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WD 2005/ 063926 PCT/ US2004/ 042338 SYSTEMS, METHODS,

AND CATALYSTS FOR PRODUCI NG A CRUDE PRODUCT FIELD OF
wariashédvBNTI ON 5 The present invention gener al PET/US2004/042338

rel ates to systens; nethods, and catal ysts for

S, MR RS KNP A TACYSES Rk PROHOEIT A CRuDE
More particularly, certafRODBEd ments descri.bed
herein relate to systens, nethods, and catal ysts for

nyer si ! e feed to a total product, wherein
MMCI udes a crude product that is a

| i cjthle Ghra¥enit in&ntivh gdRerfllRelats fdsystvis; dlthads] ahd satmtystsdor
nore properties that are changed relative to the

treatiegsgude fagd, mddpspmpogitiontibat eanhgeredicad UHRESHIEISEMSor

AT ART Cr s t \ i .
et i St O rfienbodiEt UL AR Sin relate to
syst&ﬁ@,f‘xﬁéf%lé@d, b:llfd %z{tﬂplﬁ_@ tﬁfrtoadver@ironmf @.&uﬁhefdeldgmi antgtal prodduct, wherein
conventional facilities, are co njy. r e
the tatal panetinalvdegeeruds arndet i 1§ S0VaIH SUERFECE 0 oC Ay Tiol MPa
hncl ud i qi ' b of th
ot I S RATEL oblEd BN S st e
cruderfyeles with a relatively high TAN may contribute to

met al _conpanents during transporting
5 TED ARL (i sadvant aged crudes.

Rey gles fiht 1@9]% oF QIPRORERHELIE hRTHertics AR A8 o alow K ades to

he . |
ma I nvol ve chem cal ly neutralizing acidic

be econqmiveliy sramipbted;ar puwssied sieing cahventioanldpsilities, are commonly

cor.r osi gn-r.esi st ant Lals may be used in
fefe!"FQﬁ%B%r‘B%"%‘ﬁ%%ﬁ%‘i%m and/ or processing equi prent.

Th qjiéﬁ’(fvaﬁ{afgs& ERudsd PRy iRhidetaitic BBhponentsttkat doniributets the total

significan and thus, the use of

expense, | _ . -
acictmmi(‘aw&ogﬂm arudedeedt Digaduepisgecherudef vishaselatiygfy high TAN
- not desirabl e. t . i nhi ki - .
i nE R R R TSR BipoBBL Bn nfipoRing 4121 BReRSking of
the disa@ehvtiped gRMlles.r Relasva of acidict soarmpents g disaitvantaged crudes may
processi

v comnls oSSR SR o e
cor%§ﬁ>§-r%§lst@£ﬁﬁ ngzﬂﬁbecﬁs%g E{? dftefiod fisie@ltiahd/oPprocessing
produ uced“fr e cr d

Ct's pro omt des. Di sadvant age
equipnieints Thé ussofomntosion-resistant methloftinghvoluessignifieant expense, and

resi due.. Such high |evel.s of. residue n .
thf T VA ECORROB AT SRt n BB bt g ot E degirable.
An%f?&ﬂgeﬁgd CORBEH doRfdonlrAgy invbive addifof ad vafdsiarithibitecors

ten contain organically bound heteroataons (for
dismvantafred crudes tiefore tonsppeting andornrosessiag pf therdiwadvantpgsyl orudes.
’['htglgq%n §g§t8*el¥ng ?uﬁh?@nf?rga g%/ag p'f;é‘ﬁt@%[?%f%& g@.&@?u Z‘ élgsac!gﬁ)"froé’&s the crudes
mﬁ%@%ﬁﬁﬁb@ﬂ%@ﬁ&s produced from the crudes.

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

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

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

have an adverse effect on catalysts.
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Di sadvant aged crudes may i nclude relatively high
anounts of metal contam nants, for exanple, nickel,

W 2008063926 and/or iron. During processing of sBER/US2004/042338
crudes, netal contam nants and/ or conpounds of netal
confadvaanges, cridey ntiyrinalide miattvelynigh amonhtstofienctal contammants
catalyst. or in the v d. vol ue. of the.cat

for eaérpab» e #ayan@éu% palgbisphm Do e presesang el TR EdsE el
cont&@ aces at G Pgﬁiﬂgfo?h{&eﬂ'&%ﬁﬁnm%éy &Boﬁ@él?h}lﬁ‘face of the

rate during processing

catalfjrstsc&dn thet v dokunwdﬁshe datalysty Speh depsisity may causgardsclinein the
t he cat al %tl c activity of a catalyst contam nated

activifyiof thof@alYsh gh t enper at ures used during regeneration

ma Fh Bh&br ddpdsit 8k Chtdiysyswefactds sGapid rxetdusing pocessing
caﬁlsogét gqgata ys{ tﬂg deteri g%ate 10 D sgdvanta eg/p

of dmduéawgadwrur!m; | ey rhetcastly torreganeceate thel catalyic fﬁlyﬁlﬁ pta catalyst

@Bty ke S Eh ot e B R ey oo diminish

the d%ﬁht} MP&E%{aszﬁﬁﬂﬂéﬁdaﬁﬁb ﬂleema@tssmm@geﬂ crudes by
conventional ‘processes, for exanple, desalting an /(?or

ac Ltusa,dasmtagﬁgl cradesaeassiaslude medls Bnmetal salisof PEEDICACI

nvent.i onal I
s
not §pitallpsadiated frof disadivamagel drydesdymonientivaal probesses, for example,

external surface of the catalyst, netals in netal
desadting andir agidgwashingaci ds nmay deposit preferentially in
VO' el phRessePIhbh fiétAd fnVnetal
%eég%eg%&a%?ﬁ'{% cat aflyst(ﬁ%’ g‘%Thg e%sosm of
saltmrth'gammmﬂs arefpogsentx dnpbm;rastm:t zibkeljand wemaeﬂllum,awhlgh &fpically

RN C I T T ———
dep{)sﬁ‘tr Jﬁb‘ﬁfbn'haﬁy B?Golé el b@fv&e%ﬁfchtéﬂlsypﬁhblﬁs toaeticuddrBl at site top of -

Moreover, the netals in netal salts of or anlc
the catdlyst bnéy Tbe depositaf contamingnts, fariesample, staky ipgpetal salts of
Di sad d crude
ora i o ALe Frr ok e e Pbad ey RS L BUIA in pressure drop
throdgis 8é\hat taad ethyfiedecelyWolug thélcaixlygebtdc ddidreaverpthe aetals in metal
| east 0.002 grams of .oxygen of di sadvant aged
saliofieaniageidnmgl sawse e E‘F"!‘ﬁ’é’ ﬁ@t%"ws%ess. ng. 25

O
or GRS G SR e %‘M AEEA cOttpbitts, Trespment
facibiesthhteprotess disedvantaged Crudes withfooxpgenbgontsnt dfati lcmt 8002 grams

rmed by oxi dat.i,on

| cohol / d
of oR YRR B 81388 P S1SHYERES Y oY DN HEVLERS g A ecebing
Org@itflo g% n‘g&b&h@@ Sief ‘EEQH& AakiS FdeERIR) inad Yot Bigher oxidation

proce cduse plugging Th transportation

cormponeds. (f(ﬁ(bxﬁmph;i Yetonesgpad/or acide fotmeﬂl bmlw@nlﬁf@k@b@lﬁ and/or

w4 A o ST
Prod%&ﬁﬁﬁidﬂe it di8n@ PRREssirdd c@uéeéﬁlhggmé in

unsa ur at ed fragments resul ti ng rom cracki ng
tranﬁpartaasséslesare produced Hydrogenatl on during

act Béhﬁ?ﬂg?ﬁ 3 iﬁg{irn Vgﬁ,lgéeﬁ%l%ﬂ%gg%gcg{b%s Y/ hen

proée@ﬁhg bf hjrk%@édﬂe’ﬁci%@ht Bj'rcﬁf%@l%r& gonsistent quantities of hydrogen
generally need to be added, particularly if unsaturated fragments resulting from cracking

processes are produced. Hydrogenation during processing, which typically involves the

use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
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WD 2005/ 063926 PCT/ US2004/ 042338 from form ng coke.
Hydrogen is costly to produce and/or costly to
woeasepoeé to treatnent facilities. D sadvant ®§FAIS2004/042338
crudes also tend to exhibit instability during
fromp ferming coke. i ydregeniis gosthyrigipraduse knd/oeeostlyito dransport to treatment
faci.!'iﬁﬁstpabi ity tends to result in phase separation of
onponents 5 during processing and/or formation of
undeisidvablage®¥rudeLalbs tend (4 @thilbix a¥ebiity dueh® gRitessing in
sul fide, water, and carbon di oxi de). Conventi onal

conpprgionalasiliges. darudg instabplaty dends te yesult in phasg separatigneficemponents

' dungxégg@é%%r%%cﬂ T %ﬁ%&%@%@gmﬂe e—ﬂﬁ:dggtg ildfl';])rtg%%ﬂple, hydrogen

yoc angi ng other pro
sulfitles avdten rtind garboprdisidde)For exanpl e, conventi onal
processes often lack the ability to 10 significantly -
a

r edeRrental progesses afimlaclathe @bty dcligmer @ selgeted propskiiin
disag#rﬁga%eﬁ%ﬂdé:vbﬁﬂ&it%o S%@ﬂ@é@%ﬁ?ﬁgﬁ prﬁ@%&?@ﬂtﬁ@t

eftain conponents
disademitagedreawdes ) Farexahplegcanaentionahpedessesioléen 13ckathe ability to

SB35 kP BBl 43, B 4824 i
by #\RIsHEd aR6hRané cQiteROTRARAR ESmBGHHntd q@.\%ﬂ A%ulfar b ethP

di sadvant aged properties. Adding diluent, however,

contgarieants)liy thendisaslysmtegasoarude. of treating di sadvant aged
co ST ErbFenith o B iR oSt St BF Bl AR A Gheny o

- disadiraritgiid dredes t6l tvaa iR NvaigRCheéditl 6f DB porieAtsSRRRibuting to the

. Situations, decrease stability of such crude. U S .
disagyandzgedseperiess 4rdding dijluent; hawaxer: generally incrsases osts of treating

sl e e B0 1 ol B BN g ol e

- disadiantaged, cB®des.” @ddittonTofaklnént teh didadvarbeddd bredRGniy in some .

. Trachte et al.... an S,ESé, 381 to Tanaka et al., .
SIRHONS %E%ﬁ?‘&‘!}g"b&@&lé € 'systenms, and catal ysts for
. pr %.ﬁ;?ét&&(}%éﬂﬁsa?ﬁy??o dakaS3l.; 6,277,260 MEVéls et al.;

catal ysts described i n these patents, Eowever, ave
6,063i266tte drapds ¢tahp?,P28,§02 tedBeandom avfal. nBAY4,080 tBearden et al.;

ical .proble fort h above.
5 897 5300 drectliedt 17 oaal o3 e 2P Henl 3 A P anaa et al,
desdiibRRBFibhESrotdsdés, SysteiiN, Gnd cAtSlyatk forgir¥cdibiall chilk. @he processes,
tendency to beconme unstable during treatnent, and/or a

systempcad optalysts deseriheddn thesepatontshavwevge havelimitsd applicability

i . r esirabl e
becal¥E BEAARY S fue Ak ACRRIR s se{ ortf b ot o o
unde sinhadisfivearpehentés deherllf havPilesirileé peiperties (for example,
re]aor %gn,l _al |y bound heteroatomnms, netal contam nants,

_ tendenqyite beqonponnstablmdwringdrenimennandder a tendency to
con%%@laﬁvg%?ﬂg%g a&%ﬁﬁ@%?ﬂé%t}og%@ﬁirﬁ&&%&t S?ﬁ‘l‘?&? tnd & %l:r)le

cause pr I'n conv ansportation an
progertisatingode fedativelythiglt amomeh offindgsiratle eaapohenty (forsdxample,
.decreased catalyst life, process plugging,. and/or
resiqyee 9@3@@@“&@%@ erpafamsJaakroniamynagts apetalsin metal galts of
| £ i
oral iR, SRS Rl BRABAE, S0k EDPReE Rng 5 Bhbst Bloblems
in caneuioml aansplortdiieaahdist teeg et facdkitses] ichndarg iderepseddoabsion,

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

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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3 WD 2005/ 063926 PCT/ US2004/ 042338 nore desirable
properties. There is also a significant econom c and
woeaolsniesal need for systens, nethods, and/or PETAISPEMHHH42338
that can change sel ected properties in a di sadvant aged
moférdéﬁhﬁaﬁl@#ﬂo B4 YTEé&E 85 4lby £ bignificaitgicogomichiad tenhaivel heedor
S

in the d dvant aged crude.  SUWARY OF THE | NVENTI
sysmisnmethois ned/decatalysts than ereehenge priscigd propertiss i 3 @gag\lamaged

eS0T T S et SR e
SUNMARY OFTEHE INGENTIONDodi nent's, non- condensabl e

0 omeonesamhe v SO BOaR 8 S EroRLegpt Sl s o
. . - .
con SERRRY Pyl 1l o b B Rl B R e P i
emﬁ&tﬂxghm,thmﬁd@tsabliecges. Ivertionsdestiribpd hdmmf algo gemﬁbgelate to
r t, r ng. .. t n t n

conbpoxs s e snel astip s o eoemeble g SteHsbfrdfBons can
be 6&%9(?5%%%@&(3%&5@&5%& AeMlods WRLLBEd héfem. Cr ude product

IS a |I1qul m X

ure at 25 C and 0.101 MPa, the crude
f eeThdmventipnaprdvied methoded prodicidg agmadesproflect seorepising:

corie 35 o 8 S s b B ot
me}@ﬁ%d% digéddcﬁ aterdiR HROYE plolifcttios Bluit umiRaire of 29%C sd 0101 MPa,

e size distribution having a pore dianeter .
thewirudei feedifavingy TANeofas déagh0.poand ag ?eanteqr@rqf theatadysis heyies a pore
. Si.ze..di.stri.bution is. as:i 11 : T} O
sizgi5EER PiB A bRl Pl WaFhEFatatke SO AU PATR with at least
60% T tise 188€ nuBb rd3dia tlie Podblsiaé distritniish hadivg afporddiameter
feed, wherein TAN,is as,

of the crude ] etermned b .
WIthET3 Mok e pore SIvRct, HPEIHiA BRFe 3126 GG B Gpag 25 determined

by m g%e?ﬁodoﬁm é.\g@ F@é@fl%ﬁ&ﬁ&ﬁﬂ% bondiROMY dush Bkt the crude

ing a cru one Or nore catalysts to

praducidise @ TAN of &l mpst @0t of tha TAN oftha doxle fedde wherptio TAN is as
product, wherein t ude product is a liquid m xture

deﬁm@@@%&%%@ﬁé&- the crude feed having a TAN of

at &ﬁ@ﬁﬁeﬁﬁ%} aléd ploSRRE adRGh@ ofith6difedigtd #als pfoalvct) Goraprising:

pore size stribution with a nmedi an pore di angeter

of
comthetingastrudkOfesd with opeton meire caiallysts KemRANES higtal Prodyetibst includes

d,th t al yst ' t . size. di i i
the e o Egrah o codp BB S  ighle Byt 47 oG R 0101 MPe,
thebrB RERHRVIRE 2 TAN ¥hal€easD.30Mdet onesfahervatylysis aving a pore size
conpounds, calculated as wei ght of .no

| ybdenu or,
distribution sgth haedion porgriiaefar piat @aﬁw%n@sat{qi@rﬁgnég by ASTM Method

T
0.0091 Geiney te10nEsgrhins A8 vblybddimeh, D6 ér mafe Mbkybdenventorppounds,

al so provides a nethod of producjin crude pr.oduct., ..
calgwkisdias psight oEBYYRdEnig, of reyiites el ape FoRUlipg Copticting

o R AT | TNt TR o o cve
feddi, atibdinT ANUS es déterdiinel and STM Meti@D664.he crude f eed

Bg\él n% é]?ve-pr@gtlg glfs% 2&0 \ e%satmgthg’d ofj Iic'rogﬁcti% i Crrll%g p?c}/du'ét?-ggﬂmprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is 2 liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at Jeast 0.3, as determined by ASTM D664, at least one of

the catalysts having a pore size distribution with 2 median pore diameter of at least 180 A,
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the catalysts having a pore size distribution with a
nmedi an pore dianeter of at |east 180 A, 4 WD
WQOMS06832026 PCT/ US2004/ 042338 as deterni ned BETASIN4/042338
Met hod D4282, and the catal yst having the pore size
c%—ﬁ}jﬁ [ MiPth SERAVA fesixe distribution
asd un%%%?%gﬁgg?i%zisg’ Tabl g,%atglr?{e or. r%\irhgpf:)orrpounds
commrisimgencoor mureenetals Ko Eolumrchpiithe Periodicligblepang expmere

Tabl.e, .or m xture her eof : and [.Qkd i :
compRis bf Phe St es SOk GRS Of 18 BeFifdi TiBle, or mitures
there\?ﬁ;%ﬁ', Bhtrélling eomMR&ingRHeiRiont BEh AN thé ciulde pardudehdsacTAN of at

erein TAN I's as determ ned meM Met hod D664

The
most 3096 nf therT AN 96 theramdedfeed, avheseindai N s gsrdstrimiingg by %ﬁ'&%r&%ethod
D6 roduct, conprising: contacting a crude feed with one

r nore catalysts to produce a total product that

i nThe @Rentidh@sE prodRlep s attlisd offredwiing 4 bade prodincy coniprising:

is aliquid mxture at 25 C and 0.101 MPa, é’?%‘i‘ﬁ?? o olud
conteotinga qredaifend withgne anmere gatalysts § produce 3 tota] thetfincludes

the e e%%}%ﬁ%@&%e%%?@ég@d%g bt is a3l ABGuwRfat £5C and 0.101 MPa,

one or re metals from

the cﬁlgdetmed Ravihg TAN dﬂmtlllezd} @3, éﬁacgramimglday?AS”ﬁMMeﬂpdg_bﬁﬁw gnd at
0 one or nore netals rom um of, t erl . qs

leastromsiof thesraialysis erBRIeRdALEAS OTIRRreBIAI fOR, Polyrb g Periodic

Tablk! QY oﬁia&%?ﬂago&fdstoﬁ* SnE'6F Btk Metal?Pbi CoMitin 8Tof Y Periodic
conpounds o s f

ne or nore netals from Colum 10 of the
TablPpsr mikitured thefenl and () onei ortrowre snatide oot Column Lthefthe Rerodic
mol ar ratio of to

al. Colum 10 tal _to.to I .

Tablg, e ofmete cpmpgURdsHf o PHRCT PR o (HeBh D of ﬁ%n%%d‘°

Table OGH ARkrR O tHERRE! dnl] AWHRTeiH & Mndlfedatio bF StArCilemA 0dhetal thastal
a TAN of at nost 90% -of the TAN of the crude feed,

Colwnbwie 6 anetal T\t a jasgafonek tor 19; aud controlling pontactiag copdionsigygh that
: et ; .
e RUERLHCL 413, RSB BB il B Sy

is asQiRErfinddyeA STVEN ¥tiod D684pr oduce a’'total product that
i ncl udes _the crude, product

i.n th d duct.
i s Thefimpntion alsg pravidese pehed aﬁ‘&%éﬁéegaﬁ FPKe Drodet SPEREsing:
cont%cgzﬁ% %&Mﬂ@ feedl w-irfﬂ\&n%gqr ?1205‘%‘. %thfyfs& 18 Prcﬁﬁge b ?lﬁal%@%tg:’t HER iR ludes

St'S conpri si ng: Irst catalyst, t first
the @adepipdtcthahiersi, the erudg pasduot isfaligid mintateys 25 °Crangh0.101 MPa,

o L e e b e B by s
¢ e0.06
a ﬁ:%g::ﬁ%gﬂési‘ﬂgﬁ%ggslt g%@lggtlr I%a‘%‘ﬁfge pEEdB O Bafaly st Tor® lOQ'.‘OOl 0.0

ulated as  weight of netal, or
granns oft oneer mhrermethls foomal Cobimm6 o€ therReriodicalaply, ong pemore

second cat al yst hayj r__gr.am,of t
comppid s g ooty el o (3t AT LR PR fofé Hotibled as
weight @F metd) CorBixtiRed therbab afd (¥)seebnd'Batlysptisaesudd catalysnkaving,

or nore netals from Colum 6 of the Periodic Table

per gratrcofl secend catalyssi af rast. 02ravams, ofppnawnaneiiedretpls gy Column 6 of

d trol | 30 t [ i1
e T i o
Peribie Tabldalb@iadd avivelght bf thédl,ic® neisiuales thersdf) end byntrling

Met hod D664. The invention al so praovi des, a cat

S
conieetinmamditions sedvibt the pryde pegdughiaasey T AN at most RIo¥ 3t the TAN of
the crude feed, wherein TAN is as determined by ASTM Method D664.

The invention also provides 2 catalyst composition, comprising: (a) one or more

metals from Column 5 of the Periodic Table, one or more compounds of one or more

metals from Column 5 of the Periodic Table, or mixtures thereof; (b) a support material
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.- Perigdicakabled ot fixiures shereafh

of ffReft SRR iR Mt et SR By

metals from Colum 5 of the Periodic Table, one or
nore conpounds of one or nore netals from Colum 5 of

wo bsPerpodi c Tabl e, or m xtures thereof; (b) aCTSPEAL042338
material 5 WO 2005/063926 PCT/ US2004/ 042338 having a

havﬁ:? Blfetd hlﬁ%ﬁ@c&ﬁéﬁt%%t Rhst 8l1 prasislof bhela SluAiEa S ghdif b support

um na per gram of support “material, as determ ned

matmabasrch;ermmeﬁrlarct-raarﬂlffm;owa@d@vhmm shecentalysp bas pagresize

ciseifPo s aioph vt BBl ol o e SRR R Emith N B
Meﬂ{,@pqgspntl on aI so provides a catal yst conposition,

g%plsmg (a) one _or nore rretalsfromCoJurmGof
dnventips alsgprevidesfecatalyHSPEPe g HOB FRRPTISMEL(fd OB Or more

0 r
sy G BB B e P
met4lh Gog @bl G o£ 0B PeribdioTable, biemiitues theyeodn) afsuppuat material
al um na per, gram of support materjal, as determ ned

havipg agheta pluanipg cantente at least Onherams ol iheia alapipa ar ghagm of support
€
e Syl gyl iR ol dold Y B R PAY B 1t ABcAe
distE¥AR2 wille niedicarjoredianicton of adeast é§0 A, astleteymined by ASTM
ion, conprisin a) one or nore netals from
Me‘@aﬁ?ﬁi é of t henger | odlgc (Tale e, one or nore compounds
GnntidR ko pfitvidéssh éa"tél#@t G@inégﬁugn,%niﬂ?ﬁm%e (zii Q€é 6r more
rom

one or re netal s [um 6 of t
metﬂs rﬁroudColu'ﬁabﬁ of thePeriodic fable, cnspomatescoptpoynds efrongwr gore

e 527G 31 s T, 57 bl S0 i P ot

Peribhiét’l%bfﬂ dAE BAmMeR $oiPound oftdnel i 38dre Gaetalg ﬁ@ﬁiSC@Ihrr&xfﬁ‘:‘bﬁhe
al um na per gram of su&port material, as determ ned b

) aisupporhmelsaial haapga fhefaugina content

£, 0l o

diffrlgon; QM& ﬁihe@eﬁn desatabysd bk pore smtdﬁsjﬂbmiomwﬂhiamedgmapore .

diaq‘é%%rié et DA o drlemninger 45 Wk SeBRRIoARE. wher ol n

eSiHQé}{?f ?x 33?5\/18@39& HB&bha o? #}fﬁﬂu@fﬁg aPdafhl ecoﬁ{prﬁﬁfge

e neta nprising one of more- neta from
comﬁaxhugm sBpmirt wfth offe oi moiecmdtalsite forome snppoﬁimetabmnﬁwwerberem the
one or rretalsfromCqu t he Peri odic

supn%mp%se <l gluEas, FRd @R OF e oL h 8 el RISt g gnore
met8ls $80 @oRHRPS bf ﬂﬁ%ﬁbdi@?&b}ér 8nébr ﬁo}eedmﬂio@hdﬁ 6f dle ortmore

[ east 400 C. and form ngr cataly wherei n t-he
metalatfeoiny Eolunars 5 of therPerioilie ables or mmag rﬁhwﬁtfhh%@t tredlingthe theta

e di of at . | east
wﬁeg? ReBREhaskR atasERRtafdy of o P8 900 A BOeg e
ARt Retebreih the Qalgstngs 8 petsiteydibtribaidpwithiangediarcpord divimeger of at
a su&ort wth one or nore netals to form a

leasga;dﬁ) 29 determined Ry ASdM Methasd B4282% 30 support

i oA RN et oo o, ofofBi.
corrﬂ’ﬁ:ﬁih@ disappaabivith o8 er Bordmet1sco fpow n sppokt/metal mixtawy wherein the

support comprises theta alumina, and one or more of the metals comprising one or more

metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta
alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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metals from Colum 6 of the Periodic Table, or

m xtures thereof; heat treating the theta alum na
wopBosPgTEt al M xture at a tenperature of at PeaAIS2009042338

C, and formng the 6 WD 2005/ 063926 PCT/ US2004/ 042338
cata@dfs&,a;bh&éln m@@,ﬁﬁ uaaapeﬁtsaievagmbaﬁo@wnarmedlmpom diameter of at

| St

rlbut|onvv| a nedi an pore di aneter of at | east

leasp230 A a%@etmcdrbmé@m RA2%0ed D4282. The

in t al s row d t r.o C ST
o op b s B aE R ol oo 08 Bafn (Hftising:

con@ictifips enkia feddywith oh®oPmoratl wtd Riprbdupeactotal ptddatt that includes
includes 5 the crude product, wherein the ¢

the prade neadurts whersigy thecPrydaqrofet if a Beid miEro atl%ﬁ"w 0.4§kMPa,
the gI,PJH? ﬁeefd%%% Tﬂﬂf & arﬁé'ﬁlstq; 3.3} le!agtaﬁfe oQaﬁeS(f‘ ét? ﬁé\tm%g ?ﬂre size

cat & s having a pgore size Bt ron
disteibatixeh With paedliah pore dismetdr oftat leastsli80 13&&sﬂeteaﬁmed by ASTM

eterm ned by ASTM Mefhod D4282, and, the cata
'Me\%aé ﬁﬁ*&s%mdﬁﬁ? eatalysthayingithe poreisizs W% GOgOR gdheta alumina

Uk fore %@ﬁ&n‘ﬁolﬁﬁﬁ% dﬁﬁ@i’&&ﬂ@gb cHﬁ‘?)r St cbiiBounds of

erio e, one or nore conpounds one or
onerop nmrcm:te.ailsﬁ'bnxﬁml@nimﬁ‘mf tBe Béndd:le TEelej mdnn{tl"n'a:bthereoﬁsrand

ol e i S SBR 9uS0P! AEA Tyqggmos 9% o

the TAN off2&Rlde e wﬁé%@fmm@ a§ HdEninee By AENVIVIBhIMNGES.
as determ ned by ASTM Met hod D664. The i nvention al so

pr clhedgyentionmisequovidens méthor of producinge grdriproguct, comprising:

confeBfRg b Sl o A B 000 S G b 3P89 fugtBh fowrce o

pro@t[dé Qllﬂtﬁﬁl proﬂﬁét&haﬂqﬁadd&tthé brate pﬂﬂubs;i Q&chdﬁeﬂﬁrdﬂdk product is a
duct, wherein the crude product is ,a |iquid nxture

hqued m@s;u@ a4ad °6. apéi) WpMPe,tbe eruda deoddwyinga TAY of atjgestdh3, the
crudl ebERRNin@ rf eyl cotefGr dc it GIOYON Ghaftd oPEKAEER 10? BT orude
feed, and at Jend oat of ﬂmmd)ysesh lavirgeepara izt ylmtrsblltmmt wiith anpdxaa pore

) tr th a nme r.e

diapesgof aydeast SO, SrddiirmngtPn S A Mo A0 8 oSt

confa@ﬁﬁé %ﬂdlﬁkihs:%g r&ﬁ@é FAN Elﬂ:h%’aﬁ Ghd {108 Rlltdauéﬁﬁ\ﬂ %ei‘mwf at most

such he crude product has a TA at nost 90%
90%bfﬁmhé”HN\Nf&fe orbde ﬁcpds@edﬂ@mdpccm contentrof @rganicoxygan eentaining

of en.cont.ai ni n oun S t
conghoyyis G et RISy Daf o R oBERL e Bpicioe
oxytg&ecm@eﬁt%ﬂamaa@f&d GfhelrélQ TN ﬁiseasf@eﬁmuvddajyem}“wemd D664,

as determ ned by ASTM Method D664, and oxygen content

and.olgcyggl epatant if tmm%'fwdﬂe@gé@%% The invention
e TR, IR o s

confating ¥ 6iudle feedowitlal Uﬁ@oﬁmbt&t catalytoid l{ﬂbdﬁ(‘h attoiahploddetthat includes
the crude product, wherein the c¢crude ,product

the puge PePduFs Pibeesin heosude prpgicy isiphquibzuixture,a 25 :Sfj@ladr%éfal MPa,
the Pk ?&g?lgyﬁxgvaofﬂoﬂ apRsk P 1;zzm,gl aPfladlonk %?ﬁge é%%?ys@g h&vﬂ% per

cata ing, per grarhof cataly gast
graf. oﬂ?@éta@lsﬁﬁﬁleaét 0.001egrans oD fode Uﬁmmnlbtadnﬁﬁnlaﬂimnﬁ 6aff the

I he Periodic Table, qQne_or nore co of o
Pem?gwe'? , 81, OF PGPS COMRAAAOLANE G EnoTpaRetals) mr‘éﬁhusm '6 of the
Perﬁ)ai CiLA %Q]] ﬁﬁteweis%gtﬁfof Hietal or fxniFbsthifetf ahRbAPIling

d contr
contactmg conditions such that a liquid hourly space velocity in a contacting zone is over
10 1™, and the crude product has a TAN of at most 90% of the TAN of the ctude feed,

wherein TAN is as determined by ASTM Method D664.




contacting conditions such that a liquid hourly space
velocity in a contacting zone is over 10 If1l, and the

we tsespeoduct has a TAN of at nost 90% of t hePTIMUSRG04/042338
the crude feed, wherein TAN is as determ ned by ASTM

Met ; e
iR aitn aibo B ¥ HARRA B brdbog Y St oo, bifprsing
confaciig i ¢rpde foep iith o orannt aatialys ia therpréenteefia hydrbgansurce to
lysts in t f h
o 35l 5, S Sl S0 Sl
1iqu§n1;§£we at w%ﬁg‘oﬁbﬁwﬁ‘%% ROAHEd havinga TANIBE 8t least 0.1, the

ture at and 0.101 MPa, the crude feed having a
crudeAbeddiaving 4 sl cOntdnt dflagleBstdr. 0 drams ofisulfimgengmn é¢finrude

oG BRL A Sih S S Dt MR o o RS SO s o

Peri6@RTRbR] &% @0 coffpbRndBdfRine of MR fetald Mo CHlumB® of the
Peri odi c Table, one“or nore conpounds of one or nore

Perindic Jablef promixtuks theredfoindidoptrolting icontaetingismnditions such that, during

1 Xt up.es t epf: and contraol ling contact,i
confiiiie: HESRUORER untaRB AR ARy et R P sESted Pt to infpibit phase
sepdr@h offhedrfide iRl agHh@ EoktyeimpIRquia hodrlp ?ﬁa@@h@l@cftﬁi@oﬁ@m more

i nhi bit phase 10 _Iae aration of the crude feed during

confaefing#onehig over Hubh o thoorudy peasuetchayingor TAN ofrat giast 80% of the

e ; _ : )
TANBE the FRRLBGL WREEANGE: it Bayib g btk dolifont BT 130% of the
sulfor aoeieent eﬂfle %ﬂ?sﬁdﬂeo 4 wme?ﬁe'mml ;asﬂeﬂaﬂzvm" a@?ymmf thLMethoré D664,
C tent of, - 0_00 S r en (0] e Ccrude
and § ,com#lé?ﬁdqtmmeé %%MM%BEE%W Met hod
vors PRt ks ViR aihimodofirofitify SLAE pRiE thhnprising:
contacﬁrpg‘mpdfb -fwgd withrand®r prarel oatalysts dmrheipsesegee of a gaseous hydrogen
- souppls Bptuh Bl progtel Eandulck RO Sule i, SheR M
- product Bladlquitl Btk at DRPCiaRg DD MPAANE CHIELIRHS Bdithotin Sconcditions

wherein the crude product isa liquid mxture at.Z25 C,
suchgthat the cde fired; dwring coviictaiptakeg hydspgencatiarsglegtsd dateito inhibit

pha%;éggarat?cﬁlt of i€ cr%ﬁ%!' %%fig%%gg tcg g contact, uptakes

ogen at a sele 0" inhibit 20 phase

S e[The diveationilsé pRvides dandtbedlofiprbiiing o tiude prodlies; comprising:
i nyention al so provides a _nmethod of_ producing a crude

conteting cgrudeksre g hygroges dm theqrressgeeriangge mase gatglysts to produce

a tot o804 hah thchldes Ble B0 frofiior Viferdn HPLRARBIEMLELS tiflid

mixiproa?5t°C andd). K inViPhAe and voterqilinglemtacting achditjonsisuch that the crude
m xt ur t. and 0.10 A; and .controllin

feed s fomictsc itk BrefoetoRc: Lty drpian ke dPOUEon 50 e ot 8 second

B SRSl L i o

6]
secopd hpdrogemuptakesconidition, ydines diydrogen uptekainrttie firss hytheoigen uptake

. ff t . t.h hyd t ak diti
condilifn R aPnpg/ RS PR oF A iy et e B e
decr6AnH Bl 1153 ab PO &t th6@ tréperiidd dFithe Fud@bié@u&ich@ngd B most

feed/total product m xture from decreasing bel ow I.5,

90%eslitiverto the respeasiveonp er moespropertineofthadmderferlict change
by -at . most 30 90% rel at | th i -
0 8% VBBl Ra bl S PSS YRS oShprisiog:

contacting a crude feed with one or more catalysts at a first temperature followed by

contacting at a second temperature to produce a total product that includes the crude
product, wherein the crude product is a liquid mixture at 25 °C at 0.101 MPa, the crude
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
wOedoB/06Res Or nore catal ysts at a first tenperapQrais2004/042338

followed by contacting at a second tenperature to

1 i necl
feed SSEPTAN 8 of et €5, 4ot 0N InR b AEG dFicH S ot th first
coniacu@teﬁimtatl&e 194t 1842030 @ dowertthan the s%nﬂ%ﬁia@ﬁn’@&mperatme and
/US OO /042338 feed having a TAl | east
the e MGE%@WWQ%& oo e LaRiptibangn e,
t W | east 30 C | ower,
Whe%]%ﬁtﬁgso%econ con actin M%@ngere}?ur e, and the crude
pr dthedhvdndisn alsﬁ,thdmdlesa{ methed of pﬁzﬁduahghl cradet prodin, chadprising:

of .t he cruefe wher ei n Ale deter
contagting Wﬂ%g" 01753 OF fROIE %tg{n Hggucg%\{at includes

the SREOAARE, Rhod Qgrtﬁegii' amﬁﬁfﬁoﬁtlzslon:gmowl MPa,
contacting a crude fee W|th one

or nore catalysts to
the grndeifesd baving a ATAN o aulcast Ot the erodeifted having a(suljéecontent of at

t, wh th dyct ' [ ] Xt
teasf) DU ramh 4% i e me of e Fticandal ity o S eF
com@hsﬂng @9k oPmdre bR THQAH 6T theBerfodid TABIE, 0he bk @itire

of at |east 0.0001 grans of sulfur gq@ gram of crude
9

compewrls ofpae gt motsmetalsfrora fCalwan Gf digTahleqnrimixhges
ther@H R odfilof éoﬂla%nﬁ SRS %;Eﬂgrfﬂﬁi th%*&%{;g:(rrg&%gdte fias a TAN of at

one Or nore on‘pou ne or

most DO¥H df@lleﬂmglﬁoﬂlﬁz &rhldtlz Red] atll the tTaldleproduct hasd sulfs content of 70-
and controlli ng

her eof contact i condl tions
130‘%’%931 the slfus copfentp: £ b6 P fesde WhaRITT /51 By ASTM

MetFPEPh B shll Sphafis ity Aﬂ‘?ﬂ?‘ ‘?’%ﬁ?’fﬁ?“ﬂ?s ]

-t hdhernochntibe eldp prdvidesiamathdd iof pmsludag arcmdeqxiod].}ct,%msmg

- conkg 4 50 RN ot R beiha? S 15 SR B Beces
© the dTRESPDAREL, ﬁhél‘éﬁﬁth@ eruae gmﬂﬁt R0EHEd miSeRHt RS °0%ind 0.101 MPa,

contactlngacrue W th one or nore catal sts to

the gudeifeed havmgtaéﬂAIﬁ oBatloast Diia the arada feed having a gesidis content of at

teasf P gt o AR5 By 'elin OF IR HEA gt Baefohd OHHhE oMl ©

compfisihg ané oﬂm:bre mbtelscrifcuﬂ ColiBed ofehe Peiodic Bstile] wae 0P Riceat
of at 20 |least O. ?f@arrs of resi due per_gram of crude

compgunils of ere ax mpeem@tab 18 Cofyran & of the Reriodicobable, ox
ther&ff A &n%ﬁﬂg%oﬁﬁgﬂrég dgﬁ%ng sBn }t.lnlﬂ?thg%fd@%r&dl;ﬁ‘msea TAN of at

or nore one or nor
mosmﬂ)%mf tie DANtdf ehdita-udmfeed thabhele product kdsir residut betextfof 70-

