CATALYSTS HAVI NG SELECTED PORE SI ZE DI STRI BUTI ONS, METHOD OF MAKI NG SUCH
CATALYSTS, METHODS OF PRODUCI NG A CRUDE PRODUCT, PRODUCTS OBTAI NED FROM
SUCH METHODS, AND USES OF PRODUCTS OBTAINED 5 Field of the invention

The present invention relates to catal ysts having sel ected pore size

di stributions, nethod of making such catal ysts, nmethods of producing a
crude product, products obtained from such nethods, and uses of products
obt ai ned. Background of the invention Crudes that have one or nore
unsui tabl e properties that do not allow the crudes to be economcally
transported, or processed using conventional facilities, are commonly
referred to as "di sadvant aged crudes". D sadvantaged crudes nmay have a high
Vi scosity that GASALNATS HAVENGiSERENIERt ROGE dSIGE UISIRIRTESPNSa DIRYEDDroEcoNnvent i onal

transportati on aRekd subl @akiRREs f aBiddoki @S rrddusatly AntBRGeEObUEES havi ng
hi gh viscosities n 20 deficient

itional Ly, may al . ncl ude hydroge
hydr ocar bons. V\V]PerﬁO% ?Toscgg%ﬁlﬁﬁggf | yg%t%%a%%’%cr%@egg/%aggn%omf&rﬁogen
deficient hydrocarbons, consistent AR es of hydrogen nay need to be
added to inhibit coke formation, particularly if elevated tenperatures and
hi gh pressure are wsed to peocesstiche di sadvant aged crude. Hydrogen,

however, 25 is costly fQ.Rf.0 %t?cﬁ;dé&rat%QStU Y29, {0apSpQrt to treat ment
Co met [

facilities. nventional hods of reducing the high viscosity of
t he di sadvant ag&tfEFaders meFtdeE s Eontactitnd -hed ¢ s¥dvaht®dged crude at

el evat ed t enperatalyess anekipressupedantity hyduogerotm30pitddectpr esence of a
catal yst. Sgdi gpnd; £OraBM AHUF 1Y, 0CEISLAG BRY,-BgcuTulate,dn the |arger

pores of the catalyst while viscosity and/or other properties are reduced
by contact of the f& W@e—aﬂ—l—é"e Y%etals in the smaller pores of the

catal yst that the Sediewewntatamd/eopnd ar g@re unsuitable properties that
do not allow the crudes to be economically transported, or

processed using conventional facilities, are commonly

15 referred to as “disadvantaged crudes”. Disadvantaged crudes
may have a high wviscosity that renders the disadvantaged
crude undesirable for conventiconal transportation and/ox
treatment facilities. Disadvantaged crudes having high
viscosities, additicnally, may also include hydrogen

20  deficient hydrocarbons. When processing disadvantaged crudes
having hydrogen deficient hydrocarbons, consistent quantities
of hydrogen may need to be added to inhibit coke formation,
particulazrly if elevated temperatures and high pressure are
used to process the disadvantaged crude. Hydrogen, however,

25  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
crucie at elevated temperatures and pressure with hydrogen in

30 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



conpounds contributing to viscosity can not enter. D sadvantages of
conventional catalysts are that they require significant anounts of
hydrogen in order to process the hydrogen deficient hydrocarbons and that
the |l arger pores of 5 the catal yst becone filled. Thus, the activity of the
catalyst is dimnished and the life of the catalyst is reduced. To
counteract the dimnished activity and/or increase throughput per vol une of
feed, the catalyst nay contain a significant amount of netal and/or
conmbination of io netals. As nore netal is used in a catalyst, the pores of
the catal yst becone filled resulting in catalyst that have that are

di m ni shed pore size due to the netal occupying space in the pore. To
acconmodat e norcenmetdd cocatibhtyist stawtdrokarygesn pot esitdfanet ers may be nade,

however, an Ingnmgnﬂae@sl%fp%%e%%nﬁ %gtmxté %qg%at%@weqa@& area of the
catalyst esirable to grocess and/or catalyst for
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20050139522 to Bhan et al., 20050145542 to Bhan et al.,
20050150818 to Bhan et al., 20050155308 to Bhan et al.,
20050167320 to Bhan et al., 20050167324 through 20050167332



effectiveness in the desulfurization and denetal | ati on of netal - containing
hydr ocarbon streans. This catal yst has a 15 surface area between 140 and
300 nR2/ g, 60-95% of its pore volunme in pores having a pore diameter from
2-200 A, 1-15%of its pore volunme in pores having a pore dianeter from
200-600 A, and 3-30% of its pore volume in pores having a pore dianeter
from 600-10, 000 A as determ ned using nitrogen 20 adsorption nethods.
Qperating pressures range fromb5.5 MPa to 20.7 MPa. (Operating tenperatures
range from371 QC to 454 C. In Tables I through IIl, the average pore

di aneter of the catalysts range from137 Ato 162 A U S. Patent No.
5,928,499 to Sherwood, Jr. et al. 25 describes a process for hydrotreating
a hydrocar bon freethagort ai ni AYCOONOAeritrsudioiRPII9g 7 aGver BOOO eF and sul fur,

met alfs agd car gen, r2§§éo‘3b'@51lét%cl IB%srngz@oda;@wa@g@ﬂ@th @@dengﬁ%][laé“ ng a |
specified pore_size ution neter by surface area an
pore node by vgl’fﬂ‘ref)g(iﬁﬁ%qagé Ed %Er“brg@%é?%? dﬁtté) fii g% decr eased content of
conponent s boi EP¥g2abovetd 608 F2odCdEdPelas 8dars gl fair-; HeIa00988hd car bon
residue is lCHSGAEO;ﬁﬁQ 2bbepooatal Y@tBhiaﬂlCétugﬁs,_ aﬂm pof ougteaﬁu][ri na ﬁugport |
containing |essg_than or 0D, Iy e finished catal yst
basis, and bearif)l%l C@“ém oto/%8 ? \%é'l{g()s E%’gfga omodlgg 7 wt%to 24
W % of a Gouélmﬁlﬁr?@ta}l/éﬁﬁﬁéﬁaﬂd/?)?%f?é?&BP%H@%@%%&W 02 6t % of a
phosphor ous oxiade. fThe ocaxioabysst Y, bﬁ,eChﬂJ‘aaﬁdi esitzedags ibathiavikng a tot al

surface area of. 213,018,243, 080, A LOLA! L POLE, ValuTe. o, 0. 82,10 0.98 col g

a nedi an pore Iamet sur e area o Yand ‘a pore dianmeter
di stributiolf i REsiEe H‘C’Z?"‘{‘?et’oa”:?‘émo%oéfd"ﬁﬁ‘é‘qﬁ@)t%lud%re vol une is present as
macr opores of a di amet.erawgheateer 4 t2an22500 ApnfeyOet 0178108 i0ks the t ot al

pore vol une 'Sc&ra%@@tba@ﬁagmacﬂl%gé’aheﬁo&f Bk APRLEE LEsSehhat 250 A The
pore vol umes were determ ned using mercury porosity measurenents. Operating

pressures rang& ¥onie800-2560 Peig’ ‘(ﬂﬁﬁﬁ% it 8P T2 NP ) 17 MPa.
Oper ating t enpecatitcegataimgenfarorbo0 sErtgns900Es (@721 E 1t 8318384 C) .

U.S. Patent ;sNOg,:ée larBaGek Qedd AUk aﬁ& Ab- 2 18SGolHeS A ;hydreprocessi ng
catal yst that has a surface area of 1'<::;re at er th{an 2 g éﬁng1 a,pore vol une of

about ~ 0. 23- 0. 38°C¥F g R°PGr B 'GP B¢ Chal t8bodt™ 600 ! ddi L™ A~ an aver age
pore radi us of iR rabouwrl8@- Y0 pAr¢n hpoirgsa |wwss dikaete@00rof, 2End2@n

increnental poge a‘(z@lm CH Y& Whid v81 @XMt habout 2 35x60 A radius. The
hydr ocar bon feed i nt ac oper t| N ressures range of about 13.8
MPa (2000 psi g?laé“ﬁ 6é§gltou§0(§iof 45? gﬁguﬁng S5AS96Ut | i ned above,
there has b@ena@wsi‘ﬁdv@riaftﬂhédéff@Hoetratbng pressures range from 5.5 MPa

to 20.7 MPa. Operating temperatures range from 371 °C to 454
°C. In Tables I through IIT, the average pore diameter of
the catalysts range from 137 A to 162 A,

U. 8. Patent No. 5,928,499 to Sherwood, Jr. et al.

25  describes a process for hydrotreating a hydrocarbon feed
containing components boiling abeove 1000 °F and sulfur,
metals and carbon residee utilizing a heterogeneous catalyst
having a specified pore size distribution, median pore
diameter by surface area and pore mode by volume, to give a

30 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

support containing less than or egual to 2.5 wtb % silica on



devel op net hods and systens to economically convert disadvantaged crudes to
useabl e products. It would be advantageous to be able to convert crudes
with a high viscosity, and therefore a | ow econonic value, into a crude 30
product having a decreased viscosity content by contacting the crudes with
a catalyst wwth a mnimal anount of sedinment formation. It would al so be
advant ageous to consune a m ni mal anount of hydrogen during processing. The
resulting crude product may, thereafter, be converted to selected

hydr ocar bon products using conventional hydrotreating catal ysts. Summary of
the invention 5It has now been found that a hydrocarbon feed with a high
vi scosity can be converted into a crude product having a decreased

vi scosity whil she sedidrentcdtoryat bon s sankepiaxh ow2by wisi tig cawtspeei fi C

catalyst. As a_rgsubtythe.catal,yst nay.:have,a,l ang: useful, dife. In
addition, it has be%ﬁ”ﬁéuﬁ% t hat such1VVa convérs?%n naykbeu%arried out

with mini mal hy8rdgeht CorEuRpticontty 1e%s gcordithgl ¥£ @ n some enbodi nents,
the invention phowihdes:sacnethodhefcamakisngna tatakysterioeaprd si ng:

co-mul Iing one oy JA0L & NBL als: -k opeLolupns 8- 10 @f ot he 15.,Pgriodi ¢ Table
and/ or one or nore cqppounds @f one or More netals_fron1gblunns 6- 10 of the
Peri odi ¢ Tabl e "#'tHh & gu%b&?t'98‘ﬁyaddkgaﬁaﬁeW§F/%ﬁﬁﬁb?i ¢omposition; and
cal ci ni ng t he nmeti@ctsupporit *Eowpdsi i omdal reeqrpépettagr eststarigithey f rom 315 00
to 760 C to preyideca 20abh Goned o¢atakystoR0 Poid vB1pRr s $handi s4ributi on
wth a median pore diameler [aneing [rom 402 Ade 150, Awih,ai, | east 60%

d
of the total nunbefr of %oreguﬁﬁ pore d1°2edi §t ri butPon havi'ng a pore

di anet er wi tthi fheFoploforhEchEdi ah PpoTetdisameteroriti Ph satiidnweast 5011; of
its pore vol uneecincpor esc having popore vde aneterse2bmaficatsppst 600 A, and
. 0 . . : .

bet wveen 5% andmgé:d@rgféﬁ%g?&tgme%sx?ém%%s 1Ny e%@{%eq? Xéésﬁgr& ROLE di ameter

bet ween 1000 A an _ ner el n pore diane 1 ore volunes are as
measur ed by ASTMMeEHbd Tupsy (approximately R2dfetenodidrents, the invention
provi des a cat apast 30 ceaqRrpPetiSieBgiange fromOMe Or tooyee het@bs °tream Col unms
6-10 of thePerjpodic Table and/or one or nore conpounds of one or nore

nmetals from Colums 6-10 of the Periodic Table; wherein the catal yst has
U.5. Patent No. 5,221,656 to Clark et al. describes a

hydroprocessing catalyst that has a surface area of greater
than 220 ﬁf/q, a pore volume of about 0.23-0.30 co/g in pores
greater than about 600 radius A, an average pore radius of

2 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
“CO(790 °F) .

25 As outlined above, there has been ccnsiderable 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 wvalue, into a crude

30 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 toc consume a

minimal amount of hydrogen during processing. The resulting



a nedi an pore dianeter ranging from 105 Ato 150 Awith at |east 60% of the
total nunber of pores in the pore size distribution having a pore dianeter
within at | east 60 A of the nedian pore diameter, with at |east 50%of its
pore volune in pores having a pore dianeter of at nost 600 A and

bet weenand 25% of its pore volunme in pores having a pore dianeter between
1000 A and 5000 A, wherein pore dianeters and pore volunes are as neasured
by ASTM Met hod D4284. I n sone enbodi nents, the invention provides a nethod
of 10 produci ng a crude product, conprising: contacting a hydrocarbon
feed with one or nore catalysts to produce a total product that includes
the crude product, wherein at |east one of the catalysts conprises one or
nmore netal s frorv@obriAvst 6210 R reHée PePp odireeTabl & andic6f9 one or 15 nore

conpounds of OM@ucaEpRLALS LEHM GRS 6-1lArafcthiegPeri odi ¢ Tabl e;
wherein the Cb%gqu 6-10 netal catal yst has a medi an pore di aneter ranging

from1l05 Ato "With at |east 60%of the total nunber of pores in the

pore size distributfkBiihati Ape a purécdi ameter within at |east 60 A of 20
t he medi an pore di apBiLr povbidh abulceastts 50%ofcdrbsn pese wioh ume i n pores

having a pore diameleL.of, at, mmsto Q0.4 . And. hateen ainand aog of (s pore

vol unme i n pores ore di ameter between 100 A and A, wherein

surface area i §°¥$4d é’f‘?ﬁ%é‘d‘f BYHRSTRENEEHod “DE66% dRd“Bor ¥ dPanet ers and
25 pore vol unessareaagpenmedsucedlpy: ASTN Metuhod- 14284 venday have and pore

di ameters and Qoﬂﬁmv‘xHUP%‘@éeIﬁﬁuﬁ§§§Mreg:QXSQ@JHH%@E@QQa@4%§§ The
invention al so provides a crude product t he met hod descri bed

herein. 30 I €ofE'EnB6RIHentS “*tH dl%ﬁeﬁvioﬂ“Fﬁ?fﬁlPr%?BV|des a
hydr ocar bon composiwiien.conpri si ng: a total Ni/Fe/V content of at

| east 150 wt ppm as A%&Eml@edlrb)!on&sg%%&mq 05.408ivention profi hesidue
content of at |ea ﬁ#ﬁgﬁ%d%még% caugyom goﬂnxgrfcarbon conposition as

det ermi ned by A 'stT1%ate content of at least 0.1
grans per gram of hydrétarcber @@rfmgl tatehs dgondeertsned Yhyt ASTM Met hod
05307; 5an gxygen .eontepic afaal: sRSHr Gole HorpB:RErogbAN@f more

metals from Columns 6~10 of the Periodic Table with a support
to produce a metal/support composition; and
calcining the metal/support composition at temperatures
ranging from 31% °C to 760 °C to provide a calcined catalyst
20 with a pore size distribution with a median pore diameter
ranging from 105 A to 150 A with at least 60% of the total
rnumber of pores in the peore 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
25 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
0 comprising:
one or nore metals from Columns 6-10 of the Periodic
Table and/or one or more compounds of one or meore metals from

Columns 6-10 of the Periodic Table; wherein the catalyst has



hydr ocar bon conposition, as determ ned by ASTM Met hod E385; and a

m cr o- carbon residue content of at |east 0.05 grans per gram of hydrocarbon
conposition as determ ned by ASTM W Met hod D4530, and wherein the

hydr ocar bon conposition has a viscosity of at nost 100 cSt at 37.8 C,
wherein viscosity is as determ ned by ASTM Met hod 0445. In sone
enbodi nents, the invention provides a transportation fuel conprising the
crude product or one or 15 nore distillate fractions made fromthe crude
product described herein. In sonme enbodi nents, the invention provides
a diluent conprising the crude product or one or nore distillate fractions
made fromthe crude product as described herein. 20In further enbodi nents,
f eat ures from spesiifit peepbbdiment sargays Beorc dibihed wict b fieatasr es from ot her

enbodi ment s. FQEa&X@mﬂo@,tﬁee@éﬂéﬁe%nfblé,@mfoﬂ@re%ﬁhp@héf%@}e nBYe be conbined with
features from %/t L her enb nh thr e Odl nts,
addi ti onal feaftif'€s Haf“ %ﬂﬁaﬁéhpﬁﬁ’gith%rwj ¥t e '8Abodl meff's descri bed
herein. Brief desceipti onroflitiwéedr anwiings lEmst&@--TiPi""elWl\P@n%lon has been

il lustrated by vbhgef OF lOWNYa$iQUE Gore diameter ofFbEmobti @oassehemati c of an
enbodi nent of %Qcontqgt|q92§0§%sten1 Detailed.descrigtlon of the i nvention

Terns used herérn are défined as"”fS FPows. *He 7 Pores Baveng @
diameter between 1000 A and 5000 A, wherein pore diameters
and pore volumes are as measured by ASTM Method D4284.

