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SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE

PRODUCT FI ELD OF THE | NVENTI ON The present invention
w@ensned3by rel ates to systems, nethods, and careal/ys1094/042121

for treating crude feed, and to conpositions that can

be produced using such systens, nethods, and

catal ysts. Mire arti cul arl certain enbodi nents

de SYSTEMSMESTHODS, AND CALALYSTS FARHFRODUGING A CRUDE

catal ysts for conversion dRQAD¥UKe feed to a total

product, wherein the total product includes a crude

8 C T}IMUM m xture at 25 0C and 0. 101
—M re properties that are changed
rel aThéF’ﬁ_reEéht ﬁmnﬁssgsﬁul eRIR RS sYenR nieﬂfodgraﬂ%aga%%% for

| ON OF RELATE Crudes thaf have one
trmﬁmg conrisfeed lbheé tpecopmositioas thtah ean ropmdtced lusimg suble systems

g0 S0t B Rie pacicniony cETaR e Eimats JeseEPes Pain relate t
sylsRnfS meﬂioﬁ§ dyiarh@agee f6f diRersion of-a BhEAPVAR 2R84 g?dtfdrt]hgf? $vherein

may i ncl ude aci di ¢ conponents that contribute t
thte dotal pradudd invludse c('udmlxpc)uct)fhat e lpuidimifterscit 25 °C and 0.101 MPa

dvant d
g PHB A DORCPBRRER A8 e et s R hiPs Ripberty of the
cﬁlﬂ@fb‘éﬂortl ng and/ or pr ocessi ng of the di sadvant aged
cr udes Rem)val of aci di ¢ conponents from
g ‘ LLAdEDARY nvol ve cheni cal | y
t th
e O S PRI R AU A e

bd fcﬂnsmmtlﬁtmmpoﬁqdu q@pesvesed dusmg cPhiaR€iB64] rfgclmiw RigRBnmonly
e of. corrosion-registant nmetal often i nvol ves

reg‘? |t$ A af#@adéfﬁlﬁégﬁdé:m‘éfﬁd thus, the use of
corr %ﬁb%nfa%@% Fﬁﬁ% ?]rfblluderbcﬁ)ﬁ dcsc{'n'l | re]ﬁllg i # %Mlbﬁ@{o the total

not be desi er net COf rosi on
aadhpurnberd@l VANZHolf the omdeffeado Dissivamagethdrbddsovish 4 eelatively high TAN

di sa ed cru fore transporting and/ or
i SRR I Gl ucleh RSB Qi e png gadgr processing of
th6 Qlsh@FniFedl BRIABE. t RER VRV F AGSR L ?bﬂer@g fr@ﬁtdlé%ﬁ%ﬁﬁg%ﬁ crudes may
used to process the crudes and/or the quality of

1np®1@@| aansicgltoantietzihg @mdwhc@rrmoudés wnhvsadusbﬁsasg etllternately,

crudes of.t ntal relatiyvel h | evel s of
coplgSiete aaRe R g v B L ibertisla enBirihept Mor processing
eqligrhérg.UThe ﬁ@éd)f%ﬁ@ﬁ@h Yé&sidrant et DPCh invdNAS @fgnﬁfdaﬁteé(%ense and
usi ng conventional facilities. D sadvantaged crudes

thuy, thause o ceirosirgraistaphmetal mﬁﬂmg@gmpmbmy (nf)bbe desirable.

AR e SRS T L BBER 1 SRR o

disdveantagedefriids befoe ﬁraﬂs@bﬁﬁl‘g&‘anﬂloS peb¢animsTdhe AidsRant¥BYd crudes.
include relatively high amunts of netal contam nants,

Thegrse ok sprpsion inhibiders myapredtively affpetcaripmeshuserie pragess the crudes
arﬁyo(?‘fl?escf‘daﬁ%/ & préﬁiﬁ:lfb 191{)3190%3 ’fro[ilﬁe{h%lcrudes.

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 oiod/ogbaine of the catal yst. Such deposits nmapCTasme4/642121

decl jne.in th activit f the catalyst. Coke. may, form
and Bieaupinend oder el SideotBid Bidarsovaip et eomtaminants,
fod Bﬁ&ﬂ@emlw%hﬁwuﬁf aftt/SAENA D AUSIpro LIRS of ki fwaﬁd&emetal

costly to regenerate the catalytic activity o
copdenaiingists agdion eampmmédOﬁmeﬂal mgmnmtghnasedqwsmbn rassgrface of the

el of gl b TEs B b Ratis v kP o Binted ot g deeting in the

actioft@ ot Bledhlysbl sadvant aged crudes may include netals
in metal salts of organic acids (for exanple, calcium

pot aSekamanfrtmondis diepesit omveatalys siraqes atd Tapid tate diring processing

ofdf Ry Rt TaBY g U BHR T inteBRER ) Bluliduvigora cately

codxaniphied vilsake. Rgphowaiperanaed theddaih® tbgelrOEASHAH aBb Aiminish -
often encountered I .n conventional processes when

thenaetiyity fiihoreatalystanios cyise drapmtalyst iefelerieipls: present. In

t
oDt s A0 HATATE Y LR ARG i o
exaRiphd, ealbimnq@bals51ﬁml etnﬂ/o@fsocnu@atnmteﬂ@indﬁetabealtd epogtatuc acids are
preferential | voi d vol upes between cataly

Do éml?aéhYéeparafﬁﬁ ﬁoeuﬁlaﬂvym&geé fradesoyy wvsmf@nehwrspw%s for example,
dggmn Opgﬁ 3&5%8% contam nants, for exanple, netals
In

rgani c acids, at the top of the
cat a]l’rybsdsssdsmie gﬁeteem:lohytereelsn Icbsveintiowed prms&asﬁen metals in metal

re sure, dr t hrou e bed and effectlve
soff 6 SR Fls Bl proil ORI HemktIahd Shtdun o b Pyrgchiy

: de‘i%s@ﬁ% MCex@Ghal SulfBde SAHS @atﬁl?ﬁ' ﬁe&@ﬁﬁtrhéféltsb}?@opdrgamc acids may -

. Catal ysts. Disadvantaged crudes may i nclude organic
d@’o%mfﬁwﬁmﬁumsmdﬂoeanwémweamataﬂ)tst patitlestpapicubalysat the top of

f GEEDN GRS T ARG oA PP R L Bt

' r%@ M6l BciiB Yt £RGOH O BE c@tﬁ%‘@{ l%@iﬁgeﬁélrrall?gesmt@ﬁﬁﬁﬁh&@ase in pressure drop -
gani c oxygen compoun when heat ed during

thysrigh desshadgindmesy GLETHYHY ghier o Ratalah bod e@mwae (ricésls in metal
saffy B Blefinic SEHONES AN 8 MEhAR S BRIV OX! Cat ! Oh Of

and acl orne Yy OXI I'on of ethers)

t hatDRadvagiabtd crutles may iretmé@rdantiotyaen toepdedsCc Tedement
and/ or may corrode/ contam nate equi pnent durin

fagiligesethat W@Cﬁ‘éﬁ disagyratagpd Gygenyith gn PP‘WW&% %ﬁ% lggsh@Q02 grams:

o RO Bone ! URan nieBey ohle sy En N SREIET, I rocessing.

Ofgadrcm&gdﬁmw@mmds Ivsﬁteﬂ theated dmting pxesessifnghyidy ﬁgﬂﬂhlgher oxidation

gener need t articylarly if
CW&P&Q egémaﬂ s dorme Y ritakipR gt alcohols, and/or
ach{s96R% @zleat%%%ﬁeiﬂs }Fa?(q{e%ﬁ’fkﬁit'té’ ﬂerﬁdv ot the treated crude

processi rig, which typl y involves t use of an
anddirinvay doyde/gentaminate emimmhens tyrimgyrobessimgedd datse plugging in

i nhi bi t lfnsat urated fragnmentsfromform ng coke.
traspRTEHioR costly to produce and/or costly to

tr anspedantaged I BEY ideRfk hiylilo8en 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 pwsakishs ty tends to result in phase separ at|wr/US2004/042121
conponents during processing and/or formation
frourfgoningaoke Hydeeriscostly fogrmroddeamprer s rteg@ﬁspm to treatment
fac #l fide, water, and carbon dioxide). Conventi onal
a Stesses often lack the abili ty to change a sel ected
Pr opgdatiyaritdped celidesdisandidige (éxh:nbudﬁstalblhﬂyaimhng Ipmessmg in
significantly changin ot her

conyeBtienzh FRcHiEs. Erydednst }1tyet§ c}%tpégs%itdﬁ\p RSE; ssp]aéfltlon of components
coGRRSARATR Bk DR S GRS Dy
sulfideevatanhiyd cdﬂbmgdm@dby a deS| red amount t he cont ent of
certain corrponents ( syl.f.ur, o
confCarysndicna! )PTP‘P?Sﬁeﬁé’ %{i{ﬁg‘@’&o 85%}}?8 a S§{?ﬁ{$d property in a

dlsQ&\%ﬁ?%l%@ §IaldF Wit R Y ﬁ%m BsiGURkh g Othef f)fb%@rtieﬁl ol tee

uent to di Ssadvantaged crudes to | ower the
dlsmdevagtﬁgeqb erndenFonéxapphg coeventond predebags ofign tagk theeability to

sigiRart 5o AN B o0 Y i Fine ORI gy chansing

by GGG AhSunk ﬁletdaﬁteﬁpéft &riafn @dripsasits @mdh Qs sulfg loe ared

costs to handl e the di sadvantaged crudes. Addition of
comtmirents) tmthaddsaéwmndag@d cr ude may, in some

Pat SRieRgRessS EanpE b e bl i Bl pib iRy Sept o
diskBYRk2e8 trides to 16webe Zﬁﬁgﬁt eﬁeﬂﬁtﬁf&oﬁipoﬁd:nts ccﬁltﬁﬁ&u@(ia the

to Bearden et al.; 5,914, 030 to Bearden et al
dissdgaraged qup@rtrp,saéml@gaﬂugm howesy,jzepaplly Fereagetgastsf treating

dlsﬁg‘édé%%g cgidgg’ &‘? St%]thé 90 dsatg(}g}tﬂglﬁﬁganay in@ERES LEE ¥ Hah@H She

sts or processing
disafvaesped H‘lﬁleﬂr Ad@lﬂﬁﬁ Sf didiyesit mdlsaiwln‘xagd:(hd:mdd: 81y, in some
described in these patentﬁi‘?a however, have |limted
n

sitegiiomp.lgpiersa Jepdy Al gechotidiany of the techni cal '
prokl e ataﬁtNJs% 547 %ﬁudhm{as W 4 SAtheanh M@férscert ufles

general ave undésirabl e propertiés (for examnple
6,068 266ity Grgzndeleghl T8, 302t te Mideriey et al.;FeRidks 0 Heatsier etal,;

T TR e
desd'r tvqﬁ&ﬁs) rogs%r sYHRARS At PRk Ay RS RRPESdeSing alidideThe (processes

atively high arounts of undesirable conponents
syﬂmasrpiné cauasstsdigeqnb@d dathesspdtsnty dawegverebaved iigndeappheabality

conta nant net al t f organic acids,
be%ﬁ%?S ﬁ‘ihé tet?ﬁ?ﬁ}]ﬁ% rel?)]ﬁﬁl&ﬁﬁt(éah émgeh properties tend

10 GRYSA, &emhﬁﬂaged Fudrpeastailp Rave vrdasiggdly prapértss (for example,

and/or treatnent facilities, 1ncluding increased

reletivalp bighril AN ez teadensyl t@ bmmﬁslmstaib%eeiur@gé@é%enm Anger adendency to

and/ or . i.ncr ased us t
corm%e rehtlléff:lé/ AIgE AmO? al%%f H& eco geléfrh&g) é MFlrable
pr&%@desflﬁauammg }ﬁgrSéIﬁOﬂEnts Uﬁmﬂmsﬁﬁablemﬂﬁmneﬁm(ﬁiryexmme
f'or conversion of disadvantaged crudes into ¢ru

replise atgegioplly hersdehersadto b TBetp CHPEAMIPEES, mafRls & %t%ﬁaéfé of

st S0 G0 AP PO Sl AL oL s

in R6RRAFibhA $rahshotatibsadVartageeht facﬂmes, 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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- tharpde feedhaving

crude while only selectively changi ng other properties
in the di sadvantaged crude. SUMVARY OF THE | NVENTI ON
wo pws6430s descri bed herein generally rel at e POT/US2004/042121

te nmet had nd catal ysts _for conver f.
msb G PSR PG DA SO SEnIGE P e ang feggaiod need for
sy?t&(ﬁg YL thedd and/ gré Vo c éﬁﬂgstﬁfmpgdnr@l% sé%&%d%?ﬂ@&ﬂéﬁa@ aRli€RA%antaged

nvent | ons erein al so gener ate to
crudenyplasd drilp peledtivaty dhauging othel propatiien dit therdisadiantaged crude.

her. conpositions can be obtai ned
Mﬁﬂ?bﬁ ,,I&‘p % ms?ﬁods descri bed herein. The

i nv qﬁ%étﬁl@n@&&\éhﬁ&ﬁhéﬂﬁ%ﬂ&@ll@felzﬁé W#ﬁte&% the@lodg 8nd catalysts for
product, conprising: contacting a crude feed with one

conversion ef ¢ atuak feaddotadotat prvduet campeisiak apwedtproduds apd, in some

e QRS B Ue A 5t b b A e
coﬁ@%ﬁtlbﬁ‘é/!hﬁgha@e 1OV Qbninati8AS6f ddnshonatd- ﬂiﬂrelh88§&h &U’l\ﬁpdsftlons can
the catal ysts having andpore size distribution with

berpdtHingd lpomsengjﬁhamt@ns arel methadgydeseribad Iogein t o 180 A

bor i eSRh e ashOfal $f BoaRfPECnRE ROLES chitplilfi
coftfactingdi citulde fédadiieNonOsrante aamty8ts, to phetued B tcﬂ@lrpio&ici that includes
distribution is_as determ ned, by ASTM Met hod

theyerpde praduel Wherginba cadeinreiuchivdi liduhmig @ﬁa? a@lﬁ@ 101 MPa,

e

siddetiteitutiditwith T hedianont diemet foa png ifivesI@Artetl BO A, ofith at least
produci ng a crude produ contactin
602 He fURnURE Ob s tﬁs P@reé%eél%g@ﬂqnohwwg giameter -

- Wllﬂﬂg Q(IS: rﬁggfejﬂg ?%egia.tﬁ%ré H‘iﬁfn'éf‘é:? Swﬁé?ﬁn %i’ladﬁz@c'h%%ﬁﬁ@n ié@@ G@ﬂeﬂmned

uct" 1s a m xture at 25
byCAS DM Wethod THE 82y amie:ohEeléling avmﬂa@lr& CﬁA&itmhs auchl tkmshe crude .

0,3,.a 0 S or.e . Si.ze
predt P BB AR Fir=C U O ety R aF 30f % o
deBmtheddy ASTOrNLMed Dus4ASTM Met hod D4282, and the

catal yst having the pore size distribution having, per

gr anftsfingentigh phsp préviden aomeibod ofpreducing a grwig peedint comprising:

cog%cﬁlag gfnglgb g%e'&\e%%b% oy ?ncgg lcxgggﬁﬁﬁpgoﬁegn ) P(%qi'l product that includes

thé bede pfodua vheend thelchidegreduat Betliqugd sxidietat 0ASC31e0.101 MPa,
that the crude groduct has a TAN of at nobst 90% of the

Nt gt legit e phleahiqne of s calysishaning agpre size

aigBIAR R nfR: rpog@&ain@%? B{f atqaas@bég B a&e&ﬁﬁe@b@@wmhod
producing a ¢ 1'$ing: cont

D@Z&Id end e datalysthavirg thé pﬂﬂers&eahitﬁbmmﬁlatvmgppﬁcgnmﬁ odl catalyst from

t ot al product that |nc %aes the crude ?}%g wher ei n
0.90(d grameto HPSatrmms qfsmalydpefing e of Hose e CRj SoPounds,

A RS R oty

conditishy sich thathagude pmdectshasz e TaMs bf athmbst 80%vaftthe BAN of the crude

nmedi an .pore_di anet er o at 8 determned b
fegcs Pihierain ﬁég‘l B4 EtenBWS éégz\?ﬁ?é?doﬁgngng t he pore d
" Si Zen{él é{/éﬂf‘ulaﬂtalsgg)éfxﬁﬁ'%rd rﬁétﬂg 8P6roRlciiPh Srui pRddict, tOTbrising:

Col umm IC Tab one of nore
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
we@omsaecd3dhg conditions such that the cr ude pr oPUL/USIva$ 042121

EN T N O T T N —

cdniptBiid Qe dtlnSdte HeRMS 688 @oliBhnlwost thé P&ﬁ&ﬁ'&l%ﬁlg (ﬁller WelRe
product, conprising: contacting a crude feed W th one

campavpdeofeneairyaare metelpfron Celumniéorfhe Berintlic Tablbar mixtures

o B 4F S o iR b IRER s bRl FeB B BT A of
mbeS0%6fhe TANDY BF chldel festls vhBredn TAN idak 8&wBintiadd By AT M Method

Met hod D664, and at | east one of the catal ysts
De@hpri ses: (a) one or nore nmetals from Col um 6 of the

Per | Tﬂ! },%—r?nf%églls r}#g%lﬁésf ;{Ty?]ﬁ%og ?Bpoglﬂgl%%%f c{é pgscrluct Comprising:

cdﬂita?étmg e snidedeiofith aslor(Bpreaaalydes tﬁ@ﬁ(ﬁlﬂd‘éh@dﬂ&l Pro@nat that includes
Colum 10 of .the Periodic Table, one or nore conpounds

the, PrUgR @rasRICh Y hETeHe e CEudorTERASH IS AU TR ufcHas 256K 900101 MPa,

thd ?Mdg f%e?afhég}r{glu&%fﬁm{‘lt%gﬁ‘? o3 a?&‘% M&f%«%&rﬂ?ﬂ@%&ﬁbééﬁ and at

least pamgithe cadyktstcomplisesa (i) one bt motd insiglscisth @olum@ 6 of the Periodic
qi)ggdi tions such th t%t% he crude pr ?dgct has a TAN of at .
Tahls One gongre qmPoRRp off onerns meqre gistaleigm GelumaitpfthgPeriodic

Tebbe, QE LBk R SErOYE AT (M%Nﬁé 50l o1d6R4als g)?n CB}{@{H 1 8¢ AL $riodic

provi des a net hod of producing a cru
Tablarpné ef mgre @ortosods ofpre ommuﬂenfe@ésjfmmt(liblmmﬁ 16r0f tier Reriodic

TR e Bt Pl o R e BB A ot o oal

' CdﬂlﬁﬁhlﬂrﬁetﬁI is ZPa agd MdnDd1 3(91'0 Mﬁ’écoﬁtﬁﬁhﬁé é@ﬁa&ﬁ@@oﬁﬁﬁbﬁ@sueh that

a TAN of at Ieast 0.3, and the one or nore catal yst
the etge peidigh has a)T AN fof a@no&i&@%i ofsthe TAMNeOf the stude diteal, yvht:reln TAN-

isgsa%éég}%n%%gb%gg‘?m&fe I‘}25640at alyst, fromO0.0001 to

one re metals from Colum 6 of the

Per Imllﬁvéﬁ@bhalso@i‘@ndﬁs dmEtBod erpoticss 8tras r(SHucfné(nﬁ risin
netals fromColum 6 of the Pe{rlfﬁgdlc %’able %cal cul at gd &

cogtactipg §ptude fecdayifl) oneir mgre cefkyststip érc@@f:e a gt presjuchthat includes
the ?1%8@ gro‘a talg%ﬁalltem trhg Crud ‘f)? c{:%tagjéfﬁﬁf m 21925 PE" &661611 MPa,

at Feast

theromde feetl dbhging lad?mﬁlolf atnivash 03f ahdhe Bﬁé Iof)ﬁﬂo(:‘e Mifﬁs ccﬁﬂlﬁlsmg (@)
nore c ounds, of. one or nore netals fraom Col umm

a G5t G P BEF E-4eA ) e s AP 04 TS G ghiosT 0 ABE ko, 0.06
gré’rﬁs  Xhe! Bﬁ%ofg}ﬁétﬁﬁgf{onél BAEAS b 'Pgﬂo&lg Bt bﬁlkg% more_

con Itions su t he crude product has a
compshn@@ffwné ot merélAdatsffrar €obimudé of ﬂred’erlwmr’léubfe dAbUlatsd as

o T s R S o8 it el ok hving
pepgraﬁpcﬁf%eE@fdadaﬁﬂ%'t QMR M0 oranlort B JF %‘Idr@ﬁi ?aflTﬂ'?ﬁln%olumn 6 of

one or nore conpounds of one or nore neta
thedMrindic Bahdé, onh er Poré cunpoulidbdignean nmork inetads frbime(ﬁcﬁmfnn 6 of the

p teria [ at heta al um na conten
pelific FaB{e B Ple W R e B isa bk co by
con@étedd nditRas SRhanAREEuBY prodl@shallh fIAN6T 4QRost 90, of the TAN of
wherein the catal yst has a pore size
the crude feed, wherein 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 A, as determ ned by ASTM Met hod D4282. The

WO noosnsizen al so provi des a cat al yst conpositi oPCT/US2004/042121

Ihsl.ng: | s Col 6 of
e Bl ira e Rlen R e 0, DBt esiagsbeiR bt Brrcrgm of support
mARFi8l, H@&@éﬁ’mflé@ﬁ? @bj{iﬂiﬁrﬁztﬁﬁ &ﬂ&iewﬁcﬁ‘élh‘%ﬂé Eatdi9k s a%Bre size

m xt ures t her eof a support material having
dlsm@uaomwuhtatmecb@hp@ﬂ diagfetestoflablzest 260 A, gs determined bgMTM
Ogn Z%;égger gram of support material, as determ ned by
hr }51 fraction; and wherein the cat al yst has a pore
Si ZeTlH BivEntimtal prélidbs acdis étd)ﬁn?@élﬁoﬂl @ﬁﬁﬁﬁfn&ofa) dhe or more
| east 230 A, as determ ned by ASTM Met ‘hod D42
mpiglsfram Giolumm 6 o the\Regiedical ablg, ang et memﬁmstqm@mof one or more

m?t%[em{:_déx? :C%g,}x%ﬂ %2% ﬁ{egﬁ)eglrc])celﬁgl'; a%#egglt‘ 1%'1}( ures &LQ&QF ¢$5”§ ﬁgp}%ﬂrt material

havixigea thietaalleming @Ghtend ¢frmn ldastdf. 1 Eﬂms%ﬁh@&jhﬁm—f & gr&M f support
or nore netals from Colum 6 of the Periodic %

maigdalyas daieraupghpo¥nrascdidracing: and whsrein the eatalyst rhgm pore size
P B e Ly TR o 250 X 1 MR A PR
MethodD4282st 0. 1 grans of theta alumna per gram of

suppQrt. materi as determ ned by x-ray diffraction;
and WiepEsiop Od%?‘&fi%‘/?sft ¥St§0%9%u§1il>f@n@ﬂ§mgi (BUpRRPr more

mt‘!‘t’afstfrcﬁ‘n B HingDs BOAR Péh@ﬁl%tél%[)l%%% I ﬁ%%%r@%@n g or more

determ ned by ASTM Met e inv
meipls\ficde §oh1rmef hbthe dferipdio diablengneaoranv@lnystals ﬁmnﬁbluﬁtm@of the

P RoR e b R S oS of FBT R OB RIBRERS ! he

© v Perfd@icAT Bl d) B} RixtuRR the&ts:; @) a@@ﬁfor%atteﬁﬁl L @gﬂheta alllumlna content. .

conprising one or nore netals from Col um

-of pelepgd) hgramsloé thedmadugrinaner graso aHoPppds noferthasaletenmired by x-ray

rm the Perio ..Tabl e,. . or .
leL?acﬁur 65 ?\Lﬁgr%%#h agfslztl PR “E ﬂég%‘rtllﬂgltoﬁ itk ginsdian pore
distigposfiat teakel 30MA XdsWeRrained btyewmattethsa piogs. | east 400

0C, and formng the cataly wherein the catal yst has

a porhe Byendon ﬁ%@@swvﬁw@t ofpredusinga p@iﬂk—ystt;t Femptigng:

B LSRR, O ARG TN I Y v

suppdrad:qmj[mses:thasm’almmngt, ambdiﬂel dﬂln/ttg‘e af ‘léhépmﬂb CM\ilnbf\}%lﬁQ 8nébr more
rma port/metal mxture erein

mttﬁ‘é %@Hbéglﬂfﬂnc%ﬂ%ﬁt: Eé%o lﬁ flble AMgrAT AAOTE SAADINSS OF OpRPTamore

mé%gls 3% OB [Phﬁé()jtﬂg T%ﬂ% xR Es TELBE Selt” ’[Péaln the theta

[ 'umm 6 o} the Perio one or nore c
alun‘lma mepport/merkmirgt@las a tampera(fmﬂemﬁat Bagif400RE; Ret fo@ding the
eat treat.ing the theta

Tabl e, . m xt th f.
ca e s SR B & PAS SiAF GISGHDUBiop ilCY BEGiRR DR dameter of a
leds€25Y A A0 Bemiiathyf A6 TNGe{hBE ¢ g@tySt wherein the

catal yst has a pore size distribution with a nedian
por dhdiimyentien algb prrvides asnet}iﬁboﬁq@rodwznmgea eatatystecbriyytisiigtM

co:g'/ﬂ%%%&da F[])Lg)%gﬁ éylﬁgcgnebqr}\é)gqr}tg Itrr?ett]aégtppﬁpg ra%\éi)ggrts/maetamlgmge gvfhereln 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 wth one or nore catal ysts to
produce a total product that includes the crude
w@e@doed3p3 wherei n the crude product is a |iquiBCTUSI004/@42121

eyt oo e U BES T Polrc gt R D Sy g Clgmeter of e

1eROD80 A, 28 d&bptihé Dby ASTMMMdtha DELEran pore di aneter of
at | east 180A, as determ ned by ASTM Met hod D4282, and

t he Batiavgionladsei migvitderca pethed oif proddtisg michuste pyoduct, comprising:

C rising theta..alum na and, one or re tals.from .
OB 2 e TraV L PROOR o ARIaD TR oriiitor s et Ry et includes
th® ErudB prodfuct) Whereie itid| ctude R0 s Rd Bfix st BErCOHdD. 101 MPa,

Tabl e, or m xtures thereof; and controlling contacting

the givde feedhavingehnl AN at lsastdr i gblepstona of theastadyskANvifg apore size

. .90%.0f the TAN of the ecrude.f , _wherei.n TAN, i
BRI b e emist of b3 18R of R P PRSI
Mpthod DA 82 andehd\edal ot hatidduld fidre 8iz6 dittehnitiod@efiprising theta alumina

conprising: contacting a crude feed with one or nore

and ping oy Bose gtajsgorp Kedwipe 6 of thePasipdicobable, 98e prmorecompounds of

t | e
oS UHEE R, 6, ARSIk O8] RS BB
coatroing @chtactihglcohBitiohPaychttha the citide proddctiiay b MAN of A&t 90% of
rude feed having an o

NG NN G T
f .eedl?hé:"’lﬁ%lﬁbn |a%@§)'i(\)l\\n9{fﬁ aglfneﬂlgﬁs oPﬁ%ﬂh&ﬁﬁ%ﬁ chi¥ Ié)?(%&l?t, g?fngrising:

size distributio medi an® pore di anet
cohatng ®Crude ferd widt erenirneate lbytahSEN Wit frestnE¥@B2hydrogen source to

prifae adoiel BRAES T Girs R uderpRous heThe o grodbncs 2

organi ¢ oxygen cont al nl ng compounds suc

- lighiNn@ftudehe25 radgd baed MpL hd &u&@fég& ﬁa\é}n% Q?T']Ag? B%‘ ﬁ[feleast 0.3, the
crededded bavoriiat oxygen aentextyad ehlees ik (0 goimsof orygen p&Ygrah of crude

t he en content of the .crude feed,. er.ei n. TAN
fed . S P o SEPL5 el rE  BEed S DR G R Snedfan pore
didrBet@Softe teREINoNE tastit et Bildd M5t ADTMEN 80 d D282, MMARbh @A ling

al so provides a nethod of producing a crude product,
coplaaibng windiions gnicdues hyNasueh thabthe sautleirednichhas aF Ahpofet most

IS r | +pr.od hat includes the. .
S0RF LY TP bE O LR oo Re et Wbrp I RS M ining
compwtintdsaueti thabthe Crialehr&dkORasMbaxypfiecatdid of hanest98Yi sfdthe

a TAN of at least 0.1, and at_|east one of

C . ) t he

OXYBRIAORINE OhiG CHile Tpreh Whetein bANGApangigimined by ARIM Yool D664,
an6R0FenontcRS 20 lolRAReABY ASTMAMIDENE © of the

Periodic Ta e, one or re conpounds” of one or nore

" et dlhs ifiventiviCalso provides fa dtkodPef prodiidingTabiude pralict t@hpitsing:

as wei ght o; getg%% or m xtures thereof; and .
CoRBF{ineA ‘FrPﬂ"g CEBME tierhg "EBh gtelyels do _E‘i?éﬁcet fhté’fél Frqdugtfhat includes
(AL BB R Shd e bt PrucaRh Bk g AR oY 06T Mepe,
thet dtredeTfent] baving e TeyNi dBatflesstl). 1 winel atileasioid dfshesatalysts having, per

det er m.ned Met hod. D664. The i nventi on al so
B §F PUUS e A0 bEAHATL T TROTE RIS BPBhgelima 6 of the
PefiOdB MiaBleN&he GANrBehbinBOuRisOF B of RER MR FRNS CBIunTPE 6f the
catalysts in the presence of a hydrogen source to

Pepipdid Jebleacalotaied ay welight oftrhetel, brmixivies thehm figmddentrolling
coﬁ)tgagnlfgcctohd%gsr SeUi.CH tltlaQ% hcqruycfjﬁoﬁlryosgg&tveiloscit?l 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 5 crude feed having
w@2®al06asn3 cont ent of at | east 0.0001 grans of Bai//82004/042121

per an1of cr de fe t.one of th
cat a?@ﬁslpgef&%& Sioﬁrﬂﬁg%% ﬂ‘ ﬁr,‘i’if (ﬁ‘?‘él%‘ SR £‘F‘i§’rﬁ?n6’r ising:
codfacting a CRIde Feidowilia bh€or BBR défal%‘t)s" 18 tROPRMHRE %‘g?ily@ﬂageﬂ)gource to

more netals from Colum 6 of t Periodi c
prafiyaertetsl prodpeighat lm’lddflﬁdh@ eiye proglucto whesini thg crude product is a

SRR 25 oy S AR a0 e .1,

crudehicbd ha\ﬁh@s eulﬁﬁrb@ﬁ@ht &fMat @éast MeoEr %&dﬁxs foe sl et PAm of crude
contactin quid hourly space velocity in one or

fephaad gblse @f“? ﬁgthwﬁ@bvswompéusmgme or mosemetalriomGodumn 6 of the
t he TAN f the.cr ud
PR A0 ehof poMEn R0 ik AL ARl GhRSCEHD

Pefiodit30Ae br tolvetuses tfdusofs ant @ﬂtroﬂfngtobﬁtaﬁﬁm%&)rfdﬁﬁﬁs such that during

mherelwggAN |? SS det er m ned ASTM od D664, and
coglacHRg ¢ ce élptékeﬁj@@l@%lﬁhl@air@gﬁnmswlw@ﬁ tade tm@ﬂnt phase

. separdtiéh SMEBRHO ?eeﬁlcﬁlﬁng g?étja&ﬁ%é gﬂ ag}%?ﬂég acB V@ ﬁ#f %ne or more

crude product, conpri cru
coniactingrmmenis aver €0 baf thk yatds produchieavixiges EABEo nﬁ)st 90% of the
us 0 sour ce roduce a_total prod
TR 2 e Bt (R piogul chvingentin ccnteat ef (Rrd30% of the
sultOcbHednt | bFtka chid@ub&ll, Wnstei €A i 23 A0 ARda ﬁy %h thod D664,

and controlling contactln con |t|ons suc
and ISUM'@ coetedt isas detegmined baeﬁtSTM pletked DAY.0gen at a

ted rat t f th
o1 uad TR PR g e e b e BhnaF elpdskb pppdsing

©coBtabBidWeluaé fdel MHEIRDr dndiE WEkE] yBIs 98l t}fétpres"éﬁ&%f Sd8ous gdro gen.

contacting a crude feed with hydrogen in the presenc
-sogyice Ehirogpceriplotal @mdapvb@tsm@l@dvrtg@l ade arCtdocTaIWhpmdtlnctcrude v
pr(g(ﬂl%{dlg a[lﬁiuﬂﬂ% tﬁllg%l gg Ué% g E)gl%"l‘ 9\&% aagcgﬁaolgn%wtﬁ\y%ﬂg conditions

suém’dha’ctha trudk Ifd:d’dg dmmg c&ihtacﬂ GipelBeihydrofsh & dGbletlatatt Binhibit
crude 5.feed is contacted with hydrogen at a first

PhespepRyation ffithk erude freddusing spefagthen at a second
hydrgg %ﬁﬂg&?gﬁo gﬂﬂ?dets 'a%et?(?cg(?nf ;{ h&uc‘c'i e{'&’ 91‘&8% ﬁr dHQt %ompnsmg

conditio el ng rent

contpctaigea qodeifeed ovith lprdtbgeatin thegragrce offpnalke niode I:ehﬂyitls tSproduce
ndition iis controlled to inhibit

{
a t‘?-;\ée ; Q E#a[% Hl%lilfqﬁg ercaidp Rredunt, wheseindhe erude progugtisadiquid
migRss zﬁ@%”@aﬂa@ Y NP aﬁ@g% R ccﬁﬁ@fcg gg%ﬁ#ﬂs%ﬁc@{ t the crude

the crude product change by at nhost ative
feedhie cqréap@i:wnh &ydnogenont mﬁrs‘eln{dlrmanmt&ks coﬁdltllmemrf thele at a second
thad.o

d t de
by sB B SR o e ToeEs Hie e FHGL b B fiom the
secohdl ﬂ?dr%g@rﬂup“ehltefbo%ﬁmﬁr at®e® h§dbabrY SitskeAh tRe fidst { R¥drogen uptake

tenperature followed by contactrng at a secon
condatigreis gonirelledgo mlnbitJBefaaletoo?taauruq@rfechtotal phatuci moitum é8m

t he. & rooduct, wherein the cr odut [
aedrDSife Py Fise St et YRS pronsHies B Hiscprbda Mot gbarady at most
90%a¥latige B e spéctidt oh€8BHokd prop@ies GaRs kL g,

contacting conditions such that the first contacting

t enpBe Hivaniéon alsgprovidas e n@@:ﬂo@@ﬁ Ipm@mﬂgfaamucéd'mOémEthprlsmg
cofRABE SR LETRERBRY b moR{ieudie%: fia K REPSihe iy a by

corft&githg 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

i nvention al so provides a nmethod of producing a crude
w@e@d06d3p3 conpri sing: contacting a crude feed MT/DSINE042121

or nore cat alﬁts to_produce g total product.that.

feechbaviama Trpbolatdenst frd odfidctontighimeSonteetirg eqndiions sediikat the first
. e3 “the™ o .
cop: ggn% ke%egatﬂae;g ths?s@g 0 {é 106e s Bre tﬂsgc"onw%%gtghp&gge%m@&ture, and

aving a TAN o east 0. 3, e cru
thé amide gralustihdsar TAN f eninostf 9084 rdlaastto theODAN of itlenerudd feed,

sul fur, per gramof cru e t least one of the
W%%?‘&Wésl prsh yo‘gngaqﬁ@al s from Col urm 6
of thg iﬁ@frgﬁg'a?so-liﬁ‘cg{dﬁes LRBtHIH omfo%u@iagwmreau&,gbgn%sing:

nore neta rom um 6 of the Periodic Table,
comiacting e srudedecslofith emgoronerercatalystagtopooduge titotgl product that includes

o S0 G S BB R Bl B Gt e,
thOERMAE FedNBSing SPANWYE £ RBSGDY, IS crife febdBX0iAL alsiuSdonteat of at

content of the crude feed, wherein TAN is as
leait 00/ geansnf snSm\pavigrdno af OBda feednandsalldagy onsoritteeatalgsts

d ined b d .phe. i [ |
cop g RPN TBF SclrAG o 1 R st BfiEonebr ok

coRfPRhdsSoMNihe of Mrd fletdldfr GmATd1@EN foeTahdPdribdITEaMIE, oMBdiRtures
catal ysts to produce a total product that includes the

thereny en portttndling ¢indacting cendbtiensfyeh grabthgerudepredyct hag s TAN of at
. s !
8 G AL TAR AP BB e okl RS SRR g or 70

13000 bt salfuradonte@ast thd ciudg feusds whéreireBANUE apadte@iiasd Bf ASTM
crude feed, and at |east one of the catalysts

Metheg 6StHnapdombiup ponigit és asedeigranneddiy AT Mnedod D42Ad.
Per.i-adi - QL. f c e
ot o AR B R BB % B fprising

comtacting esrudhdeedofith amdoranorercatalyistsgo posttuae titatal product that includes

condi ti ons such.that the crude product has N of
th§ GRle s PR RR CBHEHOCES b R i 35 sand 0181 Mpa,
thPEREE FeedNR9ind S EANDHGL I?:anfogﬂ thedrudOfeed BYROh rdsifie Nco_ntent of at

resi due cont ent of the crude feed, and wherein TAN I s
lezst Odegramsrioheedidoy pASFMoNG ichisid 18686 4nd alrldast esd olitbe catnlysiat

is as determ ned ST t hod 7. T i nventi on
o et R B e B S PR o L e extogic, Frb e R OF fore
codfPRhdSoMihe of ith@fletalkdfrGm T dkeian bREFthePdriddRTPabl, o RiiRtures

catal ysts to produce a total product that includes the

thereol eng eorisdling eeiméacting cenvbtiensisyeh hebidg @t’ude?or@%uc; basiadl'AN of at
. 1 _ !
S B A SR a0 ol P DS Ry il DA% o

1300nb£ME réiduatcoheasdf iBe drugé &5¥8, afd WESLinarAN il dferminedey
ed, and _at |east one of the catalysts conprising one

f
A%TeMMﬁ@OﬁrQ%Hsarfdrréﬁdwqmﬁm & asfdetarmined by A EMPdpthed D5307.
. \ f ..
o0t i AR n 0 O USRS f 0, sprpisin

erio or m xtures
coatdtinga trudk fiéedgvictooiemtmarg catahdisttd prrluseis botalpaéduchehat includes

crude product has_a TAN of  at ppst 90% of the TAN of
the praide prdect sigrein the cridg PEoPIch g dtquph@iguigEhle dheahP-181 MPa,
- 0 0 t .
B (o
1led35 80 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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hayigan Alerevity ofief legrtallh £34 31doaghongee

The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
Wowaok/0e3e3 or nore catal ysts to produce a totalP@UUdumanln

that includes the crude product, wherein the cr

mast aof thesTAN| af dan rérudﬁ Seedkrthe gudo grasiackhng a0V (i@fowgt of 70-130%

of fhgas ucgygteff gt}%e Ca a s é%mvﬁére%t\élbﬁa%?ﬁegﬁ?& aszi‘l@ﬁi: Innlegé)y

AN MpgRed DBBOh one or nore netals from Col um 6 of t he

Peri odi c Table, one or nore nds of qQne or nore
met dhe inveshpwalse Rfpvidesf I%%’éocg%{ﬁ)fa pngra pude prpduct, comprising:

cor?%&r% r%%naga}lé@&%a%{ h Jnt% o@hﬁﬁé’ Eﬁa g}o\iﬁée é’fo@aﬁ WeGRict thdMcludes

eatr cat al yst precursor
the diudé’rp‘roﬂﬁﬁﬁﬁhélelrﬂhe omde produotrie aélqlufdmmtmﬁtaaﬁﬁ PGgnd 0.101 MPa,

d bel 500 0C;
”E s 211 ?Wgélg gi‘ﬁgﬂgf ﬁtate%g ; ‘g%vée@ﬁw ?ﬁ*ﬁ‘f catplysts g Qhgainable
ygé (uﬁzﬁ'iﬁ#ng %%pﬁ_% thQ)fne 3t nﬂ?@&eﬁg@&ﬁ ddtend 6N rafe Féi'f%dlc Table,

invention also provides a nethod
onpoonised cugnpoundsioorerarduee metdsfpinsColgmndoofithe PcmrgiuaTable or

de, f t t al Is .t
I ORGP OO ST ARG o J0e b SR G G et the
cattaﬁ%co}%%&‘ﬂ?orﬂﬁ 5 sénee Bf bileBHRord syl @nliniA® c&ﬁp@tﬁﬂs ata

the crude feed having a viscosity of at
temmsmrellﬁ}:l@@ﬁ oafcsaactacomotlmg@omtaytmg ¢pndifiond sudhetbef the crude

o N

Col une 11@Véﬂf10f1 BRo BedvidiaimdiBsd 6f prodecifg a BRIl peiipy doilprising:
of one or nore metals from Colum 6 of the Periodic

cofftapting a emdefoed yithsonernsnese catalyats o Atadyrs & tr@al@é@ﬁuabrh@h@cludes

