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SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE
PRODUCT FI ELD OF THE | NVENTI ON The present invention

waqgemsriabdoy rel ates to systens, nethods, and carargst®4/042137
for treating crude feed, and to conpositions that can

SRS ORISR ot 4 crone

descri bed herein relate é t , methods, and
catal ysts for conversion of a crude feed to a total
FIEHE]@%THE‘@NWNTI@T@ total product includes a crude
gquid m xture at 25 C and 0. 101 MPa
andT leasresmme iventior genprablyeelates go systamsamsthsidarapdctatalysts for

relative tp t respectiv roperty.of .the crude feed.
treatpB AR T e AR AR e P e e BB SR
methBAE abd Sithlyal! ®IRE PRAICHIaES, édtin SAbdidhemtk H8WribBE& herein relate to
crudes to be economical |y transported, or processed

systggisnapethods.and icatalsiststfarsaniversian of arasudeoies il 4/total pegduely wherein

as “disadvant aged crudes” .. Di ? e ropd
the helaf ad i SRS IREE AL P LR LRSS 8RR Y wap
anda@k dnd ohere fropdiies thaf ark RBarped delafiaed thdiespetvianbagedy of the
crudes with a relatively high TAN may contribute to
crudoieedsi on of netal conponents during transporting
DE @‘ﬂl?ﬁ‘ ot ENA 18D WrE di sadvant aged crudes.
—Emwm-rcmnts from di sadvant aged crudes
mayCiudeothaehaleanie oalore neuiitable ipzoprgica@chadido moo alpon értcsudes to
wi th various bases. Alternately, corrosion-.resistant
be GRapSIPICAH FaBEPOREE T HRO RS CRET BHOBRRTHERY afgPponly

refdfc8qs 38 Mg KA PIERdesthe use of corrosion-resistant
nmetal often involves significant expense, and t u s,

t heDissdvaptaged crugiss oy imgidst agidic penpdnents thadi coniriigte to the total

R O Y e 0L G TOAREE A0 s

may BbitAbte & corPosibbeTiMent @aigsbnents dafin® 8 hepertinzma ee bidcBGing of
and/ or processing of the di sadvantaged crudes. The use

the disadeniassil sirdephRemovi oF peidicrrogmongats {rogy digadvantaged crudes may
o PR R B 0 A Bl ey
corfdsiacdesphagadamaielse wetl émtramspbaation efugtnmant hyd/bi plocessing

| evel s_of resjdue., Such high levels of residuye tend to

eqURIMGt e Y4pe OlRoarosiopaRtTioY Thgak (R Pyt Y Csaie branh Paeas and
thudiSh ke AUARLL PR stdR Glerd i BRistifld SRHAGH 3Bk blidBSrable.

en contain organically bound eroatons (for
Anethanpttbpd suinhihit cooopigenaandolnt addigemdf cadragami ivkibityrs to

. _bound het t . ituati gy
disefyplpgst wprSdieren reery ST serrvagele rpduTikgg crodes.
Thd welofderrb&btdhyiftors Miag ReSRERFfeef cdtinddnt ©OGH @ProREY the crudes
for exanple, nickel, vanadium and/or iron. During

andfrrdbegeiliiy obprodueth produerskiromshegrudes.

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
weoaia/osedosme of the catal yst. Such deposits nmayCTaSsm®4/a42137

decline in the activity of the catal yst. Coke may form

an S I ap.d. _rate

oo SREI5BE8L A B8 BHARh S AEEE ol b bpminancs
for @Qﬁiﬂle}/ nidker Q@l@fdl@.[lﬂ,tzﬁhdid’ﬂeroﬁaﬂ)iirmglpﬁooas‘éimg/d)ﬁsﬁclﬂértﬁles metal

cat al cont am nat ed wi th coke. Hi gh tenperatures
confgaaep dﬁg cpgt@@wg}s ,ngﬁtalrpgptagtlg@tsdpwﬁlieg%tttqaea surface of the

d/ I

catsFS} b e Pa BnRAl Ty Shafee 00N BANSE. hlE pERLT Abhind i the
activity oftthekatslyst s of organic acids (for exanpl e, caI CI um

pot assi u nd/ o di um als |n netal salts
g(gﬁﬁegnac}'c‘qgag aaﬁ/er &%ﬁos{l Qﬁucét&fﬂsﬁfs%%ﬁ%sr%ﬁéﬂ’lé Faé?ndurmg processing
C v
of d%&it‘n%‘@% e B A A e RUAAE Gy B catalys
confafrtimtecewith olte rIét@hltmmratumstusahdurmgrremmsn whagnalso diminish

|[ts of .or jds are present. In
the 517 DE0e LR i or s R SRB o BRleChr i Dl 1y
desisddvan@add &rfi@esStdyeinbRide Sididl @mam&hl staﬂé?of?@gﬁhbf%hds (for
metals in netal salts of organic acids may deposit

exapplst ealeinm; mtlagsmm amtjpﬁsqdeunmel‘ée@btm\e@tal @dtsatf;@sgamc acids are
Ft [ th

not @% acah%ﬁgp etgci; t;rlg %a%g a% crt{%c?ets;by cg%ventlo%a&]groces%& fglr Sxample
desdlting@idddr &l \tzashafg organic acids, at the top of the

catal yst be enerally results in an increase in

pr §gtﬂ8@8@f NGO HETEH & prayertippahripcessysarenapiplsin aetal

¢

slt PR B AL R esclC T QYR b M RERE] Pl bR Bpicily
depasitt rwlayﬁtsxteﬁne& auhfae tod eccacal yaileaetata yn mlatal sedie o pggemicacids may

ounds, Tr eat nt facilities that 0cess
denpr R AR oL DFLNeAD Dy Sp a5 eSO R GHIoEY 3 the top of
the J:a@él%t 1ed OPBe BE3R 0P EorfyiGanNsPRE cLHnfile Rhetdls SRARN AGESE
crude may encounter problems during processing.
orgadigyanise afdh? gmpfdbm%@lm@ed \shegraliyergs@ts idan inggease in pressure drop

oS A Rhs S R YRR g

saltmmgmlaammasaba@e rahid Hedcapstidayorextadatsi on of et hers)
that are difficult to remove fromthe treated crude

SHVARpE &S SPOREIIAT ArERBICOYYEIYROMPOYDAS. ngreatment
o L A RO OB TSRS o
of oRygtmgea gimnsf dxbﬂhlemntpgada&&@ may edcohiytdr plgbhnd@lfuﬂtﬂgqm«bcessmg

Org@ég é?ﬁg%&gﬁé@an SoW % 4y lfargltglrérﬁl)t‘ggﬁngé, |n?ayrjflf’)rm %1gher oxidation

conﬂﬁﬁ?&s%f(ﬁteﬁgnf)fea&%ﬁgs %n&/%? Hdifd ROmEd BYDEHAR Si%lcohols, and/or
processes are produced. Hydrogenation during
ac1dp fmn@ééuyrogthn ofiethgrs) thai dry difficalt teesmohe frosehe treawd crude

R TR N

tran$pofaf8@ndss costly to pr oduce and/or costly to
transport to treatnment facilities.
Disadvantaged crudes may include hydrogen 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

b
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Di sadvant aged crudes also tend to exhibit instability
during processing in conventional facilities. Crude
wonetsaeedosty tends to result in phase separati 8aT@i2004/042137
conmponents during processing and/or formation of
e -
T R o o PR AR oFcogh 6 B8 to ratment
ﬁwﬂhﬁmcesses often lack the ability to change a selected

ert |nad ed .crud i.t hout al
P! SRt brideS A A 30 e B Tty B8y, Bcfssing in
con\féhﬁé‘&\f atiaaed c@ﬁd&dﬁstatﬁﬁfy t@ff&rfﬁ |r@&ult(if9 pN&B kégRalon of components
processes often | ack the abil g to significantly

durlm@pmc@smgrﬂnd@r fordiatiay oﬁmcwle@l@ @d\mfrs ((eor emmplheh@afr@n

onl ng by a desired anmount the content of
Sumé%r‘?’d&? %ﬁaﬁg %Péﬁfguch as sul fur or netal

COWoR MR MRALISProdddsds bEel 1 SR ANIAHINGQH cBAngd @ sc1SOB® property in a
i grocesses for inproving the quality of crude include
15a

faggd srude it alep sz Benndlytcharsing pigerropgtippinghe t he
dlsa%fagga%de 4G e Rby amga?{rggﬁk%ﬂ{ dncfﬁ %%ca&s{@ygft{l—gl {:]lgthterll%lhty to

antaged prop uen
signifrast ytddvcd ’ﬂANaa&&ﬁsadmﬁ&edfcrddeaﬂ’hleng the mmbfmm,agﬂsd changing
crudes due to the costs of diluent and/or iécreas

by adgairad arpoyns e c&nteﬁbofoﬁegtala\ﬁampaa@as EReRRsuling e mets
contgﬂnﬂéﬁ& il Qe Qi @Eﬁg d crude may, in sone

S|tuat ons, ecrea e sta ility of such crude. U.S.
PatSemk pinssses f@'éﬁmpﬁafing the Suaitzloé crugt imdlude a8didg A dAbent to

dlsaﬁ% S@ gltélrc}g%{o 18yver t?lg V@iﬁl‘[ %%rﬁecir%ta %glgpé%eﬂa?lt ng bu_%ng ‘tso &16
dlsa@v&_%éea B8 gkﬁlegr Aehig @he! howovr, ehadfll d§é ﬁcﬂé%%%@ts ®F treating

o 851,381 to Tanaka et a scri be vari ous
dlsaq’b‘ra@@@g@ egldes leet torthe castsapiddbentypsd/or fr@reapedd@ét§éo handle the

dlsacgvaglgaigle% grpdes, pggg» ifigx aghgf’e%éfc' tto a]q}mad@gﬁltageﬁtc %&/el I}I%X in 1 spme

ese owever
situzdioRsb,ideadehdd dtabile o8 ks diilﬁderTany of the technical
probl ens set forth above. sum di sadvant aged cr.udes

geheP-diatgnt New 0. orhia %] ‘Paqélldbalﬁf Bl 0i2d<-209 & Mexersst &l
6,06?j BBkl Veindett AN 5T¢’z'§ é)? b BRLABL ¥ 110 5284998 14/BsLA8 & al.;

ring treatmefit, or a tendendy’ to consume
5,89f79|68tt® Tedciitel e nbyes, sﬂmmts Tochtpyetrabganl §851, 3&; to Tanaka et al.,

tr eat nent O her undesi ra e erties
deschbE SEROBIOtSI: S, B sAA s PRSI RS e e PREgses-
syst& & 3R Bataly8Ss 'd@é@rbe&) [Igﬁé‘s!ecp%telni’s B@N@\er hRbeliRake ﬁﬁphcﬂ%ﬂﬁ‘ﬂl
contami nants, netals in netal salts of organi ¢ acid

becaamjsbﬁnamr@ﬁhﬁ@Cbmy@lemokd@npmmab@gch properties tend
to,cause grob ens conve nortatio

andtt S BT AR S ZPNERY RHR nliRIBR R Bk G or exampte,

relat®@l dy Righ OTAN deeh@as b beabak Yidbtable darin@trefeest, Rhd/g64 R8dency to
/or increased usage of hydrogen during treatnent.

conspﬁwgelatm@v darpe amowgty Af hydeegen dusas Ferteerhd Ot nndesiable

prop i i REOUGRi B EHEs o TUERB BRBofl e bR
residuepoiigahisaliy bdumdrhetettesirnsg eeal pbmmmﬁan&smefﬁlsahenetsl saltsof

a. significant econom c and technjc need for systens,
orgaﬁ@tqff&%fsandémrs%m%%éaeygwp‘e% c%wﬁ@ﬁ%ﬁg@sgquéetc%se problems

in cofVRRES ! BSndpBredtidl SARY ARLARAL acilities, including increased corrosion,

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

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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crude while only selectively changi ng other properties

in the di sadvantaged crude. SUMVARY OF THE | NVENTI ON
wOnvEbeons descri bed herein generally rel ate POT/US2004/042137

systens, nethods and catal ysts for conversion of a

crude.feed to : i Si:
L T
systehﬁ\,/ﬁleﬂi:ota@&nd@ts ﬁzttittlbﬁd tHae cai afhlaages ?%Wapﬁj&e: il agdisadvantaged
conposi tions that have novel combi.natipns o
crude whle Aalytssleetivle Fhﬁng%a%eé SFPRGEISSID ﬂ? @@%ﬁﬁv%a%e&cwe d

SUIVPIV’IAﬂ. Qﬁ'ﬁl&ﬁsﬁtﬁﬁo@nd net hods descri bed herein. The

t hod of producing a crude
pr hifeationsaespibed hergin grommally rélalg ta systens Dedeadlswpd patgses for

or nore cafalysts to. pr uce a total LO t t.
com PRGSO B commiaia vRaC isihe iR msepe

| | QH-Cordl at I BntfondAdsPibd helvitbalsd fentlydeate to
enméﬁg%nﬁé@#%gngkﬁﬁﬂk%? at | east 0?3, ang at Ie%?t one  of

compésitianttbdthsvendval¢anpinatisns of eqmpongntsttherin: jSygh gprmppsifions can
di pore di aneter in range. . A to 180 A
be O&g’c“ﬁ‘?gﬁ’ uplRg e FES5 Ay H}eeﬁfog g?scﬁ%%%g%r%o pores in the
PONge fiveRtsH Sbvidbs nethod@fipR@luging@rdeudti Eoedcescowiptising:
45 A of the nedian pore dianeter, wherein gorgHS|z%. d
contefitizgrai dyuds ford ith ase gEmernFARIIFIDYP PASHIERIPROBIOBAS $nt includes
and control]j 0 ' > b tdIE01 MPa,
e 3 EOH b EPTbAER B SPP AL P At e e
the drii@ REdIHSViAhE . TANbR ddast TANNdSt &sstotetee thenmithlyps Iaging a pore

Met hod D664. The invengion also provid hod_ .of
size GiGHRAIORGHTEL &EIAN PRISNAERCICIR AP Ty S0 ghica i g Vil t least
oS i i ion havibg aguRalian
60% %f;{gftoga?g%ﬁn%}w iR thd I € sic @ HAtrYidn haviR aPeRalidneter

i ncludes the crude product, wherein
withih s drafdbe mredidu porei darpettt, gliettimpore gize digtripgiog ingsgletermined

0.10 t de feed havi TAN_ of
by AT e RS2 at i TR AR Ep B Al A oEh PR brude
procng{SBAa[siaprNQﬂ Winb§t RBUATBLILAT AP Lthd cAetfesd, oherin TANSS as

, as determ ned by ASTM Met hod D4282, and the
deteuahaﬂjvstASWiM@}h@ﬁE%%re size distribution having, per

?nr) ?13}581&% cata lgl%é %)rovgcfeg g]ngetf?(?cg%f c}gfimcgg DcBad grso’g[l&p&)nﬂirising:

or nore no enum conpoun .
confadtifalh luae fd Wit @lator aforercatylyste mupnodore atiokd pragwct that includes

thereof; and controlling contacti condi t i S
the emde prodicte Phersinghe giyde PHgycts ?&ﬂu@?fn ur g%? 3’3%"@&? }MPa,
& i [ g ' hEHiAEE pbié si
e JEh PGP e 3 MIBT O e suguingdpy o
distﬁf)utgfm?im g ng:_dmﬁqmmiﬁammduﬁtt ,leasbfli?@)ﬁi, &9 drjernminask bych $ Yy Method
crude feed with one or nore catalysts t r
Do b S TG Ser 38 SRS H BT ey o
o.o%dii%%{q%/gﬁo.% %&%tofi BoBbidfi, @nsbxXndFEemalybdénuih edispounds,
: a,

e crude feed having a TAN of at |east .
calddladed swaghterfmaigichym ASTVxDBBYherept;|ang spntepiing ¢oniasang

t al i : e . i
conins ichopd i S PG uit £ ARG fsB06R A TTAN of the orude
feeDYWHARIMTMN fod dEM¥ABRed BPAIIMe Makal P664.havi ng the pore

size distribution conprising one or, nore netﬁis from .
Col Tirmingensfontatie presidasdi raetirad peprogdpdng g Crgf groduct, comprising:

contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a 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
woamisaeéiong condi ti ons such that the crude pro#acshmg/ 042137
a TAN of at nost 90% of the TAN of the crude feed,
r.ei n TAN- ' .
o ORI TATAD B L IR DA A0 G i
compfisidg 6he ocAbRRITh&hE Giont Obluaet 6 ofitha Perivdie Theledons drim@ae
or npre catalysts to produce a total_ product. that,
comppids @& §n¢ prameseaals figa e Plun@ Pfg ihg Peredie L able. rpirtues
o A A iU .
thergcl o colbfinehidogfondtichs 5 ot M Eoprol et VBN prat
moshR% ad tHa6BAIN oditict atdd fead twienen AN measdateahipstd by ASTM Method
conprises: (a) one or nore netals from Colum 6 of the
D66per i odi ¢ Tabl e, one or nore conpounds of one or nore
etk $nveh Q5 584 idRs AmdiS1 Irb AR al: @fﬁ&@ﬁoro@ﬁct, comprising:
m xtures thereof; and (b) one or nore netals from
cont@etingacrade fobd with oBe or owire caralpste fo pnodudsra tatt prodoetgbatnadudes

of .on talg f Col ..10. of the Peripdi
the Syt S Wherpnnte dpfte Pl S n i iaristie A FoiGpif G e,
the @hidd Re@ha s TAN J0at MRERD.3 1R deRirRined®yWRTM MEhed Di664,iand at
a range from1l to 10; and controlling contacti

n
leastonediftheornial it eoreprases:t(ALoner o deots mestial e froma@,olammﬂvféhe Bgriodic

t 90% of T f i |
b Ry oty By A s b o ARy PR CoMRTLEb R PRt
Table{ evhbk@sreatherbiiead b) qead lmi‘drg gle%ﬁalﬁigrdﬁh_e(:(ﬂﬁmﬂ a0 tof the Periodic
conprising: contacting a cruade feed w't one o r .
Tablgapi SR caMBPURITCS _oge pogre eigldeam ?HEF_’H m{;a‘é?eﬁwéc
Tabfe! Uldrﬁix&ﬁggfﬁgéeog’é(ﬂg wgféilgg Eadtdr4dio BF RS gg)ldfng'nef’() hef¥tFhotal

n xture at and 0.101 MPa, the cru d having a
ColtmAiN6 afietatis Incashg®fr@m latod O led oomgrollingmon@citieg edndgions such that

conpri §i ng: ) i rst t al.yst firs at al yst.
the 0% Figogaes b AN eratmost IO SR TN W the fide 54 yitin T
is asHAGmHAT LAST™VOIethed Dpgae metal s from Colum 6 of the :
Periodic Table, one or nore conpounds of one or nore
metlhk dnventeon dst providss efmathed Harpduing aepdeprodugtceanaristng:
as.weight of .nmetal . or m xt.ur t hereof : .
con@gitért s Brg Tt o gl AV 1f DISHER oD roslite e pgluces

the @hdspeaind, whdrainythé crudé ptodastis @ 1iQRidghxise af 25 Wend0.101 MPa,
re netals fromColum 6 of the Periodic Table, one,

f
the Gpdgfsed heviapa drndS obat leate0 8r anddhe opeeRerercABRISEAoTisEE: (8)
a ﬁr%{ca%i'i‘stﬁ’ﬁé ﬁﬁg F]efei?lg%?{agigﬁgf%?&ﬁ%? ﬁrs@%até@ktgﬁgmqj‘.omtté .06

tures t ntroll'ing contacting
gramgOoftl bhé ansosundtals i@in Cblenor @dithp Peododit Thids, cne DAMaé  at

nmost . 90% of the TA f the crude feed, .wherein TAN is
compaueseB PR RO A Hiov LB T 84t FROT R ahE: SHC et
weift QY hides, & nfidhAMAlre60 ARO )l s8BondC R s't,stﬁé“@boﬂc@éaitﬂﬁﬁ having,

or nore netals from Columm 5 of the Periodic Table]
per gne: dseemdeatlyshatleds 0002 gams of: ansros meee vils frgmColumn 6 of

L of the Periodic Table, or mxtures thereof:
the {550 T opt Orp sSieodes! el Heltis Rah GRS of e
PeriBllicAtablee@ddul ed a OWaidht & méthle bAmAttiis ARrddE andcdftrSlling
support material, as determ ned by x-ray diffraction;

contapigngmeadisions suvk toattls gryde proaguet hopp d SN pleat most 90% of the TAN of
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
WOnvBbewn al so provides a catal yst conposi ti ORCT/US2004/042137
conprising: (a) one or nore netals from Colum 6 of
0
R o R0 SRR e Bt suppor
materialf asrdetermived dyfx- ra(y@ffmc‘smp pod wharirethe &htahavhasg @ore size

eta al.unm na. conte l.ea msof t he
distifg A B oG POt SBBRG Pt et b, asdlelma FeTe
Metkod BM2gb ffraction; and wherein the catal yst has a pore
size distribution with a nedi an pore di aneter of at

| edlde 1mt1m;1 alse privtidasi#i qatadysb oS dve eropriDAR &2). oriElee more

N e T -

met4l8 EroRECHRANG I PeriGdi€ Table /G RixGREALRES (Bfa QpBo@material
more netals from Colum 5 of the Periodic¢ Tabl e, one

havigg atbeta alwting eonters of ableagif. lezrams phlealymiap pemgipmeof support

mat%aﬁ %rdega?x'i‘lfn ?%W??%% ctl%ggpg li)vhgltr?:fn rﬁh)gt%lgjtr%i tlﬁ% oarBor? size
dlstl(lb)tlofm wittpp atetlianposs diamefeavf sideast Iﬂ%Aﬁas&ietEﬁﬂnﬁl&dG@ﬂi@ﬂM
at Ieast 0.1 granms of theta alum na per gram of
Met@ﬁ‘b?&?% ‘material, as determ ned by x-ray diffraction;
an S I [
NG RS g6 Ay G Ll U or
metdeiﬁtBnnCnlﬁdmt@/ofﬂtBa' Retizdit ddblEARBDr nikhe comp@nkds ofi omad @anore

dof duci ng a catal yst, conpri sing.
medl ot R T B8 PErioRe AR o e el et ugh B the
Per1§él'1@%bfe/ 88 Y m e oHpBund¥ ok Br bR HHBRAFIm CVIMA 688 the
theta alum na, and one or more of the netals

Perigdiepliabl; n@muﬁ@re@themfe(bhesmp@ﬂfm@ml@@am asheyt aluéna content

of aP I% st %dll Crar}-la %Eﬁﬂetao &@?r pré%)rﬁe Cg uggcprg g ae'sllaf) as 8eterm1nec? by x-ray

I'O

difﬁmibﬂdjn; raﬁ& whbeiedk cafaBat hisregiré sige tibeibutied avithlaunédian pore
port/ met al xture at a tesﬁgrature of at | east 400
£

dlan@tera‘?fdlt feastrAdAdp tan deteamieq &7 ASIN Mathod R&2¥at al yst has

I Qe i e T SR N
com'ﬁir&ng avgipbitoritiadoormainkesls to foehhedppdrt/metd ndxng, a/herem the
supfegt enitsey Seg it an Gt 4 TR EpEPIREP & more

met&lE‘ ?ro%i»'@@l‘ﬁﬁltn TOMRE PeRSdit TebIR, HeWnitRe cARFOURAE oPbnd B Rore
of t emetascon”prISIng One or nore netals from

metds fiprmCeluoi % ¢icheeiiodt d ablabirenixtimes thereol heat drsaibag ihd sheta

st SRRl BTt % Raoub Rt e dbo v kbR fre

cataByst] RiHReciS tHeRatalysiBised pdte Xize dRtrfutian hWelikemadibk forefdiddbeter of at
| east 400 C, and form ng thecatal yst, wherein the

least 33y ast detraming d oy AS EMAetipd D428t i on with a medi an

o s h B STRLERS, oo L STt 5T
combirdnigle suppost vithioke: @rreke Giictals anfof aisupport/metal mixture, whereln the
support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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contacting a crude feed wwth one or nore catal ysts to

produce a total product that includes the crude
wonrodwes306 wher ei n t he crude product is a |iqui #HCWUSRORB42137

at 25 C and 0.101 MPa, the crude feed having a TAN of

I

cata o%’ gxﬁlgi%zne ngl a’ia?}}sgh%aagéorg 55?% gfstﬁ goﬁ %ﬁoa)r’rzl%& aﬁ ﬁelierzﬁarg?ter of at
lease30 AastdeteBRindd yASBVAvathoé ﬁ)4ﬁ&2 ASTM Met hod D4282,

and_t he catalyst having the pore_ size di atribution .

corfpF iEieREoR Alse BroyHdee e Bk lgmadus e A dparodhet. FiTeprising:

contg?t %réd@feea %ﬁthpo%'& |ofe J@%‘ng td’ﬁ%d@ée %‘lﬁgﬁ B%&E@%Qﬂﬁcmdes

or nore netals from eriodic
the cradd prodast, whettinrtbs ctuie pedfict 1aadhquxdnhn<njrb ah2p E(bamhﬁtthMPa

the G7i0¢ T BEGRE R AN ARFTER e Slipaboneedhe Gay S hapagin pore size
dist@utRa At AedialpoIATihiet bod 14886180 A. ha% defé‘fﬁ'iﬁe'd% ABa

provi des a nethod of producing a crude product,
Metbotpd282, agd theawatadyst hamgnathc pottesiteedisiribition onepriingiete alumina

catal ysts i.n the sen f.a n source to
and e S A Ereamg Bl o PERTETE B B PRriiE B8R, w I cBmpounds of
one Bf R@HChetaMTRIRICdIde6 6F ﬂx@@eﬁb@i@ UGblel, §r Ridtin@y krdBfXdndr €

at 25 C and 0.101 MPa, the crude feed having a TAN of
contmlhn@a@ttacmmg copdigions wigh thag the Cﬁ@dﬂmgdlmﬁ hasq/ AN el magt 90% of

e PGk R0 AT R i
Si Zhe (iim\&hfldnbalﬁsd) providet B ngeth®bofaptoqeig diradepeduet cc&hprlslng'

| east 90 A, as .determ ned by ASTM Met hod D4282; and
COEHRE TP EFoE BHDRDEIOR §RoER FrFL tYFté Hthe proserfisd ahAKraggR fource to

pro cf_rugﬁlﬁ g%tﬁepﬁf;&d&g Ehal r%fud@é thd %?ucﬁ g@ SN i ikeiTBRE crd @4 %r?ﬁuét e,

e cru uce a content
liquokgamire abXy e and: 010 hMBanglemmdafﬂﬂmvmg:mT Bhbaof at hest 0.3, the

d duct h f t 90%
crdb B e R OB eI P h P Q0P L Pl FEARFGOF oruds
feedandRUSITdRES thy ca‘fﬁ}% B@ﬂé‘g ﬁgﬁﬁs{’ze AR bIHORTL & BdBRpore
s as determ ned by  ASTM Met hod E385. The invention

dianegtercofipt l@@fpﬁ?@s&a@s disteroined by prddd M@t@ochDéE% @né p@l@tmikmg

t h r
con SN b8 FEPUAR LAY RUTEH e SRR ot B PANTE g
90<V(CdsﬂxﬁeTm\D@mﬁé crudb €¢ed| dhdl tbeedict deopienitifdirgartic axylgleﬁ um@talnmg
m xture at 25 C and 0. 101 MPa, the crude_ feed ha(yln
comppppdsfug thpihe crugle Prodélﬁbha&tamoeia%ﬁtn W%Pf ROt §0%41 of es

19):4% Vdoﬂ&nt DEhe SRR ﬁ/ﬂ&% AN 1?% &é?éh%i Qip%?l og}\/gmt}f?)fd ‘D664,

or nore netals from
and 6&jzgeﬁ content isls dﬂbﬁnlneﬂrppASG“M MetlmuleE&&S nore netal s
cal cul at.ed as

fr Col umm of the Periodjc. Tabl e,
ey R R S15p Prosiies p et Loh maegie & G BaHbstor TpRtising:
cont‘é@tﬂ{gad:&hﬂ’@fe@@ Rt doR s nﬁ%&h‘[ﬁlpﬁg td?'pljo Hl‘i’dé' efjtoﬂﬂ) %fddﬁctstﬁﬁcﬁcludes
Ve OClI ty In a cont aCt| ng Zone 1I's over e

the @udﬁiprow@d?hﬂeimetbe erudanrodictds a ﬂngsnddrw%r@ﬁt 2HC TN).091 MPa,
' AN | S
the i, G54 BEAAE T RERTiPo ol BRalTs e S e per

grarf bpdatﬂ?rngataee@f 0061 praatwEt oneQﬁlﬂiHrb Sicfs fr6MNC EGinnHofahe
crude teed with one or nore catalysts in the &H?sence

Perigdlic d ahlpdensopanmers gpmponsis of eacieemareraetals fonp Goumn haf the
Perllbgig ;[tdgl%,scatlgh?at&ﬁ gg\%&l@fl@%&&l, X\ihl% x%u S H@?eo‘f,raglqecoﬂ{rglﬂﬂg t

contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 h™*, 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.




10

15

liquid m xture at 25 C and 0.101 MPa, the crude feed
having a TAN of at least 0.1, the crude feed having a
weuabdsweswont ent of at | east 0.0001 grans of suPEwUSp®A/042137

gram of crude feed, and at | east one of the catal ysts
CORPLES] 0 t P
porttg s bufiSo BloyliRG & Y o phofel e Brothct dlpayisng:

conta®ing sScriideofdedCotithone Or aford betaliies inoitie prebaddeant adiydrogen source to
m xtures thereof; and controllipg cantacting

produgeafatplgmedustbrt mgludes B cruds resch athergn thefauds prgguct is a
: I I it
g A Y e M R R i PN of RS 0 the
crude dedddavingg, sulfurcorderh ofint lgass PHO61 geinocofisplfimnpeogeann of crude
es is over 10 h the cr

nor ont act i Z0 , de pr.oduc
Feedn i F10°as" PRI Qe GRATFS COTBIBA o ORS Thotk Togtals HOm S lin b of the

Perib&€ tabRNohel ddendté HIGpHIRELYE bnddVihBR: detald ot CORMERLSF GE
70-130% of the sulfur content of the crude feed

Periodie Table, AN xscsibentef; andicorithliye ¢aTativschoditiosech that during

| f t, det ined by ASTM Met h 94.
contiéfine Ty Req TS PTG PATmerH B e geP i hase
sepatdtibADFOGHES feed BRI Sdnfddting ANfudChdudl shabd WillscifydRdne or more

with one or nore catalysts in the presence of a

contgetingaeaehiy avergldrn s dher erbde progradiaviag 4 TAN & apmew 98Ye of the
hat, i . i .
Bl Y e L5 0P o MR g T o

sulfigadhteat of the crmde ferd] WheremONAINt$ adetautihed koA STREMethod 664,
eed, during contact, uptakes hydrogen at a sel ected

f
and pylfu cppfeptip g%ﬁiqtelaﬁa%dgbsééﬁ%{%e dd?‘%}%_ crude feed
duryipR g, LRRPALo %r;gggigk g ddo3F p%cﬁﬂlr&r @thggrgﬁu&% mprising:

of producing a roduct, “conprising: tacting a

- contactimgen dredaifevd withlopd oogere cataly$ieinthe peaserceaff agaseoos hydrogen

20

25

30

nore catal ysts t roduc total .product ihat
sourfpts i eenfaiatpiogultiR s ik up SPRct rheBhshe auce
produdt 8 a'liql‘ﬁ_iﬂ Hixiirg bt £°@bnd6.161 8418h; Ind Odnttihg @Athcting conditions
controlling contacting conditions such that the crude

suctf thaidh¢ srude fred cdwsthgwoniach ypvalsesdiydsagea af pselectpd/Hiteoiganhibit
uptake.condi t i on an hen second hydrogen upt ake
th%&ﬁ%F?F%Hgg %%u??§§?dh§§$8%§%guptake condi tion being
di frihei@rhtidd 4156 ploeidee 6 athddychpagRitingt akiée prodadtl dodprising:
and net hydrogen uptake_ in the first hydrogen uptake
contaeiiu & Gr8 feed BhtweIazer it Beiprspiserofpng aF perofatalytt iggaoduce

2 oh PRI iR1RA . M o fud AR ULAIBOEL S o

ne or nore propertles of the cru uct c nge
mixtoye @tt25rP@sindPOPGIrMdPAL anvdcdnirollivg coatyoting corelitions such thatrtbe crude

e S B e g kA S 9t ssond
hydx%%&Pﬁﬁtﬁl@chndﬁféHt @6 R yBrozEd dhtak & EShdM dn b REdi B reAA6m the
catalysts at a first téenperature fol | owed by

second My dirogemyptalte conddivonehd wetrbrdragen eptele iprtheilisehedrogenaiptake

condliiils Spsaii AT Frahe it B srodtiffils 3%
decrdRang Bew ¢ Iy shed @etortiayre PBopRrtiedNf Be @tidd @d8tict Chakige At most

controlling contacting conditions such that the first
90%crshitize tq the respegsive ane pemose properiese! thocxude édr t han t he

segon ] ' r e, .t he 0 C

nad 8 R i PR ETREHBl Ser Rl Bl iR Phhisine:
cont@étitgen dreddfeed with one or more catalysts at a first temperature followed by
contacting at a second temperature to produce a total product that includes the crude

product, wherein the crude product is a liquid mixture at 25 °C at 0.101 MPa, the crude
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wherein TAN is as determ ned by ASTM Met hod D664. The
i nvention al so provides a nmethod of producing a crude
weRro@w66306 conpri si ng: contacting a crude feed RCTS2IWE/042137
or nore catalysts to produce a total product t hat
I r c rein the cr r ct
Teed B Bt £GP0 3L R o AR Bt BUghAE e i

confc&edg hﬁﬁ@eﬁ‘@uﬁ ig&Nesst 30rClleastthéh e sédﬁ)ﬁd Qbh‘t@@tlﬁget@fhperature and
aving a sulfur content of at |east 0.0001 grans

the §‘£de3 @rodas? hagaabA Yot 8t mag Y08etrlativado the T@Mﬁt@@u@ﬁ feedhe
whé}?ﬁa]:]/b(ﬁ?asc fdu?édgg, REENOUIBE DHegat al s from Col urm 6

eri o one or nore conpounds of one or
o rﬁlamvmtmnfaﬂmmrﬁuHMméthoﬂ of p@dReing adielerbdiet, comprising:
m xtures threof and controlling contacting

conf5Ha # EBIE 1SCRI AR O RS CRRNSISP aERikES R4akprosiygt gt includes
the @Hﬁﬁe pRRRO fwHeRn %Nnﬁfe C}Jr&ﬁlc? {Sthﬁ% gcfﬁl?)ggﬁ:/}:&g 125' hﬁ afifi 9d 1 MPa,

product has a sulfur content e sul
the code deed hafvingteel ANwd et feesid),3 \blirﬁearedenfe&'d\hh\nﬁg asulfur content of at

t d STM Met h 6 f t
eas GO S e TR EUR! Ot S04 o st Grpendieor sy gt
confrRitigdS o niBRé hRethlLfrol Qltheh BDf %eCP‘éﬂRlﬁloOT M Ghe or more

conprising: contacting a crude feed with oné or nore

comnauads/efianetos mprotatds om&q&mmp bof thetPeriodic Tabdd, odesxtutes

e Oy OB ol BB 5P Ay o

mostABOSf the TIASBSH the cﬁme Ifdfba gidugle chee grdtiaei M@ adsulf@Bédhedt of 70-
nt of at least 0.1 % ams_of residue per gram of
130@9%%

e sy conient efithe emde IesAewhreintAN At & desermined by ASTM
Meﬁgm §' A s‘ﬁpﬁr ntdl® ﬁseas'@E?xlnﬁleﬁ Sgﬁvl'“i\?&hgd Bf42§£'e

Perlo ic Tab one or nore con‘p one of nore
rretﬁiesnﬁemlmn @b pnowidesaf methed BEprodating T ahide pratuct, comprising:
Jé% ur es tftler eof.; and controLyI i ng contacti

con

£ FRS TG I o Orihe cpialiats 9 BES hiedaldrodhict Gt geludes
the BRAE pRIAUOvhbRe el Rle prfiRicELs léqfc‘qufc?l%gctuxre heo§ IS(;3' 984 0.101 MPa,

product has a residue content of 0% of
the prude Gred h@bmg @rﬁAI&fof ehleast Oud élefoe@cu: feahhia\«mEat msrdumontem of at

R e e

conqinsmgmnew dRge memma Coflurhii GQLBﬂiel”P&n@dféVMB!% BAOEMEbre
COITprISI ng. contactlntg a crude feed with one or nore
50

compapngs,efoac opmeFgials Fom Golpmpp efthetPeringdic Tahls, oraixtetes
55 BN HABAAL B G S B0V bl g
most ABYoaff thxt TAdasftthOcrhde fded, the urlele ﬁoﬁ&ﬁcﬁm Iarrgs@ud@tent of 70-

t of at | t 0.1 crude
1307 e o COMERY st e ST L AN B GG e
ASTVI MBhSd Mabal asldfrés@ane%wls%s aétehﬁﬁe&’s 'A%@m M&mﬂasam

one or nore compounds of one or nore
ColThenn&ntipn alse pRetdasdi noethiabbdfgproducing a<¢nude protdhetg emhprising:

conPheE B iRet ST o Rgrd PoeEB RS Lt POBSsccA (ot oreRg Bt ncludes
the ¢M@e proddée, WB&din the erude ?ﬂﬁlu@tr ied %ﬁhldr}ﬁ&tlﬁe Y3 @Mcﬁ(ﬂ 01°%1Pa,
70-130% of the NGO content of the crude feed

the G taed hadae e dHiMe af atileasy 8. 1 g srusiefesd lwmgsﬂoﬁmdmmmt of at
leasP&%%zams of VGO per gram of crude feed, and at least one of the catalysts

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

thereof; and controlling contacting conditions such that the crude product has a TAN of at
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
WQi200%/066896 or nore catal ysts to produce a total POT@SADY/ 042137

that includes the crude product, wherein the crude
mosp 190%GH the TAX bl tHel b d8Teek Uik a
¢ g%e feed having a TAN of %cﬂideéﬁocﬁcgﬂ% g)lcott'\{%nggéﬂ?mo%
0 ﬂaf‘n 5t CQIH@t ehihg cqusledeqds andrhiribV & hyantan ﬁﬁusrﬂefb@mﬁhed by
AS’?MHQ 15(Eone or nore netals from Colum 6 of the

Per i o 7 one or nore conpounds of one or nore

rretHiesnf'&rmrm alsb pftﬁmfes afméthed Bieﬁrb%’dlﬁ 4 BRIIE prfiluct, compris ng:
xt ures tgeere , produce a catal yst prg ursor, B d
Comra‘étr“}ﬁ heruds feed ety %tor ﬁ}orﬁ é@t@hys\tg to pmdueat atoyal tprqﬁuet:tlhﬁﬁﬁéludes
the ér0dd ul fur con
e Conp}g%gagteg@agﬁttgén%@?g RlayBfE | 5‘%8 fé}% % 2% 0.101 Mpa,

the qrode feodl [hawgg e GriNaof atli@st:@ Bcliid @ eastoteibAthaE t4198s &
as a T at nmost 90% of the TAI\&I1 o? sﬁowaqnable

by: Pormﬂlagmgéaesappofh@t H{}%H’t mgre metals fmtnﬁoaer@n 6 ofrthePedodit: Table,
one P BEHCEMpoAN MQfe BE %?@heta‘f%' é;ol Tih 6 é)(%nl? %@g%ala able, or

crude feed with one or nore catal ys

mixiugasgherpefothupoduch atcatahyst prtesrsoi and fdtﬂﬁngllh@ @Hlﬁtgst WIRLEhS the
catalgg%g&#/%)r i ogalf%%%%}f?)éllg bgﬁ’llé)gq: ;}nﬁ%(l% %{;ﬁ@%ﬁ;@zq%mpn@ ata
temﬂe%&ﬂe bebve S0 At; add c&t@lﬁﬂ?@or@cﬂn ESncﬁﬂPr?se utcf’? %éﬁ%&lru?(%e

APl gravity of at |ea
pmdl:‘%tthéﬁ N ebapress PR it BANNfithe oetlafedf r om Col urm 6

of or. noye. conpounds of one or
no}l‘fé@ﬁlevggtﬁdn LGy %@{as Weglogfof pFPé{up;él'gla(faltl Pragichd comprising:
contayiting aropsdet faet ‘&ﬂlﬁ on@dSILQnStérHafa(P}'s'tsi t0PréAfk %%t’aﬁ&oduct that 1r{cludes

‘ thecg{ edl t%lons such that the crude product has ‘a viscos

vierea thessydeguodust isaléquid susisie at 26FCtaneé Ole[ll(MPa

the cf‘tﬁl@d‘eeﬁi ha%?ng% \950081?}91 #Qq%a%{ Kg?Stpalrt g\” t ? (3@8 Ioﬁ)g t@nﬁﬁlf ed

gravit
havirgeangAPrevigy of aARIastg}Qaund gt lesst afie 8fthe caRed c@ﬁﬁgﬂ?fﬁgbne or

o T TSR b e bt o
metajsriaudil CoNgnd6 6f e PeRbAE dable, &QHB&[F[’E {lllgreto G Ogltllf& gﬁ%g

crude feed with one or nore cat
contacHpg pongiitanns such thaitthe n@lﬂq psxluttﬁms amsd:es@' adIEeC Mﬂﬁ RsN90%
and

of thd Q?co%ftk’/g?th%r lé%ed 3? So (S em lESJF %g\(mg an API gravity

e Cru
of 706130% afittle IPE oy Of t}mf@eqaéca lvoh%%e%n %@T'Qfdvﬁz s c%‘éermmed by

tal yst conprising vanadi um
ASTl\é@\aﬁi}a‘i P68, safiaensimis o dﬁYﬁmtmﬁdelsy AREMEBIRfhodmoGah,
adthetihRMdbn 5185 g}oylﬁies a@%oqi(% S c?rggda.sgrluga gllrogﬁéatff%ir@rlsmg

conprises one Or nore

conta@tmgmqmds feofl witheone lor m@ca&?ﬂb&tﬁﬁb ﬁ&oﬂ@éead total Efoduct that includes
ling contacting

at.i o s thereof; and contro
the "rﬁ‘gen%“’? %fﬁfeﬁhet Hyge Pwéu%trlaa@qwﬂd@efetre hiaS % AN, b1 MPa

the cri@sfee®Q r e n, TAN |
°c as det e%&ﬁ%gghaJ%%Mgt&thogtgg% c?rhrgmle %k’ts S(fﬁm:RPél&g at

least qaieppiatsest cemprisittgocinediupy, odeloi Ilngrea:om podedsOAHEdium, or mixtures
ude feed with one or nore

theredf, 41 ﬁ:altdag’t%g‘g“ra%gﬁf: é”q‘%r‘?ﬂaf adgitionalqatal v compidses dae ot mere

Colunat 6l getads, 0del 61 moﬁ@h.%hﬁioﬁn&sr@” ook el eGHGH, & ﬁle%lsl haui d
m xture at 25 C and 0.101 MPa,
combmatlons 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 0.1,
generati ng hydrogen during the contacting; and
woanisreédos ng cont acting conditions such that theTaspda/ 042137
product has a TAN of at nobst 90% of the TAN of the
F’lﬂﬁg@ &ffdn AAGK @tlﬂesTﬂHeth§d%¥ pﬂﬁh&h@h'&ﬁﬂelﬁ‘odﬁ%ﬂ M)mpnsmg

