SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A CRUDE PRODUCT FI ELD OF THE

| NVENTI ON 5The present invention generally relates to systens, nethods, and

catal ysts for treating crude feed, and to conpositions that can be produced

using such systens, nethods, and catalysts. Mre particularly, certain
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cor r b&i oAnd ba mreammare pairstiimyhdd ercuhenpddrelatian &pHE tabédive ?ﬁbﬁeﬁm theand/ or
processin egui pment. The use of corrosion-resistant netal often invol ves
signifi cante ense, and thus, the use of corrosion-resistant netal in

exi sti ngDEsORIEYONOF Rmmg?'j«abl e. Another nethod to inhibit
corrosion nmay | nvolve additio orrosion inhibitors to 25di sadvant aged
crudes bef or e Criden o havenepeamaiae upsudiabls piroygrids thitelodios alibwa feagedkses udes.
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process ?%1%&021? uggeagg’gwﬂf%qr%fih%r 1 i ng’tg c&pﬁgﬁ@pgl 1%‘?‘@8%%’&? PPERRYKe crudes.
Di salivanicaged tolal deéSadiaheBedotigin rel atively high level s of residue., Such
high levels of residue tend to be difficult and expensive to transport

and/ or pr ocesPidvapesd coipe may dnrpdefagisdic barhpanents that contribute to the total
acid number (“TAN”) of the crude feed. Disadvantaged crudes with a relatively high TAN

may contribute to corrosion of metal components during transporting and/or processing of
the disadvantaged crudes. Removal of acidic components from disadvantaged crudes may
20 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
thus, the use of corrosion-resistant metal in existing equipment may not be desirable.
Another method to inhibit corrosion may involve addition of corrosion inhibitors to
25 disadvantaged crudes before transporting and/or processing of the disadvantaged crudes.
The use of corrosion inhibitors may negatively affect equipment used to process the crudes
and/or the quality of products produced from the crudes.
Disadvantaged crudes often contain relatively high levels of residue. Such high
levels of residue tend to be difficult and expensive to transport and/or process using
30 conventional facilities.
Disadvantaged crudes often contain organically bound heteroatoms (for example,
sulfur, oxygen, and nitrogen). Organically bound heteroatoms may, in some situations,

have an adverse effect on catalysts.



D sadvant aged crudes often contain organically bound heteroatons (for
exanpl e, sul fur, oxygen, and nitrogen). Organically bound heteroatons may,
in sone situations, have an adverse effect on catal ysts. Di sadvantaged
crudes may include relatively high anbunts of netal contam nants, for
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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 aleohols, and/or
acids formed by oxidation of ethers) that are difficult to remove from the treated crude
and/or may corrode/contaminate equipment during processing and cause plugging in
transportation lines.

30 Disadvantaged crudes may include hydrogen deficient hydrocarbons. When
processing of hiydrogen deficient hydrocarbons, consistent quantities of hydrogen
generally need to be added, particularly if unsaturated fragments resuliing 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



processes are produced. Hydrogenation during processing, which typically
i nvol ves the use of an active hydrogenation catal yst, may be needed to

i nhibit unsaturated fragments fromform ng coke. Hydrogen is costly to
produce and/or costly to transport to treatnent facilities. Di sadvantaged
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Pat ent NB% & dgsizpgranynipt the copfgpnlsertain eompongnty fsuchge sulunvayestal et al .

206, 063, gtﬁ@ar}lﬁlagsgﬂlggeﬁig%cgja?ﬁag%d %ﬁ?SOZ to Bearden et al.; 5,914,030 tb
al.; , , o-Trac

Bear den et e et al.; 5,871,636 to Trachte et al.;

and 5, 851, 381Stme Peovadsas Bt improvingahe gubléty\wfchalesnglude edbesa diyst s, and
crudes. The processes, systens,_ and catal ysts
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g:g 2|r the S‘{“ﬁ'ra{lﬁ’rgg grfsig‘lisgg feweribuaeight PRIsGR Qficampencthip prRtaawing toyhoecause of
many; 9f  §sVeRGBE 53berBEQPAGNR, 88ler{tORdWeRP DeGerally increases costs of treating
disadvantaged crudes due to the costs of diluent and/or increased costs o handle the
disadvantaged crudes. Addifion of difuent to a disadvantaged crude may, in some
situations, decrease stability of such crude.
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 have undesirable properties (for example,
relatively high TAN, a tendency to become unstable during treatment, and/or a tendency to
congume relatively large amounts of hydrogen during treatment). Other undesirable
properties include relatively high amounts of undesirable components (for example,
residue, organically bound heteroa‘toxﬁs, metal contaminants, metals in metal salts of

30 organic acids, and/or organic oxygen compounds). Such properties tend to cause problems
in conventional transportation and/or treatment facilities, including increased eorrosion,
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



251 n sum di sadvant aged crudes generally have undesirable properties (for
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B%HO Pﬁrams 0 O% grams ok molybdenum, one or rmore molybdenum compounds,

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

the catalysts having a pore size distribution with a median pore diameter of at least 180 A,



30The 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

a liquid,m : . g \4Pa, th ude f.eed havi TAN of at
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i nvent i of?°8fso provi des a nethod of producing a crude product, conprising:
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cat al yst U EHKE PRt Whgyeiy cpEP@Ichisadiid pyxiveptam Gard 0486 MBy,i odi ¢
Tabl®, ome cBide TR QIPEAN S, I h 6 _af .the
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10 of t hleasbens ofithe catalykts compeisar (ayoneoaoreauntids Hémdwhueh 6BItEe MBi@ls from
Col um lpbgf the Periodic 1$Taibl e, or mxt r%sq t hereof, and wherein a nol ar
ratio of” 1°0r &1 BOPGHCORPORBISET 908 OF Brost mesis frma- ol © okthe Rerodignge fr om
.1 to 10rabindr e@ntirekhdrerd: i el r yde product
has a TAN of at nost 90% ’o?ﬂtrt%Z%FAdglg%(f%t éé%ru e@#g%él? T%g{r}%ﬁ)neﬁ?i is as
det er ni nE®lGH pragmRPIvEIhwEuDERS ong hempresetalsofroml Gulumno\i aféke Rerigtifiod of

o i o e, BB RS BRER e SRR e S o i ClnBrgasseh© eibae.
pr oduct ,Colinen 6inetilie iics Helge RO 0L Sndednt@Uiifl Bontidiig BhdBnSedndnd 101,
MPa, the cruge feed having a TAN of at |east 0.3, and the one or nore
cat al ystﬂéc_*' cHHpPicdngidas g AN af 4tinast 9@atofhesT AN ¢fthé icrle feed, athesdin FAN ng, per
g am of iy sbpiePisringmagp) (5 0-00 sram of, one o ore mals
metal s from Tbkimentién aito pleeidees netiod ofphddicispd eddHesth@s comprising:
20 contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.3, and the one or more catalysts comprising: (a)
a first catalyst, the first catalyst having, per gram of first catalyst, from 0.0001 o 0.06
grams of: 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 0,02 grams of: one or more metals from Column 6 of
the Periodic Tuble, 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
30 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 1D664.
The invention also provides a catalyst composition, comprising: (a) one or more
metals from Coluimn 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



wei ght of metal, or mxtures thereof; and (6) a second catal yst, the second
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at a tenperature 0O | east 400 and form °n the
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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
catalyst, wherein the catalyst has a pore size distribution with a median pore diameter of at
least 230 A, as determined by ASTM Method DA284.

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 Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the



The invention also provides a nethod of producing a catal yst, conprising:
conbi ning a support with one or nore netals to forma support/netal -

m xture, wherein the 30support conprises theta alum na, and one or nore of
t he net al 0 l,um of th . Perio
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Tabl gy olondbikifcicth TR0 Condiifls BRILTRbIPAGRILAGLING SRR hpps such that

the crude product has a TAN of at nopst % o e€’crude feed,
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and P

crude product is a liquid mxture at 25 T eed
havi ng aCcTApetiag agrudedaed Wﬁh@neDhmommyfﬁemdhhamme@tﬁadw@mmcsonﬁcem of at
| eas}s and.at |.east one of

f
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contacti ng conditions to reduce TAN such that the crude product has a TAN
of at noSdol drvingan pareesrcoisat efatdenst @BEN1 gines b ox xartReraran of emtle of

organic £ t has an
oxygen c%?%ﬁltﬂ aﬁ%ﬁ%{% %DQPI&%%%¥ EE %bgr%%i%%:gn. Dut?wH%ltﬂE(aa%ger P eed,
wher ei n diAietes ofat letst 20 Al medbtﬁmlﬂﬁﬂw MSTMOMDBAD4 B0k ygarolignt ent is as

det ned, by. ASTM. Met hod 5The invention al so praovides a method of
pr odtci ngPpc glp%a%n iong jg o uE% gjefghat the crude product has a TAN of at most

90% of the TAN of the crude feed, and to reduce a content of organic oxygen containing

..,_)

compounds such that the crude product has an oxygen content of at most 90% of the
oxygen content of the crude feed, wherein TAN is as determined by ASTM Method D664,
and oxygen content is as determined by ASTM Method E385.

25 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 produet is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.1, and at least one of the catalysts having, per
gram of catalyst, at least 0.001 grams of one ox 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 confrolling
contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 b, and the crude product has a TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.



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 'V and 0.101 MPa, the crude feed having a TAN of at

| east 0.1, and at |east one of the catal ysts having, per gram of catalyst,
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feed, angulfiteoftettls th ofide feddawho@ineT NIt B¢ daemtigsd bela i M38%ehekhe

sul fur content of the crude feed, wherein TAN is as detenni ned by ASTM

Met hod DEBASulERgorigptrisps desamained by ASI MiMesod RE¥4y ASTM Met hod D4294.
15Thes i nvent i : ' . Cj [ roduct ,
corrp?Ji- si ng: cgg% glért% ?%%Hgawf:?ﬁgé&ig g@%ﬁﬁfpﬁ&e&g Arr(fn)lr%éi@gqugggg PP IEhe

pr esence caftadingaseodesfeby dithgen os aurceatilgstpirodi peesandeodial gaaeagusidrddaat -
i ncl udes the crudée rodut,;ér, vvhe{le',n Htl%e crude prqduct is. a_liquid mxture
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at 25 C SAECOLRY a3 BrodBeIP RIS diifirkde PROUERUPRIbIE Sefion that the
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20phase separation of the crude feed during contact. e 1 nvention
al so pr owchdbatdhaestiofbedf dpingdeoiany uptakesugdrqpen dtia tsglectodmpate $0 im)ibicont act i ng

R AN S LR
product is a Themtiventiindisy groitde2Bd ndettRdb  ProkRbinRBAsruad froadd Eahbiing:
contacting conditions such that the crude 25feed is contacted wth hydrogen
at a firenianyiagsgenledpehwihdzdhores wihangsere ol ape ar peroerialiiste topeduapt ake
condi ti 0foediBFodulef bt M¥AIIRIER c%$§§d1ﬁ8 Qftlehei? {hebc?il@egpi%idut% g%tqu{dr om the
mixture at 25 °C and 0.101 MPA; and controliing contacting conditions such that the crude
25 feed is contacted with hydrogen at a first hydrogen uptake condition and then at a second
hydrogen uptake condition, the first hydrogen uptake condition being different from the
second hydrogen uptake condition, and net hydrogen uptake in the first hydrogan uptake
condition is controlled 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 oue or more catalysts at a first fernperature followed by
contacting at a second temperature to produce a total product that includes the ciude

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



second hydrogen uptake condition, and net hydrogen uptake in thet hydrogen
uptake condition is controlled to inhibit P-value of a crude feed/total
product m xture from decreasing below 1.5, and one or nore properties of

t he crude product change by at nost 3090%relative to the respective one or
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product tag 99%sof thalAdOof thatrudf fatd; ali3becofde phahsthdsur sufondcatintaff 70be crude

feed, wherejn, TAN j det ey mi ned by ASTM t hod D664, and_sul f
content |07a8" HEr Bl SRRy RS TRt B B0 o deterpisd F/bMIMn 8l so

pr ovisdesMathaR ied, &fd SR iPasdetishaiRE SJUCS TVOABREE $4Rgi, contacting a
crude feed wth one or nore catalysts to produce a total product that

i ncl udes t he Eraideeniosalsetprovifesraanethodef prodadng podue product comppisthgrri xt ur e

at 25 C . Jd MRa, . t.he crude feed, havin TAN . of a st 0.1, the
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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 hasa TAN of at
most 90% of the TAN of the crude feed, the crude product has a residue content o:f 70-

25 130% of the residue content of the crude feed, and wherein TAN is as determined by
ASTM Method D664, and residue content is ag defermined by ASTM Method D5 307,

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,

30 the crude feed having a TAN of at least 0.1, the crude feed having a VGO content of at
least 0.1 grams of VGO per gram of crude feed, and at least one of the catalysts
comprising ene 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



nost 90% of the TAN of the crude feed, the crude product has a residue
content of 70- 25130% of the residue content of the crude feed, and wherein
TAN i s as determ ned by ASTM Met hod D664, and residue content is as

det erm ned by ASTM Met hod D5307. The invention also provides a nethod
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Met hod 307. The invention also provides a nethod of producing a crude
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produce gpk | [ . r I t erein the crude
pr oduct ig gpﬁoae&fr m xgi(?ﬁ&ngt&%oggg%}fﬁ%&i%ldf\f)%g? 61?%? eclieﬁgsglcfrg%@eh%{vi ng a
TAN df atmixbuestth@ed, teaprddiate d asyst preeusdr; ahe faratiad thetcatalyst Boiedtahhe by:
conbi ni ng.a stu ort with one or fm)re rretalé fromColum 6 of the Periodic
Tabl e, of8 6 HEFESESHPSUREENER OTGHE 05 MDF U IEPRIPine OMIOIMIMA & of t he
Per i odi ¢ tdaRl@ureWelcWP RO £ cBﬁk%hlﬁHé cortfut HHRRoRs &idh BlaY e ALEEUT SOT and

form ng the catal yst by heating the Tatal yst precursor in the presence of
one or mbFulugihas arl A et at mpsi §O¥orfsbefd eftthactudenfiedat ure bel ow 500 C, and

at most 909 of it AR R B BT SRR AT PR AT B S oes &
net ho8l otopaaige gdeeed Wi oRE BF6Ee cabdVEN 10Sirddlice h26@NGB&G: ﬁ&tthg{l&'%e feed
w th one or re catal ysts to produce a total product that includes

the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.1.01 MPa,

the crude feed having a viscosity of at least 10 ¢St at 37.8 °C (100 °F}, the crude feed

having an API gravity of at least 10, 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

20 metals from Column 6 of the Periodic Table, or mixtures thereof: and controlling
contacting conditions such that the crude product has a viscosity at 37.8 °C of at most 90%
of the viscosity of the crude feed at 37.8 °C, and the crude product having an API gravity
of 70-130% of the API gravity of the crude feed, wherein API gravity is as determined by
ASTM Method D6822, and viscosity is as determined by ASTM Method D2669.

25 The invention also provides a method of pi‘oduoing 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 crnde product is a liguid mixture at 25 °C and 0.101 MPa,
the crude feed having 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

30 thercof; and an additional catalyst, wherein the additional catalyst COMPprises one or more
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



the crude product, wherein the crude product is a liquid mxture at 25 C
and 0.101 MPa, the crude feed having a viscosity of at |least 10 cSt at 37.8
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liquid n‘ixturgr@%I 25°C and 0.101 MPa, the crude feed having a TAN of at

| east 0.MIeIER iy sgloterpireddsy ARBMAdethpd B .conpri si ng

25 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 product is a liguid mixtore 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, at least one of the catalysts comprising vanadium, one or more compounds of

30 vanadium, or mixtures thercof, and the vanadium catalyst having a pore size distribution
with a median pore diameter of least 180 A; and conirolling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content o
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method‘DS'J'OS.
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20 vanadi um one or nore conpounds of vanadium or m xtures thereof;

provi ding a gas conprising a hydrogen source during contacting, the gas

fl ow bei ng provided in a direction that is counter to the flow of the crude
feed; and cont Il|n qt acti, conﬂ)i@t ié)?ns such that the crude product has
a TAN of at nost® 8% Ht“ WP TRNEG 1 Bepsiuping @ crygiraredict ANitSings

det er m negbdpactine EM-at od of
produci ng a CE u§'£ Od%@?wﬁggﬁep?rﬁg?%ga{ar%gs% Qﬁlﬁéﬁgm?:{rﬁéh'g?ﬁé% Itﬁ't‘ﬁ one or
nore cat alhg stusletpgo t)ddtr:eenaﬂlt:@na;ﬂe produtti&ta liduad niixoteud @S “Chada, udeypy oduct ,

wherein t%}qaé ude is ali |d rai xtvre at 25 C and 0, 101 | VI'Pa, the
crude feed HavPHg® é?’?ﬁ PPIRRTLS}, Beélafi’éléb ong of BeE CapoUntoicemednm, of at

| east 50. Qﬂﬁ@&egﬂﬁf%f tﬁé hefbd eA8pAs lpg,vanadi um one
or nore conpounds of 30vanadi um br %Eﬁ%?@%%%%%%gﬁg%dé ﬁg VT um

cat al yst HERnaCids, }%fber giopalkhilinteatihimedad sulitd &f @emdwm@otgam adidar@t er of

| east 18Q, II|n tln condi tjon uch that the crude

product ha@mest ﬁllgref) &J&)fo ‘?‘%ﬁ%"”tﬁ ’EgTﬁ’B’s(tfl‘“é@)‘f%fg?gtaﬁém Nromigntef cont ent

of the craliddi e &@lﬁﬁlﬁletbaﬂhltﬁé/ e I thod

D5708. 1 !t'ﬁ?a i nvention altgolr%?%}e%gg ogmrarge%nﬁ%ﬂg%?gtrl%%g%ﬁg{b gbcr ude

product , EE¥RHENG mrgtrolb@gwcattactmg; Cfalcthmuﬂe&at thietdmdergoduct ha etocAtaliygt S t o

pr odyge I (o) C roduct , rein the crude
Pge arh meEéiﬂgjtrfrilciUt«ﬂtﬁg ag tf!ﬁaqﬁ@lg OTERAIC 4 tO%BW@OSW %he

product is a ure

cat al yst Sftimrqmntest ofnlicanasial ahd g;tsmtar.eamrxﬁetﬁp PRkRd §al%fof\6?z%b§ﬁ:' AeBs i

5m xture the(ieeg the crude feed conpri si n%kone or nore a e aI salts

of one o P%d’f‘i‘i“’éelﬁ@f”ﬁ%nt of abkalimetel andatlkalinerrartbandtal, menethl slik b8 of one

or nore i er and the crude feed having, per
BHARNY 1A Berhod By A EPMARS a1

gram of crude f ato con netal, and al kaline-earth

metal, in netdhe sadennom&lsmplgwdesaﬁﬁﬂdﬁ(ﬁf r@ﬂucir%aaséru@e PRAAd, GhgiRingand
cont 5oI i itions such that t he crude product has a total

t t
cont i‘%g? ‘%@E@%}l&%@?{gm SRGIORE satlysiatormoduceal total prodnet thadtimdludeal t s of
or gani C ﬂﬁ'Cﬁﬁi&erOtﬂct ’Wﬁatrelggté’c%det d&&f% £h ut@fma%@«lt 258 %ﬁle mga f eed.

al kaline-earth netal, In netal anic acidsTin

wher ei n besrulstieet Ccailmtﬁslmg qmmmoraﬂﬁahhimdllsﬂ&dwrkbr Ifﬁiirabrgainl& abREApesal ts
of . organg)cmgr%l 18 d % E&Bﬁ g ASTM Met hod DI, 318. The invention al so
provi des a net &“8?63‘3 Fa1G 04 OBF QHEIORT FEERE acide s ipis e th%@%ﬂlcactl ng a
crude f eddevcbd havige Ofer PRIEGRE #4845 Hal e&g%%?a ali Bhéth1, ROAKGH,  hat

i nclydes the crude product, wherein the cru roduct 1s’a qulcl m xture
at C A meetalpm wrtal salth of ewgarie atide of et DélOﬂ@I grasnspandatiesbddealfiheret al

salts Ofca&”ﬁst@lﬁamé’ £ Bk ASH IR il Emedian pore diameter in a range from 90 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 D428%4; and controilitﬁg contacting conditions such that
25 the crude product has a total content of alkali metal, and alkaline-earth metal, in metal salts
of crganic acids of at most 90% of the content of alkali metal, and alkaline-earth metal, in
metal salfs of organic acids of the crude feed, wherein content of alkali metal, and alkaline-
caith metal, in metal salts of organic acids is as determined by ASTM Method D138,
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 0.10] MPa,
the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00000
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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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 alkaline- 20 earth netal, in netal salts of
organic i 0 st 0.00001 gr.ans .at of the catalysts
R I N R s M R M AL R TR
90 A to 18Berbin phid Hz@listRagbn BO¥deferhiRd LIRS TMIUIRESA gﬁmﬁraaa Lgﬁwﬁ% pore

I a

size distributiion having a pore dianmeter within 45 A n p
di anet er , Copfpsting ponsitianssheletha e pmgl@tpr@ﬁvct Basgstotid NeMiF et oAb et hod

R RS o e N R R e

sal t s 50f Iﬁygam/pMamods)gybg_at nost 90% of the content of al kall nmet al, and
al kaline-earth _nmetal, in nmetal salts of organic acids of the crude feed
wher ei n cont enEhedflvemtmlaisomxaqies samethad RAproducing a erude peaduict, comprisingt sal t s

2l so pr oviAREHE s LRAB el Bl GG sohilo Wi Rl bl L Refples "

cont act i rtge arudas priduteatersi the eALe ProdiRf B Adffudd Miditereta02PPOUHE 0,181 1VIPA
product t includes the crude product, wherein the crude product is a

liquid mt ?Eﬁuée &e havigs arerabeontent picelkalg metaly, gaé alkaliup-¢naihi megalspiermeiahm of
crudegf eqdy, & 04l 4\1{1]! N (feagp(%ml Sé%gmghexl Sg[ﬁ Aalor 220905 %rr 184%% rrg?ﬁa d at |east
ysts

one of the cata avi ng bution Wt pore
di anet er chtalyatsthanipg af ;ro@mﬁ@dxéhib@ﬂ&ﬁ@nth a mediln pbreldmsdtera@ U Rhsttilge A Q‘Isa|

nunber of ores e S|ze di stribution having a pore di amet er
Wi thin 48¢ mB”fne’i1 :tiﬁ Aﬂ%@ﬁéﬁ t&?ﬁ‘ P48 vad die cafilett daving Bledoks size distsibationt i on i s

as deter @bﬁll gmgg/oﬁ@gprg/ﬁ; ?tg,h%g%l gopﬁg ﬁbbl'c%bﬁogﬁ#ea&trh% condi tions

such that the cfru as a t e content at npost 90% of
t he Ni / VePapeowonsefivnobdr mhe mctakdéro&m@dlumm&nﬁtha Phiiodit Feblepmt eidtures as

det efmn d 5.b AST t hod D570 venti on .al o provi des a
net hogdn o&eﬁ?ogn%‘gl ﬁ/’ggﬁﬂ’étafﬂl thtm&‘ﬁﬁ‘bc]ﬁ tgf‘lﬁge cradepodpet 3'65 aiplyde feed
with Onec@fﬁteMﬁIk@ﬁtxﬁétMsﬁrﬁl ézﬁal%%ﬂﬁ@n@altﬁltxﬁ!etapsraﬁgieﬁérgh%tamu&‘sw Sstt he

crude product, wherein t he crude product is a liqu m xture at 2 and
0. 101 MPR0%taféhepantrnt ﬂ’é@lhalhmtahgmé aleodiak- e@ﬁhmm’l mfme&ﬂl lsalts ofrregmlisacidnd

0. 00001 51 reraFedt Stcisth GG of R bl ePOBRE B Sl i Pt 5 g o

por e mzef@g&ﬁma&dﬁimdeteﬁ*dﬁnﬁd dawm&mogmrmer of at least 180 A, as
det eﬁn ned by, ASTM Met hod D428it, and the catal yst having the pore size
di st4Y bution & Pafiopplghroidesd methas ofi psoducg acardprpTodicsicottpaisipgr i odi c

Tabl e, o qg%qlcx{,mﬁi I of the
Peri odi c@éﬁt]g% m xtur esﬁgggwglrggeo%qalgy%&)c%g {hr%gialt{)tlrép con‘lttgﬁ’rcgt‘l r}%chs
condi ti oths cs.ubrpmd\mt vitteeein thedeude mddedt ihalqaeidngkate gtosteenindal 168IM@h] net al ,

and al kal i ne-e rth netal, in netal f organi c aci ds of, at m)st 90%of
t he conft(i‘ﬁtcr%ifa SfdcampsEigAne Oaﬁa)laﬁﬁfallmﬁé alsalty ¢f g eamors oregRie arids gines of

e T b e e s S R S R S,
ASTMSMet the drpe 3‘{1@ hazﬁmhgcn gnare off cowe aﬂzezdoa petelMicdest of afletihneialsf argrabichiicng a
crude pr %gtﬂ fdtald 0 u,!a? bﬂ% of organic acids of ai least 0.00001 grams, at leasi one of the
catalysts having a pore size distribution with a median pore diameter of at least 230 A, as
determined by ASTM Method 104284, and the catalyst having a pore size distribution
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
thercof; 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 metai, 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 C and 0.101 MPa, the crude feed conprising one or nore
al kal i msﬁxatlh sal tz f ﬁ%e. or nnrqu%ani c. acids, one or nore al kaline-earth
metal sal C5SFIRACSr WhEER gk pEalkl] metal gpd piketive-easth meteb dk metel dalzSt he
cr ude f eed hakkileidPRIas AR Akd B WM Rt A ofe! content of alkali
netal s, and al kaline- earth netalfs in matacf salfts of organic acids of at

| east 0. 00001 Ghawmwentan diwagtvideea okthvhef padating berlRWio@cE BETBistHhZ €

distribution with a nmedian pore dianeter of at |east 230 A, as deteérm ned
by AsTM Mg s Tec itk RS eomaiey ailinip Mepiop 8 idalsirodrias e fiobuges on
conpri%si nthe @RKY dwef, &1 : : . e Periadi wn,0Nne or
nor e 30corrgoun§?&%f Om}@%}i@%f&ﬁd@rgﬁlgv@g%ua %)nrrﬁméﬁg? ?h%dégﬂlm%’ Tabl e,
or i xt ur'®8 cridefendfhaviagd totah NI/ Fé enptano nf atdedsng.0000RIgi@0S NI Re blat t he
crude pro&%tofréasd 3 téjot aII %g&ont egtrh of alkali nmetal, and al kaline-earth
metal , in° et Al SErTE gy QR PLIG SMAY SIS haYng apete Sepdistibuhen withueent of
al kal i memhelian psve dalnkedrioTat RastRo | ' ni.c, aci ds
in the crud f%?g, V\/nerrei_n qorftzgn?%tgf@hgfﬂﬁgﬁé@%&xasﬁﬂgeﬁ%lggg?fﬁgg% th
net al , i rfafgshhayng p porsfsizerdisiributicaciotprismg ase detreraineads bym ASTMMstrod
D131 . i i.on _al so provi.des a nmethod of produci ng a crude
oroduoe, hepertdie LGN pibee B RiEr il ot ineits Pom oenci iy sts 1o
produce PetiotlielTaplepeithaixthrdathekdde dﬁ@i%@nt?ol%ﬂ@c%ﬁ%@r%g%‘bﬁ/%ﬁ%si %}M% Wold - he

. a,

crude product is a liquid mxture at 25 an e crude feed
havi ng a diroRyet hpspotab ht/atFe eantent of atasest @0POORe Wi/diEe cintdiit NF B per gram

of crude _ . f . the catal ysts,haw 0 ize
distri butcﬁgﬁqﬁd?hhgﬁ%selg}/gnﬂ%pégornémgfsaalﬁgngf:lelFaBY%%@?B@ ﬁﬁgé determ ned
by ASTM Met ho@hB4Behtien alsmgrovives @ aiaasst prakichig Por@s ﬁroah@t?ccﬁﬁgﬁisﬁ' out i on

conprksin o&e or rrgﬁ‘get | s fromColum 6 of 10 the Periodic Table, one
or e é‘g% tedscrpte O 108 M9Et et ysty iorircdiagrato®l plodu¢thaRendhadtisc

Tabl e, ofhddr%d _ : l ] .J . i ndj t i such that
the crude pr odﬁ@%%ﬁéggt%%&ﬁ?ﬁ@gﬁégéﬁ g(%flagﬁm{%?é %ﬁr}%td%g@%%’* &t AN N Fe
cont ent 8fe aride feedictengrisie; onwherradra aldali Vidie selond e dr SnRs o%@hi%%id@,%eby ASTM

Met hod .inventi | so. provi des a nmet hod of producing a crude

pr oduct nglgl%r%gz}?wa?eagfgeﬁgﬂé%ﬁ HP1s OE PGEROTERHA 2Gids 1T arigtuses theseef, Bt al yst s
to producedafdedthalinpaletliodtdiflipet PGSy ’ QgLC ein the
crud prodtf]((;%i i s_ttnglai qui d0 m x’tp‘lﬁg at 25 Cicé]lgﬁ(g qu%@ r%g%i: %%Ag@%iﬁae feed
conpfq si figtigRetab in metebsadisiodorgamistagids o8 bt lsash 0.00001 granmpatdemt ganbtthaci ds, one
or nore L Nes: tal. .salts of one.or nore organjc acids, or

m xt ures@%tégzérj[keg%lg§ é}é&gggz éi 1%%@‘81%&7}1}1%"’8(1%?%8 ‘gﬁ‘ﬁ? het atdeast 4 Andsof crude
feed, ofdeérkanid byed 8TM Mathod alsknar tROGALIYH HAPHBlthe hdte BBE Alsirditliby Of

or gani ¢ Aci c{s agf g’tb | east 0.00001 granms, at | east one of the catalysts

havi ng glasmp gy bdpruym pestientaper\giath obcaalpstaliom &k 00 guames r0.dEraats dfeast 90

A as d ! . - nd_th at al yst havi t he pore
si ze di ?Elﬂyg{ij%]?gln %gﬁ%%gﬁ'ﬂﬁ%ﬁéﬁ%@%ﬁf#ﬂ@% ﬁ?lgﬂlt%?%paé rw%éﬁﬁ‘? B\oﬁ)@’%@&}%st ,

f r om50, COMixgremthertof; Andc@rtantnodoniathy BSEMIAs sQALtHAF thERRRle @P&d@ﬂ% ym
corrpounc{s, cal cul ?gﬁq,ascv,\ei)%lht of nol ybdenum 25 or m xtures thereof; and
control | ?Wb"‘é’éﬂ?& gl el alrding gaE vl 1p et seldeoprpahicacitas a4 t ot al
cont ent y@fst abdead et nd.al kaline-earth metal,  i.n netal sails of

organi ¢ aci c_is%g(%‘f t%({%rir%ésﬁt Oggl%lg%]%?%’eﬁgé}‘ﬁ%gﬁ “5t” %‘ﬁ? T “?r‘r“?‘étsgfs, Oa{jé)ﬁ?éf““”

al kal i nécgain fhematdal fped, winetiatosali s alehli GlegdNting seiBs-chfth Lhe G ude, f eed,

wher ei nsgl%n('gfeont of al kali al kaline-earth netal, in netal salts

. ‘ metal , and
of orgafife ACEE &idys a3 fePrmned by P SABTMefadHa B 181318,  30The i nventi on
al s80pr ovi dega imRhNOsa6 pRFQAVG rody: rising: contacting
a crude feed with one or fore cata ;fgit(?p (g&ﬁgqg u@g&%p’t%gfq%t Coﬁ?pdg’ﬁf@t t hat
i ncl ude§ottAdingradudpfeod wath, onaloe neiacddigste tougedpeaduel piciiua: thitqiigiedi xt ur e
t 25 C .10 .
a ﬂﬁ%qu@e pro&uc’{l \)Jﬁierem 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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the crude feed having TAN of at |east 0.3 and the crude feed having, per
gram of crude feed, a total Ni/V/Fe content of at |east 0.00002 grans, at
| east one of the catalysts having a pore size distribution with a nedian

por e di anebar ot datibuiantnif: Acdias pueimnibnes RATHANG BadyHagll  and

t he cat aléﬁ having a total nolybdenum content, per  gramo from
0.0001 gréamsMMethod Dy divrndfthe erinlysdevinma totabmotybdomen canpoungsrof of

nol ybden I i of )| ybdenum or m xtures thereof; and
control | itgr%abgs%cig&r#’{' gt&% ?%gﬁélbvéﬁ&%ﬁ %ﬁ@sgﬁéﬁaﬁﬁ‘g@tﬂ%@n‘é PUBErgosestdeis a TAN
of at nDshol9Bdenan, thleulTiBiNaiveldheotinylBAERes @ ifpas a
total NN Fe content of at m)sét11 (530%%1;6 t he Ni %f@éﬁ@%ﬁ%ﬁ@n& ude

f eed, SwhePBIAIING NNREiops Aecribatithe erudeptognelihied TAN ASTMIMIOBUDH BT ORN end TAN
STl S R B W R A AT e

of producing a crude productt, cO

one or noYidV/Fatehtystcf thocrpdOftyd avigeréia N/ V/PE 086kt ik Raerl crude
P i qui d 28 etélﬂﬁh&%@gﬁlﬁl 0.101

product, 1\‘{;"‘1 r bn @ge crude. product is a liquid mxture at 25

MPa, the ‘FE%‘E PEU apd ApdY isiap getsripingd bygSdI M Method Péd4l salts of one or
nore organic L .al i earth netal salts of onpo or nore
organi ¢ aci ds%g?‘%ﬁ%lggﬁ?lgip {L&fecrt%ségfl@&{c}&;% SuCHEFEC e BIOUCH SRgBIISINg o)

cont ébt , cpmncigpanerode fepdidéthfonedr mote adtdgdts tombatice A g%dg%&titﬁ%ﬁ‘in&&ﬁa%&t ht
grans, and a

metal , i emstcfl S@I t si of ,or%gnié aci ds of at least 0.0

| east on& UYoUYL i rde Biodyst i aicwdenisiureer 2 Sebaml G161 MiPaCol um 6

of the Pgfd@eHcCred P iBnri e or nmore nmetals from

Col utm 6 of theeP.erir%%I}lc 2 Ioer,rﬁ?(g)rrgaﬁl&%#gelgﬁktiéfr%%ﬁr%oﬁaof%?cgﬁ Sd™*nor e

nmetal s fwapwlkﬂhme%rtbhwltaiealﬁarﬁamdiocm'B&bb@aniﬁmem@,rormmgsqm@wg@ of one
10 of the Periodic Table, or m xtures 20

t _ Col r
oo TS ALE R U0, 0, LR e T e 20 ¢
met al5 i sedrth i@eteBdgRetal 9Msbfbofabfd achROFGORL 9 doohd g%%ﬁ% At ?mgats a&fédoﬁfaeo ns

such that the crude product has a total content o
al kal i neC®alysthcompriging:i(a) enstoamasahtetlofromr@aminn GaditsPafodit Tabs bndB% of t he

cont ent i |, and al kal i ne-earth tal, in petal salts of

organi c %&fﬂ‘js? ﬁlﬂJr? lupgi&gornﬁgé H}Oé%g{e?i\}&ﬁ?@?@%ﬁggﬁ?heo?er 1¥9a]Lq%k’r’rﬁ’E Eixturgs d

al kal i nethemof; and€)aine or mot@@lals2B6mldchuh 10608 ferBaicdSibleS I?esorflﬁér@f m ned by
ASTM Met hod D1318, The invention al so provides a rrefﬂod of produci ng

a crude PYHRAUEES ofngr mrgre gretaboivmdialmgn 40 of tedPeriodit Tabldy oomixtaes mor e

cat algyst : i u he crude, product,

wher ei n ?ﬁ%g%%lggﬁg?o tljgg? 5'?‘&0@5%9%“8‘&&]@%@@0@?@@0@%5“ﬁg‘ BIREN, the
crude f gedgdfamnrigod 0t aiddonoMNhEeosaogdondftiont shdabit the G808 95 TEs £F

Ni / VI Fe tgﬁf 3Q§{Sagl lgfl.cruage feed, and at |east one of the catalysts
conpri seg* fAIY naalspli metal, apddiradingearh wstalin nestalsakthel emicatids ofabl e, one
or nor e 1BTPH IS I Ol . Peri odi c

Tabl o1 o s SR R opAI IR Ry BT, Rl SR SERAL0 o

the Per idgisls én thetrele foeds vdrerameentenwpalial metd], @rdealloninebeh rRtdlis pfetgm Col um
109 wherein a nolar ratio of

t ot aF t %@543%%&%{38%% %seaf‘ ggtrF’d‘ET&)}éé E\%wg/@@{fb@w $.in arange from1 to 10;
Fotal N/ VI Fo contone of ) ST RRg RO, P Rt oS BNS M R C e
feed, whekaHHN Mugelocdmtdrmeios nase deslgstminaddibye ASEML MR DETO8

the crude product, wherein the crude product is 2 liquid mixtare at 25 °C and 0.101 MPa,