2 thé: ?rﬂgl ! I % \‘?’vkjlgrlg tﬁ@%{utdg %5})%1?91? ﬁquc@%ﬁxtmsat Q? VC %ﬁ@ 8§ 'lby MPa, -

I SCOSI t

. th&&rude fefea @dviap a3iscB8siBGf adiwdst HecSt atises rﬁf:c(aim: tF)hmwongiearaed

APl gravity of 70-130% of the API ﬁVItéaggyggéﬁﬁégggéor

m%%%g% ng%(goluﬁlﬁle IHBE PSHiddic T? b1 Sord & ?ﬁd'ﬂ: B&Hp&iﬁd%if Mle or more

invention also provides a nethod of
méale dioni Goluaics offhe Penokdic Table popmixgiragthewofitaad icomgplhing

f
coRgERNE SAMGHRGE VLl e FOE BroCHEL T aaseRbRICY & inak dirgpst 90%
of{l)lllbewgd'ogMzgo HeQuede &1 & 3l7igRd, dndhet it Bbdw? h@%m@asl API gravity

he crude feed havrn a TAN of at | east
of 0041,30%naf thé APd geavily offthreeredset &ecysﬂ@r@n Y igedvitly-is ag determined by

AE e RR BT R o0p RS b B Fudff B

addi ltHeQH?éntl%ﬁtaﬁbWwdéMhQﬁ@rhSd bhgroadelhg b enak p@o’ﬁu@i )é§1hpr151ng
conprises one or nore Colum 6 netals, one or

counibgim glrsldgfeednreltlbrpnermrt@or@@atg}yﬁtsgo m;qdarp%a taggl product that includes

i natjions,ther Q t b
g ERer Prowe: She hacriRe eiihs R AREaE S dngp-1gq vpe
thé&Bke @RY0nabin gﬁeTANNf af 1eadn©.1¢ éﬁkﬁ&lefoﬁe@r mmemalysta’ Adnprising: at
as determ ned byASTM Met hod D664. The invention al so

lezpsr om @raé@y%t cABPHBINE FRANSHWELATIENRE MEPTe FRIHEOIS @fi¥anadium, or mixtures

th%rg g(%déf; %1} gg lé/g]tgwﬁer%gllutﬂg <§ I%aWchtg }Qflqcﬁocr:ll‘ﬂfyuncfes It?ehor more

C&ﬁﬁhﬁ% REQBUSHe orMheE @bMpbiels ©f Uﬂ@oxpﬂh@tﬁ@dilumﬁ 6amétalypord

m xture at 25 0C and O 101 MPa,
combinations thereof: and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined

by ASTM Method D664.
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and the crude feed has a TAN of at |east O0.1;
generati ng hydrogen during the contacting; and
W@ 0us/0643b3 ng contacting conditions such that tPer/vs2deo42121
product has a TAN of at nost 90% of _the TAN of the
cr ufﬂse frventionlaq pioryidearnredhogsof d’é‘?‘gv}ciﬁ%ﬁ'ué?l’ R4 comprising:
cox%/E tnod, Do0Aed thI ol?l\é%md ?@caebltl Qs \63{;&3& t%teﬁ?l'cﬂﬁgt @kt includes
Pgng cngacru rs contacting a
theCrtdbepro@es, thr&nﬂhl@cmde prdectdsab hlqylsltmlxhne pt 2 UC endr0. 101 MPa,

I A BRI B T o A P A
an%éc%m%;lozlilnwéac%ﬁe{ég rcb’rgofftugrﬁesqclﬁﬁa\éf ¢ cﬁad@%%cﬁfct Bis 4 AR of at most

t one of the catal ysts conprising
90%asTalk TAN affitke orudetised, wherpmUlyilN inés dederadnedpy ASTM Method
m xtures thereof; and controlling contacting
Dé6tindi ti ons such that a contacti ng tenperature is at

! eaf[%gﬁ% ?&1 ﬂ@@%ﬁ\l\rﬁ%{s QiR W QeGIciBS cradd HRddatt, @émpnsmg

the crude feed, wherein TAN i
coﬁmtdgtaam]daf&dd loithASE M mnm cafalpg6 1o prodideen fofal @mdughthat lncludes

e meiiig: wEsrdB Fge srochiiat Tl Spfanal e aiEhaor wee
thecéﬁ@é #ed ﬁa\tlﬁ% RO 6 LatdedsPd Al arfdl At oﬁeftﬁtthé élaﬁiﬂ?)ﬁi@ Sorhpising

crude produc wherein the crude product is a
vamiditmy @ealr nRFe 0@Naeends of gananim, o ixeresdhereel and, mntwéhng

B S A R 0, g e
pr&fucﬁ’l@d@%dl‘mof at mmstxg(l% e6tht AN of the eraléi fekdd) gv}ﬁre(jmﬁ“AN is as
rising a hydrogen source during contacting, the

de@HQnPnﬁdbwﬁtﬁéﬁMé’lﬁh@G%Déé@ in adirection that is counter

t f
; 8 ot ;ng er?ve%)t’x’%% %185 ?foaz‘rf]cgelégﬁré{’]cﬁfcﬂof ﬁgﬁ“e&%ﬁ (Ejfglld% :pﬂgblct c mgnsmg
coﬂmﬁﬁﬁ Y @érlll_iéNfda‘ﬂ Silthgcgﬂét)(ﬁfmdrh eegca]&bis XfSPl_ﬁl\(jIﬁ?/céﬁ totkd piekdt that includes
erein i s as_determne o
thy erudnprogretarBerepr by Fas PEdvELA S aiogrd HEEgEE %55’ (g apd §3§1 MPa,

th@érﬁgéjf;eted hﬁxﬁﬁg LITSAG 9F 2C04Y 891 hrﬁgat%é%’f SiteofiBE gatMY’%rEtB cOMPrising

ts to producé a total product t
vanzn;hhmd@& drhnaore rcunhpomdsdxﬁ N&nadmm,r(E |rmxtltn@ thcr@d% ppTV@llzmgta gas
|saI|%U|dmxtureat 25 ‘% i'\/g %
copPEging AR P &PUIEF Ak COg At s o biine PRYvGRHE S
dn‘é%r{sﬂﬂﬁt 9toditer B AR 110w BPRRZrEHeXEY; a8l ch@BSilin@ontahtink BEnditions

catal ysts conprising vanadi um one or nore conpounds
suclf thaamaunwmpr@iucnhastmmbl af atmesf90%aafithe HAN aﬁﬁmomﬁe feed,

cat.a haV| re i-bution with a nedi an
W}t%‘?l% 1qe§g)§@%§4&g%%bg g%t rol I'ing

con tﬂfétlh\'?h@ltlﬁﬁ ﬁf;’eb k@gessUfisthbdat prohiecind sl dedp pestiict, chdprising:

atotal Ni/V/Fe content of at npbst 90% of the Ni/V/Fe

conntizgn crufle faed vithiene draeete coippisith PIadngy Fiotdl predist thakincludes

t STM
o 5ol FARSE S B3 Ry s 25 or v,
thé SRS ket 'lhﬁvmgo;ﬁﬁrgﬁdm Bfcradefadden foed WiM/Fb content@f atrlaasi 0.00002

cat al YStS to produce a total product that incl udes%&
gramsidiée lopstoua of thagetal ety canpRsisEE BB 0RY OF TBOLE qoprgpqpls of

va%acl{nlfll, & rial}xtur%s glgre%?,dang “tﬂeow;anwﬁm catalyst having a pore size distribution
with a median pore diameter of least 180 A; and controlling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.
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at |l east one of the catal ysts conprising vanadium one

or nore conpounds of vanadium or m xtures thereof,
wo b@sosasoe feed conprising one or m)re al kal i PeT/EB2004/042121
sal tf}i of one o mredgs;%:]am C ag .one or. nor

o kalheBYRiop AISRdraYIdes Pethgel o RRodping g cidsyadiict comprising:
co%&!cﬂﬁ% a efudg‘fégd%ﬁ‘i' oﬁeh&f 1861 ca&l‘ﬂtﬁb Sré&dudd e t(ﬁtﬁﬁzroaﬁ’é{ #M includes

per gfam of crude feed, a total content of
theretudk prtnimdt afhieeelin ﬂmwaidmow &8l 3 liquid mextate a25t°€ apfd 0.101 MPa,

ci ds ,of at | east 001 grans; and .
ot B st i g s g R e oh on€ E ok i Shapads pfgpuadiom, or
miXReEkredRthAciud Bed ¢oRipaBihg Ohe 8t #dld alk®f Akial 818 of one or more
al kali ne-earth netal, in the netal salts of or gani c
orgariiciacids, oae ormete Phskinstearthaneidsakinef afe caimesk iorgaicedcids, or

and a kal art h n _netal f
mi¥e8tnéfor A3 B drtlaq Bl havihl o kP e B SR Sntent of
alkat @btal, and alekbklaé e i9atal, iin ARtadkaltsioff of@ind) acsdl dfsit Rhst 0.00001
or gani ¢ acids is determ ned by ASTM Met hod DI 318. The
gremeiendicontrellisg contastingeonditinns shsh tht ﬂm%@mpr@guq hes adial content
{ 0
otffiafial, SRR ROLAG! 0t S a8 WAL Sh0st 90%

ofitRectontas of hiRalt r¢ds, andediitine-cutlie fretal, ih heetdlrsuideoforaaii€ heids in
is aliquid mxture at 25 0C and 0,101 MPa, the crude

the ewide &sapvharingosiat of alkgh meialieaf plksliperpardhmetal gr metal salts of
%m@?&&s Qrdgt%ﬂjpﬁlea%&q&T M RetBbd FR5 8g.2l kal i ne-earth

sa ts of one”or nore or gani c acids, or mxtures
t herBefinvdntien atsageoviéach methbd gf producigg amun]fe peodide comprising:

feed, a taotal content of alkali netal
copfagithg mewds fyod iy qla?ne ?rﬁn%tcaﬁalY§§|‘f9 pragicgs &3#. Rrodpdt that includes

V)

-

; fth@Eruﬁé pfo%ﬁ&t whefeB0®L cﬂfc@'ﬁod@f‘ﬁ Alqui EAB RS 29f°CtaE{8 0.101.MPa,

cat al ysts aV|ng a pore size distribution wt

: thﬁetdtda fﬂep@pmpdsmg@ne pr inorealkangetal sabimofondot moﬂe&ﬁgamc acids, one

total nunber of pores in th
or s @S PPRL 6" At PG YRS e S BT HRcor the
créide BedPhavifle pEgha o MAE® [eBRARET contdh@ bEARAIP Real Sdn%l%lkahne-
distribution is as deterni ned by ASTM Met hod D4282
eagth anesdninrostil saljs eboneawic iapigs ebatdeast 8.A90Ggrms hand at frast one of the

ca?a?iﬁ? eha‘i)/Ir %dagé:c{rﬁ Ié‘l%é r?b%:;t nln nvxg {ﬁ P 1%”&1?1? gorefd(arpcasﬁqﬁgaarg%ge om 90 A

toQBO &L, Wﬁhﬁ leﬂ@t%(ﬂ'f) of ihe tetaiigfibier f padek & the petedize diftelbution having
al kal i ne-earth tal, in nmetal salts of organic_acids

a pgyre diameter yathin 424, ofthemerlian peretdismetst, vierei potesizg|distribution is

ft |
as 3t Rinkdbl DGR é\??%ﬁﬁ“eg“%” RRTED Rl R g O HiGns such that
thé orvudepiodnctdias @ t@absonthas oﬁalhﬁt methl,ahd pllatitcemnth metal, yal eetal salts
risi rudefeed wth one

duct tact
of @?é)aﬁl%faé@aq%%? pesty e%&g&aﬁ@fgp |mi¥a1@a@ft% kalgperearth metal, in
B S L AL SREAYT oy B M AL e

eaftb etbtdl aminnggal spks ofjorganioficids isds dbeeadined by tSAIM NlétwodFD1318.
content. of .at ] east .0. 0000 and at | east one of

ﬁ A,
t he 105ABYSHEPR ak5q Provddes agBriao pERofnang 1 pryde gFodeh Fowprising:
coﬁﬁgﬂlﬁ’é‘a PREE b 3B &le drinde Eﬁg%sft 28 Aotdl gé&?.l tAglat includes

at | east 60% of the total er of por
thcpcmée piodactdwbereiriihe code pandunigis a lmurderndqtmt 25 °@iabdhDri01 MPa,

therugs PR gREs e SEet pis et g oAV N Porbhtd 3Bt 0.00002
grafél 2608t kRt bhoer &0 %E@Wsts']ﬂvfﬁg '&ddo?é QRS diSkibRtibh Q}‘ithtarlﬁedmn pore

cr ude product has a tot al Fe content of at npst
diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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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.
wdab@siosnsent i on al so provides a nethod of produrCTIgsm04/042121

crude product, conprising;, contagtin crude feed
theparh siza disgibuion Bavias aInpst diamgtep PO 3 of Shemediag aa&dlameter
t hat
D b 5, SIRH Sha 804 conotin
coﬁﬂﬁ@tm‘g cwihdltfoﬁe sudhakatribe arutle pmductdms anotabNi/8VFeaddntent of at most

o0% i e b EF rconshnt af iegtete EpORtsReiy NIITpEprgidh i fetermined

C pgeast one the catalysts having a pore
byé%ze gﬂgﬁrlggylon with a nmedian pore dianeter of at

| easithe ifnAion also geividesianeethbdd oBoNdieg A oahdDpARRICt, somiprising:

t he cat al avin the ore rlbtlon
coBBRRE & FHEE e Wi B GRS R PaER g e GFodgsthat ineludes
th&%a?gf gr é%a@haemocﬁe chrde PRSRIcCRANRMFS :ire@D 25 OC aHBOE 01 MPa,

lum 6 of "the Periodic Table, or
thawmatie fees hahag e(bcbtal cmtbnt ohalkali fetads, Ma&ehmmgaﬁh metals, in metal

GRS 55 e  MOISHAE PPN 1 B8 ot e e

caf¥Bsa ha%ﬁflgtaspdi’é 596 BRRHHutBE Wit Dhedihn B@l‘étdlam&&%ﬁaft 1dabi€180 A, as
content of ‘alkali netal, and al kaline-earth netal, in

demmedbamssTMchihgdaWa%@md ¢hd optalyss haying gherpase size distribution
coHlé){lgllng%ln% 8%{%2\&] mgtg t org poé)ur{%é lof th%ride %d&af'abﬂee ofiék ”ﬁore

I C acCl I'S

cofPbaids oTede By mORiNe vkt had dahaﬁ& of tig Pelm‘d)ﬂi&t]“ablb at atxtures
provi des a nethod of producing a crude product

thesepfp Andspamirolngroateciingcepdiiangsusheibat the crids peodyet hasragotal '
coﬁt%hﬁl)fyaﬁeﬁl d\%Qttalo E%Hﬁighfe % %h%etgf ﬂgfﬁ%{al Eeﬁ@ of of%h r&d%ﬁc}st @t most | -

crude e crude product Ts
90 ¥ the eoﬁénﬂﬁ alkali amdalQarkDalk dViPe- eatthenelaludﬁnétemns of organic acids

i conpr|S|n one .Oor nore a ltS one or
{ghehes R 4QTieRS 3 Slpelhaetd, Rt sl et fpetal salts
of%ﬁéereo dqu‘ e 5 83T\EVRAIAH 1. M xt ures

e crude feed having, per gramof crude
f eedl hean‘tamtlah akso provdesafmethédbf producanga caxdd product, comprising:

coaﬁlalétgxlggl q? o fle %Mfi’egqrgwggtc% y?tg é(t% farogiHcée %&)%%1 I,PéO(ﬁlC{I %at includes

th&é&fuaé xﬁouﬁcth%b@gl e BRIIE pBd et Miad idomtm@@ aM2$ PCand 0.101 MPa,
medi an pore di aneter of "at |east 230 A, as determ ned

thtnyruxd@fdvd emprsinDeager marehlkHiemetat salty of oneaod mgrezprpatieacids, one

Oriﬁquzl‘g t I‘ I byt gt%'ecﬁggr :%Eer%%flgr%eoagz{mcga?cruﬁsﬁ Premé%[ures Eheggof and
th@Eru@8 €l rhaviag ool 6f Ert0ETEa) 4100l %mémtdmuaﬁrma@ns cand alkaline-

Tabl e, or mixtures thereof: and control l'ing contactlng
earthmitals trmetglisalis ohenganigacids 9@ at leash Q0OPOheramg, atdeast one of the

T

defe@miatbyof SEVKLthodBXAR2, and dhe’ﬂdakﬁilst hevie@ & oraiteadistribation
metal salts of organic acidsin the crude feed, wherein
cogprisBEIons T glokemEtalcfrem Colpan 1ok deiBrsiogier kaklergng pr mpxe

coﬁ;t ﬁ%dds % %1% g&o%lgglﬂis%ﬁ'ﬁ '(%?uﬂn? 6 9P B chnl%@leb X#%?Eg%es

e I nvention al SO provi des a mét

th@eofl usd wmllmlgwdmaaﬁmgj ciditione spet maMe cida pastuchighsa total
crude feed one or nore cataly tl &zr oduce a
coptepipf aéke&@@@tlal pﬁ@\plkplﬁlgq ¢aythgmetal, 1n meta salts of organic acids of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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5 the crude product, wherein the crude product is a
[iquid mxture at 25 0C and 0. 101 MPa, the crude feed
whanwsoge3as t otal Ni/V/ Fe content of at | east 0.PBOD0R2004/042121

. grans ,of.Ni.,/ V| Fe. per f..crude feed,. at | east. qne
indhe TRae el hesrie s th e Ak, PetE fpn S nd bai Patviuh pretal sats
oﬁbr?ﬁﬁ'& ANAPRILE deleANREES B% afSTa M&Rsd D23 A, as

determ ned by ASTM Method D4282, and the catal yst

havi ‘Heg iavemion addozuovides a migthod of poskrping 9i angdegqrredwnt, avorpeising:

tals fromCol u 6 of O the ,Periaodic Table one or .
cofBhg 8 e W o PO tteodue et e e includes
thé B1dPPFoREL, SvhEAdh the cRidePradubt &5a Q88 aftkturdR D5 °C and 0.101 MPa,
control ling contact |/r&%cond| tions such that the crude
I

the pryda deedrhaning a tote NN/ Faqrdens o eeleast 600802 grssns 09 OfFe per

e N /V/ Fe, cont ent the crude feed, wherein.,N.VE

el 5, SO Bpe Bk B R Moot BES Bt with o

- médixe pbre Qiarddterco il dstdBs A Awkhadingl bp ABINMIMEhad D4DSE and the
roduct, conprising:_ 5 contacting a crude feed with

cainhyst Bavipg p@otetizg Jisitibution emepiisiRe enerastmagre pretals fom Gelumn 6 of

' . t , int d
L NI Tl S M B o UOEC i BB gty g e
Petiod beT 4bbes dr abxmres shongpfpmel @ntoling dhisalihg e@idatons shdlSthat the
n;; one or nore OI‘.?\?[]I c acids, one OI‘O more _ | .
oruaipelyrd hans total hBf Vit'e samtent offat Biost Y1 pb the NifYyXicentent of the
orfid 454, lerdth KEN/EE cORERS0ks admi A BIEALPRF VIS5 s,

total ‘content, per gramof cru

et @lhe ianehtiah llsoipnevid& aeaethhd nép@iducibg araidelpredict, fombprising:

organi c aci ds ,of. at [ east 0.00001 gr , at | east ane,
copfe RS e SRt ing fncre SaRB o5 o Breiiet p Atk oAcAeh includes
th@criBE bAIIuBO Whe PN eRlde Prodtlot 1s@ARGuiPRidr ebehfpNeq.

by ASTM MBf hod D42832. g%féothesca?{élllystl haeﬁfﬁg ?ﬁ‘%&‘é’@?@Mpa’
the¢rnde died icompuisingone asmare akall metl sditdefone combenirgampepcids, one -

ram pf..catalyst, . from.0. 0001 grans.to0.0.3 grans of:
or TS bt B at <GP s o Brric it Ry B ies freof, e
crédl foed Bdvesk afotalRbaidht, Bér FrRNOTARMETeed oPAIKAN ¥letH] &fd alkaline-
thereaof; and controlling contacti ng@condl ti ons such

earth gretalpia restalgaltppbergenic Aeids af atdeast 0.080A legramef at dgagiric of the

| i ne: aar: tal . .in netal salts.of
cafJfisB avAleh Bnk 8o ARHARDR ol Seqinll ol Bhon %t Rosy 90 A, as
determided by ASEVIKEbthoé DEas2, ind®icdatal v hadhakheSihré Siz@8istribution
organji c acids in the crude feed, wherein content of
hagp %aﬁli mekybdgnumpemtent, gt EriEL elgataly veeltem 0.0091 granag todhd grams of:

m(%%bd%%&% bfte &GhG% ﬂl&lygnfeggﬁtp%ogﬁ@s, QXIC@I?@%’I éxg/g\}fekh%g oPnln%lybdenum,

e i nvention es’a ne
or pritiesithereef; endichmtrotl nguwohtactinmporidétong suctohtiadit cfide droduct has a

crude fe Lth one .o re catal ysts to produce a .
totefgogen, PEdl e tand ﬁ@ﬂaﬁg%rgélﬂh@e@iua @i seltrcat organis asids of at
r . X1 | .
PS5 AERNET it Bl SIS Bl D1 o o
acids th theerwiefded, frbecbitenniteny of plinli gretaly avid atlcaliie-chele chetad, in metal

otal Ni./V/.Fe. content, of. at 0. 00002 grans, at
salf Gofrediib s o R CearaingS L ASITE et L 6 e
di Stie pudtcn i Wisb PridRdl I S@Sthprising:
P S G e
contattzrigaserutaloed gvith dnetoamontatilsists toprodnteartotal perdugirthanincludes

P IERRR VhrE B B AT A NG i B nd 0.101 MPa,
theCh e Head BayviAs TWN & 166t (MDY PERNY e fREd MV h8Seram of crude

t hereof ; and controlling
feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having

14



10

15

20

25

30

contacting conditions such that the crude product has
a TAN of at nost 90% of the TAN of the crude feed and

W0 b@so6a3de pr oduct has a total N /V/ Fe contentPof/Us1004/042121

RS AR S SR I s
A%Kﬁl@féﬂ@’é%&fﬂlﬂﬂi thABhth st Rt LM ﬁﬁﬁyﬁzﬁnﬁg‘éw&ﬁf B&%ram of

. The invention also provides a neth
caped pdufom §. Q008 ramates. f@r(b@l grams ofomphibdempn, anerer awré agmpounds of

mfyBish Galpbleted vl RloBv Ry Sl e ShBOE e canyolting

ccﬁlth%uﬁg beleliReRAMEH tHabthd chide\prétudt Kis BANE 0f%® nfdst 0% of the TAN of
101 MPa, the crude feed conprising one or nore

tha cudle ifeadeand | the eutle pwrdu@id@S éﬂotnﬂﬂ BV, ant gfatasost §9% of the
NEY R oftelt fie SR Bl Rl R wEF Coolent s e B py 4™

MBegiot M5 7981 aaidaTANQ@wdﬁtemm&rd 97 ASTMf MethedeDdsed, of
alkali nmetal, and al kalineearth netal, in netal salts

of oFkganventipsialse wspvides 2 mathpd of Bmd@gmg ahtde ppdnchtcomprising:

colnﬁa%ﬁﬁ%g ?%d%ff?éc%ﬁ]ltl&oﬁcﬁ%ﬁ{%ﬁ ?ta@%mé é)? cﬂ%e a(tq.at)aloﬁg)rg&ucg %heat includes

the trude peoduotymdiereds thefcraiteproduct i cliqud alistufd #25C0 dnd10. )1 MPa,
of the Periodjc Table, or mxtures ther eof ; and (b),
th%ﬁ%l & ecrioBpRISiog e OF Bierclilimetad seifs qlipae pi piogripiganic acids, one

e %ngnﬁ%%ﬂﬁga? seﬁts%gglr?i@o oré 16%%28 acg?s ﬁ)ﬁéﬁ)ﬁfﬁ?&%&eof and
the hmde dded hmglgea totah conabmy par gt‘am) obtrutlefeld, &dlkulinmal, and alkaline-

to tot Col.um 6 is i

R B P ORI E L ! 2 BB LT o ortne
f'caEell‘f‘s@édﬁ‘i&?rlﬂgg @) Cne t@)@ﬁlo?e el 68 '@(ﬁl',%n @for @ﬁé@éﬂodﬂ?ﬁ @Mle, one or.:

al kaline-earth netal, in netal salts of organic

-mattclcampoﬂn@t ofrons tor 8096 wEtatsfeore Glolent 6of thl Reaodicnistbdd, or mixtures .

80t 8 PR oE Pl Loy R1EF 2 of s erBpic ey pfc or more

cofffoahds Fithe ¥k kitré RRtAARGM TBREEH 10i0f tHEeModR A dbe, Of mixtures
organic acids is as deternined by ASTM Met hod Di318.

tharet, whoeain 2 srelatiratée pitotal Gebmn Hemktsd tofotd Collwen hgnesal is in a
reu\% uiﬁ@mﬁrtggr‘d%n%dr &o%%{ r%ycggtactgrggnéo%ﬁ orﬁg sﬁ‘cht tﬁ%tqﬁe cr;%gg Brotduct has a
totahedntém @E dlttek nidTlaEl adliealipe eaul tnetamgrrﬁetml gah@oiccsrg@iﬁc acids of at

rod(yct isaliq i m xture at 25 0C and 0.101 MPa
me 0% ofdhe pengent wgalkﬁlg mgtal ang) allsglingrepth astal spmestl salts of organic

o g r d,
acadﬁgﬁgl%eq?g%g@g% %ﬁl‘?e?%n Q rétNét/ a?\{a lsliflgét%lbémlgf{rglﬁihn% égﬂ? nge%eﬁ m metal
salig ofmgmmumdk & dsrdeteriied g AESIZNI Méteod®PBYIBORIi ¢ Tabl e,
one nor e, coppound one_o re netals from
¢ IBVeiop RSOPErYIgRs acmerfgaqi ef POAGing £ GUE PRI gpmprising:

coméu&ga e R VDR SndBilAbe c£t’é hgmﬂ %thﬁ’ﬁl dedtfict tht includes

Periodic Table, one or nore c npou of one ‘or nor
therettuee 3rdduoﬁm@eteumhe thdefpraduet Rerliquitl mixtatelat 25 6€ and 0. 101 MPa,

thq e e b neaatel SV s ot et 0% s OF ROWHE per
grzuﬁ oF@iudamebaC R £:Qkdst Bk SARd é’eﬁilkﬁ 8 cAPGheki @ éné&qho&%als

the crude product has a total /' VI'Fe content of
frorn €0l @096 of thelReringdic\able, onﬁWrenOreabntpbendHQfdme bem@re metals from

C(P\%:IP g 0(%% ) é{{o%?c a?brfé %rr]tmnlgt%res e(%ggfe arrch] {11)? one Xr more metals from

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

Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
Wwowaok/0es3e3 or nore catal ysts to pr oduce a t ot al PET/O82004/042121
that includes the crude product, rein tPe crude
Copmm L mefad tytotgl Gplempiopaiplds Bt a %g@ OBht el % @4d gerolling
cokil&i ?c%ﬂ«%hoﬁ? &, RRhSEA8e fR8udh ErQrt@caﬂLTW"F e dTatedlk of at most
R Oor nore organtc aci ds. Ohe or nore
90% ckiahd: NoVéRy ¢dnteri bithexabdesfead, vdmﬂelle/l’WF ecartgans as determined

or mxtures thereof, the crude feed having, per
bY@\fWMetbﬁ"bQéw&ed a total content of alkali netal,
and mdtBod B tbasdhd 8 ciRitie PFAREL, 6
aci é@%@ g?&’l?g%é?rdw%%gm ar amsﬁ and%hg o%g or mn?rgpnsmg
comtattirlgysdrade forp miith oxg:or fayre eathliysts to padnte/stotal pheduict thet includes

cat al yst havj er gramof first. lys fro
ostolokt e e b o [ G 10 s
thefcgh&{%e@c 19180 B&E bglbfe alifh BetaPRGs OF oRDEEMERMBAHIIECidS, one

one or re retals from Colum 6 of the Per|0|c
or Tmind dlkaltret-cauthahetdl salts weonghir nodre weganic acads, af saixipkss thereof, the

e At e 25 I 5\ G R o e

ealfh 32tdNiA E‘Eetﬂfsalt@@ieorgémgﬂél@s oEdt dast 6.00001C2hmBT NG thé oﬁehfﬁ more
Periodic Table, one or nore conpounds of one or nor

catabytsts| comiprisimg O@) afinsteatatyst tee st ¢atlys s eper @zam of ﬁtsé gatalyst,
t t al
B AMPhP 06 b bR Bt AR B Sl e U e g o

onP oPHNeEd cor@souads of Gile k@Rdre Rietf)$ framk@dlumines ¢l the Bélfibdlc Table
al kaline-earth nmetal, in netal salts of organic aci

calGpltg AoEEOOUSIaL OraSERTGHETeoR aBl (A1 ScApR At geche second
SRS Bl Sl 2L 3 3000 Byt

froan GoRinkné bfrthe Paribdicabkl ond or makabmpatuids affone pyawicmetals from
acids is as deter ned by ASTM d D1318.. The

Coliun Rt 31 Barigicn A Gl RSO e g i epges and

coﬁ{r&ﬂﬂg Eentéfcq{a@rdoﬁﬂﬁgns %ﬁtﬂ"i’eﬁttﬁer}gu@e 191659& hheg ‘tjotMY' doBteRNEY alkali

e catalysts to produce a total product that
métalg hndjaﬂlsalhieeeadh malpmmk saltahBengpmic apids of atdeoqé PoYutithe

conateibirerh s o AaBhe faraRk i mepbrdl L araebf i g e crude

fedd, V\’E@feﬁl &3t 'o? afk6li Gfetal O a‘llfahﬁ@-reﬁtﬂ@hiéﬁdl | 1ﬁ€n&ﬂrsbhs of organic
métal salts of one or nore organlc aci ds or m xtures

aadsesaafeiermh@ddqyu@%TMeMdthhé\Dlﬁ per gram of crude

fee ato ont en i
e bl h RBP4 PRy « BB ot oo
coffac@ig 4 8A8¢ fd2d MBI randre caBlys@lio pedate @fdﬂal@frodd&ﬁhat includes

catal ysts having, per gram of cat a(%qn at | east 0,001

thgerade pmﬁuctogber@rn e rc@ldﬁ@mugt is pdiguebmixivreat &7 °¢ pad 0.101 MPa,
P T
thc?,rgx{ulg? geeﬁ £8 5 Egling e 89&1{)@&{1&11#% ! O%ﬂ‘tg %17_8{%? %or%ror g%}%fe%cdds, one

or@soreeikghiie-edrthatal saltof ohadrines orgemieadids, aﬂﬁhlxtures thereof, the
controlling contacting conditions such that |i

crmﬁfﬁwh@m&s eevgepcaiicjudedfeed, adotabronteng obkal @e@ié’tng pélygline-
eatth trx?ﬁ@eﬂ 1 SLARF Iofr)](érg ?%cﬁ@? léal%{n @Rg@(ﬂ]nér Tef?ld a?wﬁﬁl dne of the

ca@l%ﬂ@l@? pdfgr@[fn oftcatalyst, al@4ét 0f001 reamnoolt em oo ikethls from
netal , and_al kal i ne-earth net al mrrg{ salts of
C@w@arﬁ of thePertodiqTable O@F QHEOFLRUPANRET 81 B FRUR M from

C(%wﬁglé of T Is‘érmdggf‘?tgé, f&?edea@ Weﬁ%‘ﬂ%? Rletal] & ARbALs &b and

rgani ¢ acl eterm ne
controlling contacting conditions such that liquid hourly space velocity in a contacting
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ASTM Met hod D1318. The invention also provides a
nmet hod of producing a crude product, conprising:

W@ 0vsAa6ed3ng a crude feed with one or nore cat aPbgEUS2000042121
produce a total product that includes th

d :
zope et 10 hendithe arpde pioduet s adrtel coptenhof 411%# et angd elicline-

25.0C . ' .
L L T
andl @R&linde 20002 iran®tal a4ltd cfasganinaidsf intthecrode fley swherein content
has, per gram of catal yst,. at |east 0.001 grans of. .
of ofkeli heratoel Al iae S RO TRAERDF Of MG gaT o determined by
I nore conpounds of one or nore netals
A%nﬁ%ﬁgm%&of the Periodic Table, calculated as
wei ghie infentiei alse providdsyatmetbed ofignodading andide pniduot, comgrising:
contactin ondi tions such that liquid hourly spa .
copiara & g tosd e SRELrAEPTS SIS t PRt tofalbupdic fhat includes
th%%r#ﬁ%w%?ﬁ&?@h?{a/ Fh@ chfdk 2&0&&:{ WahRuiPRbeire 2005 at aN®81101 MPa,
0

e’ N e content of the crude feed, wherein
thd\erti¢ Feed havingnter genasf dutlefarilrre@td WiABTFNcometicd aDB7g8.00002

The i pvention_ al so,pravides a meth f pro ' a .
e gL IErLOh OF e caRb A bl ety Ry 3oRf HEhT By of: one or
mfe it A& o CHMME M tBL PELiSdit Pable AsHGR nibré 86@bolid@ @8 6he or more

that 1 ncludes the crude product, wherein the crude

mgiale dwot Cokira 4 ofithe Berivdic Jiableagal@batedasayyeight afgnetypar mixtures

t he. crude feed hayi er.. gr.am.,o r , o
eyt ot b Srieatns sEbid Ol har HRE s Rl spphvelagiy ina
coﬁta@‘éﬂﬁ% HineGOM2ND hof ai the @ARke RodROAasy tatih NofV/Belbdntént of at most

and at | east one of the catalysts con&i sing one or

1

90ppEthadlidi/Ee porsentof thmerude Bed.iweerer NioHF e caaipntds apggiermined
0 s. of one or nore netals from Col um .6
byOhs TR e STRRYRE m

i'C"Tabl e, or m xtures thereof; and '
contTiRlihveéngios aRb pedvideg conatiod bbmedstinga thalt prduict coderising: .
roduct has an oxygen content of at npst 90% o

f th .
0025@9@%3 ede Eivel v Qnecornerg SRSt to BFﬂﬂlu{:%%tq;(i‘ldH%d&Ct that includes
th@EQAY ﬁ{odg?f‘ Evﬂg%i(ﬂr 1{1}5 :grL?% g)g&ﬁf\%fgfa l?(ﬁﬁcﬂ-g’xg?{ﬁl‘éfat bhec sl b1 MPa,

conte ‘ erei oxygen content 1Is
thasrude feed haviad, ey gAET b Matlb fotd E886ygam dorgentfodiat vasitleMi0] grams

is as determ.ned b TM Me D4294 e invention

of gy, 1 AL Somebt el ot O] PigS A w i aE b of the
&@f@@ﬁr' LG 18 thetrl S FroReCd188H 6Wftiie PARIR TABME,®

calca a %/Oz%ﬂgg%nogcdglr@tggﬁ%déggltot gl product that includes ttrwlgor

morewdempprndiudone whaoed metalsdran Gobunr 6 @ the Heslodic| Tagls, gr mixtures

m xture at 25 0C and 0.10l1.MPa, .the crude fee Vi
e §oSro e praP g oty o iR e 8 i@l B bveen
conRabbf A A0, BT BoxyaBAl cnténtlof e add fe8d, 2afl tiaf crhé@pioduct has
0. 0001 grans of sulfur, and at |east one of the

a gdfuacydens of 3Ad 0% efghe s confenteofilee epde feednvieapinprygen

0 he Periodiec, T .
el LR T A3 P8 P S OTRRUEA 0 420G cAine vy
ASTM MegsdiDuepgof ; and control ling contacting

condi ti ons such that the crude praoduct has a total

Ni / reingentioa atsogrovidesoaethod of produeag picrude prodush camprising:

of t.he cr f .
Bl S5O9S00 RIS EAHEL o0 o i
thE ede pydiREL Wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002
grams, and a sulfur content of at least 0.0001 grams of sulfur, and at least one of the

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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Ni /V/Fe content is as determ ned by ASTM Met hod D5708,
and sul fur content is as determ ned by ASTM Met hod
w@4RBA6630he | nvention al so provides a nmet hod oPCT/US2004/042121

produci ng a crude product, conprising; cant a(g[tl n% a )
mage g@epmr@a ofuppeorgRaregretals fiong pRingsé of ths Peripdig d@ble, or mixtures

t ot ing
o P b ME e B B
Nifv/E8 todvBa, oftabostra0de of the NiC\Gip cbstenigofahecrade fﬂad,eand the crude

S PSR B SRR T
Nlﬂ}: /9 @ %ﬁtefﬁ% g§det8{nlgécfél§}“u§§'f%\/fe§%ﬁﬁﬂfD5’fd%eaﬂ {06 E@Iﬁgnt is as

ram o , a totafl content of
deﬁhhﬁiedb;reﬁtSﬂTMMﬂﬁochDMw4 neearth netal, in nmetal salts

of organic acids of .at |east 0.00001 grans, and a c
r esildiGAnYegHPR AlSO Brovifes paad Ofboflprggg%gg rrﬂﬁggrogﬁgt cogrising:

cofithctir %ru@@ QRVlflllTﬁleQﬁ'il?Aré( §£t§ly§@'i@f)fo%lh&9a A8 pPEdudPIBt includes
et a rom of the Périodic Table, One or

thenanée pmdpauwﬂerem‘thc) meldo PraviucEs diqaidmixtamaCa$ tEAnd03H1 MPa,
t he  Per |od|c .Tabl e, or m reshiﬁregf' and . d
thf‘c‘%ﬂ%‘f‘ff fl CAYPrising gt AIPPITS '&%HBF‘P i§ Of GRG0 Ige qrgnc acids, one

or ﬁfo‘r‘g Qlelﬁ&dé’éfﬂl H&sl s@lt@h%n&&%&@tor?ﬁm@é&@d br Altades tiAAES, the

kal1ne-earth netal, in netal salts of organic acids
cruﬂe fetd lmysug, 9@%@&1 af lsende deade atiotef camtans pf alivelt ietal.and alkaline-

o SRR 5 B B TER Pl 581 PR A R o

ofﬁﬂ%ﬁs@ t1 Shmé Of de3Rfte Odndtah Eeakiasiedifehs @Ifdl P c@ﬁpﬂsmg 6felstenore
fe and wherein content of alkali met al ,

mez;alk éuonn@olelmnt Gofrthe Beriodip Taple sonesjmpaye spma?'gélﬁ o€ OB prygOore

N

.. cohtAvigiy ¢onditivns Suddrthatithesrude pridocichas fa tpmbetntdnn gf alkeli neal, and -

ihinen i ) ] O UGS Bt bt Hontent of alkli

m%tgl? %ﬁifalﬁgebll :%eea‘fth Ygleal pﬁﬁﬂ&ﬁf salt%? d&’a}ﬁcta@i%s of thd %nﬁe%’é&: the crude

m xture at 25 0C an MPa, the crude
prédedhdsaviesidue partery Dﬁﬁﬁ)-dB 0%rafdiee fesidte cmtcmafdmrUMestand

of at | east r.esi du a to /V/
wiggsib enptogror skl srbbymegrm i et s bt arvadigecids i
as fd@{érrﬁﬁa%al by {rv QIREASDNY RBRA AlsiRIBnERL RS ddiE@ihed by ASTM
6 of the Periodic fTable, one or nore conpounds

