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CATALYSTS HAVI NG SELECTED PORE SI ZE DI STRI BUTI ONS,
METHOD OF MAKI NG SUCH CATALYSTS, METHODS OF PRODUCI NG

WOE2@ORWRH73PRODUCT, PRODUCTS OBTAI NED FROM SUCH MEITHSI089/046917

AND USES OF PRODUCTS OBTAINED Field of the Invention
The present invention relates to catal ysts having
sel ected pore size distributions, nmethod of naking
such catal ysts, nmethods of producing a crude product,

eaeduesss atvaiNge SELECTES USRETES TiZ@d 1 sanﬂsmsaf METHOD OF
Broducts obt ai ned. Background of the_ invention

NEaVECR AT YEPe URSHORZIMF PRPBHEINE & ‘{W 88°DUCT

NORGVUCTY bREACHEIS SFRIM SPCHERRTRODSAlAND tUisaBSEP! bRSbUCTS
or processed using conventional facilities, are

commonly referred to as "HEdERnt aged crudes”
Di sadvant aged crudes nmay have a high viscosity that
r ender;s 1ihe rdi sadvantaged crude undesirable for
conventional transportation and/or treatnent
faci IS @§eseE$s%ﬁﬁﬁﬂﬁ%%@eéeéﬁEﬂ%st¢mﬁﬁqﬂjYﬁFghhaVlng
VAS6Qsid ibese addi tdanaliby. 1 BRY, ahsahdNoludgxhydr ogan
defici ent hydrocarbons. \Wien processi ng di sadvant aged
erirdes tsav nAGhpgrofg ey cderiiepeat Chydlr seadehs, products
SO0SiRILLAUBALY L ah s udnogel, By Heedoto beradied
to |nh|b|t coke fornatlon particularly if elevated

enpd [ A gh ssype are used to process the
" saduapiaged_crude. HILA0RD. . NOYEYE IS COSLLYIdO that
produce and/or costly to transport to treat ment
dacidt rildsvw. tBonverdsonal brethodgniofalilediecirngrohecdi gir
YSEOSILY 8 nb heo i sadvant aged; eruds. | nokudgugony
cont act’i ng thé di'sa antage crude at’ &l evat ed
t@ﬁp@ﬁ@tmpessahdl®mt&gaﬁ@ewnthu@ydfogéhsadvaheaged crudes

e _of.a cC i

T e
catdd ystdewhicrblel ¥ STosidnyeandboal ot tersgordper b esndfaer

{§%%.%%%tb¥acilities. Disadvantaged crudes having high

viscosities, additionally, may also include hydrogen
deficient hydrocarbons. When processing disadvantaged crudes
having hydrogen deficient hydrocarbons, consistent quantities
of hydrogen may need to be added to inhibit coke formation,
particularly if elevated temperatures and high pressure are
used to process the disadvantaged crude. Hydrogen, however,
is costly to produce and/or costly to transport to treatment
facilities.

Conventional methods of reducing the high viscosity of
the disadvantaged crude include contacting the disadvantaged
crude at elevated temperatures and pressure with hydrogen in
the presence of a catalyst. Sediment formed during
processing may accumulate in the larger pores of the catalyst
while viscosity and/or other properties are reduced by
contact of the feed with the active metals in the smaller

pores of the catalyst that the sediment and/or large
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contact of the feed wwth the active netals in the
smal |l er pores of the catalyst that the sedi nent and/or

wo arngeznpounds contributing to viscosity can POL/US2009/046917

enter. D sadvantages of conventional catalysts are
that they require significant anmounts of hydrogen in
order to process the hydrogen deficient hydrocarbons
and that the larger pores of the catal yst becone

EdtdethdsThysLr e Bef it kY sebsthe €at aloystntsr.
di m nished and the life of the catalyst is reduced. To
Cotafteragees hel di TR RrSHEd2AcER VRS Endy 6r tPAkr BARY require

$houghput peeuved wie melirbeed, ik hergat aly EoH@é’s the
contain a significant anount of netal and

EHsIGeaL F6A1 6 et OCATEORDr @ tretat |t§1eu%é69‘i3ﬁ gpres of

cad alyst ystheepofesriafi ldhe eatal yiste ReeomeLli bEedhe
resulting in catal yst that have that are din ni shed

PO vsitz & sddeni bl s r@é‘ldalthécéﬂfﬁ/ Hg tdpacetphyEhel s

PO EedlO 3@6088@%%@ﬁ%d@°&%e”@lﬁinl§KE&“&E%E%1%&tQnéﬂ&@ef
pores di aneters may be nmade, however, an increase in

¥Rﬁ¥?Qﬁeaﬁ§F@P9hﬁWtﬂ%ﬁh@@lpﬁ@ slrfer® ateacetathet may

cataliyst: shinyeul d bedesirabl gt o have 2 QBQS§§§tlon of
and/ or catalyst for reducing the viscosity of

B Sedvranfagedre rigier latl sseceet g Qeﬁﬁ@ﬂaﬁﬁne§h9mﬁﬂfs of
iRl pLessur6s. Suahearcatal ysy 6P l@a@a@?s{éfj‘?ﬁa@thave

el evated "t enperatures and m ni mal~ pressures
PrtertreNgsnings 2od o2 e 56 2Refdsd ey 81028 t4990¢eupying

e¥@9ﬂthérpo§é a“k)e%%%mﬁgéaE815§%ﬁ%bq%let Qtalysts with
436,280 to Harle et ., 5,928,501 to Sudﬁ ar” et

%ﬂrqer $098%, QQ@metEﬁHum@m he vtdel howet/e8862694n¢ease in

@?44 %ﬁaﬂéﬁgézﬁa éd%cPe%%eegugkaeetgé%%S’Egghéogatalyst

I npson, to Morales et a
Toulﬁdawoeﬁdabe Gesti, 1389300 havdahlbergset aafi/or apatalyst

494,836, QH Fukw sc%tsﬁ' ofdgsg{é§§van% % S PLRLESSES,
tens d cat51 or processing eS” and/ or
$hkﬁﬂbﬁ@ntagpdr@tmmﬁﬁsandUmsnlﬁ@blpﬁ&EaﬁrEatenSuch a catalyst

ARPld at Lo 8NP R are tindet thronah 200R%3RE18, 10 sures .
an et ar %ﬁo Fﬁpou P
U.S. Patent Nos. 4,225,421 to Hensley; 5,928,499 to
Sherwood, Jr. et al 6,554,994 to Reynolds et al., 6,436,280
to Harle et al., 5,928,501 to Sudhakar et al., 4,937,222 to

Angevine et al., 4,886,594 to Miller, 4,746,419 to Peck et

al., 4,548,710 to Simpson, 4,525,472 to Morales et al.,
4,499,203 to Toulhoat et al., 4,389,301 to Dahlberg et al.,
and 4,191,636 to Fukui et al. describe various processes,
systems, and catalysts for processing crudes and/or
disadvantaged crudes.

U.S. Published Patent Application Nos. 20050133414
through 20050133418 to Bhan et al.; 20050139518 through
20050139522 to Bhan et al., 20050145543 to Bhan et al.,
20050150818 to Bhan et al., 20050155908 to Bhan et al.,

20050167320 to Bhan et al., 20050167324 through 20050167332
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20050139522 to Bhan et al., 20050145543 to Bhan et
al ., 20050150818 to Bhan et al., 20050155908 to Bhan

wW@200a41269720050167320 to Bhan et al., 200501673P4I/US2009/046917

t hrough 20050167332t o Bhan et al., 20050173301 through
20050173303 to Bhan et al., 20060060510 to Bhan;
20060231465 to Bhan; 20060231456 to Bhan; 20060234876
to Bhan; 20060231457 to Bhan and 20060234877 to Bhan;

20®BHR0Q81Q01t p ﬁmﬁmefc33@l1 thr@@&?oﬂﬁﬁﬁﬁ8’3t30335@n]%han et
20070000811 to Bhan et

Pppl i7CAEPBARORGS tO 866 2@@@‘)2%]1468%6‘509?@3“11?@%@0233211456 to

g ough 0558667 823 shb/n866082623 114866, %%Qnaaﬂd
11/ 855,932 to Bhan et al ., filed Cctober

HeGeligrddtpabient’ aidIi00APE bhst kP desér r’ﬁBe’ V%@@g&oosos

@5@%ﬁ§§e§oo$M§©@@ﬁLtﬁﬂ%b@%téky§13 féHd @VQCG§§t@Qt
crudes and/or di sadvant a No.

S pA20n Borerch Bt 15 G8Ser i us 14/ @b apgar thiotan

hewd dig 03 3bi Mpdak ¢ pore Sltlf/@@tsUé%aaﬂQj IiMP18¥ed32 to Bhan et
effectiveness in the desulfurization and denmetall ation

®f - metidiedc BREAP T Ny MPdrecarpore strshipe tenthpgplications
Lot alokst-1has g said %ﬁ%c%rsgésbesy‘@%sl4%n@nga§99ys@ %or

60-95% of its pore volume in pores having a pore
Rl GAREtSe N of FERTs 2000/Ar, disagygiptagads qFaesvol une in

por es; havi Bg-a, paie, di 3Bt eb:from200-60Q:A.;  aicrives a
3-30%of its pore volunme in pores having a pore

€ tenfetsér hPvony 600> U BA0 PArasS Heterureneddusinpgoved
54&&%@9@0{19%1@ d&h‘i‘%ﬂ%u@%r@ta{ﬁw RMEFIVE &5 £,ANGE

rom>s MPa Operating tenperatures range
e o @%ﬁtGCh@@g4EyﬁKM§arbbn FTabeass | tﬂhm@ughtalystthﬁ§ a

A s U R g gl SR 2 835758 e didrod,
Il urest ialpordesgwﬁUEfaappr@céSSmétﬁiéﬁﬂmmoFréﬁﬁ|hg rl5% of
Ipdrocar bon.feed, GOl 109, 60MMOnant.s BatLLng: ROy -so0

“Sul netals a on resi
mxuhmtBﬁ@Oa hétEt@gEnEDNSlanaiWS@OﬂHBHMﬂglagS@€Q®ﬁ@ed

<§)Oar eetselrz%rdl S%&(‘J % IO%QJ rmdl getgorienedo‘l %rs?Ltng nliyrogen
aceé area and pdre mbdé b 0 grve

adsorptlon methods. Operating pressures range from 5.5 MPa

to 20.7 MPa. Operating temperatures range from 371 °C to 454

°C. In Tables I through III, the average pore diameter of

the catalysts range from 137 A to 162 A.

U. S. Patent No. 5,928,499 to Sherwood, Jr. et al.
describes a process for hydrotreating a hydrocarbon feed
containing components boiling above 1000 °F and sulfur,
metals and carbon residue utilizing a heterogeneous catalyst
having a specified pore size distribution, median pore
diameter by surface area and pore mode by volume, to give a
product containing a decreased content of components boiling
above 1000 °F and decreased sulfur, metals and carbon residue
is disclosed. The catalyst includes an porous alumina

o)

support containing less than or equal to 2.5 wt % silica on
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product containing a decreased content of conponents
boi I i ng above 1000 OF and decreased sul fur, netals and

w@ a00boesoresi due i s di scl osed. The catal yst i ncP@m©S20891046917

porous al um na support containing |less than or equal
to 2.5 m %silica onthe finished catal yst basis, and
bearing 2.2 w%to 6 wt % of a Goup VIII netal oxide,
7 WM%to 2 4w %of a Goup VIB netal oxide and

pHeframabhydl essalfan dds2 swm afe obe & PRoSRhOLEUSLOXE dE & of
The cat al %St may be characterized as having a total
3 UtaEe Va éam%?a]zl@“td@ 2457Rp/ §° 4 "6t al CpofeCTOTRUNE B

M0 8&ile Qn&%g&fegsabagn&dggnt@mm i aeteprby
surface area of 91 to 1 and a pore di aneter

R IBONFoR*1 fe whi B 2256 1¥at S@ab%%ﬁh@ﬁécfb%%e%cﬁ%

VOHUE ol $oPEESEM rAS MBELOBETr 855 of o & 44 anMel era WRAUChore
than 250 A, 67.0 to 78.0%of the total pore volune is

Hesanad - AR ckopords 6 Ja di BRetat 1o8es SERRELO50ON |

diher RQr @ rvgl yres; wey e pdetier ghaed YsidgiiMRECHEYdistribution
orosity measurenents. Operating pressures range from

IBOTZH062p8 O (apptiodimabel {012l Mmre Ol pmRPas present as

fRerRlJRg benpeyaliles @%@Q%eﬁr%ﬂ%oo'f\ t@79@0t<9':78 0% of
(371 0C to 384 0C) . Pat ent 5,221, 656

Gartetetl gpre d‘é%%wr@%e@ @rﬁyaﬁbp@w@g&m@at af y%tdltqwter

has: arsyrbages ar eg, of o%e%%méb%?ez%e%% r8in8d PYL 4
vol une of about 0. 23- O 30 cc/g In pores greater than

OULT Y6 00 TP AT VIST9R SUTameaer agePpoTE Nadires Sbe aboutge
f’ipon?(ig/éo' DsBOrgs:d e@a%p%@;ﬁ‘m@@@lﬁ 12 30 an hacg‘,@gfent al

pore volune curve wth a maxi num at about 25-50 A
@mhargngThemhsfda@@arSJmn@ee@rors tohtdctted 980 an (371 °C to
gé)@rofgl ng pressures range of about 13.8 MPa (2000

psi Q) and a tenperature of 421 0C (790 O F) . A's

out | itned &bowe; Ndherl 2A2as cbéeno cormildertablle ééforibdx a

R TR 0T e B TR bR TR ef W e e
dehvat’dgeols, to deeecabbéute @f)mkemtt Or.ades. W tdr /@ Hinghores
greater than about 600 radius A, an average pore radius of
about 30-70 A in pores less than 600 A, and an incremental
pore volume curve with a maximum at about 25-50 A radius.

The hydrocarbon feed is contacted at an operating pressures
range of about 13.8 MPa (2000 psig) and a temperature of 421
°C (790 °F).

As outlined above, there has been considerable effort to
develop methods and systems to economically convert
disadvantaged crudes to useable products. It would be
advantageous to be able to convert crudes with a high
viscosity, and therefore a low economic value, into a crude
product having a decreased viscosity content by contacting
the crudes with a catalyst with a minimal amount of sediment

formation. It would also be advantageous to consume a

minimal amount of hydrogen during processing. The resulting
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viscosity, and therefore a | ow economi c value, into a
crude product having a decreased viscosity content by

w@oemvaddrng the crudes with a catal yst with a PeTiUsR09/046917

amount of sedinment formation. It would al so be

advant ageous to consunme a m ni mal anmount of hydrogen
during processing. The resultingcrude product nay,
thereafter, be converted to sel ected hydrocarbon
@f@@@r@duatn@ay,om@ﬁela@ma& hydr @ ieatddag teat al yst&d -
Summary of the invention It has now _been found that a
R GEAPRONPERREC i tUF 29 FGRV ST stUsth yrveantheating
converdred into a crude product having a decreased

vi scosity whilst sedinment formation is kept |ow by
usi nGUATSEECPE | ENT HNPSEONA s a result the catal yst

may hﬁy%aé h@ﬂgb&§€ﬁﬂhnkﬂEﬁat|Q idd=0Bonl Febas, Paen,
found that such a conversion may be carried out with
A A VRIS CRYAF B dohsSipmper6Ad. 1 ot ditvgey PrPauglomrving a
é%@%%@s@%ﬂb%sc&@§t§ﬂMﬁﬁkkogeQEQ@h@eﬁnﬁwﬁﬁhhoﬁsOﬁeﬁﬁkuﬁgby
a catalyst, conprising: co-nulling one or nore netals
$31g16 ColSBRASIEC 1R 6L e Per fotR T abile &AaASYSbrigabhave
M&]gc%%%%ﬂdﬁfjé ONe L1 RhE, Net al& f.em %hH&“@ha@c Qich
of the Periodic Table with a support to produce a
@ﬁﬁQﬂWB§@Q96rWabdﬁbd§ﬂﬂﬂ@ﬁ Oahdwb@FéWﬁPﬁ@lthédrogen
E&HBBQrt conposition at tenperatures ranging from
15 OC to 760 OC to provide a calcined catalyst with a
poreAﬁC@édéhgiYibuthﬁmwmﬁmhoélm@@kant&@rénaeaﬁywemHOVldes
af(@% o%g 25 A 18130 A wih, at. least 60% of the
tota er o? porestlngfhe p&ﬂ% §?§E ‘di stribution
havum@-@u@énegd®@ﬂen@mmmpth&haB@ Aot Golempedbahl por ehe
r h 0% [ u [
e I S I R
fbﬁ&Weeﬁ¢5@6QﬂﬁU@®@6&ﬁlq tog pbeePeyolamie iTabper estihavingport
ar lLa 1 nd 50 wherein
%%?perogilug e%%{aaﬁdst \3%% vgggﬁesg%lroen a%%r?éasur ed by
calcining the metal/support composition at temperatures

ranging from 315 °C to 760 °C to provide a calcined catalyst
with a pore size distribution with a median pore diameter
ranging from 105 A to 150 A with at least 60% of the total
number of pores in the pore size distribution having a pore
diameter within 60 A of the median pore diameter, with at
least 50% of its pore volume in pores having a pore diameter
of at most 600 A, and between 5% and 25% of its pore volume
in pores having a pore diameter between 1000 A and 5000 A,
wherein pore diameters and pore volumes are as measured by
ASTM Method D4284.

In some embodiments, the invention provides a catalyst
comprising:

one or more metals from Columns 6-10 of the Periodic
Table and/or one or more compounds of one or more metals from

Columns 6-10 of the Periodic Table; wherein the catalyst has
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ASTM Met hod D4284 . In sonme enbodi nents, the invention
provi des a catal yst conprising: one or nore netals

wo e ZoFainrms 6-10 of the Periodi c Tabl e and/ oPCDI82009/046917

nore conpounds of one or nore netals from Col ums 6-10
of the Periodic Table; wherein the catal yst hasa

medi an pore dianeter ranging from 105 A to 150 Awth

at | east 60% of the total nunber of pores in the pore

$ i1 iGinS bbi-BUl i Hife eV i3@ g@nPOFE ol BIBLEOWMIEDI A with at
| east 60 A of the nmedian pore _dianeter, with at |east

Bt lofelitt §fpbRe VIt Une WREBoPESPPERA NG & FoPBT @i Bt er

Of stati ySbn 608y g A Retvera: 520.anthi25%0f ekt s @prpe of
vol une in pores having a pore dianeter between 1000 A

&t ISOGENAPOT hét i SFor &1 dRafet ¥13S tamd “pefel UD| Rt
A BinRS 1MERSUE §dn DY; ASTMoMeEhQd f2284 . o %tsfﬁﬁ’?tf 600 A, and

enbodi nents, the invention provides a nethod

RRIGHRS G aNer tefe Pr ddFcPOTEONPHIES rig POSREaBETHY & Pore

hydracar benteed yid i epe ebodok & aalaliysbs b 0gPsRAUGE;
a total product that includes the crude product,

FWHERSITE AP Peastatghe oflepRETeat Ay ATl demppisBé2he or

WDFe]HP%@bé Eﬁ@%@f%%ﬂ%@nstﬁe19n§%n€£5% %%%h@gbg Jaﬁg$hod of
and/ or one or nore conpounds of one or nore netals

Promadsicuansredd Ppfdutie PerPods e Tabl e; wherein the

Col U%n@a\l@l té" A}‘tﬁto@a%()nh§ée§ asste] %%epgh}emgkéf@ét%ﬁysts
ranglngfro to 150 Awth at | east 60% of

totralodwgrber t@tabm@w% thetporel wiege t@ﬁsﬁru@@t@mﬁuct
&H%?éﬁ% %tDQE sghﬁﬂ§kﬁgtﬁktgéga?% 4§Q§> ésognérg% more

ian pore dianmeter, wth a ast 50/oo Its pore
e adree firpmpBeesnhaVvi1i @fpohe Beaietier Teblat andstr 603 or

B o e ST & B2 hebs 1500 AT 050 1 o ene
hereiie §abflaceviagean $hasCdéten n6ﬂle£d ngy aASTM Mey ftochas a
Foacir Sy S Terrod 81261 T ank ahd pars i Tnet é¥'s
ek h@i0e v>¢i| thestaral awmbeasufepbm/s in the pore size
distribution having a pore diameter within at least 60 A of
the median pore diameter, with at least 50% of its pore
volume in pores having a pore diameter of at most 600 A, and
between 5% and 25% of its pore volume in pores having a pore
diameter between 1000 A and 5000 A, wherein surface area is
as determined by ASTM Method D3663 and pore diameters and
pore volumes are as measured by ASTM Method D4284; and

and pore diameters and pore volumes are as measured by
ASTM Method D4284.

The invention also provides a crude product produced by
the method described herein.
In some embodiments, the invention further provides a
hydrocarbon composition comprising:

a total Ni/Fe/V content of at least 150 wtppm as
determined by ASTM Method D5708;
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ASTM Met hod D4284 . The invention al so provides a
crude product produced by the nethod descri bed herein.

wo poogor@7enbodi ments, the invention further prPvIi/US0#046917

hydr ocar bon conposition conprising: a total Ni/Fe/V
content of at |east 150 wt ppm as determ ned by ASTM
Met hod D5708; a residue content of at least 0.1 grans
per gram of hydrocarbon conposition as deterni ned by

ASTMVethodub538 e dirstkicl haker cont etanef pat feastor
0.1 granms per gram of hydrocarbon conposition a

Reteiarrhed BYTASTNIINEL RSd IP5307 "%h ok ygeN %h&léﬁ@iﬁm;

at mMpstyi@rligresscelerdr am of hygyocanbengenpesidion.or
as determ ned by ASTM Met hod E385; and a m cro-carbon

PRI LOINERARO DI 1T 126aSETOIOE Y divs AgeM YrRpeGfDo307/
hydr QearRopegorPosidd O as deteranned by ASTM; Mtk hod
D4530, and wherein the hydrocarbon conposition has a

Ry s sitopno FOER O #estorr 06 Sc SetaFmBE @ A THhdehed E385;
yigcosity is as determ ned by ASTM Met hod D445. In

sonme enbodi nents, the invention provides a

t r anSpEECAPT 6AT PR TR SPRgethedorafdd eppbdbie? > gframs

one Qarmpiendistdd hase haetki ons, mde diomi hbg 1§ uderny
product described herein. In sone enbodi nents, the
Nefhferst i8R 3pr ovidesraradinl GeAt NESnprd BiaTy CoReoet biten has a

H&d}gqttg%foag R simore® disst LEI 8t e fract ians s pades from, ;¢
the crude product as described herein. In further

enttdiereansd beatiitediefthom 8peeific enbodi ments may be
conblq}eqo}%t B LA RS T am %g%ﬁﬂ@%@&?%é- 5 For

exanpl e eatures fromone e ment “may be conbi ned
widrtsfogabtres fyuomamprofinbetiot herudenvodidnent v ¢re or

R it R
described herein.

In some embodiments, the invention provides a diluent
comprising the crude product or one or more distillate
fractions made from the crude product as described herein.

In further embodiments, features from specific
embodiments may be combined with features from other
embodiments. For example, features from one embodiment may
be combined with features from any of the other embodiments.

In further embodiments, additional features may be added

to the specific embodiments described herein.

Brief description of the drawings

The invention has been illustrated by the following
figure:

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

Detailed description of the invention

Terms used herein are defined as follows.
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Brief description of the drawi ngs The invention has
been illustrated by the followng figure : FIG 1l is a

waehvenetort of an enbodi ment of a contacting SyBCEIS2009/046917

Det ai | ed description of the invention Terns used
herein are defined as follows."ASTM refers to
Anmerican Standard Testing and Materials . "API
gravity" refers to APl gravity at 15.5 0C (60 OF). API

gravitysTvg asréed erdnned ibyn ASTM Mthod sP8832andt om ¢
hydr ogen percentage and atom c carbon percentage of
¥HeeHydrPocar bon feed and the crude product are as

det erviipned By ASTM dVet-hod oDa291gra-Bivpdal 16atabystéo °r) .
refers to a catalyst in which at |east the ma%orlty of

e Pora tVol Bines | € S rEBuPEdr P H! tNRF PoralreEt cal

di st rdcReti LoR$PEPONR HicARBLET Snd RISt b8 CRlrcentage
di stribution having a significant peak when di spl ayed

oh P ErEresP then $npoFBe df airt 61T Plu6t. 2Feras
&xami8eqaph Mol vGalal ysbomay have 30%of its pore

vol une distributed in pores having a pore dianeter

bet mé'@ﬁmQGaA @ﬁ*éla]im%r@\ﬁ/ieffﬁ_ ES pihacréltsﬁﬁd\_mtn@na‘t’hw RY

Bk 23%:0%a 581 PO S v@laule di $ETiRuted 4iRPOLES.HaV NGio

a pore dianeter between 300 A and 350 A (with a peak
showistg catt 320t AYULiBEi PIENGOF angeari ttrsi bagFdnstFlorstical

dhe hydrocarhon; feed.s thertotal produgt, andfos,dhe,, 5
crude product are as determ ned by ASTM Met hod 565307

RAHes® lorher af ses e ohedeteCoiogsphalfienesampeters to
@ﬁ&%ﬂﬁa{ﬂ enes, L batar ena!x%s%gb!a? 1y tv%rﬂ@mecéi%to]aibuted

asphal tenes content Is as determ ned by ASTM Met ho
DPOaBZtes" Gavasphal rarresiiapefter sbeoreampdl fened thatA apath

4 nsalubbg, L ponshept ane.. &7 ,asphal 1enes, .contept i s as
distributed in pores having a pore diameter between 300 A and
350 A (with a peak showing at 320 A).