S Rl e S i

ASTMM&ERSEDEE S rddifueott tﬁfa%lé&hg od D5307.
content of /70 25 130% of the residue c ntent of t

cr Jle ifveation alael pueivides ammétAdd bEpradudng e crude gdodnget, cAﬁ"ﬁMbmg

cont%@%%oq?ﬁ%é gl ] eSI due C%@Jé'enltt% Iﬁrs Ncea m{ﬂrp@ﬁ gxa¥1ncludes

the dﬁ&é‘ﬂ@d@cﬁ \Qﬁ&ghh%é‘gruae g»['d&i!z%t j@raq m:&ﬁfé%"t b§PN%nd 0.101 MPa,
cont'acting a crude with one or nore catalysts to

the gudaiised havinga alAl‘baﬁatdeast PHatheiomede fdedhavinga ¥1Gfd eontent of at
leastgq ?dUCt %M‘E@Qel n Lhe f cruge féoetrioaql att léagt &el of%lé gatﬁlyét ure

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

thereof; and controlling contacting conditions such that the crude product has a TAN of at
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30 the crude feed having a TAN of at least 0.1, the

crude feed having a V& content of at Ileast 0.1 grans
wohoodfoesRger gram of crude feed, and at | east OPETOIS200W042338

catal ysts conprising one or nore netals from Col um 6

mo&fo0edef the A bef théablde, fedl) Ehedtrud® produS i @GO cohteftief 70-130%
or_nore netals fromColum 6 of the Periodic Table

of the YR eententnf thpgrudefegd.cadiwhsrein NOQsantget 539 determined by
h that the crude product has a TAN of at
ASW %@?%26 PCT/ US2004/ 042338 nost 90% of the
TANIle intvisticar alsteproeides a tiethodrof! qbeoChI'CﬁIELMmﬁapmduM ﬁﬁlpnsmg

cont ent 70-130% of the V content of the cr
confasEpg 3&%{3\% e} With oneer e @Halysts togeroduncay tRfal EEPdHyt Fihat includes

theél%ﬁglgw S dchhe C C;#rfig&ﬁﬁér %ggﬁh%‘ﬁxaﬁ'g}ﬁ e ﬁld 0.101 MPa,

ing a conprising:
the enudle dodd hayirgg «TANEoffab eadst(. 3, handraelaast cmaroé‘ ﬂmwalym ss ghtainable

roduce a tot roduct that i.ncl udes
- B BBHHERe & SHISHoR: Witk ke ShmeRS Hhited froin [ atugin  gf i Berieglis,Table,

oneEHr n?o'i'e @oﬁgguﬁhs]& &n&@f‘ ord MEtafy MR dof@n BRCHROPicHNTMHle, or

| east east one of the catalysts is
nmmh‘cathwdﬂf,eto pogduce ambial}fshycamsmp pod formingithe catalyst hyheating the

tals from Col um the Peri EFC Tabl. e one
catflyst ety HHRe PR o1 gne AE 2 SoRARNE SARRINES g
tembBﬁhE@ bERW S00Tab a8d c@ﬁtxomn%rhmmﬁg cohditiens such @ Hasdsiade

cat al %st precur sor orm ng the catal yst by

pmﬁmtthamg ﬁﬂ\éof@tan@ﬂt%%qfﬂhﬂh‘\mf pcrude fepdesence of one

or f 542 )
et DY Buttion ot SR04 BRI R BHOHR R 2 uad BERGECLdthfiising:

contidtilig hleaddetfo] withdae opmefﬂmtalmtoﬁprﬁ&%e@f total pm‘zlabt tBfmcludes
of the TAN of the crude feed. The I.nvention a

the grdgipardich W%@W%H&ﬁ'&tﬁ’ga Howid spigtyse 6&%@5 and 0.101 MPa,
the CRITR T : Sg[ a;%ts, O [pl? Qf b 1D&t Jo CEteia 7 ead g‘%{f&,ﬁﬂ@ cRide feed .

nore cata oduce a total 'produ
havim:nuﬁlEIs gravitp of atuekest ph,cadd at jeastione @:f thet damlystsmanmismgjme or

i 0.101 MP th '
mogegpclals Sthih ol § of tRRsTgic Fabfe, qag Ofmoisgompotaes of (e or more
metaEGEbri Colihf ewm&ﬁaﬁ Tabld) %Yhﬁﬁtu?é% theézbofd i édntrofingat

| east 10, and |'east one of the cat al ysts conprising
contpgting eonditions smeh tHat thercorde@ubdiet has ovisegsaty peB 7.8 flcof at most 90%

o B R B ST o SRRy Bl Aot v

of 70RE30eH bf tha P Icaavity0df thé\Grude Ceetipwhéreth Apngampmassjefehmmed by
that the crude product has a vi scosqj%%at 37. C of at

ASRkMethoo, Def22 W@Wﬁ@é’é&ﬁtﬂ} determined by, TMé‘éeﬂia D2p68.
C, i
. b s AR BP0 Al SV Soprisin

conﬁEtmg a avideyfeddswith oﬂeblemmmthljtsys to‘}ﬁﬁdﬁch’tattbtaﬂpﬂaﬁﬁéﬁhat mcludes
osity I.s as term ned ASTM Met

qd D266
the om ?E'égdcq%@mer%ﬂm SRradicd é%a dnidomsirott hzé &5 &QOIaMPa:
the Efu‘dﬁ Sedd 1R 2 TARG At aEEQ) 1, 8 MAGI SHnéteCh e ogﬁanmg at

one or re cata yststo produce a tota
least hat catalybtudesprisidgevaoadiom, pueosiunore oohgpoeinds dthanadiuneor mixtures

theipi A el AL G herpi et opaLIBHALs: SOmERRS g or more
Col@R% PheAR] nd 8t Rb%Tothpb AR df B Gr nitfre Column 6 metals, or
combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664.
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| east one catal yst conprising vanadi um one or nore
conpounds of vanadium or m xtures 30 thereof; and an

woddésddesaral catal yst, wherein the additional caCalys004/042338
conprises one or nore Columm 6 netals, one or nore

co n , | .
o150 G R B i, i
contaailﬁg 4 érads feed oFith bred ortrvere catalysts(io pridote a heisl prodkhltiod mcludes

nost, 90% of the T Nof the rud f eed, T.
the qrgdeagmé%qtewhsﬂﬁeuthew isEituzp @«%% and 010} MPa,

and fE%R0 Q@ﬁaspﬁ%sﬂéfﬁ%ls% ?%ﬁera hidEEH H@TnAihe Qontacting;

provi des a ne pr oduc] ude product
and contyoiling contactingtcanditions such thad élefamdt pmdtmtdnaea GANvof & most

50% fhdbe Ao B Rkl oaih vt LR 824 e by AL Method

D6g4l quid m xture at 25 C and 0.101 MPa, and the crude
feed has a TAN of at least 0.1 enerating hydrogen
durThegnvention elso peevides, a methodi Of:pmg weing p gpdepredust,icomprising:
condltl ch,that the crude, prod

confiEiE & G398 GRATIR TReTOROP RE B GHR Prte 2 At gt flctudes

the &6déifioanet WaekelythdShide R diRelis aIRfd mbierel 4226 17C a3d 021 CLAViPa,
provides a nethod of ErOdUCL@g@tI crude product,

the erudepfeed having adoiN of et lsast8.16 £ast OnGP 111?36?\@1)@’?3 cRBIBising
v 5 B b e i
contatting sbnaitions sectothaldedntatitlg Cendfttathieds at least200AE, ﬁnﬂaﬁe crude

h TAN of at | t Q. t

prodigy BT ANCal bt 3% of ecklyof T sands foa et
dﬁe%]ﬂ%a%?%mhqém%ﬁ“aes t hereof; and controlling

con

i'ng conditrons such that a contacting
t erfherintantion akogrovidesst m@hod of pmdulcmg e coudggeodyst, sdmptising:
has a TA at, .nmost 90% of TAN

confiEanCh FOdRFe VL HROTTROTE CHEIEE B rOsien e (B UG R Hetudes

the dfige | pfb\dﬁ&, WBBred £ cRIR\rotRRt B aTRfuiPehiafret 091C A 0101 MPa, -
crude product, conpri si n%sl contacting a crude feed

the wudhfesd daving sk AN, @itablegss eod pirloest ene ef thecatelysiscemprising

at 1ncludes the c
vaadi e Gr G ol 15 RO G ST SRR o oo
cordphiSing aldrdgRf Gothay Hﬂﬁn@c&zﬁ&hﬁé thé ghefiew bBing, pravidedin a
east one of the catalysts conprising 20 vanadi um one

cefomtncomocads B il ok enp i el ions
suctPih@Vthd cAfe Br R h J'??LNS&M nfost O ngﬁd’lsflglﬁ rog%éj&[lﬂ@ﬁed,

cont act’i ng, bei ng provi
whedem&tmﬂ tsrastd&&trmmeddmmsm Methbdh@)éﬁhow of the crude

and control | candi t
 ABBUGh BlSaFrOYIAS SNt oF PAHocIBs f cOUREREh SomRsioe:
con@f:uﬁl\%‘e?cﬁﬁé‘ @&dfvﬁﬁgonc Eﬁ'cﬁta;%{y cﬁﬁxc@' 8 Ecﬂ&l'BrB&ﬂ:t Bt includes

Met hod D664. e inv al so provides a
the eretdépdoét, whwucthng:nadeqmdimt;sradmmd mlmrq:atﬂ§| fgand 0.101 MPa,

R A T E R
gra, Qﬂléﬁﬁt 0 E@?ﬂfé &tél%%s SorhistRinY RRHLm, Sné o} ek Ebnifiouhdd 6F

vanadlum or mlxtures thereof, and the vanadium catalyst having a pore size distribution

with a median pore diameter of least 180 A; and controlling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.
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the crude feed having, per gramof crude feed, a total
Ni /V/ Fe content of at |east 0.00002 grans, at | east
woneoswisig2be cat al ysts conpri si ng vanadi um one PSIT/GR204/042338
conmpounds of 30 vanadium or m xtures thereof, and the
vanrgdi-im [
LB Al o e oGP B 504 0 Lomprising
coanMg fude geedomiﬂmm Grgnmlamdtalystsrts psochice attotal pmd@ctahatd@cludes

duct. has a to | Vi tent of, at 902
the ge Rodyet-ahersin &lﬁﬁf@e pro aﬂ‘b‘aﬂ‘? gaaﬂu%m?%n 20,001 MPa,
F dium,
T
mmatremth' preof] |ﬂmhea'ude feetl lcovhpuising ooe or mate alkelt mgtal paltsgfome or more

orB S B PR P ATGENCEE o b A gL 1o AP S SR, or

rm;&tﬁ@s GEHEE 2Rl ﬂf@’&'ﬁde ﬂ!@& h&¥ifg, &fé@ 8%9 8fcradefhed] a fotal @ontent of

iquid mxture at 25 C and at | east one of

alkalmetelaaadl gikakineenrply ngtiah dn meted galtsraf WW!%?feﬂt least 0.00001

o0 3Rt S 08 g g o

of aﬂiahqmalo indEIkflineCdtheab ¢ the medslaals ofargenic acids of at most 90%
al kaline-earth netal salts of one _or nor ggnl C
of tha¢ansent of alknhi metal cand;alialingrearth metalg BFtplflip Bberganic acids in

r 1| t
e B8 i, Bl AN o N 8l P BRI e o
orgdific aﬁlaﬁﬁldeteﬁﬁinéd b@fASiTMl Mathbd M16ABR01 grans; and
contralling nt act.i.ng Coﬁ'{f’l ti,ons, such t

pr oBhecvenson AlspgFaYISETHTEIOd 0 PRSI & qruﬁaa uctaqulpnsmg
conachgébE@dﬁ?éJdt\m‘ﬁ?g%é rlh?retééﬁﬂﬁ?stt% é)r&ﬁ.{cb%.t@ﬂcal da&titRat includes

at nost the contént of alkali nmetal,

the amvde atddati, wherin the amedecproduat imveliquid srkiuge %If25o°rcg%nﬂ ;101 MPa,

t he. crude feed ontent o
the G e ygpnaiog e  Bire AR picl Y s or Bl iiBpl acids, one
or 12618 AlNafin@6aréiS miefal S@sHnd Oflmdye ARAMNL Meidbas rik&ikes théfeef, the
i nvention al so provides_a _nethod of produ0|n a crude

cmqlnfeg@hwng;mgnam eferude fed rioted contgntpf afkgliangtale andyplkpline-

r
e B B0 B PR RO i of e
catdlﬁstsﬁhd\ﬁnigh ﬁormsiﬁeldlﬁmmum antdnidie diRmeter ihe range diem 950 A
f eed corrpr|3| one or nore, alkali netal salts ,of.one

to 18P Avgyith %AW@/ 8¢ thetotah pumbenof pores m theqare size disfripution having

|
P‘%}Eer ecf?& ‘%‘ﬁ“ﬂa 22 ugf ? éﬁggiagl ﬁ%gﬁiﬂgge?czgea?fnm orégkriﬁé gfsﬁﬁautmn is
as deteemlined byt STMddathed D4282 zndaontrolting pntacting:tdnditions sadh that

the Sg{gtg Bngieueégy@f tﬁpggétlaérgsﬁgl 5 1&1&% t%ﬁj@ﬁ%&%ﬁ%@h%eﬁt in metal salts
of dri’rgédﬁ‘é Y3 ESof R YIRPOGLRP R Snfdht Of kil Ridtdl Gnd Wikallind-earth metal, in

pore di anmeter |narangefrom9OA to 180 A
metal Sallts af otmtacﬁis%’ e arhde feod, avhemeinisontent ofpdabismetal, gnd alkaline-

e nalo el S st g i ) ASTAFlactiddBisus
di stid IAVédtRR alsd prévideles Sleflod ot pRydnégM dvedd nddbd 2diprising:

and controlling contacting conditions such that 25 the
con@cttﬂgapmdé fead widls one oomate catalyssio pseduse kdpial preduet thatdacludes

al i earth al.t,s
the B protiet Sesthid Bermcd it i Puirfie ST S Mpa,
the @Hﬁe b AGra® gt ?er@!uﬁ'of chulle foEY, ahotala v/l conteptof 4t leust 090002
of the crude wherein content of alkali net al ,
erampcand|ak teastnse of the catalysts having a pore size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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earth netal, in nmetal salts of organic acids is as

determ ned by ASTM Met hod D1318. The invention al so
woRosdsRsa nmet hod of produci ng a crude productpCT/US2004/042338

conprising: 30 contacting a crude feed with one or

theﬁ%%?x&%@ﬁsﬁklﬁﬁ Crglél I b0 dumﬁl&éi“\ﬁkhlﬂﬁ?@&ﬁh&ﬁﬁdmn pore diameter,

, wherein the crude product
whekéin potd sizd distribution is aste2fmitied byt ASTI Methad D4282; and sgatrolling

contggﬁgggg%\égo%apuq}b@gtt mcyg{gls %rgmﬂﬁ'f %z%gadfogi af R{/‘? £ ggllét/FI\l/ of at most
o%%f ﬁag iAAFa LY Elzﬁ JFiNd GEdEFRAT RhErkAmENTV e doliteht Bus\detehmined

I an pore ameter in arange from90 A to 180 A
byAL\‘BTMMbthbdMOBO% of the total nunber of pores in 1

2
R RO b 558 S s

‘ conﬁﬁﬁﬁﬁﬁ‘ CRIBE Foddi v %ﬁé or m¥Reafil YR Rodicé @ toabprodbetithatrincludes

I's as determ ne ASTM Met hod 282; and con
the crade pradunty wheredt theemlequoduat fa liqwid nmaarea &ﬂ@v{ M@lgMPa:

et B e

saltfSf GYghic Bbias af & 18ast 05000 l\@fahﬁg}eDEF&Bof drade faed,emﬂeasmne the

al so "provides a net hod, of pro C|ng Iru

TO
catalystphavinggpore sizadistt btipnavidh i B a1 %ﬂ&OA as

vy ey SR b
g e G G ST P Ty e
comFORB HERE R e BIEHIS HoPy Coluiay o o1Je BPRadiE oo or itures
thc:?Sf gﬁﬂ{, unh QBAditighP ST R4t tﬁ@ﬁ&@ﬁroﬁﬁ@tdﬂsatotal

eas one the catalysts having a pore sjiz

«conttins bf alkali inetal vand allaline ¢ad snan@taﬂmakts ofprganic agids pf at most

90% ¢ Q}Wfﬂeﬂmf A 'aga‘flé aﬁﬁ%&ﬂ& Bt e cgﬂ%{’f"?fm" acids

in tROGruGE £8A! FhérBinAlofiteht OFALANl Higtl, &lnﬁfaﬂtaﬂhﬂe-lamh agtal, in metal salts
Tabl e, one or nore conpounds of one or nmore netals

ofcfrgmm: @aﬁ&w@e@wb?ésmllﬂeﬂl%mﬁ%r m xtures 15

|l t
SRR ARt e G REIubd B g
conm%hﬁg a cAilé faddwaith ofe eﬁmbfe catdladts td prodmte&i totzh ptuv;luc:ﬁhc that includes
organi c_acids of at npst 90%0 conte éﬁ% 45?“1\@
the gidgiproduct vherain theeerads Plﬁdﬁ‘\‘éﬂ%\ﬁ lq E a3y a
the gflgﬁ%é:d &t a;ﬂfsmaqch-x t#} E‘éﬁ&hﬁﬁ&ﬂl sal‘l@ﬁf Stk brafidte %Béanﬂf acids, one

|ne eart et al in metal salts
or mérecmmmeeaah robsal |ssltsmf ahetoe mitire; etgaby: aaBiENPIvBNags thereof, and

the ﬁf@éfgq glg1T£ Sﬁ'%j%g-%r eaileecgﬁg ﬁagf;q.pg nt og gﬁf?g giletﬁé agd alkaline-
earﬁ'xrlﬂ pr ;ﬁg:téd"sﬁltﬁ]&ﬂﬁ ofic HQEEoLAISHsY S DS0010grRime i déxsBone of the

uct that Tncludes the crude product,
catadzyas baving h@omrmbeil;tnbdm with aan¢d1=qubcde dameterof at lepst 280 A, as

dergipape Py aSIM Mt RS Bod B AR py AP o2 0 ion

corfbridiRY SnBdrAbre Meetf3 ok CSIlﬂ{n 6 af the Pefiodio T able, 683 6r more
organi c acids, or mxtures thereof, and 25 t he crude

Comlﬂﬂmdh af/bwror mete r@t@lmﬁmn Colvaen 6 eEthe Paripdic Jiableopt BRfures

| t al al
e o A it e S S B b
cort &R D aRER n@tall 481 alkaline-earth metal, in metal salts of organic acids of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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catal ysts having a pore size distribution with a

nmedi an pore dianeter of at |east 230 A, as determ ned
wbmo%ﬁwzk/bt hod D4282, and the catal yst havi ng pETIS2604/042338

size distribution conprising one or nore netals from

of, the Perio o) . re 3 -
g Kot Sperein sontent i afialidpel, B kRliod Tiefh 18}, 1 prstal sats
ofofga.mmms i a@h&emquedwnswmmtmﬂmmg and control I'ing
contacting conditions such that the crude product has

a tideanvengion elsarmrevides amethodref produeing a grudginreduct pomprising:

ool 4 e ARl i o s

the aredaprodiet, Whbkin ﬁl@bi'lﬁe@i'omgﬁmltqmm&tmm and 0 101 MPa,
2005/ 08%@26 PCT/ US2004/ 042338 n the crude fe(&
the GrH g aiptabNi/Y/Eegont %954% leagh 809002 grams_of NifV{Fe per

granf{B} Bude KRATBIBBR; (e Byalil IRV g Aol b aBBibutipn pith a
medmnqmrei dmmeter&if lbltasti23p Aqds detenmined by S TM ddethod D42 82 and the
0

ri.sin con mgacrudefeed W th 0
cat 8?18 Sbﬁ"d{! FHE UKD, OIS TS SG OF “%%ﬁfn#ﬁq f-fﬂﬂleém‘“@n 6 of
the Pé}ﬂ)dﬁf 'Pzgﬁe Rine ¥ eore %}%)&Jngs BP&&éﬂiﬂ&eHﬁ 4%ont 80 6 of the
iquid mxture at 25 and 0.101 Mra, ecrude
Penbsav iTlableaot mnauremthcw@mmdﬂmgfcomacmmdmmG@ﬂl that the

erod R e han ot NV e s ot e of B VRV GARanl
crudd fedth WHRRIPNIA /B SRR s &f defdrmliRAHy ASOMMetbd D5708.

determ ned by ASTM Met hod D4282, and the catal yst
havwibgdnvengion alseiprevidasamethed phproduesing b sTudg Poedich compriging:

contgajtn? D crf.lag ﬂ%eg‘un e or%or% Qaf El.gfgts t? g*o%%é: a {%%dt%? gnag ,!nc]udes

conpounds one or nor rom

the Grh@ plemtpdlhereiEﬁihb erude ﬁ)rdﬂu)ét i mdRjuidmmixtade,at 38AC and 0.101 MPa,
‘Ed]?d lLIing contacting c ndjtltic;rf such that the c¢rude
The‘fi'\" 4 comprising opg pr mpyealisall metal wlE of png pr wete orgawe afids, one

o R R B o e B R o e e
crude Hieedi hawmgt a tmml a:bsﬁantp pengrainof amdetfbmbl obalkpli outtedj ang adkaline-

1 de f
artf RS R e e P TRRAIE pESof & TRER DRI LB sk Eonsteithe
caﬁ@?@%ﬁﬁ@'a‘ﬂﬁ& 5128 Hf%trﬂihﬂgﬁwﬁﬂh%ﬂ&han rcﬁ’érﬂetém £ 1849190 A, as
roduct i S liq m xture at 25 an 103 MPa,

pr
detexmiaed by eﬁeS'EM é\detbmlrWE& mgd theecatalyst h@weg ﬂlemﬂrt sige distribution

f re or r_no
has ol o CoplRPl PR RO e B R B00 gl .03 grams of:
molyiriefiSm, e ¢ bl Bslybdetugdompoads, ehldalatelies d«ehg&tt lof ghoybdenum,
total content, per_gram of crude feed, of alkali

or migipees thegepf; w&wmﬂmoewm epndifionsisichyibpbthe sade preguct has a
totalgﬂfbﬂt%ﬁ{e &t %}g%lgﬁ))?%{l,sﬂﬁ GRS AaPR001 ;8 s & %fluc{%?%%c \%«Hﬁof at

aving a pore size
mose90%e dif #ie qoatent of dkali sietalfand bldatins-ear@®mbtal @6 metal salts of organic

acidy P CR oSl B SRS OF PSR i, AchLiplipgreaith metal, in metel
slts B OBHRTA LR BBty BB bEAITAPR 1A PDYSEg, 1 Om 0. 0001

gr ans enum one or nore
rmﬂ“iab dmeunommla@ptmrmtkas aandthad oft prdduacing/e tiglde pafduct, compnsmg

contERRE R ATPATReE s R 08 M Frealgt 6 PRodara AR, PRt DRigcludes
the c@udeta;%a«kct C&Hérs%tﬂlé’{:ruaé Efb}dhctq?ta"ﬁ' uldgﬁg( 1‘5@&5 5€ /801101 MPa,

i metal salts or gani
the crude feed having TAN of at least 0.3 and the crude feed having, per gram of crude

feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having

14



nost 90% of the content of alkali netal, and
al kaline-earth netal, in netal salts of organic acids
woOnogsesszs ude feed, wherein content of alkali PeTars2004/042338
and al kaline-earth nmetal, in metal salts of organic
a poreisize distribstiatetvith mmhhﬁpor@ﬁfﬁmmuﬁ atleBt 04, 3aefEimmined by

ASTPL Rl DS ol fhs lifhaieg il mblyRoeoria thrtr s eam of

catflystMR6M CEO@A! Fais 16 0.3 &ﬂ#@@ nfdlyidef Bﬁ@&cﬂlofehﬁh unds of

i hcl udes  the crude pro uct, wherein the crude uct
mOI}sbd@mm,oﬂalm{dated(awaght of260lgbdemting ot BixtNFs theretbfeamd cadrolling

d hayi Ie st rude ,f
5 config SOMfns o M orl Produ] 1802 TAIS F G 9B of the TAN of
theGailedbéd &id e &L%%OM%%O&! RiA//Fé bort@RIf aPARst0I0% BEthe
catal ysts having 14 WO 2005/ 063926 PCT/ US2004/ 042338

leé{ /Eﬁﬁ@t@t ptthgiczuds foed,ivdierein Ni ViFereonitent ip a¢ detenmined by ASTM

Meflog iR %df&gﬁsﬁg@?t% ”ggqmwﬁg%% gg?erl?tztzsz

per The Bivesition 4183 ployides a efiodbIQPsHukiny fofdé pchluat, eﬁrﬁﬁﬁsmg

nol ybdenum one or nore conpounds of noly

10 cové%ﬂtl@& paTwts faed withgre opmorptajalpen tnproduces total m@yiuct that includes

the R Edoc My i ool A RERMAAEH 24 A5 End i1 Mape

the TANed®ed ddngprisinglenes cﬁ'eﬂora atkatimsetalrsalie opomrosraholkasganic acids, one

tota Nl/V/F cont ent at nost 90% of, the ,N N Fe
o gy 5&6@5 OF {OE? @reAniG; aQidee Oy RtusSS thereof, and

the%&dé%@d v'ikggi R%al%éﬁt% g@l%%ﬂ o@%&ﬁ% Foéd) &f AR 'nfetﬁsand alkaline-

determ ned by ASTM I\/Et I nvention al sb :
15 ecarthrrogtald ésmatalrealtsod ooganie mth‘mfragleastd} 0091 grarig@ng at least one of the

o RL e, 4P B B RS LB o P T, one o
. motdmpdands deherwiiste m&ﬂyﬁbm (‘Mlﬁihﬁl goftthe Pefibdie TRbR s Ghixtures
is aliquid mxture at 25 C and 0.101 MPa, the cr ude
-+ theyegf and Ehisrmesir mors metals fremr Colummdiliof the Beriadic Tablesonsias more -
corfiouifé G et TSre MertlS ol Cotyfiln TR EPERAE T208] dniures

20  thetcbfvdriecin amiblaf fatio of tdsl Codetin N0 whetdl ta tétal @bluﬁmrﬁ maﬁal isina
gram of crude feed, of alkalj  netal I|n

ran éﬁ@@rw 106 and contrplling contacting songitionsyugh éhaa& Jrprggiuct hes a
totdl @&ﬁént(bfgﬁ&ﬂ]maﬁﬁ Hhd al® ﬂseaéarﬂh?ﬂégl Bl s f‘}%f fo?'%amc acids of at

catal yst's conpri §ing one or nore net
moTAUnof Be obntbmteoﬂa&ahadctal, dibilkalinerenrtrmetal) iremetalpaitsed ®rganic

acidip i crjie b pirein ot eteh o glafipc Apptbmetl in metal

25 saltfBt SlghnfaliBs GO ERrkfndf bt ASTRRVAARIDIERR] €. _one or

nor e onpounds of one or nore netals from Col um 10
of Thﬁemp@rtw@calsp rabides a methodyof preskucing a dredeprodustheomeprising:

f |
confacfiy erle8 't Gitn o5 Bhmpit sl o ka4 YotalbiRap i etudes
the 6Ridk @€ddubt) wherkih tHeQltadespiotud d liqile neikhee atr oW sid M18S1 MPa,

a total content of alkali nmetal, and al kaline-earth

the gaxda feed; hevingatotal NIMF o rosery at:leashOe@O@? geams o Vigoper

30 grar?xfotftcﬂﬁ:lecfgégﬁegﬁﬁ iaPlf §9 | # thn%ét%hfst(‘s%n sa (#}%ﬁi}? giodca metals

frorh €tumiMI &f ﬁieﬂPeﬁﬁﬂicﬁ'Débl@fona bkadoke fﬁiﬁ;aiundﬁﬂﬂone or more metals from
al kaline-earth nmetal, in netal 25 salts of organic

Colgmpsofithe Berioflie dpbleraanisrasinient @nd db)sos xg more metals from

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

Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
woRbdsesmaeor nore catalysts to produce a total POTAISR0NS/ 042338

that includes the crude product, wherein the crude

Confihf 16 Blesd %o ot b B bl 174 gy BoR0 1010, g Voroling

conthetirgt cohd RS Fuddytharthe trulle prddecides a30tahNEWBE canterdef at most
feed, d at | east one of .the cat.aly conpri.ses: [(a).

90 e NS @ comta o6 B GrutR BBt BN /B SPRPIa R detbiHined

e re conpounds of one or nore netals
by\%rom%ecﬂgpﬁyngﬁgﬂgf the Periodic Table, or m xtures .

t hdheadfiventinn alsb providesarmethodofprodiicing a smde @sodieh compoising:

t he Periqdi.c . Tahl e, one or re.co und f_one. ar . .
contyeling & erpde el iR Ote AT SRR TP A BOURF 8 il prifffcs Hagjcludes
the dtudd pioBfict! WRERE the bhe Prdtiudt oicy Iitfuid MpttOreit 250CaInd 101 0AVPa,

20057 063926 PCI/ US2004 042338 |lum 10 netal to,
the erudefeedobmprisiog nne at more dlkalmetahgplisiof oa¢ or mere|grgania geids, one

o N o, S o S il b i o
crudefeed\hdvifid pec@bintiticr@fe folf; adstdlsontea of alkhle isital, did alkHine-

content is as determ ned by ASTM Met hod D5708. .5 The
earth metalt inovetal| selis pf orgarie acids pbatreast 00000 haamsnandthe ppge er more

. > POt | .

cuslsWrisHIT EOLl E1h2h4 DBt bervtl e,

fron 0@00}1@50._0% Beanty; ufienp ?ﬁgugwcmetagﬁgah Orcldhhmn 6rodi dﬂﬁc PeridliccTable,
IS a |1 qul Xfure a a a e Ccr

one OE BT ERIRRYSH ot T ROtk SRegels Frem ColE okthp Pefigfic Jafie

calcﬁrrfgttégc{sw%lﬁ%? fetACAARixnBBE theRbf; A $b Pl £3bADEABFEL the second

s of one or nore organic acids, or mxtures
catatyisthaatig, pehgratOofsecmhed efa&émm?daaw%gmngsrdn@m orgnorganetals

fee a total, cont of alkali netal. . a al kal i ne-
frory EBft pEfoE Refole hblel pfer e sPipapnadiiba o phogf Fieels from
Colhrfia $lof PRI OIS caRFiddNS vRignt OF ¥kl Cor Bibdhirky tHefeof, and
conprising: (a) a first catalyst, the first catal yst

conielling gontpetingponditions syohghatdhg emde produethspnadotgbernteng of alkali
. 06 , . e: 0 . fr ok
cifhy QLA R cahlh mARC e PLfis WELafic dot\oEa! 1R dosPit the
contéBt &f dliedliadistal, i métal, iremiee salth of ofgdmiieacidsin the crude
cal cul ated as weight of metal, or mxtyres ther ‘

feedaﬁ@e(ey} coptent of gfegqugtd’ alkaline metal cinime tgfoi.r‘ organic
aci&%’és%&?&%&rtg)ﬂml%&%ﬁ [91%?' yst, at least 0.02
grans o r

one nmore netals from Col um. 6 of the
Pe(Thedireentiab kisp porvédesra methed obHproducins a cfudepeodict, romprising:
metals from Calum 6 of the Periodic Table, .

confBEg 584 e oed T TR RO RSP BIRCRFRF S eugs fhat includes

the &0ide pfodBtt Ghblefidihe %Hid%‘i:‘r?cﬁﬂt GANHuid AleuRYE D5 POAd BT MPa,
crude product has a total content of alkali 20 netal,,

the emde field abinpeisiog oné ooz glkalhmatal sdlisoflons onmors ergatie acids, one

acids of at .nost. 90% of the content of -alkall I
or i lkp o AR BEL TR GE RP O RoaPETI A, SE PR oo, e
crudGeéBhaving, Rer St crideed, WHSEPE At &0 BE SR et &l dikaline-
netal , and alkaline-earth metal, in netal salts of
earth mydal in meteli salis pEorgenid ecids of atdensh.0p@Hemmshang abigsbone of the
cata@%%&%%%g%%ﬁbg%%ﬂygﬁ\f Iﬁ ggst D.0%% tg?&n?s 8%: oBé 81@I Hotd Befdls from
Column 6 of the Periodic Table, one or more compounds of one or more metals from

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

controlling contacting conditions such that liquid hourly space velocity in a contacting
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25 contacting a crude feed with one or nore catal ysts

to produce a total product that includes the crude
wQres061926 Wher ei n the crude product is a |iqui ®CTIOS20442338

at 25 C and 0.101 MPa, the crude feed conprising one

zone & oxfé? 16 hell & the BRide!prédilct Basof tofl Bortentratialirgeal, and alkaline-
aci ds, one or nore aI kal i ne-earth nmetal salts of ane

earthanetalpinemetelysalis of argais acisls ofiakmestéd% pEthespntephef alkalimetal,

eed havin per_ qr of .Cr p
and e garth Bt R melpEiRP ot Fiabl® sh28 T ¢R chieteed 3heih content
of allgdil thétal) bn®@AalllaRh&E et ®8tahfin Bletdl esletofQrRNOAcids s dermlined by
at | east one of the catal ysts having, per gram of

AS%M&ﬂvdtm?'dB | east 0.001 grams of. one or nore netals

of & _—
coRimdutbi b yiaees ol teprokfitlu:a G BodlEY fomprising:
contdﬁﬁhg adhgle Tedl with eaé @ﬂha@tﬂhtaiﬁst'v\m moducefa totl praduct that includes
m xtures thereof; and caqntrol cont ac

the cpigs gradush vherein thefauds pradpet ing, iy BE%%%{%E?’%‘%/O 131 MPa,

B s

gramspat st mmfofathdx eétalyﬂlsm, pengrinedficatalyst,-at &ast hOdkgramms ofpone or
f at nost 90% of .t

more T3 o7 ol b rof R Egroctoo e RS T et chrhe o Bfone g more

metalEéth CHRIhS 6QF 1 PERd %161 Salclllatddtsthdiste dfe@dal, or mixtures
wherein content of alkali metal, and alkali ne- earth

ﬂierenﬁtaaﬂ controlling abntaaingsconﬂmongamhdhﬁdlq@yi hqwh@pace velocity in a

t er m ned

contSERaE Bre B LA ndPORE GPOPaudiRg o AP bigREhe ofatmost

%%%QBWNW IF¢:confeat bﬂ&blcﬁﬁie&eﬁ wierde NI Wiké bomen ias dedermined
catal ysts to produce a total product that includes
bYAtSH”MB&IQ&W ct:, wherein the crude product is a

L;‘éﬁ%%zv%ﬁ% “ﬁ?oﬁlf o R A e chping

. contSbing arkudef feed withast o0 ndOOERal§€s 4y produceat tokad pradushihabihcludes

NI TP Py A K T
the chite B&I l‘lé’v‘ﬁ?é p}@%ﬂaﬁx@ @Feed“ﬁh%x?@&p&iféﬁ oPht 1A 0001 grams

nor e 6 of the Periodic Table
of ombn,mmatasulfascmergmfabkamﬁwm gmmmﬁallﬁls@nd@hbw@pe of the

d L. I t h. t
catalfi, ppmgiag 606 B BOF Pefals oo Cofeink BAR R eRiguRETabid, B O
moreledipgbunds 86he SiGmbreyAdals Ex%ﬁﬂ@éluhﬂl% af the Patiodtic/Téblegor mixtures
content of at nost 15 90% of the N /V/Fe content of

therqoficand cotreoliing ¢ontaptingsomditionysych thefthe prude groduct has an oxygen

contifgd pLaBSP0EPF 68 oy Rt Atar B8 cryHieGebd KEE Hedudl 2Bauct has

a cru

a sulE@edhichit 61070-130 b eid sﬁlﬁuﬁc@ﬂ&iﬂ ef firatudd febd, ovteerein oxygem
catal ysts to produce a total produc that i ncl ugl
contemtds a5 dersminastine AS T Method B3se, gals pgdefermined by

e at 25 C and 0. 101 MPa, 20 the crude
As%gﬁmﬂaw ngéi{ per gram of crude feed: an oxygen cont ent
of Ta¢ inventén s PhVides amsethaf oftprydaing acmhde pmdubu comprising:
content of at | east 0.0001 ams of _sul fur Cﬁlgféﬂ tud
contaciimgra e fopd with ons&rmm@g'a%tﬁﬁq P%"FIHEF ol grodis} that includes
the cq@&egplrgd&&%egg cftdf brdddb: B8 9%1 h 2825 o0 @nd 0. 10% MPa,

conpoun one r nore rom Col um
the drinde ffed hodhg, p“e'ﬁgfam ofxrude feediragtetal Ni/V/Fe content of at Ieast 0.00002

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

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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thereof; and controlling contacting conditions such
that the crude product has an oxygen 25 content of at
woels/088% of t he oxygen content of the crude f@ewusand/ 042338
the crude product has a sulfur content of 70-130% of
more ¢renguinfisiof aendrendre afetalh ﬁ'on:r Gdl@nﬁleﬁa@f theReriedin Tehlpgermixtures

nt is..as determned.
thereg g copt SR coRaE Gadibe R b ASF PR e 201
Ni/VIPEcdnit BE hﬁﬁoﬁ'%% O Q¥ NIRSF @ comedted tief cradeofbed) 20 the crude
crude product, rising: 30 contacting a crude feed

PrOdw‘sttth @rs@lf@rcomﬂnéofi -3B9P4t0f thepsulfp eentent o1 tha gpdefegd thercin