In some embodiments, the inventicon provides a method of
10 producing a crude product, comprising:
contacting a hydrocarbon feed with one or more catalysts
to preduce a total product that includes the crude product,
wherein at least one of the catalysts comprises one or more
metals from Columns 6-10 of the Periodic Table and/or one or
15 more compounds of one or more metals from Ceolumns 6-10 of the
Pericdic Table; wherein the Column 6-10 metal catalyst has a
median vore 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 & of
20 the nmedian 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
25  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.
30 In some embodiments, the invention further provides a
hydrocarkon composition comprising:
a total Ni/FPe/V content of at least 150 wtppm as
determined by ASTM Method D5708;



"ASTM' refers to Anerican Standard Testing and Materials. " AP
gravity" refers to APl gravity at 15.5 C (60 F). APl gravity is as
determ ned by ASTM Met hod D6822. 5Atom ¢ hydrogen percentage and atom c
carbon percentage of the hydrocarbon feed and the crude product are as
determ ned by ASTM Met hod D5291. "Bi nodal .catalyst" refers to a
catalyst in which at least the majority of the pore volune is distributed
intw I() statistical distributions of pore dianeters, each statistical
di stribution having a significant peak when di spl ayed on a pore vol une
versus pore dianeter plot. For exanple, a binodal catalyst may have 30% of
its pore volune distributed in pores having a pore di aneter between 50 A
and 100 A (w th 15aargedke showirngefabt8@eA} Ghde2B% ek ¢tag piore vol une

di stributed in,p@rRIDNRAVERG.S: A0k e dhanBheledbe! Wean 30 Anand,; 350 A (with a
peak show ng at 32 il n% range di stributions f?r t he
and

0 AQ ot te co BO of S 1 grams per gnam .o
hydrocar bon feed, th& $otHi®eprB§act . 11t het GF ilelpr Gattt T are as
det erm ned 20 bydASTNtNetheds D530 72 udtessigichey WiSse Meemtd ened; " 05

asphal t enes”s r ef er snt&yasphahteness thatosare i paalsupleqtdh Bz pentane. 05
asphal tenes content is as deternmned by ASTM. Sgggﬂi 91%&005 maes]
ol ubl'e’in

" ocarbon ComposSition, as ermine
asphal t enes refers to asphartenes Fhat “are I NS

n- hept ane. asph&htenes content is as determi ned by ASTM Met hod 03279.
"Colum X netal (S)'a fiefrerSrbon aRei Gk soentretals 164stCol uimgraksof t he

Peri odic Tabl e N r..omre c aun cs)f Qr. tals of Col umm
X of the Peri ogiggq#grﬁ)log, %Q%O%%%\?ﬁiccoﬁg%qgég?gs %e%g\gm%%éa‘ cgqujppnn nunber (for
exanpl e, 1- 12) YBFPChR PEr i%0di teTab] he PeFERaiyl eoTPoCHHI E et al (s) "
refers to one otsamrey pEtal soft 00w Cok L 36. 0t e Remni adicoskabl €

as determined by ASTM Method D445.

In some embodiments, the invention provides a

transportation fuel comprising the crude product or one or
15 more distillate fractions made from the crude product
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.

20 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

25  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
30 system.

Detailed description of the inventicn

Terms used herein are defined as follows.



and/ or one or nore conpounds of one or nore nmetals from Columm 6 of the
Peri odi ¢ Tabl e. "Colum X elenent(s)" refers to one or nore el enents
of Columm X of the Periodic Table, and/or one or nore conpounds 5 of one or
nore el ements of Columm X of the Periodic Table, in which X corresponds to
a colum nunber (for exanple, 13-18) of the Periodic Table. For exanple,
"Colum 15 elenent(s)" refers to one or nore elenents from Colum 15 of the
Periodi ¢ Tabl e and/ or one or nore conpounds of one or nore elenments 10 from
Col um 15 of the Periodic Table. In the scope of this application,

wei ght of a metal fromthe Periodic Table, weight of a conpound of a netal
fromthe Periodic Table, weight of an elenent fromthe Periodic Table, or
wei ght of a conpoundsof’ esreceb enenteficramstheiaPericodig Iabl e 15 is cal cul at ed
as the weight ef.Jmetal or the wei ght of element. For exanple, if 0.1 grans
of MoD: is used per_gram of cataly the cal cul ated weight of the

nol ybdenum netal in® ?%@r%‘ﬁttéﬂ yrsetfe¥t L@ Me79Grans 26f Lol y%dé?nurw metal per
gram of catal yseT 26YCamit leisnggtereirer soyt 85TOMEATHI PG22comnbi ni ng, or

pul verizing of at hLeast B%o@é&b%&?&%@ etggcﬁtafe&ﬁlcsemomaetrc@ha gast two
substances are 91 )ifd H}I E{]rrechanl o g\asl cal forces. mul i ng can

form a substant’ia or**Roig @P?eéiﬁ%den? re.2*85tul 1 i ng i ncl udes the
contacting of ESt%iﬂlb@ﬂtdahEe%‘ﬁlrld’leyi@l@5%191paste that can be extruded or forned
into extrudate partbch@s: SphB@rdssepd kbsa hablygt sin Gyidnnglers, irregul ar
extrusions or |gosel und aggr ates or clusters nown extrusion,
nol di ng tabl eti r%)gsC E’)%’f%%g CﬁrgyL g’% %fﬁn oL or iLur(fLof'*li ri"gXted% g Comul 1'i ng
does 30 not 4 néF¥de~t ¥ipr %’gfﬁé%?%ﬁoﬁpﬁmo H-aRpiCH £oCbr TeE SOFFY i s
imMmersed in a lispdiduOprgasib® a&bﬁﬁ]ﬁ.bi(ﬁ\dsq&&ﬁkaﬂi’éﬁOdihﬁ%lf}tL§ycfdr @mat he |iquid or
gas. ' ng;ee%mree@&rgﬁ LR:L NG el o, o acompapent oin a substrate

(for exanpl e, drocar bon product or crude pr oduct)
expressed as V\Ef“b‘f?f“f?‘f’ééflf%nm‘byr hovest Gt %e%@eﬁ?%‘géobﬁ?e@séﬁ“t%@dtot al wei ght
of the substrate.pdyes Wappif' argfrer siahotqrantsiepersond|dridomoby weight .

"Distillatejs refarg Er%wlﬂé{éj 20C&! QP%d%vL o8 lQQ';LerQVJl%Qe di stribution _
between 182 C (360 F) and 343 C (650 F) at MPa. Distillate content is

as deternined BY®ASTMiWet heq* 307y & pore "%é?%tﬁéa}fe&ﬁ@m P8 dr 89 0 oxygen,
ni trogen, and/ b0 sulifih garthisesiicnat keonbl.ecul ar structure of a

hydr ocar bon. Heter @@mra@ %a@%gth%u%nqe%&r H%@%%R%aﬁ%lvk&&i hods E385 for
oxygen, 05762 for total Total basic

n
i 1 fogen® rof ef 6 (6O CFOYEH st TN PRV 18 b e S T Ee t han 40.
Basi ¢ ni t r offen b "AFAM)Matio@a P et erfrsneetHoyv ST VBt Fold 02896.

"Hydrocarbon feed/tof abpipnegct " dretens tQnkhendh Xt &that contacts the
catal yst duri ngnggl%gleesﬁhnrgpentane Cs asphaltenes content is as
determined by ASTM Method D2007.
“C- asphaltenes” refers to asphaltenes that are
25 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 Periocdic Table and/or one or more compounds
of one or more metals of Column X of the Pericdic Table, in
30 which ¥ corresponds to a column number (for example, 1-12) of
the Periodic Table. TFor example, “Ceclumn 6 metal(s)” refers

to one or more metals from Column 6 of the Periodic Tabkle



"Hydrogen source" refers to a source of hydrogen and 20 incl udes hydrogen
gas and/or a conpound and/or conpounds, that when in the presenc
hydr ocarbon feed and the catal yst, react to provide hydrogen. A
source may include, but is not limted to, hydrocarbons (for exanple, Cl to

C4 hydrocarbons such as net hane, ethane, propane, and 25 butane),

m xtures thereof. A mass bal ance nay be conducted to assess the
of hydrogen provided. "LHSV' refers to a volunetric liquid feed
total volune of catalyst and is expressed in hours (h-1). Total
catalyst is calculated by summati on of all catalyst 30 vol unes i
contacting zones, as described herein. "Liquid mxture" refers to a

conposi tion thatdinchudes one omppore comrpounrdsotchattaarefdomqui d at st andard

tenperature andCO@{QI@s%u&etgg@egoogclﬁg%lwa hereinafter referred to as
"STP"), or a corrposg on thalte |ncI udes_a conbi nation of one of nore

compounds that are ICgUi"d*at

e of a
hydr ogen

wat er, or
net anount
rate per
vol ume of

n the

&P (i t A°OHE oF “hbrd EYMpotiiGe T Rat are solids

at STIP. "Mt al®lpmp Pfefefalth@ﬁet—sodef: odanipedaci ds' or efoep tooralial i 5 netal s,

al kal i ne-earth dreg@é Sr @lrBColeAd B8NS € co GO dIM nOhe £QADE NAL1HNS,Ht hereof . A
content of metals in netal salts of or anlg?eac gr |e>§ama ed%er ned by ASTM

Met hod D1318.

Rﬁrresp%sa

a O
Fbon F?e5| e’nt er

quantity of carofre 831'ddec (féhtini Fy afareree EW“aH%ﬁl%‘H’ﬂ‘—Wrol
substrate. MCA.eoat€nt drg @swdet ersiened tyn ASTMMet hadt@4530i0dic

"ol ybdenum content bl :he Dydracarhan.[6ec: Lef erske thecqantent of

nol ybdenumin th

denum content 1 nclu

s to a
ysis of a

es the anount of

i nor gani ¢ mo{ yﬁﬂ@’ﬁlﬁﬁl‘éﬁdlérﬁaﬁ%?iﬂﬁﬁéﬁﬁﬁﬁ% the feed. Ml ybdenum cont ent

in the hydrocarbon mfeed bscrasctehes nbpedabyorASINghMetdrod o580 Zron
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the Periodic Table, weight of a compound of a metal from the
Periodic Table, weight of an element from the Periodic Table,
or waight of a compound ¢of an element from the Periodic Table
is calculated as the welght of metal or the weight of
element. For example, if 0.1 grams of Mo0O: is used per gram
of catalyst, the calculated weight of the molybdenum metal in
the catalyst is (0.067 grams of molybdenum metal 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 & substantially uniform
or homcgenecus mixture. Comwlling includes the contacting of
substances to yield a paste that can be extruded or formed
into extrudate particles, spheroids, pills, tablets,
cylinders, irregular extrusions cr loosely bound aggregates
or clusters, by any known exatrusion, molding tableting,
pressing, pelletizing, or tumbling methods. Comulling does
not include impregnation methods in which a formed sclid is
immersed in a liguid or gas to absorb/adsorb components from

the liguid or gas.



"Mononodal catalyst” refers to a catalyst in which at |least the majority of
the pore volunme is distributed in one statistical distribution of pore
dianeters, the statistical 20 distribution having a significant peak when
di spl ayed on a pore vol une versus pore dianmeter plot. For exanple, a
nononodal catal yst may have 50% of its pore volune in pores having a pore
di aneter between 70 A and 300 A (wth a peak at 150 A). 25"Naphtha" refers
t o hydrocarbon conponents with a boiling range distribution between 38 C
(100 E) and 182 C (360 F) at 0.101 MPa. Naphtha content is as determ ned by
ASTM Met hod 05307. "Ni /VIFe" refers to nickel, vanadium iron, or
30 conbi nations thereof. "Ni /VIFe content" refers to the content of
ni ckel , vanadi um i'rwonenor woald natinens:ithercgod .cofiprenehi /:M/ ke cont ent

i ncl udes i nor gani,c. nigkgl, Manad um@@ldoaagm @anooyrma@% L@t
or ganoni ckel , organovanadi um and or ganoi ron _conpounds he Ni/V/ Fe content

is as deterni néd %yxﬁgTﬁFW%Fﬁbdmﬁgﬁﬁ d as wm@h“Nﬁﬁfhﬁm Pef'é%% o nor mal
cubic neters oﬁwgasﬂpefbeubienﬂmEewm@ﬁvhydW@@aﬂb@nmﬂ@edﬂFS"Non condensabl e

gas" refers ;ov@@ﬁmpnggg§squégﬁﬁn@éﬁHL@§OQ&W0@QBQQents that are gases at
STP. "P (peptizat val ue” re é%to a nuneral val ue,

I "
whi ch represents tthWiﬁg%%iaf? 5h%t n&% 8°m%?n haﬁ% ed Y PR
hydr ocar bon f egdstPovalagebdigegs 180 dbﬁ%wnlﬁedm%f4ASTNHN@thbﬁd87060

"Periodic Tabl ea" mefMeea s bosdihesRerddie iTad ecasnspechiieduby the
I nt er nat i onal gg Pure and Applled Chem stry (1 UPAC), Novenber 2003.
" nod 3077 -

Pore di aneter’ ian pore dianeter", and "pore volune" refer to pore
di aneter, madian pd‘ﬁlet%—”oah@éts' reefaht tﬁo‘?%’g%rl Giescvas deternfidd by ASTM
Met hod D4284 (rencinyd parasi netdeyiat sancontact angiecegual. to 140). A

m cromeritics A}Q?«%%&&@ LAYRRE &“4&%8!5@ L8y | DG uNOLES 988y GROr gl A,
U S A) may be use determ ne these
oxygen, D5762 for Lotal nitrogen, and D429%4 for sulfur.