Boiling range distributions for the hydrocarbon feed,
the total product, and/or the crude product are as determined
by ASTM Method D5307 unless otherwise mentioned.

“Cs asphaltenes” refers to asphaltenes that are
insoluble in n-pentane. Cs asphaltenes content is as
determined by ASTM Method D2007.

“C; asphaltenes” refers to asphaltenes that are
insoluble in n-heptane. C; asphaltenes content is as
determined by ASTM Method D3279.

“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

7

the Periodic Table. For example, “Column 6 metal (s)” refers

to one or more metals from Column 6 of the Periodic Table
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determ ned by ASTM Met hod D3279. "Columm X netal (s)”

refers to one or nore netals of Colum X of the
w@20000269e3 Tabl e and/ or one or nore conpounds OPCDIE2009/046917

nore netals of Columm X of the Periodic Table, in

whi ch X corresponds to a colum nunber (for exanple,

1-12) of the Periodic Table. For exanple, "Colum 6

netal (s)" refers to one or nore netals from Col um 6

&latdre oRer bedksrd aldrganeiber o eNen&ro M <C ABPAUN s &f

one or rmre nmetals from Colum 6 of the Periodic

G © €51 Ghn SeetHent’2PsF refers to one or nore

el emenics weh ©ob wmet @f) t herPegi edieTaRl eorand] &feine or
or nore congounds of one or nore elenents of Columm X

Gt e XPefi 68f cETARNEC ITRCWRT chPK TCorEs PENHSTE oCrpPounds

&oldn upbet éi&ﬁereagaml €o1d3n 18)o Ofc Heh@cPebhodi faple, in
Tabl e. For exanple, "Columm 15 elenent (s)" refers to

WHeTor ROFECEPRIBITE fr GMLEBT URWTAS off Fh&=PEP odi k3~ 18)

Jakle ard/ghi @NeL9re ”DVE%rC@QEI%’P@'S Qf; 198 08 BDERent (s
el ements from Colunm 15 of the Periodic Table. In the

SRIGFE P PAPsORppI T AtlicdRntaef gt GFL U OaPtf Flom Reveodic

Pa%leo%'n‘a/"c@b!aﬁe &F'r&dﬂte QbmBoGRAPAUNG, Qf 2 HBLal cT&Mts
the Periodic Table, weight of an elenment fromthe

Pean @ml@mma%ﬁeOfot?hQ/\éi%pdéﬁ Bakbpound of an el enent

fromyhe Reciodic fTac%% 'aﬁp%é&@ic% e%aﬁghtthgf"\@' r%‘éalOffrom
metal or the wei ght of elenent. For exanple, if

@r%r@refodwgcﬂab%eug@ig@ér ofr anFotPearalyse, mehel from the
Q#LQF%QbT@'g#@1§HtQﬁ£ ?DgyggﬁﬁgnhﬁEFQEel9e£b§dlc Table,

cata yst Is 0.067 grans o num netal per gram
of vwatgdltyof a C@umuirid @g" aneéé@@emb focom abei Agriodic Table

f@r@lh%ﬂgte@a?%ﬁ e%1g%Q gk al.least t%‘é!%%%?ﬁ%%@ﬁ:z

together such that at I'east two substances a
¢Ipreugh nmEchaskeabland fphysi ga«‘hm$ orft @®0:Cosrubddchgpecanram

{00 0 A A oL g RS e -
m@lqjatalgaSt esthalc taraoe eitm@lﬂmﬁmnf oemedl per gram of
catalyst.

"Comulling" refers to contacting, combining, or
pulverizing of at least two substances together such that at
least two substances are mixed through mechanical and
physical forces. Comulling can form a substantially uniform
or homogeneous mixture. Comulling includes the contacting of
substances to yield a paste that can be extruded or formed
into extrudate particles, spheroids, pills, tablets,
cylinders, irregular extrusions or loosely bound aggregates
or clusters, by any known extrusion, molding tableting,
pressing, pelletizing, or tumbling methods. Comulling does
not include impregnation methods in which a formed solid is
immersed in a ligquid or gas to absorb/adsorb components from

the ligquid or gas.
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into extrudate particles, spheroids, pills, tablets,

cylinders, irregular extrusions or |oosely bound
w@oyrae@res or clusters, by any known extrusi oPGCT/US2009/046917

nol di ng tabl eting, pressing, pelletizing, or tunbling

met hods. Conul | i ng does not include inpregnation

met hods in which a forned solid is imersed in a

liquid or gas to absor b/ adsorb conponents fromthe

| i qui "ot egas. rEantentc’ thef gesqho dhe Weingbhe Bt &0 a
nponent in a substrate (for exanple, a hydrocarbon

@&Fra&et SEQF PFIWRIQ, SoPYETRrEBOpric@set ' EXpresefuc

&S IR gt EE@@ué@)ﬂ OfpreRisght s percemage based on J&Jhe;ht
total weight of the substrate. "Wppn refers to parts

RRFCHRtRIROR2 BYO v gHte CoBRst Wﬂ%\%"ofr éfher supptrate.

iy &@'an:@@e§swtéfba9r&o§ N [ ange Kl sidiighyt i on bet ween
182 0C (360 0 F ) and 343 0C (650 0 F ) “at |0.101 MPa.

Di stilNigteléahte rﬁeﬁQ§Sa§od€V@¥ﬂ$%@EHﬁyWASTNPN@@%&&PQ range

B30 by BRt BEORL MBI '8 F elernSeh 0° OXYARN 3431 PEOYEH °F) at
and/or sulfur contained in the nolecular structure of
@ HydMEear bBhst Hetadroaoore"Eoht ent a8 iaefeP i hed! by

WM Vetsheds E385 for oxygen, D6762 for total
nitrogen, and D4294 for sulfur. "Total basic nitrogen”

ref er é{ettérﬁat@r@@erm:ﬁﬁmo@ﬁdgxy%m e ogepKaa b/ pesyil fur

dhan 1404 Bastge nidrogen ('shpidcis. as detenaped,by.
ASTM Met hod D2896. "Fydrocarbon feed/total product™

Feferos tgst Renhext ure ashaeteonteed P RETHatlaFheds E385 for
Surddig f59%§3§6£‘9totaﬁ>"?ﬁ%988eﬁouiy rD4fz%f4e“f§rt Qu

sourcé of hydrogen and i ncl ddes ogen gas and or a
Corpouird sandh of remrgouneds £ st hat nithervarm coheoprésefficg have

f r f eed h St I-€ac
<agrpolsai g%dl%%?oglg%] %ﬁhy %gé%ngég%%%ry X bn ? l%dge but
deﬁaanmednbyeHST%1ﬂdghm@o®aﬁl6ns (for exanple Cto 4

o RS SUE % R DBy LS PR e
eyt kentacts the catalyst during processing.

“Hydrogen source” refers to a source of hydrogen and
includes hydrogen gas and/or a compound and/or compounds,
that when in the presence of a hydrocarbon feed and the
catalyst, react to provide hydrogen. A hydrogen source may
include, but is not limited to, hydrocarbons (for example, C;
to C, hydrocarbons such as methane, ethane, propane, and
butane), water, or mixtures thereof. A mass balance may be
conducted to assess the net amount of hydrogen provided.

“LHSV” refers to a volumetric liquid feed rate per total
volume of catalyst and is expressed in hours (h™'). Total
volume of catalyst is calculated by summation of all catalyst
volumes in the contacting zones, as described herein.

“Liquid mixture” refers to a composition that includes
one or more compounds that are liquid at standard temperature

and pressure (25 °C, 0.101 MPa, hereinafter referred to as
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conducted to assess the net anmount of hydrogen
provi ded. "LHSV' refers to a volunetric liquid feed

w0 2000/1per3 t ot al vol une of catal yst and is exprBCEES20091046917

hours (h 1 ). Total volume of catalyst is calcul ated

by summation of all catalyst volunmes in the contacting
zones, as described herein. "Liquid m xture" refers to
a conposition that includes one or nore conpounds that

age)i, quird aatospaddardh teaper at U@ And pressHt of 25 Qe
, 0. 101 MPa, hereinafter referred to as"STP") , Oor a
oS CPBROVAGT TRl ddés LaTEbft natiforf ioF Bhe oF it

carmatids thhat 2 af esdiiiqgwi dragrSTP with one or nore
conpounds that are solids at STP. "Metals in netal

sal t s V6 abPgani Bl ¢l (PePér O & kAl et ApEST o alkali

A kald n%lﬁéﬂﬂel@éﬁlﬁme%'afﬂ%, §£§@n|a{3fse%|1%0m:1°!%m9&m, or
conbi nati ons thereof. A content of netal s in netal

FARGGF OBP gBAT EAei d: IF9naSTHet erifififed By ASTM Mettod of
DIZL8.c 'SMigE0s CarbonResiidug " n{ "Ml usoBLEBE 31 gf ers

to a quantity of carbon residue remaining after
evapor&ecirenCaneepyrosiipsics of MaR'substrtare. IR/@Rr%oW ent

ﬁﬁéﬂ%ﬁt@eh?rghgﬁ$hk%@g%EEM y@ﬁ@@Ql&&@ﬁQ}é %Qg§%ﬁgﬁ and

content in the hydrocarbon feed" refers to the content
EﬁrQﬁﬁﬁ}ﬁdéﬁuﬁw$@P%uﬁ§tﬁeedMC?h@©W@¥Vbdéh@ﬁ1é@h?é@&ned by

ANGl %ec%oﬁhg4§§r@unt of inorgani c nol ybdenum and
or ganonol ybdenum in the feed. Ml ybdenum content in

the KYdrobdeben ¢eedrits ias tHet eydiored oy ASTM M= Frodh to
%@%ﬁcn{emnemﬂ@h Gl glyst” tﬁgf ﬁﬁe to q%ecaag@waénm

| east t emajorltyo pore volune is
distanitbdredufias offes stmatingt pEal neF strdidbueil ghdehuporred

%{F%%n%ﬁibdéﬁﬁmsir?tﬂh%t '5%%' LUISE @égdu% c%@%gpg & the
ni eak when ayed pore vol une
lvseimrp@nefde@rr_ett ers ple@termﬂioedebcanapﬂw Ma tirod ohdal -

cat alyst may_have, : %é"to' k8, PO % Yol geié’(% 5\9 Tigh at

havi ng a pore di anme betvveen A an

beakt athelBBjArity of the pore volume is dlstrlbuted in one
statistical distribution of pore diameters, the statistical
distribution having a significant peak when displayed on a
pore volume versus pore diameter plot. For example, a
monomodal catalyst may have 50% of its pore volume in pores
having a pore diameter between 70 A and 300 A (with a peak at
150 A).

“Naphtha” refers to hydrocarbon components with a
boiling range distribution between 38 °C (100 °F) and 182 °C
(360 °F) at 0.101 MPa. Naphtha content is as determined by
ASTM Method D5307.

“Ni/V/Fe” refers to nickel, wvanadium, iron, or
combinations thereof.

“Ni/V/Fe content” refers to the content of nickel,
vanadium, iron, or combinations thereof. The Ni/V/Fe content

includes inorganic nickel, vanadium and iron compounds and/or

11



10

15

20

25

30

"Napht ha" refers to hydrocarbon conponents with a

boi ling range distribution between 38 0C (100 0 F )
w@e@A3R79C (360 0 F ) at 0.101 MPa. Napht ha cCPCI/E81009/646917

as determ ned by ASTM Met hod D5307. "N /V/ Fe" refers

to nickel, vanadium iron, or combinations thereof.

"Ni/V/IFe content” refers to the content of nickel,

vanadi um iron, or conbinations thereof. The N/ V/ Fe

@]ﬂjurmtlcikeml ugdegai Nedrganiue, nbﬁ&%rga&@l&@huﬁbﬁﬁﬂuﬁdspn The

S})ounds and/ or or ganoni ckel , organovanadi um

/GHTS CORTEBRpbuts. CCTRETNRPY/ e ANt St hpd a§708
det eriipned DY ASTM Mot had 57081 " NEBL A8 "o @fz8r el Ocubic

normal cubic neters of gas per cubic neter of

i C4r bR Peetlo™ NGv“condensabl e gas" refers to

conpongt-ganh 95n 1™ )galér”e§e@ér§0t[m%@o%ehlﬁét afd for
gases at STP. "P (peptization) val ue' " P-val ue"

Teflere st 6 fachimerdl t v dlhgé, awAi %%S?sepﬂte%ﬁt s the

flOCGQJq%bﬁelE§@Q§QCX@QEeaS993%§5¥5¥%é47r%@@rs to_a numeral
hydr ocarbon feed. P-Value is as determ ned by ASTM

Wb]tufﬁ)d Wb7@B0rePPeisudi ¢rableccrbiteran ttenPRaCPe?t odi ¢

T%Qlaﬁ.t%%e%p%' thed, - dhephat echat i analyUai on of Pure
d Applied Chem stry (1UPAC), Novenber 2003. "Pore

@ﬁ%m-‘étl@ﬁ'd oYy A Mgl @78ABt er”, and "pore vol une"

referg.Qipare dig et q@fe@%dhént@@rﬁeﬂo%q%t ®Lp18nds pore
vol une, as determ ned by ASTM Met hod D4284 (nercury

PACSi et by Ake al Worradtioangl Bneeualt Eoredend poplied
HSHLUTRL (rg8ady ) 9220 Inshpyment (M cromeritics

I nc. Norcross Georgia, U S A) may be used to
determom@ ﬂhe@@t@ﬂdl,ué‘@edl'aﬁzesod@edlaﬂ@t@r:é’ t end “pore

TPEsathel S o Hatlincutange Ao GUMLLER, opo
§§%ﬁYﬁolume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle equal to 140°). A
micromeritics® 29220 instrument (Micromeritics Inc.,

Norcross, Georgia, U.S.A.) may be used to determine these
values.

“Residue” refers to components that have a boiling range
distribution above 538 °C (1000 °F), as determined by ASTM
Method D5307.

“Sediment” refers to impurities and/or coke that are
insoluble in the hydrocarbon feed/total product mixture.
Sediment is as determined by ASTM Method D4807. Sediment may
also be determined by the Shell Hot Filtration Test (“SHFST”)
as described by Van Kernoort et al. in the Jour. Inst. Pet.,
1951, pages 596-604.

“SCFB” refers to standard cubic feet of gas per barrel
of hydrocarbon feed.

“Surface area” of a catalyst is as determined by ASTM

Method D3663.
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"Sedinment" refers to inpurities and/or coke that are
i nsol ubl e in the hydrocarbon feed/total product

wWOorRoovze73 Sedi nent i s as determ ned by ASTM MepdiDTS2009/046917

D4807. Sedinment may al so be determ ned by the Shell
Hot Filtration Test ("SHFST") as described by Van
Kernoort et al . in the Jour. Inst. Pet., 1951, pages
596-604. "SCFB" refers to standard cubic feet of gas

per baoel refehydi®aaidionateeds wSi faceianeq” rofga
catal yst is as determ ned b)é ASTM Met hod D3663. " VGY'
FetlerOUta CRyBR BERRbotES witt K°a% boi ) idy! PafigeC (1000 "F) at

ol sgr ivput. i oncbetweam343 Q6 (6800 fed KINASEBBMOG0a
1000 0 F ) at 0.101 MPa. VA&O content is as determ ned

ONSTM Met hod D5307. "Viscosity" refers to ki nematic
Vi scosiityodt t 37 & AG( F00kOnEndtic WiSCR3iitYy b8 @5.8 °c
det ermi ned_usi ng ASTM Met hod D445. In the context of
tHi% appl i Caeronity t1s $st geberihert st96@ fRAY Yethare D445.
val ug ohtai pedc {0 & RLQRerby1 fatg, substkats fested

is outside of limts of the test nethod, the test
G Ordy thet nblli Flieed 2and/ 6Pt et i rraredrPBet €SO dihe

SHEh RRePeLLYeq " Hydnacabonf eedi'c & efens ot ecarfRethog, the
that includes hydrocarbons. Hydrocarbon feed may

TR wgEhopuhay shaigtodiifniefedne 60T craffds orairsddvant egedor
sryfesopst-abi I i zed crudes, hydrocarbons obtained from
refinery processes, or mxtures thereof. Exanples of
hydr déadserateed tadi medetpone refianst yhpitoérssedes

ARSlden Rt 8l fals o kedat fay | NG JgeST due, 5 shard
resi due, naphtha, gasoil and/or ¥1y rocar bons boiling
bhovteb38, 0Crde90 O sEdvaotagpst urekest,/hetebf l1ited oraides,

P e e e T R
rlefrercg .t oEaafekes off iydirocarbonstadt cihthaseBeénom refinery
ﬁ%&%@gg@% include, but are not limited to, long residue,
short residue, naphtha, gasoil and/or hydrocarbons boiling
above 538 °C (1000 °F), or mixtures thereof.

In one embodiment the hydrocarbon feed is a crude,
herein also referred to as crude feed. Crude or crude feed
refers to a feed of hydrocarbons which has been produced
and/or retorted from hydrocarbon containing formations and
which has not yet been distilled and/or fractionally
distilled in a treatment facility to produce multiple
components with specific boiling range distributions, such as
atmospheric distillation methods and/or vacuum distillation
methods. Crudes may be solid, semi-solid, and/or liquid.
Crudes may include for example coal, bitumen, tar sands or
crude oil. The crude or crude feed may be stabilized to form
a stabilized crude, also referred to as stabilized crude
feed. Stabilization may include, but is not limited to,

removal of non-condensable gases, water, salts, or
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and/or retorted from hydrocarbon containing formations
and whi ch has not yet been distilled and/or

wo eaetizeomal |y distilled in a treatnment facilitBRCT/US2009/046917

produce multiple conmponents with specific boiling
range di stributions, such as atnospheric distillation
nmet hods and/or vacuumdistillation nmethods. Crudes nay
be solid, sem -solid, and/or |iquid. Crudes nay

tniude ibas exarple coal thbi EUaRN, td aforsaAdst ahi T ke
oil. The crude or crude feed may be stabilized to form
%“é#hb|ﬁPE€dSE?@&k¥ 198 FerePfeRF tTrAE stabPFiRegrimate

€ udef eedqusSt abh | dzatdonemBYti gl dide, . but is not

l[imted to, renoval of non- condensablelgases wat er

sal t StabRd6ABA natidss herer 88F Peomditid idrade2 e/ $or m a

E%éﬂ%|dné§dycaygﬁhlﬁ&&hxﬁ%a@kéégﬁéﬂéﬂkdB@ﬂ1@§t@8 PESUce
at, proxi mate to, the production and/or retorting

@ﬁ%@%PlSt&@WPPQ%@F%ﬂﬁ@%SSﬁﬁ@éfh%tkakﬂﬁgﬂﬁ§P9Pl@HS%ﬁRPQﬁiOHS

ff&Ctéx%&%hEy Qéﬁﬁﬁﬂd ediiish 121 b €L MRiY, Tael/bit Yubficating
produce mnul tlﬁ e conponents Wth speC|f|c boi | i ng
i3

¢Hrfge diPSEELD Fﬁﬁkj€ﬁéﬂd§§anﬁp@ 1ndptt Ramited to,

§kﬁgéﬂﬂe%ﬁgsdl@@%&léﬂBQBO%engﬁbC§%d/5l %%c%hm distillation
Distillation includes, but is not limted to,

eg thysisher Dedis st} 14hiane omet Rt Gimladiedy a6abid ized crudes
i stiddialkono gt hadss (ndi %g%'gdca%(y OhuHBEr above 4 in

ractionated stabilized crudes may 1 ncl ude conmponent s
qurtt ivadee afcar bbresiukbér Jabovecl ¢qmp.m@mcrst Pes ofamtof

&ﬁ?c?et 0530208 &.fls‘;%gﬂqn%&sc{’% 5}1'91%fde%H9§e crudes,

Exanpl es of stabi crudes i ncl ude whol e crudes,
toped cernddes, d@%@ﬁkﬂb@r@dadesde@@ﬁakté@ppegpedudes, or

gg ?%tl%EsCQH@%&QE'OnS thereof. "Topped" refers to a

rude that has been treated such that at | east sone of
the Cﬁhw@ﬁéﬁtsefaaithavecaubeltmmglpnimpebetomﬁ351&®ch

Hsipdd oftos il Tauda hRPaAr S R el Moy
pmuﬂnipl©w055g?©n£;(bﬂOatMﬁBsK9@ M2 gr dnetof bared been

rem Vedent%ogpedgé eJ ﬂé@ehgggp§q3§gég%% 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.

Some stabilized crudes have properties that allow the
stabilized crudes to be transported to conventional treatment
facilities by transportation carriers (for example,
pipelines, trucks, or ships). Other crudes have one or more
unsuitable properties that render them disadvantaged.
Disadvantaged crudes may be unacceptable to a transportation
carrier and/or a treatment facility, thus imparting a low
economic value to the disadvantaged crude. The economic
value may be such that a reservoir that includes the

disadvantaged crude is deemed too costly to produce,

transport, and/or treat.
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Sone stabilized crudes have properties that allow the
stabilized crudes to be transported to conventi ona

woe@atzemny facilities by transportation carri ePGI/U82909/046917

exanpl e, pipelines, trucks, or ships) . Oher crudes
have one or nore unsuitable properties that render

t hem di sadvant aged . Di sadvant aged crudes may be
unacceptable to a transportation carrier and/or a

treatmenbrbpeitidy, oft Rus hipastinga W, 60PN E for
val ue to_the di sadvantaged crude. The econom c val ue
FERHE SUENCERARS LT cEerFErrtepat Frdaidas vt hary vwidely.

di sadvantggedcsrule iz jegnel £90r SOshdadh tl@ QVQQ&@@ feed,
transport, and/or treat.The properties o

TREGEEr BoHF &R L1511 34s LeaFte %ﬁﬁﬁéaﬁhé7c§ud%s @ least

disadvantageds 6F udgs maYy, varyaw dely obhe hydrocaiban °c
feed, such as for exanpl e a crude feed, may have a

VI SCCTéjlet iﬂyéﬁoﬁ%r@%sﬁe% €8Ehats 3fPB @G@mplét a| eakde 1fred,
hadte heagbr 1%9&1@ atOhodt |east: 2000 @§t a8t 3. r&%st
The hydr ocarbon feed,

such as for exanple a crude
Jrféeth ﬁ’ﬁy Favehan JPIe gradPEyoatv ostot1et Aeafbst- 15,

or atpHao$ d%Qcai%oﬂ“%éé%Urkhgﬁ Q@V&n@%x%%blgrQV&EUaéﬁfeed
at | east . The hydrocarbon feed, such for exanple

R ide Peédtahalyl ha\Fe &onsear PEY ﬁ@a@én@eﬁ@ow @tams or

A@afetasQ 909021 04 AdfBs Yt @I@L/k/??@t &ngg]n glrafs aPbcarbon
Ni / VI Fe per gram of hydrocarbon feed; The hydrocarbon

f%%ﬂ such as for exanple a crude feed may have a

thOt alret,eneat On5..£ %te%lm gf:haés ' F&Steﬁaxg% 9r aBadfeceq,

et eroat ons per granlo rocar bon fee In sone
mﬁﬂxhﬁvweatsot@heh¢3&hqaﬁ@mbonoﬁ9@mthagc%ﬁ lkeast 0 V@O rams

%f Qb %%ge;g df ?%‘f”g 895‘@% f%%r ;gram of
y rocar bon wher el n e cru product has a
oxygéhl@@m&a&mb@@pm&nﬂ@oumds bm@t@nﬁrhﬂh deepobés 999% Igfast
6*}?01 Iy%‘% %ar?ogxyieend deH 188 eé‘ 1 1G1CQ O%\n%ﬁﬂof

en 1s as n1ned by S
m&dﬂum¢r5385feed, and whereln the crude product has a oxygen
containing compounds content of at most 90% of the
hydrocarbon feed oxygen-containing compounds content, wherein
oxygen is as determined by ASTM Method E385.

