SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE PRODUCT 5 FI ELD OF
THE | NVENTI ON The present invention generally relates to systens,

met hods, and catalysts for treating crude feed, and to conpositions that
can be produced using such systens, nethods, and catal ysts. Mre
particularly, certain enbodi nents described herein relate to 10 systens,

nmet hods, and catal ysts for conversion of a crude feed to a total product,
wherein the total product includes a_crude product that is a liquid mxture
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relative to the respective properiROBUGhe crude feed. DESCRI PTI ON OF
RELATED ART 15Crudes that have one or nore unsuitable properties that do

not al | oy conom cally transported, or processed using
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desi r aghi@e feBAot her nethod to i nhl bit corrosion nmay involve addition of
corrosion inhibitors to di sadvant aged crudes before transporting and/ or
procesBERGRITE Q&\IQERE&MEH@H crudes. The use of corrosion inhibitors
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qual ity of pro S produ rom sadvant ag es often
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Organi cal |y boun teroatond nay, In sonme situations ave an adverse
ef f ect acachnember (FIAN") of the crude feed. Disadvantaged crudes with a relatively high TAN
20 may contribute to corrosion of metal components during transporting and/or processing of
the disadvantaged crudes. Removal of acidic components from disadvantaged crudes may
involve chemically neutralizing acidic components with various bases. Alternately,
corrosion-resistant metals may be used in transportation equipment and/or processing
equipment. The use of corrosion-resistant metal often involves significant expense, and
25  thus, the use of corrosion-resistant metal in existing equipment may not be desirable.
Another method to inhibit corrosion may invelve addition of corrosion inhibitors to
disadvantaged crudes before transporting and/or processing of the disadvantaged erudes,
‘The use of corrosion inhibitors may negatively affect equipment used to process the crudes
and/or the quality of products produced from the crudes.
30 Disadvantaged crudes often contain relatively high levels of residue. Such high
levels of residue tend to be difficult and expensive fo transport and/or process using
conventional facilities.
Disadvantaged crudes often contain organically hound heteroatoms (for example,
sulfur, oxygen, and nitrogen). Organically bound heteroatoms may, in some situations,

35 have an adverse effect on catalysts.



D sadvant aged crudes may include relatively high amounts of netal

contam nants, for exanple, nickel, vanadium and/or iron. During processing
of such crudes, netal contam nants and/ or conmpounds of metal contam nants,
may deposit on a surface of the catalyst or in the void volune of the
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regenerate the catalytic activity of a catalyst contanmi nated w th coke.
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Disadvantaged crudes may include organic oxygen compounds. Treatment
facilities that process disadvantaged crudes with an oxygen content of at least 0.002 grams
of oxygen per gram of disadvantaged crude may encounter problems during processing.

25  Organic oxygen compounds, when heated during processing, may form higher oxidation
compounds (for example, ketones and/or acids formed by oxidation of alcohols, and/or
acids formed by oxidation of ethers)y that are difficult o remove from the treated crude
and/or may corrode/contaminate equipment during processing and cause plugging in
transportation lines.

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

use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments



fromform ng coke. Hydrogen is costly to produce and/or costly to transport
to treatnent facilities. D sadvant aged crudes al so tend to exhibit
instability during processing in conventional facilities. Crude instability
tends to result in phase separation of conponents during processing and/or

format on of .undesirable by-products (for exanple, hydrogen sulfide, water,
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a di sadvant aged crude may, in sone situations, decrease stability of such
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U.S. Patent Nos. 6,547,957 to Sudhakar et al.; 6,277,269 to Meyers et al.;

20 6,063,266 to Grande et al.; 5,928,502 to Bearden et al.; 5,914,030 to Bearden et al.;
5,897,769 to Trachte et al.; 5,871,636 to Trachte et al.; and 5,851,381 to Tanaka et al.,
describe various processes, systems, and catalysts for processing crudes. The processes,
systems, and catalysts described in these patents, however, have limited applicability
because of many of the technical problems set forth above.

25 In sum, disadvantaged crudes generally havve undesirable properties (for example,
refatively hi gé‘; TAN, atendency to become wnstable during treatment, and/or a tendency to
consume relatively large amounts of hydrogen during treatiment). Other undesirable
properties include relatively high amounts of undesirable components (for example,
residue, organically bound heteroatoms, metal contaminants, metals in metal salts of

30 organic acids, and/or organic oxygen compounds). Such properiies tend to cause probiems
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



decreased catalyst |life, process plugging, and/or increased usage of

hydr ogen during treatnent. Thus, there is a significant econom ¢ and
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such that the crude Prod ct has a TAN of at . . e
calenlated as weight of molybdennm, or mixiures thereof and controlling contacting

conditions such that the erude produet has a TAN of at most 90% of the TAN of the crude
feed, wherein TAN is as determined by ASTM Method D664.

30 The invention also provides a method of producing a crude product, comprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the erude product, wherein the crude produet 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,



5 nost 90% of the TAN of the crude feed, wherein TAN is as determ ned by
ASTM Met hod D664. The invention also provides a nethod of producing a
crude product, conprising: contacting a crude feed with one or nore

catal ysts to produce a total product that includes the crude product,

wher ei g deh@mitic $¢ AT WEithd® Da 284, qul thadardlyy adhgAbe PordizellididibulyBa, 10 the
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nor e 25GRNBAYHES RS codPRufds SRIR JTRE@E Sndtdl 9 FLMA 41WMO 6 of tHderfddid odi ¢ Tabl e,
cal cul ated as weight of netal, or m xtures thereof; and (b) a second

cat al ykble, phuixibres tibrendt aind/(dh obaior mgre pelplsdram{Codpmaddqfdbe Beaodiet | at
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det er nhaeddbyrodSi\mwhetehothe BaRB4roduct is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.3, and the one or more catalysts comprising: (a)
a first catalyst, the first catalyst having, per gram of first catalyst, from 0.0001 to 0.06
grams oft one or more metals from Column 6 of the Periodic Table, one or more
25 compounds of one or more metals from Column 6 of the Periodic Table, calculated as
weight of metal, or mixtures thereof; and (b) a second catalyst, The second catalyst having,
per gram of second catalyst, at least 0.07 grams oft one or more metals from Column 6 of
the Periodic Table, one or more compounds of one or more metals from Column 6 of the
Periodic Table, calculated as weight of metal, or mixiures thereof; and controlling
30 confacting 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,
The invention also provides a catalyst composition, comprising: (&) one or more
metals from Column 5 of the Periodic Table, onie or more compounds of one or more _

metals from Column 5 of the Periodic Table, or mixtures thereof; (b} a support material



5The invention also provides a catal yst conposition, conprising: (a) one or
nore nmetals from Columm 6 of the Periodic Table, one or nore conpounds of
one or nore netals from Colum 6 of the Periodic Table, or mxtures

t hereof; (b) a support material having a theta alum na content of at | east
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orl Onprdistebutignewite s anedianopaye dismedet of at lopst28P &, mstdgiesmincshkyadSdMh 5 of the
Per i odj one or nore conpounds of one or nore netals from Colum 5
of thgb@grg&?é?g%’rabl e, or mixtures thereof; heat treating the theta

25al umi na stHegavértizatadlo grbwted Scatdlys cosmppsitian uenpisiag: (hpast orkflBreC, and
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f or m nigfftabion; and wherein the catalyst has a pore size distribution with a median pore
diameter of at least 230 A, as determined by ASTM Method D4284.
20 The invention also provides a method of producing a catalyst, comprising:
combining a support with one or more metals to form a support/metal mixture, wherein the
support comprises theta alumina, and one or more of the metals comprising 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; heat treating the theta
25  alumina support/metal mixture at a temperature of at least 400 °C; and forming the
eatalyst, wherein the catalyst has a pore size distribution with a median pore diameter of at
feast 230 A, as determined by ASTM Method 134284
The invention also provides a method of producing a catalyst, comprising:
combining a support with one or more metals to form a support/metal mixture, wherein the
30 support comprises theta alumina, and one or more of the metals comprising one or more
metals from Columm 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



catal yst, wherein the catalyst has a pore size distribution with a nedi an
pore dianeter of at |least 230 A as determ ned by AsTm Met hod D428/t -:
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
tot al EBtcvharpiathe eptalysidss 8 peressier disteibptionwith 2 medipmpore dagmeiengatpr oduct

is a lj.gui 1 .. the crude feed having a TAN of
at Iealg 83%,5&]’)%%H{tgﬁr;ﬂbe%g%ggﬁﬂ?h@e%%%%%&s having a pore size distribution
wi th a nedi B po&iodiawgirevided 2 mktHodas brotBQing a @adepiodnom medphyindSTM Met hod
D428°t, and the catalyst having the pore size distribution conprising theta
al umi riPtEsES AsTIe fordrwithargpmpredidaniyiorpreduse athtal prdpgdbet 15BIdeS one or
nore g r ek o it wpQdi C
Tabsl e?ﬁg?%%?%@fg%%&ﬁg@go ;cr%nﬁgg%?go 11%118 contgg?sﬁg@gcngngﬁtoggﬁls)&such t hat
t he crihdenyedebddiavigs PATAN aofeastt0. 3ros feaSi0ieaff thdeatdlfdds bivin hea mredieef eed,
TAN.is as determ ned. by AST

wh i M hod 64. . he, | i |
bt ov1 CUSHERU NGB 2GReqATGRRTE T ORGP Sl bt ebABIEd PR STV act i ng
crude M%ﬁ%d‘ﬁiz@‘f-oeﬂﬁ tﬁé ARy &1&%%' t%{é &e's&gtdﬂﬁriﬂﬁtﬁﬁﬁ&ﬁﬁpr%fngatﬂéﬁjﬁﬁﬁ%h source

to 15 produce a total product tha ncl udes the crude product, wherein the
crude gndosheet niose mekalgirom @olumubeidhe PE&idiaiiable, oy niPaconipousdsiole f eed

havi ng a TAN of at lLeast 0.3, t crude. feed hayin n_oxygen: content of
a?l\él eadtt %.%63?“33?15#3% OIBWgﬁe‘i’ﬂ_g*éP eré?cgﬁlT_ﬁ ec?d&@‘@%%ﬁ’tﬁr,mg’n%‘cgt | east one
of t he:nabRingThftabAYd 8 dRiRRRcIShaLhE balde iphstiuc@Radd TANGFHE ¢hédt 9N%Y 6F
diameter of at least” 90 A, as determ ned by ASTM Met hod D42811-; and

cont r dht TAgN ofihe entdedtidayhominTANbisss deterathed &y PFIMMpihoh A26Ghe cr ude
product haspa .TAN of at nost, 90% qf .the TAN of the cr eed...and to
Peduce a coRtantonsaspApEdgss geiodsbiiahifig el e TR @ he
crude qhegtia a bARlcFed¥HE O 6OMbRIatdYstoin (HDpiesORW T2 Hylhoc@rygarteaont ent  of
the crude feed, wherein TAN is as determ ned by ASTM Met hod D664, and

oxygerpPredunedriptal sradycidbetdneiudesthe prudspradvet ndwran dx crodemraduphisat i on al so

rovi . N0od @fe I QG L&k Ng njiacting a
G ude TRAG bR 23 cRR rip, Sk MR RElng £ 2 b s A e
i ncl udesdd feed bavae ap bR conwhesBitledsh@ 000 Lgeurprofdugpen fer grinngificehds xt ur e

at 25 Cﬁgnd 0.101 MPa, the crude feed having.a .TAN of . at least 0.1, and at
| east To¢r 2B¢ at lastone &f (hercsiatesls hyingreporg sirmdbtiribuiion Yyih a medisnp@e 0. 001

gr ans cﬂ&het%f‘gfﬁg?&%@ﬁﬁﬁé Hét&nﬁiﬁ@{léfg'sml\/ﬁet dbﬁ%‘é%ﬁ&?rﬁ%lﬁn able, one or

nore conpounds one Or nore ne m Colum 6 "o e PerTodi c Tabl e,
c a0c ul cantzating coweligins tofredvet AN suchrthattthe eside bavdaof hasankAN arftat addst ng

cont acti onditians such that a liguid hourly space velocity.i.n a

cont adlh Bt e Beridaeed g Tarediee i Rbiin QYR PANAAE, rost
90% ofcohliRuAddNiRh tht ShLEMAEpicARE: hadBE bRYFEn LdMenS off &k 90938 Efeby ASTM
Met hod D664. The 1 nvention al so provides a nmethod of producing a

cr ude gygeuctntert afird @hdgfeed ombereini TigN as ax dedernfieestbmnAShiMolréetbed POHS

catal ysts in the presen of. h ource o produce a total product
that iMEOHIED ‘E‘Wé&&F%ﬁe&g?raﬁ'&%t?}y’&ﬁggg%ﬁ}oﬁﬁrsude product is a liquid
nmpxture at P iGvanttbntisbProMdas » hitghcdrdfdeodeal havidepraud A @brigihgl east 0. 1,

t he . )
contacting a crude feed with one or more catalysts to produce a fotal product that inciudes

the crude product, wherein the crude product is a liquid mixture at 25 °Cand 0.101 MPa,
the crude feed having a TAN of at least 0.1, and at least one of the catalysts hiaving, per
gram of catalyst, at least 0.001 grams of: one or more metals from Column 6 of the

30 Periodic Table, one or more compounds of one or more metals from Column 6 of the
Periodic Table, calculated as weight of metal, or mixtures thereof; and contro lling
contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 !, and the crude product has a TAN of at most 90% of the TAN of the erude feed,
wherein TAN is as determined by ASTM Method D664.



5 crude feed having a sulfur content of at |east 0.0001 grans of sul fur per
gram of crude feed, and at |east one of the catalysts conprising one or
nore nmetals 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

t hereof; angd controll ilng CQ, tactigl% condifions su duri.n
H&(%Q

h that, .
cont act i ng, '#HEVEHIEEORERVIHH BRE HEFER TS Hg‘é‘it’ ?nwlgggeq rate to
i nhi bi &, PRBFEa lfbd%;?@éar@fth Bhc 8f mbREENPAEIn 1BE Brediticl 9 2 BYHoBER isBEiceltb qui d

hourly space velocity in one or nore contacting zones is over 10 If%the
cr ude produeecttiohbpiodgetdhaiAntlodesdhe mmde POl 6 vhetedn thaNrafe rpduadrisde feed, and

t he crude pr.oduct .hayvin | fur, content .qof .70- % of th | fur content
of t nelleRgaux g 25 hand oL A dnE EVE e hrwibd o Sl kb 5% 64 “ang

sulsf ur .680tRMhatife 8 Suldet @nEnPELathyasfEOM Metahad i3 %er ERabh6f brugent i on al so
provides .a nethod of producing a crude product, conprising: contacting a

crude feeddndwi kehstone obthematadystseomaprisgigsonierprivhere prefdeHem Golumya 96815s

hydr oggn. sou to produce atotal product that nclu de product,
e oPERGER LT o0 PL TS Bt gbhEr dhthols Bl Bt CoRabEo T P O
cont r opéidae: TN, 38 hiiRGr&andess; aR® csteMind@intidiag eonttitorfsameh ekl dwmgngcont act ,
upt akes hydrogen at a selected rate to_inhibit 20phase separation of the

crude twdattingthaerude fitedawtakes molecylps hydrpger plorselicied raedQ 1Rt Phatst hod of

oo b FHEE BLETE ySOTRIBINE S OONIRY P SE BeLetia D
pr oductoritdvtibg boiedsugesertineg s pisdeudy mddedt havihg AElAN bfist mosutdeYpodtiect is a

l'iquid mxture at 25 C and 0.101 MPA, and controlling n i condi tions
such ¢ R4 Qe e Eodoniie Pade sriet 46 § FIRY APBERPIZ0- BOPP Lty dr ogen

upt akegon Q%@{:(xﬁ%f%dcrh@@ﬁeg}wﬁeréﬁff@g ié‘%sddé?&ﬁﬁléap&g%g?rﬁpm{ﬂdcpﬂﬁﬁ,he First

hydr ogen up e conditron being rent fromth econd hydrogen upt ake
condi t amshsulfanebnnait ihaditcdgannaditak 8TVMeted 128394hydr ogen upt ake condition is

cglgtrol | ed to inhibit P-value of eﬁiﬂ%‘r L%de eed/totgl ‘;f))ro uct m.xture from
deCr easi ng b IBRFAIGY alsgprogides & Mened BB BE VGt PO ORI YPBduct
. change.faghe TRl 30PAth Shabl ¥rd Qutdlhfs HEHR BFdsbtR 0P AaQlonsRiBrdpeaper ti es

of the crude feed. The invention also provides a nethod of producing a
“crude gnwauo produceprtotsl pryduct dhwt dedidey the apdriprofledowhgrein thherusie nore :

cat al yst t a.first.te re d by _con t] ,
terrper%trtoa}1 i ligid fpix rgﬁf%ﬁg’ 4 4@.3%L8leah%?&'?%ngﬁo§§1%scoﬁ ﬁdgﬁ}égg eﬁ‘g?@%uct,
wher ei guchfigat ﬁ{d&@d@fe@@luﬁﬁmg&oﬁta&, dpialesTipdioied abh sbctél ate @.idBbiVPa, the
crude feed having a TAN of at |east 0.3; and controlli ng contacting

cci¥di t Phae sepaationiedthe ¢rads feed dudpdeqiading tenperature is at least 30 C
ouer Lhan 406 SEGANY B S L ISR 20 P mpatict has o
det er nediedbtiby a ABIM vt tittl hipbden hilthe prasesetdfone at sorquatalydets> prodethod of
Pr Oducelt Po%al%r(?drulég thal {n?:gllé% the oGP0 erﬁrgcll&%zwherein the crude product is a liquid
mixture at 25 °C and 0.101 MPA; and conirolling contacting conditions such that the crude
25 feed is contacted with hydrogen at a first hydrogen uptake condition and then at & second
hydrogen uptake condition, the first hydrogen uptake condition being different from the
second hydrogen uptake condition, and net hydrogen uptake in the fiest hydrogen uptake
condition is cortrolled to inhibit P-value of a crude feed/total product mixture from
decreasing below 1.5, and one or more properties of the crude product change by at most
30 90% relative to the respective one or more properties of the crude feed.
The invention also provides a method of producing a crude product, comprising:
contacting a crude feed with one or more catalysts at a {irst 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



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

| east 0.3, the crude feed having a sulfur content of at |east 0.0001 grans

of sulfur per gramof crude feed, and at |east one of th talysts 10
conpr i f§¢4@%§}ﬁe§ BANfra loast )P W"@W&gp& GANBCYIE Gontisgs F‘é@i t@gﬁ‘gﬁ ﬁﬁt one or
Tor e COMOHIRNDLLANE 105 1ERE S0 TGS thiPL SloHIMofaBfind RfhpBRkIedhd ' Fabl e,

or m xtures controlling contacting conditions such that the
crude the agde prodast Ims BAMIS fof at mostH0YORatoE to He TAN offthd ¢redefeede feed, and

the crude product has a, sulfu ont ent 70- 130% of the sul fur content of
the cracindaN }W@P&Wlmﬁﬁﬂésﬁm&@?ﬁ@éd by ASTN.1 15 Nethod D664, and
sulsf ur Cont'ﬂi%tiﬁ%egntigﬁ a%rﬁgu%ﬂﬂ&eéim%o@ﬁ Movetined dRtoducth@nipisiil:i on al so

provi des a ne ducing a crude product, conprising:: . contacting a
crude doadtivi 4 bruda éeedrwitivor: aanaleystalystsdopredige e tatat prodictphad dipdedenat

i ncl udes the crude product, erein the.crude pro tod QUK. m xture
25 6 S Brofet. Rbse: fhe cepliuog Bl PN TSR Sr e e >t he
crude feeddabaiingyfoLBANUE £ RAKAM, RS cralic RRH Rading Q. shIfoF emberobf aesi due per
gram of crude feed, "and at |east one of the catal ysts conprising one or

nor e retsaDH0OT granGuifismifuepasigrath of Pawle fuidcanrbas least onreoighe pHalyste orpounds of

0 or nore. netals from | U of th ehi i | L. Nk Xtures
OB, oL RinEenhor atas ms e PR Co Ry ot (e PLRIE TIRR, dhe Sdlb XL BLES et
has a cbAoRhdSdf JRRD: nRRaRtalé RemI@Nueh ddfehePaitiali Failsle, dimixanesde product

has a residue content of 70 - 25130% of the residue aon ent g\f%'g)?e crude
feed, thergolhed eoniroliing ¢entapsing sppdifiprredich fhahhenrigs Heaupdgna T, &ki due
content | S LAt N BiricBNERtdonp.al so
provi dggétgoﬁ%?tﬁgé%@ %ffgggké}dr%‘g&ﬁ,%ﬁ%@g%@%ﬁ%@%@t?ﬁ a}ugincér?t acting a crude
feed wizoh, ofde onlfifyoateRabBdhy stwletfoed) mbdteie TAN istaaldetermoihad by tASIME ncl udes -

t he crude product, wherein the crude product,. | liquid mxture at 25 C
ana@ 0.MgthofBH643midaliyr conpdentdeas @%Wrﬁﬁedabyr‘& I@N&@qd&i@%_ 1, the crude

feed havi ngrg, ﬁ(@ﬁﬁﬁ%&%{}%{oﬂc}ieﬁﬁ rr%e tof Qrokiu8indiBerde MeBuitSbontiram ©f. crude

feed, and at 1eaSt one e catal ysts conprising one or nore metals from
Col unmcofitaofing hervderfeabhivith Sadbemoonataystnoreodeepdantisrodhcidha istludes e et al's

oM o e Sl DS Rh far R LR, L lip n e oLng
% ] a 28%}03_ ENaeFedihtivilpupealestht 140, ¢ Heleruae edbddHavings r@si¥Edomdii eiitat of :
20 least 0.1 grams of residue per gram of crude feed, and at least one of the catalysts
comprising one or more metals from Column 6 of the Periodic Table, one or more
compounds of one or more metals from Column 6 of the Periodic Table, or mixtures
thereof; and controlling contacting conditions such that the crude product has a TAN of at
most 90% of the TAN of the crude feed, the crude product has a residue content of 70~
25 130% of the residue content of the crude feed, and wherein TAN is as determined by
ASTM Method 1664, and residue content is as determined by ASTM Method D5307.
The invention also provides a method of producing a crude product, comprishag,
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 M Pa,
30 the crude feed having a TAN of at least 0.1, the crude feed having a VGO coutent of art
Jeast 0.1 grams of VGO per gram of crude feed, and at least one of the catalysts
comprising one or more metals from Column 6 of the Periodic Table, one or more
compounds of one or more metals from Column 6 of the Periodic Table, ot mixtures

thereof: and controlling contacting conditions such that the crude product has a TAN of at

9



of the VG content of the crude feed, and wherein VGO content is as

determ ned by ASTM Met hod D5307. The invention al so provides a nethod of
produci ng a crude product, conprising: 5contacting a crude feed with one or
nore catal ysts to produce a total product that includes the crude product,

wher ei r faly I.S.a.liquid mxture at 2 an . t he
crude ?rééesgg?'u%\#glge g@i@? C%Ifie ifegggtyxe .r'%f,e PAf Cﬁaﬁ aeg'gb 8?1’83%1‘0%9 ﬁ"ellg(g%t al ysts
i's obt aif eV @Oyntd® shikkichdleFesl) RO HiheMid WG Coént PALIMBREN&] Fy om Col urm 6
of the Periodic Table, one or nore conpounds of one or nore netals from

Col urm A5 1Y Metho®B5384i ¢ Table, or 10 mixtures thereof, to produce a

catal yst pr LSO ;. f ] . 1eat i cat al yst

prec u)r/sor IOi ﬁ%f[é ﬁi&gﬁlgggﬁgg%&%%e&%ﬁoﬁm@loéﬁ%lflg%/l ng(%tpépcﬁfc&fg%g%)ﬁﬁgﬁxds at a

t enper abutnetinpel @WddCRAGiianE Gomdrt ehthiyde 16 priduct h AgalRodhdt il sncdukh t hat

t he crude product has a, TAN of at nost 90% of .t he TANoof the crude feed.
The i ni¥HhehPaieg. phereinbe caidaprodygt isr Ispedindrtar at 28 Gaed Brldd idPa,
conpri sing: act - : de nfse i5t. 0, e y to
ot oduca tpld R BAURE L I B G /3084 kAl 8RB0 Bl TRABSRIE BB O e
pr oducbyi conzbihing i stippdrt Witheonator fprmatats Borholda.6 dftke Pedididc Telsld havi ng a
Vi scosit%/ of at least 10 cSt at 37.8 C (10Q F), the crude feed having an
APl gr 80F Pmgie compaids ofigne opriperg matala Senbheluam ¢ akthe Aerpdistiableotipr i si ng
ONgY O fRMuE: r q e
conpounds, ofsqgérfgi)%ﬁ ﬁ%%%&%yglpg&fu ?%%ﬁ%glﬁﬁﬂnﬂfng t%%@ttﬁgﬁg%ﬁe%? t Table, or
m xt ur estalydigpreafrsorandhecprtanot bf oy wantractifmgeantaicing icomposndstat hhat t he crude

product_has a viscosiky.at 37. of at post 90% of the viscosity of the
Cr ude FRTirergY bb X Sindongp\iag ombalis cwndvidn suh e S FRTEL ) of

70- 1309t th8 o APANGFRY ¥t 9% b AN o f fRGGudeMagd ei n APl gravity is as
determ ned by ASTM Met hod D6822, and viscosity is as determ ned by ASTM
Met hod D2669he ipeniphe alsnpenvidass nadthod pf peiluasg a crisiepoetet, compdsiogng a crude

pr egduc risinge gont,acting a crude feed with e 0 re, catalysts to
bt St Lo SRR PR s MG e SREBEUS Bl SR bl TRt iR Y S e

- pr oductheicude produdttwhtrsinthe calde dRodut isante® HdduiMaPas °Chgd onodefpLed haying
a TAN of at_ least 0.1, and the one or nore catalysts conprising: at |east
‘one cathgioyede feedPavisg ayiscariniwicasnd ot ahdf-8 “Ednpd td hesrudedpedi um or

m Xt ur £s,; : di t4 f r.ein.L. | tional

cat al yge?v@%énlggx?‘g%ga%ﬁe’b% 51;[ Pe%%ﬁg’%#51%2’%18{38%9@&@,Eat%%%g(ggnﬁ%%lgg 8%%%ﬂounds of
one or muny @e@h fuom Golomiha o thoPerb@ihTatde, mrr nidie c@abourals @f candirmabilei Ng

con act i ondi tions. such_that the crude product has a TAN of at nost 90%
o121 nem PR By uantﬁj%#’ @%5930%@?@%%@&%5 fgerea&aéaﬁp%ﬁ%@ ASTM Met hod
D664. contacting EBRA#HIAUE MldhQRatdhS Qulé Qx\raggg%%aggg}?%cmt]%lﬁ, Af3 70 QUYEI RbsRosHude

product, conprising: contacting a one or nore catalysts to
pr oducel e viseeditypeiotia ctude Hewd 4t A8 snd the ceudedeoguod Hardtg antdi giavityhe crude

pr oduct . 4 L i guid, ot xture 25 C an .101 ,Ma, and the crude feed has a
AN of Ol et $n aF) giakied o thg ke BE st g i on i et g

cont r OABITNOMERHEBOER T 6@ REesdi8NS aSEERntiRat bt RSTM Nitehdromisot has a TAN of
at_nmost 90% of the TAN of the crude feed, wherein TAN is as determ ned by

ASPM Met hod PisBwention also prvidesvertheshofareduginoy uuds peodwet, hedptingr oduci ng a
crude prOASL, GOPELILNG . CONLagt ING,8, of e feed Wit ong or oL
catal yorSerge u R LL I o O L el e f MRS sl A e B U B St
wher ei the thelegrudie:: prRdugtihi squde bicgubds AL eiate 262 Candd 0.180411MPa, the
crude feed hafw nlg a TAN of at least 0.1, and at |east one of the catalysts
conpr i &F ﬁféldf: feed Naving a TAN of at least 0.1, and the one or more catalysts comprising: at

least one catalyst comprising vanadium, one or more compounds of vanadium, or mixtures

thereof; and an additional catalyst, wherein the additional catalyst comprises one or more

L
<>

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.

10



vanadi um one or nore conpounds of vanadium or mxtures thereof; and
controlling contacting conditions such that a contacting tenperature is at
| east 200 C, and the crude product has a TAN of at nobst 90% of the TAN of
the crude feed, wherein TAN is as 15 determ ned by ASTM Met hod D664. 2

Compr e ng. e BBl 8K B5%ids TRARK R mBARENES SaF nefC e SEPEIE! r oduce a
total pomabtivg atdrade foed Wittiame oh enosé beetlySts 86l pRiduc\RIR pRoduberhas Meig,dak oduct i
a liquid mxturgqat 25 C and 0Q.101 MPa, the crude feed having a TAN of at

: . lhe Cr g
| east Berrudgryodyct, whigseinghecisfc produstis alliggidmedureat 33 g 2pd0MAhAGPAm one or

nore c di 1 r :provd di a S conprising
2y g e o A A o B e RIS o B BB

di rlect amhcantiatlingsonmutihgtoddtidraauél tat Ok diike odidehiseeTa Nt aRREr Ol | i ng
cont acb#@% conﬂ%@j onﬁqjsufc{h that the crude product has a TAN of at nost 90%
of t he?TRGELe 14N dithgierude &ad, Wharis TANANGS detainiped st ASBMHMshodSTM Met hod
D664. P3ghe invention also provides a nmethod of producing a crude product,
conprising: contacting a crude feed with one or nore catal ysts to produce a
total produthe ivatticmalbupesideh e nexthidiofiprodiudig a whge plodutheomprisdggpr oduct is

aliquid mxture at. 25 C and 0.101 |vi Pa, the crude feed having, per gram
of crutf®4EEge St el v POF RO oo Bodpesiota psotihgiiaphydent [ east

ongy of theRendedhadies tivhet QAR SLagpvanads H quitffiiire BPAS %E@Q.‘fgf’ﬁxxﬁé
30vanadi um or m xtures thereof, and the -vanadium catalys aving a pore
si ze dibgcrydsdedddiavitiet sh TANeftit deaspbil eandi s et eoneaff theastlyst8Comprising
contral]i contacting conditiopns sych that. the cru oduct . has a. total
Ni / VI F%ﬁ*ﬂ%@%{%ﬁf'@ By migf %‘B’_&Rm’é‘é%/?g?an?ﬁlé‘n}ﬂi"f Dbt 26 Cove e eed,
wher ei ¢onMictiMf; Cendigaisasich kifat é%oﬁi@&tﬁ{ggﬂeﬂx?gmlﬂ)feﬁsi 104k W@Qn&}&g&é?e

uc

The invention also provides a nethod o roduci ng a crude pro

conpr i BPAst hapa AN phef most P0Ueofithe AN @ﬁaenmdsrfeadowéemm BAYsitsst o produce a
totsal  prQaHSdd &gts Ngg%%%s})é%‘e crude product, wherein the crude product is
[ é e a? and 0.1

aliqurd mxtu 01 MPa, at |east one of the catalysts

conpri si ng Tlaniadéntion aiteprovidsDs tebRaREpactincals N@ﬁ@@{;ﬂéﬁhct?&on%rﬁﬂ%zu.r es
~thereof, the crude feed conprising one or nore alkali netal salts of one or
rfor e SPGHIGTRE & 1wl fegshwith prersy o qatalyste tapieiveerretotal prodietighafindndenr mor e
Or ganie 8 prodder, Fikldth 8% GRS ; . Redt r gram of
crude feed, z”‘% otcél con{lgnt 0 @?E%ﬁt?g%%ha ,rﬁlgn g%ﬁf al ﬁﬁl%g@{?{ﬁ%et al, in

- netal thabde deddraying acTAN et biiste. 1| andst 1Qs0IRQE tigr @niystaasnsntg ol | i ng
C%Et act i n(g conditions such that.the,crude product has a total content 10 of
al

i "ORETHT O%h A BPIEforIRonads ofvanadiyp, of piityees thareql; RANIding® 235y gani ¢ aci ds

al i

of at dmmkisfAIdrs i A WMhindboRuifly ARk iowAlhA@iduigr garth metal . in

netal salts of organic acids in the crude teed, whetein content of alkali
met al ,diggdomihrbisiceuntenio the flewaif the erude feeld; sml ¢antroflingrogatictngcindstion

det ernj Bt h D1 ein ti I ovi de nmet hod of
producrglh ﬁgg‘é‘%? @ggd\éﬁ}yg%cg%s%iéﬁ ngﬁﬁ‘?“?gﬁ’cﬁﬁ{}%?m‘&%ée Eﬁ”ﬂﬁze"aeed with one
or norveheeeh dIANS ISas detdHOsiaCe; ASTHE RetQogpt, t hat includes the crude
E/r%gduct, wherein the crude product is a liquid mxture at 25 C and 0.101

the cridfeny@dionabeprpeieny Badodof prrdichigikedridawbdictsainysisof:one or
more QLgaAnkG; AGLAS £ ONGiHL. DG Al kallnesearth metal sal ts, of one or nore
or gani ¢ ac rg‘s, B n(i 2t ug'r""e si‘l'{rﬁ%r‘”%d’f%%%ﬁﬁé& to pmélﬂcrmeia{ product h(% 111@?11(?03

the erude product, wherein the crude product is a lquid mixture at 25 °C and §.101 viPa,

the cride feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.000072

grams, at least one of the catalysts comprising vanadium, one or more compounds of

%)
<o

vanadium, or mixtures thereol, and the vanadium caialyst lraving a pore size disiribution
with a median pore diameter of least 180 A; and controlling contacting conditions such
that the crude product has a toial Ni/V/Fe content of at most 90% of the Ni/V/Te content of

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



crude feed having, per gramof crude feed, a total content of alkali netal,
and al kaline- 20 earth netal, in netal salts of organic acids of at |east
0. 00001 grams, and at |east one of the catal ysts having a pore size
distribution with a nedian pore diameter in a range from90 A to 180 A
with at | eablie B084tRE Adprbeidas aﬂié[ﬁbﬁrof@i'odﬁ@[r%% dridd Redi) ®nihiEng:

di stribution having a pore dianmeter within 45 A of the nmedjan pore

di anet@rn,ta%&aémﬁiegmdewgh gBe af Werd tntalygnta Boduceddpdl produef that ingwesvet hod
D428' 1;.;. .. opt.rolling.co cti J L { rude

or oduch® KR SRRBbE P U R R b R A T B TR S 1
met al @adddscorf ofah@edhlgstd ebtipristhg ahnidsh, HR%r@ort bemponideof vadadalikadd net al

and al kaline-earth netal, in. nmetal salts of organic acids of the crude
Med, viREterehtheset.dhe cone deadgompaising onegr gnorg pikall msdal salisplonepsengre in net al
salts ' [ ' eL81 Ml 1) %mgg he invention
al so p@‘g%l?%ggﬁ’a%r?g% hgg)r%?kgﬁ%egum nlgla%?%dr“g%g&g? %43%@{6@ orrp%%gsl’r?g: 30

cont achixtgestherdsd eantiabe crotit Fecdnaving, perrgearn af atuyls feedf atopaledurat af t ot al
product that |ncludes the crude product, erei,n the crude product is a

i qui cPlkaliangieb aad ababnensartipmete], il spiteolqraenic pe SoratJea ,Oﬁ&?l gr am of
crude d.66d. AR éoﬁfr@flin%"c%ﬁ@tiﬁ%&yn%mf)ngTsuéhtt(}j)!ltetﬁé E%Qe ?%gt 1H:ABtal BOleR! | €ast
one of " the catalysts~having pore size distribution with a nmedian pore

di ldnet &ralkahi ractahage alkabne-8fthimeml, i8 theAnctai datts af olgesis acile of aif mbsid 0ot al
nunber ores i.n. t.he pore sjze distribution having.a pore djaneter

Wi t hi nof%é Gomsit of gllal cneit. ot Ak lingriapbymel &@Pﬁfﬁé‘ﬁgf gsg%éwac Pbution is
as det(ge e dedly vwiatM ko Al hetANsh CARNERL dat A Gt ANAREh NI @RI Li OnS
such that the crude product has a total NN Fe content of at nost 90% of

t he NidgaEse adds snietapfnindiebycASTM Medwd INFdBei n Ni NV Fe content is as

determ ned ﬁb% Arﬁ?I'M t hod. .D5708. d The invent| og | so_provides a
method of pHEARISPH AT RIGEIST BatiEed aricligf dBHPERE R Mide feed
WiTsh oigtaefingRcfidedb@l Withdnt Or RoRsEAyas {o0iBludleie prodbatthamiftiugas the
crude product, wherein the crude product is a liquid mxture at 25 C and

0. 101 typsrude peodsct déheteinthenavidnproduetos aliqeidmizpre af25Gand 0.4t MRa, and

al kal i pe-ear netal s, in netal 10salts .of,, i i . .| east

0. 0000@9Sjlr%gﬁtsf&gecromd)rrhséﬁgb?necorr dde e%g(gg,lﬁez?l%ﬁlelgég ono(ei "?%%gi%a?gcl a&i % %avi ng a
por e sirzgordiatiialih &¢hitd hed! ishitofedioa Mdpe bgadicaiekiseor mikhats themst, tA80 A, as
determ E‘fd tﬁ)g ASTM Met hod D4281f, and the cat alrﬁ){st, hav{ ng.the _pore size

di st r i BYLS GRS Benpe. ner gEm AECIYAC fisen ntal sputent oflledi metal, endalkelre-Per i odi ¢

Tall e, I e I t he
par! o a il B QIR AT R o RPN 1HR COOTRY B, AT Bl Br e

condi tdatgstsheoting b adretdivee distritietiqpr with atmddies pore diaaletar amt entge dforabdl i net al ,

and al kali,ne-earth netal; in nmetal salts of .,organic aci.ds.of, at npbst 90% of
the cdRUBhES aT Ciaulet Sigiof cho (i Tambar e eeRBE FUE 416 AT oR-0R8t s of
or gani £ &6 lifhsnetdd WiGn asus ﬁfflﬁ‘?ﬁcdiélﬁ’{‘ﬁ&@ fmanfeeaz SAtreRf pol Kol bisBidbn i@nd

al kaline-earth netal, in nmetal salts of organic acids is as determ ned by
ASTM MstdatstmDed 16§, AZ0VheethoddA8enaml sotiplogi cemcingrmddtbnesugribaiuci ng a

cavar Bt S b BalRE SolBear T o dat MHASkU R Phe o hae e DHE.

wher eidy okheiCrude, produe bodsyand baudd X bune At a2k landadh 2041 MRa, the
crude feed conprising one or nore alkali netal salts of one or nore organic
aci ds,m@nlesalie chorgerl dealsidébearthiardt whersalcpgient oloneorebred e¥ghmi-c aci ds,

or m XetaHfa %%etztd:h %rr?lg{'il saef{;,%f organic acids is as determined by ASTM Method D1318.

