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1 SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A
CRUDE PRODUCT 5 FIELD OF THE | NVENTI ON The present
i nvention generally relates to systens, nethods, and
catalysts for treating crude feed, and to
conpositions that can be prolduced usi ng such systens,
nmet hods, and catal ysts. Mre particularly, certain
enbodi ments described herein relate to 10 systens,
RYISTHEAS, METRODNE, WND cﬁ&mm POR'PROIFUCINGEA (CRUDE
to a total product wherpgg ? total product
i ncludes a crude product that 1s a liquid m xture at
25 C and 0.101 MPa and has one or nore properties
FIELDOF FREINVENTION! ative to the respective property
of _the crude feed. DESCR|PTION OF RELATED ART 1
Cr b sreseritnyeation sererdly ietales 1o REviPmannEhotsopt rat@xsts for
I I
troal B enf o BinbASI SN Sk Be pREVELPIM fifh Ystems,
methods, dnidtc'aaﬂrstsa rMomq:mmmllar]y, cerfain emblodiments described herein relate to

sySterhiy PR APeh oA HIOR SR G OT ROHF oS0 # el Uy wherein
the t6tat groﬂﬁgfq ﬂu&es%t I@'fo y El}lsg E#éjﬁﬂlﬁrﬁmxtlﬁ SAVRNLROGH01 MPa

crudes wt 20 may contribute
and has cneror awire proprties thelt arembpogedTelktive td thg respestiparopenty of the
d/,or processing of the di sadvantaged crudes. Renoval
crudg? ®edci di ¢ conponents from di sadvant aged crudes may

DESCRIFMON (AREMAVEDOURTAl | Zi ng aci di ¢ conponents with
various bases. Alternately, _corrosion-resistant

meCandes ikay haee enset mereunsieblsrprapsrties haldonriallowihe eudes to

be e%g?%?@aszyﬂgﬁrsﬁo%%r geergrgr‘:esglﬁsﬁécci%@g@gcéﬁggacﬁﬂre%ea%@r%rﬁﬂbnly

refertdttous ¢ diRhdwataged tedes’esi stant nmetal in existi ng
equi,pnent may not be deS| rable. Another nethod

i nkissdyantegedssidss maginelndeorcidic samppneits tat wmtagr 9 the total
acid 'nﬂHl'be %‘Q{AN ’2 %g ﬂ‘% adLVRRE 28R e g%%& cRREOHAN a relatively high TAN

transportin nd/ or processi ng t he di sadvant aged
may conidibste to Thirosier oHhembcomnponentsi dvningittapsporting/and/or processing of

atlvel fect e used to ocess,the crudes
the iy BAgHRErif Regodt MR e RS S I Faepipgcd e may
1nv0%%€§110a@19 nart%ﬁwg dorBpOIEEs WHH OAiGiRMasddsN Alternately,
relatively hi | evel s of residue. Such high Ilevels
corr@iomwisméme 2y beyused in transporiationieqyipmantiapd/or grocessing
ranspart angd/ or pr n 0
cquip B Pl f Ok ShorlindShnt HhAfan SERYERL BRcant expense, and

thus Qh@ aga SRdokiosidaLradsth@traétaidh @RBtiOE oquipianihey notdbeldesitable.
en, and nitrogen). Organjcally boynd heter al)réoms
Anorhaymeﬂw 4@ it @qr&tsrmar IDXQIVH&G‘@“QH goEpsien foFs 9n

dxsacﬁ.%h lgg%ralﬁ%%eg‘?l%\{?# a}?&gg%?ﬁ 1n§ REhiARsdaShh it rides.

The use of corrosion inhibitors may negatively affect equ1pment used to process the crudes

and/or the quality of products produced from the crudes.

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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for exanple, nickel, vanadium and/or iron. During
processi ng of such crudes, netal contam nants and/or
compounds of metal contam nants, may deposit on a
surface of the catalyst or in the void volunme of the
catal yst. Such deposits may cause a decline in the 5
achisudtantaged theles alaglingtide foddtivelpligh QBuatdifatetalaatiniinants,
on catalyst surfaces at_a rapid rate during processing
for exgmple.uekelrtanadigme padiesiron.. Diipe processing of sush crudes, metal
. oY :
contdpBRRRE LAY B AP ARSIl BioiiabaLlnd), GBORL YTh grface of the
catalyst geircthe tvolhvateye af the cdtabysti Shch désits idayicayseaf ddclifie in the
. catal yst and/ or cause the catalyst to deteriorate. 10
acnv’ﬁ’ggﬁ%}gﬁ bd crudes may include netals in netal salts

f . . . 1 i 1 »
o pLans iy s SCIBL§ G M Dl T s

of diﬁd@antawﬂ crydsisc il thay beqstiytte giegmeratajﬂ:iea:dm%ﬂca@lddi_tp nfidestalyst
A ohvent 1 pnal.. processes, or Xa e, esal ti I
contaggipgted Wi icag&a%‘r@ﬁsmpﬁﬂg%fs%g&é SR EneTaioRInAY Bie diminish

the attivViy QIR EtA9 anWoP EARE e WNAY B REctiokdte /Bt 2l 15
salts of organic acids are présent. In contrast to

nileikedvantaged emdes may inslndsimetalsi ipahétsl salte pbeiganicegidst(for

t face of,, the,cata t, .netal.s jn tal.
exenlty EABHn, BREAAR il 60" itns i PP el of g avis e
not typidally veparares fioi diesivastapad vaidepBY bosVeRSiondlHrbdegsbsdfol ¥xample,

at the top, of .the catalyst bed. The deposit of
desalfing, taeid washigg. exanple, metals in netal salts of

OIT938isCesad Hften EicolutErelGR c%véﬁ:%nﬁlﬂﬁrg@@és Whsh etalsziB metal

generally resulfs in an Increase | ressure drop
salts offurgamib aciieadequesent] Inwpnrhdtes nickel andovangdivbe wiatiedypially:

bed. reover,, - -the tals jn netgl, salts of organic,
deposifiege IR 7 RESRY st g el O o ciah Py oo aods may
depodi prafyeiiiaRy ftv6ill YORSnIT e LA8AYR, s FI)(fs, ggﬂig&lﬁrly at the top of

conpounds.” Treatnment facilities”t ocess

" the caiplysibedn The depasitof centaininants; foxsrgeple; onttalstin nfetadsalts of
*organk 3, B B0 forBOE co By BRHD Rl G 8 e S RGY TRRSRe arop

through tharvied and mgmf&@ﬁmylﬁﬂfg, thebaalyseBdE dMettovas the metals in metal
ocessi ng, may form_hi gher oxidation conpounds (for
salts Qfosgamie acifsmay) eauss ieid deagtivation of patalysi. oxi dati on of

| _ TBY- :
SRS ag Al maf Rk O, Bl g bR
facilitiesdhad proxeys disa:jdmﬂmgﬁbn‘luﬂmé wﬁhap&ﬁky?aﬂwﬁteﬁt?f'?ﬁmast 0.002 grams
I 0Ocessi n cause u I n I n ransportati on
of °X§)ﬂeﬂé’§{ i85 o4 sy ariperglros mﬁg@nﬁ%@wfdgp BsiipEing gearessing.
orga:ﬂ@B*ﬁeﬁr&bnﬁﬁﬂﬁ&g%mﬁéate&/\ﬂ%%?f&%ﬁ%'&&y%nﬂh RO6R dation

defi'ci ent hydrocarbons, consistent quantrties

compeingis ¢fpe xampleckeipnes andled atids fiernzddetoxigatian afislauhbls, afd/or

i P PR A b £ ot
and/oPmag esFbdi@contbhisifte e iipAritint Huliny ﬁfo&@%iﬂé‘ﬁlddééﬁﬁe Pluggitg in

act i ve _hydrogenation catal yst, ma e needed to
transpoptatien indsnsat urat ed fragnents 2 from form ng coke.
' |y t.0o produce and/or. cqstly to
+ P& r?gg%l%éetﬁ é:??cfeéa %%lﬁde y&rogen geﬁ)c:lent%ydrcycarbons. 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



10

15

20

25

30

facilities. D sadvantaged crudes also tend to exhibit
instability during processing in conventiona
facilities. Crude instability tends to result in phase
separation of conmponents 5 during processing and/or
formati on of undesirable by-products (for exanple,
fromhfoekbingesdke.s Hytlicien iswbey to producaaid/or sty itélnsport to treatment
.Conventional processes often lack the ability to
facilftieinge a sel ected property in a di sadvantaged crude
Wi _ L anifi : ; - \ .
DR o8 alb AR OO AR HFinf PRREEISR
conventaed Sedlittdst Srudeiaktability tahdd tot nesalo irl phase gepatativantflcpmponents

.reduce TAN i di sadvant aged.cr.ude il at the sane
duripg W@?@samgfn@@aﬁgmgon B@maiaeg'ééﬂﬁéuﬂ tte G aplpaioeen
sulﬁ@é,v@aﬁéﬁ %ycagg‘gg)gfggﬁgf (such as sul fur or netal

contanmi nants) 1 n the di sadvant aged crude. Some
pr Goreseiontlqrocesgas ofien dack ke ahility toclunhgea selected prapesy in a

.adding.a diluent to .di.sadvantaged crudes to.l o) the
disadiepiget fruie aibont A HEUAEM DoEmeber popgtcs i e
disadVaB@ig¥d Bfae e HoPEQRRMDIE, bEfventSish] HstobdssetedTien 1AERE Ability to

. generally increaseS costs of treating disadvantaged .
sig edues TANtine dissdvantaged ¢rudeewhilesal ey samectime,sudy changing

oy oD b e SRR GO gt e
contrhindfds) i the dibadvatuged shdbi | ity of such crude. U S

Patent Nos. 6,547,957 to Sudhakar et al,; 6,277,269 to
Meyame pegcegges for ipprayingstie auality pigrudginciude gdding a diluent to

e 54258l 3 B

disadimataged priperties., Addinhgdila&ik, Blever, Jeneadlly intreases costs of treating
. _describe various proces , Systens, and .catalysts,fqr
disadifrund Prifet siriodle D 3 FobeRandor ingErigeosd i Rande e
disa®Ahfa¥® Etidee SAAAIRGS of diliehER% A3htintaged SR Ghay, H¥sine
limted applicabilit because of many of the

situatiogh deerassestability wf supbteridgs t h above. 25 In sum

or SRS NES LSS PSRty AP TP BT L B g er
6,068,206 &1Gyanide eb£lg T2 81503 ta Berdehl et AY; 3,9 BH03®RI Beardsh @lal.g
ency to consune relatively |arge anmoun

d f
5,897,789 b5y Evpcinaret Al 58 Heidben dyachis Hetl S RaS A sl do Tanaka ot al,
e i _
descllbO0EIcul HhoceBies el AU yiud KOl brOOBRUAG Brfdes. The processes,

s (for “exanplie,
systemisy amd cathllysts descnitiechint thesegtatents, hosteatr, have limited apslicability

e B R s S 0 1
al ; rties tend to
CayS&nD R MRagedtnkRE g&%ﬁgﬂ%vé WRRSPaIE EopeRied M @kample,

treat ment facilities, inclu I ncreased cOrrosion,
relativelyr ligls AN, attebdepey toi leepmp nosteble diringdreatmentnahidger a tendency to

' f h [ t. T
cons Mg 5 e 508 e B b Bl B
properties Ri¢AflesIati PeTH highiduaisor uadesiedblé aéporehs (f&fexample,

conversion of disadvantaged crudes into crude products

residgp; grzaieallycboiad hetatsatonyy, Bistal contaminants.anetalsdn st salts of
orgaﬁi'c%@fd];,' A o?é: ri]cotgpcy%ex? chmlt)c?u%lagj.c §1|1chn§r%ge1ftig§ tend to cause problems

in conventional transportation and/or treatment facilities, including increased corrosion,

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

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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systens, nethods, and/or catal ysts that can change
sel ected properties in a disadvantaged crude while
only selectively changi ng other properties in the
di sadvant aged crude. SUMVARY OF THE | NVENTI ON 5

I nventions described herein generally relate to

moreSdéSiraH1® propeities dpherd & dlst diynifvahinconsmiv aidstechmicd] naed for
crude feed to a total prodyct conprising a,cru

de,
systesomatods ud/or eatale thabpaIIRRER SS Ectad ATaRsHiss A 4 Sisdvantaged
orudBfile biIY S0be ARy AR ek BB BRASE fe . BERRAIAGY) BRI ©

SUMMARY @R FHETRVENTIGNCh conpositions can be obtained
by using the systens andaﬁit%ods descri bed hgrg@. 0
Thaveiaes dessrbest herriadsngrallerolaw 1 syprBadRrhgdsand cplysts for
) I : i
com BS4FY TP 51 Ry e st n 0

embodimbnts ason-dohdensahie gap rindentions\deseritied hiehain elsa gengrallyl talate to
is.a li u{iﬁgvmxture at 25 C.and 0.101. MPa t eccrud .

compasitipnp, tht haye poyelgogdingtions,of orgpanents therein. | Juch, composiijons can
be oﬁtngge&ﬁyaéiﬂgmé sPMhE InPmeRbes déicF®ed hetein.bution with a

Ian” pore dianmeter in a range from90 A to 180 A,
wi The iavertioaprovidesaonstbod ofipraducialg axméeproductpeemaprising:

t he por | ze distribution hayi a.pore. di -
contigfiip R Anite ToeHGyith fie draipes FoaliRt Brbafiafidl ol BRRHSE s includes
the cﬁidé?r&ﬂtﬁi, ihein 28 chsdedftodivt BY AMliGeid mikyurd &35 Meahd0.101 MPa,

D4282; and control ling contacting conditions such that

the crugle fead hving iy BARI of ahleast .3y ard @t least qre<af theyoatelysts havingR pore

ive Bl AR S o Sl AN im0 £EENGPA, Wt st
60% 1€ thectotabhurities @ pl'()j:ﬁg ;mthg Iptlﬂﬁﬁm didtritution haping @i plmge diameter
.. contacting .crude.reea w pne or, noje .cat al.yst {o .
withig A3 1 TRDHAR POBF GAELere WARTE OB A8 IR 43 determined
by ARTRENfekhod g8 ﬁdtdbﬁuﬁflhh?%oﬁfa%ﬁﬂgboﬁcﬁti@né du@H isht Mhedriae
at 25 C and 0.101 Mra, he crude feed having a TAN of
prodedt haea TANo3at must PE4f therBADY ofithe cowe {esds wahersin TAGN & as

ar e, Si | SLII i,on with a nedian pore di aneter of
dﬂe‘ﬁl’n‘?de@%ﬁ&g%&@&ag%erm ned by ASTM Method 25 D4282,
anthd hQedhalidProvided diitethbe of Prehingen eudé ptddutt, 0dmprising:

havi ng, per gram of catalyst, from _0.0001 grans to .
contaytiog agﬂﬁﬁ{eqﬁfmthr@wwémr@ﬁta&ﬁés Y PIRdRE Hiota) PERdvGhihat includes

the R ;lcgsr@%ggﬁ.}c}(\gs} i’ Qﬁfg%&’ b.101 MPs,

m Xt'ur es "t Ner eo g contactin
the carlededd lawingaTANtdfat lendtd.3; av tkaspomcfithe batslysts haNngfa e size

sy G A R O AGE Uy ASAM Bt
D428 A e QtaflRPhaifPhb gemosﬁze%ieﬁmﬁas hévif ,ﬁ;sé% gPiR SPedtalyst, from

conprising:” contacting a crude feed w one or noré
0.00Chgrang 3¢ 8.08 gramsoafumelybdeming oner axdnote mokybdénm cetapounds,

calowlglg PR ViAERE e G pdes e D E IR Sk abd portrieSivastipe
cond%{ébgﬁ Bﬁ!calllfthii@ﬁ‘: &ud@prddfaHas @ TANDT aflfiosf 909 o tHeyT AR Wflthe crude

east one of the catal ysts having a pore

feed svhegein T istrstdetsrminied foy AT Mathod D66 anet er of at

an e ECRioP gy sp St G Phe 5 srianCinies Hay plagiee pnprising
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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conprising one or nore netals from Colum 6 of the
Peri odi c Table, one or nore conpounds of one or nore
metals from Colum 6 of the Periodic Table, or

m xtures thereof; and controlling contacting

condi tions such that the crude product has a TAN of at

as deterfifiyield BHOAS T Method £59428P, dndahe catslesthaeiig tegoee sizd didtribution
i s ,as determ ned bé ASTM Met hod D664 he i nvention
2]

compgising gecy e metaletramdColrmy; arfibe Reriodic: Table, pre gumore

com ¥R (2R P RRAL 0 bR RERer P TR, Bl nfRifes

therebﬂ and comteolnpebntictingleonditiond sueh dirati the cpudxel pedducthas a TAN of at
at 25 C and 0,101 _MPa, ,10" the cru
mostS08hiof e QY ahthe Grudaiosds Adierdin SANAS cHeETRINEbS SiMMiethod

peedet hod D664, and at |east one of the catal ysts
conprises: (a) one or nore netals from Colum 6 of the

PeTheouiventiofiallogrovides ametiodef prxripcng dsrade produot, comprising:

rretalsfr m CoJ utm 6 of theP i odi Tabl
tAGHDG f Cide drrd iSh OnerpES CARNSTLAO DRRAIGS AOIAl Prodfushibat includes

the cEﬂE mﬂ:@ whereif'the RRidedstbduct T@M@ud BiFufd ai®% €C and 0. 101 MPa,
npoun s of one or nore netals from Colum 10 of the

the cmeip ifesdl having TN [of at least §i3; ag deterniined by A S TvdMethed d¥664aand at

mol ag,rat. f tot.al um 10 net
teast BRe. 8 the Shealls cotrBies: PP By o Tials e’ Chfian Bt i Periocic
Tablé€ @Ak of ioftOcongitiinis SNeneSotGhork Aidtals from Coluahen B b@ﬁw?erﬁﬂiic

a TAN of at nost 90% of the TAN of the crude feed

Tableyios mextures thgreqf ands(by ene prmgeemegials from, Cobvwmad Odhe Pariedic
T B S ARREN GRS adE el o AL oB R

Tablg rmemxtmnlee;mﬂ aldwhaeine moladmra of tdtnit(ﬁblmnmgo metalgatotal
i nc the cr erlntecru roduct

Columa é\m @lnaaﬁarsspﬁoan i i d&ﬁatr@ﬁ&wmpatmg copdiionsfuch that .

the chfdg rchﬁ\ﬁ 14 a2 ANNF af m@%t dO@@éf Q TAN Qpﬂet&}ﬁdg?&d%PEE@flﬁT AN .

cat al ysts conpri si ng |rst catal yst, the first
lsasd%tth5ledbmA\‘3%Meﬂmd@6@n of first catal yst from

oo vesRioR ofiR prfidtiaRemod aF podufiRE § cRAS progtt Bhmprising:

con taéﬁf@@ rids féld WillCo or'fa6re caRyatsSto ipfddiild R [t pfodakt thi€includes
Periodic Table, calculated as weight of netal

the ciyia pIdast, Phereiihe cale REoJuch i NImHNER 9625 °C ed 0.101 MPa,
the o6 RS AL AYPANUPY 8 0 PSha e O RFE B! Aliahcioe: o

orié or nore ne
a firsbeatdlyst] the fite tata@stha}&kg per gam sfifirsteal ysa[fromGlo00if todes

sramS 4f 03 Gy BArCBoiR APk CORTRR6 S e feritie rt'alé’ Qe RHE
com;ﬁﬂﬂdscﬁ%é §E Ho?@m@&l g&hﬂ%ﬁﬁﬁg 67 I‘ cf' ?IHEIQ %ﬁlﬁh t%@ s

crude product has a nost 9 A)O
weiglthod nwatal der rhibdrdes thiareo€i and TN sesomboaialysty thensedoid caAglyM having,

Met hod D664. .The .invention al rovi des a cat al
per aRAGt POl i RS (h2 Bnst el sE cmetal o Gl 6 of
the P&RdiETable Wne ok ﬁqo?@éérﬁﬁé&d?@? bfte 0r3A6re Pt B Rorm TRRMAGof the
of one or nore netals from Colunmm 5 of the Periodic

Periotighlable, oalcwlated as wsighhef metal, oe‘m)lxtammlpqmof amdtconirelling5

contagﬁu ogsfiéﬁc}gp g‘}ﬁ%ﬂﬁa‘gﬁ% €9 nqﬁlné (}?*{N l()%a%%loost ;O‘Qoroﬁe 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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material, as determ ned by x-ray diffraction; and
wherein the catal yst has a pore size distribution
with a nmedian pore dianeter of at |east 230 A as
determ ned by ASTM Method D4282. 5 The invention al so
_provides a catalyst conposition, conprising: (a) one
having a thetacluminaabateht af ot Gabt.0rh gfany oftifiéta Bhirnideiper Ealbh 6f support
te%fﬂ?% nor.e ‘fﬁ%ngoun&%%of. one or nore netals from
ma clEIiReq R xmay fliRctiondevhespin the cafalyst haset s size
distriblitior? iad o8 d! ' ’
SRt ARRfal B UidhletordHL R 230 IC 8 BIHEIR BPASTH
Method¥282. material, as determned by x-ray diffraction;
a wher%jnﬁ&he cat.al yst hsg[s a pore size 1Q
di ST FELRHOBRISA RIRVIZes i et SRR igRe R ERPIATing; (2) @ugsgr more
metaBIHOmCohifint!6 b fHE MBS RVTDET bhe P‘E&B&dcdaﬂ]gxﬁﬁxds 588ne or more

i nvention al so provides a catal yst conposition,
metalgdram Colusen 6 p&jhedtesiodic Tableg or misxttates tHereof; ()l aisuppbriahaterial

.1 he,Periodic Table e nor e ounds. of one or
havirg bR oh ¥itog o3 t8nos P ottt Eipieinod s o petpent gf suppor
matesil, sdeteriBhel By LRI, hdaiherdif tHS cAffysOlish fbsie
..one or nore conpounds of one or nore netal's from
distributon with a sredign-porpdiamstar of atloast 230 A, a5 determinediiyr ASTM

MethS?b@s?.Uppo” material having a theta al um na content
of at Teast 0.1 granms of theta alum na per gram of

s u'%l';mdntrenthha:doqirovitdexsl ﬂeitﬂymmgoﬁuomﬁomp%sﬁigtz f(_a)g@{e! &haore
ereln atalys as a pore size distripution
mem@%ﬁ?’mg? %HP @GEP@HO%%Jﬂb@a?neo?rpraf)mlw?%aoi/i\?nqi@; more
metald Hodt CoR@th H¥r @5?&1?!@1% MadieDdtbor mald nIFﬁls' G Cd1And ¥dhe
od o y C

. provides a net produci ng a catalyst, conpri sing:
Periodignisble, nge ar morgmmponndsofome oo maremetats frahs Cohmimé of the

. t/metal nmixtur wherein the . .support, conpri.ses
Periofifeiablc, L HareS Sheeafr () BropRST LR Tigh Rvis & fheta alumina content
of at RN 1 Slaftg of BeetPAlufiiper FRinAbEsuphO nyREHAN aPd@ErnhiR8d by x-ray

Peri odi c Tabl e, one or nore conpounds of one or nore

diffraggen; land mherpimthe natal vt bas & pase pige distiisrtingwish agnedian pore

: ' r £of.; \ 25 al um na
diam gt Fpet Al el YA lBog B2 ot Moo
C Thernventionalsg prdvidesaahethyd bf protiesieg A cataystoatptiingias
a.pore size ,%ikstribution ith_ a nmedi an pore dianeter
combyiing.p SURPOH Wit ape o mane %ﬂéﬂﬁ% Hprasmetabmidare, wherein the

suppdetetiidorist§ el Biiida BndPdrebr MY bF R rile .tcle»ﬁfgrﬁingsone or more
produci ng a catalyst, conprising: “conbinirg a suppor
metalgfiom GeolomorS ofithe Pexiodit Table, drerannaors npmpoundedEone or more

el % o5 S b i BB Rk Peri e
alumifiéi sUPPOEY/ Stk P thre QR (R perdtun® oFht lehg 4I0Rrice %& fc;{ﬁﬁhg the

one or nore COﬂpOUﬂdS of one or nore netals from

catalys, Whareim theeataliest es 4 pare sizg distribution witlxe ovediant pure dizimeter of at

reat t.he al umi support/nmetal m xture
least%t%aé, 4Sedr%n3%§rn§%ﬁirbé’ ‘%ﬁ@ﬁr’%@m?g% C, and formng the 6
c dhaliwehtiombies eroviddia rabdl dffrodiiingta PAGBR/sE icdfiprising;

distribution wth a median pore dianmeter of at | east
combipitg psupRart fatheons oraacrs yekdio fomn iseuppadgetal mixture, wherein the

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

metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof: heat treating the theta
alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed

with one or nore catalysts to produce a total product

that includes 5 the crude product, wherein the crude

product is a liquid mxture at 25 C and 0.101 MPa, the
catal st Udligeréiadhle aalvétthag a pofd siie distribegsd with 3 méiad gore tianeter of at

of the catalysts having a pore size distribution with
least 330rda R sletparibed P ASTM Moo DI2S 180 A, as

navienD vEon Raendte e of o G ARl Kiimorising

contagtitifrh orude Feedl witle ong ormore oxedl wksstofproduceal totahpodadt thhkincludes
Peri odj c Tabl e, .one or re,copqunds of 10 qgnpe .or

the cyde erofuch wherein e caideRTONTS is 4 R dapix g & 2Paf ad @101 MPa,
the cflid3 SRS BRN: f%f]f%aﬂqu] Lk %Igh' di8 oo %g%l&%@]ﬁ&rﬁl% ppOTe size

CORdT LI OnSeuch that the ¢ru product
distribotién Sfkaahedidnword Ainmtertofiet leasid 80 fig ad detetmined by AT Ms

s A8 G S 8 Ot

and dnR'T rioté Bidtals FORICHRANAS oF the PHHAEELIY do o ifdroEoripbinds of
catalysts in the presence of a hydrogen source to " 15

one qrmuate oeetals fromaColpmodiafithe Reriodie Thbldew mixtures thepeofs and

oduct, wherei,n. the crude. product Js | 1Q4k.d Xt Ul 8no
contif{lingcoptaging condipnuct tiatthe iR pradud s A HAN2f Fafpost 50% of
the TAIN beds erilleFecd, Meretd TAB] 508 detbiingd b ASTM Mdthod D664.

content of at [east 0.0001 grans of oxygen per gram of

r Thicinvention alsgrnrovides amethod 9f perducing acieda product.paymprsing:

con s Bt 5, AL TR0 AR

prodasech totah produtt thet idéludssrthacitude grodacy wherens the @rude oo dudiAdNa

s 2 L S el Y et oo

DR SR 0100 T o Dl e
feed, tand at leastgaa of thetcatalystfhaving acpare sizé distributtoarvdthe menlidngpore

e SEATHRARTS, AT S D 20

contdcfiMg BéndRtor! t6 Sodib® TABESuch thiR thOché piddastunk ATAN &futimost
roduct, conprising: contacting a crude feed with one,

90% gf theorAN of thel opadesfeed; apd tritrducea eqntent of prgegic oxygen containing

om0 o 5 e e
oxygé eshtért\of dge dude’ied)fwittreih TR ishsdetetinthedtbyl £3EN Mfethoaf D664,

t he catal ysts having,.  per r.am of al yst, at |east
and qxygen couteritds asrdetcrminceg byad pthod E%%ém Col um 6 of

; oo . -
PSR Rl Tl BB 0 RS ST g
contectihg a katde deakwiike bnghor mbreratadysts toproduce artetsl product dhat includes
coptrollin act

d : ing. condi.t i that
the oSG araR SYHCTPLE (e s BT i 4 it peRee ol Ad G101 Mea,
the cRI4e feedhvihbla TANDFlab RG] And bONG onB BE IR cIfést%maNin%, Jer

nmost 90% of” the TAN of the crude feed, wherein TAN
gramad cetatyst, af lvast 06301 /g3atNs Moo dr DeGdmetalsThemiGolum 6 f the

pericfis AR R 5F Motk Cag of G Svre Bualf BARCGERBR Gbrwe
Periodi PANY& lealchiteldg veigi 9f fiRktdf oraniRitElésatieof @ud eenticlling
contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 b, and the crude product has a TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.
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produce a total product that includes the crude
product, wherein the crude product is a liquid

m xture at 25 C and 0. 101 MPa, the crude feed having a
TAN of at least 0.1, the 5 crude feed having a sul fur
content of at |east 0.0001 granms of sulfur per gram of

cr THeinvestesh aledproRridel & assthad of ppbduche % ﬁct, compnsmg
onpri si ng. one or nore netals from CoI um

contpinEraderiand with@iwe op moxpeataly B ibilie pEcserceste hadrqm source to
prod%‘é ?{oﬁliﬁ Rl Jfﬁﬁluﬁeéjfhetcﬁﬁolpg dc? q}blft ?‘l Cerud¥ productis a

ure eéreof: and con I nNg *cont
hqmdomdnta ardS$ Cuanfd 0. hGl MPelpthe lgadect‘emllmvtngnagl‘ANMf at teastd . 1, the
f upt akes, nol ecul ar, hydr n.at a selected rate_to
crudg ?ffﬁ%&avmg Ressibfuy eonten o at least 0000 mas of ultvreesa gmap phgrude

feed CATM A Fabt Uhe dif! 'tﬂéjéa@algsgé‘ﬁ&ﬂ %&i r@%ﬂeﬁﬂ%télg fIBRFCOlumn 6 of the

fore contacting zonhes i s e crude
Peripdio Table, dna\or mpra cc'ﬂﬁpbmfds af om)s:t mefmethlstfiven Coknnos of e
a,sul fur

.CI. f eed, h t h
Perigdif 1 Ghie, a5 phis BT HOPOE 20160 collig ontaipg Sing dpadjhons ch fapeduring
contﬁ&ﬁx thtefeﬁfdelfébdw&m nflecifl By 8o sﬁatbyse&%wrbﬁ%ttb %ﬂublt phase

, and sul fur content is”as determ ned
sepamnon ofittesrpgle. feed duing ¢omtesting,diquid beurlyr mwwéocatyrm pngd:r more

roducin U duct cont
contfripB zRhedia Bl i . % Wit PR o AN of a8 6% B e
TANPGEhE Bide EedAaiBthe eHile HYShRORIVinS O MilfiR cb@teﬂdeCMCBO% of the
total product that includes the crude product

sulfyricantent pfdhe erude fred, whergin T@H iigasdoterminedhy & ASTH Mﬁﬂlﬂd Dé64,

e e o e D B B hces. by ogen

at The iwbstidrealse ploeideoa inrelthiddi of p?&ﬂmhmra@:mbdﬁctpﬂmqﬁnsmg'

the crud eed, urin conta i nventign al so
contgtiggiad cfesibrih gune? Mnﬁs e Paa@eqypagaeﬁsms hydrogen -
sourbieRkbdich 9. totﬁ@%&é&%ﬁ%&:&& &’@Q}o&ﬁé thw QE@&ud@-

t he presence one or nore cata sto roauce
producmaa liguidawizture Ab25 1Gend@lé81 MPa; ammmmtinxgmnzacmmudzuons

d
such B o e R e Pabet hilkes Aisien e Siedfel Gl i
phask Béfardtida of tiedguddfeb@ atringcapgtact ed wi th hydrogen at a

first hydrogen uptake condition and then_at a second

hy Fhaigapntinnalsepresidas & methodiaf praducing apyedeqyeduginoagarising:

cont GRSt (B8 i BEF| i PR Rr R ORG T AR, produce

a tothlypdochigethatiptludes the @ndietpr@dnct, swientih thel drede produat by dliguid

i Ll S bt ol e
feed H%n&%&q%ﬁ{ Reb6 enczﬂ 'S Hg'ﬁrc%ten EP{%I(G é&ﬁ%&ﬁl tﬁéﬂ é’tea t&ond

he respective ohe or noré propefties of e crud
hydrbwdxptdkh @ondluen,tthoﬁmlhsdrogcmwtaﬂ%ccmdnmnlbomgaﬁfferent from the

ool ROECHBa 5B ALt wRSR eld m RSBl
condit®MAS EGHtOIIRA ft&iﬂhﬂmivam of 8 Bhe tbdiofl pﬁ)dﬁ&‘iﬂﬁﬂ.lre from

terrperature to produce a total product that includes

- decreasing delosie] .5 pansldanstor mve properties of dnewuaiegmimt change by at most

90 eeclo TSP 1i%E pis oo prepertmr iy felg
c Mmbeﬁtﬁ,n@msaobrbwaé@a ﬁiéﬂﬁdb!ﬁ?fodhb g faiciide prédudt, ABlipthing

enperature is at |least 30 C I ower han t he second
COHt%ﬁg a€tuds deadewish pae o morepathlysts 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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15

the crude product has a TAN of at nost 90%rel ative to
the TAN of the crude feed, wherein TAN is as
deternm ned by ASTM Met hod D664. 5 The invention al so
provi des a nethod of producing a crude product,
conprising: contacting a crude feed with one or nore

feed hantigg 3 TAN oDateast08eam] éontrellingreottdcling Etiditidhe lsuelethat the First
the crude prqduct, wherein the crude product is a

contactipg temperatyrg Adatdeasp 30 EClawersharpthe gegond coptacting tsmperaiire, and

. ¢ . 9
the ofy pRge HHE PANEof i85 od% ety e BN B3 ONe oS,
whergin AN is asrdetirnfieeichy ABTMEMethod D66dne of the catal ysts

als fromColum 6 of the

1Q_canprising one Qr nor ma% .
peTiegBVRDtipREIe Pravidess mediod BBEHE asTHe mpduch compging:
contakt X?L Sruldé % d%lﬂi‘?ﬁb tg}nlg retdﬂfalﬁrslrtlbzagddﬁcgg%tﬁll %rgﬂuct that includes

ures "thereo cont ro contac
the crmde graducty svheretrhthelvandet preducct isceliquid chixtirdwt 252CTaAR 0001 M Pa,

the offl Fsethahize oY 0okt RewsLC e pdersed g sl of at

least 0900 £ Béanff e GParh B Srud¥RA Sird Tf%lﬁ&neﬂo‘f
e determ ned0 by ASTM™15 Met hod Dg’64, aan sulfurth%%%lgsﬁ

compirisingond or aron methlfromSTNums Glef theReipdic Tahle,iomeonioon

al s ovi des a hod r odugi,ng, a. ct r oduc
comegi f o g o ey oy AR A p Bicic G o bt
theret® Bl EditRIlNRE contaRtiAg eohtiford sheh that e etprbdidt has a TAN of at
crude product, wherein the crude product

i ncludes the
most 99%0fthe, TAN of the arude dvedpandthe arnde prastucims, a sulfiye cantertof 70-

0 ' T : .
130v el B Wnnl P2kl el o il agrha
Method Di664.candsulfogr aontet icasidieerhird byaASTM Methad D4204. of
conprising one.or mpre netals from

t cat al yst o
| ogﬁk:?ﬂﬂve@%? alsn I Pass R mEthon of prodyging g cryds (SPBRHERE:

. conta;?_g%% Eru@E £l rﬁﬁ%@érﬁg&k%ﬁ%ﬁ@&%ro@u@é aH{iﬁ Hg@&ﬂc@ﬂ{a? includes

20

25

30

, Oor mxtures ereof;” and contro
the crudeproductnwhemindihe iconle psordiiet tshadiquidimixtnrede 25 FCdnd 0. 104 MPa,

TAN. of .at t +90% of. .t T f.th de,feed, . . .
the oelic 855 Binule o S f REIERS 0, OF 508k B being  pu S o o
least Ol grdifs sR@hidUCPE&URARYE cAlde fha, SidEedsEOEb ofaRél cHIREST N
TAN is as determned b ASTM Met hod D664, and resi due

COMpHEIRE @R of Mopsmetialsdyom 6 athe Besiodisdl abiz ome or miee
: . . : ;
compbBR A0 oESR LA H53 TR ROF uRip BBt B0 P ikl

thereaf; ambeontroHing| contastif®cididing uch that the cfide gusduct hasta TAN of at
wherein the crude product

incl udes. . the crud rQduct, .
most F@%Qﬁilfqmﬁh%% e fedpthe efude grastugthas pyeseue coptent gE/0-
130%SriRErekRIGE c%b’@%ﬂ?e Rk féfed,%dlvﬁféféin Q‘-A]rg istéé%efemﬂi%g by
feed having a content of at east 0.1 grams o
ASTMGEthed Dgb4iand oésidueimbateibizds daterininied by asSTM Methéd DE207.

o B ieplof 83 brovidia Mt of THGIGRE & crigh BHHC, poRRsing
contatingEér@déRed Withf dre"Br GRrt BRtal9ste to prldBuéees todl ipfodiPingt infhudes

m xtures thereof; and contfiollihg contacting
the cradmprodudnwherginithe bade prosluctis d digpidodixtuare atd5 ¥ Td\0.361 MPa,

90% t.he. TAN the cr eed, t rude
the crgdd 83 i € TADERy Bt BF Bl Roe¥ie 4 RE ittt at
least 6D Qf&ﬁstoﬂ_f(}ogﬁr granflef érf@difecdnld WWRES ohe YEMCRBIRR 1S
as determ ned by
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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ASTM Met hod D5307. The invention also provides a

nmet hod of producing a crude product, conprising: 5

contacting a crude feed with one or nore catalysts to

produce a total product that includes the crude

product, wherein the crude product is a liquid mxture
most P0%fthaRANOflibe civida feed; the crudeqodet Hadwn VIGQ) cant@mhif G0-130%

ot gyt g R RO e e o

ASTHItMbhod DF¥OE0l um 6 of the Periodic Table, one or
nor e conpounds of one or nore netals from Colum 6 of

t hd'hednyantioo alsetpirevidesra methad of producing e caule produchreotipeising:
t al yst d formng th | yst .b .
conflefifs Fept £EeH St B or nE oLl P ot B dalinpdut fasgpstudes
the mdmuwmafemmemim&@ﬁ?%{mn@hu& atR8MGhAVUDE MPa,

bel ow 500 C, and contrdlling contacting conditions

the eyudefeed hevinga TAN @f at loast 83 andhatdleast ppewhihe gatalyststis oleinable

o S ol B T 850 Bl P T,
one opMmoké Sompounds bf oy dratidre Agetdls EodtCokarh ¥f th Periedie Table, or
. hore catgl ysts to produce a total égr oduct that

iU thereet, 16 podupatieatlyprRanrsoR vl dpmning dhe gatel sty deeting the
cetalyS¢ Frepleih B 8 Bt B o b B Pultod chplfifing ool Sfa
tempe@irFclow 560 Chae domrallingontagtisgeotBitiaps auct thatthe abude
Pm%‘ﬁgﬁ%ﬁlpwgdaﬁg{oﬁﬁ @Q/; PB&‘FM HH']Q? % 3Red-Per | og.ip c ’

Talihe 3 o
ASoR LTRSS IOMA Flpolng | RS frdfc R

from Col um
contagtingafrude fagd dth ong! drimuge catalystade progucomtitalipveducs thehincludes .

the G prf AR Ot ol ) MR DS dd Cana f1gThvs

.the dtudeafedd hieing 6 UaRo§IfyOSTUE lealtald 039 ab¥7.8\PE (mmwgs the c@ide feed

.70-130% of t he API 3raV|ty of the crude feed, wherein
havipgpn §b1 prawity; of ah leagtdOetnd 4 depshone ofdtrratalysts gompusing one or

: morggﬁll_a# RERAC S MmaS FindBlrial fﬁﬂe,@ﬁe%f%é\/gélﬂgr I 8BSne or more

e rnvention also provides’a ne uclt ng a
metals frdm Qolonmad of the Rpviadic Table, cranikases thereaf; ahd dentiaiibag

contfisng <ORfi G 501 1 Lhs e PrOUIRIES S HRRGPRPALOA® B oAl most 909%
of the W@dlsity bfSthé chidd el a@B?‘B?EﬁIalg&f mﬁt%n@gjggm%t Wg%’%ﬁﬁﬁg gravity

the crude feed havi ng a )
of 7 20% of ity APT gagity of the condpifessi, mierein API grawity ¢has determined by

Lo di ;

ASTHNRRIGE PSE Rhd el 355 difemifed & ASTROMGRIRTANE. °
calThé if/entidhEIEE provides a askitidd SPpRbdeiighd oraille BRIMBEL, SRfprising:
one or npre Colum 6 netals, one or nore conpounds of

contgftiag grorvds Eedniitinne or moresatalyss to produgerroiotad produicthatdneludes
e R ORI OB B P0G BY 5ot Do g v,

the chinde feed hievifige TANGRAtdéast I AMndh@sndlet o1 catdlystdoonspibMe: at
Met hod, D664. 1Q The invention al so provides a nethod

least one GRIBHYSEFMBPIA O YAPUiBH, GR 0T MEHROTIRIMALS of vapAdiseE: prgixtures

theredf:GhH I8 aﬁgﬁgnm %%lﬁ?,ﬁ\é u%fgg{eeadﬁﬂio%lay Syt oRpAIhe Br more

total product t
Column 6 metals, one or more compounds of one or more Column 6 metals, or

combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664.
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t he crude product, wherein the crude product is a

[iquid mxture at 25 C and 0.101 MPa, and the crude
feed has a TAN of at least 0.1; generating hydrogen
during the contacting; 5 and controlling contacting

cog,giti ons such that the crude product has a TAN of at
mo$ £ INYguRQs algprovisks a methasl ofpraducingaicrudé prodiset, hprising:

. det - 64. .The | t |
contdleg REade L Wik o8 BB ARSI Brodier ol oSt hluces
the comderodicngrhereinhe@udegroduerris 8 Eghradixdet b BN 9g mo%wa,

at al ¥§ts to produce a total product that includes

and th crudp fed hos gahAN of aenss Orl; epeerelingleydsogeniuting shexcontacting;
TR 1 h f

ot ey ot oIk R oo

90% ofitlel TAN of tenqrudesfead, wheatiadfANs & Et@mifBAE ASTROVRES]

D6 f vanadium or mxtures thereof; and controlling
ontacting conditions such that a contacting

huRemgGioh s fHovidedg it o prétfiide KorfddHfandt Aftlsing
contagfing acrude Abed with ond ér meteantilystitolyrohBE N tdlal frodudd@fd includes
oo T S RS o S S UL ot i
the citide fecdtRvidg aTPAR oFat RML S ahg aneQ&\lli\)%S O?thre%%\ﬁlgsgcg%gﬂsmg

Jhat includes the crude product, erern
A el 01 mozg componedsnivanadiumy ofmixues thefeof:Gthd Batrolling

' .JAN of | 0. d
conisf iy Elififons3ich AR Ohiuhe Neberhhs 3T loastaln o6 e the prace
prodmn: oV dF'EﬁN a %Ogt Of'ﬂﬁ' n. ?f tﬁ?gaeé%e&g@&cgﬁ ri ?13 s

i di i Si sou gu i
dﬂef@lﬂ?ﬁé’é’ﬁ%@%ﬁﬁ&ﬁ@%4 ow bgi ng %rov?ded in a direct ?on
't oy de, f ; d ..
e oY BisG proides ncch P inoltifing b diRe pRRAr, 5prisne:

contagfingiaerudé fesd avittvodeak nadre omtalys8Adpaidutds toTﬁ'ﬁr&HAxgﬁrﬂﬁt includes

f eed wh in TAN is, as.d rmned b M
the cryid BBab e RhercltiRa Frude AT isd TP 623 6 anE OHOH MP,
the crode feedtagh 8 TAN bPAGedt 09Uaid atQQa{EPf)f;é{)f;}:ﬁ% gat%l%o]tg @&Hﬁgng

a crude feed with one or nore cata uce
vanadiigp.neor sinre compeunds o€ Varsdim tdrenixhuelthpreof prdviding a gas

compif L Eh)oR Lo tlack dne, etk o Brite bigwidirna
directionuhiat i emaiterao titfijw OF thychileF8ed; 8R4 cOlitrdMing &ticting conditions

at | east one of the catal ysts

1@%}0 002 rans,
such ng? ?%‘Flﬁ EFF&H‘F arhAN péatgnostifi0& efirp Jdief the cBale feed,
where#PDAR Y93 dQErlhdd H{)ﬁ%M R{e%ﬁ’%q 1S)§§£' the vanadi um

catal yst having a pore size I"bution with a
b sveptinmenlsh proeides a afethodasiprdd@iRin a @ade FRAREOEdrhfting:
contac%'%gt %Ctdeﬁ?ﬁ?vﬂﬂ'“ ons such that the crude product has
Gt OB5 At RS Galyts foareduss total predusthay/isdudes
the crutlePrédidct, fherdih e rH&ﬁﬁ ; il y '
aslﬁéet erm r?eoll byeq'rAST Iﬁgﬁéﬁ%@gg&x %é %i;ﬁcﬁ%é&n(ﬁ%@a’
the crydedeeddraying per grammifcnuiedéed) noatat NG /Fe @ntetieofit dEEED.00002
.a crude. feed with one or nore

C riSing., contactin
grams,cag[f%siyg eSfthe gﬁ%}aﬁa oM SR VAL Qe OF BROTG SRIMpRNadS of
vanadiuhg of fitetBrep HRPeT! andWhe valalidnl g%& T ibuti
.. liquid mxture at 25 C ar'?dl 0. 1%@!}'#/@%,‘19{ & stzf dibibution
with a median pore diameter of least 180 A; and controlling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of

the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.