“Total basic nitregen” refers to nitrogen compounds that have
15 a pXa of less than 40. Basic nitregen (Ybn™) is as
determined by AS8TM Method D2896.
“Hydrocarbon feed/total product” refers to the mixture
that contacts the catalyst during processing.
“Hydrogen source” refers to a source of hydrogen and
20 includes hydrogen gas and/or a compound and/or compounds,
that when in the presence of a hydrocarbon feed and the
catalyst, react fo provide hydrogen. A hydrogen source may
include, but is not limited to, hydrocarbons (for example, ¢
to €4 hydrocarbons such as methane, ethane, propane, and
25  butane), water, or mixtures thereof. A mass balance may be
conducted to assess the net amount of hydrogen provided.
“LHSV” refers to a volumetric liguid feed rate per total
volume of catalyst and is expressed in hours (h™). Total
volume of catalyst is calculated by summation of all catalyst
30 volumes in the contacting zones, as described hersin.
“Liquid mixture” refers to a compesition that includes
one or more compounds that are liquid at standard temperature

and pressure (25 °C, 0.101 MPa, hereinafter referred to as

1C



20 val ues. "Residue" refers to conponents that have a boiling range
di stribution above 538 C (1000 F), as determ ned by ASTM Met hod 85307.
"Sedinent" refers to inpurities and/or coke that are 25 insoluble in the
hydr ocarbon feed/total product m xture. Sedinent is as determ ned by ASTM
Met hod 84807. Sedinent 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. 30"SCFB" refers to standard cubic feet of gas per
barrel of hydrocarbon feed. "Surface area" of a catalyst is as
determ ned by ASTM Met hod D3663. "WO' refers to hydrocarbons with a
boiling range distribution between 343 C (650 F) and 538 C (1000 F) at
0.101 MPa. VQO tSGm)enbricsca@odmi@nnimedirbyuw@TMd‘ohlbhwi%w7ono5"\f i scosity"

refers to kinengt h&&k&&%ﬁh&d tﬁslt 34 816 (de-Q b witMi §£OSE t¥rd S as
det er m ned u5| ASTM In the context of this

t
appl i cati on, Boﬁngsgg’ahnatf& é‘fldga Fhat®-if the val ue obtained for a
property of the sub¥etatseit ested spstoaf sirdeniof afias’ t's:fof tchelkzést met hod,

the Wtest npt h@@am@yah@lﬂpéiie]{amgma@d]{sprmh@caalrwﬁ@t eaaﬁb@l&nesfr for such
property. rocarbon feed, refers to t hat includes
hydr ocar bons. I—?f&g%ngﬁ? 8? y TRETUdE: nbufils $" m@talE Tt ec(f(E cr udes,
di sadvant aged crddes, d%ltdabirﬁl |a?_e‘HBLE§F‘i‘}d‘é§ th?f%Fr*‘bE‘airhﬁén%l%%t ai ned from
refinery processes, waerdrcxinshesesiheseafucrExanples. oérdrydrcoear bon feed

obt ai ned 1rom rqr%‘;%]{‘l ryofPE:QHﬁ%S}?egl kel y nlp tai@%regﬂé’éora ot egy to, 1ong

resi due, short Ttesi ha, gasoi rocar ons boiling above
538 C (1000 f) PY&Pise & tQr ésS”Pﬁe‘*’raéSf MQBIW”B‘H% éﬁﬁ‘éd?%ﬁ‘f‘”ﬁﬁe’oyhydrocar bon
feed is a crudessTherehs aksw.referred to as crude feed. Crude or crude feed

refers to a feed ofvQydracar RONS whi Ipheh‘%§dp§*§9bd?zr educed, and/,or retorted

from hydrocarbon containing formati ons and which has not yet been distilled
and/ or fracti Orh&F|%PnLerL of molybdenum in the feed. The molybdendm

content includes the amcunt of inorganic molybdenum and

15 ocrganomolybdenum in the feed. Molybdenum content in the

hydrocarbon feed is as determined by ASTM Method D5807.
“Monomodal catalyst” refers to a catalyst in which at

least the majority of the pore volume is distributed in one

statistical distribution of pore diameters, the statistical

20 distribution having & significant peak when displayed on a
pore volume versus pore diameter plot. For example, a
moncomedal 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 Ay.

28 “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

1 combinations therecf.

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

includes inorganic nickel, vanadium and iron compounds and/or

11



25 distilled in a treatnent facility to produce multiple conmponents with
specific boiling range distributions, such as atnospheric distillation

nmet hods and/or vacuumdistillation nethods. Crudes may be solid,

sem -solid, and/or liquid. Crudes may include for exanple coal, bitunen,
tar sands or 30 crude oil. The crude or crude feed may be stabilized to
forma stabilized crude, also referred to as stabilized crude feed.
Stabilization may include, but is not limted to, renoval of

non- condensabl e gases, water, salts, or conbinations thereof fromthe
crude to forma stabilized crude. Such stabilization may often occur at, or
proxi mate to, the production and/or retorting site. Stabilized crudes have
not been di sti ldredncandicdr & obnactbonal | ypddbstanbied ¢mpautdseatiment facility

to produce mul ty;pl 8-COMMRRENL S Mabhe . 2RRG b CachQidAgG: Han@e di stributions
(for exanple, naphtha, distill ates, r lubricatin

Jha;, di V nd/ o \ ojls).
Distillation includé® “but i€ nt? nIoi“i)“ﬁ% E%RCoTetﬁf?mOSfpﬂaeT ipﬁlgd’iu%ﬁ | lation
met hods and/ or ngaeuwm didst¢ddeat ifead met hods. Undi still ed and/ or

unfractionated stabixbhzeda&l-udes a8y hclude cappRRent.sqtdrat have a carbon
nunber above 4 in gquantities of at |east rans, of conponents per gram

X 0.5
of crude. Exarrpn]lés of s 36‘?‘1‘%?%%‘: crudes” igﬁ%?su%e whol e crudes, topped
crudes, desalted crifdéertdesartedatispped "Erides’ 6Fe5 Le b Reel ons

thereof. "Toppediud.elerd t@asatddend hatcchas.ibeerntseated such that at
| east sone of Egg?&%gg%%ggt&et hat..haye, afegg! I [analgglﬁt ,below 35 ' Do at

0.101 MPa (95 ! have ‘been renove opped crudes may have a
content of at MB8E B I 29 Hi'dnketrad 'HB8Y- 0. 05 grans, or at nost 0.02 grans

of such conponent s ‘periggiamabliect herdroppedhernsceodic TableSome stabilized

crudes have praperidies hate allaw.the. stabll izeg, crudes,fq.pe transported
to conventional treatnment facilities bg(jtransportatl on carriers (for

exanpl e, 25 pi pEFTIesY EPURs, NorF™Hi p¥Y° ather crudes have one or nore
unsui t abl e properti'esrd Batnatenterntdiem girsadhrantagedndDiadvant aged crudes

may be unacGeptabhft PRt ARSROLE Aldieh, GREIdehoaNd] Herd. t heat ment
facility, thus inmparting a | ow econom c_ V i sadvant aged crude.

value to th
The econoni ¢ 3G%VaI'T& ey * e ETh " that %’Tpe%eetrh?/%i}jrdZg%gf“ericﬂi’(’ﬂyudes t he
di sadvant aged cruderesrdeernedottot cosit yeaual grotice; transport, and/ or
treat. Therpepeartt es:af ithe hydr eearbesn-ikeed. nsych as for exanple

t he crudes or djsadvantaged crudes my var i del . The hydrocar bon
feed, such as ngfcré’fghpﬁ%gr 1E‘aérﬁ’d’e'i'f)eé][1 }’\{Dﬁa§sﬁ\$ag% dété\a/]fmsi“g%sﬁhﬁfle of at |east 10

cSt at 37.82C, vatuvgseast

“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

25 inscluble in the hydrocarbon feed/total product mixture.
Sediment is as determined by ASTM Method D4B0O7. Sediment may
also be determined by the Shell Hot Filtration Test (“SHFST™)
as described by Van Kerncort et al. in the Jour. Inst. Pet.,
1951, pages 596-604.

30 “S5CFB” refers to standard cubic feet of gas per barrel
of hydrccarbon feed.

“Surface area” of a catalyst is as determined by ASTM
Method D3663.

12



5 100 cSt, at least 1000 cSt, or at |east 2000 cSt at 37.8 C The
hydr ocarbon feed, such as for exanple a crude feed, may have an APl gravity
at nost 19, at nost 15, or at nost 10. It may further have an APl gravity
of at least 5. The hydrocarbon feed, such as for exanple a crude feed, o
may have a total Ni/V/Fe content of at |east 0.00002 grans or at |east

0. 0001 grans of N /V/Fe per gram of hydrocarbon feed, The hydrocar bon
feed, such as for exanple a crude feed, may have a total heteroatons
content of at |east 0.005 grans of heteroatons per gram of hydrocarbon
feed; In sonme enbodi nents, the hydrocarbon feed has at |east 0.001
grans of oxygen contai ni ng conpounds per gram of hydrocarbon feed, and
wherein the crude phgduoctftasta lokygenboentaimpng iconpounds content of at

nost 90% of tth@Qm@é@I&C%manfﬂ§d°&>¥¥§¢”wﬁ%ba{&j@' ng GoFpPoernds content,
wher ei n oxygen d %ﬁ@det erm ned ASTM Met The hydrocar bon

feed, such as for exafipl &%a C(?Ptﬁféc teéd, d‘??ﬁfjm”ff‘ﬁgebyaAF%“%Fiﬁﬂ"é)dcontent of at

| east 0.01 gr amy3pt- resi due per gram of hydrocar bon feed. In some
enbodi ment s, st he 25-hyey-qear hore.ar &rk‘iQ@naﬁ,@@drlH@UsﬂLQCdLU@e.,S per gram Of

feed, at Ieast (q E Qém 719£081g5|due a% %ggg s 3 Q%ﬂme% rgfldue

Ieast 0.5 grans 0 or’a eas rams’ of resi The
hydr ocar bon f eed, sItE’chheaémffcﬁXLe@(fahJﬁ’r*edapldFa*dﬂémfe@d,lsn‘ﬁﬁyb%ave per gram of
hydr ocar bon feeﬁbﬁeﬂstﬁblch frlibt Cﬂnﬂ&m;anj‘e abta30ed €asta 9r<€}ﬁ=51yaotf beast 0.01, or

at |east 0.02 gfuﬁn{srate te ted 1@ L%gggecgrbl ce%gfth%ug a%eth L i%%m)l € a

crude feed, may have t enes conten 0 rams or at
| east 0.08 gt arFﬁSBfme@:BO‘h@r}ﬁ&et%éliﬁﬁn‘y@éﬁ%ﬁlwﬁ%&r’bﬁﬁtf%‘éd and/ or at
| east 0. 02 gramscorprabedtgast 0.04 grans of C, asphal tenes per gram of

hydrocarbon feed. The.hydroearbop feed, such-as figk gxapple a crude feed,
may have a MCP content of at |east 0.002 grans_of NCR per 5 gr am of

hydr ocar bon f eed*=ocarborfne IgrGEEPhIReY @ééﬂ IS 9B 6? 'kanpl e a crude
feed, may have lancont ent cgﬁdmtcalssdwamtmwbrmbts;telbﬂolzgcamrcd@acl ds of at

| east 0.0000d HyaPE 0o b 3 n Re e GF 2Ry afe DY docarhon, f ged res

thereof. FExamples of hydrocarbon feed obtained from refinery
processes include, but are not limited to, long residue,
short residue, naphtha, gasoil and/or hydrocarbons boiling
above 538 °C (1000 °r), or mixtures thereof.

20 In cne 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 centaining formations and
which has not yet been distilled and/or fractionally

25 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 licguid.
Crudes may include for example coal, bitumen, tar sands or

30 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

i3



The hydrocarbon feed, such as for exanple a crude feed, may further have a
nol ybdenum content of at least 0.1 wtppm The hydrocarbon feed, such
as for exanple a crude feed, may further have any kind of conbination of

t he above nentioned properties. 15The hydrocarbon feed, such as for exanple
a crude feed, may include per gramof feed: at l|east 0.001 grams, at | east
0.005 granms, or at |least 0.01 grans of hydrocarbons with a boiling range

di stribution between 95 C and 200 C at 0.101 MPa; at |east 0.001 grans, at
| east 0.005 granms, or at |least 20 0.01 grans of hydrocarbons with a boiling
range distribution between 200 C and 300 C at 0.101 MPa; at |east 0.001
grans, at least 0.005 granms, or at |east 0.01 granms of hydrocarbons with a
boi | i ng range dicsbinadbutisonhdbebieenn308 GuandA400rCaattadiliFdMPa; and at

| east 0.001 gr B g0 at S&@@%%akﬁlg%lgﬁ @n%’of%én YoM Iteaﬁtl plQ)yQﬁltatger ams _of

hydr ocar bons W|th a boi n istribution between 400 C and 650 C at
0.101 MPa. tor) e pf‘i_ﬂ”fﬁ %‘%38Hﬁ%ﬁftm?hseltﬁydr ocarbon feed, such as for
exanpl e a crude feddabidyed nehdeke hper ngr derofditeeded gndf@ast 0. 001 gr ans,
at |east 0.005 ghaf®naOly aisdigast :0. aDJere?engzntarfﬁcﬁfupyt@rfa&%B@ns with a

boi l'ing range di SEH but i ogmeonft_sa‘vglt em{) a; | east 0.001
grans, at |east” ars, or'at Treast” ln? ranq%fdlﬁ i l6%ar Bons with a
boi l i ng range dif §frﬁxbufflle@n“%tt%eﬁli‘(}@l@@andf@oodr@/a{ leilﬂﬂiﬂt“NPa, at | east
0. 001 grams, ateiheast p:t00h:@oaNEcl@esatbdteasthod. 1Qamgfdanas of hydrocarbons

wth a boiling tﬁt(@%%egnlr etggétl{g&%%% bﬁet‘ﬁ’@% a§<9/oor Qm%g@’bql%h J; 101 Mra; at

| east 0.001 grans , or at [eas rams of
hydr ocar bong? 5 BfiEPHisa BBIEFFtgFRAY Odl %‘ffrfldb‘"tﬁtci“e?f%é’f%@éh?%’oer@eénd 400 C at
0.101 MPa; and may ireaste Cofidbegramsst atvd east-pOn OAbbgr avdie orimt | east 0.01

grams of hydrOQ%Pbth?%eWotfhatalQQ‘!htj bNg o M%fddo%&{e?ﬂélé'p%@ &%RV‘@F” 400 C and

650 C at 0.101 drocar bon feeds or crude feeds may
i ncl ude, per gramof F’@‘é“ﬁlehfiI%&Efllﬁeécffua‘?“aﬁﬁcmﬁf T@A8t* 69005 grans, or
at | east 0.01 graps! ofudepdrazcarizonsrugiet h dasdioiel i ngpe@rgeddd, sér i buti on of at

nost 100 C g Q.4Q1..MPa,: ih..@ddition to higher boiling conponents.
Typi cal ly, the disadvant aged. crude has, per %Zam of di sadvantaged crude, a

content of such 15 HY&c a’f‘“of(?ﬁ% 8 2 4t "ot “Shs-“6F |t “Host 0.1 grans.
Some hydr ocar bdhaf eedseagt smgdet faeedgmnwntmd'muelaveear bgridgmpof feed, at

l'east 0.001 gralBa: 8b1de38t°0.002.1Qr aEB, (98l “ Akt | €38k GeOd geans of
r'%gr ocar bons w t h ‘%dbm,[l i necrlj range QAYSEar;JrebUtéo%@ez?J O@tatl %ggg O200 Cat 0.101
20 grams, at most 0.05 grams, or at most 0.02 grams of such
components per gram of the topped crude.