The invention also provides a method of producing a crude product, comprising:
30 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, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002
grams, and at least one of the catalysts having a pore size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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25t he crude feed having, per gramof crude feed, a total content of alkali
netals, and alkaline- earth netals in nmetal salts of organic acids of at

| east 0.00001 grans, at |east one of the catal ysts having. a pore size
distribution with a medi an pore dianeter of at |east 230 ..as determ ned by

ASTM Mgt el sA28d A duticd vin e poad dlapiterhainNgs A POhE nfidze Wisdinmbterj on

conprising one or nore netals from Colum 6 of the Periodic Table, one or
nore 3@bopipeoradszedisobetior isps deterraingd 8§y A dethad DE281; and sopgellisgi ¢ Tabl e,
or mxtures thereof: and, controlli t [ Ik t hat the
or ude §5raTns SRl fEe R bR rie B TS R VRO EHER T

met al , 94 ok ati/ Wak enteht sTrgadude fetl dshatindll/ Vidietcof % Bfastdhiermmetient  of

al kali metal, and alkaline-earth nmetal, in netal salts of organic acids in
t hé cripdaSTeMethadd?Fi08. content of alkali netal, and al kaline-earth netal,
in nmetal salts of or [ ' ' m Sl Met 1318.

The i nvent il & eslglof)l%gs\r(}ipg%@gésdén%%%gg%gg%grﬁ%gggm&ép crude plﬂgggl t,

conpr i &nk@ting 8 bfRIGfedigwith efidiclenbeedtalystsiogreduwe anoabpodtel tyg tisclodespr oduce a

Ol U S G I i P
N 1V Fii AR O 180l o 84nyPhe00A21: S5RATS, 0 bl R Bicet aefar o7 ude

feed, on catalysts having a pore size distribution with a
meldi ansafto vEorghmioetids obht ledst DOABDT 2BMsAcr pendet @nde feed, ahycasSTM tvet hod D4281;

and the catal yst havin .pore.size distributiaon c .Sl n Qr nore
net al ¢4 B“ﬁ%@%’ll%ﬁpﬁe@gze%@%ﬁwlw yedRRRoE &Bﬁlg%gl%ﬁg%ﬁgég%oﬁ%ds of one
or ”Dr@etéfﬁﬁn?éidso KSTMIHEA 1528, Adaenbesthiodi viabhe por siFB ditibesod her eof ;

and control I'ing contacting conditions such that the crude product has a
t ot al dinipvishe meniremire ofetads fromItolom@utodf thé Bergdie/I Felecoyiptaigorgf t he crude

feed, wherein NUN Fe content |S det 1.ned by, A 708. The
i nvent‘f%‘??oéipg%o AT g 3“3??_@? hSWa@?luﬁlP?o‘titﬂ%gerégdé? ?ge e’pl\@f) %c Iq‘l,:?sf)corrpri si ng:
150Nt @b dnd cbhislBnd 88Fadtink RoAdIoRY sUdB titat € @hdspodhe as atitgle a tot al
product that includes the crude product, wherein the crude product is a

| i qui deamiout of alkali needt adallalingeaipretalis nagteldells ekereaymsrids Phy 789 ornore

al kal i t salts, o e or ., nor . i j i ne-earth
o TR bElngRBntede Bf 1Rl 0t ABA AUALEAG RELEly nARE s FYEadS 044 - €0
feed havhé@uae fRtlalvheent ®itent PRikg Matadfand nildéiné-eedh nmetal ghkadtil saet al . and
al kaline- 20earth nmetal, in metal salts of organic acids of at | east

0. 0000 qyEamEsacids isias determwed &y ATMMethed B3 havi ng a pore size

diggtributi %&gﬁl&nﬁ% ;?ﬁwﬁgg §léll%idﬁ>ﬁ%tf§¥()dﬁfci ta d188SprodfctAeon@stissih €r m ned by

ASTM Met hod e catalyst having the pore size distribution has
a t ot alonmeliyhderuln feahtvihbne pemory aunlydts oatrafiysta tofal pradoc0b@ingndess to 0. 3

f: | ybd . yb . d
et gt G EEh BT 2 heciudR ROGFR4S § REPGFCnaL Bort P 11 N Eant act i ng
condi ti?z@ Rfids Y& éc%ﬂ&rx;iesélggleun%rdﬂ%r@'é{k%i%ct&l%ﬁlt@oﬂ Aleadr e@Blesthnicafcid| @l | nmetal

and al kal'l ne-eart in nmetal sails of organic acids of at nost 90% of
the contmot abifaliablcatth nwbt adlis efivde a karé paeirchisnpetaixtuentmieolandal t s of

organi c acids in the crude feed, K wherein content, | kal,] L. and
a1 S0 e hhavite, Phrtie i P Gulaf ST L el B, MR e by
ASTM Nethod: 1318, 30The, dpy.ent 49m: &8 0:-pr OUHEES;anel hod: @k raeduci ng a

crude product, conprising: , , o
catalysts having a pore size distribution with 2 median pore diameter of at least 230 A, as

determined by ASTM Method D4284, and the catalyst having a pore size disiribution
comprising one or more metals from Column 6 of the Periodic Table, one or more

30 compounds of one or more metals from Column 6 of the Periodic Table, or mixtures
thereof’ and controlling contacting conditions such that the crude product has a total
content of alkali metal, and alkaline-carth metal, in metal salts of organic acids of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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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 a
liquid mxture at 25 (12 and 0.101 M\, the crude feed having TAN of at

| east 0.3 and the crude feed having, per grain of crude feed, a total

Ni / V/ Fén dontredetfeaf, whicrdie amtteid.ofakan rgastal;rmd akalima@hhmaipfn el edgal ysts

havi ng ore sjze djstributio n pore dianeter of at |east 90
A, as d’éto Cr?@’(ﬂist‘ﬁ/as dg%ﬁ%&f%o ﬁe catal yst having a total

mol ybdenum @Rt RiahsioPko ”gfoavmeefa Iﬁ&h@dx ]%rod\fu&%% S e

of : nol ybdenum one or re conpounds o denu cal éu d %s wei ght

of nol yhoeringa ondafexd witsorehe neot catalydisdoptodotd & rgal pradet that inopdeondi ti ons
suc t the crude produgct s a TAN of. at, npst 90 th AN of the

o ufle. PBLIoTHHL Whoite (B SadEp HaeL i b PRUeREES ContdinboRBe et 90%
of L e o LiFreg Rk t&iu Nue reididifnt 606l 1odtho 0600 Dbk BeNGanEERL: IS as
determ ned by A D5708, and TAN is as determ ned by ASTM Met hod
D644. Thamphuedt feod, @ﬂ@@t <pn<mf tU@sataiyﬂlaﬂlhﬂdgafpomsmu&:lsm@uaomwuha product,

or oauc B GRpap ARkl it S sdSomat O AS BT Mt BRE BidBene or ude
prod UC'&:aﬂa@sﬂxa'vi@H I%rmsi&b 'd[s%lﬂitzoﬁ@o&p@l@ﬂlg%né‘éini‘eﬂré Metald RoBCHemh eet

co ISI@aIi(’J one or nore alkali netal salts of one or nore organic acids, one
orl qigicnleablea pphonpiogd comparady pl @meorcnorﬁmeéal@ figanteluawi tef ther

m xt ur the.crude f.e Vin ot a gr am of

cr ude érléé]STgﬁaﬂ (fggp?(tl}rrgﬁ %’%reogf a(ﬁld gﬁ%&?ﬁ% 9‘3@3&1& ltog% gucthrfh%&{]% salts of
or gani en@eipetsiuefhasta thR BB/ VOFOESHIdnt GIf atBiostds aithbeamfrenemeﬁt driige Catal ysts
conprising: (a). one or nore netals from Colum 6 of the Periodic Table, one

or rmF’é‘dEé‘i?HoWh@@Hﬁl/Wﬁﬁ entapb isaasrsteamanedribydEbMuYatod Lh/08he Peri odi ¢
Tabl e, or 10 of
Che. Per i odi ShyHyERiSTRE Bovi@Ra s fhofBEmBETRY & EE BonL SIREHGHET -0

Col4u rmcd:ﬁaa:iﬁlgtafwudﬂeﬁee@dﬁmh ohalok @oretainiyxstsus eRdAc: 4 hmlquﬁducmﬂﬁt Bichudas WD| ar
ratio %g:{w | unn 10 taI to total |5|narangefrom1

to 10 it Whigeiadhg %z@fif: ﬁ@%ﬁfa.aﬂmﬁgmgﬁ%a@%afctaﬁéﬂ&m&é Par oduct
has a hRtideSent &b @J @Mfm&%ta@gal glgl t‘é%k‘bﬂ@oxex%fe"brgﬁ@}mldé %Pget al

salts of organic ac at nost e content of and’
al kal i oemewratialmeteatth niatalmeltabf e dranak omgzgzamuzdsaor dﬁxmwsttihﬁeeccfrthde f eed,
wherei n_cont ent of al netal, and_.a e n Jret al 255alts
of or g Kegreng 2 ol sonE st D, P AR RER RO RS, d alkelen g

| meent éRh aben 1ran%Va‘I das; @d}%éﬂwsicl@é ofP4tQEHED, 000 %:ﬁhﬁ@ Cat REREAMEL of tRONPT | Si NQ:
contacting a crude feed with one or nore catalysts to produce a total

pr oduceatgligs havieg agere dirredisiribytopmwiithsonedianpereidinndier efratdrasiioluast is a

cont ent P EASERE MiBRED G4 ke R el B E PGB0 BN oBPRebRe Tt coa,

and athdseastal ﬂi@%rﬁﬂ%nﬁrh%oﬁ%hﬁ|p¥§gz%nﬁmltdlﬁﬁ§frorﬁ@)Omm%raﬁﬁs 900.8 g3l from
Colum 6_of the Periodic Table, one or nore conpounds of one or nore netals

f r om CaPLYRcIBIy fonees nRse nsdy kdemat| compoungs, galgwlatsdias sreigtt of melybdspurone or

moie AL Sutd A CRL LR HGERE] Al JARLS, naNE, G es cofpONds of

oné or nore s from er|o

t her eafytal whesgiof adcamohan] Bad hikabhe-totiahetaCoh uiam] l@liq’ﬁﬂtr&baﬂzﬁﬂélﬂi af 2rCol um 6
metal is i {ran ge from1l to 10; and control ling contacti ng conditions
such t'Rat’ )BF{%O dPH&@”*@F‘G&U@E“W&@‘%f’t*étf‘ Ha! IRFF"FWF@W%MF@H’(“”@?‘*a‘t” WBItC 90% of

dot erroned By AT B KBa e BRI MBS A Al e o o
pr oduciahgoborganidecils odacdgteradngt bw ASGM Method D1318.
30 ‘The mvention also provides a method of producing a crude product, comprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having TAN of at least 0.3 and the crude feed having, per gram of crude

feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having
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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 a
liquid mxture at 25 C and 0.101 MPa, the crude feed conprising one or nore
alkali netal salts of one or nore organic acids, one or nore al kaline-earth
met al spPresizefdigributem wibh emdgam?pr,e digingtst obat lpask 00 Pess eeleraintd by he 10cr ude

ot kal i 25 VOB R R ST LER e S RN R Nae i Bl B § 0001

gr ans, cadl§lst! Rem@EN0QrerARE & € RS mobIRdESh et drajord cbinpslndsajral yst, the
first catalyst havi per gramof first catalyst, from0.0001 to 0.06
gr ams, mefyb d@ﬂén,@raiwiﬁg@ arevagly of mwt@@numom@fmehéw@rﬂ@tﬁ@mraﬁm one or

5051 ol BPUe SalaRir h Rhe k) Sald R LM B & e 205 PR SRNorong ©

cat al yﬂ;ﬁa sntdbe“e@ieeﬁﬂrtde calda byﬁihcth@y angal NOV/BY eonteraof smos@%fa@i&hyst at
| east 02 granms of: one nore metalst fromColorful .6 of the. Periodic

Tabl e; wéhmonﬁ@ﬁ gt %@ﬁﬁmﬁw shesieNg Y Fpsatont asaasTBIRSAN TS of t he
Per i 0%&%6%@03%1&%&%@93 &’e?eﬁ‘}ﬁh Jcﬁnggt {ﬁh 6411 xtures thereof; and

controll'i'ng contacting conditions ¢ e crude product has a total
content of HhdiaventROrmdcaprovidesa mbﬁmaﬂlom'@rcemchig anertidd profinctirediagrishigd:t s of
ont ent al ka

d f t.90% of th .and
O hallfg o Chp e Wih Bt i mets LTS Briafice Ao PLEr LY iBrides f ced.
mere'tﬁe‘éﬂﬂ&??ﬁdd& vaie@g&he%@e' ro@mmaé iﬁﬁ}lhu%xﬁﬁémmgﬁ 4061 FRL,al salts

of organic acids I's eterm ed ASTM Met hod D1318. The invenifion also
provi dbs cmdﬁ&ddaubnqmsp‘rgmmm n@raakkaindeatqirs@kﬂlm&qnemmﬂ orgrgic Ridspmeact i ng a
crude feed V\1kt€$o gagels\ﬂ% ?gststo roduce a total product  that

i ncl udddNehaRHNEEaHR A8 OPE PP O @C’;S’Fo‘&fdﬁlﬁ‘ res QPR @ i xture
at 25 thd/caae fRAAY il told)omEttdser @R oF 0FidE if8dd)Bf AREL BletdIPLR Aldigbl net al

salts of one or nore organic acids, one or nore al kaline- earth netal salts

oflSoneagh nigtaleinongtahsaits af orpenicaeidgiof etieas O:09PE grams, ad et lgaks oheefithhavi ng,

per g crude.fe a total cont f aI al kal i ne-

D e ATRYs il 26y ool o A p B Bl Gl Pl Rbaie HleJinsy! 0%
and atmdreasinpenedsdf dnler ﬁﬁ&@hﬁéﬁaﬁsﬁfr&ﬁ@dl@mn%&iﬁﬂé Beri@fic Tabla) otshixnads | east

0. 001 rams of: one or nore netals from Colum 6 of the Perlodlc Tabl e, one

or ot anﬁ%ﬂayn@prmem%ﬁ@m%ﬂm 1008 thedirindic ‘Gatde, anger por¢ gdic -
Tabl e, bﬁﬁﬁé&ﬁ%%% ik ﬂﬂ:‘taflgﬁ?ﬁ%o%l 9% Jﬁtﬁé PLERL ﬁ*%lgocfr T&Hﬁle controlling

cont aCtI g con I ONsS SsucC hOU space ve ‘oCi
c B0t achdregf, wheresn i snodmeantid Ofitbtal Cahdnm he matald@tmaldmluﬁmmeml Ok al cont ent

of al kali | and al kal i.ne-earth neta in netal salts of organic acids
of at itEsaRItarid] e eeline C@fltaaink%wnc{%msucfaﬁ&t ey ot B et al in
met al &l & o maﬁ'n?etacwﬁalkzpm%%nﬁw o UcRiitorgf al kali

f
netal, and al kaﬁ ne-earth meta in msta?l sxglﬁts %ggﬁorganlc aclds 1s as
det er mqseﬂﬂ%yofﬁhd\mmeﬁ latkali D134l 8and alkalinBharihnuenl, ixnrmcmﬂ szdtsmf owdades a

met hod .of . odu crude rod SI n ont a a crude feed
e oe: BPEESPERed GhareR BBt TR el 2nd Sialitteabhar B it et e « he
Cl’ydeseﬂ’(?qg%% aniMRSHE i hst Rer Qi &y L @B eiDd @ 1Figui d m Xt ur e at 25 C and
0.101 MPa e crude feed having, per gramof crude feed, a total N N Fe
cont ent of Tat ikeadon@l0aooddes a method of producing a crude nroduci comprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a total Ni/V/Fe content of at Ieast 0.00002 grams of Ni/V/Fe per
30 gram of crude teed, and at least one of the catalysis comprises: (a) 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 (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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10grains, at |east one of the catalysts has, per gramof catalyst, at |east
0.001 grans of: one or nore netals from Colum 6 of the Periodic Table, one
or nore conpounds of one or nore nmetals from Colum 6 of the Periodic

Tabl e, cal culated as wei ght of netal, or m xtures thereof; and controlling

cont act.| cohdition that |i,quid hourl.y space. velocity,.in a

cont ac{:f)ﬁ'gng(ﬂ’éwh ?cb@’@i ld.%@”ﬁ“? ,meéﬂgs {rheéraggggxémpfgodﬁ)cgn 3%“%)[111% al Ni N Fe
cont engorfifctidl cOREHoRPIRA R thd B8NS 129 BteEal NOV/thenkht'éatieag, wherein
Ni N Fe content is as determ ned , by ASTM Met hod D5708. The invention

al so pPOpiaddee Mi/Véiceratat obihe durierfocdh Wetrde NpAGHE eentes dhgsrdossragnedcont act i ng
a crudeg f it nore catal ysts to produce a total product that

i ncl ud&@ﬁ&ﬁ%ﬂ%@sgﬁlct wherein the crude product is a liquid mxture
at 25 C and7fe #REndiasls@BroliiRs & hutdieod @iﬁlﬁo&ﬁ)ﬂlg@cruld@prcﬁﬁ@tmxﬁﬁ?ﬁﬁﬂgie feed: an
oxygen content of at |east 0.0001 granms of oxygen, and a sul fur content of

at | easent@tipgeicrydadesd sithane pymoraprdalysts tepwduemha togfl pradacitihetinglades

rore. coemauagodfonaRisFThEyBar bRIER: MR RhehG ZF°C AN G40 8Py 720 €
or m xithercasletfoed ehpriamneomedtmere|alled el @btk oflgne ondoreiopgmicadds, bhat t he

crude product has an oxy%en 25content of at ,rms_éqj%% of t{j@ o>§y en content
of t hettppgalkaling-cah gt salls olonei GavTe TEILC 361&% PY R IEEH termotdhe 70- 130% of

t hey SulbHE fe%?/'ﬁk% ﬁ}gtg%%ﬁ oggxg]g,s Qe totEEInD o PX¥ A RGO MLE Alkalific-2S

determ ned and sulfur content Is ds determ ned by ASTM
Met hodedthaR&dl, i heetdl sylendficoganid sadspofnt ilehes0.800fHE! grams,ehd pirsosheairmgora cr ude
pr oduc j

t, .conmprising: 30cantactjng a crude feed with one of.nobre catalysts
to pr o&%‘és%c?‘at”élf‘lgﬁfrébﬁ fstfwaiysﬁg Hy AL SoTalEd Fey igPss B B TTRREP B t he
crude pradH§E01 S (}3‘06]1c gx%Hisgof%ffé %&r rﬁoi%tmgélls"iﬁzﬁ‘@@l&n&@%f Me®eriblie E:b}é‘,je feed

havi ng, per grain of " crude feed, a tota i /VI'Fe content of at [|east
0. 0000enayransre cantpoandudifame oc orremetads fram Cealagn QofidOReripdamEatdé, sul fur, and

at.J eas e,of the catalysts .conprising one.or nor tal,s from Colum 6
of 1% nocafi i weikfy 67 giel o S RERub SRR 4t B e ool fsBe 8B 17 om
Col uMcefal9dt HaboPpér 28k Gf tedohng cat@lysiliak led§teB0d HRFROF: ondd nkedidedlld i N9 .-y
contacting conditions such that the crude product has a total N N Fe

cont enfrofColumndsef thePeiddie Bablri ong/ qmaners spmppursds afloae o maee melel fraamd t he

crude C Sy f. c t %.0f Sul f nt of the
cr ude OB RERS PR P CHb AR pER SEAREN, et ek R0 s 08,
and suddnollix@ndonmicting casditdeisafuoh ted thycrdRTMotbdt hada 4 @éntent of alkalhe - ..
invention_ al so _provides a nethod of_ producing a crude pr@%t, conpri si ng;
corft ackrinl and aHadieccadly mpalHn odalonlingt eegrp arigs PSaaesh PBGREdRS t ot al

product,rkdilr Bl%iilﬁgcga &ﬂﬁ@ﬁ%&%ﬁef&wgﬂ in YBRI &1 otfpggaﬁifc%ﬂs% fluslad s 2@
liquid mxture at C an .10 a, 10t’he crude ed conprising one or
nmor e afekd|vWheareinhalonsat o8alkdli metml,and mirdnecganireta,dhdsstal galés of organic
acids is as determined by ASTM Method D1318.
The invention also provides a method of producing a crude product, comprising:
25 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 Hauid 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
or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof, the
crude feed having, per gram of crude feed, a total content of alkali metal, and alkaline-
30 earth metal, in metal salts of organic acids of ai least 0.00001 grams, and ai least one of the
catalysts having, per gram of catalyst, at least 0.001 grams of: one or more metals from
Column 6 of the Periodic Table, one or more compounds of one or more metals from
Column 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid howrly space velocity in a contacting
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or nore al kaline-earth netal salts of one or nore organic acids, or

m xtures thereof, the crude feed having, per gramof crude feed, a total
content of alkali metal, and al kaline-earth netal, in netal salts of
organi c acids of at |east 0.00001 granms, and a residue content of at | east

0.1 9% 1s%i/ sy d‘dﬁdﬂi%”t‘i’u Gprb@@cithaeaeotgfcomﬁt sallallyabEl, aAARIhERAY One or
nor e rreta s frdm Col um of the Periodic Table, one or nore conpounds

of onearﬂmmetahrmm\eml ablss diropganBohaidnoat afost W%&W@W@f)@lbﬁh wetali xt ur es
t her eof%f@?ld con tlgllf,n %Fﬁ%%{fg?ga%gnd'l Ilﬁ &E%hfey?%heg 1§|cgnt% e pr oduct

has a®F SR ear met al

sal t's o@hikas %ﬂil Cané%'ll@h%n@-fea@ﬁ nfERs ! in300@Ih1ts Beorgaiit edttls Dfasalelahinem®tal , and
al kaline-earth metal, in metal salts of organic acids in the crude feed

t he cﬁﬁi@ﬂ%tmwd&w has a residue content of 70-130% of the residue
content of .the Crﬁdealgﬁ?ﬁrd %g%@ﬁé@@qrg%ﬁaé}ﬁc%e@S‘?‘“ b@e and

al kal i ne-e organi c ac 848 {l%rm ned by

ASTM weﬁth&ﬂlgfal&&@e £eRd ithessle B @30 BAtBRbtsite pRdudes BidippehcbiaAGIMidet hod
D5307. The invention also provides a nethod of pr o%m ng. a_crude product,

conpr itk sgde pradunis wherringha crde geodugieia aliqui BREWE AL fd e 2tk 40 MBa.t o produce

a tot MR e product
s’ o e ARAEHE bR fPELHE PP R R NGRS ot TTA ek ?-@2@?@, per
gnam @fants, urleast egelof ticreataly@dtschas,opt @rim of cadlydteatdeas00.00 b peams off omeesi due, and
a total Ni/V/Fe content of at_|east 0.00002 grans, and .at | east one of the

cat al mxgar@ew?m@. GRjwsné oftheReriodieTable, qne ¢ SHMPEITGF Of ARE PAPPISd ¢
Tabl e 1€ 58 SHIRLS: &fqﬁpﬁgmﬁc ?Bblen&1&ﬂaté@5§w§§madmétaloa};99&%9 6 of the

Per i ogﬁlc e, or mxture ereof; and controlling contacting conditions
such thatof} oel abnudﬂmlgroodmiungmmdalmmtsad;h thint b howht spatce wilocity Imest  90% of

the NI N Fe, content of q C oduct has, a residue

Cont oRphrinzgeRstp G 1D Ao Ftipg e ol ban CRENEMIES e OF Gdegt |
Nig F@o%ﬁﬁé‘ﬁlﬂv%@&rﬂ&{t%fEﬂeft(%ﬂd@ﬁée&%{\éré\{ﬁmm%arﬁ&n iandddasiigee ,cont ent |
is as determ ned by ASTM Met hod D5307. The invention al so provides a

met hodty@PfSWMchoﬁg)SaO&rude product;, conprisi-ng: contacting a cfude feed
wth one OE}‘ Aus= é glﬁgsﬁow e%&pr tg?%a{ﬁro&%ﬁ‘% pﬁﬁ% d&dukp%mgﬂgibgdes 5t he

crude pr od Xtur 25 C and

0 101 cMIRaaudgfwcrﬁﬁ@fb@dfv@ﬂpb&cmﬂiors caglyarReo prodimy @to@dlhﬁd;ducﬂﬁiaﬁincﬁﬁbi s of one
nore organi ¢ acids, one or nore al kaline-earth netal ialts of one or

m)re epradidswherrinthg ende Predust Beriqvideidmgas2s eanhdvPhdPdher gram of

a0 ar s Rl AR R Bl by rollCRRel GOIRRA efofoff R CROBL B PTG G

10 or gﬂaxﬁgea,card&i aflfif) cOMOd: afranbemst (ami)laglameaﬁmlmnemdfat tdaet cpatoditlyest s

conprises one or, nore nmetals fr 6 of i c Tabl e, one or
more CEARSESERPHSIGABE OF 1PaT @eFPiftr% é&fﬁhﬁﬁﬁ%l e fﬂ%ﬁ B8F°hdi ¢ Tabl e,
or M X{Jdk @&nﬁaﬁ{ 48 O on@BAmERNLEA]S! g C%Rﬂﬁ@%fﬂﬁ P‘éﬁ@éict'lfa%ibs ofGiutlat the
crude produc as a total content of alkali netal al kal i ne-earth

rret al therepfmetdadonsalling a@htwhwmndlfammyfo\fhdhﬂlem lm@imbhmtwie)xo@m ent of

" cheowpat ot g ARaT IR RGRE Dl BT BebE B P g 0s of t e

VG Coats@rzrtu Shtdhber 06.udevf Feh suMe Lok BN \BIhCanteRtd, $hasindglgem ned by ASTM
Met hod D5307, and content of alkali nmetal, and al kaline-earth netal,' in

met al csubrtss of dapyankd badisdd Metbed B&tern REETBYTASTVAM RN DLEY S
ASTM Method D4294.
The invention also provides a method of producing a crude product, comprising:
30 contacting a crude feed with one or more catalys(s 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, 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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20The 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 the crude product, wherein the crude product is
aliquid mxture at 25C and 0. 101 MPa, the crude feed having, per gran1of

crude feed, a to Ni / VI Fe co t O

cont ent?o8% coggpqugé Qf@efrg}ogﬁgletag%ﬁo é‘i’ 66%%& gFrl?cﬁ%%ég{e V@P‘g‘“%rrprl ses
25 oneiRfeofihg cBRk@lisy Eérﬁé@tﬁ%@ déﬁ@l'iu@n%uchhﬁat'?ﬁé E0dé robiall Ifhs a@b@] Or nore
conmpounds of one or nore netals from Colum 6 of the Periodic 'fable, or

m xt ur By Wirescabdint ofimidnes R0 thatyi/ddhe ettempl dermindg ad, anddhe efade t he crude
product has,a tot he Ni /V/ Ee content
bt °t hepieriad gt ahniether i ROKE B o ellon NG SO ami e ot 851 5056 o

t hes V@MFE"@&@nt@Jaﬂd&@:r&h&é@%yfm& MBRILAIDE MEQmioatfantoitentasaglet er m ned by
30 ASTIvi Method D5307, and Ni/V/Fe content is as determ ned by ASTM Met hod
D5708. determinedrbe ASAYE Meitnd 2429 provi des a met hod of producing a crude
product, conpri SI ont act cr alysts to
produce a t otaf™vEP gbdha(ci?o ?rﬁgide?%n}aeﬂl d‘%é&%&%&ﬁd@ﬁﬁ&ﬁ b lﬁgét he crude

pr oducCkoritgcting lal coikiechedd Wit o8e af mdke &atdlnsts @ ﬁ;aau&d%mctal bmdnncutﬁet inekdes
conprising one or nore alkali netal salts of one or m)rg%fgganl c_acids, one

or nor thegrudginreducs ayhercirdhegrudaprodugiis g Hguigrmixgpeg abz%,‘gc;, Oy MPag,
M ¥ ur 82 FARIER] cofBlidd Ghediifific LASH HaM! Qfls oPEle SR Qhpfiticfad BRE. 2

con net al’, I ne- eart rret al,”1n metal salts of
or gani or mcraﬂkﬂlhe&mm aasil s@l:t@@m& og maon® prganit aids| eastxtare thefedfhtbe cat al yst s

i s obtainahle by: conbinin ort th one nore nmetal.s from Colum 6
of 5 tPFé‘gpgeFlé’&Y’élgT%lgéamSg‘é‘"S r%“ﬁg BE?HH%fzg]FaibW@ta&ranﬂﬁ lifgstal s from

Col Ume&m&et&iﬂ Rt 9fltsGor B?%in fo ackds @méa@@@o@dmrg%%s tRdReHEGEMi&at al yst
pr ecursor, and ormng the Catalyst by heating a precursor of the catalyst

int heof)atémh&é gnaimsmhesnﬂummé ablehstiome o6 Hieaiatnl yits mmmgj@leear moreenper at ur e

be w 400.C. a contraqlli condi tions t hat the crude
b iRt e GRn sttt PSR R A o SR berRP R Y R BhnbR 16 ot e

ln et fletabPfhdd @flundh $HTitke P&Gidie Piblator Migtur@0Heebs; bhe ceardlant of al kal i

nmetal, and al kaline-earth netal, in ‘metal salts of or?anlc acids in the

cr ude t@é@tmﬁhen@hnn&mhéhﬂtﬂaﬁfcraqlmoriu%étaaatofamnwnk alkeli mgtalandet al , in
t al |t f \
e i ni Bl b oREL 8t ot ol ANASEt i VL WA nidhs Pkl

conpr i fiefdl:and 20QIhaGkiIN thetal ChuetRalfsaRdlofriinioacidom the crudedtal, fiwtcduded produce
a total product that includes the crude product, wherein ‘%he crude product

i 20y | Prgdiet hes suesidieontent of Wrd3¢o of theypsidug sentent o theraude KediaRg, per gram
of Crugvﬁelfeﬁfébnh&t%?%lﬁ% Mt ERLea th ngcttallﬁl bt f00Pérg 263885 jand at

| east one e ca S is a| na Ining a upport with one
or nor as dadradised hs;oHSQ‘M NMathod! D13 1t8h endPexridod lccntaﬁatbk es dagsermined bpASTVDOMpounds
of oneMor [ 0 netals from Colum 6 of the Periodic Table, or m xtures
t hereo }H’rég? ce a catalyst precursor; and form ng the catal yst by
heati ng t hergalAk}Sin MESEMVRRE a'nﬁbtﬁ&?ofﬁfr@&ﬁ %a &fud@ﬁﬁ)cﬂfzt @&ﬁﬁnﬁh‘éf ur

cont ai ni ng conpounds at a tenperature bel ow C, and control

caolit acmm@tmg md:ﬂudmﬁe;sd siitbrone ramordreatalysid & produesca totd preduchihat mNiuﬁtw Fe
conten 0% of, thg NN Fe .cont ent of the,cr f herein
N1V PR GHDETS, B ia bt fHeAea oaS T RSTI RerHbAT R Fogt 0 BT e

i nvent ;Qn;@l-SeeProNLd qs@; 61 YOSuEONPOSL LR RANENGT aPehist Ol Bk ofr ude
conposi tion: at |east 01 grans of hydrocarbons with a boi | i ng range
distri mn@mnﬁeﬂw@éhﬁfw & orEf @@chafeﬂa{lOOQZ pomgvpad aldeayt eag el Be001 grans of
hydr ocar, with .a boili ran nd 320 C at
0,101 Mgayagfmpggglp 81‘1%8111%%}{,611?1}%{%?5 {gdn% Hohmilrtl %y tl{%ellc%aﬂ: T?a%)e, oﬁg'gr

30 more compounds of one or more metals from Column 6 of the Periodic Table, or mix{ures
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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300f hydrocarbons with a boiling range distribution between 320 "C and 650
"T.:. at 0.101 MPa; and greater than 0 grans, but |less than 0.01 grans of
one or nore catalysts per gram of crude product. The invention al so
provi des a crude conposition having, per gram of conposition: at |east 0.01

rams Qof | fur, as determnm ned D4294.. .at | .2 grans of
?esi dtﬂl,/ V/j;L‘é cgBtest Wi Btewnﬁ‘%%(/lwg@{%w%g’na&l%trﬁ%d%eo%geg’? Esla n hgs a
wei ght jdigtdidafy ABRVCRRieatD4307C5 asphal tenes content of at |east 1.5,

wherein MCR content is as determ ned by ASTM Met hod D4530, and C5
asphal t enesltednveniioniassogrodeeser micthed of prodgTivENEHHER POER7CONSPIEENE nvent i on

al so provides a neth f producin _ ] P i.Si:nG: ntacting
2 or udenHetne afeedr Wi ot & BEelRyBvE (TGt ST B GhaEo T 3

i NGl UAGS chiie pEEREE WeREY BHe cridiaireiutt i@ liquiddeixprodur °¢ mdhhiienEabl e at 25
C and 0.101 a, the crude feed a MCR content of at |east 0.00Q01 granms per

gr am ohe erde decilamehprising cae of swse alkak msttalisplis ebeng YFIRYCOEBIN WGABIe by:
nbi ni t Wit . f f.ot h
Co 1M PARRET L A O08 5 FEL A SO 38, Sk i e

oun one or nore netals from Col um 6
of t hecrP@s feedhgvihaliee gradf ofdrudeifeed, 4 iwnanf gastodl (FVGUNY) eontentadfak Jembt

precursor; and form ng the catal yst_ by g!ﬁ%ﬁ'i ng the C"Lt_a|r§sti p[ec rsor in
the prsearwes, and aintalsioniest ef alkal; metabsnd kg E’Sﬂﬁ%ﬁﬁ-dg falsatefber at ur e

below G i i LA crude
pﬁgducﬁg%négagagﬁﬁ'@gél @Hﬂ S’gigldggﬁ @érfa%g(%ﬁ%%:%ﬁ g?ﬂ? e@%%%@%g&c%%? Eé nn{tdi%f t he crude
f eed, m/atars&‘irdin WoRua® gtoéﬂie Hesiod?ﬂzdﬁéﬂce o gemobeycdx@mmgbpﬁw@b aoM&20. The

i nvention SO _provi des a metho produci ng, a crude product, conprising:
cont acPptals & %ﬁf‘?@fé’m{’ é@ﬁﬂw telﬁlogﬁ’er %ﬁ%‘?ﬁ%"@é‘iéﬁ?{r&é a{“i"‘%}ubog&lﬁ% a total

pr Oducéon%{&ﬁkgk&%ﬂ%%%ugﬂgm@ﬁﬁ%&r e ha¥Vh 858l dontdR€ ofAlkAIEmPIaOdMEL | S
condensabl e at an )

101 MPa,” the 20 crude feed a MCR content of at
| east Akbt-egrihinsalpar meabsaltefof orgadies dcedschf ahmpsa?0% of e conienbsl alkui

cat al yst s, hayi .a pore sjize distribution with,a. i e dianeter in a
r gﬁge WF‘GH‘V% aﬁgllﬁe'g%fgl IRCLam; R H‘eﬁl S?lgsa%ftor%ﬁ% 8?1(1?}%15%? § gf: I%r)letﬁl h%‘geidr %Sf pores in
the pogBaSHeAudingt b RHD iceRteRBdl 7091 3% OF thedV @URIoatentbf thkBrdl féedof: t he nedi an
pore dianeter, wherein pore size distribution is as determ ned by ASTM

Met hodwinae®; VERd-ontant isais|detegminsdibach STy Msthed A1 307 otnd contant efalkali he crude
d { h f { {. 00 . o, , i
0 Or el ang allhhe radl piRRG SRS M, Righ D Sl 60 A ST OU 0

'a crupiethe@nwizdigt i on havi ng, per gram of conposition: at nost 0.004 grans
of oxygen, as determ ned by ASTM Met hod E385; at st 0.003 grans of
sA0fur, as Hee@vardRls PRSI et cé}pzqﬁ{m%gmc epgﬁgﬁﬁﬁ? PgF A ns of
resi .du(?tmta?égngﬁ et A oRY of REM M@&lg&g to-proa al/a toldl Prd dR¥EMb i9BludsS O
provides a ¢ bde conposi tion hayi ng, per am of conposition:

