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SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE

PRODUCT FI ELD OF THE | NVENTI ON The present invention
w@eosned3liy rel ates to systens, nethods, and capel/ys194/042224

for treating crude feed, and to conpositions that can

be SIS METHOTN, ANDCA BAL Y SS FORPRUCING A CRUDE

catal ysts. Mre particul arfBODI&Tai n enbodi ment s

descri bed herein relate to systens, nethods, and

cat al ysts for 1§ion of a crude feed to a total
E&E‘&&é&ﬂw&&?ﬁgﬁéht otal product includes a crude
Pr odyGL HtdAa hvenBoh iofiitrallyHeldidi 18 s?éterﬁ.@, B&heddaty éa@%lysts for
g

MPa and as one or ITDFQ.DFO erties that are change
treetingt ¢rude feod tdnd to esippedifians thatspe be pragiucedresing wgh sysends,

R s TR AR s e e e o
SFHUAE S diRo R REARIPEE R biniek A0S OPA Edle £RH tHh @AFSEEEhCt, wherein
usi ng conventional  facilities, are comonly referred

thedtoted produstddeladescepeddeprodes that iy & Hawid miztyeelaici s udeandh}01 MPa

SR RS SRR PP P e e A ot

chiegesiWwth a relatively high TAN may contribute to

corrosi on of netal conponents during transporting
DEHCRIPTRON O R AFEDIAR T sadvant aged crudes. Renoval

of aci dic t [ v,

oo SHERTRSTFIF bt RO FEh A AT T the grudes o
b¥ @t drduEcAIBSEmspatdde bnproedsyed wirig asiventionakfasiliiet, anet@hmonly
may be used in transportation equi pnent and/ or

refegedvsasn isedvAngEAudthe use of corrosion-resi st ant

net alDiQJd'if?xﬂa L VAL YSSn 19ALAL £aBk cgﬁﬁ'ﬂgﬂéﬁs thahtdMRe to the total
t he Use of corrosion-resistant netal 1 n existing
aeidwuprvent“ Ty yrd theoeudiefsed. abDisad vatutagietl erudee withch relatively high TAN
i nhi bit corrosian i nvol ve addjtion of corrosjon )

TR FOBT S G 8 ) HSioL GRBP R BE PR o i g sing of

t@ﬁéﬂvm&ﬁ?ﬁ?&ﬁ&&g R¥ndvifo e RRAVARAREH fﬁfn}ﬂ dR8dvahged!8®des may

of corrosfon inhibitors may negatively affect

imoplveeientcallyedutrdiznmaidis compomantreith siayusibasdse Alternately,
ual.ity of rog cts %rod ceg from %.he cr.udest. / .

cpyrasioR el e prray B PR S e WP L PR POER prfiog processing

ch@pBlefit. Ofhd 188 o bGrositRsBia8lmkRY 8fién BvoKves éi?ﬂiﬁc&xﬁ REpdBe, and
be difficult and expensive to transport and/or process

thissi thg use alemrdsionaiesiptast metal iagxisiing aawamerigaey vetgelgsirable.
f tain i cal | . .
AR rERE RTb OSSR Hal BN IS EBad s o

deaunhtdyel eF iRt Befdrdahsporfing ad osprodekingds thedsudvadtaged crudes.
adverse effect on catal ysts, D sadvant aged crudes may
Tiha eseielecorrisipni ipkibifors iy negefiitel satbct REHRICRIGIEAIA RTQFHRSS the crudes

e SRS sy by e bRposs | ron. Duri n
Disadvantaged crudes often contain relatively high levels of residue. Such high
levels of residue tend to be difficult and expensive to transport and/or process using
conventional facilities.
Disadvantaged crudes often contain organically bound heteroatoms (for example,
sulfur, oxygen, and nitrogen). Organically bound heteroatoms may, in some situations,

have an adverse effect on catalysts.
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cont am nants and/or conmpounds of netal contam nants,
may deposit on a surface of the catalyst or in the

wo edod/ogshume of the catal yst. Such deposits naRCT/HERE4/642224

decline in the activity of the catalyst. Coke may form
and/ Disadepoaget! coudes atey ipdundereldtivekyshigh amowatp ofimetd eontaminants,

duri ng processing. of disadvantaged crudes. It .may be
SR, BOF g UAHATE 02" L APYANE PIEETTE §f el udes, meta
cGRbAIMET 260/t BIMPAIRE oWirdel] €Sl EmirtdhBNia§ MBFEK IH £Surface of the
used during regeneration may also dimnish the
catalyshvirtiy thefvoideolusealf et catalyit.o Bududapesithmay eause pstecling in the
eterigrate.. Di sadvantaged crudes may include netals
4 hVIWé)cfglPe gagqug of organic acids (for exanple, calcium

pot aggké! MagFSVn® hndOclidpadit ofvBAtallyst suffadetadh rgad e @hiring processing
organic acids are not typically separated from

ofilisadivatgededdes: dtmey by ceshite negeoprate the celalysie gctivibrof a catalyst

oG R B R e SRR mini

tHeelcaY By bntheeh@lyssaldie dafisedhgaathigstac idégriafate. present. In
contrast to nickel and vanadi ug whi ch tﬁpi cally

depoBlisadruspsedrraudes meayrineludemeiatsdn sretalializat erpgaje acids (for
e2Tth lescaic%r{’{e}lgo%ss % Iiﬁd/&f so?{u%@.n 'Met?lg 'ix‘x.jﬁle{m‘%al e&%?éatnic acids are

pr Srent al y ITn voi d volunes between catal yst
npetypicall esepatatdd fremldagallyanddgetl kendeo py obnitehtowd padcgsses, for example,

bed, The depgsit_ of contam nants, for exanple, netals
dpsaltipgtann/og aeid vashingy ganic acids, at the top of the

cata r I L1 ' j :

R e R R N L B
sdllyefoagaaloyslidstzed prebnte frv eontrastte nidehirsl vanadnetna whedl tiypically

of grganic acid cayse rapid deactivation aof .. ‘
gppsHingat e CBFEaVETea oiecRANEh TR FHEF R Gy araegic acids may
dgg@éﬁg,?ef&%ﬁagnﬂ%ﬂ T 88BERtwhartdtallit@artldial pRHONESES at the top of

i sadvant aged crudes with an oxygen content of at

theactalys0 b 2Tl dapsiv bf entyapeinagsrfonexamndé, noktala dvaetadspd@ of

ol R HsoTas: SR bt AR y Wease in ressure arop

t1RbRGLHE bl and iy AR RIYIHEE tHdathRist BEY. ClReEd the(th€@hls in metal
exanpl e, ketones and/or acids fornmed by oxidation of

salfscd iesganic agidy/rory eadiselsapibdapstvasipn ek cefabysén of et hers)

t hat L1l . e t cr

and! G R o R pgh okl o il HEffmen
1008 St Pebcasytlisalvattagddugades gvithnar ¢:8/aep ostitadtiodat lehd1 @002 grams

Di sadvant aged crudes may i ncl ude hydrogen defi ci.ent .
ohg¥rese RELAS: of\ihed Virercd SEdegnast enshuntsyIRblgaTsi quyipg processing.

RUSOERD 000l S R i v
conpainids &foe exdmplgiedres aad/ot 4didsfofmehby odditiangof alcohols, and/or
oS GaTt Ry O FHEmOL SR AUBLE TeRave Bamahe ipated crude
A USRI SRR RN B, DRI A puzang

tialgchoaigigon lilescost |y to produce and/or costly to

transport to treafnment .faciljtjes. .
%?sadvantaged crudes may 1ncquéie hycfrogen deficient hydrocarbons. When

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

use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
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Di sadvant aged crudes also tend to exhibit instability
during processing in conventional facilities. Crude
WO pwsakisio ty tends to result in phase separ at i BOT/0§2004/042224
conponents during processing and/or formation of
framcfesnmg oblee. By ydrogruis castly torpredugmpnd/or ensiliy dgransport to treatment
| fide, water, and carbon di oxide). Conventiona
aﬁ i€¥sses often | ack the ability to change a sel ected
Pr oppishitvanthgdd hidaslyias teag @ exaibif nswibiihg dlirifg SR cessing in
significantly changing other properties in the
cqn‘vsm:nahfaa@r@@s cersle ingedhilitytends|te resuls iy phase sepgration of components

oSBT Siabe BB eoRhOnL o

smﬁa@wamlahdcdamlm@gb@ a desi red armunt the content of
certain conponents (such as sulfur or

cont GARVFaHERY Prosessss Oﬂtrstieleﬁma&@}w t%?h?aée ae%lﬁ%ted property in a
g

disgdvahtag@beraént F@fexampizo O@tvhﬁtlmhprolchqsés oftert lack the ability to

di sadvant aged operti Ad di. |l uent, however
sigaifiganly rpd t%&z@&é%g deagtaéﬂ%ﬁg £rdg P %?lt@ea%ﬁ’i%ﬁw‘ﬂ%&éaﬂy changing
b¥h us*s%%a% Ela&ﬁt@ %exgtm%tn sltté:m HhP4s duiker 6a9ed)

costs to e t | sadvant a des Addi tion of
cahitdroi@nmts) ia the dis&hzdn’agtchgede cr ude rray, in sone

situations, decrease sta ity. of .su e.,.UsS...

Pt oSIREBrocE ST dBpr iR sy oEFUgF el e ggtipgnt o
dlg/:?dr(ﬁﬁt%g&i crilesito %@é@h@@z@lg‘l@% Gande c&hp&ients &nﬁﬁﬁﬂﬁg% the

to Bearden et al to Bearden et al
dlsaCB@ﬁtaZ@mepermsaohd@ne dilagnt; hosvegan gegsaltyintreasdsceste pf treating

: and, 5, 851 3 a descr, be vari O4Ss
afenlREL St i e DRy p 8ot SR B (S b E e
digsddB@ged bradd! OCRBERS0f cﬁuﬁﬁﬁmd@adalﬁ@gealcyﬁeanay, in some
descrlged in these Eatents however, have |imted
sityafipRs dedrease glabdignoERICBCTUdeny of t he techni cal
pr oby € aﬁegtNB&%téwd%tgfs,utM&\ dg%afga@toaﬂegmgwges
genera ave ‘undesir abl roper or ex
6 IOSB ,a66 tcetl}mnm &l TAMN285802 eanea*rd@n ¢tal beOOMO3tinsBeditien et al.;
trea n and/ or a tendenc% to consume

5 S 207 T B P S0 (oA TP DG A sigh] to Tanaka ct ol
dés'f:fiat | Vﬂ{u)s pﬁoge%% ng?cgt?é' ?%ﬁl {sl(f?xz}gﬁ)b%mg%?&dégeThe rocesses,

2

1é’le,sh3'rcrl%o gen

unts o es |'e coffponent s
syBleaiphe] catzégstsjdlesprlbar@anhesa iphtentsphinaevies theve hnaed apptenhllhty

cont am nant netal.s . in tal sal t of organi c aci ds,
becansed iy A e %%%pi‘@ﬂ%ﬁstﬁ? g‘)ﬁ ¥ properties tend
Lo CRUSE, tats‘a@t ell ertﬁeygeﬁtalmlve Lh@REROIE tp?éﬁeﬁﬂas (for example,

and/or treatment tacilitres, including increased
refaiivelystighn TARG e tesisey toat:teamys tindtatile dunprgiressiwen] amorrtendency to

and/ or i ncreased usage Qqf .hydragen during.treatnent.
oS rIFETAL POt G ¢ e CUBR e e SR Bpoiable
pfb%efﬁet RlchideREIRNYRYy Bish 8 BRnts BB LR@skSabl8 REMPbn &R (‘ﬂ)lyéitaﬁlple
for conversion of disadvantaged crudes into crude

residodurganicillythouné heferoaioats, metal oprdaminasts, Mhatsdnineetalisaigs of

a significant econom c and te eed for sy
oftath JRch. iR SRR R fef EStniaD, Sh BRpEried erlliR R problems
ilpcro?@@ﬁtidnﬁlstrdrﬁp(ﬁta@lbﬁ A¥RMraAfdnt facilities, including increased corrosion,
decreased catalyst life, process plugging, and/or increased usage of hydrogen during
treatment. Thus, there is a significant economic and technical need for improved systems,

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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crude while only selectively changi ng other properties
in the di sadvantaged crude. SUMVARY OF THE | NVENTI ON
wo pwssd3ons descri bed herein generally rel ate POT/US2004/042224
systens, nmethods and catal ysts for conversion of a
nmpredesifablepropertest dihate ipatsdactignibenpt eginomiaarst tedmical need for

roduct and, _in so odi nents, npn-condensabl e gas.
P s o S R e et s Properiseas & dgavantaged
cRdaREfletondnseldchiatly RBxeiNOYBEr FOPBBA B8 8is@dvantaged crude.
conponent s there]n. Such conpositions can be obtained

DMMARY QR SHE INVENBION net hods descri bed herein. The
: : . o .
or o bRl LS s Bk ReIR R O B i apd stalyets for

coivemiseoCatratly fded td 8 tqalqodet sohpiisihg BeAdE §hodudBdnd, in some
i ncl udes the crude_ product, wherein_the crude product
emodimentsy pep-fpudensablesgaso Envyatigniascriipd homin alsp geraraidperelate to
-havi T . t e o] f..
oA AR O BT AT o bk 8aRlDorgo RO B8 idons can
berebliaard pe eindithe®tsemsi and andthadelefdribad Beren.t 0 180 A,

with_at | east 60% of the total npupber of pores in the
por e T8¢ javepfiat Proides pefiod HPredysures rempodrclypampRTping:

o : . . : )
cadina i REEVAR QL Emtho BRIl (AR B BrpBlyh that includes
thervdudearo ddt| wingeio dlmgt @rodé pgpdoctrisla tigoidsnixties at 2662C hidk0.101 MPa,
crud roduct h TAN of at st 90% of_  t he TAN of .
ﬂ}er?émfer@&‘ﬁg%%? TanEotetticopnn; i leggh ot sk ykesving a pore
sidB tiRathuBER Hvith BediRy BoYel PnaLSiA LA H6S 98 AR} NRIA Okith at least

roduci ng a crude product, conprising: contacting a
6¢Yond b totad nwinber afiperasrin s pore sizaisgitsitivn hpviog e pereadiameter
total. praduct t.hat includes the.crude. product., wherein .
ot Bl el bo's e R IP SR RS endiy téhmined
b9 ABIM MRahod D828 uftecdretinpeoonf@tidg IoMi@dnsatich 8@bthe crude
, .at least one of the catalgsts having a pore size

0.3

Praidgetrhap athiAh ofptosh SRdfdhe FoNeofdhe mpide foods waereingBAN is as

d&Q?]ﬁFedﬂ‘ﬁy %gm Meﬁﬁo% B¥6ASTM Met hod D4282, and the
catalys

avi ng the pore size distribution having, pér
gr anThé invedtidnydsa provides HnRdl ofpasdicing arO Groan®, @hniprising:
nore nol ybdenum conpoun

nol ybdenu one 0 ds )

cnIe ét%@eafgecﬁmté RBe Bt AR GBI Preduckiadpigl prgduct that includes
) , <

RGO R SRL Ul R A e SRR RS 1 e
thE ANideffe¢disnving al € ANewfdyt leabiel. & at 16hAN e fdse et ptahavinl Dyore size

ASTM.Met hod D664. The.i nventi on al so, provi des nmet had
SR PR R CPURATY 2 BT by GeLeBed 8 gl M Method
D458 @nd BREWI P hREe e pBRY §z&&§ﬁ%¥§%§h§x@n§ %Qtdéi‘é%(grcgfa}%/st, from

total product” that Tncludes the crude product;
0.00@!l gramgdo pr08dmarns ¢f5 nwlylidguind, eriedrumee atolPsle@nanchpounds,

.101.MPa,. t he. cru feed having .a TAN of at | east .
crerbetag  Reieb RO GPuRS TRARERES throdtoard coplieliR Sopwcting
coikt@in Shiéh thaMhe Brule BRIMACEHE R THISOF biobd 9091 the FAN of the crude

medi an pore dianeter of at | east 180A, as determ ned by

fepgTahavein gdN Dugiteraingd tiyeA KRV Iythod Beo#ng t he pore
el B LS 5 S A i

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

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

the catalysts having a pore size distribution with a median pore diameter of at least 180 A,
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conmpounds of one or nore netals from Colum 6 of the
Periodic Table, or m xtures thereof; and controlling
wa@omsaecising conditions such that the crude propP/USIvas042224
a TAN of at nost 90% of the TAN of the crude feed,
agideieanimed AN ASSTM Metho @ PAR $ib dnd %Q&@W%@ﬁog tieae sitt distribution
nvent i th crude
o e B SR 3 e g 5 Ui B HELE, Bor obmere

cOmpbid of dha by filofe hetaly fash T hank Gto@theﬁ"éi’iéﬂfctTde@tor mixtures
i ncl udes the crude product, wherein the crude product

theyeef; mctﬁﬂnaromgt qgntacting condiiongsactpthapthe e producthasdeTAN of at

ASF RIS g 880 e ERUTELAR TN AR

Dxoapri ses: (a) one or nore netals from Colum 6 of the .
Peri odi ¢ Tabl e, one or nore conpounds of one or nore
et al deinertion P]GPnﬁr(IY 14sp appthesbof prgfecinzp prade groduct, comprising:

c%t?&t%%{hﬁffe%ﬁf\m adh@ o lﬂ)org’_gﬁtfifé/'éts El%dﬂgé & o%alg)'f& uct tr%lat includes

r|od|c or nore

thof crodeeproductpwhensint thé srutle prodaol ivamiqhfl mixtikeat PRrcC @ﬂ(ﬂ O 101 MPa,
wherei n a nol ar

et 580 it ARpo LAt 3, SOEiERAR B! Heathon £664, and a
1ést ARAT thed QMIset QO%Qvlse@r{g ) GRS R L éﬁ'&&tﬂg ﬁr% B]Brl%% 6 of the Periodic

condi tions suth th the ctrude pro
Tablst org0sndre chmpFlidsaff onder moredmethbsefthm Wobureh 6 oT N Hegiodic

det er mi ne ASTM Met hod D664. The vention al so
RSV L ETRRS AR (PG FHF g e Of e Feriodi
TeBIBPérieSdrtfore €OmMpaaidsd ofe 6F MR hESR Mirh R0 F(Zoﬂ‘ﬁé ?’erlodlc

catal ysts to produce a total product that 1ncludes
Teblgder I]@H@&Q%thereﬂﬁ@né wheteiiea orolatealpe offiotal Cotunan 10 meiatito total

n 01 .MPa, the.crude, feed
- CRMRp Bt i P i B0 11 1 O Rt et oo oot sueh that
theaipdd Fodgst hasaa TAN off 8 imd38d@ T the TAN Jfltﬁéém&@fe@h,y\ﬁﬁerem TAN
havi ng, .per gramof first catalyst, from0.0001

iscpsistegnined byrAS MMethodB664met al s from Col urm 6 of the
P j
et ait e Frrefepisd BOuRs MRl IR 8o Bt Fapyising:
c@ﬁaoﬁmggd‘drudﬁ femiawath I;)ne or molﬁdcwtaﬁtﬁst'i hﬁ?ﬁﬁlﬁoe A4 fnb))du@t that includes
sec c e second catalyst having
PSR UR A B Tbeq BRGNCa: DLdGAMEHES S ZNE e 0.101 MPa,
tHERE Rl BE Bhavifd é%a@t @8, dnlendsed @‘%(?te @ s cOMprising: (a)
ro [SPgsne

or nore conpounds one or nore neta
a Gifst chialyPe thedihst:cafedjzﬂt daviog| peu peme df Gist vwalgits fr@’h OnafI0alto 0.06

RO T AT e o e D P BRI SoTe SPAKF B

o8R0 e TN S Bl 0 Tl

wpigbt/¢ldestah ot mixtiues therenfposi (b) @sgcood npmlyst, ey sefa)d atayst having,
e a8 P Pu RS b0 ederts ofs e O Sl i Colum 6 of
thePleHdic Table, bktorBbre @nPodidlof on®br Moxd MEGR ¥ C8Rmn 6 of the

(b) a support mat eri al having a theta al um na content
Peyfodig Tafégwlcglaledgqsmglﬁfof el orahitiressthpreof; gndnomfolling

co%f'&%? V\g rslﬁsgllcl&ga( g l{j?g:t{ue({?ggg dbﬁ%’seaxgﬁ&@eof%t Hogta&ot‘% OP the TAN of
the crude feed, whereln TAN is as determined by ASTM Method D664.

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

metals from Column 5 of the Periodic Table, or mixtures thereof; (b) a support material
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di stribution wwth a nedi an pore dianmeter of at | east
230 A5 as determ ned by ASTM Met hod D4282. The
WO pws6d30n al so provi des a catal yst conposi ti OPCT/US2004/042224
conprising; (a) one or nore netals from Colum 6 of
}taﬁ@g Retheta @luanima b@léentéﬁ et lsast Polr grags mﬁdm@&lumﬁnm goam of support
t fr f th Peri.o
e Bt S b Ut P i S oply s pore size
diélﬁbt&loﬁlﬂ Witk A &nedRtpRRd diginett of 8a84st 030 AJhaIEeRindd S} ASTM
al um na per gram of support material, as determ ned by
Metha D&?&?ractl on; and wherein the cat al yst has a pore

si ze ore di anet er. of
|eastﬁ*§§%%xﬁ% 0 s R e i A el o mor
metale filolrpOokahiss of the PeLsdia Tablk adnesdr iE@EReMpbRIR,of one or more
conpr.i si n& (a) one_or nore netals from Colum 5 of
neials fep G 'uénﬂgh%f the Priedip ﬁblﬁeordém%%@l@re@f (bhe Slmport material
it Tal
hﬁ@ﬁl a?fé@t%ﬁgfﬁ@?&rng% lgas?@ oé}gl%qg OF R er I% C%_p%g glz am Fof support
nm’umab;asnbteemmdrhxyunﬂy diffraotien; Qﬁd MEﬁlm”ﬂfe&Jaf‘alist Pipa pore size
um 6 .f the, Periodic Table, or mxtures thereof;
ABodRoe s elisnaria gt e deathel b nt ARoTEa% FehSTM
Méhéd Dhegst 0.1 grans of theta al um na per gram of
support nmaterial, as determ ned by x-ray diffraction;
and Viherimsientiomelse ptaiidesta chtatystcquopasitiing eompsiding: uf dreror more

S FRPTCRBY HR Ry 5192 orkrs Rysntih ofpugor more

nf¥tAY f@ﬁﬁcamthh@PeM&éﬂm%la Gbrd of MRt Mitals ﬁ&%dl&hﬁ% of the
conbining a support with one or nore netals to forma

Pstipdie lepleeens ormgte gompovisoione Dmowpp‘r@htfrcrm ohinstes of the
: Pteﬁgc‘h@ T%{ollé n&rr}nixu%nsd th%{,eg gé} %?@%Pﬁgpﬁtt%ba[l Eﬁwng a&]ﬁet'{a H]élmma content

nprisrng one or no

oP@lf lbmsfﬂ 04 grah} ef theR&l@hindRELoaMNGTaUpSist AhtcPRE a@ HetBRhifed by x-ray
metals from Col um 5 of the Peri odi ¢ Tabl e,

drﬁrﬂ@tmne and wherssy the galakyst has aorrpsizdistrifution mthmm@dlan pore

A I " | east 400
d%%%? g F@%%z%m tﬁg a%%@?@%ﬁ%&‘}e l%f(ﬂéél catal yst has
a poflée &iveetich 811505 plowrides a nwitlidd of pa@dlichtp Ppeitdyd] @mirBing:

of .at least 23Q A, as determ ned by ASTM Met hod D428
CRBINEATPPER ity sirraastals derba SBPPOSY Bgtat mivgug, Wherein the

s@poRt! QbftprisGONBHh iafirda, MmATRE B réaoistH@ RRfds wrﬁ% %{r%on%ror more

or e mstals to forma support/metal m xture
ntebeds Eonpponlemo Sl rthQEmddtneTeé)lcalonemnm,oreamﬂnlmmdmbf ¢¥RIc® more

A A ok PR TERGR G it hesapie e A thea
aRniRNGpPhrtARAEA diRhAb 8t ef fe Rkl BRatde R 46416, Pa‘?lﬁ'tﬁt%lﬁg the

Tabl e, "'or m xtures thereo heat treating the
cathlysti whersingbe catalyet s arpoxs s;zaadlsinbatlomwnh rabedian wfre dtameter of at

00 .0C. wh inth
Ieafeh e faEm R e AT S B o it & et an
por eTH BRBAIRIn Ao Fovideas meddd ofpradicRiglaalilyie C&OQ’%)I‘&%%M
Met hod D4282. The invention also provides a meth

cRRENEi arfypRotE Milleong od thete met@bsrtp formi agupport/metal mixture, wherein the

support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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contacting a crude feed wwth one or nore catal ysts to
produce a total product that includes the crude
w@e@doed3to wherei n the crude product is a |iqui BCTUS1004/@42224
at 25 0C and 0.101 MPa, the crude feed having a TAN of
caglystewbereid. tBe catalybidmsia ponesiod distnibugen withstmediaivperg diameter of at

ar, i ze . distributi | a jan pore di aneter of
Lt 230 24 5 i%aane§§Yé§T&ﬁ”M%%%d @gg’%m Met hod D4282,
and theinsaktaintdio frovidega titehodAfYrsivemigd Ghdd Pratib@comprising:

conprising theta alum na and one or nore netals from
caqpsdating agrusie feerbwith one 6 momssitalystiveproducenytatak Brpgueltha includes

of _ope o r.e metal s l. . dodi
o sl iR ERTEAR Guo L BR t Df iR B0 St g P
the QAdictfbalisavibCA TANBS T 4t MeastCl. B0k 1Ak 0sHecdf tiesataly Stdhhafig &pore size

nmost 90% of the TAN of the crude feed, wherein TAN s
diggibytiow Pithiaeredign pawiavtierad absest. |89t as AglerRings bRIASTM

| a, - Cr . . .

VBRI T B B ARG e S R hpicing thota alumina
amﬁdirgl ofsthicte imetetl? fropr Cg«slaﬁmeih@ff thaPéryaltio §atvie someror @ndre compounds of

produce a tota roduc at_i.ncludes the, crud
Ot FANRTE Mefple homCoNaIcs ok eﬁ?fﬂa etlapls, of IP%X&HF%&R’W?;@PQ

: f [ 0

o o o B AR kALt 0% of
thefT AN of testude. o) Whgrand AN isas yigermined by At MethodiP664.

o 7 ThE By prin T hPrares A ris, PpUPEg TR EOg e oprising
corR@ting l%Q:_rﬁe oSl #ah eh8bPedrddataTMnVRE B&ger{% %?i%hy%%ﬁn source to

controlling contacting conditions to reduce suc

prodate 4 toéal praduet thrvidolutlesihe crdd produtt, sitherads thegpadegiroduséis a

e I (e

e GRdpa e ah oRASenadntkYy 8841 16810.0001 SbnBlbf BR$EenIRYeRn of crude

the oxygen content of the crude feed, wherein TAN IS
fagd, andtae Faptriag ob fhemly Sehaving TBE2 sizg Hiptahifigarividonmefian pore
i s t.er mhpned ; The g0 e
T
cEARding SoAd)tiosad treduick M\ N swhubie theaddspioduarias arTAMMbEat most

catal ysts to produce a total product that includes the |
oRadéncgF S the sHSE sk R0 taciea BRSERIE OFENIE PRGN gPizining

cg%gmag F&glttﬁ@ tﬂé?cﬁgg Egdg%agtﬁe ox§g§ﬁ c%féﬂ@?ffat%ﬁgshwk, 39 the

east | east one o
oxydealcysttst dfahd ergde feed, whaemFAN &t &l destrmimd Hye®STMOVIOORd D664,

grans of: one or nore ta o) I 6 of the
ALOX YR OB |ILas dignype r‘égxmmséﬁg? one or nore
met afrge frﬁr&'if]iocﬁ?regt ofidef ah{é%oaeffbﬁmuemggt&rg%e d;sa«ah&d#,l Ahfflising:

as welght o al, or mxtures thereof;

covattinglaldrudy feethwith bhe gr morediatal yatstogueduce hdotabprodeelitieat includes

hour space .vel.ocity in a.contagcti.ng.zone i ver
SRR SRS oGRS SRR BB ers
tHeht@udeABE Phavid}ea TANIES t @65 0. W L RadiANe bf tiRSatalysts having, per
determ ned by ASTM Met hod D664. The invention also

grmnoof aiysh, attsabidti0®lf grpme olicina @r moge metalpliradatymn 6 of the

PSR OISO 0 s R o
PRQHE T8]8 daRluftte P4sOMISHt df Addtall GtGhixEless thBRof laHE @ontrolling

product, wherein the crude product is a ) )
contacting conditions such that a liquid hourly space velocity in a contacting zone is over

10 b, and the crude product has a TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.
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liquid m xture at 25 0C and 0.101 MPa, the crude feed
having a TAN of at least 0.1, the ' crude feed having
W(aZ(IDE,IOf)dJIlO content of at Ieast 0. 000 1 grans of PETIUF204/042224
ram of crudefe t | east. one of th .
cat §9%en@eﬂﬁlsp§r% ﬁe?@roﬁa@%g & cyds esBict fAMprising:
r
coffsctiifa L ?%P‘évr@%%%eﬁfﬁnﬁ&% SPabRG Boriiadh e %?EY&?,%H"Jc’WCe t0
pmﬂucb arteial priodue dliat irohates diret erodd pmgucdowhtaelm thecrude product is a

GO LT S LA IS 1.

cracmwd haWRiPs RS RaA@h &1t Rastt d‘@omr%ﬂ%s beard wei fem of crude

contacting, li1quid hourly space velocity in Oone or
feerhrad edrishoné olthe orelysissompesing One or mivee wetatielrgm Geblwnn 6 of the

havij TAN of at npst 00/ of the TAN of .th rud
Periggliy T4l O TEPIRROTRPBATRS T TSI SR CAIVERS ofihe
Pef8ai3HQbr lQuRY kﬂe%ofcﬁﬂitc%ﬁiroﬂﬁl {cBRta6lintd@ntiBRAs such that, during

wherein TAN is as determ ned by ASTM Method D664, and
costacting, tiwontidafeed gpfakemobﬁlﬂﬁm@tﬂrwmsir Mslmt@qh wde ©4ipbibit phase

SR el (i Butans SEDABATE R FLE Ry B SHfspBjfone or more

coﬂ&a%hn@ftﬁme@[s JRf €0 BAL AL ¥AIdS pmuuthleavmge@mmm m’;bst 90% of the
en source to produce a total prod

h
ngﬁ;g?fefmim@gg tené the aade piodaddeyingRsplincantat of 6%30% of the
sug{ﬁggoglg il { o? }h?lcrﬂd%l‘f‘eéjc% }el‘fl[i %éﬁlg?a? idgt%gﬂlgg% ﬁy g%f%;ft%at‘échod D664,

and sulder doﬁ&ﬂt 1sd1lsﬂb1l&gnﬁﬁﬂlb§@tSTM|Mah&$Dh2@¢ ogen at a

selected rate to |nh| bi t ie separ.ati on of the crude

f eed heURYSHOB 8l8p REQVI eFt?emPtHQ Af PIOHUCIRE B CPIdEPrRARST, gomprising:
oo PP TAE Gy S A b R 5 d;%sg%unschgdmgen
soafce 0o producaiogal qnmdmlc'y&la’smbkudm thel unele pradotg iwhereda thetcrude

e TSR S S S S 5 contons

suly %a@%%&ie'fé&ﬁ d6QR8 8GHAd qlﬁadagi hifdh@@e?n @tlacslaeuéatraﬁe W& inhibit
crude feed is contacted with hydrogen at a first

pﬂﬁyﬂgmg@homp’t;féﬁerud@rfgﬁdidtmmg@ngaﬁ?en ?t ha second é ;
y : ake condition e .firs en pptake .. .
cond E BretBR Ao SR dparperpO il podidne s AR padiBh 3oprising:

codRicAiEa 606 Fdeld GHith dRllogealin edsregate @M@Kﬁ ninﬁe thelykishs produce
hydr ogen uptake condition is controlled to inhibjt

a tpta) pradacighataneludpgdhe eade prodast, phergincthe piude prasduet iomliquid
R SESRoHE B P A0 SRR ARAb Rl o

feddi® coiaped Liithehydrgen bt AMrse hpdroper tptaise az»hdiubﬁ aﬁd tcka at a second
feed. The invention al so provides a nethod

hygrasgnepale sondiiipte teriggtisidrogssnprake .cxa@dltl%hela% fliffrgeny from the
SRR M S0, 7058 GOl e T harogen
cohéditipeiatantrellédtopnhiditdevaud of aéruge fudd/d:cﬁtalt pradudt ndktuekefom

t he crude pr oduct

deFTRgEing DD ket B oho 81 BORTODSEO PBCIR B gbPagE Y at most
9018 e0 ?h%l}leéry cide Ar{%‘%}tm(% ?ﬂoﬁﬁ%ﬁ E?Pfe rphdel B8

contacting co drtions suc rst contacting
t enpEteahverntion alsatprdvédesta BEthoCof praducithanrkih eraidcn nomprising:

cont.acti n erature, and the cru roduct h
comRRIIBS & SRdRg VGBoRTEL R ote Gt b TR HEredp lged by

cokﬁa%ﬁng at a second temperature to produce a total product that includes the crude

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

w@e@d06d31o conpri sing: contacting a crude feed PMT/OSINE042224
or nore catat%its to produce a total product, that

feedlodvingss Tﬁgbo lrpet O3 crdeontrolhiae spptagtig condidionp pesi bt the first
cofigi i 530 2206 0, e BBt B, an

thd 8O Bra@usitas UrT A0 RE 8nthostf908s relenstio theORAY of tan@ud feed,
sul fur per gran1of crude feed, and at |east one of the

W@QIQIT)/’SNQ,S asoteprmaned Pyoial MrMathed Dadfal s from Col um 6
?TI) rte 1P9{nt1%g afso %«g\}ﬁes Oxggth?{i oEEfo 1el<?llﬁ | M}é?cfeu’cﬁg‘?m‘ﬁhsing:

coRtaXtitkf €8ridb Q‘éﬁ&iu:th afecoranmt rcatal sistsgo posduae b itatgl product that includes
condi ti ons such that e crude product has N of at

therprde grodneh wheesinTilig © E}thﬂﬁ%d‘{??; Hcreligud anxtawoat?ﬁgé@f@ g0 Mpa,

h@ERdY (f’%edl'h?%tn% aST"AI(I %rg o crs fel& Qﬂlﬁéagﬂwh&ﬂf of at

conten e cru wherein T
leabe 09001 peEhdnf sﬂﬁﬁt\pehs/gtdmm df @ﬁSafeedm:hdsatl Idastronertlendatal gsts

as determ ned by A I\/E 94. _Th ntion al so
COPFBIFIGETC ST e %‘P&Efﬁ 54 oy ﬁ%ﬂ@%&ﬂ%ﬁwm or more
ggﬂtmfta%me of AYr et O 6m T MR8 6B TP drbdRTEaNE, o BiRtures

ysts to produce a total product that includes the
thereof engh camitodling eumtacting conbitiousisdeh fzhat)tilq@rudespr@du(:i bas ailTAN of at

g Pl G BT ARL e B el B g RE st g By of 70-

1309060 sfuonteRBSt O crhids Ifeaeaswaérerﬁmu@ a@@éteﬁﬁﬁéﬂ ¥ ASTM
crude feed, and at |east one of the catalysts

Metbop D6$tnandomifupeontent és arssiemrsquddm ApTMnebog D4R
e LA R Ss MSea  REGo B PRANGR 8 er R Ge Mo Rbfhprising:

et a

- coftastibig @%mfd@ gERiokith aforansvercatal ystdo pastinae b Itdt@l product that mcludes

conditions such _that the crude product has

hivgele OISt HREETAR COIeTROMSE e BL BTt 35 @@nd 0.131 MPe,
thP LS g‘f&dﬁ%ﬁ% "Fﬁ];\lq)lf%t ROQE éttl%eoéraaé)fee% ﬁ%‘hg b résﬂ;‘?,x&Ncolntsent of at

Fesidue con the cru
leas Odedramsofiagdidoy pAE‘g'IanWtchﬂié fBh 4nd atridast esé olitbe camlystst

" is as determned b t had i,nventi on
CORES DTG BT AL e 1o BB A el OSH RO DB e

coglg{&gﬁ&§bﬂgre of %Hr@ﬁfet%@rn@dlﬁﬁn%%ﬁ@éﬂbd%@é ofiftures

ysts to produce a total product that includes the
thereof] an¢h comtrodling nmmoang comchtlmmeh thatthectudespreduct bas edT AN of at
m xt ure. at 0C. and 1.MPa,.the cr defedhaw
mgsePRe OF s A ARE 8P 61 oot ile TRORE! R TG0 Gt of 70-
13@%1 BP&% r&td@tcoht%ﬁﬁtf tHe druglé #W, Ald WhiRerAN ri«_aa@ Rberfiintdey
and l'east one of the catal ysts conprising one

ASTM]MemOdéI@ﬂ%aﬁdmmdubmmnt@S asfdetarmimedrbyodd EMdpthed D5307.

one nor e. ound one .0 re et al S
ol ufle EeGioP AR e bmen ot PERUFPRAGTIE Rk sprprising
co"ﬁ%tlﬁé’ RlchRle 0w RIP DARG h@ caRltsito Sﬁﬁdu@él 8 Ebtélrtﬁbdddﬁ ¢hat includes
crude product has a TAN of atnost 90% of the TAN of

the liside poethict, sdgrein the cwdsd@oqu hrcliquidmigugad2e Satead . 164 MPa,
70-13 % t he Q c

ol 89 G Rlnd S EElge oo

1e5% 30 /grams of VGO per gram of crude feed, and at least one of the catalysts

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

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

thereof; and controlling contacting conditions such that the crude product has a TAN of at
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
WO/ 0630 or nore catal ysts to produce a total PET/OS2004/042224
that includes_ the crud duct c
mesyt §8¥cet tha TAN oldhe e el e&fﬂf‘f@f@@ h {}%&cw@f of 70-130%
oﬁge%%wgﬁtérg%?hﬂéac\fﬁ eé, Eﬁmteregrﬁ fnt&lt%s a@d&@erﬁﬁned by
ast” one o e cata ysSts is t ai nab : nmbi ni ng
ASTSUMptiott D&i30RA. one or nore netals from Col um 6 of the

Peri odi.c Table, one r nor nds of ope o re ..
o ATrse' mv%oe&mﬁw de5re PREOPEF Progpeng 2isre Rspduct, Comprising:

co Q?ée%% ith bife &ﬁﬁ&%ﬁtaeysfs% Phdilce REGELSSMct 130 theludes
orm t e cata yst by heatirig the catalyst precursor

the orutlh prqmiuets svheinthe@nalegrodnst i E asliqufidimixtore aii2di’6gnd 0.101 MPa,

(g BREF S g ek AL A e Qe APOASEY o P Cehysts g gliainable

by E%H&ﬁné?&@oﬁ%%ne@r 028 Bl ¢NamANbRhe PHRodic Table,

crude fteed he i nvention also provides a nethod of
orprom dure ngmpowrds o€ ope oduere m@dﬁﬁmns Calpmrco af the Perigdig Table, or
de.fe cat al s to c
T hEFG e e < e T Eef e i o SR neripe the
cafeﬂ'fét %féégﬁopfnocﬁé' Besbrice df bhéloh Eofd Satfuf @on@ilni%@ @ F@{Mﬂs ata
MPa, the crude feed having a viscosity o

temea@turqbelegtsoaﬁcs mgcqyofligroptacting penditiopssusiptgt the crude
t at | east one
pr8$ ﬁg %ifA‘ e?g?o &t)%%é’ Ogﬂ%gT‘%lﬁgﬁtg}elér}rgd%%%t al s ffom

Col urhe 1ﬁv@ftlohmﬂsoﬁﬁ6vldeb £mdhbl ef pdeaciap arbude pmqu wothprising:
of one or nore netals from Colum 6 of the Peri

conggsting 2 Grudaifsaduvits opseiaere;calhSa MEBIC aﬁ@aldaﬂi?% thah gcludes
th§ eﬁ%bg&@@ a@%&iﬁ ﬁl%tcr&%g) }9&4;&@'% Pl alﬁhxtn?éat@;vcm@ 10Y MPa,

at nost the viscosit
the ctide féeﬁldﬂvﬁig Bvis@siiCof &iehst hecBtrande. 8|c5‘|Co(d 06 £ h éhel angdeafieed

APl gr ty of 70-130% of t API of the .crude
hepanas ALY 2 el g pocat o FEFionbl Sy oRB R fe o
m%ﬁ::rﬁéggl sRBL Eolals ¥ &6 Pelibdic 'I%bl%so&%r%&’e Q@ﬁlp@lyndﬁ%-f%e or more

D2669. The invention al so provides a nethod
mptalsdinm Qglhenc 6 ol thedieoddictTablep opmixgings thegasiy %mltqontyoléng

th ts t o
oot aits Lrn s M ol oo Pha s dsPshale? & Braymost 0%
of‘tﬁ@vi%édé‘ﬁ? oPEiRUHGde febd & 378180, dnBitke ¢ige Blodd& HAtingnd API gravity
MPa, the crude feed havi ng a TAN of at | east

o@oil 30@(m of this A Birmsandty afthecrude @W,swlger@mrﬁﬁlu ity is a8 determined by

{ CO risi a.
A PR SRS, A PR B i B e
addi Thom@bntivataoyibvidwd emeihnd b groddeing aenale pi@dtﬁt,y:ﬁinprlsmg
conprises one or_ nore Colum 6 netals, one or

cantaetibe Aguidstieeshwith pngrermaoresaighistsgo ,p@chch a tojal product that includes

g e PRED St Aoy Ao SRR DT A S5 kg 0.101 P,
theefilde 980D 1Rfvidg T KNN)f@f lebaftd. G ratid éhef ove by nwdre cathlystd Abinpssing: at

as det erm ned by, ASTM Met hod D664. The invention al so
lepst o0¢ Erialyst GOBHHISHEORNMHYELISRY TOTE ICQ@QO'HFdéd’é ¥gnadium, or mixtures

th%%gglahé taﬂ g%ldlﬁ&'?ﬁh 3%1@@9 w@lefeﬁﬂrglg aﬁgfglg{léﬁ" %ﬁly%f'@orﬁ%ras%? Bﬁ%or more

0 produce a total pro at” 1 nc
C@lﬁlﬂdl% menth) olie omhereeiomposdsafvde opmotiIColuins Gmbtatyyiod
m xture at 25 0C and (f 101 MPa
combinations thereof; and controlling contactmg 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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de&g@n*efl

and the crude feed has a TAN of at |east O0.1;
generati ng hydrogen during the contacting; and
W@ 0us/06d3l0 ng contacting conditions such that tPeT/vs2de042224

prodyct, has. a TAN of at nost 90% of the TAN of the
cr udEherigEentioptalsogipvigene V@thaé Of BrodHpNG @&rw prerfugt, comprising:

colflchificle DRI focfich BYERMAN AR MRS o B0k Mt includes

ing a crude pro FISing: cont
the conde pfogladt, wihtteimthe couderproduct atadiguad mittoreatQd u’C]ama 0.101 MPa,

i B o et AR P HE0 teshests oy iiozon dinsiha contacting;
ang c%Qt%olNEé‘ coﬁtgﬁln%" déﬂ&ltlﬁ)ﬁ@ QAGHQNA‘[@& u f@}og{lcteﬂas b 893 of at most

1, | east one cat al yst's conpri sing
90% nﬁﬂiue lTrAN oﬁélemdnﬁeai cwimmm hdN Bfas dateadingdby &xSTM Method
D@%ﬁt ures thereof; and controlling contacting

ditions such that a contacting tenperature is at

| eastnedRferffion aBBPréi8esd ME@oRbOFBAL
nmost 90% of tﬁe rN o? t he 8rudgM?e%ggﬁﬁﬁé}g%bﬁﬂﬁahmgnwng

cogtactieg @emide é@dbyltIA@’ﬁwnmom @dtaDG64o producdh (eotalrpreduqt that includes

vide t hod crud
gt Bt Kol Bl B ProieP BT R Bttt 2R Cad o Mpa
th@ atude Yt hal @gRrDANGE afleb DAl aid b ohd 8t the @Qtla%@%oﬁﬁbﬁsmg
crude product, wherein the crude product is a l'iqu
Vapditgy @neQr r%re@errmun@ of (yenadiam, arhpixgretidiereosding avmtn@hng
coﬁtazﬁ%&{ndﬁ ons Fs‘l?ccht thgt alcon?ﬁg gttm pee%ﬁz e 1 Q@ %colg%st g Ao ﬁx&l éche crude
producy BasadT AN Ofﬁlt almst@(l% ®$ tHehleﬁﬂg of thefiradd dediGviRrgay F;&N is as
conpri sing . a hydrogen source during contactlng, t he
%WAQJMHME@BSIH@G in adirection that is counter

Lo g 1{14/&1‘&’019%155?)' \qaééddem%tﬁgﬁg{ ﬁ{aﬁ%&fggﬁgﬂhleho luct, comprising:

COI’]t acting con ons suc

. coatafidy ofrude fewd stitDO @fmadrh eatﬂyhtsm(ﬁ ptddacea tmiﬁ predi that includes
wherein TAN | s as.deternmn ASTM Met hod
o G PGt Mo G HEE PIodret RAdISGI BIOHSCH RS S e g1 MPe,

thPERE! Eded hEPRPRITANGF aCloRk: 891 hrﬁgate}ea{%f Yisteof 1BE gat!‘l‘ﬁrgtg cOMprising
or nore cata ySt sto (gr Oduce a total pr oduct that

vanaibumd@@ qriveore couowrds i v anadivmeraginmixtunes thengof ppmdiuga gas
Xt t 25 0)
copufing s HEpeT DS dfing SooluRE aders How B bV R S

dileotidrethbt i9 towdter 10 AR 18w QO 2 rHeB®d; aAd cbBAsitin®ehitkink Bnditions
catay%sts conpri sing vanadi um one or nore comnpounds

suglf thgi aaﬂ@ﬁmrwcm&m%@ of semesfo0%antthe FAN aﬁmcme feed,
wik A TAN is &%Pﬁ}ee%@%%%g& Pkpytion with a nmedian

pore di areter and-control ling

contTaetinvegtiow Bdb bravides auadthddhet profeind aciede ﬁﬂu@ﬁ chify 151ng
a total N./V/IFe content of at rost 90% of the Ni/V/
copigpiing cryfie fogd vath QRS oF Se cyplpis InpIEipsy FHetad praduat thmsmcludes

th@éu@@@%ﬁ{f&at”ﬁg?g% dﬁﬁég %@%&1@& 1?@?%&&%&’[&1@\%% @ Qnd’lib 16 MPa,

provi ng a-cr
theangde fesd having,qret geam mgcrade:feadia tbabbllﬂW/Fé%@ﬂ@t of atesse 0.00002

cat al lyst s to &r oduce a total] product that includes the
grung; gklept 98% 6f the RRt SIS POpPEISIEE YaRadaymg genet orjnaorg cpmgpnsls of

vaHAd’fﬁ]Ti ;/cgrtrﬁ&uﬁ‘?s HEeBPdnd t}gec%ngﬂ: iffm ca{al}ls?ﬁ’ac\;mgg gor%fséeh%stribution

cata S conprisiAg vanadi um one "or nor
withf a madian porediameter of least 180 A; and controlling contacting condltlons such