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

30 gram of crude feed, and at least one of the catalysts 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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5The 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 25 C and 0.101 MPa, the crude feed conprising one or

mor e al katblufit @ m&al th Sotaf CHNMNY mBRI B iR hIMYCHGA 198 10008 dahm-amﬁg
al kaline-earth netal salts of one or nore organic acids, or m xtUres

t her eof , Gumtactiog pendéliang edcthho thy crysle pregflughrhasta otal e/ WEedyntentodaahostont ent

of al kali tal, -al kal i.ne-, earth tal , in.,. | salt.s of .organjc acids
of at Iea%%@f%&ﬁwgggﬁ?méﬁgﬁ %d%ﬁgs’o‘?'ﬂ%?l&h&&glc%t@t 18 Sﬁﬁ?tfi%‘%ﬂff! (a) a
first cat@l XSTM MbsofliDsgbgcat al yst having, per gramof first catalyst, from
0.0001 to 0.06 grans, of: one or nore netals from Colum 6 of the Periodic

Tabl e one or Thsriavessinpslinasovidesgraetbed abprodueing psrideprodvst, snmpdsiog: t he

Peri odi c Jahl .0d_as [ f tal, or .mxtures.thereaof; and
(b) a sec%;ﬁ%c@% %?r?/lg% ?elé?%stélﬁls%r%ooﬁgﬁ%g? gaﬁagp}’gESqﬁquﬁla? abog%i pé?%%g’ﬁp% Fd

cat al yst ,thatrutiegedu®, @Rerginafte colde pedtiicOfs aTRfudl Alkiadest 2§ POIMED! 10MM 6, of the
Periodi c Tabl e, .one or .nore conmpounds of one or nore netals from Col'um 6

of the Pdhs oyre ferd spmpriving eng ot marealkalimgial sabs ofenapr mere argsticadds, bher eof ;
and contr. I, I 1.0g.C. L} t _the crude pr.oduct. has a
fotal cort el AR Ak B CaRTb! GRNS e brb R addif o iR IRRIE 0P S T
of odf@anicoudedbetshavingapermmar iIQ2udeffeddya tataindonrint of alkdlkakial il alkalignd

al kaline-earth matal, in nmetal salts of organic acids in the crude feed,
wher ei n E8Hp Betal.gh matal silis gfsprganic agids of 3t deashR 0RH srampaar the eperpsmagre sal t s
of or ganicgRGi I SisiAs: ' . : : i Lgn al so
D ovi dag CHeRSlsBnByRE. ATk BB D M R N S el S BRLGIILAT, D0
crude f ednw).000 biod). & gramseoft at@bdyabe hetalarfadu Coluandt &t edhe Pedodic Tabloat

i ncludes the crude product, wherein th rud roduct is a |iquid mxture
Lt 25C. st B T Dot R G U e R BB AL e BroRodies il 1 ot al
sal t $50f cQOElaRE Al WeRhPbORBIE AGiSiresARG O AP a%&%h'caﬁz;%ﬁftﬁé‘seﬁﬁ{ | salts
of one or npre organic acids, or mxtures theréof, the crude feed having,

per gr amCHplysthpymes perdram of eecghd caatyshnt lohst 81 0agramsref: ahe ommdreahktalsi ne-

30earth ' sal £.s..of, organi ¢ acids of at |east 0.00001 grans,

and ot 1 SafCothh B AP ERAT  Brie YRR S bRt Pben i eitln oo aey

0. 001 gr &whinaf 6 obthe Pefiodio TableptaAdidatbd 05 weRhtsTmbtal br IhauReHieadifCnliabl e, one
unds of .one or nore netals fromColum 6 of the Periodic

Tabl o, epggfrérgﬁ%lig_e@n%tmﬁwﬁw seh tiet thg cruiespredusthasidpbeonten ef allali r ol | i ng
ggm %ﬁ : E%ta&,%q Iaflda RS eSHEMelalah nlekd Witk J}%'I‘éeln)fc SRACE: Y §oBESIY o fle®
content of alkali metal, and alkaline-earth metal, in metal salts of organic acids in the crude
feed, wherein content of alkali metal, and alkaline-earth metal, in metal salts 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 produet, wherein the crude product is a liquid mixtare 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 atkali metal, and alkaline-

30 earth metal, in metal salts of organic acids of at least 0.00001 grams, and at 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 hourly space velocity in a contacting
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zone is over 10111, and the crude product has a total content of alkali
nmetal, and al kaline-earth netal, in netal salts of organic acids of at nost
90% of the content of alkali netal, and al kaline-earth netal, in netal
salts of organic acids in the cr ude feed, wherein content of alkali netal,
and al kalzoneiseaet 10 hteat thd crutl@prkdusaiab & 1l &h&%@bﬁalﬁeﬁi HiStal %ma%.maghgr m ned
by 5 ASTM I\/bt hod D1318. e invention also provides a netho

pr oduci n§A&h E\E%éﬂﬁ?e&‘ilﬁélﬁs ol E S §¢1ﬁ§19ffémséﬁ@%mj tlae eomteae of disali wietah, one or

nore cat t hat. i.ncl ude he cr.ude roduct
wher ei n ?.h%ﬁltl:c?ﬂ&ﬁ GER{ ng n?rsn%gatl ?AltSpOfg’g%% Xtre i ig fheau %ﬁ@' ‘g‘l%& oRpgt ¢ he
crude feedlalkal g, aaﬁrallgﬂmmeatfth Qfdttd einfreed,salks 604 @hnibaéil¥ié ks ‘a@t‘éhﬁﬂkd‘ﬁ

| east _.0.Q 2 rans, at |east one of the catalysts has, per gramo
catal§/st %gr ﬂ‘%‘ég‘i’f %]Cﬁl grans of: one or nore mstals from Colum 6 of the

Peri odi ¢ Tabl net,al.s from.Col unm 6
of the Peri od?c %}ﬂ%fﬂ&n égg(fﬁl?ﬁgqmg%g%ﬁ(\)f\gf ?{’1&0 ngnaecf‘ru epr&du% PSR her eof ;
and cont pmﬂhatmg acondeafetd nithomo i friope Satﬂyﬁbl td frafudel Ofdtadl pRAMED tHatSPAGEes

velocity_n a contacting zone is over 10 If', and the crude product has a
Lotal N Mytediedsn Wt WisTelathsgrade nedagys 6i1qwﬁemmttrr@/ﬂ% omidhiOlotPehe cor ude
feed, wherehm

The |nvente| on cgjlE és\%f%rngé\??l ?ﬁueg@é‘f produ g?%%d%g’];gérn %%Qg%égﬁéﬁ‘%

conmpt® si Bxgmscaricast onaef the cataﬂdetsﬂlee@emgm affvatabyst, nfeast a0 grams of: @npopduce a
total product t ude duct, wherein the crude product is
a |iqui d%ﬁ‘fexrpﬁﬁagatlﬁqmg‘g’ aﬂ%g]elfgﬁlo&ﬁé[p %@W‘h@f BepFeresndspfvnggr mees gr am
of cr udemfe@e,cﬁo@nco@awe@fme@mcorab@é cklgaﬁ%ed%f«;%% oF il Qs o KEE and a

sul fur content of at |east 0.0001 grams of sul and at 'l east one of the
cat al yst Seiehippi spritoling cortactipgeonditiahssuch dhmt Gghidrhoufly spact veloBiy irogli ¢

per' aii o pibra %ofe SRTROHOLE Rt BT SR A & e AVl o Ry o€k (1 on

suchl& ha@O% bétherNide/Fercogest oftBs cikle ®eMIRRerdd NPMIRRMnRhHt Bl H&é&mﬁg 6of the
oxygen c Ag,gﬁdlof the crude feed, and the crude product has a su

cont ent MthodiDIMW8. sul fur content of the crude feed, wherein oxygen

content is a nd_sul fu ontent. i s as

det er m ned b)s/T “A%%%Wet hogq%?ﬁg‘]gm %%@8%5‘%%?&18% acf‘%dgl Pﬁ?‘é‘{?g&g@%“ﬁﬁt hod of
produci rgntctngid eryde debdowith Gmmfm&er@tab&&qﬁlpt(ﬁﬁlbb Aota oddetHepdiuakd h one
or m)reti:at al,ysts to odu e a ik pro uct that includes the crude

pr oduct , F]gplﬁ?dflﬁte“@‘? (Hm uetls 4 i(ﬂ‘éﬂﬂlﬂfﬁ@@t%?é “qtnd8.161 Mip, 0. 101

MPa, 20t hafh@ezud@féeamvmgvpé}%mﬂ%rc&a@ 1Al oG LEiReht o of RaGY. ol Yedof cont ent

of at |east 0.00002 grams, and a su fur content o eas grams of
sul fur, dedyean, prehs @ulﬁnezooﬁemt dfeat teast). Qwﬂgzmnsrpf stéfungmdmﬁlemt o bethret al s

from CoI e Periodic Ta re of one or nore
net al s fcr{é& %oﬁ%h%g@go%net%@%megaﬁ tém?a hémn 8”%&%@??%2% &8% °r and

cont r ol Inarg compb@elsiofone 6nslotd ABEIsIHER Coladn & Bﬁth‘é'l“'éﬂgdlgr"[%glé%r Al%’i‘nrgs total
Ni N Fe content of at npost 90% of the Ni/V/ Fe content of the cru ee and

the crud®reat 0@%@011{5@141% coytarting eqnsiitions segh that the ostde praduet Islalafluxygmnt ent of
t hesgru s o 1 te ned TM Met hod
D708, - SEnbRthar MOSE G00R oP il e e PRl By e i i s it s "0

i nvent i esudirsonpmouf %33%@&&@11@'% cpitadue g radcchadevRiQgYesgencoOMpri si ng:
contactlnlﬁ a, cru e feed wth one or nore catalysts to produce a total

product PHER ¥ ﬁ%ﬁ‘ﬂb‘“é%‘mf‘h%‘/ LrhaEMeilgudEiBs. sinbidince et é erdistopmingddy i s a
liquid migxtwheiBdd Baréa and 0. 101 MPa,

The invention also provides a method of producing a crude product, comprising:

30 contacting a crude feed with one or more catalysts o 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 erude 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

1¥)



10t he crude feed conprising one or nore alkali netal salts of one or nore
organi c acids, one or nore alkaline-earth netal salts of one or nore
organi c acids, or mxtures thereof, the crude feed having, per gram of
crude feed, a total content of alkali nmetal, and al kaline-earth netal, in

netal salf§re@hn gﬁ&ﬁﬂ'o? 0RE€ bR mahls! ugoﬁmgpg ggt]ﬁgrf%%dm%ﬂle of xﬁﬁmgrgg al yst's

content of at ast 0.1 grans of resi and a east one of 't
conpri si rtberwfeami cmﬁlmqmtcahgccmddmnsiemlnﬁlaﬁhefzrddla@rd?elmh:dla(tot'ﬁabl e, one

d f f Cal f t he P di
Tabl o, or T4 APaeT /el Biget oBRaT LERINGF e FHEcROR (e B et opeds uch ¢ hat
the cruderhRflbata Judsr @oﬂt@ﬁt@f 76QBORIYF 1R mﬁ‘i*uk BbitefTRl Mo cr?ﬁ@ eed %}er?élhne earth

nmetal, in metal salts of organic acids of at nost 90% o e ’cont ént of
al kal b rré‘ﬂlé\l’/Feanldelallkm deternmped by ABTH Meihod 4708, Sal sudfuntomerganisc aci ds in

the crud t has a residue content of 70-130% of the
resi due 210{%’{ d%’?’%tﬁeﬂgﬁ?fﬁ (?bgg * and wherein content of al kali rret al, and
al kal i ne- ear t thEBt@htion ﬂs@@%ﬁﬁdéﬁ'ﬁ&h&foﬁfr&ﬁf&@[@@ﬂu@i@ } ué’tsccg%v .ned by
ASTM Met hod D1318, and residue content isS as ermn "hod

D5307. THenpehnern drade feed ovifirangiod esarfacatdvmw rodprecadiotal pg)dactihatdﬁclml@duct

t d d t d
Corotar D fREBBRAT VAR R B MR b O b PaBle el & TR HhtMBS T oauct
i's albi quiectrodederd CoraprihECom st Iﬁoré@ﬂkaﬂ;lﬁeltﬁasalté BEoRy ¥98ort @8thnltaMI A% éper

gram of crude feed a residue content of at least 0.1 grans of resi
a total RF morealkaliisesrh nagtalgalty efppe op mowe oEayicagk!s, eidixbnes Basof, e of the

catal yst g9 f.th tiodic

Tabl e, one o?w%ﬁ Wﬁ% I%}%n% uﬂe gﬁéeﬁ)(t)grl C%Erelg%ﬁ%h m%?oﬁ?&‘?%?ﬁ?% of the
Peri odi ¢ eaiﬁtnlnet;ai dm rretat tsmltseaf otrgmmids oAndleaat 0000l ipigns; @Al aedsidie c6RAGI ti ons
such that uct has a total N|/V/ Fe content of at nobst 90% of

the Ni/ VP {]irﬁm‘ § ok Igeidue, 3ad afleat onpe @ﬁéﬁ@l«ﬁﬁtﬁéomp@@%@nﬁa@m&ra esi due
t ent )
cont en ﬁfcta?@ﬁ&ﬁ@@l%n%%tﬁ@ﬁér% I%by A Sgl\% Rﬁ%%ﬂ‘%ﬁgfg‘g& anﬁ% or ML €1 N

Ni /V/ Fe content is as determ ne residue content
is as deﬂ@?a&ﬁﬁn@ucb#umsﬁmfmﬂ’m@dMYe or mixture¥ ligréofy amt ¢omroBingo provi des a

nmet hod o ucin Cru oduc i Sing: contact a crude feed
0 one oA EbRS iG-S TP i et e SBP hah o8 o BBt e et il 51
crude pr mmmerem@mmnlﬂ MetaCsnd of oAt Ghids Sf & :hbﬁl%% ok U(‘Slﬁelﬁ‘tof %1 al and
0.101 MPa, the crude feed comprising one or nore al kali netal ts of one

or mor e BethiIng alkelinscargnmeish inpetal siltsaif |0m§n§eﬂcud$ lnéher@cafeﬁcé thn‘ crade or
rg r () th § havi.n er gram of
N L T e
tot al cowhenin whteat k@dlkalhm’eﬁl ,andialdtaﬁxhdﬁ@drthnﬁeteaﬁﬁ et bdls, ofloi’gaﬁﬁta%ids%il ts of

10or gani ¢ i ds ra and at | east one of the catalysts
c orrp?I sed c%%aé (c)i %Q’PM]Mgthog%BlS and residue content is as determined by ¥\STM

Method 1D5307.

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 produet is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having, per gram of crude feed, 2 residue content of at least 0.1 grams of
residue, and a total Ni/V/Fe content of at least 0.00002 grams, and at least one of the
catalysts comprising one or more metals from Column 6 of the Periodic Table, one or

30 more compounds of one or more metals from Column 6 of the Periodic Table, or mixtures
thereof; and controlling contacting conditions such that the crude product has a total
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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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 thereof; and
controlling contacting conditions such that the crude product has a total
content of alkali metal, and al kaline-earth netal, in netal salts of

organi ¢ agiegeQbnht iTRS QRN by ASTEPMBY 195708 K fesidM B At 18400

al kaline-earth netal, in nmetal salts of organic acids in the crude feed,
and the detedminpddoeiTMAdethodBO3&hNnt ent of 70- 130% of the VGO content of

the crude fee wherein VA content .iSr det er m ne bly A%TM Met hod D5307,
and content o EIRERHONAESProvilzs Aanathed Glerradicing Hiids POAHC RAEpriTRg:t 5 of
or gani ¢ aeh@stingsa @ad&ReE WHLMRE obYhoASddvhiVRE RProlicklbrota? BaGCH AXERLILQL, @l so

provides a nmethod of producing a crude product, conprising: contacting a
cr udedf edle wndhpiodectovherpingheemds prodyctiip a igqouidunixture ebiwiC it MPeat

i ncludes 4 he crupde product, wherein,the crud oduct is a liquid mxture
it 25" C Aa0s BT pRaRe R ond TS A mOR G PSS pPespiscbi ety
total N lbvhige gQAIRNartBimadl shestorR R OIS ofiadPaci BN AixHFLABenhOf at

| east 0.1 grans, and at |east one of the catalysts conprises 25 one or nore

netal s f cBederdliniog, per gram oberide ficd, Tativam gaseildl VESY ¢ cosenolintisasf one or

nore et al:s 20l I.d] abl e, ¢ L. xt.ures .t hereof; and
controll i%h1 r%%lg{ggg%tﬁeggp%oglﬁ{%ﬁ P |% gﬁggifgﬁ%@%ﬁgﬂgﬁgﬂg%@g} %rl %815%%1 Sﬂggs‘%a t ot al
Ni f ViFe omgunindcidsfof 10000 gfanB0%dit [éheod s/\hEeatalgnt embipides bheoemude f eed,

and the crude_product has a VG content of 70-130% of the VGO content of the
crude fedFlalpfendiuned of din BgstodicsTable, gae oF moreeprapuses of e mstrhod D5307,

and Ni / VhEencanhan 'ﬁsao%tt%%cﬁ{)ogicgf&l@& ARIMNREOOL: Tl Q8 olling The

i nvention al so provides a net producing a crutle produc conpri si ng:
cont act i pentactmgudedifierdsuh thut treraic prodet bat atoydtcentent qiratidliceetal, et al

roduct t i ncl.udes, the crude product,. wherein t crude product is a
Ioi qui d n?@tg{.’ﬁ’eéeaﬂl Iﬁﬁalcmalﬁﬁtai)s.a%ﬁfg)ﬂﬁﬁ&?wtaﬁgs@' G%Oftégg"%éﬁ?)f‘?rg?lﬁ@féﬁéhor mor e

al kals nmaiedll, alaliglifd-cANemelal, TR iRt 5ARYOr@hi dfidOR%he QBIIREE and the
al kaline-earth netal salts of one or nore ©Organic acids, or mxtures

t her eof , cradel prasecidrs d &/ G@ ednthetvif1 7§, 1308+ ofhaM@P contentef tleedndafetdit al cont ent
of al kal | t nd. al kal i,ne- ear [ salts of arganic acids
of at | e{gggl%ﬁlégggg nbepg’r?sa,s dgtﬁgmélf’& Eémwﬁ‘?%ﬁ@%ﬂﬁ%w Ogg‘gcgﬂt ai nabl e

by: conbinkialiGind afitaRReEdrtiwntdal, Gl saRIoF obhnd fidsiom edriimedyoh sPM he
Peri odi c_ Tabl e, one or nore conpounds of one or nore netals from Colum 6
of the PMethodilal3 g e, or mxtures thereof to produce a catal yst precursor,
and 4prmng the ' . ..n the
presence of one %x?&%%o}ﬁ%ﬁsgﬂ#ﬂ?@sédoﬁg %Jlgﬁ%g&?garr%g&ni s&e%o{gl%{’g%’r%lﬁlgp%re bel ow
400 C, aemhtaxting kehldefepdoeitt aid omgoreenti tstsanpradich a tdistprddiet thatidelugepduct

h_ 10nmetal , in netal

has a total content of alkali tal, and al kal i.ne-ear
salts of 1 SRS b adegn Cﬁ*g@tpf%%t?falﬂ%g%’ﬁ%ﬁt2%{’0511%1191h@%ﬂal, and
al kal i netgapidd fo@tiaking _rrg%ﬁlbfa%&%egfaaﬁeﬂww@%hﬁ%ltdglaﬁ Res @ diee, f eed,

wherein content of alkali netal, and al kali ne-eart In metal salts
of or gangremacinds: YGOdwhenhoiag deab0. gV aideddt 8d@Bof thiheatalyste ndrivaiseal so

provjdes nmet hod of pro i ng a_.crude. pr t, conprising: 15 contacting a
cru ésdf eB W H® S al%ﬁm q?"é”’@%aﬁ@é‘if“i"@“gf%%ﬁc’?@e B%S‘Ee_a 0"'83]‘38_ C_ffot“ﬁ_at

i ncl udesorth@reGhdde iBiatll6hnn OMTRREPRiJARET AN AR nBkAMIGherk S Bud dAULEE Xt Ure
at 25 C and 0.101 MP; the crude feed having, per gramof crude feed, a

total NIetipgpnsitonstuch ibrighs erude oot hpe arfstal MHY/ Batcoptsase! dmesof t he

cat al yst§yk S¢Qht@I l.e .by: ~conbi nif ort wth one or nore netals
From ool o6 EER ARG B or BRIERN R BT 0P R Mot B Sl BTt o e
20 net al &- 13090000k WHO Gottbnitdfehdauiloftc, Wiadkia, VOO chishiul 8SdéhalifQf byt 0
produce a_cata recursor; and formng the catal yst by heati ng&t he

| yst
cat éfpystA%TMcMﬁégfl fﬁﬁo’ﬂrﬁ!@d PHEYEn sentett 1npdarmiaidd st P Mebad B15Dhg

conpounds at (¥ . 400 C . zoNnt I I ontactin
conditions s ur@}? ltﬁﬂ%ﬁ B?h}é% @%‘8’2‘%‘“’9\@’% g%‘ﬁ) %gﬁlléc%?%% grﬁh%\lljﬁ%\‘lcce%’ é(:%n e m@g of at

nost  90%nofactihea Nullk Fed et @ptor afort bealgswdepibdad 2 whepeidactNhNikgugant ent i s
as determ ne

thé cruge product, whetein 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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25 by ASTM Met hod D5708. The invention also provides a crude
conposi tion having, per grain of Guide conposition: at |east 0.001 grans of
hydr ocarbons with a boiling range distribution between 95 C and 260 C at
0.101 MPa; at |east 0.001 grams of hydrocarbons with a boiling range

5111 D SR P Pt IIPR, o 00810, 001, g

300f hydrocarbons wth I ng range t ut1 on ween d 650 C
at 0. 101 tvParndafedd reag grer granofcrgdafied, diotal casenttofalkal ndtalgii@k Hf,cone or

o ovi dos AR D 0 aTSRSPET GRS RGOS e 1 PLAPR0 I EpOnd Rbisastane bElist 0. 01
grai ns ofca@isisus obiamadieher Eﬂrﬂﬁﬂln%étsﬁgggﬂtwb@%gﬁg gﬁﬁ‘%ﬁlﬁ}eﬁfs nﬂﬁ%@ﬁg}%ﬁgr ams of

residue, as determ ned by AS FM € Co a
wei ghf r ahqg RerpdioviziRle one enmoteca@paasgh ef drere snaxe nteeis froh @luh8 &t e 5,

wh i t is. det 1 ned .by ASTM Met hod D453Q, and C5
asSL:: '? en_élélmiig ﬂ%@%t O’i! rglxiire%@f:g)ﬁ}ozéadﬁ%: a8 %f‘?ﬁg’@%ﬁ@%%n}@ahﬁ]@ei nventi on
al so provhdRst B iElined palcuRbPotGE: @&a@sf:f&llﬂq@%ﬂra&%%' 6F onccé}rméﬂeélrﬂg%qccom acting

a crude feed with one or nore catal ysts to produce a tota t that
i ncl udes cPHaME AINFHBE A B tembarizinbelbe 400 ddpapl @dtrollingsonatignsabl e at 25

C and O. : , ude feed, a content of. at .least 0.001 grans per
gram of %‘%dd%@%esgd? ﬁlgﬁ@eé’fudleéjé%c{u%ﬁ/g%tf’%tl ﬁ@qﬁlgtoéla@(ék gt @Eitaglfﬂ%ﬁéﬂby:
conbi®i negretal Sinppvaltsald ditorgaite MBI & ot 9% oF HRBoARNESE ARR; Rl ahlgg

Per i odi 06&2 l e, one or nore conpounds of one or nore netals frédm Col n= 6 of

the Peri ereihanetah, imngialisadis of negeaistacidsan freouudsefeed, odteadiy sentpriecur sor ;
and f or nmng; hysit .| [ tal yst .precursor in the presence
of “one. o e bARLRKAThe S RRELT R H1Y & o G Rk Bet Bk Boo o
and cont ASI'M Retlealid BXit8i ng condi ti ons such that the crude product has a MCR
content of at \ﬁst 90(%:593;‘ the MCR 15 content of the crude feed, wherein MR

content is asl ’c“é’?‘?ﬁ ARFONdgIA mh?é@fmmgﬁwdwednqt,mm-@mgpr ovi des
a netodedtading daidaded GitkdRe B ﬁgfécéatalfs?mgn:réddag' t&?ﬁﬁrﬁﬁa\#t :f}%aé ?qulgjgge feed

with one or nofe catalysts to produce a’ tot produc t he
crude pragede prrtict iwhetdie theranatte prodat it a liguid eridensallseCaind2510¢ Mpg - 0. 101
MPa, the rude .feed a MCR cantent. of at e 0. 001 grams per gram of
or ude 1 o6 ok A6 oFBies Porin G ST feck a Ry o AR o las 0,600

di st ri bugrb@s, adtah castBRioB BheR @Byt BFBtAable by chiABYE { { 0 A
with at | east 60% of the tot alﬁﬁurybe_r ofa porygg in thg]:a ﬁ@?éﬂgﬁt}e&e@

di st ri buBPEAal ifivg Golemed of hadededigiTablenomtsormat compomeliofnnporaore

R e
product jresrsorMiR fofmik thdEital $ %y dkatifiethbeiRaltt friqusdrigd e Redncigngi N MCR
'S as de(;[r%gorpe Qﬁ?ur%né?n-gr'}g (%Erﬁgooﬁdgg{:’; t%ifnperature below 400 °C; and controlling
contacting conditions such that the crude product has a total Ni/V/Fe content of at most
90% of the Ni/V/Fe content of the crude feed, wherein Ni/V/Fe content is as determined
25 by ASTM Method D5708.
The invention also provides a crude composition having, per gram of crude
composttion: at least 0.001 grams of hydrocarbons with a boiling range distribution
between 95 °C and 260 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a
boiling range distribution between 260 °C and 320 °C at 0.101 MPa; 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 0 grams, but less than 0.01 grams of one or more catalysts per gram
of crude product.

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

at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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The invention al so provides a crude conposition having, per gram of
conposition: at nost 0.004 grans of oxygen, as determ ned by ASTM Met hod
E385; at nobst 0.003 grans of sulfur, as determ ned by ASTM Met hod D4294;

and at | 6agtug a3 dEAReRhy ASTIM o%%@@vdslﬁ@ﬁlmcﬁg@o%&g%% g{g}&pggg%%%?-

The invention’al so provi a crude conpoéition I ng,
conposi t i @MCatconteat to0C0B8ghdtcassconfenbodygderst AS, dhtreiyVIORdcderASTM Met hod

E385; at pmost  0.003 f |fur, det er mi ned by, ASTM Met hod D4294; at
most 0.0 e@ﬁr@mﬁdg)fv fipd Diens sad CaapRilie R OB I NS PRIINEERISd BR8oG: at

| east 0. 2agrer®@bdpshgue, as determ ned by ASTM Met hod D5307; and the
conposition has a TAN of at nost 0.5, as determ ned by ASTM Met hod D664.
The i Avent i on ‘Eiedovqntion blte pravidas adecthobpiOsoticdng hawvidagroduet, cgm@migl\a};
conposition; at Ieaat 0. OQé %;eam of sull fur, as det errli ne(ﬁegb{h ASTM Met hod
D4294; at°°PEgdhe pemdgfesviEh Qe or gare clalysls toptodpe hivte pyodust iakiscides D5307;
and the qROBQASE L ! I ! 2t t | t enes
content of at §él: gfe(l)g?d?%%%l@gln e?ﬁgg?gor%giﬂb? ?gien% %?a%ﬁ %*@@an’op@ 0.5,
wher ei n TANMeifsedas MR ernienied ablgash G0 [gedrhoper 864 of veidg fitedo indVitRedsBoms

deter m ned by ASTM .Met hod, DAS30, d wei ght of. C5 asphaltenes is as
det er mi né’gﬂﬁ}d@ﬁ\ﬁ R {%B}Tb 6 YOMYBIE & O’éfr‘f‘ﬂg’o‘?”r‘?é%f%o}em?éﬁ? fio@nt i on al so

pr oviides Coliing 6Hp At BRic W dbik, 8RCoOhofRogRndd e JRIh adte Met4ORRRSI ti ons
according to the invention, crude feed that: (a) has not been treated in a

r ef i nery Codirsn plof 8w, Pegindicdrable;, acidmab theraifstoiprodide achlalysapreconmoasht s

havi ng accar-bon nunher. above and the crude feed has at |east 0.5 grans
o such &Ri0e e RARRET pfRGH e e e’ PRt By b BirsPrcal ong ar Bes BBHE. o
portion obntwhipivoRdeandslha tBapérhing: bAngsodiest fidsdneNimaloawicdRP C at 0. 101
MPa, a boiljng range distribution between 100 C and 200 C at 0. 101 MPa, a

boi | i'ng FaRtonsissel ihetibe srdsaredehhaeMERasantanof @ mest@0¥oaf ¥ CR boi | i ng

Fangs di oL b MBS b R GR 0B ikl PRSI pergr am
of crudeDHég@, at |east:”0.001 grans of hydrocarbons having..a boiling range

20di stributiop, bel ow, 100C at 0. 101 MPa, 0.001 grans of hydrocarbons having
a boiling t angée Hivertignaleq prrvides asthotod peodusirezopuds prodncty eommvping: 0. 001

rans of : PR i bk b St L i 0 C and
9007C: ot “ONATRE HOARRTT QRN 0n oDl A ADAMON R Dl RRLOSNSERAR ©

di st ri buthesmdserodeh vdefeiC tlanaudiOroMats GmtledsaMeat 2570 a8d 00D 1 MRy eheof
hydrﬂf ar(pr%QeS fe%g \éil\r/}gRe}:opl einl é)i“n 4 145t ¢ @Sopéﬁnrsl pbelrjtg}agrlno cerﬁc\fe? Eegd,4a91(£)l a%: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 D4284; 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 MCR. is as determined by ASTM Method D4530.
The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; and at least 0.3 grams of residue,
30 asdetermined by ASTM Method D5307.
The invention also provides a crude composition having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as detetmined by ASTM Method D2896; at least 0.2 grams of residue, as
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25 and 650 C at 0.101 MPa; (e) has a TAN of at least 0.1, at least 0.3, or
inarange fromO03 to 20, 0.4 to 10, or 0.5 to 5; (0 has an initial boiling
point of at |least 200 C at 0.101 MPa; (g) conprises nickel, vanadi um and
iron; (h) has at |east 0.00002 grans of total N /V/ Fe per gram of crude

feleg; (i ﬂemﬁﬁijfeti%?sﬂ&ﬁm{ﬂ\m?thod p)s3£n)amﬁamd @axsﬁl osﬁbﬁgﬁ%g?Mfﬁrm?st%g}( ?g ans of
sul fur per gram C ed: as at least O. grams o per

gr am of gF'i‘RgfémF@ J;AW%["’:}?\‘%@DQ%‘LI east 0.1 grans of residue per gram of
crude feed; ( 2 TS § J 0l : rhbons: (RQ) _one.or nore
al kali netal saegf lgmg?b%ﬁ%o g@(’%%? g%%gdr??{g %gig%gﬁﬂggﬁ gg&r’rrnoé'@oé’?}??ﬂtioﬁe- earth

met al sahtisagf.(ezrams abwudfugrag dnicanimed by ASTMNathod 2929410k REEL0. Bdams

conprises.at,]east one,zinc salt of an _organi¢ acid, and/or (p) conprises
at | east Obisidypasiciermined b&fAﬁMd\zahﬁﬁi D338 xind thecagpppsitionheuingenveightt he

i nventi oty & j i ' j | 0 . t.hods or
conposi ti é%sﬁg\gggfég?%gﬁoocﬁg%\&}g%@gﬁt%%tll}géeé P? 'gé{c‘inﬁg? oﬁéo%ﬁﬁé{{%é% e by
renovi ngaddghofiat rmosd 060 mbered SANDS s detbabinke by ASTM MBiidiEDECQWeigigbade. 1 n

sone enbogdinents, the inventjon als royi des, ,in conbination with one or
S5nore of s detemsd é’d&%ﬁgﬂ\/{?%ﬂ‘g[@é%’r@ﬁﬁ&l@ﬁ Og F;éai?m\?&‘?ﬁqséﬁés a met hod
of cont agétegingd 6y WETM §RELIM Ho@ne or nore catal ysts to produce a total

product that includes the crude product in which the crude feed and crude

prodittt both hesemeendmdinpitsl the masnttomlenproaivds,an MiRbinetitrewtth caad: (a) a

sum of a u fee asphal t enes content .and cr.ude fee content is S,

R S R S e R R R e AR R

10cont enhotit@ePlreatadth LRMnAGT IRGIGR ALL/bE BAGICALRy SRANEO(H)als %%goﬁéﬁfst S is

at nost 99% of S; and/or (b). the contacti ngicondltl ons "are controll ed such
sl

that a wWeTVihe 2 pabpngnbe tond éhr crode foad hay tideaspP.6 dumns ofsuah C5

asphalte r roduct 1s in range from1l.2.to 2.0, or
1B to 1 ERRL fln SARUETHEE R Ebel Brds ol Bl B ey
conbisnat a boiling rdngeritstebutibhelosy DH0 Whet OTEIINLIRS, DhoileFRASE Hisgbwtiagcor ding to

the invention, drogen source, in which the hydrogen source is: (a)
gaseous ?be(t'ﬂﬁ’erhyﬁ}r J(%%‘ﬁl %)é?s C 3t ) 14yl feboiling range Aistribypien belveendd0 {@ynd ner t
gas; andimye 0 . 1. i , orh WV, ion' .also
o oui des. 2 o 0T APR SIS Alke alBiRACE bEROTLIF I fnd Jotpec RGPS

conposi tMbBasardoclmiiigugngodistibution bethican 40G°Grend165D W atlhl lalefPhn@) Bas20cr ude

froed i L0 BR% BF orlBE fuef A AR bDoh SrhS M Rurctet i halth g Being Tage' ! UCeS

20 distribution below 100 °C at 0.101 MPa, 0.001 grams of hydrocarbons having a boiling
range distribution between 100 °C and 200 °C at 0.101 MPa, 0.001 grams of hydrocarbons
having a boiling range distribution between 200 °C and 300 °C at 0.101 MPa, 0.001 grams
of hydrocarbons having a boiling range distribution between 300 °C and 400 °C at 0,101
MPa, and 0.001 grams of hydrocarbons having a boiling range distribution between 400 °C

25 and 650 °C at 0.101 MPa; (e) has a TAN of at least 0.1, at least 0.3, or in a range from 0.3
to 20, 0.4 10 10, or 0.5 to 5; (£) has an initial boiling point of at least 200 °C at 0.101 MPa;
(g} comprises nickel, vanadiom and iron; (h) has at least 0.00002 grams of total Ni/V/Fe
per gram of crode feed; (i) comprises sulfur; () 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) bas at least 0.1 grams of residue per gram of crude feed; (m) comprises oxygen
containing hydrocarbons; (1) 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;
(0) comprises at least one zine salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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product wherein the crude feed is contacted in a contacting zone that is on
or coupled to an offshore facility. 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

25cont acti ng dncontdenbedidionis theamenton as @reddes| dombimutionevilf @&asice of a
gas and/or a h¥dro%§n source and controlling contacting conditions such

that: (a)ynerechih odg Cﬁz&g@@f}@tlﬂwagéﬁlgsted%c’@vwl%e plred thatddl is in a
range fr %é@@%ﬁ%kn@?h@a%& Eom &Indgmé"ééla@éﬁh%ﬁg@gla%ys(ﬁg _a%tew%cse(.:um ¢

nmeter of cru cont V\nthoeor nore o t he
selected rate Intomeemhy:ﬂirrwgmnt}mm\mheom slsc pravidus) iacolbination ivith erefrar ti al

pressure of 3Qthe h ogen sour.ce; the rate of hydrogen uptake is such
that the B¥E& thﬁr%ﬁ%{ Q%gemfmﬂ@fs qcé glqgﬁgr\hq)mgent@@tamgqulyﬂ,cg@r@mw ake is

I ess than g ROPKM off 01}%9{6%%%3%5 koD g ko a[%rb%\%ﬁ‘ %1?621}93%5 A dr ﬁ‘c.li phase

separation between the crude f€ed a d the tot ring cont act; (d)
t he sel egrabhct mtwehic theydedegfent aplt cakde prsdmcn bathrlavge Gsrasphalteﬁé& ihtcht A nor mal

bi t he h bi t f de f th
iqui d - HOUERFoulsab e drberey obf cgds i P Eney rbgs L Gue bot 1GR | cast
11 hi, akoh®ASE slPsdbh of QEnRE pIRBEL @sodb;ﬁfmltélu chidiRbhd Flon e ?&%@M& the gas

and/ or the hydrogen source |s controll'ed during contactin a
cont 4@t i ﬁgntﬁfetnp&,amdlﬁ@ltﬂ@imgrcoadlﬂanﬁg@cfcnmlﬁadeﬁciom Saistabtoabt 9% of & hourly

f t he h f
o 1 30 Wik s RE S el oty e SRR AR Horeh e el MO ce 1o i n
a range tosentlofhe@ud®aodidtlo a b h%qﬁ&n&s&@n@ﬁ%ﬁﬂéﬂ&%e bRRnbme PP RfegOUr CO

isin adirection that is counter to a flow of the crude feed; (1)t
crude pr &@utl-2fas.0a0m 1.3 ® bP. 70- 130% of a H C of the crude feed: (j)

hydr Ogen th a!ﬁ?scﬁX rgﬁ Cﬁl'i’lg S tLg ﬁ%ex'ht%odl «’.tl Is0 e%l%wdg“g nzfl ggrég%{x%r} wbtﬁ ogge from 1?

