimy (ETqu’mlle metals
nbod nts, the crud VIS oSi t
Seisan A b B0 e B8 TP esaRie e dicylin
Iﬁétalts er byadipes airbamnt) eadnixtuiessia@fenbodi ment s, the
Vi scosi tgy,a of the crude product is at nost 90% of the

vi scdB per{pingmbodEnenise s cBidp BFPdpe das huotal €omtigns ofypptals in metal
ﬁft@(\fﬂ Jr¥an®f actdd epe@% ﬂﬁ)ﬂ%ﬁﬁl@;ﬁﬁ‘ddu&tslnEQaﬂg%Qr&n @B00b30% grafﬁﬁ to
90-1 10% of the ravi drocar bon feed

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

woe®B/040% or at nost 5% of the total heteroatP@BEUS2007/080429

content of the hydrocarbon feed. 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 ag agrb@lerfiRRbnentN APPFRYIENIaRH HBM FroddchBodided Hbm contact of
content of the crude E)roduct may be at nost 90%

at
rpBYdrasgon feed vrreateug, aghe gitnsas catigns. s10- S §p-120%, 90-

cont 8PtooRf30th G e Mﬁlegrﬁ)\rlf}q}f e hyhf@)c%&ﬂ fbd BreRrdh gﬁﬂ&ﬁments
the crude product has a’'sul fur content of at |east 1%

/af! gredytof geagudsrradeelss freot-49r 1580, e &s£5-99% of t he
sul f 3{1 SR &modﬁlflentsh ?‘u ?MQIE gﬁﬂﬁ&%g { %ﬁ&imql O 2 R o % at most

enbodi nents, the sul tent o e crude pro
3040, %@atm@WO’B Of 12 O%sosgy 09 e hy@osagthontfaed. Jukdroe ernlzmhremts, the

[ t
s B ORTARADy o VT SRS Bt A e
\Qlﬁi%thcaAPhgrshty&ﬁ%e @t dempstucli® 79- 16@%5&0 9§, 0698-0f0% of the API
total nitro tent of the hydrocarbon feed. In
%%‘fl%yéklleﬂhydﬁoogg’oﬂéﬁ? the crude product has a total

ni t r agesmcantiodinhentd, thatcrdde asidudips atotdl easltoataﬁl%:omnt of at most

st 80%. or at st 99% eto nitro
R Lo abs hraty M B bmre Pt 15 0L RS e ptne
Basicerbbn fee@IRIteROiA tRBbdiMknt B @ﬁd&kﬁo@fc@ﬂas Qttotﬁlﬂiéte&ﬂiatoms
nost 950/%Fat nost 90%9 at nost nost 10°/<i at

GBSt oy lpstd e adeast 0% Péﬂéﬂ%c%ﬁtiﬁﬁft 98§ gy otal heteroatons

dhosardgardeg®dn rded certain enmbodi ments, the crude
product has a basic nitrogen content of at |east 1%

at | dasumegygodipente i suBERNER o thelcails PrggobETy hefigmost 90%

R %SPSU% L RE&N0GOHL £ Rlos@% bh@e RUEE @GRER 8Pl eRMe plloﬁuct In
some enbodi ment's, the oxygen content of the crude

q@rt@@@@foomntbéhmm%@pd@@%s agtliwonteBioYat lgast ks at 1g9040%, at
g'fﬁﬁ dor]aploé% gé%f%rf tI{aIgﬁlltf I‘%({ﬁtglflt ogfla% gg%gzﬁfﬂoﬂ:i%&{ e[ﬂtsorﬂg

rocar bon n certain e ment s
fmnh@dmlqmsodla ctlfurgsntent ok thgemde prideettis '6f- 1 3%, éésltZO%O/@r %t 110% of

thgg\ﬁ}ur?gng%m?{]tggﬁ@dzgca%o%fee%r at |east 99% of the oxygen

con rocarbon feed. In some enbodi nents,
t he tlot@he @omidemdntspfota arttvaxy¢dnenact the codoudes may be intenost
nost

i CaBl Rl a1 OF, B RS o B il RE 53R B o g

lgdreabod feed. nIntd&ﬂalhyﬁhbG(ﬁﬂléﬁl@ nhd @adk prbdﬁlcclﬁfstaad)tll nitrogen content

nbodi nent s, oduct h a total content of
S BT b B ST A B R Y tan S OD &G R of ne
BAfGcadbn fegast 80% or at |east 99% of the tot al

content of carboxylic acid conpounds in th
hydr J& SO RadERets, RasikghEosshsourHehths crudg PECEEanay at most

@j ADin6stO¥Y,Y ﬁ%&@m%%sm Bear RSB s i thiie nitrogen content
qiylilrocar bon feed. In sone enbodi nents, carboxylic

edydepsabenr fegeht Hy cetgip embedimgngs, Bqulecproduct 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@easngiTsTar boxyl i ¢ contai ni ng organi c oxygen PORpS20NTE80429

in a crude product may be differentiated through

anal ysis of the crude product using generally known

spectroscopi ¢ nethods (for exanple, infrared anal ysis,

mass spectronetry, and/or gas chromatography). The

eAsUde QNQEURIS, ai Bast 80% Abrit RAN 0041 MeSoxy RS oRRn@f YIGEN
content of at nost 90% at nost 80% at npst 70:@ or

hydraggben £9ds BrsopRemERFERS-cBhicEh congnt pharhorgliorekt egipounds
(fffﬁ%doru od&NnQ bd an%lo@{mﬁ aPhOg 4B, aﬁn@t 1670Sk H%Qt/p% 8t the

most 70% at nost 50% or at nmost 40% of the T
qoRentgfdharashosplic Feakepmpopndsér thg hridreeasenti faesh irscertﬂlme
({%ﬁ%‘dﬁnd%[so% %fudF gr%déa Y QR c&ﬁ? Qf‘éaﬂ%fx c#c?&f?ﬁ otntdls bt
ast 30% at ast 80% or at east 9 oxygen
leoht @ntt lgit 3e ahlyaht 80%r ronlehss @8% cd e t@ﬂalecooteud@ cpboxidictacid
% at |east 30% at |east 80%
%rﬁﬁ)oﬁq-gég{shtg%§%}}f ?O% eele?AN of the hydr%car bon feed. ’
Addi thn eamad ¢beodtrmntsc salcbedprgaivaixy gencohpuenda neg it enfucalfin the
SRR 1 e 300 R radivos Dl nGE G Gy caponne

mtma@z%/ocbémltzhsz rBjidedbdsD ann L adokyliancntginib@diganic oRfgen

(ir}]&%{npﬂ]lff# 783)(% I@@l @t a ;r]lgc&&)r()gg?cac%iggr%feg}%eﬁgc x?/ggndcsompounds

iR @QrRneid HRAH nha eQffabiaitg 1GHEGRMNNEly X YOAA citoEPotnd §sind
t he hydrocarbon feed. In sone enbodi nents, the crude
%Pﬁé%@%ﬁéﬂ’%@écop}cﬁmfﬂﬁ%ds RST SRmPle IdRFd@epilyds mass om

sge&%n@trylaidgﬁg;{gschg{maft {ph).09-0. 13 grams of hydrogen
per gram of crude product. The crude product may

i ncl Udhe crdp Prodictypceriai eiRDR PSS hrsean Ry e @n@n@f gt most 30%,

HAMRIIBIH, af &9@7@%8& at glog&(ﬁ{ @frfﬁe %Jﬁ%t O&he Q}Vcﬁ(ggaﬁjfon feed,
crude product. A'ratio of atomc i% ydrogen to atomc

ad FHSNOf tht Cpdeproduse isat e 9o dlUBest ﬁ% A enof 3057 19r at most 40%

IS0 B30 SR O i

Qxagfrmcmenmfrat Ie@st hfd atdgzehw%n at leestﬁf)%celsas ldast P& elftthoelygen

cs() tI of t&qg d?ocal,tohr? Feeg,yaqgl %ecrl)ude (i)drugtqllﬂg EqAINnoFc'ak fegsft 1%'? gt least
es conp S W a range of

m Iat legst ﬁ@% ndnsa.t lehsn 98GNg tlwrfbm ofrdn hgdrotanteondeedde pr oduct

i ncl ud r.gramof the crude product: at |eas

0. 001 GRigal 4P PR dGaSOHES s Pl Sheonhvi SRRl angor
ma:thhaas (ﬁf@hfbbﬂ}@lcraai’dg of dlingist 90%tItat MOstOD %Akt m@s 502.0G aOfoatd0%
0.101 MPa; a% | east 0.001 gr ams, ﬁ from.0.001-0.5
QB RIS 6 SR T G i AR oreanic oxygen
@inHbtindd witha7 0 E309E 8D-1209, §0Q0aIN d9%:200hdfonadrtdx i lcoMRming

at least 0.001 granms, or fromQ0.001-0.5 grams of

ﬂ%\“b‘é"dﬂﬁb‘?ﬁ’éﬁw]@% Oétlﬁ@lyﬂﬁoﬁﬂb?lhﬁ?ﬁfé di stribution between
200 QEsaben3diiatdthe @raki@ brd¥Bdincideb 8RS mBleBAdr HHARs, from

or from0.001-0.5 grans of hydrocarbons with a boiling
}-@hd> afags of FomitdY-hEt sleen oBDUraen agferqpol geleprodnct ghhe

&IE& r@tﬁlgt @k n@lﬁ&; 1191t&9&1e&ﬂzﬂ'r§§uct% R M. @erlm@ oPrSh Y-
of h drocarbons Wi th a boili ng range
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-
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di stribution between 400 OC and 538 0C at 0.101 MPa.

I n sonme enbodi nents the crude product includes, per
w@er@sef7sTr ude product, at |east 0.001 grans OPCT/US2007/080429

hydrocarbons with a boiling range distribution of at

nost 100 OC at 0.101 MPa and/or at |east 0.001 grans

of hydrocarbons with a boiling range distribution

bet ween 100 OC and 200 OC at 0.101 MPa. In sone

Bbecth&BSoardol Secalabi@c PO ehidi6 tindi@yes Ry Bptaite 488 torui@fton of
grams, or at |east 0.01 grans of naphtha per gram of

yidtngen pribiprosess jsHelat vebr seibp gy drdiit 8ydrpgra itpradiced odlct
may ¥ ende PRAM RR EROEENons Rlth TRHbe O Iﬁ)ilg{ggﬁﬁlés. qh s&the

nmost 0.8 grans of naphtha per gram of crude product.
qnepod ipratse b el preradact indiusles perderarp o hg etuda agpdget: at least 0.001

i i - 0 - 00 -1 100
it o 1 R E B b hidrckibelhs i o BARHG rafde it R o
st 100 TQatd). Kd M at logst el grnuder proodudt!-thdigrabne of pglrocarbons

SRS U RERINEbc .y v 2308005 D9OFHS 0 B o

@b dr fremt05)010fegramsl dehypiragdtbobs widtsa boil@aggndigributoh between

FRLCRoRealds bttt Lo bR o Tl Elnd

Ipdadudbnsheish a pElingiaga dftritnicd ®efeedBE) °C @d VBO € ant. 8tMPa;

[ ra from 0..00001- 8 grans,  0.001-0. r ans,
5Dt 03, orenel s Pt A poroia et « BoRRE rance
@&shvdion®biseen 44T (CAndd8s pr aduodl Mes. a resi due cont ent

of at npbst 90% at nost 80% at most 50% at npst 30%
at oS topapbodimepshe qigdg Praduchinciides PR Ok HrdeRiequghat

16200 80F or@fns bhgy dRdFREAK RPN bdiBBLrandiGRBERIN L at most 100 °C at
enbodi nents, the crude product has a residue content

&01gPa ardgr aglgast DO e@ps 9bbydremmghens wia a paiding (e dipriBpion

Rhwdchgohydnaeanben hagdmphhe crude product may have,
per gram of crude product, a residue 30content in a

r angdn faremergbgo0as, thegruge arsluctanydete © 1§ oihserams, or at least
(80 18%_9@5 gf rgapgﬁr}g B@ri gragn gpé'rh(ﬁ)e IT%O c@rﬁ’oﬂgr ?xﬂﬁd(gmgnég e B eg)ﬁoduct

n sonme enbodi nments, e crude produ
thashaye t otplitha@onignichf @7meg Pifedraren es atgumt @A igranfs odimaphtisitper gram
09 st 50% at nost 30% or at nost 10% of the
ﬁgﬁgf%@@hd C7 asphal tenes content of the hydrocarbon
f eed.In kameanticdi mengntieo diute ptelpctthhea HigdiacantonofEeld0%, 80-

, f .hydrocarb e a,total 7
1205 o FL KPR I ERBIRE b ER BPhr s B0y comem
@il @udeCr@duct @aybel pergirans{ crode flodlot, i armed Bo@ .00V AMS .

In c :Qb?l n, enbodi 6‘88%@2 t he crude product has a MCR

RSP TOR FHry 96Y0V 807 &¥% or 90-1 10% of the MR
cont giterfin dotddhiyahisO g Ich@B pfoRBE hathiviGe) ddaRncs e 30%, 80-
roduct has a C5 asphal tenes content of at nost 90%

7%8%?0'!3]{51% ofotpe Xp feng@%eo@yd(q?érbeg feed. In some embodiments,

the crude product has, per gram of crude product, a VGO content in a range from 0.00001-
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
whyasoearphon feed is at | east 10% at | east 60PET/U82081/080429

| east 70% of the C5 asphaltenes 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 sone enbodi nments, decreasing the

&ateasinRahi. MR COHENS Ghmd, IZDQ)ODY g/[s:%@zaﬁdog@otﬁﬁﬁd oWl €001-0.3
mai ntaining a relatively stab content may

$ﬁ@?@é@§(¥H§m§%prpﬂpvlﬁﬁnihe hydrocarbon feed/tota

prodygto i éﬁlwdﬁnenltsn t@%%h/%@%jﬂhﬁy foeal & Qﬁi @asphaltenes content
asphal t enes content and content ma e conmbined to

Prapaag 0%, petese it & alostr Batr eriadst H)%@%[Weéﬁalt%én% Cgh
e%éhlza@tgﬁéstcgntglgw%%Qﬁl%ca{rﬂ)ntfgﬁi Gh g%lxﬁgrﬂlﬂdg/ﬂlﬁ‘fr‘letﬁse l‘%th'%éﬁ%cérgon

hi gh viscosity conponents int ocar feed
fiegt hag xqmnrplag, ofdydiaparbdn faehy dirtddarabd 7 ﬁs@é@lte@@s content ranging from

it d NER cont ent
nayq%%£§%g$%]gﬁ%%ﬂhﬁgﬂgézﬁ'§uﬁ$§@{§80ru roauct c5
asphah tengsencimxdingmts, e drugle @rqddﬁ hpy o MR cdﬂEéRt ¢t Bhte, 80

B FREERE SaP oy PR R 0 RIBBL e

LISz qle] ﬁqﬂmﬁeniesncdnhﬁt biyadl m@taaom at hee éO%Sor a0 fnotts@%cafuteCs

B spten o et Ehdoar e iome bty g ssphalienes
@aRhedTithoydtdeerbon wé@ 1s|cut wauqt)%l; @t 1&:@ @(B;p hﬁilat 1ezrse$0% @mhe ks

IS in a range from

BERERR BHER AN I@Péﬁf/@wt%l fe%\aléﬂeﬁlﬂ%% C%l%%lt %ﬁhwe product is
widh enBodhRthe MCRIco MBS of B Ky ddtarP®Seed AH0Rd elBShm&0

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

Jeewasingriie Co pyplidlteppsoaient ¢fake hydppeaibap feediybds maitadning 2 om
Ig%ag%lvééstgblé l\/ﬁfl@%tengmgg BicRaQ8n a4 TR iy of fhe@l b o rreQl/R0E

per gram of crude product. I'n some enbodi nent s,
nrpducemideepr oduct i ncl udes fromgreater than 0 grans,

but 6@%&1&4 %@bfgné?ﬁs glre sphglt(%gg Qgﬂﬁnpar%%CﬁrCG%nt 2y be

0. 00 rans of tota catal yst per gram o
©mbded pr pddet a rﬂ'dnl@nwat:?é Irglattomship Betwieet the high tvabisity zmppnents

i% :&ge act%ndéﬂ)? ngl‘_ﬁrgﬂﬁve tg Lﬁﬁe I{'gl Vlgc% %ﬁgqgﬁp%hén?p 1n%ﬂ]edﬂa%1rrocarbﬁn Beefl For

taly corrosi
dxamplkej Dsum @frvcﬂy«irocanbom &ad € %ﬂma’lrenssecp)areat dandn hytbmbarbcvreked

lglglﬁfcoa Pt Iaayebe rg]():irssegtﬁ% bg/st %23?1%1 glfcgl:l‘ g)%er(gdugte o ﬂgg%}és content
d’mﬁ ra&hfaletpﬁ)dhhex/ICRudﬁemﬁmﬂ'l]ﬁtrepﬂesf—:htl@bi §'edheeuihs mdhi® compared
roduct produced. frqom. contacting syste as
SHESEHCiae" e PP SO RV SRR BB A Ryliocaho fecd
Ehy&ﬂ{h@ caKlb e dh&@ethy bSUENrapEOREn tIL®Y,, MBI 6l mla)% bug. Blseme
not limted to: d&reduced TAN;, b) reduced viscosity

ool pRise g PRMGE oprapkoldBneradh Proé})ct o R IS ppin s in a

@heeSHinh Uh.3.@1geN or Nistr.@gen, or conbinations thereof;
e) reduced resi due content; f) reduced content of Cs

and &7 cagphantodieats. gy cridd pedicuERE M Reententihat is at most 90%,
dt M@@%ﬁ de AR 58924 4 Yiosd Doozﬁofrtﬁéwmo%m Sthe Rfardatodh feed.

in netal 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
wee@dnet7ssrel ative to the hydrocarbon feed, naRCDES2007/080429
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
@Mdsggt i¥ k@ Bi@Sin G Yhke chﬂie rdverReas BARpdeedn M&&Qﬁéﬁtment The
ignificantly changing the anount of Ni /V/IFe in the
gﬂgb%@abf %Wltﬁégeﬁloq Hmegm'i fgictiopm Ar/or ipsferspyalr tpriaten abilities of
Hu Eﬂuﬁtgpl%@@:tt agiinb8 JBYivRE helgfﬂ'maf’fy' Herc@ﬁﬁglrecpca ali ®SdeH rore
reduction, and not reduction ot her™ conponents.
@lafysts degesibediergin ehihpgedopreAud Juaeseraednhg used to
redu t
R e
tha'lrnn')rm')ezé@ of fFgrhydswasrpdrefeed Hick avhpamicageyingludd dunay nérdingted
, V/ t
8PP EMS By A PRSP AT gy e
®penu dfl sgldtri ovygen, Suwemy)dccmﬂandwns theedf; n)atydltmed mstdee content; f)

T T N T

enhgdi) meaiuseddonteReofi natdnini oasl sasyofionghidcdeidoeretlicedbisic

bul k nmetal s d/ or. one re mnetal n ort
AARECAED AP Gy CHROIHIE? EAL 41 P FBRmenty RS PGP of

BofAR Y d cfde phRutetetkive (bhRe BRk@LIOHh Seed QEHS ‘tbeb;éléctlvely

herein may be introduced into the contacting zone as a

BB P DUhSRRFOPS AR FRANEEK 5 BICh 0TS0 gt sy aRtiafly, Cpange.

R Rk AH1E, M AR ebitBle B %ﬁ%bl@etlv\é'%}quu%é' bhdisr 1BREEQTipdRents (for
hydr ocar bon f eed contalnlng ur is contacted with
P

PREDPIsr eidresdior virppsitph & hydtocasboncliseroy iyt genigeantly changing the
&Rl YSNipy /HS ﬁlothéﬁycﬁ&ﬁ%h bed. REmHR rﬂanﬂ&yhﬁfmg&% QR bk

commerci al catal ysts. Exanples of conmercial catalys S
ohRetingrpaychericerpontaatet] ongesiskie ueswigti s andletot ridbetipnioe péph

495, P8 R, R Pl Al

thChERAcartoNTd; thDhihEdt oDNi4ezen DNISDringDIR PBce BNBFMe minimized.

RS ggggé%nagg%@@w@%lgg@g@&@gmw&mm that is

&MMJ&N&&@; trdaphL @nd/ﬁhﬁﬁmnam&@ﬁcaﬁw SuchRyB8&hon feed
R ER Sty B By &7 B s e S e e AR e

( Houstaeiysts iR ¥, ontJoSmére embbding ol eodhions hﬁty include one or
cat al s .used to chan operties h car
SR R Cirone T ROR Sy G iret e Yk B 8 enta
BEP PPintthe 68h WM sonPpolild 6Bhélhes). THGheLs dBidtibal IRrdi®inay be
l[imted to, vanadi um chroni um nné&?denun] t.ungst en

RGPS FEEI th CRORERS 1AE 2 BIREEIPA. GREN TEGImg 4t s cylalystin

thelbRREHNY onR ok 8tinthe, whbPdiltdPhindAF ANy Mocd tbdiiebMontaining sulfur
platinum or mxtures thereof. The catal yst may have,

ipeoniastaalniyigy the Bcaurgast. The ceighyal orcpmbiwadons tarakyip Byedey described

IR0 £ of HaPndi B 98mMmERR %alys@@%xagl R Qﬁc&hﬁrﬁ'@f&al ﬁtalysts that are
| east 001 grans, at least”0.01 granms, or in a rang

ONEODRID, 16 beypesrtns doC0BIheres ighdslIDEYGUBST; IR oF 311
C344; C411; C424; C344; C444; C447; C454; C448; C524; C534; DC2531; DN120;
DN130; DN140; DN190; DN200; DN800; DN2118; DN2318; DN3100; DN3110;
DN?3300; 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@eiosIssH- 10 netal (s). Exanples of Col unm 15 PCEDE200F080429

i ncl ude phosphorus. The catal 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

BRO3 RNBD1(S RN5B€0; q@ts@h(vatmw: RUE30:C08626; @izl (6B) 7713;
The catal yst may have, gram of catalyst, a total

@gﬁu%ﬁ36mh’e¥7§ﬁ(‘§l}lcléﬁfﬁ@é%lab]6 rog CRlgeernagopddpa. (Hayston, Texas,

gasy. 0.01 grams, at least 0.02 grams and/or in a

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

0. 0050 gpme gpbaggnengy catalgsts lq)se(l)g) (é]pwrogeﬁleg Qfﬁ]_ne hydrocarbon feed

1ﬁ5m@ed6ﬂg%9h1%re é(nﬁmﬁsafg "l’(l) ?ﬁ?[ﬁ; lo"ﬁcél s ﬁp etgl(sq @nclude
S am o cat a

grans of per yst.
o e netﬂbomdten\tasadlmrhs:hmiamymblybdﬂnhmdwsgm umgan@e

tgéh%gl?lﬂltl (rﬁ%‘ndnq 1;% déoﬁahl? r?11 egn%ﬁ1 ?Fmgglsnvgﬁo?%{r%)o’sm

enbo € cataly [ nall on
1uﬂ1u®oblammrﬁ qmnahl(es)hewof hT“rmnnatabast nrurlavnqieagrsquf oarmlyst, a total

ST o BREPliena TRRte Ry QuTRR0] By st W
40 1ehst2)1 ghardQ ,or ﬁar a rﬁn@ 0. G@Oﬂm)lGag‘rarhﬁl()l(Dl@B £ &) Mr006-Onegrauhs, or

4SS, 5B B e AR CHOS QiR

ddagiod ¢ede Coluuiii 5119 rﬁﬂuﬁ@ nE)(aﬁ)plds f @dhhindni 1GR1dn@ntsheclude
conbi nation of Col umm with one or nore
HP@EI&P@Sf G s AUTata LS hSVea?rfBFab?OI‘?mﬁd5 cjefiepgeatent, per gram of

diRAtStroth D®0GR1A]. ¥ Stamk NEO00D €8 062k 44500 B0BLE &lms, or
Colum 10 netal (s). A nolar ratio of the total

@Q%rﬁp()i@wf%%al to the total Colum 6 netal in the

cat allﬂ{ §érta§méfnlgb@1ﬂléﬁtsath%%thﬁlstflﬁ@ﬁﬁeg- C@)lencﬂ' m&ﬁ%’g} %h@catall%t may
certain enbodi nents, the catal yst includes um 5

hpse. de( SRpmah datdp$tymietal Ookrpndl 10&f31(s) pomesit af atregs| (GOWP1 1 keast

tgh u
Gﬁle Catg%]t }éggt? Or;:bg saa!nd;oi)l rangéeq%(ﬂ Og?él (g@gorn{pfe(? g(bl d)@grams
RO®-0. hgsloneoré)rﬁjdd®81gnms In@oina ambodmes. it @ity s} ingludes from

(Epé)q 00(?)r a%q‘guggof (?r%ulglé r6 epa?@ e]%;gg C?B‘pof C %%/lsltgg? lrs,é‘rr{’l]% Qrglgo%gnr%nts, the

qedal ‘(nSDdetSrCodlunﬂoiﬁdbmem(sWntakidlﬁoh unthe CBluingimeeitl(s) ar e
t
e dBRaR SPboaherE g SRR SR bR ERERT Kby Rl

Witttlé@ror aloeenﬁath(s Sﬂonﬁ@@uﬁu ysrmdi/bﬁdolumhm \wl ghﬁolﬂfratid'kef Column 6

SRRl Dbl A Sarsun s Thes ol Clre el EhtPng eatieor

CahhA6 LAY (OXOIIRSs 7-POHRUS n@RHO AN @ﬂ@%mnm alg,or 2-5. In
zeolites, or conbinations thereof. Refractory. oxides

SR ST IS, (i FAralre Ing By o dd elmenifs) i Hiditiogg {he o,

&kﬂ&&ﬁo@bﬂ@@lﬁ&ﬁn 6 hnlekAR] With O Fnord ibG@RTHIATTOMMEES and/or 7-10.
I@@gﬁem um oxi de, or m xtures thereof. Supports nma

be
T prabodiipei, heca st igFladles fatmae mgieks) asg Eeluan 10ymeta1<8> A
ot &hid enhéiakﬁ ¥Rt ANAe QS HDQU kB nfeHOHShE E‘atalyst may be

Texas, U.S.A'). Porous carbon based materials include
ip@trange dropot-10.ionfro@c-3.0ln carain peabediments. orreags! mﬁlué@r(bu@nn 5

Igétgl@? 'aflc?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 eqoBi0er753 e zeolites. Zeolites may be obtai nedPET/082087/080429

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 @Jmé 8RAIdinld®s, Boluhis 6 Q0 RILAN(sPRE Qb B in,2r deposited on,
support is ep ar ed by formn n agueous aste of the
S{PPYUE © it Eﬂ@ Caplyst o SgiHm e@f?@a@} gglumath -Ag pytal(g) in

dpadibPwihe R 18 etlé?ne%§§)| a3d 1nb(§}p§1’¥t{efl lﬁ?"opﬂh 9;§1teh I&ﬁ, the support
paste. The water and dilute acid are ad é) in suc

ladermibs camislbin enhedivmatsha ddichshe eefai() e@d/@roel@jmpé(s)t #e
n
e PRSI a3l e RS Y ol SRER encs.
H@estlpuprtafna}cbe mudud and apoiclide afidcthyydxotehl pordus cabirdbasathe
u n

B o AR Rt KPR BR8N o

lnmtdnlad,sahtrmnﬁ cilion,elicpubiaties fitahiver exde, zudfaxnmm @m@e begivsiaim
at ed. rature i from65-2
R Bes Yot TD SOFoHE Fo e Bp B ST ER R Pty e
ﬁcl’.ﬁas&ﬁt@hkﬁrﬁ()ﬁatﬂyﬁs! ard Twnhndlogﬁdﬁiﬂtﬁﬂoﬁitm e NI SA.).OPordbdsearbon
The heat

udat s reached desired, | eye
B s ReL PRSI Do Rl Sirvor Biias§oigps graphite
]E)@EH@&JS at gofitek thetude aNgolifes, ®a1aZ8 itds2 DOrddfitcdfeo RBYZEM B Ocolites,
to.formthe support having an average

ore
Waﬁ‘?@%@ zestlitegt Ze@listmapsey oRlained ffogt ¢ %qf?fn%fﬁ*ﬁﬂ&i“ﬁ’&?f‘g‘?r such as

2do8ysBORREY Forbd) PemilRa9RaNTME. A8). umi na, theta al um na,
del'ta alum na, al pha alum na, or conbinations thereof.

The A SHIPOBFINGameamBdimea s ket suFtuirihe supperhBas an

@L:Mg& Péte dﬁfnefé? gl natkd 8D, Lhede fo ARﬁrat QLRMOR. eyt
support, may be in a range from 0.0001-0.99 granmns,

Qiggmaissa EHPRNS 1S mer@ned@yiomw aq@iﬂouaﬁ)am@ftth@supp@ft matgrial.
ﬁ?r%qu Er?lf)gﬂu'ﬂggs g}{ adid [isaledgd eaﬁagﬂeQ(ﬂass1sgﬁ%91g&é(}n of the paste. The

odi ments, t'he support as
Wateromd ditatt o awi aidthedom lyegh ahpunts and byagughingthodgastrhgtiad to give

tg!: g%ﬂg@g geﬁte n&e‘s%é)dggoagggrmlygﬁr%;ﬁf@&o tagldé nﬁéﬁldé PG n(gtqmuted

tdertieicnicidegbetiyackd, ml;?umhaf:tﬁir acithy drochlbric sadre errbodl rrent S,
eas

t he ort may hav t ns, at. ]east 0.3

e RS Y (RSPt U&Hga%fanfff%@?imwéatsiryatn@é%%m
h&tedAd aall gmmﬂ ,Cllltﬁﬁg thetheddo Mieth ebcyruxatésayrhd ekdudaet | malga Ibe heat
Supported catal ysts e u era )
R bR Yo e g s PR b - AORER gt or e
CatehniSit, fBFf @PBMdtuls Patel/ hﬁtlldﬁ@l@lbﬂstlﬂ&ﬁcointéml-bfﬁqe Fal@d has

Nos. 6,919,018 to Bhan; 6, 759,364 to Bhan: 6,218, 333
regrhes i desiapd lpvely The heat @eaz@tfxgniat% payBRpitriberdialdteale at a

@R ferRukist agﬁée 'ﬁ@ma}@@rl 2686 °@br 90001 190 PE) ©THACIERNpSst hﬁ\hﬁg an

support may be inpregnated with netal to forma
atags pae diapgteg gl 3tdgapt IofWedi ment's, the support is heat

treatg ger@ﬁn ér@(g&ﬁﬁ@ﬁsg fh%%uﬂlﬁrthd'hﬁfég 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 pBegiTad i on ai ds may be used during prepar at POIUS$007/080429

the catal yst. Exanples of inpregnation aids include a
citric acid conponent, ethyl enedi am netetraacetic acid
(EDTA), ammonia, or mxtures thereof. In certain

enbodi nents, a catal yst may be forned by adding or
doREAaReK Rtth BGhet AN AUINGa, A1 naﬁlaia (cEntert Opeh 8ain of support, in a
treated shaped nixtures of support ("overlayin
reRasriroRy P Ag- R gapan-Sdhd egpsoir thg%%% SRS, %%‘@M@e‘ghféﬁé%y
GHRRGSHE TRV hOEmBbaRHERS, BRLAIYM B hak Eh@bdVE ] Yrabidi £t 900 0.3
concentration of netal often provides beneficial
gramalaylest Ogreppes: pf & deapf0.§ frame gt Bipty stuming at determgied By xghy
Arrsb@ned support after each overlay of netal tends to

I nprove the catalytic activity of the catal yst.

Met hoagpared prtelysis map be pepdrydusingsgeneralby erdvancatmbshregaration

GEEP UrlaBRs b pER Al N Rt 0S PG o o001
teviBthhan; i 5195544 & Biiani QLB (p Giabticloroetfabr MW, 330 Itu tinlsricovid) al.;
:@ngﬁ%@% SYP oEt m xture. The Col ums 5-10

pp8r M xture may be m xed using suitable
m Xi ng scﬁﬁmrmmanﬁentﬂa RPpp@st rmfy BUumpabhatedivixi metal to form a

q%ﬁ i.ncl de tumbl ers, Euonar% shel I s or,

e 8 Ce%’il FIB Ones} (SPBIPOI%% T EA DU LRI e 12 range
RS LIRS C, YHE) 000 TPANOIOE €C $rioBd dmpRYnGHAGIith a metal. In
generally known m xer, or generally known device, that

qun@aqﬁp&g@ym&’e@g@t@@ atdﬁ dnag be ysgiduing preparation of the catalyst.

1PRhMds OF [nS#aRafdn AIXhML® a diftic @8 amPoRAD oGl B Snindthifaacetic
materials are mxed until the Colums 5-10 netal (s) is
it @P I peEeris. F X tshbgekeous! y di spersed in the

Suppqgsp Eertaﬁﬂbm&&bﬁ)%tﬂfﬂqﬁa y bk 'P(?rm%éB L;ld’cﬁﬁ élsin&g[%tratm the
treated at tenperatures from 150-750 C from 200-7 (%

@adymat 5-10 oxial©00 1Y reehihepgd r@@msmf AePPEt € oy erbpyonel)-
(2%6&‘]:%%1%? & n{Feh @Jl allprz)f ﬁl%ql%at%fggt%g% &JPﬁa\{Fr%[ ?[%r}tﬁﬁy or

treated'in the prese
ebatigrdnunifagin cangentatioa of emaéomnmr@mlqs baanamg@tﬁmqwewﬂies of

tﬁe? Qa[tgg St ?ﬂgat Jfr%Q ?ng o?a 5 apeﬁ g%éolit \cllf%ér%géh OeVGH?rP{e(% etchl lfent&s Eo 1%1prove

IFon 0
the)calaiymceaettw@ ¢thiee corlyse siotddstg propt@la cawlylshemrigr@vaﬂatyenethods

enmhodi.nent s, atal yst may be heat treated
%régg?sﬁré%gr“é?e%?%te%t\i\?oapr%g‘?&fté) é‘g‘at ures in a range from
35 0Qht @ohfiths Q0 thetal(s AhDsuPport maﬂﬂ@m&@d waith shitabre rﬂ.&ﬁlgOC

to. 300 OC for e of ti in r ang m 1-
OIS b BB Bty bR ehd G S CBRBbAdAt o
MethIOMEppoR MY Rfutd gy Ed}ﬁlxé‘@hmg@u@olaﬂmﬁg &JuSpntedt. tIM@mples of
nmet al oxide. Catal ysts pr epar ed such a nmethod _are
Sg‘é?"hé? 51I1’1“§;g FuinEnEigCude wanb %été'il@iaWe%@HSc‘Htt‘é’P% Mulgr mixers

(ilek &fple, DARB Ry @édﬁﬁ&s%ﬁ) RBRANBE S, Bnd dHy %tHEBQéH:éfall:y
conbi nation with a sulfiding method, the active netals

Tepey  BRix e e BRI Oy N dR Wi e wil] syitebls PEjsisdha Columns 5-10

ﬁé@@@/@@ﬁﬁogrﬂﬁxﬁ& 48 E@fla?d O8chRALRA ¥StSudhe HAeSEEE RRH hd
Patent Nos. 218,333 to Gabrielov et al., and
Columns 5-10 metal(s) is (are) substantlally homogeneously dispersed in the support.