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

nore al kali netal salts of one or nobre organic acids,
wor@so663nmr e al kal i ne-earth netal salts of onePOT/URIIN®042224

organi c_acids, or mxtures thereof, and the crude feed

havi Age inyentiqy alsa provides aanetadenf piodusing 2 ude igdugls comprising:

[

oGl SRR fec R AL B e GRYY G BB apcq o PEplauSAthitincludes

tHe@tideqirbdurg, veltenéiache cfrgde:pmdua*,tlmm Hgeidahixtirant 2h%C andiglé01 MPa,

product has a total content of alkali netal, and
aiPRAPPHeL @s.c@tﬁly.%tcampﬂﬁwgwﬁaa 2PNt e GpgpRgsiof vanadium, or

rrﬁ)‘&gpe% ‘d%,T ?cﬁ{ AR 308 & ﬁrﬂﬁllgc&féto? Mor® il iﬁ?&ltél sHBS & one or more
and al I he-earth neta salts of organic
opahidacids, drieer anard elkbhhnctcarthmetal salts ©f benor wbrealrgalic acids, or

et al | al kal i ne- arth met al in tal salts of
B i heret A (s CEigE doch HShen e AETRIOVER A o8 18 copteat of
allcaly g&g&y OfhdaHIePinble@ith Hiesal SinHRdthQditObs &gﬁﬁy ﬁélﬂgoﬁ‘at%dégﬁ 00001

produ conprising: contacting a cru one
gmms;rmcbcompﬂin;gsioatamng)c@dutms authothal the cvde @toctuhahas a total content

Lncl.ude rodu erel he.crude product 0
of Qe et A s R bl M T sl S g BIeR i amost 90%
of @8 oA aflaidnSHE af alBliR- @Anlﬁahétalm Bbtab itk Df 8fgaB}icids in
or nore organic acids, one or nore al kal i ne-earth

theeorade feed, vahersfin oprgensrof aliali netglasndoalidingsearth matily inumetgl salts of

oredf S s M A RSIM U R, P T o

al kalrheerentidh e[IﬁI }’;ﬂomdle@ a iRftiedd Fprdduchily wdrgwp@da@t @tﬁnprlsmg
of at least 0.00001 grans, and at | east one

of
cerinciingrcsudeordhyyith ope PEMOT eataly s o Iaducs? tmai aroaluct that includes - .
tﬂéec?l?]&g%r%[e ESV?A Z@@;ﬂg crhﬁ B‘rtoﬁg&%ea gr%ig‘gl?g %t?gi‘%péld 0.101 MPa,
t}mmrmﬁ%e&%dnﬁiséngmnd mnndsrgmll«ag neticnks off m&iremorwotgmrc acids, one
45 A of .the [ ore_di aneter, wherejn pore SIZ
opmere dlkalinesarth Salé% o GRC 9 BN OTREF aR}é]tSh‘g“deSHLESSZt ereof, the .
o { , e-
oA Rt I%é?%aéﬂ B B koo bR TR BRI, bilPalcine
ea’ﬂkmbiah én ewta baltsetf @l ganicamdst aflat Eatt0s00H01 gragnm iand aicleats one of the
at . mast 90% of e, conte of alkali ,netal, and
C%{leatﬁ PAWNG 3 POYF S HPLribP{ion Wit p nasdiqnporg dl&fﬂ@%ﬁ .8 gneg from 90 A

t(Pf80tzklewf‘Elﬁ Hdgask 86%, of\m@fo@dl Eiuﬁl‘BBlt SPor&fin Mdirk siFBURkribution having
and al kal i neearth netal, in netal salts of or ganic

a gofedametenwithiatddrAriofithg mgdlaxemw Nisntetat, ®h@em@ordpige distribution is

woftte S PV R oAt Sl BBl focn

tHRrcrild Ro&tk Bhy/Slotal kOntBhtasali@liandtel, ahd Akadiecdarthadtal, in metal salts
i ncl udes the crude (Broduct wherei n the crude product

of erganiriagidh af #inesi PB”ent thecaterd afialiali oetalpad allpbingregglemetal, in
Htegﬁ tsaeltnbtab St gqa.‘n%cpa} Ee% g{ﬁg& %8%%%8&1&&:&9 d: o e{ltt (%faalka'\i[ Iélé{/af:gn? alkaline-

edrtiemet, ah yetab sdia\ifRegaai@ids is aidietéhrrﬁhéd BUABTM MiettodaD1318.
medi an pore dianmeter in a range from90 Ato 180 A,

wi t hThe inveatian Bempreridena meghos of prndveing grorpds rredugiy qoeprising:
%ﬁci\mgfazc?%&g REd JWRH !ng Or ngl}[éaérf}g%lgsrtfﬁ Va?ocﬂlc@ EL&] %ﬂg'glﬁéz}'etﬂat includes

e nedi an pore erelrn por

tii Btidel groducnwheseiashaletiés pioted iby liAGT MiMida® SDE2AR;0.101 MPa,
and controlling contacth? condi tions. such that
€

tf@rw@ isehbarine, Reseram ficandeniegdyp ttal iy Eﬁtcoaifenh@f %@t 0.00002
g ﬁthgasNJAe ({fFﬁe ga‘?eﬂg&? gern?gl%é Egrecsfié‘%ﬁstxflﬁ?cﬂm WHEL GeBian pore

e content i's
dlameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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by ASTM Met hod D5708. The invention al so provides a
nmet hod of producing a crude product, conprising:

w@omsaedsing a crude feed with one or nore cat ab@QBUS2000042224

produce a total product that includes the crude
theer mantersitze distréngion hetiag e petkedipmeiguwithinsd BAlof thei medtmx p@meehameter

vt RSP ondy B LOTHEEE T ASTREME e, i bontroliing

cblﬁa&'ﬁ{gadonﬁﬂﬂoh§ sih tRitgnérad@piodsctdias atothiBEE /IR &)ﬂ%ﬂ-of at most
98r ans per gramof crude feed, at |east one the

%t@ﬂty@Ns/ sontent op theerudefaedivaerqin De/fVdhe gantentas as determined
ter of at |east 180A, as detern ned
bg%‘(g@@ﬁ%é?%gaa@ZSZ and the catal yst having the pore
Si ze T $ikventbh A0 pRSTERS hShdlgodeRprodudily £ciigé plalubl; 68prising:
Columm 6 of the Periodic Table, one or nore conpounds

contagting arrudpiead MathAns of pswe casplyps (GG Astopd prczs’dlpt:that includes

3 p8uthotbfifing BEREBLodu BV aRBIL k0 R0 368 D161 P,
tieaottidnfeedhavihg akdtalreheint oBdikalbinkals, avd slRsline-¢uethahetalisin metal

nmetal salts  of or?anlc acids of at nost 90% of tq
selisratonganig acigaf at Ieqai hP0004 ggaras Ref| gr#fB 08 7R fopdy af least gne the

é%%/@is h%.@l’lngsd l_p%fre 8%?&591; l‘l;’oafl&ll Wf‘th'a]rln&ﬁ%l ﬁ(gr gﬂnl{e?éarqyf at leﬁst 180 A, as

reinc nt metal, and. ne- eart
daetetrained bp AIM Meathod B4282, and) drei catadhyst Hsvmg thegpore size distribution

det ermi ned by ASTM Met ho 8, . The . on al so

CRBUHE SOGOTBPH etg],s“"%m%g%& ot e &EO%FE[% one or more

c&a RiofBne SPIBBl%%étHE fFons CeAend 6 68wpeRo&e Q"agfe lehi%ctures
alysts to produce a total product that includes the

tmwearmr Mtrollmgwmehaetmg ¢onditions dls:hghaidh@ ¢cruide pewdugtichais d total

- ofuiaRl B g e e e e LS of fEgpis asids ofatmost

20

25

30

90 &F tBE SR oﬂﬁlkdﬁ me@d) ear@lrallfﬂl’lhé-eéftk et Ein@dtdlaRBbPdrganic acids -
salts of one or nobre organic acids, or m xtures

- in thercauste, feedhavhetein eeniers of alkali mejalnand qéléqhngveaﬁh gtetadripdeectal salts

'oagﬁeggfnic%gltedgﬁsta% (%?ét}&f bﬁrfA?{‘Ibﬂ/I' h??s o? 'o?ggni c acids

of atThe ¢a&htith HOPbvieaaBnetiodd dfgasduciipea aidé p@duct, comprising:
catal ysts having.a pore size distribution with a

coriactiig asnde fpdwithane or more catalysts dmproduceastotnd pradyptbet includes

t@cr@@@ﬂo%&t h@]%r%%ﬁgcruﬂé‘ roﬁﬁ& i§ 34 ghﬁﬂ%lx'ﬂﬂg hf@_i Fﬁ’(f §.101 MPa,
Ssizée distribution conp ing one or nore netals from

tHeadrudanfebd odmpiignded @dn@re'ﬁﬁ&mﬂlenetalrmltm of onere@ maapeganitsacids, one
of ong1 or nore netal om Colum 6 of the Peri odi

ormerealkymeragthpeial sp %? 0T ZROYe OERRICAIISn Y IB%WS%@FW@I’ and
10Rgid f.00 %ﬁa\ﬁﬂé gwef El% (Hh:?u&ér e aﬁf)@g«%}fterﬁ ?% alﬁaltl ﬁ{e@ells and alkaline-
content of al and al kaline-earth netal, in
eameh aletadsiintrgetalfsalys gfmgmmamds ot lextst (6890 190 amefat ﬂdatet one of the
tent of al kal.i

SeD AR NPl Bor e e Bt Ritn A R Blarbed of abp 20 A, as

dEt@Hhﬁl@H b?t&ﬁﬁ}l\}f ddthdEbab g2, ﬁH@tlﬁ'c‘éﬁillysf‘Eaﬁﬁg' 4 Boﬁ%h%ldlsthﬂutlon
met al ts of organic acids is as determ hed by A

ciaptisidg Bh@oriBoreThefals ixoemColmmnah sbthp Perivdie d: alalen@termdnme
roducj crude pr.oduct, .C rjsj 'cot ing a.
Bt 82 g Pt HOBBE Mot GORIPLS GLPE PSR} 3ablscohyictures

tﬂe@éo’fl arfdl QEH6llink RBAtab R déﬁ&ﬁmh@ ﬁlcﬁrtlfﬂﬁ@h@érﬁ@éiﬁﬂodué‘tﬂﬁé Qitdtal

the crude prodtct is a liquid m xture at 25
contetiofeikali metal, and alkaline-earth metal, in metal salts of organlc ac1ds of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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the crude feed having a total Ni/V/Fe content of at
| east 0.00002 granms of Ni/V/ Fe per gram of crude feed,
wa@toos®emstio one of the catal ysts haV| ng a pore SP@BUS2004/042224

di stribution th a ne n_pore r of _.at | east
in ﬂ;;:g:rmlie égl d’éhe\g@lﬁchétanf{f% ﬁ(g-]pp al lgrgeze arthJpetal, glsmetal salts

n conprising
Of%%aﬂcy&‘rir%sjr}ggéhg&% slﬁgr%ymg?%%gﬁ%ﬂo]?}% 82 Peri odi c
Tabl e invantion atwo peowddaspaneitisd of prodaeciog awnrde pretuat, somprising:
from Col u 6 of. the Periodic, Tabl e, or m xtur
coptienis CTUARACAOHE BTG 4T TE GRELYA th 5t 1ot S st fpat includes
thd Hakie Efbngg{ fBQ Whide RSt fsAIR{uidNriM{feet 99 REaRl oqu MPa,
at A)o e N/VfFe content of the crude f
thevrade femd ia¥ i lﬁetoﬁabNt/&’r‘He Gonteas oﬂ@tleasnﬂﬁéﬂobgramS'blf/NlN/Fe per

708. The inventio | so provides
iR SR GeitRdeat & IGRTE op Wl el gy B AT 7 AR HGom itk o
m&ﬁa{iﬁ%xé A86hiridF P1R8stOB0 DS dedindinks b ASTMMAIMSEDA282, and the
t ot product that includes the crude product, wherein

catahyst bavinipa posdirstdistgbutidn apuipdisimgangog nzore @tadCiremd olumn 6 of

hEPRATYS Fatlai ot 4 PTG porgrngs Ot el SR Colymn 6 of the
PefibdiDI81e2 bK At tiRs EREdoT, ARt cdhtrSRink ToftactHIEcHRALLitITAE Such that the
organi c acids, or mxtures thereof, the crude feed

crm,prﬁ@lca h@soa total é\bfﬁ/lg A p(l)ntp@trof gt ﬁ]ﬁﬁto‘}oc? p{ithe Nid&§e coptent of the
er i B e 0P Pl SRR R 4o LB 500

one THe ihw@itioaRb ysddddsavheodoPpiodudhg & celids tpmctwt, lcOMprising:
with a nmedian pore di aneter of at |least 90 A

cog‘@p@pgﬁl prade fpd Rathveneer werye patakysts ta REPAURRA g)éqléqrg,cg{ct that includes
th%oa?ﬁgggrotdﬁgt BRERirSiné %rﬁ'e%trcgdukaf’its q%s@ﬁlﬁufe%;t 8k oc 611%8(}1(_)1 MPa,

enun cont ent, gram O rom
th@tmds fded cOmpriginhg e of momﬁlljldidmmatrsal‘emé o0¢ oMb organic acids, one -

nmol ybdenpum ¢ al cul ated as.wei.ght of
or mﬂr% Bk Rt DL S SL OB S iBoR OB Gt B Hgs thereof, the
ortt t et flé‘/nlgg £ olicbhens E%thd? @{‘u(fel'f@ed: Bf'glﬁalﬁ)ﬁfégdl' %ldt’!lﬂélhne—

content of al net al kal I ne- ear
eartenatyl, innmetelt salts ebédrganioficids gﬁzrtllcasa@ IOG@O lograms, andsist @@%f the

caffhys i s o ARt R e R Pave PPl (e 0 A, as
def@@thed WyeA STV MIBIAbE M420F, Ak KiRd datd 1t dbvind Mk pore size distribution
al kal i né-earth netal, in metal salts of organic acids

hap g tetel melw_édmuneeprmntmrmawevmlma&@n 074 T igraremtoi (oth grams of:
m@%ﬁ;geﬂﬁéf\égg grg ngﬁ enn%§ %gengf C(ErJ mp Olill?lé% %al%u]?lﬁelddag W og;%q el molybdenum

or Sk dsShEred® apd eshtMing dodtaating tadlitdnstshert thanhb Wegle pkhﬁct has a
crude product wherein the crude product is a |iqui

tote] sanignes of elkpls mptal nd %ahgq-ewﬂamet%én aratpl saltefpreanie afgds of at
f
éa‘gl(r)n‘?o fqne Logn?esn# %I%aﬂ‘ﬂ}%ta? rb?md%ﬁl%& -eartin ga\lff'tlﬂ %etﬁgt%ﬁlts of organic

acid@&ﬁtheQ;nﬁlQﬁ@é’d gviensn caitedt@dalkali meotalf adddkalmbalays bieetal, in metal
havi nga pore size distribution with a nedian pore

sahﬁ @ﬂ@g@ﬂc a¢idsts as dglermined py ARSI M Methed RédlSHy ASTM
PAaon aA8 g;réd“&es%%&hé’éb ﬂ%&uﬁﬁ%gcﬁ% ?gor%ugt., 8%Rrising:

rml Yy enum conte er ram O cat

cogtatimg 4 crude &edmtmonbf or nmib yidignisng prydacod tatad ipeoduct that includes
conmpounds of nol ybdenum cal cul allt ed as we

thegfuge BEOSUES W&Frem ¢ Gruds PEMBIEEIS R, lqgrﬁdmeiswlrag% ﬁaf@nd 0.101 MPa,
thé %Rﬁ%e? r?ﬁvﬁi 88 A) ee%%{c‘@? a'h?ﬁﬁ érpge by 8viRg QM ElanlFerude

feed, a total N1/V /Fe content of at least 0.00002 grams, at least one of the catalysts having
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the crude feed and the crude product has a total

Ni / V/ Fe content of at nost 90% of the N /V/Fe content
wobtooshes3es ude feed, wherein N /V/ Fe content i SPERUS2004/042224

det ermi ned by ASTM Met hod D5708, an TAN |
aa@pé%dmdbw% Wé@wadwt%iamef?ﬁ@ 95 éna%lﬂ%t@mmed by

DR @E RERYEL Qe ontent,

Agg%wglﬁ)ﬁlg 4‘%ont act i ﬁg cru gg éﬁ‘rﬁﬁ¥ E:one o?erl}mpergramc’f
catdya) fran9.0001 pradsitoe). 2 gtantsaif mnbdbdemumrmte dr modrel dempodrels of

d wh d d l.i qui d
E{Yﬁae pr 5 P%&t@@s:r\}ﬁ%é% 0% nl?lflﬁérorgg%ytggls ?hga f'l a%ldlcontrolling

c&%ﬁﬁ% %bﬁkﬂu&&%ueﬁ tHE?fh% Aldeatrbau¥ehad a AN &f a‘?‘ind%f‘@o‘}@ rof the TAN of
nore organi ¢ acids, one or nore al kaline-earth netal

ths atuds fexfd amdeth@ crude pedoctgae i totalcN ¥ /Feorontng bfiatgsost 90% of the

N &teof P @t{»’«gglg{: ;fu %g“fhg]f%gj ]F}ay(ﬁegm%%sa%ﬁ% ergltn?r{]etd 'by ASTM
mtﬂsalnmgaiﬂdhrmt@hs ddi&niiRddty ASTREMREhCAMIGHY, C aci ds
of at least 0.00001 grams, and at |east one of the '

cat alyesingersmmpisosiayidey amethed of pradoeiag metradesprddunty comprising:

oML G PR 5k el RSP incuces
thd @Rlde prétfuctliwtietsif shel dideqbduck ikch 1 d LSS atMIr€ A1 (B MPa,
from Colum 10 of the Periodic Table, one or nore

the ride derdcosPrisHE B ofpraae alikpla metal nseitﬁ Esing 9f Mpge @fgatnn@mds one

orFt)g ﬂe%ﬂia afine- %?Jtlf m&gﬁl sems)%tlfgﬁ L x%]IBFer &Q%m{; \ﬁ\?%%g(ir B 12 tﬁ«%re?f and

the Srudﬁ f@drlangg aftrotmrbdntém P gran df comdé fedd| ommm&agtan@ glkaline-
condi tions such t he crude product has a
egBrinak igpeigl salisio ﬁﬁaﬁw acils @f af lkast 00008k gtamwchqtt legshone of the

ca@ﬁ%t eccﬁﬁﬂris?ré%? lgzé)loclfrg%? hﬁ)r@ﬁfe ﬂjrﬁﬁolﬁﬁlﬁ% o??%? pénc;deeT able; one or

nt o net al , I ne-ea
moet@inppahdssofahe or gane memds ﬁi@mi(}mlmﬂm 6@t uﬂmhePefrE)dcb, Table, or mixtures

e o 5B B Rt b T, 1 7 8 MG bl o o
coSicRhil dreshely nﬁmelb@; #e8l EN3A8 10 Drend Ifefﬁmd %1@0? fhixtures

provi des a net hod produci ng a crude product
thersap Mh@:rqmg a nmimram ofr@teé Cohunte1 ¢ msthl b tomlélméurnn 6 muatad is in a

{ t d t l. t th
LB 555! QALPED Rl iRt R b Bl G e s
tothl ¥R ofhlkah n¥alandl Akald-MR mettan SinGhataissalte 6o @Mt BEds of at
a total Ni/V/Fe content of at |east 0,00002 grans of

mwtﬁO%F@f the ponjenraf gtkali mdd, andedkalimgarth mesalsin ragial sekts of organic
1n ‘Ef?et cglﬁl Sfe??lfc\glgg&h% gnt(log%lp&ﬂ%n&gl o ﬁkﬁ?r}eaelarthfrrrlé%%fsm metal

ro one” or mnmor

satt omgamr: abids & atmiewrmlrfeﬂ@mmlrmnmtﬁo@blsm@ Peri odl C
Tabl e, or m xtures thereof; and one or_nore netals.
f r omt ednygntionglsgmrevidessemethad of m&éu@ng 81sEMds Predich comprising:

coRiRARA fuijg e NGt bnd B Horeh Al Risfth ?%d%é Hwal]p%cﬂfclt [B€includes

erio or m xtures thereo
the atude pﬁfdub@tx&xlef?mh thererdda pmduﬁt istadiquid alixt(el 4926 °G aﬁ'&l()éilOl MPa,
is in_arange froml to 1 contralljing contacting

the swéF ?@%A@V@@@HOE%’@N{F\%CW% eFI Hrleast BO0PL rams g i/ V/Fe per

gr&l‘rn/ the cru é%e@?asﬁr&%ﬁhe %Q?Q/%tf C&Hgn%\ge ni% Elge glls)l%l%%etals

frale tGalumim é(d)f lhe H&‘EBMCI\MIH) dndbr/fd8re chhpoundssstiane or alos®metals from
d duct
r o :,qd erlo g &labCIe oe rn%xtlljl%sqgergof(;: grlljéj 8‘) %gg oy 1(1:10re metals from

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

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

produce a total product that includes the crude
wee@doedsio wherei n the crude product is a |iqui BCTUS2004/@42224

at 25 0C and 0.101 MPa, the crude feed conprising one
ColummoHemetak el totakEokimrs 6 tetal ¢f ingriengsr frmarletOdﬁg ad eontrolling

3 OB LB A5 0 BT a5 B mos

obmed tﬁwwg“»e dPafendb i efude ffwdlewha%ﬁ] Naviry @Jntesmtmrﬂetemmed
of alkali netal, and al kal i neearth met al, in netal

bSAlsffMMethﬂd&WQS acids of at |east 0.00001 grams, and

Cat a?{)]eg{n% t%)gqu; C}grtp\a} ? Ii?hyglﬁ) \P%Jﬁgm&eagru@e éno'aﬁét comsl%nsmg

céiRicting stcruderfosd @itddaa of Mot GfalgtatdBprodice aavel pfod[rarthat includes
metals from Colum 6 of the Periodic Table,

thewredequpgstiheren teneuds PiogRe ineHiayid npixBye B ! 01 MPa,
thr%n:)%%dj ?frg%@% ngpnsﬁﬂ &gnog‘%%g afafi Qn&eﬁ gflht}neqr nﬂfrh g¥gan9:r acids, one

second
oo ikt ahith indid shlnger qneror g’roamxgﬁmsacmlﬂ,cbraakahysﬂmreof the

ci5de Fooghavipar 15 BFeh P S5Hes 14l ROREnc @b%ﬁréé’t g hbaline-
r
ed a}1 rggt]ra L rggl%?ah SalfsTd? oy éﬁ#&é@ds@f‘&{ 1eb 819, GUR0 % 5 af eol‘% one or more

as wei ght or m xtur
caalgsts oompiridihg:r(g) « Hirst eatelysigthedsti catabyss haucg Ixeh gtant dfefirst catalyst

gm0 fleS S armimarch 0% & e s fiot Gl L6 Rerle Table
ofd odth o 1o mpdRiasf otnB Sr G BBfalstordldeflhn R #le Péfddic Table,

[1Tne-earth netal, in nmetal salts of organic acids
'calculathé ag waight 6Emetal, wheristures demeadnanddb) alskeaind catalyst, the second

o al Do B g P esThT byl kY TR sbing e S B hbre metas -
. fFoAVENLIAs SHBOPEINE Besle Bl Rafe edmpidds 6f Bk ¢ Bbrédeetals from

product, conpri si ng}(9 contact | ng a crude feed with one

C@kummé ef baParigdic Jabls, prloiued anveighto! petaly Qéfnuftﬁ@@ thereof; and -

~conr% lllillil ecsoniag?lrﬁg #ﬂﬁ &gstsqglg{hggﬁg %%%1%(?1%‘&%%%}1(5 O tof alkali

mfe@e Chndamahnsemgq fRel,dh nivtd] galed dfatrganiceicds «falt hﬁ)soﬁo% roé the

or .nore_or.ganic aC|ds one, or re al kaJ i ne-earth

content|of alkpli sl ieligplingsagh aieéagfwénf‘é%l.sa s ofprepnis acifgin the crude
fegeﬁe\gﬁ&é fop@fnccon 'al{] @@% ,fagir Ergﬂmdgmsatﬁg% aﬁg{ &t §8ts of organic
aaﬂ:kﬁlasldeteﬁnﬂnbdh‘E%&ﬂTMIM]ethiBiEll?’kSal ts of organic acids

of a | east . 0. 330001 rans, d atqﬁ east on of .t he

cat al 9%%‘%’6% §°Pf8¥ e@?&ﬁﬁ uﬁgltga“é&‘ %VQQ‘ECtoc%‘Mlsmg
c&{tmg%fcmd%rf@ecp{ﬁmﬁ%hs o Blofd @ateflflﬁmocf%d{fﬂé Qo plolifict that includes

Periodic Table, one or nore conpounds of one or nor e
theatradesprodumn vdwireimthescrofe plodudees @ baid niisbireat 254Coanidgt. K MPa,

as [ of petal, or mxtur.es thereof: and .
BT SHPRRls Rn B ALAL PRt SEees o5 AP Tharg gregoic acids, one
oP&lesfel Mkaﬁﬂ@re@rtu NRQishiYs bbn of RIGA6ighMOZOHIE, drmiRUBEs thQrer the

1, and the crude product has a total content of alkali

crvde fted hawmihg ek v o€ eirutlp faeds atotal cpntemitof jalledil m@aloﬁnd alkaline-

PP 45 s R s 3 D GRPEPlnd bu B one ot e
cé&ﬁl@@t@ 'h§v1ﬁ% 11588 ghain bf‘&teﬁ?éﬂdﬁ 14280100 MRY@ARBiIof: eI @ibire ﬁ{etals from

and al kaline-earth netal, in netal salts
C@furm gahthe P&cb@s TableagnajestrepraicamaowyisASPM MemAtsgmetals from

C%)ilu%:qlns 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid hourly space velocity in a contacting
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed

WOWwak/0653e¢0 or nore catal ysts to produce a t ot al PET/O82004/042224

that includes the crude product, wherein the crude
zpnothuoer 1&h7a and dha cude riodret has a2aaloontant oalkdi meRd, and alkaline-

t crude feed having, -per..gr of de. f eed .
oIt et B ittt feni8Ep8 BB SO h Ghtngef gt R metal,
apad alkafind-baticatal, Y6 hetdl 8slts dfeig@icati @ inGid @uisfoed 2vherein content
| east 0.001 grans of: one or nore netals from Colum 6

ob plkeh anately anslcilalingspeth makd, Brmetplsalts ehergania ecids iaseletarmined by
Agglrl\el %g&ﬁlgwm Colum 6 of the Periodic Table,
cal'cul"ated "as viei ght of netal, or m xtures thereof;
and doetifantibon glse proveddsiangethodof prodmnsngal efudt eddukt, qoin@rising:
hour|y space velocity in a contacting zone is over 1On
contagling & ¢rade fogd avith aig s imasg satalysis tq prodpga g togal psedushthat includes
9 j : 3
R e v L A GV RS
tivdedrndelifeBd REng,. per graml bifcriide fend | aotot2d NS /Pe ootitete o at least 0.00002
nmet hod, of produci ng. a crude produgt, conpri sing;
eEBmY AEIrT G oL At haig eEHe OLFe BT CAtsLY 01 gragus of: one or
RO e BolnXl AhmBEQFYAL PANRRC THAL 8D Ikl Eorib s of one or more
product, erein the crude product 1s a liquid mxture
nzttal2 oo alnohn(®, dfGhe Retaqdi¢ Mebley aatbmldtebatl e ghtrof mesal; or mixtures

O S ik 255 A he SO A B Sl vetosty n
cbB@&inglz0R0 KlowdF 80R ' OdndsiHé Eiide pRIthcPlasla@8@E NONEFOEorkd}® of at most
catal ysts conprising one or nore netals from Col um 6

96%o eftibe Ne/V/ricanterabf the cowds foed, mheecin dinYdbimemnteft ivaedetermined

~.hor s, f Colum 6 of the Periodic Table, or
b%@zﬁhﬁg‘g&kﬂ%béz , and ‘controlling contacting ‘

condiTh dpEnHoEilsd Ptvided @ ntdthistEo Mirosisig J‘é&ﬁd@ﬁrd&iﬁ&'ﬁ%hlprising:
content of at nost 90% of the oxy%]en content” of the
ceptaelingawyde fad withone onawroeddet ihpredaces fotal pradyat thatincludes -
f . 0 . ‘ 1:0f . 4t §
o cxfde Bl (AL R AULAER 8L RREE HE TR g e
ti=3dhde feadihavihg, per gant @drudesfead: aleixgpdn cudtenbyf £43ddék 0.0001 grams
thod D4294. The i nvgnt ion also provides a nethod of
OpPRYTEI HY AU ERNpH Ghatieast OSKPY itameet sub abd piigash one of the
R OPBill ol O foR AR COIAELS of Mo ARME Telo, one or
nidre canpalmdp pHanecdr mereandtalg fiioch Gobutréeofahe P&i@ic &able, or mixtures
0.101 MPa, the crude.feed havin er. gram of cruyde
thesda, o e R PR RsoRdEp SRR R DB as an oxygen

cORRRf aBRBsP0MbE HHE 0% PENEIhted] ofthe LRAS Fedd, Athe YRR B roduct has
of sulfur, and at |east one of the catal ysts

asuliwrdogientolbi{z1 H17 wbthe snfta¢antdnt ofihEstuderfed], shetdeoxygen

Peri adi c, Tabl.e,..on unds on [ no .
CHRREAIS M SRS T Mo TR ot g erg s 8 defermined by
ARV M&Bod beref; and controlling contacting

condi tions such that the crude product has a total

Ni / VThe inventiemalsaprozidesrp stetlggbof produsimnghd ¢rideerodacit @mprising:

of, t.he crude.fee and the cruyd roduct has,a sul fur .
et 5 ShoBr O st Gt BRPHe 0P Frotyef ncludes
tHeaGde WOQUCR] Whehkih i@ uePprloandt it & 1iasid dekREERIISP M IASTON MPa,

Met hod D5708, and sul fur content is as
the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002
grams, and a sulfur content of at least 0.0001 grams of sulfur, and at least one of the

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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determ ned by ASTM Met hod D4294. The invention al so
provi des a nmet hod of producing a crude product,

W@ mpe@iing: contacting a crude feed with one PCT/IB2084/042224

cata roduce a tot o uct i ncludes the

R QB BT D1 G TERS Pl GO b8 BEBeSnad Igblegor mixtures
tREreI UL @ntx%ﬁm%@oﬁﬁgtl& é&l@ht%?l@ 'suct,}n?ﬁ gﬁld@ ﬁgiuct has a total

corrprl Si ng one or nore al tS 0 one
Nvﬁf/Ee go@amtl of atiost<00%o nkthe NiffbFe canmtiemil ofrnhae cadd feed;&mdl the crude

piluf ChP e Sl QiR of 2B IRt 5 el oStath of e Fidreteod, wherein

NifPHe contbtishs &A8hEMdd 1Bf ASTKEMeHBRIE 708284 sulfur conte t is as
al kal ineearth metal, in netal salts of organic aci

defermained by <yS TV ddeihad BAZMs, and a residue content of at
| eas of residue at .| east one of
cat b8t bk R & W e HE Rl p Rimsorgprising:
cortadting aRetdofdted wlildng or 8idee @ftala‘ﬁﬁ & HeRQUNEEI Pfodﬁ@ﬁh&tr includes
nmore netals from Colum 6 of the Periodic Tab

ﬂ}‘ﬁ cxedgrreedudiavlesein tbm@rué@nltodmuw ﬁélqéldrrma@trﬁ AR5 °C and 0.101 MPa,

QA 00 O 5 ST BN 55 i e, o

onmbfd alkallnkeseasth nwtganlitﬁofaﬁdedﬁs nfre afgaﬁmsdclcﬁo%rﬁfxtdrgﬁthereof the
ntelat of alkali netal, and al kali ne-earth netal,
iedhaving, par exmg ghrude &edsa totalicatent efcdkalicaetal, ghdalkaline-

eaﬁﬂﬂﬂ@tap RHE] SRS, %a?lﬁ! £ Cf%eeggtt .0 é)O\;‘%rc’{ln%so %88 1a ﬁf{sé(ﬁ'}e content

resi dué content o e cru er el
ofdt ledsk@lligrares af residog aadl kioleast eneaf the catalyats,cohfprisi@ne or more

S t of .organi ¢ .acids .is det erm ned by ASTM Met hod
gfbts e Gl Bt e A eaFbls. Sng 6t HSFCromImEATHT on8 Fpmore

- mVBl P8 0238 6-@?%6‘ I‘b\ffé)mc' Pibidlos ﬁn%&‘é'tgﬁéofaaﬂ'&%ogﬁﬁlﬂlf

producing a crude product, coénprising: contacting

: cqmafcﬂl@g fce@d:itlvmst such thet 61e cm:de@romc.‘a hysd B)ta'lcaomemt(hfcaﬁ{aa metal and:

o BB SR BB LR Peah R G B HE itk

m@tal]- Qad M:Rﬁlmé Bﬁﬂpﬂhéﬁﬁ ith 8Reh] B TDre PR acilsameS crﬁ(?éjf%@d the crude
feed, a residue content of at |east 0.1 grans o

progugt dgea resiie gopignizgL 7IQr]/3W/Fef homesidhte conteat off thaistude feed, and
WRGI‘QQI Q)?lte%{ mmlf‘ﬁg’ca? d gﬁ?z é}ileogf%er};hg%et ﬁ%ﬁ% 32 %% c& ﬁ)égamc acids is

asREtermihe@i bwo‘s"EM Mefho@ ID 1308 eand eEAE Wbhitedt isARAeRimiiel 8y ASTM
s from Colum 6 of the Periodic Table, or

h#ﬁ H¥97t her eof ; and control ling contacting

oS A0Sl BT G Bfperne

confactihg a crudddeddewith amdortherecatatigtyro pebtiice Aasalgrb @t Ha€includes

content 70-130% of fhe reS|due content of the crude
the s%&s‘e b“%ﬂremﬂ Erdsmredict s Lgnidimieria 4t 28 “G ynd 8N MPa,

th%ﬁﬁ@ @ee@ﬁlﬁgﬁlﬁs@é}%ﬁrﬁ oF gitBe FRAL SRksiduS cBfteME tfg'f f@a&%dl gl)éms of

ASTM Me The i nvention al'so provi
restéudy @dd eftotpl NVdierngnientcofied daeaptr(hdﬂ)m}.’z gramsand at l&@st one of the

ctln acrudefeed é{ é}g re catalysts to
caf R ki Gl 8 ot Bt A P SO LR gt abie, ome or
m@FeQ:@Hff;BunWoﬁé Br kR IﬁE‘ﬂélg%rd?ﬁ ed E%f fhe!Pefiglifl "['E'bfg 81[ 1%1xtures
at 25°0C and 101 MPa, the crude d conprising
theneofyend ccaitWéIhng comtaating edrtdstianfs sudethat thrammele oL ghioi lqas a total
NiX )F%Scbnt%lqte of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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or nore alkaline-earth netal salts of one or nore
organi c acids, or mxtures thereof, the crude feed
whansoendiper gram of crude feed a vacuum gas HET/USZOO4/042224

1%\5/\#(30% co,nte t of % | east O. and a to

NigYFE CRBLeB 15 45 RelPTmingd By AN l\éﬁtk%ﬂ Palis gre rpsréewpntenws as

der%%ﬁj‘edqﬁlli i vefgamsgoaci ds of 0.0001 grans, and at
east one o

the catalysts conprises one or nore
met al'te ifiventioSalsompnovidesfa mbtho®Pef prdircing alehele ppoducy rcomprlsmg

con%rgt?lgég EE@% Ede%avgl}fdbggegqr%ﬁrggéqggfgsttﬁ lé)}'(é%lf}g gnéq%%] prgguct that includes

th€ %Hé Biddubd wheRlPGk icAfe GO | is%rl lﬁ&'ﬁhxthfbait okhke aﬁ& 8d®] MPa,
product has a total content of alkali nmetal, and

thetmdt faed cemprising®ne by miore atkalametd Bals agfone pgmora:orgmld 8cids, one
net a

t 9% of . th tent of k
or Shqe8 kAR seart mRial SHTS of A, G hpriorbse aidd o Bk iR dhajeof, the
cridd f%@t?hﬁﬁﬁ’gj? _ %ﬁﬁh ofeitel B8, @vVaeRuR EassiE F‘\!f@@”)aco\{@@t of at least

content of 30% of the V@O content of the ‘crude
0.¥ @@ms vk oitad comenicerlletitmétsl, and @ﬂéaletqwan@dn@yl ATl salts of

d
oG R EDn IO Yo e onf of Hietca iR sogittes opg qpamore
mét8ls FHnfebRiif A EHthd PeASTHMTNBIENGE d2ldord@ompodR of one or more

|nvent|on al so provi des a net hod of produci ng a crude
mfpls diigst Colvpmpt phibe Feriedip Tablei eignixtwes therdodead\prisoling

cog{ac L%@on‘&flfwo%ls Y&dx gthgtot glglg? ?)Fovc\lhﬂgttrlgalts%l t%)ﬁif Qoq{f&n o[“ Qﬁgh m {al and

ecru produc
alkaﬁsma-ehﬂth medal,rmmtaﬂaﬂealast of2drghific adids Of al@ﬂosNP@%tdf ehdlcfdmdiﬁt of alkali
feed hayi ng ram of crude feed, a total N/V/Fe
metelng %lk@fne %1 B melabslty P prganis,agids inde causieriesdh and the

crl‘ﬁe f)ddc@ fsda QGb SRR of 809388, JrRRST GRN& ént B?ﬁe crude, 6feed

catalysts conprises one or nore netals
wihafeih WéB(D’eDmﬂxﬂu i aJ ddztémmﬁhby ASTNbMEthIIdr’ﬂbﬁﬁﬂﬂd snd)cfonme obalkali
re ls from Col um e Periodi ¢ Ta
it o Bl B oSl i Bk Pl PP g eeio oS 3 7 ieitinized by ASTM
M&8Hd DI BPHS such that the crude product has a total
Ni /V/ Fe content of at nobst 90% of the N /V/ Fe content
of tlhe ievantien filse grovades airheshed oitgrogvainizie truda prafuiGmprising:

cont ent of 1 % of the V content, of the crud .
coF BRUTE QR (VD Ut e S do Rn bt Rl includes
thduBOpro@b&OWheritthBlcfudé beodeerit @Mtquidmaguwdat 25 PE BR0 Y1 MPa,
ASTM Met hod D5708. The invention al so provi des a
thoerupofred hayipedire grgn of epdriteepradigtd N l/wgﬁp@m@m@é at least 0.00002

gré: éﬁ% é V@(P %Pﬁt]'eﬂtgo? gf(tj ﬁe%?[ dl\ing{%m% frrdoéé ecog{rtfg%ééa%l?stg gomprises
onp bﬁﬂmet metahiefi6h IColden 6 fof te RH‘l@dixtCIableé oﬁe b murs:bompohﬂcﬁ@f one

at 25 0C and 0.101 MPa, the crude feed conprising
or grorerpielniraia) Golwpp 41 of g Resiodic Tabde. oF n}%isﬁuéesahegaqﬁ @nd controlhng

coﬂﬁbt‘ﬂ'?g co%ﬁ%s E@Jh?h&'tﬁé‘&ﬂuﬂ@ 1%@[1&*1} g‘i‘t&la c% teB1GF & g‘inost
re-organi c aci OF M XL Ures ereo € cru
90?/eebthh aviViBe cqeent@f ara cfidecieed) end dectrude pmthadt ha@mt\/ﬂ@ content of

in net

k | kal i h |
7 051540&0@&1 éﬁéﬁ?@%&q i R ea{éeq? SHsEeip W0 GenigRtFaEs d%tfsranned by
A@FMll\ﬁaﬁBd PRE0RIank RENGRL g&ﬁféﬁﬁs hSq PR a\gj &S'FM Method D5708.

nbi ning a support W th one or nore et
CoI (ie ifvenfion alsh @rdides adnethddad p&odum@ a)crudepﬂ)duct comprising:

ounds 0 ne_or nore net rom_ Col um
copBrRA Goded Wl@ro%"iﬂﬂr%ﬁati?l%tﬁ iyprofces ok eyl it inludes
th€ahad YRHuR! RELEShe cRARE pfRLE DY 1R 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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catal yst by heating a precursor of the catalyst in the

presence of one or more sulfur containing conpounds at
wa@2aosopsi@t ure bel ow 400 0C, and control | i ng cPOI/AS100410142224

condi tions such that the crude product has a total

OF mwwka gre-eartanstalalta Pt onerRy moTR Qrgants asids Ar mixtwies Hereof, and

tl%é;cn ﬁ?&h{xé aﬂ%f" gﬁ&?@ﬂrﬁd@féh&l Saktgfall gcgentéﬁ;cr ?ﬁ ?’/"ng({te,llf %ﬁﬁi alkaline-

el ﬁieta$,ah hetafsalty gorpgaiaadidsof an 1dabie).0000d ezrfu@e,tind at least one of the

wher ei.n content of alkali netal nd al kal i ne-
caiglyals is Wlﬁ%@aﬁoyg%f{l@n@g AHgRGHF withopger F@r%@@@fsf#%&olunm 6 of

ul;éfpfrﬁgw 1;4&&41 agug}lﬁléﬁeaco%gga%g@diggg n?dgg %pe?e?flgli’rhgl%olgmn 6 of the
Penndmdhblngoranmturelethﬁ:meﬁtommduaemecataiysirprwunsat ahyg $oreih@the

e a .total rodu tha inc udes t he .crude
%ﬁ‘g’a ea@m%a@r% FRBOE &@taf@ﬁs § Presenge of gug of Mpsersyir

c@iﬁtal%ﬁqg?gnﬁﬁqn@s Qt%]telj}fg@m utré"SeIS\RM@@ ofesdh é@l\(ﬂoﬂglgf&gﬁactmg

gram o feed total Ni/V/Fe content
comtitonsGuciodaRthgrcand, praditt has 4 toted comtees affalkatienetal, alhd/dkasline earth

i o 0 97 Bt TS SO PHE TP POt b Bhalkg) meta, and
alKalife-SATAMAN $n Bfctad BALUT hBMR AMSTBHR Gulld R8H PhER Bntent of
of the Periodic Table, or m xtures thereof to produce

atkall medlyand adingrostsh medal dinfraetalisalis efhergenie atigs is dgjermined by
al yst precursor in the presence of one
AW%I%@%%% cont ai ni ng conmpounds at a tenperature
bel oWhé @fefifon ABsipRATtek @nbdiing &Qﬁécﬁﬁﬂgftgc@@@v?toﬁh&n§omprls1ng
such that the crude product has a total

cefastingta adefiecdriyéth oggaw arore prsalxgts ty imedicsrit tetpd pesdugtibat includes

O e R R B0 Bl P SR AES 1

- tierardd feedosng, ipenglaaveftgudepfeed, greatal Nf/V(tli‘aJdﬁltent of at least 0.00002

conposj ti on ast OOl rocar bons with
0PI 3 eqsbﬂlbee"fjc}ﬁ%t:?tﬁlﬁfﬁiﬁﬂ %@%E ng AGUERSEL With one or

Irﬁ)tre ﬁiega%:lfré\fﬁ Boldhn b&ASH l%rggé: ﬁfbm QBr Hlﬁfg ‘ﬁgfol?l%@ssof pue or more

range distributi on etvveen 26
H&MS ﬁ@neﬁolﬁmﬂ (6]of NJE&aPeraIdld ‘Batd¢, od nORreyrtbersof30 podduce a catalyst

g,e)égrrsgrcc%é N WI n cg’rlapy@ la}bﬂe%ﬂp% q%g:ﬁ lgst} rgléﬁ?:ﬁ%slo? Jﬁ’l&ﬁe gresence of one

ogﬁﬁfﬁssulfﬁﬂéoﬂtﬁﬁ&gtcﬁﬁﬂ)ogn&%lat Qﬁéﬁﬁerﬁﬁreo&@oxﬁ 40O®¢: €and controlling
catal ysts per gram of crude product. The invention

certadingrconditiess such thad shecayngsoproducd hahatotal gNi/ oéie cgntanh affat most

SRGRETR W8y DR ot oo Phein MUY sonhyis gy getermined

b ST dghodD5 T8, er m ned by ASTM Met hod D5307, and the
conp03|t|on has a weight ratio of MCR content to C5
asphahe syesticioseprovisies aerude sempasition hgvérg par grem of crude

\’
oSBT AR Gt ARG Bt M AR iR e Bipton
bERROY 95 T and DFE AT aoh 101 MPapatdb’asde@OQ gf@ﬁshﬁ‘dly@focarbons with a
produci ng  a _crude product, rrgr Si ng()lcont acting
t

beling Eanza disuratnn GREVash 26076 2BAPAD ys 50481 ks ableas 0.001 grams
of H}Ecﬂj)ca%o%g Wit atl?cﬁfmé fhﬁky gﬁ?hbutlon between 320 °C and 650 °C at 0.101

MPa; and greater than 0 grams, but less than 0.01 grams of one or more catalysts per gram
of crude product. |

The invention also provides a crude composition having, per gram of composition:
at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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t he crude product, wherein the crude product is
condensable at 25 0C and 0. 101 MPa, the crude feed a

woBRsoestent of at | east 0.001 grans per gr am PET/UR200€042224

0 g g EOLboor Mok S5AE Sed e amertipg bev meisht rato
@M@moﬁteﬁﬁo@%ﬁweﬁah ébnife%@bﬁat 1643¢1.37 wilDtefn IR d&ﬁ@gﬁ is as
the PeriodicC

of one or nore netals from Col um of
drggpmaneddy A% Kyluvlethod Wé&fa,ndtcé qspluﬂilums canteat Blag gletermined by

@% rst?lr'ng formng the catal yst by heating the
m % ‘'sor in the presence of one or nore
sul f urheGAVNAbINLRE PEFAIRAUNASHEA 0PpbBRRES ALHIIE gE&JLﬁWCé&Brising'

0C, and controlling contacting conditions su
Cph@cmgfti@ruéff fﬁ‘@d atithhers ca oMZRcetelystete pakues a tobel tpr&dfs it includes

b BB PR KRS Shnaco s T L Mapa, e

caldedeq @M@Eﬁorﬂeﬂ’t@f BoRaff0.0u1 Qgatad ﬁé} g?alﬁ bR ERIRFRAUERA at least one
conpr|3| ng: contacting a crude feed With one or hore