80 or 1- nor ima per’cu Gbe feed;

(k) lﬁle maneief the agbteids bﬁ%xﬁpdsﬁhdn@ta@donﬂimgvtcfﬁleﬁ@%ﬁdﬁ lydadgei@stirc80%0 at nost
50% or a;écr@ﬁ 10% of the NirV/Fe content of the crude feed; (1) the crude
product I ¢ hydragencomtesis: (@rearenuesdydsirogen a0t sicthane: @Yligh  cont ent - of

the crudg &r@@ﬂbo;(s rx&‘?téérs“ﬂ'@/ K@q}lﬁ%{u% ef@offOU content of 70-130% or

90-110%0 t he VGO ont ent crud eed; (n) the crude product has a
resi due cont eht sopfe Fabatidests thORy il dso pzrhade:esm cduebicetidrewtth ofie bthe cr ude
roduct h s 15 an,.ox con ent of 90%. at npst

f eed; t rud n

705 at 5L SEBR AR B et 2o BRSO BRI ShCIABRE Of t he
cr udz) Teggide (4ol viifteorerodGeod ERANGE tha®dacd Plofl] pERmt ekt &léluaéé‘tﬁe kriggtal , and
al kal i ne- earth metal , in nmetal salts of organic acids of at Mdst 90% at

most  50Dgoduet vehersip e crode fed isrrentesiad éine cotactingzone that islon eredupled to an
al kal i neoﬁﬁfo&é‘fa@ﬁﬂﬁl in netal salts

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
25  contacting a crude feed with one or more catalysts in the presence of a gas and/or a
hydrogen source and controlling contacting conditions such that: (a) a ratio of a gaseous
hydrogen source to the crude feed is in a range from 5-800 normal cubic meters of gaseous
hydrogen source per cubic meter of crude feed contacted with one or more of the 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 uptake 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 fead and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; () the liquid
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of organic acids in the crude feed; (gq) a P-value of the crude feed, during
contacting, is at 20least 1.5; (r) the crude product has a viscosity at
37.8 C of at nost 90% at nost 50% or at nost 10% of the viscosity of the
crude feed at 37.8 C, (s) the crude product has an APl gravity of 70-130%

f AP ' - h TAN
gf :tn AP Shtoggigég&ogtv@%g?%fg&%ﬁﬁﬁﬁ%ﬁ%ﬁs o Qbudck)is 4NEasE T VHe RIOAUES K 803/0 a

50% at nost at nost 20% or’ at nost 1 of
the TAN ot ntose2@chlid® o petialgmelsure dftheagas andfer fhedrydfogda Sotroe & Gntrdll@L to 0. 2,

o 5105 B SPGB SASEL RBTL SO St o

the i nvenfohﬁ?sp@e%roeﬂfom@_tgagaﬁ%ﬂ 8 By&BPERSHr s 3n & FAHUR Hped (W one or
mere catal ysts and controlling contacting conditions to reduce a content of

organbc @wygenal prossti ofitheygascmd bu tlushyideogehisetree {sin aaracgemfremt 1620 Mt di)ed
organic Q en.conpounds i s,reduced such.th the crude product. has. an
oxygen. 30CUT EHECaR HEPigbt MGRRET i o b e bOR B SrOIReS £ g8t cod:
(b) at | egséru@dfeQmPaY Beide prddiRt RIsGEMCCofOPY BV, 6O R FRC I itk GRAPRENGD
conprises a netal salt of a carboxylic acid; (c) at |east one conmpound of

t he or gahiyéroggy yeiake bnthgi onidegeedispmd modisS lcandprriis egangs fahmdt B0 pel-40 salt of a

carboxyli¢ acid;. (d) at .least one conpound .of o, .C_oxyge ont ai ni ng
compounddSuBistbieata of HaREAEE SRR Yl BeP B PSR LB (o)
at  leastotelnei/ Vst of attohat 00%am o0 $9YEOr KNSRIV tEONPWRESNEARPT | Ses
a netal salt of a carboxylic acid, wherein the netal conprises one or Mre

metal s fo6Hecsdffred£)dhe emde peadneidias a velfireontent ohd-E3Uaor §Pddl¥ofitbs a
cont ent %mﬂ%;ﬁaféﬁf bexy [%hx%le%’éat, @‘nﬂ @%rﬁeg%ﬂlﬁ:t ﬁ&@g@f@}jéon?éné%% 76’33 v, 9% of
t he content of non-carboxylic’cohtaining organi c 5conpounds in e Ccrude
feed; an@Ddrl0YQyf tht ViEassntamefolie drbde Rxd:gdenthe enideiprodigt banpekidds cémerithe

crude fee riginates fr napht heni ¢ aci d or non-carboxyli¢ containing
organi ¢ 8£9§’éﬁ&)@&¥ﬁﬁdﬂ8§‘0 g%ihe residue gortspertdhh ey 5(0) fhfecrpy RREFSEAAI so
provisles gy bf&y%”eﬁ%hi&ﬁ% S8 RoWo0h,, %g?lﬁ%g()?ﬁ rat?m‘afst 4098 TBIJIOAS,08; & HIRPRI% 1 Ons

according to e Invention, a at  conpri’ses 10contacting a crude
f eed wi't bf rexpgemantent af teyesuds feel; i tbcrufapraduet Imsadetal emdent of glbali act ed

with at | east ane of the cataglysts at, a first tenperatur | | owed by
cont act i A erd Dedoranita f bt del S HeTs AEHEE] A EE A FORET ar &
cont rol | ggbss bkt rhdyal 0% the Edter® ONRIREN hideh] t AURE Aibletith fetll iheatdl A& C
| ower than the second contacti n% tenperature; (b) the crude feed is

cont act e@&f Qigamic Byidp dyde cardedesd; (@ra Pryalve gEthewpidadecd dutng roriacivg, isken at a
ggﬁ}fﬁtji é?e%?@ﬂ%ﬁ?){hég g{uﬁggr&ﬁlﬂf’ﬁe}siaosﬂmo?iﬂpat%k}% SCHPS AN H6Oht hOE sbdr 8f  uptake
at most 10% of the viscosity of the crude feed at 37.8 °C; (s) the crude product has an API
gravity of 70-130% of an API gravity of the crude feed; and/or (1) the crude product has a
TAN of at most 90%, at most 50%, at most 30%, at most 20%, or at most 10%, of the
TAN of the crude feed and/or in a range from 0.001 to 0.5, 0.01 to 0.2, or 0.05 to 0.1.
25 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 and controlling contacting conditions to
reduce a content of organic oxygen containing compounds in which: {a) 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 comprises ai
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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C lower than the tenperature of the second uptake condition; (c) the crude
feed is contacted with at |east one of the catalysts at a first
tenperature followed by contacting at a second tenperature, and the
contacting conditions are controlled such that the first contacting

t enper at Uegst be &dmpRel o2 4R deediNBLyden 3bnkhenSQEANANEPRSAGT L0 BRIk gFUT €
(d) 20hydrogen gas is generated during contacting; (e) hydrogen gas IS
gener at ed @hdxylic eodt whtrpinghe awtrl evrepasaoae of mgremnwistiion Colimen 42 sbthe

controll SSuyC a e crude . f .uUptakes .at | east a porti.on of the

gener at eg%hi;%) g’rclc:%ai)ge;’ E? %}’ Ctlﬁéee ]gfg%‘% ?l%j%ggoﬁg‘%@g RPLEFRR*G ‘f%ngmf“flg 8t224fd second
cat al yst ,comipdusdifae oBi09h of e contacofRataptetylib ofdthingly e@dad yst forns an
initial crude product, and wherein the initial crude product has a TAN of

at o3t SOperndssn ke crage ised;tame/os (Do lqasteane of itk @uigeacentaigingfcotdpeunds t i al

crude pr -t : : talyst. forye a cryde product. and wherein
the cr udglq g{r%océﬁd(}t e%&?@@ﬁ@%ﬂﬂg@%gﬁ hl)r{rl?)élf: agigont op nicﬁ’g)()ﬂ& %(fn%lqlﬂl@g °h¥%%l crude
product ; okggercemipahiidg is performed in a stacked bed reactor; (h)
contacting Is _perforned in an ebullating bed reactor; (i) the crude feed is
contacted wi t A 89me gaPediskals. badryopten alippeyidast ingeombiatign tvithianie orhe one or
nore cat . ; R - MY -t Ca S_1.S,.a . vanadi um cat al yst
and the. arager e sanddslor OB AR e e g R LR s b D RS cemce
of albydrcogfectimpucinde fead seduestor trore cathlgsts invivhivht (g theasradh feed Raboalaysli; (I c)
hydr ogen _i. ner at ec% at a rate ip a range from 1-20 normal cubic neters
per cubi é"ﬂﬁl@?i@fﬂ%@e Cﬂfaé&is, at(alf)“rshﬂ?ﬁﬁpé’éj‘éﬁe f@IW&YWCHEﬁ Rlrfgpeppnsl

cont act i B@apcritfreS hfide bERGotiny LAARRAL 8¢ c%&@léﬁhrhu@ﬂ%art 'tlf?:rfﬂ'%t ot %%it in the
presence of a gas and at least a portion of the generate Chy&ro n, and

t he cont tspengursdndi keast A8 *Gewal than dentealicodiastightenipatahaef (bpie@iudehe gas
isin adirection that, is,counter.to the flow.of the cru feed and a fl ow
of the ggeﬁgf%f%ga%%‘?’ggbmmﬁﬂ attalférsﬁ"ry&&%eflé‘@ffl@@’&_ HP%E?%@GWE%SG&O%nadi um
cat al /st hedroger igstalte doRARPBHINA Be BRhesHRSFURN Y uhtd b RARiRA 41100850

catal yst at a second tenperature, 5and the contacting conditions are

cont rol | &d lewerhamibe terpperatpresyy thespsenduptake ¢ondiiont & die @adedfebdiser - t han t he

second t : n [ erated dyrin ontacting, the
or ude. f cCoeR e it b ol BE RIRPBAR & 3 UGB Re iloRde FRESFairoadk prg
condi t i osesond engenitie] dreldhs uatiadtihatcohfiiondat thamnaledeatiaihysthe WRdtakes at
| east a portion of the generated hﬁjrogen' and/or (o) the crude feed is

subsequeASFIRg TRt e ehmas 228d IP‘GY_ﬁIa‘Ihh’é Heategand ontapting aweragure; (d)
e I e e

second tenperature I's at |eas ne
i nvent i ofprddotiog prohvthelemtadting conditioat dre nlswicoiiralled sach fiat te ofude edmet hods or

ot ode VG RN B PE e bilondhs D SropeRed bRt &
suppor t efirsl eBdcdbi S tataPd, ddobtBRES bf GO BRIL &3 AU AR cthly&t3Boms an
silica-alumna, titanium oxide, zirconium oxide, magnesi um oxi de, or

mi xt ur esititifé pge produyt, epdwheretd the initial candeuppdict bas ¢ AAA ¢fstt nantdd%hef suppor t

is r ous: i her .c [ ses. an addi tional, catal yst that has
bee%%hea etT%\ g\g? %@Eé’%@ &aer}?eeﬁﬁlgcgé 1&?’%“%%2%3 IH@@?EH F Pt 1@6‘?‘? WF?‘}}QH on; (d)
a |ife ofatalyatoleastudngodict! K wigkéhsd Guisp@tinbieash TN oy 8host 8/ or (e)

at |east one_of the catalysts is in a o
of the TAN of the itial cinde product; (g) contacting is nerformed in a stacked bed

reactor; (h) contacting is performed in an ebullating bed reactor; (i) 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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20f i xed bed or slurried in the crude feed. I n sone enbodi nents, the
i nvention 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, at |east one of the catalyst is a

suppor t echozababyihk g@ﬂierate@ bk oBBy, ahd et hitetin@shditihs mm é(%oﬁ@& alyst or

bul k nmetal 25catalyst: (a) conprises one or nore netals from Colums 5-10
of the Pdhpigilew PaBleegas émia aghr q@ﬁ%ﬂ@bww@umswdhe Bow oftherasnde feed ahdaf r om

Col ume, 0o Q5o TR SRS b S BE °

0. 001- 0. it giastBe@pérafineaql sdﬁi@éc&eﬂ@ﬁ Wil aflraﬂﬂh@@il'éﬁﬂal%(s%tjaq,e@én(ittgﬁlpa%fdr@d' ¢
Tabl e, one or nore conpounds of one or nore netals from Col ums 5-10 of the

Peri odi ¢ a8 tagsantacsing ﬁp&dlue%ar@ rertedied spel thaighp fiks danpameiursrs aoleest 30161 s
f Col y f ds.. of
oo ot e fad fhekedolBlR R G R HF i enRl SRTRRINGR AR ey cof

(d) conprinskseanis contanied evittedreddalitionanes&alstm tHe dht@fing Rendigeshogdic Tabl e,
one or nore cierrpounds of one or nore netals from Colums 7-10 of the

Peri odi ¢ “PaEpleed speh thak theradditional caglyst pptakeread leapfeﬁptgﬁlawﬁfhecgawatpét from

0. 0001- 0484 I ums
710 of U BERTRIRE (P b te R B Wisbinicn ) S M TR L8y Fop Rl

fr om @ol arsneond- télﬁiperhmréyemﬁ’ema attactiigbbelitiars 4 ddntolisd blvhreafihe éd‘cbndlorfpr i ses
one or ngre netals f %ﬁéérms 5-6 of the Periodic Table; one or nore
conpound CIRRCIHES gt als from Colums 5-6 of the 5 Periodic Tabl e,

or mxtures theEsat enmbedintAfPiHe3Even Bﬁ'a&) PRidesld rﬁm];artig @l 4,5 of the
Periodi c Table, one or nore conpounds ne or nore neta rom Col urm 5
of the Pexrodf theTadthads cmcompmsltmwccbndn@xb the inyeriam, apﬁzmogrthzmcofnpﬁaésm yst,
atIeastOOO aps, 0.005-0.1

grams, of°Y? T%(f“g %fegfl Hgmoqnc % r'i‘éorf‘) pat ?r%?té IWPE?PSPE% 5 a@g{r i B0gerteche

Per i pli Ccﬂfal@'b@ndQH@s@pomoﬁl;ﬁ@Mﬁﬂﬁ QficQRRILNIMLE dhifRtAte from Col um
5 of the Periodic Table, or mxtures theréof; (i) conprises oné or nore

metal’s f FBPAIGER @HilegmEEnashan Pide.ofinixat] Bereoh éb)ohe nurlystidompappudsdof one or
ror e et ek AL s Bt b0l TaRl Son s B R igkeR . ()

0. 005- o ﬂhaghﬁrt&ﬁnﬂieﬂﬂtre@teﬂ&tglt@ﬁjﬁarﬁtflr&fb@v@m)m pmmbahﬁuﬁiaﬁah @ab ye & of the

Peri odi c_Tabl e, Pi%g [m e conpounds of aqne more nmetals from Col um
6 of the®PEFS 8t &L thaspalystsis a§ kas P osyepnandor (C)(C‘F ’@?St@éﬁﬁfﬂ§@§fabfﬁt§ iptn qror e
met ads fﬁgéagggj&rm,ﬁllgd thEQﬁxd%? dpdic Table, one or nore conpounds of one
or nore netals from Colum 10 o the Periodic Table, or mixtures thereof;
(1) has, per brameotmbatiabytstthe fnventiéh ﬂ@@mwx(ﬁs,gnambmml&lﬁﬁﬁﬁﬁe 3cgrans of:
one or npre als .fr.om Col u |od|c Tabl e e or npre
conpound$ 6t ° rﬁh%n}?wor‘?ﬁpéc‘?@?%ﬁﬁéonls%?ﬂré‘é‘ r}ﬂvefﬁo’é’fa @ﬁ@ogg}"f EATRLISEAD] e, or
m xt ur eScdnEe@Jhﬁgfa,cnﬁdQfe@@Wﬁh'oﬁ@%r NRRACHAI RS, %’E‘%aﬁron%fﬁle%%%‘ﬂ%s of

vanadi um or m xtures thereof; (n) conprises nickel, one Or nore conpounds

of ni ckefuppertcdsatalysies attmile wetal cqtdystaadthd wsowalyst onbulsmetdr e ¢ o rrp ounds
f b
conpaundeeife (B SoHbaRSINE oF Borg fBLLRIR I ftnd B ¥ REGR 1R Tafleoie ©

cat al ystor aerofpa0ddis{3ng bammromhcils 60 duaibs-90 bf QT@@*&OEP&: TBleyhdenum
one or nore nolybdenum conpounds, or m xtures thereof; (r) conprises

t ungst erfPxgHES HF" 406 @) bewpeisias Brarlingst as 0di00hiexares, &9t HBPB0E.S (s) has,
per gra ta Y Btooif e .qr

Pinost ot dne BB Bl001 .2 Robhsdd o of (8 el nbMIARLERs 0B RlBe, o <
f rom Col Tabe, Guebr mmee Kenp@ile ofl@hl @ rand neods Gonnoslema® salosoriiorareaium 10

%@o P r odi c .Tabl e wherﬁln the 30 nolar ratio of the Colum 10 netal to
the I %Ohﬁ‘c"éweséh@?‘b{ﬂ{“ CPHPHSCSQIP OF FH Mekeds frie (olurmy & 1@péikent s from

Col um IHehict: ﬁﬁ)lc!: %hé %gh%;érfcﬁﬁe&)ag%@l e ({Pﬁ{l)(ﬁﬁé %@@H&ﬂ%‘(ﬁumggﬁ 180 ]H'R: (V)

el enents from Co rio or m xtures eér eo
has, per’egpain Ioalblﬁc at‘ aliyisites tharerf) QL) 000QHsE. A6 ogmarsmefals Hne Miunmye1el enent s

from Col Peri odi ¢ Tabl e, or nore conpounds of one or nore
el ement & ?1? I%ﬁ @%f%ﬁ%ﬁﬁg)ne or more compounds 0? one or more metaqg from Columns 7-10

of the Periodic Table, or mixtures thereof; (¢) has, per gram of catalyst, from 0.0001-0.6
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of the Periodic Table, or mxtures thereof; (w phosphorus, one or nore
conpounds of phosphorus, or m xtures thereof; (x) has at nost 0.1 granms of
al pha al um na per gram of catalyst; and/or (y) has at |least 0.5 grans of
theta alum na per gram of catalyst. In sone enbodi nents, the invention also
provi des, grafhs 6P 00N I SR dfhorRNe n@ire BnckE ﬁoﬁfcélhﬁnﬁﬁIIMﬂhQPeﬁ?&wos' tions
accor di ng to the invention, a nethod of formng a catal yst conprising

conbi ni nglable wpper mows ermeniadeef ersras mase glatals 5’0flb@®rllu§m§ép¥§b@ﬁth¢rﬁma¢dlc

Thet a ai uLiG S bORe THERSE (SRR TR b Fuf Bl N B850 © and
further cRyfdicSTaME; ohd)br BERADENGNINE! GHeRRAHdrE iRiab fvhXxCouemWistlop@ter to
forma paste, and ext r udi ng the paste; 10(b) obtaining theta alum na by

heat r eafdtiegicalabhe, 98 mixtugest t 62) GPREDE$CSANE (08 FWEC BG  Fremdldnmpd)of
sul furi Z'tHQPEJ‘c? Wg%@leyéée Qr.Imore comlaé‘un%%?o g? rgﬂ{éelﬂ&gﬁf} *ﬁ?doﬂ}"?eeﬁné'gg cal so

provi des, nati onevror nore S Or Ci ons

accor di n@)etmdmhmmejwenﬁxmmS tier8} (1) Uad, ai 120G datbyt, 00 Wagal. 00T @ame,ude feed
wi th one or rmre catal ysts, in WhICh t Fore size distribution of at 15

| east ondr@r 0408104 ayaipst Q OREE:3 grams.d. ABraseT 61 8i0Arke%erants oft oneedist 60
S00 A, artorsaiedy (8 CGfn S0RLEreRaL TN, aRbr b ERSkE H 0Pt a0

A, 120- 13fetds R2AOCBROAS of he-PoAOdIATaRI3De SO ivkes therddd-(BAQniriséhgneadr | east

60% of the total r. of s_have por e dlarreter wthin 45 A 35 A or
25 A, of "9¥E iRl g}ﬁ%@ <§ S%PEHQCB()‘ %abigmmﬁénoa? g@mpepungls of @a%?r Borenp/ g,

L oast 090 il Gonvghn 8 6Pk FLAERL, GlmbAAS! plRILTRG, R ghBfSE 150

n2/ g, at | east g, or at [east fgota vol une of
all of tl@etab{st,é'mnmﬂ OQGI%éagm&.CBOQﬁﬂ@Bgmm‘t Ol()é)és(llgramseaﬂ/lg) O%gralmast 0.5

cnB/g, or_at |east 7.C . n, so nmbodi nents, the invention
a1 50 pr o PARE R eI S of B R GRE PREOHEHMARGngR of on
CONMposi t i@ Rfor@fRMHHro8 CQuiE JFMNEPHRTL Tb1dRE Bafutdaker6 TR B RDrises
25contacting a crude feed with one or nore su orted catafysts i n which

the supp&Re of paye woishr e odummil f af theiReriedic Teble, ore ef meterrampoindsifione oxi de,

ompri soot BEHEGeTEARRS I S yeHerii RS of BREA ml AIndTHy <onport
at | east gtndofjcani®stpfroge0D®0 180,60 giands or(0)01h&S grapey ofyorvhoUpRektonat | east

0.3 gra r at | east_ Q. of theta alumna ; (e) conprises 30al pha
al um na%@ﬁiﬁ%ﬁgpg er?&rmg’ég’iag{?éPwrﬁaoretméwawaiaﬂ%%Or Borgangtalsrfeomher eof ;

(f) das ebr®siols ﬁﬁgfeﬁ%m@fabﬁel mxﬁhﬂémﬂé?e IP'E(IE’H)%E) i98s HRRAN one r In
sone enbodi ments, the 1 nventioh also provi in conbination"wth one or

nore of tdeee awtpodsls of voodposior mmreadhale@ﬁ; (nj cbmprims mmkadgmmconmom vanadi um
buti on th a nmedi an pore, di anmeter

g? t Z![ yfég(tgl{’]la%{j}d %%Pgs% ﬁ{t@rgé herao?l (%5 comprises cobalt one or more contpounds of

cobalt, or mixtures thereof; (p) comprises molybdenum, one or more compounds of
molybdenum, or mixtures thereof; (q) has, per gram of catalyst, from 0.001-0.3 grams or
25 from 0.005-0.1 grams of: molybdenum, one or more molybdenum compounds, or mixtures
thereof; (r) comprises tungsten, one or more compounds of tungsten, or mixtures thereof:
() has, per gram of eatalyst, from 0.001-0.3 grams oft tungsten, one or more tungsten
compounds, or mixtures 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 Cotummn 10 metal to the Column 6 metal is from 1 to 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 Periedic 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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a support, the support conprising theta alum na, and the vanadi um cat al yst
has a pore size distribution with a nedian pore dianeter of at |east 60 A
(c) conprises one or nore netals from Columm 6 of the Periodic Table, one
or nore conpounds of one or nore netals from Colum 6 of the Periodic

Tabl e, or ofhePariedic (Tablegarf mirames trerdod)(wh phospberusgemnor oo tomps@lasst. at

| east 0.001 g{la_m; of :, one gr &Pré metals from CologrrE)hG of the Periodic

Tabl e, onk® %F’@ré’@ﬁ‘ﬁﬁ?ﬁ? gregk Coes gt mAgtel Brams|of aipha plucynapey mefoft he
Periodic {; , ' . : ' s, the

i nvention ag«.iqg%, ﬁg{(‘g}ééﬁeﬁm&ﬂ@nﬁ%ﬁiﬂﬁ %frfh%afa 1&5§1§ﬁ%ﬁ%%5@9’#ﬁe met hods or
conposi ti ons abrwnei eigbadomeite, theiryantiiconlseprovidds ipcedbinbtidneith Baser 10(a) a
TAN fr, mat.:}%s% 0.1, from0.001 to Og from0.0] to 0.2; or fromO0.05 to
0.1; Cb) H™HHdEC BeBIRE0 GOCYrRITEIDE 264pIRE Kaile trenlpn, adhefhod Rbformingearth
netal , Ingg I i } Hdsit r Wols t, at
st 0. 00000 ong e ERPRPARDA SRRl QA Borit BRI ot o1
t han 0 gratdwrebwhercasibe stpporiGOmpyisemtbetaatunaitia,| aad dtatdreating thehigets alualiyst s per
gram of crude product. 151 n sone, enbodinents, .t he invention also provides,
in conbi nsé# g%’?ﬁ%ﬁ?q AOIEREC gfa %}pgrag.prﬁgt Iegst ﬁ@%ls =c?1‘1dcf‘6‘ﬁlbe6§P’t“P8ﬁ§gia(é§or ding to
the i nvendonining g QppiRaieetdlkdtire Mhalaigab temPl pARE 404 eﬂﬂfcﬁncgot'hgggét& aci ds,
one or nore al kaline-earth netal salts of one or nore organic acids,” or

nmi xt UPes Phebiaging heigalunina byhealitrdating alumien eifa tethperatikad at o809 Cs

l'ithium i . S| and/or (b) at |east one of the
al kal i ne-%%rﬁwﬁgﬁgflgﬁ%gﬁen%gan Séf’l um or 20cal ci um In sone

embodi ment s,  tlheoiie\eettodnerad, sig: iveMiot@so drvie@ aatiingion with Qeor nore
of the methods or conpositions according to the invention, a method that
conpr i sedR¥E R M maigods o perropitiogs dicoriamie the inyentons gmadthat thattcomprisciuce a
total pr : i t; thod .furt her .conpri sing:
(3) " combionr el Ebrd TG b HGERANNEL i bt T ROGC ik G o

di f f dpentledst om ¢fftbe catalfetsheeda) ombdiamparchlignelesefl o fdakteo(f Ay at1da8NFPAT 4t NQ;

b) conbini duct _wi that is th different
trom ¢ ne EPLi feudedi b nrticts ShiAs B E4PR0 foft wpdanidnst PaEOD A 5. ()
fracti onak bdhgelTRone iSO M, daup ANd09r0 (lh3bir861A, 98als0I%, bBE 56 Ude, product

into one or nore distillate. fractions, and produding tranisporta Sh fuel
from at 1682390 Ar(®) aifleast 60%i afithe totetl eufbarcefi ronss. hago h poratienembeihineists, t he

i ti i i nbi. nat,i i t t hod
composi ¢ T3k 2300 it pedin BT E R W e d e ol wh Bcasen 1 o
t hat 20 (2P0 sy, at 1da@aI0 H%/@ 4 lcati] 20rm¥s, ok ma&ﬂs@-ﬁ/%raaréas@foo %§ %H&Et na per

gr am of part; (b) conprises delta alumna in the suppprt; T(c as at
nost O. 13383&%3—6 ob(Prdotal vehmg of el offhgmoets of aplsent©0;3 ¢uYe.mbteast Qubr e si ze

distri butcf'ne,%’ylgggtgbsr@ﬁﬁ@%{g?%gstgiw/g;e OIof at least 230 A; (e) has a

pore vol une~of the pores’ o ore’s istribution of at least 0.3

cnB/ g or at | &asimOembodiBlegts, (bt intvationalss pfovides Aheamdinatibn W she 60 M2/ g or
rises one or,nore netals fromColums 7-10 of the

gter : ggis E: m%g%{)%(hg g%ég%ﬂscq(‘)iﬁ ’é‘pe%mﬁ?a‘é"dﬁllg 9 He gyertigpea wethar dhat pompidiss unns
TS L e, O T e e BESR y UMFIB T
one or noMepMEs alwnibe.oli@obiticmalireha, tikeiPe pkidd) Grcbainieoxide, nighédig s
Bhggi?g %éiig?ﬁ, O%T%é%t&gg th I[G%E] aggi/cu(‘: géo?iltég ?é) co];ﬂrp%rgesoga?nonQ% Eli?afmainz? zgn% or dglrta from

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 ; (e) comprises

30 alpha alumina, gamma alumina, delta alumina, theta alumina, or mixture thereof; () has at
most 0.1 grams of alpha alumina per gram of support.
In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a vanadium catalyst that:

(a) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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one or nore Colum 5 netals, one or nore Columm 5 netal conpounds, or

m xtures thereof; (j) conprises one or nore netals from Columm 6 of the
Periodi c Table, one or 10 nore conpounds of one or nore nmetals from Col umm
6 of the Periodic Table, or mxtures thereof; (k) has, per gram of

cat al yst ,a fuppont,GhOObbell. Dngpriahm theta bluaiing) 400 thOvadadiudngtadyst heNEp&E sHRr €

Col umm 6r(ITEt'§I s, one or nore Cgl um 6 netal C(?L{;pounds,, or m xtures thereof;
(1) conpriiEdautionadh amedimerass dispicter 08 Aplsai @8 Ao C)LompaISEmMeDENIT MRIRE Ur es

t her eof ; I : G ] . S.¢of | ybdenum or
i xt ur o "0 RRFECARR, 8L KeTERR, 18R, St O O e B BB IRNE ot

t ungst en,maals filoxt Gokesart Gref e fPeripdiy Tadblepor mesuestirtdof, mdéer ¢d) L) Rr gRMPOUNds

of cobpalt, or m xtures thereof; and/or (p) c ri ses nickel, one or nore
corrpognd§f8?‘fﬂm%%Ie?st&OOIIgEW 85 OpR gF BFe Inetals rqrR Cogian 6 wb i Besiadis, t he

i nventi onpggfes 911&5%%%3%@0@%&@5@8&% nRfc Wchdls 8BS ufRsbedhe biRRE hods of

conpositions acco e Invention, a cru conposi tion 20 (a)
has a TANable, at miwsites theratf. nost 0.5, at nost 0.3, or at nost 0.1; (b) has,
per gram of onposition, at |east 0.00 rang of hydrocarbons with a

boi | i ng range%ﬂg&‘ﬂ’ e B HErSEn A RIC R, & SN WikeneRr | east

0.001 | : . . : , b
Or 8Be ofthelBAREdsSDrABMBLRBRs a@brdly 10888 tnyBnith, 9 Egﬁﬁ% pg%dug? ff%{%ﬁ%{b ons

with a boiling range distribution between 260 C and 32 a; and
at | &&st (9.0DANdremst wbsttirfoun O do @i from BO1 td hg; erdige 026db Stlr (But i on

bet ween 320 650 C 0,101 MPa; (c) has at | t 0.000 ranms of
basi ¢ ni tnIO(%gR %'Plg%ogIhe@yng‘dg?t?ﬁgﬁ‘I aII(aIIlllfIi%I’éIIII Iﬁégfw@magIa?%gﬁﬁ%Pﬁ on,
at | east abid99dr GhABY cAldedfrodiR@SE) &-10dst 0108082 Sfants i/ VIFE QYRR oFRARr (e)
has at nost 0. 00005 (j;rams of total nickel and vanadi um per gram of

conposi t PEriuct andlene!) rséaithan? gramshutilensahan Gl atasws, piablsadbene dfithe
conbi nat | ] I f the nmethods or conpositions according to
M bl GG & R,

t he inven ion that includes one or nore catal ysts, and

at | East one o sichecabbdinesissthe (@entias aRo pasdes] imeotib&iativhwithamewkt h t he
medi an pore ggiﬁrret er of, at least 180 A at npst 500 A, and/or in a range
fr om 90- Tge A the mrpihods op compositas agcordpe tadke pvertignasnaysmeoigiaiglimestalof  at
| east 90 ] hap: 1609 al i.n the pore
Sz i St shohd oPER! Seah0ad0 VLS ndiE alQlh cAMIIRES Bl BOE RS b 1° POl b
medi an porgenigdisaive; @rmixtw}s thesofiiswhichr@) at least ofie af the ehst 1104s ditunat | east

120 n2/g r at |east 220 [4; .(d), conpr.i s a support; and the support
conpr i segbchlrﬁ’rﬁrr%??aséIum’@Q, g I@i%&?gtl%%ﬁg}e ?I%%I’élﬁi GBS BISEHRN S oxi de,
magneEsi upaleisinde, zeolite, ancUor m xtures thereof; (e) conprises one or
nore netals fromb5 Colums 5-10 of the Periodic Table, one or nore
conmpounds of Bn¥nsr embrdmgeisahs ifvsrherCabameyidss,lio combinhdoPeithode or Tabl e, or

' ] : i . | s. f I f. th
o 0L RGO 58005 S TR Il ',

of the Pestating atalidefeedvitiiont bf BRrd hiedleat to frofudeasiotapprodgtamthclsial yst,
at |least 0.Q001 granms of: one nore Colum 5 netals, one or nore Colum 5
ng:

or I
metal cotpddnaRdugh e methed futer pepppiing: () cerhiping dhescradrepiodugiarith aret al s
fro I , 1 o . QL. -0, CONOML f..one or nore
e a1 BaPle thanicels @b nr A8iSho QR Med TP EERCLIBMRIRORGOTC, I 00
per gr antrofspeding] (8 tombinbeabt c01de@oddugt etk aafndeahs iothervame ofoifieaamt 6 net al s,
one or

one o TS (RIS TRLal, SRRSUNSS, B DALY e, bhergcli ] ) o ses
crude product; and/or (d) fractionating the crude product into one or more distillate
fractions, and producing fransportation fuel from at least one of the distillate fractions.
30 In some embodiments, the invention 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 Jeast 0.5 grams of theta alumina per gram

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

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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15 conpounds of one or nore nmetals from Col um 10 of the Periodic Table, of
m xtures thereat-and/or (k) conprises one or nore elenents from Col um 15

of the.Periodic Table, one or nore conpounds of one or nore elenents from

Col um 15 of the Periodic Table, or mxtures thereof In further

enbodi et st leh@aB0Aete) Ha W ppRe Cbluie ENROSUrERMN tRe BhrolslR diMBRIdnT A BYs20 be
conbi ned with, features frong ot her enbodi nents of “the 1 nvention. For

exanpl e, Ofcemife exatleasi) Jran daBdiavarmuriage arprof atvenst 6O m fery abkeastditbintigd wi t h

features fy t her, e | ment four enbodi nent s,
crude pr 8@6%@ sp% Iaargse&geb(%rgﬁ%%ﬁi %alg?/@ﬁ% Ogﬂ‘%l ! Sﬁfélon%{WS(LjPréngﬁatIg@;‘?t YOI JBEr i bed
herein. 2ahpofindstdfene eninoth memlsiromdtblihenall o beaierendErHre oadfad 0 the
specin%i c..embodi ments described herein. BRI EF DESCRI PTI ON Ot rat E DRAW NGS
Advant agdSTet; (hnsomprzssoneion prie mstplafiom Guewrs efhaPeindic Salilbase oski | | ed
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systens f{Ralosl & : L 1AG: > +.8:..a schematic of
a% e rrbodiﬁﬂe?énotr’ %A%@gggéﬁ?%ﬁgéegﬁ%ﬂa{g%@g%m{ |6 8F1til\53m!ﬂeh Ogi%clg ﬁ%ea@i“? ?fg system

5F1 G0 5 inerexcaupvemds bfomf oranoenhetdisrfiemt Cofurm ®behdiPegiodioNableNocdiaat i on
a schematic of an enbodi nent of

ith FIG 6 i
n combi nOEToG &h B B imaf satebishdrom 0 JORT-9 SR 85 Gosry ORhB 3L BeRt ng

Zone. 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 )]
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 (a)hasa 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; (c) has at least 0.0005 grams of
basic nitrogen per gram of composition; (d) has, per gram of composition, at least 0.001
grams or at least 0.01 grams of total nitrogen; and/or (2) has at most 0.00005 grams of total
nickel and vanadium 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
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FIG 7 is a tabulation of representative properties of crude feed and crude
product 10for an enbodi nent of contacting the crude feed with three

catal ysts. FIG 8 is a graphical representation of weighted average
bed tenperature versus length of run for an enbodi ment of contacting the

crude fegbraiiathetsdevithin #DAg 36, PSS of the medidn! fare QiahBicd; (R4 Alit@bs Of
representative propertigs of crude feed and crude, product for an enbodi nment
of cont acd¥$aRf & lrastchlfua /setdeast 130 Mg, et eays32) m¥YBHidicomprises asmondner

t abul ati |V par:Li es;:.0f ude. feed and crude product for
an embod pane SPRREEPAbAAuRLAERIL ShicRan i g S PRy RERRROREE)
11 is a tadunksitinooxidd, zesliteeantiee dniandecherdef; p8)adughised Qe @ HRAE RN So0f
cont acti r&; crude fﬁ)%dseoﬁ\gth_fo% different catalyst systens. FIG 12 is a
gr aph? cal“HWppe3d A thokberpdiel hie. pneer more sempruds of enaarmsers majals firme 20f or

enbodi e t | W Cif i Que i .ent cat al yst st ens.
FG 15 rhe Sl P e T b ¢ SRR ok Bt Enel s coas
ver sus r dirent Cobindiof of thediirivdiet Babdd, oae o motd dugnpoudeos @R mré Meladifrom

differen at al.yst syst eus, FIG 14 is a graphical representation of
resi due t&?ﬁ'ﬁ“éﬂ? ,O?M%'@%T?%eﬁ\ﬁé i“ﬁ‘ﬁ_f"f%géh%réﬁé sgydias.grer gramyel giadior deaver sus
run ti me ofod 1 erRRdbBAl 8 AlrEORLARTS AlE HACol ST AR L Ot L& ent.
cat al yst systens. FIG 15 1s a graphical representation o ¢ Sr’lge In
AP av ot pigires thateop (fdootpsiseser=us mara nidtate fibor Ceobad ofthé Berfdicont act i ng

the crud ed with four different catal yst systens. FIG_ 16 is a graphical
Fepr osent 4P oo By GEREHASHone ok e St Homdiien SopdicRimodge. of
crude pr ogbief & MEASUS tHetdT; Lih BR, fJargr@l@ibﬁ%tﬁE@{FI& é@efsa g.@pgﬁgﬁa?ﬁ%ﬁ%%? feeds

with four different catal yst systens. abul ation of
r epr esenf¥X¢ Celuprop aretdls onefor srouel €ohusats meth] compeurpis pehunixsiréohereof) Gdi ment s

arounts- oo ss s SE iR R b iR TRl L et G B Cac al ot
systlein  thapounde bbdee ar voradbtd fEath @oyishn A0S fhe PRLyHAERYE ¥ARAGEHM
catalyst fhelae% ;:e‘YnVid}orll' (I%I g)srﬁspr?s%gggé 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.
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 embodiments, additional features may be added to the specific

embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention will become apparent to those skilled in the art
with the benefit of the following detailed description and upon reference to the
30 accompanying drawings in which:
FIG. 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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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 atFIGa: BAusdSdhtrastliongtiveopenbedimests of contactingfsybtents tieati nvent i on
i's susceptible to va us nodifications and alternative forns, specific
enbodi nerlfl‘slu'fi%g’lr%@o‘}rongarc gAY by way of exanple in the drawings. The 10

drawi ngs nay ngt;, Bes 4 SIRGALIE of bl eRBOULNPES é’féﬁ)ﬁfaﬁbﬁ’ 9hd MRbnitifuidhings and

detail ed descrlptlon thereto are not intended'to limt the invention to the
parti cul aonfaptimg shisteh.osed, but on the contrary, the intention is to cover

al | di ficatiqns eqU|vaI andater ives .fallin the s |r|t
and scope of (HE- pdsen oSGl P HER e kel ivaditon ath
DETAI LED ok I shlstebh. Oertal n enbodi ments of the inventions are
described herein’in nore detail. Terns used herein are defined as follows.
"ASTM' ref er s RIG. Anea sahamatie aﬁ@tamdbqthm@nhgf caguaniVbatiami cdlasseparation zone, a " AP
gravity" refers t 0, API it t 15 5 C (60 F). APl gravity is as 20

det er mi nég B! Wﬂ%taﬁg %\El%lg At omi ¢ hydr ogen percent age and

atom ¢ car bon mer ¢ e agelaghn bh&p%sélﬂ@tﬁ@ﬁ@p@ﬂ@s bhQudd R4e ait adUE LS as
deter m ned by ASTM Met hod D5291. I1ing range distributions for the

cr udéOf eder an grebadiment qfrceaia@&mg hagrse f@%wéh@@“ée ?ﬁfdiﬁﬂ&t ar e as det er ni ned
by ASTM Met ho%l@ﬁg?g R%g'l ?}gr% enW):;tlSo% m%téélhqgf &er%%: t?rﬁ (53 lufnleg%net?szi:?t r Iege;:

to asphal t enes PIRSd

det er mi néchgty oAGnEM zMaérhl@ccHl@Eﬁ)tQE contacting th'c':@ﬁld»trfee&ﬁwhﬁbﬁé 01(1$1bze da&flﬁ’@ to one
or nore netals _of Colum X of the Periodic Table and/or one or

nOT ©
conpounds of AE- Bis Higpelatien af wpesentyiFiopestiey plecrwie feediprd qrage Brodigl whi ch
X correspgngs. of the Periodic 30
Tabl e, Fgr exgﬁ%ﬁ&n%&?%ﬂrﬁtﬁ&%ﬁﬁéﬂ:ﬁ%), re e?"s“’t‘l%&%%{‘% or nore nmetals from
Col uith 6 of t HEGPH} 1smdoﬁxeﬂ'abhlet1amdf epresagaive propaticonfrouddEedindaador nore
metals fro urnn he Periaodic Ta um X el enent(s)"”
refers tB %9 H{gon&afc é%ﬁlf’rﬁ{“é@ @de@tggﬁa@ﬁﬂs&q Tabl e, and/ or
one-or nore CWOWE% tQbu] ARH (S}fcnﬁﬂyi%e&éx%{@ﬂﬁé &Hu&%@"f&%%dﬁﬁen@@ﬁ Peri odi c
Tabl e, in which X corresponds to a colum nung for exanple, 13-18) of

t he Peri ¢itactingisirede feeds e»thrﬁqﬂrehffﬂ@dloatadwswyséftremnt (s)" refers to one or
o et GO0 ST ke SR BROER e 12 B LR BB o1
the 3€opfor@intodiBerappf tdredotiap crudeifghil vitth RufeiiRlert camybhgsigsi odi ¢ Tabl e,
wel ght FIG. 13 is a graphical representation of net hydrogen uptake by crude feeds versus

run time for embodiments of contacting crude feeds with four 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 time for embodiments of contacting the crude feed with four different catalyst
systems.