Scme stabilized crudes have properties that allow the
stabilized crudes to be transported to conventional treatment
facilities by transportation carriers (for example,

25  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

30 walue may be such that a reservoir that includes the
disadvantaged crude is deemed too costly to preduce,

transport, and/or treat.
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Some hydrocarbon feeds or crude feeds may include, per gramof feed, at

| east 0.001 grans, at |east 0.005 grans, or at |east 0.01 grans of
hydrocarbons with a boiling range distribution of at |east 650 C. Exanples
of crudes that mght be treated using the 25 processes described herein

i nclude, but are not limted to, crudes fromof the foll ow ng regi ons of
the world: U S. @ulf Coast and southern California, Canada Tar sands,
Brazilian Santos and Canpos basins, Egyptian Gulf of Suez, Chad, United

Ki ngdom North Sea, Angola O fshore, Chinese Bohai Bay, 30 Venezuel an Zuli a,
Mal aysi a, and I ndonesia Sumatr a. Treat ment of di sadvantaged crudes
may enhance the properties of the disadvantaged crudes such that the crudes
are acceptabl e for Theamsportiat i gntandborochrigat fient . such as £oThe hydr ocar bon

feed may be tog%%@&@%%ﬁ&@sb&ddhgg&b&aqweur%&,d%aprvcadwmégsul ting from
treatnment of the hydrocarbon ed, escrl ed herein, IS ﬁenerally

suitable for transp&ﬁpt?yﬁjoﬁfﬁf’bl’f%?edfﬁ%ﬁf =Py Sbaé“lp%? &s Bty rude 5
product producedvasvdescrrbedtheresn lage: &P oérat §7tthéCeatr espondi ng

properties of &gt ckexas 1bndefmmdiad, eofsralid@eatsfaafnotoh@sthygrm@r%on feed, or
closer to the correshgon%l ng]ar;gropf (BI es of JBrent cr Crudaen tgle hydrocar bon

feed, thereby enhancing TRE8Rononic Val §& of tHe™hy cﬁ 8E4rbon f eed. Such w

crude product rEy beeraf PRed ditth $'egssor naitpretlt %%atoﬁeﬁt mogther eby
enhanci ng refi niongrehhy CheneiressvePueabr eabi®nt ofmay iackude desul furizati on,

denetal I'i zati on, anlq]/ yd%é“%%@#%@e& g; gﬁ |alﬁlgﬁ% i Qxamgogeregp Ve %&%url ties. For

exanple, in sone enb , east ortion of the

or ganonet al I'f c “@éﬁn‘b’b’ﬁn‘ﬁs‘foéﬁdﬁwwﬁ%t%ﬂnéoﬁtr 8Fnatthéear?§rd9(988 borTeEd is
perfornmed before thechydoocatrbencfeedvim: gentyast ed midrbeother cat al ysts.
For exanple, a spgll armunt of organonol ybdenum and/ or organocopper (for
exanmpl e, at nost 50 wtp at nost 20 wtp n} or at nost 10 wtpprr) ina 20
hydrocar bon feed naEyer ‘é’d’ﬁ?:cé”??fé Taedi vty ac)f Y THELY St CUpBnt €ont act of the
hydrocarbon feedywavh ¢4 hetcahatepsbtons contelfhefascupdtabi @y ofandeposits or

i nsol ubl e cqgrpq)negg@rbgkogp%ege@%ogf Wrclcggqmt P=y;Pressure change in the
contacting zone, thus inhibiti n@?‘tﬁ drocarbon feed from passi n?T t hrough 25
[-ow I

t he contacti ng zone at " feSTraY" Pt RS ORGP X ERpI"ES "Tt‘néeéi‘ et pressure

of the contactidngllzanarsmay oxperrease-adapidbymoveds aeshiget oferi od of tine as
conpared to the,stALtiNY rRIEGSSW BneAik aedod 6! 8R86cd RaPrLESg May
;[‘d' cate plugging af ;the calalysls Acchange ln pregsyrg of at least 3 Ma,
20  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 scome embodiments, the
25  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 & crude feed,
may have per gram of hydrocarbon feed, a sulfur content of at
30 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 Cs asphaltenes content of at least 0.04 grams or

at least 0.08 grams of C, asphaltenes per gram of hydrcocarbon
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30 least 5 MPa, at least 7 nPa, or at |least 10 MPa over a short period of
time may indicate catal yst plugging. Treatnent of a hydrocarbon feed in
accordance with enbodi ments descri bed herein may include contacting the
hydr ocarbon feed with the catalyst(s) in a contacting zone and/or

conbi nati ons of two or nore contacting zones. In a contacting zone, at

| east one property of a hydrocarbon feed may be changed by contact of the
hydr ocarbon feed with one or nore catalysts relative to 5 the sane property
of the hydrocarbon feed. In sone enbodi nents, contacting is perforned in
the presence of a hydrogen source. In sone enbodi nents, the hydrogen source
i s hydrogen gas. In sone enbodi nents, the hydrogen source is one or nore
hydr ocar bons t hafeg: undesr oerieasin ccohtsaatd ng dtoleondd tddonsymsreact to provi de

relatively Snahhpﬁﬁﬁgﬂé§;@£gﬂ%ﬂ&ggﬁgn%QmQQHpﬂgﬂd (s) in the hydrocarbon
f eed. FIG 1 is a schematic 0 i tem 100 that i1 ncludes

contacting s
contacting zone 102%eTﬂ%“ﬁVHPSEdPB%nSFgé&SeﬁFé'§m§E§ﬁ?55W% cdht%acti ng zone
102 vi a hydr ocardyomvkeediCEorrdtiett 204t Feasont A0 gz orfeMifayebe a reactor, a
portion of asrqﬁgqu,hgykkégkg feptions. of a reactor, or conbinations
t hereof . Exanpl es of ahconta nQ% one de a sEacke cp g reactor a

fi xed bed reactor, SBUPTET A B Usﬁgégfor BRI nGoUS V°%SYirred tank

react or (" CSTR™2y %“?Iﬂﬁﬁp%éﬂ %%degﬂﬂreaéﬁé@lSai%bpéyﬂﬂe%b%e?¥hand a
liquid/liquid centaakest oCorfol gytaak icann@falOne -0fr A0 £ hgardcackding zones is
described in U.3 ,Published Patent Application No. 20050133414 to Bhan et
al., which is incorporated herein by reference. In certain enbodi nents, the
contacting 3Ystem i'SCOWBFeTHAPII€Et GUgh 2255 Gf PEHEre ¥ E79% £529 Cont act  of

t he hydr ocar bomafrepdtwd haeat:ahygbds)mi deneomnt actdingesytst emviGe; may be a

conti nuous process Qf ﬁwﬁ@&ﬁmopﬁgggs%ucha% ﬂlhgmﬁaﬂééﬁphﬂg %QQP nay i ncl ude
one or nore catalysts (Tfor exanple, two catal ysts I'n some enbodi ment s,

contact 30 of tHé ﬁ?ﬁ?%%&?ﬁbﬁ“¥é%ﬂdwﬁtﬁmglﬁﬁﬁ§ﬁ‘Haf%fﬁg?wa the two
catal ysts may meduseeviropsittiysof the hydrocarbon feed. Subsequent contact

of the reduged vi sc;%él@&@&/ﬂ%@&%@@ﬂst;geqlswr ihe1seceont.cata yst
decreases netal content and/or eteroaton1conte% I'n ot her enbodi nents,

resi due cont ent™Y MER'EGhPENI 8P LohBitnat’i oRE o QHe%@mbrdﬁe}?f%s of the
crude product chéangerbys. abr laéabiasl0P edratp weg bodrbherkeameith a properti es of

t he hydrocar bonf eed @Jﬁq@rdi%@m@@goroﬁoe&mn59éwelr£1@afdwﬂcfa%e@I Wit h one or
nore catal ysts. In ce tain g?odlnent a Eg of catal E in the
24g

contacting zond"Ps in'E5F F?Bﬂ?iﬁ%ggﬁft Yort, volt' ‘to 50 volt,
or 30 volt &b AQ0yoirenpffahwdspadrb! wikh of deP@)crarl%foﬁlﬂeféauﬁrWt he
contacting zon@ethddnSHOME °C and 300 °C at 0.101 MPa; at least 0.001 grams,
at least 0.005 grams, or at least 0.0l 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,
25 or at least 0.01 grams of hydrocarbons with a beiling 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 0.0l
3 grams of hydrocarbons with a boiling range distribution of at
most 100 °C at 0.101 MPa; at least 0.00% 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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W enbodi nents, a slurry of catalyst and hydrocarbon feed may include from
0.001 grans to 10 grams, 0.005 granms to 5 grans, or 0.01 grans to 3 grans
of catalyst per 100 grans of hydrocarbon feed in the contacting zone.
Contacting conditions in the contacting zone may Mi nclude, but are not
limted to, tenperature, pressure, hydrogen source flow, hydrocarbon feed
flow, or conbinations thereof. Contacting conditions in sonme enbodi nents
are controlled to produce a crude product with specific properties.
Tenperature in the contacting zone may range 20 from50 Cto 500 C,
preferably from 100 Cto 450 'C. In sone enbodi nents, tenperature in a
contacting zone nmay range from 350C to 450 C, from360 Cto 440 C, or from
370C to 430 C. MrhS\itofedsheo ypdrocarban feed wobh gener aklar range from 0. 1

11H to 30 11-1 09 q‘}fam%fZ dlr!,capons %LQ EQn%Qg Jr% d}sﬁmgﬂ&o 15 h,
1.5to 10 h-1, or LHS |satleast5

h-1, at | east fftﬁeen 5@0 I ga"ﬁd ioé} hC 1aL Srloétmfaea@'t l?@”holo% pa¥tsiral pressure
of hydrogen i n dathesapont A0ti gnzore mayeranfedf poms0efl hyPeockob&sMPa, 1 MPa

to 7_ MPa, 2 MPAL® aGbM,?@mgOEange W@Lh@u@zd\?@etde@n S&@‘e"c?’gn@rﬁ*@@d‘idmnt S, a
partial pressur MPa, at nost 5

ydroge

MPa, at nost 45’%Pa mét&! ‘l:."d?,‘_‘lf\/l?}es’ISL 3(?0%%?3’ a%lﬁlﬁ’e ranﬁ(} s8R enmbodi ment s,
a partial presSutie lefsthydiogens st tiverawmecss vt He atistidinpressure of the
contacting zonemtmbm idonp@ivaedismentcs aha dshi that he1hydiregen source is

Suppl i ed s, 2935 (LRL RABIRL G, NALOGEN. 088 nce B, 121 088 dpLer M ned 5 af
normal conditions of 61 erature an 013 f)ressuré H so referred
to as N nB/ i) %Fmt%ef%e%éeﬁwpo%ng%ﬁrc@ ﬂ%ast"h% Wd‘?%ﬁr tfen feed

typically ranges fa:am .01 MNiBsnE toa:bO60;:000 NAB/aBpi O NnBénB8 to 10, 000
NrOnB, 1 NnB/ nﬁii@:@ri%ugpoq Nﬁ@/tlr}(%’t gOd\li"Eia‘?[j §lt09 lgPPaQOQn Iqugitq%h t50 N8/ n8 to
higher beiling components. Typlcally, the disadvantaged
crude has, per gram of disadvantaged crude, a content of such

15 hydrocarbons of at most 0.2 grams or at most 0.1 grams.

Some hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.00b grams, or
at least 0.01 grams of hydrocarbong with a boiling range
distribution of at least 200 °C at 0.101 MPa.

20 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
distributicn of at least 650 °C,

Examples of crudes that might be treated using the

25 processes described herein include, but are not limited to,
crudes from of the following regiong of the world: U.S. Gulf
Coast and southern Califcrnia, Canada Tar sands, Brazilian
Santos and Campes basins, Egyptian Gulf of Suez, Chad, United
Kingdom North Sea, Angola Offshore, Chinese Bohai Bay,

3¢ Venezuelan Zulia, Malaysia, and iIndonesia 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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10 3,000 Nn8/nB, or 10 N& nB to 800 NnB/nB contacted with the catal yst(s).
The hydrogen source, in sone enbodinents, is conbined with carrier gas(es)
and recircul ated through the contacting zone. Carrier gas nay be, for
exanpl e, nitrogen, helium and/or argon. The carrier gas may facilitate

fl ow of the hydrocarbon feed and/or flow of the hydrogen source in the
contacting zone(s). The carrier gas may al so enhance mxing in the
contacting zone(s). In sone enbodi nents, a hydrogen source (for exanple,
hydr ogen, nethane or ethane) may be used as a carrier gas and recircul ated
t hrough the 20 contacting zone. The hydrogen source may enter contacting
zone 102 co- currently with the hydrocarbon feed via hydrocarbon feed
conduit 104 or sepamatEﬁyth&oga$eaoﬂﬂubdt&ﬂﬁm | 45 cont-apéd mgx&ione 102,
contact of the fyd %@r guéteggguwém %r&m@émgn %fpff}%dﬂyo%cgygogt al_product

that includes a cru in sone enbodi nents, gas. |In sone
enbodi nent s, ajﬁﬁﬁrﬁﬁrmﬁﬁéﬂﬁ§ RO ned %F%ﬁa%%b hyr@PtcaPbon feed and/or the
hydr ogen sour ceransgontu end@6. trEaendrot alPrppoduet offayheexiidecont acti ng zone

102 and be tEaQ§BQE&ﬁQn£Qc&§Q§Hk% QB%éshﬂQl§QH@%ﬂg§Qr$50£@£e vessels, or
conbi nati ons thereof via conduit di ments, the total

product may corfPAFFFHPPETEsRIWG® ﬁﬁ? %%3?8%F§ﬁ§3ﬁ%?ﬁ@ﬁ“ﬁﬁ?ﬁﬁ@d%roce55|ng
Such gases nay thacl|udenhydrorazdranipke, chydreogertostld cdecesparddon  di oxi de,

carbon nonoxi dgr-£XGe8$ ﬁaﬁﬁauscﬁ}i@” agen L%@Wy@i@@ca%lﬂgp{ Qrpe@, eaefdegr gas. |f
necessary, the excess g be se ara#q%ﬁfron1t q% pgoqﬁct and

anGln O value © hydyocarborn
recycled to contactin fs?e o, EFaFEp3T t'8d  t 0”8t her

processi ng anegvd%E%P@Kég@%vég§@ﬁsmxbwl@bﬁﬁﬁhafH@nBﬂTﬁé?%@@?tdn sone
enbodi nent s, gasepsodueedcdu Laginihe PEOCRESIdsS atremsStitddicveld Yo based on

total pr oduct, Lar‘ltc‘]u E%sul¥9r z%@P%?egjem%{]allqtz%ggr an,léféf dpl;;Gﬂ%Be]’n%St 1 vol %

based t he total product produce I n sone e m ni mal
non- detectableCéﬁbhﬁﬁél%ﬁt@d§m%W%1ﬁWﬁHh€§ﬂ during contact of the feed with
the catalyst. In such €ases;, thedhotabopredust resovaonsi dernedst ke crude

product. 31 o, ReRsRaTE: GROMIEDLS., SLUMR,LGILNGL LORREM, O, LNt 0pPed) i s

separated prior to contact wi'th one or nore cat sts In contacting zone
102. Duri ng théh§éﬁ§Va?P@ﬁ”ﬁ?8€é§spg%PrT%h§?ﬂﬁepﬁ¥TPﬁﬁ”ﬁ?ﬂPﬁe&?Fude is
separ at ed usi ngst eghacguesitknower pattshestar.t {droexsexdarplesnagpar gi ng,

menbr ane separ ali,on, o@ro%%éwnglm@u&a aqa)ozt Qr&rnggéb%@rt&%mgwﬁﬁr bon feed.