MethodP8307. nore netals from Columm 6 of the Periodic
TabI .or m xtures thereo nt.r ol

condhieirebbt oo Fricnanehof Bl pPIRE* Hxl® g RS fiibsing

oh’!aé’eﬁ/lé: £cea0 tRatwit ortor MRSt c&@%s@fto piRubl 4 Midiereduat #at includes
he crude feed and the cru roduct has a residue

th@cmd@ ntodo¢t, FhereBObe gtud@ ﬂ?éod“é'slis @dmuecbmt@m 225 thandP-4ak MPa,
rei nNi / V/ Fe e S
g RS B T8E b drpLof AIE R B EORUROP LIt A Yns of
red@ldVaideh sl NRFBFE cordtnt dﬂhv ®iabt 000 R $arfs, @ud dielsasd one of the
net hod of produci ng a crude product, conpri si

catpbysteROMIPAING Qe 98 B10TR B Ak ﬁrwn&féum btk I%EdtOélcgg«%bée {oge or
%reggl%% ux"f}ls o?toge opgﬁpe%éta% n'tﬁgg Bf {h*é%%&ﬁg able or mlxtures

Wherer n e cru m Xt u
thékofZ 5n<@5brﬁ1fb<ﬂnfg cbﬂﬂacﬁﬁ@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 and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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the crude feed conprising one or nore al kali netal
salts of one or nore organic acids, one or nore
w@bdoslosases earth nmetal salts of one or nore or geei/vs2004/042121
acids, or mxtures th e C eed having, per
NigY AmeBPIoEr it dPEBaneA o ATHMIRSES T8 Gty Qe ApRRt s s
Lamp3oand a total content of alkali
deﬁafnpﬂfed bgafgﬁﬂglk%{le?lne earth nmetal, in netal salts of
org arheanamtm:a atsb pPoddGa method of pm)dua'ng heasie pooducyfcomipeising:
cat al sts C es one or no tals fr Col umm .6 .
copfect P’é’ndF RV BT TBRYE CEASSTIA PERTHSS (el IBpChh thap jucludes
th&Brufe pFotd S WhERIR FRICHIR pRoctict 15 RE HRER a1 25P€ an@0.101 MPa,
m xtures t ereof and controlling contacting
the cmde feedmsrrfpusimgtohabr mioes dkaltimeint salisetl ohaor moreprghnic acids, one

t t f alk d kal i
or s RGN -¢ ) Tefab S £F Bef HemBre Senfigafth e ptiefidadrtor th
créRe8haihg, Fekdlain SRfrdde fead)d vabingh igheoie @t GOMBoAtent bt least

net al salts of “organi ¢ aci ds in the crude feed, and
0.1 prants; antba otal ¢astentefalielivagal; erd élh@hmﬁearmrm@b/dlbmetah&alts of

orgiriods o b ey Re A R e b el g Bhe drinore

méhl§ Hom Colhdb of ﬁi@d’eﬂb&i@mam% 6@ drindRtcdmpotnidsEoat or more
salts of organic acids is as determ ned b ASTM Met hod

metplg from Colwenn ¢ oEibeiPsrodic Jeblsy wmafé@re&th%qowd&pntrolhng

coBtraQ%H I i Gt‘ﬁ)n%r H&inethgtr tﬂg Uide pEHTRE ]:la%l NGta S&Héri%%? laﬁ%gh ﬂletal, and
CRUTE TEEY SR "bhe 'oF “hor & cata ysats 0 produce a

alltadinaleafih abtil} intoheth] sahebiustganit heids ofistengt 00adf therduatent of alkali

i St BSOS S Ll T XL 2125, OC B e
cr&c?e;ﬂod@ct 'hg§ Qk/\(;é)ééﬂtglﬁ of 90! tl ‘% cﬁf th@V d®8GHtel- @%Q:%ude feed

cont ent o | east 0.1 grans,
wlheeaﬂtV(é@&onfent kas dettahipied By. AtSrTM ivEalsodoln 83 &, almcbccmtent of alkah -

net al rom Col uim 6. of t Per.i odi ¢ Tabl.e ne or '
meigh and @%ﬂg&wh& ‘felngl {op GG SEREnG A RS tsuflisdtsdy ASTM
Mgﬁygdﬂqlgqg)dl c Table,- or m xtures thereof; and

controlling contacting conditions such that the crude
pr odihstineagioa atsotmwldwa\m%O@ ohpreduciog a gtudewsedugd Ppprising:

oG A S S oIS B A S5 PRl U5 e
thé efke prodatt, therett thdenideerloduehBRIagidui VX tGRN 88PClaid 8901 MPa,
determ ned by ASTM Met hod D5307, and N /V/ Fe content

th¢ erude fagdthavimgneat gba,mAéqwdwﬁqeﬁo@tow 266V Frentephadat least 0.00002

ey PRGOS RplBE LR, | BERSUEAT 18asP LIS RE Skt comprises

ing- contacting ac

oredk Mars hﬁ:taﬂ@fr&hc(ﬁﬂﬁlﬁna df dicaPerfoidindDaile, halor inded eutgsouhieof one
crude produ wherein the crude product is a |jquid
ormoee gnelal fromEC P ioha Bariad  Ablfor apiseesytbggof; and controlling

co?ﬁ%r@gﬁ%é&ﬁ%oq@ Sull thABHE Cﬁ]ldg ddugﬁﬁee a]tﬁﬂi N?N?If’ %@e%ng F)f at most

Fgani c aci ds, oneor I he- ear t h
909abf the Ofi/\0lFe comtemfehmrgdmfeed amildiss crade piodtiettas a VGO content of

7 Otf-g%/?gfgfhpca}?(gptcggﬁgwﬁ%ér% ¢ ﬁega Egp@p\?ég%%{gn? 1fs a(s: rdgt%?mmed by
§1f‘ fige @5§3§7,0'7%1881¥N/‘F@ cBEEA is §§‘hét§m9£ec9639§@o M Rﬁe'ﬂ%%i D5708.

east rams, and at [east one
cat thahsentmntalsbq:rmﬂ)&sel Ibythod: oﬁpnoducngg a caudp posductyicotnprising:
e Peri.odi

coTiI6E & CTRAC SHock R ROR AT TR B BB R Eras i Fud et that includes
tht BRI GRIMED wheftin B @rude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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Periodic Table, or m xtures thereof to produce a
catal yst precursor, and form ng the catal yst by
wheabiongorn precursor of the catalyst in the preeEns®I©b642121

one or nore sul fur containing conpounds_ at a
Orn@ﬂi@élkalﬂflf’r@af@em% s#dlo é@e rTBOTE SBEA 1513y OF Bkt tees {thegeot, and

: I
QR icpO Baviy T p of N 1%, PP CLETASIAL AR and alkaline-
ealﬂﬁhﬁlal SlﬁlnteSalcsﬁltmbﬁargamc acislef aifleaat 0.60601 §@fsodndtah éeast one of the
content. of al kal i and Ikllne earth gagst{j;\léq
caiglysig|is ghfpinablsibyg P& glgaacquggo COF LRFEC & rom Column 6 of
thé#é%gi%c”l‘éiﬂ@ tBlor ﬁioréb&ﬁ}gdun@mne GfordlAhls !ﬁ%n?é{)lhﬁm 6 of the

In retal salt organic acids is determ ned
PetiydléS‘EMeL\/mt inoduied Bieseof Tmprodmﬁemataimstajrwrmmndd‘esmag the

d, of d d t
calgBist R bala REFGERT PLA HEDRT Brice BIEsHBPdT oht &l oty
coftta f&n?p&uﬂh@ht PleRPetturt Babw 400! 2edasd E&ﬁr(ﬁﬁﬁ’gj&)ntactmg

produ wherein the crude product is a liquid mxture
coadlﬁanmch rtitat thel@adavpradudt hes @tqt@le:ometjoffvébalngetab end glkalhime-carth

f. cru a total, Ni./ V/ Fe .content of at

ot plier ofabitaids b eyl 0% Re Bileof i@l imetal, ana
alldh&keAabhRtabMn nRaRhm %r%arﬁ@m@iitn thé Einde fedOwhe@Inteontent of

metals fromColum 6 of t Periodi c Table, one or

allabmeetalo amshalkelineotarbractal; invpetel spkis aF ereppisracTslindeiersingd by
abl e, or m xtures thereof to produce a
Aé‘@ﬁ%é&?‘?@agrsor and form ng the catal yst by
heatThegnidhcion alsapy@ilidRraanethedsf prodidieg pcasle pekivof, c&ﬂprlslng
or nore sul fur caontaining con@ ounds at a tenperature

copleriing aoudotoed vithcnetar anare sfalysiataptoduee eiialinredighthat includes
Y5l Rt e LSRRk B Ry LBl ot e g ot e,

thesrudefeké dvingyer gram b éivdd-feed cntoeh Nil\gFasodedtef at leem 0:00002
by ASTM Met hod 708.  The inhvent.i g{;’ al sl?iag]gow des a

grypg; e éblﬁf?ﬁé one phiheratal Yﬁ’@ is B]étiiln@‘?lg oforR a support with one or

‘m&r@ gﬁ:@flé EbRINColdhn! €&Sthe Perfilc B8 R or MYHE BSAPORRS o%ﬁé"or more

range di stribution bet’'ween 95 0C and 260
mﬁals tﬁroﬂrﬂ@oll\rﬁm, 6 of tht Raxedio Talg, cgrralrxmrgef thisedf oo thmes: catalyst

ith il but t 260 0C and
orSbas oGR8 1 b3 BB B B AR50 % B e o one
or 'ﬁi/dilé QA Q@ﬂt%mmgoébr@p&@ué htrhgefh@élﬁﬁlrg b&ibi 40019 BndEdntRAMg

20 OC and 650 OC at 0.101 MPa; and greater than 0

cogtragtmg camditions skucht thatrthe cimde gro@ngt hes adgetal N/ Viksrentent of at most

gAt . e r am.af d s duct n .
oG5 Sk Ry REo Be Rt Ble ST Re PO N IEe CRERNG: Begprmined
byngsmwéﬂh@m)saogl east 0.01 granms of sulfur, as

determ ned by ASTM Met hod D4294; at | east 0.2 gr ans

of r ddieduentian alse Perlesacrise CRSTPISIVR heWngEH0 Brana AfCTif

f
cofRP e 0y L o o BT 0 Bl i
beSagh®steO aad%Od’elzelormom edPo)\at RESIN. OH L drasls DABERocabshsGhth a
asphal tenes_content is_as determ ned

as 1es_ CC by ASTM Met hod
boBRROTRECTHENP RIS 0 GATAAZE: 2 OriltMBeiGH: Loast 0.001 grams
of R QAUEHEE Rith b BIRinR QM istriGRITR HeBh & 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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contacting a crude feed wth one or nore catal ysts to
produce a total product that includes the crude

w@e@doed3p3 wherei n the crude product i s condenseti/@smn4/042121
25 0C and 0.101 WMPa, the crude feed a MCR content of

residuel m@ftermlwlbsgé\aw MethodrTar0dr andr the éomg%ﬂorah%f ayeight ratio
n I
of MR ko CoiaEeA e abBlch bt At FAh SRR b
deﬁﬁ’fﬂn@d fb§> AWMethﬂ@ Dd53 fyané Gstaagﬂmlimdas cofitentis as detl&nnmed by
als fromColum 6 of the Periodic Table, or
AsrﬁMtM?tb%d DRRY%eof, to produce a catalyst precursor; and
f or
O 40 ol B8 YA, HARL) Dbk B EE U6 sing
coﬁtaaqﬁfgwdﬁdafeed vtithngrer artoore chielysis/ t& POJ0E; a toad product that includes

contro|||ng ont acti ng congditions,such t
thepvra%@to B whomtnhe cHie Produet is SondsBsanle % o ﬂ@ %dﬁpa the
cr§RIEENM MR Eifie ot APIch &0 1WIgAeher IR oF GRiG8 Tbed, Bndifk least one

by ASTM Met hod The invention al so
of pirecnatadests ia obretirubtt f: cpmbdlmg mgppporwitheonsr ayduere metals from

ri a crude feed.with one or
Colgih S et B Hhe Boiar Sruthbes b thetot i Ao from
Cd1i8n BTofdR }]Eérrf?)‘ai@f abl Ve bk irdsiBer6¢fUREprod @@ UCdatdl $st precursor; and
condensabl e at 0C and 0.101 MPa, the crude feed a
fomzﬁm dcmtamhxst by haatmgeths gatalysiQprequsonen fierbrepearss offongog gore sulfur
east one. of e t i
confiFiieenibts Fon WRER A bEAPai b APt s b
cohdifiggs $uch Maf Ehe%rﬁ@e ProBet hvé & MER cbtagtor@Oftosf 9% ef the MCR
total nunber of pores in the pore size distributiaon

content ofgheiciyde eedi wheresy MR eaniena i a8 dstermped by SHMMetbod

Do 36m=.\ter wherein pore size distribution is as

eternmi ned by ASTM Met hod D4282; and control |ing
contHEgtihveation Alb roidessuaéthbdaf protiecing adedppeatinct, chimprising:
a MCR of at nmmst, 90% of the N&Rof t ecrude1 f@g%t .
coplasiing hemeRited VHth ofis AReTR Satalyyis ASPIAdNES hisiel paedist thepigcludes

’chtlb grxlﬁ@ ?fo‘aﬂctalvﬁgreﬁ{ AYCARR pRoduletd %oﬁ&'ﬁ@élﬁé b W@ﬁiﬂ' 091 MPa, the

am of conposition: at nost 0.004 grans of
cnﬂieyfgaha MGR dedtentrifaebagyp. O%Tgvanwpdercgiar&@é Srudatfeqdpand at least one
sul fur, eter ned b

o e Tnire 1 Biieceirs T it FEepgaoradamcier s range from
70dR% ST 80 Regith¥t ﬁ%YMOW&ﬂﬁQ to%:’r%beﬂ_ bEpdréVianhé pétedl distribution

provi des a crude conpasition having, per gram of
havimgpagwire diameteatwithis 45 6. fole yediar pofe distpefen whetein pore size

i B ot oS NERRR PR sy St Y dpuc

cogdﬁﬁngglﬁﬁﬁha@ fthél%ﬁd&pﬂ@dﬁé’t Qﬁ@él M@ ofl e 8b6g1908cofayie RETVO the crude
Met hod D2896; at | east rans of residue,
fe@h@@ﬁwmlw Enmn@étbbre%é ﬁ@%fﬁho@ﬁ)&%@}e conposi ti on

ﬁle.ILTHA\ZenI 1on él%f) Ipaoxyld?s a Cru& cQ ngtf&lrflg % N? w}ﬁn]gosuion:

D664 al'so proviaes a cCr ud

at Revét 01004 PRMsBTIRY €n, a@mamlﬁem ASTM Ma&tod(Em;Latgn@m 003
of sulfur, as determ ned b Met hod D429

arhiss ot S, ag daiesmised yh S MelBoBACYHPRa lsget Adraems of residue
as%Ee%f%e%?g\?STﬁMethggD%gwOS' tion having a weight

The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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ratio of MCR content to C5 asphaltenes content of at
|l east 1.5, and the conposition having a TAN of at nost
w@285/0043e3 ei n TAN i s as determ ned by ASTM I\/EthﬂUmﬁﬂmzlzl

ht  of d by AST
déﬂﬁlﬁ%@fé’i @h‘t\%ﬁ ﬂ‘g’éd?ﬁfﬁ‘)?e%{; ?IF‘ §01§§0%Té?réﬁ$ﬁ e{}@gN@f ahrgpRfi 0.5, as
W%&@TM 1RAms@mbodi ments, the invention al so

in co |nat|on with one or nore of the
met hblessineentmoraregirovidesa aude catnpapitian hdveng, peregrainarf composition:

st} 00 Eisgiset riielihs e REAOT AR BRIGARLR: pdgest 02 grams

of(réaldﬁkaas GAERARENDY ARTV WiktigoCB5 30 aﬁﬁlﬂi@%m%ﬁ%n faviB®d weight
the crude feed has at |east 0.5 grams of such

ratio wp i tentpmrto G asphattemas edntehicaicht 1qash) 1. &,0mg thesemnposition having

a SRSt iRl s o RS BN akes destuteci Hipas Pu Blstol g A Higne of
M@m%s dbt%hﬁin@&l by ASTM SIMB&NDA KD, Afd %ikhggpcp@pﬁﬁlt&ei Blas

ing range distribution between 200.C
de@ﬁmlmﬂ@@tAST eteg D2006oi | i ng range distributi on

bet ween 300 O n 00._ 0C .at 101 .a _boijli
oo B A DR S nd Rhobooto e i BfhRa i e or
mRasf thhhethass or coﬂgiosﬁioﬂﬁfh@forcﬁﬁglﬂﬁthé @8@ntidd, chﬁ@%ed that: (a) has
r

0.001 grans of ocar bons_having a b0|I|ng ran

nqj jbsery frented B rﬁﬁn@w digigllegcangt/ orgractionalydistglego b) éxaa A@mpgnents

P AR ONURT KR B aRE e i B Ml B e ot

comypbhemapbofrsmiuferig faed) ()l doﬁ@nlsmmrcwaﬂidhs twpdrﬁnn of which have:
between 200 QC and 300 0C at 0.101 grang of

2 pgingeeaes s ison Rglow o 1G #4- lrﬂalrhjga,oﬁ lh%@pg%ﬁlsmbutmn
bRGEAERD: %Oé}lg%oa’@dat@ol%l%é‘ta %%%]ﬁang@dls%qﬂgn BQ%veen 200:°C and .

grans of rocar bons havi n

- 30 °€1 atiObiixli MBa tadimhamaﬁ@@dl@mbandn Baﬁzeamm °(O add400Maat 0.101 ¢

MPSd iedinen vass W S5ter hewsn o o SETEs (ke ol g @ has,
pedBranfbf e R dt 'ﬂeglsp@'d(‘)tl g?efm%f ﬁ?@ar@ﬁ@h@x@n@ﬁ bgllﬂqglfange :

a; (g) conprises nickel, vanadium and iron
distribiéarshelow 0006C atypdfb Mfta, D O0AIgraxpy aﬁIWérqserbogs hawmg a boiling

R R S YRR e T —

haveRth bdikig Rage distribaash be&wed 200 e0End® 80V P& 10 VB 0001 grams
crude feed; (1)has at least 0.1 grans of residue per

ofdweracabory Raying ebeiling mnge drﬁmblg@ﬁ betwyagaR 08 SRtaad HPRGC at 0.101
MIPX da'iﬁcf)adoqo%%ns Smny(ﬁgceaﬂ%él 'ﬁg{/ﬁ% %lbl@ﬂ n&rﬁﬁéﬁackstﬁghttlgn ggt\{vF]en 400 °C

anﬂE(ISQPCSaEﬂbHS)l cNIPaQ i€ Mk amANe oﬁmgam 0.1a61 lesst 0c3r oﬂinXel' ﬂaﬁQéSfrom 0.3
t here rises at .| east one zinc sal

togPfhiite | A ;S G D et ) i erlioa it of gdgtst A °C at 0.101 MPa;
(efbAAMHEs IR, el LAEROE (AF of RaR Y IRT R Tb R Nirv e

pepgramofcrode febé; (dohgpdsesulig{)dms bi leas 00000 lgdmmgort(bos grams of
t he i nventi.on, ﬁg gdg{)f eed that i s obtainable

Su}f@hw&xi@? QA BRI dahfdeastie: O%s@mﬁoqfe}{ﬁﬁ)@ef E’@ﬁl of crude feed;
()R BE fagst Orlo s OF e e?@r n Fof tﬁgl&%at | dﬂxtnanc Bﬁses oxygen

i nvention so provi one o
contauren@hydrbearhmsh@ ®ne br morgadkalt inetab sadis ©6 b ogmbre drbanic acids,
i nventi oT{ hod coptacting a
one or more al ahne eart 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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crude feed with one or nore catal ysts to produce a

total product that includes the crude product in which
wo b@sosasde f eed and crude product both have a ESI/US2004/042121

asphal tenes content_and a MCR content, and;, (3) a.sum

of I smmmbatieents, the FaNEHZ0 ProMiden 0 SARIbET AR WD Sge or

ont ent..i : . L . et :
molShiF Pielies ofeotup i aLlorln iy R IRL AR ol feed tat s
obt@nabRN re@bliag napighs anbicdmmmdanmercooittile thaachapbibh ftomaé crude.
' is at nmost _99% of S; and/%r §b&kfhe con ac.in%,h

con# sanamembedimeris the MveRtia AlpP Pirxtdes, EPRRnapgR ith goe or
mef R E R e Bhmb i Sl A ot e ThRerfichon PERI0A o SORRctng o
crude GeedowitiLo drandre@atalystsso peodand o titalerodyct thae irichdes thewmude

al sg provides, jn comination ,wth,qgne or, nore.of the
progietip géhich the Gﬁab%g?qq %ﬁsc PRt éo?lg'latVﬁ aGs %Imlﬁe%eﬁ,cogtent and
a MORBHRR:, ?@;‘ r(E\Fa sunf o Ethe 8 dVpRIRRe SR anBeruli@feed MCR

gaseous; (b ydrogen gas; (c) nethane; (d) light '
coftyitrioBax omsf a Cele prgutt Gaasphaltadeneontént and g cmndeproduct MCR

thereof. . In some enphodi nents e_inyenti an, al SOhao .
conipent §end GGG RRTRgR SR ireRE R Y fleSbo% of s
and/Bi @];2 A% QntaAP oSk ARIreEHRoHENSudhQhithewéipmaatié 6Ma MCR

net hod of contacting a crude feed with one or nore

cotentaifylt audoporduciie e Ca asphtadiengscodisat of thaeruda pradyetis ime range
cr rodu rein the crude feed is contacted in a
frofbhide Pong Soie TP

hat is on or coupled to an offshore

f aciph kdife etBodifRBisEb dichBot slso pREides)yiarbinbinatibs evith one or
provi des, in conbination with one or nore of the )
mare bhd snashods oRPesibens ageerding tadha igverion; flEHpegsouse, in

w3 B8 b3t ORI AEP (RENE B iAo Rl K 1R -
hyfdar6eeR (§anere gasaaetl/ o) molthienthecwit act i-ng condi ti-ons

such that: (a), a rati o of .a gaseous. hydrogen source to
t he I perae emg@%}meg‘f% the én‘feé%%%ﬁ? grAvides gl Cﬁ%ﬁmﬁ‘iﬂ‘”& fpfhcone or

mdfEbEMR fngegda&gso? %Uﬁpg%g%%?ﬁ@blﬁﬁfg t6 %h@i%(/erﬁiblﬁi{ ﬁgﬁﬁfoﬁrof @bntacting a

crude contac one or nore of '
criiztfeddywitls png &) mbteeatdysectb groduat e tatfl predudiyisht dnpdudes the crude

uptake is control.led by varying a partial bressure of

produist vy %ﬁeg]gtgﬁ cridg e 1S ¢ tac:i1 n%‘i"é“"gg“%%%ﬁ%g@# alﬁpéﬁoeupled to an
kforsYygdiit/hat the crude product has TAN of |ess than

Oﬁ%.%, %%fﬁ%he hydrogen uptake is |ess than an anmount of
hy dingeme epbadisentsathe wivention alse payides aintcoribingkigs avith one or

m%g gg ﬁ%:r}x%ﬁgcgﬁ@té\éggﬁ?é (?r}sca{cgéjr%{r{gggs X aiglgfefﬁetgﬁr é\ ?}gﬁl&i that comprises

coASHROEBrulP FRK SvithSorielbr Zndra Baiglybts diithk-piékeide df-a3ths AAd/oBRL
cubi ¢ neters of the hydrogen source per_cubic neter of

hydrogde sfueciand eontroHing|coniarianaowmndifionp sech thelr (0 pegtioef gaseous

PR Do BAE AL BEEh Bm{ £35 sl Atrs o gasons
hyBf 288 Y6 @ cOperldibicaagterdtdhale febbcdiyabteaipeith saeisomotesof the catalysts;
control | ed duri ng contacting; (g) .a _contactin
y

(b} bapelected rate pEnat Aydrogemytalie s soaioelbddyorrying ¢ %@%ﬂal pressure of

liguid hourly ce. .V ' Qfudk B
o T S RRSGA 812 AL S0P G v
TAN R esp HR8 IB, Budthe hhié@rogasustaicy iofest eanmdnoganoSiouregen uptake
is in a range from1.0-20 MPa; (h) '
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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a flow of the gas and/or the hydrogen source is in a
direction that is counter to a flow of the crude feed;
w@ 2gosbesoxr ude product has a H C of 70- 130% of Peu/Bs1000642121

the crude feed; (j) .hydrog upt ake by the de feed
hopdy gpacgystoctp ohegs e/ qr ﬁh"athdg?ﬁfé‘ SPRBASt g5t b ﬁ ~ajdeast 15 h™, or

at @&E{é@d 1% g g) aﬁzﬁ&l?}ﬁe}s@%ug %)dg %d/@? agﬁgk{@g{fg dte % controlled

dugiag certhctidg; &) am&tacﬁﬁ%enqjeramtls B02fange fram iﬁBSQO °m%t01fal liquid
the Ni / VI Fe ent of  t de feed; (1)the cr.ude .
hoppls apAce VELRith o ereas SRdifr B BV o EomSohatmts 4 & goies S99 B30 1,

anll l&ﬁélﬁéglegsﬁfe S S anBfor ttﬁéeh}fa'io’é%ﬁ sb&Rdis rah%@i r@rﬁqcbim MPa (h)

product has a content "of 70-130% or 90-110% of
a leOotihntgen andibr thhbydrogetesdueeedss ir myilrcdt@ndhatd@ccpmwm@a ﬂow of

thq e e P AT rotst s i bt T30 of RSV 4 Shuce feeds G)
hnyo%@H ﬁ%taﬁ@ﬁ éi?ifd’egi%@d GO LRIRE 8Pind@ShH a38%8e BEmTO8D or 1-50
% at nost 40% or at rrost 10% of the

nomylgslhlwomﬁmf haﬂrqgh@p@rr aultis thetedol qrpde fehds (&) thgerude product has a

o] RV ctBlenf Aot S0P oo o2 O ol PP e Ny content

of tfe @hddmeed; PAHe clde gmﬁihct ha8@%ulfor cotlteri0570-1904:0k 801120% of the
content of alkali netal, and al kaline-earth netal, in

subfrt ceintepg pf the @fud@rfg%da (@) teicaade moduyss has uY&Q eerdent 04 30% or
90 11\6 s)i’ uﬁthgf\/(ﬁﬁ %oﬁtﬁH’c St t%egcgrg%? og @9 agc@gc?e Vérg@lgcé[ § a ge:mdue content

of 3@'~ 18 09Coraf0- Bt 0%50 8 the 90¥dueadontens bf &Q%ud@ rfee&t, (@&B& crlla%)ﬂfduct has
t he VISCOSIt of the crude feed

an e Gk et mRELs Ok ahmosgr g Ettynqﬁ 5% %3@% %5‘)/%1% gtppost 10%
of gr;egoé{}%%n Ecgansténg%fflﬁhuéggdé‘ f%g&i (g?ﬁﬁg 8@(@&&8%&& Otl%gﬁ content of alkali
maflyanddlkatiretea?O Yetaly inahetabslts ibﬂ%garmﬁ: athis o AfNnodt 90%3 at most

soff e, feed (gnoler ina Gange Lm0 903,10 08 O it o

oflof4BM AR 1ﬁltl§e°cr9ﬂé3f%b&lqa )a Pma%r@'tﬁ@&mg@fééﬂtJhrﬁl?%oﬁlractlng, is at
nore of the nmethods or conpositions accordin

leash¥.&nfr) the craderpeoduet hasmvisesitpet 3568 °6®ﬁtatampstrﬂg)‘ya at moste> 0%, or

feed. w t.al
=t g Wb PhUROSRarE Srige ERoF el 200 R rd i gaygt pas an AP
or BT OCIBOLAb MNP EPIRH Bthe cfidibdd and/8) (tpthe @Rfde BrodRikt has a
sel ect ed orggnlc 0 en conpounds i s reduced such that
® &%)go,

TANef ermest 3 @Umtos ahmory ¥, &t aiseR%oofr s mash QYo guthe
T/gfﬁ grfgaga %@fg‘e trglﬂglrrg Itfgorg )@;dgbgﬁo f((:)gSEﬁ Oil &Ig 3})92‘?& b@??o 0.1.
conge unﬂs cHMOPImenaS the ifRidbn SRb redfided, maromnduioﬁ vét dhie or
(c) at |east one compound of the organic oxy
mese @ Hiernethodsomsompasitiennseoling tg ﬁheamwamtionsr@mth@afh@t cgprises
coﬁtagﬁ{ré)g ér¥1|dé ?eea%lﬂl Ifeq)r n%re cﬁ%}é&ts %gg c8ﬁ¥8§ﬁH§90n‘?§cﬁhE onditions to
gen cont ai ni ng co S CO

recﬂick al doﬁ&nﬁ@ﬁ‘ dr@arﬁe bajges abﬁta@ﬂingc(ﬁmdmnds/im whiale:i () a {eent of
at | east one conpound aqf . the organi ¢ oxygen cont ai ni ng
seleslisp TN CUBER PaBROuRdFistrgfuced Puchdhathg am% ququet }&'éﬁa oxygen

co%ﬁ{u (?rfn D ﬂd@??@f tﬁg eér?(l?g%} %o‘:n?eng Bieth% rf@e zeaps){ compound

of igesorgartio bk gt cohtaittme comipnaxts cccmpzms alrmataig;alm bganarboxyhc acid;
conpounds of at t 90% of the content of
(C)8 heashensgepmosnd g ﬁﬂs.omaﬁgc BHGEh FALEBIS SRS URGs Gopprises an

all&fiyfl&af S8Gf a%ﬂﬁfogﬂglaé 4d;38) 1t88RL ol uHouhd B BENIEMic oxygen

contal ni ng conpou
containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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- seepnditeraPSIAIUES, AP

in the crude feed originates from naphthenic acid or
non- carboxylic containing organic oxygen conmpounds. In

W@ 0vs/06q3bodi ments, the invention al so provi desPCT/nS2004/042121
conmbi nation with one or nore of, the netho

leasberscomoBRd OERIE AT BANODECR ﬁ@ltalﬁyg,ﬁopga@ungssmmgas # pstal salt of
o GEPRY R0 SAMARUDRR) it BROMLR P08 e Ryn 120t i

Peyibdib Tablet ¢Rrdie ode mbdididacataitysof nan-carbbkylst containing organic
tenper at ure foll by cont ct | n at..a second
compRpEISY a BON Phbe COPESAT IR By GHEagIg organic
l; fo)fat 'Ie%Et SR bR eh SoREMH HoBpound
co@@ﬂ%&%llggr%t&gﬁé‘%%@a%%o? )han t he second%gnt acting ORPOUEs
in thenpedeated exigiaaies from maphthenit @eid drnoveathasykccaitaihing organic
hydr ogen aéﬁ a first hydrogen uptake condition and then
°X¥genaco§§l%‘ﬁ hydr ogen upt ake condition, and the
t engﬁ‘ Efﬁly ERb8inicnf, fHelifbentibh k6 pF&u'Wést inWdmibinadon VaBSdne or
ower than the tenperature of the second uptake
mare ofltheinethodsor cph@omtlunmaor:@émg te thomventiae a wethpdthat comprises
st one o; the . cata

cop AR G og FEBT e ae g e 5 At sy G Fut g is contacted

with@ 16RNGRE 1 tHE cA ?Qb bl NSt RhetdieTolldvwel SHedntddfial at HSecond
first contacting tenperature is at nost 200 OC | ower

ternperature; end ﬁ@matae@mg eanditings eeerqeatratied sich tept theyisbepntacting

terﬁger@tigﬁeei? 51? geagt Fi nu\rzvlglg g |S%gédd1°% tat(cﬁ {Dﬁg{e&q hg)‘ﬁhe crude

fedi0iB dbhth@88 withehydlcgen apafifsohj@dgaughaliehmhditioa aﬁd udm at a second
feed uptakes at |east a portion of the genera

hydspgen ypiake ml)dltwe apq thgderppeaturesofthe fige fl@@kmnﬁhfaow is akleast 30
ORI SO0 o ORI\ Ol [ A
coafaciedgtheit Iheatshﬁlel afi Ithe altalgstuaten finsodmperahas f(&ilow ‘fcoatacting at a

SPOHEDAAOES P LB AR BEEREE 08 o1 B O P AL R

&th
R A B T Mo g b
hydragde g is @ﬂnetrate(i dyrico mramtmgg(eb hy@regefmgasewl géneraded during

ctor C ont f n an
coRETAAIh esea A LSt tops e opfiglSe B8k P Bl erde 8
uptARBs %Ee%@a?bftﬁnﬂﬂ tigcebink i@y dfcblen (Sfﬁt‘he %Hm%%’édei@ toiiticted with a
cont act with the one or noreé cat al one or

frgnd sttt ang golstafptmgwf\v@r@udmi\{i;é ki e Borms an
f i | t al o
infiRHSRgE SR AR IR Midal ofife R BAR T ERIR a Rbst! o6 of

th& PANBSHth¥biule Fded; A @@tdethe of tk Yistial c(rkde Hruehice gad tHeSecond
generated at a rate in a ranag from 1-20 nornmal cubic

catai-stséfogmp arcrgdeniredupbasgd wher%la erydeayodyct sl 696f at grost 90%
o P50 P L SRR 16 e, R S ol b

reeﬁf[or@(}g @Bntatithgaik pbﬁaﬁsﬁedaﬁaﬁtablﬂtatmg bed eeagtme(ﬁ)ahe drude feed is

égr ogen, and the contacting conditions, are al
coe fted Yithean aditipneheatalyst subspausnt foreongagk Witk theyotig oF more catalysts;

Ho?@of t:\ﬂ?tcat'a &?%5‘ Viladhihn {:Q% %jlt Wil crh B Rl Vsﬂu%ntacted with
fee and a fs e generate rogen; r% the
anQ{ddﬂﬁmﬁleﬁdilyss ircthe pesseed offathiydgea n@ﬂcmmbsapmhwstcoaﬂactamh the

rst tenperature and subsequently with a itional
Vaé%fil‘émﬁ‘tabéﬂs (k) cogra 18 émﬁéﬁi%f %ama r%r% {2 noggal cubic

m?(gfr%‘? et LS mRFef of %fié ?ése%i,eg)olﬁgi%&eh%‘éerfe%ecf Mrﬁ{g the contacting, the

erature 1Is at
crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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| oner than the second tenperature; (n) hydrogen gas is
generated during contacting, the crude feed is

wa@oeosacdsexl wit h an additional catal yst, and theCT/US2004/042121
contacting condjtjons controll ed such tha

posiény @fithpafnesehhy Pty ?%ﬁ@& Cﬁ?taFté‘%‘i"“gmﬁé‘F al eoﬂisoo‘fonfrﬂged such

th&%ﬁ%v@&%e I%Xéjfsqg ‘?trai'lre@tﬁq{ t‘Hﬁt ik Courkt&8o Thd A6 be b dr§de feed and a

sequent I’y cont act ed an additional catalyst at
flaaw eﬁt(ne Igelndrﬂataqb aydogers (mz)ﬂd: drh@ feed]tsaaontan‘qdomﬂdat vamdslm catalyst

o G TBRIES AP DO BT AB A BT SRR O LT s Epperature,
anfl rﬂ%#()gls ting BoGBINAL EQRrolled BudNBatahe FRY ErfferdtiR is at least 30°C

or ~conpositions according to the invention,
lowet ﬂxaxdt}ersaa;onddmppemese c{nhh)ah@gqnggaal&gan@@tqdeh@nmcpntam the

ol 20 R LR A B e P o

cofitrbll&Psuch tat GR- a@ﬁﬁiﬂnﬁ?oatzﬂj'sk apiakiéd éﬁéa@ﬁa p@ﬂtlbﬁ @ftHéNBenerated
oxi de, magnesi um oxi de, or m xtures thereof; (b) the

hydmnyagnd/qre‘@)aths gpis rfmids sehsaquently spetastae vaimpadditional catalyst at

o BE05} Sirp iy g L G E O RaGRERE L1 s (RRBcona
terppSuirdGit RestrgioeC. t o sul furi zation; (d) a Ilfe of at
| east one of the catalysts is_at Ieast 0.5y

and/ls rsome)endwdm%&, thedavestion glso Pae s trscqrebmﬁloat With @i or
bed -or |
more g g‘x #écﬁé (ﬁ' H{i)r?%lgiﬁ{lé: %ért::ggq%%ﬁ)gtp% bil’\]/alztg&f a rr]nethod that comprises
coa@idtihgatiude faudtwitlonee @rmoreicatabfststih @vhiKEH. ka)dke catalyst is a supported
conmpositions according to.the_inventi a et hod tH at
caibysh PR S SHRRATBEIMRTTC B2 AR SHisR LAy o Ganiigt exide
7ifcBhdhy3ide rn?e{g Eﬁ@tox%e Ohideies GREREY c@é tHe%aﬁl}%%‘ﬁFéO{ubﬁé‘&ted

catalyst 9@ et al catal yst and the supported
catAysh blj{(Sthe suppaurt is postua) (cg: ﬂteahgthd)d fugthpr coomises eis adhgorgl catalyst

thgihes Bre LD HOSPOR o B0 408 °E PRt i SR @ a life of

at SRS USRS %el&téﬁrst@s Reut Fe%ﬁt' o4l &&rTﬁi@l/& (ePdt 18HsKERY ETShe catalysts is in a
thereof; (b) per gram of catal yst, at |east

ﬁ)&ddﬁdbrglnmlnﬂhmme@@@l 0.6 grams, or from 0.001-0.3
one

g1 a1 OF (20 RTELE MELELR LM OIS, St Rl i1 or

mbRtAhe hERsILH dd)ﬁ’ﬁiﬁ)sﬁmﬁg)a&f)rdiﬁhﬁtoﬁﬁé iredhtGon] albhethodthat comprises
m xtures thereof; (c) conprises one or nore netals
cohtagtngn Fdndecs. viith ee eBoPeaiabisiscattanst ane offhe sttalysiia a

.
SRRl SRR A5 Sl
t:Q6) COMRiREBLA 61 ﬁlb&rmét?@lls s Caludths 3F 10 dmethE’Pemmﬂc Table, one

T | e, one or nore conpounds of one or 65 95
OIfIRQIMCOMPAASS Of 016 obmoreHBetpls sy Celumps 3510 thﬁfﬁfl igdable, or

f S
w56 oL T8 i3 B LAY oL LD s 00010
gramb,adrSront 0,00 GOl Ligrams 6f:ldhe of nfosemieels fmin(ﬂOTHlbhES IOm)étlmrPerlodw
nore conpounds of Qne_or nore net ]IQ
Tahie, Re oP@PTeINEPorAGY @f onsior Biore meéai frﬂ@r prng ?) of e Periodic
Teﬁ;gg}%ggﬁﬁ%ﬁeggﬁeré’&f g&z&&nﬁﬁéé@'oﬁe bf RIS R0 TR LBAnd 180 of the

or nore conpounds of one or nore
Peripidid Bable, one Gomoraxsonipofindd oftdne oPardre dietalsTatuna;olamns 6-10 of the

qurn}og%ﬁu@quqg%}%g{ees t]ge%of?ag%cr)rlnggsses %rr}g 01(') &o@&gtaﬁeftrgrln %olumns 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; (€) has, per gram of catalyst, from 0.0001-0.6
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the Periodic Table, one or nore conpounds of one or
nmore nmetals from Columm 5 of the Periodic Table, or
worRoos66383 t her eof ; (h) has, per gram of cat al yBCT/US1004/042121

R R 0 3
T4HE, ©nbBE Rlose EdrYButRY BThedr Hork RRtdTe ﬁbﬁ%&luﬁfﬁ? beJIO ke Penodlc

or ‘nore conpounds of one or nore netals from Co
Taivﬂe oheiferdsdlkireofT 6 bempises ohx bumess mhtsefpdm th)mns 5-6 of the

p m),tﬂ%soneor nmore netals from Colu g 1 6 of
erﬂé’ CocftoLe> PRR PRMOGHETIROURHT & g A8 shaTg fchzls fam %‘P uPPBFé of the
PIRtR Tabld, QBRI Gest (&) REMPALIsQRE ©r hthé ﬁleta@:f from Column 5 of

m xtures thereof: (j) has, per gramof catal yst, from
the Pedatic @a@egmmg m@e @0111130)11@18 gf ansor MoBOBetdls fragn Qobymn 5 of the