FI1G. 16 is a graphical representation of oxygen content, expressed in weight

30 percentage, of crude products versus run time for embodiments of coniacting crude feeds

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

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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~includes one or

of a compound of a netal fromthe Periodic Table, weight of an elenment from
the Periodic Table, or weight of a conpound of an elenent fromthe Periodic
Table is calculated as the weight of netal or the weight of elenent. For
exanple, if 0.1 grams of Mb03 is used per gramof catalyst, the calcul ated
wei ght  ofhat elid yhReadim eRhFkEt dind ahelybadnbhy/$dnadfimd c ARt 1AGY *ith glager gram
of catalyst. "Content" refers to the weight of a conponent in a

subst rat &3sor exanple, a crude feed, a total product, or a crude product)
expressed as hoht . fr I I ] .total weight
of 't he- subet r 40T frprlfitefdh 8 wOPL B oPELACRLARR PARERANG IR 1. e

f eed/ t ot ahbpd@ghiied ofMBoktacting chelb deslswit & orindry ketalybitat caiiuadigaid lneuly

cat alést 15dur i ng, processi ng. "Distillate" refers to hydrocarbons
with b¥REEvglacHif§e di stribution between 204 C (400 F) and 343 C (650 F)
at 0.101 MPa. ¢B¥.std .l .S [ A .ﬁslgg. d D5307.

"Het er oat ons" Ii%a}'f ieérlssatat %&gg%%ﬁféﬁok’%gg%%ﬁ&g%%ﬁg‘ﬁf ldr cngi]tM;ts’lt %gd in the

mol ecul aemBO&intancd effdntiktiag byde dagls hbvaridde centagipBmeentest i s as

determ ned by ASTM Met hods E385 for oxygen, D5762 for total nitrogen, and
D4294 for sul Pipie thydrvgniign & Qiserriiblsdayanpusaedibicgion ppd adsneisdsinds t hat
have a pfa.- - . L ' g"FQ,qb"Ig A oSt ermned by ASTM
Met hod 89%?C é’ﬁ@@#@gﬁ t@%ﬁ?ﬁéhﬁeﬂrﬁggtgg%ﬁyx r ogeﬁl, g% oréa ]::%npound
and/ldy cbhapougisay hattbe2bwhaln. itshbhid prnedenteddiiatdhcdradegh eadidetaded he

catal yst,react tq provide hydrogen.ta conpound in the crude,.feed., A
yr ogeriSStIPtiah fhefee i tniationtid i SrlpfeTRAT Y e PyATE B BGHRTEr
exanpl e, bf.orl Be CAntY ! 06 RBAN 184S BoRS allBlJNGI 0B, RAMQalcRE QPR MRernatiiel ane)
water, or mxtures thereof A mass bal ance may be conducted to assess the

net anoudting withidrtbeepirip med sadpd of thetihreseobimpentioay(as efined hiethe pppiadeéed.
30" Fl at Cl?ﬁlliatse crush strength”" refers to conpressive force needed to crush a
catal yst". Fitat pl ate crush strength is as determ ned by ASTM Met hod D4179.

"LEISV' pETAE.ED DSORUPEIONC |iquid feed rate per total volunme of
catalyst, and I's expressed I1n_hours (114). Total volume of catalyst is
cal cul at ed byCétinmembedinentapf the dnvgniiens ¢ Kdaseaibed Rereldn e d@tﬂﬂﬂéerz%es, as

descri b‘%ﬂecﬁ?fe?éiﬂaxedeﬁnedas%&i Quid mxture" refers to a conposition that
nor e corrpouné)s that are liquid at standard tenperature and

pressure (25 GASTMIUtfelPr, Alrerieamthhdard Meftaryrad Maedsls” SI P*), or a .
a0 d at S P aPHOGHE Greindt 8T LBRBUHAUL ¢ FarCAre- So O HIS S P, 5 Per odi c
Tablg" refansintPod e TReNQHdbFDERR) e as specified by the International
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 “Cs asphaltenes” refers to asphaltenes that are insoluble in pentane. Cs asphaltenes
content 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 Column X of the Periodic
Table, in which X corresponds to a column number (for example, 1-12) of the Perjodic
30 Table. Forexample, “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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Uni on of Pure and Applied Chem stry (1UPAC), Novenber 2003. "Met al s
in metal salts of organic acids" refer to alkali netals, alkaline-earth
netal s, zinc, arsenic, chromium or conbinations thereof. A content of
metals in nmetal salts of organic acids is as determ ned by ASTM Met hod Dl
318. 10" Ishaﬁ’@ro@armm Fﬁessihmhex coirddpRils andctinin hefobes(fooeamplgnsiigy opf

carbon r |due re g after ¢ orafjon and pyrolysis of a substrate.
MCR cont EiftPerigdigs! (Pﬁeﬁé’@p[ﬁ/ é\%%ﬁﬂ%{ei Hewe E‘Ffefﬁ’ to one eNgpRstetpmentef er s

to hydm%fépgglgﬁ%r@@m& f’ei‘%cﬁ@ﬁ 1%%5;099115 Bﬂﬁﬁredd&ﬁ i b%e%?gegﬁgn 38 C

(100 F) an at 0 1 a co tent I's as det er m ned
by ASTM gketizot f%ﬁ@blummimleﬂié Preabércsl‘eﬂadr: ni ckel , vanadium iron;
conbi_nati ons ?h r eof "NW Fe con o.the c nt ent of

ni ckel , vanadffhihe SEoRsOf this ae}alﬁ%!ﬁlﬁatwslﬁﬁt nftr?em iﬁwﬁwr\w% allervesight s as
det er m nggly By Md\f%trﬂéigl fBAA8: Pediié W‘@Eler\@&%ﬁtsoftaﬁ MR oL PefiBliET S Of

gas per cubic ter of crude feed. 20" Non-carboxylic contalning organic
oxygen caéapoumdstighteffarentpouod ghm clemeyifeomconPountis Tetlais dicubodd sake a

carboxyllc -00R2- roup. . Non-.car boxylic confainjnpg org oxy
conpound¥™i gﬁ?&?%ggal t?‘eéﬁceégl}ﬁé’f ¥ { rte(’famgi éfrﬂspg‘(?%ql q(%@/[‘é(?h’él“ged K cohol s,
ar omat i cgahrahekaysiket enestatcal %ﬁqﬁ%e 1961y OGRID Aot 'i!@lh‘i: hetgef is owch do
not have a carboxylic group. 25"Non-condensabl e gas" refers to conponents

and/18r nﬁb@tlﬁmsgmn@&ﬁtﬁdh‘énts that are gases at STP. "P (oeptizatioo val ue"
or "P-val ue" & | occu) ati on

t endency of asp‘?‘u@? gtﬁ%%mt%%feh‘ge‘g?%% (foé@dme%gflé?ﬁ'ﬁﬁﬁ? @rthe P 2EI40S ue i s

descri beftedya tdtal produet, bhadsude prodvie e pRIBId as AR i faR1 b 6ARERhOerApRRa! t ene
Peptlzatlon" 30 Journal of Institute of Petroleum Vol. 48, Nunber "458,

Febr uar ybasedon thejotal syekzht of the substiadg. o Yinpwe: tefers to- I?@dlpﬁhnﬂdbﬂ@bﬂ Waight.er
and " BOr Vol A kol ARy TR AR BOTS ST B P
contlact dnilgerecpssihgt o 140) A microneritics(r) A9220
“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 struchure 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 to,
hydrocarbons (for example, C; to C4 hydrocarbons such as methane, ethane, propane,
butane), water, or mixtures thereof. A mass balance may be conducted to assess the net
amount of hydrogen provided to the compound(s) in the crude feed.
30 “Ilat plate crush Strengti‘x” refers to compressive force needed to crush a catalyst.
Ilat plate crush strength is as determined by ASTM Method D4179.
“LHSV” refers to a vohumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (h™). Total volume of catalyst is caloulated by summation of all

catalyst volumes in the contacting zones, as described herein.
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instrument (Mcroneritics Inc., Norcross, Georgia, US A) may be used to

determ ne these val ues. "Residue" refers to conponents that have a

boiling range distribution above 538 C (1000 F), as determ ned by ASTM
Met hod D5307. 5" SCFB" refers to standard cubic feet of gas per barrel of

crude feed. " SpifageniRied refirs & £ #dsﬁﬁoﬂ&a@%cm@ésafﬂ@w%rmso Maod
D3663. N' refers to a total acid nber expressed as' m ranms

("my") ofradowidat stglﬂ%ﬁi tengperatufe apdrpessureT(AN °CsO 4@l Mé’caehmmeﬂemyfmsam Met hod

di stri buff ik seasvadilon Gar el aast 2RPushie o Ao ot o B It v
content i Jafidat STAMWISComYor AhMchiRipbastishaie sohds at ST scosity” refers to

ki nenptic viscosity at 37.8 C (100 F). Viscosity is as determned using
ASTM Met hod DARsriodic Table” refarsithéha:Beriashe Taltle emspecifisgibydhae Inserpatianal s t o be

understo [ y of the substrate

t est ed Igﬁloir{]gléﬁelfeg%ﬂ%pﬁﬁ%é’%&aﬁ:@)ﬁ%ﬁ@Pé@}e@%?&% ?E% "est nethod may be

nodi fied and/ OMotgle al mbtadbath df@rimsd adi®d” r8fig o AkAPSElYs, alkaline-carfll MEGR, MRY
be produced and/or retorted from hydrocarbon containing formations and then

st abi | | zBHCCHRETES Ghagmivip of qembrghensihereotr ddesteat f raeinlsiapefel safs o,
Sem sol b%»auﬁ?x i ishi g lex‘i’nmgflwéxosim%&ﬂomsﬁé‘c' ude, but is not limted

r emov non-con ensa ases 'salts, or conbinations
ther Hbf from thEcorQabon Befidoe (éfl\rﬁt‘hb) doinzemd refeny dea q&mﬂny sf @kbdn silhon nay
often occur .at, qr proxinmate to, the g@gductlon and/or retorting site.

St abi | | ZEPAERREELCE GYPORton 2nd piralvEs Bearbgitatei Ml camtantds as deeaminekby v

di still edsirn padih§pbaesns facility to produce nultiple conponents with
specific boiling range distributions (for exanple, naphtha, distillates,

VGO, and/or | UNaplgha’l rdersid bjdro@irarn ¢dnaparentsi wit] zubkahng brupe ABirthution |1 mi t ed

to, atm) her| ] 1 Of ..V, tillation methods.
Undi sti | ge%%§ obs(m(# @c‘ﬂgg@% g]oaglﬁa@nfl’ Ozg%l 1@% &Qgﬁﬁc?ﬁﬂtdﬂ@ conponent s
t hatl havéetantiaedBp ARTMMtARPYE3d7.i N quantities of at least 0,5 grains of
conponents per gram of crude. Exanples of stabilized crudes include whole

crudes, toppedVEViREgclegeioaticksd wwnadivm, irgasul wabinappetierolides, or -
conbi nati ons ‘tI‘bWe con%%@p%? ers 1§ Ih% %n%ent 8¢ %t eqevaglg@ lm, iron, or combinations

thereof. The Ni/V/Fe content is as determined by ASTM Method D5708.

“Nm’/m>” refers to normal cubic meters of gas per cubic meter of crude feed,

20 “Non-carboxylic containing organic oxygen compounds” refers to organic oxygen
compounds that do not have a carboxylic (-CO,-) group. Non-carboxylic containing
organic oxygen compounds include, but are not limited to, ethers, cyclic ethers, alcohols,
aromatic alcohols, ketones, aldehydes, or combinations thereof, which do 1ot have a
carboxylic group.

25 “Non-condensable gas” refers to components and/or mixtures of components that
are gases at STP.

“P (peptization) valne” or “P-value” refers to a numeral value, which represents the
flocoulation tendency of asphaltenes in the crude feed. Determination of the P-value is
described by J. J. Heithaus in "Measurement and Significance of Asphaltene Peptization”,

30 Journal of Institute of Petrolewm, Vol. 48, Number 458, February 1962, pp. 45-53.

J7 G

“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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30has been treated such that at |east sone of the conponents that have a
boiling point below 35 C at 0.101 MPa (95 F at 1 atm have been renoved.
Typi cal ly, topped crudes will have a content of at nost 0.1 grans, at nost
0.05 grans, or at nost 0.02 grams of such conmponents per gram of the topped

crude.  instumeiff@VEcreinebitits hed Norades deavga, N SRL) WaSDetRad tht!lEJt(?} iﬁ(?e
stabilize crudes to be transported to conventional "treatnent facilities by

transport BEoReEr riers (for exanple, pipelines, trucks, or ships). Oher

ATy e L A A R

Scarri er (é@(@/‘iﬁ),mda‘:&*&ﬁmﬁyl&&@l\/{ Memodtlhﬁlﬁ)’ﬂ nparting a | ow econom ¢ val ue
to ths di sadvant e;,rggeéﬁ/u The econonm ¢ val ue may be such that a reservoir
n

that Pncl udesdfl a8l Qibifgiect ¢fzgas psr brseahofl ctude feedst Lly to produce,
| nel ude. bt araraey 5’?‘?’?1%’%3&?‘:&15&% SRR RN RRCoS, rr8y3 b)

viscosity of AtTANasferd @ £Bityl ac)d rAlibeg eRpieted ab nﬂnﬁg&arﬁﬁg‘ ") 8f K©f }PJS
Ni N Fe conte 1;, f .at lga%g\gqsooooz grans or _at | east 001" grans ?r Ni N Fe

per gramP 8f5‘”@7p ap deisrBmed by ADHdeethed D64 east 0. 005 gr ans

of heteroatoms‘xm» G f  at 0.01
grans_of residue pe%rf&%gbm%dr%#%m ‘I’l}l}gbB@h%{%n ﬁ{%ﬁ@songboﬁv%%f Gt | east
0. 041§ a(@O(ﬁ’F)@adééfs)ﬂal(i,m@);aee 10t Miftaof VGiOushetenid}s & MWERna@AteA ST at

Ieast 0. R}? ﬂ@ﬁ? ”Pf MCR per gramof crude; i) a content of netals in netal
15salts of "org % acids of at |east 0.00001 granms of netals per gram of

crude; or ) CURRLARTIOnS biIaiaglic iORPCIEP I TR . Yigadyplgoed or ude

may i ncl ude .per gram of di sadvantaged cru grarns " of
resi due, deiermiagd psiog ASIMMctbed Pdds.due, at Ieast 0 5 gr anms of residue, or
di sadvant aged crude

at least 0.9 due. ..l n. sone enbodi,nment
may have a TAﬁ{ ?lrg%gge;e}e{l{n(g%h Bmlﬁtlfnbﬂ“som;b Silpdgigtoo gﬂéatéfthﬁ valug obtpdneddpr 20
0.4 br Oa ﬁrope)rtﬁ oftm: SubsthAb wsﬁﬁb@&htﬁaeb§1mﬁiﬂs%@%@t@§t@ﬂ&ﬁoc? rtl&@t%&c%@ﬁéd gram Of

di sadvanta d may have a sul fur content of at [east 0 gr ans,
| east O. ’t‘?i a“élfm‘lré%?éltbritﬁe‘b@ tgitdpsuch propertyn sonme enbodi nent s,

di sadvant age lu not limted to: a) TAN

of at |east gCS dégsﬁgn% gﬁ%ﬁ@%&r{?gﬁdro&?{ I"? hggléoca%oﬁﬁgn Hfgsi%&fl s gen

25per  gradrhet siebilided. f @adps mhy nditdeaspdd 6il.t €RLRS ﬁ@@eﬁ&faﬂﬁfsol@d sk8agd0- 04
of crude feed; d) a higher than desi red

f
8: 2(?35 ?tagpgy(aof 2%‘1%&%%?@2“ @&@muﬁjﬁf buy 13 pqtdEnitetly, wmdyalminogresndensale at
| eal 1Qias®) watORlE rBr c@fnb"%ttl%h§ thePbolBlof] tha ! ﬁdd% t8fforﬂ§ @t@bﬁ af &ruﬁggfs at

| east 0.00001 grans of netals per gramof cru oI hath
t her eof Suph§ gy ahyofigd oscuray, arpedivhate tpethe gratuctivn ﬁkﬁcﬁ&dﬁﬂiﬂﬁ@gﬁﬁ crude:

at least 0.0Qypilized crudes typically have not been distilled and/or fractionally distilled in a

treatment facility to produce multiple components with specific boiling range distributions
(for examnple, naphtha, distillates, VGO, and/or lubricating oils). Distillation includes, but

25 is not limited to, atmospheric distillation methods and/or vacuum distillation methods,
Undistitled and/or unfractionated stabilized erudes may includs components that have a
carbon mumber above 4 in quantities of at least 0.5 grams of components per gram of
crude. Examples of stabilized crudes include whole crudes, topped crudes, desalted
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 that have a boiling point below
35°Cat 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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30 grans, at |least 0.005 grans, or at |east 0.01 granms of hydrocarbons wth
a boiling range distribution between 95 C and 200C at 0.101 MPa; at | east
0.01 grans, at least 0.005 grans, or at |east 0.001 grans of hydrocarbons
with a boiling range distribution between 200C and 300C at 0.101 MPa; at

| east 0. 001 gr@We statilijRREhdR HA0Sp@paiRs 1Rk aBdw h?@&ébiﬁze%%%{eé@asbgf

hydrocarbons with a boiling range distribution between and 400C at
0. 101 MP&angperedto tawentionad Grealgreabiaciliies by srons@riaden garaes, (faakexabpleeast 0. 01

rans of rocar bons_ wi.t oi i range di stribution between 400 C and
950"C ot PEHHRS HRARTS: Wb ubi b 5ol B SRS b aisporiet that am of
di sadvantagechemudigidvahtab@hshisd R8s 8illes Ay bBadheBp@PR 195 ﬁﬂ%s&)oﬁﬁtigﬁ

| east 0.01 grans of hydrocarbons with a boiling range” 5 distribution of at
nost 100¢arger rcieria wEmegt faridisg this. iopartingalew esonormastal@. 00 gr ans, or at

| east 0. Q: f dr rbons with a boili range distri.bytion between
100C andg%a(gr%[%ﬁg 1.“%1 %%?g%%ﬁf;g%fn@y 18116{1‘| . :ar%s[er\[og i‘tl Lib‘éﬁ@ t’gﬁ" ans, or
at | east dRBadhngipaderek thatds 06aiddans cvitlyto r&@ké,‘t%s%@fﬂgiﬁdlgi gt4ti bution

bet ween 200 C and 300 C at 0.101 MPa; at [east 0.001 grans, at |east 0.005

grans, or at Tewstticy of disghwaniags chyier srarincdnde, it sreqof iditbbio: AnHANarfge

di stri butjii t 300 +40 0. 101 L t | east . 0.00
g ans. ot L O B ¥ BRSO a1l R o8t arfGy Aipnsf B bRl i  n
boi I 1hg Niigee ctimsdrtiofat least (0EIN0R @rurddE: 4€16800.660C s ®f RA7/MPger pram of SOME

di sadvanéﬁqu crudes may i ncl ude, Per gram of di sadvantaged crude, at | east
0.001 gr GHEE: eAp tplahhgtergatomes eoniomt of ¢rleast 0083 granes ofthegareatems perrgramatar bons
wth a bgihd. : j ; . t 1.MPa, in
addi ti on&ltuhoé’%%%%? %?ﬂlfgﬁggﬁ%ﬁp&%kg?% ?a%%%glh@g 8t %ﬁ&fgglgq\g/ag?taa d crude
has, perasphaienes catitestchianteagetilLgiade, of £ aopiiadibhesafer gtahofydda eas hore of at
nost 0.2 grans_.or, at t 0.1 ) Sone, di sadvant aged crudes may
i ncl ude, “PEF GF aieat Ogﬁb?a%ﬁ%ﬁf’g%gg% Bygam ogtcrngggta coplegbal ryptaldn metal | east
0. 005 gr@mof@ffgaﬁffc AcRRF aP1Rd (OHCRITS @%ﬁ%%g%ﬁ&@@&n%% @%ggvl ing 20range
. [

distribution of at least 200 C at 0.7101 | Sone ant aged
crudes mgynbirationdsherpndy Tnsame efbdiliszis disaden taged daideatayl iealsde, BeHHAmgr ans,

at | east O _grans, or l.east 0.0 rans _of hydrocarbons. with a boiling

range di%f?irts?lg‘g ram s u(g‘i’ a?%ﬁ?ﬁ%’@”éojfé%é% 8 e:ﬁ%ﬁ% @a@éaﬂ{%@@& % igefes t hat

i ght. bed.§ peatsesl usiding drhﬁle@ﬂft@)@eﬁm o pEhRERS ITResmben®biinidRtl #de,. but are
im crudes fromof the following regions of the world: U S

not limted to, .

aul f Coafféia%&?‘f&a%‘&ﬁrﬁ‘é? RarApye o Ahin gl omal- 1 oaRdsto 28y &3 ior Ao $&mros and
Canpgs RpsLAS 5 58 RBh k8Hai ! isatff) ' | padom North Sea:
Angol a O f smr e, %ﬁlltl ﬁglgael%lo bé)?mée%t/%,e’ a{%nezga egnl%g’iﬂa% gﬁ‘}g‘f gi’ydglé)agvmg%%

| ndonesicaudumatyrhave Tsetnamtend b ali lsat 0 D05 agads, at ltdaD. MeyrapBhRRERadthe
propertibqe@2 of the 30di sadvant aged crudes such that the crudes are

accept abl'& §8™5t ransportati on and/ or treatnent.

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 Cs asphaltenes
per gram of crude feed; d) a higher than desired viscosity (for example, > 10 ¢St for a
ernde feed with APT gravity of at least 10; e} a content of metals in metal salts of organic
acids of at least 0.00001 grams of metals per gram of crude; or f) combinations thereof.
Disadvantaged crudes may include, per gram of disadvantaged crude: at least 0.001
30 grams, at least 0.005 grarms, 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 least
0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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A crude and/or disadvantaged crude that is to be treated herein is referred
to as "crude feed". The crude feed nay be topped, as described herein. The
crude product resulting fromtreatnent of the crude feed, as described
herein, is generally suitable for transporting and/ or treatnent.

Proper ti es 001 ey, afdigid cREQHOCT grafieducedt 6909 @sahi, Redt B8R Y01 @agsehoser to
the correspondi ng properties of Wst Texas Internedi ate crude than the

crude fediydrsprbenpyith apeilingrapse diskgnionhgtyweaarit iCeandofS0BiCaatt0. KHudBa. t han

t he crude feed,t [ onom ¢ val,ue of the, crude feed.
Such crude pr gjﬁagtb'%rg%&bgﬁ@?%%aggnﬁ%&f ﬁ&l é%@q (grd{%gv Beqd audea ?Sttoh@ﬂeby
enhanci ngrues, iafiefg 0E05 i BRCHES ledst €01 i SEMidr6@YbRGHHILboiling range

desul furization, demetal|ization and/or atnospheric distillation to renove
i mpur Pt i ¢dstribution of #h1pasttl} ot G1QY Whe; pidewstiOr0d carameia dnastfl. 005 gramentri ons

descri be ' BY. | ek i.ng. . r feed with t gat al.yst (s)
T conthlpnan ks bR U A00 Ah e R AR O 10 E R
zones. | 1208 °Can0.401 MRa; awhast @001 gasts, arleasp DBOEk¥mEfor at kastden If 8ads BRY be
changed l?%/,ﬁcon act of -the,crude feed with one or nore catalysts relative to

the sane BlosaPess Wik ¢ Retling aass disgibufign betreea 98 dCrand 390 €t 0461 IMRp:i s
per f or med; j i RE. i o ients, the
Ry ogen 5o eaP BERSAE R 0 Bop U RORPAON: Bib1 S SRy SORERMTRAI A et i g
condil®i omsilingamtge tstrilbpimybatecereBd0 70 ehd/ 4808C lat ATOUMB:; @hd hyldispg®01t 0

conmpound(s) in th de feed. . FI is a schematic of contacting system
100 t hat %f%‘a 6*&8%3?8%5 gEWﬁgorf‘Bﬁ@St%)%ﬁgﬁwiWQwa@W% wathadhiling j2Rge zone
102 via epasdikibn b&deef 0OPLARII ¢30 *€OR®, MAMMPE. @ reactor, a portion of a
reactor, nultiple portions of a reactor, or conbinations thereof. Exanples

of a contact i fgng dwedvandhgederadastraakiadiudedar gsan of disadfaniegdd bmde,rae kattor , an

20ebul | ati bed reactqr conti nuous]| tirred..,tank reactor ("CSTR'), a
f1uidi zeg'olt(}g PEagt 85}?86100 p?ﬁ?s’r%rfg?e@ﬁ, dgﬁgwémi ‘?f&l}%&?qaﬁ%ﬁ’ﬂ? dtgrhod&or - 1 n
certb§ n emgodsaition of HEMGONIRCIT AD. BYISVBR) inSadaicdH to TPtk BEilihe an of fshore
facility. Contact of the crude feed with the catal ystés) in contacting

syst em 160Mpaieise Tapiselhyi tha dissdyrnsansd stuste hpshpgr eiarp o disadvantpged cwmrde,act i ng
zone nay,di4 r I f e 4 twQ 25catal ysts). In
Some onbach e F i RAaRea S AL OIS et o ARL 6 il Car Bl st “or i he
two cat al yst sSomy dissbaneagbANnafes iy iaclude geegthm SHbisabiusngeCalact eaft t he
reduced . A@llcrude feed with the second catal yst decreases heterostorns
content 4HA! BREEeHdeast A0S grams.qf at [eastd} b eragmss diveespons wih apodingsi t v,

N/ Mige Gapt edkibullel o AakaTBp0CtEYlig P due content, AP gravity, o
conbi nati ons of these properties of the crude product 30change by at | east

10% rel ati ve bane disadvantrger opales imey infludd @er pradeof dedivafitigrd @odd, ackasnf t he
crude f e&‘ﬂo WgrtaIrI]ls,o e{%efea(s)tro.%%%ragrgg,aolr%ts fegét 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: U.S, Gulf Coast and southern California, Canada Tar sands, Brazilian Santos and
Campos basins, Bgyptian Guif of Suez, Chad, United Kingdom North Sea, Angola
Offshore, Chinese Bohai Bay, Venezuelan Zulia, Malaysia, and Indonesia Sumatra.
Treatment of disadvm1taged crudes may enhance the properties of the
30 disadvantaged crudes such that the crudes are acceptable for transportation and/or
treatment,
A crude and/or disadvantaged erude 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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In certain enbodi nents, a volune of catalyst in the contacting zone is in a
range from 10-60 vol % from 20-50 vol % or from 30-40 vol % of a tota

vol une of crude feed in the contacting zone. In sone enbodinments, a slurry
of catalyst and crude feed may include from0.001-10 grans, 0.005-5 grans,
or 0. 01~ 3risgiihnOln &} Abiienl SProbOcObRIR AldcGhibiie: bRSHcbdlad ARaAON aCt! N
zone. ntacting conditions in the contacting zone may 1 nclude, but
are not [liendit etk d@ser teipeecaespandingy meparties ohWestohens hinemeelifit omide chiande f eed

flow, or conbi.nations thereqf. 5 Contacting condjfions in so enbodi nment s
are cont riaf FEde {&§dpPoalfies t%atcr‘??@ié’smmgﬁ”%lﬁs g%éfﬁnf F’&‘d&rtgﬂg&“ﬁ%e
Tenper at Y&, kb rdtyertansias ti . or;

70-430 C, of Rrt) 2 ARGAE IHIKEoRGRE, VBN SARGE fl%q%ﬁgsﬁg& “‘Fogr%e&?"?gr%ﬁg’ﬁel- 20
MPa, 5- 12efiteal widh b8s MPag purtréatBievpéierttisSvihaficing ecforingleffceadieni Ple-general |y
range frgm©.1-30 I.f' .0.5-25111, 1-20 h.l, .1.5-15 W, or 2-10,_h* In sone
Crbodi renietn g HpinalyleagpiREggon dielizpdpn Sad Snatiiospiest sty ien for o

| east 20 rdrhdve impuritickn enbodi ments in which the hydrogen source is supplied
as a gas (for exanple, hydrogen gas), a ratio of the gaseous hydrogen
source to the Toraiient elcticrgp ifesdl ihpceadayes Withomventions 00s0ded NeBimBay

0. 5-10, 000, k=8, 000 NaB/nB,, 2-5,000 N8/ nB,  5-.3, 000 Nn3/nB, or
10- 800 Ng%f %@%ﬁwggﬁvﬁr{lﬂe ef?g Vel éﬁfé&a?y?j(s %WEC%%FIB%_%?FSS ®e, in sone
Eﬁe rrmodlt @Blt‘ih.bﬁ}atibﬁs @ﬁﬂ%cad”ﬁﬁox\&i dolitae i g z%resg?ﬂsé @@ﬂta@t&lfg FoRe) a{tqwsﬁé&dpﬁbglﬁug h

e contacting zone. rrier gas may be, for exanple, nitrogen, "helium
and/ or ar aﬁm%vﬁ%edc@ﬁvb@ﬁhmgrbwwéét ofi thapmdelf wirthph@owgmcata_éms and/ or
2l 50 enhinoySiReS e BRERy bR EERLETH Qe BRERE R er B kS, 270 ™
hydr ogen peidionhesel i(clI (105 p:&xaﬂirﬂoé aéi‘yylﬁb’g@g @ﬂurcﬁem e @hbRiimens) thﬁhYdlﬁgg:l_rUhS ed 20as

t t t tact .

hydr ogen SUBE @04y Tatie BY SRSHDREE Hish TSR EC10D COBUEHNS SHEI (IRt Phe cr ude
feedisn gRRSHH : gﬁﬁé i ' d Ng zone 102,
cont act gf thelre]élﬁigédl%qfn}eaz W ?ﬁggﬂé}g!trg?@gte %glr’%’ﬁﬂ‘g‘gé) lgr}?%%gﬁgg%egduc‘t that
i 2;:) I SQes a cr e Ipisodsehematiodf ccbmacsimggystpﬂmokﬁorrfhmiaclggmoﬁamémgmg}é 102A-.h
Py ogen BBt s Sty PErBBE AT BEAR P ac o B RPRe BBPaEt | ng zone
102 and ent®E, aswﬁt@@bf@ﬂeaéw},emmﬁﬁé/%&ﬁ@ﬁ@m teadtb® or combinalifnsSBR@HAL I ON zone
108, the_crude product and gas ma e separated fromthe total product

uZ i gg ?_eﬁéﬂlaplleyoﬁhéma@ﬁ;tamafiimiu @@ﬁ?‘i:@géf? ;wﬁorea(ﬁnpd ??dBIgaf_zi@ﬂ, ?n]lrjlidd_ 1
S [ : C [ i Ok . Vi ui ,
SrReaqe Stuafg el MR S IRy Sl BRRREAI I ORS FaRidBERE 0T L e

vessel s, renetb,mespt@sreacto @hd privpedigng conmesr. T cataiodhbahb@p, thber eof . The
gas may i ncl ude gqas formed during processing, i&or exanpl e, hydrogen
sul fi de, SUWABHFR SHLES g e o5 fAYRIEd AR R ) Comiaeted hayay Wjibir ogen

sour ce. . AAULAlysRA i ShilAfe sTHlEn 605y AR IAOR FEEXEbPE: SRALACT T 1O

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 reduce TAN of the erude feed. Subsequent contact of the reduced TAN
erude feed with the second catalyst decreases heteroatoms content and inereases APT
gravity. Inother embodiments, TAN, viscosity, Ni/V/Fe content, heteroatoms content,
residue content, AP gravity, or combinations of these properties of the crude product
30 change by at least 10% relative to the same properties of the crude feed after contact of the
crude feed with one or more catalysts.
In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%o, 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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purified, transported to other processing zones, storage vessels, or

conbi nati ons thereof. In sone enbodi nents, contacting the crude
feed with the catalyst(s) to produce a total product is performed in two or
nore contacting zones. The total product may be separated to formthe crude

product andludaséR®)001H 2030058 2&ReRI®S3 glarRdrdtaReber A ting
system 100 that incl ude(J?%rtnvm or thg?ee cont act gng zones. IE FI %%i%gnd
23, cont gtdedepdindherat@Ong pokeides contacting zones 102 and 114. FIGS. 3A

and 3B i ncl ude, cont.acti ng. zones, 102 14, 116. In . F . 2A anpd 3A

cont acti ng zoyeorns coiichd JE e einelik zate Sy SBiS P EERBHEERR,  ones 1 n
one reactdhperdti, preusite, 19eReen s6hiTe FORL, Bflde MO, HQbmbimteal teidor104. In
sonme enbodi nments, the carrier gas is conbined with the hydrogen source in

10conélui Congstingepriditiangtin srcedbpdingenihase contreltad tagrodise 8 caglegreduct ure. In
certain odi men shown_in FL.GS | . 3A and 33, the.hyd L Source
and/ or tﬁgacsgfiglﬁ%&J§dé)3§§eﬁh$9néﬂ?1§|£ulf Hrga;%éa ncghgipé‘ﬂ%?%neclgﬁif Koer #é’%}%@'ggg h the
crude feed-4gepar 70-¢3y°C,i0a 869n0UTY P]r@@uﬁﬁid/anon{d@tiﬁ%dbﬁcﬁ@lh} Rihot PoRt @120 the
flow of the crude feed via, for exanple, conduit 106'. Addition of the

hydr ogenMGul e MRaybi0 Mis, e 1S MPag 4156 ahthercrads fepdwill sepcstiltaeger ude
ot oy BopERAE, D0t 304 87, BN, ofh o Sl SRR Y 105

cat al yst. act o e crude fee K “catal yst i'ncon
fornm) a fiscedeast § At 16Bbiel fle'edt sdaseht,|aslehst@d ichnt acti ng zone 102 to
contacting zope 114 . In FIGS tﬁA and 33, the feed streamflows from

contacting zofeenhodimgnis imyhichy the bydiegen sgrcaassrarisdas aaméSr enamplea 4, 116
may i ncl : b | 3 stream
exits coﬁ agéi nggﬁfz,gﬁgﬁﬁggtﬁ{:/?%é’%)tgﬁga@?gﬁg&ﬂg%f&eﬁ?Efyg‘eg‘%ﬁttz@?@}%ﬁggﬁe 114.