NV ek SRl Y RS TPLAROS DG, Sl ot Ss oo
detelnhifed® Agm%tﬁw/])mgm per gram of crude feed, a total
Ni / VI content of at | east O 00002 grags and a-

suﬂh@mvemredsonmvaies pangthodo ¢ Pragiupt, pompiging:

o R SR A P s e

the cYde3R0idD, 6ol einhe trude ﬁfbﬂb&éiﬁas?ﬂmdrmnmm etphiasd 0101 MPa,
one or _nore_ netals from um 6 he Periodic
the cads feed ermpRiSIRg,PREOT METS 1m§ﬁlosa£t6 H% PRA 91 ThEFe organic acids, one

or mg)i)e{gl % de%%twﬁf St fnfl rg)alﬂﬁ: 4cididsr RHQES Ehe?eﬁﬁ‘ the

ota content o st 90% of the NI N/
crude &eﬂdmhngf pdrigeam of devde dexd, a mtai aohtent ofalkali petadand aH@bne-

cart gta if el 7 O AREATY A5 94 et GOt Ao, Ay ¥ el content
of aﬂ@is@b m @@rﬁs 8y re@ﬁﬁéﬂ At Qe st dné OF theadathl Pois Ediprisdilt €1 orirBore
determ ned by ASTM Met hod D4294. The i nventl on

metads fromCalvinddofsherBeninstic Sablerang oz mage gowpoinsls o o8 et more

BB SHB  SBL ALAOTR 5 e B  ©

conth&tﬁlg%hdﬁoﬁi aftGhat théreraé prodiet Has udﬁamomhmc of alkaliimetal, and
liquid mxture at 25 C and 0.101 MPa, 1 crude

alkakingeprthometal. 49 mgtad seltso osenoie andeofiat mas "é fhe conteghef alkali

© metd] r%@%&% ‘f‘ne@ﬁ' HSnet@dQits 6F orgRAIE aaldgﬁl hBRMRRTEY, the crude

one’ or nore orgafic acids, or mxtures
produbictias afresidiecontent 06 70-d 80k shd vhegsidpe corgentrof tfe @udﬁj&ed and
feed, t cont.ent aI kal ' t.al
whesi ¢dptefi oh pIkafi SAgyel Hd r%%lnﬁ“cm%é\d sals i otgic acids s
as d+t&%§he@b§)Q@QM 8iR: DR, and Rside SoMeRtis RS det@fmidéd by ASTM
east 1 grams of residie, and at | east one of the
Meth@dBlSWs conprising one or nore 15 netals from Col um

t he r|od|chIe rec f s
Rl 4P bR e o Rite £ETR et byl

cont@étl | aXdrifdefeed ReiheRe, or ittte 6RAIEQ G pﬂ;ﬂuceﬁ@ﬁﬁﬂ Qi‘d)di@t that includes
Itions such that the crude product has_a tot

the cmﬂﬂ praducsi whetria the mlslaprod@ﬁ@s aéllqvéai pidweat 2h @ré@fip 10] MPa,
the 5l B BBl a1, Bl PRt B2 Rt 0 Pgrame of

residi] &ld Sekdl Niof/Fe caaentofaciedst 0.0000D gramy)drd heleskt ohéef the
cr ude 20 product has a residue_content of 70 30% of

catalysts cpwnams o8 At B9t wetaisfom Galemp 6 of theprgiodighbabds, pne or
mor& Qt?ﬁlﬁ of %«Jf@ thofSGhakts £ CB M 6 B{aﬂn[‘é Petibdi @g'a@ie, ot ﬂlxtures
met a S

organi ¢ acl as determ ne
therddd] moaﬂrau&g c@ﬁﬁcﬁ:@wﬁd&lm Ituﬂﬂhaﬂ the amidd etolunt lmasdi tbt;ﬂ
ASTM
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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Met hod D5307. The invention al so provides a nethod of
produci ng a crude product, conprising: 25 contacting
wa enswe®2é ced with one or nore catal ysts to pr ®dmwoEs2e04/042338
total product that includes the crude product,
Ni/Wifetatitent ishes detenminedrbych8TM MethotliDfi708, sndaesidue eqntent igas

and 1 de feed havi ng, per gram of
detel@?’ﬂ%‘&l’@éﬁ&ﬁ"@ﬁﬁ@ content of at least 0.1 granms of

r eg‘g%gﬁ'en@d}ijal% bRt Rles B'He\ﬁdaaommﬁﬁ%@émdé pi'dﬂasﬁ; comprlsmg

grans, and at |east one of t cat aé(%/ds
contaximgrai cradecfeehwithronmor moneeaialysts sopiodPa A9 PRAdChfpat includes

v i S o 5 U 5 e 01 v,

the di‘%d%t HMESSompiihESe orafibreGUELT Bbthl Bis of ohant Moy orgamc acids, one

condi tions such that the crude product_ has a .tot
or miskeNilkaincenatth metalsalis of @A orguoKs GIEANKAGES; P @?ﬁfe‘lffthe

rude fee & oy 1
rudk S gy bGPl ohidB ARl HSar s B (YOG QRIS o et
894, andhaanil conbént\WPalkal meid 3arbalkilikctanh Grotald foBetal salts of

|/\7/ Fe content is as determ ng&ﬁb STM Met hod D57080re
orgaamercbsnf@m & @ranan and gt lgast oggp g

metag? g‘gﬁ’ (Folnr%n' é P& 1‘. Q‘legréﬁé d1%80rd cBﬁbBﬂfﬂsQﬂ' one or more

ng a cr U e pro COfT'pI‘I SI Ng. contactin a
metl§ 8 Celathn/d diffﬂleﬁenﬂiﬂlc ffable aranixyres ﬁlete@f mnéd:en@ ng

tot al duct d t h
contw?fg?geqq%r ?ng gqc&pc}gat&tx ?e?(giugt 1?"‘13?&&1% u k egﬁc%ﬂ %e , and
alkaﬂflg-e%ﬂ%avpa metd Sad SiGghike chapamlnsd»sm QOWtﬁfthti comere of alkali

tal salts of oné or nore organi c acids, one
metsl; amallealinickentth mestalaint hetabsalts of arganicaCids i thercrpds feed, and the

R O S B0 Bt Lt

wheféth VGO Bbl%@ﬁt 19 bs Adtednsined by ASTMMeilod RASDT ahdtaitent of atkali -
content of alkali netal, and al kal jne:earth, netal

metaeand alkelinescatth mualormetaksakis of sragpiceifid a4 elrr! néd by ASTM

one of the catalysts conprises one or nore
Metﬁ%?gqgférom Col um 6 of the Periodic Table, one or

mﬁ rnleqﬁveiguﬁ dko galimtidﬁs amethod of pmdthlalng aforusie pmdwommsmg
tePer|0|cTa e, or mxt t he

contgghig SPTHRGeed Bt i TR SAEPERIR SR 1R prpruet g ugtudes
the gr:ixgg pﬁhuQ@%h%?EQnglggr‘&&%sma 0f a Bdui@ rlixtiRy /125 °@nad 0. 101 MPa,

I ne- éa in metal salts of organic acid
the afudefeedimying0fér@farn loé cuxdn fend; a tritaldNiKW/Fe costenbolat lcaahfa 00002

sramp, S8 (o0 Fonteabor A st Ot af o Bad oop bR Gl Compriscs
one;bge cjﬁ'@ hePlis #OmICHMNAT6 dfiRe MERdIOTAIIB orefor infuge comﬂenmds of one

wherein VGO content is as. deternmined b A§ 1
or nMirt nasdal DS ol Gofithe Reriedic Taklg) or mpvbyras thergo controlling

aline.earth t i . j
o545 G b e T L4 S8 A bt
90% BY BRINIPW/FalceRteRt sithél mda feed] uithe trude peaduichiiasa € (oeontent of
product, conprising: cont actl ng a crude feed.wt

70- b30%mf thedé@ 8l opgtest elthp eowlg Vﬁ(},aq;gtfnttlshaast cE]etenmned by
asTRFUHIR DI, GlalgvRi %Peét 13“%(3 Al ey cioila MempaSisT0s

The invention also provides a method of producing a crude product, comprising:

contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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the crude feed having, per gramof crude feed, a total
Ni / V/ Fe content of at |east 0.00002 grans, and a VGO

woQodspigsezef at least 0.1 grans, and at |east oreTaiS206u042338
catal ysts conprises 25 one or nore netals from Col um

"o Peri odi ] ¢

or eIk ie St BelaFeal @Bt ine O YFof¥ orPRAE pCIAIRAMINR HAREE and

the eride feed havingy parfgrananficnde feed] 4 tota) conent aftdlkalgmetal, and alkaline-
condi t.i ons su

h that .the cryd h |
carti i pin PRl i ot eamic Agids of Goeitt b O0HR Aty i ftdenst e of the
cataBktsti Sbtﬁﬁiégﬁ%tfa/e 86inb 4 SppSit Yt e 4hdre Hadald fr\’f%tolurnn 6 of

content of 130% of” t he” VGO content of the crude
the Periedjc Tahde.@ine ov@Ore compoinds of ase onereretels fhom SolussTf/of the

P OB RSt e o0t BOhifinBats, TR et
catal8t BPReadihg RIREMFIOR Df theCatilist B B Phdsen&e T tnke Dr Bibre sulfur
contacting a crude feed with one or nore catalysts to

contgining eampounds al a tsmparature belew 401G dod contrelling gersacting

condlfiB5HTeh g BTrled g5l Yoo RrplidBh e At el Ay St corts
metdl] infREtel stk oF brgabicakids af ksmodt 909€ oPthe #BAtentosfllailiametal, and
acids, one_ 19 WO 2005/063926 PCI/ US2004/ 042338 _or

alkalipg-garth mstal.in metelisaltyel igania peids iy the gands feqds pherin eontent of
i , i u r fa .
alkafl G, ofR] Al de tth helE e s (rdfilifc Ufad € Bbtermpined by
ASTPHRNtthodEXIak8. and al kaline- earth netal, in netal
salts.of qrgapnic agids of_ a east .0. 0000 rams, and, .
at lfhgég‘fengﬁ*gagp Py es_@a‘?%‘b?‘if’tpli UEBRE &i6 ngo‘ﬁ}ﬁi’ comprising:
oontﬁ&iHL?Col a[‘érgﬂ% ?eeﬁ%ﬂ%ﬂe Wirhdle @RE1YRFs etHB[-&lu@E h3btal fro@Bt that includes

m 5 the Periodic Table, "one or nore
the gudgpproduet, whersinethe crude peodvet sladiquidmixtuteat2s SCaondihkd1 MPa,

the G, 54 BeyiP ot abim ShTh R e v B B ieast 0.00002

- grarhig @hd BCledst RHE 6PHS Qhtalfststid BbiaaBleltst chibinitfy PERHPERASne or -

one or nore sulfur_ containing conpounds at a

more Bietdy Gom Colgmmdypisbe Paiodip dablereneqirimery cewmpeundsiof gne or more

R B R S R T

precutsoffeind lfordeihp sheodatabysy b heathry e cathlyst previriord theojredehee of one
content of alkali netal, and al ka_l I ne-eart . ngt al , qu

or mogs aﬁf%g SPRIEIAE CHIRRANPES 8t IGMPPIATYIR be WA ¢ &gd controlling

contﬁnégtﬁfgledoﬁdﬁ% Stkn Rt th@l:llﬁgé gr&ﬁﬁ:laﬁas a%g% s Rt M‘gt most

In netal salts o rgani c acl I's determ ne
90%bof the\NT/M/Née tdroent Of IigkBudeTieed,i wheeein INiV/ZE sontpricy asldsemmined

f.pr cing a crude product, conprising: 15
bymg\g?ﬁ%gggﬂgude feed with one or nore catalysts to
pr qg@ GSventibR hRb pRivasLd ‘&tcrﬁctbaéoniﬂl)%iﬂéﬂﬁﬁvin%{]ﬁer‘g&éiﬂ &f crude

product, wherein the crude product is aliquid mxture
compositien: @t keast GOAIOgralwPaf hydmearbonsiwith e bdilingwings, digidbution

o ) t. L. N./V t t f t .
betof¥e 85 °F B0 “Cf dhioT NPt B 00T RS oF BygyBearBbns witha
boiliagrad i firibsti APbAWERPIFD WY andSIPIINALITI1 A BIPRPANEasV0.001 grams

one or nore netals from Colum 6 of the Periodic

of hydspeasbonsriwitloa baiding rangesiiniribiztionf betimeency 206t andXep 06t a£10s101
from Col u of the. Periodics.Jabl e, .or mxture

MPq, R8T it Mgt s 5t 2686 AP Fo1 A o 3 B SRt Glbusts per eram

of clulle pfolived. yst by heating the catalyst precursor in the

presence of one ) . . .
The invention also provides a crude composition having, per gram of composition:

at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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or nore sul fur containing conpounds at a tenperature

bel ow 400 C, and controlling contacting conditions
worols/dsbas t he crude product has a total Ni/V/ BRET/US2004/042338

content of at nmost 90% of the Ni/V/Fe content of the

residuel 9€dd ,&%%%F l\ﬁgﬁﬁﬁ"[‘% Nirdiivé SWEﬂd‘Ehe'c% sﬁ%ﬁ%ﬂl QRfEht ratio

25 by 708. The |nvent|on provi des a
of M@R@enicmmdkl asphnitehea/mnge;nt pfat lgash ﬁnSohoclreuuMCR content is as

ceteggR vy s g e 2450,y BB b REnR et by
Asmmetﬁgawag;r at | east 0.001 grans of hydrocarbons
with a boiling range distribution between 260 C and

32(The imyention also payides a methed 0bpwducigg arpsudgproduct, comprising:

°°m§ e e By Yl e Y AR aFOGREE | TG i ibtuces

dd?l?mdbét, wheéRn the2fude fddet B teneénsable ap25 PO 0.101 MPa, the
ysts per gram of crude product. The inventign

crudm feesd PMOR gesttent ofiab trastb0RJosPIs Ber gram ofgrudscdeed g ableast one

of tX AR 1 W8iaindble b RBbmpliinga Sush i 34E bHpore Hetal fro
Coliin \0Qf TP AR PEL1EGhic D A0d LaHPARTs of 68¢ cluRoreatetals from

det erm ned by K ASTM Met hod D5307, . and the conposi tion
Colypgn 601 ke Rasiodicafqhle, asmixtoresdhereeh fo prodaee HERAFHREFRIESOT; and

o U Vet B AR R oy RS o i of 3 puore sulfr

contaimtgaimpames aletestperatad bolow J0M; et lkontr@UHP ontactifige
condig e i orBeapodct e A0S B gostopf ofre st oD e e

con@hit (LS Ak féaas {vhedeth PICROEGHRerd i £ dtterBhiRAUSE ASTRE Method

i ncl udes the crude product, wherein the crude product

D451 §. condensable at 25 C and 0.101 MPa, the crude feed

o 198 159108 e ViRt OF o BB BB, omprising:

.coniablirgy Meatie fdit widDoiY ¢t iifre 2aBLBRAL producd a Wtel prodise et includes

metals from 10, Colum 6 of the Periodic Table, one or

the %@%p@éﬁﬁowh@@mﬁm srdegrodust is copdensable pb2d *Cand 05 MHa, the
cm&ef}@ef £MAYEontd RSt 162kt émqi LS Ba{ggﬁgiaftcg& feécg dHE &t RBast one

yst precursor, yst
of theamtal ysts havingapare\side dmmbmircmamﬂn mmeﬂmnmmélmtemﬁn mrmge from

70 Kl T & oorteat e 5054 o4 Br RIGREDRF crmabindbh G s tibution
havial @old\@hmlfae vﬁflﬁﬂj@S W&f@&&ﬁzeﬁﬁﬁ are'\@n&@f‘ tvﬁfé‘.i'elﬁiaofbtsme

nost 90% of t he 15 cont ent of the crude f
distsiirgioniis asl.\@%mumcbw ASTMaMethsrddD4a &2 anbgomﬂmg\mmﬂng

condii& e et MR e Bibafti bR R MR P8 RgtTolR Rt B MER of the crude
feeds ERIH PR Wi dsrﬂleﬁ:ﬁﬁn% W@TM@M%§ 580, produce a

t ot al product that includes the crude product,
whdieiirventien elsa geovidesc rudd epmpostiondabing, per 28 of gorgposition:

at st e o S ot e SR SRR s, B misf 8003
grams of sulfur, as determined by ASTM Method D4294; and at least 0.3 grams of residue,
as determined by ASTM Method D5307.

The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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of the catal ysts having a pore size distribution with

a nedi an pore dianeter in a range from 70 Ato 180 A
WQIi2005/688926 east 60% of the total nunber of pore®CIUS2004/042338

pore size distribution having a pore dianeter within

detefininfd Bl A1 TRSGhSI'DRYGE afli ﬂiﬂe&ogﬁfo/i@gﬂrﬁw %f§hﬁ§st 0.5, as

|str| utlonls as det érm ned Met hod D4282;
detemlnhedbMWSirMMgh@:bDG%tl ng 25 condi tions such that the
g_g roduct, has a, MCR o nost 90% of the

Ef &Eﬁ"’% lsQuproyjles aicru PQS@QH YEErR RSB ﬁ\@?ﬂﬁ’smon

at leﬁﬁt{]m %P‘Ifrgszgf sulfi als @.&%ﬁiﬂﬂéﬂ b3 ATV E& D4294; reLt @&st {) 2 grams

NPOSi havi ng gram of conposition:

ofre@xd@@AaSQiemmsﬁ bovAEM Mebod el m@dhwommcmehawm a wezght

rci MR o o Bl of o 1 5 B SR bving
a TAYP offit ;ﬁ@st QL Iwherkid TANSE s Matehﬁﬁ:e@@g Q?smmema&momlght of

al so provi des a crude conposition havin per_gram of
MC @ﬁ@fgqtmﬁdbyﬁsweﬁmdw%ﬂaw weighhaf §esrasphaltenes is as

od E385; at nost 0.003 grans
dﬂe%&?%ﬁwyﬁ?%mﬁd by ASTM Method D4294; at nost

0. O s@hi@embedimbats) the 11Wehﬁ@ﬂ 880 pAFvidbs] @rodirbixshtion VA&Tdﬂe or
Met hod D2896; at |least 0.2 grans of residue, as 21 WD
moreohihie aeetiyls wmmm/mw to dhs iaveRtinagcmyle fesithat: (2) has

not {feh OISR oo, lrSfef ARAR Hok b FRiuc T hafontRaors

haviag 8 @aybon nuthder aboge ddmdihapnmetfeeﬁrhab avleag 0. pgrangrofisuci

eGSRt gt B0 e ShA e B s e
a boﬁfngrrﬁﬁéeq:ﬁ&nbﬁ’ﬁbﬂj&tl&ﬁ Toped Hy. léiSW%thQQgQN%%%?dlsﬁBﬂuon

he coggosml on having a weight ratio of cont ent
betwecn 80 &S phd RO Pe ot @00 MRa, abollinglrangetdistribytiambktween. 200 °C and

300 FTRRTALME A bR e HinsB Bt SBEen ISCARAR G
MP4d; 8nd8 beiding irifi g Sk tidutida Hdrvdn o “04adlb502arkt \@e10d MP&f(d) has,
Cs asphaltenes is as determ ned by ASTM Met hod D2007.

per gram) of causiedead Bblgnsteh 0@l grams af hydrecatbanshayving,? boiling sange
dlsuiﬂﬁu%%? oW do¥e W d. gbl ﬁgé ?%ﬂgfaﬁls%ffpﬁr&% %Bﬁkggai’ boﬂmg

|ons accor e®i nven
rangb Hmnbx(t@h betgeenr100 °6&1ﬁd 200 €gtar 0. 100 MP4, &{001egryms of hydrocarbons

e L
of h%HSﬁ?bJﬁqﬁyﬁgﬁtu%ﬁln*g:rggée %’iss'?lb%&{"ﬁetafeeﬁ Gdhc aﬂd‘@@@@@%o 101

per gram o conprises hydrocar bons,
MPgpand 0@61 gfamshifdhydhvearbond bavinge bbiling ravee gistdbustoni liaw&temr#OO °C

and §51 (S il st &R%of s Taohd e 19E G g e fom 03

to 201 |0s4 fol 10Ubt @8 198! PR an3BRiaCo@bAg p&ﬁ@oﬁt@éaspzdcﬁﬂc MRR10BMPa;
ng range distribution betwéén 300 C and 400 C at

-4 comuies mekel, vanadivmisoid ifomg (h) dms) at laasg 0100002 gemshdtoleiNi/V/Fe

400 . t 0.101, .MP
per (57048 oFiE oot 07 putees G O pitd 16T 90PE PSR Ys grams of
sulfild el BnPofRRbidd 1R8d;(RIER at least 0.001 grams of VGO per gram of crude feed;

(1) has at least 0.1 grams of residue per gram of crude feed; (m) comprises oxygen

containing hydrocarbons; (n) one or more alkali metal salts of one or more organic acids,
one or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof;
(o) comprises at least one zinc salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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20 distribution below 100 C at 0.101 MPa, 0.001 grans

of hydrocarbons having a boiling range distribution
wbeabesawn2600 C and 200 C at 0.101 MPa, 0.001 gr0THUS2004/042338

hydr ocar bons having a boiling range distribution

betTwaeie 3fboliadis, BiinfertonGlsbodBes, iR cORbinghidiWith ®he or

hydrocar bons having a boiling range di stribution
morg @tf fheanetbods @ compositiontaceording withe ipeentiomdradeoad thatiss

obtfiq ¥ Rty HRE Baghit 8 Bl ol Vi el b o race.
of Iatsoinea@siboBirdents) the ig&itiod-ako prbvides, an EafibiBafisOWith ofe or
to 20 0.4 to 10, or 0.5 to.5; (f) has an initial

morg of thefgethedser compegitioanascopding to the invention.wBethod gf contacting a
ora BB 32 KEp cARUREIIRAE 4 O ondliky Aol 8
prodl&er.ii which thmrrpde feed asdibinde ; rddu):t il hate 4 €aasphit€8 tontent and
ans or gr ans of u per, gram of crude f eed;
mépgltaan r dsum o F &vﬂa@qw ogrignh ad ceydefeed MCR
con{eﬁﬁg S, %Qm(og)a c?@ig 0&&2%? 62 eSbsUSRteR addrtile be%ct MCR

gram of cru rises oxygen cont al
confentis & atidooatacting coxditions anocontiallkd buchthatS’ isat hest @9% of S;

and R i S iR o pamteplisd ok ek et oAt R

feRESARE crude fal S
e e plodielip e (pfﬁ%‘#ggfﬁnggﬁggﬂ}e;&agm% i#fh arange

fromy 1 220, oall 3 tofl.Bn organl c acid. 22 V\D 2005/ 063926

PCT/ US2004/ 0423 di
A R Y S R

_ morBBfﬂﬁdﬁe@bdﬁﬁ%ﬁ@b&lt}@ﬁﬂ@@ﬁﬁﬁ@tdﬁe ifvehfiéh, ayERIgeR Bource, in

crude feed that is _obtainable by renoving napht ha an nd

- whichythg é‘luﬁ@gewmw; () Brseousi{b) hedsegemgasr G hmsthape;dd) lightn -

hydrdQEBofidIR !ngliwg%% anﬁ/BFg? ngﬁmés%‘er&fso provides, in

conbl nat'1’on nore of the nethods or

colipesmt lembedmmts; therigvdntioh A oippydés, nconsbinatidnowitiobne or

cog actltgg crude feed with o?ﬁe1 or mpre catalysts to .
motp, p rSPTPPFHORS 2ccaring tocthe Hysntion, aapethst of contacting a

crud@ O ith bRe Mn%h: dabfty 4 ﬂﬁo&&%‘i e ﬁ{dﬂﬁ%ﬁrlﬁa{i&és fH@E de

have a C5 asphal tenes content and MCR content, an
produg) whersintho trude deedde congantedin eaerpthm.itmg ese thehisentor aoupled to an
of uge feed MCR content is S, a sumof a crude product
fsﬁ%e 'l t enes content and a crude product MCR 10

COMk Sithe bmbStlimeaRithe ¢¥eRibh Ao prrdids, BIonMifation wzth one or
control led such that S is at nost 99% of S, and

morg¢ pf the ﬁ%etbqﬂﬁcﬁ@pmngsmmcpom tarthe yentian, h @wﬂmmat qmnpnses

conteshfy bl feh Sifh @ ire SR P o BeaitaCl T RIBIF o,
hydegéasgece dndusntoRing @oRtabtingdéondlitionk Quch tBat: ta[) aS@Mi® of a gaseous

enbodi nents, the invention al so provides,
hydrpgeR,awied oihaToRe fvd ivin a rogwEPE 800 Rerial eria e of gaseous

hydl‘ég%%’%bzi’rée% 1%9 %V\gilﬁ ﬁeﬁ%h 1 H%dgrf%&fcdn@é’c‘?ﬂ With bné‘?;%‘ngfeocﬁ‘?ﬂe catalysts

gen source

(b) th®3elébjdi geof @ahydrbgén wptalteaie eontgc;ii)ed Hyi \@hjhng a partlal pressure of
r t . gas; and/or

d b
the hlﬁégggggun%% @b&!@ AL Bydregensuptalegisi smhe ¢4 19 cBids product has
TANPELNE N 0B bEAHPhRD A upthilets 236 11 an amount of hydrogen uptake

that will cause substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; () the liquid
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nore of the nmethods or conpositions according to the
i nvention, a nethod of contacting a 20 crude feed

WOIi2085/0889260r nore catal ysts to produce a total pOTER2004/042338
that includes the crude product wherein the crude feed

o] SERERRLE) o Do B by i 8k LB 0t g L1, n
at mosk20 kit pentiall presspreanf itittegas and/oe rettiydadgenrsouice fs anerolled
oot Saiep S ok Mg BoSEAESH) Bk i
houly Gpdéd Q:efo%ggi ofte'hal BR4/6f m@lﬁg&m@éﬁ Sdured B ih i r%r%g from 0.1-30 h%,

presence of” a gas and/ or a hydrogen sourc
and gojek pregsiernf thogasandiarghelgrliogensosres isin 4 tange from)1.8-20 MPa; (h)

= 180f e oy BB R BB T G it » iorion fheids E0uc 0 8 How of
the GAGERAE, (Y Y CAURPradut B PBIC 6£0-E30% o HIC SPitiandendd; ()

contacted with one or nore of the catal ysts;

hydeagen upteke byths aradafeed isal magb$0 anst/onds arangesfromdr- (88 @r By50

norickbiadnfAel By ingBh B0 R h il B, R, R et s 2
totaINDV/Fe contmt off ilhest 90%6 at hbars0%, 3r atwbst!109 e BYANTFe content
upt ake Iﬁée,(l ess than an anount_ of hydrogen uptake that

of th grydeciieddDdhe sruds producting esulfaproniant 6h 70-d 80Kt $0n20% of the
t R i t: 0

s i) GE e 380 ) By SAAHGA 0 D0 B0HER7 76505 o

90- 106 th8 ¥ GO cdntsfit ofithe cratle fuebj @) thetoende mrbdadidaby essirlye Rontent

ot 733 i orc) S o ibesiuscosnisal ofe SBiceifteh (9 psmde product has
an o&ltgééhﬁfdohién?&l’ﬂ%}& 9"}%’&% gnftsm)eh,ya@ PSR st gé%foggx éat%ﬂéstt 10% -

1, at |east . or at nost 2
of theamxyzen conters ofi the arfde feed;dp)sthandiderprediet hasds otpd costentrofalkali -

mectl gyl it o, i RaLAS b Pdgnis B of Al e 0% at most
50%, o8 lost N 094 bBthé Padtent\oTlafkali invetal] addkAlaRe-caRH/midtall HEmetal salts °
hydrogen source_is in a range fromO0.1-30 h"t, 5 and
of orgsmisiaciseda srcauds feoselaR vahueafthe srode fredfsinasoniaging, is a
| 51 i ' b L 0
et £ ©) P RERGri s s irctall @ 71,1 oF LB R0t e oS, o

at mosiuiGeeof the viscbsiovofahe ciulde fezd e 87 BEEI(s) (lie) crivdecprodud das an API
S 3 H C of 70-130% of a H C of the crude

gra %gg 98}(1]35‘90 . gp"gf e B?‘dF feed; andier @)tbg crule product has a
TAN'BE4t bkt 906Y, e{?bﬂy o4, 3PP s 3 U%?a%lmo%&(g%, &'%%orsu g(g%%f the

cubic neters o rdgen per cubic netet o
TAN efthe ctude fedvancVorde apamgtifoim B01 a0 @5, 000 ab 014, Hd8.PRto 0.1.

tent of \ t..90% t t 509 . t 10% of
£t e FRbSQBHRBn e ToYenfipR AP pisidesel copbiatRg VM f1E or
mor®bPMY ShethtAl of cOMpbdlfiomOREGAIngdb ﬂ?&nﬁe}ﬁ%h?& nﬁﬁioﬁ%ﬁ%g@fnprises

the sulfur content of the crude feed;, (nm the crude_
contpgtig@icarudemtced wilboneon mume casalysts and ogntrollin®epntacting eénditions to

redus {8 ot O B Sorlhiin CoRP s bty Taki Soptegs ot
seled¥éd brigenit @xiyELHEcIHIURRS 1sQdicBE stdhul#A theeslde bRXubRis an oxygen

crude product has 15 an oxygen content of nobst 90% at

contgigof atmost % abthe osggen conterb of tha goudedeeda (b)rad deastigmconfpound

tent of the erude feed: L.the crude.. ..
of the e et SO0 EPlne oltin SRerioBER el ek PP SOt acie
(c) adlekstlons o@pbhttl 6Bthe brgahit oX§Eet condihing @bmPbERIR cOmPeikéssan
of at nost 90% at nost )
alkali metal salt of a carboxylic acid; (d) at least one compound of the organic oxygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; () at
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50% or at nost 10% of the content of alkali netal,
and al kaline-earth netal, in netal salts ' of organic

WOCkokiocaset he crude feed; (q) a P-value of the mrw0s2004/042338
feed, during contacting, is at 20 least 1.5; (r) the

s oG S il ol om0 y gl s o
a catboeyli¢ acid, Wieeeinahe BétaBcdinpfises ohber mnuﬂmeplsc?lmmtt?dhmangﬁ of the
ravity of the crude

Peripiie af;ag%?@ e c?{légz?rh it b c%t?ts@%tn%ﬁ- bgkylergpnifinipg organic

0 0 0 : 200 t
.comggééds%gég mg%t %@%@Bf@%ﬁbg%htt @?F%g%@"?géﬁ and/ or |%ﬁg :

compamyls ifi therar@le0fodd;tand@r §g) 0 1€Gt o ¢f the oxyged cOBtainingcdinpounds

. .25 | ope.enbodinents, .the invention als rqvi des, .

in e o B G GBHoAOR BRBIRIC asK} O Ho-AFRPyAE ReRieingie drganic
SN TRRHouh@NS according to the invention, a method that

Oxyconpri ses contacting a crude feed with one or nore

catlmabgme smhodimeots; thelihvention alsoprovides, bovegihinaiion wigh one or
redyce cpont ent of..or gani c,.0X n. contai nin .

morg G5 A e FAERSItions SRoRRR WrEe Bventah Achapd byhsamprises

cont@ cra@Red REeh dife dreaie RataBsEHn iWhidh: (d)ahe& érude feed is contacted
product has an oxygen 30 content of at nost 90% of the

withogtjepsthonecnfitheatalysts na Hrst thanpfesaiare folowed by eepigctingat a second

R B b BB SR ORGSR P38 P RRR O Being
tempetatate i9 BCleaR VOO Idwef thahi ¢hedsegom] contatyiag temperitaie) ()che crude
conpounds conprises an_ al kali netal salf. of

feedda FBRIIFd WA drozeapt afirst bydrogehubtaks adHionond then at a second

it

+°C 1aweMibar® R3¢0 G am6e 6XThe SRDRA aptitke 8alitibmde) the omde feed is -

. cona it s e of et s A st BERgTA Sepehos o apting o

seconBl RerBdratdires AP {HeIRA1ALARg SindiRUR aFSécthDiled QBhERA AT fidse
of the Periodic Table; éf) the crude product has a

contgetingtampeatune is-at araso 200 PC loweritbamihe gecond samntacting temperature; (d)

hycio R B R Biyhed MulR bontag 8t (ARFrSGP Bin Bhnsceied v
cont@étie ahE e coRtactify cdrditicks atedlsd contelled sidhahathigemde feed

cont ai ni ng conpounds in the crude feed orjgihates

uptakesofh lerebhperéiap of the sroerateddiydeancot) the crudsieed sicpptacted with a
first 308 $hofid HAKEE 9%&85% fﬁ@cﬁgﬁgg gﬂ&ﬂle@g{&ta&%?omm

invention rovides,” 1n co on Wi one
initialosradeofrothine, andtvwicdsindlic itigd oaide ipprincaliasar TAN®pftadmokie?(0% of

e LR B PR s O S oon
catalyBPAHYE Erdd Bibdue: GARLAIAS Wl dladroliGAREs PRNPEEdthost 90%
ataly a ol 'owed by

sts at I'rst tenperature f
of thedM N of itreginitial erude proddct; t(ghpertadtingds perfdmetién a stacked bed

reacPy 09 SoRRURELY HerTorPEeh i AR BYLPHPS Daf eaptie (e i e i

o580 s A A ATTSE B oL

(i) onp duinerecafithié catalystamwa viradivm catalysieod dhel Sudhs/ fhed degontacted with
.ake condjtipon, and the.tenperature of the firs .

an sl G GG oy B breSeTie o & 44 T086h ST WURed a0 cRBect with the

vanddiﬁﬁﬂc R gétfﬁIeyg% ﬁf)?f}fdlﬂh%n%@ SARFhtsPHAB1eGR RFhRgeMom (€20 Adihal cubic

meters per cubic meter of crude feed; (1) hydrogen is generated during the contacting, the

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

first tenperature followed by contacting at a second
woewsread2dr e, and the contacting conditions ar @CT/US2004/042338

controlled such that the first contacting tenperature

port:i'oﬁ o%he;géuﬁha?&qlgﬁrdfgﬂﬁndttﬂéeoﬁ tAQinpeRMtiohPRYeatdol dditrolled such

drogen gasis generated during
that 8 ﬂnv\mﬁthc] gas i¢ e) a thy@htlogehﬂt gsaeour@rge therfiave dfﬂlalcmf-t? feed and a

t th {a di t
lowi b5 EfaebeBetoteta et e Shrdsdee BRnat B BB i B ptalys
at a BrsPinipepuelanl BEbse@RAHI tvth Ky sHIIEEHR cathlystidia s@éd!ﬂ&emperature
feed i's contacted with a first and second catal yst

and ﬁ!nd:ontanw@g:mndgw@s arerpontrplietbsuchdbiat sheifirshtenmmeratere is at least 30 °C

cat al.yst fon in crud r i
towe e 48 SocoRl FinyRBanle o1 s 38s B aRftelent (Al YREAM, the
crude $eddie cdrmdted with an aaditiondleathlysaad e écedcting cofditibes are

initial crude product and the second cat.al %)/fst forns al

contealled sugh thet ithe ad@hqnalﬁétabaswmwéesat lpast apQstioR
oy e ARl 6 o i

a sedondaémperatube, aﬁd)ﬂieasohlali@ng sordétidns rarecbnmllem surhithithe sepond
bed reactor; % } the crude feed is contacted wth an
tempesraliye; is Ableast 480, C}st subsequent to contact with the one

O Ii'tdfe g%l Suidreht ath %vfehii%x? tﬁﬁo %ovﬁ%seln%xﬂbti‘xfati%ﬁtvﬁiw&ﬁéor

is a van St an e crude’ feed 1s contacted
more\of the methalidic compeditiomstagtgrding tn theimventione a cethyfd that comprises

e G A PG00 O T B8R 5 S0 D M chUlystis  symported
cataly@t #hdltBE Shpbft @Binbriddd AharbiFal sﬂibﬁ} Isflica BRineihg, tRekiufibdide,

meter of crude feed; (1) hydr en i s generated, durlng
mqm@mmmmgmmm peide.corgoiaturesstherest; &bhﬁl&@@@lyswswappﬁed

caaffind B8 S5 b DS DB B4 Al e e

that Bhs bdefl heertesafkied a kataifagare abavd 400 eC griot @l fiagzation; (d) ahfe of -
conditigns are also controlled such that a flow o

at lepy ong g5 thecatalysts igat lsast Dorvaapaand{os (St Fﬁa&mﬂ&fﬂhrecq%%s isina
ﬁxe‘ﬁﬁdd&eslﬁl&%?%{hg%ﬂm%rfgﬁf fl ow of the generated
ydr ogen;

the crude feed is contacted with a
v aliasbmerembodiingats, thatinvenfion also pmvpdasamwombmaﬂmn with one or

supsequent]y with an addltlonal cat al yst at Sg
morg GhBE SRS Or SO BOTE ACEOEE P Al ol BATERR Comprises
contﬁ&ﬂ'%r Ll 8Ir34 Ghthtdha bor hidge Eét!a]? 1s! RNRLE Gl Srahd §atﬂ§st| igast

'ower than the second tenperature; (n) hydrogen
supipated icatatysharadidli metal catglysbandbe supported eatalyst atduilemetal s

cataf§ iy he F e ml B o BB -\ Piodi Teble one

or mRelEdrhsuimbs 608! of Thort AN S Srot Chlaafk 531 (D6 thé Pericdic ThBle, or
generated hydrogen; and/or (o) the crude feed is

mix@asdberaet ()/ias gt srameof catalystzat leagtd DPhetemsafremy:9004t0.6

granfy, o ARATPAN-0.F ARG ks of e B IR Lol 270 bf i Foriodic
Table£@sd orkiéte CombBurels ¢ o0& bPMioREME RS fkdif GoﬂMﬂiﬁ 5 -QO oﬁﬁ&d’enochc
provi des, in conmbination with one or npre

Tablﬁe@lrrsa%urm theesppde) Qqnmme&@mﬁrdnﬁ@ pejals fom ﬁvléams(ﬁnw gf the

Pen&ﬁE qg?le%gx?eéorgg af:b]%?é hf 51% é;m?,{]e I ar{l %l%ijmi%g & 10 of the

PensdiD Tablegok rhixtiead ‘@.leﬁé%f (dﬁcbrhlbtises oppor momﬁﬁalsfmm Columns 7-10

lLumina, silica, silica-alugina titanium ﬁ
of the Periodic Table, one or more compounds of one or more metals from Columns 7-10

of the Periodic Table, or mixtures thereof: (e) has, per gram of catalyst, from ¢.0001-0.6