The hydrocarbon feed, such as for example a crude feed,
may have a residue content of at least 0.01 grams of residue
per gram of hydrocarbon feed. In some embodiments, the
hydrocarbon or crude feed may include, per gram of feed, at
least 0.2 grams of residue, at least 0.3 grams of residue, at
least 0.5 grams of residue, or at least 0.9 grams of residue.

The hydrocarbon feed, such as for example a crude feed,
may have per gram of hydrocarbon feed, a sulfur content of at
least 0.005, at least 0.01, or at least 0.02 grams.

The hydrocarbon feed, such as for example a crude feed,
may have a C; asphaltenes content of at least 0.04 grams or

at least 0.08 grams of C; asphaltenes per gram of hydrocarbon
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The hydrocarbon feed, such as for exanple a crude
feed, may have a residue content of at |east 0.01

w@e@oa2073 r esi due per gram of hydrocarbon feedPCT/HSBON®I6917

enbodi nents, the hydrocarbon or crude feed may

i nclude, per gramof feed, at |east 0.2 grans of
residue, at least 0.3 grans of residue, at least 0.5
grans of residue, or at least 0.9 grams of residue.

ey hydipear benideed,0 . suchrassfOF £xamplse a.c1ugeans of ¢,
feed,. may have per gram of hydrocarbon feed a sul fur

%ﬁﬁﬁ%%ﬁ?nﬁﬁ RET| et O dosiroserPdasteas-01, or at | east

0. 02 GrangdrIberhdrecar,banchesd, rsuEkap1£0n examl @ eq,
a crude feed, nmay have a C5 asphal tenes content of at

1HasEVE. @4M§?aﬁ%n%ﬁﬁapﬂ easteas g gty ramscgt MCR per

?&Qﬁ%ﬁi%g@§oggfb&ﬂeygéﬁ hydr ocar bonf eed; and/or at
eas rans or at |east 0.04 grans of C7

asphﬂhteeﬁéeree@r@%rﬁ%fd hy8FBCcas botF feeedgpltha crude feed,

MHnReRr Bonofeed: stGhassf on gxaiple 1acowdsrfeed acids
may have a MCR content of at |east 0.002 grans of MCR

pleratgremsst OhYelP bk F1561F PéelicTheS RIT GEaFbeA Pedeocarbon
such as for exanple a crude feed, may have a content

of netals in nmetal salts of organic acids of at |east

0. 0000t granscatboretigles, pérchram oir Iwydrpear borridedeed,

JJ&? fydracanbon 1 eed, 3uchinascfof, example 1a,56f U@'el wtppm;
feed, may further have a nol ybdenum content of

| eastThe. DydepparPTheanddr seakben feed<agueh ascmﬁle feed,
£XATR] € nd ChY St @?g% i Y, ef UELDEE - haye gnypKi Q}gox%]e

conbi nation o ove nmentioned properties .
yrdrige@chonoperdiesuch as for exanple a crude feed,

Ieastﬂ%l gggri?gér@&?r@e%f Feqdr éi‘% }Ooerase&a ng%l 29LADE. Alg,

rams, or at east
r’rmdrlcmamldeneew ¢hera ddoifleedyg eanben i sﬂt Pi0Bugirens betwelerast

G B 005 5 arevror ‘8¢ Paalt o OV aRaeR: e &
hyidriocarbongs dW$thbdnﬂdm bgtwaaged di‘st minbuPon°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 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
at 0.101 MPa; and at least 0.001 grams, at least 0.005 grams,
or at least 0.0l grams of hydrocarbons with a boiling range
distribution between 400 °C and 650 °C at 0.101 MPa.

In a further embodiment, the hydrocarbon feed, such as
for example a crude feed, may include per gram of feed: at
least 0.001 grams, at least 0.005 grams, or at least 0.01
grams of hydrocarbons with a boiling range distribution of at
most 100 °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 100 °C and 200 °C at 0.101
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bet ween 200 OC and 300 OC at 0.101 MPa; at |east 0.001

grans, at |east 0.005 grans, or at |least 0.01 grans of
whgapoz@arbons with a boiling range distributi orCHESWeEM6917

300 OC and 400 0OC at 0.101 MPa; and at |east 0.001

grans, at |east 0.005 grans, or at |east 0.01 grans of

hydr ocarbons with a boiling range distribution between

400 0C and 650 0C at 0.101 MPa. In a further

erdoditnedtstt heodydyeear ban feeds sudy asaher exaiplieast
a crude feed, may include per gramof feed: at | east

®- Qﬂoﬂrg’*ﬁ‘énﬁf %Ydlf%%?sﬁbo@swstbr%H%Ol]dfngatrapéﬁsﬁl%)tm?utlon
W anEeobobydeogay bots *w th 8. boi IMMg r-angeast 0.001 grams,
distribution of at nbpst 100 OC at 0.101 MPa; at | east

B 0P SGr Amk 05 2B X ¥ es 1010 25052 §F Bn': O lord @S| 84shy@rqrarbons

T TS %%1@¥Q50§§%§E”Ei§@r&ﬁu€1@9'$é€%béha@©© °C and 400 °C
di stri buti on between 100 0C and 200 0OC at O. 101NPa at

ed5tl08. 627 gPRFET dreaséadt 001 005 Harms, L6Rsht 0| ¥stgrans,

O Ol grans @fObygﬁﬁﬁﬁkgoﬂgdf@&gr@bﬁgﬁdﬂtﬁgarEBQ?l range
di stribution between 200 0C and 300 0C at 0.101 ﬁé

&S st 1gn 0Lt eReihs! 00at Cl eagt 690 005 agr s 0L otPat

| easts 0%, 0L 8051 ediacarbeng i th A k%‘agl LRG1E@ANI& e
dlstrlbutlon bet ween 300 OC and 400 OC at 101 MPa;

giraln &t [feast ot 0bagr &rd0laBrfeasta0. 1GE5tgPahBd dramg, or

deast; Q. @1ogr@£rgmsofoﬂ% d98@5p195‘§s vwlté% C %gahmg range
di stribution between 400 OC and 650 OC at 0.101 MPa.

Sorrer hydrocapbont freeds 100 CFude § edds Mgy inchédietiqrerto
lgfgar{'@rmboteﬁgg @(Emggcﬁ'?eshttso Og}pjgé?i%,dacthel %lgégdganqp ged

grans, or at least 0.01 grans o rocarbons wt
boidg g sy ange @r@mrqﬂnﬂysadveﬁt@gednﬁmudﬁooaocbatemx:pﬁlsuch

cﬂzod '}P%ﬂg' koélttn?dé’é gher gQ Cco%%QeBt% rams.
cal di sa antagg cr ude has, per ‘gram o
dlsadVHﬂtagédOQ&Ihhﬂ ﬁ@edgnpentr@mesﬂmhkMy@yo¢a¢bGM5 gfer

o L T S S U eI
&ﬂ anai Oabll easts D0 dgramshbomat wigdste BoQ0Sngrearsie
A e G
Some hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.005 grams, or
at least 0.01 grams of hydrocarbons with a boiling range
distribution of at least 650 °C.

Examples of crudes that might be treated using the
processes 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, Egyptian Gulf of Suez, Chad, United
Kingdom North Sea, Angola Offshore, Chinese Bohai Bay,
Venezuelan Zulia, Malaysia, and Indonesia Sumatra.

Treatment of disadvantaged crudes may enhance the

properties of the disadvantaged crudes such that the crudes

are acceptable for transportation and/or treatment.
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Sone hydrocarbon feeds or crude feeds may include, per
gram of feed, at |east 0.001 grans, at |east 0.005

w@e@ns26903 at | east 0.01 grans of hydrocar bonsPeu/Uk2089/046917

boi ling range distribution of at |east 650 0OC .
Exanpl es of crudes that m ght be treated using the
processes described herein include, but are not
limted to, crudes fromof the follow ng regions of

t he woldl dyaboSarikaH frdcoast yapd sopidigr nsCabkboiméd@ herein.
Canada Tar sands, Brazilian Santos and Canpos basi ns,

By stivals eEPFUeE sy tiCHadr oBnt T Kitig @6t Ner b ¥z roon

Angol asOhgbsherseq Ginase BehginBayii1 Menezueghansduli a,
Mal aysi a, and I ndonesia Sumatra. Treatnent of

e HRPATTEAG e BN 1 U 5 STy B A anB PR e IS0 pér £ esC i he

@ﬂﬁﬁQ%aE&@gggeQf&@@ﬁx§&9%ehhﬁéréﬂ€eﬁkﬂ@ﬁ%s@&eto the
acceptable for transportati on and/or treatnent. The

PRAHGERNBORT T BEP T e CLoPipel, Tas? Udstrirped: Akt efide

dife, ardde Brodustol esdd, i ng Eromt reatdintoetethnding
hydr ocarbon feed, as described herein, is generally

RUTRSHLE St 6F BFaibis porIdeng ThAd/ Bre tiheRarembon PFepér tilsgeby
Ainde rr vde proOec RLQdUCed asc dartidhed nerein. argicn

closer to the correspondi ng properties of Wst Texas
TG pEdidace Beudee tiedA NeRe Y r bREY Ivoh NPede - breatment,

ClOSE, LAnLAE: SO F&SRANYI DY PEORSLLII LS @f BreDl eI de,,y
than the hydrocarbon feed, thereby enhancing the

Feonuie cegal fier bfattine hyldmecat born fiewd. a8dehr caygespheric
@{]é)cdiligtat%ﬁ @g_féﬁdx’%eqnwu&’tﬂt%',gés, or no pre-treatnent,

t here y enhanci ng reflnlng efficiencies. Pre-treatnent
may ifieel gdemdésul frurdozrat eohpddesmt Bl 1Meratvbone f and/ast a

oo B o b it s TERev A Par R Takal o ron
por thyoiroghirbhe Hrganemetaltbiroed onpturds handldroemetiadrs feed
T arhearbon Pl Teeotetar Bt TRl ot
Foruregx arfpbegaaosmatddeampuat dod r ov gaaTonoiopkbde nfior agrddngrle,
g{ %ﬂ&?%@p%£pﬁ£9ra§¥ﬁﬂﬁJ%o wtppm, or at most 10 wtppm) in a
hydrocarbon feed may reduce the activity of a catalyst upon
contact of the hydrocarbon feed with the catalyst.

The accumulation of deposits or insoluble components in
the reactor may lead to a pressure change in the contacting
zone, thus inhibiting hydrocarbon feed from passing through
the contacting zone at desired flow rates. For example, the
inlet pressure of the contacting zone may increase rapidly
over a short period of time as compared to the starting
pressure. A rapid increase in pressure may indicate plugging
of the catalyst. A change in pressure of at least 3 MPa, at
least 5 MPa, at least 7 MPa, or at least 10 MPa over a short
period of time may indicate catalyst plugging. Treatment of a

hydrocarbon feed in accordance with embodiments described

herein may include contacting the hydrocarbon feed with the
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at nost 50 wtppm at nost 20 wtppm or at nost 10
wt ppm in a hydrocarbon feed nay reduce the activity

w@booa/1z@ral yst upon contact of the hydrocar bonPdBE82009/046917

with the catal yst. The accumnul ati on of deposits or

i nsol ubl e conponents in the reactor may lead to a
pressure change in the contacting zone, thus

i nhi biting hydrocarbon feed from passing through the

EOMH136H (BY Z20Ne @dntdesiingdbhoVan@tes com@hinexaspt &t two
the inlet pressure of the contacting zone may increase
?%ﬁWHFyCSV§?CBl%%o?¥“ﬁbri66 of P} R W% SRPar edC t B dHe One
drtR0 oI 8SBPLoc AUAPIFdcHNGS fASE dHANREESBYI oMot of
|n icate plugging of the catalyst. A change in
Pressifrecerbar f%%%ﬂ“@hwpée at m%%%ﬁfﬁawpétsa¥el%%&ﬂe'ﬁo

M2, s Qe tobeasy dO dWRarQuebcarishorteperi od obnti me
may i ndicate catal yst plugging. Treatnment of a

HYhBEEFE6Nn Feetr it necdsr 8aneer e H-rerfb6dPraheace of a

ﬁ%ﬁ%ﬁgé%egohgﬁg'nIﬂ@%xhﬁ@%%ggdgﬁﬁﬁﬁgn'ﬂﬂé tB8rogen source is
hydrocarbon feed with thecatal yst (s) in a contacting

BEHE SR SEF - cODT IR iEWeIoReRne, o NBIEIreeRTaBR S 1S one

5Pﬁﬁ§%e 2o COPLAEd I11QtZ0NGge Al o4 £BST, QREREPPELLY Of
¥drocarbon feed may be changed by contact of the

idcariBonreeed Wi tirorecorehof &Vt anpdtsanerats vt

Q. S%@c&%ﬁ&%& Ofi it @ﬁehMgéP&@Jr%% freed. In sone
enbodi nment s, contac ing is perfornmed in the presence

of aFﬁder égéﬁ govrleamatiyg @én@mewzwiirme@wtemhéoo that

I%@lﬁﬂ;%%n SAULCE; LS Nydragen gas. r% b%W?Qé&fE%atfers

rogen source 1s one or nore rocar bons t
a@eppatﬂ0t©m1annmngoéomdatmzﬁﬁpcan@@@tfeedp¢Qnduk;

¢4 at ivel, tﬁE'PHB%% &%yFF xd]!@-ogce{erto Cﬁm?g&gfé@)

In the hy rocar is a sche
nﬂﬂﬂauLln©15y§l@nwmﬂﬁxthapflﬂct@@@sncomtacpmhgnatﬁmﬁs

]TQezre E%Q&ﬁf@é bopn fgc%ﬂ g%ﬁ% S”%%?uﬁg\”éagéé&%d bed

02 Via hydrocarbon
Iﬁﬂﬂtnﬁl agfzaﬂé b&ﬂ/ﬂaaqiomea300$bukﬂqnymg OBdofeaptor, a

LERSLOL0OTY! LEPLE.PATL0NS 0L 8 [RAGEON, 0T e11iigizcq bed
conbi nat'i ons ereof esS o a co factlng Zone

remdtiwede a sbaskeckdsohr, and a liquid/liquid contactor.
Configuration of one or more contacting zones is described in
U.S. Published Patent Application No. 20050133414 to Bhan et
al., which is incorporated herein by reference. In certain
embodiments, the contacting system is on or coupled to an
offshore facility. Contact of the hydrocarbon feed with
catalyst(s) in contacting system 100 may be a continuous
process or a batch process.

The contacting zone may include one or more catalysts
(for example, two catalysts). In some embodiments, contact
of the hydrocarbon feed with a first catalyst of the two
catalysts may reduce viscosity of the hydrocarbon feed.
Subsequent contact of the reduced viscosity hydrocarbon feed

with the second catalyst decreases metal content and/or
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reactor, a fixed bed reactor, an ebullating bed
reactor, a continuously stirred tank reactor ("CSTR")

w0 2@9fikaarzli zed bed reactor, a spray reactor, aPdI/ES2009/046917

liquid/liquid contactor. Configuration of one or nore
contacting zones is described in U S Published Patent
Application No. 20050133414 to Bhan et al ., which is
i ncorporated herein by reference. In certain

eaodiavent sont&er contrackinBg sySd@MdrE QN rekieeupted 4,
an offshore facility. Contact of the hydrocarbon feed
NG & 1 aealFy St i ieontacti Ayt sy REmcrooefayt behey crude

SR JMRUS N BE O @SSt Alead thabehr pT HCBES toThBeCORLACT | NY
zone may include one or nore catalysts (for exanple,
RYRP A&y St sfe s Perbbar er contact of tite

ydrcanbanctegd, Wit bhra bicr sbreatalyiststafl, the two
catal ysts may reduce viscosity of the hydrocarbon

f eed. INSEBEEGLR NETRGHEEAL Sof 2t hel Rl ifedaiPs£osi 1y the

&BﬂHéE%%&%OQoﬁgegsV!ﬁ|E Eﬁ%g§e§98@ Lata)1est cdegr eas£s 20
metal content and/orheteroatomcontent. | n other

Ebodiorent 801t estud dontehf, WoR komtfent teFal volume of

|natlansc0f 1hese RLARERLLLS Afnd he 1¢rudgeproduct
change by at least 10%relative to the sane properties

gibadigenydr o af borr ¥ edd cateeéystomadiygcphgon feed may

hydrpearsbon fegeh W.tdhone 9h JPLs Caf &lo¥StSams! o 5 grams,
certal n enbodi nents, a volune of catalyst in the

eorit-ddt igrmgnzohe ? sytiamsaofangeafyemkr Ve0Yvwrans0ovol %
%&cﬁﬁ/o@a%o%)g 2040l Yor c%Qagelc%ﬁozé&%.vol % of a total

ol une of hydrocarbon feed in the contacting zone. In
sone (emyedic rent sonai tsilomsr ynofhe at@l yestt iand zhydrozar bon
y.i.nc e 1. grams ra 5
Igr%glﬂlsdg?obggg%gﬁs?g%ﬂm(ﬁ&%gﬁghs toée%ag];t%é:%é e%%%g 'yst
petr @@ gramse of Ldw.drocacbenbbeeteed fllver, cont actbgptions

%}Qé“ee-ofco. ”géﬁ%é‘&&g"cﬂrﬁﬁt@ aé”ﬂih ok AGHL NG, 29NE, IRy

I ncl ude, ut are not Imted to, enperature,

rresuled hydpogérces aurcecede| pwpdinydradcar bpaci éed fl ow,
or_conbinatigns . :

properties. emperature in the contacting zone may range
from 50 °C to 500 °C, preferably from 100 °C to 450 °C. 1In
some embodiments, temperature in a contacting zone may range
from 350°C to 450 °C, from 360 °C to 440 °C, or from 370°C to
430 °C. LHSV of the hydrocarbon feed will generally range
from 0.1 h™ to 30 h™", 0.4 h™" to 25 h™", 0.5 h™' to 20 h™", 1 h~
"to 15 h™, 1.5 h™ to 10 h™", or 2 h™ to 5 h™". In some
embodiments, LHSV is at least 5 h™', at least 11 h™', at least
15 h™, or at least 20 h™'. A partial pressure of hydrogen
in the contacting zone may range from 0.1 MPa to 8 MPa, 1 MPa
to 7 MPa, 2 MPA to 6 MPa, or 3 MPa to 5 MPa. In some
embodiments, a partial pressure of hydrogen may be at most 7

MPa, at most © MPa, at most 5 MPa, at most 4 MPa, at most 3

MPa, or at most 3.5 MPa. 1In some embodiments, a partial
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thereof. Contacting conditions in sonme enbodi nents are

controlled to produce a crude product with specific
wEe@paeddTes. Tenperature in the contacti ng zonBCTHS2009/046917

range from50 0OC to 500 OC, preferably from 100 OC to

450 0C . In sone enbodi nents, tenperature in a

contacting zone nmay range from 350 OC to 450 0OC, from

360 0OCto 440 0OC, or from370 OC to 430 0OC . LHSV of

phes hpdr eganbancdaed dnk generad | yhd ange 1f peatHude b1l the
to30h1, 0,Ah1to25h1, 005h1to20h1, 1h
TS HTY, 2998 h 1 to 10 h'1, or 2 h1to5h 1. In

sone enkedbaent $ts LHESViHishatnt easdrydh boudtel asiuglied

h 1, at least 15 h 1 , or at least 20 h 1 . A partial,

Pt esSdte (GPThyHERYeh IYOERECB oAt ALt ichd 2FeRe (ARyI?ahge ned
. o 7 , t MPa,

4 PBE ToTe NEe T Shne enbodiiones T a part ArT

presssurce ef shyde bgeredray be Htmhipst Jf MPe& gasenpst 6

MPa, at st MPa,, at nost 4 MPa, at .npst MPa, or
%ﬁ&%ﬁ%ﬁp gggrﬁéaFoﬁﬁm%gwgréﬁﬁgg??mﬁﬁ%é E¥plca§ly ranges from
(par tNral pr ess 006, 600 hyadt/ogend i s Nohéms are 18s 0DheNth otal 1
ressure of the eontacgtjng zope._|n enboedinents kn s
I\?%S?@h% ego’ho)5j rggenméo%rgré /ims g%pio’l C?beodrﬁbc'é\“sﬁjrgl ’ggsﬁfnf/gr? to
exEpNe,’/hy,doogeh gagh” ,ta oat Na® (rascoetartmadned tat the

normal conditjions of 200C tenperature and 1.013 bar .
Rl ST et s R el o PRe Gadanuds
dyrdriogenwsonr certicet heshydn ogad bose freed attypi eatbygh the
ranges .fromO0. 1 m.3 to 100,000 NnB/nmB8, 0.5 NnB/nB
G5 RAB e, T NS WE°T BB, 000 RO HATE® N T Te
@l D)0 NN BE MBygdn N8B ct0r B D0 Ni3ynmBacol idfe flow of
N8/ nB8, to 800 NpB/ contacted with the catal yst (s)..
ér“‘%ee Wﬁp&@éﬁogogg%cg?aqd,{ogo ¥ nbbodf ﬁ]tyg,ropgncf)%’bé#edm
whd hhcarticehggasi{es)) .andheeehr et atet throdghot &€hance
cont act.i n% zone. Carrier gas may be, for exanpl e,
TR, THEI POy e Sridifor CRPgBh: ~ THe ST PBPOGAE ey @
@i dddnateutbow ofr thedpydr ogaaberef eetd tandbobr f 4 o ref)
t he hydrogen source in the contactjng _zone(s). The
Q%%quﬂUSG SaﬁH? Ao enRafcand recirculated through the

contacting zone.

The hydrogen source may enter contacting zone 102 co-
currently with the hydrocarbon feed via hydrocarbon feed
conduit 104 or separately via gas conduit 106. In contacting
zone 102, contact of the hydrocarbon 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 hydrocarbon feed and/or the hydrogen
source in conduit 106. The total product may exit contacting
zone 102 and be transported to other processing zones,
storage vessels, or combinations thereof via conduit 108.

In some embodiments, the total product may contain
processing gas and/or gas formed during processing. Such

gases may include, for example, hydrogen sulfide, carbon
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m xing in the contacting zone(s) . In sone
enbodi nents, a hydrogen source (for exanple, hydrogen,

woreiobhar®7dr et hane) may be used as a carrier geGI/HSIH09/046917

recircul ated through the contacting zone. The hydrogen
source nmay enter contacting zone 102 cocurrently with
t he hydrocarbon feed via hydrocarbon feed conduit 104
or separately via gas conduit 106. In contacting zone
d% i eontaeboff mdhe: iyedr ecaebongd eedh st rageat abyisde,
produces a total product that includes a crude
%W%Hﬂb@-C§ﬁ619¥n9%%ne]ghﬁ88?ﬁ%ﬁ¥%'*ﬁ&éeXFﬁséoﬁ%s may be

SINOARBNES o dt KA1 @28 ali8t Combined Wetihtbh€ontact ing
hydr ocar bon feed and/or the hydrogen source in conduit

308-°"THE Oy oParF 1 prstluctramay cekee comtddt Rgogemeinpzones,

ahg- tansported éd%ﬂ%h@%&oﬁ§0€ﬁé¥%d@g zgpegpmst Oor age
vessel s, or conbi nati ons thereof via conduit 108. In

YRR IETHGEr neAt sPTIHE o tHFF 1 PP ot tP P SEoRfafh most 10

PSOC 3SR ogas, ad/ o grs , f 9F NRAs AW IR0 <PLASESSENG0tal
Such gases may i ncl ude, for exanpl e, hydrogen sul fide,

RERDBIYdi 6%i d&, medr blory oHonBRF e, t@d@sﬂg%@@u@t produced.

ﬂ¥QQQQS%m%@HEﬁ@mt@nQ&Qhﬂglc@Erhé% $a%cthh18eERSSH Y o gas
the excess gas may be separated fromthe total product

2l Rreeyeredirpl eHiadEicig oSy shem oD Wil theegrtalyst.