As shownfrom F1-300,98) Nritém?, 8661 81006 2m¥r’ 1 58000 Nantin -5 606 Nit%mii5a3,00mdui t

118 d t i 16. . h t b tact ed
with aqaRer Bia ot PERAF Ml Rictshivith ths st i) s The RHPEM toeattont cone. 1
16 tps f oemibédimiehQl BleoRbRRYGth JhBet Olsdads) %@%ﬁ&ui@?&ﬂttﬁroggrg%k%ﬁ{ab zone 114

and/or contacting zone 116 and enters separation zone 1 via conduit
zone. Carrier gas may be, for excample, nitrogen, helium, and/or argon. The cartier gas

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 asacarrier 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 contacﬁng 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 transported

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,

puritied, transported to other processing zones, storage vessels, or combinations thereof,
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110. The crude product and/or gas is (are) separated fromthe total
product. The crude product exits separation zone 108 via conduit 112.

FIG 4 is a schematic of an enbodi nent of a separation zone upstream of
contacting system 100. The di sadvantaged crude.(either topped or untopped)

enters 30sepanatdRPesBREming, y&ﬁaag%%&- brubié foed WitS &B%gﬁ%sgqg%é%{}ggl?o, at

| east a portion of the disadvantaged crude is separate H¥i%ques
known i n tetakpraduct {sfrsrfosnedhipl ayo eparti avgiactiegrboimse The pataiprodict nRdyERsS Ur €

reductio t oduce the crude feed. Far exanple, water may be at |east

partial | %%%%8‘%%@8“%%%’%@0 P%*aﬁd&aa%%_é d crude. In another exanple,
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Y

may be at least partially separated fromthe disa ntaged Cru B
produte tfie otiheeecontsctng Fameso e FERB U amh?B, comtackingsystan 00 tihedindeaf napht ha

and conp . more vol.at i, l.e ,t napht ha..ar eparated fromthe

di s advant% g’gg(gm@rzﬁag f ?r?ng 8% Eﬁ@ 8 d?‘ﬁé‘ﬂ? 3]3 1&5U5%_§%ftfﬂ%ln§c¥;°f%w2@fl 14.Hd6.
separ at edn BIORNOREHIS A& %bhtaSERAFGHek 902, 20RE ] ﬂ@%eﬂegic%a%%b%ar%é%oné}[&? crude
feed obtai ned fromseparation zone 120, in sone enbodi nents, 1nc udes a

m xt ure &PUEdPEHSATer. Wiheltradd et entgry contpstidi gond Hik viemonduint0d. east 100 C

or, in sone e i : Lling range distribution,of at |east, 120 C
Typical |y, th[eﬂj%g{ﬁar aioggneg}tggﬁée]@%gxgr E%Fgf g lrﬁdﬂlﬁ{ﬁF@y@Pgﬁ%ﬁ%ﬁM s with a
boi | thg camiyé 106 ahd istintréduoe b eitseiencd®RtihB0nés as haan@Re. Gt 200-800 ' C.
At | east a g@rti on of the crude feed exits l1lOseparation zone 120 and enters

cont act i AGPedEeRis, asbowa Bel 1§91, Stanpd 8B, thedydmgensoungaxdioethe canikt 88 1- 3)
Vi a condyy. t ” for rude .product.. | one
enbodi msﬁitdg ,eﬂ%lg%lgggg?%lﬁgéeoér@ﬁc?ég%gé&be‘gﬂ%g?i ct(%'il(g)gn%ﬁrf &%’é{?@gﬁf%ﬁon&&kﬂgg ream
of a desaid/oniyaudivettionAbtister py thedRksv ofithe thrledtateiaplopeahple)ddhdus dpgract i ng
system 1%8 %I a }g%%gat 112. 151 n sone enbodi nents, the crude product is

bl ended (T HOR TR STUCE frsl/ Gt caicr ghs eiuntesithe floavond bRerdeude f eed.

For . pxanfeke@ may REhALH HExiRE 2946L OMYcRE ﬂfeoém&l%%gd g&i%ﬂh@ c%ra having a
I ende u

different viscosity thereby resulting in a pr o "havi ng a

vi scosity thatomntact péthasanietved withaatl tsy(spin donecting denept0@dioahs afgdt he

vi scosi t ecrude. I.n another exanple, the crude, product nmay be

bl ended S ARG A Sim FoaR TR haBe P e bR dn Eontog ey 4 p PRI -ng
product 3Aahd SidshafcbAbréhations Reh wesBet e chéN19to Eé}ﬁa&fng%n@ﬁpéj.um and the
crude. The bl ended product ma%/LFbe suitabl'e for transportation and/ or

treatment.  Contacting zengs\iA2i hi411E6 sty ingludepnaprmersatilystnt As shomade f eed
ent ejps cgRt a8t P Geed Ui ' ndui 82104, and | east, a portjon of the
crude pr og}fjct P exits coﬁ?ﬁcqgﬁ%&%}g@e% %'lg U%aé"’%@‘r\‘am a’l(g%’t%fﬁﬁg’i“@cq%t r oduced
into bl ewdehid.zéneholB0n FIG. BBehdifag! aeas k30 comactiRasined 125pdnlign 19§ the
crude product is copbi ned v¥| th one or nore process streans (for exanple, a
and enters contacting zone 1 16.
The feed stream may be contacted with additional catalyst(s) in contacting zone
114 and/or contacting zone 116 to form the total product. The total product exits
25 contacting zone 114 and/or contacting zone 116 and enters separation zone 108 via conduit
110. The crude product and/or gas is (are) separated from the total product. The crude
product exits separation zone 108 via conduit 112,
FIG. 4 is a schematic of an embodiment of a separation zone upstream of
contacting system 100. The disadvantaged crude (either topped or untopped) enters
30 separation zone 120 via conduit 122. In separation zone 120, at least a portion 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 sepavated 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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hydr ocar bon stream such as napht ha produced from separati on of one or nore
crude feeds), a crude, a erode feed or m xtures thereof, to produce a
bl ended product, The process streans, crude feed, crude, or m xtures
thereof are introduced directly into blending zone 130 or upstream of such

bl endi ng lzengarialsy wpmdtettfickd Zhe AsiivahiagePySlE : in.or near
bl endi ng zotr:%]rw . The bl endedefprsoduct g?my mgﬁgfg%%?%‘édgggﬁ‘fgl&s%ﬁs

desi gnat &mbegdineats, aidpise8 pariinoe! naphihe pod campomndsaneicantatilihad waphtha arc

speci ficat. ncl put. are not imted to,, a range of or a limt of
At r ave R RBSHE St ofifhe o SibS frabPiafealy tee Birdrimp b duct
exits bl eqygiangl epsonda@ cit BeFAAM 2onkI20ta &dhitangaported or processed.
In FI 6, the di sadvant ag\eig%rude enters separation zone 120 through

conduft 122, ahgcrse fkeded Hgeicbeparatien ronesidifaimatontt @sb@tievieUstldes

descri bed .t Jeed. The crude feed then enters contacting
syst em 186‘{ i E%%%B@gﬁ%{&?g’?%&%?g Faélggfhsg% 108&?65??3?&@@ oth thseme

di sadvantmbedmentstiebeiking riseRANaib o k30120 © Conduilly, iR4ephlidl east a
portion of the crude product exits contacting system 106’ an %n ers

bl endi ng“26n&ed serludes gupikturs wd apmpanets withe boflingoeses Esiribatien betdker cr udes

enter bl gndi Rey 3301 [ ect) yar via conduit 132, and .are conbined with
the crude p?%@uﬁgglg%éﬁgrm% eglnué)(ené“'pé@ﬁ%sgﬁ.poﬁihoélﬁﬁgﬁﬁ%@e&w exits
bl entl] ngsepemntod 3tnevi2 andrdtsrt cdBdetingystenel Bnbed feRRhspld, bR &)'hﬂlqﬁngr oduct

and/ or the bl product are 10transported to a refinery and/or
t r eat menfo PRI FHEY 1-5wé condyl 18pda be futhea pencessed tofaspdeduge odoct. day be

process e%rﬁ@en%dlﬁjiﬂ&ﬁs,%%w&ﬁ 3 nem’a‘g)g‘ﬁﬁ ﬁ(ﬁéﬁ?@(}ﬁ%ﬁ uégﬁga)?ﬁ I&E,é(?\}.r i re]:al{ng)ffl ’

heating fuel, lubricants, of ¢ ocessTn @ 1ing

and/ or fdeseltibgnait) ftdi soiéssingg tHemude prdduqieniisicont@nihe ey stbhendad: psRduct to
pr oduce pne or nore distillate fractions. In sone enbodi nents, the crude
product, the bl ended product, and/or the one or 15nore distillate fractions

may 15e hydr otlheaine@mbodimenks) BOFRIEFRANETED rd qdycts.has a TAN
of at nost_90% at nost 50% at rmsP%gO% o%eﬁg%&?r@gt%cmtg%ugﬁgsf%ﬁa& t he
crude f&B&itigrentdenye thersedti fesdt Sor exantde, phodude prelscanTAbe tomBint@NgE 0f

1-80% 205;40%,: 30- 609 r. 40-50% of the .TAN of . the crude feed. In certain
enbodi .rreg?cge,qw%'ﬁl ac(?gféi]een%f% tjqétlyqlf‘u‘:"afgb%r Rl %Lieﬁgﬁq prf,gugthaﬁﬁgta vigqsigy 5, at

most 0. 3hatat betwstn Me Ziscadity®isthe Orutle pesdudt adiBk vicOSty JPN: Sfuat NE: S0
product wil|l freﬁuegtly be at |east 0.0001 and, nore frequently, at [east

0.001. [FALBigethe i Emay A bignded avithrqrade aviee T Abtpabis differantt ange from
0. 008 t @ghd B4 I enbodi nents, the
crude pr odﬁ%p ha%}%é ?8{63%@%?17& %%ﬁ%ﬁt@aﬁ% S %?twg?n %gﬁgg’%h@a@ Pg%% at
most  109@d de amedst Byblodediprodst naYtbokuitdtde KMriMhERraaoh emd/opfediien25cr ude

feed. The cr dgé}grodugg25 in some eg?o%i ments, has a total NN Fe content in
a range of 1809 V1H ¥08y>> 3CEEIR CHPOGmestsyfie foed ot Fentecsingsrtiennf t he

crude f@e@lyialdanduit 104, and at least a portion of the crude product exits contacting system 100

via conduit 128 and is introduced into blending zone 130. In blending zone 130, at least a

25 portion of the crude product is combined with one or more process streams (for example, a
hydrocarbon stream such as naphtha produced from separation of one or more crude
feeds), a crude, a crude feed, or mixtures thereof, to produce a blended product. The
process streams, crude feed, crude, or mixtures thereof are introduced directly into
blending zone 130 or upstream 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 inchude, buf are not limited to, a range of or a limit of APT 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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certain enbodi nents, the crude product has, per gram of crude product a
total bti/V/Fc content in a range froml x 10-7 granms to 5 x i0'5 granms, 3
x 10-7 grans to 2 x 10-5 grans, or 1 x 10-6 grans to | x 10-5 grams. In
certain enbodi ments, the crude has at nost 2 x 10-5 30grans of Ni/V/Fe. In

some enbodi ment FIGt Hehd @kadvalliabd FRICANRNenSifati [:
70-130% 80-120% or 90-110% 3? the Ni/V/ Fepcgﬁﬁngﬁ?ﬁ%%ﬁht'hhg‘;'%%glé‘d‘;“gé%%

In some Yok M@Ftagmr@dﬁiﬁéemrai@th@ﬁtpm’mimlytdﬁsaﬁb&chntfem tlef crogd kg, i n
nmet al sal f ni cids of,.at st % at, nost.50% at npbst 10% or
Tt st e Pt pRElsiPuRp sy 100 frofih i iRe (Rt loPbsne ani do

in the crug@oh@fdfiromthCeiidiafta8eadid®eT Separatidh®.0pE 498 vof QG 1Q§.Sé\8 total

content of netals in netal salts of organi'c acids in a range of %
10- 70% 2osbopgrien ofhesosdeqrodustetitstcantassing systenf | Ofendlestarnblerdiay zeal t s of

organic } | rygde~f,eed. Organic aci.ds that gengrally form netal
salts i n??ggg?h@uéor@lr@lgg‘t Oﬁefrplfoé;ﬁss% ?a@grﬂgg%\}ﬂ@%gg&tgg,lep%nézgx}e 134 des,

sul foni c dixeéttisor vimeorRlult100ahe sre xR hScras BRI © B&h qu gy ude, but
are not limted to, naphthenic acids, phenanthrenic acids, an enzoic

aci d, Th&wweh Thediendsd perduehaxitybiearingazans 138yis ewiduitel 38l kal i netal s (for

exanmpl e, lithi j . i L kal.i ne-earth als (for
exa%l e, magnglglggunrlﬁ:S 8@% Cl Sﬁ}@ﬁgﬁ%ﬁ@%ﬂoﬁm A%Plﬁé#ﬁ b%f’%ﬁgpléqd;]%% #6r (exarrpl e,
zi ncl@nd troagheitdq a Sfineryranior oeteainsent failigx amel udy HOBIG)and G LHNRe Biclet al

(for exanpl e, chr]g)mu , or mxtures thereof. 10 In certain enbodi nents,
the crud@9REdNRY bharscessedioqroduss cemmegiahatodnets swehys tnsgertationdtelor gani ¢

i ds, ' : 04 rang. to.
0 00005, EBEATIhLHES oPUREHEDS. PRoSs AR AN ARRRD RSB ARGishBue

grans t odBtiddgohe gudeprodictmed/at Blendednodcisalpirsduet one ganioe digiidge per gram
of crudegpr.oduct. In sone,.embodj nents, a.total content of netals in netal

sal ts of TR 04 SRR ORI he E0D BBt LRe bendst a9t SO/ 200pment

90- 110% wiord dietillaé BhetfRAR LR beBydiRkakg. i n metal salts of organic acids in
the crude feed.. In"cerfain enbodi nents, API gravity of the crude

prodict pr odubewuferaphadinens thofrudhprodratieastaBaNviftah mrat 20%s4t mat S0%e

contacti it i $ ot 0--1,30% -sL20N 9Q-110% or 1Q0-,130% of the API

ravi vy D fRa0e bERSlb T TN R SRR et ' sabre cbRdngPib e the

crude prpddedt hasa TANTnIdradgs ofl58GR, 207 046-30560%, or 40-$0% GE il ANGFRdi ment s,

t he crude g{/feggciq has, a vi scositéhof at nost 90% at nost 80% or at nost
0

70% of tH#8 ¢eytagy erppeimeniy dhe de predusbhes £ FHOHeTAimeest 11 dtenast ude
product §8Satdndst 680 b - 6095« 2 % 4.0r.30-40% of ..t he
vi scosity of theég’r%télg(ystI ggagtr{lﬁﬂgghglf ael%‘rglg | r'r%sn'tg‘,&gf?@hgf?%(%?m‘vcg‘fvﬂ{ he
crude pr 0tly be aitleasb81000D80d0 ncrd fre@iuiths aslesst 0af01t e semydmbbegdnwhi | e the
API graw_’r}&% e product is 70:130% 80- 120% or 90-110% of the

t

f th
AP or vl A Rl ARt B alrnck o L, 0.1 10 L1 021 @ AT, hae
total heteroahaons eﬁ%@@iﬁﬁ&ﬁs‘?fhe@&ud@ﬁ&d&&%a?%:t%tgpﬁvagc/&rodlg%ntggﬁtén&ﬁq% or at

nost 5% of0 the total hetcroatons content o e n certain
enbodi ne%t/s,at et WWade leﬂblﬂ%l atpyzost 8%t ot at mhett 336 ol thesl/ ¢ diet @atenodf BOat

lhg??rso ;E%Lrlr%t fg%cﬁf@% gfgﬁ% pl%ﬁuétﬁ%ss%m%%% o%rimgrtlts,l heagattot%? I()\/ﬁ/?/f /¥ €E Qoentén?%? L
range of 1-80%, 10-70%, 20-60%, or 30-50% of the Ni/V/Fe content of the crude feed. Tn
certain embodiments, the crude product has, per gram of erude product a total Ni/V/Fe
content in a range from 1 x 1077 grams to 5 x 107 grams, 3 x 107 grams to 2 x 107 grams,
or1x10° grams to 1 x 107 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/Fe content of the crude product 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%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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the crude feed. In sone enbodi ments, the sulfur content of the crude
product may be at nobst 90% at nost 50% at nost 10% or at nost 5% of the
sul fur content of the crude product. In certain enbodi nents, the crude
product has a sulfur content of at least 1% at |east 30% at |east 80%

or at | eathe cBffopaddubligassitblall EoB@itt etk if RR ki ff[o‘:r‘gagﬁc}%@(}%%raggq 9500

enbodinenis the sul fur content of the crude produc
or 90- 110b8%: d rd0%uRI-1PYs onBeTD% 06T thhdotel emitert efthetalninsnarel ei dbrRALS

t ot al it y f he. d b 1 st 5 90% 1 1

b0% ar raRBSR s ORbENke ] Ol SR RE SR T Bl Bhtucler Dt Bt de

feed. in limitedioncabRGUL aBIE Sthiold) emeded S RRRMEDs. hassohatkal EQEJH)%SS/P .
as 00 e

contegt of at |east 1% at |east 30% at |east 80% or at le

total ~ni tP5BHlieandenelude, bt aregiof diniteded, naphthenid avidsopleenenthoetiiceeils anbasi ¢
ni trogen 2nf: ;s Ofry R t at _nost 95% .at st. 90% at nost
S0% ot raro g oht B PRl R BTl el BBl ke sxampiehe
crude fedthiuhy sadtuhpamd witheintJPAkelind-SRHCMBES @6QRUGHID [ it rogen
content of at |least 1% at |east 3(1)%@ at _Ieast@%ot{/o g%’gﬁgﬁggﬁ’%%f t he
basi c ni t@é%@dweb ftodHn b matads ey geanplegzine and cadiivmprféolemibddi metnlgort he
oxygen CRieRie : e at nmost 90%  at st .50% at
most 30% at B%Ddg{enffg%&%?ggtlﬁér@gﬁ%%%pﬁ8%8539'6[351 058?%%%‘19?3 ngref’f\e 15 crude

feed1® n cert dicerbibadbodintests, thh eredeustedpit by s tothiawnnt OXMERIN GoRkgnt of at
| east 1% ggt Bfeast 30% at |least 80% or at |east 99% of the oxygen content
of the crieoliodgie ¢ SsB‘FFegréﬁ‘Ft?gé}F‘Fﬁ%ﬁr@‘,luqtﬂé agRygserom IR0 bgranseocr ude
product 00005 BrakRNEEmMT0. &b B %mL8-0. IS 26 el L he oxygen
content of thegcr ude feed. In g‘one%r?ﬁ%@%%g?’%{Qﬁgﬁig't%g?é@o%%ﬁtm of

car boxy! 00881 erapsmbmetals irometd] sltsraf degamiostidd parayarhef atudepssdud0% 20 at
nost 50%&01%5@{}5&3& %Ot% %i most 5% of the co%te t of the carboxylic acid
conmpounds 1 A Lhe eradet aé&pntpﬂt%ﬁsrp? Sl SN R HB Pk @ anip acids giidiesrwiduct has
a toldl pomduerit 70130%) BRALOILC0r90-9 1R BTG I%a1 Wbnidht GASHI LRagt 30%
at | east 80% or at |east 99% of the total c%ntrén%lt%f cglféjc{%?%lcsalscoﬁj
conpoundSTERRicERigs & hgerydedsed. | n some enmbodi ment's, sel ected organi c oxygen

conpounds mayybe.& . 5crude.feed.. I n sone ntp){%{/j' ment s,
car boxyl i c aci aﬁﬂ# or %ﬁ%g‘_gw@aﬁz '8V OQ%BBW!HTQC?L%P’E@U ﬁ%‘é‘ COHgRi fal | y
reduced thefeorde feminwitiacdiobyy, inothe OGAM@H NGrATERR] i§ 7048067 S6OTDOAOIS10%, |
Car boxyl i c]cpg)ci&%@, a g g%g car, box%/l i ¢ containing organic oxygen conpounds in
a crude frodu ?T‘EI{} pétdigravaly oh thatade f9edo by kenmn bpbpdimehts, Wl gravie ofr oduct
usi M gemslalde)prddeM8 from 14-40, 15-30, or 16-25.
In certain embodiments, the crude product has a viscosity of at most 90%, at most
80%, or at most 70% of the viscosity of the crude feed, In some embodiments, the 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 crude product is 70-130%, 80-
120%, or 90-110% of the API gravity the crude feed. |
In some embodiments, the crude product has a total heteroatoms content of at mast
90%, 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 Jeast 80%, or at least 99% of the total hetercatoms content of
the crude feed.
In some embodiments, the sulfur content of the crude product may be at most 90%,
at most 50%, at most 10%, or at most 5% of the sulfur content of the crude product. In

certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at

44



spectroscopi ¢ nethods (for exanple, infrared analysis, mass spectronetry,
and/ or gas 30chromat ography). The crude product, in certain enbodi nents,
has an oxygen content of at npbst 90% at nost 80% at nost 70% or at nost
50% of the oxygen content of the crude feed, and TAN of the crude product
is at nDSkasPQ, &lat W@%t@ﬂ/@%ﬂ@tsuﬁﬂ%nég%f thE c?ﬁd %‘irféfentl!n%aza-m"\{ of the
crude feed. In certain enbodiments, the crude uct as an o

cont ent dhe atlﬁﬂr@arﬁtntpﬁ?¢hmudﬁemducsm%0 b:iO%&)sﬂZ&%%)r 20-1380%| Falsd s 2Q% of the
oxygen conéle {%@é g/{;e de feed, and the crude product has a TAN of at

| east 1% At Y4t C™8094°°Ht | east 80% or at |east 99% of the TAN of the
crude feed. AdgiéhoBabbdimet

carboxylic acids and/ord'h%1 ﬁgﬁgﬁlggﬁ}ggﬁ%?ﬂ%?%%g?@\gs Cféleiwl’l?{) %%’r‘ﬁ@?t 90%
at nost 9% atmostdes, B0%pstol0Yator phibst40be D 10u:h!antmgdecdmﬂ of grctradeont ent

f d thin 70-130%
80- 1900 o dt kg BbOREBR oA Gu YR R R Hoem CoRRPL (At yeren1 %,
conpou ndat I@ﬁstt%b% af lgske 80 dr atl1Basb 99 o?ﬂ?éqgtbfrﬁm%egtcﬁgteﬁf &e6e PR "fg

includes, inits mol ecul ar structures, fromi grans or
0.09-0. 13 gr akBSwRe m@%@éms,d@ﬁlcgnmﬁeotomﬁm qha@mgbtpromImywdmo@f oduct

may i ncl 8o I L om O, ang or from 0. 82-
0.88 gra @g%b?hﬂogrttggﬁ’wgéeﬁgég{rg/’ #m(?? L}géeﬁfﬁt 8§t5§q(%é]%‘?}%‘stﬁnlgf’%qﬁ@nmrogen
Lo aton of tharchela fédd, @hcafta;hléﬁlb@dilﬁ%t Fm@@m ;ﬁ@ﬂu&qla%tbml@ niifs &%ﬁ@:c{ -120%
or 90-110?{%%1; the atomc¢c HCratio of the crude feed. A crud pro

at o ¢ 1 49taeashi orhdpash i Ovo1 T IoBHE R, ast lunet Whdd thebicnitnpen Mﬁwfxﬁbfo
i ndi cat egthate fP Qf ake and/or consunption of hydrogen in the process is
relatively snal "and/ or that hydrogen is produced in situ. .| The crude

product i ncl uhﬁ@nmmmdmdﬁnmas whé dm@eﬁ angentf o thidB graiRichingy bt Bt SEEE
enbodi me%& t he géy l'ﬁq,?ﬁgg i ncl udéas per gram of the crude product: at
| east 0. OO rat >V at /09 B, I@/%Ob%téffb@sﬁf%lﬁ’ﬁﬁwg%mtwtwﬁﬂw

boi | 199 &angeeed] & & | gast
0. 001 grains, eor ﬁ% récgérlﬁmélﬁ%ld% e@t& gt?%‘r?r@dgﬁ% %r ocaa%b x&g%&}?rh'\{@;{ QS@“ f‘ﬁg range
distri buﬂ%of#l%t &@émtimt}?%dom@a@ 9906 Of t]hé)ﬂ)}dyg‘an caftetedsic @u@Dieegr g5, oOF

fromO.0 drocarbons. Wi th a boiling range distribution
bet ween %Ibe g‘%@%%’{gﬁnfﬁﬁ?gw the grudegpradugt i§6n a grgggtong  -§0%p h0-

0. 001- 0. E%rM%forfBﬁdimaf@@@iygéﬂ%nﬁnp&'thé RGuAAREE ﬂi@trﬁéu%}% fifle %%t ween
300C and_400C at 0.101 MPa; 25and at | east 0.001 grans,

0.5 granefialppaiesteliawsylis aeid sompeunids gf ﬁlam:ggd@lpmductbuay bmatbﬁd)swe%AOO C

d 8 0} 0 o d d
?ﬂcliﬁ_geﬁr’g‘;&%%ﬁnﬁ@é?ﬁ’ug nﬁé% thg F%I? g‘f%q% E"’@Yﬁ’;‘#&e %&%@r bons

with a bibe kiudg feedn Gecetiast émbcbtimﬁﬁtsofbe a;tud sdd P Baln ﬁitalQ:oﬁﬁglt MR (%115’63{%419" at
| east 0. 00 r ans , of gﬁdro rb ns Wt oiling range distrib

30bet we et revgdsofshiragt Lo, 4 %’étﬁ%élt Teast 80%) pr aideast bodithretotal, t he
crude prd@yﬂtéﬁioﬂ'@}’bdi?}{@d&&cbxﬁg&.ﬁnd@n‘?ﬁ%o tdﬁlf&:%i or at |least 0.01 grams of
no

napht ha per 3r am of “crude duct er enbodi nents, the crude product
may have a n pIﬂ@rlnaembﬂcﬂxmnteo%haitedrmgmﬂ@o@ggnaxmpc@md@tnamstre&m& of dgs of

naphisha dtdle 8L A Tn%]z)m% ey %dﬁ{c%gs? gzgrboxylic acids and/or metal salts of carboxylic acids
may be chemically reduced before non-carboxylic containing organic sxygen 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 (fdr 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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In sonme enbodi nents, the crude product has a distillate content of 70-130%
80- 120% or 90-110% of the distillate content of the crude feed. The
distillate content of the crude product may be, per gram of crude product,
in a range from0.00001-0.5 grans, 0.001-0.3 grans, or 0.002-0.2 grams. 5In

certain ephedi feRlcst 1ReatqEHLe0%m! AT VRt SOt 2030 80-
120% or 90-110% t(ljfsthe VA content of thzocr\g e feecﬁﬁl&tlmglqsY zIQcerrglg{)d‘?ftrgnents,

t he cruddhpersdefiedha thperdg peaduefhas pJdeN pf otliizest, 19, WEBscH arilledsn8E4r ange
fromO. 00 0 [ 0.002-0.4 grans, or 0.001-0.3
grans. Qgéﬁﬁtgﬁ%‘;@ﬁ%ﬁ&@ %‘Pf %ﬂdgéegggroduct has a residue content of

70- 130% 80-  1QM2A9%alIQ) th9Crulid QP6cRE: thAEhdve s éﬂiﬁerﬁ%@é&‘%xﬁfc s Llapgde feed.

The crude product may have, per gramof crude product, @a residue content in
a rande frgthseltooiebaxyc gmdmf at m@oPs, aa naosgr’/@% at M080884 mrzat graat)%

0. 001-0. ar .0, In certai

enbodi et SeRle Bed 44 S <Balh o ion Yreplie Sotalitregnic pxveth Govcingsy o
90- 110% fithihe)-MER4CEmY zm%, of o0 hees bEngie nt)ﬁﬂﬁrboe@hh @oﬁtbﬁmizg Mfg&ne bR has a
C5 15 asphaltenes content of at nost 90% at nost 80% at’ nost”50% of

the C5 asphaeyses thecwpdetsed.of the crude feed. In certal n enbodi ment's, the.

C5 asphal tene e .e 00/ | east 60‘V O
at | east 70% 21} &i}ﬂé 8%&058 nehm ttllenILe{I(saggi)on lgt i U%E ’%até r“?j’é ?é%HCW% %Olphqe MCR
cont éit  Of0Sthes grander Iffotnd(l@t) 0.5 mabkb bflh)ﬂc@oéﬁ?/p@fgrélh%f VeRegontirnt Tid

the crude feed. In some enbodi nents, decreasing the C5 asphal tenes content
of the cFEPRIucERaY fisluds, Rdisrpalpee iractet dkamy 818,08 gameonomdoent may

t: / t\0 t . I n
some. embodl Reate ¢ B shF oPLHAZHBRR, bolle Bt Bl WCaom
conbi ned carbOIp(WdD@é thee amﬂd‘qanduuut aaly beevidin BAsI30p, 50t M04) o |96-1|1 D%hoﬁ/chéCOSi ty
conponents _i.n e.cr rqdyct rel ative to the, h h VISC conmponent s
i nn'}tjhe CF‘% F@‘g&a‘wﬁqﬁ%g g‘?{%ﬁﬁ & cradeprpslsgt atorpic f ﬁaél@d"l A& ¢lenes
cont ent  gRAn@eGEsRomEER/ MR GARERR! thAB L& SRR SEAEHidYof dﬁ) mof a
Qﬁ%d a crude pro ﬁ

crude product C5 aspitaltenes content tent may
be repredBitegshiy rSﬂthel'hemshrmdffmﬁlabhwb@gmmsemmwed1111)3151) to assoss the net

et on 10 DOl R SRS S S bRl o
ermbodi meanhbodimerid] the cafde PR BOMEEN) berQfrathhsy tﬁé e BFIRYE bt felst G001
asphaitcues content is in a range from1.0-3.
grams, or from 0.001 to 0.5 grams of hydrocarbons Wlth a boiling range distribution of at
20 most 100 °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 100 °C and 200 °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
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 andat least 0.001 grams, or from 0.001 to 0.5 grams of hydrocarbons with a boiling range
distribution between 400 °C and 538 °C at 0.101 MPa.
In some embodiments the crude product includes, per gram of erude product, 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
30 between 100 °C and 200 °C at 0.101 MPa.
In some embodiments, the crude product may have at least 0.001 grams, or af 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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1.2-2.0, or 1.3-1.9. In certain enbodi nents, the crude product has a
MCR content that is at npobst 90% at nost 80% at npbst 50% or at npbst 10%
of the MCR content of the crude feed. In sone enbodi nents, the crude
product has a MCR content in a range of 1-80% 10-70% 20- 60% or 30-50%

of the MR corugbincehbbliendts) R dRbrodite hs R ANUGLnEE70.1 J0B0HE:
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crude pr doait0.3 Brens; af QDYB0. 2v@¥massi st in stabilizing the crude product
duri ng transpqrtation and/or treatnment. The catalyst may inhibit corrosion,
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duct . {Mgé ' i b ' d to add,.
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The cr uderghothes) pgriped ofctulis prodacnt 3D BB RALOBAS). HIRASH ki €S
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conbi nati ons gﬁ%ﬁ?@%@r&eﬁﬁgggﬁg ggfgéﬁgtt hc%n%%ﬁ d;ue ﬁéqtgﬁﬁ?@“@% 8%"
asph&l t eAé@Yconlleht0% gf the eetidectoMeRt ctht enide 83d. | TIEY @a8eproARk: AaENIEY: 1) a
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or
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d odus _ Y t 1 1 select hwel y_changed
crude progushms, d0RELVE glafhst @.@o?g?ﬁ%;@@ﬁﬂ@o%b gBfs! 5 (ﬁ@[ b.‘si L%é’lpg,mi gl y

whi | e other properties are not c as nmuch,” or
change. For ekuepsiain embodiragnthdhdesile ploldectthas My Rsedreait of 803 308d8ge TAN in

20 0 ' ignifi tl h ' th t of oth
Component 2761 8Os BREHEnE MR SpAoheatfirtadrody WY gie Sl proveties & Granner
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and not on red on of other conponent s?’ OThus, th(}:){)%gweg?s %ﬁig&léeﬁg%e feed

can be ymﬁggﬁﬁkmd@ fepsh g crisain cmpadiowsts, tiwd Gcasphelianes toactofiydsagen is
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20 feed while maintaining a relatively stable MCR content may increase the stability of the
crude feed/total product mixture.
In some embodiments, the Cs asphaltenes content and MCR content may be
combined to produce a mathematical relationship between the high viscosity components
in the crude product relative to the high viscosity components in the crude feed. For
25 example, a sum of a crude feed Cs asphaltenes content and a crude feed MCR content may
be represented by S. A sum of a crude product Cs asphaltenes content and a crude product
MCR content may be represented hy 8 The sums may be compared (5' to 8) to assess the
net reduction in high viscosity components in the crude feed. 8 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 erude product to Cs asphaltenes content is in a range from 1.0-3.0,
1.2-2.0, or 1.3-1.9,
In certain embodiments, the crude product has a MCR content that is at most 90%,

at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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Cat al ysts used in one or nore enbodi nents of the inventions may include one
or nore bulk nmetals and/or one or nore netals on a support. The netal s may
be in elenental 30 formor in the formof a conpound of the netal. The

catal ysts described herein may be introduced into the contacting zone as a

o eoursor uand i bEUBCRELNG 8Py ALl LE AL ARk g zone (1or

exanpl e, when /[or a crude i'ning SuP
with the gmbalimsos) fomid0atlal gainso.005:0tZRRAMYr 00 1cO0ElgyEhs oEBRKR ?ér

descri bed_her may not be commercial catal ysts. Exanples o
comer ci ab™ ’E’a‘ﬁjaﬂr'ilgé ‘?‘H:é are contenplated to be used as descri bed her ein

caar: oasa; Oiles readipoddas ey PRyt S el Moo
DN800;5 DNessitBan @Mmﬂs, 0mNBAGL().ODN ik, oDNSBEIL-0. DN im RGAOR] cﬂé}ga{gjel

1214412, 50; RN650; RN52 610;
RVE30; - RUBOSO CoR 3 00igbat HoAgsal sty ogean siab i o pEale BAdic igas vhi ch
| t
are avai | adiksportdiRMahor iBitgkRAl TIRNGkalyd: gﬁug rlllggﬂg ?(glgéebrl?lij[ giéﬁ% thﬁtg’m@ Iﬁ%@{grf ced