For exanpl e, water east partially seFarated fromthe crude. In

20 anot her exaﬁﬁ1%9m:g%ﬂ%ﬂ@ﬁt§‘ﬂﬁéfQWaVE*Q bYi Pt A St aifgtepm) i a

20  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

25  the contacting zone at desired flow rates. FPor example, the
inlet presgsure 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

30 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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di stribution below 95 C or below 100 C may be at |east partially separated
fromthe crude to produce the hydrocarbon feed. In sone enbodi nents, at

| east a portion of naphtha and conpounds nore volatile than naphtha are
separated fromthe 25 di sadvantaged crude. In sone enbodi nents, the
crude product is blended with a crude that is the sane as or different from
the hydrocarbon feed. For exanple, the crude product nay he conbined with a
crude having a different viscosity thereby resulting in a 30 bl ended
product having a viscosity that is between the viscosity of the crude
product and the viscosity of the crude. In another exanple, the crude
product may be bl ended with crude having a TAN, viscosity and/ or API
gravity that i scatdifdterent, « tdaetehynprotecnnpacpiaducint hat «has a sel ect ed
property that is. pe %F“ggrtatgﬁtg 58l %ctef;t PrORELL,0f, oL e 6T Hllg praduct and

the crude. The suita transportation and/ or
treatnent. In s}b‘r’?@@]é‘rrbBtjranJéi‘ﬁlé’ca%’oar Jc§’§(€|vr?a?ﬁtft ayeaeerddey 8 ¥patated to form
t he hydr ocar bontHeerghirodhechyitheocartbomef eedoks hervscontcaet:ed wi t h one or

nmore catal ysts {,Q gg}@nggop@ragIogcgh%dh}tgrgpgrrbto){ AQf.sthe hydrocarbon feed to
forma total product. | east a ortron of the total product and/or at

| east a porti one”B’f’dJa[“e(?r?Jdéo‘b%aﬁd 1F PG THEY 1 Ot AFe Efrrb%ﬁ?(?? Gfa§ bl ended with
at | east a portiwmeghn shecdi sadvant ageddorude &he/ropraedi ffuerents crude to

obtai n a productydRayinngad. h@n ds%ml re%godahewtt@s hydrogen dolr&OAE HRbOdI ment s,

t he crude product and/ o roduct are transported to a refinery
and distilled andfoF PYact q??z[il’lt{/%agl s”{%dﬁ T8 pf8dtice ™ 8ne or nore

hydr ocar bon fr agtrdensrs Theady dp goar bdn rﬁraécetfftidnsmﬁiéyawnb? oéessed to
produce commer Ciyakofnotd Chipsuels)asn turrarts,rm@rstda:t)b@netawel | ubricants, or

chem cals. Blendin nd, separatin t he % ude and/ or
hydr ocar bon 20 feegﬂ%t o]t al’ apro’(g Uct ancf/ 8‘?”*%?‘5&% o 5§§§%| S gescrr bed U. S.

Publ i shed Pat entnCAbC‘t‘ﬂﬂ 'é‘éfttra'étrtlnﬂomnzob(‘%lg@&lﬂyctf@c%ﬁ eedaintervhi ch i s
i ncor por at ed herethdhycsebetrencanel mseone neahadi-p@ntssda thewee ude product

has a total gnlyogde@u%@%gtﬁ%t E&I@ %}g/rggs‘,t 20%.,,.at, [138%10%00/9 at nost 10% 25

at nost 5% or at nost bdenum conf en t he ﬁ dr ocar bon
feed. |In cert ai'f?ebodenPse PPHe BT de? pradtict Wa§°%t”t”6t’aﬂmrml ybdenum
content rangi ngeterem.0. BQEpWsppMat oorkant ppMofar 0mMIOOCS siqrpmitea 0. 1 Wt ppm

or from 0. 01 005, ARmq 30500, eahOdLImAL s, wthie crude product has a

copper content of at nost 90% at nost 50 at nost 5% or at

nost 3% of the ?98bb‘?é1rouﬁld’nt95’rftr98ftaf’ﬁemﬁ‘§m éa(r“t%‘n) Ui é‘eﬁlmfjhzeéiet)‘f%r n
enbodi ment s 20 t heeacraudea piroductadtas . sartdod dliggoppeéyuid contactor.

Configuration of one or more contacting zenes is described in
U.5. Published Patent Application No. 20050133414 to Bhan et
al., which is incorpeorated herein by reference. In certain
embodiments, the contacting system is on or coupled to an
25 offshore facility. Contact of the hydrocarbon feed with
catalyst{s) in contacting system 100 may be a continucus
process orx a batch process.
The contacting zone may include one or more catalysts
{for exzample, two catalysts). In some embodiments, contact
30  of the hvdrocarbon 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 catalyat decreases metal content and/or
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content ranging fromO0.001 wtppmto 1 wtppm from0.005 wtppmto 0.1 w ppm
or fromO0.01 to 0.05 wtppm In sone enbodi nents, the crude product has a
total content of netals in nmetal salts of organic acids of at nost 5 90%
at nost 50% at nost 10% or at nost 5% of the total content of netals in
nmetal salts of organic acids in the hydrocarbon feed. Organic acids that
generally formnetal salts include, but are not limted to, carboxylic
acids, thiols, imdes, sulfonic acids, and sul fonates. Exanples of W
carboxylic acids include, but are not Iimted to, naphthenic acids,

phenant hreni ¢ acids, and benzoic acid. The netal portion of the netal salts
may include alkali nmetals (for exanple, lithium sodium and potassiun),

al kal i ne- eart h metalssof fencexanpnestROASSEHEnt calresiowe amdedrari unm), Col umm

15 12 metal s (f0r, exRupl 6, 2henA00hLRAMIO) o COLNTD. 13 (Rt ali(for examl e

arsenic), Columm 6 netals (for exarrpl chrom um, or m xtures thereof.
In certain enbddrfitit 23RS Pudépr ddtct hayat GPaIs®®dnt ent of metals in
netal salts of ropgariies aci ds;, hpeoegram 2@dodfter udetprtodlicthe in a range from

0.1 wt ppm t055qay\a&&ra&rbm3f¥\édmm %@%Mm%g{a@g% or 10 wppmto 1 wtppm of
total nmetals in net aI sal anic acid de product. In

certai n enbodi ment s, ﬂ‘f—‘ﬁtab? WP?V 6Pt hd vé’r1 Oﬁr%ﬂiﬂ SL25“ ﬁg‘f‘)duced from
contact of the théﬁ’qiea@‘ Fone ficedh wi tdnceat-alyst voat tohed eefit-aéti ng

conditions, is JdolGreasedoby, at ieasts 2o Atvdwast Sioahs teast & or at |east
10 relative to the AP£ ravAti f the tydrocarboq feed In certain

the ¢o

enbodi ments, APT gravity of° the crude oduct °r anges “From7 to 40, 10 to
30, 30 or 12”tc?m2§dlment5r aI&Hué’é&r rai ?Ftéhﬁédﬁl?ﬁbﬁtf%rocf‘?@“cf%ﬂfemw oduct has a
viscosity of atinoDsie 90% OﬁIOlmﬂSﬁn%&Q)(VQOeraﬁi 00sds §0%s0fo tsherasisscosi ty of

the hydrocarbon, feed. q]sp nhodients, .t he. W 9§n|t(y of the crude
product is at rn%st%(:lloaé)al il g g Ofm? i g? %Dg ’ fo‘%d *
hydrocarbon ieed in the contacting zZone.

Contacting conditions in the contacting zone may

15 include, but are not limited to, temperature, pressure,
hydrogen source flow, hydrocarbon feed flow, or combinations
thereof. Contacting conditions in some embodiments are
controlled to produce a crude product with specific
properties. Temperature in the contacting zone may range

20 from 50 °C to 500 °C, preferably from 100 °C to 450 °C. In
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 hlt0o 20 h™*, 1 W

25 Yto 15 h, 1.5 hlte 10 wY, or 2 bt te 5 h'l. In sonme
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

30 embodiments, a partial pressure of hydrogen may be at most 7
MPa, at most 6 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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In sone enbodi nents, the crude product has a sedi nent content of at nost

0. 1% by wei ght of crude product. The 5 sedi nent content of the crude
product may range from 0.0001%to 0.1% by weight, fromO0.001%to 0.05% or
fromO0.005%to 0.01% by wei ght of crude product. In sone enbodi nents, the
sul fur content of the crude product is at nost 90% at nost 80% or at nost
70% of the sulfur 10 content of the hydrocarbon feed. In sonme enbodi nents
the sul fur content of the crude product is at |least 0.02 granms per gram of
crude product. The sul fur content of the crude product may range from 0. 001
grans to 0.1 grans, from0.005 to 0.08 grans or fromO0.01 to 0.05 grans per
gram of crude product. I n sone enbodi nents, the nitrogen content of

t he crude produgtesbser0fontyardh30%s 8%stbe E20%: 05ta90%0ds0ukl 0% w0k t he

ni t rogen contengonggcttlgg %%gr ocarbon feed. In sonme enbodi nents, the crude
product has a nltro en 20 content at least 0.02 grams of nitrogen per gram
of crude product. BB ot TRt S ’v‘f%é“y?ﬁ"tgfabgbéﬁ“c“oﬁﬁeﬂ’ﬁo%ﬁ‘edt he crude
product may ranmafqasmﬂaroeﬂangtamycﬁ:@gen l;agramsraﬁ:bomsOd@@ﬁmgmeains to 0.08

granms, or frg)mdq norm (,Ol’lg et P@‘r n%e:l.:]d% rgrdlfllg ?q)u%t 25/ n sone

enbodi ments, the cru e roduct inc ts nol ecu ar structures, from
0.05 grans to 0“‘.@5“g’r‘“‘anfs Sér’”@ffr“b?ﬁd()%)@sg‘?’a{hﬁ“‘2(5”0”1@39@?%’#8 of hydrogen per
gram of crude pryadegd. sdhee cicutie: praduetbdiByeddneiidelly Raides fkecul ar
structure, fromQ. @n%gam?‘ 168, B9 Nng{lgmso Q\‘;‘rNJlir/Qn}Q 1%20&{ @gs/mto 30 0.88 grans

of carbon per gram.,of crude produc ratio mc drogen to atomc
carbon (H Q) of“tfie Hﬁd%oop}’“bdﬂct?ﬁﬁy/“bet%ﬁt%o N“?@%t% N11’3’(?"%;“’80%t0 120%
or 90%to 110% 0ot he'af ont coHWC/rats goofnt’he hydsoedrbonh freed. A crude

product  atom Cale'éﬁ,sn;% 0 wid hmo!;QPostoQu%O%r@ ow%mﬁyﬂ ol bon feed atonic
H C ratio indicates at upt ake [or consunption of \8/ genlnthe

process is rel a‘i‘?“?i#]ef/“ (3150 Ta”éﬁﬂlgé‘r G’t“f’la?”%\}(é‘?lﬁﬁéjr'f‘tﬁg ProdticEd®in situ.

contacting zone. Carrier gas may be, for example, nitrogen,
hellium, and/or argon. The carrler gas may facilitalte [icow of

15 the hydrocarbon feed and/or flow of the hydrogen source in
the contacting zone(s). The carrier gas may alsc enhance
mixing in fthe contacting zone(s). In some embodiments, a
hydrogen source (for example, hydrogen, methane or ethane)
may be used as a carrier gas and recirculated through the

20 contacting zone,

The hydrogsn source may enter contacting zone 102 co-
currently with the hydrocarbon feed via hydrocarbeon feed
conduit 104 or separately via gas conduit 106. In contacting
zone 102, contact of the hydrocarbon feed with a catalyst

35 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,

30 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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5The crude product includes conmponents with a range of boiling points. In
sone enbodi nents, the crude product includes, per gramof the crude
product: at |east 0.001 grans, or fromO0.001 grans to 0.5 grans of

hydr ocarbons with a boiling range distribution of at nost 100 C at 0.101
MPa; w at |east 0.001 grans, or from0.001 grans to 0.5 grans of

hydr ocarbons with a boiling range distribution between 100 C and 200 "C at
0.101 MPa; at |east 0.001 grams, or fromO0.001 grans to 0.5 grans of

hydr ocarbons with a boiling range distribution between 200 C and 300 C at
0.101 MPa; at least 15 0.001 grans, or fromO0.001 grans to 0.5 grans of
hydr ocarbons with a boiling range distribution between 300 C and 400 C at
0.101 MPa; and cabxild@asdarBo)@dngh adrs ox s sf gort0: B9drgrarnmudeh grans of

hydr ocarbons wi,L,Q bolling range, ngzerssgw' o0, hetyeen, 409, G.and 538 C at

0.101 WMPa. 20In sone e nts the cru roduct per gram of
crude product, $8p210&aStT 00 0BT Grahdr ?‘“Cﬁy ESFH5ORS i EWEASHGHI i ng range
di stribution ofsysitennd®t, HO0 Gt tnkPdrthParcantlear patcekeast z€he801 grans of

hydr ocar bons; wist b 8. b@isking gﬁ%gﬁmq §£Jnist¥eir95k bewegme 100 C and 200 C at
0.101 MPa. 25In sone enbodi nents, the crud e roduct has a di stlllate

content of at FPEREE™I G0, 9%t ’foéléi%efd 109 t°9°8ast 130960 % he Distillate
content of thevhifdbesar bon:otekdrodives, Dltstwv‘:m atelgomsentorofottdie crude

product nmay be pY ot OrAM Ofi o 6F UdEs Pr 984G shd Bo@hil RE8f rmehQ*eQOOOJ- grams to

0.6 granms 30(O0. 001 60 rans to wo% , or
0.01 grams to 0°4 OélFa‘W’y{%"eﬂﬁ”vﬁné/ﬁmgf A8t AF ﬁeagr%l()ediarr“réum§ °% B2° crude
product haslta V& coptent!, yénd icagtdsét weshe F48C€ wiph 538G a1 0:t101 MPa, of 70%

to 130% 80% t @n 12080 c0k: 90% t:R:110% af-tt he M eont end @fad he hydrocar bon

feed. In sone %]rj(p diments, the crude product has, per gram of crude

product, a VA& content in a range from 0.00001 grans to 0.8 grans, 0.001
grams to 0.7 grans P09t SPHPEREtt o §TidRsT OPPOl or gindfmeedd 0.5 grans.

is separated prior to contact with one or more catalysts in
15 contacting zone 102. During the separation process, at least
a portion of the crude 1s separated using techniques known in
the art {for example, sparging, membrane separation, pressure
reduction} to produce the hydrocarbon feed. For example,
water may be at least partially separated from the crude. In
20  another example, components that have a beiling range
distribution below 95 °C or beiow 100 °C may be at least
partially separated from the crude to produce the hydrocarbon
feed. In some embodiments, at least a porxtion of naphtha and
compounds more volatile than naphtha are separated from the
25 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