In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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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®2008043183 al s to forma theta al um na support/EBol/usg7/080429

5-10 netals m xture. The theta 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 angh esmOEmdith@&sS the 23@1yA mahyinea delted SHG pRE&ke of hot air
treating is conduct ed at tenperatures of at nost 1200

Por PRYSBAEN BhtfGdPHRIREC iR A snge Ppwren 408"t Hed 1900 °C to remove

FRTER Gtk 'suo‘ﬁlil?aR Qf basPh péru%hl Qiptﬁé CoRffP8NBh@Ss Ae86TveR& o the
herein) may be conmbined with a supported catal yst

cordsnonding pglakoxigd-al catal yst. In sonme enbodi ments, the

sup p(if Blﬁgr eﬁmoﬁ IXC?IES W Vt:ln ﬁle%qgll g'prh S rhl:?thtgg?l&:g :11f<§1)a {eaﬁ{ce of

exanpl e support ed ‘cat al yst an
agladt aﬂnmatwraymbeartge dihredh ithtod08 *Eowde 1 00 to 490 *avaragel50
e i ze . oy i - 45 i . 5o
R a8l A S RREL B AR s
Yodatile @mpendredeiticbuneinatrtiogthel Godtmns|Sal (soerels eénthe diermb ntids.
d wi t
e e R RREPA R o B R PR lea B s or

‘Rigid N gvaermraeysslaifeeprei;basddrm Ihi¢ in@imevint domdinagch &ith pmﬂﬁding
di terlnaranefr m80 OOA . 90-180 A,
BT 45 s i Atk B ST e HEstiegions of

L&ﬂdﬂ@l\ﬁéd catlyssOfe A8 lRdiimery. PatetNIsE@S18, 3306 Gab@dlowdt al. héxd
to reside under the surface of the enbedded

t al
@%%0£416%95W%QV66F‘10r exanpl e, enbedded in the support),

| eaditp@erfath d@SRlini@ks2h (HRA dbi8nS WphaE fal B@Boﬂi‘&h@dimth Columns 5-
ot herwi se occur in the unenbedded netal catalyst. In

Whetale ibiosm adistasaluimiag swporus s&mmsdal0 mefals puxtaigr flhe tegs
ath'ﬂﬁlng %@bﬁ/@ohﬁﬁ&fs %nﬁ)smétgﬁ Iﬂlit{u% n@ar}‘f(ye PbatGRhB Yid temperature of at

activity of the catalystby allowng at |east a portlon
logst 404’ (ntetferim the caplys hpgng ipors gize diseibpfion Wwigh ¢ pedipy ere

cﬁéﬂu—i:t%‘gof lei?lt%ﬁst Iﬁ?ﬁng ?@éﬁﬁlgh \f AR Gredtfh ?@&)nﬁﬁgt&ﬁa% ?enﬂ;eratuﬁgs of at

cat al yst roug e surface o
oedt 4PYs1C. duri ng cont act of the catalyst with a

hyd | Hhodi . | :
p?/ e:)glg g d??egé}ngo%ﬁ;gents Hle%gﬁ%rt%?;ﬁl%g% gﬁ%ﬁ.}%% gs?l%g&fi\éraa s‘ﬁ%ﬁ orl S
i G ﬁ““‘b“’d‘emmmam%mbmm gith alsamioirtcdl ey endsfr adtulk

r
N e e TR AT
héthigs] Hon caxinplie, th suppordduaadyi chél/or ﬂﬁgmﬂsmum C@Dﬁly@ﬂna}dbe
m xtures thereof, The m ner oxi.des | ned
S T LR B GEBE ST e P dEel-SUG . Egprcrons, or 5
XTI, T pHRdeAmhY ReSonthand Bathalp@irine dorhy @mnaﬁd(wduﬁetﬂa
extrudat e production to produce catal yst . su ports.

Gohet driore ARRtEmens. e ROWdEs s GOmBEICH) ppoTt andthen

RatiddalstgSlad@r@fecliqR s forf Q@ ALK LAABHE ﬁ%ore%tze AREIbuESOwith a
m cronetéers, at nost 100 nmicrpneters,.or at nost 75

ot dreteming rngetios) ¥-210 opf0- HEAArAe-480 Bxi des
May  f@Rdenihd QP Qaigs Wi RIRDEES alics Aok EMBNEMERS at Rasd 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
wores/0ofiiims 6- 10 metal and a support may al | BOT/UERE7/080429

nmetal to reside on the surface 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%tvﬁlg 28 1hH G RN P 1R 1% 88 ABYd @liheysuFfaRd I Mca BBkt @fring use.
lum 6 netal in the c%fytstal structure of the

Hiepeddletray groae pahe surfgee ofrthreratabyst thieuelnsragion ob thesrhice phipe

ckéﬁalﬁ?@lﬁfn@caﬁgct%?th@gatQ@th XAYocHivbh fagt i on met hods.
The order of elemental nmetal 'in the catal yst relative
t 0 t Hesung@pbagimesise e saialystiepigbarphbi ¢panbimingpnesyingee frplymns
T O R IR
mpm;mif 18 noxréraleoxidys g inghuderalwhing hdicColligaralvdning tigthivpeede,
}bﬁoﬁgm)&x[c%ymg 51151%% dg nor%ﬁ%%}es Hﬂe%ff 'hlﬂa fflgltaPJ))%lléeg ma'}:rrbgm
roadenin for absence o erns associ a
c@@dmmlrfroﬁin areetxaﬂudatm pRESX £ Iayduzte fstﬁppartt Forexgpelet alamna ifines @in be

%etdg & é‘r}oerlgrﬁlrng %gtaurﬁaEe péoddlgtﬂoélato pﬁol'cll%lﬁe ca&alhg/sg %ué);)m)[s qn Some

eSﬁb’ok:lﬁlﬁdmtsemlrEﬁil oﬁ)daﬂnés&nayrlﬁk/ty bpanclesike ofax ndet MOehitdoeters, at

T SRR o B e oAt paric
delbTicHRaNiABh Y EXARS ity ring® Xiof€). Pinkdroth@ers TS0 RGN M3
trioxide has a definite pattern (for exanple, definite
BBl 92l 08 i eremesso Opgﬁlll&i‘?metqiﬁéo L) MITFOREIEH| Lombiging

think@Xb:d&sRHidhtdAt 8r A @Fulid-10 fedt 8d adbipport BAPELA 1S Enetal
of at least 538 OC (1000 OF) to produce a catal yst
tppestdeppdle worcentfhasiatalygt-pat t ern for nol ybdenum di oxi de

i N annrch@orinfifor ﬁﬁilhgé‘f BPE&Sh MR bQhe @fﬁ&@@é &ang?e@ in some
absencel n sonme enbodi nents, the catal yst

may
priwdumaats. thy seentbhomer A tlsqﬁéfﬁ@rm edhetdingthy §pluam3/ @idegerystal
ég%%gre%% Bé?a‘imé(ﬂahgncff%n?&ﬁ Urlco @Iﬂ&aﬁﬁ t@%ta%wé of the
- ro St. n so

metal's to ce the cata
arigddidrretatyst. ThkerdSobinm SoBmhd rngalah&y efdoterieboadrplieg powder x-

%glfhﬁ%gj o mel%)(gdg eﬁle%ri]cge/r eléﬁg‘gaﬁtrr%tal %{(t{hg %zftllyméﬁﬁ%\% tto Tg Srder

e S ze of at ers
ofictneneat meg] inalie Imlsltoxﬂda(inem terdorstigedhy ampatingris brdébof the

CHBEREEIE) ot RO GG s G CRMATE P o
¢ty Ostehe 6$netal peakah amR i@ (ﬁfffaﬁtldrf)@emlﬁﬂ ot edidyst.OFroh0

m cronet e 0 75 croneters. i.ments, at
P LG bl P B iifteq il PTEnE BT o1 k74 o6

DEtAMERT s pectiing HQOPIsEIbR: tb OstihRitd theIBIES18MS 6 nTéﬁﬁ(smrx ktbs@ntially
of the used catalyst with a support and one or nore

ety srdgred dn thecaplal ICHYFS ed at tenperatures of at

| eastrol 8Qnfe, hR1ybeEMRVLriBkiMe bmbﬂhlniﬂagum%%gfa%e%ﬁﬂ pore
then heated to at | east 500 0C, at |east 10 C, at

Jigpeier of 2019aso (LA mty be sagbingdpdoman Yup skl ybdepan trioxide

&k&@”ﬁhe@n&l%d@ﬁﬁrﬁ |t1§ox'id2: HYEh %fnﬁ’t’é' d&Sn (fEP&aﬁ%ﬁ’:‘ @tinkO b&?o Dooa
di aneter of "the catal yst nmay range from50 A'to 15 A

@&d/opnDpg paak®). A'he ghunige/@olpgn H3doxAde mixture may be heat treated ata
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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The catal yst may include at |east 0.01 grans, at |east

0.1 grans, or at least 0.2 grans of used catal yst per
w@e@sef/stat al yst and at nost 0.3 grans, at noBCT/OS207/080429

granms, or at nost 0.1 grans of Columms 6-10 netal (s).

In sonme enbodi nents, the catal yst includes from0.001

grans to 0.3 grans, fromO0.05 to 0.2 grans, or from

0.01 granms to 0.1 grans of used catal yst, per gram of

&ab@b ¥®bodihBnts eid @lalysEMROBH FrepH&s byt d@ﬁlbiﬁlﬁgr 2&dpphited catalyst

cat al yst_ i ncl udes from 0. 001 grans _to O. rans or

@diy1 2 grediralabyst itha Yipaes anskonesr BRfe %01%@%6 é@ Jetalsio gghace the

& di [AROhLS emB&ﬁfméﬂt& st ARh& & &b ﬁ&leﬁéi%t(fd?@%(anhﬂ‘& It abfpm

01 grans to O. ranms, 0.005 ranms, or from

f@ﬂ@ia /@rmngswn@udss) ampmd@x%ﬁat m@strﬁ@ alllf(rgl)netellSnat most 150

ek té}s ?mﬂgg'lﬂgﬂﬁéométgﬁ (Hlat ﬁ1@§t7§%1§roﬁl@{e?sl yﬁﬁ% RYe 51ze of the

I nclude fromO grans t 1 grans, O. Branrs

Ceolosngyg-ddrsctabrmdyrrargedradd 0. @mawsmt%@rsoo 660 glrcwrset@‘ﬁ 1Gmcmm¢ters

T L R

Yrnent o U 1@1@&1@ thavss pemtucl@slmwmem 20n1©ﬁ)316g1rsatm;15 aficrometers.
ft | fi

'\ﬁ% éﬁlgglﬁ 5f tE elasng gat%légt gv& g & rﬁu orte né 8{1(5: %r%n%gr ugrglg lgdm WRatals is

dricd Iabﬂeh@elatuﬁds g)ﬁ atfleasamol o tb xsvedey Io@»ebdblﬁngrmhmbﬁlﬁmwﬂtl then

Ratitieh e TS TR Bl e e Bl ol Plver

AP CYyRERN BT R4 1 nit@al by idE0 PriRGRSiSsinhdrcCRi mdidSif $he catalyst may
Preparation of such,ca sts are described in U S

al
ipaged mﬁ%élt?&%ﬁ{*o?%‘“é‘hﬂot‘iéﬂml&t@d@%lAyst and Process

for tie cMQl‘%tf tlhld'lﬁiechft lebttoroa-ckawy, fUbdstin. 1 Riasds! bl sdteBst 0.2
Product” and @Et abl e Heavy Hydrocarbon

Ry %@%W%ﬁt E%Itgr% olcar{aaysy 3d A MmNkl Bams ot MOBil hgramper at

ﬂa’§s@ 010088 doRurBRaN d ReGRIMR] ShitlenfBBcRR! hOBRalyRirdcBides
sul fidation of the hydroprocessing catalysts, %

fisgrel P OP eaes 40 g seratsalrgy t09)54p B-2tapamse af frgm ﬁé)éigé’dﬂstt@ 04@gams of

B Pl 3R o RS kb R, WL AGHAL BHARR

iodtidds yons0.tlyeramiold]. 2 grdma ot (i) Vhgliaon tQﬂi 1 gheseaf aluymto, metal(S).
h ' tabi |

P S BB SRS RIS LR SR AL Y g

O@5itn OIOégsarmshalrerﬂn DO¢ grereks 0.03 g&mm@ Cabinen t0ongalehebtcertain

t t al har t

B GEAE YR B PP U SnB by Pt e s 0009

piroceIBEdrihs, @ughm@ (oAAChIOG @ysd @Tolhiin $ aigrl(s). In some

SPHiRene v b0s R TR ron Bl Gl B (RS grams o

(hots @4fs, 0O0.0008D DU3 LRAMsPP CeludindFRl@ient(POr € Vol une,
surface areas, or conbinations thereof. The catal yst

may g ca@lveh dier pelidingrvisn apyza ugfparnRige epclpgmeicroscopy.

S&hHRS a V@ﬁ@ﬂéaﬁm@%v‘?er(éllb%E@Bﬁﬁ&ybd-Ehﬁm RRifAR (D08 8 sHb 8BRS with
of the pore size dis bution may be in a range from

thpstagkg baving wduasd heights and lgpets gpcompared (e alipsnasivg B yRa¢LE-

&)ﬁiaﬁhli/gsﬂy%rdp%%ssh&(‘claﬁd%ts ai)rebﬁ@t%n séctﬂ{at%ﬁ‘%ts%re 8MRd in U.S.
al um na per gram of cat al yst have a pore size

Ryitest Apblmatl@ﬁ epfitldd " Gately e angBiogess fatia Manufzetyge phdiye-Low
§1ﬁﬁpbll_%gll£t9 Product” and “A Highly Stable Heavy Hydrocarbon Hydrodesulfurization
Catalyst and Method of Making and Use Thereof” to Bhan.
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200 A, 90 to 180 A, 100 to 140 A, or 120 to 130 A In
sone enbodi nents, the gamma al um na catal yst has a

WEor0e/0$372® di stribution with a nmedi an pore di aP@r/E82007/080429

ranging from50 Ato 150 A, from60 Ato 135 A or
from70 Ato 120 A In other enbodi nents, catal ysts

that include at least 0.1 grams of theta alum na per
gram of catal yst have a pore size distribution with a
medi ap chRmercRl %ﬂ;ﬁﬁeﬁfoné Af@ sGAAgEoH SreRD HhARPRIEssihg catalysts, the
200- 300 A, or 0- 250 A In_sone enbodi nents, the
hydEpEisessesaglyaiatedyPiglythraed o0 S§ Puerding OF MBIkt
&Btrl)IQE@%enél%Qof@f I@Hrolg%ﬁflcﬂes @lcﬁvly ﬁ&au'ng @?ltéydl(igoc%ssn@ catalysts

| east A, ["east | eas

hayaishibg geacavatonoh thﬁré‘@r@b(ﬁ E@? éat@llm Wetcabel herein hagsinbaickd,
bllﬂglﬁt P Qen'% ofhlﬂfﬁr ah ﬁllﬂ&twﬁ@l g!&@&/ o Moke fu?le§§ £n three

I st on wt dl an pore laneter o east
BGKA . dieum ableetaprehg th cajatyssonrea ehviviodpariod og (ime hnay increase the

004 Yokolonss, ROURuale S FLELLLBUELER il e

120- 18604, e]m%ddhneam baasits ﬁ{@?/begcfhamcteuﬁﬁil bymendsemuctofe. Various
[ n ha a

TR LP rEaTRS Pl uBlrbO bR rOR R BB S

ﬁrfamair@@ orlcombi@atical theetsh otharanlys mheave atdaktstiohasSoal

%Ofe stze distribution with nmedi.an gore dlan? er in.

APty GEPYTE FATSAEISYBROTAdIAiCleR - e mediap PRiggliagetey of e gpre size

disifibeion dfay e ﬁ1e5rain§e trb@ 3paneo Ai g5 A1dricbBoo dn thavheg a
pore diameter within 45 A 35 A or 25 A of the nedian

dsghodinefinsiepaysts Ty Inabusts it 1At ST SOmmiaHA B P T Pl

thaﬁ/e aQbretsh@ dRAiHRiSH #8h dinflifah ?Hﬁe'd@d’ﬂne‘t& ifth ralng@ﬁl)m 558G
| east, 200 A, or at |east 230A, greater that 60%

?é*) Aa 996‘? 550 AuktBee 145 Agrsrl@d 19 B0t elnseme easpodiments, the gamma
Hinh hémﬂ%t(ﬁ@s ehﬁ&@ side BokiBuinaet Shedtut IIJ'Ur@ diafeRr razgmf‘from 50

or 90 A of th di anpore dianeter, In sone
2 b B A reng 60 t\h@ 1 &b adryom Has telwelrsqth@ ethbgdimiepgtdag@tysts

s S
digirion ofithponakan perg dhemgetrle asar@e firdins £80i- 390 1. 8A0-RRNV A ney 230-
e @ S %1%[)031\%11&11&5 the edlj“r%n O%)Qe é}alingter (%Qhé:bo% fl%@(%stﬂ?lg[IO%QS at

pore€ di anet
lp:{st &%) hpy 1dog 1486 Al, etdsdst B3 cirBAg 20@t, htdemt 200.4, ackeBYt§30 A, or

cert ore
§ belraoh 85 Syef uRa iR iy By ik PoafERGaLRRbS. B0 0. 6
cnr V@he oitalystandy. hdvenpify sizd tietrivadal wist a Madihmporadip@eer of at
Si z istribu nwth a di an ore di aneter in
it S At b 2 80 bt AT e R b M Sore ik Bistgbution
$idf £ Re@aRp&a dRmert in Badde AQHOOREGA, BI0-14088 lor 1R01312A Grith at
at least 170 n2/g, at |east 220, or at least 270 n2/g

legst f0% gt # tokad nﬁm%% Oﬁ’ﬁﬂ}re%’é‘ thgypage ?%en‘él%m?“llt% oS gggemter
wigiin 47 A, B2 AJor 25300240 nidGiag por® WiatnbRr 2B Qe kih @mbbdlments, the

certain enbodi nents, the catal yst having a pore size
st RS @troBTH AR ity iR Hith s g PRTeAIEREST in A range ERgE/0-180 A,

&1&1@&91&%&9& ﬁo&?ﬂudﬂ%‘{ &r ?oré% ftti%é:%r@sﬁz%%s@ﬁbﬁ%n hea 2@&

/g, at |east ast 1 g, at |east
Chrﬂm@er withiz ¢S Ae%ﬁst\ @?@ Anzf/tge mglighpye dfagesrar ea

In embodiments 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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may be in a range from 60-300 nR/g, 90-280 n®/g,
100-270 nR2/ g, or 120-250 n2/g. In sone enbodi nents,

W bh@soai7sd yst i s characterized using Raman PCT/US2007/080429
spectroscopy. The catalyst that includes theta alum na
and netals from Col ums 6-10 may exhibit bands in a
regi on between 800 cm1 and 900 cm 1 . Bands observed
inthe 800 cm1 to 900 cm1 region nay be attributed

e Mehakr. @ ¥ae0edyRiddhe @) HeSWAVBL Hak @ psielset ARirMiiod With a
sone enbodi ments, the catal yst, t hat |ncI udes theta

Bedigh Reke daRclengines st H0s 08xh 289440 PadidS0rReaA, Bt aglypst

h% oNEBlal Buirbet BF ﬂor@s iAnd &%)Sliérﬁlslfﬂbutlbﬂ h#3A%a pore diameter w1th1n
enmpodi pent s, the Raman shift of a nol ybdenum cat al yst

WAt Res o B A thegpedigndiceadiametant t he cat al yst i ncl udes

as pqg’k ér%o%[rﬁ@ﬁg ﬁér@ VQI%H@’%? orh/sbl%&} @e zﬂn&sm gmz/g alMeast 0.7

sone e odi ment ts, |nterne iate species Is

@ Yes brdtlléane).9 ¢m g, olime:elém oubodimens, pohvevobancadfypotes nhagitrange from
Iy I ] 2 ay exhibit bands in a

dr'ggig'gjCéﬁib/én@Il 2 8568{5 cm&% an fOOO cml . Bands observed

near 1B 0atalysthadng a pAOQOize diskiboayn Weth atiediaty pore dian@tey'mO range

RS GA80 ARt B S E ARt TRA S el Sl R pa mve. a

leashi 1) ¥, hards 1m@mﬁ/g5azﬂbaem2m (aradle%m@:mz/g Sudhnsutfedetaddammay

Eamare: mpet b0 SR IR EY S of BUERTdab & hiee

cat alry sértairyghtal rhanthas cacalybtatavipl atpbreGizy antrsim@fn@tdﬂ afedian
a range from 50-500 N cm. 60-400 NNcm 100-350 N cm,
porodigBeteND @rings Aropp B0211 W&)‘r’ﬂ%"ﬁ asBiree 3Ol gt & mt/ Bett
1eat 80 3, PR @ mYH e eadaby §f/oraeIhS 070 n%/eS YhdH Wftkctfea
form mefal sulfides (prior to,use u3| techm uezs

IRBORGA D 2 ARZH éromo F0ar /B X480 817/2A

CRI |Iﬁ‘§(§ﬁ@<§ﬁﬁdaﬂﬁéms [h@(éar)i} sth@clﬁ%?en%m%ﬂi 'T&%a%'spéct}@scopy The
catal yst may be dried th en sul fided. Al ternatlvel Y,
akéyst@pangiades tipje demion hid gedlsitionsielumpy6-¢o Aracthio betnldém a
Igg'é)?hé/t@%en\/\g(br&n@ alﬂéf %@&ﬁﬂ bgﬂldg %gs%rJeE?ﬁ thE @?(5 Hﬂeﬁ) 900 cm ! region
sul fur-containing conp tu sulfurization

Wy he atwibated I:oehvletgh@em@s I\Ihe}@lraog@mrmnﬂlcf jtgehing. {theme

e%b%ﬁ?@e%?s R‘ﬁ cﬁXl%t%? rhclu%r % tlhetglé ugml?a a%g%o?u%ln{ (1?1 [ngél s"Whibits bands

I&élak&]IOSImi ¥ ndae§35 1:101 wmh |88® dﬁé Intsbme lespodimeints,uthd ana:heﬁn)ft of a
urization.processes. a

Byl g s, 3550 PROCEIRES 4B fe SRARN RIS Dol
ih@rseraIBRsweain Mb;0,| randei® di. n esrhodhr@inhays, efihtdiedtagppecies
of catalyst ("first catalyst"”) includes Colums 5-10
1ﬁﬁ’iyéa]%‘§? in conbination with a support, and has a pore

Si ze 1alk&hd érbddifdhtsMbe Ra@lyBiRBl ait 1RRE Sedisariat €6lumAs fmay
range from 150-250 A. The first catglyst may have a

bfiderdsdp azeedin betviea 431 cnondrgg emrh ab(%?roé’swddﬁéf G cm”

dnQobo &5t mﬁﬁB@&tM‘ﬁhteﬁ@be© rdtioh€ A tsofle Omb&EBhOnts, Th€catalyst that
first cataly % have a gamma al umi na cont ent of  at

ingydas tl@t%algﬁlalﬁénfb olyaprerd aned itk cxaihis bapds eear FTP i and 990
apst 0.9999 grams of ganma al umi na, per gram of first

catal yst. The first
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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catal yst has, in sone enbodi nents, a total content of
Colum 6 netal (s), per gramof catalyst, in a range

w0 e@s0ds78001 to 0.1 grans. The first catal yst PGI/US2007/080429

capabl e of renoving a portion of the Ni/V/Fe froma
hydr ocarbon feed, renoving a portion of the conponents
that contribute to TAN of a hydrocarbon feed, renoving
at |l east a portion of the Cs asphaltenes froma

hydr ag asrRofniRBRbntd, BRRYL S aali/of @1@%5tal§st@@é¢hfs@ﬂs of1fiidi@o form
netals in netal salts of organic acids in th

Ry sy KeEh@RHOT @ae) Using &shivatnows inthereder eX@Inﬁ]ér ACTICAT™

195&@@ ICRIL %ﬁeﬁlgtf?fnaleﬁ@r}p kIﬁSOH%léIIrfbHHIerﬁﬁt tﬁ@t:atalys(txﬂ@ PRUALY then
ravity, residue content, or conbinations thereof)

w&ﬂegxﬁit@m{‘tlmb’l e icglalyst naayeiel Su]cflldghlglégtu\hhé@ptqqq gf the catalyst with a
{
@gﬁ%g“?’gﬁ%@ %I%?fsﬁgl]uhe% SHPML &ﬁ{aﬁ%rggekﬁoﬁﬁlﬁ T4 suff:ff’i)lréz% i¥Pfay

ectivel roper l1es O
Hifide cidwr Borous dedrogdn sulfido i he piraengt nghyolrdzen, qotiopdmhises
I C
#Jﬂ”ulgﬁ{‘%cjtgg}{t% sé(ch lf In(zalqgn | orc‘npt@@e/ds ?m(LjBMYIH% Qﬁgﬂéﬁﬂﬁ@s %lys%ﬁldes
thwtsomdmlfb)sdesmnﬁx gitu smtfnnzahpn piocgsadsakey/dbgibeayn BS. Bged Nos.

d I h d
BIOERE AT e LR TP TP res ot urms 5 10

met alig srtaimenct@atmanad b Gt Wipt bf @tSysp PGkt cataipd”)HAadudes Polu@ns

e dj trlbtlonvvl harredla pore dia
ShR el Sahionhntee Vi o 7 Du8R e PRy o median
fusiiemneof inRAARS fioh [IV2500Y. eTHR e cdﬂagftstrm@ﬂalvé)ﬁl s@fact: Elﬁa of at
second gat al yst have a_ pore dianmeter within

ledvk L0/ an Tisoroee Wilghepidpe liphritalyst ngy be ﬁtéefﬁﬁ/(%l? G’é‘a(g b@he first
da0@dt Wb Ravb R amBHEANGNIRAEAMBSE 4 RAQTD. SHhh Bt mma alumina, and
contacting conditions may produce a crude product t hat
twpigallygt g)@f;téb%%g g@msloégarpmé @lu&mq:r@rarq-gﬁ\f){rst catalyst. The first
c%ta%t fidsCRARbMY e QPRRYEs, ra%t@ltdo}{énttd? CollEnSERRL RS ORE b St

e hydrocarbon feed ile other properties are
Qarﬂl}gst elharﬁge@fr@y 0408 higl Q.1 arﬁﬁla nithe iirstpe ot arblercd esmaving a
AR E AR PR ko (o 26 M GHBL EPrETBARS L fhopens
thiteontohpo he AN of h aydro@mlvqnl fouk entoginghelcTAN poftlotl le€the Cs

r r c n
PHEHRTRAN, 8%l amhePoPRLOD, Aol Iy ARG LA
sabglofocegaaic dcelst tha hpdptargm feffd blh&)rrfﬂllda\{blﬁehﬂmft é]nlfler pfoperues
5o SRS SR Y SR 50Bh B 25 3R
tperochy aiay WkHibit Rlatietlf kinye bnangdmbﬁen (ﬂhﬁfygmcarﬁoﬁ feed Bubhtbdted with

tent relative to t fur content of
S BEe o Bt Ror ey RmaneTRe G ans b e iy whit
dh@y €hadgifilbihel prenkes i re®iivel) ¥all @800 mih@ioshé Bydrocarbon feed
content of the hydrocarbon feed. The crude_ product may

1q1bg Frogsfinipatlyy tesalet; WOPGW@HI?H%‘@’&“ Pﬁredﬁﬂéttanaﬂyéi:sénay be
O neAY ordé3O content, and residue content r eI at ive to

t he hydrocarbon feed. In sonme enbodi nents,

hydr d& &HEretodim ety e s¢cend bipe Pheatahest §'secopd %fﬁtf% ntincdydes

&I(IM{ISF £ 1(§ fn@fal(%ﬁ‘ tRhGinaith WIBSE suﬁﬂ)rﬁ’\'taﬁ)(pﬁgs a pQH:t siZd distribution with

relatively high TAN, asphaltenes content, or content
omedian piivs diametaingl rargg|from F Ade g¥hiic Aglsptl $0%Rf the total number of

ﬂo%sq}l .th\é%lo}/e sli]i.egiliktr}—lﬁ%luoﬂ Bf’t‘he ?@é@ﬁ@éaﬁﬂyst have a pore 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
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TAN of at |east 0.3) nmay render the hydrocarbon feed

unacceptabl e for transportation and/or refining. A
wale@adysiss aged crude with a relatively hi gh CsPCT/US2007/080429

asphal tenes content may exhibit less stability during

processing relative to other crudes with relatively

| ow Cs asphal tenes content. Contact of the hydrocarbon

feed with the second catal ysts, nmay renove acidic

ek éxa%ﬂﬂé qul\g’%lgﬂﬁféBIﬁ V@RRRd RTve DIk s FrBpekt of the
fromthe hydrocarbon feed. | n sone enbodi ments,

hydEngaibpp fred hie ohetaneris a8 oahayhapzed Sigsnel pgount. A hydrogen
©ORLrih Bothd A8bddtn IR ¥e pRAUE Buldd@oNhahRsi ty of the

hydr ocarbon feed/total product mxture relative to the

vi scddesgeond catdpst mpyl reskeed Hdenst ageegtion) qf theeqoppppopents that contribute
R
plat el high visdeitiss.cad cadued attaaste, porgrorad dseNiCeia bymnent bf the crude

Ly ML 1k DS G3A0, R, B 0 DU R e

dwds.‘:rpmmctmruh { exdadivels soheld cluangedl thesudunconkant satige to the sulfur
cog eg que r\jy%i%arbglé %egg 't g %IP%IG t e %rg%%ﬁ)rﬂcguﬁgmgy avrg 6 &P%fur content

M7OP- Qﬁ)l%.kb‘ﬂ’th@sullfﬁf aln(es) oft the W(E@haﬂ)@n decdatlad Mﬁﬂe product may also
cursor. Th at al ysf. precursor e heated.in the

LISt R 2 i A S TR

@lati hpekatydiatdeh @500 0C (for exanple, bel ow 482 0C)

for a relatively short period of tine to formth
uncall® PHRLeRdpRens, the hydrocarhgadeednpy have g gelpgiely lwtcontent of

Nir@eu (®PExan1d) 8@h&d 56 Fidpin) | RS ﬁreléltgfglleCghf PAN ZasPiQitees chbitent,
certain enbodi nents, the third cat aly

er
@reopiantar Pstals inaee sleof prganiq seidy ewﬂﬁtw@larht%rﬁ § H%aexample
Tz@lﬁ %? atfléa@{r(b 9 rQereQdeQ ?heg{yal%'éarbgl Qg(isurglc%tagfeefglstran%ortatlon
-0.01 grans. The third catal yst exhi b
@d@ﬁ qulln@@ntA eadvantagpd awde wtbburfrlatwl}«m u@é@lmﬁsmp@tw may
géfsg Et‘a&ﬂ(ybé?;ﬁng gl%geséﬁé t&’eﬁhﬁ% (PEHe IR Rith kaﬁﬁggﬁow Cs

nment's recursor 1s hea

&SBWQII%ICGM@S ﬁeht@woscl@ h@dloparbwmfeeapwéls@n@ecoocﬂ caprlgsto may

[ t ce
T S Lt i T MR R e
hy(irdchltboﬂ' fakd.ofn sbine ehljoddlrmms kreducflete«zf Csreepiuheneahnd/@a@tnpanents
c%géltbgtér?gat%hél\@ﬂg% reél cet tge YlSCOfSIt}E ?]f tﬁe {; ecag)ro otal é)ﬁ%ducts
ihdue eldiile toths Ciesisity ofathe hﬁh‘,ocﬁfbd)d Geedr (Ildmﬂ'am embodlments one or
Addi ti onal | cont act . of carbon fe
e BRI Bt SR b BRSO i odetPeruae
prédut mk@hry, i8dTedst caNangee, allow hgniskl feUhydeudh @plakd B} @k i ve
to the sulfur content of the hydrqocarbon feed and with

thydrosibR egd it AoHINANEE TRYFAH SEh UTHTa ke Bydrpgghon feed as

hvdiegasban feed. For exanple, a crude product may
have a sul fur content of 70% 130% of the sul fur

c o nt dmorest creinelitpgidty & Ewideuie of c@talystiBir paites prigiihetobtainable
?n%’% éls%'pﬁ&t Maﬁ bl &a&%_y&ﬁmm a%hag éuupslo} The
r eI ative i St

changes 1 n gravity, | ate
@@MSémecuram@a@ bnhewd in dfn:cpwse@,qed)é eneYnen ulfus Icmtﬁum@gt 0

éo%oﬁ]ﬁ/cg 0% @ﬁggﬁmﬁr@&%w 3—6@0@@&] éx&ﬁﬁpltepbeﬁo%gh'@eo@ 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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the TAN, the netals in netal salts of organic salts,
the Ni/V/Fe content, and the viscosity of the crude

w@e@doel7sshi | e al so only changing by a snall ap@UOs20071@80429

APl gravity, distillate content, VGO content, and
residue contents relative to the hydrocarbon feed, nmay
all ow the crude product to be used by a variety of
treatnment facilities. The third catalyst, in sone

gma @ﬂbd!ﬁ{z‘sk SavdBRY ol AUG1calen! @A&Nt & aﬁ@ﬁgfelf% @60 1td)1 83 MalRs,
content of the h%/dr ocar bon feed, while maintaining

YU OEhgBeR o BOEF-DOH gramy Jing drirdsataist mpyexhigit se@lffcamrﬁctmty

&H’@&Qﬂ 'ES;?@Ee% rusbd® tebl (hh FREAIDGA e ABY d&@ﬂﬁed%eféﬁl UfQoife
nmet al content in a range fromO0.0001-0.1 grans,

f@nt@’%n@tso@e ghtalive presprsor ig bl @16“@6%6%??&?%5%‘1%@%%%%

d?%‘h@ln(lﬁ))re%&%%%pbdhdé range from 0.0001-0.05 grans,
3 grans, or 0.001-0.01 granms per gram of

c at _aITyls thlrdma@biSmesreéucamd lea arpettiah (6 e campdngsts thmagontribute to
[ .

SRR B A L BL o SRS BRI BE Mt s o

dreanikc @tidst edpend{ilV/Es ccmuenaofrtam gedd producB0fd Efmlﬁce()tﬁ‘ﬁ giscosity of

50 50 0C an sures e from.
ot S0 BRRRY R p BB g RN e i g s
Iirycpﬁe @fcnﬂapﬁ)ldyatwn(h afreluﬁ‘tdl’ly smatlbdhyﬁge in then;a]fmrdsemeﬁaélum tb the

PP bt o Ry aPoR B Ah B st Rty B0 SREH oipke by

tae Hﬁﬂd)c&fboﬂ@éeﬁ dbed@ingle, HEruad po@as mal BOeA sulfir SQIFBt of 70%-
enbodi nents, the nedi an pore dianeter of the fourth

Aty S“ﬂﬁﬁycoﬁ?nh?f theadrdeamn Kedaths guds prodist prodyged using the

thR@8dtal1¢R ChafalsOext@bit @Aty 3RA1 Ahand8n QPP PRy, r@IﬁMllate content,
include at least 0.1 gramns,at |east 0.5 grans,

Y@Qé:pntgntgalglrrgﬂ@m cgptelattrelpié‘gzstp thy. Igd@pegh%n {sgd. tﬂ@taglhty to reduce

G WKN” fhe %&al&ﬁ@ﬁ@tﬁfsaléw B@aﬁlc sdl B:ethfa AT &)‘ﬁ&:ﬁ! Yt thg@ﬂécosuy
i nclude, in some enbodi nents, at nost 0.1 grams of

@@We@rmww alqmm}gqhangl@g bycasragliamounihe AR glagife distillate
&ngzgtlo JV’GH @dﬁ?enpfané:ﬁklldg@?@ tr@llat(nﬁ)) to H‘E:rhy%())@ﬂb(% gs;edrfe n%aglallow the

cata In dertain e I rents,
qr@dammm taripe upad bymnetm‘obdemmt§a01lttt¢e hydr ocar bon feed

ma ant W t
s u)és 21318 ghn c%%ﬁygg Hi"%%{% e\%{%o g}%ﬁgs @%ﬁ fhﬁc% a?{e ﬁ‘?ta é)?moq.ﬁf the MCR
@dgtht dfoinellydogbibby s¢d miyle h’mlmmﬁln@ thydvo¢abaoif fed:diitetal product

bt Pl b bbb A BB By EET CpBRLR ARl comen
1ﬁatrﬂigy $iom (. @(E)lS(BNgﬁﬁlh, (D(EB&].()’SSgramQ @[TUBOD[)@H gedisainy & C9lumn 10

SRR D e I

gmﬁi ﬁ&tgtdﬂgoﬂfataﬂ}]@e Aydratabhen 16 eediW dallyshigay @vilitate reduction
catal yst at a tenperature in a_range from 300-400 OC,

i3It pogion gf the SN that qupaitui AR Juiie by Bpamedied at

tEﬁl@éHlt%fég I &ﬁﬂg@ﬁéﬂl RED-FEY VB 0as5d ANaRd prbsuf® e a 1%Qg(9 fréh 0.1-
nost 80% at nost 50% or at npst 10% of t he TAN of

odPaydt Wear®en MEad. Hydr ogen generation may be in a
rangqn £&0M QiAW a #Rid Oy JIBLIRy st Prodrar GeayN E?‘{Iﬁﬁrdes

st
The crude product may have a tot afy Ni / VI Fe content of
(g@lump § fmetal(s) in combination with a 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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90% at nost 80% at nost 70% at nost 50% at nost
10% or at least 1% of total N /V/ Fe content of the

whyasoesasphon feed. In certain enbodi ments, a fPET/DS109PeE80429

of catalyst ("fifth catalyst”) includes Colum 6

metal (s) in conbination with a theta al um na support.
The fifth catal yst has a pore size distribution with a
nmedi an pore dianmeter of at |east 180 A at |east 220

dMeadl0.d @ast, aﬁ%@stﬁ@ @imd, 82&1eadB09 Arandlof ieASIundIPparddl of
at nost 500 A. The support may include at least 0.1

yrears , Thetfoyrdpatalyyt mayinglyge. inpomg cnpiodimentsgganqst G ngragys of

@@%ﬁS%&Wspﬁer %%n & c%m}@{ aHRRQL L. OdOrl‘ gPAMERf Column 5 metal(s)
enbodi nent s, e support has an al pha al um na content

RSt 21981 Bweelyst. gn eqriirofmbadisheatsa b fohnmpemeigh i irirstlium.
cat alpy §fme ¥ IGRIA, %ﬁ%th ?ﬂggalrb%ef%ed IlnFy l§e§) ta@ﬂaf@%'aﬁ?&&uional
per gram o

at nost 0.1 grans o
@l ybteqaerd tatontaghwith e GO0t cgrabyts Tdﬂi% a@btiommhcagalyst may be one

L R Oy LB ST, A RO e o
datalxse theapiixth eavidpdi thesventh neslyfiychnogerialuptibke dbs;crlbdmﬁlerem or

feed may be relatively low (for exanple,
%0}41 Ha 015?[8 53 N8 n 3) when the hydrocarbon feed is

cont g t@nk svhtbdairhdngs, hydrdden Gadydk psteratd @uring RPEa@Ing HEthic N

a ran m. 310- 400 0C, from 320-37Q 0C, or fr .