In sone enbodi nents, catalysts used t0

i ncl ude da@eese Wﬁleﬁemmimn@lﬁtldsoafﬁh@ afugde plrmdacts gihods. dﬁ@Oﬂlbﬂﬂ'ﬁ&l&nlﬁ’am al (s)
i ncl ude, m ted m . chromu ybdenum

t ungst en, Al %%ﬁé%gd(p %ﬁ%?leﬁ?ﬁa yrsﬁéjrcff‘iﬁ’?ﬂed IS toé}ﬁeo%ﬂ"‘glﬂ PR l@éﬁmﬂ?ﬁjt heni um
pal | ddi um'eatdimﬂj um osmum iridium platinum or m xtures thereof. The
catal yst may have, am of catalyst, a total Colums 5-10 netal (s)
content of at Jne#£5¢ @(Pfe&ﬁip’g}d@m@l from dovastingsysom Hi0anas, prapertiendiffefnd 1 gram;

orlnartﬁi{hqﬁ. I 05-0.3 0.1 grarns,
0.01-0.08 @ né&ﬂga ‘Qﬁg‘gg‘é‘lﬁg f%ﬁ%é&%n‘{l’gr ey ﬂ@yalaﬁﬁegﬁw f‘rﬁ&‘){lﬁ%ﬁ@ vdn 15,

el ement ( sgducnd AAN; th) onluiced vibeose) ¢)TeGucad ddalFEIBIEE Shnt ek Qm?écﬁr%e@f:o um. 15
el enent s |n l.ude hosghorus The catal yst may have a total Colum

el enent (?gﬁ By ox fragfto Pt coapbipgiians theareofam gediced rﬁ@dmwmu,d) tedycadrs,
0. 00961- , | t
0, 20051 € OBt i coBeBRAI AT 1 Q001 Aol BIAR il L1

have, peﬁogﬁmmf@lﬁet@laummy@ﬂ salts dfot@lmc@mlidsm jPcorebiakiic)s BeRbENn Rineat | east
0. 0001 gr%%s east gwarns, cht Q.02 rams and/or in a range
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et o o § T el RS SRR PGt i g SRR OBt asm e 10, A
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0.1-20 or ar ratio of Col umm metal to Col ums ~7-10 net al
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since les.s of such hydrogen is dlso bemg 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 io meet treatment and/or transportation specifications, then such crude feed may
be more efficiently treated 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 acttve as a catalyst in
the contacting zone (for example, when sulfur and/or a crade 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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I n ot her enbodi ments, the catal yst includes Colum 6 netal (s) and Col um 10
netal (s). A nolar ratio of the total Colum 10 netal to the total Colum 6
nmetal in the catalyst nay be in a range from1-10, or from2-5. In certain
enbodi nents, the catalyst includes Colum 5 netal (s) and Colum 10
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a

enbodi nment s, 688 8upport i ncludes gamma al um na, theta al umna, del
grams, (.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 a combination of Column 6 metal(s)
with ene or more metals from Columa 5§ andfor Columms 7-10. A molar ratio of Column &
metal to Column 5 metal may be in a range from 0.1-20, 1-10, or 2-5. 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 catalyst includes Column 15 element(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 Column 10 metal(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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al um na, al pha alum na, or conbinations thereof. The anount of gamma

al um na, delta alum na, al pha alum na, or conbinations therof, per gram of
catal yst support, may be in a range from 0.0001-0.99 grans, 0.001-0.5
grans, 0.01-0.1 grans, or at nost 0.1 grans as determ ned by x-ray
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i ncor por tal r eat aped m xt.ures of
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concentr ro
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Publ i-cat ZgﬁyﬁﬂdVaBQOBﬁgd,Mﬂsyﬂmlma}S]&h)e Col ums 5-10 netal (s) and-support

may be m xed th suitable m xi 25e forma Colums 5-10
metal (s) /s up%? suppoxt, in sgme-gpbo %gzp % @eﬁﬁe& sucg that the support lhas an
average pore diameter of at least 150 A, at least 170 A, or at least 180 A. In certain .
embodiments, a support is prepared by forming an aqueous paste of the support material.
20 Insome embodiments, an acid is added to the paste to assist in extrusion of the paste. The
water and dilute acid are added in such amounts and by such methods as required to give
the extrudable paste a desired consistency. Examples of acids include, but are not limited
to, nitric acid, acetic acid, sulfuric acid, and hydrochloric 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 fime
(for example, for 0.5-8 hours) and/or until the moisture content of the extrudate has
reached a desired level. The heat treated extrudate may be further heat treatecl 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 least 150 A.
In certain embodiments, the support includes gamma alumina, theta alumina, delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alurriing, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, 1nay 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

50



metal (s)/support m xture may be m xed using suitable m xi ng equi pnent,
Exanpl es of suitable m xing equi pnent include tunblers, stationary shells
or troughs, Muller mxers (for exanple, batch type or continuous type),

i npact m xers, and any other generally known m xer, or generally known

devi ce, tbatmyhéd bpiirdpdiltaddioay I€gohbankalimens, e é@eﬁ%elgﬁhﬁiiﬂl{e? )a{oglg %%g{ t

m xture. In certain _enbodinents, the materials are ums
5-10 net afqRYingtion witlepthey foema af plamise, ke nedusionteditspepsed of o, in
support. . ] iAents, the l.yst is heat treated at

t enper at ur 657 ?[JS% @ggﬁﬂg ‘?65% E &’gf, dT?r% o9S &@@6’(’?3}%’{@8 %?m?*%rﬁ%%ﬁ@-’ YC-E er

conbi ni ngdiffetistphosdmendhbodiRentethakupport may havk Bt %B@.P'@P&g@ he

cat al yst ma%: be heat treated in the pprpesenge of hot air "an f%ff%%ﬁ?'g%n rich

air at’ a %8 &gl &S iBFngs, pamideash 88 asens alibete alumaina @@ mnedimox-gayvol at i | e
matter sughydhay at least a portion of the Colums 5-10 netals are
converted to the corresponding netal oxide. 5In other enbodi nents, however,

the catal yst ruppbeehendlyits enlyéd prépatddarsPibesaaary Rhothcailvst res in
a range ftrﬁéﬁiBS_S 0 C (for exanpl eé;p bel owg%%o C,ybei)owcﬁooyscs{)gpg%@b%w 500

O for a BYS-oFXUPRES Pheakalyd meparations are Jesroibpd in b5 . dlatane Nosn@R 18,83y of
t he vol ati}l nt .G LI i 5-1C tagls to the-
otal oxi dorCara R 2SN GERRNE ] Al BRSO Bt BT e e 4o
as " JfAcallsiese dppbetiahPabEcatibd No@O0RHH 839)soBane prepared in this manner in

conmbi nation w,th a s%%fi.di n t hod, the active netals may be substantially
di spersed in tRESEFHEPEimes Seagrsé}??%@%be yyRewdedMihisetalte fawser i bed in

U.S. Pat eafaly¥Skn Brtdih@ndbddithCnt Gk { i Fod 84l Lo Gabriel ov
et al. In ceyry?aiﬂn enbodi nent's. a t%@ngésﬁ%%ﬂﬁ?%uppggp&%%}g%é N ned with
Col unms  15mn 4@0-A24%T(E 466- 1069 BCaot G900 Lpriarao snprenit@oitiasndallg, met al s

m Xt ure. A alumna s ort/Col.ums,5-10 netal s m xture may be heat
treat ed eslimg e{nlegrgr%lénreé‘%sﬂ%p%gmgﬁ 1 i%é?ﬂyit?dw@ gwl?ﬁ)ﬁ’rrﬁpﬁﬁé‘oﬁgf Hewstalyshvi ng a
por e1§i zExdinples obithjprepnationid iFEHESRCIRRY Ri P ARRIRNT, AhyAne Q A
Typical ly,. sgch heali‘) ?;_eati ng is concdluct etlzl at télrrpe’r a%lﬁérnggﬁgﬁh‘g%@%éfc 1200
C. 201 n SofdERIBmmanis, onmixterapibereot.(ei t her a conmerci al - support or a

t | ' mbi ned with t ed
cat alyst "ands o AP A O AIrERE JELAL AT, REnENIAAR ki bR dppor t o
cat a: yst Cotumrisricl @idetals) wnieat Seatet dHap&) mixbets SXAMPo (“sNelaSHRPPT t ed
cat al yst

and/or the hul k metal catal yst nmay be crushed into a powder with
an aver agg e’g@?’fg ?tfné’“’g opdon ?%ﬁ? head dr eﬁ%@ F}éﬂﬁ’&g sorpest Ingvingn subsgantislly or
20 relatively uniform concentration of metal often provides beneficial catalytic properties of
the catalyst. Heat treating of a shaped support after each overlay of metal tends to improve
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(s)/support mixture may be mixed vsing suitable mixing equipment. Examples of
suitable mixing equipment include tumblers, stationary shells or troughs, Muller mixers
(for example, batch type or continnous type), impact mixers, and any other generally
known mixer, or generally known device, that will suitably provide the Columns 5-10
30 metal(s)y/support mixiure. In certain embodiments, the materials are mixed until the
Colummns 5-10 metal(s) is (are) substantially homogeneously dispersed in the support.
In some embodiments, the catalyst is heat treated at temaperatures from 150-750 °C

¥

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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25 40 mcrons. The powder may be conmbined with support to form an enbedded
nmetal catalyst. In sone enbodi nents, the powder nay be conbined with the
support and, then extruded using standard techniques to forma catal yst
having a pore size distribution with a nmedian pore dianeter in a range from

80-200 A 9@~ : - (W] at. i.th,t t
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in the netal oxide may be determ ned by conparing the ordef of the Colum 6

net al pedRiverngels maydg substantially disnerspd bt the sugrfort, hreSubions & suxh dealysst he
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ont ol yst TedelatER L. Rt Ry BEAR R BOEHERY o ol AL AP B aol arm

6 nmetal etmlan x-ray diffraction spectrum it is possible to estimte that
the Columm 6 tal (s) ,are substantially randonmy ordered in the crystal
structure. Fof? &xatsinbodgpens adheirpiunisy perposnaay he cambived avithu@elomns havi ng

a ed§ ansNohferd? il Blifsta Aunftha éxg%fshzlg?]tg%n% ;?{El? B8 kIR NEd T‘hﬁ gie?r M an

al um na/ nol ybdenum tri oxi de mXxtu enumtrioxirde 4 definite
pat t er n fenassaapet/Eoludessisal @ meBROHiNDAS Mayrish lent RO peated)perkhi@ of at

al um na/ ol JH.trioxide m xture may be heat .treated at a_ tenperature of

2t T eact SRR ?mwiw g dHIte Pasrisr S{HROn Witk misianediF bi t a
pattern diemepbyadeRtmodk oxiygRaily) sath Kedt akaitid it LBRLLQY a&&ﬁgéﬂmr sf(]qrat

exanpl e, an absence 20 of the Dow peak). In sone enbodi nent catal'ysts may
be char a‘&??@rliz%acby pore structure. Various pore structure paraneters

B T N S A R TR

or conbi nati ons ereo e cat li/
quant i t yprefarpbasdesérited hemtigusayies eontbhias®vih s.sufpereesitanstRadf: diamet er of
the por Snéta c%taiyst. In some embodiments, the supported catalyst may include 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
extruded vsing standard technigues to form a catalyst having a pore size distribution with &
_median pore diameter in a range from 80-200 A or 90-180 A, or 120-130 A.
Combining the catalyst with the support aliows, in some embodiments, at least a
30 portion of the metal to 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 sore embodiments, having less
metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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25di stribution may be in a range from 30-1000 A, 50-500 A, or 60-300 A. In
sone enbodi nents, catalysts that include at |east 0.5 granms of ganma

al um na per grain of catalyst have a pore size distribution with a nedi an
pore dianeter in a range from 60-200 A; 90-180 A, 100- 140 A, or 120-130 A
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In some t al s a pore size distribution with a
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a total st.ti,bution have a re di aneter
ni ot Ry SRR fsobdtle RO B Ra ! oy S Y e Bty

enmbodi rremléc)mtyrt&demdarh ;mtcr_ma s&u@@xree size distribution with a nedian pore
di amet er az@a‘xran%e Ier g?gl 80-500 A, 200-400 A, or 230-300 A, with at | east

60% of a t ot %@nmomked%‘dh%a@@@a@umm lﬁﬂ)‘mg)ammdmnrpgraa por e
i ANk er dighblot Of atk&nsh AR AR, b ik 6 1 AR AL DRI ;ageﬁjtélgg, At

I n some enbodi nents, pore vol une of pores iy
| east 0.mixws/d h@mczlybdeaamttrmx@c bas3y @zﬁrﬂta paﬁeﬁsafm@ab@w denhids D&?,rlﬁogy ol ure

f 0,3-0. 8 cnB/ 0.
The' oat SFULE HRIAS n WoABRRYEoTE: § Mastom Hhr ey %%a%&ﬁreg@a@ta. et er i

a range @&péﬂam Bﬂaﬂl&ﬁ;t A3 STEY (10100 ° r@dfﬁé@del ERAY &the%\é@ ee area of
at |east 100 nP/g, at |east 120 mZ}PgSEb | east % S,%t%easat 220 or at

| east 270FDYfgr moliddenum dinsédeinaa xnay dﬁéamoasmngm (ﬁmmmﬂ@@& 30absweBLy,
1209470 1% 9p i\? 50 n2/g, or 170-220 n2/g. In certain enbodi nents,
t he catal yst ?1 a pore size distribution with a nedian pore di arreter in

a range fr omIﬂx86mB@ﬁlednm1tdj amelyats siay h3 Rt Rzl bilpoletdaicnBO 1R4iGs
25l east 90 | east 100 pR/ at least 120 ng/ or at |east 270 er/g
Such s urmé%gxﬂtgﬂgsparametms mc[md gout are not limited to, pore glameter pore volume,
surface areas, or combinations thereof. The catalyst may have a distribution of total
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 prams of gamma alumina per gram of
atalyst have a pore size distribution with 2 median pore diameter in a range dom 66-200
A, 90-180 A, 100-140 A, or 120-130 A. In other embodiments, catalysts that inchude 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 Jeast 200 A, at least 220 A, af least 230 A, or at least 300 A.
Such median pore diameters are typically at most 1000 A.
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may be in a range from 60-300 n2/g, 90-280 rri2/g, 100-270 nR/g, or 120-250
in2/g. In certain enbodi nents, the catalyst 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 NV cm 60 400 N cm

100-350 N cm L oofds n so ments, the
catal yst and/ ofﬂ){)%a%%t% alﬁ}'ﬂan égeu r%%&ls{}vgbugﬁ tzaeade%Ea]F BPIH cﬂ@?ﬁ"le‘ afiatr | des
(prior toleas&) Aisi en@eakmﬂ"lﬁl i[we@mkB@Wﬂdinﬁbrité’lﬁleada%alﬁt%s @iﬁ@fgﬁlfe di ﬁﬂ
process, ClU Internati g}nal Inc.). In sonic enbodi nents, the cata

be dried YHBA &I RIS W‘i@b%rh&fwélfgpm Dfrd 80t 10G,440 ﬁcapz b@ $30 £, dmth atn S| tu
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Seamans et al 5ln certain e iTrs
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gram of f R The,fifst c odi nents, a total
cont ent d’? %%?(rﬁ%%r 6ﬁ1r§8{‘1gle(r’§)fd fﬁ%}tssgfl%ﬁ% %&I%?Eﬂtsmqnglsﬁmgﬁ@é“ﬂlﬂom 0. 0001
to 0.1 gmassan foRedibinetet iitataaky Slont $36:3061] @o@fz;oowaw@@aao %C’Wlfzg %’f the

Ni N Fe frﬁma crude feed, renoving a portlon of the conponerts

cont ri but®8% ¢ attalal aypmberof perestie te, pare Mo disgilationdasinga poe tiaortafwittie C5
asph@gte@g% frmq[n ?95%‘3&1{9&1138 glsporgggw at least a portion of the nmetals

in metal or gani c aci rude feed, or conbinations

t her eof . Ot hetIn gmopenbadéserts,ofore xanmlecof pouds iy BOMIBR 0.3 ASR: CRM.EMN .7 AP
grawty,éwdél due co tent or conbinations thereof) may exhibit relatively

smal | ?ﬁ%ﬂ@?ﬁt 4 de feelatn embodiprntacpase valvme @frorés msy rangt floyst .
Bei ng abpg.- @ggcmggl@@@g\/&}ly%q;}q\j&% 7pgnqp€rt| es of a crude feed while only

changi ng other préperties i relatively small amounts may all ow t he
crude feed toThecatwlyst heving aipene bige tiserdiidn wirh s ordisapoaddiamiics in QRMgEr nore

firshy Ca}‘r@hﬁ@?}t fBOrTEB(na%,emussoemde émnbo%f%ents dhave a surface area of at least 100 m*/g, at

least 120 m*/g, at least 170 m2/g, at Jeast 220 or at least 270 m%/g. Such surface area may
be in a 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 m%/g, least 100 m?/g, at least 120 m*g, or at least 270 m*/g. Such surface arca
may be in a range from 60-300 m¥g, 90-280 m¥g, 100-270 m¥g, or 120-250 m/g,
In certain embodiments, the catalyst exists in shaped forms, for example, pellets,
cylinders, and/or extrudates. The catalyst typically has a flat plate crush strength in a
range from 50-500 N/em, 60-400 N/cra, 100-350 N/em, 200-300 N/em, or 220-280 N/em,
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
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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In certain enbodi nents, the second type of catalyst ("second catalyst")

i ncl udes Columms 5-10 netal (s) in conbination with a support, and has a
pore size distribution with a nmedian pore dianeter in a range from90 Ato
180 A. At least 60% of the total nunber 25o0f pores in the pore size
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In sone i ts..reduction of C5 asphal tenes and/ or conponents
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product st cisgeLivhd te chde faRl 18l onReielvit] Bt Gie E@rﬁlg-abiefl certain
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In certain embodiments, the second type of catalyst (“second catalyst”) includes
Columns 5-10 metal(s) in combination with a support, and has a pore size distribution with
a median pore diameter in a range from 90 A to 180 A. At least 60% of the total number
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 a crade product that has selected properties
(for example, TAN) significantly changed relative to 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 during 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 componets that contribute to
relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a
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by conbining a support with Colimm 6 netal (s) to produce a catal yst
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bel ow 482 C) for a relatively short period of time to formthe uncal ci ned
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catalyst”) .includes Colum 5 metal (s) 1n conmbination with a theta al um na
suppor t . SAFHEstpERsuESer dnydiejhoptoddn the preseace pf engpmpieHiteoRiRnEa nedi an

pore di afghsfundd ay tehfpRBAurb 8ty 5H6°E U example, below 482 °C) for a relatively
short period of time to form the uncalcined third catalyst. Typically, the catalyst precursor
25 is heated to at least 100 °C for 2 hours. In certain embodiments, the third catalyst may, per
gram of catalyst, have a Columnn 15 element content in a range from 0.001-0.03 grams,
0.005-0,02 grams, or 0.008-0.01 grams. The third catalyst may exhibit significant activity
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 sulfir compounds.
The third 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 mietals in nietal salts of organic
acids, reduce a INi/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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enbodi nents, the nedian pore dianeter of the fourth catal yst may be at
| east 220 A, at least 230 A at least 250 A, or at |east 300 A. The support
may include at least 0.1 grans, 25at least 0.5 grains, at |east 0.8 grans,
or at least 0.9 grans of theta alum na per gram of support. The fourth
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N8/ n8) MRarrizneMiaude feed is contacted with the fifth catalyst at a

te rature i . =4 C_ from320-370 C, .or,from 330-360 C.
Ne[n% Eydr ogen Iﬁﬁ%%gg%gl% o?{%lgéﬂéﬁgég‘gugg%e qfrﬁagb’ﬁégg%gh?%mts), inflidesre in a
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pr oduced fromgion. act of the crude feed with the fifth catal yst” 25 nmay have

a TAN ofP°Hi SioSPiroyeen sithigasdigpporetiamsisr obgdgashiSGH. dpseme0% of the” TAN
8T 05.?8. %Eﬂl%ﬁlonféﬁgg 61156:%‘%@%,}) %?ibzﬁ%gﬂi‘? oPERIHE %Xiy?t%né}pbea at 184L9 52(5 5—'&?&'1?
least 230 A, at least 250 A, or at least 300 A. The support may include at feast 0.1 grams,
25 atleast 0.5 grams, at least 0.8 grams, or at least 0.9 grams of theta alumina per gram of
support. The fourth catalyst may include, in some embodiments, at most 0.1 grams of
Column 5 metal(s) per gram of catalyst, and at least 0.0007 grams of Column 5 sietal{s)
per gram of catalyst. In certain embodiments, the Column 5 metal 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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In certain enbodi nents, a sixth type of catalyst ("sixth catalyst")

i ncludes Colum 5 netal (s) and Colum 6 netal (s) in conbination with the
theta al um na support. The 30si xth catal yst has a pore size distribution
with a nedian pore dianmeter of at |east 180 A In sone enbodi nents, the
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and/iar tARARAGIE kNt WALAIENTSCARRL Mellbd b EhDInbORHARIE B avdr ogen i

a process decreasSes overadll processing costs. ncertain e i'ments, a
sevent h-2r¢e ob ok yetal(f) e vemt f catabisystd' 3t 1éwms 0800 bamsadidoddnhn 6f,  Col urm

6 netal (s). iR .a range.f 0, 0001- 0. P6..gr anrs , of | u 6 tal (s) per gram
of cat a|f{}é@@f‘ﬁ’ég%?%%{“gv%wn}%mﬁgwgﬁaﬁume W?‘HW@@@H The seventh
cat al ystmblgbtrenaf i@ ltuigdteRr oduci ng a crude product that has a TAN of at

most 90% of the TAN of the crude feed. 25Qther enbodi nents of the first,
second, t hi r dn cegsginepbodiptents, netihwmdnogeanptakehyrthi 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 fromn 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 a range from 0.01-0.1, 0.03-0.05,
or 0.02-0.03,
In certain embodiments, a sixth type of catalyst (“sixth 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 disiribution 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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catal ysts may al so be nmade and/or used as is otherw se described herein.
Selecting the catalyst(s) of this application and controlling operating
conditions may allow a crude product to be produced that has TAN and/ or
sel ected properties changed relative to the crude feed while other
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feed before other
10%, or at least 1% of the TAN of the crude feed. TAN of the crude product may be in a
range from 0.01-0.1, 0.02-0.05, or 0.03-0.04.

15 Low net hydrogen uptake during contacting of the crude feed with the fourth, fifth,

‘. orsixth catalyst reduces the overall requirement of hydrogen during processing while
producing a crude product that is acceptable for transportation and/or treatment. - Since
producing and/or transporting hydrogen is costly; minimizing the usage of hydrogen in a
process decreases overall processing costs. :

20 In certain embodiments, a seventh type of catalyst (“seventh catalyst”) has a total
content of Column 6 metal(s) in a range from 0.0001-0.06 grams of Column 6 metal(s) per
gram of catalyst. The Column 6 metal is molybdenum and/or tungsten. The seventh
catalyst is beneficial in producing a crude product that has a TAN of at most 90% of the
TAN of the crude feed.

25 Other embodiments of the first, second, third, fourth, fifth, sixth, and seventh
catalysts may also be made and/or used as is otherwise described herein.

Selecting the catalyst(s) of this application and controlling operating conditions
may allow a crude product to 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 properties refative
to the crude feed and, thus, be moxe 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, AP gravity, at

least a portion of the Cs asphaltenes, at lcast a portion of the iron, at least a portion of the
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properties of the crude feed are changed, while maintaining the stability
of the crude feed/total product m xture during processing (for exanple,
mai ntaining a crude feed P- value of above 1.5). Aternatively, G5

asphal tenes, TAN and/or APl gravity may be 15increnentally reduced by
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third catalyst(s) may be positioried downstream the TiTst catalyst.

Furt her ésAttalel produdt mxrudeifgaeodassna(fopeadmpte, makitainmpw ¢indé Redecond

catel vt (o apelas 14 BchaaLY Sl T el A peciice e
redute t heraomtaiytrediced®yabatabivf MRS @hdsRbHSVH sQEAANE A6k A5 he ability to
* incrementally and/or selectively change properties of the crude feed may allow the stability
of the crude feed/total product mixture to bé maintained during processing.
In some embodiments, the first catalyst (described above) may be positioned
upstream of a series of catalysts. Such positioning of the first catalyst may allow removal
20 of high molecular weight contaminants, metal contaminants, and/or metals in metal salts of
organic acids, while maintaining the stability of the crude feed/total product mixture.
The first catalyst allows, in some embodiments, for removal of at least a portion of
Ni/V/Fe, removal of acidic components, removal of components that contribute 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 to the crude feed inhibits plugging of other catalysts
positioned downstream, and thus, increases the length of time the contacting system may
be operated without replenishment of catalyst. Removal of at least a portion of the
Ni/V/Fe from the crude feed may, in some embodiments, increase a life of oné or more
30 catalysts positioned after the first catalyst.
The second catalysi(s) and/or the third catalyst(s) may be positioned downstream of
the first catalyst. Further contact of the crnde feeci/total product mixture with the second

catalyst(s} and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/E e,
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In sonme enbodi nents, contact of the crude feed wth the second catal yst(s)
and/or the third catal yst(s) may produce a crude feed/total product m xture
that has a reduced 5TAN, a reduced sul fur content, a reduced oxygen
content, a reduced content of netals in nmetal salts of organic acids, a
reduced a t V] ] [ i natigns_thereof,
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t he st abi $dltspf ofgahieercilsude feed/total product mi xture during processing.
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ability t@e i L fel I nds,to . mnimze
hydr o%ten usggléd (‘éﬁlyﬁ%ﬁ?%@%? gbélﬁl?%geﬁ%g ?ﬂ?&? %%1@%* H@%@%@gﬁl@aﬁtﬁﬁ%‘?u%gci lity
gener at i ohAbf a mdicabetfuduritay, cedtest dxgen aottennbabdiRtd cohiabt AFREaKS i
relativel tI W angunt of @ drogen dur | q% contacting, nay be used to change
sel ect ed ?Sg‘“@ltﬁf’ gregpic e %/’L?d'g Hicddartalicapseqnients preduesvisepsiby.roper t i es of
t he crudech@sfhtich®Thetpa ol ’ . i-n. conbi nation
with the first ,catggll ys;’?E‘)af*"‘?é’?g%5‘“%?%%“&‘"’32{’1?‘43@??@?8&?8?%%3‘%"&1&), fifth
cat al yst (83intagiing thectabdity sf (he prudarfadditotalgventch niamad gairgsirot@siapamye

sel ected erties of .a crude f.eed, whiJe only changi ng other properties
of the crsgée f"é‘%eaéysii}lagé’f’88%1‘58“%8&%%% e&hﬁ/%‘ﬁl é\}‘fiSF%‘" a}%ﬂﬁf RFRE veFigrian

f eed/l0ot aif tiy i ChtaBlsbf Vick Yersdhe order and/ or nunber of catalysts may 20be
selected to m_nimze net hydrogen uptake while naintaining the crude
feed/total prodéabilsy ddaliveshydogantaisperifichgehtaging zopesieadsiolmininizesi due

content, j t . distillate, coantent. APl gravjty, .or conbi.nations
hor oo | oY ek Bk AhnglabicE SerfPhiins of PP St brenratpeet | vo
properti dydmien Hering subeacting dind \vhial @tstther vk e @l BivelyNBwMnSaR® bi Nydbodhe
crude praoduct is atf nost 90% of the TAN and/or the viscosity of ‘the crude

25f eed. REHOB EYRFCUNG: MaY bhyiedde ehangsisslesten propraties efdecrideprodust rgntvhibe a
< t T SOl e o TPRIEES &
oy ors St POt D0 L DML A L0 0L T

poi nt distribution o ude & reduce
of the croabinatien withiee Bitsoemitdydt{(sy; soforichentalyar(p, thirddaalysaEly fisth seraBRi(Y), change

by relatiyel d h i'c H C of th d
Pred: hyar Lt gRtre BTRE R R BT oL GHOaE Fn g brmes-iehgL aPmatadd ect | ve
addi ti onweklebyEr QE8FnE Otel .ﬁt‘%ﬁex@i@Q B%E;cgtg%jezﬁé@ﬁy @&Qétg%ggmgv floF Srle

reduction of properties of e crude In sonme e Iments, fourth

cat al yst pEyniganeissndsdsed/ioth prpdupsttatelity. Hovmderadi: mumbseofveeaiyadgdiayi onal

cat apyst [ herei.n. dr ogen be. . gener.ated, duri contacting
of ' o1%° P AIAaRE B DE RS Dy BRI e B SinteB RS e pelodfifelbe

del i ver egradactishebiltonhaainid) getZi@m@esych igtakenSloWd @edidhe @Ent 008l cofighal yst (s) .
of the hydrogen nmay be counter to the flow of the crude feed.

The delivyer. ! € C
In some é‘ﬁ%ﬁ*ﬂ? reRfet, APheralidy,jop spppbimtippethereef 6§ e omede foed todmouringiriedt o t he
flow of MBinCIHEET the respective properties of the crude feed, while the TAN and/or the

viscosity of the crude product is at most 90% of the TAN and/or the viscosity of the crude
25 feed.

Reduction in net hydrogen uptake by the crude feed may produce a crude product
that has a boiling zange distribution similar to the boiling point distribution uE 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 catalysi(s) may be positioned upstream,

downstream, or between additional catalyst(s) described herein. Hydrogen may be

/
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5f eed. For exanple, in a stacked configuration (see, for exanple,
FIG 2B), hydrogen may be generated during contacting in one contacting
zone (for exanple, contacting zone 102 in FIG 2B), and hydrogen may be
delivered to an additional contacting zone (for exanple, contacting zone

\ O : ! ot f eed.
114 in Flg, "5%1 lufing gmat@eﬁ{g ind fale fe2a SANLE Fo duth Eété’l‘ﬂysi‘@%h%ﬂ%hﬂgb' ee

In 10 sone e , € hydrogen flow nmay be concdrr e flow
of the cringebd ddiveredlto drarantagbhyzotien that sicholedlt edditiogalrcatalyon(sf.sEks f or

Cont hot | 5 SoHET i ST POHTE L] G 20y B88RS e TSBIHE Ay ogen

sour ce MeamRRiAG]H, Y8 @dived &F thd hydro@sidhay BO&IncPRhARLthE U0 8ht Brle .
direction that 1s counter 'to flow of the crude feed (for exanple, adding

hydr ogen ¢t ough 15 conduit 106' to contacting zone 114 in FIG 3B), and
to a second additional contactin one. in a direction i'S. .concurrent
to the flow o Ofﬁéa%ﬁlﬁdg afséaé: e‘% ?‘g}ﬁzggé‘ﬁﬁlqﬁe,e’ HWH@I’%E&GS%W’ ?‘W‘i?ﬁ@‘l‘]“&%nduit
106' to %%ﬁé‘rbﬂeﬂ%ﬁﬁ%@orﬂté&iﬂgﬁn BhézondRringZBnSABR cLAMSE éﬂ%ﬁcﬁngtzbﬁei rth

catal yst and the sixth catalyst are used’in series, either with the fourth
cat al yst BEIGgRpand aliogen misebesdotivired e ah pdditional opintrsting rerm (fdihaxag®le,

conbi nat i f 1he f.our l.yst,. Wi,t h .addi tion catal yst(s

Feduce. TARS g de RTRILRIG AR bllo PR EETRL BN B PeXPidrbefen
net ali0salsbse @mbodigeaits; tediydsogewiflo theywbd edncubiakeitdthdficwege Hudd hedqcr ude
feed. Low . net hydrogen uptake nay_ all ow other properties of the crude

product ttesratiyaiyy inchgeded cayfigmation (semifresanple FilGe3B) hyiwzsameayheoper ti es

of the cr, : [ . di e al ysts
may Do uceret S Qi HPAIRAL Soud R Ay E PRI, FELR: Ve
downst r edlifisEem hydabeal ysircarayy badedivarddab alfirstaridétivinad torGadtingrzofe fred al (s) ,
per gramof cat The downstream

El yst; in a ran%e fro geﬁgog%-o.oa gramns. _
sevent h EHPSpdhatisgowsrdo flopgithe ¢y )i (BF exymplen 2&Re hadreee) thigngh gram
of deynsichRam R%V%’Uoﬁta%ﬁﬁ%%%i%;blfﬂi@ PG *fgp)?%eﬁb ot QecBhd hdiflghal BARCA)e ! ot

content of 30Col um 6 net in the upstream seventh catalyst,
| east: 0. GengnandiresfioiCtiatimnroscunenato(thy flperofdgheaemudt fosalt @drystumpla) adding .-

enbodi nent the position 1 he tream seve al yst and the
domns_tregx@?%e ﬁ?‘ﬁ‘g@aﬁoﬁﬁvgﬂgm" ﬁé%ﬁg%g?gee@% ‘*?’H;e[%aggbi ty to use a
relatively smii forad®HBédiRkneatha kothihCcatlyst YR MBLAkthicAtal e 4AMBS 1 &3l sevent h
catal yst may allow other p erties of the crude product to be only changed

. - . r O [ . + .
by smal | ¢Bhesovithsthe Spugth WIY%%GIMEP@W Pribperth exfalyst, pheice veide Thed (for
.exa e, i I i + t AR rayity,
ool B’ bt YRR (IR AE0RR AL RULII AT au BTAN B,
t he crudelifiVéBecaiteht, drdéorupdiice aaonanichfdasals it eatal seNestt drgadt ativs ety

produce a crude oduct that h a TAN of at nost 90% at npst 80% at nost
50% at 8@%&&69@%3@8% 7 fhie saide fogco - aRBerHRdQEE N IR KA @eather  some
enbodi ne : . f I t : by

ont act TR e O o ont PR b S SRR Sl [ oesat Y

cont act pfopetties of thdenideddedni t h a catal yst to forman initial crude product
s,.rel ative.t.0 the cr en cog,tact of the

wi t h,ghanged properti , Lo the ude feed, dt
i UFAI o ude BRBRAP DR S AT POar B ARV SE ey B bt cecoRB TN ope
product TOwkdyBiGRanged.RUARekdihesokeh@BbWEsllnt R&chmickiadlst Gayde.Of RAMCE) .
The ability to reduce TAN ‘ :
content of Column 6 metal(s), per gram of catalyst, in a range from 0.0001.0.06 grams.
The downstream seventh catalyst may have a total contenit of Column 6 metals(s), per
gram of downstream seventh catalyst, that is equal to or larger than the total content of
30 Columm 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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incrementally may assist in maintaining the stability of the crude
feed/total product m xture during processing. I n sonme enbodi nents,
catal yst sel ection and/or order of catalysts in conbination with controlled
contacting conditions (for exanple, tenperature and/or crude feed fl ow

Lorate) MY a8 hithpohts bEtChit MYMBIGRMAL ASialY ol el &%ema 108

mai nt ai ni ng crude feed/total pr ré sta rty ur|n processi
and changéangendePlgravid, ecsphepentent Y &P codtentcomumben binatlercttherebHt i ve to t he

respective properties of the.c feed, Stability of the crude feed/total
product m xt ur@ Dgéh a%‘gec@eg‘&“ﬁ e s gan sad deWnstpam AFYeRER s eYer ude
feed/tot a;bro@tﬁéécﬂ-&ﬁdd%réﬂwt%at Bﬁﬁé TABERRH: BldsPHOMBHS Tgﬁst%% ea@ﬁ'@ét 56‘%ratexarrpl €,

20i nsol ubility of the crude feed and/or crude p uct int

f eed/ tot anogriuet anleast Wvef the FadviHhe omdofeeds ;Itn abirereasbolliments, ke TAdde

feed/ t ot rod rec t|o ents fromthe crude
feed/total® ?%r&g%%ee Ig&yﬂareelhcrgpeg%ﬂm ‘f"ﬁﬂ% the upstreamy apddhr t i n t i mes
duri ng thﬁvﬁ@ﬁé@ﬁ&éﬁéﬁth%&dl?ﬁs (fblh&aﬁ@nw%ﬁta@tdf% Shidé &%a%ﬁt?&@a@p@{ fr total
product in the crude feed/total produét m xture may change

25concentiPERpn initsl arvde nrodugt “pﬂwa@aedlmwneh@escrmde'e ft@éd/m'mt@ﬂeethandm

m Xture sol b|| t he
conponenf(’}saﬁ{(%l? F@ﬁgéjglrl%g qu eg)g%%lﬁg ;386@%‘}@5 tcgt% ElofiB?ea ‘E‘fcﬁ t he
cr udd0f eewitif ctangedpprogercits faladvene tedigial dradchanad). Fae aBXaRl @duéehPAﬂr ude

f eed nmay .contai n components that are soluble in the crude feed at the

begi nni ndGrmERtabe ey qesist Ag meipaigiteastailityns the ausletfeasdtotsth arnglct f or

exanpl e, TAN, ggl\%z phal t enes, P-val ue, or conbinations thereof), the
conmponent's rré?/ t I‘O‘g\elél%i{i‘lgorre | ess soluble in the crude feed/total product

m xture. |n sdmsomesmbodiernts) bealgstucect @ethdandrddieofioatadystPhedibind@y form
two phases,and/ oh%CPecome i ngﬂ; ubl e _in one another. Sol ubili ty changes may

al so resul'th rtPHed eonlasking sepgitionsifor sxambler tempﬁfa}w@ andfaricrryiet e Bpwnor e
h
phases. kaey@hi ai®in k%loé‘ﬁ?(ﬁﬁ%cﬁ Mtﬂ%qgr a!e eeaural < grgh&@tam %ﬁ&é enes,

change in ‘concentration cru tota
preci pit é@ﬁdﬁﬁtabprodumwam stabllh@ndllmﬁg@ro@idmng antiehahfieg ohe onmoes propericof . t he

cat al yst Addl ion fficie of t.he roce e reduced. For
exanpl e, %?telpe ecpr?‘j‘ %(% %?hetrﬁﬁpeﬁg OpeItiey ¢ Tthﬁlcr‘b‘?eofg%{t AP Piethrmy be
necessar yride fgydiotas Brodustmiteurd e be lafibibd bl 08l 1RA IRKEPR P8Ry foRHhb ng
proceSS| ng, the P-value of the crude feed/total product m xture may be

moni t or e QTU4R deadrtetab prghetimiptuse. Phase perowdion marhedeausedbly, fan@iamplc;r ude
f eed | h
S!S Y A R L R "

nmost 1.5°1n asphal t’enes
gener al | floomtatios. of Iai;pliahendé fuomh the drdel fadd/iodd] pyodatt }rﬁﬂﬁie ére‘éxpn@ﬁ@h gfch

P-val ue i ncreases,. or vel y stable during cont act | ng, then this
10i ndi caP@EPYIAE F47R ﬂ@r%ﬁ% %@‘?&Pt?@l? Chiixpiey ortorpbinatiensthegele ont act i ng.
Crude feed/t o@kertain 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 feedftotal product mixture changes due to
formation of the erude product, solubility of the components of the crude feed and/or
components of the total produet 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 feed change (for example, TAN,

30 MCR, Cs asphaltenes, P»yalue, or combinations thereof), the components may tend to
become less soluble in the crude feed/total product mixture. n some instances, 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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product m xture stability, as assessed by P-value, nmay be controlled by
controlling contacting conditions, by selection of catalysts, by selective
ordering of catalysts, or conbinations thereof Such controlling of
contacting conditions may include controlling LHSV, tenperature, pressure,
hydr ogen : ! i :

embod: ot LA Sy EHARAL FERatd M PRI D IR e bl ot O o P mpd R R 1o
asphal t eneducaniet/ bfe odvhe or msphltiernaysis.eAdéinourealdy, the t#icrmmicpbéitle prgcdshe MCR

content of the crude feed. Reductjqgn of the cont.ent throygh hydrogen
upt ake arfede Iﬁii‘fb‘ﬁgr FobReass: fegpepts @ﬁ%weg%@rpg%fﬂe@}f?fﬁpﬁra RSS! t wo
phases thﬁéalll%ﬁ}’ecé %ﬁp&é&cé&@ﬁ%ﬂﬁg}d&u@{wﬁﬂﬂeﬁfl Sé)fg&ﬁ@é.t otal product

m Xture an I one or the cata 20 Control of
cont aéti ng t erheimtproeessng thyhvelgenf tpt akde fead tombpredudtomxhire mayte

catal ysts descrj bed, herei. ows the sphal tenes.t reduced while
Che MR JONTOHA BR (hEaBH Bt (aURes GUoH BRGNSy SdeRapRsel GOl |
amount . Ly RRIR S FRANERA! TypicAlY, a0Lid8 GANHIk RS 1 3rigdieaes it | ed such that

tenperatures in one or nore contacti ng zones may be different. Operating at
di f f er entlloceripimatciiaspisalteds fairh twsordy fesé peerilloaiian gé thenl-valudés atéadly
propertie

il intaini.ng.the stability of the crude feed/tatal, product
i xtur e, St AT P SHPE e f & et R i OBNe o it Bl
process. imlitdiesSthaGRE AL ifded i RIMCEBRstbRe dtrih BohabIE. atkide fédd/biag first
contacting zone_ Ot her contacting tenperatures (for exanple, second

t enper at Graluct miytdretstabpley.cas apssssef Gy rit-vrlue st kg candrolled by spwireljingr e t he
t t i i nes Lt : )first
et at WhESahD SRR SR RRE B B R e B 5,

100A20 Ccamdinatiseciadof uchebhidlihe oPemnddcting conditibgs may mdtalrgentbhing S
20-100 C__30-90 C, or 40- 60 C different than the first contacting

t enper at & V. [IPMBY ARG PRSI R0 geR HBtake o Teah flavs Phepiinsiaonstherecs s
greager than i : ct : ' [ contacting
Pempor at ur os. o6 o e R o B R e
product asphaitnesent/or bther FHphhleenel e rérthevedSvidkpmalrtaneg tok(Ehtoménttdfe crude

feed to reater .extent. t han anount . of TAN .and/ or asphal t ene
Feduct | o mdfoc “Rrbitionar e MER SRR it e e e aRTBr BebFos ar e
the sarre-c@&aafng%ﬁlbe@a&&-&ﬁesﬁ%ffoﬁhaﬁrn-ofl%% PRASIRhA mAy klih@theont acti ng

zone may include a first catalyst(s) and/or a fourth 5catalgst(s) and a
second cé&tabiditt Phige zowle feasytoiahpioduet npixhee anHemdifesti sy otawee phidd chlglysisn. The

first,contact, t erature. ma 0 C and.the secon act.i

el ot GPBEhE) SohBTRE R P ot i BB RO O R85t act i ng
zone W t dedchiBed héidin SldbalihesCs apiilRhed Wetrbdikad atkithaMTR eofteghdTthe
tenperature prior to contact wth the other catalyst(s) in the second

contacti ﬁ’(‘j‘dﬁé‘?ﬁg Qrdy chasgen by 4 WlaéiW@lé(tSE%alltaﬁwn‘FAN and/ or C5 asphal t enes
reduction 10i ?‘hg‘% &Bb‘&ﬂﬁugxgtﬁ%hﬁkﬁ‘ﬁé Yéndhionk Bt JANOARELR, f BRphalk&nes

reduction in e sane cr
in one or more contacting zones may be different, Operating at different temperatures

25 allows for selective change in crude feed properties while maintaining the stability of the
crude feed/total product mixture. The crude feed enters a first contacting zone at the start
of a process. A first contacting temperature is the temperature in the first contacting zone.
Other contacting temperatures (Tor example, second temperature, thivd temperature, fourth
temperature, et cetera) are the temperatures in contacting zones that are positioned after the

30 first contacting zone. A first 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 a crude product
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feed when the first and second contacting tenperatures are within 10 C
EXAMPLES Non-limting exanpl es of support preparation, catalyst
preparations, and systens 15with sel ected arrangenent of catal ysts and
controll ed contacting conditions are set forth ,below Exanple 1.