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

the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002
grams, and a VGO content of at least 0.1 grams, and at least one of the catalysts comprises
25 one or more metals from Column 6 of the Periodic Table, one or nmore compounds of one
or more metals from Column 6 of the Periodic Table, or mixtures thereof; and controlling
contacting conditions such that the crude product has a total Ni/V/Fe content of at most
90% of the Ni/V/Te content of the crude feed, and the crude product has a VGO conient of
70-130% of the VGO content of the crude feed, wherein VGO content is as determined by
30 ASTM Method 135307, and Ni/V/Fe content is as delermined by ASTM Method D5708.
The invention also provides a method of producing a crude product, comprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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at nost 0.004 grans of oxygen, as determ ned by ASTM Met hod E385; at nost
0. 003 granms of sulfur, as determ ned by AS TM Met hod D4294; at nost 0.04
grains of basic nitrogen, as determ ned by ASTM Met hod D2896; at |east 0.2
grans of residue, as determ ned by ASTM Met hod D5307; and the conposition

has a Tféﬁ'or%{aél%ﬁig&?ﬂh et sA% ocdi%tn o ?gol%ﬁné%IMs'\@rﬁ%n@\?lgﬁogfand The

i nvent ? FOVi dés a crude conposition having, per ¢

conposiheicRile fadd Haers] p&- L&k ofcande fedd, audthlicontas ofletkeli metad darldyallédinivd Met hod
D4294; at least 0.2 grans 5 of re i(%ue as ‘? term ned Hy @STM Met.hod D5307;
and t hertgpetals in ngal Wé\tw?ioﬁﬁfga‘mw&c&%to gagf GYOUGEm apheaf et kastese g5 PRal t enes

cont en I : , : b+ I AN, t 0.5,
wher ei %até?&ﬁgl}ssc’bg%%%le%@?r(r:ionegn{ggg,i% #M Neittﬁlggé]%%%éf&%gﬁg ht o?c Oll\/l%]?n iggfas
detser nibaddribyic ASTN] ddet dradoP4baPouadsbivsieghimoné mehlafphdlelames dfshas

det erm_ned_ by ASTM Met hod, D2007. 10l n so nbodi nent t he j,nvention al so
pr ovi d@%l?‘)dil“nil%‘?rﬁ’ir HHXTUBES tWIP?ItOTSrPéO € g‘?ﬁpfeﬁgmﬂ’éf‘ﬂ%g‘gnﬂ?g nposi ti ons

accor dbﬂ&y%%giﬁ@%ﬂﬁﬁg%{g?& ofths E8alyeiSH tﬁ@ﬁ%éenﬁ?l))f bRsonRbrelafny treated in a

refinery, or fractionally distilled; (b) has conponents
havi ngcentaiaimpoompourkisrat abowerdpreadow 480 CCuael dosgellingscoatactismst 0.5 grans

of such conponent r gr,amo ude ed;. (c Onpri,ses ca ns, a
bor &1 PR et RalBe ofs Photue s i sonpddarefiRFaHEE Bpd VRS R"S 1 5,
MPR)  anbail lih Bt 3SR rHrSinid RS OMateisnoes JFaR: Cnded 028%ali Giead], £Hd101 MPa, a
boiling range distribution between 200 C and 300C at 0.101 MPa, a boiling

range akaslinerdathinostalpisnt meishsa3eEf organis apdds iathg croda fFed, whaypin capigntothoi | i ng

range' di.stributi.o et ween 400C and 6 1 ; : , per gram
of cr u?ilgalf %h’?’ aélflaﬂc(?ggf"? .H’(?gaq’giglgﬂréalosgﬁﬁgfd@g?g? %lglﬁg %{tﬁr&gﬁeél oi ling range
20 di spsirRuMegdaei g, 100C at 0.101 MPa, 0.001 grains of hydrocarbons

havi ng a boiling range distribution between, 100C and 200 C at .Q. 101 MPa,

0. 00 é gr ans The inygetiacdspra¥idss o meghod Haredusipg aegde arodush BRPEH et ween 200
c DUt et ‘
raie ShdarinBi gk Hied Wl o BEa iy By 0 HPHECA DR BrSAREL % ReBlls o o

hydr oceleenti thadticnovieerdinithd ¢rgde progectds atiguiduhixtumre be2e€rnd 00Q1 dP=@nd 650C
at 0.101 MPa;_ (e) has a TAN of at |east O, 1. | east, Q. 3, or | range

f r om othg cpygdeeed %ﬁw&-aerl@mo?gcéw% ’%66 oo ‘?0@%’1%'2&6 ‘é‘?Pt?’HiQ? Pﬁﬁeasﬁ&df’.ﬂﬂg poi nt of
~at, lea 0fhd’ : IRQRRBIE B9 ScathisikBk a Mppaeivitinoandr i ron;  (h)
has at g{agééigldoa%%a%%%l%&?ﬁ%%fﬂﬁ%?g a(l) Ni / VI FZ %ér grgr?lso?ﬁ%?ude feelt.tl; (0
conpr i sese setafsifrgm (ojurtmmé ofithd ReaixdiT €06 ngoameroeomp@Bdg obore @fmeral f ur . per

r of ¢ e feed; (Kk)..h at,.| t 0.00 rans ef Vi er. . gk of crude
19 eﬁﬁ] @6{“2‘# gﬂ&f@fﬂﬁl gé&@%ﬁ@"&%ﬁgﬁg’fOrlnélgu&%e‘ﬁﬁrgﬁ%’rpg%% hoia ué’%ﬂ eed; l(Jrr)
CONPr i 5REWANY FED frRMe2hB ichElyRY By REARIRG catdlRgt PRI i rakkal if ofet al
salts of one or nmore organic acids, one or nore alkaline-earth netal salts
of oneowmoresiuneepFNinEEeMPOUndsy at g tgmperatire helpwd00 “Copnd eppiiallings at | east

. 't of . : e . .
one 21 05kl Sl AOuEI AR Pl AR GOTRUIRAS M begsg@re 27 seni

provi deey dftheaiiimaionant vf the cork feed, Mtteecio NitViBe nwithads aodeterenpalsi t i ons
according to the invention, crude feed that is obtainable by renoving
naght hly &vd M dfspesshids7%bre vol atil e than naphtha froma crude. In sone

embodi ment Sqy L PG LAYENL] O RH:SQ AR AGR itk HEATD! RALLQR o4 ONE OF

composition: at least 0,007 grams of hydrocarbons with & boiling range distribution
between 95 °C and 260 °C at 0,101 MPa, at least 0.001 grams of hydrocarbons with a
boiling range distribution between 260 °C and 320 °C at 0.101 MPa; at least 0.001 grams

30  of hydrocarbons with a boiling range distribution between 320 °C and 650 °C at 0.101
MPa; and greater than () grams, but Jess than 0.01 grams of one or more catalysts per gram
of erude 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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5nore of the Methods or conpositions according to the invention, a nethod
of contacting a crude feed with one or nore catalysts to produce a total

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

sum of yeRidgE UddeleffBie £y 23N IMERES D501, @hd (e bngiosinitasd Wighiaams ent is S,
a sumof a crude product C5 asphaltenes content and a crude product MR

10cont efMGRscotent inds asphelanes erpteniwd pt leati 4 -Samderedm MOk cepfesiisist hat S is

99% of, S, A ' e . || ed h
That s gk o TEMR e pER P! BPbRReC AL PRE A RRATbg 1 o sue

asphal pemepMetiakiamioogf the crude product is in arange from1l1.2 to 2.0, or
1.3 to 1.9. In some enbodi nents, the inventjon al so provides, .in
corfbi nat i onThi inHersiva abto PESTEPE2 B! IO WS aoirudaprRBRts BRRIERBOr di ng to

Che i L . . SN
gaseout T eHE s B HELATE oRe Y ftre RINE! O IR PR RRO AR, @

I ner t sis crualdGtaiuct, Wherdix theresdd fredeafs cdndessabie 225 60iand 61191 Mie, thevent i on
ConposTioe AAGRAPNE ) e IILhEROR P EE OO et PAA 155! 902001 ude
feed V\éfgﬁe Qzﬂﬁg% i%ﬁn&tﬁ& ﬂ#y&h?oiﬁ%xg%;sggﬁﬁ'?d | with bRk 8 nikORels &8R! 1 ncl udes

t he crude” product erein the cru s contacted in a contacting zone
t hidkx | Golomna oftthe Pedetlit Fable, @fef arhpore chmpotnidsyof one or motemeairefiembodi nent s,

or  contORrHans Belids RE0E R RRY B bl R DR Skamay pabe

25cont %in%ghfcﬁéig&%yf&%ﬁngwﬁefba&mﬁt BfectiRbEinGRs ple¥dics of Bnd BenmprEsSRse of a
gas and/ or "a hydrogen source and controlling contacting conditions such

t hat : doajaizing atinpowfdsat gtmamugurn/lbioy 800 SGandecontoliing contagidng eed is in a

range fr 5-80 ieffilal cubic net of sequs hyds ce per

cubi ¢ ??ng]‘ronﬁfucglrthﬂgﬁ? 8%@‘.3 PE@E‘P@E%S ﬁg&%{t(}?nf)eﬁlgoﬁé‘{ IPT%Srt)eéH({O &tet %i;(i:)_ al ysts; (b)
thg sedoBfdeef the LRudeffeftE iy BUCR cupbitieal Gete@iihédby ASTHY Manyd ng a parti al
pressure of 30the hydrogen source; (c) the rate of hydrogen uptake is such

t hat tI¥530 ude product has TAN of less than 0.3, but the hydrogen uptake is
| ess than amount of hydr. < W) u il al phase
separat i ona@‘éet%e lotnhaisoc‘?lrg‘c’i@&?éé]Ien%%acﬁgglph&e&:cg’gﬁ A%&%@ég?&ﬂ%ﬁgﬁgnt act; (d)
t he sejopgicel & atirleTtedyiih 08€06r tptadutalyss iopraducenrgetal pradudt-tBak iaciudes80 nor nal
cubic neters of the hydraogen source per cubi{g meh r_.of ?}r@’gﬁ\ff}éee . (e) the
i qui dhe pde produish el g1 arydeprogust incadgpsaplsat sdg@é‘@ . &S at | east
130! Clorudd fel ERRACR Rohfedt 04t least 0.001 grams per gram of crude feed, and at least one

of the catalysts having a pore size distribution with a median pore diameter in a range from

70 A to 180 A, with at least 60% of the total number of pores in the pore size distribution
having a pore diameter within 45 A of the median pore diameter, wherein pore size
distribution is as determined by ASTM Method D42&f; and controlling contacting
25  conditions such that the crude product has a MCR of at most 90% of the MCR of the crude
feed, wherein MOR g as determined by ASTM Method 14530
The invention alse provides a crude composition having, per gram of compogition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; and at least 0.3 grams of residue,
30 asdetermined by ASTM Method D5307.
The invention also provides a crude composition baving, 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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at nost 20 lit; (f) a partial pressure of the gas and/or the hydrogen
source is controlled during contacting; (g) a contacting tenperature is in
a range from50-500 C, a total liquid hourly space velocity of the gas
and/ or the hydrogen source is in a range fromO. 1 30111, 5 and total

VP, (dgerinatd F Tvegad ot 7 b R R s N ST PR Aot on

that i &SR8 QTI@IMeﬁle@c66hhe crude feed; (i) the crude product has a
H C of 70- 130%3”%\ a H C of the crude feed; (j) hydrogen uptake by the crude

feed is at Hestv8licamthogrovidesa crrad@@mmj;monhf@mgapcllglﬁm Hepmpbsitoli ¢ neters
of hydrogen r cubl ter of cru uct has a 10

Cotal tofrrebEhuramotsris s deoroor ST M BB BAEEr he

Ni Y Fe,Gankgnhs @étmhhﬁe,&wﬁsﬂwmmo&ms;meaﬁd uféeeoﬁrpa@iu@h hRASg & vl ur

content of 70-130% or 120% of the sulfur content of the crude feed; (m

t he cruatle opMsRuconttiggo éls \a@[hatt@m @nnte@tf ofpdlepgiobe omndgbe garopesgion: aeinga

70- 1508 BN 0¥ wi o1 brein 0N 4L el RPN MRl PEBL MR BEC s hae

productidres aaae@ﬂn@éaﬁgms:r@mw&ocpmﬂmm@%gmwn:@aiphzﬂ%esastasrmst 50% at
nost 40% or at nost 10% OF the oxygen content of the crude feed; (p) the

crude @@WW&%SEMW&IMMQM of alkali netal, and al kaline-earth

[ in | 0% or at
gglg? 10% oﬁ%tsﬁglec enrg ncggrﬂgqa’%g%ft%?rle }S}Bwﬁ g]F E&Plgfr%lge I%Ig%v%tﬂgrﬁrée? 1gl ’ in netal
salts ﬁﬁre%f@l@d’h&l@th@di gcdnbdsiidns Ewibﬁhﬁge:dthe (imx)enaoﬁ’-ota(ﬂw@ed)fhat i) lesude f eed,

during cont actin is at 20least 1.5; (r) the crud roduct has a viscosity
at 37.ptbews tr%atquwwreﬁew @ﬁtllﬂﬁﬁsﬁn%@b/ﬁfa%wn%‘tly istillecs §b) 1gP comBORIEL os ty of

the Crfg}%ﬁ}g ae%ﬁ nuthbdt, agove(f)ang% GhaReR 'hQéjé&%ale'@% %r&m@‘%f a@havity of

70- 130 gravity o e crude feed; and/or t he crude product
has a doMiponEntaben®main (smﬁfaded’eedm:s)tcoﬁq%sesahydm@ubme/@ pattionpd whdhaver at nost

o, 2 biiingrpge disapigiongsion LR Sbsth Mef EooFRE e dRTBAE <o pr ovi des,

'n ConPét&@éd mw&{hmﬁo@& oRy1eMeh, attbtﬁhﬂﬁda@@&sﬂﬁmﬁmmmna ogGea@rding to
the invention, a nethod that corrprlses contactln% a etude feed with one or

mor e c%ﬁ(h‘l@&t(‘slfblnMPaombmbhg ramge dfritation bgtveesndioPi6ramdtd®0r’edt 8404 cont ent - vof

or gan 0 ntain nds | ect ed
organ: Paiﬁﬁb%ﬁ%mgag% rﬁnu}ngaﬁgté/v&e{éggﬁ/@fg 96§5 ﬁécgag g Qﬁg\&%dg‘@t as an
OXygenpéi%%ﬂbﬁ&hd@ffee@t atTesst: (06190 @hmk bﬁ'hﬂkﬁ@ﬁbom{mﬁ{gta ‘@dlhﬁ@&ngé ude feed;
(39;) | east one conp ound of the o >£w(%]anl c ox en cont ai_ni ng conpounds

ri @léfglbammb%lpws}&lot"coﬁt 06l 0d v B 1&1@9@&8 x@?caébom%a’é’tnmﬂé%pound of
the Or &s&fﬁiéﬁ&?ggt%%ﬁ'xﬁb aﬁ@%@h@%o ‘i@ﬂﬂ;ﬁé%o@%ﬁhm RyadfRhffonsal t Of a

carbox I"east “oné conpound of the organic ygen cont ai ni ng
corrpou]mad&ngca)m:ihng esgentialikalonietveant200 fetank 3081°C af). W1ddPhdxiligraraci d; (e)

at Ieast one .conpound of _.the o en co i nin o] conpri ses
a met af @éiqcaﬂmna é‘g}%@ fling ra%&edﬂa @ﬁ%ﬁl@%’ ‘%@f‘e"ﬁ%n ﬂi‘f %‘EI @ﬁ@f n(gggf E(ﬁe o?pm'or e
met al s fol, O @'ﬁglélﬁ% oqfhgaxla@arggﬁé oG 760ki8s rddd dﬁﬁ%ﬁfdﬁ%tvﬁ’é’eﬁ@@gt"chas a

cont ent ~ of non carboxyli ¢ contai ni ng organi ¢ conrpoun s of at nost 90% of
t B comtdeifil °6f dmbmlcmm)bpécyhmsm Eﬁhhcs[mmmgt bEgamdiast 3 ompoandseeifront A8 crude

feed; 2”: [ 8 £ !2 L OF (} l% ?{?‘ t‘f)ol?,% a8 mi%:!.lie‘u )?})I(Xg(\gg{?w{:&n 3 Lv\,! Hh W%Hﬁq%}a

() comprises nickel, vanadium and iron; (It has at least 0.00002 grams of {otal Ni/V/Fe

per gram of crude feed; (1) comprises sulfur; (j) has at least 0.0001 grams or 0.05 grams of
sulfur per gram of crude feed; (k) has at least 0.001 grams of VGO per gram of crude feed,;

30 (1) has at least 0.1 grams of residue per gram of crude feed; (m) comprises oxygen
containing hydrocarbons; () one or more alkali metal salts of one or more organic acids,
one or more alkaline-earth metal salts of one or more organic acids, or mixtuzes thereof;
(0) 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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in the crude feed originates from naphthenic acid or non-carboxylic
cont ai ni ng organi ¢ oxygen conpounds. In sone enbodi nents, the
invention also provides, in conbination with one or nore of the nethods or
conpositions according to the invention, a nethod that conprises
10contacting a crude feed with one or nore . catalysts in ich: (a) the
crude feed sso’@SﬁP"nghé%ef\‘iﬁ’m? IQYéqtﬁﬁéiSO%%Vlg?s’tnﬁ83/'8@{‘3#1%%% gt gl(fi rst

t enper ahiur g i OhLANedo R nGRekRES hdtgrdhg b HEGRRMALILE BRI fat Bnd the
contacting conditions are controlled such that _the first contacting

t enperdittaingblé by smdwastaptha@nidenmponidsimaicsvodeie Hundeplithe PR ¢wlper at ur e;

(b) the crude feed.is. contacted wth,hydrogen. fir n upt ake
Condi t 1 on SAGOPREBEIE G dotia Ty Sgah SEL 4R el K SBEHeT e
tenperabidld 1ef mtMsad J)J&)hg%@.k@h@&&@ﬂdh tPMhe iiSveatioh eantthdd ofedmmmgingtahan t he
tenperature of the second uptake condition; (c)the crude feed is. -

cont actred: feied withtonk eastoreertalysts tprogugend tpsalproduchthpt ehidewths srdeur e

fol | owed by.cont act | , '
cond ot it nihits Btpelyed iR SRRt e dbSe a AP AR RRTASRERR . (¢ oy
nost  200iCR Loue, ddaam) bhansetnnadefend as hiplalteeamenthtael oridy) fe20MORogen gas

is generated during contacting;ége) h¥drogen gas | S generate ring
cont actanirgt issdha supeofagnndepiofact Eoraphalisnes comgens pade EBHE PERAVE h that the

crude feed, upt.ake . -nart i 2. (f) the
crude ?Oélge&t fsgé ton %%%aghﬁgﬁ{)%&%&%i %%?&gﬁf 1e§§§%}ggﬁ§§fi§|%§zgp ?tc%g%ggfg%’nt acting of
the cru@dgrfBpde aptatthe fontions alealopsbdliddsuch that aiwdightatticofmB (3 oduct, and
wherein the initial crude produﬁc;)ﬁ~l has a TAN off at st 90% of 25t he TAN of
the craRment ebie cas EORAE ¢ Rgamaliigs PARERLST (b5 e BrodhiEies "L ERe second

cataly. f r oduct, and wherein the crude product has a TAN of
at rmsi?&gc}%{é?z'@he %ﬁg "the initial crude product; (0 contacting is

per f or med i samstensodilnertig dhe Bacttom al{dprowbies.do combinatopaithenged in an
ebul l ati ng bed reagtor; (i).the crude feed.is contact wi th. an additional
ekl yeprhiiieme iR Sttt g Birndr e ERERat bl G ) one
- or morghaf, fd ¥ dedledl BaicS id: FaPoad@NB ALY Ry 8dbah ¥8d; (@ntethdiR; @hlidat feed is . .

contacted wth an additional” catalyst in the presence of a hydrogen source
* subseduetcattmnspfed aett gaist andfdrd Dvomaidetieereat.al yst; (k) hydrogen i s generat ed

t te i £ z 20 I [ . ' f d
Feed: (1) MdPBSGR T aNer b BTt el Sk RBTiof HANPERE 7 og 5"

- cont ack,gek Mthdmamoadei tdrapaiticiathadardingito tHeavaneasnmethotl odcgasctagd at | east
a portion of the generated hydrogen, and the gont act wglegﬂgdlt ons are

alXo conde i sdthsenerpropere catahiste grodupea fofal predydt thet i 4t i s
count & roht?ctrwg’x%r%ih ﬂ’((]éé lad f@:@? & %bqgic{eQQE a%ﬁta@tilg% OWeQhatlif16n GRARHRIIGEH 2Ry dr 0gEN;
e ee cted wt

(in) the cru IS conta a vanadium catal yst at a first
t enper gfifdhoee Aoditgubsequently with an additional catal yst at a second
tenperature, 5and the contacting conditions, are contralled,such that the

first tenpelsomeemrodipenisdhe mygngon e proviles, nrembERERY W EE Lt ure: (n)

hydr 0968, 4361d fhefl (@B?‘Efﬁ G5 RGERMHR IS NRGInvERRNCH Bétolierd cbapsent act ed
with an additional cata ygt, and the contacting conditions are controlled

suh thatacting aadaic feohaitheat al yote caialake &n tie presaste of A aEA df t he
N th i T O T AP ue Q1 SO CBERRE T Brperds tr & hr T ¥R Bont act i ng
condi t RRS&FLukent iRl iag: gueh; thatad o sercomdydenperat bred S @bedugast 180
¢ hydrogen source per cubic meter of orude feed contacted with one or more of ihe catalysts;
(b) the selected rate of net hydrogen uptake is controlled by varying a partial pressure of
30 the hydrogen source; (¢} the rate of hydrogen upiake is such that the crude product has
TAN of less than 0.3, but the hydrogen uptake is less than an amount of hydrogen uptake
that will cause substantial phase separation between the crude feed and the fotal product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 ox 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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In sone enbodi nents, the invention also provides, in conbination with one
or nore of the nethods or conpositions according to the invention, a nethod
that conprises contacting a crude feed with one or nore catalysts in which
(a) the catalyst is a supported 15catal yst and the support conprises

i na. i i oo ST Gae ol ol e i ! P
rmnediipioRreraleioi o gelplon e PP R Bt e e A M oot ea
- - CatAhyst Z@Hdi DL pRUBAREdsutcSORRE %agsand(cﬁ)tmeydwgéamufdaﬁi b@firotiedpr i ses an

addi tional catal yst' that" has been heat treated at a tenEer ature above 400 C
pri or dwingubfiaciizgt(Eongontat)ing témpasatyfe iain p ease fioneS6H00 he, elatalilipgid is at

| east ,0.5 year; and/or..(e) at.least ane of . cat al 8.5 1 Apa-120f i xed
bed orl®¥ rsp?%@dvq? lé'ﬁéﬂier%fﬁém?)& chy rogegls%ﬁrgg%lﬁga&%%ﬁf%%fgﬁg @Pﬁe, i nvention
al 30 PRAMLAESesdifle 6B RMIdAR the hildopen Qurddit & #tarighéromel DaxisMPy; (b)

conposi tions according to the invention, a nethod that conprjses contacting
a cr udeflowed thei gas aoder the hydrager 80K it 18 2 digeciienbat iseuder orelleu ol yst is a

d talys. bul k' t t |l yst
bt ¢ et a3 e By pRiortyolutBhe s LECHRTo0R Nt IR; SHBRBIAERAAR I Y58 00
of t henyResdcadiptakbaly ths cRde feed idarBot GoRAadHE i ofangaéroar 18 & ¥8Gal s from
Col ums 5-10 of the Periodic Table, or mxtures t_ggrﬁof; %0 has, per gram
of catiaryel cubig megazel lmd@mmpeg?%m#%ﬁm%e%@ﬂa Vg PR RO s Gm
'?'a@lo é't%ta"f’ NIRAPE Qe S aofdlﬁ(gfg)'(}g/?,rﬁ?%s%(f% SR Rl o 7 b Nf/l\f FfEcRink 0di C

oneor nore conp one or nbre netals from Colums 5-10 of the
Per i odifahd0ortablfesd; o) thel cxaderprsdid baes fylfuf epnteningli 10s E% ne 8041 20 thet al s

from Col ums 6-10 of the _Perjaqdjc Table, one or re co of one or
mor e it sontegAlen ‘Efﬁﬁ%f‘?@&l@% © pRde PEGUGIHAS 2 eﬁonﬁﬁﬂgﬁfz@gg%g’ Fher eof ;
(d) cogmi | @ESeANLYRH (TRt BPHRlcPudd 1000 ) IR plet hddtereane Bdlisnc Tabl e,

one or nore conpounds of one or nore netals from Colums 7-10 of the
Per i oddf70FEHI% or 66-110% afitbsresidee eoftent(of thdervde fred; (9o dha oudepodistdes from

0..0001-0. 6 rams or, O. -0.3 qgr of - one,or. . nor tals fr &0l ums
7-1%0 oA PEEBEPRSHS o lfr%ggé“@ 4o 0%, PLW%@J@&& g5 4078 s 5P 10 %ét al's

f rom Cot BBy gen@nfht & 1Be BRI @EHde (;;65&1% Erud@ prothut Wi esofabesieedt of Gfkhliconpri ses
one or nore netals from Colums 5-6 of the Periodic Table; one or nore

conpoumdial,@nd eHealioe-cath metabtin netal salls elsirganie addsobt ok 98%pat i ¢ Tabl e,
or m xtures ther o C i r aet ] 5 of the
per oot ot 8Rsg it e FNRS KSR aERRAD o UGIRE AR SRS O o
of t hepfRepifdk6idd abihe crle fedds (ares-vhlue b de cride) febdsluripg vogmeatingy fs atat al yst ,

at least 0.0001 grans, from 0.0001-0.6 graps, .0.001- &73 rans, 0.005-0.1

gridhs, leatt 16%; §1)-the omdg PrIEICIIIAS agiwOBY RGeS The PERmPT V08t B 976107 he _

Per | 0t Gnd @126, o yREodHY'o? tkAIRALAAA oP17.07¢, Qf IRk 1\ ROBIRhSs i AP Col urrin
e Perrodic Ta , ~or (

5 of t e m xtures thereof; (1) conprises one or nore
met al sghvioyroCH0-0 a6 fah AMaridty ddhe clidb Feed; anéord) the cede pnplwhlgss 20f one or

nore netals. fromColum 6 the Perjodic Table, or mxtures thereof; (j)
nas. pEARG At SGtoatyrapst Sk i BOTORTE T Bogr e, St Bistt B op e

0. 005-Paky &-ftﬁéfﬁmc@-iﬁ%e&d% 19k 8 FforR DD0PRo 0B 8.0M8S 8125 of 0.051d0)juMm 6 of the
Periodi c Table, one or nore conpounds of one 15or nore netals from Col um 6

of25 he Per i bdicenédabbedimentsnthg tnveation hlee prvides ki copthpratioasvidnencdlr nor e
netals from i

I umwmlo of the.Periodic Table, one or nore Lg%r[}ggg)nqS of . one
e af e mpethods ¢ THOSTACTGACCErd tha 16 The dnvenirtyy. a Methot tHal compisss
or nor@Het é%“?{?‘%‘" o FURRO TG B PHE By ?lba“dl;wc‘éu abr &, or” i xt Ur st her eof ;
(1) haguiRehea FL@TOH wgatakYs tnord LAMyQ: Q00 10:Q:Bligy anBacigQolEo£ 3 granms
of: one or nore netals from o . .
reduce a content of organic oxygen containing compounds in which: (&) a content of
selected organic oxygen compounds is reduced such that the crude product has an oxygen
30 content of at most 90% of the oxygen content of the crude feed; (b) at least one compound
of the organic oxygen containing compounds comprises a metal salt of a carboxylic acid;
(c) at least one compound of the organic oxygen containing compounds coniprises an
alkali metal salt of a carboxylic acid; (d) at least one compound of the organic oxygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e} at
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Col um 10 of the Periodic Table, one or nore conpounds of one or nore
netals from20 Colum 10 of the Periodic Table, or m xtures thereof; (m
conpri ses vanadium one or nore conpounds of vanadium or m xtures thereof;
(n) conprises nickel, one or ndre conpounds of nickel, or m xtures thereof;

(o) conprises cobalt, one or nore conpqunds of cobalt, or mxtures t her eof ;
(p) coﬁpﬂ’fp@@gom‘l“}@d&ﬁhﬁ?f&%’é OFY LRI BIRE GOREPSURAS SoBTRyISERR Al 831 6 xt ur es

t her eof C%S&ryé %%iodf‘ ei% g%]n%taicc% %8¢ ond LS. y%%le%'oﬁl GbRIM, PX O%Er om

0.005-0 num one or nore nol num conpounds,

m xt ur Balddlitﬁrﬂﬂé,,(l)(tﬁ): ﬁmﬁimcm%hatsmngmt@m pf noecaboxpiceontigog nosmief
t ungst en, m xt ures per gram of .catal fromO0.Ou

f, 1
1-0. 3 ‘{ﬂ*’él?%méff Gf%ﬁm@fépe% éﬁg@cweq&@?goyﬁﬁ@gﬁ B’Hﬁd@é’anb"r m xt ures
h f di
they eof; (hhaS AMRE RES néﬁ].faﬁ&/o?&g%t %t"%)n% OH&BE}J@?{’] Bt 8ind &H@atﬁ)ﬁ d odic

"fable a one or nore um 10 e Perio e, wherein
t he 30nmthacrudaticd migitdes Cahuaphtithicetidior nonchdopiawmtdnimgtosganic from | to
5; (u) conprises e or MON el enents from Col umm 15 of the Periodic Table,
one or OREFR cey E‘)‘iﬁgds of one or nore elenents from Colunmm 15 of the

Periodic Ta %meoém ﬁl@flﬁsthé BEeR@in alg;(y rd¥Res, BeonBidfoRfwigadmlosst, from

0. 00001-0.0 gram; one’ or nore el ements from Col um 15 of the Peri odic
Tabl e, moreofahe mctl'mds orrpmmpomtlcufs aotreding torthesinsemsivans ethogih@oiomprisas  of t he

Periodi c Tabl e, es t her eof h npounds
of b otsPiRiTEE & coidedeed i bone REFOGT capye RS e ol B iRbfeiha

al um ngiRGE 1e9§t%%%ﬂfeaéa@dly§§ at 20! Rpeitu aslided BasintRtibg af @58kopd theta
al um na per gramof catalyst. In sonme enbodi nents, the_invention al so

pr ovi dempeiatireomis thacputactivig d@ndmn%meﬁoﬁﬁﬁléeibwcb Heat et Tirsticongactisgnposi t i ons
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t heta al um na support/metal m xture at nperature of . at. | east 400 C, and

f uk hehydf@gﬁswmlwon@&)one aebiha Fme@ﬁér%qfﬂb%ﬁw HRiake condition i abdepst Mater to
f.orm a.@ ?@5& the We ?é}lﬁéf?fugeg?fttﬂg setl):@ﬁ(rl ﬁgta%? cér?i)iﬁx&pt(@)' b BRdE %37 al um na by,

heat trea I ng a umna a enperat ur edst’ 800 C, and/or (c)
sul f ur baritavged With @dleabtysic.of the catalysis Aanfrsetinpeiaen folloviddeyi contretingat al so

rovi des n conbi nat i wth one or, nore of C ositi onsl
'gcc\(;lrd?’eﬁ@n‘li@nm?éat‘lr‘ é?ffﬁ@ﬁontécﬁﬁlﬁ%mt%fu H%Pﬁ%@cggﬁaﬁéﬁ f‘ﬁgm; clrulde"feed
Wi th OBt Rhind Rty RpGahid )ésezmost Soomet Rﬁve& PR Secohd Bondlhdtinl thbéar@idpt -

15| east one e catal ysts has: (a) a nedian pore dianeter of at | east 60
A20at hphsgerOghsAs gaerited duridg@nigctiag; Gehh;@drgwgasmgene@agd de3® A, at |east

T00- L¢ectRR e RenByafipRaRens s B onrol S bR LB R0 Sy o
| east A% &lat (a8t 4 pbidlon D AREIenehicAyEfoRAVE) tacRaIdR fBédRRLRcA Witha 45 A, .
first and second catalyst, and contacting of the crude feed and the first catalyst forms an
initial crude product, and wherein the initial crude product has a TAN of at most 90% of
25 the TAN of the orude feed; and contacting of the initial crude product and the second
catalyst forms a erade product, and wherein the crude product has 8 TAN ol at most 90%
of the TAN of the initial crude produci; (g) contacting is performed i a stacked bed
reactor; (h) contacting is performed in an ebullating bed reactor; (1) the crude feed is
contacted with an additional catalyst subsequent to contact with the one or more catalysts;
30 {j) one or more of the catalysts is a vanadium catalyst and the crude feed is contacted with
an additional catalyst in the presence of a hydrogen source subsequent to contact with the
vanadium catalyst; (k) hydrogen is generated at a rate in a range from 1-20 normal cubic
meters per cubic meter of crude feed; (1) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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35 A, or 25 A, of the nedian pore dianeter; (c) a surface area of at | east
60 n2/ g, at |east 2090 nR/g, at least 100 nR/g, at |least 120 nR/g, at | east
150 n2/g, at |east 200 nR/g, or at |east 220 nR/g; and/or (d) a total
volune of all of the pores of at least 0.3 cnB/g, at least 0.4 cnB/g, at

|l east 0.5 cnB/g, or at |east enbodi nents, the

i nvent PRHOR S t:}lepge@vriatpéshydmewmth%\wg@mﬂg@ﬁn@ﬁenwe bspeoBirolledsught hods or
conpo S{htat 9 ﬁ%waocf‘iﬁé s’lg if 9 d;"r&‘ﬁﬁh Qﬁ’a‘? B éo%ter o HRIARY of @.@Rr&@ 0L AR5

25contacting a cr nore supported catalysts, 1n which

the sufip@rdfthd g@nema)mycﬁ@na{mmma;udslféedqaposnabneda\amlawunaﬁuni ¢dtalipgtum oxi de,
zi rconi um oxi de, nmagnesi um oxi de, .or ereof, and/or zeolite; (b)
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at 3§ eaglq fle %ogtra%@ndgﬁ)ggﬁreaéoﬂ% | sfindite ﬁx@?fenﬁi(hgi‘&x@fm SUpRPShscat | east

grans or at Fanms of theta al Um na ; conpri ses 30al pha
aI umi nmwegﬁmmﬂhahmlﬁaemptedm ei)dmyﬂngen el @eadrated Maying comtaotingy thet her eof ;
(f) has nos alpha a i ort. In

t t f
some e%g‘a?“r?é‘d% gontﬁcﬁ%{i Eé‘ﬂtaﬁ%‘ﬁ%? 6tabiﬂm n - n?f‘rcglg]%g?rf@% fI%i t h one or
or e O«Eodtl*b?ieﬁ‘é‘ﬁ(%lpgﬁﬁw@lé 2GRNBR t'agis‘.&gﬁﬁ%%@'le'a& 4 Sortibieof My gBLdHad a vanadi um

catalyst th as a pore si stribution with a nedi an pore dianeter
of at hphegens@ndor (d))th&:cmm: fegdsgs stmsemupmd))r contadied %tb@a rtditiongcatlysyat het a

na, and the _vanadl cat al a_por tion th a
rre an? EEE?PBQG‘?”&P@?@W G’f‘ W@@ﬁ%ln%?f’ IHtiohg prey %%?Eﬁ"f‘%‘é cglﬁéat ?FSP’& net al s
from Coliferat@eql af BEst g6 P@di C Tabl e, one or nore conmpounds of one or nore
metals from Colum 6 of the Periodic Table, or mxtures thereof; and/or (d)

has, per gr hm@mémbqhmey‘gxﬂmmven’e@sals@pnxyldegr@rﬁ@n&)nnaﬂ@n@&onﬁ;rfe metal s

et al <TPHROM B P <hFopRey e i o8 Pl RPN o Roge 18

some epdslitigt Gudd fed Withekiod oaé 5QalRE0 i diikch: (d) teoniiipatd zoﬁupyohbd one or
nore of the nmethods or conpositions according to, the invention, a crude

pricduceatplsitand dbe supeE)comPIAN Flyginaagil 1%§ﬂl°@raiummﬁdﬁ?@u@mﬁl% 0.5, from
001 i 8! Sl b0 bk AR o a2 0000 8120 e e 2l Kl

met al retal S TR et ar organi c per gram
of cr udﬂalpstoﬁhdche SL(pp))rtaﬁ poross; (8} tﬁ@ﬁ&ﬂlcglrfaﬂherm‘onmmém aklitigrhoatalfysticr ude:

enst OALEBTOENSC ot § (pmpagniior aPUce PRPE IR R Ee of
enbodi fRRisE ond BEiHe UM stAR afle8R 0B Q4k;d88/or (&) ¢ RIEBE ARLIFOE Wt PstORGn QF
20  fixed bed or slurried in the crude feed.
| In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a method that comprises
contacting a crude feed with one or more catalysts, at least one of the catalystis a
supported catalyst or a bulk metal catalyst and the supported catalyst or bulk metal
25  catalyst: (a) comprises one or more metals from Colummns 5-10 of the Periodic Table, one
or more compounds of one or more metals from Columns 5-10 of the Periodic Table, or
mixtores thereof, (b has, per pram of catalysi, al least G,0001 grams, from 0.0601-0.6
grams, ot from 0.001-0.3 grams of' one or more metals from Columns 5-10 of the Periodic
Table, one or more compounds of one or more metals from Columns 5-10 of the Periodic
30 Table, or mixtures thereof; (¢) comprises one or more metals from Columns 6-10 of the
Periodic Table, one or more compounds of one or more metals from Columns 6-10 of the
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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nore of the nethods or conpositions according to the invention, one or nore
al kali nmetal salts of one or nore organic acids, one or nore al kaline-earth
netal salts of one or nore organic acids, or mxtures thereof in which: (a)
at | east one of the alkali nmetals is lithium sodium or potassiuny and/or

(b) at |east one of the kal i ne-earth tals,is esjum ar .20 cal ci um
I'n son&raErss §iU0dril-3 praniedt; ARGPRIPBTY rﬁ?@’é%@ Snﬁg& f)h’ﬁ'rpr‘?gf’fl%?n with one
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pr oduc#aldet @traixtpeoifioed t(ﬂaxompmxsbmesoranmemaiprﬁ@duﬁelmnﬂﬁé -gretthed t hit her

corrprl i ng conbi ning the cr roduct w nLude at.1s the sane
or di f (rae’lﬁn‘?r’teﬁﬁ o 88’@8@?}“&0@ B‘BPW&‘% HS{?ES &Hlt aot])‘tugn%%:;off Whsporti ng:
(b)s copBigia HegcPhedeet( ?% Boc§ 'bh!@'@; At métalstiren SRIEnRS ofi ffer: el

A
fromt ecrua? toforma suitable for treatnment facilities; (e)
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met al s ofi¢ onmGEd emk o Cobfmt Hef Ber Paibidi: T, epe or morccampsngs phereof : (h)
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c BFptRIstasT ropR Cabpmpdrof thfet stfadlic F a5y Prevh SOBOMPESPE Tabl e,
.-Or M X b &Sm%&% sfr((rhbc*\ﬁﬁm1@%%%%%@&'%1@5»{@& mbFOBnh R0 o gr ans
or from0.00 gram; one or nore Col umm netals, one or nore Col umm
5 net abr ponpmetatsirornrCalimn dbes thehdarmdic Tae, @onpxﬁuseé§h@ﬁ@f & haoper net al s

mor o ot o e st 0w Toh S el g BB 0 Vet OB 6P SRR RERIART . (g

has, peol@iRm ef teatdodRiTabld, ofit @r%&ic&n@ugammrmﬁmm&xmﬂmﬁl 3 grans
of: one or more Colum 6 metals, one or rmre Colum 6 netal conpounds, or

mi 3Q ur Eolumief @ of the(Periodisrkables o8 mixiEaditharpolo (T8) GINRHSER VARSHER S O

vanadl 0 renglc) nor e
corrpou ‘#m%olfhf% g ﬁéﬁ%%ﬁ e m’%‘ﬁgrr%és:&%t E% cc r%éggﬁlggﬁpp?l sesxﬁ('?rﬁ ngsten, one
or nor eomp@tnmlu I@@m@;f:l buAgSuaR th@éofﬂt@toumséstmbelafqne(oo)ncxr@nqmpcsesls obbal t ,
one or nore corrpounds of cobalt,, ] and/ or. nprises

nfé(grghur es thereof; (()P) co

ni ckel colsle obmixyres t%?ﬁom}ﬁwﬁ‘?ﬁ rRkypdenyym, ging OF 0L FHIRPUBAS In some
enbodi e SQ I Wi, or nore
ot ne T Fisnhcof GBI A alroR) RE S K B G R M2k DD L3 by

caipos ﬁbrromﬁmu graﬁ(sa))f rheh/béeﬂDAN aof: camomosolybdertn powpoQids, oranixiost 0. 3,

or at rp) L, (b) has, 9 m of ; | .
t 1@;‘:33()1‘; {r} Comiplises tuiigs m iR o mwm compounds of tungsten, or mixiures thercof]

(5) hias, per gram of catalyst, from 0.001-0.3 grams oft tungsten, one or more fungsien
compounds, or mixtares thereof, (1) comprises one or more metals from Column 6 of the
Periodic Table and one or more metals from Column 10 of the Periodic Table, wherein the
30 molar ratio of the Column 10 metal to the Column 6 metal is from 1 {o 5; (u) comprises
one or more elements from Column 15 of the Periodic Table, one or more compounds of
one or more elements from Column 15 of the Periodic Table, or mixtures thereof; (v) has,
per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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conposition, at least 0.001 grams of hydrocarbons with a boiling range
distribution between 95 C and 260 C at 0.101 MPa; at |east 0.001 grans, at
| east 0.005 grans, or at least 0.01 grans of hydrocarbons with a boiling
range distribution between 260 C and 320 C at 0.101 MPa; and at |east 0.001

grans of hydrocar bons W th a |I|n? nge 25di stri bution bet 320 C and
650 C &f thy Hastpdpgphed 1%@;%@% preak (W HPRFHBOYS AR 06 MG5s SPRPRAYR cftrfen per
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conprises oflSeme pBbedingnss, sher ingertion|aliorPreviges, ithePrRipplinn WitraBE &7 one or
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o neom:actmy ®cidk tead Witheteabismomratabystsydr ehich lunpord sive tlatribdimpedats, 10or
th h l.s f Cohn= f th
Rt P AT BB e LR Rt o

of thel@@fiszﬁAcatTl%kgoo A afeXdtYUBER, Tah}%mfsoo(a kit Bd8b 236K, Ama% 960 Aabal yst at
| east 0. 0001 grams of: onhe or nore Colum 6 netals, one or nore Columm 6

metal doapogadeom 0p-180x% aroasmoh&,ﬂé@uao@)zw&f@rA,slé@-iﬂ@erzB%mQaAn@t als from
Col Tab 15 d
ot il o PPSTAPE At B SIS o BE st BiTeT SLBTRS bR SRS RS aPlE A ancr or

(k) conprA, %@250@%&& ﬂ@ﬁﬁn%b%&h@tef ey @Qfdé@ﬂrel%f@ifIeéﬁ%OEﬁ?f/g,Qﬁl@stTam e;
one or nor.e conpounds 9f one or be el enent s ;rom Col um 15 of the

Pet® 0diPe mﬁé&;laéleast HI0 mi/gt aidenst iimemefgf at leash 1 3Qumt /Bt leashdefl weigs o atieast ur es
f f
o PR UEARIMERLY B ALY bR PG SR el o

enbodi Ivatg af lea @.5 eup} dre lexay0. Peméigbi ned with features fromany of the
ot her enbodi nents In further e rod cts are

obt ai nabl e By SHRY embOE!me%ﬁhrdagelﬁm%ﬁf% e%agsmtiﬁ@%r fue or

more of the methods or compositions according to the invention, a method that comprises

25  contlacting a crude feed with one or more supported catalysts, in which the support: (a)
comprises alumina, silica, silica-alomina, titanium oxide, zirconium oxide, magnesinm
oxide, or mixtures thereof, and/or zeolite; (b} comprises ganima alumina and/or delta
alumina; (c) has, per gram of support, at least 0.5 grams of gamma alumina; (d) has, per
gram of support, at least 0.3 grams or at least 0.5 grams of theta alumina ; (€} comprises

30 alpha alumina, gamma alumina, delta alumina, theta alumina, or mixture thereof; (£) bas at
most 0.1 grams of alpha alumina per gram of suppoit.