9380 e SRBIH LG kBB e  rpar e S0 .

32@6330 nayork33043mo aCr ang&udd @oaukt 2OdNG8 Wom sactil&)nt\da&\g/ma}oliiave a
NM8W . The crude product produced from contact

Tfhlg Oﬁ ?d?‘%f& bot n?Oéte‘%ﬁWwat Rott ﬁ%%f P ogalOgh 9idbe hall oh &‘\?g

By diANbeh fe@a %&er&tdmﬁé y B0 ralee MOHL1-5OKm A1, AL40
most ,10% of of the hydrocarbon feed. TAN of

NWemerQide: 25 Gﬁt Thgyruge Pragui maydgee # sy VeHe gentpnt of at most
Q)’%Q 3t BOQEBO%OEt IQOSQ?O@ a@ ;'ZhostI 09 %f &Qflt 10%”&0&! !e‘gﬁrlt%;(af t8tal Ni/V/Fe

sixth type of catalyst ("sixth catalyst" ) includes
©plean U8 hydraghibe) feathd Col unm 6 netal (s) in conbination

W' th f bgdhgh dﬂhéﬁb X DR %%@%E&talgeg‘fﬁﬂh)&ﬁpfé@ df?il:%ﬁés

a pore size I str | On anet
oftalgy) i @mmmallsm with a|thretasdmmpine wipditnghe éfth thdysrbel appre size

P83 B8 a1 B BIAL BP0 Py a0 .
13@025@, Aot least 3008t 015&0@11063; SODhDe ‘Bhepoppdrt ma}yllnt:lludé adens@l. 1 grams,
at ea

4 eﬁ?ﬁso % %f‘m?é%%ttm%?b 8 %%E‘S 08?1 %taﬁlr%g% P 259 %flsgﬂ%‘)“ In some
drﬂﬂﬁ)tlﬁn@tsumb @ﬁpppﬂ thagirediprafalsuippesnient ditelead.aleysis dialpha

i ncl] ude, odi nent s, tot al of |l um 5

BB et ol G i 6 sl ey s Db Sup B EG jpgst 0.1
$8hs G @nudh 6 @@ta@(ls)/ﬁdr graa6l cafalykemgtat IaasQO@@o Ograms oPEolumn 6
Cqurm5mstaI§s and Colum 6 neta ‘i-ré per ramof
Bepley ysiieramp RE Lelpretr sRRpdmenigdhepplymn O p @(Sbﬁre
hOBdenGRlaHIOr @ngipal to total Colum 5 netal may be in
a range from0.1-20, 1-10, or 2-5. In certain

embodP AEHinsemodEnanis) pery GOt take By (herwaiogbeamiged may be
Igﬁtho@v (@@rte%lr(lﬁl):, 0 TP 1b gl%ﬁh'ﬂm) aned @k h§rcﬂf&gi§ﬁo%rfeed 1S

contacted with the fifth catalyst at 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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When the hydrocarbon feed is contacted with the sixth
catal yst at a tenperature in a range from 310-400 0C,

wo casd285 370 0C, or from 330-360 0C, net hydrPgBENS2007/080429
upt ake by the hydrocarbon feed nmay be in a range from
-10 NmB n 3 to 20 NnBW, -7 NmMNWto 10 N8/ n8, or -5
N8B n 3 to 5 NmBAn 3. Negative net hydrogen uptake is
one indication that hydrogen is being generated in
fibdt 0% TR end:t 3198 P hOEGE 1 0 R0 HETREN bif BEhFRMash Q4. tIAN of the

hydrocarbon feed with the sixth catalyst nay have a
criadq REpdust mippag ingaopee Aonnht-04dh3-845 rﬁSQtOQ‘Eﬁ)O(X% at nost

10% Eeréﬁn ér@&ﬁfméh%’ 9§1xﬁ1n§per%Nat9]‘ystt(h§xtﬂXQE]?QQ)HQQ&IG:S Column
f eed. of the crude product be in a'range from

DMERLY. amd Colugp-ongsl(s) i cabpmion M theghgtin eltmfyadprpetn The sixth
éﬁﬁaﬁﬁrﬁasq olr I ;‘tfpﬁrqtﬁl@ﬁ)h Q&n Qtfmeldpﬁ g@%%ﬁﬁ@é I?)(P B lgﬁﬁ%d%t ﬂl some

our or sixth cat yst UCGS
contexdadntsy éiq wiedppote d@ﬁndbry@f pgesizddisiribgtiqy noessit frgst 220 A, at

1\§£‘s't kil R QeyGIag A t%&ég ‘?‘d&%ostt g@& Al %h@?%ﬁ% AR EnchRAe at

ransp ortation ands/ or eatmsn
laen;d(l) d)rgramsaatslmr Q.5 pgmisyad laagdrB greme,as tehyt 0. 9rgramsmoz atmgost 089
usage. pf drogen in roce d ases over.
$7808 Bl URERHIE b o sREOT T Be T BN TSR Ny
dnytalinoarsh o widl eedominh 5 hdis (sh @Mf@(ﬁlumﬁGaﬁGy’eﬂ@) oftdn eloﬁu dt grams per

cat al t he sj xt tal yst. or co er
SEn o insuratd Pt [l o ilets s o B | SUEGHISES Metis
ek 938G Qa@fpsit On 43k Ekbodfheg, MO rit ot (@alllalurds 6 frfe@Mo

410 0C to 460 0OC, produces the crude product with a
(P AN SOFEAR 5 Tht TPas T doog0. dt10) Wit Bggaiagmbodiments,

theastundGhedtis L AastmIAYURICAImA §a=tal 1% fbiybi&ufesidre
content of the hydrocarbon feed. At el evate

eaff@rat ures (for exanple greater than 360 00),

| MPURkdn8Re I%r@l%c@fboﬁ @é&@ i @Meab 8 Wi Wil Gh CRNLRGE o t%fnpt‘:llaﬁre ina
hydr ocarbon feed wth one or nore catal ysts. We

rgegyt izt 3 1054%.& B WR0130 4C B AORTAAGKEy Cardt hydsizen uptake by the
Igafﬂo%ar%&a (8 Eﬂ%é Bk Bhad ARHT NI ARCH A SRET RRY o 10

nea surl anount of i ment produced
Nur/ingpr ei)Nna/@t itp§ N fm’s matermdhlwmgles upthkyes ounindinationfthat

b
Iﬁrg%lgn%ﬂ G%r %gﬁje?eﬁgd 1%}& %h ém{@q%&%lg olgr g(ﬁ ﬁr’% f/:ltflg of he
ydodadbn fedh wnthtlieemch)mwdmt nofy hseéda Tmmof alpp(vso a@%m n@)s(EIW ,at

dj u f ti condj t
o8 e RS IR D bR R Y SOREh - SR RE T AN glne
di‘ﬁiel’ﬁr@dﬁﬁt 1?a)SIhH 1habhr(geff1loﬁW) 0 Ro. QT(?M hxbgrdﬂoamtﬁmn f eed
thro t he cont act Zone. e | on
R L e R e D R et ST
oM fiPth08Q8dh @Ay rddacdd t&%vgfaﬁﬁaqulrém@fmo@hﬁﬂ@g’bngmﬂﬁ@ to
0.02 grans, from0.001 to 0.01 grans. Contact of the

IE?‘E?&%%W@&E? URINEH Sl PrstyFt that ésaetcﬁ?fﬁ@(le fof Hnsperfatign and/or
RNy S8inc dﬂ’]‘@d&hétahd/@@ttreﬁisﬁoﬁmg 1Bfdrsen i daty, ﬁﬂﬁm‘iﬂﬁ‘g’ tﬁ@ﬁsage

at elevated tenperatures allows reduction of resid
Wiy Broas i e ok Brdse R oI ueeRdRg COSn certai n

enbogy, E@ﬁg SmbdAiménYE Bl rftact bfﬂﬁ/dR}fcal%Qﬁ ?clebf Hith Qhesf%ﬁ(l@rmalﬂal st, the
cataly 1% has a total content of Columm 6 netal (s

fafthy @#@ét filregi Ly co@PL 00 cabigatians thefeol@ l igmpesityre tnd (a53e from
FB°C 10 500 °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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gram of catalyst. The Colum 6 netal is nolybdenum
and/ or tungsten. The seventh catalyst is beneficial in

w@e@diei’ay a crude product that has a TAN of aPCTDS1007/080429

90% of the TAN of the hydrocarbon feed. In certain

enbodi nents, an eighth type of catalyst ("eighth

catal yst") includes Colums 6-10 netal (s) in

conmbi nation with a support, and has a pore size

di st rAiRuheM e Eﬁt@esﬂﬁﬂ'ef?di‘nﬂ)@%@at@ﬂ @36 ) NmPurit@R 8d/or coke
from50 Ato 180 A The ei catal yst may have a

B oFR dumpeenHft Aftthg @é&carte@feﬁéwgh Olrfh%f BYE Satglypte ¥ he
ctoh%ctel's gctﬁcl?m@(ﬂnaﬁl d()ﬁﬁnd&yly Q@rr&ltreeic%ﬁ%nﬁ)at%n Q)Fﬁllqgrrltlgshﬁld/or coke
ei ght h” cat al yst ave a gamm al um na content of at
m@a@t de@rgingd gwewng&wwnuﬂﬁ yedimeahrfodurpd deingyrogiacting. In

cat a %091%83 %@E&h&% ?ﬂtrH c@@magﬁé a AR Bh2 GhEOb

remD@@Dhemms peagaot @ﬂhy@mmrmn foc o it 6 Whet dHe(capienisbr
s%ﬁghpipg?oa&wsﬁ 061’?‘1%Ir n msagjlgkﬂen?of &ﬂ%@u% %@&901%01%, 1% 3R sary

telpgﬂvtlht shla;tl@inysﬂth(t Brocxap aol/@ t@ﬁlamem)a/ suigbla fpwrmue@ﬁhy;ﬁocarbon
tI thh nd/ or rtion cEf tth% nol ybdenum f r gm

e F?“élil 8185%66 mmgé%%" 'R SSORE™ 66 i“%?éfﬁ%{ > h &8 ght h
Igatoahﬂosﬁ fes@kced tprodatty from@ moes! gmgamn@i ahing, Cfro@loﬁlp@llll’gﬂﬁns to

%fﬁ'?F’i & Y- ko :»ﬁl%}n%h the cru Neroduct nft ¢ fourth
T D W Bt G

dabuysQ @l et ®itadlst, CRNPOLI Clgydf @ co@NiamIne theRlo€ kellevaisi des,
ni ckel sul fide, vanadi um oxi des and/or vanadi um

teRIperalyEss RlIgs rgdyclpm el fruflye WitnininMpRation plgsediment.

concentérid AbdfmIRBRERL ¥ peiof czﬁﬂgﬁ QUBESH dAtadyst™) has a total
hydr ocarbon feed may be nonitor spect ro hot onetri c

GrRteROf S chanyeBeta (hdd 2 BpeyERM; Q1000Ttﬁ>é)y6%4ﬂ@s of ome;@ metal(s) per
%\%&%& éauupst P@ﬁé OIS iR Ab] 9&en§9'aﬁ@/§1etuﬁ%@n| S['B@ E@Venth

bor M chi gan, 197 age enmoval
@tagpshio rlvemeélmai o eohvpog Mgldmagpdeﬁhl@m bes 4 T&E@f afmost 90% of the
ﬁgitngk Mlﬁt@dﬁ&ﬁbéﬂ @yed downstream of the eighth
yst:. I'n sone enbodi nents, a ninth type of
cat ally s¢rtafrt evitmidhmangs; ait gighth yype o6 bt (‘Cightnmsle cludes
g&%@h%?’ l(t) {n%%lg?)qp ICQI%]SIP%H)H Wi hgb S%Rpc’olil*p Rl llaas %E)g{etyf‘% d"f‘su@o%ﬁlgn with
7 aedjen Iﬁqre)dnaﬁeteﬁmtacra@ﬂmm 50TAeo ih80nAh Th(ﬂ@glht;z satalsupmerVe a

g?che arga 0 La% gf le'tl)stt %J) 1;0 6{ f5 9%? pogl.gJ iv&glgé 8? thgnellggt% cgtral %ﬂ bem% least

m$ ﬂrhf]g C'tlicadiysh catéﬁ?@ nidly Ve e(:@ﬁr&heyeﬂﬁmﬁiayorhalt ef ﬂ 1@@1 @Jﬁ'graﬁls of

rreta content in ara romoO0,0001 to 0.3 grans,. .
g gt o/bY satE 095 G G P, 1 GAAT ciehh

@thiysa 3Rl citiith da&lﬁeha'sl {nSpme embeninentk) aaotapdw@mf &f@Blumn 6

0. 0001 grans to 05 grans, 0.005 ?)rams to 0.03

BHIG) T S 2 TR Gt BHEH P AN B h <. o Trom

€6t @hmsto 0.0NBAL.L BhdLi @éilzil?ée M @patl& rBihdNifle @ﬁérﬁbﬂ/&tthe
per gram of ninth cata have a Col unmn

w%/ﬁé ﬁ’tld/@"(ﬂﬂ%‘iiﬂn qf phegmelgbsaup rf@m the bpdroggrterdeado Imsqm@

egﬁb%ﬁ'ﬁmeng Q03 _Igﬁfhac'ﬁl)kpse%c%l}gfe%es & angmgtgﬁlcgf)ﬁﬂ&nhg)(for
gr ans. e ninth catal’yst may Tacilitate

qxemg@t Yeopdigh, melybdeasm, andfsynickelporthyritte whderpeln ehanging the

amount 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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that contribute to residue, at |east a portion of the

Cs and C7 asphaltenes, and at |east a portion of
weovposgss s that contribute to high viscositi eBCT/NS100E080429

hydrocarbon feed at tenperatures in a range from 300

0OC to 500 0C, 350 OC to 450 0C, or 370 OCto 430 0C

and pressures in a range from0.1to 8 MPa, 1 to 7

MPa, or 2 to 5 MPa. In sone enbodi nents, the ninth

HBAPHSHmBMBY nfctUE R @bcrlb8@B¥ Yén ROTThi RBIQS TERERRARANNS
that contribute to the MCR content of the hydrocarbon

fegralpumphreArRer htigicR PHY I RgRrTBe ABaHDPdithieat. dP 7 pPetiy-

RdARia] éftnganl)ﬁetﬁﬁE %&hﬂoﬁﬁ?ﬁ&% BBRLS 1ivhH6r Jdtaﬂfsﬁ_pgﬁﬁéﬁeMSt

may reduce at |east a portion of the basic nitrogen

deimplsrraneldhd eighih prtlysicar bon feed at tenperatures of at

| east ~ N

of o hSoi Bblterf ERHT GFe fhoaBlysl CtRh gl incRAl A umns

e &) mktpKs) imtomkinpenatitireey ppsfrt and haps porgGige Gigribmighbn with a median
r of 73 y C :

RAETRHLE: R aRlacTRA s ANPRIRY LRUARHE B RLPRMGhe o

1%t Q.8 p kahis et dems ATt garh, oaadéaor 0.8 grans o silitayalominatpengyam of

909 809% 70% 0% )
Sgbeuiindns sRh s RREh E Aot SRl Shishtin faisg trom

@0 1@ 0.apdha, 0.60Rgrame ft @D branBNE/0a0 1 tehensvd 8dQgarhg/andfa Column
he rocar bon fee ile maintaining a N/V/ Fe

H At ey A O A R AR I L T
dahyeen.080zand wld.0Peaihs bherhy of gadrcbanysi @8 derid dMitc@iments,
content. In some enbodi nents, the viscosity of the .

B¢ pigeh %P&’éh@?y’ iPST gg@mﬁgg@ﬂg@%y&, hpyeer qugragég f’lﬁmﬁ?t Copjgntin a
AY R0 DONghRe th @b3 Bhme WVBGEantd b .S, Bhd.Hogedhns to 0.01

ninth catalysts.In sone enbodi nents, a tenth type of
gaballye pinh ¢agprshman agiljade refluqtiog ofigfd&s Copastiersofgbe gpmponents
IRIBhEiBhie kdreGAID LRI 2Potibl b tHe BURRAF fasfAfle@Sind aPRkEa
size distribution wth a nmedian pore dianeter in a
foaiigeolfoponerBots at gomipigiieNo higheviscesities it dedlyfrorarsemlgert at

t%}f rhlﬂféls “gf?r ﬁ%e ilr&ﬁ%b(% Eb 9)150@“)@, 0 @t |4§@Sé, o7 S%O(fg{o%’og and
at least 0.1 grams of sillca-alum na per ‘gram of tent
wetsalkey sita rafgedranedid o 8 dal §st7 My, didve S #IBo |y pamcGembodiments,

. ' f .
AR Sl GBI B0 LD RO (BRI fy wew
@n@bt grlankydarerban Goll,urile hhimahak hgJrocomingied/onl prodange

fr 0, 0001 gr to 05 gra 0. 00 r to 0.03
Pl o B Rk oo iy Ry Tl b Pottof Bt e
ledit altyegtn cobf@nt@ainh Ig@toahpsi feommyt dapdrhthieabeat n@sROD i°Oand
of at | east rtion of the conmponents that

RBHYET af%l\ﬁg%i due, at least a portion of the Cs

and Chnaspiralhyenesboreld #ith e @shthandAidih eal@d at temperatures of
conponents that contribute to high viscosities in the

HPYPoRr bARd prsdre ¢t Bgste MRHBAY Rt 2 drpls rdyethaving a

Sata! déﬁ!enﬂ)_ﬁyotzﬂ@;i lelﬁﬁlaﬁéneé SRS, a@lt)tﬁﬁéﬂeis Obhi&, HAOPL P88 Ry of at
that contribute to the MCR content of the hgdrocarbon

e 0% wiinrast R it BICHI 7RG - Riyapsh ed b mope¥lf? elgbaresigpognent, the

t%@af‘@% Lbbftendstin €1 b R RERQMI IR B For (ROVISlSYEM R fiRRa®bn
catal yst ("eleventh catalyst") is obtai nable by

feeshwhite gnainireadNICE e cgent Wptwvien’ o pisbk 30 %a het wed &ilvhand
1@'0%6(,) ofTFett\%G?i 9b%nd 110% of the hydrocarbon feed 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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produce an the el eventh catalyst. The el eventh
catal yst may have from 0.001 grans to 0.3 grans, 0.005

wW@e@a®43765 0. 2 granms, or 0.01 granms to 0.1 granBCD1S2007/080429

Colum 6 netal (s) per gram of eleventh catalyst. In
sonme enbodi nents, the eleventh catal yst may have at
nmost 0.1 grans of Colum 6 netal (s). In sone

enbodi ments, the eleventh catal yst may include from

0. 00%n A @mBirknds, 8 [e@ﬂﬁyp@on@t@ly"sQ“@nt@@aﬁfy@tn}sbnclﬁﬂesfﬂ'dﬂmms
0.01 grans to 0.03 granms of Colum 10 net al

%F%PPF@KS)éP evBhindiop afdy asgppory dday ¢ BeTh Slé%étahgﬁm‘@th ¢ pedian
P EXERL B 19%tr§1{g¥5ﬁtorrffﬁ)/A ke edourl eTﬁJ {@hth Qat Qt sgﬁlﬁ‘}irﬁné}ﬁlnguée at
grans, 0.0 grans, or fromO granms to O.
lgfrsaﬁﬁl glfan@oatmmt ()g)ﬁmrm aslpash@yl g@ﬁﬂ@ﬁﬁf@fhcw@wmr gram of tenth
?ra% y% ten-[lli] gatﬁ Yrﬁ?%?veca?é@h%ﬁ% nlﬂe"f)a?(s) &d?l.te?iﬁfﬁed rang from 0.0001
di nent s, ore'size distribution w medi a
panetod]. ]amm@’fo F05 @mans0o A.08 @rand0 o). O0thgraras @\t grams and a

b B VUG P A0Sl ARS8 SR, 005 s
(p@fr graos 00f).00 heraoe npdN e ptagis phiagraro ofitataljput €hd tnnthesnakj'stenay

n r basic nitr co un
f?l(élg%% rf:(?ucg%lh%fn aé;ﬁg Pﬁgl‘){ls@% CP \AB?I%eP{%hlgat Bgnq%lfu%e {gtreéﬁldue at least
q pPdrtiel Sttt CadnalCy atph)ﬂtermy ab@atdbised plﬁbd)rﬁof&ySm@OMtsnha’u gomaribute
S ort W.t umm s) to oduce cat al yst
A N U S RSl it L ey
BIRS aNe&st 8 HolbE oOfoniPoh&ntSthfcdhiri6oB t@ihe MR cai@ounds at
a tenperature bel ow 300 0C or bel ow 150 0C for_a tine

fdrcygopfect eguleppipaipiane Rydiperbqndsel/ e RLAOIS HBRIHG, | ess

t han 8 cHoM SubdAlmdnS #n SIBRAMEY RO Tty (FQEVEhihRandkied
twelfth catalyst. Typically, the catal yst precursor is

Wisiradle FrombIne Doed ertalsd Wk aisgprogHgd (SIuni oclérpeiply to
ﬁ&iﬂ%g hﬁrﬁleteﬁ-:vveﬂtlli‘ @at%ﬁl fl“ﬁehel%ﬁlﬁﬁl c)él% sty haR€ Froff (?(ml%frams to 0.3
catalyst have a [ um 15 el enent content in a range
gramm0d00 anarrgrtaﬁe ramspo30herams o Q1 @EBsgF SAkMNG oetalxs) per
I

él?a elg?erngla agdﬁ)}%h g[%?{ﬁﬁg %:19b9c%11?%1g% ttl?eg@éfivevlﬂt%attaiggt dﬁ&)nlave at most

Qst gltamls iof Qommar@ meget)t b some atnbbchmemy,d:h@da‘rebthrpafaé@drnasmclude
h t

r? Obpggms & @g%gau S %%IOW?&%P { ﬁm 0. 41 f Slgsctg% 03 I%rams of

(f(ﬁietdn ﬂl@merags)spﬂ:f friao Cé meve;m]l f:alailyf{toht @nhintembodineetstthaeleventh

t f th . T
BEBI B Beir GBIy PSR L TELDbs BHG 78, S Pompor
GONPOIEIR Sahhait Ccﬂmﬁﬁ P inkeul @) ped ghingbrelevents caslyid @8e elaventh

t|on of the onents that. c ntrlbueto resi due,
BaLLO Bropn BoRBEtnds e b bR REL Sgidisnore e

s balite n@(sAl Tht BRvEQaRL hag rdie@dht lodsdafodaemite cbjyh@@nents
of catalyst ("thirteenth" catal yst may be prepared

BHEBRHPHE R B Rortign(d }hwomos*ﬁnﬁémcoww%go Residue

o Bglcanl@@grhlc%ﬁo@uzﬁuﬁé hykodaBoh (R0 M croneter, and
a support irteenth catal yst may have from 0. 001

gr amsn fnQensbadiaghss, a HvOintyge aheatalst OTpelGh ertaystormay hg
HABILER éam%ugﬁ%am Al CRh 8RR drRLEkH % pro@l% aqaﬁm%smm

thirteenth cata I n sonme enbodi nent’s,
Thei catabsimreeueser may be hfnvﬁyl ih he@reaenceos t)neoorlnoq¢ sﬂ%lr pdntaining

pld{{[llﬂis gt h@ Fl)fe bell §&f I@J)IJ’BGW%I 0B0f Seimb B@ﬂod of less than

|rteent
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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nost 0.06 grans of Columm 6 netal (s) per gram of
thirteenth catalyst. In sone enbodi nents, the

wo kioseest h catal yst may i nclude from 0. 001 grBe®USH07/080429
0.1 grans, 0.005 grans to 0.05 grans, or fromO0.01
grams to 0.03 grans of Columm 10 netal (s) per gram of
catalyst. In certain enbodinents, the thirteenth
catal yst may include fromO0.001 granms to 0.1 granms,
KuB0%n tQtath QoINS (Hetwdll®Bakly QI rlﬁali@rahponaQ sgﬁm
of Columm 9 netal (s) and/or Co?’urms 10 netal (
plamn &P clempRiceRitn 8 £ngs {Fem.0- 0P eransi tp V4 wfnse 9995? gigps to
OT@Z/ %rhﬂg o @ 903 Eﬁfns @ &m glfamts hi 'I'ﬁé %ﬁﬁﬂba@a‘%‘stﬂn%ys Exnitfif SéMificant

rams to 0.8 grans, O. rams rams, or

E@U@g’ egydéﬁ@lhtt)owgerglsgql @rfgaabtfle hyc}ﬁ@qagqonég@iddié §escqrm.§l herein. In some
t f
e L
siffiagent SQfupcorfing tot d@mttrezemrhorcdtthﬂ lylsttal grades brameta] sagles. HEre
%Vé%ﬁtcaﬁ%@ﬁ (;hI%M ocr%%g Radl aVI ﬁm%h 5% thg orﬁf)ozng}?tg 'iél%ag\goelflg?‘.lbufter @ riﬂgher
ﬂ@ohﬁﬁb\a pcbmonmfiﬁ@/mrmpom% thht cpmtrfbstehamsrqige dapongrogénze

oml1%to .1l eshwnga
SEIEER, C Buidadonbb Rebihid Brg B G en ot "pores
h avi mgth&teﬁmheypéloi eathlgaﬁt\(\iemmarﬁlﬁ) chBOysPnaf b@pmﬁh:r&%ﬁ @nibUing

f por hav ore SI e bet ween .150-18
SRR R DG RUES rorES By EREkt feuRior 500
icrdnie@dt) £hdAQTHporO Th¥aiRfiecpOr @GTRAMIIEAVA [PON RO gems to 0.3
bet ween 200-100Q A; from 1% to 10% of pores havi ng1
gope 0403 STt R oot bpberams (- bsapyof Cglupmoy mgtal(s), per

H9H 88 (hiaehiRGa@1yPONE ssthZ&nidinddntd, BRIMir@AB catrlykhBay have at most
thirteenth catal yst may reduce at | east a portion of

¢ heraps RhoAEAND rtl%l@ c@rﬂertala GEBoqigepp gFFéﬁlllfﬂ?P%tE 6&plystdigs at
Iﬁod@@ro% ﬁ%s%ffﬁaﬁmﬁl%%ﬁ@tpér $rhdtor aRtehinRYtg st Qn S&Rd due,

C5 asphal tenes, and/or basic nitrogen conpounds in the
dnhddivecatsbba tHfisesdth agabyst mayrvelieksam .00 erames © Drlsgrams, 0.005

%%9%%§ ég!ﬂ{lg & HB]B 136! dg%r}fsstro%) alﬁé &%&%Mﬁeé@@ af gram of

sed as IS otherw se describ erein trn
@l yigte¢rdin @thdmmglta;ﬁm thigta¢ritloeataysd e mtatwk (fiong). 001 grams to

(g ?glgﬁltsl i ®5ﬁg t'd((i)lﬁ %ANJ‘R; il d?or %}[Xnﬁ {)%3 %ral%{s O‘P% urr}ncb Bgtal(s)

uced se properties
adanetinme [l @tictaf(sk @r phae dfyldriomér daoaysf. eﬁd: thﬂntled:reh cttdieqt may

ertles 0 ocar bon feed
R sty Pl e KSR Dl R0 Bktims, 0 QA gamsiad-7
gf"rame oenga gfaﬁd 140.6 Qe c@ﬁnﬁf&hlaixldgle T};m thilfeerdily cHt 0 ¢@ hid0 h some
an t us, re a.C(:e e trans toatl
it bott Rige IR GeRErs Rofog e graniist BOBD bl A

THe RirG&luecd gt SRYUSRAEsS mfam 1@@61{1{0% hh¥i8g & eI 616 6f s:tfmost 70 A;
g Egrty |rrprovemsnts for the hydrocar bon feed,

00 3HARY PP hay g pinogE siagrbepvigeqa 0400/ P70 g of

feresanPigh HeR&Fe badveb LML 138 PAfdnl 08 @T0% BEpdrEORwidta pore size
| east a portion of the ni ckel , and/or at Peast a

bsoreendad 650 Ao A& Phparerchaping p gemrsis herwer | Xa 0k

f'i(ﬁlq Hqedobef ar Iﬁ)ré’%thalllﬁ{é@ E)OI% sﬁ@ hidsREh Bo- ﬁ&@tﬁﬁ tRal @Mk 5% of pores
t he hydrocarbon feed are reduced. Arrangenment and

lgging atrotsrpizsfbetytren ¢31-F)0yst isomBPO1 % o $Bme p@rﬁbbmrrmnoge size
Bl %B0-1000 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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lives of the catalysts and/or the stability of the
hydr ocarbon feed/total product m xture. |nprovenent of

wa2mana7yst |ife and/or stability of the hydr OREF/D82007/080429

feed/total product m xture during processing may all ow
a contacting systemto operate for at |east 3 nonths,
at least 6 nonths, or at least 1 year w thout

repl acenent of the catalyst in the contacting zone.

t® E@hﬂlﬁ&ﬁt@ﬂ!ﬁt Qhtrbaleas tRidue al; alls\?{ﬁtt&em_‘dd/@} bR nfiRUgt i on
in at |east portion of the Ni/V/Fe, at |east a
@H}PPPQfﬁllbﬁleﬁlh@OQ%b%’sfﬁ?ﬂal tenes, at |east a portion of
the mRi@lembb@mRe BF e &rd rQfon iBBMHE R ASmayplisd RaR4de 2
portion of the conponents that contribute to TAN, at
4ndi@g psed ap srathicowiisp fesemedhergindue, or conbi nati ons

th .
or opar Frty BTG Y BE B SR o BRRIE R conigns
ey Atz ndrady Hrbrblcstpévb |prth196ddhatﬁlh%Thydndfelasetmt¢d properties changed
' f
lfeﬁlﬁgé tltocl?llieqllr?{élporc aHI?] kgM lﬁgtg rgHBaé gt g?%pgaglixﬁne@% are not
a@mﬁmnﬂy Sanged] ffér: natﬂltmg I:I}ade E5das pha hh@rfehanca'dﬁptopan@klrelative
ARl tall act .of
s YR b BRoRE e e FRRE b Pinal MR R o YR 3R @ efhe
abi | |Amangmem6f®mhwrd Jatayrl 0k ssledt&t::teqmbgmahmrgtel the

BB Py sy EhEORUPBAr Bo gt PAak THF GHIBL. TAN. API

drhvityUst@edsOa RSP MR 68 fhallvfids N 1dAEIQGRSSINRG thel 1fa>nsm@st a
enbodi nents, the first catal yst (described above)

It it rigkel apfarat keash adaortaonsoé Fheevgn%leur% gy the %F%carbga é«r?d can
RASUIcbPPIHY aPleadi RPoribh 8F hE@bAbMS T thEBlYy dRdch Moh F@marat@iced.

hi gh nol ecul ar wei ght contam nants, nmnetal

cont AHTAEFHRAN angher/selectinBtoh the CRIIYREITHY 18 AP cPodimefthiilprove

18eh 6the M&l&ﬁs MR YRI s@dbﬂg bhge ﬁ§cﬁ@da¥ﬂoﬁ¥eeﬁ7totﬁfﬁoduct mixture.
hydr ocar bon feed/t ot al pr oduct” m xture. The first

lowrarepent cdfacarlyst lifpanshrstabiiboeli theldsocafbon faedfigiglairodyet
Iﬂfxtdrce@é& tgg)r&ggs%%v aziyoerlllpwl 0\4414: Ein r%r gﬂaﬁ% O&E‘atéﬁ)& l!lgast 3 months

nponen npone at contribute
aﬂ éezasteﬁena@lthm ot ddeaby If waowltmuh aplacanait pithe citalysthreths ysttt@mng
r conbi nations thereof, fromthe hydrocarbon feed.
or exanple, reducing at least a portion of C5
as phdloanéiesonspf Bﬁectdsq/@mbxsssrrbmallbweddacomaﬂn aplead agbrtion of the

B STt Tt oA EERE S RRD 4 i En o Pl in gy

gahmf orgdney £aB s Idahier foargtdl tlmfcompm&:ntshlsat comfiage ioAN, at least a

ma ted without n| shnent _ o
B S Pyt paon e G 0 e OB e Rt
rogumids e tHa heliocabdioned &€ ehaigyt, whie ﬁl@ﬁﬁ&urﬁﬁ@ﬂhé k@BiMtySof the
increase a |ife of one or npre catalysts positioned
lﬁ’fifoéf‘rb%@e@/ﬁ@tpr‘@&f%mﬁﬂe UFIRE PERESHE (@éF’&lI% F?}ntammg a

%@Eﬂc%oﬁ h&d Pmafu@ oE MARLYSH. (§Dterﬂﬁ%egeCP£§§haﬁﬂeﬁ’&eﬁAN and/or API
wnstream of the first catal Furt her contact of

FrmatyHyayrhsdagreraentsl eeduced by comaémfdltle Iyidsacgiben {ged pithpgelected
&ﬁi@}gﬂsd T‘B@Eﬁll%& (n%}enﬁﬂg'ﬁ? bnd/dy sEQct%tyadh){ﬁée(p?apeW of the

further reduce TAN, reduce the cont'ent of
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
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Ni /V/ Fe, reduce sul fur content, reduce oxygen content,
and/ or reduce the content of netals in netal salts of

wo@e@anisaci ds. I n sonme enbodi ments, contact OPCT/H82007/080429

hydrocarbon feed with the second catal yst(s) and/or
the third catal yst(s) may produce a hydrocarbon
feed/total product m xture that has a reduced TAN, a
reduced sul fur content, a reduced oxygen content, a

SreSUGRGle PR iR bht &fntdﬁﬁﬁﬁk§ niefd] EERKAA inSA, Eﬁi/&fm&’ﬂgﬁﬂh&al salts of
aci ds, a reduced asphaltenes content, a reduced

QF paniGAcidsy Whilsy B RG aRality 196 the gy dropasbont fpgdétotad profect
h&aRective properties of the hydrocarbon feed while
mai ntai ning the stability of the hydrocarbon
f eed/The izt crlydl @dewirikomeenthadinggtsplop eeawy g at Ippsga portion of
B o PR R ep Loy
dpateadeyin the lide oficitlees cytalysiain tiheysebi, bi ¢copbimtides thereef, from the
d&gﬁ% Q}%Sﬂlfe%(? ﬁ&%‘%&%ﬁ%&%&é% eam 6{&%‘3& EeNGRartefes in the

dro Sage ctl ny.
lﬁbnbmmamﬁmmkndmnﬁmuamymmgemhatmﬂhthh@yﬂgeﬁedaﬂﬂmmph@gng

t Ll t Kk
ORI G B AR B en i SRl ThghalBhe ot g
damacle sysied niay b@h@ﬂgted séthea trgtenhaper dficeslyst mmmd)e at least

oduct to. t ropertjies o h .
Py et P aRa RGN P cnbrdmyus. nsggpoe o
lre oﬂ&@d)r inforE Qe siAtos ©IBndM dftdr thb irdh bz[tﬂsttC at aI yst (s),
second cat al yst ( s%) third catalﬁst(s

cat a|% §<{C§§1d C3§€}1}(&‘tt %’nél{()&tlvié{n((gﬁat wHSY %?y lgeegpéﬁlpﬁed downstream of

watiat &’a‘@&tl% $8) Flrthe EOADR OISR BRERHBR QRE/SthIGRoREt Bixture with the
hydr ocarbon feed, while only changing otherdpﬁagertles
o

&sfontdr?étaw;%fém ged{pbid f@é@ust(@g/@éy Betherdrediie Jnds re g Fontent of

ALE 1%10@ ‘.Slﬁhfll lcBGeVigiRe %Q@H bt/ dn@lotedBEQAY&Intent of metals

stability. The order and/or number of catal ysts may be

19@#@&@@@Cf9@nmﬁﬁﬂﬂ&e net hydrogen uptake while

mai nt

St ab E&h@&ﬁoﬂlﬁnnegﬁysd F](gléfe?cﬁgﬁﬂe gﬁﬁ%%?)gz%da H@ §econd Célta eyst(s)

andfor éﬁtthlrd\mlxsdn)trefr)fcpm@csa ihy dra¢ebandptdénta) prAﬂllct gmavnettl}at has

%d&c%H"% Arﬂ?%. Iré)clﬂa dt g n?egtt, ‘fe!&%cetgiyoq ?e(f‘l% thlqt Il %%?ce%%og[?nt of
Irntained wt he resp et ies o

Itlétels hymetak}ahbofmrgemenh,mdam teduceth esp]ﬂ;@lbéneﬁrrdma:nt tl Inluced viscosity,

Vi scps roduct is at. np 0% of, t he .