Hieaipdysts is gbiginghlechy: gombining pyuppard twithhene ormedre deesal$ frem
h de
L eRE Aol TERE Dok, EmbH EUBLARHS o Sanora et rom

CMEFL?rm 61t eretPepibdRt Tabea 8 mixtQR? tigreTBtoRRsdde aPafdlyst preErsor; and
feed, .and {)east one of the catal ysts having a pore

fanypg the P%ﬁh Y BertipRtthe catatudipserupor B e Araserge afieng or more sulfur
chﬁQﬁﬁlgf do ozgdsAat%%rﬁégAtur%/“Rélgw%O bgagla Ca)%{lg ﬁfn@&{&ptg\ﬁung

total "nunber of ore size ol s
chuaditiony saclpthatthd |cardetpeodumt héw enM{R éormént bh et ﬂmﬁl%% SOheMCR

dla r or.e e distribution is

S e Rk R ALGR SaDisnt 1o am Aetegar &by ASGM Method
Dgppacting. conditions such that the crude product. has
a MCR of at npbst 90% of the MCR of the crude feed,

" wher dhainveRidnsalsespragtdes mﬁeh:bdh)f pAKTvinykt drode Mﬂﬁﬁ co'ﬁlipi*ising'

A G B 5P e GBS T e Bt ntuces
tM@%’prodiﬁ:t deesin Gl proSUdViMedaesk bR 25 at aHa?éﬁ 1191 MPa, the
003 grans of sulfur, as determ ned by ASTM Met

Cl@d? fred a6 Ragonteahef atdeagt gPahgraofs peegiaduef, cm@e feed and at least one

t 307... The nvent | s
0’5‘?‘%\%/%%13% ‘iila{?}é% & gggéogr}r%eo@l ?lbg R uifhggne dbaé]r Oéf’ erin a range from
7@ AnpdsD A, evith A leasDEIY Of HR4ogl ATBb fof PI%k Bthe %%re size dlstrlbutlon

determ ned by ASTM I\/ez{:od E385; at npbst 0.003 grans of
hay{ing %Pofeéiéanéf‘é%révﬁlﬁ da %oyt themedmatrivseidipmesa, whereimpste size

dl%té{%ﬂlg DrZ% élg{engi?é{i gg§§fd\8%/?&ho@ﬁ49€é %{15”3 %OIPXg conIactmg

resi

caslitins sudhrthat thxycn&ﬂia' Mdﬂhtﬂ‘lmd alMéGRbf aﬂﬁhdéﬁgg)% 601 MCRI??E}IC crude
has .a TAl as_determ ne y ASTM Met ho
fe%éﬁherel*ﬂ&a% W@&M%@Wthﬁ &14248° conposi tion

havi ’FlQa 1n9@1{t109.ra ﬂ?f)mﬁ%&%gé &Ac%ﬁhm EL t%h%gﬁ%ﬂgg f?gig?)f composition;

of sul fur, eterm
at|nacss £.004 gragrsaafmxggerr asdﬂmmm@d;byiﬁSé“MM@ﬁfbdkEB 8S§él'tl‘ﬂlost 0.003
307;  and the n haV|n

Met had C
et R SR ety AS T8 el Pradi: g ahleas bersams of residue,
asl R&ghinkd by AMINIEL6QHBISY.LT On havi ng

The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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a TAN of at nost 0.5, wherein TAN is as determ ned by
ASTM Met hod D664, weight of MCRis as determ ned by
waSModsthhod D4530, and wei ght of C5 asphal t eneCT/US2088042224

det er m ned %’IASTM Met hod D2007. In sone enbodi nents,
deteranined, RS Me%l&dd?%imdé%dthmowﬁﬁn%m%quf amost 0.5, as

dé}%%l{]}i{%gbéﬁ{qsqﬂfmdg eor conpositions according to

cru ed that: (a) has not been
t r eaThélinventionr 2da premyles dtstle kbmgosiaodhaving, pan:gmm“r&l doyhposition:

oty 0T s AL GURRPBERC . AN MetoED LS dhigass0-2 erams
@;@g%@gg@g@ﬁﬂﬁéd B?AS@MM&E%Pgﬁ@Hfa%%e &g%p SioBn b it a weight

a portion of ave: ng ran
ratiosxf M @GR tcomentte IG:;wspI@lﬂIeﬁt{E canteft a0k 1dd8a] .5 parldahé ccngposmon having

AR ettt Prigh bl A1 at P SRITTBHeCL Bt ASAN: Ssehegc e vl of

M@leoag d@%engml:g LyMRervai8abd | D@r93(§ %ﬁg %ve‘ijg]ﬁ bf C?h’§ﬁhﬁﬁenes is as
bet ween 300 OC and 400 OC at O. a, and 1 ng

dqtangnedjbssASTMlMeﬁmdﬂblﬁﬂﬁen 400 OC and 650 OC at O 101
m of .crude fee

gr an;El 1)meh X E:)rg Iﬁ%ﬁ © IRYEHRE BSUIPYY ﬁﬁg in g%a@nanon OB Sne or
meteSdfithdietls Betdpobdnd beddkdiflg IDhe MRRntiOh, QBddcTeédhal (a) has

hydr ocar bons having a boiling range di stribution

ngideorbratadn e, dedliaicand/ Oofrqcmmnalﬂaadlsmlm (b)draarempénents

d b boi,l i
i RS0 Tk SR B PR e et B Frbir ! B e fPsnsusp
cdiysbnes® hHepaam e\trid facd)gt) doﬂgarrsam;eir@haﬂsdnls Duibdreibn of which have:
bet ween 300 OC and 400 0C at 0.101 MPa, and 0.001

a b‘i’lgﬁ% ragpe ﬁ&s@ﬁl%@p telesy HA I(h@t Y (HOMPﬁr@BQIBn@@nge distribution g
b%g élilia(g}%ad ng@ﬁ% ﬂﬁq\/@g aa&qh?g'S %ﬂgg ggﬁlbgltlgng %eLMD @n 200°Cand .

at Teast
300et@at 0.1 @NVP2,3a baili2frange 4lstr!bu116n betwedn 300 ®C5nd QO() °(D aSO 101 -

Mo liummes B8 lhuERe besah AN arabs0 o 0.4 05 Mbd (@ has,
é(i:?é%ng g? Eru@e @&Qoﬁ l&fs?'@'f()Oqurﬁrﬁg 3 Nr([) \%ﬂ:c? F}gﬁngﬁ%lmelglgtrange

e feed; (1) conprises su
digtrid0tdn belaws 06r COl.t 05 0¢yVilPes 001 sguduﬁsuof peliroayrtams baviog adbelhng

AT LI eI APl

Blilisg Hge HRAUHOAbeGRBR DS e@ aRX B0 PC 6PN @1 N/mgo .001 grams
hy rocarbons; (n) one or nore alkali netal salts

ofdrydraserbens bainga hpiding cangs disreution bebwesnB0RSCiand 468 Crat 0.101

t al ts of .aci ds o
VPR 01 % of Bir e s Rl 8 A Uoflihage wfip it HirRRen 400
arﬂr@@”’@a‘c@cﬂ(ﬂ MB#(EYtias GP)AN OBt les 9. 134t le@ADL3, 8NB a range from 0.3

arsenic salt of an organic acid.ln sone enbodi ment s,

10t29e0 #rig 1 9rdhd %&f)éxa@w iatial boHingnemitvdes lerst AP@ ACaRQ. 101 MPa;
(g? ﬁm{{B r%%é %iclkgg %{5%&@9 Q;? d 25 ,C(ﬁg?a S ‘iéag ¢ (ﬁ)g)gogéﬂgé‘gf 81 Nirv/Fe

pelt graRy bNgruda flrtNG) amqarisemoﬂmo@) 1o melews 000l gretdmsr 0.05 grams of
naphtha froma crud mbodi ments, the

suﬂﬁw Beft SR odlcale feady (la é@s af lﬁaSé Qr?@ﬂ gEamnsf VPOes geanpef crude feed;
58 P gL A0S O SETRIE O 880 B L

codfEnifg hpdoearbaiisa tr)bsins ot mope alllalC metnl talisalf opé ofimote drigdic acids,
i ncl udes_t pe cr l.il

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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1

[

15 .

h ogen _source and,controlli ntacti candi t ; .
o RARA RSB (A P B ATR RIS (PnERRfc Py
© hydReafoustieef Bed gh§ ant/od (f) aligRrdsitieredt 800: nor mal cubi c

20

25

3

o

product in which the crude feed and crude product both
have a C5 asphaltenes content and a MCR content, and:

w@ a)osacswm of a crude feed C5 asphal t enes contBO/USIUA4/042224
crude feed MCR content is S, a sumof a crude product
C5 dyphmetearhedineonts, die invendioa alsourteviges dueemvpRianowite ane or

IS S, .an ont acting. condi ti.on [€ troll such. .
mork o ths Ao BRS-GBS Fel iR B Frfitibharadbiiedt s
obtAnsbl¢ b Ren@ig SMHaOndeenpoaids Hate valatkd Gk nhstithOfi6f a crude.

a MCR content of the crude product to a C5 asphaltenes

contlasemefemhpdinagniyl shesippeniion alse pravides; dhgembingianvish pae or

0. or h ) . . .
S nledul S st AL Rl Ml B L fcing
crideefes® i dsie OF mooERRslyéth srodeel Widd grdduct thet includes the crude

i nvention rogen source, in whjch the hydroge

ntion, a hyd gen
pradust apwhich thegrudeeed gad crudy pradeblth havesa Cy asphaliangs pentent and
' o }AS 4 r ; N ;

o R bt o SR 13 g P B s (BRE Ol cplde feed MCR
coatennis(®, asunhas,a drodecmotno &1s iasphalteds conenvandreoeredoprotibe MCR

nmet ho or. conpqsitions accordin o the ipnvention
CORBEhE oALORRETE FEp ot i rsaed i fﬁﬂéﬁ 85 atfppss 99% of S;
anfth REMBL SolBctRiQHGtiof klcBhtrAIAMUER A beldhE Hides aVIER

cru pr oduct erein the crude feed is contacted in a
cootent atthe egide praduchtata Csasphaltenes cantérd df the camdegfrbdimd isein a range

fagidit In.so enbodi nents, the invention al so
ff‘ﬂ?ﬁ%‘i&e%‘?» qrﬁ'3ct8 ‘nation with one or nore of the

et hpdsmelenfRaRAS IS, HRNSvaR_a afloHotifes, REcdn®iBftdnGHith 8ne or
nmet hod that conprises contacting a crude feed with one

meie oftheemethpdd grstospiogitioheagspriegioethe invgniers adiydrogen source, in

net ers of gaseous hydrogen source per cubic neter of

cr uda spaegmbedinate thainyentioRalsebronifes, 8t camfination with one or
m&%to?k%sﬁléﬂlo&sb%r ctoﬁﬁ)ogﬁ'loﬁg Ec%grcfir?%ﬁ L ifVehti A gﬁ@&ﬁ&ﬁ of coptacting a

uptake 1s controlle by varyi a partral "pressure or
cridecfeby dith@an os ooreegtal s to preducetactotd proddetabarinelpdeaakiee crude

is such that the crude product has TAN of | ess than
produgt wheten the chifg eIkl coppeikein & coniadingrape Wat igop ek cowtled to an
offigf-096NUPt ake that will cause substantial phase

separati on between the crude feed and the total

pr odusbme enibodineaty, detinvendipn tahse pseides; edcongtisatioh with one or

4 APPSRt L BB e 5 i
confaedts § 8RMe f@Dwit6nd draHbERAMIYsY iR BROGIBLOSS 4 Yasthd @28
and/ or the hydrogen source is at least Hh 1, at |east

hyt@igoden spuroe ard conteoilircontagting é9nditiqrasu¢latha (@sgatie obHd gaseous
t.he gas and/or t hydr ogen sour ce_i,s,cont roll.ed

b gouBRitBr i PR BPE BReS g PR AR BuE ates pf eascous

hydrd@Ad6urké pER BiHBtePE cradd Red@borthdiet With@HE bymSRAI he catalysts;
velocity of the gas and/or the hydrogen source is in a

(b) thegelettednato ofingdyHrogen upiake isccantreliesddyivasyiog aphdiafprsssure of
apnd/or the h en. soyrce is jin a.ra om. 1. 0-2

o BB e R il By e B RO gt o8 it hes

TAN dfes8 tifhin08%; buPthe hyato gb® ustaki s @éss tiandanf dnfMnOHf 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; (e) the liquid
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the crude feed; (i) the crude product has a H C of
70-130% of a H C of the crude feed; (j) hydrogen
wapiodkes3ioy the crude feed is at nost 80 and/ or PCTIUS2004/042224

WP Sach YElopiy e o Phel o Somist it R At | Pl lpgt 15 1, or
aPRRKUBEh NAD adhali@d] Presdint WE iR 529 BA®BE the fhyadto bR Sdur8Ocoatolled
most 50% or at nost 10% of the Ni/V/Fé content of the

duringl eorftessigng; (2) pdestachingiempersdiue is inasrangesipmp0-¥PiGe attotal liquid

@t R deho Bl Pl e B bl o8R0 G Blogt B 1 501
ah@ totA Qe setire W tHel 20l ok ki hykd e RE@0E isah atrB@peCi ot .0-20 MPa; (h)

feed; (n) the crude product has_a residue content of
aftpw gas gul/arthedpirogaesopessiigines disention thasis eomates iugi@ow of

eed: . rude tent of o
o580 15 SE R D, PYPORE PRCS e Pl e
hydeged O8fakd by te cudegesd Baninesi80aind/dien aratde faed; 8¢ B 1-50

the' -crude product has a total content of alkali
ngpalicubigapetens i hy dre cenper vubis angter qficryderfged; £k) the cpide product has a
i i 0 0' 0 r
GHRDY AT L3 Byl Sy S TP Bl e KRS comn
offifealrydei foedr€l)ahe satié prodiictdiag avilfuraonttst of170-h%0% ou d@-120% of the

f eed: P-val ye. of th d Cdur |
S&‘gﬁﬁc&e&(@%ﬁh&e on l%gf‘éigémf the 8?‘{“% ﬁoc{ﬁggﬁm}%@bgg%&% of H%d30% or
. ! . o
98-1M b%&ﬁh% 2%(%% c?ﬁﬁcelﬁ R hedrm@d feg%ﬁﬂﬁlg éuo%té)rgaeq%gh%?a Pg%l‘age content

at nost 1 € Viscosity e cru
o0 T)-188% drl90-1di0brelef the ochichie chatsnizof thdtruge faeid (o) dife crude product has

70-130% o n. AP vit he cru f eed; / or
a4 08 EoRtenter B UG ohinds T ORE O b sl Bt B o ot most 10%
oﬁ'fh%toxi 94 clterMOBthe3PMde Béd; [PShe dUe pRIdust hﬂ%stbtaﬂg%{?t%rgg)f alkali -

the T of the crude feed and/or in"a range fromO.

megal 0arg, allaling-epgh mepal, iomeyaleBlis of @ganic peids ofag most 90%, at most

BB MR oL BB R B ga i mec.n metal
of 6FFRARIatide i thr Geedeal (§) B-RElut BY eHetdrade fead, MtiRS dodth@ing, is at
lcot{rgrl ses contacti ng]pa crude feed with one or nore

8!

Py(®xt8e arde parivebhasiangscesitit #ci hy ebwdnest §R%, algmost 50%, or

o : X |
o R R DR o PSBLAC O RO PR proct hos an AP
gexytg efi 70-a8ptusida ARI greduosfdhseraole fdeds arddhe (Orthilerude product has a
Tpr oduct has %? oxyggen content. of at nost 90% of the
AT atgpo

neRsh '@ T rE”% ALRESIPEEY at g5t 2406 & A5 mognd%, of the

i h B 0
b U i
| easin amee enbpbumedtspthe itventiorgas providgsien combination with one or
co nds conprises an al kali. netal .salt. of a )
mOSF Bk PSS OF coRig S ano S SReing e thedRYRGHIAR: oA that comprises

St NG QUYL GRMRIAL BE RRrEOR n}% i iti
caI kal igne- earth netal salt rof a%g%gio%@gi (o] g?de?lé% conditions to

reubeasontenief oogapoury ge certt@ning gamipoumsyiy evhicho () ai qontegt of

SR LR SRR o S Bt e Aot ot B &t oxygen
cERbMIT allBo8f90MN 6 18 ok PskinCeoh@Rt &% thé Edudb RRAS (D Ae1eREtQHH €bmpound

has a content of non-carboxylic containing oOrganic
ot thepoganisoxyizea tontainingdosmpofindsirempoiseseninetat salt of a carboxylic acid,;

BT uE B B R Sp R RS forses n
alka@R Al isH8 o £H BRBEAR akid; [d)at ThstdRe b6RFoMd & thabRank0RYEen

napht heni ¢ acid or non-carboxylic containing organic,
containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; () at
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oxygen conpounds. In sone enbodi nents, the invention

al so provides, in conbination with one or nore of the
woreihoads1®r conpositions according to the i nvePCT/O82008042224

met hod that conprises contacting a crude feed with one

least mag eoneppad p€ the arganihpxygen cataining empbanfeesnprises a metal salt of

contact.ed .wth at |east . .qne of the catalyst t

AR TE Rt Sl 8 MRl 20 n0es o ot Pofyheh.funTigtmn 12 of the

HegiBRRIRbLY; €) i tuddiSrod0Rhash bodet @TAbA IcAMSx FiEcontaining organic

control l ed such that the first contacting tenperature

qomparndsef gt moet Pko phihecontsrtriinea-caewaiitic eeneiavtg avganic

t. ; e S ntacted with.
SRFBEEH U bl b Sl 0. % b ST BB i pppouncs
inthexcrsdcieatiotyidieg omipipakenic s drinof-caddstylid €ontaining organic

tenperature_of the first uptake condition 1s at |east
OFPECERMWRIE han the tenperature of the second uptake
condit i.QN. : C i nfacte Lt h. at .
enst ege epEbie IIRERER lsd pRRNA S aMidaiioR with one or

rfiat o tiedndifodsancampbsitord acaoslanan dhd wmaeical & hitthalat comprises
ions are control| ed such that the

t he cont acéi F‘ﬁ% cqndi t | [
PRGN FTIAG [P GV RS e AAUF 8207 Hish: GO heriqlolied is contacted
IR LA RS RA0LESE T LETREAS Bl AYALOGET:  seond
terspayeney, andkidhe dantaciingamidaons ag, coatrdllddwch deit #et firsgeontacting

condi tians ar l.sq controlled such that the crude
g5 Rulgast 00, L daverihap e o eontsSiege Bios e (b) the crude

féwads egfsted fvith h @ro?éﬂr’ gtﬁadﬁl%?ﬁiydré%eﬁ%'%eﬁ&tcgﬁdi%ﬁ Iala%lﬂ{e.}el :eelgﬁ second

and second catalys contacting of the cru
hsidggemeptake eondgmnainydsthe empesatare dfhd fimt uptrkeleonditimitis bt least 30

o Ln.the initi d duct,. h TAN of .
O UOBHE L ormEerhdlie ot ReORT wlalt WEkiotan ¢ ieings figis
cOfitaétB@ withiat lcadt oRE @ ehelaIied at @riﬂsttt&ﬁﬁéiﬁﬁ@@ﬁ)ll%%a|b¥f%¥)ntacting' ata
Cc

forms a crude product, and wherein the crude prodd
seread dempesatine, and e sontagnesiondiensar contrelind sugh thiaathe first

: i ' rformed in
SRR e KL PO, Rk DO SR g ©
hedroptragdsng ghrehtedningy onac)ing; (e) loidusienfoaet dederated during

contacted with an additjonal catalyst subsequent to
CRYRATRE: a1 tyﬁ CPHactngeoBitinpy @e akse &priselied surh thehthegrude feed
n .
RS Rl b aby ok ach R SRRLLIDGRL Alfeleadiib g it
firdt engp seeordcatalyst, anchgaitamtjeg of the coeleSfedisanithe first 0atalyst forms an

P a4 A Era g ThAAU B b OYBPT &St 0% of
tHEER AN Df BRI cr&déiesd; MR @bniaktiel ik fclltﬁﬁdqj cruldd ﬁ?@g@%ﬁ:}gé Second

generated during the contacting, e cru
cgalystalotmesia ovutléproduetgland wherain thatmidy ptoduct hake AN 9€acRost 90%

d .at, | t [ f.th ed
ofhartaiS e B il arSEShoBRE k) PaRtits S At L astacked bed
re20at; (8] ¢RehciHE b fehfmad {d Merllatdenddasadist; (It crude feed is
direction thaf i's counter to the flow of thée crude

cordeciedayidh an additionst cathlysigahsaqaendo hyuted geth the ohe dhemore catalysts;
.crude feed.i,s contacted with a vanadi catal yst. at a .

G7 PO PRSE TR D S A aiem SaT e e Sihca adis sopgpted with

a addiorsl callyé 18 BeQiteseh@BR] RidsRn sBiide MR GRM RFEINRt with the
conditions are controlled such that the first

vanadiver eatalye; (kg hydropemisigeagaiodal ovete intaange fremsle2@notmal cubic
mtg%?%)}geg?l{l%% ’?nett%e@f CIDL}/d% rf&gf r(11) ﬁ}"%‘ rogesn 1 ?ggr?errgtteg gugrlfg{ {hre]:%ontacting, the
crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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crude feed is contacted with an additional catalyst,
and the contacting conditions are controlled such that
w0 b@sadsid i onal catal yst uptakes at | east a poPCT/U82004/042224

oS5 PR E0RE: oA olld DS ke s

tRatsefavndf the gpelsdh drdérectididthbiie co@nEas tthéow @R et dr@dtSfeed and a
are controlled such that the second tenperature is at
floswn et the goneyeted hrdregens (@ithsdirndsiesd istaatacied avith avanadien catalyst

alp Bg'#tg&ﬁ%?rbtggeﬁpé}fg%?@%h&ﬁ%%g aﬁ’ Q&dlﬁfme{fgﬁﬁly@{ at aré%cond temperature,

rnventi

an@ tiochntdedhg comditiorsese ocnmtoﬁeﬂ BlliUle thatcthel bt fefﬁqﬁrwﬁehs efiast 30 °C
re catal ysts in which: t he cataléésdlsa
vl

I%W%%giﬂ% &g S&%qnéltsﬂgPera%e Kwygﬂwaraas @c&?ﬂ?n ugipg ppfacting, the
cBide! dﬂ%@d isbhfabia @Jﬂlﬁ"ﬂngﬁdltfo'nﬁla&'téf%%t gefs(? . Eee c eo{c‘ﬁﬁg b;ﬂﬁ@ﬂons are

oXil magnesi um oxi or m xt

coaﬂra]ﬂeﬁsiuch thaatlewdgitioha cbatadytsh biytakesan deabteepatippof the Igfenerated
met.h f.urt her c nprises_an additjona

rous th d
Itogﬁw f% 49) the €0e rodyia SHbSpqueaTTE goniacted Vhy3e ragtillﬁlp@al catalyst at
a2BORI téﬁ@elgfﬁr@ ah@khel &n?a\%luflg‘ Ed)rﬁ@ﬁdrﬁr&re &cg))croﬁeél klfc‘ﬁ R4t AL second
| east one of the catalysts is at |east
templraturg i pt kastll8ASE. one of the catalysts |s |n a fixed
bed or slurr cru e feed. Ln sone .. . .
o rbodt HEE EmbEfimeRis, B ifsttSn a6 Bioyidsad Coppination with one or

SR MRth@Rod &Qoﬁﬁ@sﬂéns‘ﬂ%@rdﬁfg th 18 ARERRASa }lethod that comprises
conpositions according to the invention, .a nmethod that

centapiiissieerudofred stthmne®r orare eathlystd ipivtehotae ﬂmcatabm isa: supported

L f.th t t
S T S L A g R
zﬁa@rahmsixm nlaphdsiui® bailde Catnaikieés thé@bf; GPYRE b@c@ls/sm@ sQfSported
nore netals from Colums 5-10 of the Periodic Tab

celabysbandthe sIRPSHPHDNIAYS; &) Baaeghodfprtherpomprises admﬁdltlonal catalyst
tl%ﬁ %H%n@l{:%f)%q%{edtawg 185 dr Ak %bE@?hG o® Fn at?t }‘Hf&&%atlon (d) a life of

ramo cata
a0le@QOhe gf ﬂmzatafystsm; @t 106¥D 0- Oy ear; @héafos (e) af lehstme Of Heleathlydts is in a
]%rﬁ?gs or m)re ‘?‘F{aals from Col uims 5-10 of the
fizg %I?rcSh’FélB i thgcEdsfesthr e conpounds of one or nore

net alyp S(frﬁé’@ﬁq%’chﬂl'gﬂt% tﬁe 1eRiiod N80 PRVIRE!iG cJRBI n%tloni? tith one or

m xtures thereof; (c) conprises gne or’ nore met
nfare of Ge matimsls @ ﬂ;&npcbsﬂudfrs aPenriingite theabVentionyremethodulize comprises

oFHARBEA G Lo i 8 OmB Pt FioRE CAESb A RgHone (4 he B s
?@%n@a ARS8t JFRL IS mkfa0 UAtQ%tLHﬁHSthJ subBoféd éd@ﬁyﬁ%& 'bQHG ffetal

one or nore corrpoun s of oné or nore’ netal
ctakysi: @Icgmpgsezs ohg opmorthmetdy fromi Columhs i»lO@f thei BdrlodE:sTable one

i i A AR s P e T
nﬁﬁ&ﬁés&hérémmb;ﬂ?@ﬁgrm falyshert Rast 0ebioa g-lr_ﬁ)ﬁé Fron? 0@_09[ -0.6

nore conpounds of one or nore netals from Col'ums
gesms; pefrearQ. (U@ 3 eamseof: one orimengmegals iiome@elums )5-10 of the Periodic

ls f
55505 B T e RBP4 e
Table abrani0ees 1Gelebfiie) confpridés drieeor Bedrt afbtls okl ColuMhs 6-10 of the

m xtures thereof; (g) conprises one or nore netals
Perieslie Eablarpner gfore pemprynids af encrershere mesiels SommGelgmns 6-10 of the

PERSRE ?Qﬂé & &Hﬁes(meﬂggf ?d)n%hﬂblrﬁesf 5n%r8r%ocl>rg %ta?s ﬁrom &]c?lumns 7-10

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

of the Periodic Table, or mixtures thereof; (e) has, per gram of catalyst, from 0.0001-0.6
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Periodic Table, or m xtures thereof; (h) has, per gram
of catalyst, at |east 0.0001 grans, from 0.0001-0.6
w@e@swe63do 001- 0. 3 grans, 0.005-0.1 granms, or OPOLUS2008042224

grans of: one or pore netals fromColum 5 of the =
grames grd U -6ra 1grasns ofn engypr preanetals i §elupmson k0 e thededodic
Tagl%t e or&ﬁ@?c%@?% %)fgﬁe b oSk A fFon] @%lhﬁnnsof- 0 of the Periodic
mXtures there (9 conpri ses one or nore ne al’s
TaBlépcm ahdtwsnthereof; (Hhrenfpeiseéoaiccor Tadk enetam oar Cotamas 5-6 of the

PessoRb Japie: THRATTROrS CORPRTISER OphaF BOFS MERls 1ofs Cofipnes g ef the
Pelgg%gg‘agfey&tmlﬁﬁrgméxgregggé T & r@é@ﬁﬁe oOmBRn8ard fﬂﬁﬁ@%h]lmn 5 of

1 grans, ans of one or nore neta
thef Repivd{colabbe) obe of mbt'aecoﬂqmundls of dimbrrenore metas fromr@olumn 5 of the
conp ds of . one nmetals from Col] um, 6 of e
et JaPle, B ETCDeHPR GBS DGR ED ! SRRY e Brgr Q0005 geems,
frof 0.086 R0 ZELALS L4200, 584 010591 ERgsPsr d. @ﬂb@f&@%?of one or
one or nore conpounds of 6ne or nbre netals from
moBoinetals ftOmdToluha SR thokkirmodiabibde,-one oninoreicaspdunds ebdne or more

as, er of ¢ t, from0.0001-0.6 grans or
el B R & Tag PertRh G it G520 0 EolpR 8% or
mdé rehis E@ﬂh' @&h&n BTl PARMRIOTaHI®) (R 0 FRRUEHSp R d 9B or more
nmore netals from Colunm 10 of the Periodic abl e, or

metal frameSolumarteefithe Perjoddo e, snivamesdhensyl; G das pehgnem of

cafRRRROREL o B ogf . ek DB B 08 ggps of

 on&bXinbFeapetaREF£O Tolun®) 6 601HRIPesi68icCRBR, bne GNBoRIcOfPoands of one

conmpounds of cobalt, or m xtures thereof

or BepIEssiomn |%a@ﬁémf therRerigdicrimnbie, @bﬁbﬁmgﬁ%ﬁ (k) comprises

onégg{ %Pge:rp%r dm Fo g? w 8@%1‘ tjﬂrg ggnggdol? G[gﬂ)lem&‘ga’ (68@&8 %&ﬁgbﬁ’ﬁds of one

or fifore MBlajsfiian l(millurﬁlm @0 of thmPreﬁoﬂmlT)albtée orumixerp tieras;, (1)dias, per -
conpri ses sten, one or nore

m xtures thereof;
gr%ﬂ%@wa@ BomO.0pd e Qa%] gragys %%%r@g ey Popre qranong pactals from
Coﬂﬁﬁn 96 8PRipehnliR mible; odd @ Th&re B4k gugﬁs é%ﬂg oPfnore metals from
tungsten, one or nore tungsten c nrpoun or m xtures
Cotunen ¢00f th@tlﬁerlodmﬁrabkaesr roixgures themo€ (metcamprifesornm@tlmgrone or
6 of the Pe¥|od|c Tabl e an nmet al.s. from

s FOTRROUTSS G VR OF G Erer ARTTE0tS RGP BPHORHCKRbIogF ot more

coﬂlﬁéﬁrﬁls of nicﬁ@l @ﬂnﬂ&ﬁei@mf@%‘f Ab) ESnpliRs @é’&dl'ﬂn@oﬂﬁbﬁ' cobhounds of
from1lto 5; (U n‘prlses one or m)reeemsnts from

colt@dl, armmixtsres therdnd; @ém)mﬁmsﬁs Tegdytelenomeons orrmaere commpmdsdﬁ

PR iR e LEPRM et R ot o (703 Yo o

frofP0.803911, %rﬁulh@ﬁf QudlOBRAuR), e G BT rBdlybMEmContPdads, or mixtures
el enents Trom Col uim 15 of the Periodic Tabl e, one or

thergof e(renmpRIigs SIngste e OF Mese @or@p@wéﬁ pEungHPR, Ob mixiwHres thereof;
[-E,

(s)%% 5 é)&& gr%brg gfr ég?agrs? fI%’LO%O(lJ ?n%a l{)f t?l %ho 58 % (r)ruréﬂl)\@e tungsten

corﬁ}:@ﬂﬂd”saﬁr rhix@iredthereof Xt) Iaampﬁsesmne tor thole @e&l&fr@ﬁ Caihmh@é of the

um na per gram of cata and/or@é}k/l) has at | eas

Pegodic dphlgeng pne ﬁ@maredn@rﬁlis Ep ugin e off the Rerdodie ablpnwherem the
I [

mol 1 n%@o%ﬂ%%*%hféﬁé?&é%r@glﬁﬁn?ﬁ%&%%ﬁ% AR5 ) comprises

on€ 6O dieraags fosoCelumg 15@f tieePdrivdaTdbdd) ona oﬂmbfmamqfounds of
form ng a catal yst conprising conbining a sup

ong pemgie slempentnEeny Golpmnsls rq%tkgg%qgw%ﬁ’{q%pamlxtures thereof (v) has,

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

of the Periodic Table, one or more compounds of one or more elements from Column 15
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m xture, wherein the support conprises theta al um na
and heat treating the theta al um na support/netal

wOoRs06@1@t  a tenperature of at |east 400 0C, BOTUS2004/042224

further conprising conbi ni ng the support/ netal
ofvihg Periedigi Tiahlenar @itxtur@s ﬂ@mfa(“ﬁavbpaohoam o o1 peNerfgPeBnds of

- (b
BB miS R B (DS Pt OF el Y Bl Per gram of
c4t8lysts bhd/on (v ?hﬁ@aﬂl&ﬁt 0 3loMSbf thétd aRORBa pEb@dEthglyst.he
i nvention a rOV|des in conbination with one or

or o Infomanhedtiments, (e invsRpesalee BieyidesdBcambinaian Pt one or
o b R B RO 65y GG AR BB o

c&al?y@t dﬂ)hﬁirfsiﬂguiohﬂﬂmﬁé adtippogasith oneonhotehaetaltiafyrat Ssupport/metal
has: a nedi an pore dianeter of at ]Jeast 60

t
migHEs, v@gre,m thgsuppayseompsenthealyame a a}g\’greaéi(ngﬁb%@}pta alumina

s brine B30 It R 90 Cp B B g @
c@dbinipOhé\suplBor/1h el hixtrd GvilD0atéy to(fbrrﬁ@ pﬁﬁlﬁ ad ekbpdiap the paste;
| east 60% of the total nunper of pores have a pore
obuniag thath R MDA Seging Hurminh AL & GrReFAivRe b gast 800 °C;
urface area of at |east 60 n2/g,
alg(fg&le%cgbﬂﬁg&%r%th&,% ?Stlseast 100 n2/g, at |least 120n2/g,
at Iﬁasﬂnd&ﬁbmﬁﬁgnmameheashmﬂﬂ@)pﬁwgksdncanmheaenwmmwneor

n2/ g, .and/or, (d) a total vol yne of, al f the of )
nifye (EimE pitiags b ko no s atErine A edyertiop: 4 GBPGRy Lomprises
c&ﬁy&mtg%rcrﬁ&e 8@ %ith®né of HfoVQcatél9st§ Qﬁﬁvkﬁ’émg;pm& ,di$thBution of at
I nvention al so provides, in cofbinati on w one or

leastraneof thetmatatpsthbass (adla m..@mqmmr@ Hismetesof ot lghsi §0tdo at lpest 90 A, at
lqag @%vé"taﬁ 1e(§ﬁt f@t}]ﬁg Il,eas C%,rn%% ﬁe&%ﬁg}oglgytst?éoslt 5% %ﬁg rﬁgset‘ 500 A, or |

it @&ngélﬂ’@ﬁf% 18@)& COOPA0 g@&(ﬁh}ﬂn&nmo 850 Ac a80- 500 A, 230-500 A; or
ilica-alumn i tani um oxi de, zirconium oxid

, 69@@9&.(%%@@%@0% @f thej tSl"tahWE@bfthé Patss hayhpese di@éﬁt?ft‘é“hm 45 A, .

?1 of %TW f %%r%—?d}%&le H gég{lrf%c%gﬁ'@ar (gfI r?g Tgogtaﬁo 1%_1m% at least

96|mffg a’al,eas(td})O et s, a‘plfeastgﬂam ig‘ aslepgp 60 m ég, at eas 200 rré/g, or at least

t | t t het I
2380 S8R o S et TRt a0
cfnh/g aléiﬁvmlsre@g%rmlé&s%@ dppgg eof ; (f) has at nost 0.1

a'Al'um na per gram of support. In sonme
enboifh somind smbd)dlmentsvthﬂ invential aso prowidesias coinhination with one or

RGBS TG B OB SIS AR REInE A0 B PGRToR. &/ Brer i comprises
cGﬁE&ln}éSat cridi@feed Gath A8 %r %o?@i@p%@c?ca%l?% 1R Whi NthWsigpod: (a)

medi an pore di ameter of at |east 60 A' (b) conpri sesa
csmppwtalumm& siliqapgitica-glompra, Stangin heide, ZilcamumaoXide anaghesium

dj di st ri but
X BB Griiik eBFon el R ofufesienady blufind bidhybeta
amﬂﬁn@ r(c)rﬁars SpdiBiah Sf uppoi GRllHN0.6 ofimd SxaReha Sdingna; (d) has, per

e, ‘'one or nore conpounds of one or nore metal g
gfarronf @@pqurat deast 0.8 Igeanmegriap tiast OTaptams o ithetd sluoniess; (€) comprises

and/ or h er. caft a
oligefrn g griatn e Bina Bk P AuRa Y Bedfhprestign bas o
st 0.M@rdney bodpla alakl.pep f sippdt.conpounds of one or
nor e rretalsfromCqurm of the Periodic o )
In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a vanadium catalyst that:

(a) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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Tabl e, or m xtures thereof. In sonme enbodi nents, the
i nvention also provides, in conbination with one or
wor0s/06f316 he nmet hods or conpositions accor di ngPCDUS1ve4/042224

0P 5 sorPgfca T RnEs g sl At eI AYS: Pphpore size
distHbutidh Wit a nfdlandord@oetes Q@thga%t 21 i@c)@on{p?ﬁesa&i@dr more

metal, and al kal i ne-earth net al in netal
metals fitos Gelugn pef thg Parindit T@bl@d@moﬂmcwpnl@oyln@tofms br more

s of Ni/ V{_ Ee.. ram of cr de product;
e ooy Sy So e Friifal S @R teboRrBi/E @ ias. ver gram
oFlcatdByst, of least 0l0®aSiraR 8 6f: @he bhﬁofeﬂh@t’ahﬁ?oﬁn PRYurlh 8 ¥ &fe Periodic
crude product In some enbodi nents, the invention al so
%bkw paRer Ml comrsnnds ofamewr miorometady from Golemn 6o the Periodic
hglolgmgﬁregﬁ{gg q%l tions according to the invention,

ne’ or ror netal salts of one or nobre organic

aCI ddn seme e@bodibiedtspttedhientior alsb Provided! inSdhibinAfonith one or
or ngre organi c acids, or mxtures thereof in which:
QY of fhe|I@eég@ds(gai@ogmomﬁgnsaqq@qumgﬁgtﬂaq wvenrfiqn;, @ grugmproduct that has:
b t S of At
AR 90 SPPRASE| PO S8 0 b0 PAST 20058 S 0
neosb 00DO@IN gramb bEtheralienhitnetal, ah&ﬂkaﬂtr@veaﬁtﬁsmetaln in metal salts of organic
conmbi nation. with one or_ nore of the net hods or

EGRBESFEMIR STudeqBPdHctig o} & Tease 00U e of ANEE e Ber gramtof crude
| [ fi 0
TR A0S (O UAR: (B Cefht o RS 0 01 BRRD0 IReSt ope of he
ceﬂalmsppr gltaumfcmdtﬁepmémhod further corrprl si ng: (a)
combi ni n rude product, with crude that is the
e Tyt i Bodinenp, Bk tveatioy it pRwkls 5 cpBpiRsoB e o
n¥d#t badkendiddstor @G&B&flﬁbﬁk%cc&ﬁ Go R 1H{féiﬁlo}1h§neccgrqg@re alkali-metal
product with a crude t is the sane or fferent
stlisoofonh er Brotrierghiie @cnd@, Cfmmnrnmrcbalkﬂlmesmrﬁ]ahetel fadts of one or more

A
sbditim, mt%1ufm ra@d /@i ﬁ?l at leastnk bR el MO Fine 286 BRIV rﬂ&neswm or

transportati on fuel fromat |east one of the
clcdin| | ate fractions. In sone enbodinents, the

i nvent | RN [ A C Q

v Lk ARGRERN! 8T o PATPRASHA S M A0 Bl e o
mony efihe meihcﬁls $>tl D@ﬁpés@@or&&bﬁir&ﬁl@ t€ (iFAGdntioA tbtkbd tHakomprises
has at ranms or at | east 0.5 granms of theta

contagHng L %gfg fﬁ?%ﬁ’l‘ fong Qb BI9Fe cate‘(lﬁgts @dﬁﬁdq@@sto@ép{oguct that includes
a%hi&@gﬂgﬂu'cp R VRe B PRHHer Célﬁ r1§ﬁ’% (Q)Ic Eﬂ:?ltllﬁg e &ﬁg{ﬁroﬁ&ct with a

ufi na per gram o
cnhds thait buhée samenot dlffarerreﬂomrthepmuée fhedmaefceﬁmf blahd baable for

trgﬁlsggft‘mgga) i %}3} & @F%Qild%ﬂ)é tyylt ggﬁtgi}%rde%rlg fgptsglglggg dlefferent
fiBm/the GRIIE feddftd f}A5a BleRd GhiBOHR BF RBatRfenflaciiBaS t((é)ﬁifpac@i%fi&mg the

or at least 90 n2/g; (g) conprises one or no
cfude mO(d@tiu mﬂor?(dl ﬁactionahag Percroliprodizbingo onner morerdistidlate

| s f Col
AR e e e T o i o E Gk ofe O1(hs dieige fsations
one B sofy énbBlidbsts, thOMvERtdi s opr8¥idtd e E&ﬁblﬂgﬁﬁ with one or

Tabl e, one or nore conpounds of ‘one or nore net
moreeh e Metheds ongomprsitizes acwirding &bihe imvention, xtsupparted catalyst

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

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

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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thereof; (i) has, per gramof catalyst, from
0. 0001-0.6 grans or from0.001-0.3 grans of: one or
woes/0&siunm 5 nmetal s, one or nore Col um 5 nePEl/usS2004/042224

conmpounds, or mixtures thereof; (j) conprises one or
oftrleash23 G s(e) hama Bk vehme: of the perepef therore Stahdlistributien of at least

0ron S RO 28528 (PR OhurlRh el of ALRat PO TS b dleat 00 g

gg%bm?h@éﬁl Ak 08 #oad Hetals fr6@TIuRR91-10.08 1Y Pt d® TAD1&Whne or more
grans of: one or nore Colum 6 netals, one

CERPormde ot:@mqr?mn@e mesttal froahpelyrds 7- B ofithg Periedic Thklecwfmixtures
th(ejgoi,g(lﬂg nérﬁ@r‘?sey 8h gllr rég}etlﬁée}?desfﬁ ;rﬁrpr nﬁn%g%fﬁlgg%n%w Table, one or

mioed SdIGEITMAES ofdiR c@rmcﬁ‘e ixéet£lo fomuO6lamafs mhefbéi@dﬁidﬁm‘ablé or mixtures
m Xt ures thereof; n conprlses tungsten, one or

theeopdiins. nor gt%g&%@éﬂystoﬁr% 04001 56 RSB firong Gy01- 03 grams of:
I I

RS B CRBPS AR by SORR, b
thepeo€; (Hasoppisetsorefor Mtk ﬁie,talmfrom Qolumas dfltke Badodit MalsieGhe or

enbodi nents, the inventiqn provides, in . .
MOBHEATRRAUNSROLANEIPT R Fpet ﬁﬁfr olpa é@éﬁ%ﬂ%ﬂ%ﬂw Table, or mixtures

0 vV

th%%gg} itiésoﬁér %‘&ﬁ%@ gét?%ftt ﬁ‘o&srthOrO;lN@ g?'réah?s %lgfé&ﬁl@fj(ﬁ)l-o 3 grams of:
ompatmereF olahn Gmsdtald,. e cvmat Cobsin O niktal Chnpbasls, premixtures

an f conposi tlctiu at least 0.001 r 04. .
th%w c@a‘“‘PHI?ﬁ‘éewaPﬁ 14iny, 8§ P%OI%FI?&E’OHP VBB? 3R PeRdwis
th%x"_%o@%rﬁ '%&n%ﬁ%s%l%déﬁuﬁp lanéfglamofbt cdn%ﬁhd@oﬁﬁélygﬂéﬁﬁa or mixtures

|'east 0.005 grams, or at |east 0.01 grams oOf
thqmif dohccmmssewmgstan,melom nrgm aqugpoujxds of ubgstem or bekweesthereof;
and

I
: (Oé fgwgrlgefs Cﬁ %% SRS %lgllgge Wnil@]ougd%%ﬁ cfobﬁ]é a(%ré]i)]leﬁlres t?)ereofl and/or (p)

céthsdidel hmkaoando(ﬁtlﬂ@%o ulds ERMECKEROr Q&t@ies@h&@& MPa;

(c) has at | east 0.0005 grans of basi c ni trogen per
- gr amtofomeomphesiimenss the dyerizon alyeprogidaminorabinpidy} with ane or

m%{‘et J)fe[ﬁg Ineﬁiogg) 9&1’ c%’n?g%'%lt s a&ior&ﬁg % 8%\8%{018‘1?% c%de a}losmon that: .

rogen; and as a grans o

(a) bhod TAN:(kfeIt nstl] \aanpet UF) fenosg0 3okt nt3tPAs(H) lham .pet fram of
some enbodi nents, the i nvent| on al so provides, in
cQuppAsitioR: fideashP OR1 srensf hygrasatbons wél lﬁéaorIakgsra@ge distribution

b&%@f’% 5(5 QBP2 “(95tcb F@l dlg% tg’[qedsmf 961 f Qtllgﬁslt'@%OS I;% dams or at

conposli tion t at inc one or m)r sts
leatt 0L Hagrams nEhydrodaniBonsatit ¥ boising (ealge Ida;mlmtlpn Ibetvmen €60 °C and 320

[ i b di f
¢ eSO e bt O Bpbeant DR BP B ohOR yih Bottigrrmee
dl%’l‘b%ﬁ@n &tw@:&%m nd 45-A 3D, 1 Wb a{é?ﬁasaat L] @OO(Boérﬁms of

dianeter of at least 90 A, with greater than 60% of
bashenitrogen pen griveof @impesites; (A hag @epgnam Qf cmnp051t10n at least 0.001

a6 ety Ot At Bl et (¢ et il Do el of ot
nick&P 2kt FLQRAPA pé}tgrhﬁ%?'éoﬂaggmﬁbﬂg at least 120 mlg, or
at least 220 m1g; (d) conprises a support; and the

s u p pharaonmnhqdmta Itlmmmmemlosu aIISIOQHQWQI:SL imcepnabinationawith one or

AR SRR R e R NRA el Sgmaosiion o
inbRIdEs oWt & nork CalySia] NS 1Gastldhe ¥t thd \@utdPRAd: Q&II lfas hRlesize

one or nore CcCoO ounds of one or nore netals form
digipibutiers with tie mediamporpalidnertercofratdeast 1 &) Anatymest 680 A, and/or in a

rangé:“ frg&f% {g& ACWMOS Sl PN OOA (IIT)? hé&sd mec?ian pore diameter of at least 90

A, with greater than 60% of the total number of pores in the pore size distribution having a
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fromColum 5 of the Periodic Table, one or nore
conpounds of one or nore netals from Colum 5 of the

w@eoos06izco Tabl e or m xtures thereof; (g) has, PEEUSTOAM2224
of catalyst, Iea t O 0001 gra one or

PO@Gil@mﬁtelsWﬁhltnaﬂ 5 Pé leom Borﬁ@eaémet%r@ @@amurface

areg; £ 2 rl%ﬁ ng VEG%%%S’C 1 er | %}%Eﬁ? 296 ﬁlzg gll)Q:r ﬁqlp?ﬁésaé Support;

and ﬂimppkﬁs c@hprisee almmina rsﬂlcamhctasalﬁmam, Ghivm oGidef zitcheium oxide,

gpeu e b, a4 GRSl S S B At o
CotBhi 3 16 Oﬁﬁké}*eﬁodle N&LRY oADEEMSR! doMibofinded Rhne 60 M@H{é%els form

or mXxtures thereof; (]) conprises ‘one or nore netals
Colurm £00 uﬁﬂlejl{enoﬂwﬂhtbleper modines Tentod; (fperenmisesroneor more metals

fro%g e ndg erg{yr: ert c?lc qgglpﬁelgeggr?hérpggggoco /ogrrc])n% % glforet rrr]letals from
Coh8R5Io3 8% Fé?f%d&erW 6r RIaIRS ttl’f‘er&ﬁo@) Gad %@Fgr&& K cataliRit, at least
Peri odi c Tabl e, one or nore conpounds of one or nore

0.090& e soff pumeGobIerEplusn Gfmethls, ¢erdranire thm1e5 metgrcompounds,

.n furth nb
or Py SR L GHBBLTSRE & B1onS RE HOGG SRR Gy T Periodic
TabRNMPh GG e lcBmBaddirog Bné bORLA! Metalseidin Toleht § o8 theltgiodic
i nvention. For exanple, features from one enbodi ment

Tabre, om@mtweﬂxerqfn(l}ﬂw b caniof aetalysl at heapteaPQftlegrame @ one or

Bl B RSl SPRRRLR T A0 MR BB ot

coﬁh@ﬁsésmé ST okemetal s T @hn 10 loﬂ tHele'nb&fc Tibteg dhdrenhsre
addi ti onal features nmay be added to the s E)em fic

comppetisied pie oxfastrmeialy fraan EohmBR) eHthpPsiedipFabie, ofmintyres
th O A ap@gyﬁﬁéﬁ&ﬁm I)r hbe e@{rﬁéﬁyh rtg(ﬁﬁltnhqg va%l# Peﬁlodlc Table,

to those ski e art
onbengioid canfipduhds ffdre@ninige dietrentsetbrd €atunpl § ofithaPdriagioTable, .
reference to the acconpanying drawi ngs in which: FIG
or pixtyres tgeRdnat i ¢ of an enbodi ment of a contacting

SYStRMrttel ERbodifeRROredRird fford %P%gﬁzé 6o @RI BO B nSion may

of contacting systens that inc two contacting
be zombmeBE NS, feRAres fbn8&har enbatimsts iof theghvantibod F oreexampdd,

ontacting systens t ncl.ude three contacti
fecfa B5t e o of e RS Focy PR Bftuges from any
of BRRAR&tHOdZEHEs. | N conbi nation with a contacting

system FIG 5 is a schematic of an enbodi nent of a

bl e further embodimensnesbdapioductpprerpbiaiaane b anshef thy stethads and

schematic of an enbodi nent of a

FLG .6 .
Sy%?fﬁ%fl?%lflﬁ%cﬂher?ma separation zone, a

In further embodiments, additional features may be added to the specific
embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

include two contacting zones.
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contacting system and a blending zone. FIG 7 is a
tabul ati on of representative properties of crude feed

wa@p@sosasde product for an enmbodi ment of cont acPCTyS10h€042224

crude feed with three catalysts. FIG 8 is a graphica

r epr 646Gt 4 beh 3Brarqishgmeties ofreTbagEnerieiof epinsiing aysiems that

.Ver I . for an enbodi nent of contacting
l%lﬁi%fegﬁﬁe g@gltgg%f%mz({n%gone or nore catalysts. FIG 9 is a

t abulFaGi i Décheapti €skeat ahbodimpitafarsepastiaf zone it eorhbi@ation with a
and crude product for an enbodi nent of contacting the
ceplgeftnF We@™Mi th two catal ysts. FIG 10 is another

t abulgti d ' id 4 : .
and. G oy S AR O 2 e onE i Htnb fiftn with o
contacktngfsys@mai t h two catal ysts. FIG 11 is a tabul ation

of crude feed_ and.crude products for enbodi nts of.
cont A6¥i AF LshgRatc SbodpgROf e @ﬁpnggﬁatrwﬂon zone,

cSisLt sehE%n&gbkﬁd%ngﬂﬁhica| representation of :
P e “of d a

-va crude products versus run tinme for
enbodil@enissa ebuletort aftiepresentativderémedess ofictureffeed and crude product

L SR e e P2
ver susGr 8ty 4 &aBhib Qe ERAMIOR BF FeRhtOeAGE bRY te%fﬁé%lirder versus

feeds with four different catalyst systens. '
l¢ngthaofgma pin apedmbasimenieri cantheiingshe erde deed withhomenr, more catalysts.

vor < 20r it 4 RO oD RBETMENE o8ty Subleie it e procuct

foredbdditieft@f Costhdting B truaa bl Weth SySERilpsts.FI G 15 1's
a graphical representation of change in APl gravity of

cr ud&1@r BHisengthoeiabylgtion of nepieperftaiveanprratiopeaitcsudsifeed and crude

r eﬁr esentation
oxy g@hGchiniserthbul stipr efswit feed ael ghide pedeanicz@mbodiments of
crude products versus run tinme for enbodi nents of
CRBASIHIE G TP ArIEtth SR SINGTEN PBLSt BSIREY ent cat al yst
syst : i {ahuligt Lep. r S ' .
o el LG el AR08 e 1 Ao e
femdndebdimeerts oHéontawhing ctuida deddk evitbr fodediffesadt vatsllisteastaiy.st

syst at include various apounts of a nolybdenu
oot aryat e S G ndioh Sore! Nyfroen adkey iae eds versus

&Y §h8 TN bddRaLME6f SonYRARE bt $aldR WIS foP@fRrent catalyst systems. "
nol ybdenuni vanadi um cat al yst, and with gl ass beads:

FI G FIG. 1&isa grathidadrépoesenthtipn ofxesitliie sordéntcexpuessddeipdveight
C

e EEs T FRER BB SRl EER T bl & ol 08 feeas

wiguolydiseRaecaayasitt@s. FIG 19 is a tabul ation of
properties of crude feeds and crude products for

embodilGehit is agrraphieel spresagfaiendichrageln AP grayifoefsrude products
Vgr%l% RBHNIsd RIRSA RN SSF contacting the crude feed with four different catalyst

systems.