In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a vanadium catalyst that:

(2) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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251 n further enbodi nents, additional features may be added to the specific
descri bed herein. DESCRI PTI ON Advant ages of the present invention
wi || beconme apparent to those skilled in the art with the benefit of the
foll owi ng detailed description and upon reference to the 30acconpanyi ng
drawi ngs_in ich: FLG 1.i.s chematic embodi nent . of a contactin
yet enfl Suptort Beistiport Sompififs TS DGR, Endine Ve BIBR LR A afaf SB5r et T g
syst endistdtatioh RatH WISl porNdiasikich of #0883 60 A; (c) comprlséonedAnastd 3B are
schematics of enbodi ments of contacting systens that include three

cont acrietRs fomegolumn 6 of the Eeriadie  ables ool COMPAHNdSRIGHF REAOIDf a
2Pl PO RO TR PO e P AR U BT S, °

schemat’l a bl'ending“zone 1 n Co

cond achf edalsytsitgnast 0.001 grith§of: Gnk 8r Moseheni fkan efohann Grajdd reeiatlicof a

conbi nation of a separation zone, a contacting syste and_a, bl endi ng zone.
FIG 7 !p8legonesuneneicompopndseprans o mare etalt Bpey oty oftheBtiqdied and crude

productrf,‘%@f(graq{rﬁg%m%géoqent of contacting the crude feed with three

catal ys IS a graphical representation of weighted average bed
t enper at ur e Liv &riel smbedigichts) therinvertion also peotidel, ecdminhattmwiticonagr t he crude

feed with ope or nore catalysts. FIG, 9 is a tabulation of representative
pr oper %% O%‘E‘e EpSHRSIS; o SMBRBTIPE RSO %%If?c‘fw frB’Pmé‘i’P>é‘r?66‘g‘1 Bradet ﬂ’lﬁt gfbght acting
they cr uge FLR%rdth bfndod. £ 2&&h 05003 to 0.5, from 0.01 to 0.2; or from 0.05 to 0.1; (b) at

most 0.000009 grams of the alkali metal, and alkaline-earth metal, in metal salts of organic

acids per gram of crude product; (¢) at most 0.00002 grams of Ni/V/Fe per gram of crude

product; and/or (d) greater than 0 grams, but less than 0.01 grams, of at least one of the

catalysts per gram of crude product.

15 In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, one or more alkali metal
salts of one or more organic acids, one or more alkaline-earth metal salts of one or more
organic acids, or mixtures thereof in which: (a) at least one of the alkali metals is lithium,
sodium, or potassium; and/or (b) at least one of the alkaline-earth metals is magnesiuom or

20 calcium.

In some embodimenis, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a method that comprises
contacting a crude feed with one or more catalysts to produce a total product that includes
a crude product, the method further comprising: (a) combining the crude product with a

25 crude that is the same or different from the crude feed to form a blend suitable for
frangporting; (b) combining the crude product with & crude that is the same or different
from the erude feed to form a blend suitable for treatment facilitios; (¢} factionating the
crude product; and/or (d) fractionating the crude product into one or more distillate
fractions, and producing transportation fuel from at least one of the distillate fractions.

30 In some embodiments, the inveniion also provides, in combination with one or
more of the methods or compositions according to the invention, a supported catalyst
composition that: (a) has at least 0.3 grams or at least 0.5 grams of thela alumina per gram
of support; (b) comprises delta alumina in the support; (¢) has at most 0.1 grams of alpha

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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15FIG 10 is another tabulation of representative properties of crude feed
and crude product for an enbodi nent of contacting the crude feed with two
catal ysts. FIG 11 is a tabulation of crude feed and crude products
for enmbodi nents of contacting crude feeds with four different catalyst

t .. FlG | hi tati f P-val f duct
or sus S R Oobi 6] oD RBMERS B D& BRACE R GPES tae dpEaubonpr rer
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representation of change in APl gravityrude products versus run tine fo

enmboontmets aegppebedcoiiae draverewatals foor Calupiner efthe Patiadip Jiebley et midures| G 16

Is a graphical .represent ati of .0x content ., expr L n_wei ght
s0per oHPRGE DS BFEAER bty ERAERICR R s o BRTEDI Al
cont act sethrendtd €hagAS MbthiR, Sridr bl i(@hent 5aadtall dbsiposidd, offixtures FIG 17
Is a tabul ation of representative properties of crude feed and crude

pr oducti&ereef; (B soowrisesens ermersieeielsfiog Eplbnyy Qobthe Sstodic tgbleasnd 9ist syst ens

th I ncl var.l ou | . '
canh y SEOHBmERLh A G AR W resefts B CHRIHIR GG URLR LR, ANBRIALT |
ol ybdehenb; QapishsiparGainal of Shtalydn drosh 00001 -8s6grb@ads from 0.001-0.3 grams of:

one or more Column 6 metals, one or more Column 6 metal compounds, or mixtures

thereof, (1) comprises vanadium, one or more compounds of vanadium, or mixtures
thereof; (m) comprises molybdenum, one or more compounds of molybdenum, or mixtures
15 . thereof; (n) comprises tungsten, one or more compounds of tungsten, or mixtures thereof;
(0) comprises cobalt, one or more compounds of cobalt, or mixtures thereof; and/or (p) .-
comprises nickel, one or more compounds of nickel, or mixtures thereof.
In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a crude composition that:
20  (2) has a TAN of at most 1, at most 0.5, at most 0.3, or at most 0.1; (b) has, per gram of
composition, at least 0.001 grams of hydrocarbons with a boiling range distribution
between 95 °C and 260 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at
least 0.01 grams of hydrocarbons with a boiling range distribution between 260 °C and 320
°C at 0.101 MPa; and at least 0.001 grams of hydrocarbons with a boiling range
25 distribution between 320 °C and 650 °C at 0.101 MPa; (¢) has at Jeast 0.0005 grams of
basic nitrogen per gram of composition; (d) has, per gram of composition, at least 0.001
prams or at least 0.01 grams of total nitrogen; and/or (6} hias at most 0.00005 grams of iotal
nickel and vapadium per gram of composition.
In some embodiments, the invention also provides, in combination with one or
30 more of the methods or compositions according to the invention, a crude composition that
includes one or more catalysts, and at least one of the catalysts: (a) has a pore size
distribution with the median pore diameter of, at least 180 A, at most 500 A, and/orin 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

30



FIG 18 is a tabulation of properties of crude feed and crude products for
enbodi nents of contacting crude feeds with one or nore catal ysts at various
liquid hourly 5space velocities. FIG 19 is a tabulation of

properties of crude feeds and crude products for enbodi nents of contacting

crude feeds at various_contacting.tenperatures. . i]e the_invention

i s susPeptdipnete Wity £ e S oF o9 %n&ﬁamm%ﬁhﬁ%w% llaffsr?s%mgaﬁ%ci fic
enbodi t 24 s he

0ar anroao ot R0 €, o A bR Yoroh IENCIR) 8 hYch Do RN porl S i g
and detad lledsugdpse coppiians aireine) olien, silivethinnhededutcodidayzircarmanionident i on t o

the particular formdisclosed, .but op the contrary, the intention is to
cover  BHETRHPAE FONES, DR rrERsdbeRas ADCOMHEET R ST AP P ¢ he

Spig it RMnSCORE Pind PRiJAEPAIE, dnB e ﬂ{dx‘é)@()lﬁxgoﬂﬂfs lbnefe BymbhanabRapgLd
clains.” 15 DETAILED DESCRI PTION Certain enbodi nents of the inventions are

descri Gmiurhes 2il0 of thearedaeTaile,. or Taxivees theredf iBreomprisescorg el inmad metals ol | ows.

"ASTM' 1 ef t o Ameri St d Testi d Materials. " AP
or oot t oo EpBimts o T PeERa TG ong BT Bord ShuBbunt® REph Sirdnoregnstals fomyg
det er MR@EnRY AT INRIIOTUE & dnixtures theb® f’(ig)?hd%)/ﬁér%ﬁﬂ o @4taBBt agRaaNd

atom c carbon percentage of the crude feed and the crude product are as

det er nOAHE! lgyarsTivone phogr6ebmn 5 metals, Bot bt myre Galgendt sl pempewnsisf or t he

cryde feed,, the, total,.product, an r.th I r et erm ned
o RS Tor Fitmts Theoh (RoBRRs nBPR Bhe B CBLRRHE be AkbcBafle: o1 T 1o
t o asphableeb@sor idte i ouRdP b eforiniond andtals EontCBoR&RNEbLL BB @sricdiot ent is as
det er m nedMet hod 02007. "Colum X netal (s)" refers to one or nore

! . | (
met al s Teblecor mintunes dierefs &) hevinstpienTeifatalys af East G008 et ef eBPbunds of
one or PeLiodi ﬁ I; i s (4
corres ﬁ)ﬁ(;gr%é ?O@[gkz%%ﬁlﬁh%ﬁ %Iégrgegoé%gg éﬁrr%%lg -0@?4’ gf H{I%%‘y‘%é@%(ﬁ} g) 30
Tabl e. comprisosariiel o morCatdiiin fonEdR(s)( of thé edodio Table, are croneenet al s from

oAl 5 CPRBRRSHIaf o6 BTore RGBT Gttt CBFHE JAGPGRHETER ref ers fo
-ane or LA Sl POERY SoRbriS b XaddE clcBfnts from Column 15 of the Periodic Table;
one or more compounds of one or more elements from Column 15 of the Periodic Table,
or mixtures thereof.
In further embodiments, features from specific embodiments of the invention may
20 be combined with features from other embodiments of the invention. For example,
features from one embodiment of the invention may be combined with features from any
of the other embodiments.
In further embodiments, crude products are obtainable by any of the methods and
systems described herein.
25 In further embodimenis, additional features may be added to the specilic
embodinents described hervein,

BRIFGE DESCRIPTION OF THE DEAWINGS

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
30 accompanying drawings in which:
1G. 1 is a schematic of an embodiment of a contacting system.
FIGS, 2A and 21 are schematics of embodiments of contacting systems that

include two contacting zones.
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Periodi c Tabl e, and/or one or nore conpounds of one or nore el enments of
Colum X of the Periodic Table, in which X corresponds to a colum nunber
(for exanple, 13-18) of the Periodic Table. For exanple, "Colum 15

el ement(s)" refers to one or nore elements from Col utm 15 of the Periodic

Tabl e and/ o e, pr e conpounds of .one or re elements from Col um 15

of the Peri Gt ¥ABPESBaKR St REREGopEearodmPus SRS St of a metal
from t iphRRhRAicenthehErontgl ght of a conpound of a metal fromthe Periodic
Tabl e, weight of an element fromthe Periodic Table, or weight of a

conmpound of F&@. €isenshemitioof ahembediingdi of asppetios zerd inwombatigs Wither wei ght
of et almort. t he twei ght of elenent. For exanple, if 0.1 granms of M03 is
used p&roFHER P Batal yst, the cal cul ated wei ght of the nol ybdenum metal in

theg cat al yst1@ss & P&NedBligbAES eRBEJiEHeAMdOf bieadiak ¥6ie in combinatiofP@Rthent
refers to the weight of a conponent in a substrate (for exanple, a crude

feed, aontattils systsduct, or a crude product) expressed as weight fraction or

o ors Lo paroed pur SREPeREsl A B finet POl touBbiphfh TP St R ur

r ef er scémadthey shoehilad bbdindg@nionst s the catal yst 15during processing.
I'Distillate" refers to hydrocarbons with a boili ng range distribution
bet ween 204 FE( Aore Rpulghan ofwpirsepigee pppatics off erudefesd apgd erude praduck ont ent

| 5 as ﬂﬁtai;en%ﬁ%ﬂn@{tl(ﬁﬁg al n{éﬁfé cRﬁi%QfZ%c}]{é:HﬁD eQ@%t%&Et%:Oref ers to oxygen,

ni trogen, or su r co rned 1n ecu structure of a
hydr ocar bon FIte$ &y ogiaphigalceptestitatich afswelghited average bod taéSpddaiee hass E385 f or

oxygen 762 for total nitrogen, and 294 for sulfur. "Total basic
ni t_rogléfﬂé"ﬁ%t%@%@owm{w%@ﬁt Ha%%%\:‘dw‘%%“fé 95 OB moreetalysisn 40,
Basi c nitroged §idNimhulafioRdr cfived WF MRLE @da A8 Bfrde pRYHLLIEN

§ ftﬁ&%&ﬂ?aﬂ@@p%
source" refers to hydrogen, and/or a conpound and/or conpounds that 25when
i n t hefpresaensdintnicoutetifetd cantt fetdwithttebystalystsact to provi de hydrogen

a1 it ea G 1t RGP GY REBIG o BRGSO BB ST as
et hangiodftRRen efibodtfdnt ofR&Rbotin@ thB XY &R WilletvRPtataldstBSS bal ance may be
conducted to assess the net amount of hydrogen provided to the conpound(s)
in the crud&l§eklis a tabulation of crude feed and crude products for embodiments of .
contacting crude feeds with four different catalyst systems.
FIG. 12 is a graphical representation of P-value of crude products versus run time
20 for embodiments of contacting crude feeds with four different catalyst systems.
FIG. 13 is a graphical representation of net hydrogen uptake by crude feeds versus
run time for embodiments of contacting crude feeds with {our different catalyst systems.
FIG. 14 is a graphical representation of residue content, expressed in weight
percentage, of crude products versus run time for embodiments of contacting crude feeds
25  with four different catalyst systems.
FIG. 15 is a graphical representation of change in API gravity of crude products
versus run tune for embodiments of contacting the crude feed with four different catalyst
systems.
FIG. 16 is a graphical representation of oxygen content, expressed in weight
30 percentage, of crude products versus run time for embodimenis of contaciing crude feeds
with four different catalyst systems.
FIG. 17 1s a tabulation of representative properties of crude feed and crude
products for embodiments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalys_t system
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30"Flat plate crush strength" refers to conpressive force needed to crush a
catalyst. Flat plate crush strength is as determ ned by ASTM Met hod D4179.
"LITSV' refers to a volunetric liquid feed rate per total volune of
catalyst, and is expressed in hours BM Total volunme of catalyst is

cal cul ated by summatjon of all catalyst voJunmes in the contacting zones, as
descr i B Idyds; gyvanadium catalysy: lﬁ‘i‘Hg]ﬁ‘%;ff’lW’éA’ gpgatpg'sta %@W%gﬁlqsg on t hat
i ncl udgg,gne or nore conpounds that are liquid at standard tenperature and

pressure (25 C, 0.101 MPa, herei nafter referred to as "STP"), or a
conposi t i on Hiiat 8 isnclabulesom o prwbenias bbarude fmdemdfcnrdméoﬁmﬁﬁp?%@unds that are

liquid TP Wit : ds t hat |ids at..STP, 5" Periodi
Tabl e CFEPAFRT O HELPBRE GHE (1SDIB A Spobr P BBy ¢AEP R PHEPEREL L on
of Purg,andfppided Chem stry (1 UPAC), Novenber 2003. “"Metals in

metal salts of organic acids” refer to alkali metals, alkaline-earth
met al s, zi ndIGail$ e whulatiownf prepeidics obatvida fedds nad erde pofducis feont ent  of

o ool L he SR o SRl LR ST 1 o,

carbon resi dygiié @RRLMINAE 5iREeRIAPRS riod nivtkiqayibe sel Atetfative FolB] r at e.
MCR content is as determ ned bﬁ ASTM Met hod D4530. “"Napht ha" refers

t o hydspesifibenbedmsotsshersofireshawn by Waypehrexameleaindbs dwwinesn Thet ween 38 C

(1 F), and 200 C (392 F), at,, Q. 10.., . . i 5

ol 1 orBRes PRx ot R shiends il i M RrOBP LR SRR plfadticlo |
iron, deseibhAiairbense hbenraled to limit 1N NvEsi o ttedpdrticidieiosm tdiscldsed,cont ent
of nickel,. vanadium_ iron, or conbinations thereof The N fV/Fe content is

as det Behomie woptasTMenBierban pEpogverallipodiicationse PA YAeTHE Akt eERARVES net er s
of gas. k q 0 c W thOMRLALN9 organic
oxy gon T R A B B O B D e
car boxylaims.(- 0O2-) group. Non-carboxylic containing organi c oxygen
compounds_include, but are not limted to, ethers, cyclic ethers, alcohols,
ar ti W@ﬁal dehydes, or conbinations thereof, which do

.not_have a GaLRAXMhLEAAWDF the inventions are described herein in more detail. Terms &
used herein are defined as follows.
“ASTM?” refers to American Standard Testing and Materials.
“API gravity” refers to API gravity at 15.5 °C (60 °F). API gravity is as
20 determined by ASTM Method D6822.
Atomic hydrogen percentage and atomic carbon percentage of the crude feed and
the crude product are as determined by ASTM Method D5291,

Boiling range distributions for the crude feed, the total product, and/or the crude
product are as determined by ASTM Method D5307 unless otherwise mentioned.
25 *(5 asphaltenes” refers to asphaltenes that are insoluble in pentane. Cs asphaltenes
conterd is as determined by ASTM Method D2007.
“Column X metal(s)” refers to one or more metals of Column X of the Periodic
Table and/or one or more compounds of one or more metals of Colunn X of the Periodic
Table, in which X corresponds to a column number (for example, 1-12) of the Periodic
30 Table. For exampie, “Column 6 metal(s)” refers to one or more metals from Column 6 of
the Periodic Table and/or one or more compounds of one or more metals from Column 6
of the Periodic Table.
“Column X element(s)” refers to one or more elements of Column X of the

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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25" Non- condensabl e gas" refers to conponents and/or m xtures of conponents
that are eases at SiP. "P (peptization) value' or "P-value" refers
to a huneral value, which represents flocculation tendency of asphaltenes
in the crude feed. Determ nation of the P-value is described by J.

J.
Hei t hays 4J.n ". rement d _Significance. of I t] ign", 30
Jour na e?ﬁ”?%‘m@d’f‘%@r 1%t W}gf.oﬁg&um@&%@?g%égﬁghi%ﬁg%g, pp.
45- 53. the PRFiSdd PR, €F or exaFRAl, 2 ToRAHE 1 6l RN EE)” refirko dpe o8 meet UlRientsef er t o
pore di aneter, nedian pore dianeter, and pore volune, as determ ned by ASTM

Vet hodftemagumenty efithy Peripdisi Tabler yndéar queobmae cORARNINIS 94 QB¢ 0 B01%00) .~ A
mcronmgritics(r 220 . i nst rynent cromeritics Inc., Norcross, Georgia,
USAY® 19/’[%%1&1%5@26 R lée"{f‘z‘ en%y%‘eaoratl%ggﬂelg'val ues. "Residue" refers to

component s hhak dlayeothboippliogioma @ idios b daltion taliwredE3Bie, (Wogd F), as
determ ned by ASTM Met hod D5307. 5"SCFB' refers to standérd cubi ¢ feet of

gas pe?f peamraunst ofpr mgtel frieythe Periptligclable: agrehd of an glgment em;the Betiof¢ er ni ned
by AST t - " TAN! . 106 : ssed as
111 ot e o S0 oppond 4 M el il frobu el ks SRSl a R o
ASTM Metightloa&h] or the weight' MfEEmeef s examply dif 0dagrivonsf Ma(h isudedigerng r ange

distribution between 343. C 10 (650 F) a 38C (1 000. F t Q. MPa. VQD
cont engapsotsatadustethe caleylatsd W : %ﬁl‘)ﬁé@q%‘?m rg’etapm"ﬂ{ﬁ é%%é’?tt@%'%r%gf ers to
kif@m&ﬂa&sﬁcﬁhwc@tﬁlﬁﬁ 8 C (100 F). Viscosity is as determ ned using

t ho .

ASTM In the context of this application, it is to be
under st ood t®aitenhf’ refees wathe evedditt @if aednfponert baa pulospatet Jorakanpke, s ghsler at e

o o oH B0k, T e b ek e TS Il B IR
producpge@BahRy tdt@it@éi@ﬁtfjoff th® Eﬂlﬁ%Yere‘?G‘@Vt%?ﬂl”Q@ﬂ&F@tbrﬁaﬂg p&ahilBéd BPGemhd t hen
stabilized. Crudes may I nclude Crude oil. Crudes are generally solid,
seni - sol i d, “Gmaledied/iadali rdoducsaisiure Zugfirpte thaynixies abconbasts fhe optakyst i ni t ed
t Op5 T e&r&)ﬁ/naé prggesrég)nng_ condensabl e
- “Distillate” refers to hydrocarbons with a boiling range distribution between 204
°C (400 °F) and 343 °C (650 °F) at 0.101 MPa. Distillate content is as determined by
ASTM Method D5307. '
“Heteroatoms” refers to oxygen, nitrogen, and/or sulfur contained in the molecular
20 structure of a hydrocarbon. Heteroatoms content is as determined by ASTM Methods
E385 for oxygen, D5762 for total nitrogen, and D4294 for sulfur, “Total basic nitrogen”
refers to nitrogen compounds that have a pKa of less than 40. Basic nitrogen (“bn”) is as
determined by ASTM Method D2896.
“Hydrogen source” refers to hydrogen, and/or a compound and/or compounds that
25  when in the presence of a crude feed and the catalyst react to provide hydrogen to
compound(s) in the crude feed. A hydrogen source may include, but is not limited {o,
hydrocarbores (for example, Cy to G4 hydrocarbons such as methane, ethane, propane,
butane), water, or mixtures thereof. A mass balance may be conducted to assess the net
amount of hiydrogen provided to the compound(s) in the crude feed.
30 “Ilat plate crush sirength” 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 {otal volume of catalyst, and is
expressed in hours (). Total volume of catalyst is calculated by summation of alt

catalyst volumes in the contacting zones, as described herein.
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20 gases, water, salts, or conbinations thereof fromthe crude to forma
stabilized crude. Such stabilization may often occur at, or proxinmate to,
t he production and/or retorting site. Stabilized crudes typically
have not been distilled and/or fractionally distilled in a treatnent

facility to.produce nmultiple conponents wit.h specific boiling ra

di St ri but | onCARO ISR g (R AERRp St iNURES ons g mak sPBPOV ARt i ng

0i I's) . afd1Rfuidl hedthQhrd Rk A préRin® 29tC! 0.101 BPal QereafBSRASFdGo
distillation methods and/or vacudm distillation methods. 'Undistilled

and/ or as$ FRAOt pometiegostiabitki inekidesa aebinagn phetarienesmpomennds thiat have a

car bon_nunbe e.4 in quantities of at |east, 0 rans of conponents per
gram o?‘leg}%‘d‘i?l{aélgﬁi%’r&@sc06?“%?518?’#’99% 1@?@6‘%@&1%& gbrg whol e crudes, topped
crusles, desabtggic YRS refdfS8hhele i ARPEEIE hY SR Rificd byc@BhBakiions t her eof

"Topped” refers to a crude that 30has been treated. such that at |east some

of t he Usérpeindure and ieplind Chemisiei (URH oNavemer @035 C at 0. 101 MPa (95 F

o at “most OV A PRty RER et Ao AR Mg M oS R

conponeiit Sarf&fic Hhadmim, (di@omBRREEnS THeERL. ASOENS bikictal Z@dnetiludRs ohave
properties that allow the stabilized crudes to be transported to

convenfiLasl acidsdgepdpterminst by AEMp\lethpd AlddBt ati on carriers (for exanpl e,

pi pgl i nes, t S i ” g 2 iy rabl e
pr g%erti es th}gg rgn g?i{%ﬁiea%gdgsa‘gga f‘%lgegie !g&&gﬁ?%ég%@ﬁgg%‘%&%y be
unac c e pdnadih i gtadted et appaspor dndtpyest yéie af b selistiated/MCRacontend ismnletehatiediblyy, t hus

i mparti | 0 conom ¢ value to the disadvantaged crude. The econonic
val ue @3&@@4%&&%39- a reservoir that includes the disadvantaged crude

that is deenﬁqgm g Qé}‘éltsh;b{hg&%grg%rgQHE&n§5ﬁém?§ﬂﬁﬁta’boﬁﬂfgl‘ﬁﬁgé fi8@bution

Properties of di sadvantage es may I nclude, but are not limted to: a)
TAN of bettvebrd8t°CO(100) °H) ahk2(0 °O (B2 W) av.30bdRay Nephsha ¢t iskB cSt; c) AP

gravity at no 19;..d Lt O NNN Fe content of at |east 0.00002 grans
or ' at ﬁgﬁﬁlnﬁa%éfofgsmih(?aﬁﬁWI Fe per gram of crude; e) a total

het er oat or nSNgANTEEN &S t@hick82$4nddi R 3r &Y, 8BorRbinkes RN R&EONS per gram of .
crude; 0 a residue content of "at |east 0.01 grans of residue %gr gr am of

crude; g) a“B¥VdEphkentceliesferdntteneoméntad nickgs vamddmmgirein®r spmBaé@phal t enes

per gr of ude; a content . of, . at te 9. ams of MCR per gram
of crugler%mlf') C%mﬁwg)ﬁtmg%tag{&g%@n}%tbilA gﬁyﬁﬁggg%@r%gani c acids of at

| east 0. 000N ngr@lrsreirs IRhchE] PEic Aedsns of g&y piil @ibiemétdr sfumnlerfatd, ons
thereof.: In sone, enbodi nents, disadvantaged crude may include, per gram of

di €hdvant agetoBrgEROXYAE CPRIAHNNEOTBABIC Y SI ¢RIARQNRES™ 1RECTp ERQaIC SXYEeRNE of

resi dug; X I | dpg,. _ : : resi due.

| soneaul B ke &b oy BRATE ok AR (€0 Rioh NSRRI | S ge T om
0.1 orofgaBictaxy2dn cOmPoandsindutle bliarearot Bthifdd4o,atheds, Bytldc Gherbaladwoisai n

enbodi nents, di sadvant aged, crudes, per..gram of disadvanfaged crude, ma
have a®oMmaHg ra?%%%ﬁ’?% %FIOB S, &{deg%‘g@t obg%@@g%tf%@ergqfwgﬁc}od?% ga\(fraams . or yat
least @y fAf@Bup.

25 “Non-condensable gas™ refers to components and/or mixtures of components that

are pases at STP.

“T {pepiization) vaiue” or “P-value” refers to a numeral value, which represenis the
tlocculation tendency of asphaltenes in the crude feed. Determination of the P-value is
described by . J. Heithaus in "Measurement and Significance of Asphaltene Peptization"”,

30 Jowrnal of institute of Petroleum, Vol. 48, Number 458, February 1962, pp. 45-33.

“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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In sone enbodi nents, disadvantaged crudes have properties including, but
not limted, to: a) TAN of at |least 0.5; b) an oxygen content of at |east
0. 005 grams of oxygen 25per gram of crude feed; c) a C5 asphaltenes content
of at least 0.04 grans of C5 asphaltenes per gramof crude feed; d) a

hi gher .t han de d it f I > 10 eSt de feed with
APl or ASAEpect Ogermsisiesiae  KetesSts, FERRTegF Std e HeoRLioie iR o

or gani ghaskgseof at |east 0.00001 grans of netals per grain of crude; or O
conbi nations thereof. Disadvantaged crudes may include, per gram of
di sadvant agéBegdurdeciens td easporgntohatdoge arbmlnmrangfa@mtrlbub%a@varﬁﬁfi °er at

| east h oc t iling range distribution between
95 C agb&éoc%séggfwﬁmfé%%g?ﬁﬁq ﬁ}%{b%% granms, at |east 0.005 grans, or
at keast 0.0Q&rgr dEsqb Maﬁ@f%ﬁtﬂ%ﬁp@rb@r&lldﬁ@rd&ﬁgﬁ di stribution

bet ween 200C and 300C at 0.101 MPa; at [ east rans, at |east 0.005

grans, or af‘Shufastard.’ @if ayeadahystds amwﬁmaﬁ%bmé\SMMM%th%Dﬁﬁ% range

distri butl on ween 300 and, 40 001

arams, at | SRR Gog0sCgt el b ey Bestrapt iy e SRt o BB 1

boi | i n@rmnge)@s%hfplebummmmtda&mmaaﬁa\amm Prbhdd RE640. 101 MPa.

Di sadvant aged crudes maﬁ i ncl ude, gram of di sadvant aged crude: at | east
1)

0. 001 gr ans, VA0 sk ta! %C@ba%mtbﬁ @Ellf}%@ disrbuiipn BEVSED A93IrGcar bons

4 f t | t
0. 001" PRI Ay SPEEE P SRy I Nipa \B TBient s HoBlmiled B AMTM ot bone.
vmth a Mighdd Dg307ange distri buti on between 100 C and 200C at 0.101 MPa; at

| east 0.001 grans, at_|east 0.0Q5 grans, 0,01 granms of
hydr ocar bons Viiepsitya refsics F%Emﬁ@ﬁtj%"ﬁi:%sﬁyl%gg’ i% b@ﬁv\ﬁéén‘[% t@lﬁﬁ%l 300 C at

0.101 t least 0.005 grans, or at |least 0.01
B A DB :

granms ons wt 0| ling range distri but| on between 300 C
and 400 C aﬁn the TOMteMRaf thimdpplicatiemdt isGo 00 inderatvnd theat if thagalue op@Bedfams, or

east 1 rans. of hydrocarbon ng.ran istribution
t‘%\eeﬁ PARR "gm? %’Bﬂﬁaﬁ’tmﬁe‘i ﬁlo'ﬁ%ﬁ-*"ie ot i Ogﬁ‘ﬁ’é %%&eﬁﬁq}gﬁiﬁ’g‘ﬁ%&wﬁ%es may
N ncI Ud@nay%rm&ﬁﬁ@aQfd/@fmﬁ%%%%@es%‘é%%chﬁoﬂe st 0.001 grams, .at |east .
0. 005 grams, or at l|east 0.01 granms of % rocarbons with a boiling 15range

di stribut i offredesarayrhssprodugedaat/ opretoted hydrogadipr coraieniogheionsoi | i ng -

I | th {
O P v R Rin HBNERL, Chubiindy RRHRTRRS yﬁﬁi*é@% AR eenlly SR Bhissolid, o
at nos Tan@/oxl11%]1@”Stab1llzauon3ﬁdi§e1rﬁhﬁa,dyiﬂnsﬁ agdtintédide enmmml oNwinaadepablegr am of

di sadvant aged crude, at |east 0.001 grans, at_|east 0.005 grans, or at
| edSt @S Yriahsalss ongambtionn herof from B&?uqrilfkgtozf@%ﬁé@ba@@ FdEti on of at

25 2 el Do R PSS S

ot l'east 0. Slagtatengkesydicainbbamorbicsidatitiol hidky frauigenl Ssilidkinaon of at
| east 650 C.
treatment facility to produce multiple components with specific boiling range distributions
(for example, naphtha, distillaies, VGO, and/or lubricating oils). Distillation includes, but
25 isnot limited to, atmospheric distillation methods and/or vacuum distillation methods,
Undistilled and/or unfractionated stabilized crudes may inclode components that have a
carbon munber above 4 i c:;‘czaf;iitifss of at least 0.5 grams of components per gram of
crudes, desalted topped crudes, or combinations thereof. “Topped” refers to a crude that
30 has been treated such that at least some of the components thai have a botling point below
35°C at 0.101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will
have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram Of the topped crude.
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Exanpl es of di sadvantaged crudes that m ght be treated using the processes
25descri bed herein include, but are not limted to, crudes fromof the
following regions of the world: U S. @lf Coast and southern California,
Canada Tar sands, Brazilian Sanbs and. Canpos basins, Egyptian Gulf of

Suez, Chad,  United Kingdom  North Sea, A | a O fshore, Chinese Bohai Bay,
Venezuel an 201§ %E?bw&e‘ég@}dﬁ,s hanPﬁﬁﬁﬁ%mag%&W‘? %gblg?%‘frﬂé‘?‘?t 0(55’1e g
di sad Vﬁegﬁsgﬁl%éii BIcHASS BRI 88hARAEMENRIPbY RARiRELBH chiR @6 Sagya)t aged

crudes such that the erodes are acceptable for transportation and/or
t r eat npiptlines, trucks orshites).afdliocreles ddvamagatorr ugeitaiaprdapsitics thd t r eat ed

herein i referred tq as, "¢rude feed". T I fee \ t as
descri ’f?é‘gerﬁg‘?la id?‘??g’f?fga%‘?du d@ls f"d‘&{f@? d P ﬁ?ﬁaﬁ& %15%;8%8113 f'ag g%}éean F angﬁc%{?aﬁ%hc rude
feed, agrides@rd: Al RaE& Meilitys 1B apatlng Sl edhemievalut famspor ting and/ or
treatnment. Properties of the crude product produced as described herein are

cl oser disaivahiegebrmds pdhd epenamie yalueineay st suphdhatpagsrsvointhst ishidgs trecr ude

than the crude feed, .or.closer, t ongli p rid,es of Brent
crude, Q‘tg?fgi nt[agc‘éf %Pgﬁéhaftése(a‘fcn?eﬁletp gﬁégg’nﬁ ﬁéﬁ%ﬁ% @%I’esgggbér@%&éw\?gl ue of the
crude feed. pRy6ifics ofdBavafaLl diedesheaydnehidadsht wid fotlligsisedao: a)FAN of
pre-treatnment, thereby enhancing refining efficiencies. Pre- hgeat ment may

i ncl udat lerss 0415 atleast O 5 h) virengibadl atdesst HhoRtna) OF 1 gy gheertcl %dae 19ttt i on to
I eppvey L Lies. \I L bEh
B MR RGP bt gt Yeast G OORETR s B el B0} B8, DTROVAIRTERAOET, e
cat al yetu(s)e) anotal legtstoanichagprzanefanidia).(l6 gembiofihtienatons pdrgomof nor e

contacting zones, In a contacti gOzone, t Least one 8 0 Sr‘tg\jﬁﬁ a crude
feed néidBe) 8 RaHhErBYent Ohe flstcrﬁf- kﬁémérogafél Ve R @?f@ B forke catal ysts
rel ati x@hal?enwg%rgglgfonfgg@@gf 604 Qlarh6r €I HPBBalkGRY ped BrafWFREIEDASIL WRORS

f
contactrng 1s t he presence&gfaa hydrogen source. I n sone
enmbodi cmmnds of atleastyidyEnnsaiMERi rer gram of cide;d) hydntesiaeiosialstmaetainder

o142 SR aELL 10, CON LD DR bl Y B LS | amount
cont actAlinSicHs $RRre0L. hhdind bMELSHE AMlkARhhfAged Oftde M3ZAnclude, per gram - ¢,
of disadvantaged crude, at least 0.2 grams of residue, at least 0.3 grams of residue, at least
0.5.grams of residue, or at least 0.9 grams of residue. In some embodiments, the
disadvantaged crude may have a TAN in a range from 0.1 or 0.3 to 20, 0.3 or 0.5 to 10, or
20  04or0.5to5. In certain embodiments, disadvantaged crudes, per gram of disadvantaged
crude, may have a sulfur content of at least 0.005 grams, at least 0.01 grams, or at least
0.02 grams.
In some embodiments, disadvantaged crudes have properties including, but not
limited to: a) TAN of at least 0.5; b) an oxygen content of at least 0.005 grams of oxygen
25 per gram of crude feed; ¢) a Cs asphaltenes content of at least 0.04 grams of Csasphaltenes
per gram of erude feed; d) a higher than desired viscosity (for example, > 10 oSt for a
crude foed with AP gravity of at least 10; ¢) a content of metals in metal salts of organic
acids of at least (0.00001 grams of metals per gram of crude; or £ combinalions thereof.
Disadvantaged crudes may include, per gram of disadvantaged crude: at least 0.001
30 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a boiling range
distribution between 95 °C and 200 °C at 0.101 MPa; at least 0.01 grams, at least 0.005
grams, or at least 0.001 grams of hydrocarbons with a boiling range distribution between
200 °C and 300 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at Jeast