30  blended product having a viscosity that is between the
viscosity of the crude product and the viscosity of the
crude. In ancther example, the crude product may be blended

with crude having a TAN, viscosity and/or API gravity that is
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In sonme enbodi nents, the crude product has a residue content of at nost
90% at nost 80% or at nost 50% of the residue content of the hydrocarbon
feed. The crude product may have, per gram of crude product, a residue
content in a range fromin a range from 0.00001 grans to 0.8 grans, 0.001
grans to 0.7 grams, 0.01 grams to 0.6 grans, 0.05 grans to 0.5 grans, or
0.1 to 0.3 grans. In sone enbodi nents, the crude product has a total Ch and
07 asphal tenes content of at nobst 90% at nost 80% at nost 75% or at nost
50% of the total C5 and 07 asphaltenes content of the hydrocarbon feed. In
ot her enbodi nents, the Cb asphal tenes content of the hydrocarbon feed is at
| east 10% at |east 30% or at |east 40% of the 05 asphal tenes content of
t he hydrocar bon:f®edot,| nheeby gisndenhodi peotsr the 20 hydrnecawbon feed has,

per gram of hydraca oc@aiei%dmawegrottagt Q,elar&a%ogép&alﬁetm@ .:GQRt ent ranging
fromO0.001 grams to grans, or_ O. ranms to 0.15

. a
gr ans. I ﬁr%%cfa"irﬁ g‘??oﬁﬂ‘f%entqg‘e ?W@d%? llj’ﬂ%d'ﬁiomc?o h’éfét “RIOR cont ent of
at nost 95% atfonuostn80%atdpn atndimstr80%eof. t fre s26e MR ©ontent of the

hydr ocar bon e@@sadkr@nﬁa%@@ &H‘@@% n?d%%te@e% %@% Q(Hetrl}@r&%réeﬂpha' tenes
content of the h%(gr oca ai ni ngga rel ativel stabl e NCR

content may i ndf&hse™t ﬁég Otcﬁﬁlfﬂnl f?/ed fs Fﬁ@n Ky ar6¢aF BBh" 1 8&d7t § product
m xture. 30 Thezexriydes peoducte Raselebhed greresbodi h’EﬁnﬂlssifOfCF‘@rﬁHO. 0001 gr ans

to 0.20 granms, 8005 :g)rrﬁin:’ﬁ tb@a]opﬂ(ﬁiug{:arrﬁi‘ Qash. aoigoﬂﬁami)ft end. 010 grams of

MCA per gram of cr.u . nents,  the crude
yaro g% an%}o a%lleas lﬁ“n%n 0’1139 ?\Ip/rize%\? content of at

product is a hydrocar on conposi as ' a total
| east 150 w%phitema thedictie PéWédeoPi%ﬁe‘P e4sP . 1ea5tahdOperorgpam of
hydr ocar bon corposiitiefhtaedi ik |latieccantertroft atudeasbrtih 5 granms per

gr am of hydrocgg(poqlgrq]qlqu(fltgéo;;m% gxygen; cont ent of at nost 0.1 grans per

gram of hydrocarbon conposition; m cro-carbon resi due content of at |east
0.05 grams per grar‘d*o‘ifomﬁfd\b%}‘é@}eﬁb?r CBIPEETE PEIFUCANY HEs ‘A% vi scosity of at
nost 100 cSt abiBheB Eoduct are ltRasgoete@bodi reninsry tahe drudeepr oduct

i ncludes from QB&/%E:efratch%aQb\grd@%119&1“1:0' e3sutdan. ¢,.0%..9r ams, 0.000001
grans to 0.001 grans grram; to 0.0001 granms of total cat al yst

per gram of cr ﬂﬁ‘éroﬁ?ﬁﬁ’ﬁcfrac’f’rfé”cat YPy S RFESERt P AT RS WEWRfe product may
assi st in stabplizspg therbBugy udereproduptodadutd rgeltt ransport ati on and/ or

treatment. The.calabystibD fwﬁ %M@arpcrsqdy&khmawhl Bidna€Qf LAgi on, i nhibit
friction, and/or_increase aratl on abll s of the crude product

Met hods descr i BERFRETS! AT %@ag EHJdteo 8r%cra t e catal ysts
descri bed h#reifred ottiizé I@Md@ zﬁd/[mroducfte iy lﬁr@@tﬁéﬁ?@ U.s. It may be

desirable to ommlgsécﬁ@&téhelaw&g&qenm Dos0DEA: gonpenents (f pr exanpl e,
resi due and/or yi Scosit 1¥dr ocq)r bon. feed without significantly

changi ng t he ahount ~of "N /pvffed FUFF TRt he hydr ocarbon feed. In
this 25 manner, hydfogen %?@K‘@ﬂ%r rth‘g Bt REPIUTy vy 2 betal

molybdenum content of at most 90%, at most 50%, at most 10%,

25 at most 5%, or at most 3% of the molybdenum content 0f the
hydrocarbon feed. In certain embodiments, the crude product
has a total molybdenum content ranging from 0.001 wippm to 1
wippm, from 0.005 wtppm to 0.1 wtppm, or from 0.01 to 0.05
whppim.

30 In some embodiments, the crude product has a copper
content of at most 90%, at mest 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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"concentrated" on residue reduction, and not reduction of other conponents.
Since | ess of such hydrogen is also being used to reduce ot her conponents

i mthe hydrocarbon feed, the anmount of hydrogen used during the process may
be m nimzed. 30 For exanple, a disadvantaged crude may have a high
residue, but a NN/V/Fe content that is acceptable to neet treatnent and/or
transportation specifications. Such hydrocarbon feed my be nore
efficiently treated by reducing residue without also reducing N/V/ Fe.

In sonme enbodi nents, contact of a hydrocarbon feed using the catalysts
described herein at tenperatures and pressures 5 described herein produces
a crude product that has a viscosity of at nost 100 cSt at 37.8 C, a tota
Ni / Fe/ V cont enteofenatrangaist £450 oWt ppmypra £€9i dtemc anbent. cof abph east 0.1

grams per gram.of, grude, product, oa,distd bkakecontent of at | east 0.1 grans
per gram of crude product, an ox%/%en content of at nost 1 grans per gram

of crude product, ARCASHTEPOIAFbON"T &LFIRIE* BUIT PE® ftoét"lleast 0.05 grans
per gram of crudeeproduottals in melCdt adyst of usethicnagre o atoretenbodi nent s

of the inventiaps q@ymds@cédszdeaoa&@ao@%@ aulngotn%%aéfst@@%% one or nore
nmetals on a sup formor in the form of

nt al
a conmpound of tcﬁréter?‘ét zihmebﬁjié o P%T%}lsf%ltée% rofﬁae“dch%?lgfnmrrﬁ?/ be introduced
i nto the cont agrirvgaZomeligs - a preciy sords Hivd tHenabecome getdive as a
catalyst in thaagqsnmghh@,gbaonﬁe(mr 1exaple, mgaxﬁukwﬁdzo and/or a

hydrocarbon feed. Ocl(gntal ngogﬂl fllJI’ a'c§%009}1§€tu?90m H}ecu[sor) In
sone enbodi nent’s, ‘Cat mI 's *lised idnge” proper |es of ﬁydr ocar bon

feed incl ud® oRerRsryhsr éCJ@@I Hl‘fﬁ%d‘ﬁ- pot r?é?a‘?‘%i brriged fgporPhticeitirms  6- 10
met al (s) incl udejashugheakecr2bnNoticldsM fredové@oi €Hc@al unhe Mkybdenum

tungst en, ma”gg!?ﬁ%%n dEEANGLL U afihsem.!qpmwfudg LG OPLL sy Niekel . rutheni um

pal l adium rhodium osmum i1ridium platinum or mXxtures t ereof The
catal yst may h&v&P'per -Gy of’rOdé‘éIf'alay%tPOt%SStiﬁ‘f‘)al AEEIGRTSE6E0 metal (5)
content in a rasgeasfrom atanbeasthads0u000d1gransndatarieast c@®u@Ol grans, at

least 0.01 ar a@’me(t)!alé Neé 3 e_LeOfZJ.QcOeQﬁglcﬂirm@'% teolQ1m§ 9 mlso 001 grams
to 0.3 grans, 0.005 grans to rams or 0.01 grams to 0.08 grams. In

sone enbodi mant(éor f’h@@&atw%’tc rn lgged E'f)tfﬂﬁn % S@fBHent (s) in addition
to the Col ums cB:chQumipt at (8 xtudexaripirest.of Col utm 15 el enent s i ncl ude

l3h05F3h0r|JS- The In certain embodiments, the crude product has a total
content of metals in metal salts of organic acids, per gram
20 of crude product, in a range from 0.1 wtppm to 50 wtppm, 3
wtppm to 20 wippm grams, or 10 wtpom to 1 wtppm of total
metals in metal salt of corganic acids per gram of crude
product.
Ir certain embodiments, API gravity of the crude product
25 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 4G, 10 to 30,
360 or 1z to 25.
In certain embodiments, the crude product has a
viscosity of at most 90%, at most B0%, or at most 70% of the

viscosity of the hydrocarbon feed. In some embodiments, the
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catal yst may have a total Columm 15 el enent content, per gram of catalyst,
in range from 0. 000001 grans to 0.1 grans, 5 0.00001 grans to 0.06 grans,
0. 00005 granms to 0.03 grans, or 0.0001 grans to 0.001 grans. I n
certain enbodi ments, the catal yst includes Colum 6 netal (s). Colum
6netal (s) include, but are not limted to, chrom um nolybdenum tungsten,
or m xtures thereof. The Wcatal yst may have, per gram of catalyst, a total
Colum 6 netal (s) content of at |east 0.00001, at |east 0.01 grans, at

| east 0.02 granms and/or in a range from 0.0001 granms to 0.6 grans, 0.001
granms to 0.3 grams, 0.005 grans to 0.1 granms, or 0.01 grans to 0.08 grans.
In sone enbodi nents, the catalyst 15 includes from 0.0001 grans to 0. 06
grans of Col unmwibcdyet @loEsjneperudgraradott catal ysit 1bov,semecentodi ment s,
conpounds of C%EUJH‘mQSJr%@c%%) i ncl ude oxi des such as nol ybdenum tri oxi de
and/ or tungsten trioxid In certain enbodi nents, the catal yst includes
only Columm 6 netal's iﬂme oIy TSI m tBE ZoUCompeiindshas i Wi ®iodi ment, t he
cat al yst i ncl udescean| §f aolnybdenum and#eiht ol ybdenpmdoxt desbe | n one

enmbodi ment the ;Col,ugp c@i‘x@ed}{e&@'thga&%hy%o&mzﬁéé‘§§nc?et cl&aglofdad grams of
mol ybdenum per gram of cata diments, the catal yst includes

a conbi nation 28 Gf*Cyl d?ﬁf’hé rﬁarf”altié)?lwtf’hg 8ﬁé’ SF ToPel PRI from Col urms
7- 10. Col umms 9701EQbpeteabifis prigrefeidecdbyt are not limted to, nanganese,
technetium d_f h@ﬂi#ﬂbtér{l};@@m@%@ak Ee; %rlilﬁl&tellj]@nﬂbblt hﬁ_rll_lhwnm:flﬁ:: lp@(?iuum LhOdi um
osmum iridiu latin 0 res there atal yst may have, per
gram of 30 cata ystmo“L l[%Qta [é‘glsgng#s B 10 Tt f Jchnten¥ in ayr ange flroom
at | east 0.000%rcqfreanset abe lhedtcaohQOiesgr afs 508k erﬂé%t“elﬁﬁsoih@rans or in a
range of O. 000$ugﬁﬁn&mﬁ@n@oﬁ Q@&&EMLQWQQ&UQHQWB 1eadd. 8. QF gins 0. 005 grans

to 0.1 grans, qr 01 )q 5,.19.9.08 grans, . |.n_one enbo ng{dat | east one
of the Col unnsp{?r f6 e ?su 8opror}lcses ni cke ol and/or cobalt. 1n some

enbodi nent s, tﬁéo%lﬁfeﬂ%\fsfar‘igﬁc’fﬁ?ﬂe% Oébl‘imﬁs 15 &i’efEdts (59°M H-Yddi tion to the
Col ums 6 10 rrebai ¢8)grahf s0rRNSO aNMbodiorentesand fﬁv@r(b&faﬁh}ﬁbrdb&S at nost 0.03
gr ans, 0, 02.9ranms or 0.01 grams of Colums 7-10 netals per gram of

cat al yst In sgme enbodi ments, the cat all%/st does not include Colums 7-10
metals. A nolar rafPco8f THPEAEIES mEPalt sl he" 710 Net'EI%€10 my be in
a range from Opfoduot 20, 743 tto 103, o%2td 028, bn Venme entrodiEnert s, the

catal yst includes.Gol nggte’lnﬁ &t egent (:Sdca-RoAddigion to the conbination of
Colum 6 nmetal (s) with one or nore netals from Col unmms 7-10. |In other

embodi ments, the cabal¥etoPATGAeY EBF i B PRETSEF (° and L€ 10
netal (s). 1% Acowlear atat¢otof.Zherdrotal nOotogam rkQ metiabf toudche total Col um

6 metal in thepcahatystnReDerhbi@nt &Ng8e fi0Mknt @nllnt QF ffeom 2 to 5.
crude product may range frem 0,001 grams to 0.1 grams, from
0.005 grams te 0.08 grams, or from 0.01 to 0.05 grams per
gram of crude product.