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

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

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
wensasasent s t hereof are shown by way of exanpPer/us2obires2224

BGRYHER SHBEGTE R e dh Rl RFe OB PRt fay®s SV elss

bedg@scription thereto are not intended to limt the
invention to the particular formdisclosed, but on the

contkI&x §§ is hiebitlation of prapérsies of audesfeed pnd emd prosacts Gors,

I I f | h
enfibitnt T B SRt l shEk e Wib.diBlos e MibBhil ol Mist8 gt houty
S scl ai ns. DETAI LEDDESCRI PTION Certain
enmbodi nents of the inventions are described herein in

nor &16ed %ig a tawaﬁ@n obprapeEpeetrradasteads andegudesprodrdtolis
T
e} of &nffsfing SRS A\t QPR TRALIASBRE (o o

0C (Wﬁll@ﬁ))e inAftiog ﬁsawséapnb& tanaﬂ@IsaﬁmmeﬂldiM af®aMrnative forms,
Met.hod D6822. Atonic dro gen percent age and atom c
SPEGfif %ba@rr@@mtb@réowe ﬁl‘\r{févrt Yiay peetrnel i the degwiges. The

BB S DA D ATV, B e

detaigion phicveto ate na@ritiendedttbéindt thel énventiohat thapartidglar form disclosed,
detern ned by ASTM Mt hod D53]i unl ess ot herw se
bufam fhesoatraryy the inteptioq i dnegver o 1"}9‘1# 1gaHons ARV alents and pligrnatives

falgﬁg g@%ﬁg{ehg% §n E‘\%dr M‘%Iéb %ﬁ %hé: pgzésggglﬂba{ {d %%%eg(ﬁé& ﬁ—‘yfhf a?pe@ﬁed

cliimgers to one or nore netals of Columm X of the
riodi r one or nore conpounds of one or
Dﬁiéip ﬁgﬁéﬁhﬁgﬁfﬁﬁP X of the Periodic Table, in
whi QferiCQRbRERORESE i iRvenabi e Hé‘ﬁﬁ%éd héRn ; l%%fe |d§ta11 Terms
1-12) of the Periodic Table. For exanple, "Col

usnéhgbl@ﬂ@dfrfé%rdsf@bw@ne or nore metal s from CoI urm 6

one. BTy e T A P bRt B PRl DG ¢

Tabl“@\P] 'gfplityMiefersed aPeatd/ay at [RH ecg60 OFPU@PI ra 8 as
el enrents of Colum X o? t he Peri odic Tabl e, (%ng%r one

defrmipse &Y onpduMerhodPo8A% or nore el enents of Col um X
f
1 04 L S O B0 PRI A8y

thdantieproBoct aeaasﬂﬂtﬁmlnﬂﬂwﬂﬁmﬁ\/leﬂﬁﬁ&)ﬂ:zm) refers to

one or._. nore ele Col unm 15 of the Periodic
TablBollingegge di 8?1%@&%&%&%% they totsh graductypdgor the crude

pr&hRIRR ta? d«f:tEﬂﬂ?ng@ b%’ STV Methdd 185 ﬁp/r s %th-g?@{sg elnﬂo{leﬁl

scope O hi s appl i cation, wel g a neta rom
Per i“64d lasph'ﬁhbliee” rakexs gthasphﬁltemes:tbnpam mesobfbl@innpehtdne f Coa3phaltenes

t he Peri, odi c;T el ement fromthe
COBSRS i§ 4% ge ?%‘E}P‘é E%EWB%{%&%%@O@%M of an el enent
fr omchRenPRIQHIS” T8k 8o bife Gah&lRA Y 088 olk X of the Periodic

Table and/or one or more compounds of one or more metals of Column X of the Periodic

-

Table, in which X corresponds to a column nmumber (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

33



10

15

20

25

30

wei ght of nmetal or the weight of elenment. For exanple,
if 0.1 grans of Mbg 3 is used per gram of catalyst,
wo b@soedscul at ed wei ght of the nol ybdenum net al P€TIUS1064/042224
catalyst is 0.067 grans per gram of catal yst
et Table e WBicho Eaeiendiip A lem oHpbdRt oyl 1518)o

t}bei,ulp zfo(rslfct ”gaebﬁep ex?@egg(g(zlgg@g&eeléxﬁgnqg ?errgag e or rpore ‘elements
e thmﬂﬁﬁlmhélgeﬂ&ﬁé gdble ﬁnd/ﬂﬁoﬁ@étﬁhoﬂ&%bﬁi@buﬁﬁs dﬂ”dﬁe or more
substrate. refers to parts per mIIion by

emegtﬂfrom@ouu@n E@éﬂ?ﬁe&eﬂp disrfs@leet m xture" refers to
h .
br ocdu e oe tthis EPPHAGHR, WAEnCatihotat ndl i Meriodic Table, weight

o @ icbmPguridedtgam et 1inhid Pmodnewmanwﬁglﬁ ofGn elniEnd E)arrﬁﬂhd Periodic
343 0C (650 OF) at 0.101 MPa. Distillate content is
Tableeptiveight ofyt cRBIPOLIVE phaRielemgpATom fhe Reriodicofable isesplculated as the

, an 0
QM o SREAR P, S SUpEoR R BRH RIS, b s por
gmmbﬁtﬁtalyﬁ ths caieﬁlefemwmglhtbxi tARShMyhdnuadsme BB BHthe oatalyst is 0.067

oxygen, ?2 for total nltrogen and D4294 for
260 R grany gt ¢atalgstsi ¢ nitrogen” refers to nitrogen

Cpn'p@@Bgt%lztﬁ E‘@Fe 1B Red %ﬁ?oiﬂj C(Jngﬁﬁeﬁtriﬂﬁ sﬂgstra%blcexaéné)ée, a crude

nitrogen I's as determn by ASTM Met hod
féddywlt@@qmodmﬂm @ 'crudefpeoduct)expyedsedgs iweight dvaotiomor weight percentage

d d/or, c t hat, when t he rese fo.
v SRopBe 1ol vty S MB LE G o VS reles (g g milion By weight,
hydr G’leetfged%fﬂl) 9%8?1@(:@&11}&&%1’ RFeiS kAR rhiRBfle tHt BUAAQOBR catalyst
source may include, but is not limted to,

duying prosessmgs (for exanple, G to C4 hydrocarbons such

-t P REe FUBR 6 o RGERBR% vk PR sl SRl pepeen 204

°€5(3@93 F)tdAe 308 PC ATV 200 lbY Mg eMispNay telaentti9ad fermined by
nmpound( ngél n the crude feed. "Flat plate crush

As?ﬂ?l‘éﬁ\é‘ith“)d $&ts to conpressive force needed to crush

(2 {
RSB SR AP S TS
strh@ﬂﬂed)ffag@drdcﬂlﬂaenp Hethdm:ilntta:hﬁ_ V«tnitfn‘ms a|i8° demahﬂlhqdﬂ‘{y T&S’ﬂ%ﬂ Msthods
F3&b %fnscfxgg%ri?wgﬁ b PR igEomInd DURRY Jeulfir e Phse Ricogen”
e {étté?ﬁtf €n E&Hﬁ%ﬁmd@%ha@ e ?KQ of'REEthn 46,1 BH&d niﬂ’dggﬁ‘( %n”) isas

ers t a conposition that 1 nc udes one or nor
deermimad g ASTM Matkod D@8?@ at standard tenperature and

press 25 0C, ,0. hereinafter referred to a
Pt Gipln st GfEEs o g 4010 demgo B B G qogpponnds that
viten 0 e PresBRECOTRQTRRLRES atd Rk cﬁ‘t‘éﬂ%’s{ Hefititd pﬁ)tvuﬁ-r}f})/d%éeh to
one or nore conpounds that are solids at
comppumif$)an Tesirede ﬁ6ed eAdqiytwgeh soupes inoyl mphmbblé iggot limited to,

o~ ied by the nal Un|o of P
AR e TPy Fr BRe ERBos s e, fiue propane,
bivRha), wakth i i9knPEBee6s. A& inthss baled@mdybeAdohahidted RS Akdss the net
al kali ne-earth netal s,
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 all

catalyst volumes in the contacting zones, as described herein.
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zinc, arsenic, chrom um or conbinations thereof. A

content of netals in netal salts of organi C acids is
wa@soodes@non ned by ASTM Met hod D1318. "M cr 0- Cap@DnS2004/042224

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

car banqyid siyiyes” Tefess 19 wwgwnéb%tp@qlad%@ﬁe gh#rore compounds that

i T SR T

asc‘srmﬁ)j enh sompodditian thei intludes acrgﬁbldaﬁdrr offauk iof mobet:(Wﬁﬁ(BUnds that
0C (100 QF) and 200 0OC OF) at 101_MPa.
MR@BWW;SEB AYiikhgne; og mpge S%I?IEYSHIH‘ﬁé]&F“W %&§$th%od D5307.

"N MR8 i ebRP SetbR 18 'ﬂfekleé/nod‘i’@féacﬁé Mﬁebﬂﬁ@@?g e Interneﬁuonal

conbi nati ons thereof. VI Fe conte
Umonbéﬂurecaﬁldmppﬂqedi Chemisayi (0P AC),d¥ovearbec20f3i. nat i ons

ther The N,/ content. . i,S d rm ned ASTM
bt rae i P Bietal Rl o ALY 3o e kLB, Aot metals,
Zif2 3rRfic, Qb funTR 86mBinaGbiii@ele8Lda coﬁ{@ﬁ‘t SR YA hfetal salts of

cont ai ni ng organi ¢ oxygen compounds” refers to organic
organjg ecideisrmp detedsinethhy Add M ddethed/P13l&ar boxylic (- C2-)

Lo st Creh dasttug v KR, pter RIS € afintiogh carbon residue
re@xﬁﬁﬂgcaf&tr RedporatRInGRR ?}(yﬁ)lyﬁé’ M@idb@u 2k C AR Sontk@tio B§§eterm1ned by
ati ons thereof, whi ch do not have

deh or conbin
A%TMaM @QQID“&@roup “Non- condensabl e gas" refers to

conm [ XLUE es of _canpaon nt hat o

aased g BACE) b0 v AR R Poripd g Bistebution
befwéer33 0@(1@0 HEPdeQOO\P@J g@?. °RNAtQN 0'1ERPES Blaplsthh B@ntent is as

floccul ati on tendenc asphal tenes in the crude

defeaminedryyt A3 hyildeihed 05807 he P-val ue is described by J.
%pﬂlmﬁgﬁgﬁ Id\ﬁé‘ﬁéﬂﬁﬁ’iﬁ L e Sér%l’rI ﬁgﬁfthg};efof

zat1 oh” o urna ;
Pet roVidURe coabnt” 4ders b ieatontenB8of Helksl ianydil6 #on A2 .combinations

thersef?iwavlz\@e%bé‘égrﬁﬁé%dgwaq?ﬁﬁ%%é& Mk s o
di amdsvm%%@e PR foral Ui mBRrd&t yg%g ?bﬁ&@l&xeﬁ?mm?e feed.

Met hod D4284 rrer cury porosinetr a contact an
equdNanecatht&Xylic Aontammgmfgamq: osygen)comgﬁlﬂﬁisﬁ SEtfemm@ntgamc oxygen

M cr ritics,Inc r
COE?QHHCFS&E%{ i 4 e i s Bhecaibokle atining
h SotpPaindd dvGud, bR drd RSk lhﬁfﬂé}?todétﬁ&%' tid Qt.'Bers alcohols,
above 38 0C (1000 OF), as determ ned by ASTM Met hod

ar@ﬁ@@?alwl@ts:Beton@c elrlshxd@s,sqr anmbrr@tlgmﬁhcreﬁ% exthichf d«gmt hpes a
. q) L 1e of crude feed. "Surface area" of a catalyst is
X Gt 8PP ned by ASTM Method D3663. "TAN' refers to a

t ot aiNcacdoddensabie @a@%’@fe%ﬁ)%n@%nﬁltb bhd6 i tire 8 AOHgfonents that
KOH per ,I%)am( g") of sanple. TAN is as determ ned by
0

ArNGTRS MeY IHod D664

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

3 o

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

D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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"V&O' refers to hydrocarbons with a boiling range
di stribution between 343 0C (650 OF) and 538 0C (1000

WOE)sas6300 101 MPa. VGO content is as determ neRChyYSABTIM2224

il!'\}/%eﬂtg%%gl,t 83?(‘2;‘1’1%1’7121(@810 os]%lg%@o eeorr%%a; gloé rx;n l!)eagsed to determine

tHeEehRkened usi ng ASTM Met hod D445. In the context of
this application, it is to be understood that if the
val uéRebidat meters tﬂcommmoqzie thay hayfe ¢ balisgizege distrittutish ablove 538 °C

of . I| t.h thod, the test
(h@q(ﬁ%& q’?‘é%t 3@%@\4 8&‘8&%8 librated to test for
such “QCPBerrbirs t@rstaﬂs&dréamckf@emggyﬁ&%aﬁeﬁéfc&ude%w ted
from hydrocarbon containing formations and the

st abi“Stfaet ar@”mf@smtﬁéxst isrps|dgteemined by ASTM I‘@cﬁhdémé%

gener. and/ o “ o

3o et R fug AR Rubrbe Bt il (e of KOH per
gEENTYR) oPfani}0e) - TANUS AS adtkenig s Bp ASTM Blath&BDES. OF

conbi nations thereof fromthe crude to forma

st abi MiGK&dregers trehydapgarbops atith 4 b@hngurangayhsmhu@ﬁn deloieen 343 °C

b u tort|
& 1Yot 3 CILI T sl AF DAL NG ORaBA Bhs BELRRNLE8y AsT
Mitséd DE8@7.and/ or fractl onal ly distilled in a tr eat nent
facility to produce nultiple conponents wth specific
boi | | P{gSCP%gée@r%fpﬁﬁlwqt@ﬂéscewatéim €00 EphV isaosity is as

ubricating oils).

dgﬂeﬁhinle{ig%ll #S%D{Iﬁﬂgd BEt‘)uét is not [imted to,
at nodiptherdoatedi of thislapplicationgit sad be amndérstood &t ifithe value obtained for

di stillation, methods. .Undistil]ed and/or
e STt TS 00 EL 5} Tedest mpghod, the test method

nfRANENTSA hltRbr &@élﬁraﬁec?t%rt@é%%%@p?fo&ﬁﬁgve 4.in

guantities of at least 0.5 granms o onents per '
gr amCodes meajebe 1Erdunet @sd/of resartedi fram dgldrocarties comaihingeformations

BB O, PR B SR ST S 5B S8 s

ah@beliguid OS%bﬂfzdﬂ(ﬁl fBRinchase, mﬁf@nétﬂﬁﬁﬁ&ﬂoSﬂéﬁfbvﬁlrlﬁtnoﬁlcondensable
| east sonme of the conponents that have a boiling point

2BEP.Olirtes syt et cqmlmwlowpﬁle(@ﬁ fipm the crudgtterformy stabiiged crude.

1Ll h . o
Sﬁ@{fagﬁﬂzm o%ghf%a%ﬂrt%l n%gglglpeﬁ m?%{)}y %1e geSt\émg{hg %gcfﬁgpg%%r?%gr&oﬂmg site.
0. 02 Sgibilived efudesitpicatlybenemit begedisgillaandfor tihetibppelikstilled in a

crude. Sone stabilized crudes have properties that
trgdtspt faﬁ@% toaupfivceaaultiplg gempppenibwith spegpiar bailing enge distributions

(t‘E)P Q'lg?hthﬁ rcﬁ?ﬁlfél?égt VvGRE ea*mél/%f fbri é‘n ? oqﬂf' gl?fs{slﬁ%itp g{}.ncludes, but

carri or 'exanpl e, pipelines,
st hrmted mieasrnhsphermmetmgmdmnnﬁhwmdtoa heuupi digtlldtiodSnethods.

r t hem. di sadvant aged. ' Di sadvant aged crudes
HE 13%33 m@ar senetadestabilized ceyles mapippiudegomponents fiag have a

c@bbd ﬁﬁhﬁ&%otf@@ i & ﬁa)‘mtléﬁgﬁat ﬁeﬁptzdé 5 g Saoflcgiﬂ Sﬁé}ﬁ% fgram of

value-to the di sadvant a econ
ciely. Eeampllch of stattilizedraredes iodludet waladie cnxdbs; depet] hmdes desalted

di.sa t e that i.s deened to cost |
SR dERteq FipRe D i, B o e R hegto S d PGS Teffis to a crude that
héja4 ‘b°e@i=ii Y@%@gﬁgl tR51UA Te%strﬁ%}he' &%@Qﬁmpo@k‘ﬁts "ﬂ{a% hg\;:é[ ﬂ)dlﬂhéﬁ&&n’c below
a) TAN of at least 0.1, | east O. VI SCO
35)f’C at 0.18ebdPa1Q5 CBiat 1 ai)m)/kﬁlve gemmemjovai "ﬁmd:al]:yQtopﬂed erudes will

hetlv%taavlontent of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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Ni /V/ Fe content of at |east 0.00002 grans or at | east
0.000 1 grans of N /V/Fe per gramof crude; e) a total

whedosneastons content of at Ieast O 005 grans OPCT/US2004/042224
het er oat ons_per gram of crude; a residue content

of abomeggbilzed mrtgp%h@e@roneétwdh@ ajaw the siabibized pydes to be

: ’cr@)sp"()lrt%1 gﬁé@ﬁ%gl:&%ﬁg%nﬁg%mﬂtﬁes tkaﬁ?ﬁért%e&%g%% ?p‘ﬁ?lo%cfample

p@telnh@ﬁﬁﬁck@ &0Rirg).a0thed EruliEsRpse oge armoie ausuttable ipfoparties that
content of netals in nmetal salts of aqrganic %gﬁds of
regidlen thgradisgdpande dg LU RSl VaRagRdtcaYdes By RfrHiRreapiadlqi@e transportation
Fiak)
it SR Pt h AT B i i BO T CEOAGITE Phife (o the
dﬂad;.adtagm agdel Theldmnoatic VaaesmhaPb syphatst aofeseresir thaeinchides the
@g grarﬁs of . residue, at least 0.5 rarrB f
dis waa@ge e}iud%.f 3 Bflepmgd &Ofosig togrrofucs; Hges Portna reat.
e"boﬁfogﬁl;?fé of Bﬁ&d\% ggd’ é’ﬂH@é&ﬁQy ﬁchﬂ% mﬁréﬂﬂ%ﬁteﬁw d) T AN of
a rang romO 3to 20, 0.3 or 0.5
at(eabt 611, & 18ast 6. 35b) Vlacasﬁytoﬁatrieamﬁ)@ dStm)wA?I g@wﬂydﬂmnktd@e d) a total

N Ronelitpe B Dot 2B 5r BER S DT ey ol Piper gram of

cRIHES a t&h] Riterb8@sls Bnidst @R st 0.00584Rs %&‘Jﬁé’t@fdé'ﬁﬂﬁssper gram of

di sadvant aged crudes have properties including, but
cde; 1) A ngsicarg qootentaqf ar iasil. 0 hgrams ad residus:; peb)graanoﬁcw@@ i) aCs

s{FPeEs ety oERR o e PhACE- Bk B B G a mor

cdhtéit o8 hAABEst QfOO%ra&ﬁﬁ@Mm gReh oférabe;al a @Mtsﬁ Jreedls in metal
d hi gher than desired viscosity (for exanple > 10

S“Cét)ﬁtf)f peganie acids@b af leadt 0HO00A1 spmsganstely per eram qfeaide; o)
d
blﬁ%t?qqlg Eaﬂ%{}&go 8}6 g@ﬁ@ !EI?IB%D{%?{S aéhtsac‘cﬁ?la}lﬁ%gc{ cr?lﬁt?hﬁlg#r ?nczi\?d&eﬁer gram

omlsafd)vamag’éaﬁ Jradd, anRaﬁth)le g@ains oDr@ﬁtﬂwpmtlmedmgmﬂﬁsfmyue at least - -
| ncl ude, per gram of disadvantaged crude: af | east

626071 grangue, 2 af lsag0-oioms Ogreaw%le bt sogpe erabadimgnigthe
%&Rﬂﬁtagéd auge @%?%Q{?@é WN £ o SRD 1 8198 tg 20 0.3 0r 0.5 fo 10, or

I stribution ween 50Can OCat
OKHeadts 0. SO]Ingeﬂmn emdnpdineeass dﬁad)@ﬁtageénmdes; pergraineHstisadvantaged

0..001 grans of. h a b0|I|n
ST Broiet it o6 e LHh Beoe s g0l Gampar ateast
08b gtf@st 0.001 grams, at |east 0.005 granms, or at

Ieast 0.01 grams of hydrocarbons with a boiling range

di st h Sl@ma eopbddanonse i @dvataged sonded Da Qo p@tig¢QincivRing, but not

PR o) BANG o R bR Ry Bt gt A3 651 (DG SPige oxveen
p&H g8drh 'o,b bitulde K‘ee*deé)/ﬂi‘@?asﬂaﬁﬁlte(ﬂ@s @d’iﬁerﬁ 2P a0eas20.(43- %}&ﬂxs Y8 asphaltenes

Di sadvant aged crudes maﬁ i ncl ude, per a

peisarohmig o bihen IS T bv o g Erhmplel 2AQESt for a

oA R AR vl o R0 o Bl ORED e PR RRE MR g
adidslérat Mast; 0.€0001 @aghs Of MethlsPepsm @lcrhd ot ol Bmagibadhereof.

or at least 0.01 grans_of hydrocarbons with a boilin

ran g@ls@dwaigs@tsw@ﬁs ey ircdide1 00 gpan ghdispbantged erude: g Jeast 0.001
gx]’XE’igs%ﬁ‘{? t@@ m%oé‘r zﬁ 1P, Oﬁgraknesao ﬁro%gn%og{ '@Hﬁ a b%{hn range

rocar Bons w rang

dﬁtrﬁ)imblbblétweéh bﬁP@ﬁﬁ@ 2@@&3 @, a0dViPa0atQ€as80.00 gie@ﬂs M:’laast 0.005
at least 0.001 grans,_ at |east O. 005 rans,
glapsr 2 logt (g?%ln&ra@fs ofhutreeabrs eitivg boiligg range Ustribution 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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boi ling range distribution between 300 OC and 400 0OC
at 0.101 MPa; and at |east 0.001 granms, at |east 0.005
w@e@awee3or at | east 0.01 grans of hydr ocar bonsP@i/UR2084/042224

B R 0 B S RS o
Hyafocarbans ithdiveaheaahfoastbutisebetveed £FBLC Qﬁ@@?() A G101 MPa.

at |least 0.005 granms, or at |east 0.0l grams o
hydr ddigadyarfassd erndes ey inchige nen geandpEdisadyanteged eidertat least 0.001

B B R nt ) R, B0, B b G e pilige rnee

diasbutparofgt aestof00RCadVE1tMBetht (daid®R00 ldgraMB} £N€asP.005 grams, or
such hydrocarhbons of at npst 0.2 grans _or_ at nost

0.1
agleastl. Olgrams @f Bydrosarparsetit p heding pengeidistribieion besweap I °C and
ofgh 1 g vopat t
2 B AN TMPESEGEET B 52 o OB T P 0 s o
hyittoeadohoivith adoilargengt dittribbiidn bstwedn 200 IGast 3Q0T £0.101 MPa;
alt?fio. 101 MPa. Sg%rrg di sadvant age(I‘i crudes may i ncl ude, )

abtepstdhUth apmeiad lradidh Gyeame Qi leagh 0.9 barsms of dydrogarhans with a
gk oSN SRyl Lot .85 Q1R S ot 01
graes bt §50 0005 dexasypir asleadt Od) Isgawanf hykdcarbordesith Hdbdiling range

dian bebirengPl “Hopdtbohy Eal0dE Miudes 11 om of the

f ol | @wHeida89hRaled¥UrudddenayQhdibde, gelsgraﬁ'ﬂtfdisgﬁ%{taféa%mde, at least

southern California, Canada Tar sands, Brazilian
0¥ temams atileast A dams.rg at Bgsth( lagrala bf hydroGubans Wittad boiling

b AR AL DGR D9 S L P e BTt Wb RGine
- cSupBhdngs.  ThipaallFent dahdeHnsady BRIIBURY peF 8BS MANMAISANARG rude, a

the properties of the disadvant aged crudes such tha

- confenteaf gadshysirecagans of abmestfol gnama s pompsitd. baragisd/ or
£ S AA B B AGE B Bl e, e

0T0e gearhi] at e @.008)eras toe pplRast 0a8 HeHS bf RRHo&Eb&is Wit Boiling
crude product resul ti gg_ fromtreatnent of the crude
rei

rgnge distigutigon of at lsad 20@r&idh0- 10§ Miggher al |y suitabl e

fort ' t letsl

ey ut SO el i B Ch s bR por Bt iy el Brude, at Leas

01001 tgheens; et leess PAIdi gnam§ oo pelebst @D 1 gratdé sf hykea@sbons with a boiling
iate _crude the crude feed, or closer to

| nt d

ra(r%g isgrﬁ@%(?iqa‘ilﬁ@“é%ggérti es of Brent crude, than the

crudexf8sls of ﬁi@icﬁ@ﬂtagémﬁﬂgésncﬁatgﬁ?h B LCustit € nPcesses
uct may ned W th

the crude feed. Such crude pro ere
desssibedhereio iptlede, betdresnt limitérbtog by dentham oif g foldwirignggions of the

L Pt RS st AR BT Cs e 5t Far savho BpprdiancSantos and
Cdinpbé bisatsl BEyptian [CRIPYESUeZPORAd UBed ﬂrfgﬁBﬁq(l‘értlpfS%eg aAngola

crude feed In accordance with inventions descri
OfshetenChingsei BrdiaiBay.c\ameawtamgulish ¥ataysiearidladondsizhSurhaira.
cat alT¥esa¥n(1esrPt of Hisgdv%%%tgg E:lluﬁgs I%lg}l;] ee:nh%gge/ e properties of the

disadvantaged crudes such that the crudes are acceptable for transportation and/or

treatment.
A crude and/or disadvantaged crude that is to be treated herein is referred to as
“crude feed”. The crude feed may be topped, as described herein. The crude product

resulting from treatment of the crude feed, as described herein, is generally suitable for
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conbi nations of two or nore contacting zones. In a
contacting zone, at |east one property of a crude feed

woreysloesdehanged by contact of the crude feed weTUsIve4/042224

or nore catalysts relative tqQ the sane property of the

URPSRest ey or teapent Brapsticsehths credaadudt prpdused as described
' G : source. n
e e o R p S befel U DRSPS Gjeaidls grude than
thqm«ba:ﬁaedxmnslqsgtab tth‘ldﬂl_‘esptlﬁitdiﬂg prloipalm‘tegisf Biegt ?@E@Lghé@ﬂh& crude
react to provide relatively s amount s of hydr ogen
B S SRR I8 i E95BOBNG RS BLe crRideTecs i Sich chude product may be
i st L S B i Rl bR Rges o
tregment may ordiietdehiifrizAtiom nitmetallivgtizo aed/omEatmbdeplric distillation to
rgn?act.or A ortion of a reactor, multiple portions of
4 cf’vgdejlp_lﬁl,le r conbinations thereof. Exanples of a
CoNt Fedatrfieht o0 Ardde Fhedtif adotlaK SHuPRIedRAS hQlcrindi hdr¥fdnay
. bed reactor, an ebullating bed reactor, a cont I RUOUS] y
inghide ceptagtingkthe eridle deed(wigshR cpial yat(f) iniadiondtifegone and/or
spray reactor., and a_liquid/]iquid
odeif0s oF oFR oLt S e Airnin a doHactig HoRp at lgst one property
ofy&tueaTded n@ty K chaRsHAl BkohhcBr reedf it by
nt act eofn(ﬂa{yhe Ccr ude t?Cejced V(ill t h@% Eéﬂggfegl \3121% !8%% é/ri nﬁore catalysts
reddiye 42 thersgme peansity phtheraiydebised  bosemerrmbusliments,epataotingis
e Th tacting zone may i.ncl.ude ope or
P ér}mr gy gﬂ%%z%gm(efogra g'gﬁol%flé?l%ﬁbﬂ’c §paaghments, tg%hiédrogen
scandeasoneoit moredoidt@atbodh tHab enddr Yei@aih 86eta M rboﬁdiftiioﬁﬁkact to
cat al gst@g}ff the two catglf%st s may reduce TAN of the
Providgacipibudy saplbamauen et kyshiogsn to sPmphend(gdu deoriidfeed. x
cru : \; Gl eases . ‘
et o oatans s B SR A Bl R A BRE Sontapting zone 1024
crodcheed entosdion@ntisg ZohaN02 wiseasluit Y 04 NW/ Mhfetis®pdRhay be a
hgt eroat ons .cont ent, {e i due content, APl gravity, or
readiiin P RSB adpaciee @ o pRTipRSQf aeagtp oF perakingtions thercof.
E@fl&coycontacti 03 I t operties
of the crcudea Cfnggg%&naef]l ?gér{rl@éc%%]t? ég%t‘i bg?tr‘%ﬁgﬁ’%)éég?egeraac\}\? Tt i
ebyHatingr bedoeacteras abtwsusly stiret taak reaetob i STRIY sa flaidized bed
u f catalyst .in.the .contacti zone is in a
re PR Rt G\l P hoapaser  Brcspiagrermhodimats. e
comkth®éystent Btoal or‘é@%;?lé@td%fn SR hede. | o] lo? %tcgﬁ%é 384 with

zone. I n_sonme enbodinents, a slurry "of catalyst
the paieigstfss dricanigating Symiem fl6 may. e GicontnguaipnscesordBatéh process.

o oy Sagthl zqhe M TRl G ShE' Bk lioryimpic, two

catabysth).t [iosend dnbidiem e ldftal N6 tEOBRABTE I LRt ce{%angst%*%he two
limted to, tenperature, pressure, hydrogen source

not
Ca‘iafyéw, maY isguce BAY of thsgrudy fe@@ngubsaqm@m sonthus 06 tfe. reduced TAN

' j i ' nbodi nents are, .
o M She 0 e B SR R e lnsrpres AP
grpitypdn thesemBedimentst TAN, ViBcdsite, MPWITRCIohRet, HORFaI8Ys content,
ng%nge fr o;g‘pgo- 500 C, 60-440 0C, 70-430 _OC, or 80-420
Tefic Genient urhd Sy, inombinatiogs pbihesanuypertieryef the omde product

héhot 170G MBa - r. 6-.8 MPa. . L of
o A e B B e M hen T e ey pmtactof e
cri@le Sec@lSwith dne dr@@releathlysts. 5- 15 h"1, or 2-10 h"1. In sone

errb?di nts,. LHSV .
n certain embodiments, a volume of catalyst in the contacting zone is in a range

from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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is at least 5 h 1, at least 11 h 1, at least 15 h 1,
or at least 20 h 1. In enbodinents in which the

why@soesn source. i s supplied as a gas (for exa,i/@$2004/042224

B R 1B b e AR B R 50 35 T80 erams of
C{.\ng/fg&mqhéc(;&ac@f;@zbh@w 1-8, 000 NnV, 2-5, 000 NrrB n3,
000 N8 n3, or 10-800 NnBWcontacted with the

c at al@wtch)lg ccmbtlwdn dhpeqontasting eonei may melidentns dienmntdisyited to,
rrier S circul ate

e BlesEb e R O Usn o mcbeP BRagfs. e o BbBtiaps thereot

CONBIFEhE contiifi6RaR Bome BRbbAIMenfHlé 8dntA1BE R0 prbdfeecAbrull®product

gas may facilitate flow of the crude feed and/or flow

vath spreilinpeonseess. Sempeturn in e coplacting 799 Wrre@gesijromﬂ@é 00°C,

65° "’lf4'b'°€) 76 ﬂ%o Uéyor"’éofgoaﬁh %?s%m@ iff ﬁ%gm!agtlr} zon% (1)15]at ar%%%enigom 0.1-20

rogerr sourc

anpmMPIayMOg@Pa ofBigPe. DHSAL @ﬁhe):nmafedalwmg%ﬂe@ﬁy dange
carrler as and recircyl ated throu%h t,he contactin

fropn@ 1 3’pn]%a 2 DGent 30 hr chShay et 2 Oé’onthaé@mﬁgmb@ﬁi@elﬁs LHSV
1&8%&9%%“%&%{ Y1 }’1“”4? 5‘@1 HUSE of € s‘ﬂzbﬁ‘llcond“' t 104 or
ely via condu I’n" con actlng zone 102,

C ont & tmbbdinteatsdn N\dﬁch‘ the lydvobén souced i sygiliepas d gee§oBexample,

tal product, t i ncl ug ‘ir a crude product, and, .in
h¥ P81 REAES! eg?ééeoul"’ ydigaen e rtenerade feed Aynigally ranges
138%0. IS DTN Y Gblb@%@f 3fe 60@1‘11‘?143?%3 t2h53000Nm3/m 5-3,000

drogen source_ in con e total prooduct
I\hnﬁ/m ,©0h0-HOO |ngs/m8cm1tasmezl ‘autlal tlsmaeﬂyas(ep aFlet h}dm@nrseuﬂ:@ 8n some

uit 1

e B e i R oL AT AT e o e contactng

(‘h—«

- Z&E@C@'ﬁleﬂ%&sﬁﬂaﬂ%‘%r%lxhﬁ’lpiénﬁ’l\f%g&?%@ﬁ%' £10/8r898 800, AR Svarrier gas

for exa as-1iquid separation. The crude product
)fa@ktate fé@\fm thei Ocmndezf@% fdvaotibadiyitogen Suremia thhemmtacting

R AESUAR AA BREERUAR bR S By e
eﬁbo@mfeﬁ@h A§diogén §di@<fe€(@cﬁr exﬂﬂ@leg ﬁﬁdrﬂ?éh ¥ a6 ©r B8ne) may be used
e,

f or med durlng processing (for exa hydr ogen

ag { FeITigegascae Bemr eyl absd ta@ugbﬁw @m@ang éPheronoxi de)

exce [00Gar

8 96U AR S 6 LTS R D58 e crc

fekdQn conmiuitf 10dchr sépaaatslyond eshduit 106h &1 cqtatiag oyl 029 b&Ract of the
stora e vessel s, or _ conbi ngtl ons thereof.In saone

eRcrith & catalyntRieduycey taiel repdnsk thebmgluges i cple product, and, in
s&ﬁé éllnlﬂéﬁﬂm%}lts asp TRIMGEE eﬁb&fl}n%htﬁpﬁ Qé}ﬁ‘élt dssls 9(2{1 ?éd'rngzschg% crude

two or nore C nt actlng Zones pro
f@d paad/@t tat tydrdgen sotrbeinccondeit po@ d'lﬂh:di to&ﬂ qbrcghns‘( |8y exiFtdatacting

re schematics of epbodi ne f contacting system
Z‘i‘ﬁ’ol SNRE SERFELIONZENG %WF‘@@“‘@%?@CU ng zones. In

FI GS
o1, oA e et iaysagt 0 b iR o o o

pmdnctalsmgrg,enmﬂykm@ﬁ sephnauonlmmquns Ffbman@k ansili@ud separation.

ctin nes. . ar.e t
TER 8 Pl ReTRRE Ern g PBHAL £0F Qi EClEiigy| LoTHEl hpibistansported
td @ARpSMRnTafRM, Pielinss, BRGe 10&eMl RARGMIUb el d%ceskfﬂ zones, or a
some enbodi ments, the carrier gas is conﬁlne ?
comblinaigemthsisaf. CBhg gas may include gas formed during processing (for example
hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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conduit 106 and is introduced into the contacting
zones as a mxture. In certain enbodi nents, as shown

WO 00506310 1, 3A, and 3B, the hydrogen source apdr/os20pdies2224
carrier gas may enter the one or, nore contacting zones

wi t hingspeeamhodimenty centaeling the grude decdomidhy the catsbysiaMogroduce a

. g . ; N .
tolf pib b S B EHRNGE b hibrd ftudohifaBhest Ao B It0b A hay be
sepydtedge foraothe cendenpdddict ildegasées).i er gas counter to the

| ow of the crude feed. may enhance m xi ng and/ or .
cont BIGHS- 814 6 Sehambics Lamigdimeriy @? E%%?ty%tSyst@@nltogéhat@acludes
. . L

o LSRG MLD SISKYSA (5 DGR ARl 0
conartiag oney 102mad 102 FiGS 8At adtIiBhipchule eolthdting zonfs GR, 114, 116.

3 nd 3B, the feed stre f fromcontacting zone .
I 34 2ok CPMACRG OITL I bohOdEere P OHoS FoRelerpptacting
2ot Sid Bhé rbNGh Y A% QRRIeTEed Bt s St AE ! ne A82 SRAMAAIR104.

FIG 2B, the feed streamexits contacting zone 102 via
c ondini sbme kntadinents, ehescarnertgas S sognbinetewith the dslrageowource in

in F 3B, .the feed streamexits contactin one 114
oot A 15 TSN P OO RN G 3 GO R G
erhGSRBm A5 SRRhEWY IPEICRNT 26T &1 B, tthe Hﬁﬁ‘b%érpsl&@fce and/or the carrier gas

catal yst(s) in contacting zone 114 and/or contacti ng

may erter]the one of mom ednéactiog apnes Mathibe crufip deadotepdraighiodacenduit 106

oSSR PO L S0 PR .

A&diYee oPhetyefogan dd@te Gaiforithe Afiey) gaspanitat ®dhé flowmdfiie crude
total product. The crude product exits separation zone
feedmayicahansp anixing pag/or ppntact o1 the caudsciredriyith dheatadpst.

* oystenget H @ud R i MR HESHGERE The (B3 1A e

 stteao hediednicemsieaphoaichnrctgnant 202 ¥ ortandgizbnd PR In FIGS,

In separation zone 120, at |east a portion of th
34pad b i

tne
athe derdorirerdio Vs Gartagtig 298¢ bt faeictng gove 116.