0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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crude feed enters contacting zone 102 via conduit 104. A contacting zone
may be a , reactor, a portion of a reactor, multiple portions of a reactor,
or conbi nati ons thereof. Exanples of a contacting zone include a stacked
bed reactor, a fixed bed reactor, an 20ebul I ati ng bed reactor, a

conti nug r a act or a fluidize d reactor, a
spray F‘% (lt’ ?fﬂieag l?qsgﬁpé]?'grqmg. e(%sttd;g(% granqs %%#?%%?RBZ nts, the
cont aChydnﬁcaw&{se\me@mn fra ketbution B8vekh b0 re ahagishictya 0Gonthvaed, of the
crude feed with the catalyst(s) in contacti ng system 100 may be a

cont i nuous Pivdesdagsrd candsatdy ebulesger grzm; of divedoantaggd zowis: ﬁfel?aSi Aéblde one

nore_cat exa In.s odi nent s,
ont acEreG RUERLD oRs Mokt BTRE o ¢ ERSR IS Slthinob n A IR B0 ey
r edsice diEAMSuEbn bhe: 8bstdecPeqd.o. ﬁnbisﬂ)qugn&mormba@axﬂé at R@streecbscaamI AN crude
feed with the second catal yst decreases heteroatoras content and. |ncr eases

APl gr aideasy 0.0 igrams ef hydiprsdpornivish abeplingfaggodistriputing boivmen dopfe rfiti

or oper C1oe 8 CPEVEs: AP UL ABR ot G5 AF0R Ml of S SORRLNGRS 0 10

same ph@cpeéetrb@fs wﬂth A BSII@@UQ@& dietibatioe bel@&iﬁh 200 °@fantma()@0mle oeadra th one
or nore catal In certain enhodi nents, %1@# gf catalyst in
the coftlaet Pl 1%»@5@%&9%&@@8& Pb@ﬁl?c@i@é)l\%mo hyHpober wih 94 or from

30 0 Yol E%?afng@dﬁs%ﬁlﬁo\ﬁedeg\g%axf)%%&s 56@@'0 Fo B MPDLAG L @gngmgm' n sone

odi nen urr crude eed mgy i nc

0 001- gfangy wTBastOOOB@fﬁngroaasleaer.Olgﬁaﬁﬂsc@frlam‘tmoefbmamtmmmeg rah@® grans of
crude fee he co in n ntacting conditions in the
contac@%sﬁg’u?% eﬁ’@ﬁng‘hg% 8@%?@ Ml\/ﬁamted to, tenperature, pressure,
hydrogen SoYbie dﬁéaewm&geu%ﬁl&@ﬁﬁa}t rfamaeolsercg%ﬁﬂ'o@aigamt Ogearcﬁfafe atJeast
Contacting conditions I'h sone entodi nent's are contr ol to produce a crude
pr oduc .00 gransspeciehst®. Qﬂﬁcgmnsl esat 16‘6@7@@& @ram@Of hydrh@rb@mt\mh a bojflispne mmay

o act RS b Ra g rage 1O f G188, P hadidsiErhitner sy or "oos wpa.
LHSV rl. AT R
1- 2012?0&5@1&&”@?})?&!%9 %Hisaﬁ@&ﬂﬁ?éd dggﬂngﬂeng&:j@m%hga%ﬁésn\}a%gl S atél east 5

W, at conientiof suchilyriroesrbans afitat p®sst P42 crems ar at e 0. bgrems;
Some disadvantaged crudes may include, per gram of disadvantaged crude, at least
0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a boiling
20 range distribution of at least 200 °C at 0.101 MPa.
Some disadvantaged crudes may include, per gram of disadvantaged crude, at least
0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a boiling
range distribution of at least 650 °C.
Examples of disadvantaged crudes that might be treated using the processes
25  described herein include, but are not limited to, crudes from of the following regions of the
world: U8, Gulf Coast and southern California, Canada Tar sands, Brazilian Santos and
Campos basing, Bgyptian Gulf of Suez, Chad, United Kingdom Noxtl Sea, Angola
Offshore, Chinese Bohai Bay, Venezuelan Zulia, Malaysia, and Indonesia Sumatra.
Treatment of disadvantaged crudes may enhance the properties of the
30 disadvantaged crudes such that the crudes are acceptable for transportation and/ox
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 n enbodi nents in which the hydrogen source is supplied as a gas (for
exanpl e, hydrogen gas), a ratio of the gaseous hydrogen source to the crude
feed typically ranges from 0. 1-100, 000 Nn8/ n8, 0.5-10,000 NnB/n8, 1-8, 000
N8/ B, 2-5,000 NnB/n8, 5-3,000 NnB/nB, or 10-800 NmB/nB contacted with the

catalyst(s)..The rogen sgurce, in.sone.15 embodi pent.s, s _conbined with
car 1 SP el i RGP R S e h BB HRTRY SRS or gas
My be hefkdf arf ¥RIR! 6 thd ddcfe@Sidlind Bhdpefies RN &% Tek&ORterhb8iatAiridEihagas may
facilitate flow of the crude feed and/or flow of the hydrogen source in the

cont acthegyudeoised ©s plosaie thegarirespoydisg neppedieseldhpalineedaribeandbe finde he

yar ogbr HERRE haasr i R SHAS bR L e Gofy R S P B Sy B8P ©

r ecs r cudfatedvittNeaus fﬂotﬂﬂ@-n@&ﬂ{@lﬁ}th&gb% @higancing refinibpehygicgepPigour ce nay
enter contacting zone 102 co-currently with the crude feed in conduit 104

or sepieamenymay inchisiedigrul frpatiopdesesitiigationpnamratmosphete dishbiation tor he cr ude
feed vviénqm% -&a%e}hésst produces a total product that includes a crude
pr oductr, d P e enbodi ments, gas. |In sonme enbodi nents, a carrier gas

i's conbi ned Maﬁ:heﬁtm achullefebiread ophadéOwithigvdyidne desnribeihaein magondui t

106. The total product nmay exit_ contacti Zg,zone 102 and ent?r separati on
zone 10¥iidesopioning the pruple Togd wathdhe satalystigin arontacipgzed/Br oduct and gas
mayp be eiroc] i i ﬁé}{a]ni gues,
fo?o exgrrppigll,éﬁ%xgss-l I gﬁ’f g{ og%%%@% n%ﬁgﬁ{:%é eaégir?%%gté’eﬁrrgéf%eé(@{b Jréep ration
zone 108a vivde famdduay beldngabhidy thenctid the andp GrddeditiB 0toot maresptlysat | on

carriers, .pipelines, storage, vessegls,.refineries,,other processing zones,
or a c%‘%&git@fw&r%ﬁy %ﬁ@eﬁ’é}?%réﬁ}ii]ﬁﬁoﬂ’&ee ‘WB?%Q?%E?& l p?opessi ng
(for e}S@H‘&Jn%d R Qe8RS U ﬁh%og@ﬁ&&ﬁ@e.dln@&h%mﬁmﬂl hisCRE BQarogBROXIi de)

g
excess” gaseous hydrogen source, "and/or carrier gas. The excéess gas may be
r ecycl eehrtoiscmaactornydystreoms 0o wpler cértan contaetingremdibns seagt tver '

processi ng, zopes,. storage vessegl or .conmbi nations .fhereof.. . In sone
eng%di F?'E%’? ,re@gﬁfﬂﬁéﬂah&%f%_%c‘?ﬁbv@?%@&o\ﬁOWOPﬂ%@ﬂatt FYUELSed o produce a
total produgtGi sisRelchaha®dof dbAtNRing sy Bl 00aRA1AGEINAG dRRRENe Z6& T0olal .

product may be separated to formthe crude product and gas(es). FIGS. 2-.3

are scheWaitadengis empiodiogeang 162 virosanduitilRg. dyeandsptingFophamyib@ udes 5 two

or thr ntact.ing-.zones. 1n ; C : 100
i ncl udgegw{é)g’nat fg%rE‘P%gf geﬁgg)r’ﬁ%ﬁg’p]%%%ﬁ& @P%g%@@& Ogﬂ%éﬂ%@%%%ggﬁ%%e%? ontacting
zones EQ2mplkd 4f a tdi@actiny SohEShmclidde andckbl, bedasdcaod bixed bodscatd?, anl14, 116 are

depi cted as separate contacting zones in one r tor. The crude feed enters
Coﬁq acpblp{&ttizag ,lygd 159910y, BRCWHRBPELY $med tank reactor (gégTRr’), a u?dlze bed

reactor, a spray reactor, and a liquid/liquid contactor. In certain embodiments, the
contacting system is on or coupled to an offshore facility. Contact of the crude feed with
the catalyst(s) in contacting system 100 may be a continuous process or a batch process.
The contacting zone may include one or more catalysts (for example, two
25  catalysts). In some embodiments, contact of the crude feed with a first catalyst of the two
catalysts may veduce TAN of the crude feed. Subsequent comtact of the reduced TAN
crude feed with the second calaly st decreases heteroatoms confent and increases AP
gravity, In other embodiments, T AN, viscosity, Ni/V/Fe content, heleroatoms content,
residue content, API gravity, or combinations of these properties of the crude product
30 change by at least 10% relative 1o the same properties of the crude feed after coniact of the
crude feed with one or more catal ysts.
In certain embodiments, a volume of catalyst in the contacting zone 18 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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In sonme enbodi nents, the carrier gas is conbined with the hydrogen source
I n 10conduit 106 and is introduced into the contacting zones as a m xture.
In certain enbodi nents, as shown in FIGS. 1, 3A, and 313, the hydrogen
source and/or the carrier gas may enter the one or nore contacting zones

count or et PRRS DFARRE Rty iR fiicr-F B A S Gl ol K] G580

Addi t i erudefiecdhie thyabhogedng see.ce and/ or the carrier gas counter to the flow
of the crude 15 feed may enhance m xi ng and/ or, contact of tg};,cr ude feed
with the calapipsting epdities i tha (atacing €oReBAY WIS BIhirs 0t dyited taont act i ng
zone 1 I o} g zone
02t o Bk L D S e T s e om
contac tGontcthonentittbnt oo st asbbdignantnae tibtroleinbaectddurg azomtespra;t 114, 116

may incl.yde qgpe or npre,catal ysts. As shown in 20FIG 2B, t f stream
exits é’Bﬁ‘tSQE‘il I, §rOPEFiIES 1 § SMpPEY 8h*aEhetwﬂa@tlaaa‘%mmm%ﬁf%Eﬁé&sgﬁe 114.

As_showm.qaf o] ﬁﬁcﬁve,%?%oh%%ﬁ%g@ﬁ}@mig@ﬁg&%g%h@ﬂlaﬁ%e%ﬂwhaz@onduit

118 and enters contacting zone d stream may be contact ed
wi t h addifa, il d2dVPa,at-80 MR ) 618 MPan LSV of theamedd fe4d anll Lenerelintaagei ng zone

116 to for .t at § od ad at al .p uci exits 25contact] zone
114 anérlog’r&b:%ﬂﬁ’aeﬁi% goﬁé&ﬁ? Gl‘g"ﬁlé[ ntoégéf(g}céipainaﬁor“b%e@ qum%tgﬁ%lg condui t
1190 TheatGaddehBrAqust 1 eRY/ Qe85 h'S, draht SassBPRTat ed fromthe total
product. The crude product exits separation zone 108 via conduit 112. FIG

4 is a schelmtmbodimenis i mbish thehydrogen epacais swphehes apas (feaeoblsont act i ng

syste . The, di sadvapt aged crude (either .topp 0, d). enters
Shsepal it Sina 3500 MWV A0es R biIRE 1) BRRRR oo BB Mn) S22, &
por t i oogf 0.11160 @06 aekRE aped ogoedem?/m’s ersaroaies® s’ g, s0akn ates-3gummn in
the art (fof exanple pg@rfgi ng, nmenbrane separation, pressure reduction) to
pr oduc & HE’, eF 1806 Sse/mEentasiediith, thogatalysiiay The Bydrqsen souipain sampy

SeRar atedodihst ﬁecoﬂlbzr?e%\@iﬁ% @%@ﬁr g%sggsg 'ang ge%% a'?%f tlh?dﬁfg%%%on%’&@g”e”t s that
have a borTing tange distribution w or bel ow may at
- zone. Carrier gas may be, for-example, nitrogen, helium, and/or argon. The carrier gas . i
may facilitate flow of the crude feed and/or flow of the hydrogen source in the contacting - -
zones(s). The carrier gas may also enhance mixing in the contacting zone(s). In some
embodiments, a hydrogen source (for example, hydrogen, methane or ethane) may be used
20 asa carrier gas and recirculated through the contacting zone.
The hydrogen source may enter contacting zone 102 co-currently with the crude
feed in conduit 104 or separately via conduit 106. In contacting zone 102, contact of the
crude feed with a catalyst produces a total product that includes a crude product, and, in
some embodiments, gas. In some embodiments, a carrier gas is combined with the crude
25 feed and/or the hydrogen source in conduit 106. The total product may exit contacting
zone 102 and enter separation zone 108 via conduit 110,
In separation zone 108, the crude product and gas may be separated from the total
product using generally known separation techniques, for example, gas-liquid separation.
The crude product may exit separation zone 108 via conduit 112, and then be fransported
30 to transportation carriers, pipelines, storage vessels, refineries, other processing zones, or a
combination thereof. The gas may include gas formed during processing (for example,
hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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| east partially separated fromthe di sadvantaged crude to produce the crude
feed. In sone enbodinents, at |east a portion of naphtha and conpounds nore
vol atil e than naphtha are separated fromthe di sadvantaged crude. In sone

enbodi ments, at |least a portion of the separated conponents exit separation

zone 120 vi,a conduit .124. 5The cruyde fe d o ta d fr aration zone
120, i n sorf BRESHIRARREIS PARTREREoHIGR o " E6 RYONEKD IR ENE o1 || ng
range {gias %xro'dﬁé’ctlk Qafd}tneatm lne@&t mé&%%a%tmg iibn@@ MELEIIRA PrH®BIEE TraydebOi | 1 Ng
range dis bution of at least 120 C. Typically, the separated crude feed

incIud@BMawdﬁ&ﬁunshoﬁnmbmpuhehn@éﬂﬁ@h)a boi l'i ng range distribution between

100- 1000 00 C 200 8 A f. the,crude feed
exits 10 séﬂiﬁg |6He§gﬁ@“Tﬁba%? ‘%%P%P@“é%ﬁPgﬁf?g i ?8@?@%&9%8 f or
exanpl Qo drlifes enttadinNSngONRFIGS. A G9d 2B, ThnMtan g@muoaaﬁﬂﬁ&s be further
processed to forma crude product. In sone enbodi nents, separation zone 120

may becoptisiing sonsd 10D end b BLS amﬂr?elamqilﬁdeacwgﬂﬁg% %, 114 k1

pr ocessi de duct exi I t Vi nduit 112.
o SbilOs S anfans CodtabuGa e LAl A o SRRt hRERRE Lt s
the saBesdin @ réictdrenadatenidedrddngias ushetacasg zone F vigxasidyit €04.t he crude
product may be conmbined with a crude having a different viscosity thereby

resul ting ilfsamgleaRgdungnts dhecarienepnhis aomb@ééwﬂyﬂlﬁ Ilié{fhoigﬁn BegREh t he
V'mcosaohx lﬁioélﬂﬁl 51&{90% Bé{f%;&le%@& {,tﬂ‘i‘ \égﬁé‘s%[’é' alnfix ?&d; Eﬁ‘ de. I n anot her
may be B enaéd i u a

hcr V|ng a TAN that is
d|ffemﬁﬂbﬂuﬁﬁnﬁh@@ﬁb&nﬁrEﬁHbﬁngAﬁmﬁﬁﬂﬂunkIWﬁagehasmaeEﬂ&kﬁtﬂﬂcmmmm@egmeen

the TAN of the crude product and the crude. Th Iende rodu
sui t aBP $88T 1Be GRS POROE SOBRCHREFUIRS P EY HIW‘L feee‘? SePa’-‘%% ‘H%ﬁﬁl‘}%" 6 in

cert alaadfempg WirERoy coﬁﬁeé% tin@ﬁgwed?ttﬁé énm%@cpwanﬂ)r SYShEM dOQW a)scondu' t

104, and at [east a portion, he crude product exits contactlng syst em
100 visddtoorded the h?&ogetdbmsca amifandhmcwd'neng@s tivetatito thezibme of 8@ crivde bl endi ng

e 0, at |east a .25portion, o he cr uct is.conbined with one or
"9e protlyeufpesmbxneano bl dmns of G Gt Eshonit G caiLicn e napht ha
'produced fr(%ﬁt&:@@ﬁffﬁtdm% i@édﬂﬁﬁc%lyﬁ%(@?nﬁédﬂﬂ&tihg%ﬁéJOEf&ﬁiéC&efee@ crude .
feed, or m xtures thereof, to produce a bl ended product. The process

st r eatreany (il fedetrcanr ilnyes, from cmtmtmggommg}i)ef@fcoataétm&z@mmhlﬂedndﬂﬁ&ct Iy -

i ng SOk S B0 REy B BT R el 206 kBB RRT A R0 ) enden

" product maCdiR&kting &@ﬂésclt02§ pek il 6 ealiinokiddest gn ﬁm@lcdﬂylymf iABahbea iand/ or
transportation carriers. Product specifications_ include, but are not

| 2 t ddGt 2B, the fopdgidream exits sontpging zope AR vip snduit 1 1840d eptesz erntegiingor

conbi a
condur P4 SF 5 EARM, in TIEE 3B, RRGEA MeAm b Rudohavi 300k Tt ANEndiilIL
d|sadwambm@edxmumdﬁgeametﬁiseparatlon zone 120 through conduit 122, and the

di sadvant a crude i s separated as. preyious escri.bed to forn1the crude
feod.  The drdecd Saamthan e roLrd- LRI by SH00 COMPTUBBendui ¢ 126.
At |GQ§ﬂa§@@Fc&9WH9@%%B§1i6Qﬁ&ﬁﬁﬁmﬂbﬁﬁﬁﬁéﬂ&QQQQc%ﬁﬁ o@¥dilexggparati on zone
120 via conduit 124" At 5least a portion of the crude product exits

caht a@@ntnqnmrhla!@@d@m dommtmgszobct éhdldmtg em@nfesepaﬁltiphr?ou@ hO& viadoinduil 28.
bl en 130, di r%ctly or via

condui F 135" SHACr G EbABY R vt TH T R Tde BT GHIRY TEB br el Ended
produgtsduthexibl &,@p&l@goipm@uz% ®xidrSuRliendi ng zone 130 via conduit 134.
FIG. 4 ts a schematic of an embodimertt of a separation zone upsiream of
contacting system 100. The disadvantaged crude (either topped or untopped) enters
30 separation zone 120 via conduit 122, In separation zone 120, at leasi a poriion of the

disadvantaged crude is separated using techniques known in the art (for example, sparging,
membrane separation, pressure reduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at
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In sonme enbodi ments, the crude product and/or the blended product are 10
transported to a refinery and/or a treatnent facility. The crude product
and/ or the bl ended product nay be processed to produce commercial products
such as transportation fuel, heating fuel, lubricants, or chemcals.

P i i nclude. di silli dlor :fracti ly distidling th d
b odudBLAeBLy brerR P gt adan et obuiedh o bt e e db @Ok act | one.
I'n Sor@xﬂ?dm&%@xixt&[‘%:l@}le%stéﬂ}ﬁti&{ YOS RIROHEE conk ik ende doRfIRAUES naRtHA 8fe t he one

or 15nore distillate fractions may be hydrotreated. In sone

enbodi wpared ftdme terditd vprtagdd crudea dnaome. ahddimenivoaitlcapaporiomaishe 50% at
nost 30% r%r at _nost 10% of E.hef TAN?(; itaheg}ﬁﬁiigﬁ feed. In sone enbodi nents,
or ude FPHATHCOMRENCPAY SRAAIPRANE L0 8o B 024006 30- 60% or 40-50% of

thg TAN of ThecGadieded be@mhed Eﬂ@n?@:?hﬁéﬁbnedmedQU?ﬂhts‘E)metém%dllﬁMé@tspﬁleﬂluéi has a
TAN of at nost 1, at nbst 20 0.5, at npbst 0.3, at nost 0.2, at nost 0.1,

or at Fwdtug fSompapenss with e bellingeapgodigeibufioniof at kastd#01°¢ Weimiomeast

0. 0001 : re frequently. at .le d j ,  TAN of
the cr eO%bIPg%Ercaibo @grggger %mgﬁ)[u %%2’%?%%88&80 "tgﬁg&ém%gf%{% 2, or 0.05
t o 0. lerude feed incMuded ABniRMROGH dvRiHoBentsheitic A boRingrmaagrcdistibation belsalenNi / V/ Fe
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sodi um and pot ne-'earth neta or exanpl e, nagnesi um
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Col u S5.metals (for exanple arsenic), Columm 6 netfals (for exa ,

chr om WhyiE Gttt e T ER Lo POTIOR A G B ER DS RS PRETEF e

pr oduci, Basiud 1RtAl i€ AtbeNedQhioMlidlifs Lond B3 @l InSbddn®ioRg8NkGeReh dS, per
gram of crude product, in a range from 0.0000001 grans to 0.00005 grans,
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content of metals in netal salts of o ) )
process streams, erude feed, crude, or mixtures thereof are introduced directly into
blending zone 130 or upsiream of such blending zone via conduit 132. A mixing system
30 may be located in or near blending zone 130. The blended product may meet product
specifications designated by refineries and/or transportation carriers. Product
specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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organic acids in the crude feed. In certain enbodi nents, API gravity
of the crude product produced fromcontact of the crude feed with catalyst,
at the contacting conditions, is 70-130% 80-120% 90-110% or 100-130% of
the APl gravity of the crude feed. In certain errbodi ments, APl gravity of

20t h d d 14 15- 30, t
g went dnHificb he dlediomead crde < Soutlio] 8RS 120 herebBaiot os: 50%

or at iHishe Zi@a/Mﬁt g@@cf{ll’l@ %%%bér){teﬁfas bhsigsdRsEABE td BrsaRE e edigrent s, the
crude product viscosity in a range of 10-60% 20-50% or 3 O- 40% of

t he V|'§hm3ud6yfeecﬂ thch@nwmdmtefceegsystmﬁﬁaﬁneuﬁnabmt E26.tMelevitsowsi ty of the
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of thepz@&thtﬁeTﬁ@Bﬁmded produdtRxBOPEn&NEoehd B3l Ha dohduis B4 ur content of the
crude product may be at nobst 90% at nost 50% _ at npst 10% or at nost 5%

of t he sul flﬂrsot'ﬂ@rﬁiwﬂmm%ﬁ@ apdemprogugddior th%m@@@%%]’rﬁdé?%ﬁl ments, the

e n ]@?g | east
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enbodi predics n}atyh% r_&ud:ellcs?ﬁ’d 16 @RddRine c@h]{ﬂehﬁalqamtbigts)?mﬂmurampd&ubﬁ@n%ﬁldso 120%
or 90-110% the sul fur content_of the crude, feed.. so enbodi nts,
‘total laﬁaf%g@h Iplyinasif O’b‘fhef“r’n‘éal%:r}ifﬁéesﬁ%d’ﬁﬂytm%&?‘%gﬁ’ed gy g ot fragdigpally pst
80% - akisHIR% t}féc&{ﬁd%‘ogﬁc‘[ ARbr ﬁé%@éd 03\%% pr@ﬂhﬁ@gﬁgopﬁ'ake@i%u@eﬁet he crude
feed. I'n certain e Iments, the crude product has a total nitrogen

cont ertﬁaubibnsat Inl seast end¥4diraents, ehestruﬂé)%oda‘ct thedd en@Qproduct aand/adbe 00965 of t he

t nitr content of ,the,crude,feed. I n sone enbodi nents, basic
og‘é‘ﬂre ﬁgrﬁgi‘)cfmpﬁ@aéfrbﬁé?é’dlﬁruﬁa@ét may at nobst 95% at npbst 90% at nost

50% at m%séﬂléen%d%mﬁmﬁe &UaOhrddlie: RAS TR NI 0 eRR: SORL Ahost 809, t he:
crude feed. In certain enmbodi nents, the crude product has a basic nltrogen

cont erat nufst 30%) erattmastd 0%tofites EANGE e eudy Gk I8Gusmesmbedimenistcradt of 1t he
et BEHBRs SO0 A abob EARIE R Spoons. SRR APPRLIRALS, L1
nmost 3&¥de Rbd.NBSterk@lemBsdidbnBDhE chife @iodubﬂlma/%m smwm mat hbe
20 0.5, at most 0.3, at most 0.2, at most 0.1, or at most 0.05. TAN of the crude product will
frequently be at least 0.0001 and, more frequently, at least 0.001. In some embodiments,
‘TAN of the crude product may be in a range from 0.001 to 0.5, 0.01 10 0.2, 01 0.05 to 0.1.
In some embodiments, the crude product has a total Ni/V/Fe content of at most
90%, at most 50%, at most 10%, at most 5%, or at most 3% of the Ni/V/Fe content of the
25  crude feed. The crude product, in some embodiments, has a total Ni/V/Fe content in a
range of 1-80%, 10-70%, 20-60%, or 30-50% of the NI/V/Fe content of the erude feed. In
certain embodiments, the crude product has, per gram of crude product a total Ni/V/Fe
content in a range from | x 107 grams to 5 x 107 grams, 3 % 107 grams to 2 x 107 grams,
or 1 x 107 grams to 1 x 10 grams. In certain embodiments, the crude has at most 2 x 10°
30 grams of Ni/V/Fe. In some embodiments, the total Ni/V/Ee content of the crude produci is
70-130%, 80-120%, or 90-110% of the Ni/V/Fe content of the crude feed.
In some embodiments, the crude product has a total content of metals in metal salts
of organic acids of at most 90%, at most 50%, at most 10%4%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,

43



15crude feed. In certain enbodi nents, the crude product has an oxygen
content of at |least 1% at |east 30% at |east 80% or at |east 99% of the
oxygen content of the crude feed. In sonme enbodi nments, the oxygen content
of the crude product is in a range from 1-80%, 10- 70% 20-60% or 30-50%
ents, the total

of the o n content of the cryde feed. | one,. enbadi ;
conte nfhe)c%/&%aw g5 tolal HO%tS‘ﬁtpf’g eSS By “‘Fﬁgsaiﬁ%fe"fg%a I@‘é SR et nost
90% 29.gab:, M031092 0906084, 8BS0 tha totilRDhten?o P indtdlS 11t QBtad BAltsf drbshic

. 7 2> .

carboxylic acid conpounds in the crude feed. In certain enbodinents, the
crude peiddnche trade feetl o Qupanio atienthaiogencrtliydam pactaloiadts onhpdsy hdsareott | east

1% at .| 309 | .80% | 999 h | f
car box YR ks et oot v incier DBl w0 SHon SoPmR Lo et ea

or gRNi EarBAMEIRACKIS TRAURI LS a{ﬁ@}zﬂothﬁnﬂfd%ﬁu,Cx%ﬁ)hﬂﬂni&@:iaé?’hléﬁtﬁlﬂh@ﬁﬁ;acid%, goIe
enbodi nents, carboxylic acids and/or netal salts of carboxylic acids may be
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c ][ ude Enw?nbodimymhmwd coutetierfinatdls oambek saliscofawiasc ands of the aredeal sal ts
I, I 9 70% . 509
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. OXYgenoGRme asias sn Welchide 84t 130% 80-120% or 90-110% of the non-carboxylic

contai ning organi c oxygen conpounds of the crude feed. In sone enbodi nents,
' the ‘crude phowtiein drridients, AR greeitne the ciude predust pradesed frosnsondacy 065- 0. 15
grams @r fr 0; 09-0,.1 r . r . PEr: MRS [ 0 . The
crude %F 83115%3% endrat’&%l1 %%*F@é% ,a ?*%%Eﬁ c?%tg&%%l ngg’ﬁlggg’sl %@c I?UO r/];ég%:" %’?@ggﬁ% grans

or frosn MOSLDYBSf e M @hvisestihdicines fgtaln afrtedhedtodiroehis AP radity of of
atogm c¢_hydrogen_to _atom c carbon (H of the crude product may be within

702% 30898 cpple Proydyct 6rff%lif’(§h/016‘f30iq¥é62%m c HCratio of the crude feed. A
?;??g P:}g?‘c‘g%ce:agt%}t%[]@gxt?bd&ﬁxﬁe i@1the 8:)%!’: de&uét%a@@%’i@éos?t? ol REmBELR,, [ R Gehshl oM ¢ VC
ptake and/ or " consunption of “hydrogen in the process
i s rel 8% yvalay nersal0% ofitidy vscastipdf thy dnoeigdeed. Inproosuerebdodimesist dre crude
product has a viscosity in a range of 10-60%, 20~50%, or 30-40% of the viscosity of the
crude feed. In some embodiments, the viscosity of the crude product is at most 90% of the
25  viscosity of the crude feed while the API gravity of the erude product is 70-130%, 80-
120%, or 90-110% of the AP gravity the crude feed.
In some embodiments, the crude product has a total hetercatoms content of at most
0%, at most 50%, at most 10%, or at most 5% of the total heteroatoms content of the
crude feed. In certain embodiments, the crude product has a total heteroatoms content of
30 atleast 1%, at least 30%, at least 80%, or at ieast 99% of the total heteroatoms conient 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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The crude product includes conponents with a range of boiling points. In
sone enbodi nents, the crude product includes, per gramof the crude
product: at |east 0:001 grans, or fromO0.001 to 0.5 grans of hydrocarbons
with a boiling range di stribution of at 20 nost 100 C at 0.101 MPa; at

| east 001 grans, rom 0.001-0.5 grains qQf _h rocarbon th a boiling
ange BIEMGT Edﬁa%%fg mggﬁ)%ggtcgﬁa;ﬁgh@r&g 6@%%;@? & baodbgeo. o1
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from Oc(ﬁﬁ)élmﬁfﬁlegmaimﬁe@if hydrocarbons with a boiling range distribution
bet ween 300C and 400 C at 0.101 MPa; 25and.at | east 0,001 a or from

0 001 to- 0. B Gk Am TRt GAk BEtEe s ERR ob 19 ¢S prwet irLbf AbieeRbn
betwem%oﬁmgtm A3Rost YOG opatjn%st MPRof a total nittBpSPERtSTBOd®RALS the crude

product inclu Per gram of crude "duet, at |east 0.001 grans of
hydr ocﬁmﬁxohscm\aanmmmdhmmgs rthmgadd pmdmpmﬂS|actnt26fmtmgermntem)@f at least %401 MPa
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the crude produeteni@Mihiane tatic hffslen Coteht EMRBRrudY produdt @StatGaddl grans of
napht ha per gram of crude ‘groduct I n other enbodi nents, the crude product
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er _agram.of cr C crude
pr oduc‘?ftﬁggmg g‘?egt |I?F ?“818‘?%?&1%13 th‘f(?“iqfé?’r/h ag%q{ggfg%%g{rl (’fbl 5'?1 gf t he
di sti | hfadt @eagOIV% eattleRt 30°REatGEAsEI80%eOCht 1dREI I SEfIth Bhge ﬁmmgemt:oménttdte crude
product may be, per gram of crude product, in a range from 0.00001-0.5

gr ans, the comefeed3’ grans, or 0.002-0.2 grams. 5ln certain enbodi ments, the

crude prod S of the VQO
cont ent of Sgﬁ%ru e %e@gﬁg&s}r&%ecz%b&%&%%%?gﬂet ga{%:crtu proé‘gi’:é% has, per
gr am o%0%y aicheosp 5 GbUattmosa 3VEOamn$teir®l% iom aamosm‘@ﬂé dfrtba:mﬁyg&ﬂ@:@meﬁt 8l theans,
0.001-0. r , 0.002-0. rains, or 0.00 rams odi nent s,
CHe or s %F@gﬁwerﬁlgsmabq BaeE B OB s a3 g%mﬁfe a%o}eaggr 90- 110%
of. t heyoesly ?w%naﬁ&tst bl &%déf‘@‘%%@%e meﬁrca%n%mwume&l%e per.

gram of crude product, a résidue content in a range from 0.00001-0.8 grans,
0. 0001songk esnig:damsms,ah@ Gﬂfgeﬁ cengneofithe Orude prahyt @rmrange fom- B8V gl s, or-.

R NN R TN SN T el
feed, Whkdtsl doRRnE LEERbAYEUEH ddafHoandPof the crude product may be at most 90%,
20 at most 50%, at most 10%, at most 5% of the content of the carboxylic acid compounds in
the crude feed. In certain embodiments, the crude product has a total content of carboxylic
acid compounds of at least 1%, at least 30%, at least 80%, or at least 99% of the total
content of carboxylic acid compounds in the crude feed.
In some embodiments, selected organic oxygen compounds may be reduced in the
25  crude feed. In some embodiments, carboxylic acids and/or metal salts of carboxylic acids
may be chemically reduced before non~carboxylic containing organic oxygen compounds.
Carboxylic acids and non-carboxylic containing organic oxygen compounds in a crude
product may be differentiated through analysis of the crude product using generally known
spectroscopic methods (for example, infrared analysis, mass spectrometry, and/or gas
30 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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15 asphal tenes content of at nost 90% at nost 80% or at nost 50% of the
Cs asphaltenes content of the crude feed. In certain enbodi nents, the C5

asphal tenes content of the crude feed is at |least 10% at |east 60% or at
| east 70% of the C5 asphaltenes content of the crude feed while the MCR
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product. Met hods described herein may be configured to add one or nore
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reduced
grams, or from 0.001-0.5 grams of hydrocarbons with a boiling range distribution between
200 °C and 300 °C at 0.101 MPa; at least 0.001 grams, or from 0.001-0.5 grams of

hydrocarbons with a boiling range distribution between 300 °C and 400 °C at 0.101 MPa;

25 and at least 0.001 grams, or from 0.001 to 0.5 grams of hydrocarbons wwith a boiling range
distribution between 400 °C and 538 °C at 0.101 MPea.
In soine embodiments the crude product includes, per gram of crude produet, at
least 0.001 grams of hydrocarbons with a boiling range distribution of at most 100 °C at
(0.101 MPa and/or at least 0.001 grams of hydrocarbons with a boiling range distribution
36 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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contentof netals in netal, salts of organic acids; or j) conbinations
thereof In sonme - enbodi nents, one or nore properties of the crude product,
relative to the crude feed, nmay be selectively changed whil e ot her
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25 example, a sum of a crude feed Cs asphaltenes content and a crude feed MCR content may

be represented by 8. A sum of a crude product Cs asphaltenes content and a crude product
MCR content may be represeuted by 5. The sums may be compared {8 1o 3 (0 assess the
net reduction in high viscosity components in the crude feed. 37 of the crude product may
be in a range from 1-99%, 10-90%, or 20-80% of S. In some embodiments, a ratio of
30 MCR content of the crude product to Cs asphaltenes content is in a range from 1.0-3.0,

1.2-2.0,0r 1.3-1.9,

In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some

embodiments, the crude product has a MCR content in a range ot 1-80%, 10-70%, 20-
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In certain enbodi nents, a catalyst includes Columm 6 netal (s) The catal yst
may 20 have, per gram of catalyst, a total Colum 6 netal (s) content of at
| east 0.0001 grans, at least 0.01 grans, at |east 0.02 granms and/or in a
range from 0.0001-0.6 grans, 0.001-0.3 grans, 0.005-0.1 grams, or 0.01-0.08

. I , th tal yst i d f 0.,0001-0. 06 f
O ot TR By TR ot o B RS R Pae T Rud . ©
i ncl Ud%&b@ﬁh%lﬂ!ﬁ@s, %%n?b.@ﬁ@lrlb.(l Sharhd) 0AMALE.HOBrahR, bPE0ER 05 Bals ?o‘mlmd nééé

In sone enbodi ments, the catalyst includés a conbination of Colu
met al ( sramaiof rudnermiuctiore metals from Colutm 5 and/ or Col utms 710. A nol ar

ratio of Columm 6 netal to Colu 5 al .may.be in a range from0.1-20,
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net al ( $pntigurehiosaddrapeios msre eaialysts daseribed herpintto thperafle podveledeidng)  Col ums
meigl iR.dhe,catalyst may be in a range from1-10, or from 2-5. In
sone enbodi nents, Colums 5-10 netal (s) are incorporated in, or deposited
on, a supporithetcpudeqirodichprodadal fymh cohtbctary dygiem Bithiadipr@ritbes didleverns 5- 10
metal (s) in 5caonbipation with Colum 15 el emeqt S?l;; are incorporated in, or
deposi tiEW Bapertigeoidhe pade feed. Pusthpiopartissmayyaiiudg, bubis 5o larted tPywhi ch t he
met al ( @Ry, : . I . t

Mt udos S TR B BERL Fediif, SRRRE Rl APERERGARLSY i fReA A" ) be
por ous oémdfinpyxyigen) nittegare br astinnationx ildesf; goedwusdoasidercobasedhmedieeial s,

eplites, aqr.conbinatio hereof . Refract.ory oxi may i.ncl ude, .but are
2o O SR oo en ecuesd] MR e R s s et
zir conwﬂb%ftiﬁetamgﬁﬁﬁ.ﬁms@fiﬁgmc%id& 3t He8mblEbROherebP PR ssndRY be

obtai ned froma comercial manufacturer such as Criterion Catalysts and
Technokwdidisndnks, Ok asnore, pryesrhes of thaeindy pradueio vdattvertb the Gudedearateyi al s -

i ncl ud t..are not 4i 'tetgl to, acti vateg carbon andrlgor orqQus graphite.
Exanp! Sk saro BBk iBIG ARe Bondib HE-SELFRR00H AR 3 8RR &' 2001 | fes,
ZSM 5 zemkdrtiaBy cAsRed Fheetdn@ild, itmaend HEsesble46 ohiyl REectiBely balwliBANGH of rom a
conmer ci al manufacturer such as Zeolyst (Valley Forge, Pennsylvania, U S M
Thed suppueiced withermalse vigmeficraty shanginzihe paouet udhercpaponards S@port has an
averag %sﬂﬁﬁl@,ﬂ%’li@ﬂ,%ﬁ?ué?fbﬁﬂ}/ﬂ S raAE L) Oln%is?ﬁar%lﬁgﬁ&ngoégn stafl dﬁfinéeaSt 180 A
In certaln ehbodinents, a support 1S prépared By form an aqueous paste
of t hecentpgiogtmagbelcomkentrated” on TAN reduction, and not on reduction of other
components. Thus, the TAN of the crude feed can be reduced, while using less hydrogen,
since less of such hydrogen is also being used to reduce other components in the crude
25  feed. If, for example, a disadvantaged crude has a high TAN, but a sulfur content that is
acceptable to meef treatment ard/or transportation specifications, then such crude feed may
be more efficiently treaied to reduce TAN without also reducing sulfur.
Catalysts used in one or more embodiments of the inventions may include one or
more bulk metals and/or one or more metals on a support. The metals may be in elemental
30 form or in the form of a compound of the metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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20 I'n sone enbodi nents, an acid is added to the paste to assist in
extrusion of the paste. The water and dilute acid are added in such anounts
and by such nethods as required to give the extrudable paste a desired
consi stency. Exanples of acids include, but are not limted to, nitric

S R R e B S e e

cat al ygg pt@§44n@4ﬂptmqs Ch94f 1, ey udpes443hes Rt @S RIS TR R0 eat

treated at’ a teénperaturé in a range f from 5-260 C or from 85-235 'C for a
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di ameter of at |east 150 I'n certain enbodi ments, the support
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conbi ng}gg&s t hereof . The ampunt of gamma al umi na, delta alum na, al pha
alumn conbi nati ons therof, per gram of catalyst support, nmay be in a

range from @ £ReblerhPmenita Eatal Gstkkd Qo Sh@rga@sﬁopeﬁldaloﬂh&cgrdarfsed otlude nost
0.1 grans as determned by x-ray diffraction. o) enbodi nents, the
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preparations are descr at ent 21 8,333 to Gabriel ov et
al .; 672290i8#10.0001BLrgrahn\).GA5-AB grarem 6.0 44 gORE, DOOBIidhO&gr@hS Inand U. S.