D664 The i nvention al so provides
contastingla ciudg feedowithiengerodorsteatabystrpipipstduge 2 éQiﬁrlthdliqtr élaélnCIUdeS

crude feed,w th.,one
the cpude QFO‘{S’FB dheten Wﬁtcnf‘%cqrg%eg % ahféqué%’ é’é 9 r%@ \%IQ eroé iMPa,
and th@ @ruﬁé ada has 9AUeN of & 18ast 0. QUEchertXb Wyerogén &'ﬁlrﬁ% #B8dontacting;
MPa, the crude feed having a TAN of at | east

and c@nurolhag gonectingoondisieas sichithat thasmfyprodugdapn T<ihgf at most

o, vana n f
o0% R JRUAN of SR, (8, SRR R 7 8 s BN BT ASIM Method
De6£ondi ti ons such that a contacting tenperature is at
| east 200 C, and the crude pr oduct, has a TAN of at
nobke Dyostion AseravisesF methed of pERuFiag  Cragidr eyt PANPHSIng:
cont g 8 BT PR gL A P brodlE  AUETORR 24 Sddudes
the cA@RPrddRIct) vhetddm t}aairmdmg)radmt uﬂjaehtpeé chixiutehat @36 €Camd fol0d MPa,

oo S PR L B 5P B LB Shr e
, tr&19
At o Mo

contaping pomdimglsmnlathatramordmcéln@rtemp¢retummblﬁnttt§06f’C and the crude

nadi S rOV|d
prodf g 4T ST SO 88 B RbEhAR B i o
dete@fified bPWSPR] REtHIAAYG6ded in a direction that IS counter
to the flow of the crude feed; and controlling

coRhaibwemipnadedirevidasa Bgtiedich Rrodupiag @ciie pﬁ?%&?ﬂ%}émg
TAN
conbf el L oRERE B N REg M oy s

the drmeQﬁbdluw vitleséin fetsrudtegrodudred zlnhqimdhnmum:ial% 1§ anddx deMPa,
roduct, conprisj fg cont act i n a crud ? feed wit
1 1 8

the cpde fgrizpdiga T4l 5Pl bapdat (5 gne PageEhhemprsing
vanadﬂl‘fllr lt)[qS§ g?e SIfSRmBE Y Rbdiukd) 8F fh'l)ﬂuxteg' thefdoH %oﬁﬂﬁ%%éas

m xture at 25 C and 101 MPa, the crud
compmmg :tnhydrn gen q@arcegiuarrg ebntectings tlfe@sl flog btemgatrowdﬂﬂn@e

content of a 0..00002 st one of
dlreqtlgpélpa}t & %ouB%ﬁ.bq, t%g%liqév Qﬁﬁ %{ %nda onhg 1é1g 88?}6ctbnrgaco|ﬁ81tlons
sucthlat\{Hé‘&QHéJﬁﬂonét hﬁ'!s ¥ TN 5f 4thB6290% itk TAN ofaRactuddteed,
cat al yst havi ng ore size distribution with a nedi an

wheystr BAHi laﬁ%d@ﬂn@fled ABTMBlethoddAeb4eont r ol | i ng
= EhE e R Re b PEn PSR Hedeg Gttt R prpBEme:
contQ(Q g%ﬂirudkf feéd@ith lodel 6r ineetcataiiss &i p’tod\llc.é ¥hétel prodbe mltat irgcludes

et erm ned by ASTM Met hod The inv
the qgmg\prg@g:t, heseiR ot FRdppPradutihg 1au Wﬂ@rep?‘t@grlé md Y 6i%pa,

the C?Q{Q)flre %reﬂgr%gé% %rgﬁgdef'&gucféot?éacf‘ ‘A%tfalgﬁﬂ'v )'Fetéanﬁﬁteoioe[t 1E88¢ ®00002

product that 1ncludes the

grangs; altdeasp bnmlmrttthe cathlgsteicomphising Narmtﬁh\pn,anhﬂ ot miose eorhpapnilsiof

m xture at 25 C 101 Mpa, at ast one of.the, .. .
vana@%rgrét@tu&f*@ﬁb?rrifn rrgé) ths wapAciHp ca‘ﬁkvs VHSrEP LB ME6 HHHH’H“OH

with%f mYARRHSHE Ban®ter 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.

i1



10

15

20

25

30

m xtures thereof, the crude feed conprising one or

nore al kali netal salts of one or nobre organic acids,
wonesmee3nor e al kal i ne-earth nmetal salts of onePOT/USRIVG/042137

organic acids, or mxtures thereof, and the crude feed

ha r 3

A LR T R o L R

confattiny ganieieae ivdth ale cdtmdre asthlydts @OPOAuGY ksl pasthict that 1ncludes
control ling contacting conditi ?ns such that the crud

the gﬂéﬁw@uﬂawh%retnéh@més Rresiyet isp lignidanixtireebps “@aad 0. 101 MPa,
at 1%%}' S o?1 eat {awngss{%g%% 0 aﬁ%ﬁg@iﬁ%@m Jez;lo{g{&ogﬁ et éﬁfir,l adium, or

mixanes thbdead, theecrady febd omhpising onen@tradre stﬂiahsmcﬁﬁl saltgafome or more

aci ds in the crude,feed,. wherein ontent of al kal i
orgahig afids, QRGOTINRLS| 3 g it e Stits q 90 gt laaor%%qgﬁ%w geids, or

mlxﬁfrgsatﬂé&oiaﬁh&jﬁle'c?udéef%@d Bvagd pby AR UrlcNRiched, ij&lﬁconagﬁ?of

I nvention al so provides a nethod of produ0|ng a crude
alka;hrmctal; tnd dbalpreteithgnetalpint metal salfs af onganie afide df ai ledst 6:69001

raf AP ot bl eBAERES ufeBf f BRI Gt B sutomal content

of auéhanétalqmdalmwﬁ%%ﬁh et SinCh@metalsal@ bf Manic feeiswfueiRost 90%
Ising one or nore alkali netal salts of one

r
of thﬁr Cmﬁtﬂnéggfrﬂgaihmétah@nd glkapecasth melab immetal salts-ofgrgamic acids in

_the ?rﬁlé(? geg ,?\lvl{miifeelggzpﬁtggt (?fre I ﬁgetgf gﬂlﬁlﬁalﬂ?e éja‘?‘th rgétamﬁ(ﬁig{aieg‘alts of

gram o
orgdréegtidsis Uokahined By &N T MfMahckBDﬂB]rmt aI and
al kal i neearth netal, in netal salts of organi c aci ds

of e imeation alsepryidegednehodelcpragudinga erug aragpct prmprising:
con{r%rle : ¥ Shude Pe%g W8 GhelfMrfore k%t %c% ?ﬂogﬁ&i epfét ctﬁu t that includes

n pore di ameter |nara om90A
the wiutlh pailudteabereiitiic ofudt peoduot 1ala liquidbeixtot ap2¥ %@ anleﬂ AéMPa,

o B S Sa S 1 g 8 RACS G ATELer WAL Dy e

or ntlirS bikh R {21k th&aBsits 8F B Br86ke BY, %aﬁﬁTMd%EBm&tﬁégﬁ%reof the

and controlling contacting conditions such that the
cruderfgetbhayingd pert grimoarudstiatd, 8 teteleaontent olalkali metnbtaad alkalive-

30 SRS L i VTR B o GO o

cata@&sl‘s&lalvﬁ% agfoid ﬁzﬂ&isﬁibutlbfi withtaahediad pre dantt@dniaGadpei fitin 90 A
the crude f wherei n content of alkali netal

to 18% Nl [oReae ﬁf thetefpl nymberaf paressin) the Pere sigeghsiibuition having
a pofi‘g Hﬂﬁle{e‘? vﬁﬁlflpﬂ g{&ﬁ&lﬁ%@gﬁﬁgn %@I\dl%@&%}o or %ﬁ%‘? e B}@ distri utlon is

I'nvention a ng a cru
as dpteadined by a%(SrTiM il\d;et}mgi Dd28t; and cmgrodalmgamh&lcfmg domilmdsnscmeh that

the 1:r5+é$g 4 ggct?'ﬁ S’t%liigtrl%ng 8&3# cle 2 Ot l O d u Lbrbg]letal salts

of oi@anﬁ: dciBWrd: Mb%9eeE ofthe %éntghﬁﬂ ‘QIth }Q&alwg’rﬁi alkatlﬁleferai’tﬁ @netal in
havi ng, per gram of crude feed, a total

met@lcaattenf orgamaamd@a’éﬂne oreleda2, whenei, coateait f alkdametad) raed efkaline-

T A 5 et bRt
W tihedhvean8as hisé PhbvadestaNBethed Gt pro@iRe) a &lud®prodsct, Eﬁrﬁlﬁlsmg

pore size distribution having a pore dianeter W t hin
consting @ﬁrudﬁﬁeedrwthaﬁnepw rneor@l Faipkyste to piaHieseed fotad prastusy thet includes

the Cmgé g%ola ereﬁl t@% n’?l | ng C ongl¥lf1 | o%%%%ﬂff%(g?gcﬁgm MPa,

the €fudél €:ep Ih@dﬁg tpeh gtnaof auad febll,/ Mol N&WIF esunt&it ofikt 18333 0.00002
90% of the Ni/V/Fe content. of the crude_ f eed, ~wherejn
gramg, 299 plhleass e af the satalysisdaringiamese size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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by ASTM Met hod D5708. The invention al so provides a

nmet hod of producing a crude product, conprising:
woamisaeéiong a crude feed with one or nore cat aPgsUS2(08/042137

produce a total product that includes the crude

roduct., rein.the crude prod u
the e S4E st hihaha ppS BB OB ot Rttt o b iefheer
whefed1h&8 fs1z@fd1@ﬂb'1ﬂioh 48 dtemidthbyeA K BM Methed Th4R80Eiral cdntrolling
in nmetal salts of organic acids of at |east 0.0000 1

contwtmop@ﬂogsv sneh dat ghe preder preduct fas ¢ tofal INiGYy& ercpatent of at most

A R R

by MMMMMDBW D4282, and the catal yst having the pore
size distribution conprising one of nore netals from
Collgnveniien glsepioxidesd methedifProdisingdy crids BrodBrpeAmRIsing:

l t

contfifFenfle B8 SR8 op o At e S 05 BRIEAE mcludes

the @addprodwntswisarein thdatidé preduoctusie hpmddnuxturh a1525a°(f ancl).101 MPa,
con of. al kali netal, and al aI| arth tal, .in

the Gradeleod bind 6f0t@w§aﬁ%0fef@faélsmstﬁ andplalinguarB el in metal

saltscc?frbtr c :Q:fld@f*%@léastm(@bl Pk 3 Fg@ém BfcRas Yé&d”ﬁtlédst ordthe

salts of organic acids in the crude f
catallyls‘eﬂlavmg eqotresize ditribhten w1thetrmd1armme éiamltqrmé ateba&t A80 A, as

cetefEEd y T o) ek e B TR R R oo iggouton

comPFifiMk 988 oPmbRIMaEls FHonPC ORIk M 6f e Petisic TaB@YGHe or more
conprising: contacting a crude feed with one or npre

compgengspf pae piompregaciels fpm Gokimnt elthe Peripdie Tahle) oigaityrae
therg Sir (g)rng?ffglg &X‘@&ﬁ %&fg%%wgg&ﬂqh A rtlgérj%fgge *)Ig)éigctj Hag Y ltcﬂal

conteﬁ’ﬂ'ﬂfﬂall&lhl’i@eté)ln &nd)ztlk:{iﬁfe&aﬂh kadtal, immehethl salth bﬁoxgbmo reidopf at most
907 e et obalbali rsiad gL @grg%f@él‘é?%'ﬂﬂ rtal gt O o nic acids
in th%eee GEed, %@reﬁﬂ‘ Eorftérd A€ allc8§ thelhA VAna Dk APGE- egftfi‘ e, iRAe salts

a total content of alkalil netals, and
of o@ahmlacmlsesaastdetmmdsbylA&STMththséﬂlél&f organi ¢ acids

o e s BB SR R it comorsin
contd 1B& el valiRIne lor Qfor@&atél?ﬁ§ to #38udd a @&l gﬁidﬁf:tnfhdi’tﬁﬂcludes
STM Met hod D4282, and the catal yst having a
the @ud@pr@dwr Wwhereinghe %ﬁ@moéuﬁgs a hauigrmixhre aty aCP gnﬂ? 9. é@d MPa,
e 4R Gyl ey SR P TFEERNI s e

or moa® hlkalnwﬁeamh)ih&tﬁl&‘alti boreef maa drgaaittacals| dmgixtans theteofignd

conditions such that_the crude roduct
the erge /¢ b e\fm&m@agxamq%ﬁcavdee fswg !a?frna@t @ga@ﬁlaﬁw%l?a and glkaline-

cartfiRlefls ﬁ%#tﬁl ﬁ% Pf &%@1‘119 Faﬁé QPatqigﬁ(?? OOBAL gr %ﬂfleats%e of the

content o and a I ne- ear
catahygtsdlaviglatporofizodigabutomsitt si medxeheparc domneteed at lmh&’eﬂéﬁ) A, as

t ent d al th t
st b nt Mabio B2 e ¢ SIS EF R he
co %g%@éﬁ’»ﬂa&e ﬁsﬁlslﬁb\f@@bm{h GbERe PLAYIE GabR, 58S haforef
rodtci ng a crude product, conprising: contacting a

comppunttts of egel oxinote mctelséromrﬁpbmua@ af the Psripdic ;Trabbu@remaitures

e . S RS GT S G p psr

conféndéhliMianetal, and alkaline-earth metal, in metal salts of organic acids of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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the crude feed having a total Ni/V/Fe content of at

| east 0.00002 grans of Ni/V/Fe per gram of crude feed,
wanods@aste one of the catal ysts having a pore sPZ®/US2004/042137

distribution with a nmedi an pore dianeter of at | east

in tBS Qruﬁe fRE, WEIrSHoRRd: HalemMMELRP glk%geg GartrARGat B¢ metal salts

catal yst having a pore size di$tribution CONpri i
Oera@lQ)ﬁCIdﬁ)lS@S deterhised by ASTHM Methal Bi3t8he Peri odic

or , nore ne or nore netal s
{ Polfiar AR sl S SRERBT of Ao Gng s chiesprafhist comprising:
tdeeing 0 tiuda mebdcoitt 6 dri heke ¢oRAKLH
cont hat gEt hrg crude pr oducft hgs a Yt’gottaP%dlh/eglfgllt:%Mggﬁctl%ﬁ%t %ndudes

the grudgpradugipwgherein the crideargzhictisratlisid viixtteet 26 GG ent @d] MPa,

e PIRESH BB SRR S 5] oD B ST i
grafprof@drigie fgedaatcleakt end 6O eitalyste miavmg ladre G288 HLAGh Rith a
rude feed with one or .nore catal ysts to produce a
medigi pore giagpsiitof phigast2Ae Viu@é éetfnﬁ@n@a/ b & ST dethod B#2e purd the
r e at 2 an
Catatl. 1(})1%&1'|L\Hg>§p %’géég&rlsﬁgﬁut?) ee ﬂg)ln D SI ng he mg?alsi%?rg%olumn6 of

the Betiadic Tahde, a:inesmlnttﬁe cdmpnsdo bf O & 161¢ Aitels BOh0SeIuBMES of the
alts of one or nore

PeriGisalibE, BEUres Frermof AR SonkHUnE S PIioelng Copationt sl tht th
crud¥ytbigtt Bad Lol NiNYF@ @(gntclﬂ%rf a%ﬁép %E’/%l ?f ﬂ{? g\llf\ngfg Forgéﬂt of the

al'kali metal, and al kal I neeart
cru®ffe@d ofeheiein Nd‘VdEe aftet id aakterQiRadYIASFEdcthad Di5eas:!
of th

havi IP e.size |str|but|on
e Batites 1S e At hRaiyiang frudo predugls comprising
contielﬁl@g’ atrnaelfded V%TMeWtrﬁB?g caM983 to ﬁi‘?)quéé"@to%g?dcﬁﬁétt that includes

havi ng the gore size distribution has a
the %ﬁ%@éﬁq @amdhe crude prqginatrw efliquishmixpge at 25 Wrakd 0.001LMPa,

0 n 0 nor e . .
the %ﬁggegg (I’%cl).lrg Igsolg gﬁ?ﬁo Sl‘LOrer[]I%( |Ig? fésnk ggrile (Htm%r]e organic a01ds one
or nmmé ylhallﬁrebmrthonetail gattsmie(snetdﬁemeBrgaarwbcmnbmiﬁrmgthereof the

Q cting conditions such that the crude product has
Cm‘f& fjﬁ%ﬁﬁ%ﬂ""&ﬁw@% forgentaper gram pere fogddokalkali metel, end alfvaline-

HRIeR, tnd3
e T e
catalystsdlayinga poet sike élatlrllbatlm‘i W[Ih gamcha:ﬁpnrel Hiantetdr € aCleasd 0 A, as

f eed | al,, d e e
derclyfipn phARIR it e pndind Srtousi bigg i PEeriZe digiriution
has & Sot@mdlgERANMNSHteRY ﬁé%ManQﬁ i sDER4LB0. OE@F%ﬂaﬁl‘é%Qb@%ams of:

al so provides a net produci’ng a crud
molybileprnsonegr masnmadyhdegum Ccmdmldsemilcmtt@ at’owelgh’r ofrmwlgbdenum,
| pr a total i,ncl u he
or nf B Aol Be fot R BaBgRS st har SRSeriRRuct s o
totalmontelrlf (ﬁ” altalidbetal, andlalRaliftledMRancthin t SEU01E R Qrglaﬁl‘é'a@ﬂls of at

Qg/of at least 0.3 and the crude feed havi ng, pe
mospfobtheconigat efedknli metal prd alkplingrgethaeielein meipl st of organic

a01d§ fARE c&dgg&gzwﬁé on%}lt% ?E‘e[h 1919‘5% %l;ld Elﬁ(gl Cea%]a or}siétgil in metal

havi nga pore’ si z Stri
saltsdif angsiniracifs igds dl@asﬁné&lﬂayAAS’HM Meth@ﬂlDlr}Q@ by ASTM
I\/e od D4282, and the catalyst having a total
95 YRR SR lérﬁi“d%%%neawémf sroduging|ayesude mediel.GonpOsing:

cont&ftﬁi@% drleGectt @ftﬁ Qﬁe 6f mof@a&?ﬁﬁ{‘t‘d{ﬂg drﬂﬂg a%tagﬁﬁ)&cft that includes

conmpounds of nol ybdenum ca
the cmpdeyiseidustinyheprin ﬂlmrudeemoduw rseeolﬁqula ndxmeerdt261°Ciang 0.101 MPa,

the c%?c{?e A%dt ll?ar\]%{gcﬁggl I gg%l%?)% [%g e?irh%gl%g, ;ge? %lflacrrtl Olfj gr?lde

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

Ni / VI Fe content of at nobst 90% of the Ni/V/ Fe content
wofhodashes3ws ude feed, wherein Ni/V/Fe content i sSPas/US2004/042137

determ ned by ASTM Met hod D5708 and TAN is as

o gE BBt TSR B U BNSPLASR i o

ASTMVEhed DY282, cuimahd ¢atgly havidg @ tételedloWblEhudi Eor@ént Wk @ram of
catal ysts to produce a total product that includes the

catagyst; deony P 980 gramirie Ot grams ot apelydenppg gee of more qomperads of

ol 0 G 0 P Mg U LTS BES s i

confaoiie mlgamns sach ttist, the ode pradoctchaa b KAN o€ a‘ﬁﬁbit@O%E@f&he TAN of
sal t e or  .nore organic i or mxture

the 1y E@‘ag and fe e TP Aierd bR i) i\ﬁf‘?{ge SORERLAT 2 BB of the

Nl/‘@% cgﬁt@m d}fthiéﬂﬁgg fde8HherBin T@N‘/@‘ k 'coﬂi%ﬁﬂg as 8%8rmined by ASTM

al kal | neeart in nmetal salts of organic acid
Metbbd B 708 ast TO\N)@(HBIie@rman bard S 1M NMethed DoAé. of t he
catal ysts .conpri s e.or .nore netals from
o6 ARG s 4 Bl SE FOaTnEs SRR aradsho Stmerisine:
conﬁﬁtlﬁg"@cﬂ&ﬂe FRE Sviffed Rl o nhdre @htgi’flsﬂd %‘Bﬁ)dﬁfze 4 Real E’)%d&{jﬂhﬁt includes
Table, or m xtures thereof; one or nore netals

the cmldm@du@tnwhm@lmﬁle pwde Pecrdugtjus @ qua re.lxtmn at 3y @r@n@ 0. 1 01 MPa,

the é’u ge onggﬁlgg %8e or mo¥e arl Rtg E)t]s rq“o € ?reln?l?]re org&ﬂlc ?01ds one
or nlic&é hltkali)fﬁe éathahetabdaltsBf dfk (Sfﬁh@’e oirglinidlioads 6OmiNTTIre® tH¥RJoR| and
in arange from1l to 10; and controlling contacti

the grdeifoe GRENE adpiat sRatent et giagtie hdsdiged. of abkali npesplapnd alkaline-
e A L) B bSO AL OSP4 ARl o

catadzatstc&ntprxsfnga(dai ahe onabr metaldromt Kalunnes efithe PerivdialTablenone or
nmetal saJts of organic |ds

I
o GBI GO BN P B AT RAP B C A B ST pee Tableq f mixtures

therB® 8hd (V) BndBE RbreSRbthE ﬂQBCm CLARM 0 SCthd Pedisdi@Table, one or more
def erm hed by ASTM Met hod D1318. The invention al so

con*pp@ndsdﬁ ©ng onmpm)mef@.fs fpmo fiebinarg 1 (?of;n}m a’_erlpqhg dable, or mixtures
thergly Rt U gl a0 Cofi b8R8 Bl o et mll finoa

rangel feshe 106 Q0L co‘ﬁﬁ@l‘hﬁg Rofith&i I\l%rdéﬂ@ltlﬁﬁﬁﬁiéﬁtthdt $hetcrhddiptoduct has a
m xture at 25 C_and 101 the crude feed having a

tota} eamignt pf alplFmetabrand r@ikabﬂe-a@rth mgiel, 10 MEt0 o7 tsqH xganig acids of at
mos't\lg([)"y/ JF ?hEiD&)rnte% 8%1%11 ﬁfe‘c’aﬁj ecl(\ﬁ %ﬁ&hn@@ﬁ’t}?ﬁle af“qﬁ%n Fan Q?I%fof organic

ata
acidSinh thﬁ‘mnﬁiedf:ed, hsfheféext C(mﬂd:n‘t o]l'a]ﬂihle meoﬂl eandralltmme-em]ﬁrmtﬂh,dﬁ metal
tal s 6, of the Periodic

:
Salts?%ftﬂggaemg?rma?{i‘t%ﬁ glsrrpiged EOKS%O% g’[e(d%ﬂd BR3r nore netal s
1 O Gl By 400 Plovid8 aRREhHS I‘&?Rlll’g% a &ﬂﬁe fodID ?or?lﬁ(iesing:

conmpounds of one or nore neta Colu 10 0
confRetingoaiérodd feetl evithoomerair xiaxe e&ahyhte teepoducsheetotl prcxdumdharincludes

[ f total Col um .10 0 total 6
the §i30¢ frohor, Rhert bEFRas §rofget ap T Rae fhp o Reb f e,
the &ROEIFLH ﬁﬁﬁng Hesat Ay /Fer&nféhﬂt‘ﬁeat RiagEVeG002a8ards bONAV/Fe per
Ni /V/ Fe confent of at nobst 90% of the N /V/ Fe content

grar@bf ervde égeddandsas denst aueent dharcailysy @énpmns dax onesoraasore metals

m he t hod D5708. ntion
fronf L E LR e ot Sor S s Bl B Breerals from
Col@rﬁﬂ‘ﬁ loif $ie'Reriodic Table, or mixtures thereof; and (b) one or 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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contacting a crude feed wwth one or nore catal ysts to
produce a total product that includes the crude

WoRoEWs6306 wher ei n the crude product is a |iqui BCWUSRH@42137
at 25 C and 0.101 MPa, the crude feed conprising one

ColGap B eS| b ks T Pe HophF |17 88 GpSigiine

conﬁtf:tu?é@dﬁ[cﬂl@ Riéh @&l H8 crude pfodstiiR % thAENEVIFe édiert bBstanost
havi ng, per C%ram of crude feed, a total content

90% 5t the RAIY /P FEoBIFDt CGitke GPdederdauiarein NiS{/Ep contantis agdletermined
b &%ﬁ/ﬁ\/@{h %a,%c acids of at |east 0.00001 grans, and
Y one or nore catalysts conprising: (a) a first

c at'Eejiaventioh@lsbiptevidesat méisd ohmdﬁrgng @efudg hadduef, cfnlnpﬁsing
catal yst, fromQ. OOOltoOOG% . one or
confpsting & ciude fsedayitihpnesorgrore Nalabstsite) ax%luqea% fogal nsa@%?hat includes

b
the (RAUE pRTEWACE P e QR ool 8 g TRAR| B ML 25 C A 0,100 P
the nnudé fired Somipeisiagfone anthofdlkadi meiabsedis @ﬁbad: yisipret drganic acids, one

o SRR SR B BT BBl SERRS S b

crude REd ihend ?Ef gthpof@@deefeecp @%t@f cIRRIR o ARRIPHRES, 2 a%ﬁne-
or nore netal$ from Col um of the Periodic Tabl

earth ahagal) imtreetalogaltovef gﬂgamofacmoﬁat least 0.000Q lugrems amlrtb@bne or more

controlli ont di tii such that
catefNG o g [ B 1 SR v e i of R sgptyst
froralokoab1 10 .08 ot dmdTBF: aJne ot hobEhadalsSadh & olim® 6 @8 HeCPRidHESTable,
of at nost 90% of the content of alkali net al, and

oner ke ARBRHNR ofReer, merq mpptals frospfelymesfo orthaRedodie Tate,

f f
b SRS 5, o0 0 6 R L g eson
catayst Having, pes gret ef ma&mhbak‘a}ysﬁs'fldabﬂl (D[Dgira&lsfﬂ)f Boneldr@nore metals

i nventi gn Iso provides a nmethod of pr cing a crude
fromp (odrRR © of Baegrerionicgt a%fe@ ARRRK R CAmPPY % 988 OMoR° BRigls from
olﬁ&n%ﬁh@?@rﬁicﬂ@f&?‘ol& QaRﬁ%@é&%@ v@n% Rbanepdi leiﬁﬁ(tlfr@sattnereof and
I ncl udes the crude product, ein the crude product
contrelhag lebufactehgndontitions atch2bat cﬂlezmddef)pmdllctma tathlecontentief alkali

feed | Si e.or alkali. metal .salt
metef St PR Giec R R ircheBhifs Bt e BFiRor filnad 0Bl e
cont¥Rt &f alRa tetaRfan@ ABkaRhe-8RENERY BMn6tafEA @ Df offani a6iddlif e crude
thereof, the crude feed having, per gram of crude

feed, g@@reuacqr@@rwof abgli émﬁtaloqndailk@émp eppl gletal dpgnetal salts of organic

t Losalts of organic acids
amd% %Jt&qqeaslﬁ d{}))’&%&ﬁ]&dl\/ﬂfﬁlﬁsﬁlg’%% at | east one of the
C atﬁieuﬁtz@tlbﬁvdsn@rmﬁ&és gheavdbf fratiadiysh crude ptc&ﬁst, c&n@ﬁs’ing
Igﬂéams of: one or. nore netals, from Colum 6 of th
con

HASHY Preldfréftﬂdéwﬂbme Srmers cEakYSHEO BTIGUCHE o @rwcwencludes
the %Hagﬁ)d& Cﬁld@ 6&?1@‘[ 1E%rliqt9 fix Ia?25 G@Eﬁ&'bﬁ‘b?g@a,
rret al Cor Tmxtures X hereof ; and
the ciode femkilcomgpnsmgtoae bi ngrecalkadi metehsalts of bnd drahotel aggarde acids, one
hourh%l.s(gac vel ci ty.in a contacti né; &e I S over 1th
or more gglingsearty mgia fﬂl%aﬁelee PfROTg OF gAY A PLEXIRReS Hiegspf; the
crud®edd hadid pet Kahd erc@&fetfge&rﬁttﬁhl confenf'BE Akald Aleta, a%fi alkahne-
organi ¢ aci ds of nmost 90% of the content of alkali
earthwcsdl, inanetalsdakia pf wgamaacltis oftadast 0.000M ghms.andsit iehst one of the

catefy A g B Bty cafleS Prigese PP efbLE OheShiar i mdals fiom
Col@hn @ Fakd RerdselicPatils, ods of Bl dBnRAnEY o FSEMr MRIr8 efdtals from

D1318
Column 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid hourly space velocity in a contacting
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
WQi200%/066896 or nore catal ysts to produce a total POT@SADY/ 042137

that includes the crude product, wherein the crade

rod S C.an

onB 0L, fud R e BIOhUIRs Bao kPt B ol el pne lluine.
earthinievAlFa raetal @it oﬁf)rgamdaeﬂs bf &.106008%0sfan® cordént lof alkhli metal,

one_of the catalysts has, per .gram of catal yst, at
and jaigpdine-garsh metpl drancilsaligef qsga%a@ divethe erugle dredopbeisin centent

T n

of aﬁIal elﬁﬁgl?%% Ql??lgnr% Snner;tg%ﬁl @Etaﬂ&ﬁtg é) %ﬁfg%gg% I(?Je e,tsod%ﬁin?ﬁned by
4ASTkmkmﬁhad€msaS wei ght of netal, or m xtures thereof;

J 1 t dit h that d
oure LR ARG 4 Hebod Shpiaebe Aga SHE st epmipysing:
con%fcﬁré% 20ehdk P dh g EndPSraFME afdBStsRo %)fHd%L:e %J\I'tc{t%f/ eﬂ: @d&?ﬂfaﬁﬁ%ludes

nmost 90% of the Ni/V/Fe content o crude
the trmdd pmﬂmet avhareii thy/cRelepooduehis & lsjuabmibetierati2h &d ahg 0 AGTMIPa,

thh 708. The in entl des a t hod aof
the (A Soc Tt e P Ik oo on i DAY e E3mPachiiansas Yoooo:
grarfi§, U eabenfd d@‘tﬁé‘ba@d]?st@lﬁas”ﬁér%r&ﬂb@bé’t%& hQed 0@0@ 8ratns of: one or
t ot al product that i ncl udes t he crude product, wherein

morefeecteals e Polvducy of the Retiodielabled oeunr encae comp@ings ¢f one or more
' t r avi r.ar f .crude.
el iohn KRy 681 SRt e e B BB il b ficures

therexty gad corarvlligy Sonkdctihg contlitsiis saéh tbt HiQas ho&lﬁ@ﬁ&e O¢18¢18y in a
of sulfur, and at, | east one of the catal

coniagtipg 7aerg Ovid 0dy", aeet e satdgipsoduch hasaolo l/é/'/8$ cquyignt of at most
90°/P8f t thfY /gr@nla@f:ntcﬂﬁ%eo&}lﬁ@{?@d é@?@?&g mlﬁ % ch'Pt@nt?E ad & mined

byAﬁYbﬁMkﬁmﬁﬁHﬂ@ﬁf and controlllng contacting

co |ons such that the roduct has an. oxy
SRioB AL GO O o Bl BIRYGHE & SHEE RO EHapising
conféEﬁl%a Eﬁﬁ@ fe@NFith B GHle cRERANES phtic@a BithIf éﬁ'&dl%gfglﬁﬁﬂﬁudes

130% of the sul fur content of the cru ,
the giinde erqdugtx ydereirchacanle pradugsisddiguidvinidurely 2ASTwd /B4 HbYIPa,

sulfur content as deterni S
the 3ile e s, efien T R b (RS ESRRA e o2 6 pogy enams
of oR¥y &) ehd g sdfigTcdARnPs e Watt, 0.C0DTRErEs BOSul ) nina@t 1B ode of the
crude feed with one or nore catal ysts to produce a

catad y5ESfOTHI BEIECANCL O FROTE ﬁ@ralfd%smt%u@n add the Reripdic Tahie oae ar
mo% Q?BI%B ﬁ}%ﬁ cﬁ'roﬁg Uﬁn& m &f’%% @OM 8 %f“th%tPe?lgdligg T%szi, or mixtures
. a, aé

e Cru ram o

theré@fe dnd eortoilidg d\dlntddtlﬁg c@mlll’li(&lstsudf that thh eﬁﬁlé p@odﬁ@ﬂl@ﬁ an oxygen
confent gﬂt and 9@’@&%&1{&{@5&1{] E)(S‘E%lt gff t}{ae:péu 8 gh%lcru eaiar;gduct has
a suﬁﬁf@(gﬂtéit%g 70N809 of TRE 1B t&tSntl T @B &:Qéiéjﬁ:@d Gvieih B@ygen

Periodic Tabl e, one ornore conpounds of one or nore
coniept @las déteomned by iyb TH/1 dMethdreE TS, podiswfuT atihtent ipas determined by

reof; and controlling contacting
Agﬂ%ﬁgﬁipaﬁkﬁ§uch that the crude product has a tota
Ni I eHavaRidhaRb pabvidds a@@tho@@i%r@ﬂu&ﬁ?a By pFRIueO &Srﬁﬁl‘ismg

of the crude feed, and the crude product has a sul
conigelinencrude ferd vaOt%eair mdye catalyptgio produeqna togl ptfcnblcwh@rdecludes

the %é?% Br(?\ggg ngre (lll\e//c F%]@ (é?ondt&%ﬁts gdféluadsmg(gltlre a%g] e(gal?ci/ 0. ‘lA(ﬁTMPa

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

17



10

15

20

25

30

determ ned by ASTM Met hod D4294. The invention al so

provi des a nmet hod of producing a crade product,
woanpriceiong: contacting a crade feed with one BCTHS2@®4/042137

catal ysts to produce a total product that includes the

mOI%rC%gIE)OBﬁ(? d%ég)e 8%0&? h‘l%%ﬁ)ﬁjﬁ 4 rd‘]oq R%OO¥%tP?‘lgg9 "fab?e of mixtures

re a Re “°cra
thereofiand ﬁbﬂi’tg)lﬁﬂgc@{tadmg eoﬂth’:iazhs sumit}ait tieariide prbduenBasal total
nore organjc aci one or_nore al kaline-earth net

Ni/¥gierconisnt ghad ragst ﬁ%r’o@félﬂeglz{WéF efeomiat obthe grugde fpeds and e orude
proélgzz E}Q?afl syl RofileRSr 708 (b@ft&xggulﬁﬂeéo %595[1} tgg fld¥&d, wherein

a total content o met a
Nll‘dYHea:ionteaemrds hieteamaled by ASEN Methad DS708, and gadfiircoaentds as

of .at . |le and a residue content of at
detqraingd by @gﬁwg@%b%ﬁdue and at |east one of the

catpleViRlsntfRANY Iﬁbﬂ@es"eﬂﬁe@ﬂbd@ dﬁahgla%rﬁdegm&k WBRpfising:
of the Periodic Table, one or re c oun of ‘one or

contmtmg aetwlededd with @m¢ ommoig cafalyskreto mduocl k ¢otFlgirbdyct trat includes

t h f d lI tact o
the B PTG "OrE ERarEoui e oot 2 e apgp 101 Mpe
the 6RKIE $d Rmprlska! dne¥B e alﬁﬁ‘l‘ij m’%:'teﬁ 3hlk Y088 0F hofEdrhnic hélds, one
netal salts of organic acids of at nost 90% of the

or reeyatatkalinefarth mgtal saistadione anerord eghnip acids or mixtres |ther¢qf, the
cru&repitegé hadt éf LPC?fg a2 913&{1& égﬁ dast {aﬁl 5nh[$nt%? U%h 833/6 aéine-

crade Kas " Pes
eartheﬁét@luﬁl 1061l ek ofbrgahie acidade aﬂ‘ 1em 0.080011 pfagisearill LREIU8Atontent
of al kali netal and al kaline-earth nmetal, in netal

of ag Jastd. b eragpspiaptidus prrsatileashancielithe ATtANE!S SYMPISTNG Wig oigroTe
B s R

metplsdhue Cognan 6 ofite Reriodicdtaplec omnrxtsnesl trereodyHnd cbntnglling

confiE BRI Eh AR PRET BB RLLEVUE! BBEIGH A drgipnd

alkeflﬁh@ e‘éftH Gt ROAHEh! dafts BF bil ggﬁib QClﬁ'b 5t B Ros2 0% thBfhtent of alkali
1 MPa, the crade feed having, per gram of crade

metﬁbenld alkakrss¢atthemeiohiremetabsaltgtof begagtc agids igtheresudsffeed, the crude

pro%ecgh%sggfegl él%scgnt Ot OI\JI3/8 fetge éesbcf rétchgtfe% at #@e(gr{,lée feed, and
wheEOIRRbh&h NG QK métamaﬁ@ alieelid-Earfh @6 CH men] Sl bfgamc acids is
Peri odic Tabl e, one or npbre corn ounds of one or

as dgtermingdrbyaht Bl Mathod DU 18.1mad pesidusioatentisios detslimmed by ASTM
thereof; and controlling contacting
Meﬂ(i:ll]gﬁ t ?Zns such t hat the crude product has a total
Ni / Tﬂeﬁﬁvmmheulﬂ'o bvidts enmsthod G%)mﬁutlhg a Rrude/pk&iuc nbmptlsmg
of .the cru%e feed and the cr product has a

contaaﬂ%ﬁmsiﬁ o5l With 0nPT TS CAB Stme P&%‘?%ﬁf‘“%‘fpr?‘h@t @%@gludes
the f:ﬁﬁg grd’&'ﬂl@f SN Wefe c?udé%(g(ﬁﬂ is ashcfiﬁd Aetielem: DseC By 5§6M\4Pa

708, and resi due content is as determ ned
the mwfwﬂmmgm@am Dherudefeed; & meidak sontpntefiatiesstd). 1 grams of

rosigh AR ¢ ofat o LB et GG ol opeof e
cata@is@ﬁé&%)r%lﬁgoérﬂ:l orRh&e eehald 8 @AGMAGEST thdBerfod@dPable, one or

product, wherein the crude product is a liquid m xture
morgtcopmomndsraf ape pomoxPaetatsHeons Cotians 668 thediepiodlisiTableopromixtures

thergétl‘; g}sM 8%1’%%0%1%]1& C({H?écﬁhg %gl‘ll 1t?on%fsu&1n fhaPhe RIdE pro rc%aphas 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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or nore alkaline-earth netal salts of one or nore

organi c acids, or mxtures thereof, the crade feed
woaavisngezoper gram of crade feed, a vacuum gas ®8CI/US2004/042137

("NGO') content of at least 0.1 grans, and a total

S T R i 1L E

detelnﬁﬁfeabcyn@smmeﬁmaajsabysts conprises one or nore
metals from Colum 6 of the Periaodic Table, one or

morldedBygstion alsodrovifes methed ef produgiag f PBW’F(BBQ C@sma\‘ising'
conh i 808 T B UES LBRESEL Myt ot
the @udel pﬁiduhlasfhareiroﬂlalcnmelﬁredﬁct i3fa liajuicnixtoetaa D5 *@and 0. Jo1 MPa,

al kal i ne-earth net al tal salts_.of organic acids
the GRdafoemPUSREGRE Oh o HRGHRCS] SR Ppe gie orggfyc acids, one
oo B 11 llpllor Pl 3ol ofAARLE B,
crudedad:dshavmg peDgihB0sHarhdd feed ,\IGAcwom ganeil OW@(Bé) contedtof at least

feed erein VA& content is a term ST

1 B0 DS S0 OB gTe1gh 25 RAR e Er et Ot sals of
orgﬁﬁé@élﬂt{‘@f ©6001zrARE 2lnd at afRindlof 8l datalyts @ngRbLorRCdrdsore

is as determ ned by ASTM Method DI 318. The invention

metals StonpColrintes obthedicriodicdiablsy orpuwi m‘ge gowpadlspf egeer more

mer i3 PR, b S APt BRortab T STt Mebodr P cP bl g e

confat ke cdaebis suchuher Bk drdde @r&fudﬂl@s Wt@ﬁh €éntér® oflalkhld tiethl, and
m xture at 25 C and 0.101 MPa, the crade feed havi

alkahiag-cgrth meirl, inrmaetel pleafl organipagis of 7tvrest SQGmi dha C%lfengpf alkali

meth€884 alflal %%%?th]%@tﬁ? in ARE1 ?alty‘c?@o@%@%o%@fds% tRlerd@d8dd, And the
gr ans, east one of the tal ysts conprises one

cruderprodice haed ¥FIGO toentGhI70730% «fthe N&Pevritad iof thEaiobde, feed,

G 0B SRS 0 01 VIR S TR 8o O

metANSnE VAL R darhdn &an ir@ﬁktaﬂ 1 Qne thahfé%lcﬁ Weds debdhiddagy ASTM
cfade product has a total N/V/Fe content of at nost

Met@0dddB18he Ni/ V/ Fe content 'of the crade feed, and the

uct . has a,VGQ0O ¢ f .70-13 0/of
conf B B SRRais R Rae b0y Al broRhicifen ik pRiq bl Gongfing
confa8lifs Achad f&3d vt Mlé\@{ﬂ‘i@lfé cBRBR®%, to prsdubl é%ﬂtﬁ@r@dﬂ&t ﬂﬂt includes
is as determ ned ASTM I\/let hod D5708 The inventio

the giude pprdye: tdbigrein ﬂf’@tcﬁ‘éﬁ? nspdust @@d&%wtewﬁ 83 iy aad, @tl 01 MPa,
[ [ d Q
e SRR RO P P AR VLB 0 5 00 002
grafif, uﬁd av @@tmhten%bfea“teaast 0.hgramngded gtrledtiobe ofsthacdtalysts domprises
m xture at crude feed

0
one OB KT BicHYS %ﬁuwaﬁeojfaﬁ%%?rw%fajﬂe S5F PL1GFe epapoypds of one
or ngga}F: t?nse%lg ﬁ*BhPC@iﬁhﬁil% ofHAE PEridHRE Taitl kcﬁ'n'nﬁﬁu@sﬂﬁ&@oﬁﬁﬁ@!:ontrolhng

one or nore organic acids, or m xtures
contaheng ofnditaomd stittethat thd erfde e)dodmat/hasgi toprl/Q’r/mcmtem phatgnost

e , tal con of I t al
50% SR oURF ErnRRraihe s Bed g 41T 634 p@Rfes 2 yGQgontentof
70-PJ0o8bf HRARGORoARAPIS HE 8fle fRAGWAreinSAGD RRRNPs ab H@termmed by
catalysts is obtainable by: conbining a sup L}ort with

ASTMeI\/I@t’flOd@}@ Ofeansll NI/Y fFereo@sniuismas éet@mlltl%bipéls YMgthod D5708.

Qr . nor.e ne or
fr orcar st S ACTRRAGT oPiraffgn®h o MR BrdEbE SSmprising
confahﬁﬁ@ ftride feddosilE BndorGabdlcitlysBrte ptiduos a tasldbréductibagincludes

th
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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catal yst by heating a precursor of the catalyst in the
presence of one or nore sul fur containing conmpounds at
wa 20@mpe3vat ur e bel ow 400 C, and control | i ng corRCaaIS20Vg/042137
condi tions such that the crade product has a total
: I r
or 30 SOinP a1 A1 F ome BRthcf BZE BB s ST thotbB, and
the cxudt deed hmfvn@ fsed gralfm)tf aludedbal], altétal doneeneaf dlkalieel, and alkaline-

metal salts_of organic ac de feed
eartiqial i il el oéprgélrlwaquﬁtaaﬁastgﬁw%gfwsn andafrleast one of the

dg@ﬁ@is obf'c{‘niﬁﬁé 2&! c%ﬂlbﬁrﬁn b sQURANWEL 8% SSnbre mighis ‘fﬁ‘@rrpéglumn 6 of
ASTM Me DI318 he I'nvention al so provides a
the Petiddid Tablepmmjmunmg campounnﬂs qfrond ocmorecmatalsi fsim @olumn 6 of the

a crude fe nor e cat
Perfi e PRI hesheidp Prsfite At D ep ety forntng the
catd?ys@ @g %amygbe%&b&s&m thd @HAYRNA Mreéeﬁc@oﬂ drRWr ehd¥t Xd1Eie
101 MPa, the crade feed having, per gram
contaimog gompdasts at a tenogpegdtug helow40Q Hﬁu@dtconﬁolang Icel@tstttmg

condoaF ni e cABRaRiRGR uiREePiedbFaRkE Bl figltine-cart

metdE it 64118 BV ghmic i@ oftald 1058909 df the tahlest oftiigalDhetal, and
nore conpounds of one or nore netals from Col uim 6 of

alkglips-cpeth |n@ﬁﬂa1elrmagﬂabsalté of pigrpigrasids imthessidetfeeds magtri ceptent of
P i LA 590 R0 S0 ISp SRR i o
ASTM MettedIul X18r cont ai ni ng conpounds at a t enper ature
bel gw 400 C, and cal troI [ ontacti ng ndi ti ons
i tedied

o uchi mgEntiRaTsd pawd Bt BERS ST BEAeTYge g9 st Ccomprising:
con%ﬁhgﬂtcrlﬂfe f8dd WRE bndd¥mBe bty {OX{r(I):cﬁlcE 9%‘(‘51‘&091&0’[%&% includes

crud wherein Ni/V/Fe conte I's as determ ned
the blydiﬁﬂ’dduk/EMlmdelmﬂmudeTﬂrequﬁmhqmd neaktwee 3826ViCoas (al01 MPa,

e Gl SeFUTRITE. e Wrer o6 R, B PV 15 5P bt aitdea G gpoo2

grads Rl at RGst GHRGS tied &fteﬂyﬁéﬂsldbfhn%‘lé/\@ye RoBirindd shippb vittAdne or
0.101 MPa; at | east 001 grans of hydrocarbons with a

moganethksgrama ghimen 6 of thlg Reriodicabloe ere PBOTE AP af ogg or more

e Ry o BB DU B
preéurdddladPimanche caally byt Heatind thgreatibyst preturk@sia thdyadsence of one

0.01 grans of, one or npre catal ysts per am of cru
or IRPTS FHEY! COPENING GRMPPYH!S &F & EFRRe sl 44t ds and contro Ifine

congagg}fg §6ﬁdl@5hs%¥l'1 t theSetud?"; H&&ft hgsoc{%f’ﬁ Ni/’\?pe c&ﬂtgﬁt?@ﬁtt most

ranms of ur, as determ ned by ASTM Met
90942 Nlé‘v’ /Fe @astent)oﬂhg cradte faxtly wherdingYi/ ¥4 edehiennis ae detbynined
and the conposition has a wei ght
by@é}%%%h ntent to C5 asphal tenes content of at

| eapfle hventio@IoIrBvitedh 6R0E BHthpbsHti HShaN RS &%ﬂﬁﬂ oP¥rude
ASTM Met hod D4530, and C5 asphaltenes con is as

confwsigiont até@aSbQ 0AEEMmEeydraoatons withe todingrengsrdisirigation
ber g & TR R ATl R a8 Pl LR RS o w2
boiledd @hY¥é distribatiph Between a6 et ahd RLE@EUTat 0.1 tiakPangd 164€6.001 grams
of hydrocarbons with a boiling range distribution between 320 °C and 650 °C at 0.101
MPa; and greater than 0 grams, but less than 0.01 grams of one or more catalysts per gram
of crude product.