_.(
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zi rconi um oxi de, : magnesi um oxi de, or m xtures

thereof; (b) the catalyst is a supported catalyst and
woheosmepert is porous; (c) the nethod further PCT/US2004/042338

conprlses an. additional catalyst that has been heat

gmn{s RA-6% gPa:ﬁ&?P ?ﬁé‘&ﬁﬁ:ﬁree%lg?}ﬁﬁ ﬁADQﬂQ Colhis®r-16 ef the Periodic

ur| zat i-on; gast one of _
Table,a:tml oy saxe nempbuﬂdsaﬁ' bn®otmyeametabyriidra Colwhns-1 0 @ﬁ the Periodic

one of the_ cat t na 20f d bed | yrgi
TablR o on S TP OBl CORIPISes POk RATS SomhGos 6 B he
Pericis @ameoaﬁed&%mfe r&oitﬁ?Hf%dg%ffbﬁ@ oVhofe ARRIOFom TIHEnAY Sisflﬁ‘ the

met hods’ or conposl ons according to the invention,
Periqdic Tahles dramxmrn;)ﬂlmeﬁ (gramtErises npe ar mpmeﬁbéizbmﬂOhmn 5of
sts, at st one of the.cat

I | e
the FRRGA TR G Bt Pt dcingPihds e fravort medlS FOR Coliiin 3 3 the

PeriGHPTaBIE S5t rhikdndby theref; (R)hds, patighm 7 camlyal, ¥bleast 020001 grams,
ﬁom%n&rlses one or nore netal's from Col unms 5-10 of the

6 grams.&.00 -3 gmmmﬁ«ﬁsﬁébhwmgr ©01-98 gramggficone or

mord ikl G ulh ST By Pt T, oo B i i BF e or more

metdl L@k COIOAAT ¢fitBéPeriddioTatle, Y Gdixturés therest; (D comprikésiome or
0.001-0.3 grans of. one or nore netals from Col ums
moresmelsfromyeolyman Sedithe PeripgicsTatimeng or mare caBpRIAds a5 ong or more

meteffoGAIRAE S T BertddRTT RN (P A o, 3 PS5 P e of

catalysiy frone). G(D(SI-O 6@3:63;IOL0m50 B giidtns) D.006 ). 1 Peanispi0t-0égrams of

one Q3o Tl ERRARSE o e A5 RS oA fornds of e

or mbﬁ%@@fs frdif CohBARE '0f B FARBIRI TN, Br HRkfkeS thérede: ﬁg ises
of the Periodic Table, one or nore conpounds

one mmommwtalséiqm Calumit 1@ of the Periodic Table, onf ont merem@mmunds of one

or mpfepfylstront CEG 3 o B Tarook TS bl SRRRCE © has, per

gaﬁ@ﬁa@?@oﬂérﬁm 0.6 bR @10.0601003 gbands ¢F 8B odhoRNgetals from
metals from Colums 7-10 of the Periodic Table

re
Col@ﬁbi%ef the Periediggablesenasr raere compepnds ¢fang|os marg petals from

J
CoiiL TR pHloB 1505, BRELAGLE T oy ingod Wi, cne o
mordedinmfunth ef varadivagioe mixintes therast; ) dmmpmsmnplml,rm cmfmore

one or npre nmetals from Col ums 5- the 5 Periodic
compoypyis of Pickeh OF TWes fEFes gf )%@PP%WP{’@EQHB%IHBFG SpmRounds of
coballBbithiktin'e® BelIFUFN compiises hilitytih| bﬁe dRb coﬁ'i]:ﬁ")uﬁéls of

mbre conpounds of ' one” or nore meta from Col urm

mol}tbkienu:rﬁ{eclrl roukiresT ‘d:bteef, (@) hasj perigran of haab@f, fro(rht) 06k0, 3 grems or

sl A 8 b Bt AR 4, o s
there%f Q?—) &ngﬁxsgﬁ ﬁﬁ‘lﬁs@ﬁ dﬁ@ ?r &ore E@ﬁﬁoﬂ'ﬂﬂ& af ﬁm&ﬁt@? deRhintiethereof;

riodi ¢ Tab e, one or nore co s of one or
(s) hm; per g.:amra‘tcataéyst,rfmm @@Dmfﬂﬁ Brapfs ctfh@mgﬁm, OBE O Wit RINZHen

comfH el Breoh ) ERBRHNS BByl SpTEhR  or e

Peri&ie" P18 dfd Ohe 8RR mEBIs FroniEbRInSn 10 @ﬂu@qieumc @able, Wherem the
Periodic Table, or m xtures thereof; has, per gra

molas raticed the Fotumn { @ met! tobe Goleng Saneial i 1@ ﬁ@ml ® 3 ) %ﬂmprlses

B R RN T RN —

one GFahEreGMMENONHEmMOEol@na 15 of the Periodic Table, or mixtures thereof; (v) has,
per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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15 or nore netals from Colum 6 of the Periodic Table,

or m xtures thereof; (k) conprises one or nore netals
woOnoes/eed26rm 10 of the Periodic Table, one or IAOTAIS2004/042338

conmpounds of one or nore netals from Colum 10 of the

of thePerRSHi® TIMEL, & miRfurts thedeh Sw% bﬁésgﬁsm,( dne d@sore @angounds of
01-0.6 g 3

gr am of ca_lta’l yst, from 0.0 rams or 0.001-0.
phogphores, of mixneesahernef; &)rhas all most Odngrads|of elpha @lusfina per gram of

Periodic Table, . on r_nor ounds _of one_.or e
carf AV Ot PR et (TR Rt v of gete oL

M XinbBe ehilRiaAEts, tHA inGewivhi a3RSprédaasl i BdmBMatieH withiRhe or

conmpounds of vanadi um or mxtures th ereof; n)

moreaihe wethods eteimpasiions pcogrding tacibapanention,f methek of forming a

catdt SR b BOE B § rpBRITER & W bl R PhiBportimeta

mixp@spwharein thosuppdatemprioesaheth altiifa Ghdhemeitiaf the theta alumina
n&lyybd nu or m xtures thereof; 6% has er gram of
Supp mﬁ@ﬂ% # temperatirg ofyatleast 49 @dﬁaﬁt&.rwmﬁ@g: (2)
confiE g o8 B R AT 0 W0 Stk YRS i eruding tho pest;
(b) obmipiigthetaaheming bythest teeating alnddnodt a tempsiaans ofat least 800 °C;
) has, per gramof catalyst, from

m xtures .thereof; S
and(?.'z@f 1 @ém@?’é‘t ungsten, one or nore tungsten

CONRRHME SMbRHIE, heERvEiRh AR préfilieS HRrhSig s BIWitR bne or
nmore netals fromColum 6 of the Periodic Table and

mozgred ther methods oncanisitionsraordingitolibe afventien, Ranéthod that comprises

confh pHABIEbethind % MR ROl PRhich e 428 aBiburion ofa
least 6APSS the Sataly8S HAL: (HP4 RicBlaf PO diathérerbi@!leH¥ned A, af leddd 00 A, at

Periqdi c Tabl e, one or re conmpounds of one, or nore
least [ &hnetderst A0 dopiesst 280 & at iest BEP o gt BoTHA0A, 5 most 500 4, or
il

88 %00 oo £320,0L B8, (8 PR A o

. 0000 gné or noré ele
60-310) Apfb) hhleasee0oof the Tadlinambenef mresiive aqoipdiandter ofithin 45 A,

ne qor, nore elenents from Colum 15 27 2005/ 063926
35 &@r/ﬁéﬁﬂw POFﬁ‘L%IH%t"Pé?}u c¢%p@¥€wa%#9m Bt least
90 th¥187 £ Mast 108 mPRORRERL 1% mYB! t‘i’e%asf?jﬂem%g NRAUIS0PYg, or at least
phos eof; (X) h 1

phorus, or mxtures ther 5 at npst
220gn*Agrsndfor &d)ptiatad volumesofaHof gregpores of at deasl 6.3 £m’ /el least 0.4

3 a | gast 5 ne30f theta al um na per gram
| om g)aﬁ:g?%loa‘fm%ghmﬁg}f@s‘m%i/ﬁents, the invention al so

Pr Qi is6E embBARAHR, Rt ih Pehtivh alvo PREVi8Es, irPcdiibifatitin Witeone or
nmet hods or conpositions accordi gg?)t o the invention, a

morgef tsdmethodsrrfompositionsacspifing toshepinveitien, e snashod thet comprises

i X [ re netals.to forma .. .
conBHRREE bl Feda o e G T Rrea e Blsplstvbich e smprert @
coniphieésaaldhing] sifica, allidalafmhing, tRAINMDKIdES zir i@ alki8%] Magnesium
Qxi(&upport/met al mixture at a tenperature of at_ |east 400

oRikturgs thesrofaadiorizeolite: (b} egmprisrgpmmsglumma and/or delta

LD ' | t Qr ast e,
ahurSHPAGY s Bohoedl o biior ot ot Bl SRR, 4T per
grarh efisupportaiti ledgst 8)3Urhma opdt 1east 5Re4ns of the@fah@hink € &SicoBPdses

C . and/or (c) sulf xrizing the catalyst. In so

alphg g YDA ElvETa, leka Albming hetaplomineq: miure thereof; (7) has at
j ' | r t he net hods or
mosgg. oéslla% Pgﬁgj%%:]@g]?%g g{&g@ﬁ%p ?&gént ion, a nethod that

codpséme smbodiments, the invention also provides, in combination with one or

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

(a) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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contacting a crude feed wwth one or nore catalysts, in
whi ch the pore size distribution of at 15 | east one of
woOheosmssmkyst s has: (a) a nedi an pore di anet er pofT/EE2004/042338
- —|-east 60 A, at least 90 A at Ieast 180 A, at |east

o supppit, e B ibingihe Yoo o R qud Ml hpllyp ety g pore size

distributid @ith AnAliar? fére Axindier dfAD1ANBOA; @} Corbfiiisesone pr more
60- 300, A (b) at Ieast,? cof the total nu

f
metafscfFers olivan & 0f recPaaiosiiet Bile.ne AT mosCompoLRgs &t ok orggore

B
of catﬂjfsj;,, at fdas 08T grhfd deélgr, oratort ezdls ﬁﬁﬁl @elugn Gof the Reriodic

m2/ or at least 220 nP/ nd/ qr ot
Tablmneﬁéﬂtg?re %9‘?11’?}%“‘3? oE¢ o PEogmetals i o B’.g%‘lé%fhg,‘%&?dw
?ﬁ]x&ré at least 0.5 cnB/g, or at least 0.7
TablE% In sone enbodl ments, the invention also
pr hwoatmambmhmemlb; the invention alko prowides, in ombingfion Math one or
ods ,or, conposi t.j.ons ac .
mord 5} o et SLBEPo LG asBSiftlah Bk ihflerndf, 4 SHHA0 bflcs it has:
(a) a0EN Hon{R rost onp Bohed.00 210.9 Sfrém 0.01 wm B, lor tifoen 0.05pe011; (b) at
(a) conprises alum na, silica, silica-alun na,

most §.06(0908 grams ofhe alkali spstalnansialiaimerparh aagtalnin miplalts of organic

P P10 G B T 7

prodS&ipRalér, (R hrebed San@ Sragis A5E lesh tgarondl griams] ofat ldad) oread the
per gram of support, at least 0.3 grams or at |east
W@%P@rﬁﬁ@‘lfﬁr@mfﬁd‘&tum na ; (e) conprises 30 al pha

[ﬂi?e ngﬁc?ﬂ E&?-Senﬁgﬂ 5130 Blo¥iles; Qn cbﬁﬁhﬁn@h 'Mlmﬁme or
or m Xt ur e as at- nost’ 0.1 grans of
morﬁbﬁhanmthmﬁ]s 08 cqnnposgnm astordingio the mwntmnnme or more alkali metal

odi nrents, the invention al

salts s H‘é‘F‘P’c’ﬁ'PrWﬁ a QR or mﬂr% %Arﬁ)gtsﬁ%h%alts Ipf one or more

orgafift'BRRRI &ri BikPuras thefed RwhiRhi (A af 18368 Bhé Ofthe alkabinAethly 8 lithium,
catal yst that: (a) has a pore size dlstrlbutlon W th

sediwmperdictassipoy; andion (otag leastongtof thealkalipg e'il!ﬁt &bﬁiﬁ?%é%m or
al 28 WD 2005/ 063926 PCTI US2004/ 042338 a support t he
¢ port conprising theta alum na, and the vanadi um
Calpdonsd erib&dimeRR] the Shveationl alsd ptd%ttes 0 coirbination®wdtheone or

pore di ameter of at | east 60 A (c) conprise
morgpf the meghasls o CPWRPTHPRAASCHIENE to e IPusntion;  mF g‘lﬂdéﬁat&ﬁélpnm
contgéung%r ?‘gg“ g le?ﬁLSID or%}ﬁe dtal ps egx%ﬁﬁég Stokdl padviet ﬁhﬂfﬁn@ludes

or m er eo and/ or (d)
a cridi@prodiet, t@mmh’&dtfﬁrt?atcampﬁsmga(h) bcn'?lsxmﬁrg tﬁ@&rugg arsluof with a
one or nore netals from of the ri.odi
crady gt &S the sme pr disfepent Sfﬁﬁb’gﬁ 38 et o ARt ABiShlg for

tran%pﬁﬁmg%) l{:?ﬂlbs i rr% tﬂcﬁu%@ﬁdt %ﬂ'lhaavfi'h&’e th@f isThedaniessr different

nts e Invention al so
fronpthe civdie Seed to formibiakdi soitable for treatment facilisies; () frapigonating the

crudg PIRIBCE ARE DRt O 155 GRagTotust AnorP o How, i flar?
ﬁacl@on]s a.tfd' ﬁ?%w&an%sg{ﬁ%@odlo%épﬂbrg ragf#gﬁg}fng toﬁ’éhegfislfg}'a?ﬁr&tﬁﬁs

rreﬁmsqmacrdbednmhtsnmeemmhowelsa provides nintcambingtion with one or

SRETHONTE N DTN R RGN

composition that: {a) has at least 0.3 grams or at least 0.5 grams of theta alumina per gram

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

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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product; and/or (d) greater than O grans, but |ess
than 0.01 grans, of at |east one of the catalysts per
wOrers0w8926r ude product. 15 I n sone enbodi nent s, PGIVIEE2004/042338
» « pFnvention al so provides, in conbination with one or

of at [R50 AL BFndlel Rind %oﬂhle‘?&‘mf’f&ﬁ:'é 8ftthe %Feﬁﬁﬁ@ AShibAtibMF at least

I nvention,” one or nore al ka met al salts 2of one- or 5
0.3 codigenrat Ipastioc? ewi/gs(f) aser surfane avea of ktdkast 60 eaivg or atdeast 90 m™/g;

salts of one or np or.gani c i.d ML XL
(8) cqEABHEs P R MRFCRC 350 Conts 7R oF the Rl {AHS, one or more
compPRh@ Sf drR drnidk Wittals £OAH CHun@E 7P GF3E¢ Péfiodid Talle, drinhixtures
at |l east one of the alkaline-earth netals is magnesi um

thereof; (W@myaises oma orimors anatals fivod Cabwnrs of the Rerodigtfagle, one or

| des. | paiemt : . i
moreSoRing RO 58 s et PRRLL RO 16 Bliod iR R o s
thereBB (1) 0dls, PR Eraf Dol ata8 %, fréi 0 GO0 L0 gin®y ot dfonh 6£0110.3 Prams of:

one or nore catalysts to produce_a tqtal product {hat
one dryesire fotuma 5 eraiels, gpe o grare CohunmE mebel cOMPOEHRS, O mixtures

o s by SR o Bl . 3 o
moref c@ﬁfbﬁb oufidd 6F cEie@r hldgél fhefaléd fratﬂll @le.lﬁﬁl 6 dsfrthg Bﬂﬁﬁdﬁt: Wable( T:)mixtmes
conmbi ni ng the crude prqduct Wi a crude s the
theregfi ) ks, Birreren of eatalyPlo fromH R 0B 1186 sramaor %Omg)rq{ilaoé eZ3gs of:
one S8 chunftt ridiR/ IR B gjdhé Collrhsf S ek Dol AP Bk ftres
therepf: {Hjwomprisésovanadium; onooemdrestonipoands of vaneditumg of méxiires

pr.aodyci ng ,tran tation fuel from at .l east e of the
theregf; Jp) CPREES TS BRIV PURREID. $5° PHMOHH PRI Y B, or Mibxtures

' s ' mdr8 ﬂ@lhﬂlﬁtdf Wleh NoraRin@es thereof
themrbrg’xgy%q‘nqg}ﬁgé ﬁrr%? ﬁg%;ﬂng?ﬁ%dﬁpgg]? i ons agglgr d?’ng ta thsé oo

(o) compsisssicobalt, one opmore eainpamds 9f eobaltopmipixtures theraesi and(or )

has at.least 0.3 grans. o . S r f theta
e R e T G AT

al dohi dmbddiBeRyAROInventidh alb@sroaidesis cobinatom withafe or
alfpha al um na per gram of support; (d) has a pore . ]
morespfzhe miethods preorappsitions agcardia ip thsdneertionnterude ogmpgyition that:

(@) hﬁsoé’%ﬂ?&%%’ %?%cggﬁéga ] o& 0.3°$)r ?‘fqné!’%?flté' (@?ﬁ}gﬁaer%%n of

as a pore vol u ores 0 _
comysbisition] buleas0.001 gedmd eftsidrodartdns vathor boiliag rangasistriufion

e IR . Y 2 8 2528 AR, r
least?[.)ﬁélp”@g&ﬂg gf‘lgfdrgéa}gor%fwﬁ@ § bgﬁfn'gl‘i‘%ﬁ%‘erd-fﬁﬁb&ion%@wﬁn TOU T and 320

un one or nore mnet om Col ums 7-10 of
°C at &0 PhiHapaidat Tedst @.00bgramsafihydeochrtiohe withfa bofling range

. | t I 5
cis bbb b repanae C areeah °C nan 0L MR (R BeaR b oS s of
basidWirBhéh er Yanvet eHpditidn; (MFhaBSser @etink off édthiositin, at least 0.001
m xtures “thereof; (i) has, per gram of catal Xst from
granG cpeDleas 0c) Igrams obtotalmitmegenoand/or, (8) basaimast 0.0090grams of total

.k%[t)r Coqliiélrm 5 netals, one..or nore Colum 5 net al
nie &Hﬁé’ﬁ’ﬁ U0 EFT B rcgglpof‘lﬁlgPeof; (j) conprises one or
MOLEsoffRd @hSodimeyts, Ghé ivenforPilsd pevidRs, if dbmbimatibe withrene or

or 10 nmore conpounds of one or nore netals from Col ym
moresofghe nigghods pr ermposttigns accesding;te theyisventiones aye composition that

. as er cat al st . -0
mclL\GP%ﬂ?%grng{c%%fyéFsa%f %t%i?,ast cntlé gﬂ?hg chQB&ts. (a?hgfﬁ@re QUze
distribution with the median pore diameter of, at least 180 A, at most 500 A, and/orina
range from 90-180 4, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90
A, with greater than 60% of the total number of pores in the pore size distribution having a
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one or nore Columm 6 netals, one or nore Colum 6

nmet al conpounds, or mxtures thereof; (1) conprises
WO 2003063908 one or nore conpounds of vanadi um @CT/US2004/042338
- m Xtures thereof (m conprises nol ybdenum one or

pore RS VAN %A Ofs AOLAIE R e AL S ek, ()56 Rinface

area bflatgsdse 500 mz/gmaﬂeweso iy, ept leadt QR0 mirgq Kd)x@mpriskad support;
ne or nore conpounds af cobal t, or mxtures t her eof ;

and the GRRROTY GompTEE AR scew@ﬁca-@w HSIED eBidporiiraRIug oxide,
magf¥sflf bxide! »doite, YhdSr %ggﬁﬁ?ﬁleréo? R tﬁﬁf‘fu%re faB@ls from

I nvent i on al so" provi I n COI’Tb atl one oOr
Colunmsé&- 17 of the Peribdiio dable; onoompusietdonouadscaiatieny ntoge tristals form

Cotughé 310 SFtbe PeSigfie TabR B ixtizS Hisasor(HySotmrisks DR @ mre Metals
fromEdlumbl® of 1S Pelibdic THEIE) e STIRBIE %bfdg@ﬁ‘mdsfﬁf on8@fmofk Hethls from

grans of hydrocarbons Wth a boili %man e
Colum:zsi of tetBetindictisblop enmdswes thegecf5(y) Gan pengraonofivatalysgtat least

o0 B3 28 AR Sl ALy S o
or miktere§ tHevddfOMm) g Ogﬁﬁé oRB Or ot ttheBldfrore Gilukin bQ¥ thd Periodic

and at | east ogr ans of hydrocarbons with a

Table,sineion gnare sgrapoBndsios ppe pumpraynpials feamn Cohgnict of theghwiodic
Tabh‘ilt r FnikBitedh8ro T%Jgaﬁergmﬂ) %??éml&stoa? gf%sﬂé ﬁéﬁ s RRnE Qor

rogen per g POSI gram 0
mor&:@@lpﬁﬁi 6 metals, dhe bemsdie Ooithh 6 @eahsompomis,l c&aﬁmmﬂes&hereof 1))

rams of total nltrogen and/ or. (
comﬁlﬁee%%m%ms@&f&% Col i |°f ﬁw&)epgalgdf ﬂﬁﬁﬁ » BRF OGHArH
comffund® BPOR %ﬂtﬁ@re th&tafy the PeRGaib T4BR! bﬂ&xtures
al so provi in co natlon WI one or 30 nore of

therepfendéor flodenpprises opoer momrﬁemnmﬁdm@lumntllﬁeaf the Periodic Table,

i nvention, a,crude co t|o i nc
one GRIHGre cRIpPYRLOr S gt BorY A oy L858 PpEod: Table,
or mb@Sre@tiepdgF Size distri but| on wth the nedian pore

di aneter of, at |least 180 A at nost 500 A, and/or in

a Iofarther ¢mb¢dmnt§3@amresﬁm mlﬁx; embglimeats af ﬂ@k;)wm@n may

be oGty BRpEfied AT R b PR ity it Pl SSRHE

featutiésSfidirh ok ietibolianGnt gf the wveﬂﬁbﬂ ﬁ%ﬂ:@%ﬁﬂﬁmd with features ﬁ'om any
PCT/ US2004/ 042338 pore diameter within 45 A, 35 A or
of the gther gmbpdimentsi an pore diameter; (c) has a surface

| e@i@%ﬁ%rﬁ%@ﬁg?%’?&u Bdudb axleecﬁ)ﬁmz&ﬁg bﬁ%ﬁg ttﬁﬁ Ielfétthods and

rrses a support
systemspﬂmmr&beddmp&mses alumna, silica, silica-alum na,

2l TSR by B o iea] Rt B AEgH Y SRS o

emboBheniiBkadrbafihemy Col ums 5-10 of the Periodic Table,

one or m)re corrpounds of one or nmore netals form
‘ IR 4 ) or mxtures

théfie"f@geé@% TSR Po&%lbb%%h%pgﬁﬁ%%%aﬁf 582 Sl the e
with e WERERt HEtha Eﬁl&xﬁﬁgue@édmcépmn ddaaupdarréfeskinge fordk €.

or m xtures thereo has, per gram of catal yst, at
accom@a@mngdrmngsgrvdnshof one or nore CoI um 5 netal s,

r, .nore 0 10 _or m xtures
B R eRhR T B et g PR AR 9 EPOm Col
6 PIGY. Rel 2P dieSschematics of embodiments of contacting systems that

include two contacting zones.
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Tabl e, one or nore conpounds of one or nore netals
fromColum 6 of the Periodic Table, or m xtures
woOhessab3926i ) has, per gram of catal yst at | eastpcOni¥20is/042338
-grans of one or nore Colum 6 netals, one or nore

conaov .t g 36 7€ KBNS of Y b T Bt olRBl v b tht

inclirizr thrediconthedieezoneme or nore 15 conpounds of one or
rmr& nitals from Colum 1Q of the Periodic Tabl e, . of, .
mi XL €8 2 schemats of anembrdipRyt of grisparatian zone 1 combigtion with a
ﬁ[ﬁ{ﬁg,g rom Col um 15 of the Periodic Table, one or |
collm)re otr%fg{')unds of one or nore elenents from Col um 15
of F@eS5 BersicheinatiTabireembaiimenbdfiartéendimereefin combination with a
further enbodi ments, features fromspecific
cONBEEAYIEMy s of the invention may 20 be conbined with

f eHA! €5 o JcABMALSF s STHBHI B oF 2 nimﬂofﬁ\bgﬁtgeﬁﬁaﬁ&ﬁm, a

exanple, features fromone enbodiment o

confactingrystom, med/a blendimgizioned with features fromany of
or ST 0 5 o FRBRe B eRieserdyvf ROt o i 55 h U6 product

for &YEhIRIBMER DE coMBEHNe chude 28edl With thréd\@ital @t odi ment s,
addi tional features may be added to the specific

entiddi $risra graphiedl repreeenitationiof weighteiavorgeed teraperajarenygEsus

t . 0LV ' '
lengh 61 8 SSRGS, FcoBiy BEGRIE HEMih Bl Y dnpre alyes.
berGi 9 isaf tablilatidnof wptesehtsibleairbpdtichosfurade feed amdherude product
reference t% the 30 acconpanyi ng draw ngs i n which:
for a0y embodiment of cemtacting the sudg e“é‘ﬁi’i‘%ﬂ%?ﬁ $S.a contacti ng

SYHEMo e Bo@Aflon B ApRsHRMNEIb5G 18] o FHIAHE Bhdcrude

contacting systens WO contacti ng

‘produohfes an Shbudinno6f asitaficg RETtrubofed MihigetatalysGS. 3A

B ti f [ t f tact.i
&GRSR ot BT PaR P G embadaehis o
conth8tirdy GFGAERBAY Witk Foud Ui LFRRUaAY s@feris. Separ at i on zone

in conmbination with a contacti r;g]system 5 FIG 5is |
a $lGelkisiagraphical repressaiation of Bivaliewf eniflernyodustsevarsus run time

j Con with th . el .

ror GRARARRL SR oI AR BET L Bl By
sepaBGall 9a gzaplical fepréReftatiohn bNgethydiogeh upfatle by bhrlededd versus
zone. FIG_ 7 is a tabulation of representative

run tng ferembodirgents pf epntacting caxle f%qdéd’@ﬁbf% gidfferent gatalyst gygtems.

e mﬁ?ﬁ | R, g%plﬁ&ﬁ‘ 'i‘é}%geﬂﬂtibﬂ 6f fesHiHE cORER Weirbssbd P Reight

catalysts.
percentage, of crude products versus run time for embodiments of contacting crude feeds

with four different catalyst systems.

FIG. 15 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.

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

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

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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FIG 8 is a graphical representati on of weighted
average bed tenperature versus length of run for an

we ieaseat of contacting the crude feed w th PO®/US2004/042338
nore catalysts. FIG 9 is a tabulation of

that i{l}glglrgg gsrgﬁ 'ﬂ%aﬁféﬁg%{éfli £lydlemignddags camlyst aud evith glass

or “an nment” of contacting the crude
beadfeed with two catalysts. 15 FIG 10 is another

Bl g 8 LisigBiot PEDeRPs Sy GOUE T oo (o dis K2,
emb&i.ggﬁtsfo? %gnt%fl{?} dri: SRAPWIHE bie ofinbre chlalystsatavarious liquid hourly
apul atron of cr

ude feed and crude products for
spaceWbloditiernt s of contacting crude feeds with four

di ff t catalyst t enE. oF i :
o B ataleeih o HgHeriR g opis SR B B HROMER, for |
embbdi %n}s%ﬁ' cﬁg&%ifﬁigﬁdﬂmﬂ§aﬁfmiﬁﬁ@£@ﬁidﬁﬁg tanpatetufeseds
N four differen '

W t catal yst syste FIG 13 is a.
gr Aphilectht inveptiesissusaepablede Vﬁ@mm@%’éwnﬁ B’E‘gﬁ‘ée"ﬁ%"e forms,
crude feeds vers {4l | igavidhes. Th
specklabedimgpis et e I ey B ofRRICLIRP dhnh Vst
el it e toF ol e
I du . ex ed in, wei .
desariptide therete arsnot it 1p limit the d0YeBHO% LR PRGIT LT S?T%I disclosed,
coptactjng &r 1 kb i@iakiofld, e eivaRhts and alternatives
but pn, |c§>§{r y@?g&ngné%q%% i%‘%lr\gla gr aphiocaleEl
falling WiSe e abirit and Scopb afite preseAPinvention asylefned by, the appended
products versus run tinme for enbodi nents of
claimgnt acting the crude feed with four different catalyst

DE@%;%E%E@M a graphical representation of

ressed in vveic%ht_SO per cent age, o{ T
cr UCkataixt edbodiments of the inventionsrarerdgporihed digrein iy Mo detatl. Lerms .

cont acti ggﬁcrud?f eeds with four different catalyst
used pereyare dgfingd apF0HQWS,  5hyl ation of representative

pr opegti e sefefs 16 Ansteichs Sthndad TustitgandMattuiadss f or

enbodi nents of contacting the Cr°Ud§eﬁ0f°%$.?Agith cat.al yst

sy stARTgravitt’ refors tadePl sravitottd SembutPOs FAYB EHum

catal yst ' catalyst, with a catal yst
de"%‘?&’i“é%ﬁz‘%%%ﬁ%ﬁ@%%% PCT/ US2004/ 042338  t hat

| nChppigic Ayddpasihetcentagerindstomiocarhomperdsatege af therraeefeed and

_ Bydog _ .
theaisaintedtioh e friopaied By AT B33 En” o ude

P OgEi L SARMITFE e Bfudé BRUIRGEHAG] Frodike, dkatshe orude
W tﬁggﬁé r%r%rer(r%r e cata %f“s’ at various | i%ﬁi d hourly 5
prodRacee ¥elewiinethy ASTM Methiod R530Znless plarvpise mentioted.

properties of crude feeﬁaa and. cr ude halt
G FReRReRe Tl HPIIOT NG e auEhafe fippuial. Cs asphaliencs
: 'Egﬁf;mqm,rg TESIethddiDZoOyhe i nvention is
w@‘%{s{t&eﬁ# eto var?ous nodi fications and alte r})gtiq\l/g odi
f or fiolummy¥é ciekl(s) Ereheysl tovene: o7 more mRgiAs F Colifs o o Eplodic
Tal())l]; agc)i(fg{:rgrlleeorI Igorte I?:%m%%&n s % one -IC-)P fhore metals of Column X of the Periodic

Table, in which X corresponds to a column number (for example, 1-12) of the Periodic

Table. For example, “Column 6 metal(s)” refers to one or more metals from Column 6 of
the Periodic Table and/or one or more compounds of one or more metals from Column 6
of the Periodic Table.

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

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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10 drawi ngs may not be to scale. It should be
understood that the drawi ngs and detailed description
woOhersmem2ar e not intended to linmit the inventi ®CTIUS2004042338
particul ar formdisclosed, but on the contrary, the
the Peb&RTaBl2, irswhizh wa&hsﬁbﬁdsrfe ql cBhﬁ:ﬁI h@iBer (fd}teka@bwms;-l 8) of

and alternatives ng hin the spirit and sco

the P@noqhh daplee sl“@mex:tmple tGQinmasl Swéﬁmm@)’bqurﬁ@ QNS raeIg elements

srom ol it iRl Sl P onn i T PR TR P it
elemésis fom CoRehES 6f the PeModieTabRd as fol | ows. "ASTM
refers to Anerican Standard Testi ngl and Materials.

" Al the segpetof this aprlicatien waightpf aynetyl fiem fhe Berodig balty, weight

of a §tpdtoRtsipind s R3n iR HELEI TS Ly SPRYcNEL RO frofdié Beriosic
Tabl@,&fr@&ﬂélﬁ@f a@bmipbendofdeelément feoil thd Peiodic Meblpisadiontated as the
re_as determ n&g by ASTM Met hod D5291 Boi | i ng range

weight of metglier the veiaht of plement, diorezample; K.} grams of used per

sl GO R A R oAU LB SR La5HMs 0067

gramgaphgﬂatmo@:m‘talyﬁf ers to asphaltenes that are insol ubI e

by SRR do BROUSER QL CoPPORERGD AiSHasbets (PERGIHE, a crude
feed,oi‘t%t@ :jar&ﬁ[:ﬁ ofBLAldS p?édugfo) x s6d%s velight ARG wamEﬁpﬂJ&centage

one Oor nore comnmpounas of one or nore netals of
base«toh tﬂrmtoml wieight of thersitbstrate. “Ntpipe)” refersvoi paints per million by weight.

f cCmaR R olaC ik R el i S i coptaché e Batayst

rdtdssihp refers to one or nore netals from Col um 6
of the Periodic Table and/or one or nore conpounds of

-oneDistillate’ refers tahydrpeashorsoviting beiling ranagdisheipating hetween 204

°C L HS apd S “E DD RO MPa. 5l Re by Re 4 alBiined by

ASToOMethiodiDsF7conpounds of one or nore el enents of
CoJ.umm X of WO 2005/ 063926 P /US 004/ 042338 . t he
perﬁﬁam%vé%rﬁ tR OXpETH IIQESRy DRSS 1 e molecular

strucﬂﬂ%? b hggﬁagaﬁﬁ%onﬁhﬁﬁoa%ognéﬁnta{t is téorﬁﬁﬁéﬁ%}pAg?’m Ffethods

For exa , ment (s)" refers to one or
E385for exyegm;rﬁﬁt?& fdrntotal ﬂtrbgcm aﬁ&DéfZ% b s, liotal balic aitrogen™

referf R RBPL AR D SR TRiPLloss B 105 BRFE ppegR b ) i o

detexﬁfméd“bfA@EM!\rfe@ﬁdd]ﬂES%' ght of a nmetal fromthe
Peri odi c Tabl e ight of a conpound of a metal from

t K& pirppesasrces sefers tmgmemfandhr elcerpaund arshen gpsnpounds that
Peri o n nt
whey B8 pisdensk it sdradt bt b e Sarn B HHRG Bo e M B
comsfundy) &l thelcrideefedt | A myd@fge@ Is@ﬁwltnay ludexbwads Bot lirhitéd tb,
grans of Mbc03 is used pe
hydrocarbons (for example, C, to C4 hydroca:rbons such as methane, ethane, propane,
butane), water, or mixtures thereof. A mass balance may be conducted to assess the net
amount of hydrogen provided to the compound(s) in the crude feed.
“Flat plate crush strength” refers to compressive force needed to crush a catalyst.
Flat plate crush strength is as determined by ASTM Method D4179.
“LHSV” refers to a volumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (h™). Total volume of catalyst is calculated by summation of ail

catalyst volumes in the contacting zones, as described herein.
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gram of catal yst, the cal cul ated wei ght of the

nmol ybdenum netal in the catalyst is 0.067 10 grans
woebos@ssyxs of catalyst. "Content” refers to the peaigbos042338

of a conponent in a substrate (for exanple, a crude

f eedigaid AbxdhreP béFerddb a c@fhpﬁs{iﬁéﬂ‘ 85t BCAE B%% g?e(xgﬁl%sc% unds that

as weight fraction or weig per cent age on the
aretlignig atgtangand tempeiabire ambpressues (25\R0) Pri01 MPa hsrefmmfienrefarred to

as R Hrowe PmietR i eyl £ Perbfdion 5 foa Bt S5t gompounds that
arediui] 3 STP With d4¢ bsoly egRehddthal b Sblidd Alsgp.refers to

hydrocarbons with a. boiling range distribution between

204 Peciodirobabily” rgfers Butbe Eeriglio Tebleas specifiad by the International

B L e S e T 0T
ni t YMgtats inanetaloalis of brganic asitist Reg tb Alkall el StkdlRe-earth metals,

structure of a hydrqcarbon. Heteroatons content is as

Zing)ariepif, AEgmiymAeroamtingiions theresds A content phmetal stk sahts of
orglaflt akid8 4 A< YR AL XSBY URno g, "Total basic

Itrogen 0ogen conpounds that have a
pKa“Micré-EasbdnResidie” (BAER) cortem gefors(toAnjubniity ofgarbon residue

det.erm ned by ASTM Met hod, D2896. "Hydrogen source” . :
renpating &iter svApRTAoR d BeIVER ofa subsgaten MbRcpostent siasdlteasined by

ASThE M ethdd M3, i N the presence of a crude feed and the
catal yst react to provide hydrogen to conpound(s) in

t he Naphtha” frefers. toytyrdatbge compoments with aiboilingdengexdistribstion

berfleln 38 0. W e U GERRART S AL NG Wesftpmcontcdt 5 as
detdrmiimedely, ASEMEMetld D3307Ur es thereof. A nass bal ance
conducted to assess the net anount of hydrogen

may, bhe cor . our

pr owngedfet eefensdo aiskplo vanadim,iivpn; precambidetions deere

" Fla; |l to_c ressive N

b MRS Al 5 kel PRSI, Kigpbinaions
thersoft Srigtii/V & eaontiat ragideremiigd AP RS NN et oDDE788. " LHSV" '

r ef, a . volunmetric liquid feed rate per tota

. I
ol 53 /,ta?” refers tqaermal gupic glet%g(gf gasqieg cnbic mstarof @pyi_e feed.
TOt‘@onV&kmliefcomé’ tlycl"%axtuﬁ gﬁggréfwoﬁh%qng’é‘ * B PRiPbxygen

all catalyst vo bntactl ng zones, as
compeurdsi thetdidnnt diave a 8arbWG12AEGOHH BRAMG. PEh-aTROQTL dRA3DEhg
Liquid mxturey .refers to a conpositign that, includes
vt RYEERGP RS TGS Bhtare BotlipRed oy cthers, g siers, alcohos,
arorhAHAEGHO, ReRAE, BIdRRHS or(Ribimatiind Abrd¥P bR b6 nBRld e
), at uaes

referred to as "STP" or a conposition t I nc
carbgx¥imBioHat i on of one of nore conpounds that are

i e TP th one or nore co nds_that .are

sol gi-Bhagioghitighl s B coliponei AL RS of Goponents tat
are geed tFIP. Tabl e as specified by the International

Uni“grlpof, Pure and Applied Chem stry (IUPAC), November

2008 {renizatiery) vahuener aP-valuet refers tor gumernl y hick fepresents the

ﬂoc&ﬂat?dnkt@ﬁ&en@ b @haﬁéﬁ%@llﬂ fi& 'cﬁﬁfetfgedyeﬁgtleﬁ'nination of the P-value is
described by J. J. Heithaus in "Measurement and Significance of Asphaltene Peptization”,
Journal of Institute of Petroleum, Vol. 48, Number 458, February 1962, pp. 45-53.