25 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 hyvdrogen per gram of crude
product. The crude product may include, in its molecular
structure, from 0.8 grams to 0.9 grams cr from 0.82 grams to

30 0.88 grams of carbon per gram cf crude product. A ratico of
atomic hydrogen to atomic carbon (B/C) cof the crude product
may be within 70% to 130%, 80% to 120%, or 20% to 110% of the

atomic H/C ratic of the hydrocarbon feed. A crude product
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I n sone enbodi nents, the catalyst includes Colum 15 elenent(s) in addition
to the Columm 6 netal (s). Exanples of 20 Colum 15 el enents include
phosphorus. The catal yst may have a total Columm 15 el enment content, per
gram of catalyst, in range from 0.000001 granms to 0.1 grans, 0.00001 grans
to 0.06 grans, 0.00005 granms to 0.03 granms, or 0.0001 grans to 0.001 grans.
251 n sone enbodi nents, Colums (3-10 netal (s) are incorporated with a
support to formthe catalyst. In certain enbodi nents, Columms 6-10 neta

Cs) in conbination with Colum 15 elenent (s) are incorporated with a
support to formthe catalyst. In enbodinments in which the netal (s) and/or
30 elenent(s) are supported, the weight of the catal yst includes al
support, all metah{s)/c andiabicehenentésps dmntsomederheginmesis, the support
| ncl udes v ef rachry. oxi des:o pRLQUS.£aRhonbased, L%%Lnﬁm&@%' [ites, or

conbi nati ons t her eof ractory oxides may I nc t are not limted
to, alumina, siPPE¥e si |t{":%-pé1’°tﬁ“?lsn3a5 P RANRE W‘B%ldea”dif”r ¢8R um oxi de,
magnesi um oxi deydorgenm ¥t wre@sctdheneoft:. Supports nmay be obtained froma

commer ci al _manuf aCt'IlﬂE%xuéyg}oé%tqwél%éro@oépo@@&@ ystis .apddeghnol ogies LP
(Houston, Texas, s carbon materi al s ) ncl ude, but are

not linited to boé%Jtr’igv%cflé’BsCartf)ogr‘i’m‘én%}i’fi?m}%? Bus"yrapi PEC“ Ekanpl es of
zeol i tes i ncl udecyudeeolriet e anbet ahy egbia esodusdr dénitestzedllites, ZSM5

zeol i tes, | and fg];eﬁrﬁé ,ebikt@oganbbi %%am%lz$9|(i RG e@zialrﬁayoéoay&b)tnamﬂd il Iruam a
commer ci al manu cturer suc eol yst_ (Va Fot vani a,

US A). g ne “&n Easnrl{%ﬂl ?u%ns gljdmme aI (F%rw:%/e i ncor por at ed
with a suppdtt attolefaéknq t{)ﬁé aaral 9§tf.r01“rp -G8t tuPRe éabbdi MEESCE Col ums 6- 10
metal (s) in combunabiemswWiidh Coloiidhglbargjeetmnt{1S)iat @ctnear par ated with a

support to formhg.cat gkyﬁm'ﬁaemo‘ﬁ'éa@”%%oh r%kcart%}%mnl?to%h(s) and/ or

el enent (s) are supporte of the i ncludes all support,
all metal (s), &agraltP Célbe‘?fr’ié’l"f‘ﬁ(‘§) hyqzh’éa%tli’ﬁpdfltthn?’hﬁ’obje”’ﬁo?iﬁﬁg and may i ncl ude
refractory oxi destripotouscd@ecarbort dhasedometesi al. so: peol st esasor

combi nat i ons, t fer ot fRef LAGLAT % 0% gemTRY J.9cLUge oDilaBLe.pL |1 ted

to, alumna, silica, silica-alumna, titanium oXi zi rconi um oxi de,
magnesi um oxi d&: e ’H’i’%@f 07 gengher 2ot bu@t?ﬁp‘bertf“%e‘hﬁW b& oMt dPhed from a
commer ci al manutatiiot erasuch as 1€xs erdng2msCatralyst ¢ . @idgdachnol ogi es LP

(Houston, Texag, SLJ;r%méAo)f hfa%@é&%o!%@ﬁu@% Mpsednyelerd alis.ipeiide, but are
not limted to, activat egi carbon and/ or porous gr aphite. Exanples of

zeolites incl ud&Eeed’ tedhet’a 28617185 " Rordenite zeolites, ZSM5
zeolites, amd ferrileritre geobitwss @@o&tnlrtiewr:e@ufrtayn@eld@bt apn@@taiﬁr om a

comer ci al  manuk-act e §rogiah) as 1484l ysdoi( Yaldseyr FoRgRqrREANSMvVANI a,

US.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.

25 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

30 (0.001-60 wt%), 0.001 grams to 0.5 grams {0.1-50C wt%), ox
0.01 gramg 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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In certain enbodi nents, the support includes gamma al um na, delta al um na,
al pha alum na, or conbinations thereof. The anmount of gamma al um na, delta
al um na, al pha alum na, or conbinations thereof, per gram of catalyst
support, may be in a range from 0.0001 granms to 0.99 grans, 0.001 grans to
0.5 granms, 0.01 grans to 0.1 grans, or at nost 5 0.1 grans as determ ned by
x-ray diffraction. In sonme enbodi nents, the support includes from 0.0001
grans to 0.10 granms, 0.001 granms to 0.05 granms, or 0.01 grans to 0.03 grans
of silica; and 0.90 grans to 0.9999 grans, 0.95 granms to 0.999 grans, or
0.99 to 0.97 granms of alum na. Incorporation of a Bronsted base such as
silica into the support may inhibit formation of coke at el evated
tenmperatures. to 130¢ON@%0Lo MODE BRtAlstd nam Gal tHnscdcdbc0f dihe Peri odic
Tabl e and/or o nds_ of e | ums 6- 10
of the Peri odi cq%qgﬁdrr&%gbgb;%% m§J Oagl%bﬁélmg}?%s' i %Irn?det %%H‘Jrgrgn a mxture.
The m xture may@Be Pfeér?ﬁé‘& ?%Pb“ﬁfa?’tqdélcbs a veo com@ﬁ%a?ify%tls"“ﬂ%aftw‘ﬂave a large
surface area wit.ho@ingrirgate anpuwatrof 0c@tiabydscearet algréfor cexanpl e, Col umtms

6-10 netal s);on,the suj. 638%me the p@tfgnllsy% Jray,.besprepared by comulling 20
the catalytic nmetals wth a pport. Wdﬁléﬁg of the su %;r)lort and catal ytic

netal may form a sdtﬁ’s'f‘%fﬁt ?‘%Oldﬂzm‘ﬁ‘hﬁfchhﬁl Qeirebls *nfSéttr®e. I1n sone
enbodi ments, waketerand! et woltvErit amayope sdtded len@amfip%tcm endf ormi ng t he

mxture into a,pashe E&H%En{r%)f hﬁa @Mﬂougﬁﬂknojfoehor mRd dALO ®Xtsudate 25
particles, spheroids, pill ul ar ext rusi ons or

nders, .irre
| oosel y bound ér’j‘ér}éag’ﬁt ésr ?ragll ?Jtstcé?ci Pﬁ%yfj“ﬁﬁy °kh ueei'gr‘hm “on’ “mol di ng
t abl eti ng, ptessieyfrpelibet ir2pyrg fror 0t W@mmmwm@&.grme CHllamms 6- 10

metal (s) and Suﬁaw ttorm)ﬁ begonubl ed:30 i b hs guidsabt @snixiBgeequi pment. | f
nore than one netal is Q)Qe@qn%?thg netals may be added together or

separately. Exanp 1€S"0f “Suitabl e mi%in ng equi pnent include tunblers,

stationary shel I S drn FPGUEHSIIMIEE ert i @FS HEPBTctekamgl &2tabat ch type or
continuous typehd ¢.MpaskldEnxersntaidoany eidtesogememnakt ywoknown ni xer, or

general |y kpown devi.ce,. that W I, sty E%' étsplr Qvi.de cthes ol ums 6- 10

rretal(s)/support mxture.“Tn certain e I ment s, terlas are m xed
until the 5 Col°GRHR 6240 AEAr¢Sy s fedte) 5 7hst aﬁ’f“i’%‘l‘“‘?’”ﬁon‘d‘@eneousl y
di spersed in the supfgakhes DbspersiOnhohytihea@odrumast 6s 10 metsal (s) in the

support may inhibi t..Cokjng;Qf &h‘ét% m%ﬁof %Qe mtabn (k& high

t enperatures and or pressures, thus | ow ng %/ rocar bon feeds containing
si gni fi cant anmSGRtEToft 61¢ é%’fjﬁ?férﬁ?fh/iﬁ‘?d hF@rFer FCo8TEEYF Hd®pr ocessed at
rates, tenperatwyeesaandt peessur.esenataobitabyiabtebby fiesding cormient i onal

catal ysts made UsiA0c,| AREINALE Ot &ENRLAHES - from 0.001 grams to 0.2
grams, 0.0 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 895%, at most 90%, or at most 80% of the

25 MCR content of the hydrocarbon feed. In some embodiments,
decreaging the Cs asphaltenes content of the hydrocarbon feed
while maintaining a relatively stable MCR content may
increase the stability of the hydrocarbon feed/total produch
mixture.

1 The crude product has, in some embodiments, from 0.C0001 grams
to 0.20 grams, 0.005 grams to 0.15% grams, or 0.0l grams to
0.010 grams of MCR per gram of crude product.
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In sonme enbodi nents, comulling of a support containing silica and Col umm
6-10 netal (s) forns a snoother catalyst surface. 15 A snpother catal yst
surface may | ower the Bronsted acidity of the catal yst surface because | ess
al um na sites are exposed. Co-mulling the Colum 6 netal (s) al one or
in conbination with Colums 7-10 netal (s) with the support allows (in
contrast to inpregnation of a support) at |least a portion of 20 the netal
(s) to reside under the surface of the enbedded netal catalyst (for
exanpl e, enbedded in the support), leading to |l ess netal on the surface
t han woul d ot herwi se occur in the unenbedded netal catalyst. In sone
enbodi nents, having less netal on the surface of the catal yst extends the
25 life and/or catalnytdéme afddavhdnyspfinkhavaatabyst: by -ablovktagoat | east a
portion of the ngtal, 19 TpYe, Lo 1 he aﬁ_uﬁif&%fv ol ide gatal yst. dypi ng use. The
nmetals may nove to the sur?ace Sf 'the cata yst tenrough erosion of the
surface of the ‘C8PE| ystesdbyg B CHhtUctt dRathé - ey e iR A hydr ocar bon
feed. 30Wt houthyatshi-begh tondeeibieund: hdys@anyatd nen:ehttdreot yeasntoer cal ati on
and/or mxing Qf4NG.eTRANGNE 51,0 1IE GAbALXSES HRY..ChAaNgs, the structured
order of the Colum 6-10 netal 1n the Colum 6-10 netal oxi de crystal
structure to a °“stib&Panti al9V"F ZidohiBrdeFYSPCENUNTT 8L ARt & in the
crystal structurerofative erdieddednoattabfyst.1l¢khe LPdercand rehes:@sl um 6- 10
nmetal may be def-efpi-pedusi NG-HAWHST, Xad aYs di (isactipBsmhat hods. The order
of el enent al rretogl ) tgg SOEat alyst relative to the order of el enental
metal in the metral“6xid n%y be determ ned by conparing the order of the
Col um 6- 10 4ret al peakerienedpdimangy. ditkfrade irondspettarludeoffrerthe Col um 6- 10
nmetal oxide to d:heorden ofsthe 6ot uads 61010 et alrapgals. dovoan x-ray
di ffraction spectrum o[{ ﬁbggﬁ catal ys Uo&{loig} broadenjng and/ or.absence of

' -10 neta an X

.grams, to. rams ans rams, of .
patterns assocfh?ed W unm In an x-raygéﬁkfract|on

spectrum it i<oposSrbligst @easTiatie crine PIHecCol dhh BLaA0shetal (s ) are
substantial |l y massom y arderade ipRodilte 6dyystalstSiy yeiinexingotneexanpl e,

nol ybdenum tri oxj de " h | um [ i.ng._a. nedi an.pore di aneter
of at | east tl5r18%§kgen§§ ' gicﬁlﬁg?%gggtﬁg%g gér)c%ogna?g%Imgﬁ%tﬁﬂybd%%qm trioxide
m xture. The noPybdERUM £ GxPHePREYCA Wef iHitPer Fattera( foridxanpl e,
definite Don, DReOZiand/san/4&303cjpeskShterThepalaummnabimlyddenumet ri oxi de

mxture may be heat treated,at, @t QIRELALUSE 0f AL 1Ea51:316.20¢ (600 F),
at least 427 C (800 F), or at least 538 C F) to produce a catal yst

‘ 1000 F)
that does not &RfiBPt 2 pEt CarH bt dﬁﬁ?’@f‘ﬂ?ﬁéﬁﬁﬁ?m ORi'dE Fr9%n x-ray
di ffracti onzspectduwm {ifrong exanpleel.. an absence of the Dm peak). In sone

enmbodi nent S, CO- rmlIltirﬂﬂ/ BQ%e%a%@sto661;le selectively reduce one or

more components (for example, resldue and/or viscosity) in a

hydrocarbon feed without significantly changing the amount of
Ni/V/Fe and/or sulfur in the hydrocarbon feed. In this

25  manner, hydrogen uptake during contacting may be
“econcentrated” 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.

30 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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25 netal (s) with the support fornms a Colums 6-10 netal (s)/support m xture.
In some enbodi nents, an acid and/or water is added to the Colums 6-10
nmetal (s)/support mxture to assist in formation of the mxture into
particles. The water and/or dilute acid are added in such amounts, and 30
by such nethods, as required to give the m xture a desired consistency
suitable to be forned into particles. Exanples of acids include, but are
not limted to, nitric acid, acetic acid, sulfuric acid, and hydrochloric
aci d. The Col umms 6-10 netal (s)/support m xture may be forned into
particles using known techniques in the art such as an extruder. The
particles (extrudates) may be cut using known catalyst cutting nethods to
form particl es.nathe pard ietlﬁﬂeﬁtll’}’ayrebeedne)&t rddﬁeﬂtgedes(idilﬁia edxnatt a
tenperature in ga.range.f,0m Q% C to 260 "Cor from85 "'Cto 235 "C for a
period of time (for exanpl e, or 0.5-8 hours or 1-5 hours) and/or until the
noi sture content of "t AEDEFILTV Hacoredfthed 2a P YESr#8e” €78l Vs THe Col um

6- 10 met al / suppaet candfor ddrerCaldumyebn 10 Waret-alvrsspportrepanitdscl es may be

calcined in shedeeag%@@%rein IESQ&du%bE aa@%%rgpasmg@%amﬂsaér at a tenperature
in a range between 315 ' bet we 535 "C and, 700 ' C, or bet ween

500 "C and 680 CE-$%HY & fpé\’lm(?at’ c}foot‘?sr?ea'( for® efganapIL@L Y Bi4hdurs or | to 5
hours) to renowenvgltart 3¢ Frast erOsvedrmd 53 rhsitcuatconsast o& qotedsen of t he

Col ums 6- 10 net.al §raak %e@oél_\éﬂréie@rfﬁ& bhameor r:egpanding sdbtahe @i de. The
tenperature conditions whi c ), e parti %dees rgéu%tcaalmchned may be such that
t he pore st ructur &"of 9 ng aﬁ) 3fC| ned 'm xture’ ¢ Conttolled to formthe
pore struct ut e @RteSUPT atenwteds 6 ¥3“E»_‘30P@nér@af>élﬁf§t3% rgededty be Rer ei n.

Cal ci ni ng at tenpes-atuses -grieat ebntdians7 e (Gsiry. obnaeasert fempore vol une
of the catalyst,. [ Jltllg Eglggpcgre the distribution of pores and the surface area
such that the cata is not as effective in renoving conpounds that
contribute to high t%byﬁértveérfdv Bre 25rEsEdywodinents fofteact of a

hydrocar bon feedvaaibng ndndesitabbe: properties ftdels exargpl exe an undesirabl e

viscosity AP gravity, MR copent . wasphaltene, o iniae@&emer@gﬁl s content

and/ or residue content) with a Iunns - SL 30 catal ysts having
st acked struct Ure8 ¢f of L@%aﬁ?b?‘é?f ‘"(f’&‘f’fé‘l%?f ftB?rﬁ‘? si A i mpregnati on
t echni ques) mayar&quis eleateivat e rébnper ateutescangidointpr ggsures to produce a

crude product ‘Mo%&c%%@%@&' a@@ﬁ?&%édr%ér, The t%'eﬁ%ﬁ:@tge Lepperat ures or
pressures allow he cat al hydr qgcar bon feed so

W th
that the catal f@fald’éésmnﬁf'e 6"88%1%58?‘? Jé?’é&gar@i}ﬁt A" of e catalyst with
f eeds havi n@ hiagh/ sresiddeccohnterdesd maytsihord enl tat ab ysvtddrke wdue to the
hi gh nol ecul ar wweightyScepnpounds and/or netals in the hydrocarbon feed
pl uggi ng the pores _of the cat al

In some e odlme){t%g; 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
25 not limited to, chromium, molybdenum, tungsten, manganese,
technetium, rhenium, iron, cobalt, nickel, ruthenium,
palladium, rhodium, osmium, iridium, platinum, or mixtures
therecf. The catalyst may have, per gram of catalyst, a
total Columns 6-10 metal (s} content in a range from at least
3 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, 0.605 grams to 0.1 grams, or 0.01 grams to 0.08 grams.