P 5P 20 B0 P B SRR g s,
fré¥R 08 00BL024 %raﬁstOU@PJOlﬂ'g}alﬁs af.00316. 1 Bedrh § @i 0. oTabb@graﬁfs of: one or

m xt ur es ther eof conprises one or nore netals
metie snstas Ifigim Colymat 5 @fﬂée Peripdig ilebleapneor mere compawrds of one or more

m%gfg&%g&l%%lﬁ%} 9 8?%1}3%5’%1‘10 lr(.‘«r%‘eagﬁg elr%le)%{n%gtl%?? ’S Cé)él}pcl)‘lseg Onee or
méeanatall fioal ablisin 6 bf BEPEr IO Table Sor® @1Bo1e lcopOkts@®f 3ne or more
grans of: one or nmore netal sfrom Colunmm 10 oFthe

me@glsifiun Colpam ¢ of bsdegpdigdnblecombriigs thereose hes, peseam of
call &l forh HABLER! cggﬂa?]r%oo 861- b@egsfxﬁé oAt T%P s, 0¥1-0.08 grams of

t’'ures there es ’vanadi'u

: om@mmm getadd frovmr@adummé6 afrtherm’eﬁdallce’samé;mne of moﬁrdﬂc)ompounds of one

conprises_nic r_npre caonpounds of nickel, or
or JRGLE frﬂ@réﬁfuw%ef tﬁ%ﬁg&qdéfei ablb i PRI heeO g eomprises

oS QPRRHO AR o0 erﬁt@dlﬁanf) o tRet e B Ric THBIE Bhe of B))¥e compounds:of one:

conpri ses nol y denum one or nore COfT'pOUI’] S

- ormudry pobées frpmaColmimxt 1Qrog $het Prariodiof Table Jor IrraxturqsehergmfaﬁD bés, per .
t 01-0.3 f 0,.005-0.
g Rl SRaTg. S0 5ra & R (B ettt 66AB6 anere P rom

Cdﬁxﬁﬁhqo%i"tﬁem%rrﬁﬁfo T4ble, o8& BPmbRES I8 @ﬂ‘bneQﬂ endRE n{EPefl@from
onpounds of tungsten or mxtures thereof; (s)

Ccﬁ@mndﬁ)@ﬁ]thq Pesipdin Table, of myxties tigered; Gn)ﬂ(mrmlsgﬁ Vanadlum one or

ngst nor e t.ungst ounds xt ur es
A LRhF s TR L G e S TR A e Dhig L fnore
coﬁm@ﬁndsftﬁ” niRekel, @@ infix theds [teeradTH(o) REmPFisd¥oBali®ina los miok@EBmpounds of
Col unmm 10 of the Periodic Table, wherein the nol ar

copalt, j0p mgxturesehersk (m compristsanolybdanya, eae QOB Gempaundsof

oo B Gl BB B ORE B s
frcﬁﬁ OID)IO&-OOI gansefehelybddmint, basvabtemolbdafun l‘:‘tﬁnﬁﬁfnld@ @ir @nixtures

or mxtures thereof; (v) has, per gram of
th%rs 89/ EPMPHITES RILSSHOLRE. B Iere §PaRRuNsE of GHEStsh, grgrigtures thereof;

(s)qn%rg,gﬁ%? gﬁmﬁ BPgatﬁg%tUE@mb%mfo 3 gﬁnﬁ’seaﬂ gaFJ ARk Gy B e sten

conpounds one or nor enent r’om
cofrfpofindsher Ritures itheréb&lt)econprrises ottelor esort hetdofrom(@glumn 6 of the

PO hABlE PHSPEOF %ro(élﬁ?fee ok Cabisan 0 oP e REod abliuherein the
magmla %fﬂf%rCcQﬁlﬁHH@ é%ﬁttamé%olmﬁﬁ%/rﬁ&al(lx)&o% t@S (lufaﬁltlprlses

grams of theta alum na per gram of catal yst
ons enmpoextienients Mitos) Coluen Hvaithe Berialis dalde, mnleabemore: compounds of

conbi nat.i on wi.th aqne or f.the t hods, o
ong GBS 1SR HoBu RS, Lot il FOr oA BEFJberset () has,
pet Bfaff &¥athlyst, 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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catal yst conprising conbining a support with one or
nore nmetals to forma support/netal m xture, wherein

WO b@ssepport conprises theta al um na, and heat PCT/@810041042121
the theta al um na support/netal m xture at a

of tleneeiodiciFablebr atixiuesssherae (W@hosplprisonp eF more compounds of

PhGRR AP IR R GaBret orE0 TR be P Ey Rl BBl Br gram of
ca{aﬁ)st QhaAL () Mds bilehsd 038 gifing af th¢taahinapRa prangoBdalyfa
at” a tenperature of at |east 800 OC, and/or (c)

sul flnsomee agbedimenis Hioyisyentipp alse pEoVadasot Gesphisationpygth one or

BT RN M55SRk ORI AR e

cafalpé€ Edrhftiking@catBbing o fuppore G lons s moodinatald ﬂogfoﬁn arsupiﬂ)rt/metal
feed wwth one or nore catal ysts, .in whj

migture, Whegsin the guppert §pmaxisgs élgggq alypina, ang h%at érggtéqlgl@p §heta alumina

B AT 10 80 g P s
coﬁﬁ)ﬂnﬁg thatsuppasinet) ﬁm@(‘,urdi\tmhrmter ABford),a Imstemami ex30{ding the paste;
in a range from90-180 A, 100-140 A, 120-1 o
(bpaleinivg theta Yhniseby eat rgaling R URINAGH 2 AFNRGAULS 0*?%}6%&800 G
| nunber of pores have a pore

ang{%gﬁgtsg%ﬁ% | necj}féa%k? 35 A or 25pA, of the megi an

por dn domeretbodin{en)s, thesuvdntior akp paovadesain dopsgnat®d with one or
m(gp o|f ast etﬁg@rﬁz/c mpgfltllpggéctco OOnQ/ 1nv83i1t1031? gltnéeiéq&%%%:ompmses
coﬁﬁéﬁmg ABRAO Fecl WitiPokedrahor¥ Q!a‘ddﬁ@tsolfn \@llubh ﬁfe poResipoREiation of at

l east 0.3 cnlvg, at |east O. /g, | east 0.5
leacstnge; ofghe eatalystadas: (a)7 wadiag ponerdwgmter it biastrféhfxsat leaseo0 A, at

D1 06820, B Q0350 s GRT AT, e g B 5004

mla@ tikda 902 80, hod-14bak, 1201MB0IAS 230-05014a80459088, @300 A; or
with one or nore supported catal ysts, in whi ¢

60&{@) éL@b airleast 680 efdhpiota élgn@pru(pﬁ neses have ppgre diameter gwthm 45 A,
353 Al B A lo%% Igedltah ﬁ;@{y & r g éﬁﬁh ﬂfa?@@g%ﬁ?%ég?w Iy /é’ at least

HegnESi ‘oM oxi er eo or Zeo
90(1h3/ g G0 Kt H}E)Sn@g,mmaai 100 mAg 2 ibasir 1 S@Ghzt/g, allaani 208, mi/g,)or at least

Do atof ) Aials) VPRt e hTORAEL ISkt L 4Bt /s 0.4
cng B1eR¥: 0 r{ﬁgs& a@le’éstgfﬁ&ﬁ;%; theta alumna ; (e)

rises alum na, ga al um na, delta al um na,
t h etla saﬂna mrrbadmmntsmhet inventivhelse pfqvidds) inhasntanativostitiOort or

ggh ?{ggf hcfarr?gln}upg]gﬂglﬁ{lf o &F%gt]og eogllvgxgtgornt pﬁlert]hosdo it comprises
coﬁ%@ﬁ‘h%@&u@@ fMILRHPHR B mEREEpfRktell BRtalREhRAShioR the support (a)

Itions according to the inventi'on, a vanadi u
conmrmésyaiumtﬂaaslhca( abhchasmnp,drtansmmldn gireanbun mmiey\magnealum
ore _dia ast 60 A

oo B teR S A lor 26 &F fhpriigs BhunhenaA AR 2 oF fia

alﬂrﬁﬁ@d(cyﬁasc a&zgrmtof@aﬁp&t BOk&st 9iZ@adk SF géuﬁtﬂlh'aﬁﬂm%t(a) Bas, per
medi an” pore dianeter of at |east 60 A, (c) conprises
gramef swppoot; et least 8l3serame pr @deashd. S@rans eftbeRatunoiar ¢ (€) comprises

Tabl e, . one or nds_o n re.
SRR BRrCG by e et g B Gpfiedhsteots ) has
mbA @ 1eQhims 3N ﬁ%ﬁﬁ alufhind e gria of §ippercof catal yst, at

| east~ 0. 001 grams of: one or nore netals from Colum 6

of tlhesomerembgdiliments, 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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m g ARt R PR BRI HEbialeg

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

w0 b@smad303 | n some enbodi nents, the invention aPGDUS2004/042121
provi des, in conbination with one or nore of the

a suppérg dse Sippeis epoptising thetaeloovin, Ard the venadinmeeislysbhas apore size

e _pr. duct that h Q
a0 Flsais Bord Wamelsht A AN 6O KO FpaliPSls Gy goore
mdald frotPC o Bst the PEASAE Tablepdite @fmébeomplalds ofehéebr more
and al kaline-earth netal, in netal salts of Qqrganic

metels dr@np&olu/gmffmﬁhe Petieric Jpblguenmixturys the eﬁﬁwd/@/ 6Ddws, per gram
I T e

Tab%?ﬁhe enforfcohtpeusidy ¢ onstos nfves metatefrorh Culude 6pif otk driodic
I n sone enbodi nents, the invention also provides, in
Ta@@ﬂ’@f maftiigh theroh one or nore of the nethods or
m:iﬁ Shihk 91%1%0&‘1&%?{59{}1%53&69&1%{? Glsb ?)Y&ﬁ&ésoﬁ coﬁ%%fon%ﬂ?one or
al ka met'al” salts’of ‘'one or nore organic acids, one
m@e offtHeanéthédyl drrempasitibnsaicatdigptottbe mvetive, @ crudempeoduct that has:

d ' f
A TEN Bt s S bRl o bt g 0n: o
5%‘? b%ﬁb rafd @f He aﬁlf’a)h fktal, 8RS LIkRRE-Qrthi&al, in metal salts of organic
kal'i ne-®arth S IS fagnesiumor calcium |n sone
acﬁlﬂ’@eﬂgmnmfs:;cudermocﬂme(n) atonosaPHO0H? granted NifVWFe per gram of crude

conbi nat i with one or nore .of the t hods por
DB BT GRETERTIRE e PHASTAURR b RS Rttt pPgf the
ca&%ﬁé?ﬁan?@ﬂ&rﬁ&ébﬂ&@u& crude feed with one or nore
cdtal'ysts to produce a total product that includes a
c r ude spmodmbodintehts, thetinvutipo el sh @romdmepm @Hf@natl(oa)wﬁh one or
e crude.. rodu t tﬁecru e that is
e

Hiyetion, otic ot mgﬁe a?l%?h metal

saBdlbt ARIoR i 6 ofdanRHRRIs! dritr rhdap alkarhé-BirftOmbfAesaisWitene or more -
product with a crude that is the same or different

organipredidre Otmpaéreﬁ dheaeaf dn PRoly €2) Bt leadt oaepf ths|atkafigpetals is lithium,
t

soaﬁ%‘gu &5351 (dé) fat (lé:azs’f %IL g?%ﬁ@ﬁ?%lg&gera}tg%&%lg gsem{ignesmm or

calciire. one or m)r e distillate fractions, and producing

transportation fuel from at Ieast Qne of ”Lt‘
di stipisere emppdisicnisy the inyeniighalse REddsteifcombipation with one or

mbrdbE el rﬁ& g5 ceﬁ%\ﬁéﬂgﬁs adcBrdm R BHAGHVORioN b heRf tﬁﬁtecomprlses

nor e of e met hods or conpositions according to
conmz‘emg a cnmde feed wyitioortead @t ahtplyststo ppdscd @ at mhaltphm:tuct {ha) includes

a cgp arfq &cgetflt O, gmdg{mag%ﬁgg}p?lgmlgg? ?t 0 5 1&%{3 Qrocﬁlct with a
r@c}e‘% trlgtﬁerkaﬁl@ &r aHRPA: Fond fhk haR f@éd t@%ltm Q bienﬁrsﬁﬂ%l@for

a alum na per gram of support; (d) has a pore size
traahsmrnng; {b) mmhzxnmg tl@ eradd pmdp@rveﬂm envde thabfs the sdnesaertdifferent

éﬁt)?ep{:& ﬁogp[ a gnél:/ s%%t'?élgf fo o%r ! P%?{g?%ce@ esa@ct) Ergg@(ena%ng the

cr@de rﬁc‘i‘&lt Gindlok 5d)rf?a%t1§na9cﬁfgftﬁ§ €rudé Brvdatt ifo dne s ndR® distliste
or ‘at least 9 n})rl Sses one or nore netals

frdctions, @ad prodycing man&pbrtath@ foel irodiat leastmné of theadigillapalractions.

d
tne 1msprs aibodiind ofahiiph sl rtifson < idighrfileze o
m&RS e Iﬁ&hﬁdsf@tc@hff)o&h@ﬁ@ £oobrdiay to thd inkBr@idies k@sHoted catalyst

Tabl e, one or _
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

29



10

15

20

25

30

nore conpounds of one or nore netals from Colum 5 of
the Periodic Table, or m xtures thereof; (i) has, per
w@e@sedoxat al yst, from 0.0001-0.6 granms or frBOT/US2004/042121

0.001-0.3 granms of: one or nore Columm 5 netal s, one
ofat leass280ci (elhrs 3 noes ¥olume b erneses Hrtherpore size slistiattioprof at least
0. %éx?ng‘/g d)?g{ f?gsg% 70511?3 /8 gﬁﬁgrsgﬁ%%! rr%g% Er;] d;{S{]leg#{ ng Rlat fegﬁ 90 m%/g;

(g) B rprSseb 6ﬂéTb1Gﬂbt®rI'ﬁetﬁls @foni Qeluiarsi Bt of thaPegodio lTable one or more
m xtures_thereof; has, 08er gr am f cat al yst from
coppoonds- @f o §F B1ES @F’t SEETRS thesPegtodicolable or mixtures

th%%{i[fg g§°c H{B;llsés TR PlnSore 1950@5@%@9' S paRS AL Taple, one or

oF m Xxtures thereo conpri ses vana
meéxa Qoﬁipotmfsﬁbf @ﬁﬁ'ﬁﬂmﬂdﬁm@tﬁlsmmohmm 6rof theRentods Table, or mixtures

thereof; (m conpri s one or _nore
thereoky 6 e PeY SraB) %a@ 81%185% Uieearamp gp figm 0-00}-0.3 grams of:
on‘é%m&(fs @%hﬁlﬂp oﬁéé'@ &6ré@61%nﬁ1% [‘gﬁnﬁ’gunﬁé’ LS Rres
ures t ereo os conprises co one or nore

thereotp Gl ncimprifes oabat moremetaisxrem €olirue 6 @6 the Renicbtiwr Tabjbe), one or

m&@%%@&%s%,%ﬁ%kr m%?eemgﬁra[lsgq{g Cé)ﬁlgglg g ﬁ’g ﬁ} ggerlpﬂlé:kleable Or mixtures
thérz%géﬁe @%)'1&9 h@:'r get hspeatadﬁss  frdi 0GR LB MMttt 9@@1@3  grams of:

ods of conpositions-according to
onnerwamre: Gn],unal € mathds, OOWpDSIIOIG @eiumma& me*(alayomlaslnds,mmn@mres
h fméli f}ﬂ[ 45 at pmost 0..1;
thitggt gomb@?esgm i ‘B’&r%é‘%‘?rF e Sompotds PE st TR e
th&Eoﬂ" Y5 e6ApRRE ﬁld(lj\j'ﬂdén@n béiid drﬁﬁor@ @0 Ngoﬁﬂcﬁ,tdfhhﬂfb&ﬁum or mixtures .
bet ween 95 0C and 260 OC at 101 at | east 0.001
theyeefirfn) camplrigessingstn Sngyprmere Qﬂmmnmdé’e@fﬁmgﬁt@l ogizfrgres thereof;

N N e T T

cofp2iNBs MEkdlysHeqs aid?e Bsmpéiidds af biekél, sgmbangethereof. o
di stribution between 320 0C and 650 _0C at 0.101 MPa;

(c) Inaemgenmbedistents, Beosvaiarelsemreddsse ingombipationygfi oneor -
PR nEGERER Sl oo O[T, SRRl B

(ayhdsra0DEN; ofanﬁh/oﬁlr 1, Gehoktass,at mossi.3 0)1'&@6@5’( @t Ay hat per gram of
total nickel vanadi er am of nmposition.. In

CORHREItgRR 4 @9@1 S O AVEREHBANSVEG A bpHipe dese distibution

be?\%&' Jric Qi Mot eﬁg)el()qrMp@ra% 16t 6.661 SatROHSeaR 0.005 grams, or at

conposi tions according to the 1nvention, a crude
leaso P Rrarhoof liykascarbonk mﬂh@ bmlmgmrang@dletrlbatlam b@ttwssan 26@1°C and 320

Gt VPR et e T B el bt e
dlétﬁﬁéﬁorﬂ&%@en 2l WOs1d 3000t 01/ NIPa;| (B) Iaslaf A& 0 600 grams of
-180 A, 100-140 A, 120-130 A; (b) has a nedi an pore

badncammgn pef giam ofxantposition, (dhhasy pergramerf comapsitayableast 0.001

t h f t h

s ot et B gk B Rironfhiaiiof 0 fidh s 090003 egams of total
ni€iel 8d Parfivid r@ﬁh@ﬂccﬁﬁ?&‘uﬁ’drﬁmtef (c) has a surface

0 area of at 1east 100m at least 120mlg, or at

| eashn som@ embogimengs) tl@onyﬁntlge 8lsq pserpdesy i coartdnatipa with one or

m?liepdgﬂ?e%e gxngsa%rsc%%pl%glgm n??(ﬁ‘c Pdll}ét%%ﬂ%ﬁfﬁzleﬁt?oﬁlmg 8}),({1@8 Il{’)‘rnposmon that
in@188ds dn.or AiHé Odtalytstant @S lchfteme of the(cajal 68 poRGiRr
nore netals from Col urms 5- 10 of t he Peri odic Tabl e,

digributéen ik &heguetiuprie dismeimelort lonsi B0t aimeost 8P4, and/or in a
range from 90-180 A, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90

A, with greater than 60% of the total number of pores in the pore size distribution having a
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Col ums 5-10 of the Periodic Table, or m xtures
thereof; (f) conprises one or nore netals from Col um
wW® 205/06d43e3 Peri odi ¢ Tabl e, one or nore conpoundBCDUSINE042121

or nmore netals fro Cqu 5 of the Periodic Table, or
pomjdxamﬁtg@wttmgﬂéd%,;%%)orﬁé opthe maedizn AT dipmgisrstc) hag a surface

| east, 0.0Q01 f
ancp e A4 P ATRa8'120 ffe, B ot TBAE SO BRbRsSs a support
and thesesfort édﬂprfs@ﬁ'@lﬁlhﬁl@ﬁ sitieg, silicarainminetimhiint oxade, Ghicommm oxide,

6 of the Periodic Table, one or re conpounds of one
magResBR OXidet Z08tes pRHOIIBINGWES Beroft (RLCOBRRTSSE PRe qipPie mgipls from
t f [ a r
coflgf §5 5 Shagk hple 3o ST EARR Sy merts o
Cofigns®P-10of the (Béhudlin Tablepomhixtaep therebs;, (Hoconmprisesiomsor more metals
thereof H? conpr.ises one or nore netal s_from Col um
£

@lﬂmnh%o Peiapdic Fablp<one s &gp crpPRuRds f s8R pkmge TBsals from
Cog.{m 150 L TP Bbtic T80 ?Phﬁ&ﬂre& gle?éoft (28 hES hEOghfm o-lf%g{a?yst at least

ures - therebd and/ or conpri ses one or
0.0001 graﬁhﬁanﬁemxfmmm@iﬁmn’ﬁ mcﬁals,fortem nRee Cotlingn Taigta compounds,

one or nore ounds of one or re el nt f.r.o
or wviuen teseel () RRPHIS AP CF FRET ety o, QMiRG b o iespiodic

Tabi, $& drhdre %Hﬁlggﬁﬂ@ﬂ)tf%ne beRbi B8tafs' i ERAGKA b ©f the Periodic
enbodi nents of "the invention may be conbined with

Tableadnumisures teradt Gﬂ)ehasepdw@mmeﬁcfgalast at beast hQ@Ht grams of@ne or

ex | e, fe ures from nt of .the i.nvention
il OB HEEIB ATt HOTLCT TPE e Bheahp st s GG, &t 6
coﬁfﬂ?%'oﬂ@ 333 ﬁroré ﬁhefaWﬂrcﬁ}ﬁ Co@tﬁfi@ do GEﬂIeSPerl@ﬂiédeib[H @ﬂ@@ﬁ 1Bore -
are obtainable by an t he net hods and syst

contpewdis lof dnhrer elpne m¢tnféffm elumambbel the Regodig d érblﬁ Qfrfixtures

B T e e

. ond\dVRBiA@RFhdd Hfonere st elemeatstiian Colunhn b obide Periodic Table,

apparent to those skilled in the art with the benefit

‘or gixtpres theseefoni ng det ai | ed descri pti-on and upon

f
r © &1 Rl Eﬂb%&]&e@&?%%ﬁ%cﬁ? nlt%{] ; o 50&11916% lof fhe 15\'76%1011 may

is & sch a contacti ng
be &y@bﬁﬁd vﬁth@atu&é faond 0B @neodmbetyef ithesnedntionb bdi erantpde,

of contacting systens that |nclud cont act
FesBinb S0P TR e Sthsn Sl AV E OB BRORA BRESS fim any
ofﬁ%%ﬁ&%hﬁ%dﬁﬂ&ft@”s that include three contacting :
Fl

zones. 4 1s a schematic of an enbodi nent of a
sepdan &trthen embodinientscomtlé patliieis axgi ahitainabde by aeyt ¢fihe methods and

s%/stgm .EI 5 1s a schematic of an enbodi nent of a

SYHFah sy ?‘ﬁ*‘éelinn conbi nati on with a contacting system
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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FIG 6 is a schematic of an enbodi nent of a

conbi nation of a separation zone, a contacting system
war@sacdshendi ng zone. FIG 7 is a tabul ati on oPCT/US2004/042121

representative properties of crude feed and crude

pr odUEB. $Hrand A Bearp sefiematics off erekndiments afcaectivg sugene tgt
. W th r s. FIG 8 is a graphical
m&%%erteh}s%nct%apﬁgﬁggg&%bi ght ed average bed tenperature

ver FU6G. h engtdhenfatic vhad enbadimentsfdi sepmation zeerih @6inbi@tion with a

the crude feed with one or nore catalysts. FIG 9 is a
coptppirGINSEHL-of representative properties of crude feed

and u Cl: i A i . .

o uda0; a0 SetiRlic sPhn AR ATREM e o ARG L GichiToh with o
cohmbtih@syistem.of representative properties of crude feed

and crude “product for aF nmbodi ment _of cont ?cti ngt he
cr uddGr Bave Sibematie! aney ?fglt“&%lto, apqopbinafion ot g separation zone, a
] s Ahd &g and crude products for
co}el%ggﬁoﬁ%}gntsf o?. cont1 ct ?ﬁg crude feeds with four
di f fldGeftis o wbalayish ofyepresemativel (Eopekes of audy &phamberude product
represent at | of P-val ue of. crude products versus run
fof e bOq AR Qo ST HLE RECSTAE T eeda. w { h
fourprdi Bfiex sRbniat @bﬁé%ntasc%%to?%i%}ﬁé&v&a?ge'b%d%emperature versus
graphi cal representation of net hydrogen uptake by

lengtly dErueferian erebedimeniof contastingthe erisiefeerewith oné or more catalysts.

contget [n u feeds with.four djifferen at al yst

oyt s Ebton SF{ebriimphiveditondtie Sl B B e product
fof 8séEbRIIBeNt StontaCHiY @8 SAfleifledWitdlo PRAAIGSHE age, - of

crude products versus run tinme for enbodi nents of

contl6t 1%iép anothes tabulation wf repraseriative mroperéipg olwndg fped and crude :

o

ivpré; usétt &%n é%{iinée":ﬁt io? %%t%‘{tﬁg Eﬂec llde[ %g& %ﬁ&l%v%tc'a% s?sf :

ange 1 n ravi ude pr ucts versus run

i mer1Gon 1 vbabularod 6f @hdefesd agd édde peucts doteenitReitnmits 6f.
four different catalyst systens. FIG 16 is a

cogtagiyng ersfle fesdy wabdowtdidpred caplysy e¥staBht ent , expressed

a0 LR B PP PR S BB Wi e
fof embodimbiits L€ ndntectingl cyste fsgdstvatisfouFtifferdn? catalyat systems.

tab tion of representative properties of crude fee

and Py §1% Fanird reRFse Behash dEfiecR gRIAE PY FEIE Fsds versus
ruft iHRSof &880 Mnkhis CRt SN ng YRS BRIstwiat fou @l ridsnt KAkl U stems.

anounts of a nol ybdenum catal yst and a vanadi um _
cat dll@si4 isv ghapkicdatmbsentatiop of msiduatcontant, extwessed in weight

vanadi ump cat al yst . and a nol.ybdenum vanadi um cat al yst
el TGP G e e i T TP UGt B end oride feeds
willi R bt ehtaBitierched and crude products for

enbodi nents of "‘contacting crude feeds with one or nore

cat dil{psiisa graphicduepreseyiatian hbehange spALEgrawity of etude products
vegﬁljil(aar\gf' tglaé %%r%&gf??ijrlg%t%gp co%gacﬁrrlg ﬁl%rctrliufesfegé with Lfguer Ji&grggt 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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enbodi nents of contacting crude feeds at various
contacting tenperatures. Wiile the invention is
waamsopisdbl e to various nodifications and al t ePCHUB2004/042121

fornms, specific enpodi nents, t{hereof are sho by y
tha inelyderp Venading ﬁ%ta]dﬁ%ﬂﬁger?g%@lyi?ﬁ%‘“&lj‘é%aﬂ@@ ?Pé%r;ﬁo%n%@ﬂb glass
beéﬁ?.' e. It should be understood that the draw ngs and
et'ail ed description thereto are not intended to limt
t he ¥k &Rtis otabtlatiohef papeitiesibberuflofest dind ctuds echdubtstfoon

the contrary, the intentjon.is to cover all . i
CrHR RS P ATLACBg G e s SV e AT raTh SRte /St o ¥priqusdiquid hourly
spibd idkitidie spirit and scope of the present invention

as defined by the appended clains. DETAI LED

DESCRIGRTP @\ tabelatian nf propediesrehergde feeds drel drdeeprioidects for

.d L. bed hereinj detail. T her ei
cr G AP ABTRaeeds af AIOU contac RGN mBFGREFS ¢ o
ATEr WhaAB thet igRdfiof i fatémblaRd albhehbaifigationdBhd dltéhiive forms,
refers to API&ﬁgrawty at 15.5 0C (60 OF). API graw_tgéEn

spesifia smipedienemistberepfarashioninby was obegaaple / teidsawipgs.o

A R e S S e

adveifiRe tReeRkre BetiihicAged @NESIt teShvdnbuh koMe phafculdd orm disclosed,
crude feed, the total product, and/or the crude

buysion dhreeontiewy., He inspiiemisrie dovsy alomdifieationsl cosBelzntAnd slernatives
W . | " "
R B S FRTRRRL SO En TERERLE P ppente
clagphal tenes content is as determ ned by ASTM Met hod
D2007. "Colum X netal (s)" refers to one or nore
E, I f the Periodic Table and/or one or

nor | 0 [ t v . -
T SRR CHBS e BBy R S 88 ok e, e
usad bxein Aré defiedansfbléowsl - 12) of the Periodic Table. For .

exanp| . um 6 netal(s),” ,refers tao one or nore

met aI@Mo%@élt‘ﬂﬁmeﬁwG’? Sfalrfgarﬁé[l%ls%%ﬁ @d%\c/llﬁﬁeé‘a nd/ or one
or KRR YHES 191A Wiy AR5 8 © logy.f 6
of rzgqlggri odilllc I%a;[bl eﬁrg?%:olyurm X gﬁgr@reﬁ)t ()s&?mr?gl?%ﬂbsto

determimnd hyoh BT Methotd DBL2Col uim X of the Periodic

Tabl and/ or one or _ nore,c ounds of one or re

o oSt C Br ot SRR SRERE SPan BupRitet §r (R bide foed and
th6 BRiIE PRJESarE Bs detE@hiHEMbYASITRL Mcliyd BTl €, 13-18) of

the Periodic Table. For exanple, "Colum 15

el er%@ﬂi(ls yange diseibsitipns fi)méh%qru%feéd,éh@teéaiﬁnsodmb andler thegrude
ool B RRpEHG BV BBl RS BRNEE.

Tabl ‘€ akphaltbResS e€fp® t0 hsphaltenes Ml bdihsddible Wep@hdne0 fCsasphaltenes
metal fromthe Periodic Table, weight of a conpound of

coaterbiss detegpineay P i MethahBP@07. wei ght of an el enent
fr odelllﬁnE 951519[‘21(&)” refers to one or more metals of Column 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 number (for example, 1-12) of the Periodic
Table. For example, “Column 6 metal(s)” refers to one or more metals from Column 6 of
the Periodic Table and/or one or more compounds of one or more metals from Column 6
of the Periodic Table.

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

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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Tabl e, or weight of a conmpound of an elenment fromthe
Periodic Table is calculated as the weight of netal or
wo b@sineisght of el enent. For exarrple if 0.1 greaweUsiond/042121

MOOB is used per am of cataly t he cal cul at ed
thedRdrigidic Bable,Hie Wﬂmh?% geweRPeRd 1912 qqlaurflﬁ aupgerferexamgle, 13-18) of

Q b
o Sy QOTRE o Ll 1m0 A s
frofn thﬁhﬁi { p6fthe BetiatialTapie addor pnoor momramdfpopndthain)s or more

expressed as Lght fract] r wei ght per cent age
clemenisirom Gohanp §8fﬂ\ﬁé)eﬁlﬁfh°gl? bfene substrate. "W ppnt
ref e ' BRI fromthe! P& iodic Tabl
feeggltﬁbtsg eaér;it) ?ﬁlﬁ%lltohr\gagﬁy ers to (t)rﬁe m xtlourl% ahe weight
of e @oinpotusd dsihe:nelat fibmshe Beniadig Tpblecesightnyf.an eRinsint fioat @ Periodic

refers t drocarb with a boiljn n

Tajles p¥ W%ﬁﬁ m%@e{%g % Peringics jablayis cisfpted as the

weg%j)t o?hag@al %Pale'\&?éghtfaf%remén@t Foﬂé%ﬁfn?[ét ifi (51 gmgf@ﬂ@@pﬁqmed per

M Met hod eroatons”" refers t

grau pfj eatal ysti ﬂleatgbn];atédmddlg]nt oFihe molybdenmi methl jimthe h:etalyst 1s 0.067
nol ecul ar Uléft ure of a hydrocarbon. Heteroatons

SAPHRLE AR & 8%:‘ &t er mi ned by ASTM Met hods E385 for
OXY G€RntehP7BRrd 1B1thd Rbht 81 4 EQ8SShenBiRG AP (fOf example, a crude
sul fur. "Total basic nitrogen" refers to nitrogen

feaslo apasaltedudiatr ateamds raodiKd) exprésebastweishtftactipa st weight percentage

e Bt PN B R SG i
CoNpQHdt BaEH o bret’ B&Ers\/tb ﬁ’ﬁ: hfXnirB Ehad CORBNS theWatalyst
a crude feed and the catal yst react to provide

dubipgl pragessing conpound(s) in the crude feed. A hydrogen

SOUlgfo ”' %#st{g %gdlk%ldctirboﬁs %ﬁfl lﬂog&fgﬁrg%% odlstrl ution beth]en 204

hydroca ons ons

: °06($OUBFﬁaid@43 €Chase °Fpit 0pdnaviPh UD&EIH)me cV)BﬁeﬂT is apdetermined by ;

tures thereof. A nass bal ance nay be conducted to
A%@M&M@"@%Qﬁ@? amount - of hydrogen provided to the

c orrp%ﬂ,%&a%m nre?é??toc(g &n frff'@&’% n; Mdr Rl Sortdiledin the Iﬁlolecular

st rengt ers rressive force needed to crus
stractoee @fl aytstdrodatian. ;Hemreatoms shntstirie g dﬂemmn@dsbsdéﬁé“fvhi\/feﬁd)ds

E386 40 QBT AR doeIAL PR N B ATy <hOLa g rogen”

re X6 EIREEN cBmPOMIE thdl hive a EKE %klééQ{HéHBfOoﬁBa%@tnﬁ}dg%h ("‘b?l”) is as
cal cul at'ed by sunmati on of cat al yst volunes 1n th e

detomirgdthyrgS Adidethod D288 cr i bed herein."Liquid mixture"

o EhtRe AEReR, B B en PR it fipd PRl Srmpgynds tht
wiRhG8 S frededbe HDcrtldd 5 M@ thelarfadysh Adabeto prdVies hRBoddd 18S

STP"), or a conposition that includes a conbination
confpound(shif thererude trapo drtisirageatsodnce mayduglade butgy potlimied to,

r e co at :
e tonl HOTBRANG ae Ce APlroPieBonyeldh Ry stmge, propane,
buSdey; ivat@dodixtiies theted. NAtrhAx5 dhlakly @Ay Bé ccﬁidﬁétedltkﬂassess the net
Appli ed Chemi st rg (1 UPAC), Novenber 2003

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 (b™h). Total volume of catalyst is calculated by summation of all

catalyst volumes in the contacting zones, as described herein.
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"Metals in netal salts of organic acids" refer to
al kali nmetals, alkaline-earth metals, zinc, arsenic,
w@boossasn3 or conbi nations thereof. A content PET/IRI084/642121
in netal salts_of organic acids is as determ ned by
ASTHLigpidrattme” Bfgs to MPeppRieLbat imelides ene qrapgrregmpounds that
ontent . r r ' car i :
are F il b Go Btk 81 001 M%), Blinafter referred to
as ¢ ’g,r(ﬁtaﬁbon‘l‘yﬁgiti@ﬁ izt itichides asonéiration nondogf MEEMovipotuadh that
D453

4530. "Naphtha" refers to hydrocarbgn coppgonents with
arediquist atiSId’ Wk gee e BP¥e %H}HOBHX e ﬁ&% aégﬁl ?100 OF)

d [{4 i
0 BT pefitiihe Pertihc e ARREHAT BN Blfrmafional
Uniod ofiFuk@hnd Appidedi CloamistrypIVPAC)c Niobémberi2003. t her eof .

"Ni/V/Fe content” refers to the .content of .nickel
v anSbietsh intpgAl Sl OEQrBRIA AE Ko NS o ALGH Mol Agapopegrth metals,

zinﬁ%ﬂn%e%% phﬁ)n?ﬁm‘,jslt &fn‘i’giﬂﬁﬂﬁng YhePARFMAMRI G oPRIERSs in metal salts of

refers to normal cubic neters of 'gas per
orgatigiacidses &y depdrminaddsy ASEM Metod-I2I¥1Boxyl i ¢ cont ai ni ng

or Rl LR RO E e SO0 sy Y gy
re fﬁlhg %ﬁ@loé%%)!.n%ti&@ Qﬁ@f)fi‘b@_@is%ﬁ%ﬁbﬁra@? YMIER Eofa® i Sietermined by
I ncltide, but are not"lTimted to, ethers, cyclic

ASdivhdMeghoddDddHbl s, aromati c al cohol s, ket ones,

ald es,,, oL _combi.nati.ons thereaof . .whi.ch.do t have..
2 caNBRTpr e BN R R BolaBhER it p i it bfrion
bet%RER 98 QY SO 206 200 RCYBEB°TOfat 010D VMRt Naghiled combedit is as

gases at STP. "P éAoeptl zation) value" or "P-val ue"
deterhioed by A M Mthed Dy3ue, whi ch represents the

floeg 0Nt e ' :
t eoa I CIRREISICE RbaiaR o B ESb bR HEUEE |
J. HMEi/MRdisontent” MEas w teeotteninsd nftkghivhhadmagiraf, or combinations

Asphal t ene_ Pepti zation”, Joqurnal tit f
thepstty Ghe S5 re?nt@g,ls M%%mn@éy ﬁgiwgd_«%@%éﬁﬁogpp.
45- 5,3 /O Bl t%?ﬁhﬁﬁlucubi'crfﬁ&gﬁrbﬁ%% ﬁer%ﬁﬁqﬁﬁéflof UL feed.
ume” refer to pore di aneter,

"pore vo medi an pore

di affSibarcarbangllipomeaiviok onganicasxyget eompmedsbiefaaSTvprganic oxygen
Met hod D4284 rcury por.osipetry at cont act,. ang| e .
copuRISEH Dagpt Rer AT [-CLR0YSFo R SBR REEPGHis for aining
or%Mcgd'){}gEﬁd EdrhfSunldB Sncluddiopit aRSiot [HARIAGH Aethdds, 2yAlid eth®Y, dléohols,
se

etermne these values. "Residue" refers to
aronoatieaieho ks, kéteneshaldehydes or bombinatengehetiest mbinlirdogiet have a

bove 538 0OC (1000 OF), as determ ned by ASTM Met hod
capRXJi SO R refers to standard cubic feet of gas per

bar rRlonQbn&dife bR defersIo cbapenéted/ @f mixtgad &ff dvsipohsénts that
as determ ned by ASTM Met hod D3663. "TAN' refers to a

aret gased atfdiPd nunber expressed as nmilligranms ("ng") of

KO_'“B?{)eptization) 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.

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

D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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gram ("g") of sanple. TAN is as determ ned by ASTM

Met hod D664. "VGAO' refers to hydrocarbons with a
wheiosioeg303 ange di stribution between 343 0C ( 65BCDE¥20a41042121

538 0C (1000 OF) at 0.101 MPa. VGO content is as .
instretnenniMiietbnsritiss Tng. Nersengs. (¥eongia, Ui Ad &aayBprusediadeterpine

i nematic viscosity at 37.8 0C (100 OF). Viscosity is

kin
.theﬁgv?e}g?serm ned using ASTM Met hod D445. |n the context

of tRbSd@rRbiceafoi dmpohénts that kaviea hoilitey mhgodistribation fbove 538 °C

t he val ue obtained for a grc?ﬁgré% of the substrate
(10095 Fa s idstegninstl dy YTV Msthed BP3¢he test nethod, the

t est. h i ofi ]

t oot SOF Boarof SRy Sl P SR bRER kR Ed )

r et ogtuestelareaNdfndantat san delerhimied by SIvindethohB3663.and

(e S0 7ed AUSe MR L O b e SRt e
gra?xté ﬁgjgﬂz%:p{p%] TRX 59 hé’[dx]‘?ningﬂjlgy ASTRPMhdH D&k t 0,

non-con ensaB e gases, water, salts, or
contiviead’l refiss tdigydeadarfone mithteebailinglmnge distrtmtian between 343 °C

(o3 Bapa 57055 (D w35 Clt St AT sARaRGF o dHERHRE] Ry ASTM
M B&chF@ﬁbi lized crudes typically have not been
I'stifTed and/or fractionally distilled in a treatnent

f aci“Midcysityd rpfeostiodénametici idcesityoatpdrfett 6100 Fh Yiseedityiigas

boi|ling ra istributions (for exanple, naphtha,
de@pgmeﬁ%gpgg%etgﬁ%ﬁgﬁ% ubricating oils).