“Pore diameter”, “median pore diameter”, and “pore volume” refer to pore

diameter, median pore diameter, and pore volume, as determined by ASTM Method
D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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zinc, arsenic, chrom um or conbinations thereof. A
content of netals in netal salts of organic acids is

woe0ek0639261 ned by ASTM Met hod D1318. 10 "M cr o-F{aVUs2004/042338
Resi due" ("MCR') content refers to a quantity of

instRAA® MIRSrnEtifics Ihe. TRbFirbs, 866:/31a, EVSA0F @by 88 uddido determine
pyrdl ysis of a substrate MCR content” i s as determ ned

thesgywaluagTM Met hod D4530. "Naphtha" refers to hydrocar bon

S5 RS " i fome B B il bt Pt e e 38 °c

(10@03 eiﬁdetm&dﬂ@ﬂﬂmmﬂﬁammsm Met hod D5307
VI Fe" refers to nickel, vanadium iron,

c on%SiQEBt irefiezs totstandand, cubig fest afgag penthamet of @ﬂéfr ﬁeedo t he

Cnosairee el G tanR dmidlly SETETRMA s

Met“lTadN"eFdSto 4 (ol /a6/d nunitice ESpre@cd as ﬁﬁllhgmlm Cripy 6f KOH per
s_.per cubic neter of_ crude feed.

20
gram G5 S amlS) okt QFW%PQMWM%@%DééﬂmundS
r effSor Rl 45 9&%&@% mﬂgg&gﬁ i %&Q@ﬁ%@ °C

carboxylic (-C - grou n-ca al ni ng
(650)?1@311’[1(53&29@@00:‘(1?7@001‘163; M]F’EC | VGO, contdnt & a3 determinedi HyedSTM

rs, cyclic ethers, alcohols, aromatic
Mc%?@ﬁgg ket ones, al dehydes, or conbinations thereof,
whi ‘thc@@iy‘%fe?@%%ﬁem&ﬁf \h%‘éitir Gt 3. 9“@ 18P°F). Viscosity is as

"Non- condensabl e gas” refers 10 conpo ents and/or
detmmmdmemgaﬁ'ﬁ‘ddﬂdheﬁ%ﬁhat are gases at STP.

{ HIRGAe kB b 5 aflindtion, ra® BriemebRiat R e ﬁ[{ff,-rog»{tamed for

a propatiadfithd Qibsirite tieddk BH8ide R GimifsirehdeBdhétffd,Ghe tedmethod

s_)

-

ot

P-value is described by J. J. Heithaus in

mayfnm difiedrand/onegalitirgiad 19 teaifor sush prepsvel t ene
O Rk e Byl AR b bl i foctlne B g&kmﬂ ormations

andmmrm:ﬂrzed Cowdbs amydaclede cmde bty ‘Crudesdre @ﬂrefallgrdou&ﬁsembsohd

er. t di amet medj an pore_ di anet er,
md;ﬁ& 5’8‘“@0 gtﬂ%élxzaggn H@Fé?‘ﬁl-“#e Hu’b‘? g tReb 10 SROYSY 2§K°n‘°°nd°nsable
I
TR OSSO 5l B ke
Such’@fﬁbﬂl%ﬁﬂﬁﬂhﬂﬁd&ﬁﬁoccun st, pupmeRrimAtdto; thenmrodudtion andor retorting site.
be..used. to.dete

No .. e i U.S. A
A R Sty nave pl oY RIS AR HEREE oA ARtiled in o
treaﬁléﬁ@ tciitgtd %@Eﬁcéjfhﬁﬁ'\/fgﬂ@éﬂrﬁﬁheﬁ@ Wi s'i?a%ﬁﬁ@boﬂ 2 distfibutions
det er m ned ASTM Met hod 'D5307. 5 "SCFB" refers to

(forgicmpig;r@phﬂpm distiliases, M‘G@,@d@ .luhm:am oid®). Hisitlketipn datiudes, but
s o S R R Mool PS5 il AR
Undéstible@ a6d/6r @iifiadtibhedted ﬁﬁﬁh(zed@tucles%a}‘%uﬂ@ tomponents that have a
carbon number above 4 in quantities of at least 0.5 grams of components per gram of
crude. Examples of stabilized crudes include whole crudes, topped crudes, desaited
crudes, desalted topped crudes, or combinations thereof. “Topped” refers to a crude that
has been treated such that at least some of the components that have a boiling point below
35 °C at 0.101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will
have a content of at most 0.1 grams, at most 0,05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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gram ("g") of sanple. TAN is as determ ned by ASTM

Met hod D664. "VGAO' refers to hydrocarbons with a
woabdsioes26 ange di stribution between 343 C 10 (PETAUSEN04/042338

and 538 C (1000 F) at 0.101 MPa. VGO content is as

detsimtd R854 iyl H)?E’rti@? . liliYed I
to ki nemat |l%:eavi scoshla%ba 37. g%éaléol IE)&IC: . 1V| sc&ggéf&ytéibg
trangporieddo eonventional sieaigneatiaviivtes by drabeptistatibm carnierso@ort example,

. of thi li.cati it.istob d t that if
pingitesRioE OB BEsn Gt ep et BRE Pty BORAL Brpeiieate
rende® ﬂ{eﬁgdﬂsﬁ\ﬁﬂﬁa%%dj. e%%ﬁ%dgfﬂfgfe& cRide RaybR %haé'ﬂ%gﬁﬁlé tota{?:gansportation

test net hod ed and/of recalibrated

cartieggnd/poa trsmnpégiéimttbus i@nading nley toonpmiivabesitodhe/ or
cisaftfigRbeefdnder T <SR ReS e Hes Do B Breseey<ot i ffdes the

disadvantgdenadel that$9 Hédine S0 coftB} forodude Sispbrit,Hidfbr treat.

Stabpilization may include, but is not limted to,
r erRsoparties ofskisadvaniesed samdes oy igelude, buhareaiot limited 40: a) TAN of

ot TR, AP e Ul ] 2B P PSS APV Buporg 12y ol

Ni/VifFe cofitetir ¢Dat fabied 00002t diemP bogtUedst 0000 gfagis ofAioV/ Fep@r gram of
ite. tabi |l i zed crudes typically have_not been
crudg; &) ¢ fota deterratins ¢ontentiof atlenst Odl0Siaramsa af heieraatoms pepgvem of

e iy ! b
crudeS ekt Corf O B 0101 hr BFRAINB b8; ol WAL b E C
asplailtends| doateatof av(¥ast @04 grams ofiC4 asphilenespdrgram of crude; h) a MCR
com??mfsa‘BSt . l kegtﬁt: (g{)]Q# wncl us%ii\)r[gﬁlf:{%g:ﬁgal %n%;, 6)|r"ll Qr}lg)&?e}g Ic#' %ietals in metal
sal%t}f&r@éﬂiéﬁéi@i‘ofﬁtl&@ijé. OOMlggxﬁfn% ok ﬁf&tﬁ?ﬂér%:lam gg crude; or j)

unfractionated stabilized crudes may inclu
combinapioneihersof. hiat somevembodiments shisaduaniagedairadeomay inglude, per gram

oAb A3 Al B e

0.5 gamlsef e¢sitiRSor dt MABEO QEABESE reSletd | knedmeCntit@itments, the

desal ted topped crudes, or conbi nations thereof.

disad crydefreayshave agl 4N i a ranggirapn Odaer Qb en20, Ocherddys to 10, or

0 345914 3l Gl R O AIPRIAA, il Gt
crudeamay hawna sudfup coantentlofiat isabl (/003 gramecatdeasties1 wrdns, ohabieast

a content of at nost 0.1 grams, at nost 0.05 grans, or
0.02grams st 0. 02 grams of such conponents per gram of the

t OBRESE b &dim%ﬁts}’ﬁ?s%cg&ﬁ{:gg@ %ﬁeﬁ%(/egigt%%gé%sqgﬁﬁ%,t but not

~ Some stabilized crud properti
limitedadyi 4)iTASd of atldast 0159 bpan oxygen gontenicbitab laast 008 Framalof oxygen

{ reatiren aci litjes by transportation Lriers or
per R feEite 157661 P dop A gRsReoonist ahat it 656 aimotfinrsphaltenes
per fadofAfeieteed ) & hEFh%H tHaf RleSirdd ARQEHY B6r ElAple L1088t for a

t hem di sadvant aged. Di sadvant aged crudes nay be

crudg feasiowith AR gravity of at laas 161 ¢)eat ¢atitent of metalssin ragtall salts gf organic

acidl BF BURED ORST erein o ils TPt Srifice e SRRt o hereor
nmaDigdvakesed dtades andySincluMS) fer ERad of cliﬁddﬂﬁt%.%éch@'ude: at least 0.001

di sadvant aged crude that is deened too costly to
grams; algas 0.000 grarps or at lgast/Od}l gramaof hydrocarbons with a boiling range

distribution between 95 °C and 200 °C at 0.101 MPa; at least 0.01 grams, at least 0.005

grams, or at least 0.001 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
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Properties of disadvantaged crudes may include, but
are not limted to: a) TAN of at least 0.1, at |east

w0.2805/08)9261 scosity of at least 10 cSt; c) APl @GIViIS2904/042338
-at- nmost 19; d) a total 10 Ni / VI Fe content of at | east

ot 0108 NP ol ARt 001 28 e a0 PR, & bt DF i of

hydtoeaﬂabnﬁ)wﬁlﬁfa tgrilimgrange dmeim:uneﬁ besvepe 40@ PG rmfsso e€ atle 101 MPa.

If‘ SI due content of at least 0.Q1 grans of resi
eDigadyanigged ey %%m@; mal » DX EFHROf disadv. a@@&?@ﬁ%ﬂdsw gast 0.001
S

dlstgblmnndffatmmdewa °C Et ﬁ:lﬂitMFa, afleas.8D b gramsyet laﬁst 1)5)05 grams, or

at 41 BigmP o iosRbapyth o Boiloh ot imarR biRgs L) °C and

200kC a‘ierlmm@% l@gﬁ@mldg@ﬁdvfam&a@g@dwgfm Bt 1643€ 009 @rams of
per gram of di sadvantaged crude, at least 0.2 grans ©

hydegarbers with 2 beilingrange distsibytiombetween 260 4C end 300 PE 250.101 MPa;

ot ey PR, e D! G riipsntnec SERE0 Bt B i bemaavit o

boilif@\taf@vdistiibiddh bétweer 3’0113&’3 A0 a10. 161 BIFaOati’d)at 16hs80.001
or 0,5 to 10, or 20 0.4 or 0.5t0 5. In certain

Zram, BbleashI0), erams.rbleestdel] smsef hydroeargpayivih a boiling range
Wi ul fur content of at
Sﬁ%as?‘%ﬂg‘g@ raﬁ%‘&;ﬁw{‘glaastpﬁgﬁﬁ?a ans, or at | east
0. @Dn@rchmlvaﬂtugmmclm gﬁn;dnahﬁé per grmladf/@aztcz@ﬁtdgm ¢rdés at least
ave ropert I NCl udl n not Imted_to
0.008rgmdad 0,065 ergscor %f% S*ﬁ'f%"rﬂf g fiogprbpgiuith  boiling
rang® SRLEHABY o InoBUIHPT: atdP1 AONIPY) BHaRfrich"Y gggbépﬁgh.%g) a

C5 asphal tenes content of at east

compantd. tBYm&lb'etheglanﬂagcdwweﬂme,cper g)anaof]dghbnantagahcrude 1

e 0S | e for a crude
contpi30f it W dipRint i efmoft B Brodia o o501 g% ent of
rretsahfe diﬁdﬂaitééed&ﬁhdeﬁ nity iQ616a¢)iper gﬁﬁi g5difddvahtab®Pérhide, at least
00001 grams of netals Eg& gran1of crude; or

0. 00& GBI At [eastd).Q0%grams, orpt O ergmns of hydrosativays zvﬂh a boiling
I fo ed crude: at |east
Ianég!agéﬂgﬁ':%%g:ag%g?ﬁgp Fﬁag?ﬂ%%ﬁ%@ggram? or at Iea:t

0. Sbmgrdismvaitageddinadss nixyriaciuié, pepglani of digadvamaged crude, at least
istri butﬂgn bet ween 95 C and 200 C at 0.101 MPa;

0.00] ggighs, gt tghOfipegramgs, o @hlopst). Yogramg ol hydrogarbges Witk §iboiling

rang8 A RATE aPle egarbons with a boiling range
ggl stributi or{%l Lg%lﬁgn@ 200 C and 300 C at 0.101 MPa; at

| e&izamples 0f diyadimptaged ciudessthalOmiihs be trasrsd using die precestes

deop 4 itATReie RSP BHS 1 Bohd FHRe08Sgronsof e
worldO0H . CaRPEEasrerld AP CANR3R], Calad? T%PQanHEGBraﬁiﬂ Qﬁntos and
| east O. Ooym?rarrs at |east 0.005 grans, east

Canmomhasgnsaﬁg an GulflpHBuezbChad, Wntited Xibgddni Ngurthﬁegmngola

b ti b 40 0 C at 01 .MBa.
ofrfid, Chite St BaYiSherngr 7l ale12sep. e Dicpeid Shinatea
di S‘%iﬁﬁéﬁt%@@ﬁa&f ed Bfude£ARY ehdHed thIFBpEtieRds theast
0. OOSQgrams or at least 0.01 grans of hydrocarbons

disadijantpged poides sghithetghe Gudiisare adseptable for transpomsationteng/oc
treatfilen p 101 MPa; at least 0.001 grans, at |east 0.005
grarns, or at least 0.01 grans of hydrocarbons with a

boil dride aiigelichdFarthdedichale thativeebe #8RedhaBid is referred to as
é‘crude feed”. The crude feed may be topped, as described herein. The crude product

resulting from treatment of the crude feed, as described herein, is generally suitable for
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200 C at 0.101 MPa; at |east 0.001 grans, at | east

0. 005 grans, or at |least 0.01 granms of hydrocarbons
woi206s/as392ai | | Ng range distribution between 200 ¥CRWSL004/042338

300 C at 0.101 MPa; at least 0.001 grarrs at | east

005 t
tangpeping BB eoaimetl Fafiiitionos s FuRF Brrduet Hediedus taper
hered® Qre@l@der £b the LoMEponding pﬁipei‘t%%%‘f We? %xasghmedﬂte crude than
| east Q.005 grams, or at least 0.01 grams of

the erpe Gedr oresenta the gomesoondige pacrmré:lesm Hrentipuudey than the crude
feetfJ B \P%)&}rl])?lgxq%lag @}%de&ggoqmg v%fue%‘fjd'gelc fee§° ich cf:rude product may be

di sa S Iy 1 nc gram o

reﬁﬁhdsmw hasi ﬁﬂﬁﬂpfef-tbﬁi\&nelﬁt the2b$ Enhﬁ}cﬁ%]reﬂhﬁl@&fﬁcﬁéndzm%e
nl's or at least 0.01 grans of %Sro ar.bqgn
treamﬂqm na%a piedespifurization, drmastalligatiqnoandéar fic @911@011 to

};llgr}ﬂ1 a, in addition to higher boiling
rem@%en%nnenM Typi cal ly, the disadvantaged crude has,

perTreatawnbéf aéradelfoed mrdamudmthanvmnsmcnmm may
. .h drocar,b s of a ra or at mpst 0.
incl gdhesrude) m@éﬁe a@a@?ﬁm cpﬁfep%%mnsénd/gram
corﬂﬁna%bﬁ@gf"ﬁm ﬁ%&e%ﬁﬁ%nf%on@? affa c&tﬁ%ﬁs%ﬁm‘m l€adt one property

[ east 0.005 granms, or at least 0.01
of amywdﬁeal ey be whartged by cohtactpf tidemde @ddmﬂz onebertzpong cafalysts

e W
peri@rrﬁéﬁlmghélgféﬁenc%tof a9 8fogln Siirced) r&%me%nlﬁdlﬂl% [{th&@hfthogen

grans of hydrocarbons wth a boiling range
sourgE &% enerinens hyfirosarboasithat wsigr cortain geppetingsfonditions react to

protlsS AR SA, SRS of kol 40 oRB AR, BB

processe descri ni1nc but are not

1.1 HIGed is @scl:emadesfémmu@g sydremf 100 tharingudesgontastigg zone 102A -
%gfe world: U S Gulf Coast and _southern California
crudefredy

gntets rcogfaﬁw zone 497 maaﬁvnéalﬁ 184 Arfentacting seneynay hea
f
reacklt B pbitibnof o redttor Wiipl CRifion Y 4 Rty 20 O MRGSD, (2ot
Exatvipiesyod ma;pnhn’dng naterircide &;Iatﬂtedebed Tw&mrnmﬁkecb'_bcd reactor, an
oI SV SEIRE B S0 Shgfleclt
reactsiCE E]&rﬁ? kiR anld ARRRDNi Gk IcBRtastas/ cherEaIneé%hHﬁﬁhentﬁ the

crude and/or di sadvantaged crude that is to be treated
conhetn@ system isemenrceupled taaan offshorrfacilisy dContapteofdhe erude feed with

the i) S SRS ReER IR0 P R oot B R b8 Blocess.

d emklcbﬁ&cm@g irie. maySindRIde bad biymbié daddy s {for exa&ﬂalé/‘@zvo
2005/ 063926 PCT/ US2004/ 042338 transportin
catalystsht Hsypme mhﬁﬁémﬁméscomact ofcthe ernde ferdowitl £ $t@§t9b@a ofige two

catef{ 3P Iuod PRGOS Gl AR ShischNne eBHERRAACHAecq TAN

cruda]ffaetbwftbﬂtt segd&ncbd:alzﬂ?ﬂ dbczeaslee gmrdaammtem apd peedabescAPl
rent cr . than e, Cr e (S]

g"a"g‘ﬁhiﬂ&‘ﬂﬁ@ emie W%M mm%tyo}\h;%e EPMiERt, heé%raatogiﬁ&ﬂntent

residletdftent ?ﬁ‘%a A er ﬁ?clzdn@ OF st Eﬁpﬁﬁ%a QF tHéErude product

pre-tred ancing r
chamgeftiycit densi HI9% rélative to the same properties of the crude feed after contact of the

crude feed with one or more catalysts.
In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 voi%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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treatnment may include desul furization, denetallization
and/ or atnospheric distillation to renove inpurities.

woreesigssers of a crude feed in accordance with PCT/US2004/042338
i nventions described herein may include contacting

inclde FomYEPol ¢ It 0.603¢ | %58, grgm 8 of CRAIFS PeP 900 grams of

mcz‘%ﬁe and?géq?%r%%%f‘g)i nat? ns 6%415(?%)3 rmPg coz‘tjt;dgt?ng 50

crudefred in the @ntetihgedneng zone, at | east one property of

a crude feed be ghanged.by contact pof, the cru .

T e oA RGO gh (e CaaF i aototuate e iex B o Bppied to
teniefidi@re! PreSurd, 'Th_%dﬁfgls‘ﬁ Sodr&elow! GudOiRd TIHW) U B&AbiRations thereof.

contacting is “performed in the presence of a hydrogen

Contacting=confitions ime sembendborkiments arseontmplied treprodecs s gudg product

.one oL npre hydrocarbons. that under certain contactd o
il Sfestie BRRperEh. TergerhBing LAOF Got PETIR FoPE PP AR otk 0500 C,
60-490 0L F)-450 1T, Gk 802120T0. PerER@E Rislh Sdnthstidgone @efdom 0.1-20

1 is a schematic of contacting system 100 that

MBZ-I“ PV AT Ap6-8dviBa. IBHAYV ofrthelerule eedatillegenerally range
| 02, ¥4 i Y. |
e NPT L e

is o bkt DS, sdleast ¥ IEKE, a0 leasths Y GPatleast 204t her eof .

Exanpl es of a contacti ng zone include a_stacked bed
r ealt @Rbodiments dp wiich the Bydragen souroegs spRplied @5 A gapder example,

hy&g&?&fif L%? ZaZ:gﬁ@ gfé{h% 2 WY hydo&Ehut @S tﬁ@&ﬁhé’goﬁg "ty?ga‘ﬂir)ranges

tor7 a~“spray reactor

frotoi (yL+100,000N/mdy 0. 540,600 N/ - D00 MiniddT, 271080 Nuflen®, 5-3,000
e L 5 1 0Tt ARERF, T RIS e, n some
emB&diRleHa! ﬂs%rﬂbﬁhéﬂ%ﬁ:@%i&%ga%ﬁé‘é} £10 rLePcllRYd BRowgh the contacting

COﬂtIQUOUS process or a thh proqess. The contactlng
zoneo {iarmengas mey hbe fasresamplemitrogemn thaliyey and/eroargan akhsl carrier gas

o T o e e A B R L W
zorl¥B(8). | FRICRridr s Qhayt d160 @ihbfle hbeeh inIHe seftbdity 2a8kRdh some

of the reduced TAN crude feed wth the second
embediments; a Hydrogenwyrerdiferesamples hydragen meihaneios sthape)dnay be used

s (AR Sl el N oy BT RN 0, G Gl

conThahydrdfén gnass hyy emer @atiing toren)2ofo-¢uneatly with the crude

[ f th h b |
TR o Fs R8T 53R o0
crudd feh v éé&%ly@tf tbiees & E(_g%gzlrgm ik bR 1AeS a%fuaif@%@duct, and, in

cat al ysts. certain e ments, a voI_ume 1 _
sompatrabgdiments, gdse [o sorhaembodineotsea carriengzs is apmbined matin the crude

0-60 vol.%. from 20-50 vaql 9 r-from,30-40. vol % of )
feeft pdpr U e do hive B qosgnt 106 Thi Rl Fradhier 18y s potpting
zoriOITR. a8 i RA’E SionFohé V08 ViaQbn&at 8lo/st and crude feed

may 39 WO 2005/ 063926 PCT/ US2004/ 042338 include from

0. ODuseparatjpnmene N8 UB-Budprpradyct end gaomapby sepaiatesk from the total

ot A 80 B o KA i o s sepration.
Thé etaprddnct Ay ExiiEepatafich 26iee 1084iabedudoL 12, bl theslbé @ansported
tenperature, pressure, hydrogen source flaow, crude

to transportation cagiers pipslines, sioragetvieaselsprefineries, 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 may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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5 Contacting conditions in sonme enbodi nents are
controlled to produce a crude product with specific
wORMSMGcEd26S. Tenperature in the contacti ng zon@(OTAYS2004/042338
range from 50-500'C, 60-440 C, 70-430 C, or 80-420 C.
Pr ﬁ?&&i{@aﬁﬁb&nem,t cimtdctieig mrt@udeaﬁeea ibeahé wahyﬂ(s) t@Produce a
MPa, 1-12 MPa, 4-10 MPa, 6-8 MPa. LHSV of t crud
totalfpeediiotisiperfgrmest i ml tWp QraRRye comtﬁ@mgﬁoyﬂ% 0The total @f%i%z"smy

sepbghin R 1 oAt g5 'S h o ar Teast 11

h" pr@8. 2-®asdschémitics of embatinhetss{ d@tdetihg system 100 that includes
enbodi ments in which_the hydrogen source is sgg@dcﬁﬁg

two asthseecrantacting zaneantn BIGS. 2 cgutapting sysigm

e RN BSOS B b g

In F%@ 82%%&&?33/8 ﬁ:gﬁtasﬁn@z@ﬁ@ lmﬁ]:]m;rl]lﬁar@ dﬂ?ﬁtedmmmate spntacting
conta th the cata

zonega ooREtulte u%mﬂﬁg‘?gﬁétqwt?&%& 02 vig e 104

W tI | n 1 z st etég caftfbr ﬁ@é:i‘src%&'bﬁ{eﬁdm‘;ﬁ‘ih@ llhghmtg&@ source in

con rrier~gas nay be, for exanple,
conduiii mﬁmd is inerotluced intodthe cortaciing. zoltscascambitene. @@gertqmy

cor i, S s, 1 K L B o i

may‘ldr ?ﬁef o} G cBHBSURIINES Rithitkd cifidé feetl Repazaalyads corgluit 106
zone In some enbodi nents, a hydrogen source (for

and/exmmﬂmécuny dowgerto theﬂnméﬂmcre@mntéylaqﬁqr egamplegonsiyit 106

L

feedAN @fahOOmBAREadDer ét@ﬁaﬁ:tlbf mebhyﬂe\tbddﬁwith ¢heoaatalyst. f eed
in conduit 104 or separately via conduit 10

o Lol i he Grree e Wi RHAlTERn prActEiE 900 1 3 ot feed

.stre%rﬁt ¢ %eed aﬁﬂ?@%%&r&%@ﬁm&{r&dj{?@& ébﬁ‘?& cont&ing@8nét 14. In FIGS.

e pro sone e I ments, gas In sone
3A eniRBlithefes strears ows e*mngamtacsmganm hiAitonontacting zene dé.

25 feed .and/ or t n, i n_condu 0

t ot&e tasting genes r}lgg }?qu qlggﬁy p nezqgﬁ%orfgﬁia.kﬁﬁ (ér&s-'h—g%n in
FIGSSB at'hé“féeﬁ@tr&ﬁﬁ xitOBorthAing0Hs! 1 02 ¥ihQondiit SEPAIdEdterN contactlng

zone , the crude product and gas may be separate

zoné i bdn Ahshavat ial FIGp BBdthetfeassitregmariia comtpsting aong 114 via condmt 118
epar at tech es, for exanple, gas-liquid

andgg i"(‘iﬁn f ude product may exit separation

Z0 ﬂﬁwlf% aﬂeamqa@fiue borltdcted Wit atidigondlatalyst(Spinrcoatictif zone

totransportatlon carriers, plpellne

St or aig
114pedioe bentactiagizene il ba to frmdhe totad pradich gThesiord progiuctexits

congiﬁgx%\) | Dt 'lgg @é@ﬁ‘)ﬁ g&{t?ctﬂégz)?gﬁg §'8d %rﬁgﬂ gﬁa:&g)a %o% T8¢ via conduit |

110Came Qﬂld@lpﬁc)’dlﬂeancﬁmdéasrm (a@ﬁ)meparm Gbondﬁl)e totekpredset. The crude
aseous hydrogen source, 3/ r carrier gas. The
prodyct exsits sgn@ah@yzqa@ Wﬂ%F@%ﬂmﬂ ontacting system 100,

Purgl g4 Ecrhgﬁri‘iﬁg bk e %gotﬂh{éﬁf of RPESALA Qoﬁélgﬁﬁeam of

storage vess or “conbi nat | ons t her eof
confid H6RHP 600°CThd HEADANRLABERde (emthsnhmpp@mmdﬂmdbenters

sepmPBRNERIed 10 SHpoIBIAR: T SBBRRP PRI h o B GrpoRfipot the
dlsi%gglﬁtggéd' ({lll%iezlgg atdd ﬁsah% tedhmi 5&&4%%&%@&1 (P BandjleGparging,

e crude product and gas(es)
membrane separation, pressure reduction) to produce the crude feed. For example, water

may be at least partially separated from the disadvantaged crude. In another example,
components that have a boiling range distribution below 95 °C or below 100 °C may be at
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FIGS. 2-3 are schematics of enbodi nents of contacting
system 100 that includes 5 two or three contacting
woaenesae3dze FI GS. 2A and 2B, contacting system Jf/US2004/042338
i ncludes contacting zones 102 and 114. FIGS. 3A and
: e |
leaézii angyg%%gﬁ?gg{t}]ﬁgl zoneé&g%ggfud%ﬁ? 116 gtlf ec@ltlzlde@p%'eIél Some
embxsliments, = feastopartion phyaphthaasl dompoueds matst wilatilg fian naphtha are

e S b i bt
sep.h'a?ed%ﬁfp%g@&s St ge%gmiﬁen zofle CHichnd@B120d i S

introduced into t contacting zones as a mxture. In,
cer T erudefrisd obtainediona separasion zone £2&dn same smbodinegengwincludes

a mpf}ire g BPO RS e A R e T &Rl bf #3%ast B G 8L Jh some
emBRRMERS S Uoi}ihglra@?é‘ distributiof of aridaari20 nCa Typically, the separated
counter to the flow of the crude feed via, f

cruds ey s e RIS OeOmPORGTRSYiEH beiling Eangp dhsaution between

o Il t .
10GERH00E, 26080 1G5 20818000, 38 TessPH BofHon o picrud it
sephfations Eotte! Joend enterdicdniactiog bpdtsiatl00 (seef for exahplehthe contacting

crude' feed' with catal gst s) i.n contacting zone 102
zoneg PHRIGS. eb ia eqndag 120 1, T BEOcE¥RRd 10 1ORR & GTHy product. In

- C .
on s AR AP B RARA it B B o
desaltiag initc Aiften ptocesyinpy the chdde prédudt @xits coptarting systéd, 100 via conduit
11%1: 14, 116 may include one or nore catalysts. As shown
'n 20 FIG 2B, the feed streamexits contacting zone

10210\t eCpiBbidithertd. Ghdiihde ?hﬂh&t i§ Bhded Wil a ofF@deethdtlid the same as

As shown in FIG 3B, the Teed streamexits contacting

- - or differsntiframhescrude fhedt Fon examplel thecride prasiictiney he comhiaed with a

20

25

30

16, .The feed st { i it |
orofl By PR SRR P SRRk h Sionlhd proRi e Bl viscosty
tha?i@ betwikth theOvibcosity bithelchide! prodind uad the Mistosiot &ff thp cadec tn another

exits 25 contacting zone 114 and/ qr_ cantacti ngmzon

t mcgfferent,

exapple, Ahrirade Brodualapt b blerded weh ade having 8 dduY
thetégg pg%&t&g@g R REE ﬂﬁgﬁésoé TARPthhSis bfvikn TRPPART GFnd £ product

product e crude product exits separatio
andzthe erufl® 8 The bleadedtiprotudt hay Hel sGitalleifer iarspdréativhiand/ofr treatment.

mbodi ment . . fi t f .
conR S IICT S SpRn SRbARBSHY FRrde e Site sopapigsystem
100 AR BEHuRY 1049&?&%619&5': £Pb&ion of Bk &ﬁ%ﬁﬁg?ﬁ{éxﬁﬁi’&ﬁltﬂﬁﬁig\éyﬁem 100

condurt 122, In separation zone 120, east a
viagonduitl?8 anfl is introdiressiduterilensling zoned30i dn blspdingtzeve 430, ayleast a

.echpi ques, kno in the art. (for exanple. sparaqi
porfih BF ot ile SRR 5 pormhiasnirb o er o Bieapngecss Apfas by example, o
hydrf@roniiRaineach afﬁgh&ié%@&l@ed € Sepafidn B o of WBf crude
partially separated fromthe di sadvantaged crude. In

feedmicn ¢rude,@ feed, or onipuesrthereofs 2o pieduee ablsudad mgdycindbe

di stributi | C bel ", ,
profs? ot o 98 e R s S8 et e e Gy o
bleSdiRAFAEIB0f or eifibtidaen 6f SieB bRNHRGSSne VixdRntEit P3N AAGRixidpsystem
crude feed. In sone enbodinents, at |east a portion

may,be lnspied imornrar blendingrase k- eTheblandadpredigh maxppeeh aroduct
spegiﬁi%ations designated by refineries and/or transportation carriers. Product

specifications include, but are not limited to, a range of or a limif of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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separated fromthe di sadvantaged crude. In sone
enbodi nents, at |east a portion of the separated

WOQoBwesszss exit separation zone 120 via conduiRCTIZS2004342338
The crude feed obtained fromseparation zone 120, in

o BRGNP bl 190 BRGR e 122,

and tHeldisadRarayed creddie depueatedas pretiointly dgsaribed ¢o sy the boade deed.
The cradedesd{BrL BIS s GoRfasioh 551 LORIBERCOOTIE 25, BbIEEF pgme
compé%%ﬂ%’néﬁé %?Htf ﬁ#@tf&ﬁﬁ@ Bxit géﬂaragéﬁﬁ(ioﬁe 13@0mBRdt 124, At

a portion-of the crude feed exits
least d forsiopaf Hici omdezp:mduci Eﬂtsamht@tlng sgstcm 08 end agtersyhienshing zone

130 throwgh Gt R CLber PEocess B Araar Bt SSEERed)og go 130

directfy] égfd‘ﬁa RERAKCH32 4 aré&ﬁbxﬁé@ﬁﬁh W‘érﬁde BRIJAEEAD iforn 7 blRAded

positioned upstream or downstream of a
prodmte sHiet blmy:leldrprodumf:m blmmmedéﬂ vimeonduitdd4pr oduct

CSmeormh atPere, iR oo PRYEE RS Henged ettt

transﬁbHéﬂ €0 b h&inery andi6r $R6RmeSt fabilityli THetrade prodachabtifer dretdended
feed. For exanple, the crude product may be conbi nedi__u
produsi may ke porcgsied rtaprngceacqnmﬁ@:aé prodyctssyel as trangppraipn fuel,

a1 SR 250 e S St ol

distilikiethe ich el rdduce ﬁnd/bﬁbléﬁdedq;rodua:t fnproliere onexox mmre distiHate

e oo o ol Sopt B 1S5 BBl o o

he TAN of th d duct
o A B EARER L0 L L o
t rIﬁl?.sme rehrbtodinmeras) decorude pmﬂuﬁdlas a TAN ofiahnogt §0%4, at mgst 50%,
t nt
ot s s LS TANG S el K€ ARPARACRR, crude

r ﬁﬁBb% Q@HDWBOJED‘V&YJSK&F.BDS!D@E thy M of the
prodﬁc?ﬁ%ﬁ?ﬂ%% and |% i ntroduced i nto bl endi ng zone

crudd feed| hrnmﬂgl enobralites, the cirude product bas aghaliod At BEsY 1h ét Pinost
d
o, SIS LB 075 ERINEy  bBes Lo Rdtape e i
ﬁequ@ﬁ@%&?a 184500\ t@geﬂ aﬁd Qﬁbrg m?ﬂaiélypﬂt ledst 010910in smneemlfawmems
, a cruagae a crude ee or m re eo
mefmdw@ﬂ@w b reege frem 0. ?ﬂlofe@i o ‘82’% R 0138 01
q e[?l é?ﬂ%reﬂﬂ)%wéxb{ntﬁ% Huge H&ﬁ&t?‘%% adbtal Nﬂvﬂ@é&%ﬁt of at most

ndi ng or upstream of such
90%,0dt @ivdt HOYozatIROS 118%G ahdustts%,aﬁ at mosti 3% of theyNir éffe3ontent/of the

e St e S e e U P g
rangé (?Jf 1- E?"? ?? |722'g/29 6094, 3%9‘50%6{' A8 NAI/Fé 8btentRf ditBdrhde feed. In

ncl u but are not limted to, a
certam?mgbbchxhents the brudeprcmfuctﬂlﬁls gar@valny)fcmdmpmdvlpt%tiéﬁltl‘{lfvme

or . conbi nati ons .t ker eof @Iende
conta3t i aTRge BOMEL ¥40 e (0Pt SEEE oo 1L S B3 k07 erams,
or 1 9"10 @%%Sr%% 162 Z%QM%Qofﬁ&ﬁSaﬁ%&%asmm x 10°
the disa vant aged crude enters separation zone
gramg ?JﬁN:lN/Bchhl soomecnibodiaents, the total NifV/Fe content of the crude product is
70-130%, 80-120%, or 90-110% of the Ni/V/Fe content of the crude feed.