11
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at | east one of the catal ysts conprising vanadi um one
or nore conpounds of vanadium or 5 m xtures thereof,
the crude feed conprising one or nore al kali netal
salts of one or nore organic acids, one or nore

al kaline-earth netal salts of one or nore organic

acTHSinvefitionalxd prlofidet A aietiadd otgﬁtﬁﬂﬂchig #erudeprodest, comprising:

havi ng, per gram of crude fee a tqotal content of

contagting i withong ok Blorheatelvts tp preduge a toial Rraduet thafipgfudes
the c%de%rrgﬁ?:'t %ﬁe%ﬂ%h@%m&é plodti t Q 11%S yo écﬁl.% ﬁgﬂ? t(?;‘&gi 0.101 MPa,

I’ng contacti ng  con e crude

at led3t onkIef th asta@ststmbﬁipnemgtmﬂztdlﬂxﬁ afe @lniat icompowrids oﬁnahachum, or
al kal i ne-earth mstal in.the netal ﬁl ils of org

mixtuzes thores, e crslsdeashoompsising enes mern alkat mgtal spits n§|0r more
el ¢ S UTR. iy iy Gt R B pBio, o

mixtort dlerecdehdathl ahide deetldravingypéradramiof crude déeds atatal cofitent of
orgam c.acigds i et ernj ned ASTM Met ha 18,
M@S‘ﬁ?ﬂ%@s‘n@ﬁ%‘t% TBRNG Al %ﬂiﬂ oot

granﬂr &{Mﬁ)tntro coﬂd@nozfs%ﬁémht R chade prdtiel 884 tmal Bontent

one or nore cat aI ys%s to produce a total "product that
of alka:!cmamhandtaﬂmlme-amh plew,untthe mhtel salts of brgavicagids pf aiduest 90%

d,.nm x 101 he cru
ofthe Saflertsthaliati gyl e kel sttt et Sy of Wfiltfs in
the cRideTRéE whefsin kéntast ﬁm&ﬁemommm%ﬁhlmmrmm salts of
metal salts of one or rmre organi ¢ acids, or m xtures

organigacids s determined by AGEM Meih l:ﬂé; per gram of crude

eaﬁé‘ﬁ"ﬁ ]@:FH%S&B I%L'fd&% as aﬁt@ or a %m'g@éj%@ ‘fq’ &d?r‘fpr?s%g:

contactingta c@ud&l@&iv@h@ﬁi& ,or frioge edtal&staai proﬂmcecn‘totah product that includes
cat al ysts havin re size d

+the opdei pEedysh rehepin ?W@éﬂﬁaﬁ@ft ARSI ﬂ%‘&@ﬁ 301 MPa,

the cide!Feét cd Stf@rgf’ &f mbR AR ALl MATDSF ot or RS %rgaﬁlct 48€ds, one

pore size tion having a pore diameter wthin
or md® aﬂ(aﬂnetehf_th ekl saltpof aredir avere erganictvsidsi or pixtwesthersof, the.

orud e hgpiteo i LR TR B A IeBh L i k-

earthombiElE iPfrREh QQtMrM@icﬂ&s ST 1eRBH0.00002  gédthd, afid bilbast 81i€l of the

al kal'i ne-earth netal, in netal salts of organi c aC| ds
catalysts heving 8 pososieadistribution with amestianpare fiametsr i a rangg from 90 A

to 165 AR IR DG ool BorfBE! (i ey 8 lefief aving

a pomrdﬂama&aMm -45eA6f thertrédiin pore dinpictdr, whérei mire siegdisiribution is

cids js as det ermn STM t hod D1318. The -
as dqteﬂmﬁci fa%?sﬁ%y ?cwsre B8 OPBEtRE Fapduions gueh that
the cRIdP&duct ﬁﬁ’sr@{oltaﬁ 'cBﬂtent FAEHThAGE hitDalRa NS Raa, W hbtal salts

one ‘or nore catalysts to producé a total product that
of organit acids of atrmost 90%eofithe dontént ofinkkak mtallmldcadkﬂlae-pmld oetal, in

meta) S5 of sty St ghe e Tl REETPBSa et rgipl! REAG Y Skaline-
earthCRELE M m%{al 8ltd dToRganit 23803 as étaBinePHFABTM FR&0IIVES18.

of the catalysts having a pore size distribution Wi th

a %@Imnntpmr also proxides @ mﬁﬂmdaofmawtbleufgraﬁm@pmdw, Cpmpmmg

contp8 g3 uteTESL i eh PhIRT AT Repaciss Aol BByt otudes

the ctdelirodut?, \ﬁle@ém&lkhecr&&ap@aum& @hqlmarﬁﬁkﬁ&e at 28/ReT ﬁidrl) POI BIPa,
size distribution is as deternined ASTM Met ho

the coyiedoed having par gram ofisgudedfoed, adetahyi/ ¥ Fectonteghef @&%ﬁﬁt 0.00002
gram, Lhaty ét?eas%ﬁédc?f RE QGhis BEPinga bk Az Nibetbii® ForCRf £ Rleafh 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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90% of the Ni/V/Fe content of the crude feed, wherein
Ni /V/Fe content is as determned 5 by ASTM Met hod
D5708. The invention al so provides a nethod of
produci ng a crude product, conprising: contacting a
crude feed with one or nore catal ysts to produce a
the gopé sike Mistibution hindhg b poleldianetet Withinrasdk of theduedian pore diameter,

e s St iy ASTH it o
ol Pl S S BRGSO g o
0% itheNANVIGS comtantl of the erhdedeed, dsteimNe Viiecontatt ad gssdetermined
by AN M BHehodBS 208 | 2ast 180 A ae detor i ned by ASTM
%g??ﬁ%als@gﬂvﬁ%?a &?&@dyagprr&ﬁn%r &h&T PRAScS bdprising:

nprising one metal § from
cont@iingrarcrédeofeed vdith@ae oonhiore datdllyss toopreduse atotad prasimepibatrineludes

e S50 8% YRS e rhBRSF1 e B o v
the ¢@IY R6d hAGnE L Rl lcbaidat Sruibhlit Hathlst AR AkAIHR-dAHAIN&ALs, 1A tetal

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

saltspfoeganid avidsetfat leawt10:0081 granamper graye pHerude feed, afdeast omihe

f. th t ent. of. kal | tal_ ,.and al i,.ne-
cataffs hVin B Sipe s wi et R R ATrE bl 480 A, o5
detefngiaéd bMASTM Metlud B42820 indihé @hial y¥EhaéVing thegore size distribution

al kaline-earth netal, in netal salts _of organic acids
compxising oprepIanere faetalp ronsPalumm: helthePeredic Tgblehene or more

com%&ﬁﬁg.g 5‘; B8R & iGreRhdNS Bofn é?lﬁﬁeg.mf Bt PQﬁ%ﬂH g*'aﬂg, B flxddEs
roauct, conpri sing: contacting a crude ee Wwth one
thereof; axxdroentreliiag yetacting qonditionesiechttbdtahe gmdel prokiuct s a total

ok 5 S B S A 5 A R

. 90% TRk Coifdt bEAIRSL RIREAl Und TWafind k@) met®liRmeidlshfis @fcﬁgﬁﬁc acids

or nore o‘rh%anl c acids, one or nore al kaline-eart

in thestude Teed, whersin eomient of alisalémetadand alkalinetearth metal xinumeatal salts

t her eof, .and, 25 the.cr f Lhg, per gram of

of ofglieh 88s i Usleppbol v AR EMPEGRod YRR B0 % & o
al ¢ idventictPdlsd provides & methodtif prodiride @hdOm@dnEscortiribing:
of at least 0.00001 grans, at |east _one of the

0
contacting|aycsuds fsed, with one pomeressajalysts torprodireiadatalpragdugt that includes

i +DOT, j. t I . i
the FR BARP iR B Ehaebrofthor iR Rhyi it 8525 AChE] 61 OFFIPa,
the csudecfeet] sdniprinirig ane or agorp alkali meptalneltoof oneror nnore @kganicrasids, one
Col .6 of the _Periodic Table, one or, nore. 30
or mg ingsarh skl STIS HOME OF BI0KF WEARIS AP S RIXEITeY thesegf, and

the cRile! 1861 Faviid gﬁr d%r% JFRITERI, abSET Gtent BRAKEIP ek, lahd Blicaline-

contacting C tions such that the crude product has
earthgmetalsah metad selésnof ovganid acids ofrat leabt, 0.0000 1 grivas,iah teastzone jof the

ctal§ B § 5 e R R B et bt B 230 o
deterthéd by ASTVEMRthoddh42820Andcthe dataly sPifdviliy alﬁ%rb RizeifstEitda
an

feed, wherein content of alkali "netal,
compyiisieg pnreorangre meiads fom Columniteof the Periodio Taklegenei o mase ds

comidufs of Gl ThOiE et St MBI hE P aic By G 80
thereo@aad icohtAélling 66AcHRE icHAdifoss $heR tHat @k ctiddprodectdias ATsl

cat a[a[){(st, s to produce a total product that includes
content of alkali metal, 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

D
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5 the crude product, wherein the crude product is a
liquid mxture at 25 C and 0.101 MPa, the crude feed
having a total Ni/V/Fe content of at |east 0.00002
granms of Ni/V/Fe per gramof crude feed, at |east one
of the catalysts having a pore size distribution with

in thee crudedfeed) wherein domtentiof alkali métal, Redb4lk AR -AurthdSetal, in metal salts
P deternjned by ASTM Met hod D4282, and the catal yst
of ofgagic,aGids ispsy tepreddnet P TMMediedd3H8i sing one or nore

) f .0dj | . .
e G50 Yl D AP BB R i
conta¢ting aFi?fTu!leoﬁtbd withizine or morﬁbﬁ:_bly_stefto phﬁtlﬂeﬁi thota?i ljﬁl%duct that iélcludes
t Nt act t that t
the GiidR prEduchauberein he e praibet i adioid merura st 39 S€ 206 :16H MPa,
the drli@ Rbd MGy § QRAINIVAe cofifnt &féig@agé @g%%g O NiV/Ec per

Ni /V/Fe content is as determ ne
granTpEcrirde/fsed,i a feasl we gfithe/catalysta having @ gorfsiqa distribitieh with a

A TSN T T e LY M e

catalyBitHaving @l pédle ize HIIRiHAIUA QRPASIHE bne Wﬁbﬁégﬂg&%mﬁmn 6 of

roduct is a liquid mxture at 25. C a ,
the Hexiadigriahle, praer morgmomyponydoefonsror mumre metdtafromradlamn 6 of the

. f . [ i d e
PeriGify 118 or 31 REs BEGr 30 BRMFOIRE ESuacthE coRdiiaBe fich that the
crudepiodact has anbtd Ni/VEFd duaited® bf atthiést 90%STURENT/SPRe St Of the

taotgl content, per gram of crude feed, of alkali
crud fred whersin Nif Ve cqmtepbyis s determined by ASTMMethod BS7E8.of
i ' . I t .
of I inferdifthitisoirofides £ ARndd AP dnce Y Frudd bro B orfitfiine:
cont%:tini g $mde ;feercbwh diih mzlg gemom‘ ca&ﬁy&tﬁ%ﬁro&%l a r;caﬁ_l pﬂdtzﬁtrtﬂitﬁﬂaudes
, 0 and the catalyst having the pore
the ogids PRt SRR e Crde AT DA U 25010 & 0 b P,
the cifde Tecdl cobfrBingSdne ok DR QH(QP-WD %&%Eﬁ%@oﬁ&e% %nd:gé 8Ffnf acids, one

mol ybdenum one or nore conpoun
or merg|agkgling-eartmetod sajistof ohe o mpbelerganic agitds,cor miickires thereof, the

orud R iline ERECARIe0R et BRAOERSic D of Bliimetal o Rkpjnc

earthmétal] in raedl slltk of bisanitakids ofat Rhst 0.0D0UE gmsS & [e8st Ofe of the

organic acids, of _at nost 90% of the content of alkali

catal VIngpprg sizs distrdbution withye medianjperendinmetes of atdeast 90 A, as

det Mt C r ni.en .

ey A P Mool B3R e e it S0 thl i a8 dhsbution

has agetat molybdenugncontergpet grars ofisatalyste froin(20001ygraas W 0/6tghass of:
) 318. 30 The inve ai on al so provciéfles a met hod of

Moy BTy e Pﬂ@“famewaalyg SRR EompQydE, calcylpted asyightial meplybdenum,

mitudsieh, ' . .
O e 180T s LohuRMing Lonfiiig AN Shoh ab BB oduct has o
total grans phalkalb metalchdllcding oafts naetal] iqunetalrits of argatic A€o at

o 364 el i B i
acidsfietd craletfoéd willkdin/ bt Ol dtaldind ARMneG-BRM4a1, in metal

grams, at |east one of the catalySts having 14 a pore
salts of, organd; agids i @6 defermined by ABIM Method B131&net er of at

I . . L ernin ASTM Met hod D4282, and .

e o 198 e F faf o icies s HCB AISSRES peptsing:
contagtiraa @hde fead &lithsdne or e QailYeh 18 pRIMRc #tofal DréthRiThalincludes

ng% %rbgenun}] one or nore conpounds of nol ibdenum
the cruds proflustcthereingbe givele produst igiadigrishmixgere st 23 O esd 0.101 MPa,
the crbd&feEPhaviREFARPEE 4t Wdst 69 and the crude feed having, per gram of crude
feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having
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5 contacting conditions such that the crude product
has a TAN of at nobst 90% of the TAN of the crude feed
and the crude product has a total Ni/V/Fe content of
at nost 90% of the N /V/Fe content of the crude feed,
wherein Ni/V/Fe content is as determ ned by ASTM

2 potesizectistiibitith withd mefiin porediatite? o Teskton AASE Metdhiied by

S 44. T ve |on a so, provi des a net hod of
A T@f%’ﬁ‘a@ 250 tesp at:hav inghistialanelyd den:.lm esginbaer gy of
catal? CfrHﬁﬁeO 6(ﬁﬁd§rﬂnﬁ ly t‘?@ Rﬁs 5&0 ko ﬂﬁfe&%séfe or &a %gzli'l%%m?ds of

pr oduc crute
molyhﬂemn,maidm&at@d aHZIwelghanmmnlybc&n&Iﬂ bﬂmm:dum; et aid é’e’itr@llm
ed_conprising one or nor

cruge
°°ma£|“E5|°Pn Py S%Bl%ﬁ&r ﬂa%@ra uctHaze bAShe & raest 8% fiflee TAN of
th |
e ol Tt g RS IR Bl SO0 S ot e
Ni/ViEecapntent pfithe arudst fedd, sbateimNi/ Vit ocmtamsaﬁs duerﬂﬁnédagdASTM

el SN

at Theciaventivaeal & prbﬁﬁes &ﬁ%ﬁio}d%? a’lﬁ% ]#;E% to&?nrﬁfsmg

more netals from Col uim 6 of

contagting Agrusdefenrwith ane Wmm@awym@rmalaamﬁl prod Gt thatindhudes

e DAL RS AP Rl A xS G D v,

the cifidb lfeed congprizing b @r NP ERAD Hiotad kal T o of RidRe Hthaﬁfc%clds one
fro Iurm 10 of the Periodic Table, or mxtures 20
Or MQrp 8 eggtizmetal sajts,of pag o lapmorsmc aeids, apshintwestibereof, and

th“ﬁa%?éed fn%troa?eéﬁg co&{ ng cgégecai%ﬁéﬁﬁiﬁﬁ{a?ﬁﬁ%aﬁ(me'

m@almmtmeaknaltd of brghuie acids bﬂiﬁbast 0100001 gRinsphdddtileast one of the
l.Lkal i ne-earth in netal salts of

d
catalﬁfst Srimsitie: () G ofpore perlsges Slotume b decirwioic et r
more &Bﬁl@bun@%ﬂ'oﬂé bR tdoRemealst éﬁ't%ﬁll%n b mﬁﬁﬁt@noﬁﬁl aldh or mixtures.

organlc acids in the cru erein conten
therefi gnd (b) sae ar mogamietalsifeon Eehmm 1 ;ofribe Periodio Tableabne @ more : .

compdfs o SRR e e B0 I SR BB AR

thereqdy wﬂuemgmam mmﬁomoﬁﬂosmmﬁwmewmem CORBARG ieldl ifin a
th one or nore catal ysts to produce a
rangedia T th { G conmaling Rontacting conﬁlémus w1 st product has o
total e at. 25
dgﬁ%%%ﬁlﬁgl\/ggwdﬁ ity ud'é ee aV| ﬁgﬁl% (%r EIRa Qﬁ]‘fiﬁe"fat
most $¥hoé the witeat of alkali mEta)A6A Alkglineearc mbtal, ' hietd1QA1ts3F organic

and t | east one of ‘the cat al ysts

f f eed,
acids H{ fcRide TS Sineiicosfnnnt WA fisfad, At Abkalios e metabrin metal
f
saltsde@gaBﬁiédP@ﬁaQ'aalaﬁmém@yggTﬂ? t he gerl odlscoTagIn: o:)r

nmore nmetals from
mlRe Urventierhalse pfovidesd methodofiproducing ecrudé produét; cemprising:

oSO R 8 o e
the cridetpreducy, rwlﬁ@réﬁhlth@&u&é‘?bﬂﬁét is Mﬁﬁﬁ'rﬁhxﬁ.ﬂm B ot Qﬁ(f 8161 Mpa,

total 15 Columm 10 to total netal 1s 1n
the cngierfs%bawmamozaltwfﬁe contantagiat feast|0. 00902 goarhsict Nify/Fe per

duct t ot al
sram QUG eLE Bl 4E Rty BB o (8 ol Bibrishe (Pome smerometnla
from (Exﬂumheﬁ aﬂmeipeﬁmaramb 08 o mldrd b&ffﬁmﬁay bEbie drER metals from

et[tw E}' ASTM I\/let hod D5708
Column e enod1c able, 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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5 The invention also provides a nethod of producing a
crude product, conprising: contacting a crude feed
with one or nore catalysts to produce a total product
that includes the crude product, wherein the crude
product is a liquid mxture at 25 C and 0.101 Mra,
Colutinel cmetabtof total Cohmmuy 6 miete) inine angafrom btokldt andheandiiolling

contpk o S Rk R e SRS Sl g B of at most
90% %g SN/ OFelBohtert §8tht BRIE Fed, Wherel P NFWEScIngal isha \detfmined

per gram of crude feed, a total content of alkali
by AREMVAMetloddD 8T8l i ne- earth metal, in nmetal salts of

R R A B

contdchifig fal diide fead Hith Dhe bAMoROeatdlPits & gratiade 4 fofab brodaétahatgheludes
fromO.0001 to 0.06 grans, of. one or nore netals from

the caglepmodust, ofherdin theserndeiprodurttis a liquigmaixire abde"C and b LAEMPa,

of e, or note netals from.Col um { riodic -
the i85 QlsogFti 5 pfore il el eg P by St bl s, ome
or mbigailiefine-caith gl sattsSefome dr ertire bitibic dcids, sanixhges thereof, the
cat al yst havi ng, gram of second catal yst,. at | east

crudgfegd hgvingspesEram of graderired, #rotal cgntent o alkalispetahaAndalkpline-
t b S _
el 55 A S RIS A iR e o mor
catalgsty cmhpﬁsidg:la(la)_ afitsy batalyst, thetfikt, cataiysthx?mg,qxll; gtxhn eftfiirst catalyst,
n controlling contacting conqltiQns su { .the
fromel 0 5 | FIRcRS: 9P thla?re_gmlé m ot the %ﬁ%?‘ﬁF Table,
one (ﬂ"’iﬁ’cg‘glcg@pbﬁﬁds‘iﬁ*ohg ofrﬁfof?é metals fAGh T oleRh l6r e PHrAN Table,

acl at nost 90%_0 the content of alkali metal,
calcudated a$ weightef metat, lor mixtutes thereof and (b3 alseeondicatalygh thesecond

aci.ds. in the crude eed. Wwher ei ont ent . '
catal i ey Bipeh o Pivaned Sty 2 ot O MRS be Bop BL Hpd merals
fromUEl@MinG ofdbé Bériddic Rebleaine lofinité chyipdnyloFbhd\@dn bk didals from
The invention al so provides a nethod of prqeducing a

Colugm fief the Satiedic Tablepralenlaigd as weighbaf metal, o5 muxtgres desreedetnd -
cont?t%ﬂé& c%%%cﬁié%s '&‘Etsﬁlcﬂﬁﬁafthtegﬁ%e%\l\ﬁgt Bad LAl Bt el{ﬁ'talka]i

e crude pro rern the cru
metapland atialihs-carth ingtal,dn mexdl salés effor@dniCacidsiofat ikt MP% of the

t he _crugde feed c rising one or nore_al kali .net.al.
contegip &l msial ipegrgH Aol e 8 of Sheanif pids in the crude

feed AW KbinMonRAT S bl Bbtal @hd AIKAlinQB& I ke tXP A mRfal 8ilsOf organic
acids, or mxtures thereof, the crude feed having,

acidyiers determioéd by ASIM dathodbDidt&I content of al kal i

met.al , and al,kaling 30 earth nmetal, in nmetal .salt
or 585y ar s Eprodie; 8 i Yy gooieie gles el (oydisine:

cont&ffg Afcriddfee S Hithlore bEmbAVitdystP RS prodhad® Dibtal plodhpthat iddiudes
| east 0.001 granms of. one or nopre netals from Col unn

the cgudgfpredust, méherein ithe cruds produgtds @ Hawidmaixaueplot §sandf0. HHeMPa,

[ ! Q I f r 1.4l S
o RS P 0 B Tl it e
or m&iRchlkdlideicanh metd salgndfami o gnoe bPahicaieiissorahixtured thereof, the

liquid hourly space velocity in a contactin 6 zone.
crudg fe¢d iayIng oo Zazm aherude eedy Al seBigntel alkal et af alﬂal_me-
carti19aE ol S5 T ondilcloidstie Ratil O0URT SR, A st ohlof the
catalymh'ﬂihg,qfer gia?iﬁbﬂ catatysy| at lgagmi{)&l glz:hisrtﬂ':- ?mrir hna;etmta,ls from
met alts ofganic acids in 't crude feed,
Colupis of fi{e Zoriodh Tobigr on e ere fremRPundy Rf oRF REMOFREAls frpm
Colug‘ﬁit b the 'Pgﬂgtgljé TafR! afcrRite @hHRBIght BEMERL, 'of nibtures thereof; and

eterm ne
controlling contacting conditions such that liquid hourly space velocity in a contacting
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5 ASTM Met hod D1318. The invention al so provides a
nmet hod of producing a crude product, conprising:
contacting a crude feed with one or nore catalysts to
produce a total product that includes the crude

zone Bovaeltih fad ghe@onaduct g ageiabonicobel sk el fan alkaline-
earth ?Jreas’tlﬂﬁﬁeg%égg ﬁ%&gam@a&% 8t athhésYoiR &Eﬁen@t)f ﬁ}(ah metal,

rans east one the catalysts
and alk@Buc-gth getamnimmetad satsyofiorgamic doddssin the tﬁ@dﬁ: fged,mgheyéin content

ot B LR b SRS b 8 v

I 6 of the Periodic Table, calcul ated as
ASTMM%&W metal, or mixtures thereof; and controlling

C dme asvention also @rdvudnssa msethod oftpmdtmmgta druldo prddyw's plampnsmg

contagnE RGO AT P R Breei it prodeP it fndfices
the cr\l/\lg ﬁ%ﬁ%&{\“ ;lagld\!hé Yhide prefticeRta 1Rfuid ﬁgctﬁelatﬂzs t@&ﬁdo 101 MPa,

V/ Fe content Is as determ ned

by A
the crivi¢ feed hidDEEg per ram pherade fa;d, &tow NifyTe cendent ofet tm 010002

graun, o {5 0B o et 1 el A et SO0 DA el ¢ ove or
more hi%ttﬂé frBmACsl6Rnt¢ GHtthe PérictHe Tablehe®r tilte porapoigids of one or more

wherein the crude product is a liquid mxture at 25 C

metal frorpCalommgpef the Bexipdic dipblgccal@datedas, weight fapetals granggtures

e Mg B BB RS b ol P i

contagtirFonefis swdrfloh”, ﬂnﬂthabrddeqsdsdtmnhascﬁtotah Ni/ViEe¢ ednpertt ©f at most
conpri sing one or. nor e Is fr.o um 6 aqf t
90% shb DI S et o6 6 (RS et IpINIES s*rntsrttésatgﬁmned

byAf?m%&hB& Pyer6p! uim 6 of the Periodic Table, or.
m Xt ures thereof and control ling contacting

c (rhetiin vemtion glso mmmdﬁs atrhethod ofiproguciog e crude product xgmprising:

coneBiu 2 Bl R R oM D o B bl

the mﬁaap&ahctotvh&%nﬂﬁ@%ﬁ& prdticsitld liuid Sditevetat 25 °C aad 011 oml MPa,
wherei n oxygen content is as deternined

the cmd@ fe@d hewigg, pesgerns of ¢rude fasd: amexyigen sentendod phie Pﬁé(%y QS&OI gfams
AS
of oxﬁ%e;[lhw%ng% Ftﬂ%}rgé'&%ét of B feabt &561' ng I{:FM W dPRadt ong of the

ucing a crude p compri si ng:
catalBdobmirisihg ohe ©f uthee freeuds ﬁbﬁﬂC(ﬂmﬁn 6rof tiber krmdtcaT@tﬂd: one or

produce, a total produ t hat_ | ncl he .cr,
more ﬁp@aaletds otm? ef wgqur@e'efstfb%n ' 5 of éleé’eppalﬁ ﬁﬂfﬁ QF Tpgures
thereSt artPedntd cr I &%aﬂ@éﬁ%’ Bonditi sﬁEl#J ﬁt@ eHidBp¥d 2nttﬂ3ﬁt hdd&h oxygen

gfam o a total N/V/Fe cont of
conteh‘edsﬂt nibsODWA Df thyr auygen eondent of thef awdecfoed, end ﬂwfcrade predest has

0001 fur, and Ieast ope,of, the
a sulfs g BE i afiva & the, Mitws SBite Rt ha B8 aere cogens
contef is'ab BetBRhinedl by‘ Am RItROEEDE5, hdd SRAL c6MBMAY Agldetoiminatby
or more metals from Col urm 6 of the Periodic Tabl e, or

ASTMMt:hhoéB429hereof and control ling contacting

h t h d
N iR BER il EPl BEGBRaPR R brgdP Bretub b pigine:
conta®fing Aerude st Wikteshe cﬁrﬁﬂoﬁe Retabystsde pradinesly tital pasduet thiat fndtudes

content of 70-130% of the sulfur content of the_ crude
the ciude proditpie wprgin the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002

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

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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5 N/V/Fe content is as determ ned by ASTM Met hod
D5708, and sul fur content is as determ ned by ASTM
Met hod D4294. The invention al so provides a nethod of
produci ng a crude product, conprising: contacting a
crude feed with one or nore catal ysts to produce a

moré &ndpoundoefieie drinddre nfetls dem Coluenrcs ufie Perodic Table, or mixtures

wherein the crude product is a liquid m xture at 25 C
theregficang ceptrolijpg contactingcoaditigas ﬂéf@dh&%?wé? REpdypichasa total

Ni/VIBE Sorbet 3k b IHE#%F/%‘% the NoFv/RE S?IQFnt'B?fﬂ?e QLEPRLE8, a8 crude
one or nore alkKallne-earth netal salts of on€ or nore
prodotidan acukier deienoof T-1 80od thewmifo tonterdtef ther erdée feeddwherein
havi ng, per dgram of .crude feeg, ﬁ)tot al conten
e

t of .
NI/ VAFcgoniteniis a8 determanca) by R MethiodtD 308 e0d § ngpnt is as
deteﬁfﬁh&fbgﬁxswmtﬁodaﬁh of at |east 0.0000 1 grams, and
a

resrdue content of at least 0.1 grans of residue,
anTheainventist alanprovides hmetlddfiproducingvpenude prpdon camprising:

nmore 15 als.from Col unm of the .Periodi,c Tabl e, .
commgarcmgf@eim%&aﬁ Q5 M eatalysts to profuce prodiet it includes

the &ﬂgkﬁfﬂd&g ?éraﬁ theéfdplodhas 8 ligﬁfd_ Wil RE2S5 4M8AEE101 MPa,
an I

controlling contacting conditions such that the
the crndedieed camipritinghense or mere alkationetalsalts pf eneer monewrganic agids, one

or e g S AT o oA gl O R T, e
crud? féea| HatBrg S5dr LoPariOF Bhude fdedB Al coatent odlkll pefal, and alldiine-

in the crude feed, the crude 20 product has a residue

. earthometab nn mstal paitsifevganic acids ofeat lepsi)- QO xams rand presidygjeontent

" e .
of ) s 86 58 5 il of Wt Y Al o oo
metdlsfromCalama 6rof gb?Pﬁjqd&\STamé{ng % 1@1-,\/2 éﬂn%aggs gs enejoremore

t e r ne . 0 . e
ety R MBIAcH (it ERFQIE T aPInck RRIGIEPS et and gonrrolibgre <
contRiRPUehditicRMRIch inlr,ag She crods %gaa&qltag R%tAl ohtedfof AR Weldl and

one or nore catalysts to produce a total product that .
alkalimetartherpetal, fremetal sl tspf ouganic, acidseofeit mosh¥% ofithe qontsdiief alkali

metd] hof} kel gorth et in st 3ol EStedi gt e otle cit B orace
prodaét Ik alresidile ddnfentbPPE-130% of & :dsiue ediflerit of Healrudd fedd,PRd

content of at |east 0.00002 grans, and at |east one of
whereiecontent af glkali metalyandalkalingrearth metal; ia metalselis pf enganic acids is

I 419 . .
oSSBT B RSTMSITR 00118, B0 B8R 17 AR fped oy ASTIM
Metiei D307 Table, or m xtures thereof; and controlling

contacting caonditions such that the crud roduct has.
a H8¢ Hiventigy Rlpo-mroyisies amethpnd &ﬁor ngRmde Ploduch ompRng:

contgcﬂfrﬁ g.LI & febd'Gith ond Br f}%‘?%%%%l/?%t% ﬂﬁ)}l‘ﬁﬂﬁ@% totall pRIFEL thQﬁi?ludes

ue content of e residue content o
the drinde rodute, Wiserein thdemdé prodactNg A Ugfd mixntre at 23 %C amd 0.101 MPa,

o D e PSSR B I P
residieShd @l NBA/Pe BRItERGT 8f it 0DODDP GrasC Al 184sPBHE S the

conprising: contacting a crude feed wth one or nore
catakysis abmpprising onponiarsanetatsdtam Colwou 6 of thedteriodic Tabies ongor

mor% E&%ﬁﬁ%ﬂﬁ? 9{) %S&%drg%%lihﬁn%@%&%&% e 9gHgJic 'T3bR, or mixtures
thereof; and controlling contacting conditions such that the crude product has a total
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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the crude feed conprising one or nore al kali netal

salts of one or nore organic acids, one or nore

al kaline-earth nmetal salts of one or nore organic

acids, or mxtures thereof, the crude feed having,

per gram of crude feed, a vacuumagas oil ("VGO'}
Ni/ViRerdoateint 3fasdetetmingd by ASTM Method DSF08, dndtrésdidigesvntent iscis

al, k line-earth netal, in nmetal salts
deter@ﬂﬂ%?o&éiﬁ@ﬂﬁwgaﬁ +0.0001 grams, and at |east one
of Lyst r f s o
oA aichl A R ARRRY tosfipd B Bredfuol R eoruiPh Blifer, Ehifrsing:
contanfmg)aemde fmdr\mth nm @ mofercatmlﬁtﬂ tfnrpmd‘uoefa totabpfednétahitdncludes

Tabl e, xtures ere an ntrollin
the cpigRPEiduch hy heBiitee 6?52& @wtf% iqy @%Pﬁa@%&@éto HiMPa,
the cﬁxd& %eﬂ' coﬁﬁﬂ'fsﬁlﬁtone for ot hkaliitefd] saltd\6F ondlof Bhdrd @fg%ﬁfcta'&ds one

, salts of organic acids of at nost

or m@rﬁ: alktahneﬁmlembtab saltslofahe odMore engasik acklsdor mixtures thereof the

kaline-earth netal nrretal salts, ci.d
cradd TecF b i SRULE e feBerch Ve e Bl v RS Borfed Gt Teast
0.1 g%ibt aind aﬁftal%@nﬂeﬁ@%amtamhetarl%h ﬁlkﬁhﬁélbatﬂfn-kﬁf ift e salts of

. wherein VGO content is as determ ned by ASTM

orgmaﬁdﬁomgw gramg, andrat &ast axe ofthegatalyste cemprises gne or more

ol Y AP i AR i

metalsrﬁacmmt)omnmﬁ abthe rP@bibdﬁSI‘ahleUBi ek ﬂmaﬂpmdl@n&onfngd e
contacting a crude feed with on

pr.oduct , conpr n
conteghing BoiGans APGPL St 6 Cpids Peeich ks il PG Abmets, and
t 0,
o B A8 a8 08 B
metal‘ emblalkalmquprthpmtalg irmmetal satts wderdapidacids indheadrude feed Fand the

A B L AP B L S

© wherGANAbOThRiteRONRS HSEniAd BPASAM NItBod B30 E, ahil @Atk ofAlkali

20

25

30

6 of the Periodic Table, one or nore conpounds of one
metal andraikalinrecanthanetals in wetalisalts ©f ofganiveacids i osiigermintdby ASTM
gs thereof; and controlling. contacting .
Meth@%?&%{ll ‘ons such that the crude product has a total

Ni The ilrfertion tao tpréfidéita Wethbd of plédating acenide pfb&ﬁ;t,cvaﬂipﬂ@mg
of the cruyde feed, and the crude product has a

contaging & Arude feed with enmpranorercatalisty to prediice adetal md\eqt elwé includes

L A T P T

the co8d Keifiahing, o g08n of diude fafedem tutaimxaVﬂ'*‘a content ofces least 0. 00002

e il 8 Y G OBRRE Sht eemeli oEne BG4 Ieast GREDE e sPlypts copprises
one oP I fRktats f&thTolRhA G WFihd Péﬁod&@?ﬁﬂlg She ok Bforé Eéiﬂﬁ‘ounds of one

product, wherein the crude product is a liquid mxture
or mage neglCiramdCawmo 6 ofithe Peridic Eahld,snrfmgunes)ﬂnprepﬁuan@ controlling

contadfind 0risfhns Such 5 e B3k et G Ptal NEADES b 5 gy most

90% 6iBie OTi/VYBE Coét i itite @addieed Mnd thérude §rddhefmfa V@O @ontent of
t he crude feed having, per gramof crude feed, a total

70-1308m okile V50 gpmign ofrm eiude fagd, whereinl YGE castant s aswletgrmined by
ASTN&ME@B&% 387, R N PArg AhikorS ﬁgéen,{%?@%@gf AT M D5 708,

east "one

obfhei ifiedaltion Blo [pmlﬁhsﬁi mehad sfpredidinga ichudefRoduct, ¥oMmPrising:
netals frogm Columm 6 of 5 the Periodic Table, one or

contagiifpgea AP Ered Pathorne i angse catglystsie praduce a snalaspdish thet wcludes
the cﬁﬁ@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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Periodic Table, or m xtures thereof to produce a
catal yst precursor, and form ng the catalyst by
heating a precursor of the catalyst in the presence of
one or nore sulfur containing conmpounds at a
tenperature bel ow 400 C, and controlling contacting

or morraikaline-eartis metal altstoftane oc mmieomanmmtdshasna{tures thiereof, and

e £ e ST AP e
earth(iﬁaﬁlle i m@lfal éﬂltlé ¥ brgﬁﬁicadmdsmt 1eaktHRO0008 p8Rh4, Aniat Rhst oh®of the

salts of organic acids in the crude feed
catalyte iseibmainaie eytcondbining R atpporewih ¢ omammgtemaetalsefrcm ﬂommn 6 of

s B s R B s OB BRS oo
Perid®Bd Tatle, O nﬁkﬂ?éé&hﬁﬁoﬁogﬁwiﬁ:e I@rdéﬁ%@st preS@iIBY, bhd ftﬂmmglﬁne

contactlng a crude one Or nore catal ysts to
catalpstdwdlhc&mm a preatrsprr afdbe eatallysiin thropragrage of ene eroere sulfur

duct th t
contfipfiggSrapatii e s riaoaie el 400 5E eldfortiralibl coulitie”
conditichisidh thatiHle chude @rodilct Risal tobdl £ofitet of @]:khli mﬁetdt amd alkaline-earth
| east 0.00002 grans, and at Ieast one of

metab.in mejal st of sgAid #adh o ypost B ol tposicat phukel ety and
alkA%%a%l md R i B PLaRts 0¥ 0 l ééﬂ% ifl ¥ crherER, rdv&‘ilblﬁ content of

one’or nore conp one or nore
alkali fietal, Gold ulkalifie-efrth hrethemmMalcsaIfmhf @rgamc acrdxismm-mmed by

t her eof. t o produce a catal yst precursor, and form ng
AS‘IMMM&@% by heating the catalyst precursor in the

Pr €RERGENtRIn AR profided R bR JfiProdiRitpd HuldpfAiROLHSrising

at a tenperature below 400 C "and control |1 ng
contaxing acridedeesbwith bno ns metmeatalists to prodege rtotab PU@G@& thﬂagdudes

tho oFyetipuch i i anes traffuctih R miRep 2% r 0 0L Fape,
the cifded® ger &Embif cARIENeA ol RY VIR coblent oNutcleist om)oooz

aI SO provi s crude conp osi tion havi ng, per gram of
anflat I@er@msqftth%wmlaﬁts n%m@ oby: combiging g support with one or

oo SR 0 B b1 o

met«s fom Colludity 6rof dﬁ]knmﬂm/ﬂ'atﬂie ar nhmdrcsrtbereahgeproduce a catalyst
dlstrlbutlon etvve 60Cad32 C at 101 P
precyugafs and ng HE PRCBROR I3 e of one

or nﬁ\g&ﬁ‘gﬁ Lot ea Eﬁds"ﬁﬁ@aﬁé&aﬁr@ﬁ@o@a@o @Caﬁnd)eolam)lhng

gra but | ess than O.
contg:tmgmomdmmsesuoh thﬂbﬂm umdalbtyduc; bpea tajaldvi Vi centmaof at most

pr The i Q LoVvi.d cru
oo SV ol e e 58, R ARE il s s et
byA@mWﬂ%@mogsul fur, as determ ned by ASTM Met hod
D4294; at least 0.2 grans of 20 residue,

defbe mvn@tepntglsmmdﬁw kBide DEBYPSition Havipg P@b%‘ﬁé?ﬁ Grade

h h
comid AP e G Sl B0 e
betwdeh 95 AT aadi26y °(£\8tTM1 Ok Mg aﬂé&s’i@ 004 @mﬁﬁoﬂg@h@dﬁm with a
content is as determ ned by ASTM Method D200 Q}ﬂ
boiling yange distritation bstwsendsd °¢ aaBRAGCat 0g 08 AR 9 legst Oy egrams

of hilr8Edns Wi PEifihg Finge distribution between 320 °C and 650 °C at 0.101
MPa; and greater than Q grams, but less than 0.01 grams of one or more catalysts per gram:

of crude product.
The invention also provides a crude composition having, per gram of composition:
at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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contacting a crude feed wth one or nore catal ysts to

produce a total product that includes the crude

product, wherein the crude product is condensabl e at

25 C and 0.101 MPa, the crude feed a MCR content of

at | east 0.001 grans per gram of crude feed, and at
residueqas detereninet byt ASTMaMeitlysl B5307, alil the ﬁ@ﬁb&sxﬁyn hasa we1ght ratio

of MR el s ciaBenes fantentain dash s, whersia M CB ppbint dnas
deteﬁ:fun@& By ASTM Meth5d #4830, 3 quggliéﬁgndp@ c%Btehp% agﬁéﬂe?rgin%d by

abl e, "or m xtures thereo cat
ASWMﬂh@bDZO%d form ng the cat aI yst by heatl ng the

) ursor.jn the esence .of one or nore
suffﬁﬁxﬂ eeﬁ?ﬂ %1?‘?1 P*f?dl% g‘i 1§R NGiggd efude prasdusl comprising:
contﬁ&&g(& cridifee® Qsﬁiﬁﬂiﬂe'oﬁ‘ thdre E&tﬁfggﬂs 'ﬂtgﬁl%ﬁﬂ?é %o?zﬁ ngys(?&b%ggptap ﬁltcludes

he "crude product has a MCR Conteht o
the qrnd;e pvoduct, Ehereintthecrudé prdvecics voledehsbie atv@5eCadind VIR MPa, the

e OV B B PR B A B e T st e

of thercadligts,is 6BﬁﬁhbklwgcomBﬁiﬁg5'§§de&'t anﬁlrdh%rfnﬁcﬁ@ u#til frofe
uct that

or nore catal_ysts to produce a total prod
Colump: ¢ gtithe Peripdic drablee om @umete coptperadsoficne or mote metadsifrom

Col §OEARTRANE IS S Dl HRocyb AR AR oo
forming ke chtalyet byhehtiag ﬂieamuya Pecuftbr i e PRzt 4T onb BY hidge sulfur

ore size distribution wth aorredl an pore di aneter
contsiplng °PHE’§B“45r36 mtenzm%bem 500 °Gii ansd @mupamteoam

condstﬁt?nsfsﬁ de ProdiR fiss Aﬂéﬂi‘&nﬁ’é}ﬁ B 30 hSst 99% of the MCR

distri utlon aving a pore dianeter w
conteriiof thedirade fped, ovidiein®MER contentris amdaemned Bﬁ ASTM Method