The invention also provides a crude composition having, per gram of composition:

at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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the crade product, wherein the crade product is

condensable at 25 C and 0.101 MPa, the crude feed a
worhsoesent of at | east 0.001 grans per gram s€TmISxde/042137

feed, and at | east one of the catalysts is obtainable

e, AR R SHOFR  pBPSuRAb h

of MCRCHd)ﬁteﬂ’f t0"0f SphHEtcaks cdnt@inoCel leam 165, afhetdeMER bcmﬂd:rﬁ is as
e, or mxtures thereof, to ﬁroduce a cata

I
detqmmansel5ohS THAMET RGO, Ml Gosahgimengoriesas ighidrined by
ursor in the presence of one or nore
ASS I?ﬂﬁ%%go a?nl ng conpounds at a tenperature bel ow 500
C Hdineanionalldol pragvidesd ﬂl@fhoﬂ@f@ﬁﬂiﬂ&hgmu(kmrhdudnabntplmemg
crude product has a MCR content of %qs nost. 90%, of

confgeting 8 frudtieask With @0¢ o1 ferer @iy st st Srotudes
the @ﬁadg W Redy ﬁ%}%@ﬁsw l%agnsaﬁ&edt Qm@aﬁd 070 BMIR, the

prov es a net produci ng a crade product
crudxofepd b MGB conent aftt ileagt @0QY gumsipee gravi offcrodeefeed, andaeleast one
ce a.total ct.that inclu

of 5 AUV ET BAUREPAGIR By o aE & BRRTD VU GBE of B SR ot
Colﬁ%@@ﬁ@ Periddic @gblg b P ckl LoMPaundskE ofié biBofeaBstad from

content of at |east 0.001 grams per gram of crade
Colfimad) ofgthd Patiodie asblemrenmurcm@emaf,ab ymdslcmoatﬂgs@rmmr and

fonﬁlléfggge f:e} t | I%rt \ %{‘ Jag%d:aﬁlys Vﬁllteﬁlgrg r%%g]&ﬁ f J)l{lho% more sulfur

confaﬁ’ﬁlﬁk cOMPb@Idsaf a RRiRSatife HelBy POO BC’SanZlQ:odtrﬁlhhg b@ﬁta@ﬁlg
havi ng atgore di anmeter within 45 A of the

congitigms Seah, theitibe erude perdacthas @ MR qomfsat pbat nil%rr;? 9% of the MCR
con 5 B BRI AHUIENROR DR LS A0 e

D4ﬂ(]\/CR of at rmst 90% of the MCR of the crude f eed,

wherein MCRis as determ TM Met h D4530. The.
i nvERg ¥ty Opi?rBYAda%%mgH}?ngg or & Gry rﬂ%qﬁt rFQmprlsmg

f Al 0@dteqr ok tth t includ
R

the OrEIe @r@ilmmv}mfels tchefcumde produ tieeandaesablsyat 23‘7@/&%9 ﬁ@bl MPa, the

oG8R BB BB e B Wi g s e

of tﬁé @a\’chl@’@@ haviag @%r&ﬁf@éﬁﬁrﬂbhﬂ@n Raiangedifepord ﬂﬁtfﬁe&fr in a range from
nposi tion: at nost 004 gr ans of oxygen,

70 o a8hiAs sdthey lenstrww@f thsdotaBrgnbesof peiss Ipthg @sregaimstabuﬂon
havgn%%g&e d%‘éneg% \gﬁﬁﬂl Q%dA ?i’" thé%&r%ah{?og@ Hialkee? %lelﬁémﬁgﬁet ize

asi C nitrogen et erm ne
dlsﬁdbtlh@milsag Q8@ mied bgasITM. Metgbdim232 and&tmh:tﬂhng contacting

conf s SR NG hg Erils SO Lhes by et (g ORS P MR G cruce
fee Aerel?;h\ﬁckriys@aétgfmﬁéospy REOXA ﬂ/feam 15435de conposi tion

ving, per gram conposi tion: | east 0.001 granms
of The i’memmsalsinepmmdeme druidy C@lﬁiﬂmlﬂ!@t hadngDpeogtamatt composition:

| east I due, r.m. ned STM
ot R R T GRS SRS BY O TGO L ghipost 0003
grafRlof Quidhr, MR t&GaRA&Ny ASTIBVRERAFD4 008 LA M810.3 @fanlof residue,
least 1.5, and the conposition having
as determined by ASTM Method D5307.
The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic

nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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a TAN of at nost 0.5, wherein TAN is as determ ned by

ASTM Met hod D664, weight of MCRis as determ ned by
wasiiglokenhod D4530, and wei ght of C asphal t eneBCTAISaA®4/042137

determ ned by ASTM Met hod D2007. In sone enbodi nents,

the i . . . . . .
o5 OB B s SO T4t B 05,0
detet-fenddrbseAS TONMetiodd®sddeed that: (a) has not been

treated in a refinery, distilled, and/or fractionally .
di stha ingentionglsopgevidehnd Bives coamRaR oy hay g PR A fHseRIPOSition:

¢
at leg% 6% lg%aﬂﬁdof{sﬁﬁmﬁ Eégﬁglfrnﬁgéh g?%\ggtl\? Ile\gagl?r;d( 1%1@49 LRSSt B2 grams

onents pér conpri ses
of rdnidiren and &tonsined bp ASTN MeaihodDb 8017 ; haad ¢he caniposition javiag geveight

s M R PP L GHP DU SR Co it D30 1t epfieition having

a TARGof AR b 5NEhERROEARI S he Bt BEARTEIMEARDID 66U weight of
300 C at 0.1D01 MPa, a boiling range distribution

MCReits we deteB0ieC b B NIMehad Dd 530 anNmeeighind Ca agnbialténeg is as
ran di | 1,0 en 400 C and 650 C at 0.101
deteWé‘?e%(%Xﬁiﬁ%g}ogﬁgﬁegf_ crude feed, at least: 0.001
gr aRkoffe MBHIREAIDARSInRENidIalso Piovidesdn baRBBation with one or
di stribution below 100 C at 0.101 MPa, 0.001 grans of

morgydtlarmethods ohepmpryitiond efdardigs e ydnvingon, audd fged that: (a) has
not E% V\ﬁeeart]ec%gloa T ﬁ%@r&héﬂ@@o I%#cll/%a ﬂrggtiog{gﬁ% Idlg%lfr%?(% lg?)lrlgag%oﬁi)onents

rocar nons range

haviigt egbor2inberabavaOing thd cridd GbdWRaat 16as005 ggaassf alch
hydr ocar bons having a_boiling, raﬂ%g di stribution
a

comppongRis RengreMCol ARl CohtorpPrisel hipacarhens. HPeden gf gich have:

. o) n o .
ol SR B R ol g ALR ShEELE ey
betvater ESIC Snd1200e1C atetad] BIP3, a boiling range distrébuftion eBvedn 260 °C and
30084 SRk ol R P B
MPAI £188] boiNAD ARIsH MsBitthtioh BRiwdeiM0D3E aat cheastat 0.10088%; (d) has,

grans of totall Ni/V/Fe per gramof crade feed; (i)

per g of ewde seedf airleast;j 0. 0MHagrams of brdrocaboBdrvigatwiliig range

i 0, ;o AR AT Ay HEI B i

randeldistiidsitiah be®ash 100 1C @ghd@nso of at @30t WP 8100y eamsdf hydrocarbons
crude feed; (m conprises ox%%en cont ai ni n

haviyech briling enge disyowIoe bsFwamrddlaCandi3Ohet-a1 %sl_Qll {\dPg,{0.001 grams
of h%gfogﬁfbggp iﬁviﬁg Q%Bh&g?&ﬁn%%st%&ﬁ&{ bdREE dzdd“é hperad & 0.101

tfs o one re organi ¢ aci or m xtures
MP4 heardeb001 grmnsodipdiosabont hdvisa baiting zinge disaitutiof berween 400 °C

0 j ¢ aci.d; _an r 0 ises.at. le one
and 3582 & VR G AN RIS SRt nge from 03
to 2bb@.4lt8\1@,n§ﬂ @.ﬁ t@lj;s(?)hl{)ag%'iﬁﬁﬂ bdilinE AR G¥ak 1Ak 2ot A0E01 MPa;

or nore O t he ITI?t 0 s_or conmposi til ons accordi n% to .
(g) ¢vepiises entkieh vanaiiwdeand ewod; (hh&es atdeash O QDPRogremis i total Ni/V/Fe

renovi.ng .n t and.co un nore v (.l e than
per BERR ORGP S UL PAIBRESCH (RLBnE) B ehged! e 8F0.05 grams of
sulfuP B&NSrhAbfRER BERKIRS at 1AstANORI graink 0N VE( Perdit®m OF crude feed;
nore of the nmethods or conpositions according to the

(D) haswérestdh] seameafivetidust pes gram of Fiige feedi treconasigesigen
con arfr?iflg Eag%{c%rb%ﬁé 3%% SeSor bor® raﬁc%ﬁcﬁ?etgl shftd &L orRc? %% o&ﬂﬁfc acids,

I'"Mc S e cr
one or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof;

(o) comprises at least one zinc salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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hydr ogen source and c
: whi@%

product in which the crude feed and crade product both

have a C5 asphaltenes content and a MCR content, and:
woadosaeeanon of a crade feed C5 asphal t enes cont ear/uamm4/042137

crude feed MCR content is S, a sumof a crude product

G5 sk tent . pr.oduct . MCR cont ent

o BPRAR CROERmER, Bl R B BR R o Syt o

monehaltthSmetlmdatbr oompoISnsalcc&dingtd Aty inéntichheuae rded ¢hdt o
rolled such that a weight rati o of

condi ti ons are con !
Obt%fn’r%%ﬁ éfaﬂflewgé@phtﬁa% apd BPPHGE mare Yolaile thatfeome g crude.

con LS b d2: B s 2t

S0P 1 RSB oL BT RORLEI B o
morg efshpmettiode st compaswitidrisraatordimgvib tie ionention, amiethodfof thtacting a

orud 8 B\ Rore cheAR PRAOR B b e frgyerude
prod@& $Q Wich(thd chidrageMmdd@sde {r6dud® ﬁ]l%?)e amtqz(ats%}#agtgﬁes content and

b
hydrocar bons; (e) inert gas; and/or (
a Mﬂﬁ% eegent, and: {orassuambbaltmde fesd Gstasphaltesest dootenaksberude feed MCR

ides, in.conmfi nati on.w t ne or re.of the
confia? 45 2% Ok 00 PRNECasbrifehEs SR 6% A mide paptuctMCR
contert b8!, aid emtdotiakicBadifiosd 86 ohteAkdWutNhaNS Rkt ARE®9% of S:
atal ysts to_ produce a total product that includes the

and arlﬁab%s copaeing paadiions erecoptraied sushdhate woightastiedf 3 MGR

[ i e o _an offshare
confi b P AT UER O AP SR ol Prpe 3  ramge
fronprl Rriode8,,orilB woh®i nati on wi th one or nore of the

mstlﬂods or _.conposi ttons according to the invention, a

net &anier?gtb@gﬁwfag & IVERHORA $ R OXides. e eombiagtion with eneor

er . . r .
mor€lof MY Be®mBliaby, cctﬁﬁ‘pdsﬁu%lﬁ ??%Fr@?g g&glgg{néegl%l?l?f;a l@@gé%cépi sg%rge, in

the htyideagen (sadrca is: §3)i gasafusa(by hgdogen gsd(c) @ﬁiﬂh?l@ﬂ(fd% éighto -

t he.crude, feed is i.n range from 5-800 normal cubic
hydrr?é:?rebrogs’g(g) lélggeggﬁrsanﬂ% ?Qé%lﬁ ‘Eﬁf&’ﬁ‘@o er cubic neter of

cr udgomeeehbodithe s, ehk MvERidA s PfroMREE iR EorhBiBation with one or

catal ysts; (b) the selected rat'e of net hydrogen
morg 9f Heempthodsopit qommnasiiony acegrdingtp e parention, apnetbsdipfeamttacting a

: h t f _hyd t
I SHET L Sy M ) BBt
prodiicBwhbi¢in theerddedeabi@eotifatiad én h Sohte@gtAdas tiahisatbuMtd to an

hydrogen uptake that will cause substantial phase
Oﬂﬁgéﬁé?%ﬁﬁbn bet ween the crude feed and the total

Pr 9HY6Hhe AHbbBEn &) HRChvertibh atigaﬁaréﬁld%‘f i;ggolﬁﬁﬁﬁgagj with one or
hydrogen uptake 1s 1 n a range from 1- or 1- for Nl
more wbihe methedssorafontrositionsl a@geting tuthe énveatior; bhathodthar codfiprises

crude feed; (e)..the Iiqguidhourly space velocity of gas
contgetinga ¢ ﬁ% f@c}%ﬂg‘b%}ﬂi %rdﬁ?r@é:a'f sé%/ injt esepge ﬂf ‘1 gasaacnd/or a
hydro@as boukbe fhdlcont@flirt cof®Rting Qoﬂﬂit%énc?(s{léh thal? "(’{?td lio of a gaseous

pressure of the gas and/or the hydrogen source Is
hydregps poitFel the eiudg feashis dce range fiog) 54806 aotnead ttitbig meters of gaseous

ure is.-in_a ran rom 50-500.C a total
hydcb BRSO <yBicstel (AT b Bhrtpsier il oufel STk afate cataysts:
(b) thy sklegedra3Ouf 18 hiydroigbn aptaROBR ohtrOMdbylya3@ing a bart® fressure of
total pressure of the gas and/or the hydrogen source

the ygirogengopreage) thegreribydmemmaptakals sack thettheferudeeregist has
TANzgﬁfrf]:the trh 2.32‘3?{ tg\%(ﬁg?r%ggﬂ ﬁ&af(es is'"15s %a%l e{nea%%u%{] o% lrl]yacfroée% uptake
that will cause substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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the crude feed; (i) the crade product has a H C of
70-130% of a H C of the crude feed; (j) hydrogen

wapb@kecdy t he crade feed is at nost 80 and/ or PCI/US2004/042137
range from1- 80 or 1-50 normal cubic neters of

dr ogen r eubi c .neter, of crude feed: he
hourlY ShEETeRE) of Y SR p o G R R TE R 15t A b G B 1, or
at mBBSI0 50 anarﬂél prastre IO fastdnd/oNiie\iiyideo @b et 1§)cfontrbﬂed
crude feed; (1) the crude product has a sulfur conten

during cquactm/iD @ ®OLartingiepardiBreds IF 4Fangs Hogh?0-5¢0 G total liquid

noucf 6. B vy e 50 Bf e HRREED o05% R Y SmpRTIGRD %o

and f@€ldiredsaje dfhie gatmlel/qmtbdhjyzﬂrog@ssoardeeslmwmnge fioant.0-ab MPa; (h)
70-130% or 90 10% of the residue content, of the
a flogy glfige fgé%an ‘erotjle hﬁ@ros?%a@lrﬁ BanadiRgionads gepyer to a flow of
0 t
the G Rl G e e e O R p ol RE O
hyddogenl nptake by te audadieed isoatwodst BAsndot mtaaﬂang@ﬁbmrﬂt 86for 1-50
al ka netal ,..and al kaline-earth al., tal , sal
norna:fl %\Ltﬁ: Ptgrsa&’f hydrogen per ¢HbIG mg‘@a/of %ngi @(é'f capdeanrogiuct has a
totalniQr':/V /lﬂé)c/&n@gnt bha Iﬁ&ﬁ@g% aPnod fk)@l) lor ﬁﬁn%lst 18R @f the Ni/V/Fe content

al kal'ine-earth nmetal’, in netal salts of organic acids
of thercrudeefeed ullehé ende p(@;@ucah&amﬂlﬁuecmtemmé 70+138% ¢refdledl 20% of the

TR IN CHEN
90-110%4 OM%V@XD c@hteHD(Sﬂthé @1%&@ ffeédh &) Yhs&age prodaét Hab @ résidi@deontent

feed at 37. él% t he crade roduct has an
of 7@rlafve gr W1 17Q% pé r@wd%cqmntg orydegieed;He) e eryéie product has

an O%gg%‘ cg%@ﬁft 8¥ m%gogs 9td° ,Oq%%&é 90%5%413‘84}/5698 a@mgéuﬁ) 6{},/0?& mo%t 10%

of thsdygdd) Yontedt dfiee drAde feds @Qﬂﬁr(ﬁddb fﬁreéﬁbt &ng4 aotalicont@nt of alkali
r.ang romO0.001 to. 0.5, 0.01 to O, 0.05 to 0O.1.
etalna%doﬂjé gﬁn@a@%ﬁ% in pRia sl PF%?HICaﬂ Oé%moate%) Pa.aﬁmost
509 Ot AL 199 ¥ thl BREnOSF MRiEmOh], bhE afBE NS 1Hhetal, in metal salts

donpositions according to the invention, a nmethod t
of otgmpracaissncﬂmmad«t feng @) ePaddud eicte Wuldh fesile dmungm@ctmg, is at

leastf,: Ega{,‘ri chlg d;gﬁ ucé g%)l? gg S ty?ég’één ndl @ Sattrﬁjost 50%, or

at m‘é@m}g € hel ViscMBitE Bf the dtud fe@Nitets f@‘ (@&h@@@@@lp@ﬁg@tma@ an API
gen conpounds is reduced such that the crud

gravg%zfﬂ@rl 5 0Ban Ai?;/ geawity oh therprudstfeed: apdior (B d%%lﬂdetmeduct has a

TANS ¥9Fmo%%r/oe,% st gdz/e Crrnlilods??,é‘%%{ éﬂbO@t o¥ %65‘[98‘9 of the
compoun { e org an1 C oOXygen con CP

TAN offfiel G8de Redreiidibr mad fangé framn@ozomw 5,0. (alcﬁocﬂ 2 (wp 04tto 0.1.

| east one cowpound of t he, organi ¢ oxygen cont ai ni ng

cortp 8ea sTbofERaNLte Shedfvention alsopspfess 4 gorppingion with one or
mor‘é A BVYEthGaoG c% &fogl)tloﬁg alBffh Rﬁtﬁe SRIRANNS, REthbPat comprises

organi ¢ oxygen containing co ounds conpri ses an

contattizd 4 oede dsedlhwitteowd orsmbie cafal ptscandoxrirbiling aoiltdc;tir(ge:):)nditions to

atl east on conFound of %he or anlcd ]¥§$ tainin ¢
redugg MSBW&EO YR SEXER GBS SYPPAHRG! l%‘x P EORERP,
se1ewg& lofdaid 56oBR behpS@mR 4 ﬁe@ﬁcéa%cpfhamfe%rﬁ@ﬁb@ci h&¥%n oxygen

um 12 o# t he Berlodlc Tab (f) the crude product

conﬂera‘SO@t cmrst 80t adtheorygen couyt qfcha:@ndequdr@) e lgash pge compound

conpounds_of at_ most 90% of, t he content ] D
of tEERP Gxghm SOk PR R GARPE SR BtaR L of A cpibgryiic cic
(c) #NéeoteRpound /o the(dpadé ok RRA oMM cdifouddy @8fprises an

cont ai ni ng conpounds In the crude feed originates from

alkaligpeiehwaii @ agerbpxglic aod: apbless) bne cospewidmiiile eegrinprygen

containing compounds comprises an alkaline-carth metal salt of a carboxylic acid; (e) at
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oxygen conpounds. In sone enbodi nents, the invention
al so provides, in conbination with one or nore of the
woRbi3®EE300r conposi ti ons according to the i nveRCT@S2008/042137
nmet hod that conprises contacting a crude feed with one
or nore catal.ysts in which: the crade feed.is
leasE e R PREhY i drepls S0 Gobfinihg CREPRYRls cqmppiss a metal salt of
a caftok$lic ARREhaH Be hRhd] QUBRRBY GRMVrasdrk RbtAs fdmSESIamE 12 of the
tenperature, and the contacting conditions are )
Periodintleble] @hthaede prpduetas picogtent efnaictarbryylie wpetpming erganic

i s at l.east o n e i .
conbyls 83 sP R o AU ophE0; 06 ES R SAPLFE b
conpyaide @etheairude fdedsinditdepacisass phakethe @Rgidn @ntahidg thapounds

at a second hydraogen uptake condition,_ and the

in theeiipsterfaed eragishtes font panhithepin agid orBeMFarbey liccoptainipgerganic
than the tenperature of the second uptake
oxy. eglncgfi{p:aﬁ%;{s'( c) the crade feed is contacted with at
| eds torhembbdirhents aliesiny sitfonedlscaprovidst, ih eoabmation &ith one or
foll owed by contactjng at a,second.tenperatur nd

morg Rthe SRR L ANIIONS ACOxTiBE &y HerBYq 80 /BREPA Jat ppfaprises
con{ahtgr%t% ﬁ@&g G Wih Bﬁé"&e[ﬁ@fel'lfa?aéﬂ/s?s Alwhies! (a)zglg cﬁdg(}‘é‘&ﬁs contacted

e second contacti ng nperature; (d) hydrogen
witlgadeassongefahacetdlydisrait adirgdemnperaiungfoliomed by dongetingais second

tempR P SRt 8] OGPt e goRtiria: BRheE i ddntacing
temp@RWrip bk ast 7 od RAR: teinPAE béBAd @bnthbirgdeRPERERE (b) the crude
ydrogen; (f) the crade feed is contacted with a first

feeddin dogeaieshe1 davyalrggen at adidstdudregenivptpke pordidor arshiden alegsecond
and the fjrst. .catalyst, for t
s W G e B U P e e s

°C 1o%sit tha® e & nmipeeaturANT te sebendovipiale: doadidionafdl tieamtidciced 3
of the injitial crude product and the secongé a

talyst
conpgiedwith ag laaskops ofdhe fatalysty aha g itemperatues {9 ‘%ﬁﬁi gbﬁl Bégmactmg ata
: % . R

sec e okt ey kactilE BhatO Do lcaui il e firs
contttagkieniptraturcaa et most 200 Y Cdowtaihtin g sesorplerontactegl tampeeature; (d)

ebul | atiing bed reactor; (i) t rude feed is .
hydRgHR BB BOMPRIF R aP e (B EE eetBoshiaid quine
con@OiH26id b LdbntREinR BEndRHioRPAr€ akdcBhiYSiied: subh IhabPiR cBiide feed

nore of the catalysts is a vanadi um catal yst and the

uptakesididedseepottsoncefithe gensdatod hydragen dBiths onde foed i¢aptactddrvith a

h
T T

initigedtedeapreducl ad wvakRin the anitisingedd product-hd®a MANTES atGudst 60% of
nmeters per cubic neter of crude feed; (1) hydrogen is
the AN dhegudariperdy anth eontenimgeafithgyinitiah srude parducea! the second
. i | . ;
canb AL Bl oo A A0 el KRl hr BN
of theyDAN @ the iaidaltcheleqrodiat: (g)goatandng isgpresfoanal ial aswacked bed

controll ed.such that a flo f .the gas is i a )
reaciits (0 CPRFFLBATS ROORBRInAn Y FHRE PIRREP (hhe rpdpufeed is
confaed g@{?‘inaacﬁit?&ﬁa@tﬁatﬁl?gtdﬂ\%h?]%@ﬁtecg cB¥dERBiehe ORE of Bre catalysts;

crad eed 1's contac a vanadi um cat al yst at a

(j) dnk o5 moterfiibeantalstsind vandbenuatalysy and thia canledeed isiconta¢ted with
alyst at a second te rafure, and the contacting .
an QAR G 4 o HEEPBY P S PEHAORE LD RAPGH 16 Sontht with the
vanhdhirR RE@LyY: ]k ﬁy@bﬁélﬁé%né’&te@ at 9Y8E id HAMgt RenSELOMErmal cubic
tenperature; (n) drogen gas is generated during _
metets @@m{biqu,etqrﬁ)e? crude feed; (1) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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crude feed is contacted with an additional catalyst,
and the contacting conditions are controlled such that
woheosadeiosi onal cat al yst uptakes at | east a poPCT@IS2f/042137

t he generated hydr ogen; and/or (0) the crude feed is

sub uent acted an addi tional cat.al t
portyh 3 B soptalpeE MRS Snd e L Re i (i aBTR { ol suen
that aﬂewc(ﬁmﬁé ehd Rdn 8 WeRchidiathat iB €ow@e0iddhd AFRRITAldEradd fee@bind a

| east 180 C. In sone enbodi nents, the invention al so

flownf sha grasratehhydrnpen A1) dhe Gidaieah s emtapkdevigh a yppadium catalyst

o 5 ORI R, R0 AN D8 L,

and ﬂué cﬁﬂtﬁﬁuﬂ@t@idjﬁdr& aré) cortrotled S(l(&]) thhhthe (fﬁlitad:mpéraﬂuﬁe ia at least 30 °C
ed yst and the, support conprises, alum na
lowes .ﬂpqncthe sesqoplﬁéena¢raW% 4n) hydragrn gs dxgansrated] durigg qomfacting, the

crud® )f% Qs c@gﬁgé Wi aﬁf%cﬂﬁ ndl caﬁﬁlg 5.&'8 Q&fn &)mhtﬁ)ﬁ§are
I's a supporte cat st an e su por I'S
contfudied lssqh tha} tlklwdmhbmhteﬂyﬂt pekecatipast s eertmn oddoi genemsdd
cat al yst t has at tr ated at .a.te at ur
hydrggesy 819 ( tb? Fote dgrcLia PR YenFly sintapls St 1} aldgongf catalyst at
a seéo%agtémﬁé'?&nl?é aﬁla%é:@érﬁicxﬁg %ox‘lcﬁtlé‘ﬁs are @§ﬁtr(91eﬁ M@ that the second
e | east one of the catalysts is in a fixed
temmaeaiumrlssﬂ Eaﬂﬂ@@ °Cn the crade feed. In sone

CoREHER FEROGIL R Do RO BB  Fmkgion wit one o
mor@ Qfﬁlh@ $iclth SdSoraeaRoditidds ﬁé%oid‘n@% toe Mdvedfion,a Iﬁahb@t?haf E@hprises
conpri ses contacting a crud eed with one or nor
contaeting|acsede fagd widhhene ¢rirotgfcatalystsdatvalight(a) the ﬁaté]LYETp‘é Arsepported
S
cata@@t{ a%d%ﬁe{ s@épo %ﬁﬁ;ﬁé ! a%l"ﬁlm aatsﬁ%cg shle%gu Iﬁ?af ﬁgﬁggﬂ% hgiqg "
zircdmlia oﬂ%@@gﬁé@%@ﬁdbﬂﬁﬁmﬁﬁﬂx@s dferédf;e(bl?ﬂld a@thilygst Tedbsupported
one or_ nore conpounds, of oneh%g} re netals fr

catalyst angiike SUPRYTiGS PRFRSPE) thednet e GPMARISES @p@@ditional catalyst
that %E&S%e%ﬁ fheat(tkPéataPﬁ’a @ﬁbe&f&%@ve@a’@ﬁim t@gulhﬁ"%ﬁon (((1} a life of

grans, fromO 6 grans, or fromO
at legst @ms obthe caredysts ismp mstrﬁaﬁ abeer, dnddon (Ephtuinast ofe o_flhgfsatalyets isina

odi c_Tabl r ,nmore conpounds of one or nore
ﬁxe?IiE?da?rSSI‘frf’gﬁl ’tgli‘f‘u g g"io of the Periodic Table, or
M xd sreSeinded@ednts, (1) 1n€5é3‘1ﬂﬁhla§5@33r@ﬂﬁe§ in BBHBinARSAWEh one or
from Col ut€ms 6-10 of the Peri ic Table, one or nore

more ofifhe metlsodstorempesitions accerding t the épveatipuyiisetbod thapgomprises

conuFE 8808 S G SRR, BT Sheof b sBpTRL 20
suppBaﬂ@H @atalyBE004 bulkreetalorebys dsd tfe sapporeed gl wst oEbuk netal

| 7-10 of the P
catalyRRABGPTIETBFS BEOT R T A SR CaRangat-10 f inbehodc Table, one

or m?r)éc?gcﬁ%p :L)mgg I e 8f mg%eox%%tag ﬁ?b B 5-103¢ tHIPHBER Table, or

rom urms 0 of e Peri odi c Tabl e, one or
mixtipgsaheresip gbinids, pdr grara of lcataiyme ainted s (0000 @oan fromn8.0001+0.6

of the Pe ic Table, or mxture f )
ararg PR AL OB D araiia o6 A FIOTT HiSHIEHP T QUi S0 qfifle Periodic

TabPeéﬁ@&Irﬁo%%hepouaaseop&ner%%re Ay Rds Obluaie 5oro mﬁ@Perlodlc
tals from Col ums 5-6 of the Periodic Table

Tabm sut mixgsres terend (c) conpussspne sesoonmetals fr@maCQiéma$ 6-10 of the
I 5 of the P Tabl
pe TGRS Rl PSR Sk o3Pl 8 e o o

Periodic Table, or mixtures thereof; (d) comprises one or more metals from Columns 7-10

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

of the Periodic T'able, or mixtures thereof; (e) has, per gram of catalyst, from 0.0001-0.6
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Periodic Table, or m xtures thereof; (h) has, per gram

of catalyst, at |east 0.0001 grans, from 0.0001-0.6
wanreswe6306 00L- 0. 3 grans, 0.005-0.1 grains, or OCDASN0dB842137

grans of: one or nore netals from Col unn 5 of the

0000 £ T35 o155 B BSRTRBAN R 200, P

Tabl¥l SidéraBoteRRnPohnd{ o) oreWIRidre @fetals Grotd Cmﬂlhihsmel@ibﬁthe Periodic
fromColum 6 of the Periodic Table, one or nor

Tableopipirierss Bieraphe fbPORBHES RBE 8F BIOFY mﬁﬁa@oﬂr@mﬁi@u@m $eeof the
PerGEC 1901 e s lop T Bl 18 B mlh AP Go Rl 16 e

PerifdioQabl2, d:r @haies therébl: () @8m@f19emsonefor omnge gietdlp fremn@dlas 5 of

from CoI umm 6 of the Periodic Table, one or_nor
the Regiagdisuhehie. one ghmase CoRBPRUIHS 04 LEE PF BRICBE @R gm ol 5 of the

Perib@it "I%fhec or-rlﬂg{u?'e§ %eﬁ}éﬂ&#kﬂu has ffep aﬁp{llﬁ caﬁi%' 'Tpe{s{ & @?0 PHams,

or nore’ nmet e Pe |c Tab
fronnB.6001- Orﬁjgrems dnfii+A@sgrais,dhe05e0. rppames, _rm'thO 1s0.08 @nams of: one or

Col u f. the Periadi.c,.T , _or mxtures thereof;
morg etn gom Sy luggiar ¢ e BEHGHiG A0 Pt pOMSs TRy B or more
metﬁﬁ flgrrp@érlugme’j S BEPeAbdicAMB1Obr ARt BredBAARLST; {15 BoSNel Bhe or
of the Periodic Table, one or nore conpounds of one

more memi$ ﬁome(tl@iumnfﬁ oftheBeuodic Tablke, omﬁeomgplrecnﬂmpomm @f ono jor more

mecfls o8GR b abTheEaRln ATRALERTRARly, O fay ber ik of

cataBRt]Bions 89001 -0 lﬁegram@ N@0OT-0B04r8m€,ANPERI0d Soréths,10.6K6108 gfdms of
m xtures thereof; (0) conprises cobalt, one or nore

one epARELREIe1sdiomn (Qgg]lmn 6 ths Renigdic T@lﬂg,rqufor 1pqyp compounds of one

or nﬁ)g%gzsﬁfaom&f&flﬁ%u@ thé p?}‘ﬁ&{le 2‘??1% qﬁﬁﬁ%{ggﬁlepgof %{H%I?prlses

m or mXxtures ere per gr
one Oﬁmkeymétalsfﬁr@m(}blﬁﬁﬁ -10.03 tlgr Berodir T:ibie;mn@ .00 ©5or® cdmpeands of one

or i AL PR Ar R 1019 e R e S e ST FLro DB, (s per

grarfy QFP&MQQSﬁQﬁl 0. 001015 D 8 braRlE o' B0 P—@%Sgﬁa&% 08 Qe c(r%ﬁor@ #etals from

per gram of catal yst, from0.001-073 grans of
Colmmm@Qtoé the RemediorI abbe, @nt on g@tr@cpmmqmda nfiene ermmexmclale grom

ol O ipeitiofh TokE BF oA oneRs CREHan R B one o
mor&RbMPBunkl o Vakddfiriesd BikinGes IR (?;W@drﬁ?xnse% MeckeD loA& or more

ratio of the Colum 10 metal to t um 6 netal is
comppifs pImeckst, of W}X@mﬁﬁhﬁ?@@% (@r?@rrmﬂs%@@aﬁi QifetBome capppounds of

|
o Bl S 0, B S S sSREPREH
moliﬂah:h&m or mivtxiesittesedfh@y) &ad, pef gl)anh@Scatalﬁt, fyo1@ar0.@f1-0.3 grams or

catalyst, from 0.00001-0. 06 grans of: one or nore
frona ) @Reh RS AL CBP 1 ewﬁwem@%mo&mdenmaw@poaw @ mixtures

‘[herélr(g'r ?) € éé@glﬁqéglfen,r&gfi (g mIR & OﬁMfStﬁlflé 8, gp%l\ﬁl?bffﬂres thereof:

Peri o , or mxtures t
(s) lmbgsp gmnuef capaipst.ofromdl}. €0 le @ 3rvamsl of: diingstens pioousoredungsten

m xtures there has at npost 0.1 of
comFpiion e BTG Bt et (L as Onop Bpie Hoian et COMBRES of the
Perifdie TAbRMd @he biflote Aletil ﬁamr@cnuﬂmm &fth&ﬁlé@dcu@ tTablé wherein the
sone enbodi nents, the invention also provides, in

molgioptsd nhthiedrolwin hOaresaldp thaCeluntn § metaes e torS; (u) comprises

corrpos i,tio acc a_net hod of
one BE TR CRORR AR CPRsBRE: PR SetbEab Roond et rttopns of
one @08 elbMERs MRhACSIunth {P6NMha PeHe@e Tablebaixtures thereof; (v) has,
per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

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

and heat treating the theta al um na support/netal
woizntsieesoat a tenperature of at |east 400 C, aRAT/US2004/042137

further conpri si ng (a) conbining the support/netal

or th PEpBAR e Tiinch HerRaCd RS hEorng e & Mot s of

phosphbifils ' ndiktudest tREREF; qk)ulta@ a®nodt 0.11e2shs 808pka al@ﬁﬂlﬂ@;ﬁer(g@ém of
sul furi zi ng the cataly In sonme enbodi nent s,
§

catalypty ard/ Proliy) Basss lwb@ﬁcgé%ms phthetaralvmine reh st pt %ﬂt@lyﬁr
MOE.E s érﬁﬁod’ﬁﬁé{tgﬁg ;? ve@ﬁHRQEbﬁyt&Héesa 2 gﬁlﬂ%mtélo\gl{rﬂg glée or

|nven i on ses cb

moré 6€ihe Metivde E)Ec&tﬁpd‘ﬂiﬁ@nmtaldmm thé thvehtied) atdﬂe&h@bd)iéforming a
size distribution of at | east one of the cattg ysts
catatyatscon(par)sma CREITHAS BSHEPUT WHBOBF Obmoke meiksto fgpn A support/metal

mlxt%g%%\ke m t?)]e e%qolrg%%ﬁ%}s%g ttlé'tn% éﬁml %%%&d ﬁgag tx%gﬁé tﬂeeﬂgﬁﬁ alumina

suppmrt/rhetabmnﬂlng at 4 temp AP uikBT af |eadDO01AT) ahd fdBeer I:Gﬁlpﬁslng (@)
30-2 0-500.A, 2 00 A; .or 60-300 a

comfggn (g BAEROTRsial TtLlte ABEIer 1 F berstia ged gt e paste;

(b) d%taﬁﬁ'ﬁg ety b lﬂ/%éét tramirfd at%u?a%t/é terperhfife Hieettu@dat 800 °C;

ore di aneter; a surface area of at |east 60 n2/g,
and/at(cl)eldﬁtrlzmgthebqﬁllyat | east .100 nR/g, at |east 120

50 nR/ east 0.2/ qg.. ar at.
el tordgn hFigems iR orvtpah alsp ardyidoir ratipRlgnfVigh one or
moré BEthe Aeifodsfor Qém @ﬁﬁbn&c@oﬂ[ﬁ%’t@ thé@invef@&, aGndhédihbgeomprises
at least 0.5 cm or atIeastO?chg I n sane
conta¢Hngdi orade Sed with oinﬁ\pé mare gatalysts, }é}r\@kylp@gge pqre,size distribution of at
least &n@bof[ﬁ%téa? M f R {‘?ag% rﬁ&%ﬁﬂ){)ﬁrec&;a&&g OBk Radse dle 99A at
itions acco nvent i'on, a netho Etsh
least?mm'ﬁ,l i) msm@t/b,cm gt %&Auddeziwédo Wi, hhrnosteZ?aOrA st 500 A, or
supparted cat sts, i.,n_which t support :
i SRR e B VA Tep 3050 S0 SHBPENS0 ge0 s o
60- m'@etb)f e&uéa%péuv@ ttrm@ {38 nm%a%ﬂ OV G poRd diffinéted thin 45 A,
her’eo /or zeolite; (b) nprises ganm al um Jha
35 Zamd261A, dﬁtltanedlmcvm dldlne)tem(a@ a qmleﬁacgmmﬁat leagy pOm’/g, at least

IR I T S

220 W*eL and@bii Beotal wobhme QFBI io$ &R ;ﬁir@mf Al dasi M3 crd@MiBeast 0.4

aI um na, delta alumna, theta alumna, or mxture
cm’fghairleast .5(cny’ /s asatdeasi®st c/a. grams of al pha al umi na

Pei, 9?&:1‘6 en% d?tlﬁer?tg rtthf: élll\%n’?iSErglsg [ﬁg&%{&? i csdml%iﬁfﬁion with one or

i nVeAtToR &l 80 provi I'h - conbi nat’t on” Wi one or
mor&ef the @ﬁetlﬁdﬂ@ ofrebiipeksitions aoofdaigy ol the vanitat, dinghddthhhemprises

i nvention, a_ vanadi um cat al yst that gfa has e}&ﬁpore
contgftyng arads fepdvithongiar mote suenosied satalys th’E’t“éP sugport: (a)

com%ﬁ?e%tahﬁtgné SIILCQ) Slﬁ fuhﬁﬁ§ Eﬁt;‘tg%q{ﬁde %H@QMQ)%{&E magnesium

I'sing theta al umna,” and the vanadi umcatalys
ox1deamr raixpoestheieat; add /ot zedlite;i (bhcanpiisea grmdizcaiuporaend/or delta

di anmet er of at ; conmpri.ses one
clurkiag AP KE i eRP B o4 e P FOHP o SIS ARy fas, per
gran{lrﬁt; &g@@ﬁ}’e@ PESo. S’rtgraﬁﬁ@ope[t 18R 6.5 =A@ 8f {héﬁrﬁhgﬁ inld:fr(‘%)g)oﬁfpnses

riodic Tab or m xtures thereof; and
alphh abymipa reagmemlahinga telta/anmins, tHegmaltminag 01 mixtareshetof; (£) has at
rm 6 of the Periodic

s from Col
mosf 1 @b T G ot B GE B OBne. or more met al s
fr gisdend eiBodimehts!ihe ilRRntied ko provides, in combination with one or

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

(2) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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Table, or m xtures thereof. In some enbodi nents, the

i nvention also provides, in conbination with one or
wonnws/006306 he met hods or conpositions accor di ngPCo/USh®4/042137

inventi on a crade product that has: (a) a TAN from at

a gt 1 gpart S st o oue e At e S PO siz
dtstr[Hﬁtu@h mﬁf@m@ﬂﬂéﬁlbb{é%ﬁﬁéﬁehof@t@ést 60 EK l('@to’éht fsést Gnetdr more
ani ¢ aci ds er gram of crade pr oduct ; at nost
metads ggmdéolgmaréso dhe Rgrjogdiedabler ongroprmere cemabn rQb @ijg r more
/
i g S0 RA0 70 ATt LT 03 (8 B, er g

of catﬁlgsteatné@daom gldssoimene sbpdiamstass, frctrh €oluniie 6toif thie Rdrivdic
provi des, in conbjnation with one or rroreoétfhe Lo
Tablgeqnectancse cemRpEISOf GRS OREWEF BeHYs FemGrlumppafithg Reriodic
Tabl%n&Jfouﬂ%ﬁetaeloi‘al' netal salts of one or nobre organic
ati ds, one or nore al kaline-earth netal salts of one
or Irrrmrrﬂe emgmlmnta,cﬂlei mvemtronrabsb ance\sdetshermtﬁbmertlomrwrﬂhone or
6%1 toneofthealr(lglIl taIS|sI|t
morg gfihg met S (95 CARBITHANSATAP S 1)! e, e ptian, asplegiodygs that has:

(a) aatxﬁ'ﬁdtﬁ 2664, Meledl 6.003 tFBINESHHITD Lo 62! & K& 0.0% RUTE (b) at
mbodi nent's, thé invention also provides, in

most@ﬁﬁ@(m@t grams of thh abkak mq:tahancé aliplindrearthembiolisn metal salts of organic

GBS RSSO P A S B YA

produdt; ahd/6t &) bfeals Aha®erAnisObdtl eRrRAHIOC.D1 hails, el 188k Snéof the
crade product, the nmethod further conprising: (a)

Catab’éfﬁtWhgrﬁgl efitsudapradichr oduct with a crude that is the
<77 LB, AR5 S, 88 4 B AR B0 o
mor b1 Gietddsor dompeditoriduwtoiding toehs aiventdvn, dhé bemend alkali metal -
fromthe crade feed to forma B%ag,nd sui tabl e for
salts af O&F QB HIOTF JREAIIF £FIES; ONEY TRoTS AtladRgER ekl Selfsgfone or more

organc%%t or 1ARYRE thefbbf {f %tc'ho @tat st dAe of fiRAgKAN REM&s lithium,
Into one or nore distillate fractions, and producing

soditmapispaassaini; endfou &) af laast aite dfdbs alk@hrr@ erftrtht thetals is magnesium or

1 distillate fractions. In sonme enbodi nents, the

cal’fyenti on al so provides, in conbination with one or
Moes@he bBodiBlehR0He diveh@AtR @I%btp‘r@rfﬁesaﬁf?&fn%lﬁéhdrﬁwi&lh 8ne or
i nvention, a support ed catal yst conposition that: (a)

morf aﬁthatmﬁrt@edétor @omp@er%ms aseomling todBe inyention, amethed thakeqmprises

n [ ) L

conytiR {GuRElee R B oF PRAE Lheniys o PRAREL 884 bk g includes

a criaderedt, the mathoe I”fut@t’ea moﬁfpnsimgp@i) combiindée caudegrediri néth a
di stribution wt i an pore. dianmeterqf at |east

crudg glnt A5 the s3me g5 dléfetrét Erorbtha Esrlegchio fegnadlgd wablsdere
tran%J %t%&ié‘t?)goh%?t;lhg ghse%gu ! upll]pgﬁ;rzttvg'raqeg c o?@‘d&t h@tsarh@ axs(th)fferent

fronothe atudeecfast toFOrnma bignd (syjtalde fpr trenéserd rfec1htles;(xr) eframabmitmg the

e R ST 0SS L S R

fractifiR, BRI H88h&nd a&tsﬁma&roﬂ%t HbB5t tét@t&ﬁfoftﬁ@alsmm FrhS&tshs.
one or nore netals fromColum 5 of the Periodic

Talbh sgme srmbedimenisethe omysntin slsofprovidespin ¢appkEnatismaiish one or
morg r(‘)p {He%oétﬂcgﬁqs o? cgtfnp(t)sqgo&ee{ccgr |1ng toatge 1nventr10nmaxsuppor§ed catalyst
composition that: (a) has at least 0.3 grams or at least 0.5 grams of theta alumina per gram
of support; (b) comprises delta alumina in the support; (c) has at most 0.1 grams of alpha

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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thereof; (i) has, per gramof catalyst, from

0.0001-O0 6 grans or from0.001-0.3 grans of: one or
wonoes/oeedosrm 5 netal s, one or nore Colunm 5 nePrai/us2004/042137

conmpounds, or mxtures thereof; (j) conprises one or

of afRh§ 4Bl l(gﬁ)pﬁars %ggo%) e B¢ HF I%E));ées &et{né Egliecsiz-gqg%tg]au@&e%f at Jeast
or _nof e ¢onrpounds of one of re netals from um
0.3 of’/loe aifesst Odi @n?@k(f)ém? asurice avsesf athesse60 mz(g@rfdn st 90 m%/g;
er gramof catalyst, from 0.0001- O, rams, r _from
(8) ¢PmoRrRen one o RS TBftals SRE Gplues 8—&9@%%%@15&@3%}6’ 8Rgor more
con‘%%uﬁﬁ%r& o8 ot il r OB SHont @TRAHAGA 0UF 118 %MdgéT%@@,ro?%i;xtures

) conprises vanadi um one or nore conpoun
thervaih dy)icomprises aviexdr mces metatsy feah Collmnncoofrthe esodic Table, one or

| ybd ds af nplybden or .
morE eSO RE BF Mo etals ABPT GERTER AGE R oFial bl gnixtures
therS QAP HA BerOfratWTdaa Ry, 18 THO01UO S erhR8 08 Bom é.@b)}-oa grams of:

conprises cobalt, one or nore conpounds of cobalt, or
one gt xone esluntiey metals, aneidranore§jolerompy instad conpiuids, @rmixtires

e 50 FREBELR g 8 ol s i A GRS e HbZRRE o

moré @BRpB@ids O o¥ié bAmOREM&A]s FRHECOurhi 6 ofMBid GRS Table, or mixtures
conpositions according to the invention, a crade
thergefir{o dias.insh Starmet catadyst, {epsm 8. 09AN s gramsaydtom 0.094 -Gy grams of:
-0 : r
one gL fedly, oo RBlyRali OB o iR
theredft (1) aorhpridel Rgnadauig.eond ios ord¢tmpouiBtofeanadiim Corantktaes
Ctghgo. 101 . MPa; . at | east 0.001 granms, at |east_ 0.005
therfia kFR) capprises mokdderying Png Ok T EORPARRSAL R DGR, gr mixtures
r i s
RS L EHEARLZ 00 oAt
(0) winyvises badialt] onp oramaye canpounids of cobalh et westurgaber€o nad/or (p)
650 C.at . 0.101 MPa; (c) has.at least.Q.0005 grans of
comp RS 055 Ok 5 SR SRSt TSt S e, per
gr aisethe eMBBEisichtsOthe iRlenti®Sibo PrdHdesdPEFMThatitin WRRShe or
0.01 grans_of total nitrogen; and/or (e) has at nost
morg of hgasethedsras comppgitiens asP@riaR tatbe nyanidony mepede qompesision that:
;L 0 ' ts, t [ ntion also
@ BITRKBhpol] SOME BIOSITor PR £ B, PP o
compeiitionlsit tastadoghink oNisy dRea@omis REith 8 bblidgiravendisteiButiéh
crude conpagsition that includes one or nore catalysts,
betvigeg “arC a0 frett G110f NP2 at 'apsy : W01 gragnsiaideast BOPe ceamse or at
sl IR 59 05 ARG B B0 and 2
°C 90-108MPg; ahdet k49 0401 pROrd@hydrodanhortsasittaa heiting marnper e

cisof et et 00 G3reat bt RePhdRuiisia s €008 grams of
basi€infEdgeR Péi @BmNFCoRGoaRAT; €d)Hal TR ra OEf E%)Rlﬁf}ﬁti&a, adRadh 0.001

or 25 A of the nedian pore dianeter, as a surface
gramay etzat ddast. 01 geasns of 0@almdiregenaand/ené) haga most§,00005 grams of total

..least 220 m/qg; (d).conpri.ses a support; and the
Hwkgﬁ%nrgjtﬁafla%%we?%a%n é}f@m@ﬁ)&l’tng lica, silica-alum na,
ti URBbHEEBKbAthen] the AVie BN sfroVIBGNRISdoriBiRatiofdSwith one or

zeglite, and/or mxtures thereof; (e) conprises one or
morg§f theppathods or cemponliennascading tothe aewion, s grudeTapipesition that

. r r £ rm..