11 ansportedst o 0L hel Ar QeessbNg; Z20N8s: £LEKAYE: crude
vessel's, or conbi nati ons thereof. 1n sone enbodi nents,

@@%ﬁﬁﬁoduced during the process is at nost 10 vol %

base t te, LADSt 0 d
prodgétgogg g%bﬁgggﬂgxboﬁgéggs cﬁ%%@? ébFQES Ognu£§gﬁﬂed

e total product
bt cdreed.tebnpsome tembboditaent 81t griqralr owre catalysts in

@@rpc'adcetti%g; h& fé"?é“”tu%ﬁ géﬁeaé%ﬂaoc%%ﬁ%r%%wg at least

cont act d wth he cat such cases
& hep tttatoal O@r0d@c¢rude a@ngeéereuedruﬁxngudecpnedue$ kndwm in

é?é‘earecm}g%mégéé S Co% gg‘t%\%{}‘ﬁﬁerﬁﬁpﬁ%‘j & a%Q"c?? flrtessure

separate rior one or re ca
IQﬁHﬂhﬂQ@CtthpZ@ﬂExﬂ&ZE Budirngatihen separ.at Fon praogess,
agtér ﬁg§ be at least partially separated from the crude. 1In
another example, components that have a boiling range
distribution below 95 °C or below 100 °C may be at least
partially separated from the crude to produce the hydrocarbon
feed. 1In some embodiments, at least a portion of naphtha and
compounds more volatile than naphtha are separated from the
disadvantaged crude.

In some embodiments, the crude product is blended with a
crude that is the same as or different from the hydrocarbon
feed. For example, the crude product may be combined with a
crude having a different viscosity thereby resulting in a
blended product having a viscosity that is between the
viscosity of the crude product and the viscosity of the

crude. In another example, the crude product may be blended

with crude having a TAN, viscosity and/or API gravity that is
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a portion of the crude is separated using techni ques
known in the art (for exanple, sparging, nenbrane

w@epanaoron, pressure reduction) to produce theCT/US2009/046917

hydrocarbon feed. For exanple, water may be at | east
partially separated fromthe crude. |In another
exanpl e, conponents that have a boiling range

di stribution below 95 0C or bel ow 100 OC may be at

deastrparnt tabbybpapayriedqf Bopréde-ccriide haspsosce-ted
the hydrocarbon feed. In_sone enbodi nents, at |east a

%?Hq%ﬁr Shahapht PREERE EHAPoRRRC St @ 1PBFALY| &f t i crude
paphidha sanerseparaied fihenbt beadh sadbantaged & ugdeitdie

some enbodi nents, the crude Eroduct is blended with a
%?%dféatnﬁ%r%t%% HHHOTas T6ATHP R er &t SPREnfTRediments,

aydrecarhenqaf eeche ROy sexammkes thershldecpPhodusta M
be conbinéd with a crude having a different viscosity

fefst-eyrer 85AFPFHEPITh T2l RJEBSHroUUGCREV TR qone of more
YiSL0sity tBh@Eaﬂlée hetyeenthe, v scas) it ehet H?dﬁéé’éjﬁ)on

roduct and the viscosity of the crude. In another
e forRed ckeitrel FIrodUet - madt beeHllerd @@ T PR eF udee

@9¥Mn%m%dTéy aNﬁﬁﬁp§ﬂ;Me%@glgrpggﬂuﬂ{aﬁﬂEVCEBQé product
i sdifferent, thereby produci na@é product that has a
nw

Sedmedthed teiﬂébeﬂafgfdwtaﬁnam bpep ittHatatsékeéted portion of

M@Fbﬁ bt bhgq crude Raduct s and: the Gr udese The optain a
bl ended product may be suitable for transportation

rirdlort teganaenite dasigenereabedi eht s, di sadvant aged

crude| %oﬁﬁ@%ﬂé}é‘%&ﬂg&rﬁhen%%t B?u@é(%%tﬁognﬁ?gg e

hydr ocar bon contacte one or nore
k@bﬁtrsdeﬁsmomwh@r@et@@@loectaédt@r@p@rﬂlyle@w ghe distilled

Mod/o%c%rrgf% %S&Plo% aC?lSQ: T 8qt Ph ﬁga?cpc[@é%u%tne AL Lsast a

portion o dact “andior At Ieast A portion
Y@;fdla:ccalr@@e pradutend v omhehéytic)@aetirkpmo(ﬁmt:tnmys bhan ded

g%sﬁrgd&?er e%lgi‘e Qéé&dc"a%g sCrude
or “a erent crude to obtain a haV|ng
Umnsjaemtlaedopr fﬂp@l,t |les>rllcan59neoermm1hlrmmss Bheend:jmgjemd

pLogust Andf oLt e, Blended roduete A ALANRARLLEMhS

feed, total product and/or crude product is described U.S.
Published Patent Application No. 20050133414 to Bhan et al.,
which is incorporated herein by reference.

In some embodiments, the crude product has a total
molybdenum content of at most 90%, at most 50%, at most 10%,
at most 5%, or at most 3% of the molybdenum content of the
hydrocarbon feed. 1In certain embodiments, the crude product
has a total molybdenum content ranging from 0.001 wtppm to 1
wtppm, from 0.005 wtppm to 0.1 wtppm, or from 0.01 to 0.05
wtppm.

In some embodiments, the crude product has a copper
content of at most 90%, at most 50%, at most 10%, at most 5%,
or at most 3% of the copper content of the hydrocarbon feed.

In certain embodiments, the crude product has a total copper
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and/or fractionally distilled to produce one or nore
hydr ocarbon fracti ons. The hydrocarbon fracti ons may

wheoopnawessed to produce comerci al products SPECTTUSE09/046917

transportation fuel, lubricants, or chemcals.

Bl endi ng and separating of the di sadvantaged crude

and/ or hydrocarbon feed, total product and/or crude
product is described U S. Published Patent Application
NNt 2005013344 4c £ Bham1etrtgpm. to Whivehpbphs iEREQr POTEE 68 ppm
herein by reference. In _sonme enbodi nents, the crude

o ddc 7 TRRE aOF ot ZA™ HolYbdenbnY ¢ ORI of at nost 90%

at nmost s3R% cabodmedin k0% hat cPRsd H%3 Rk aksMeSto 3% of
t he nol ybdenum content of the hydrocarbon feed. In

¢RIt CénBBER hents Natid epbbe PF ctirikagcadeophlat most
ol yhdenum cont ente raRgG ng:from & QL WMsppRkt end total
wt ppm from 0. 005 wtppmto 0.1 wtppm or fromoO, 01 to
QOB gpnieFal 3 orfe MEHFIdEARRE sOT tHRY B GdeCpfadiettiitas
ﬁ&&%ﬁﬂ%?bo%oﬁégﬂt c&r@ﬂhl@oﬁblgggéhéﬁ ﬁ@%@fa@@fbf§£mrﬁggal
10% at nost 5% or at nost 3% of the copper content
Il ihe ey dfbcabborr fedd®t LaTEEPE aitr EFOOrITRREs2Cide
@Hﬂﬁf‘s prigduet, has a&1i0t al-; aeppergantentnraagi NgIfoms of
vvtppmtolvvtpp from0.005 wtppmto 0.1 wt ppm
@&rquwﬁqlg 0%i¢® DrOBGRLYpPHE RhAC stife dFBidednEnt snargenic
ghiygde prduetnpas; @ athtd%I GRAtBOL, Ofc netal s bhe netal)
salts of organic acids of at nobst 90% at nost 50% at
Prost o0 Hf @hedﬂeh@stsaé%ﬁofnat’hen@bt% addatlenne bl et fdls
Lt 158kt 8n 0o QLOANT CraChYsal &4 & DYYLOEALDON ¢
Organic acids that genera orm nreta sa
meﬂﬁhﬁde(fobuexamlelmotmaglmﬂsned, ©al@ambo>aylld| baacurdls,, Column

g %1s 9?3 exd fo”'z‘inécégﬁh%%ﬁl}gieu?n%' fonates. 13 metals

car |c acid But""are no
Kfcm tee@rrﬁpd)e ﬂa@ehmire)nl ¢oaainds f m@aﬂmt(rfroenlegalapleds and
¢ aci et rtion of the netal salts may
Jﬁﬁ% éile al ﬁg %(hfeorg %xan‘pl e, lithium sodium

and g@tasstun@ embddqmanme7eahehcrude product has a total
content of metals in metal salts of organic acids, per gram
of crude product, in a range from 0.1 wtppm to 50 wtppm, 3
wtppm to 20 wtppm grams, or 10 wtppm to 1 wtppm of total
metals in metal salt of organic acids per gram of crude
product.

In certain embodiments, API gravity of the crude product
produced from contact of the hydrocarbon feed with catalyst,
at the contacting conditions, is increased by at least 2, at
least 3, at least 5, or at least 10 relative to the API
gravity of the hydrocarbon feed. In certain embodiments, API
gravity of the crude product ranges from 7 to 40, 10 to 30,
or 12 to 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 hydrocarbon feed. 1In some embodiments, the
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netals (for exanple, magnesium calcium and barium,
Columm 12 netals (for exanple, zinc and cadm un) ,

w@eioanmold netals (for exanpl e arsenic), Col unPCBUS2009/046917

nmetals (for exanple, chromum, or mxtures thereof.
In certain enbodi nents, the crude product has a total
content of netals in netal salts of organic acids, per
gram of crude product, in a range fromO0.1 wppmto 50

W IRt WEPPRR t @20 WrRIgr 888t Qfosk0 10bppnkt ondst 500,
wt ppm of total netals in netal salt of organic acids

%ratgﬂ‘é’rﬁtoﬁogr%l‘é product . In certain enbodi nents,

APl gravihy efoddendsiiide tpeodugtc prodiicednbEom somtnacte
of the hydrocarbon feed with catal yst, at the

TIHtAG icngaEoRelt t i brls, biyswleh@?*éa%%d“bﬂﬁeaprpéﬁﬁ 2 Thegt

$£asterd coﬁteh€a§f the @dat pleastt By ehatbverd® d wois
API ghawty of the hydrocarbon feed. I'n certain

etdbdiTment ¥eiAPE, o Oy 08 5t he @rlikde prodiber ¢ ahyes to

6 rom ot QedOnt 10 tO-3Q @badecto 25. In certain
enbodi nents, the crude product has a viscosity of at

%S%O“@O%“bﬁtjllﬁ%%‘tsﬁﬁ%e GHLAPT nBRt tFONGf thRecyrdedyiqdpct

of dihevdegearbonfeedosl B SQPELLNDOGMBRt Spe sulfur
theviscosity of the crude product is at most 1000, at

HUSIeTB00f bheatydpEtarbon ésed- | in suife efbodinents, the

&EM@E RIpEUEE HAas i sedigrept gont ent Of 13k sa0§t 0 9. 1%
by wei ght of crude product. The sedi ment content o

rére wrEdde fprodéetrrmsratangbef #ohf 0: 000L% 000, 196 byrude
%chgl& H\EE;O Qdeé@n‘E ® %095%%5185 {gqm ogg’rﬁ%’t%’ %%16’05

wel ght cru roduct. I'n sone e I ment's
TSQ.HQ‘ W8 coatentr ofrqrhéJ -Oldude Produxrtaniss patr pOSMH @@%rlme
é}@d& 0% or at nost 70% of the sulfur content of the
rocarbon feed. In sone enbodi nents the sul fur
cont émt sofnet hleb@qluwtpsr,odhet nisreger easitte@t02f grlagrscrude

;gﬁda%rta%o%%r%@eﬂdo"d L Jheosul TUr gantgnt 198 Shey.
nitrogen content of the hydrocarbon feed.

In some embodiments, the crude product has a nitrogen
content at least 0.02 grams of nitrogen per gram of crude
product. In some embodiments, the nitrogen content of the
crude product may range from 0.001 grams to 0.1 grams, from
0.005 grams to 0.08 grams, or from 0.01 to 0.05 grams per
gram of crude product.

In some embodiments, the crude product includes, in its
molecular structures, from 0.05 grams to 0.15 grams or from
0.09 grams to 0.13 grams of hydrogen per gram of crude
product. The crude product may include, in its molecular
structure, from 0.8 grams to 0.9 grams or from 0.82 grams to
0.88 grams of carbon per gram of crude product. A ratio of
atomic hydrogen to atomic carbon (H/C) of the crude product
may be within 70% to 130%, 80% to 120%, or 90% to 110% of the

atomic H/C ratio of the hydrocarbon feed. A crude product
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product may range from 0.001 grans to 0.1 grans, from
0.005 to 0.08 grans or from0.01 to 0.05 grans per

w@e@onaf7xr ude product. In sone enbodi nents, tPET/US2009/046917

nitrogen content of the crude product is 70%to 130%
80%to 120% or 90%to 110% of the nitrogen content of
t he hydrocarbon feed. In sone enbodi nents, the crude

product has a nitrogen content at |east 0.02 grams of

i drtiegen cpekt g amoficrnudetpr ogducdt dHd $9BBocarbon feed
enbodi nents, the nitrogen content of the crude product

HeRF rahge FRBIY OB aiPanEReb 0oa kit &R/ Of r BAT BUTRI5ion Of

19 By 0 1 6. OBe ObAdmo s O of LaML0:i Od1 § 052105 dhapsr Pelat
gram of crude product. In some enbodi ments, the crude

PFHREET itAcPhaesceqd i1 54 tHpl ecul ar structures, from

0. 05 19/caBute PrdPu @ ank 1065 0L AN @Gr amBnt 9 PadR o
grans of hydrogen per gram of crude product. The crude

?ﬁ%ﬁﬂﬂ@tpﬁé?tﬁnclUﬂé“mﬁhemp§dh%?@%%ddﬂmSFFH@?uPéOdW?%n1

D8 @AM b0 Orfn %@%eo%rEBQ%Qecﬁ?cth ams 16950 88001
gr ans of carbon per gram of crude product. A ratio of

@B -c Ay dFBgen- O aremisc teaP boro{HCL fof vERGCRF RIS with
Proguct, My rbe M 40 FA%nt 8+ 130% 0 8O%th0 °220% o Of 0 9@, ;

to 110%of the atomc HC ratio of the hydrocarbon
Feeeash Or(de praductoat dirPe P @ adiasswitehPrS 199 %o of

k;{%%égarﬁolagshMgElQC§erﬂrl1n%ega§5@mifsﬁl@u&@%hobé%&@tﬁﬁ)

t uptake and/or consunption of hydrogen in the
Proceds ﬁsate@alq)l/éﬂl%ﬂ 'S mdl lleaahd@ di0lt aemiy dedgeren ¢ - 001

é%é%%“%%do'@ §£ Hs J}“%ja OI?QLWﬁtH %P%%Q§§ng range

conponents with a range o ing points. In sone
@todibmenps, betieeor Wd® podudt 30hclUdes 0-pet Ypamaf least

6Hﬁn92&%%8pr89“5£mn%foo%agﬁaﬁsag}(Qﬁﬁ amgrogrgga£%é§¥£ons
gr anms ans of h ocarbons w t I Thg
viarnge (lixostlnnbutamﬁ oflsairlhfuswll(i@e%@t 30010C MRa&; 4%& °C

%{@ .thq @9% gg eafsnco'a1 809 % %dsa rt% ng g(g@{"s ams
ydrocar onsvvl 0|I|n ran 'stTi buti on ween

A0D HGBms of hydrocarbons w1th a boiling range distribution
between 400 °C and 538 °C at 0.101 MPa.

In some embodiments the crude product includes, per gram
of crude 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 between 100 °C and 200 °C at 0.101 MPa.

In some embodiments, the crude product has a distillate
content of at least 110%, at least 120%, or at least 130% of
the Distillate content of the hydrocarbon feed. The
Distillate content of the crude product may be, per gram of
crude product, in a range from 0.00001 grams to 0.6 grams
(0.001-60 wt%), 0.001 grams to 0.5 grams (0.1-50 wt%), or
0.01 grams to 0.4 grams (1-40 wt%).

In certain embodiments, the crude product has a VGO

content, boiling between 343°C to 538°C at 0.101 MPa, of 70%
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and 200 OC at 0.101 MPa; at |east 0.001 grans, or from

0.001 grans to 0.5 grans of hydrocarbons with a
wheibitg73 ange di stributi on between 200 0C andPGDOSDI®/046917

at 0.101 MPa; at least 0.001 grans, or from 0.001

grans to 0.5 grans of hydrocarbons with a boiling

range distribution between 300 0C and 400 0C at 0.101

MPa; and at |east 0.001 granms, or from0.001 grans 0.5

o an®9f shydeocardonswobh acboidd ngr aRYOGO content of

di stribution between 400 OC and 538 0C at 0.101 MPa.

e JoiE CeRbBAT et S t HE SPBESPr SR iSncfifesrudeProduct

i AMRl: grudecprodued prabiukeast &d®b@ransinffa range from

hydr ocarbons with a boiling range distribution of at

hos0ogreesato o 1&)19@&@%@@%% Htanedst 0070912%F arfs 01

%Iantky%oeabsbg%nw tdy @ hoyhbng fangs djrshki bution

etween 100 OC and 200 0C at 0.101 MPa. In sone

enbodifmeRrts, eppedEraide prtéiéuéfu%spra?ddﬁ%t fPPageresidue

cotent oof Jat mé@@ssto 110% nat+! gast &2%% m@%taBO%%tthe
130% of the Distillate content of the hydr ocar bon

Te¥diueTReTDPE PF dtlee é’dﬁtr@ﬁﬁr]@@ntfffee%r udéepFeddetPrRgpct
Re, ek, 98@@ Qiaﬁré@%r%rd%dg%du&@ & rr@%geufer QHthrQ@QQJa
grans to grans (0. ranms to O.
Jgﬁrrsmas fc:@mllsoav\x%qe drr oo, @10@9%5@4@&80@ 3 érrermsrw 001
Hs o B .geptahn emhadinepts, o thes o ude pbogyc(% r18S &
GO content, “boi l'ing between 343C to 538C at 01
WPa,976Mms7094 00 180% BOUIEENE20% or 90%to 110% of the
VGO %”ts%% 8& S Qg wdr 0¢g bQPu{i] 6o dLtSQIE 5 total c.
enbodi nment s e crude pro uct per gram of “¢rude
md)dhctasplaalmaﬁor@pement noa ériamfg?etf Peim 02 000t Pldns at

8 .
r{mgs 7 %?”@t Qo%c_o%ogr %’i‘stEQ gegglg%%rﬁdl% %éﬁgﬁ%nes

gr ans, rans

cewmtrr@rﬁt shethequjﬁdﬂe)omr édadt h&s & hregsiedbedtoertent the
5 Ehgg’f’en goo/on%t 8% §IQ% %t fg%é 151; eFth%east
Fesi due con the hy dro eed

Produdt leaythaQ'ﬂe,, ratgrlamsof 4@% er@ tmeo@ucas;pkaalrt@@ledue
Coq6§nt Lgﬁ@eraqggﬁigéggd ?e raﬂg%xL&%HhoeggoggmégégF;the
hydrecarbon feed has, per gram of hydrocarbon feed, a total
C; and C; asphaltenes content ranging from 0.001 grams to 0.2
grams, 0.01 to 0.15 grams, or 0.05 grams to 0.15 grams.

In certain embodiments, the crude product has a MCR
content of at most 95%, at most 90%, or at most 80% of the
MCR content of the hydrocarbon feed. In some embodiments,
decreasing the Cs asphaltenes content of the hydrocarbon feed
while maintaining a relatively stable MCR content may
increase the stability of the hydrocarbon feed/total product
mixture.

The crude product has, in some embodiments, from 0.0001 grams
to 0.20 grams, 0.005 grams to 0.15 grams, or 0.01 grams to
0.010 grams of MCR per gram of crude product.
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granms to 0.7 granms, 0.01 grams to 0.6 grans, 0.05
grans to 0.5 granms, or 0.1 to 0.3 grans. In sone

wepdvod2ayent s, the crude product has a total Cop@EntiSI0d9/046917

asphal tenes content of at nost 90% at nost 80% at
nost 75% or at nost 50% of the total C5 and C7
asphal tenes content of the hydrocarbon feed. |In other
enbodi ments, the C5 asphaltenes content of the

hydr agarsben teesuirserdls,| east c10%% @odeast s38%y@Ffo@irbon
| east 40% of the C5 asphaltenes content of the

HRGL&ip8n theed?2g 1 doreai N1 ehdodi GRSt Pheat least 150
hvshocar beni ieed-hasnper gramof+ hydr @@@fu@o?ef; egthm &f

total C5 and C7 asphal tenes content ranging from 0.001

R EAC 300, 20HPAME; 108 FoSBIAF Tt ditgtear ofoat gkt O-1
s bR r962AR. o M EEdRIMoanbadhdentisn, t he cryde tent
%r oduclzot,é hgs a (ID\/CR%cg{nerft oof g?ﬂ)rmlstl 5515% at ?r%s? (.:QOOHO/Qen
of 3t Messt 08098 HINT REIMIR2BoAT eRYdscaRe T hyarbeat bo/ 2

feed-daRpsame. erodi s decteasdNg hesCyrams per gram
asphal tenes content of the hydrocarbon feed while

Pl HCHIOPRGOR F@TRASMEIOR, sRaBI RAMCR Edvreatynay at most
inrcreasecthe stability of the hydrocarbon feed/total
product m xture . The crude product has, in sone
enbodinmeRts, PP BET0001 trafsud® Wb Chr aRrsludepobrom

%%%%rt ndnld ?E&!{EB,' e Q01 grams I Q. Q1Q, 96 apso @f1

per gram of crude product.In some enbodi nents, the
graife tor 8dOet ¥sares hydr §cPBeh goapodict iloR0Phagries &f

I N/ Fel t f 329 wt ue
Comrertof Tt [east . 3 grane: per Sram of hydr o6ar bon
RoTREedi tinohheacdidt iddoaietcoay emts oft din Iséabt10zing the

r a Y, r ) ge
L B D e AP Oy o
corplositt itonfha ofwto-cadoon negi duelddnttemtroefomt inhibit

e RS T P o R R R R BT e e
sonme enbodichentMethdis cdegdeipedducteimeolaydes £omfgured to
add one or more catalysts described herein to the crude
product during treatment.

It may be desirable to only selectively reduce one or
more components (for example, residue and/or viscosity) 1in a
hydrocarbon feed without significantly changing the amount of
Ni/V/Fe and/or sulfur in the hydrocarbon feed. In this
manner, hydrogen uptake during contacting may be
“concentrated” on residue reduction, and not reduction of
other components. Since less of such hydrogen is also being
used to reduce other components in the hydrocarbon feed, the
amount of hydrogen used during the process may be minimized.
For example, a disadvantaged crude may have a high residue,
but a Ni/V/Fe content that is acceptable to meet treatment

and/or transportation specifications. Such hydrocarbon feed
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greater than O grans, but |less than 0.01 grans,

0. 000001 grans to 0.001 grans, or 0.00001 granms to
w@®2@90369g3% ans of total catal yst per gram of crRdEUS2009/046917
product. The catal yst present in the crude product nay

assist in stabilizing the crude product during
transportation and/or treatnent. The catalyst in the
crude product may inhibit corrosion, inhibit friction,
@/ moRer easecvwai@ry separati 9p adidditigeseof atderithout
crude product. Methods described herein may be

Tttt iTGEHEd P oV Ay e or nore catal ysts descri bed

her eim tOmbhenssside Qduchrdut i fg 4 nRatBeAtboht fd®Y using
be desirable to only selectively reduce one or nore

%Rﬁnﬁﬂ%@ﬁﬂ§t€f6?s%ﬁéﬁﬁﬂ @?rﬁé§i@Eet%ﬁﬁﬁﬁﬁtu¥?§06§?t®ﬁeﬁ%?res
& JdrReanben; f egdh Wdhout $i,801 §+cantd ¥ynghanging the
amount of Ni/V/Fe and/or sulfur_in the hydrocarbon
Yeedsity Phi 3t madter 00hydogens Upt alke durtiPhgl Ni/Fe/V

EANLAAL IR0 PBY D "0ANGRRLKLAT £dre OMULSHUBN T egHCT Obast
and not reduction of other conponents. Since |ess of
Suk IHIRPEr 8ENITE" @t s veiengrodedt + ¢ Iediéé lathepontent of

SOMRONENGLS i Brihe fvdracar Bencfeed, o [ MOURt o Qi gen

hydr ogen used during tthe process may be m nim zed. For
exdrite 0faadi Baglv dhtlagedmer pge wayn v eradhi ghoduct, and a

hesisuepBUt ras NedV g reont gat o ¢ hat, dis aeeeptahl €40 gram
neet treatnment and/or transportation specifications .