' 1345%d\[%strl bution is as determ ned by ASTM Met hod D4282;

d controlling contacting 25 conditions such that the
C I TREinREMIbiCdlso o vidled el oddf phRfking Qe %Q%
the crude fee wherein I\(/)CR i's asmget é{rg(frlﬁéwllagu R%%rﬁ
contagting 8 ¢rudefanl withen¢ avmerd catalyststo mrodnceddetal produmhat includes

e oS SN R SRR A BB,

crudERSE a MCeratenﬂom 3eas00.00 ' grafifs petijpfar of @BdRES B NE thast one
and at | east 0.3 grans of

Met hod D4294;
of the é%‘éé( aaa’gmﬁrﬁm@aowthsmmmdmm in Fhvange from
70 AHSOR W?th%lt $AstB0%Y bR t@taﬁ?ﬂﬁ%er 54 g&%g }# X &ﬁ,&e ' Nstribution

per gram of conposition:
havinga/pma dlametd'emdmm& ddobthe AﬁBMnl‘gbwmdeﬁzﬁﬁvheﬁémlmﬁd size

distrify it of pEFRufied B A v Moo bIAFD: S5l portenjing capsecting
cond#dhe §1iBh'1§£f tﬂé/crﬁgg ?40'&&&*}9@ a%ﬁ%{ I\flk}(et % d/E &g%ﬂéﬂr%’tﬂé crude

resi due, as 21 determ ned
wﬂ@rq;@M%% i aseietarmdnes bsmAlSBM Method 245805, as

ASTM,Met hod D664. . The invention al so
pr owlgl' %g 5%’8 &é°‘88?ﬁpﬂo%‘“g? EmpesiHoRd: V’ﬁ’@r PY AR Sf composition:
at mo3DNPOS iahBIf oxfben, 8984t Q&ﬂ?ﬂhﬂm Metlﬁi&' E385; afiRost 0. OOg
determ ned by A TM Met hod |'east 0.2 grans

gramgp ?%@Faﬁ@etem&bﬁrﬂrﬁw&l@ommmﬂ@ulemmgramd)fremdue
as defeifint@ %99&1‘1\4%@8‘& p39o# wei ght

The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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ratio of MCR content to C5 asphaltenes content of at

| east 1.5, and the conposition having a TAN of at

nost 0.5, wherein TAN is as determ ned by ASTM Met hod

D664, weight of MCR is as determ ned by ASTM Met hod

D4530, and wei ght of Cs asphaltenes is as determ ned
detelnyin&BHMVASTM MethirDDF307] nd thesompositiba diasre MAN of diamost 0.5, as

i nve ro s, in conbination with one or
ﬂewgéy%gﬂidﬁﬁtﬁ%é6%€ conposi tions according to the
in
| 1 5y Bfbionf 1b6IErol R p il colpbeilfa hafif, foe Rk bP ffbsition:
at leakit §1001 lgeans ¢fgulfonss detepninedby ASTdvdquhad Bdﬂ%;rat heastdb2 grams

R R M ROy TR RN SO NN
ratiod FMER ont ”F% @5 s&ﬁﬁ&lﬁeﬁéb QnteiPbER IE%Y? 5 iédﬁle%tr p'oélﬁon havmg

range ution bel ow 100 C at 0.101 WM poi | i
a TANinfjat rdmst 015, sdereimTADES we deterngipe by msm (M@had D664,071e1ght of

M5 B AER A IS0, G0 SRR A s o

deteRETYE BN ASTR Mahe BEDC at 0. 101 MPa, and a boiling
range distribution between 400 C and 650 C_at  0.101

VPE sqmel) emb@hmept@,r g inieniian ala o videsdin combination with qug ot

worg £ pikat - BERpCR E Tq P i BARe SRd at, ( s

not B¢l heared oA feffiryy, distiled) @hllon Gracticanye dibtitled; (b;u hammponents
bet ween 100 C and 200 C at Q. éeq]d MPa, O. gﬁl
havipng a carban Bamber above Aqand the prude desddieg at lenst sich

o5 S ) sy e et s s

a bolimigueree BOAbBiamistlo000T=Gat 010D Wayﬁé)pﬂmgdaﬂgmambum

betoier U A I00 35 S HOEMBPeck hotkE rrbe tosibginge Wiked g and

300. @é a@b 11:)13@@;1f Q: b&lm@tradg@%ﬁut-lﬁltﬁm K¥Ewédh F00 TWER zf(raﬂu 03101

o] has an initi

MP4, onds hoilipg mgechstrabuﬂoa&wtwmel% ang, Gﬁ@fQ\ﬁb& 101(1\§}’a, (d) has,

e S5 A e O A S B
distdiiagidn b(elo))v mmm htSOE‘HJ ISMJPE,LU 00 I gr)anisavf h?ﬂroha;bShs Ea:jv%ghlbmhng
grans or er _gram of crude

d; '
ranggismmfaion bereRsoi1o "6 Gad gD P 0L D GhcahfuBt o piecarbons
hawflgﬁ%m E‘}m{ d@ﬁggféu(ﬂr%?@gég H%Pfg@g@%fgnétggln (FAUSIPREY.001 grams

amo t'ai ni ng
of hmtdca‘nbmsﬂranmg a(lm)lmgmngrr distoibetion ketiwicemB0PC snd #60 &F at 0.101

55T TBF CHASH o oo TG P o

and 654 8f 0.101 BiPaS RTRES SFANPSS ot T&§i0 P 18dsNg.35& th aCiﬁng%rﬁ'om 0.3

organi c acid; and/or (p) conprises at | east one
to 2@05/tei 10, o005 tob; éhhasragainitiel bailing point efatdensk:200 °C at 0.101 MPa;

© SRR, RS SR § BERY 8glongr ve
per ?ﬁgﬁ{lﬂﬁgﬁde‘iﬁ&i ;1 ‘é@l’hﬂhé’& shilfurt (19 hhﬁa/t%ﬁst 000013 gltﬂéios cer‘HIﬁ grams of

obt ai nabl e rermwa& napht ha an
sulfiren gipol off grinde fend»r(khbq@m inastr Q.0 graps @i &G @egﬁqa@ rof ¢ crude feed;

O RIAERT ok B 0 S e
contﬁiﬂﬁ{ngdtddaﬂﬁ)na,ﬁ((ﬁpmﬁ ditnére alkdali rhétslesalts ofioncormoteadganic acids,

contacting a
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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crude feed with one or nore catal ysts to produce a
total product that includes the crude product in

whi ch the crude feed and crude product both have a C5
asphal tenes content and a MCR content, and: (a) a sum
of a crude feed C5 asphal tenes content and crude feed

MR soneresbuidirhents; theinverstionfal® grovides,[in o6mbinaén with one or
s content.and a grude pr.oduct MCR 10 caontent

morg %ip i meffads BTATRASItgS eroeding thidie Anventigniorudq feed thatis
obtaih¥E by b reméwg% W a ahtt & (909{ ottnds xﬂﬂﬁ/ Vg;{ atglg%:lhah{}ﬁg]gthg from a crude.

cont acti ng Ons Aare contro
velngomereattiodinoénts, thaiRverntiontatsat provides)dn comblizatiorodith oné or

more o Bk OO P CRRa PG Becoping 1 (6 HVeptionap Wil of contatting a
crud©fER WithRAE Dr njdie catRyastd ﬁad&é@mw@?cﬁgmn,& cludes the crude

conbination with oné or “15 nore o S or
produns ipwhichitbnerude fed aind grude prdduct both hinveoaCs asphﬁlicmag eontent and

a M‘%ﬁ?’ﬁ%@&ew el t X rpée?f%g%gn 3 tﬁ%@m PlndI3SEM3d MCR
contdhY i ) @IRUBTH crﬁas foa@dtt: Qﬁiﬁmltéﬁléy coiteint andd Gulé ﬁﬁ)duct MCR

thereof. . In soma enbodi nents, the invention also
contept 8’ cang conwcﬁbwndamwrmwaw:té sugh thatd¥’ds af me$t&9% of S;

and/ RIS BorthorR TR P BRI e i o N AR A R,
contmabﬁtlhy Shﬁletpﬂ)dﬂcﬂmes ssphsitenks eI thd@hidd protudtesin'd@nge

é)roduct wherein the crude feed is contacted in a
ﬁ'oméc?n'l" 2ebiMd-3A8de?t hat is on or coupled to an of fshore

f agig %E%mﬂoﬂlr@égl% ﬂ?ﬂh@éﬂﬂgﬁrﬂ% rﬁﬂﬁcé R Edthbi tﬁ{ﬁﬁh one or

provi Inatiron wt one nDre
moremd theodethods erammpositionnaccasding i the mmtldm; alhydmmn esmyrcd in

whicf s g sotiat i A gaseorts R oo 61 fn%géaéeéﬂh%t h

+ hydrdtafboss; qePine A 2HE; GRdAR M) sRkiufdlthdrBgr. cont act i ng o

condi tions such that: (a) a ratio of a gaseous

hyldsoge smbediteants, theinvention alsofreeddess in wmbmmtg:smh ong or

Qus dro
more S S ARRAPY Skl el ARE M mulR AR SR
cruderﬁéfewﬁh ohh or ftadatslyss to frbdudeleiot bﬁﬁh@ﬂhﬁtﬁhﬁu@és th€trude
drogen uptake is controlled by varying a parti al
pmd%% wherspthg cruglg fegddis gortagedin aeitactingzone thakis oas cowpled to an
upt ake i s such that the crude product has
Of&h%%&ggﬁ?ess than 0.3, but the hydrogen uptake is |ess
t Hamome embodintencs ﬂfcyﬂv&mgen alsptpadeddes, badombihdtionawitteone or

suhstanti al phase &e aration befween the crude feed
more é)ﬁgq %J‘l?%;t (g|comp8m8 acg to mné/gptlon(, gym at comprises
contaéﬁ%%@&xﬁde FRU Wi oreYHTRSE BatdREANE tﬁégrb&n@e SE0GR iR

nor nal cublc meters of the hydrogen
hydrogen swmcmld mbpliummacmig mndctmns such tha Ia)tah'atltb pfja gabeous

AL 1 0805 Kl 5 S0 S S 8 s

hydro%@n Bourée fdr)cubicaétél 6flcritiefesd/éshtatited WRh 9AS oﬂlﬁgf@c‘f tﬁé‘ @atalysts
hydr ogen source is controlled during contactin
(b) tha S%leﬁ@tbtattfr plcpet brigrogen wptake ig copireiladdrygear mp@magm@s@;e of

I C
the edb Soycb ) e s Wby BAF ke A5 %ﬁléf R
TAN bf less than 03, bot thé hpdregaiiiRalef is 1436 tg@Sandiibiuat of lrogen uptake
ﬁdro gen source is in a range from 1. 0-20 MPa; (h
that will cause substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80 .

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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a flow of the gas and/or the hydrogen source is in a
direction that is counter to a flow of the crude
feed; (i) the crude product has a H C of 70-130% of a
H C of the crude feed; (j) hydrogen uptake by the
crude feed is at nost 80 and/or in a range from1- 80

hour@r spacéeeloﬂquegas atdbrthedlydrogen Sotryelisat bastkrh t ableest 15 b, or
ter ,of crude feed, )lg%l the c dtg é)rduct has a 10 lled

at mpw 201 5D w/priok Biesitg Ofihe 2aS pRALGT the by cTgge salirCe HOMEY

dumféﬁo'ﬁ?%ttm%,?{% 9 fcoxtntgtgﬂg' t&é}xE&aﬁ@@Is‘?Hta raiffle #1418 5013002, ﬁ@&al liquid

e pro s a sul fur content of 70- )
hourl}r spabe #5108ity0df thin gas mudldr ihe Inginogemt sovfeetihin a:mé@ﬁt)@e%ll 30 h™,

th d t h VGO tent of 7 )/

and il PSB! theciat e BbiHe BYEogE SHESLI dhe s rog 1 V0 pa; @)
fiow of

ST S o s Sttt i 1o

thecﬁ'ulithfeed;c{ethecmidcprokiasﬂmsaéﬂco)fﬂ@eﬁw’oﬂf%lﬁ’cof thmtgu e feed; (j)

hycdrageg upkd e e PR BEmo S K aflor b Bheced fpof 190 of P30

norntdl ‘égﬁc RheRsly %fhﬁﬁ'é% ]Sé?bﬂblc @RAérITicnefe fokds k) the E’fﬁid&lproduct has a

~and al kaline-earth netal, in netal salts of org
tla WFcsontent ok SOKPct e 60004 et 0% hfdhe NoS/Be content

t h f alkal b
of 5yt 2 R orlid Bty FRad o syl boleh Pt 1 8% o 80F120% of the
sulfibonnFoftht urade’ ffeedh ﬁn)t?ﬁlu dmcfeqmuucdgas Ay Gt o g0 1?9% or
at | east r' e .cC [oauc as a,Vl SCOS
90- 0%t e B comtenhol heue lrbds L hestile Tpduc bt b g pontent
of 76’ oeor‘ﬂosﬂ%% éfthgﬁ'esidlglc:%ﬁféﬂﬁof‘ {RE€ érugte fobli gog%e §le bRBuct has

product ravity % of an API
an ogygml doyltenf of testO0ke at memm%,radtmst 3a%, athnm AQeor at most 10%

ool i e T R el g

met% he ikfifelaRE ndupsl! ﬁrmétﬁl s%lt!s 8N&I@anit a6idS 0P Blmbe 9095 at most

to 0.2, or 0.05 t 25 I n sone enbodi nents,
50%, beau mvsi OVoof the sqntgrt@cf a@r@b metal, anshalkalineresrthynetal, Bgetal salts

ofofpaic Ry R s ESA AT PR IR, ShAE BBl Bllbing s
leas€1.50®) theRfdei frbduRbBasH visausity aed B8 96 1o aamdsmms rab hioshﬁ)%, or
cont act i ng conditions tao reduce ao CE)S]I ent rg‘ﬁglﬂ% API
at m@iw% of Berviscasifpoidbapudn fedish 3 i "Ehts RrRe pn
grav?iﬁ SET0SA09% u‘%’ ﬁ' 4GB oSATRRIE Feed %&Szd&fﬁ@ cﬁi&é%x&&i& has a

e crude pro as ;an oxygen >content of at "nost
TAMN QPetahodtDO%q xyg:est 5054 tak mios03 0%, at neosti2ieSef @eﬂjmt(sb)O%t of the

TAX, Gh e ot o aqupsn iy O30 150 0HT a0 b 2 35a7
( C)in 3bmb SADbd ML HERAFER oR hlsh PEovRd@ 2N contbiNARA with one or
cont al ni ng corrpounds conpri ses” an alkali netal salt

morebf theancthodgpn comgpositiony atpouling tedke inypatiany ﬁqmﬁ'g}mﬁ that gopeprises

conGp SR gl SRR SATRE L3RR cpons o
reduéé al c%ﬁﬁ:ht N GpRROBRMRE cohtalriigy @Ungiftings iwmen (apabamtamm
conmpounds conprises a metal salt of a carbox

seleatedl drzanineeraigen coraporsriais redwgsdisucisthaiibe 6rudﬁmr%3/%’fwél ag1 oxygen
conﬁ]agﬁlag?nqﬁag‘go& of g{]etw en E sy ﬁ'ie-@{l)(i Seed; f(i))nﬁth@as? bhEmpound

non- carbox I'C CcOo

of 1R GBAMIE ox PRk BktEn©Eorapourds t:oxﬁpﬂ/seﬁh rhdtal sahrmfemarbokyhc acid;
non-car boxyl i c _contai ning organic 5 conpounds in the
(c) B ﬂm’eonee@mpoané pbtheOgganig oX¥gen coRAIng CW“B&%%PHSCS an

étgi Qg a%%fﬂ%%ﬂéjécld, (d) at least one compound of the organic oxygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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in the crude feed originates from naphthenic acid or
non- car boxyl i c contai ning organic oxygen conpounds.
In some enbodi ments, the invention also provides, in
conbi nation with one or nore of the nethods or
conpositions according to the invention, a nethod that

least®RBRbMPEENd dOthe SRiaffeldxYferfedifiaifiigcBRipothdsLoRiRises a HRfaf
catal ysts in V\/nlgg%‘l (ggt he crude fgg’g I'S cor]tactaed salt of

a carhpxiczacid, aderein e ro¢tak domprisesidyesorymene raetals from Column 12 of the

.t rat fol ] owe contacti at second, . . .
Periqdi{ RN ¢ e B WRfhcbbasiO i o BforfbarBoR @ dRftatning organic
comgunts 6f atafost 9OB, s1Bé cdliént b hek-ca®Bk A édihining TRRmaS Ur e

Is at least 30 C lower than the second contacting

companpds irethg caude(fogd; mpd/or (@) geleast wag of thecxygerteandriningicompounds

i Y080 g 30 DR BB eSO BB

oxygeeop@paindse of the first uptake condition is at |east
30, C lower, than the tenperature of the second uptake
c obfiomesimbqdimentsthe mygatiqnsalsp provides, in'combiiatian il one or
| gl fl .
more!bfthe fieHoB3 o} oifoons Mecch g Blendimniin 4 rlhod that comprises
contdotinp arcanderfeed aiith onb er mort eatdlystginrwhidthi {apthe caude feed is contacted

..controlled _such.that the first contacti t enper at ure
with G165t O BF Pt et PSR PREITS BRGNP B9 FORB Rt & second
tempeNRE! BIIURE cortEting2Ondi¥ B A8 RoRkRSllddSubls R e Tstdiohiabng

contacti ng; ge) hydrogen gas is generated during
tempersitrg as atriepst 30 ACtomerdhan the s¢eond contactingtemperatirs] (bythe crude

|.ed. t hat, t de f .ak I t
food S W e Wi Bdkob i oS SRR ke PRI nihen 8P Seoond
hydrégeachptskeconbRtiohCehdthé Rentberdhire OF (1 ksbQRaMRLCopItRINS bt least 30

and contacting of the crude feed and the first

°C loveer thapothe tegpnegatyis of ithe serend entilesccopaisions (o) therrrudmisedisn-
V0 b o5 858 ARl T ing

secomdﬁegipatanugmiﬁ the oghmmgmdndiﬁﬁnssm egﬂrollbﬂgsablyﬂiﬁt fherfirst a

cr.u roduct, an rein t crude product .has a TAN
contg5Hg orRRSTGNAL B ANE “GARIER R 0 Sp G Ron s i emperatire; (4
hydrégencias is gdn@lat&PiirAflcoictin; o AFIERE gadlisTreRbiafel hhrif S

reactor; (h) contacting is r I'n an ebullati
contasting.rand dheeontgdtingchrditionsdwe alse dontsolledencathat thewiude foed

o5 8o 8 68 oS REOker I FRLREN it el
first dnfdd ReMANEHALYE SRtf dnudting@okhe Bude fekdtanldQRS! fitsh caMIysERkRsan

an additional catalyst in the presence of a

iniﬁaw 9%1?16 geniush apd wherebsthe instia! aredeceradunt hasw TAN eat most 90% of
e NPT GRLELY s R T SBPEFRAERr
catalyet fermsef cradeip@dietealid Whereihyth aade praglugichiae adtAN of by heg 90%
of the, BN She Fitiakemdeodet (6 corlacindis perfomegia abaskad bed
reactdi @D coRtabAnP B r#(ﬁ’ii&ﬂn&f int éﬁeebﬂfié’tﬁ{g%e@%% g? gi&écgﬁ’&%e%@ﬁa

contacting ¢o l'ons are al so contr
contactedwiith art additjersl cataliyst sabsbiquernd tté oontadtawith the onelot more @talysts;

~ the flow.qf th rude feed and, a f]ow of the . )

() onisan grard B e siyst i ayaciie coplydtandsBg cride gt cppted with
additionaPeaY, ' fi i

e adfiticRa o P h U elo/sT o hoRbogRnisbiet st et hith the

vanadiumnatedysty (&) hgdrageh is igenarated ata fatgincomdge fromsl-20 sormal cubic

metei%g)ré%:&%i!: ?n%tesr%%%r&dg ?éedt; Hfh)frc{r(r) gsetn its egggeergt%{i ld{lr?ngl aleactongagt?nsé, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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-t'zimfgqiw@ﬁ MagResiup pXige. o5 iKtuLes
weatal YRR 156 SRR 10PoifhE Aot Hethod AfTheoliEaBes e MdRlonkl Cutalyst

| oner than the second tenperature; (n) hydrogen gas is
" generated during contacting, the <crude feed is
contacted with an additional catalyst, and the
contacting conditions are controlled such that the
addi tional catal yst uptakes at least a portion of the

portidaEiind Sdherdfodtivdgsitn, £Acthe Cortadtingtonditicde ark @B dosirolled such
subsequent |y contacted with an additional catalyst at

that 3 flozv afcthe ges isdmp diregtiondhat ipepuntes te Bierflow phige ifegchand a

e e e

at a fifs0ensiRIatuicind @ubdeqadntigrwivh adadiigoral catalysieat afseddnd temperature,
met hods ,.or conpositions according to_.the invention, a .
and heicRpiactpg pondFae P ontie el shohithad the Srst tranneibere s tfleast 30 °C
S, bl ) C o
low Wectthe $eHoRq GLAHBIE clybyBoEl poe Bch Fchidhig Bontachi, the
cruda lfesd is @aontactbd odth aniaditianal| catal ysg and itheacuniavtiog comlitions are

contil 530 o o AR bb! i ot o B sy
hydxﬁg&l;taﬁﬁlo? ad Erylis 12 rifmsugﬁmp EortRdtPehith 4h bB&Sonal catalyst at
c catal ys eat

nprises an additiona that has been h
a seqond deraperature; atié theenoataoting ednditeons @t @nrolled such that the second

sul furizatign; ) alife of at |east one of the
tmn;lgg}%gta@tep.@qy(’e.east 0.5 year; and/or (e) at |east
ONgn Sdmé BRbEdEIRKMSThE inventifn dlso BROVIdesSit doafbinditiof mithl diRtbr

in the crude feed. |In sonme enbodi nents, the invention
morepEihe pehodses compositions aseerding taitheninyentions 2 meghod that copwrises

contfE A SpAC 0 Tk o8 Wiorg G20 s Riwhita (15 Uil Wy sibported
catalyBeandr théBuppofiabalpyiséssalurina) siHS, sitic@-ahiminhaitadtumloxéde, | S

supported catal yst or a bultgwengé?l ggt al ygttigg;sgplgoq’%d

that hest laden heatdreaCdl ab atemperdtOrecfbovd 400PYE pridi t© sttftizationy (d) a life of

o efi Bt o htsa v b 7 t7oB gmd 6 4 It of Pecafyses s ma
fixe@b&dr Shurdied iRk cAldedd&l.or nmore netal s from Col unms
- 5-10 of the Periodic Table, one or nore conpounds of

ondn spmeembodimentssthe inyention alsmproyides, igfcombinakien waid ane or

3 g b g o T B0 gmories

cont@crthll g0 ey feed @\lf‘i‘ﬂmﬁnedﬁ nifre @agﬁym, dgllHaet oretoflilse datalyet is a

Col yms, 6-10 of the_ Periodic, Table, or m xture

suppeped earelysi or)2 tibkpetal atalyaicand, the BiApOHEA SFaISF o8 BRlmEHths
- of r T r

catal ﬁ%@ag rc(atr?g?lggsn(gtﬁé);r g&; fr§ glm?%o oms "}ﬂ%%gqgfeo t he Per %Zglﬁe’ one

or mbehtanpamdsbioneror sndrk eretadd fromefolhmas SpldrofghaPerafdic Table, or

oo T T B0 et P o0 e LT
granizE bt RED.001205 rarkd\6F: Bhe HhEreGRIRSYRAS COfunRS- 1Y o%??é Periodic

metals from Col'ums 7-10 of the Periodic Table, o
Tablej orteLargnore lcempoiinds (of pne onporesastals fion Colmnns 5vkd of the Periodic

vl U o G T oo
Peridd1€ TablResretirford dBours ofbié & @orel iSRRI om Cfa}umns 6-10 of the

.conprises one or nore netals from Colum 5 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 Table, or mixtures thereof; (e) has, per gram of catalyst, from 0.0001-0.6
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the Periodic Table, one or nore conpounds of one or

nore netals fromColum 5 of the Periodic Table, or

m xtures thereof; (h) has, per gram of catal yst, at

| east 0.0001 grans, from 0.0001-0.6 grans, 0.001-0.3

granms, 0.005-0.1 granms, or 0.01-0.08 grans of: one or
graniiére). 00108 rah 9 6F: 0at biole BktaldRotelohnahc7-T0 b the Reniedic

Tabi, o QRO EPMPANBISTAfoNE or Slorasetal Sem niuaas /- 100f the eriodic
Tab%ggg)ﬂl aﬁ?@%ﬁ.ﬁ%?eo?f %M&%ﬁ Bﬁé St b Th BoRfmds"E6 of the

Fio nmore conpounds Sof one of ror e
Periogit dlablef bmmbmmnﬁaouﬁdsi dfoneet ingae meddfrem Golumns 5-6 of the

m xtures thereof; per gram of cat al from
Peripdig Jgblegommistunss theee Oédﬁ 0rIPHsesPRe OpmepEIet %Q%ﬁ%olmmﬁ of
the p?%lihcol“%zr | o n{?)fr%fﬁﬂﬁolﬁﬂs BPbfte SEhaleSndtls ?oﬁnglﬁhlﬁs of the

one or nore conpounds one
Periodic fiable, memasttm‘eﬁ thereofothil s, Pengramof cRiysh at aFtdhb00d! grams,

o SR - SRR 0 ST i o o o

moré HERALRER @ luﬁﬂej ofthe PBYGLEThBleSodel d? 'ﬁl&@ Eb'ﬁﬁmi&is%ff oh&6r more
Periodic Table, or mxtures thereof; (1) has,

metajs ﬁnn‘oﬁolwmaﬂ ofthe Periedic Tablepar mnaurgs s themPoBrDE0DWTISes e or

morfifAls Fom e & a1ang Peefe Tabier i aadndif Cobodias e Bae or more
metdlS FRISCHkeH @thﬁe tPHﬂ&il& Table, bhaixtaes thateof, (Pitas, pemgram of

m Xt ur es ther m& onpri ses vanadi um one or
catalsistSioun S -Oxﬂamams 01oP-3rgramns (005 ¢ b geamms, 0G1y0.08 grams of

e O BEARSES 1o s BB St

or mm_wlrdﬁomf(l:olgmbaﬂ of thoPerivdi¢ Talsle, drlmxamés;dthétp?f ; (k) comprises .
conpri ses Yy num nmpounds o . ;
one QEPPIRIDRIH ok CAIBRA QT rcicaltie Tabje, RAE OF Bfe copapaigds ofome - ¢

.. or mfod ﬁJeYa?% froﬁlr(??(ﬂ n30b7 e PHARARB T e, 27 r&ﬁﬂ@s%&@@f‘ ) has, per .

20
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gr ans enum one or nore nol ybdenum
grarg ofipataiysts frOer 090d- 06 @xams orh.8dF-0.3(gryms ofene ormore metals from

t d f te
Colygp 1§ of e Fepgs Tabis, 89 RGN Eepmighuntty GFShei ot meals o
ColnR 8 o8 the B ’kable oH AERLASR thB6E: Qﬁ) COMitiges D@ BRI, one or

conpounds, or m xt ures. t her eof ; (t orrprl ses one or
morggp@pendsiof vaRasivTTaRK B therert (0 nitkel) energuore

ooy T B g oo o

cob4lg o~ inikmrdshierést; (p)‘moﬁpnieéﬂholyﬁdémmnoﬁe btombre ¢ampounds of

mc'lc:o ri ses .one %ﬁ%’o errents from@ﬁg’F %%é%gruonig@msor
fronf b%ﬁ?'ﬁtfg{aqer eg?ll)ﬂr?'ﬂg %ebp&o?@ﬁz'oﬁ]%u&tﬁﬁ%ﬁpo@{ds or mixtures

m xtures-t as per gra cat al yst ¥rom
ther€of) () 0dmPriGs tyngaien, afe orcnme@pm]mumisedf dungstep, drroitures thereof;
Col um 15 _of .the,Per Tabl e e or nore
(5) RESn R B o Pt oL -3 R or PirGstPho iR mage tuppsten

con'lffbf)uxtlct%emP 1Bt theldB (B coiprite b SSmbrRneals frofrW)?olmnn 6 of the
phosphorus, one or nore conpounds of phosphor us,

Perlndmtﬂabb@ndmp@omorq ietabugomiCotomn 10.of thyBemedist Table h\élereln the

B 4B AR BT SR Bl AL 1 570 e

one 9P iR r& ARSI TS Colutth 15w16mé iPeAodik TabIB éhél siesore icBmpounds of
conbi nation with one or nmore of the met hods

or
one ebmess ¢lements frose Colimiyl 3 @f thp Beripdie fablenor ml)q&iif%@afeef (V) has,
per Er%mn%ch%tazi‘yst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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catal yst conprising conbining a support with one or
nore nmetals to forma support/netal m xture, wherein
t he support conprises theta alum na, and heat treating
the theta alum na support/nmetal mxture at a
tenmperature of at |east 400 C, and further conprising:

ofth(eaaenoaiufmwu g nik@resthaest (wp%mi sphoris, ld)h@ omo?e ¥6thSéurlds of

rma paste, and extrudi ng the paste

Pho Sn?rr@we% thegnobirfxh havay mnshf.- igrams pfw@lpba almnm par gzam of

catabySITRESRE 8 Bl ket 08RO ol e b RO L1
pr G bains embodiaraty) thetihashtivh alzo Pheidds, inGhebiRdticnleith one or

hods or_ conpositions according to the invention
morﬁ%{ g angthods o sRmPPEtiQns acsptding mﬁge HVeRtiRfe a mstod p ﬁﬁamnng a

cu 5 i I op) L of PRI iy
mixt(iee), wherabal ﬁmmupparecainpmab hietfluaiind, end hedd &eﬁungameltlm&hlumma

90, A | east 180 A at_ | ast A, east 23Q A
suppgrt/nitalinigess sha 2 tépmperpfe offb ‘fﬂﬂ Coead gﬁ@“’?\m‘&Pﬂsm& @
bﬁn@hé turkAith ]@gte qzé&nﬂﬁ@o paste;
eom 230%8%6% or gvgteéaoox%ﬁﬁ ( at | east
(b) otaining thete aluminembychead treptingzdurhinaat a tqmpesatiieafet beast soo °C;
45. A or 25 A of the nedian pore
and/#élgeh?g}umtgc?ega ace area of at |least 60 nR/g, at
| ebporddedBodithiesits, ik ikRAtbn AI8O pfitides, idlcohfRmkiodth one or
n2/ at_| east 150 n2/ g, at | east 200 n2/ g, or at

morq ¢f{Be mefiyyls ﬂQPgmpasﬁw:mace@ﬁma to thesinversionye method thatsomprises

con%c?i‘iﬁ Q%?&e @%d %n%l /0?1@%% rn%é-% zﬁggét? 18%&}11 %tgmoel {;Ji’ze WBhdtion of at-

leastemb mﬂﬂreamzsysts Tress: (a)uenédmrpcab dianita\of dERastioD A, at least 90 A, at

ot b B Bt A 50 2504 e L b S5 o0 Ao -

in a 1RABPFLRET)-1APAC 000- 260 ANG2 21 %mﬂggﬁ-%@ml{zéls?@?\ 980386 R; or -

ported catalysts, In e su
60-3%0%@ (b)d easl 6% nﬁthes:olal mzmbmotf iposes hbvana pare dirhetar within 45 A,

35 A2HLAEA, S ORRPLIEH} BRundBS s B GrLhac ra
90 méfgglhtdeast eom mzlgahuw 320 ofg, Hﬂ%astnso ﬁ{@ﬁi E&st%@ Eﬁ?vg or at least
aj, | east !ﬂ%r ams of garma al um na;

220 I@r/anmorsfdbb 8l vojume efalt Oﬁhepgweanﬁafdpasaﬂ 3| cmasf.g, ‘a0icast 0.4
cm’/Q e sl s‘cﬁn@h %%st‘ﬁ.?cggﬁ. conprises 30 al pha

| 'um na, um na, a alunmi na, theta alum na,
orlmmmaambddhﬁexﬁﬂ,fthe {riventivasal@s provides, if cdmBindiidn Gfith one or

| al pha al.u am of support. In sone
moreé#ggqjmqgl Or ¢ sih tapqg:ﬁlag gtb%ﬂ@\(ﬁnggg, a mpthod that comprises

contfeAAPh '?:ﬁIde%ed"MtH oﬁ@ br Rﬁyrc @E&té@f caﬁﬁf‘sm bk e support: (a)

conposli tions accordi ng t I nven vana
comprigehiblyming, laﬂnca, silica)altumainaatifaniven sxide, zninemunkmhd@ mnayzbdium

ol TR TG AR, Gy 3B gbebue b 5
umﬁﬁd(dj hgsu F}éﬂ@@iﬁkﬁl‘ s%ﬁfaé}lt,}é‘ileaﬁQﬁS rc&‘ umlna] gdg has, per

di stribution with a nedi an por& er o
gram@qd spppors pit J@@fﬁ}ﬂﬁ glamson et least v gamsef theta aﬂumma(;c(b).nnmlﬁ'lses

alpheFuchli%, Eing Shinit st pfiins oty Amis Ga i s pereo (& has a
mostMIXgruﬁﬁ%fhl%ﬁ%m@géy%ﬁm(o@;u , per gram5 of

catal yst, at | east grans of. one or nore netals
f B spg cmbedianets, thesinpentiondiso 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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Tabl e, one or nore conpounds of one or nore netals
fromColum 6 of the Periodic Table, or m xtures
thereof. In some enbodi nents, the invention al so
provi des, in conmbination with one or nore of the
met hods or conpositions according to the invention, a
a su%idm Boig Coinbelking dseta ali:ﬁmizﬂ)andith&ﬁ&fdn&dl catalyabhas a pore size
from0.Q01 to Q.5, frgmO. 0% % ; or fromO0. 05
distritition withy agnedien pose diomgtsDaba: 1615 PAA146) dompTiseR @ or Thors

meteﬁ? fi'g{n C&Gﬂmaé Kfthk BERERE fée&?é or ﬂl&egﬁf'r?lom?@% 6ﬁ)n9 for more

aci ds per gram o trude pro
meta@s ﬂr@ﬂmolgrrmﬁoﬁhe Retiddieq abke; olgmiNTIe$ ﬁmr&mdmnd{nrc{dilm, per gram

of cagglgépggt l(ggs)t 2:00; at er L '2’?16& nr‘hg@fsa{%g}'gﬁo lﬂgp%gﬂf gmoflcﬁnodlc
Table! mﬂﬁ&%tf‘égnpoﬂuédé r@%‘? nfFP a AR b H Clldn! G WRR | PéHbchc

al so provi 21n co nation wth one or nore of the
Tab]n]amﬂmﬂsumsﬂmqfoy tions according to the invention,
or nor | kal i . ,met al aL"EQS of..one or ,ore or ani C

some F #e the iugtion alse rpvifey, 1 campipatiopy Wi gneor

mor@ bfﬂie rrfeth(SHsQﬁ' rébﬁlp@&i'tl@ﬁs ad%brdﬁig(fdfth@ SoviehE6rS chrdldb phbdb that has:
a east one of the al kall netals is lit

(2) aBAN,fromm of most om0 004 n &5, o 801 e Obﬁ‘@m&nai 10d.1; (b) at

mosf, 00 on 1 AP el AR AR R 0, 1 el B F organic

acid§ peigraal dfRfudd prodeste(cpat moR000002 greend EANIOIF eqﬁr gram of crude
conpositi ons according to the i nvent| on, Qrf‘[gt hod t

produetypnd/en&l) sreaerban O gramss butless beri0Nil gramn of 8t least pRe of the

{ total product that includes a
%g;gyglra%ﬁég‘fﬂ&?ﬂ%aﬁn%?hod further conprising: (a)
C 0y kori@ gmbbdinsents]] ¢hepineeition aldotgrowdés icamleingtion witls one or
t same, of different from udefeedtofo
merd PETHE MO ATSOMAOSINORS SO 1 be SBFRBGH SR O fofd kali metal
ﬂ:?xe g of R fgaﬂct%uﬁ Shd'StembitaikdlimeleRRh iR sBlis of ope or more -

rent romt e crude feed to forma bl end

organid dcids, or mdxtutes dhereadiin Wlmh Ka)at beast que)of thenalkalbmatalsig lithium, -
th d
e S G5 A R B g o

calci@duci ng transportati on fuel fromat |east one of the
distillate fractions. 30 In sonme enbodi nents, .the

i ne seme gmbpdisnesis thedayention alsermPYides: HhcammbiRatipnevigh one or
morS BF the HhethOs &Pc'i)ﬁgg%tu%gs Wy%{d P SRGEGE, & ﬂ&hﬁ@tt.h:ﬁhg‘og)lpnses

I'Aventon, a suppo conposi t’ion t :
coniham@ criude fgedGuith gmeammnm catalymtprmw:e grtemispmﬂuctt ket includes

al um na r.a support C | ta
a cr%(:lcl'mp@g: t,the p%éh §rt con R}"Sll}gaga%) rbcf Praduct with a
crad@tRtas tlﬁlsrﬁllq"lg%? dﬁ?éreﬁlrf?drﬂ 1 cradPfeed to foﬁﬂ)a Blé‘ﬁd shitABle Yor

size di st ution wth a nedian pore dianeter 29 of at

tran$peating; FB0combifiag thcasrude pmdgcwwm arerugle thai és thesase ot diffigeent

fronf thepids Toed g A s ehalien® s FebpentTacif (0 Fiotlacgg e
cmdé‘%ﬁ'&d&i e/ dr %%‘)Sﬁa(%nﬁf@ﬂ e chille pe&iRt inf®ndRemore distillate

netals from Colums 7-10 of thé Periodic Table, one or
fractionse and: progdueing ¢ransposiation fuekfrom atdeast enerofdhe distillate fractions.