Di strj) iealohfRt bl gpEeatiou! it isstometuntiérdiob@ that & the value obtained for

at nospheric distillation nethods and/or vacuum

a poppsrtyl df. _&hd ibstiate Hmtjaglls oxtgids of limatg oﬁﬁ@(tgﬁt method, the test method
gy RS RRARI T, R AT e Bl IHAGRy Bl gC) U

ave a carbon ‘nunber above 4 in

quamrhddsafapbe Podh@dsihdOr ket@ia@ntorn hydnembdos bomaipaig formations -
ram of crude., Exanples of stabjlized crudes jncl gcije L
and fhsnestabilirgds Cradss ey inpludrearudeieidalCrustss are arasrally sl segi-solid,:

C QF hhat { - SR
PR SHER S 5 wEGIRRRLbS SER 5 RRRPYE onsonsent
gab3awhtess Gates, of cérhbinatiorpaeedfdrdnnédte dradectodotmo i IstabTizpd crutle.

bel ow 35 0C at 0Q.101 MPa (95 OF at ]}} at n%. have &een .
Such stabiigation e aftr, Occbfip BEPTRK IRAS [nflid PrARFLOR AR AL ffrting site.

of . . .

0.0 %Hgfgz:gg cgl?ci]eg g%;%&?ﬁglg 1Ale HBHee dlal16d 8iFor Mcu%hal[?)(ﬁgtﬂled ina

mponents per gram of the topped
treatonehe fBiitg ts paidintd melipbr cotgmnivaty svithrsppeific belding mange distributions

all ow t he stabilj.zed es ,1 o, he. transpaqrted. .
(F s ple: Thita isifie Vol TG SR P&%?%%ﬁ?%wcludesa but
is R Hrhi®daSto dtRfosSRepidliRill altbPREIHBES and/ b1kl Gum @istiflfiGShethods.

O her crudes have one or nore unsuitable properties

Undisitlled endfer unfivstionited stebilizetyeudesmasaiaolide sgaporentsdbaf have a

‘be_unaccept.abl e .to a.tran rtati carri r
cathO ROPREROVF 2R RIS REL IFRE T ErRY® B ol ghl ot of
oY@, Uah@ldshE stdbaBeY amtadiedlude Wisle chidkseoppandrGdesaddsalted

may be Such that a reservoir that includes the

crafles adpyaltedzgpnedarudes, arsambinatigestiherof. ool appsd | spfaryto a crude that
oduce, tra rt n retr ' f .. .

re b e R P et P b ERoo PP ERLIB 2 Witinapgipt blow

35t at®) 101ANMPRT95 °F at 1 atm) have been removed. Typically, topped crudes will

have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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at least 0.1, at least 0.3; b) viscosity of at |east

10 cSt; c) APl gravity at nost 19; d) a total N /V/Fe
w@omsped30df at | east 0.00002 granms or at | eastPOr/08D84/042121

grans of Ni/V/ Fe per gram of ¢

I
het Somse siahilizedsrdes haye gpp?@ﬁ%ihabalmthgﬁ%%@?@fl crudes to be
w3 Ol s S of btk Sunag Ry Bl

resi due per gra
pifddinas puaks, ensspoiithertcrades htvd emesir mbrezamgn‘abte obpethes that

asphal tenes per gramof cru cont t of at

repsh DSk SReReR s iy Ve RRD e 45 tdisportation
f

ca%%?%.g(g}’é{ nggd .Sgi Biciliy, '?ﬁ&saﬁn%ﬁ g% 184y R5FRicHaRRI tH $hed

grans of s per gramof crude; or
d1gad)zamage‘d|cnaiel dihe etbremaiofvalue maydesuentintia msatvejr that includes the

iR cagedba i g op S5 18 bR HeShoH. audp peaty
| eagd B%rﬁeﬁff@%d%nt&ﬁﬁ' SHRs nly ih@a&d, bt e A68H®Ited to: a) TAN of

resi or at | east 9 grams of reésidue. I'n sonme
at baktdt 1, rae teiast, 0.3;109 viicesitivefiat dagstd! OcaStid® ARdyerandipeatanoshN;id) a total

: f : 3 to 20, .0.
Nigy IR sprgnesti i Eodta i Sl he st S5 3 a Pl g of
cridey! eﬁésotan AbteffafitOorflind AEHABASA0 @05 G ileof HBRoAtaME gaf gram of
sufl fur content of at |east 0.005 granms, at |east

crgea P residuaeonteni of atleast OgH :grams pfresidhe Perrasami ohemds:; g) aCs

T e

coﬁféﬁt &Mt 12kt (B@OQI Q@ﬁis o@l\@@ﬁ per @am dffcraicy Dercopesht of melalyfin metal
crude feed; c) Bhaltenes content of at | east .

salts oorgrmieracidy 0@, 1%?%@}9 O amp ef mgtalyRes gram Qherudedy ;)
B A R 0 R o

ofeljsadvantuped oiudef atrietsad.2 grztmsreﬁmbldmﬁlat kagf0. Dgasiod restdudsat least
of at |east 0.00001 rams of

. f de;
0§ ety Sy ueels St FLOdEERs Slrodu dnrame Pl
dléoaag%rli&g%d P&l rgmlﬁav@f 2 TARALY MHRIRM 611UA®:3 A20, @assaro 510 10, or

rans, east 0.005 grams, or at |easf O.
0. @ma@rﬁ t«mS [Iy@hrtauawrbbwthmnmlmwdbmtagadg:w@sgmr gram of dlsadvantaged

stribution 00 0C 1 MPa; at
orpds ey ity O ¢l oG s g 0.4 By Reast
0.62 §@ksgrams of hydrocarbons with a boili ng range
di Stribution between 200 0C and 300 OC at 0.101 MPa,
at |lsaeme embodimgntmdisadianiaged erudesipye @rwwsaﬂclﬂdmg, but not

iy TP Dby ACEa 07 500 SRR ot Selie byl SForveen
e@@ﬂmﬁ&f &rﬁ@esfee@ AL :gispitené! con@asbt £4.16660.04 gfns (ﬁrcsasphaltenes
| east Qﬁ%r ans of hydrocarbons with a boiling range

ped gm offmlql e¢ed) dezhen donalesizgdaviseitnonexampie St fora

inn .
cr% x g Elggg ra%tﬁg)%t E?ytl 10 g}ta{%}%&ﬁ Sg rrng{;%ma et?lesggt% of organic
aclisQPat Eés’f! IBE00001 g fasdtald pelgramafernie; dryf) bomamlaﬁmﬁs thereof

wWith a boiling range djstribution of at nost 100
0. 102isadvantaged ¢radestmey wolugde.gres giam af 1pegig§@tagemgde at leastO 001

r t
e bea 0.8 RS ory e L AR o BRI i b ramee
dlﬁhbﬁholﬂietm 954C hreEEI0 T 40U (XJFMHE at &dast (@%b graﬁlSOﬁBeast 0.005
or at least 0,01 gr of, _hydr.gcar bon

gr
SrBBI T ﬁbleasé Q01 Brams OB e MBI BN Drengh ISEEW%between
208t QartiBhoMBex 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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at | east 0.001 grans, at |east 0.005 grans, or at

| east 0.01 granms of hydrocarbons with a boiling range
waele@s06d308 | on bet ween 300 0C and 400 OC at 0. 12AT/WPRD4/042121

and at least 0.00 1 grans, at |east 0.005 grans, or at

at Oé as MRy; end gfrleass 06P1 Wd’fl% ahlens 9007 arams, 0B 8t leasid) (agrgms of
hy@loRhiheRti Rl bgﬁfngg% 00BN ER A6 R aft AL 101 MPa.

YA vant a es may I nclude, per gramo
di s DlyaRhaged drﬁdﬂslena}aﬂncluda,qier QranOdf cgsaiwantag&d dredaes tat least 0.001

0. 005 t | t 0.01 d
g Lo S e agat e oo A By RaeeT v g bpding range
dls?.\‘llglgl]onwat mtoﬁeﬁ)gf*?adé\‘?gl rﬂlg\g %,% ?é’astb(pg(bl' nggoe[méh@,?@bés grams, or

crude per gram of
at waganmmg eflhgdrocteboras witle @ boidmg rmfgeshﬂtmbutymrmt\mdmo]rw °C and

208°6 00T 2400 2t Fea 00 egr s lngst 0. ST S: gr FeaSt 0.01 grams of
hygfo %%\Sﬂéq{;vﬁﬂ %%oﬂfngq%flgea&sth%ﬁﬁén BetR0dn 2P TBand300 €at0.101 MPa;

gr ans east 0.01 granms of hydrocarbons
at leiasth0. GO 1bgyamns, rag laaatr{g@OSdgnamSJ dmat least 01 gtanised dyd@oarboss with a

bog% Tapehgr O SR ot S ARt o 0o

gréths, laBRat 01D0BARagE, fUi“ﬁt leRst (B01 gramSof Qy&éczﬁb@ﬁﬁwﬁf a boiling range
1ydrocarbons With a boiling Fange distribution of at

diftelrgtondBOVGE 408X rapiéS 05 Qﬂlosl@dl M-aged crudes that

mg be,.t r.eat.ed u5| t he pr cesses d

" o o R rigbioBBE SRR Rt G ldn B G, at eas

0.602! drovb, 8 1da81d). G0BSgridins | dieat Wakd 101 hafhs o@umroaqasﬁs &l a boiling
sout hern Californi a, Canada Tar sands, Brazilian

ralmrdl-ﬁgb@tm c(f@ﬁmgt H0siCnat, 0. EYyMPrain adgition ¢ higheroilingd,

e ‘Coglg ﬁnen yng %%ﬁ?éz ue £d§%ﬁ?%eé%%ﬁlggsg e§g %f(ﬁggéﬁ on es?ecl crude, a |

20

25

30

coﬁlﬁﬁﬁéﬁ’ siich Kyc&a&dibc]!ciﬁs og'fat giostﬂgﬂ gfm&gﬁglt ﬁrot;tcﬂai; grmlyshenﬂanc e .
the propertjes of, t i sadvant aged crudes such that

 he SompHigady a@a%?éccé aBp e, rp%hgraa} ?@f I5agnanipghdgpude, at least
OLQ({)@%&% W 1eaft Og(rj%'aﬁg Ok 1ALSREY @ﬂahég)?ﬂy%@:ﬂ%oﬁmﬁh h$oiling

etreate Inis referred”to as "crude f
rafigeadistribat®on efed laasty200€ G aPpdd, MBs descri bed herein. The

? g:%e nggcﬁgpglgl%q iggej:‘ZlgFl tchsng{yrlgp égﬁ}é grgtnp}t g;o (éiﬁtdlglgrgcﬁ:%e% crude, at least

0.40r érﬁﬁ@%@@é’aﬁﬂ Q0 PRIMR! rortai’c eaLRoL g raftis QB Bk 808 b6hs Wik a boiling
crute product produced as described herein are closer

range dlﬁﬂbtﬁ@]ﬂ@@[ﬁ)lﬁﬁﬁﬂﬁ@ “6roperties of West Texas

I nt de t han the to

t he TLORRS SR es oSy bi Fue fhube fRThoi s
deSdritsde hEl%ﬁijmcIuhg rlﬁl'@k{reqwﬁ ARfied 9o, ldARlce GOROGN the fcﬂlo&ﬁngﬂfeglons of the

the crude feed. Such crude product may be refined with

warkk 47.8rGulg Consd-and eeuthern Califdraiaebynada ah&qnﬁlg, Brémhﬁn Agotos and

AR SRE 50 CHERESTBE EOERREEm togt s peao

Offiildkd, IGhaics®Boh#&l BagTWegeAublab Zutih @ﬁ[alaﬁ’ﬁ@,&mﬁ&ﬁﬂon@ﬁla Sumatra
crude feed in accordance with i nventions descri bed
her efrpatmgyt of disadvantaged crudes may enhance the 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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i nclude contacting the crude feed with the catal yst(s)

in a contacting zone and/ or conbi nations of two or
WOI08/066303 act i ng zones. In a contacting zone, BECT/USAS/042121

one property of a crude feed may be changed by copntact

trapgpottie and(pydrepi@aat. wProRertiss obtheehide rradust Pradgcqdas4iessribed
helg 5 RS RELARREDARe (rbfeBby bEW e ona; B dBate crude than
thleru@ foydlrop ghisersto uhe:ﬁ)rrdsporﬁhmigepmpmmds ofBtent ciulig than the crude
ydrogen source i s one,or nor ydr ons.thar un
feeéempgﬁ i caBFCHE A §CWGRES ¥41BR efihe &&d% sefﬁ ~igh ggide product may be
Vi ) Pel
B g L R
trestyiienemad O ludeatesilfinizaties, deowrtadlizating aud/neati®phericulisdillation to
feed ent er s contacting zone 102 via conduit 104. A
RS IAIUIHES zone may be a reactor, a portion of a
r eagt Ofimefifll Phde f@&{ fl &E&d@xﬁce@wﬁl@ﬁﬁ%ﬂioms@%scmbed herein may
conbi nati1 ons thereof. Exanples of a contacting zone
indluntel codimcting theckelt foekiwith et @talysi(s) inceebniasting eemt ai1d/oran
bed rea ct a _conti-nuous stirre

co Bifetings ua prmiore oG SE 0B PaaEiE k] Sne property

of b 8AfleFbed 1ﬁ9§db@cﬁdngéﬂ By bt f GRMradd foéd with oge b fiofe catalysts
enbodi nents, the contacti ng@yst emis on or coupled to

relativegbftahsanes rapértyi efithe cude dn sethe empodigmentseePnigoting is

t.he c 0 ctin S
el e hihke ba BRREGL olfecs ¥AERL ERBadReniCug hvdrogen
SOEBA R dHRYOr InitEe H?(ﬁo&[isorﬁfthd&ﬁﬁlﬁem@ﬁ'@iry@hﬁacﬁﬁ@ bommﬁﬂmlr&,ct to
two catal ysts In sone enbodi nents, contact of the

prca@@m@lerﬂéf spallipmpuntsrefhydeaesn %‘f‘or@@mﬁ@) e ctdg ford: 5
d
T G 5 A g e SUAERRUBIL Bkt one o2

crullefe@barss beitettigtzons 1 @Dniaenhdw@ntiod. n BeﬂaﬁmgAthe may be a
gravity. In_other enbodj N, viscosity, Ni /\{{Fe

rea@EPﬁt ?éh‘?moﬁ ef %F‘??ﬁio&r%m%]r‘?tl@ﬁ?ons & rafiféorc%‘ioéﬁ‘%natﬂﬁf exeof.

Engng}(?st&a cgﬁta&ﬁ‘r%?oﬂ@tlﬂc‘?ﬁ& a‘%ftaékgg 560 RLOBE ! 1:R8 1Rl réé&ﬁ)r an

e product ange | east 10% rélative to
ebaldatingbed p@tctqr,eesccnmnummﬂutt’el thgextactbr €CSIRND, afcﬂmdlfled bed
crude feed or . aor. certain
rerg oA e o ORI g e dey Th SeneR ebpiRidhi, te
coﬁt‘a&?ng §sieth 18 oh @0 98ufléP allQ)fﬁ‘:QOI\é%&ﬁltyf rQuhtd obthe @l feed with
or from 30-40 vol % of a total volune of crude feed in

the ¢agalpsi(s) iceantagting Aestenh A0Q o1y bemseatimays Procgsssanrhajchaprocess.

cat st _and crude fee I nc

o7 ant el ST HGE BB ol g
catJaQ@tser BI'$on® engddat@erts @@niabt dﬂ‘tﬁe [0l &Sétllvﬂgl ezﬁﬂecatalyst of the two

Contacting conditions in the contacting zone

cafatystsuney, refuge BAYN ofdhe qrpdg feedh Pwbscqugnbeonings of the i ¥duced TAN
crfe SR fin (VAL AORR QU HER LN e RHUAR doffl ddiherefles APT

| na 1 ons ereo I Ng COﬂ I ons

gr&y0 dh GEHRE mbsdimeatt TAN, edcéﬁypNWlLEPa:omm Uﬂ&r@t@dm cdintent
Wi th specific properties. Tenperature in

rei @it OB qnﬁgAPzI(gli@wwaw q,cglﬁ@gatwlé Rf thgsspropertes @%hgf grydg product

%%gp tQ&s gfg/Pn at%§8%a€{e§§§§ér§,§a&tge &g@%\%‘%ﬁ 'aﬁgr &R of the

crLMB&eed_Hﬁh(oﬁé ot merecdatdigstf. eed wi I | general ly range
In 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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from0.1-30 h 1, 0.5-25 h 1, 1-20 h 1, 1.5-15 h 1, or
2-10 h 1. In sone enbodinents, LHSV 10 is at least 5 h
wdao0amedzenst H h 1, at least 15 h 1, or at | eartT/BR20l04/042121
1. In enbodinments in which the hydrogen source is
inchdeftane 8.084-18 giaiss, Y- amms) & 0. yér%@éhofg%alystm 139 grams of
f .t he gaseous,. en source to the crude feed
Cr”g%ﬁ‘e dP?‘%f"r"é“ﬁag“e‘gg%r%?n 0.1- 100, 000 N8 n3, 0.5-10, 000
N8 (agtacfinBecdHIRidNen thd,coRtabtifiDfbrdimBANBcluBe, HubB@ not limited to,
NnBAn3, or 10-800 Nm An3 ﬁontacégp aﬁth the . . h
temeperaiings pressure, TArogsR FoE el Qw frEde feer flogiar gygmbinations thereof.

: ; ; . :

oL TR G5 S0 BRnth her il S8 e poduc

withapedtBly phpertfesr Tempamtuee imthe cogfectingweing uray ramgs/ foem 50-500 ° C,
argon._The carrier gas ,' . ;. .may facilitate flow

60RIRE, 104G nd0ARI G Prossue i £ REMRGNETGER T aids oo 0.1-20

MPA§- 0ANPACL HU1Pa 5?%%%?3.- LERE Sahé bRde 629 WilldgeAbBly range

enhance nixing in e contacting zon (s). In sone
froantodiorteh 052 ah tyld2ohénl .$4 6t eox 2-00 hex dmpires embodingats, LHSV

. th X t hange b d 20 . [ d
is R dT S0 AT B B e SonORE D 2 Bhe. The hadr ogen
SOURE & BBYinRREsah wHH RE hidi8 o dPiRirdedd sEshlicd ak 81ghd Hfordxtakhple,

the crude feed I n condui 1%4 or separately via
hydogelugas),220@tio lofi theaseus hrdrogemsout@o thoerude feed tynieadly ranges

oo TPt B 2 S S P00y B SHOFGD 530

NETHRO Gk TBI%08 Nf8s:’ coladteiwite FRadtRily , Tik [BalisdeRlsog@s, in some
I's conbined with the crude 25 feed and/or the hydrogen,
embodimats, fs eorind with earrighgastes) and jseieitieted taguahdng contacting

. contacting zo 02. e oS¢ t] 1 W1 |
Bl o' E‘t&%ﬁl{’*r %e%d].n aylnﬁe’ ioepéir a }eoﬁﬂtg)g%%%%ggﬁ t eOI(Z:aggﬁlé %%oc uct &

20

25

30

Y ‘me@'l'fdciﬁ&&: ey ol ehesEfdy Red ahd/sroffow betHediydtogpn edlircd inuhé noptacting

general ly known separation techni gues, for.exa e, ;
o) hebe At G coHACCRONGE PR Rt SBREE. Tn some

: en}%rﬁgﬂﬁe%ér ?21&/&1%%@? %&tﬁ?é; ﬁ@r &9:?12)%&:, gl?;é-%)gen, "i“ilihqheln!a%? eﬁﬁne) may be used-

nspo spor rriers, plpelines,
as alcarreg gavarisetisqulated thnapghelsg catdntinggpotessi ng zones,

or a.c ination thereof. The .gas nmay.J ncl ude .gas
for ﬁ%’e%g;allfqgﬁ@ IS?}]I BeReY PR %thﬂ& A0 gOi w%}?rgaagg with the crude
fetith fcbA®uit FoF &%ﬁﬁh@w 8 corhe 106. IRCHRRCHTIRYRNE U6, .contact of the

excess gaseous hydrogen source, and/or carrier gas. ]
crikledfeakwih 8 cgatystarpdues adotpkpreduat shas dreludss sgndsypseduet, and, in
100, ,pyrified, transported.to,other. processi 0
soBp SiiRiints ghs 3P TB GO HIANS it Bty S pRrEad Wifihe crude
fe &AM TN firo EANoBRE i Borlddf 106U d8e f@ brvdiidi nfale@xit contacting
catal yst(s) to produce a total product is performed in
zohebODandhanter separatit 7ang 198 wisscondwié 11@t al  product may be

separated to for crude nr t

S 3050 A L 05 SRRl e B PSRl B o
praddiidt héind gbrmredl wineparatidrhieeltiqui] e tkagplzanediquidseparation.

FIGS. 2A and 2B, contacting sgst_em 100 i ncl udes
Theemdeqrpdust manexit separaiig zong 10§yiasondyit bl angthendr figasported

ontacti.ng zones .l
to Bmpggftﬁl?{gc%ﬁrgsplggg‘{es,]si(%?gei\%egseé%, gefgléaélﬁsé, toél?r ?g&e%g zones, or a
coiPR@itiah hz@iTt aUkighgmap ivtudead fenkcddatiog prothsingy (fictexample,
feed enters contacting zone 102 via caonduit 104.
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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In sone enbodi nents, the carrier gas is conbined with
t he hydrogen source in conduit 106 and is introduced
WO Ra06/06d43@3 cont acti ng zones as a m xture. | n cePCHUA004/042121
enbodi ments, as shown in FIGS. 1, 3A _and 3B, the
hy dirospere eobedimentsogasiacting thegradedieedy with thg catalygfs) tproduce a

ne Qr,nore.co ' i
rorg et B RERL B AGRES AR s TR Bfuct may be
sepafHed ?rfohﬂ tﬁeg@u&ﬂé pl\gg@ét ahﬂlgas(és)de f eeg viqa,d for
exa e, conduit 106'. Addition of the, roge urce
and ;‘E&S.ﬂhé areasohpapticypf egyggﬁmntst cpﬁ@c’gxp%ws Eq}](it at includes
crude f a } %l /
oo PGB R BEE R S Bl Bl s
cofite@thgwiohds T aaldyiS( FIGE 3 A& end 3B tinchgdezaméactio? zémwestd2al 14, 116.

feed stream The feed str fl froomcqntacti .

In Pb 2homd th.comtoatng oz Ao 114110 e dppieted s Sehagpig gontacting
e I .

ol SFLEhLENR R tomeonianii e maidiga e

may Ii ferheiclabadiments, the cerrieaged iy sombindd vathahle hidrogerFjoBree in

2B, the feed streamexjts contacting zone,K 102 via .
cobiclitrand FingRgu e Bioahe SRR RPN E THEATE AL SRl
entbBdiilets, 2BsholEin(FaEY. Bl AR 8B Ihe H5ARIeRR bbiide &RTI6: thd darrier gas

via conduit 118 and enters contacting zone 116. The )
mdyematbr sher @emr megre bentedintgzonesiwith the fepd peyiarately via conduit 106

tal yst in contactin ne_114. and/ o nt act i . '
an3h AdkBbn pEpHRaN B! B sa oA he s ERMh Bl 106.
AR drSofSRhRRb Ei ot iR and/bf tIRNEAR g8OEdBEd:ite thezfluve oflthé crude
and enters separation zone 108 via conduit 110, The

fesimaieenhanciumixingialidder qgatact of theprale &edayith g cpiabift-t he

t ot roduct . The cr L exi.f s ' .
R R e e e
str8AROTheRRl seéara foepdfod taNazinpeotp 502 awntbticprdredtlidndn FIGS.

system 100. The di sadvantaged cr Udr%()l( ei t her topped gr
3 AsandoPh dlop feed seeam Japaitem wtartng zanrol WA tg CEBREAS 2019316
I n ' 0; ' e o
o SSOTAL 02, A0 SRRt RSB LS donnin
FIGNDBthe fectiBRean exitd contaxiagpore, 102pda gomdyt Itdrdnd anters contacting

separation, pr u eduction) t roduce the ude .
zop(-ézlﬁ. %%amﬁ%ﬁé’. gﬁﬁtﬁqg ?eeﬁasgrfeﬂ% eéi%s ?@3 ing Zppg Hcl{ ya conduit 118
and SR aH Lt oM d8 gdi Sadvant aged crude. In anot her

exanpl e, con%onents that have a boiling

range
di stThielfedd sreamahamb®Eonicial witke pdditiargd c@@jynsms il gontacting zone

tl t tiall ted f t.h | t .
11 aier eoltproaend 1 FEBTRRaE  akbPore, o THERb AR R
coffactifiPsinea 19 Ahd/oP PorRictin@Phhd 18l Gl <neiFP SupatisionRb e 108 via conduit
vol atil e than naphtha are separated fromthe

116i Thdvarde aguhictandder. gap is (Stsecnariedifimathe totgprodugt t The crude

rtian of the separgted cqm nts exit separation
prg‘g‘ﬁie’ﬁfgogewgu%%odﬁﬁtogf?490n$ﬁlg?gére'ude feed obtained from
sepanat it Wa ZPBRaASOf arl EmBeliBeRIadepRalich zdneasteam éf
m xture of conponents with a boiling ra

codfasting $gtero WG The dipaslyantagedereds (siﬂgleritmg%ger% untopped) enters
SRR o) Rl A2 SRRt KR BlplEat g

0y, he“'separ a crude feed |

diSAd¥EMERdRrudedrBepaenédusind Rclenifas knogn iatigert (for example, sparging,
di stribution between )

membrane separation, pressure reduction) to produce the crude feed. For example, water

may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at
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100- 1000 OC, 120-900 0OC, or 200-800 OC. At least a
portion of the crude feed exits separation zone 120

w@r@seed3es s contacti ng system 100 (see, for exeaps2004/042121
the contacting zones in FIGS

. .1-3) via condquit 126 to
leagsepaftiplly iseparped Eonsibg disgdyaiaged Celdz‘i&% PWB%@I@.CNF‘% %%ffm‘n some
odi t rat | 1L
e iR ot S EREO D AL PR PoRARIIO BB naphtha e
sepRFBSES S Alg: disdivantagetberndadincon@enitwdimer tg et least asyetienof the

100 via conduit, 112. |n so enbodi pent.s, the crude
sepgTAtRALROMAOSCP XY STPAFHOR Zﬁng‘f%l(a‘élat"ﬂ%ﬁf @2541' he sane as or

di T 16 Ebe HeABLlAME LI Sol @Rt JRE 190 3BbGe chibAmiHES includes
product may be conbi ne th a crude having a
a nflkfuf s fovimponete siithys bdibngehyge disuibutionof af leasb 1 @htedr, in some

ernbodigssis § bOHNG Fbes BTG Teattd2BRE: JBisnlrtye spparaied
c ‘dg Tﬁ?gﬁﬁg%eshﬂ?ﬁﬂﬂlé REEoRyERlwitl BBoilihy SheR dRMGi oRBIEtween

crude having a TAN that is different,
100-he0@®@1G; 120-900CCHgr 20003000k tAt lhast a padioa of ti¢ arhde feed exits

bet ween t TAN of the crude pr t apd the crude. .
sepRRICBIRY b BHUIGEE CHdge e SePPal s ol et afefo oparine
zofE3Gh RIGS ERI VR BonduiiS1 B8R fiikthel bfoceszed i foe@rd @udle product. In

enbodi nents, crude feed enters contacting system 100

soré embodichents, sParatiandont 130smey bgp(pﬁétﬁqqeé rpeifeanher downstream of a
de%hgldgﬁﬁqtlﬁ. < Ja%a%cgggiﬁé:‘:t%en%ll@%gr}oﬁn&t;egﬁse Xﬁr@@fﬁ?%k’%‘grg#@? rYéa conduit

11Zone 130, at |east a portion of the crude product is
conbi ned with one or nore process streans

f
exahpsane embhydimeetsr the srusiepeedvckisdiendsd Wétbﬁg%géepm%iﬁ thspame as
f | ' o
or: g{fge?n%% 21%?1‘1;’[21 Qe e Wa rgfratgg ?Hﬂt@ 8&%&%5%18% Bea €5 0fed with a

, Oor mxtures
cride @aviag aptificont vischbiey themubg sasubtingdammblended geoduelthving a viscosity .

crude, or m xtures thereof are introduced. difectl
that iy betwecarbe MigeodHeL tperyde pgdyet ST aeH Bl O ar%ﬁ- In another
ex%rﬁﬂg,rtﬂa il @chi#gt %13? be HleRliet Wih SHRIE BAVIABY TEN s & @fferent,

near [ zone 130. The bl ended product may
theretst prpdundingcd podedithatdas b dASN tesisgretved thy TASY ofitbe crude product

and/ or _tragnsportation carrjers roduct speci fications

and fhe ails: ThGEIarde] Resuet ey BEepbleOF titspS ity angRirfRghent.
of AR SPQQ;Vﬁ‘ﬁil F1G. STANcerMiS 6RBddidentd cro@iRbd 8hteRN®ntacting system
thereof. The bl ended product exits blending zone 130

100 ivia condvibil 04, 284 at lsagie portaansefohe emde produeicexels eontpeting)sgstem 100

.6, the djsadvantaged.cru nters rat 0]
el L B AR 55 % Bt oA DR B ARE 138 b et
poRtRRATAhECuAS plRH 8N ObShYineeGahioRe @r indrd rbeask Bedmidider example, a

feed. The crude feed then enters contacting system 100

hytitecaibgh sicesm stich as pgphtha produead fsomserasHionf ONe OF FGKS $THEe

dj sadvant age rude. exi rat.i j
fods 10 5 e eeo S fillec® FRRIGR  BRaREOE bt led bdduct, The
pr&ekd SircaRil @Gdd f2ed,Sredes 6t hdAwes theesdif aresinhb@ndd diyeathiato

130 thr ough conduit 128. Ot her process streans and/ or
blendingsrone 8@ pr wpstigam g spdivending aaneada ¢qndyit 197 o AcHReRg tystem

132 ; “oh ot
o R OB BB s
spé@fi€atibad dasi ghatedriitefinér®4 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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In sonme enbodi nents, the crude product and/or the

bl ended product are transported to a refinery and/or a
woe@anesnt facility. The crude product and/or PhHUSﬂmanln

bl ended product may be processed to produce conne

pr ouEls 6 ﬂ@tﬂlw"@f}’f%ﬁéﬁr“%‘f‘a‘{m%ﬁ S§RFEAtiOn{eRe ﬂ%‘bt rh Condmt 122,
br r

oo APy SRS G8 ot BCRBLPARRY R e
The cadd Géedaned @ftelb |cemtdﬁd1gmysirém10(ltbr(mgh coduiol . okt lpast some

distillate fractjons. ne enbodi nents,. the c
congpeRfps from flee @ﬁ%é@ag%%’a gxit an o Blera Foﬂfﬁ‘%zl 24. At

f §Blendi

o AL oL PR R TBY R I O 6 e pagiping o
130 @ougii comdsit 1389Dthat pmaess sB©8ns end/att cmdﬁstenle@flzﬂamﬂmg‘r@ne 130

TAN of .th di
dlrﬁqtbloq(}cqlé pégl%{&ugiﬂng ﬁreapopg}%ﬁg;l \8]|ih %%o : 3%@% Poglél aéag/nded
pro¢ é %&%@rﬁed?ﬁ&uzﬂlﬁfblérﬁﬁlgcidﬁgQ3© Qﬁicbonﬂﬁt ¢4tain

odi nent's e crude product has a TAN of at nost 1,
at i sém®erhbodimenssthe Orgle pmduq:bmd/m the blgnderoprodact are or

tragg)ogtpg fc%adget% iy O@yiorf ! h pt&q ucw%?dch%natvgﬂ% Ylended

& HiRHothmertill podhidie suchle @rapspaidtibn fuel,
P’f&“@p‘%%y."ﬂ@%?%%g‘?‘??omo 001 to %%5 0.01 to pgma ne

or
hegtif@5uelolubritants, ror sherpicalsh Belosesingmay rr@htde@éﬁél 1@&3@153&1‘ fractionally

ot O P kol PO ol

fral¥iénd. Fig s6:08 e@BbdiafentshtheClutiteproé@ e thd biendsdustedynt amdair the one or
in sonme enbodi nents, has a total Ni/V/Fe content in a
mqradgéﬂl@tﬁ fracBou, mabedroeni®hy, or 30-50% of t he

ésomg ?&Eg@h‘xeg{s ﬁlg %nﬁfeg)ggdlfc‘? gL 2 TANC 2k okt 90%, at énost 50%,

I men per gramo

- at ﬁfo@@ﬂ% o at aiosd 108 bM’hEd“ /26 0f tfh&tcrmde faed almgemferemhoﬁhmenlsf) crude

oGt s TR s a0 Dbt B e b i

Wrﬁr&ﬁmnte%oﬁf##&&ﬁ Aascride §1§ct %aé(a FAN O O 3%t Of at most
Wi e.

I'n sonme e ment s, etotal Ni / VI Fe
0.5 antestt 0. Byfat st @24rdengst 6.d et atingos7 0.05 3G%N abthe 20w pmduct will
/ VI Fe co t ent ,, of f eed.

g e P0) | Ao e BBt o LEO e embBdiments,

T&I%i—"ﬁ{étcr&ﬁe }ﬂs&ﬁh $nalyTbe 18 b #n e ddns 0001 @6 9300.01 880.d50100.05 to 0.1.
at nost at npst 50% at nost 10% or at nost 5%

of tlh eomotemlbodmmmhe@rudmraql@t has avetad NiGHFe songent of at most

nic agld rud Jeed
oo RSP b [ SRl S S copen e
criRifRESE The éfﬁ&@ﬂ)ro&@dttﬁ sBme@ibatingends; heksa total NiNARg €ombnt in a
1-80% 10-70% 20-60% or 30-50% of the total content

ramge crfelt- %, 10h70pet 20- 6%{911 9153 (o9 0% rof i NI/ Ydiecronient efifhe erudgdeed. In
ce}'tﬁlgle dgﬁ{}&ltg élfecér %ﬁi 151{38150’[?12@ %refaélla}ﬁ éfoc'iﬁ'a batlet ﬁgé)ttclﬁNl/V /Fe

carboxy c acl

cohféh@in%rah@@ﬂ@ﬁl)SU(DfQﬂahﬁtQGdeH] @rﬁhﬂssaﬂiﬂﬁ giaes.to 2 x 10 grams,
les of carbaxylic acids include, but ar

orl]; xﬂn@ egragmg o ﬂaaspwt rEane BcGedain GpROSHRETHS- b %rug%ﬂéfsa’f mgst2 x 107

benz
L e S D
70R18DOP,B0AEX% o S0al1ked ofithe @V Fe corttat of (lfe@ructeﬁaeﬂol e,

magnesi um cal cium and bari

|
exarkpiseme 2mbediseytss e ,ﬁru}ﬁpro%éﬂt bﬁq(,]:a? tfgaqnﬁglgtgpg&te@%%ls gn Metal salts

of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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exanpl e arsenic), Colum 6 netals (for exanple,
chromun), or mxtures thereof. In certain
wenwsasasent s, the crude product has a total COPEHHSZOM/042121
metals in metal salts of or ani c |ds er gran
therudbeprpdesd as 2 tatal canteriRfangtals i eﬁ OfgAfad o a range of

r
AT Y )
acif®inathe salde Fecdl (rpgdobcdatiat germ&rllyg&annmﬁtalcsaktﬂjmolude but are not
product. In_sone enbodl nts, .a.tot

f
hm(}f@ti 0, sathox kg agidss duels, 19y @ué[fﬂn&c aac6$sd grcl:cg?utlfqrr:ltgteg -+ Eagnples of
carB{))?ngé LeidsSndiQ elﬁg'g/ﬁre ﬁgt' ﬂn?lﬁe/& ’tgl? %1 sﬁ'Qhe}ﬂcoa@i&’sf pﬁé]ﬁnfh?&ﬁé acids, and

of ma In nmetal s organic acids in
beridog aididEhd meﬁl pcbrtlon of thainmetalrsblisiinap m@udemﬁtalgnatvlﬂ@or@ﬁ(ample

e S R
and QarillﬁlQ)O/‘Co (5 ﬁeta?so(férl&a@npfér zHe@nd %Q(%’lﬁfn)t O6lufdRl 15 %Ieatals (for

gravit the crude feed. In certain enbodi nents,

engnpia latsym(c]i Qdhemn |6unmalp (ﬁod ereamyle, dhrarium), aOnixtBegheresf.

Ui s b GRbafiniaS BaGuC At odHsh Pogiet spRed Bl fet

salf%foftogganYd SGES %)&rygr% otflaﬁld@ ioestRict, @ rargd fA8.0000001 grams to
ments, the crude product has a viscosity in a

0.0080F gravs, fi0maDOG00P03 SO to/0.09602 guanes, ot frem).A098] eyanes to

de f
o a5 B TSR DA SRty
sorhé @m%B&h%nfseg%t&WUoh%nt bemA&Rls i hivdl tsyltdf drg’&n@didﬂdiﬁof the crude
product is 70-1 - 120%_ or 90-110% of th

prcglmewlsﬁp -13Q%, (8911@8%& eéao 1 §Post e ol éa’iltﬁ%trﬂfénet%lh@ @P‘@H%alts of

_Or%ﬁ a%?c{slﬁ%hc’ cqg%%}eg(ll het.eroat ons content of at nost.
nos

at nost 10% or at nost 5% of t he "
tot &hh chetie e@bbdmRnBPAPEAtvif of the ceudedeodieeprodiiced from contact of
certain_enbodi nents, the crude product _h

tharnds 5ad B¥th OB thsrcoRCRBEATCLRS e TPd20% %@5}?% 90-110%;
or 16335050 heoAP?% rabi §1§th8 %r(?d@ffeédh Qn Bhk@h cABbEMRAO AP gravity of

content o I'n some enbodi nents, fthe
thesc:hcﬂmproduﬁhsefrbmolﬂ—‘tﬂ;éSdtOudJquaE@duct may be at m)st

90% at t 50% at t. 10% t 5% )
sul (%Ilgl Felzad”ﬁ ?@h?(%men{%h@gg?%ia é)r?) u&gﬁ%sta Vlirsr(i??sélé%f) %t I‘ﬂOSt BS %, at most

80%1’6996 HAER78% 6fhtﬁe GHabishay RF ARUShddREd Alnsdohfelimarhent, thé crude
[ east 1% at | east %O% atl east 80% or at | east

pr(ﬁﬁl% loefs atHecosity e rapghoet-6@5f, 2hé0%x QJOI%O - %S the visepgisy of the

nts, the.sulfu content o
Crurdg%?fi rlig@@}meggxbf@@g/em eIESPTHS t?‘ cthe® ucfléglgtr llgcoglt%‘gjt 0% of the
vibsity ¥ th¢ bidge FREvhileNhS ARE g@mp df thenihwde produdt isTiot 13096180-
content of the crude product be at nost 90% at
126%s or %q/ao%tofﬁlmAPmltsoﬂle@rudﬁqu 5% of a total

ni t rogen con

enb &pj ?%ﬁ Fgl en plents, tuggﬁlpdr% gg da to a?h?t%fota?dnﬁkrcontent of at most
909R At Rkt IV, ak nio@ﬁﬂm,l&@at filost ﬂa@f th&&%al hétetoa@ats oﬁﬁ%nt afithe

at | east 99%of the total nitr ogen content _of th

cruske s flaeantainembodimcsit G TR BFOGwA §aTa gl iglseptoms content of
at feaglct A ,tat ?Jastt ib% Gk ﬂe‘ggt 8%5/0,%11' &t 1e98%994 ofME 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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usi n
-+ T0g%3R7

95% at nost 90% at nost 50% at nost 10% or at nost
5% of the basic nitrogen content of the crude feed. In
wa@eoosasasoenbodi nents, the crude product has a PeEEUS2004/042121

nitrogen content of at |east 1% at |east 30% at )
lease809%, @OdcagiO%% of basulfurpisnt phibe prdedes tSIPé@‘é‘ﬁ embodiments,

cont ent ] - dbGR01 £0% bPhe sulfur
e N L S S AR B s
cofRfbofate ¢vadé fLA% at nost 30% at nost 10% or at nost

5% of the oxygen content of the cryde feed. In certai
ot G FoBR PEDOREnEy (SR THFREID CONARIOT PP SRk BRPCBEHTBEHEE al most

f 3 % %% i 0 d
R e R T
feed. 90 wertanbmbbdiatnss, theheudexyrogdurt bavd otel nitfogeheontentdd at least 1%,

roduct 1s in range fr -80% .10- 70% 20-60% or.
ot 000 ot eeH@0Bse 6 ahlces P UrL B A EosiaSPRERLeT fhe e feed.