FRRERR B Ve BB o B ve PRy @R ho R P dihon A while

rﬁ’ﬁdﬂdﬁﬂiﬂg&l‘ie $tibilg tof hmm&ymgmbmﬂhametabyroﬂﬁte nhmdfemmﬁﬁgapmcessmg

eed roduc a cr.ud r oduct tha as a

I Rt s oS el SPe e iam et s Bine

Ws@daii Sihd @d edtalyficorhysnesar bon feed, and a reduced

TAN relative to the TAN of the hy drocarbon feed. The

at oni e PGP deher Bydioasn o EBE] HIACHIS B BRI dR g Eze

B¥rdeBh @Ja%é’ &lh %Bﬁtla&tn@n@éﬂﬁaﬁlaﬁ’&ls%@ FRAYRInbCradifg REQMdn of
H C of rocarbon feed. Hydrogen generation in

hydengen ﬂl&lr@mvta@tﬁgn@ldfeﬁbféts ey vthiregvie gy ey o anag bt iydrpgen

&thg Xg{t%ﬁg 1%1&8/ HtR&S to%ﬁ?ﬂfg@%léc@&i HOfE R s 3F dEQfbe ﬁﬂohﬁ’é@’relaﬂve to
sel ective reduction of properties of the hydrocarbon

theesane firppesiinye! drhydebansiced dior exinde dieyigurthsgataiisympebe used
RS hbin XAy HRRE Fi&RMtalyst(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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downstream or between additional catalyst(s)

descri bed herein. Hydrogen may be generated during
weoBael7shg of the hydrocarbon feed with the fRCr/Uk2007/080429

catal yst(s), and hydrogen may be delivered to the

contacting zones that include the additiona

catal yst(s). The delivery of the hydrogen may be

counter to the flow of the hydrocarbon feed. In sone

REbedhBits and/Bewll Rl hMRkMinghyldearbydicag@ml P’ﬁ) Mud?€tability. The
concurrent to the flow of the hydrocarbon ed. For

gt pi/ar nynypeg olsqatpdyels dnaydisfselgtipdioi BiRintiseret hygpecavpipgs while
Iﬁalﬁialn{?t@the Mc‘ag)%ﬂ f&ﬁ%ot@l%r&ﬁl@@srteﬁﬁlﬁg iR Onet 9%r§§e§1'uﬁ&ke

I n one contactin 8 zone (for exanple contactlng Zone
allgws rgsidme cpnteng)V (aﬁ@lnthl}idchttgléw %tyntbél’ldgatltye plegPntbpnagians

tﬂgg(l)ftdf %%yd&gﬂt)glpfeb & e HHin &1&1&[ withift %Jﬁ %{f tlfé?@s&)@&fv'e gg)pter(t)les of

zone 114 n i'na direction t ount
the bwr@farlitonéeddy‘dhldfcdatt BON dndiod the [viscedipre! twaisode medud, is atheost

. fl f th
AP ORET AN AHCERE AR B REHE BRI hed &
conf iR}ducaton omnet Bpdrpgdnamptagx byrfhle @ydlﬁte@aorﬁ@q mipypiodgen crude

t . '
R 0 PG RRL B Ro ByhE pR L A5 Mg e
Heicapein fead g @ redayedorA N edlative nedhe tT Naoff the Btdr@dehoh ife@dallhe

tact i direction that t f]
it RECI) e SBAP e oty P onDaRamae T RO

dofipated o e aduiid HADE thd @yd@@@fbaﬁ tdedg zone 114 in FIG
3B), and to a second additional contacting zone in
d| r edDidger geperation BoReciis eanfactipe £9R8s MAnHHaSF sefaghve adafiion of

Of & Mﬁgﬁﬁttlﬁg 26ne€XRIR BowaACIdENG riei ROT gbrdp@ftféy gihthe
COH§UIt 106" to contacting zone 116 in FIG I

hydrns2ibam il misrrege epkedipspis tTRuEntalypEs) raﬁ/obetméltlgtl%@twstream

(ﬁ)@&tn@tlréﬁ% oPbEwHR G ditiBna3 €4tk §% 8lst RN nbketd) ﬁﬂl@og@ﬁ) Hfa IBe
cat al yst bei ng upstream o e sixth catalYy or V|ce

sraergigd dmiee evpibiingat itherhydfocrhen fead mith tt@afplaﬂy@talww)h angh
I@ﬂ% tge n?ﬁ? t)e QEVQIIGM % &1@ ):oﬂm}/ln% %Hég ﬁlaTtAHuder t?tg Q@cﬁtuﬂaf \éléa’f}%t(s)

/or reduce a co
‘Bl deBvary oﬁhg hydregeamiagde comrttér td) dwﬂtpmofmlgﬁtazlde)cabon feed In some

e!}ﬁlb%r 91%%& 9% d% \&r hyfqé]eol?y%g rggtq ma? %Q COI{C?My?‘ﬁ ?o thQ hgw%g &l

up ta er’ properties o € product
lbdmbabomﬁydchanged by smal |l anounts relatlve to the

i es droca f eed S
o ahodPRERAEL o ek Sk SaD R or kS ARG A hygrozen may
h\szgederhlﬁd dairy doatat . in diecopavenyt aone &bﬁéxylﬁlbleu&ﬁ‘tfhctmg zone 102 in

S fromthe str antsevent cat al have
B3 ARt oy PR T8 otodrpe SRhdtint>hnd B AV Sie
(Q)ﬁtaaﬂlﬂgsztone I 14 id FI@NYS ih h @il of) Halis Qoler@s 6% of fﬁb Bydrocarbon
downstr eam sevent h catalyst may have a total content

gt B POHAC B HPEIS (N rien B B Pe QAT @a e plhe

1BAtRBSE feell. hﬁtterhﬁlv%gfuﬁll a stté%k&f cdnﬁ%&@lﬁont GRnrdr Beant e, #IG. 3B),
content of Col umm nmet al ( he upstream seventh

hydtogey gy b%genatatqdélagtlg epntﬁztl@% arpge éfpnt@@lna Aeneaforgramna)

&ﬁ{ac&{g%hé)iozcﬁtf@éYﬁ) A HydRiZEE s&ﬁ&q{%ly%%ﬁver&ﬂ% a first additional
position of the upstreantseventh cat'al yst and
contacting zone in a direction that is counter to flow of the hydrocarbon feed (for example,

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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t he downstream seventh catal yst may be reversed. The

ability to use a relatively small anount of catalytic
w@eiswes7aet al in the downstream sevent h cat al yRECT/Ds2007/080429

all ow ot her properties of the crude product to be only

changed by snmall anounts relative to the sane

properties of the hydrocarbon feed (for exanple, a

relatively small change in heteroatom content, API

BEAYbtekamp18Sdadiag hG@BE@NhrouMFEInaGnl @ to coﬁfactﬁ%%h@ atd i G,

t hereof). Contact of the hydrocarbon feed with the

ﬂﬁstrean1and downst ream sevent h catal ysts may produce

a Crygle, Ry thénl&atherfé\ﬁthaca%ﬁ% fa Rt sn'{m%&tal?g%%e @Ed fﬁ[%%ltles

80% at nbst 50% at nost % or at |east 1% of
cTihe Wwith thiy douth griglyalrtising upé@@m qf ﬂl@@ﬁh%ﬁmoﬁrmwgrsa t ﬂ@

o0 Bl Yo KA Pl R AL e
Nigviénronteus allips tedudef oronerientphatyls momttastltsoft otdasic acids, with low
S t
Y GRRSATSGCLAR A aBth Lok Rl e
dtle IplI(paItle)ﬂf theedde pmdud hndn: anbymmngedd»& stohlkk aimprtts @lative to the

cr ude n itional catalyst to produce
YHE PG} Ialgs %ﬁ%%u%c{mcva\‘ng}oﬂ?eeﬂanged properties relative to
the imm sdmeaémlﬁﬂud@tqo tvaddiffeent sthatadadlystsymiychersetlideomhbiNation.

ncre a assi i ntainin t abi |.i

RS O AR RO (R e A R AR
PhReesiongan b ﬁle&qm)ep@rg‘mdbmmu}&t 1IC@faﬂlgfyﬁr@m S)QiOBDt)JOG Arams.
and/ or order of catalysts in conbination w

B g ream eumit A Yy as e tgtﬁlscoefeatrofé%?&wm %metals(s) per gram

SrRIBRBLRhMIEveRaRlysh VIR Reghd Worf 1886 thAWnhe @t Lo @Y of Column 6
assi st in reduci ng hydrogen uptake by the hydrocarbon

PRiRIEP) AP HPEICHD Y CARERBIYAR Biot 1928 )% Btms offrdene f metal(s) per

M EERa5d 2R éohlfelénf%&h{éﬁtsﬁﬁ@ﬁc%ﬁﬁin%@ the ?Qr&ﬁ%@%nﬁ&a@di‘}%t and
or nore properties of the crude product relative to

thdownsypase sdverth gatalyempdyds f@fefspﬁeThWﬂhﬂéE am»e i rflategly small
a%&ﬁl{ (l)t4 C%WE a&tn/% fn%)(ag EIPI?}Q E&Qﬁktlfeﬁﬁ géxﬁef?({l}%hta aﬁlow. other

m xture ected by various p ase epar ati ng
lfrommast@étthycmdo oardbdrio beedy timna¢d tpfrsmdnll@imonntx ralatere (Pthasane

pcf%p ?[Ill% :‘;‘18‘% hY&%e ﬁoncf"él @(gr eQ foar re g eﬁg I}Qﬁgel 1H?1 efota%m

car BF U
dopatnio ARE Qxamqf esdiut Od)IHd:nt pV@@ wontent o«tcumbl,natﬁcbrxs cleudodit | on

of asph e carbonfe total produyct
it S ARk S o Vb AR e! iy Rt
dawmys&oﬂdyk;ﬂm&eedfuaepmﬂuqm tadketa TANX bilitenos090%, at most 80%, at
conbj. nati ons. t her eof rtaij i mes. during th

e oo ol SNRL B Al S T o R S N
dnedindinel, @k TAN & th@hybiatboh fectl ery by @Hc@@@erntaqm reduced by contact
f eed/ t ot al roduct m xt ure may chang

WhE HEY R GRC SVASHEAT stvahh GHBkitie (T arRE. W&ﬁcb%fé]ﬂ% on
tfyRRRAbeA Akd RiALLGkIyE wﬁleanqmmg&&eq)w@duwlhpmaﬁgedgmotﬁaﬁles

the crude product, 'solubility of the conponents o

Iﬁ&aaveof@ahed%yﬁr%@an Eaadh/ape! theg ﬁ@‘ﬁ?f‘é At e Fritigl ﬁ@ld? grogpct with an
é?lﬁRi@Heﬁtcaﬂa&stttQ grﬁx&rtﬁgaﬁ@@ﬁo&&@gf{m eﬂﬁge@ﬁe OGS 1BheeUb Ehe

tends to change. For exanpl e, rocarbon feed may
igiviat e Itlf@map@n dhe ability 4¢ rednes I5YN mreénennwlly Ay lasseht Bicaribleming

tB@ ﬁgblﬁtty of Iﬂ% h@/&%kﬂﬂ(‘nﬂge@{om@ 51%8&&%1&9&: d%?‘ing processing.

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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properties of the hydrocarbon feed change (for
exanpl e, TAN, MCR, Cs asphaltenes, Pval ue, or
W@ 0oBiossIsd ons t hereof), the conponents may tenBICT/US2007/080429
becone | ess soluble in the hydrocarbon feed/total
product m xture. In sonme instances, the hydrocarbon
feed and the total product may formtwo phases and/or
becone i nsol uble in one another. Solubility changes
TG rad) Sifhy @Skt relidide§ dReR @siateRind lg@@ﬂcﬁﬁbﬁl kel B8 GIing
m xture formng two or nore phases. rmation of two
fﬁﬁ&%@on tmi/ny rﬁ’rqdwatdveleﬂuaﬁt stfé%llt&sﬂma@dﬁ%eﬁ%% and ¢haagigeonepr
%?Jfo‘éfn%g bORe %dé‘y@&&@ AR08 «f BeekspRbvd AbadriRrpect ,
or precipitation o onents, tends to reduce
hyﬁ@cﬁqbp@fe@qi liligyrof ﬁhﬂ@d@p%ﬁ@fe@@ﬁoaql }pmdgct mixture may be affected
[
S Yorah e RO e Al 1S AAFSE P RKor® s
fepdrtowandycwr chesed by, dblaﬂxaplpbdmsqlullﬁitxto@ the hyydipedybon feed and/or
o7 Osﬁ&ﬁ’ 4 1ntt19 d?oqyl%grrl gegg/gogzlﬁﬁac?lﬁ?ﬁfé&@_réyﬂf)gcgﬂggh 5ﬁgphaltenes
finoyral tmdadlbonbére@di/toaﬂ atodpet adxrote, piexipittion whyony@nents from the

BB B el g iRl kY el e RPEEET t ot a
pr oduatceimiix tinieeduriy tl’mecoa&sﬁ@spedod qummadntryuona)fﬂaywxabaﬂeon

i S at 1.0 dIC fl.occul ation
bEBinalc? e Rt iR BesRebies eindog SisRin iy inge. A
B€ Edtcsntralibn bihBe Btal prodeetiis the Ry drbédrbon fadd/baasibdder hixtad
such P-val ue increases or is relativel %eest abl e during

Pangea Ay Rgormaram ok e erufproduct- glupyist ofheCRIRESRHRM

HyaRfdaibn fe@ll atd/MeLMpSheaRi Jf ehedbihil B8 PARCHYdRGarbon feed/total
Hydr ocarbon feed/total product m xture stability,

Rediss iR {enms (pghinge. Hengyamplsnihe Bydreqarhop f‘éf‘élﬁ{lf’r}’cﬂop‘ia’f‘ilg

CRPbAGH (het arOREIbId 19'% hy@¥c2Bbefebd MhObeofiftidlof ploessRY. As
sel'ective ordering of catalysts, or conbl nati ons

nroaréas ol thedydrogasban loed ¢hagg forestne 1AMy MORd 1 dspirpdtepasyP-
\Lﬂ%l M%m%%h&& tlllér Br?qu% tt Ero bRLARINS €oluble in the
f ogen upta ydr ocamB ow, ofr

hydrr:tganbam feodfeotal mequo:fmleﬁyqal lg abthy instagats.clalnblorwafer tbed and the
havi [ t
DAL bO W RS b dEnd BRIk ISR HAEBINRP, S6o
aheyestnagl a}sy dasaly enh«phmmarws fe(eﬂtwtaquaimt @ixtat fdreagttwd or more

a, at |east. 10 a or a oduce
e bR br &P g oy ARy by oy B EBE

@hm&hlﬂi(ﬁﬁof([t@&hecafrmﬂ‘faéd O thtal produch ahder, pr«tchpi&tlbﬂ]ﬁ components,

B il S SLpe VS Aahing 16T R e e

préck gy BNddsddd Gloras phak Lrepagdinsamieht cfefRaidRbrbomfeed/total
hydr ogen pressure reduction of these properties nmay

PIAUCHRETHIC HHY BE BCCERaNG o REHES Hudeampiby th desired poperties.

| eaStD&i@lQ Q)gessﬁ@rthé" PRIB Y EMe %?(ﬁrb@ﬂbd‘nef@éiﬁtotat FOBRRK afihBay
of at Ieast 350 0C may be required to reduce desired

bsragnéteredagd g stahidithgfdhorrasdsd rlslyqir@%bqnofe?ﬂ aeflierhygrocarbon

REDALE {arohﬁ@‘imﬁﬁl%t&aytﬁ?:%sé?:%%ﬂ r @ i ?Cd pivgat NS at Abst 1.0
increased tenperatures coke formation rﬁ% occur, even

indicepsetheitiodeiapon of asphcaesinme dhe hadrogdrieo @b@m@ﬁalés ogsurs. If
th@? VQMQ Es&ﬁﬁﬁ?}i@&%a@@po ahg s&ﬂ%ﬁ% inér%a%es%{r% féﬁgg{l%gﬂﬁe 8uring

ydrocar bo tot'al uct nmy decrease
@natiore, thedimeinticareythat the hydrocarbon feed is relatively stabile during

contacting. Hydrocarbon feed/total product mixture stability, as assessed by P-value, may
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form causing the product m xture to beconme unstable.
Si nce, el evated hydrogen pressures require |arge
warmsnizsof hydrogen, a process capabl e of redRCT/ngR007/080429
properties that are independent of pressure at m ni nal
tenperatures is desirable. Contact of a hydrocarbon
feed having a viscosity of at least 10 cSt at 37.8 0C
(for exanple, at least 100 cSt, at |east 1000 cSt, or
Rlcoh@aRl bg @R rdliRte)cohfcttheGORLfiSHs! cle@fiRsabidlySts HNGRctive
of 370 0C to 450 0OC, 395 0OC to 440 OC, or from 400 0C
deripgof ortalyils. oF eyakipaionyiherspl. ysh contiing gf eontasHag ganditions
1%019@4 @Jnﬁ@ﬁlﬁg ﬂﬁ%@’r ie%granl% %fe@sd?cr 9?&1‘55&:?1 @ta‘l‘(é llﬁlﬁrocarbon feed
&ro uct havi ng changed properties (for exanple,
Vs O somBinatioasihgigel. and C5/ C7 asphal t enes) of at nost
50% t 0% 9
of 1 naPeZRs oo TaRng I odlos MRSt e up B2 on A0
fBem bﬂgg vanpertd and/hepumpedlarceconentad aiselavatgd bpdrkgmtpresiravse(for

ejxaglﬁféyatqglgttﬂf IQI&DL A Rade n‘{) Hg l\/?lpan(;r%F fehs;t] 9% W% rPg&le ? Brrogﬁ)gts that are

more fleak e e&bav@h%@geﬁ(ﬁresmm déktvﬁjnmethmnepmmbecﬂ olvus TheQproperties

d the hydrocarbon feedt b
R RERLY B B G PLT b Bh BE S B S6EGRIR on
afivisicomty, iekianges (5, talydalnynds Baar hpendeeath Hyﬂﬁ;@af pric@are

&c urs. th sone_enbodi nent s, @ %actl n er atur es,
TETRE IR P PEWCRIGE R2Y AYOCEE g ?f‘?é%‘?@ n%‘i‘? BAGE Hafleast
Applhalkbenes BaRCiBOPRed, t&hiphﬁtdmldﬂtaﬁlbﬁt BY) tth@aMdequired to
content of the hydrocarbon feed. Reduction of the

TEdHtE Aot RIBEGHS Sy Bars en Sied aprasse pingurt that AT

R BSE NG TR RE UL &BeMPirath RS Wbite thindioh FRY b&dir,fved MO

phases that may reduce the stability of the

Hordted dufmenn rreset obathe properties ofihsdiidresakag fese arejchangsg. the P-

il o@Ehe'TE/HI%CQEOI{ RE1/R ﬁioﬁﬁ&sm GQ&E;{S@ Ibelg'gv 1(‘(pzmdﬂ)cftsécﬁ‘19ent may

tenperature and hydrogen upt a%e in conbination with

fore capting the prodafs gmftut@é@l beremeiunstale. Girset dievaeg hydrogen pressures
[ e

B e B A RS By AT T DR SE By 4

indapamdent cbfrpr@matemmml mne@turcsanﬂmblﬂg condu tions are

282: aé(::())tn agt Ofscl %Qro%ﬂ@én %SAT%. rr%tauvrls%‘gsdyc%gl? IE%SQEO E@[ af37.8°C (for

akafmbler «’Eﬂktaslt lé)moSr at 1e|zrse SO(@I cSowsatflest 28D est) nn/zemntranfgkatemperature

YRR DT 98 BORRERLES U B LB R0 s

1Sk 7 MR W1TH1@1ehy droacandpn deeeibed héreinpralutdstastude product having

ont ctin ne at the start of a ess. t
A rmgier Spentpbr o frambe B ok GRa e ppgys0,
@@ﬂkﬁﬂ% ROM3ANE%, A&t 1@PNH: akbi 198 of BERSHti W BSpdrfyQT the
exanpl e, second tenperature, third tenperature, fourth

hydprsabat (fed, Dingeonirtahedr elyefempiahpyay bt kipbdoavh L0

&)ﬁ%lﬁﬁ% IR GoRNRE tdnhjRbarRE. eF&Q:%Aﬁlft)l@ ng @orﬁé Lifbodihénd, iff t§é
contacting zone. Afirst contac g}@ erature may be

tpmp%ratp%g@ewwmwoﬁotm@ i dgons %rmta%hy%carbon

ﬁe@cﬂ@@a‘i Hh& nﬁﬁﬂre%cdrﬁks dndcig Crr Eﬂ?:actt:mf)e?atglg “dedi®ReOfelow 370 °C,
C, or 40-60 OC different than the first

mmﬁﬁfa@hmgs @éhqiefrimcemben feed poerticeedswdi ment s, t he
secong GRNG ARl el ESRREAL ¥l etafird" ?%o%[roﬁé?lasﬂcﬁ & 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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first contacting tenperature. Having different

contacting tenperatures may reduce TAN and/or C5
w@zphalizenes content in a crude product rel atiRET/US2001e80429

TAN and/ or the C5 asphal tenes content of the

hydrocarbon feed to a greater extent than the anount

of TAN and/or C5 asphal tene reduction, if any, when

the first and second contacting tenperatures are the

REHER céttacBihg Mﬂp@faﬂnés%é%@eﬁlﬁt iR 8GMha@iM&liwo PRIsc EXATRyEediRe the
first contacting zone include a first catal yst(s

bty Pt he hbf&?%aﬁboaaf@%?ﬁy@{ Izrgslucawtlafe sedomie ebenese ogger the
czagaﬁk%tsn@énﬂr&% ngﬁac‘ﬁhg ﬁa&np@ﬁﬁlﬁ‘(l: Yt I(y%)o g@?t?ﬁﬁliqu gorﬁﬁﬁﬁloﬂ Wﬁth the

first contacting tenperature

@tﬂé}@ﬁdﬂemﬁ@fb@r@n Qll(t‘@rﬁb% Qamh@ten%@yto beresle@do’@ﬂe @@rMQBtcontent
f, cting zone

T REREUPORERA DO hEBR b i ST ot %at T he

h| g hén senengelradingmgs, prmt@tmg eonddivnage cottofied kush grahemperatures

ifi %Bé‘l?%@{nfe %En[t%gl g%gt}é fifa Qd&%ﬁeﬁlf‘ %e'}& igglgglg{é-%}é% t%ﬁﬁéf%tﬁ.}!rees

fﬂ}pms foaclbaive chade rneliydtch@on &etl hepditibs wimidy oain@hing the stability

bkt S AT R T e S R
GMntabﬂu{g ZbBe &.thd farsofivepreseso di BN t@tacdotcaptiati@e is the temperature

tions are co ol l ed such that t ot a dr ogen
IBéli dfl?réti COPPES PR nétL‘ErrﬁSnté‘%}H’tgé%‘PP%m‘%ﬁg ‘fxé‘mR{& ?‘%
@inpéad s ihirg erpfeef s Burtddemperaie, bl @wrd) ateah@t&dlpeﬂa@ly@t@d
tenperatures. The ability to operate at parti al

OB DB IS GERRRATE (hAGEY Cotas yp&] P! cpacting

tbﬁigérﬁlﬁﬁﬁnéyrbehﬁ@\/ang: %mepoarmb eCand i 5&6&?&%&@@%@&@{%& may
at | east at least 2 h 1 | east 5

e i a range that 1528489 @{ﬁOrf)OﬂC @ 4h6q Hedigsrpat Grn qhéﬁ@@éﬁontactmg
t@ﬁ &th)d%t th 'scfn@e (§§oo@lﬁﬁgn?sc thle RELoAY cm&ﬁﬁg fethp Qﬁfutré @lgreater than the
essur es of at |east 4 MPa. Operating at | ower
yalraon@ftingrieypairters. dfaving diftsgran caivastisaisawengesgenytredice TAN
%;ﬁﬁ)r @?FJpﬁZﬂte‘ﬂ c%%nﬁh'a \CA)@ %Pdglha%lhﬂ?\% tb ChePEANPE cf/&rtﬁﬁe@

mte anount s rogen are avail a

asRlzltphes corters ohthe @vqimgarlzct)ﬁeemtay grqagdr getentahanghg arhount of TAN

t [ or fif e _cont !
GRARY PonB Rlapdich £, SRR S PSSR B M amporgyyes
aé the simd as, oravithot HI Glngd:adgcﬁ}nerpartl al pr essure of 3.5
MPa. ntact of. the dr ocar bon
Anar & P £ K Poutte AR G itidhahif ARGl frours
GONsL(HUAD S setoad &fntﬁ:tlﬁ@i(ﬁlle)ﬁﬁaty ificdlideakhek eAaslyst@Pesbrithed Sierein.

TIERET N RN i R e

R d 300 °0f Coh@cit gRNMYERL &b @e@mrm@md@n@eﬁﬂgnionmtﬁlt& first
fromthe hydrocarbon feed is perforned before the

HHpdbRLIB Strrieaiglys st st BaPRR IR K& crRchriyths other

dailys@ A RleQecod e8RAdtin V\? pEHeNtayatsulif aRePTXRAGAMNT { {sPRaltenes
exanpl e, at nost 50 at nost 20 wt ppm or at

Heustion o Hig pystigearhen éeeﬁy%lat@@a@ e b e/ ordy aprbglienes feduction in

RS Ldn¥e Hy)ﬂro%rb@n R4 ah¥sSthe HRP anPs%EErﬁ%ntQ&m‘grﬂ&nﬁ&‘ﬂﬁl%% BPRin
feed wth the catalyst. O ganonol ybdenum nmay form

W5IG/bdenum sul fi des during contacting with the

In some embodiments, 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. The nol ybdenum sul fides may precipitate from

sol ution causing solid nolybdenum conpounds to
w@ewsmd7ai e in the reactor. The accumul ati on 0PCT/US2007/080429

precipitates in the reactor may lead to a pressure

drop in the contacting zone, thus inhibiting

hydr ocarbon feed from passi ng through the contacting

zone at desired flow rates. Organonetal lic compounds

TRV mBdiSS PR AME dnQfidFBst ANLIKV GOK&afliplel dAGnGORE G 168405 b,
Renoval  of at |east a portion of the "active"

Wiegandhetidrast & NoomfsatAds - i jeart 1Rdt Avh fegame fglonger catalyst

1y 9 %%Qﬂ%atfh§%gémﬁrﬁam ple&ARS of Redst ¥ Eﬁ)aobp&ﬁﬁlﬂé M $dwer
used in dr opr ocessi ng process and/or increase

Reftfal pregsyesy OBhYQrmntd?@a%sn@h@ cqst olchs spermenBIdllayfs copfacting to
r I PRI her allow the
%%@%@b@%@gﬂt@tég{ O%g& gr oceégség %alg%%tor e efficient
man neior exFgIpleex apnpiating goreimaytindedetedovitngtat o endren fifth catalyst.
ohltqgtm%rloﬁihg(g{ Qnagﬁnl%ﬂ!te Era@ dof%{:)gx%gﬁﬁ dC afﬂltlgg k rﬂgl a total
d]gen: parbajrprefss&d oy MRy. éftonllaeaﬁ the(hydroqxﬂrptpmfeed with the fourth

n ont ac er at ur es
0ot RELR P Ay GO BELLOR 415 RS, RoMirkRute Bha BBkt foy apjeas
ﬂ)hb&l&ﬁ\bhlﬁ:ﬁ@d&(ﬁg\ﬂemh:dtpi’@eﬂieghi the ﬁycﬁbqaﬂionrfmﬂ result in
reducti on t | east a partjion of th
or gabNETS BHRAMRSA e ) d AR BOHOF Sble oreapsali

dolotiRR Us@6r MBhly Bdentempvsiaoarians perenyd tdiort iR hytntibon
catalyst may result in at |east a portion of the
559 WF%“&W‘&{ otherzatalysts, pg?rthélﬁplﬁf a yoppdl Wﬁb‘ﬁé’ﬁ%@omdyt’denum

EARKEh P RGstrBSIPME, at FACHASPHR! dran8Sst 18 Wﬁlﬁﬁ) in a hydrocarbon

viscosity to be reduced to produce a crude product
Isgf} mapreduqedhe achgspicrabIsbrPoaNer et of e trdpcabaceakyifythe

Jaﬂll P Ero Hﬁ@ﬁﬁrﬁ; ma@ f&Mﬁ& &ﬁhﬁh)ﬁﬁhd@nﬂhﬁg C(;Il%[&lﬁg with the
cat aI yst may positioned in a third contacting zone
s t Tk@amlmdetnhé SIflflﬂ@tmaycrm‘tcamarerfg)nz eeticargdusifiestoiéam

{ tact
R o TR B e R e Rt ol Pl s in

thhreladox:mab_t la@xi foragrrosoure dmpyn thedontectaddond, dmalnhdntmgmérogarbon

fg%cé %/élﬁ 36‘%\%%% atﬂe é ?acﬁfi‘sio'ﬁ aE %ué’dot“?orv&"}a'tei\PpP%arﬁg@%i%@c

@ipatndymsty alsO p((frm‘[e ﬁ))ﬂaumlneqf cbi{etdullmgl c@ma:bhog Remwyal of at least a
il/t d [

RS IAER e Y G S AREIE R hP Bt Byt Rgon

fatEpsy inE@hscaXalifeb 6f cabdlysthausetbiy alig diviprecksfng @Ricass and/or increase
eﬁ)jdr ocarhon formation and bit n may be extracted
YR RE e U@ RIPGCY R Ve dct ynorpingaistadic Gopgounds may

fRithd+ABOW it Hiltodirech ikd B HRgRkichiad maeﬁl%efﬁdi@t bmnweml s
treat ed, the diluent naphtha is renoved and

wawpler 4 figt gHngiiRg 2ons mgx Mg ap sighipca@lyghang atsefoaii EoacEng

oh8 MHay MeRI0 & AIRAPASI AR ACHRAY ¥ NYHEQEHOR ARA haviREad 168001
hydrocarbons are transported for further Brocessn ng st
S

WiRBMI9E PPN 3 seH B epomsFigestfat pepi Py 1806

d, MhONGEd QheniPffurk BK&" S5 @%thocfle Hgﬁt%a{af:y%ﬂ rgeweresult in reduction
hydriocracking units (for exanmple, €bullating bed units

Jutlvatg parion of W aezapomdpidengm (f Ge hedragapiaa, feqd Giogtact of the
1%(%%'6:@ glo%gén%ﬁl lgﬁlrd%}{ﬁ)gn &QH Wil uR Rk %étgl%t may result in at least a

portion of the Ni/V/Fe and at least a portion of the components contributing residue, Cs/Cy

57



10

15

20

25

30

i nvol ves the thermal cracking of bitunmen nol ecul es

into lighter conponents. In the residue hydrocracking
W@ 0B/ 043188Vi er bi tumen conponents are cont act eBCTHSI00H080429

catalyst in the presence of hydrocarbons to produce

i ghter components and an unconverted residual stream

The unconverted residual stream may be sent to the

fluid cokers to supplenent the feed to those units.