In some embodiments, the crude product has a total content of metals in metal salts

of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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and the disadvantaged crude is separated as previously
described to formthe crude feed. The crude feed then

weornbeym3eent act i ng system 100 t hrough conduit A/US004/042338
| east some conponents fromthe di sadvantaged crude

the El’é?% PI%%B@F 135 'aQBaf 8'%}263‘%2 Es HONe daltd 6f or c%chﬁfiﬁ b r&ge of

on of the cr exits contactl ng syst
1-80%91 (R A 2A-60%, ok QMDWgoﬂthmmtaleﬁtenmﬁlnthsan mhmltsalj.%f organic

el G 5 el ol S e o

lilm‘é\%cf tga%%&))(;}'h@ %me,f ﬁﬁﬂ & ds‘ﬂ[ﬂﬁn@ a@id@ ARG, BAAEL ?annﬂi@s of

ended product exits ng zone 130 via con
cartb3slic acidssimehidetny arem:vtﬂmteﬂrte, naphﬂhempraonﬂamheamhmct degds, and

bl.ended t ted t
bengi A 15 A Rarior Slibt e Sty °@5P@«@h petdl fop pxample,
lithiuhe séditmde pdtaReine), alkBlind8aril BRI ESH ekBmple) Pﬁesmm, calcium,
conmer ci al products such as transportat i on fue

andbedwn) Calwan 12(meals (fonexample, ghemdeadmium), Sndemn 1§ matgls (for

exaigatiefichucbinin CRePIEE eralBls sHOBH of Py Biteb 7

NDIIA ceitsihiehibatifnerts, d6d ¢r0dS roaﬁctsh@ma tetalssiteNeof Metalsia metal
crude product, the blended product, and/or_ the one or

salt%f QFBRNIC agids,iner gram of aruds pméu%l}a ad@ngmﬁem& 0Q008Y grams to

oS GBt A oo ol R Yty i SO0 B

0.0000¢ AMIO6L rhitalsdn matealfsakelof drgamo m&depércgimﬁmﬁ bmdeq:mdie
prouthasaTNlnaraneof % ..20- 70% O/o
o @ 1p1gLOOIRR OF MRS ingefAksalts ofOTERHIC AEids 4f e Crude
procﬁ.{?}pﬁdi' dﬁ 80k 11096, 31 40- H@W%&%ﬁl &nﬂéﬁ%@ﬁw’é}s 1H%§étaljsa}ts of
at nost 5, at’ nost 0.3, at nost 0.2, at nmost 0.1
OrgaMcmdsmshe@:udéfecﬂAN of the crude product w II

| 348 Bl 20 AP TRl SRR i Bt of
the &ﬁ@@lt&ﬁ vﬂﬁt’ca!%y&tnat&hé @diﬂ@tiﬁg QORdIH OS] is T0- D384, &0-020%,30-110%, -
SONe enbodlnents the crude

or lgﬁda@&ofm ASI gtmw olfaithc\nmte feerht Brpertgin embadiments,olBk gravity of
éﬁf% éq{(ﬁo lﬂét Sj;%orﬁégg‘ost 5% or at nost 3% of
© e

ent crude feed. The crude

pr dal gertain lembsdhmenﬁmmhrmlﬁdudl has avisodsily dfiat MokEI0%, at most
,cont ent in a range of 1-80% 1Q-70% 20-60% 8r 30-50%
80% ror phaost 70 4el the isepsity At theeruds tred. fnaome pmbodimeqts; ﬁhe crude

¥
prodie B afity L8 e OF 10:600430. 5098 or BELAOHL MG Lisfbff the
crude(esd. gnanmetemodimds, Sheyviacosity 8f the bide ;goduus istaf nosk 90% of the
. 10Q0-5 a 0 aps tq 1 x,10- r.a J
viscggiiof the Sis freonels te o1 draie of s caposeretnd i 7633465, so-

1209, 87%0-01 0% JNARCAPE Bra$ ggnts, the total
N’/ Vi Fe cont ent ofgxi hg?glr %ﬁe&gfreoduct is 70-130%

801112@% embodipnehts) theafruddprodidilhasea totaitheteroaddms bentent w et most

0% §F Bost Db AN Eacst Nive 51 2 ot et o) BeSiplap et of the
crudR@eéih 18fceAhinBRtodRRMts, The RS prodie: 1Ak 2 TALhelddbhtoRE c@ﬁtent of

most 5% of the total content of netals in netal salts
at least 14p.gd kaast M.t 1¢ast 80%e, wratitbastrA986lof tha tetel heidrpatoms content of
the cg,unﬁ)eol(;fiaic{fent s, 43 WD 2005/ 063926 PCT/ US2004/ 042338

In some embodiments, the sulfur content of the crude prodﬁct may be at most 90%,
at most 50%, at most 10%, or at most 5% of the sulfur content of the crude product. In
certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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the crude product has a total content of netals in
nmetal salts of organic acids in a range of 1-80%
woGa0sk39280- 60% or 30-50% of the total contentrOTfUS2004/042338
netals in nmetal salts of organic acids in the crude
iggeaLH | r
least AP, ot MR 00 &3 s ol REL o trdb B b By 3 Tyltaiments,
the sulﬁmd:mtent of thesrudeuprodut és 7051 80%, 80:426%] 69081 H%6 of the sulfur

| e f carboxylic acids include, but are not
cont?%ﬁ?ﬁéeucrp%f fipht heni ¢ aci ds, phenanthrenic acids, and
befz firfe afibslimERS, R aiuo%eﬁ Ebz?t@nt]q'ff tﬁé‘ﬁuﬂﬁﬁdua%%f b B most

i ncl ude alkali neta r exanpl e um so
90%anidness Bi%s atmpst 1804 ak atmostaﬁ% lof enbatal mtrégsmrcoamn‘pf the crude

b Col 12 neta
feed; R PSR Mgt the cAHE maaich ks adofal Hiitonsa apisnLoYat bast 1%,
at led 309, 8t 18458 8094C dr at GRsLOML GRS Rk nft&%en RSAER Fthe crude feed.

chrom um, or mxtures thereof. 10 I certaln
dimets,agi¢ e:lﬂpogmmrntehaef mmtdalprmhm may at)fnost

o | f
95 A@B‘%&ﬁ gtr)'%dgﬁ%xggt SHs/a f gtel (?)F, ani ¢ gb%g@{ttgzr gcn content
of th cfide @eedy TA BBrtaih eABOGine) @E&raa@gmﬁ& Hds BAGE nﬂfo'geﬁ content

rom Q. 000001 grans to 0.0000 rans of netal In
of at 2%1 Yosatileast 3¢%ontdenst 80%e puiat least 9%%%% ba&clm@ogen content of
the cRI®R .. In sone enbodi nents, a total content of
metals in nmetal salts of organic acids of the crude 15
p r nchonte embodindidf) Yhe 60ygkA@¥atent ofife &ﬂ.ﬁ&@ﬁfdubhﬁaj Bt al most
nten f metal in metaiﬁ)salts of ganic acids in

90%, 10 S%l" » $1IBREL 30%, ALTIOS! 10Yer B SLMAE: 1% & o fhojoxygen sanpengof the
masie@dcwa@tam aﬂw&maﬁ@%e%d% hieP R o (gﬁrgel% et ;fgﬁeast

feed with catal at t ecntactlngc I ons,

1%, atdeasBdVip, Bdeasd /° ,@rmtimw9%@fﬂmma&>%mmtto|ﬁme%?hde feed. In

[ he crude fee ertaj n_enbodi ne
somefiiddinioiy, Gl SontsECT e Bl prEhupy 5 § g Horis 1 Bg%, 10-
0%, -a@%z& 30L50% Of Hdl dxyBE 66HiteR B the driide febd I %Sédéiﬁl‘éodlments
a viscosity of at nost 90% at nost 80% or at

the f%sqonm%qumhqwhv peid semppurds afitbe emdelproduetdnay be atamest 90%,

w0 SRS 10l 55430 0P GRUlnNP HBATR by
the ctude fcedr i) eerfaie embbAinRnns tiendaedl ﬁfﬁ&ﬁc& had HfotilicoaREt dBcatoxylic

i S S RISEE e TR B, . P

* conteBf 9C4Fbo e 40 L3O in 130 uaFeed0- 110% Of the AP

graV|ty crude I'n sone enbodi nents, the crude

priodone etnbediments, ad:lecttecl ergaatcmmgemcﬁmpdundﬁ may bﬁmsduced in the
9f00/ t m)st 50% st 10% or m)st 5% of th
crudetee ngné% yiig aqqi,%an of q;quoxyhc acids

may l@ﬂlieﬁhéhll@'}’@diﬁb&”ﬁ@fo‘fe n&ﬁlgar%)k’ﬁﬁeog%%qjﬁliﬁ} %ﬁﬁc%xggérg%%}npouuds

het eroat ons content of 30 at
Carbegylic aeids &wb%n-mrbmylicmtanﬁﬁg/@rg%nicmmm comyiemmds ied cmee

oo AR s 1 5 e P By o
specn%@%#uc REthEBS (foP&Amp¢, inRsred hRsi0 mAk s%%ﬁf:)er %goimf’&@gas

sul fur content of thée crude pr oduct .
chromategsaphdnt s, t he crude product has a sul fur content of
Ayl GRREe p%'o/(‘iuc’? in c&f: asnt1 el%%oglnnents has an oxygen content of at most 90%,
at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of

the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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« - the pepspes is selptineldsmall, antlier that Hpdmpgemisgtroduryd hesitt  nost
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. total
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most AP0 *Ciat DAOF MPA WPicko 01 SREEERAE 030U DL SRR HE Bltiogarbons
with akeilieg rapepiistribeti onbetheen WBRCRghd 200 4TRat 02f0 1QviReet @860.001

In ggre %B‘E?}g{)rrent s,..carboxylic_acids and/or_netal
grams, o £:0m,0.00 LG s of Byddrgearbpmy with a brtlingsange distabnticstbetween
200 6?2&&@@0%@@1@%5-'& 1&9{15.9@%%@5305%% db?igq?f grams of

mpounds.  Car boxyl1 ¢ acids hon-car box
hydrosarbons withg teikipgiaogodisgibation betweean 300 PC and 40G1eC at 0.101 MPa;

ot s b 1 B e s
distribmRicAsbbwédnaf00PCPaRl 538 “0MifadvipRal ysi's, mass

spectronetry, and/or gas 30 chromatography). The crude
pAB gefae embadiseentsethe cawdb priduehinsludes pepgramofpemieqrodety at

S % _.at t .80% at st..70% or at
teast G301 bR gk ant b G ioor e b i pobal & anrt TAE
0.101 VP4 hed/6¥ atdeasp0.0gV gtand (ool raf 99 :
nost 50%  or Sat nogfanz%%?g? iLHétﬁfhbe?% g%?\lth%fb the rgﬁ%ed/&elsﬁ‘fbutmn
betweepd Q0 °Crand 200 3Ciat 8400MPeent s, the crude product has an

% S6ile embodiments, the crude product may have at least 0.001 grams, or at least

0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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45 WD 2005/ 063926 PCT/ US2004/ 042338 content of at

least 1 % at least 30% at |east 80% or at |east 99%
wobRooshessaxygen content of the crude feed, andPCEAIS2004/042338

crude product has a TAN of at least 1 % at |east 30%
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fhat O0BS-07p ehefls, $.001.003 G0 0028 2l ord 1.0 g
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asphAlfne®8BhterR 'HP QCIMBRIY05s; at RS sCI094 Corltk BRYISES0% BF HECSaspRatenes

gram of the crude product: at least 0.001 grans, or
contgnt ofithe. c@@i}; feed. omegmnhmﬂlmwmhgﬂb aspbalignel centpat; ofithgcrude

Fan ut of Sk.1 ' t 0 ;
foed SR AGaaC| % a5l P B 18 BF LBl Syl B the cruce
feed hsle wmﬁontéﬂtbht}ﬁ dd@de product aNgRhigki 19630% of tlerMCR content of
bet ween 100 C and 200 C at 0.101 MPa; at |least 0.00

the cgdg feed. dp spme @ﬂ@odmms degreaning the Usyaphaltsnessioatent %tha crude

e Yy B8 Al PRI LRGN mePlp R a%?ﬂ#gme
cmd@feamlsotafpro&utdmxmons with a boiling range
di](s!ltrl buti.on, bet ween 300 C and 400 %@tpf& 101. MPa;

sqme, embqdinenss, he, s asphalignes copipnt 8%’1@%@&

a
comlgé?dm‘lfggfﬁeﬁt%% Q%ﬁ%ﬁ%fn%t%bgf‘%&n%ﬂ? PeRIEE .théj}r’i@sl gfis*éHﬁlty%mponents

in thecuiudd pndnt:isretalhwe 6o ihel éughrwashmstty pm:ptum inytleg crydeifeeds For

t o 001 f h
exanie, SuRHA il Pl G e SonBF B Aorariy el SER EFent may
be reﬁrel&ﬁedvﬁ’ﬁsa@ﬁéxﬁﬁ ofd chiBdptoddcO0 lasphaltdheStordtvitiang alchRproduct

boiling range distribution 30 between 100 C
MClﬁmt@m mag betrepregantedpas'. (The sums neaythegiomparesd, (St tecS)de agsess the

uctrra have, at | east 0.001 gr reat |
net GBS i B AR Romrabs 8 bRt 2P o o Bl R Hraduct may
be inQirBRge RHRAAOIIBNIEH0%NEr 20-808 of 5. I8 Y6ine %ﬁiboﬂﬁﬂéi‘xts’;la ratio of
napht ha cont ent of at nost 0.6 grams, or at nost 0.8
MCRyeantent of theegspdenproduct to Cs asphaltenes content is in a range from 1.0-3.0,
1.2-2.0, 0r 1.3-1.9.

In certain embodiments, the crude product has a MCR content that is at most 90%,

at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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per gram of crude product. 46 WO 2005/ 063926

PCT/ 1352004/ 042338 I n sone enbodi nents, the crude
wpr2oehastodsas a distillate content of 70-130% SECTIEOYH4/042338

or 90-110% of the distillate content of the crude

. S
emb8die 81 frOm™0.QHAG.1 graim€) 01003-B0Ygans, 0100.0D-00032gr8ma of MCR per

grams. 5 In certain enbodi ments, the crude product has
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]
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ontent .in a range fr,0 . 00001;: 0.8 .grans, ,0.0001-, 0.5
configuLin a9 G50 61 BIOR GatalyEs dpstRaed Bereih i ACrude ppngy dyting
treatfeaf’, Or 0.01-0.1 grams. In certain enbodinents, the

crude product has a MCR content of 70-130% 80- 120%
or The cmtle prastuct predwzd fean confactisig ww@m}%@sm&rnm&f@m

5888 S Sy o BRSO3, G5 PRRd :

redud&PTANE ByRAuEANiSdUsityf c) rbduced tdsl NieeFe contepts d) édmced content
enbodi nents, the C5 asphal tenes cqntent of ,{he- cr uq_g
of sylfiEcPXygemmilreges; oqmbla%hqné&eze@m);w@iceﬁfeﬂui%qon%% feduced

Cs et Gita RN TP F I Lorinc NnGPAE ATTRERISYY dipgeed

. contatt dfaectaiTh motal saMs of forganiveacidsioie) kembinationsthexeof. In some -

enbodi nents, decreasj.n e asphal t enes .cant en f.
emib RISy SmPEIORTFONHS Fids ATHoR P et S (rode feed, may

. be sSLARLS %&Pﬂﬁﬁ@ﬁtbﬁrgk&ﬁéﬁﬁﬁ @0t EBBERR bkl o? ko hbE,

crude °f total product mxture. In sonme enbodinents, |
substemtiallschangtiaForsrample it way badesimbir te onlysslectiugly jeduce TAN in a

i_ned d th i cal Lt hi

e S BB 8 es UE SRn B o
exarﬂ%l@,qéﬂﬁlr ré&didie, e/ W/Pe,ldieV GOY Ninth & ¢kl h?@mgem epake during

" the cr ude feed. For 25 exanple, a sumof a crude feed
cont@BingIpabe ‘oasenitinds on TN reduchorand astonrsduglipn ehnther

b f
couoibepse THREORE TN Pl pte £ LIS re bl VRPN s fotiogen,
sincér B:ilss l)?ﬁsuhh byéoged Eﬁﬂiwbe‘ﬁzg ustlieo ﬁaalIIBet \ myrhc_hm:tl]pmwpm_ e ?:hte(cﬁ&de
to to assess the net reduction Vi Scosi ,

feedg éﬁﬁwﬁéﬁf@f & dispavartassd crlglsjlas highy T fgﬂet@rwiélﬁr—%?%ﬁhﬂ is
scccPRbl A0 ndcl el Aot ton ST AIoRS, Rl sOPbRIp Rod may
be moreleffficentig iretitet do Rrluas PAN withax alsomeduwing silfun a r ange

erbalaiRed iy i 5 0 SpRindiioenthattha IRERARRS Pa el ig one o
mord BulfimétRS hnd8¥Bne or more metals on a support. The metals may be in elemental
form or in the form of a compound of the metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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at nost 80% at nost 50% or at nost 10% of the MCR
content of the crude feed. In sone enbodi nents, the
wonrosaepzeduct has a MCR content in a range of PUCTAE2)04/042338
10-70% 20 47 WO 2005/ 063926 PCT/ US2004/ 042338 60%
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fferent than: propert| és of the crude feed. Such
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range w0001 g, OO s 00T DEPeab0i-A98 grams. In
somegéxﬁydcﬁ}ﬁp ts)th@ cheifd ud i ??&Clg{%&ﬁ&ﬁt ﬂ&ﬂ(ﬁ‘ﬁ’éxf"ﬂo the Columns

ganlc acl I natr ons thereof

* 5-10 3881 (s). Enhnﬁlenaﬁ(:elumhs denmmsenqéudqqmosmmfmmtalyst may

neve ST RS bk s s Sk s fo0000r.0.1
granmis G006 -G86 Fhirdh, o@bo@ﬁormt%raﬁyhﬁtomw 001 ghagge. For

exanple, 1t may be desirable to only selectively
r ehxmetainaamqu:mem acgatal st fieddedesiGobenn 6amatal(s). The catalyst may

vl R LR by RS 0O .

1easttom 1Sy rmeasm 02 gEek 4Hafarke adatigeTibm 0000 ROI6 HEgmMSPY.00E0.3

‘concentrated" on TAN reduction, and not on reduction

gramsy 0.003r8r] grews s 0eti-Q.08 grras. Intpemur arphorinents, the catalyt dppludes
trom{PO0150 08 BHERbr il LMy 2P Brall B QAL 1AM | €99

gen 1S also sed to reduce’ ot her
emb@diﬂﬁﬁﬁﬁmé gatalyst ineludesiGelugin ISeeieImexht(s) i additoretothe Column 6
di sadvant aged crude has a high TAN, but a sul fur
metal§ht ent that is acceptable to neet treatnent and/or

t
SR A0 o i U T S

nore e |c:|ent treate
with @hs or mchmetabs &mhfﬁmﬂumﬁétaaﬂ@s Colunsresd7-1 & Amaoler ratip o Column 6

e S B VLTS 250 B o
Col 6 ARtAtSC el—ih m%{a?ffﬁwb@lln a%g@%dﬁl Orl -Z(T‘ 11’.1?@)9 of 255M]n

a compoun e netal ” The catalysts descri bed
soméwanbmdmnm;s the catalysbntuhldds Colupnt Heclementés) i ﬂ@l&@h@ the a

coml%:lgt(l:éjnr ofo (Eolm%g : hteelﬂs) ogge grcxgl&)éemeat s Frovs abca)iu}{nns 5' dhd/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metai(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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the contacting zone (for exanple, when sulfur and/or a
crude feed containing sulfur is contacted with the

WOr2005063906) . The catal yst or conbination of catmlye$®04/042338
used as described herein may or may not be commerci al
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0. 0001-0.6 grams,_0.005-0.3 grans, 0.001- gr ans

- Examples ofizeptitegrinehade Ynzesnlsteg,chﬁta mbtﬁm merdesite mélt@aZQW§ tzeohtes,

B e e R

' ZwlyktE{WaHéystﬂgeJ Pelmsylbaiadsus)..The catal yst nmay- have a

tot Col umm 15 el ement cont ent; gr.am of cat al
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averl) QElaQOeQe”f o@%@féﬁst 185 A0 anéQQt 1%9%3)0&{ &a& 180", CElréem

odi nent's, a catal yst 'i ncl udes 6 netal (s)
emb&dlmentst abgmiorumprepmd iba\fermlpg 18N GIOS0US ﬁ)astabﬁthpwppqxt material.

In sc%r?eg?a{lgbc%penqse%z}cl 133%3%} t ent ];qu']fst ilaea hisigs %g%lé paste. The
wated B 8flutk Beid r@AdRATA Qﬁﬁh(hnmﬁ)ﬂf égidq') @H&eﬂ%c@%r&uﬁcd to give
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to, i BB st a0 i o AR AL "Gl i 15
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(for c)amg:ée fonirs B Houz§),and/ot Gntilcthe Arcbsturd conteat ofithé exmﬂfate has
reachilgndepined el (Theheatenietex s Grohm EHEOPH B Aihe
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In certain embodiments, the support includes gamma alumina, theta alumina, delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be ina

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as

50



10

15

20

25

30

conbi nation of Colum 6 netal (s) with one or nore
metals from Colums 5 and/or 7-10. |n other

weonbisticseat s, the catal yst includes Colum 6 nPCals2po4/042338
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ertals oo En i AatALr T Y s d ety Siing SinefEbtaas the

© Colughk3LIEdG(OMo emﬁhﬁﬁemw&%bﬂﬁ%boﬁlqmeﬂsmn%he

oI yst (VaIIey For ge, Pennsyl vani a

Ovmymgn metal an tapnef, the héed trieated skaped supirosbhaving %a&stapﬁal@y or

cto 5 R bu85 5 o s il 5 P s o

the cabadi i M@t teatindy SlPSHAPEd suppbit afier €dh l@yeﬂay of metal ®nds to improve
aqueous paste of the sup ort mat eri al . In sone

the catabybigiagidyitysof the cetalyat Mehaduio mepwnac ﬁ%u%g Qeglay pethods
are d cn%é% Cflug'so Bafiht %Bg 1&?15{1 ?’ubﬂ%@ign‘f@s’ob gRO 5‘91 Y BnaAci d

I'ncsuch*anount s an ods as
r efhé Celining 591 Wmetal(s)?mﬁkmppmitthiag beasitxed Wﬂrh@mtatdd mixing

consi stency, Exanpl es of ds i nc|lude,  bu re n
cquipmanttatprm & Colwanep et Gsaneet estire: 306 ComBasey

meta?(g?s% RERLLL hG y R BE nflxed ﬁ‘s‘?né’é‘\ﬁ{aﬁle'ﬁﬂmﬁeecﬁlﬁrﬁéiﬂ e @x&ﬁﬁl&s of

g genera nown cat st extrusion
suitabietrhixite eynibnoatt me}mde tunblers) gtatmnarg dbellsmrftmughs, Muller mixers

(for EY6HRR REGR&YRa Pr.LoP IS Yt Bbag ooty aad i Giict Bhedly
kno\fzrp per AR r%eﬁ%aﬂ%kﬁéﬁdeﬁf:@ the@ %AIRhiEabF BFovitieths CoRIMIE)S-10

or u e noi sturé content of the extrudate has
metaﬂ(eﬂmppdrt anigsé.r boberteinaimbotiireetis dhie matsziplsdire puixasouid the

may be further heat .treat at a ratu
Colufigh felt w5l sbpptele5ha B Hadae Y R i fwpore
SURPQIte VddiGieds, 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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30 average pore dianeter of at least 150 A. In certain
enbodi nents, the support includes gamma al um na, theta

welesigeamzedel ta al umi na, al pha al um na, or PCT/US2004/042338
- -conbi nations thereof. The anobunt of ganma al um na,

delta._al umna I n ' ' .

ool Sraf iR, BE Sadl b AT oe Bl FRIOT e aEechbEL gt ai
and/6r $38@én Hick Qir @t & tpePatilin@ rong RoWeenH 0P Danll N0GPE toatmove

at nost 0.1 grans as 50 WD 2005/ 063926 .
volatieattsy ourdy thatzs Ixpst 2eerdippPhthe GRlusns &yl Oangtels 26¢ saayertgdyto the

. [ s, the support has, either alone or in

corr%@ﬁﬁ;ﬁ%ﬁ%%%g%ﬂ[eh other forns of alumina, a theta

al Uibther emipddiments Jeweyen theodatal ygt peaythe heat treatediimghe presence of

. 0.1-0.99 grans, 0,5-0 or 0.6-0,8 1, QS o
air atfemmgPiARHERIO RS fpm 430t 2 Ciow Rrankie. sinow DB S bel 400 °c
or b SRS Ik {TRtiof Sf B in s fonk 1 BRy 1cerl A8 Smblorhy of
the voletil@cahporients, wittoutl eorsrertingettie Bplumussy10 dietefls tocthe metal oxide.

Co RS B AT B RSB B S s

Wheﬁ%ﬁlgw)é&t ar@f)ﬁagﬁxre@tiﬁ 8138 mdhRerdR S6fbi@HoA Witk aSulfRBASRHANRY; the
6,218,333 "t0o Gabrielov et al.; 6,290,841 to Gabri el ov

activetmetals mayrhe sebstantiafiysiispsrsed amthetsupport. Rraparefiens ofguch catalysts

are oo i B, R rg 5% Ry B 200,881 o Gabrieo

etalj npregnated with netal to forma catalyst. In certain
enbodi nents, the support is heat treated at_. A
t eHpeariaingrabodiments, athgta alymisg, support may becombined gt €olumns

10 0o S RO Bl 1 Bl ] i

" aluminepppattiCobunibs 5-10 nvadla mistire thhy bx hegirested fat a temperature of at

 teast R 3R S the ol Bt orcisaiciebrm ERoRA B -

diaxdr%eﬁof' Eﬁféastt hes %Qnyﬂi%hlﬁz?&kﬁihEaﬁ{@&ﬁﬁé EdUnduct8d &tk uﬁtures ofat -

be fornmed by "addi ng or 1 ncorporating the Columms
mosil200 °fet al (s) “t o heat treated shaped mi xtures of

i et e Rae Bt e steport it ot dg L Bandan Pufir
prepé¥ed 49 déRtiBéd Népbiv) HakThelcdhfbaira sty @&ﬁ;?ﬁrt@d c4tBlysf andfdrarbulk
metairow des beneficial catalytic properfies of th

satalygts tin semg embpdimenty thef suppentasratal vt prygrinciude gpluaablrﬁ

| : .
meus{4F R BB R subeD ifsE e g B P MY i may be
cruslostiatoyespovitder Rgthawneaviefige peititlicdze oM 1d8Emidrbeg 2145 ticTons, or 5-

Pat ent__ Application Publication No. 20030111391 o
40 migrgps. Thepaupsien ey bs-combiradavitk JupRar te firpoan eTpbgrdsd metal

. . C o T ] . :
catal Ty T8 Bt Eg UL RS (i P mey bE SURBIEA et Spffortand then
extruled Qsingetand4rd Yéchnijymes to foim tawatalysayiating apaedizesdisigibution with a
sui tabl.e m xj ng equiprent ampl es o i.tahl
med R pp iR bR EPTD- U 8 00 T80tk ar A0 drel 1 5
or chin® g Wa%}%f with’the ﬁl#f)&lft Ao qg@&ﬁe eﬁ%h&i‘ihé%i? &t 1@hst a
cont i nuous type), I npact xers, and any ot her
portige oEthelnhetal to reside under the surface of the embedded metal catalyst (for
exarople, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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known m xer, or generally known device, that wll

sui tably provide the Colums 5-10 30 netal (s)/support
WOi2ed50682261 n certain enbodi ments, the materi al PCAVES2004/042338

m xed until the Columms 5-10 matal(s) is (are)

subst anf |
mhe FARBITEP LkL 1 BRUPARAT R ol 0l gtk of e
catalfﬁaﬁﬁﬁgmmmoﬁ'ﬂm’nawﬁtiﬁme&mdéfwm 200-740 C, or from
400-73 h |,
5 1Intses %HFS'/ r?g‘%%ﬂry L Su@?gﬁqug m%nggﬁnsome

embo%%gﬁk RS E?ucﬁﬁx@ﬁ ok 8F tcm%%&aﬁh the ear&&h 5 BxAdB @rystal

resence o t alr an [ or oxygen rich air at
structuem atbmaatmlty mndemgeddref ﬁ)@hnnmeme@an azelmﬂalsnmmre of the

begfed ol %ermf-e iR oS e SRy g B

dﬁﬂ%ﬁcﬁpﬂ 'o t di&nermnall etal ﬁi%e Qs rﬁﬁﬂ*vﬁ to the order
owever e cat alyst may be heat treated in the
of eltpnemdnnﬂabh thexnetah oxide mayrhetdetesmined by qompgeing thshgrder of the

far exa bel ow C
Colujey GpesbBtadin e BY Jaregietibepre of ECAURED pfige B hg order
of thE @8hind 6 neRAIPesk fh di-Bly diffraetion h;b‘&’cmﬁi eftthe eatalgsqo et S
wi t hout convérting the Colums 5-10 netals to, the

broa&mtm anghigrcbsenceaf aatyesn%asm@yaﬁi @athfyolumatb metabinfgd-Ee
1§ﬁ rsﬁ%clz%lpg g{ 1§ ?bl& Yo @B?Jmag@ ‘éﬁh e umfi 8 ket g§)§rc sufbstantially

2 prepare i'S nanner |
rmd@ﬁ]%rﬂahdmﬂwdﬁms&uétﬁredl ng nethod, the active

met aI S pﬁqqgf@?udgﬁﬁﬁr%@'géﬁ' Sp rs.ed in tge su&Por ‘anpore
diamgﬁg §§£‘8‘§%§ 186, éazré% ﬁ%émhﬁ’ig@ﬁ:{ fotnQ% aﬂmﬁh/mol%&nmn trioxide

I'n certai n ehbodi nents,
nnxtaret I’I&nbamﬂybﬂnmm isiogide s adefitits pattets (fesexaiple, definitBoor, Doz

135 ST P bt AT BOSAA R

temp%i-b‘ﬁﬂ‘@ rotf/ag%éi"fgs °@§?00’094f§|t§ prodatell BatiRYORatiRRE nbil exhitdra

a tenperature | east 400 Cto formthe .
patteuafca Inyadybdeavimndjosidp it an xiraediffrantionispeqtiom ({pr sxagple @nahsence

di aneter of at |least 230 A Typically, such
Dfﬂlggﬁflﬂeﬁ@ati ng i s conducted. at tenperatures of at

NOE sohdddéinBedidEnts catdyits @a be charasienizdd ty 1311!@ Hmdture Vanous
(either a comercial  support. . or sup%od(;i eBare
pore gauetpreRagamelprs; ingluda, pubre aghimed tapp NEEF GP1esppum:

surfa%?rglaegy n?&% iofls fRELSE, tf@é BHtal, H&A;M%ve 'dfstﬁeﬁifon of totel

e suppor yst may i ncl ude Col um
quaniiby ofmira kizss verﬁxsrpoea(d:miem t e medipo poredliametet 9fthe pore size

dlstrﬁgﬁla@;n%a iin rongpdragn 20,1P0 1o 50™P A or fiAth A5 b ©
embgﬂjﬁ:\re e cat Ié‘tﬁgg‘t at %stﬁ) @?raﬁ% dNgafrRRtSalurhitf fep BHes of

port form an enbedded net al
catalgsttlmlvg/ atpord mzesdlmbeummmthlarm@art pave dianeiter inayange from 60-200

;oGS ontabh a5 e A R, S e

teast¥). 7 gmsif |sfTthdd Elu%ﬁné/\bérfgrﬁn o%&h%ﬂt RAEQ haﬂﬁﬁé @l@tﬂbﬁh@n with a
range from 80-200 A or or 1

median pore diameter in a range from 180-500 A, 200-300 A or 230-250 A. Insome

embodiments, the median pore diameter of the pore size distribution is at least 120 A, at

least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A.
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Conbi ning the catalyst with the support allows, in

sone enbodi nents, at least a 30 portion of the netal
woQossamdede under the surface of the enbedded natGa/US2004/042338

cat al yst (for exanpl e enbedded in the support),

5B 18 v R Bl i e A o el it Bjameger of at
least 6@ Aor@Rasi SEAL In shray blliiﬁodlﬁﬁﬁts ﬂiétcaial}tmhﬁwp Sreisiza dstdbution

the catal yst extends the life angvdr cat lytic .
with amﬂwwrwlamﬁter ine gAngs fromp90-48¢ %I‘Hl @20~ 130 A, with at

least E@J} It %Q?&J {m ﬁer'@‘g)%{'esglg ﬂ%\()g%%g? @E@@gﬁﬁ "ﬁﬁﬁngta ptnﬂeedlameter

w1ﬂ111?f@5' /1-%)38 Q04 |Q'5 243 Bﬁflit]le'ﬂiﬁlllqamicﬂb dlam?rnﬁri; eertain Fiﬂodmeﬁ:ts; the
of the catal yst .through erosjon of .the sur ace t
catalysh hag 3/Rare gizeidigiribuipnakith s mefliag ROKE dimeter i & Foge %?%2&180&

with {nﬁ@& 6@%%%%8&?& Ber1Pofds ifftne Rige n,g% Hﬁﬁu&ﬁ%ﬁ?ﬁ%&% pote

al yst's changes, "I n sone di nents
dzam&&rwﬂhmr%d&p‘iidé; 01025 Alvf eahedian forealiatheten t he Col urm 6

i de cryst al ctureg to a substa a ran .
o Embafinessi in pBich emeqisn pare Rt the porb siye dhgpibution is
at leaH"'FBO g 'H??&g?@b@zﬁt & o Jast VR Qrhesr tRAt @@@oﬁpio%ﬁmélber of pores

be determ ned usi ng powder X-
in thajpdré slae tilsmbumnﬂ)aujsa perncehamtar Wtihllﬁioetﬁﬁ?ﬂ AL o} Alof the median

pore ke udcite BRPaLmFRY: Be HE0S i narts o SR iop SHEY

medi&d g@;e dedmdtétSin a%gmoﬁ 1881500 AQ2Bb-400 Aore30300 A, with at least

fraction sgectrum of the Columm 6 oxide to the
60% @f atotal yombrer phporewin tha perersizeslistpbufion having aporg diameter within

SEnce o erns associated with Colum 6

MghabmeRnibddinémy), pofh ¥dhirae bf pcbresmagﬂ:elatrieasﬂo 3 smalg, at feast 0.7
;,possible to g?tlrratethgttbpthe Col um gp&_%
o’/ ot dest §-Qicny /8. B sarmnFmbodioests: pare Ut 9L pore may Tange from

0.3- 05§9fd,5§59 4. Qlﬁcymﬁ%mlﬁg 7@RE}Pdenum tri oxi de and.the

al um support faving a nmedi an pore 15 dianeter of
atmeaamiysia@vmg amprdoszeadmm:bnm withfagnediampore diameter in a range.

/ ol ybd t d
srom 3P B e SRS R Be e B s s e T
least m@ﬁf/gDﬂﬂaast 180647, amﬁlﬁ 29@ akﬁt)least Eh@ nitfg rsuaa/sﬁa@hwmeaﬁmay

trioxide mxture e@t treated ﬁt a erature

be ingfrange ﬁ@a§90§@g nﬁzﬂ@g@?g {® 1@9@@9@ T e ATOOIB
3P R P BB TR 4 e

pore aﬁrxﬁfcrﬁxb@ rz@lg@ Frape a80-300 A m@ﬂﬁaﬁlﬁmﬁaﬁemﬁ of awleadt ﬁ@lm?/ g, at
be characterized b fe structure. yarl

least 89 i, dneat L) /e dhlenst 120 tmde, onsh{est e Speh macs are
may RO} AL BORLS! 60800 SYEOHITR 2251070 BPRRSE 18250 mlg

yst ma
dl Iahetthntanﬁ@dﬁﬁeﬂt@ttw catalym Bkistsyln Ghagmdrfenm ferexampley peliets,

ore dianeters. I an poedla 0 h
cyhn@%@ﬂ raﬁgwqtml“ rFa hEPicd 1& hagp @Et 151 rﬁl"@%l %B@LAP
rangefom 38-550 Werrd 80408 Mrcig! (0SSN -mrmm 6AYA-Y86 N/em.
at ‘i ncl'ude at | east grans of gamma al ufm na per

g rlasomé endethetss, thmeetelpst and/er thezatatiss preictmsor issulfided taaform
rnetaafna u?i]’ &g (gr%retoq{sgﬁnueisgnegrteclzbgnc?ueg kndwn 51{ &rga?to(fgroec})(ample ACTICAT™
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

SOAgMde%cédDR%fﬁpee ]E, H\%?lfe didlgetgat @l yst. From broadeni ng

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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A; 90-180 A, 100-140 A, or 120-130 A. In oth er

enbodi nents, catalysts that include at least 0.1
woraos060926t het a al um na per gram of catal yst hagT/eS2004/042338

pore size distribution with a 30 nedi an pore di aneter

cithbt el el gefd AR s R phenets i drcen r it ke fulinfring
agents sechsisaegatiostlfirnonpoonds(imiudieg slkylsafidas, polysulfidestthiols, and
sulfRdpe), R sy Gainigghon brpsses SatsipsRioeda LFS AR A0 468,372 to

Seaflhd B! 108,638,758 tP8darnanb eflSt 1000 A 53 WO
2005/ 063926 'PCT/ US2004/ 042338 The catal yst may have a

porla ceitzin etibedimdnts, iadirsttypenofcatabyst fifirpioratal it Grinclodesdolumns
t f 60.A or at..least 90 In sone e i ents .
51 ingtaf Pl Seieblon gt § Bikpodoars hes AESEH Has Eoyyufion with a medien

poréitidnefdr R04 Rinde HORL £50-250 A. 'R IR sticaRysP B Havéa #@ackdRea of at
or,120-130 A, with at |east 60% of a total nynber

A
least} 0Qw?/gs Tha Porecvqiume of thediret catalysb may de ab least 5 ambgr dhe first

catay PR} Bhve Bhhitdichitd contendof sffenlih S e st 2ol flpina, anc
typitally @ st .999% gradiissifigabiuina AlGmitial Perqzra@ &f BistR@tabyst. The first

i areter in arange from70-180 A~ with at |east 60%
Wa&sf Brsemermnstingnts iotal contentinf Golpran §imetal(s), per gram of

ca 5 i gD Ry STt i e o
portiqm oftthecNi/Vie fredi acrugofeed dempeingra pottiéhef the cempoeats that
conlf e 0 e Ik S5 i vl oyt o o

T o1 0085k 15 A Bl B9t n

crudgdped, af eqrabisationsithercofe Qthenmtpesties(for énampls, abilfist contest, ¥ GO
consi SRT A5, P48 Khyhl ot SRS U omu AT el

smaH chhip@s Whe 686 whdefeka ivdontidtdaaitipthe IRt talyxt.t BeinBABR to
size distribution having a pore dianeter wthin 15 50

selegtivetsrhange,progertiss of a crnsle fead wiilepud changing ather praperties in

- ' f l.eas |
s AP DAL G50y 1 ST B PHER S " some
emb?dﬁnmatst eﬁmcmbmdim‘?mﬁyst@mag be obeutm ad¥ opderes may r a?ge '
rom 0,3-0 99 cnB/g, 0.4-0.8 cn?/g, or 0.5-0.7 cnB/g.
The? eettest srap | P‘#gglg_ssmné W@%@%ﬁﬁ%&?%&ﬁaﬁxsﬂaﬂﬁwﬂs
Coa A0 LAl 9 226or, 404 HSABAOSM i vt
a medigaqnord diame g a sange|fixms 00 2210 180/4), AnteaktehSt oflthe totl mmber

oty b bR A i i
A ofBOmEBn FBtOdiaREter.  CoRtdt TR Derulid '8 Wit the SEHIAY icﬁ@l%tsunder

. the catalyst having a pore size distribution with a
suitahlesoatpctipg cenditiensanay pioduce a etdeproduchthahas sedetediprpperties

(o B A SRR, BBl L BRSL e T iR
whilk etet pRpertit A onby 6hanied be Small @molRY 0& #g!/iko@eﬁ ?619&, in some

from 60-300 n2/g, 90-280 nR/g, 100-270 g, O
embedimenisomayp be prasentshiingicantastingdi ments, the catal yst

eXIrfie Sechild 3%%}9 fdfce gt%as? ) %5%10% 'of l?heel rlo%%psonents that contribute

to the TAN of the crude feed, at least a portion of the components that contribute to

relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a
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cylinders, and/or extrudates. The catal yst typically
has a flat plate crush strength in a range from

WwBR0e®39d6cm 60-400 NVcm 100-350 N cm 200- 30rHISI004/042338
or 220-280 NNcm 30 In sone enbodi nents, the catal yst

cudE e SO bl S5 ok SR T s e
contént of the cande ﬂeéd)rF@')mmbte therhde"drdduct miagdﬂfrﬁ a sﬁlﬂlr content of
I nc, In sone enbodi nents
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re]at:lt(\:rg as‘[ﬁsagltaé%ﬁ%eﬁ'm)&slﬂﬁa% W :Lieg\g G{{(?g tcﬁﬂllt%igtr 8%% gegﬂ'ilé ¢hnteft feRBve to

a cru
thecmdleffwd cont ai ni ng conpounds. In-situ sul furl zation may

i ze V\D 200 /063926 PCT/ US2004 Q4 ei t her
Fruge Ived mayehaye @e Wamsafeqf Ni/V/Fe
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catalyst ("first catalyst") includes Col

less &li@zﬂaﬂy'(@!}lng ipresepirgwelativa tovother erudepwith mlata\mlw lroezs Ca a:n:inal;enes
conty? ot BUBE T b, ST BT e

compinehid afd/of €aasphalénes comsibudiioPAN. frobh theliide feed UEsoRie
the first catalyst be at least 0.5 cnB/g.. The
embqdimeats, redyctiopof %ma@ AnG/OR FAMBPRANS RONEEMtiag o TAN may

reduértrcoecgn? Vﬁg%sgtgg)rfﬁgscrﬁae %@g}gﬁ%}?ﬁ c? SnixPrelivh 49 ﬂﬁa\;}%c\ésﬁ of the

grans um na, per gram of

: -crud&::&ed,l ysd:anaﬁmnbodlmbnts,ommrmﬁre bambinatiossoofisecond catalysts may

AR e S G i Ll S

tmmnﬁélaﬁ'& hydfoger hptatke 1956/ halchile fe&d, 6ABARbRaREns TREBYE, BheR used to

portion of the Ni/V/Fe froma crude feed, rendving a
ﬁeatg@ﬂ@f@dﬂéfdem@eébﬂpments that contribute to TAN of a

o e SioclBY 5 et byme 38 el ClitihaRp e mE B gbtginable
by comwxmmg ) sqﬁpdrhaqmﬂoamﬁn 6meE(Hho pRIduse @Eat@l&&é}ﬁb&ﬁgﬁ-l d%e

in the crude f or conbi nati ons thereof

catalyst ppreptspemIay bg he@szémlé presengepf oge nt Biare sulfapcoraimingnt
comﬁ%ﬁhd%ﬁa?’t Jn%ﬁe fe"?ﬂ’gv el ﬁ@mtﬁ(gér’ exgﬁlg nges %@% Q?ﬁ g&t(;ﬁ?? Cﬂfv)ely

shoxtfpeﬂdd bftimens fortoettle umtd]]clhdstbtlﬂrd rcatalysat Aypicdlly, Bei d&@\lﬁdﬁ bfecursor
ge propertle a crude, feed

| |
is heqmi tose a1 Ve 5?53108{%49 CEHEpE g’éT’WP the third gatalyst pay, per
F&Eécﬂﬁh@id Q%Eﬂm%oﬁ{eﬂﬁ ng {arSmb(?oé@b%
ef f| CI ent

treated. I'n sone one or re
0.005-0.03 grayag, at 0.908-Orfd yerimes. u%heithmd cmta}ysn tchyrexhibit s@@nﬁaann activity
and s@@ﬁ?'y@?‘%@ﬂ#ﬂ%aé & SRl iiCasleacbed rein ) i some embodiments
the YR 1é’ﬁéatbdaat %ﬁ%&gﬁﬁms PBR/WEH T RORE Pﬁséﬁce of one or
di St |but|on Wi t I'an pore di aneter range
morefsuldun @mpaunds. 180 A. At |east 60%of the total nunber
2 s, in the pore size distrihution of t \
2 R A ney RaBSd & 1534F < PR og ia gorthonents Miakcpgtribute to
the TAREof BE brke @&Bere@héﬁ'ﬁtlé‘dst a g@fﬁbﬁ OF tHf mElR i W8 shIRSSF organic

with the second catal yst u
acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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suitabl e contacting conditions may produce a crude
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(rg;gnents and/or C5 asphal tenes contributing to TAN
MPaﬂPr tMRa.crude feed. In sonme enbodi nents, reduction

TR B RER= i FRTRRENP R (el nbilaes

Colufx;ﬁ&ﬁﬁbﬂl(&) mgfo@?ﬁﬁ%hoﬁ: withia ﬂletaaﬂminaagpport. hEhe/fomcthshtalyst has a
of the._ crude fee n certain e i one or

pore gigp SISTARHAOR LM BegianporcHamelst a?b Vﬁ?@nﬁ@@z dRRSME e
embotfifaBhts) th¥ rﬁgdl ‘?Jré ?fa@ete‘i’ BF ﬁié\i‘\t/%ﬁl‘;inﬁ Eﬁﬁl’g@f 1864 atlkast BBE A, at

LU-!