SO ' ﬁ&n ! B COMERbT Bk cBRleIRIMIck Hrafet Sost
co%%gér}ggg%l;}g@ e ESFE%éé%E% %ct may be act r?oqgt §O%a?at o
95k at MBS0 Yatat most S0L04t natst hPét orgauist §Yeofdlambasivt nitypgen content

t he carboxylic acid coppoyn in.the crude feed..In
of e SR R HAM SO E B QoD AP iaS 2L 355 pifelen content
of GPREE N Y%, Af 16@I00K it 1e85tBVYL of AR 9YS, &ff th@basii@ﬁ%ﬁér%ontent of
at |l east 30% at |east 80% or at |east 99% of the

the oudd feednt ent of carboxylic acid conpounds in the

crude feed.,ln so enbodi nen I i
oy dB roBE bR R ERT RS of BB RRRRIAE be ot most
908Q AEmBIBVYh, MR Riost 3098) ALt 1026 &l SnRN Y60t theed:algess abiitént of the
carboxylic acids may be chenically reduced before

(0]
cryfgrfeeshribsRyrinenthodinagniy, iy @Grépprodue bige ah Ox e sapigat of at least

: 1@@ geggtyﬂo%- a?fe'agt?(ll%r}%g %g{éaﬁg@g}ga%% tsxgggegtcggfgw@mﬁé 820k Feed. In .

compoun
sofhiefehib@ntdngd, etk d:tygon gintanaf fiei csudsf prothect ¢y inderapgeofilomtl-80%,. 10-
' g gener al | y kpnown spectroscopic net

k [ f .
0 aprae ol G ArmonTacer b 6ELl i ) SopapBpdiments
th%?r%% gpﬁt@ﬁ%ﬁ% RPN acid Bgm SuHdS o PRI Ede prbfuct Bal 8%} Rt 1antost 90%,
Q

nents, has”an oxygen content of at npst _
at most SBOY4t natst hfst at 7064t St ofabe cdent 56 teafarhidxglioagidepmpounds in
content .of the.crude. .feed,  and .,TAN of the crude .
‘[h?J FIHG?J di cgrtain, grpg%%entét thﬁﬁg)tde -Pgaflglcglﬁasl?&g{a&] %g/gnt 8; carboxylic
ac{e?f r%o i {und 090 ReasB% AN RS 3399 8at G84680% E61ht 1dabt 9% bEIhS total

ments, the crude product has an oxygencontent of
coatent ezxmtbok¥ic atid lcempourBBogy theterudedsed.80% or at | east

99%.0of the oxygen, content of .the crude fee n .
cr ud8 pPoauRD RS by Sant ol Dot Lo ifced n he
cride e8RSt BRMenHodaherts @8iboRAW Rfdstdne/of Métalfsalide cariostelic acids

feed. Additionally, the crude product may have a
mayobr ehemiedllycadused %pfoase Bei-epbaydic senigiting organic expgen compounds.

carboxylic acids 0o . - 909 . 709 nst
CRBBTSHLE <RET 65 Sl R g TS Ml e
produt® A de Aok bhtiat@Dhtighiangysis gfthi criaeygeduce asipg padsally known
wthin 70-130% 80-120% or 90-1 10% of the

spagrpseeniv meihode (foo rramnie-iniraed aralysiv Wase socHRps iR der gas
chtlrcpmeatggErléllg'l%)].c eed.

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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In some enbodi nents, the crude product includes, in
its nolecular structures, from0.05-0.15 granms or from
WO2@8/06:3013 grans of hydrogen per gram of cr udECT/USZOO4/042121

product. The crude product include, in |t
contohted @t laastslf’/v,@elqas@%%,raé tgast @% oy afyleashd ot O#tlhs Rpeegxontent of
B 57 O SOAC DRGNP MEhe LA 1 MR SO st 0%

or St'1u8ke opY.aduied TABYofiBe whutlbifeed70- 130% 80- 120% or
90-110% of the atomc HCratio of the E)‘
cr udsldigiosallp theeryds Brorctué Tpay haye g GopteRt s agids ahd/or

me%l ?l?s gf%@ﬂ)&k‘p(%%&d.“/) th t 809 Neli ¥ 96%! Q%Oéfgb% %r at most 40%

consunption o rogen in the process i§
of ﬂﬁl oaﬂide\&éédg afdma chnteﬁlrttﬂmn-daﬂﬂ»(thmamglosgmmmd compounds

tu. The crude product | udes c ents wth a
within 6 3078 £, ST L0% PR e B B SHH ES R ningfuganic oxygen
co&wﬁg&ls%&”?r%%déﬁ%u‘jes per gram of the crude product:

at leas 1

granms, or fromO0.001 to 0.5 grans of
hyd i60) &an@anbodmtehtsathb ccruderpgodtmgleludﬁS tim itp orolesnlap ftragtures, from

100 0C at t 0.001
0.Brbks B e e G0SE erding Gt b PR e B en S5 Sk pidyet. The
rL{{%gQ@dqut A hRMdeofﬁ iRehvReN al@Richire, 3 §Q00.9Grahs & fidh 0.82-

[ east 0.001 grans, or from 0. 001- 0. ranms of
0.98ygtams af b mrt@ara oboiude mgodlue‘fn g railostfraitmuqhd r4gen fgeatamic

aré {ﬁ&ha%qmgﬁeog’o flgiorpgélly e WS}@P g@ ({% 30- ! OQo, or %gqqﬁ% of the

atdnAOFFCHaSS 61 Y EHAB FORT VR eidd Bfbdue 2@61&104@/@ 1@1@0 Mlt}ﬁ)n 10:30% of
MPa; and at |east 0.001 granms, or from0.001 to 0.5

theyradeTeod ateyie BéG rasimindigeien thet Bptake #nsl/orzgegaumption of hydrogen in

o theldr:;{%é%ﬁgsurtg%gﬁ?%&‘gﬁgﬂ}cﬁQth){% gﬂ) eé gsﬁprg(%c%H 119 %lp 1 I\/Pa

e Cru nclu

gr amhefenalepeeduet BElides c@hpdreastwith Hfhge Dﬁbmlmg pomts In some
hydrocarbons wth_a boiling range |str| but i n of at

empgdments thecsrude myodiert nmhédewr gramyp qh@agtde@r Gt lgast 0.001

gr%tl% \I%g{]o i(gg@lo% ngagrgaof%%kﬂdc ogl_%?ﬂﬁ/lgg)'oﬁfrfg ngg%reﬂﬁhlbutlon of at

mesaiod?@rend.$01 Mia; atrlease 0000 dreamts, ?Hﬁrom&l/@ﬂla@ Slgeass oﬂl}?ﬁlcarbons
0,01 n

i TG ot B0, B 8T o0

grzﬂﬁ‘é’ of gr\ﬁﬁl ®ofapht %ﬂﬂnQ QPEﬁ?Sca%orﬁtmﬂ%sﬁmﬁnérﬁrg@ HﬁstrlB%l'hoﬁ'between

gr ans napht er gram of crude product.
208 Oﬁmnéﬂﬂﬁdeeﬁﬂﬁl Mlhae atleasjé) (¥ cdarss, on &rone0.80 5015 grame of

ont nt of . 7 300/ 80:. .120% .0or 90- % f
hGHRGEPPhs P AR NS PRI T e OBrpeat] 4 apopt01 M
an8 QNe8R10.001 drdifs, O Gdenr G.00THCH.5 gﬁa‘{nshﬁ”h aﬁfcaﬂabamh anohlﬁ% range
product, in a range from 0.00001 grans, 0.001-0.3

digribution tetwe@n@09-°6. 2d$B8 56 .at 0l 0¢ MR n errbodl ments, the

g8 B AR Do A i 0 Rt
1@@0@0?@&% JTeRtfcalbbss with %onmgdmge diagbuther ofgit amwsof00 °C at
crude product, a VGO content in range from

0.10109B8 and/owatdeash@.00 b g0 @ hadl@mh@ns ol b@@odm& rgngerdistribution
beBlecd 190 40%nd 286 3%t 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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In sonme enbodi nents, the crude product has a residue
content of 70-130% 80- 120% or 90-110% of the

wo e®sdasoxont ent of the crude feed. The crude peDUSN4/042121
may have, per gram of crude product, a residue content

i n" I scamegembedomensobo oide pedyetlas 2 distdlgtricontent oy /Qrkd0%, 80-

,0005- 0. - 01- 0 .
N
crudé PEbdett Masba phitagodit@ide Rrbdud; ih3Qehgedom DAWRY1-GX5 grams,

90-110% of the MCR content of the crude feed, while
0.00hd). Tgnanhs, prbYALCP-21853my C5 asphal t enes content of at

ms hég%#e%}mé&?ﬁ&n@ a%e cﬁ{d]g: %%%dﬁgﬁﬂasgig%}@f Cé)weﬁt 5070-130%, 80-

asp content o e cru eed. In certain
12@%bODOTEIT% of theeV @D canehodftheeside dewle it sahe tibodimedts, the crude

feed is at |least 10% at | 60% .orat | east 70% of

produet es, pes gram pberade PIOdPEnt %’?‘5 PPRICRL T g dares H’%iq%@ s
f I r 0 ithin 10- 30% of

RO R o brpfly, O 02-B B RUIL0.5 gl T °

enmbodismntmbodimente ahe nmde ipeodDSt kesphrasitienemtant of @kl 36%0, 80-

the crude fe whi.l e mai ntaLpin e ively stable
12brorc | 603 Oty raideeoient e HisFE i e bk fay have,
pe@ﬁw c{‘)f%}al.?ite é)?&ﬁféﬂ Glredlidxd dnfent ila SAUE FOHPOJOOENG.8 grdrhe 0.0001-

as nes content and MCR content may be conbi ned
0.5t grayms, 000005 -4 igeanise A0 €63 gragisaf DOMOI gramet ande -0 Agrams.

hi gh vi scosi .components in the cr r oduct

el 3t PR bR G Fols PR B TSI bR 20-43 030
120528y 90=9109%6 %A TRINMICRE: ontemk 6f the chidédeed, @@de @ crude product has a Cs

asphal tenes content and a crude feed MCR content na

asijeltenss costent afdt mpsiD0%A, a mrasbB0%, errai arosps G wé thecss aspﬁaltenes :

h tent and . .
 cof BT SN, Bl AR PO RB LA g1 o
. feddds B lehs® 18%S giSi6ast BOY 6t atrleduT0% o thenChisphalinscasitdny of the crude

conponents in the crude feed. Slof the crude pr t
- feadayhilsethe MGR cantget of teisredopmyuatgs wi%ﬂ 5005 088 M fgontent of

d Q3 ORE4 SHPQdl ] | CRPAfhelontddE of the crud
o T ST B YT SOy e
feddrwiiclmBinBifing 4 rlately stalsle MGR Toftent may sxcteabaithe stability of the

enbodj nents, the crude product has a MCR content that
crydg fegd/tgid progggh mi{urinst  809% at nost 50% or at nost

10% bodR ! Halten & défifent AROMORTCHRS® may b
enbgggﬁéggg} t eﬁg?ﬁggkg%%duc?_has a MR content Fﬁyae
cotmbingd toprofiusDfmatheniaiey rdoticehip etwdd-tBObighfvischeityMtmiponents

in SO (e BB CoHGPAHLS My galE fg For
ex%@%‘?a ts&fﬁ 002 Bl £Q3 @ APBalthed\bnRSt aftl A0ruaE f&WMIER content may
produc

. I'n sone enbodi nents, the crude product
beiremesedtes Hyrnd gnmatfarcradesmoducy Cangphalienes centgniandre qudpiproduct

ans . 000001- 0. 00 (-] or 0.00001- )
MER hteaf nBRpa et o s Updnd i GO 4 asses e
nefAldat Ok in Meh AScRkRY cofipsiteatdiih it dradd feed.c8'wiehendradeipioduct may
during transportation and/or treatnent. The catal yst .
berimy rimgeiftaing 19904, d 81990, or 3397 of $.i Bxsosie, enahogingents, a ratio of

j.acreas ter .sepasati i Litie ) i
Y T G E N R D
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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configured to add one or nore catal ysts descri bed
herein to the crude product during treatnent. The
wa@emdecgndduct produced from contacting syst enPdD0Sivas042121
/;op%rtig i fferent than ﬁroperties of the crude
0Pty 300h ohibs PAERicentenEgf the eTudg deedp (hearedermodudt b, édsome
3 X ] 1.SCOSi t Wi~ C educe
erf o ARG 000D PG OIS0 08 R BE5 k01 0L BRI MCR per

gramyoderidempirédusgen, or conbi nations thereof; e) reduced
ed C5 asphal tenes content;

i d , f d
Q)e > :rlagg@g %g@% if}?{“?’u‘?g Profict éaiedes A greaigr than Of grams, but
R840, GAEED0000ITR.0L Bkl % S090 ) L LRI ot o

aci ds; I nat 1 ons
granef orudepradupt. oPer datadyst afaytassstdn sthdilinpabie trude @k@tucy@uring
¢ to té{]a? cr u&e feed, be sel ecti.vely changed while
ransHOStAtigR ApUPE freatment,, Theica hged infybitGemmosies, igubik Fiction, and/or

inGrbe taidr Rbdriti GhAIEIges T e &ﬁ@é@oﬁucti. tMéJgééds%s ﬁj%h{:h%%{ﬂ may be

to only selectively reduce TAN Iin a cr feed W
configwred iqgarddf ansammhore cataliygts dgsarived emeimto thé cratié product during
ireS ?nent s (for exanple, sulfur, residue, N/V/Fe, or
%ﬁ%gh'ln this manner, hydrogen uptake during
cont@etonite fFBdude froda ! 1 Lk a1
not on reducti onﬁof %@géﬁ%ﬁ%ﬁﬁg‘%ﬁ@%ﬁ%ﬁ%ﬂem
thanoperijgreofithe eruda feede Sheld propdrtiesimiayeneladeyut s sot limited to: a)

iy §i l.ess..of h h en i i
e TSP BB VBB BT ARG BindC b conten
of bulfurpaeayeh mitragehi, SoEhrThARRE tikhettee1aducdd Ii‘és@cthe%h’kenﬁtﬁ reduced

a sulfur content that is accept abl e to meet treatnen

Cs anpiradienes cqntept 2 sdverd MeEepantenis dnerease dPlentitye adeduced

ol RS FRLE S L ol S 06 e

embodineats) ook oEmbd= pdpdrties dfleatitle produety rdldabk 6 het@dddfeed, may
more. bul k metal s._and/ or one or nore netals on a

be Selgaiyely hefedbily hrrmroBRiies e meheasd FsomvaopT faneine

sublsednital gl?jan%@.npwn@ﬁe, 'itflﬁar?{?% @sira dl@.?o Sﬁty%h%%éel red%lcl:enEAN ina

descri by erein may be | duced into-"the contac
cruge ieedaitlzoup pkse sigsdicantinchanhimg the emoentad bihee c@spa@nents (for

exiiF oo NI b S WREDE JRtud iagshs B rneen Wpioe during
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corgponeais. nigrusighe dddhelioe atude teall ops tbe redixedypyiele wing less hydrogen,

. ' talysts thatare,contenplated to be used
singEIRERE PR BERREALR a6 fRR SR FomRats tBa crude
fee@3 1] for(&34shipleCd dbadvahPded 63d8 haddiibh T Hut SAedur Sttt that is
C524; C534; DNII G DNI20; DN130; 140; DN190; DN200;
acceRighls:to preh reptmentzdr tERERdatiomnRLTatiaNBe0 sudbNgadiced may

be B iclhils T Shfindinc® Eal st e iR 0B 260
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forfo W19 thePORRGE L icgﬁp&indt e EhUAE ’fﬁeegatél%“tls 3gs%ribed herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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sog embRdimeats: e el ymchidse Calunyy 1 wlemenit® inpdditerto the Columns

o 5-TRhBfaRs) r@@n‘@%s%o@uﬁ?@é gfe&gﬁjﬁ#ﬁaéd%%@o;%?hﬁuaﬁ@e catalyst tay
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e havfamgmlfG‘O(bmnﬂ 13 eRpent edrldentgper Zrdm ofcangllyé infrabigedfréh 0.000001-0.1

o0k AT e o
. cat g ¥&taih &ﬁb&ﬁﬁﬁn@% %y&ﬁnﬁﬁﬁ%l )1 6I etﬁﬁ% i@ réattagfst may

t he conbi nation of Col met al
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t t | t | ud Col t
T e SERC
grdogd, 0)005-001 Qiﬁir@ ot @01-DD8topdrad. 1AL nfhotRL&s, ik ctalf‘e@yst 1ncludes

cat al y be in a range from1-10, or from 2

froged). 9@(3/1n0 Qﬁﬁwm@i@@umnﬁen@ah@lpys graimef Qﬂtbbé%olnﬂmneS
8 G MDA Sl

metdd@).cat al yst may be in a range from1-10, or from 2-5.
In some enbodjments, Colums 5-10 netal (s) are

i ncBt eresmbpdinents,the eaialystineudss a omhiggsiontof Coltmn fmetal(s)

I
it FPaBty kol B Rk sSRRLLRR 7 0] KTt gotum
metah coCplomat enhetahmag be dep emigh GO0 1-200 €-19USPDE T Al @ofaPfdiio of
I'n enpodi ments in which the nmet al (s)

he cat al
Coérwa’/ Qc)meal Z&féﬂlﬂl{né‘f Takemetahmay beth a range fiemghi -28f 1-41Acor 2-5. In
ficbbiiheh 8L I 5] nd al
e SR R e RO oo T R g A oF e
combthatogt er(Solumn Gasetalis) vatisoreat lmlﬁe Besaefrom Columns 5 and/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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materials, zeolites, or conbi nations thereof.
Refractory oxides may include, but are not limted to,
wabkaFiona03 sil i ca, silica-alumna, titani um oxi PET/US2004/042121
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alumina aglpl:;’a z’ﬁumma or combinations thereof. The amount of gamma alumina, delta

alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be in a

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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to Gabrielov et al.; 6,290,841 to Gabrielov et al; and

5,744,025 to Boon et al., and U. S. Patent Application
w@ndsioests on No. 200301 11391 to Bhan. | n sSoOmePCT/US2004/042121
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| MPIRYE&Né Babedhi! the sagidriinky b impREnf&t Rt Sletal to form a
Met hods to prepare a catal yst using overlay nethods
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S t+ LN _some odi nts he catal yst js heat .
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Columns 5-10 metal(s) is (are) substantially 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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When catal ysts are prepared in this manner in
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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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of the Colum 6 netal peak in an x-ray diffraction
spectrum of the catal yst. From broadeni ng and/ or
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least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A.
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r anggh??a&}y SHYsHYA2 P?ER)SI%ngSt}S} u@‘?n with azagslian pege diameter of at

leh 839 taA 6§08kt g0 KOtakormy %%B%Men%o{h%%afaﬂﬁi H%52819 k‘é 31‘%6 d}ss\trlbutlon

di stribution having a pore dianeter wt
with a@gediangfore diemetsd iima range drodi 20w 8@ A. 100A1400A&Lor 120-130 A, with at

BP0 RLaBREG o ol s B8t S5 EBg R0 btings pov dlameter

REht43i A1 38hag v
WS S0 b PR Rk ARl B Gy, e

catphyst bag aPpgrs sizh didtiigptwnpuitiea giedien gost dintbeter dra sinh fram 70-180 A,

edl ter.in.a ran from.90-.18(
w180 Bt P BT i s B Pt PR i Bouiam bRving s pore
disBéter withinl45a%t3512 067 0A ofthe! iB@B4n Poil diiJer. at | east
220 or at | east 270 n2/g. Such surface area may be in
a r dRgebedisanivio-vBoeh the/mygdiavmre donRie,of 180p@S SizeBisgibution is
vA C nbod n e ca
ot Rt 18 2 IO B0 A oy R e R Beealer ok St 10 Bbutter of pores

in ttheepmé sive diRtribution §&vd 4 ﬁdfb H%&QQW&HHBM AL Ebr@@ rj( 8ffhe median
a of at |least 60 nR/g, at |east mé | east
Poifb AP %‘tsowb@%ﬁl@ﬁ ghe eptalyst hlaé a@prezsm digttigutiguetih a

L AGBRR RN i 5506 A 00UBOR0 AR 4 s

60&/mﬁmnom ntlmbelt dfepocatia |t1yespore Xizs tistributish @Qﬁﬁg b QorBdiakeler within

i nders, and/or extrudates. The
Sodg;a&p‘éﬂs‘l‘ 95}{395’;‘?@5 04¢ Fhag{eteﬁ{ ate crush strength in

aoggigg(gnél\vélgynb(ﬁglﬁﬁ% &VS gg] of‘bgf)esl}% n‘g ggé ger%% };g%t least 0.7 .

cnry fgeorehleastys? crarig/ & cartain cmb@:hmsntsmcee uolsiate dfposadlnidydese from -

sub t tech
03 ST TR 85 e GO SR e AcT GAT(tm Cprocess.
CRI TheteaRathABR! a pdrBGizk dlsk%ﬁﬁﬁ%lgf@%gﬂﬁﬁ bee: dl&\fl@ter in a range

catalgqs may be dried then sulfide ter atlv
lyas)t, llhﬁyn%embmlmew@dhavn a§utfa|0d}yea:mffmamst mo frg, at

hat
leagtaf%ul%ﬁ%om%?tnﬁrq g i%ﬁ%@to Oi%ﬁt %F‘Tq[ @L}a & {5 PUcksufAceazga may
be it & tainge EiotnhE0- 31&5@6@811@@70@%@ S0L35048%/k Nortihe- 290%%2%0 e
of hydrogen, or l'i qui d- phase sulfurizi ng agents suc
as & eraEsembedimenisbe aefalyst havingdy poge Sk ylismhuftmu @dth a median

poﬂé‘q e%ﬁaé{&f 1hQ% eti%lﬁlﬁo 0% %H%Bgve a %c? Areg) ogatulﬁﬁt S m*/g, at

f1zati of processes  ar e u8scr]
leabi¥). mBg, 4681 BIPm g, Sdeaanz0 f/ g;’:ld)r at 1@6’612’5)- 888, %3h §Rface area

Seamans et _al In certain e ment s frrst t
mag B 3 § Snce o 64300 o0sy 06250 e defes nt g 12044 m.
met t and has a
L) b R B R Y e
cylmngeaﬁd/mrmﬂrﬁmat% OTh&. camm typically Gas allysplawByushaviengh in a

ac I t 100rr12/ The pore vol une of
ranh o 155U TR ot | e 31 em. 608 OV g, i20-280 Niom.
Fi 1 5t soft et &Ré’ thAYRal Fst | 2
| east OO 5 gr arrr\rsl of garrrraa?sagggr?laﬁtg% ana’g@l%&%ﬁ?pg !%{ideé to form
me‘ﬁib sqlﬁ@esg(gg@r tgrae)usofy tgetmiquea knowmin thpert (Gramuaplefl ACTICAT™
process aélesltntemell}lona linc )- 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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catal yst has, in sone enbodi nents, a total content of
Colum 6 netal (s), per gramof catalyst, in a range

wo e@s106:30001 to 0.1 granms. The first catal yst PET/US2004/042121
.capabl e of renovi ?%Porti on of the Ni/V/Fe froma

cigep grse Py ragshsY Rsaresease fhydmecaotrdetvidplase alfurizing
SRR el ROl Gl R RL SRy 880 Bl and

portion o cru
sutferinles)n Exaditul saiatizaiopgrodesses afe ddseritetiallES | PutemNUs. 5,468,372 to

salts of or ' ids in the crude feed, or
Seagiens pialsy 6’1‘@9’5%&7%8?0 §WF t#loper t i es (for exanple,
sul firceRRRteRModinYdR, Gt EDhe of%#a)lﬁrtng‘ﬂrgtycata@%? h3H8udes Columns

content, or conbinations ereo y exhi bi
5-1 @ getdl (s Inycommtahdtionheitiye supplognaridies erpodesifedidtribition with a median

PERHIBREIS ot § Ma e b GRS & ool ahibey Bete dAnfise area of a

1eA0 150 BRRN ATRPoRS MREmB LP R ArkESitdlybt hialy Bela¥ Rh¥t BIBIP/g. The first
anounts may allow the crude feed to be nore

catefl¥st oiaghavy a garemiaediming conret ofib dstfehgremsed @ammadumina, and

oL P e b et G At AR o rd Bt The fr
caflfsth¥ss in Somd EthbisiRBesis] AHERS cOntdt oFEoRkhS b nhdlal(s), per gram of

conbi nation with a support, and has a pore sizé
catglyt.rin g gangsram P08 el erapo r Ehedlitghestadystiincapablarmgeemoving a
d . A st _60% of the taotal nunbe
pogf AR A AR cobls SRR ThuB unchiSg o Bl o

coaatbate/stT AN v€a arvde feedd taamiigs atiédsbh Pordion Af ee €@ phaltenes from a
di ap pore di ameter. Contact of the crude feed With
crydeieeds sernoVing Alrgs @ Parisrofdhs matslsdncraial salts efgprganic acids in the

Bl R ———
conteat ¢ grafityt fevidue cortére, sraoventpatioas theesohay behibit vdstively

s RTIGE o KRB0 BB RCaric e Sore s b R elle o
o 1 t i N
se@ve@ﬁcﬁ’&@@ ﬁfbﬁ)leﬂiéﬁ b8 cRRB L \Jvl'ﬁ% o AL ghﬁg_g%%?%%ﬁés in

3 reduce at east a portion o e COo
relgtvaly siall empuonts ey BiNwahe tivde fredde be ewde efficiendgsteated. In some

ti f th ts th ribute t
enfbQires By B RS C OGS SEA RAdTeadBE OHET cast a
por tth @ért£h etbediMenty/ fie s@&ﬁhﬁ‘%gﬁee SHeatabRt LUGRIRAQAKHED (ijncludes

Addi tionally, contact of crude feeds wth the secon
Codumnag 34 0 mesal(sp iroenselinaiton ish peenboct and has aporesiat ilise]bption with

el he fu ont.entz r tive to.th
a i pE AR b el ot B AP B0 ARt Blte v St otal number
of poied in he @Atz EMtriBaNeh of thelkdodhd 6aalySiHaveh p6RO4idR0% Rithin 45
the sulfur content of the crude feed. The crude

A o tha mediangpradigmeiexhContectabithy ¢1uds feed math the brsand satilyst under

ol s SR Ao e L TRl s R fiperies
(for exataplt SEANIBignifiewstlyachaa @l ielegivy td 1w seae bespertik NF N ¥drgde feed

(for exanple, at nost 50 wtppn), but a relatively high
whilgnqthes Dpsriics gesoniy feanged by a segll eareunofA hidagen squree, in some

bk ' IS rel atively high TAN
em?;?or eggh{p@a?g?fpﬁh&%ﬁ&%g%?ggé ) 3) may render the
cr udie semdd eaalyseptphddacd atrledst apsipion tofitheadngddé@s that contribute
refining,. A djsadvantaged crude with a relatively_high
to the 'ﬂaggﬁgmeé;ﬁ@k fg%iﬁ lagq@s% RePTENRTshe components that cont)r/ibutegto
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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| ess stability during processing relative to other

crudes with relatively |ow C5 asphal tenes content.
w@omvsacd30df the crude feed with the second catRCTEERP4/042121

may renove aci dic conponents and/ or C5 asphaltenes

credsyarp st ithg rekptivaly smedphange iatheialfus sententirelstieto the sulfur
cofERPSH B Bhdte fRAYSE Egd}ngﬁ% &%@ﬁ@g@g@% %P}%\%g Ofulfur content of

conponents contributin
70%-33@%|otfyheos‘ulﬁ1h eomtent @€ tHeawddd fabdl The adude produdiitsyealso exhibit
rel aitlve the c?sit of the crude feed.' In )
relagyqlypral igilg esnient OO ot e residuecntent relative to
thé&%@@?ee}%at aI ysts may enhance stability of the total

product/crude product m xture, increase catalyst life,

al | dwsomeiembnsdiments; theycdudegfeed mpy akee bielitivelyclowdwnfeaedf Ni/V/Fe

R PR s Gl A S
coﬁ%ﬁ@oﬂ}ﬁetﬁl@ﬁﬁhﬁéﬁl sdltstaf 'o?éimﬁ?&éﬁ!lsy EA re)latﬂ%lfey l*ﬁglz ‘??\J\? gﬁ?&&ple

nmbi ning a support wth
TAFN oﬁ eltdeaa OGanwyyrsndep tl@mnu@)feed mceptabib Yt tramspartation and/or

e O AR50 D SIS wBR sl may et

lesk k@bilRY aiihEprobsks gré‘lggveol@)otﬁé?rcrlﬁieﬁ SlidlkMal Ay 3R @5 asphaltenes

period of time to formthe uncalcined third cat al

cortgnf (zantaet of ﬂpf@ cwlea”f]gdswﬁb thecearut catalysie magdcemovaacldlc
|
co%nﬁ&?edltsl ar%%/cfr%gta%%a%ten%g %%H}bélrﬁpg? ig{l\gfrg}lg?ﬁe ﬁggeé%egd tIn some

emBotliuants] BedatbBorEstt Cscakﬁhﬂféhes ﬂqdaorro@ﬂgﬁnéﬂt@ B@rQnQ&ilnng G3N may

(glﬁarrs 0. 005-0. 02 %é or 008 gr ans.
reduge the visgosity of thesypde kendiiptal prognetrmisdme 1 @twe\,tptﬂse Hs@sﬂy of the

- ok 38d: Ibﬂe})c(‘f %@%f;f %m%%&]‘]ame'h% bheEa! n%&%l co%{bﬁlrga%mfl%gp seg?%q %qusts may

escri ments

enlpmee siabidity ofthb esthlqaodict/texip pratudt Rikthe] ﬁMteﬁ&Q:a%dt Mife, allow :
The

the_ presence of or nore_sul fur conmpounds.
- mipifgl ge @Wéq%ﬁgtupwg?%?f dof radefeeq g combinggpes Barest: Shea used 0

tre&t%%@&%&é@%bé&%}&hbme to the TAN of the crude
feed, reduce at least a portion of the nmetals in netal

sal issahe cmg@hmcma,ca thixd tymeoefwatady sN( Tthit Featagstt)emby bé obtainable
b t he crude ro ucﬁ]d?alnd r duc the Y, SCOSit{y of the
y 8?%}81&"&% PP VAT ol KA papducs f cataligopreamsrs. The

catﬂyﬁﬁbr&étﬁsdr%dy%eqﬁh@mfﬁ ’éhe'"fﬁé’seﬁ&éjgf‘{?n% ot nfdr ?tgﬁergHt%ﬁnn

a relatively small change in the su I cont ento
commmdis vka tepperasurs dpefow SQQO‘KE got expinplhdelomudl? T@ddr ardatively

sho\M }%J%%odfe lefgt | velg%{ ngblgrﬁw:%lm e& gpﬁigc@?% dEgt 'agl&, %gtpga?}ést precursor

is h?zbdeﬂ W6 arCleast @00 °Ofor ORGSO Rftatnhentsodirhétts Qﬁ’é"tthﬁﬁtcaﬁfyst may, per
the crude feed. The crude product produced using t

graphel eatad it diaye & Gedyma L § element ¢intent i atdnge Iﬁy’ns@rﬁm -0. 03 grams,

Bl o £l nt ent
0055, AT BB b U LGN b S ons sty
and ﬂdﬂhtyT\hl@enaksbﬂ td tedt thel 2adicRed BedebMibed Hegei® IrAdoind dinbodiments,
salts of organic salts, the Ni/V/Fe content, and

thetCﬁelm BReSRISenis beatedhet temperatuprsdla SHhPE én thepoeserdeyof one or
mo@ﬂf“ﬁ&@&n%@l smal | anount the APl gravity, distillate

cont ent ontent, and residue contents relative to
t heThe thilel daenbyht nﬂ’g}iecﬁ:lcé emlesdi@ portiseo MEOEBKHonkts Mitat ds@Hbute to
blyﬁ ¥ riety of treatnent facilities .
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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The third catalyst, in sonme enbodi nents, may reduce at

| east a portion of the MCR content of the crude feed,
wovkios®easas nt ai ni ng crude feed/total product stBWO/US1094/042121

In certain enbodi nents, the third catal yst may have a

progich ithe: seatiyplysmallsheass njthe slfus aeetentrglerive wm s@fur content of
SR B AR e OB BB EDE o or

exgmples a cﬁldéQﬁedhc@Blag havesa suifur Gof8it ¢F. 710%o-08 @t f ey sulfudBdntent of
of cataly ums and-10 netal (s) catalyst ma

. A
the grude feed; ghﬁé&tﬂ@tnr%m&pr%mdéﬁ&g e Hird Gaiy s mayadso exhibit
f C f
re T PRl radi i A bl Rl ot (FOOTllE s
coatedt mlEEéB/s o € drondesfeed n”gla: dtiliynt6 rddut® tHePBAN 1th8 nhdeds irDihetal salts
-5 I mbodi h
ofgag%%ts<£? gﬁ[\{ !c g%etg}t%)lfing n%uE%qua %l{giﬂrgqtiﬁ%glgdgct while also only
hags; (XaTpaal i r
GG BT L RTRDAL LT b, BAREL CqiLTV DD SURAE g residue
coatentsdelanvetorthe divdldtad; maf ahow Itl&a@'udaﬁ]@.éuctlm bs as®l by a variety of
nts, the nedian pore dianmeter of the fourth

tre@%%q%% fSy be at |east 220 A at |east 230 A at
| easthedhiPd Latal9kt, ﬁ{sdn%aéﬁbo'ﬁ%erﬁs nﬁ&ereaﬂ&oﬁrléasﬂ@yomon of the MCR

include at |east 0.1 grams, at ‘l'edst 0.5 grans,
copigatef the eruge &eedl, while amintdaig couds fg¢cﬁwml @deuhe:ttablhty In certain

et R 20 B B R oo B SRR B o e rom

0. MILUmgﬁme?O @bS@)ommng,r@r@ 0ol -c:et gﬁaﬁﬁtand%r@olaﬁmh@%%tal(s)
0. 0001 grans of Columm 5 rretalé ) per gram of

coetﬁmam;asrﬁngq o &k Q081 ). @heremisn® A6 50.08 tesar@s lon i 03-0ntk griams per

u t crud
eoggeﬁfgi %:tt %C\%)Mﬂltrﬁ%ggﬁanglgﬁ?r? 'Eflﬁ%,} catal a}%stgﬁlag tfa%ﬁtsg g%%pxtogat least

a pootidraefttheveérhpdreatsfthatrcohtridateab WSCR il ﬂ% aadh feb® Eltatlemperatures ina

cataln){gérrﬁ ‘E Sne or nmore of the follow ng: the
rafg G GU0-A0036 or SRS cEnd peargn,a ranee £l -10 MPa, 1-8
MPBAabYSipat he fifth catalyst, the sixth catalyst, the .

séventh catal yst, commercial catal ysts described

her én ngrtagm embmﬂlmatsg ofisirthtigpealf catalyss ¢ewetntmalysteninsludes

colfid Hrdalifp pimiRETouEE n theia Afipbm Sapbert: hpkribaralyst has a
potdkiZ didfABaidd Rith 3ARatRDb R iR 388 184t 186 4330 s§n719 0C.

The crude product produced from such contacting
embgdisneatsT AN médian pore dianglsgof Hie foogh c@0byst mby hmttleﬁ)%o A, at

SRR S L, HE b L SR g
at NANI0E, grams 11kt NGBLaHs, of Bdlesst U@%grﬁ&’h@ Qpﬁfeta%fﬁ@}ﬁ@r gram of

total Ni/V/Fe content of at nost at nost
suppest Thedpursh caiplyst mmoinclade, mscnma_@%oo@meats atgnest Oﬂfygr@ms of

Coﬁelgggrgg Inlg'tél%éé Egr a§ grﬂf(?%tta f étalgf atg gﬁy@ﬁ £ gr.apr;squ orhtlr%ng metal(s)

pelcg@til of %hta)yst nigl d¢ £l gin eﬁiﬂodﬁ‘iﬁbn@s R @1{ush I Me@PRRaARL AN
wth a theta alum na support. The fifth catal yst has a

por & symeergbedimepis the aruge feedanaclsi comtgstndevidh mredcbmon@f catalyst
su‘t%Eqde‘ﬁ?ﬁ)t CO]lﬁlgﬁWltﬂtthé fah cgtglglst. TH addﬁf‘%lsi&l ca%)’a?yst tnay 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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legsh 250 Auiaeast 600

- milgepg i

| east 250 A, at |east 300 A or at nost 500 A The

support may include at least 0.1 grans, at least 0.5
wQ@r@s®66303 at nost 0.999 grans of theta al um nBCPER2004/042121

gram of support. I n_sone enbodi nents, the support has

an alrmealeﬁnﬁqﬂdﬁae%Aﬁe/émg%fnawéae@ﬁp@atfdgmaﬁg coptagiingrnf the crude
feBll WithNBe REFhILANYsPht £R i ' % 2380 ©

ei n somne engtog?m[spr?ts, a@%ﬁe&ﬁ%gg?r@h% OC%%r#f%ZZB 380°C, or
33034 1G) Timecrude prodoét praduekd fomesudh adnthetamt miy B8R%a TAN of at

%% B e TONEo Rt OB oHUARY U TS i
Hﬁdﬂ@é&{ odn¥RGSh Bihy be in alrBn &SR Ostqﬁ’;@ﬁirp MeEYS NiFOi’, or 15-25

Xdr3ogen upt ake by the crude feed may be.relatively
Nmow™( flte cexdappodict mayiade Ototd O/ W8 coentlofB0 Mot 9B4 50 most

n3, o, 10- 30N 3) when the crude feed is.
st B P PR S0 1 RO D% PER TGSt S % BhfpiH iy /Ee pamtont of
tha crudB@e:df rom 310-400 0C, from 320-370 0OC, or from
330-360 OC. Net hydrogen uptake by the crude feed, in
sondngatisigicmbatdimentny ffth type of catalyss (Hfiftneatalg@RdcludesliGolumn 6

.0r 10..Nm. tm .., The, cr.ude product oduced. from .
Q) 1 pordpib O W ang R Byl ForPRE" ik Rty s e size
difteibetich Witia @fedain Jops Hialfetr ofht 19881 8BA%%: Bhst B8 8. 30Mast 230 A, at

at .most 10% qf the TAN of the crude feed. TAN of
gs ongtyness SO0 Aa Thersyppdrt way dnadudetat 1gast 0.1 grams,
> I n .t aj n .enbodi nent a
ot Bee 0.5 pIRE, O at il D008 Brant 041G i LD PR . 1n some
enfboidiments tieedupb§is havadalpld alomirs dBteat (Sheldw 0COLRMAJE hl%ﬁa
W th the theta al unina support. The sixth catalyst has
alyming pgr wf&a@fw bk entalystincludesaaisare sorhodimentsabmost 0.1 .

“griths 8f chigARl6 ﬁ%%(@p%elrr gra?ﬁ’ HPcag , &%hgﬁﬁeﬁst otdB1 ggfgrié % Column 6.