PR Rs] AdRr k’ﬁééﬁsﬁ% f(ﬂSélﬁrb(ﬂﬁe(!Uﬁb‘ ProdiRY a PRu@€ £i®8ude Qui BB1R for

barrel s per da a 60/40 m x of bitumen and vacuum

?%%%Eﬁuﬁ}%@ﬁﬁﬁﬂﬂ@éﬂﬂaﬁﬁﬂ&ct|on of the viscosity and/or

resi QG EOHhEIAm@is, & siALRRRE £ ﬁ&ﬁﬁca&a@yspﬁﬁﬁ%ﬁosﬁloned ina

feed streamthat may be processed in a resid

thiydleaacsek rang dawhstreamp! e Hiast centpdag perscad slpfﬁ@ama)tf theggcond

ORI RRE e AL IEME Rk B SR SRR pe guatvn
ihyidr thicd edntagtifigamhe muy r@blcepaxkluttqn@lmuutp@f Nedheofithoneanor

r an ebul | ati ng bed

@@%%Iltﬁ§§5ﬁ%ng§h% é%% |c cracki ng unltg
therﬂBMK@maokﬁmQSMWugandﬁqgnh3yoﬂnmkstKHQWWXMDmcdmeRn

b t
PHEF R S0kwsBRE hde) s TonERTEPE ks b SOLTRT iy
thengh msermy omrocdaldﬂﬁg acrfse €ar dxamplel mdme_;sbet rhmeqbfromas5| ng

he cracking unit b at st a fact 0

i PR g nky Y oo SR3h 0B BBl g o
dx@aciondrdcagt @t bRAmIDP dilkted wek adfbtiR, Bafchy Gt efiuh@r s treated, the
treating a hydrocarbon feed having a viscosity of at
4@5%“31@8@‘ ¢ S‘im%lvte@ andgthe pesultipg BrPd‘ﬂ?t 1B GFYS diglledagjt gy produce
128K hafanths Mudle@sayarRabheRd TR Yicht MR bR rOaiRIr®d for
contacting systens descri bed hereln posi ti oned
fyplerpeRshssER- ﬁhecheaewi fgymgR comPonsRLs ety RIet b Mg csyped BrAngay more

doREk YRERNE nfke @H@e IRRAt RN RIS uRiRSErieREAID %ﬁhe{ﬂmg %&ﬁl&lu‘é such
of producing a crude ‘product having a viscosity o

ave8 (509610 f Coliee Qf@r%@@plteyﬂm caliee anglidr é@weﬂﬁﬁklﬁge@cwes)
ﬁzo(ﬁes% @&ﬂ{a Eerg%tl %ﬁtul%QI/ ﬁlgfecﬁlgsgn{OQ?%y 8on%§on2£1§

rocar e crude or a mxture
of t He therresgidie phlydrdcm‘tklmwldnmr@wwc bty doagdnamtsyaregrngicted with a
[ r ack] i i,NCe.
R AR SO SRR S o
keéuhl hiesma T]hewacronwrsadmaiiduyl dufeam nidyde oent g nha fluid cokers to

h r.b te th
S&l%ﬁl%]&lg éheofn ec{ E%dse BULS,; 'ﬁ%eror%e S| n o&%glglgg B%?mg%grggess 50,000
Haaels pgr ddy of @ asmM0 EahnOdf g tuaies aﬂd va@ﬁurascnipal biames femy be

deas | ted rlor to h ceSS|ng treatment in a

ot MR Bp aPlee Poro ety e s adSELTRRG iy Srpuce
SRebyarhmeXd hagbt pRocarel ar répdieagilotgcliNCutl Hgeenbhidd t@
catal yst to renove asphal tenes.  Reduction of at |east
Iﬁoi?ésr“ﬁg Bk chihy‘ier@‘ﬂa‘B‘rfﬁ%ln ehbystephingdbmnppinpdiaad cgalysts described

Nk f RdhhYoe pREpeltRSE a ByddQattof fec@imdy e peQIRRAGPI R ah R®bne or
contribute to residue and/or asphaltenes prior to the

Hergspieking prilp (B seaarle. ppybdlatipg bashcsacking vpiseilyig gatalytic cracking

& emal @?&Elﬁﬁgﬁﬂlp Br oth&IMESKIRE: (3 OBk h9(ﬁr05a?l%1'1| &Ko lighter
sof vent, and/‘or enhance the efficiency” of

Qj)@ﬁ)@pﬁhm) t Tregtnppnbefdbshydrsarber &eg Freonea)r e sg/ﬁtqefn@ described herein
ng?r&hﬁg a%e@fﬁa{t g‘ﬁﬁ%p& I'ﬂhef ﬁS&sQ@’ tal¥ht tlﬁ:e&acﬂfn@ Thie foy at least a

ocar bon
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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at least 0.01 granms of Cs asphaltenes and/or 0.1 grans

of residue and a viscosity of at least 10 cSt at 37.8
wODosmys7sMcl ude one or nore contacting syst ensPCT/US2007/080429

descri bed herein positioned upstream of an

deasphalting unit. The contacting system may incl ude

one or nore catal ysts described herein capabl e of

produci ng a crude product having a Cs asphaltenes

Tt/ @10). 13draliPStre SO0 fof glﬁﬁ‘ﬁ)f Rygtbaesmedn haedc1G8 one or

asphal tenes content, a residue content of at nost 90%

HPre CARARIPE PYSEaRSsPEOEG Berpia PPttiened yAteam of  cipriipgpuit ylhe

&Bta@ﬁn@&&m%ﬁ%ﬁ’cﬁudﬁ:hﬁe By 1‘351%%@&1@9@ d¥dcRBQB ek &ipable of producing

conbi ions thereof. The crudé product and/or a

mirkdaunredust having aoriyrdetypr ebuett SHfvch Hpdiisseswisd efhydepearagn feed

ot r-ude
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dndtdr o @axtb@mf fleedda @sodact aodby drasplival fewineay angs iadeselue
S
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ltydrqcum)pmﬁasé tjaskwloatr \hgasty tbé&r that)rlglmdi;lydrﬂzeﬁbond’eed dasgrocessmg

20% o 50% of t.he original efficiency. In
5o ggpﬁ%% qﬂ?%umtc%?’yt 1fnp6(?ve% crude feed with one or
nor e ydtahiypsi Seed@lmmgheléadm erngigrnprddyaghalbenes tmdﬁbe

ct. that s _enhanced concentr tions of n
B o s B S B S B R O e B TE" P BRUTne
RO ssEs ¥R itWolve selkerd exiteach 4fd/@cosiutRg thefeard vmm cata$yst to
sui table for transportati on and/ or. neets pi

TERAYS $Plalienssin Regustiop Rbgiag 2 Ié’“&%fﬁéhefcé?@(ﬂ’ﬁ‘&?&%at contribute to
HRBLAChE6hs bdridt of BASImRnédN theh GatBLISS redidbe MdZRQbphhRenes
cat al The zeolite catalyst may be a 10 wt % 20

g@ digepaalting pagyessoay bivi Bsoihe preddar selvyat extra%@por@d%ﬁ the
éﬂﬁduﬁ?oﬁ&@f?ﬂe@ sofveé® %h%ﬁerﬁ%ﬁc%ltﬂﬁfﬁclg&§ of ﬁl@ldleegsﬁheg &aﬂrbf&tss For

may reduce a portion of hydr ocar bons to

wraphichasysFreonagshing ahvfﬁycaﬂ@niéﬁyﬁlémamé{pef g f rhédr@wibl@ feed,
& ﬁegg %‘eﬁh@& d( %ﬂltgr{eggﬁ Wi gIan§B %Lﬁ&é A A sggsqg/%f at least
m Xé uade eedaq,

tht crude eed a d| erent cr
bt air37¢t ‘iﬁ?ema)hyldlmd@atrebm mwr¢ enfagting syslome deseriFRYANRIES sitioned
Sl?t'ﬂean{ B ld %pﬁéié‘ n?ts 1% c&%{%ﬁg éysf ert%r Bb1u806nS o"%tn%ré/ St

I epar ati ons, a arr angenment
ccaaiﬂ)atsyglsmbadmbrmo napfab]eloé drodumnga:tmdrgprodwd hztwmgusCﬁa*sphastenes

forth b ti

%Bt orfta?mﬂst gog;gf”%)e twggoc%rs gﬁ g?ﬂ?}ueln?s Cﬁgf%% %¥e§1dg m%ontent
@@fat mbstOa0f (e Hyl@¥chi®on Gad &lst,ﬂsé Sonddll a heebdiglod gi 1@Sst 6% of the
M chi anOt MChI gan, with 585 grans of
AR R ST TGP ROy PO GG hisure of the
FudPr@fuct éﬁhelyﬂ@saibdsﬂ R@d Mk lef@r m QtddpiRalasinBXSdeled crude
through a 1.3 Trilobe(tm die plate, dried between 90

PR S X! R aredupied éhe hygepceypon {gd by a lower

afsﬁl%l’tt:ﬁee ebsidfe BRArdi %ty MhandhCH Fhal BAIrSUPRA Wt Brodessing
di an pore dianeter of 182 A The cal ci ned support

%@er&w@é g desrphaltingiagandy Hedngigiced byrH deapiynat sast 10%, at least

A @Jag{rsﬁ%vxﬁﬁhmigﬁfa@effﬁ@lea&po 1100 OC over 1.5 hours,
and
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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held in this range for 2 hours to produce the support.

The support included, per gram of support, 0.0003
w@r@a®40f5 ganma al um na, 0.0008 grans of al phap@l/usionzgs80429

0. 0208 grans of delta alum na, and 0.9781 grans of

theta alumna, as determned by x-ray diffraction. The

support had a surface area of 110 nR/g and a total

pore volune of 0.821 cnB/g. The support had a pore

$hyZie: @n&bied RithiaOBasth tHirda @B A0 aRBSIRe itAPRt The 2b1iR3talyst
A wth 66, 7%of the total nunber of pores in the pore

3y 2l SY - BATEn S hat i 48 " ErES Y F% @RIt epd/pr agailip stable
@fzedhl&,ecam't athPRbke gét@i?ﬁtn?ary reci[llaé 8 p&)ﬁ@ﬁr@f e HW%@I&S

how to prepare a suppoit that has a pore size
pdce nalthiap A'he hapitha) negydie seoatel e thersepdgdeglugitusing kgown

ancglo ﬁfgﬁlla%on Bofs ﬁld%x@@wﬁﬁ( Mhﬁie %eed Pe{ ﬁ?@{)ﬁgdr&[& fQJd ﬁnd/or

Vanadi um Cat al yst Having a Pore Size Di st utiton wt

ahduibglilraenriRow ¢o Orapdiead. of At Least 230 A The vanadi um

cat al yst was prepared ingé%%iﬁlkgow ng manner. The

al um na support, prepare nmet hod described in

Ex amNaa-limitingexampes @f supped pwpiraticn, vaa gd ipteparations, and systems
tion saolutio r

S ERR B s BF SREN By D SR Dol Gr R

B0t i on was 2. 27 The al um na support (100 g) was

€9 atPed Wi h

nati on solu
L EEepacation ofa Catz APt B SRy o

A% s cfo[unﬁﬁa/@Irﬁléndﬂ@Maiiystsaﬂﬂd fmologRbk TP ndtthdhn ¢80, Michigan,
for 2 hours. The resulting catalyst contajned 0,04

Yrdmswisk SYneAmT A atpernd §rexpmnot! eldstal prig acidior § mipites. The
Bah@ARGRuIRAINNGuRUPRRK fraded iGo¥ANAds Yl bRt/ Sike B Between 90
pore size distribution with a nedian pore di aneter of
®5025\°C .ang dree cyloinedr 998 °0. @8cleresilgd imhit) aarswﬁaatablrad g@pport
0

S AA00TP NI PBIA Y ST b s DTSR,
fcﬁtaad yﬁte fhmdceaemmauﬂlmmm tovil @COH 11 0T OC Aveafl. 3 hvardrewdi taen

% ametFr hThi S ex ermnslthﬁat es .h? ¢
% ‘6&5‘15{%“%% 05 f PGUIEE] R ucé ﬂb"aFPBH’%t SUERRG Tl es prpl ©
Shbpdrt, DIDOO3 glﬁm\g\fbf hngn & GinmA, (RCN0S g@ﬁn@ﬁﬂaﬁﬂla alumada, .02t grams of

Preparation of a ybdenum Cat al

%igﬁlﬁﬁmﬁ‘ Pglro(é97§|1 2eng G apig E\R/ldf‘tﬁr“&n%t&’ "aﬁyﬁbffrécuon The

deppirenRra saffaddtarda@2310 & 3/? afdl a 12 pARIvYRERMI M at«,@l‘/g Sthe
epared in the fol [ owi ng manner. The al umin

r
%amsgfmd aOEpCs BRI tOR éﬂtﬁétmf*él&n@@w@%ﬁ qf 83%>%aw5h 86.1% of
N ] APREGRAPEMs W hdpde TR MAABRYNHLTRE & PPR PR (er within 85 A
sol ution. The nol ybdenum i npregnati on sol uti on was
Prikepaedith sy dampichi ng 4. 26 grans of (NH4) M207, 6.38

gr amsy ¢ ddm trgtregﬂav%f 306 er?uggm Bactfas 41,801
nonoet hanol am ne dei oni zed
dieitibytionof ftdeast B30sA amd ipcludusat khyy ﬂrlﬂrmfhh@zt ddming. 65 0C
until dissolution of the solids. The heated sol ution

was cooled to room
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tenperature. The pH of the solution was 5.36. The

sol ution volune was adjusted to 82 nL with deioni zed
wWoOR08104573he al um na support (100 grans) was i NPCEYRRDBB0429

wi th the nol ybdenum i npregnation solution, aged for 2

hours with occasional agitation, dried at 125 OC for

several hours, and then calcined at 480 OC for 2

hours. The resulti ng cat aI yst contai ned 0. 04 grarrs of

vlig e, 1ig ¢asth230A.
19 %&oﬂ&blﬂgﬁlaﬁlﬁer OTKJ alﬁrﬁﬁfa gupp%ﬂ r@]%a%&f ﬁyﬂﬁ@m@ﬂh@@d&feng&l@n

/g. Additionally, % of t ot al” nunber of pores
Ewrrtpheel pEp Enppgnated |“S'lhra| \@mdlm lr@pregrlaéowhyb)@@rﬂmed by
&)‘I’Hbﬂhl}{ &6@ m@opgbgOgmggﬁ %farﬁgﬂotf Iaél n1§eQ1 Védtﬁrf fr@g's {kion
pore er he nol ybdenum cat al yst exhi bited bands
\M«'@a’&27810 cm834 cm1 , and 880 cm 1 when anal yzed by

oS
e duPARAELCRRARY ] B FATBR ARG ER T T Sy G
sopebataged fi 2 hows wiwa\oemmbﬁragntz&@nj drtetd aleSPh]efoese@er’athufmand
wav el ene%th was 785 nmat a power of approxinmately 45
Ay GcIed gt %%}r& for 2 frppus. SB@CYFWH’&%WWQWHWS Q|04§Eaé1PSé’f
\Véﬁ§du‘ﬁﬁ| ﬂelP gﬁhﬁq ch'tﬁl_?_fﬁ‘tgwhﬂ ﬁlelﬂaﬁm l@:ﬁ&@ﬁpﬁ?}frt 4he vanadium catalyst

acet om nop enol pOSI tions

hpd aporeovresibyyiamon wtblaénqd@ﬁrp@tﬂﬂewt@r@f m i dpore gohme of Z69

Py belepumacalal ¥isiti oW A@idﬂﬁ‘)ﬂﬁﬁ% 86.5940 J1gheSHRPRIntbe b

notQ/exhl bi ta ba{nds bet weggn 810 1 and 950 cm1l wh N ﬁpores "

thapory zieel dilyibRagrend USpenadios coplyst hEd Gpore difepsie wthini®) A of the
2t e two catal ysts. Plot 138 represents the

lfirgcﬁé%g gér:%lgn&%%?al yst having a pore size distribution

W th T&nsrmaiunpln dpmomstraltieameu)mpanaﬁomﬁ’(h (ARlurkh 6tatdl4Q having a pore

r.ep U atal yst that

TH 15%61 utlon 6}111 13(5‘ pgre r%nﬁ%erooi o lgﬁt%géoa/%um na having a

Dmhﬁ)lsB.ZErail_nﬁﬁtfdnblﬂhIMﬂvbddtlhnﬁCﬁtaﬂfsﬁmVD@rzeP(ﬂwmtlIiﬂtrmﬁtlon

140y B R SERPOBAL A, T PLRBL AR08l

eeysikddi ib tel folMowih § hlamemenilhe?d]urﬁma sufghbA FRipeled 6f thatmdig@isiescribed
230 A, This exa | e al so deponstrates preparation of a
igSiemicd wasdgpre % ‘Vg’t a Wﬁ\)’%‘lﬁéﬁa@g 9P S@YeOT: phhg 34

Iﬁ@lbfﬂdenulﬂ 6l p B 8fhtie A dutiondSas GREpaFaTH @meﬂﬁm@ﬁ%rgrams of
@Dectrosco%% The cat al }a/st pr epar ed this nmethod is
A&

Hahfloete SR Wittt ﬂ%aﬁaﬁla%%%wéz O\ A por e

rﬁbrﬁ)%thghcﬁirﬁﬂn@ H{/IERB‘ W b |31 %raﬁ:ﬂ%%'f ARoREEwHEATRSR a D2t The slurry
| east 100 A. Exampl e 4. “Preparation of a

W5l lym_@@mﬁﬁ“(l‘amahdlﬁﬁ@i@an al ths solklay iThghcatePsplati@i wes cooled to room
t%lgér%up#ﬁglg ﬁgﬂ; 'Ell(} s%lugﬁlg w"élsn 5 E%) r”ﬁhel:g'oﬁl*?rgﬁ §5lu8£ WA%‘ %nggs?ezlt 082

enunT vanadi um catal'yst was
mhwtitlheiefonizbcbwhtng manner . The al um na support, prepared

oY e TS R R O O S P BB fupt wiif B Ry GRS o

iRfpefRastee saﬁmf)m lab&sr 2 Rodré 8k oS@bibiidl @taas, dried at 125 °C for

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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made by conbining 2.14 grans of (NH4)2Mo2q 7, 3.21

grans of MOO3, 0.56 grans of 30% hydrogen peroxide (H
w@2gog/08s73%1 gr ans of nonoet hanol am ne (MEA), aneCBUEB07/080429

grans of deionized water to forma slurry. The slurry

was heated to 65 OC until dissolution of the solids.

The heated solution was cooled to roomtenperature. A

second sol ution was made by conbining 3.57 grans of

@AMk B fdesdh 1¥oRS si Al @butiefl oM@AE Blolybd&inf dak8¥st had a pore

solution and.second sol uti on were conbi ned and

diggieiorigin Soidiob heZel e digidetadded to bring t he

combied ochHabiinPEhe MRk BEEbi kA bhRisSearB10 LR Y kel Qn{l hﬁd 880 cm’’
mol ybdenun vanadi um | nmpr egnat i on sol ution. The ‘al um na

Wees anpiecd duvdtagyn wpedtrosdeeyro I ybltremarrbocaivadif ipn catalyst was obtained

(ﬂnrg)@l%gfﬁ@{ %ﬂar?ﬂjo ﬁ)é&l%mgégg rthd’ at%oﬁ%v?nd%ﬁep resolu ion. The

occasl ona agl t at rie or severa

dxoiption vamdengdiewac@iSginngd p@Weﬂ@@pD@uﬁmelehm&Y st theTdaanple. The
I r f talhyst,

QYD EB AL kSRS LRGBS ATNRbAERED

amelt)hmtdpherbhl demn(bmsng)ns uip%mttomlﬁﬁphenol were reproduced to within +

vana um ¢ ore.size ...
P < BT AR TR s Rt P B RB B i Ceyps ganas
Behie:n exaomp!’ andjmmm{ Wm:ne&altyml uryrlam&m&pb@fa)s@fpy arCal7ulpicts

netal a cat aI Vi n
By S g £F s BT o T ERe e i aien o g favine o
poeasie ddfibiion The aviadrchi pod MMBMQBMC @198 tepresents a Column
exhi bited bands near 770 cm and 990 cm when anal yzed

B olpand A s ciiplye dephincludpst lepsidhirams of %?ém%?:)@&‘f“r“ﬁ RRgRe 2
BdEsi¥aNAHbMTn GathAl M&hian rOdiahéer drappdsent s t he

nol ybdenum cat al yst having a pore size distribution

wi t h TRisfegmpls dpuprstdicnhe PEpagionea (olunm b gnegl giiplye having a

ﬁ@ﬁz%@%hﬁ%lﬁ% Ihaﬁalfﬁo?@(ﬁﬁlﬁétbp& aPfead 26®RU Ff‘ﬂls%xample also
cat al yst having bands near 770 cm and 990 cm when

denainyiaey PrypaREARe aSpdenn et yatalEtdaphe b8ds G BHEem of 834
Cr d Rgﬁ%i I t
gnt ﬁH(ﬁ@%de: cﬁlt? e a%&amglgydﬁ)s ol ﬁlSﬁgcrrtI?%%c %%a@aﬁ s ?x@%&%{ by this
mithdd its He“fem:mc tap h e8mnme ahlaa@naeﬂ}tselnqymgattmreeszet dnstolmgi@o oitith a
T | yst bed was fornmed by filling

‘?ﬁﬁ%ﬁééé gtt:gl\;/j\(/)efat{é?sr%%@ﬁer mowel | and an i nner wall of
m edl.cP avition of at\dl Bdanuﬂmvlalmdlmm Glatal Ihav:iﬂ a Pore Size
2 .

20 Such
=0 mei JettTeved toHave +t '|1Flany,
malwdeyﬁmﬁzamdoméattalﬁﬁ wumpheparémm thy fotlesthg @onadrt Taeslumina

descrlbed her ei n. re bl ended with an
SEOE PO BedintoaseSEhRl Bk SwlRHr e Bovanatihdaing
hEIgbdEn X/ va Gadiubh Bnprb@aGedodtioh PEpZedes P06H$. 0N Sirdoltttd was
reactor. The crude feed flow to the reactor was from

s hyspminingrrel 4 et o (NHy)-MeeOn et grmstol MROar Ragegps of 30%

Ridkd g6 R PerbAIDIIES), VB34 RASstr ARRAS: t@tholafeneR VI OMMAf3 2 Bams of
reactor to serve as a bottom support. A bottom

deinzdey safes 9 foge A slye bil Beslwink Wt leaied 20 enf) uni@ dissolution of the
s@ﬂ&é tTh%ﬁH@QecP{letBR Wk c&dd J)dbn(f RhGAfRL de to form a

oftom contacting zone. ottom catal yst had a pore
si ze A second solution was made by combining 3.57 grams of VOSSO, 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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di stribution wwth a nedi an pore dianeter of 77 A, with

66. 7% of the total nunber of pores in the pore size
waele@snoidiss i on having a pore dianmeter within 20PET/0820011680429

medi an pore di aneter. The bottom catal yst contai ned

0. 095 granms of nol ybdenum and 0. 025 grans of nickel

per gram of catalyst, wth the bal ance bei ng an

al um na support. A mddle catal yst/silicone carbide

Wb b 8m/(vaadaliB ﬁnﬂk@%la@&ﬁdoﬂdti@ﬂ @b LOPuQ fwﬂlhh)@cé@féhil% tatlon
contacting zone t orma mddle contacting zone.

dﬁeé@r B5chtiar spgerabpgrsaasiohen egicmed gt 440 Chigr 7 Borra The rasultmg
t I
AR EonBeHS, o B Hcals B ool BRGE B B RS
Ipdlybdedulanmﬂethe \haltamerbemg suproft. tThe mebdilemnponediimmvetlyst.had a
t ys t czams of nickel and
%)I?%%Ze érq%{ﬁgm% th réofg% r%?ép&elg&étgra(%%gg Ac atal yst, with
t he Haisamamplb elamgnsarateathﬂ maparaaorpqifoar (Ealushn 6 @etal and a Column 5

i
BB o T S8 P b e PTG pgeas 230
AOTHe Gnbdipmansijtaehim gatmgmexhlmml Haﬁ@s reat A0yt ' ARUo® cm

ore size distribution wt an pore di gneter
Do S v i QB vl oS SOl i g g
@afalgatBbysik repiésthts tH@QndIﬁJd@ﬁlﬁﬁcabﬁm Ba@hd APt kive is@BONG with
al um na suypport. Sil.con carbide was positioned on top

%‘Fle‘%lﬁépotr%ﬁla%tﬁ’f SR pnAg zone to fill dead space and to
ser VQ“h%Sexﬁ‘mglE aR6 AtmEREes BB BrepAbhAbY St RFEMNBSachi9a ANy
into a Lindberg furnace that included five heating
begdrerear Hi0ras p@ﬁ@??{&m o thea apaleted &Y RApA® SPecHEsSPBYp,
34 I€5. @Hl#tapmt'ta%?lﬁl@ %@d:wgvitﬂ T hEQ ExtalySs! dAttﬁﬁllaQ%a%%lth a
SUpport. € catal ysts were sulfrded by Introducing a
asdbuwsipyadthameivels wope@gipgd woh dsredobpldetognrdsgs toppe gyures
ULARED AR5 ML O BT BSH AEIFE R o 5
thanalwﬂ tand @i llnnemwllm theireketonmdthratalyste amdt ﬂ'lﬂcoa%;biaiet(ﬂbgrid
%t%rh ?rd%{lalljtgr‘laalso fAhso ér/ e%ﬁlz)n glrlcgla?;@cr %tcgrlbg% Asolz?&e\(eﬁd%h?)vig)low if any,
(meﬂ,’_srtlcl)rd‘panres alittdar e Iptbcats c30dti@E dewrib&] eotin. SAHAﬁthl@sts were
oldln at 20 t he ctin n ncr.ease
Rar i B peta v g gt DEB%h 19k PR Pty b GRR To e

c(oﬁﬁct@@zoﬁ@porh@ﬁsroftﬁﬁheacmnt acting zones were maint a| ned

at 316 OC f r, then increnmenta rai sed t

370 ér«?;‘ c R ?e(ﬁﬁ?’ow%F eFeaqisy pvas Hampkg g 8% thé ?ﬁtﬂc‘@ﬁtoft%er b"ttRRB‘ of
thOtHasor. Mk da QAR v a8 §oA@iHRE alvBE Botidhl SMBIrch@ori08drvd & a bottom
anbi ent tenperature. Crude fromthe Mars platformin

JRROTG A POt spsalyWeiligerscartifly BpEYe (2458h) Wesatsidionss! carfop of the
V@A cAbid 1§ HIMaHBLish fofthcifs 2Me. (1RO @otQFIﬂ cdtYst haa 2fore size

hours to formthe crude feed having @propertles
girpriton 2dd 4 mediigioge diametprnt 78 A, Prig 6ér7€f@| the@tr! wegbar @gpores

ﬁl% ﬂ&?e &%l&flb&tﬁﬁ hﬁ\gﬁgﬁ g(gre dhiRF (Vlrtgﬁl QB%Qf thé Qi\é@lgn ]aore

rough t he pre heat zon tOp contactlng Zzone,
d;@mfttetc tlihg Qotmm eatalmwraﬁn@ﬁh@%cgramfgofmwdeam amb@ péngrams of

Iﬁ%pl%’rtgra% oft JAE&)”SE %&1%6 baﬂ'ﬁge f):é’u'lgdfﬁl JhﬁSﬁ{a g@%ort.

A middle 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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contacted wth each of the catalysts in the presence
of hydrogen gas. Contacting conditions were as

wo eioBo¥EsS5s rati o of hydrogen gas to the crude fREHUS2007/080429

provided to the reactor was 328 NnW (2000 SCFB), LHSV
was 1 h 1 , and pressure was 6.9 MPa (1014.7 psi). The
three contacting zones were heated to 370 0C (700 OF)
and mai ntained at 370 OC for 500 hours. Tenperatures
Qimébe ThBhE&1IE QMdIRE LdMEnZANES RS 8f dib@NaddLoeaaado.@and
mai ntained in the foll ow ng sequence: 379 0C (715 OF)
Polybdegem peTEam o4 ply Heitiphg byance pging arylupiia sspRyhour s,
t hen 2399 AG(AAfoARarkiad mb800 <w§wa§mufon&fbﬁgﬁop@e
(742 OF) for 2400 hours.The total produ aéthat IS
middlecppaeting zephie tormnalog sentacking vent. tIhe apan ygsshadwé@.re size
Jﬂﬁb&tf&h %\llth&rrﬂaﬂ&tpo%ﬁﬁlaw &qﬁﬁ ad; g%&mﬁecﬁ@ézt lgﬂaﬂ;ﬁ b
phase separat or e gas-li1quid separator e
melyedenpn pdugramwé satalppawidt dd bilace being pomadle agagduciunzng
‘%ﬁéﬂtcas input to the system was neasured by a mass
w'controller. Gas exiting the system was neasured
by a Siebntabide wab Q(I)S_ltlo-ﬁh@ 01T rop@étlprtqd;mtwmone to fill dead space

B 0SB e SR A PR PG

1ﬁ&1&d@1\1f% agemgabnds berreipbeling et prefeghionp eliccepitragéls, afl bottom
onent S. %Hd roduct properties are summarized in
GF’EE‘ lingzopgs. QUORLSUBRYn in Table 1, the crude
produtt chalgsts pefe sgImiasa Bf inGbdidengRr QUGS midurd 6l § W61% hydrogen
content of 0.0075 grans, a residue content of 0.255
Sg‘}f%ﬂ%‘nd an V@%@Wgﬁ%ﬁ%sé’i‘ﬁ) t@fCOOta%@'FO@?SM raterpgl. L filggel eascous
Bixadddr VhﬁlﬂleQmﬁ}ﬁBf t@ta@éatw SIRah eabidk Y aCRo@eRhad zls%ﬁ%f the
content of 1.9 and TA 09. The total of nickel
WW@@IY@% hefaperatuses &i%ﬁ@ntapﬁ@g rongpyergfingrgpsed to 204 °C (400

GRL ALY Hosr MRMEIAdRDES W ed h&)&s r@ﬁe%%lcﬁ‘rgg A2WEE 'Bﬁeeéﬂ)ntactmg
aver age bed tenperature é V\ABT% versus run |ength of

70nes \Eere therehgeddncrarpentaliytie P I 1Cs(60) Vid gt arepje ¢fd OcordeTapeichour.
toal
Ttblﬁ bRGedR7B ?at aelf %ie?e! .|% @Iau‘%ﬁ Gt F18le!¥YSh r@ggﬁhehﬂn&e?néﬂ%'u& e¥&d 1o

at as ecreases, I nCcreases
FoAC (96 °Y) avey ridnphm anellheld@pﬁ’éls"éirfbatwonmursf TWwABTtacgng pees were
alforrgd C)croo t%gn%}/e%['gﬂlgergtu et he crude feed in the

zones ed in this exanple. Plot 144
r epr éﬁaﬁetfsom e Mareplagen\iABie Gilf ohdetity wes filentdaden h@ted in an

SRR RS R T Tl Ero-an e BTN e de aftRe e

Iﬁopmljldsrsuﬂhmglﬂiedtdﬂ@a‘tﬂum HIGO®, ThdeuddABEH s ftd® thoiop attht: Agctor.
nes y.. ch r |rratel 20 0C. Fromt
Bty e SO IS AR ol s S Easiee fochii epwacting
Zohatbotthi@ ce@bdiny Lo, @(ﬁibo‘tftbﬁl)éuﬁforttdﬂ €heGadcdry The brage Red was
been aff ect ed. TylcaIIy pilot unit run tinme of
DO HEHD CHEH éhec%wyéﬁsélf @& Pfeéenfe Vg@fdr(lﬁen EHmbentacikpe

QREiBAS Woe asTiolISw XAy &6%@?&%5 (AhesrulihRta pRMIaE Lo RDreactor
the crude feed with one ca st having a pore size

Wiss¥P Nsum o@OW YHTR, hEaVY arps éé]r eandi Pagpetre vag p-9 MPq @akt7 psi).
BR0nAe AR LI ORBe nEAL RV SC AW PP RRASINSA 4870 °C for

distribution"with a nedian pore dianeter in a range
B thapis n Temperatures 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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90-180 A, wth at |east 60% of the total nunber of
pores in the pore size distribution having a pore

waelc@swiess within 45 A of the nedi an pore di anmePE&r/US01/680429

controlled contacting conditions, produced a total
product that included the crude product. As neasured
by P-value, crude feed/total product m xture stability
was mai ntai ned. The crude product had reduced TAN,

r educgd (dvar/pdugt @R ERE crul @GR a sl ok 1xiC @ The @thlys@ed The
reduced oxygen content relative to the crude feed,

@k pradychavay BEPAHsEd Bt etligphetseRATY T JA theris-Buid peparator,
hé K pﬂfdﬁéi%fs sé’iﬁﬁate%qr{fb tﬂe]&lﬁeqfrodub%% gQ{ O@a%flﬁﬁlﬁﬁy tﬁ(t, S)Isnlﬁl was
crude feed. Exanpl e 6. Contact Feed wit

geseey 8Y 8 Hrﬁlsﬁaﬁlowwémb\erpéfraé e)sruz&thgis@tqm Wert INEATUTH bh a avet test
IN@[QI' A RRIE Bdmag @s(ljédglﬂll e@ ff d@?c;glﬂm%g v% t%rcélr—ltﬂ&e of

reactor app Kratus or the nunber an
@inpourmtsadtihagudeqmediet. Hﬂatr@sluyshstfsiﬁw graggs pishhdatermined weight
00 cFREAE AL Ct B vRipeleP i Shu R, 2R Pheprc
d.n Exarrpl e 5. Each catal yst was mxed with an equal
voluma arb Th rude feed flowtq th

¥ omo ot BT AR oS EebT e R34 B
@)ﬁtehlhcﬁ Or®as ks, al; ﬂaadﬁee@mteﬁr of RS 5fardnhse ahn é)rytgan latdnosh (1.@0O7

0 t he, fol Silicon_ carbid

5581 Thtratearod g dettbri SICR Fens g e o PR s Dengr 49 and
ebDAN@n’rOS)gpmm ﬁotal & hatet m&a&&hms@é 82 i inggpm.car bi de
mxture(SOc was positioned on top of the silicon

o b S 165 < S BB SRE7 ARG 2 WEHB ] op g bed

©ApahyRt Wb ) PAES reh léﬁgtﬂ bBthe CRME FRD. Whd bhidysiBtlie@hay be
pore dianmeter of 127 A, with 66. 7% of the total nunber

C@&@@@d torthe ranpssitee of e ciplystbpdult isdsliened ithig acagdyselife

(ﬁ:’m%%g earWWBtIhh&ee%gs @I@f 9 Isr!legréiﬂf'@a?i@p@%nﬁatlgh RIS Ve}_srﬂl@ time

bott om cat al yst i ncl uded rans of | ybdenum and

lor wprgyeavst dithanirededkedoe rthegqoaw@fg zepgsalesesibed injthif exdmeple. Plot

I [

fa r@lﬂgs%nt? %&9 r%%’e"%s Tp%fgllle% ti‘ﬁ%ﬁ Ceégﬁtgér?ﬁ? bl 'vé&%%bl%?{f Bl fifine

foommnnm@cm@m@ed with dernolt, haddlopné bcmoamaltamtsz dhver a fﬁm@ﬂty of
iz i str h o

thg gmct%liepgl\é‘y’ 2’?% é:pcgﬁtﬁcti%é 68%%1 oﬁlty llﬁg)r%%h %3” o)%lﬁl?. eg/ ZtOO tCalFrom

thejrdlmllVelgfstapkeWABTmt tszaquwbb ts emmaoh thatrtlndcmtaﬂxm ab@wiiyrog ttee

u’%ﬁ@es{g i ggfyeepygfzct yga:'él 8fpblt§th1§lr1%ﬁ€ i3 Opgdqﬁegbiﬁet er.

ErrkRteg (@NBead® bf dm{rydadelmpmaperr gr am of catalyst, with
t he b[%l ance bei ng al um, na.

posi ti'GriSHMBl dPBEnsGRct Hat ‘FOPFagtﬂngct ?1?15@? {éﬁ‘gw% AR Gatplyst paving

adlaﬂammgﬁblﬁnﬂ with S@EW & [RSe daRbEhEat 1:28N80 AHAG additional
cat al yst. bed was | opaded into a Lindberg furnace that

qaﬁéﬁsffd’é&lng darreriaisHP S ohwih ¢ srefias pefis diamylar &1 4 Fage between

R BfneRtyiOR Bastd® SR ©RAMAERSe BYpAQNR the R LB RRHAM
support BS-4 crude (Venezuel a) having the properties

hepipgramPRehamgterTElind DA of fhgmeglgin preesdigagier; with prntiole of
éonﬁcﬁfg%mﬁonsm%d&aeaQ%otgl%%hutd ARG Héude hRodabehgat

zone,
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.
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contacting zone, bottom contacting zone, and bottom

support of the reactor. The crude feed was contacted
wowak/oeash of the catalysts in the presence of POIUSIHOTOR0429

gas. The contacting conditions were as follows: ratio

of hydrogen gas to the crude feed provided to the

reactor was 160 NnB8/n8 (1000 SCFB), LHSV was 1 h \ and

pressure was 6.9 MPa (1014.7 psi). The two contacting

%% Sle WCSnﬂﬁ@%f%ﬁtﬁﬂe %&1 Rfeh ([5@%;9 starlﬂanﬁw@me@u%t

Med mete 3y 3 90- 180,
pgsratfug) g&@%at ﬁg SEEHERES c%zt@nt%@c&é%%ng Eaneg)gsatél%(@ sdnﬁalﬁlg

en28 550 OF) for 216 hours
pethod, gretnd@ mpgliagng hathtal peasug4pad @@ﬂ(oé S"Oaf@ﬂé)ﬂnfgélile m product
L
dedicpi pabidé.n Exanpl e 5. The crude product had an

aver 49& cmyfe%ﬁ ﬂgw‘tgﬁtﬁ'}gac%ﬁl é/ﬁ?%glgecﬂi’ f %E Ak t'i)}’ to%e &%io% of

during proce
the mdemp fﬂdme}tctor @a@ﬂﬂ@i fgcnmtrmtami tostulb fnuhe, fodlo@ﬁ@ztnagmarr&l@bn

441
SRR s AR G $ETR: r RSP PHE o} BTRnlupprt A bottom
@ladysl/siBéoddatbitle TABluke @0 Icm3)|:\i/z@p0§1fione'<ﬂh)lr1$olﬁofalimd11&on carbide to
strates thhat contacting the crude feed w.th the
BETRPILGE ARG ey anersntsa Bk e S THEMRAC
el shré@dRineer b 2a A, g 86 et e o0 ndBkr fords ﬁhdhkf)ﬁde gize

crude product that had a reduced TAN, a reduced
dgtyiRytien haype & Rere diameics “itBn 2oy Betiap Bere dineter. The bottom

JaBAt invBaddn. t NEaRE P86 bRSuAfand DO2 e rhRRd peMithih@f
resi due content and VGO content of the crude product

GhEst 99y hiRrlanoobsing SUPRYt r espect i ve properties of the
crudey {oﬁ%gtalyg?%ﬁﬁgh@cﬂbldecﬁﬂ&ﬁf@ €8()Qfm3§‘wg ﬁ&ﬁloﬁ&f‘&l t% bhthe

Two Catal ysts. The reactor apparatus (except for
tiapeenigeithegom ledornpthe gprroa@etinggors nke)op easal yet Hag aspore size

&1&3 th?)&l%\tlthwrg i at a?ee(ﬂ%@tgﬁ c&qgﬂw Qﬂg 6 91’7 %%&Bﬁﬁﬁ{ﬁﬂber of pores

ana st su d were t
m@@@mm%@ﬂnbmlomam ep@e dlanxeteu wahlfné’@dA ¢BE: 1edign pate)

cﬁ%étglg Jthh ?o ﬁ%%%%{ 1&101?1? WQ&% ?fg nrlé.k%lﬁ]nétaclrez u%éém%: Jéf?aolyl;denum

Ifelr gmmbftchuakyatgmth the Uakaedfael&lngmrhnmna t Slpccnmattmdﬁ wngnomunrea;l on

tP%8 tggbrs?cﬁ{l ac(g ?(p F Ié d%ag AR ag(%g; servg &4 greg oa}t Izone The

craaauysobaarfwday@ird@(gﬁmb ngﬁidEdﬂg fuigace thadﬁclﬁle&rfommwl@eﬁmm

the reactor was 80 NnB/nB8 (500 SCFB), Pﬁ? h~\

CERB PG e FRLI P L PAcmahis. e P support
cont axs-4 HYIZONBS/UARY Eavli@ah@pkopaﬁémmaﬁlzémnn@blaQSFIQQO was
%650 OF). Atotal run tine was 1007 hours. The crude

f shie fOP IohdedriciyeMgaudeasebfovd ferougtthe Arehsas Faftse AP

Qhaviiteyzof, bboR LAY zeOSRITDUOE- su & oF [t acRr OFMCErude
had 1.9 wtppm of calcrum 6 wtppm sodium 0.6 wppm

fged yisfontagiag wgh m@mﬁlwfcawb@tas%ﬁhe mesem@ ochydaecppdd dbe
J?)ﬁgctu&ed'on&ﬁ@m Wire & 4f&ws: ratio of hydrogen gas to the crude feed 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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product, 0.0033 granms of sulfur, 0.002 grans of
oxygen, 0.376 grans of VGO and 0.401 grans of

WO e®sdusss Addi ti onal properties of the crude ppPOIUS1007/080429

are listed in Table 3 in FIG 11. This exanple
denonstrates 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
wyredsstedh) il 6 Bodre s sds tO{GU0 *PRIE BaIMouRkOsHdURRn F31C, (650
and potassium content whil esul fur content, VGO

Eoir dAY hougnigr p &¥9l dyeting pk Hrif hoWrst he crude product were

76% ﬂé%tal%ué{&&%e Hﬁ@tof mtséﬁé?atw ﬁ@@feﬁrﬂ)&ﬁmq}‘xaﬁlbﬁ 5.

crude feed anpl e . Contact of a
Wetcﬁudﬂmdueétaé Iay sYeregﬁ Pé\ﬁ@f (b%arﬂtanwmramﬂcaﬁmta@tf |12}é during
rrgélﬂg %dﬁ&f’#}%&gj’ ?@B@Jf%hfdé fo%?e(ﬁ)éom%'?arﬁsﬂﬁ sulfur,
con ent 0 act I Ng Z nes eac t ot al

(p(ﬂ(liélgmmssé payeni Ot lngstthoef, V@ dand 4738 grangbeot pesolya.c f\dditional

[ anpl e 5. The
1§§$m¥§s g%&%$%$§ﬁfé%%ﬁ§%%§ﬂﬁ§&{ pfﬁ,gﬁ Eyas descri bed
| n U. T$1s eﬁéamplntdemlonstr@t;eQMQ Mmcmng tBabuilefeod web thalcataldbts having
3 T BT RO b8y ERHE AT PN A PBaucea
&kﬁh(%}ﬁtod]ichﬁﬁt\/]ﬂaﬂ @ rédudédCBAEOh redived D/ vdie: (foﬁedt, fhdareduced oxygen

rough each reactor fr e to the re

BePh AL EoRE BPPHES Pabeorb | PRS- Ehy bitgat fiey G0 content
e dridneeduat wirb99%ahll 0P bf @aehpécEiaEh@perties F@iBuRTedl.

botton1support Each reactor had_ a bottom contacti ng
le, Of 2 de Fee patalysts. lhe reactor apparatts

.\....