Suchrudedicgedrdon f eedmay be nore efficiently treated
by r i esl - Wit ho i i LW/ I n
y %%L&%lggté S ue W R Bﬁéf ﬁg?ﬁy{ﬁgtﬁgrn%%t%' LV B

some enbodi nents, contact on feed using
iheerddraly sty deskrddedehereinnratbulenpertatar esdéewd one or

r{?cargef%%rt%ﬁsd%cé | hed, fer el %h@rﬂgﬁ‘%% rrgagf %%S?gg_ég&g%t’ala

as a viscosity of at nost
fotalorNiihFehY tom ent sofcoapolhiedstt 156 weppi aThesi due

nt of l t. 0.1 _graps, per_.gr f. crude
B OdaCL 4B ST dte “Content 01 At T Bkar 0 1 gt His
partagrtamoofote udle Pprocuctrsoan axygerercortent aftate as a

m0st; Q1,97 1E PST AN AM,0L SLUCE, Pradich e ANHeR suifur
and/or a hydrocarbon feed containing sulfur is contacted with
the precursor).

In some embodiments, catalysts used to change properties
of the hydrocarbon feed include one or more Columns 6-10
metals on a support. Columns 6-10 metal (s) include, but are
not limited to, chromium, molybdenum, tungsten, manganese,
technetium, rhenium, iron, cobalt, nickel, ruthenium,
palladium, rhodium, osmium, iridium, platinum, or mixtures
thereof. The catalyst may have, per gram of catalyst, a
total Columns 6-10 metal (s) content in a range from at least
0.0001 grams, at least 0.001 grams, at least 0.01 grams, or
in a range of 0.0001 grams to 0.6 grams, 0.001 grams to 0.3
grams, 0.005 grams to 0.1 grams, or 0.01 grams to 0.08 grams.

In some embodiments, the catalyst includes Column 15
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m cro-carbon resi due content of at |east 0.05 grans
per gram of crude product. Catalysts used in one or

woreroe/ 19 di ments of the inventions may i ncl udBCDOE2009/046917

nore bul k metals and/or one or nore netals on a
support. The netals may be in elenental formor in the
formof a conpound of the netal. The catal ysts

descri bed herein may be introduced into the contacting

oA s Phesdd Sofon and thBeno besodms-act nkeaass .
catalyst in the contacting zone (for exanﬁle, when

Bt sand/ 6P A hy'dht GE&FBERST eRATEEhAIOFPRGT S f UTRS s

coMastedaW hhvd he qIRaUESOhhn - 14 N SR erbadb ANt Sor gram
catal ysts used to change prgﬁertles of the h¥drocarbon

tecth iePhdel bnePBie B8 CoP URNS! 62 T sméPal st o &S
SRt oreAkupBSy &l Qramkal o(S§dodncdude, tbub. aseshnts, or

limted to, chrom um™ nol ybdenum tungsten, nanganese,
¢ sHHetiramy ERehi UMy 94888 cobalt, nickel, ruthenium

pal I adi wa-+ fhQdi B 4 GRMcUM thei i My Pl ahibAUAks Ofolunn 6
m xtures thereof. The catal yst may have, per gram of

it ypet-, aoteRal oredladed 6nTOudRL AU SFecBAt eht™itPh to,

&ange o opbalpheast, 000197 agF . nAlc J2astnr004.  The
grans, at least 0.01 granms, or in a range of 0.0001

Gy sttomey 6h gy ansRe 0. 08T gf apdta by 0-.3 agitas]l 0obos ©

rgé'@a[@( st)o cg_m]:elgf ale 'atorlegrsglogﬁ @@r@’l ,t Qato'lgé s4r gy c!rfhms , at
some enbodi nents, the catal yst 1 ncludes Colum

heiterfeE gs3ms reratidit ilonat sartie Tolung06110rars afo 0.6
§3dns, BXBER! €520 Ol 10nel SHBIYS JAGLULE 0.1 grans, or
phosphor us. e catal yst “may have a total Col um 15

@] Enemareohbent 08 prarargr.amliof seat adystdimeptpangee feaomlyst
0] 1 0. rams, 0,00 r .

a0 00008 b ams R0 a0 g Ak st . 601" pr arks e (<)
©=100Iragr affscatalcer t ailm epbodemerdgieritise canpbysds of

ééﬁh&@%§m§?'9”§)§nﬂﬁtﬁe g E & & :ﬁﬂ%ﬁ kgg%u trioxide
|n§1ude, ut ére n6i11|n1%eg fo, C ron1un? no f%denum
anhgst enpgeten kturseigiet.hefeoterfdnen embodiments, the
catalyst includes only Column 6 metals or only Column 6
compounds. In an embodiment, the catalyst includes only
molybdenum and/or molybdenum oxides. In one embodiment the
Column 6-10 metal catalyst comprises at least 0.1 grams of
molybdenum per gram of catalyst.

In some embodiments, the catalyst includes a combination
of Column 6 metal(s) with one or more metals from Columns 7-
10. Columns 7-10 metal(s) include, but are not limited to,
manganese, technetium, rhenium, iron, cobalt, nickel,
ruthenium, palladium, rhodium, osmium, iridium, platinum, or
mixtures thereof. The catalyst may have, per gram of
catalyst, a total Columns 6-10 metal(s) content in a range
from at least 0.0001 grams, at least 0.001 grams, at least
0.01 grams, or in a range of 0.0001 grams to 0.6 grams, 0.001

grams to 0.3 grams, 0.005 grams to 0.1 grams, or 0.01 grams
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catal yst may have, per gram of catalyst, a total
Columm 6 netal (s) content of at |east 0.00001, at

wo e@st12d®791 grans, at |east 0.02 grans and/ or PEI/HS2009/046917
range from 0.0001 grans to 0.6 grans, 0.001 grans to
0.3 granms, 0.005 grans to 0.1 granms, or 0.01 granms to
0.08 grans. In sone enbodi nents, the catal yst includes
from0.0001 grans to 0.06 grams of Columm 6 netal (s)

oero greaprafiscat ab yste chibogomenendodidmit SneCoOrPONUS 1unns
of Columm 6 netal (s) .include oxides such as
m%/ﬁk%ﬁ&ﬁ EPPB%T S didker £0RGRE eiPReitoxi de. In

cert aigh serBodhhBM Son tshe tﬁ@t abystydicludesecontyl Gl um
6 nmetals or onl Col um 6 compounds. In an enbodlnent

THRNE &) YD PAGHUdSs tonEpensP BHEhuim dndespl (s) . In ‘some
SRAKDARRME, 0X)gesavallyi cORBeFDO SN ot3h%r§sagurmt BrckQ

net al cat al'yst conprises at |least 0.1 grams of
W3 sFeRgnPpe? - Gt napts Cat aPysrns | r isometérbole freditan of

éebceal%ttal ysh boed udgsAnearBi natd oy fr /G0l HH‘@s Gndetalciude
(s th one or nore netals from Col ums 7- .

W771§10m%@a$ (s) include, but are not I|mted

to, mapgapese,-iechnelium, sheoiimd 10N unEebalip metal
ni ckel, ruthenium palladium rhodium osm um

nay dleury Bl aePe@Mr ot Orilxtar é8, t heredfl, PheZchpadystin

Y Qﬁ%%le@ﬁtgra@ﬂéﬁcd%%ﬁ§g¥sincfhéé§E@olﬁﬁkuﬂgsef%ﬁg%t
metal (s) content in a range fromat |east 0.000

yr aaslitapn| eastho. OObigeansy af (ehsm 6. 0Ltgl an, WJctrh one
éf‘ n?orr ange -9k Pr&xg%lg;%@sﬂ 900 6 Or AR QmBQ&lrgér?tfgs, the

3 grans, 0.005 grans to 0.1 grans, or
@arisml&/tsct @n©8u@¢ar®lumm @n@eema@@l) rasT C@tlumeaéﬁ mﬂealoﬁ‘s .

z&*}goj]%@ %g@%%%ot %t%lcegpﬁﬂnﬁefo Nid t%”‘éﬂ Motal
cobalt. I'n sone e ment's e cata i ncludes
Coluwnm 6lBeebénentti{s)cata laddi haprod ot haer@otyarrﬁsor@ nao
t ( Ip_sonme enbodi nents, the catal yst has at
ﬂ? %r %23 rajrglr% Qat nost 0.02 grans or 0.01 grans of
CoI urit'ms s%méoem@@r&rﬁ@r, ghanrefatgttaliystiuden Sohenn 15

%ﬂ%%glnfgfﬁh aggﬁgﬂ&gk%§%hg gl&%g é nC%%q% ?b L%ngmples of
Column 15 elements include phosphorus. The catalyst may have
a total Column 15 element content, per gram of catalyst, in
range from 0.000001 grams to 0.1 grams, 0.00001 grams to 0.06
grams, 0.00005 grams to 0.03 grams, or 0.0001 grams to 0.001
grams.

In some embodiments, Columns 6-10 metal (s) are
incorporated with a support to form the catalyst. In certain
embodiments, Columns 6-10 metal(s) in combination with Column
15 element (s) are incorporated with a support to form the
catalyst. In embodiments in which the metal (s) and/or
element (s) are supported, the weight of the catalyst includes
all support, all metal(s), and all element(s). In some
embodiments, the support includes refractory oxides, porous

carbon based materials, zeolites, or combinations thereof.
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A nolar ratio of Colum 6 netal to Colums 7-10 net al

may be in a range fromO0.1 to 20, 1 to 10, or 2 to 5 .
wo poosoz®7enbodi ments, the catal yst includes Cop@mmSZ59/046917

element (s) in addition to the conbination of Colum 6

nmetal (s) with one or nore netals from Col uims 7-10.

I n other enbodi nents, the catal yst includes Colum 6

netal (s) and Colum 10 netal (s). A nolar ratio of

tder dotoal, eakyan 10, netahdtp bhe 4.0f alotCaliuipe6 wEt al
in the catalyst may be in a range from1l to 10, or
Fr Mt §151%ay s “EHyBdN frent St At EFfdPysELirconium

bhcddldes gGakumm 45 @l enenhiks)réd addidiran t0pbders may be
Colum 6 nmetal (s) . Exanples of Columm 15 el enments
PHAIEE PRESpROFULICITHE L RPAP YT LWRRF Fae &St bEaferion

&l g 15 sghefeftn CoNieRt 1,.pPefio@d Bdn Ofrecakal Y&, a i,
range from 0. 000001 granms to O .1 grans, 0.00001 grans
RO V06 2gPansba L D005 rgrafs 1ol wlo3 Rntasge 8Pt 0L 000Ed

& ANE-t1i Q080 BEABng /LR $8PBLENDOGINTRAL S, ECRLATES of
6-10 netal (s) are incorporated with a support to form

%Grfélictﬁtsaliys ude anc@qléitﬁSe_rr%Hii NSl t ol BAKESCBLED

P33l (sS) zER- 6O NAtd 0N Wit Be Cpl UM 15 8hepent (&do1ites
are incorporated with a support to formthe catal yst.

13y difboditaened Fromwd cerfRechet dla(sacandrer sefle meht

41 e GURROY L drgd heweightanfa f he cat gl yst includes
all "support, all nmetal (s), and all elenment (s). In
some lenodinenpedindid-ssuppdrmns net e teef(paceory

oxd 'raFEQBOH?H‘PaJ%e?%e%”P&ﬁEi@H kGO LL S, 1 Olcertain

conbi nations thereof. ractory oxi des may I ncl e,
gutodmentet Fohined 49,0 akaplha) i ldaggination with Column

f%léfgﬁé%kqun retigégyﬁ6QBgé5d$'tgiJ(% i%@ko§gd§0rm he
magnesi um oxi de, or n xtures tjhereof. §upports may tbe
obtaivsed f fonembedimeertsi ah wanof adtaumsrtagyeh asd/or

| teriaqn a S hpol ogi es- LP ( .
%qeéxr&aes ,t (%.) S. .g) %Mé%)rrotﬁe;&q cé-[’fg%oﬁ&b%%% fmgltthee r F'g#é&?%:’:l gt el,Udes
out samweomdt kilMnethl @, ,aetibvat & cardran sand/ Bhe pormgust

é&;ﬂ%g %%rogéagpéq%a§ﬁinclude refractory oxides, porous
carbon based materials, zeolites, or combinations thereof.
Refractory oxides may include, but are not limited to,
alumina, silica, silica-alumina, titanium oxide, zirconium
oxide, magnesium oxide, or mixtures thereof. Supports may be
obtained from a commercial manufacturer such as Criterion
Catalysts and Technologies LP {Houston, Texas, U.S.A.).
Porous carbon based materials include, but are not limited
to, activated carbon and/or porous graphite. Examples of
zeolites include Y-zeolites, beta zeolites, mordenite
zeolites, ZSM-5 zeolites, and ferrierite zeolites. Zeolites
may be obtained from a commercial manufacturer such as
Zeolyst (Valley Forge, Pennsylvania, U.S.A.).

In certain embodiments, the support includes gamma

alumina, delta alumina, alpha alumina, or combinations
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zeolites include Y-zeolites, beta zeolites, nordenite
zeolites, ZSM5 zeolites, and ferrierite zeolites.

wQewbil2@33 may be obtained froma commerci al PCT/US2009/046917

manuf act urer such as Zeolyst (Valley Forge,

Pennsyl vania, U S.A) . In sonme enbodi nents, Colums
6-10 netal (s) are incorporated with a support to form
the catalyst. In certain enbodi nents, Colums 6-10

Rslof(.S) The seebinali eRmwat B1 el v JkS ral ementnd S)alpha
are incorporated with a support to formthe catal yst.
S ediPre APEC T I WHITth tRRESREL abe{ Y- eandfora bR EXEnt

{&SpAe sHPPBEt £4, 5 the qeeirgbh 0f oddre Lakal ygtoi.@@l%ée@,
all support, all netal (s), and all elenment (s). The
Suppordrafay the poroifisand - Raydr#es ude Or-éf faerdr yor at most

©Xi dBSinsPAEOMST EAF AN RRsed ARt 1+ Al 1280l rheSonor
conbi nati ons thereof. Refractory oxides may include,
PROBME{E FRe PG, lardnfea, fain g 001 grams to 0.10

StdrCapaloym Baand idAN WM gxbde, i rconi YieXi d8,0.03 grams
magnesi um oxi de, or m xtures thereof. Supports may be

obtHilAed / f rofh @- TorARS &P Hahb?actiamsr Suéh asams to

Qég§rgjr%ﬂlsga5§| yS§s @1@ .BQCBP%Q%@Sallu%ihléb.usfﬁg@rporation
Texas,” U.S. A ). Porous carbon based materials include,
bluta HreTREEA| Part e’ o, 2sact L vag et cartheon SaRBPBF PO ous

ghaphid e kxampl ese ofzegki Lesyincd ydeX-zeql it es,
beta zeolites, nordenite zeolites, ZSM5 zeolites, and

ferriCe re pedtintesilZdolnt 6slways e lébrdi hed Feomdc
fmra]%'dgbrngﬁ%f%?kﬁ{{r%r lc%mgauﬁas 780l yst ,o&V%Lsym{%l%e,fmm

Pennsyl vani a, n certain enbodi nents, t
Gulpporst 6-agl afleshgarme cdligniTalle dedt dealcaninnal)edl phar a
Q}%HH&%O% eQbi patd, gnst '%ﬁ%em £ 08 ATPYNt £0f, QAN |
al'um na, defta al'lin na, al pha al um na, “or conbi nati ons
wdweriedfes .per gram of catal yst support, may be in a

range. from.0, 0O t 9.9r .Q01.grams to
0% SE000: 00, LA o 30,00 G1 A, 3,001, GRS e
grang as detelnihedudiy x-(fay dkdfplaot l@iunhp §oh® metals)

i ARt LOE sUPRAL,Lag! Hdes, I rom 0, 9001, arams, 119,
the catalytic metals with a support. Comulling of the
support and catalytic metal may form a substantially uniform
or homogeneous mixture. In some embodiments, water and/or
solvent may be added to facilitate forming the mixture into a
paste that may be extruded or formed into extrudate
particles, spheroids, pills, tablets, cylinders, irregular
extrusions or loosely bound aggregates or clusters, by any
known extrusion, molding tableting, pressing, pelletizing, or
tumbling methods.

The Columns 6-10 metal (s) and support may be comulled
with suitable mixing equipment. If more than one metal is
present the metals may be added together or separately.
Examples of suitable mixing equipment include tumblers,

stationary shells or troughs, Muller mixers (for example,
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granms, 0.001 granms to 0.05 granms, or 0.01 granms to
0.03 grans of silica; and 0.90 grans to 0.9999 grans,

w@2@51g9ans to 0.999 granms, or 0.99 to 0.97 grBeEUST009/046917

alum na. Incorporation of a Brnsted base such as
silica into the support may inhibit formation of coke
at el evated tenperatures . One or nore netals from
Col ums 6-10 of the Periodic Table and/ or one or nore

BoouReds ot eser Bludmyr € yiel al snfd OMrGalewiNS s Bd 1o Pfother
the Periodic Table may be co-nmulled wth a support to

JOtTheE 1 XPAYR. DIPHE Mokt GRECRAY b TUFmER VitAg o that will

Parddheproviat st ithat bave medaras /%UP{D@E@ R 8dire.
with a mniml anmount of catalytic netal (for exanple,

ol fHts 16- ?@b%%%?%t)sroﬁhﬁh@a%?%%\]&e gt %éeéatl%‘ﬁy%tt_he
Bk RrepanhedaPys camulbi-ag thescatalyticnirbad seMdily
a support. Comulling of the support and catal ytic
HETRA T SPEly 1R oF Af aS Erissttant PAFPYT e sYimtée Rehbiencoud

faodiUsg. 1hne OBy gImadi BNt 511 MBE &fo1and/ 8F $RLVEN udRY 6-
be added to facilitate form ng the m xture into a
PagtdalHat mhyRbeh Saededusrs f R el IDFEs SEXE P udates

PRI Gl Sy a3 BREH St sl Lent L abl &) S51 eM ek RBE Samounts of
I rregul-ar “extrusi ons or | oosely bound ‘aggregates or

B istuesr snApgT amiIlk ibvare ekt iasi bh, Persirdicrg seabiet FaiegEs

InQ.cpeLlgtizing, Qr j i dhe
B B e e

whTergiionabl eabi ki $ig @gdieprenty fprRsme tihantenken et -

13 &Jﬁs%ﬁboﬁlﬂrﬁe%%,alc%MXip? gf%%&ﬁ%e}th%n%ining silica
separately. Exanples of suitable m xing equi pnent
dmk|Qedenpufbl érsetash @i deamny shehdsthmr cadadghst Mutfaare.

@&%oschgr%a%%esﬂ%‘a%% RXQel&GeElOcI'L;ei %%%H&&é!pa‘?éidiot of

i mpact ni xers, any ot her” genera known m xer,
generadlally sknewnt dey ilegautshatl e o | & L wsuintcalbiyepr avé dexgdsed.

erbodirEn e e it ST Er & B b b Yed nt ot £ bl tor
B0 Jretuahs( 3510 sudtarle)s ) subshanhe addppdranedgénesusly
contrast to impregnation of a support) at least a portion of
the metal(s) 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 some embodiments,
having less metal on the surface of the catalyst extends the
life and/or catalytic activity of the catalyst by allowing at
least a portion of the metal to move to the surface of the
catalyst during use. The metals may move to the surface of
the catalyst through erosion of the surface of the catalyst
during contact of the catalyst with a hydrocarbon feed.
Without wishing to be bound by any kind of theory,
intercalation and/or mixing of the components of the
catalysts may change the structured order of the Column 6-10

metal in the Column 6-10 metal oxide crystal structure to a
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di spersed in the support. Dispersion of the Colums
6-10 netal (s) in the support may inhibit coking of

W b@9dxdomms 6- 10 netal (s) at high tenperat uP€BUS2009/046917

and/ or pressures, thus allow ng hydrocarbon feeds
contai ning significant anmounts of residue and/or high
viscosities to be processed at rates, tenperatures and
pressures not obtainable by using conventi onal

St Y5t S 1 Mdea S G AR egnab i @fh techningdes. ihntisoONe
enbodi_nents, conulling of a support containing silica

FNEP Eo HIMRUBLD° et dINS( STROPERAR P SHoGther TRAt AF YT Of the

sirfmace—1H 58091 hely Gat akystnsued ace dpyolawer <t he,
Brnst ed aci di t% of the catal yst surface because |ess
¢

& Urhiata 18Pt BETRPES exPoee@rIh- 7l T 19RF e COFatmi® the

fptAly<(S)eahonge Of idheCcoOMBLRaL E Oéhé/fﬁetﬂ%a@oh@ﬁ% in ke
metal” (s) with the support allo (in contrast to

T9igtle gFrafroRe BF PR %w&lpydabw %%@aralr@ofc@?oﬁr@@r {He the
f@thaln 6ot 9e£§§l;§’@aw%e%nt Qer fcﬁﬁﬁfera%ftlbhesﬁg@@ﬂﬂﬁ%f

netal catal yst (for exanp edded in the su ortg Lo

W%dﬁ%@lmo&é@sm?fﬁjaloxéﬁet ﬁ@ §]G|<Ff<al’c<é?l% Rdn tReuf el umn
R her ‘@e%‘% QECHA i%éJ“%l%Q?gP@ggﬁ%ﬂ@t@umc%tfaﬁ@teaﬂ:ﬂyst

sonme énbodi nents, having less netal on the surface of
e dacars st nexad s e ehifeo Al oo Tat alsgpréated with

@Sl v 18f nbher cal alyst By alFpwing A sheastuR, it is
portion of the nmetal to nove to the surface of the

msalkalﬁ tduephgnaise. tIHve thet apsummyo ovaeteli he are
%%l%fn?h?ar‘?é’érﬁy%ﬁzd@éeuﬂﬁoﬁé’%&%ﬂﬁ E’E%é&‘&{]@ge For

e catalyst duri'ng contact the catal yst wit
@s@rfd@ar bohvbdenum WitiveutiewhsHi vge tol e nboandroyt dryving a

r#é'&danogaotf@e%é{m i dy ercalayl QE‘ta{‘é?’(é]% n@;% 09-8fntN&y «

conponents o he catal ysf's nma ange °t e structure
fmdferanofaltlhen@éxh@mb@nll@ rtretLaquieﬂ mmu@@ﬂ unfing- r&@lybdenum

er of Ih%ol é{é%ﬁg Setrnr?t %Itcg in %ﬁe Crys %%“?%%%/rtuure of’
molae aemtz(@dd@d)gcla@ealtyst Tﬁl&eadmrdemabﬁoltyh@e@@munm@ledb

Tetal. my be, deter ned usiog, ponder x-ray di Lfraction,;
°C (600 °F), at least 427 °C (800 °F), or at least 538 °C
(1000 °F) to produce a catalyst that does not exhibit a
pattern for molybdenum dioxide in an x-ray diffraction
spectrum (for example, an absence of the Dy peak).

In some embodiments, co-mulling the Columns 6-10

metal (s) with the support forms a Columns 6-10
metal (s) /support mixture. In some embodiments, an acid
and/or water is added to the Columns 6-10 metal (s)/support
mixture to assist in formation of the mixture into particles.
The water and/or dilute acid are added in such amounts, and
by such methods, as required to give the mixture a desired
consistency suitable to be formed into particles. Examples

of acids include, but are not limited to, nitric acid, acetic

acid, sulfuric acid, and hydrochloric acid.
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catalyst relative to the order of elenental nmetal in
the netal oxide may be determ ned by conparing the

woeer@en2e?3 t he Col um 6-10 nmetal peak in an Xx- rEgI/US2009/046917

diffraction spectrumof the Columm 6-10 netal oxide to
the order of the Colum 6-10 netal peak in an x-ray
diffraction spectrumof the catal yst. From broadening
and/ or absence of patterns associated with Col unm 6-10
et alTHen canuxng ay- 1 frfatact istpmsﬁp@&ﬁtr Wixthitrel 2 POSS| R ehed
to estimate that the Colurm -10 netal are

S PRt AL Py P aHFo R YEr HéFEHlW}e%H@ -.tﬁ“)?staéF such as an

St Ml e. TE@rp§K@m&» (eRkyhdeneuy tid gO)b'ed@u@anlrlﬂf known
al um na sup ort havi E a nedi an pore anmeter of at

FestytaGURREY e RGO ACAOD BOrags.  The particles

R U B! ybdepum i) det Xt dige rakhecmhyhdenm rron
trioxide has_a definite pattern (for exanple, definite

TOooiC D60 250and/oF D3 8eaks}O. 2Fhe Glfem RaPfbiybdehdmme

t#d:0d:-depibXt BE£ iRy @%oﬁ%@tokfﬁﬁi athals)ahemper e the
of at least 316 0C (600 OF), at |east 427 0C (800 OF),

71 Hurce 480 TS38 T (& @a@th}et%ainW@daacg@%&s@@ Tevel.
that 14@esonohn GM@'r&et%lp%bgéPtfﬂd/‘H%' yhdepym,gi oxide

in an x-ray diffraction spectrum (for exanple, an
Wﬂ@@p@prth@amﬂl%ﬁ@y be| ﬁa}s@mecbrmlo@hﬁemf%sence of

125l 'a%{%?e é’rﬁ%c@ 10, metal (Shaath Lhe, supparde

forms a Colums 6-10 netal (s) /support mxture, In
somecenBadi nenesd wP aéi-dbandeer Wet el iegdadded’ ¢o athe

r?éléx}@@?ls 5@01% @l g dS)e o SURPQrLe M X4 Ler tﬁﬁea%b?te;&a{hple

rmation of the mxture into partlc es. The wate
@rd/modirsube acid EarT@uacddeum reseich vaneants, matmlelbysuch

LZ%CJ‘ AELAQds, as, [aqyl red, e giy %‘% TOXREE&Q are

I red consi stency SUItab e to or ned
partdtlegs to Exlaﬁ'pctcers;:@fpoadllds Iiﬂﬁt:éhljdleild@ut aﬁ“lee n*ostmperature

LB ag boprnlALie 28 yteniLe o6 LA, oe ducs

ﬂﬁtp;t@@t PRt st eudrmyrcbe ff ohaedinat ocgariniec] esxusrag s

QE“ &le%hgl Layes | the art gggth as an, ext [fuggrare'l'ahse of

rudtt e cut usi ng “Known
the catalysts descrlbed hereln Calcining at temperatures
greater than 760 °C may increase the pore volume of the
catalyst, thus change the distribution of pores and the
surface area such that the catalyst is not as effective in
removing compounds that contribute to high viscosity and/or
residue.