Pr epar at i.9R+0d . : |1 576
o e of "oy SR HBlor HPEPLphatinR BHRGK ORRS PERIBERR Ll llr s ¢y,
M chi gan,tharhSamolntwif TAMN 851/ gr Gaspbéltena tretucton iBanyt whan e fifsaaiddecBhd ri C

acid for 35 m.nutes. The 20resulting nul]e } xfure was extruded through a
1 e SBRPRIR EgratESs i FEdtBECROEI OB U IS BRI hen cal oi ned at 618
C, which resulfegy 1&%@1@{@%&5%%0&%@ fﬁ@ﬁldf,a@i&g%iatgws&é}zagg% {gor €

di aneter of 182 A The cal ci ned support 'was pl ace aLlin urnace.
The far nagkeltsdnpedatsacadwastartigszobenoaylioclodd a0er @taysés) desbrived hszeirand t hen

hel d i i f 2 h t t. Th t
el uded NS apS PR BB Bsn ey P a0D 00N G DR GHREP S RRAN. 0008
grams of n@dym%b@m(ﬂﬁltac@optgggnﬂém iRfhdiglst SorRlcHAE Péhe WL 1Re ﬁ%@éﬁ%@?{f of

theta alum na, as determ ned by xs-ra.y diffraction, The support

surface an&ar brrth ratahispdt gheamigher teroperhtupopréonto ontectofittth dth aricatalidi(g) inThe
support ore sj.ze distributjon with a ned a e diameter of 232 A
ot b 66, 305 sPoRReR A b i oSty TN SRR Ll St e s babraam

havi by aipthicerdicFest :elativé tdthe TON MBSt 4shBalrmRey RAudRHS UL rude Thi's
exanpl e denonstrates how to prepare a support that has a pore size

di st ri buf§edrvhep the figsbansk seemnt mniasting kramnsmswreg arelveitiin 10° €. grams of theta
alum na. Exanple 2. Preparation of a Vanadi um Catal yst Haying a Pore Size
Distribution Wth a Median Pore Dianeter of At Least 230 A The vanadi um
cat al yst HaasMpidsared in the follow ng manner. The al um na support,
prepared by tge get_hod described in Exanple 1, was inpregnated with a
vanadi um i npr SGRAYRIGRE SHNRIPTHN sHPRPhPIERABLOL calglyst HEPRAtONSS apd sysierad  VOSO4
W thi 82 gh@eleObd 8hQRIRRAMRIRfsts AdRIRbNL OnbRlHE ERRHNBS fe 8k forth

below. .

Example 1. Preparation of a Catalyst Support. A support was prepared by mulling -

576 grams of alumina (Criterion Catalysts and Technologies LP, Michigan City, Michigan,
U.S.A.) with 585 grams of water and 8 grams of glacial nitric acid for 35 minutes. The
20 resulting mulled mixture was extruded through a 1.3 Trilobe™ die plate, dried between 90-
125 °C, and then calcined at 918 °C, which resulted in 650 grams of a calcined support
with a median pore diameter of 182 A. The calcined support was placed in. a Lindberg
furnace. The firnace temperature was 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 alumina, and 0.9781 grams of theta alumina, as determined by x-ray diffraction.
The support had a surfuce area of 110 m/g and a total pore volume of 0.821 om™p. The
support 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 85 A
30 of the median pore diameter.
This example demonstrates how to prepare a support that has a pore size

distribuion of at least 180 A and includes at least 0.1 grams of theta alumina.
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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 10Ovanadi um per gr am of catalyst, -with the

bal ance bﬁ gnlg &ngpp,r_ : ) . _ djs .r| buti on

surface al¥th oMddign Rﬂn‘&_}]_)mhhiet omaLhw 25@1&7%mfvahitﬁu1ﬁmaadlydﬂwm PhepRfedoOr €S
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| ut h l t 5. 36.
=0l e weRiEeolested ) FSH0R LEARSS SUALE o< HIS, AL S, B0 LD A
al um na shaplpqmre MQBmmomthlarmecBgnpdredwmdtéi off B0 WDl Wﬁiﬂe@@@nati on

sol utlon hour s \g{lhh cca i .onal |t(gt|on ried at 125 C for
sever al an ﬂan e RN Ay s A @Uo@llﬁ’o §/M@%t01ﬂiﬁwmb@sgfmrﬁgm

catal yst ts@lmralsae%ﬁ%ﬁﬂ o%?é%cz(ﬁ e BT B tdga[]rﬁ%ﬂep&n&%tﬂ X3 W th

t he bal ance bei ng support. The cata ys a pore si
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size distribution with a median pore diameter of at least 230 A.

Example 3. Preparation of a Molybdenum Catalyst having a Pore Size Distribution
With a Median Pore Diameter of At Least 230 A. The molybdenum catalyst was

prepared in the following manner. The alumina support prepared by the method deseribed - .
20 in Example 1 was impregnated with a molybdenum impregnation solution. The

molybdenum impregnation solution was prepared by combining 4.26 grams of

(NH4)2M0,07, 6.38 grams of MoQ;, 1.12 grams of 30% H,0,, 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 ml with defonized water.

The alumina support (100 grams) was impreguated 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
molybdenum catalyst had a pore size distribution with 2 median pore diameter of 250 A a

pore volume of 0.77 em®/ g, and a surface area of 116 m?‘/g‘ Additionally, 67.7% of the
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total nunber of pores in the pore size distribution of the nol ybdenum
catal yst had a pore dianeter within 86 A of the nedian pore dianeter.
Thi s exanpl e denonstrates the preparation of a Colum 6 netal catalyst
havi ng a pore size distribution vvith a nmedi an pore dianeter of at |east 230

A. 5 Exa hayi ng a Pore
Si ze Di s'??):t %S@bg{ %i% églh%d}l?g ore giggter 3?&1 X?‘ﬁgf%s%@d"é hﬂgx?f? c
nol ybdenuﬁlﬂmtmd\uthm &@ﬁadfylsamwaan poregiameded. n the foll owing =m en The

al um na suppor epar ed b thod described in Exanple 1, was
i mpr egnat ed WI ?’Fﬁl’a]ﬁ f‘d?rﬁﬁﬁ”? %'{ﬁfgf’]iuﬁﬁl @’é’l@@tl reRlyprlepmed as
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cont ai nedYdpgen gerpridsi(He@r)al y4 erangs (dzn@mﬁ@ndﬁmvm{mmnaadd 28. gi)angbﬁms of
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react or Wthb(%@\tal\éaécﬁ and silicon carbide 30(20-grid, Stanford Materials;
Aiso Vi&y Ry pEsgRation wiHeon; dhsalungpewas anmg@aw(bwthme any,
catal yti g C i
catal yst o d&%@%ﬁ%"%‘%ﬁ%&%‘? R L P IS ST o
bef or e pldactﬁ Algl ASHE foi x¢vera homsoanidhBercaidingt dtAg0 20Her Pasik OMse &fsul"ﬂﬁ%

e crude feed flo%/Pto the reactor_was _fromthe top of the

reactor.

reac{J’@ Fzga YR BEIR P Sre R of FalyploP-02 gramsefivanadinndad WS grems of oned at t he
bot t om ofngti h&ACKA t 0

cat al yst/5|jlhlﬁlgon gﬁr!ti)ltﬁdee%a%%&%/ﬁ?gg fg Hng(ﬁ @mngdg?%%é‘}u{ﬂ @H%g{%lnéqagﬁt%q‘df‘h

si | i con petetsizgalistobitommyith bomdmmpom'rhanenenq" 3onk. The bottom catal yst had a
pore 5 size ﬁstrlbu]tre n wth 3 medi an gorlgze 8‘31 @er of 77 A, wth 66.7%
of the total ] %Bpggtrqte.? b Brepgrtion pLaCalumn ¢ pial apd Solump & por e

di arret ermMaH batily2hofir@fa 7€ siedisabubes &idiad t

cont 9\ 0. 095ygr ai #g ao% ms)ll ybéen&m anél 3 ggc%ﬁg?(g%{%g%‘?nxfdg%}e g%gfb')b;r am of
cat wi th the bal ance being an al um na support.

Example 5, Contact of g Crude Feed With Three Catalvsts, A tubular reactor with a

centrally positioned thermowell was equipped with 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 carbi de
30 (20-grid, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have
low, if any, catalytic properties under the process conditions described herein. All
catalysts were blended with an equal volume amount of sificon carbide before placing the

mixture into the contacting zone portions of the reactor.
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A mddl e catal yst/silicone carbide mxture (56 cnB) was positioned on top
of the 10bottom contacting zone to forma mddle contacting zone. The

m ddl e catal yst had a pore size distribution with a nmedian pore di aneter of
98 A, with 66.7% of the total nunber of pores in the pore size distribution

havi ng a pore eacggé e l.gszgé ' er,. .The mddle
catal yst cont aﬁ%e Oeq(%%&%glé‘gg ﬂ%ﬁeﬁt@{(“fe#qg% %g og?{ae%%%%qﬁé eykboété’ﬂhﬂ?]per
gram of dat sdagiet., Silicemcadrbide rals gosidotel ai ghabotmiof tha raupp ey derveldy t op

catal yst/.silicone carhide m xture. (42 c was positioned on top of the

mi ddl e comtigE *"i“ﬁa"fgoﬁgoﬂercé 3@111§%c%rg‘3 TG () Wik Botgnedardiopst had
a pore sigghe diisdr dafidd SToh Egoaoﬂ%h@aen@@é&e n%@%toﬁérgg%m%%ﬁ%ﬁ[%g&sal nce

contai ned 0.04 grams of nol ybdenum per gram of cataly
bei ngSpr istagrdistyibutiogamitiea miedmn parsdipmotet of ZDASHith@61Y%6 af the tealvasniResit | oned
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contacting zones were increased to 20400 (400 F) over 1 hour and held at
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two hours. ‘Ii)e contacting zones were allowed to cool to anbient

t enper at fioybdenum pergrameoticaahyst. mathvile balsnes beingrn flumine seopdrt.of Mexi co was
filtesed, then Q5aLeHMidHc USRI { i QR af) for 12-24
hours to f_ormthg pr%gle fleeg ﬁ%\%eﬁglt e%&%‘r@% e‘?%sﬁpggltlgﬁgﬁr%}&gé%t'% Tabl e 1,
FIG 7. whiddlerodectingednaasfofiaa top coriectingroné. Thetopeaatyat hadkhyorekizde feed

fl owed t h th heat ot tactj ddl tact |

o bort B eh oS e R RS nEe Mt e S SR o abemgmetor - e oeude

feed wasmeyHdasi® demirhii oFR6R1GE, ﬁiﬂﬁh@@%@h&%ﬁng _iﬁlglﬁ]y@rgﬁﬁﬁx%ﬁu&{nahy-dr ogen
WS

gas. Contacting 5conditions were as follows: ratio of hydrogen gas to the
crude fe&8®PPgFovi ded to die reactor was 328 NnB/ nmB (2000 SCFB), LHSV was 1

0, 200, B SN BB U T B RSN BLR B8P 60 b e vt
of the tindte seortaapidhgatzones Thesaalyhidrdivisneasedoad inder AR glap t he
]]: glr | g\(l)\AO nglclsu%g(y ﬁgg ﬁéati:rsl; 20&3((:(7)111%3}3"0'1:1)clinfg(%{) tl?e:op%ege%ggglie, ‘312(;('0};[», ?}Ei?idlg,ég fnd%ogtzgx? g
contacting zones, and the bottom support.
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 pes 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) over 1 hour and held at 204 °C for 2 hours. After holding at 204 °C, the contacting
zones were increased incrementally to 316 °C (600 °F) at a rate of 10 °C (50 °F) per hour.
30 The contacting zones were maintained at 316 °C for an hour, then incrementally raised to
370°°C (700 °F) over 1 hour and held at 370 °C for two hours. The contacting zones were
allowed to cool to ambient temperature.

Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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10 hours, then 390 C (734 F) for 1800 hours, and then 394C (742 F) for 2400
hour s. 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 ( - . i t { S sured by a
s 11 ov oonrral oo TR 1, ERE. 7. U orid O VRN I g SERG ey oo
met er. ThEheomudiefeqd Boecd thnasgiythe prlicatabhy, tanadnyredg tond eliedFcafadinei ght
percent age of, conponent.s of the crude product. The results listed are

aver ages OFct gtO’Ei‘eCLOQ D% 4R Ffhbotioan Pﬁ@g@edf*acé@nﬁﬁéﬁ%@.fe@wwe pr oduct
properti esnak j i F I dable 1, the
crude produclti%ﬂi‘gi,ﬁ%glﬁégglgﬁa%lﬁgrlﬁé% %r%%t%ﬁgygrog%f%ggvg%ﬁé%ﬂ}gent of 0.0075
granmsy a weditiduewenras dvlfoves: r0io2BTydrogns gasio toxytgéniedpt@medab i RAQF: 9r ans.

176 and S BRES R e iiS, EhsYrur DR e nd a5 G Wke (HA7 mibpm The
lives of theameataityding 20BESwaRhBAEH BRI {‘7?951# Ad@gn@g{eé@{eg%g?ocg(\(lg age bed

tenperature ("WABT") versus run length of e Ccr 1yst S
li ves maylBdomscdempbatues efthe Hucd empretiag pores oferd then daradsysindadintdided S

or aphi cal' e ERREaRERLs P URE T ELERE 0ol e od BER B SC iR 99 e

cr ude0f edduisnthtBYEem (78l B GorA806 HoMeSAkl tRABIAP (s BXRFPAG hfht 136
represents the average WABT of the three contactihg zones versus hours of

run time for dbptadelnradics(betische ewde pradnctiand gheyexitad thl cetalahbled Ofiecom

cat al yst . i ar ity of . time, the T of .the contacting
zones on?(?ﬂ%g%uﬁggag%@%é%fl {e%l %/éagglcﬁl ! Phase, HPRYALOT, ?ﬁle‘i grsriduih seppratopaBT, it
was possitis tetat prodsdtiwestsepdrhiat idth ehecatdd proiet asd b8 1¥asqh dt@@t}fé%gﬂk st had
not been affected Tgpi cally, a pilot unit run tinme of L33000- 3500 hours
corr el at &85 fisasprerbby 2 grasg Batrspaireliero fiar sxifing the syspe wasangsisercd dyonsttr at es

t hat 1g0n{AaCHk kiR Lyst s havi-ng._a e size

di stribution t'\%ﬂtEﬁlﬁc%ﬁ&?ﬁiﬁ%g?aes‘ﬁ&hgﬁg?&&%@ﬁ%ﬁq A %%%wgpgﬁﬁ%ergm?&q onal
cat al yst f ¢ravpongnta oftheesrsdezmrodiacst Thoresilmiistdd die averaghsad tRalctrtiet er in a
range be'%\%/leg?g 903;%80 A. with at | a(it 6Q% of the total number of pores in
the por e §1FeP AT LIFaeH Of FYRPHIFHG: ﬁg“ © BoFet gropretes arqgunnnsized imTalle f he
medi an pefEIGiyaneter, with controlled contacting conditions, produced a
total product that included the crude product. As measured by P-val ue,

crude feed/t of@Fhqyoubabled iheerde paidinbt hag, pagramoficmtlapabdudihe sefinde

pr odygst ed Ni NV F ntent, reduced sulf content,
and Teduce %ggggﬁ%c%ﬁalﬁljesh{l ?eggﬁl at szgr’}qoﬁt%g HYPY 81 P8 %ﬂﬁ“&‘)}f] ‘igmpesi due
content grathst ke Wade product had a ratio of MCR content to Cs asphaltenes content of 1.9 and

a TAN 0£0.09. The total of nickel and vanadium was 22.4 wtppm.

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, a WABT increases. FIG. 8 is a graphical representation of WABT versus time
(1) for impravement of the crude feed in the contacting zones described in this exatple,
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 time, the WABT of the contacting zones only changed approximately
20 °C. From the relatively stable WABT, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.
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10 content of the crude product was 90% -110% of those properties of the
crude feed. Exanple 6. Contact of a Crude Feed Wth Two Catal ysts That Have
a Pore Size Distribution with a Median Pore Dianeter in a Range Between
90-180 A. The reactor apparatus (except for the nunber and content of
contacting zo 18hY Jighie ing.the
total product ﬁ%ﬂexﬁ%ﬁ]og %?n%%glsy%tngnt?ﬁé@gﬁ%%{eﬁa%r?%gﬁgh @%pc\%%l?%& E‘%éngsarre as
descr i bed pare Eizadiztribulion Bdthe madiah pete divaseted ofed lankt 180ah asdjudditioral une  of
silicon carli)id . . The crude feed flow.to the reacfor was fromthe top of
the reactBrYH hayinasR s fz6 AR08 faths media Piegtiamsteiist ergq evganom

bot t om t gL gy & N fig: B8k 60V SALIRAM Bhimbst et 08 i é;é isRfRibg oned at
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20cat &l ydavsigla mondieaets: ddthin 4§ dref tidDedinB pomakapest, tiithredirolted op of the
silicon carbide to forma hottomcontacting.zone. The bottqm catal yst had a
pore si z&OBPEHNE ERRAIHORS TP ucﬁdﬁg]@ﬁgﬂog‘{fﬁéhag?%ﬂﬁgértheo‘?m ‘*'ZPIOE\PCtV\,iAlSh 66. 7% of
the tot almalibe by POyaSe, cPideedhOff pRIda& FHidlt sAMHPRD AV e di ameter
within 32 A of tKe medi an pore di a?ret er. Ther otto%ﬂigataﬂﬁrtﬁif nc%uded 0.11
grans of ciisleysediethadireducdiPANY mdsced NIV /Ek ebnipet;, ragiuasr oflfuP bortm|andt , with

t he bal i o At cat al yst/sil.i,cone carbjde._m xture

(80 ons) s SBareh SRBGLratip opCeniRieRt St e Rnenen S rbich 1 he

top ¢ont achtethf2BNGudd P@dham@sa;o% YSDGh8seRRbSerBérst thelbelis FRytion with a
. 1 6_6.7%_of thtro_tal nunber of pores in

_ 0 A _ W|t h
pore 30dig i 'Dnm?h B(ﬂﬁ’c(ﬁ% ?Jo ésf)‘ilﬁllnue:gR;Ol'log B . A %dggqu% ﬁg

e Il Oof—Cataryst;,—w R re——pararnce
Si i con aeppdtde(enasptgoistht inamder ol doaRnDéf doigicling Sdneg BhtaE sathidane to fill
dead space and tg@serve as_agt}greheat zone. The catal yst bed was 1oaded into
a Li ndbethady mgthediof serarsinebe iptal predugeand method pbanabiginethp ovwde prydve t he
preheat zRACHek tr A : Qi”@ﬁ t BS-4 crude
(Venezuel a) hgv%}ﬁggt %Eg?%cg%r%ag}ﬁ cgﬂerr}?r%crh ?é%glg; &lteﬁfa%{%%%e ,H%F%uab\,rol%g fed to
t he top. of sititmm ¢agliide.or. The crude feed flowed through the preheat zone, top

contacting zo baqt t.o ontacting zone, and bott support of the reactor.
The crude feeﬁﬁ%@‘%gi?f{gafi‘{véa) ‘%Ff%%@éé‘ﬁs n t%?fgg]ﬁ%g‘?tagt%ﬁ?tﬂlﬁém&%%nce of
hydr ogentigasactdih HRGEMAGKASTIATRI bbIRRE 0'BHEn % HAbWAWShardl 19 f hydrogen

gas to the crude feed provided to
carbide 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 0.02 grams of nickel per gram of

25 catalyst, with the balance being support.

A top catalyst/silicone carbide mixture (80 cm®) was positioned on top of the
bottom a?ntactixag zeme to form the top contacting zone. The top catalyst had a pore gize
distribution 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 furace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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the reactor was 160 NnB/nB (1000 SCFB), LHSV was 1 h4, and pressure was 6.9
MPa (1014.7 psi). The two contacting zones were heated to 260 C (500 F) and
mai ntai ned at 260 C (500 (T) for 287 hours. Tenperatures of the two
contacting zones were then increased and maintained in the follow ng
sequence: 270 H3-4 orfle [¥dnezhisln) A0y A8 Gl 0 6
hours, thep 315 C (60£VF) R ou?gctpeg%g@?hen %3‘%”(?‘(% 5%)1:[2{3‘?’0‘55‘3120
hours fo ecgtottb@ tp of ke epdier. ofheirgde fsediflewed through thherehestaongresgiuct exit ed

the reactgr r .as_descri in Exanple 5. The crude product
had an a&g’ﬁt%‘%g’ %ﬁ,olfoﬁg%@ Egaggﬁ éﬁorg\’/ %?da%ogg)ﬂbfu@?gg’i? {8F 1gqctary .e@e(ﬂilﬁqeng

processi figed Weteoataure withasdule bf thadaiaBets i tityprodenss , TR 0023 grans
of sulfur, 150.00??4 grans of oxygg§$8.144?ﬂér éenm; gj;iﬁ%/\c}l?d!;@ﬁlaéﬁ% 8&378 grans of

resi due. “Xgeitingsratitippoyeictas dellayys: taie afhydwepn gatuctthacmdt fet pebvidedTABLE 2
in FIG = | K508 %ATRE r t hat ,gont,acting the crude feed
with t he%garf%t?/rs%ésy ﬁsgvi ng pglr(g)%@@)diﬂg?sfi %%S[a.f Bn’s%ptrﬁs‘éf%ﬁ%ié; ére

di anet er (0344 psingehechvet vesnctBQ-zb86s Wergeatdg asi2éd °C (3088 T PLROHSh A RAt had a
and a reduced oxygen 20content,

reduced reduced Ni/V/Fe content,

rel ati ve%ﬁg’f{ ﬁ@oﬁ’gb%ﬁ@@? deuwigs Temperafuiercolfthetivo omitasing esidvesretienent and VA0
content gfidibh £ : i €.,.999 do.of L hg. respective properties
of the cr ud(;egLf‘?ieﬁglEi1 %‘E&%ﬁlﬁ%{iy gl.e%@g(ﬁpzlgtg&ﬁ%g%&%?gdg (féeseg ) \Wi ]E)% t’Eﬂ’tll'%ﬁl ysts.
The Heack®y *QEFar°E) fus 2( @ kowpt théwd 1 MUEEEO0 “ENfbr G60hents, Aid taaMAacid fgopzones),

cat al yst t total . product separation 25nmethod, crude product analysis,
and cat a@&r |1H“5ﬁﬁ983%% iR s 1 hbhedre as' described in Exanple 6. A

cr ude feed (Behd Qs bRl A B RSREARSLLERD SHIIRLLAE hegRss T

was fed to the top of the reactor. The cru 0
preheat Ferweude ppducshaden avgagoRaN ditomdeanivacke AT geavity o0zl SkiRkihem
of " hyar dgeseeee’ HE ble aiedier lof GrteReadr gravet PALEE Gt SBBmTD/ B
Contact | ng yanes ver o heared f e enEn Ry g daanet bl Rt pdts, 1T,
time wasraRRstesRithe crude product are listed in TABLE 2 in FIG. 9. :
This example demonstrates that contacting the crude feed with the catalysts having
pore size distributions with a median pore diameter in a range between 90-180 A produced
a crude product that had a reduced 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 separation
25 method, erude product analysis, and catalyst sulfiding method were the same as described
in Example 6.

A crude feed (BC-10 crude) having the properties summarized in Tahle 3, FIG 10,
was fed 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 1o the crude feed provided to
the reactor was 80 Nm*/m® (500 SCFB), LHSV was 2 b, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total yun time was 1007 hours.
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The crude product had an average TAN of 0.16 and an average APl gravity of
16. 2 during processing. The crude product had 1.9 wpprn of calcium 6

wt ppm of sodium 0.6 wtppmof zinc, and 3 vvtppm of potassium The crude
product had, per gram of crude product, 0.0033 granms of sulfur, 0.002 grans

of oxygen, 0.3 ‘ o’ of i + Addi ti I
pr ope%/'? i es of @ﬁe&%ﬁg&%ﬁ g{%ﬁ 5"}a%?% f%eoﬁ@gb@eaggr%g%%@ é.ravité’.(’fqg'az
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and residue content %of t he crli(r?e pgg%%?%ﬁ,‘%{%ﬁ%ﬁgﬁ&?%ﬁ%q&% t he
respeét i \amy ofyesithie sAdditioed porpedeesfod ok criiapples af lsted @ORILARSS ofi@ Cr ude
Feed Wtq Four Catal yst Systenms and At Various Contacting Conditions. Each
react or agparat us (except for the nunber and content of contacting zones),
each catal yst THil didafipidiRInRstes BAEE QL ne met hod,
and each crude pr odugt' anal ysi S Wwer e theﬁgé)ﬁg%?g&& e@%?%ggﬁ? %I%Eeélrrpl e 5.
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Feed 11 ot ProfgttLARREY E_é%&%%t%glcf%rﬁoa’l‘r‘ém%}?’ B RafessERe gt Ml he

bot t &fn ofulfir@ofiRas MBO cSitbiCAN ©HERE SehvRHRARSIrhd ORBH @ lverd9sR0bdgm of each
reactor to serve as a bottom support. Each reactor had a bottom "~

20cont ac it e aEthenespactivrepntiercef thgcmdadeedAf t er the catal yst/silicone
car bi de e r A i-n th (aoa;.c i ngzones_of each reactor,
silicone@x}lrli 6”13 ¢ Foc LESS S bavsiems and Adne (o fill

dead spa¥ariang Contatiny € aglifor! FachteattnappatatdtkcsR a6t HRE nuEB& heact or was
| oaded intq ao%.i ndberg furpace that included four heating zones

cor r espohtItHY of EPRIpAIng ZeREAtcash ptalveliiding asthodctdach dotalamedyct sgratioa bot t om
suppes t . n2Bbh, fHyaneh vl UNgalsi | nkckel .cat al yst/silicon
carbide mxture (48 cwggPdggm t 1 niéi}’?%ﬁ@%%B%%??S@r%“@%na%ﬁ“@e)zfo , The
cat al'yst catglpstaved, mped vgthailiconfcadddaingstoluble 4D @anstsefliconbybirAym 0. 047
grams of _nickel . and 0,021 gragns qf  phosphorus, with the bal ance being
al uni na Badtp%%ﬂﬁﬁt “R{%ﬁ%?‘?ﬁ‘aﬂ?ﬁﬁﬁ%‘ﬁai JE‘FF‘é‘de%if%@nﬂ%ﬁﬁP% Gl Egeler e cnB)
Wi th t hefromtiad gl MateAdoBo INPRSERLS bESeGbihdr Rutd ; ' or e
di anet er _of 18%)§A was pogli toi oned in thg top rc?ﬁ%dggg%&e%%ﬁ%ggdn% ybdenum
cat al yst e ettempodeagh reanterdntseryt a9abattomanppef. Bashytdanbml pdotignam of

t t i1 I ' t that jngl.uded . t 0.50
g? gia%fracoa S{rhﬁ%%a%efgﬁélﬁgﬁg(g?&gg%géggp%&er %he%atalyggaﬂcoene cgr 1éeergxsxmres grams

were placed in the contacting zones of each reactor, silicone carbide was positioned on top

of the top contacting zone to fill dead space and to serve as a preheat zone in each reactor.
Each reactor was loaded into a 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 uncaleined molybdenum/nickel catalyst/silicon carbide mixtuse
(48 om® } was positioned in the bottom contacting zone. The catalvst included, per gram of
catalyst, 0.146 grams of molybdenum, 0.047 grams of nickel, and 0.021 grawms of
phosphorus, with the balance being alumina suppoxt.

A molybdenum catalyst/silicon carbide mixture (12 ecm’) with the catalyst having a

30 pore size distribution with a median pore diameter of 180 A was positioned in the top
contacting zone. The molybdenum catalyst had a total content of 0,04 grams of
molybdenum per gram of catalyst, with the balance being support that included at least

0.50 grams of gamma alumina per gram of support.
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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

al um na_Suppof Exaadpléo) Mﬁﬂ!éfﬁe@ﬁ&«ﬂ&a@h{m&omeatﬁlﬁgtgdé%nréameé ikthee €T N3)

was positioned in the top contacting zone. The nolybdenum catalyst was the
same as {48 onhgwag posideneddn thedoftosmmtatingrampl &8 uncalcined molybdexamyoball0, t he

mol ybdenum cat al yst descriped, i n the contacti,ng zo Exanpl e 8
e m x e AR B BESEpbER B O HePlo FH E88L iR sones
(60 100”@")0_\9‘)1.101‘115 with TheDeadRk 8eihd aludiind RgRbal ned nol ybdenund ni ckel

cat aléyst/m i cone carbide mxture (48 cnB) was posjtioned in the bottom

cont acting zohenolybrienumcalaysiedicorotarbide miniuné GRedm’) spa pysitionaddhibiedp per

f al: 0.-99 f L, ybd .0,,025 . of ni |, d
0 01 qr Al BBt B A0 AR SR P sere g B IR e ReRg Rt o | A
mol ybdenigangdaé 8] yst/silicon carbide mxture (12 cnB8) was positioned in the

top contacting zone. The nol ybdenum catal yst was the same as in the top
cont acti ng zdfd¥gmpisHinthemglybdynyarcatalpthas Hescaibed inptha teroeamtqetog fzows ofivexi co)

filt I, : ot .93 C O F
ves 1] Usttbic § VRO oIEal Sl LGB A0 D18 Bl TR Al 80°
progérties)sunmarized in Table 4, FIG 11. The crude feed was fed to the

top of the reactor |n these exanples, The crude feed flowed through the
preheat zone,*t 6mé’iﬁ’n7t1a€f1 PH%ECZ‘B nolygeleruwn/pigkelratal wlsitisere casbide Botitsm
support (@8 chPREERGE : 0 M1 h each of the

cat al yst(s icnhf‘ﬁe pr{e@rgﬁ%y@F%Eg rgégﬁasgiéng'S%%tﬁg%ﬁl%& conditions for each
exanpl e melyedeasniicthadwstalysaineladal, paygamgdraghst, 0c0Cgrme of erdlytdanimg

contacti was 160 N r,i 3/ 1000 B and t total pr.essure of each
syst em Waloe 8pf 3?’%@‘?&%?9 %@fﬂf_o%léﬁ%w%‘gﬂgﬁwdﬁﬁqnﬁggfflﬁgaqlr,ngil 200 hours
of gentaappgrg, and then .lowered to 1.0 jlfor the remaining contacting
times. Tenperatures in all contacting zones were §43 C (650 F) for 500
hour s of contaBwishgenyn cetal ysigolicompathidanitterct(éhper avas msitioned i the topt act i ng

Z0Nes V‘%Eﬁta&?r{g io%le.l %ﬁe 9115013];b%|er|11(1)n\4\%éta yQF wgsetﬂg %fgn% 8 thg totphc%ntacting zone of
Example 8. '
Crude from the Mars platform (Gulf of Mexico) was filtered, then heated in an

20 oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed for
Examples 8-11 having the properties summarized in Table 4, FIG. 11. The crude feed was
fed to the top of the reactor in these examples. The crude feed flowed through the preheat
zone, top contacting zone, bottom contacting zone, and bottom support of the reactor. The
crude feed was contacted with each of the catalysts in the presence of hydrogen gas.

25 Contacting conditions for each example were as follows: ratio of hydrogen gas to crude
feed during contacting was 160 Nim*/m? (1000 SCFB), and the total pressure of each
system was 6.9 MPa (1014.7 psi). LHSV was 2.0 b during the first 200 hours of
contacting, and then lowered to 1.0 h'! for the remaining contacting times. Temperatures
in all contacting zones were 343 °C (650 °F) for 500 hours of contacting. Afler 500 hours,

30 the temperatures in all contacting zones were controlled ag 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 bours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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contacting zones were raised to 354C (670 F), held at 354 C for 200 hours;
rai sed to 366C (690 "F), held at 366C for 200 hours; raised to 371 'V (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 tenperature of 399C (750 C) and

hel d at 39§ h 0 G urs.

The crude %ggﬁg%%%v%r g‘{gg(?lo) di ca fd;étg}?gl gzr}{%‘gﬁ% %%g%tﬁe ctE’gdrogen
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with the {J éat al yst systens of Exanples 8-11 respectively. For 2300
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represent .net hydrogen uptake obtained

hydrogen ga Plots_ 148, 0 152, 1
by cont abf ' %@3%?’6@’@ %a’&i’r%ﬁetmo‘gﬁ-‘éIEPWF“’I%H@lndéméw%ﬂnf%@i@ﬁ%th%ﬁ rugganpl es

8- 1135 reﬁa@m édéﬁ'n)f

period of 2300 hou?lsr%g@?,%mg% n%%dlﬁﬁ%%%@%‘ggﬁfn%? ﬁ%n@ }425%3&18%5%%:8) As
shown i ndifmgt phege S‘tmeﬁtn)etAmawuge HlGpta ke Bialubef tewdeldfpethcnasained .