©Rdepd ﬂbﬁﬁdrﬁlbelr hﬂ‘cp&ﬁteﬁ%fl%bﬂtﬁctmg)ﬂ)hﬁ's? LaWBE® (R @GEFrolifkt bdparation
contacting zones of each reactor, silicone carbide was

IB%%‘P‘% FEHearogveL ARy Y a@f}@t%bs%dw&@?qh%vvﬁ@ﬁ@ fagiefap fgscribed
ideadmpRace and to serve as a preheat zone in each
reactor. Each reactor was | oaded into a Lindber

f ur nadeerudhiged (Bl Qerade)thaving hearipatiicy simenaryed rm@%@nﬁ iFKg 11,

\&&% 86 R L%E Ofthe %%@l%&xg%gir%d@geéﬁq{gwaeﬁttﬁrplg%hztﬂé]ﬁ%hea?%e 0

ottom su an uncal ci ned
mtamumbmt@k edntgdina kgt isi Hoitew urrertiif the redcskruilee (48

coq&l?n Hn 91§+S \&éﬁ?@ gs fo lgw§ t1)2%0 O?%l%’ n%e(fl qg Fbcth%g?%éﬁgc? %rovﬁgd to

gram o
tbé rambymse&ﬁmm3/m3 cmu S@FBDnLHﬁV wasr:ikhef andpietssDreOks 699 BliPs

bal anc ein ) rd
ROLET AT o atelet Fer PedReSaPBrag R rd: (4580 A
t\bialfmnttilﬂe: watlahysdurhavi ng a pore size distribution with
ore di ter of s positioned. in t
top &ﬁf ?PW&“‘%% an W@gﬁiﬁ&@&%mnﬁav AYEL ‘ﬂyééraé{“y of 16.2
dudih @ bro@éygﬁlg Nrh®éruds 1%(1@{ BB 9lvippal ptedR AT R bEBRIM, 0.6
cat al W th the baI ance bei ng support that | ncI uded

Gpppekant gngg VYPRIFE! RtasyH el D CIHF AR had) pehgrap of crude

FHRRE 010033 BrafeX 3MRNEr, 9,002 R rddRCRL L 8 D. 5178 QQ@&W@@ ohalots01
catalﬁfst/sn li con carbide mxture (48 ¢

Poas of erides- ilditiosaliperns tics At e eiudAy PP re lrmé in Table 3 in FIG.
yncal ci ned nol ybdenunt cobal t

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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catal yst included 0.143 grans of nol ybdenum 0.043
grans of cobalt, and 0.021 grans of phosphorus wth
wao bh@shai7ahice bei ng al um na support. A nol ybdene@m/us2007/080429
catal yst/silicon carbide m xture (12 cnB) was
positioned in the top contacting zone. The nol ybdenum
catal yst was the sane as in the top contacti ng zone of
Exanpl e 8.1 n Exanple 10, the nol ybdenum catal yst as
AascdonRad vido tdient, QRd FRIAL@EdndND 02BN 8l prEd@IRLR 7B9AV85%, and
mxed with silicon car bi de and p03|t|oned in the both
K6 Afths gepesibsdyonesiys ehy crude feetxanpl e 11, an
RGN @ahxa%?awﬂlaé Pl wn@@tairyégté sds RAR ah@ Wk VRious
N XTur e Was positioned In om
Equhgeagtis apwm%l(ewpyfl@ﬁ@ﬁ anmmrcané Fontent of
I I
e @"5%%3%%“ CBISR pPI SRR pERE Gl GG AR
wro ﬁph@mm 83 deggribied tméxabaﬂﬁaﬁ C Ehetyeiatygts adennduifaded uppg)ﬁlte mefhod as
d&’&%@&*ﬁ{‘@'@‘ Fﬁ%ﬁh\%?*@,?&d %410[8 BabAIR b6, ”Aff%é{h?sf{ﬂvée%ﬁﬁéd with
was positioned in e con actln
sitpdoy loarbidla n € a¢labny sttiowhid paﬂtsesﬂmrreamsle |tcn1 pheealadpst unless

nt act | 0
SR RE I et PR PSRBTl s Bl B ot e
raft@\@ the dbtt@m bemp eraator!r §liafn QdiddGvds20EitiOke) af M bdiBon? 4f each
hours to formthe crude feed for gx nlpl es 8-11 havi ng
AR s oo, ST et RO Gontiggne g a1 top

@htadengf Rae MAS theehtdl@t/tiheont @pbRIE nlik@rek @ed Piced th thbeSeacting
exanpl es. The crude feed fl owed through the preheat

BT CRTeq SRR DI B BRSUIOBFH WHRD SEPF i OBHEIMEAARE 1

PIOUa@ WPt RRPILseQf ad DEreh@PREIN@Nin calh Roabto 08 ch 886oWASs loaded into
contacted with each of the catalysts in the presence

Q)Iplnflftgﬁf& @@@ﬁ %gmcl%qqltfa%rtl}eﬁtglgczgﬁ@l QEirgwendipg todhgpreheat zone, the

ﬁ%%ﬁﬂh&m‘é@ﬁﬁesaﬁldﬁm hoRWB:supdld, © of hydrogen gas to

crude feed during contacti I2})1(%9\/\65 160 NnB n 3 (1000

SCFB)n Exagple ﬂeanpmﬁalfrlmd pelgsdenpr/ngdkelpptitysgelicopfeagidetmixture

4

eI FoRa B RE e b BRb o LY WYL por aram of

datlyest, 6d 46 grains@f th]ybﬂcImnt R&4Y ermis iof nlgkfdmmﬂé)zﬁﬂ gontsiofres.
tur.e N 10 nes were 343 0C (650

%‘E?ﬁ?ﬁ% ]gbélﬁlggl?%eof&g ?1 Suﬁ%&pAf ter 500 hours, the

t errp@r ablybéswinrcaalylsydhanasthidegnixaned 2 werevidoht codledaving a

rature nt act i on

8 B8R Sy BRI et IR AGEANGATE R s

doatatsig Zoaé. S hay@kou Gatél@&(haﬂ) b }otalRehiental 036 @ra@@ ofor

200b ours; rai se d tlo 37. (1?1 700bOF heI }:;!d g

nel %Pﬁ%ﬁ@o Fyil¥dgvithe bglagse bein é“ft?é? 31‘1816 gt atdest

%D $roms 0&nhigdISmink Perrimios&ghpb@ a final tenperature

of 399 0C (750 0C) and held at 399 OC for 200 hours,

for an FZS%%IP © domtuagtlsing! melypdegpm/rgbdt qagdysysilicon carbide mixture

(48 cm’) was positioned in the both contacting zones. The uncalcined molybdenum/cobalt

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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The crude products were periodically analyzed to
determ ne TAN, hydrogen uptake by the crude feed,

we200ale855 VGO content, residue content, and OXBQENS2007/080429

content. Average values for properties of the crude
products produced in Exanples 8-11 are listed in Table

4 in FIG 12.FIG 13 is a graphical representation of
P-val ue of the crude product versus run tinme for each

of t hgErah@b Y§ iheSMlk BB uMicaEX MR8 riBedli theliBS csHidddBs zone of
feed had a P-value of at least 1.5. Plots 150, 152,
Hampleghwasigied wish sidien cartride aud\papifignedfin thy dodcgpfacting zones (60
@igduct obtai ned by contacting the crude feed with the
four catalyst systenms of Exanples 8-11 respectively.

For Jds&garppied b anupealqmadgnelgbdspurp/iskelca@lysiilisgne ¢arbide mixture
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]ge?%l a [ veI y constant during significant portions of

|aI except in Exanple 10, in which the Pval ue

I ncr Q&ﬁ(&ﬁfrorﬁﬂﬁMe&élpliaﬁorﬁl @}uafpﬁimhcoy *pY Biseal, aleh @Bat@f in an
net hydrogen upta versus run time for
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Blatpfes 858, hadi@f thkGRopekfRd shRRRSLSE M TR 4, 1Ydr BIemhe YRIIBKRA was

obt ai ned by contacting the crude feed ‘Wi th each of the

fedtodhg op of {hetreagtor 5T thesg gxgnides. glhe prude deed dloppd Birgueh they preheat

Ryd rt%@&ﬁta@@ﬁga%%e B%1t8m CHMA&ink %&Qa %@Jott@mrsﬂﬂpdrﬂ dT?he%e{dt&d The
of 2300 hours was In a rangé befween 7-48

. g3 comr@yd Wit cach@fitheicatalzbisin thy presdnee ﬁ@tydl’ﬂgélit ggen
@(Hlttfﬁhﬁg Q(Indﬁgﬁs for Pﬁﬁ E}%‘?ﬂﬁé@ﬁ: as %lﬁ)wsvﬁflt% o‘lf ﬂycﬁgfe%tgas to crude

dur i each tria
ﬁe@bdle@e aoRitdtiop wof 16eNindue (Hl@ﬁtSéIﬂFB) aeck me@glen@bpmssumlf birdrogen

(R%El(i Sé/gt"éllggvals %f9 1\%{3;&] gt%LP i 8%#1 leé)i(é’& sclgj 3, Oélu?jf}lhﬁ fl?st %8@ ?(purs of

cata
donhectirguand theralloszczretl Iel.6 hi der thor mdlumtngh:adtaamgesmed u @emperatures

nt of 88-90% r.esi d cont ent of th
SR 5o R 158 PR SFURRE BT g B! Woun
tﬁﬁféh@ﬁfag@ésflh hk(l;c@ftzwdﬁg pnedlueit cOhItc&]eﬂl eﬂfohlngz Qifnd tampd:rlﬁngre in the
the crude feed W t. s a es
I M T S A A RE

coBb@m), Hefd 4t hes mmgomm&ew edisctl 1By et 70@{ratHeMedt $71 °C for 1000
const ant durin i ortions of each trial

signi ficant
R rog g "B el ab Kokt 28 e fheg pelseges § Finkp
@pMhine 2396 e (B vl hEMWE sover BHE0 HMrst foB il lcoRBGihg time
of the catalyst systems of Exanples 8-11. Plots 174,

O.I.f?éoo hopgs. 180 represent APl gravity of the crude
prodygt RAL iaeds R¥re GRMAGIY 81T A8 (FadidRideeON Wylifdeen 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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the catal yst systens of Exanples 8-11, respectively.
In each of the four trials, each crude product had a

wWOR@S0$i75y in a range from58.3-72.7 cSt. The PEI/US2007/080429

gravity of each crude products increased by 1.5 to 4.1
degrees. The increased APl gravity corresponds to an
APl gravity of the crude products in a range from
21.7-22.95. APl gravity in this range is 110- 117% of

t he ARb. OFia¥igtaphiehl réfieschtatisiorfre@ue Jthie crddé pr&iudt versus run

a hi cal representation of oxygen content, expressed

Paghtof hecaiahptayaempe! xagples §dd - dheayds fegé had asP-velpe of at

IEzismP sf Pfotse@@ hl SQf 134 %&%Q&M@s‘énﬁﬂ@f’ SR Of thg&%ﬁpin%guct obtained
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hymp@ﬁtﬂngdhe @rhée lepdiwish ﬁxeédu@ﬂtabmsmtﬁedoﬂa“y&am §c1t1|r¢ﬁ@ectlvely
lﬁd? @36‘({ AR, Ih%%dva\ﬂ{} eldt el %&g) ¥Sbmai gé& 8#% 1e3£t 1@%9@4@@

1, respectively. de product an oxyge
fﬂdﬁmenfE@muﬁﬁ8ﬂ6bﬂnE6@@mé11h@ﬂ%wddewﬁe%vveEé@himnudehenm

d t [ r
B G IR B PV STneR D Gl fBRIR AN | 4. From the P
ahehf theicalde pASiustffOKNﬂlCh mriak litGnaylhe, infetred thlﬂtytgemud@fe:b@mt eadf trial
I con

r ena ativ Iy t
SOGRL B SR R i e R G0Lof ab e
@pygﬁﬁAﬁﬂmbﬁﬂhlﬂm}ﬂh&bﬁ?Uﬂﬁe@mﬁﬂu@ﬂeﬂﬁﬁﬂﬂ&hﬁﬂkﬂ&ﬂﬂhﬂ@
sel ect ed or. en co nds are_ reduced. d
RS g R e AT i e Tt Bl iyt
eXanreésed.it my be inferred that at |east a portlon
of the carboxylic containing or ani ¢ oxygen ounds

are UGGy SEPBIEHTRE ST BRI OB B AR e feed versus

&R AhRif6H 16k c@fa%f‘dy@teﬁ%(ﬁglﬁg feIHBO YO !n{lgdix @[H@sl B81i60 B, 164
reaction conditions of: 91 0C ( g pressure of

TgprgsemiRet DYEREEN PPRHsE ybtala%bhcqneﬂneg ta? Clﬁ%f%‘é aih egehef thee
cfaﬁa@ﬂt Qfsteﬁ@ Qr Elm%nﬂlds%o %@E@@we}r hﬁetr H)%Eﬁ ﬁmak%fb (érdﬁQﬁ feed

MCR cont ent baséd on the me%?
qvnea mniigee feged of 2&@0 zhomre Weeing Tangs hsfwezg -4 1p 4@@)300

gh ness 9

o R S e

mm@@nbaseya@huwhe wei ght of the crude feed I n Exanpl e

9, at,ne [ : it .

or essFa{r}'e %81% agﬁgﬁ%@g%{ésgl%ﬁu of rg’s)zdlue nt € g? ed u? weight

Ihydnmgenfmmd@mudgmﬁ@edrmiu@ﬁﬂan&xﬂﬂﬁﬁﬁmﬁGFﬁ&mnmbEExmmﬂa

tign of rude f

%gﬁg@ et (ffﬁlée élﬁ (i; Cl%laéeCPB g(gucaé c? AL e ciontent d’?t 8§ 90% of the

ﬁeﬁﬂiﬂﬁfoﬁtetitl‘(ﬁ tlﬂafcra&%&lc PlotS ) S, 120, 17D epeasm r3(das sertent of the
dro en.to cru the reductio f

Ao R e i T O s 6t b Ry Shpes

oi 1, rlpediveige Ak eigbvn iAHIG. 150Gk easRE chHREM G iheRrddd pkibél@emained

feed MCR content denonstrates that the uncal ci ned

el en ons Al Hpring siguistd Pekem SfSechtEdl |t at es MOR

cont gid;. fRGH Gt b&@al@%pr&'eﬂtt&@dn rRHRRE &t NPF@a%B@T then@ude product
uncal ci ned Col ums 9 netal s catal yst

versus run time for each of the catalyst systems 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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These exanpl es denonstrate that contact of a crude
feed with a relatively high TAN (TAN of 0.8) with one

wo@roosnswsTat al yst s produces the crude product, PEUTUE®07/080429

mai ntai ning the crude feed/total product mxture
stability and with relatively small nethydrogen

upt ake. Sel ected crude product properties were at nost
70% of the same properties of the crude feed, while

SN et PERRPRSFuLE $n Pfankd o1t UGS 2PE0APE bratRy B ol trdHgB is 110-
20- 30% of the same properties of the crude feed.

K dcsfitheal] %;‘aVlté(é)fétﬁc?Wflelf‘?PdTabl e 4, each of the crude
pr odygd; s Mg g%&@&i%ﬁes‘%ttaho@of%%& elﬂ)égﬁt@&e& kb@@e%"iﬁw@ﬁght
the crude feeds of at nost B) .
nsresaiaes. of g drudn PepdeetageusTan sk fon eaﬁlb@ii th%%tfdfst ﬁﬁ@ném de

r t
e B0, IR P LGB bt ERR b g FREE pfaddls
ahgdimpddiyeonigetng Froxahdededdowitlt the C@Ialutt@ysftfemjofd?fxamb]@w&r@

R B A9 LGB RRL A Rl PRER Tt R Bl B R reca
Igack cage pAB@Rt haddreorty gof capgeohinarrompe fmm)@()@lm @xﬁ(ﬁsgie&ns]m?’ ¥am
fthe W cont ent f t he crude ... The aver
ek ot R e Dt AF uRIR FLE T 15 OBy L RAE pl proce
[go@xt teyhatied tdhivelywdestdne eftr 20 hbwes bﬂ’tﬁ)nmbtﬁfg(lﬁrnd yImfrelmty
crude product was  at st 45% of the S of. t he
OPle Og}é%a.co%ﬁl& fhs rugls progluctdgppnsiiies abse%‘ lyq &raapis gxygen
AdhipbukRtard ry@dcsd Hahighie @nlofi. Jize AN vhd st de@itciNH thesd
Medi an Pore D aneter of At Least 180 A Wth M ni nal
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PP @htpSul®%EERIuct@ L1 RUINE byt faRhB0kyIRIcoR@ARAGré AR
zones), each catal yst sulfiding nethod, each t ot al
WW@@W& ation nmethod and each crude pr oduct

anal %g g MRt €1 tah%a&ﬁﬁ%o@cﬁu&ﬁ%?%'ﬂi’@@ (76@) E%%%Pés@ur@ of 6% Mpa
catal ysts were m xed with an equal vol ume o ilicon

@@kl pre), anfhyeratie ey dfagenr tof dradg feesl dd6h Nﬂéé@t(é‘ﬂowﬁ)rt@m
r%!i\]?cu&? Br QladiP M%ﬁ%ﬁ{enﬁ Wastihe het BQ{% 8\2 i rgh‘? ?Péhé? Elﬁlde feed.

i con carb positioned at t otto
Alegienperatue o éBQ/éC QEOéFb ot tho sanguppove andEach of kaleegsn to crude

[ . teact, n Al .
fg(g({wg%f SC?J? tsll c?fcco ndreé f%egirl\g@gec aﬁln lﬁtvﬁars éé ﬁvver égasf%grle%le Wi 1gth h%f the
wcuokifegt i ng zone of each reactor, silicone carbide was

posi ti oned t op of th top .cont zone to fill
foad 18 PRGN Rl RS RBPLET D dRa TR ol b b
(r1 6Bt pui), akdbChtid 6ﬂ€§td@j’geﬂvaﬁcrhdbafd&rbﬂ160 Oinél/ohi (MOESQFB), the

rnac ded thre on
KPS i G P OHEA? Pt PR 67 BBl g crude ecd.
AQnempandrd dIgobet {Bm sy ppas tameTﬂ}%sﬁlé ufl@ratie edhy@Seen to crude
contacted with each of the catal iSt s in the tﬁéesence

f5¢d: Hpdrdigon Qfasude Accd M GR yentertiwas d &t eabasrdien thy weighio! the
&b eai3) was positioned on top of the silicon carbide
to formthe contacting zone. For Exanple 12, the

cat alistingieased redusyian ativruda feed MICRsqonigat demepsifaay Upay the

R ARLECAumROE akkBIRLELs »l;e’t)’cal §trf§cﬂ?t§t‘é§w co%ﬁt Iteﬁfctlon at higher
nol ybdenum cat al yst as pr epare In Exa .

Experpluees than thenmedaingd YelimpnG andipmetals cata yst

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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nol ybdenum vanadi um cat al yst as prepared in Exanple 4.
The contacting conditions for Exanples 12-14 were as

wo ioBo¥EsSs rati o of hydrogen to the crude feed peDUSZET080429

to the reactor was 160 NmW (1000 SCFB), LHSV was 1 h~\
andpressure was 6.9 MPa (1014.7 psi). The contacting
zones were heated increnentally to 343 0C (650 OF)
over a period of tine and mai ntai ned at 343 0C for 120

8n fiftfiked SERERY clubplotiit? pRiperdbOwhR Ul Sost TOWAL the same
§ucts exited the contacting zones and were

@@Wgaeapé the ggudg dxcdlr Viksapel eﬁte@@ﬁﬁﬁl@s o thogrpderrerusgwere within 20-

340} BkBe G ﬁ&pe&%@%ﬁ%'cﬂﬂe‘f@é determ ned for each

cat al yst system In Exanple 12, net hydrogen uptake
peciffcaNmasshewism 13bjed) cach éthe fseude pipdectpradrreduchdwith a

D
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C f
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SCEB 0.S ud d d
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cont actl ng _al I ows Iess hydro%vn to he used in the_
% 12, | act £ e a Pore.Size
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di sadvanfaged crudes. =The regw rement for [ess

Briaaniend 2tlentish fegctgeanramdie (et Eggpgber
&b cQﬁt&ﬁ%@ St tife %nlégeeacﬁgghmt@{ﬁlﬁh n¥ meRRAL et to% FJaGct
crude feed wth the nol ybdehun vanadi um cat al y tp
%p@mémet@d@md dechpmrestg paedugy anplysis VAN thmwnewaée%wélrm Example

GHIEATASk P B Bk PR (8Tl o

tofeacdn re}tcuuevaﬁéedl tw tol OchVawaww mﬂlmt@lny@‘tthfamdct@m Silicon carbide
|

A%dpo&h%e% at %%gé%é’lﬁ bt eatgﬁ%gctme% ErQ/% Péﬁ}‘%’&%ﬁ% s;d\fl’)&g ;]%%R‘ireactor

er an
c@ataaiegl she quiltatiinli 2vge. ms.ftbmtie ce&zﬂj&iﬂ/smod)rﬁlcalﬂ»[dedmxmres were placed in
rat.ion me ach cr.u roduct ana s
tﬁe E%C gg %0&1%8% %cgaeea OFI 1581’16 Cﬁl‘bgcj \H%l POSI oneﬂﬂn fjti‘lsfi/ tgPS
omraem{g 20aeltomit cﬂEaS kpace ol théIbd: @k prisheat x0mk Un@cli &Jabt@r dfack
arts sili.con bi de art @taH/ \E‘Funl ess
8"’1“1’&‘&%5 doadp ‘c‘.i‘ caa igdperer 38? 'ém?lB ' PIeoRFAige exeR corresponding

(b @RCIreHcatiRge, fificodntabengt ARe, ahd tha@oli@ACEPOrLt Phé Kaddetd @R
of the reactor. Silicon carbide was positioned at the

498t SR cackic thegaiabats 1 He Sisease gERraES €8 m suppor t .

Each A ean}@kilibaftatbiRohixam @F@%ﬁf&vh%sﬁ@ﬁ‘&i @NEp 8f th@Rlicon
contacting zone. After the cata éit/sn | i cone carbi de

GRrbidap damyfBe eoncie ePnien Feiécappit Be thesgfalyoiress thsr vagadipm
Jaﬁd@ﬁt R prepakddiif RREnHAD bFQ@E)&éﬁﬁleﬁgsﬂhE ansd v&e (HeQRo1Pdehllf

op cont acting zone to fill dead space’and to serve as
%tabrsém‘tpamﬂn@ Exampeé hFaarefét@trmle l4cthe katplggotas thewas

Ih&?ﬁitﬁ:QuﬂlRtaﬁ)adﬁlm 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
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Li ndberg furnace that included four heating zones
corresponding to the preheat zone, the two contacting

wQo0wems457851d t he bottom support. I n each exanpl BCT/Uk®07/080429

vanadi um cat al yst was prepared as descri bed in Exanpl e
2 and used with the additional catalyst. In Exanple
15, an additional catalyst/silicon carbide m xture (45
cnB) was positioned in the bottom contacting zone,

pﬁdbstsﬁ!retvsht@ 630dp4 (10087 pﬁﬁtﬁ{e%ﬁta&ﬁﬂg NEnds R rdWiadel @&Mﬁ@ntaﬂy to
cat al r epar ed the nethod described in Exa
ﬁﬁ Q}%( g tptal

B3 °FH atﬁrawe%ﬁ %fltwaﬁléumail%ﬁ%l & atbideor APkhew
SR WRSsPRSkL i oned in the top contacting zone.
Exanpl e 16, an additional catalyst/silicon carblde

m xt diogal prmU@mted\H@ cppigstinggaray anth wetgeerssatedandescribed in

?r’r%‘;‘:f ylﬁ'% gﬁ&}ﬂng 5 g%ﬁ%r%g%?%ﬂéqg%‘de%ﬁhﬁb&’ ﬁ;"r cRBIcRIyst
fﬂ@smrﬂméﬁnmﬁeE&aﬂﬁWéK@mlmhéwVHmaﬂlhhhn@tdKﬁéKF@Dmnddwcnﬂe
13}851}3& 91 an(i"l&(l(l ldf g 7§ 391 %V@S e@ﬂ?&r&ée%&?gatké Ovag F}% r‘éu?é% from 2.2-

mNaFyﬁt(lw I18 d@@@Bmanu theeryds @rc@n@)hamgApbm atriuggedthni $13-0.5.

A SR A A e R A AL
cpﬁapamaﬂwdﬂgaxqmmkﬁmﬁanJhﬁgwﬁnmd®OﬂﬁmémdthGEGth%@m36

S ek b by Froisc g aB TSR e Pebatad Sor ks
Cor pat@h ket NGO g¥ﬁ> uftakdhafeddirinpeadactndOit m}stmrea that

posi tioned in each contacting,zgne. Crude (Santos
lgégqgﬁn Wi geppaied pbihe el OgNmEm §533(iTHgugipgcontacting of the

RERABET dn@SheSVARRRH 288y GEakh®onRor h?drggenjeﬁm WesodtRend Slows
the top of the reactor. The crude teed flowed through

levsdygiogsneiate sesddn thegipcesrelatte (Agn oAt obydregen used in
&Q%n%@ﬁdl BEhc&R8Ge uﬁﬂg bR SHBRAEan@ edldpfich SRR 1@juirement
The crude feed was contacted with each of the
fonlest hydrogen duringeopipeiianends &5f depasdohcagi ol Poeessiag g icruge.
condi
Py oo Ral o RE U B AR oA o ey
ma@mmﬁ®GNHBWH@x4m®b©TSQFEmtWMMOWhﬁhﬁthTABBﬁHnumsbawwud
B I ning tine period, LHSV
R%gd“c?@ﬁ%% 1n§%“%1ellfé‘§ {heifn LRIDY, 19 (1014.7 psi). The
contacting zones were heated increnentally to 343 0C
(650 OF) over a period of time and nmaintai ned at 343
OC for a total run tinme of 1400 hours. These exanpl es
denonstrate that contact of a crude feed with a Colum
5 metal catal yst having a pore size distribution with
a medi an pore dianmeter of 350 A in conbination with an
addi tional catalyst having a pore size distribution
with a nmedian pore dianeter in a range from 250-300 A,
in the presence of a hydrogen source, produces a crude
product with properties that are changed relative to
the sane properties of crude
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feed, while only changing by small anounts ot her
properties of the crude product relative to the sane

w@eopesirses of the crude feed. Additionally, deeT/mng007/080429

processing, relatively small hydrogen uptake by the
crude feed was observed. Specifically, as shown in
Table 5, FIG 18, the crude product has a TAN of at
nost 15% of the TAN of the crude feed for Exanples

Eﬁin%ﬂes 160R8. Qg Bf PUYEASFRA Q&iﬂﬁ?ﬁaﬁdhuﬁ% @H@il%‘i! an@ 9117

each had a fofa e content at nost
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PREOPATIHS ZPRs g A ER SUBPUY e react or was 160 N8/ nB

( 100Qn SfehBkampeé eBSHRIiIWATallyS WRPrdphRd4s desBSbellin BR&nple 2
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@Ff)us%‘i’lﬂt the addiiomel gaplyst-i ne. I'n Exanpl e 19, the LHSV
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from1l h 1 to h 1, maintained at
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and edu Vi s Slt |ve to the TAN;and the
Vi scgg FEWH T’% H8 a&‘? ?aéaj sifenednixiige R éFmg)r‘%’ﬂ‘?upPW%‘?ed mn
th& Bot@hUER tapfi Skt WidSthd &muionlméaagfst bt tﬁE’hlo%aMiuhyva@ﬁdlum
the crude feed. A weig ratio of MCR content to

cpiabysbsRaspesed p Hrapple e S VSIS RS CGHie BT ERA30 cm)

\Mé%oglgaﬁe%r}ﬁt@m &ﬁta@%{eenes content was reduced
relative to th&ebsu of the MCR content and Cs

asphan Esgenje é%rﬁy@mg] (Glsy Werks ((omrergtieadNevrr gk FheA wdeagh (30

Jn?s{Vere%t)mh/&}lsdqlpégcﬁe@mmng%o@sphal tenes content and the
reduced sumof the MCR content and the Cs
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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asphal tenes, it may be inferred that asphaltenes
rat her than conponents that have a tendency to form

W@ o8/081765 bei ng reduced. The crude product al sBCTES2007/080429
total content of potassium sodium zinc, and cal ci um
of at nost 60% of the total content of the sanme netals
of the crude feed. The sul fur content of the crude
product was 80-90% of the sul fur content of the crude

R%en Examehastif 3ndlidd reeapnstanplewdbal fohont: a@lﬁd) Bﬂlydrogen
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catalysts in the two contacting zones in the presence

tgthepuF BERRTEDO RO etIde! e Moy dlERe Prosfesipggelatively small

I5ARe8E tip g RARESuIEkE] RIS at di fferent
tenperatures. Contacti nlg conditions in the t
of

op
cont aPqifigplly ovehewet @ Tablere (o vs: the tiade waéuqhw a]TAN of at most

iseppehai U iR SR Qo Feh AR 1RY 7290 ch%@&ts%ﬁ)&ég@in
OF); aratio of hydrogen to crude feed was 160

E?@@W@s $CABrachdnd apetaldSi(iy/Ee gepsens olat pRat 4470 By 0Fygssicpntent of at
ting.condi fi [ ~ 0
EPSO8 W R0 e S 6RO ARG R0 oo
hdtitiownile eint aede migluzspeodnes! 18 TBa0@ey BDO7 GF) | hacaarrz%ﬂl’li gna\@tfy of
I 0 0O NnB/nB8 (1000 SCFB); and
frg)pgls(g%r gt%A%Aﬁrlﬂ V?%B?ﬁ%fg@f gpS| ). The total product
exi t dalcérestbibt twde pxn)duca(ptqdng:dzmdfﬁ nandataggc conditods (fecdmple

{1128 3% P eI CEREARL et ] SR e

tifvesior dnd AP RRaiLE bf @a drugated. Thtenﬁhmdlerep)sred ascdsitwand decreased

i odi caII anal yzed.to det er.m ne, TAl
BB o O o S B S0 Rk HEworrob eRe i ab i e eed
wis igitikkd@ product obt ai ned dur| ng the run are listed in
Table 7, FIG 20. The crude feed had a TAN of 9.3 and
a C5 asphaltenes content of 0.055 grams of C
asphal tenes per gram of crude feed. The crude product
had an average TAN of 0.7 and an average C asphaltenes
content of 0.039 grans of C
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asphal tenes per gram of crude product. The C
asphal tenes content of the crude product was at nost

wQ 108085755 e C asphal tenes content of the crudepP@r/os2001/080429
The total content of potassium and sodiumin the crude
product was at nost 53% of the total content of the
same nmetals in the crude feed. The TAN of the crude
product was at nost 10% of the TAN of the crude feed.