Contact of a hydrocarbon feed having undesirable
properties (for example, an undesirable viscosity, API
gravity, MCR content, asphaltene content, metals content
and/or residue content) with a Columns 6-10 metal (s)
catalysts having stacked structures (for example, a catalyst
formed using impregnation techniques) may require elevated
temperatures and/or pressures to produce a crude product with

selected properties. The elevated temperatures or pressures
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catal yst cutting nethods to formparticles . The
particles may be heat treated (dried) at a tenperature

wo pooa/12@mnye from 65 0C to 260 OC or from 85 0CPCDULRBI/ 046917
OC for a period of tinme (for exanple, for 0.5-8 hours
or 1-5 hours) and/or until the noisture content of the
particle has reached a desired | evel. The Col um 6-10
nmet al / support and/or the Col um 6-10 netal / support

Pardi eliesmABYcHe £l Gnedei Bat HEyPI esMCOyaEoBOtL Mfeed
and/ or oxygen rich air at a tenperature in a range
oo o

HetWgdn t8e5°0E At 5 S0 "et, PhetTeett 35 veEcand

shlcativeen, D00 A% aNd 680406 §1or-aiRekl ednobntd My
(for exanple 0.5-8 hours or 1 to 5 hours) to renove

YRETY €afatver suich MRaf-cathe eakih PSR BEiiHe
LHdEmRis6240,/ ARt Al 8 18f @ reen¥en et dpddre reanr ﬁa‘?‘@c%@lgﬁ&he

netal oxide. The tenperature conditions at which't
R Gfeshar e2taleitmed may be such that the pore

structurenetathe fdmalctcalecineds&d xture b5c8991§§%|#¥%h
to formthe pore structure and surface areas of

%Ja%poﬂrf@tdsmaééér%eﬁ%r difRr SARBRYR NG &@tﬁéﬁﬁéré@m% by

HrRAheh b han, 766, QT i sinereaserihe e 49! o ofe
t he catalyst thus change the distribution of pores

Aiel tvvd §arﬁaé@rdm%hkgﬂ@hntmay & heowe Py eIpgun othanges

&f fiegt inveqi P &ODYE NG gapRaUNds;, C%J‘ﬁattu(‘r%%t LhRute {Qer
hi gh viscosity and/or residue. nt act a

safroesbon Thee dddraiviasy tondesdy abte PriopethpeBydferarbon
XM L8P Pd@ﬁé raplse ui §608LL Voo ARl Qr @Y1 ¥or}<§\&R

cont ent, asp al t ene content netal s content and
@Q%ﬂQﬁﬁeoéohE@ﬁththqt aleCok anhsu 6- - aqegtsalto( she active

| %itt% hay! pg. Séaac%‘i%‘%tﬁ LHGLUneS fd rer%ééngaé@al %luster

cata yst formed usi ng i'npfegnation tec ues
¢ Rl yrse @hevha%@<1ehp6ﬁat&nés amdl arheproessanesonal

rgordo a ng e?taol Gt with select eclderr%re%B%E%?SandThlower
5 feénperat ur dr pressuresallo
mxﬂﬂsnﬁesoﬂfbheex&mpﬂew tewpehahycb$xnﬁ'@¢nléeed 400 t Hatand

She Gatal yst sdogg oty becomg, deggtivat 6q, CRnLact , of
topology catalyst may allow a process to be run without
recharging or changing the catalyst, thus cost of processing
the hydrocarbon feed may be economically advantageous.

In some embodiments, catalysts may be characterized by
pore structure. Various pore structure parameters include,
but are not limited to, pore diameter, 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
distribution may be in a range from 105 A to 150 A, 110 A to
130A, or 110 A to 120 A. 1In some embodiments, the catalyst
has a pore size distribution with a median pore diameter in a
range from 105 A to 150 A, 110 A to 1304, or 110 A to 120 A,

with at least 60% of a total number of pores in the pore size
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the catalyst with feeds having high residue contents
may shorten catalyst |ife due to the high nol ecul ar

waowridogheeoscdonpounds and/or netals in the hydrocap@Dnsioesascol7

pl uggi ng the pores of the catalyst. In contrast,
contact of the feed wwth a catalyst with dispersed
nmetal clusters (for exanple, a catalyst forned by
comul ling) that forma desired surface topol ogy for

dhe cahaliyst hasi descrdded dhenet & mayerall @w A4, 45 4, 35 A,
advant.ageous changes to the feed to occur at hlgher
terfperalir 85C ARt 6T IFakEr dprBesEF es. This desired

t opolRgY¥ oAy eedbdoWdhe , h%@&@caémﬁb feedotescontasd dthe
surface of the catalyst onger periods of tine

ao - Sdéleter ilduscaftelt § b /ﬂheoacﬂ veardt &l 9sFrey -
of aeﬂecaqat ahygaméﬁw@ tﬂ&%edbépﬁﬁ@e@f MRials hySt&ige from

catal yst nay have @ er life than the_conventiona
%y%r%tpf@dé%s@ﬂ%? CAt <Hy L4 & ége%tﬁéc? 8mper Aturded &Rd/9

tover; pressures (for exanple temperatures of at |east
400 OC and pressures of 3.8 MPa, 5 MPa, or 7 MPa) .
The S&Ice®PEd Y%b@%%gyfééﬁaP?E@lh%W galowes pPoeRsE gy a

Berd ) Wk Boube fechangiing Har s68@nNgi NG theesahalys ’a pore
t hus cost of processing the hydrocarbon feed may

ST arEytadvarragddls A - | n1B otene MISOCRBATRES / the
CAL Al N3t $ ,0BY &%&Jl%a%tfeﬁltée}? oby \QQLru‘?neStﬂhuggye§ having a

Vari1 ous pore structure paraneters i nclude ut are not
oA tdé@méerp@feaiaurmét YUY bor@tmwoosavfaéemweawo A,
%F @agb@n§ t hereof. The catal yst may have a
Istribution of total quantity of pore sizes versus
por e Idi aweteesbodheentedi dhepoaealli eneteer hefret herpor esize

3128 A DU TS b SRR O 103
Bhodilenis fot hed dat aliyrst ahaseas poids A U —

LT PRI LR 8 LR [ ARA dece

W iedsitn 6@%ﬁobfatmenmﬁduamnbemeoﬁlgmﬁmﬁy| mltheapoleast 50% of
JZtlssz%dl Sgrgl Ut I o{]n hpaovrle%g hav ggeadloarneEthram\e\AtteQI Qf 6<’9t AI‘nd t
600 A, and between 5% and 25% of its pore volume in pores
having a pore diameter between 1000 A and 5000 A.

In some embodiments the catalyst has at most 10%, at
most 5% or at most 4% of its pore volume in pores of at least
5000 A.

Such a catalyst may have a surface areas of at least 200
m’/g. Such surface area may be in a range from 250 m°/g to
500 m’/g, or 260 m?’/g to 400 m’/g.

Catalysts having specific surface topology, large
surface areas and pore distributions described above may
exhibit enhanced run times in commercial applications at low
pressures and elevated temperatures. For example, the

catalyst does not deactive after at least 1 year of run time.

The enhanced run times may be attributed to the high surface
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or 25 A of the nedian pore dianeter. In sone
enbodi nents, pore volune of pores nay be at |east 0.3

wee®bg6923 | east 0.7 cnB/ g, or at |least 0.9 cnB¢TUSI0N9/046917

certain enbodi nents, pore volune of pores may range
fromO0.3 cnB/g to 0.99 cnB/g, 0.4 cnB/g to 0 .8 cnB/g,
or 0.5 cnB/g to 0.7 cnB/g. The pore vol une of the
catal yst includes pores having a pore dianmeter between

drdA a1 t2000a A BL ROIES rhave NGafr POIE s@irafBt @6n of pore
%;;ater t han 5000 A In some enbodi nents, the

mahet 1Hasha MRfOriAyTSf Of t shpotEaldiSime FRYporde
rh@yam oF pakecgianpier cofiat eﬁpéée&%%longgrr@@ﬁl&w of

, at nost 300 A or at nost 200 A . In some

1ielrf"t?bd|tr1?‘!131|éft §1U9Wen%étfalt§3§t PREGS hal e e 6@ LgFzels minimal.

ﬂhétk{ﬂg@lu%b%a&\éti‘r@a B aB1pef &y di Bk thBnack s in
fromabout 105 Ato 150 A, with at | east 60% of the

it fCTRUNBEPMSf O pdries de et Het patEo1Ei AFOFrSEENBURT on-Ih

th’é/dcf&t% RaReoHi &le Wigh B B89 A 0fa 'az%u'if@dhéltﬂ ROrBH1e
dianeter, with at Teast 50% of its pore volune in

Porkss pﬁ@@i@ﬁge% pofle Wirgretepnadt @taiosttsebovANg iRl same

@@Jéﬂ%@%@%@@%@%ﬁ dirfaS 10T €1 VRL AT, I POEES: NAviNG
a pore dianeter between 1000 A and 5000 A . [n sone

ertbodiedenesal net cat dlpperhasras oSt 0% oat 3hbsiC 5% 760

«°@ H@Jy oSt 142600 #4:$ 008 %Ol YhBed MARANES sOhi 8l | &asd
0°A. Such a catal yst may have a surface areas of

@am@é@gts 200 nRreev fucle daptackur@s® mayhbearde aswaiage
Ir 250 n2/g to 500 nR/g, or 260 nR/g to 400 n2/g.
Cat al ysts havi ng specific surface topol ogy, |arge

surf a@e careasn asbpbmendisst Fhoutd onlsy desersbediabowred

ng gg?ﬁ? ]ﬁ%ﬂstlg§§lﬁ£ $HQS£98§|extrudates

app |cat|ons pressure ‘evate
Irenperatobesinéors exarnplcefat het cat@opstthdoestabyst

ﬁ%gg§£§€% %Etgﬂlfqdééﬁ¥g f%r%eﬁétgﬁ g&ﬂ%ﬂgegexprior 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 hydrocarbon feed that includes sulfur-containing
compounds. In-situ sulfurization may utilize either gaseous
hydrogen sulfide in the presence of hydrogen, or ligquid-phase
sulfurizing agents such as organosulfur compounds (including
alkylsulfides, polysulfides, thiols, and sulfoxides). Ex-
situ sulfurization processes are described in U.S. Patent
Nos. 5,468,372 to Seamans et al., and 5,688,736 to Seamans et
al., all of which are incorporated herein by reference.

In certain embodiments, the catalyst is obtainable by
co-mulling Column 6-10 metal (s) with a support. Co-mulling
the Column 6 metal(s) with the support may form a mixture or

a substantially homogeneous mixture. In some embodiments,
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The enhanced run tinmes may be attributed to the high
surfacearea of the catal yst and/or the narrow

wale@vnedood i on of pore dianeter in the pore vol BOEUST009/046917

the catalyst. Thus, the netals of the catal yst remain
exposed for |onger periods of tine, thus plugging of
the pores of the catalyst is mnimal. The high surface
area and sel ected distribution of pores in the pore

ol W tfret Rey Ciad ad:wstudelll ews/ §f ogeissi.ngtak RAighure may be
viscosity and/or high residue crudes that would npot be
Gbl e 6 BE pr beER Wit RTcBAVERRT ohal  Cafafyéfs C to

SRS the sapeipore distribution, but smaller surface
area. Calcining a comulled catal yst at tenperatures

rangihg FPBRPRLFDC G 1P6e BERENA f acilliicPat 81 Bt paatSidn ca

©of c pARGS chAYE NG, SidA i@ BRK e di AipteyisiaRdinal rOw Pol®ires
distributions with large surface areas . In certain
fments, the catal yst exists in shaped forms, for

exanpl@, cRebl ¢t s, nLylHRderSonandf®r Exdsudat 8S3 dihms,
sone enbodi nents, the catalgst and/ or the catal yst
briE&&ugemsi §0sit 4 i dEd st o OF of rf fre¥ 8™ Ss HOf PdesITPRs ot t o

USRInUE-Ag hechnigues. known ba the arde (fen sxanpl e,
ACTI CAT(tm process, CRI International, Inc.) . In

el igwhedr neht scattdle scafralyseChede e deiréd Phengrams of
4l frided ALt esnatd vel v, thegatalyst may sbeesubifddedn:s,

In situ by contact of” the catalyst with a hydrocarbon
fleed-atiadty sk ned udiesc lgadef git- éeashi hi g wempotindd .2 grams of

%&&:?‘M ¥ ?n%lc%gké)zaﬁéro Y Wt LLL 28, 81 ther, gB38€0US  qiments,
ydrogen sulfide in tthe presence of hydrogen, or
theuiadepivasemsul Fnrlidend rageht 805 uptares tor §ahosuddfiur 0.005

sorpounds.(ncluding: al kyl Subfs i es, POLYSHLT o EdSShunn 10

thiols, "and sul f oxi des) . situ sulfurization

priocessepear grdeser ideed livatl. SIn Raggrti nNesiood 5nd6i8s 3 e
na e , , Seanan

é\%a S%tmﬂ?lghgré?%u?énc%%g‘oﬁétggg %g)e%égl gcqb?'?g %?@%’cgé'qoé ko

¢er? gmmenbodi fremt §) . Alhgreatatyst . 43 cobtai nadbCellyn 9

GO 09y, £ AR TRLe! (8) with a support.

Such comulling of metal and support, followed by
calcination, may produce a bimodal catalyst having a pore
size distribution with a median pore diameter ranging from
105 A to 150 A with at least 60% of the total number of pores
in the pore size distribution having a pore diameter within
at least 60 A of the median pore diameter, with at least 50%
of its pore volume in pores having a pore diameter of at most
600 A, and between 5% and 25% of its pore volume in pores
having a pore diameter between 1000 A and 5000 A. In some
embodiments, the catalyst may have a median pore diameter
from 110 A and 130 A.

In some embodiments, the catalyst may have a median pore
diameter of at most 120 A, with at least 60% of a total

number of pores in the pore size distribution having a pore

40



10

15

20

25

30

the Colum 6 nmetal (s) with the support may forma
m xture or a substantially honbgeneous m xture. In

WG v/ 1z di nent s, t he m xture may be extruded BeUS82009/046917

dried. The m xture may be cal cined at a tenperature of
bet ween 315 0C and 700 OC to produce the catal yst. The
support may include alumna, silica, alumna-silica,
titani um oxi de, zirconium oxide, magnesi um oxi de, or

dH etife@s wh heE €060 ALheyicat akystasmysdrave fitenp8rO0olume in
grams to 0.3 grans, 0.005 grams to 0.2 grams, or 0.01
Ift&its hlaalﬁglagﬁ’%% C%ifa“@cﬁleanﬁr%mlbo%e“t éEIO ¢sy %erb%@‘éﬁﬁn 2%

£a W'o)fsﬁtslﬁoﬁ@l%l%mo% atSs e eakab¥st dB¥eter
include at least 0.1 grans of Colum 6 netal (s) per

Rtaracer 108Pafyard 14 %dne enbodi ments, the catal yst

may imel bdesatst east RR5295aMBadd Dt gramsoRf 26wIing o
6 metal (s) per gramof catalyst. In sonme enbodiments,

i tc 3041 Fst9 iy ienePudevP e GLOOT §r anECl®: 0. 1

gr amsgn; Q. QQ@aI?sQ sy Qre%l%e or feom Q @b, graAsot ok 03
granms of Column 10 netal (s) per gramof catalyst. In

ewrRodion tenbbdl ned s Lute cat BF Rt ey dorditdge. f# oprtion
9r Q0% %%5’%&{%9 tlhagf U r 002 L9 &es%u%r aRa/ O afrom

0.01 grans to 0.03 granms of Colum 9 netal (s)
R MG ofatif ystyISurienéemii Ny ngrrafoutetsal ﬁﬁaaéwﬁ)rqf the

ol Qued oy scal ci-nat 108, A8y PEOAUGS & RioMRdaly catalyst

catal yst having a pore size distribution with a nmedi an
worte adisgrereed r@mﬁ - Sftrd P LOSN And Yo DES @ CANging faht

écﬁ%{t&%%%%gf s} hge 10t aly \AYIbEr 8f - PANLES A 1 k?ﬁd{?@{ &ith

Sl ze stribution aving a pore di aneter within at
redstedbFiAcCobitheviddilaw podeodéanetrerunolibh. at | east

o . .
of At o6t “BO6 A AT BOruCerR: 60 Ak Sasmarsi 1s nere
o e mtpoaesomimgcaspoyeaﬁh@mmaeqedbepwelea NoO®Frbon
ae\ollde%gc%?rle a o]?%gmcaj1 %%g glrn ?%I?n 11%7 A% tQaI %géd%?é/nts’ at
contacting condltlons at a total pressure of 3.5 MPa,
hydrogen consumption may be at most 60 Nm°/m’, at most 50
Nm®/m®, or at most 30 Nm’/m®. 1In some embodiments, at
contacting conditions at a total pressure of 3.5 MPa,
hydrogen consumption may be from 1 Nm’/m® to 60 Nm®/m®, from 1
Nm®/m® to 50 Nm®/m®, or from 5 Nm’/m® to 30 Nm®/m°.

Using the catalyst(s) of this application and
controlling operating conditions may allow a crude product to
be produced that has selected properties changed relative to
the hydrocarbon feed while other properties of the
hydrocarbon feed are not significantly changed. The
resulting crude product may have enhanced properties relative
to the hydrocarbon feed and, thus, be more acceptable for
transportation and/or refining.

Arrangement of two or more catalysts in a selected

sequence may control the sequence of property improvements

41



10

15

20

25

30

In some enbodi nents, the catal yst may have a nedi an
pore dianeter of at nost 120 A, with at |east 60% of
@2a0ot12d97hunber of pores in the pore size di stPCHUSI0091046917
havi ng a poredi aneter within 60 A, with at | east 50%
of its pore volune in pores having a pore dianeter
from105 Ato 150 A, between 5% and 25% of its pore

vol une in pores having a pore dianeter between 1000 A
el HR0GAd. Ther catadpyst, mey heweidy,Sukf aegsargagpdftion
from 250 n2/g to about 300 nR/g and a pore vol.une

Abdute 672 elfY-teRiSs eht aFYst TP rtédicerl dict@astirgmetal
Pordd o efghhec camponents1that £omiAdiRut e st enbi ghet, ac
vi scosities, a portion of the conmponents that .
it i P& tLen r e5itdife N i&kEL or 2ROHOT titor e8F Tt fePortion of

10X dRN=CQNkabRi AGL BAPRHNGS . T eRtdRMa @bnt RE€ed can be
hydrocarbon feed with a bi nodal | ums 6-10 net al

rAHSPsPeWPER at sktastt édPpsFeCHi 3t MBRrioah Oyl bethe feed
econyycak advant ageous since it allows production of

a product with reduced viscosity with [ ow hydrogen
cons dpeReATeTherkhtodl ysteet Lohecappla catrosraynay, in

prRduce a; cedde, pr Wi tBsack OWRl MiSG9SELYaRS/or the
conpared to the hydrocarbon feed with | ow hydrogen

Torsiuipti 6A. tha Rohwceambedi reatstotal cantaeti ngsture.

sondidions 8k 2 Lotal,pressure.0f:3 52 Mra. hydE ogen
consunption may be at nost 60 NnB/nB, at nost 50

INFB/aPB bR Ape@DsTt B0 ANeBIAB. i At soelierbedPReRt $S i may

%ﬂgi@%t 'c%QtSQQQﬁé!sOﬁSce% t8 Bg&?été”ﬁoﬁﬁ 10653 % Mdns,
ydrogen consunpti on may be from1l NnB/nB to 60

NnB/amBt for oanthNnB/mBitt deBOtNhBY #B; varthougmr 8p Ne@# ot of

Eﬁ%:%%t§q§égeinL%%éwkédﬁ%cgﬁkal¥§ﬁefs) of this

applicatron and controlling operating conditions nay
al | owcabdnadeops cducte teotbd pabdlcess tieat ahaswsed@oitacdn

]\%{19 entl.es 8h§89€9 d %'f%}p‘ée 8 é#ent@ydcgl%%ar ngriﬁ&de to
i1e other properties O tﬁe %y rocarbon tfeed are not
wignidiityantkylehangedorthenr e uttié ngprgrondetpr ddact may
gg%@%f%&%%n%gdr gP &g}ié%sl%gggtgvﬁ%rtion of the components
that contribute to TAN, or combinations thereof, from the
hydrocarbon feed before other properties of the hydrocarbon
feed are changed, while maintaining the stability of the
hydrocarbon feed/total product mixture during processing (for
example, maintaining a hydrocarbon feed P-value of above
1.5). Alternatively, Cs asphaltenes, and/or API gravity may
be incrementally reduced by contact of the hydrocarbon feed
with selected catalysts. The ability to incrementally and/or
selectively change properties of the hydrocarbon feed may
allow the stability of the hydrocarbon feed/total product
mixture to be maintained during processing.

In some embodiments, the catalyst (described above) may

be positioned upstream of a series of catalysts. Such

positioning of the catalyst may allow removal of high
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to the hydrocarbon feed and, thus, be nore acceptable

for transportation and/or refining. Arrangenent of two
w@eoane@7xat al ysts in a sel ected sequence nay PORUSMN9/046917

t he sequence of property inprovenentsfor the feed. For

exanpl e, APl gravity, at |east a portion of the C5

asphaltenes, at |least a portion of netals in netal

salts of organic acids, at least a portion of the

hd Mbulatr heaght acfodddionnek, t Aednd €kelralandhoheddl salts
| east a portion of the vanadi um or ol ybdenumin the
By fEEArBoACt 8ed Wan & edacet ettt étéplllé’égto% the

pRitdonweh heteyoatong dbuthenf ged-are reduced. _
Arrangenent and/or_selection of the catalysts may, in

some BRb6ar ekt s, 21 ifsitové | PR FIPIH@RaFal §ot stemoval of

éﬂ“ﬂé&étter§E@pé$|6ﬁ/d%&g%hecBMQ&QQ@ﬁPQ%mE%@QéEOtfémoval of
product m xture. |nprovenent of a catalyst | i fe and/ or

SrEnenty 6f1a¥h(éorﬁyldlrk63@§r B&naf deeltatali NpBluetfe of other

Mod1W/se sduhi Ple PEPORSSI %& %Mbﬁx'né@l%r% G@Rt-acki NProm the
systemto operate for at | east nont hs, at |east 6

msmIreroer aeef eadtor ey@alplw t ﬁ%@ﬁc#r@plaécéﬁéﬁf BdfPqite on

Satal yspnhn-d:he qontaect Qrc?@ﬂ%on%%’%ﬂ%té)i‘spﬁduct
sel ected catalysts may allow reduction in at least a

Biottiren réf at hee clonpoifemysireraroeontedbingibdts plugging of

iS00Sy vat o | 58St @ RAr ibQRs Pfedhe a%%”@%@m §n$$@§ses
contribute to residue, at least a portion of

Penpements of haime gHter id9ute Ct anT AN, S tem @@ﬁ‘bbﬁa@P@lﬁ%ted

f, y ee ot he
BrGpart 1S5 oF NGy ocar Boh Feed s chAnged. i 147
mred ntiai siong EMJQO@IIT&b]ﬂShtyncte@h@ dyldriecatbone or more

Xt f
e L N T
abovénl sbpe. embcb@imn?—atﬁsvelcymmébca@bhalat\@nésblandamlms

i d\rﬁi)ez:éo@}{ sean&gvgh eg?cat\%dst%a%"”%a% %%a;ﬁ/st

rbon feed w st’s
des dmdreemeatal h ytcanmcnlrcessbéettelcelgﬂ:@@&ﬁgesppﬁp*em ifeed.
értJE%mEXdrocar r%afilzatlgn catalyst may be positioned
downstream and/or upstream of the catalyst to reduce the
Ni/V/Fe content of the crude produce as compared to Ni/V/Fe
of the feed. A desulfurization catalyst may be positioned
downstream of the catalyst to reduce the sulfur-containing
compounds content of the crude product as compared to the
sulfur-containing compounds content of the feed.