0 of the Peri dICT bl.e ronx
cot s Pbadent e b0 B P AR, B potabiffidifiritn b8 or
morEef tlﬁdh&tha'@d%ﬁon%mu@hs according to the invention, a supported 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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nore conpounds of one or nore netals from Colum 5 of
the Periodic Table, or mxtures thereof; (i) has, per
gram of catal yst, from 0.0001-0.6 granms or from
0.001-0.3 grans of: one or nore Colum 5 netals, one
or nore Colum 5 netal conpounds, or m xtures

of at leest@30.4;@}) mmpors eshmeaofqhe paresoiihl pbfe sﬁidxlmﬁehwo&t least
one or 10 nore co nds of one

of ;t.he Peri
0.3 gm’/goF at least ghqécmr Bk TS TBco Tros Rbatiest 6 /gr%rtﬂtéeasfo%m /g
f I
(2) %E%%érié%? 8ne Bﬂ%ﬁf‘é)ﬁetafslﬁmﬁ Q%hgngl? %&g%g#h%r%:%gpﬁ %aﬁﬁee, 81;1é &mmo_re

6 grans or from
componeds@dlonmor fhare ietals fromeCelumms Fel 0GflthePerfodieTable, or mixtures

cofmpQunds,. or m xtures reof;. (1) npri ses
thergoln HHli COPHISTR.OmS: o1 FRPTE TucsH SRS BHI b RO Table, one or
mor€lclpb@s dfloaE 8P fnord fHe X m(ﬁﬁ;%@' of We:lg&%l@f&lg, 'or mixtures

nore conpounds O xt

theredfe (ipbids, p@rﬁranmﬁnataiyst, fram Qsﬁ()@ b-() Ograms lor ﬁbrre{) 00 P3ugtaRs of:
of tungsfen, or xturesth rises

one 3 mnf< oyt et oug SF B Ge fo5im 3 s o gomppungs,qr jpigures

therwreme@é dedlofk o{' Rore RN froR TIMubk 8lof 1 WerididPitfe, one or

conmpounds of nickel, or mxtures thereof. In sone
morg feisRe sk 0f one némom/mtalﬁhoml@zburpn 6\nf¢lusl?enod1c Table, or mixtures

therEHT TR . 8 el B PR, g ot B et 59 1 03 grams o

one Oﬂmpmﬂl‘blluﬁﬁl 6 Btals, 0d0 of ﬂlbré'laﬁluﬁm'@ﬁieﬁi c@lh SRS, oF miktures
{Q at nosf 0.3, or at nost O, (b has, per
SFMPIiNEH ¥anadiwn, O%aonwwompgmdsgaf ARRAdiIm, or mixtures

m“ﬁ%fd&v‘é’é‘%’"@@**% HlolyyBpit e R bl ot Plsnyy or mistures

- thergrfam gompnbfaang@ent) gﬁe gz mblm cotipoahds d)i?ﬁﬁ%stéhé Gltimgrftaﬁs thereof’,
ro ons w a ol e ILStriputi o
(0 P SRl Reer e sompoudsT sohalies mitiees aherpetaadior () -

comBrif¥a hidkeR Bhe of nfbrs E&ta g&ﬁﬂ@ of gk%lsgr %ﬁégttlxﬂegﬂxege%? ge 25

di stribution between 320 C an MPa; (c)
hadn sam¢ embedimentthegneantion alsolpaavidesnint oapivativerwit @ or -

mor? I)f t%? % o? Spgxg;gg%h asziccglgié%g[gtrogﬁ%%fvaﬁtg}% 8 %{Iautdlp %iaposmon that:
(@) hﬁs b MAQe of atanest Al af18dstRs; abinoBIE3, d? aPRBSD. B (B BasQper grallm of

total njckel and vanadl um per gram of conposi tion.

compesinne Ablsast Pt lsgramg of hydreearbens with» bpiliog range distibution
betweeii 95 BALEGReHE L @g%l %{"%QP @tﬁ)ﬂ@fel rérgﬁs @5&%0(% grams, or at

conposi t1ons accordi ng For,” a“crude
leastdb@dpgmmsmcﬁlhydmarbonmwhth adwilimerange distributic Btweés2609Cland 320

°Coffp 107 Pt et 008 Trind absntams it ks Hse

i (5 e
i 18R 519 oy R O SARYDONS s o

basigiitiagereper gramof cemposition; (4) hasj peér @amaf esmpdsitivrt @eteast 0.001

t h unb
graniy f of R 0.0 BR oR o Bl ey addlpebha & wieond 0005 srams of tota
mckﬂan@ﬁra&ﬁinﬁn@fergﬁﬁm@éﬂnﬂibs%he di aneter, (c) has a
surface area of at |east 100 n2/g, at |east 120 n®/g,
or Instomecamloditpenispthg inveation aiﬁtpprowbs,ansumpmatmn wathcbne or
mord mhé}ﬁ%&%dg of 85'1.9 5@%%@8@%&@%' i C%ng,: %{:ﬁ%@&f:%?osnmn that

titani um oxI de;

inchudlenbriet o, m@ﬁ%ﬁﬂysfﬁ dhdlsitel8ast BRé §0the chtRlysie OAPhASLSore Be OF
digmgore nmetals from5 Col unms 5-10 8f egaea?lodlc Tabl e,

HeonMthihemedisp perdiametenab apleast8@ et moss 00 dyand/or in a
range from 90-180 A, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90

A, with greater than 60% of the total number of pores in the pore size distribution having a
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Col ums 5-10 of the Periodic Table, or mxtures

thereof; (f) conprises one or nore netals from Col um

5 of the Periodic Table, one or nore conmpounds of one

or nore netals from Colum 5 of the Periodic Table,

or m xtures thereof; (g) has, per gramof catalyst, at
pord diasieter @itha045 @;aﬂu&,@&zsdmf the nradian pooe dme&m(ebhﬂt&,surface

area it opt 00T TBahDRASL LD B, ot LT B 4 PRGNS sppors

and %leog nSF’&% 051%&*12&' Ea,bélﬁca, eﬂfca-%lurma LG ANRONIES zﬁf:oﬂ't‘ﬂ& oxide,

e net from Col um the Periodic Tabl
magnesmm@mxdee xealite,ramﬁlor(mi)mhmhelpef (g)rcmmprfses:meadwnereametals from

oS b S R S T, TR € HELSL Sy o
Colﬁrﬂﬂ ?‘ﬁ) of the Parfda'fEPThlﬂﬁ Sor@MnLEs MBS THIBhiprist dhe @R MUFE metals

hé Periodic Table, one or nore 15 conpounds of
fronm ﬁelmmn frof therRerimidi: Tahicm@g lonmore compounide ofens erhere metals from

Congi st 4R P Lop i eBT TS 3008} PRAPRD gy paaL o least

0. oo‘ﬁatéxﬁns of B OF mPRé CoRMDS Hideils, Ohe 0N fofé CoR: ShRtik Béxﬁpounds,
fromColum 15 of the Periodic. Table, or mxture

or mixresdhereof () nommpsises Abo el mevemaetals deomy Colin 6 of the Periodic

eci
558 . foft QR B 1 r AN 8 Bl i peodi
Table) vEniittares the@of; €% ham pRr grairoafl datatgst bt RastGuiHOR gomns ofe phe or
of the invention may be_ conbined with fe tures froﬁgcof(])

morg Gyplurgp 6imetals; onerorahersdr § mqtal qomRoyE
comiy'hggseoﬂyd} ?é 4415 fon d@ﬁ!ﬁﬁﬂ R @B&h@?&l?ﬁ ‘1‘E Ble Gt dore

systens erein. 25 In _
compohnds ofene ©r nete intetals fonf Galtnd$ ofdlye Bmoﬂmld&bie,mfmietures

enbodi nents descrj bed I“srei BRL EF . '
therBHE ah/ A O BRSO erok R Ll AR5 1 SOTgn | R gt fh Bstingti Table;
one 'oP }iﬁﬁ‘é EGpdMds 0P 86O FEmMBRNAERS s Frond @@l%ﬁmsl“g of tBél PérodiFable,
wi th the benefit of the follow ng detailed

ornummpcneofq and upon reference to t he 30 acconpanyi ng

gl e B S SHtindl Sy ppemion

be csﬁimtmﬂs featureshosli dme}te&b@ﬂlmms aitthe hyeayai. g eixlmple,
i ncl ude two contacti n zones. 31 FIGS. , 3A a 3B ar
featyren Eiom meserebochwsafd@ pinyegtioncgay he pombined § £rom any

of thd GthHdentddifensONt act i ng zones. FI G 4 is a schematl c
of an enbodi nent of a separation zone in conbination
Wi tTh fanhar entbadimergs, systeqnodustsirSobhinablecbysalyenfihd methbds and

nt . of a bl endi ng zone in conbination with a
SySEA RREIPRY Pt

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

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

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

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

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

include two contacting zones.
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FIG 6 is a schematic of an enbodi nent of a

conbi nation of a separation zone, a contacting
system and a blending zone. FIG 7 is a tabul ation of
representative properties of crude feed and crude
product 10 for an enbodi nent of contacting the crude
f eFIGSi 3A ahdi BBare stheinaticsof denldiBents of contagtingsybtems that

. ,representatjon of weighted average bed tenperature
mc}%rtgﬁgcoP@ﬁé‘%z?ﬂﬁsT un for an enbodi ment of contacting

t herGr 4ae, {periatt bPaPERbEIin¥Rl 6f £tpataish Zone inlGmbhatisn with a
a tabul ation of representative properties of crude

conth@ng sysigncr ude product for an enbodi nent of
co cLin he crude feed,.w t catalysts. 15.F|. .
ToME"S R wopabn if S pORCdPehlpf A BefRhE ki BroofBidlih vitn e
contfting $y9Rni. €€d and crude product for an embodi ment of
contacting the crude feed wth two catalysts: FIG, 11

i s FiGt Gind schiematio pf an embodimsat efraicambinetion of separatien zone, a

enhodi nent s _of ,.cantacting crude feeds with four

con %@Ps@ﬁ?%ﬂ%@@%@ﬁ%m FIG 12 is a graphical
r ePIGSP i Atabalatioh oPrepedsustatiVe propeitiep bDctudé feedand omde product
time 20 for enbodinments of contacting cyude feeds

for apj ermbodimentificontastng bgcardpdeed yitndhrge Ciplysts13 s a
& 390§ B SR PIGRb RN ‘ﬁ&@i@%ﬁ%ﬁﬁ%&m e
gitoof i tofcontactin itk catalysts.
teo Sy Mtf?ﬂmlzmb@?fe?s a raphigcalm represent ?iatgﬁhg? ¢
M [EHy AT on of FrpEesERAHY S PIBFIIE Of Ghe Fied 3ad Spype product

for ﬂa%d%eﬁmtc%nﬁe@%glgwﬁaetmwﬁ@rms isigent s of

contacting crude 25 with four different
cafFiGy 18 issapsthentabulaition of Serireseatatjve preperties of crude feed and crude

SRl AR o R B PR e o) ot

COM@C1 1 Rtk {abdlation 8 crhae fhediahl chidlépréliuctsefor ambediinghg of
systens. FIG 16 is a hi cal representation of

ra
contastingtrude fredmwithdowr & g@afcq’salmisyﬁ@mso per cent age, of

ol P2 RO BB B oddtlin -Vl SFRAM HRRkSts 9frone run ime
for eaytsidinents bff Contdctirigseradd febds with dourak fferepr aatadyst aystaras.

DTG b ftasrspiice emrosmipiion RS oet BroPRIpiey Tudefesds versus
run ﬁ&é%ﬁi@n ehf3 U aRtacti drods fealPWRth Sor{differdRi daRMIGH Yybtems.

catalyst and a vanadium-catalyst, with a catalyst”
sy Fi6n 4 4 graphicaloeprdsendationmfaesidueccontting srpreseeddn weight

nol ybdenumj vanadi um cat al y.st, . and. wi.t I d
percpRale 15 e PIoAi Sp i ob s iop apbPulrpf gl il Gude feeds
withoRdr 8t REQRAMEStdhey,  enbodi ments of contacting

crude feeds with one or nore catal ysts at vari

| i §GdLhine eypphisalggpreseniationcafichaage ip A1 aayﬂwsof?&lfusfle products
vers%?%%lht é??roe?ﬂbﬁiﬁgﬁrs 'i)f gg‘ntgéﬁn‘értﬂéjgruﬁg Pa vAREoRE Hitferent 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 embediments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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enbodi nents of contacting crude feeds at various
contacting tenperatures. Wiile the invention is
susceptible to various nodifications and alternative
forms, specific embodinments thereof are shown by way
- of exanpl e in the draw ngs. The 10 draw ngs may not be
that inchslead enadinnsatallyst and aumelgbddnmavaradiun batalgstammdwith glass
b cﬁ;nd detailed description thereto are not intended to
imt the invention to the particular formdiscl osed,
buier@ni § A& GORLASH ¥F rb@&nb@&@&hﬂ Feell Sndl @rid@ pRiduets!for
nodi f1 cations, equil ts and a ternatives™ falling
embodintents ctfh:en’aptmg trude deeds wpth @fe drmeorprcatabysts at Mamowsiliomid hourly
ef i ned by the appended clains. 15 DETAI LED
SPacR¥&EeRINST ON Certain enbodi ments of the inventions are
degedyi el Mﬂhﬂoﬂ @fﬁ@ﬁﬁu@@&pérhde feRBFEd HBESpIORI&S for

are defined as fol M refers to Anerican
em @ﬂlammm:f cﬁemptmgclaldd fMﬁ et Vaitms copiREting tempemturesf er s

det ‘%r av[w}{l %t 15. 5| (,60 Fé API! HQ {;‘V' E#g iﬂ%gnve S ms,

specifiy @fbhddifen®aAkerad it Shddd bR Wap of eRdth Qnﬂfe driiﬁm@ﬁ Utlge
feed and the crude roduﬁ) a?e as dlg]tgerm ned by ASTM

drawipgsyaay petierto spaley i O\alérhgémdwquuh@tﬂbﬁ@ramgsmé detailed
duis
descSpliG HRES are 10 Bhca BB fudoR b b RBIER form digclosea,

but cnt1hth3 b}bﬂ&ﬁyﬁﬁa Emteﬁﬁﬁh 132600\?5 g.}is:m&tﬁﬁbﬂims, ‘equivhients dnd alternatives
as nes, t ha are | SO u e.ln penta
falling; tg $ORE OF epresent mmmﬁsd{}%m% therappepded

claif2007. "Colum X netal (s)" refers to one or nore
netals of Colum X of the Periodic Table and/ or one

DEMMMEO]‘ one or nore netals of Columm X of "
eri odi Tb i:n which X orr onds.to a
STtAin s heimeRta pf the ifvannlons ace deSiireARBRETin Bo detgy. Terms

usedﬁﬂﬁardﬂf;n@&@ﬁﬂlﬁm Col urm 6 metal (s)" refers to one
or more metals from Colum 6 of the Periodic Table

an aASTMrefess tqmné%m%f@am TestingandoMatepipls. net al s

el e%%w ?rgt%h?’gggaﬁzg&%?'l%re @ E%%P%?v@)fsunn X
detexhinedby ARAN 0déthod DIGB22. and/ or one or nore conmpounds
of one or nore elements of Colum X of 33 t

tergicchydzegea perentage and stomye P@&ﬁaﬁ%mtaieao 98?%16 feed and
cﬂkﬂg}ﬁ'ﬁ d &)g%g%%ﬂn o dt%, T
the For “exanpl e, umm A?Zﬁfé%ezﬁ%@% Ie?sI fo gneeor
rrog/ellmgs'mgﬁ distribotbonsCok ﬂwrcgﬂ;fe feed, tthe tatd piradiict; alid/ot the crude
or e_ar r ne or
prodiisss s lrmnined By AT RERoEPS o Bitess offthisenieiBgR

of «thasphalidlere A9 fo as)tfﬁhlgéﬂes ®Hat ardBbAHibIE 'irpﬂéﬂtt R f5 asphaltenes

a conpound of rom

Periodi c Tabl e,
contgrids Ffe@qt@mlnem@b%lg@\é'(e@hﬂd B20QhK el erent fromthe
Per‘t&?ﬁn% X metal(s)” refers to one or more metals of Columnn 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 Tabie.

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

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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Tabl e, or weight of a conmpound of an elenment fromthe
Periodic Table is calculated as the weight of netal
or the weight of elenment. For -exanple, if 0.1 grans of
M3 is used per gramof catalyst, the calcul ated

wei ght of the nolybdenum netal in the catalyst is

the Periétid Tablk, Qﬁ HEChIE coftesponds tmahmamumb@o(tbﬁminpieﬂe;m) of

to the W€I t of a corrponent inas st ate
the Pesiedip gEqrw@rémplee egolumnn b3 alﬁmﬁﬂﬁﬁ gefersdp °§° eF mges elements

Gt 1)5 S48 §§ﬁ§cﬂ P%@E{rapé af I'do Ppt%ﬁﬁﬂeig B one or more

ﬁ‘OmeO‘ilm
per cent age ase wel g “3
elem&ubﬁtﬁmt@lumié\uﬁlpﬁﬂglﬁrmlm Tﬂ:legarts per million by
i ght Crude feed/tota [0 ur r ef .
seoRaco hinapp AR, weihbo %fngraﬁao %Pa{}?ﬁ%ﬁéfah% weight
ofa | §3% met2l fbi! ﬂl@?@no&lsfﬁf)ﬁ LRighy 8f ﬁfﬁéﬁ&'&%dﬁﬁﬁb Feriodic

I'ng range drstribution between 204 400 F) and
Tablé%B uelgmcf ajonaoufid b in klemenDiretn the Resodio ﬂ"tabhtls talculated as the

A o AR i Al ke

gram! AW LRt O the mdIFidR AR ARal ity 1850.067
::Hgﬁtﬁ%%ﬁtgeéglcgieterm ned by ASTM Met hods E385 fo%rEQ

grame pogenam bb¢Balystor total nitrogen, and D4294 for

CorfpUHRRC Fieet oo gty 8 B pandf oo B e e, a crude

feed, tbfapﬁﬁéulicghﬁ acride Foduétpbfirsised ds %1gﬁBEMMtd?®fhlght percentage
rogen source" refers to hydrogen, émflx
based onrfheutedal am of tempibtrats. tﬁﬁppmﬁsefméﬁ parts peganillion by weight.
pr
pr‘g@rﬁgﬁ q‘ﬁ&gr oggﬁ&ﬁﬁt conpoun H@ [ %th}%&f:% e !agfggl.:e %talySt

during)e M’mmgsource may |ncI ude but is not Ilmted to, -
o%:ﬂgbgns (fo &natoo LA h&dé\a ns sucelje] 204
°C ( assgzbia 3&@%%80 19) ISR DRiPAN PRstlRYe R EhddéQIe&@'nﬁﬁéd by

s the net® anount of hydrogen provided to the
ASTdOMethdIDSB07.n the crude feed. 30 "Flat 'plate crush

f Q.
S 08 e’ e DRSNS ehhf RSl B htout
strucfifé 6f wnw%&moﬁsmt%m dofdenfis as Ide&fmnreefbgwsm Methods

vol unetric I|gU|d feed rate per total vol une

E38%fer axysen, RIV$2ifor tosal mitsegeagand D for §1|4fmr) ‘qu@l basic nitrogen”
t | 13
e g A R A A BBt
deteritine] by ABTMIMethod D28%6Ure” refers to a corrp03| tion
t hat | ud ds that i d
ot Hyihsh dowespefas i B SngeT FBLLR compaued arg)of Gtppnds that
whelbﬁ{ it ?ﬁéﬁfeﬁf:e 5£4 &%ﬁﬁgeetdoandfiﬁe ca%g oreac@io Fro e aidgtR to

udes a conbi nation of ©One of nore corrpounds
com]bdmd(s)an ehé qude teedt ASTﬁimgmm oay inchuideduwisonni dignited to,

di T bl
hycpezibosty (PR e (. RRETTPIHE0S By antihens, Fagieo Ribane
tmﬁég' @&e@f or i @urd§ thefRP! ACRladsNSE h‘lély(He Wﬂ@memmﬂle 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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"Metals in netal salts of organic acids" refer to

al kali netals, alkaline-earth netals, zinc, arsenic,

chrom um or conbinations thereof. A content of netals

in nmetal salts of organic acids is as determ ned by

ASTM Met hod D1318. 10 "M cro-Carbon Resi due" ("MCR")

c oﬁquntd mttare? réfersao @uanipokition fthat andhwdes e of tdre compounds that

o l,gu e o on S by 08 B Pl Kexdmpher referred to
th :
e ngonear%bgﬂ%ns %ONQ(H% ndds &fﬁbﬁ%{&ﬁy&{o‘% %&"lﬁﬁﬂ‘e compounds that

| ng range stribution Dbet
are llaﬁlct?at(S[ﬂDwEﬂl oancbrﬁmee & p&ahdE that bredsolidd atN§’BP. Napht ha

Nprodio TRz denip edesiodic %’f‘ém R G o pnfcrmational
Umoﬁmlﬁéﬁhz?ﬂﬁ})ﬁ%??ﬁ&{naugg'{dﬁﬁé ® Nkt 2og€fers to the

content o lum 1’fon, or conbinations
t h&Mets inTinetalsaltwlof erganivt apirs” refen® alkalimetat dlkhhnmm metals,

sine A0S BT ML 2 Rk O NOLA) AL 5l s o

organiblaBidaas EQ&&EﬂnﬁnG@ﬂ}A'SﬁMMé?h&ﬂDl@l@xygen conpounds”
refers to organi c ox conpounds that do not have a

car MastptCasben Begidye o} ’)N@ntm'areﬁqu ] ﬁu@mﬁr af Arbep residue

rerafi R8s SURHOoR AAE BRI O HBomd MR EpflBhe s P bliBined by

ASTHM dMéiddD4B¥.ones, al dehydes, or conbi nati ons t her eof,
mhlch do not have a carboxylic graoup.

" NoN azl&h%r’ewm tehygiracarborr equapangnts dﬁﬁbmhwbgg Enge distribution
etw%ﬂ(gsl b@Y 160 Oﬁﬁ%@mtsgbﬁ‘ gf'}/atl"i‘];fe})l SN%lt'ltﬁI Contefit is

pepti zat| on val ue ers a nunera
detemaheébymmmahmb@ém% the . fl occul ation tendency of

th de..f d Det f t h
b ST YL St o e g, ooy OMRIBHoRS thefeot. '© -
Nﬁ@ﬁ’vmerﬁ’nﬁfék Witlel oRPRBEOLiclhs PRRLSBRE iron, or combinations

Peptization", 30 Journal of Institute of Pétrol eum

therevﬁl Tha B/ WEerbententigas desemined by 86TM MethatbD5708. " Por e

oIS gsfeE R RRr i RO ass PR hbif B By SR feca.
pomoﬂ-@hihﬁ'ﬁyhcaéoxﬁeﬂhﬁg ek bﬁygﬁﬁ'Ebhﬁdbﬁﬁd%d refa‘kZS 4rganic oxygen

(mercury porosinetry at _a contact an ual .to 140)

comperie sk dopet batem ozt 650 kgmune HoncRDRslie porH e

orgm!c.] &W&ﬁ@&% ﬁ\?a e, b a%w s éﬁhéﬁ,egyghe ethers, alcohols,

aromanuplmho]sskdmms didsteydes, lopicbmbinatiangthexdbf twhithido oot have a
b %Ge 538 C (1000 F), as determ ned by ASTM Met hod
car "SCFB" refers to standard cubic feet of gas

pe“‘N@@%ﬁden@iblE gééd RefeREB compeHEdt e aii/af Bk tudb oPcom];I)pnents that
catal yst 1s as determ ned by ASTM Met hod D3663 AN

are gasgRat §TPo a total acid nunmber expressed as mlligranms
( g@(ﬁep%&ah%%'v%&” 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.

LEI T

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

D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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gram ("g") of sanple. TAN is as determ ned by ASTM
Met hod D664. "VGAO' refers to hydrocarbons with a
boiling range distribution between 343 C 10 (650 F)
and 538 C (1000 F) at 0.101 Mra. VGO content is as
~determ ned by ASTM Method D5307. "Viscosity" refers

instiuhelt (MidRimegiti¢sSaos Noycrass, &othis; [(.500.) May bdwed® deferntine
as determ ned using ASTM Met hod D445. In the context
thesppalugs. s application, it is to be understood that if

th °

| NeRAghAR 02155 el ARG hed A RS USe 538 -C
(100055, laﬂgéhnﬂ:genlﬂgy hST}EVDMeﬁhc&HD&Imﬂ or o

recal i brated,totest for s roper u

pro@@ggdfﬁﬂaﬁer“m@rﬁw p Bfi’éir%}&f E&%tfg?pqzl

f Oke ?ﬁiméﬂu

c?fj e oll. %%le Setqgggn)%tlftg@ﬂ g?ilA sem g&]op:sgé?

an GTaN"l refqrsl ttha ﬁitaimcid mahbeyrexpregsadnas| mijligraies (“mg)nd K OH per

eracy lech of saples TN Bl PRN ARTROMEARIIRRE L e

to “fv%“ ﬁfe?st RPhidreestbbhdHRh a baNET) @hablistribatior BetWi¥n 343 °C

often occur at, or proximte to, the production and/or
(650 B and 538)°G (@00 Ry ak16i 101Ba.c MG sontonti is a3 Hetetyained by ASTM

tilled and/or fractionally distilled in a
Metgchﬁgmt facility to produce nmultiple conmponents with
S peViidebsityd géficrs o kinbmaticliistadityudt 30/8°C (100 °FRXWipbsity is as
napht ha, distill at es VGO and/ or lubricating oils).

detemdnmag WMMP 445%ut 25 is not linmited to,

glt d on ﬁ{'l%%%;ﬁfch% 1%'?{? ﬁé gﬁan 5 Bd Wikt HUYHR value obtained for

a proﬁﬂwathmbﬁfdteibabd 1si atdidecoflidiaits nﬁgheltent imedleod, the test method
corrpo s that hagve car on rrber above 4 in
?‘Egﬁg@d&r ?ﬁc"’f@é@ g test B?OPEGH'ponent s per '
gr s mdy"bedp rodﬁéé’d‘ﬁitﬁ dr@foréﬁ%ﬁhﬁ h?&’x@c&b&ﬂ BSnthitfilgUefnations

e crudes, cru desal ted crudes,
and dmaatabdtzed o@pedlemamelud@rcrmnﬂ n@mdoh sretg¢e¢reBY solid, semi-solid,

andl, BB Sb 5 BBt o oA e Sefbopdensabl
gasddDivhier) §alR0bit oBlAonShefeol froth &1@ br&d%ato &‘&51 E s@bilizedtrile.

have been removed. Typical ly, topped crudes will have
Such sfeblhtz@m ey afteneeeurat, pr grogimateo, thsrodyction gadiprretosting site.

toppe gg.gle%égﬁgal% st gﬁ’l I ze %@%@dﬂﬁrﬁ%ﬁmmgﬂiﬁdma

treaidie®p ﬁi’cﬂitﬁﬁ)dﬁrhﬁﬁ.lca dubeiple bemlpbménté withdpa?ﬁdbdling rfngg distributions
transported t nventianal _treatnent Lties by

(for exapgl Evd}a?hti‘?’oﬂ“@ﬁﬂeﬁeyggé rutioniibrigrine oify, JQ ton hludes, but

is ndt AT 1o, %né Rsc dlgalta%{gn%étﬂ&ﬁ YR VAP bisiR&fon methods.

unsuita perties render them di sadvant aged.
Undiditidlad maﬁmagmé'rhcctmdmd stahilized comtes oepytinglide camponents that have a

transportatiqQn 5 carrier d/ o atre nent f CI|
carbph B¢ Agncavealfisscsad e S Bt & onets bet drkin of
crudd! ﬁﬂﬁ‘lﬁ!&% aﬂﬁgbﬁiééﬂ%deE ﬁlc%ié‘\%@l@ cﬁﬁiebl% JdPees Ud‘dﬂalted
that a reservoir that includes t di sadvant aged

crudes,uiﬁﬁlbﬂ apped czméersedr @mem@tmnsyh@rgoib r‘denped” mféaw@mde that
nd/.or. tre erties f di sadvan
as PR fitet i et o R sp ot YgP0El A B é 4 B6iTin it below
35°C at 0.101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will
have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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at least 0.1, at least 0.3; b) viscosity of at |east
10 cSt; c) APl gravity at nost 19; d) a total 10
Ni / VI Fe content of at |east 0.00002 grans or at | east
0.0001 grans of Ni/V/Fe per gramof crude; e) a total
het eroat ons content of at |east 0.005 grans of

hefame sthbilized erudgs havepropertiesithat Allow thesthlsiligeCaradatd be

vl oA et
el
i 0 POl AP g Yo T R o

renderdhd:m dtsadfranteg@l Pisadvantaged émdesinay beftmac@ptalbln ta(al tnhnspoﬂation

camgranﬁgoragasi Ofoaﬁ%y rams of nrglsah%gs er@%% of étJde;

dlsadirhﬁt@gé@&hﬁg eqhs Eé&ﬁﬁmﬁe)(ralue ‘iﬁéﬂ% sulR thil ad83eriir that includes the

di sadvant aged crude, at least 0.2 grans of residue, at

disadventagedrradg tlmtm @ﬁemedstnd oestly4o plr@:hs:e trgnspord, sndior feat.

RSBt R BE AR e B ol ok iy s VA T AN of

at leadt 0.3)\@gedst OIB; B) :’hs@éslﬁr of 4t !baElOLO 68t3c)0APpg15vﬁ9 atidostd®; d) a total

2004or0 5. I'n certain enpodi nen

Nwﬁmmhoﬁg@aaﬁw goans ofr atdeast Oﬁpghm ofddifV/Fe per gram of
eyt el chthed E B0 55 Uyl o 6o Rn s gramof

crudd ;1) smﬂuemfbnnefmﬂeasd 0Gdqrans afrdidue peegrafitofcrude; g) aCs
ropertlesmc limted to: a) TAl

asphijenpe.costers of Mg% ssggttwr%gf;mhﬁltcaps B grap of GBQGD@ aMCR

wnt%‘ﬁg al I?Jgﬁg?c% ?‘g%tgfgﬁt a? i %ast 0 §4 z r%@ﬂ%t%rp)o@e@s in metal
salts aﬁpigalnt: ena% giat legst). 00081 gramsief metads pat)gramiof ghele; ofjan

com g ek oin iy PO ety entoged Arude gl ineidéper gam

ofchg‘aabai eurbrnaé ak 1281 0.3 g?efm%ﬂ@ﬂdﬁe aBfelat0.9 hradhs df385lue; at least
0. 000 rans of netal's per gramof crude; or f

0.5 gmﬁﬂfrra‘-ﬂ w1 ahleestd).9 gransseivasidug da wnmbments the

T e e

0.4 0D0B8Xo §r meﬂﬁnwddmamnﬁsmmgedhﬁuﬂupgeﬂmmf dlsadvantaged
di strl buti opn, between 95 C and 200 C at 101 MPa;
cruds, mayhage efugﬁlraﬁ%nterato fiagleast Oeﬂttﬁwamgara&rl%ast 801 grams, g% tit least
1 grams of hydrocarbons with a boiling range
tribution between 200 C and 300 C at 0.101 MPa; at
I e"asbme eﬁﬁlﬂodymants disadvihantaged ﬁuﬂéﬂwyeq:mpertws iatludingsbut not

i) PR LSS BLEER e 4 o WY
per g%ﬂoﬁém&l@f&td 6y el a@lﬁﬁ&es@bnieﬁ?@fat@ea@@@ 09 rgi‘dlﬁs ofal's a@bhaltenes

| east 01 grans of drocarbons with a bdiling ran

per geiin of ¢1‘b@ﬂ= feed; Bre highar th@o d@BlEﬁdeéweltﬂfar emmﬂ%, ¢St or a
iR G P55 e B ER Sl i

acids@f @Dkad 0000001 Qiramk of eadls PerQarfl o BFude] o) @b%ﬁfaﬁ@ﬁkﬁthereof
vvlth a boiling range 5 distribution of at nost

+ d¥sadyantagef/oirdes maydnelude pengragy msadawnﬂag%f%@mée @@@ast 0.001

erom e fBast P00: Blanke BF b o b oA B SLIVUBABOITGRE s idheTpuee
distributidiilbePeen 85 °Caad 200 °CGi 0002 WEPa; 3t 1das®0] Qrafiikdatdeann8.005
r at. least 0.01 grans of hydrocar bons with a_boiling

 gramp. gn gblepst 4 00 bz RS iRserbonwiE acheilmpngs disttipution between

200 *¥hd 300 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, ot at least
0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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at | east 0.001 grans, at |east 0.005 grans, or at
| east 0.01 grans of hydrocarbons with a 10 boiling
range di stribution between 300 C and 400 C at 0.101
MPa; and at |east 0.001 grans, at |east 0.005 grans,
or at least 0.01 grams of hydrocarbons with a boiling
at 0.18hyfPa; dod atrlebsd 000D dretasearieat00.005 gfﬁiné}ﬁ@aﬂeﬁst 0(D11@-§ms of

Song, di.sgdvant a d crude [ Iude ram
hydiSp AP RE T AR 189G driiiog Petwecs, 20,101 MPa.
| eiﬁ!iadgalqgéecg&ﬁﬁ%m nﬁ.‘tludeeﬁ Qﬁ"dﬂ FEnt? ed crude: a4 least 0.001
hydr ocar bohs wth a Tng 1 range stribution

granag, ahlosst 0X00 grams, i@ ald)@st\/@ﬁl grmnsadﬂmdrmarbmshvme boiling range
aisugiign St GOREIOELH o TOEMiG oilkrss g st ot koot o0 S ms,or
at Iees& omcgfaﬁy o § ﬁyﬁb@ﬁsen%mﬁta BHifhg fénée Efsﬁ"iﬁ.ltfbh &Ewééﬁsfoo °C and

rams: Sonme di sadvantaged crudés may I nclude, per

200 @@a 301 MR et least 00l praost lasst 0Q8S(gracds,00 bt lpmst0] grms of

hydig €8 Bhns iR A 68 Eren S, dRlrionfioR petreen 005 FRand 1090 Copt Q01 M
at least 01083 Prark§) Gt (6as60.604 gﬂan&ﬂr atSesst ocblsgﬁma erﬁ @dcaborORitha

may include, per gram of di sadvant aged crud e at | east

boilipg megksan’eummbm@n 300 B0 3¢ ARAEC abﬂ IQﬂ MBaigmdat tpast 0.001

gl {Tensl 00K R P OF o] O 1 Brof of oo gB with o boiling range

distmbtmaﬂ\bamgadoecwdssidmwo Yt Mpa. treated using the
cesses .25 descri bed herein include, but are not

P ghisad vantaged cxadesgpay melye, mer@wqﬂ disadyangaged grude, at least
0. 00t1 %?mné{‘@f JeSst Olb(? i azﬁfi%atst 6.04 2 aH f;ﬁ;‘ﬁé@dr b3 WitiRa boxlmg

Canada Tar san i an Sant 0S 0S basin
mgzg;splb‘mm@ﬁ laf mo§t 190 atth 201 Mita, i:eadﬂargtd:chxglﬁhn’:bﬂ:@ea

+ compRB TYPCas R HsROLR A b b BB Gpedvaniaged shude,

. contelt DR HyAREAr SIS A€t BBt @2HARGRE of ﬁﬁmﬁb‘t QPeglahRs of the

30 di sadvant aged crudes such that the crudés are
ac eepe diadvantaged cardgsoneainchle apat/goam of disad vamtaged Arude, at least

00f 8 1y 3R RS et R P e

rangerdistriiimtion pf etleast 20064t ORI M@aci n. The crude product
re uItlggdfromtrea ment of the crude feed, as

deSemP gisadyrataged cradesgasicingludg, pesigramm of dpsadvantaged crude, at least
0,001 EAAND 4 4. (RB it SRR 01 BLARCE yRRodfbdrdvifl ¢ ifling

product produced as descr
ﬁmgcﬂsuﬁmnnnsﬁahMNNQSQPﬁbert|es of V@st Texas

In ude t han e CL feed, ot closer to

¢ hER3 F%Q{@ﬁ vAgR8FY ﬁBidFFg? terdteated ping the Rrpcesses

descibsiieereih @Judd, BEI #BhoE THARAI Q:rﬁ&% fRER BPﬂie%Hé‘\LvHr% r8ions of the

the crude feed. Such crude product may be 5 ref

worldy Y48, GatfCanst ansl onthern &alifrnia, Catastackay setmschazmIgan Santos and

Camp b Elnef R F Sver, ag DR eg AN R Angola
OffskbreChihédei Buhal Bay,\Zeibtaclaf[Tulik! MaRysia! 78 INBhesRf Swnatra,

crude feed in accordance with inventi ons descri bed
heFeptmen; of disadvantaged crudes may enhance the properties of the

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

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

resulting from treatment of the crude feed, as described herein, is generally suitable for
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i nclude contacting the crude feed with the catal yst(s)

in a contacting zone and/or 10 conbi nations of two or

nore contacting zones. In a contacting zone, at | east

one property of a crude feed may be changed by

contact of the crude feed with one or nore catal ysts
trangpeirting mﬁlfqrm'dahaemaﬁmpnrmsmﬁtke afude productipie diichs described

heﬁ%gﬁoggrodl Q%%Pcogt acting.is r¥Ber{_ﬁv%g{rred in t}r;a?escmdethan
the érh@e ferdl R@RRer ©AHS E&Tésioﬁﬂ‘iﬁ gﬁ-oﬂgﬂi@s MH&&‘&@% gﬁant #8%rude

under certain contacti ng con t'l ons react
feedpthgrabyrenhancing the agonsmcmhwmfmhscmﬂe Faedr Ggeln ctudle product may be

h d.,FIG 1 h t
rofufI TR B g e ieftoet oBereRE Sohancing reGngraicionoes- s
treati{Ama$ intlielef REEABTIHRGI0H, dRREtAGEAIG sﬁﬂﬂﬁ- a%ﬂgséﬁﬂeﬁc d1st111at10n to

condwt 104. A contacti ng zone nay be a' actor,
remoweimpyritiet a reactor, nultiple portions of a reactor

2on Rl Wi 51 B hcoondal BB G nveptiBnd pepfcd hefon may

includeaohtartingithe 2fudelfedd withile Ealysted) Gh Ql’conﬁcﬁg;idrﬁ WA Y
firred tank reactor ("CSTR D, a fluidized

wmﬁ@a%?nfro f'two epmere santacting zoapw In 4 ¢aptactingizque, dt least one property
of a ERIE KldPhay ﬁench%ﬁg édaﬁpf @ff?&g%gﬁérﬁd% }(‘)erlgg Wl&c‘ir)] teac?ri}z'a&% catalysts

syst emils on or
relatiBorie thet sanke propertyrafdiee trdd fedd! [n sbine ebfbodirerté, Shniabting is

HGEETE el SR EaIa Ry A0 Aemedp RS tabydpgen
sour8is @né of ﬁbi/esﬁyﬂr&fafﬁo&)%ﬁﬁmn Fr E%&%ﬁfg@t@g@h ﬁi Ract to

sone enbodi ments, contact o
providerrelatively singld amofints lof hydrogen & acbmpmmd@yn ﬂmbm@e feadl of

SV e B RSB BRL oE 1  d EES T 1028
crudéifded earisuvhtRANRE 2otle POviaR6AGEE EM. ARcon@EANE Sohe théy be a'
ot her enbaodi nents, TAN, viscosity, N N Fe content,

reactyf BROBANHA TERAOTe 1L npie@@mm Oéarrcmr omnlymamms;thereof

E f product

* %‘O angeg{;éﬁng%xﬁeas i% dloea Léjjd‘?‘f‘@reacm an

ebullpmg)bwd feagonh cbirtmwustgesti‘rmddaﬁ 1feﬁd5tof.> (Jmlsmt "o fltidezed bed
crude feed with one or rmecatalysts In certain

reactor, 8 SATaIFRCLOT, apd aliqryig/ligrud eonfagien “Tn certaia emhodiaentsndhe
contzb A systerh [k ch rABAled!th Qﬂbﬁh@@ fﬂtfﬂdﬁ c%#ﬂi&&rt %9{1%%—&% t?é%d with

or from 30-40 voIA)of a tot crude fee
the catplysi¢oin eentaciipgsystem 100 meyrbe e whntiiures pocess o aibatsh process.

nd crudefedrra 39 inc f rom 0.001-10
gfgﬁ%%%%’é%z@ nhﬂ o*{ngora stﬂgysa(fq,rm R
catalﬁ-‘ﬂ@ O soTBe &ﬁbodimldﬁi@ E&Raktiof tHeBudOrbd Wil WAAP BRalyst of the two

tacti ng condi ti ons in the contacting zone may

CatalYSFﬁ:maﬂée ues TAD of the cruderfeede oSubggquenemmacapﬁﬂm reduced TAN

0 e f rude feed fl.ow,
crud co%wgﬁl o%é&g(ﬁer e%%t &Jecgea‘&)srﬁegg?é:tﬂﬁlsf%ﬁm %chef‘rgeg&%
gravityriineitree ambodin2nBO AN Vigdsity NI GBntent hefoats @8 Edient,

with specific properties. Tenperature in "t he
residUaFARIREEIAT] RV, prgombingtions ofithes-pEopertics of thocraude pHduct
i.n zon

chang%ﬁa? g%aéiel th)r% gfqngtbvdéztgztge S%ég Erso%ex?.fs ﬁﬁgm i-gnieof%ﬁé,g’ﬁerocro gacgof the
crudelfPed withishe of mbreccatalyste,. f eed wil | general |y range

In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in
the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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fromO0.1-30 h-', 0.5-25 h-',1-20 h-', 1.5-15 h-', or

2-10 h-'. I n sone enbodi nents, LHSV 10 is at |least 5
h-', at least 11 h'', at least 15 h-', or at |east 20
h'. In enbodi ments in which the hydrogen source is

supplied as a gas (for exanple, hydrogen gas), a

includd from@.0G1RH) gragspdH0BNOFrags ordhil-Gqrims bfieatalystcher § 6@ drams of
iygi ’altln% ranges from 0. 1-100, 000 NnB/nB8, 0.5-10, 000

¢ 109 o ENRBFNB, 2-5,000 NnB/nB8, 5-3,000

c g:ﬁacl[ﬁ?/asctn? g )célqﬁlﬁse)&hly r ég@ﬁg SO E%r Cc e,sq?d# ﬁslglrlrlge%gn are not limited to,
temperbindd, pesstwre, hyshogenixonsst flow,crode fekd floga st eshbiaations thereof.
recircul at.ed through the caontactin one. .Carrier, ga
Congeging GOnAIo1S 4 Hrae Simbod SRR J0uRDliRt CURRAERS 441 roduct
FAp [ : 0a ihathli a?r%’aﬁ Aemisesho ©
Mt%ﬁ%/cig? Iﬁ’%&%’? SIt‘ hg hydr ogglrl1é g%%?%ig%}%ﬁﬁtér% con% acting 0°C,
60-446 € 78130 T8 cordii42(5C. gBressvag ind sontectingrose mayi rangd mom 0.1-20

t ' | nmbodi ts.
Mg o1 SR MR 3 8 b Vs 4R e TR ngaly rene
fror® DI1BTER " B52h 8 ' UE00 10 1851 50 26rd- 80 hBA$n SétHe embodiments, LHSV
recircylated thr the cqgntacting zone. The hydrogen

ugh
is atloast 5 & atyleash b catreast 45 > natdeasb20 ba. curront 1y wit h

th . feed | I '

con SrECigeentHh vl B dkod ot 3F AT of o Yot example
hydfogenl gad) e thtiviof thesgasaind alrogenadureto the audéd faed ogpicdlly ranges

that_includes g crude prodyct, and, in, sone

frorg ] oLAORUIO Nm i 0.5+ 10, QUHRIE/ B0 R Nm’/mo 2r 5,000 Nghm’, 5-3,000
3
Nm/i’ rlh!-m%%f @%@a ;&ﬂﬁl the ¢ At %%g%@gﬂgﬁﬁeﬁa some

source in con e tota exi
embodinenty, iscpmbinebwith 2amied ges(esrandapaircilatedthrowgh the 8ontacting

copdui t 110. éné_se aration. zone éOS tl?j? crude,ﬁ{oduct
200G Ny GHE 89T R% amnley THIrgEy AEHry aRd/orfrgoth che (e 8as
mayfabiitAe NYwoTRYcridd feellan@/dr TRGIGE 8E B§drokOk sGifed'R Be contacting - -

gas-liquid separation. The crude product may exit
zoneséPa The icamiep gasomaalseieshanse awixinglin the eoniactingrzope(s). In some

emibABRR A iha byl PEBRLSI, RReFE] bElhne B Ok TRey bous
as aQarrikr gao4rd reéitdlaed feoegH the thataghsg Mae. | ncl ude gas

formed during processing (for exanple hydr ogen ,
sulhedydragsn BeceimaNieater caniaring zaneddR cepmtendy pith the crude

feecﬁﬁ%ﬁﬁﬁﬁgﬁﬁ?%pﬂghggﬁréon&ﬁr'1663.’ ma&%fzggg abhd $62, WBtact of the

e excess gas nmay be recycled to con ing system
crude(Bed with nichiabdt plodacsspotota graducbthbinchides e snidepradwt snd, in

som sERITARTES E6%, RIS DA BeRS, A Bt pofibiped Wit e crude
feedeadAIr Y Ryidroged SBHRAUARoAduit PIG TIRY BEHI produdt PAY Rt tBstacting

in two or" nore contacting zones. The fotal product may
zong £02 anshentertsephratont ome H08eviz comthuitprl®duct and gas(es).

F! st 16 TR hoe Ho Do B o e o
prodiRi@ing béheldlgEnoRh epakaBbn teehmigasd, ifagem%?%g@g%uignsgpmﬁm

i ncl udes contacting zones 102 and 114.
Thezpiderpepdisemey s separgtioneane 108via goneuit]ligd, and thewpefansported
. t ' .11 '
o wBoBR8i o 60 G ABREE 408, e B Bl R, or
combinatien tiresbfe The pss wap ichidd\ghsTorged.diting procesisiyi(for tERdmple,

hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen

source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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In sonme enbodi nents, the carrier gas is conbined with
t he hydrogen source in 10 conduit 106 and is

i ntroduced into the contacting zones as a mixture. In
certain enbodinents, as shown in FIGS. 1, 3A, and 3B,
t he hydrogen source and/or the carrier gas nmay enter

t hdn edrae lembmmmcso gﬁmadﬁng ghez&mgl;e fedd With Iﬂ? catalgist(s) @@ groduce a
separately via conduit 106 and/or in a_directiaon
totalpraduct is pgformed in By Qrmetecontasding zanes- \ihg to totabproduct may be

g A e R

sour ce an counter to the fl ow of
t NFIGBUES atbsdhepdticeof eantodintenisiof icogtactivgy systeao hﬂ(hthat ofcludes

th de feed t h t al . Contact of t
two op B FPNRciRE aPyes (8 PGS 2 OB, Aeptatng sydient L0 Hebides
omfzdggg zonk§ 6hnd 1101, FBES. §A%ﬁ&‘%‘]§ iﬂ&ﬂﬁie%ﬁ&bﬁﬂ%& O}@g 114, 116.

102 to contacting zone
In FiG$. 24 eull 3A; ewtacting wenels16%) ldehtld 6taredepicind a&&eparaje contacnng

zongyd A e BHE oS et el e e Fenbys.
Fl @& sdiBe eﬁlbsdﬁfe%% e cRATP 829 M&a&ﬁm%@m&oé&&m in

condui t- 118 and enters contacting zone 114.

conduit mﬁcangasmtquucefdeetg the eemigatiaxgd zanes a5 & Fyxiug Izmeétamm
t 118 1 T
bRl B oD HIBRC Lt B Bt Bl e divior B8 carier gas

mayGehtet| eSO horekonadtiig e with thé tudefeddiepamtdlaaid ctgiduit 106

d/zone 116 to formthe total product. The total product .
and/gr, i aydisestion sowter taghe o of the emde fredsdaiarexample.gopduit 106"

§ i
Addich ¥tk SRS REREL oPhetdPia’ 08 bl ATl kioy ¢P4e crude
feedtthay ¢nitante mmﬂglmd/oﬂamtacmfdhe cpudmlﬁeed wﬂhlthsc&ehfav at i on

c %ﬁ%ﬁﬂ%‘é‘ﬁ%@w ) 1%%?-];%8@6111 S tadtiny henade forms 2 Teed
strezﬁﬁ’ MR FdeAYtreia tﬂ%ws %Q,@h comtf g} \56109%9 e&t&w@ezo&ﬁ' 11810 FIGS.

opped or untopped) enters 30 separation zone 120 via
3A @drﬁdi; ithe f;ﬁ@ stréam ﬁewafram eontae bing m@ 114 o carsanting zone 116.