Knowa, B3 ofted 1d0f @t4,qgamyqn 1&@@5& oﬁ%ﬂﬁ[}%&? As shown in

separation, pressufe reduction produce the crude
FliGeéB, thedeedesterap axits wantectingeapnd é021vial coaduit pH¥ sridadniters contacting

separated from . i sadvant aged crude. In ano r. .
b & SR ChEIE ok Ak CHLYEHE 0P FPaCt i gae 114 via conduit 118
arfdl chtdrd Bstid@RghehoM S5 0C or bel ow 100 0C may be

atl east partially separated from the di sadvant aged

cr udEhe fseg stocduc may e contacied with @dditinna saial ystbodicontacting zone

T

cdhiRaHY abrcAnechnasdd QGHtad:tﬁlc%%ﬁB 1 e6RREEdTER spar@ion 86 1 08via conduit
ortion of the separate conponents exit sgﬁaratlon

1 o he rpalenraduss aad/pr gapde(arg)isepaptad dropridd tefpk pipdesy Thepgude
S rati o n ol Qe odi nrents, includes a
p%g‘gct S)r(%s %egmégﬂlg%%%eﬁtog %?%J&gltgg? 1ing range

di stFlichutis @Bcieinatic off easinbdditheQCof sephriati&®Mene upstream of
enbodi nents, a boil igfg] range distribution of at |east

coppegtipgsysigmil 6% e dispbvaniaped andei(citherdarpased wnppedicstess

oL / . el .
sebabht ot 2R RPN 28 5B 0t 5, B et  gorion of the
diddiaafed0euddiis sbigasitd asipgtechtigusfknbha if thedet (feeskaapld, Sparging,
membrane separation, pressure reduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at

41



10

15

20

25

30

separation zone 120 and enters contacting system 100
(see, for exanple, the contacting zones in FIGS. 1-3)
wor@soesdui t 126 to be further processed to foPOT/ES2004/042224

crude, product. .L.n s .enbodi nents, .separatj,on_z
IS parily BEPteH (100 28 BT e S0 SO AL B HGrEE Eed. In some
el B8@hehRJatUstst a pbiftioflof RASHERS S N@moRBd LBV dditad Uah naphtha are
exits contacti :tg, system 100 via conduit 112. In sone

sepatzdali fremtles distyastagerbcipds dnspmiesniod iues. if taasta roriiereof the
that js the sane..as or. diffe t. fr . crude feed.

sqRg e COTPL T et SRR BHE L0 ey PRt ned wi th
Cr udghaNideGed dBtfihe Both sapasideiote t DBIiE BymeE embbdinitts, includes
in a bl ended product having a viscosity

that is
a e xineeel componenis vathtabailing lsagedisEibuienal#teash 40 Heor, in some

viscosity of..the crude.. | 3 .
el itRntsY e ki P R AL A0 0D piehlF e
cilidt feendluddshaniibte BF e6tipirRatsavifil Dbbitihg tdhgt didsbdionAdtween
that is between the TAN of the crude product and the

190-10Q0 °Cria04908 ide’r 0HOCE- Helyeasta portionof ghergpde feed exits
{ i i .
HRPREROL A A BEPL AR TH Rk 100 (RN el e Eotacin

z&es e F1IANA -3)ivda comtit 12616 B¢ fiatidr ptoctwadto forper dridaprofiuct. In
the crude product exits contacting.system 100 vie(i:\
serpq egbedimetsafrgatation gencolPidBdy RS IHNSH YPsiEFanborelorasiream of a

d%é%gg%g{?ﬂ' et e;esgxg%,mtlt?icﬂl&’eaﬁﬁ)d@ct RRfd &Qfﬂac@iﬁi% 5 h&er1909ia conduit

IS conbin one or nore process Streans
1{2Z.or exanpl e, a hydrocarbon stream such.as napht ha

produced from separation of one .o re crude feeds

B or e crgiotr sabe SRS RiofbEr SIPRES GRS Sesehiqe g same as

oPdPfRAE BHmPNO SR feclN FoPELABSS, tBE ERAEBrodatudey h&6snbined witha  +
crude, or mxtures thereof are introduced directly

ciude bavihe adiffigertoneodigOthereby pestltimgrm o blended produeidianing a viscosity

zon i a ndui t . 132.. A m xin st em_may .be ca
e B o 5T Vs IO A PR R g B I anotter
eﬁ'ﬁﬁéle,ﬁh@ gt pRddR6t thh¥ Bé bileRdeddeish gnat Baviby a MAN fef isebifferent,
and/ or transportation carriers. Product specifications

therghyueducing 2 predugidhat hpsg AN that is hewegp éheoF Abrofdhg ¢rugle product

APl gr ayi ' LY O ' '
BT
vi a @GRAbWH inlBK5. tsoirberiancenstpdiheds, eruderfoekatad comaing system

6, the disadvant a%ed crude er%ters eparation zone 120
100 vigsgadub Hflaped alsast 3 partione! diesaBdeaprodBE §XHs eomagtiag system 100

V%E X gflﬁﬁ_ﬁﬁe% %rﬁluig gﬁ¥3ﬁ9§d %t@ﬁél‘fcﬁﬁ%’?&et B3of 94 Blehﬁﬁ)%%)ﬂg €30, at least a

eed then enters contacting system 100
pbhioawd thecoudtprodid s cohtbihessith soner morgpooess sirdansr(fdrlkgample, a

di sadvant aged cyude it separation zone 120 via
hEGiRaHIPen B 4k e SUThLiR MBTLGEDATog PR IOR 06 6ns g crude

e Z) t |
) 8 cﬁfag,gfﬁga@&eay& B Q0h8REE BhSkscdd BIRAIdIDEBARE The

thro onduit 128. Qther process streans and/ or
porcastestreams, erudel feed)icnglezameixnBes tereetareyntprdugeddicently unto

chiaragane) DRSS o R B AE  STIEt B2 AR sstem
n‘c?:a?frb% 1438 dvih dr aeRBKddide3bne 1180, SPRELRARAU BB Tnaytth&t product

ude product and/or the blended product are
specifications designated by refineries and/or transportation carriers. Product

specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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transported to a refinery and/or a treatnment facility.

The crude product and/or the bl ended product may be
w@e@soesed t o produce conmercial products suchP@BEUS2004/042224

transportation fuel, heating fuel, lubricants, or

cheninddiGs 6. the gisadwniagergiidersaictuieraietion penenky Oheugh conduit 122,
ol BE Pt SN M e b R Qe B e e
The @utlé foes thenrenspseomtadiadispsten s 00 tiheug caeupiri@dutt least@dme

bl ended product, .and/or, the one or nore distillate .
CqRRATIENtS A0 disadyRpvpest cautesat SFW%W"@%B@&WWW" 124. At

teh 5 PR LRAO AL pRc S Loae Bl B R M Bpiefp Hending zone
13fr thetengh eeniduit 128s ddthereprbosts sieernss, andfardendes entecblehdiag aone 130
JAN in a range of 1-80% 20-70% 30-60Q0% or 40-50%

SR PR &4 AT SUROTES, W e PIE RGP 18- fpam & lgaded

px%Hl':ttQ? gﬁ% Bﬁzgtﬁéd nlglgtéucg e%ﬁi\bl‘éﬁdiﬁg z885130%ia Bndi@SI340- 5, at

most O. , at nost 0.1, or at nost O0.O05.
TAN Infsotrfeeenthodtheerys, dloiarudevpiodudtaadioe titel blervled atoduetmt

RTINS TR T
prlﬁétﬁkg Sndy RPrbcIRY th Prddiuee cOnBdrdif p@o&cts%ﬁcl@a@t%aﬂs?o@atijen fuel,

n sone enbodi nents, the crude product has a total
harriny/fired lelbrinastst orgtherticaln sStrooBeing mayrindudsdistilliag and/st fractionally
-10% t nost 5% .or.at, nost, 3% of . the,N /V/Fe conte
it B FRrrodion Sy REOERTA b Bt Sl o iR e
fr&stioasi Bk, enttddirderdt§ttiad ciié WolctCPBbRMted ProduétdBi@iFoahe one or
1-80%  10-70% 20-60% or 30-50% of the Ni/V/ Fe
mexsritighlatefractinas Bayige hydwieated certain enbodi nents, the

cruae. r t
L R IR I 95001 SR o s,
at hibsb 3¢fropomat nibsk 109 of tigr BAN dfahZeridel2ed. O s erfbodim¥nts, crude
n_certain enbodi nen

Prbhet BRUBAARLE anaroRk -50%. 40787 LR 0P PO 1§ RAN of the
crg%%g&”ﬂp%ﬁ{ﬁ%odﬁrﬁ&tg Qhalryhi gxwdﬁ@t Ha8 Qm 8&2%418& 1, at most

pro I's 7/0-130% 80-120% or 9 thé
0.8 gt widse0.3 paitnerst 0.3f attrhest Orly deatfreesd 0.05n TadWef the crude product will

s 0 1 oot GOQERHE ook Bt St OB o et ments.
TAN J198d crb@@prodhct MRSt belid YWrafde i m B 19 %0500.01 hE 000bA6.05 t0 0.1.

content of metals i'n netal salts of organic acids in
t he lorsquhe epibedimants, theraradepredin drnetota Nife/Fe coutent of at most

oduct t ot al,, cant ent,of nmetals,in al t
oBh P Re Rkt FireatmGE g pr Tabueion S B 0SB posdgne of the
cr@de R6d.5086 @hdé pRdb&! @l sofR¥nedditéntdBhah Sotdl'NIMeFlcontent in a
salts of or(ganl c_aclids in the crude feed. Organic

rapgs efsl-80vat 1 GéWar 20-6970 o 30-ARYo theaNi/¥/Hernonteae of thacrudedeed. In

£ 1. C ' ci t hd ol i m de .
oot de GRIPER el eF Bt ulde mp MGy e
comginth 4 apatem loul 0Apendab s 107t %dmtq,ca_ x NEPRaRBND 2 x 107 grams,

aci ds, phenant hreni c acids, and benzoic acid. The s
oret &) pamsiteh Xk tgremprelnaderigim ambadipenth dhuerdahaseatimost 2 x 10
. I i +hi j [ , .
o 5L 8 L, R oI T M A8 o
706 83 06,L80- 120004 dp@0+110¥s ofGht NV /ELcaridnd b thefcandegsapl e,

zinc and cadm um, lu 15 netals (for exanple .
ar seRiseye e@%r)@lm?n@a %Caql qredct & 2 ,coxetﬁmqﬁpmw? inymetal salts
of'@régn'i’cr S3ad $16k Bkt 90%, at most 50%, at most 10%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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In certain enbodi nents, the crude product has a total
content of netals in netal salts of organic acids, per
w@r@sieddicr ude product, in a range from 0. 0000POW/USI0a4E42224
to 0.00005 grans, from 0.0000003 grans to 0.00002
therande produgt hgsp trtgsonisnt ‘@frlﬁﬁ%lstlﬁ ngpta) galtprofgireanic efids in a range of
_ % Ao S . . . ‘
10 01 Dl B0 0% s of HABlaF o ik of BRI S ot p organic
acigs &l the icrudedeal. Grghiis acifls tdrag genezalbciota nodtaltshks Biclide, but are not
Jproduct is 70-130%. .80-12Q% aqr. 90-110% of the total
lipdise dotcagoxie agids: fhiokteimifless awlf@lwmi% 5%4??‘8%0&1673&313?(@19135 of
f. ; ﬁ‘ . i i g . lg —1 avi.t .
clrpGeRlcfeRis e, tul o RSLARIG RGN, Sigd Bperih¥erid acids, and
benzoiteadideThanttal patiah pEthe nadtal dabis maptisdoderedkali metals (for example,
.conditions, is 70-130%. 80-120% 9Q-110% or 100-130% .
lighrurpodiyn. g ppraSSiumy. Allng <ape bpelale IO% e, gppnesiim, calcium,
afd B InTE Cofum ™Y n@tAV(féex@pld) Sirkaud 8aBhRANCE olufhn
14-40, “15-30, or 1§légﬁwin geft%in en%odiﬁght%®ﬁ¥h%pm&wb(ﬁn
exanjele apsenig)) lolivas 6anaiils ios example, dirominst), @OYxtats thestof.

80% t t .70% of the Vi i t t h d .
£ oo I8 FoitinTRoGR e bn p e prERET s Blabbiiprtoheregls in metl
sisSF@Bdanic ddidsApéraa oPbrulie pRQfitet, 20a A% M §8086W Yrams to

the viscosity of the crude feed. In sone enbodi nent’s,
010R60Y gromwsirem LP0R0AE3 eramgdo PriHA0Z granss, ar from<r 009004 gfams to

VI SCOSj.t f.the crude.feed. whije the AP avi
0PBigt k3R Hster i Bl G b5 Mot Peb BSa Fordls bty 1
séhe tMBodillen®! &16tdl\ohtdet Smiétals i fdtal bdltsSsT®ganic acids of the crude
' roduct has a total heteroatons

embodi ments, the crude do (
Prodietdn 0dB 0% 3pd307090ng0-41 0%wé thegota] cepteniwé metadein wmetal salts of
%0f tal heteroatons content of the
O%%ﬁgteb%tdesg F?[h%l(:rr1&(i(33:fre%cgi' n enbodi nents, the crude product
has @n tatail erhbddiments, ONR] gravityeod the trude pkaist prd¥cedtfrom contact of
| eas 0% ,gt | east 80% or. at |east 99% of the total
the ?Cgﬁ%t EBAbER &t BF CPHACtiNE A98aRREE 15 19y 1365 80-120%%, 90-110%,

Olrera [@pgﬂw@ Af the A ré/\H{yf SHthEQREE MedOfn Ea‘ﬁmtf érﬁfg@éiﬂ%ﬁgg&@h gravity of

e at nost % “at nost 50% at nos
themsudegYodict ishizors UK{40; 1580 @nit6-2F. t he crude product. In

certain enmbodj nents he grud rooduct has sul fu
cont BhierBin SePqUBRERt the crufé PPl g viseor Badhat g D56, at most
8646, bR Hhos? %égmf tﬁehﬁsewit% 51; tll}le f@fud%rfeecpfmtsbﬁe %ﬁ%@&inﬁe‘%ﬁs‘? the crude

In sone enbodi nents, th ur content of the crude
prodoelles aivescagtylis @uan®oL 196846,640- 36,10l H17 phthesidcbsity of the

RSB b G S5 SR BB Bl o

Vi@&?ﬁtr@f tHERsdeBRd walle fHéS&Pﬂ%%it}Déftﬁé ciié prod¥eak 76-130%, 80-
total nitrogen content of the crude feed. In certain

1ot Weht0o of the A gervitytericiate fgd- a total nitrogen

cont f . % t 9 t | east 809% or

T R L e P
90Xolglend s §0%, hinm 60 M0%% bbadho 3¥sef thasitsl Hatdr6B@88 content of the

content of the crude product may at nost 95% at nost

crydogeeds Tnestaimembodimenssihe souls pardust hasgdptabbetematoms content of
aﬁ@asslt (f%'? b{ 28 %6%‘3 Qﬂ{e%?%O%, or at least 99% of the total heteroatoms content of
the crude feed.

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

certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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of the crude feed. In certain enbodi nents, the crude
product has a basic nitrogen content of at |east 1%
wa@rtooksoeasto 30% at | east 80% or at | east 99% OPCT/N82004/042224
lbasgﬁ*nitrigen%%Qnient of the crude feed. In sone

BASh B o nat dast Ao Sk hsenliupsnaniant obthercrededieedi elngomgestbodiments,

0, ] osa | J 0, o t

(SRS A e oL 00300 TER 305 BBl s
chetedt oflthe cede &ed. enbodi ments, the crude product has an

oxygen content of at least 1% at |east 30% at |east
80% 1BFOmE CRadimegt o0l T HRESB £9Eient elifhe emde Brodupianay be at most

9onslde 6, 9 hivenses. - of
P B T oy YD ST
fogl. 80 %ertain eBdoBRYNGY, thetveudexygdunt basd titdl nifodeh @ostetite at least 1%,

: di | . f
o BRH A0V 2 RAT 0 b GG SO %o e ke o on Setent ofe erade fecd.
at  mps bordd¥nbadint¥R&! bé@:%itr@éen%{eéﬂ 8 he %}w%gﬁ‘(?dﬁl%f/ %181{1 at most

the content of the carboxylic acid conmpoun
98 Yo, dlemp s S %%, lahmostr 1086, rat sreisot) %epartas mashsYert tiskebapicamitieden content

0 g% Scﬁldtf%gda t ﬁﬁocgégﬁte??‘g{%d?@{n%z @;els | ﬁ%%g ioﬂg&?ﬁ? g :fl)gsgg pi%t@gat; content

oDt 1643 1 Y billeast BOYE Bt le&ft 80%, BPXMEASE 995 ¢t 1 i
the crude feed. In sone enbodi merfts, sellgégltggégﬂggg%ér%rbgmem()f

‘é‘%%fe%rrpounds may be reduced in the crude feed. In

some i . xylic acids.and/qor netal saJts
Rl G T T
90fbnatanodd GRYY, ECmoSrBed, At MGSIOIIE b Gt RV of HERRYBGScontent of the
lgar oxylic acids_ and non-carboxylic containing organic
CIURG e & Rprbm g bpdmentsy the eryslegiieduict hasjanxygen content of at least
19, bf 1858 Bbd2hed u ' cryde praduct

usi ng geneof aﬁell ?/E'It Eg%mgpggge%t ?%ys‘)?gﬁec&&% %chgen(tfogﬁ‘e crude feed. In
sexaepbelimients; the eslygmaloytehsof thesmids pastucOReH 4 Yang8 BShOT-80%, 10-

TR o R8s gen ot ahiheriia fovb otn Dov rshodiments,
the@sth] &R%nt 8f cABSy1ié Ak c%ﬁlp%g%cgﬁ'&li{{’%gﬁ? &ro‘ﬂﬂ@t B most 90%,

content of the crude feed, e cru
atpnes §8%0, higmast 10Ys bt ©O%4S% bf tho sbnfEALeS the carbetylib@%d ®mpounds in

t % of the TAN of th de feed hi t ai
B8 T 10" Sanblin i b Reoane By vl shpentofmrboxytic

adid cdre@&indd ¥f atdbask €BS bt BAYBOG! at 1823 80RO 4196 o
99% of the oxygen content of the crudé f%eoﬁsgg%%%? éatOtal

coniang ef earbeitdic apidsomppandson the crndafed 1% at | east 30%
99% of the TAN of the._ cr

Feed® s oo, s FERL otk Biabiiboc iy Sisipl b€ educed i te

cradefeedit Indongeadrittodymbrtts, aatidsydOsi @ anidrahetfidhits odarboxylic acids
cayboxyl.ic acids of at nost 90% at nobst 70% at most
maybg chsmiggllywsdyced Gofose netrearbexadis coatethingenganic ospga@mompounds.

oS IV G ARSI, e
prodivt omly bexijfférentizoet thidigh@naly ga6f e QURGRERIBANS BhePlly known
the cryde feed. |In sonme enpbodi nents, the crude product

SPREgsERRIS Methods {for parenie intrarsd aalysis, eass spegtrometry, and/or gas
chromatography).

The crude product, in certain embodiments, has an oxygen content of at most 90%,
at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of
the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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0. 05-0.15 grans or from0.09-0.13 grans of hydrogen
per gram of crude product. The crude product nay
WO p@boas10in its nol ecul ar structure, from 0. 8POT/BS2004/042224

granms _or from0.82- 0 88 grans of carbon per gram of
cOHET Srlsidlo AHCRLODY, 81 e ST e ORGP A9Vl 54 oieen content of

G T Bl 8 Sy T B Gl AN TR 000y o east 80%,
oraft 1dakEe9 94 ufithef 1B .of hearudbefepd.oduct atomic HC ratio

wi t hin .10-30%of the crude feed atomc Cratio .

i ndi éé@l&gnﬁ?f%a%hem%@ogé&fgw Bhe ﬁﬂ’b‘?’iﬁdﬁv CFooKYe apidypnd/or
mbfa] L8 oPERBERAId icfngfaf MY&!9098 _l'ﬁﬁfﬂost AN/ Rmds 8%, or at most 40%

ydrogen i s produced in situ. e crude product

of the tuude feed parplomenttent wi hém-earbarydie cofitaimng drggniseixyen cdnmpounds

BRG0P oS 00 0% B R Gtno B fOSBiphg s veen
cdnRRhdd Or fe erAE @8R, of hydrocarbons with a boiling

range distribution of at nost 100 0OC at 0.101 MPa; at
| easin someEmMbypdaments, she ¢mdepr0d0d indudesgmatsemelcular structures, from

o GaBA P B 13 o ARG B R G R e
crdle Hro@idt a0hcldS 8 id Fl Rl ¥iReR! BER. 0t amb et kbRd.82-

range distribution between 200 OC and 300 0C at 0.101
0.Rpgramstoficatben per gEM ¢frcawds, product.r Arfrido obatomichysiragan toftomic

G PR A 1 Tt
at@ihed9/C fakio folf ¢e cQu&H)fked.OAerﬁilerédt&t alontiy BV O e Bin WOt 30% of

a boiling rangﬁe di stribution between 400 OC and 538 0C
thg eruge feed afgmpic /G @l pindicairsdhataiptake apd/or persamptior gtkydrogen in

ans o ons 'w
di stThdurtdeoprodfictatclmes tcorhPOndhs with 8 rarye dfBailmgghonts. an some
th a boiling ran

-l ‘ : 0. 001
thé ?Hc%&eifr lélg{egg% ; aha/6F ’{ﬁ%@hﬁ%%ﬁﬁ%amﬁigﬁégc@ﬂ%hu. OV

dr ocar bons

-' | east 0.001 gr.ans of .h i e
eral?@?m@ﬁaﬁﬁ%w%%mﬁé@ﬁt IR CPL BRSO tisceride Todtet aysast 0.001

grhfs SRHong 01008 kT8 Bletams HiehkdLAR0NS QUG TR %ﬁgggﬁrﬁgﬁm of at

| east 0.001 granms,” or at least 0.01 grans ©
mperl 0§ rarat 0f10& Mk apleast W01 gramsg toh &one@d bt fegrams of hglrocarbons

ude..pr oduct .. have. a n a t of s
wih 8 55ih gt i Tl R Feen a0 L Y St ot B 10T MR B et 0.001
grafbas NP0 -0l N AR BHROEHBBWith 4 BEIlLIRE YA REREM R on between
has a distillate content of 70-130% 80- 120% or

2090°Crangoz001° G 44 €. 11 YIP#;| ah leastdbift legramsifortiiean 8:00d¢). 5 gieths of
The distilltat.e.content ,of..the crude ct o DE, i
nREafHmh Wi R Bt ot B, BOPTE R B 1y e
andra@ East (000 Odrafis,orGFcair®.000 ko 0.5 @pdndehy@likeaBoonk Mvited Boliny range
enbodi nents, the crude product has a VGO content of

digtgbytzpohetwern 4090Ys angk 5380 Crat @ob0dtMPhe VGO cont ent of
th : iJT I
1 et ST, D P AL

leasa0 @01 feramis & 3ARRArHdn 8 with artilidg, @fde Asthbgii@N®L at most 100 °C at
rans, rans.

0.002-0.4 ¢ or 0.001-0.-3 g I n sone L
0. EMoMdp padeE at leans 0 O0) grampsy fdiyerochhens with ¢ heilingaangadistribution
betreehCrob38%nd®0 °C at 0.101 MPa. |
In some embodiments, the crude product may have at least 0.001 grams, or at least
0.01 grams of naphtha per gram of crude product. In other embodiments, the crude

product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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120% or 90-110% of the residue content of the crude
feed. The crude product may have, per gram of crude

w@e@doed3io a resi due content in a range fromO. P)Oﬂﬁ&zo@4/842224

grans, 0.0001-.0.5 granms, 0.0005-0.4 ?rans 0
gr ankg sopeGabodinengs, cru%%prad@ethes 3 disfillate conﬁent:@ﬁoa %, 80-

1 gg%ggg/?qg‘g{of&tgggﬁﬁﬂﬁg 5@1‘1‘[%% A %@fe%‘éﬂég g%sgﬁgte %E)ntent of the

cridieeprodud endydedperdrahef chele prothbet, i o chingt fioas 04005 -0.5 grams,
pH‘Q),ghaltenes on&ggi of at nost 90% at nost 80% or at
p.3 %@@%Pr &<¥8Ral t enes content of the crude

feedy, ckRafi® b%uﬂnéﬂgmgé aRad ﬁodﬁa ©a$R VAP Rk 90-130%, 80-

content o e cr ed i's | east 10% at
12008401 00- léf)%l afabd Vm/@mﬁeﬁtlmét@rm@ﬂaai thlrﬂemeoamhcelmhemﬁ the crude

the crude feed whi onten of the_.cr
prastesd e PP O e Pr O S R KB SO L qW01-0.8
gr%ectﬁodleﬁg crdks, DU - A TBNG.801-08C: 8RS8 ng the C5
aspha tenes content of “the crude feed whi

mai ninaomie egbadinednds, rthﬂe¢rydfspra6ucé hmqsme:nntenmf 70- 130%, 80-

1904t 8T 1R ShE R o Rentcd B irHOREse g e D PR o RE Bl have,
pek QHne BE craaw]inw@l?ctcmsm% cBR¥ntIf aGapi fRGA 0t0V0PT-VHIERmS, 0.0001-

mat hemati cal rel ationship between the high viscosity

0.6 grapesn 8:0085-0rd grams.ct- e greseros ©- QOé]tQa% Braas, or .0~ Ohl gilams.
s um Greiip FATREPENNS el rbEmidife” 8GR CPlaliATO s s0-

140e€ r BOR 1 0mdfahd MGR/ c&ﬁemteﬂrﬂ&s(ﬁmeeﬁe@m&e tHe Sﬂﬂb 9fod@ct has a C;s
crude product C5 asphaltenes content and

asphadtgnes covteRt ebaitnaent YA¥y ayBoTt 87 St raest 69‘%snf therﬁe asppatienes

oﬂ?&%ﬁ@ﬁﬁg QH}a@ffée% (If?%él‘?alﬁ')emqagdﬁxcéi%s t@ edsgl%hfsfl@sgéb%gn?&; the crude . 7

VI SCOSity nponents 1 n f
fetdB at tdastel Om,adleakt 6@@’ dﬁet fenst@ O%SKInghe €k agphat@B%4content of the crude

fe%c? W%/fﬁ@ﬁ%@ g%’: ?ﬁ@e emaia é’f‘ifﬂgb*ﬁ e"fl&t“b ”&35?403«&% @@\%gomelﬂ of

' thQ @Hfd@ rf@ed' §n ‘s&n@eﬁlﬁ&ﬂﬁleﬁfsoﬁecileagmg kb C}as%hgltfgles Obntent ort]“ the crude

I'n certaln enbodi nents, the c roduct
fead WEFLB nramtanmgtahalatwdy atabled\dCRgc@%enamammeﬁe%e sability of the
n&ﬁ% 3? or a nDst 10% of the MCR content of the
CTRYUFE daroc}u]q O hodi nents, the crude product has

a MR s6R0tefibodintends, E@@@as@ﬁalﬂen@@@@nteh@aﬂc@%&@@orﬁ@x%mé?,fbe
30-50% of the MCR content of the crude feed. The crude

cthmsﬂdp phegiice p mathsmatiealyelitineshisbetiveemihe highovis@sity components

0. 05 f
indh R proptid sclaiis B Righ Vissa Sestsansth AlThe Rhud TR ror
exRiIR) 8 kumRE h edeR B4D0 pbatees tdiadht @ndh afRle Rl MIOBSSontent may
than 0.01 grans, 0.000001-0.001 grans, or

bayeppeTiedRND0A YPEeks GRde moévct&ataawlsﬂét@neéépn@nh@ndo% crude product
N@&%&E %‘Agﬁ% B?PE{;‘S%BW | v . S‘rhé‘ﬁxnsa&iﬂ%( BL Al %}&‘f& 'kd &) B%ssess the

crude g transpor ronR an

net Felatti@nin. higheiseaitg cympomaays innle drude fod.r §sifahe ciudéphiduct may
friction, and/or increase water separation abilities

bedfl atrh%gecfrqpaé B d0cR0%0 200130 BES ¢ i 1mep rbesdimentsya igko of
%{i Sfitth% il gm%%t e "@b@m&ﬁ&%&ﬁ%ﬁ 1546 9GhAE om 1.0-3.0,
r eln 0

e crude produ
1.2-2.0, or 1.3-1.9.
In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some

embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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treatnment. The crude product produced from contacting
system 100 has properties different than properties of

wo b@sosasde f eed. Such properties nmay include, BPOL/US2004/042224
not limted to: a) reduced TAN, b) reduced viscosity;

60%, 03609 of tieaMORi ¢owitdRe of thetczwrde; feet). Theduudaiprodnetdns, in some

epodiansitietioR L. Ltdnp o Y o diRsr  OLT R AP SN RUMOR per
g&gpgﬁ}hde Igr)odﬁ@duced MCR content; h) increased AP

gravity; 1) a reduced content of netals in netal salts
of ofgsmicembidimentsrthe prude pradust inpludes fiem @sgater-tham0 grams, but

di ' f
157 Bpa T e ooP L0 Bl S PHRR0! fpoplrdforittBuaystper
i@l 6C4h¥EptsacRaTHE Batdlycd Raphdias iDaabzibg @f @ide fotuct during

changed as nmuch, or do not substantially change, For
trenspophiéon and/qrdseatseenge She ediplystmalpiphipiicoregiop,@hipit friction, and/or

Sl e L SRR AR b oy v

conii dudd toradg iodel 6y mbid ddtdTests @escNBEd) herdin té thesruderpredyct during
hydr ogen upt ake during contacting may be
tregigisBent r at ed” on TAN reduction, and not on reduction

of o .
can’ BE P8 BRARECSauckd Hom boiac i <Fhiel B0 Hal PROPURS ifferen
. thoh peoisditidsydtingandé feedl Suclbeopgtiesmdy immludednterondtdimited to: a)
conmponents _in the crude feed. |f, xanmpl e, .a
S b A Byteduesadeons < e ik huFE BB @fteduced content
of Qﬂﬁﬁ,%xy%@&hit‘r@geﬁ?&%hﬁﬁﬁﬁioﬁ? tHERR: d)rE&RIERRLiRBYbREnt; ) reduced
transportation specifications, then'such crude feed
CaaypHakienss rcenteht, griedneddyMCRecnguht;th) inwehsed APARranity higgtreduced
.also reducing sulfur. Catalysts used in one no,
CSHED st TE bt nf GRS ey O e Blagh g dhotgp gome
eRBbfintEBEsabie GNHARHrEIeQ AR GudEhRUSCtONR]AvE UPRIckude feed, may
The nmetals may be'in elemental formor in the form of

ba sdestpielinchanged: weilmether profydescare apyersgafeasanidhear donot
i be i.ntrod int t act i .
sRERPLDangs R GAMSEE oL B8 W Bk AR AP RGeS an ina

cRRIB ekl witithuz aRe sighiicattkpeiingingihe amsutfofl bib@nedrapor@nts (for
crude feed containing sulfur is contacted with the )

exareplar Sy, resigie, NAVAFS oF VEFOXk dnithin sranaer Bydreganunjakeduring

. as C& rei

R PP AR P O 48 O SRR Sl

c6RPbE. alted, the TR ofSthd casle desiorai the dedveedsiwhilensingdess hydrogen,
HDS3; HDS22; HDN6O; 34; C31&; 44; CA1 1; CA24,

singe lpss elsiigh h@r@g@n @&%;be@ﬂ‘!?,e easEeguceafhcr- copEpests in the crude

120- . Q- . . ; : .
R i, U DI DD B o s
aBepiadle R0 treRNER0INdRNABASpoRIsti 60 sperNBBOonsRMEA 50¢h crude feed may
RN5610; . RN5650; RW30; 0., Z603; 23; 73. Z703;
by mose effipsontly jrpafed toawgu%%&sw%ﬁ B S B IE fr om
CR Ity dhalde@Mbne dritfore CHMAaIRMNs JaK&fvedionsMay intlBde one or

sone enpbodi nents, catalysts used to change properties
nofre bhik roetald and/eeche arahard enasale onr snppoat. Gdieunetsls Baaythbe in elemental

f@r}g{ g%i?léﬁg fo{i'lmsol‘IL%e:%gntp'ouncéjgtu e ?ne?él .1 thgetltgfygt% )deslc?l%leéI ggr’ein 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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not limted to, vanadium chrom um nolybdenum
tungst en, manganese, technetium rhenium iron,

W@ owalose31mi ckel , rut henium pal |l adi um rhodi urrPCTmSiOﬂm42224
iridium platinum_ or mxtures thereof. The catal yst

apgagpniemRlated do beyhspshas deseaibad herein include BIDSBo HIRERS; BDINGO0; C234;
Y82 ST LA4.248! 811%?%449 091 RTEs) 2 gce§3§ #3110, DN120;

grans, rahs or in a

DNIBDXDDN)I@ DNiDB DBIQO@H)IQS(&) ; e DI\QQlSQDMHFGiTEH\BIQO
I n sone enbodl nment s, t he cat al

INAI00ADR e 0D e 0 R RERTALS KT Gl BNA20R REGAGHENA50; RN650;

R TR BR AR G R, Rl B RNRISE: oo 2Rl 3, (G 23 2os;

7268 uenxd ZIE3 eWhrchmte aaiibido fronpERI Hitermatidnat,dhal(Mdtiston,Mexas,
ng e from0.000001-0.1 grans, 0.00001-0.06 grans,
; 05-0.03 granms, or 0.0001-0.001 grans. In certain
enbog éémb@dlﬁf% &l ¥rilyd t@ﬁéeﬂqgﬁhJP@l i@e@tléﬁtf%e(&%d feed include
The cat yst may have, er gram ot a total
oﬁbbummreGCcntamb 651)0 mentsenta snupp@t CehisinsG- HDﬁlﬂ:taQIBﬂﬁsludatbut are
at | east % rans and/or in a

@H@%ﬁf oo PB0BD £hEB G Siplybdgt B e e Fapganese, echnetium,
r
Al R cBATR i ASSBTR A SRy i,
oymartyres theGeifu e eatalystingy ya\pepergram obcatesahystl Célnomns 5-10

R N oA st o (0B 2P Eems Ol B e b R0} grams orina
é:h?ﬁ?roﬁf'@ 000 1Bt Gramb, R0 0520, 3 oyahs, 00O LR 8ragh SCHPO NLBI08Wams. In

Colum 6 netal (s ) with one or nore netals from
squpt emhodments e caslygimnsludesi Golumnnkd element(s) in addititol torthe Columns

T W R -

hm a&otam Dodurtn ls)emteai cdmvem Rr gmnﬁotr@m?stflh%ng@ o2 0,000001-0.1
ments, the catal yst

s (4600 CH B e O Oéaoe%ﬁto@gfamﬁ B SON eme
b
co P{] aﬁper% u rmlgtg% L‘S}l?&féwoﬁlﬂnﬁ) ? Ene%l(s?oﬁ"ﬁe catalyst may

metals from
harcbpﬂ::h gremtod cathlyst, a adtal @dhnmmhelﬂhés) cﬁn’ceu;tcmf eﬁ lenet (ZﬂO(Q(Sl) grams, at
um 10 ne S). nol.ar rati o of the
IeE e B2 RO b i TR 6 ares. 0.001-0.3
SRS g0 4,00 POURLL il 1S e
fronst G0 Q03)0.60 graGu Q;frﬁvlumn renedl(Q per gxannﬁa:atai‘ﬂt i Im sofnet he

erpffiiost: HE el Biites Cotbh g5 o) Hipidgiontp 316 Galimn 6

mefal§p e enbodi nents, Col unms 5-10 mst aI (s) are
incorporated in, or deposited on, a support to form
t he kmomwbodlmerﬁarthmaﬁalmmmm atoombGeitiomoes CBlubth 6 metal(s)

e o el R 7 oS bSO 7l AR 4G Eh gotumn

mbfabtoc@dlamst meﬂanméyf’@@ﬁi ARAES from 0'\@2©h1-tlbeorr12:-‘5 aJA(rﬁ%lar ratio of
and/ or el enment(s) are support ed, t he’ wei ght of

Celapm §/wetal fcColaess Z+10 mefplyoax be il 4 range &bind).1- 2a,nb+1@,| dr2-5. In

|
SFAETRR o e R IR HRR TS N 05 R
cozlaﬁhatto@mf Culurgd Birndidls) g dnBek 8ffre mBeAY R TwAXS §188d/or 7-10.

131/ i nclude, but are not
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).

A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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limted to, alumna, silica, silica-alumna, titanium
oxi de, zirconium oxi de, nmagnesi um oxi de, or m xtures
WO b@soef310 Supports may be obtai ned from a conmRCTUS2004/042224

A ISHUEED oRE 15 0 LSS ot coumn 10 metar
thatotzd Cobase d numslen itad Gutdl vt st e iy rardleSrdi@l - 10, BF 66 2-5.

to, activated carbon_and/or_ porous graphite. Exz;\rrpl es
of zeBFYHeEm H@Iﬂl?aé% Gobways; 5y Hymetgl(s harg desorpasated in, or deposited on,

it ' : i I ferrierite. ..

TRPPR B I oot A Bl O s MR 51 b in
cgmbiﬂaa'?m WitfhrCcﬂuijtSl lisleﬁmmlt_rh(y)sare ﬁﬂé@h%(ﬁalt_ecﬂ:ﬁf,@@deposited on, the support

nnsyl vanji a, U S. A.). e suypport, in_sone
& fEBd ey st. i1g eB’P@B%ﬁ*f‘élas 18 HCH s hatalEs) §ogenelemisniés) are

i : as 7

SEARERAMONE LA T eRtap Rl inBhidbCPhunbal), Bl GR35 it fppenio)
The Smyfmesdbebyorbos m’ﬁgggﬁmchmla eﬁmtq&y@gﬁieQ,fpogdél&d@MQﬁEed

terial ...l n song .enmbodi hents n acid . is added to the
nibeiels. Zeglisesc pEgombineas Jarent. Belpranpdtes manmclygednt are not
ligfdd &, lalitrginaClikkaai | ; u such
1mat h ods:j1 as nr ealgﬁar ggciﬁgﬂgiﬁh\lﬁé ﬁttat?;le%}g: X til %ﬁt@gﬂfgggge,a&ﬁgnesmm

o¥ids; qranixwessthereef cyuppextamay ds obfairdifrian aromutbesialddinufacturer
cetic_acid, sulfuric

s g S sy e ofos b ofiEles. agasol S o carbon

basrd ntikrialtSinBde, e il o likheno, alk AhaPlarbott dddfirProus graphite.
met hods _and catal yst cutting nethods to form
Exgmplgsiaf woliterprclede Yizaelitess brtayzepliteh sadrdeniteateoliteat ZSM-5 zeolites,

. 1N - e from 5- 0C or fram 85-235 0C

aEARTHRS Hlidsl Aol e e Wttt om o5 Phgn s 5] mapifagturer such as

Zeolgst§Valleyt Fdrge, Renn®ilednid, €. 8ok ent of the extrudate has
reached a desired | evel. The heat treated extrudate

nay FURPPHP SpBgembodipcs, iy praparedgishadbaiitee suppart has an
a 0 o; hst V5 hs 0 a t e t .
Vet old AIBRP oL 40P H5 PR, %QQ 114D &1) 1t lgast gﬁ{d%eilgi:ertam

support having an average’ pore di anete

emB@lirents e Spporinprepdyedbyrorning drheusoRsiste dfmisd ﬂ%ﬁ&t material.
delta al um na, al pha

| ym h i na,
I3RSt B bt B BiegORe 17 ebisoitusp of hepaste. The
watetdidnButdIfdid arealddt BesucRhRBanid Eﬁld."bf Qucrlrla%etggd‘g%ﬁ qg&u'iroeﬁ%o give

therof, per gramof catalyst suppor
the grigedapleqiese agBsitede@istpnayrsExnfledoftachlsgha g, but are not limited

0..01-0. { t 1 get ' db
s Rt o810 el B5himShbuilane S5 b Tupoor”
has, Tigi jabema) e t@ided ahcp&mgiﬂgggbx%aw kot &%&1%{1;%&%1%

of alumna, a theta alum na confent, “per gram

mgtbw’cata}ysgcqtg’n@ methodaicfotm@x9edagesarifhe edtridfleOmay be heat

-0 ] y . .
sl ncheciictn d sl T Rm SR e o BatE S5 B mperinstas time
(fatexhapief fod 015-ghais) ardlor @8 the faclstdfedBRientbf the 8strudlihas

or at |ea rans of theta alum na, as

, t0.8
re%@?‘g? Apsied lwl-xTﬁ%&eaa fregtecdextrusiate rSuphofurder et abated st a
. - | yst .

et B 286 P e o FP B TG iR support having an

avpnagpporatdizmnseraofet thascisiobed in U. S, Pat ent Nos.
6,218,333 to \brielov et al.; 6,290,841 to Gabri el ov

et ah certpyy embodimenissihe suppswtineludes gammmalutting, 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 in a

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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Pat ent Application Publication No. 20030 111391 to
Bhan. In sone enbodi nents, the support may be
wo mmsmgmm ed with nmetal to forma catal yst. | nPCRUSBNNH042224

TN LG O
c&ﬁblﬁgg)#o% OfePlor 5 of SlubdiRd, IR hlﬁﬁ‘nﬂﬂ éd?ltéht [}%} gl‘aé‘n Psupport, in
sed duri ng

some enbodi nment s, |rrpregnat| on al ds may

a ;cangpﬁnoat@ b10. 99fgratme € 5100 grams, dB{borP]8ezrams, asrﬂateegm&tllbovm-ray

i nclude a rlc id co
iBigiohn s Sabedimstisofe SRR YRR 12 fbhemmsof least 03
ordinst 44183t 0.525 888 or hﬂess@ 0188drBme BP O Bithha, & SRyt by x-ray
may’ be formed by adding or incorporating the Colums
dlﬁralC(Olonet al (s) to heat treat ed shaped mi xtures of

© he pisspete S o e A kol AouB SalsRy Brepgretion

teBlnif @ 2 Exxahks BDELA 50 FONELAINE afel RBcrtfed IR URS. MR Nos. 6,218,333
provi des beneficial catalytic properties of the

todGabaielostet abic290. 8 4ol Gapristoveet shizanddh, B to Brionet alozaet U.S.

PR AR SRR S AR L IRRELE BB c s L o
cat alnyss)tnetemﬁwuﬁem Itlea/suppbxh oy trligpepncted Rath mbtaldoForm a

Pat ent Application Publication No. 200301 11391 to
catplusi. Inrpratappembeimsnts othgsppporiyy hegd dreated gblempetajurgein a range

bBcs I
G VDA B T (B0 B LGy AR
somfet ajltﬁcsi)maus;pmiptegmaummmds may bbesdd deithg peepagativn dfald etalyst.
m Xi_.ng equi prment | es of, suitable m xi

Explphdrrrseaptenaits i ye @ citgp aelri&ﬁgwyn%mettﬂﬁe%qdlammetetraacetic
adid (nmt* ), alhhdefs, ommes(ttaeofexanpl e, batch type or . ..
ti nudus typé), 1npact m xers, and any ot her
g en eTmatettymlendwdlmtmtE r,catatysymag ba tfcbr;neldr’uy\/ﬂdddg\uramomdmﬁng the

i || t abl i Col 5- “ -
Clupigs S0 EeiaRt Haotealsd Soqmd SURRus STaHRRAE (ronpling?)
O{Tarla%d o Befdl 6n O dTdhd dat treatt@stﬁ?é@m@oﬁhaomg%tsﬁbétﬁ)nat@ or

substanti al |l y honbgeneous di spersed’in
re ru[nlfom cgmtr@tmjuzf metal cg"tentpm@ztdq;tl@nyﬁqlah catahg st properties of

bR o IS R R A A Tt v

tth&thlyhb acttmtyaifﬂhmceﬁﬂ;rﬁ anBstsne ﬁie?)aretahfateﬂﬁdt @lsm%tovamy methods
be heat treated in the g@gsence hot air and

arg dosgeiRed indh SaPateni: ApplicatipePultlisaibon Noa2003A k! 394 ttoBaan.
400 t t
200 DR OGRS TGN b ST gl 0

equipinet tefbrina Célemas 5+1@spetnids) igippedt alixioxd. dEhe Coluainb6+10
enbog%‘rrents howeve t he cat al yst may, be heat treated

meigl(DFUPPREREHEE BeY b mixed ysigsuiiah! %H’é@ng RAHPMERl EXRppigs of
su%t??lé%élgig gﬁ@h}eﬁm@ﬁh@ 'turp@le mété”t%a%heﬁ?&ﬁ%ué%g,r et % ixers

or a perio time’in a rang
(foraxasiptep bateltype oa corejmoiit type) irhpeet niteas,iahe anp othengsnietally

wi t hout convert t he Col u als to th
kg nixgy, og geneeg) Q&V nsdeat%pfaﬁfe\aﬁlbwgﬁ?wrw%ﬁtﬁ&ﬁw 5-10
Q§ Eédﬁ r@iieter 84 C&‘Patﬁ‘%mb&ﬂﬁéhﬁ' B8 hat GRS ShiRed Y Rhe
cat s are prepared in this nmanner i n conbination
Coliatans &- 19uhdtalds) ng(andtshbedanttalle homogeneously dispersed in the support.
In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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active netals may be substantially dispersed in the
support. Preparations of such catal ysts are descri bed

WO noosto&31Pat ent Nos. 6, 218, 333 to Gabriel ov et BET/USENG042224
6,290,841 to Gabrielov et al. In certain enbodi nents,
a t hBrsems embadimentsihe eatalyst ey beohast Heziedun the PEseRasT hot air

0 b/ 5
R0 4Pl EETAqHIEks DI A0 EL GG o emove
v@atlie neteakiwchrthattay teastrapportien bt Coheansest1 Gimetals are converted to the
tenperature f | east 400 OC to formthe catal yst

CHERFPAIYIRE 16 °7é‘a§e d| stribution with a nedian pore
di angf c?cﬁercgmkﬁaﬂlrg %%Qefa‘theu&'lﬁ@{da be?ngtl'ireldfeﬁtm the presence of
treating is con ucte f enperature at nost 1200

aif & telpersones 1aratmngmﬁemh§5 500 G(Fppaxample beloer 308 °C, below 400 °C

conmer ort of.a support prepared as described .
ofRslqy é§b ?é)/ %@ Petb Phide ﬁabggt@&r%tatraﬁﬂ%? a majority of
th@RS{aile &n?pdn%n@%ﬂxbupain%ﬁﬁ@ thd @oﬁiﬁ{ﬁ% sePRei Y ik mtet*aeomde

supported ‘catal yst may I nclude Colum 15 netal (s).
Cetabystslpegpardtebysunoh emiatbodae @emll)amﬂermd tb lae “ndakcimast’ a;htalysts

Wikhend Rt P et BSgmafti? st ion ey s AR §8od. the
actde BASAIO B b@@@bd@&iﬁﬂﬁ? dfg@ﬁs@(ﬁlrptﬁg’@ﬂlﬂb%ﬁ Wréﬂ'&ra&i@)ﬁ@ of uchQatalysts,

form an enbedded netal catal yst. In sonme enbodi nents,
areldesquibad ér Urta P atsat Nowidh QH&JB?’@AT@ Gabtieloy gpplorand £290:84é o Gabrielov
ztruded usi ng standard techniques to forma catal yst
ving a pore size distribution wth a nedian pore
di angi @ftainendbddan@es,farteta 80mza8 spport B8 Bedbntbin&d with Columns
120- 130 A Conbi ning the catalyst with the suppo
5-40mesals tq formcyibeta ahEina Pt GRlumas 3110 anedﬂmléalrefmqn@eta

ST A o e SR oo

lehgt@@D @ b dorrets cmat}at having dpors sizk almmm@n wikiud dled1an pore
ot herwi.se oc he une dded npet al t al In
diggster Qﬁﬁda"i%ré#é é Q%HaHé Ju& ng eqiieaiingis CP% éﬁ‘iﬁl@ dgmpegptures of at

- mbbe ®ptal yst extends the life and/or catalytic

activity of the catalyst by allowing at |east a
por t Inosonef emtlmehrrrettalthet wmoxtéelﬂm tleemsgrdizicappdrt othasupport

pgpecen & dese b Uitet R ingd e EPBroh T A MEb Ll e A AES bulk

meell @dt ?Et dHEbRE eﬁﬁﬂdlﬁféhtsofhetsﬁﬁpdﬁéﬂ%bﬁ@tst Wb hetude’Cl@mn 15
ntercal ati on and/ or m Xi ng he conponents of

wé(Sb dicaleyamplecthe Sgaortel gatg dle htéh ﬁ@taltcw@lyst may be
structured order,of the nthe
Bt Bt BBt Bt st TE 1y o s lefBns, o 5

4@HA&bnN f THeP o ﬁ1a§ﬂbte @bmbihell REthCsppdato ﬁ)hhldﬁteﬁft%d@dd metal
t he enbedded catal yst. The order of the Col umn net al

caﬁdystb én gnepmbedicnenisi thg PRWARICRa% bagorahingd with ﬂmupport and then

fTR 128 USine TRe. 00 980n0he S TRNL AhialTEE Bl SIS sHBUR S fion with a

n@diadeofmyaxhaeﬂmtaeeﬁgmﬁdmm 200k ar DOg80 e opt2BE3®A. t he
Col ummn metal peak in an x- r%%/ diffraction spectrum

of t ﬁememnwﬁhe safekyﬁmltb ther HEPQYE W in $Re wpbesiyRers, at least a
dﬁ%ﬁ‘ of ﬁ{%%ﬁ{éﬁo 236 Y% Ak §iRCr A SRGEHEH MR cdtg'l?st (for