The ability to deliver hydrogen to specified contacting
zones tends to minimize hydrogen usage during contacting.
Combinations of catalyst(s) that facility generation of
hydrogen during contacting, and catalysts that uptake a
relatively low amount of hydrogen during contacting, may be
used to change selected properties of a crude product

relative to the same properties of the hydrocarbon feed. The

order and/or number of catalyst(s) may be selected to
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allow the stability of the hydrocarbon feed/total

product m xture to be maintained during processing. In
w@orve/1xyddi ments, the catal yst (descri bed abore)/UsmY9/046917

be positioned upstream of a series of catalysts. Such

positioning of the catalyst may allow renoval of

hi ghnol ecul ar wei ght contam nants, and/or netals in

netal salts of organic acids, while mintaining the

®iraifilzet weof nyoeodydrpeanbonnt eedidotali nphadusd

m xture. The catal yst allows, in sone enbodi nents, for

BEFRAFAITOGR  ABCP £ate la BF6PEFHNS b0 ohyigen- HAREER hi B

Wd% pthRE0YEl o f cenpoRendstd gt weontbhbute, to a
ecrease in the life of other catalysts in the systen1

dFs dsitRarPBRRN thetidofdrar i bl t e IE66arBBR Fleeerot of
Y REREenoh eHlCl NG @ hBasEa AndONLIt®Nn0D0ESor the

asphal tenes in the hydrocarbon feed/total product
T SRQHE VEePAPPYEL 1D tHe thedPBeBP BOPFed@eiinhirbi g the API

PEUGG NG nal oot s &%ﬁdﬁéﬁ%gso@0§hé'é¥ﬁﬁé downstfeam santst
thus, 'increases the length of tine the contacting

%%tceﬁntﬂ@ﬁyABé @%\fi&%&@@%/pﬁoalﬂe reptefiishnent toe

e MsbhonRedygtion in viscosity may, in some
enbodi nents, increase a life of one or nore catal ysts

p03|ﬂ¥@W§élQﬂté@ Q%@Tb@ﬁ@@?@tuﬁ@%%?ﬁb@&h&bbvéro¢¢ﬂﬁﬁﬂnfeed
QdiRRLts . commersiphly avatlabl e galaliug t§a£‘?%/ll yst

positioned downstream and/ or upstream of the ca
@Je@dﬂb@édoheﬁemhlft]b tedhieebsel eet et iprtoglertiresubfon i the

1&6d,cFebrexapl e %G‘c%gw}_@' kieat+ ancatalyst . ta?@‘?nay

p03|t|one ownstream an upstreanlo the ca yst
ibxreEMOEChheg$&byﬁﬁé§a¢9wpémtsmﬁllrﬂmqnmndeapro@mm&xqﬁ;to

arsd ot g/ N /e, of, e Leed. A glesul furi zati on

tal yst may be 03|t|one ownstream of the catal yst
to rQEU®@mEhemBQmimmmznntatnlmgtcﬁﬂpﬂ&n@g eodtfentomfer of

5§¥%%?§ sRrQ Hﬁ o gﬁQR? g Eg% C§%EP% gQQ ai ni ng
conpounds con t liver
¢gﬂﬂﬂny@mst®fepeexémp&¢ cmﬂmaetan@rqc&nﬂ#otehQSrooarbon feed

fﬂé&'?a%e thro§531s %%er%%%ggggcﬁ§g§%agnn%ptake by the
hydrocarbon feed, maintaining hydrocarbon feed/total product
mixture stability during processing, and changing one or more
properties of the crude product relative to the respective
properties of the hydrocarbon feed. Stability of the
hydrocarbon feed/total product mixture may be affected by
various phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be caused by, for
example, insolubility of the hydrocarbon feed and/or crude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total
product mixture, precipitation of components from the
hydrocarbon feed/total product mixture, or combinations

thereof.
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Combi nations of catalyst (s) that facility generation
of hydrogen during contacting, and catal ysts that

wapioaks923 rel ati vel y | ow anmount of hydrogen duP@mysS2009/046917

contacting, may be used to change sel ected properties
of a crude product relative to the sane properties of
t he hydrocarbon feed. The order and/or nunber of

catal yst (s) may be selected tom nimze net hydrogen

upt ake Wai-keinei Had nivignbhenbyssocartheon beedbiptale
product stability. Mnimal net hydrogen uptake all ows
L 2t oAt et h%%ﬁ?énﬁeeﬁh%W/qratté?téén%ﬁ‘fmc%ﬂn the

19F & day-por f@@@bw@etl s duber gofcofe the Bydrgsar bon the

feed to be maintained within 20% of the respective

P EPES OBf Of hehytddaPkBr feet! Wi INgdrReamppn

Qéélyﬂtto)éaéngé%u&@%ﬂéit%%%s th¥n8dstde alde REPUYStof Sthe
at nost 90% of the API gravity and/or the viscosity of

R PICEEaF bor Fedd 1 tRe@licERBNCIRPHEN Sy @ 05BR upt ake

r@%dﬂd?s%rl%qr ogas bory feed hBYn R GUCE t@ueCft%%lpﬁSPQ&&ét in
at has a boiling range distribution simlar to

et I35 OF 6T RET df ST H/ tUFFILoRT BFUE hen Hydr e AFBBA ?%e@lange
fe Alamie, HE ofydihe e sDLOduE) dmay saksoofBbiencs that

change by relatively small anpunts as conpared to the
FOATHLE bof the MydhcseaPanffe@dt Ithesbgginning of

ﬁ%gggysq% tS A§a§§%@6¥t58%|%%tt98 dyéf%%geEeQé change
cat al ysts in conbination wth controlled contacting

clondisticons e( f bF L eg@afnvmte/, vefpesatur é@ndLorasphaltenes, P-
ﬂé/lgfeoc%reg@ﬂeﬁg d%E' %‘agloﬁ@y RS T RRECdUYELNnts nay

rogen upt ake rocar on feed nmal nt al ni ng
d@ab@@nméeé@ﬁ OiCdIUbQEOdGCth‘Fn Ixtdnegasbabi Feey/total

&B&ﬂ% RiQ S%é' NG, andchanghng. one hm&ﬁ:%cQE}Q&r‘?rEée%s and

cru e pro uct relative to the re
m&)preruallesroﬁu@hendw(ﬁoamrtbonph@m a@tda(l@lrl bwom irmpluble

Jb n%c% RN eedéélq}ballllQrOgHg%?%@mX %g%ﬁ'lgy ,BE, ffeCtt%de

I OUsS phases separatin rocar
Yﬁ;ebntfdaatoah pee«ﬂmntaﬂl xrodect Phasieusaerfaﬂaﬂ;mgntwyobeno re
ﬁﬁ%ﬁ%%q b¥br&g£ion of two phases, through flocculation of
asphaltenes, change in concentration of hydrocarbon feed and
total product, and/or precipitation of components, tends to
reduce the life of one or more of the catalysts.
Additionally, the efficiency of the process may be reduced.
For example, repeated treatment of the hydrocarbon feed/total
product mixture may be necessary to produce a crude product
with desired properties.

During processing, the P-value and/or sediment value of
the hydrocarbon feed/total product mixture may be monitored
and the stability of the process, hydrocarbon feed, and/or
hydrocarbon feed/total product mixture may be assessed.
Typically, a P-value that is at most 1.0 indicates that

flocculation of asphaltenes from the hydrocarbon feed

generally occurs. If the P-value is initially at least 1.0,
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exanpl e, insolubility of the hydrocarbon feed and/ or
crude product in the hydrocarbon feed/total product

worzoobae@73 f | occul ati on of asphal t enes from t hePCT/US2009/046917

hydr ocarbon feed/total product m xture, precipitation
of conponents fromthe hydrocarbon feed/total product
m xture, or conbinations thereof .At certain tines
during the contacting period, the concentration of

dydracar botaf eedi el st ot-ak s productvd1ly theble during
hydr ocar bon feed/total product m xture may change. A s
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%%ﬁ%BﬁeﬁF§t6Fet?E?QﬂkHQMaﬁﬁoﬁs¥%%ﬁ“bﬁﬁ7grvééﬁﬁoﬁeﬁi§f
&inttha 1tet 8l, pEeAUCTH) iy EB%tQM@I@%QﬂQQﬁiﬁ%@g/tQ alelection

YOdUCt m xture tends to ch ange or exarrp e, the

%@dﬁﬁ@éﬂﬁéﬁ f@édyﬁﬁyﬁédﬁtQFﬁeébW%dﬂeﬁﬁ§aﬂﬁ§FSar%r

é%%ﬂﬂﬂd%lbﬂstB§e9&9¥00%&@%”cEﬁ@Qofi1&ﬁ%ﬁb%gheﬂb99h&f
processing. As pro ertles of the drocarbon f eed

ethige opFonagxanpliEle APPtgpavity, L gcdsiPgraMoRe : C5

N drgyé%Lﬁété%%d'H?BEacé%bé%”ﬁ@e@ﬁ%h@ﬁs or
thereof) the %yg$onents fay tend to becone [ess

eothisied 1opst hee ocar bon feed/total product m xture.
I'n S(M&g’l1Lte§gﬁgcgsse&1%nqulé98ér@@Plrfge%o@@gSRH? rﬁé’} al

product may formtw phases and/or become insoluble in
m@@ﬁet hermaspbmbty itlghc hahgeslaaycalroondes ubre¢iritrge

%ﬁ%%cﬁ?&?’é&&@un@md%t &ﬂ&rt%tl%”bﬁgmét‘!‘é)lsof A
nnre

ases. Formation o t wo p ases, throug
$¢dﬂmﬂﬂtawﬁéneoth@SthHE@ﬁ@§ othangeeliatigeAarventalat¢ ohnring

O ndydrio g;aERSDc%@eeéj N4 tatal chg)%dn %gg,/ 3O%s re atively

precipitation o 6nents, tends to reduce the
$ﬁahdﬁed@mlnureomﬁaQHmagoataIysts Additionally, the

ff F .
Fepear B 0 BERRenE e ThE ROFBo oN Tegl fora oot
pmuﬂudianﬁxkedeb@hyxhetnecessabg naonigrooddce A capidd

gé%%&?é @%tgn §§Ig§%£§3r0p%ggllndlcate that flow through the

catalyst is inhibited. The inhibition of flow may be caused
by an increase in deposit or sediment formation. The increase
in deposit or sediment may plug pores of the catalyst, thus
restricting flow of the hydrocarbon feed through the
contacting zone.

Typically, hydrocarbon feed having viscosities that
inhibit the hydrocarbon feed from being transported and/or
pumped are contacted at elevated hydrogen pressures (for
example, at least 7 MPa, at least 10 MPa or at least 15 MPa)
to produce products that are more fluid. At elevated
hydrogen pressures coke formation is inhibited, thus the
properties of the hydrocarbon feed may be changed with
minimal coke production. Since reduction of viscosity,

residue and Cs/C; asphaltenes is not dependent on hydrogen
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During processing, the P-value and/or sedinent val ue

of the hydrocarbon feed/total product m xture nmay be
worownamesl and the stability of the process, PCT/US2009/046917

hydr ocar bon feed, and/or hydrocarbon feed/total

product m xture may be assessed. Typically, a P-val ue

that is at nost 1.0 indicates that floccul ati on of

asphal tenes fromthe hydrocarbon feed generally
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é NG 1dey %%%g&hlﬁ&ésld%\é,s tepperi HRpcRESSUBE. the

hydr ogen upta hydr ocarbon feed fl ow, or
ERSIHAEPn SO b het db ChATBARY oF AP aled wEnthe aby@rocarbon

EB&d/H%tgﬁoﬁﬁééuBQ ﬂgpfde%Qbﬁééebéfgwnﬂ'd3%n9?ob'9£blment may
nmol ecul ar conpounds,” precipitate of high nolecul ar

Eoipowrds ingr tpe e&‘ﬁ%—ﬁcét Mortefe net diecong sedraeht - Since,
YAl HE LN AL HECL S ASES: LrclsS réSb?%é‘ﬁ%ﬁ@eﬁ%%@hﬁtguéfng

contacting i1 ndicates that the hydrocarbon feed is
redrgiderel y srapees diarialkg ecoAt aedi gl Ducbagties that are

gr( en9, oEhe 40l gt %rteﬁﬁHErﬁant dofe%tt%%gn;gs Zong Ofp1e.

I'xe ed reactor nmay be nonitore A rapid increase
in i floettapres§ur ey damtiooatecd hatvifdcow vhsooghty et at

f@atsaé gt%t cb‘ts, éphép g&% P&g %QQﬂl?iél Qi geafsltowograéls@e at
caused by an Increase in depos or se
TaoramtliOon. cFhe dncrtedsesitnZdepostt) om sedonentl sy

%@%&g 2 9% %@ gﬁi‘)‘ B3ty t%‘ﬁé §estydcting fh oy of -,
rocar fee t'hroug R e contacting zone
ﬂW@nG@WIyp hyd#@@dﬂb@n.@eedshaa$ngfv3§tﬁ@atlésMPMaknf7
MPa with the catalyst described herein produces a crude
product having changed properties (for example, viscosity,
residue and Cs/C; asphaltenes) of at most 50%, at most 30%,
at most 20%, at most 10%, or at most 1% of the respective
property of the hydrocarbon feed. During contact, the P-
value remains may be kept above 1.0 by controlling the
contacting temperature. For example, in some embodiments, if
the temperature increases above 450 °C, the P-value drops
below 1.0 and the hydrocarbon feed/total product mixture
becomes unstable. If the temperature decreases below 370 °C,
minimal changes to the hydrocarbon feed properties occurs.

In some embodiments, contacting temperatures are
controlled such that Cs asphaltenes and/or other asphaltenes
are removed while maintaining the MCR content of the

hydrocarbon feed. Reduction of the MCR content through
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inhibit the hydrocarbon feed from being transported
and/ or punped are contacted at el evated hydrogen

wee@saemes (for exanple, at least 7 MPa, at | eBGI/UID09/046917

MPa or at |east 15 MPa) to produce products that are
nore fluid. At el evated hydrogen pressures coke
formation is inhibited, thus the properties of the
hydr ocarbon feed may be changed with m ni mal coke

By Qe 0Bt a Bk Need fOduGhiher ebnVASEOSs thempkest dues and,
C5/ C7 asphal tenes is not dependent on hydrogenpressure
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desi red specifications. At increased tenperatures coke
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S 8RS WeRSiced shihe PHOopeRt Lestof+ the diednogarbon.d.eettey
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f or mrcausingnb hei Rraduct AL XLEL &, t O, REGIBR URSE abl e.
Since, elevated hydrogen pressures require |arge

Frurttld-egf shgdr o, the ﬁpééés@a@ab@aﬂbm@fe@ﬁuﬁf@dgg i Hep

@er&eé'ttiinﬁszgﬁéti@rrt%ii&(;;\eiﬂgadggtaocﬁeﬂrr%%sﬁq:gséﬁrgj Nl ot
tenperatures Is desirable. Contact of a hydrocarbon
ferd 1Ra¢ Agdacvestioxl thpmpbratutreastfor exsmrae, 37. 8 0C

ééﬂﬁéf@%@qggeofaétlfgggt %@g eéi’ 1@&14&%%5%0%088,Cég’aénieast
at least 2000 cSt) 1n a control?e tenperat ure range
910 $70 -0CThe #5011 Cto 390r8Ctat MG 0VECL, poesfromADGt

r-e f , or_T7.
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Vi SGOSi ty, resi and 5/ C/ as I.t enes)-10f t
LO0E 2t s 30V Cht rbst. Tovh. At Bet T 109 BETA St
d®olafngelre crespest | Mefprepertyacfinthethyditedapbonsdeed.of

Rridg copract; 1hevalue LB 5 IRE KEPLoRAS riay
pressures of hydrogen or lower total pressure decreases the
cost of the operation and allows contacting to be performed
where limited amounts of hydrogen are available. In some
embodiments, the total pressure is the same as the total
partial pressure of hydrogen being fed to the contacting
zone.

The crude product produced by contacting a hydrocarbon
feed with one or more catalysts described herein may be
useful in a wide range of applications including, but not
limited to, use a feed to refineries, feed for producing
transportation fuel, a diluent, or an enhancing agent for
underground o0il recovery processes. For example, hydrocarbon
feeds having an API gravity of at most 10 (for example,

bitumen and/or heavy oil/tar sands crude) may be converted
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contacting tenperature. For exanple, in sone
enbodi nents, if the tenperature increases above 450 0C

wWQ 2a40b@2dd73/al ue drops below 1 .0 and t he hydr oceeU82009/046917

feed/total product m xture beconmes unstable. If the
tenperature decreases below 370 OC, m nimal changes
to the hydrocarbon feed properties occurs . In sone
enbodi ments, contacting tenperatures are controll ed
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I ncrease 1 n for exanple an increase to at
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o%t olfle Stae'ol&as]t) nggtgpeo§a4Te a%r leggge£ f ctc%r of
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d?efattil%' rfﬁﬁé%‘é@é bocf hydrogen, <§ N s%g' oPrE5SH &
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é¥é%¥?%oar% gallth%ﬂuhn SonEoeqR%%zcon abtgge gcgégms
AR G e 7 o
described herein positioned upstream of a cracking unit. The
contacting system may include one or more catalysts described
herein capable of producing a crude product having a
viscosity of at most 50% of the viscosity of the hydrocarbon
feed at 37.8 °C and/or at most 90% of the residue of the
hydrocarbon feed. The crude product and/or a mixture of the
crude product and hydrocarbon feed may enter a cracking unit.
Since the crude product and/or mixture of the crude product
and hydrocarbon feed has a lower viscosity than the original
hydrocarbon feed, the processing rate through the cracking
unit may be improved.

In some embodiments, hydrocarbon feeds having at least

0.01 grams of Cs asphaltenes may be deasphalted prior to

hydroprocessing treatment in a refinery operation.
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partial pressure of hydrogen being fed to the
contacting zone. The crude product produced by

w@owwazddrng a hydrocarbon feed with one or norBCT/US2009/046917

catal ysts descri bed herein nmay be useful in a w de
range of applications including, but not limted to,
use a feed to refineries, feed for producing
transportation fuel, a diluent, or an enhanci ng agent
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streanms through a series of processing steps using

RAHCKINGCUAPt §1 FFOT. [ekampl 228h @AY AONN§IbERe components

erackiong uBLte & fldlidneatahybi cassackicngsUpbior to the
thermal cracking unit, or other units known to convert

HRbdrBen PEREFTD MAYgRLERIBBRPOMENISFY TREdERETDH of
dhe M 6esi tygand/ ale reshdueseontant, of a1bydr ocarbon

feed to produce a feed streamthat nay be processed in

WIATHEKithg BRFEC IR erfante EReSPIvcEssi ROFase. of For
g&%“ﬁ%%@rgogygggﬁ-fﬁ%5%%%%%&%?55n%yéfﬁ%dyﬂbaogéeénﬁhvigg, per

catal ysts descri bed herein fo change properties of
Wl sdahbonofedeheiease posiefdndd- UpstredanPdf Cone or

008 103cki 09401 16,1 Treatmert . of; 4he hydrocarbon; feedt 5t
In one or nore systens described herein may produce a

fewd tRacSinpr ovess t e mproéessidry Tt @rofiorheceriaakiimy
%Eéeg{%yld%%&?ﬁé? i £ AGt gs%sgfcigned %Iﬁét%% @gf%‘%“’f of

east a factor of 10, or at east a factor of
dgriEditiexanpl e, d'sysremafding resttiang mavhyde bede bore or

q . : it o7
557 RD9e MLacoly Bleoh Lapl 00 ot f B
Hresthammyavhaop udeC-onrerbal tenes conttactti ng systests 50% of the

%ﬁ?%&%&%@nh%é§&W%P%%£E59FS§E¥Q§%&%%%EOg Qegﬂﬁ%kk tent of
I't. e confacting systemmay |1 nclude one or nore
Tata srsP93des crhdeds herceirbovapabd erafidqueoductagt a a
&{égg%ﬂ%&oggcgthggggmgd% of the hydrocarbon viscosity or
combinations thereof. The crude product and/or a mixture of
the crude product and hydrocarbon feed may enter the
deasphalting unit. Since the crude product and/or mixture of
the crude product and the hydrocarbon feed has a lower
asphaltene, residue and/or viscosity than the original
hydrocarbon feed, the processing efficiency of the
deasphalting unit may be increased by at least 5%, at least
10%, at least 20% or at least 50% of the original efficiency.
Examples

Non-limiting examples of catalyst preparations and
methods of using such catalysts under controlled contacting

conditions are set forth below.

Example 1. Preparation of a Columns 6-10 Metal (s) Catalyst.
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viscosity of at nost 50% of the viscosity of the
hydr ocarbon feed at 37.8 0OC and/or at nost 90% of the

wo e®odee7df the hydrocarbon feed. The crude prpdius2009/046917

and/or a mxture of the crude product and hydrocarbon
feed may enter a cracking unit. Since the crude

product and/or m xture of the crude product and
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%?u émﬁfgducPeandl ydrocarbgggée%Qianm'ént %deg to the

molybdenum/nickel/phosphorus/support mixture and the
resulting mixture was mulled 15 minutes. Additional
deionized water (109.69 grams) was added to the mixture and
the resulting mixture was mulled 20 minutes. The mulled
molybdenum/nickel/phosphorus/support mixture had a pH of 5.05
and a loss on ignition of .5689 grams per gram of mixture.
The mulled mixture was extruded using 1.3 mm trilobe
dies to form 1.3 trilobe extrudate particles. The extrudate
particles were dried at 125 °C for several hours and then
calcined at 676.7 °C (1250°F) for two hours. The catalyst
contained 0.133 grams of molybdenum, 0.032 grams of nickel
and 0.005 grams of phosphorus with the balance being support.
The catalyst had a pore size distribution with a median pore

diameter of 117A with 60% of the total number of pores in the
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Ae) that

s al um na

per gram of suppeotiswms added] Wth.the nulll er
runni ng, the mplybdepun nickel/phosphorus—sol ution
(1249. 80 grans 1&852%%ded to the sﬁp%@rt and the
resulting m xtupgowasonulTed for 25, m nutes. Deionized
wat er (211.90 grans) was added to the
mol ybdenunt ni ckéfPph®Sphor us/ support1di xture and the
resul ting m xt UggoWagyaul ed 5 m nutes. Addi ti ona
1000-3000 7.2
3000-5000 6.7
>5000 3.17

This example demonstrates a catalyst that includes a

support,

and one or more metals from Columns 6-10 of the

Periodic Table and/or one or more compounds of one or more

metals from Columns 6-10 of the Periodic Table.