0 8 PR SOOI B0 1 FIELTEL A3k G5 i
disttitheforofith the medltmporséismeneo) at 16RstEel 30’ adt nost 500 A, 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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fromColum 5 of the Periodic Table, one or nore
conpounds of one or nore netals from Colum 5 of the

weoeenisededns Tabl e, or m xtures thereof; (g) has, POEUSZI0ANE2137
of catalyst, at |east 0.0001 grans of: one or nore

pore%?arﬁfrrtﬁnyi %}tﬁ?@@lﬁ é d@ ?g)/-(m %ﬁgﬁ?‘%&ég{] g’re rﬁﬂrﬁ‘é‘cel‘: g%%? Q%ﬁrface

areafolf aiMetA 100, af ledsh @2(5’&121 006 £ 1EaHDe0 rrﬁ fg: (d))’comp’rﬁes a support
onpounds of one or nore netals from Col um of, the

and ﬂ@rsugmr&cor@mses algming, siige.sdlicardpgina, (ﬁa}nwagmdsewgpam oxide,
mag%oﬁlﬁtﬁ @é etoﬁf L&g(?]}em%;[&rgr%%lg% n@hﬁérgpﬁ&% oné o{'THfogeIJ rrlllgtals from
c01mnnms-xo of 88 Pbﬁecine Fhblel §je drangei ORBOONES affonear mo*rehmltais form
m _1 .of. the Periodi c Tabl one or nor
Col%lhsp%&% ththPeBﬁ@C JAblgoRramixEigs g‘efﬁogrﬁflfﬂwei 605 Pr PREe metals
fronF @51u9xﬂi £ of BPPErodd THBIX ISR nidie rc@ %ouﬁd%q;f%e ()Hnore metals from
onprises one or nore el ements Col um 15 of the
Cohﬁem b ofile Peabtie Tabh:eommmmeeﬂwqfo(g) digs, pkr gram off catady s, at least
ements. from Col 15 _of the Per i odi abl
0001 SRR PREfraBere Loy s Chett 1o o Sl ok oth 5 rpfakcompounds,
or rrﬁitﬁf@ssﬂﬂﬁgdff ihz cSHbegds BBObSmefe Mbaild H&Iﬁr@dlﬁhﬂn%ﬂﬂ@Pemodlc
nbi ned features from ot her enbodi nents of the
Tablenwmm mere cFmpom)danﬁp@e orf meteumeig!stiramhens fisd dhaRertodic

L e R AN

mor€ OalleniPé atbids, sn@bemoRt @dlambleembial aship&indshe rﬁﬁhﬁ@ﬂ&ereof )
and systens described herein. Ln further enbodi nent s,
comarigRstang 9a Mofemealsdromeplusan Lo aétheRsriodic Tahlkiong er more

com@%ﬁ ﬁ@ﬁ%{,‘gﬁ‘ﬁ%‘%@ gj}oﬂ?gglluﬁln ﬁﬁbﬁﬁe %ﬁg@c &E‘O@Pﬁﬂ)&tﬁs

ages present 1 nvention w
therduedfc amddoraRpeuneprises ane draseresldnidradfrom Colemar S ofithérPediadic Table,

benefit of th oIIovmn det aj | ed cr
one PERBFLARIPIEBO HOTE B HSTRGSrAM G B Gh et i Tabie,
or mixtusesdhsedyemati ¢ of . an enbodi ment of a contacting

system FIGS. 2A and 2B are schematics of enbodi nents

of I &nthec tmhghmysisda@tutds dton spdoifgeenbpdimsnisad thenigvention may
s..Fl. chemat S, .of ment s _.of
be of R iRA prffeaSe BN o e ondBERR ok e F g oIS
feat#@O8Sm drle@mbddinfenBoShb eirhiién efayde AN featurés from any
separation zone in conbination with a contacting

Ofﬂ%h@rﬂnbpﬂ@ensi is a schematic of an enbodi ment of a
bl
Sy g{;' 'E'Z.%Bgdélneﬂts Lt C%@%H*é%@ a%%&tge%ﬁ% ng Bg @Lﬁn% bif'he frnethods and

systﬂﬁﬁﬂd:sﬂﬁbecb]m:raﬁ. a separation zone, a

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

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

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

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

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

include two contacting zones.
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contacting system and a blending zone. FIG 7 is a

tabul ati on of representative properties of crude feed
wanasmeeade product for an enbodi nent of cont acPCnESkive/042137

crude feed with three catalysts . FIG 8 is a

e Rt e

inclodtheet dongctihezaeade feed with one or nore catal ysts.
FIG 9 is a_tabulation of representative praperties of

cr dJ6- févdishsratis ol rbpdimentialie sgprraligiyenFER Coptbnation with a

con&@ﬂﬁ%%fst]eﬂg the crade feed with two catalysts. FIG 10
I's anot her tabul ation of representative properties of

cr dd6. b éealschathatic et gnivdiinentfoda endargoode e cdmbination with a
contacting the crade feed wwth two catalysts. FIG 11
confacting $y5{fF-at i on of crade feed and crade products for

enbadi B8 Schehat OBt A RRAIREMIT ol BRBTarb BE hQUparation zone, a
different catalyst systenms. FIG 12 is a graphi cal

contagpngsysinatanda biehdidgwaheie of crade products versus ran

ti for e i.ments of contacting cr.ude f.eeds wt

F ouRCor # PR ey @oerfbidan et e e Sndthude product
for g &Rbdd@knt EROLGEMALE BRude feddalithiaécanystt ake by

crude feeds versus run tine for enbodi nents of

corfilfieBispygephigel rerrespntafion of siahted avewee hed édempdrgire versus
lenéﬁef éf or & b bt ¢F cgﬁtggmgﬁtﬁle o trfeeeﬁ%{hacg%xg gre leogef catalysts.

I due content, expresse Wel ght ~ per cen
cr ude. pioaitabtiativiesBiepresemativiefRopedtiesasfoadt fead sndérude product

contacting crude feeds with four different catalyst

for &, emplediment qf contgeting the grudp feedavith B @éadYstsat i on of
ch e1d L I
C 1 GP 10 R APlne Bl Of rebdCIRa ISR oo (3t S0 and prude
prodwti for din fefrdodimtent af @inyesting ytet ande. febd Gith 16o catadysts. .
r ical representati of o n content, expressed
o7 5§ 4EPUERET A Bt ot ATt ar e Bl ot SRS Ot
contactils érifle RBBOF AN UiffreRQAtaRfst byReenty ade feeds with

four different catalyst systenms. FIG 17 is a
t abilGal? sre gephiedd repsesentatipy ef Brvelyerof cade pfo dycttieerfusgyn time
oducts for Lent s..0f _cont,acting the
ror PBAPES sPEAFHTLE e SFRSTD RO ekl R SELLORAILC,

anguaGt $3 &fa @apiital beeedmatah af ¥&hydrdeupatadiy iide feeds versus
catal yst, with a catalyst systenthat include a

run {igiear erpbedimngnty of contpeting fuidg derds wrh faradiitersnt setalxphystems.
i t b : ' | &b i
or oper 1 o BB T e U bR, AP ORe i weien
pereentageliofentds podducnesos rungtine dutenftedisentd dflc conactiog coatedfeeds

..catalysts at various liquid hourly space velocities.
WlﬂFfoérd%%r‘?nécaataltyétﬁé’f‘tﬁ?“ﬁon of properties of crade feeds

andiiGr VIR g reHEN SeprQen@BP 6 SRALS iPAPCRINIRE bF BRIdE 'b%&ﬁlcts
feeds at various contacting tenperatures.

versus run time for embodiments of contacting the crude feed with four different catalyst

systems.

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

FIG. 17 is a tabulation of representative properties of crude feed and crude

products for embodiments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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Wiile the invention is susceptible to various

nodi fi cations and alternative fornms, specific
wenhsdicemmnt s t her eof are shown by way of exanpPeTtius2adohe42137

dravvi ngs. The draw ngs may not be to scale. It should

nder stpod that th nd det ai |
that G b rersionrabis i Mo orE g ) Bt apf gih glass
beadsNvention to the particular formdisclosed, but on the
contrary, the intention is to cover all modi fi cat i ons,

eq b1 al &in pdabmiatioal of prongttios of ciude [gedgndcruderprodects s i t

emb8§8§8§°c§eg°t20 o eReM o UEN A2 HREL AR BYs il hourly

spacewbmditﬂasgnts of the i nventions are descri bed here| nin
rmre detail. Terns used herein are dg%‘i ned as foll ovvs

» AETGU 1% is pdatalation mf@ronertics of awéafe& T8¢ FrRge grrytucts for
emb%@%@é&s%f?o%g@ﬁl&cg@?e;/fegé’s at Vglfl St:oh&ctai? te Xést sat 15.5

y I's as termne Met hod
D6 8§2ile tAt ventidyd rsogneptlhﬂe tCernioas) modlﬁzba‘ad)mmmi dtriedive forms,
percent age of the crade feed d the cr r oduc are
speciic gebosimens e ?A?I?%P%théfdﬁay féimple% Wﬂ%ﬁ«?gtéf

dravgfﬁ%[ hhPHEI RS séa@é 15 QEOLQ& yd ﬁ‘ncfe?ﬁgod thhené ﬁfﬁblngﬁ Qxﬁjdl&étaﬂed

/'or’ the crade product are as determ ned
deschiptit the RS 87 noh imwedtmhmwmemmxmdﬂé@ pai“@@llar form disclosed,

ot BB A e b tE 4 BB BRSPS P B Gy
faul&g%h\thﬁhh@ %inD%QDs%o%oé‘pdhe PReseht ifeatios s dofRiedrts the appded

nore netals of lum X of the Periodic Table
Clalraﬁd/or one or nore conpounds of one or nore netal s of

DE (Jﬁgri odic Table, in which X corresponds
(for exanple, 1-12) of the Periodic
Ta le@ainfe@ibodkadi f the GolettiohsGreddsalife)) hereiafie hsoré detaile Terms

more netals from Colum 6 of the Periodic Table
usedal??d‘?lﬁlareo‘?’ﬁ‘éiné‘ilaﬁ@rl]@wéonpounds of one or nore netals

fropyg GBW{ Uni@fer?t&&m%ﬁ@an@ﬁﬁc&?d ?es-{ﬁ?\g lh8d MatRidEM X

el emen refers to one or el ements of Colum X
of “ARE gheiti’Ockifars TahPEgrasityl AtolS. oife (@ "o AP Igpapiyunds of

ong Col um X ofthe Periodic Table,
detef‘ﬂ“\?ﬂ%?ﬁ%%ﬂ%ﬁ%ﬂhgﬁo a colum nunber (for exanple,
13, A&&hl&{ydwh%n?efdeﬂﬁgé: anBibRic datlonSead¥ita®e of @ ¢+ille f2d and

el enent ( s) rs to one or nore el enents from Col um
the qrgdeoprodm; afeegs; dstirmimediye\ 2/ Method 958?1 .nore conpounds

T a Oé ?n%orrﬁnl%%ti gtn%u&onsg%n’q ‘% I R peid;J the tt?l'tgl n}?ljodh@te ﬁ{)cﬁ &If t?lg cfude

Scope IS a

prodiet &t af desiniined FﬁASGM Metlgdal 12635307Xﬁln1}i§§ othbrwise mﬁumﬂ of
a netal fromthe Periodic Tabl e, glht of an el enen

f r 6 perhaltencs oilers fodspRalicges (gt gpinseRible iBRRHIRA C@faSIawltenes
conBhBIE et inaied BEABEM R Tlg. 1 s cal cul ated as the

“Column X metal(s)” 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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wei ght of nmetal or the weight of elenment. For exanple,

if 0.1 grans of MDOB is used per gram of catalyst, the
woabwsweetned wei ght of the nol ybdenum netal in PO®US2004/042137

catalyst is 0.067 grans per gram of catalyst.

SCont ent,s refer o.th i.ght _pf a nt |
the BepdierTable. i yRich X B Bol 4 saRmuby AR PR Brompte s -18) of
the RariodicCTale Rorestt@ple, €Gsluas96 ¢ dtentE) gbfers foasieiod ModE elements

wei ght fercent age _based on the total weight of the
froms G BTl 20t thePprpedic Teltle pad/pronsriaors §PMRPYNGS 9 opgor more

elent 'St m dbﬁﬁﬁg%?&‘é%ﬁ&@g Ttﬂﬁf%qu‘:t m xture" refers to

e mxture t~ contac e catal yst during
pr e dessicoge of thissbplidative, 'wdighitexfa nical fychn dedtdriodi Tabld) weight

boi | i ng, range dj strijbutiaon ween .204 C (400 F) d_. . ..
of a ggmpeundseics rytabiron thoHerigdie PSR b aEheA: e s Periodic
Tabg%le\'ifﬁgﬂte& ah:)én‘lﬁ‘;%m NE ?mgﬁ% thel1eliBAR AL BB cﬁl%\ﬁl%fe?i as the
t y and/ o the

0 oxydgen, nitrogen, r sulfur contained in

weight o€ metador thervaighiof elemeat. Hod evaaplogifi 0. 1Hzams ofiMutd is used per
coptent | as, det er m.ned ASTM Met hods, E385 for .
grang QD st o B3lcf B led AT Of e B PLeT IR b @ 4D gt is 0.067

gra®pdrtam of Oftalystbasi ¢ nitrogen” refers to nitrogen
conpounds thaf have a pKa of |ess than 40. Basic
ni {‘Coglent”(refsrs'tp thesweighidetacommineaent iy a A8 ST ampRo @. crude

! r,Qge qurce",. refers to hydrogen lor a .
feed, g RIRARR Y B Facs T Bredbe R R ey AR Buiagpontoee
based odthél tdlerdgtand tHehabaaial ‘Wippheatterd 10 partOpérdaillion by weight.
hydr ogen to conpound(s) in the crade feed. A hydrogen

soufelefagd/tofad prrguct régqturp’érelﬁqyﬁ tq thamigire Hat contacts the catalyst

. ns (for exanple, Cto C4 hydrocarbons such
dung%&ﬁ?gtg%g%g, et hane, propane, butane), water, or

m XDixtidlate!” hefemad hydronmbensbaillaabeilingyange distrilluwhddtween 204 -

c; s t t nt qf rogen provided to the.

¢ @@i%@m%%» "BlioRhaes adu Mgy Bt CHGRtAs & dpdfgmived by

ASTRNSQBLDs8GT ers to conpressive force needed to crash
a catalyst. Flat plate crush strength is as determ ned

by “HeExvaeni o e axygerl. Higgenashdfog selfurgontinedan thegnolecular

l.iquid.feed rate r total volunme cat al.ys K S
strugtheb 88 R PR B Loty TR Blerhll B Ay i ogs
E386 @iCoxlyatie 3762 SorroRt hiddg@, aad D4cod &dr ¥elfury OTTe0R Badidnit Rggen”

contacting zones, as described herein."Liquid m xture"

refeysdp AHEOZED CampRRds dhat have & pfsa of lees theed0. cBesippitipger(*bn™) is as
deteﬁgﬂ}gggp@g(@\gq\%etﬁ%@%ﬁ id at standard tenperature and

pressure VWPa, hereinafter referred t o as
" STHYYrogen saurceynipfesd toihydroghmtani e h wdepowndcantfirratiponnds that

of, Qne of nore conpounds, that are liquid af STP with
wheg i the PSP QlcrASbAmBe £k &abageRedo BovEeiydrogen fo

B T et Aot by 000 A i
hydrypabbesi(fGherinple, €1 (¢ CPAGrocarons shar asa0@Bane; Mbauad, prapane,
butagat{ gx%afe%,:(lgrt i L{ges?]té?rggé ’CA ?n%issd gellllar{c%frr?a{y bteocogldllfc%clac{ to%%geeslé Phie net
amount of hydrogen provided to the compound(s) in the crude feed.

“Flat plate crush strength” refers to compressive force needed to crush a catalyst.
Flat plate crush strength is as determined by ASTM Method D4179.

“LHSV” refers to a volumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (h™"). Total volume of catalyst is calculated by summation of all

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

content of netals in netal salts of organic acids is
wa0e@seni ned by ASTM Met hod D13 18. "M cr o- CaRCiDmIS2004/042137

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

cak Ldug I a n

o B SR BT, PEDGeSLEET B PSRRI LAl compryngs e

are lmlap‘&TMiﬂEidh@ﬂEBﬂﬁB@and ﬂ)‘ﬁﬁﬁiﬁ&(&S °Cg§0 eOBMRa h@fdih@ﬁﬁfrbﬁ[’red to
onents with a boiling Fge dlstrlbutlon bet ween

as “%EP G PEOPIIPSHRE ﬂmeﬁ@% 920 mgfio Of e qfprore Na@mws that
are lﬁ:cﬁw @néi:'l“ L‘ @}tg?lélg &1 Bfg & oﬂ}idﬁ‘ﬁl Jé@&nﬁ% @%§07

ni c vanadi um iron,
coffBeriatic Datde’t ﬂe&rem‘ the 'thd)dib H“ebleantsmiﬁedrlgﬁhe Isntematﬁ(mal

Uniqiroh 98 anpABPHS omb b OO SRt BB ned by Astu

Met N/féqal%7r9§cal sahibf &game %f:ﬁﬁ’sretfé% t@ Qlkaﬁ Ime%lp lafkalfRL- @51‘?11 metals,
of gas per cubic net crude "Non-"car boxyl i

zinccmmrac mhmg;momg an¢amtbratyes theoenio @n@mtenrt ef mewlstio nmtzganlltscof

e R R A LB DR BB oo ooy pen. )

co ”Nﬁ%d@arbélpké%e” BUICR S chréntlrbisttB d funtit§loh€4rBon residue
cyclic ethers, alcohols, aromatic alcohols, ketones,

remaihingiafigeevaporation pd ma‘plym@f elyubsgte. Mﬁmntr@t i@ dpigumined by

Asmmtgg@gfo group. "Non-condensabl e gas" refers to
onents and/ or m xtures of conponents that are

g aS‘BJ&pl&:ha’SfEférs fo%yﬁﬁ&ﬁfboﬁ&bh@ﬂheﬂtﬁbvﬁﬁ a boflingRaivad digribution
resents the

bet"fqea 38 upa(tl 0 it et &89& 09 (%?2 an)@h 911913 - iNeRbHE cOpteRbis as

det ﬁgdb the P-value is described by J.
ee%ﬁ aus in %ggsurenent and Significance of

As p‘Na/IWEei ‘aefeeytbinzakeel, ofaﬁadlmnmmra lor-odmbingti ortsuhereaff

oAl s St G A oPBpginaions

thered¥0 e YA WEB Corlt&ft 8 as RtRANRIH2AS TR MetRd! ']ﬁ’?O@Of e
di anet.er, and pore vol une, as determ ned by ASTM
Vet Now /4 zefers(traetoalyeupisrasttinef £95 per cabie orteref caudgfesd.
equ tnérrbl%g}gl ce Ata%lﬁgrg ﬁ&?aé{rcgoéic Eé:& A}go%gl ’ﬁ%%r%{orfor%%llc gygen

compﬁlﬁiﬁsttb)at dethet vea cbft@isaho/@t:@eg groupe MeHiearbéssilie cnthding
conmponents that have a boiling range distribution
OrgagisoRY SeB errEpqudpimcinde, by appanal figited do.sihens ereligeatisy alcohols,

arontio ohogqg%%n&éezp §d£§o g (?)g@ﬂﬁt%ng lﬂ?ér&}ff &in Qb ng@ﬁave%f

arrel e area a catalyst is
carbasyltbegreupri ned by ASTM Met hod D3663. "TAN' refers to a

k%tfﬁae?c%'a%gﬁ%ﬁbg% 7 P{SSE?}‘S%B&?@P%\%@ %3%@5@%%@%% that
are fedMiMatphod D664.

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

9% &

“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

35



10

15

20

25

30

"VGEO' refers to hydrocarbons with a boiling range

di stribution between 343 C (650 F) and 538 C (1000 F)
wao3/0&6806 VPa. VGO content is as determ ned byPaETINL004/042137

Met hod D5307. \/scosnty refers to kinematic

AR R SR R TS5 ke B g

thesé halgesappl i cation, it is to be understood that |f the
val ue obtai ned for a property of t.he substrate tested

i s Besidyedacists tpicampanestts thaehave tboHgHaREe qirfEbyian above 538 °C
calibrated to test for
(100?‘3’%2%%9%?}% Hggggﬁ%aﬂ%ﬁg3g§duced and/or retorted
f r 6RCHRB Y redera ntd standxmd tabio tfemg of gasrpeetr bams ofi ouohdt Hieed.
stahilized. ,Crudes may cl ude a [ Cr are
geﬁévréqqeﬁr% lof & catalys} 18%5%@%@ b ?@Tﬁ{& Meéhodu]g%@
St a’?}\&\{”zr@gefsqe a1 438 b Ber besbel Al grﬁh§ F’%é 9 of KOH per
renoval of non-condensabl e gases, water,
granm Cﬁgﬁ} ofdainpies TANrgas defta:rnnnetdﬁlaf ABTNEMethofl ®6ﬁ4a

ych st t o
ot VO Bt fgiacabopn 3 B Rumit R HRE PR pRioE Py Refhiss -
(65(ﬁqFt) @nd §3@t¢ kIOI)Qd’F? kUSlES] fAvRi Mikd))éoxhamqs BPlcth88ied by ASTM

distilled and/or tractionally distilled in a treatnent
MethekDb3Q% t o produce nultiple conponents with specific

Lo R B0 L TR A R o

detebhimbd bbiag IASTM MéthstER44hut is not Ilmted to,
at nospheric distillation nethods and/ or vacuum

di 48 thecantestofiibisppakicatiopdt tsttp be dgdessigedthat if the value obtained for
0.
o SRS 0 o8, ka0 Lo Eins oS by, o cmetnon
maydid:ambdlﬁecbamdzkﬁr ratalibesasd toGed forawbs pndpertymp onents per

om0l < ade, Brampl oo o SLablL i ced crudes Lnel yde ions

and ?&HQ&@ll&E&‘déﬁldth ?Qﬁ@h&@&h@@&l t ORII8PSre geﬂ_&ﬁ’lﬂ’ﬁ%hd semi-solid,
refers to a crude that has been treated such that at

and/loehsmds Stabilizhtiorhmay orchoieebutds nwaltmlml\,te, rgmioyll qfrmgnﬁgndﬁnsable
gaseﬁ,e%tvre a&ﬁts%(fo&lilp{l%lonﬁ gbeﬁe(é %?Eorrrb nl”(ﬁglsa\é/ SGtablﬁ (% crude.

Suc®btaBilizaRHtm& dftdr cﬂﬂﬁn atdr prOSinals @5thg lja@d’tﬁlcu@{ axﬁi/oﬂf@t%ftmg site.
0.02 granms of such corrponent S per

 cr Sibligsaerusieabipiqaiy daee w&@%é%llisir%ﬁ@rtfiaéﬁonq%lmdlstﬂled ina
treat%en?ﬂc{lﬂgt a}{n% u(!e' rﬁﬁ?ﬁﬁf&r ?ﬂqg)%fl&ﬁl Q@th%@@cﬁ'ﬁ@%lhﬁ rdn e d1str1but1ons

conven es by transporta
(foreramples mphthay d1etxlwm;l, ¥ G(iapélor hebsicatingandky, Dmtﬂlsﬂmm&&lndes but
O her crudes have Oor nore._unsyitable erties

is nqtjppited dp MmOt SHE é}%gﬁawa@eas {8 JacHR @e atiqndaods.
Undi@iel Qndi&ﬁ.t?rﬁﬁag t&d §t901ﬁzédr<§{ﬂ(§e§%§yqﬁélﬁﬂh &REpdnehts A Ve a

a treat Ity, thus inparti'ng a | ow econom c
carboahumbtioabohe 4 di qaaimam afygdeast Q.deranihef covpanerits paregrame of

e SRS 0L wbAR b SRR s s

crudéE QbR d tdgRATARES .or 3DEbRIatibieBbreofPr TBBHAI " @8fecB to a crude that
di sadvant aged crudes may include, but are not |inmted

has ben teeptedt Anclothatat leashsameofithe gempenssts thatdavey beiligg peint pelow
35 ‘ﬁﬁt ?}1 Oll ﬁﬁe{ (9%Q)Fca§t1 ;atm3 hé%’Fe)lbegn rae\1/1|1ot aﬁ"yp1czﬁ Y, %‘op?pe&j 2:ruaes 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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Ni /V/ Fe content of at |east 0.00002 grans or at | east

0. 0001 grans of N /V/Fe per gramof crude; e) a total
waebwreenons content of at | east 0.005 grams oPCT/US2004/042137

het er oat ons per gram of crade; f) a residue content of

CsSaE R Risrt BB R R Y b G S glial Bffes be

trans?aﬁaa{ot RAoStIRAL t@éa@ﬁblﬁffadiﬁt&’éiﬁby thhsgorMEtn @@@ieﬁsr(fo@&ample
east 0.002 grans of per gram of crude; i)

pipelimast weksogr shishl Qther cwép%havg ane er @Preowgaﬁﬁtbie H’@Pﬁ%leéfhat
rend@ th%l%%ﬁstadg%{?%?l ?ﬁ%“?%ﬁré d crfr&cf %%c%g}a% e 1o l{ga?lsportatlon
camét @@Mmﬁ@gﬁdﬁtﬁdiﬂ‘@f thay 1mpurhmgdelovpecrongnmwalﬁe to the

di sadvant aged crude, .at least 0.2 ans of residue
disadwpipgederyd g AR% COnOmisYalimay pe pishd at 1Sy Y apcluds the

|

T T L

a Peaopgsick bﬁdnsﬁ)dvhnmlged) cBidesom2P0incds, tort afh ot limited to:ar) TAN of

1o ke 2 e L SIS ELIRR, o L 1O28

Ni/VFHE Edtfiert @0 Euel@ﬁst efooab2 gl%ﬁﬁtor @t QQ@ 0W0BNMErandd oft 9B Fe(eP dram of
granms, or at |east rans. | n sone enbodi nents,

crudej @admhhcagedtommemnh@ﬁm lqastdhed grems oh betarpatogs fspgram of

erudfoh) pahitionteR ofd 5Py 8L effins B 3y gl BB 9 R

asphalt@ie cheest of el least@Roprsiams Iof €D esphalidiics per g)famaif cheia§h) a MCR
04 granms of C5 asghaltenes per gram of crade feed;

0.
contenyt of ahlegi 002 rEpmel eEM(Edpeyisas of t:ryd@flba ctamf anetals in metal
r S
s R AYF A D M e Bl RSO O,
combfnaﬁ&bnsl teexséf. UnQOMO kn@bdﬂi&:nﬁsﬁ dissivahtggberude may dicladeyiper; gram
her eof.. sad%ant ed crugde

conbi nat | ons S, ,may
of difien ged graie, Gf Rt d Erogps pLIESS, ot Least
0.5 %’Fugiﬁg)f %@ﬂ'ﬁg or@t 1a§859 ofnfdQF rGSRIEE In %m@&mb&ﬁﬁfent@ @d

hydrocarbons™w th a boiling range
disadivamtaged atuide maydtave e 1296 itG range 10@ (1 art 0.8 .ta.04, 0\par 0.5¢t0 10, or

TR AT S X

crud@' by hatd KIuPESMER DT 3PRaE0D0Y (%%Qs @t Rbst 0.010dadvBar afileast
| east 0.001 grans, at |east 0.005 grans, or at |east

002(Er@1nsgrams of hydrocarbons with a boiling range

t 11& 5on? uérhﬁ’%}%%ﬁt\gecﬁgaﬁ&% ééedgc'ﬁ?deg 9186«;2@10;)&11%9 Pfcha B'H[qlot

eas or a

limitedas:ta) TAN ofatdenst 05; By @gaebonsenniof h]t laash 6005 lgmmmfgmygen
di stribution between 400 C and 650 C at 0. 10 .
per graRfRitefgut ot Ga@%ph%ﬁw SeMERID ab@ast&r%srams OF C; asphaltenes

per %Jmaﬁacg\éﬁmqu&p 45 h @flfer fhhn UEASH v%cQ m%, @53 EmpRL > 11928t for a

gr ans east 0.01 of hydrocarbons
crudeifedd withhAPI pragity aﬁ geleatit $0yd) kawbm@nt affmetals momtetal Sd)ts©f atganic

..0.101 MPa;: I t .0. 1 | t 0..00
acidgpl Gileq b Q000Y. SRS of ety P GEIE E AT 1 ritanagisfis Affveot
r a'ﬁi?ad%rﬁﬁg'éd%de@ %Qﬁhc\ﬁﬁ&é‘ péO8afs & rdl‘i’saa%tééeéfcr@e 18 3east 0.001

MPa; at | east 1°grans, at |east 0.005 grans, or at
graris aleasd 005 @rm oofat Tyt 064 ertvonel hmdmaebom@ withragboilaragange

tri b tion_h 2 0 101
aiseyJop vt O3, Gt 20p “PanGu BB s ety g W g oos
granfs, O atdeR0D.00f kil SrIaaRRAGHONE Whh a boﬂmg range distribution between
200 °C and 300 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least

0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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boi ling range distribution between 300 C and 400 C at
0.101 MPa; and at |east 0.001 grans, at |east 0.005

waresweedns at | east 0.01 granms of hydrocar bonsPairtuis2@4/042137
boi | i ng range di stribution between 400 C and 650 C at

n e ncI [
o0 305 Rivst 551 A TEORRPLE BT HOLER 9008 SRR Y ool el of
hydilo€@%bnsOwiib b b@ﬂﬁgﬁang@rdlﬁﬂblhtMet\@eeﬁiMOQPMdQ‘fSO °C at 0. 101 MPa.
hydr ocarbons with a hoiling range dj stribution

erlsaﬂU@lt@f‘éth@iei maymwéudqy ReLEEq &rﬁsaslaalﬁaggqﬁlecm;o Al IP%F@O 001
gran‘fso gpl%{lk? BtO?)]ﬁ gg%tsf% g? b st bgﬁ Cg?iuﬁ? tr@&%nt% rv@iﬁl ot Eng range

ram o vant age Con
dlstﬂi’blﬁifoﬁQ)ﬁabmﬁﬁ 10D °Gtat 01'1911 MP2 agleast®). @iyl gimmﬂea@t (005 grams, or

at et O ecroRpa A BBRcRE b vt byiBAg tange Bistrgiianetvien 19 and
200 emct%gé.éegm aPlead . dO@?z{mQ aPikagi0aitB gce&mbydil 2Preasthon rams of

I'Tng range distribution of at |east 200
hydi@ca®ansviPeh aBoﬂmgdmdhsinblagmdoeme@é)Or?@ﬁndrﬁﬂOﬁdﬁeat 0|d@ﬂ MPa;

at leaé?aongr%%%%greg%a&) (rjgrglills'l,ldoz at eaﬁloe S Qéygrog ng(’)ns with a
bo1lﬂx§%ﬂ§é@ﬁ§ﬁ&§tldﬂ Belwébn®00!loHhdr4a09€ e@losmn INIP: 1580 a@feas'ﬂ) 001
| east anpl es of di sadvantaged cr udes t hat

grams ghltea%@ Q0|6 éaareﬁ ouef lagst O3 g@mns:@%@éisoqmmrﬁmﬁm brilieg range

aisog il i g bt rE LIPS G 1 ot ana

SO @bﬁﬁﬂka@ﬁéﬂtiﬁ@ﬂ@h&les (ﬁ@aﬁ}dud'e’;l pers@ifisof dBfadvartaged crude, at least
Sant os and 0s basi ns ﬁ% tian Gul f of Suez, Chad
0.000ygraay ak] eﬁﬁ SNRmA onahleat DY) siamp Péhrf}recar@ﬂw&ba boﬂmg

(B l;
ron R o T M S aifon bR e
comiphmenty. Oy daillg sthotlishéennttigsd dwen hag edr gmndelisadeimtidedtcrude, a
or transporta

t he cruydes, are accept abl i on and/ or
contE R e G 0T B APE D A2 PR B LB et 1 s
L 0 Rfmeldi Gl &fa dél’:@rc?lhdés iy iBEIRA, BEk $ramAT disativisiRadeRElide, at least
The crade fee be togped as descri bed herein. The

0.00d reaates, pt sdsid: Ooﬁgmm,mgt esiith G lrgrampehhydrpcarbensovitioeboiling

range GO o K200 o PHAMRRAT Propar i es of the

cr %&eﬂﬁ@d’d&-ﬁta@ﬁ@ﬁkﬂé@ ¢hagSnéle&s; peDe im0y aftfed|cArief at least
to the conez)pon ing properties of West Texas

0.00 rgrepsvabileastd. Qo grams,ip4 At lepg O} grams aphydregarbonssikh ¢ poiling
rang%ﬁ%ﬁﬁ’#tfo%ﬁﬂ%?%a&%sﬁEepert' es of Brent crade, than the
rade

ereby enhanci ng the econom ¢ val ue of
t h&Exampibs of dzddvaStagbd ciudelethpiroighicbe treatedesingthie pectesset h

desc‘éﬁxpa @?rglfpglg%lguriee @?Aré?r%télgn?ﬂ%\%é ‘Ppggjrua%%frn o al}%lllen%lli)\?vﬁrllgnrleglgns of the
worgiest >, 1f @8kt 9Rd sARTEh blifof@h) (%aé@@élosran@ 'E%%HH&{ $4ntos and

at| on to renove I npurities. Treatnent of
Cangroa besihs &gyptians@dd pliSuezeChid, Anitad EmgdonsNdgh Sed, b‘kﬂgola

oS B oy AR, NS et Lk
Treatment 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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conmbi nations of two or nore contacting zones. In a
contacting zone, at |east one property of a crade feed
woayoshecwhanged by contact of the crade feed wPCI/USD®4/042137
or nore catal ysts relative to the same property of the

tran%:)e ?&1% g.n%? T tre {}%en? ?gﬁgg g?x% f‘l}]dec ?rga%?] %goggf, S as dIeF]crlbed

heretrOfe cMﬁQdﬁhﬁ%ﬁrﬁespdrfd%é’Wpﬁ@éﬂoﬁ%ﬁﬁBmﬁ Ir@éfﬁledfatdm{l@e than
hydr ocar bons t hat under certain contacting conditions
the qre@f*cfee@,@r 5Hase t9dhe eqrEaspouding RigReItics AbBrentCryde. khaty the erpde
{ )
feed ﬂﬁ?%gt%ﬁgﬂ%¥@ctg% t@céc%:ntlaﬁl]@ (Iéigg ?fe t?ln@ %deé t%d JSdrclzié lcﬁléle groduct may be
refimedntifickessng moqire-tikB@ant, rtm‘eb}f addneng esfmigpeffiaehting Prene

102 via.c Acontatln ZOo ea . . .. .
treafment gy in uc%ai&tsﬁﬂéﬁlzs?w% Jemstaliizatiopgp /Pb?t@oﬂg}efli"é‘f%ﬂléﬁqon to
remg,vé'ﬁfﬁl_gg& or conbinations thereof. Exanples of a

contacting zone include a stacked bed reactor, a fixed

bed: rcamemtmf a camdedlbed Inzccorgaimedvitle ayentiqns alemilbedl hereinshgy
irred.tapk re 0 ' CSTR" ), fluidiz
inctde dop Bt s B Thelutn e Sl A idlepge andior
combAtiasd &ftwolod nfdRé EettactRBhefdsTan ta%onia@ﬁ’n%ﬂﬂﬁe %Qédagone property
systemis on or coug,ed to an offshore facil

of a@mﬂeé@qd oy bhehangediey eavart @f the qrme feed with ong 91) mpre catalysts
relaﬁ oep ttO e Sagl%é) I‘%’Eg)ef]tgeo Cl{ﬁa él%ﬁg ?1% ) n & %}5 o(ﬂﬁle 0 CO% actén% ]r,S

perfomie&l 1@&1&@151ié§drlﬁe of Dhydygeidotircel M0 sGrak ahﬁ&sdlﬁ))entsl the $9dM gen
enbodi nents, contact of the crude feed with a first

sourgasnp<r mere hydroeagponsdhatiupdercceriain qontagting qomditisms repet to
pro @i 8 e AR ATy ARRA R o) FEHEERa i
hetFéGohtsmmhanmCemﬁcoamdtmgmysm &80 Nt inghuded doptacting zone 102A
t enbodi nent s, viscosity, N /V/Fe content
Cmq%éh %{ D ﬁ%“t%%l’i‘tg@ﬁ{le 19e¥p g0 %fﬁ“ n&l conaqiing zous pgy be g
reackRPpoYEbA 8IS rédbtot hﬁ@lﬁgﬁrﬁpﬁfﬂs'o@ 2 r&dctdrhér GhitiigitBhOMfbf.

change by at least 10% relative to the same properties
Exampples|of a confaeingermde afclusle actavked bedfeacthy adixgd bed teadtonianh

cbulffigHeo FR-Bry St o il et R ESETT a Tpged bed

reactdN@Sprhy RALtdH) 208 avlqh?dyllqm@ BArRALt&0 1M ebtain embbdigi®nB0the0
vol % of a total volume of crade feed in the contactlng

contagfifg systgmsis g8 ob apgE e ifshorg| fagilityo fCantachpithe cag feed with
the %aﬁcegg‘sg(s ﬁle&j){)lf%%hg Q}LSHQI? 166 ﬁ'ﬁg Be QQ%n%nngogl% @Fl%assg);r ggﬁé&g [Process.

rams o at al
cr dthe chetectinigrzohh ma«yomﬂa«lﬁ dreghr Zwere cat@hyntsgfr Iemagnple, two
onditions in the contacti zon i.ncl ut re
catafygie) fnrﬁOfr@cfnt dirpenis, Spaiacal %hep%g% Eﬁgé £ 6F the two

catafé%%%aﬁreglg& ”f/?ﬁ Qf QM feed Og‘i%s@@én@ Bshtddr6f ﬁl@freduced TAN

ntacting conditions in some enbodi nents are
crudede¢d with th& secpqdrocatmhxse d@crcasem[luatcpmatdmstcomenﬁandpmreafses:API

e.inth act one
i Stsaty A IR hteR R ongent,
resuﬁfe&%ﬁtéhﬁ APD Mg?av@tgn&xa&iﬂ%%ﬁ@ 6f theye r@ﬁé}ﬁeJ $faRR Srude BRdduct
or 6-8 LHSV of the crade

Chaﬁ% éxy amlqast 1§emesiativeyo ﬂﬁrﬁ@@efpi‘ml@svf Hee ¢rude feed sftarsontagt of the
cmd%fz dond dadyse0r 2-10 h 1. In sone
d‘fvﬁeﬂ? RSV

In certain embodlments a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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is at least 5 h 1, at least 11 h"1, at least 15 h 1,

or at least 20 h 1 . In enbodinents in which the
wayparsegens source is supplied as a gas (for exarpras2004/042137

hydrogen gas), a ratio of the gaseous hydrogen source

T L T N N Lt
crude-f&dA0 thd\sovieBtin@ zorkD- 800 Nm / nB contacted with the

cat al yst(s). The hydrogen source, in sone_ enbodi ngn
i s Conteptingepnditions éraﬂxe.cepta@ww n%ﬂﬁ’dn?léé?,,b@mrgtn@ﬁllmlted to,

tem}gé)%%t%?greggﬁ?e gﬁléo%%ﬁ E&lﬁc@ﬂ&? fob&H1092Sr %ﬁ(bxﬁ@uong Blereof.