Pratal
example, embedded in the support), leading to less metal on the surface than would

otherwise occur in the unembedded metal catalyst. In some embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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br oadeni ng and/ or absence of patterns associated with
Colum 6 netal in an x-ray diffraction spectrum it is
w@omsiokdzeo t 0 estimate that the Col unm 6 net al (BQT/E8E04/042224

substantial ly randomfy ordered in the crystal
The mgtalmay moye te:ths sptfece ofdhs eriadyshHuopgl gfogion of the sygface of the

| t ' | di anet f at
oo iigf ORAL o B oI BUBRER, 2 e O
al unimexcaiatiytbateiermixirigoofithke compdnents. of Tieecatalystbclemnges, in some

crpbpimentSos SHAMGH o5 8" DeRayn Bgeal hiih o BBl fhrage Crysta
stgqchgfté 'tf&sﬁﬂsf%g{éﬁ%%ﬁ?ci o A oliGah 8%l iR %g%ﬂ&ﬁre of the

east 0 OF) to produce a cata
ethbedded catalysot Tiedridi df the Galuter ikl maplby bdemumed using pewder x-

in.an x-ray diffraction ectrum (for exanple, .an
ragistBpeon fefags ok O Clemn iRt AL B URTLCIave to the order
oAt ALYST St tRE nePRbRABE Bldy2R AR mPRIdS ySlobpatiHg the ordertof the

Various pore structure paraneters include, but are no
Cblumirt @ thetab pegkoinendi-myreli ffiactigospeciranwithe Celnmhadeoadetaghe order

i nati th f. T t al
offheRRBLR Por Dbt fat Ty 0k HoaPeiAe e from
bﬂ%ﬁa&i% AMBSebSencl e pAREh PaysRR4Ed HiANES18khn S méthEinRAKeray

size distribution may be in a ra&gg from 30- 1000 A

difhadion spectowm, G0is POSilAe ta etiswmtmtheithe Giokunn § mesalfsy Aesbstantially
that .include at |east 0.5 granms of ganmma al um na per
ra&a%]ﬁllyo?r%ggaé? %tcrwgéétrgctﬂrgr e size distribution with a
medi 85 QI nfdRhum Aridxid@ AgEthE OIS s@iportAiaviig-alB€dian pore
A, 100-140 A, or, 120-130A.. I n ot her enbodi nents, o
diggneter gt eisleasid o Ariapy brecambipedier fogm pn ghumiga/grolytienym trioxide
oS RSl IR Lo KR Bl P Ui BRER cRbfifile defipte Duor. Dun
afd/OnD G SPedkOD The 2@AMAADIMinn 6rridd0e 2EQure minbsheme treated at a

ST Foketta A I T HopRA0GR s gt e gof P enhioh a
pétgegﬁ }AOI‘ 188yhienptn diGA8L ir?é}iox-ﬁayccﬂffﬁa{é:glag Epe%%gnﬁgor%{afnggz bn absence

or"at least 300 A Su pore di anmet
oftthe Doyipricak). | y at nost 1000 A. The catal yst may have a

pore_size distribution with di an pore diameter of_ .
bt 1 Enscaamiedimentt, RRLSLs ey e Al BN BOt TRRrLS. Various
pbR&rGahR! PSAmAaS iRl ButSird Botdirditdd BUHdre Qiatdid}, ore volume,
nmedi an pore dianmeter in a range from90-180 A 100-140

susfaco pred® @ teMbmations thergof. | Bestatabsianaly have atlistritvition of total

of .pores in the pore si.ze distyibutj.on having, a re i
agimtRRe R et VoS PR ARhg sl B oot it of Rcpoge size
ddirHIELE aybB if 8 tdrde FroTBRJDOEAL 50-5004, 6A6@BYS KA. Nasome

pore size distribution with a nedian pore dianmeter in

embedimgatsf ¢adtystotheBincinde @f lepst 4t5 grams of soymerlunipg pey gram of

TR Eh BRI e TR R BAE By 200
Apoo-g8difameoano A, or e2B0osih Aemh sthenembodibhehRecat@gitathapdichude at
di aneter of the pore size distribution is at |east 180

least (ot srepwst thetmalpming pes granpaleatal griAaveyt peresizeredtibwppwith a
mg:zhéiﬁ |p|5 t@&n@féﬂ%ee[ raﬂée ROLS .()'-5?)0%1 SBHP. A 0233%259 6\ A{n some

utron ve a-pore dianeter within
ef@bodfheAtspthe nfediamBdiradiameter of the pore size distribution is at least 120 A, at
Jeast 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A.
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pore dianmeter. In sonme enbodi nents, the catal yst has a

pore size distribution with a nedian pore dianeter in
w@2008f06316 r om 180- 500 A, 200-400 A, or 230- 300P&T/UBRODH042224

at least 60%of a total nunber of pores in the pore

S| ze Tegatalystimayharag porg sizepbytabulicameitle p nveidian por&diameter of at

g @&I‘&g%r?? geaﬁpﬁ% @16?0”11‘139 ¢ aP Cﬁlgllrmgtg dt;l}gﬁats@ré%leaslaé)é)g? sige distribution

With ¥hedian pesdiafetér B8 gOfromt 90-E8BA 100914008/ #1281 30 A, with at
certai n enbodi nents, pore volunme of pores may range

leasb b0 .of aGotgbmmmr@f pores imthg peresyis digiibotion baving:wBgrg diameter
‘;lrl;lléhgl gaLa |3¥S/$ /%@f fhe Ritifan o%eedl }n%{ 981 ((1%% rﬂlé(ifhmelﬁts the

pore errnartr Fom

cﬁ@tﬁ&t Hiﬁtwp‘brl?(@iib Fistdtanien avith e Ifnadilen porali@hetat inl £A8Ee from 70-180 A,
00nR2/ g, at | east 120m/% at least 170 m/ at | east
p

vzlﬂoatdeaswo%@imtotzlmnmqr@ Gge i 198 PPEcEzed %nﬁgn havinga pore
0 0 -250 ne/
Buh QB85 0B A08 200 1%L gr L RLONBL Kok 30 o

Mnc¢artal n enb nts, e catal yst

havi g eﬁlbpdnm&nw mevhid:lsthb Inhnalﬁan@mw\di‘amwarmdieq{br@ﬁlzedlstrlbutlon is
have a surfa

nmeter.in a r f ro 00 A nma
%F@% 1&‘5 Ayt easisy ast§80 e&@ﬁtegélahé% ofjadetal mmﬁr of pores
1m}{egpor@§12é ﬁéﬁfbu@lg@ be}ega &E dBinet %{hléég é% gb% P46 of the median

surflace area nay be In range rom
p@fb— digfeter/ Iy, soh@nZ¥dim@ity thocatdl 20-h35 6 pifegsizel distﬁbuﬁic&l With a

reupis bireeS S ST, B0 A7 Aot LTl o at s
094 &4 ayt%Eal hﬁﬂ'b&%f' é%rmﬁ iR 5dr@§lz@ h@&ﬁou%ﬂ %Qwﬁ% %%BQJ lathPter within

a range fromb
5900-7008 a9 Oﬁﬂlem@h@&@rwmmetdrn some enbodi msnt s

e, S PSR b L RS R P00

chﬁ@Wﬁ ak Teakth(R9 amb/ |g( ® Eer@ﬁﬂé?ﬁb&hméﬁg | Sed Q/BlﬁlneRff%%é.%lay range from
[ nt gr nati ona )f'mQ In 1'soma enbodi nent s,
0c3a989y§t /gnBist (b%calr/ge@r(i f &ul/gi ded. Alternati veI y

the GI%% %th%ﬁlshWn £ %&E fs g?sgrhﬂt{ﬁoﬁ V$1 ckl) %egﬁﬂtpgget dlgrglettep 1n e;range |

catal'yst wt [ nc udes
fout H0418€ Anhay, lin Bgne eﬂﬂfbddhﬁﬂeﬁts havesi sutfacddrbalbf #dEdsO 00/ g, at

tilizeeith aseo en sulfide t he presence
léﬁt' }?';Qimﬁéeqﬁ ?eaé‘? 170 Iay gdit fs%%qna? lﬁa;ﬂzmﬁlg{lbé@eﬁ‘ﬂ@l ytfage area may

u u | Sl
83 SEERPRSHLI O pORRRR T AP PDE Pl S e
s ul f lm certetin anb@dmrea’ssﬂas catnlysdesarg dopate isize U1s‘&1bd?@h®ﬂth a median
5,468,372 to Se t al and 5,688, 736 to
PR TR pineq RoBARDAUN A M5 dikeh Datack areeiabat IsgRE0cKe, at
16RE 9 %L, Teadti1be iR bl 1120 niz&c byﬁqgars% MAPS Fudsurface area

metal (s) in conblnatlon w th has a_pore
iy i asmgetfm 60-30D 1k /g 9ALBD m%/g;dﬂ@zaoam?ég er 120+250 m%/g.

15 he first
o £ S et g r e hE okl S PR P e, pelets,
?l'ilﬁiefﬁ Eﬁd/oﬁéitﬁﬂd}i&g Wcé@ﬁyﬁttyﬂ@cﬁ@thag adlaé Bﬁf&crusﬂk@rength ina

irst catal yst may have a ganma al um na content of

ranga $tonn56; 589 Aem.H0- @@MHBII()%&&N/an;:IZQOﬁﬁOdé/{chy oa220.280 N/ern.
nmost ;0. 9999 I ATs of ram of. fi
car e SRRl o P e I bl arasois ulfied o form
nfetd] QhdEdeS @ioe B useh using 1aRniGud¥indlvsa thelBf (f&f &ahle, ACTICAT™
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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catalyst, in a range fromO0.0001 to 0.1 granms. The
first catalyst is capable of renoving a portion of the
WORIOFOEES16 r om a crude feed renovi ng a porti onPCf/US10e4/042224

conponent hat c bute to TA a crude feed, .
eﬂ@%ﬁﬁ?ﬁs EY‘ETPE%&%“ g‘t‘ ? BifSgree PF]NEY‘{ESg%{% Sh gﬂ‘t“érig’ésef Fubfrizing
g%r% f{gﬁ ab 3%10 \:‘brﬂﬂmﬁfds (Basbind aﬂ%}ﬁdlf?@e ol"yglﬁﬁdes thiols, and

in rreta salts of organic acids in the'cru
stléeddespr Ex-cithsulfitrization prosesses are Gedvaibe¢p molde. Patest T(\Ibs) 15,468,372 to

exanpl sul,fu t, V&.content, APl gravity,
SF@E?%&E ab e éﬂ%ggg/g’ t8§r‘?ﬁﬁnﬁ%§ﬁ Bﬁs t her eof ) ?my exﬁl bi t
rel aty ¥&lan SABbdinchRNIASt Wpedf bhelyst MRt Eﬁﬁl‘i‘rsﬂ” 1ncludes Columns

contacted with the first catalyst. Being ab
5sld) meetal(s)eh yomhmagen phitbpeuppars and has ¢ pmélzfeebﬁnwtndnsmth a median

Pgﬁ%ﬂpga%nlgp {%p h‘@'b%%@d% f@ eﬁrs{ %lg/gtlr%??ylel}{ave a slulrface area of at

1k 1001 8775 Yhé {)@etv@dlmé O tROfEst EAYRIGEH ABNbS at 184X 0B cnifRL. €The first
first catalysts may be used in any order. In certain

C@tﬁlyéfcmmehw a g alooner eopirat of atdeash)psarams gbgana alumina, and

éﬁ,@&%ﬁno%tnd §V]M§dt9ﬁgdrgt%s 33 p%%{r;rl?é ﬁmé}g%,g)%% gxlaé% zr)fe fifde caéalyst The first

c@talgz&trhab UihisBie \hibodandiits] iadstaPengntd bBOBIugn 6 el (SRPECgram of
from90 Ato 180 A. At |east 60% of the total nunber

cyplysloearange fram GBOY 10 beamst dihp first satabmst iswapaide ehygmoving a
| i-1 hi !
PO of e 7Y e B B Bt TR, it BB 81 Bl Seligpengs hat
coltebste ct@ﬁAN:@ﬁ ead:ryldé fagddemosingtan kel gt wﬁm of tihg C5 asphaltenes from a
condi tions may produce a crude product
CRIP desdetemipyseaiisaska petgpn eiﬁﬁﬁﬂl%als vmftai ﬁ%w.q {O83AHq 3pids in the
ARBERor @ndihatfont ek, SRR ﬁféa%ﬁﬁers reexgh Ighﬁﬂﬁﬁ télfent, VGO
feed while other properties g on ch ang%
cemteit| ARhguamity, réswhqajcrcmmn cg oombimations theneef) emftyo&iahrtamekmvely

S cpEaBL B b Al Ee R TG i ERTEORER Pefrdabie o

séledtfvelyRihbfed Is}of.)é}ﬁesT &N @hdd feed Ghid %nfmﬁnglﬁg otiR@ptoperties in

portion of the conponents that contribute To
relativgly speallamougtis wiay ebew theerudeafsad tebrimereattiviendy treated. In some

ion of the prent, of the crude product.
R pRBisorns T nol ke AR B sl T O ceoon
cat a[ryﬁdna[fﬂ}{n@fdiﬂaﬁt@ t8€ betdad pipedleitakt (Tsetoh bzﬂélgytej Mcludes
smal | change in the sulfur content relative tot

Colpnng5- Eymetl(s) grcompinagion d@thfaewpomo%\ndéw& ApPEe sizerdistribution with
oSfRREOIERTHt DAY SBnELAE SO SRl 20 e

of)p@dymtthap@/reaiz:whﬁmbutmntofrﬂ&i getoncbdayalmbbe £ paRgeandter within 45
distillate content, con%ﬁﬁt nd resjdue content

K ofths oot gorrmbarm e cechiyihithetseend qatlyst under

A TR LGSO G

(foARkangd@ I%N)amgsﬁcmtye:hangedrrelaum terthe sfmepopeisies of the crude feed
tal salts of organic ac gelatlv i gh TAN

I
wils Pthe BRABFISS QP chaney (i sl AeleEpeigurce, in some
cfibbfitichRetlay fapRaBl Alify w{ta&@gnsport ation and/ or

refining advantagdcru with a relatively high
C5 a¥hhsdcorhesgalysnbantednayat doaki dpdrtibessthscaimpbidrys that contribute
relatlveto ot.her crudes

tq tglp Q{A&I E{ tglg Egﬁe dagtplﬁ%ﬁ 2 @Rkon of hhe components W‘latt Qontribute to

relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a
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content. Contact of the crude feed wth the second
catal ysts, may renove acidic conponents and/or C5

wa@gphabdzenes contributing to TAN from the crudeCT/@smo4/042224

I n_some enbodi nents, reduction of C5 asphaltenes

carie/spdush Hbriaales vely smallishangsgn ths spiiw eriyert edlatee tobe sulfur
&Shfeﬁf&f the/ %ﬁﬁ? E%ﬁv Fol g:gaﬁ@;g&ggé gﬁg& pitd ggtli—ﬁéeye @;&é}aﬁsfu?fur content of

7084-130% of tec]foecdnsent ofi theatrudunfeed. COIradd pr@dsctahay also exhibit
second c ysts nhance st ility of the total
IERBERIE ﬁmelﬁ glaeegsfr isilag Qg V E’ccp@%?ete apdtesidpstconieptrelative to
R Lo fapi mal net hydrogen uptake by the crude feed,

or co natlons t hereof, when used to treat crude feed

as dds smmb embbdimeits, the mnsbrfeedembp Haveentetatival ytibwrodnteyipef Ni/V/Fe

cat al yst ird ca st", b t ai nabl e by
(%6 FEATHP gatémisaé‘gmpm M &bﬁétfeaph@ eltﬁseaaf@at or
cameﬁ\t Fr)ethls Y BT S ofE fAlclsy St rdRREHIOR TRRY (1Bexample,
heated i n the presence of one or nore sultur
Tedwmvhatrieasy Oébnpwcmlbr tite caudeefhprbuMwe:maﬂde farwrahfbrGon and/or
bel 482 O f short .
iR G G dngetet SR R e E 67 bnelinci taniyat may exhibit

1ekY BiaBRty Huru{ 0@@‘5&1@% Y&8htivy t%%”t'ﬁe@ QFude§ w'i‘tﬁ%lﬁﬁlva? 1 C5 asphaltenes
| east 100 ours. I n certain enbodi nents, ep

CcoRfeRtd Q@ta@t 9%&16 mwie fersk wigh the sc¢om1a1atallxs§t matwarvmovae a01dlc

m. 15 gntent . in.a r
comgﬁ% ntsoanélgge(ge aZtF%%cong}ban%&af%ﬁoé gel-ﬁagd f’n some
efribbdﬁle@tﬁd; aldystionanC @sbhéttehe§a1@mrfdoﬁ@ahe@§tdn\mwu@rts TAN may
stability when used to treat the crude feed as

refeise tepaseopibr ¢ the cude &ﬂ@étoehﬁ@dmtém@re rekativede éheyxsscosny of the
ST Th 3 LFAL A b, SRS AU SRR BRI st ey

ehlivincel sta’aﬂhq} fsthe tomyl predlicc’erudt ptodiast mxnpe) ihtrefsefatdl e life, allow
ribute t t he TAN of the cru

s, that
E@? Qudeaetauribaby te Pode fegh coomhnatignsibereph when aed to
o &-Sae0t e PLORRES cHePeZn reduce aNi/V/ Fe content of the
crude product, and reduce the viscosity of the crude
prod t[mmmeﬁdﬂbddlmalatb,l aythird dypeanttcatat yst ¢ tided cfemaiylst”)mnﬁﬁ‘lbé bigtainable

t hi t al d d duct
b SpEPRGRH §bRar g G RS SRt 6 healye! preraer, dhe
cat@lykhfe&iddr lﬂ’(ay%ﬁfe%éﬁ i®fhet éﬁ@seﬁ&é&%n@ @ thodd QJIYﬂrtcBntgmmg

relatively mninmal net rogen uptake by the cru
cmee@mdset a exparstee balogy iﬁﬁe Cb(rfgld@@mptha)belmwb%?a%)ubxf aurelatlvely
tent 6.130% of t he fur ont %
e%erl()(iih tlg}eﬁ orrgt? dlélfalﬁllns ﬁttg mgaI I}eoca alyst precursor
tsqeh@tiy@ bt 18y 160 SO ferdhhduirs. Inezieﬁhm\eetaodﬁﬁattt ttféﬂ@tta%atatygt may, per
APl gravity, distillate content, VGO content, and
gragsplchatal wbrasn a Godyran il § glement mtemt inferange &onh,801-0.03 grams,

0 %b'j IOI 62 rlgtgls Soiféé@% ({ Qleg]i%é‘p\//ﬁﬁg%g l %stt Ingeﬁlaexﬁ'tﬁ)ét mgmhcan:t activity

and ﬁ@lﬁﬁtytwh@fusb@&) tedat de udfeed asystbed eeei®NirYsome embodiments,
changi ng by a small _ anount the APl gravity, distillate
t c?ﬁtat%ﬁf pregisyrdp header at temBerakEssshgtove g@ﬁ Yairsthe presenageofione or
?eesdfﬁﬁ’g f’&ﬁﬂ may aI | ow t he crude product to be used
a varie ' treatment facilities. The third

c at algsthirdi oﬁta&@ﬂmaﬁ rdiude BEIBES 2 poBion F A nFonkHi8 $hat ontribute to

portion of the MR
the TAN of the crude feed, reduce at least a portion of the metals in metal salts of organic

acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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content of the crude feed, while maintaining crude
feed/total product stability. In certain enbodi nents,

w0 b@swobisne cat al yst may have a Col utm 6 net al (BQT/US2004/042224

content in a _range from0.0Q01-0,1 grans, 0.005-0.05

pipcdigE with a relaipely smal] changsdn Hssubfucenions relafivedp Ahq gyfur content of
0 i . . . - I O -

Pk TR P R00 D0 AR, 10 A0 Rl o

eahplenNs cadapebdher meyt bdves)suifat edntadt off @Y%6E B30 bf thieaulfur content of

reduction of at |east a pgrti on, of the conponents_ that

thefitds Bete The cverProduetizodiced dising dhe thirdicatabist may alse exhibit

d - 5 . - i
L R
cortehiadchutieerhoitie vanie feeda Fhewbility tomducd the 148V yth¢ metals in metal salts

“"fourth catalyst") includes Calum 5 tal(s) in i
RS ORI, aa_ﬁ i HECostip BBE{? .cr#f#r?%m piile also only
R/ By a DR8I GmBRAtGhS WPE gfﬁ'vﬁ%,r &iBuI OB 'V GOTRALAR and residue

pore dianeter of at |east 180 A t

I n sone ‘enbodi nent’s,
contentyeelatave odhecrdilafred.anapillav thef apuda produt & hsuseddy dnariety of
tat I e?%. %20 A at least 230 A at least 250 A or at

RSNt BGHURS. The support may include at |east 0.1

gr amgheahird &A8YstOinZoffe@MoodBherlt€ 3¢dy Bd et fABHa PTtiéd of the MCR
| east 0.9 grans of theta alum na per gram of support. '
crientf afithe erudefestlywhilowmgintaieing ¢aide feeddiotab prodbeiditabeliy s In certain
Bty vk AR Gar b e R’ SR GHIgAE" range from
0ro0al(( B grafBl 0.002006fgr&as, 2 YI01-0.01 g@fisahd a €o@sh 18 iiddal(s)

the Colum 5 nmetal is vanadium |In sonme enbodi nents,

copfentdp gdangedem RP0bd. Wogreme+ L0 OB caamsa@aP 0P bRl grams per

, ubs t | - " :
B T
+ a@lortidneoffthd tapongntsttine chnttidbtiteaaMCR $# thetdmgdesfeedatdemperatures in a

catal ys he thir talyst, the fifth catal yst, the ‘
g e é@%%%té o pen-48 3 BisPRIo A e Este Dal 10 MPa, 1-8
MY 3l ¥stgpdescri bed herein, .or conbinations thereof.In
sorfe enbodi nents, hydrogen may be generated during

cont dictértegn embodimentsuaouftbaypawitdatal yse (‘fowrtht ¢tatdpdtd) ipsludes

s SR P AT DU SPBUCLIE PReatlyst hasa

pekCIzCARBEH IR YndfYiSofe didNeRE oftht 1808 1 8@RY0In 36 mB DSt
80% at npbst 50% or at nost 10% of the TAN of the

embadisentse the rrgdiaropnee digereteraf ithenforrdly cifelybtrmay basideast 220mA, at

1- / -4ONm / 525 NnV.. The c¢rude
IS Eaee st it RO A FB el R g figst 01 erams,
aPRYst 088 graBS| at ¥ 0.8 lgrdi®:s br £10%ast 819 FBAE oPB¥a afhimﬂiﬁ%)%r gram of
10% or at |east 1% of total N /V/Fe content of the
sepnede Fhedgurth eptelgstmagyninelye di peme snbedipieptshatinpess Odf grams of
‘K ")k onel I t al S
R Yl B dn BRST: And IR E00bD ot & EMAr St
peagrahylcatadist. AlnefteinShibddheid, itiRUColamn\l thbtabis Vashdiim.
pore _di ameter of at |east 180 A, at |east 220 A _at
| easin sape g;(pb@f{lnqe@tg,sthe omge ﬁ@edarpay lesyeantagtad Vﬂ,th &t adgitional catalyst

sg%r)sgé%e%?% EntabP& iR YRR LHh %Xl})s{] Cfﬂéda%dﬂfonglec%&ltlysq m]ay be one or more

of the following: the first catalyst, the second catalyst, the third catalyst, the fifth catalyst,

the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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at least 0.5 grans, or at nost 0.999 grans of theta
al um na per gram of support. In sone enbodi nents, the
W(smfp)p/@ﬁdsloms an al pha al um na content of beI OWPOT/11S2004/042224

of al pha,al um er gram of cataly The
2at gﬁ%?m? Rapodigents, hyceBern g%gwmt%f? Ying fogtacting of the crude

| ba o
BT D S 0480 .o

33e340 39€t gcliqb mnxbrmcac?nbpl@dnmdtitomtsh@ @oitaching fayeiaad § TAN of at
ni‘q%ﬁ%@W et Sl Bt SRR OL s 1057 GhibE Tt e mdedgec.

(ﬁ%‘ n%%h&@duyn ﬂngw%r?%aﬁégl;@ligl ) mm/&3 011) vﬁ@ﬁmﬁmﬁ’/ 8B15-25

I\hn3ulnaie Teee uils prodnctanaschvaiatthtal NdVﬂFé d;dntctmibﬁhtyﬁmt &0%a at most

S RoRS1 0 45m0s68 b Bl ot en e BT content of

e el fee€d, 1 n sone enbodl ments, may be in a range
from1-20Nm/nB8, 2-15 NnBW, or 3-10 NnBW. The crude
pr od iz eerpin embedimenisna §8htynstof satatyse(“Eifthdetal w9 iviludes Column 6

i 0 o SR PGB R Ry oo bore v
disfrﬂ)tmbﬂ chatH eemadlaﬁ PdteQfiarhéier ¢ ad U1 IDARICAt 1é5§V22®eAI 41 1éhst 230 A, at
In

%% rom 0. 01 10030hg or 0.02-0.03.
16‘@& 24 % Msslci (9eh o at nogt 500 tSFb@S@poctaﬂw ylghde atslue&stﬁ 1 grams,

aﬂ@&s@lozsséra%qﬁ'dggalﬁgﬁgtz | on%?%f ﬂﬁettaaélﬁﬁ%na et rﬁn}lg support In some

embpdiorehts, thegupsport lliascaﬂtaﬁihy&&lud’m&is contPey & beloze0.1 grams of alpha

distribution with a i an ore di aneter of at | east
alyigynanper ggang gfgat %Wﬁo&?q&%é?ﬁ‘{ab’s ingldgp dn seme ebodimgRist amost 0.1

gl%f'nsQﬁrC%h%hﬁ 6 n%ta?lﬁ% gglt‘éﬂgxglo f%%é a){%? ?lgéa%ttlg%g{)) Oi@lo%éms F Column 6

| east 230 A, at
metrd(s) BOErdan ofhaakyatp gosomeambbdiatente thetCdlema b Metdl(s) are:

a granms, at |east 0.8 grans, at
ml%bi’ggmﬁnﬁnéféﬁ’ﬁ‘ St‘B‘? at nmost 0.99 grans of theta -
al unieeridff erflbimBhts %Pﬁﬁ{rl)gen-rﬁ}ﬁal&%yatlhé@fu tE’??/ rs?é‘}} %gx%la‘uvely

i n soneenbodi nent s, tot

lomo(fomexasphes tming @)Oldﬂoé{m rfims,tl 8)0 Mngr‘rarré q@eN mi;moro 30 Nm*/m?®)

o) e PSR B B Ry SR B4 Sronee fom
3 1m4@(m® fEsTh 990-3BOPS, ortffn B90-360 Pat Nt B drbSdrAkpt&Q! BY e Brude

metal to total Column 5 netal may be in rangefrom
fee Jznzgmefmbedmmntszn@ybpmn@émxgalfr@lle&r@@diménf,sz 1% Nen’/m’, or 3-10

NPl Bl o BRRREL A s SR 08 RS Bl oty

map hh‘&r:et ”EANMﬁdn mio3Ee9 (o Xdt Iﬁmaw}/oyatm@& 5%, MRKt V0% dffthe TAN
ta 13JgefromSlO 400 0C, from 320-370 OC, or from
ofihpcrge ferd. T4EY of{hgcaisieredsichriay by in peange Give .86d. ln@y03-0.05,
01b(?0200§ range from-10 NnV to 20 NnB/nB, -7 NnmBWto 10

N8 n3, or -5 NnB/nB8 to 5 NnB n3. Negative net

Igy dr blgaertalmmnﬁkﬁhmmts; ehith %rrl]aeaﬁ‘ b@lgly&f(&mghyﬁta)wg 1héhédes Column
ei ng. generated in situ e ¢rude_product produce

PEBHR L St Rt mRtal(erip gembination it theheiabiming Svpioyts tThe
s&fﬂ%aﬁ?})é?h% aTﬁJ}E Oz strRisibn A90a ALdiTRFbre Hathet@ or TPRbst 180 A. In

% dt nos
some embodlments the median pore diameter of pore size distribution may be at least 220

A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may
include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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10% or at least 1% of the TAN of the crude feed. TAN
of the crude product may be in a range from0.01-0. 1,

W@20206:306, or 0.03-0.04. Low net hydrogen uptBRBEUS2004/042224

during contacting of the crude feed with the fourth,
efubpdimentsy a satxltaf (edaran ygnetalés) vué Coluren 6vratal(s) of at most 0.1 grams

phr A aa b Poba RSO ekl ECERE s gp Cotumn

ntenaa@ P& dradhiPRadRGL. di sbin@@hibeBiment, A&EmBIaP eitiol i¥dotal Column 6
and/ or transporti nglrmhydr ogen is cost| Z‘é mnimzing the
mgird detotd] GojanaJepctalingy by Begsagbemndhbas, bierai|2-5. In certain

B REFRORRERb i RN BTG B 3 AR
nedyidenimahd/cetungpted. netal (s) in a range from

0.0001-0.06 granms of Colunmn 6 netal (s) per gram of )
cat aWhen therpradetedincatzaigdyith gleriwf; satalyshitafemperature in a range
o ) i 3] I & j
TR D IRy P A o S0 P Bkt by e e
f@A% 0 bet ihe riAfd Hémt-heNerbtof 0adn’ /6’ herNeaddo me N’ /ef, or -5
I\élgz@ji rst, ssecqnd, thi r%,é, fourth, fifth, cf'i xt h, and i
ntor KAy ary SNegafhg nelydrogen Halake e dpdicaliog thal fydrogen is

b%ﬁ%lg ?Eﬁﬁ@rét@d S I BRAAR oﬁ'b&hct Pﬁ{dﬁ%d 120 BRtaEALARY ShuliS Feed with

is application and contfolling operating
theardh tatalyst may hastel DVAN afratiohestfi036l Lt masb8E9s, aamankti6@%, at most

at has T d/ ar cte rgperties.changed i
10 s st Eonch e AN BROH R, GGt BF SRR Prabicppay be ina
rdni3€ ohH0I010eed. BLeoNYr 03dmp4.i cantly changed. The

résul ting crude product may have enhanced properties

r el alpweret bydrhgencunides dusiog camtdctingnfshe pruderfaed with the fourth, fifth,

acceptable for trans tation and/or refining. . .
on iR BRsh e hEBRRR hbirBRe AN b9krolft 0B appesgine while
pERIGLIAN & R riRYbréditt frat istala@eéﬁﬁmlﬁﬁ* G@n&ortafi A/ ¥ treatment. Since
i mprovenents for the crude feed. For exanple, TAN, AP

PEpdEGing pnd/gr transperting hydiogeais coptly. meintsizigghartaen et ydipgen in a
p{q?é]s%.tde eF%%gtgk%?g%fm%e%%g&%& at | east a portion of

eni cke a a portion of the vanadi um

I Nt hecetimdembeitentam deeertk dypead chalyat € satenthe@sdlys®”) has a total
portiqn of hetero&torrs in %;he crude feed are reduce
) ¥t BE8F

d.
copteny of SRBIIN & Mift) Rgt-09He0-06 gxanyssaf Colgpn 6jpetal(s) per
i i -4 SabAlYsSt
BT RRRE TROLP e PERAF iR @hpl Ay GRS, The spventh
catalystus benefinjal ovprdmntingéd caide atcdluytsthat Hak @ Taxdd bbat most 90% of the
bility of. the crude feed/total product m xture

T%&If?%e ﬁ%‘é&é@f—‘éi ng may allow a contacting systemto

oper ghir ERbodimdnatihSiARRERR, @ird! RAfth, SHIRBLNSnd Qventh

at least 1 year without replacenent of the catalyst In

cathlgrsts oraly atsoibegnadsraed/oCosdsl asas otbesvied deselilpwt edein.

cat alyst.s Il ow.reduction in at. | east. a portion aof.
he NFumedne oifaly Bt oT IS el gt cha T bing Al et ons
Y all@@%tcr@ﬂgﬁb&ﬁc@ib B probeced®hAhds TANR{dAr seRbied pRiperties
organi c acids, at least a portion of the conponéents

changed wiptiveiththeereds fTadvhide othempropertipoefi the aruge feddere not

resid or i nati.ons thereof, framthe crude feed ;
stpER st Rp o DB B b B iy Wt B Froh B retative
oAk bRIdB B cataal Nhig bl Miors hedeplableyfoPtradsPertaidadfd/or refining.

Arrangement of two or more catalysts in a selected sequence may control the

sequence of property improvements for the crude feed. For example, TAN, API gravity, at

least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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feed/total product m xture during processing (for
exanpl e, maintaining a crude feed Pval ue of above
wa2@p06eslte er nati vel y, C asphaltenes, TAN and/ oPCHBE2004/042224

gravity may be ncremantall reduced by contact of the
nickgliand /et loast hDRRIBA! di Y,aélﬁ%llll?’slﬂéhe e EasHicae pe regtuced before at

1éaﬁ€£ g&%ﬁ 6#11&{ afé/n&fl %ﬁé &ﬁﬂé fé@t a%equa properties of

rude rray a 'ow t of the crude
f eed/Arcﬂngbmpntaﬂdlﬂr seteotianraef th@cdn&lymmyﬁhmeﬁheéhfboﬂgnents improve

S|n |rst cat al
lfv B e 35 B0 T B GL i B cloespiora e misture.
fj .
? g{dg%?g?tf onf:?f/btagil % 3\1,§er gﬁ%@r&ta‘%ﬂ?& g'{% cﬁ%l[eqfeec?/]fb?al \Hé‘?%‘t% mixture
doting pnmmmgsnam@licaw a com’racztmgrsastbm to apethterforrett ladss 3infonths, at least 6
net.al Its for |ca \A:E i ntaining the
P Eyeet P ol P B A e bR e e o Giagtineranse.
fir Stoﬁﬂﬁﬁtﬂéﬁﬁ oﬁée‘lé&‘{&l catdlysBORBy SIRP tHABRLSin 4t ‘?éasﬁ %?1"[101’1 of the

removal of at |east a portion of Ni / VI Fe, renova

Nadi/He,ct @@ﬁrﬁmﬁmls of the @waphahéne@oatﬂcasm psl“tlloha)if the metals in metal
|butet rea inthe life of

sGRUoblael, RaCES b PRREnst theiemeatr et MG fo TN least

alpbRiograftle: fesi@de, drebmB¥ATBhEhere8U BohBe dludegest be%re other

portion of C aéphaltenes in the crude feed/total

prapgHige of Hieserudedeedqrgchynged ovhitpemaintadeing dwostanlitytsiftlee crude

cBlgl 0ass SRR 4G ARIEL ST HLR0RE HEHMAE AR
valys bEabovay . e Adpealaalel, G &sipﬁ&ltené@ a0 LaﬁdwﬂpAPI gfawt ma
catal yst. Renpval of at_ |east a portlon of th }, I¥

incresRenially Teqdurgd by sentagief the erude feed @ﬁ@osaqu@dtcgtalysrsc rB?@sﬂblhty to

first c seco
. of the cchde afd:@ll/ty&lﬂ ps)ductayixihee obd mamtkeﬂhcrkhmn@tm@mlﬁé. the
first catal Furt cont act  of e crude
i eedint R G%W&BE‘%‘ES ﬁF&fEﬁi sa’fmtr(d%%%%%m@ may ke pesifianed
uﬁéﬁ@élﬁrof bREAC FRbalpat (Sﬁﬂ:h tl&Hﬁ% Bfthe ?ﬁﬂ#&%lﬁﬁ%ag rall{low removal

reduce the content” of Ni/ Fe reduce su
ok lghy wlm_l,ag sieight norgaminaatsdimetal candamimattoeanddmtnestals af metal salts of

L. .z f [ .
ogB af el Bunbibs uR shatEonthe ubcrend fir Phetseirie
cat aTystikssdataAPst a@owk A sbitl ethbbAnftnks fc(rsra:mfmél o 'épl‘é&k(f & pBrtion of
crude feed/total pr oduct mxture that has a reduced

Ny¥le, semesal ebaridio p@mpomtﬁs eamovahof eotaents thyag eontribute to a
de%%ysg Hltthe ﬂfe do%lfﬁ&%a% aS Ss'fg(ggglteﬁregorel%lﬁ?té%‘{s thegeaétl ﬁm%fthe

crﬁ&dfb@éde @@ﬁﬁoﬂd )‘edu@fngt‘dt) rabtnaior@ns ot OL4pRAltent&inahé \:‘ﬁlde
ﬁ% the respective properties of the crude feed whil
fege(totalarodusymiduregelstive o the srude feddphibiss plagging of ather catalysts

p&ftﬁﬁb& Ho%ﬁ{eﬂ&e {h'ug Qnﬁée%%§ ﬁl%'l th Shg it ﬁfq?cg)d gagﬁ a}ys%em may

e positioned I'n’serres,
ba:qieadtydswubmt mq;lemslimaﬂmsf oétallykte Rtehidvdl St ddayisd por@bn YT 48

e to deliver hydrogen to speC|f|ed
NH%H?%Q 5‘& e B1RYsintSemgicHIbRL 12@311%@ éncerpen a bigagfeone or more
T RELTaTak iy T3 18 ions of catalysts that
“ a%di ﬁg%sy gene?aﬁ?%ﬁgg?%% ogen during contacting, and
cat allyesdesortdnatal yyispiued/or the thaid caedl yst(s Piva@ BB PoditiGied downstream of
the ¥'1rst cgtaﬂfst 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,

' 1rﬁrén'1é‘n?al an@ﬁ)? s&%ﬁlﬁ%ﬁfdﬁﬁ%@ﬁ%ﬁ% allep Qfﬂ&%) ang7 al‘iow the stability =
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during contacting, may be used to change sel ected
properties of a crude product relative to the sane

w@e@pmsdsies of the crude feed. For exanpl e, theCT/O82004042224
catal yst may be used in conbination with the first

r@@tcmsy&m@p en seBI68 0¥ 1 SPatans andionradyce tearyient @fmetals in metal
sfait{ Bforg%%@%éﬁlgg (s), sixth catalyst(s), and/or seventh

0 change sel ected properties of a crude
f eed,Inwbink enxbnﬂlmemtsaﬁ@ltm@ of thesoruder feaewﬁﬂqelse @kcotideatalyst(s) and/or

crude fe sel ect ed anunts d/ ar
the hard £ wfwgs ayeroduesy? £9ds e%ﬁe@ﬂetiodgqtawmr@ {hat Igfea reduced

rfdes reeﬁééd%lfﬁygeqeém of re@idteal ‘“‘?ﬁéﬂ Ber? S é&u&:ﬁtc%gﬁhpof metals in

m nimze net rogen upt ake e mai'ntaining t
nogtalckalts eﬁasbghmt adzld;n raqddted stptiltbndsyconteht) o ieducae viscosity, or

[ pt ake al.l ows. resi due content QO ¢ ent
C&?@’E P%% G@B}Etr%‘ﬁ"t“’e tRphe FSBeAYG Profertcs ﬁﬁ\ﬁ‘r‘ﬂff?nfst?ed while
Iﬁiiﬁtraﬁﬁ’ﬁg @E sttty bie chRRedDtobR piRIBE AlxRGE dwﬂgg bfbcg%ﬂ‘ig The
he Tespective properties of the crude f
SBMd'EANl}&hnb/aE ibe phgtionesiciosetiss, either mathaheiskeopd oatalyst besng upstream
& ngs%1 ) f/o of t.he TAN and/or the viscosity of the
}E? Ird CAlySRAKYICE V812 n net hydrogen uptake by the
cr udernk @ity Ry ddhiveihRogentb YP&: i Ohdctihd 2bne Qe%d@ to minimize

boi ling range distribution simlar to the boil
hydiogen usage diting canacsingt Kondrigations efehtalpsisithat faedum geheration of

i AReEE Ut Sluhd ol Rl Rlse NS Bl Rt Rty S8 oA S hydrogen

dﬁﬁh@hd)fyt@dt §§ﬂi&& be aﬁﬂdl«tﬁtcﬁat%% seRERA peshettizslofia cﬂI&?r@dd?;Vt felative to
he cru f eed. ro en generat|0n N Specl

, ﬂéf‘ofrwwrppﬁ‘gﬁesdﬁébe ﬁwle ﬁqudO\E/O?S et ke Byhicrielysbmay be used in
CBM ‘ﬂ{n%QSH with tgéu fg{‘sf ((:)aﬁ.ﬁg t?sgt §e@&cf&@aq§st($29é]1% Cﬁglgge{wf)’ee%b catalyst(s),

eCtlve re roperties e Cru
sixmh sanigstesymdionsetenth cfamaly:tt(s) catlahystdstedmypdites of a.crude feed,

Slt ed upstream downstream or between addi ti onal i
%gmaegw PEwartics Pe . CT‘E%FJP drupemes. gpdar while
ngﬁlgtgﬁgls ﬁgéﬁ&ﬂ/gﬁ%l?r?%dg%g %tﬁférlg : be éﬁ“vatélp/é% ﬂtﬁ%lfot&ﬁ&téatalysts may

be selected ioginmivesiet ]nsairogamalpnde whike raaidtainm)glﬂie crude feed/total

cat a t.{S The del the h dro may b

PEGUR S PR by o e PYs TR Saihat VGO content
devtinedicaBRhs AP Bey | dv@mbiedtiohHhevd bPBE R Ye&QEto be maintained
. concurrent to 1ow of the crude feed. For exanple,

Withim2@to 8 klmemnmvegmmmrhgmoiitbe erude deedewhitpibe, TAN @nd/or the

R BCOR AR, PPOLLr L35 SO0 36 L g o
fégd. FI G 2B), and hydrogen nay be delivered to an

addi ti onal contacting zone (for exanﬁ contacting
z one Reduction irpet hygmgen wptekeiby dha drade tepdimay prashgasrudegroduct

t alt gé{g 2%01 E? I‘a\%\l,rgg gl%tl‘Lb%?gh sfn%la?? e %?}%%Itgr{)e Td?%WLﬂ*ontqf éhe crude

concurren

féﬁduﬂﬁi ef ﬁﬂdcedplr AN ﬁﬂaﬂivevt@the TAN &f t5¢ amle te@Omhe atdndt QO of the
(see, for example, FIG 3B), hydrogen may be generated

CENde .pﬁgiuebm%el@@ ﬁ@lm chargedyishtielyismgllzgieenistas compatg tethe
@ @?élo@glezf%{lﬁ:& (f in FIG 3B). A hydrogen source may
ed 0 a

el rvere Irst additional contacting zone in
a Hydrogen generation in specific contacting zones may allow selective addition of

hydrogen to other contacting zones and/or allow selective reduction of properties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be
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direction that is counter to flow of the crude feed

(for exanpl e, adding hydrogen through conduit 106" to
w@omsaedsing zone 114 in FIG 3B), and to a sechPemUS2004/042224

addi ti onal contacting zone in a direction that is

acorreted during pentegimnaial s GRde feed srithdbe faeth qarabysik andhidrogen
oG R PR ST ineB o ARG O e

deRvél s thedtydrddes nsydetvoanteatoytht flameoftbecrude feedr e Some
either with the fOL%rt h catal yst being upstream of the
egbedimenss, Ahs daliveryrotithely dyegeamayre.cusHBeRde thely of the crude
rth catalyst with an additional catalyst(s) nay
reduce TAN, reduce Ni/V/Fe content, and/or reduce a
cont &ok exdmppie} ialastdchedredrdigusaioh §seef fonegample, BICi. @B), hydrogen may

with | ow net uptake of h%dr o%en by the cr ud? feed. .Low
b eengrpiee GYERS GHatiReAR NG PIBHIBERERE HPopERNle Soptpctingzone 102

: r : I '
i E RO, B arb fon 1K del S0RAG6 K ANAROR coR TR e (for example,
contaetiryvymdilie it E]G.t2R) ida irecteont thstay eoiriterda flabwyafttbe omde feed. In
be used.,in conbi.nati on., The seventh catalyst yused

SRe R B s S uRay B iR Rar 4N D RE g the peade foed.
At RARELC 819 §Ake@cofRbu b 82 FéY dx@npld BTG FEAMhRfrogen may be
catal yst, Iin a range from O..0001- 0. 06 grans. The

gdomatst dusing sentasiing it anatgndacting yoha(fer exanple icontaetingrone 102 in

£ S5 e Py BY Qe SR P g p PR R Pone in o
deeed @Nthat0b c@ltet o HOWEHAE Eislle Frdi(RR edepleCATHSENRMéSen through
catal yst, or at least 0.02 grans of Colum 6 netal (s)

cpequihyFfricofontasting gene. 1 1kdn §fredRbadiiotesecend addétional contacting
it f : S t .