Exdmipléd 196 @ntaket 6f HCridedRE aV R ariow E‘HSV”Q”HE: 8 dcRBl systems and
contacting. As denonstrated In Exangl es 6 and 20,
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perties of softness and/or
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the PEkeussofthagrugsipdicevaghis! 19rdrT dte ARIresgvity RE Hswade dged.
A %?g%t fa85BPMI q}gco‘ﬁien t@‘@g rasﬂh@ft@h%g @Jn%n?w@é At@é’é(s§lu§ hIhe sum of the
conpounds to be renpved before they plug and coat the
MaRaopisnisind ((h aspbpleneheonieasivargredused faldtige g5t the pan of the MCR
SR K AR DA} oNthIBEle FETPELAN £ b iAo AMCR
posi tione Irst contacting zone anpl e
@titenQo rﬁs amhamneacc@qmd endibertdydet! iundof the MER GrmeenCandathy €%

PRSP B A AL L D SRS,

t&’]htbnc}eta <fd>mr ccrkp p@rbaing sedvexic élma cfuole pmind:leatso dnaditotd noreertt of
conta Zzones epar ation
RsSR: S0 dink ek o] 8 oo R Bl SRRER B bame

ahlabysit cﬁlué fded mRe mﬁhhmhane&&hé hedsgoducas ad@s 9% bede sulfur

in Ex&nﬁel e 5. @ nol ybdenum cat al yst (11. 25 cnB)

PrEpaHe CB’k‘/dgetflei ‘met hod described in Exanple 3 and

M xedixwinplas & ahd ppabnmgtbit@i@at(c%ataa&g%ﬁdmm ch®bédtrolled such
mol ybdenum cat al yst/silicon carbi de xture (37.75

B LG e {1 BHCTIS 4OPRoIS SBEa AR St .Cﬂlgpaz%ch@ a phocess

Manadh prsvaralhy st prRuédctdBproMIRRAILIM Y frflRr®! PRability to
described in Exanple 4 was m xed with silicon carbide

Elrcsvebhdpngco Fropaiy 21 ¢ sfvdel fasrniclioad Bosrly space eelpdtiesargiiaéhan

14 H(]: footgfs ﬁ%]cogéctﬁfg%)foc\éﬁsto BQﬁéﬁdrfﬂ@@ﬁg VelelsRE rdd@Rd size relative to
contacting zone.
commercially available 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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A crude feed (BC-10 crude) having the properties
sunmari zed in Table 8, FIG 21, was fed to the top of

wao bh@sioesss or. The crude feed fl owed through theCpUsivez080429

zone, top contacting zone, bottom contacting zone, and
bott om support of the reactor. The contacting
conditions were as follows: ratio of hydrogen gas to
the crude feed provided to the reactor was 160 NnB/nB8

Kxdafifle 26-FBintadt/dBY (Wade Bedirat Vaitdup C8hGblif Tehpaathrdarhe

(500 psig). The two contacting zones were heated
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e e e T
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Gudef fedd whd. 140 Nogymah@ 0o SME), arindesQurd$/a9 6.3MBPLOI0 £ pdle.
Addi tional properties of the crude product are |isted
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catal ysts and at |east one o]f) the catal ysts having

yptrated jnethg caide progdegtapd gist Ahachdipradich W%P%()Qﬁﬂye%nab(ﬁed to

&Ee‘%ﬁhﬁﬁ&l\h%é@a@ APLQAuGS[ a crude product that had a
reduced TAN, a reduced total calcium sodium zinc,

pot ag'sierage si#ltesdp1 the pIvPeG Pt @ isrudginiddectsbiaingd dupig tprun are
R i ?glgg/o’?tﬁfgzgﬁj glﬁgckﬂié%%e‘z}o‘ﬂgg & rﬁﬁ&l\%f J 3h§ndca.r é'sda%pl&'itgﬁjelé Chntent

wer e e respect
@Prog)5é rgtan@spf &% asriheltaneuphe gfaged. crideifeede ﬁanplm BIIOéu;:t had an

t f
{ERBTTARTRGY P s A RS hetEr BP R o
asplnaﬂtenﬁs pewhrac)é predd profludt. n€hec@i zaplwsktbms cainers oé sharpide product
s that one or re rtles of the

RO G Cosbidin St MR Re Rl BREbbr e, *hi gher

t hr O Uthb ol cﬁﬁteﬁlo@p&hﬁdmt ﬁmp;emamuﬁ €. cnﬂalpﬁodﬁmlaemai;ﬁe% of
enonstrates that a Col umm t th

&S RRb e h it Bl ReR 56 cont Fefo TS BRNAT el product was
Aatoer mmetthbyARaTR: ERRGEIIOFCRRYIuPHOMS 6LSiglRer i@t Blaintained
CFr oduct that includes a crude product with a TAN t hat

uging coniaclisag. 90% of the TAN of the crude feed. Exanple

22. Ganfeaphst@feddn EkiblgeFeead 2@nlgiv Gatrétl dhSthis e 8Bp) contacting
Continuously Stirred Reactor I% A nol ybdenum

%@P%Pt}‘@tthf{tzﬂss% (gegasthashe é@ﬁt@)ﬂna fff@p)ﬁlfaéae alsthe speemc(ipihis case,

l%ttom) 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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was charged to a CSTR. Crude feed (BS-4) having the

properties listed in Table 9 in FIG 22 was netered at
wa@2dosows7sat e of 24. 1 g/ hr to produce a LHSV oPCODUS2007/d80429

. A tenperature 421 0C (790 OF), a partial pressure of

hydrogen of 14 MPa (2000 psig), and ratio of hydrogen

source to crude feed of 320 NnB n 3 (2000 SCFB) were

mai nt ai ned t hrough out the run. Total product was

PRABURGNS k@I h BéndRBf @ cfub€ pload Hom BachpkaPaiiah %I’ativ@ltyo
crude product and dorocess gases. During the run,

WRYEHCTUWE (i mertdufeixtBnt i g dot g hieramis ﬁ?em?asurﬁﬁ 8y P-
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| east 90% of the residue content of the crude feed

rrpfhed wers s sama pseeserdve s EXatds St hat cont act of a crude

feed AMnB bﬁBﬁanqg.%B/S{ {11@@ %mp)rlﬁ'@ifa%%y%e Iﬁ&thé)da@e%&n‘&ﬁ?n Example
nol ybdenum cat al y hat exhi bits bands in the range

%az@l iped witly si8qa@ C@rhlck @3 Seemarterdaiad helyRignen catalyst/silicon
& hREORY. ﬁrcﬁpﬁ&%sp?%m&%{?% tlférb%g&ﬁtcoﬁtlé@ltné 6§}&| ;ﬁ@?ﬁla&lum

cru e product W t I's at | east
RN sof3. A5hen’ L prapkeed ede d@sanbaden Exanplk ¢ wa8 mixgdntitictilicon

Ebl@e @é c%? 5!: efgﬁin ? @ﬂ%)u 5’5111&0%6 %ﬁbﬁg rllr}l)lct?n%qyls%%cm )was

cror reactor appar a
porsmaheqandu‘:uopccsmangzqmn nmet hod crude product

anal yS| S t..sul f thod wer
S R R AL
wszed td)l thd top Lthe deactor.t Theacnlmde@ﬂ”ﬂmﬁehrdm@nﬁé pichat 20119,20]5\
and cont ai ned 0. 04 ans of bdenumqﬁ; ram
Atz ot e R AmscngBoH o 1y el
@htabilifRecof URPRI Were IMB11GA: adtmsif h?dragdﬁcgas xhé Bulle feed provided to
absorption in the,ra m1lto D870 cm1 as

ety 0 BNk RSk oSS By i PG - PLBGHYTF 86 3t MPa

§HUABe BIODAELRS 1REs Wdrd hBRYT ificrdfbnhIRM I3a§ ed (450 °r).
ab })e 9 of FIG 22. At 213 hours a content of

sedi rERE lotPawn Gpaph Jf7S Bewieidhe @ade, progest ImdaohaN gf @ A% and an APT
%Q%t Y30 Oofrhe L aep b eRehis, é‘kvtﬂyhpﬁ%ﬁfclunﬁfotége&t gar Mrﬁ’ 0.9

he “sedi nent had |ncreased to 0.00329 grans, per gram
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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of crude feed/total product. An increase in sedinment
relative to sedi nent content of the crude feed/total

w@e@del7sa xt ure when contacting the crude feeRCTMIS1007/080429

t he nol ybdenum cat al yst of Exanple 22 indicates that
impurities and/or coke are form ng at an increased
rate. An increased rate of sedinent formation
decreases contacting tine and/or catalyst life, thus

the catealddtulfimESRITOY Bodd withsio @athlgﬁg@gla&@bﬁl #8 trulié h@®duct
t han t he cat&ldyst of Exanple 23. Exanp

el aplh et Ga7 419 4 /B IetaviE 06116 m%vctesgroct%& Ié‘ld)%t WiRBRA %k 2
&iculﬂ@ alslt wt})gm\Mf ()s/&fi@h)/(p@ @%‘Eﬁ ofal&uﬁfelolr” w(p%ng)f %Bﬁmm tPRd crude

cont ai ned ans of silica-alumna and rans
rPdyet gl prsierage @ﬁgﬂr@ffe rsefyplo PO0FRdseratgelesy e @»é}OMIms af VGO,

I I
agi? e()g%r T yfr}%:sg ; #FlglélHﬁdl 8“]1)6131?% JI?rfIrS tﬁ% %‘Iﬁ?&! hﬁ‘){i\}%@ %\ég%tgd in Table 8
nFl4R1lgrans of MOO3, 3 grans of nonoet hanol am ne,
12. 2 r [
of dirlh%n&g@glg @%‘%@%9@%?%%&2 tﬁ’e %%g‘éedﬁ%h the %1&%%
Qaedytseschnt 0618as8o1Of (HedAtaDGls having h pdnessce Idmtnbonoro‘fmln h Bledlan pore

SRl ot U B 0 R B el BR T SRR B
qeai@pcaro@d clilyiumO sdliumh, I’lQlCSﬁotzQ;&uglr 3aﬂslhe<ﬁn (NIn(elthMdH-quﬁ content,

30. 56 ns of j onj,zed t
Va0 ot Cops et et A RO pR 0k ABp G el o
tBE %ﬁecﬁfle 1&5pe9uwto‘f/qﬁd%ﬁfaé)fee&asrhadzaﬁdplamscadérﬂctrgtrates that the TAN
sufficient to control foamn ,A%T@ﬁtlgg sol uti on was

Sthe ey Ripruct is fhigass §1F @5 e grdelged affre SHHhars yifout

SFhsnie@NoMAScaNRE. ThRxhihps tilss abtbdsieaigk chE ©PREre properties
sol ution were conbi ned and sufficient deionized water

Halae aertedged maHhe dhgnacH at £lomsT pretusoigher gHowedPY e elgytedo
tglqa erZéregLTﬁ@ eydnﬁlcgalgdq&nmﬂgtquw IRk m'eﬁpéa%@ﬂﬂh'ap&hlblts

ution. resulting solution was 2.
brahés lsm\pffsf@ﬁtlo was t¢ $risk ey n@t@@fwn?%bl‘ R@nﬁﬂigﬁb@@nwm@mﬂ a

tgféli {ta’rgh@c'? tha?%rgllgcé% t"ﬁ%\zﬁg&%é ‘Plo AN} ﬂsoag ?&&'9@5}3& he TAN of

tion r several hours,
tbatwilnedd.at 482 0C (900 OF) for two hours. The

£l 2 9C63LE! ¥ 31 AR FALTGE o PRELH AT VoAl Srirrea

E@ﬂ[ﬁ@ﬁ’lﬁk! WA il gHdentrataalge (256 grams H0por prepired as in Example 3

R B P28 L B R T AR v

TorBsnddted ey fRoV @tesif2ed odirsd plobuticiadrHhavt (fha mmﬁperature

i a cwthin 28 A of the nedi ore di aneter,
IR S RS E SR e Gl Al BN
RfdGen fo6ad¥nd eruddfee@ont AN m T’ 20bly SCPB KB lﬂlaﬁﬁzﬁﬂed/bhfohgh out
Two Catal ysts at a Pressure of at nost 7 MPa.

(P EEY P 2hOLFA DS s B EPm Lo, B RS AR g crude

[ONIca&ld PI6beZ0NES) DutiRe teQlRlin RO 6F scABRAK Fhd @Bnitored to
met hod, crude product analysis, and catal yst sulfidi

ng
s Be eagtins vesrbvasdiHrgswih Beities mdinsrks. dhe amount of

sediment, per gram of crude feed, ranged between 0.0001 grams and 0.00013 grams during

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
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A catal yst as prepared in Exanple 24, (12.5 cnB) was
m xed with silicon carbide (12.5 cnB) to forma

woredoghdierum cat al yst/silicon carbi de m xture apdI/vusE07/080429

positioned in the bottom contacting zone. A nol ybdenum
catal yst (12.5 cnB) containing 0.039 grans of

nmol ybdenum 0. 01 granms of nickel and 0.0054 grans of
phosphorus with the bal ance bei ng al um na and having a

\O%gﬂnaiﬁ })@t@i'sﬁmd R eh nfkell 08 vAp@R dads, hRCE3 Wt ﬁ’(ﬁn The

was mxed with silicon carbide

12.
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propertl es sunmmar 10, HIG 23 was
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desiived inipampd 2 The etalyet htafl ABOE §ze flﬁalbt%n vish ampdipg pore
cﬁﬁﬁet&% 3 9@ AU corﬁﬁnm(wn thiks 6t Igblylgcﬁynuﬁ:l% %ﬁltﬂ o@EatEﬂ?ﬁ with the

hydrocar bon feed at pr essur es of "at nost MPa and
hagappebeang pranargy a gaming AlymirBOOPIVC; The selalyedlidina eyt absorption

r a
REROEL A8 bundS afrCRY Y REMAE0BE RS thPofh
DoRTEsgf thesryle mr@luamfteﬂlérmwe amt@bmza@d 1néF a8 CT FIG. 22. At 213

@i&%aéoggﬂtecff g&;ﬁ%&o% %%Jn‘g' gfncguciéﬁe@d %Qst ?011\9 &17\2}9%%3 i)ér greglfl of crude

featipet ptoduesAfidi@6FPhaas the safimeh ead mexéhsedttce@ A& atrams, per gram

SRR GGt Rt b R Rl oGP eamenpgne

cgﬁc&rﬁa@f/totabplaﬂuop hﬁﬁtﬂt}étwhgﬁﬁorﬁiwn@ the:’ctlru'ﬁg tded Wi thf mblyfalenum
act o e feed at contr e cont acting .

‘Lat?;'?’d ‘tﬂ%ﬁglpt’ffzfza‘t‘gﬁ’é?tthaf iy tighEndier cpisHt TospnegEin pfigased

MRl YhdentiCAM EREdiNBE fadnalles tlecRQ%6s Qf)nttld‘lﬁlgftlﬁ%dmd/or catalyst
}gbdenum content, the Ni/V/Fe content was bet

yiribe 920w of Exanple By rilgngriatalshlits ffan “@%Vaé‘?y Lot | Example
;@sphaltenes content was at nost 90% of the C5/C7 feed
asphe}Itenes content the reS|due vvas att rmst 90% of

1 : K 10
{’92 hfljtggﬂrdeﬁhﬁlc %.’stfp}ﬂort %O%MW tHaPCO% agi\’ied%)?()Q gtrfnﬁs &rsﬂfég alumina

as at | east
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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wt ppm of nol ybdenum at |east 0.01 grans of

hydr ocar bons having a boiling range distribution
wheirseer1588 0C and 200 OC per gram of hydr ocarBORUS2007/080429

conposition; and at least 0.1 granms of hydrocarbons

having a boiling range distribution between 343 0C and

650 OC per gram of hydrocarbon conposition. The crude

product al so has at |east 0.001 grans of hydrocarbons

oM. Tt @4boi) dongdkdNgRn OF kbRt TROsARIINBRR c3dle P ranif

200 OC at _0.101 WMPa; at |east 0.001 grans of

EpBsaEE: RSt saluer Meny34-ange distribution between

204 0G0 3Bl Qasa%regaré(pg-y &ﬁﬁnmﬁé 31, %ﬁm@opﬁﬂ‘NggﬁgﬁzO 9.63

of hydrocarbons wit I ng range distribution
gj@tls/\eféﬁl(?@zi@ndéoéﬁ @rag50f dgorizedgvaerLo fpay a |y dapgrenyragd 1

r19 Ea!i] é%rﬁ %a{rﬁso&%fg‘ \Lt@’ ﬁrp(h?{)v%é eﬁfide(p Ql aI rht@ guf@igi!eﬂg to gi)ntrol

eas east 0. 000150 grans
foammg/ Vhésolutipn dvaa stimaslantiOthe solighs awer: dfsol0sd.aEippdl ofgthesplution
RS C?exan'pl e al so denonstrates that at the P-val ue of
a hydrocarbon feed/total product mxture remains above
1 0 dthe fiirse sgluti@sandiseond kréuthmd’vap@ecmtdnmadfaﬁédufﬁsient deionized

B 5 b Pabe P SRR Ph o BRI B il BT

ﬁbﬂ&b@huﬁ/nhdﬂ&\lnﬁpfegﬁitldnealstlorﬂ ThelpHlof. thdﬁ)eaﬂlmigaoﬂﬁoﬁ wa©2.02.

t t t hat f t t
fRIaR Pimatarr Ol R e TaekS bl Gore hesf G TByery hours

With ddeasi@laligeaps dHEd ati185 at fdresterd Q8arefantl fiRn bydihecaugorC
feed while the consunption of h¥drogen is at npst 80

RAB/TREOT (ER Ao Theres Prirgratas) emiadtedar giv @ ciabal P4y grams
S |0)(Stgrz§ﬁ’ﬂ{1 2000 % grais Bep)spHIFdsApihd @ﬁanc@@@lng ﬁfﬁbﬂf SThe

was prepared in the follow ng manner.

yelapaenumAdckelas e g hedian wed@arﬁ%i?@fdﬁam w&h @trigget 8% of the

O PARRIR D EUR ﬁm%%o?e@zeﬁ 'di%vxﬁﬂuéﬁ MRS ﬂ&@&%&@ﬂ%ﬁgn ag A of
particle size between and 10 mcronmeters (1050.

¢ aedipn pere diamgler, éirPOYQNGthHHQ P gLy and greiipgy, arepdf OZ9 m’/g.

%ﬂiﬂc Qé. lé(?ntgctvgf (g;gi{dtr&%‘l“lbggff*&d xfiﬁpfwﬁ %agzﬁ%a}%f gressure of at

most (1|MPadl hairsec tor eppaeesusrenceptdorf lmmbér andrreniest. of contacting zones),
f . L
tgg F)gap g%)%?l& kégﬁ%‘a?lé)# ?h t&ﬁi@}e p%/&u%{; egl& g%lsl Sanfl Ic%tﬁl’ystv\ﬁﬁldmé method

Wwére theshine py deagribet! heExanmpia.e was mul l ed for at total of
25 m nut There 'x re had a . 6,.0 and.
o L0 R S SRl Ty s Sp astRE S e
m xtcuﬁ)etom zembryUd@dmuﬁtangt/slhc%n rufbideinkiine: Al &&is pesidaedin
%%‘:;!?tt ril obe extrudate particles. The extrudate

fou} RiagnSEZO8fi ed at 125 OC for several hours and

t hen mﬁb@bﬂ@dmaiataﬁjzmg@ cE R&RAtatmg 6.030 drivs BOUGISbdehti@, 0.01
cat al yst cont ai ned O. |%&ams of  nol ﬁbdenum wth the

BapsAacksEad - (0 h grams o ghogpywidhy (hs Splpncepring almypa and

Iﬁ@ﬁllgﬁ PRI fp%irezcﬁ'argététdf i1 0&1AI Q1 2 Wik e BreNBEL R IMPOWEs mixed with
di ameter of 117, Awith 66.7% of the total nunber of

wisoasabile( eS pB & irpa el ¥idenyu egtehistidigphepraidpmigure and was

Igysﬁgggdel[l tﬁ/gtglg]&({hta%gngﬁzdﬂg t he nedi an pore dianeter, and
a total pore volune of 0.924 nl/g
After sulfidation of the catalysts, the contacting zones were raised to a temperature

of 385 °C. 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

81



10

15

20

25

30

The pore size distribution at theta = 140 as a
percentage of total pores was as follows: <70 A 0.91%
w(Q 2008085785 20. 49% 100-130 A 37.09% 130-150 A BECBUS2007/080429

150-180 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 exanpl e denonstrates a catal yst that

i ncludes a support, mneral oxides, and one or nore

JuBhaH & the REED |T%8Hy(§o@hfrbdnﬁé’edp\@zfs|c@ﬁ’th&edT@ﬂ’l|1 €acBRHMO Ca@&s in

or nore conpounds of one or nore netals from Col um 6

B¢ Piepracephygdepeen gagbCantaqtiig copdigny terqasdoBowsy ratiaef gdrogen
's%d Feécp%é PR VR @oh®di s LAl @E@G 535 Ofhe@o k&ﬁ'a?&

A and the catalyst I's obtainabl e onbi ni ng
wmﬁeww h@mdde 385 rfesat:a nressuig pE 1 58 Mﬁ?r@OQQfPSIrgé@lai the hycb@ﬁarbon
S tlﬂg cgrﬁz{clug% k&ne;rﬁ)tf I6?0 9(%19 ﬁt&&eang r(,es for

conpoun one or re netals [um 6 o

the rwqymntacffmoe@s vaerel than gdjpsiest andEwa?mln@d 2 7he icbowviag Bequﬁnca:

UOEE IR0 GRAR N2 SRIH I & M AR sCE3) HiF 149 hours.

rnexwabtmwuﬂnmumbentwmdmd@ntwmt%bﬂhmumtacting zones)

anal ySr B RS e RGRR 2L PR TR Bl OB B S 7 v
ad tdesedatibed at ma@eafmt q)r&iucékl mh&memmhﬁﬂiaalayﬁﬂyt&lﬁnum

described in Ex le 26 wa xed with silicon j de
SRe vy s RS hasan LA G T pbe e B st of e &S
Rebiagnofeant pedduitga £9Ueasphuli¥BdsybaeMLNIS atvabliy sid @siscosity of 74.4
descr.i bed in Exanple 26 was m xed with silicaon carbide

X8 ol S B T0A AT (IRP S BB 1e o6 bUET s Hemede

edicawhd NY PRNSGtal Aol oSOl datir@cQf adrie c6id@hy $hSat most
the tenmperature of the contacting zones was raised to

Q0% gpe PR OoPthDOdeRE, A hydr ocarbon feed (Peace

R veras siawh RordoRel oRireRgr i @(ﬁltalcl: §fttﬁéjfeb(m att%pdrﬁle& Q@ntgdu@g
23. The hydrocarbon feed flowed g((i:] t he preheat
e

copdidons b pt won /P4 myg a bas 30HoE tthmm@ld i cagtelztowé at apg 90%
Hoid M ﬁ&?ﬁ@%ﬁm%%ﬁt%ﬁethﬁ RAVR contﬁﬁ%{y&[v%%ﬁ%% Nl $86% of the

was cont a each of the cat
foeSEVidie cotftetrty@yOgphalfases cGuattacs lahgoszt godiof H@rfs@vé@e@l

g S4B QLB FAQOP 0L R R sty v

a osat% olghe feaé siswsite Aestoed it 61GIQA0, BCcmndporianhasi an&dst 0.1

bet 400 0C and 402 0C at f 3.8. M

ot g by A58 Sl AuPRGRRE BBl el e

didtaveidn bbiweugEs thend ®Bct Per grbfs of hma&%nwﬁb&ltkm aIFd efﬁleast
the crude product had a viscosity of 53.1 at

23,
(bbgragls PeRydRrartophiayifte adtoilnesanee gisyhy! 101bgq,twaq,na%]3 of and 65 0°C
ﬁé@%ﬁhﬁ’&thydl%c%énvéo%ﬁ)oﬁfwﬁ eife c@&de%ﬁﬂiu%a@s%rﬁa@ﬂqea@t 0.001 grams of

denum cont ent of gm This e

BRSO P ios BHARE oI RBED S RoMger LA HOOD S8t (A HMEa:
lg%lgrg i Qrafﬁ? Bfr"lllyd%%taﬁloﬂ%ltﬁ Q%lhhg‘raﬁg ainakls bQﬂGveen 204 °C and

I Nl ng m neral oxide fines,” one or nore netal
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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from Colums 6 of the Periodic Table and/ or one or
nore conpounds of one or nore netals from Col ums 6 of

w0 b@sPer7sDdi ¢ Tabl e; and a support produces a BPCT/US2007/080429
product having a residue content of at nobst 90% of
hydr ocar bon feed residue. This exanple also
dermonstrates that contact of a hydrocarbon feed with a
Colum 6 netal catalyst that is obtainable by

Wik QAR gstﬂhtrhq{r@slsu@&f slendst NOM2, aQBAPGEFD b B tihS350r0Mnd
Col utms 6 of the Periodic Table and/or one or nore

POnpotinds 2 bHSYE ableasBrld net al s from Col umms 6 of the

Per i qdi,6pilaBl,R0 d@AGhsBSHBRON Bp&ﬁtﬁ%%ﬁ&uéns% WGodp 7 Q@lCInd
havi ng a viscosity content of at nost 50

thipperaigees BbH MasetPOviCs e gisegsitytof de csldeerodgéawlr@sgﬁ)% of the

SRk RSl RSO Sk Do pcy . 10 2
CXAIN ) : QU (5 $H(Sh 3\ 4 (¢

Bhes, e SRTRSONGHIL R0 85 rAERTT Billel Mo AP HE LR,

@pbinkfl tweth 2ap1pe oot lzrhmtalhay(M,B 8hguams) afl cpmbei ang sieved alumina fines

d b th h
e L e A e P e S T
mallealnyﬁtngu&ae@h gramExBEYPT @192 Eltmcemm 6307862 dreasdf @igpoed warr

of t ounds r exanpl e, d onmpound
Pt B P BURG b Brioe) TE PR UG N e o1 g Seperfiocd
1GoBb aeinsof ytec Iickisawkarrakcaes, N\évii Reray Qo AlyRastad Rt 13 lies )
Catal yst. The reactor apparatus (except for nunber and

R e s A ARG i HASTUIIGCHEE 4 Gl of g7 GUpIKgS. T he resulting

SRRAE Ald L5 OBE.H @ ancrdNds o298 bGins POAIYS oS mixdRE. The mulled
catal yst sulfi dl%a met hod were the sane as descri bed
F

mﬁt@gﬁquxémged Usi %/@Hjéﬁlﬂ]?f’ disp f}()g{l 1(32171096: @)ﬁﬂl):latggartlcles The

RUERAL fidids FAIR €t 245 (Bt WBkrdl RoulrO5Ml Bed QUNRAGDENH °C
catal yst/silicon carbide m xture was positioned in the

B34 dinfardwe heurs. nbhexamdyst wninpiied DB rewamisved mardy hdamunatveithyibe
I:(a%aél‘c‘fér&)iré%lﬁﬁlgﬁag)gdelbyndtsnﬁporﬂeﬁlﬂggat%lg§[cf15 ? ﬁgre s e Eéﬁfﬂgh&l \%lth a

I con car bi de
mediymendimhvtanedil i eigt 6. y/&tof melwt@lowmbalrchf p@@s m t)h@ nore size

S FoogFIRN L3S RBRL A0SR0 AR ERILSRSLD 500

poln@vcdmmm%ﬂgnligmes was raised to a tenperature of

385 A hydr f 1O hay
or opaTt Pas Lanareogh FErabre 1  roered s Georagar
fohewd: ogr0of 0.V he; TEaE: A0, 49%610@1300@&709’% feedofd oved; 150-180

AR 5 R Bh DB iR ReB oA ks, ONE SR 59 ana

SBueo Ayxproagar bon feed was contacted with each of the
catal ysts in the presence of hgq%/dro en gas. Contacting
condi Scﬁ’fémﬁlﬁld%m%“?tﬁf ? eriRlyst gt ingluges WBP%@@HH%%@X’@GS and

Jre@d miasmAR8 IR 8nd 80PMe PLHRNic Bk dddRY oWBST 1Bore cBmpounds of

The two contacting zones were heated to 390 OC at a

Pees Bigreanepls fgmgCoimyn p 98ihe Ppeedi) Tewd thsealhdirhoe appisize

distribution with a median pore 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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feed fl owed through the reactor for 4703 hours. During

contacting the P-value of the hydrocarbon feed/total
w@e@doel7ss xture remai ned above 1.0. As shown PCI/BE$2807/080429

24, the crude product had, per gram of crude product,

0. 0665 grans of basic nitrogen, 0.241 grans of

residue, 0.063 grans of total C5/C7 asphaltenes, a MCR

content of 0.037 grans, and a viscosity of 45 cSt at

Bantpl®87. Ghiiictf 8 TR0 SRS B ifiSa CORimICONMetills) Chtabyst

hydr ocar bon T eed Wwth a catalyst having a pore size
es Thsdsasior porreerty (gxrspldpr Bmhseigeeptesio!

&H&%ﬁr{g%'ﬁes@ rlﬁ’e tlﬁ%.@{)l%a&st LIRS R HRAUE RSuR p%dﬁ@’teaan"ng %& catalyst

havi ng a basic nitrogen content of at nost 90% of
fwifehirgcnetheshwére g spas ﬁs:derwrmeégleﬁxa@mlﬁ Znt. This ex arrpl e
al so t t t
Wi th Agﬁggﬂé%n;{;@tc%% ﬁp%gde&? %%@H%SEX%IHBE gaws %Qf{d th sfﬂ?&q carbide
(priddubes o 36 cudepd odspesitvavd inghabdMoR onRtért Z00¢ At

R AR SRSl S BT 8
mlanomfe’qoaznéﬁandnvas pesifioiell omiha goprantaeting zAnai ckel
N (N iR e G T R Rir? o e faposs rsea

th anemgerat of Y00 TheA sy drodaybondeediibadce Biwenthabing tegitopeAies listed

SIBREI E208. S GIAE). 4Pl oSS e, 8 G1a

@hﬂlﬂb@fg&oﬂ@%oﬁ@ﬁbbrﬁﬁﬁmg\&&ﬂé iﬂma)o&blﬁlselbpo&@f tHelr@dttoraThe
Ni - Mo-P used cat al 652. 39 grans) MOO3 (268. 85

1@’!‘1%13301? f?egw%fqngyck/ ed pyj eﬁ@h ?ﬁﬂlq (falt?g],ijtsl-ilN&? HPECe. héqr%?’é‘ gas.
Ot Mndpdds Feiean fozll%als Va6 of hy2@dRn 2% © B as W8S Nm*/m’

added to the mixture apd the mxture was nulled for 40
RO gt bEISM s I 1@ he 5P ¢rgcEne 10aes were Beptgdyortfie °C and
i HEE b@REed 408 o0 200 Yh Lo (?\@t% ﬂ?@:‘s’s&r@ dr 8 Qv (B’@)(F‘fakﬁgsfor . %ours
resulting mxture had a 4.18 and a LA o
gz dpeprbgm Gl Opwed thraue theTWétqiml l ed m xture was

t : tehiql
ext T ydeflo e i 1, M b1 hoBGaebBuct P LHifodiPhrlssi #8735

extrudate particles e extrudates were
WVa freyrdug e«mﬁm bf ok sramn et grem of adtelysiedNaV/He Zéntent@Cl64 wtppm
The resulting catal yst

%:né%?&l%:% Onttmgfn@g pcpélrtl al yst, 0.079 grans of M,

and (. hﬁZ‘Zalgp]a IdBman;raw; thiat doneactod Iaajlydleczhbcbm@ed,lwmﬂa Column 6

C taI rt. Th bdenuni,ni.ckel cat aI

RO R BURRHH ny iy TR; MGRPRSR FReS iR LB Bosol

fadm ChRrintne balf th&lPﬁﬁ@dlc OhiblPoidas on@ oit Mere@OMmPoBIIZ 8f one or more

di stribution hav r i anet er vvlthn39Aof

frih ot S SPepioBR g SE ardt it Bt sgrodits

lving ral‘r@ékﬁe@bﬁant@ff 250051809 of ExBRsRHRN Ided résileaThis@karfple also
Hydrocarbon Feed with the Catal yst. The reactor

d&ﬁ}?&i‘%ﬁ“’éé g é‘%&%?f % ypdrosarhR feed Wdthé&ﬂhéfﬁ‘% 6 BFtat]: et n tﬂ}ahﬁ

FRARDle byl Db AhinBraPOHEL fiRERAL Bt MOR MR BFm IHUAR 6 of the
é)r oduct "anal ysi's, and catal yst sul fiding nethod were
dig Japle ggd/ggg)@ [OF B Gogpounds of one or more metals from Columns 6 of

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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Exanpl e 5. A nol ybdenum catal yst (27 cnB) as descri bed
in Exanple 30 was m xed with silicon carbide (3 cnB)

W@ eesnessposi ti oned in the bottom contacti ng zBCIEUSA07/080429
nol ybdenuni vanadi um cat al yst (3 cnB) prepared by the
nmet hod described in Exanple 4 was m xed with silicon
carbide (3 cnmB) to forma nol ybdenum vanadi um
catal yst/silicon carbide m xture (37.75 cnB) and was

RASIel eAnip: 1N At RpE&Ihaety FthoaRIYE pashing Afdrocarbon feed
sul fidation of the catal ysts, the contacting zones

figopgh thy reasigrithy talshbrdpiaged Bis %@P@?@lemnﬁw&@é%m

Jaﬁa%@t &%&é@ﬁamvzmmbb@ apregs@%bm%ﬁ oPHIUBNARMs df@r &@:91)1%
fed to the top of the reactor.

rhyldbd%am@@mpwe@ thatém@bqtﬁmgiWSt Meggreheat zone t op

EAMAE b9 "Corfi R o M- B GANE AAYi P €0 ERRRQS EBMvst. The

port oOr thereactor. e 1Teed WaS COontacted wihn

Ieamr apparthe(csepafoy seigbdr mnd trentqnt efson@etingfzohgsiltivgien! praduct

S BELAORLEEDS! 07 8,50, P TE LoBfo g we o

cLel%lSi\bedvasE)&rr@ldﬁl . The two contacti ng zones wer e

heat ed t 90 OC essure of 15 BOQ

et ro RSt Q2 < et b T ar e Lot P o
molpedehom cd{Z@&/slﬂtmn sarbidd hiixtgrecanpadtioned it the b&tonataneacthe
t he hydrocarbon feed/total product m xture renai ned
ABBve 1.0. As shown in FIG 24, the crude product had,

per o ﬁhﬂ]y@ﬁen@ﬁﬂkﬂlﬁa@tﬁr@ datallystam de pzfﬁﬁre@fb@ﬁﬁe rﬁéth(ﬁcﬁ&b&uﬁd in
and a viscosity. of 7 ¢St _at ;37.8 0C. This exanp

ettt dndesed Hisg SlE%fmC&E’ededﬁ cBHY é‘?fa’cf’alin%hdeﬁl@%’awdelﬂn a

GalRLMBonREBRRI B WRY(3¢ 95 R A8 (BsiHSRd if b dpyhiactin zone
Colums 6-10 netals, and a support produces a cru

pr odu¥ter alislign PEYE Gfaly it HicARDAtuER Of ﬁlwntaet%gdpnes was raised
r of a
B gen (6. SRS B, ¥ icRerrhlae, o
wreparediniTabeHé. 6! %wa dlﬁmtﬁﬁ@rp of fherpaskas] Thohygdrgcgrbon feed
655Gt BRRU At GmdedlE AR, Rutold CMGholne ZRE. g borom
sbport §f thvasatteratldd hpdrbéarbapl fefatlrweawdntguéd with eagh Oﬂélle onthlyeelin

tﬂ@fn%% n@@gf ﬁg)%g%%a% %htgcgung:\l/g%gc ?%yv%g%asrpoﬁ(kv%) r§t90| (%fthygl%gen

gasnbﬁeemdawzsmmM?cmeo §CERBand fLIENppar .5 hérilthamo ncgltz&nﬁQ

S5 Chp T B TSR BG-B4 SAT5 Ao

fded veabrowgtt ®e rdactof o ATE ksl Myurind bentskitg thy Pawadue of the
ate ti ortf (3208.56 grans) that

BOREaPHb gt iR e st SR and 0. 98 gr ans

al umAahpen indFIeM A fiheSkpRPrédusaitd cRrBiaResk cwide prddaer, 0.0665

ni ckel sol ution and MO 8%417 57é%r ans) in a muller.

RS ?ifgbaﬁ‘ﬁ In}t’fo%n 0248 gramp ofj st L3 wanisyol igdl Gaff qegphlienes, a

MOR dShehlfr®.8MdrahRard X deb 8y W25 00 4 8ddgPor 45 mi nutes.