10 t ent ation_, Publ|cat 200 11391.to n. In one
i Tt BB Eeb s pha e e B oo e AR H 2R 1 the Sl o
In Cersamna(a)ngsqdlm Rs oT@%ltﬁﬁiPPS’Eltenieﬁtshﬁﬂﬁd lastua! Theewaryat mags in a

range from4 1200 450-1000 C, or 600-900C pri or tour& é;natlon with a
met al . have adiotab Cottsali Freletmesit ¢ontensgrea graonobeatnl yviziy reage §e PPGY-0.1

pr epar t| on at al f TR ai ds include a
citri c 0@@) 6ﬁ.gﬁlgra %ﬁ;ﬂ%?{é%ﬁﬁmﬁeﬁ%%@g“ C aéIa%&( EDTA), . at nnoni a, or
m xt ures thﬁf@,@ffam embodimlzﬁ'tsCaEédtﬁyﬁl 1@@1@&H§|wanhﬁ5rﬁetas(&)almsacmmmyf ormed by
add| ng. or incorporating th Colums 5-10 nmetal (s) to heat treated shaped

ur kayeoperggp e catplysly éﬁq)tawﬁlgm}n 6 W@I(P)aﬁﬂnﬁ‘@t af #eleast PO apams. athe heat
treat e{ér %mﬁggégpﬁqg#t @pg g pg%%m% rgaffltafn %oé@r@@uﬂ@ Yoo § or m

concen es be cial catalytic’properties of
grams, 0.005-0.1 grams, or 0.01-0.08 grams. In some embodiments, the catalyst includes

from 0.0001-0.06 grams of Column 6 metal(s) per gram of catalyst. In some
embodiments, the catalyst includes Column 15 element(s) in addition to the Column 6
25 metal(s).
In some embodiments, the catalyst includes & combination: of Columu 6 metal(s)
with one or more metals from Column 5 and/or Columns 7-10. A woolar ratio of Colunan 6
metal to Column 5 metal may be in a range from 0.1-20, 1-10, or 2-3. A molar ratio of
Column 6 metal to Columns 7-10 metal may be in a range from 0.1-20, 1-10, or 2-5. In
30 some embodiments, the caIaiyst includes Column 15 elemeni(s) in addition to the
combination of Column 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 Coiumn 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 inchudes
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the catalyst. Heat treating of a shaped support after each overlay of netal
tends to inprove the catalytic activity of the catalyst. Methods to prepare
a catal yst using overlay nethods are described in U S. Patent Application
Publ i cati on No. 20030111391 to Bhan. The Columms 5-10 netal (s) and support
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embodi Hekvrm, the epsalisit dn gebodimenisan whidethe eial(s) angfer dewenys¥#8m 150- 750 C, -
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from1-3 hours to renpve a majorit e volatile onents w t hout
conver BHGS{HEeRR) a6 0 Trbimaledle® el tsae B]Ceé)'méat PpYE E2BPRpar ed
by such,@q TRkt AchddenR ! dof 1ihﬁfeﬁ%,%ti§rﬁe&§arﬁbﬁ‘&?d]§f Pedus gaalysts. 10

Wien catal ysts are prepared in this nmanner in conbination wth a sulfiding
met hodExathpleaof zanditevenclizde Weszobites.sebrsteatites anbidedite pralitesd 45M+Stwgolitepport .

Preparat jpns of such talysts ,are described in U S, Patent Nos. . 6,218, 333
t of TanfiebfReertt 2atics. e TictSuy oo Elip eogymererd ey et Sich =

enmbodi gesty &, (ValltPebde P kIS APSIA). My be combined with Col.umms 15 5:10
metals to forma theta al um na_ support/Colums 5-10 netals mixture. The -
t-het a al uni’‘hhe sumestk iy Osesmodmems.is prparefisiehithat thgpupRoh8at an r.eat ed at'a
t enper of at | east. 4 f t A vi n e size .
distri g\%ﬁﬂ%%rpo\;\? ?hm%?eﬁgiag%gsggrsé%idg%e tellr;)ﬁézf’%gtal ?%ééslt%z%ogr}x& 3{‘). cally, such
heat t egbbdin@nisSa SOdCE eetpatedtbgibaniab uhaguais phste0s thek2PPoL.mat@lidl. some
enbodi prents, the support (either_a commercial, support, or a]Psuppor,t pr epar ed
as?He s somsceradiments par agibisagaes fdle Rptihiopssishigsrisiopafahs pista nlior a

bul k ] . J R : - Ry
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size from1-5Q.m cr.ons,, 2-45 mgcrons, or 5-.,
{0, nitric acid, acetic acid, sulfuric acid, anf hydcr)och?orlc acid.

The paste may be extruded and cut using generally known catalyst extrusion
25  methods and catalyst cutting methods to form extrudates. The extrudates may be heat
treated at a temperature in a range from 5-260 °C or from 85-235 °C for a period of time
{for exawiple, for 0.5-8 hours) and/or until the molsture content of the extrudate has
reached a desired Ievel. The heat treated extrudate may be further heat treated at a
temperature in a range from 800-1200 °C or 900-1100 °C) to form the support having an
30 average pore diameter of at feast 150 A,
In certain embodiments, the support includes gamma alumina, theta alumina, delta
alurnina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst suppott, 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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25 40 mcrons. The powder may be conmbined with support to form an enbedded
netal catalyst. in se nt enbodi nents, the powder may be conbined with the
support and then extruded using standard techniques to forma catal yst
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the catalytic activity of the catalyst. Methods to prepare a catalyst using overlay methods

are described in U.S. Patent Application Publication No. 20030111391 to Bhan.

The Columns 5-10 metal(s) and support may be mixed with suitable mixing
25  equipment to form a Columns 5-10 metal(s) /support mixture. The Columns 5-10
metal{sYsupport mixiure may be mixed using suitable mixing equipment. Examples of
suitable mixing equipment include tumblers, stationary shells or troughs, Muller muxers
{(for example, batch type or continuous type), impact mixers, and any other generaily
known mixer, or generally known device, that will suitably provide the Columns 5-1 0
30 metal(s)/support mixture. In cerfain embodiments, the materials are mixed until the
Colurnns 5-10 metal(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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Such suoefadcatabseadn some embodiments, the supported catalyst may mclude Column 15
metal(s). For example, the supported catalyst and/or the bulk metal catalyst may be
crushed into a powder with an average particle size from 1-50 microns, 2-45 microns, or 5-

25 40 microns. The powder may be combined with support to form an embedded metal
catalyst. In some embodiments, the powder may be combined with the support and then
exiruded using standard techaiques to form a catalyst having a pore size distribution with a
median pore diameter in a range from 80-200 A or 90-180 A, or 120-130 A,

Combining the catalyst with the support allows, in some embodiments, at least a

30 portion of the metal {o reside under the surface of the embedded metal catalyst (for
example, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, baving 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.



may be in a range from 60-300 n?/g, 90-280 ri2/g, 100-270 in2/g, or 120-250
n2/g. In certain enbodi nents, the catal yst exists in shaped forns, for
exanpl e, pellets, cylinders, and/or extrudates. The catal yst typically has
a flat plate crush strength in a range from 50-500 NVcm 60-400 N cm
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quantity of pore sizes versus pore diameters. The median pore diameter of the pore size

25 distribution may be in a range from 30-1000 A, 50-500 A, or 60-300 A. In some
embodiments, catalysts that include at least 0.5 grams of gamima aluming per gram of
catalyst have a pore size disteibution with a median pove diameter in a range fiom 60-200
A: 90-180 A, 100-140 A, or 120-130 A. In other embodiments, catalysts that include at
least 0.1 grams of theta alumina per gram of catalyst have a pore size distribution with a

30 median pore diameter in a range from 180-500 A, 200-300 A, or 230-250 A. In some
embodiments, the median pore diameter of the pore size distribution is at least 120 A, at
least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.

Such median pore diameters are typically at most 1000 A,
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A of the nedian pore dianeter. Contact of the crude feed with the second
catal yst under suitable contacting conditions nay produce a crude product
that has sel ected properties (for exanple, TAN) significantly changed

relative to the sane properties of the crude feed while ot her properties
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COMPONgRYiEn @Bfé/cﬁém% ﬁﬁa%ﬁ%& 8BRS 080" A DA0-86D KOorTAN-$000A) it acieide feed.
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ng’gdl %%%r[ Zégoﬂ’ébgrg‘?fﬁﬁ g%lpﬁgﬁ 18‘??5%& second catal ysts may .enhance
stabi lity ofdohf élﬁb&hm@:rt@gs&é A EI0HERF bﬁ@hﬁ@éytﬁﬂaﬂlwsﬁo 3|cﬁﬁrge@¢sea@at7al yst
life, al]ow m ninmal ne rogen upta e by the crude feed, or conbinations

t her e /gmré@r lease §- &@nt/g e ce@hawbc@@ae% TBG £ RBEPT IPEFes 1Y, [RtHer{ T @B e -
enbodi C@/é%ﬁq’%&g%%o&@gfb é@p ("third catal yst") may be obtainabl e

by co n| ng a suppor et al (s) to produce a catal yst

precur so r Tikeczeallyad husingpr grei siso distriytios viged mddian pbimilmﬁ&em(aﬂa@ge one or
noy.e ng r con al ni ng conmpounds at a terrpfrature el ow (for exanple,
betow maYs &} WRs aphodiments, Iap psyriase arpnpl dtdeash %ffi & dlncal ciiied

tlgbr dvl%fﬁét Qb@ 2/%1_&’1% al7o¥n?/ %Q@ls‘é?tt glb%t Eﬁﬁ%ﬁ%ﬂ’f/% 28hch sﬁ]ﬁ@ée‘%@eé ﬁ’ia t |east
or ncer in enbodj nents, the third Cata yst may, per
beina range from 100-300 m%g, 120-270 m*/g, 130-250 m*/g, or 170-220 m*/g.
In certain embodiments, the catalyst having a pore size distribution with a median
pore diameter in a range from 180-300 A may have a surface area of at least 60 m%/g, at
25  least 90 1112/g, Ieast 100 mzlg, at least 120 1112/g, or at least 270 mz/g. Such surface area
may be in a range from 60-300 m¥g, 90-280 m*/g, 100-270 m*g, or 120-250 m¥/g.
it certain emnbodiments, the catalyst exists n shaped forus, for exanple, peilets,
cylinders, and/or extrudates. The catalyst {ypically has a flat plate crush strength in a
range from 50-500 N/em, 60-400 N/em, 100-350 N/em, 200-300 N/em, or 220-280 N/cm.
30 in some embodiments, the catalyst and/or the catalyst precursor is sulfided to form
metal sulfides (prior to use) using techniques known in the art (for example, ACTICAT™
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
suliided. 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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gram of catal yst, have a Columm 15 el enent content in. a range from

0.0014) .03 grans, 0.0054).02 grans, or 0.008-0.01 grans. The third catal yst
may exhibit significant activity and stability when used to treat the crude
feed as described herein. In some enbodi ments, the catalyst precursor is
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1- 8 MPgonigit, APEgity. @cdne mmwanﬂmﬂtwaﬁﬂ@reoa) gy, XD JPEisEY cat al yst
("fourth Gaia! iéﬂwﬁ%n Our Ca aﬁ%gl;b[ é}q@tﬂh(e%st'cﬂtaggﬁgagggﬁg@ @ th atheta
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25  of pores in the pore size distribution of the second catalyst have a pore diameter within 45
A of the median pore diameter. Contact of the crude feed with the second catalyst under
suitable contacting conditions may produce & crude product that Las selected properties
(for example, TAN) significantly changed relative o the same properties of the crude feed
while other properties are only changed by a small amount. A hydrogen source, in some
30 embodiments, may be present durlng contacting.
The second catalyst may reduce at least a portion of the components that contribute
to the TAN of the crude feed, at least a portion of the components thal coniribute 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

55



30subsequent to contact with the fourth catalyst. The additional catalyst
may be one or nore of the followng: the first catal yst, the second
catalyst, the third catalyst, the fifth catalyst, the sixth catal yst, the
seventh catal yst, commercial catal ysts described herein, or conbinations
t her eof .

In sonme enbod nts, hydrogen may he generated during
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cont actmbodittehtst reetubtidit &f Coasphaisneaindiont cmenarts centtibuting areN fiaym 310- 400
C, .from320-370 C,. or_from330-360.C. Net hydrogen uptake by.the crude
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crude feed with the fifth catalyst may have a TA at nost 90% at
nost 8GWianes stabitity &0 taal modimystude@rodict mivguiEAMcafse ¢tdalgstlidie allewd. TAN of

the crude product. may be.in range,.from0.01-0i 1, .0.03-0.05 0..02-0. 03.
| cor PR REGraR oDt By Jod AR0E & hambions weipfimidiedly 5 0 O
i ncl udgsatCaldéBePad®isadibs) headil. Col umm 6 netal (s) in conbination with the
theta al um na support. The 30si xth catal yst has a pore size distribution

with a nedi Bhsoser embedimsnisy a dfirddyps ebestal 38§ third cefalysimbmerbe ebtainebls, t he

Toast oAb T AT yeBPCSE G afl G b 8 SEE pRbws BRI C B
may i ncdtaigiet ppécureashaybelhaiedin thapresepas bf Gheborgnadenalfivadontadigg 0.8 grans, at

| east 0.9 gr%ms, or at nmost 0.99 grans of theta al um na per gram of
suppor omngtgde gk A IePRACTHHHLE Qelpsy afe "Cilder gxpaple, below 482 °C) for a relatively

short period of time to form the uncalcined third catalyst. Typically, the catalyst precursor
25 isheated to at least 100 °C for 2 hours. In certain embodiments, the third catalyst may, per
gram of catalyst, have a Column 15 element content in & range from 0.001-0.03 grams,
0.005-0.02 grawns, or 0.008-0.01 grams. The third catalyst may exhibii significant activily
and stability when used to treat the crude feed as described herein. In some embodiments,
the catalyst precursor is heated at temperatures below 500 °C in the presence of one or
30 more sulfur compounds.
The thixd catalyst may reduce at least a portion of the components that contribute to
the TAN of the crude feed, reduce at least a portion of the metals in metal salts of organic
acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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enbodi nents, a total of Colum 5 netal (s) and Colum 6 netal (s) of at nost
0.1 grans per gramof catalyst, and at |east 0.0001 grans of Colum 5

netal (s) and Colum 6 netal (s) per gram of catalyst. In sonme enbodi nents,
the molar ratio of total Columm 6 netal to total Colum 5 netal may be in a

range fromp0..l,-20, 1-10 2-5..1n certal i,ment h I 5
rora Pl & atiety e bohnginn s SRt STRER BRE Sk Bt ngat en.
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hy g5 0988athenCOSHHKs. M ni M zing the usage of hydrogen Ma process decreases

overal I processing costs. 20ln certain enbodi nents, a seventh type of
cat al yst (" Fbwthitdratdys) msoihp ehdediandnty, alaycoduasrat lagst Qoditipm obtheddGR(s) in a

range from 0..0001-0. 06 .qgr aof Calumm 6 netal (s er .gr.am of catalyst. The
oo oo ooyt e s fa AT Shumond Tl Bt BloRE AT 20 sFBAS' VS

benef i gindbdihdenf! ﬁfé%ﬁir@%tﬁiy@tﬁh‘%ehd%%@tﬁﬁmhfﬁheﬁi(@ conletblirod raape Mo  90% of
the TAN of the crude feed. 25O her enbodi nents of the first, second, third,

f our t h0.00P1-OH, greimst BO0RAGS searas oh 0 981 4. Ylsgrameepd a1Gduma 10matad(And/ or used

as{4 s W se descri rein, I tipe_ ) of this
ap|1o$ ica IIQ%H ‘%%&af&?ﬁf%@ﬁﬂﬁg"%ooge%’%‘%’us’nog(’%%?f??r%? %{rl\% %?}gyd@gl(f@fvﬁj g%%ﬁoé%e pr oduct
to be pradotethiyfata bammbhal saddiaenetsled)eatabgt pragPailitarscditaiogedarledsat i ve. to

the crude feed while other properties_of the crude fged are not .
30si gni PPEIROL fhesrmpagnts fiad Cﬁa@@b}l&eitﬁad(%%}a@l%&ﬁ?ﬁ A IRERE e RAnced -
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transportation and refining. Frangenent of two or nore catal ysts
in a seMcoedtSddiuence may control the sequence of property inprovenents
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the Coluran 5 metal(s) in combination with a theta alumina support. The fourth catalyst has a
pore size distribution with a median pore diameter of at least 180 A. In some
embodiments, the median pore diameter of the fourth catalyst may be at least 220 A, at
least 230 A, at least 250 A, or at least 300 A. The support may include at least 0.1 grams,
25 atleast 0.5 grams, at least (.8 grams, or at least 0.9 grams of theta alumina per gram of
support. The fourth catalyst may include, in some embodiments, at most 6.1 grams of
Columu § metal(s) per gram of catalyat, and af least 8.0001 grams of Coluran 5 metal(s)
per gram of catalyst. In ceriain embodiments, the Coluran 5 roetal is vanadium.
In some embodiments, the crude feed may be contacted with an additional catalyst
30 subsequent to contact with the fourth catalyst. The additional catalyst may be one or more
of the following: the first catalyst, the second catalyst, the third catalyst, the fifth catalyst,
the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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ni ckel, and/or at |least a portion of the vanadiumin the crude feed can be
reduced before at |east a portion of heteroatons in the crude feed are
reduced. Arrangenent and/or selection of the catalysts may, in sone
enbodi ments, inprove |lives of the catalysts and/or the stability of the

crude feed/total ct m.xtu ve t al |ife, and/ or
tabi 11ty oft poiee BRSO P ER IR oY s SRy my
al | ow fecqqmmte 'f&ﬁtlﬁﬁéﬁil%i L1ARREALR 1h Qrate H@ASDO-A00POL ﬁl;.a) 3g0 °dh.gast 6
nonths, or at |east 1 year w thout replacenent of the cat aﬁé\;/ i'n the
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or gani Tlyafdgds gedratl@asdy Be ROf fah@dfrei 1-be NeaRONeMENITAL, 6om-pEbute to TAN,
at | east 2 portlon of the residue, or conbinations thereof fromthe crude

feed bdI®Im .olkrarudy mrpdnatinay heve pretabNyY&Pq @éﬂerﬁpéafcmaﬂ@@eﬁ, alumpste

nai nt a n ta 8] e_f / during
pr oceslépdﬁggt(%‘gsﬁ 7@){0&%}]{1&%%,”% Ia}‘%?gltlcfdd/daorca(r?&tj Stt? cft a val ue é%%ltt%ogve 1.5).
Al t er ndiel aredeyfeed’5 asphal t enes, TAN and/or APl gravity may be

15i ncr enent aI |y reduced by contact of the cr| &&s‘@%&fw th eI ect ed

cat al ysts. Theriai smbodimgntsahlhbmeaficytalyshy g. f

Pr oper Lie ?aﬁ(sgfn 4 uctlﬁétﬁgg%vihﬁ?ﬁl [%%mﬁkr]a% Hﬁ@ $heRRh chil I)@‘I hﬁsr&?po% ng

feed/tota m Xt ure el nt At ned dur | ng processi'ng.
sone ediotiuentdth 4 iedifm pere chanetblysﬁat (ahsst80 Aecat ledso &) Apsyledse2pb4 ti oned

ray. ol 1O 250ryadessoh B ghmbel S R Rargtar BBk Al h Fast (b B
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mai ntaining the stability of the crude feed/total” product m xture. The
first eabedipwnisatheswspori msswraiphardbodinaeoanient lorelove idvarhme bf alphd east a

Pof4! Oglu(r)rlcina per gram of catalyst. The catalyst includes, in some embodiments, at most 0.1

grams of Column 6 metal(s) per-gram of catalyst and at'least 0.0001 grams of Column 6
metal(s) per gram of catalyst. In.some embodiments, the Column 6 metal(s) are:,
molybdenum and/or tungsten.
In certain embodiments, net hydrogen uptake by the crude feed may be relatively
20 low (for example, from 0.01-100 Nm®*/m?, 1-80 Nm?/m?, 5-50 Nm®/m’, or 10-30 Nm*/m®)
when the crude feed is contacted with the fifth catalyst at a temperature in a range from
310-400 °C, from 320-370 °C, or from 330-360 °C. Net hydrogen uptake by the crude
feed, in some embodiments, may be in a range from 1-20 Nm*/m>, 2-15 Nm*/m®, or 3-10
Nm’/m®. The crude product produced from contact of the crude feed with the fifth catalyst
25  may have a TAN of at most 90%, at most 80%, at most 50%, or at most 10% of the TAN
of the crude feed. TAN of the crude product may be in e range from 0.01-0.1, 0.03.0.05,
or 0.02-0.03,
In certain embodiments, a sixth type of catalyst (“sixih catalyst™) includes Column
5 metal(s) and Column 6 metal(s) in combination with the theta alumina support. The
30 sixth catalyst has a pore size distribution with a median pore diameter of at least 180 A. In
some embodiments, the median pore diameter of pore size distribution may be at least 220
A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may
include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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Ni / VI Fe, renoval of acidic conponents, renoval of conponents that
contribute to a decrease in the |life of other catalysts in the system or
conbi nati ons thereof, fromthe 25crude feed. For exanple, reducing at |east
a portion of C5 asphaltenes in the crude teed/total product m xture
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catal yst(s), second catalyst(s), ird catalyst(s), fifth catalyst(s),
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sel ect | e "mai nt al hi ng cruefee total product
st abi | pw;zess'ﬁleereams@rvemﬂd}’rmesmn@bmts of catalysts may 20be selected to

hyd ke whi | t h de f.eed/t ot al duct
S b oyl o SRbedt R o et AR L il €l et ERE A 8 conpent.
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to be nmaintained withi e respective properties of the crude feed,

whi | e gt afatand/ dhe Q@l:,urw émaltlgzrr@ﬂyhdﬁ@m endler pmastaet The seyventbpst 90% of
the TAN.& SSV {Jenel%%la 'nis 1(3:1% b&¥ ga cr&(ﬂepr&ﬁ&q B1afRIGLHAN of at most 90% of the

TAN of the crude feed.
23 Other embodiments of the first, second, third, fourth, fifth, sixth, and seventh
catalysts may also be made and/or used ag is otherwise described herein.

Selecting the catalyst(s) of this epplication and controlling operating conditions
may allow a ¢rude product o be produced that has TAN and/or selected properties
changed relative to the crude feed while other properties of the crude feed are not

30 significantly changed. The resulting crude product may have enhanced properlies relative
to the crude feed and, thus, be more acceptable for transportation and/or refining,

Arrangement of two or more catalysts in a selected sequence may control the
sequence of property improvements for the crude feed. For example, TAN, APT 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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Reduci et hydrogen uptake by the crude feed . ay produce a crude product
that has a boitng range distribution simlar to the boiling point
distribution of the crude feed, and a reduced TAN relative to the TAN of
the crude feed. The atom c WC of the crude product may al so only change by

relatiy snpl | .anpunt s ..as [ 0 ] of th rude . feed.
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one contacting.zone (for.exanple. contacting. zope 102 in.Fl G 3B). A
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-and t hincsdnxdnifal adnd)or Stieati ey skthob Prapertied of tivd driée fead ninytdllewl thel stabiligat al yst
bei ng u]?st ream of the sixth catalyst, or vice versa. The 20conbi nati on of

‘the foftis crredesiotahiproshughmpdunedd op maigaingg JeHpEPOsesiiteduce TAN, redice
Ni / VI Fe con gfﬂg(f j . ts of
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sevent h catal yst may have a"total content of netal (s), per grain
of cat al yst Th¢ firsi catalygealfovemiroscoBoanigdimers dfs removal of at least a portion of

Ni/V/Fe, removal of acidic components, removal of components that coniribute to a
decrease in the life of other catalysts in the system, or combinations thereof, from the

25  crude feed. For example, reducing at least a portion of Cs asphaltenes in the crude
feed/total product mixture relative 1o the crude feed inhibits plugging of other catalysts
positioned downstream, and thus, increases the length of time the contacting system ray
be operated without replenishiment of catalyst. Removal of at least a poriion of the
Ni/V/Fe from the crude feed may, in some embodiments, increase a life of one or more

30 catalysts positioned after the first catalyst.

The second catalyst(s) and/or the third catalyst(s) may be positioned downstream of

the first catalyst. Further contact of the crude feed/total product rixiure with the second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Te,
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The downstream seventh catal yst nmay have a total content of Colum 6

netal s(s), per gram of downstream seventh catalyst, that is equal to or

| arger than the total content of 30Columm 6 netal (s) in the upstream
seventh catal yst, or at least 0.02 granms of Columm 6 netal (s) per grant of
catalyst. In_sone enbodi nents, the position,of the upstream seventh
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Reduction in net hydrogen uptake by the erude feed may produce a eruyde product
that has a boiling range disteibution simiiar (¢ the boiling point distribution of the crude
feed, and a reduced TAN relative to the TAN of the crude feed. The atomic H/C of the
crude product may also only change by relatively small amounts as compared to the
30 atomic H/C of the crude feed.
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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becone | ess soluble in the crude feed/total product mxture. In sone

i nstances, the crude feed and the total product may formtwo phases and/or
becone insoluble in one another. Solubility changes may al so result in the
crude feed/total product m xture formng two or nore phases. Formation of
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|
CalR! Yol Te erfbodiAl F,{}ﬁ% hg%?])gém{;\?gﬁayﬂ%g@ﬂ ﬁl‘?&‘}tr\ﬂ {H hB%1oW o£RBEARE Ifﬂ%ldr ogen

condi tions nay | nc enperature, pressure,

upt akeAitemuﬂ&l:fz ded stadchd comfigaition r@%; fon exahplecBIG. 3]551 ydogem mmjbbtdi ment s,
contacting tenperatures are controlled such that rﬁ/g&hal tenﬁﬁ and/ or
ot her g@mﬁm@ﬁ@@ coplEcHRG AW SRRTACENgERu o X ARPIa, &0 28 the

crude f 9@%&&%& Bhirck R MR HOBL876 atiﬂét%&ﬂoﬁé{l@oﬁ%ﬂn%’%@ﬁﬁ aand/ or

hi gher' cdnt nperaturés may result 1n formation of Two phases that
may r edivetion ket stcazhmtelr toyflof of Itim onddieed ¢od txangelk, Gtalutdrwgcntthmoeg]and/ or
l'ife of

f th t 1ol t t t t
by EHEA 08 ¢ ZRiarinecame at B wibrande dearen A il Rt her of n
al | ows drfagn Gidsmiphhen %§n&19reﬁ?tortﬁgﬂgﬁd)ﬂﬁé &8dé hed M%Reﬁaﬁplerﬁdd@{g the erude

feed only changes by a relatively small anount. In sonme enbodi nents,
cont achydregenchrbiugh epsduit H6t onzanisicling zenec h & IhdHGt 3Rper at ures in one or nore

contacti ng_zones e tures -
25al | ows f ot YIS @Qfgngﬁﬁ’nb %(?]#h Clata?dgﬁgﬁ Sr%%lﬁ)g%% ggﬁgh%%@gﬁglﬁ%f ai ni ng
the stgtek With (B¢ fduh@ carlighe béiag dpéiniaal oﬂlh@@i;tﬁtcdmlyitwlevwél'h@sa:r'ﬂcbe feed -
enters a first contacting zone at the start tactlng

t éfper eanpbisation affihe faswmthental 5t @fltihrﬁmtaﬁéﬁmﬁlsqata&ﬁﬁ%aav meluss Eé\N éf
cont acqu MA%kd e%rt,fa'&l‘lw&%(ﬂcg cgmﬁpckﬁnetﬁﬁciﬁ 1l gﬂ%ﬁﬁ%ﬁng o adifl, Whth 10W

terrpera ure errpera ure cetera) are the t eratures In
cont achétmgtakenébydrbaén by ﬁlemnsietfeerh eIdo\ahb‘e}nydtrd@nB@talqesma}czd}mra@:thcmg zone. A

first contacti te era be, i n ran fron 00-420,' C and a
secondpré’B?i‘fuﬁ%?ﬂ%ﬁ F‘b yﬁ}é"ﬂigﬁ @%gémﬂ’f& r%g’é‘f)%lt%sa“(}f 30- 90
"C, or r%ﬁem@@oﬁhg'chﬂ%rﬁm than the first cont acting tenperature. -In sone
errbodl second contacting tenperature is greater than the first

co¥t act i ng Ineswper mhwcmmmmghﬂmfeﬁ*eaeemﬂl@@miyabtnmgbq eregan eprabisstioray r educe
TAN angés saveml';%g.%?ﬁ;lr %e,c,%‘?%qc g.fgxt‘ %%m J L dow(f:x[‘flxjt 5 B wwiﬂ tatalyst may bave a total

content of Column 6 metal(s), per gram of catalyst, in a range from 0.0001-0.06 graws.

The downstream seventh catalyst may have a totat content of Columm 6 metals(s), per

gram of downstream seventh catalyst, that is equal to or larger than the total content of
30 Column 6 metal(s) in the upstream seventh catalyst, or at least 0.02 grams of Column 6

metal(s) per gram of catalyst. In some embodiments, the position of the 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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relative to the TAN and/or the C5 asphaltenes content of the crude feed to
a greater extent than the anount of TAN and/or C5 asphaltene reduction, if
any, when the first and second contacting tenperatures are the sane as or

wi thin 10C of each other. For exanple, a first contacting zone may include

a first catal yst(s d/or. a.f th 5cat al (s) an second cont acti ng
Zone nily ST Pline b EMe paered oy Ornbdlh aEREboRR RBET s SRRk REC: [ oo
t enper &, APVt 26k ducaidtidnl &V GOEARNE @R E@Gbindfot SMBRLAL Ure nay be 300
C. Contact of the crude feed in the first contacting zone with the first

cat al yst andpuactfafiing trudafeatl wath &e uptiesei ydedovinsirpan acvanth prplystsmeycont act

ith th th t al t i tacti o It i
or et SO Pt RS b &b N R REE0R SBOT T B A R Y e e "
r elsat i %8st 109, e o TR 6Phe G A SP RR dreftefed eBURhicOn balibeis e A ude feed

when the first and second contacting tenperatures are within 10 C. EXAMPLES

. Non- ¢fi the £1udg feedangy beingtensamtaibriedysed parcaptashwith theappiea@epar at i ons, and
t i | ect tacti

cy o et R SR LS5 AR SRR Al SPL AR 06 GARLRLAGE Eont 2ot o

Suppor formAnStBiaDEAdYPR dRECRHANR ebhnpyd ProlpEitieg rddibveanahes ciatle &dedmambthéfr i teri on
Cat al ysts and Technol ogies LP, Mchigan Cty, Mchigan, U S A) \gith 585
gr ans_ gmiaghphthe pigaberydapodast withen additignal ptalyst tg preffucg shegridg Brodusthe 20

| t] 0 E | i | at e,
e B o Bl B xS ElatO8 oL AR g Encbllih Rl Sy B 1L
gr ans tremenslllyimedassispiponhineining sherspabiléty of tieecrddafeedgotalofrod®2 A. The

cal cined support was placed in a Lindberg furnace. The furnace tenperature
was r aPLEHetYrnePREIDE-C over 1.5 hours, and then held in this range for 2

hours to prﬂ%gﬁ &H@ocﬁﬁm@f&amlm%%lg%m%a/dr %Héﬂ@?gatall%tlrs i8 E@fﬂbﬁ%ti%gog upport,

0. 0003 granms of gamma al um na,” 0. 8 grans of al pha“alum na, O. grams
of del wah abuinélled, coatadtify esiltiagnsd s esfmplectenpataturic angd/onsrude feadrfloved by x-ray

diffraction. The support had a surface area.of. 110 in2/g and, a total pore
vdPuna ol T Repa e b Safuoiti G Ry B BRe8 ety Bl PediNed, W b o

nedi anfep@idaldiradit fixQie 431y dMidalpré&sdife Gind IcAEndifE 8he HURDRI properiey €S i n
the pore size distribution having a pore cfl aneter wthin 85 A 300f the-
nedi ancfgbe etvde gredust relative to thenjespestiempiopertiendhnide cadedestbwitlilipr ejag e a -
suppor hat a _pore size. distri i . at 4 Lncl udes at
enst G0 BraRAY BpRRduEtaF i i o 80 vBioR B kad e aPAIng 10 G

Cat al ygtddeigabpaia nSixage DPhise isuiaton may bdcansddly, dor Bangld) anet er of At
Least 230 A.. The vanadi um catal yst was prepared, in {he fol]ow manner .

THE al iHRLE pide crudsreghinddonsyudarodust Hode gauterlrerdietal pr Wﬁﬁ‘lrl] U, was
BN sl 80 S SRSl Rl 5p ol v
was 2.@mponents from the crude feed/total product mixture, or combinations thereof.
At certain times during the contacting period, the concentration of crude feed
and/or total product in the crude feed/total product mixture may change. As the
25 concentration of the total product in the crude feed/total product mixture changes due to
formation of the crude product, solubility of the components of the crude feed and/or
componenis of the total product in the crude feed/total product mixture tends to change.
For example, the crude feed may contain components that are soluble in the crude feed at
the beginning of processing. As properties of the crude {eed change (for example, TAN,
30 MCR, Cs asphaltenes, P-value, or combinations thereof), the components may tend o
become less soluble in the crude feed/total product mixture. In some mstances, the crude
feed and the total product may form two phases and/or become insoluble in one another.
Solubility changes may also result in the crude feed/total product mixture forming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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The al um na support (100 g) was inpregnated with the vanadi um i npregnation
solution, 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

catal yst contained 0.04 grans of 10 vanadium per gram of catalyst, with

st ) BORE SRR Sitraard iR b RRAR MY SoR Rt huor o SulEhGu. ftsep 0. oo
cnB/ g, rediiee e3iE HEGR @iBGeQf tﬁe]&tdg?dtsg - AddedbhiiBnald officRRey iR ploassst ot al
IS

nunber of pores in the pore size tribution of the vanadium catalyst had
a por engy Raeedicedyi ¥ examplenrefatef dcppinhnl herceuddi apdtcdsl pradswhinixteseanpl e
denons e preparation .cat . _having a pore size
distri {3{‘]‘? itbgﬁleévﬁgf%gé" ﬁ?&?‘éﬁwa Elgagep%’ldggnée\?@d%%uc?tp%ll)%%é?g?ZSO A. Exanpl e 3.