Sl ze diIstri on may

pore di anmeter o

- mételfs peR@BmAY catalyseabt sodRnfhodaherigalkd C3lthn metal(spast

or /at nost 500 A. The support may include at
G LHESest | east 0.5 grams, at least 0.8

gr ang cerddin bRB8dintin®, 8Et3FBroglh uﬁﬁaké@fl_ heQrdfe %écg{ﬁﬁ?frgérelatively |

theta al um na per gram g)f ,Support, e cata
low ifor gxramplerfresn Qe B HNmSmt’s | -84 NoY/al, 550 Sot’im) 05 10-30 Nm*/m?)

| (s nd. Col 6 al f at. npst 0.1 grans
wiEE R (e BB Rt SlF R e By S petinndh & fanee from
31Gai0o T, BofealI79)° R e froRl 330B 60 et
cat al yst(.) I n sone enbodi nent 56:6 t@ﬁg@éﬁo gﬁo%r%g%l?%ﬁég??{hecmde

feqdgtnagomesimhedingeniptragy beontagerge fgun dma) Bmim’al-15aymbe’] or 3-10
NS Qb dpderinpied BopRonfiraf 8 B Dhnih thedith catayst

magdianen TANTSf &tlnhest 9096 atmabyt [3084) urtagadioos, ok Hasitany, WGP TAN
the crude feed is contacted with the sixth catalsést at

of theycangedped: (AN the eradgyprofne mayle-in@oanss, fram G 1320, B0H0.05,

Or@_@gzép@ from 330-360 OC, net hydrogen. uptake by the
crude feed may be in a range from-10 NnBWto 20Nn8BW,

- 7 Nif/eetafiroeri Bodimeits car sixth tNsevo ftcatabysidixtiNegallyktv gindRiHes Column
ng%dlr %eg uﬁltg?k I s _one indication that hydrogen is
5 IR §F§ B feraeymeirle) i compiration vt the St alupinscuppert. The
sixtf QISR BEEE horRlsiZeREstGhURG iR mMikh pore diameter of at least 180 A. In
some embodiments, the median pore diameter of pore size distribution may be at least 220
A, atleast 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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the sixth catal yst may have a TAN of at nobst 90% at
nost 80% at nost 50% at nost 10% or at |east 1% of
W b@s06d0Df t he crude feed. TAN of the cr ude pP@ﬂU81004/042121
.be in a rapge fromO. 02-0.0
crgbfinte.d: b Sekmy S St GRET G PGPk ensh | grams
f
PR ST L e GREH 1! ORI Ei Rt Do el 3t Elumnn ¢
melial(s)r granc ebsitalgstwin t;cenepemblmrhrmgtsathe mudar rptie dfivtal tGoddmn 6
i s, acceptapl e or ransportatio /or treatnent.
mei B46EPL3 R PG oL FERei50R Diloap Hydh B an. 1 certain
erfiRRfih¥nts, Thé C@uﬁhﬁﬂnfe&? iRAG R aldHE CORM & R tdlisPGRSS
decreases overal | processing costs. In certain
me‘vbdmunemﬁortanmmh type of catalyst ("seventh

7 bR e s B Soeed g B §t REanere i a range
frfifB1 014@U1°€f fr6RtBIOYFA0.- °CT BE R IV TEhad hﬁd?ogfé?llt%)peﬂtl@ "P)?rﬁle crude

and/ or tungsten The sey ch cat aI yst I S benefi

fe@#m@mbﬁ mga renge frven 100 m’ tte1320 Nmaréma -TAM aR° &t 1 dsst/m?, or -5
Q her. rrbodl

i B AN N TR e e I

be&%\/@iﬁeﬁtﬁ&h 3ltiSThe bR BlodRchifoMRAE HARHERHadd 9EBhe@BudeSfeed with
ot herwi se descri bed herein. Sel ecting the catal yst(s)

theypixthrgatalysh maydave ad Adhel eignest 80V4 hfgn@ﬁéﬂ%(tt, iatugpost 50%, at most
d
R <90 BN ORUETHIR RLOEL D Bl Sy b

ramgdl fadrn\0e0 1t@ 11 he2-0r0ddler 6.684.04hi | e ot her properties of

the crude feed are not significantl ﬁagchanged The
r es kAW gt hyplingen pighieidwringagontasting ehtgrets fp?%wéhtthee@urth fifth,

or sﬁéﬂ%é‘téﬂgftté@?dcgﬁh% NeRITE re‘ﬁﬂeﬁt 0 dl%a? ef%lu%% g)t006831ng,wh11e :

accepta or transp ort tion an
préducarngecredt pmﬂuctt\matms aaqeopteble ddtkyspatdtionandel eeit@@dnt. . Since , -
he sequence. qf pro

uenc may contr 1 e
Pft”ﬁ’g @éntp&rmtgﬁlydmfaés FRLly: mﬁaml%&%ﬁaﬁwagemmydmpn ina

pr&reﬁé/diéc)‘easégO\Je?ﬁlsﬁroé’esﬁﬁgtcbﬁﬁ‘ of the G5 asphaltenes, at
| east a portion of the“iron, at |east a portion of

t herdhckmdin embddiorentst a bevgsth tap@of‘ tatadyst ¢fsevdngh vatalysti’)ims a total

R R DT N L WA S

gréih b BESITEN TTha TH@hn S@h&&ltiE fdlRfdetnlis aﬁ@/bﬁhﬂlgétén ”'?B{e sdvBnth
some, enbodi ments, inprove |ives of the catal yst

catghigt Erbenﬁw@tuaquwyg efcrudeerreduetthat basay TANaif apmgmm of the
TA[{J\I%EH{C% uder@&{)vement of a catalyst life and/or
Sta tr o

he crude feed/total product m xture

d ur iQtherensiddafémgonmy fiadt] Rvom, Gant, aaiih) ﬁftﬁ}’éiitﬁnédcpseventh
erate for at |least 3 nont hs, at | east nont hs or

Cat& ysfsanat algo bemadegndiieed apis aterwise d@‘fCﬂbh‘éh@fatnal yst in

th .
ot SERHACHMaRRRS) ot CARRIAM A Pe iliro B OPS%%%PS&RH%POHS
mayméloN d Mh#eprodictlieds pr(ﬁluﬁ@i thitdas QTAN Bed/6bsebspdddrd
st a portion_of the netals in netal salts o

ch%ﬂg@g srlativecdpdle crugl feedathilg Offist PropArtiss of He cewstefeerbare ot
sighfHRbnEP BB £hd RN cAlle bRABEL may have enhanced properties relative

to the crude feed and, thus, be more acceptable for transportation and/or refining.
Arrangement of two or more catalysts in a 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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a portion of the residue, or conbinations thereof,

fromthe crude feed before other properties of the
wa@ewdocderd are changed, whil e maintaini ng thePCT/US2004/042121

stability of the crude feed/total product m xture

nigleli ang/ 95 ableast & nestiqr ofrthe ¥anadivan ke stusiefeesican beredised before at

| c5
SR g s S iioniine .
i nc r@mrgea{ehyarrdﬁémhsehdtutryoﬁtha batalystsfmd}hm snmgkenb@Bflents, improve

sel ected catal ysts.. abi o |ncrerrentally
11"5?.8 B el anglor 311 %ﬁ%ﬁ‘p@ﬂ@? £€§ atak predwgt gesture e d

InffRdvcRlcnP¥f § BRagicie %‘é‘”ﬁ%ﬁ?ﬁbﬂ;ﬁﬁ%ﬁﬁ%ﬁﬁﬂé REQA Boduct mixpure
dusmg@rcmmng mep tHowiventatting systatoyglerdtelfs at lehad mbﬁﬂa@)at least 6
%ﬁ% @gSI gl oned st r am of &Jf}erl es of cataly
ks, o BERET ARGV KRR R THEFIERt GEihG P/SD AR ARG 7one.
re ”‘U’(ﬁhblﬁﬁtufﬂs el sé@t&?éﬁtﬁ&st@’ﬁia@&ilo%@&&ﬁbﬂ %pﬁﬁeas?gg%lon of the
contam nants, and/or netals in salts of or
NiféiFgsat ledst & pommnmf therGsragphdiensy, ab]ehstta}pouion dfethe:medﬁs in metal
f eed/ t ot.al m xture., The first ata
salt§ 0 06%%‘“% ﬁ%@%. ﬂgeﬁftg portign ofthe Goppopentyt ?tégg%l é?tepTBthAl&nat least
a poktio 6f\MhE BasidueNENRdmbatidfl Hefeof FRRA AR rSde fe@@Bé’i%r (?fler
e

conponent s that contribute to a decrease in the
pregrerigastadthecertdg {esd orei changed, whie amintainingshbstabilityorthe crude
e, .reducin

R R R e R A e E S
varuemﬂ/ab@xtean 5P YM@Bﬂﬁdhv@l}b(Ugl aq;Haﬁé@etsl VANt DI AT M8y B8 Abe
i nhi bits pluggi ng of other catad)t/sts posi ti oned

inqeppiall e omitpst of the crls decd: widh pedengechcatlysts. nEhet #hality to

. 1n&&ﬂ%1ﬁ§ﬁ}9 %ﬂi/oc‘ryséf ?&%&?X}Fa{?@t 3B eﬁgeg% o%plg t]ieg%g}ay allow the stability

replenishnment o ennva
of ferdrudenfeed/tdt4l @rchdldct/fnﬁ%&ulferto e infegntained dufigestob@yingl N

enbodi ncrease e of one or nore
ot Tn S o BE R Riacthe S sntaDpiblderoried Shgvey g bepeitioned
upSIRGANGY £2%iRS ¥BLaad)st@ngicn og{ﬁ%?fn?'orf ‘?hecﬁxrsféﬂe?g/s(t@ P{%Wpr%moval

osi ti oned downsttream o st cat
of hightnaadecuddr wdighteouidmitiants fitetet] abntpmidimest annd/mt metalsvm h’ﬁ:tal salts of

TR o A PA] Lo e
Ni / YlhEﬁrfft RadBRt AlthisUn LM @odih&HY T8y &mgl{bfgag Pﬁ{agcrht ol%ortlon of

and/ or reducé the content of netals in net
NigrBenpmoealiof gmdlcmompneerém@uowé of somparensdhatebniribete to a

wSEHH 5T RGO oy e o
crude Gebdc tFpo%dmtﬂe relin CF”%&ea@t & potieB @f @"\%ph@ltérfég lﬁ?% crude

sul fur content, a re ed oxygen content, a reduced
feed dptakiprodugt nyxtusg @lthe :ﬁeethmc IfP@d iothibts @amgmgad‘mx catalysts

ro KB e PSRRI 1 S ST B AR s S

be ppe;‘vmed Ml&BuﬂfeplfehﬁhﬁiIémtdﬁ chiaBdt. iRerhévalef attlgdsbh PertioRf the
ability of the crude feed/total product mXture

Nl/&’u? ¢ HgmpPeewde feeg maph i somesebasiments.sacrassy aBife of one or more
th th d t al yst
cat@g gbﬁﬁ&%d' a[ﬁelsﬁqfe f?ﬁ ?ih;sper W e second catalys

upstream I'rd catal yst, or vice versa.

Th eThd‘.)sdcbmy catalystey) iandor thy (ﬂlﬁlﬁg@ﬂ!alyﬁ(ﬁ BegiHeippditioned downstream of
ci_o Elng zgnes tends to ninim
the Tirst cata yst. " 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/F e,
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hydr ogen usage during contacting. Conbi nations of
catal ysts that facility generation of hydrogen during
W(amw/aedsnmg, and catal ysts that uptake a rel at PeEU§200002121
un dro en during contacting, may be used to
reg §%‘Pr§%1%te"c? PEOPTER e, @d&raa@osﬂ%@mem of metalssin metal

49 of B asRNRiAr operties of the crude feed. For exanple,
5 tﬁg P% rth 1catal yst may be used in conbination with

t he Inisoste evaticalinait§, Tpntasteafahelcradt Sedstifisthe sédvint @atalyst(s) and/or

R AL o) s S T iob RGO aNE ghat 1 a reduced
TRNOR&Sdub&Ssdfur @% i fé‘t?g refd%? J&%&h E%J?(Qﬁtya géﬁgﬁ%iu%‘g’e% Dfhetals in

properties o ude ecte
mallawadis oﬁnrgamcrmldst :areldumgi asphatenéeeaitdnttaaledpreddigebsity, or
st,abi | d/ or nunber of catalysts may be

The
comiL aa;ltoga ¥1‘{666q21 rﬁfaﬁ%v gqugﬁ}vgé)é?p%qsaqféhwuﬁ%feed while
mHiﬁtdiﬁlﬁ% fHeNEatiNg of Eﬁé%ué@i%gd/ﬁdfﬁl%ocﬁf& HctreShAh) tplréééssmg The

M ni mal net hydrogen uptake al 'ows residue con
seyad @tﬂh’% may tipositioned m sedies, eitber VAR thgseadntlyatabyst being upstream

ns thereof of the crude feed to be
Ofﬁg‘?ﬁ‘f ’é‘ smolrﬁcﬁ 56% of the respective properties of
t he Ill{el%ﬂlt e delivehli@o &ﬁ‘tog?é& AOOERtadine 2haGOstt
the crude CE}:oduct |g a 910A> of atlhlegTZ'AN and/ o%‘nﬁ imize

ydrogen yipagy duringleentegtinge Gasbinativad of tlﬁlt@h)'SﬁS mhan cility cglemfgem‘on of

de fe e r oduc
hﬁdﬁ@?l& Rt b b BT e R PTG S vcrogen
dubiag lcomgctiig, ﬁtaydiesiséd i@Ltﬂlbﬂ%]é @Iecteﬁ%r@ﬁéﬂﬂ@s Jﬁ%‘i‘udeﬁﬁgdtﬁ:t relatlve to
reduced TAN reI ative to the TAN of the crude f

the,3agns RropprEesof the srude diopd. Jios exaseplpethe Kusth aatalyst marbgelsed in -
co 5B S50 55 SOTRAT T Kl ARG s

- sixtlp nata]gfsﬂ(s)garziéo“resevafmly cathllysi(s) setlepe veeaedpiopeic®bf a crude feed,

WIS G e PErpeT oSO St as e by eHlgsted erauntaaudor while
mdiftaSRHECcraIP RN AR AL pQ'IOdIIC@ %Bﬁ‘lt}‘; afid cyraéré ank/dFndREr OE catalysts may

posi tioned upstream downstréam or between addi
beseleetey &1 msimdzeset hipdrdgdreupsike. wlfrﬂ;ainanmmnnmgmehegimfeécﬂtcﬁﬁ

L AR5y S 5 ! SHEb Lo

diﬁi@lﬁte&,@hteﬁg AZgesityhet cdniihdidas it ordd el pina feec})to be maintained
cat aI(y . The del i very of the hydrogen

withiry AQ%erof ttlw teppectivopyopértichef the adule ffessld while thediaN and/or the

SR TR bR RSN B 0 L GO S s e

feedn a stacked configuration (see, for exanple, FIG
hydr ogen nmay be generated during contacting in
o n e P@é\*ﬁ“&@tln et bysregepfuptake R ithsl audefead awyipedueo aeri product

o ) Run D00 SRR B 5 b BBt e

feedlpmel dlibduded TAKGreldiB)e torth@TAN &hé evudé fal. The GRATE 8/CLP the
flow of the crude feed. In sone enbodi nents, the
cryde arQsyehmey alie paly dbangedniciglatizely swiatllmaatstas @mmpﬁreﬂ fhesthe

tonfitlgec he atively, in a stacked configuration
ao?gee o?%ec@rfp]?w FIG 3B), hydrogen may be

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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generated during contacting in one contacting zone
(for exanple, contacting zone 102 in FIG 3B). A
W(hy(dlsmg&sm source nmay be delivered to a first apdi/Usm0ab42121
direction that is counter to flow

o R SR BEIE 1dh B H<8 WRIBE AGTHy SR Dt i ghogen
m&§989 Héﬁveiléaﬁo A ARREAE thig B8 B Iddedthb QadiliGhal gﬁ%leyg@é}g The

t'o a second additionaf contacting zone in a
deliverty df sheclpricegenanay becdunéer fid the fiufw dfthe crudddedde dd sbier

pl h 1
cr BB SUNErATELE Hypest 8] De EOTGHHEBHB the How of the crude
fegqrbodi nents, the fourth catal yst and the sixth
catal yst are used in series, either with the fourth
cat af C}Y@Kalbplﬁnlg afpartkee aonfigurdtion (ssex fdr ezampley EIG. 2B), hydregen may
ati.on of the.fourth. catalyst with an
e g SPRegH e 8 Pof sy P inecing ARt Sr-BalieoRiarupigone 102

in P00 ZBY, andRFrOfen BEVEE dQiveRA 18 Rh aQ8itiBRi1IRbAtab i I EIR!
sal témbt)f o]ri'yﬂein;gec ag%dds, bmth Iowanelt1 upt ak gtgn (for example,

congagmggmew imEIG. rZJ%Denfaeiemcth_mﬂwrnepowmtoqu uﬁiha kﬂlde feed. In
Y er ies of the cru
sog‘]%ley C f;%\égng% ta‘be h}% Or%ﬁllaf?/ e rC%IilCél{Iieggw{tE e crude feed.

AlpsraqBetyi, 8a ﬁﬁcHeH%oﬁﬁg&ﬂﬁtl&f-‘@Qe forexaaipee, ﬂ@%ﬁﬁp&&geﬁ ¥Ry be
different seventh catal ysts nay be used in
gepeatsH dlating pontaringde pee ePnteciing|zpne (fQS@@Hu}i@,tcpe@mnigmm 102 in

?J;%]?gm gélro %FL&E&‘&&%P g ﬁ%l e¥§c{pt8 i gra r%de[fongg?oéll?%%lpg zpppina
dmcmmget if lcmmté} 10 @iy 6F 106 cadafEed (Fdi%xﬂxﬁpl&s add@lagmﬁﬁygaﬁtthmugh

i t may have a total_content of Col umm
(ﬁ% CONFASHNG FORR bt in5lisiBland toca wasond @%ﬂmgﬂé gontacting

zoﬁ@f-ﬁt la éh?ecﬁgﬁ’ ﬁ{at iscbo%urk@fﬁ @8fhe FRANof tHE b ?e%:d g({}ta ?51%1?1%1: adding

e upstream seven
hyétogble&mug‘m @)ﬁdgt :liﬁ@ t@ﬁOIﬁIaﬁtmgmoﬁe ired @l KIS) 3Bgr gram of |

lyst, i h ition of th |
cpsh S eBbeRRRT ot Y pBd B st caahLuy SR seies,
eith@tvally S f@iﬁfﬂl &@al&ﬁ‘b@fn%%str%? oiatl% |sixrtl¥catt8P/§{S§r Wce : yersa, The

rel ativel anmount “of catalytic actfve net
comhimationps ﬁ@aﬁ‘ths@mmt Wlﬂmlleﬂdﬁﬁmnahgatai}'dt((s)mmy h&tuce TAN, reduce

. f h d b h
B RPBElrES5 FEMEh RS R i
neCupigle dfeearogtby eeaifideciced LW Akl MRhyochMiptdke (ﬁlﬂﬁtnﬂl%vd Sther

het er oat om content, API gir avity, resi due cont ent,
PropsHics mf thegrudeqrpdyrate bhenly nbzmgsd Py sweH raounisrelaties to the same

o he upstream and downstream seventh
préé)r%‘[hi-:? s%rrr%ay iJ|‘§rc£)duce a crude product that has a TAN

of &i sdmtsémﬂcﬂﬂﬁleﬂﬁs tWRSiff&@b seaénthiRsthl f@%aﬂie W5es in dd¥bination.
or at Ieat 1% of the TAN of the cru feed. In sone

The spsathrsi st usadepsipany fropyge épwaﬁrqaﬁbwvmb cplelyst may have a total
coﬂg&ﬁfo%%ﬂhﬁk lﬂ’nertaq&?f g g% f(%%fstt Wathy e]r}?om %%)&)E)zg){%f)ggrams

ownstream seven exa
The dewnstredm sceadh vhthlystamaphaleysibtal Corft@itdf @dlin & hﬁ-Jtals(s) per
cru roduct wth cqanged properties relative to the

grag NSHEAM ARePnithean e dnhaids eqal tmer lnsger than thertgisécontent of

y t
CoRiSESLt) 1 AR Q00U ALY B! B A0 Iqpyon
metab(s) palgram ofleatplystd da tyme Finbodibiehist thetposition o€ the TBMream seventh
assist in maintaining the stability

cat@lplct{ eg?l&er%%@gfrg@% sevsnth ca'gq,lm iRay 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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m xture during processing. |In sone enbodi nents,
catal yst selection and/or order of catalysts in

wa@ eobiosads on with controll ed contacting condi t POTESI0D0042121
exanpl e, tenpﬁrature and/or crude feed flow rate)

] ey
the same propertieg ke i dsyerdidenexapla  relptivehe smpll ghare dejheteroatom
e _ ‘ f
B TR e VISt RN e,
pr op@oritact of thie crinte feedidéth piicothsartam ehdtibwastteani fe@enth catalysts may

iR bt el Rt bish TanLelt mioR S0r @ s S0 smb Sl o
mbY 199, bPMSeRD RFES tREPANAS S tAY chulie Reahen g@ﬂg g@g@ﬂ%&yﬁs file TAN

product m xture. Phase separation may
offtler crestefeetl ayibesndrapehtatly rasfucedisy contabe withdahe apaivearn and

crude product in the crude feed/total product m xture,
AopirSEER ST ol el PEOL. Fho o Budielerd s aiayst o
fofth @A W tial BradeYr8dud® '8 dRbA R R6pRfiesGBRRPORTHLS cFdRMdd)8nd then

crude feed/total product m xture, or conbinations
coptaet efghe initial sardegroduct with ad additignalivetatyshtogmdiung the crude product

perd od, . the concentrati.on of., crude fee d/.or.. tota
wifPGefied pPerfin g % LnPlt GhAPodier hSebhie' Radhuce Tan
incrbaegelly Avy tabest 6O ReaAihe tRdstability & thOtAle BBANG! ploBuct

the crude ?reed/tot al product m xture changes due }t)o
MiRBHAHUREPIGEESSING. cr ude product, solubility of the

co . c f .and/or compenents. of the. .

F ot a1 Sats SBbties e SRR B OB GRS pBination

witlecudsrotled cdiangig coaditiexaHR! @amF)lb‘? tepfiped@ule@@d/ ofeMide feed flow
contai n conpgonents that are soluble in the crude feed

ratg} mey assi gt 1eARGIGE BYdrpeewiaketky, thasryde dprsk maindaipingtanede

e e L

20

25

30

- of denpodeeprbduateglatierid thorelgectine plopsasies of thelceudefeddeStability of the -

C e, feed/total . product m xture. In sone instances
Cﬂﬁ‘?ﬁgﬂ/ﬂ? PRodugf g Fmaytb&taéﬁctﬁflZwefw%@haﬁ%%pq%ng from the
rRREFSEBLoBI B RLCIBEQNE, PRaE! id :

? Sol ubi Ioi tg chgmges na;t;ﬁislgssgﬁ%glsd&q{l%?]ﬁe ?Eﬁlg&g%ég example,
insobubdlity of Hie qoudsdiged and/ot amde frodurit iy thewouderfeeditotal phalmesmixture,

For,mat i f .two phases hr o floccul ation of, . .
1oE SR SRl Bt Bl A SR i p@eipitation of
cofn@bidntfr61e Wd crudd fbe@fothll 26 AWt ki) oPEorhIRRRIR MhSeof,
tends to reduce the life of one or nore of the

cat Atyeran tinedidifing tielopntacting erfadcthe woycenfratidreofrrodetesd

| ted t t of th
andBY o0 pREEWE s S BB orp R R o BhaTRE L A
coleattatich ¢f the totke pridedtigtthméruble B8/ 61@0pIBHRAMikieSchanges due to

Dur.i ng Processi ng, the P-value of the crude feed/total
forgragign of h?icklid?rpéocr%% splibHiy Pt e campanenthe the awide ifeod apfl/or

. d/t ot al
N e T
Fot &ramyils tiad crodsfeed nfayicogtiatibdoasponbms tiadt eecahdld @rhOfrude feed at

qﬁphalteqps fromthe crude feed generally occurs. If
they g mpIRgAT pEOGessing 45 BIOP§ties of Bgsrude fsed disngefenexample, TAN,
Y S 0 . [ r
M B P BRE S Fehy bt fRdord it Py gend o
begoaiealessweluplesinahd tradel fretl hgtabmdilag mikgre. AhsdmefietaictQtiad crude
as assessed by P-val ue, may

t m xt tability,
feearélgg ﬁ}%ttp‘g} l)o(ré) lrléyrslqya Ippléwg iPRgses and/or become’insoluble in one another.

Solubility changes may also result in the crude feed/total product mixture forming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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contacting conditions, by selection of catalysts, by
sel ective ordering of catal ysts, or conbinations

wo b@seaf303 Such controlling of contacting condi pPeDOS2008§42121
include controlling LHSV, tenperature, pressure,

CORGRIIGH R Oﬁﬁpé‘t’(@ed@% tnsalnsedict.|ad/or @fecmﬁ@ﬁpm af mm@nents tends to

POl SRR R SO0t TR 5 rces

maystphatitede Foneeamelaepchtodhtidaemertiof tigi dftucﬁtgfete@'a)t duct mixture
content of the crude, feed. Re uctlon of the
MEYohf RATESSERI S ‘1’%96&8@3&?1’%8}05 @h4lssiresk PrapegHies:
cont r I
hacos eiotot SRETIAR BOARATIN GRl; Feclop lodBhc il ke bt e
mdm@ddd atdahe pabititeof the ptacefﬂs amndé fred| arfdéoro:ﬁ'udmriéecﬁfotﬂ@i@iuct
the at al sts of. ¢ ntactlng tenperature

r
06 Gesy ﬁ?ﬂt glyglcia]flry caopnﬁ?lﬁﬁ att)f‘tS kgt { Ranigatey Whag s
fl
L e e g S35 e i
at bharigiagmtiyutzh P-whlat incs¢agesordb relammllms;tablb duﬂmgmontactlng, then this

ind PR P R F el BB o e, e
pré@icEinkftefcefibilitPRrBids e WP-JhLE erﬁ%F‘Be &(ﬁﬁ%ﬂ%@t)g E&ﬁrolhng

allows for selective change in crude feed properties
copfasting qeaiditoas.thyriglectien of calbilydts, pyotlettine @derite of catalysts, or

t d t
BT -
LHSV Sémpﬁﬁtu&g tptd@tglrte gtives h Wbtk Scridefeb @ ABGS 8t UrbihAidnl Shereof,

first contacting zone. Qther contacting tenperatures

(f ol gXBePLROdIBEEISnePIIasHpS temparaures larer epntreHerbsushdinas Cs
asgh%l’féﬁeg ah&/3P G{hgxt %ﬁ%lte%‘és &r%trgﬂlg‘)/ tf"\;vﬁll ]ﬁ'l%aélir;rgg I&]}Zet]%:tﬁ?ontent of "«

contacti ng 03| I one
thecrndeafetd. n@emnen oAtHeIMGIR mmlaﬂmug@ Hy@raeen abtake ah@yr Keher
in a range from 100-420 OC and a second contacting

coRtachie epRFratuiesMiperesHt i fogpgfion ofivoiphasey thaymaycedwe oo o
stagfﬁty Of thé @rudt Qee%‘to néfo%%1ﬂtﬁ@ Ond/ Bte]hfe' df %Be 89 HltofleccrﬂJ tHe catalysts. -

enperature. In so
COOUOI]t elerhagtingieppestwe end bydrpgat mp‘talteha moi’nibmaflbﬁ sith the catalysts

contactin tur Hav| diff nt contacting
e BnChar s ST Cothibaionan ok ritceas s hal T gament of the
crud® féc@inly Ehag€d BiEErapitREANCIIAl Ahdute to the TAN and/ or

the C5 asphaFtenes contént of the crude feed to a

gr el samesmbetimeniarcontistingroundition aTe“NmH/:@ sudhFhat temperatures

tene reduyction
i GERUR EXRR LG Bt Pl ol opemae
allowd foir Belé&n@@h@ﬁgeﬁﬁ@f’ud@tf rof&ﬁeﬁ%ﬁt‘l@ﬂnﬁmtzﬁmﬁ% i stablht of the
contacting zone may include a first catalyst 13

cruge fesdftotal E@ﬂ&@ty@t(‘(%f} Birrrradefeed ﬁnltemtﬁlatmmﬁg:tmg nenemiyhe start
of & gt%cé’sge Aoﬁgf £on?§:ttl%% ¥g’r§é1gesr‘atupe§§ [ gl%%‘ffg ‘am[ tibrS Egsg 881?1tact1ng Zone.

acting tenperarur

Otlep ﬁbmttmggempm&mt(@dr%xaiﬁpleb@caﬂ@te@@eréﬁ%t gl t&ﬁpérmﬁre fourth
crude feed in the first contacting zone wth the first

tempgraling s¢t Caisen) gre the tamanerataies i eantagfing rengsithdtare positioned after the

th
e S P AT D s -0
and mse@bﬁht(ﬁﬁacmhg enipdtarthey b&n DRpfeihberes-100%as 80-90 °Chor 40-

rude, feed relative to the TAN and/ or C5
60 B‘E Eﬁfﬂwﬁ@ e fit comiacting temperatyre larsgeme embedingiis therrecond

confgc'tlﬁg 1Sk SHRRA0 GreaRP G thd Hrst ERERL YrftSer AL, Vf—'le&mg dit@rent

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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EXAMPLES Non-limting exanples of support preparation,

catal yst preparations, and systens with sel ected
waeeoangsnent of catal ysts and control | ed cont ae€T/n§2004/042121

onditions are set forth hel ow. Exa e 1. Preparation

ivg the AN andigp s s asphaligpgosontsphe %lp@ﬁ.}ﬂeége ip a greater extent
O30 O M 8 PR ey o

ccﬁ%:tlgg aampemaituwaia&rthasainaagomhmﬂOg’Caafead:h nﬂhtalrl C acid

for 35 m nu The resulting mull ed mxture

ext r Ud2TR oagﬁstgogtagtmﬁqqns%@(y lﬁ‘ilug‘? fipt g@télysm), aag/or a fourth
CARE U P scchd Dt oD iy SR G IR ot s sl ibrein.
Theelisbeontastiog derapezstere way b82501C Finkthe abaindedn@moippetnperature

ged dber, C The fuyrnace
e A Cofia aREEROP fred bR Trpropiectiirons with b fist catalyst
ardllst fhiyeNc gl st ak fhetlf"%l%r k@RSRath R pribr RO Rad: de?lrtﬁg Uﬁl@r ERRyst(s) in
support. The support included, 'per gram of suppo
the seyo0d comtastingrong arayaesltinigreater @h@ﬂDSNgmdms O@faspiiallbla:s reduction
208 I al,um na,
inFhe ChBE e aclag HiRR AR i BB e ictigy i e same crude
feed Wheteifgt andRecondrRBAfab Mot PGS vatieR 1 ¢f ¢ 110
nm2/g and a total pore volunme of 0.821 cn Vg. The
support had a pore size distribution with a nmedian
hpPameter of 232 A, with 66.7%of the total nunber
in the pore size distribution having a pore

dl ariﬁ(blﬁhnmﬁgﬂmﬂ)&s:%f@ﬁpﬁdﬁ@rmatﬁﬁl PRk stirapRiteins, aH’d‘ sYstems

a | e, denonstrates how tQ prepare a support that has
rdecdaracamentqfisatelsts ae cartrolicdpontagiine eavnditions kuedetforth

E

be?&w' east 0.1 grams of theta al um na. Exanple 2.

Preparation of a Vanadi um Catal yst Having a Pore Size )

< Exaingpleilb uPreparatidriiofa Gatilyst SRppertDirastpipert vl pPépai:dﬂ&:%imullmg

S At Bl vl odBAEEE T bbb
U BEA hoghoRS Grdrbest Wﬁe@iﬁ@é&n% of gﬁglggfrf’g%@%ﬁ@?&% SVi’hfnnte@ The

vanadi um i npregnat i on sol Uti on conbi
reSult® mulersmoftury @8O eAtrwdddthBRgly nd s Tolobd®i diapkes dwad Bétween 90-

A pH of the solution was 2.27. The al um na support
126 1%@"“@% thep saleiped Al bd Whicheslisd A digiamsiorp celginsdisupport

. j nal itati
wifiPa MR poBARRERE o1 30N THLAREF SRROANR ARk B b Dficbere
fuaticed Sthe(Trifaoe teﬁhﬂ&:mlune wakhaisedwoulo00ngd OOGC&IJVMSI 5 hours, and then
grams of vapadi um gr am of

nt ai ned
heﬁdaﬂl iy gqnge %Prt %h?lﬁ% P dyredhhEIPRE s lpfbﬁ sypportineludeth aen gram of
i
i A R e
of dﬂl(th duminaf aick0.97$lagrams df fheta dlgmindgali detandhddyby 66ay/dtedction.

t he tot.al f h
oy oG i R ob S artnd raiklire ems o§8%21 eme. The

supoR RIS poé §iBe BistitbuftoR bvithHEmERAH Alte RYTet ABE X with 66.7% 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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Thi s exanpl e denonstrates the preparation of a Columm

5 catalyst having a pore size distribution with a
wore@sac3pdr e di aneter of at | east 230 A ExanpP@r/BS2004/042121
EPreparat| on of a I\ébl bdenum Cat ?I yst haV| ng aS Po]r)e

W’fw M ﬁ th Ibfanf@uely %pﬂéﬁs@ 93@&/ Sl‘he%ﬁ%cﬁﬁl%g%%? § prepared

1ntth@foﬂllewil[gdmdmm r The dluntinExappiteprépared by thereghed aébcwoéchm
bdenum i npr eg\wﬂll on sol ution. The nplybdenum

E’F%‘ﬁ‘i? %én‘é@% BpressrRted; e }%%%gwloélé%ﬁﬂﬁn REcParegdy

O%% af %&ﬂ.{g 36 L AITE, 1

¢ of % ng\z/g gr gn@t%& %{)noetf %1% a%wﬁgeer %I‘:‘%F(%Erﬁled%luhon

w&2517 gr ams of deionized water to forma slurry. The

sl ur S, heated 65 OC.unti l Iutlon of the
sol i *ﬁ\a HRASEERAH 12)8 184 Y38 Hnﬁﬁgn%t?)‘g the;vangdipm impregnation

sohﬁf(‘iﬂeﬁg%ti% hdlt€ witH & gastl&ﬁl lcalt’l'i) Oftieffs l§%3fgfor Aeral ours, and

soluti© ourrewasajuste ‘Zm_vvlt el oni ze

thmcmmedrmsaloccrfoﬂa h&ti3P Qht résilﬁﬁlggmtrsssi cOMEnEADOR %E@ﬁse@k
wi th the nol ybdenum i npregnati on sol ution, aged for 2
vaReding, pErgiams of satplysiavidighe balpene, being seapert. Thevangdiuor catalyst

f
W Y
cnirty, yihdl e surfaceereagufarm0of’/g. an adliyishal lyob 194 Sethb adtainber of pores in

bei ng. support, The nol ybdenum catal yst had a pore siz
theipare iz diSigbrtigntal the Yasastiam g Est dpd Appesrdigneteswithin 79 A of the

feheooelipRiaf 0.11 cm/g, and a surface area of 116 m
mI rpp%dltlonally, 67. 7% of thetotal nunber of pores in

t he s exasiptedehststites thaptepn‘raﬂdmmfmﬂtglbﬂﬁmwmalﬁdt ahyisg a pore
Il ameter within, 86 t he di an pore

. h
Slz&?dg%at"gt?"rne‘ﬁqﬂ? gmediapnoze E‘éﬁ’i’ﬁﬁ%f}f %&q%%qt g%(éggr epar at i on of
ik 8PrEpdTaiish of & Mb et '(ﬂﬁa pstiitving 5 Pore Size Distribution

A A e d)iz o corh Ayt J i asii2 36 AaThbhmhdﬂnmuhVaﬁabﬂtwﬂs
pr%paFeéf éﬁhe rﬁﬂ\élyvﬂ%fr%ﬂ%%rﬁgzg I %lgggnai\stu“ tpIre(l))(alre\cllvbtyhche mManodadre]:scrlbed

(0]

in ERAMPEENWAY iviRetiated it /nbHibde@sn ﬁ)rhﬁﬁégﬁﬁfil)n' sBlu‘hBﬁ The
follow ng manner. The alum na support, prepared by the

me}EhdeBHMIBPE NN AUty menare c¢m’pm Gegrawistofi a

VB REON  aRRE o B L MRk G B0 O P RS 51,
m@roaﬂiﬁn(ﬂﬁm(ﬂNI'ﬂM\Empand 8.52 @@ﬁ%ﬁde‘iﬁdﬁé@ﬁm’t& t6 Qoriit Qﬂﬁlr@f The slurry

. 30% rogen peroxide ), 0.14 grans of
W%&@ﬁ@éf{ Fpa%%f%n@tﬂéhf(smmn ohfhe sglidg Bmlmtedfsohu@pn N\raz eololed to

0 [ The s gat e
rodf ko Ruled TR BEEOAHE Kot OEpit g 56 nhe RulFE P ung v acvsted to
82\wals with @leRghided wadgm t errper ature. A second sol ution was
made by caonbi nin grans of VOSO4 with 40 grams of

dei dhE fblal%wpoﬂfh@ gnar@i wapimpregnatesivitls thegnelybdenum

d fii d
A g, SRR SR 10 1
sevefal HousOand Betlcd1BiBed at 480 °C for 2 hours. The resulting catalyst contained

0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm3/g, and a surface area of 116 m?/g. Additionally, 67.7% of the
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15

nol ybdenuni vanadi um i npregnati on sol ution. The al um na
was i npregnated with the nol ybdenum vanadi um
WO aseersat i on sol ution, aged for 2 hours w th PCT/US2004/042121
0 casibog%l agi.tation, dried at, 125 OC for several
tofR) GRE DO POFHAR Sisce? e diiribngion 9 ttegnolybigupscatafie had a pore
: i | QﬁlanE gram of catal yst,
d%ﬁ%%“gzv‘;tﬁ%é%%@\%%&rg?ﬂ%%ﬂs 0. éz%&{;r ans of nol ybdenum
wi t hThib exdapledemotxtiatey theippparttionTtia Column 6 metal catalyst having a

Dl 7 FBIIAR N P e GatPaK BORaStALASr i A300 A

Em.'neﬁlegx %é&rﬂﬁﬁ?ﬁfﬁ%i@eh@ﬁ/ﬂ%ﬁﬁt% mhgi thiQQE LB Size

Distributiins Witlha MestiamPoie Biameeteinof A0 easti230At eFheof at

I t 230 A.. Exanple 5. Contact of Crude Feed W't .
maf§ B Bilparigiom g e s flopientier 2P glimina
SuBP&H, tgrépaesll By e FRld dosesheadH uz&@ﬁglevw,was msfeg%eal RifS:

to neasure tenperatures throughout a catalyst bed. The
melybdenpsy vanedivpmisnifregnatidn isglufipn piepgred e fdlvacse A Etsieention was

l, ,and _an.j r I the reactor with
ot DSR4 Ehr HITIRb 320 s LRDEI0 8 s o 0%
hylbdgen ipadosideAtl,00), ¥i18igfam ) moée@thnSiakiliROMMEAY, RindS I Sgrams of
bel i eved to have low, if any, catalytic properties
deipmdad waier tpforees sluoyn dibe ishing wassteried ol 65 8€ eintil disddlution of the

t ts re:.bl ended with an equal  vol unme amount of
Soglg?'?t%%e@ga%f’@ 10 é‘faB_rc%Olﬁ?i iR tFﬂ’Qe’i?f“}fF'ure into the
contReddoRd s@latién R hia@@§¥ ebmbidghg BEE bRkns U GSOPRiH 26 %rams of
flowto the reactor was Tfromthe top of the reactor t

deapized graterm Ibe firfisolutian mpd secand selohor wetsi avenbivees] and sufficient

- deRRRIlOREd Rl 8&?&?@%%@@&(}1}0@3{;188 Wbt f2 2 1S'yield the

om support. A bottom cata

- moliybdenur/(ahadiomBnpreiafios kdlindhe AT B matiastii@repnhic@ With the

20

25

30

ca{) ide to forma bottom contacting zone. The bottom
mely

B Vanadium igprenation sl pst 106R hareshyvidy ersesianel agitation,
p drfgg rag %erﬂe‘??);r %%\hegél hZ)er',Aand/\fhE:ll? cg?i'rnl %’ i OAISOt J&ﬁ@% ?hlglulgn glg;%ggsulting

pore”si ze di's Ion

cadlyatredr@dined, b grad®f Batafyst, D02 R a6 Paagivei ﬁﬂﬁ%gﬁ graff¥eof
enum

Oi){olta({ om cat al yst contaj ned 0.095 grans of nol yb
Mok e@?@zwﬂgﬂ%@l%e REBRSIPRSSE Hreamelybdenanyyanadiunnpatalyst had a
| -al uni A mddl e
ok e e PP aGo S i A B RRRP OO AS S
pos iThissexathpbnddnamsiodted the phgiatation o atCGetirhn g d@ment @ Column 5
fqrm 28’ rrijddl e contactj, ngb zone. The niddl e catal yst had
metal cglalystaavingd BYTESEG igRbwonvith #Eeriian pees damptghef atdeast 230
Aof 98 A, with 66.7%of the total nunber of pores in
the pore size distribution having a pore dianeter

Exanttie . Contacodf 3 Krude HeahWith ThokéeBmtabyists. Phaibnlag édaetor with a
atal yst. contai ned . 0.02 gra qf, ni ckel and 0.08 grans

co S BRI h A S A S eRaCORPIEh e TgsHitc o

terRSiritred fhrBh HBDR cAMPRYeY. |Wattothdd GPER:

en?;?rr bi role m x%ﬂl?#e %4290 rrﬁegl \{ggkggl iﬂegn\)é% fgﬁftl%)dp&gﬁﬁltnﬁéhe space

betwegu the themoaeili and an amrer twallfofithe madtopwith natakybts mgd zidioen carbide

The .t t.al yst. h or ize > distribution with a
Ottt e sy RIOTAY et sliapribdeos bicyrbihave
lowefif 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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nol ybdenum per gram of catal yst, with the bal ance
being primarily a gamma al um na support. Silicon
W@ a00bioasomnas positioned on top of the top contBCT/UR04/042121

zone_to fil] (gﬁad space and to_serve as a preheat
zonel heriadeciged Flowito gaaireqgier Wanlien theitop of the ieagier & the bottom of
e j £ ' L n
PRSI SRR e RO AL A
bottont suppom.g AZwiies cadlgstisiizoh otbale mixppe (42 cﬁﬁ)@vas positioned on top

at al.ysts re sul fded by introducing_a gaseous
ot AT GO FolomprnkaoguiomBiiing GercadhedB ion calyst had a pore
siﬂléngitHEﬁibIQ@ﬁh h Eﬁe‘aie{ng%rf? GahRE: bPF7 206D @l793 of gieet?%l %?mber of

.5 liter of gaseous m xture per vélume (ni)
pogsstiathyespor¢ size distibutian hivieg wepsrediameennithih 205A pdthe wédian pore

SITRLNL KRN TN -
16REE i : I ter
" hol %?r%ﬁg# g%ﬁﬂrgﬂ%%\h?ﬁgé lgag%tfcg g’tgfﬁﬁgi“ z%%rggl%\ﬁe?%&lt ncreased
i ncréemaddleraiglysicibame 0@b{BO0IXNEY (56 cra3)r\quaosiftioﬁéH QCtop of the
bolpteBalegR 2ot orbs moHle Aot e ORE aF b il il had a pore
siz3 dikt@but{oARItOI meid@pode MAMERBEINRI title6350 o@fﬁef’[&tﬁl Afoer of
0

hours. The contacting zones were al | owed to cool
Porgip Bigtroresigedistipution trvidea persrdiatnetenmithingldad b6 themedian pore

- f of ' gi ed, then heat in an
i e SRR WL B8 B T B0 s of
mdighdetuingef gram dhertalyuceith ¢Rbabavé Being b RLAREE Sppsrt.

sunmmari zed i n FIG 7. The,crude feed was fed

Jable 1, FIC [ €
to thiercaiglst/silinene aaidemixtyied43 cmdewasrasitianedued top of the

- il QUalctde, L E0RG £B0Son b SRLATHL I £00FK I AAL sive .

contacting zo con zone,

- disgrilpiontwitlf a tnkéian arstdiametEhef 192ukl and e@dained0.09ptaed & :
‘ &@1 each of the ¢ taldz_stglﬁi n the presence of hydrogen
- MopRCenERAeL BRhY S hdih Brdalgarebane pumpEln? satame alugrina -

supho@t ogen gas to the crude feed provided to the reactor
was 328 NnV (2000 SCFB), LHSV was 1 h 1, and pressure
was S#icon prbidengasiporitipaed on Kipeofithe ©p cootattind zong ta filleRad space

aod FrBoa Wit & rd B bAaDr b G doRBAHo o BuFa g tha

inchrRe Fiveheaidsoned Mfe@g@ﬁi@n GhdTBichtA LR thdtob NRiddle, and
fol | owi ng sequence: 379 Oéa‘?nééﬁOF) for Sooog’oulrs,e’g%dbomm

contp@ngzeren @ thgotien spppor500 0 hours, then 390 0C (734
OF) u and then 394 0C (742. OF) for 0
nour 28 b RS g Bing's Bl Bk of Sabéyrogen
sulfidelaghs) velld hrblogdhgas aitékhesdoneing AdiRs hod Alte B LSIUEL: of gaseous

.was introduced into a gas-liquid phase separator. In

mixtHee Res ¥olume (md-) 94 friploatlyst {siléconseehidgwatintcowrted as part of the

' { and gas, .Gas | t,
vol B S o bR i L e OPes e iSO Lo caoo
°F)awiet | houtdrel hejdsdt @04 %@ SorteRc#s. e frbyhAding bt 504 &S thdricting

The crude product was periodically analyzed to
ZongR PSF RS £ AABTTEMETARY EHReA5e(000 ELahsanerstd 066 (ShEF) per hour.