25rel ati £onst an durin ach t 4 s

represen aatt%g cgfmt?‘ésqud’ﬂg S'@%ﬁ%éﬁ‘tporé%ﬁroé?@‘éld“i#} %?pémgﬁaéﬁeg‘éi@dﬁ&hlﬁ‘r crude
product héRyahuwehsteasagdun tinme ("t") for. each of the catal yst systens of
Exanpl es 8-11. In _each of the four trials, the crude product had a residue
content of 88ICodddine ranbicplesprgsrntationtol met kfdrogen uptakedyfosets fodd (5Hs”) 156,

L
respect i 1l lys:z P&t spesentingt nyd@ogeﬁ@pmme;bfaasaddjyecomatlﬁgmlec&uderr@emmde product
" el N0 6P batatyst Systonts of Exampled 851 ¥ especiivaly. Rict hyatogon upteb by a | 2
crude feed over a run time period of 2300 hours was in a range between 7-48 Nm*/m’
(43.8-300 SCFB). As shown in FIG. 13, the net hydrogen uptake of the crude feed was
25  relatively constant during each trial.
FIG. 14 is a graphical representation of residue content, expressed in weight
percentage, of crude product (“R”) versus run ime (“47) for each of the catalyst systems of
Examples 8-11. In each of the four trials, the crude product had a residue content of §8-
90% of the residue content of the crude feed. Plots 156, 158, 160, 162 represent residue
30 content of the crude product obtained by contacting the crude feed with the catalyst
systems of Examples 8-11, respectively. As shown in FIG. 14, the resicdne content of the
crude product remained relatively constant during significant portions of each trial.
FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A APT”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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FIG 15 is a graphical representation of change in APl gravity of the crude
product ("A API") versus run tine ("t") for each of the catal yst systens of
Exanpl es 8-11. Plots 164, 166, 168, 170 represent APl gravity of the
crude product obtained by contacting the crude feed with the catal yst
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n. torpounds.

sel ectively over” the non-carboxylic contal hing organic oxygen.
201 n Exafiptdanrodaet dugag eacdritislondl thoomsindi . BY, thadx(ygo0 chijtentaf treassder e of

6.9 MPa 4. 7 DpSi and a ratjio. o drogen to crude feed of 160

Nrri3/ nep‘%}f%de‘g@%%%‘ ?d?tWSPWCé)&ﬁt@Pé %F’P%P%P%g’??%%ﬂ%%% Erielatiady 17. 5w %
basetb oncémdemnekyglh coitedtRe ey tie Foa6et dBnodsttRAREAEMER] OfpadRDxGeé 50 F)
at the same pressure and ratio of hydrogen to crude feed, 1he reguctl on of

crude feeMMIRAE Bistredncediarinsths copestinga sSEaceohAN easwbsioghduces af thesee cr ude

feed. In I t. i di ti.0ons s 371 700. F), a pressure of
625 pa SR ey Rl FREE R BRI ol BRo e cbfoialiordRingle orfRien 3.6 . 13
(1000 SGCrjeen ttrapoedsate reducet! selectiielf eed iMOR Qb BRlic vaRaibihpDrdiie based on

the weight of the crude feed. At a tenperature of 399 C (750 F), at the
sane pr eSYEFRCYRAOPSEi 0 of hydrogen to 30crude feed, the reduction of crude

feedMCR contgntxanite 19 aMeferi A editRAs bR8 MRG0 8h), L BRsShY68s b §A5k
(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 wi%, based on the weight of the crude
feed. Ata temperature of 399 °C (750 °F), at the same pressure and ratio of hydrogen to
crude feed, the reduction of crude feed MCR content was 25.4 wt%, based on the weight
25 of the crude feed, |
In Example 9, at reaction conditions of: 371 °C (700 °F), a pressure of 6.9 MPa
(1014.7 psi), and a ratic of hydrogen to erude feed of 160 Nm*/m® (1000 SCFR), the
reduction of crude feed MCR content was 17.5 wt%, based on the weight of the crude
feed. Ata temperature of 399 °C (750 °F), at the same pressure and ratio of hydrogen to
30 crude feed, the reduction of crude feed MCR content was 19 wi%, based on the weight of
the crude feed.
This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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This increased reduction in crude feed MCR content denonstrates that the
uncal cined Colums 6 and 10 netals catalyst facilitates MCR content
reduction at higher tenperatures than the uncal cined Columms 6 and 9 netal s
catal yst. . These exanpl es denonstrate that contact of a crude feed

with a relativgly hi N.O . 8 i or [re tal ysts produces
the crude pr o\éﬁ"c?%/? e%@eé%%ﬁ%a}tﬁﬁﬁgcﬁ%\ygfEa@ﬂ? éf%eéi/% ﬁFégﬁ“é?éﬁ’tgﬁm xture
stabi | i t TANETANJT 0@ lvath ol of reorelchialiets paydlicogie chiledsedycBeliged ed crude
product praoperties were at nost 70% of the same 5 rplpertl_ es of the crude
feed, whimdnigbnecthe arude Sppeftptabprogpctinigtuee sakiliby @uﬁm‘rw«éateve&w sthilhn@0- 30% of

th i f , Lfi.Cab h i
Tabl o4, AR bR, teitch GBUEF B froperios B EE RO HE R ogen upt ake
by thé crudertieedseafudd fealsthikbeNoBH FRopeRATE cBERudSHoluedd eligihad an

average TAN of at nost 4% of the crude feed, and an average total N /V
content of uefdbe g Pronaisy ok the crusessedNi / V content of the crude feed, while

Lt ai ni ) ol d
Cont ent of “eadke b, Khohitn TaHfG, LT3t RO Produe ] W BFLASEyiE, C1°
crude f eedt hyfinagzeawptakg dy YiEcradnfoedd ofok neacd Netds® (76 SOFB)WascH pRdddid % of

the VA& content of rude feed. The average APl gravity_of each crude
pr oduct %ﬁ@%i@'ﬂ%ﬁéﬁp%ﬁh@O%ﬁ%f gf %%‘%ﬂecf?ef Aed g Eu‘éF‘éa&‘“eté’Ef?(W Qnign of

Vi scogi t y 0 K t A : IS ' of the
cr udggf eegll?lBsEtxjfgrr/g?%ge %&i‘%ﬁ/@é@%ﬁ gtf:(%ﬂ%fsmg&eaﬁgg’ewégee%?%?ﬁgéaptsgﬁ%f% Hayi ng

a Pore StheerBicsfeed birtiova 3 Whhh agervdicsidu®ormgertt oif amdt @ndofrodtictvea|8-aABH A
Wth M nipnl “dydr ogen sumpti.on. .l n Exa 12-14, each reactaqr

appar at u§ F?‘&{‘ESE%{G “10876“ %%F@ﬁéﬂf@o Hihs iid erach &gﬁ% el f%%e%)“,?e %‘”88‘1’{3'{
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the. Foactish bRt RE BTk MRS R P U RIEBE O of cach react or
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in each Teactor. Eacmh reactor wa into a L ace that
i ncl udedatdwoatenhefitdntegtilg AdGE eadr catd pondifidigtocthbd caclehedtpratee, t he

contacting zane, and the hottom s ort. .The crude feed wags contacted with
cocrth: ! e BaF el et fachr it hdRRghty s Jar e s ss desonbeldr e || con
car bi de §i XI1WaBsAOvGERixNBSitR s g&ﬁa‘ll’ ggﬁn&rbfts%oﬁfcmtb&%. Sifel SR & Bhe to

formthe contacting zone. For Exanp 12, the catal yst was the vanadi um
cat al yst togaclpreapiar was framehetapl of the repeior Bxtherbdieom 3f thehreactert Hilem aadsdd he

oL VPSS SR 8RB DT Bl BB iy o
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. Fach
reactor was loaded into a Lindberg fiumace that included three heating zones corresponding
to the preheat zone, the contacting zone, and the bottom support. The crude feed was
contacted with each of the catalysts in the presence of hydrogen gas.

30 A catalyst/silicon catbide mixture (40 cm”) 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 Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.
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The contacting conditions for Exanples 12-14 were as follows: ratio of
hydrogen to the crude feed provided to the reactor was 160 NnB/n88 (1000
SCFB), LHSV was 1 If', and pressure was 6.9 MPa (1014.7 psi). The
contacting zones were heated increnentally to 343 C (650 F) over a period
of time_and mait-ahiiech@dondtdntedi ouf 4l En Of 360
hours. Total products egi(itote th ercé{r?&%ctln ‘g‘é’%’gssg%lté‘%ar%f?"%gﬁ

descri bedo the dExdenfotdp®viddto ﬁuydmgunwasméa%nﬁmf  PADOCSCE BY LIHSY Was1 h', ‘
determn for each In Exanpl e 12, net hydrogen uptake was
-10.7 N %ﬁm{;s‘%%wéﬂé? @%ﬁ%ﬁﬁﬁ &@CﬁPB@B@g Fhigs reroheaiid ipopmentfly Exanpl e
13, net by giode ssonkaleerabnb@oftif@ARE ol Rihdi 23480 Brl (DIRLRE (139 18. 7

SCFB), and the crude product had a TAN in a range from anpl e
14, dori figp Eoa0ad60 hgref the crude feed with the nol ybdenunt vanadi um

catal st, net n a ran rom NnB/rn3 to 0.6

N8/ rré (-0. 36@@ C%Bdﬁugltt%ég%fmﬁgﬁﬂlgtzﬁgesc efﬁﬁ@aﬁﬁ%tﬁgﬁ%épsanwnl n a range

from 0. 2¥Qaiplel amtthRgroset Qa8 n, it was

esti mat ed thglte 15 htylgr ggenuguégg generdﬁg%ha%v‘?ﬁg&?%{ag?&fg&?&%ﬁn& ng (65

SCFB) dufystn.cbnitsemladl.afet hmogﬁmuﬁalfeew -A0J Nind/n £ rEscS G ); anddhy stude

Cener at i I I cont al,l ows | ess hydrogen to be used in
gﬂ)aﬁ&i M%T@%%f%% Jiamh %#138%)&8%8 ¢ wag e Eanes Bruwy 2.2-

t he process relative to an am)u

pr ochbses Otl‘dmi'/nﬁ(ml@-l RITHGHE)]| &8 tﬁé cﬁhda peveraL WTAW%@MMWQ senent

for |ess droqen durjing contacting tends to decrease the costs o
processi e 4, duripg Cm?ftqu-ﬁoéh@ ¢rude fmﬂa*ath féifi mdi}ébctﬁnunié/ahxhumw th the

nol ybden r hs,as TAN t hat was
Tover t o RnRdpy g e whlRSIARE: B0 R Y B p B R0
nol ybdenbGFBae AI0yREER)Exahthk eaidd prdduict Gard AN 1QfaI@n fig 7ped Wth a

i Addi tional Catalyst. Each reactor ar at us

Vanadi um Cat st .and a

(except for %b@egﬁ@ygj&ﬁe@h‘ﬂﬁ%? VARt AEInGRPIES BB VaS é“é@kﬂtégéﬂ yst

sul fixdi ngydh@ich crude

pr oduct ar?;ipé s|Q)§aS\/\ggrﬁ%latehgE giarrrgégglﬂgggﬁﬁ eg&i @@@gﬁ% @?%lﬁgﬁg@ﬁl ysts

wer e i x@Hd e%ﬂd And theivenatdiva chiatjet. |@emrazmalnwfmydmtgemdnﬂmgccpﬁacmg glldweon

car bi de %&h Wg Bat aIX h@unl ess thervvl se indic Ed The crude feed fl ow
to each TEact AR oF e Hrg(iszs:b*e H’&t?é"éé’F‘BP‘thﬁW ©REB s HIOf t he
reactor. coswﬂtmmz frasdbdieo WASoROBidpbARE df AkadARiBON LRMLOTTIRAGK ifGRRE OF tO

30serve ﬁottom support. Each reactor had a bottom contacting zone and
atopc 5&9{ ng’@rfblrmg\pp@ﬁctmgée@h;ttg|d§z@~p¢@|th¢ @Qﬁﬂ?ﬂeofqao@ssieg exdtler es vver e

placggdlnthe [ agt or arbld

positioned on (ffdgp&%gl& ﬁﬁtz{c% ceon{uéigt?iggrz:igwgl ﬂq %}yﬁ‘? “1”3 @B’a“(‘?‘g‘ %Fﬁd to
serve aaaradlps&éheaidemthmt mtEadTANﬂaﬂ:ME lovizaihn tBa T ofks chRiRPRMuENT 0 a
i four heatlng zones corresponding to the

Li ndb
plrgheai[ %%%ngf‘ﬂg‘ 19\61368&63! Y@e%‘ﬁé?é‘ta Whd the bottom support. In
each exam S hotPvit £RARARIDP CABRGLRGD N EXamPl e 2

and used
Additional Catalyst, Fach reactor appalatus (except for number and content of contacting

25 zones), each catalyst sulfiding method, each total product separation method, and each
orude product analysis were the same as described in Example 5. All catalysts were mixed
with silicon carbide in a volume ratio of 2 parts silicon carbide to 1 part catalyst unless
otherwise indicated. 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

30 serve as a bottom support. Each reactor had a bottom contacting zone and a top contacting
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone fo fill dead

space and to setve as a preheat zone in each reactor. Bach reactor was loaded into a
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5In Exanpl e 15, an additional catalyst/silicon carbide mxture (45 cnB) was
positioned in the bottomcontacting zone, with the additional catalyst

bei ng the nol ybdenum cat al yst prepared by the nmethod described in Exanpl e
3. The vanadi um catal yst/silicone carbide m xture (15 cnB) was positioned

inthet [ ‘ lLyst/silicon
car bi de. S REYEE ot REeh oy hoIRleE-ohls A BBM] B0 eERb A dBS one.
wi t h t he taddodtaatinglzonex, ahd/tht botemgupvet.nol ybdenum cat al yst prepared by the

met hod described |n Ex | e 3. The vapadi um catal yst/si]icon carbide
mixture (30 aﬁfwa%émaa i 0P ALY RSt Was BeprIad Bs drfosibatkin Example 2 n

Exanpl e }dd u@0 Rtht b9Mabnd3h@lyet / silicone mxture (30 cnB) was positioned
in the bottomcontacting zone, 'Wwth the additional catalyst being the

mol yb¥enun vaieliample 36 aredddtonakeapr ppailiedn cabReanphes ¢45 Y waanadi um

cat al yst/si.].i cqn gar,bide m xture (30 cna3 was positigned in the to

cont a%:/ti Ras.%}? in the pogony confacng zé‘!?r &96831}2 Q@I%E‘P%ﬁ‘lﬁg t@ﬂgﬁb‘? ation, Rlew
York, U. ﬁloﬁrb\leﬁ@ﬁ‘@%a(ﬁppr%%dx WPl a8 4 QBEGkd 1 léﬂn?ﬁan'asiuﬁ?“e- Grude

(Santos Basin, Brazil) Tor npl es 15-18 havi ng properties sunmmari zed

20 in Tabitelys/silioe: cabidsanixfee (k5o hwas ppsivénethie tiectap tontactHgezons.ude f eed
flowed through the preheat ne,. top contacting zane, ttom contacting
zone, and bot f%‘r%%‘ﬂ’g%i Tmlc?fiéﬁwgalrcé‘%&sgfl.llcﬂ8315‘%8&'@"%%@%’% T(‘f"@ﬁt acted with

eachi®f phaticatal wetbstbm doh@c@ﬁ;,ﬁﬁﬁié,cﬁitﬁfthé”%ahﬁﬂﬁ[ba%?st b@&gtt@&t ing
conditions_for each exanple were as follows: ratio of hydrogen gas to the

crude feB@lbdeving exfalysl preareddactho matles desoribadsn 3appBOD BeF@padiom the first
wos 1 1f el iR o b lfpls bR R etiizeBing zones
vere heated imdiemié &7 lay 410itid4a chMlysOEGcémbvat (R0 aahiwgd wiitbhéemand
dompnet G EoTHACOBGRRESIOnBVED e aipBRGaa S DEnBBIPly Bt o al v
denonst r _ _ N W GELPBE F AU h V& APy VargOeat al yst
ey S S e 3
Wi t H-a nwel positpoed in the top contacting. zone. - S
In Example 18, Pyrex® (Glass Works Corporation, New York, U.S.A.) beads (30
cm’) were positioned in each contacting zone. -
Crude (Santos Basin, Brazil) for Examples 15-18 having the properties summarized
20 inTable 5, FIG. 17 was fed 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 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 SCF B) for the first 86
25 hours and 80 Nm*/m® (500 SCFB) for the remaining time period, LHSV was 1 i}, 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 run 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 of 350 A in
combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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dianeter 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 anmounts ot her
properties of the crude product relative to the sane properties of the
crude feed.ygAddidl : ' D140 ' r i . .hydr ogen
upt ake b;@ tthe cretuﬁcig gg%ﬁv&gg%o gé%légj@%dhguy’églé@kfp:@%ﬁﬁf %%“@rﬁ%wgﬁn
Tabl e 5, IBld@getTptakhbydhactedploeduet obsesval. TAN of at nost 15% of the TAN of

oo oo 155 Sl Rt B Hn S B F b M it posgen
content ofs0 : Vi I . 72%.r bV he sane
properties ﬁ?f@(ﬁﬁ?@gg@ehc? g@eﬁe. fei(g I thglrlllg{ef 35 I?E*Zﬁhg rcgl/e(3 I’S’!r"g} 'ltjsclﬁ (s)&‘%’rf3 %&bced in
Exanpbes Bfuntpleselbel trml had a ARkl §i/Sficopneht 4013 % %L at beygARoge@brtay of

the crude_f ., L n,contrast, the de prodyct produced under non-catalytic
condi t i oﬁ’éoﬁﬁ %ﬁfr‘%"lfﬁ’fgty Oﬁﬁb@ﬂ%ﬁ%ﬂ&t@a%ﬁwﬁﬁ PRORSF A Q& theviradeolopd.y a%d
decr eas eds d¥fliorili§Vihb ¥rude R duts ﬁr_ed&c@@_iﬁ/b%&%gbé Y589 @a&@aﬂ%ﬁ%"fﬁ%\fa%« d¢he

e gravit

crude feed. Fromthe 1 ncreased viscosity and decreas , 1t may
be possi bI08-103% efftbe APH gtavitylaf tiee @ndty feed.pol yneri zati on of the crude feed
was initiated.; EXx s 19. Cont act of ude Feed at Var.ious LIISV. The
contacti ng sysl?gﬂ%atrr%hggelg}[ﬂ%p@g}l% Wgcf%e%(%r flﬂ@c@t&i‘ﬁ%’cégn‘ggg’&@ﬁéﬁpl%
Exanube 638) phduggdepsiotin@syigf intRascariidbsilyeadisiedfdsdd APEsatify Ealle $rn FI G
18. The contacting conditions were as follows:. a:ratio of° hydrogen gas to
t he crud&'cedty T lasavitoot the crudadeedr Fivts theponasndscodigomdSleB)easar essur e

(700 7) for Sha Bl tepdiPle SRR Bkl an S kB it RO g e | ng

was i ncr easadtizi@dver a period of tinme from1l1l li to 12 W, naintained at 12
1-11 for 48 h?urs, and then the LHSV was increased to 20.7 Il and

mai nt ai ndeamplesgld; Gontaetof agrude Feed at Various LIES¥nghe caigactingsysemelendr oduct
was anal weedidaideb el R i [ ' VO, cont en esi due
content, het er%at ons co%%enfﬂ,%egﬁlg%ggﬁp Séérﬁll%lplg%n srrigie\alﬁro ﬁ%\aﬁsr?eq?}téﬁ crééakf {9’5 f

or gani ¢ awsilitteddurliably 6 ineFIG. A8, ke cadactingabnditiond WSY apdislicats: k3dfldonnd at

20.7 W. K 25Avera al ue or the properties of e _crude products are
shown i nfHBEE %?’,%%%\F/}@C“i% 28 provi t%ﬁt?\ﬁﬁa‘it?f V‘fﬂagof@ %{ng/mq@&%cﬁ% crude
product peksurkaapke MPa ar 47 5 Hﬁ&fém‘ﬁéﬁnﬁ]@ @g glerc&hﬁ?é{égﬁ% YRE AL §y) é¢el ative

to the TAN and the viscosity of the crude feed, APl gravity of
t he cr ud€/08r°Bates thegatnl noutimeodn Brarmple | Arhe §HOW dyringf conheting weeimtsaskd A

wei rati . . ent .t asphal t.enes nt en s at .l east 1.5.
"Th e b daptiobBREE AR 4f o T2 4" BRRRArR 520" Bh s B g b e
rel ati veLHS Wt es iswieaed tb R6. 7NCRugiontienincand2 63 ndsphad hanes content of the

crude feed. Ffo t he Weitght rati o of MCR .
n 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 1,
25 Average values for the properties of the erude products are shown in Table 6, FIG. 18.
As shown in Table 6, FIG. 18, the crude product for Example 19 had a reduced
TAN and a reduced viscosity relative to the TAN and the viscosity of the crude feed, while
the API gravity of the crude product was 104-110% of the API 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 crude feed. From the weight ratio of MCR
content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphalienes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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content to C5 asphaltenes content and the reduced sum of the M3R content
and the C5 asphaltenes, it may be inferred that asphaltenes rather than
conponents that have a tendency to form coke are being reduced. The crude
product al so had total content of potassium sodium zinc, and cal ci um of

at nost 60% of the total content of .the s als ,o he ude feed. The
sul fur cdiffsstunysodiym, E’rnﬁ Hﬁ%PfQ\I)a‘EO%gB%O‘@%@F f‘?ﬂé"’&%ﬁ?ﬁl%%%m of the
crude feegetals of the crude f@éé m?h@%lﬁu 2btedHigInaal {)ﬁ‘fdﬁcﬁ\b@t 0SS0, 3¢ iHeQifur

conditions can be controlled such 5that a LHSV through the contacting zone
i s great evontemanf the ctude feak conpared to a pr ocess that has a LHSV of 1 to

Phange.a. pr opebtApie &t [l b SR T e naianmouf b Arb BN Ty oa o1
than 30 Whaal 109§ thRRgk e Retiih iHr@Q:?ér%a&Puﬁﬁ 10arf Q4 mﬂmw %ea%ﬁﬁjze%s of

reduced size relative'to ,Conmer ci ally available vessels.” A smal'l er vessel
size may thttihewat HESY pééﬁlrreﬁ@tpr@ﬁucqQr;nds@mﬁhlntsagtaldsmnladp@pmlebeTlp@wmtyrted at

producti hat have e c r exa of fs

Paoi 11 s ohfte SRRt G R ER b b AR SR o ot
Tenper at ulroas' alloWethé eatad inig Mo RYsSib e s R veadel ySbsucskRe kB wAE as
described in Exanple 6. The crude feed having the properties listed in

Tabl e 7 icqomparially aygilableoest]s odxsln@llmo'gssgf sizh@ay glewdre tsdmentadnt act ed with
t he t [ t n ne £es dr ogen
to priSauci R Ridhd dhdchfa be B ERANERE MO ERARR e Rl RS AR ERE R (B o

di fferentexmpiwbmwresacﬂﬁzm)t acting conditions in the top contacting zone
were as fIIovvs LHSV vvaSl El ; te per at ur e |ntheto contactln zone was
260 C (5dexample 20 of pdande Fecd at VavipusContactiny Tigay #We/h98 (1000
SCFB) ; ﬁ% nygaﬁ] 15:%5} [0} t| ons
in the botg ?%lr}n ﬁrqgectl ngqgeg%agﬂ? %é@%ﬁh{oﬁé b desirll_lg\c} @ﬁ(ﬁvwggl%n%gé ature

i n the bdteddmvognibetdpegics tised waFatdd 3 HCF[GOO Wis added at tho taf oftelraagen to

de_.f eed 16 3 (10Q0 SCFB); d MP. 1014. 7
sty 157 @ SRR SiIcLe B CUDTRE BobEOHTESHER OV R JoraAE ths
i nt r oducegdaivate 1d ;t!;a%da&%énhé FHalishtPIRs 8ws enﬁaaﬁqgrzonww&ﬁa%p%&dlat efﬁeger{.ghase .

separator, the t product” was separated into the crude product gas.
The -cr udéelpmsemms was periodically analyzed to determ ne TAN and C5

asphal i enes C@otn?a%ttihg conditions in the top contacting zone were as follows: LHSV was 1 h;

temperature in the top contacting zone was 260 °C (500 °F); a ratio of hydrogen to:crude
20 feed was 160 Nm*/m? (1000 SCFB); and pressure was 6.9 MPa (1014.7 psi).
Contacting conditions in the bottom contactinig zone were as follows: LHSV was 1
h; temperature in the bottom contacting zone was 315 °C (600 °I); aratio 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 crode product was periodically analyzed to
determine TAN and Cs asphalienes content,
Average values for the properties of crude product obtained during the run are
listed in Table 7, I1G. 19. The crude feed had a TAN of 9.3 and a Cs asphaltenes content
3¢ of 0.055 grams of Cs asphaltenes per gram of crude feed, The crude product had an
average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs
asphaitenes per gram of crude product. The Cs asphalienes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.

80



Aver age val ues for the properties of crude product obtained during the run
are listed in Table 7, FIG 19. The crude feed had a TAN of 9.3 and a C5
asphal t enes "content 30of 0.055 grans of C5 asphaltenes per grain of crude
feed. The crude product had an average TAN of 0.7 and an average C5

o oduct - The. cagaphéien LRI %o Twa T RRTR BERRE el B 86 57T o

the G5 a&n@a)ltau@a@t@nmnh@mnmcﬁamnﬂ{@@@depfe@aluwﬁe TAN of the ciliag pk@hRl waont ent
of potassium and sodiumin the crude product was at nost 53% of t he total

cont ent oft moel WakthealtdN of the aride feedidd F-eadue ofrhe orjigher wahmaintaitked pr oduct
was at ”D(ﬁl.trmég%’ oft the TAN of the crude feed. A P-value of 1.5 or higher
was nai ntain ‘Hﬁ‘%}%g contacting. 5As denonstrated in Exanples 6 and 20,

having a firstAdddhdnbirgied BSExaniplen 6 GANL GGG a iR dhs6, thiontattind C
| ower than the contacti ng tenperature of the second (in this case, bottom
zone t endémpaalarhaids 5P Re loweniben b coptacingispparatusn ok thesaeand: (in his ¢ase.cr ude

d
haa 1 ondhom P Spdsif effap RUTCA FRRGR 1 by @les ORI (B8 prodypty ani
aci ds mas:elﬁz@wﬂnameglaspﬁalmemmwmldfa& dredpfedt ure differentials. For

exanple, reductjon in the total potassium and sodi ym content of the crude
product from éemnéllme%wéﬁﬁﬁﬁé@a‘fer@%mﬁ% ip ot galiscofi peeadhagels wae t ot al

pot aggi unRRd.$ Qghx%’ %Iﬁl%gt?& ?&ne;%}'atﬁlt%e( i FE MG 1RT ?gf&tamtrp[eo Pécﬁéfﬁlqp{nethg it h a

relatively constant cru tota product m xture’stab or each
exanpl e, paslsmsmdeakhbm denteat oethe thids |png11mt fromeixatrebq2( aﬂameﬂanéech first

cont acti ng.zone | 1 Qqws, rempval of the hi | ecul ar conmpounds (for
exanpl e, “é?stﬁﬁg‘ﬁe H@?naﬂ?g*}f‘o‘i‘)tﬁ?r@?té%“@él?‘g§°rr(gch?P§§Hf %F tﬁ’g sidagjodisht have a
tendency fidh EAARILGIWiINES RIAR Lons@RRAUMI S DRW N0 RIRY Hisdle ﬁéﬂ?ﬁ@%{ es of

sof tness and/or ‘stickiness (for exanple, guns and/or tars)
t hese coﬂp@ﬁxdmph?sa$mmur¢debm%wahare al l ow such corrpounds to be rem)ved

befo they p and oat yst t her eby increas e.life of
Dhe bE LY D OBRG: RaBerlR of Rt BhEp e R SRR PR RGap ot £ or
the firstnaanlaekidhy cgapeundeXxipkand, CaphdthePindorGhetdR shpesk @pshi@ |
Catal yst as a Slurry. A bulk netal catalyst and/or_ a catal yst of the

appl i cat Peis)(batdera a Bngeraydo Sermpp@ymersygndfas compewds|bpuing physigHd prepeatis of
th d de feed
25:ngr lrjegc%&glg wortshghﬁ&g?ggmg%%gf%&? I %r@gor§%}g?rrpe Jl??gf'ihlﬁ ;r lrjaﬁgeef rom

85- 425 Ccrhf&unds 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 Slurry. 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 sturried 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 ratio of hydrogen source te erude feed
of 16-1600 Nin/in® for a period of time. After sufficlent reaction time 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
30 bave a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes
content relative to the crude feed.
Further modifications and alfernative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose

81



797 F), pressure in a range fromO0.5-10 M\, and ratio of hydrogen source to
crude feed of 164600 NnBIni3 for a period of tinme. After sufficient
reaction tine to produce the crude product, the crude product is separated
fromthe catal yst and/or residual crude feed using a separation apparatus,

such as a.filter and/,o he.crude . .pr hanged
AN 1 roff et iSRS iR ML ik R hend HnRhHE 36 BERHHE bl Y wlRHRNE i<
content be luﬁ&drst@oc_! &ai e femste theeifdention showlrdhd bedcribed héreladre s akeh
alternative enbodi nents of various aspects of the invention will be

appar ent 2% exanhdeseofsriboriseenth Elyacnip angd patarialy rety bhsubsHsded fopthogh.

Accordin t hi i I I LSt y and
s for AR AEEAbKEALRR et BOGERRF YRS rBertd e ohhi et Y T
of caf ryoNghe dutentibemiafbentilignt inflépehdently, ﬂeayﬁdﬂlrdSieQiprmtehﬁﬁo otnhekﬂieal i, of the
i nvention shown and descri bed herein are to be taken a ﬁ exanpl es of

enbodi meHesut afieg hving therhenefitad thia descrpljobel tha hrvoption e Hhanges m%s g made
illustra gversed and
certai n Poge SReBREN R HORhEhhoR AEbaiRR ol AERARITRICEBI IRV SPF 20
woul d benﬁ@ﬂ@ﬁﬁmkm&ﬁﬁmﬂenﬁk&bl@ﬂmgmkmhs art after having the benefit of
this description of the invention. Changes nmay be nade in the el enents
descri bed herein without departing fromthe spirit and scope of the
invention as described in the following clains. 83 The clains defining M
invention are as follows: 1. A nethod of producing a crude product,
conpri si ng: contacting a crude feed with one or nore catalysts at a
first tenperature foll owed by contacting at a second tenperature to produce
a total product that includes the crude product, 5whereinthe crude product
is aliquid mxture at 25C at 0.101 MPa, the crude feed having a TAN of
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at least 0.3; and controlfing contacting conditions of a tenperature
lithe range from 50-503C, a pressure in the range from 01-20 MPa, a crude
feed flowin the range fromO0.1-30 hf, or conbinations thereof such that
the first contacting tenperature is at |east 30C | ower than the second
contacting 10tenperature, and the crude product has a TAN of at nost 90%
relative to the TAN of the crude feed, wherein TAN is as determ ned by ASTM
Met hod D664. 2. The nmethod as clainmed in claim1l1, wherein at |east one
catal yst conprises one or nore nmetals from Columm 5 of the Pedodi c Table
and/ or one or nore conpounds of one or nore Colum 5 netals. 153. The net hod
as clainmed in any of clains 1-2, wherein the TAN of the crude product is at
nost 50% or at nost 10% of the TAN of the crude feed. 4, The nethod as

clai med i n amy ciifis dafinth WBindnich srasbileoed:n t he TAN of the crude product is in a

range from 1-80% f'gg “%po(&w%aqu/%?&&aﬁg %)% of the TAN of the crude feed.

5. The met hod as al ned 1-4, wherein the TAN of the crude
product is 20i nmétacf'"&ﬁgf@def’?‘%ﬁ?“(?”‘bﬁfmﬁ Geaystsal afisiemperele lolowd 8 or from 0. 05 to
0.1. 6. cofthrdng ratest sbooml 1ageratle & proeiele 4 tota! uadpc! Ot ircibdad ﬂmruﬂe—ﬁodudmher ein the TAN of

the crude f e@lgrenh B dubh pﬁdlﬁl@@ﬂﬁdrﬁtfl%ﬁc%wﬁﬂ N@QIhleJ&QéEH RuifatQot0, or from0.5 to

5. % as clainmed in any of clains 1-6, wherein at |east
one cat al ysta”efﬂ 585 one or nore netals from Col urms 6-10 ol the Periodic
Tabl e and/ or on@nigling peojicing comitpotl atdape@fe 2 Bomge fom MY e a@euerims  6- 10 net al s.

8. The net hogle @ge 1&h &1-TMEla, b AuddIBY 1R fn 16 taftle 1 01300, BRUNRIAI médor | €ast one
catal yst co n}?;&l !P?a?ae first contacting temperature is af least 30°C lower than the second contacting
1 lemperature, and the crude product has & TAN of &l most 80% relative fo the TAN of the crude
feed, wherein TAN is as determined by ASTM Method D664,

2. The methed as claimed in claim 1, wherein at least one catalyst comprises one or
more melals from Column § of the Pesiodic Table andlor one or more compounds of ona or more
Column & metals.

15 3. The method as claimed in any of claims 1-2, wherein the TAN of the crude product is
al most 50% or at most +0% of the TAN of the crude feed,

4, The method as claimed in any of dlaims 1-3, wherein the TAN of the crude product is
in & range from 1-80%, 20-70%, 30-60%, or 40-50% of the TAN of the crude feed.

5. Themethod as claimed in &ny of clalms 1-4, wherein the TAN of the ¢rude product is

20 inarange from 0.001 t0 0.5, from 0.01 to 0.2, or from 0.0510.0.1.

6. Themethod as ciaimed In any of claims 1-5, wherein the TAN of the crude feed s ina
range from 0.3 to 20, from 0.4 {0 10, or from 0.5 to 5.

7. The method as claimed in any of claims 1-6, wherein at least one catalyst comprises
one or fnore metals from Columns 6-10 of the Periodic Table andlor one or more compounds of

25 one of more Columns B-10 metals.

8. The method as claimed in any of claims 1-7, wherein at leas! ong catalyst comprises
one or more elements from Column 15 of the Periodic Table andfor one or more compounds of one
or more Golumn 15 elemends.

8. The method as claimed in any of claims 1-8, whersin at least one catalyst has & pore

30 size distribution with a median pore diameter of at least 60 A, at least 80 A, a! least 180 A, or at
least 230 A, as determined by ASTM Method D4284:

10.  The method as claimed in any of claims 1-9, wherein at least one catalyst has a pore
size distribution such that at least 80% of the total number of pores in the pore size distribution
have a pore dlameter within 70 A, 45 A, 35 A, or 25 A of the median pore diameter.



one or More elenents from Colum 15 of the Periodic Table and/or one or
nore conpounds of one or nore Colum 15 el enents. 9. The nethod as
claimed in any of clainms 1-8, wherein at |east one catalyst has a Pre

30si ze distribution with a nmedi an pore dianeter of at |east 60 A, at |east
90 A, at least 180 A oral least 230 A as determ ned by ASTM Met hod 0428q:
10. The nethod as clainmed In any of clains 1-9, wherein at |east one

catal yst has a pore size distribution such that at | east 60% of the total
nunber of pores in the pore size distribution have a pore dianmeter within
70 A, 45 A, 35 A or 25 A of the nedian pore diameter. 84 . 11. The
met hod as clainmed in any of clairf8 1-10, wherein the crude feed is
contacted in a contacting zone that is on or coupled to an offshore

facility. 11, Thednethcblaeciamediteoych! daims Cloaineminche e evys cofactadnai s 1- 11, wherein
contacting Cg ﬁﬁs&%ﬂ&@@&t&dﬂ&isﬁo@ﬁmﬁr ude feed in the presence of a gas
conpri si ng a rogen source, or 5m xtures thereof. 13.
The nethod as Bl ArEeod & Ry (‘.?fa%f"afﬁ% 1% Ee'e'”vﬁ%'@armgg FPRE net hod furt her

conpri ses mmbngmemgdeﬂebﬁbnlwmwegmwmﬂ&mathwmwnwf@d@m@mitUfl s the sane as or
di fferent fiomhdpe crude feed to forma blend. 14. The net hod as

clainmed in any of cl ng transportation
fuel, heati ng pe meﬁﬁ’ﬁ?fla'ma%'{‘ anyH é&gﬁéw he %MU&&%@SW nmet hod as

claimed In cembafrwemde Pived i arsdetia! 'W"éﬁ‘@%?’ﬁ@e’e&‘(ﬁ%ﬂ‘ﬁ @WetdeedilPst i | 1i ng the crude
product or {hgseld. end Into one or nore distillate fractions. | S. The

net hod as daI Sl.d}enm%og {rﬁariggdrpgn aWﬁ{aefLr{ﬂertcﬁﬁmsﬂ % §,§J| ng conpri ses

hydrotreating u0| ng a cru roduct as defined in
claim1 '&ndmfkﬁﬁ?%‘f‘&ﬁt“faﬁ‘p1“%'“5@“‘&@‘F'@P“F?‘Sdescr| bed with reference to Exanples 1
and any one 0f15.2 Theomethoda cigury In olve 140&herEix inpdomgng Sorprges 2tiling e 18. A met hod  of

produci ng ggr, Hgggf;%Qé;lyﬁgongémggdfsﬁﬁmgmnp cl ai m 1 and substantially as herein

described wt hsﬁ ' ef e me%odc as c¥aﬁweda‘ln ¥Ia| 1% or 15 he%m lhe precessmg compn%tg
hydrotrea!mg
15 17. A method of producing a crude product as delined in claim 1 and substantially as
herein described with reference to Examples 1 and any one of 2 to 4 or any one of Examples 5 10
21,
18. A method of producing & crude product as defined in claim t and substantially as
herein described with reference 10 any one of Figs. 110 19.
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