I ncrease cata net hydrogen
least 2P0 Ak at legstt250 A rardelehgS@0 for Thmmpnatnnacynscluﬂ@ atdeast 0.1 grams,

at LeqSh 08 e o st o B, O g1t D9 Ebuts O fueth i B e of
supp&A! Thy $durth Myﬁ?n%ﬁh&@% Somé ¥mBEediefts et rﬁoéi lﬂ)plpgéins of
with Colum 6 netal(s) roduceacataf

Colupme‘tmn@dn(s) pér@?m@&cathgyst aideast B:Ot)ﬁhgraw Qfé%ﬁlwnﬁrmetal(S)
per ghai oF BAAGRS, o Ser S Sac i, B Githeb Bl Bpadium,

b efr0ynftBemBeditetits Ahé Bhiak ifaed! niay 56\ &nkadhey Witk a@ﬁddltlﬂiial eaxalyst
form the uncal ci ned third catal yst. a‘umcally t he

subseguenl tpsoniackewiih s foash catalystat e ﬂddltlﬂn atadyst Py be angor more
of th%rg(gﬁ)ur iR tLe fifst E:ata.t%jyst %%bs%cénraec%a%'st,ttﬂg ﬂ{JH éaqm‘fﬁ,t tﬁle ¥itth catalyst,

the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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ol ' é %gi%reduce at least a portion of the MCR
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f ﬁhobbf]tama;elmbmdudms et hjahbgmptaho: hydhe aiude f@e:dbn@br beerelatively
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content in a range from 0. 0001 rans 005-0. 03
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feed &ﬁ oo glggyo% eg}lso b%lug §)ran on¥n i?f)%%?gﬁggi llg :I]\gﬁ?mS or 3-10

Nmf‘lnki’ammdel frodwet bfnd\m frmntcbﬁtactr ofithe Exmdel fmi with the fifth catalyst
nperatures in ange froom 300- 580 C or 359 4501__%:
may aw@ qu AN frad 310500 %M’@Qﬁt B0%nhtgnast PB%,prat mposs 10Ksf the TAN

of thé¢ {ﬁd i ?ﬂ} 413t Fﬁr@é;qrgmgia?%ﬁ ar&gfe nﬁbotll@i? P63-0.05,

orO@%ﬂ@B(s) in conbination with a theta al um na support

ourth catal yst ha ore. si |str|b o)
hla»é& i BFID Dol cp 5:&@%‘1 Lt ﬁ@des Edpumn
afs‘i?l &h Th

5 meﬁﬂ@?%d;?&hn%/n %@%%d@f%}?tnﬁ%agog tvﬂﬂﬁh@ Fhegag %mﬁaﬁl B The

sixthlcatatyst B&s0r pore size distiilmeion vaf0a hedifih porudipuoeter a&}t least 180A. In
i ncl ude at | east,, 0. 1reg‘5

some embodiments, the median pore diameter of pore size distribution may be at least 220

A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may

include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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e
contét of BbRISE meldd@) Fed Alnks Frold .000106.06 igharfOGEColumn 6 metal(s) per

nbodi nents, at nost O. rans of Colum 6 netal (s)

e 1
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cata it fheBiiel T PRl e By BR BlokcPAN o sE 88 0% of the
TANIdheenidefgdt en. I n certai n enbodi nents, net hydrogen

upt ake by the crude feed may he rel ati y. 20 l.ow

(f Othes qilé}enﬁ(tfﬁh@ﬁ{%ﬁmdh@gﬂn%“&h 5 n#nd sgveggh

) I - / s

catal&%%%ﬂ;‘?taésg) bv€\=/i ?@%ﬁw iu?%dhas\(’:Ygt‘S 218{'/‘21?6 ggééggﬁéeﬁnﬁglp Iats ure in
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may Sl SRR ES OFBpaBREd tathos AN R0 BhASEERs TG

- / .

chané?&og%% 10%he Rhdeedd whfol'? %Qﬁg p%o;EEﬁleS bPgR dPhdedieéd are not

rom cont act ude feed with the fifth _
signifietrstlyatanged. The resulting crude product may have enhanced properties relative

to the crude feed and, thus, be more acceptable for transportation and/or refining.
Arrangement of two or more catalysts in a selecied sequence may control the

sequence of property improvements for the crude feed. For example, TAN, API gravity, at

Jeast a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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25 may have a TAN of at nost 90% at nost 80% at nost
50% or at nost 10% of the TAN of the crude feed. TAN
waJ 20081663876ude product maybe in a range from 0. ORefrU$2004/042338
0.03-0.05, wor 0.02-0.03. In certain enmbodi nents, a

nick@)%d%#é‘@eeaﬁg{. g?l?l{()?l %%f%gﬁ&xﬁﬁﬂg «?Aiu%i%fseh cali Bk Y&ﬁﬁed before at
leastCOpdticoy@bf Memaﬁohlstlhehd drafafead urd educedpport . The 30
si xth catal yst has a, pore size distripution with a

me ATERRE BN 2Ril/aREelestion ot dhe FAERES 16% SOFW eﬂ\a,%ﬂéanents improve
livesHEIRE LIRS mod G EREL Ay 8P4 Suf el ol orlcP it
Impmt:eMemsif a2afdlyst lifd arldéarstablit§ ofithecrudst fen@fmtalaﬁﬁdm mithiere

ort clude at,least 0.1 ast 5

durig, Biggessiag rﬁ@fa%lfovoasogtfl% SY3iem g gepray Ot a@%&ﬂ nifs, Bt east 6

s 4118 M NonieRng v
mon{rﬁe&c%tl&? {oa EiFyifout fR @Eﬁmsfgﬁ%wg%ym BonEiengbine.

Pcmmﬁwmaﬂmtedewmlmny gllow redyctipn isf atGedst) npomon of the

o % b bt of R, Cs aitens alleest AR ot e meta

salts@?' ggﬂﬂ:éaeﬁ@ 8 leBst aROSidAPdfER ctﬁng;d’ﬂéh&' thit)cof@ibuty t3ITAI, at least
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propeflish af R Fuce R e et il edile AP DR orce

feedﬁ@daupmﬁct iBikairé dhrifd aaah:gt(ﬁ&wampndmtntmnmsi @nde feed P-
When t he crudefeedls contacted wth i Xth

valug gf ghaystt.- By Mtwﬂyélyapa agphakengs, Bab d?qro"rﬁ ﬂ@WWd@aicbe
mcr%ﬁ%ﬁg b?;c col %ﬁﬂ'e:f@éﬁ ith Qéfctgﬁ’ %&g&%ﬂg}iﬁg SHifity to

e I'n a range from-1
mcr&meﬁﬂl)f\mﬂl ur&clecﬁvéihﬁhm&e tpoopktidsrd tinSorude feed niay allosy the stability

of the geie e UHo AL Ry B o08 Mg e BrmstheRiE s ¢ o
Then &l emBEARIsESs, ﬂfeqﬁm&wsi %&%H%Bbvé)fmdyhlﬁe ﬁdsitﬁﬁ&ed

feed wth the sixth catalyst may have a TAN of
upstreast ofgOgiesiof mrstso@uchmosmngsﬂ%e first pagalyst ma%lkav removal

ot 83100 AN Pl B o

orgallicidids, While ﬁfmxﬁaxﬁﬁrg&h@ $tability ésﬂlhe BRide foedriott prodptialaxture.

during contacting of the crude feed with the_fqurth,

fi flhp st@ptabfsk@lip%ﬂxawm erpbastiments; e remeyah pf at least a portion of
NP8 SO ol R DR BRI b fbute to 2
decrtasa s therlifaof othepcatalgsts matsymem oﬁond&natmm thecafgfrom the

TR T R P
feedRBﬁPﬁ%?h&Qm%ﬁ&é t?el?t%% et\l? Efﬁﬁﬂﬂfegf‘ )?/dslf{?@)% Iﬂﬁgﬁlﬁg oPotﬁ@ﬂ/&"tEIj?sts

type of cataly a total
posmmwleimnsﬁ'ea(m,l andrthés, irevesésthe langth afanget}iercomactmg system may

* be opya pefhonyrg P o AR REPRGFUDAL ot of the

Ni/WHOgohlle olide feQMAAY, M s&Rk BnbSdiniehtsORidRdakEh e dfbne or more
produci ng a crude product that has a TAN of at nost
catalygiypositivhest after the first catalyst.
The second catalyst(s) and/or the third catalyst(s) may be positioned downstream of
the first catalyst. Further contact of the crude feed/total product mixture with the second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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TAN of the crude feed. 25 O her enbodi ments of the
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that hmmhnmngb dw&)butmy shuilarde ithe bmilieg peiptdisteilmtion ofithe o crude
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cat al yst..al

E%’@gﬂ gepgengra tilcglalgtspgdlgg F?I%%(E?FI{% zrgggéjfng? B Sw sti8ktive addition of

hydrogen to other contacting zones and/or allow selective reduction of properties of the

-

crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,
downstream, or between additional catalyst(s) described herein. Hydrogen may be
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cru roduct st abi | ni mal net
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et 0BT o s, AR s

catalyst and the downstream seventh catalyst may be reversed. The abilitytouse a

relatively small amount of catalytic active metal in the downstream seventh catalyst may

allow other properties of the crude product to be only changed by small amounts relative to
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wi thin 20% of the respective properties of the crude

feed, while the TAN and/or the viscosity of the crude
wor mosiei39iss at nost 90% of the TAN and/ or the VPGEUSI004/042338
of the crude 25 feed. Reduction in net hydrogen
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dovnbtreafiBe Ao CutaR Sis $for ERAKPIE, Gntadt ¥the SludeB¥eddRith a catalyst to
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.2 P US2004/ 042338 eney at ed
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with abariggd ploperties Relatiyeioabe mitidleide Hréthict)y e dbily tdRduce TAN
contacting zones that  include the additional

incremenfayly may) assishia mjaiainjeg the stabilie ofithercaederfeediiptal product

mixhed 2 low of the crude feed. In sone
enbo?jlﬁiriw%kt sckgkt e delivery of the hydrogen nay be

c onlasemerembodirhtres, fcatalysbéelédtien andideofdef efchtal 794 in combination
.exanple, in a,stacked configuration (see, for exanple,
witEEHRIG corlodints Bdfiops (BecThime drmaciains Mo e bragow
ratel By - . Aot
| eSS SR AR ke 8} 0L i AL 20
feeditotal Prosiugt midsnresstability duding proicessingy and leangingomeas tare properties

- of GiGadpbad lafive Hbe plofoi o R Ardtedn el il orhe

crudeyfded/edl prddust FRytUREMEPBE AfFER byM driduk BRadel Qéfpps_a%ing Hom the
rude feed. Alternatively, in a stacked configuration
°fu‘f“sfg€€!eft% Predushpieurer| Rhasesgparatigrimey &a caused by, for example, 3
: ' i 40 .0 con L on .
s AL NP R SO B o e,
flocbyldtiamefasphaltenes fram the cde Feeditel prodactimikhire, goelipitaionlof

I TR W Ty
th f&%ﬁaiﬁiﬁﬁé&ﬂﬂﬂng thd& i ttxlﬁg ﬁéﬁ&% 0B Rratibe of gru'c:l% ?éaed

3B), and to a second a ontacting zone |
and/gr fobad tprerhuct hnethe icende desiitotad product thixeurt eay chingeheActhade

cond S B o S SR ol e e
forn@itioA@F tHRNYrtde roaudtOlo LG ¥ MeVDhmpdtnts !B?Eﬁitcﬁlfé&f feed and/or

catal yst are ‘used In series, either wt rt

compegeats afi the tatal proguet insthmenide tfeed/totak prodoet mixpee terds to/tlmage.
canbjnation of the fourth catalyst w
For {8l 01 Gy S et nifin B S e Al e a
the buginvifprofRodeasing. ARProPerieBGFER AudPRbE BharRt (15 eRhiiple TAN,
metal salts of organic acids, with |ow

MCR, Cs asphaltenes, P-value, or combinations thereof), the components may tend to
become less soluble in the crude feed/total product mixture. In some instances, the crude
feed and the total product may form two phases and/or become insoluble in one another.
Solubility changes may also result in the crude feed/total product mixture forming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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net uptake of hydrogen by the crude feed. Low net
hydr ogen uptake may all ow other properties of the

WO 0sogaemduct to be only changed by smal |  anourdBUS2004/042338
relative to the same propertles of the crude feed. 25
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The @ﬁ o fddeSsurBhe hids of W raﬁg WGbtal f c# é/gliﬁnet & d. ?@lt cmB/% The

pective properties o he crude St abi
suppohlehadcapuie size distrilnttinh withormedianipatetdiametay of23 2a§u‘\erth 66.7% of

D L NG Sy

f dffheigxampl e, 20 insolubility of the crude
© tlffé g&gr crude product in the crude feed/total

pr d‘dilaﬂxampiet demegnstrates how to prepare a support that has a pore size
distribution of at least 180 A and includes at least 0.1 grams of theta alumina.
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With 3 Median I ol At Teast 2304 I%%E’@%ﬁ@%&%&‘“’”
prepafed i Hel B0+ Wl he ABMiEsuPBEH brepirAlthe lethodedescribed

crude feed inthe first contacting zone with the first
in Exannple yt svas isapegemated ovith amolybdenugn impreghation sghaion. The

molyHEPR SpisgoRion S b e el B e iin e B2 gponsat
(NHi M2 0268 dgrhﬁu@ of MG 0l/10Tordts GV ELORER2T gastofon 10

in the crude feed relative to the TAN and/or C5

mongetheralanaine {MEAN and 6,5 1igremnef deignized witer torfery awfiery. (The slurry

6
irs ecand cont actl . i.t hi
was SSRGS RS HAET BAHE ptoedo
roon? Ec@REAhieO The @M 6f the bolRfieR Mas 36N The 3sldtisy vbliR wasadjusted to
Wi th sel ected arrangenent of catalysts and controll ed

82 mdowithdeionigedovalén i ons are set forth below. Exanple 1.

Pr rat . f .
or ABGRRHETspoft 135 BinkE) ik RRhoasf SHRRRY hoiBlenum,
imprehatioy SbRitidAJagbaFHND howtk Shthldicasibriahbg@aitios] diied at 125 °C for
chi gan, U &A.) with 585 grans of. water and 8

sevegl Amerspdndghen caltined et 480 %6tfod 2thonrs3 Theiresuting cariyst 2ontained
resultin |1 ed m xture was extruded thraugh a 1.

0 4 BT BPADBTERER RPLSth O SRRt i ng galante Belfg Shpbort. The

molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm’/g, and a surface area of 116 m%g. Additionally, 67.7% of the
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125 C, and then calcined at 918 C, which resulted in
650 grans of a calcined support wth a nedian pore

wo Bosi@anz6of 182 A. The cal ci ned support was plPCEUSI004/042338
a Lindberg furnace. The furnace tenperature was
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og-ﬁ%ﬂﬂ; 4 ' ,0.56 f30%
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' hydrd@dnrpemmm}hﬁh?@r]é goamsef monoéthaoldreine tMEY), aod 348 grams of

B e WO NI T
solid8 ePhE hORh dolutidn @i doBlelt to ¥6Sin W& goated with a

vanadi um | npregnation solutio epar ed b{[ 5 conbi ni ng
7. Aeemrmlwbnvm@adm uyrcoaﬂalgns&é’icgrm pbRO5EH vmh #) grams of

de“"f‘?%gw f/\:g%" jis“ﬁbfwgl o S 2 %ﬁ@%&%ﬁ%ﬁ %%gﬁ%%r égna Flgﬁt

dezeﬁQédJﬁlht@f‘wa@ﬂﬁﬁdft@ bridg wo&lmédmoaﬁmwm u 8l @yield the
dried at 125 C for several hours, and then cal ci ned

molylstemee vanadim mpregnationeutions Jiheahumisa was faprespaied Wil dhe

of .1 e r I ‘
oy 0 A RSB 0 R S ot ttcon
dnecpatngs eCSor &veiab hé s UindRen/¢dldingd atevsoaa* i519) hoahsa Tt e¢sulting
350 A, a pore vol ume of 0.69 cnB/ and a surface

catalast@anr@inedwrm of petaliyst, a@amra}ms ovapadigm andD.9% gegms of

119
o 4B i B b e SIS PPk Pl P8 ma
pore 5128 distiblitivn With £ nddRieoes dlaﬁm'éte?bf 30@Aanpl e
denonstrates the preparation of % lum 5 cat al ys(f%pl 5
haVhis §xamplsdemogfiyates e Prapatation 9 w%t%ﬂfﬂaﬂ umn

o il S B oS 6
A. Wth a Median Pore Dianeter of At Least 230 A The

nmo| bdenumcatal ered in t ef I Wi
Examp y L Contagt of 3 Crude Feed ¥ ce Cafalyists. eggtorwltha

cenuqﬁ? %E%Q&Qedztﬁev@fm é?;uk yyg%ﬁﬁmél%%%ﬁés W thBasdre

enum I npregnati on tion | ybdenum
tempiergures) timbighousotatalysirbeda The cetabysthbedoyascformedby §llingdbe space
betwden the tl?ennowell and an inner wall of the reactor with catalysts and silicon carbide
(20-grid, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have

low, if any, catalytic properties under the process conditions described herein. All

catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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(NH4) 2Mb207, 6.38 grans of Mb(Q3, 1.12 grans of 30%

H202, 0.27 granms of nonoet hanol am ne (MEA), and 6.51
Wy 0%063p26dei oni zed water to forma slurry. TheP&l/Usz094/042338
vvas heated to 65 C until dissolution of the solids.
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W %é ?ﬁh%ﬂﬁvo glqup to 82 m to yield the
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i npr egnat.e th the enum_v
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bR VBN (L] Ol catalge (PRl odt B oy At SRRIEYS part of he
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distribution wth a fmedian pore di'aneter of
The contacting zones were maintained at 316 °C for an hour, then mcrementally raised to
370 °C (700 °F) over 1 hour and heid at 370 °C for two hours. The contacting zones were
allowed to cool to ambient temperature.

Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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Thi s exanpl e denonstrates the preparation of a Columm
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Plot 333 ERysEntsdhe Wﬂ%ﬁ@ﬁ@tﬁﬁ% 31551?%%9@919 ZPRSeERYs s of run
. i e
i BELUSES gl G, ARLESRBUHN LS e
majority of the run time, the WABT of the contacting zones only changed approximately
20 °C. From the relatively stable WABT, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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contacting zones, and the bottom support. The

catal ysts were sul fided by introducing a gaseous

WO 2005063926 5 vol % hydrogen 25 sul fide and 95 poOi/Hs2004/042338
hydrogen gas into the contacting zones at a rate of

o S O S e S5 G b

a pofehs@ze drsﬁquaﬁmpémﬁ alnMd S pore ARIREGIF dt REstAB0LAEnd addmonal
contacting zones were increased _to 204 C (400 F) over

catalysin daving agorredize distribotiowitha medigupere dimer ing rgngpbaiween

50- 1808 i TS S8 55 ptaf B 2o B URARE s tpgion

hav:Eg gare digtéter WRLhIHYS A@ftiRahédign o e&nwteze withi oohabhet]
16 C for an hour t hen incre_rretal raised to
contecxmgeopchoenr;proiﬂeﬁ 3 total produed ﬂ)ﬁﬂedqﬁrod

e B 4 O 5 O e e
crude peodudt Eadatdided TAN yyeduded INi&V /e cotianty rddae¢deshlfun comtent, and
oven at a tenpera for, 12-24 hoyr.s

reduced ex1eRn wme@rra{rsw %2@8%5«%2 ﬁ@cedr(e ﬁfgﬁ g‘iﬂ Rpdup eeieRs £59 sie VGO
LA A rf;%pfgwe =

appdrﬁtﬁQ (e%ept T&ﬁh@ hﬂﬂhﬁerf eﬁﬂ%oﬁ&ﬁt omﬁta@ﬁhg Qoﬂt!s) féaﬁ%hsﬂﬁdmg
he catal ysts in the presence of %dro en _gas.

meﬂthﬂlOdr@ separatingi the total predust and englging theferude product

wer S8 b SIS, B sablf v WA A6k Votume

» of silc@b&abidewas 6.9 MPa (1014.7 psi). The three

cont actl ng zones were heated to 370 C (700 F) an _
srde docsk oy tp Berepctorsns firguihs: tofreh e Tsaclpra hy bottom of -

the fe&ﬁoxt hf}f%ggﬁo}t@%ﬁlf@oiﬁlﬂ otdhtét rﬁlé Qlaﬁﬁkg' Silicon

mal nt ai n OW Ng seq (715 F)
ca:bidenwd‘sqmsimmed;at thetottdre of ﬂﬁ&ea@tc(ria @erﬁr)v a$ orboﬁﬁm smﬁport A bottom

. 90 C f 1800.h
cataly Sy opmesprinds st W Gr) wesrhretioged o ot BF SRS Parpi o
forrrI i‘ﬁot@cfrh' e@ntﬁétﬁfé%he ate 9&%3111 @&hﬁr&%&ﬂ%cﬁé‘&ﬁb Whstriti®n with a

he total product was introduced into a gas-Iiquid

dramame diapateaobl27 Anwith$64s of thqmrbtdl mpbst OIS in therpore size

30 R RE A ore AmBfE VUt 12,4 Yidd MEUEH P HEAGHE TR bottom
catafybpﬂycreaéﬂ 0.91 lgfims B0l adnuitarid R0S pahRrofwicke'Pa iR & f

a wet 15 test neter. The crude product was

catab’er,whutbebalyn@r’rmqu@amx@ deternmi ne a wei ght percentage

C { B
o (PSS AR MR 988 o AR wpore
bottiacoattagesmne o afphe iy @nta@hﬂgi gorfel. Olligctbp patalysy hadespore size
are sunnarrzed in Table | :

IG. 7. _As own Jin

distribytbion with & Fedign peee Hapefgref wgdf widh 66 F%{wége tqtglquimber of
poref 28 Bore Srdlitbiriort a0 il ol s KifHhs HALRS 1R megfan pore
dianteté0 The t@py Myst'[ﬁ\rﬂudﬁdtﬁim gﬁﬁﬂmmdtaldar@l 0.1 gmmsfof IRy bdenum

cont ent a} ati aJtenes cont ent o{ 1.9 H
per gram of catalyst, w1th ¢ balance being alumina. Silicon carbide was positioned on
top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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a TAN of 0.09. The total of nickel and vanadi um was
22.4 wtppm The lives of the catalysts were determ ned

wy2008063986 Ng a wei ghted average bed tenper at UPET/US2004/042338
( WABT") versus run length of the crude feed. The

haégsts Il\émeesipﬂéi/ be 251p?orreels?t ed tp %E@Qf@@e@hg{ﬁ 9, was
fed t%sth& tB{f ﬁ?&&ﬁ&éfé@ v&é\ﬁ%ogég& t B, tp
versus t

I's a representatlon I me
cont@tting) zcme,rbutm:tr aontatting zode, ahed botterd supmetiof the réagtor. The crude

feed a8 Qetanied vEHLA d?ﬁ&&%ﬁt@ﬁ“ : ?hr%ﬁ%‘%@hx@wsswﬁ
contaéeﬁgggscohaf@ﬁﬁw%%%néws WYhkio b xgsrag %E’n a9 Beldridk Red

wtht tgp cat al ysts. er
the rgagtor wa; Iﬁu Non'lot® (1000 SGHB),ILHSV vvee Tilgaad prebwse was 6.9 MPa

0BT Ao PR Yotk e st bSO GRl i ppjntined a

260 e@gswt‘fa férfm Koues. CPéndperithfes ofitHe Mbtaonﬁﬁuﬁg Loxie3 tvadry thien
not "been affected. Typically §)|Iot uni .t run

increaspe angd maiptrinezbioghe fqﬁqmng:mu@mm 240 1o (525yE) ford0 hours, then

288 ST 3 DR, Whn A3 L6003 {8367 ours, and then 343 °C (650

°F) fo N2 e hburS fortaNetal fuidiémé 6€ 41 78 idurwne cat al yst having a
pore size distribution with rredlanpre dla@er of

i Théé@tﬁl Hséu%eémi The &¢actkas 3n Waéé?P&'F iz BExsmple 5.

e A G N Ao o 125
procesdimg. Thendrede prbdmlﬂmd, pen grdmoﬁcmude picdlacid DHOR3 igramsoof selfur,

0.0037 it ot S5, YT iars BEVAID s o R bl ol ighe, Rffional
proﬂéi't&‘;lb‘f‘ﬂfé &u&@ﬁx@ﬂu&ra%j}i'ﬁéd #H"PABLEY idad. bhe crude

product . nmeasured by P-val ue, crude feed/total
pr a&mxamph dareonstrates tiat gontectingdheerade fed wilethe caighists havmg

d reduced ..TAN Ni . |
pord R S I ins P S RGP ord FAMERE L pARE pEBILE 301180 A produced
a cnﬁdé banee tHa0hdd @ redobelETANC 8 redtbéd Hi/MEe écttérd irdenrpitaded oxygen
the VG 10 content of the crude product was 90%

content eRlatiye te Heseroparipnot the sruge feede wHe srsidus cqntentand Y10
e e

feedDi aneter in a Ranee Between 90-180 A. The r eact or
. ent of

L ] SLEATLAS q{Sﬂcwﬁﬁ?ﬂ%“
(exc%%t ﬁ%?ﬁﬁh@ér' 9 cBHt‘é &&htaeﬁﬁéjb@des)a BatalyBis N 1@l product separation

yzi ng t e cru e product- 15 Wére the same as
methilds crudb epcbdunt dbalysis, endscatdiystisulflicg methodmerathesdmaias described
E ﬁ@ volune of silicon carbide. The crude feed
in EXppRle0 the reactor was fromthe top of the reactor to

they balé R eBC- Id"ﬁ'ﬂﬂ@%ﬁﬁ’g the/) Px%pé@ﬂQ Etﬁﬁm\éﬁﬁed ifnl TabRB, FIG. 10,

frombottomto top int manner . [icon

was ded toi the topeef throtsacton nbae ‘auda f'f-‘éd @@wg hrongh the Df%h}‘@t ne; 9P

cont3ingeg e, P e BRERR. and pefun BEReoRs g practor. The

contB&gl doABRIBNS WeteOdd fBflow§iQatid bf IRitogenlgak Eethk @rudededd provided to
bottom cont agt |3&%Ozone The bottom fat al yst had a or e

the rgpoter WasiG Ny OSCOFBY, LHSY was 2 h™, and pressure was 6.
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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medi an pore diameter of 127 A, with 66. 7% of the total
nunber pores in the pore size distribution having a

wioozes/ekzeaset er within 32 A of the nmedi an pore dPEIVES™®04/042338
The bottom catalyst included 0.11 grans of nol ybdenum

and ;
the]@ Pélr‘tl E’ g el ng supportgeqquggmclgtaij?g??gﬁ ?I%tgng&ﬂ@dlsz
during hriodessirigx (e erydd@rodict a1 ﬁoﬂppmf cim,t@pppin ofepdium, 0.6

b tt t.act to f t,act |
St e o PR e - Bt PR G i gf crode
prdttuw 0@09? af nbdeifraﬁmud oamtg%m%f da%eﬂ\ 0.396 grabid-of %D, and 0.401

he’tota of = pores in pore size
graatussctfrresbdna Jdditdenah grapepiss of dteenmdeepromt larenlisted i Bable Bén FIG.
10medl an pore 30 dianeter. The top catalyst included
0. 03 granms of nickel and 0.12 granms of nol ybdenum per

gr amhifexamph déﬁions&\htb@tﬁah@oﬂ@ﬁh@@@@ﬂmm@ febd Withathe selected
Silicon carbide was. positioned on of the fir
3 Hoductthat

catglysts xdth page sige distributiops inprage phod-1 &Qu

R S A e e

sulfiardofteRf ViE0 gotitent, Aed skle ahntzﬂnff thé bradé producweret7i6lig 94%,
zones, and the _bottom sup 2005/ 063926
amﬂvtﬂ%si@mrpmz@%pmsmse é'f uel a) having the

"4y £SCHRNTEDE £ 8duble #&P‘Wﬁt@ Foﬁi %t@;st%mniseﬁﬂ At
Virivms ﬂe&iﬁﬂi_gz@imhtmng Emhtraa:itmrrappmhg (exuept founthe number and

cof B B AR S BB Bl St seprion

metRd L:ﬂcféa%h'cﬂ;de RiceaRdl§Hs Verethe aaaﬂ@&s &s%&nbéﬂ"tﬂ Example 5. All
contactlng conditions were as follows: ratio of

cahbtats wﬁhmheommbleleﬂ@e@bmmae @f 2 parts pikicon carbide to 1.