The resulting m xture had a pH of 4.75 and a LO of

0. 594 h@reéﬁ@p]ﬁ élpmglpsgﬁqe@fhahqo}atagtr@ a hydrocarbon feed 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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The mull ed m xture was extruded using 1.3 mmtril obe

dies to form1l.3 trilobe extrudate particles. The
wezisngases were dried at 100 OC for several heC¥/ESENT080429

then cal cined at 537.7 0C (1000 OF) for two hours. The

resul ting catal yst contained, per gram of catalyst,

0.079 granms of My, and 0.022 grans Ni, with the

bal ance bei ng support. The nol ybdenum ni ckel catal yst

praghcendVadi ANCRAO el RRBMS 908 B theMCRichbRtelof IR A§Uro6286n
of the total nunber of pores in the pore size

f8¢&t ri buti on having a pore dianeter with 25 A of the

E%@s@w&pgia%ﬁb% Ca@alﬁr @hechkmwgg‘gprgpaﬁ nme/fgﬂovﬁﬁg
a Surtrace area o rrp . Cont act of
ipgten o niskel spaden wistihadg b@@thmslg@%%éﬁa 2SI NAINGs ) 6 H,0, and

6@6\2@&/&& ofﬂ%ﬁm[z@@%{éf toFORRA §§1H§ ﬁg@%gwﬂgf wﬁsq{e ﬂé&‘ HI‘&ﬁ (16310

content of contacti ng zones pro
sippat GE0%T0 grembichiat conteided pPoguaws obnbdayadimgina ambIO 98 grams

ﬁ&%@xéﬁﬁri}f “uii’&g?”g%‘%)en I§1kt£ 1%8%? IHudh, ?g@%/fo ng?%d

dedoer (66249 prankx amcprOS 2268/35 gmmse ch a/\mtllhers Dlurmg)mulilag JiNe;

3 B R BB L D B ST OB R
atmyl thehaixneé wadmaésidot 4edinues. Exlqmﬂoeu 63 gmlx)adas\mdﬂdsd to the

silicon carbide t orm bdenun van

By SR RSP EE A bt SR Tra RV BnE Tt BT Rl 4 18
PASNOIVNEE 5T BrahR@et @PmeONIAGEI Ng zone. After

sul fidation of the catalysts, the contacting_ zones

wer e Thanydd ke P pErgEd PR S sustraete desig g dat iibe

&80 BEidiQ e vkii@ialed QeRr@iRE b 1003 CTHIIRErhiARHrsiafd TRR! €
11, FIG 24 was fed to the tog of the reactor. The

qaiEned abe en’G e ) Satdo havsu b Teprtingri@hbat congingd. fesgram of

&%Ws@@tmﬁgra%{% ReMPAd @m%ﬂ{@ﬁf W@ (R OREanc@PGn PRk Qemtlyst and
support of the reactor e was contacted w,th

warht. ofhetnprdy hdgnunpicke) chtalystiad Bﬁr@één @eredharlfrfwroé@@ﬁ gk at

: o | .
e e I R
wigsn 09 B di tie medidneporaybamesart apoiervglunené §.54e mé./head eghrfage area

%%3 QC.at a pressure of 15.9 MPa (2300 psig) as the
h roc§r bon feed passed through the contacting zones

xamp_‘.lé' BB Gontad.of @tH}jdngaﬂmt Eertlivwith the €alalvsa] Ube Iﬂtﬁctblha@paratus

d f
c‘(ﬁzi‘)to B\grrugﬂ L b & con%lné‘)aij Cﬁg actﬁ% ém&eﬂlglé l'tBtra o}gﬁ{i}?t aeiaraﬁ orélfnethod
cgﬁc&rpr@fuccafrﬂa@els,pfnd dualystGuiZidmg Gicat®l vafre the Sardkeies c&ﬁt(ihbad in

isc?é{ty of 41.8 cSt at 37.8 0OC. This exanple
%@fﬂ? ‘rates that contact of a hydrocarbon feed with a

cat aly/ablybdmhasyef (2mMeme) ayeibatised ih MXnkple BURYab n@fedtviith
Peri odi c Tabl e and/or one or nore conpounds of one or

o8 cpratdg (3 op r) 3R €8t RisHiogedin haRotpROBAF e PaM-e; and

one oy m@%’b@enﬂﬁﬁ’@h&hﬁrﬁ emIGalwemd p%pl@:d of tehBedRe dedditRd in
Tabl e and/ or one or nore conpoynds of One or nore

repglest vasorixebVihnidica capigs Giope) Pdpinblimelypdgiuay waglium
JA@&Y}‘SUQh&)nQbeﬁieSthl?{%réjdﬁh 5 ICQIB'I)t 4nfl Qva%&sli‘tl(ﬁﬁe(ﬁrﬁlqh@{bp 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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pore di anmeter between 50 A and 120 A produces a crude
product having a residue content of at nobst 90% of the
whyasoeardhon feed residue. Exanpl e 34. Prepar ap@¢DOSmH7/680429
Dried Catalyst. The dried catal yst was prepared in the
foll owi ng manner. A support (200 grans) that contained
0.02 grans of 0.01 grans of nickel and 0.99 grans
al um na per gram of support was inpregnated with a
RO d8e el Gabadniackalviinl @h of TREcaBMY st ih R PARSndRIoE B 8Ekn gas.
by conbi ni ng 46. 68 grans of M3, 14.07 grans of 3
CHactpcondpiops W o llgps gt pBdIozes 88 (9aerdgrasses Bim /m’
(t%@@mﬁmnmh@w W8 (ffpﬁ mme ﬁwédnyacm;@%néé Wk xea/e@ﬁo@@@l °Cata
eated to 93 C (20 until dissolution ofthe

Heisirgof 4ndl Mlﬁé%(f()mstgh ay thh rdreearhpntipqd Qegied proegh thfh@ntactlng

i I
TR TR SO b ting B o B BB oo
mixpge reffaged alptp/@rlto- was i npr egnat ed with the

| | ut i
it SRR OB 2o, B BARE, AR E ek S 0255
gaveofaksith@ang a(vovesity |ogh$ 7 cSt‘Ehé7 8 é@ul t i ng catal yst
t d t
RN ERC T N
igemnsl [gfeohdbinmgt dustdeatdigdtaindenined- [lngﬂaBp:ﬁfdta supipuet produces a

no| ybd ni cobal .t/ ni ckel _cat al of 0.

OB Ty ke Bty £y A LR Gt e ikt
ERtaipl€ 32. bPrepie@idn Of & ICoRinkisi 26hdCat MEaRE). CakthiRst. a6 tcamyst was
appar atus (except for number and content of contacting

ReiiEghin ﬂterf%ll(tvﬂf‘%maﬁfe&déd‘llc@esﬁgﬁtlﬁ? MEhUA% Wo@mbiee 3 He grams
&rmémg ra@ld 4gt.7 2R Y8 USoNBIBY 41180 EAREL sfiryd a%€ kiub9 Gvak Reated
nple 5. A nol ybdenum catal yst (33.34 cnB) as
lﬂ’é%%l?‘if@é@l sytficient drignige BwatgigasiddeioRring theicpmpigpd pigkh pefation
\(Ié t:i)h t&nﬁaﬂ %ﬁ%spgﬁid;(@ﬂeﬁ grﬁ}n% Reis @9&1519&1 @f?ﬁm@@t@@ams of
zone denum cat al yst n8) having a pore
%lpm;t wnmmmgﬂj@? giamgof A nackﬁlesalualﬁn FY@? @a@h RaaondbEnieg 28pg5 grams
ARIOROTEHD i D AT R P MBI P i D iy was
hrlat@dumtal ckap pb sEPPEEL$ 30806 dramish Ithasmntm:r@d Od@rgmmbeof (silli@a-8lpmina
L
&@38%%9039&&11’13 ggr g? A& of gugg(lar% 88% &%%ﬁ)ﬁ%@h A hgﬁ)l el S(;ll- rkgon Cfmd
MnOWU4%7. SPgtaﬁrsl inNomul@r.2P 0k @4hulliog, GaHr. VE(ﬂam)antl Wiilter W&ﬁ hdded to

i dat f th t al
BEReUEE A B Db Yl T Ry 30 e TR Fflog ot
AT and ATyQIrc@ 0306 @rnfsgederaiudiaiituleong resi due ) having

t he summarized.in Taple 1 FIl G S
toC Do PETb FreE e hrigra biad Ryt Bhonehlss s B T eldt
&HRUQUYPartifIes. PThe h@t@uda&:@ Wese drieP amntoa,crbﬂ $R0erglQidass aB@tHeAM
contacti ng7 zone, and bottom support of the reactaor.

epfranchl 3y YeabdAOG dadoniue hewie Has fEerIipg ek eonguned jer gram of

&?atl}%t Y3179 glahstod RID LREENEE rAhis RY %@gma%§e b&RNuBFdrt. Nthe
conditions were as follows: ratio of Iqé rogen as to

pelgblepas/nglel qurbshiEd(osirngorsliageier Af 5N \m@ ao g 6% pf the
totall AEnHeMBr ]?d?&tlﬁ‘ Bl POtk RN riMEbE hgk’%?é eﬁﬁortt: Biar9Rr Qfth 35 A%f the

pressure o
median 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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13.13 MPa (1900 psig) as the hydrocarbon feed fl owed
t hrough the contacting zones for 2537 hours. During
w@owBael7shg t he P-val ue of the hydrocarbon feePdT/08807/080429
product m xture renmai ned above 1.0. As shown in Table
12, FIG 25, the crude product had a viscosity of 63.5
cSt at 37.8 0C and, 0.243 grans of residue and Cs
asphal tenes content of 0.024 grans per gram of crude
BraPpdGiict IdpaftiOXABMbE cARIBPRREALSSFsiE, AAd cALQMN 8atidial nRthod
hydrocarbon feed with a dried catal yst produces a
Weie e spine Ldescibgd imigraMeesi due content of at nost 90%
of ~hydr.esaidan/fiaefcdank @27%3ﬂlsrcfe5@fbem{ahﬁoﬁ:t32% kg
al ternati've enbodi nents of various aspects of
Vityaheansarbidel (P ciye) aap pas pesitiongd inHbskotoRr) qomtéatmgnm%e art
in vi I.p
descr’ ePou R BRREH LA oA FRHRIE b dyriped i
adplest Weoy mixhé wih sipiogrecagfidg (éawh) tedomhoielybéénumgdinidium

Ja&&s@%lhco&&%b?cﬁ:r}ﬁ&ﬁllre (gz [:}S E%l S O A (gj [)%%’I]t{bgle? ﬁ'lt th% E)? contac%tlng zone.

t he iAfteemlfidatios kbihn camldstsielseccrqntaemgtwna Wleraraaasetl ® Pemperature

ST AR SRS o o T O TRR U s SRS PR BE R i et

ldeses whedd tteuhe tap,of ﬂ&rrt:e&t@n dhprpeeaes faedylobed rtemghsl&d
d certain features the invention be ut|I|
s s Eeh <e i Gy SR AT Hoyo i f iy

Ibiﬂ:tctrh @'hafded dfat EdntRaMivIh daﬂﬁofaﬂdﬁ@ftdlifstﬂﬁ tﬁel'ijrésence of hydrogen 2as.
description of the invention. Chang

Copiachnbrraitionywer s bl erap At i drren s 6%%% §2$ Napym’

©be) SOFE)iahd 2IYVSERRS ©f. Thhwvd éﬁﬁ%l1ﬁ§ibn@§wéi€ﬁ@a&édl@ d9d) PC at a
thefollowfgﬁclawrsCLAlMSl met hod of
¢

pesHaf hyo AMEGHY nsicd auibe hydesshandeadgassed Hreehithsgrogtacting

AN B BBk e ﬁqrﬁ{\% EheRBRe @6 PIAANR of ﬁie%bﬁ%&?tbcﬁ%é&/ﬂo%ﬁ;@duct
in one or nore contacting zones of a fixed bed reactor

migtyse weaoed abavetld): product that includes the crude

d . , .

AT e A e S P

pans gfrrasid@fanhydtswaw lbhl.8 Bt 348Gt al resi due content

of a‘VT see§§11n lg d&mgﬂsﬁ%s th%g1 c%n%gt (lf%% Elrog ﬁo tfeec} \I;s]/ catalyst that
cbnp S

cataly
lof ot inereF?ﬂﬁtalsﬂDm Cbrhbhreé omwl Pmodmi&bManm@r enec@rrmmu oaigpavhds of

P
25y ForTRG s BRIty SL R R0 s AT eSS Rgtals trom
Canpay atw bﬁhePeraidld Ed&L and/00 oftCor na)r@afrhpoahdsmf@ﬁs bhfrﬁor@fmetals

dro en a st. 7 ,.and a LHSV of Ieast
AL OB Sl e e de b0t e SE e fsPoagep a edian

ﬂhﬁé/dh@l@etér lﬁe!i:\Séeﬂléﬁ Aot 1ie0tA gbdaks dDsle ﬁ@&ﬁc@flavﬁﬂg@a residue content
ydrocar bon feed residue content, wherein residue

‘tfé‘h{n@ﬁt90%0fél?1§’€foéf‘rﬁ?1h@8 BYId4STM Met hod D5307. 2. The
mma 39f Piehadaiion of WMDRLeA O?atz‘ilb‘:ﬁ hdaqcanReR: 268 fAas ifthe

gravity of at leas
followmg 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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and contacting conditions are also controlled such

that the crude product has an increase in APl gravity
wo@Rooan4d76mst 5 relative to the hydrocarbon feebPlCT/BS2001€80429

nmet hod of claim 1, wherein the hydrocarbon feed has at

| east 0.01 grans of Cs asphal tenes per gram of

hydr ocarbon feed, and contacting conditions are al so

controlled such that the crude product has a Cs

@8 b henas GanéeRhe®intdb ol #8%Rfiod W& BHEEPHACBAM. The
feed Cs asphaltenes content. 4. The nmethod of claim 1,

SR Mas thee cealgsde resmpgaeranas Ehedkelidiresobuionaist 1d1- at
nost T%Qos/ﬁppéfft Jﬁg%przglé‘%ed%lthQBe %@Bd&gr@&galt Q)@utlo(rjl agF:d for

hydr ocarbon feed residue content. 5.
evalrhours willecgdsipnplragiteioarapd drigsbn 19% &d f(ﬁ agveéﬂ VP E (ypmght).

'ﬂfe r@stult n%% V\%l g‘t‘c%glgl @"pef1 afd of g%tglgs ; eel Tg%&méT&IMQCb (%fQ grams Co,

rein e hydr ocar as an API
(g%mmy OBNhOanhormsftndm 4 gramsTofeNirpgthribelbaddnce beingrsupport. The

M@l?ﬂ%éﬂm/%b%h‘?rﬁ@&l oRg ﬁ?ﬁ%{jﬁgié & @s 3¥Eagnscrﬁe|{ 2illh %%c%tg yst.

cata num 8. a| m

Hxa mﬂ_ieﬁial ﬁontha @alﬂMo@rmﬁl Fedatith £ Bried {atalysesite réaotoal

t t f at t 0. f .
RS R PR o Ot B BF o fRAR Dscpuraion
nahed, yﬁd tht Srude profpoLhaghicadratiystme msmen ai ]E!xahljﬂia 5.

su rt ri ses. al silica ca- aI
L b BT DAL TR Rino vt b P e e S Tl Mg witn
diliooh umﬁlet(hmmﬁ% 484 pobhiendEh etboabmebahding zomher ei n

the Colum 6-10 netal catalyst has a pore size
di st r't BAPPERURN LRI FEAY S HBYEL irairetzsdisiRyHpith a median

RIRIEhHOEFo1102 B8RRGSR M4 drd 0GR L Sl PEerdR 011051@alyst
angstrons, or from 70 angstrons to 120 angstrons,

11.
wifethabelaesg bene EriEkY R SaRe IR FPPeS Manied Fothdicgp carbide

(‘_Ii_étsﬁkﬁﬁs)tan@@%u?on%&‘[ﬁ tﬁ&f%p%ﬁ@ctﬁhﬁg ,Ble.1 €ast 200 nR/g. 12,
he nethod of claim1l, wherein at | east one netals of

the Gbkgstnlygs vererpulfigpd edrethy gethpd andesieied amt/SoPatent No.
%4& 't é?bne]—(n/e tgﬁt sﬁfldeﬁ 'omhll: cat ?tg %hé’]te}n gra% (Hf%

6 10 netal catal yst 30 TRel udes “one o hor e arenent s
don@ntir@ofoneswdbFaigfd tp h@enmrauud PE40PaK). e\ lyvdgaerboo rﬁ@dcﬁKuwalt long

ARG, SRR RS ETERNS SR Tl
Mlg‘me iThe hyrboccarbqrrtﬁeeel ffvetl Itteo@tthﬂ prsteat Aing.gop cmitaad’mgzcmn
] on cata

GG
bo tﬁgl rclog 1n§ WA ?X%%dttomnsélpgqr otI the OIGR :’JI:IPﬁ Ey 0 abOélf eidh\gas
dantedwith Taddl of taendladiis Gmnte Presémae of h:}@mg@u aaks Gmfntaenleor or
m)re netal s omCqu s 6-10 of r%(glglg &
T o N A A e )
Ml alswsivad@s3 @' mak wadenuini eorheNWer@heated to 390 °C at a pressure of
13.13 MPa (1900 psig) as the hydrocarbon feed flowed through the contacting zones for
2537 hours. During contacting the P-value of the hydrocarbon feed/total product mixture
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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at least 0.1 grans per gramof catalyst. 16. The
met hod of claim 1, wherein one or nore of the

W@ 2108l0y535 al so i ncl udes an addi ti onal cat al yseCT/E82007/080429

the additional catalyst is positioned downstream of
the Col umms 6-10 catalyst. 17. The nethod of claim1,
wherein the crude product has greater than 0 grans,
but I ess than 0.01 grans of at |east one or the

cat alrllhﬁste'iamﬁa 18 derhb@tra®} hadcoafaccdrainftirbearbblefegd With RBried catalyst
met hod further conprises fractionati ns?tgt he crude

PPt crpdn HO%éhfmngrﬁ%dI&ﬁ copient of pempyt §1e) b Rydrogagpn feed
Rigduci ng transportation fuel fromat |east one of the
distillate fractions. 19. A nethod of grodum ng a
cr uddughadupsificagensngd sitgigative embetimpmigolavang e apestsd the

' I I
BREHEMT Rl O TS Rk B B PMRCARARRR, o
Secgdengly. ddsiddsciiigioa i todpaiconstrivgd asribusgati @5 nHGnd nglfod tht(pmrpose of

P A DA D AT Ay, s
lgnimplroz;é d&gl_ tgn iéaerms gﬁ&g ;envnm’((ml sgowm @ c@sdrmmh Ber6in k?a tofbe tdken as
oot @0ty Gl Moy TR Sy TR o B Bl

@l dewabid lairdin I’Igrtf:ﬂfdlt;ﬁ@delssagmay) hﬂtetvd:mfnsanatcelmm eapesal thee

from 370 OC to 450 0C tial pressure of h e
it s By el e P s o 4o B e
dfleHRM)ngahe Bdnelied@shis Qestriftioh of hepivedtiee (MBS MF®e made in the
product, the crude product having a viscosity at 37.8

@Rﬁﬁm%ﬂ“ﬂ%§@h@%@@%ﬂmF%@PVPg%%@P@V”@F“PH%“H?%?%%%F%@HMHas
dee@tbedin B fBloRfne BIgs.Wherein a P-val ue of a

hydr ocar bon feed/total product m xture is at least 1.0
during contacting, wherein viscosity is as determ ned
by ASTM Met hod D445 and P-Val ue is as determ ned by
ASTM Met hod D7060. 20. The nethod of claim 19, wherein
the viscosity at 37.8 0C of the hydrocarbon feed is at
| east 100 cSt, at |east 500 cSt, or at |east 1000 cSt.
21. The nethod of claim 19, wherein the viscosity at
37.8 0C of crude product is at nost 40% at nost 30%
or at nost 10% of the hydrocarbon feed viscosity at
37.8 0C. 22. The nethod of claim 19, wherein, after
500 hours of contacting a hydrocarbon feed with one or
nore catal ysts, the P-value of the hydrocarbon
feed/total product m xture, produced during contact of
addi tional hydrocarbon feed with the one or nore

catal ysts, is at least 1.0. 23. The nethod of claim
19, wherein the partial pressure of hydrogen is at

nost 6 MPa, at nost 5 MPa, at nost 4 MPa, or at nost 3
MPa. 24. The nethod of claim19, wherein the
hydrocarbon feed has an APl gravity of at nost
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10. 25. The nethod of claim 19, wherein the total
product conprises C to C3 hydrocarbons and the total

w@e@dnei’shas a G to C3 hydrocarbons content 0OPCHUSI00%080429

0.02 grans per gram of total product. 26. The nethod
of claim 19, wherein contacting conditions are
controlled at a liquid hourly space velocity of at
least 0.5 h 1 . 27. The method of claimof claim19,
wherein the crude productc hasy s $iydrogen to carbon
(WO) ratio between 80% and 120% of the hydrocarbon
feed HCratio. 28. The nethod of claimof claim19,

whargidod &5 ene s @RReRrifqhoiRsisak: | east 0.1 grams of

resi due per gramof h drocar bon feéd and wherein the
cr udeoppgg@thydgsarbory leed Witk oreoritieqie casflysss pPastionedpme gi more

&)‘ﬂé&tl 6‘}1esOJf atxedB&L re?cQo@t%rtoﬁlg% a&?ﬁf ﬁgfﬂfcp&gt 15 Wﬁ&jes the crude

r esi e content. 29. The alm1 er el
rvdued sthe@i0d8 cydapmdet issddijvidenixtyet 2§r°anmd . 10 bMVak, the

Igfdﬁ()t%gl%gﬂ H:\éﬁi ngg@, $§£§r£rﬁ %ﬁh r(g(c%iH)roﬁ f(i,eﬁm %@[awvﬁidgggdn%h%f at least

act1 ng ) net of cl ai ) erern t
(CbgltamsSanﬁ-aﬁléamnmfsh@@tadjlsyssdonmdsipg blﬁe@ e ybdlsrfmlm C8limn 6
The Eﬁl‘ m19 wherené ]I Col
ché‘% “,é? 1 § 8?e UOPYB TSR o t° Pr IF‘PYSHH‘%E‘ g Column
@dsfamBPetr@dGcﬁbg:rm per gram of catal yst.32. The net hod
of claim wherein the Colums 6-10 ta catal ys
P R A i R
e iof Bfdréded B B@noss 7 IMIdandsd ILIIIS‘aoﬁlttlléﬂsﬂﬁl h’[l td Iﬁﬁdhiémhe crude
oxi de, zirconi um oxide, nagnesi um oxid m xt ur

RIAHCE e crugls Prodygt Hing 6de%cfue6P%fF%0i9t MR 49 G0 e crocirbon

ol 1S il MBERInSreGdleab)Sht iNASdefrRHe b NZEM Method D5307.
distribution with a nedi an dpore di ameter fromb5

andBe mehed piclaimol, 3hgistn By drgcathen 6od Aagdt fé%lr%a\tﬂof of gileast 5,

zﬁlﬁ%ﬁtﬁ&iﬁg coRitidns QR af B BRGSiTeH Q th tﬁ’e%@ucﬁ%%ﬂ&% an rease in
The neth of claim19, wherein the Col ums 6-

mga\stycyéﬂdpgssﬁ rkagiye g0 b hydieerondeedof at | east 200
312/{86 mét%o Ef‘ﬁalﬁﬁm Wﬁgre fth@h%lrg@arrlb%n fé/@ia%ﬁseét leagJ@Ol%!rnléwgisCs

s cata urt hier conpri ses one of
@plmtenﬂsspelf gr@tmocwdmmrblﬁ fexd, ﬂqleyomeqctmgetpcdlfr@tblae% agvdioorrolled

%Onl?thg{ thggll;ﬁ? ﬁr%ﬁ@c? Be Sals% ggsgl%fll}g e](s) ngg%f %thrﬁ(yg? %’% og{hgg]ydrocarbon
fetdCmsprltendsepmem. t he hydrocarbon feed is contacted
4P BP RO TR, R o B By AR Ry s
198 a0MmosTT0G, iedt aloysase bﬂxhahycﬁmﬂfoatfmees@fue abntbast 400

50 Le methoél (r)‘?3 cleﬁer | o?lerem t e Sdr(gcre]lr on Q&El%gs X\slgco%lty of at least 1,000
cStat 37.8 °C.

6. The method of claim 1, wherein the hydrocarbon feed has an API gravity of at most 10.
7. The method of claim 1, wherein at least one of metals of the Column 6-10 metals
catalyst is molybdenum.

8. The method of claim 1, wherein the Column 6-10 metals catalyst has a total
molybdenum content of at most 0.1 grams per gram of catalyst.

9. The method of claim 1, wherein the catalyst is a supported catalyst, and wherein the

support comprises alumina, silica, silica-alumina, titanium oxide, zirconium oxide,

magnesium oxide, or mixtures thereof.
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38. The nethod of claim 37, wherein the one or nore
catal ysts are heated prior to contacting the

whyasoesasphon feed with the one or nore catal yseCT/BS2007/080429

The nethod of claim 19, wherein the nethod further
conprises fractionating the crude product into one or
nore distillate fractions, and producing
transportation fuel fromat |east one of the

. $hd mb@b&of d1amt 1, MSreindBe CAHuMM AN crafag/dmals Ao size
crude product, conprising: contacting dr ocar bon

qiggbrtign ety aediRgeIers Famefer G S Arsstross ES’n@% 3pesifpme from 60
£RERINTD 350 ShoP R 6L£1rEm O LAY BROBHD ahf@bnisncl udes t he

crude product, whérein the crude product Is a i
i Xbemethed ofbxsaing . amered. thoTolvma bakitmetieataldirtse a sty e area of
teeshnas,a viscosity of at least 10 cSt at 37.8 0C

and conttol I i ng contacting conditions at a partial

B Ebsureboddt daidr lo giberefat Eastipps te@lsiPghedyduran 6-10 metal catalyst

r at nost 450 OC such that a P-value of a
%gg%gggé/ Irc%b?l]:teed/tot al product m xture remains at

13e$het m&tth olecldiot lawhemimgberoluon 6ol thetdreogbyst dl® 1a¢1udm she or
IH%I‘S e egﬁ% gliomsgdt he &g 8#1 t?l? ﬁgn%dd Cd e%b&e a /o%l o¥é g’rc Odc’rle ¢ g gs of

o er aiore aletrﬁemsﬂrdny CbEmﬁSlSdﬁﬂerHEhﬁ(ﬁd Thiyle. ASTM I\/Et h od D445

oo Re ey S HFHG AP AR PG 0P (3 e ipydgitiona

Aa1.f, whbeihye ikaianbonta.ecbnsiséd onk @agibreidélale Hhm @tﬂumns 6-10
| east 500 cSt, or at |east 1000 cSt.42. The net hod of

1thg Feringic Tapls rad/r ore@r PoEsosiPpynds of ane a5 epee petajsfpgpColumns

RIEeUEs PériodatiTasrst 40% at nost 30% or at nost 10% of
t he hydrocarbon feed viscosity at 37.8 0C. 43. The
Wet hocged ef daim 14owheipiarie additigaal salplypidias pmebddenanygontent of

A?Yéiﬁtqgleg}aﬁ@pétgrﬂﬁ)%fca@alw a at nost 5 MPa, at nost 4
MPa, or at nost MPa.” 44. The net hod of clai m 40,

\th &hemnathphef Cﬁiymlrlo eaeemront eenroreepd therea@ysts glsa\mﬂlsdemn glditional
Aa?a [ atd thé":&ddlt %ﬁl 552%25? i rpggltlgllle%I d&kﬁi&gﬁ%@ rﬂ?&:: ébélilﬁll’(ljs 6-10 catalyst.

act con control
Wo ¢ lyletbpéefeclmml logihtginghe etidd madict BasRrdatet than H@ranThbut less
[ he hydrocarbon feed has
tq?l} (FSP%r%}fné‘Bﬁﬁ k%t (e or ¥ edse'taf&lsjtge per gram of hydrocarbon
feedbe mntrtio&\hfecﬂamrﬂ t’viherenlrthfdmeqhod)ﬂmmbr dvaprisesifesiichagng the crude

R Bt o i Pl R nee By PR i W v

cﬁlfeocthaldmlnﬁiefmhejhel n at nost 0.003 grans of sedinment

ir%er €t Lot al pro uctc{ h%drocarbon feed mxture is
ﬁr&*& e P IO AE IS B COMNE et hod of cl ai m 40,

wher eba@ingla@@slocabeh Ed ¥ IE ofedirahifs tfal gRNPBIpr&RGe @ta)&ll @foduct

nmore nmetals from Col ums 6-10 of the Periodic Tabl

EaRe s CBHe RENECBRBE NSRBI & HOHE g 5 °C and
d. 1Rl mydrRarbfn fRkd hivgndevib@dinCorBaRLh& 10 ¢St at 37.8 °C; at least

one of the catalysts comprises 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

controlling contacting conditions at a temperature from 370 °C to 450 °C, a partial
pressure of hydrogen of at most 7 MPa, and an liquid hourly space velocity (LHSV) of at

least 0.1 h™" to produce the crude product, the crude product having a viscosity at 37.8 °C
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49. The nethod of claim48, wherein the Colums 6-10

netal s catal yst has a total nolybdenum content from
w@2@8043368ams to 0.6 grans per gram of cat al ystPCB0S20071@80429

met hod of claim 48, wherein the Colums 6-10 netal s

catalyst is a supported catal yst, and wherein the

support conprises alumna, silica, silica-alum na,

titani um oxi de, zirconium oxide, magnesi um oxi de, or

dMaX il §t 899t dreice@dcosiBlof (e dRRAMEK el aCI7a8 W, 4t wiNdGH @ IPDalue
the Columms 6-10 netal s catal yst has a pore size

diadwriopypelisediiofth Prrdpe diiaHregd pdeatt hifdvidte pyainggwherein

@&%&f i908ddi@minl b3 NGTM OitFhod D495, &0p QGRS é&%tehﬁmé@%r ASTM
stronms, or from 70 angstrons to 120 angstrons .

Mh o BYHSBE of claim 48, wherein the Col ums 6-10
e ?‘ﬂé Sie@Gad %&fﬁfn 1@%‘8{9&?%&! \Q&%Sl? af%@\z\.ngC %} tﬂeiﬁggﬁ)ca?rp(gl feed is at

53. The netho claim erein unnms
16a81mmﬂbaﬁéﬂ@b$s®raitmattﬁéﬁo@%npri ses one or nore

fll %H@l%%fﬁoé Btoéﬂlﬁ;olbu&'gerg'lﬁ ftl‘l-')e V1§CI8§1PP & 517 gdt %f II%Q(% gro?ch’é%oart most

nore co
m Lanmoﬂ;BO%fortatmodPéf)%mﬂ ithe h'ydto)lcafborﬁﬁed iﬁh@smeathﬁd; 6

Prah et S B Shgr b ufor o R Rt B Brofirih feca

wittdortel oo Madre @atladsy g Powilierdf Seshydfvearbon fmd/e)tamtoaha rﬁikmm,

Col u 610ofhPer i c Tabl.e and/or one or e .

EoHEn e sonin ot i IS o S e O g TR, i

atth@stFie(Ii odi ¢ Tabl e.55. The nethod of claimb54, wherein
he additional catalyst has a_nol ybdenum content of at

Fots mghgd S i W9eWhiypiahegrartal pispspeq of hydrogepa alpapsh §MPa, at

19bst 6 M IThARost WVBFC bt &R\EBRIPhNY the hydrocarbon feed
with one or nore catalysts conprises: contacting the

Hy dhorathadal dlaad Swvhereintee todragashen Bed basmpt/dilgravity of at most

gatal yst; and contacting the hydrocarbon feed with an
addi tional catalyst, wherein the additional catalyst
Bothpe instbed plidaioy [ 9nwheaeinghedb@l prodirat CunpreasC 6o L0 hydrogdseons

/4
BR8] £, 1 0, AU pROLS SETPRUAE O 20 prn
dm@alvﬂn@duet n the addi t| onal catalyst is positioned

ﬂ')o ;fﬁes %et%?&fglal&mﬁo%%ﬂ%oﬁa %%E)lﬁﬁt n@ lay ohtroqfed aEr Pﬁ%uld hourly

erein rocar
spaxwtxahteyjofmtﬂdastd}@hbr m)re cat alysts in a fixed bed

HET Pepad St U ERRED oftndh Bk D1l oo o carton
eOpatabsitecndo%aind 1@a%tof 4fthydfochbomdfctd MEC peib) od of

i dpe e 8 LERHE il 6 PR R L orroF 04 grams
STeHi e tbiNgarh e hiebagoa r&annil @@ereit thdcrhEproMet Bds aledi e
c%%%egtl (%/fSaE most 90%, at most 80%, or at most 60% of the hydrocarbon feed residue
content.

29. The method of claim 19, wherein at most 0.003 grams of sediment per gram of total
product/hydrocarbon feed mixture is formed during contacting.

30. The method of claim 19, wherein the Columns 6-10 metals catalyst comprises
molybdenum.

31. The method of claim 19, wherein the Columns 6-10 catalyst has a total molybdenum

content from 0.001 grams to 0.6 grams per gram of catalyst.
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60. The nethod of claim 40, wherein the nethod further

conprises fractionating the crude product into one or
wOoree08/0¢i783 i | | ate fractions, and produci ng PCT/US2007/080429

transportation fuel fromat |east one of the

distillate fractions.

32. The method of claim 19, wherein the Columns 6-10 metals catalyst is a supported
catalyst, and wherein the support comprises alumina, silica, silica-alumina, titanium oxide,
zirconium oxide, magnesium oxide, or mixtures thereof.
33. The method of claim 19, wherein the Columns 6-10 metals catalyst has a pore size
distribution with a median pore diameter from 50 angstroms to 150 angstroms, from 60
angstroms to 135 angstroms, or from 70 angstroms to 120 angstroms.
34. The method of claim 19, wherein the Columns 6-10 metals catalyst has a surface area
of at least 200 m?%/g.
35. The method of claim 19, 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.
36. The method of claim 19, wherein the hydrocarbon feed is contacted with one or more
catalysts in a fixed bed reactor.
37. The method of claim 19, 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.
38. The method of claim 37, wherein the one or more catalysts are heated prior to
contacting the hydrocarbon feed with the one or more catalyst.
39. The method of claim 19, 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.
40. A method of producing a crude product, comprising:

contacting a hydrocarbon feed with hydrogen in the presence of 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 and the hydrocarbon feed has a
viscosity of at least 10 ¢St at 37.8 °C; and

controlling contacting conditions at a partial pressure of hydrogen of at most 7 MPa
and a temperature of at most 450 °C such that a P-value of a hydrocarbon feed/total
product mixture remains at least 1.0, a total consumption of hydrogen is at most 80
Nm’/m’, and the crude product has a viscosity of at most 50% at 37.8 °C of the
hydrocarbon feed viscosity, wherein viscosity is as determined by ASTM Method D445
and P-Value is as determined by ASTM Method D7060.
41. The method of claim 40, wherein the viscosity at 37.8 °C of the hydrocarbon feed is at
least 100 c¢St, at least 500 cSt, or at least 1000 cSt.
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42. The method of claim 40, wherein the viscosity at 37.8 °C of crude product is at most
40%, at most 30% or at most 10% of the hydrocarbon feed viscosity at 37.8 °C.

43. The method of claim 40, wherein the partial pressure of hydrogen is at most 6 MPa at
most 5 MPa, at most 4 MPa, or at most 3 MPa.

44. The method of claim 40, wherein the hydrocarbon feed has an API gravity of at least 5.
45. The method of claim 40, wherein contacting conditions are controlled at a liquid hourly
space velocity of at least 0.5 h™.

46. The method of claim 40, wherein the hydrocarbon feed has at least 0.1 grams of residue
per gram of hydrocarbon feed and wherein the crude product has a residue content of at
most 90%, at most 80%, or at most 60% of the hydrocarbon feed residue content.

47. The method of claim 40, wherein at most 0.003 grams of sediment per gram of total
product/hydrocarbon feed mixture is formed during contacting.

48. The method of claim 40, wherein at least one of the catalysts comprises 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.

49. The method of claim 48, wherein the Columns 6-10 metals catalyst has a total
molybdenum content from 0.001 grams to 0.6 grams per gram of catalyst.

50. The method of claim 48, wherein the Columns 6-10 metals catalyst is a supported
catalyst, and wherein the support comprises alumina, silica, silica-alumina, titanium oxide,
zirconium oxide, magnesium oxide, or mixtures thereof.

51. The method of claim 48, wherein the Columns 6-10 metals catalyst has a pore size
distribution with a median pore diameter from 50 angstroms to 150 angstroms, from 60
angstroms to 135 angstroms, or from 70 angstroms to 120 angstroms.

52. The method of claim 48, wherein the Columns 6-10 metals catalyst has a surface area
of at least 200 m?%/g.

53. The method of claim 48, 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.

54. The method of claim 48, wherein one or more of the catalysts also includes an
additional catalyst, wherein the additional catalyst comprises 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.
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55. The method of claim 54, wherein the additional catalyst has a molybdenum content of
at least 0.1 grams per gram of catalyst.
56. The method of claim 48, wherein contacting the hydrocarbon feed with one or more
catalysts comprises:
contacting the hydrocarbon feed with the Columns 6-10 metals catalyst; and
contacting the hydrocarbon feed with an additional catalyst, wherein the additional
catalyst comprises 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
wherein the additional catalyst is positioned downstream of the Column 6 metal
catalyst.
57. The method of claim 40, wherein the hydrocarbon feed is contacted with one or more
catalysts in a fixed bed reactor.
58. The method of claim 40, 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.
59. The method of claim 58, wherein the one or more catalysts are heated prior to
contacting the hydrocarbon feed with the one or more catalyst.
60. The method of claim 40, 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.
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