5514 288bn R SLLRATL B SR ShE Do, i
habidged yhrowphusadait 166'as totrhdting¥ahd 1 BOUFIG. 8B).cat al ytic
active netal ;in the downstream sevent h cat al ¥St may . ) ‘
al | oA 8eRe FIBPYBERts: b6 Torth sdalystane ther e catalyst a5 ugntl ip series,
Ao RP ST AL b e ORI vic vre. The
combatative bths farth ctapgevithraneklgional citalgsi(s) ey reddiek TAN, reduce

ravity, resigdue content, VGO cont.ent, or. conbi nations .
NIhE¥ e bbiten ot e SOR Aateat OBSRBdD MARHETS GRS B, with low
Vet vient el ¥sws
ng?%&%%t thgt ag‘?a TAN of at §n‘gste p%%@gegl% ﬁ%se?n O%I/q;ﬁ!ﬁva(t)ther
prayettics @f¢heatrudroepdu@d 4 boenlzitchingsd by soabfantousts TAkivf to the same
the cr ugngf ee&. '5‘ sonme enbodi nents, the TAN of the
PLYRTHES GHYF 56 ncrenental Iy reduced by cont act

W t h 14 Beind BSbb@EahANEvaERht RAEMBRYRNE HAf B ¥l $n combination.
ngor exanpl e, contact of the crude feed with a

sevopdt cataystased wnstream diom the dovastrestsayenthicatalshaap dave a total
raoperdies rel atj to the grude feed, and t
CRBRREIEC b RS, AP el oS4 Son 8 g 28001-0.06 grams
Tad dotvnStiddim Sevbiath atalysOmBy BEkCE ot @omemds QI@EH 6 tmathlkd), per
changed properties relative to the initial crude

gprp alidevynstrena sgrenth eafalyss, thatis eauat Apvor laeges thanitag fojel gestent of

' i i i, N t i1 rude
R bt CF L PRt U5 R Bt by BB B ebife of Goturna 6
A1) beEghs, ofeataBlsy Sth sk @aibio@inehite] f@r positidarof @fe upstream seventh
catal ysts in combi nation
catalyst and the downstream seventh catalyst may be reversed. The ability to use a
relatively small amount of catalytic active metal in the downstream seventh catalyst may

allow other properties of the crude product to be only changed by small amounts relative to
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with controlled contacting conditions (for exanple,
tenperature and/or crude feed flowrate) nay assist in

WO e@8 066300 hydr ogen upt ake by the crude feed, PCT/US2004/042224
mai nt ai ni ng crude feed/total product mixture stability

thg §ane groperics 9§ thegrudmiged Hangramplemaclstively smap cBprgetin dgteroatom

h i X ot

oSS, RISl U Rl P EBER L o)

f eedCoumthetlof phieoctudé feet xtithrthe npstrebm atifdootnsdedny savanihaatlysts may

ases separating fromth rude feed/total oduct
prﬁfq%elﬁ wggﬂwggctéﬂﬂm%ﬁ ﬂ«ﬁ@} mpest 85%3 éfornawo% @t most 50%, at

oS3t e RO g B ot il o

offthe cmdk &tedanayobe mspnmhtatlyesdifced by chtactrwittetht epsitdant ald

roduct m xture, precipitation of c onent.s framthe
i Bt papty B St Bt capiact SRR GRGF fere "tos cetlyst to
fokh@ngRitial AhdSproliaétivitl SRR PbpaHENRIARRES B B8le feed, and then
peri od, the concentration of crude feed and/or total

coutasti atthe imitinlharuds pradudt ety anctdditiopalbehtalyst td grrodnee tagrude product

ange. .As the cgncentration.of the fota roduct in

wilh SR8 P PR e Butrdial frack e Bha B aB i a gfhuce TN
intRi¥Ral19 I astiBEinGhal AR OME Glabil P bEelchidé f0dd/1oBE product

conponents of the crude feed and/or conponents of "the
mpxgarg|dupng gasessing t he crude feed/total product nixture

ten C . r Le,. th rude fee . o

cont B e HRSAERe ES cnBIRLRASxgh o i ier 0y Rt incgupinaion
with cohifolle@ gbntatiivg @hdioas 66 extenplé\Ieppapiid hikBordfrudd®ed flow

crude feed change (for exanmple, TAN, MCR, C5
rated G| s e HdB redueing hydrogsp upigke by g @ude tepdrayntpiningyaude

fegﬂﬂ}g%'})?g&e%} % e%@gai%tg éltgﬁrﬁrg glt%ﬁlagﬁ%’ S04 Hpinginirgrbn% Re more properties

cru total pro re. Tn sone-instanc
oftthecimde gedieted]atinel td the résptatlve pragbutids afale draderfebivoStability of the

ases, and/ or becone i nsoluhle jn one anpther. .
orb Gt Proeh Gt b el Y VAT RBASH parating from the
crh@&EREL/RAl prodRE Bk tuPa, XPHdEEsehAab i thal MR cQﬁseH‘Bz?foo? Basfse,

_Fornmation of two phases, through flocculatio
inscd pihidityt afitbe crudi faedenilior onide ptadatt inthoérude fedd/tételgnrodund mixture,

B BloR b Fubhnsa ey P 5R5h RhBbl Pl SRR SR diaton of
confoRbMS fivm e iideTofoial ptodactahixngt e n®inatibes MERGESS
may be reduced. For exanple, repeated treatnent of the

cr udat destetly imesduringchie eentasting peaodrile eancerttrionaif grude feed

1 ; r | i re roperties.
PGB RROEit BrE3 S B RLRRINES
copt@fita€ibn 6T tHeustal prayudien teriiderfee/and pidtRicSinalideich¥ngek due to

t he process, crude feed, .and/or crude feed/total

foprpejénpcal the eude Brodug. srlubibtyeddericomyasientsiof fhe qude K¢fa¢ engl/or
copBhef o Py AL ATl Pl BROFU B0 g chne

FdrleeaRpleathy eride fead mbptdntaiatcompasdntsltht, aragsluble@ithe crude feed at

P-value increases or is relatjively stahle during
the BREIBNAE RHPTOCEEHE: HisPPpratiesAidhe ¢vde faed ehanagdforesamplesTAN,

Mg;ﬁé g% %%’Iﬁ{aﬁer%s?p—ivgﬁe d&rcioﬂl%ir&ﬂHﬁ%&feggégx%ygxggﬁeq%dﬂé? {err%d to

I
m xtut'e stability, as asses val'ue, y
bebeme ta3t sahibledn the aradd feed/total gpratunt mdtureg It o1k tnstansss, thy crude

fegfgélgﬁi?g ?"3?1_01{5?3@%??'85 ff‘téﬁ?# B}k‘gpffagg%téi@ﬁsgégee %&ﬁ}a@ﬁp PRganother.
SdHibifinafdds May AR ekl PRShEBYN AL REbHGE! FR8E MiktuRforming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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LHSV, tenperature, pressure, hydrogen uptake, crude
feed flow, or conbinations thereof. In sone
weedpsaeasemt S, contacting tenperatures are contPOI/USIN04/042224
such that C5 asphal tenes and/or other asphaltenes are
coreaniretiomdil dredevized aad total graduet, mﬁocmmortan@t off dpenpomente, tends to

1S e 0 7 BpE T Biust il FRuT R AR BARY Bk UEE0AP0F the process

HBS8H fedidedf PoNBdnile, abpdatd tRARSES of ﬂ@tcnmyfeécﬁdjﬂaqar&dw mixture
stability of the crude feed/total product mxture

r@ayobemeccssarer tp prasiyee elcnwl@ ipeodyiet Wi desited|pyepastiescont r ol

tin R
combiuPEGR O RERAL Pl o B M RPN ke ey be
nidifitoftdl adnhasthisn ﬁtﬁe pecedtra@sifest) dnd/dr ken ¥l PRiduct
of the crude feed only changes by a rel atlvelg snal
1

mixBun |2y bp agsesrsde Fﬁsfwalﬂae mtisValee Hehistat mestbadrdiraiesthalr

ffo%ﬂ%lgtﬁ) : ﬁ%sé&%@géé@ém%@%‘ﬁ? 5 eg?n&%;gécg:yﬁggpﬂ{eq’-value 1s initially

adlefaite_rfe ahd besiperalut iieseastd anisrdaiveledtatlt dineéng Cangeing then this
rude feed prapert.i.es V\:hIL intaining the stabilit
8/,

inicaterhaithe el EgdtipTeRvg e Uorine Griactinge (hgeiieediotel
fr&ﬁl@t ﬁ%ﬁr&% illt ra%tas&egggd?tﬁ}‘ D8ué %@i e ce&lltﬂg)llé@] 8y tcor‘tt];ollfi'ng

pr ocess | r s cont act’i ng tenper
cortaptargatondgions Hyrselettiosof aatabysas by rsglezrmeeard@irtgamf catalysts, or

o tactin tures exa
Ao oSt el ouipubaohreatbe contimpery ighye coprolling
L‘Hg\ﬁ It8hp@hfird, PReshGEPH/IR Sth @PtakB, GO RE4 1166, 51055?%11315’[%5 thereof.
are positionéd after the first contacting zone.
fi r stin san¢ awbodigientsppertating éconpeyathiess iare cavntraﬂgdssdchohat Cs

RS afor RibeR s PRSES s BR Gtio kil Wl SRR REh e ontent of
1k &rhigs RBY. RBARtbASS feMURCRRAtAE NG ARPeA upfaRe ahdlor higher -

some enbodi nents, the second contacting tenperature is
- cgrigeling lemperatureramAy Festlt suiermetongf twermbesestlat mayHadiasdhe

s%'b ;tg @% c?u%%ﬁfget{/fo% g}‘o %eﬁg{:ttﬁr %ﬁd/gPer Co?%ﬂg Sr ToRL of the catalysts.

ene con

anhﬁdl.l@ﬁdoﬁtaatlmg/&rﬂperdulne aﬁd\hly@ﬁgérﬂtﬁptil&ﬂn@éﬂﬁ)ﬂ{aQbh @sﬁﬂ?ﬁhe catalysts
content of the crude feed to a greater extent th

dgsesibad heyeimpAlqwstly &7 apbalienshig lteerﬁ@uqeédtteh the MGR C@zﬁg‘fm "of the
%A(Ei%rfeécf@ﬂ‘; thanze W%?&&% %%T# g tenperatures are

same as o ach ot her. For
ex an‘ﬂhh oomcaerhbammentsnd:cnmmng cmnhteomye conttolidé sechfthétstmperatures

cat al gﬁs) and/or a fou[lj) B &at al s) an second
1%8’?'& Ctpti)r gfogtaﬁténgrwc? Ry b8 iff agpgéf glé‘@rent temperatures
aﬁ@v%@ FdrRed AR @bRee ihRudel fe&d &B&{l@é:‘svhﬂgnfaﬁﬁﬁﬁf i &a‘tﬂE of the

be 350 0C and the second cont acting tenperature may
cB0ie fexd/toBbprodott mixturbe The cude feed @niers & ﬁtst tontadting zone at the start

oEAPHESS: BETE RPN a0 EFBRE BB Rt Aopiacing zone

Othdrirohiaetigy t'éﬁxF)eféﬁIré‘fi &t dxdmpld) séldgd Wﬁu&oﬂﬁﬂ%mﬁ&ature fourth

zone may resu in greater than TAN and/ or
tengjpematiteg efecster@)duie thedemperatutes ig r:cm:ectmgedncﬁhatt arg pogithoned after the

e T sphal.t enes reducti n the sa o
i God R oRR e A LR b TRt S R oy fOH 100420 °C
ah® Hﬁ&foﬁa uaﬁﬁctafgete bhéRiute Ay Ge ifFXAMBS Brat Now-100M@, 13090 °C, or 40-

exanpl es of support preparation, catalyst
6preparerenidhan thgdstopaiaeinns temperature In some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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with selected arrangenent of catal ysts and controlled
contacting conditions are set forth below. Exanple 1.

woe@pasato on of a Catal yst Support. A support REUS2004/042224

prepared by mulling 576 ans of alumna (Criterion
relativg fosthe TAMNanpéeH @C@Qﬂgxgltg;es cmtenfi g ake @idg feed to a greater extent

of. water a
i Aunt oA koot Gs PRl TRaRlioh A 8y iitn o fifEnd second
coHiab@eh féh?p%tahﬁes‘/\ﬁé tiexdaiectatr WAt 0 °@ ol eath bthdrobe(t m)
die plate, dried between 90- 125 0C, and then cal ci ned

at 9 For emplp; bt eaniactiag zpre wep inglusdew fost eatalustes) ardior a fourth
T
SRR gt Do P8 AL IEIGE offcc e Wi i,

Therfiiacentaetipeteaipdtatursasay il 0P mdiROLLcddd odbetidig@emperature
1 5 hours, and then held in this range for 2 hours ta

okeA00 YCheCaniass OF the crpde feehinghe first sonfaeing 79me Withdhe Hrst catalyst
ai#ﬂ%? ?(S‘L{%ﬂl Gt 8}%@ ﬁt é[% g[%lsg% r@%e klUﬁg@gta% '8/%9 ﬁléeg(;tﬁg%patalyst(s) in
the Q:ESﬂd g)‘rMWanzoﬁd’h&hﬁ rezhltin p@ateathad AN Hndieﬂbespha]ltcmﬁs reduction

diffract The s sur f ce ar ea .of

in &eﬁa&a%e?fgfeéawv&& 5163@?18@@3%? aspbaliengs 6 Fgluctipre filaﬁ Sene crude

had, [

A L E R LT

pores in the pore size distribution having a pore

E&;&&&!&i%mnthln 85 A of the nedian pore dianeter. This
enonstrates how to prepare a support that has

a po "I‘@orﬁhrﬁﬁm%‘e%&hbﬁb‘ bf &ippeft p?épahﬁﬁ‘ﬁt calaqg)st'ﬁr@&%tlorl}% & and systems

i ncludes at l'east 0.1 grans theta al um na
viith Rlesiedraatapgemett of caralysid |au¢h1:@mcéllesi sentpetingraynditipos are set forth

_ b§£ze Di strlbutlon Wth a Median Pore D aneter of At

935t 230 A. " The vanadi um cat al yst was prepared in the

> glil ) Prepanion oTraecalawn sapﬁdm A duppdtt @RApRPakM biyiLulling
nmet hod descr| bed I n Exanp 1, was inpre nated wth a

VAL eh alwpiva grEtcrion C@éqlmts 4l Tackpelpgigs bY. Miskigan @igy, Michigan,
U s@w St 385 gianr\écéﬁgg‘ i V\agl? 82;551%5 8Pr’gla<9fa L g%&% {So‘ii 3%@{11%&% The

résllﬁﬁlgg)lul\lﬂl&nixf@é as akesied thivuphe I\Bal’lﬁlldbélfm di¢plagg aad Bstween 90-
solution, aged for 2 hours with occasi onal %gltatlon
185 P danst thaplgaed 9918 S¢e mhichiesmited iméa) g of alcalcined support

SRRSO TSR 005555 St Blcsd s Lincoer

feRbed. YRie fuitabdteliipRradat 3 €aiBRl 100 090 POV tC oV&tel.y B6@E] didthen
catal yst had a pore size distribution with a nedian

helslria thif sange éor 2oowst® moduce sy sippetty e stpportaacludel, ger gram of

?nd r? 8%)6P§ g aﬁlfrb f%% ?na ajl&rgmgﬂ() ggoﬁg%mt 'o?gliahenl %Iumqga 70/62%% grams

pores I'n

ofldslta Albwinapidod. 9 Td1egrimp ad il dahlay st debasiged eray diffraction.
dianeter within 70 A of thg/ medi an pore dianeter. This

Thg awpnost kediowsipenaes of W pr/ggad attq>t@lrp0é¢ velums|of @824 cm’/g. The
s%@&ro? %’al%ita n[g)?ée{ %19% %1 aﬁ)% 1§% glﬁ%ﬁéﬁaﬂ b(prgtd a%latgw otf|13§ Am{ha&ij% of

the total number of pores in the pore size distribution having a pore diameter within 85 A

of the median pore diameter.
This example demonstrates how to prepare a support that has a pore size

distribution of at least 180 A and includes at least 0.1 grams of theta alumina.
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Exanpl e 3. Preparation of a Ml ybdenum Catal yst havi ng
a Pore Size Distribution Wth a Median Pore D aneter
wooodedseast 230 A. The nol ybdenum cat al yst waBCT/US2004/042224

repared in the foI | ow n. manner The aI um na suport
2 J 2 Pora Siggdistribution

wlﬁg aqﬁggiagq’o\% H]arﬁet'lp IOYRQ FRHLE ?‘3'69{ e?ﬂ@%ﬂ%ﬁlu%) La%lé&bwas prepared

1mmaﬁ“o]ﬂmmgg dnadGery rArmlwhing W&N@?@hedﬁ;y&ﬁie gfeﬁiaﬁ (ﬁd\/ﬂ@d in
gr ans _of

gfg%arrs of 30% H2QO2, %(9

I§[1h IEFRegRate avap BmBE’P&"‘rgélﬁ%OIle‘éFélndﬁP%%ﬂ by
°%Y%P5Fn%?2% BIEOIY GO il B3 gt ol a4 B R sotuton
waaQZGool ed to roomtenperature. The pH ofthe sol ution

36, Th | ut I d to.82 . m
¢ h THE Al e e Rat &) O BN eai i st A ome vensgons immsgnation
sc‘ﬂ’ﬁﬁoﬂ &?ﬂﬂ 3l %q%s"\’vfﬂboictﬁﬁoﬁﬁl ﬁt?d}%’ H}lé&rﬁ’tr gt 1*0? Iélkiveral hours, and

sol Ut n, age ours wt caS|ona agl

fidnicaldintl al 280 ACFdrarhoney €TIa) retinS catélfél dohRhed 04 glﬁﬁﬁs of
at 480 OC for 2 hours. The resulting catal )I’/ﬁhg
VAt st gompal egiadyss voith s bplsaenbeing stppgrtarhhefvanadium catalyst

404 e, A S L OSR B SRR 50 D e oroo

cia /gﬁahdsmsupfabeaﬂéa afr!al()amz/gf AZEﬁloﬁallﬁ 4801% of tHelibRl AlimBer 6f pores in
,. and ; surffat%e area of 116 m/g. Additionally,

TS T R A cpiabEsha hore diggreieraisien 70 A of the

nﬂﬁﬁhﬂg’ol‘é‘&hﬁ@tef-’f the nol ybdenum catal yst had a pore

ter wthin 86 A of the nmedian pore di ameter. This
exaniphis edanplesiemangmtdsttbe preppatian bHa Cofunan Lodtulyst Having a pore-

R R AR (I B T
ERAQPR BLP ai%{tl(ﬁad\(mm Hﬁh’?@%’l hEGR8 aYidre 33 HRtFbution

ore |ze S r| util on

¥ A éﬂleumlgzbdallumma/l@si was

BRSBTS o
inl EREg 0 ﬂtv@@ indpiteBnAed R th EMWeﬁ@Hﬁﬁiﬁé@n‘aﬂM AR, Ofhe

sol ution prepared as follows. A first solution was
Qeemyn HBpHEERAtieg sglumqn yieapgepated biaombindyg 436 2tams efirs

m@%z&“%@’ 1835 Rl SO LTSRS R ISk a7 Gy
mofioetiednohinziae (MBAS,rant G. 5‘10grmna of Heibhived WaRr & fokla s\m«sy The slurry

heated to 65 OC until dissolution of the solids. The
wisehaaked te 8P GEi ] dasoletins %fdhq #plidso Wh@ beted solutian, way cooled to

t4 3.57 grams of .
ro@@gﬁs\%&ﬁké{ 4'58%}?%% t}{g%g rwazsggi rs_olu?xﬂg Q/Pﬁlrr%e( was adjusted to
Sxmlluvitlodeiamide Seaend soI ut| on were conbi ned and

sufficient deionized water was added to bring the

conblhretumEa PRt U8P grmsl pvas dmaregntted withithe wotypdenum

BSOS DRSO AR5l LA, 15 2190

sev &R B bh@ thenQhleded Bt 48DEY O hoturd) OfeSreiIfily catalyst contained
occasi onal agitation,
0.04 grams of molybdenum per gram of catalyst, with the balance being support. The

molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm®/g, and a surface area of 116 m?/g. Additionally, 67.7% of the
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dried at 125 OC for several hours, and then cal ci ned
at 480 0OC for 2 hours. The resulting catal yst
W(amﬂsmﬁtm(d per gram of catalyst, 0.02 grams 0PCT/USZOO4/042224

nadi um and Q.02 grans of nolybdenum wth

to numper éﬂoﬁ'ﬁ 13 W@ smq—ﬁgtr%qﬁygg H@rﬁlq,lah%umﬁatalyst had a pore
Seq [ tion with a median
dl%g%tg{ %’ﬁglrret eé%gﬁ%o%‘ﬁ%ﬁ‘%‘%@“@é@um e denonstrates the
pr e pBristkxanple demofigtatasrihEprepiratiomofia Golioinémetl n@tlybt having a

pees e TR B BB Sahatl WSO Aon, 1ot o
Eﬁ&mdﬁ Picparal oﬁlfbfﬂm%@@hem;ﬁaalm @Mﬁf hﬁﬁﬂgtaqfore Size

cem ) posn TToned TNeT NOWeT I Was -~ equr ppe
bédd e gk Apbeast ARG 4. tThBoughout

B T ARl PO B 1 L
suzog&“t 1251 byMhle In RS PdessriSedan ExBinplCO v @ﬁ@f&ﬁa’ced with a

grid, Stanford Materials; Aliso Viejo aﬁ)n
melybileyim/anadivdeimpreption velution prepersdlas pllaws. ahirst solutlon was

L) OB o VRSP 2550 SR s o 0%
hﬂ%g%h PERIGME(FB DN 01 4@hrarié bf 186RoERMNBIAEnb QVBRG, a@ﬂd@czmgams of

the m xture Iinto the contacting zone portions of the
deiaazadovatarie feinya elurye dbeisburyt was ratadde 66 G untib dissadwtion of the

t to,.the bptt f th t
solilf; EBEn et B RAE Sheb iR BB B0t t om of the
I eacA @Econd sSRIEBR wAS nAdd BY LOMbEMRPDLY gramdIYOSD, with 40 grams of
catal yst/silicon carbide m xture (42 cnB8) was
dejyszadi wie B¢ firsisobitiontsad s¢qond splugian miesecamepingst gadgufficient
ARHAATERN RS FOAR 0T 08y BALE RABE BN B 53 8% B the

mulybierfitn/Vatadfunt nepreg@iatibn solotier. ’!Dﬁe flomais Wi ihipeegdated with the
size distribution having épore dianeter within 20 A . .
mwb@%@mﬁé@agﬂ%w@ewaﬁ%ﬁ puonpRged frdipuesavith geqasional agitation,
i I
o 255 DA ORS8N PHEP S RuOSRLR Brin

ca&ilj&ﬂﬂb@lﬁa@ﬂ@@faf granﬁoﬂﬁathﬂj}'se (Ce @lapstof Shhdddenand QIOD Ig@ns of
m xt ure was positioned on top of the bottom

melyheeaun. ﬁ@thzteﬁ éal%cerhsma APRPHdI-Be BoRberymganagian catalyst had a
pofd %Qé &s&PJuﬁbéé %thrbaiﬂecﬂaxjf)&grg d%ﬁ%ﬁf%&)g /SE; ution with a

nedi an pore di aneter of % of the total
nunbEiis etanpre dsmomsttates ﬂmqrrepesatzcm afi ssColutnta metahand anQolamn 5

ore diapeter within of th l.an por.e di aneter.
mgtﬁt“%tﬁq VIRE £ ROYSTAY F{‘fl P‘iﬁ%wﬁﬁéénfg‘ﬁ%f%fhame&q{réf atlgept 230
A0.08 grans of nolybdenum per gram of catalyst, with
t he bal ance being an al um na support A top
Exan st(Z(mthﬂ:taxf pcCuoalelliedd With {liree ) Awatsular reactor with a

o< G i BB Pl 3 Swan ﬂﬁ%éi%ééu%&gig g

telﬁgéﬁttﬁésztﬁrdﬂlgﬁédt'ab:ldfa'(l))%f‘bé’& ITheRaffth 881 RAS forfb@BF@ingdthe space
1 and cont ai ned ranms of” nol ybdenum per

begyweem thé ﬂl@anavvyﬁs and au inhert\mll dizthe reagtob avithgraal ystreanid| slican carbide
(28 rrTl]aHStanf(l)ngi R&tena’fso %hso Viejo, CA). Such silicon carbide is believed to have

low, if any, catalytic properties under the process conditions described herein. All

catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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Silicon carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a

w@e@heed3izone. The catal yst bed was | oaded i nt BCHUS2004/042224

Li ndberg furnace that included five heating zones
cor r ddpenuierfged Bow e thsredntertwasdim therep v e raaatiol te the bottom of
o8t L6005 APPSR O B! PR e s

bﬁ’ttéfﬁll!;[lppcﬁf A b\oﬁbﬁﬁdata@ysdgmeorscdrbﬂdd enigfige 85 dﬁqﬁl) Was positioned on top
rogen gas into the contacti Nng zones at a rate of

Oi ¥I@ aﬂﬂqoarca@ﬂdfgf@sfém 8 bﬁftszwpataaf@?g ey e baitymeptalyst had a pore
lﬁhlogl%lllhi %a a : & %edcﬁqfé@nt% Qﬁ7 go\%ﬂh% 76/8 on%ettotgl number of

eratures o

pona@ TuafHel poge ilm’lélstrﬂﬁflﬁn hmn@apeﬂ dmmét@ﬁwﬁﬁin(m&) 0Ptk median pore

over 1 hour and held at 204 QC for 2 hours. After

drgnedern J hgotiom c@@lyszf menteined 3095 sEmsfaselibdeaummndd@Sderams of

0 oC

BT GERRIALE Ykl dfin e Gl BEha 2 aftuhBh Suftlore ), Ol e

at 316miidld mtal&ﬂ/ silinone carhigle niintre (o) vyas pasisienkd @ top of the

370 0C (700 OF) er 1 hour and held at_370 0C for two

bRt gont ?c%ﬂ’ilFé% SRtien %@%CWEH&FP%@q 1yiddloatalyst had a pore

saemsamuutoﬁ AR AhdlfAn g bieomrIdg, \M%p]% @b/%ft% %tbl'humber of
Mexi co s filtered, then heated

poxce in ‘élte pard Semo@sfmbutlm bdvigBa p@e (dMﬁbtélﬁ)lltlﬁmQM& oﬂthe median pore

AR 1 Seanfie et St o? B heiniRe! FRE DY B af
nidytdeBurh Qer Sfant S¥ecat-BRE ih thEBElaGE B8NS &S Hufdi®V&Pport

t hrough the preheat zone, top cont agting zone, ddI e
cont &ctop @gtab@tﬁ@hcmcadnd@mmt@r@t(% gMZIOWEs, pasiipnbdon mp of the

B N N T T .

dasbuticn Witkcs mbdias Eﬂﬁél diarﬁé’tér ¥R ARand eddtanesd 0.0ak en st
hydrogen gas to the crude feed provided to the reactor

depgn Ry teppefoatsbysk)with thebalgpes being nrimagpky agasysyplgmina
&%% #6-9 MPa (1014.7 psi). The three contacting zones
re heated to 370 0OC (700 OF) and nami ntai ned at 370
0C f 8ilicb@atbirlerwas pbeitjoaedibntopofalie toh@ohtactixey wavtadtilidegd space
en incr

zones were t sed an nalntalned in _the
AP0 B AoReirahEwe. T78 Cerelypees Wy lofdse e Hadhese fupape that
1ﬂchﬁﬁd 398 hge%r&gh BeOresRndp 0o I?Qéjﬁr%hea? 95{5&, g‘%)QOE,grrn(dé%O%nd bottom

OF) for 1800 "hours, and then 394 0C
cmwmgzwha,am&llebpttmnwuppdrt hat is, the crude product

and |tedth t.alyst bed. The total pr "
s The budsiermniogBat o praceSupuBols Vol hydrogen
sﬁlﬂ&e 88599 V619 By BERA AL Alte tHell%nia@ﬁﬁé zdHe® Qﬂé:faté’\@isl 5 hter of f gascous
separated into the crude product and gas. Gas I nput

mixieregyes Vel Lywd seinlaatabyst éslmsarhldﬁmmmm colutted as mofthe

it AR SRS R A R 2t

Hesver Mhogr adWeiditopec gat Belfs. OARSONNSRE At S009C ttﬁl?contactlng
cr ude product. The results |listed are averages of the

ZQNst sverd inertasedi igeremeete B in HFeE 600 EBhparreistod 10 0L (8@ °F) per hour.
r o in Table 1 0
Tgé gc&ggc"t%g 8&% \;Jéfg %rra%lt%ngcr %ntrgq gr éggr %} }6%13 e, glarenbeélltaﬁy raised to
37y W70 °By bNZ& 1ol bied hel@ as3M0f°dy 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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content of 0.0075 grans, a residue content of 0.255
granms, an oxygen content of 0.0007 grans. The crude
w@e@doedidihad a ratio of MCR content to C5 asphnctT/Hle4/042224

RS VS P W SR .
Tﬁé%r@t!lé’ﬁ&%ﬂ%@@ G (e Bﬁﬂﬁe&)&oﬁ@ Q§1§‘ EbhifctRgWehe HhRdle contactmg

average bed tenperature ("WA versus run l'ength of
zonhebattondentaetidg zJiwe asdibetios s@port\né shemgpctbn Ty mdgfeedl was

t t t f t h t |t
copfigted geiteibh g L it dheabRts ot Bifvein g SRRl AIE
co’ﬁh@on?w&ﬁ: B NP &R of IBRIkSRE "g%@id 108 cAfde WO rﬁﬁlﬁédlfo the reactor
me (" g ) for inprovenent of the crude feed in th

wasoma\iﬁmu /g (29e3CIaR)s EHBEwas hhi' hansl paeskyst was @) MPal@,QM 7 psi).

resents.the average o
RS 2 ooy SeBrenlid & 7 SOk B R ERRLREN. Mgy - for
5d0aRfrsM Tehpeh@ure® Bf theitBi@dk GontadtthgohéOReeahal MSﬁeSsed@ﬁ& fnaintained

a mpjority of the run tine, the WABT of the contact

mm@élowmgweqmgema@m. s 00 boIre@d A3 (730 °F) for 500
| b
s, ey RO G B R 00 s B BRASHR L€ (122 Gy PR hours

beenTiaf the ﬁﬁﬂucﬂ@lﬁlt isatﬂey:ruc& Rodet anthgds) Emtedt thHEat@lfyst bed. The
3000- 3500 hours correlates tqo 1 year of c

totsherodpptovas TRiradusgd P @ caeHawe PhatessPIRIQL grbmﬁlr%? 2%5% ?ﬂ‘g‘d separator,
tf '&ﬁ?l% ﬂgt e attte QAREHE @f@%%&d&%@a&idrgsagag &ﬁpu%toztﬁe system

|onvv| a nedl a aneter of . at |eas
wisBiidasared byddnbdsdivaw caatodley s(ﬁa;s dxatnigife aypan evas |nmsured by a wet

distribytion with a nmedi an tef.in.ara
tefaneiert PO STEIS R Pt B R T e L St percentage
H@%her% oPAE Bfde DrdiRt. PREEe Sl &istHaSES hRYAJS B R\IcRSmMhed
por dianeter wthin 45 A of the nedian pore dianeter,
weightpecantaged dfangomneaist Coelequediict propsttiep prschuoweprized in Table 1
tIng a product that included the crude product. As
0 sdred by P-val ue, crude feed/total product mxture

st abib sHowniNasSTaBRI N ede \})ﬂ;ﬁﬁct%&@l dRr pr@EUEErul@product, a sulfur
reduced TAN, reduced Ni/V/ Fe content, reduced sul fur

cangant e Oobﬁngramédmr,eé@lu@ egujent of §R08 erams AR ORYEeN GonianEof 0.0007

oI S5 pUBLLR 1S3t 5, SOREE) S Y o . o

a TADDEA(. O%Sma‘totam ef sickielanfl eathdivnx aaple.46utppimnt act of a
Crude Feed Wth Two Catal ysts That Have a Pore Size
Di stTheolmeas o the qawlséstwerﬁaiﬁtepamé by Bprafwing hwaighied gyerage bed

te&@e iy %ﬁ%@) &rs@;ﬁpﬁ Of maBRAk aLUS THEXGE tsfl fes may be

er and’ con con actlng zones),
cantdldiediiontie wRipedure W tivadtabfst beh aIrt ot beﬂngvdsd‘lthatt a}z;tcatalyst 11fe

B P o o0 T ot o
(“Enl) )f(gan%&e\%ngpt SHé l:1EuEIQ AT &h{a'cﬁ%‘ z&@é Bbéi?ibea_ Htethls example

Oow to the reactor was he top of
Ploe 834 eprebantd the abetapoWABT bf therthime t:omtact‘lﬁgezoneavﬂrms hmass of run

filled frombotto in the foll
tp (g EOPoE GP e aRe By B e e ol BB BRI ifaver o
%h@W@B’P OF HRMoRHABRY 4 éoﬁl {ch@fBed tel
mg%ﬁg%tp} [ c%n car bi de m xt urgﬁ)&% y'C 9 QHQe approximately
2(pUs.i Froanthe rdatl‘texbp stabletVMABJ], {tiveae momlvlb rtmjatmte that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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forma bottom contacting zone. The bottom catal yst had
a pore size distribution with a nedi an pore di aneter

wW@b008AFA10 Wit h 66. 7% of the total nunber poresPCTUBIVe4/042224

pore size distribution having a pore dianeter within
32 ATdfis eamphedimngnspates that a«méecémg titherude feed vithaensl gasalyst having

Afess 97 Bispoliaf B Bl bR SRS featd S8R R Rlgitional

cataPRAHavin® of fiide ciaé disl&fﬁiu/u%h Mlﬂﬂﬂﬁaeéﬁaﬁ Bodelidthettting faB& between
01{291}\1\6 positi onoed on top of the bottom contacting

99 ,dfvlftlbatrmsh 60%cy ﬂ&ﬁ@f@é@tlmhgr ofdiees infke msg S@adesltwlon

PR BR BpRERETh) 1 R Ol TR, R Somgpic

cpatacitng donthnpgrediwed & tethbprodind thad ihchaded Higs c&u@@p@duct As
dianmeter within 20 A of the nedi an pore _dianeter. The

megpured by Pyelug, gridg é"eedl/tetame&P%IXfoe siabilisy wanmagtaiped. The

Eic‘%gﬁ‘ocﬁfc HEH ﬁéﬁgfe'aufﬁﬁ elreglg{eﬁrﬁl?\//b'% gﬁ’i! XS }edu}%& ghl{up Cont t, and
nc elng al um na’ I con car ge Wwas posi an

redugb«b pxyfenichetefii rekitive ﬁﬂﬂla chidedeal) r;mel!nlé ditlef 11|ek1khtm:i eaflers mﬁd ¢he VGO
to erv as a rene ne. e Catalys

cpgBicat tﬁ%%ﬁﬁpquﬁat%@sg‘%% 360t hite m e idRf trogrde feed

ﬂ)&ﬂh%l@ g. €QnERt 6PA (GRRLHded ;!;gﬁf? M%Hagéﬁafhﬁﬁge 4 Bbre Size

Diistyribe tioWevidy a Mediam Rurmglztmeiepm)gg BtangeBewm&lﬂl-]z&]dA he reactor

Tabl e to the.top af the reac
o s (ireSnidendr PORBEF TR SHOTEaRE A0 bRaabPbIiding
SRS B Glck i &@élﬁlratﬁ@th@mt&l%&ﬁﬁ aﬁwmafm& of &Ry 204 Hl‘éré‘rude product
support of the reactor. The crude feed was contacted
weire Hegamh apflescribediatBagaile S Eacthw@tqjmwn ouxed withdnegeal volume
gntacting conditions were as follows: ratio

gﬁ, Thegi
, ?lﬁ%f;%a i) gas to the crude feed provided to the

r eactIhe cwaie fé&mw thd Qé&t@%)fronh—ﬁ@\(oﬁ\@ﬁthé réhclor t& i bottom of
pressure_was 9 MPa (1014.7 psi). The two contacting

thegigagiorpethe rﬁ@é@féﬁa&@eﬂe@om Gottapdo o) in drcifoRtainganaragr afilicon
2P Q% (p%g%oggci at Tl bgtﬁg?] e {flré%acI&qB gér% gg g %ot c{m ISIEI‘@)&)E’G A bottom

con Crease

chiabysf/ ﬂhd:anaﬂgdsmmiem(@O cﬁfi"))wﬁ)ﬁpc(sﬁib&e@ b thchBf thO6ilibenueabide to
then 288 0C (550 OF) for 216 hours, then 315 0C (600
‘mﬁ) a peffom s@n‘fﬁ%mgszon%ma ¢ helipm gajalyst haggporsize distrppion with a

ey }&@alaﬁse{e%@w BNyhth 88,794 odthé JothH uSher ggl% s iPtRlpore size

t exit e reactor ‘and was separ at
d[hdats}:mtuohéldvmg alposngihmetsr withe 3% Add tlmmeﬁm:ﬁ pdrradhea]meter The bottom

B ECAet L i orfasl Bhabta gt emad of plckdgis e of

c&tﬁ%ﬁw@%@ﬂ@ﬁélanc@b@%%u é/@rf"s of sulfur, 0. 0034 grams of
oxygen, 0.441 grams of VGO, and 0.378 grams of

resi duep caidbistsibece cpriogemiziters (80 cm?ﬂewasrpmdmomdadmmp of the

listed TAB Fl 9. Thi
o sbRpSieAtn &t Pow b e dhgteeiis ot Sukeaatys hoa pore size
dfai st Y%E b thamedign B@Je@haﬁh@t@r &4 1901 Bt 66‘$%V8ftt1|ib t%tqufn@& of
pore dianmeter in range between '90- 18 A produced

p@rea @rethp pothUize dlﬁabummuhaa/m&ajpme diappeker vathle a0 deaf the medlan pore
uced o

gt JE R Gy PTG e AR B8 oo pf olybcemum

pEeshRLE caRIEE MithaRslbM&kde being alumina. Silicon carbide was positioned on
top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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content of the crude product were 99% and 100% of the
respective properties of the crude feed. Exanple 7.
w@esact31iof a Crude Feed Wth Two Catal ysts. TPET/US2004/042224

react.Qr  apparatus cept for nunber and content of
cont §%fﬁi Figs &ﬁ@wyél%aaf%bg Prapseies stmapzetickable 2, FIG. 9, was
R Ay, RS PLOTH6 e ANRH e oMt z0p, fov

comadbozrohe WOitod mntadengd see, 4mITbdt®ne swphe)t of shd regetdh €The crude
inT FIG 10, was fed to

roperties su rize ble 3,
PR s ptcil ATy a5l pbihe Cots i e B80T PHEo S g Rhe

I . ] ' t :
Dy T

thBtreactamasct6ongmuon d1 Q00T B EEISA5 whol hdyad pressiue wds 6.9 MPa

(AL 7GE A b onsefing Zonpye kbl fp 460 o b B e Boiained a
28@sC 65 WMPeor089 hurk. Ainperali€s 5Be 6RO Egtgﬁdc‘gili:‘l 76RE8ERere Ithen

_were heated incrementall'y to 343 OC (6 A'tota
incragsad and mgistaied In hedpBoWing sequetee:BY70 3G 02H &) fan190 hours, then

28R Rt Folsdup g et PR (IR o Sadobond Bpratat C (650
°F&biCi 20Roubs ok R RGO un $@6H 4178 hBudt ppm of zinc, and 3
wt ppm of potassium The crude product had, per gram of

cr ud&hgtosa peeduchexdigd shepeartar arfd wagd fepprated agd@scyibedrin bfample 5.
4 0,401 gra of . .
TREREE b Ah et UV G BB Bt 125 cring
p@tessinigs (e chutle faddet Bad, Perrdrm cf@rudBir6 X @28 grams of sulfur,
Sﬁgﬁ{)nst rates thaf contacti r{g of the crude feed with
0.0 grems of eyyseas AL gemg of VEer ends-3 88 griems off Ksidugn Additional
- I uct that had
P %p g@ggg@& %%%e 1)g&irugtdél&% Zig{‘éta ZI?E%B(?%F %lﬁluﬁ]ﬁ?g odi um zinc, )
and 'Phis asanpimdemohsriteswthatlcentautiigithe comlededd, wviXBe catalysts having
cont egt .Bam.d residue dcont ent,. of the crud Fr oduct vve‘&e ,
PO HIZC QIS Yo TBIIETROTF SRaT ) & TiEsePY RS0k A groduced
&fubél BrddaethatinaiRt&R 8 - e
: W t hgf:oqr Cgct al yst Q?s? (Je%{é agﬁ%‘ﬁ%t@. N\}g\f/}?gﬁéﬁ%&h?{g&?&ﬁged oxygen
captandi refabims to thepropesizs pbtheappirfatd) svhilexesiqhte doatent frel VGO

B EIRAER wBl RPRRE 0P BTt ToRhE e o
fes#t hod, and each crude product analysis were the sane

as described in Exanple 5. Al catalysts were m xed
i pleci. | ConiacteofiafCrde Feed V : atdlystsf The Ia¢tbsapparatus

Rt ST plo Pt AL SV SHNSBR DL e separaion
me@sd,forade frbéudt apalpdis, bhe chteBet Nifidify iR dre fRe@hmeR8 described

. reactor, Silicon carbide was positioned at the bottom
indixagpdg0.r eact or to serve as a bottom support. Each

i .1 .
cont Ad 2RO BREPR A AP OBRs SuBnbRn bt 6. 10,
win fetl to the toypoRthpraaced The tinde CedtfRetddnirongin e’ ppéheabtdhe, top

reactor, sjlicone carbide was_ positioned on top
contacting zone, bottom contacting zone, and bottom support of the reactor. The

contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 80 Nm®/m> (500 SCFB), LHSV was 2 b}, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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of the top contacting zone to fill dead space and to
serve as a preheat zone in each reactor. Each reactor
wor®sloeaded i nto a Lindberg furnace that incl uH@UUSmm/042224

heati ng zones corrgspondl ng.to thebéaﬁr}eheat zone,
two Elemérade piogduetdind en axerage hAN®RAY age ﬁcPI grawty 0of 16.2

SR o RS A TSP .

wippai 6f Hme dnd A thpmknxﬁpbtamlmnn The tirutlg pradvet had) peccghml of stude

iy A ot 0 Sl S0 Pl o Ry 86 68 SmpaFgOtnd 0.401
grmg%ggegfdﬁ% Ava'dh{bnamop&h@sn&ﬁh@%ag RldiEd 18 1@&249 gmsbleé\m FIG.

num cat al yst/ sil1con carbld m xt ure
10N|th t he catalyst having a pore size distribution W|th

Cop. LenP4ThIA e aRRor 0 BN GBI NE SEAF o g Selected
ca&a@%ﬁi whA ‘ibb%zeocfmtgb%lﬁﬁﬁ‘ HBarph o@’@béﬁ@@%?ﬂ?dﬁ@éd agélﬁﬂé Bxfoduct that

alyst; with the bal ance bel ng support that included
hadta tedacet! TANSR @daml total epdetne, a}dmnmnangemd gotassiah content while

PRty Lot GaRenE it i SRIRLO s TR G ER R, 04

andOD3Yd OMBe rdsPedtive phsPehics @ tiRCIrhdidfeg@nes. The
uncal ci ned nol ybdenuni cobalt catal yst i ncI uded 0. 143
rprmples 811 1T ontaletof i Cxudedreed With K A AN s 1

'S h Dargh A
Vglrlg\lnéscl&ntagﬁl ggfggﬂ%ns %}} eg%:[?? spah sb(% E?O&E %laeg émd

cofledt 6NEntavaisg POSIS), le@ﬂe@htalgasttsﬁleidir@nemﬁa asat:lh ﬂ@almct separation
The nol ybdenum cat al yst. was the sane as in the t
methad.zadicach ayderigdushanalysis were the sgng apfescribed m@ample 5. All
V. L
N e R T T
paptocsial ysb uﬂléss (lithéﬂw\esebntlihatedmﬂ’h@ tiudg feed sy (hodhghredgh réactor was

o 2 oF Ll PRS0 L BAFAER P ¥ oGt 4B paid was positoned at
th® 9§ﬂt51h @n @'Si:h' r@a&&ﬁo ekt 9 6oRsA %Eqb ZEJdEﬁ TTaEB)g élad a bottom

uncal ci ned nmol ybdenunt ni ckel catal yst 1 nc ., per
cogtaatim@fonsandlaytsp corfaddggonersAfer uholcgnbbreﬁsumorﬁ c@dide mixtures
ra f nickel,.and 0.0 ans,_ of . phos rus, with
with 3Waf in B StBpesseionns dheoch fRter. sifkoms Py Bl tanpositoned on top
of ¥R @ F)é%ﬁ‘(a@ﬂlﬁg £628 16 BllRleglesgrcX bl © seh? 5 e%@ﬁzone in each reactor.
positioned in the top contacting zone. The denum

E@bﬁ%ﬁ%twaﬁ/é@adleﬁ éntg grendberg firnase tlnai ;mc&wiﬁdef@mn h@gtnzg)me@f

colip R frengte st B IR Uhle By AR s teom suppore
te nHﬁfE&faﬂip& {Qfan%cﬂcﬁ@@&o%)ieﬁ@ﬁ/nﬂc?{e%td]Wﬁsﬂmbﬁ’ cArBid@mixture
the,crude feed for Exanples 8-11 having the properties

(48 gk e RSt gRed Hbihe battommicontagting zime. dhe getakysidaclided, peiggram of

colish U1 460Ra8S o BELLABRLET0 84y B0GSS: RERIPLERD TP ol e

ed f rou
phosphorus, with the balance being alumina support.