Pr epar at i onDafing phekydde mup-Galbaby ge dnay Red/etHqieddi 2axfteshiy bytion Wth

a Median Pore D aneterof At Least 230 A, The nol ybdenum catal yst was

pr epar B@njtered gad the sttty teapresess iradealeads and/os Gpptsrigeddiog arasicy t he

met hod ri ' \ ' Y1 ybdenum

i npr egrnna ?%nﬁggﬁ%%ggéﬁed'%%%%gﬁﬁ %%Bn{)ﬁ%gﬁ{é)g ?%ﬁnlé@fﬁ%ﬁlﬁt was prepared by
conbi nflogeudhtidg of agpialtenes(did )N Aeedgadrdlaoeund MRP-vdludR igitiallg of 30%
1t 02, 0.27 ?ram; of . nonqget hanol am ne NEA??T %qd 6..51 grans of dei onized

wat er tdershimr andssushRyvalypincegasgs,y ispslatively Seple duidng eonianting, then®ds uti on of

t hgy solyy |- it a re. The pH of
e ol SRS T ey el PRl R P R s Lo e PRSI E LT

cl ei onpwduit matiee stabiiity,als asdepsed dy Frealte, (MHO0bgemmm®) ledvhs controlling

i mpr egnat ednol ybdenum i npr egnat j on.sol uti an, .aged for 2 hours with

ocoas, BiRe R chadfion, vy Eletia of ol ety by sdBvifdidrrit o RS B cal ci ned
at  480cdmbifhtichsHRYESE SURR cbfsdllibg aﬂ%&hﬁ%cﬁgg%bn&aaﬁﬁma%&% -cgﬂn-aﬁagﬁ eof

nol ybdenum per gram of catal yst, w al ance bel ng support.
mol ybdeHEM: tempeiratute, prdswie gydegen nptalie.srnddized Sawnor eorabingthina thepenfe

O R R Rl e g B RRS 1 2,0, 1
di st i pyshilemeohnd/beolipl SPHARME Sotahyadd WRite MapesisinditRIRIGR cotiddion 86 A of
t he nedi an pore di aneter. Thi s exanpl e denonstrates the preparation
of a COFarnedestbtBeductionp{de MaRicagicat heruehdivdeoagnaptaly @ﬂW@hhjﬁﬁ‘trh a medi an
2o ARG lp ok 893k A3 AR AR G BRI RAE, . . i o
Pore Ditabiityasf thé ciide lferidibtal Bibdact nlixeure and/or life of one or more of the catalysts.
20 Control of contacting temperature and hydrogen uptake in combination with the catalysts
described herein allows the Cs asphaltenes to be reduced while the MCR content of the
crude feed only changes by a relatively small amount.
In some embodiments, contacting conditions are controlled such that temperatures
in one or more contacting zones may be different. Operating at different temperatures
25 allows for selective change in crude feed propertics while maintaining the stability of the
cride feed/total product mixture., The crude feed enters a first contacting @one at the start
of a plbbb%s A {irst contacting temperature is the temaperature in the Srst contacting zoue.
Other contacting temperatures (for example, second temperature, third temperature, fourth
temperature, et cetera) are the temperatures in contacting zones that are positioned after the
3G first contacting zone. A {irst contacting temperature may be in a range from 100-420 °C
and a second contacting temperature may be in a range that is 20-100 °C, 30-90 °C, or 40-
60 °C different than the first contacting temperature. In some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in & crude product

64



nol ybdenuni vanadi um cat al yst was prepared in the foll ow ng manner. The
al um na support, prepared by the nethod described in Exanple 1, was

i npregnated with a nol ybdenum vanadi um i npregnati on sol uti on prepared as
follows. Afirst solution was 10 made by conbi ning 2.14 grans of

(NH4) 2Mp207, 3.21 granms of Mb03, 0.56 granms of 30% hydrogen peroxide

( H202) relggiveo &%ﬁﬁ@%ﬁ%@%ﬁéﬂ%ﬁ%@orﬁm Fhed%{%g%gtogar HRplepFxtgat oni zed
wat er I .8l . ' i tion of
the solt AR hBufl b Ty ad B L NPENHERNEALE I 1, bl a3 ond
sol ut i omtxamgradechyraorbiin sageds by wighank) U oM@sShéthet.t h 40 grans of

15dei oni zed_water. The_first solution and, second sol uti.on were. copbi ned and
sufficient HEY BRI AMBPEFONREENS ARSHRHISINAG fﬂﬁéaﬁa&%%@@/c&ﬂ QPrtBn vol une

up 40 8.1k Honyi ml; ; L UMel ' jon. The
al ustm ngﬁ‘ﬁt(%)%%(ggh%ntggﬁ &m?hﬂ%)ﬁgﬁqnﬁ%%g%%'Fr!im\%ﬁggl?%@:a%? é’gﬁg‘?@@h sol ution,
aged f ®he frdhoomtactiigt thmpemast oraglbed§Dt*Gtandrhe shepmdicantactia tafepatueever al

hours, and t calcined.at 480 C for, 2 _hours. The resultin Ocat al yst
cont ai Héd, eﬁ@_ﬁg&r z:lrﬂnéaf“eg&ﬁlﬁzfeﬁgﬁéh%ﬁfﬁrﬁm&w%ﬁ&a?ﬂ' éfiluedlqﬁ.?%aé%é’?tarrs of
ol ybdgiiian fowtth RataRet HaheRBeDEiPB BB BADE to chARCHRItY RREQIMFHARALL D

catal yst had a poreé size distribution with a nedi an pore dianeter” of 300 A

Thi s etharptanddontaeting acrsmentespli pgicater ban diAN agpuGmasphatiengs regnetian Col urm

5 tal g¢atalyst hayi.ng.a Si i stribution, w-th. di an_pore
oi T Pin BELRAIE T 2D SR TANBRER: () Bbiti Bl oAb AMBEL S L
Three fealathehitfe fidt hatbsdcahd EQALHRE ¥ pERkFE! dry Wil t0°@ned t her nowel | was

equi pped. with I.-uncouples to nmeasure tenperatures throughout a catal yst
bed. The catal yst bed was forned by filling the space between the

t her rm@;lmggqgsan inner wall of the reactor with catalysts and silicon
car bi =grid, Stanford Materials; Aliso Viejo, CA). Such silicon

car bi de i s Dehianeligteaamples of awipoitipranyationatadlyitipterpravjoas, tangd sysiaider t he
process, condi ti ons descri hed herein. Al catal ysts re blended with an
eqal VishareciETAREBROS Of FeighyStE 2R perr et SPRAETORGUORE SRRV BFE [ nt o ¢ he
. cont acgdipg..zone portions of the reactor. The crude feed flow to the
reactor was fromthe top of the reactor to the bottom of the reactor.

* Si | i cofixaapkd He Raepapdint dfonEatabyst Shepdydt tiomppbrt e prepactdry mhdlisgr ve as a

botto ort. bot t am cat t/siljcon carbi . xture (42 C was
pOSi tr%féglpaﬂﬁ of al(ﬂgte,gxiopi ysé%@rtd ﬁf&ﬂfl@%ﬁﬁ? ﬂ?’amdg}l%%‘r&i&%ﬁ\{hﬁg?%}aﬂg zone.
. The bottm)GaiREYS brad@oBvRE 1S %f'mz@ oflbRitbTal Ridhid &Ad Yirt3B iniRE! aRe pore

di ameter of 77 A, with 66. 7% of the total nunber of Eges in the pore size

dix r i wawltiog rdledmyixiurp ovae egiradedtthrongh ali hTaRbA™udie plate, dued betweon 80-

di anet .Jhe bottom catal yst contained Q.0 rans of | ybdenum and 0. 025
grams G5 rﬁzépé|th%?aTaPa$ﬁ'o%€§p& By r,es‘axe_gﬁn ?g%gﬁa}saqfeéagg}eﬁ@umrm umi na
SUPPOT §ith & rﬂécﬂﬂ% go&%ahaﬁéf 51801 £OfRe Gé’lEili’ilg)@' s%ﬂr'ﬂo%‘tt\k%{sﬁaie(c;éﬁ i A8 IndiRs, POSi tioned

on top of the 10bottom contacting zone t m a m'ddl e contacting zone.
The m Gidheeec Jhalfyshchmthmrgpaeevas raised to 1000-1100 °C over 1.5 hours, and then

held in this range for 2 hours to produce the support. The support included, per gram of

25 support, 0.0003 grams of gamma alumina, 0.0008 grams of alpha alumina, 0.0208 grams
of delta aluming, and .9781 grams of theta alumina, as determined by x-ray diffraction.
‘The support had a surface area of 110 m¥/g and a total pore volume of 0.821 em’/g. The
suppoit had a pore size distribution with a median pore diameter of 232 A, with 66.7% of
the total number of pores in the pore size distribution having a pore diameter within §5 A
30 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 nedian pore dianmeter of 98 A, with 66. 7% of the
total nunber of pores in the pore size distribution having a pore dianeter
within 24 A of the nmedian pore dianmeter. The m ddl e catal yst contained 0.02
grans of nickel and 0.08 grams of nolybdenum per gram of catalyst, with the
bal ance belng an al um na EaLh .bi de m xture
(42 cniixample 2o Prepayatign of 4% orm a top

ki LT st Al aving : 3
cont actyig aﬂgﬁn elis) gm%%r%fmtl,&aﬁz:ﬁ) JQO Mhe s;hﬁaehﬂh %Etra gksumeprepmteh a
medi an™p contained O gram nol ybdenum per

gr am ofin detfallysing nadrtier.t Tes &iahmpb@it,ﬁgegﬁrfid’rbﬁr ihle;m%h@b@fﬁﬁnmm na support.

20Si | i i de .was 05|t| edo of t zone to fill
dead sp: 8‘@p§inﬁ &} 1@@Fwa1§§vwg %EH‘& n&&?‘P egnﬁhgn%&gtlﬁgg{e%%}eg%s | oaded into
a Lindben@idisy 171%9%15113@61’ Vosbydaah §7 % emb ealtingizeOnats. cgrgwspﬂmchongioho t he
preheat zone, the top, mddle, and bottom contacting zones, and the bottom
supportwas22’7 The catal ysts were sul fided by |ntroduci ng a gaseous

mxt ure of Suol o6 Ayt 0gen 83SULLL A, 800 P B DHAQReR, AaSho  he

contacting aseous m X rvol une
(M1, ) sOfutibled %«’Lzlh&ﬁg wlrﬁ%cwssoﬂapag@wﬂt@fbdaﬁ 1PRPC fof sefvélel kahsmadof

cat aI yst). T’errperatures of the contacting zones were increased to 204 C
(400 " Benooabuinet 4tGA80 °é:rfdr habursaiThg desulting chtatyspcorguined 0 wegmhef di ng at 204

he confactin on re creased i,ncrenent 16C F) at a
rat1 ofVaq S!Ber%rgfﬁ mﬁ'ﬁt A t%gslm{bg&gsrlll P i‘iﬁe éluﬁ%u %{?@?neé at 316
C foryag ag)%i—b! sizd Bi%fhﬂuﬂ(%ﬁ SR Bbdidn péteRAndie: c;moc& (27R0e Flupeast oloshour and

hel d at 37 C for two hours. The contacti n% zones were allowed to cool to
anbi entnt égrpmi asurfece area of 110@ngle Aidisimalhe 08P s obthatdtal mmber ohROIGEIF  of

Mexi co was t he eated. in C a C (200
F) for thoposg SWS@@“E’ ?H%’ﬁg%%g@é@é‘%ﬁ 3)0“2 dl%ﬁl%ﬁpropeﬁ%l es I’Z’un’marl zed
i n Tablgedan Flr&diafmetdhe crude feed was fed to the top of the reactor. The
crude feed flowed through the preheat zone, top contacting zone, niddle

cohbacting dveexasmple demensiatstpnprepandon arColimtohs s dRying@ B%e r eact or .
The cr t al ysts in the presence of
hydrogleé%%éiészng@({)\ﬁ \giét i ng%&%??gﬁz&%rﬁ@egﬁ%gﬁ rati o of hydrogen gas
t o t he Byautide Bedd-ephmitionast thOIMeh&ﬁ@mthaﬂﬂB amm%k $ze(2ROBEEE) , LHSV

was 1 Ia4 and pressure was 6.9 NPa _l psi The three contacting
zones WHb mdediy Rignretereichid.cast h= higimy Hb%p%t%’sli&a $500 hours.
Tenper f t 8l Niae OBy 1HeGHARGEesaAbbd

mai nt afb} mﬁtthé ﬂ?]c’%{]ﬁ% rellgéjiﬁés}egfjher?ceI 8?%% F) Tor 500 hours, and then
388C ( 78BxEnpleor uﬁ@ﬁnﬁx@gﬂuﬁe&w@ﬁhmﬁyﬂ%um iipBegnmion guti@oOthfour s, and then

394C (148, Hlerl B 1349088 Sttion vas prepred by conmbiing 426 grams of

(NH4):M0,07, 6.38 grams of MoQs, 1.12 grams of 30% HaO,, 0.27 grams of
monoethanolamine (MEA), and 6.51 grams of deionized water to form a slurry. The slurry
was heated to 65 °C until dissolution of the solids. The heated solution was cooled to

25  room temperature. The pH of the solution was 5.36. The solution volume was adjusted to
82 mb with deionized water.

The alumina support {100 grams) was impregnated with the molybdenum
impregnation solution, 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 catalyst contained

30 0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdemm 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 arca of 116 m*g. Additionally, 67.7% of the
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The total product (that is, the crude product and gas) exited the catal yst
bed. The total product was introduced into a gas-liquid phase separator. In
the gas-liquid separator, the total product was separated into the crude
product and gas Gas input to the systemwas neasured by a nass flow

cruce S Bt o BB s PO R Y24 SR TBARK AR Men BBt e kB b SR O 2
conponditnset@fwitihie serildettprmadint porddenieequl ts |isted are averages of the

det erm ned wei ght percentages of components. Crude product properties are
sunmari zed ilAisTEBRwle dgnosfreies the prepapérinol HCaBINe metal paialyptieingrbduct
had, p :aMm: Q. G -, ; s . gptg of 0.0075 grans, a
resi du?gléegsﬁl eﬁﬁt%ﬁ{l‘é?g"é@ agg%tﬁn%%p%ﬁ%%%{én&%éﬁétaggnt r@o " 0.0007 grams. The
crufle padiydé 4hRdeparmdionoef afVMsBdenniVidnddu@C aabhahivings optSent of 1.9
and a TAN of OOV% The total ofnickel and va?' Jm_\was 22.4 wtppm

The | i dhgtribution Wit 4 Median BoreDigmes AR e S g a wei ghted average
bed te . : Ghide :The catal ysts
e DA ReHB oSBT da SR phet e o P Theimyl® [0 2

bel i eveuprioniaprepsreddtyahy stethddf desclderldan Fasmpke WAES Tmpregnatadesth ARl 8 is a

graphi cal, representation of WALT versus ti “t.') for .inprovenent of the

orhe. PRl R TR Be e solaESE Probufe e [lhe ok SibFRpE BB 136

r epy esepids bymen@yzﬁﬁggq AR s 8F (NI, NIBI@L 3 2a @RS bIU0TRNES6 ¥RKSUS Joour s of
[

run time fof contacting a crude feed with the top, mddle, and bottom
cat al th@tOg@EW‘Oai®thgmx D¢ gpdms dlemppeethaneinming EVRAABIAGY.28 gramsedt act i ng

zones qgnly. change r oxj mat 0 C Fromthe_rel atively stab WART, it
has  poliohiEd Ptade R 0, Tt eREntedibPa s v b NS elREf o1 nac
not begnidyf feetRGed BYRIBA MM cofle@itd Rlontthipetiirel | M8 of 3000- 3500 hours
correlates to 1 year of commercial operation. This exanple denonstrates

t hat cont actd segond eolotion@as sade hy chmbiméng 2637 Izgasns HaVORG: avithahOgraing of
distrihution.wth ian, pore di aneter. of at |east. 130 d additi onal

T4 y Sboho Maleh, TugRCRLBRY Rl SR SonSke M RS e e et e T
range @efoneed water k3R dddedd Rl tht eanbint@%eRitiol heluhetudgl tors2mliab yafld gy es in.
the pore size distribution 5 having a pore dianeter within 45 A of the

nedi anpdykderimmsnadivopingvegstion spluten.c bhe alvpipveoniresusied with fduced a-
t ot al el t. - ,
crude MTEhubl b Hi5E 5 SO0 PBE e 2 s RRRSUCARN By, 1©

pr oduc tribdgh 1IBtT fF sEfdal Kowed) asd tin/cYlchedadBs@nC forrEtuee dTdHekwltingont ent ,
and reduced oxygen content relative to the crude feed, while the residue

coffl entatalyst qomtainghpeDgresneicatalst, @ frbaremsdd vprasitire endy@4)2gems 9 0% of t hose
pr oper ?aﬁ he.er . {th Two
Cat al ygos g‘fl&HgV\lltgl tgg %1%12&%%@%%@{)% gg? ﬁ%@;ﬁg{"ﬁﬂé %ﬁ%&ﬁg@& ggﬂ\/%net er in
a Rangeoleiaaitri®0tid8 it a bdan paetdmeter of 300 A.
This example demonstrates the preparation of a Column 6 metal and a Column 5
metal catalyst having a pore size distribution with a median pore diameter of at least 230
25 A,

Example 5. Contact of a Crude Feed With Three Catalysis. A tubular reactor with a

centrally positioned thermowell was equipped witl thermocouples to measure
temperatures throughout a catalyst bed. The catalyst bed was formed by filling the space
between the thermowell and an inner wall of the reactor with catalysts and silicon carbide
36 (20-gnd, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have
low, if any, catalytic properties under the process conditions described herein. All
catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.
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apparatus (except for the nunber and content of contacting zones), catalyst
sul fiding nethod, nethod of separating the total product and nethod of
anal yzing the crude product 15 were the same as described in Exanple 5.
Each catal yst was m xed with an equal volune of silicon carbide. " The

crude feed flowto the reactor was fromthe to the reactqr to the
Dot tom of -t HEM@ia 15P4 IpHGor B4 EPEIOr s BT TIBUOK P KRS £15 TS5 i t he
fol | owipg, o'r.“§fli-co§b£1’bﬁf%’\u§sa15&%itﬂﬁle&@§the%%h&ﬂn%ﬁﬁe AhchP® Lotdpm of the

reactor to serve as a bottomsupport. A bottom 20cat3al yst/silicon carbide
m Xt ur éoti8h cpPhrtwasbqitosi tatalysidbilicontcaphidé mitisresidRicovhweapbildensdonfiopm a

bottom contactin ne. .The pottom catal yst h )ore size, dj stribution
with a Q?Fé@? %iﬁccﬁb&’éég? g g‘?&oﬁ gorg?c%%@ngeﬁ“g%%gﬁoqlﬁgtsa.lygflaqd hoPBer pores
in Ehe PArBsHibeofvith bl i&rp{?m@%&'ehﬂéle@om& WitRBBYES oMk btAl Banthrof t he

medi an pore dianeter. The bottom catal yst included 0.11 grans of nol ybdenum

1
and 0. QRreyiarte pére wize kigtripeiongraringf p@s diamdterswithini20A phitemegdiaiteotBei ng

support,. A top t st/sjiiliconc. i de mxture 0] i f the

Dot orffBRERCT i ey S B D el R RO AR Bl oD i -
di stri Qe Rembrith &F AR BRVIIRIHR HAlAORb&hg ah akindsuppokth 66. 7% of the total
nunber of pores in the pore size distribution having a pore dianmeter wthin

20 A of the Aveeiddls cpiatyst/Siigpamenrbide nikene 69 @b afay HEsiipRedREEPEId® grans of

i | Jd 0,1 | . - i Dal
peile Pt e b PR OB A Tl e anoe
cont actsizgdiziebatibPwith lal metiad psreaienaatoft a8 Aewitk 665 %aofthe hetaltnumge of The

catal yst bed was | oaded into a Lindberg furnace, t_h%‘g‘anfl uded . four heating
zones dWEFHEbMBYE§izesligtHBUtinrRYIRE 5 PRTE diamglen WB S of el and t he

bott om t : : é&d(f Q%Zch}%" h.09 ot A f operties
sumrari(gggggtl%% %ebﬁnéddi? Cﬁ?ié;i@c@?ﬁtﬁm%s '(()aidg{%o t eu?%%)&g%‘/ thgreactor. The crude
feed flmwlgtdédumopghprihefprehsatwitothe bataopge bong ac tiungnzoppprtbot t om

COR%aCti ng zone, and bottom sypport of t eact or . . crude, L]eed was

co

Th
acted witHoRsHpYgfsii¢nmecat ‘E%/’%‘Pgwier@? ﬁ’é‘g)p‘P’ME@nS&"Hffﬁ}%fgt f gas. The

scont achifag: &ﬂt‘&@tiﬁ% 985 WHEM3Stoh haWny FRk ) %@t%mé@bn _ ﬁﬁdﬂgﬁrets@zet he crude
feed provided to the reactor was 160 N3/ n8 (1000 SCFB), LHSV was 1 111,

and pr elsttibatiovawits 29nédven paGMaetpsel)192hend oenteived 88¢igrmmyehes were heat ed
to 260 rrcm.:ol(ygggnulrzl)x pc%-ngq*argxaoif %Ex%llyns%q;vlﬁg the balance being primarily a gamma alumina :
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 catalyst bed was loaded into a Lindberg furnace that
included five heating zones corresponding to the preheat zone, the top, middle, and bottom
contacting zones, and the bottom suppost.
The catalysts were sulfided by introducing a gaseous mixture of 5 vol% hydrogen
25 sulfide and 95 vol% hydrogen gas into the contacting zones at a rate of 1.5 liter of gaseous

~

mixture per volume (ml) of total catalyst {silicon carbide was not counted as part of the
volume of catalyst). Temperatures of the contacting zones were increased to 204 °C (400
°F)y over 1 hour and held at 204 °C for 2 hours. After holding at 204 °C, the contacting
zones were increased incrementatly to 316 °C (600 °F) at a rate of 10 °C (50 °I") per hour.

30 The coniacting zones were maintained at 316 °C for an hour, then incrementally raised (o
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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260 C (500 F) for 287 hours. Tenperatures of the two contacting zones were
then increased and nmaintained in the foll ow ng sequence: 270 C (525 F) for
190 hours, then 10288 C (550 F) for 216 hours, then 315 C (600 F) for 360
hours, and then 343 C (650 F) for 120 hours for a total run tine of 1173

h ) . The total d it th t d t ed

hoatr] pewperipsanimargedin Thaedy BIE by Boe trtde ERA S R d R R R BRRELES ang an

aver ag%%%hﬁw@é/d fo¥wed thkdu ﬁe@aﬁapi&fé%ﬂcagtacﬁ%z&feuﬂwm esisdtingad, per
Su ur,

gram of crude product, 0.0023 gramns of . 0034 grams of oxygen,
0. 441 goaedotbm\Vi@diacting z0ng A8d fotens supparbef haecacudithi ehale fgndopes ti es of

the crude product are.list i.n. TABLE 2 in FlG. 9. hi s exanpl e
demnsfPH@E@gmgltedgﬁﬁ{ hﬁ‘?aﬁ y““_tt%}élhftgbeée’fcgeodc 1\5&&%%{‘%3-0%?’%?‘%&55 having pore
si zg dicshditiBa WeRsisWhlldwa RS beRyROs6 gisapticafiuddifead pangtdhotienctdd- 180 A
produced a cr ud%e} Rr oduct that had a reduced TAN, a reduced N N Fe content,

and a resde8dNm g E20M0RORBEALHISY stagtlive andprerae wep S ME3 (B4 hesikr ude

f eed, ile residue content and. Vi ny : cnere 99%
and 10 oe(ﬁ‘ef} ﬁglltﬁégk?e%an@@’eﬁ? epaéef‘@é?% Oﬁ@hg%&%@}@éﬁé&%d%&%ﬂ&pf@ef " Cont act
of a CredaocheedeWpefnles ofaicathitsicontallity F@RE Wake tiondicdéassd frekmeiptaificl

nunber and content of contacting zones), catalysts, th °%Oiﬁ}l°113r0d ct

separ atlilﬁwfzgﬁ”é"m&ﬁﬂumd%wpr%ﬁﬂét F&ﬁ%%i@}‘”&ﬂ’éﬁ@’ﬁ?éﬁgs (& ) dmPYvet hod
were t a d j : 1 fo ' t he

o o0cr 0uB TinaR0 FEag5H PEYIRE P BRI I R 2 B e

react or. TheTleruaepfodact (thaie dhd drude ghodubtteand pekieadited drescatadl pp bednTlet | ng
zone, bottom contacting zqne, and bot{om support Olf t he reactor.

h
30cont 40%] PrgdugiimscpBpducrd ietofszapdiy 1asg SRR (RyRe RS %eP?@I?rﬁe crude
f eed | ; ; 111, d
eed prpy Jco‘?aﬁ%é&gxf% %Sa E;é(':;%géitg& 1}%@%@1&%&1‘5@08@& 6RO QasS @GR inphtiSYhdRSted an

pressure was si). The two contacting zones were heated
i ncr enevdsah¢aguted b34RmESS( GO conyolled Gab akiting thet Syvenmaes MOGRrdidur s wet

TS RIS L0 AL AN L ey 8 e BB,
of. sodigf@bmPoRents of the crude product. The results listed are averages of the determined .
weight percentages of components. Crude product properties are summarized in Table 1
of FIG. 7.
As shown in Table 1, the crude product had, per gram of crude product, a sulfur
20  content of 0.0075 grams, a residue content of 0.255 grams, an oxygen content of 0.0007
grams. The crude product had a ratio of MCR content to Cs asphaltenes content of 1.9 and
a TAN of 0.09. The total of nickel and vanadium was 22.4 wippmn.
The lives of the catalysts were determined by measuring a weighted average bed
temperature (“WABT”) versus run length of the crude feed. The catalysts lives may be
25  correlated to the temperature of the catalyst bed. It is believed that as catalyst life
decreases, 2 WART increases. FIG. § is a graphical representation of WABT versus time
{47 for improvement of the crude feed in the conlacting zones described in this example.
Plot 136 represents the average WABT of the three contacting zones versus hours of run
time for contacting a crude feed with the top, middle, and bottom catalysts. Overa
30 majority of the run iime, the WABT of the contacling zones only chaiged approximaiely
20 °C. From the relatively stable WART, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit yun time of 3000-3500

hours correlates to 1 year of comumnercial operation.
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wt ppm of zinc, and 3 wtppm of potassium The crude product had, per gram of
crude product, 0.003 3 grans of sulfur, 0.002 grans of oxygen, 0.376 grans
of VA&, and 0.401 5granms of residue. Additional properties of the crude
product are listed in Table 3 in FIG 10. Thi s exanpl e denonstrates

that contacting of the crude feed with.the sel ected catal yst i th pore
Si'ze di ot 11 U SR demp G Rt oo BIeA et Wb PRb RSt hat had
a reduged, JAN dRuiRBESHa! PhRHiaf Fofd BneRPEF MMkast 186 A Aachdapiaapi um cont ent
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each total product separation 15 nmethod, and each crude product analysis
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silicon carbidejn.a vol ti.0 O rts.si.l.-i.con carbi.de tg 1 part
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Silicon carbide was positioned at the bottom of each reactor to_serve as a
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cofyf aC(t.:brI;'t%{xtz SHifie cﬂd%ﬁjrrociur&?w%?bﬁd/(yfl%%' At @?eﬁ'@és%?ﬂg@ é‘h&é fgvere placed
in the contactinhg Zzones of each reactor, silicone carbide was positioned on

top of Eixaenplep. CuiitactdMOCEeer éed With TaedChisivand landidve sPoSins a preheat
zone in each reactor. Each reactor was, Io%ded into a Li (abr furnace that
L)ists xith agViedinacP ous Digmets RRZG B £ &he FERENF o

LMstrhy cadds Ll d SR e TG atas il Lt aZdiVatc e &
t i i | ci d
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catal yst, 0.146 gr f .nmolybdenu 0.047.granms of nickel, 1 .0.021 grans
o LB o S om TR Al EEUPBel Tl P85 BRET AT SRy g
cat al ygr&sichh epifear bi de mixture (12 cnB) with the catalyst having a 30pore

size distribution with a nedi an pore di ameter of 180 A was positioned in
the top contldctdnde feed&owesherdaglod san fooathaligp of thadeagtor ée Hie botamert of -

0, 08 ST Raflr B RIS RS IR SRS i D RRRAT S, 1o
Suppor &arbide was positioned at the bottom of the reactor to serve as a bottom support. A bottom
20 catalyst/silicon carbide mixture (80 cm®) was positioned on top of the silicon carbide to
form a bottom contacting zone. The bottom catalyst had a pore size distribution with a
median pore diameter of 127 A, with 66.7% of the total number pores in the pore size
distribution having a pore diameter within 32 A of the median pore diameter. The bottom
catalyst included 0.11 grams of molybdenum and (.02 grams of nickel per gram of
25  catalyst, with the balance being support.

A top catslyst/silicone carbide mixture (80 e’y was positioned on top of the
botiom contacting zone to form the top contacting zone. The top catalyst had 4 pore size
dlistribution with a median pore diameter of 100 A, with 66.7% of the total number of
pores in the pore size distribution having a pore diameter within 20 A of the median pore

30 diameter. The top catalyst included 0.03 grams of nickel and 0.12 grams of molybdenum
per gram of catalyst, with the balance being alumina. Silicon carbide was positioned on
top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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In Exanple 9, an uncal ci ned nol ybdenuni cobalt catal yst/silicon carbide

m xture (48 cnB) was positioned in the both contacting zones. The

uncal ci ned nol ybdenuni cobalt catal yst included 0.143 grans of nolybdenum
0.043 grams of cobalt, and 0.021 grans of phosphorus with the bal ance being

tas bosi &1 oo PP KL B RO HIAE MR AL PRI R R B St he
sanme aged o thdptodPheRatast Thecmds gedffl dneangt@ie8 the prehedt Rodex &l € 10, the

nol ybdenum cat al yst as descrjbed in the top contacting zone of Exanple 8
was m Ledagingzosty hatiom eanititae Zans ape SPHPBRERPeTH of R repstdi- dbacarei ng zones

(60 10e08).. -4 Exal i nec i c
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op of the reactor in these exanples. The crude feed fl owed through the
pr eheatF)Zon&20 haps forit tatd imytimemd 1 1 Bbhewm cont acti ng zone, and bottom

support of e.reactqor. The crude feed was contacted wth. each of .t he
catalysts i hgusEad e iRl P e SR AR BB RER S or each
exanmpl ghyehde produel heVei avedbd OTAN JHOMOARMMOB Brdge AFIUSSvifyesd 201G
contacting was 160 NnB/nB8 (1000 SUB), and the total (Eéessure of each system

was 6. Brovesing 1escradgpiofuct hpd( petasam of cruemsoduct. <k 002G ot pisubfur,
i | d to 1.Qhi f I ting times.
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cont acpropgrticAbf e &0 hodns, arSQiiee it EABRER it K. al | contacting zones
were control|led as follows: the tenperature in the contacting zones were

rai sed to 33sisexample gamonsipates that geutactngrthe couslg g ivith thedia?wtﬁtléﬁ"g%am
690F , : . e rals . "y
491w Py SRl Briplos it o SN RONIE piok MG 5l cihet/bkimenlotBER0 4 Bloaubgl 0 &

hour s; a tivea pradsethat badia féduabd TAN, a reduced Ni/V/Fe content, and a reduced oxygen

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.
Example 7. Contact of a Crude Feed With Two Catalysts. The reactor apparatus

(except for number and content of contacting zones), catalysts, the total product scparation
25 method, crude product analysis, and catalyst sulfiding method were the same as described
in Hxample 6.

A erude feed (BC-10 crude) having the properties suenmarized 1o Table 3, FIG. 10,
was fod to the top of the reactor. The crude feed flowed through the preheat zone, top
contacting zone, bottom contacting zone, and bottom support of the reactor. The

30 contacting conditions were as follows: ratio of hydrogen gas o the crude feed provided to
the reactor was 80 Nm*/m’ (500 SCER), LHSV was 2 1, and pressure was 6.9 MPa
(1014.7 psi}. The iwo conlacting zones were heated incrementally to 343 °C (650 °F). A

total ron time was 1007 hours.
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tenperature of 399 C (750 C) and held at 399 C for 200 hours, for a total
contacting tinme of 2300 hours. The crude products were periodically
anal yzed to determ ne TAN, hydrogen uptake by the crude feed, P-value, V&
cont ent, resi due content, and oxygen content. Average 5 val ues for

properties u r } din
Table 5 in pm&j‘m R‘lq—“f% g‘%e% é) S’P‘gﬁgoﬁgbp ?ﬁ%ﬁ?@% ItilgT ﬁ'{)ﬁ I’%]t:’?val ue
of thedxﬁrngqﬁod@eeﬂxtg.cm(e"d?ﬁd Modsdthad 0D wippen 6f ¢410iuf0 6 vetaph offsodibm, o0& al yst
systens of Exanples 8-11. The crude feed had a val ue of of at | east 1. 5.
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Exarrple t he P-value was above 1.5 for nost of the run tinme At the end
of the(?un (2300 hours) for Exanple 11, the P-value was 1.4. Fromthe
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product had a residue content. of 88- 90%3 e resugg ontent of the
crude Pasiptalyst gpdesppgherwise indigeied.q dhe £pide %Eéintﬁ CASOLAHBNASof t he
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Plots 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 Lindberg furnace that included four heating zones
corresponding to the preheat zone, the two contacting zones, and the bottom support.

25 In Example 8, an uncalcined molybdenum/nickel catalyst/silicon carbide mixture

(48 eny’y was positioned in the bottom contacting zone. The catalyst included, per gram of
catalyst, 0,146 grams of molybdentun, 0.047 grams of nickel, and €.021 grams of
phosphorus, vwith the balance belng alumina support.

A molybdenum catalyst/silicon carbide mixture (12 cm’) with the catalyst having a

30 pore size distribution with a median pore diameter of 180 A was positioned in the top

contacting zoxrre, 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 pexr gram of support.
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164, 166, 168, 170 represent APl gravity of the crude product obtained by
contacting the crude feed with the catal yst systens of Exanples 8-11,
respectively. In each of the four trials, each crude product had a
viscosity in a range from58.3-72.7 cSt. The APl gravity of each crude

products ingcrease 1.5t0 4,1 rees, JThe | I .gravity
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obtsi ned byAc@oh@abing chipsositioen Eabdewhikturt (2 @at)alag positiysédimshofopExanpl es
8-11, respectively. Each crude product had an oxygen content of at nost 16%
of t hecontastiverzong. Thasw!rhdsaBmsabdyt tvas doe sncodyn & 0B FPRAEIGET08E Phnge from
0. 0014 ‘}Q?%gé%ngrams per gram of crude product during each trial. As shown
in F GE , the oxygen content of the crude product renained relatively
const ant af reEx2aplenidy tig: mblybdartume tatalyst dsniescritfed in dleddp veahtyctingeons bant

oxygen_content of the crude product denonstrates.that sel ected organic
oxygenEEBrIG htas sieed- with sligoy &éﬁgh{i a{lﬁ@O&i&ﬁP%ﬂim the EO%I RERHDERENGE ) so
regyceg,hn these exanples, it may be inferred that at |east a portion of

t he carboxylic containing organi ¢ oxygen conpounds are reduced sel ectively
over the nolr Eaatpleyl li, en coctlcned mglydgaminmicke) genlysidaipna darbiohintiEx anpl e

11, at,reacgtion condition f: 371 C (700 F),..a pressure of 6.9 MPa (1014.7
psi ) GRS Moo i D ito orffsting 2ete TR BE TR e *( 1000 Scem) - the
r educt @R bAEnEMUEEKd 8EIVERCRABY §RF oS of dathiyi¥t BooohasesoDRokyBaenvgi, ght  of

t he crud{ay feléd. At a ter!r}ggrgtureq%]tcr 3990C%7 0 F), at t%e (s)ghme pressure and

rati o 802hgamyefnickelcanti®0f geans efhoslthres.ivoih G belenerebdiegduMBR cont ent
ves 255114 V\{t% based on the wei ght 250f the crude feed. In Exanple 9, at
react i ORP&Snditions of. 371 C (700 F), a pressure of 6,9 MPa (1014.7 psi),

and a rati oAohohdengatatalysekiliden tabilleahixhd (NNEh B (s HSRioBEF ) the tdpe -
reduction of crude feed.h/fCR content was 17.5 w % based on the wei ght of
‘the credadtiageons: The megtpedoatmgataystygs the fampas n thejopioBtaginezpedtsur e and
ratio R%@grg)gen to 30crude feed, the reduction of crude feed iv1CR

cont ent 19 wt % based on the weight of the crude feed. Thi s

i ncreased r€xudd from the Mary dhtfoae GMIRIMdertieot wateltibnsd, tixndsatedan at he -

uncal ci ned Colums 6 a S C lyst facilitates ont ent
r edtict PR % RPpREIE é:o &@@gﬁlfﬁ’aﬁ&%ﬂﬁwﬁ%ﬁemw %@%ﬁg({‘@ and 9 netal s
cat al Yekamples 8-11 hﬂ?ﬁ%&iﬁf@ﬁ@?{i@sssu%ﬁwffédﬁﬁtﬁblémm@pm.apﬁe &hd@seed wds feed

with a relatively high TAN'(TAN of 0.8) wth one or nore catal ysts produces
t he crieddo treothpotf thewdacwr imthesaexanmjes. hehagrudefoed dgmied thiough e pegheat xt ur e

st |y o e L relati Vel sl Lo net, v 96n, Jat alieer fel&shsorhs ue
crude feed was contacted with each of the catalysts in the presence of hydrogen gas.

25  Contacting conditions for each example were as follows: ratio of hydrogen gas to crude
feed during contacting was 160 Nm*/m? (1000 SCFR), and the tofal pressure of cach
system was 6.9 MPa {1014.7 psi). LHSV was 2.0 1" during the first 200 hours of
contacting, and then lowered to 1.0 b for the remaining contacting times. Temperatures
in all contacting zones were 343 °C (650 °F) for 500 hours of contacting. After 500 hours,

30 the temperatures in all contacting zones were confrolled as follows: the temperature in the
contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to
366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for
1000 hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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5 properties of the crude feed, while selected properties of the crude
product were within 20- 30% of the sane properties of the crude feed.
Specifically, as shown in Table 4, each of the crude products was produced
wi th a net hydrogen uptake by the crude feeds of at nobst 44 NnB/nB (275

andareRyERBEOF 864 7CTY TOAPUERER 06" GTor 200 TR, B R PRERHRS, \°°°

cont enimehbf 2h@ e feed, while maintaining a P-value for the crude feed

of above 3. The average residue content of each crude praoduct was 88-90% of
the resi dusTerenproRerEs patedrabiemarsdd0 SragEme G iartarendptaach

crude B UURLLER PLoathd Ve cohifln MRIBOLANLu Ohnd BGee H&lﬁeﬁt?%%ra?ae aver age

APl gravity of each crude product Wwas % of e APl gravity of the
cr ude ¥aed, fompriohertichef ieswodsd pydotts phodeachircExmieplps ddliate hwasd mt Tabbst 45% of
t he vi,sch Iii/ of the crude feed. Exanples 12-14: Contact of a Crude Feed
Wth Cht fs:'y 'S Haying a Pore Size Distribution Wth a Medi an Pore Di aneter

of At LeastyiBQrAy nggb eﬂirge%{ase Ozl'%ﬂéﬁ%@?&a@@é‘éﬁ'ﬂﬁ@%fﬂ@-prédhcge(‘@n?{rt%é‘uslz14’

each reactor appar at exc nuni ber and content of contacting
zones)nundmo(“€Atlad gt fiuhd catahyst systesaf BExaviplasdt-al. Phodude fe2@ hadpdrat i on

met hod and each crud r c L ysSi re the.s as scribed in

) W8 ofitiasel o P Tatr L D Al Faretelf RS 0R P BB St Lo

capbi deroddd@blitédeny EGfladiin@Vhé enfd Fed Wk HY fowRsatily ity §tb@s bPBx@hplehe

reactor to the bott'omof the reactor. Silicon carbide was positioned at the

bot t on§-d1 respettivebacFor 2309 fwawsy ¢heal-valusex{ thamersdp peduct remekied efatleast cont ai ned

ol acod s oralt B8 Reab o el Bl 0 kPt g e SRR I T SR

posi t i meadran: waRiet. Withd @@ cfané ast (2000 aeme) fo Hhimptierd tisgaoguandst o serve
as a preheat zone in each reactor, Each reactaor was |eaded into a Lindberg

f ur nack%t Hem ihed-vabue afitheervde arodvgt 28 saeh Bishibway R iHerrsbthatae srdkeat

Z , . o3 1 t S ‘
cont act e SR YAl A Aol BIA DRI BRI RRAL (ror LRERE MECRBERAE® 104
ca]t al yditihet b}hagasepz&?hb.dﬁs Ehm ireFIGE0 2 ti2) P-walsie pﬁﬁietdruﬂeqﬂl oduvt t@;ﬁainéd t hF
silicon carbide to formthe contacting zone,,K For Exanple 12, the catal yst
vwas t'%IWHQ&OGWE@W%QIg%ICWt@ﬁé?% qfﬁa%kgwgw&cegt e #@sdﬁ; B (e
cat al ygt prasud AerRLybdenum cat al yst as prepared in Exanple 3. For Exanple
1 the catal yst was the nol ybdenum vanadi um cat al yst as prepared in

Exémpl e 4. FIG. 13 is aTheplicalrepesantptioordingt oyrbofor upialein erdeled §'H8y e as
follows: ratia of . h to t de feed provi.ded to th

1689 N T 506 GEbapt Rt S EE ERF B g Hiohi A BRI ona -7
psi) . 1511 PO NS AL rBEnE AAES ISR upecRbtdig B Bdtiating thocrddsfebd (BHO F) over

a period of tinme and mai ntained at 343 C for 120 hours for a total 5run

time ofacBebthesatalystrysigmspf daaepiesdxl baesrepiévalpnilachidperontde dbd were
separ af g4 Pe%dggglg%,hé@ﬁe%&ﬁé?%?%&hg%ba?%ﬁ@% @lbgRﬁegﬁ%-M scontacting

was determne system net hydrogen upt ake

was - 1@3R-NBIOBB) - 6% shokB)in FaBA1 3, big: gst hetdragendpeke bathe arubAfeaf wis 75. I n
Exanpl e 13, net hydrogen uptake was in a range from2.2- 10 3.0 NnB/n8
( 3. 9-reltiyelgcppytanhayinggheacitile product had a TAN in a range from 0. 3-0.5.