ThEEHASHRE QUM . lciogit rages_of .t he.
det er mlB% e dhg:S v\‘;\?erlggﬁ { Jt%é%&etﬁjtlg ggsf&g?naléogﬁ’gt })/1%% ﬁ'{%ggme&tadlg gaised fo
37MIOEI6 tF powp d ioue sndilicdd s18TORC foetlvé RoukabTke dontacting 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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of FIG 7. : As shown in Table 1, the crude product
had, per gram of crude product, a sulfur O content of

W@ 206/P66303 ans, a residue content of 0.255 granBCT/ER2004/042121

oxygen cont ent  of 0007 grams. The crude product had
PRDUET BIGPEH 16 Jblerl FIG— ol esgsHAT o6 s uhiodhe 1cpfof the reactor.
l..af. ni nd_ . :
e el IR0 Shrghel e i A 0B coMafafl 2B piigje contacting
zoney tet eontaatind Zoye, mad doitom gupporesfghe sdcy.eThgerube ted was

t " VWABT" | th of th d
cqrEd b ehog ey bhaty e g Sutpaed Gosiackee
cdn@iHRAE ekt & i@flo@v&%aﬁ@&%%ﬁ&geg%t ﬁle'c?uéé%écﬁ}yrggildég' ?cgthe reactor

as cat aI3 sét i fe decreases, SBdT I NCr eases.
wis328 Ilj;magrhi(a@(l)o BepBydéti\amianh h6f andAREssuer waks6.9 iMiPa (1014.7 psi).

nemy o f i. f h [ d i h
bR B B ST g Bbons i
S00EHYuES EMdnFpek At Bred Ve IR ABre¥\ OB Tia@fnglAdGed \Q&%Qhéiﬁﬂ&%%e'd'lgg énaintained

. zones versus hours of run tinme for contacting a cr
inftleei@llgving senwencop3 79M@IEAN1E °F piod SO0 hows) andtthdn/388s°C (F36°F) for 500

SR 8Ly (AR B T g s

Fr orTHetttal plodtiet(eay isS thalhle\WiEtiuct hid %? eRRRThd l:e?talty&tbed. The

estimate that the catalytic activity of the catalys

tofghproduet wasdnireduced insela g5y huwd phgse sapgratoot Inuthe gas-liquid separator,

j - rrelates ta 1 year. of
g R e e S T ChUE RIER e PR 0t e system
wasandzaaiet by alrhass flowdeon@ler. VEdsiexanfy thabysians wabdehfifedby a wet
ore size distribution with a nmedi an pore di ameter of

test et dhe £aisle PEodichwas peridigelly analyzaskte detevning asveightepercentage
by . Cp . o di amet 6F. i o

SRR G UAARD ALY S0 BRSO LML A0 Py

waightipercentaggoofesniponttie @nide psiduet slopértibdart isomniagived s Bable 1

f&f‘s% dianeter within 45 A of the nedian pore dianeter,
oMM th-control | ed contact i ng condi ti-ons, produced a -

t ot s MHRAYE TablRAL tHeRGhdedRIqich §7cf, g)?g?rag{ 633:3% e prlr']’&;%ct a sulfur

measur ed by P-val ue, crude fee ure
costenlyif]6.Q07 S\gaamsyai rasidueneuitenTh£0.25 51 denpy adoxctgeh adntent of 0.0007

el R hroD SR 1RE8 e o RGP o 1 SphBnes gt of 1.9 and

a TANId0/00e dhe Wikl 6F idhR] £RFVMUGUEORAENT 4 dRsheh he VGO
content of the crude product was 90% - 110% of those

pr op&e livesofghe eatalysts et deethin@kbimplesuing Govtighted average bed

F {-+ al ys Tha e Pore Si.ze
R LRIl Y 7y B s o
colBeititaet enthRQer Béatkire Jithe cRAG Hed 2P balid1Ed (R GERdtallQTife

the nunber_ and content of contacting zones), catalyst

decgases. @ Wé Bletogesasesmbi @ obliser eraptpenl acnresgntation pHWABT Versus time
« i d duct
O iR o8 0l AORLEL IR SL ML S WEL G

Platil € cepeésehts alie Barage WABIGS thd $hidd wathctag Hode versusdiurs of run

. crude feed flow to the reactor was fromthe top of the
timedgreaiactips aigeidsdeecomith the top.Haiddlsaznddpotionheatalysist Over a

mag?]ﬁ?’ tc?fo {rlllle‘i"gn filRMLRWART dr9hd Atdcing Donds %lnlyoc\:lﬁialqgecf%%poexrifnately
20 °C. From the relatively stable WABT, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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carbi de was positioned at the bottomf the reactor to
serve as a bottom support. A bottom catal yst/silicon

W@ 2005/06630311 xt ure (80 cnB) was positioned on topCDUS100€042121
siligcon carq a bottom contacting zone. The

[ to f
Bot t S E5ER S SEmRRHTAE bR O GPEg CPIcB e a O B catalyst having
a PELIsBR dRefisutidhaNER] £ ﬁleefan})%?ﬁiianglbttep olﬁﬁa 4 %%K%dtéﬁgﬁilonal

hunmber pores 1 n the pore“size distr I'on havin
capadysts btivamga porewizehiisiriB@ioh wifth & hedimdioandipmetr i 8rE@ke between
T ot t at t.included 0.11 granms of nolybdenum
oG & iR ke Bo¥S i bR it AfndiS s pySeizadisbution
heby 30t ithis YB P61 the fh b
' car albﬁddé m xture (810 crrB!)5 tngs eg%gip? ?%%é%é%’s\%’%}%&gﬁ%tuﬁ%
coptactiogre@itiicust producedraetotabpfodnen thiténdlogedcthe tade iprgluct. As

Zone., I t.0op ca ad ore size.distribuytion
R PG, BfledelP vl piadio bR £iln s mespamognane
crid¥ @rbduivt i@ fedate dPARS rddicdd i/ WA eeobteh€ réhiba bR BhRtent. and

havi ng a pore dianmeter within 20 A of the nedian pore’

rediicgfeKEgen cpRient ativatiathesrudenfeed vduleGhOsigiuawentefit and the VGO
' ans, Qf L,ybdenum per .gram of
TR0 oA LA O LR PRI P e e
Exaifle 8¢ Cuadadtof alC1aiRd e WRR T80 CRAINHS ThaCAN &5 PbRgSize
zone to fill dead space and o serve as a pre .

Di 1 2 aiviedian Hoxe Digiaeten inia Range Betwean M E8MA. The reactor
i r.h I NQ. zones corr ngj. N

oS RRRS i OIS M DL D RR SRS ER A Be

mdibed, artisudyfeeparBiagithe tataleprodien ezdiglethbd M\dﬁsﬂﬁzih? @hde ctrude product

e 0

eJtcgrgiperti es SUHHH(L' zed in Table 2, FIG 9, was.

were, Hiesape 3¢ dessabed mkxymplefie Eagh eptaly g avps migos withiansayal volume

‘of tiRoRESBRAL zOne, top contacting. zone, bottom )
contacting zone, and bottom support of the reactor.

|

' The Torewdsleffessdflowso thentatdraths\idon theaop obfhetrbetor to the bottom of . . .

catal ysts in the sence.of hydrogen gas. The -
oL e PR RS S eI S B e St
caby0aedsBRted & th BofdH A€ Hee 84t 0¥V Ys 580%&1‘? s%@%?tt % bottom:
HSV was 1 h 1, and pressure

was 16 Nm\/'élOQO SCFB), ,L
catghyst/glioon\rebide mivur (§8icn’) Whepdsitoned o agt ofithe itinescarbide to

to 260 O 00 OF), an i ntai.neq. at 260
forf A BaliR hlade e BRe "ot P iR hell At st iopgion with a
medintpRed dia@e®e DL MAT Rith!5617% BLhE ASEChuRer PBicR i@t’hﬁ ‘ggré' fize
.the follow ng sequence: 270 OC (525 OF) for 190 urs,
distrefaitiop davipga pesodigmyter pithm¥ Aot the, mediamp@e 8lid@té6 Qe bottom

. , 343 0C (650 QF) . f 120
co it a0 [ B oSy Ryl 12 i of bt e of
catplysiduith texbdlatte begrsapedror and was separated as

desgribed jn Exanple 5. The crude product had an
avefdgB catalsiptiliepne sahide mixture £8Qigia”) Amis ngsidivhed omfop i tike

' ' r 0 t -ha I amof .
ot B B AP s PR RS, THe fon Gl hTh P soe
distibpgen with.a4dddign pors ddmUGQL 100K, Qvith/6h. T dTBheObtal number of

resi due. Addiﬁ{.i Q%E_l properties of the crude product
Potgy I 1 Bpigiqedistayttonchavinge rore giametar avithimA Aeof the median pore
; n [ . wi.th-th
diaHRERPNThE Alp&atal iR inchRIRE BQS g?%lné Ffmgl%e!t‘f diq bgs g3, o%zgafygﬂenum

catal ysts havi'ng pore siz | I ons’ Wi
perpare ofl caialysiewiththebalang deingtaheeina 9011it8R cAbfifeatsGREitioned on

top of the first contacting zone to fill dead space and to serve as a preheat zone. The

catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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a crude product that had a reduced TAN, a reduced
Ni / V/ Fe content, and a reduced oxygen content,
WO edoamsese3 t o t he properties of the crude feed, pa@hubmo4/042121
reS| due content and VGO content of the crude product
f@@%@@b hayjag ifeﬁﬁemrtlwmmaedmiaue 2t REG. 9, was
e
fe%wﬁl e e SER Thd 8 Rlontl ol B SRR Ponop
contaeting zc&ra:dbmitmm enitacdingcont,ant ibogomanpprt oLt aaters The crude

fe%ﬂ%ﬁ%@#@ﬁ%ﬁﬁ ST She AT RESAAS by Brogse oasa tie
coﬁﬁicﬁﬁgc' s rEXARb Gs Giatlg‘ofﬁ%m&%énéa t6 ﬁ% c:l'wgc? Cfe«%'{figx)m/lded to

havi ng t e propertles sumari ze
theveegctoewas 960 Nen*troh(16000 SEEB),ddAE8 Grwas THe', andigesfieedvas 6.9 MPa

O P B DR B 20 251 Mo i a
260285500 °F) KBE2E0MAE t TEEp &GRS ol BRSE ta@ﬁn%?%l g%re then

rati o of "hydrogen gas to the crude feed provi
in¢rhased end memtaiaed @(Ihmﬂ]!onﬁng S00eBEFBJ( °C HRF “Wasford 9B hbyrs, then

2o o g Caltos ot B TP e Bie echeifs b e e °c (650

°FIﬁ>5Q2@ﬁburs"Poﬂd3lbﬁilr&ﬂﬂnﬁbﬂ‘?lm%&@07 hours. The crude
product had an aver t%g TAN of 0.16 and an average API

gr aviheyote} preduct eyiied the reactnr and iwag seppivied audhscyipeddn Eixample S.

N A R R

préwessing €Thegdrade plodaethde, o @etne bf crﬂd@gﬁﬁu&r @0@233 rams of sulfur,
sul fur, 0,002 grans of o;ﬁyj%m 0. 37 rams of VGO, and

0.Q934@1argy oA Y8e ) O s SRAD. 3&8 @RS plerssidne. t Additional

‘ G 10. Th
prép)’?gﬁjne% %d#rgaﬁes gltléetlsa%]ligedl@oﬂ?g%%ﬁnﬁ E%he crude IfZed‘

Wi t mmm%@ﬂeemmwabatmstmmmg tlﬁh&fr&d@fez@ with the catalysts having
di st u]i)l ons i n e of . 90-180 A produced a cr 9&
Pof?r% PRUQNSLH. Pt dtAReten Iy i8R betpgemP0-180 A produced
&@d Yt #RAhAHTR eahwa TAR, Rt ly
! ecﬁtfr c?ontent {/GO c:ontenail éﬁﬁr esl uehge%%t%t r&%ucedoxygen
conthet, wlaitve tp thechroperties & (F6edO kY, whide f6EUe odinterhemd VGO
ve .properties of t su eed. Exanp

coly R0 The BLhOBRE 6 e i YA aline-Gipece Bapeties ofthe crude
feedystens and At Various Contacting Conditions. Each
reactor apparat us (except for t he nunber and content

y autle Feedh ¥ nloycatalysts |Tdmemgact:etabpafatus

AR S T T Sl T iprpsor
meﬂ;odA&udabﬁidMSﬁ dhalyeisCaritl oMl sthilfdiigl th&BeY Gafelthél Sarhdastescribed

. volune ratio of 2 parts silicon carbide to 1 part
in Examaple &t unl ess ot herw se indi cated. The crude feed

reatt GPATReR SES AR bk ER pr AR Sl BB R xhF o 10

wawidsl fpabd fopofi€itt @ictéh THeairidenfeef flewredthiQastte pleBef 9HNE top

as a bottgom support. Each reactor had a bottom
contactlng 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 h™’, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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contacting zone and a top contacting zone. After the
catal yst/silicone carbide m xtures were placed in the

W@ e0usAa6ed3ng zones of each reactor, silicone car®i/us200a642121
positioned on top of the top contacting zone to fill

p .
dead hspaude pradugt had ap geerage BANrd ekt andameavierage A1 gravity of 16.2

O s R ot SRR Bl PR 12 P it 6 BRI afrogum. 06
Wﬂgpmt dfeinpy, efeawtgmnef p(btbﬁlilimg Taeoiude pir(?amclemgl@per @ ofdfude
ttom support. I n Example 8 an uncal cine
prﬂ%}%%%%}?aeml& R%frul@&E@a@sgrP@ﬁ of ewvecaad 61 gramsaf @O apgl 0.401
o .
B AR trogr 08, L BROL ey Mg B P d ¥ FiG.
10of nol ybdenum 0.047 granms of nickel, and 0.021 grans

of osphoruys, wth the bal ance being al um na . support.
A ot Gt Rerbatsiater i PR o BectH S s 2 ipe celsied
catflfsbs WHE pSRLBleXEdtribaidns Qr% Qrzglgé 8r 50480 A Hﬁ&:ﬁtgf &ﬁd%ﬁé)ﬁuct that

a medi an pore dianeter of 180 A was positioned |
had epedisad AN, ngeduned totahalawhypdanyming tad pstasshan cantent while

solfft Gy GPron ot B rEHEE eoBientPlalip ot Piokaet Frer e g%
andll 0B BAsTithDresfecli@fRopefticd BT cAldéMeaR per gram of

support.In anpl e 8 an uncal ci ned nol ybdenuni cobal t
Examples &1 s Contaoh of a (riude Fepd Wiitle Foug Catlyst\liystems and At

"l’ i N~Lh .oh conta ti zones, T
VIR Lol BRI A EE PreepliRergrmbgr and
cofeANdf cdhtaBTihy BsiRE) BachCaldykt GllAHTghetBOD @hdh tofl §rddulZsbparation
rams of phosphorus with the bal ance being al um na

methesh apd each gl mradyt amalrtinpgs the pame edesenridda Exaxpler e All

ool IR ARGl 1 PRoh B GORLPY Ruffuiifparbive o1

patteatabct wgssatitewist ikdieatg. €Tig: cride fxa fiplhahiddigh theh reactor was . -

nol ybdenum cat al yst as descrjbed in the top contacting
- fropy s Yo olbs Rgackorge thsbostpmend the YeRcisr.| Fibisen ewbRe dvas psitioned at

th@ElS}gir(r%rli gﬁ%‘%h kdhcldd®o g@{/&a%ﬁ% %“g’g’ﬁﬁgﬁﬁ?}é f(eg?to? AR a bbttom

r , an uncal ci ned np
contactalgyzme sind i tgmepntzztibg denear Afterrtke ¢ad@ystisB)conasarbide mixtures

osj tipon in. the bottom cgntacting. zone. The ..
wello lab a4 AN RSl AP ISons HEpidaBis Ppfioned on top
of eHeabp Bbntsind| 2488 to £ Q@adgsi)ﬂé@alﬂfto RBY e 8 BReat®08E B each reactor.
grans of nickel, and 0.01 grans of phosphorus, Wlt?‘l

Eaglnecaptar svas baded inp aLindberg fsuppothat indluded fhutdwating zones
cat al Y8 t

Lsllican carbide m xture. (12 cnB
cof SRR Rk G e RaCRER BEAP Koo ans SR T py arcnonart
cat ah Fsimples, bl enciiedaiollyBddniien/hieRel €a1alAT4iliBéh ZRBi8e Rixture
Example 8. . Crude fromthe Mars platform (Gulf of

(48ven1) s pRaisionsd indhebottany eentpeiimgaans. nTlmncatalgst iadluded, per gram of
cat%lﬁ'gﬁ)g.ﬁ lag g'i'aﬁ‘%sg%f rg(‘gﬂyg&n(l%?%.ogg)gre{n%r ofl nzlékzef', arrllgtbr.Oaltg?’arglg of"
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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Exanpl es 8-11 having the properties summarized in
Table 4, FIG 11. The crude feed was fed to the top of
wo b@sneses or i n these exanpl es. The crude feedp€¢T/Osmd4/042121
tthro];%? tth r eheat zoge, to contactinglwzone, bot tom
cont ‘BtiaRle drid Ungplangs Mabvhdsnppsobals patalpiat/silicantcgrbide mixture
3 3 e .
R o o B R0 At i s e kel molybgpumcobal
catadysd indlodes Of 613 grammk oEmalpbtdenune rie04sgriumk obesbalty atd @ORF grams of

hydr ogen, gas to crude feed during contacting was
p@%%ﬂ?&?ﬁg%ﬁ@gﬂfﬁ?gm&ﬁ&ﬁpﬂ@a?&pﬁ pressure of each

Syst&md'}gmﬁl%dé({’ t/49iL0n darbRlk Ini i i

during t eef]ilrst a%’o 1hoursarof (}:Ig}r%t ac 'iz\é%?)gvﬁgptgﬁé%mdmthemp
contpgtingdorteo TheOndlylidehom dabwdyst svamithei sagiecas i ghettom godthdtiag . zone of
ETe epatures in all contacting zones were 343 0C (650

§dr 500 hours of contacting. After 500 hours, the
{ eNAEXaHPRS1 0, TheédhblybA&th@rEdtigstZ20 A8 rived & HRWJ &lnltzgﬁng zone of

as follows: the tenperature in the contacting zone
Esxgamde 8 avag snixechwih4ilioon ¢@igle @) positidubdan tiBSbtb Coritacting®dnes (60
cngagurs; rai sed to 366 0C (690 OF), held at 366 OC for
O hours; raised to 371 0C (700 OF), held at 371 0C
for TAGRAmPRLTIS an a¢AEHed MoBBaeritn/hitRE falyst/NBlcOnBarBe mixture
OC for 200 hours; then raised to a finaltenperature of
(43 o0 ey mRstioney imihg brdpm cantagirg Boef dhe poGldioed s, for

i NG L f urs. . The crude
oy A ALATE SLPGRR 54, TR, Gt
0.0B5csrage of nipkelkendoy.01 bansrofgaodpheths, With Meltdlané®being alumina

content, residue content, and oxygen content. Average
supRfithes for properties of the crude products produced

N EXawsndn Lk ik &bl e 1. -

FIG 12°7s % gr as i@%ilécrﬁle%?belggﬁlt]%P %egrlég#n b‘-%%cﬁséloélfe d in the top
contaeting zae.- he chedybdetiith catabysswas theRame a@in(the top dodkactAg Bone of
52 L"hf catal yst systens of Exanples 8-11. The crude

WO had a Pvalue of at least 1.5. Plots 140, 142, -

144 crandfrdAGné Eﬁ'ise};lﬁﬁérrﬂ fuP bflﬁileﬁigo%a§ £ rg‘%gg‘% }f‘el'?tetdf%lé an

product obtained by contacting t crude
ovémefra tempatajme 0§93 fe ROT) ExalPp?eko8s olformsheatidy ey for

For, 2300 hours, the P-value aof th u roduct
Exaghles 3001 Bt ene biSettied SutiiaSted BT L FIBLRE Bhe crude feed was
fedoaiPlopoBhelRactbiinfk@rRkanplls. TREcHdY Rl l0WRE tRBAYEthe preheat
1.5 for nost of the run tine. At the end of the run

Zoyep BUNCHAGHBY Zousy betiaimsbriadting zohe, ard\baltom swaporl ofithe Feaotor. The

- r roduct .f each trial. it
g8 L Bl D S B A SRSk Plaplh e
Conerhgestidéti s ifvredayh sxaahple waty dsTa1l6nst Rebiofaydiopén gas to crude

exanpl e, the crude feed did not phase separate).
feegduging gantactmecsyasi 90 Ndmp (1000 RCER), anbthe tofalprpssorbuafieach

' ; a8 L el -dyr j. si-gni,fhcant
v RETRLERD pa (I b SO RN 1 i E 30 20D B8 et
conith@ing; aral then lower@boed) h for thd Bmal@ng SorBad@in@RithésalTemperatures
resentati on of net hydrogen ugt ake by crude feed

in %lf t3ctDE ZeRES WeiR 343 rfe (G50F) for §PO hewrs of sentrsting. After SA@ hours,
the'ltglgbélﬁtuPésQﬁ an %Sntgfst#}y Qg%greg:?gﬁglﬂgge{sgff)%égs: tt)%est%m%gr%ture in the

“represent net rogen u
cortantingzbhesgwverh eaisedid S 58 € 6T T, 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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each of the catal yst systens of Exanples 8-11,
respectively. Net hydrogen uptake by a crude feed over
wa@ 20080643031 peri od of 2300 hours was in a rangeCbhesweem2121

7-48 NBW (43, 8-.3Q0. SCFB sho in FIG 13, the )
teRETAfry Pg\é@n;th&égkg) BQ%EIE%%@ a@f%?dg 5200 hawrs,fer atqtglgoptacting
i@ hagdy i Ng each trial. FIG 14 is a graphi cal

representation of residue content, expressed in weight

per thet ads proflugs wde prriodiselly ftidRyJedte dstesmina T AN fy/drogen uptake
L R L S
vallad fér prepérdeeoRALRRAL Pﬁfdu&% Br&ﬁ%@fm Eﬁ&%ﬂl@ssg-@ §%re lisged in Table 5

_content of the crude feed. Plots 156, 158, 16
infd@r Bsent residue content of the crude product

obt aiped, by cont.acting the. crude fee ith . the
o 02 D GG, B 5l L e Ber ) verss
rus AN fdrle@eh dfkthe halyEOSERES oﬂz’@%ﬁ?ks 8L 11t MeheCirtifereed had a P-

roduct remained relatively constant durin

g
valijefiat leagint 5. pBlots 1R 14% 144.cmdtldp agpresenGhe Povilge af the crude -

' t ati f. ch i.n_ AP i, t
RIGPBERLA KRR A B gl S i
3-thnkpativelpe Foa2 300/isdurs Yisd BRBlue bf Eié&ﬁiﬁﬂeq&o&lcl #emained of at least

5%(%3164 166, 168, 170 re(gresent APl gravity of the
1.3t gatalysorystemsay ibapmples iyl & dntxempiryl 1 Alee Rvakiie wasebiove 1.5 for

& bhakh al éﬁéﬁ&“ﬁ? Bl f@tﬁmﬂg il ]

M espect ?32@5 Aﬁiﬂee ach o liuﬁe(z our SSingﬁglg},(aﬂé%lg f 1l favalue was

1.4rirdocthe Rachhee ofi the aside prddoctafor earpiariall RmmbBhedinfetred teadlhe crude
e APRI g avi t eac de products increased b

Th f h
feed 15 epch tiral re ¥eé13§1_at1ﬁ‘ﬂ¥ S'fcagércglélélg Gonipting (o4 gxgmple, tﬁ/e crude feed

: di&%t&ﬂﬁ%ﬁ&afe% AR sl BT . 1y, Ak Pw}l?ue%f{fﬂﬁcrﬁag g%%& refained .
1. 9 g ity 1nthis range i1s

a range from 7-22.95. APl grav

« relatiely arsmant dwdiveg Agifigand pttipnedf edoh tialueleepeiadxafip 1016 which

icc?l representation of oxygen content,

i t.aph
‘theeé'aglélgé% CH5H ‘wei'ght percentage, of the crude product:

(" ORI VERS ikl bdpisehitation of Rt h “pp”
syst ens ofi ’ggﬁ}iﬂl es Iizis'%lel.a I%I 8t_ S tﬁ%‘é@ﬁ%ﬁpﬁaﬁ%%&é%%%%ﬁ( =
veysBpradang ("6 ercioueerielesitsysems frethe prasengsraddiydtogei pas. Rioks 148,

' feed with.th t al yst .
150X 55 A3 Are b BldER noRECo g b Sor st bl eedin
cachofahy gedysapitems oDExahpleDs] 1 helpeetivdlpeNet itRof @8 htake by a

mﬁa%h crude product had an oxygen content in a fange 3 3
crude deadpvena Bgtine periest ¢l ds 0p dplugvamin f renasdetvpreo Judt Nm®/m

IR} h ' . h ' 6 he.gxyge
DRSS bl PRI e LR el Cpih DB BEGRR st
relatoredt amstaaf duering2@6h trizlir s of contacting tine. The

rel ghiével. c%‘l)?lta t ox%lgen content of the crude )
pr odtfé14de AsHRDIcR BPreshRiptianplgeTideE et eXDEstsagdn weight

e ' ) hNG.... Sl nge . TAN
pefEOHTRELOF erut oL TR A B bl (GOTPERI It i Tl of
Exarhples 8111 dmsachaofplor fouotriabe thehreudeagrbdney hid a eaiduaicohtedt of 88-

rgani c .gxygen conpound re reduced sel ectively over

90108 P U SRENSAE O he e R Bi5 g 5%k le? represent residue
cor QRO HRdSudd Bblafcd by cBhialiBRAY R {

371 0C (7%)63 158%) , a Sr gssﬁrce 8§ s gé g}glgg?%gl‘&ﬁ}gﬁ%g? a%ySt
systemeh of Lixamiptes 8F 1 hyehpegbrlt AAcshoda ih #&@. bf, tHGR@NdWEBontent of the

8100% %CFB)dl ctlh(i . o : .
crudé 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 APT”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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reduction of crude feed MCR content was 17.5 wt %
based on the weight of the crude feed. At a
wo eowpesadzire of 399 0C (750 OF), at the sane pPEFES1084/042121
f hydrogen to crude feed, the reduction of

iy

16 36@16'@25700'\}@?@6&% ST o hejcryeproguctedptasmed byecontacting the
. | . .

o 508 0 O LR B T B I

triglsOdath Zrpleiprodumh Hadha viatosity o a e digpen 58.8- 72 Uk, fe ARIfgravity

OLZ5 BHCC B0 TTboq b da ‘o eRe o RGO gEed AST Erayiis
cdrR8sbndsto &h ABTREKAY H}f ﬁlﬁngud%%?o&lﬁts( i¥15clq812é:9f fé%lgtz 1%%2.%%”%1

pressure and rati o of hydrogen to cru
gregtiviotthigmange is it Lté1 T%ed theiPgmvitnof thasrde feddy based

on ngc}‘?l @ﬁiis‘ght of. the cru .fegd. Thi s | ncreased . .
r eductt O 1T hEBPHGE FPREFIIAERNCOAKESH WBIBhSEPIesd ik Maight
perd¥0tadB ot thé Bade HRIMBNSOF")aRtsud il Brh& |98t Bl the catalyst

facilitates MCR content reduction at hi‘gher
sysiemp of Bxamplss ldn Rlote 13RI c1 Hed 78 0dpuesast @kygemlcéhntent of the crude

| s catal yst. These ex I eponstrate that
orf iR e By b B SR R LR RO Sl atigamptes -1,
refpEAMNed¥. Badd)critdd fro@id hall aff Bk freh@belSd St HRA VRS MG rude feed.
crude product, while maintaining the crude feed/total

Eash stidetproduet hadeansexyisen pententin awiangs fraap 8100V410y004 frgrdms per gram

. . 15al . C praduct propertjes
o R RO By LS PSS PSRBT LR e
pré@etreniimddackel elgiconstpitaper 200efoued oft ddataefingl fimiel QW ¢dlatively
were within 20- ?O% of the sane properties of the
copsippfOxygdcontsnt ef te catdeyprodct deporstaies thas selected erganic okygen

. ) " ed:
PR A g S QAR it TS 1A P YRS these
cx80PB}..it Bay he priedertthat dtdehstun partion af ehe ToAMbosd liatormiaing4¥eanic
of the cruge fe%egf, ‘ﬂnq an fnvera e total N /V content )
OXFECLEONROLPISATF HIICEheeledvaly ayey The dgRcamhoxpic eqikatping geganic
Oxg,gﬁpgonywuhg&rmi ntaining a P-value for the crude feed
of above

3. The average residue content of each crude
pr odubxampls 1dg8atgesition cohditivesofldel 30 GTI0OME),of pressarcsfif® MPa

(1GEE 5o B S8t A et R it e of TR M B Sl b e
redi¢E6@ROEcrAR fegll IR YoReneREN 5 WK, PAsed Uk &hevwaﬁﬂfl&tﬂel&%{ae
of the APl gravity of the crude feed, while the

feagh Seastpmpergfure et T T UTSOFFbatithe sams patssuroend 46 afthytitogen to
' i : f Exanp! - 14 . Cont .
el SO A RS AR ORE, BARIPGE 473 o201 i

of Diesrtidedged.on Wth a Medi an Pore D aneter of At Least

180 A Wth M nimal_ Hydrogen Consunption. |In Exanples
12- TnFxumels % Baercionsepananser ¢ &k de 600 H), aumtssre ofifcd MPa

t i |3y s el
(G0 ER o AR By B RNEad. BT B SRR GO S E R e
reductioleofrrodifztd MER yontsnivedsel 71 et% ssmsedion thesedizied thdtrude
e\Iax%:}rrpl e 5. Al %fg}a‘gt aolg/st s were mxed with an equal
feegoAfrpeergperaturs ooty ochr BB L) thiie srme gresesel and wo of 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.
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eaﬂbﬁﬁlée PWU%P W%t%mqsh‘}ﬁ%pﬁﬂiwscg@@y %the srude deed
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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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zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of

each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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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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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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crude feed was 160Nm8BW (1000 SCFB); and pressure was
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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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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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grams, and a sulfur content of at |east 0.0001 grans
of sulfur, and at | east one of the catalysts
conprising one or nore netals from Colum 6 of the
Peri odi c Tabl e, one or nore conpounds of one or nore
metals from Colum 6 of the Periodic Table, or
m xtures thereof; and controlling contacting
condi tions such that the crude product has a total
Ni / VI Fe content of at nobst 90% of the Ni/V/Fe content
of the crude feed, and the crude product hasa sul fur
content of 70-130% of the sulfur content of the crude
feed, wherein Ni/V/Fe content is as determ ned by ASTM
Met hod D5708, and sul fur content is as determ ned by
ASTM Met hod D4294. 8. The nethod as clained in claim
7, 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/V/Fe content of the crude feed. 9. The nethod
as clainmed in claim7, wherein the crude product has,
per gram of crude product, from 0.0000001 grans to
0. 00005 grans, from 0.0000005 granms to 0.00001 grarms,
or from 0.000001 grans to 0.000005 grans of N /V/ Fe.
10. The nmethod as clained in any of clains 1-9,
wherein the sulfur content of the crude product is
80-120% or 90-110% of the sul fur content of the crude
feed. 11. The nmethod as clained in any of clains 1-10,
wherein the sul fur content of the crude feed is at
| east 0.005 grans, at l|least 0.01 grans, or at |east
0.02 grans, per gram of crude feed. 12. The nethod as
clainmed in any of clainms 1-11, wherein the crude feed
has at |least 0.2 grans of residue, at |least 0.3 grans
of residue, at least 0.5 grans of residue, or at | east
0.9 grans of residue per gram of crude feed.
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0.101 MPa, the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at

least 0.00002 grams, and a sulfur content of at least 0.0001 grams of sulfur, and at least
one of the catalysts comprising one or more metals from Column 6 of the Periodic Table,
one or 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 total Ni/V/Fe

content of at most 90% of the Ni/V/Fe content of the crude feed, and the crude product has
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25. The nethod as clained in claim?24, wherein the
processing conprises distilling the crude product or

wo bashobansl i nto one or nore distillate fracti oPST/URB04/042121
The method as clained in clainms 24 or 25, wherein the

a splifiscestenhef Wb o6 thermifitbeoniastt oA ghe crude feed, wherein Ni/V/Fe
content is as determined by ASTM Method D5708, and sulfur content is as determined by

ASTM Method D4294.

8. The method as claimed in claim 7, wherein the Ni/V/Fe content of the crude
product is at most 50%, at most 10%, at most 5%, or at most 3% of the Ni/V/Fe content of
the crude feed.

9. The mefhod as claimed in claim 7, wherein the crude product has, per gram of
crude product, from 0.0000001 grams to 0.00005 grams, from 0.0000005 grams to
0.00001 grams, or from 0.000001 grams to 0.000005 grams of Ni/V/Fe.

10.  The method as claimed in any of claims 1-9, wherein the sulfur content of the
crude product is 80-120% or 90-110% of the sulfur content of the crude feed.

11.  The method as claimed in any of claims 1-10, wherein the sulfur content of the
crude feed is at least 0.005 grams, at least 0.01 grams, or at least 0.02 grams, per gram of
crude feed. .

12.  The method as claimed in any of claims 1-11, wherein the crude feed has at least
0.2 grams of residue, at least 0.3 grams of residue, af least 0.5 grams of residue, or at least “* -
0.9 grams of residue per gram of crude feed. |

13.  The method as claimed in any of claims 1-12, wherein the one or more Column 6
metals are molybdenum and/or tungsten.

14.  The method as claimed in any of claims 1-13, wherein the Column 6 metal catalyst
has a pore size distribution with a median pore diameter of at least 90 A, at least 180 A, or
at least 230 A.

15.  The method as claimed in any of claims 1-14, wherein the Column 6 metal catalyst
has a pore size distribution such that at least 60% of the total number of pores in the pore
size distribution have a pore diameter within 70 A, within 45 A, within 35 A, or within 25
A of the median pore diameter.

16.  The method as claimed in any of claims 1-15, wherein the Column 6 metal catalyst
comprises in addition one or more metals from Column 5 of the Periodic Table, one or
more compounds of one or more Column 5 metals, one or more metals from Columns 7-10
of the Periodic Table, one or more compounds of one or more Columns 7-10 metals, or

mixtures thereof.
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17.  The method as claimed in any of claims 1-16, wherein the Column 6 metal catalyst
comprises in addition one or more elements from Column 15 of the Periodic Table and/or
one or more compounds of one or more Column 15 elements.

18.  The method as claimed in any of claims 1-17, wherein the one or more catalysts

comprise in addition an additional catalyst, the additional catalyst having a pore size

~ distribution with a median pore diameter of at least 60 A, or at least 180 A.

19.  The method as claimed in claim 18, wherein contacting comprises contacting the
crude feed with the Column 6 metal catalyst subsequent to contacting the crude feed with
the additional catalyst. |

20.  The method as claimed in any of claims 1-19, wherein the crude feed is contacted |
in a contacting zone that is on or coupled to an offshore facility.

21. 'The method as claimed in any of claims 1-20, wherein contacting comprises
contacting in the presence of a hydrogen source.

22.  The method as claimed in any of claims 1-21, 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.

23. A crude product or a blend obtainable by a method as claimed in any of claims 1-

22. .

24. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product or a blend as claimed in claim 23.

25.  The method as claimed in claim 24, wherein the processing comprises distilling the
crude product or the blend into one or more distillate fractions.

26.  The method as claimed in claims 24 or 25, wherein the processing comprises

hydrotreating.
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