, nitr um and/or argon. carri
Congngreonditais in tcaneembmmmﬁtstaraecomtraﬂed fogeddard/ omudefproduct

of t.he hydropgepn source in,the contacting zones
Wlthcﬂgmlgs; pwgﬁwg SIREFABIE HHDE CARIRGIRG Z0Re r@tﬁ%téoe% §ﬁ§58 C,

60-449R€(70-43d T 22 ¥8-4000CdIPRRELS in & cOMERGSRNS RIAY ¢eh e ii¥m 0.1-20
exanpl e,  hydrogen, nethane or ethane) may be’used as a

MPa d¢ 12 MPa,gdaéo dRth, pe6i8ridba.ab HE Vidfithuighde fred oG H gantralipgrange
fron} B3 300 0BT Lt 100 B S Br L G PheBBn g dHsV

is at36R85 At ekt Yeadi A1 KOREWatt 1506, of A 164nb@&t i ng zone 102,
contact of the crude feed wWith a catal st produces a

t ofmempedithgats in auchi the hydregeresogragdes diet a gepr(dor expmple,

hydrogeng ?anr%fogﬁg gq% Vga?e%%% Rg ?%gbg)uf%gg . rgé'pcﬁesfegﬁ é&)%il? Ifanges

fronhwrl@ge)oomﬂ%/mé 0 mo«»od b’ /)8 -8, JOENES ma, 25, 00U’ /ady5-3,000
Lt cont actl ne 102 and enter separation zone 108
vama og P3P N il@ cqqﬁa%%ipwlafheda%t%i@@ 110w hydrpgep paigee, in some

embBEh fst 15%%% Wy czf?Fi %@%@%ﬁqeéﬁéﬁﬁg‘é&ﬁu&%ﬁ%le contacting

ucf using genera Wn separation techni ques,

‘ zoné dEaremagqshmy topq$or elxqmphb sigpgemg thelium, aildéorergome Theodurt gas

Al s oF B cruRpahSRur iy BbE Britoat ot Bt febiaetne

zon&l! FYEcHBSS ssma)f afd ashhesmixeiRthdPERERTDE ané{@n g8 some
or "a conbi nation ‘thereof. The gas may incl ude gas

embodinrents, d bvdmgerpsemzes@mrﬁga(np& hysdmgqﬂ aethapd pogtbane) may be used
and/ .car bon nonoxi de),

as ag%lgggasgagé é%mgcuhage f Oulghgbe TR aCtl nC)e t canier gas. The

exans ay&@geﬂrmur&ﬁnﬁyesmeﬂ @ﬁhtatcﬁng: mtealmld@g’mmﬂyemnh@ﬁb crude
purified, transported to other E}rocesm ng zones

feedgip gpragdydt kpéscgémaratélry i pAdREL 06N & ¢arching Zpne Kigngontact of the
cruc@"f?e%lql/fﬁ? %Egctaltyg 108 ! ngtalqﬁo&l{c@qﬁt [iRRde t:ltﬁdta E?Oduct and in

uce a tota uct 1s
somé ‘emboahnfmtse gasorih ache embadinesats, 3 bmnbngalls parmbined wrthyhekxarude

d to formthe crad ct .and, gas(es).. Fl GS.
fecdang o5 i IOCHRHRROPIEE B cgrBbPhe MhS ot PRBHECRRY Bt eqactng
zonél-% éﬂa%tér@gﬂayﬁﬁﬁ Zo¥P 108 viaRbR&uic P act i ng zones. In

2A an contacting system 100 i ncl udes
C oﬂim sapaiatign zone 08| 02 andk [roduct Bhdsas 1By bnekpaBtddrfednthe total

tactin ones 10 1 16. In FIGS. 2A and .3A .
prodigFi <SS ER v oerd e oty e gogltuid Separation.
The SARR PR RIERBY 8Lk bépraA0A6nd TOPNIE chRRGE 1R, anthBe® bélBghsported

feed enters contacting zone 102 via conduit 104. In

to trespertatitsoaiigspipeline Stoaagei vesselpatelingrieso Abichp@CofstE Zopgs, or a
com%}/na{lolgﬁlereo? Uk gésr}nay include gas formed during processing (for example,

hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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conduit 106 and is introduced into the contacting

zones as a mxture. In certain enbodi nents, as shown
wonodsloasos 1, 3A, and 3B, the hydrogen source ardims2dohe42137

cani er gas nmay enter the one or nDre contactlng zones

W the crade feed se t el it
s erib el R RRE A ie e GBI daidt T Riffince o
total\'ﬁr@ducf Ripeesaigd &, tworahtiré cdrﬁ&:tmg&dﬂd:i I’Klﬁ: t6fal product may be
n source and/or the canier gas counter to t he

sepafatwog“prm He erdprrofedand@ds(@hhance i xi ng and/ or
Co @ t2 92& t&ﬁerﬁ{i %@%ffel%%g 1 e ﬁ Ef%?nt%@ﬁr%’o%é mgﬁhcludes
e cru W th zone
two %Qﬂlréectfoﬁ&cﬁné gq@s Sin EKFE 2def2® doﬁthftﬁ@‘ﬂyﬁﬂeﬁv\ﬂ)()‘ inclimles

contgngaanei2ig aodIGE Som T ?wfe?ﬁ'%%@éﬁé%ér{‘eﬁgb%aé 116.
In Fﬁ% ztAOaIM % 1BGnZ 20Rs 15 11@%@&5 uggc%\gasﬁe b n

incl'ude one or nore catal yst
zond§|1650nézﬁactbh eTlicadds foed anesconwctnniact i0Byiz ccmeiult(l% Vi a

dui t 118 nd e %\ers contacti ngl % &%4‘%&%
|n Tpqune Ypd ° RENEBE AP BRTPEINEO ML RHRY r?%‘?ﬁ‘eSOTT& in
condﬂltal (Bomd 4 ﬁltl%&&eﬁriﬁito%‘é InPachiRPbEsdsial 9 nfiRfife. 1ikbeertaine
Teed stream may be contacted wth additional

emboditainiss e Sipwinin F&ES abt3in gn(i bBeth@ haydrmgent mur@mmdé@tthmarrier gas
116 to formt t ot al t ot 0 .
may SR (R BT GG et R B S B 1<l Blbuic 10
and/8PHh £4ER 50 S6BRAEab IQNfl&e BLthe Qfud¢ifeeCandidl bxabdifle, chhduit 106",
crude product and/or gas is (are) separated fromthe

Additisment the ladiuegen sphice apdigeths cadigt gaesqunter SeParton erfhe sride
V. {
feed%gn‘%’ cﬁh annt %?ﬁéaargsdé& ar E{a&oorﬁ%éo%ga%%gtﬁ S@glrgh glg &fglﬁfg acting
syﬂoﬁmcﬂ.sﬁl&he Tihde mﬁawmma@@) o eothenctiag tower 1(1onﬁ)pasja fred
unt opp enters separation zone Vi a conduit 2
stregmp, @E%@Fétsﬁrﬁm QBWé%PEOCO%CUP%é%Qe éﬁpt&cpm@ﬁm%ﬂ‘ Zocnﬁéjfg In FIGS.

3A S YR feB@Sitkan] ﬁgx%s ﬁ%ﬁ%ﬁé&ﬁﬁg%ﬂ&sﬂ 129 E@&E&h@%‘ﬁe 116.

nowi in the art (for exanple, sparging, menbrane
se [ﬁhmm:tlngworps é82,urld, t Bduey 1m]ru)de ooe pr vorentalyiEs.cAs ShaOWH in

SEL TN O R T T R —

zon& XBNPA £shoGAMAFNENS B, thé &led RAYAN 8xilkAddntddEng 36¥gE1 14 via conduit 118
di stribution bel ow 95 C or bel ow 100 C may be atl east

andpatletswamaytll@wneatléd from t he di sadvantaged crude to

pr e it r 0

o 05 AN g IR RIS 1y St
114 Ra@bt bentatiag separl B wdoin ﬂmtbthbplddﬁc&d Thataglgaoducaeets | n

some enbodl ments, at | east :;\1 port| on of the se a@t ed )
coniaghiproaatl 4 44 ayg/pr 188 e LGred £atsrs fenarafprygete L0 4via conduit

110 TITﬁe erugg g Cﬁdﬁgpangmr@ag f%ctéxf &R G 1R 020 BEodké0 THeRrude

ment s I'nc Xt ure of Corrponent S
prodluct ki sbpﬂrdltlmgzomaﬂgévm®ndulbhlz on of at least 100 C

or, n, sone, enbodi |I|n edstr but |
R B a St@&rmiﬁ of p SChe R 708y URTLEAD Hoed
conﬂa@t@ﬂg‘@@t%nﬁlw )thércﬁsaﬁf/arﬁ g&t%rtt(t%@d Qphllltbﬁ%:d @ﬁ\ﬁ@,
di stri"buti on between 10 1000 120-900 C or

sepatatioitzone 420 via qooduit 622. oh sepreatimardae fl 8@kt dsat asportion Of the
disadvantaged crude is separated using techniques known in the art (for example, sparging,
membrane separation, pressure reduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at
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separation zone 120 and enters contacting system 100
(see, for exanple, the contacting zones in FIGS. 1-3)
wWoOieosmeemdei t 126 to be further processed to forPaTas2004/042137
crade product. In sone enbodi nents, separation zone
120. be 1tigne regm.o 0 [ eam
cos T RS RSP LSTT B PRSI ARl B o some

embBdiniehtsC Aleas hipbaioh s hephtidihddommundsimbrelddatilk thag @aphtha are
enbodi nents, the crade product is bl ended with a ¢rude
separaied frpm) the disadwentaged ermdelj Irsomeramiodinentnat kagfeparaenof the
sepeftbd EXRIRIeRr: S ELANR BHOIMTLiatBYafip sLMDI Ned Wi th a
crude ving a different viscosity ereby resulting
i N Tae bheieded ¢htaitedfohavpangion aons d 28, ihgoinh@mbodiments, includes

between the viscosity of the crade produyct Lhe,
a migiuge gE¢anyposents patha bying PRESAS OB Qgﬂ‘;%it ?&ﬂ e‘E e igygeme
: eGSOl nt ayi i
e B o o LR S0 et PRt Wb
crude fedd inelubet avaedture o€ caapbrehtstwith g beilieg pangduistribitntbietveen

rude e Dbl .ende duct be suitable for .
10008 S0 R0 cranoBiot e TEe 2 Badieey b s feeg e
separdtidnSloha il B0 SAPQAE ARt Beting s36t8mf RBds@NFRIeRaBBR! M6 tbibcting

system 100 via conduit 104, and at |east a portion of
zongstie FEGBdle3prie gonduitehdiotts be durthes pravgssey s fommipguds product. In

condui,t 128 and . s _intrpduced into bl.endi 0
somf Efimeniy o p [HELEs bt RER O fRRSupilm ora
desaDipAuEt AferGREREALE M ErldOPRIAEt RNE CoRARBRSIsterea Rt conduit
(for exanple, a hydrocarbon stream such as napht ha
112pr oduced from separati on of one or nore crude feeds),
a . f ' f - 2Qf :
2 Bf e sPBUHER A LraBbrdlotd 8 A A eryl ARG fime as
or diffenele fromi thei axiderfes]. thve eeafiplay the cntde paaduetimey be cothlyined with a

into, bl ending zone 130 or upstreamof sych blending . .
eruds gegingiogh AL bR i LT €0y OO PRl g isosity
that iTbMveEARE ve6RS JFehZQ0& Prdfuct B 1R BEDSHy B BEYfide MY another

meet product spécifications designated by refineries
examapld/ e ctudgspbict mey bebleaded witls crufe bdviog asipeN itliat ésediffenast,

e 2 b ELOE e s P bbb
and {Her 8@y, . TheKertle@ RERELCOMOEE Suitiet for RhRPOItAGHZRART Ld&ment.
via conduit 134 to be transported or processed.In FIG

6, Asrhonngadi@nt, dyemtady ealodimerts scradpigpd eniers copiaelingrystem
100 tvﬁ‘é&%%{htg% dafilxldtat ljegﬁ’ %pt?o tmhéj%&lggigﬁ)ﬁ#l@t%%ﬂs CheRin! ‘%ystem 100
separated as previ oudl y Jescribed to form the of ude
via écpddit 178 and isdfeodueedlintdiblending eoise 130ntladldndingsaont €30, hORast a
t hrough conduit 126. @t Cl east sone conponents fraomthe
portnsoi dlnFrude BPdEFtitierrakined WER QR% Y BRTSRIRESS] Steapps{for example, a
' t [ AUst
e G R R S R L R A
feedsB@ cirintepaigiude deedyot mikR&es Beteef, tp porlessa blendethprodund/ Ghe

DroCE SRR o B0 BT Bt B T hare ey (BeiBRba.
bledd:ARE 180 S HSstreanhRe s?%id?&ﬁﬁhg"i&ﬁ% comduftg 3b! m?%:g% system

zone 130 via ‘condujt . _I'n sonme enbodi nent s,
maychaldeated durareahiending zdve 180eAte Hlepdestiproducimeay meet product

specifications designated by refineries and/or transportation carriers. Product

specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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transported to a refinery and/or a treatnment facility.

The crade product and/or the bl ended product may be
wonros@se®wd t o produce comerci al products suchrPas/us2004/042137

transportation fuel heating fuel, lubricants, or

chenj.gcal Pr.oces na cl ude I .
SRR ES R Rk ol A LA i 12
and Me%‘ﬁﬁ%x@igéd Ueideti® s@aﬁcadc@@, peRgo@ly t@scabell Btfoinh deerude feed.
fractions. In sonme enbodi nents, the crade product

The pruga dieed theroeniers contadmarsystee 19Rdhiamehsprdug 126; At iﬁaét StoTT?e
comp B 08 VYR AR Aenl a0 TR aBRAL LR 2.

least'@ﬁ@maﬂi ofﬂ(hS Erliﬂé%rochict ailts mﬁﬁﬁactirig)/éy@fent 16 andNnefs blerding zone
| n sone enbodi nents,_ cra rod Eﬁ has a
130 ﬁm}lghrﬁ‘)&d\ﬂéﬁ%% @fheip@s%s sreampad/ %rcf:re%r? entsy blegding gopg 130

d1re<§:tgﬁo W‘ccﬁf ul'tl'lg% %@gl%_lgkﬁll%ﬂ} dlxﬂt}f:ﬁl'étc?ticfé p%@f%ﬂo‘%ﬂﬁ% bléﬂa@d

uct “has a at nost 1, "at nost
produmois t TH2. b’&;ndaﬂ praghitt €itR bleatlinguehe 03Q yia@ondutit hdlst O 05

TAN of th ud t [l f | | t
0. CRBEEEDOFaSF P GHER Pl 46y P Protych e
tranfpgﬁt‘é&i ke fgfﬁ’leryTaﬁiH/ dfa thln & %ﬁlt? r qg %I'ud%l/od@@t And/ct the blended

e fromO0."001 to 0.5, 2, or 0.051t0 0.1
produnt m@yrbe prmwedrmmgducp lremerescial mpd@t}ﬁmmh as tranqp@tt@ﬂlon fuel,

heatg)lfg{))?}l/éliz ubﬁggt{tse %& %?%éts Sotgf:s%oo/ rg%g {Iﬁgusdkld s%ﬂ?gg {:tlonally
distifting! the cidd g dleethd/of BRengé '\Fi@dﬁétQQ pedducé BneSEitRore dlstlllate
enbodi nents, has a total /'V[Fe content in_a ran

f
fractiorgpdg sarpe mb@dlmn‘ggd:@ cpide prnrdygtytlas blepded yyrodyct @nd/or the one or
]Hg]g In certain enbodi nents, the
morgﬁm ﬁQJe f tl&r{lq‘ﬁ%& élfrr&ge%%\er% of crude product a total
N /Il\/édﬁﬁe embtbchﬂientsmha ctuela geodiucoims b RANGDL at mostrid%, at toxt 50%,

at i B rok e 1% oidhe Y S e et dpAoBBiotnts, crude

produldfhdsTd ﬁﬁg has rlee¥2318026,001005 LGB, 40N 0LYof e "ﬂA[N of the

Sone e |ments the total Ni/V/Fe content of the
cruderfedtle Ip rcexﬂmntembsdﬁ'@nlssﬂ%cnaﬁ -prodi hay a BANI0f O Mosff 1, tahmost

N / VI Ee, c e of th rud .

0.5, @h kit oSt e pieiE0-§r 336 o305 1 PRl s procgpt vl

freqﬁ@ﬁ@l B dt 'l’éaﬁfﬁi @00 15:dt Bof frefuenay, &t Rabtds00af Iﬂbox’ﬁ@ Slfrlb&&l%ents
at nost 50% at nmost 10% or at nost 5% of the to

TAN efithersrudsfpreduchmay ibg ime raage fiam A.06} tof)- éeﬂa%wa(b%d% 0rQ§ to 0.1.
t h% acg Eaé&g g}en{ h %Hd@ gncicﬁg?l?g'a% ‘iﬁh/‘VDlee @J ltlé?l? of at most

pro cont meta S in. mat
90vQfat mbgaﬂm%; a8 giodlisl 0%1, ad nmfoatye, @fat ind303%6 of theODY. /PZO:oﬁ&% of the

or 30-50% of the taotal comi)ent of taI S
crudefpeds Hie Grdpampenchdngeme pmeRtrg By gt Wﬁ%wﬁeﬂt ma
rang%cdquSd"}]aitO ARSI RbdoY, ér%r()r@d‘WBP{ e%@i Fe 'cGﬁ't'thQﬁ thdthd@fed. In

mtedto carboxyli'c ‘aci ds, iols, imdes,
certain lefrboiliments, t=, crai@reddclt hmpesgraﬁdwmd@s)rmﬁuctamww /Ee

acji ds i ncl are no l.ixted apht henj c | ..
con(3el i By Ly G098 108X 10ndrBenag) LAY Crhg 10° grams,
or l'ﬁef@d grBA5 td PR 10 g{reﬁﬁs qﬁ%@ﬂtmﬁ@h‘ﬁb‘éd%‘[d ol dr'ﬁ’d% 16k KBnbst 2 x 107
nmet al s (for exa l'1thium sodium and potassium,

grara eNi/Waieedn stbtnﬁreméb@r(emsrthe setrlNidV /Fregniest efithe crude product is

70- 08 afaoZ o oy WHasitint TR erdr LS, fe B R o

ar 98 Bbhe emggdilﬁ{énts6th€@hmb§)r&du@f heeaRil Eont&l o fetd in rodtal salts
m xtures thereof.
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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In certain enbodi nents, the crade product has a total
content of netals in netal salts of organic acids, per
wanreoseé306r ade product, in a range from 0. 000000T/U§L@AB42137
to 0.00005 grams, from 0.0000003 granms to 0.00002
{
the Qﬁﬁﬁa%rl So&fct f1£S o&l Q%Q%Réoff %e?ﬂg% Igetg%s%gggéox%raﬁ%cﬂs jn arange of
1-86%a,de-7p0g dO{in%, lon 36-00%0 m?thetbtat&nh’&nt af Iﬁﬂhhhn ot edlis cfforganic

acip el F5o: Dsgmic aodibdostonnlinborm mag) s sHeopal are not
hmﬁQJ‘foe Eﬁrbgiylﬁeicﬁissthidis rﬁ?ﬁcﬁ:'s s%ﬁt)ltn% a8ilds Oaﬁlg%ﬁl A qﬁ(a})}‘@l?s of

he ¢crade T In cértain enbodi nent s, gravit
carlpctxe'hg reide llwhtd@ubltt apy ot Uigs te dfto araphibenia atlds,fp}bhmthmmd ecids, and

ben;%%%g#, /; .ngc & %dés 1c§)ooaittht ne a‘f oe{]{s%g%/i 1%%(@@? gﬁ( ]5 ai\ﬁflor example,

lithBima \sb&MnD hnd Petassi aﬂ(ﬁﬁﬂb eelrfh 1B8hL R eﬁﬁﬁi 9&“ ﬂﬁéﬁe%mnﬁpblcmm
aV|t of the crade product is from 14-40

andl ipgy), ¢<plum@r1t2an¢talén&f§>®9xampiﬁszlnct gl qadmdan)alC@dunm mas:tads (for

c t 80%, or %
A3, el PP S By Bl
e anQCbet’memSnbloﬁerﬁs’ dgtecrpdeoghddiict hasa tMlicofREt $Hméthls Fn metal

range of 10-60% 20- 50021 or 30-40% of the viscosity of
saltp H%Ofcgﬁ%ﬂe @Cilagyr gia eloiradeprogeRtrBiftrange fiem ¥ 49BA0 k graws to

o
00818 i G0t ks PORE T Rl AR s
0.0¢010d crarhis bEmMZALsTiB Ae6tal 88lts dﬂﬂgém@aicu?dﬂpelz gild?ﬁ/coﬁéruﬂél prodtitt. In
n%rawt t he cruge feed.. I n_sonme enbodi nts, the crade

BRI Afofabeantent of wretkt Brietelsalteoh orgrmig acidpgt the crude
pro@Q¥is AL 1305, 802056% & 9008090 e thal%&aﬂ%ﬁ? g&%]?gn & salts of

total heteroatons content of the cru

=0rg@é¢@‘ad$1metht)9@dﬁ§wds t he crude .product has a total

het torrs nt ent t 1% ast, 30%
| elBie R TP SR A ABY o8 e qedetioch Bfedueiat e contactof
the ema‘e fld v@lfh édwyﬁfaidlﬁé doeting BorkiHidhs SR 3024188, 12086 90-110%,
ug content of the crude product may be at nost
or 1@@*%304{ oftpe APEguavity of thssrudedegd. dp calttalmmboa%fmts R4 gravity of

the %g gfod%mg%}%pi _ab hlg £ ufgepeoduct . In certain

I ments e crude product’ has a sul fur content of

at Iheassin bifbodimdneadte B0 praducehss a GOGsitpbf AtmbL88%%6, at most
9% crade feed. In sone

f f th
50% A5 3P L. Of i ViSGh oLt fest. Pyt sihodimentn dhe crude
prod&t K8 2l 3R064sit P h z;-f?ané% oP10- 8@%1%%@6/ %Qbr 5(51@0%%&1;@“&%@&? BF the

of the crade feed. I n sone e ntro
crudsdaeds nin sofmetelrdodimaeies, pheodmltymiythb erudt pnalict ﬁa%noat%% of the

viseER ofg B bl AR o P Rt SR e 0-13096, 0-

1209678090 TR 0% f th&PLrdfigy eQAUktifeiBS a total nitrogen
content of at least 1% at |east 30% at |east 80% or

at Ipéemme embodigrentshihercoidsipreduct bagertotabhetervatonfs dohtent of at most

907 a2t UBh o DE TR TP BLEE oD e Pobishi SRpeptne
crucECf%d din cemaih eh(Malingdntyast crdd¥pro@ict Bis AM%d] hefédtorhd\@ntent of
at least 1¢ } at lealr % %/?, a% ?eggteé%%%, or at least 99% of the total heteroatoms content of
the crude feed.

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

certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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of the crude feed. In certain enbodi nents, the crude
product has a basic nitrogen content of at |east 1%

wanods@asts 30% at | east 80% or at | east 99% oPCTS2004/042137
basic nitrogen content of the crade feed. In sone

et QR oS B SR Bl b B Y55 R Ghen,

the 0 cOfite@lofMRSEUSYPRLuhe7@XIPRNIE-0PI%Nér IBE1 1096 of thedelfur
feed. In certain enbodi ments, the crade product has an

COHTGRS@éhe @mdcéfmi of at least 1% at |east 30% at |east
or _at ast . 9 e t
ﬁi 801%1 lalbo 1r1]rle§165ﬁgo{8el?1r6trc§ﬁ%n 08{%& c[fﬁféé)%])i(ﬁ@é r?(aggnr{f%nl%e atfmost
O% REMOEILEIR 6,3t BEH4E t 0% Sori alb midst 520 @E aﬂ@t@lmlfro@éi%onﬂdﬂt off¥crude
20- 60% . or 30- 50% of the ox gen content of the crude
feed; dagertain caRdineamin dieRHISETORIE Neh Kl deFRESAEOBIEN of at least 1%,

r o
at G ROLN gegg}asfdﬁ o Fgggggg %{th%b%l%&%@%n%?ﬁ%%ﬁft@%%rg Efecd.
t hdncome enibodlfmetntne basiy hieyén eonsmnit df e rcpuierpui@ducnnlay @t most
crade feed. In c tain e i ments, %Jé e pr.oduct

959,k mast Gl at 1 Syl BMEh dx?}] qtandst s Togehgontent
of tﬁ@&ﬁ% e felf. ff cér@tﬁ?‘émﬁ&fﬁelﬁﬁ th@ @I%He §1Q>dhctq{as @tbah@ ﬁﬁ%o 288 ¥ntent

e total content of carboxyli¢c acid conpounds in

of at hestd%caeleraste?d)% lat lemstrfd Ve wb otlicaw 90% ofshe bmcemtrcggmnmﬁnt of
h ﬁ%?n conmpounds may be reduced in the crade feed. In
e‘%‘ od| ments, carboxylic acids and/or netal salts

of Iﬁ%ﬁeéﬁibbam%wﬂlerwcygaﬁccﬁqk@rﬁbmblcyudeqﬁmﬂnﬁ?fbe emost
non- car boxyl i ¢ contai ni ng organi c ox %en conpounds.

90%Gat tosty10%, a4 o363 Whcatmenst L&Pbep@mast 2Bl Ahnerigen copmitof the
cru«%?%?(g Pléln%%?fg?xegrgﬁq%lgﬁlg &ﬁdeD]ISr%gH thtaﬂﬁy %n conte of at least

1%, loagt 0.t ddakty8000,commat &aﬁ@@%mﬁ:tha bﬁygmtcbméﬁt c(ff tbdf crude feed. In

exarrpl e, infrared anal ysi ctrometry, o
somg £ bORBYRS: Gl APIET) COnFERE o scre %& 1S R TRRgY ‘i’lﬁl “$0%, 10-
70%; ff@oajég@}ts@asdmm@ SRVGLEANSARE ot cf?lfde fféedwa% Som0Unbaliments,

or at nost % of the oxyge

the woaltcontenodf dattexgliaeed tempounds df ffAer@fe frbduct mapide at most 90%,

ro tis st 909 nmost
at s G ot rid 807 HamSBARY ot hA Bk e P on e B Eafpounds in
the 6RO HicAE M Sertdil) EmbbASRNRY BE Ufide PASTBNhRMERNESTER BF ctboxylic
at least 1% at | east 30% at |l east 80% or at | east

acidogyansiungshef asxgage Hoceileashd0%¢ atdenst §Q%adw af kaagt 994maf thig dotal

d a 1% at | east 30%
Con%fl??fecaag[f gg/acﬁ cggﬁo easlglzhgg‘\g)él eﬁ% ?%e TAN of the crade
f egd somddintboainadnty/ selbdied erigtigie olﬁ}’/gnﬁmtnpﬁiaydshﬁal}ebﬁreduced in the
content of carboxylic acids, and/or et al alﬁts of

crudealepd i Somc-aRpdiuBents camgsy oA B o antal 7elsh ofgathegsatic acids
Pl b i 408l g S5 oo
Carbd)iyﬂnlcracme aid ﬁ% cﬁi@ei)ﬂﬁ(k&pmamnﬁ)g)efgaﬂl@%(ygert doepounds in a crude

broqiie gy S FEit i i AHBOH e A EF et BrBgnown
spettRSsbolE thetllds (Fo? eRRMAE UhRbred Eﬁélﬁléﬁ rn?a%s sﬁercﬁmnetry, and/or gas
chromatography).

The crude product, in certain embodiments, has an oxygen content of at most 90%,
at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of

the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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0. 05-0.15 grans or from0.09-0. 13 grans of hydrogen

per gram of crude product. The crade product nay
wonaedswdesosi n its nol ecul ar stracture, from 0. 8POTAS2004/042137

grans or from0.82- 0.88 grans of carbon per gram of

crude praodyct . . A rati o, of Qi N ]
com G 55 RTG530 B QBRI O080 G B Comenc o
the cAfttel{389/0an8Chelt 086 protud Bad 4 QAN S dtheastl Wiratdeddt B Yoadtilenst 80%,
of the crade feed. A crade product atomic HCratio

or atupashPHoxd o Tedf ofithecryfde fredf eed at oni c HCratio
i ndi :
P S et s
metdb yaltsagfaarboxylic addeefitht ntoss DA%, at Thest Z0%clat mposs 0%, or at most 40%

i ncl udes. conponents wth range of. boilin oints. In
of the GRsIed b AN PRI 4 OBARO X HH CRAIIDE OF TRk SXYigEh SopRginds
) r o ? ]
with 7 BSOA! STRH AR 105h of B Hop Lalbky e BRI oH AT oxygen
compangis of ilstaridaifeedn of at nost 100 C at 0. 101 MPa; at
| east 0.00 ranms, .or from0.001-0Q.5.qgr.ans, of
i s e dtiens: e iR o2 8 BRA bl pinteguue, from
0.05J005 Eraaichrdlin 6.0810. 3 di@hsMPayddked Saphark 006hde pRsdEict. OThe
fromO0.001-0.5 grans of hydrocarbons with a boiling
crude pneictingy indbude; oritteelsedar stootues, v 8@e0-Egemser fipm 0.82-

MPa: at |east 0.001.qr r, f 0 - ). r .
0.88itbs Bt ERT e ARt ot BRF BivgR6e o M A D B Bhmic
carbd® PH/C & Tdh 4O d Epidué - m&1bdRahina0d] 3884, 180A09%4) 00900-110% of the

grams, or fromO0.001 to 0.5 grans of hydrocarhons é&‘b
atongic B ITpiig oF the gendgifeadr 4 ciids RIQUEL EemIC 5 refia e 0-e0% of

0 : . ' .
e ShaPAB AT 67RO SLO0 TBRIE L, S i
the #bee¥8 infeldtiydiyonatlbankBonvthatthydrdgen is prgduced g situ. Coy

di stribution of,ai nost 100 C at, 0.101 a..and/.o it

| eddie CHASPIOGIASINES RYBPIEASEHS? (PR OLOHBRE PGS dhiume
embBiRtdntd Wd QRIPHLUES tnclties HeaBehn? 8PthE cAlde prddlikt: WPRast 00001

some enbodi ments, the crude product may have at | east
gran(s, 00 frogr @A) tcod.5 gtaniseafdrydmearbons with adoilingangredigibution of at

B} B e TR SR b PR ARSPERS Sa 5o ons

withH BéTHEng Sdngd distitsiitiod b8tvisea M0 o€ anapbo ha apenoyiviita; afleast 0.001
crade product.In sone enpbodi ments, the crade pr ggluct

gramp o1 For 09106k sraws At Byfirogarbons viilakoihng rapgp distigiutigp bgtween
18% af, hi inSitnl @t t .

200 305588 GS0INALS GBI Bl U s DB

hyd@kadfons withwceilirgodngt distributorn bargeerf 3ANMDarRA0I(0atH.101 MPa;
granms, 0.001-0.3 gra or 0.002-0..2 grans. In,certain

and st L amE 108 FEAPR B0 Rt SR IR TR Pl Toi e Tange

: 3399 - ng;@/ do93890-41 010YoNgba. t he VGO content of

dlsntzlﬁggoglfoa%vé@%e% . Iﬁnn some enbodi rren%s, the crade product

hadn spee egrbadingtscthe dewdp podluct incladascpercgsamencrida pgeduct, at

ens 8B 50 b 08 0 R o Pufiodi By most 100 C

0.18"¥APH i ABRE 8t 14906.001 26n WA MRIcalbdss With@Yod iy rees dttibution
of 70-130% 80-

between 100 °C and 200 °C at 0.101 MPa.

In some embodiments, the crude product may have at least 0.001 grams, or at least
0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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120% or 90-1 10% of the residue content of the crude

feed. The crade product may have, per gram of crade
wonro@dweé3os a resi due content in a range from 0. 80DWS24/842137

grans, 0.0001- 0.5 grans, 0.0005-0.4 grans, O 001-0.3

oo on oy feEvaf huadet e o iR onlef G/ P e, s0-

120800k 30%1 080of the Atillete cBBeAt dGhe ofudt eedMIRe dfsmletﬁtco@ﬂ‘ent of the
the crude feed, while the crude product has a

cruges prodnetenassbe; par giam oficrude nipduct.gpgyrange fasa - 09@% Ogrerams,
0 al tenes content of the crade
°°°§r§§§. gé%% c‘%roi(g?n&%ﬁg%%{?nent s, the C5 asphaltenes
c oninedeitaidf enhhwligemeahé emde podatt Hasasi GOQmteat of] 7@a1§10%, 80-

0% or at least 70% of the C5 | tenes co t of
12qwr@pdd@% BB corteat qlke S B I1 SUHESE RGeS, he crude

proih& laig M‘érﬁdéllgro n‘g 0 oV dd6o 1&9%11%@%09{ 0 bb@’ol 0.8

cra n sone enbodi nents, decreasing t
graasp(lnad) I-éﬂ@ame,rﬁ eon-0.dfgrarhe oc DA0E-0E % gamshi | e

PR S ungoy bt ol Brte G ot RBAPISTAT, B b0

120%% X390t 1004) oﬁ?ﬁ‘i"es‘zfm%%hﬁﬁf‘@tsthe thRle $edasimakddepesduct may have,

content and MCR content nmay be combined to produce a
perrgaath efretuide aroduet, atresdistioptepeinwerange fremH)- ¢HON10sE gimsy0.0001-

conp t he roduc, tive t

0.5 RO SIS gt D00 AT 005 p Byt f 0l Defihs,
sunider@ircriBRlimesd, 65 crgp paddueries aadaRedhieanel 70- cz:osd,ego-
feed MCR content nay be represented S. Asumo

by
12Q%% P 0pt 1680 @ftheﬁ\/fggmmeﬂb ke eyde depd, ‘é(hﬁe ﬁle@ﬂ?&@md‘lct has a Cs
aspBgl(Pe%gg EOIN&R O%%P}n?g 90?/.3,35‘%91%# Qf%,eocfea? 52)% §fthe 5 t]?i%én nes

npare d assess the net reduc
coritdEht bfgfe: c«u@s:fesd t Ih eamjpomebuidiments, tthe Ce asplieltdnes dontSit of the crude

feed g afdoRn PopB MR .4 11 il Db den R Gnesopiga o the crude
feeQ WML SO Béni8t drlife &ﬁ@éjﬁro@%& qié*'@tthitnq OQO@§ Bhﬁﬁb gORZontent of

content 1s In arangefrom . 0,
therlelfed®l. Inrsouerenzhiodineeris dlcueamg thtelﬁs a@plaéténq@rcomqnt offhg crude

content t at _nost 8
fee e oo R SRR SO TR aise e pfftcy of the
cruﬁé@ééﬁ/tétﬁ Odharﬁlgtmeenbodl nments, the crade product has
a MCR content in a range of 1-80% 10- 700/% 20-60% or

30- Bom@;]emb@lm@(tsdbﬂﬁe agphgltenes sontepiandMER. comsat may be
co R 8 PR TR e A TONIROE: Ak components

in 1€ afﬁdefprcﬁtﬁladﬁlemv@d(oltﬁe highvisassity enﬂnpdmamnsnhshe drhée feedtdEor
product i ncl udes fron1gre ter than O

exaqnpRlpy AUt Ol eryde s @g@g}gﬁi tEnesPPnighLy a cgp é feeé{l Mé}% content may
be %lppe%gﬁ)[éd 8y Q00¢ %@E cﬁfde&a?&ﬁ!ct @?Es?h Fféne? EdntéHt %H&l @trude product

epro uct . ecata Ist in stabilizing
MGR eotemdeaypbocbpodserded bylg tFlmrsspls mat heorongrakddf' to S) to assess the

e S eSS B Bk £ RO5HOR LAT my

be Ma fatﬂge EoAMROPHO @9’-@0% WEDHL80%, $18s Chi sBRE cRAPb&InTEntRY r&R of
configured to add one or nore catal ysts describe d

MGR centanttad thherude prddugirio fsesphalienasgontent is in a range from 1.0-3.0,
1.2-2.0, or 1.3-1.9.

In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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treatnment. The crude product produced from contacting
system 100 has properties different than properties of

woheosoeexe feed. Such properties may include, Bar/Ua2®4/042137
not limted to: a) reduced TAN, b) reduced viscosity;

0,C ed. 10 N/ V/.Fe. con wd
sovighe SRS 2N SRR S0 Gl Tt ERE RN some
embB8infcRe) EReh 0.0601008 dgmng,mos-o.y)s peathisc o). C5-OdSpdrains e AMECR per

content; %; reduced MCR content; h) increased API
grangphetudg pradycty reduced . content of netals in netal

sah} §oxﬁ% exgnbg&ﬁﬂ‘leﬁts?ﬁ{e%de%rohact GRS AbhCaeatb M 8hS Ofgranhd) but
soffe” enbodl Ment's, “one or nore properties of the crude
less fiz@ALET grang] @000 1t@00 heraarsacte).0@09d ;0.0G0] dyams of total catalyst per

sel ectively changed whil e ot.her pertjes gre not .

grang R YRR PRV Che CaTRL YR Mg eSY a8 SRRR P )° SR Jrodtphuring
|  dgR iSHIbiY c SRR, ink@bi friction, and/
b B b P ity e
incredsamgitergepdratianaulitiesoff te ¢rede prodpen éﬁ@thoctsfcgﬁcr&@d Apleél may be
ul fur, residue, Ni/V/Fe, or.VG))..Iln this Ay

configr sl pte R Aot R S STLET i) the il BRAGGe during
treatn&@Rcent rat ed" on TAN reduction, and not on reduction

of other conponents. Thus, the TAN of the crade feed

calhserudschredutt praduced figmrmgniasting siptemy Hehhaspropeatigsederent

of such hydrogen . ' 3 .
B P PR L0, SR AREAR 58l SHLGE 8L iflcd -
redded TRNEY) agRded K RE6sI1Y06) edided hotalAN/VIiHet coateatydh meduced content

content that is acceptable tgerg&g;t treat.nent and/ or

of sylfirn GREenaNifTORCTS OB EP At oRST ehredied Tesigcanisgy ) reduced
Cs a ARG R fer®! {Hﬂlﬁzr@& CRBRERI L] RcfaHACAPTIAN W, hhtidluced .

SO0 reduci ng talysts Uused in one or nore
connbofihemitis neftaltshles ofnremtic acids; way) domplinatiensthereof.. ngoge

cmbpimeRR s SR bR OPRER BF R CHOCTa ieh IR RABF it fipd may
be s%le@ﬁ’%?? ERthoRdl white ok Blopeftitd afPdAlchSiosd degeh e do not

eretn” may be introduced into the contacting zone as_a__.
subpamally shangearfdr ehamploeit omy baclesiveble ol splestiyely reduce {AN in a

ontactin one (.for .ex [.
e BOBLES L0 A5 HTRL e B e o
exaRpRE HHIRA! desidhB NI ¥SVGO). GOt matneprhydfogeatiptajs thering
used as described herein may or, ma ot be commerci

contiating 9y e “ERRPES oA S ORTERETish S g3 e B e
confg T EELS tho PARG 55430 (A bORMNOE, Shlle LORL WS hydrogen,
sinde3de;of Sl ydtdekn;is A6 HrinCAd8] toCs@4e 00EB 4omPhifehE; in the crude
e o (s, BT, B DXt B
acc%%%l% {0 B%Q%atr&\lﬂ%gd/oﬁhlﬂiﬁ?%bﬂﬁmg%éciﬁwﬁﬁé, RSP Ak crude feed may

0;: RN5650;: RwM430; R 030; 03; Z623; Z673: Z703;
be B3 AZR Dy trE&A&B0 radube 788 withloutdlsaredueingsilinl e from

CRI _Internatjonal, |nc. ston, ~fexas, .4

sonetaeis d‘??deﬂ’?toél,e O A4F ﬁ&g&f}?gg e Iheclﬁ}’a%ngtlg ngr & )g}ctl L|lc{e<l'sone o
moRibullnrefll PAIRI/ ErRRE o Bfdrél BR 16 #EupPorte The mulSmay b6 in elemental

nmetals on a support. Colums 5-10 netal (s) inc|ude,
form i imthe form of a compound of the metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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not limted to, vanadium chrom um nolybdenum
tungst en, manganese, technetium rhenium iron,
woab@loee3oni ckel , rut heni um pal |l adi um rhodi unPCDRISROAN42137
iridium platinum or mxtures thereof. The catal yst
are E@%telp‘ i/(?E(ilctgnt en?@gg&fs‘fﬁ eas%ghmb%&%%ﬁ 3%%@%{3@&% 8’ C234;
C310; OBMQCQDE Cdat; CaagtCAA40C49T; a(i‘¢§4oc4481 @2Aangad; f]DNmO DN120;

oS T o e SRS

DA s ) st koncerdipy ana s, s
RNbH2D); RS G I0oBRPII6 5 R MF B RMSQB@SZ6OHB$623 ﬁéVE EGBoZﬁB Z723;

ment conte ram of
273520 27 ) B o6 P! it % Bk Toves
U.s94§0005-0. 03 grams, or 0.0001-0.001 grarrs In certain
enbodi nents, a catal yst includes Colum 6 netal (s).

Th eIncsatrwI qv@lodnaynthwaalysmmseg taehapie propaitigs of the crededbed include

o T AT B 0 e R 00 e B
not idie tb rﬁiﬁh@iuﬁp Qﬂroﬁuﬁmgfr@gﬁ)deﬂnﬁ Glingstch, BladpEnese, technetium,

0. 005- 0. grans, or rans. I n sone
rhe@menoﬁwqbglt nipleel cathenipen, naH@dlu@eﬂlodnmn%m@g@,lmdu% platinum,

or rg{x@tﬁgs g1e l‘f‘ﬁ?ca@al txﬁ:!lcs( e}vepg{ %%rﬁ"&gg ?f%b?k(%g‘lt cg{ngns 5-10

sone e aly nclu

met&l(@)’ﬂiihte(tﬁ ))f atrle#x0 /000 D Braings, hieastol00Mgramsyat khdt9)01 drams or in a
one enbodi nents, the catal yst includes a conﬂ tion

rangy o LD leb Bttt Bl 1O et JE' e, 1
sonééo imef8dh Eatgﬁrgﬂﬂ.@lﬁd% umé I'EDélé}ﬁerﬁgzirpadaﬁtlcgpﬂolfﬁ@"Columns

a to Co einartr from
5-10 nfetd (). - Exd@plesof CobimnAl irdblanents ammloieqﬂlo@jhomm Therptadiist may

nav 2580 BTG BBl oo s e & SRR Py it B0001-0.
gram8.C0.00RA -6:06 gfé!i’nslﬁ oeb@sr@rm(gsams br ddB01 0001 tRathre

combi nation of Colum 6 metal (s) with one or nore
met kil eertingemtmsliments, 5atpdpt arcludes Golymn 6asal(s). The catalyst may

T g S o LS R OF S P P s,
least0l01ngrarhb, ditdas] 0.0D gidae dndioklin €RAngeTirdm 000061 -0i6nerhine, 0 001 0.3
catalé/st may be in a range from 1-10, or from 2-5

gragigy § 09 110 drswaprre R0 O @rain dpyemeicatordimrants }mﬁ%t%vst includes
h
B s S R R

embdiimenis athy stalystyinbledéenCalumanideclément(s) Hﬂ.mdlfm’n tortherCalubin 6

R some enbodi ments, Columms 5-10 netal (s) are
me@f&hr porated in, or deposited on, a support to form

t herGahgl éﬁ%odlrh@n’& Qhé &tﬂyﬁnﬁa@iﬂ&e&mbl@ioﬂm@oﬁnﬁ% metal(s)

metal (s) in conbination Wwth Colum 15 el enent (s) are
with ngo opmoeet metalsrfrom Cobiapo §iandidr 6alumrse/- 5y p/ﬁ;cmnqlalt 18tip of olumn 6

ey GBS By TR LT P X5 L oo

Coleainod fa‘}‘éial tchluges 7ald méﬂapmaytbe ik kan@stﬁ@h{@l,zoamd 0abd 2-5. In
el enent (s). The support

‘)é por ous and i ncl ude

sonpeegmbediseits ghe a@tglystamal@d@s @lﬂmnl Slﬁi@é‘%m%tneﬁfidﬂl@ to the

confiiifiel otne(ff Ccp%mﬁ %WH&Q@)'V? p‘?oﬁéqc?rrrﬁ&fe mdtb FBG CENnPE 548 /0r 7-10.
may | ncl'ude, but are’no

In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).