P e onfiBe R 182x % FID BR Inil Boe GrpER %l b Mbwa in

FIGNEBthé fied S8 Pah akiOfontREAS SetieS 102 Hatdonanit 119 aid eteBeontacting
the crude feed. For exanple, water nmay be at | east

zong,bl4. j Ag showasip AHG: 2B, the fed sheam axdla pantesiigizene dé. vm gonduit 118
gcomponents that have a boiling range
andg]:ﬂg{sri Bu%%el%w 95 C or below 100 C may be at 41
| edht fexdrstream|nyaycesantzicted witho aniditienali catatiyst(s) Apemitacting eone
to rod ce the c e fee In.so odi nent s, at.
114 GBF Soting oime bR 5 4 i o PROTISb hr R PROst 8 o
contﬁ&gig i@ﬁ@ mi‘ andbEeontRARE 26 16 2 Eﬂl@rs%ﬁeﬁgﬁ'ﬁ{‘i(ﬁﬁel@ 8 HVIEI conduit

In sonme enbodi nents, at |east a portion of
110. s’&b@lmarde urctdunmdémgss isxare) mn’@d ifiom therietal poducta The crude

onduit 124, rude bt ai ned from separation
pmd;'%eémfﬁﬁ’ar?twnszé’ﬁﬁ?gg‘ﬁ H@LHFSIQ] ncludes a mxture of

COFp@ nﬂﬁﬁtasscﬁbﬁlbln@oml elrﬂﬂbﬂm&éﬂgﬁ' djde?hfahbﬁl hbl&b*hp&re&h of

| east 100 C or, in sone nbodi nmen li'ng range

contagtingrsypem; 9. (ﬁheahsaﬂmged e (eithe t@BPM/Ol‘ ytiepped) enters
RS 20 SRS RS 41l SRRO e

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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100-1000 C, 120-900 C, or 200-800 C. At least a
portion of the crude feed exits 10 separation zone 120
and enters contacting system 100 (see, for exanple,
the contacting zones in FIGS. 1-3) via conduit 126 to
be further processed to forma crude product. In sone

leasepamammhﬁtedsfamﬂmdlmdvmged&&dm phlupothetcnadeefded. In some
stream or dovvnstream of a .desalting unit. After

embﬁ S ehlgas @W@ﬂanﬁélaphtba@efi cemppgn%waec‘fqleae thraynaghtha are
adi e t

sepatlSd Yofh £ AftfoebbEorps 1 sBRBRnBRUBHLE Racidorion of the

sepmaied oomﬂ@ﬁeﬁatsrmlttsepm'ﬂmﬁ imec]ﬂﬁldiea ﬁamtin‘e 124For exanpl e,

crud r ct e conbi ned rude havin
o A %samr@syl'l e, 24, Somé EEPaeRS Thcludes
a mﬁﬁﬁg ue Eorﬁﬁdﬂeﬁﬂ wAth'd BGRRS tah ge &1§iﬂbuﬁ§n BEHWBRN1ABEC or, in some

vi scosity of the crude uct and the viscosity of
emboHimants; déoiling rauggtdmnbutmmabatdeast MO eCudypisaliyiibe sepayated

bl o i B S e

100609eE nlzohgno“ﬁel\bpiod-sw @, AR 1daktotbsition df thel Red & fedd exits

The bl ended product may be suitable for transportation
sepagatipmarone 1 30 embenters coptaeting wystom tOQ;(sesq for pxagepleathe contacting
Zon TR0 IS vi Sl (459 eB 0808 SRELA I rTEOR e
somp embodiments, beparaioh 2ohe IR Siaytberpotitidned upstfeaﬁﬂbh dovaxﬁ&eam ofa

nd is introduced into bl ending zone 130.. I n bl endi
units Alfteriproceasipg, dhe eryde produshexits qantactipg a@wd&g d’tla conduit
112_| S corrbl ned with one or nore process streans (for

exanpl e, a hydrocarbon stream such as napht ha produced

f r dnsaee amhbdmlems;‘ thewmde produat 1s:bladdaed with d sjydecthatris the, same as

or et o R B oot o R arpls M e BroRhP Y besppmbined with o

crudehd9mg aQfifférexi Wity ﬂﬁfe%?freﬁiﬂﬁng 4 Eﬁﬂﬂ&ﬂpﬁﬂﬁ&%lvﬁlg a viscosity -
into blending zone 130 or upstream of such bl endi ng

that jobriwesnsthe yiscesity of 8 crdenpsadugt andsthe visgosityeof thecrude. In another

ol By BLERBAER NG Bl TAPIER i
therélgf produdigsa mdharthdtmams TN dhdt @nbérdieen tHeSTARToI dhecérude product
specificati ons i nclude, but are_not l'imted to,

and e gadeo fThsr lepdeq produegimagpbe giusahle for trmﬁpoﬂasapa @aé/gr ;reatment

or ACS g lll’ll‘ Pn
bl engl ng zone ?38 via condul mﬁg e e transporte&syStem

100 yia gonduit $64; dnd 40ledsh a poHoncof the ermﬂeqnddamu exigrecbntactidg system 100

= ERAS T 28 BV el Babipadisg ana a0 Reblspaie goeg [ e leasta

portﬁﬁ&ﬁ' ithel@Add Froli@it W donsbifddethi R br makB %r&%bkdﬁrefaﬁﬁ ‘ﬂfdr téﬁﬁ!mple,

enters contacting system 100 through Conduit 126
hydlioe@rbt)n stmam sush ap orphthasprodveed fremdieparatiom oﬁ@;@brcnmg:rude

feedS) orRPELAE RS G Miefeof XD bdusk Aklertded broBRE, The
proc&&chh&ﬁlﬂs eid feed) cARIE] RGnEkABRs tHedbbfldré Bit@dusR ditictly 128.

Qt her process streanms and/ or crudes enter bl ending, '
blené@ﬂ@one@ of upsieany obsuchiblendingigone via zonguit kiZe %mmeastem

may‘ﬂetlgc 'i%ﬁaﬁb(% ga?tbﬁ’eélgﬂﬁgogé Qi E@e l%d%qg)go Pﬁxgg ?%Hﬁct

specifibhitions designated by refineries and/or transportation catriers. Product

specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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In sonme enbodi nents, the crude product and/or the

bl ended product are 10 transported to a refinery
and/or a treatnent facility. The crude product and/or
the bl ended product may be processed to produce
commerci al products such as transportation fuel,

Pﬁ?liggcg Gdllm?}clhﬁc}vgﬁmand/ o('r1e ?ftgg{slqmaatﬂxszmﬁlr stilli ughcbﬁd!uit 122,
and the digad pﬁ AeRRCTadR? é?pamt%dq%ﬁe@rewpaﬁug %/rz})egr B&E%ﬂleﬁéu feed.
The B SR LA o 3, |8 A R THRL B bsome
componemy feordithé dikddanrtafedatioasit saparation lxpde 420 st @mhduitﬂ 24, At
leasBirign 0 e sobiSh g SO HBLEE SHWm PO 20d GBISES Higogiae zone

t
50 Wi, R ks s Gy o

directly e104 % 06nduit 13Band Alé animhihe with th:be:rtideproduqt todotm iarblended

prodienpﬁﬂie{ﬁ%isg th crudg,(l roduct tﬁ@ga TAl %trmg?StO i
Or 1Rboh® §ﬁab9d191'éntsTtﬁU cﬁ.fdetﬂi‘@dlﬁzf hhdﬂorﬁh@dﬂﬁidew'p}éduct are

frequently be at |east 0.0001 and, nmore frequently,
tranmatsd tma ofinery anddosradreatrpentifeailitys The Tandeproduet a@d(sxxéhe blended

ST RGP o oM S0 Puilc . & e Bdrhfon e,
heatﬁfgqiiblg? lubkieants, dr @héthichls/ PrdRssimhingpinclideadistibmi andQ@¥dractionally
at nost 50% at npst 10% at nmost 5% or at nost 3%.of

distiliing the cxpdeprodyst andfor lendsd progycite prrdyceane orprore diidate

SucB ok R BRI P o BB AN, o oo

mowﬂlsnﬁaerﬂ*abhﬁrﬁena)ob&hgrdroméat&dﬁe crude feed. In certain

o duRuDe Snpiimenty 1o epul LR 3 FART PEAIE a%@m‘:&f‘w 50%

at m%& 3?)%1 (R ZBmb& 15)%( oii@ie T }Q‘I 8Mhe cRude Y. 7119§éﬁ'§ ethBodimeénts, crude
grams, or X 10.6 granms to 1 x 10'5 granms. In

prOduetha&uanT@analrmtoé‘ 1-80%e 26+ T0%, Hne0%1 ond50% of the TR of the

crodR 47 4B ot POt etis S il BPOMERES p A5 o BhBogt 1. et most

0.5, 30mos A3, a@fnoQﬁ) 1 10%03t 0.1 h@' dyimogt 6.65.c AR R thef crieeproduct will
crude feed. |n sonme embod iments, the crude product_ has

frequentlythe)at legst &PR01smdymory frequentlyap leastoP.001. bt sasngembediments,
TANGE B8 cfideBrodlBe nay $e'n EhaddBHon? b1 5 0 D01 62,9 05 10 0.1.
of Iosgan embad]méats; the cheleqpradiet hasadotalNidé/Feaiontent of at most
o0 0L 34 L S S S S35 et R T b ot
crud@feed! 148 % rM iR goﬁg(g?nbgﬂm?&téﬁa@ RiothNgiry ﬂt@éontent ina

content of metals in netal salts of organic acids in
rangelof 168086}el OF B0, 205074nr30aH1% S’fthqzz}{lf‘@éi’rﬂetrmﬂtéry of therarude feed. In

t al t | t d t.0
cersl B, esderp iy et of ot gl Ny e
contéllxﬂ ih ariaﬁg%saorﬁxa@m ’?aﬂé t®5 ecalrotf@faihs 3 RADUgrdoisloe 107 grams,

Are not I|mt napht heni c aci ds, 5
or lpih]é)n 25eRE tn) & 188 igrams. eln@ertmermhomt&t ﬂlcrn@ldmbﬁ%\at most 2 x 10°

eI PO 1405 S S QR A o

70-130&@80:1@0%@& 60- 'IE@%'ofth‘NWﬁ@dm{eﬁt oﬂﬂﬁrtﬁ'ﬁddlﬁbd
calcium and bari un) lum 12 nmetals (for_ exa

zi HESURRemberimentp, g;gmglmrqglchhqs(ﬂ tgtal cgptent of metalr;pm metal salts

of organic acids of at most 90%, at most 50%, at most 1024, or at most 5% of the total

(n

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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exanpl e arsenic), Colum 6 netals (for exanple,
chromun), or mxtures thereof. 10 In certain

enbodi ments, the crude product has a total content of
metals in nmetal salts of organic acids, per gram of
crude product, in a range from 0.0000001 granms to

the &b PAducyass tothl condht 0DMOARIN gredalBalts o oﬁ@ﬂ%omﬁm range of
or from0.000001 grans to 0001 r in .
1-8¥ - 70 210800, 7 S 0% ol QiaD Gonti: B Toptals ip aptal salts OF organic

aciclr%E ﬁl?ﬂ#%}udel fBed. Z@f%n%@ﬁﬂ i ?Eﬁbral fo?fh%efa? Qﬁlﬁs%cl‘ﬂﬁe bui are not

al's in net ts of ofganic acid crude
Iimipardddmbuwhd’ Geifl§ Qhiols3 tmitleq) $hlfamc Sds] adtbsoifohites.t Exmples of

cartpR R R GG POt s ROLT R Ko R AGItopengtsmic Acids, and
benic g&‘l& Tﬁé‘ﬂﬁta‘? Fﬁ:@%ﬁtof Qﬁﬂﬁ%ﬁéﬁtﬁ AR ISANEE aikafl methi3§for example,

cru catalyst, at the contacting
hthmmn dmd‘lumnmd pcsasiﬁarﬂ)sﬂk&hlﬁ&amhmlg (fott m&mpleo magesiuBpealcium,

s 1 gnetl Qor Exmps. 255 Ao GotpitrnS o, L5 rpetls Cor

exaﬁagﬁraréhi’uc& Coldmnmetls (f&eiénplb rblﬁr@hhﬁ:h)‘ R iR eirePmbeof.

e crude product has a vi SCOSIt of at nobst 90% _at

nodn cexgunembedimentsp the cm@i%meduchbam totalgonteny pf mgtals in metal

saef G0t B Py BRAof FRRGSERA 1 o R BHET ORI Phams o

0.00805 466 frobh@ 0000003 irdrys 100.00002 gt erffred 0.00008D giams to
enbodi nents, the viscosity of the crude product is, at
0.00094 gragappfanetpls dn mota) M OFgANisTacidsdeE anare oﬁémﬂqmpqi@t In

R L T e L

prodighis mﬁm% rSﬁFm%,tdn 6041 0%beoftheviitat content af mstald in metal salts of
het er. }eﬁgt of at nost 90% at nost 50% at
org4pig gct 50‘5)’ %‘l‘m §1698st " 5% of the total heteroatons

COITh @&kaif Embb&imentsu A1 Eﬁ@‘ﬂ% of the GRIde FrodBEH}R6d0ERA ffom contact of -

the crude product has al heteroatons content of
the godefeet] avithtcatalyst.aat thecontacupgongitionsdst 7B134%0$0-420%, 90-110%,

or 10 Fatstd i Ap} SGhe STl IR IR W Er ARl it ctnenbrRpr vty of

the érage plrodda iPHEAUBL-4OVE - 31)?0ﬁ16—ﬂ®8t 90% at nost 50% at
rmst 10% or at nost 5% of the sulfur content of th

iments, thercrugdepredusbmsasrissosigypt at PRsk90%, at most
G4 0 Ty e o e o
produshhasri visosithin £rande of HR60%) 20- 50%eoxe3lﬁdm/mﬁ1lhs v1scbt1Ey of the
e o SO S A P Sao s LIRSl b oost 90% of the
viscB$iHOAS the€88lde Frd AR (ROBRPHLARAY 8f tht @hide MlolhLAAE70- 130%, 80-

conitent of the crude product may be at nost 5 90% at

120%p o1 9B0U% af theosP1 gravity Ge crrdefesk 5% of a t ot al

ni trogen ¢ ent of, the, crude. , feed n, certain

b SRR R0 Rt e oA s ProifiEt bas RS taL RteRFAhRS Boppent of at most
90%; @ttt 5004, abinokEEBh, ok%t moftt5% 088 tstal heRtodt@As torité¥oof the

or at | east 99%of the total nitrogen content of the

cruderferte Insexain embodimentsifhisdrvdenreduchhay a total hetereatoms content of
at leﬁﬁrit’/f?,% le%t 3t0t‘,}§, af [e%é’tesog u,%g ek ad %% f HB%tal 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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95% at nobst 90% at npbst 50% at nost 10% or at nost
5% of the basic nitrogen content 10 of the crude
feed. In certain enbodi nents, the crude product has a
basic nitrogen content of at |east 1% at |east 30%
at least 80% or at |east 99% of the basic nitrogen

leasEQ0% Sottat Rfast 9996 of the dalineRAtent 6f the GRuckifeed] IeQinse etb&diments,

oxygen content of the crude product nay be at npst
the 465 30%g80-430Y5, 0099-130Yee! tpselfur

centenid thegayde prodweds 784
% en content of the 15 crude feed. In
con%%@‘%@%glg‘ﬁ%g%lghents, t he crude product has an oxygen

COnh esthe efnbadindeamsiotal Hitraen lconteht ke caidel pradict 8fhbeat most
at | east 99% of the oxygen content of the crude feed.

90%, gt meghRO%e b BEFHIIT.OT af MOSHYP9EA Riahnitiogen coptrat ofithgierude

r- o L R - 0 - 700 - 0 o
e Bl SRS Bl oo e i st 1%
at Ie‘aﬁt_rma)%: mbmdstrmm,s;]{ at lﬁhm 99@% @fithe mg&lmﬁltog;én cmtémof theccrude feed.

acCl (040 oungs o e Cclruae roauc m e at, nost
5095 sere & t5pbast #ﬁe%q&f&%&;%b%%g& BHRIYFL Ppppat most
950/@ gg@%&}go%, at PR sCHRIOR 0% YAdsE 160%] 6k 4t RIBRPSP4ISE 1he badil %ﬁcﬁfgéﬂ%ontent

n certaln embodi ments, the crude product has” a
of theatrade feodit Brdertain epzhodonets,dhe aruidel progined bascs basic vitrogen content

a % . at, Jeast. 30%..,at | east .80% .or .at. | east 99%

of abfeat 26 abiea 30Fhk At $hvé.onpEIERY PP St e tBSinplfikre SPtent of
the ¢138e fellde feed. I n sone enbodi nents, selected organic
oxygen conpounds may be reduced in the 25 crude feed.

| nIzseme e meais: the oxsigaoseptant obibe esudmprodactrasabe at most
909 & hds ook 3 %;%g%éxd; 6, RGP 1002 o Bkl 398 6Pl Yl Bl et of the

arhing organic oxiég
crudede@h UAdertain @@ibodinyenits; tiecdrade product hias aa o9Ees content of at least

1%, IRaEh A0t 258 K04 RUIGET SOAIATHS BREBPRGPAGTE OF thgroryigefoed. Tn
som% :gg@ﬁ%geeﬁg%@%@ﬁgﬁ ;o?h'le)’c dudAs & § ARG Rich 1-80%, 10-

nfrared analysis, mass _
70%; 206000q e 8035 0%aoiithe pxygen cdftcatwithe coygledped:) In P embagliments,

e 58S L R e BB G5, R 03,
at meSPA09%, dt BsPX0EER nsdR0 SRS thé cddiéht OF HSecdrB&Elicidill coliPbunds in

of the crude product is at nost 90% at nost 70% at

the grude fesdodn enrtain embrrdimaniy, the crudp gropat bas a tatal copigat of carboxylic

. of ] ' [ S u
acid 3 omndh S IR R TR R Tl o 1gfo . PEarBE RS K S B
confefbdlcafidiyli®fcid tothpaids M thetudefeedaxygen content of

the crude feed, and_the crude product has .a TAN of  at

| edasomoempedimenis selepted ogaie g3yeepeAmPQnds may bedpdusggddn the
cruddffed & g{l-gﬁ%lﬁg bblifents darbb et acﬁ@qga)’d}'i‘ﬁéthb’ salts BE c&H/i)gyrqic acids

pro ave a content” of carboxylic acids and
mayDbendhienlicatlgireduced befardxmnytarboxylic dentaining orgasic ®Fgen e¢mpounds.
nost, 70% at nost, 50% -or, at nost ,40% of the crude
Carfgalic agiyand REnSEPRXYSP CRBIALING ERYIF X YEEH PAmRF YRS 10 a crude
prodRUcORRY Ge QitFdSHiafcd TROUBH §nal¥4i§ bt the £Rrde3¥Aud UsihgQéherdlly known
90- 110% of the non-carboxylic contai ni'ng organic
speasogeppic methopofodexantple, lnfrared erealysiss thass spectrometry, 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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In some enbodi nents, the crude product includes, in

its nolecular structures, from 10 0.05-0.15 grans or

fromO0.09-0.13 granms of hydrogen per gram of crude

product. The crude product may include, inits

nol ecul ar structure, fromO0.8-0.9 grans or from 0. 82-
con@nBaf af lemst1%f aideashd0opatrieast 80A6pbr atledLoIW ofities oxfgen content of

e B e e T ANl L e S s 5%,

ora?&a&b@%@ﬁmémafﬁ@c&dgt&d atio of the crude feed. A
crude product atomc HCratio within 10-30% of 15 the

cr u"db:hﬁmﬂyaﬁ:e mude Ipmﬂi)ct may bavenal et of tirhbxyl it akids and/or

e Apl4PbE GROSSHR 88 it 5% B pl ol P 628 T3 Bt ost 40%
of tBd driide EE& éﬁﬂ%%n%?gﬁfdn-éa%&&ﬁ%%o Eﬁcw eﬁ‘ compounds

ran points. In Some enbodi rents,

witlgn & 8@39%9 &QtdtZO‘Vm of 9 10%(wd thayameagboxytie contaidéng mgamm oxygen
granms, or fromO0.001 to 0.5 grans of
°°“}P>98?‘§‘C?F'b Q?A}lﬁeﬂ a boiling range distribution of at
20 Ifiesthe %%O&ﬁltsotﬁé%uchﬁﬂ'odﬁ inchafek, iR 18 dol & AEP stnitiures, from
from 0. 001- gqgams of hydrocar bons wth a boili ng

0. 0?945@@3@85%&%0 r0- b grassiof hydrogen per ram of crudloproguct. The

oo s W g o D e 2
0.82HEmE ofi catb M) PerGrah of cidde pl%wt aA rhtéasf atbm¥hyroaemto @omic

carhoagglé&oq gﬁt’r %13? Pﬁﬁms g d Ocﬁr gﬁﬁf’éﬁ%{%ﬁto‘(}g%l % of the
atorMe %C%%@ﬁﬂtgr@%éﬁg%éﬁs %MQQ%I %E'(g{(_?léf atBhnid Hflf'}a%o%ithﬁpl §38% of

gr ams I ng rang
the ctude feed alomln I“H@tramemdtb@ﬁas thah opitaks mdmmon@ummom hydmogen in

sone enb nts..the,,cr duct des, per gram
the §BE%s fRreiagy B qeel: sreror st | EE

hy dﬂl@%ﬁf&é%?édﬂ&t hﬁlﬂe?@é:hﬁélﬁnfsﬁ\ﬁiﬁ?a ghingt bf@éihh% ;i:di’ﬁts 2n some
rmst 100 101 MPa and/or at |east 0.0 rans

mocmt includss, per gtpne afidie coidstproduat aﬂeass 6:001

gﬂsﬁ%i“%ﬁ%e#’& GRerebf by BostopRE i polgiRT gjscipion ofa

mosg m(g%c atal. }j ol Ivﬂhasttleasgo Q01 %a&x%ss oﬁfromam@mhas rgeerngromymfocarbons
cru ro u | no er e oalL e
witty btfied s disirikuan heipteeRd 06 i eeR 200 1C at 0 4BL MBaient least 0.001

e

200 3€ eud 600 Past 8.161 dMRd; bbleest 60 egramsy for ﬁ@ﬂﬂ@Ol% -0B8P grah08h

or 90-11 %fthe di si. te .conte f.the e
hydgarRons it adoilng Fatis fistibSia ttweenaoodi and 4ot 8t 0.4gy Ms;
and Rleasp 01009 @?diﬁ@%r ﬁbﬂﬂ?O@f ﬁcb@ an‘lsrbf%yﬂﬁﬁ%oM \RFﬁh a bmlmg range
0. 00001-0.5 grans, 0.001 rans, or O.

distigfrging betveen 4 @F’ﬂahﬁ%&ﬁ@@t%ﬁl #he crude product has

VT 05 BB 5% bt noch s el bR der, a

least 0 Icgrule of Rydrdeubordasith HBbiliaE 240, fdlstﬁmﬁmmf@tuﬁést 160 °C at
VGO cont ent |narangefrom0 OO 01-0.8 grans,

0.100) My anigl/a 2 leasts0.0¢). grams of hydgegarbonsowitipa boiling Tange diswibution
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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In sonme enbodi nents, the crude product has a residue
content of 70-130% 80- 10 120% or 90-110% of the
resi due content of the crude feed. The crude product
may have, per gram of crude product, a residue
content in a range from 0.00001-0.8 grans, 0.0001- 0.5

gr aﬁﬁom@ eﬂb@&m@mﬂs thiecorBde Iﬁoﬂﬂ:ihﬁb ﬁmrrb cgﬁteﬁﬂ&f'm -230%, 80-
rans gr ans. cer odi_me
120%, geid0- 51%&?@%@1&& ﬁ/@@t@%ﬁ? ride fred. 1%7@1893&6929 spt of the
f

cruprolich A pdr e R ofiRR bSO In & Pitef 48 0108661 0 Yrafts,
OO(Ht-O Bafims) 004). OGE-OmgfanﬁO% or at nost 50% of the C5

o B A5 DO, SAE AR BRGE! Bet f 10 BPniERLATL 9%, 80-
12(}‘%e 89%0-? gﬁ’ VG@ r./éntéﬁt of ﬁﬁ%}ucﬁ:qoé%d O s"égné &?ﬁ&démz 0 the crude

atenes content of the cru ile
produhehmd[:&rcgmnmftcmfe product a0dE@Omonttntin 4 mge fioim0.00031G0S8

con the c e.feed. In sone
d{ﬁrfggR babéég‘;mh‘ét@&agﬁﬁ%nes cont ent of
t h‘in%ﬂdg emPRaiRafs, W dridd FrbdicR hi i‘&sﬁiué%bﬁiehtfﬁf ';0-130%, 80-
stabl e MCR contenf may increase the stabi

120% Qrig0- B0 af Shertesidug dw@ntmfihwede feds he chidbuednshmay have,

t he haI t enes cont en and MCR
per B3 Ot rRid ORI Rstci® st A g e oHtion s Bfems, 0.0001-
0.5 PinseR 00030, 4|”gr§|’ﬁs\0 60108, Btgyanmumosm gramsl;l of D10, u@ﬂms
pr oduct relatlve to the high_ viscosij onents in
i, thepradesttodust bas & MR FoBe

t hdn gertain embedim contest ofji0-130%, 80-
120&509%2%%}0[‘ ese%g%ﬁte}gwgés dégﬁ %%??Legﬁéggpr (0] d%?&l&h&ﬂCs

asplabiphiss| coateatofat mhesn 90%;1 at most 80%e opatarost 50240 he dhtasphialtenes

contfg o (ol §ess T et e EiEEiy e CrephAIroet Gatieriep he crude

feedGi® apﬁﬂs% RS, 'af‘leERQSOW]é Ulgt a8 do*%%lftﬂé ct E@g?!tglgé% chh&gwsﬁ the crude
0

in"a range from 1-99% S.
feed wikioine MR pomiesofthe arida produtis SUIREL0-6R ofbe of CRiventent of

the GEp forll £ ifnirip 2R il S8 1500 bty Bk Ot te cude
feed?\ﬂﬁ%ﬁﬁf&iﬁingfaheiaﬁﬁél? @taBIeQ\ﬂGthohfbﬁt malii regetibétability of the
Is at nmost 90% . at nost 80% at nost 50% or at nost

crudefosditotal peoducmddnieent of the crude feed. In sone

© g SoulE Shpbualylln S, RPRRHEL ifert ol BICRBbERA 1y Be
combizedco ptdelnbe ainatﬂmatjca&ielaﬁamia Hetwean thd digh videwsityltamponents
ity S8 REORHE GBS (oghe beh 7108 et AR e fogshoFpr
exalﬁ 1eC4 kigﬁ oPﬁgﬂi&tfeed & égﬁﬁteﬁ@n%'tﬁﬁ Bh& a chidR BEVNRCR content may

ptoduct includes fromgreater than O grams, but 5 |ess
be represen@ddy $r Armem ¢f 00000 roQud €3 agpimitenesontent and a crude product

MR cgpen g e eprenaRa sy Ehe Bk BE o féreg Y57 S gosess the
net feBctiohUf mgam@«st@ @b&hb&%ntstlﬁ ﬂ{meaé Rkl 08" @M#lé @fude product may

treatment. The ca Q’])lSt may i nhibit corrosion, inhibit
be it 2 kange Srom 2:99arl 0-9 e,rcufagd%%ofé’i Bessareambediients; 2 ratio of

MCﬁ oh{%gt &f tHg enfle % cﬁltct to'\&tasl%daﬁterqgssc%rn'te%?m 1|Iﬂllear I%Ee 8% 1?8—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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configured to add one or nore catal ysts descri bed
herein to the crude product during 10 treatnent. The
crude product produced from contacting system 100 has
properties different than properties of the crude
feed. Such properties may include, but are not |limted

60%por 3&0—50%&11 decMCRAdSnten} of the uarke fedds Clis driyde prpduct aspith some
reduced content. of sul fur

V/ Fe content; d
em%@é}@?@ﬂ ts, -0 bsraeen@p%ﬁr%r%mpﬁé}r@oql -0.05 eraga eEMCR per
aﬁﬁéﬂd}ﬁ'@eﬁg%t reduced 15 C5 asphal tenes content;

redu content i ncreased APl gravity; i) a
r edIn:@dne mobridimens, ﬂmtraﬂspnoﬂuctﬂhdhdesimm graafer tragad igeams, but

g, AP Pyt kb it s
graRf S¥titede pro@icl 'I‘H@céééﬂ Vé']tl?ﬁ% s fs@bflizi athe hile é)roduct during

selectlvely chang t her prop I es ar
transperiafiooh and/orticatment. Tee catelyst maysnhlbﬁlcatrbgion,hnlmbﬁ frietion, and/or

| i .desi | | | i vel .
ino B B ooy Bt S11bE Pl bRl oGS S8l i may be
conFic@rudith @a@bhyom&e%ﬁdshf&s@i&am tcothB @fude Pradvice dufing

q(nﬂor exanpl e, sulfur, residue, Ni/V/Fe, or V&) . In

ER’l. manner, hydrogen uptake during contacting may be
y ed duct i
558 3558 i oo SRR Sk 900 B G e
thaﬂ pfopbﬁleﬁeﬂﬂ&&ﬁudc\ffé&d smnpr@ehmmcmﬂe,rbut arRinidt ﬁﬂﬁédsto a)
of suc &\édro n.is .also hei ng used to reduce _oth
red ks R Lo NP oA iscori® teduqedderal Ni/V/ire sonkstispreduaaed content
of SBIHAY ?Qélﬁgﬁfé)g&ﬁ,lbg SoBha @?1%' o nfg‘g# reﬁﬂl:edareﬁn%é éb'hé?nt f) reduced

cont’en I's ' accept reat me
Cs asphaltqnes bcattemﬂg)srpﬁmeﬂ M@R icomtent; h)rimoreasedhART grdﬂt}f- ¢»d reduced

el o T e W BB Ll e
emlﬁi&ﬂ%tﬁﬁfﬂe%r edoré PR pbrtise BE the RRudeBYodRE rtldfvORehOEn d¥IEE], may

bul k netals and/or one or more metal s on a support.
be spestingly #hanged ywhile other praperies are nog chdngedeomuch, aride Hiasr m

f h talysts.described .
sublaohI ARG R el TRy be SOTRERLE B RGO e TANina
crudH feed méthout ﬂm;gﬁﬁmugemlﬁg:ﬂm\ammm &f sthérdoptpbnérits (for

contactj ng zone (far _exanple, when sulfur and/or a

exaap é e@s’@b}ﬁtWﬁgorswmrr Iny this megmen divdepean uptak g aluring
cont¥cfi ok “coiien &ﬂ" oo TAR rre&lﬂ:'ﬁgh,%'ﬂ' r&)@ ?ﬂ% edudhidl 4 B’Ehcr

use as escri be erein nmay or may € COomercrla
companerhty.s ﬂ"hus, EhedPoN @f thefcredenfieed cardie mdnﬂldywhﬂe tisigg 148 hydrogen,

lated.tq b d bed h
i G R e R S RS bR ot i e cruc

fee@ﬁ“for@%ﬂﬁpl didad %41 TARZ fut S-Subthr QN tth t
R s atple, g hioadvartiged ¢ DNngﬁ%Nzoo W Oaw oy that 1s

acccm@:z;qw mepdreatygent qumanspmn@pecﬁﬁms, tmmh crude feed may

be i > iR e areioet AR IS AR SRR g 3
Z6 Ratal gﬁgasedZﬂ b8¢ orthdie embbdaRent@BEthé TH@ntivdl Bl BcPude one or

aval | a fromCRl International, Inc. (Houston,
morg blksmetals agd/ar pne prmexsrractalviondi seppers, Th@tﬂatai%m@' b€ dunl clemental

forrh 8r 1RO %ngfoaoceorﬁﬂo%ﬁd ot the I?Eeté:l.r Lﬁl at%Fystsl c{?agcrﬂ) § 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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one or nore Columms 5-10 netals on a support. Colums
5-10 netal (s) include, but are 10 not limted to,
vanadi um chrom um nol ybdenum tungsten, nmanganese,
technetium rhenium iron, cobalt, nickel, ruthenium
pal | adium rhodium osmum iridium platinum or
are mnxém;rleﬁd tdbe w52l .as dbsribad héﬁtﬁimﬂ’&&e HDSS,; Pm$2:grmDN60 (’3234
a total Columms cont ent

C31§ 56344 40000 Be G td: G DBt ita At S FE NI 16 Do,
DN%'OO ?? “4BTBNID0: ' IﬁN%O%,Oq‘Ng@O Themg; B%%E)Qd%%ﬁgg?%yg 110;

grans grans,
DN3 3001BN§6 m; Rinztﬁﬁj Rﬁ;ﬂﬁsRNﬂﬂlk Riﬂwﬂ RN420nR NS REBISONRINGS0;

sk 3l RN S e DR s s 2

Z759N0R0B Ushicl Rfe &%ﬁlﬁﬁ%%ﬂé}u I a?@‘/&aﬁ The! ggdglgsgaﬂf" Tl:'éas

el ement content, per gram o st rom
U.S&.p00001-0.1 grams, 0.00001-0.06 grans, O 00005- 0. 03

01-0.0 t di ts, ..
0" BB mbodimenisccates S Hitago Shihes PLPertescolRe STipe iesd include
one Hﬁﬁmre?@olhﬁ:‘ﬁ@ 5-10hetdlsHR Phuppért. abMﬁlhlﬂS% {PhRkalfs) IlﬁUHiHeB but are

metal (s) content of at |east 0.0001 granms, at | easf
not imied tpy; amadlm, qheamtmn ngdyhicowm, @ingsten, manganesen tpshnetomm,

0000106 0.005-0. 1.grans
rhenf ooty dopay Mot plad st BRodintpeossai iR platimum,
or mxmdwsdm=oﬂ m&aa@ﬂﬂmﬁh% PECHBM caglyam totdl€loNirfs 5-10

er gram qf catal In some enbodi nents, the
metdl(z) sPatent of At eatt S-0008 s, 2blcast a0 arams. ok leastip O qarppor in a

rang%at “f???@ﬁ%%%‘%gr@@oﬁ%) a'{upon of % n";‘F% ?%ams In

someembodinents; thewatalyye imlmleé Cohmfin] Sefembnté) ih addifiohtondse Columns

7-10. Aol a 6 | Col 5
510 Rl omplesio? Cofurie 15 Plebios acits phpsaitprig, 1h6 gatalyst may
. havdPlodl Cohlrh? 19Elentert é’tﬁﬁerﬁ ﬁ@?%@im bPedel :m%-aﬁgé ﬁgme@ 800001-0.1

may be in a range from 0. 1- 1- 10,
gran@oﬁé)ﬂa%wﬁms 0. W@S@di%grm qrr@d]OGélébO(Uomm 15

| ST b B8 S e CTABBIEL Ry

have{ pél%ramwf cafalyet, aastaPdbRBH Smetal(s) contedt ¥Eit leﬁﬁ'()m grams, at
| um 6 netal é@él and Col umm 10 net al

leastr(hﬂ gragss, atleast 008 1graens %né/prm aggnegifram E)toﬂ@lt(bﬁ mptqm-o 3

I
oy UR0310 Lo OB erdBY, Ik bbofifiiay 4 Pyt Cinctudes
from @100?1(4&96 g&mmmmahx(s))ﬁwgﬁnm aatﬂhysl’lto Imsbmﬁ( S) .
t , Lt t
ey Grat elodbs FRheam (LI RRYGY miuion o e Gelgan 6
m (r?ml 10, or from25 I n sonme enbodi nents, Col ums

O netal (s) are incorporated in, or deposHed on,
suppsome embddiments ftbe catelybtjiseluddsra wartinitivreohGolument metal(s)

with e nf ore el Trom ol 3 aB/oF ol iy g AL rale pfiColumn 6

meta} #PQBNuinn 3 ﬂiefaphﬁ}v‘bBQn ﬁ?&@bﬂiﬁn 01202 ThedeRIH, SA'HQ%IMaﬁB of

the netal (s) or el errent&v are’ supported,
Colusn gmetabto Chlumnsi7al §/metal moy bel ésa rdnge fll@pp@rlt-ZU,dHO or2-5. In

nt Su
sombBhBydiibots e oRolys BB Chlrp Jesib BRI g8 o the
combiaatioftEsiasin 6 metal(s) with one or more metals from Columns 5 and/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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materials, zeolites, or conbinations thereof.
Refractory oxides may include, but are not 10 limted
to, alumina, silica, silica-alumna, titani um oxide,
zi rconi um oxi de, magnesi um oxide, or m xtures

t hereof. Supports may be obtained froma conmerci al

CohitBf 8 inetild) @hd Golihin wnﬁtdl((s?AQﬁblﬁﬂhﬁb wé it tafatlColumn 10 metal to
Technol ogi es LP (Houston exas, U S.A). Parous -carbon

the tgtal £olumi & metaldn thegatalyst maytbein a range froml 110 of Erom 2-5.

act .
oS Oh RS AP 01 S MU Spoer AT S bicd on,

a suppst ol fosm tHEddtalyste i bdrman exﬁBochmdnt&e@olruarnrstSelozmmltaI(sam
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combanira i Glugudd S=Rey ARy s dggosited on, the support
to f&ﬁ-ﬂﬂ{g %%ﬁ@i Y, erhbgdftnents i 'aﬂdﬁ:? gfeme%(d%

S prepare sucﬁ that e support an
supla)t&ﬂa@te wmd)glﬂ of timroatatyst dichales hle mqipoﬁ',iéll Metad(s), andstll defent(s).

or at |east 180 . A In.certain enbodi nents
The§emsr may b ear»@gfaa%maywq% %ﬂ%ﬂ? ugorﬁa%?aef%erbr‘-‘f?@‘
matgn pg&&m&%@ bbibinaShs!tRers OFTER, Hﬁatessmaﬂhe&aéi buf are not
ae Ot epasteto assist i n extrusi on of

hmlmls:b,ealumtlm, siliea, esrhca-mhnnina,attsnamr akide; eireatded oxrd% magnesmm

oy B idmes hysots SipheRe e SRanEl bl confuffgi sodgifaonuer

suclP4d Ofitetiba '(Mﬁyst@éﬂd 'R’!cﬁndl@ére& g6ktor, Texhd, U.BA J.C Pbrous carbon

acetic acid, sulfuric acid, hydrochl oric acid. The
basqdemateriala yndhedee vty aneinef ligpitedctor aﬂmlyatn@ cgrbap Pypﬂmlﬁ/rgfaphﬂe

e8P O M B 790 o
andférﬁahtecheﬁliteﬂ Zestjtes daybeobtained fronpecimmercial Eﬁﬂintfam}xer such as

5-235 C for per dof time (for exanple, for |
Z°°I)' Wﬁlfroﬁesgﬁ%‘}sﬁ"aﬁ‘ﬁt { ‘Fge moi'sture content of the '

eXt’fHé%g 1 ﬂa@@x‘ﬁﬁ&ﬁg@ ? ddS0E thal IR BB brt has an .

treate tru ate nma heat treated .
avenagvrpmreahamﬂen of & leaam@@ Arap tnasrorm&m aCleast 180041 10 cert)in

formthe port an 30 avera re .
entiglinai e spooit Rerer s i o Ap SR paeE o8 B mpont material.
In b€ cmbB@Ricntd, BR h@iﬂ eSaddedTiths lpHstk RPassishil dkudlsioll dfdhe paste. The

delta alum na, al pha alum na, or conbi nati ons

watcrr@deldme aprrbararad m@ﬂclgm@twnﬂwbshwch aegtheds ag|repvingd to give

the %‘Iﬁ&% P pori?egd &%&Qﬂg"&% Inl§l 2) '""rh%ayn%gfgdc @&ﬁ g@l% 194 limited

to, Igfrirakid, Qediidlackll, 5111@11%@ Gnd)ﬂyd}odhlgﬁamd or at nost 0.1
grans as 50 det er mi ned, b X-ray drlfractron In song

enbidwinastewaay bw@dﬁb@q ueing generally pogyRecaLy st xirusion
me AbiafRt Yitile Rleftols foofoﬂﬁ e%‘u@dtéémm extrullfte ﬁlay be heat

al um na cont en per gram o port, In a range from
treafd ht B te@@peyataresin a&aﬁge(ﬁ‘cﬁn grmc mrﬁ'cﬂn 85038 °grfare, petiod of time

det er X-ra di ffractian
(foreﬁenggpﬂ’aw ﬁ&w&%@f il fhemes trregtioa‘frélge A ereég@'fle'ﬁth%‘s
reachedh @B8iredabvel FRE héht Brefibd BRirudate zﬁhy b@ﬁ.ﬁrfheph&lt WAl Af
theta alum na, as determ ned by di ffraction.

temerpibios inevrange ﬁbms&w 1280 °Ceor ﬁﬂ@péﬂ@ acmo. foym geensumportyhaving an
known taI St qagﬁ@ on techniques. Exanples of
r

a"*’@&?ﬂ?ﬂ‘r‘ At ‘e described in U S. Patent
NOgn cOutAk %n%@rments the support includes gamma alumina, theta alumina, delta

alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, may be in a
range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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to Gabrielov et al.; 6,290,841 to Gabrielov et al.;

and 5,744,025 to Boon et al., and U S. 10 Patent

Application Publication No. 20030111391 to Bhan. In

some enbodi nents, the support may be inpregnated with

nmetal to forma catalyst. In certain enbodi nents, the
detetniedrtly ¥-@ayliiffiactioie AlpdnRf enttydiaérmts \the Suppdrtdas, 2ither alone or in

from 400-1200 C, 450-1000 C,, or .600-900 prior to
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o o QERGAT-0 2P s 0T odRall5 o Dl R AL AR B 2y

diffeaction.r InGsofei ethidirpentsyithe s@hﬁlrﬂjﬂiﬂvﬂlﬁt Ieastdl Y @amel atgeast Q.3
acid (EDTA),. ammonia, or mxtuyures theyeof
gramgaf least Gehsmsnematdeast0.8 grams e thﬁwﬁls@moﬂﬂré@ nayled by x-ray
dlftﬁagﬂ!{u A9 or incorporating the Colums 5-10 netal(s) to
‘treated shaped mi xtures of support

(" Suppbasd eutdlysts Mag bl @yepawdalsm gahemﬂiyﬂmpwn fcafalyet preparation

R ST PN e

to G&bﬁlﬂo@%?alb R0 $413b G“a%h@iowtet al.; %959144 (?25 9Booh B€al., and U1 8.
catal yst. 'Héat treating of a shaped sUpport after "each

Pateny éypipligation Publicdtiondye 2003011439 btﬂema‘h e catalytic

Caray Y oRePeste PPt R s Pl apRen PR o o

catabgst. eTH ceﬁﬂﬁ' dnilﬁfdﬁxﬁéht? Uhé hippoitQhdde tredied aﬂé&ih}a@&hrém arange
han. The Col u 10 et al SL@) and support may

fromA@d 208 16 4501 1000 S,m ROH00 G peatiogmpreenation mthwaanetal In

soryiBGncits nflEoRl iR B bod it b M Ryt

Examiplésaiflimpregiative ady inplide b citfix acifllcompofentsathlededéaminetetraacetic

. equi pprent i nclude tynblers, stationary shells
' aCIQEﬁﬂghalﬁgwnwaprww %eol%(for exarrpl e, batch t ype or

Conhice %xrﬁ%ﬂﬁﬂenté, HRAGlysif be fo k ldid %gw Iéporatmg the -

generally known m xer, or gener at

-Colmhnas SWOImetsl(n) tabéas treated |sh|apeﬂ mmmspmmc‘owlaymg ) ,

e BER o B S5 S TR T o

relaheelsr %hﬁbmﬁéﬁh%&ﬂﬁtio%' dfmdAaroTes @?&H&és)beﬁbﬁﬁﬂro‘é@%dicrprbﬂb@ues of

port. In sonme enbodi nents, the catal yst is heat

the t:at@larste degt treatingof ashaped spppost afty eggpocriay of gietak trpdy ipoimprove

the ?ﬁal%c %étmygy?g} Z%g%#te af\#gﬁoaﬁ %‘ﬁ éa?ﬁlﬁ'? HFng ?Lerﬂfrrgethods
are Bexaiibéd i@l SdPatéllttAppliahMPMﬁlcﬂﬁomNb 200301 nma o Bhan/gen

ric r at a tenperature in a range between 400 C and
(58166]3‘%1@11&%%9@@1 6 49 FePRRHAY DS TEFFS iR SUabY SR RE

h netnk ot a téb‘?xérﬁﬂé S'Vif)%n?'ialés@ %@b@@i}l% CRRVES s 590

correspondi ng~ met n ot her

met_elﬂ&)lsdppmtm:;gtulbmﬁmmuteﬁmsmgtsaitz}tﬂt mizipg leguipmeant. thxampless of
sl S G35 e B b ARGt foRuhlifireiers
(for%&aﬁﬁie%t@p@pg)r E&{mﬂo&e@badnﬂﬁaci h:ﬁ?é‘erh hnd aﬁ?ﬂmﬁr gneiilly

oursto rem)veamajorl yof evoal
knowormiser nt genﬂallbrdumwdwmci hhmgwﬂ]mut@llymdtsﬂm @Oﬂmmﬂ %10
t al

t d.b
methB9 et inPyufa s Fonpi S BpofBigRisb g B S HEH Sl e
ColGmh@b)9inetal(s) is (are) substantially homogeneously dispersed in the support.