A molybdenum catalyst/silicon carbide mixture (12 cm®) with the catalyst having a
pore size distribution with a median pore diameter of 180 A was positioned in the top
contacting zone. The molybdenum catalyst had a total content of 0.04 grams of
molybdenum per gram of catalyst, with the balance being support that included at least

0.50 grams of gamma alumina per gram of support.
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zone, top contacting zone, bottom contacting zone, and
bott om support of the reactor. The crude feed was
waeomsacisedd Wi th each of the catalysts in the pPErERNE4/042224
of hydrogen gas. Contacting conditions for each
exa n@xmpl@ anpupealeiped mpgstbd@mm/cqe«w@geéwt@d@on garbide mixture
0 000
O D B iohed B, B BLAT bGP ok ? TGl BT Bhemumycobat

célthy]sﬂlequdl D.148 igE¥hsrefimelyBddnuih, GLMB Rgarhdhef dobaBfand®021 grams of
hours of contacting, .and then lowered to 1.0 h for the

nhasRieRIsHYt s bakneybring AmInaTWREetat ures in al |

cont o)

cont e PoBaERRESatGhfilidh Qfbib LR 1D S PR PG e top

comtattaryd zong. Theeaslyelesumaatalyst waedthasahe by dvehe tdé@ntacting zone of
errpgel;%t ure in the contacting zones were raised to 354

Eg‘é"‘@ OF), held at 354 0C for 200 hours; raised to

326331:%%%%% 768(@) thet}ﬁélgbfégu%%ta%t %Qcﬁ?sgﬁge @%ﬁﬁtog{c%hﬁa@gng zone of

Examsbos was ﬂl&&doﬁtl( JiRSor0@rbid eddipaxsitid@88 i hefboth &fdacting zones (60
h@g then raised to a finaltenperature of 399 0C
0 OC) and held at 399 0C for 200 hours, for a total

cont agEkang Plte' 1Meapfitcal Pikdnas ?Edenﬁﬁﬁ’mgﬁéi ‘é@ta%f?gﬂ&gr% A& mixture

e di cal anal yzed to deferm ne rogen
(/E?p@ra évaswoslhlen@} dhbe bettain contaciingeond/Chhe wntaboied

o PG00 S BB PR B R R 5B,
028 EpdreS o 1Brididel &g 0.0 15§r@khs bﬂpH@ph&uE) with Elle@ala;lée bé‘h&alumma

12 is a graphical representation of P-va ue of
sernedle product ("P')y versus run tine ("t") for each of

. the 1 crude. f eed. ,
P ek ke AL it T S8y e

cdrtbetingpoas eThe tokyblemah vgtalght warethe di€ainGRkHw) contacting zone of.
obt ed by contacting the crude feed with the four

Examnglefs systerrs of Exanpl es 8-11 respectively. For

SO A P ESNER S D B IR

oven &)&atapp@ramte; of $8e°(PEA0Al °Hie ford 8-2dldmues th. fBrrﬁ de ordd feed for
the ru i.nme. the end of the ru hours) for
ESRlSt B 11 £ db bR es siamarized iptabierh i Vay The Ggpde feed was
fddn8 tled tof @ f RIeQeMGSr ih Mess @Qaﬁnﬂléé af he drbddR¥d S ﬁﬁf)%@he preheat
that the crude feed in each trial renalne
Z@ﬁatﬂpecodtﬂlﬁllﬁ@ZWnb@m pent{diog zenaapd bottdrh euppanda‘ th@&adctor The

t phase s FIG 12,
ofjof £ ol oGt RAE e R BRRAR i D mretends ofdsfiFogen gas.
Confstimdonditions gor%aaﬂeiahwtve&%tfum 0hti6 BERydrbd gas to crude
except in Exanple 10, ich the P-val ue increased.

feed @}mllgccprgacémgwqum@ Mm%%?lé@@ $CAB) omdahe tgal phgsdnregépach

' t f
P 68s PY b ERLPaR Y ¥ P DL it Bt abuhosBir
cdltauting 1o, thérﬁl@wbEEZi to 150%h T RRtRSeAhine cdhrattiag @ifheHPtl“@ﬂﬁ eratures

obt ai ned by contacting the crude feed with each of
incalk gomiasting geies N@%?”&%&Wé 0 8E) far 300 houss pé@qntap@mg A|fr@r 500 hours,

th%%f%ﬁeggcﬂ ey "?Itl Qllf goﬁXctﬂ’xgczroﬂgsewérg Egrtlt\rl\%jgeﬂ as f911 el?qe)erat%re in the

was 1 nca range
contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to
366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for

1000 hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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(43.8-300 SCFB). As shown in FIG 13, the net hydrogen
upt ake of the crude feed was rel atively constant

walmosogeseach trial. FIG 14 is a graphical PCT/US2004/042224

representati on of residue content, expressed in weight
‘papaORIeORISSL GF000 P 1O5REfow 24/ 0smirs, dor 4 foie contacting
tén 1)2 Oﬁ each of the catal yst systens of Exanples

99" 3I Q4Ch of the four trials, the crude pr oduct
had arHeesiddygod @i whie fpéflo&aallﬁ&fél}%d td\@etb@EhETAN, h%rdro gen uptake
content of the crude ed. Plots 156, 158, 160,
bydhe emdnfeedcRivalue, ¥R} eontenbiresitee contams q@d@ermeqn content Average

v% egk&‘jn?o;ge%té gdn};tﬁ‘eg ﬂu@g@%ﬁc&é E)g)(él?iéde )%lér@?l veFl are Assted in Table 5

1ﬁmm\rn11| n FIG 14, the residue content of the crude
pr oduct remmi ned relatively constant durin oy
si gnitile bhts qograplrlealgenrﬁsee i of Pafaluemf dre q_rsdr Broguct (“P”) versus

rﬁ%gﬁg 0 defog ?g& rof, % e%blzgtl S&%‘[Cﬁl@ 3PG&ahple ? N rlrgr'l?l 'c&%/de%ed had a P-

versus r n
Vah.teh)f af lehdrd . X allatsyigio, 15% tl é4rmndfl 4&xepmgdentsth8 Pivalue of the crude

164, 6, 168, 1 t. API |t f th
Eolﬁﬁea% gr C%tﬁ%tmé € Seedaath the fytcatalysliey S eaptot Examples
8Wl f stfi&ﬁvé’l?t @'o%’ 300500 € ?i'f’etlﬁfval't:té BB ?uﬂ% Sp]rarcluct emained of at least

respectively. each ¢ e four tria each crude
lp.‘r fod mitalyhtasjfsamsm" dixgimiplesiSpl (. Indixgmple bimtliEgP-3aln2 wasaBove 1.5 for

niosg $ r?%%;%églge n%ﬁg‘ t rudzg\g(g)gﬁj t)Sfari,]gz\cﬂrnﬁa ?? tggP-value was

10 FREPAB PSvallR (?fﬂhé\aludg b@ﬂh&ﬁ/fopéachhﬁalc ft lﬁgﬁf B iARGEHShdt Phe crude
a range from 21.7-22. API raV|ty|nt is range is

faeon Eacivirie remaenedmelagrfelmsw uring eontraetd@ (ﬁ@eerxamﬂeathelc@ude feed

- AR ARy AREAETLENCET2 e PYRE AR sendugt emained

rélaflely corekBY SurintNsifhifBart portionk Of e@ﬁ&ﬁaloéxdebﬁln@ia ¥$10, in which
syst ens of Exanp es 8-11. Plots 172, 174, 176, 17

thésRvaleimcrensgden content of the crude product obtained

of EyInFls ol RS ER0 O bl s SeBfLBaKE by SRl PR (1
vafrsup xyrgine Ciﬁ’f)tfeﬂfouof:ata]tysﬂ‘sysﬁmiﬁ%lﬁfprésh@ce&fﬂl@drcfg@ﬁ@as. Plots 148,
1f5Sch crude product gad an oxygen, cgntent in a ran

di ol Bomrernsnedgress upeke ghtainee by cprfagiing the Gride ¢ feed with
eHAH 6MGe @@cgllj}stt gbt@}ns g‘f\ﬁxérﬁ‘ 8 i, Fegﬁcthrglyeﬁ\fe?hg Xg&f‘uptake bya

content o cru rena
cooledtaihndveat tar tiRe @ehonh oﬁ23§)!0 hoorsteast in agangderbetwdne7-48 Nm®/m’

bbb KTt ASShavh YD B0 Bkl Bt g ot Pamde foed s

rﬁmﬂﬁﬁtaﬁfﬁuﬁ B@iguring the contacting. Since TAN
was al so reduced in these exanples, it may be inferred

t hat FaG. 14emstgraphienl répoesentatiome lccaerbmqntm opnesagdinngeight

e ga’[ﬁl 02 gl?ﬁgg ugP @&1? (Ysﬁrglgs%&{l d uc gl)egé‘bﬁtvtﬁe Xatalyst systems of

mm@rad iRASL. Th %a@(@ﬂmla €out rial@tthd e@aé pfaau&qrae Iatrem@e w‘ment of 88-
371°0C (700 OF), a pressure of 6.9 MPa (1014.7 psi)

98Mdofthe residye éﬁnthmfé@@md@)fe@d ubots Bd 159, lﬁeoMmApasent residue

chB8Ror T s DRFuCTIAE BhieGhibe B FiE ElaR MR s
shiterfls bEPRRNESS-@1 ObspeBvdl A< BEbvAn FIGL 14,NBe BAMRe content of the

pressure and rati o of hydrogen to
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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crude feed, the reduction of crude feed MCR content
was 25.4 w% based on the weight of the crude feed.

WO n0oExeaspd e 9, at reaction conditions of: 371 PA/UFD04/042224

0F), a essure of 6, 14.7 nd a ratio
léfr‘r lrﬁéd}%géﬁo fPreseRidal @é&l%?fl f%eewﬁep(q ho @psgl by epdacting the

Glaufd sS11 1 Wesedtfvely. n%
%don t he c\/\/{tgll ght S}ts (#%% fedd. CAf vfllay ach of the four
tmaimec}ad:mdepl@ﬁuﬁgﬁd @@1(@550}' 0F) range fromes SR 7 pSesEhr API gravity

nd r at r f eed, t1he redu n of.

of Farier s oM Er by s 1010 T (eSSt LRt Sl ity
gﬁ %Bﬁds%léﬁ%lfl QmévTJmﬁe £R08E BRRAGS e S Wik Bdnd M1 ?rzqcb% API
eed MCR conte nmonstrates that the uncal ci ned

golity nmthiGraagelisld 0784 of tha APl geavityadithe cradefsediCR

cont (]LJ duct i n t hi eratures than t c? .
cncal Mol Gt Pl G e L Egh Patp SRese in weight
pEXEBIREE Bf ﬂﬁ@ﬁt&tﬂr@&&t( @b G&mmh tigfe @S f&céacﬁ §€Me hialyst
a relatively hlgh TAN ( TAN of O. with one or nore

syﬁ@ms gﬂc,E)ganml@sCﬁ; bsPlotel B lde 1560 preWnt |oz§ygen content of the crude -
the cr ud f eed/
olRR Pt R B R 150 Buhe R e mramples 511,
réé;g&@kfely Ielcrehred p%dahdﬁha@f elﬁJ t’:&ﬁ@{ttolf E5mvEaI1Eabf thestude feed.
% of the sane properties of the crude feed, while

Egeh erwdeprogueideden exygm qontent i aiange S60cd- 00k 00] 5 griams per gram
oBaP B SR R0 16 RS tptag e e

pﬂ)"dﬂdmtrﬁm&&i%elmﬁ\mﬂp cagdtant hﬂﬂer&OO dbufsydicogiactingink eThy relatively
the crude feeds of at nos N8 n3 (275 SCFB). Such
ORI, OX KR £ANISAL o iRe gyde méuetf degqongates thap wﬂechﬁl@re%@ exygen -
c&fxﬁ&tﬁld@?%t% &H%{.}ﬁﬁ% %}%e;gﬁ?{agﬁhﬁseﬁgérvggﬁ \fvgsfe &?J reﬁBTsetd B se
exanpitgiitmagbainfericl the ot tuasttdyeorion detht eationflicadontetnilg organic
The aver age, resi due content of each cru roduct .was
ORYB GO RS B RSP ARS L H OV Of AU CH S e i nihg organic
ﬁ%’g‘éﬁ%ﬁl pYtfascont ent of each crude product was 115-117%
the VGO content of the crude feed. The average API
gr avin Kxafiple éd:mtwa@den powstiierts akiad’ 1110700799, afpredsurcAfl6.9 MPa

R Tt B PRRRE NGRS caldt ffe PR ESUNELATI AYohefRE e

rédubglén dgade @@mr@ aoritentlvéas 189861 bagéd én Beupeeit®Behe crude
Wth Catal ysts Havi n%o(fa7 Pore Size Distribution Wth a

fagddifd e t@ap@aﬂgrwfe%r SAFF). ebibe sara@pwswe andvtagiio o hydrogen to
cx@ég s N ?%c{h%ﬁgﬁ) {)f %ﬁde %e@%@(? anlgt%c s 2; t hbg ?g §t He welght

parat us (exce °ton
oﬁthrae&)d,efeaph catal yst sulfiding nethod, each t ot al
product separation method and each cr ude

anal {sExamgle 8, dteactignsonditionssdi $ ed- (190 é%gm?%%%tgre |69 MPa
(RAL %’f@t éum%fa%o%ﬁ% ga‘a{ {&l cggvdeeﬁé‘@l)f e trrpf(lédd $¢Pﬁ%the

carbl to eac react or- was

rddnetidrogf cwfidet fleed MER taitedtovasig. Sowt% dusaf o the wedgtt obthe crude
Silicon carbide was positioned at the bottom of each

foeda kit griemperawrs f 338 % (e? ¢ Dhpthp pyne Presienandeaiip gf hydrogen to
crude feed, the reduction of crude feed MCR content was 19 wt%, based on the weight of

the crude feed.
This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.

75



10

15

20

25

30

cont ai ned one contacting zone. After the
catal yst/silicone carbide m xtures were placed in the

w@omsaecising zone of each reactor, silicone carbCTESwa$042224
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@B pastuc@ad DITe 5186 6f WRrAPISeRpAfed fRHe d&dé &Ral WhktheViscosity of
Exanpl e 5. Net hydrogen uptake during contactlng was

eRb @HYR Predudt ayas @ elﬁst&éf’/ap Eh@ ngftl@’mf thmcrasigﬁq@rie 12,
E'}ﬁhlg'?é/sdf%oﬂﬁ NCHRBRE ST B \ ng
Digtiblyidn Qﬁﬂh alediﬁﬁ Ruae Difmatel an ge I.feﬁélﬂBSB &W i’ﬁh Mlﬂm{al

3.9-1 SCFB and t crude product had a TAN I n a
mEfeé 114> gagh BRI APPGHIs ABdeRigfor number

afd cdrfdént OF H&ﬁacftﬁg% ,hsaElli] Eat tyslaﬁ?d?% #agdl alé?nt%t?rl] product

cat al yst, net rogén upta was | rang
sep@ra@ion Km@horBandoeath &u&hﬁ%ﬂ@e@nﬁ@sﬁ%e the sém@ aS@EsB)rlbeddexample

roduct had a TAN i range fr

S AT B o 05k O L B AP o acipigteed flow
I

B ean o L) R R reBltof pgicon carbide

wes peretioned dit thedbotthm afgaciticactormtsatvesis.a tetner sappan Baich reactor

en du cont | ess hydro
el REPRT, St E 0 PR et GRS b o6 ARGy laced in
thé%@ﬂtabﬂﬂndg?m\é S EADNBActH, HGEGHARIHide W@ﬁ@@i@or&ﬁ%%ﬁ bee top
of disa vantaﬂed crudes. The requi renent for |ess

confnting anelioriilhdead sheceanid g serspmasa psheri zorainecathecaciost Each

e R TR A —

topthe grebest zane; il onpicoidy ane&/\faﬁdlt}@ bbAbInt pporeshd @m@é feed was
than the TAN of the crude product produced fromthe

cqnigsited with pachafyhrieanlvste it the presenceed hjzsqir@gem@sls
Cont g%tata?;st@lh%ﬂflga?blﬁg ‘Iarﬁxt\&et @O%mv?%gpgsm&%d on op ofa trﬂg silicon

.‘ carblde to form the contacting zone. For Example 12, the catalyst was the vanadium

catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.
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Addi ti onal Catal yst. Each reactor apparatus (except
for nunber and content of contacting zones), each
wae a10al0yasto sul fi di ng net hod, each total productPCT/US2004/042224

separation nethod, and each crude product anal ysis
ver e T SoBtagkngeondiions fcﬂéii{aﬁw@xlén& wers as Apllowsa ratioyefihydrogen
. ) S b : ‘ : > _
@ leRritlofBel ol s e nck @ alsrBo Nip Ty ) TS CBY). DRV Gas 114,
and peeswirs evas B0I M&h €00 14Thesic rTideohmeting Zanss wereldked incrementally

react or fromthe t of the reactor_to the bottom

0505 He LR ayer ageripd oh teg e qiniaged 8343 Entog 130 bews for a total
&Pﬁ%@@@goﬁ  reactor to serve as a bottom support.

Each reactor had a bottom contacting zone and a top

cont dotal prpdnonexitéd the conthetimpatoaby aid wedeisepnated ag Hésdgbed in
i Xt yr r | aced. in the contacting zones qf each
Exampleoy  Nenyledsn Upieke Aok cablisaE pyes eriBined &y eoeh patelyst
5§ C ANERGHHIRY 220N Gyl hbtaloRsk %@%@A&@o@& > SEFBS afif the crude

a preheat zone in each reactor. Each Treact
pasiadiduidi ant ANaifi6itfh dn gixbuplealde netgtragen luptidd wWas i a range from 2.2-

G B DR SR SR S Db e RS £ el B 03.05.
IEERATRpIE 14! &ﬁiﬂgﬁgﬁ%ﬁ §Rtha LMRIE QISR %%&9b@e?1mn/ve1nadium

described in le 2 and used with the additiona
caiplysl peithydrageExntalse @ag 81 a rngafidin 0d¥aNm’/m’ to 0.6 Nm’/m’ (-0.36

I Ehi bi d ' .cnB
SERBT b NEhAGr B SR aR S  M bl E i o ehet o 005
addi Fropéle eahpdrygén RARG allRe diBhY BOIRRHRCR R ¥Sttmated that
prepared by the nethod described .in Exanpl e 3. The
hydiRgen Was scRertsrkat kg tatecafd. T mBine 6 SR dufing contadting of the

- cﬁf@éf&ﬁ%g Wa&ﬁﬂﬁ &‘?alfs?.p t(}%g({}%ﬁ&{ J)Md%?oﬁ%gedu#?l% Eér?tga}(n%@llows

an additional catalys i con car
lessBydroges: tp s iubedinete procésseclbiid EnCAIAE b MGIrdg@htised in
with.the additional catalyst being the nmpl ybdenum )
C%B’F%ﬁlg}?fpwgﬁg% OdmpoverREoRRE s difsdvantaged cryflepx Ahpreguirement
fo3 les§ AGANBERGh D &fﬁgﬁ&iﬂg tehdd 1d ERRbaSHiRIcHS:s Hf@%%s@'n%%ocrude.
cnB) was positioned 1n the top contacting zone. I
Exanplditioiiallya omtdetiof ittenahdecbd wthtthes molybd eunmivadadiven catalyst

0 ¢nB S positijoned.in the bottom co ting zone,

Pl o o R P bt B 2 AR 20 rouc
pﬁﬁhdﬁﬂ%fﬁeﬁﬁ&i@fﬂuﬁf@n@?ﬂaé&dﬂ caslyRr epared in Exanple 4.

The vanadi um catal yst/silicon carbide m xture (30 cnB)
Eyxamples 451180 ((eantaet of lacCrucke Keod (VHid jar\éarrki yx b
A . '.0 : éX&ﬁ t.( ?@ Sr%ﬁg\é?rr ﬁp&%@%ﬁ?@phﬁ)&@u%&v %{(fgl{]c%htent of contacting
z6RE); 8ahi A0 REfidiak mhc(d‘,o‘amlqstaB?@aﬁet sBpA&tion mgt‘ﬁbd, and each

e

Exanpl es 15-18 having the properties summuarized in
crygpproduct applygsis wergihe seraelag desetieed inExemplhd Adaetalysts were mixed

The. hr th reheat. zone, t
TSy Rl 58 Vb URIab oAl R R SISRL (PR oLt s
otherpisy ihdiohtell hThe eade Ged fToketotatlsl feate aVBdnTAB kR dfREe reactor to
wth each of the catalysts in the presence of hydrogen

th fettoreeh thedeadier. cohenn Gaghide Way pesitidned ahihp bettowrad cash reactor to
: ' f th .ude f .
s Rob o) ERMRAEI S R DB LB R o i

zdner gifteBthe 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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hours and 80 NnV (500 SCFB) for the remaining tine
period, LHSV was 1 h 1, and pressure was 6.9 Mra

W@ 1@346631psi ) . The contacting zones were heat eRICT/US2004/042224
incrementally to 343 0C (650 OF) over a period of tine
Iindbers fuanagetbat ingludifondiqaing gonescarrespending ie thefprabegzone, the

ate that contact of a
t@?&ggta?%%éowe?’@%e%ﬁp@}’% al catal yst having a
por e Isieach €hagipld, e vapadivid dntysteds drepaasdens diegdiie@ in Bkample 2
350 A in conmbination with an additional catalyst
Ra ey vih Hsraddiiopal ealysti bution with a median pore
di a j i = ol e 8
2 hyd oaIl S ARAREAT AR A collab B BITARUGF) Bhs
positipaed indhe bbidm aosacthagee widl teiadditionaltdatl wabEing the

B3R ek e oSS S Eagunt o Tk,
c%\%gi%%iﬁ%rﬁ &hdS AR @B ehE) $ss Rbitfoled ﬁ{ﬂ’d? fod ﬁ)gj%cting zone.

tionally, during processing, relatively"s
hydr dg&xamptealée atrpdditienzd catalyst kabnwasbidbméxturd30 cm®) was
Specifjcally, as shown in Tahle 5, FEI.G .17, the .cryde
PP Eud e Pardiaroectihe ps VR apdilineal ARl Saing he
lysiRnfeedd ara - ct -
B e e B} g gomadiom
cglehtsesiticart cabidepyxtuni@) can) wayppsitioned irethe taf cattaoting tzone.

o0 bR Yl RS S R G 5 U $38Fonc
tiY Iestost Sorficdidp sk, ivﬂﬂﬁhaa@diﬁ@aléat&?y_ste@@ﬂ% M8 APbRRLm/vanadium
gravity of 100-103% of the APl gravity of the crude

cpigbigt a3 micRaed ndSxampiag. hevenagivodcaelypifsdineoedrbidriaixture (30 cm’)
%S%aﬁggjﬁéﬁyl lﬁﬁ? %@%httakt‘? . Exanpl e 18) produced a

rease I'SCosity and decreased API
gr aviih Exaebetligy Bytes® (GRsy/ Woelastdrporatien, ARw Yol iU.$.40f beads (30
the crude feed. Fromthe increased viscosity and
cHeLVesPestiamd igeach eqptacting gaye-he possible to infer

t hat | I [ ' fiotihe. cr. .
et ol 0, LI 0 51 AR S ms
in/Anble GSFICHSY. waklfed totht aut éfithe systbenEhacrddé feed Clatvetl yiabsgh the

re the same as. described in Exanple 6. The
PERGHARFAED S EHBEZIndOF BB EOnEF Y Fadeetnd tptiogyiuppert phthe

réalcfor. T8e crﬂag FERANACoh BBl W kbR BBHARLAIRS ih %dé ¥8nefof

rati o of hydrogen gas to the crude feed "provi

hydregeregast dronfasting 608 fP11GOD eSEREE weane eshlivesweaiotfydrogen

ot Rube e S ovind RV o e, A0R BEELT s e e s
hE%3 Rl 80 Mn’/Ah & 00 Blub} ihe r&ﬁﬂhﬁ?tgirxg&gpéﬁ@% i.nsyepsedn and

over a period of tinefrom1l h 1 nai nt ai ned
peessure was 6.5 MPa 41 Iolipss). Ehedontaeting 2omes WS¢ heated incrementally to

A to 20. 7. .and nai nt.ai ned 7 h 1 for.
HEGIERED blerdhkior ot 1B ol B BB By Bl Fofgdos uime of 1400
hagl yzed to determ ne TAN, viscosity, density, VGO

content, residue content, heteroatons content, and

cont dhesesxamples dempnstiggs thpt epatactofuf crodeyfentl svithed delumn 5 metal

c%ﬁl&k@%v&%eafﬁg%zg 8{81[1‘8)%%10}1 t\}v‘ri‘tth 2 rplgdie%nl_%c%e\g?asfne%r o]f%SB Al in
combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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Aver age values for the properties of the crude
products are shown in Table 6, FIG 18. As shown in
waambeeB10 FI G 18, the crude product for ExanpPer/tiS2004042224
a reduced TAN and a reduced viscosity relative to the
ta#hiel samd ptdpertias of ta arydefeed hédditivdally, deting proicessingheel#Riely small

ravit f the cru oduct 104-110% of the API

gﬁf&\g?‘% ptglf ‘?WZ] F'ﬂ%:f ‘%)‘Jé‘é@s Ct}f {I\Eﬁg ratio of MCR

cont epbcitienllsdafgRAl hemdk 3 w@em tNPGudd gﬂoﬁﬁ&thaﬂr aTAN of at most
The sum of the MCR content and asphal tenes cont ent

lﬁ%sofrtbﬁméé{jofrtbe gruide deaddor E?éargmlﬁs bi-17 hEhngd@ pradeats paediced in

Eamie 1o ae T QM Y et R bR 4ok o R ppmtent of at
nmdsm%eaﬂdaﬂmeﬁy sEN st 7% rdelve nthe simepipbirs 6Bthe crude feed.
asphal t enes, g}g}é be inferred that as t enes

Adéttmﬁllr,ﬁh%cr@éﬁp pis pradyged mdipampl ?Se1r§d %%Phth@dﬁ@ AR gravity of
?6""16 A Gy eAFg%I%QH?SF%C I8 164 fgdyde product al so had

ota ‘con assium sodium zinc, and cal cium

of afln B@ﬁtasﬁﬂ%c@ﬁdd fredi@padducahiueler nod- citbl@tls aﬁi&hﬁ@ﬁsa(lE&ample
of the crude feed. The sul fur .content of the crud
lﬁ}wd%qe MO@‘WI 900, aereased Vssep$lwranéd¥%ﬁréaﬁedo"fPItaai@w‘eyrr@@@Ve to the

vise6 gr cﬁqﬂe él%d?‘fé@g ns tor }% 15&%586 &%@%ﬁm agxglgqqecreased

condai tl ons contro that a

A graviuyt mmalyrb@ possibleits infersthbtarokingand bDpolymeaizatangithe drude feed
to ag cess that has a LHSV of 1 h 1, to produce

'oducts with simlar properties. The ability to
dsl 1\9€|dmﬁ13&f1% CriRleMNRA LY Valridas TTTHS. fIﬁ@ goﬁ&cting systems and
qui OUTTYy Space Velocities greater 10 1
thf,d dat&l&ti Weredonsannt asrigspited és Extropled. ﬁl&mfpmopmtﬂes of the crude feeds
vessel.s red d.si rel.ative ta.come
LB oS ediD 15 ShaPuiepl Sohte RS kb fuldbes, amtio of
hiydieedBRto fe Hhdabyd ?i@m t6 FHed8sctbroviel a@emlfn%ﬁfe d06 SCFB),

production sites that have size constraints
pesgapMas 6O YIBm oYM 4fTarsi). prd eyperabina vp e C.@otacm@gmaﬂ@s wap 371 °C

[l n er at ur
- R LER AR B, MR P LD QT RALA Rl Vg inerased
od@scperipd @f timeEBxa@nm e’ 6. 12Tﬁen@txwﬁﬁecf &aad afot A9 hd i€, and then the
Eropertles listed in Table 7 in FIG 19 was added to

vapingreasasdo 28t opndamainteined 26 28d i TPR9¢ Aettsno
cat aly Eka?mefg@ 1H ht‘ﬁe E@C 3)9%%%@&&;&5& Yo H&eﬁﬁﬂge {I’,&D?«E GliESsity,

of hydrog uct
dexmmyaVGOn@ntherschm c&)mqme,rlmtewhtahs cdorftérey @t content of metals in metal

UG e H TG 0 S PR Bt ThS Rt RO ' and ot 20.7 .
Av%fsfg@ ALY Br ki ﬁﬁ@@@ﬁﬁ%ﬁ% Bgﬁ gtgg% gafggm%g gaﬁlgd PRY. 18.

, a ratio of
( 100&5%&) in Batde pyE$E U B ethems1dé pﬁ)d\l@afo( ER4mple 19diajl .a reduced

&#1 %%eggq:q%ondlotsl - tiﬁg@fg% ﬁlei %Vﬁ%l%gﬁl)lég g 8 e feed, while
tH?:OAlt‘Iog]Ehﬁ%ﬁﬁé bﬁae ?mac% 451 1065 6680 AQ"T rav@tyroq&ﬂeocreae feed.
hydr ogen to crude feed was 160NnV (1000 B) ;

pre\ghmm@o wBBI(R gorierd t¢ €9 asphaliges ):ontéﬁhtevascatt bdasqolr @dﬂih«t sum of the
I\)f(ﬁlti §01 ﬁltétha%d 5 asﬁqml %r?e%tc%g{enp FadRtced T gla%ll\@estol eta gl?nq %% ﬁle MCR
content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR
content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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gas-liquid phase separator. In the gas-liquid phase

separator, the total product was separated into the
weewdos@product and gas. The crude product was PCT/US2004/042224

periodically analyzed to determ ne TAN and C5

patsptining sndien,con, epd calpivay elge mast 696 of dre totab comtepef theemme

of .crude product -obt ajnhed duri the, run.are |isted i

nitig B8 RIRTGh 0 RIePEraRey ol el ittt et §50% ol e s
contel siIhahienes. content of 0.055 grans of C5

asphal t enes per aram of crude feed. The crude product

had &pemples 8gad TAdewmpngrate taticentacking corditians can be controlled such

-1 hal
BERHPITBRL EVkleaoAP8, BEAPuBL 1R, SRRORLLEATR A procss
tiek hhdvel HSWAS 105 Qasiptodwescratie plgticts WithafimtliveprEBerties. The ability to

asphal tenes content of the crude product. The total
seletitveht chansppprepeity Af apads deed ahlinwidthenrly spase velostiss greater than
g I %%: . .
18P TR Gotlhifh plopls S bepoRANRTh vPieeh M rOR iz ative o
commetdialiyosiaildfl8vedselsh @ shAdlled edsblesity mgeall@e the thsatment of
P- val ue %f ]d 5 ar hi gher_ was nmintaj neg during )
disapyantageth grudpstodieASHOTREE JhPPPcERR Sitsdbatdiayp gizo gonstraints (for
i irstatly this case, top) contacting
e?égﬂn%g’?oaf%ﬁ?fgf? 13%1&%3.3 50 OC I ower than the contacting
Exempde 20. uCentatt ¢fveCsedoRekd atrVarivw CasectinoTemperators. The
tends to enhan t he reduction of C5 asphaltenes
CUT T T RS DA TOURIE L B JE T Deq oL esmple 6. The crude
fRAMAANE %ﬁgﬁ?ﬁé@ﬁte@fn Tenﬂ’e% 2 ieies. f1686hs aﬁg&} fo'tH@ﬁng %f %the reactor

reduction o e content o [ sal t

. metals in meta
and gantictedawitltheviwe cetahstsdie dheisvogpntasting edtesdn the presence of

- iR P it actRITTAMR: <X i ESRERE o SLMES bl at differen

tepipReitales.f rom Exanpl e 20 was enhanced relative to the
reduction of the total potassium and sodi um content of .
t he Epu@eting eadiions ke tneantastiag gprchwereras ffeltqwee | IYHSV was 1 h';
. : ' re stabilit
R n A8 e PR AR, vRL B R ARy bben 0 cruce
fdedwers 16eMpeviat (060 SICEB)f andsireartt e 6.9 912010147 hews
removal of the hj gh,r%lgicul ar wei ght conpounds (for
exanpPaiactig coadiions Bnias batiem spniasiing zons syergagiolloygahiisV was 1
hagcﬂeﬂ%lragﬁ@ﬁ‘l B2 %6t CERIEREY 70 WA BT p@'{@@fﬁ‘?{?' AP hydrogen to
conpounds having physical properties of so hess
cradel fed vetsi IOR INIegm” (OO0 SESEByphrel prgssose wundd. O MRa([18)14.7 psi).

Renoyal of these conmpounds at | ower tenperature all ow
Such 1B AR} FERIICE S8 P PEHC B PPN g npHoEg dtto the
gdI8qE@pRAsY SEhratb QB%gdsﬂg%uﬁﬁﬁﬁdgg sdfafatdd, e 1]82}1%[ was

catal ysts operating at higher tenperatures tha

sqporitad iotvettie afude praduet fnidrges. Thatmde proglugtomas. peEdicpllganalyzed to
1. .Contact of a de Feed and a Catal yst as a

d%FWP?/TA%M‘% ’?‘?B%fénﬁsafoé’l?%'t and/ or a catal yst of the

appl 7\GahbOvaliék BRI profhi AR fRFude pPdditt S5t&Bd @hring the run are

.catgjld{st per 100 grans of the crude feed) may, 1h sone
ligedod] 2bda?.F1GhE9.s e erudel fagid thiad 8 HAN pfi918 ahd e saasphaltenes content

of (S AR shiigLoklsnag GUNARNSd SRS ALY ol B

average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs

asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.
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797 OF), pressure in a range fromO0.5-10 MPa, and
rati o of hydrogen source to crude feed of 16- 1600N8B/ m
wo orsacqser i od of time. After sufficient reactiPOT/USI084/042224

to produce the crude rodugt t he crude proguct IS .

sepan&t@@l POTESPR! OF BOBsY WP patl setimgp thesa e BIPRG YiRs af Eogt 53% of
o R SR, T TN P oA g fduct was
at imiaan] 0%iof kel T Al rod tleer crudmfedd.u e R-valtie of 1.4rd higheewas edinthned

asphal tenes content relative to the crude feed.

duspe CABCHREII f i cati ons and al t er nat i ve enbodi ments of

Var | QU rﬁnﬁ%ﬁr%a 119]‘3X£rﬂﬁleé BYEDLD Aaviblg!d ﬁ@?(lﬁ‘ﬁﬁ@é&%@ttof)Pcontactmg

hose sk In the art in view of this description.

tempemum thgt 3 gs 50t°al leweethen ihet doptactisg temmeatmm@ef threusedomab(in this case,

il stratl 0 for t oseof
botasd Zoagep Sig SPhinch dhe et Qrds R RaS opteBfih he Srude product
refaﬁ%tﬁtﬂg Gf?'dgpﬂahgnés'%&ﬁt@ﬁﬂ Sfhe bfudé feeli0 be under st ood

that the forns of the invention shown and descri bed

her eAdditiorelly oreecticaked itheagonésrd rpinetalsoih restbladitsrenerganic acids was
| enents and terials may..be substituted.for,those
enf e o 1E S JRE R RES R RE A 5at E bl HsaE dube total
potRYiuRLardeefusCebrddifl of Blelcdiide Jrodidd it Bianiple 20 68 Bhhaded
may be utilized independently, all as would be

relappgweth@ redyciaereoistie rqt@ld:ota@smﬁba@rwdm equieih of thy crrds product
f t
froé x%rlnplﬁgé;vgltﬂ %:1%?&69 c?ns'tat%P rgléig gé}ﬁgthYﬁ@?{éa rl}‘l’llX%P%thﬁlﬁty for

eadkea;ae[rﬁpla,gasfrmdamreﬁeyyp\rdmd; and scope of the invention
as descri bed inthe following claims.C L_ A I

MS 1. A
met Hodns# 1gyyes &@ep%tu%? drafirst gméstieg zonetowsgpmgyal of the high

4 m(glrgag%élg&t%{rgoﬂg@s @ ) Ct e{? C? E%qhggerfég by Ed/%pﬁl@%)'ssgaﬁs Bf’organicl

oduce e crude
acfiispthathavewhetideingy tohferm lpbli&nqas actliet conspoands epvigy physical goperties
at .25 0C. and 101 MPa, e crude_ feed_havin t ot al
of seftaess andier S‘U@% s (der e&@mﬂogﬂagtlme and/oLi3g5) ¢ Remgind o6t e
coﬁg)%ﬁfd’sséﬁ &é%"[@rﬁbérht'ﬁge allof s&hfcbﬁﬁbu&ﬁstté |b¥ %émo&eﬁ%ef”dré %Iey plug
aV| ng, per gramof first catalyst, O.
angrcaaisht oatdly§)s, theraby ingfeasing thediferob the qattaﬂﬁsl&olfremimg@(b hlghnr

6 of t Peri odi.c Tabl.e or [nore conmpounds of one
tegpSar s sy B0 ot A e Le SP PR oat ¢ Tabl
EfahpleRal ednafet Weh WHudeFeb®hald a Qitalsddsll ShirivleA Rk metal

and (b) a second cat al the second catalyst having,

capadyst g maa‘tat@m@ﬁ@ecﬁ@pﬁca}@n (0.8001-5 ggamporfR0A grameet catalyst per
ne._or t o} of .t
3530 o BB s B, BE P g cre e
Hﬁr@[ﬁe@ﬁiﬂdmhé fefovihg chetifiadt fRmbatitge i€ akaigk &oad3Ra25 °C (185-
1 ght of metal, or mxtures thereof; and controlling
79é’oﬁ DEesewg 1 8 e ifeons 0 SudMPRaandihigo ef hgsogsnsawice thegde feed

o et R’ PR 2epetidbElivael A b Rk et Btnoucy e
crudeeprogidnatie 61$1d6 bridieds sepacdted fmn‘h tha\bral@strant e restduweberude feed

feed is contacted with the
using a separation apparatus, such as a ﬁlter and/or centrifuge. The crude product may

have a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes
content relative to the crude feed.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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second catal yst subsequent to contact with the first
catalyst. 3. The nethod as clained in claim?2, wherein
we@omsact31iof the crude feed with the first catab@BUS2004/042224

forns, a feed stream and the feed stream has a TAN of

ohteagbiag tiypoeskifled frethy AN thy ceneeal sranaer glwatryingraut therineantion. It is to
f r NP . talyst .faorms the
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agesdmPledo DEMbdtEmaAd Blenmdnes dndaahtstialeany bé substieuts®ididitbse

s clainmed in_any of clains 1-3, wherein a total

illestatediangd degesibgdRetg Rty qughprogrssesgpashheie versedhang certain features

. i . . 44t . .
o8 By tion iy o ALE B Wl fe iy g oneglitied in
thenart afdriimndingshebeaiefteds this desgrippion oif theimvéntidn. \Uhangdsinay be made
.the TAN of .the crude product is, at nost 50% at npst
I%Q%J%Fe%% 556 Re5 6 B B! SoRAFHSE TTaFR e ST P SeoPe! the
iR IR bR cABe GhahdBHolhAMYinRf Cl ai M5 1-4, wherein
the TAN of the crude product I1s in a range from 1-80%
20-70% 30-60% or 40-50% of the TAN of the crude
feed. 7. The nethod as clainmed in any of clainms 1-6,
wherein the TAN of the crude product is in a range
fromO0.001 to 0.5, from0.01 to 0.2, or fromO0.05 to
0.1.8. The nethod as clained in any of clains 1-7,
wherein the TAN of the crude feed is in a range from
0.3 to 20, from0.4 to 10, or fromO0.5 to 5. 9. The
met hod as clained in any of clainms 1-8, wherein the
crude feed has a total Ni/V/Fe content of at |east
0. 00002 grams per gram of crude' feed, and the
contacting conditions are also controlled such that
the crude product has a total Ni/V/Fe content of at
nost 90% of the Ni/V/Fe content of the crude feed,
wherein Ni/V/Fe content is as determ ned by ASTM
Met hod D5708. 10. The nethod as clainmed in claim?9,
wherein the Ni/V/Fe content of the crude product is at
nost 50% at nost 10% at nost 5% or at nost 3% of the
Ni /VIFe of the crude feed. 11. The nethod as cl ai ned
inclaim9, wherein the Ni/V/Fe content of the crude
product is in a range from 1-80% 10-70% 20-60% or
30-50% of the Ni/V/Fe of the crude feed. 12. The
nmethod as clained in any of clainms 9-1 1, wherein the
crude product has, per gram of crude product, from
0. 0000001 grams to 0.00005 grans, from 0.0000005 grans
to 0.00001 grans, or from 0.000001 grans to 0.000005
grans of Ni/V/Fe. . 13. The method as clained in any
of clainms 1-12, 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 least 90 A at
| east 180A, or at |east 230 A as determ ned by ASTM
Met hod D4282. 14. The nethod as clained in any of
clainms 1-13, wherein the first and/or second
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catal ysts have a pore size distribution such that at
| east 60% of the total nunber of pores in the pore

W@ 2wes/06ki3sd ri buti on have a pore di arreter Wi t hi NnP@OUR004/B42224
A, 35 A or 25 A of the nedian re dianmeter. 15. The
nmet hod as clained in any Q‘_élb 1- 14, wherein the
contacting conprises contacting in the presence of a
hydrogen source. 16. The nethod as clainmed in any of

1cl ai Kenéthd® of ploduehga chele pedduog comptikiap: conpri ses
combi ni Cg]‘nt he crude product with a crude that is

h
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mEE u?ﬁ%%m%?ude’apr&l Sy Qe ﬁoﬁh&qga Hgﬁﬁ'ng&ﬁir@ a5 ‘it and
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0401 pfRegl thei argdet feadh hpang atdtzf.imcfdueimbdn é’ﬂANr) of atdedst 0.3, and the one or
| ubri ﬁants or .chem cal's, conprising processing a

MOFS (HALKHH ERIBPIIBRE'a bl end as claimed in claim17. 109.
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processing conprises distilling the ¢rude product or
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conpy, g catal first

havi %aégly%t ?talaarsggﬁg fgre%m§% C a?r rflgr mCtGIS 6%) 8 6 gthe Periodic
0. O6TghlaBne@ md?8 Cor@poutids ef bt @4 Bofem¥thCStoTToinf 6 bhide
Periodi c_Tabl e, one or nore conmpounds of one or nore

net aPeriqdie kel qalawlatedsas Weightmd megal or muires thepgofAndt ed

k t
c o nt acr?ﬁg nogfzccg) Ei%tc?li%, C&{dl r%étgﬂ%}gﬁl %t\ﬁkg;ﬁﬂeg ”?91{9%2“ TAR'BY at most
%o ﬁﬁTﬂE of (DlﬂEeCtﬂlﬂ’e?feed,ndh@ﬂﬁ ToAN iasaleoainateddly ASTMHethod

downstream contacting zone 114, the one or nore
Dgat-al ysts conprising a second cat al yst, the second -

pcat a*fﬂéﬁleﬁf%ﬁ'ag Qaik&d it 4N pfwlﬁ?&ﬂ% &@ﬂeai}e? $is coﬁfac{eﬁ%ﬁ{h the
0. unn 6 of the

2 grans of: one or nore netals from Co
sdéend mlalgst‘ﬁabsteqperm’uecmtaq’twél tbofippuatdiysof one or nore

e bTERECOY Snalimed Grelsind sPEET HoieBe! tEeriped M the first
ca*‘cyl%tefmn@ssa felealsﬁ@eﬁln | i GhePfleBd AHoanVRATLT ANtIFAL HIBSE JOBE BT the TAN of
contacti ng zone 102 and/or or the downstream

thesnidedtdda gne oordact off thedagst stwew witlethgrseermdesatod st kasths lagdcrude

p@?&&mﬁ%@s tg? ﬁrsutdﬁ g)llj(fﬂ]ilg%/ I?atégmﬁ%g r?? lgt?%gecgob{g%f: tlhg 'I{E\I (2)11 thFeed stream.
The method as claimed in any of claims 1-3, wherein a total content of Column 6

metal(s), per gram of second catalyst, is equal to or greater than the total content of

Column 6 metal(s) in the first catalyst.

5. The method as claimed in any of claims 1-4, wherein the TAN of the crude product

is at most 50%, at most 30%, or at most 10% of the TAN of the crude feed.

6. The method as claimed in any of claims 1-4, wherein the TAN of the crude product

is in a range from 1-80%, 20-70%, 30-60%, or 40-50% of the TAN of the crude feed.

7. The method as claimed in any of claims 1-6, wherein the TAN of the crude product

is in a range from 0.001 to 0.5, from 0.01 to 0.2, or from 0.05 to 0.1.
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102 and/or the downstream contacting zone 114

conprises one or nore ebullating bed reactors. 24. The
waymseeasas cl aimed in any of clains 21-23, wheP€i/nS100€042224

system further conprises a conduit 104 coupled to the

8.upst Fexmebod eaeleimy! ingiE of gaimy hd, wheretn the TgdN pitha grude feed is

. canfi t.0 .t he contacting
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prodump liseat nmaxt 6%, spaostd ¥, eomostSOh ngatzoes 3%0QL the he/'V/Fe of the
u(?%%r@am separation zone 120 being configured to
“Ift0¢tete the crude feed; and a conduit 126 coupled to

11t he PRSHEGBAWS BRFHAT ih Qi N hirkth BRIV ¥BRehEH The crude
contacting zone 102, the conduit 126 bei ng confi gured

produat onneyrangreiremuld80%cEM74%.020-6 06, op3-p @At dhepi/ Milieqd the crude
wZPone 120 to the upstream contacting zone 102. 26. The
e?fistem as clainmed in any of clains 21-25, wherein the

18Y SUEHB thethbA @ cIaRRe in$8§ of elatthend i ngh&emahd 3Qde proabi&chas, per
to the downstream contacting zone 114, the bl endin
8@}2;5tgrams to
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13. 0 dDwnstthedas claiibaiCiniang o2 caenslil42 awkkertinehdlignandier second
zone 130, the conduit 138 being_configure to conve

cafhpstehayge R eige st iyHPR Rethddwrlies B t%rcqfiaﬁbeai%ﬁe&, at least,
4 | endi - '
o0LA attlfgaé{ ey thf‘zgiléhgblﬁ%& ék%@te@gfédﬁaﬁ%@ﬁw e §§ D4282.

coupl tot zone e condul
ldbei nbhecoathbd us eldintal inany ef/cleines bll @nwhdreiorthd fist mdéordieoend

Co T < it Sinioohipn pabebact Btk o0 ot G Rtmaber gpores in
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nfigured to convey at |east one processing sfream
mediail poreglianheteist one crude to the conduit 138 and/ or

he .hl endi ng zone 0. 28, The temas . clained in .
153y DI BPLPTet St nEProthing 5 ) iR o6 stRfipk frrgprises
cotthcBhg fPURbRMeAR AR IRtifosBREurEaci 1ity. 29. The system

as clainmed in any of clainms 21-28, wherein a total
16 ont Bret methodas clamnssl in any of claims 1-15, 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.
17. A crude product or a blend obtainable by a method as claimed in any of claims 1-
16.
18. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product or a blend as claimed in claim 17.

19.  The method as claimed in claim 18, wherein the processing comprises distilling the

crude product or the blend into one or more distillate fractions.
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netal (s), per gram of second catalyst, is equal to or
greater than the total content of Colum 6 netal (s) in

Wo b@spsa3st cat al yst. PCT/US2004/042224
20.  The method as claimed in claims 18 or 19, wherein the processing comprises
hydrotreating.

21. A system for producing a crude product, comprising:

an upstream contacting zone 102;

one or more catalysts in the contacting zone 102, the one or more catalysts
comprising a first catalyst, the first catalyst having, per gram of first catalyst, 0.0001 grams
to 0.06 grams of: one or more metals from 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;

a downstream contacting zone 114 positioned downstream of the contacting zone
102;and

one or more catalyst in the downstream contacting zone 114, the one or more
catalysts comprising a second catalyst, the second catalyst having, per gram of second
catalyst, at least 0.02 grams of: 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,
calculated as weight of metal, or mixtures thereof.
22.  The system as claimed in claim 21, wherein the upstream contacting zone 102
and/or or the downstream contacting zone 114 comprises one or more stacked bed
reactors.
23.  The system as claimed in claims 21 or 22, wherein the upstream contacting zone
102 and/or the downstream contacting zone 114 comprises one or more ebullating bed
reactors.
24.  The system as claimed in any of claims 21-23, wherein the system further
comprises
a conduit 104 coupled to the upstream contacting zone 102, the conduit 104 being
configured to convey a crude feed to the contacting zone 102; a conduit 110 coupled to the
downstream contacting zone 114, the conduit 110 being configured to convey a total
product from the downstream contacting zone 114; and one or more conduits 106 coupled
to the upstream contacting zone 102 and/or the downstream contacting zone 114, the
conduits 106 being configured to convey a hydrogen source and/or a carrier gas into the

upstream contacting zone 102 and/or the downstream contacting zone 114.
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25.  The system as claimed in claim 24, wherein the system further comprises:

an upstream separation zone 120 coupled to the upstream contacting zone 102, the
upstream separation zone 120 being configured to produce the crude feed; and

a conduit 126 coupled to the upstream separation zone 120 and the upstream
contacting zone 102, the conduit 126 being configured to convey the crude feed from the
upstream separation zone 120 to the upstream contacting zone 102.

26.  The system as claimed in any of claims 21-25, wherein the system further
comprises:

a blending zone 130 coupled to the downstream contacting zone 114, the blending
zone 130 being configured to combine the crude pr‘oduct with one or more process streams
and/or one or more crudes to produce a blend; and

a conduit 128 coupled to downstream contacting zone 114 and the blending zone
130, the conduit 138 being configure to convey the crude product from the downstream
contacting zone 114 to the blending zone 130; and

a conduit 134 coupled to the blending zone 130, the conduit 134 being configured
to convey the blend from the blending zone 134.

27.  The system as claimed in claim 26, wherein the system comprises in addition a
conduit 132 coupled to the conduit 128, the conduit 132 being configured to convey at |
least one processing stream and/or at least one crude to the conduit 138 and/or the blending
zone 130.

28.  The system as claimed in any of claims 21-27, wherein the system is positioned on
or coupled to an offshore facility. |

29.  The system as claimed in any of claims 21-28, wherein a total content of Column 6
metal(s), per gram of second catalyst, is equal to or greater than the total content of

Column 6 metal(s) in the first catalyst.
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