A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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limted to, alumna, silica, silica-alumna, titanium

oxi de, zirconium oxi de, nmagnesi um oxi de, or m xtures
wOhers@eé306 Supports may be obtained froma commectTiuakoos/042137

manuf acturer such as Criterion Catal ysts and

Technol kes, lL.P 0 Te
Co lu&lg} e t%%é h‘g %xiulx g(?%n ) é‘%ﬁolg}#ﬁg}g‘g }hﬁ: (}513 égl%{m le metal to
the tb@l C@ﬁhhﬂﬁlhﬁ@hl@@ﬂﬁaﬂtaamm beadn ausnggrfeghilt 1), oam-&s

of zeolites include Y zeolltes beta .zeolite

rmihu&qm embedimentss Copramssy- k%mefaé@kareéﬁ%?m%‘iei i1, ©og deposited on,
o s 5O PP RO e, OB SRt

com%@ﬁﬁry ivmhr@(ﬂuth 15.efenent(EhareSnqpporttediim csdﬁposﬂed on, the support
enbodi nents, is pre ared such .t hat
to foaméh%a%talaé% dn gmbedimsnts,m %@cﬁ Q%fstfletil@% %&ﬁ%g Q@ ai*%/o
r Al in{ERAs§ -and all el
Sy S O L e
The suppot hayrh¢ potoas and mag amduderobdétomemddesaporaad ehrben based
ed to the te.to t xtrusj on of

matGRE geoife, ChabBpa SRR PE BTty X EhReY ine il are not
1limiRARY H18mARdsiRYa, Sieh-aBhiRedfadsind GG, rzﬁdorh@m@ixi& hAgnesium

ext rudabl e’ paste a desi r ed conS|stency Ies 0
oxidacominixtures theecofbGuppores mat bd obipinedifiow, a wmmﬁr@laémaaufacturer

a

suct 3 TERES i S it naTh i, PP RGO ITa® s 2 chordcarbon
basedahabNab itkidel/ButGie ﬁ@tﬂhﬁﬁé‘d nattiated|cydion@ud /ot perous graphite.

nmet hods to form extrudates. The, extrudates y %ghﬁ]gat }
Examplegod ae%ltte%m@l@ﬁﬁ raoliies, beia geqligrmor e geolies zeolites,
and gerrggﬂéészegﬁé (gl;tes""mgﬁ bé ?gta fed Hdi®a Qg%eﬁﬁmn%facﬁﬁér such as

hOUfS e noi sture content of

'Zeol@rxt(f\(aﬂ]ay@othemylvadlaaUdkAl)r ed | evel. The heat

tr ted extrudate be further heat ted at
SHPRAE 1§ P15 PRRGUTE SRR Sho ks Tisourhor Bt 48
aver'élg fn&%@la{rﬁ&eﬁéfpa‘?%agt VA N 1883t BXMEAR adieat €1 90 AMat @tai
east 150 A In certain enbodi ments, the support
embdizhants s sgapmmsaﬂlrmcnhby foning au anvieis, pagis|of sheafuppeth gaterial.
In %ﬁg&bg{iﬁﬁl aan a%fltls g‘%eﬁ %qnsést L}ﬁ g?sg t llJn rﬁ)ﬁtﬁlsﬁ)g?olf%e poa ste. The
wat&r QB idNatd Rnbarkhaded in shek algbﬁtﬂiﬂs Qﬁd B?El&ﬂh}kﬁéth@dkﬁ@@mmreﬂw give
be in a range from 0. 0001-0.99 grans, 001-0.5 gra
the extorlable pagie aiigsirast consisippsy. Bxam F%ﬂ%a%f%sdé‘fléﬁk‘mbﬁb%?e Byt gt timited
t he support
to, Iﬁr{caa\éldje %Jt{cadqdé%gﬁgé&&@ @ﬁ%@%@hlgﬁ evtavlélt h other forns
of Tleynbeanayebed dxetudedhndemnasingreaatlly kpowiy caalystfextrusion
support, in a range from
metidnAnd caialgt BuBRB S 1o S S BANEn ol 3G hay be heat
treaféﬁ E b 8Ghp@iturd if a38RE: SFRGDEERE 8y frbAB5S2HBPY for H?En&ﬁ{\ﬂetlme
l east™ 0.1 grans, at |east 0.3 grans, at |eas
(for gxanp],e fir Ocit-8 hewrs) a:gl/&r tih e roblstttn@c@lt%m @itheexiradate has

by X ' f d.catal yst
T A e Gt e
temPEraRdE 74 AAgd BEMBIIUERDO @W’Q@Oelsl 00fCy @ AhrvShe support having an
preparations are described in U S. Patent Nos.

avegge pere3Ba@nctor cfiddast B0 At al . 6,290,841 to Gabri el ov

el 1§ Iclertaun em%oalme‘n S, %het s%pgg c%deglgaln%%dah&nj‘h%a, theta alumina, delta

alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be in a

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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Pat ent Application Publication No. 200301 11391 to
Bhan. In sone enbodi nents, the support may be
wonprsagesmbed with nmetal to forma catal yst. | nPCEMUS200m042137
enbodi nents, the support is heat treated at
a - 10 .
dercHBFBPHES Bifiolol ¢ BE! QbtRcdE M imgtotlialy B fatone or n
combimagoewith dtlmrfbﬁns ofgiuegmat ilema almdﬁnmqntém, nes gehnalof supgort, in

aration of the catal yst. EX es of | reg n i on
a rageciom i (90 el 99&@%& T oS, as debemhed by Xray
d1ff1%EtliBﬂ qa%&lhﬁ%o%%?xgs &ht Curf né?ﬁg?;é)at 16'@15%3{1 A lt least 0.3

m xtures thereof cert nment s, at al yst
gramayit lbast DOrgrachshyr atdelisn. 8cgram81 oﬁﬁptar@ﬁmn@, as‘rlrteffnhnmhw X-ray

5-10 netal (s) to heat treated shaped m xtures of
dlffréﬁb%’ort ("overlaying"). Overl ay| ng a metal o n top of

t h%upﬁ&eedtcaﬁﬁyﬁgnfa%@% & a% b dmg @o%%taw bl%bluﬁtlon

or relatively uniformconcen met al  of
techprquvs o@@nméerﬁeof @italystpaeparapions arer dasenihedds 1G6S. Raﬁ@t Nos 6,218,333

o SRS BRI G R DA B 86

Pate@?Ap%ﬂhdaﬁo@Pubh@atR@tNd) Y9030 MEBbOEsBhan. prepare a
catal yst using overlay nethods are described in U S

Patle mmmpb@@mqr@h thm dsipperd mayrbeNBrreanetzd withmetal t%form a

ca‘carpggf?l rkg cl-xtﬂ%% éts 18e S Leﬁq t%ﬁ@lp%'iﬁrp Fn arange

P&Sm i equi p

fron40M 1 2081 °&, @-5X) Y(Elﬂ)p’ﬁbbt 600-200PE prﬂSh&) 16q:lreg‘ﬁaﬂoﬁwlﬂh ametal In
mstalél)/support m x-ture y be m xed using s ﬁablﬁ
somg AR mmgna 1 28y 6F ustl SUBEP AR of the catalyst.

Exaﬁlﬁl}é's B ’ rﬁ%ﬁq%e#pflndi glr'agfd? fa%ﬂn%ta@fd' &Bﬂfoﬁelﬁh@ch Rnéiaminetetraacetic

troughs or exanpl e, batch type or
ac1ddEh)fﬂAr)umnmon;epe) mlxumctherm)ﬁ(ers and any ot her

{13 E%Hn{ %Eyg%l%n@%( g‘ré:a t %@pfﬁ)ﬁﬁlgméad?@r %1r9ge(§/1r 1ﬁgdrporat1ng the

cOhﬁfﬁﬁ@i (16 heflN 96 hedtitchitt @hapgad MRkl & R § 'B@'Bﬂéym% he
materials are mxed until the Colums 5-10 netal (s) is

Ovetlayiay asusid vantopaifithe hestrbedied shaped swpgﬁémym 4 fybptgetially or

R T IONEN DTS N
the &tal?ﬁt Hﬁa@:l’fte"eﬁﬂrgﬁfﬁ sﬁap&fdt pp&1® ahiendaoky oﬁ&ﬁy&jf@mﬂtteﬂdsttdﬂ improve

nbodi nents, the catal yst may
the W&ilﬂlq ?Céla’ctﬁé PEhe 5 %ﬁ@wr Mtheds tBPreRsEe afFialparBie %@ﬁ@éﬁl@thods

are qéggpbe@' ih 184, Patk&MR Vlg;fl&ta {)1? PLBY@tibARGE %@@}O‘W 259148 % 1em and

to renove e matter such that at | east a
porTthe @olwfing bel O&)éta}(wsanﬁ-snp)pmemay be anEed:WIth suitable moking

t he conespo I In oth
equpsay@ror ﬁgg %3"351?0 i<§4~°ﬂf¥&°&f”{l ifﬁ?ﬁ s S-10
metﬂff@%é&gx@%sﬁfgmﬁib%aﬁ%@%g%ztazlanﬁéf(g%%%g;ﬂ%%rﬂow5 ot

sultﬂ:)le m@nn@ecpvepnmdt oklude remblarsa statawg?éy shedlnot trgughse h@llﬁbmlxers

f th i
(Cor SRR P ok ot SimbUEehE). Aobadt oEREB R il ol Bty
kno®anik¥tS biSpeRlceABS I6tbway d&iehat wall b@&bwwgﬁe glicaCblyimns 5-10

refened to as "uncal ci ned® catal ysts en catalysts
metalfsy/sppRoplaniEduien IniepRaipgmberinents élmnﬁtanalé ﬁrwmdamﬁl the

Col&rﬁhsf § % %tan@g)qg (da’re)t gﬁﬁstantlally homogeneously dispersed in the support.

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

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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active netals may be substantially dispersed in the

support. Preparations of such catal ysts are descri bed
wOonoddngs3okPat ent Nos. 6,21 8,333 to Gabriel ov epcalus2@md42137

6,290,841 to Gabrielov et al. In certain enbodi nents,

a Itﬁ}ggltng ten}boﬁ'im SQ‘ YR& Qa{t%lp{&ar}{a)b e GOTRLARE ik r&@h&mﬁm‘t air

ogrm a eta -al um na support/Col ums
and/o'1_> 'oi;Sngili&toai &ir 80 axfertiperatiiiedn & haige batwmmn@Oé’kanir]tOD@G Cuomemove
metals m xture may be trea

volatﬂ@maeerawehéhaafat oot on gt GBLRES Fa DECE A Spayerted to the
ize distribution with a nedi an pore
Com%%\ﬁd[}%er 0 ﬁdél east 230 A Typically, such heat
t rIaaiﬂnem gmb;)dnnefrﬂs;dtoe\cbva:t, thearnrdyshmayds heht tagaterbiotthg pegence of

C. In sone enbodl or t o
s o GymR i g FoBr o W BP BRnlt HelP B 0 dhelapsgoo °C
or benﬁi} ?M‘%)”R)Y abDRri6@ BJthh%qn \é"rﬁrtgeffrcﬁﬁ RPPh& RS tERhvE Stmajority of
or d bulk netal catalyst. In sone enbodi nents, the

the velapbmon@d)ncms avitout eenyverting the é?otg@nrwrﬁl(iawm 9l the yretat gixide.

coa 3 TRy SRR B LSt Bt

WheR @£t51y§ﬂs Qr$pieparkl @this HAnAraH @&&blna‘tléi’i withGr ﬂiﬁdln@meﬂ}od the
40 m crons. The powder may be conbined with support to
active oretalamay rb@éubré@ntwélﬂ/ailsme@amyﬂle supppr R P AR GFSHERC catalysts

v BB, S EGHOL0% 1 I, SUpPaE 200 R Tt

etalhaving a pore size distribution with a nedi an pore

dianmeter in a.range from80:200 A or 90-180. A,
120 cegainem e g therel gy SVB?OW%F Sembifisgith Columns

5-10 ?fllle%tg% foth SQEE £FRAA BT CoRtindsERSH nRtBOMiER. Afhelihdta

to reside under t e surface of the enbedded
alurniiret sipporaCallyrens §10mexiampkare map b deat tieatediaé a supprptuye of at

to |.ess t n the sur
teast DAY Gt 1 el et A o S RBpPE Tl hp gian pore
diamSRIBf ARRdPIB A STyauMiy)Sudnafest @tk i©tordueted Ut feﬁ(;ﬁramflres of at
t he catal yst extends the life and/or catalytic

'mosta]cQLOD\i’Cty of the catalyst by allowing at |east a

tion t t Al
Calmi Tt s TR B B R b LBl Bafopor el pport
prep&fed hhgeseAbad J&tkin) Mipughcoatisddowithh sttﬂ)]ﬁ)mdrcﬁ‘at}et alfd/dm'laebulk
cat al yst during _caontact of the catal st Wi 1
et getaly¥s i P ESISOGR ey (B SURPRT R TR et R Gl B
t
metag({aﬁ r@ egé%l e }fele rk%g?&t%%deéa?%?ﬁ@ﬁd/%i‘ %dddmﬁfeﬁﬂ chibl st may be

uct ur um 6 netal in the | umm 6
crusloed id® acporsdalwith amatanage pwtlcde sigb ﬁpanhSQIrm;irqna,r?déﬁrmlcrons or 5-

qrder of CoI n 6 netal crystal. stract L
40 migrans, e 2Ry ‘%fomﬁlﬂed arbast Bratiaf ifedadd I{‘etf“
catal%ty 1R€ofle teﬁfb@ﬂﬁﬁé}ltéi Qh@ﬂo@@ﬁ@%y W@Ynlﬁhécf Wik tHeGpport and then
hods. The order of elenental etal in the cat al yst

extruceldaltsmg standardtecluyiguss toforal @ pasply stl hafingg pare sigp élsmuapn with a
med@glpl?ﬁ%&'{%%ﬁge ds%agr%%nt?o%g 88&06%‘9 od ?g(% ?I  PIAgo 8T the

In an X-ray on spectrum

of Cbhﬁ)u{;ﬁg e calal 9stivideh the sty rodlleys, bf sotntbeerﬂﬁﬂdImmtﬁ, at least a
met al in an x-ray_ diffraction spectrum ? t he
porti®atod nlgpgpetatmdmslde under the surface of the embedded metal catalyst (for
example, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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br oadeni ng and/ or absence of patterns associated with
Colum 6 netal in an x-ray diffraction spectrum it is
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catabyist e A poke simedigeibitden pithe neidzare peie diameteninadiapgnfremi ¢P-200

. | s t di an I i er f &£h (o] ' .
A; SO 0B T B 90030 B tlod DS B g ingjuce a
least @2 gkand3PAhetd bRAiBA périt@im 6084tally sehdvetaapore vz dlstiiution with a
oores in the pore size di stri}guti on have a
r

mechArpiae Biomier i ATBEe Kom 19200 Ay 20030 & o A4 AliAarin some
et el B i e SO ST R TR e i iRh AL el A203, o

ore
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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medi an pore dianmeter in a range from 180-500 A,

200-400 A, or 230-300 A, wth at |east 60% of a total
wauanis@e6b pores in the pore size distributi onPoawisg4/a42137

pore di aneter within 50 A, 70 A, or 90 A of the nedian

e S

least60 A epgtleddt 90 ArBhgome ambeditnehts, mataartdlyae hesa pqma ISeze dlstrlbutlon

BRETLSN SC X RO T R OO
least %b‘? td%t?%a?n hg%%!iro(g pﬁﬁ'ésrin e &% @i@ﬁﬁu@ﬂoﬁ 'Tiﬁ{/i%g al ;ﬁ)r@dwmeter

I'n sone e odlnents have a
wﬂhﬁM‘Sf&cE Ar@®50A ofithd methan [0 diafietgr. & certgin embedisrents the

catalbﬁwhgs a Bowers v prtab e wih ﬁﬁi?d{?g%%ﬁe Gapehifp AR TRt 480 A
with qgfegst 6@)@@0%713tﬂhﬁﬂ1ber%o?e§@n Be/fdre be ETBHRA NV B d pore

certain enbodi nents he catal yst having a pore size
diamettes tithbud 3 An3 ik, br 25 Aedfitkempdipe paieshganeteri n a range

R0 AR G B A aons
at 1451 96 AOkt 18dst DO@BL oPAQed®t 2WA, %t&kbr&h&tme ofi# eAalmyntee of pores

in ara e from 60- 300 n2/ g, 90-280 100- 270
in the gorecsnze gribwpnhave 2 pore fh@lﬂ@taﬁ Wltmggnr%%és or P44 of the median

st e I
o S SRR e A B
medf&ﬁ@oﬁb dlht@btepin&i angs fsh 80r500ak, inOF#O@ Aaastgléi 0f-30§)m§x5\®1-t5 @0least
Ncm 60-400 NNcm .1 O 350 I\V 200- for hi
60%20f @-tolghnyglerof pAres ﬁfléu‘ﬂft an%% 3{99%& 1apefeppithin
50 Al Hﬁf& %I' 9&)%& &f tBE %Hfaﬁ%% écﬁarﬁé’ttef ided to form netal
es (pr

i or usi ng techni ques known i,n the

ar in §dnor erab«aimlemts, PAGT VﬂAﬁi(a ofipores vegds, at @Rt 0. 3 cm’/g, at least 0.7
nt er

ati g C. mbodi nent s
om? gk 31 et ke Hrockipin SRR aUEY ot VO ol b o ary renge from
0.3-0.5¢ c£B20 Y8 BMY/ghse B8k i n situ by contact of the
catalyst with a crade feed _that includes
sulTheratelysit kaivitiergpare spo distibutipn withiamedien ppre lipmelqr fedrange

fronbéd hg(g gjld%ypi %l (%m?c’ grggg‘ddgr\éﬂtg Q&gg ‘Eﬁlfgldedcﬁ“eé Br LiN€asPl @@Eﬁfge at

ase urizing agents suc

leastaISZOQﬁﬁ?rHﬂ&lzhbtf o rﬁ%:/gm u,aa@lszzouom at lkiﬁht aG0 ahiy. Smih‘ dufase area may
ol ysu

fid h d
be insarange fiomt | k3 éﬁllac/ésk?é’gzn@rfg :r%%@é%f/g L}S@ D0ty
Nog, c&aﬁ??mﬁ?&n{eﬁtssﬁ@w st@fav i a RO 72 BRI AR \ifi@h a medlan

Seamans e n certal enbo nts, a first ty 9
poreﬁdiﬁrﬁétysin A thhge HomcBOA0PSk tpy ihama aistefcearemfat B%as_ 0 m’/g, at

T2 ek ol W20, S ASERES Yy g 8 g

may B¥1 %r&{gmolé@o%@ n(’%/g,b'b@st) int2ad, 1080ah ¥V, MR 20256 ni/g.

surface area of | east 100 ﬁgé . The pore_ vol une of
t hén f£értagn emhodmygts ﬂmyatbb'stgqmst%mgsbamdg,fogmg,/fgr ex@geple, pellets,

cyhlpck:r ot (%a t%g)é¥u§lﬁ%em¥"h eﬁ%gﬁ éﬁﬂm h%l grﬁ ?%/ag@ glgl?l{fgtr&{gt% a

rang®Fedm @0389 Q/&h 266400 NEANTe0-350 m/m, 2(1@-5 0@ Nz, chr zf?omo N/cm.
catal yst. The first catal yst has, in some enbodi rﬂs
a tiosemne ewhedimentss theshialynt @dfasthe (aialySIIBFCUETORAS BF ded’to form

4 hgcTicAT™
O o O PP 00 5k 1 e
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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portion of the NN/V/Fe froma crade feed, renoving a
portion of the conponents that contribute to TAN of a

wonoud®ctmed, renoving at |east a portion of thecCsS2004/042137
asphal tenes froma crude feed, renoving at |east a

. ortio f th [ ' j :
cithef sty Tyl SulE 8y foe BT S Bl 2 ORI e S iting
agenﬂi Ir:s)lﬁﬂﬁisi dr@gnostildir coxey ; vohds (iscliding alkyileirlibﬁ_dbs, p_mltﬁdﬁi, ¢niols, and

Pl gravity, residue content,. or.c tjons e
SulfoRg B HA S BT G OPG G- oSiTR e deGaS B T NoF ot b-472 to
[1S ' irst catalyst. Being able
Sean{agggteiil'é%%?S’tg?g’bgﬁgdr%éea%aﬁggte%ti es of a crude feed while
onnycetthiaregitngiméertig ra fosiapey of cetalysh (‘astaatalyst’) igghedes Columns
amoynts may .al l ow the crade feed to be re. .. . .
5-10 GRA10) BHEHYPI AR T & PP LTS SRS Giputigh v median
| et S gtheifistRbalyE B8 haldla 6@ficaiafea of at
poreg%?rﬁg%ts, tf?w&)éggg(():%ﬁ%ﬁtypg o?t cat}g)I ystry ?" saecogld aone

leastd @6 ai’yes t The pome voldws ofdhafimiscaglysy meagtbgiat kepstihS cm’/g. The first
conbination with.a support n ar ' .
catal RGP GATH R MG, ol B2tk G gl gl phymina, and
typichll9 A 305t4.9999 LB dof fmtheasiikperofrainhe firaitcatalysunies first
of  pores in the pore size distribution of the second
catalystthas, is sorhe pebadiments, d toighspatent afiGnlpma § metal(s); pg gram of
di an_pore di C j .
R e
porti6R BEiHelNIyN/Fedonph olide €eed, renmetngpr muttion of thatcomaenents that

contg R G TAN ATV RERBOGRAE G BPHBOTGRe ChestBnies from a
crudé ?F%ﬁ P@H{olvﬁl#t% H%E%é;%&ﬂ@ﬁ bt @8 nfifs Ath¥aCHREGEOrdBYicRAcids in the

anou rogen source, 1 n some enbodi nents,

crudenfsedper qordsetionsltherevd. Other apertigs (foh exasedersdlfoaeatgndt VGO
may duce at .| east a portion of the ¢ onepts. 1.h
cont R P YD e e omNt OF CoHE e e es PG e gty

smalP SldniBNwREN thR R TBQINE BbSadtbibivith @i fidsbeHialy$tO Being able to
relatively high viscosities, and reduce at |east a

seleqtivelyi changsf propertipg 94 erudetsad while enlyrohanging gdeppiegeibies in
Addi ti onal | can f i .

a8 SROLAEY 4 ORI g SRt ome

emb&dBchtsChR @b firficatllstsuhaycisnisedin aigl @atleve to the

sul fur content of the crade feed. For exanple, the
cr Uyeerisibenbedimgyts kg secqn W@?C%%’ﬁ(ﬁfe(n%“%@%%)@/itgd@ﬂ}ﬁes

Coldul& 3&‘(? Lllé{alc“s?{ht c%%biz%[tigh%thcaf sLﬁ?Foxft,ea%g had B ?o&fs@&eaistribuﬁon with
product may also exhibit relatively small changes in
a medlit o diametenin @ringe iGH Atteh8) Aankk least bofverf dlamiotah mumber

of pér,%lﬁg]teghg S@%Os.i]zt&?;ﬁﬂgg@tgo} &Zﬁ%eﬁl’/@ ?p?aﬂ%%%g:g%? Igﬁgr? %&q‘f’metérhv%ithin 45

A oho]é Webiin bRY 4ieheRP! €ontddt ofBRicrfd fBEPRMh thdXétbodl catalyst under
relativel'y high TAN, asphaltenes content, or content

suitable comtamting condrtioms maypproduasfa csvdgampaucs hag bas sglected properties

rel ativ hi TA for ex le, . T |
(oSl BT Bl AR By TOOrplra e Gedle e
whileloBi¥s PRIpefics art GIfcRingt &by Bkingll ahodhts 2dMpdib ggesbuakaitesome

with a relatively high C5 asphal tenes content may
embestimenis magds psesghi Juring caRfA¢tg- pr ocessing rel ative to

ot Rel (Ll Hd%5 a1 | i fihts that contribut

o 5% VSTl ! 150 P ST PR By convie
to tHedlt AN B$ i, cridkyfeed RDleastagiotich of the components that contribute to
relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a
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conmponents and/or C5 asphal tenes contributing to TAN
fromthe crade feed. In some enbodi nents, reduction of

wGR0@Epésmbt enes and/ or conponents contri buti NngPCD/USAMN4/042137

may reduce the viscosity of the crude feed/total

product m xture relative to the viscosity of the crude
crude PIFOQB%F wifhha pelativg] W%ﬁfd@p&%m the sylfg cemeﬁbrﬁét% Hhibg atﬂﬁ@rns

LR 1384,
comtent O e e S e ARGt AL havdle Bl b
70%-13804 aithersulfurebntest oflthalcrode fﬁedpﬂ“énk enidy ptchiuctma}d elsb eﬂdbn
I nati.ons .f.hereof, at crade feed

relativel} srird T gt ABHLAR SOt S EiMtN: THPSSIGCTHiTE B lgido
the crudffegpt al yst ("third catal yst") may be obt ai nabl e by

conmbi ning a support with Columm 6 netal (s) to produce

hl wateaﬁnymdupﬂésuh@wde fried masythaivy g trelptivestyifovoeonteny ob N/ V/Fe

f
(for exagii. & o S eBlstn il & S0 DL sl A SRl <ot ot or
content @Xﬁi&’ﬁbﬂﬁm rﬂ@thloéé'lté‘rgﬁor@mf: aEida AatRbivale Mghsmmt(fd@@kmﬂeof

time to formthe uncalcined third catal yst. Typically,
TAN ofta keagtd. 2) may repderdhe gwde fepdnmaecspiably Tar trinspexatinend/or or

reﬁmngfzm At'y ?ﬁ%cgvran!a gc?n g%l%lgw %{I@ﬁﬂ’vgﬁ rllltl Cst @Pél@n@%@%@{n@h‘)’%@xhlblt

less stalﬁliljﬂcﬁ:lﬂﬁg ipPoc@ssiagn@atifve wmﬁheﬂ&ﬁdéh \E)Rh glively 10wl0msPhdidnes
or. 0.0 arrs hethlrd cat al yst, may

, - 0. Ol
content eQHPfBFtt oféh@ﬁung fegd v ? ¥eepd spalyseaBry rfwvm@ﬁ%s ed
componteﬁtstaﬁ&%} C% Qﬁnhﬁ{]éiﬂ'g cf)ﬁfigutﬁ?g e R HE %Eﬁe%e TmGHE
mbodi men e catalyst precursor is at
embodlmenip,eﬁémamoessflﬁ?e lasphiaB&Ees @ni/or t:d)mpcprreeswnnmbuﬁng)meTAN may

e sulfur. co n The,.third cat
reduce (¢ gl of SRR g oS st s e o BEXisr PRty the
crude feke@. Irh@ert-ﬁﬁi\brﬁﬁodiﬁ@n@ r A1 hRRE comBRHGEEhsf sRAd at@lysts. may
portion of the netals in netal salts of or gani ¢ "aci ds

enhancer sehulity of thg ot prodeelfrreds proflugtmeixere d@r(pﬁsg aialyst lifachllow
minimal lgfglﬁ?gro%g’? B t'af‘ectgf‘ hte %Fx%f ffgc%i? 8% é&?@ go%g eﬁec*f whcfrhuseg to

treatcmdatfaddycstdesmgbe@h@néhpe a cradeproduct W|th a rel atlvel y
maII angelnt e sulfur content relative to

Ofr{‘fre fragts, @ft %’peroé quabvsddthad iRk myéae.qbalgable
o
by o B RS T ER RS Dl ELb
catalyst Mﬁmﬂ@foeﬁmaeém the prascmtee]ftonobr mhee sutfuda)xftamnig The

compoufit S Fphry BIEMIUE ' Eoiteindfabelob 467 RBRHGlealigy

short pedibg bF tilndk& f&aNthe nhaaw{f;{a SRatantyst. al"ﬂ)lé&ls_}" GeRaaRRt ﬁ@&ursor

relative to the crude feed. The abiTity to reduce t
is heated Nt leasel Qe Gafos 2i h@urﬁetlaIcelg@mteslbcﬂlrrmngsmedhlscécat@lysttm@ per

g of MR GERE AN SR (PR S IR s

0.005- OAElgr@ﬂ@\bk 008Gt grhindt Ehe ﬂﬁidamta,lys\/@y @QRibR Rignifesadt act1v1ty
resi due contents relative to the crude feed, pé)gti

and stahilify whegaiseioderat the coidsdesrsasdlengibgd hisreinet I sgmee

I
o B i A B O T SRR e
more sulfhecanpdadf.eed, whil e mai ntai ni ng crade feed/total

roduct stabilit In certain,
e tgnrﬁ cataIyst may re¥iuce at least a portion of the components that contribute to

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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enbodi nents, the third catal yst may have a Colum 6
nmetal (s) content in a range from 0.0001-0.1 grans,

w0 2065668005 grans, or 0.001-0.01 grans and a Cetuwms2d042137

netal (s) content in a range from 0.0001-0. 05 grans,
0.005-0. 03 grams, or 0.001-0.01 grams per gram of
product witlah adlysvely Anﬂbblwmgs irbtha gdlfimetoatepsielatvedd fletsutfaycontent of

the erude feghpRhBADSCIERAD BUHMAY Bl R RS eRERERn OF He PR oEF at
example, J&g@@ Fﬁ;dﬂﬁtqﬁ S)J R ol REec Qo8 905309 o Pthe 39@urdoftekt of

essures 1n arange from0.1-10 MPa, 1-8 MPa, or
the crude f2ed M?acrutlm pwuttaprndlmﬁb’d odingele third &a’[ﬁbl&‘? why elppexkbit

(" f at.al i nc
rlatively i3 LRt it ABRBIGE FOT A CR St Mot Aogr e o Bdir ¢
content relkfi€e ﬁﬂ% tcfhd‘é%a@' Ve dbdfty & Rale: the ZﬁNiltﬁé mletaw 1ln®1libtw shlts
a ned |anﬂ{)70re di aneter of at | east 180 A. SO

of organicenlte dheifiVée contentrmal A yisnasityphithe caidegr OC%W%W?IB‘EI plsp only
cat aI I
oo G2\ 3 50320
contents rélagvéidah@truiefstl, Bail alisvati, crade predistt t®bSugldys, vasiety of
| east 0.8 grans, or at least 0.9 grans of theta
treatment ficilifi®ia per gram of support. The fourth catal yst may

Th&%ltﬁgﬁgyﬁg%ngﬁ%g%e?m‘a%&ﬁQ bay @Hud@%ﬁ fealt é'pcg*ﬁ@i%f @k MCR

per gram of catal yst, and at | east
content ofGhBfdle Gredmehid mBitaining Srurketfeddis)al purdugt %ahﬂ@ﬁy In certaln

. catalyst. In certajn e di me the
embodimris, A GHE P ED B G el PR A BedERE
0.0001-0. Pgrmb @95%5\/%5&5 ady oasbd L. OPP@knscaaa@I (Ycﬂﬁmﬁllb%%ﬂzﬂ@i)t to
contact with e fourth cata The additi onal

content mcaataagcyﬁomrﬁa(gﬂ%e() Ohgraps, %9%0&6 gravas,fos V1 09hiOHY: grape per

sramor 5 SESRLRG 1 ASPRPISEA EHI R LAt

a portion §1e€1/16 Bbﬂﬁp@rﬁinad tM@’dconﬁrﬂﬂit@tthGR if alieadrydd &e(ﬂ mstempbmdlres ina
herein, or conbinations thereof.In s eﬂ‘g8g@gmﬁtegs

range ffOlﬁ@é?pé&anrPé)%%"é%eﬁ@ﬁgﬁ’éﬁs‘ﬁﬁ? mr?grae&% g

MPa, 01F?‘c Nﬂ%feed with the fourth catalyst at a tenperature

a range from 300-400 C, 320-380 C, or 330-370 C
In'Ehﬂam reabe dipnamiiy,) @ tfoyathotype eficaftalpsh(Sfootth catalyaid) inalpdany

have a .TAN of at % . at. npst 80
Cotunn sgpeigh i eombohio “ihe otk b nareptiud  Suud BRI G
pore size Qﬁﬂﬁfuﬂbh W‘th%e(ﬁ héte AidndAgeffat RAX L8O N o2, 10- 40

n8/ 3, or 15-2 n8/ m3. The crade product may have
embodlmems dhe wiedign peredbwn@tm ofghe fqurihgtal GOMAY dE ablsast 2@@3’5 aét

f
I TR A i e et
at least 0.6 ERAKH, ﬁf—‘l’éﬁﬁ 0.8grhinkf dt at Yast 009 gﬁaﬁisajfylsdta glufviidet frer gram of

cat al yst i ncl udes Col umm 6 tal ( in co | nat
support. \whe Fousthicaiatyst By i eslﬁ’pﬁﬁ@ﬁeln ?Ii‘t? Bhmosk s a

Column 5%?1%{%1@ |15 ol (i 5 g&f éa*i?éd_l'/ + OfhdWt %é% 2 HRA AfmPof éoﬂ‘hﬁﬁ%lgfal@j‘

east A at” least 230 A
per gram bé&&zﬁlyﬁS@n éertm eﬂnbahmeBGDthACOdmmaﬁ noaltis Bo@diam. The
support |nclude a

IngipRiFeembgRin A3t G5 e pRaPR PR AR R s
subsequeSt't8 %&Ec%ﬂp%tfouﬁmcéﬁﬁﬁ The additional catalyst may 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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enbodi nents, the support has an al pha al um na cont ent

of below 0.1 grans of al pha alum na per gram of
woav@logetne The catal yst includes, in some enbod#CTRISLE®EH/042137

at nost 0.1 grans of Columm 6 netal (s) per gram of

tal .
c athg F%@% e%@?d%ﬁeglrtrs? g?&rgg%rgxﬁgé%ag bEH®at0d dﬁi@ﬁn%&'ﬁ?l_te@tm of the crude

me I'n some enbodi nent s,
feedt with Gl fonmh Gatakbizdt @gymperatunminydorage fromrid0et00t°(Cnd2d-880 °C, or

O L U T Iy L
mos\?\ﬁ@‘%‘, FO0RoNIEBL T8 mbz DU afBiostor090) o NRY. T AN oft e 31dNITAA.
en'the crade feed is contacted vvl}tlg the fifth

Hydregeal geaeration eay deyie a zangedrann 1 50Nmyar's HoA9 Dmgmber £5-25

fre 20- 370 r from 330- , t .h wpt ak
Nimif® B epdarsdbisiimay AR AU P ok YR R o E PG
8094, aNAR st 709 at ndddt N, & mest 162NoMat3eas01 ¥Bof{dtaNNBMIBe cobliént of

¢rude product produced fromcontact of the crude feed

the giudprfacle fifth catal yst may have a TAN of at nost 90%

at .nost .80%, at st 9% 4 0 b

T eRd i befimRR s R ke ST AR eI Gltormn
methley) 368 cdhbiialodWitl althetd aldrifa Sipporir The GiZthQabiByst has a pore size

certain enbodinents, a sixth type of catal

distghutzqnywith 3 median pese dieietinet 8t leett 4B9 &y ahhqastézé é'(,r%tslige)l(stt I330 A, at
leasg%%(gjéé ?Qle%ﬁrfl 360 X? %)ﬂéttlhgg‘ElSW) &h T}{éesubegﬁt tha it least 0.1 grams,

e Si X catal yst has a pore Size
at leakbtol. § ighantid, onatwhdst 02D 99egaranoftbeta atlinzine per grofm cdisuppeats tin some

180 A | nbodi ts, .th ' di
emisgicics G SWDAHIRT PTPTD AT TG of BBY Gb§RE oL aipha
aluﬂ%%gtﬂers %%%Aceﬁ cafllydt €TRL cARYstAnclBdes) BARINIHbAImEHts, at most 0.1

The support may include at least 0.1
gramgs af€oluatn ¢ mwtl(sPpS gyamaes catakyst and it legstd). ¢ grams gff Column 6

| east 0.9 a or at s .99
metaftfer g PBstof S BRbodtnps R TRRn biS aLrsae,
molyBdSRIESMadiAgRis, a total of Colum 5 netal (s) and
Colum 6 netal (s) of at nost 0.1 grans per gram %f i
catlalopgein eathedapenis A6t hsoi.rw@ilp@ksﬁy thg crode {fiss gy be relatively
a ] aly( eI 3QE:¢ 3,cat aliuSdo Nm3/m3
o T B e G 0 R B 05 AP B o m)
whemethakrude féedtiakoradtadwith tefifih cataly stz aitemperatarege aframgs from

310040, Siginh0sp 4 2o AREaRG Cr SCERT e el B g orude
fee i sdTRE YRHERHERNG A be fAIA aﬁlggg Brom MO0 NiEnme rugeNGERRP, bS3-10

contacted wth the sixth catalyst at a tenperature in
Nm#nr'adpe cfudeprahe: poducd fom wpaad-@ 7t @udefeed mitmthe fifth catalyst

B B R RIS o ISR e T
of tRéMude fed. ﬂWWtHeQnﬁie'}!ﬁMucf\Bﬂzlbb‘i&a Retige Hod ©9€:0.1, 0.03-0.05,

upt ake i s one indication that hydrogen is being
or @Pated in situ. The crade product produced from

cont a f . 3 i P }
e e e e e
5 metal@paid AOUnnd matal(b)Easbmbiaatibn tiith tAdiiecaf althia cuppdet. The
. feed, TAN of the crade product y be i(P a
sixth catalyst has a pore size distribution with a median pore diameter of at least 180 A. In
some embodiments, the median pore diameter of pore size distribution may be at least 220
A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may
include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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range from0.01-0.1, 0.02-0.05, or 0.03-0.04. Low net

hydr ogen uptake during contacting of the crade feed
woi2ods/0666 f ourt h, fifth, or sixth catal yst redeceastive042137

overal | reqU|renent of hydrogen during processing

ile pro ctad t, th f
emiog et B P LR AU PSSR AR 1
per gid/o® Eatmry@tn&rnpa&tléa@go byelr 8a8R of €obiasi Bynetermsm hd zongnme

usage of ¥ rogen in a process decreases overall

metal(shpe LAm g @aj@,lyg In poraeembedimeRisodie mliidatio okteiad foumn 6

metai %;(ﬁ?) a(rﬁcoo‘?nt’% 2al %@%ﬁg %?arfg%ltfﬁdr% %trlain% Iialf%lz g%ﬁ 8t 3}, certain

emb&digHatk; IQe %hﬁﬁlﬁﬂﬁne@ﬂ iGadnddinbartetha Cokjmip@ metpl @Graef
catalyst. The Colum 6 netal is nol ybdenum and/ or
molyhggpih end/ontyaes@yent h catal yst is beneficial in

! t
90&?%é t{‘]%m'ﬁqfcfﬁg&‘ fs &%gl@té?b&’ ?‘g es%‘?l? ﬁalgrﬁué ﬁ{t)eo errrgglt%sm afange
front 31®-400r €1, froaed2R8]0 tyior (ﬂr,onf 230360 °Q,irfet hydregentuptakgry the crude

et S 5ol SR PRRR DTIER, 2R KRR Syr-

Nm*3%h? g)hﬂ Ko RP! 'I\?‘G%Eﬂl&nne@ B‘}‘dl%@éﬁ {ithikd 8@ne BRYGAtbA Ehat hydrogen is
condi t1 ons may | ow a” crade product to be produced

being Iganerktad inl¥iM. a’frlnd/curdemcbmt prodpeasipeom icenfactiod thyearude feed with

relative to loeoth I
the iy Sl Pehe 4 TAS S SER e 2 g PSR B BEt 4R, dtbmos
1094, 854t 18dsh oG AT AN Wied cri@y febdV EA@\DM&B@ edidppapect mesbe in a
relative to the crude feed and, thus, be nore

rangacfm@pt) Qb-loel ér- Q@%rﬁ%@&gt%@‘? -on and/ or refining.
% ggoggn upifkeQfu %g%gnt‘i@c cﬂuﬁ'e foed ‘%ﬁﬁh@ fhurth, fifth,
Génce TSI The “sequerrc property
or s1b<ﬂilfamly§ﬁ&rdﬁ16elsftbé o‘tfdilﬂl ﬂerqaﬂ‘anélﬁfeﬂf hr}]lﬂ:mgele&mr@ Ilarpce'ﬁﬁhg whide
avity, at |least a portion_of the alte
prodlEmér SHidsaTe BRIt BRI FenTROASROR gl Since

prodtugﬁ‘lg'aﬁgl%k tl'%l%B?lg Hrolg@ff‘%tco%lyo PhintBRirRfthd ﬂ@lgé’ 8NBRfiry#Bn in a

he cra an be reduced before at l[east” a
procpsy decrmasesfovbmal]l erarassmmgscasts. t he crude feed are reduced.