Pl afﬁé@ﬁ?ﬁsgﬁ%g@ R Uit Pl P00 st MO i kalh enctor vs

frof@thedsp bittle 70T t0VEieboRoa! efthé feadtof) Silico Carbjdearas pOSlthIled at
mai ntai ned at 260 C (500, F) for 287 hours.

theTeaitont oft arek seagtor toeeTyaes Ebptione summgrty ik renstar hpgabottom

coESERE A LRt AN S0 SRS i
wezd plabmlinshe ¢ontavting ﬁoﬁés(cﬁ‘(éﬁchzl)eaétor siikOné carbiie vmsq:osiimgned on top

43 C (650, F) f 0 f t
Fting phee il Aced it enClpishal a5 APIBAL T o fiph roactor.

Eak?ﬁ?ea%?%ﬂ dedtsl® iﬁ{dbgﬁlfuhﬁmm&u&d fodt Weafihg! éhes

pr oduct an average T of 0.42 and an average API
cogesponding dxf tht@&edtmnngthe pwo centaéting zomps apd ﬂwebqttouusm:ort

had er de ct
sul 1% Xaff 6’621&" u &83’%3%5%’&1&812 %ﬁysg)ﬁ}ggn gtrbtg&gnxwre
3
00 1] s STV

catiihist Oebéérgpﬁres ofemolybderama 9.447-grams af vickelngnd %021 gxgans of

al yst s, havi ore size
Phatpit’ﬁsbh’t i)lﬁ"ebﬂ\jﬂnlpﬁlbé ﬁ@&t“& ag%? o?tdl aneter in a range
bet veeblBBehf cAaREPHNERLarbide mietara12dut) withahe fadlys having a
reduced TAN, a reduced N /V/ Fe content and a_reduced

porexgjepedistribuiiemwith & medianapare diamstaried 180 fowps pesitiosed dm the top
coﬁtja&ﬂ{e {O%S.d Thg\’pdoll)%deﬁtfth%ﬁﬁl)&? RAE Mot WntdH5 0.04 grams of

molybdenum per gram of catalyst, with the balance being support that included at least

0.50 grams of gamma alumina per gram of suppott.
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content of the crude product were 99% and 100% of the

respective properties of the crude feed. Exanple 7.
wombsie3owf a Crude Feed Wth Two Catal ysts. ThECT/US2004/042338

reactor appar at us (except for nunmber and content of

o da Rhnbf 5 38 SRlaeifat SolbiRyb P bR ahige mixture

(48 eﬁf)a&zasslsosﬁwnéd i the baﬁatmghcﬁﬁ%eoﬁéae The mceaﬁneteﬁﬁtyﬁaeﬁhm/cobau
i n "Exanp . A crude feed (BC 10 crude%l havi ng_ t

catabﬁbp)@hxdpfég 1§& s ofgdolyhderain, §.043 gramgs of gobaltygryd §. 8211 grgms of

e ta e C e feed fl owed through
phofwgwmg{ebggﬁgggﬁ%‘%au% %%‘uapgﬂg zone, bottom
COM afpllybdenvi Retalysrisilibni daobids uitemed (12fent maraﬁ paditioried in the top
The 30 contacting conditions were as follo rati o of

conlgglingenng. Jag malyhdsaumycgtalyst wag thersgnepsan Fhe top ﬁ@ltactmg zone of
Exafnia ficgor was 80 NmB/nB8 (500 SCFB), LHSV was 2 h"', and
esSure was 6.9 MPa (1014.7 psi). The two contacting
zoraExasple He dieeﬂolybmmﬂyttms idesciibad @ (hG%p €gntacfing zone of

t ot al run t 1007 our 71 WO 2005 3926
Exaisgle § 2 Bk i g licam garbidh g ppeawd indee bath gowadtig zones (60
m AN of O. 16 and an average APl gravity of 16.2 during

rocessing. The crude product had 1.9 wt ppm of

callnBxampke W, pp medcisatinalybdénin/nivkpheatadystzsilicone carbids mixture

mof pt assi he crude r odu had,, .per gram of

(48 85“%) E‘? 'gm@@ GPHIREURE Zang; ¢ 65168?5 grans of

20 d¥molybd
e

0.028r grauni of migkeélnarrh) bgrmsrof phosphons, withitke balanes|being alumina
deponstrates that contacting of the crude feed with
Sup selected catalysts wth pore size distributions

i.n Rmiokyt@eneh cBRiviBalidornéadkide atxture(12den’pivas p@shtl(blhﬂtm the top
had a reduced TAN, a reduced total calcium sodiu

contaring zaned The melsideminRiabIR Wi fecsams 2 i fhertop gateming zone of
Exa}é?%_gontent and. resi due content of the crude product

efe 76% 94% and 103% of the respective properties
of Crade fomdke MeedplafuanGals oBMekicolovas fiteredS than Beatetbin an

overath leRETGTOREas e a0 INTIT 2% ot th form B GOAR dosddir
aﬁ%lestSU?I Hgﬁ? g%ﬁg: i h ar&fed maaew 9, 19N G5t cnfRTBed was

tal yst each total product

fed wethe topt ¢fcthe dBctorinthese exauhplesc The cride feadoilorved thravighdhepreheat

zon, OB PR RRgPR TP T RPERCRE PO L BB RPT: of hpgetier The

crudedbéPwas contdtadd With h:idh(‘cﬂmhéiﬁmgéiﬁ id me bresemrctf h?dio%laﬂ B4s.
unl ess ot herwi se i ndicated. The crudée

Contasting gonditiens foreash exampls were ap fallomes: tra.ipp @ﬁhydmenea%t%@mde

feedtti) t hlcgﬁ%taﬁ%mwg{ }]éd’lﬁgftﬁlgﬁ 1 po eacﬁ r eac Etl gFSS%@{glgf gaSCh

syst&nb:@dstmlf(mm 4.7 pERChHSYaw42 .0 hieldivein @Kdﬁ)x@t 2 hours of
contacting zone and_ a tgfp contacting zone. After_the

contagling, pad fhen lowerd ta P B der thierengpiging contacting times. Temperatures
in all contacting zones were 343 °C (650 °F) for 500 hours of contacting. After 500 hours,

the temperatures in all contacting zones were controlled as follows: the temperature in the
contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to
366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for
1000 houss; raised to 385 °C (725 °C), held at 385 °C for éOO hours; then raised to a final
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were placed in the contacting zones of each reactor,
silicone carbide was positioned on top of the top

wWoonosedspwg zone to fill dead space and to ser VECHESM4/042338
preheat zone in each reactor. Each reactor was | oaded

mpsERie oE 409 S LA o8 Bt 309 € i 205 s, o pig Ohtecting

nmeg@ggg@%&g zones, and the bottom support 25 In
anple 8, an uncal ci ned nol ybdenum ni ckel

c atrhta yisilg prddluefé iwegaptriatiécatlyanalysed osdetermaye AN, hydrogen uptake
by &f r{%\lxcijadtogﬁf %5% Bﬁ;@gtgﬁt%g f%? u%%ton%g& ﬁgﬁ S?; e*ﬂecoﬁ%?' X9drage

valuétoy BRPBHIYS o@ﬂﬁ‘b?ucﬁfpfm@acﬁ rofdeded!in Eﬁtﬁﬂlpl},s @211 geaR®deh Table 5
FIzatlgosphorus wi th the bal ance being alum na support. A
in

l¥bdenum cat al yst/sil | con carbide mxture (12 cnB)

1 F PR A ARG oF B 1 ol AL
run mhe (‘tOdor eahiofdie cmlysa Bystentdef Eﬁ@dnxqbldf&dm Qi atudetfedilthd a P-
b 12 Wi .00 T o R A P

prod LR ‘?}‘ppo?%%%ﬁ‘%%g‘i%%‘?&%% f’dﬂé‘%ﬁ%@%} B Semples

8-11Irespicetivedy.cF &, 2300 hoursatheiPrealuerof ths damleprodivhteamained of at least

L Yo S B S0k Bt gt -8 wes above 1.5 o
most¥aR ﬁhﬂﬁﬁe nnt HRda léﬂr&%ﬁ'@so T))f&t Bkdﬁﬁﬂl&@?%@?%e was

grans of nol ybdenum O. grans of cobalt, and

1.4. d?rrmmh@f’-vabms‘plmggée NOﬂhcttfhEeagb Itlaailctt ] hegn@mmﬂm he crude
s BB s R BB AR A B AR o s

* did ﬁ@ﬁﬁase'EBﬁr”) YAS S BTG Y3, tthws:valdea)ﬁmr&uas ptdﬂluéth'érnmned .,

cont acting zone of Exanp . .In Exanpl e 10, the
relatm@f) tumgaﬁlgmticaa% PORKOR? p%@&h.malt excepbin Bxgmplect G, ag which
4 nple 8 was mi xed with silicon carbide and
ﬂwlzzgﬁﬁ ?%nee I'n the both contacting zones (60 10 cnB).
- | nNFEXaiBpiks @ gidphicab reprssahtationedf ma hytdeen optake b}E krude feed (“H,™)

catal yst/silic cgr bi de m xt
Wt%@%l) ifor ercas%ﬁtéaﬁteoﬁ %@.ﬂﬁﬁg%@@ yen gas. Plots 148,
150 ¥8£a)54] &ﬁgsen tHDES Sbtaindl & )é§ﬁtabtﬂfé e eﬂ;de E&rd with

gramo catal yst, O. 09 rans of m) denum .
eachgxfahmcaoﬂystusyttm oﬁﬁmlaxﬁpleasgrl amsp@htfpib{ob{ﬂhhwlr@gewmthke bya

e .bal ance bein 15 s ort.
orud e e 7 5 150 Aot o A0 ORI st Dt 78 R
(43.82960 SCPB§ d Ak Bhd W@ id 19165, 18 Ofhk aet waﬂogesmgnak’étw BB Was
catal yst "'was the sane as in the top contacting zone of

relatEéchmﬁnemt durmgtnaehtrraém t he Mars platform (Gul f of

MRG0 ST D Lyl AT i
percértgpe; boigadé pRAutIq R ™) versus run tlme (“”) for each of the catalyst systems of
Examples 8-11. In each of the four trials, the crude product had a residue content of 88-
90% of the residue content of the crude feed. Plots 156, 158, 160, 162 represent residue
content of the crude product obtained by contacting the crude feed with the catalyst
systems of Examples 8-11, respectively. As shown in FIG. 14, the residue content of the
crude product remained relatively constant during significant portions of each trial.

FIG. 15 is a graphical representation of change in API gravity of the crude product

(“A API”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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Exanpl es 8-11 having the properties summarized in

Table 4, FIG 11. The crude feed was fed to the top
wor 20081@5391act or i n these exanpl es. The crude f emri/DS2004/042338
fl owed through the preheat zone, top contacti ng zone,

164, 86, 83, S0 paescRba Bl Pauis? RS el ROtk Ghieire pydSptpctiog the
crude T ORI ThafnlysP sfdren@rsm@mﬂescﬂ-l hmemﬁrugam eath of the four

Contacting conditions for each exanple were

trials, shttoowde produet hatl ahgshosigein armege Hory W72 ﬂ@a ahr Ak gravity

of iR el m i Rei LT, 44 Bl iothe yfsdl Kol gifty

corréé;!&{dsma&nm éiadatyd@ﬂthél grudb rdducsitin 2 0shgedtums 2017-22.95. API
contacting andthenlovveredtolOllfor t he

grawtémaarlm wggerﬁﬁlé?cllﬂra@Of thee\ P ravifyafihe srude foed. o |

CONACH4 B9 ARG Y Eseliofof Gk kohlhy, SR-0aY 1P walaht

percehﬂagé; ofitratrudwprodne(“ Q) sersustundinet asforf aich oﬁrﬁ:de datndyst
te erature in.t t ones were ral se to
systeegg@rmeﬁ 11h§fcas i ﬁi ié’?% o8 BPEF SR Py gen canien of the crude
Pmd%?%‘%’%@g% IE% Eeﬁghggm%?eeg‘i‘g{rthg%oog E%Etregisadr ai seg s8-1,
respermvaﬁis Hach 2atsie@rodiet had ait 0:886n Cotitont RO mosut&6 of thercrude feed.
dt fii | 73 WO 2 05/ 0639 P 042338
Back SiE Pl thagienduyin FRgHes a Bnge momULp HoB s 2
of chiae b%odu&@durﬁlgtéa&@h& ORGARS W th FIG. T8, Bk 0%PEkh dbRkkns of me @rude

crude products were periodically anal yzed to determ ne

prodpofemained sgletively canstant jpfier 200 hounvef qoatagtingting) J&e refesiyely

cond8f bR fhn ffnfPEipE BRI Brog B Rl AR ARG QEHE R yeen

comipBurfds aftedtcsd dukingthe torfdctilg] BintaMIAN Was also Eécfﬁcedih these
FIG .12 is a graphical representation of P-value, of
examwés,erluarébwé’@m@é t gilgast, & pastion of the carhaxylie pontaining organic

oxy%er?rﬁc'&gﬂjfo eeﬁgg&g&éﬂd?ﬂﬁe of {;{heﬁégs@ b%?t ¢ %IJD orgamc

oxygehZonmbbddndsand 146 represent the P-val ue of the crude

AR RG  R y SrnROh S Ao o S 8 s
(101&191815%?}3 bhd §katio diqryd?c?ggﬁ tJ‘@r'ﬁEié feeH'?)? 18’0 Kahirg® Frf 00D ISERB)Ge
pro UCt remai ned | east . for cata yst S St errs

redugfiorEsferpdefeed M@R cbntegkml’eS IV.I;%, based pojhe Welghfa etnde

M ST e
crucﬁrféw Hﬁ&e&cﬁ@h WE cRide 6l MCROQNEMO s 5 4% dased dul thk weight

it my be inferred that the crude 15 feed in each
Oftherwefﬁ@irar ned relatively stable during contacting

f

o TARERAPR il oG, 071 2P0 BI52 ro3fBEL ek Shvra

(101me7hpsma@a a fﬁioadﬂlwefqgeﬁwama@feedlmf I16Q Nmsfm (1 000 SCFB) the
gnificant' portr ons of

redugtion pierygh fed MGR cpoteal wes | ho rvéésﬁ%reg pndke W's{g]h%ofiﬁy crude
S LR ) O PSSR g
crude Efé@ll, tietreduycsion i chwde el MCBsentnt ohs Y sitligbased aa the weight of

the cru e fcée&48

This increased reduction in crude feed MCR content demonstrates that the

uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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150 152, 154 represent net hydrogen uptake obtained by
contacting the crude feed with each of the catal yst

wWOROHeEs9IZsf Exanpl es 8-11, respectively. Net hyRET/GS004/042338
upt ake by a crude feed over a run time period of 2300

i 3. .
¥Rl f R that Bttae ot b DU B0 it el e
TANKEAN ofi@ 8§ ettH onesr make da@élﬁits p@ducesctn@ tmde pﬂ:ldlhbin gvhélach
trial. FIG 14 is a graphical representation

maipiaiyipg, theapdedised/total preduct mixtyra siabilly anééw&xew%aagély sgall net

SR Ao e YRRl W s 1%, B0
propﬁames dgffthabmde tfded, whilel ﬂelmﬂﬁpmpeﬂnﬁsi ofithe egiddpeodieh verd within 20-

8- 90% of the res ntent of the crude feed.
300/?’ sgug propsgiics phhe CIB% @grr esent residue 30 content

f oo &J%%ftfchﬁﬂ? eas@ﬁ&\@Hfif T4t 2l el o?ﬂw‘&%%%{iﬁlﬁs ng%ﬁﬂgéa with a

‘he catal yst systens of
net hydspgent iptake by the caide\feedsof Bt Bostdd NP’ r(ﬁ%s EGE‘B?r.oBucﬂrproducts

had G e AT ot et 04 GHUBR P s, A 47 ayferacs totel BV content of
at nidsB6 BRIVF AR 1ol NiAS&T e b theWrndd REBY W Hilk rﬁﬂhtaﬁﬁﬁ%’ h 'Pyvzﬂ’lfte for

the crude product ("A API") versus run ti
the erudp fesd aflabosad.allesaveragetresidustonion nﬁe@b csudmprowcrbm 38-90%

of t s B KRB YN 3. Re 2L DOLTUET ShEHR e goduct
wasClqlSt Hq% agthe hﬁGO%ﬂtdﬁt dfaBélcrtdde feddh Theavéray S AP ¥Eve®f each
respectively. In each of the four

cmf%ernraﬁ%ct V@adﬂoclr”d@fpth@&@?é grayity of the crudssieed, whileghe disgesity of

e 48 s et SRR B oy

" _;ggpiesaﬂdd mnmtahtMemaéﬁghmam @a@wsgg
DisQibatits ith isn i afiAt] R0 A With Minins
Hydogbh @oﬁﬁﬁ‘ﬂﬁtlﬁﬁe% Efslnﬁ)leélﬁz 'lﬁ @acﬂ E&B{Ur aratus except for number

representation of oxygen content, expre wel ght

and pen’rcremfec@etacnﬁg gdresk mnihecapndm aultﬁdmgmet]:od/, eastu's)tal gmoduct

sepdehiiinfnghiof a5 eadhtEhie Tl 25385 Yitte 3 ¥RE AP ARcribed in Example
5. mumm%emmﬁfwmml 64l SothheRiratlitoh caBidY. MR dde feed flow

contacting the crude feed with the catal yst systens of

to epshgpgter was from the topmé dhe seastyr top_ta@ hottom @éthereasiten Siliepn carbide
was%a s %X&? HO B ddh& P? %acg aér.]r?%xt?/ ;sgrr?e 28 ?Jgﬁ ﬁg}?or{ eﬁa%h reactor

C cruepro

confafmethobe @OitdetthgOfbhb. @lfirftheatal gt/silicoms caelﬁlﬂdﬁmﬁwﬁﬂ lere placed in
during each f{rial. As shown in FIG 16, the oxy
the GQRRAEHE Z9he Pheach Feagior, spkicsmg RO R RRFIIOBER 0P (OR cgf the top

contS TR il & 0 Elea RAo R | SN AEAR Bt R Rifor Bech

reacmromdbadiad rmtosit indisesg ﬁhaacesthhtentladedthmeatmg(mm correSpondmg

ounds ar,e reduced durin e contact| Si nc
. 260%319&88 tactingZqnge Hymauppart. nﬁ?ﬁﬁm ¢ Fee‘I
contlg&eg ﬁ'{ da€fl of ﬁl%tcaﬁi slsGAShe e&‘ﬁ%é bP B%éntga
car boxyl I c. contalnlng or gani oxy unds are

r echl caeta{lystéﬂlhm caedige mweturet(he cmO)ywaspdsitioned on éamofithe sitigon
carbide o I}Jor%n tl%x%%%gﬁggo Zone. I%%% Example 12, the catalyst was the vanadium
catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the
molybdenum/vanadium catalyst as prepared in Example 4.
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20 I'n Exanple 11, at reaction conditions of: 371 C

(700 F), a pressure of 6.9 MPa (1014.7 psi), and a
woal0s063b26hydr ogen to crude feed of 160 NnB/ nB ¥AD082004/042338

SCFB), the reduction of crude feed MCR content was

17 T&e\&bﬁﬁacﬁl@@dﬁfbnb ier Extingjilés Iﬁ-ll hereasfdlows:attlo oﬁhyc&ogen
rature ‘{96399 C (750 F) ressure an

to theipds lapd Fipisgan tegescsorues HONm i PO SEFRR LS Y was 1 1,

and &e#%ﬁt fw%gg.dc\)ﬁt g@%l%%f feheeﬁcsonlf’ac\f’lfgé"zoﬁ’%%%e Bgz%t&?ﬁmrememally

to 34?e%(&(6ﬁﬂ1°F¢ oweli peviod of kimenll rhaifiadiedR) 343 °Q farsiA0rwues for a total
g{gg 1014.7 psi), and a ratio of hydrogen to
m%ﬁnﬁd’ RBOUTSs 160 NnB/ B (1000 SCFB), the reduct i on

of Mﬂ%éﬁ%@ﬂ(&&u@%aeegn@%%eémwe&e@ %f?l%g%‘ﬁ%d

wei ght “of the crude . a terrpera ure
EX&'@PW FNet Igxdragee uptaie dpring sontectingdvasaletaymiried fpreahantaiyst

syt B 5B, b Bl R v L e Y BB e cruce
pmdﬁatmmﬁsm%:bs S dable 13) nséf %@#@ms Y antaefaﬁoge from 2.2-

de strat es that the uncal cined

3.0 1%&1& YSCFBh@nd thexrude pofuctdad arfAN éula tarige droam 0.3-0.5.

In Egéﬂnﬁﬁalﬂsﬁ% CTHES of (B i S B bR pis R vl
cataffrbe&et @me@t&ew% b difpetiivah -G.05 Naeimblo (96 Nivee’ (-0.36
d with relatively high TAN (TAN of 0. 8) W|th one

SCF&tOﬁ'eQ §CEBB ang dhascrpdepiodudt hada TAl de 2 sangsdfram Ownd. |5e

L SR A R el R S Al BpROHE R dhfared

hydroggmwfas gSevated siche ravslef 10. muév? (ﬁmmﬁﬁﬂfngrcgnﬁbﬁ 6f the
0 .0 e Sa 5 ertres o e.Ccru ee |
dgg dﬁ P @f@ﬂa?t eratigR& B d08eR JRgEORfAcHDg allows
less B ogé}/eooge dseemggr&%e%rahws& £ arthBnt OF ﬁg&oge?ﬂsed

pecrfically, as shown in Table 4, each o e cru
convgn’omaé proosssss py wafwoesciprapediesniof dmadvh;r@g@cg@ud@p t'ﬁice'edpyrcment

rude feeds f at .no 4 NnB/.nB 7 Suc
for 153y fde ah e Sorties B ERR Yo dpcrp g e ot gt & S
cr wdiditfopally, RRECHST thY gl ecdabith ﬂﬂlxﬁar%(mﬁhemane&uﬁaocawyst
nost 61 % of the total Ni/V content of the crude feed

prodiipqd acride produeli wigh a TAN, thatiwas lower than the TAa efthel cnide product
T, tent of each crude
pmdﬂ u% megﬁ%@a%gﬁ%%@ﬁﬁg%?tg@%gue content of the
Examptuda SEE dConthaet gheCagde NEEd Witk aemanﬁﬂluﬁﬁcmﬂvg%d an
[odf%t was _115-117% of the VGO content of the crude

addiugnal Catalvet, Siagh eanior appasgis (exseptdacmimber gad copterhpfcontacting
zone\%ﬁ\%?ch]&taﬂsz fﬁl?ffdxﬁg{}ﬁ tﬁ?& eg{:l‘?i’dt X)r&f gl gb%ragagl ?ﬂefvt\lgcge and each

e the viscos each’cru
cruderpsidudtMatysistviere thaﬁanml asylesfribed én ExatﬂﬂefSe el catxigne hese mixed

i R e B0 g AL 4 e B
otheﬁﬁsﬂndie%&%t The Qrtﬂe%éd“%% R B redd¥dl @&eﬁ)o%ﬂgg@fﬂ?kactor to

rtrhp es 12-14, each reactor apparatus
the bnttameqf ¢ reactor. Silicon carbide was positioned at the bottom of each reactor to

serve as a bottom support. Each reactor had a bottom contacting zone and a top contacting

zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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and content of contacting zones), each catal yst
sul fiding nmethod, each total product 20 separation

wobtsaseed each crude product anal ysis were t I 1988D004/042338
as described in Exanple 5. Al catal ysts were m xed

Lindbigk doepresay oolbded s Beatie B8 Serammeriing e prebfed zone, the
two doBehif z{,&stﬁgnheb&% ﬁotp@ reactor. Silicon carbide

was po I'tlon at the bo tom of each reactor to serve
asInaaab]m exampls,thp veanadivga citalystwasprepayed adesedbashia Exareple 2

n one. r the catal yst/silicone carbide
&W&tﬁég &9@121 8@@%’ Sth 25 the contacti ng zone of each
I SR QmplS 15 Iﬁ%mmadﬂy%@ﬁma@ shibidenatkhes (4Pandfwdshe
top contactlng zone to fill dead space and to serve

posrtameénpﬂnrb@apmm@cbng gonshwithdhe giditignal talwsat@mﬂthaas

molvh@%‘é’q%ﬂ epeifade qdﬁigh%ga%gﬁ%gh?%%mp@é#ﬁfg‘zgﬁég
e egﬁ\?/gés B&gig’r?t act ed (jlvat th e ac E@%ﬂfa&:&ﬁnﬂge ?Pﬁ;:mnﬁﬁoﬁg

prbs@iﬁ@@%ﬂ@ﬁ}’cﬁdé@mﬁb%d woeafr&rd;srft

. k ] c h
pomtgolﬁlgigégﬁlerﬂgﬁ} r%e% or m’t e cob‘% ng 23 ugthtz ©
molybdedtiph eatdl¥st preparedbatheshethad dtdoﬂbechmdi‘.btample aat'['hb ysitaditen

colfalRERS i 0 o) s AGopFe B o el oy

W ifdﬁlf‘on%%@l fie W#@ture (30 itioned in
rmo?ly e u%r?vana I um cat a %ssi{mﬁébg t‘erepar e(d |cﬁl wgsn%os(lelon. 1
the b3BoMOORROBNHBREL SrithdHd adddiional @act@sss)emme m&x hedenpm{yanadium

catal 35t 44 iR iyt ‘Eficelﬂ%aéﬁ}mp‘f%@r%%&l g iffie b8 00 o’y

was HGSHiokEA iV 168 cbdBARESRRE) . LHSV was 1 7', and.
pressure 1014 7 psi). The contact i ng

'z oh:eExamle 1ﬁe%xre>aM (GlesscWorksAGarporation, ey Kols 1554, Wéﬁ (30
d at 343 Cf 120 h
cmﬁ%g??é&%} d ﬁggﬁu%%wé%@'sgg thr s. Tot aIor pr oduc?gr >

gxcmﬁ b(Sﬁt&o@Bﬁslﬁ CBiani) e Bramples 1 fwl8chasingahapegerties summarized
escripea_in

in TRt G0 43 s do0r s P dha SRR RIGpA ot Tobpd (Efpeh the

| Pfehéﬁé@‘%@@*&‘*@ﬁaﬁﬁhﬁ?ﬁﬁﬁﬂ%ﬂ%&ﬂﬁaﬁ‘%@xﬁ 5 éﬂ% fhe

reacﬂ:m ’Elmcrptle febd wasebntayed mgﬂmauh pfithe oami,ystam ahe pspics pbm

hydsfch e CioatioRng ARedions Thrish xsBmeava® g LSS, Hl ofpdrogen

gas t& ‘ﬂhe &Hﬂé f&d RN totBe féfactbhﬁa§ 1 66t RnfREY(1000 BCEBS for the first 86
denym yvanadi um catal yst, net hydrogeH(S—Vgta e \4\/as

hours anchSO Nmy'émf (0 S(IFB)EfomE/rmBammgGme lgﬁmdsr@ wapl h
s Br B VBT S B Ry b

343 YR 6HBSFY bdridpes o loRéitricihd rhdintaied @684 8T st attb@al runlkbme of 1400
hydr ogen was ‘generated at the rate of 10.7 NnB/nB8 (65

hmu’SCFB) duri ng cont acting of the crude feed and the

R ML 01 LS CERE! AiPor PL BN 00 SE6L5 S meta
catalﬁ?ét%@ﬁig d Iﬁiréhizh! distrébutiadn v&ﬂwm&dﬂﬁ pbwthageuar oS35 A fin

combination with an additional catalyst having a pore size distribution with a median pore

diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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conventional processes to inprove properties of

di sadvant aged crudes, The requirenent for |ess
wOdesagsgreduri ng contacting tends to decrease (POI/US2004%042338

of processing a crude. 20 Additionally, contact of the

potaSGilf ol bt ot S SP LT COAIE g B SRl e somo
metdlls afitheheude/Adbd 1 Thehal far vottentrof dbectrud pprodietanhsf80690% of the sulfur

i ndi vj dual |.ybdenum cat al yst. Exanpl es 15-18.
contegtRf; ?‘%‘F‘egeér ude Feed Wth a Vanadi um Catal yst and

an E)ﬁﬂ]?ﬁc%iﬁﬂ' IQCEEhﬂJn}égéte tﬁi‘%@ntﬁ@c?‘fgt&hdﬁiﬁﬁéﬁﬁ %Z%ontrolled such

(except for nunber and content of -contactlng
that ad HSY threegiithe abmagting zuniefis gieagr theh 10dy”, esedmpasedito a process

r od epar.ation thod, and each crude product "
that i PSR P S50 agfiefiyiih fifrles nifgpeies, The pbiliy to
selebtiedy Yitinge wg&g;e&%fﬂ_cnmeti@e@%dn ARfypaS Velodti than

ratio of "2 parts”silicon carbide to 1°part catalys )

10 Wirdllowes thextdantaching praosst todiequrfomned inrvessels efgaduded wizegelative to

compigialf BYihis VBl of sl Be izt ey aRRE R wbimebl
disad@¥aritdlRdRAIdeS 3 B p@fsithetl @8 fiodictioh shes SR NeredtzeaoRSiH4iQIN for

su’gport. Each reactor had a bottom contacting zone an
exampleopffihors fetiting). zone. After the catal yst/silicone

Exal§iB28° oY b I8 FREASE Y abiul BonERhETonilibrgARES, The
conthiingoéystelss andRha il gsts e the semé as ddstribedein Examphes:. Thelcrude
feed:kgagg)?ggﬁg Rg)iaeﬁ-@g @g{;ﬁ {%ﬂgréﬁg ’6771; %@@qﬁﬁ&ggqe %&8 rggth%%gg of the reactor
and ESA SR QAR RR Gutatl D HPGE %w{; %ﬁ‘@ﬁ‘gﬁégﬁés et #%@éhtc g&"

heat1 ng zones correSpondi ng eat zo
hydtogen topripdudel sgrudeopreducta thettive chiattng unppwete. operatehatidifferent
ex | e, the vanadi um catal yst was prepared as
tem%@@?‘?sbed in Exanple 2° and used with the additi®onal®

Cal@nyating eorldiidrsaAMLop onBEtRIAInE Wedhs follows: LHSV was 1 h;

catal yst/Silicon carbide m xture 845 cnB) was
tempasature ipikeitopreontastingransvasAP0I€1 (50¢ “Eo aeatiowfiydregen to crude

teed 58 Fo0 00 R0/ TR R elebfpe R Y ORIRR T G PR
VaiGuitaetng eariditiofstia Sid boiRecsdding o8 werdla8 flldwe MBSV was 1
posi tioned in the top contactlng zone. |

4 Was n Exanpl e
b; tegpergiurg ai the hottam comtaghips gorg waschld Tato8P dB); miratie, ngx@%en to

erudb Tei YRS S0mPRP (LPOT ST DY chilBreitine B BYNELLOX 785
catThkysitl proédyna eritedthe bbtomebhiadtisieankiahé dvas inttodangal mto the
. .Th di talyst/sili bi i Xt 30
gl A SSORPOR ool A L S SR op G (e RO s
separBTRLE L Cruck profiahPRAL TR\ dkroRIc o Pt dlyzed o
detepome TAIN tud Ch esphdténcsenafentcat al yst bei ng t he ‘

B AT B Rloe B o Braphet 8t i die b BN i ghe run are

liste@lixX Ths18 7( B5.99) TheRsudRIsid hRNEHANLAI Lt PPCS ¢rel Qontent

zone. In Exanple.18, Pyrexo (d ass Wrks Corporation,
of 0QEHvgeamsf Q4 aBphalteneropet gr4@0f crude feed. The crude product had an

average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs

asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product
was at most 71% of the Cs asphaltenes content of the crude product.
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en) were positioned in each contacting. zone. Crude
(Santos Basin, Brazil) for Exanples 15-18 having the

worap®eianes summari zed 20 in Table 5, FIG 17 PE3AISR26(4/042338
to the top of the reactor. The crude feed fl owed

t hr Thgtvtdl kentept efpptdssingind dodfunt 8nthas ehide Hrédiiee wab 8f 1hesh53% of
cont acting_zone, and bottom support of the reactor.

the-tofal qantrmt of thedamps ancialm inthe smdgifesd. cEhaTAN afiiae crude product was
at Iﬁ@gtgbysaﬁhé ?A&\hsftng ‘Eﬁﬁ@?&id"fA P%ﬂi&&eﬁ? gt @%%&

con lons for each exanplé were as
duringriromteting.gas t o the crude feed provided to the

reat r was 160, OOO SCFB) f the first 8
houfs dsmansitada "gﬁ@ ayd2f) heve ﬁg{éstr(msmaﬁ@ tq)entacting

tenfRlE 830 "G forier E‘ﬁ%“a%??%am&“’?&“z HEAEMDERNES o e o8 (in this cam,
bottane) zeme tnak koyerthance3hia réductian of s asphaltencp eontent infthe érode product

r‘ﬂ%’é’ﬁlt%n%e%gs‘gﬁg B %efena %%thgncgkgc?f 01}420

cr ugadiiggally) cﬁo&@f #EComeAFdfGhetal’d th ikt siilo érﬁkgacﬁds was

pore size distribution wth a medi an pore di ameter of
enlgagedusing comnﬂczdwtwmp@ratw tdiff@cmtwdlsh Eormamplmmimmn in the total

porRiE P RREE cphief st g biode S R ele 2 B enesd

relive Y6l fHRGeduction bE the t@t[apﬁ(btﬁﬁﬁnﬁ an® Mﬂiﬁn%ﬂl@ﬂpéftnb E:ﬂlde product
properties that are changed relative to the sa

fromEixseple 6 withra relatiyely congant opedel feedsiptal gmgumstablhty for
. erties of the crude product
eacr EF%IP Vg&%gé%b&?%?g; 8@9826 PCTI US2004/ 042338
pgt Ysisg uioweaodinpaatute oﬁa figsn domad:thlgl.ﬁlmefa}clﬁwlsq faﬁdvagaf’/ﬂ:eﬂﬁgh
total content t he al s of the crude
molegar Wﬂ&g teqirpQiindg gtrm RS, Gorpephaligaes Wlﬂ?‘%é‘w of orgenic -
aci%xg ’tl?a@?f%.&f a feﬁ&gﬁ?% Hrm ?ﬁ]@l@tan&fo r ESRp G {rﬁgthysmal properties.

anples 6 an 9 deno ate that contactin
of sofinelstandios stickindse (fooeranaplé, aminswaak/or Sarsh d{elmwal-mhese

AR A0 RGBS b SRR ol poe
andwoaﬁme @at@lydﬁethﬂfe@? %ﬁr&as‘ﬂl the ffdof the cRANRS bbbiAfing Iﬂﬁgher
ability to selectively c ange a property of a crud

tempeetires thﬁ’ﬁ aje iPGSlﬁmﬂdl aﬁes cfé‘stﬁ@lntﬁf}mlg genegr eat er t han

_ 17 A8 ee%ggfr%etal
catAya lah(ﬂbi‘ Sc&t@l‘?&&if&he d})éﬂifﬁﬁﬂldnﬁ(fo wal%ér&ﬁisbe Oroy4 Ql‘ahﬁ\/ﬁfhhiﬁlyst per

treatnment of_ 10 di sadvant aged crudes to _be performe
100.gramp ghthecrusle feed) anay, Husommgrabadiments Jheslyrzie tv\gth(the erude feed

t
R LGRS GbREh b g P Bl SBA elp b 155
797c°(ﬂ),t13¢ssumgn ayangenfsorm 0c5-1 0 dFeatad sasiv of hedrogéhsoren® asde feed
of I%eﬁﬁg’r@h?e E?Exa”pl ewf%ﬂﬂTgff}ganH Eiét%?a%@gﬁé@% afn’gglve%the
crud oaﬁm tﬁE chdag #@cﬁﬁ ﬁrsgjg]a'iat@@ T’roﬁ%%%&t%ﬁ@tém & reliBud\Mude feed

catal ysts in t tacting zones“in the presence
usingfa sepyatioy epparatug sochiasa Alierrandéor pemtrifige. ’[{Ene ctwde product may
contacti anes re operateq, at differ
have a changed , iIron, nwla(el and/or vanadium content and a reduced Cs asphaltenes

content relative to the crude feed.
Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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tenperatures. . Contacting conditions in the top
contacting zone were as follows: LHSV was 1 h"1;

woenpEmeazere in the top contacting zone was 26@®CT/{S2004/042338
F); a ratio of hydrogen to crude 20 feed was 160

of tbioBingh¢stGRillcdGh B artithé pericrabmanetas carAnd/Bat thd Yvinton. Itis to
psi) . &hactlng conditions in the bottom contacting
be yngletstandth

48e fasms efghe inyenpopshown apd describadbersinaretd be taken

. L E). ali o
2 pRePE SRRGRRAL, MinGalfod RSl pt fo bt Gk
llustredechargsiescribedd®rdin,DakPand pfdtdssés pry be rdfegsedeind|certain features
roduct exited the hottom contacting ne and was | .
5 of e mverianaaaY bt Biiksed tly; s awade peaRtoone skiled in
) i P
the e e W SR of 1R AR of &E jivhnfon REAES! pi be made
in the eeiments dessribed herdincwithgut depdriiug fromothe dpitie and swpd ARthe
....and C5 .,asphalt ene ontent., Average values for the
IRW%F@BQ?F?EEEﬁ#“U&Egg&HWBﬂﬁ M3ht ai ned during the run
are listed in Table 7, FIG 19. The crude feed had a
TAN of 9.3 and a C5 asphaltenes content 30 of 0.055
grans of C5 asphaltenes per gram of crude feed. The
crude product had an average TAN of 0.7 and an average
C5 asphaltenes content of 0.039 grans of C5
asphal tenes per gram of crude product. The C5
asphal tenes content of the crude product was at nost
71% of the C5 asphaltenes content of the crude
product. so WD 2005/ 063926 PCT[ US2004/ 042338 The
total content of potassium and sodiumin the crude
product was at nost 53% of the total content of the
same netals in the crude feed. The TAN of the crude
product was at nost 10% of the TAN of the crude feed.
A P-value of 1.5 or higher was maintai ned during
contacting. 5 As denonstrated in Exanples 6 and 20,
having a first (in this case, top) contacting
tenperature that is 50 C lower than the contacting
tenperature of the second (in this case, bottom zone
tends to enhance the reduction of C5 asphaltenes
content in the crude product relative to the C5
asphal tenes content of the crude feed. Additionally,
reduction of the content of netals in nmetal salts of
organi c acids was 10 enhanced using controll ed
tenperature differentials. For exanple, reduction in
the total potassium and sodi um content of the crude
product from Exanpl e 20 was enhanced relative to the
reduction of the total potassium and sodi um content of
the crude product fromExanple 6 with a relatively
constant crude feed/total product mxture stability
for each exanple, as neasured by P-value. 15 Using a
| ower tenperature of a first contacting zone all ows
renmoval of the high nolecular weight conpounds (for
exanpl e, -C5 asphaltenes and/or netals salts of organic
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acids) that have a tendency to form polynmers and/ or
conpounds havi ng physical properties. of softness
and/ or stickiness (for exanple, guns and/or tars).
Renmoval of these conpounds 8 |ower tenperature all ow
such conmpounds to be renoved before they plug 20 and
coat the catalysts, thereby $M¢Hleasing the life of the
catal ysts operating at higher tenperatures that are
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conprising one or nore alkali netal salts of one or
nore organic acids, one or nore al kaline-earth netal
salts of one or nore organic acids, or mxtures
thereof, the crude feed Bagving, per gramof crude
feed, a total content of alkali netal, and

al kaline-earth nmetal, in netal salts of organic acids
of at |east 0.00001 grans, and the one or nore

catal ysts conprising: (a) a first catalyst, the first
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pores in the pore size distribution have a pore diameter within 70 A 45A,35A,0r25
A of the median pore diameter.
g. The method as claimed in any of claims 1-8, wherein the qoﬂtacting comprises
' contacting in the presence of a hydrogen source. . ' '
9.  The method as claimed in any of claims 1-9, wherein the TAN of the crude
feed is in a range from 0.3 to 20, from 0.4 to 10, or from 0.5 to 5.
10. The method as claimed in any of claims 1-10, wherein the method further
comprises combining the crude product with a crude that is the same as or different
from the crude feed to form a blend. ) ,
11. " The method of any of claims 1-1 1 further comprising the step of processing
the crude product or blend to produce transportation fugl, heating fuel,‘ lubricants, or

chemicals.



3. The nethod as clained in any of clainms 1-3, wherein
the total content of alkali netal, and al kaline-earth
netal, in nmetal salts of organic acids in the crude
product is at nost 50% at nost 10% or at nost 5% of
the content of alkali netgf, and al kaline- earth

nmetal, in netal salts of organic acids in the crude
feed. 4. The nethod as clainmed in any of clainms 1-3,
wherein the total content of alkali netal, and

| kghLne- h,netal., in netal salts of organic acids
l?h tﬁ? lé.' ngertﬁ%{egspﬁ%laff?tm claim; 12, whergin therprgegssing gogprises
distillingQRe cRAe %; e |
met gl , and Qgga{?ulgg?ﬁ tﬁg p@%ﬁg&%{&g@%%@ﬁe @J%é&l%é k‘of
13+ gAhe erctradys dlaimetién claide 12 eeds3, Bherdithepideessimscomprises
hydspagating. i n any of clains 1-5, wherein the crude |

product has from 0. 0000001 grans to 0.00005 grans,
from 0. 0000003 granms to 0.00002 grans, or from

0. 000001 grans to 0.00001 grans of alkali netal, and
al kaline-earth netal in netal salts of organic acids
per gram of crude product. 6. The nethod as clained in
any of clains 1-6, wherein the first and/or second
catal ysts have a pore size distribution with a nedi an
pore dianmeter of at least 60 A at |east 90 A at

| east 180 A, or at least 230 A as deternm ned by ASTM
Met hod D4282. -7. The nethod as clained in any of
claims 1-7, wherein the first and/or second catalysts
~have a pore size distribution such that at |east 60%
of the total nunber of pores in the pore size _
di stribution have a pore dianmeter within 70 A, 45 A
35 A, or 25 A of the nedian pore dianeter. 8. The

met hod as clained in any of clains 1-8, wherein the
contacting conprises contacting in the presence of a
hydr ogen source. g. The nmethod as clainmed in any of
clainms 1-9, wherein the TAN of the crude feed is in a
range fromO0.3 to 20, from0.4 to 10, or fromO0.5 to
S. -10. The nethod as clainmed in any of clains 1-10,
wherein the nethod further conprises conbining the
crude product with a crude that is the sane as or
different fromthe crude feed to forma blend. 11.
The nethod of any of clains 1-11 further conprising
the step of processing the crude product or blend to
produce transportation fuel, heating fuel, lubricants,
or chemcals. a 8 12. The nethod as clained in
claim 12, wherein the processing conpri ses

distilling the crude product or the blend into one or
nore distillate fractions. 13. The nethod as cl ai ned
in clains 12 or 13, wherein the processing conprises
hydrotreati ng.