In some embodiments, the catalyst is heat treated at temperatures from 150-7 50 °C,
from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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10 When catal ysts are prepared in this manner in
conbination with a sulfiding nethod, the active

netal s may be substantially dispersed in the support.
Preparations of such catalysts are described in U S.
Patent Nos. 6,218,333 to Gabrielov et al., and

6, 28Gofié eritddizakits, thovatalgst rady bel ivab@édiétl i tBPREEN¥E bf Bot air

d%st heta al um na support may be conbined with Col umms
OXYaeR e air at & fsmmsfaﬁlﬁeﬂrh%raalgabmeﬂ@‘te@ Ppend 169 (riesremove

VOI%-&%%&E% %)Plﬁﬁ%é{ %5%& p‘g}? I‘f S m X?UI‘ e m%geﬁéaﬁm ?%va %1’.0 the

cormspcmdingn’pemhnbmde of at |least 400 Cto formthe

catalﬁéﬁt vi.ng a E{ore size distribution with_a nedi an
porl@© drneits, hewerssthe saglyat may pe hegt tigated i thetpesgemce of

I { e o
o B3SO 3500 TR Sl g, oo S hedd 000 o
or bclmm’é(i(b?@)l fosa pﬁmd obtime irsairange frompl-8 ghaumcto asmnohescmbjority of

tho XSl eommaients wBpu ooy i Cqllngs o Caneia i imiaetl oxide.

Catil§&s ?fé%%ﬂtlﬁ'dsuﬁﬁ‘ﬁ ﬁ{e‘fﬁdd ﬁ@éeﬂé?ﬂfyli@fen@ﬁ hy Hy“ﬁéalcmeg” catalysts.

net a . For exanple € supported catal yst an
Whem @atdu:stk arcazrapar@chmhgssnamy ingembinagiohevith ssufiding mﬂmd the

ac'cﬁ/rvI ?Fgﬁsnmg%ﬁr %g%gﬁﬁaﬁ%ﬁljgsgﬁeéiz fﬂrs(.)uggéﬁg m, ek Onséf sucﬁ1 Catalysts

are depatibétbith WSt PatsiiIvey. 6,218,369 Q@Gﬁ&u&ﬂ@@t@e%ﬂg% 841 to Gabrielov
catalyst. In sone enbodi rrents t he povvder may be

orrbl ned with the support and then extruded using

Sl MRS e 6 S P ot

5-10 metpds torform 8Ghetd Alufing svﬁ@eﬁ&bhﬁnnﬁ 10 tietdl SthixAure. The theta
ort allows, i

urgi3h SR o TOholels faicie Ty BB GReh et friemp@ainre of at
1east 500 ﬂ@t@ﬁyn’ﬂ&ﬂ@éaﬁlgﬁlp Vfrfgaﬂgoé %z% gﬂ{fﬁsﬂm ariﬁ&gan pore

cataty for e support
diarmeserd L lqaat 2304 Efﬁplahﬂx; rsuchhlacat Ue'cﬁmges comsimctnd at wmperatures of at
mosgg?r@ se occur in the unenbedded netal catalyst. In

odi nents, having less netal on the surface of

t hén garha bﬁ}‘bbdm@hﬁ?ﬂfe shbﬁor't (d‘ilﬁeﬁd‘@ﬂn%hel%ﬁh‘l 8lipottCor a support
activity of the catalg by allowing at l'east a

gsigs@ibed hereimimay baconmhined with pgupnorted catalyst andéor a bulk

m“é‘%%@g*‘é It et 0 PEhe Byl d Bkl Cifipn 15

metal(s)t Rer exanipdd, \tsd s@pbrtetgcam;mamﬂ/oﬁﬂletblu& matahbatﬂystmajdbea
rude feed. Intercalation a d/ or mX|n of t
mﬂ@@ﬁﬁ&%ﬁ?@ & Wil an avarage Rarc le pias, fem 1 5&%@9@5, 2-45 microns, or 5-
[
40 1RERRd] ﬂ‘ﬁ@?éwdérl}ﬁ?sﬁé é’&ﬁmgg A 3‘2@ ?cf tgtf&?n SPLUBRRY metal

metal in m 6 oxiI structfure to a
catalyisb shaamieznibpdiraends) thepaieder Qiay(BcIcumbn&dwatlnﬂle isuppiointeand then

exteffeliifhe sindhit ot YA ARV S PAT A & PO fep GUgEgon with a

mediean podey diddeter &€ b 'rzﬁi@e Rinh 80300 KN 9o tker A Odr 190813814 al

metal in the catalyst relative to the order of
el &embiaing the failtal}’at withethersupportallows, inagomi embedmmntsn aldeast a

|
poreh of AT @B RAGF Lndarlefifotibe eRERedi Frdee-BRRt 001
exarhyle, @ﬁlﬁ&ﬁed 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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10 of the Columm 6 nmetal peak in an x-ray diffraction
spectrum of the catal yst. From broadening and/ or
absence of patterns associated with Colum 6 netal in
an x-ray diffraction spectrum it is possible to
estimate that the Colum 6 netal (s) are substantially

Thermﬂg iﬁay Iﬂtb\dﬂbQHe firfot 6f e yatabist thidughlerésion 6Dthe surface of the

¥bdenum trioxi de and the al um na support
catalvaw‘ﬁal% ghthe sptalystwithyp grudedeedsr at | east 180 A

AR Ty bR R Lo BB A0 dime
embpdin?(ee:;tsg tl(Teu;1 snfuclﬁxahmid/e; C%fldbé Caluire @ﬁﬁta,é e Toland Emm@oﬁﬁstal
S e um n um trioxi emxturema
10 ¢ spstapially ran %ﬂﬁﬁ‘@"r %ft(SHlEmé‘fG mpeta) @ofhe crysial @mcture of the

emb%&&g%a@l dOTRE Pﬂ%? &f e ilﬁlllﬂ §ndtliha rf&e &ﬁg{xﬁ‘%% ov?]der X~

pattern or "no enum |0X|de|na
ray difitcaction methads. @iﬂmpcﬂea of elemahtabmetnl irPthe mﬁtalylsErel}mrﬂ: to the order

IO T T D ——

Cohﬁhﬁ B %éiﬂepeﬁﬁ frR Ak ?ﬂ)ﬁdlﬁ?é‘chkiﬁ‘ @peca’ﬁfn &¥tBe 08iunkd HokiRIE td fhe order

pore diameter, poré€ vol ung, surface areas, or

of tl@c(ﬁniumgtﬁ woeisl pfmkrm eh x-ramélf&mn)spgctrmy of e eatalyst. From
bro s*alaé andlh eSee ofpelrmaliRthishivth GRBEE S wh Rl S5y

chinB] # idpdshible teitichfe bt the @ol19MANTG B8RS ake Qibsthntially
50 500 A, or 60-300 A In sone enbodinents, catalysts

OIqﬁq}ééh%t?fYﬁfé]a@tu‘@f% grams of garmma al uni na per

e A0k o 8 ol Bhorlf GioRigB A o nfle bl it {flfif ore

diandeter’df @t o4&t 180 Hinay 2@ cdmbindd td forai diclweitadnolybdémmm trioxide

. Catﬁm ts]é#)gat in¢cluy p)ggfLe'aSt 0.1 {%{‘% %dteﬂmtenm,pm

and/8t Bl T%&g O%Mwnx?a/é&uﬂiﬁ% 1#igxide fn'ﬁxﬂiré‘ﬁﬁ& BE hist tealed 8
from 180-500 A, 200-300 A, or 230-25 In sonme

temperigtoti ofian least 338 Chg 60Q ?F);m peoditica nreata}ysbthat dves pot @{héntaa

tri ioni . at. l.east 12 at | east 50A
Pa“‘r‘r%z b%d F‘@&éﬂ? e Xo [t/ fé\%cqoagg?c ( ! e’éﬁmﬂl%a?&abm"e
oftlfé&lﬁ}mﬁaeaﬁy at Ieast 300 A Such medi an pore dianeters
are typl cal ly at nost 1000 A. 53 The catal yst may have

posame smbodiments; eatalysnmay bh charaeterizad hydrase sirugiree Various

pore%u@%“enéﬁgél&e%égg aI y#gﬁﬁﬁmﬁgpofgl)%i @éﬂgﬂép r fab‘ﬁotl Rl
s”“fé‘émaio“?m??‘aﬂfﬁm?m et 00 of 2 tota
or , W eas % o ot al ,
uan{ity, felporg S1253 yersuy ppre a’éﬂﬁ?ﬁs 'El?ezlée%‘ﬁ% pereytiamelpr 'PFSPW ReFeaze
distrﬂﬁﬁl‘%nﬁl‘lﬂgrﬂ%tlﬁra rénr%@ fedth 3 41@06\& 3p- sﬁo or%@aﬁoqi h{}%me

di a ore In certain e 0|msnts

" embodimeingss cathlysts thap mcb.tdglaz easti0s§ grastaf gammat athummaqm gram of

il o 30Ty Ao i P € At bl 265 Bb 200
A; 9d1 18074, ebl m A\3¢1110-130 BOT8 otlttr 3fbbAImeMkd, Batalyéé t}ﬁ.t irude at

or 25 A of the nedian pore diameter. "I n énbodi nents
leasti (h! graimesrofitheta pleriinmpgrqram of catalystrhayé aphors sier dstsibuéon w1th a

medigh Sl st & ppld £ 1HEV0BoP PR Oy Ppciie
emb@difRfts, the median pore diameter of the pore size distribution is at least 120 A, at

least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.
Such median pore diameters are typically at most 1000 A.
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in the pore size distribution have a pore di aneter
within 50 A, 70 A, or 90 A of the nedian pore

di aneter. In some enbodi ments, the catal yst has a pore
size distribution with a nedian pore dianeter in a
range from 180-500 A, 200-400 A, or 230-300 A, with at

| edh catabit mfay haled pore_iratdtstriRitioposits a ntdidiepopodiameict of at
dlsrlbU|on ving a pore, dianeter within 15 5Q A,. 70
leasx60 gror gb ep§te‘%0 f hin $seR FRbqsiments, therentalyst hag aporgsize distribution

it PPl Bt fnlaliEn g JRLEPATRY PG 5 orga oy it

leas:c:@)% af a tealoohitre of porepnrthe yorelsize diftribaties hawyg a pan g/mmeter
,_rm.-O. , 4-0.8_cnB r 0,5-0. 7. cnB
withig 23 83%9(%’&\%%‘9 5168@9@05%@%118 et dRess, the
catafﬁfjﬁﬁr%eﬁbgégzg HRFHEbn With® hafies ol%%&h&@} :%f(‘a Q«T ﬁ‘oﬂ% 180 A,

I'n so dinments, have a sur ace ar ea east
w:th:lam leasPbQe o tothlmatbet 20pors in, the tpotecsing didiribuni@ baving a pore

t..22 tel 2 n2/ S f
S i A3 S 3 S50 TASiHR POFS Gis o) o 130- 250
”Q/hg em%dé-?egts%ﬁ WHIH Ge ﬂ&ﬁeﬁo&é‘ﬂﬁnﬁ@%'ﬂ{?ﬂ&é sizé &@tnbutlon is

cataly awngapore size distribution with a nedi an

at lepssr180 a& atrhaetrzo A, ablegss 280 Angreaer $p060%mfy thtal eumber of pores
in ot it Bisibpfon Rlve P00t i i’%’v%ﬂankefé%ﬁag?o Algftpe median

poreZlifmet. din soulenshidhefs, Ak datdlpst ﬁgbﬁrﬁliﬁﬂﬂﬁbﬁﬁmﬂl a
60 300 nR/ 90- 280 n2/ 100 270 or

medipapore fmetariag FneABom P00 A; 100400 & pn23GR00 Aowith at least

60%2%?&&‘5%1%1 g@tl%ig)%i'estqglﬂ%o?? §/19i§ Eﬂsﬁbﬁmﬁgﬂwngqg{&e Ql@gl.[ep{mthm

SO}QﬂOsh cﬁmeﬁngfmelmmd&anpmgmnfetemm 50 500 N/cm 60 400
m 100 N cm 200- 300

BAIFIvET Rore VRIS AT RS A B Briessh0 et o pLigast 0.7
ro%weaaro 9 §m$/ | d dgehid anﬁémmenﬁels&le volllld §iSrdsRhdyYange from

usi ng chni ques knovvn In the art (for

"03%93 0.ACK8 oy rQ)ﬁ-(ﬂc'?ega/gCRI Internatlonal Inc.).

di.nent s dried then.
o R Al RERR AT R bets sizs ifhionSiel R foelfin i ﬁ‘PF‘ie&E‘oa range
froni 90-$80 A 1By, 40 84186 bmbbdiieatsCRival Aysuikfavd ifka oflatleast €00 e, at
t hat ncI udes suI ur - cont a| ni r;gaqah oungs In-situ

leasfsmofln r/g,zvéﬂ%hlm /8¢9t iqase2205r T04ndeo Such-sutaerjuga may
ben?ﬁ' 59%&1{‘16&%@&?@6%0 /gdié&ﬂ%b {gf biﬂ#i o‘}gz?ée

rizing agen fganosu
( [ ﬂu:bartiitm gmbbdistients| ﬂ]BdEISJysph’dwngJé pordatze ché'tnhlttmn witlda median

o A o B B oy SRS bt
leasf’gO m2/§ Ndast 168 §127g?‘ Gt fe%t $§9 ﬁﬁ;ﬁs ofht l@z!lst 250 h‘[’fgc eJutcH kf}face area

0|rrents a |rst cat al fiTst 3
maycbatlahy&tg)e from 60369 né@ Baras0 rﬁzlg,(mﬁe’:t?ﬁl n(fyg, drri20-250 m%g.

o B itBs PanSdiiabnttr Bat o305 it BradLReRS, £t Somplgpellets
cylufdeﬁﬁhﬂ(ﬁ@t Safhes.Tie Edtilgis tgAbal s ot i Grudh LRGSR o

area of at | east pore vol une of the

rngh o SE50RNT 6%900338/031, '1Dadb b, 2om300 Nivwe 2RO Nl

S PLPhFad Y R, Ao PRATR AT B S AT Rl R Ml fomn
metd) s&ﬁaes @tm &) gsifgtechhidishowndh 1B A0TF0F eddnipld, ACTICAT™

cat al The first
process, C Intematmnal 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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catal yst has, in sone enbodi nents, a total content of

Colum 6 netal (s), per gramof catalyst, in a range

fromO0.0001 to 0.1 grans. The first catalyst is

capabl e of renmoving a portion of the Ni/V/Fe froma

crude feed, renoving a portion of the conmponents that
elthezogatsdsodswﬁy&mgenf ° $ilidein ﬂﬁle@r&séﬁce‘tﬁ'dﬂ'f drdgemtlliqglchpl;dsedmﬂﬁum' ing

ortion of t eCBaspatens rom crude fee
agemtémqs@rw‘)ﬁléémcoama&ﬁ @@1@% pplyspifidss, thiols, and

t N 4 f

S5, S BASAR Ak B H%r%%g#%ﬁééﬁfsow%xaﬁsls 643721
Seamaiﬁalralpamtiﬁ%?%ﬁ@eamanseml APl gravity, residue

o EPin SmbOHIIGASs A Y P P A (ki 8E ] incudes Columns
5- 107{:?:1@&?@ i?ﬂ:oﬂi tiol SvitH 4 §:§£P8ﬁ} & pofd §1% @iRtrPutifn with a median

vey ange pro ties o acrudefeed whi |l e
porsdiameteh i a:n:grange 6iobret 50525 bAr ﬂ‘hedirsircaWSt playhaved yurﬁwalarea of at

tasf JR 3, TR PRt o e rallio B FE oS oyl s

cataiysf ﬁlhy haved YihaWimile coBrst dffar RaVt (05 Bins of gakiedd dinfina, and

nbodi nents, the second type of catalyst ("second
Wple@lIYaﬂtyamStQ 9PHR pxenst mﬁmpmﬂmm@yﬂmﬁmlyst The first

nation w4 h.a r
caals e MOP%C @E%@Fﬂ%ﬁo %‘c oq‘g.lsoéﬁgﬁgrn??t%l sg’ ¥ al%aén of
cataiystgﬁih 9 Ganfetfford 60001 10°0.1Igeans. PROAIRE catdlesttiotapablewfipanoving a
5 of pores in the pore size djstribuytiop, of the

rfé%zfﬁhe Iela{NéE%/@emwadqifeﬁ@rremm Rortiqn efthe comgponentssthat
con{rﬁa‘ﬁhe b LA 8§§ % I-&ﬁow%ﬂtl@&g a %x&[gﬁ%i‘ %é@?a%ﬁﬁgmes from a

e confac
crudedfieet], reroondngrat/least a@oamna)fcthmdmtqls mdmml salimof drganic aclds in the

crode i ot BB oot Seropras (ff Semd Fhiilse!, Voo

confeﬁf&‘ ‘API ‘M’dvllt? &Bf@l%é c&it@xl&eéxt doRsbiAdtfons ‘ﬂﬁé‘e&?ﬁﬁg 8hiBit rélatively

anDun hyd rogen source, in sone

Smaélmbmeﬁﬁmes thmydtb@cé isenatacted with thedsh catalyshgBeingable to

- seleRfER0hen Bk BlobSt Bt RN TRt ARV Rl LR bl n

relafi@stgl smali ameasts nfayliot the chidetfbw] tobemaste eiffciditiyttreated. In some
contribute to rel at ively hi %2 Vi SCOSI t| es, and reduce

embgdiments, png opwers gt gatal vﬁ%w &iderof the crude

Secon%g?%wy s uce gﬁ&é@{%g %@S(%{a\prlﬁaﬁdes

Columhsf-10ahetal &)y tombiastim vmharsappnrt fanid haxmpc&n size distribudien with

skt B L 206, O 5y BB B
of pzfé{%ﬂ-éﬂa%bfg s&é‘@isﬁi&hﬁbﬁ o%@%%d%ﬁtalﬁ?hﬁ%%qﬁré &ﬁﬂmte?%thm 45

crud pro uct may al so exhib relati vel
A OEﬂnantgad@m porel dmnetdraCentagmfdhc pmdefbedomfeﬁp scqmd catalyst under
5 .th e e f ee

d
suit 2 bR NOERioh Bt b phidb BEOREH G HaS Shloeted o lfies
(foreRahgiel TAN) MghMidastly éﬁ&%e&i@ﬁwe% tlﬁztsaﬁ‘ié%ﬁ' Rt G crude feed

but a rel ativel y hi N, asphaltenes content, or

whilegithes propsttiesareprlyi |cgﬁna§d Ry asunalisangungr Hdydeogse serrce, in some

tLy [ le, TAN of at |east
embaﬁlﬁenlts %a& d)ggseflﬁ&e\luréﬂglfgg @‘g unaccept abl e for
tr ame Q%dzﬂhhﬁl‘ys&ﬁﬂ& e¢dut® af IRt Al pogtionofdhs eshpotieagebht contribute
crude with a_ relatively high asphal t enes cont ent
to thegl AR o thej qrude feed, at least a porfion 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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| ess stability during processing relative to other
crudes with relatively |low C5 asphaltenes content.
Contact of the crude feed with the second catal ysts,
may renove acidic conmponents and/or Cs asphal t enes
contributing to TAN fromthe crude feed. In sone

crude r]bmﬂictrwnha relatitely sinall ohﬁngiﬁnamm ententaeldfivy to the sulfur

i butin 15 re ce t
contgtiit s thde oot EOR FATPIF CBuFBE BTOASFURE I content of
70%- ?éo’% lo¥ fhe sﬁlﬁdPson\fén% P et udf ek dd el‘h&éftiﬂ@g oas& mal Iso exhibit

certai n enbodi nents, one or nore conbi nati ons
relathedy sdalt ahaigyshsd:stdlate eortien,CeGE cumidni,taypd més1ctd¢e:ont¢nmelative to
the ‘gpgd%e&/crude product m xture, increase catalyst life,
'm ni mal net hydrogen uptake by the crude feed,

Or If S6tRE BAbbARRnts le@Pide feéuaﬁayh&@b 4 Rlat} %ﬂbw%ﬁ&ﬁt of Ni/V/Fe

feed as descri bed herein. 20 In sone enb ments, a

(for examples atpeosH 50 wepprhy dut & refdiively kigh AP tasphaltenesisentent, or

obt ai n Iebc iNin ith,.
contfiik Ghrp@sts Fo mbtat SEEDE BB Ca g P Felattlel i AR (fBr exampe,
TAN af &Yl [yt 0131 ey réfder BRYcride feed :tdtcbptable fomtt@SpoitEion fand/or
Qne or nDre sulfur contalnlng conmpounds at a

itica pelativebyhigh Gs asphaltengssopteny mpyp exhibit

less S‘ﬁ‘éﬁi‘% ; er? %‘%“&Eﬁ’?’?‘gﬁ & ol Srade vl s REVRIY Aty O asphltenes
contlpllte (ﬂtﬂ?&t Oﬂﬁlﬁ‘lo c&.lddﬁeé?ﬂlth d?qﬁefd;]mam?@|nﬁyf remo¥e lmdx:s
comppaRRL Ao G RPBRalIoHE Ao TABT B0kl irodtiedh ih some
embBdintHheE rédﬁ@ﬁ%rpop@g; 9%1 B cc F&o@n@fﬁs %ﬁﬁﬁ&%ﬁﬁﬂ‘m may

0.008-0.01 grans. Phe st may exhi
redusé thei Viscosity oﬁthe |cmcb3feechimbl prosivect mitxyuneirelativestedhe viscosigpof the -

‘orudy e TR ERnaiR SrRind R e B mOR! finacfbu RESecond sptalysts may
enha&ﬁe‘sﬁbﬁi&jdéme RStho @R ckade PrédiRt RAGHR) iRkreale Gty 11ifd Allow -

nore sul fur conpounds. The third cat al’ st may reduce

minigal mebbtdr%gepo\ptal@ pydhe enyde @Mr@m@&twa@ thersof.rwhsmused to
Ifﬁi ude feed, reduce at |east a
11.'3attp(:9u 1!\ggdo Sg ﬁ{% in nmet aI salts of organic
acilsisome edbedin@nty 4 ¥ifdtypoof emdlya{* ‘thiir& cﬁ:talyelté’) map B obtainable

and. reduce the viscosity of the crude duct .
by %@gmg)ﬁampyﬂ i Calupn$ mefalig L torRsedRce g el YshBrewispry The

catalljr@f : '}ﬁ%y%r{i’él Gnh I‘é fice éﬁo &qﬂé‘fe sHiflr LoRtainin
elatively smal | change e su fur content relat
compourtdset 8 tdtﬁpmatumrhekrw 506 °C (ﬁne example, edaw 483 8C)or b relatlvely

o a5 e A B 5 B o Sl o
is hé'é.fkﬂttﬁ Bt leadt la@WC]f@pﬁ/‘hSﬁrst e certaid sthbedmeRid! the third dadalyst may, per

crude feed. The crude product produced u5|n8 the third

gramg gf @ﬁia,lsst b adledumandifielmen corteritin aarngediam D.00hdfegrams,

aV| til I W nt, . ‘.
0.005 2. P tpais i 0 O L R Bl SO QB aciviy
and gthbility Whérpusfe&d@l ﬁeatttH@cr'ﬁﬂNfceH lag deRtided h¢remtr&ﬁ sdams 8mbé&diments,
of organic salts, the Ni/V/Fe content, an

the catalyss §recyrser istheated atigmnsradires belowis0g °g)ig @edﬂpgﬁnce of one or

rnor@g\ﬁﬁg'cﬂ %Sg smal | amount the API gravity, distillate
content) content, and residue contents relative

toThh mmmm redie adldasivi pdidore ofite cpmpdments that dogtribute to
]ugﬁ ﬁ/ (\:{a iety of 10 treatnent facilitie
the of the crude feed, reduce at least a portion of the metals in metal salts of organic
acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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The third catal yst, in sone enbodi nents, may reduce at
| east a portion of the MCR content of the crude feed,
whi |l e mai ntai ning crude feed/total product stability.

In certain enbodinents, the third catalyst may have a
Colum 6 netal (s) content in a range from 0.0001-0.1

With aQeldfibel§ sl ghae in the stlfiOdorfertd telativente thashifur content of
Col umm 10 metal (s) .15 content in a range from

the grude)tped gnd sridglesvely mimisnag nesdigroges upkke By dbe cryde feed. For

xRt R By R iy T BB B8 st oo

the crude fead pThe camde produbicproduged nsinigshe thatd oatmhyst mwtaésoteahlblt

in the crude feed at tenperaturesvdﬁ gn from
rela@wy swell changes spARbgatita distiiateconieat £ORishY and fesiue
confén nl,(l)r %ﬁvé/?c?the ]cr@q e 14, Tlﬂ:rabﬁltg gé\/f)eﬂucc[z@le NG, eth& ?ﬂe’i‘als in metal salts

ourth type cat al yst fourth
of oegahit salts, 'the Nid'®l/EdlermtenCaind ive G scnsitplof the qrmdeanndum athilealso only

chaigibg by 8 Bl amgdt bt AELEEI LA EERh BORL s esidue
con@ﬁts%laﬁ'?@ﬁ)tthé &Qld@‘feeh Nmap Bfow M&é‘?ﬁﬂﬁa’c tb be uﬁﬂb)ad‘vanety of

pore di aneter of the fourth catal may be at | east
treamdqcﬂmes | east 230 A, at | east 250 A, or at |east

Ol'"hg&@;rr&] g @ugtf %meﬁntro@gg?ﬂg ng&ygrlr it at ’i)ea]st ?f) to?ﬁle MCR

conﬁn@oﬂh@ﬂﬁd@ ffedd Ghide Malhtiiniag r%ﬁ!deq&amoﬂﬂ pr(ﬁiﬂﬂt)ﬂﬁlbxhtyTﬂﬁ certain
fourth catal yst rrasty i nclude, in sone enbpodi nents, at

embegirments, Qﬂ’ﬁ'ﬁ@a@b’ lw b Coksmn q Biptalle} coitepitin p range from
o.od?ﬁt-é %ﬁa}n ﬁ%sf&o ocq?ﬂ]q 8 s%d%élﬁﬂmﬁo metal(s)
met al s a

c at certain
coneenbimc raRgd ﬁ'omt(hmﬂw {llﬂ‘rgraﬁlsmoas 0103 grama,cbir Or01HW0 & graens per

gra AR 1A CALBERYS A0Cl) BRIt B B epppncaat loast

a pdr@oH H‘HJ? @51? Eb’xféﬁts tﬂ&%ﬁ%ﬁé BNICRGR R HBlle f%& aPRniRANREs in a

nor e lowng: the first catalyst, the second
rangeefrath POO-500K€ artiso-45e aeamgl pressurppinf4 fange Famed). 30 MPa,ie8
SI xé @ﬁ; al yst, the seventh catal yst, commerci al
F%/ & described herein, or conbinations thereof.

57 Ih'&eﬁﬂﬂ%n‘fbﬁ’ﬂﬁﬁ@n@ﬂf@rtﬂ'tyﬂé @ﬂ@iﬁal?ﬁé“ibﬁrt@ eaalyst Pihcludes
during contacting of the crude feed with _the fourth

Colymn3| rp@al(sitm gombinpidorwith a theta alumipguppeBmThe @ur@nca@lyst has a
porif' Size distrit ﬁ‘n th?é?iIQecﬁazlon%&e Hl-lz_a?r?et& #%ﬁe&%tq(%ﬂ% e

con acting ave a nost O%
eml&t:luﬁﬁﬁﬁ tlSé)ﬂiedlah pm&liaxﬁﬂ% ofathe fturthiatalysd dagfbe tah EaFtARO G, at

teast 25,8 ileast 3568, Riabhenst STbA S brssapmes may Iopbidst icds 0.1 grams,
at 1dN0E0. férgram-ghﬁt l@ﬁd‘ﬂ@% éi‘%rﬂg W bt 1283t d@gﬁuﬁ I PHiedd aldhndind e@ gram of

content of % at nost ~80% at nost 7
Suppast Tlmﬂzfmrhtcauahst mapiiclude, iatsoneastbodirments, at vroal 0. 1 grams of

Col%ég/dﬁﬁgﬁ%}&}e? glt-amocli;ftqq a? ot G afa? @ggetg}dg%{l ngs%:% %) Stumn 5 metal(s)
per gRbhRb/chtalyst! ﬂ%éiﬁﬁﬁen%cbhﬂﬂntﬁ thd ColRbRS ofetal igvanadium.

conbination with a theta al um na support. The fifth

catlnlsgme ehbodimants; thesiruds feetl may bp gontacteduwith an additionsl catalyst
sub egégt}tq% GO g&rvg f E‘ourt% {alysgoTﬁé ac%hona? éatal%gt éy b&ne 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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| east 250 A, at |east 300 A or at nost 500 A The
support may include at least 0.1 grans, at least 0.5
grans, or at nost 0.999 grans of theta al um na per
gram of support. In sone enbodinents, the support has
an al pha al um na content of below 0.1 grans of al pha

15 pabatfié xabaiiments Aigdobgenahay s genetdiad darlg oomtacting of the crude
i ncl udes, in sone enbodi nents, at st 8 34@ qr an%]ggé o
feedcwith,the @Jrﬁwéqlrﬁ)atwmpe@atatﬁlefare%& 9 30014Q03E. § C, or

SENTHE N R e e

mosP@o, at niat $identunost l‘jﬁ%;) or atumost1686 of the dt étN ef thte crude feed.

enmbodi nent ne hydr oge b £ed
Hydy&epéeaera@ Bay b my%t%ﬂg? Gpabl 39@‘{1@%1? mpgr 15725
/
rbieidbasad e iinko g S

80%; at mbst0%q tit mosteiOPE rahmostl 0%, ar atdsagkel Vi ofitotaBNYVABHcaptent of
th gnﬁg‘go 370 C, or from 330-360 C. Net hydrogen uptake
C PP HE%crude feed, in sone enbodinments, may be in a

rang @eﬁﬁﬁéﬁ:ﬁocﬁﬁleﬁﬁgé fifth tyipeldt Byt B fifll catalst”) iftbidde3olumn 6

The crude product produced fromcontact of the crude

metflés) in wmbmatiw witli 2 Fhetralumins supgotia Fhe Stk catalum\haﬁa nore size
cistgiion 0t o gl v igp Bt of B idag? 140 Anks 1Bl 2291, e0230 A,

leasfm.‘i{bk ateast 30074 Corfat QiﬁsﬂS@IlAO The slppbit Bap iiwluderat least 0.1 grams,
0.02-0.03. In certain enbodi ments, .a sixth t¥_
at least0s} grams, orgit most .89 prams of thete plwmina pey e © suppoﬂ In some

et AR SPATE O STBSGP

alumma persgraie of icattlysb Lit‘hamtabyst ﬁnmdes,dnaonp@nﬂmdmdmm et moft 0.1
t
grasgh of gelan Srmegaice rér SETUPL MR ERD AL ik (0T e eEafCoiSpm 6

: meté}gs) %%r %rﬁﬁis&f caafisP Indbrlefatodiréhté) thé@Coh@ss mggg eOf

20

25

30

500 A. “The support nmay include at
molgbmmmd/ommgstem ‘5 grans, at |least 0.8 grans,

| e st ?Fg i SI%WW% neé%lb,s%[,%?ﬁ grﬁggkgg%wé feéﬁ‘ﬁxtaﬁ be r%latlvely

lowl(ﬂbr S R4HRp15 S @A DAL 0N E txsnatmbw(mso M Smfyeir 4046)Nm/m®)

and Colum 6 netal (s). of at nost ranms per gram

whegrthe-erude feed is eontrcied Widhthe fifthogstaly raa retpe iR rapge from

10 oS08 e B A R B g W
feed;riat stme embicdiméntCahayne i avangd fromyl-Be Nini/m’, 2ekfgdmf i pror 3-10

Non(lgiy A S DI oF g OSos o SAP RE GO ToR P S g catlyst

mayHave a A BESHR: 90% Qfmbbt%% A MoV ! dit floYiR)% 6€the TAN

is contacted wth the sixth catalyst at a tenperature

of thercrade ﬁn@ eTANrdnhfsmdﬁp@d@pt thayobe Braoraggofron GY1-PeM03-0.05,
0@% C, net hydrogen uptake by the crude feed may

or arangefrom 10 N8/ nB to 20 NnB/nB, -7 NnB/nB

to Iﬂ@eﬁﬂiﬁéﬂﬁ@dﬁfentﬁa diRtHNYBé 0Bcdiflyst (NiifheBtalydeyadolwies Column
net hydrogen upt ake i s one indication that hydrogen |s

5 migel(s)ngd 6 anatal(s3 in eombinatian wiib thertheta elunype speg. Th
sn;tfn ca?tﬁygt%ats g%%reos];zet&setngutl’i'cgne w{tﬁ % e"&:&n 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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the sixth catal yst may have a TAN of at nobst 90% at
nost 80% at nost 50% at nost 10% or at |east 1% of
the TAN of the crude feed. TAN of the crude product
may be in a range from0.01-0.1, 0.02-0.05, or
0.03-0.04. 15 Low net hydrogen uptake during

embodidisies, aigtalodf Colema Sudetal(Senhdv@dliimb bendtal(s)tof at fniokt (W] grams
or sixth catalyst reduces thepgée all_re

per g dgatalishand gt leag G001 ggamp of Lolupma et .)rgpr&&talagnﬁ
metﬁ{szggﬁn%ra{nw?{a@sﬁcﬁ% rShddhnes, 3RS R Id M PO BRICSumn 6
t t nt. I hce

produci ng and/ or transporting
methiytd taigle@olimnGanethlymayrbeima ringg fitole0.4<28g & 16f oh3-dr dyeertain

exstofliniis She OB HERL S VoLt Gpanare et ge *
md%%‘ﬁﬁfﬁ?\r%’lm&%@%ﬁt ") has a total content of Columm 6
tal (s

inaTrange from0.0001-0.06 grans of Colum 6
me tWhérsthe paxde fepddscoitactad alithghe sixtheca@byst aha Bmpsrajureiin a range

andLor, sten. nt cat al i
trorg B} 08 P iR Sa D E o8 B0 S LRt ltoke bF s crude
feeddthaibe 051an@OR0RY] -10 N’ /HAW 26 Nokian® LMen’ /it 1028n@niteor -5

odi nentsof the first, second, third, fourth, _
nggrz 7(&1‘,5 Naw %g?w, Negriive avidnrdiogasdiniake ds enafadicatienthpbhyriegen is
..an or Seq. a S O :
beingHenSlare 3 ol TS AL Bloth GO RRel R cchlck bEthe cruge foed with
the Siefhicatilyst Gy baes S TAN)ofattbst DOV at Byt 88Y4, atymastcT0d6let most

roduct to be produced that ha Tﬁglog d/ or ,sel SCt ed .
10%, 0p gleleast 4% oftha Fée¥iof the grydgdeed; T SPRgdyftimay beina

t aperd hes n]f @rgade feed are not 30
ren i%ﬁlﬁfoﬁ]::lg%g%b%ﬁgﬁg%lg@g%ﬁyfesulti ng crude product mai; i,

hausvendtdydmgep nptake durisg contacting ef thecrudedeed with the
t.hus, re agce t.ablefﬂ'ljf ransportati on.,

d, b )
or sixthigasplVtapduces e overal rapirrmnt of hydrpets, dRipe drectssing while

produiry SELECHRHuGRM ISR eplaYleTBF fribort AR n0A/R HeQnnt. Since. -
perty inprovenents for the crude feed. For exanp

ro le, .
produsiag andfor grapspiorting hixdrogends coslypminimiging thetysageosf hydrogen ina
asphal t enes | east rtion of the iron, at | east
mesﬁ(gercﬁa(?ﬁs%vferﬁmoc g‘nﬁi%S%gy and/ or at |least a portion
of IhlgertaiaRabbliMents, b Beveditiipe bEadalod i Reentb duaby@t”) has a total
before at |east a portion of heteroatons 'E@%gﬁﬁgﬁ
confenief Golampdynetalds) inarangsdiemn 0-00940A6 grams of (s) per
] . gmﬂ I:Pl u?l’ . égtﬂ!l.l .
gm@%g@%:aﬁai' y@?%%%?%r %ﬁe st a%?( Ity agpﬁti’ﬁ.gx cr ud?ﬁﬁﬂ'@ﬁﬂ:h
catalyseid/Henefidialfin pradutingiaxtrudesproBudt thet heeaFAN off atanost 90% of the
atalyst life and/or stability of the crude feed/total
T@P&%ﬂ%&?ire during processing may allow a
CONREL dritbdRSiits BT fu fRRCERbAA, tRikd, Fburkif Fth, JixtBhdseverih

|l east 6 nonths, or at |east 1 yéar w'thout
catalystd raapatenbe viade hul/oused ys is dtherwiing desmribgd tieredn.z one.

O34 %l BTk 4 B bn
mayPAlow £Brudé piddactdd be pebiicke e hastANag/ or selpeted prupenics
the netal s in netal = 10 salts of organic acids, at

changedgelativgiorthe emmde feedrehilenthermaepestiesrnftheernde fasd ae ol

s 5o Y e PR Rl ot FR e aflmest propepfgneative

to the crude feed and, thus, be more acceptable for transportation and/or refining.

Arrangement of two or more catalysts in a selected sequence may control the
sequence of property improvements for the crude feed. For example, TAN, API gravity, at

least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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properties of the crude feed are changed, while

mai ntaining the stability of the crude feed/total

product m xture during processing (for exanple,

mai ntai ning a crude feed P- value of above 1.5).