F1G. 14 is a graphical representation of residue content, expressed in weight
pereentage, of erude product (“R7Y versus run time (17) for each of the catalyst systems of
Examples 811, Tn each of the four trials, the crude product had a vesidue content of 88-
90% of the residue content of the crude feed. Plots 156, 158, 160, 162 represent residue

3¢ content of the crude product obtained by coniaciing the crude feed with the catalyst
systems of Examples 8-11, respectively. As shown in FIG. 14, the residue content of the
crude product rermained relatively constant during significant portions of each tiial,

FIG. 15 is a graphical representation of change in API gravity of the crude product

(“A API™) versus run time (“t7) for each of the catalyst systems of Examples 8-11. Plots
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I n Exanpl e 14, during contacting of the crude feed wth the

nol ybdenuni vanadi um cat al yst, net hydrogen uptake was in a range from -0. 05
N8/ n8 to 0.6 Nrn3/nmB (-0.36 SCFB to 4.0 SCFB), and the crude product had a
TAN in a range fromO0.2-0.5. Fromthe net hydrogen uptake val ues during

cont act | it est i mat t hat 15 .hydrogen s.generated at. t rate of
10. 7 NM%@@@@%@W@&E% ‘ﬁgl FaRHEe Fﬁd’rB‘%g?rﬁgl\Q%ro %én?c{eﬁydc%%mtnﬁgﬁ?/anadi um
cat al ygfyde 06 thoPatRfysh ¥t QGesr Bitnhfles §ant ﬁ@%éd@e@[ l1nwacH 6BiGe ygr ogen to
be used in the process relative to an anount of h en _used in

dro
conventriadnaichsrieassbrthod areviy br opes fesn 5§ 35 Aevankugskl ades. The

requirepent far |ess hydro ducing ;cont act kg - t .ease the costs
of pr o bae Atk P oot P o g A P RIS o e WLkt he
ol 5 bdenkapori asl by APE t-aliksds (BE Oflide peoductd indearapsotusi 2 MWi-0h.os. FAN that was

| ower than the TAN of 'the crude product produced fromthe individual

ol ybdevasity athisirgrge is BAmII 786 ofi he P! aravitvet therrudedeedie Feed Wth a

Vanadi um Ca t. and an Addit] St ch..r r ar at us
(except for%ﬁ‘i{lﬁ%é?a%@ é%%f%)g%beg?a@@%ﬁ@%?é%gbo}jé@g’neggég&efa@hwégl al yst

sul fi dp&igentichoUthe e@R frofi@lt (FOOY wetsus apatime i(Gh) foeehddof thaoatalyaich crude
product analysis were escribed in Exanple 5. AU ég%%l sts were

the _sane_as d
mi xed. SY&es Hilxpewies Sal bi 8lots h7a Wi Liffe 1/ rsigessnt oxyepoenient ¢ bide to
I rt | Y8k i ienghi : 119 each
r et op R obBlnca Y SRSaRdSh AR KM it BF col o IR P ERhp AT,
Si | i corespatibéigie Pasiscrpdsiprodure tadbn bhgzenatontmt of atencdt 16%aef the ctude 3@sler ve as

a bottom support. Each reactor had a bottom contact,i ne and a top
cont acg?‘f]n’gmg Fodugtpad appEyest soRfet LRI P ?@&r@&é&ﬁ?ﬁoﬂﬁg PieFE" bl aced
I n the,LapiAGbinG dhARS 2ot nﬁﬁcasrsﬁé@%l?;& FIG! 16, 980 Scypeh RbAlentdnoaslt i oned on

top of the t'op contacting zone to ti dead space and to serve as a preheat
zone i prodeghemeaiacd oati Edy honsans afier IEhowa € dontantmedimge.i Repeetajivelyr nace t hat

i ngl uded four heating zopes coyrespondi ng to0.t reheat zone, the two
cofit actmobanden ciithf pETE shrisrem grpontiue! IR R b Sl
.vanadi %m,lmhaé YStrefRed IR B cAfadREC IYiRRATAN Jrsadif) Rddesdrtd thiged Wi th the.
addi tional catalyst. 5In Exanple 15, an additional catalyst/silicon carbide

mi xt ur examydese igawkesinforsed thehatdeash e prEigsotfttbarrabatdict GoRlpBE eIZHHIY h t he
ddi ti onal ' t hod
o B LBt RS AR S O RRM R s SRR PR o1 0F,

cnB) wagygeasbmpenal. in the top contacting zone. In Exanple. 16, an
addi tional catalyst/silicon, carbide m xture was 10 posjtioned in

. ( 2 (30 ¢n8)
t hé? bot t om BoptaERRlE Al sigkaction; ERAYINES SHA | Gnégo cgﬁéwg%sw{?é%f Ry e
(1014.7 psi), and a ratio of hydrogen to crude feed of 160 Nm®/m’ (1000 SCFB), the

reduction of crude feed MCR content was 17.5 wt%, based on the weight of the crude

feed. At atemperature of 399 °C (750 °F), at the same pressure and ratio of hydrogen to
orude feed, the reduction of crude feed MCR content was 25.4 wt%, based on the weight
25  ofthe crude feed.
In Example 9, at reaction conditions of: 371 °C (700 °F}, a pressure of 6.9 MPa
{1014.7 psi), and a ratio of hydrogen to crude feed of 160 Nu*/m? (1000 SCFR), the
reduction of crude feed MCR content was 17.5 wi%, based on the weight of the crude
feed. At atemperature of 399 °C (750 °F), at the same pressure and ratio of hydrogen to
30 crude feed, the reduction of crude feed MCR conient was 19 wi%, based on the weight of
the crude feed.
This inereased reduction in crude feed MCR content demonstrates that ihe
uncaleined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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nol ybdenum cat al yst prepared by the nethod described in Exanple 3. The

vanadi um cat al yst/silicon carbide m xture (30 cnB8) was positioned in the
top contacting zone. In Exanple 17, an additional catalyst/silicone
m xture (30 art3) was positioned in the bottom contacting zone, with the

' Exanpl @ BT RERI AP O AR b SR O B e BB by s

posi t i pABK(TAN bhe.8 @m}p&{&@qﬁmg&a@g)&e& profudes aiadredd SrodByy; ekile (G ass Wor ks
Cor poration, New York, U S. A ) beads (30 cnB) were positioned in each

e
cont ackiingpizivadhe ardeléeed8aint ordBaspixtumsiability apd withegladively sEsll®t havi ng t he
properiies sSunmari ze 0, iL.n.Tabl ) i 0 of the
Peant b sl IR Sl odad BRioBe Qughertie Vel B P J0MQAPERD P Mg

zong, pebtors 60MtatiddBed,ondle sididiohibpamissppibe cralk prbduct eeed withinDte crude
feed was contacted with each of the catalysts in the presence of hydrogen
gas. CHtresdthargmedneperiionsl bhecredgdiedxanpl e were as fol lows: ratio of

hyd f ' ha the . | 03/ B

(2000 Scry Spisficals, £ Hfl B DRE L Lt lr b I HEBRAD Y BRahot M, C

r emai nhavdytiiogen ppiakoBy theEbGe tesls dEat mostrid Wmdss (225 BAFB). Sudi piict§ 1014. 7
i). The itontaeitit heat ed | tally t C (650 17

R s S S R

1400 hou St EIOSGr (RXRTRI 85 VISR bf Bk @ ridiaked YHiRGhaiftfaifing hWIGalhERA W th a

Col ums rreta? 30catal yst having a pore size distribution with a nedian pore
di anet e cofdeIBal ¢f dbove Goliitreatvierage wedidncagongeid iof eanhatrudeapratiyd twdsB8-Hge a por e

size distribution with nedi a o] di anet | n range .from 25Q-300 A, in
the pr ‘éé%ﬁ E@“’Eﬁ‘? CQnishH F’%g’@r?%‘iﬁ:’{éﬁ‘g, Ji\%‘? 8%@%%€§dc?q{g‘3’t8? g%%imé@ P‘iﬁ’gﬁ(ﬁoper ties
that apgs sTRNERY oJF Bl coRehtT (RAORAP FQRE Mhe@Fedbe APUGavifyat@acithi | € only
changi ng by smal |l anmounts ot her gropertles of the crude product relative

t o t hecroderprodneipaast lilds 1 bf%tofshe AQlgravie of theduide Had) while damisegsipr dcessi ng,

relative spal | . hydrogen u e t.he cru f observed.
Spiesii f’?accéycr‘if{%é%d%%b"(m%?ﬁm?g% e %%Yq:Yl& Osﬁ,oglt eegggeu%%a'pr oduct has a TAN of
at nmosgxdiaafi2ing déhiet.of A€ eIIRll WM Qitals A eing WP cré Siddre -crude ..

products produced in ] .
Distribution With 2 Median Pore Diameter of At Least 180 A With Minimal

Hydrogen Consumption. In Examples 12-14, each reactor apparatus (éxcept for nuniber

and content of contacting zones), each catalyst sulfiding method, each total product

20 separation method and each crude product analysis were the same as described in Example
5. All catalysts were mixed with an equal volume of silicon carbide. The crude feed flow
to each reactor was from the top of the reactor to the bottom of the reactor. Silicon carbide
was positioned at the bottom of each reactor to serve as a bottom support. Each reactor
contained one contacting zone. After the catalyst/silicone carbide mixtures were placed in

25  the contacting zone 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 Lindberg fumace that ncluded three beating zones corresponding
to the preheat zone, the contaciing zone, and the bottom support. The crude feed was
contacted with cach of the catalysts in the presence of hydrogen gas.

A catalyst/silicon carbide mixture (40 ci’) was positioned on top of the silicon

[ %]
>

carbide to form the contacting zone. For Example 12, the catalyst was the vanadium
catalyst as prepared in Example 2. For Bxample 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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5 Exanpl es 15-17 each had a total N /V/Fe content of at nost 44% an oxygen
content of at nost 50% and viscosity of at nost 75%relative to the sane
properties of the crude feed. Additionally, the crude products produced in
Exanpl es 15-17 each had an APl gravity of 100-103% of the API gravity of

t he crude fge . L RAYE I : scatalytic
‘conditi onsﬁ?%?gjﬁgpgg g‘g‘@&%%ﬁg&%@%ﬁe@&?oductkﬁ% tfﬁﬁyﬁgggg(gggﬁw}g%%gi ty and
decr eamahic &Rlle Grdpidwdddabalid reacton wdsd 60iNYsT (YORMECAB), IgISVivtag 1df,t he

crude feed. Fromthe increased viscosity and decreased APl gravity, it m

b posIBMEsSHS sty MIRAO CoRPAY. GOS0 REISHE BFEH PSSt feed

was 'r‘dot§4§t°%d(65@f§fm%§§;i%%d @%@%d%aiﬁtageﬁ‘a%@@@ et I dupterbib@Y.  The
e an the cata

contacting syst ysts were the sanme as described in
Exanpl enGimeldf3ofrioper ti es of the crude feeds are listed in Table 6 in FIG

18. The contacting condjtions were as follows: a ratio of hudrogen gas to
the crude Pt@al @Pgwtﬂ‘?ﬂtefiéh%%t?@%%ﬂnem Y8t ﬁ%’ia&\%io a(sf%ﬁﬁ}%&*%), pressure
was 6. 1 ' P dhenfinit @6 bidikZones was 371 C
(700 F?x%@efjhg‘ﬂc?gg%géé%l#ﬂ%. I n%E%ﬁ%l e@%&w@g? LI TSV cdur% n%@cont acting

was i neyseas dd BOmplel2, acperdregtrofiptakerwas ridhy N 668 SOFB), andd the giuded at

1211' for ho , thep the, LESV was, i ncreased . 20

wai nt agectipd 3 AN o885t B £ el R BRE i el rihtc: was

ang) yzed N /821181911 816 STANS), adsERSirhde prdgiiciHal.a MaNGantrente fror@9.308. cont ent
het er oat ons content, and content of nmetals in netal salts of organic acids

dur i ngintEremplertd,shiing gentasting afithe|crudedoedurithdhe mmiyhdegumpgnadipmay er age
| f th ti he . 3 6, FIG
(05 LR e g PRSP St A I

had a $eHBGed.0BUFRY) enditheedideqdodisdngdid PANahathnge fromt(h20SA, N and t he
viscosity of the crude feed, while the APl gravity,

/ y. of the cr T(_jhteg‘%product was
104- 110% of Fropethamet grdioganyinbike yadues GBS OBIRCUAZIE PER Pst}el’a‘it?% MCR
conf e”l{xycfr%@&ﬁi@eﬁﬁx‘a}eﬂ%ﬁm&%tﬁi0.’?‘%%3 g@ﬁ%}f«‘ﬁgﬁurﬁlé coRad@ 2hhd he 30MCR
nt” an pha

conte tenes content was reduced rélative to the sum of the
"MCR costudnfeedndd Gs: aspdiaht @tdgstc didrerdtionfofthydrogenderihg edntadtimgmliiomns wei:ght

ratio of MCR content to asphal tenes content and the reduced. sum of ‘the
MR colfeuhtiragd toibe tgss %CEWOP%%@?&W ') R ERERET B phal t enes

rat hercg i&ﬁﬂ'@f&@@é@&sstoti tofdaM® pBrifes BHBRGYvAne e chideok ThakRuiemBsk r educed.
The crude product also had total “content of

for less hydrogen during contacting tends to decrease the costs of processing a crude.

20 Additionally, contact of the crude feed with the molybdenum/vanadium catalyst
produced a crude product with a TAIN that was lower than the TAN of the crude product
produced from the individual molybclenum catalyst.

Examples 15-18. Contact of a Crude Feed With a Vanadinm Catalyst and an

Additional Catalyst. Each reactor apparatus (except for number and content of contacting

25 zones), each catalyst sulfiding method, each total product separation method, and each
crude product analysis were the same as deseribed in Example 5. All catalysts were mixed
with silicon carbide in a volume rafic of 2 parts silicon carbide to 1 part catalyst unless
otherwise indicated. The crude feed flow to sach reactor was from the top of the reactor to
the bottom of the reactor. Silicon carbide was positioned at the bottom of each reactor to

30 serve as a bottom support, Bach reactor had a bottom comntacting zone and a fop contacting
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reacior, silicone carbide was positioned on top of the top contacling 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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pot assi um sodium zinc, and cal ciumof at nost 60% of the total content of
the sanme netals of the crude feed. The sulfur content of the crude product
was 80-90% of the sulfur content of the crude feed. Exanples 6 and 19
denonstrate that contacting conditions can be controlled such 5 that a

o1 ocestrRaE aeceditaRg vl et APSSLEo0RiRut o M p R fHIREEL | 2, °

pr oper yesontabhey Adiek] dnd thobsebeciby@ty change a property of a crude feed at
liquid hourly space velocities greater than 10W allows the contacting

process to Beageetapmpdhe nanadiwalcgtabyst g pragresi palep@ibge iy Exgmpkedmer ci al | y
avail a lSs . A rwuessel size may allow the treatnent of 10

di sadvgélcﬁésé(gg’%grt@ed%s lﬁ%ﬁgé&fi‘lr ‘'ormed at production sites that have size
corsst rai nt sin(fx@pex eSTRheddaidmbedtel yhtdliddnt dagisifle nfixt@ang{4é @0) wasnt act of a

Crude Feed at  Various Contacting Ter’rﬂgr ataHr,e,s. Thaz c%n,t acting systens and
the caPbeiijoped ingbeboitpm copireting Zeas oy fitien v bepg i ide f eed

havi ng Bg@p LGS, byl [ LsdibeAhiCrxdfphes pddedad:ant he top of
t he re?c%g aﬁ%mkgﬁ}lé‘%ﬁ?éecgg%tﬁ&t@ﬁggtdv\%lcgt éﬁ/:gtsp%@t he t\/\g 1cont acting
zones taalyhikiliphesenbreafixhydi(0fen’ twaspositioned in theudp cprtadingtzondhe t wo
contacti ng D%]es vveré oper,ated, at di fferent Cont acti ng

condi ti ons XEwle 4 ae&qlfigm%gatalgﬁ@mcaaéﬁ%ﬁ#@%@%ﬁq&%s 1 h-1;

t erat e e [ Wag 7% (09 b the rat i o of
hy roggé\%(gle{i:Ehu%lg%gfot&?le%g&v\bg?%fgge’ﬁﬂ%t/hnﬁ (%00% Sa ) ; argid pressure was 6.9

MPa ( 1Odybdempsa yatalyst prepaBech baché mgthodnidseribeddn Example holthaovanediwonact i ng zone
were as follows: LlL:]SV.was 11%: tenperatur.e.n t .10 ontacting
zone m&%ﬁlﬁﬁ%ﬂ’@? 86%4%@%“%‘%’98%?%@5&6@%@ 3 ﬂ&ertﬁagg?@g*téﬁ%%éigieso N8/ n8
(1000 SCFB)n Bihpls 5S4 RdVEEnaP cBalYBdsilidShbAnik s (30 crifyewisaicattiope@tuct

exited the bottom contacti ngll zone and was introduced into the 25gas-liquid

phase tepeftemeoentapiing ranegwith the additipnal setabysp heige dhe mphbdewim(vagndsmict was
t into th . - ;
oehT odraty i Brarrodh AL S The S0SheRS o BV RERE Wittt B '

Aver ag@ray pdsitesefl 94 tHeh6p psapetitgd fsheof crude product obtained during the run
are listed in Table 7, Fl 19. The crude feed_ had . a. T f. 9. nd a C5
asphal t enesindésiane lweé (eksy Warks Gprrosatinn gt ?i%‘s%?\)d?eé% cr ude
feed. - e TAN of 0.7 and an average C5

. Fn s eyt yensy

asphal tenes ¢ gra C5 asphaltenes per grain of crude
. product. Thénds (8apbaBhenddrazilhf@riixanfplehes-t8 baeng theduopertiassustmarostl 71% of

t he. C5. asphal tent of th d t, t ot al t ent
oot o L - Lo arai t Pheonolie Hraudbtmtefeq doved ot fhe "t ot af
S\ggt enbreBfat bhi%, S BIRLAESohE, §Rnf EdHLFgene, HhE bbADMfupbhie offhiede product

reactor. The crude feed was contacted with each of the catalysts in the presence of

hydrogen gas. Contacting conditions for each example were as follows: ratio of hydrogen
gas to the crude feed provided to the reactor was 160 Nm*/m® (1000 SCFR) for the first 86
25 hours and 80 Nm*/m’ (500 SCFB) for the remaining time period, LHSV was 1 !, and
pressure was 6.9 MPa (1014.7 psi). The contacting zones were heated incrementally to
343 °C {650 °F) over a period of time and maintained at 343 °C for a total vun time of 1400
hours.
These examples demonstrate that contact of a crude feed with a Column 5 metal
30 catalyst having a pore size distribution with a median pore diameter o 350 Ain
combination with an additional catatyst 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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at nost 10% of the TAN of the crude feed. A P-value of 1.5 or higher was

mai nt ai ned during contacting. 5As denonstrated in Exanples 6 and 20, having
a first (in this case, top) contacting tenperature that is 50 C | ower than
the contacting tenperature of the second (in this case, botton) zone tends

R Y g e A N

reductﬁmdgy‘ndpk‘e&e%@rﬂﬁ@mﬁ@feeﬁwhabsseirﬁemt al salts of organic acids was
10enhanced u

sing controlled tenperature differentials. F X | e,
reducti on i%%ﬁgﬁaﬂbﬁéﬁh@&l a5 Skl -s]c7dﬁ@ﬁﬁ@éﬁ?@@?cﬂ?as@m%%ggnﬁ%duct
from 2 _ ceds relat.] the i t:al
pot ass| AL PoRTARORRERF K ERhbfed b P IERHRE kB0l POl 11
r el sat i Bednypleons i avichdaddetofab BV antpnitadiat tnost 44% &n stygenlconienf affateach
exanpl e, as measured by P-valu 15Usin | ower tenperature qf .a first
cont aciPHg0Zpmed Alsconily ofahBieal %8/1” %V%‘g(b‘ﬁeﬁﬁpgé’{ﬂpﬂn’;?%?&ﬁ m?:‘ﬁ?wfﬁ?dnds (for
exanpl . I i i } have a
Fenderi oA R D b e of
sof t nes0-Hidh of tietARIkdrmessof{thecrudxfeedl. e, guns and/or tars). Renoval of
these conpounds at |ower tenperatyre allow such mounds to_be renoved
before they ”ﬁoﬂﬁaﬁo@ﬁﬁ%é’t"" _L}?Epr{?g‘f‘ﬁ WAt BORERE ‘%‘?83@‘8&?@6’_‘%% ife of
thy cajg §d1§e&’Q?E&fu'ci‘ﬂitﬁﬁnéﬂézﬂ&%iséo@fﬁ%ﬂtd&%‘éséd@PI gaeit?@@aﬁi\!ré)tBQﬂe after
the first contacting zone. Exanple 21 Contact of a Crude Feed and a
Cat al ysiscaaity andSART gravith off thaerndst fabd. darerh yha ingredsest viscosiy ahg decredsed he

| i ' 0..0001-5 0.02-4 f L VS 1 f
Che craBLERe;t Ry be PSR BB AR rek P TR h Rt BR e aP R oo
25and weagitegeginder the follow ng conditions: tenperature in a range from

85-425 'V (185- 797 F), pressure in a range fromO0.5-10 |vi Pmand ratio of
hydr ogExamples eed 36N LHBVE obheropictipg spergnapmet  Af t er

() a Y ]
sufficjen ti time pr p ct is
ehr b ERR I IR PR R b G DREHEher R BB RRIPRRELT, L o
appar adrd $isted i Mabls 6AnfAIGt €8, Thoéoptactiagtdontiiipas wEheacfoliderspraaaticdf may - 30have
a changed TAN, iraon, nickel, and/or _ vanadi um c?géle\]ntg ap&@ ﬁiﬁu ed C5
asphal ixstsegencsh e te arededepd provgled frther isaetor wag 160 Nm™/me(YRSCHR)di £ i cati ons
and al ' ' ' t f nBHPaBRREGHS c@Hitadil Jonvenhs om vel | - be
appar e%@gspgé%ﬁ%ggr@ﬁgrﬁr@gfpﬁ%f edatrgr? ?Eht Vi ew of t?}i ish%dé)scri ption.
Accor di700 ) for Hiestothésar fipei brifzasnilol ethedd$tV wing soitatting was ingerasad y and
LS OF el S RHER P Bme from 1 1™ to 12 b, maintained at 12 b for 48 hours, and then the

LHSV was increased to 20.7 h™ and maintained at 20.7 h™' for 96 hours.

In Example 19, the crude product was analyzed to determine TAN, viscosity,
density, VGO content, residue content, heteroatoms content, and content of metals in metal
salts of organic acids during the time periods that the LHSV was at 12 h! and at 20.7 b,
25  Average values for the properties of the crude products are shown in Table 6, FIG. 18,
Ag shown in Table 6, F1G. 18, the crude product for Fxample 19 bad a reduced
TAN and a reduced viscosity relative to the T AN and the viscosity of the crude feed, while
the API gravity of the crude product was 104-110% of the APT gravity of the crude feed.
A weight ratio of MCR content to Cs asphaltenes content was at least 1.5, The sum of the
30 MCR content and Cs asphaltenes content was reduced relative to the sum of the MCR
content and Cs asphaltenes content of the crucle feed. IFFrom the weight ratio of MCR.
content io Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that agpbaltenes 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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of teaching those skilled in the art the general manner of carrying out the
invention. It is to be understood that the fornms of the invention shown and
described herein are to be taken as exanpl es of enbodi nents. El enments and
materials may. be substituted for those illustrated and descri bed herein,
parts a rocesses may r i nventi on
may bep‘é}?‘qisﬁ}n} é&aﬁuﬁhéglén%i’e n%IC% 0?§pggog€\g cf}f% élté)ftﬁg:%g{r???%m% rﬁaellagkl lled in

t he arimegld @thdamis &eﬂhe“hbguﬂﬁirldomeﬁt bhile aie@ecpnonnctomqﬁo-weé dfnkentlfon.
Changes may be made in the el ements described herein without departing from
t he spediientghtheseefsdeet the i nvention as described in the fol | owing cl ai ms.
CLAIMS 1. él@?g o84 1@8%@%@% tﬁa 881 Rhotile coR BTNk %!11{'96 controlled sGOFDI Ning a
support with on nore netals to orma upport/ nmetal m xture, wherein

t hes supppd LISAMrdupashd hetatiaf uoiana @netehtandn 1, p$1aorap¢rnd traa potesnt  of at

t 0. f al I f.
ﬁfm sﬂweb%%‘?‘q”ﬁrag&ﬁlﬁw?arpﬁpré AP PRRGH O AITG PR reﬁeﬁ%saﬁﬁns?%cb??eone

fror B{cpma 3paBe PelotitibSreRRE t

TabI e, ?el&%%ﬁgrz%e{%rgpé f an hlgenﬁgg?ﬁltt%iqon or?ce;B‘or nor e nlt}ta 1§ from Ool um 5
of thel®at abd@veth‘éahhmptiwomss mmbaepclfnpmmmsvaﬁelimﬁxeducadtﬂl@ ehitiyao 5 net al s
or m xtures t heat .treati B%Zt he t aI um na stport/ nmet al

mi xt ur EOTPeLp4 &?ﬁé}l%hlw@sﬂﬁ ALY O ?B*W Guon® ey § yst, and
WhRY i BishdV@nt g&@&m&&s da%% PRrfBRA R ipE8dGk iRl idoy tia@ Rawd di%e CoriRgind(feor

di aneter of at | east A, as determ ned by ASTM Met hod D4284. 2. The
nmet hodemnxdt,alffsbdrmfmbn@)m 1, wherein the nedian pore dianeter of the pore

si ze d' str| P ] rﬁsm &%m. heclaims 1

or 2, 70 orsStribution is

H l
at |ea§dntﬁ}t1%g%?&éﬂs @ﬁd ﬁlfe cht@lf}@fs vGera tl@é’fﬁdlﬂe as desciﬂam etheglas. dhaiceeid i n any
one of clains 1-3, wherein the surface area of the catal yst is at |least 60

er/ g ofeeéﬂlavxggﬁ@e woperieglistedsin Table Trin Fifd- BXwas addpddoithe WRWI Hifreastor | ai s

r nore
ol a1 o G Rl B g TR B b B BB S Bl AL BResc U e o
one- or hydogerGol prodise dchiticprodics, Tioy twb xbutaetng heres ofere opdrited bedisepmort . 6.
The nethod as clainmed in any one of clainms 1-5, wherein the one or nore
met al sSYEWHANYEE i n addi ti on-vanadi um cobalt, nickel, or nixtures thereof.
7 The et hedn @) AidiRfbnb th 8o 0B Rirfycko 16 folAGE GHSY heasane!;or | mor e
netal s conprise | é]l tion one or nore elenents from Colum 15 of the
Per i odiempEetilire ianidy top comtecting zone was AFPTEHES0 SF); arretio of ptrege@otouaradel 5

el SUp e nmet hod a y one of clains 1
fdm EegmsQQhWﬁé%Pﬁ]rog]rﬁq@)cgﬁgﬁfS%? Waﬁg é:t/@ﬁg&ﬁl‘} pr’?? |l east 0.1 grans,
at | eatSt 0. BoffaiRy cAMitRns hif@S bollom @AREIngfzob8olete & llba: PEISWIKam of
suppor
PP h™'; temperature in the bottom contacting zone was 315 °C (600 °F); a ratio of hydrogen to
crude feed was 160 Nm®/m® (1000 SCFB); and pressure was 6.9 MPa (1014.7 psi).

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 analyzed to
determine TAN and Cs asphaltenes content.

Average values for the properties of crude product obtained during the run are
listed in Table 7, IG. 19. The crude feed had a TAN of 9.3 and a Cs asphaltenes content

30 of 0.055 grams of Cs asphalienes per gram of crade 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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9. The nethod as clainmed in any one of clainms 1-8, wherein the support
conprises in addition delta alum na and/ or gamma al um na as determ ned by
x-ray diffraction. 10.A catalyst, conprising : (a) one or nore
metals from Colum 6 of the Periodic Table, one or nore conpounds of one or

more nmetals _from Columm 6 of the Perigodic gl?ble or m xtures th«gg@ f.and in
addi t1 on ondIFRsksPReER RSBk PRbofiman S1e Gl PatPEvEs Aaned S30hef or
for e CE{ERQHPQ%@}& oP R s@he Wt?%;ﬁ‘?rt}ﬁ:l Sudd I CThEMAS 00thd d§dEBlolastwasTabl e,

or m xtures thereo a support material having theta alum na
cont entt wbstd0%d ekt TONLofyhansidef feehetd-atluniohd Spurhigheyastmainpppedt
materigl, as det.erm ned by x-ray diffraction, an al pha alum na content of
at nostUPRYCUHACHBEof al pha al umi na per gram of support; and wher ei n

t heg cat al ysi s, AstPRIEnT &G plS6 hhd P01 1R nM 4 firse (inEkis2Bse ey cdhaomiger of at
| east 230 A, as determ ned by ASTM Net hod D4284. 11, The catal yst as clai nmed
in cl atembBytuetibates 50 PG dovaer thamthe contacting tavepesirimef the seroarddin issgaadi um

12. The, cat st as, ¢l ai,ned j,n a of i s, 10 el ne or
ror e B St & HER I aRl e rPrdtal ehter RISt AogR0

pr oducidgivd t6 e, %ggté%s eI dfShdgrude Geddact i ng a crude feed wth one or
nore catal ysts as defined in any one of clainms 10 tqQ 12 to produce a total

product t hatddifienallsgedustion efithe gangent of mejple opptal srits of PaRAg BAdEY2F s a
i gquid i xt .at 2 . { id nb
0 O S 1 £ e, Dt g e

t enper abtafshurh And Beditmneateat of therardd- 5006t feonp Eesmplee?(l wat ithanembe from 1-12
MPa and a LHSV in the range from0.1-30 o pbtain a c deﬁi%r%odu t that has
a TAN &flatife il reducionol tifatotpAROGFSSIUREANG: {9dBI SERFCLPIRR PTG RRPIUS a5

det er msnedp i i HReh1 PPodlcpiniRed faslidy @ 13,
Mererﬁ%ﬁﬁgﬁ)%‘%gwﬂ%@%&ggﬁggﬁ%ﬁ? ug?ﬁ@g'}g«% m)s? 50‘% at lrrms&tl ?i % or at
nost 1@8hofxatnpls, FANeafurédiey Brvables.f eed. 15. The nmethod as clained in claim

15 gaprs e TN ol e cride protiol s LR BULSNELLTRAR 20 70N
molecular weight compounds (for example, Cs asphaltenes and/or metals salts of organic '
acids) that have a tendency to form polymers and/or compounds having physical properties
of softness and/or stickiness (for example, gums and/or tars). Removal of these
compounds at lower temperature allow such compounds to be removed before they plug

20  and coat the catalysts, thereby increasing the life of the catalysts operating at higher
temperatures that are positioned after the first contacting zone.

Example 21. Contact of a Crude Feed and a Catalyst as a Slarry. A bulk metal

catalyst and/or a catalyst of the application (0.0001-5 grams or 0.02-4 grams of catalyst per
100 grams of the crude feed) may, in some embodiments, be shurried with the crude feed
25  and reacted under the following conditions: temperature in a range from 85-425 °C (185-
797 °F), pressure in a range from 0.5-10 MPa, and ratic of hydregen source fo erude feed
of 16~1600 N V/in® for a period of time. After sufficient reaction thne to produce the
crude product, the crude product is separated from the catalyst and/or residual crude feed

using a separation apparatus, such as a filter and/or centrifuge. The crude product may

(¥
e}

have a changed TAN, iron, nickel, and/or vanadivim content and a reduced Cs asphaitenes
costent 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 {o be construed as illustrative only and is for the purpose
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16. The method as clained in any one of clains 13-15, wherein the TAN of
the crude product is in a range from0.001 to 0.5, from0.01 to 0.2, or
fromO0.05 to 0.1. 17. The nethod as clainmed in any one of clainms 13-16,
wherein the TAN of the crude feed is in a range fromO0.3 to 20, fromO0.4 to

10, or from 0.5 to. 5, ..18 The nethod as cl ained.in one of ai s

19 19" ot Pt Motecekiin e 5T o Bentl st & SRR o3 The Ve AR, 1o
as cl apsmhe o AMaORe fhns & FdMmvdBtidiBshovresmel destHBedhatdin dregrbd akeont act ed
in a contacting zone that is on or coupled to an offshore facility. 20.

The methudmgieself ainbedinientsarfjlenaets gndghaieisls 1Ryl supreugdfoeBratact i ng

conpri ses, contacting in the presence ( _ . nmet hod
as cIaﬁﬁ@%g?ﬂm%ﬁ%mgﬁ@ﬁgFﬁ%Pégﬁga?gﬁﬁﬁg%S égé?hggﬁgi%ggﬁgge?ﬂﬁiﬁggggonprises
conpi npnge iRenEsSRy BE AdUS (WHETerdleatde! dshasull Detapparsant® oas skillediid f er ent

fromthe crude feed to forma blend.  22. The method_as clainmed in_any one

of cl athegrtiedtephaying thedeneldmiithis dagonnitonsafdhe Brveptior eSBanggs ¥ B pr oduct
or blen roduce transport ati L ti : A ubri-gants, or

chem c qg%8&§§p%fﬁgmggﬁﬁ%%nbg%%+§§%%§9%#;%ﬁ%ﬁh?%&%ﬁ %?%#ﬁ0¥ € processing
conpr i §RentthinSdsidekdrit@d il thefbDE@Ingrcidingd. or the blend into one or nore
distillate fractions. 24. The method as clained in clains 22 or 23,
wherein the processing conprises hydrotreating. 25. A catalyst as defined
in claim1l0 or a nethod of producing a catalyst as defined in claiml which
catal yst or nethod is substantially as herein described with reference to
Exanpl e 4.



CLAIMS

1. A method of producing a catalyst, comprising:

combining a support with one or more metals to form a support/metal mixture, wherein
the support comprises theta alumina and has an alpha alumina content of at most 0.1 grams of
alpha alumina per gram of support, and the one or more metals comprise 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 Column 5 metals or mixtures thereof

heat treating the theta alumina support/metal mixture at a temperature of at least 400°C
to produce the catalyst, and wherein the catalyst has a pore size distribution with a median pore
diameter of at least 230 A, as determined by ASTM Method D4284.

2. The method as claimed in claim 1, wherein the median pore diameter of the pore size
distribution is at most 500 A.

3. The method as claimed in claims 1 or 2, wherein the pore volume of the pores in the pore
size distribution is at least 0.3 cm*/g or at least 0.7 cm™/g.

4, The method as claimed in any one of claims 1-3, wherein the surface area of the catalyst
is at least 60 m%g or at least 90 m%/g.

5. The method as claimed in any one of claims 1-4, wherein the one or more metals
comprise in addition, one or more metals from Columns 7-10 of the Periodic Table, one or more
compounds of one or more Columns 7-10 metals, or mixtures thereof, with the support.

6. The method as claimed in any one of claims 1-5, wherein the one or more metals
comprise in addition vanadium, cobalt, nickel, or mixtures thereof.

7. The method as claimed in any one of claims 1 -6, wherein the one or more metals
comprise in addition one or more elements from Column 15 of the Periodic Table and/or one or
more compounds of one or more Coiumn 15 elements with the support.

8. The method as claimed in any one of clating 1 -7, wherein the theia ajumina content of
ihe support is at least 0.1 grams, at least 0,3 grams, or at least 0.5 grams of theta alumina per
gram of support,

9. The method as claimed in any one of claims 1-8, wherein the suppori comprises in

addition delta alumina and/or gamma alumina as determined by x-ray diffraction.
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10. A catalyst, comprising :

(a) 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 D4284.

11. The catalyst as claimed in claim 10, wherein the at least one of the Column 5 metals is
vanadium.
12. The catalyst as claimed in any of claims 10 or 11, wherein the one or more Column 6

metals are molybdenum and/or tungsten.

13. 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 to 12 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 at a temperature in the range of from 50-500°C, a

"1 {0 obtain a crude

pressure in the range from 1-12 MPa and a LHSV in the range from 0.1-30
product that has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as
determined by ASTM Method D664,

14. The method as claimed in claim 13, wherein the TAN of the crude product is at most
50%, at most 30%, or at most 10% of the TAN of the crude feed.

15. The method as claimed in claim 13, wherein the TAN of the crude product is in a range from

1-80%, 20-70%, 30-60%, or 40-50% of the TAN of the crude feed.
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16, The method as claimed in any one of claims 13-15, wherein the TAN of the crude
product is in a range from 0.001 to 0.5, from 0.01 to 0.2, or from 0.05 to 0.1.

17. The method as claimed in any one of claims 13-16, wherein the TAN of the crude feed is
in a range from 0.3 (0 20, from 0.4 to 10, or from 0.5 to &.

18, The method as claimed in any one of claims 13-17, wherein the median pore diameter is
at least 230 A,

19. The method as claimed in any one of claims 13-18, wherein the crude feed is contacted in
a contacting zone that is on or coupled to an offshore facility.
20. The method as claimed in any one of claims 13-19, wherein contacting comprises
contacting in the presence of a hydrogen source.
21, The method as claimed in any one of claims 13-20, wherein the method further comprises
combining the crude product with a crude that is the same as or different from the erude feed to
form a blend.
22, The method as claimed in any one of claims 13-21 further comprising the step of
processing the crude product or blend to produce transportation fuel, heating fuel, lubricants, or
chemicals.

23.  The method as claimed in claim 22, wherein the processing comprises distilling the crude

product or the blend into one or more distillate fractions.

24.  The method as claimed in claims 22 or 23, wherein the processing comprises
hydrotreating.
25, A catalyst as defined in claim 10 or a method of producing a catalyst as defined in claim

I which catalyst or methoed is substantially as herein described with reference to Example 4.
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