A SRARIE T SRLSE, P TRAR Sl FAL AR S b R
conteRH T oliAE 6 S ird ¥ radbe Foth G.06G0.10D6 %ﬁﬂrﬁﬁf@olﬁlﬁﬂ dundtal(s) per
m xture. |nprovenent of a catalyst Iife and/o

grang phertalysty Toe Cohanre meeal imalybderm m%@mel@gsmnx tliheéevem‘h
catagrﬁé EJ?%GQI acf & ro? R?X gﬂde %%cﬁlcgﬁ?{ l?agas %?‘T%tfqltﬁﬁgstb@‘g(} of the

TAI\abfﬂle@ﬁIde]feadear wi t hout repl acenent of the catalyst in
the contacting zone. Conbi nati ons_of sgéect

c atQthgrsnbogimeniy ofghe Fiestseeqndnthind, furthelith, sl gandisgypngy
cata a{lﬁlxh\%/ %{éﬁ% méde An%%s@hme Bt}féli\gfaé d&é&ﬁb@héi‘&ﬁhm t enes,

ortion of e neta in netal salts of
or Gelectingithic «istalymt(s)loé dsis applivation aml @fntmﬂmgmmptmg pomglitions

t i byte to TA Ll
masradpignceprodnity Raproghe hergs A Pl RboBr srisy
chal%%_ﬁ%ﬁm% 9%he GLAPREL WhSle %fhelf Bﬁ)p@fﬂég of fireeehdrfeedcitaneed,

Ile maintaining the stability of the crade

s1grmcauﬂy ohaigepr Baturssulting cwde pmsﬂncmgasphay@@gbmwgd properties relative
to the crun(Pe Red gr?d Hltugl bry m eaacger Lfleﬁ)?e fo? %r%ngn\é?tla{‘i'c?n 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

Jeast a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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of above 1.5). Alternatively, C5 asphaltenes, TAN

and/ or APl gravity may be increnentally reduced by
woamisae6300f t he crade feed with sel ected cat al peTaIS200h842137

ability to |ncrenentally and/or selectlvely change

niclge;l,oe{%ﬁ/reotrlgfge af I%ehfﬁ? ft%? pr I &1[1}8 t1 hae ur % %'cf“ cagﬁt baebrle!iﬁctex before at

leasiaipoitiinfthetbibdtoi@s M@l@@&,ﬁieﬁﬁedé@raﬁﬁed enbodi nents, the
first catal yst (descr.i bed above) nmay he positi oned
upshr gt and/ay sefactign of thegaipdysts mga A S8R PIpEHetsgimprove
liveb Iaftl'{]'cra{satl G4 ¥She 5@‘9[111@3L +Pt‘ﬁ'e C. \ad/Bial Pllogg(itrfﬂ xﬁfr | ar
Tt am nant s, neta con m nants, or ne aI s
Impmvamina bfs ahmlysblﬁfe(ang/@n Btabiity dﬁthe wi'udle efeadxétotaﬂ pradiucignixhee
stability of the crude feed/total ct m xture.

dun[ngrpéqceé% %IHWta WES acpﬁg SHtem & ?. o at lea§ months hat least 6
moﬁtﬁm‘f at 186t Bfeat @\@t’ﬁbutar n%l‘a&éméiﬁ of fheN,'a{aWsFﬁr thE %&R&&ing%ne.

aci di ¢ conponents, onponent s t

co r@mmbuuabomscofaselﬁefcd eatslsfstsnnashdldw feducttoncn he]reast a portion of the

N e il et orale L B ereR R (R et on LR Fatal i fera

salt9ef &ﬂgeﬂc%d@‘satmh@bmeﬁ%fm dofipotiedslthat €8 ibRE ) TAN, at least
product m xture relative to the crude feed inhibits

a pqstion gf thg refidus, héeor@lamam%ttherp@fs froinothe erude Weeskhegermothgnd
proég}Hgs of tﬂg L ﬁ%l% Fee éitietlg alltla%gg 1%151%%11%19% th%%ﬁ%)n ft&' ?%e crude

feecﬂaﬁﬁlpy@duct R&mneadurmfg pabcelsﬁﬁg (foaemmﬁle Qflainfaidifea dudy/fded P-
omthe crade me _enbodi nents, increase
Vah%; crf apave .- S&néltsmaﬁwlé %sa%sahﬁlgee@s JesY endiarePhgrexity gy be
mcrEfﬁf %llg c¥§E ?ﬁlﬁct%‘%@l&é oGkl Xﬁ%ﬂ%ﬁec@ﬁ %11%[ s{sh Q"he ablhty to
t ¥ be positioned downst Fear
incremestally and/loy s¢lecti='va}yt dhengcpmoperties of the lmide rfwzﬂsnay allow the stability
feed/ t od ct mixture with the second catal yst(s)
ot g Foeh ! BiarrBhiey b e TG B drer o
I eduGBniechenoathens, (e itk tafhls: (HeRHe8 MdvEhas 88 @ﬂﬁ@ned

reduce oxygen content, and/or reduce the content of
upstreara g a serigsedt, @atabfatSt Sugh p@w‘gamng 0§the digst cawlsesbm@y allow removal

ofh Cg;l:{)rgg ye&lfga{é Y\felagn 5n%§1%1h1%ntts (ti {?t%,sa)vr\fd for mel?gla I @gﬁgsalts of

org@fiageds, %ﬁletrﬁﬁlﬁtalrﬁﬁ@diécstabﬁlﬁtytoﬁi ﬂ& drﬁcm febdifotdl pf&ﬂitiﬁﬁl@(ture
TAN, a_reduced sul fur content, a reduced oxy

en
c onTlt%’@rst gatalyst pllews.d soms embodimants, £or rﬁmﬁw&% atlgpst @ peftion of
Nl/?g%z‘c e bedactndle cBﬁgb‘l?e%?sﬁgeclﬁ(gsﬁl gﬁgﬁﬁ%ogl?g% ?‘fhtt co; ribute to a

VI scosi t r co ative
decteasd inehe hﬁoﬁmhateeaxaiwrsenttheswswm toln eombmdtaaorfseh«:team trbm the

in ni n abili of the cr eed/ t ot
crudiisthc ot R e Mg ateatfig S Shebd tarm e sne.
feed/®Yal kf)?ocﬁfé§ hfi%t0REE]ati0e &EMhE %ﬁlde%é(hi%lb% blhg 51?1% 0T @aRPEhtalysts
catal'yst being upstreamof the third catay or vice

positiensddoWhsireahi, hid ﬁlusnndeasev e lhyeth oftimettloe @qmwmg eybtem may

be e AL AR ROE ot bl AR L H AR L PRREE of the

Ni/V 8% ftdrh Yncd@ 08¢ fell @thyOin %Mf@’é?ﬂﬁfdhrﬁéﬁtb NEkcr620hagé bNéhe dHbbore
catal ysts that up take a rel ativel y 'ow amount of

catahysty pRyeiPngd raﬁﬁl'gthé dinttsatelysy, may be used to change
sel AEt e ARATsS SnPhr Me TP &AL REY Glay b8 3Lk Red Sownstream of

the first catalyst. Further contact of the crude feed/total product mixture with the second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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the sane properties of the crude feed. For exanple,

the fourth catal yst nay be used in conbination with
woheosfoc6®s cat al yst (s), second catal yst(s), thPCTUS2004/042137

catalyst(s), fifth catalyst(s), sixth catal yst (s),

l‘edlb(‘lﬁ &Bg{u& ?ozxélgrlg}r%gﬁ al c%é/égé ((;Gc'r} eﬁtgﬂfd? %r}g(%]xc%% eCt genﬁ 8f mteh als in metal

saltpbPehdic@sidef the crade feed by sel ect ed am)unts
and/ or whil e maintaining crude feed/total product

st dpispmembpdamentaconiadrighe pydp dsedayithc e seeped satalipt(pleand/or

|
e B g P 8 P AR DB R g et
TAN| atedatedailfun ¢ontegien reticak exyleh costente airctineed Cmttﬁmt)f metals in

VGO content, distill ate copntent, APl gravity,

metabyabi ARPTEBRIS Aok 2BV AR IEEEHEOHRISCR 1egugsid viscosity, or
f

confib R, B A & oo SRR e LR imit,
maintainiog thebestghilihodtthd grude feed4otabBvshadt mikmreldwingubdcassingeThe

vi scosity of the, cru e feed. duc I,on i n ne
scodi RIS RPIHRESH Gt iy PO e T ) JEIGE Cpsizeam
ofthé‘ﬁﬁrd%ﬁaly?’st RRividengrdaange distribution simlar to the

ng point distribution of the crade feed, and a
r edﬂnﬁe@blfmmo delivarihydrogen tchepetified spnippiingroadeiendele miniaize

N e e

hydrbden@urihB okth e, he® datallyvid tieg @ptalie A eslativednlowarBPet of hgdrogen
contacting zones may al l ow sel ective addition of

duripgropigeting anast brased inehoes RejedtethBopartigh of 2 giudgproduct relative to
t f

g

conﬂﬁﬁéttdncmiddth&ﬁ‘ﬁmrcamiyst(d)g\smd@amiyst(s) betdmmetysa@)iftfihonslyst(s),

ORI AN MR RET

whit@2y ¥BidcSlg otﬁ@ﬁpﬂ&ﬁ&‘h@ggﬂh%ﬁld*é Eedi8) de¥Rt@%niRintsh&nd/or while
contacting zones t I ncl ude the additional

maipgiihg studs Yfeedftotal Qeiduveﬂtqblbtfy tlhe om«jan roglennymbertad cataiysts may
t.0. t.he f| t d,

be RSN e 8 RrmyiE HE mGBpyblng 8 eatoua

pro@@aGtabilRNt Mifinidl e hydto @h dphkeallade rdsere coift@ﬁt Q’K}(Df'@érﬁent

in a stacked configuration (see, for_exanp

distpiye confentofRhetesiyy s cgmhmativastharsef atthe 6mdsé%qdﬁg bF ghaintained
Wlt?ﬁ%lglg/ogf t@%%ésggﬁé\}%ﬂ)? dégrﬁés St ge gfe n,Aid f(]jl@ 9 2996/ e

0gen may ivered to an
vis@dily bf the@kudeqibéuedt iswg nzesn 0% afitheX ANHnd/or clentismisity gf the crude
zone 114 in FIG 2B) in a direction that is counter to
feed| ow of the crude feed. In some enbodi ments, the

hyd
C¥ o g&h?gg% hrpﬁt @?rncla%t%? \ gﬁﬁé‘ B$ e Middrebdiral ldeMu@é a tRfde product

in a stacked ctonfiguration
tha(ls e, boflarg mngmblls‘exbuﬁbﬁsmﬁh) to thg dodipgrpoind distebujienerf dteauude

feed ot BEFRGC JOS P ] e ER N oe S B ChE RS E ) o

cm@@px@ﬁhét\h@éﬁﬂsd 6nlg cflhr[g%tbyq@%%l‘j)@ﬁiallcéﬁ{&lﬁ%tals REmpRRE td the
direction that "is counter to flow of the crade feed

atOl(rrIiCDH/CeQﬁ‘fﬂirpICEldeé@I‘tﬁ ng hydrogen through

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 ﬁpstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be
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conduit 106' to contacting zone 114 in FIG 3B), and

to a second additional contacting zone in a direction
wohats/oee306oncunent to the flow of the crade feedT(USe04/042137

exanple addi ng hydrogen through conduit 106" to

tatln zone 116,in FI B
enr AR B RO AP Ghg 4tk o el el P fVRRY, R Brogen
may 8 diélf?vcreﬂl th g cdﬁdtédﬁng endsatisttifclodd ﬁnle)aaﬂmbﬁal RgtalBEEY. ERHP
of the sixth catal or vice_versa. The conbi nation

delivsrytod éh@f W@gﬁmmgy seunfrete therflow af thesnade feed: Amysemes)
embHH}’mé ﬁeed%ﬁlér Bffﬂ%gdxrlér!ééﬂ/fnfg b%%Bﬁ fent RNE Abw B Erude
a Co 1a

al ts organi ¢ acl
&aﬂmth Iom1net upt ake of hydrogen by the crude f eed. Low
net_ hydrogen, upt ake may_al | ow ot her prop S,..of e
cr iR prBBlge in ¢ Yaged sApfewAinEae B9 nle %h@ hygrogen may

be gélg%{ég\@églg CBH%C&I?%TEI (ﬁi&%ﬁfaul zcﬁlfe Hf%ﬁ&l‘hgt Jﬁ%nﬁggne 102

ment s erent sevent ys S
in Fif8. 2Bednd hyd:mgtn may ibe mﬁllﬂ'dned weanatiditionat @dnjwtmg gek (for example,

upstream fr.am owns m enth cata yhv
contag‘iua)g 5(Pneclc)1l4t18 g ?raf%fs(@}m ef)%}hé crude te ed. In
som€ nMoifhents "’ch@hfld?’fﬁgéh flé\@ mdd- Qe G &R vailans ﬂo{&rrhﬁ the crude feed.
downst r eam sevent h catal yst may have a total content

Alteghatslyun mm a stanieqda¢®(ﬁg)natlpe (segr rexdmploariét. BBarhydeagenniny be

geneggﬁ:? 1ngfco i > eqﬁectogfa?m?gr zol%let(gog ex%tnpfe cor%%ac%m% %{nhe 102 in
FIG CBB?' X&Siydrcﬁgen%buﬂce asdy K& QBvereanda Gikst Gaditiohal @oﬂlﬁét&ﬁg(ﬁ))le ina
ram of catalyst. In sonme enbodi nents,

dlre%emt abis CORNtehEO ﬂfpwf eherprads fsed o efaé)m}etadéwa he/H@gen through
concﬁ_gméé L& ?&té&&%%ﬁe (iﬂ fﬂ P’ﬁ/ ;@ha[ o aS¥&d dltl-gngl contactlng

O use relative armunt of cataly
zoneait & dﬁecrminahatl i cordvardotwoshe favnos dwantide fead oy e)tamlﬂgl, addlng

o ey i | S\l S/ OB PG e

Pr OR&bie@ntRithds, GhafRirth@af1st Md X MR BatalPst are used in series,
rel'atively small change in heteroatom content, API

eithgrwith the fough |cdtaéyst:b¢mg npstrevmfdbm siatht caterbyst,cm isierigrsao ke

combyz ke A ceoit h B atanyCons st el R reauce

Ni/WRbsgtent, Aall/ob a&iude Iébht@ﬁt FHmdTBIS in DA sats ofesdanfEddsatvith low
nost 50% at nost 100/3 or at |least 1% of the TAN of

net ypfake piiepadroganchy the c Retdtydrogen aptpkamay aflpw other
prop%rﬁ%se?ff tfi& g it {%35 dd]i\?\ﬂ&?in dab gﬂ%ﬁ?ﬁ% gge}]{i/tg{etsto the same

he” tp s eam an even
prop(eft’ﬁés@thérpﬂlﬂef@aalnt act of the cr ude feed with a

catalyst tq forman injtial crade product wth chan
dﬁépmeee@hl)érra%%é"vpéi Feneta plalsts y herhad m 0 nation.

The %ggérﬂﬁ Eatg{ysf edi @bttréa% frﬁfnutg@ ABWRIHGH Wit @ﬁalyst may hahve a total

tronal” catalyst to uce the crade product
contehtiofj€dlupmopmetal@h pee gaam ofecatabyst,He airangei fadm Or008&-0. 06 grams.

r oduct The .ability to reduce. TAN i
The BSBITedth SRAEPHA SR S €Dl POt CRLTEY faalst) per
granfl %@%%&@éanp 5@@14@ cafllydt Uhs i§l6idan & B 18585 MR the thidl SQHE of
mbodi nents, catal yst” sel ecti on and/ or order of

Cc)mmnaﬂ Wstak(s) in thonpsitieami ssventh cafalysinor aflleasti0.03 sramet ¢fr{éplumn 6
metqﬁ?%\%e% igparr]r? 0 ca(%alysetx zflrlrg fe ehBOREA su{he posi %/or? bf ﬁlreau%gtream Seventh

catalyst and the downstream seventh catalyst may be reversed. The ability to use a
relatively small amount of catalytic active metal in the downstream seventh catalyst may

allow other properties of the crude product to be only changed by small amounts relative to
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rate) may assist in reducing hydrogen uptake by the
crude feed, maintaining crade feed/total product
waoiaaseesost abi | ity during processing, and changCmgseome/042137
or nore properties of the crude product relative to
t.he .r eEld t of t bilit
the 81%%1 ﬁ’g 2 cfe\f?}ééégdﬁ?g Feefi?for SHARpIe, & ?%ng }ﬁ‘s%n(iialloélmqge in heferoatom

comérftpaPE grab;ty,wamdwsomm,svecsﬁmwn@tdrmgmfoir@ﬁbﬁmﬂebgde

feeg/total groduct m xt.ure. Phase separatlon may be
cauSentasyof the pruds, £ed) veith theawpstugsm prd,d wnatlﬁen@?mél gatalysts may
ai at A
pK%1§!€?%ﬁE?ﬁ§%cu %#%%n 6?ﬁ§§6ﬁ&@9énes%??%§$$h% cra §F§@y at
mosteldyn t (Ir[azaleapirk% of therfi ANwfehe @uéciopdt &t amme @hbodiments, the TAN

onpo t m t he cr e f eed/ t ot al uct n1xture
Oftgf« Wﬁ‘fi‘? ﬁ% Htcraf‘é?% y 1gflu rhyaqOHta@ ﬂaﬁ}m%am Arad
d \ﬁﬁb‘%ﬁﬁté DEhtR € €
oA OB RELLl (1S SHPEPEI AL PSR et o

forng; amtlmtrel na&tyle ormshgewvitihshariged pupedivs rrdaﬁlvrrmdhe ¢1’née feBﬁ,aind then
fe t m xt

o1 5 5T 5418 o SERL RS e e rocuc

with ehattpiellighypedliestrblati ¢ @8 %ﬁﬁﬁ @hdel B dEdty dEhe e%ﬁﬁy a8 TAN
conponents of the total product in the crude

incregrsatallytany gwistinonaintainiog the ssahilityto thenarndeefeedintal product
de feed may contain conponents that
Inng&%qg% gg%gﬁ?%ﬁ he crude feed at the beginning of

pr ochesshegmbompiite 2kl y s selotidnhad o weder o€ eﬂaltr?/gtél ﬁg@)mbmatlon
C5 asphal tenes, P-va

.ﬁf or (ﬁg{a}]ﬂpl e, .TAN, MCR,

WIS G C@H@C&l%?%‘t}omt@% e&@ﬁﬂsn@ﬁm@raﬁw apdporoge feed flow
1 t

SRS i G 8 LS ARG

feed/tntall prpdand uuxtuma:;lal:hhtyrdltrmg mbmsaﬁg,&ﬂﬁd/chﬁn%@ﬁﬁl more propertles .

l.ubl th Sol ubi | i.t "
of (hESTHE Broie st do Medetiee B oprUBy e CRPIEE FE) Slify ofthe
crud\Re@ftotAPE8d RN A5iREwe Eﬁ? BRLFRRe®by VAR RNARES seff :JMtfHé%m the
floccul ation of asphaltenes, change inconcentration of

crudg ad/tgtakprodwd mistuzg. Phasel @marat@ndmatyrquaeeaqchn atruemnplfe

1ns<§ﬁﬁﬂ@q?ﬂ{h§ gudg ri}%gi Oalﬁl/og%g#fe >Pr0 qe%}r{ t:h% 2 dg%n%%l/%{al Prﬁguct mlxture

flocenlatios sf asphalenes GAucHE criderfe@MRR peoduc et dprecipitation of
the crude feed/total product mxture nay

treat nent of
COMPOnRRIS ”Zmﬁv crylefeediotal Produict it blieoawtmwattwna thsiqodd
Pr oReEd 85t mgé‘ﬁl]'l #RE B6Fac %entohethg c%ﬁéeﬂﬁa\‘? na egxde f%ed

cr ade feed t ot oduct m
andfdngotst proidhdttiy thefcrodecfepd/ota gsoduct ﬂﬂ}ﬁufeeﬁdy cleangé.oAs theade

congeel%%tgm Zh{eﬁéiiaplﬁé)tdgg 1% criul_gra %ép&/gqt ng ﬁc’c? dﬁg}én-g%/epclh(égéels%ue to
forrhAtfsiCafl 1A tRde ﬁf'od@@tp B@hBﬁi@ﬁ@f thE eOmbHEen& (?flqge flﬁ&d fee? and/ or

general |y occurs. P-val ue 1s 1ni east
compogents aéi theetal pmdmtule thfmru@&e@tq’ml pireduce hHXtuKtHbI}dS to change.

fact| di t.hat
ror AL, 458 SRHETLaRIn RSP el S S A Bea
the BE@fi€in eegfdcegsaig RLOsHEBErtiad st tHE eniie FUdl dhaMge @S example, TAN,
assessed P-val ue, may be controlled by controlllng

MCRo ks aathaﬁgne@oﬁﬂ’ekmowsconﬁyn@@memem@ die @mmlnylzts may bgnd to

becife b BRI Ble Al SRR S ke IR B BRBRe. fhgpruce
feed anall the eotalgrddwlt aydolnidbhb phdsesRel/at Boceme REBRSW 18 0ne another.

dro en uptake, crude feed flow, or conbinations
Soh{ ges 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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In some enbodi nents, contacting tenperatures are

controll ed such that C5 asphal tenes and/or ot her
wagpisacédnes are renoved whil e mai ntai ni ng t he PVDRS2004/042137

content of the crude feed. Reduction of the MCR

n_upt ake .and/ or . hi.ghe
conf S 40RO RO PG PSS AE, sppepinds
redpbatedife bébndeymordifeke tdialysis.aBidbitoyaly, thdefficiehEleof the process
EFd/ otal _product m xture and/or life of one or nore

f
may PerEencedt EpyLrapleserertnd terineohtie dgla feersiatal predsict mixture

' ' W it catal ysts
T R S S R e e
r ed Doieich g\gﬂhédeesingl] ehe_l\/ERlahmrttfe]:iFf crofle fobe/tanlaatedics afixtfd Hay be
es ative snma

h ] t. |
IR I SN T a—
mi%ﬁfét m?fﬁ@%s@és@&effybieal?ﬁ% }Q’{/%hﬁ?;}{%n EORLRSE | B I ACRESHIRY

e different. Qpefating at erent tenperatures
flocgiulaion df@sphedicrsstirane tiehandefded genaraldy deeds. if thed@-tilesis initially

whi | e. mai nt aini the stability.of t rude . .
at 1950 4 3, BRIl Mfroesene s i By Bk Erniacting then this
indidatestth2aRd a6lié RBdIOREtAE]s AfHiRIAIEhg @bntBctRi O ¥§8de feld/total

first contacting tenperature is thé tenperature in the

proguetypixgya sabilitngs 289¢eseddyvalvermaxchd enptrobapby eenirodling

! D t L third t {
o R O S A R
contisinhig@tsi thereafd riash ebdroliihg opOstitidtRgeenditib® mhyichide $bntrolling

é&nt acting zone. A first contacting tenperature may be
LHSY, lempgiafire, psasurpdudpggen upirecrade fsad flownengambigations thereof.

te i . i . -

ETBESSG NGRS, LR s o8 SRR G 0
asphaltqpes and/peothémaspbatenesriredempyddswhil dwaaimeining the MCR content of

con t] enper atur.e IS greater an the first .
the 88%#63%?4- %ﬁ#ﬂéﬁ@%? ‘:hﬁ #@Ckﬁggr%ﬁﬂawgﬁig}ygmgee Sk piRcHgy higher
cont=RAAE "t&hb@r@t%réﬁﬂ?f ROUER AN QlvoPRadS @ﬁ‘aﬁ‘kﬁa?'}@&}ce the

content 1n a crade productrelative to the TAN and/ or
stabi Wty a@3he spyde feedfiet] podueimixgire ahdoclifedd ohe edmbre af the catalysts.
ent. than the unt of, TAN and/or. C5.
CoBE S FruReb bR B LR Sl N R Blo R e caayos
descatissiitreiantlawt teoC{ Sphataaksiiotie r@igcetl MhiRARBMIER Bdntent of the
For exanple, a first

(g)%gi n 10 C of each_other.
cru denbndhangssdyrasplativelymrallbangunst  cat al yst (s) and/ or
af . > i
kit SRGKES RbabPlin? SRERHE SOHAEHLO ARG Iferarures
in onowr aviré ngnth@imgeroatsiney bayliﬂ'é&erﬁS OpErating at di‘iﬁ"eﬁaﬁ?&ﬂﬁaeratures
contacting t erature e 300 C. Contact of the.
allogys aéseft‘%%%e iCﬁgFgﬁén FrHdedecdopiprertiphyhiomainiieing tirestahiliiof the
crudetcliNGihl HOMA@ Mk t Theatiad ¥l eﬁfe{sthaheﬁrg?%cgll?fcﬁng zone at the start

tenperature prior to contact wt
of agupedsys ¥ it ¢antachieg seupmatucois thecteinpgranwe i thafirst esnthtting zone.

in greater than TAN.and/ or. C5 asphal tenes reduction in
Ot e B L B e SRR G, 54 emperature fourth
temPSRARE R RESra) afbURE t@ipdritutcld €n &%ﬁ’ctfﬁ? YeRes BRAr ORI dnRE after the

irst and second contacting tenperatures are within 10

firstGontRANBZES- NS Airsticantarciieg wrweptes noly beippontge from 100-420 °C

r ' . t _preparations, and.syst.el AN
oo BB BRI SPE TL 808, 308 VRO 040, or
60 °Codiffeednt Hghnahafiist c@actiptemBérafu®s.t I some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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bel ow. Exanple 1. Preparation of a Catal yst Support. A
support was prepared by mulling 576 grans of al um na
wOQQCnistoe6ioen Cat al ysts and Technol ogi es LP, M chCgas2004/042137
Gty, Mchigan, U S A) wth 585 grams of water and 8
relal?\;ef?éﬁ?@iAw ﬁﬁ/&] Cfh@ %ta%}ﬁlaﬂ&v\%g célgt%n (g tﬂ% ?I'F]ﬂr g ﬁeeﬁ?@g %regter extent
thanTthé hmbelﬁttdf)T AN engdoaCs asplinitat rbdiotiea)if afy, th’.éE k& fishahd second
then calcined at 918 C, whicgh.r §g€tzd in 650 grams of
cont, Cte%a EPREGIUEELHFS e OGRS M, RfihptRater of 182
A. Fhp @xé&ﬁ‘é}@' DERt SHRRE 2HRSmBY me' d¥ifdt éziteg%f@ %d/or a fourth
fur nace. furnace tenperature was ral se
cataly®fs)@nd\assecdndedmiastisg zemwdmeheeludelother namhas&s)rchsrgé)eﬂ herem

The fsitSGhielufy RuBtre g BoBY frinsehe sl fapag it sfaperacure
maybeCid r@dﬁia&ﬁ)f HePhadafebd e £i8st Qg%cﬂ{gai&e HithdBd £iAt catalyst

alum na, and 0.9781 granms of theta alumna, as
and/ge foarthioatadlys yt tbe h@enteﬁme@éure onior tph@nmpwhtthermberaatalyst(S) in

the sﬁg%rﬁ n%'ﬁgg ﬁ)]ne m esu{ grhgré:ater ‘bhgpt'la.lgN glg&/g{ §f ?ﬁpgglfensﬁreductlon

in thef c&ﬁﬁe&‘eéﬁéfblaﬁﬁe po e "ﬂANmﬂ/bE‘ 9 hisphafertss rvdicHo® & thea@he crude
the total nupber of pores in the pore size
feedgvhanythe first apd peepnd gontagiBiedcapaapres argMiliiml B5C.A of the
nmedi an pore dianmeter. This exanpl e denponstrates how to
prepare a support that has a pore size distribution of
EXM/IBMt 180 A and includes at least 0.1 grans of
mpl.e 2. Preparation of a Vanadi um

I Ex
o Bt e D B R S P RSB BRIELY ST oA fHods PBd sygiems
withRelRtell iR &herRfor @&tab‘%‘@ $hd é3@rdited EBEtaEWanHoﬁ@&% ls¥Sforth

was prepared in the | ow ng manner. The al um na
belOS\Upport pr epar ed by the nethod described in Exanple
1 | d :

S ABASBOSH B i

576 ‘gkainlﬂs &%hﬁﬁﬁhﬁ‘i@ﬁferﬁ)ﬂl %l?ﬁﬁaﬁ@ﬁf%olﬁg&h{w‘f Mithgs0tiv, Midhigan,
27. The al um na support (100 g) was_inpregnated
U.S - }wth R85 gemeiR furatPAddygrats oh g@mahmtré%a%g@& Sfrgiputps. The

s PSS OB AR R B985 PR Gl Bl o
125 ?@ Cardafielt édlaae&attgalsm whidh rabred 1&) 65¢+ §ﬁ1h@f&" aQhlcined support
vanadi um per gram of catalyst, with bal ance being

wﬁhwppdmn porﬁhbam@mla@iﬁ 182 &atfhe yadcmh@su}mopom psbaczé in a Lindberg

i St nvvltharredlan ter of
furnfls? s it e RO PR Qo TPRCE afl 3Pz hen
heldi24lgls raddeiféd Dhdlrs ¥ proBuctsh®uppba. Tk @hp];fiiﬂﬁh@lﬁd&f aogr@fﬁ of
in the gore size distribution of the vanadi um cat al

SUPRPHle 0&09 BT GrEaprEna giian 0-PB0haremstaf alnhe alvaming ¢k 20 ‘rams
of d@i{a ?7@@’3‘9{1 sof %@ﬂﬁﬁlgr%té gszdéztg‘e}%aff&faﬁ% ?z{y’ Arafion.

The mmrmadaobuaﬁac@me ofll Hhmiz/grandfa tothl p@asbluARMLIA. mmﬁg €lhe
suppgrtzngr o ? %1%8 Bpggpu%m'\l/b vxlfl%xbadr?lgéjlgnn ggrte%lansuteterhoaf 2329& w1th 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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Wth a Median Pore D aneter of At Least 230 A. The

nmol ybdenum cat al yst was prepared in the follow ng
woams@ee3odhe al um na support prepared by the neChws2004/042137

described in Exanple 1 was inpregnated with a

With aedifin (Pird D2Aaeeer of At IRastr 280540 Thd/baBdivin &zﬁa]gﬁtm prepared
f 30% H2Q2, 0.27 grans of nonoet hanaol am ne (NVEA

and
in tge Balloyyipgmagpery SN hsrAlHB T PR PR § gHipd dFFﬁSlbed in
y
BB SRR A O SRRy
conleinpgr a6 UgemsTey @5Doithi82 ggahsidf deionizs] wat86 . A Plikeof the solution
s\gl zti on vol unme was adjusted to 82 L with deionized
Wag et The al um na support (100 grams) was i npregnated
Wi t frnd BRndTRd XRHBRUTDH BPHESRrE ARk IR VanfEES 11fngfeg3ation
hours wi th occasi onal "agitation, dried at 125 C tor
solgtevns ngdd foo Arimursawidh bbesiovall argltla’edn Aried 80135 QfCCJforzexl'caa)a.lrhsurs and
The resulting catal yst contained 0.04 grans

thepgplgingd ALASheF fer2euss. The sesyléing cplplyst SR Oa% grams of
an%ﬁiu?rg p%ﬁ gﬁﬁ( be cagf]l%g narrlé[% BELanRCE %gﬁgﬁ'e}%po@@d% \%85(%@' c%%lyst

strifbufion wt I 'an pore
hadpop@re wive ubistribitidh with amrﬁa’dgm Eonel dmmeturfoﬁeeo Ar e porzf voluife of 0.69

o'y s araib £ e gridiionales s T d it B pores in
the gﬁﬂe QPG RibALBABE B WhidHR BRiIA 95d 4 P&e NEHhAL WK 70 A of the

aneter. This exanple denonstrates the preparation

mediagpbrendiaBeiept al cat al yst having a pore size

di styibutio ore d|a
o This Shnflh b B e 3P BRh S U AT G e o Rl pore
smef@itsﬁibﬁﬁbn A aﬂﬁe@aﬁ’@bﬁ cﬁ&rﬁ@teﬁ%ﬁdtﬂéa@t«@ilmﬁ Wth a Median

Pore Di arreter of At Least 230 . The .

a Pore $ise Distribution

: Wlh’P %_ :I%% ﬁlgﬂ PI(WQ E%I’l_net-gp Ef glt %@aﬁ?ﬁ%’ p?ﬁé moﬁ@x?,[ng gatglgrﬁttxpaes

preparey rdithe foll waingdharmet. @Mﬁ%@ﬁﬁlﬁna@l‘ﬂmﬁ@k ptelpamd by elxaimetiod described

; foll A first sqluytion s made by conmbinjng 2. 14
%}P&?@g\’if“’a@ NRPyeERpioeWitha m@@w app%monéolsléoa T AR

moﬁ{l))dg’lql{ﬁ mﬁgfegﬁﬁfbnos%‘ilﬁ?ﬂn%s r{:g@}%éd bPeortbidin grﬁ?@ rams of

noet hanol am ne grans o ni zed
HﬁiMDz@@ 6f3(8rgmras Qf MOng 1.1h greslhmfrfgﬂ %HsOh®dtTegtame 065 C

molfikhangBiHe (HEAoaft 6 1D Eraf o Rion 8F id \§ St s Shirfindhe shurry
wad B ey Gsmaiomﬁnragssémﬁzn Qfﬁﬁ%oﬁfis V@@%at@ufsbluﬁgn a8 8801& to

dei oni zed wat er. first solution and second
rooguiempesturae ride @bhtﬁ the solatech was §.36i &h¢ sadeiianvdeue wat edjusted to
82&3 aﬁla ed to.bring the conbined sol ution volune up to
W ggopized §aishe ol ybdenuni vanadi um i npr egnat i on

sol Phdé ARmidheuppbH N (P HAS) WEPIESBRTed With thetrﬂ&ybdenum
nol ybdenuni vanadi um i npregnati on sol ution, aged for 2

imphregnagionisolutios.cagsil dorad hcag$ Wah!oocra,snmal agitation, iR&d @t 125 °C for
sequ%ﬁqr)%lgiﬁ h@n ca‘cll 1nec} k. %l f%lr 9 %ourasl:t Télllg (r)esflsltlfn%rcatzalygt con?alned
0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm®/g, and a surface area of 116 m%/ g. Additionally, 67.7% of the
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cat al yst contai ned, per gram of catal yst, 0.02 grans
of vanadium and 0.02 grans of nol ybdenum wth the
woab@neesobei ng support. The nol ybdenum vanadi URCT/US2004/042137
catal yst had a pore size distribution with a nedian
. 0 nstrate e
totBHueh BTELRE e B ke M BpEPURHE n BIRERIR S5 BLed a pore
diapetalwithin B6\A oftha nediam Rirg diadiesdrr i bution with a nedi an
por diameter of at |east 230 A Exanple 5. Contact of
B&&Xﬁ@@ge demaonstriFe Bieqaerarafionof a@qlwsa banetpleatalyst having a
pox‘é!'sﬁz!% AstEBAE It a AR n@?@ﬂlahﬁ?&%‘f\éﬁ' %st%@zitequ' pped
h thernocouples to asure tenperatures throughout
am& @, zsmawedon ohe Melybdsnim Ve adhsn mtmd Hivirdd 4 PoRSize

: diax eter s
{ ﬁh!hhﬁl/ f
e LS AN g8,
SuI@QﬂaPWPW@d oy élpfemﬂheé desedibed ithBxqmme éswas:m;degnawds)vlth a

h t t d d th
o e R B Sy e a0 Tov e, & ptieliign was
maﬁd&‘lby ﬁmmbimri@ 2.4 ordnlye ,HMd, 09, ZPNEaRRIEMKS;, 0 f56f§p§ns of 30%

reactor. The crude feed flow to the FTeactor was
hydrpgen pegoxidle (HaOoy, é)aH giems of mpeaogtbamqimnmre (MEAY, emt3.88 grams of
r i t.i oned oftom.of th
del(ﬁﬁlkécf\%tef g) ig)ggsaes lgrsy a O%IP%%]W&EI gﬁaag{] to & 4 th rc['].|1ssolut10n of the

solidat Thy hedied $d16th way ol 1air¥éH idinpdAuflB) Was
positioned on top of the silicon carbide to forma

bot Mﬁf@@rﬁ%&@ﬁ@%% byTiemtieing 37t 96V OSEY véthptr gams of
dei&ﬁiEﬁi \g%t%g r/'l‘lkaIf'Jﬁ ﬁ%h‘tﬂ‘lci Gl srggngg P %ég\}fegé g(?rﬁ 1?1%% g{.ﬂﬁl@ﬁm@n’[

deigiizasl witst wamndedmo beig 1@ cdnidiried sAiaiBR v8Tunyd dpo8220] 1 yield the

g% the | an pore di ameter. The bottom catal yst
molyBlgn I%E}n@ﬁeaﬂaéloélfsohﬂoiibéféﬁ alminRwas me@rramdsw@f the

mo@b&éﬁﬁinﬂpﬁ{adﬁfn@ﬂhﬁfe s}ﬁﬁftmn %e (}xglfl?c;h% %ﬁ%c?a% gl Sitation,

al um na support |'e cata | cone car
driediatfl 25 &C (fGseverd) hms, apd sheni catbetdan 480 PC @6r 2 heurb orﬁ@msultmg

taﬁ¥nt acti na zone to forma m ddl e contacting zone. The
catglysy GPuRs Ay granhalcatalpsr @ 03 prmshiseradivmiand Ovi)2tgraras of

molyB&th, RATEHE 'bﬁl'aﬁéee&elﬁ)é Lg)?ot% T’ﬁ’btng)l yodter Z‘g‘il}ﬂfangld? gttagfst had a

nunber of pores in th e size tion
porpgiredigirdmsivn rwnhu amechaﬂpon& d)aimd:thxeoﬁm)olﬁan pore dianeter.

Th mdle ta t.C ai ned.0.0 fnlckelad
L 1S R R St T B A O B peial ang ¢ Golamn
methlh&tdl’}’iét &Bﬁl_ﬁlg la QloRgsiAddigdr it SR wiH RRRE dian p%r& Qfémeter of at least 230
catal yst/silicone carbide mxture (42 cnB

A. positi oned on top of the m ddl e contacti ng zone to

ggél@sa é&ﬂ%ﬁ%qtaig}#ﬁq?eeﬁwl Fth I!I hegg%t iﬁpﬁéigﬁtﬁal X lélﬂ%rtrg?ctgfwnh a

centtzi-lBr pbsarmhed drermbweld was @4uigpawitR thefMbYRPRRYS RS urdr am
cata ththe bal ance being prinmarily a gamma

temﬁ?rﬁlthlf‘ﬁat Wla caigiyst besh Egrsiadest hed wpn firmied iz d‘lllmg thoppace
betvilen tREHEARWAN AR RBeA9RPof Be tldclor 45RY CatdAand silicon carbide

(20-grid, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have
low, if any, catalytic properties under the process conditions described herein. All
catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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and to serve as a preheat zone. The catal yst bed was

| oaded into a Lindberg furnace that included five
waeaisinageog ones conespondi ng to the preheat zoneCTiSe004/042137

top, mddle, and bottom contacting zones, and the

bot t [ The . cat al.ysts re sul fided b

i nt rjgl u%‘il‘ﬁr::egf%%‘ﬁ Sg‘éfeg e rﬁf‘%%{ru\iy%s %Emgh‘?/t(??%f %ﬁﬂ%‘é@ﬁo the bottom of
thestehétbr eSidiooh O&bide s @bdlﬁl@ﬂﬁrht F@sbdtiinPof thE r&R M 36 tdritas a

zones at a rate of 1.5 |iter of gaseous n1xture per

ot FHROQHLA Womdtaaalm/ath&py srbidg mixbwe (4P des wasitionstd on top

t cat
of SRR BRI 80Ltofih o BT AS, A58 TRt moribisind ppore
siz2 AéstiibytAO~iR) a medranboi‘@dmmat&d oN®l 4, aith3847% of @k tetal number of
hours. After hol 204 C, the contacting zones
poigs Mo iore Siée ASH TR GRLATAE FotcsligngortBOGOR, ogtheanedian pore

didnk&. fhe ]ogttg}n(é@alfs)c 53251(%@? H095 gﬁ%sc&%@%é%e%gmza%ﬁqfO% grams of

wer e nmai nt ai ned hour

nickelopes geamn af tatalyst, st th@bé?.a'l’lﬁ:e Geing@f afjmias gippbriiour and
The contacting zones were

2|e: 2\@@@ cag%g pt Sglbcto\ﬁloﬁﬁ?fg SIP’éHJﬁ% R GR @ Waepagiiongdam top ef the
botibih LotadlingdrdReitd ériea Bl die ntddX] %Qn }ééc 118 d}lg%%gag;t Egﬁl a pore

heated in an oven at a tenperature of
sizg dispripuien veth amediampoteediemetdeof Wed, Witk |6ﬁg % of the total number of

pox%g ﬁp{h\%%% élg %&%{)q g%vnaé g P;Fg%llaé%%?r ‘P’lthni*l‘?rél z% PE@I@ (I:I;egggl pore
diafdeeate The Iimddllg Ratabigt forRii8&d 0.99 BRunst IR GRMARCH.HE graﬁﬁgﬁ

ddl e contacting zone, bottom contacting zone
mog]&d%lml e ofgptalys widhbedalanghkeing arielufniedsuppert.
con Bs in t
o S el M AL S DB ST o
mlddid: bcmt@ctmgabne ta)forﬂn)edbp gemagasg Zofe.t MRe WhudRlYseBsH a pore size
dlsf 6Oded to t e reac was_ 328 Nmv 3 (2000 SCFB),

fagti med 160 B0F BT T ks 281 @nﬁmﬁed((i@‘lgramsgﬁu

hib@ekih 96 g@ﬁlt(ﬁ% ’ %m%ﬁr one
moé;bagnd rmrl nt ai nedtazll}t& ' gv%}?%eﬁlraﬁ 00 nlhgn]% era %rgré%na
SuP@f)rtt he three contacting zones were then increased and

inthe f JIo uen 379 C (715 F

for SUBHFERRIR Wdlg: PonfH Yo BUSE5 Bpnipdinegione fo i dead space
and 6 88rv3 29 aGréhédtizdnk. fme éh% RAUTS ToRR %ﬁﬁﬂ

F). far 22((3156 hour s. Thect o?gtl produ(c):t ?tnﬁtgt%qu&%r A that
mclélﬁefaﬁv‘bh%ad@etzoawogr@éyo@mte dhe prehestizeney e thpdniddleeand bottom

conttif Z&{égd)ﬂ}}fthg\@%&gts %ed into a gas-liquid phase

separator t he | gui d separator, the total

pr o”ﬂ]nﬁ:d:atad@s{s wenﬂrudaﬂidﬁdl Byrb@odueéhgtd g&iéolﬁrrﬂﬁﬂﬁé off Qol%ﬁydrogen
1R [ g the system was neasured by a mass flo
su o1% hegdeorspizes HYo theeonipstingranas atrreataafdd b5¢r af gaseous

mix{§k lpEﬁ%lufﬁ%t(ﬁfL of RftalChtifs f&fl&gﬂ %BrbY@eSwePsei{oltg & 4 aspart of the

analyzed to determ ne a ‘we ercent age
Volmﬂpﬁwéaiwst) oTemheraresced thr mhmctmg Ihes m&linbﬁea‘sddstb 204 °C (400

) B 20T el 08 STl P pien ekting 6 Liee Proxeacting
zon&ﬂ&)bi% idcrehscllifererfentAily BNAWRCI G(@OJ q? C?ﬁ atate bP€0 leé; %F) per hour.

product had, per gramof cru a su
Theccontagieg atney V@@E‘r@agxtm@i at316 86 |fcziwe1 tmmﬂmt 1n0ffenfén@lﬂ§ raised to

370%38(%0 Iﬁ) V&Y 950 é:n%rhe?cp at 307 8 fgrotw7o hours. The contacting zones were

allowed to cool to ambient temperature.

Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the

68



10

15

20

25

30

granms. The crude product had a ratio of MCR content to
C asphal tenes content of 1.9 and a TAN of 0.09. The
woab@losedoe ni ckel and vanadi um was 22.4 wt ppm POB/US2008842137
of the catalysts were determ ned by neasuring a
avera e e
pronf e e R e o g TRociag Sars it PN 3 reacor.
The egide feddefowedl thiveigh elimmeiadat zmepfoptdtbﬁtacamm(yﬁ:t mikle cdrttacting
is believed that as catalyst |i decr eas

zong, hefian sestactinazong, gud b&“@?’a%‘ﬁp‘?}%\PF thg ,5?@%%5“3{3 B dred was
cont%(@@c? with' ﬁgoit ﬂlgﬁatéllfsts Jin fHr ré es i bfbgeﬁfgaé heofiALse

contacting zo es inthis
concﬁuamphae aPfalowk3fativeyt hgdegers gdste tavendatecd\pVidsd to He reactor

was ggh R oa0 S ab PESY s ABY Pl b MEn ft14.7 psi)
The l&%é eﬁtgéfﬁglzxﬁésswergﬁgﬁte@tdm ood ﬁtﬂbo of) Jlﬁfinilﬂirélrfeti ¥e370 ¥ for

contacting zones only chan
500 hpmsof{iemtlehyeszﬁ tiy thFeeornntdsting eones wesd 8163 ingptased p@maintained

e BRETAS 8 BT LIS SIS RN S 50 o o0

hourEytﬂabﬁ abd y¢ (P40 @dr 1t300 thotird Nardi thEn 394 ‘3@@13235}31% lza:w Bours.
conelates to 1 %ear of commer ci al oper ation.

ex éﬁhp ltetaberadins (that issthe pade @W&"c&ﬁdr&js)t Grated ﬁhﬁd@taﬁﬁé hed. The
o T A L 00 5 S S AU e,
the taeidl pfdd@ﬁﬁ*lvastlﬁbﬁ‘a’geﬂtlﬂtoh&vd:mGe p\rorlmtané igae @assihpitiio theorystem

with a _nmedian pore diapgeter in_a range between 90-
was meagire by @ masa dowaenitgter; (asextting tm%‘a@fn s @S?Sélgedlltﬁ/ a wet

test H%?eh P %@ cﬁid% gy&ﬂu%{ %h%ioﬁfbaﬁ?‘z{heﬂﬁzeﬁ 10 ﬁéﬁrr{\?lm'n@ B&¥cfdht percentage

Ian pore di aneter
of cmpcbxtemksl (ﬁ"dhe:muﬂaptqdnq A desuite Hsted pl’ecm'amgds ef thodetbrmined

roduct that i ncl ud
weifJl PG e o o B Ee P ige SIOFRORRt R i SRREg tapte 1
of FY@sy mai nt ai ned. The crude product had reduced TAN,.
reduced Ni/V/Fe content, reduced sul fur content, and

r edsmewy @@hlgdomeaﬁmdermp@tqt bed, per giam oficaete medugt, a sulfur
contgpbcg% é)&g O%r}l”gl%%ls aurgmgl%g } %?éfg)g/ﬁg f25$§%a¥§oa1‘1: %Sg?{f}:ggttenttc&% 0007

grarﬁt{ afige draéslprofuampl @ rétio SUVMCRCionadnt @ @f apRaltemesicontdnin of 1.9 and
Two Catal ysts That Have a P re Si ze %]strl bution with

a TANpE§i09n Thsrtetabplangtch and yang wahﬁés Bet WERRM90- 180 A
Th eFHeQR/%E f1h@ Q%%@ﬁ%eré gér(]tgﬁiﬁhecf 14 rrfegﬁlrﬂl @%1%5%9@ average bed

cont ent o cont a catal yst Sul fi
tempmaﬂmwl(“VVrABlFB)jveméussmpwngﬂn afghd ¢rede fﬂedj The oatelysts iiM@IS may be

met hod of anal yzi ng_t he d out a
comBlateap BarferRoEapT e gooBabir. Al By Ef b dEad R
dec@ﬂse@ WRANPiAEE MG BGOD gﬁﬁﬁl@bl%reg_dﬁ@aﬂbh%ﬁWAB?d/ersus time

l'ow to the reactor was fromthe top of the reactor to

(“t”) foe ibptavementfofttheecnda feed in thitlsenteeting wnendescribed iadhis example.

tt t t
e S R e R
timeéfor @oﬁ’c@&ﬁ é‘rﬁ@@ﬁé& wnﬁ thotdpomidiaé, ahy btterh lchralystsc @ver ge
m Xt ure OcrrB }posnloned on top of the silicaon

majertyisiidee mtfrm Wedi T etihe éﬁma@mgr?@nimy chavgedaprraimately
20° oAt 1%0% Q&Qtl\%l}pﬁgb% %/KETfjﬁ Sk bgéﬁﬂlg b é@tlmteathat 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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medi an pore dianeter of 127 A, with 66. 7% of the total

nunber pores in the pore size distribution having a
woanws/odézmoet er within 32 A of the nedi an pore BCTUSR@®A/042137

The bottom catal yst included 0.1 1 grams of nol ybdenum

t heT 15%2%1%31%@% %stga{lﬁgskt?ll tt(%%k E a{ﬂe acf 3‘@# %ﬁfl oggﬁaéetﬁyst having

a por@rsiediistitbutisr witlf 8 hedid)por@diapeter bf @tﬂ@m 080 AaRdetidiidgal
hott om contacting zone to formthe top contacting

cat@zlasﬂé havipg a pegs stz chstgﬂbtlt%wﬂh apepdgangposedigmeter ima ranga between
6 R aitied! 148 % ]ffﬁil'e 30 ﬁﬁn&fr of Bebin ik ;)Qre 96’80 bution
e fotal er o ores I n the pore size

havuhga pmieuhametemwlngwa& pbthe miecﬁamqioee di\a&rieh:ir,rwﬁl(i) céntffllell he

e o B Ao
mefurdf ﬁXIﬁfue Ml JQ@J@@&% nﬁ?ﬂufbgstﬂfﬂﬁ’t?]% mag'r\‘ dal ri%ﬁnThe

car bi was positioned on top o t cont
crudopwdnct Hadlreduste@afA%b aedicath NitVoF s eorvant,asdwred rsellﬁmatontent and

zone. The ¢ I st be was .| gaded .' nt o i ndber
rodf G r O RO e TR SR Wale ﬂé@l@sﬁegﬁsaﬁmdﬁge VGO
conltéht bhﬁlé}ﬂ:ﬁﬁﬁ%ﬁf&d&@ RBs 90‘57(?«1‘1 (0p2) &%Hs@?ﬁd)p@ﬂld en ﬁ%cr@d%@e&h e

bott om support BS-4 cr ude (Venezue havi ng the
Exay prec). : is 3 140 9 Caj ¢

appﬁ@lﬁisé(emdpgfomlﬁ@murﬁmi ah@bblﬂeﬁtsdﬂé@@téétmgfzohé‘@ éa@aﬂ%t@ﬁlﬁdmg
The crude feed was contacted with each of th

metagd.angthed of seppriing thesatd erO@lﬂCWémaP@@d cgfzf@alymg the crude product
wel‘éQfé% @cﬁﬁé 5&9:169&%'(1%116‘ a0 ﬁ%%e ]9&% | T dﬁx?{%d i 181 an eqélfll volume.

ogen gas to e fee e rea
ofsmmnbﬁfblmv (1000 SCFB) LHSV vvas 1 h 1, and pressure
was_.6. 9 The _two contacting zon

014. .
e ul et 05 ted Rabior S B e omal hsuetor Babe botiom of
the €1 FIrht 8dackB (val BUES frohEHRBRLE ? BE f(glnﬁmhgﬂqanner Slhcon

contactlng zones were then 1 ncreased and nmal ht al ned

.carhifle wae ppoindneg at é@m@m of AlIQre@cipb REseR) asarbottdt Juppors, A bottom

th 288 C 23,16 hour.s, then 3 C.(600 F
car BFAERR cfihie Wixhle [ Loy s B8 iSarderPp Bt hegilledn abide o
forth (al’bo&ofrﬂdo@kacﬁﬁg zéndTET Héfbolteﬁﬁ:amyb’t fad d PeretsPledistRHRHAGHith a
exited the reactor, and arated as described in

meqran ponedliametqres 127 b evigh Sl nothgotal namberapsesarhapore size
dlstplbf}tgorf"l‘flepvn?~I ﬁ%g Qi?egﬁeéép v{aﬂ%lé %ﬁ'g %f tgfa rrgeaiag d)%yer di%@eter. The bottom

processi ram of crude
catgbysd thotdded @. N0 3mg bﬁnmlylfdeﬁuthfandi 0.0Q g%ﬁs‘lofgﬁd{élb p&f gram of

0.441 granms of VGO, and 0.378 grans of
Cat"\?%%’?‘@@éthe&&ﬁnf? ﬂﬁgS‘ﬁ?P@Hertl es of the crade product

ar e kb sELslydiRilOR- Barbide ikt ?ﬁﬁ'@i
dermnsptsr ates that cont gctllgn S%e c?@eE ee e\%otnﬁo? R{ethe
bottoat einjastisg hand todopo the tep zeltahtmgrziob@t Tlontep wath}ysahaamipcae size

BBl S e R REE 0 RSBl S o

pord¥ ih Vhd6or6 QRE Akribi AR having @%@dl%ﬁ?ﬁqtﬁ&rﬁ(ﬁﬁ tof the median pore
relative to the properties of the crade feed, while

diampeter. dliee top satelyst imalydeddD08 granenof nidket arel (c\,it&gempmfamiybdenum
per gﬁuﬁe of9 (?a{glysq dWIJC}(l) 9]6 baiance geﬁg% urr(l:l}’l?!l V&S oga?bltdle Was (I))I)Sl%lon%d 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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feed. Exanple 7. Contact of a Crude Feed Wth Two

Catal ysts. The reactor apparatus (except for nunber
wanasopeeent of contacting zones), catal ysts, po®/uUSzi0an42137

product separation nmethod, crade product analysis, and

cat f£din r he sane.as, .d [

o BBV 0 T DR BB R R R 3. . v
fedpo dreop betheguaotay. i edride Fabflewd thidugh tAdprewedt zbed tdrP

the top of the reactor. The crude feed flowed through
corgacEing zant Rpttowrontacting 2angt 2wk hoslgrywiprort ghtheapactor. The crude

i eact .

e AR At DO SRR SIS RREL e
conttpeting gemditionss Wweretak dollovisd eatioexd thy frogen gasdottite drige feeagidided to

o S o Mo O S e
(10{1‘43.§tp§§. ITRE E@%&Hﬁ&ttrﬁgrzﬁ)ﬁesg\ﬂg%g(ﬁe&tgé g)u%éto ° Eﬁi addMaintained at

ime was 1007 hours.”The crude pro had an average
260TANSP °B) b6 287 doans. TempageiraRif the two tontating GoResdudre tgn

. ing., The. oduct had f

incE R g i B TS G S aeBSinp ot L5 T dor Loy, then

288MMEI0OF) RRDES hbtHR) thdh €15 FU AROPEPENSKO Maths, RRINLEK 89 «F (650
crude product, 0.0033 grams of sulfur, 0.002 grans of

°F) éoxylgous. 1o 8 tajalams tiofe ofdd73 hewrsD. 401 grans of

r esq Addj t l, oroperties of the crade odu

ar o) R el AR R o R S sl B R RRT  Erample .
Thedendnprotadtend ahavea@TAB o4 Dind dh_eav@fag_@ AHI e it dfh 2.5 during

t he sel ected cat al %/sts W th pore size distributions in

Progessifgd he pruge prodyst hadp percie ! e aedush Ol928 eravag ofirabiur,
0.0684" SIS B¢ o n, G44F g&ﬁ%%ft\%@' ?n?l%ﬁfil;%%m§ 891‘6{%@5@? 'AdGttional
ent,

and” pot assi contefit while sulfur c

' propotieeritthe amde pesiudtise tistetl &nTABLE hm KIGude product were

76%., .94% 103% of th i Vi Li f th .
ot ool e espeei Ve pronell g T
pord¥it8 dfisRibButicAS F#ith StmeMS SIFB apRfieiin YL l’bétv@?ﬂ b@gl{qgg@produced

Condi ti ons. Each reactor apparatus (except for t
a cradgpreductibatded aapduced Tddhtaaeducad NitHBs pontercandcatediioed toxygen

fidin t hod, .each.tota roduyct separatjonp
confil g ShodBe BirertBR GE s bt B ARG o e feePhleRlenui
confedit OBE civde producbExafEHos ald 100% of ke Qéép%étﬁvegﬁéﬁrﬁésx(ﬁqhe crude
with silicon carbide in a volune ratio of parts
feedsj | j con carbide to 1 part catalyst unless otherw se
Exdn%’l'e @%,t(ﬁﬂlta&nﬁ’ a%ﬂﬂﬁ,ﬁe%ﬁ%‘th%& EEI ali'vga ts. ehrer&gP etl Cfara U
WaS . fromtne top of tne redctor to the ot?om ot {aﬁg
(exa’efpaﬁjr anmb&t dridcamtad vbiodeacving zm@b&),tcht@ryed, the t(ﬁtb]leprbﬂnlri]dt &Paration
each reactor tqQ serve as a bottom support. Eac i
metﬁ%% mredpch apaly sty nd Gatakyst suHislingmethed gvege thesame as described
in Bx9mbRad. i ng zone. After the catal yst/silicone carbide
m xtures were placed in the contacting zones of each
r eals tode fedd (BEohe codebhavéngihs propsitics swrathanzed inTable 3, BEG. 10,

was ORI ERRIAT AL ERNE TR Pint rEH OV u e oot 2o Bop

contacting zone, bottom contacting zone, and bottom support of the reactor. The

contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 80 Nm*/m* (500 SCF B), 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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Each reactor was | oaded into a Lindberg furnace that

i ncl uded four heating zones conesponding to the
wonreis@aszogone, the two contacting zones, and tReThSRi0d0¥2137

support. In Exanple 8, an uncal ci ned nol ybdenum ni cke

' ns .
pos s Y SaE pid APy Sl thvbPo 16 S G BRI At arpyingof 162
dumrrg;ﬂ)md@dmgp Ghe gral® ppdducahad L/Qtwtplﬁln o 3 6a1@fu@{T16 wbpm of sodium, 0.6

enun1 0. 047 grans of nickel, and 0. 021 grans of
§€?18? (F8d 3vipRm PP o heevds ripdivst had. epgem of crude

{ I
i e gt N
gragsof désiduep drdelitiormirptopertief ofl ke cﬂlde/qsodlm bieilizeddn Mablk B€n FIG.

10top contacting zone. The nol ybdenum catal yst had a
‘total content of 0.04 grans of nol ybdenum per gram of

cat @hig %kamﬁletd%rﬂo’ﬁ@trﬁ%@é tﬁﬂ%nﬁ%hﬁ@ ofthe Qﬂﬁe fégﬂa&zltﬁ @%ls%'lggtgd

at | east 0.50 granms of ganma alum na
Ca@mip wiith, pore Sxedistributionsin armege ofi AetB Ipydaiﬂ:eewmtmdb pfdduct that

BTN e S Bk bt St Sum contene vl
sulfup @aﬂusmnvd}meémademeﬁa@@&dm&%ﬁmé%udmbw el 716‘4/3> 4%,

granms of nol ybdenum 0.043 grans of cobalt, and 0.0
andglr()ér(s%ﬂhemﬁﬁggn@rmgpqmmftth@cméq: faede Dbeing al uni na

Vaiiibas m)hl;dnﬁﬁe lﬂmﬁl&lﬁ(ﬁisy SHach\mmfoh @pp?aﬁiéfﬁs ébS(céﬁﬁ féﬂ’cﬁe hﬁlﬁber and
cont ctlgﬁ%ﬂzone of nmpl e 10, the
confgt 9@ 18&98?59’5%%%533@@1%@“%%% mﬁthoﬁeeqcb fotelawedust papgration

meth88SnAfea X &AL ?ﬂe \éﬁ%ﬁ[psﬁ%rm&e@aﬁfel as gg&:(l gc[ Hxn%;aarrﬂ)lléj 5. All

positioned in contacting zon
cataimemMBE rhiked avithmldainciartede el wobadme vationdfkeilrts silicon carbide to 1

perE RSS! SPGB 2Bk it B o Brbmelin et s
fror Rikeopiof @ik rEREYPBaRS Bt KBIhe ¢&cRdrY Sﬁhdoﬁ%ﬁ%‘?&dwasg%gltloned at
thegr am of catalyst, 0.09 grans of nol ybdenum O.

PO Oéﬁaqhu reReiPt ogatye@s 8 bofjerarssppitit. phashpbastardad wibbtiom

con{alaﬁ }1? %1% d a gg %g%tgcr: m n 5% Sg\?(%? éle C:iély%i/lc%gscawlde mixtures

werp @bacédi onthe cbﬂtaétﬁlig Zcﬁ’)las 6@6&1&1@6&:@)@ SldtRie cAibRlRPAsRERIBHE on top
cat al yst was the sane as in the top cont act i ng zone of

of t @Jé’moetasﬂn&}%éo filloterd meacrmrd toyieater asranprelmal zonsfin each reactor.

l;
Eu S RO S B
cortebpndimade tlieprdhdad zoke drgpthvescoBtadtidg h&les,rmdt}lmel?]ottom sugport.
G 11, The crade

e gg%ﬁ%guaemd%ﬂéﬁgﬁ bﬂ)& %?’lhlzfn@%@l gitalysi/silicen garbide mixture
(48 @?ﬁa)mbﬁﬁosnml%d% Hﬁ%o&@ﬁ%oﬁaﬁfﬁz&ﬂ%r qpgRabRS 1|ﬂ51§lagdaber - gram of

zone, top contacting zone om contacti’ng zone,
catab@t,t(b}ﬁ@grpme of molytdanum e:04 ogramFloé nickel, and 0. 021 grams 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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crude feed was contacted with each of the catalysts in
the presence of hydrogen gas. Contacting conditions

wobanos@acioe exanpl e were as follows: ratio of hy#cogsemo4/042137
gas to crude feed during contacting was 160 NnV 3

(10 and the ach...syst emwas
rﬁ)/g %194 ag uB%qkjlné{{q%b' %?r?g%bail]t Cftagy(f?ﬁ%lagl% i(,]arque mixture
4 ¢rﬁ§)twﬁ%siﬁ@bléd5 incthe &othtcdatactigy zdRsl Th@mdadeﬁﬂoWBdelluﬁﬂcobalt
for the remui ni ng contactlng ti nes eratures N

catalyrst inghyded Pilf3 spaspeaf %Vbdesmel @ 0¢3 Berngs offC@balsmd REN2A grams of
he tenperatures in
ph@ﬁprS h@g{cﬂth?%ala?%nggsmégre con led as foI | ows: the
t e nwematy}ndenum cﬁtb@samm(and;amge ﬁl@t’tﬁ& (erm )ﬁa§1ﬁ1§1ti0tﬁe<$ﬁl4the top
(t670 F), Hel d 354 C for 200 hours; tgl sed to
coptagiggropy. 1 68‘6‘6‘ cetayst waphe seme &s iny ?%&OPEICTSI?&ZOW of
ExtmbitG0 F), held at 371 C for 1000 hours; raised to 385
C(725 ©, held at 385 C for 200 hours; then raised to
a fim Ekamp‘belloathﬂrmolgbdéﬁgﬁl @t 750s d@scr;ihﬁﬁﬂ ingheitoptcoB@eting zone of

for 0 hour for..a tot tactin f 230Q
Expiled vama e il et et s RCb S anat b ety Tseiappag zones (60
cmfP determ ne TAN, hydrogen uptake by the crade feed,

-val ue, VGO content, residue content, and oxygen _
coniehxamplgd agreuncalaiess! mdwbm;rémpk@ §af@¥yst/$1hccmeavd@1de mixture

LTI R B, BRETLS Ay fhehtied

mol g ae/Hicldel Ozﬁaltyﬁt 1ﬁ’cl\4&éd;l @e0drainttf cetaBes 0Woaaas of mBlybdenum,
versus ran ti or each_of the catal yst systens

0.08p grammipf @gkeé»@dﬁ Ohxrén@roéehosnoh@als Haith thepalanerebeihg glumina
sudfst 1.5. Plots 140, 142, 144, and 146 represent the

FQ val ue of the crade product obt ai ned by contacting

t he Acmaljddémmad cat/a]lyht/ﬂllmnfdabb’lde:mi}amyiﬁ Syt )hezi@o@ftloned in the top

es 8- pective 2300 hours, the
oA fRG Th Bl BB ML Ve SBYaTR Lat topisagiectinggzone of
Exh@pleqgt al yst systems of Exan'pl es 8-10. In Exanple 11,
the P-val ue was above 1.5 for npbst of the run tine. At

t he Cowdt foomitheeMaraplatfaoo(Grdlieyletion) Exslitpdred, Hen lehted in an

v tdplor (C R B or B P CRuBl T B

Exafipeashl 1t Hdvﬁig the pRipegiés kehatativel i THbRY, #1QUT 1. Mbhe crude feed was
contacting (for exanple, the crade feed did not phase

fedda tag 9P theneadpioiythess expaples.oTh pradeiopd Lﬂ@é/eéﬂhrpu@ the preheat
zorféIE g%%&{a%ﬂﬂg Eor{ee B@ftcprﬁ g?ﬁtgét@'{%] %6% ya\nﬁ %Gﬁ&?lréhp?&nf{ @g%eiagtor. The

I cant® portions except
crull® feednvashiontactedeviB sagh of theratabassid thd-';bré‘senil:é% of 1$ydaogen gas.

Coff e SUcED fom 5l Xl s#F £ GHIOY: o By g s o crude

fee@%ﬁlﬁhg’ Sbntadt 160 NRE P BERSER f ﬁ%@&% rgﬁﬁre of each
Pl ots 148, 1 152, 54 rep resent dro t ake

system stiap &P M}Fa ¢ Hiﬂt4a1:p31)a dlﬂ&\é veas@deht émmg/ﬂlb tﬁir&t at)h hmﬁrs bﬁ e

Horisya T WPwg o, Rty e bl S RGRe e, Jepprures

in ﬂf cohtMinBOUAS W& 345 °@ (677F§ fd?%b%@ﬁ‘rs 6f Snth¥iMg3 After 500 hours,
(43.8-300 SCFB). As shown in FIG 13, the net "hydrogen

thejempgratusds inlall copiadieng zamgs waes controlled as follows: the temperature in the
contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to

366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for
1000 hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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relatively constant during each trial. FIG 14 is a

graphi cal representation of residue content, expressed
Wonomgioti percent age, of crude product ("R') PETAIS3004/042137

run time ("t") for each of the catal yst systens of

teng?éﬁdéﬁj §91C Seds‘{al S@& @8@{%%?5 (?. gObg)b?}tsgfortaﬁgtaFcongz?cﬁng

t1mb©£f26l®l§3h@lﬁltent of the crade feed. Plots 156, 158,
160, 162 represent residue content_ of_ the crude

pr odbe eruge PERdNSE sy perirdicallyragalyred tordetraminesbAN; hydroges uptake
by ﬁﬁtc%&@ftee(; %ﬁﬁ \Rf'g %ﬁféﬁt ?e%lcﬁle]cofrte {) gﬁ(? 85?3{#6}{% ngnt Average

shown in e resrdue con
valpesoduptopegieaiofitd crelegirodetty/prodasddn Exalupien§-11 are listed in Table 5
. Significant portions of each trial. FIG 15 is a
1 Félpgﬂxhn cal representation of change in APl gravity of

t he I

eaclftR}o'?qtqtst g g?%ﬂ‘x?(fal ﬁelpgeseé?thté(%% 81315 %’%‘lﬁg ﬁg e chléﬂ?: ﬁo&uc)c (‘ !1305 versus
runping €'t94er 468, 0f ﬂ@&ated.)m sysspnectintamits 8yl hvThe crafle fded had a P-

SR BTy JR1 050 B, SOTLIE oM £ 6

profe&Rpeinededweontdtig@afe Rhdd feed Himithd fduﬁl:e?(alg?c%‘}/ﬁeﬁlrs %Flﬁxamples
81§>_roduct had a viscosity in a ran fromb5

mespagivel. akjort 3200 howrsclive Preadee fit @lglcuds prqdcﬁteammetbpf at least

h d
e L U T
mogt of aigemftingmn At the énd 8f o rud\300heutsh YoriBxafnlples I @[bqevéilﬁe was

1 O 117% of the AP| raV|ty of the crude feed.
Krlpgo Fh@ Pauqt &or caeh Bial.gemay bmré“ﬁnred that the crude

fee(%3 ﬁpéa%ﬁ $64 rEfaied %ﬁtn%g %&lﬂ& aglﬁ%% Qinéécﬁﬁ%ﬂo g)?atﬁctg? dtﬁg E:Iiude feed

2") versus ran t
did gy’splmss scp‘ar&a)amtﬂ @ows-id FIG. B, otesP-1@IRe ol thé cnjdéfprod&&emamed
product obt ai ned

rese o en co tent of t crad
relegyy By G b e Mgt e P q-Beer oot o eGP 5, Bxample i which
thegtva@@alﬁpﬂeg@dS 11, respectively. Each crude product had
an o>((£vaen content of at nost 16% of the crade feed.

EaciGAddea srﬁtphi%t represerdatiamafgenhyiogeantptike by aradegfeed (“H,”)
Ver%{I ?'{Phgmgglﬁj or%) rca agsﬁ%sg%e{ﬁﬁ %r mg%];efég gg ﬁ\éfé% Plots 148,

150cisat 54 re@f‘esblﬁlﬁleﬁ hyaiegdanqﬂat&tobteaﬁal esbntRtiAs tﬁéednyde feed with
cong}@ant after 200 _hours of contacting tinme.

each gf Beicodixpt BrtmpseitEsmpless-tbewaetively. 1 Net demg@n uptake by a
crucfér RO 6 e dSTR AR e}%{rjlg)g. é)tfz%O ﬁ(% %gﬂl 2 {a%?? b&w%x%g i3 erf’ A},{}

onmpounds are r uri ng he con I nce

(43 \86%)068@138)’ edlusiedvni in FiGesd tl@e(mt]hb/éﬁ)gem tlptﬁleejoﬁtﬁe tiulde fRd was
n of the carboxylic containing

lgh t at |east. a 0
rela V%Xr‘ff”&s@}? é‘ﬁgfgcg‘pf'&l%ds are reduced sel ectively over
t heFIGO N4 ¢4 ?ﬁﬂ{ chGre %@étfb‘nrlﬁr&‘icﬂf%moﬁteﬂt()égﬁﬁgssed in weight

mpounds. at reaction conditions
per ®171’!Bg¢3 ((fmmeH)IOdlaJt p‘ R yarses nm tBnd(‘WPdox &Oh 4f thepatalyst systbms of

Exagl Pl AR GR ARORY Ay (8 en B R MeR R ESiae Gagent of 35
90%4.6f e Wstuchatst ONnht BRideetahtpiat 11563’1615@r B61E 1628 resit rBsidue
tenperature of 399 C (750 F), at the same pressure ancll

contegt pighe erudy presishohtained byleorftacsing thherudeftad Ml‘dltth@tatalyst
syst\%%?gﬁ]{:&ﬁﬁgle%ﬁ lgpegf)eec%tvely As s%own mn I{?G tﬁst%e res1due Content of the

crude product remained relatively constant during significant portions of each trial.
FIG. 15 is a graphical representation of change in API gravity of the crude product
(A API”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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of the crade feed. In Exanple 9, at reaction
conditions of: 371 C (700 F), a pressure of 6.9 MPa

WO 20h6630psi ), and a ratio of hydrogen to crudectascooand2137
160 NnV (1000 SCFB), the reduction of crude feed MCR

16F ST 130 AT Bo LA gRIRFEEBR BB Rl B o
crygledsaiwith diectakayst oy siémy O :cagied ©-1¢edRcfivdyl, Irf d36h of the four
reduction of crude feed MCR content was 19 w % based

trigls, eppibcipds grdugh hadevisGosidein aeage s ‘a2 deSbdThe API gravity
orE LRI MR LS SRR, SEURISHLALES Sl

cofrespohds tataasARIGRavionéfahe crudd pedduots 1ﬂ|t1 rdrigg hftblin 2%7 -22.95. API
tenperatures.t i ned Co] ums 6an 9
grar‘(étén’g‘il thizange %FI%THJQ/E Og %ﬁ%&a\a@rﬁ;ﬁ@ tafefoedat
C onl;:@@t 160k aagr%lﬁgzﬁ 1 nﬁe?%nf%ﬁ)ﬁ‘ o?oiyege b e ;gJéQJEeJ A{\{ﬁ%ight

(TAN of 0.8) " wt or nore cata ysts
persenidge, pf d@wmde pmduce (td”hverisud g ﬂnll’E(“th) &deaéle efitht ohtalyst

BRI R S b LB e ST e o

profREEdinEDBY coidbtl thd\@udafiRd RiPSE b8 sCysthE of Eﬂﬂﬁples 8-11,
feed, while selected gropertles of the crade product

respeqtively thch cpgle reoduchhad sreoxygee cortoper ai mestdit% hﬁthe crude feed.

o 998 50 95 6L B S AT 3o e o

of cmﬂaiﬁﬁ)dhyt dutiggeacttigial. ead Shavin At FIR 6, Hé oRPén BohtédEof the crude
ngl . Such products had_an average TAN of at nost 4%
progpch rmagiet delattedy congtt aferaAbErheyes afsoaictig ime oRbereatively

cor%ftan@t)x%‘%ﬁtcogtjer@ & tnl Bk ‘Bgﬁ% %n%n% Qt'é?{ill%l &ﬁec&e@ orga[nag Sxygen

I'e mal ntai ning € cra
compmmdsm 18ducEdeluaing tleg@ntaetngl uBince MAdMaodlserdicadrin de:se

B T, at ol Ly eAER P v s e
oxYReH céﬂéoﬁ-ﬂd%%r@fedhb@ s\é@tﬁ&gto@@tt th@hoh- G@rbsiﬁféecoﬁﬁﬁﬁn%&%gmc

average APl gravity of each crade product” was
oxsagr%cgmppweiSApl gr avity of the crude feed, while the

Vi s rude pr.oduct t 45% of _t

vi SRS 1 PR RO B BGR E aE R Bog BFE b prsiveiatb Y MPa
(100%.73ps0y artlea ﬁﬁad)f“&aﬂ@géiatoadrﬁ@d fedlo¥ | (ONA’BF (@06 SEFB), the

D|str|but|on Wth a Median Pore Dianeter of At Least

redygfepnyof\iride fepch Mt cwamcyge@ri TonEhansseden the ek o thesrude

2- )
e RSO0 CORRLEL o R A
crude fdedthe eatvhtioobhtrupe fedd MCR epateat was2 S¥etvidadbaasd o deweight

ft%; Eroduct anal ysis were the sane as described in
0 H’E‘ %, catal ysts were mixed with an equal

vol Hiex2iplSb! 4tGeMReA 'E:Qﬁcgﬁons-rd}e?; 7 §¢ §7 obef f]{rﬁs\gﬁ{?%f 822

reactor was fromthe top of the reactor ot tom
(10d4.7tpisB, anslzciatip of Eydrpgcmtoaamdﬁ filed mﬁmqmm?/tn ¢head SEFBehe

e PR B e T S S MR RP
feeg.anah yéhpepathieCoTI®ICAr (DE 0ler)Thiche kAfe YRERrPARIGEH0 bPhydrogen 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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the contacting zone of each reactor, silicone carbide

was positioned on top of the top contacting zone to
woi2bds/demd space and to serve as a preheat zoneCTwsemah42137

reactor. Each reactor was Ioaded into a Lindberg

o Thessrafbic oSt IREETH o8 TEa SR HANE Man

TADD{TAN0$ 0[F) Sith onEe midrd detalyes rodise 108 fcﬂﬁi%%ﬁod/ucf W/Iﬁféc h
of the catalysts in the presence of hydrogen ¢

magHaiingdhe et éesd/tetal Bioduc i atabikity mdsvylth\epéatlvely emll net
d formthe
hycgrg%t A cﬁ%ﬂﬁeg Sz?—:genc:te ﬁﬁe Eéﬁu& pk‘ép%g,ﬂsst ég) éig %t"/o tn‘?he iine
propartizd ofithecatds fized, vdﬁle[mhpt&d @ebpettidsof c&ucl’e prEQﬁct were within 20-
le 13, the cafal yst s, the nol ybdenum cat al yst

30%?&§%§?MOPW@( perude fe5dr Exanpl e 14, the catal yst
was E%&?ﬁ #ﬁ%&%lﬁ%ﬁf&'@@&%@f@ﬁé’ aju%l@? 0&&&9 @Ja@?rdf%cad with a

e contacting conditions
net\l(HdE)gaB up‘laké byshe cradé feedd offy dTas“g%Ntrﬁ/mSI‘i(ém SaF8)f 8ach products

r ovi ded o IA‘QIHt e E\’ir’?g%péé }éJ Qéﬁﬁ\% é’r‘\‘ﬂg Sfe%n‘f%%%gggfigg i}ré/\/s content of

at rﬁ&e 6% mﬁﬁ& td18l NiPVRSniRl & tReatgd el %ﬁﬁ%&ﬁkdlmnga P3thue for
C (650 F) over a period of time and mai ntai ned 343

thecrydsrfeadof #houe 3. fldbe asiernge rebidre pontentef @acI%Odmm»dsct was 88-90%

r od XI L gnt act i 0 re
of %;gtr%%da Pen{ 8 STyl éeeil'clie 'l%%‘ gﬁﬁrage gg}(ﬁ@ Et] IS crude product
wasl ptakem @fltmgvcmt@ﬁém Bﬂth‘é@ﬁld@%@f nIH&QQ/efa‘gé A@q(g?awty of each
catal yst system e 12, net hgdro en upt ake

crugig grodyet wasNphOr b 7% e@ths@%)gravafrwatthfbcr@ teedprlithibe visaesity of

oy B ERRAL ol AL GUE

Exainples 12dd: pCaskact oG radePdddi With Caahsts Havin ja&‘tﬁ'e@ize :
JK urlng contactln of the C, ude f eed |

N FEDAD " re Diamete: of At Leas I,. ,
HyHPJ%@KTM@%rﬂ]jlildfi‘l g 'Eﬁm%[e@ 'Tgnlg ?%g I}%\éﬂg a'pga}rg%lg éc%!%{%lﬁor number

andmmtqnhOﬁcmmac@egfznmﬂ)@th GatdystBpbiingmethed, daylmltqu@lqmoduct

oS A9 045 e GRS bt S B S

5. SO0RBalydty wérg neibd d6thian@qed] voignLofuditeoheambi@Ndrih@ude feed flow
vanadi um cat al yst. Generation of hydrogen during
to caghhfeastor Hgs élonbthg torekthp yaaeion nthe Sotiem of gt newctmh eSilicon carbide
[ I ed, i
wa %c%gtgo%t%(li %ﬁ g?tboycgm &t e%h %Q&Hﬁorsggvee@é Sg‘égrg suép%‘{; Bach reactor
comhm@i:ht&rdoagieﬂng rorce SAftéFhlﬁla cae Yt s RIvend cdrbide nBStires were placed in
during contacting tends to decrease the costs

the agntaﬁ 8F QG eHhIPA SIRERRetGaBNas Vs Pesifiangd on ep ehbe top
con@afcﬂﬂg zbRE88 M & dt EQC&:IFﬁldXQ fﬁgg y %ﬂlgdt %Bﬁé:ﬁte%!ﬂ? g%,aétpr. Each

pro duced a cra ct wt at was
rea¢thrawag loedeHANtood Lhiulbellgrfudmcqjﬂiadmclmdm thekededtifig ponet berresponding

ot et Y. B S e et DoRRRT DR i e v
con@etetidit ée@ﬁfﬁf tlﬁaéa%ilyﬁ;tz in th@BRsERAGE BYABPRALAL US (except

for nunber and content of contacting
A catalyst/silicon carbide mixture (40 cm’) was posmoned on top of the silicon

carbide to form the contacting zone. For Example 12, the catalyst was the vanadium
catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.
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zones), each catalyst sulfiding nethod, each total
product separation nethod, and each crude product
wanealsyse®ewer e t he same as descri bed i n Exanpl ecbuszdol/o42137
catal ysts were mxed with silicon carbide in a vol une
ra [ { |
2 Bhpich Bl K TR 3914 Qerk ap Rkl hydrogen
to theaellerfeatprovided so fheoeactdrevasdip0 N mi/mé (1088 SCHB)t bHSNewas 1 hl,

bottom of the r Si l.i con car bi de was ,posi.t.i oned
and BRSO OB [ B4CH oAt GO SRS Heredepise pisgpmentally
to 3EHAPES)-FFa6d aRA6Y OF iR Und nRAithiRARY %ym@ 2et o 920 RiGs B4 total
a top contacting zone. After the catal yst/silicone
runimaﬁbfaléoha)mures were placed in the cont acting zones
I CO ne carbid

0o OB PR st e sofhe e i ¥Re sBiitd et

ExathfleSEIN& 1BardkeR LBRRA Hud@NEontALti8a &hhs deREhIAEd fd%%ﬁl’:h catalyst
reactor was | oaded into aLi ndber% furgage t hat

syst¢mc uBsample U2, pes yineger viptake weahd! ﬁdﬁm /g (168 3GIB), and the crude

oo TARNT 4 B2 OB NS 0 L5 gL SO 22

3.0 mmémé'r(eswas wlseEB) aﬂdithemr@@rp&w Bacam TAVS®G I\Mlgd"lfrbllﬂﬂ) 3-0.5.
addi tional cataly | n Examl e an addi ti onal

In Exgppleylds duing C@@Fﬁcaag ptthe crﬁdftfsﬁdewvhﬁleéh@y dgaym/vanadium
t -\, B
catahR6 h%ﬂl l‘g}%ﬁ?%eh %P{a% g@?%ﬁe iQ f%%tg Eﬁoﬁ? 19 %@ﬁ/ﬁfn to Cg"t6 glﬁ‘m AP (-0.36
SCFBrtepad 8GFBY, ahti ehenatidopkodext hind bAEAN in Eraappfrem3. z Thte
LR iR R a8t EHER GBS TRAE COHEE e Wap AR e
hydr@agen s gddidibonale £l & 57 Nalht@R KA iddEngtadtiéiBig(ohe

nB8) was positioned in the bottom contacting zone,
crudwfcehl mldéhgmadnmneatalaw &iegasnatlb@ pﬁlgydrmnrdurlyb denfagting allows

f dd b
tess §SpckPlo R GRS e Pt e R R R B B
con\%ﬂﬁbnal\@ﬁodéﬁb‘éb td @tgﬁﬂvd Propételed @m@azmlﬁ@%ddra:mcze@nehe tdquirement
Exampl e 17, additional catalyst/silicone m xture

for lﬁ%dlyémg)an \ﬂﬁgn@ eaitaqtingdends o deraedse theaoste GhpProsessH @HEe.
D [Agigglb%aﬁ? Qb {@fl thé %ﬂ% ¥eh vigl ﬁllg n{o;ﬁ)danum/vgl(adluqx catjllyst

enu vana i um cat'al yst as
produbel & evndel privtuctadih y SN thiat wamlosmr h';hadehmTAwaehe( aﬁd@pﬁ)):luct

was, pos oned.in th contacting zone. In Exanple
prodyiged ﬁyﬁnéﬁ W(l@awéggolﬁwkﬁneaﬁa Skation, New York,
Exah{g%sﬁs)&@ eégﬁ’taﬁg& LOPAIVRLA W 4 V‘Rﬂ%ﬁumm}?ﬁt and an

_M@_Iﬁ Rwh sasictog appeeatps Gpeentifesnusnhenand crederit of contacting
d to of ther e ct,or

zonehguh GHYs GutTPreiRano Eiret el pre Sheicn bREDH fig cach

crudé PRddaret arfalystOREre tROJahRMs Gostirbed i BxARHIE 5. Mpcamysﬁ%re mixed
support of the reactor. The crade feed was contacted

withgilidenegdidein & mumgraéllcw” 2spapty stligen parbisle i & pait chspbyisogdess
othegg %? 1n%9&tt t”h%%g?c%qg%]t ﬂg\p% ea%'h ?&?{l‘ x%% ﬁle eégf @1‘3 reactor to

rat gen gas he™cradef

the Hotowi fatle teactoneSilieas bablms Positibhed miiliiiOnSEFRALh feaktor to
the first 86 hours and 80 Nn V 3 (500 SCFB) for the .
serve and PAGTR SUPRAE. Jeeh spactor hesl/a hgidonp cpntactingzgne and a top contacting

zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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pressure was 6.9 MPa (1014.7 psi). The contacting
zones were heated increnentally to 343 C (650 F) over
wa 2pEsro6eade of time and mai ntai ned at 343 C for acraSaios/042137
run time of 1400 hours. These exanpl es denonstrate
hat n @%
Lmdﬁca rt% frlﬁl% éﬁﬁ% m%iud@d ‘f’%drllggaét i\é\és%dr}fe@ﬁ I?g% %B?eth@z{t gone the
two mﬁ&tﬁgaﬁﬁéssand)fhe%ﬂom\ sipparbnbi nati on with an

addi ti onal c tal yst havi ore size distrjbution
o Bheagh ratnals: perena arsaal el RosreRaLes dor babIggmale 2
andh&dhﬂﬁltﬁl@%ﬁ ﬁgﬁal%tag,spydrogen source, produces a crude

properties that are changed rel ati ve to
t hén Erareplprl6 p:m addaammaf catalysiisilicon darbwdﬂ hixtwrl(45 chdrmgsng

posipQIH Vi PO SR e LS BBt e REAE S
molﬁﬁﬂh&h%ﬁ@l JsY reg&k%ﬂ B? {1 10686 BE@GribEEInAtiang)ly 3 STBE banadium
drogen up ta e he crade feed was observed.

catalSpié&ﬂlchm a:hltbjde lasxt@h Gl wealppeitignedrnthe tbp contaeting 19ie.

ct a_ TAN. of 5%
or SaESeeh o afip L RS bR cBoide iR e s
pos1ﬁ61§€‘31l4ﬁ¢1§5e hdttoEx esHdcEing 2bnel wihahb adiidoral tathakt BiddvihEe
content of at nost 44% an oxygen content of at nost

molgplppum eatalyss proppiey by theamethpd fespribsd iy Eample 8 o The yanadinm

oA i B VR e 08k g

gr &y Ekymple 1708 ABGomt cettdiigstlkﬂicoge mixtine G0 ctrﬁbwas paikmoned in
o R B B S ARG i
cata pa%‘iﬁ ﬂl EDGHRES Sty | SRARN YarADS)/ RGN AR IﬁBJture (30 cm®)

avt ative'to the viscosity and APl gravity of
wastpbﬂtlomasﬂda ﬂﬁ@‘@@ coﬁtacimgmeJ ncr eased VI SCOSI ty and

it ERBRPisq Sahafeor (P Wopt e PRRan NiRh Tapa Sy ELppacs o

cm’Y\RSreipbitibAd e cabiX BsHR BB k8ne. Cont act Of a Crude Feed at
ari ous LHSV. The contacting systens and the catal ysts

ve iGsudshSagionsasio, Begd) fosEgamplepl aniSihavimg thproperties Summarized
in T%lé@eﬁ]gﬁ el? V%s ég?ac% ?tﬁ) off th& %%{;t%k eTflé &L&gfe’e@ fﬂ-gwéh%gu%}f‘the

he“con con I oNns were as

prebeat dode abp bmwg@toge,saottomt doatactingleordeeadd] pottow sepottof the
t he reactor. was sure was

reactprg Thpgrude dacs vyaﬁﬁjin actegﬁﬂr(q} ( 100?@@&21@ ¥sts 1fr1e presence of
hyd@%@ﬁ Q&st '@%(M%g%o}{@’ﬁm%@)r &cﬁ%QQm@e Wk ad ff1oWat Mtid Fhydrogen

t he ng cont acti ng was
gas tonthe emsle deewl\movﬂecpmth@ teaotor tiasrd6@ Nornt® (1000 S6FB) for the first 86

t 48 h, d.t
houghged 81 AV E e QS QR of ths e i EBI5 Vs [ p
presS&re W60 MPR é@f?fﬁ’p b8). 1Phe donBrcEh@E6heR W@dlﬁéatéﬁﬁﬁcrementally to
anal yzed to detenni ne TAN, viscosit g@ density

343 66r(6é(h‘tF) avesst periodciinesand heineinsd b ‘%,(éfﬂréirwtal aﬁldlme of 1400
h content of netals in netal salts of organic acids
OUuring the time periods that the LHSV was at 12 h and

at 12Qseleximbles RvRa@Re tat t@sad 6f a thde fifedpeiti 4 €olunin § hetal
crude products are shown in Table 6, FIG 18,
catalyst having a pore size distribution with a median pore diameter of 350 A in
combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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As shown in Table 6, FIG 18, the crade product for
Exanpl e 19 had a reduced TAN and a reduced viscosity
woeb@toesmet 0 the TAN and the viscosity of the ecuas2004/042137
feed, while the APl gravity of the crude product was
- 9 Vi L e e .
to ik ABERGs g Ao ot BngtD 0 ode B8, syl sma
hydvegenaiptdke dtthéd crde Teed vaidwbadrvddne MCR content and C5
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zinc, "and cal cium of at nost 60% of the total content

100ef03h of aP g dtysofahe ¢ide foedide feed. The sul fur

content. of the crude oduct .was 80-90% of the. sul r

corpanprg i n e RSB Mo dPnecalighedpdindts (EXample
18) hestridsd & pERlubh@ith GRSt ViBdsEP At Jdcpehsed ARI BRvity relative to the

controlled such that a LHSV through the contactin

viscogiipand A ervy of thererudy fhedi Fram the trsagasei! Yiscositp pad desseased
et P iRl b o B NG BUPASAEBRYERS cmae o

1 )., Contact efa X gedal, ¥V ariousiL HS cc10gtagiing systems and
: , ' ol g
el oe ks sk WOTTRAALS! Dl BED i
are tiftedirs Aablantia§td. I ddesonactieg peaditomsedrads fotlodsica raio of

it t h [ ! traints (for | e
hyddeBieat B e TR FPsloviged e Rstot v o BRI 100, $GFB)
prefs8RAvAL 6. YMPLUS 1 L9 A CAldNEmJQHRES S tHE Q&ﬁacﬂﬂﬁ zones was 371 °C
contacting systens and the catal ysts were the sane as

(70983 der thedotahrupstang | la Hantpieel % i $ ¥aliring vpufgctingevas increased
[ i i ed. iin Tabhe 7 jin FEl 9 added
ovel h BT b5t kBLEER" B TER ! Sndindafhellalo BP 3R B And fhen the
LHS?tvﬁisgﬁdrSasbﬂ td @7 hV(/thnﬂ Qﬁiirﬁ@ihicalm@ zmgﬁé f(br@_?hﬂﬁﬁrsp resence
(0] rogento produce a cruae pro uct . _etvvo . .
corECRIiE KoRCTHE? Brogpe e @palyzeddprdetsrape TAN, viscosity,
ARRLO ke, R AR PR ARl sh Bk R of metals in metal
salts efprensit acids dorindéettioe moiotatibt thg [HEE waast 260" Gd £00.7 h.

F); a,ratjo_of hydro to crude feed was 1
Averdis e oS hE BiRPE IR 0L e RTS8 SY QL. TR pyT1G. 18.
Conh @HowRGin B 4, EQH%'\S/I %& d%@g}@;sll&?@f&%aﬂﬁﬂé g hZ(PﬂlZeduced

were as foll ows: nperature int

TANand eredusad atseosity relotive tnethe TAN @d(tBOFisRsityaf thet rodeofeed, while

e BSBRD o Db o4 P e PSP e .

A vwRxdht edio dTeVIOR! doRene Nt AdsbhAl@n&LdtRitchid Wadasleasdll 150 At &Hm of the
into thg@fgas-l [ qlw d phase separator. In the gas-liquid

MCBrrpsitent airhE apsphaltengs condeniwag resthged relgtiye to the sum of the MCR

content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR

denti
C

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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separated into the crade product and gas. The crude
product was periodically analyzed to determ ne TAN and
wQeBspaedos enes content. Average val ues for thePCT/US2004/042137
properties of crude product obtained during the run
dm dFlafinodtb09d BEmE &&Q&&?&@ had
po‘ta%ﬁ‘ %‘oag&gig%d&gcp 01asphaﬁngnes content of O. OgS grS%%
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I'S Ccase,
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have a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes

content relative to the crude feed.
Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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the art after having the benefit of this description of the invention. Changes may be made
in the elements described herein without departing from the spirit and scope of the

invention as described in the following claims.
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CLAIMS
1. A crude product, comprising a mixture of compounds, and the crude product
having, per gram of crude product:
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; and
at least 0.3 grams of residue, as determined by ASTM Method D5307.

2. The crude product as claimed in claim 1, wherein the crude product has a total acid

number of at most 0.5 or at most 0.1, as determined by ASTM Method D664.

3. The crude product as claimed in claims 1 or 2, wherein the crude product also has a
total nitrogen content of at least 0.001 grams of nitrogen per gram of crude product, as
determined by ASTM Method D5762.

4. The crude product as claimed in any of claims 1-3, wherein the crude product also
has, per gram of crude product: at least 0.001 grams of hydrocarbons with a boiling range
distribution between 95 °C and 260 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons
with a boiling range distribution between 260 °C and 320 °C at 0.101 MPa; and at least
0.001 grams of hydrocarbons with a boiling range distribution between 320 °C and 650 °C
at 0.101 MPa.

5. The crude product as claimed in any of claims 1-4, wherein the crude product also
has at most 0.00005 grams of total nickel and vanadium per gram of crude product,
wherein weights of nickel and vanadium are as determined by ASTM Method D5708.

6. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product as claimed in any of claims 1-5.

7. The method as claimed in claim 6, wherein the processing comprises distilling the
crude product into one or more distillate fractions.

8. The method as claimed in claims 6 or 7, wherein the processing comprises

hydrotreating.
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