The catalyst

has a surface area of at least 250 m?’/g, a median pore

diameter ranging from 105 A to 150 A with at least 60% of the

total number of pores in the pore size distribution having a

pore diameter within at least 60 A of the median pore

diameter, with at least 50% of its pore volume in pores

having a pore diameter of at most 600 A, and between 5% and
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dei oni zed water (109.69 grans) was added to the
m xture and the resulting m xture was nul led 20

worRovata®73 The nul | ed PCT/US2009/046917

nol ybdenuni ni ckel / phosphor us/ support m xture had a pH
of 5.05 and a loss on ignition of .5689 grans per gram
of mxture. The nulled m xture was extruded using 1.3
mmtrilobe dies to form1.3 tril obe extrudate

pear tdsclies. pdhe extunidateppacti shesaver @odel adadétd25
OC for several hours and then calcined at 676.7 0OC
Rasero 1R9Y fo?Rt wf Hodirs. The catal yst cont ai ned

k33 grans cofi c 0! ydrdenuih 8 93209 ofi thi gkeb1and 6

0. 005 grams of phospforus with The Dal ance Derng
Sy, Crhal | Ysttvddaa pore-ei 7e i §t FRBLEFbhY

Wi i3 nedi anrRofe digetel i hed WA R 60% 0h 14 heo
total nunber of pores in thepore size distribution

PRAAHG &CPBPEa M Bt WOPRPA BCH DY tthefedi e gotte@lyst

ok ANRtLrrorRelioh @l £ POrie v ehume, 9fc G 89ce/ Gnedt SAFIARE 1
area of 277 nﬁlg. The pore size distribution neasured
r

Ul g AEPEUr Y2 porsi et mpaaton ot acttadnglre erd 13l iicen
éﬁE%MHé WZEAgkgﬁ;-StéH¥@ﬁé %aIQ£§aP§?QEh%od%EQE§Ff@iﬁﬁ &uch

catal yst that includes a support, and one or nore .
fret’dlos frahtdol uemxelec1edofot hevPekdvodild Falgh ecarel/orc

OGO RN 8 GOFPOUNGS h QNEL QK1 RN R MRERLSHEROM rein
Col'ums 6-10 of the Periodic Table. The catalyst has a

B farde lapeavol latendsastizboanpeqlala inddingnapevet of
§%fﬁ e%a&%?&éﬁ%%&ﬁﬁﬁEQQQiﬁgtPhé AWML BLaL Least 60%
of the total nunber of pores in the pore size
chrstadtbuti enndavf ngiea ygeceodi ameter within at | east 60

A of ﬂh@%&ﬁ?bé‘&ﬂ?&( efe%ida%ﬁgﬁ.rtov%ﬁéq r%acl&%%sgqago%%x the
its pore volunme 1n pores having a pore dianeter of at
ostoB6AGeAr caanor bet weenbb% andb%lef netstpor e Yolimmm

%%8%%%e%agiégggtﬂaggf%%d%%gegg#tgﬁtW?%%elgggcéggqg serve
. nmpl e . ntact of a ﬁ&drocar on eeJ)

aw teh tvtColmummpovet al (s) Catal yst. A tubular reactor

W th 2 ceanbrablyopositianed: t DELImNel | was oequ pped,
Example 1 was mixed with silicone carbide (total of 50 cm?)
was positioned in the contacting zone.

Silicon carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a preheat
zone. The catalyst bed was loaded into a Lindberg furnace
that included four heating zones corresponding to the preheat
zone, the contacting zone, and the bottom support.

The catalyst was sulfided by introducing a gaseous
mixture of 5 vol% hydrogen sulfide and 95 vol% hydrogen gas
into the contacting zones at a rate of 1.5 liter of gaseous
mixture per volume (mL) of total catalyst (silicon carbide
was not counted as part of the volume of catalyst).

Temperatures of the contacting zones were increased to 204 °C

(400 °F) over 1 hour and held at 204 °C for 2 hours. After
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nmeasure tenperatures throughout a catal yst bed. The
catal yst bed was forned by filling the space between

wao b@otitwraowel | and an inner wall of the reactPCT/ub1009/046917
catal ysts and silicon carbide (20-grid, Stanford
Materials; Aliso Viejo, CA) . Such silicon carbide is
believed to have low, if any, catalytic properties
under the process conditions described herein. The

Estalrystatwag s bt ended Wonh aani € Uadnato e QHBH@&S@J
silicon carbide before pI aci, g? the mxture into th

TotHetitAg L Yohe 6 tlte P88ct bF . 2TIe HyHdr 8€arbonC érécbl F)

fd.owde .t henteasticwas Loabktferd opiofcatiReqr gact g 40 ror
the bottomof the reactor. Silicon carbide wa

HodITironSHCat T HEHOTEOMYoF At B reactidr Lo (L8PveF T 1

Ratt QRS HRRAr bt #vyEColunm 6Bt RbuLat alprst -BreRar 84 8% nes
described in Exanple 1 was nmixed with silicone carbide

¥¢16t @llefegotenBiowds FaSEErbneMRratiéScont act i ng

zone.p ki ¢QNr c@Lbi de o\/fa%hgocs,!aﬁép@se& ,0Rnk0ReRbec e LOR £
contacting zone to fill dead space and to serve as a

Pre st a£6hBY zr%e%ataaﬂ yStspedtaed smeed tireoch 410 °C.

AJH§Hyﬂa%rBHEn§@@ﬁt adenﬁhgggg ﬁ&%ﬁ Q%%'590599€§es listed
correspondlng to t preheat zone, the contacting

Yoneblgnd - th@hebomt@ﬁ@&@@@r tfeecrh%l@aqdalt@gpua}asthe preheat

Suld i ded By, Lt oducing apgasepUSy UL 9bna, Vélfllc?/obottom
hydr'ogen sul fi de and 95 vol % hydrogen gas into the

%@ﬁ@@'{ IorfgtE@né%a@IOJ%t r dhe bydunosikarerfegf @é%e@@l@taCted
x%%%t%%%hp%% YHéL%g%Al ognt9%@'pﬁ£&%ﬁ¥§%f(§§&£§§gh gas.

was not counted as part of t vol unt o
Cattalgrsny coénperet wees of fheloont ackitng 26nesdygEran gas

lecgjfe%%s% st glﬁ%ni}% ?%cﬁ cg!% 0}48& J%%é\f’%aéa%%oﬁ%'g gty

or ours. Afterholding

T:mettawt icngtzoh'esg werre s mrenrease@ltqmctrcerﬂ@r@t aCI gnd ondiigained
Fo tee, Qf 10 p :

0 ,8oFe) alyaate gf 1 J? QeF2) g%:a g si
%%e contactln Zzones were nHI alneéeat élg ﬁ 9)
r343t6henuu:acaentsm dalyidyorarsed far@7M) GEI( VD003 Hhe

over, 1
reactor.

As shown in Table 2, the crude product had a viscosity
of 58 ¢St at 37.8 °C

This example demonstrates that contact of a hydrocarbon
feed with a catalyst that includes one or more metals from
Columns 6 of the Periodic Table and/or one or more compounds
of one or more metals from Columns 6 of the Periodic Table
having a pore size distribution with a median pore diameter
in the range from 105 to 150 A, with at least 50% of its pore
volume in pores having a pore diameter of at most 130 A, and
between 10% and 20% of its pore volume in pores having a pore
diameter between 1000 A and 5000 A; at a pressure of 3.5 MPa
produces a crude product having a viscosity content of at
most 50% of hydrocarbon feed viscosity at 37.8 °C. This

example also demonstrates that a hydrocarbon feed having a
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hour and held at 370 OC for two hours. The contacting
zones were allowed to cool to anbient tenperature.

wWQ@\Rdoen26md fi dati on of the catal ysts, the tenpeP@/USBODH46917

the contacting zones was raised to a tenperature of
410 0C . A hydrocarbon feed (Peace R ver) having the
properties listed in Table 2 . The hydrocarbon feed
fl owed through the preheat zone, top contacting zone,
Poidyntgontast i ngh #on@ooandtbot tomsuppaekt, BE tbetacted at
reactor. The hydrocarhbon feed was contacted with each
Xoiid t%séé}trﬁﬁy‘é%%h‘?% tHe'9e-Bg et ﬁtahl)l’(frtoééﬁ/@]éspmducmg
Lontagtiong sosghdd onsoreeaaas1 & ol 4 1anss-zatib040fing
hydro n gas to feed was 318 Nn8/ n8 (2000 SCFB and
C\%éélgaﬁéﬁtloz gt P - 00TheCt woe Editft e tivny e 2 ohke s dier e
M&tho 400 OC and mai ntai ned between 400 0C and 420
OC at a pressure of 3. 5HI\/Pa (500 psSi g) for 3436 hour s

tSJlo(\M) 'C@tl@?!;@ 2 gnd *Pl%‘;d%BHQ?bM 0@63 Q@@a@yé’t SCOsi ty

of 58 cSt at 37.8 OC This exanple denonst rat es t hat
eUHIHE NG CaNAYHFTtar BeW FedEl Wt earalyst sehatas

tncldides ane.or pIe Rt akssthom Mlq@%p@rghéﬁ'e 1389
Peri'odi ¢ Tabl e and/or one or nore conpounds of one or

by )meteal §epron ABlaum$s6sBPWE hied Pediledile Fap| erude

having a;poke, sizssdi s Byt Lep é(\ét:fh & redian pore
dianeter in the range from105 to 150 A , with at

| eastCoBPIFaFont &f pdre d\ﬁ@lauﬁéoﬁﬂnEW@S?Shév@ﬁ@ a pore
(%Iﬁﬂpstt%ratgg @ﬁayoéénga%glng’ o?ngh@%mg%%%%a?gegoa@ of

Its pore volunme in por es haV|ng a pore I anet er
betsmeere ©000- A Mial BOD@tAtemperat pras sgteceh 306 \Pand

e e e T B St ren Y ol & SRS oy &
redﬂﬂt&oelxanrphe_lmsdndﬂmm?st Fane@gmtvatn afahydb@eaVMras
R T

Tt adlayrst tamgéoatlplreodu@p@gaamngnsit ablve rppodastirefagprovides

%¥aqpnom1%hgdvag%géga5%uﬁkgg hydrogen is required to operate
the contacting system.

Comparative Example. The hydrocarbon feed, contacting

conditions, and sulfidation were the same as Example 2.

A commercial bimodal molybdenum/nickel catalyst (RM
5030, Criterion Catalysts & Technologies, Houston, TX, 24
cm®) used for upgrading reside was prepared mixed with
silicone carbide (30 cm’ for a total catalyst/silicone
carbide mixture of 54 cm’) was positioned in the contacting
zone. The run was terminated at 1872 hours due to a rapid
increase in pressure change (inlet pressure of greater than
13 MPa (about 1872 psig). Rapid increase in pressure was
attributed to the catalyst being plugged from high levels of
sediment and/or precipitation of some of the product due to

the P-value being less than 1.
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contacting was 1.2 and 0.007% of sedi ment by wei ght

was produced. Exanple 3 .

wo-e@d/12d9th a Col um 6
hydr ocar bon feed,

cat al yst,

Met al

Cont act of a Hydrocarbon
(s) Catalyst.
contacting conditions,

The PCT/US2009/046917

and

sul fidation were the sane as Exanple 2 except that the
pressure during operation (1389 hours) was about 7

MPa. A s shown in Table 2 ,

the crude product had a

Vi scasi tymphr68g Clﬁlan@ile%728a9@ 3 i ates eBmphrihe e
2 and 3 denonstrates that

Rt rfCof YRR TRAMGEAr BORe f 2EU AT ypressfice dfl the

dat a from Exanpl es

B

produ

2a angnat céeimer atidkesobet yagm 400 06qandaA20 0C
uces a_crude product with enhanced viscosity

Fedudtican Tt RorEss Thpdr 6§encebrdtingtiTen fRastBbser ved
asnsnparedekonbhe, crude product obtal ned -ahabhghelt the

pressure and the

sane tenperature.

Operating at

| ower

PSSl 66 pReVI aFEO T RES0RBRT cv Helv dNtgEeAs D esle Presence

Conparati ve Exanp

By dnRgeN nbaal eélé’tta(ley%tt %

Qperatexd he Lantaet i Agesyslem:

he hydr ocarbon feed, contacting

rOhdS i9ORS, a’én%lo‘éLﬂﬁqsﬁé%rleénaﬂér]él@hetwaﬁférﬁaﬁ?ﬂ g-pnger

peﬁ&ﬁm&r ei gk t%émdéle 'EE%R%‘QQ&E‘P\?@ nigkel,seapal ysd {RM

Technol ogi es,

0O, Criterion Catal

ysts

Houst on,

TX,

fzewq:rr@gyr%e@ln@d@rqwr@m ng reside was prepared m xed
with silicone carbide (30pggBefor a total

cat al yst/si i cone carbide m xture of 54 cnB) was

-l-l

UIICU 1 ure CoUrit URLL LOTTE. |
Pr(?yeebx.l“wnat et—at—18+2 hJu.ct‘flegug to r-apt %h?c?‘leﬂv%;bgémt
Er SRR ¢l d Ry 25 ey o 3 pon LComparative
ol i 1872 0L B) - Baprd.nbr 036t tn pr oskilro whs 1572
Pregsyissut’®d to the catalyst bbitr gﬁﬁggpd7fwgﬁ\hldh3-5 MPa
AP] ety sediment ahd/ 6rd prbci pft@tion otbsome of tha-8
Derpﬁ‘ﬂddU@tt d9e560° € het P} VialOdd Obei Ag26@3s |t han9373 I n 0.9608
°Frompari'ng Exanples 2|and 3 wth the conparative
Hy&Exaggsl,e wtthe crude produdtdd have.siwm llarlvalifes for 10.617
Cadbdn t hes 81.987 84.25 84.6 84.617
Sulfur, wt% ©6.687 4.473 3.701 3.782
Oxygen, wt3 0.62 0.27 0.315 *
Nitrogen, wt% 0.366 0.362 0.369 0.385
Nickel, wtppm 70 60 39 56
Iron, ppm 2.4 0.2 0.2 0.2
Vanadium, wtppm 205 180 90 152
Calcium, wtppm 6.7 1.4 0.3 2.1
Copper, wtppm 0.9 0.4 0.2 0.2
Chromium, wtppm 0.3 0.2 0.2 0.2
Silicon, wtppm 1.2 0.3 0.3 0.3
Magnesium, wtppm 0.8 0.4 0.2 0.4
Zinc, wtppm 6.0 0.9 0.7 1.7
Molybdenum, wtppm 6.6 0.3 0.4 0.8
Micro-Carbon Residue, 12.5 10.3 9.0 9.6
wL%
Cs Asphaltenes, wt% 16.2 7.5 6.0 8.0
C; Asphaltenes, wt% 10.9 5.2 3.9 5.1
Naphtha, wt% 5.8 5.9 5.1
Distillate, wt% 15.0 29.5 29.4 30.7
VGO, wt% 37.5 39.6 40.2 39.8
Residue, wt% 47 .4 25.1 24.5 24 .4
P-vValue 2.6 1.2 1.2 <1.0

5
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W@ vpar@rs ve exanpl e.

Exanpl es .

The contact tine for

Exanples 2 and 3 are

significantly |longer than the contact tine for the

A s such

it may be concbPam®s009/046917

that the contact of the hydrocarbon feed with hydrogen
in the presence of the binodal

described in Exanple 1 may be done at

catal yst prepared as

| ow pressures

and high tenperatures for |onger periods of time than

prép@pnparati ve cataly¥eedl [he sane teppes addgeetand
Ex RIS Ur €S, TABLE 2" Npt Deter ne@L C AT M3S ll. Pomparative
Vi élgééh_t{: (élt gl#Kgll 1[ %I b/l, COIT Ibl lg. CO:=1TUT 1 I llg 51.4
(i%} ‘rjy e neta s fromCol ums 6-10 of the Perilodi c

" aan o £

Ul 11T U IUI T LoUII U UI UII IIUI *
Ey%ﬁﬁ%ﬁn %FPSHP tUMns 6-10 of thgﬁbg i odi c able with a

Hppert—to—preduce—a neta!/s'ppo.t conpos:t: r—and
K |/ Inhort Lo rQQ t1 on ng.OO\é plqued
,, ! onpositi-o

T%ﬁ%é%%@ﬁpége?anglng f

a nedi an pore dianeter
with at

m 315 0C to 760 OC to provide
a cal cined catal yst mnth a pore size distribution with
ranging from105 A to 150 A

| east 60% of the tota

nunber of pores in the

pore size distribution having a pore dianeter within

60 A of the nedian pore dianeter

with at | east 50% of

its pore volune in pores having a pore dianeter of at

nost 600 A ,

and bet ween

5% and

25% of its pore volune

in pores having a pore dianeter between 1000 A and

5000 A,

as neasured by ASTM Met hod D4284 .
nmore netals from Col utms 6-10 of

conpri sing: one or

wherein pore diameters and pore volunes are

2 . A catal yst

the Periodic Tabl e and/or one or nore conpounds of one

or
Tabl e;

ranging from 105 Ato 150 Awith at
nunber of pores in the pore size

t ot al

57
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di stribution having a pore dianeter within at |east 60
A of the nedian pore dianeter, with at |east 50% of

w0 e@®9p9e3 vol une i n pores having a pore di ametBCT/U82089/046917

nost 600 A, and between 5% and 25% of its pore vol une
in pores having a pore diameter between 1000 A and

5000 A, wherein pore dianeters and pore volunes are

as neasured by ASTM Met hod D4284. 3 . The catal yst of
claim2 , wherein the cat al ¥st mssbinodal .4 . The
catalyst of claim2 , wherein the catal yst conprises a
support, which support includes from0.0001 grans to

0. 10 :graRBodobs ShdkiGR; sardtQ1 99t gradm 4@ 1849999 grans
of alumna. 5 . A nethod of producing a crude product,
con'prqosF“HéllE%n‘?%tQ%@C’éeh%E%%rW oddm@Ft i Bhedlortne

ﬁgyf%dﬁy:@5M§Esaﬁ&Vd¥“U$%C%ram59éa@oﬁﬁdﬂﬂé%tOEh@Be or more
i ncl udes the crude éipro uct, wherein at | east one of

e Ieattarfs el ermpridés oéné&her Peprestifelabdef roke & support

@lp&mc@ éomQEai%ﬂ:’p%fﬂto@lbﬁpa'ép&for@n%/n%f one or nore
conpounds of one or nore netals from Colums 6-10 of

t he Perlicodiied Talt are i EEPROE heC @I UMY 16N16 nbe@peratures

£atalyste hassas nedian per ecdi g @\Fldea%g'cﬁgciﬁé’ﬁn d03 A st

to 150 Awth at |east 60% of the total nunber of

portes PRrEhel porel SiZdudilspr bt | dritdtvirngoge pékaneter

dlaneler Wt iha at.d east 460; & of . the, JEhancPOrg: toral

dianmeter, wth at |east 50%of its pore volune in

ryTlivsssa I@évpﬁgea porterdicamet et zof datt mgstt I600hAVinG Ml pore

hetveen Y and &g%z Y IhS meaﬁax%%e dilBREES PaMl ng

a pore dianeter between 1000 A and 5000 A, wher ei n

haftaddaréaits msrdetdrmenead }bcyr%swvm@gh@dp@@@a&mer

a UgeSs, S r Y.
T e e e
volpmes apeliag areasly eﬂdamytgsmmmmodomzmand&ooome

TR Sose ety GE R o oliipe 25 U Thet Saftey
AT MaitmoB P4dBiér ei n t he hydrocarbon feed has

2. A catalyst comprising:

one or more metals from Columns 6-10 of the Periodic
Table and/or one or more compounds of one or more metals from
Columns 6-10 of the Periodic Table; wherein the catalyst has
a median pore diameter ranging from 105 A to 150 A with at
least 60% of the total number of pores in the pore size
distribution having a pore diameter within at least 60 A of
the median pore diameter, with at least 50% of its pore
volume in pores having a pore diameter of at most 600 A, and
between 5% and 25% of its pore volume in pores having a pore
diameter between 1000 A and 5000 A, wherein pore diameters
and pore volumes are as measured by ASTM Method D4284.
3. The catalyst of claim 2, wherein the catalyst is

bimodal.
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a viscosity of at least 100 cSt at 37.8 0OC and the
crude product is a liquid mxture at 25 0C and 0. 101

wOR9/1209a3 t he net hod further conprises contr ol PETYS2009/046917

contacting conditions such that the crude product has
a viscosity at 37.8 0C of at nost 90% of the viscosity
of the hydrocarbon feed at 37.8 0OC, wherein viscosity
is as determ ned by ASTM Met hod D445. 8 . The net hod

of cliemchtalfif tderc1GAMPLI, SRBe £6M rald icRgacoBnt a@émmses
conditions at a total pressure at nost 5 MPa and a
1 eHFd&ttur BROFR af URRRASt 126610€S . ?Fonlfh@oﬁétﬁéﬂm%fto 0.10

&AM 2, swheeg) nadde epudeaps odyct . Jvas) arsedi fBM1unina.
content of at nost 0.01 gram per gram of crude product

102 TRéEDAEL AD AP BTN IAIINAS Cr U R & R G he CREPRbEL 19

fotQ%%t%@H@ﬁ@S§Sh JﬁHHdﬂ%BﬁtEQQdRHﬁjPE%@909Vﬁgy@tcéﬂgﬂ§sts
one or nore distillate fractions, and producing

£ ATSFECEati BACT LT ITGH hboF obet LG Ghet REude product,
flistdil ate1teactions e tht cé‘tgi#@@s RiRGL BT oEkICed ke

the nethods as clained in an cl ai s 5-10.

e oc 4rBBn Ce briyosi ¢116n oéoﬁb?u BeRgpdis tT@ﬂoép WP@? \;Dne or
&QQJQQ%%%EHQE &P@ﬁk}¥§pHM&@DH%@§lgeﬁﬁﬁnb@§gm9¥ @SﬁMof the

Met hod D5708; a residue content of at |least 0.1 grams
%%chgﬂrl&mT@blﬁydW@%@%bﬁh@oﬁ@égm i onl Gagredét e Eat ks hyras a

'\Arx'v%%%dd%&ger Q:a%'g%%b' katg content, okpak | easta:

1 granms per gram of hydrocarbon conposition as
Jd@é“etr mlredf byhﬂsmna\lbtnh@@e%@,@?@om oxXydér eone ehtzof

%@%thoik géﬁ o%a@lg&ebé@rv&%{ bo1COOROS| é%%'of
term ne y AST Met hod E385; a mcro-car
Tﬂgsm&@eaGOQDeﬁtdtﬁmqﬂeﬂ,easthoaﬁsl@ﬁsnnﬁOﬁepfgnaﬂwmﬂre

carb itian d
B0 2t har o r the FyaF ot bort corposi Tron Toe g =nd
& t9CEs 6@ efidatStost itB0pese abldik 8r0@orewhkaeimy a pore

3&5%1Q%Jt%et%een 1000 A and 5000 A, wherein surface area is
as determined by ASTM Method D3663 and pore diameters and
pore volumes are as measured by ASTM Method D4284; and

and pore diameters and pore volumes are as measured by
ASTM Method D4284.
6. The method of claim 5, wherein the crude product is a
liquid mixture at 25 °C and 0.101 MPa.
7. The method of claim 5, wherein the hydrocarbon feed has
a viscosity of at least 100 ¢St at 37.8 °C and the crude
product is a liquid mixture at 25 °C and 0.101 MPa, and the
method further comprises controlling contacting conditions
such that the crude product has a viscosity at 37.8 °C of at
most 90% of the viscosity of the hydrocarbon feed at 37.8 °C,
wherein viscosity is as determined by ASTM Method D445.
8. The method of claim 5, further comprises controlling
contacting conditions at a total pressure at most 5 MPa and a

temperature of at least 200 °C.
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as determ ned by ASTM Met hod D445. 13. A
transportation fuel conprising one or nore distillate

w0 e@etizedms made fromthe crude product as cl ai PE€HUSI909/046917

claim 11l or the hydrocarbon conposition as clained in
claim12. 14. A diluent conprising one or nore
distillate fractions made fromthe crude product as
claimed in claim11l or the hydrocarbon conposition as

¢| ai me@d wWBtebai ® 12.aim 5, wherein the crude product has a
sediment content of at most 0.01 gram per gram of crude
product.
10. The method of claim 5, wherein the method further
comprises fractionating the crude product into one or more
distillate fractions, and producing transportation fuel from
at least one of the distillate fractions.
11. A crude product produced by the methods as claimed in
any of claims 5-10.
12. A hydrocarbon composition comprising:

a total Ni/Fe/V content of at least 150 wtppm as
determined by ASTM Method D5708;

a residue content of at least 0.1 grams per gram of
hydrocarbon composition as determined by ASTM Method D5307;

a distillate content of at least 0.1 grams per gram of
hydrocarbon composition as determined by ASTM Method D5307;

an oxygen content of at most 0.1 grams per gram of
hydrocarbon composition, as determined by ASTM Method E385;
and

a micro-carbon residue content of at least 0.05 grams
per gram of hydrocarbon composition as determined by ASTM
Method D4530, and wherein the hydrocarbon composition has a
viscosity of at most 100 ¢St at 37.8 °C, wherein viscosity is
as determined by ASTM Method D445.
13. A transportation fuel comprising one or more distillate
fractions made from the crude product as claimed in claim 11
or the hydrocarbon composition as claimed in claim 12.
14. A diluent comprising one or more distillate fractions
made from the crude product as claimed in claim 11 or the

hydrocarbon composition as claimed in claim 12.
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