Al ternatively, C5 asphaltenes, TAN and/or APl gravity
nickéB ¥indVer dtdedsba pemt@twvmadﬁunfﬂ thg! cxuda feedican e tréduced before at

crude feed with sel ected_cat The ability to
least 3, portint At Bgtexpatomy i th %@P@%&Féé}/ re@pcedge properties of

¢ eg’gﬁ%?@@%?@@ﬁ?emm thd'Gatsl ﬁ? indaly! ¥ sofe ér@l?ocﬁrhb’&? improve

m xture to be malntal ned durin
livepobhitie satalygts ah@/os t}mtahlﬂhigdxf thendrade fehéftdtalrm‘bdmuakgam
(described a

Imprgyiemsat offa j%’? %nr?dy@ﬁﬂrﬂo lgélsqtf #ﬁ%%g%yﬂ%a}t?tﬂﬁp@ﬁ%fmmﬁ
duri mgPﬁLds%ﬁngEXy %ﬁé@‘é’cb% systeth @fopta1foFat Rast Peonths, at least 6

tam nant s cont am nants, and/or metals
mont]m nEatihass hlyear withont gepldcemant ofshe eatallyst mahmccmtaﬂtmg ZOhRe

o ARl it aten of DSl 0 OBl R RAR L Bl kR SordiCor e

Ni/V/F8DM Mastd péttioh 8 iHe G5 d@gﬁmeﬁas af leadtia/pétish of thewmetdls B metal

aci di c conmponents, renoval of conponents that
saltmfmrgm acids, ot leastdeporiéonsef the componentsethatrcoptribaite to TAN, at least

A s ol AR Bp W el S LeobERk o™

proﬂwuiésl of Iﬂxﬁm@fca& BfedHafFedls while hi”@ltﬁinﬁtgethe trability of te crude

roduct. m xture relative to the crugﬁ: f eed, | nhi blaﬁ
eet&o BTOdCIIRIxGHR SRrBg PRCHINg (FFRmpl, SHiniaRng 4 udq feed P-

vaht abf\t1.5 r]%lée"rg%gr% a){,e ; akv&%hout ré&s{ éﬁ/&r‘]@?ﬁ@%@%ﬁ?ge

system ma enl shnen
mcrembnthms reduﬁwwwntm ofithe lcanietfead wﬂhmlecteab tatalysts. The ability to

incrpaEMaE andion Selestiprly Ghepes ProRsTatint the RIS G0 HryLAlomG e gebility
of tlf’éC érﬁﬁe feB@tdihl ﬁ&d&@hﬁkﬁﬁ&tm bzhﬁaiﬁﬁﬁiéﬂ‘auﬁﬁ ?fdé%ﬁsﬁ:@ S

/or the third catal yst(s) posi ii oned
d O\A‘nsome embodimentse thej firsttcatﬁéxsé (c;egmqumbphﬁrmﬁbm pesitigzed

s ) S, SRS P 8o
of Méﬂh&%cﬂwelgﬂﬁdm&nﬁlbm&@i&tﬁrﬁonﬁmhhdﬁﬂaﬁd/or nfedhls frinetel salts of

sulfur content, reduce ox en_cont ent, and/o educe
Organiea t«\@r n@ﬂntﬁa@m the ptabiligy af the spide feqsitofal groduet mixture,

ac I’Iﬂl%t 3t e C a%zgllll ;;ﬂé{i‘e% e':'xsnb&ﬂg#ﬁ&t fo?%el{l&ﬁal Sf' B4Bask & prtion of

le‘éﬁfememﬂsc)f ar.mlyc mnphlmﬂtsa-emoudleoﬁceambnexﬂathap c(miu‘tmte toa
m xt.ure t educ 5 TAN, a r.educed sul f

decibppaibghe 113 oF ol fhe s¥stengr combipalinns dateth Bam the

crud®f feé@tlé’dr%xhtﬂple”ﬁdﬁémé @f fefist QfpoPHdHAEY G5 ?hﬂﬁane@mrtﬁéi e

asphal t enes content, ~a reduced Vi scosi
feedftotet pmaiuptansmun aclative torthe eruile feed Gnhibis pl@sgmg of gther catalysts

N M-

be dﬂvﬁfatdalgwﬂidﬁ@ ?e?ﬁé:ﬂé]uneﬁh Bf cab$aAN Refivival ofsk l6aBtya Ption of the
positioned in series, either with the second cataly

Ni/H&e @mﬁ@tcﬂékrfﬁeqmabﬂntsh@e embpdinentss inpggase g ifs wfé@e or more

a...Ih | li ver hydrogen to specified
"a*aﬁo#ﬁp"éﬁ"ﬁgd%g éjé ﬁ_resttgatgl? mnimze hydrogen usage
durThegesoddtcactysng) atﬂ&iftthél&ﬁlﬂ%&lﬁi(s)tmhﬁby pbsitidtaitdownstream of

facility %eneratl on
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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: whﬂpmiﬁ ¢hangingofer pepertics 06 thesridedlag

hydrogen during contacting, and catal ysts that uptake

a relatively | ow anount of hydrogen during

contacting, may be used to change sel ected properties

of a crude product relative to 15 the sane properties

of the crude feed. For exanple, the fourth catal yst
redub@yulbe contest, reluce oxgpen abntent, md/br rethecef the sontent of metals in metal

cat al yst(s), second catalyst(s), third catalyst(s),
saltsiqtior st(s), sixth catalyst(s), and/or seventh

c aﬁ@&éﬁﬁ%@o&i&eﬁ@ 2fHEact 6F BE LR REQPRIth k@éseeén@ca%w@) and/or

e only changi ng other properties of th

the thfrdl deta]ye‘ﬂgs} gy retleretasuderzedritotal raodiiod mivdurd that has a reduced

mai n crude feed/total produc st bildit%(. Tog.e tals i
TAN) e ics ghE Gomtast A refuced O XY g con SENERG Q) dngigls in
metd]'s5lt di@fzo?%iﬁ adid LG RR Y %pﬁﬁﬁeﬁé@ bbﬁeﬁfﬂh Pécﬁﬂo&l Wecdsitg, or

cru total product stabil ty. "Mnimal net
combipdtionsethenanf, adlatiel tb cblmresmtlmlpmp@mee af theya@ledord while

maiisiSing e b FRESCPt el Se Dl nbon mBIFR e PiResingo e

secoaa ca st ﬁﬁp 86 bbsifor¥daR Séridsesithief vﬁth&h& sa¢0Rd tagigst behig wpstream
N and/ or the vi scosnty of the crude product is

Ofﬂmthmgatalg&%wlc@ﬁ@‘s&AN and/ or the viscosity of the

58l B B MR i

hydlbgeﬁ u@gc aaﬁﬂ% cetitsdting P Coitbinations baratalgasts that Faoility peneration of
poi nt distribution _of the crude a reduc

hydrpgsn duning coptacting.and catalystsrthatpptake easlaﬁgég TOWW@O&P ifydrogen

i o5 e It S A0 it v
the deh(® prbpems afithelerule fetd. Fyrieagmie, gemfousthicatalyshmap be bstdsin

compatioh PLLE DL AR DcReb o s S GradyPyfint catalys9),

. sxxtl-f' EdtRGitlsy, eanﬁﬁﬂ‘é&&dnﬂﬁc@ilyﬁ( RE¢Hahgs sdléctéchﬁop&hﬁ.d@f 4 @ade feed,

I n some “enbodi nents, foufth catalalé)t{(éjgfwa ts, and/or whil
8 @rﬁoun and/or while

s U AP TR AR PRy I8 s LRIl oy

be s&weétbd tdwidimidetdet Bpdragasiniake, w}ﬁlwhlhmdﬁmgg the orade feed/total

delivered to the contactln ones tha i ncl ud B
produgtistebilitya Minimal neg hydrpge ed’é!o“ww %c@#@te‘{é St

dlstﬁ% ocgﬁteﬁg ?ﬂ‘l zﬂ;i@a oitifio ?l.r; tl'{?pé:éﬁ‘ of HilGrhdoled {d'besfﬁﬁ‘iﬁtamed

lvery o ydrogen may be
withim 20%rafeint respectivepiopenties bf thi erude fekel, while daiTAN@nd/or the

o SRR ol S S A B SRt e R e

feed N One contacting zone (for exanple, contacting zone
102 in FIG 2B), and hydrogen may be delivered to an
adRedictinnl insohhydsogengiptaka @y(chmruée(ﬁncréu@ay preduee crpdegproduct

e 5 e 5B s SR U b

feedhm@H 2£I0cdd PANTFBMLDE RS qu eNthe vhide fedie THeaioraic HADRof the
crude feed. Alternative in a st acked configuration
crudequeduct may aleaplyechapged Y@éﬂ yis/ag@mpared to the

aton%?ff_ﬁbatﬁge?drﬁ&é&gdcont acting |n one cont acting zone

or “exanp coftacting zone 102 in
Hydrogen generation in specific contacting zones may allow selective addition of

hydrogen to other contacting zones and/or allow selective reduction of properties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be
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FIG 3B). A hydrogen source may be delivered to a
first additional contacting zone in a direction that
is counter to flow of the crude feed (for exanple,
addi ng hydrogen through 15 conduit 106" to contacting
zone 114 in FIG 3B), and to a second additi onal

genezated dufinghepntavtieg ofithe cadecfeed withtthefouith cetalyst(s), end hydrogen

a3 n e Bonsciones oo o S e
deli\iréﬂjé 5t e h?@?ﬁn %ﬁ? $RBuREPRILEBIWOT thd @ulAO Rl 1t rid Y St

and the § al yst are used in series, either
embuodintentshthefdsliverty of ftediyfsegehaaygbagenmentito thetflnw of theigrude
catal yst, or vice versa. The 20 conbi nation of the
feedt ourth catalyst with an additional catalyst(s) may

I eFHE ExaldBlb, ih BGHHERed AdnfiiaEos Fﬁ&?ﬁ& exanple FIG. 28 d6/deogen may

content of ‘metals in nmetal salts of organic acids,
be genearated duringieqntanbing e ons canjasting @anafor example; gentpeling zone 102

i g S SR R B BAPSGon BRI oy Shampe,
contaéiinpizone 114 id PG, 2B)en a gireqidhithatds oduritdrao flowdsf the emide #ed. In
In sone enbodi nents, two different sevent h;fog’;f& sts

somggypbpdimentsstherhydgsn flaw way be sepcugeyickiththe o GEdg feed.

ARG R0 DR GALTASIAR, FROBDhS e

gendrfted dydiig comactingdm gne Eomantiig @604 (for HGmple wentactitigzzone 102 in

FIGoFBiooh osoiaurerpey bs fiverdghihm lgF ieder tonifeas 2ppsin a
3 c?ﬁ@%}ttcé'of?wﬁ&f‘{ﬁé ciufe l?éed' (BJr@RampRafidifEhy&bgdn through

contentgo um 6 nmetal (s) in then;é)st ream .
condt/ Kl to coatasting zoneck14dn FI@ad), andd asegand additienal gpntacting

zonf s tsSfioR it SreRpmarent i P SRl e BRE SRR R o
hydﬂ)%&ﬁ‘_ﬁﬁb\%reo‘ﬁﬂﬁi@mwt@@éﬂ#&ﬁ?zﬁﬁdlb@ﬁlﬂ@BB@.d. The o
ability to use a relatively small amount of catalytic

actin emerpmbpdimentsythe fonpis eatdlyshand vhe yxth catalysy age usgd)n series,

ol 54, DDA G U, B et
complafion bf he folrth bealgstwdeh dreptditidnal caalgst(s) emayaeduce TAN, reduce

N Faspr Il it SRS s S S A tow
net %ﬁi@&e&f Wﬁﬁeﬁe Ghiad 1284 CLHAS et Bfdtoin dhtilamap Slldw diker
nd downstrea

seventh catalysts Tay  produce a crude
propertisiof thet drade praduct tT bdlonly changedsty sogdhamsountgrelatizedg thgrsame

nmost % a st 10% or at least | % of the TAN of
Proﬁeﬁ'éeséggﬁe "e’g’.ear'?n some enbodi ments, the TAN of the

CI Y Sorh€ efbBEM AR, tWAS AiERRIM Sdvieitl RBINEIMAY be agdddiaicombination.
Wi th the upstream and downstream seventh catal ysts

The(stomtleseiatpstaised upstrgem fesm thealopynstreans sexgntly qagalyst may have a total

) ¢ Cnit .

confeit G itoph e B BL A b Bl e B0RE 6l 1601,006 grams.

ThetddostrénécvehthQiatal y3e miatihaved totdl wdatept 6D timwi 6 inetals(s), per
addi ti onal cat arlggst to produce the crude prtgduct 10

grapiof Hownsiirgeicsepep eatalysts ?hﬁélseﬁﬂp@]etot%lﬁfﬁ!m p d9talqopigat of
Colﬁ%ﬂ%%&thﬁs) T0heaptrddny sdvRnfhSabiirse o le?ﬁqf. 3l Colthdn 6
assi st rn“marntarning the sta ity of the Trude

metfleD phei graml offuatadlyse.t In soimetamiteditnents ghepasitiasefithe upstream 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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In some enbodi nents, catalyst selection and/or order
of catalysts in conbination wth controlled
contacting conditions (for exanple, tenperature and/or
crude feed flow 15 rate) may assist in reducing
hydr ogen uptake by the crude feed, maintaining crude
the shiaie gtdpettids aftiedsrade feed (for exaplind relagivellyrsimad] change in heteroatom
processi ng, and changi ne or nore propertjes .of
conteleARF S A coniatict TGO S0pieRh & perpeiptsehereo:
pr @gﬁtt%&ﬂ SR5h&brultY FeeQrAHPhE GBStreamt 1A dovintr®dm sBRentCEdial§sts may

fee otal product mxture nmay be affected by various
prodpdees ends ereleat thaihak mGPAN o€ at 100t 9%, ebostR0h, g mesti58%, at

o 1 8B o R AN B oS e, e TN

ofthgﬁﬂﬁ% fPéd’xﬁHfBe ierdriGnAly4d8ude@ 6/ doftfadl with s takid €,

l"occul'ati on of asphal tenes fromthe crude feed/total

downstrzdmcseverith tatakystsifor exainplas ¢antact of the emsisrfeed with aeatalystto
crude. feed/total . product m xture r,.com nati

formy g eigh Soe pERde PR pised R el et g Fa, and then

contRR 0 B inftABcrRa8 pRITLERItR in Addifénal eathigerto piodiice thd ridé product

__product in the crude feed/total product m xture ma
withchamgsd propertissrelntive trihe dnitisliarade preductl Therabilityte e TAN

. in crude. feed/ 2 L o]
incrspfolfr B s RE Mg sty B i o RRBR frucs
mixtof e Précedéinghe crude feed and/or conponents of the
total product in the crude feed/ ot?‘% pr.oduct, m xt uge .
t eHegone,embedigents, ¢atalys selgefion ogdes @L °?‘é'3’6“ﬂ’é§°m ination
i i HRan reRamBlel feturke eff@fflow
Mﬂl;ctgﬂﬁ'?%%h@g‘gl nngﬁgﬁéﬁ@(gﬁggﬁgg’&@e propielrﬁ?/?ggﬁ%f t he
rate)anaylassiseicredizcing hydrbgen wptaleiycthe trnle fagl, mMaiytaigng crude

eSS SO SR BRSO o R properes

of tHelcHElR Jr6@sht thtile tBHRSISHectiv ploberties Bf R FPuderToéd rBmbility of the
the crude feed and the total product may form two

crudp ieadétotah privdoet mixsameayrhestispied by yagnus phesesseparating from the

Sal ubi | it h I '
e 44Tl oAb ek dy b bl 68 cxampe
insoRIBARG BF tHeQridd feed amd/o stvodprodec in tHeropuds feéd/ntad pradicb mixture,
of asphal tenes, change in 63 concentrati,on of

Cc crude
flocqudatipnenf @sphlignes frema taq crudspd/fotp mEpqust mixtups, peeipitation of
. I - e
comfHERAESh o LS0S RelfonlBEUSH RBr o Epflicping et
pr datessainnimyeskiering thecanitacting penicdyiessoncentration of crude feed
treatnment of the crude,feed/total. product, m xtuye, my
and/ ) paat o he opls dereloBl et B e hdgttdped
condRhBRESH df8Be total RHbdRY iPthe /RIS il /tofal Sroduitahix®ue Chirdpes due to

crude feed/total product m xture may be nonitored and
formakion of tei drude/profiuatiselyhilityef the compeaents ofithegrepledieed angher

feed/total product .mxture
compGets .5 «JAB et i o o o BRRETR et chane
For bbidliple,fth® 6idk Bddhayofonddin bahpereas thitaie sdteble inithe chededfeed at
general ly occurs. If the P-value is_initiall

] . at
the beginning ofproegsaingu & propesiiesof ithecradesfogd shangs (g ezemley JAN,

t ab] rin ti] . ' Lodi
MR SRR, Db AR 5L, G chfh et o
becdifdleacidlitle ifthe deudedeet/fotil produpymiknat. il sdme mstances, the crude
stability, as assessed by P-val ue, may be cogfsr.ol | ed

feedippd dhmtotal predugt mey fera tYqRhagesarar breome,pslupledh oph apgther.
Sol&%t@lcﬁﬁg%s nﬁ%f a?s%l &kt fﬁethé)&qgé fe'gglt&ﬁl ﬁ%ﬂﬂtﬂ&ﬁne Rirming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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conbi nations thereof. Such controlling of contacting

conditions may include controlling LHSV, tenperature,

pressure, hydrogen uptake, crude feed flow, or

conbi nations thereof. *15 In sone enbodi nents,

contacting tenperatures are controlled such that C5
conceafvitidn efwsdafedd and totl produst hnd/vepresipitation efieoneppnemis, tends to

mai,nt.al ni.ng the ont ent. of, he cryde ed
red R R IF B O oF meramse gty P OATH I e EER e ot g process
mayRG@icell] FBEExant8 rBsateddrehBARR bR Y REdeRYdAREIrbduchmixture
formation of two phases that nay reduce the stability

maydfe rehessamyid @rddwed A cowdalpresustivith desized prepertied-or |ife of

one, or nore af the,catal S.. 20 r [

© e g s o BRaYE o TS and® R prodi AR AR 8e
morliBfedidh SthBility)6rEhé pRRess)ege feed] arkMer driide 8bd/total product

asphal tenes to be reduced while the MCR content of the

mixremey be assessedy Typisallos Bryalye thet ig gtyeesy 1 Spindicatshat .

In s0 e i e e ' L] _ e
floogfpth BEPATR Thiid GIE R denbRy bE B0 WP value i intally
at 1egg][1155;@hﬂ {sﬂ%mme ?m*edses «gh if li-&latﬂaﬂy; stﬁhlerdahnl i tggomacung,'h then this
oLl eren enperatures do0 ,Tor sel,ec \Y e
indigaespeicfbe PEBE T IpEIE el TNl B FoREing CHie oAt

£t ahk L af:d h Y : .
prodjBbieuabilify s asEds ity oy bEAkAled By ColifeHing
contatting conditioms pyosebestion Af éatalgsts,dyrselectivegrdeding of eatalyss,ioz

he tenperature.in the first caontacti zone.. her .
co waestwe%%‘m?ﬁ@gﬁ gpntacting Gondtoas may inctide Shtrolling
LHSETBRpaiatie, prédiieln RORANHiakeSerule WedTlow, DFREmbindtiens thereof.

et cetera re the enp_er atures 1 n contactil ng zones
t hdn seme epibodinientss dortacting tempergiyirgs are corfrnlled suehiigat Cs

sl S BB PSR TS g 98 S o

the éfalle RRdi Redudtinad thd WICR condéht HQugh hRirfgdDupfakecand/p higher
60 C different than the first c?ntactlgslg te e;&tur&.

conteptingieEIPerEEs mayresultim Srmation af twephases taymay reduce the

stabglgcgg%ﬁtéfﬁ& f%@ﬁm Bttt Mddr 1128 of Gl G1ShordGf the catalysts.

erature. t contacting tenperatures
Contray of entating Adhporatice anGhydsygen uptake in combiastion witlithe catalysts

R T T A
cru&’%&{‘&nlytcﬂi{%e% B9 23RNy Shall Ahloafd/ or G5 asphal tene

reduction, it any, when the first and second
c odh acine wpbodinpants contacsingreonditions anercontolled sich thap tepgpegatures

. of h other. F I ' GEd

i offt B Ghalhing Ples TR e QR Al €8s

alloGa e 6Rclise cladge h &8O REd pRdHeitissiwlgleanaeatairiyg ihrclability of the
ot her cat ala/st s) described herein. The first

crudedred{tatalpgodushpirturen ribieppyderfeedgers adpst Qomiacig apng 2t the start
of a%?ﬁ C?gé:} éer%mf cﬁyﬂ%ﬁféﬁé #@era%)é iPfe %%p&ahl@ﬂtﬁﬁ B{Sﬁ Eoﬂ:c@ﬁin zone.

contacting zone wt f1rs
Othesdontactihg taxmptratares ¢for txample Heyaid empetaturk) third temperature, fourth
tengllcrerature rior to contact with the otrﬁ@{ it ger th
temperABIS, £ Faipra) Are theiemperaties MGOPIACHNR gonss that aEq pesitiogeq after the
j h ( i o
fiesd hrfiofif Sbn, R fire Db A0 mbBra P RAY VR 18 rhifRnt 900-430 °C
andasplmid caeeting timgicraiureinmyt becinsanegecthatie 20§18 CnB@A0 £Geor 40-

60 Jé &%@;@%&,&@E@gg Hz('jst goon%c?i%tg Itgn%’pérgtﬁpe? r[%tsgxrn% Sém %ﬁm\{\éntts? !tl'ﬂe s%gond

contacting temperature is greater than the first contacting temperature. Having different

contacting temaperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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Non-limting exanples of support preparation, catalyst
preparations, and systens 15 with selected
arrangenent of catalysts and controlled contacting
conditions are set forth below Exanple 1.
Preparation of a Catal yst Support. A support was

relatpreap aliceTANyandVdr the'Qs asphaltenes oontedt oftthindrnde fe€i ta 2 gieater extent
Catal ysts and_Techn

ﬂlanmﬁne%mo TgNsapd/ipr & gsg,&]g@@? RUSBT A Sybel e Brstmdecond
contgétln%{ t@ﬁh ﬁf érg :rﬁe &5k “Ffém el §BeachMhes)

res ture was extruded through a 1.
Tr anéwimplel,l aefinst ainm,ctldg zeuk foey webnleSCrsti@Balyst{shantl/ @l'rﬁefwrth

d at 918 C, .which |1 ed 65
cataly Y DioAh SSCROPECHEE RO TIPS R it SR AR Regspopd berein.
The first EBftaCBlFleRDiratitB ROy be 938 °B BfdQHe bddoAd bortatiRdE Jemperature

ur nace. ur nace enper ature was raised to
may e300 (Ccmtmt of the. ciudedgedsin the first homtacting| 2¢ng withithe first catalyst

andlpf sl A e gty Bo0eein arier BB Bk R idysco) in

the QSa36MMPBcodHihpE 20ndmd) ABull i pReat siah N ahd/oi OaaspBalfs@8 reduction

grans of delta al um na, and 0.9781 graps of  theta

in thalcmderfaed relativette the TN apg/ox Cs a§ph§ltﬁl1lqs arductipn in the game crude

teod SRR HR kg pobi BitadiideMberie AN COL T

size distribution with a nedian pore dianeter of 232
A wth 66.7%of the total nunber of pores in the
EXAMPLES 70 (i strlbutlon having a pore dianeter within

-85 i eﬁbéﬁ R0 EdtalyStHrSpaPtRB) #id syste
denl\lzgﬁns%glz;d gséﬁ to pr & e 'a support twgt has a ors?erS e
wsthselsetedcbmngementuocﬁnamrysmtan& eantttolled Gomtacting ¢onditiore sreaet forth

| east 0.1 grams of theta alumna. 65 Exanple 2.
belo P’repar ation of a Vanadi um Catal yst Having a Pore Size

Exaﬂ%é 1] piep@Patiodl 4t @aﬁ%‘t Sﬁgﬁ&‘te ADhippBit SFas f'epﬁsfedl-lgraﬁﬁllmg
€ vanadl um cat a was prepared in th

576 grsohsov a&gnmdﬁeﬂenonr@t@lmmehppl@gtes LBy Mighigan thy,tM@hlgan,

U.S 35 A RS RSt Pear PR o i BR al EAI B Bl e

resuﬁu‘@gmﬂlﬂéiﬁﬁlﬁﬁre%%ﬂdéﬁlhﬁ%gﬂ aane Tafobd®i dis ipkes] dvied Between 90-
A pH of the solution was 27. The al um na support
125 (’GZDmdgﬂlemcmn@ peYBGe dvhml:t IIEFSllle in 4h6 grams quaggwdtsnnpprt

I I iyt
with ggfod posc harpeiegpt (3 8, The filtihed SERr YR ARuih ffoere
fumaée 484 fardaRE teinhterttn® wakli@ist®foul (0000 0020 Vs .5 houisahmeien
04 granms of 10 vanadi um per gram of catal ]‘5(‘%4 with

heldtméhlbm&er bbowg tapioduge the mmovtaﬁlam supPRThing pehggm of

oA B 8 T 90 a2 s

of déléLsludiinal 460 08781 grddidfitetahluynind ﬁs Ei%mimédlh?y k-mayidhfﬁ'actlon.
et s i sk i G A . T

sup (?Iil?had?ﬁér? 378 s@nﬂitﬁﬁ% a m%élag Bt cﬁFﬁ‘\E@@f gf 232 A w1th 66.7% of

enons es t e prepara I on cat al yst
the total nombar ¢fyores 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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size distribution with a nedi an pore dianeter of at

| east 230 A. Exanple 3. Preparation of a Ml ybdenum
Catal yst having a Pore Size Distribution Wth a

Medi an Pore Di aneter of At Least 230 A The nol ybdenum
catal yst was prepared in the foI I ovv| ng rranner The

- ; N ?@E@&aﬁb{“ s prepared
r theGh@hRBd Béscribed i
o U T TP omcg%e?gr o) gt
Exahig? ], Waigegnatedofith wm@:mnnpram:@n(smpn peapareg. byt

tams of, dei on r a slurr The sl .
confiing 20 o Codatint 4 Pt ipghi Whier ' &cpit gl Hsotution
wag g7 heat ed sol ution vvas cooled to 25 room tenperature.
The pH of the solution was 5.36. The solution vol une

mmmcsupmrt €201g) wasimpreanated with thevanad mnenpregnatlon

soleighy ARG ohE B PR BB S i 7 oy 1 Wl fiours, and

thebAl&inof 513?00@1*01' 2GohAL 198 re EHllyst 3&1th€@0 Mﬁé{rﬁﬁ af

ours, then calcined at 480 C foor 2 hours e
Vanach!mi pemammfahgwst, watht the beldn@heingsupgerndhe vanadium catalyst

bden of catalys it & bal ance
28 fitsiiotnat a7oedBh arnt iimiiet A0 Both §flame of 0.69
cm% AL sﬁffﬁéé)eu&d en 10 th)g 2 AUBRioARIY) 66 7% bEHe tetal Rimbee Of pores in
pore volunme of 0.77 an/g, and a surface area

the paig smcgsmbmm ofshevanadivay caiglygithad ppossdiemeter Witk ) A of the
the pore size distribution of the
me‘ﬁ%‘r%&‘ﬁ atal yst had a pore dianeter within 86 A
of THie ex@maiple dedofidtratisai®peparatitm 6f £CalupieS claalystHavinpespore
the preparation of a Colum 6 netal @gﬁéfl yst having, a

%%WEh@tm?%mmmdm%er& ﬁ%’&ﬁ% e d| arret er of

' wlm asMediml Pore Diamieter mut heasPﬁi!leD Bmmyb@mum camm;twas

pregaged {08 SIIOTIPE o cne Shoind Puorprogtie B 8 R feseribed
in HXaBRAS £ %ab¥mp Jagmﬂai wad aqﬁa%dehaﬂl iriprépnaith Soldtion\eBhe

I npregnated W nol ybdenunt vanadi um i npr egnati on
molybileruin impre gedion dolation was prepared byicombinieg d2b@ramiel 10

Ngﬁ’?}ﬁe% g?/gbc@!ﬁ%%&éi“’é? a‘ﬂ&23 %?“%8&% 89?&5%%. de

mondd@ikablantind MER NEnd .5 NRrans tolf aélchﬁml natet Mfrm ssialr@. ThHe slurry
rans of deionized water to forma slurry. The s Iurrc?/
was/eatedda 66 §Cruntib dislutien of the salisisuiThe hewsed silationsps eppled to

h
rood B EE, TR S BB i AEBABEIGhA g e
82 MOSG¢h weibhizddwategns of 15 deioni zed water. The first

sol ution and second sol uti on were conbi.ne F}‘Fg
suf The-alamina supperh (100 erome)ovasimpregaated vith the malydsaum

combi.ned [ ut i val o
impf AR SR e ok 2R bhaliOndl abfldldr iled BEY2s o for
sev¥¥aPhd ¥R 38 TRdre@lodd e 4BE °C for 2 hours. The resulting catalyst contained
0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A, a

pore volume of 0.77 cm®/g, and a surface area of 116 m*/g. Additionally, 67.7% of the
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nol ybdenuni vanadi um i npregnati on sol ution, aged for 2

hours with occasional agitation, dried at 125 C for

several hours, and then calcined at 480 C for 2 hours.

The resulting 20 catal yst contai ned, per gram of

catal yst, 0.02 grans of vanadi um and 0.02 grans of
totalimbed efipoges i the pbitesﬂmdlamﬂmmne ofihe gl yislenumatalyst had a pore

nol ybde vapadi um,.cat al yst had a pore size
dla“%ﬁt%‘t"i“ﬂﬁ §gidah ﬁﬁF ﬁ"aﬁlﬁt%' di aneter of 300 A
Thirg;g @dgﬁﬁﬂ},ﬂﬁfeﬁ ﬂ{eeﬁre]%eﬁ‘&ld?f SRACH AT PbtabcdehlyétMaving a

6 netal catalét havi ng a pore
a

ti23Rdh.er of at
i(lj e%reS;ze

D.s&mhbﬁIW&hp@wdhm&etmm&e&ﬂAm&sem Rpelfher th
ﬁﬁ'——l__t__‘“__'f—""f"’_ﬁ'

ernmpcoupli es to nmeasure errpera ures t roughout a

molgadeatiméanhdism mystataalpymardﬂeathm lowingapanger ; The rﬂﬁ@ina

supropl PREREA Y B Hir s dbiorLied i B Glnb e ™, o Byl pfted ich o1
molﬁb%ﬁnﬂﬂﬁnaﬁhﬁﬁhiﬁr@@ﬁﬂbﬁ gblation pﬁm& a¥/fotfomvs. @dirst Solation was

licon carbide’is belleved to

:
made bv&pmb ning 2 ddegrapael @ﬂﬂézMPz% 12é<£§f§§5 &M@}p@ a‘gﬁém of 30%

hydl%g f,é;%iﬁl Rg%unﬁlwggl con ca n@g\ﬂpﬂ?dan I am%ﬁmﬁof

deiohi¥@d watefttd) fernt # blorriyhahe @Hﬁ'@oﬁas’litaﬁﬂne 6p OChmuhdlsﬂﬂuﬁdIeof the
_reactor. 67 The crude feed flow to the reactor was
solidsy ohhetheated splubipn e cpelgd tyooptemperaliges om of  t he
reac
3 }bpa Sl o bl 05 Uo7 R 080, Bpbio0rms o
delon%d wasdr! Jiheifirstzohmiohiadd sedont solati¢d Herm@mbined and sufficient

R T ATY
mol?bc&h&?xé ! ‘%(t}p%h? r a‘t‘.Ybﬁ QolﬁuHEdTﬁé‘alBﬂﬁ& WhANR&matld with the -

W e total nunber of pores’in the
molyim;teaumr’madlmm nmnegnaunn selutiony agedfard hoummwitk peeasionplfigitation,

dﬁe%%ﬁﬁaﬁ"“‘ tptGetis! i and efhshiyisd 490, A 2B "I pliting
P&ﬁ{tmﬁsd gmtpéf&&ﬁd e Ca%x‘g‘ltﬂfbftvﬁﬁd% ahg 0.00raHs o

fum na su st/silicone carbide '
molvbdcnwmewtﬂah@ bylanzsbefngsiuppante Tho molhdemmivaeadiump catalyst had a

bot t opt act ne to f.or e contacting
pore e O EHNS Hifh O ndBaT puB AhRAIEINL, 02

di gthig éaesa&ﬂpwdambﬁhuatemﬁb ﬁ@pa&@lﬁ(ﬁl 6lf 0Bluah OfreBardl a Goluln 5

66. 7% of the total nunber  of res.in the, pore sjze
metgjcatalysh heving apeta siee @S‘ﬁ@ﬂt@orawaﬁe raedigp pose diameter ofpt kepst 230
A median pore dianmeter. The mddle catalyst contained

0. 02 grans of nickel and 0.08 grans of nol ybdenum per

Exagile 50 IContadt|of at CrudletTeed 'With W Iaee €abedysts, Artubidlanieactor with a

support, Atop catalyst/sjlicane carbide mxture
cent(a4 ROt %ﬁg 'l&a@wwpﬁﬁ@a e§HipeshWih Mammoconpigia Measure

@ at!itaﬁf E@St R a p A e§ sPhéd. aTﬁcfp %}é?f%tbé& Wal Sor&RA By fi-'l-ﬁﬁg {HeRpace

Sl ze ution wth a“"nedian
betvgeen ehedﬁhanndmell afid didindr waltl of the trerictue dvith @ﬂalgstaaml glicon carbide

(20-5§€iy de V?%églgﬂ.{}ggjgf gﬁg gﬁch s1lt'1c|:antc|;r e 1s eficved to have
low, if any, catalytlc properties under the process conditions described herein. All

poresmmehmmm«nbwitharmwdlmcae dizgineier qf@l

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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support. 20 Silicon carbide was positioned on top of

the top contacting zone to fill dead space and to

serve as a preheat zone. The catal yst bed was | oaded

into a Lindberg furnace that included five heating

zones corresponding to the preheat zone, the top,

m dDhescrudefeed tﬂlbtmm them’amm frorpihe $op aftiie rézetdod therbottom of

the FRGGB S w;;hz?saﬁv@ LSpcaisione it befom 2 s Fepraio e o8 »
bott\éﬁ{ iﬁp@)ﬂﬁ. Et?s:ﬁclb% GRS MR (49 R&S) %Es ?os‘iti’én%d on top
i ter o

ous m xture per vol ume
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mc]g%l er h&é’?“’g’ﬁ(’rﬂﬁi‘ﬁ‘o t ct| Zonﬁfﬂﬁ@%}pﬁ)‘%@gga{ Qe‘j

370A%1ﬁ&ﬁ@aﬁlys@¥iﬁboﬂe &@bide ﬁﬂﬂtui‘@(% oit®) 789 pésifiGiediohtop of the
hours. The contacting zones were allowed to cool to
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s 8riSicn, W K HER hanad 09y it VY 01 mamer of

poréinfibe pore hﬁe@ﬁsﬂbuﬁcﬁﬁﬁhvh@/a ]_I?cg'e tli‘maetﬁﬁmﬂlm ﬂé A oithe medlan pore
summarj zed jn Table 1 The C[ e(fg%was f

diamegtey. Ebe middls cat#gstr@amﬁd Ozrﬁ'@mérqf
mo Baém%‘?&gg%mafo? sf, Yih tht BR1af ﬁ%&ﬁ%w%ﬂwmggmdl e

ontacttn Zone, ot't om cont ac and ttom
Suppdop cmﬂystrmhaomcmnde ﬂih@umr(wan mositionsd om tapt afdhe

i ke St B BDBe 5% e A 305
dlsﬁlﬂﬂﬁ&gﬁlﬁhﬁfﬁe&lﬂlg  dSdbster 390 A bty écstRAindd0.04 Qran@ett O
was 328 NnB/nB 000 SCFB), LHSV was 1 h-', and

molybdersin pengramef gawt, (vmtirlﬂne Palenee beingrprimanlyciegamma alumina
su {gt acting zones were heated to 370 C (700 F) and
PREi"nt ai ned at 370 C for 500 hours. Tenper at ures of
t heSilib6:e earbids tvass tposigionedh6ss top&rfehd impmontacﬁ:@m tafitl dead space

mai ntained in the follown sequen 379 715
andftg semyg @S ApEEhsat 20n8- The fatgly d(wdwfedf Sﬂi‘ﬁg firhace that
I
incfiB fye g comfstnting gt iR ?%ﬁ%&%@%@!" A bortom
contdm&ngzulmhs prdotebbttamduppm). exited the catal yst bed.

pha té’a&%m@%@“e“sw‘lﬂ% rodfaiiER aesbhiu PG of sTYs bydrogen

sulfidd Bld 9 RAUCy NG aita ietconticAng AéneRat8l ent® 6P LY GiteraTGaseous
gas. Gas |nput to the system was neasured by a mass

mixtirewer voltims|(ndy) of G4al @JﬁlYﬁt bsghctqngasl;léq was Deteotpled g part of the
volygh BE AP, TERar B ctstafoivie ASas g e nqu o 00

°F)@ve PAB @A heldodt 208eC o2 Bows. Oﬁtﬂﬁf holahig at 264/PC sthe bsﬁtechng
are averages of the determ ned er cent ages_of

zonge Wtsriaeteased dperamentely ¢ 31 %%@pffbét of }Bkr 9 cB) pet hour.
TheTc%kﬁltﬁtlgig Z&Iies @e@e mmnt&lned at 316 °C for an hour, then incrementally raised to

370 °C (700 °F) over 1 hour and held at 370 °C for two hours. The contacting zones were
allowed to cool to ambient temperature.

Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an
oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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As shown in Table 1, the crude product had, per gram

of crude product, a sulfur 20 content of 0.0075

grans, a residue content of 0.255 grams, an oxygen

content of 0.0007 grans. The crude product had a

ratio of MCR content to C5 asphaltenes content of 1.9

pattits saminalzed ir0Télde 1JRIG.t70t Bie widetieekwhs faddo dbetagiof the reactor.
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t duct
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20 €k rienethe deldiclp sablePNART, itwixqidssible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation,
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20 catalyst/silicon carbide mxture (80 cm was
positioned on top of the silicon carbide to forma
bottom contacting zone. The bottom catal yst had a pore
size distribution with a nedian pore dianeter of 127
A wth 66.7%of the total nunber pores in the pore
Si This ekagipld dethirptratea vhat gomtagtimgethel cande feed with bpacBlys having
of .th edi.an pore dji,anmeter,. The botto at al yst, .. .
2 Pofe A% RIEADYDER VAT R ROt LRBFIGHPLAI et b 4 aaf}2ddiionsl
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redukéiPoblen R6AteRbidldivaliy e tudeTebd, ookilethe Bisiline\Watitent and the VGO
positioned on top of the first contacting _zone to

contentjof theeride prrsichiras 99651100 ofithoge proprtigs of Biserudefed.
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apmé’;g xcertfos thermumbea and éP%BIO f@}t%% zoggs)m%alwtéalﬁd&?g

H t
meﬂ%:ﬂiz lﬂﬁms g%ﬁfé’&gﬁ‘?fgg&alc d u& el SneiiRof dnaMefigithe @8 product

acting zone, bottom
werethetsamt ian described imBriarbple 5o (Bash patelyst wés minedvaticaroequal volume

_ ofsiiihe crE%g feed was contacted with each of the

gk in the presence of hydrogen gas. The 5

. CONRChiddTes®@Ndivitb BsSred@tbLwas frb@l thOwp of thé telctdf to the bottom of
hydrogen gas to the crude feed provided to  the

the neactor. oFhapsactonwasifiiedfopipionsoney in thedelloing manmer. Filicon

ot STR 8 B onl e o sl AR, Wbonon

cataBe0silicdb&ebidy nigtur® 80 del) was positipaddasiiiopof die dilieortcarbide to
contacting zones were then ing¢reased and, rmdjnt,gi ned .

form § bethemcaniagingzonse &Ib&b@&tpmzcﬁeﬁﬁt 3353 PpIe Sz digtgfution with a

sy el 90, P07 o it e i

distitntion Havingea part diameter withie 321A. 4f1h8 niedianspord thiantetara The bottom

catafysCiaefined Oi11 ot wobbackud 2od {32 e5BRbEN el o pram of

ca @Rﬁgﬁh@gmaﬁéegeiﬂgs rfan average APl gravity of 12.5
uring processing. The crude dorod3uct had, per gram of

cr ddtopmatadiystisilicon® cazbidg mainire (5 0sam ™) wras pesitionaglomytogof the

of ox n. 0.44 r of and 04378 _qr .
ot BHEAR pone 1 5rh B3 p poniring e, ¢ el B g pore size
distriih&ioni vitie sl mediab/ & didmieter bk €00 ., wiihi 66. 2% af fhedotal number of

denonstrates that contacting the crude feed with the

poregan theynore sin dishiabutisnrhevise apom diemetst Wit 2 of the median pore
i 6350 STl 0 R AGLSBEG3080  moscem
per gratiusfadtaNy ot Witle tiebull@iaé beiap dlvinihg.d8itiedn cabilierwas positioned on

top of the first contacting zone to fill dead space and to serve as a preheat zone. The

catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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20 content, relative to the properties of the crude
feed, while residue content and VGO content of the
crude product were 99% and 100% of the respective
properties of the crude feed. Exanple 7. Contact of a
Crude Feed Wth Two Catal ysts. The reactor aplpar at us

(eiﬁb@bnﬁb(meumeh)hadng&mpnnwmmsmmmmanuxhg ablecs FIG. 9, was
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260765540 R4l TemBRAR RIS Sd B o -
incréd36d an®Mapltaivied ih (Bé 301%»(:155 Geduenced 2700C(525 b foi 180 hass, then

288 GC1BSO D far2 1 o b 15 s (U Fot 60 ot s dien 343 £C (650
f&i—‘iﬁﬁﬁﬁﬁ@gow{b?al%# f‘l‘i%g @%d 1.9 wt ppm of

cal crum |um wt ppm of zinc, and 3
wt b tofal pmﬂas&xusd ﬂiﬂmaﬁowﬁ wasotparatedoas de;;mbeg irsExasfiple 5.

Thegrads,apubiet i 3 6v5gPae AD oLy a8 tyehige ALY G125 during

procfe§s‘ih lUgpe rgﬂ ébf&@l’e{ehﬁ 9&%@%& cﬁidetﬁ"rfsciﬁdt Ltﬂ@ozsr@du@bfsulﬁu

are Tiste hi s exanp

0. Oasérgmns pfioxygenh®id4 b granmsoufi VGO odnd $378 grams qfe@m tAfditional

cte stributions
proffeﬁtl%f’ cﬁj %‘émg? Pﬁ“ﬁ%#k%&d‘d&é@]ﬁzﬁ F‘g‘c;ect:}pr oduct t hat
hactds Ea616 derhOhbtrates thstuwoaticting the ceadecleedvitholad eamlysts having -
zi nc, and potassium content _while 10 sul fur co
poraaizp dishibations Wil armaedianBore JiATRSIET 1970 ARG YRR %)r i & produced

a cr%&é fr a&c@thag[h{? 2 M% eregﬁt‘%ilrr@i?‘?%tdo}i{% ?%ﬁtﬁ’ﬁ ?édu@éd oxygen

e cru anmpl’es Contact o
confeBE del&’ii\trdﬁtoﬁhelpro@afmlsy)f theSysdecfiond, awitlleMesidvaconens and VGO

confegt of e s pEr e ane LDt e By s Besies Bl crude
feecat al yst Su|fldl ng net hod, each total product

separatlon 15 nethod and each crude product anal ysi s
’ xeds 8 Wi wo Lathlysts. Thereactor apparatus

I re | ed vi th .
(o3 P B BT e 80, SRAPL S O i
method, e Yrb@ictafiflysis dindaRbyst Jﬂﬁdﬁguﬂahé&%refﬂw :Mme as described

t hrough ‘each reactor was fromthe top of the reactor
in Examplecb.bot t om of the reactor. Silicon carbide was

205 R 0%l I s P i 57, 1o,

wasded tatheitoy) oZthe @eaR Bt mm@@échﬂbwa@ﬂrm@ thé\pteheattzbae, top

catal yst/silicone carbide m xtur
contacting zone, bottom contacting zone, and bottom support of the reactor. The

contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 80 Nm>/m® (500 SCFB), LHSV was 2 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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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 | oaded
into a Lindberg furnace that included four heating

z oThscrarter mroduot tiad gn averageTANCOER16 muhan avemaget AR gravity of 16.2

el i Rl e, £t i 0

prRbPiNS! Ard 3 CRpOasGurl ihelcRude(tSd WRE gram of crudc
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i ncl uded at | east 50 grams of gammma. a ua”l pe1}6%’ 94%,
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R A SR
cont@ﬁt:bgbﬂ‘gt ?%ﬁesz %aﬁl Eﬁ% fHeflodSEdchi tbﬂap?ﬂduct separation

ure was positioned in the

meﬂmdmmkﬁa(rlgcmw;erodﬁﬂeanﬂblsgﬂbﬂ%'n the seeaasylsscribgd in Ezéa@alﬁé All

o s BS54 U e AT o i i

part b&t&l §ﬁﬁn1§§§16tﬁéﬂvh§kgmaﬁﬁﬁd0fl‘he Elﬁﬂmifleéﬂ Bowadlsronpk esthweddior was
si | | con car bi de and ggsn tioned in the both contactin

fromytha top @ Hthe reerteniy the hottom epthe reactory PilicRugaebide was pomgoned at
the ﬂggtlgfﬁboqe(%%ﬁirgécﬁ&% 58%%% %ﬁtg@#eéu@g%.oﬁﬁﬂegﬁom d'bétom

Was™~ position m contacti ng zone.
contddiing ubbiel atid aaop c@ﬁthtytinganmb‘l wiftek eie c:amlydt&ﬁiconmcdrbxde ahixtures

wer pelé‘ﬁar, Srth % it:eﬁtgqtﬁlggpéle@o r anc?roq% f’%ﬁ gfaﬂ anp]oneg on top
of tHe & a‘Pﬂ ﬁl;&grlf‘% Rt 52 déal @ﬁa&%ﬁ@@ Qé}‘.ré as exEBE #HRach reactor.

cat Icon carbide" mxture (12 cm was
Eaclpxea«cttnr wasdoadedtifite atlapdberg furnecs that inoluded fwa haatingizgaesm

corgsuNe o prfeet BB vl nantitsR P it PO B
'\/E‘l‘ﬂ ERAmips8,fanl &ﬁﬂ@ﬂnﬁdhﬁlﬂgbd&?ﬁfrﬂﬂckdl cﬁlﬁlysﬁﬁh@btﬁmﬁﬁe fixture
tefperature ‘of 93 200 F) for 12-24 hours to fo

(48 ch 8 Wes eisitianed in the bogya néactiog zon athaptalpe mcluded per gram of
cat QFI‘ \/\g SFAmS %%ﬁybzd%guﬂ}no 62’? lgFam of rh&cl,]a}ld oli g%.ng &t

phosphorus, with the balance being alumina support.

A molybdenum catalyst/silicon carbide mixture (12 om®) 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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fed to the top of the reactor in these exanples. The
crude feed flowed through the preheat zone, top
contacting zone, bottom contacting zone, and bottom
support of the reactor. The crude feed was contacted
with each of the catalysts in the presence of hydrogen
gafkn Ezbmfl Y, agunoglciaed diolytaleauindrobel chtalystisiliton ceebide auxture
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- . n a e , _t e -val ue was. a or
Examples S | baving the RropsticsurRna Aaicio geblath Fiiin1 . Beferude foed was
I- _

o 0y 0 AR g ol oGtk e T34 b pr
zond, tée comactingatont Hitionmcmtdding @ete,iand dattbmtsuppdit pEtharepstvr. The

s S S 2805 B b SR o e

Conéb‘?ihg +2nditiBfs for badt &alipld WereCds FaRoWE:Ofliio lof hodmRig e ?as to crude
el a ignificant portions o

r ively constant d%ﬂ[ﬂp S
focdelauing contcting xene P60 N i (108 SOFB), Andhedefal pasure of each

P-val ue,iner . Kl IS 1 aphi cal
systim SFsiin M GO0 mede TS abSa it BRI e dres g0 o of
conthcthizs, land AknMewerd tb U0 KT 162 the temaihiap comtastinpairats STemperatures
systens in the presence of h drsgaen gas. Plots 148,
R

in all Gontasting 2mwes wepr 24X (638(Fh daurst sRetaeibieai Aaer 399 hours,
cont 1.0 [ .t . :
T
conthdtimk forley ware 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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crude feed over a run tinme period of 2300 hours was in

a range between 7-48 NnB/n8 (43.8-300 SCFB). As shown

in FIG 13, the net hydrogen uptake of the crude feed

was 25 relatively constant during each trial. FIG 14

Is a graphical representation of residue content,
tempemntre 98900 PQ (V&0 ‘QIDtandﬂmld:ﬁrﬁt‘)&ge fop20@ heuts, for @thaaltcontacting

%ghprsus run time ("t") for each of the catalyst

tnn3§§§% Exanpl es 8-11. In each of the four trials,

th 8N

" DB e S NGB iy R30Sl T 308 en ptc
by thé @fudefe&i, rIbpalas,e‘ﬁGOrmtam,eeﬁ@ue:mttmtt argfoxtygen contehs. Average

roduct obtal ed by c [ t rud
valtudSi B popertics pe it igdictopisiiatd o Exatigien £15 al fad inrabie s
inFIGhen in FIG 14, the residue content of the crude
product remained relatively constant during

si Bigi-fl2ds atgrapdrical mmesmtaean lof Prvatue Oﬁill@ﬁrﬂﬂs praglugt (“P™) versus

un t’?ﬂ%{g‘?) E‘Eélreeﬁf?‘d{fﬁﬁﬁe nt'%t 0 Jstes ?@gg@ggesrseﬁ.tft}gv' ci%’fe?& had a P-

valud 6Fateash1 3t Hbe 196} m:mm Sahatlmelﬁ%s@tﬁﬁﬂ*-eﬂuﬁoﬂthe crude
Plots 74 164, 166, 168, 170 represent APl gravity_of

prodtmt@btwtﬁdebspectm@%mgdb@ arude deedywity thefows Grialys systems, %Exmnples
f

511 (SRR FOP2 ) e SRR e GiBYBI B Sbfine o e

1.5 f@r achly@t siaadma o\fmﬁmplds)s 100 I Exaingpde 11 ,0he B8ralieAfasabogt 1.5 for

mostpt}ghthglln gr g\él t \ﬁ do%aCh cr ag@gr odugt g [ ng@&is%d Pbxaluc was

1.4. ¥4 Ans Qiqﬁ.l cfzf tﬁ@ctégé Bﬂfcﬁ\ﬁ fo¥ eftth (AL iChEYBe RFQIGhS thé crude

a range from API graV|ty|nth|srang 'S
feed il éach ﬁ%mﬁnaiﬂed rétive]y atable/duringt doatacting éof exsanpléit® crude feed

PTG -

- relativel3%ohstiBf &iing: éigmgbagﬁ {krtlon)s of esctewfal) eRéept BEELAARIE 16 in which

systens of Exanple Plots 172, 174, 176, 178
the P-ealuesivereaseskygen content of the crude 10 product

cal Qgﬁs gy)%%g{;éaa il Dl n%?ﬁgﬁgdﬁgéjeelﬂgm&etbg%pde feed (F;")

versws[]ruﬂ Qnﬁ:j(tfd? cibrd foasl E@tﬁlg@msygemsdﬁ ﬂtjeepresar?t:z of hydvsgengado Blots 148,
t he crude eed. ac crude roduct aa gn

150 Lndeh femeﬁeat petiydrages wptake obipinsddy opniae &ﬁeﬁg‘l‘g"rfﬁ?ﬂ with
each %Etlﬁ:r SQEtufnk of B hfg] %Cﬂe ivefis ﬁ& dgen Gptake by a

oxy en content o cfude product remal ned °
crude feed biversd yurctime tpariod ef 2300 12G6s Wesiinsa mihge betwaen 74§ Nm™/m

3 S ERCRT e B in I o B e Bt g B pale 6edoas

relatﬁémﬁsmﬁpmh%ﬁ reduced dur| ng the contacting.
Since TAN was al so reduced in these exanples, it nm

beFIhfldris araptuical aepressatation ofmsidugreoptent, lssPIesses i yright

nt aj » en c ! C
Sokscof L SRR CReP YRR 2 Tol bnof Ittt sysgems of
Exalﬂ[m‘gs‘-ﬂ 1€ mwﬂﬁhe ?&nltﬂalEﬁﬂB”ﬁhﬁebiod@t hzid?ﬁﬁsidﬁl content of 88-
conditions of. 371 (700 F), a pressure of

90% of esesidye conteninf ﬂae talytlﬁ feegt Plgtal 80?8 160 rlé% éeme‘feat rgsidue
o W R By f A Lt L

systegiswf@&xamples 8-11, respectively. As shown in FIG. 14, the residue content of the

crude product remained relatively constant during significant portions of each trial.
FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A APT”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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feed. At a tenperature of 399 C (750 F), at the sane
pressure and ratio of hydrogen to crude feed, the
reduction of crude feed MCR content was 25.4 w %
based on the weight 25 of the crude feed. In Exanple
9, at reaction conditions of. 371 C (700 F), a

164, M@ 988y HO?‘ép&s&g;@ grgfhﬁi;ldf the paide, prt;gthnbt Sgtamselddayaiontactmg the
crude A BREGHP SRATPLTEeTERS BRI ChrooRsSuNaly iy i of e four

trialsP@RA R it c}t%ég gtvg%%s}?hﬁpaffaﬂg@ frofPS¥3-7817 &t. The API gravity

t enper at t the same pressure and
of eaclatiude pfodngtd ingeaset by3l05 oy 4id elegrees!, Thmmcraadctbﬁi’bgra@fty

crude fee nt ent 519 W % base on i g
coregonds Rt AR HERHEG ! TSds REIEGIh o DAL 2t T APt
t r I CI ned
graw%ﬁ?ﬁhn%gﬁ%g%qy D! 116%%& g aﬁlﬂaéfﬂl@&udém

10 netal s catal yst facilitates MCR
c oG 6 is egraphicahrepresentgtion of Oxrasncanignt sxpieasedimaveight

ercihgen 1 S (TR VO b Y eTR O Y2 ks of G Ayt
systeﬁxsroemmsehx i, gPtotsTm 74N 78f 118 fpresehitbxggen odntetiof the crude

catal ysts produces the crude product whi | e

prodvag phtaatedlbmgontﬂstlag thieomde fed avith thecatglyst systsmyofExamples 8-11,
e Bl o P 5t S 5 F690 e e s

Eachd@ddeqirodite had 6B oRygenoumtént @5a t:tfngb Ifmm, 0100240001 5 grdid mr gram
sel ect ed oropertles of the crude. product were w thi

fcrmprsmsmma@a oo pba B Lonocchien raniet of the crude
prodl§R %é&gf@aﬂ& Z-Ei‘)kﬂo%rffm%&gr Stif tiflg tiblee ’H:Ielfgﬁtzvely

pro ucts vvas pro Wwtih a net upt ake b
constahieoxygen eotfterstosf thé casle qmmiuctldemm&s it Selmprgwygen

- comBik o geipoed Auiag /BRSO S AN, e AR PSP fphege

exardﬂ&t it Sda¥pRlinfelbfod! tRAteHt le%{ péidich %E'EhleaxEd?@h@ cbAleiniRestganic

e maintaining a P-value for the crude feed,. of
OXyga mp@mdirh@ redupedyslectively pver Brmentcagioxylie Rortpining organic
s 88-90% of the residue content of the
oxygglggcg%&% . The average V@& content of each crude
prxcRieinpleVBl ak eaclibd YonditibieofyS 0 ramfhtF)pﬁ ptessure 0168 MPa

(10145 35 pra oF Dy dEantd gide faegt a5 00 A e GO BSTeF 1), the
redué‘m)lnl of XE@@ f%@cf%ﬂ?’% t¥nteht wis’1 8 QH%‘E B%g onRd %fggx‘t‘@ﬁth@tcrude

Iscosity of the cru nl)
feed. 1At aﬂemlﬁmmmcdtfm i G5008), b dee swnetprm a}lsltrstub-nf/ ydgom 1o

erudf¥ed dht FOvasPROLTH FerhMGR CoRymt S35 25 ARG RsEToLor o freight

of thEXRAP k&g, 1244, each react or apparat us (except for
nunber and content of contacti ngazones each cataly

s melwmp@e Hetthroettionxonditionsidf: 37 b AGT0Q OF)s & prassute @ﬁ6 %] MPa

nd_each crude rod c B
10157 v canf el eh misitegn B G406 e BN YR RO,
redué‘tddnfbf afudegesd M@R dbBEtet wad 17 § QY Badet 4@ thd eighe dﬂme crude
flow to each reactor was from the top of th

feodr Abatesperasetel HO A0 FLIRG thecsamecresswia andantie af Bydiegen 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 nncalcined Columns 6 and 9 metals catalyst.
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was positioned at the bottom of each reactor to serve
as a bottom support. Each reactor contained one
contacting zone. After the catal yst/silicone carbide

m xtures were placed in 25 the contacting zone of each
reactor, silicone carbide was positioned on top of the
t Gfhescanmples demamstmtd thatf dontactiefal csida deedawith a velatévelp high

TAN{ BBl G881k o6F Ruirg e siodik R RRHe TRt
mﬁnﬁﬁﬂﬁ%&%eﬁﬂ%%e&/ﬁftéﬁi@@ﬁb@ infi9turd Sability RAPWRR 1@y sthbR net

contacting zone, and the bottom support. The crude
hydrdgerdpiske Salected ctalt product prapiertiss ware abmost 7036 of the seme

I.es e of rogen s. .30 A catalvst/silicon -y
propdisatahe sride el o RS egatorpuiR R Bl plogR yrere pthin 20-
30% 8 i ale pipicRi doris EQEBTIRe cont act i ng zone. For

Exanpl e 12, the catal gst was the vanadi um catal yst as

prSpseifically, msBhawp e Tabledo eachxafithe erudg pradystsawasargdyced with a

s the l.ybdenu at al eghA
ne 5 R A RIS 4P 75 R Broducts
had afRh¥RESTAN SRGAEL % of the LhideBed) 0 an aserape fotalil € cdntent of
76 The contacting conditjons for Exanples, 12-14 V\Fl‘e
at magt 6 1% of Sirdotal HiNb contenlief thyemde fegd; Woile Fipintzinigp D-value for

e o RYISH oy RGN SO0 R S0 B was s
of thpkidue Theterntasfithe tiudg fesal Ehevavermgh 34G@dontent effwach giudg product

343 C (650_F i pd ' d [
wes 13-4 of he VG Olromsat of 1B e fopdy Thayeifie ABLERHRgheach
¢ Sot wa 2D-10794UEmS A drfflty bEns eaiae%@wggwma&ity of

re separated as described i'n Exanple 5.
each bande prysluctwas idemdsird St of tha tvascositipofthe codedead. ned f or
ea h [ 4 | = o .4 0 n 3

alyst system .|

- VYLD

Dis.m’dipw&_lféi M&’iﬁhl e @)_ﬁet-fbfab, IslstBA With My en -

o uptake was rn a range trom2.2 10 3.0 NnB/n8 .

Hydyogen Yin Exgienpiasd 2c4 gactpieaetar apasius(cragpt for ppoiber

and GRAAFof R And ey, calfl B dihe nSbiSd G @OBtA Bhidids

sepaxﬁﬁmﬁinysﬂiod/aﬁdteabiy crudg @rod/mpt maéyosi\wgweﬁeghégsémgﬁddscgbgg in Example
-0.05 NmB/nB to,0.6 NnB - 0. v

5. Al Gefal e <P B SRl AR O UEOR ST Fg'ﬁf’_m‘@feed flow

to eabh fealloPwad fr0f S0P OF tHBYEHRARH thiPbcton ¥fhe9Sactdt! iSilicon carbide

contacting, It was estimated that 15 hydrogen was
was ppsitiened ethabotthm ofatach tfactpd i semBanBbeieBn Samsyt. diachmeactor

contacting of the u fee ngd the wua I .
contaGRRL iy SOMAPANG PR A o SHATGE M R G pre placedin
the cOMth@ME zoh®8F eAHHEAGEH silitoREcAbRI W4y ddsRioBed 68 $6p of the top

relative to an anount of hydrogen used in

contagting eons to fd] dendpeessand toseives drsehnabpanetip gactpreactor. Each

di sadvant d_eru . ' fak.. :
reactt RIS 2 LT s VB G ce hBbtinghes cormesponding
to th®preRéad e6:5S ticontgitingezond dinddie botesia tipporc (fteartideofeed Mas

crude feed with the npl ybdenum vapnadj um cat al yst

COﬂtﬁ\@Fheéld)@élé%PCb of theleatplysig it theygressnee aAKYdresaR 838s | ower
it n%?el uté?-{fl\g%? éﬁéﬂ:@ rﬁfx‘t’&? gﬂ/ %?%%as FIsRbEE On k687 thESilicon

enum’ca
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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Exanpl es 15-18. Contact of a Crude Feed Wth a

Vanadi um Cat al yst and an Additional Catalyst. Each
react or apparatus (except for nunmber and content of
contacting 25 zones), each catal yst sul fiding nethod,
each total product separation nethod, and each crude

p r"Ehd:Lmntaanng soniditions fer Ekemplesd 264 wereas iftlbaivs: ma@dhydmgen

to thejipdifeed Roviteds segepaer wop AGN AR (B SCABL LY Saf1 1

and p?éhﬁ'l’-:x‘%% 6%?101qt7‘ﬁ§ﬂ” $8e b@ﬁ@a@lﬂigteibneg%réﬁéﬂ&i fn8Rsthentally

low to each reactor  was fromthe of the reactor
to 343 6C (63:°H) overapegiod off Exme and oraintEBned @b}#Bc%@ fird@0\saurs for a total
nﬁ)gs % @gsd at the bottom of each reactor to 30 serve
B Bt support. Each reactor had a bottom

C OrvtAProdidtsZXined aﬁeoatmg%ﬁém Wére sépaifted A HeYcribb®in

cat al st/3|I|cone carbi de m xtures were placed in the

Exampim§.abiet Ingirogenaxptake duemgmoEtmngu was determined foreash gatalyst
systegt” 1p Bt Rinple "0 ST abodn ostidSuiR o WS 065 SERB). eld the crude

prodxﬁ:aﬁhi 4 TAN 6 6. 7£aBle:faﬁﬂp16q13 netshydfupda diptdkieavas i 4 range from 2.2-
furnace that included four heati ng zones

3.0 NoBEdpdnt HSCFB) ea the Grudaprodicthad A AN ion 5986 Som AZ-05.

I
In Exb R4, Blfng UineRBhg QFRY BRAL bopd MheE B a6 BRI &&9 i
catalydt, netihilydregesh uptfﬂde wadsdn aﬁdnge fronl -0c0s WingAn® to®.6 Nni2sahi m 86

SCFéw RacHE) o hewmiC produrs bad e 1A ihrener tegn Dars-

t t
Ao BB My Ui Uk S BLUES it Sohbitig, T AR s

hyd:rc&en‘me genarated atthe m af;l@t’l/ Nm"/fm 066 SEHB) diwingicontactng afsthe
.l one eto

crodecighd HROMRE AR Sty B | BnceBford SP Do optaing allows . -
less hytirdizeh & bediked i tHé%‘Eoce’bQ rélativd fotenduht b ﬁr&@k&x@tﬁed in

contacting zone, wth the addltl onal cata st being, ,
convm@nalm%m i HRRraY e PYeneriigsc shisd vatagesoridesh Jhe requiremeit

o Rk AR e a0 st a il

c thrl(ﬁﬁ:(hnaﬂg, coateet of the Exadgpfeed With the naﬂybdenmma\l'anadmm catalyst

prodiics Qg@ﬁ@w“%%%;@éﬁoﬁﬁ 170 6 AN BHBE cruds product
prodifeed fblSthe AfiR8udl ggg anadi um 15 catal yst as

prepared I'n Exanp e va adl um cat al yst/S| I [ con
m o g 0

: 0 8@ 1 F i & 3 () 3
ont n e 18 I ex
—éseﬂiiﬁaﬂ%ﬁaﬁ@m@em CEORCTTR ﬁﬁ?ﬂ%&% contacting
zonesgoe%bﬁ cRBRS JulfiBAE MefidH, 366H 106 pRStRICt Qpa%ohméts and each
asin, Brazil) for Exanples 15-18 having the

crudeprogst analysisweredhs sase apdescribatis Brauplede Al gatakysts wege mixed

with §ifledl\GebiB0 i ydile kRS bRS otk SE ERPIRE 1 daR iyt pnless
othergietigditdted T gudefead Fiuw et pestdr vods frdre thef ®paifdie reactor to
The crude feed was contacted with each of the

the bettam pi/thegeactpr; Filicop cathide was posiliemesiat theyhettonngf eachirpaedor to
serve%}% g?:'ggtgr%rkﬁpﬁﬁ{ EAR Re %ML Y6tidin 38ntaiidPYGie dndlatBp Bntacting

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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gas to the crude feed provided to the reactor was 160

N8/ nB (1000 SCFB) for the first 86 25 hours and 80

N8/ n8 (500 SCFB) for the remamining tinme period, LHSV

was 1 h"1, and pressure was 6.9 MPa (1014.7 psi). The

contacting zones were heated incrementally to 343 C
Lmdl(eﬁ@ﬂlrﬂ}cedhrainnaiucﬂﬂr fomd hedting zopesicotresponding tetheprelgatzoge, the

for a total | of 140 hours. These exanpl es
twocagtﬂmqogp%apﬁglg %&E‘?‘HE”(‘P ‘a crude feed with a Col um

S IH%&@J exa%&ylé b yddinka i ﬁ@sﬂwﬁ@éﬁp&e&%s dbsckibel it Ednple 2

a nediran pore dianeter of 350°Ain conbination
andwdmthﬁl@mlqun@h@ﬂtahfat al yst having a pore size

F 1B st ahedte R T Bl s b Rnls 145 ch T B

posnfahaﬂmﬁé b@ttorﬁ rcuﬂtﬁcﬁﬁ%v%fet withtthe maﬂaﬁm'cemyshmmgm
changed relative to the sarre p Eertl es of crude

molybdenym cetalyss pospagedc b fhyimeth 3t hiche vanadium

cata YRR ol oG (418 ‘;3‘%% ﬁéﬂﬁ%ﬁ‘?mﬁ 4*1‘934“95 zone.

d UhiBxampleols; 96 iatditionsl ﬁtalya!sm@ﬁmhfbldammge(ﬁo m:pf"}akras
by the crude feed was obser, eﬁigemfl ca as . .shown

posmonedrwh@bettomuc@tagmw i Hopal cAialysbeingths

e e

catalgssilictmcarbide mma. (3 o/bﬁé) veasposittoned uathertqs contacingzone.

b e L, et fiaet dRpshiicopd etars G s gBligned in

Bakith thd ARtiGensd 8atBlyriuihs theRelyBéshuiiivanadium
thEbB%ﬁl es 1gif% Z‘Iglich had én APIagraV|ty§of go 103% of

catalrm @s Impargd avExamplie 4. nEhevanadivie eafalyst/silienn Qﬂa@tie miggre (30 cm’)

s e 0 o BRIl S ot v th | nor eased

Vi BORainpYe B PyRadr @laadweits (Qcﬁr?wahﬁn,rléb\awoﬂe US.A)beads (30
viscosity and APl gravity of the crude feed. Fromthe
)“W&MM@F%%@lWﬁﬂg%eased APl gravity, it may

SRS B Brai] 07 EGRSl ] A NRne Y sharized
in Table 3 FﬂﬁuﬁkwEefad tatthe/mup afitbe telaldr. The cmdn tfeesh flovged through the
stens and 15 the atalysts re the as fih
prebest 2056 T:?Q&"PW"ER%%‘P% ﬁomr@nﬁﬁﬁ'ﬁ%mee?@%?% SEpRpgLO! the

reactfne efl% cradefrebd S8 ConctbdRlith &ch '&f fHeatalsts ibBe presence of

contactlng condltlons were as follows: a ratio of
rgegjeGontastingronditions faeedch satamplevere ds fojlawss e ef hydrogen

M PSRRI TSR Y e

hourm SN m(500 SEFE)Tor theeehaindlg tims pbriod; LHIV mear e and
the LHSV during contacting was increased, 20 ov

presges waRp, MR 6147 ﬂwcopta pe pencs wWeie Reairth merementally to
343 %(6;59?)0 %ﬁé&d 20¢h da{?l } mne}i'a@y?%’fé 5%{‘%{0%%&1%&9 of 1400

ntaine 0 ours. In
hourfxanpl e 19, the crude product was analyzed to

deternmine TAN, viscosity, density

- e Bheq ExarepieeAamoniats WAl ewact o e mde o S Adesimp S meta
catal?&th%r.ﬁg 'a'bof?gléé 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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salts of organic acids during the tinme periods that
the LHSV was at 12 h'' and at 20.7 h''. 25 Average
val ues for the properties of the crude products are
shown in Table 6, FIG 18. As shown in Table 6, FIG
18, the crude product for Exanple 19 had a reduced
to the Eéde prshentids o tecntude &eﬁsAﬂ&ﬁmiaHy; dheringprobessifigN-elatirely small

t he V|sc:03|ty crude feed, while the API
hydrogen, ypiake Wé“ﬂiﬁflﬁ'a‘gwﬁ% Jetedhas 104- 110% of the AP
gt gélhzamf a C@ﬁaspﬂdﬂ%teesemhmg Q}udeq;rb&uc@hamAN of at most

fent t0 tenés content was at |east 1.
15% dﬂhthe E‘JAEH of the heide Fed\NoFExamlestl Setd T m@hpﬂOdeﬁT@ @roduoed in

Examgl 197 SRan bRGS KIS V5 cantesh OEtgR A apcisedt Gt of at

most Eﬁ%”bﬂcf‘ﬁs%itﬁ BE at'rRést QS%frel%@%e 16 Y siile ﬁr@péﬁei of the crude feed.

asp hal't enes content and the reduced sum of
Additmnaily,rthe amide piwelues predioedintBramples il Srigyeapk had pe ﬁpé @ravity of

100-(p35 86 AL RSN EBiecidetoBE: ng Teduced. The crude
P18 dbiitast hisederidéiplodtigt prédté@ Rind & nofeapalyes Sonditions (Example

sodium zinc, and cal cium of at nost 60% of the tot

18) prodheesin profluct réthsinprsasedwisspsi tys and decregsgd AR @wtﬁrﬁ@ﬂve to the

viscoff gufAPERTN of e itle Ml 2B EhorbiRBa VRSN g dpffeascd

API @&H@Dﬁ:ﬁ:ﬁ@tlﬁe pdssibleao nfectharupking dnd/bnpdynmnzhtmn of the crude feed
control l ed such 5 that a LHSV through the contacting
was ipifaled; s greater than 10 h71, as conpared to a process

Exan&él% 19! aéo@al:ﬂ??‘é éf'u# Fledat t@aﬁﬁﬁg %ﬁfSW I YHE coitAcitg sstems and

sel ectively
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hydrdgef gs&% 1hé &RdE Hediprdadddo tiie REREST Vsl D602l Ml 800 SCFB),
vesSels. A snmaller vessel size may all ow the treatnent

presswie w3 68 VP20t h{pel).end trmparatuse ofthercontgetingzones was 371 °C

000 B HHFEAR FAEP, BB BBy o v

over @p&adiss thgefiomt 1 Whio 1Us’, Gaihatiddne Héﬂlrfer 48 hoers, arIEMhen the

' contacting,  syste and the cata t he sane as
LHS\&@@@M%@@E#W@%EEW@MW@ Ph%‘iﬁf‘éwe 5&59‘:“% t he

P1IR @%fabfesld ‘iﬂg&g ¢ K {3 detémitas TAMI85kcbsity,

t he top”of t’erea ontacted wth the two
densitya V&IQ soistentnresides t:mtemtphﬂteroatmgs eames, and contenp pEaetadsein metal

salts Qhore gﬁd”’gse” (o & %\g?%(i% St SR8 ri‘ih 0.4 at 20.7 b,

AverddRRR1e8 (o1 (BS properfes of th@%nﬂ@nﬂbﬁt&%rd dho{whqntIQBIe 6, FIG. 18.
contacting zoné were as follows: LHSV wa

t e&ﬁp@pmun dable & G+ kﬁp theermde Pmﬁigc'fzf@n Exmﬁez?ébl‘tﬁ@ g 5guced

TAN i p i s RsrtinAR e TR RS fit JifeoGY Pt Yydp foed, while
the APP gﬁawt%ﬂﬂﬁmdb@rsm iwhk !J{PS-IIIO% bﬁthb @IRI mﬂ@rﬁf&hé bm@e feed.
zone were as follows: LHSV was X erature

A wetghéra@@tqféﬂcgmn@at torfes asphabtonsgs c%sntov S@Edﬁfﬁs Sq Tﬂlﬁﬁl@ of the
MCRYopfbif 5 R0 a@\i}%lgeﬁg&g%g%?ﬁgﬁ%ﬁ%gﬁgf% Biné 1080 FERCR

pressu
content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR

content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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The total product exited the bottom contacting zone

and was introduced into the 25 gas-liquid phase

separator. In the gas-liquid phase separator, the

total product was separated into the crude product

and‘gas. The crude product was periodically anal yzed
potassiam, demam;mne, ahdkialaiuda oﬁttanptteﬁﬂ% nﬁﬁ&ectotal eontentM‘ Eheaspene

metal{ g Higrodfefebc o AL P /5o 31 Proousf o? B3 308Gt oo sulfur

conteﬁ{(gmet;ﬁggfggad a TAN of 9.3 and a C5 asphal t enes
content 30 of 0.055 grans of C5 asphaltenes per gram

of Examples § aeldl9 demenstratd thapcoutacting aohditionsasnbgeomapllest such

that o Hs 8 A e oG R RE N Bl HRerl FO'h Py s heBed3p  process
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10 1t il hotiEcs B Brotits 118 pRrdtREl i delels of kOfcbb2L relgtive to
comn®reiall® avdilable wesRthl A sivalfer vadss¢lRbie Iﬂﬁ%ﬂtfw thearehfhemstiof
the crude feed. A P-value of 1.5 or hi

. er was .
disadgitaged credes 10 PATGPTESA BLEIdGHoR Sies tHESRING 618 pepstiafpts (for
0, having a first (in this case, top)

exm%ﬁ?‘g%:@eng {Hég erature that is 50 C | ower than t he

Exanople 28c 10 dt efp ratde Feedat ViriasdOndtadt ecatoees. The

botto zon en to enh ncetheredC|o of C5

contaging YHETIAR Lt TSSO Do SR 0S dbet s Frnpies The orude
feed Eaﬂ?n%:ﬁ %&‘ﬂal Ratds i9Rd it TABIE TtinH TG, N9 wdsWdBed RASe top of the reactor

Addi reducti on of the content of netal's in
and contaciied ssaﬂwttbe o catajpsts n the itere omamctmg)zmqsan theprasenpeyof

con l,ed t enperat,ur.e fferen For exa
hydrog@ud Bt 4 SPRERRANGT 156 08 ERAeRRR 2ot ik Bl different
temp&htukdre crude product from Exanple 20 was enhanced

reI ative to the reduction of the total patassium.and

s Senmiiaatiag RpRditionsfin thectop ﬁ%@cpnsaw wererasfoRRuFpLESY was 117, .

tem e th thé kc% o}'lfalcﬂngﬂ{ﬁ%t\@agt exaﬁ’;p / 5 iRl of B ?&gﬂé to crude

m xture s eac as neasu
feed Way/ BOONmM /65 (umm@cma] awd prdssameevat &19 P (1@14 7rpsi).
wéft actin ne al | ovg removal of the hi | ec
: FieRs 1p ths; baltem ppriactiag Zaog yar é?] oaoﬁd/ V was 1

vl e!i'ﬁ‘ﬂe%tﬁre%ﬁ lgleShdonédnBidtifig z8Ré Yak 3154 (BaY %ﬁa&ﬁ:ﬂﬂ@ﬂﬁbﬂmgeﬂ to

to torm pol yers and/ or_ conpounds havi ng hysi cal
crudqfegbm 163N fm s(d)ﬂ@(hS@EB)a raavdqnema:wam@ MP3 (014.7 psi).

o THEo R sR I e Dbfind sonleRmE ahne 0o o need e
gas-ligaIApHase fph@fce. ey gd-Ugui dFhase Sepueatbr, thctotd baddust was

thereby increasing the I i fe of the catal ysts operating
separated fifitg M@rcmdeewpéucam gas. {Thha cride ppsivict wahperiogically applyzed to

deten’f:_m{eszﬁglﬂa Qlté%'g%ont npl e 21. Contact of a Crude

eed ‘an lurry. A bul k netal

C aiﬁdra/@tvamed /f@ﬂhéipszgémlesysf chldetphedip pbiainetidaring the run are
rans_or 02-4 granms of catalyst per

listedgn F4blegh FidbelSoribanydecind Ty TN 96 ol Sphelienop gontent
of 0.055Yrkth €6f 4 dPhitGes et Warh ©3%rude feed. The crude product had an

average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs

asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.
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25 and reacted under the foll ow ng conditions:

tenperature in a range from 85-425 C (185- 797 F),

pressure in a range fromO0.5-10 MPa, and ratio of

hydrogen source to crude feed of 16-1600 NnB/nB for a
‘period of “tinme. After sufficient reaction tine to

Priwdusial édigent of petasshimdind tsodiuheincthe deidp poetiuct wias at most 53% of

e o Do I L L
at mn%ﬁ@‘% :oi' HRCFAN %E gfer dlltgﬁed ?e%ﬁ.d UCH-vARM ofd . 8VEi gReCRA 8T tained

ron, nic r vanadi um content and a
during ectaeitheC5 asphal tenes content relative to the crude

TR TN 9 R T S ———
tempx?ﬁtu?@gﬁf &% °mo£v€9$§n%ﬁé Lifsbting thiGerafiire bNtheisevorf (in this case,
IS e

scription. ccordingly,” this description is to
bottohn) zowstehduecnhance the reduation of Gnasphaltenes sontgnt infthe crude product

.pur pose 81 .of teachiny ﬁgse illed in the art the
relat‘g%??éﬁ%&ﬂﬁ?hﬂ&?“&f”@ﬁ???f c&ﬁfc’kflp?fg invention. It is to

bea s sy ORdudti of ithe chREnFofPhethidén hieva BAlOOF rpanit acids was

and described herein are to be taken as exa

| es of
enhanpet) ugingwnnisolled temperatrg differentials. oF or axatnple, f%’&??il {n,the gotal

for those. illustrated | er el
potessin el oot R « B pRAREL AR AR 20 Al
relatiV@® the yalikctiomoNiy thiel pétadsivie dnd setlipmrdatent pf thelcrudesproduct

woul d_be apparent to one skilled jn the art .after bility f
fromFxemple @ withisaplatively 69n¥tﬁm§r'erks§?¢/fﬂtﬁldﬁ°@fﬂﬁfé stability for

[ i EL%@H be made in the elenents
eachagaslﬂgélfg’baggn%erel %gv%\:i-{%gﬁ't departing fromthe spirit and

s cioging alowdrdemperatard oHa fisst canctingzmeialomsgemnoval fitheghigh

cl.ains., 82 83 MS 1. A th of produci .
moleggoight SRt el O et BhPbt e Siis of preanic

acidsVHaEhi¥e! Alefddney kP foftnPpSIYRRAY dndai icatnpdlds Haing hlefsiialproperties
e support conprises theta alum na and has an al pha

of softheaviand/ot stinkiness (for examples s anghentarsht Remewal ofithesena

er ,gr.am of. su It I
com A cPRRES R b ESoAEe R E RBfl tor oy g
and d38f the dhtalysabihereb9 M rédsinpihe life opthierdtalysts opeeating athigher
metals from Colum 6 of the Periodic Table, or

tempgsares that arp pesitened aflgr iﬂi‘f‘j ﬁ@_&lF‘Pm%ﬂmgr?Qnﬁr nmore netal s
Exaééﬁ@l%éﬂg%t%f A chiife K&ld @ & Cgﬁ_@ﬁb as3Shuy. "R Kilk metal

als or m xtures
catalyhend/of a chtebyst dfithasppiipation (@.660 15 grams or).82drams pbeatalyst per

m xtur.e at epperature of at .l east ,400 C 0. 0
100 gips Sk thecyade & e i SOmS ERBOGIARS bF Spded Vi RACGHE fecd
| ' \ | {oR8: [ f 14283 (185-
and 4cEd toidh T Hbibg 2oARAGRG. @REraplaies Mgl fom B> H285C (
797 ¥ presbussing rangesfiorn 9. 2118iMPa, andiratiepFhydiegansseurss tpsrude feed

o ST B8 e B B B ik
crudé PRAIBEY fhe\cldéPRodict IsepRAIASrom the catalyst and/or residual crude feed
using a separation apparatus, such as a filter and/or centrifuge. The crude product may
have a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes
content relative to the crude feed.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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in the pore size distributionis at |least 0.3 cnB1lg or
at least 0.7 orn3/g. 4. The nethod as clained in any
of clains 1-3, wherein the surface area of the
catalyst is at least 60 relg or atlcast 90 ma/g. 5.
The, nethod as clainmed in toy of clains 1-4, wherein

of tearBingfh 4

osgrskitleddn thetagt the geneml nmnen”nfaﬂ.fhying(xmt%ﬁn%nuon Itisto
Fon1 um 5 of e Per,i dIC Tabl e, one
be WHEAR e Ktk P Tveoein Shiiva e meritsel hsrein ore orhe taken
as egampies of embadifmehisO PSRRI Iﬂﬂér%léjfna? e sh ’a?tgﬂ $or those
" Tabl es one or nore conpounds of one arnors
Ulusirajest andgeggribe @prem, p@xjs @sd Phaneesss ,IIlaM behreverged milbeyrtain features

i, N of c 1-5, wherein
of ”e“;%ﬁ‘e"“g{r’% B S PPl 4 85 woule smpmmans Haeme skilled in

the araaﬁm Haying th&héneﬁ@bfﬂil@déﬁcﬁgubﬂ ef 8kflinve u*aﬁ gé.i,lﬁ‘%bemade
cl |ned |n apy. of clai nms wher ei n t e one o

11 eepbedkerein vtheut departing from therspiritlandmosyse dfitien

unmﬁﬁhﬂﬂ?d&&&ﬁgdﬁﬂﬁk dﬁr“%ﬁ£3E§@§ and/ or one or nore
conpounds 0.' one oOr m 15 elenents with the
support. 8- The nethod as clainmed in any of clains
1-7, wherein line theta alum na content of the
support is at least 0.1 granms, at |east 0.3 grans, or
at |least 0.5 grans of theta alumna per gram of
support. 9. The nmethod as clained in any of clains
1-8, wherein.'the support conprises in addition delta
al um na and/ or gamma al um na as determ ned by Xx-ray
diffraction. N 84 10. A catalyst, conprising: (a) one
or nore netals from Colum 6 of the Periodic Table,
one or nore conpounds of one or nore netals from
Colum 6 of the Periodic Table, or m xtures thereof
and in addition one or nore netals from Colum 5 of
the Periodic Table, one or nore conmpounds of one or
nore nmetals from Colum 5 of the Periodic Table, or
m xtures thereof; (b) a support material having theta
al um na content of at least 0.1 grans of theta al um na
per gram of support material, as determ ned by Xx-ray
diffraction, an al pha alunm na content of at nost 0.1
grans of al pha al um na per gram of support; and
wherein the catal yst has a pore size distribution with
a medi an pore dianmeter of at least 230 A as
determ ned by ASTM Met hod D4282. 11. The catal yst as
claimed in claim210, fbrther conprising: one or nore
metals from Colum 5 of the Periodic Table, one or
nore conpounds of one or nore netals from Colum 5 of
the Periodic Table, or mxtures thereof 15 12. The
catalyst as clained in clainm 1, when the at |east one
of the Colum 5




metal s is vanadium 13. The catal yst as clained in any
of clains 10-1% wherein the one or nore Colum 6
netal s are nol ybdenum and/ or tungsten. 14. A nethod of
produci ng a crude product, cg®gprising: contacting a
crude feed with one or nore catalysts as defined in
any on a%dclains 10-13 to produce a total product

t hat es the crude product, wherein the crude
1pr odudotetliod ofprpduging scalslyst wmerisng: 25 C and 0. 101 MPa,

It he %rhﬂxﬁo 3n§ £ p@ﬁ%itl@mfeﬁi HMorea@ibidls RUBTAEH s@ﬁﬁﬁ%@tﬂfmiﬁﬁre, wherein the
east 0.3; and contr i ng. cont.actin ndi tions s :
YR oo P B AT 51 P BeY s L g stmin
pdANNO6f supfertcandde che edpornvvetale icompFsioriesr sgrecestaly firnnEefurtyy ¢ of the
Pﬁﬂwfh@w%rﬁg&%@ggsﬂﬁ gnerg?mf%qne%% Md_lm d d dhe|p@didiic Table, or

rern | ] the crude product js _at .

bRy thereofygad inaddion gpe gmoRiatials er BOlgPn ¢ e bR Tl one o more
cEhpbaRs bRME or ndle Collifn NBétiioe mgured thirwBd i n cl ai m 14,

wherein the TAN of .the cr | ' LARAEst 400 °C

1 ot e J6 ooy Sl A ol epbete SRR 100 °C 1
pofiudechecrteliit afdwhpreirghie qatalygthas amoge siee dRbLUSR With anFAiAg pprg diameter of

2018 Bb ACksAbBRinkd byl BSTMIRMEd Da2Bie TAN of the crude
product is in a range from0.001 to 0.5, from0.01 to

0.2, m@‘ﬂﬁ?‘nﬂ 12ieiGn Blafin 11 ¥herfinabe HRdiBe BoreRivhaerofihe
2Tn aﬁgéof c ai?rs 1417 erein the TAN of the crude

poersize;disahptign ismgost 5000 3 to 20, frc m0.4 to 10, or
atr Orf*rﬂc%eh%diméiﬂé&mmﬁnnbm,m@ s vd im® BF thefpores
cl aims 14- 18, whereinhhe nedi;an po{e(;n% mn;zévgr i s at

in theporexizy distripion jhat Ipast hd B Tableat 8.7 Figay of

cl ai ﬁé&%ddﬂgﬁﬁédﬁ, S19Ee 1.8 Qbherdin aeQuiBsd i
4&0ntg§?I ng zone that tﬂﬂgog or 1c%'upl ed tﬂ% an of?%ﬁ%%@
cﬁiabMiBaylﬁﬂszﬁﬁm?M%kﬁﬁéo /%l ai med in any of clains
14-2 i . : : .

% he %‘r'megéﬁ[ggagf a ﬁygtr‘%%gﬁ souric.g'. 22%9 -hgﬁhgt? od agals
conprisrsin alditiom pnoosr moorainaly frooyColypa S«f theBesiodie Table, one or

wi} AEonafl BRbeR inch CtuRbl Sullify G Sl RIS} bl Chifhns
T Hbof ©oPérindin Tebls, onelor mare cpmpontdsias anaer worgi Galutmns7-30y
| Qi jsing the step of 15

r QEWW%FWM bl end t o produce ‘
& r angihe nicttivdms clainedd inleoyof nlgins k5, wharein tiecmetos mops metals
cheni cal S..- 24, - | j aim 23,
SRAEFET | %%%%%E%%@é%%?%g the crude
For od (FHs peethddna chiimediin anyof olainol-6nwhereid ilet dielon erre metals
fracti pns..25. The nethod cl aimed in'cl ai,ns
oo BEl OB 78S B BB L 51 oLt 1t bifodks Titie
ifb: 8hé Erthéra@ompounds o one or more Columm 15 elements with the support.
8.  Themethod #s claimed in any of claims 1-7, whercinihe thota alumina content
of the support is at least 0.1 graws, ot laast 0.3 graws, or at least 0.5 grams of theta
aluring per gram of sapport.

9.  Themethod as olaimed in any of claims 1-8, whereinthe support comprises in
addition deltz alumina and/or ganma alumina as determined by x-ray diffraction.
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10. A catalyst, 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 in addition 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 having theta alumina content of at least 0.1 grams of theta alumina per
gram of support material, as determined by x-ray diffraction, an alpha alumina content of at most 0.1
grams of alpha alumina per gram of support; and

wherein the catalyst has a pore size distribution with a median pore diameter of at least 230 A,
as determined by ASTM Method D4282.

1.  ‘The catalyst as claimed in caim 10, forther comprising:
one or more wetals from Colurnn 5 of the Periodic Table, one or more
compoumnds of one or mare metals {rom Column 5 of the Periodic Table, or mixtures

thereof.
12.  ‘The catalyst as claimed in claim11, wherein the at least one of the Column 5

_ metals is vanadiom.

13. - The catalyst as claimed in any of claims 10-12, wherein the one or more
Column 6 metals are molybdencm aud/or tungsten.

14, A method of producing a crude product, comprising:
contacting a crude feed with one or more catalysts as defined in any one of claims 10-13 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 has a total acid number (TAN) of at least 0.3; and

controlling contacting conditions such that the crude product has a TAN of at most 90% of the
TAN of ﬁle crude feed, wherein TAN is as determined by ASTM Method D664.

15.  Themethod a5 claimed in claim 14, wherein the TAN of the crude product i
at most 50%, at most 30%, ox at 1nost 10% of the TAN of the crude feed.

16.  Themethod as claited irr claim 14, whersin the TAN of the crude product is
in a range from 1-80%, 20-70%, 30-60%, or 40-50% of the TAN of the crude faed.
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17.  The method as claimed in any of claims 14-16, wherein the TAN of the crude
product i in a range from 0.001 1o 0.5, from 0.01 t0 0.2, or from 0,05 to 0.1.

18.  The method as claineed in arry of claims 14-17, wherein the TAN of the crude
feed is in a range from 0.3 to 20, ficm 0.4 to 10, or from 0.5 to 5.

19.  The method as claimed in arty of claims 14-18, wherein the median pore
diameter is at least 230 A.

20. The method as claimed in any of claims 14-19, wherein the cruds feed is
contacted in a contacting zona that '8 on or coupled to an offshore facility,

21. The method as claimed in any of claims 14.20, whereits contacting comprises
contacting in the presence of a hydrogen source. '

99 The method as claimed in a3y of claims 14-21, wherein the method further
comprises combining the crude product with a crude that is the same as or different
from the srude feed to form a bieng. .

23.  Themethod as claimed in any of claims 14-22 farther comprising the step of
processing the crude produet or blend to produce transportation fuel, heating foel,
Tubricants, or chemicals..

24.  The method as claimed in claim 23, wherein the processing comprises
distilling the crude product or the tlend into ons or more distillate fractions.

25. 'The method as claimed in claims 23 or 24, wherein the processing comprises
hydrotresting.
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