In some embodiments, the catalyst includes Cclumn 15

29



In contrast, contact of the feed with a catalyst with di spersed netal
clusters (for exanple, a catalyst formed by comulling) that forma desired
surface topology for the 10 catal yst as described herein may all ow

advant ageous changes to the feed to occur at higher tenperatures and/or

| ower pressures. This desired topology may all ow the hydrocarbon feed to
contact the surface of the catalyst for |onger periods of tinme wthout

del eterious effects to the active 15 netal sites of the catalyst, thus the
di spersed netal cluster catalyst may have a longer life than the
conventional hydroprocessing catal yst, at elevated tenperatures and | ower
pressures (for exanple, tenperatures of at |east 400 C and pressures of 3.8
MPa, 5 MPa, or eKenM?ﬁ)( s) Theaselk ot ed 20 dopetogyrcataliysi. may all ow a
process to be ry Cg%tco{‘%gh%[ %h&%n% Ghangi Fpgx gatarlgst thus cost of
processing the “h}: rocar ee be econom c vant ageous. In
sonme enbodi ment®s? a]cazfaf?ay’s’t‘%"enﬁywﬁé c,cﬁé‘r‘“é?ctlérqlf’é?ftbijoﬁﬁf’b $EF HEFlre. Vari ous
pore structure (pactametrer,sii nehgdero?B. Moo areganottol ¢ m tyeckst 0, pore

di aneter, poye (vohiTe, ' {AgeaLeas, Qloosohiaatl kons okhareof ... The catal yst
may have a distribution of total uantlty of ‘pore sizes versus pore

di aneters. The “mBUi*af*Pr &° &i-Avefei™of the pore size distribution may be in
a range from 105 A inocekB@LA end@nanttsp 8@ ¢t3QAysornthfleA q@ui?2® A. I n sone
enbodi nents, thegatal y%bhtms@@er@@m $h28ad] ShLf I Wt ian Wity acnedi an pore
di aneter in a rg e fror(gllboa‘se 0 A, 110 A1Q éé%OAbfor 110 Ato 120 A,
with at |east 60%06f"™a Fof mﬁ“l‘jnbeng SF pSF ST ChE 56P e si%e  distribution
havi ng a pore diraMetermay tdien BO Araysl Ratr‘sleSA; c3orLOQEEl Popfntthe nmedi an pore
di ameter. |In sere.erbodhiBit 85 OL& 0D uarafeogf apol-@st MAY1 heaad, keast 0.3

cnB/ g, at |east C east Q. nB8/ cert enbodi nent s,
pore vol une of 15%?%8 %ﬁg%[gndng})ﬁom 8. @dngrrﬁcrom @OBébS?Ta %8 4 cnB/g to

.8 c& g, or 0.95%nBf %4 o207 “hPg? grams, OTWe POE Vblouhé?réff‘wt Ké cat al yst
i ncl udes por es chavigigna tpor.@sdi-afet enn heiweanodi rdnafnd tbOQA+Avand pores

having a pore "i’ngil%%?tﬁfom% %%Pr rLILLaQOEIP(BQ rand S8 amﬁ”é)%g%mms the

cat al yst has a maj ority of ore volune in pores having a pore di aneter
of at nost 600 PAT ‘Htamrfﬁsfa%@“ﬁ( At SABItETRUY A or CAPORYEL °200 A. In sone
enbodi ments, theleat alnsstl myihavee @xpofsessitzes bl dvShmh butoomewi th a

medi an pore di auBI& ¢ s8cd %99&1&5Omxﬁbc%%al%oém&dmerﬂéo #e W th at |east
60% of the total number of pores in the pore size distribution having a

pore dianeter \Eﬂaf?ﬁyﬁt@(ﬁlcﬁu%ﬁ tHe Reldran B‘é’faelsd?%ﬁﬁfférc"l%“tﬁ at | east 50% of
its pore vokunmeciwrupds esihavi agodiBore deargkérstofnadppsinly

molybdenum and/cr 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
25  of Column 6 metal{s) with one cr more metals from Columns 7-
10. Columns 7~10 metal (s) include, but are not limited to,
manganese, technetium, rhenium, iron, ccbalt, nickel,
ruthenium, palladium, rhodium, osmium, iridium, platinum, or
mixtures thereof. The catalyst may have, per gram of
30 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
D.01 grams, or in a range of 0.0001 grams to 0.6 grams, 0.001

grams to 0.3 grams, ($.005 grams to 0.1 grams, or 0.01 grams
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20 600 A, and between 5% and 25% of its pore volune in pores having a pore
di aneter between 1000 A and 5000 A In sone enbodi nents the catal yst
has at nost 10% at nost 5% or at nost 4% of its pore volunme in pores of at
| east 5000 A. 25Such a catal yst may have a surface areas of at |east 200
n2/g. Such surface area may be in a range from 250 n2/g to 500 nR/g, or 260
re/g to 400 n2/g. Catal ysts having specific surface topology, |arge surface
areas and pore distributions described above may 30 exhi bit enhanced run
times in comrercial applications at | ow pressures and el evat ed
tenperatures. For exanple, the catal yst does not deactive after at least 1
year of run tine. The enhanced run tinmes nmay be attributed to the high
surface area ofo bthe gatal ysi anﬂé@wocmh@]tnaf rewsdiosé rdfbutd apr@hspore

di aneter in the, @an%tggg 'T;!Errﬁprqfseé he.cat alys ?O'gg the metals of the

cat al yst remai n expose | onger perio |rre t hus pluggi ng of the
pores of the catal y$t °¥¢ ﬁ‘iﬁfﬂdh‘&ﬁfnt% t’lﬁﬁec‘ﬁlabﬁ’{sﬁl’?cf%fé@ &Ped™and sel ect ed
di stribution ofeiposregsi nnt hiddiposre ty alhenlofnd Belcakadlyst . althowsepr ocessi ng

of high viscosidy.andiar, megfaa&ﬁsytsgqﬁscmgst toh@c; gty d.nqt,.pe able to be
processed with conventional catal sts havi ng the sane pore di stribution,

but smaller surfice ares” Q:é)llc‘ﬁli’ﬁmﬁg Cﬁjdmébnhllpe‘%?téést gﬁf/sgtraﬂt‘)ﬁt enper at ur es
rangi ng from 31Bt@Wste Z680s@enmyrcfacinlett ate faophwtti dresofoporesichavi ng
simlar pore dimeigers-@angd.nakrow pore distri buti ons with | arge surface

ar eas. I'n certal f'a eH;PLOd' nfa%fﬁ the cat %I l %>§| st§0| ntshaped forns,
for exanple, pellets” . “Bndor "Sxtr udareE™i n o8 Enbodi ment s,

t he cat al yst'¢ arfd¥ ore M*lea (Ifafﬁ%l ?%Ctm ﬁrbé@r%br it é@vl Md?édtot‘@} f & m net al

sul fides (priorsch® durs&)amuswgtmee@bfuaquesmkmmma dldluﬁihQSaéiom(,fl’Q(s exanpl e,

ACTI CATUM pr 0CG58,q R ol PLERAALIODRL: ol NG- dor D SOTE: GIPOMiTEALS, the 20
catal yst may be drie t en sul ﬂ?ternalve catal yst may be

sul fided in sityd Brecorragt’ 6r qohém‘bat’aﬁ(&sth\/\nof‘l*ﬁraeffﬁﬁ)d‘ﬁ %‘&Pbdﬁ@f eed that
i ncl udes sul f urcaeanisai McNGiCOTRRWAGS netdl-(S) tavased s 112abdt@n (@Y utili ze

el thor, gasequs shydroden sUl{ e . be presense.ot iyl egen. or

| i qui d- phase 25 sul furizin ents such as organosul fur conpounds
(i ncl udi ng al kyPSutf P deda? p?63I FRUCFFHEET ToHi 1 é” aaﬁﬁ“%%ﬁ‘ﬁ% des). Ex- situ
sul furization poocesses: are described in U S. Patent Nos. 5,468,372 to

Seamans et al., and.5 scﬁé%rﬁ%@uﬁ&@ea&ﬁ@”&tgiy&' inci@hls @b1 M ¢h are

i ncor porated herein bg/ reference.
element (8) in additicon to the Column € metal(s). Examples of

20 Column 15 elements include phosphorus. The catalyst may have
a total Column 15 element content, per gram of catalyst, in
range from 0.0C0001 grams to 0.1 grams, 0.0000L grams to 0.06
grams, 0.00005 grams te .03 grams, or 0.0001 grams to 0.001
grams.

25 In some embodiments, Columns 6-10 metal (s) are
incorporated with a support to form the catalyst. In certain
embodiments, Columng 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

36 element(s) are supported, the weight of the catalyst includes
all support, all metal(s}, and all element(s). In scme
embodiments, the support includes refracteory oxides, porous

carbon based materials, zecolites, or combinations thereof.
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30l n certain enbodi nents, the catalyst is obtainable by co-nmulling Colum
6-10 netal (s) with a support. Co-mulling the Colum 6 netal (s) wth the
support may forma mxture or a substantially honogeneous m xture. In sone
enbodi ments, the mxture may be extruded and/or dried. The m xture may be
calcined at a tenperature of between 315 C and 700 C to produce the

cat al yst. The support may include alumna, silica, alumna-silica,
5 titanium oxi de, zirconium oxide, magnesi um oxide, or m xtures thereof.
The catal yst may have from 0.001 grans to 0.3 granms, 0.035 grams to 0.2
grans, or 0.31 grans to 0.1 granms of Columm 6-10 netal (s) per gram of
catalyst. In sone M enbodi nents, the catalyst nmay include at least 0.1
granms of Col umrebram@ba) ofsS)espesy ghamdef watafeystt rhmitsanm,enbodi ments, the

catal yst may '%%HH% al; 1l east; 919915 WGP, tt?tQ} fm I A4B QIrCQQerV“ 6 metal (s)

per gram of catalyst. I'n"sone i ment'’s, e cata g/ I nclude from
0.001 grams to G4 graFmes o 865d915°]i B‘lﬁt"(};‘}sgﬁhﬁh’%"f or P%Sommb@rarrs to
0. 03 grans of GokaimedlOones alfsd-cper ngnamcofrecatahyst Crivercest ai n

embodi ”E”t&s”‘t%tgﬂlo@k%&fd f@%néj@%kw%pf r&%&nooﬂeﬁéarﬁsst@)o 1 granms, 0.005
to 0.05 granms, or fromQO ke)ar?grams um 9 rretal(s) per
c

gram of cat al yS©roP0&ucH" Pl“i‘aﬁarjc?flsrfﬁcégdeanau%ﬁp%d‘rof % owed by
cal ci nati on, ney.prdducedacdhibnpdall/caratopstohabityg aExporessbZze di stribution

with a nedian peke:diamRt ede @afkgjlﬂgeﬁfr&fﬂal%léh;@ 15QicAimi th at | east 60%
of the total nunber of re re size distributi |ngapore
di ameter within® lete |Z§§S Zgﬁﬂ,&eof tﬁ 1eerrder11,e zoréltcf’“o’arneqz'?f%i]aL With at |east
50% of its por@ayotupetdinepores aha%mﬁcjef‘lp@?@féﬁta‘ﬁéfeSrUC]@)faSat nmost 600 A,
and bet ween 5%zmpdys25%0fief tr5rQr eent@l U@ 1L N vPOIES . havi ng a pore di aneter

bet ween 1000 A and T';»O%gnef émbogﬁ%ng Q%g@%g?”ltosmerarﬂ?? c%trgl yst may have a

nmedi an pore di aneter rom sone enbodi nents, the
catal yst may havec@oredidan: Pof evapaitet eriost &e wdstyer20 A “Wi'thrat | east
60% of a total causdieenef, pornessicAlt herpore S zendinst fdnbutthote hawi Nng a pore

15 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). The support
may be pcrous and may include refractory oxides, porous

20 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

25 Catalysts and Technoleogies 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, Z8M-5 seolites, and ferrierite zeclites. Zeolites

30 may be obtained from a commercial manufacturer such as
Zeclyst (Valley Forge, Pennsylvania, U.S5.A.).

In certain embodiments, the support includes gamma

alumina, delta alumina, alpha alumina, or combinations
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diameter within 60 A, with at least 50%of its pore volume in pores having
a pore dianeter from 105 A to 150 A between 5% and 25% of its pore vol une
in pores having a pore dianmeter between 1000 A and 5000 A. 5The cat al yst
may have a surface area of from 250 n2/9 to about 300 nR/g and a pore

vol unme about 0.7 cc/g. This catal yst may reduce at |east a portion of
the conponents that contribute to higher viscosities, a portion of the
conponents that contribute to residue, and/or a 10 portion of the
oxygen-cont ai ni ng conpounds. Treatnent of the hydrocarbon feed with a

bi rodal Col ums 6-10 netal catalyst with a selected pore distribution may
be econom cal advantageous since it allows production of a product with
reduced viscosidigradith trevadvydt agegarg@nsiitpid OBelta alunidfle acgtal yst of the

appl [ catfon MRy BLARYCE: BoGLUdE. R oduoL Wi LIL 3. Lower . seasity as compared
ee VM

to the hydrocarbon rogend consunp | h sonme enbodi nent s,
at contacting cOREIY offy Bt & ’tld‘taaﬂe ﬁﬁé%é)up%moﬂl%“%“lvlﬁa% Wﬁ?‘bgen
consunpti on nay.bel at-ampsb G0 NBANB). vatgadsSttob0. 2Q-M¥B/ o8B at afosat nost 30

NG/ 8. 11 soms emhodh BNk S:e Alndi0Bf ACLL NG, £ARML Ik ONg, 8tad total pressure
of 3.5 MPa, hydro%%ln consunpti on ¥ﬁ0t1 from1l NnB/nB to 60 NnB/nB, from1l

N8B/ n8 to 50 NrFPRE™ BT f Fm BRI i Tt 6950 “ /8 it "Usi g™t heé Lat'al yst (s) of
this applicati oraand C251comusotd i0ng> aperat pnd -¢ondiats onst PRys=addsow a crude

Ergduct Lo bfe pﬁgogiﬂqleg tafﬁﬁt[) h@sglggl;e&t @Cbg?@ Rk ?SQ¢Q@%g@d$r eljatlve to the
ydrocarbon fee ile other properties of t rocarbon feed are not
significantly c ﬁé:gé’&m"l’hgr gﬂltto @194 cFiRi8 pr 8(‘5&% RaVEe* erfnced
properties el &t 9é31§08tt@@‘ bdre hydr ot atbom ﬁ@“@dtﬁ%cﬁ}lp}rq‘ms{?ame nor e

acceptabl e for {hhanspesidtionoandkorat efdRtag tenperatdibangenent of two or

nore catal ysts in sel ect ed segue | .t equence of property
i nprovenent s foraQt he f eed. mﬁo?1 egléom F&mATDIrLI o Of Fb % 0Fleast a portion
of the C5 asphdl@énesd/ wt Oll“éé&tmoéep‘éﬂ“ﬁ"ﬁﬁoo?f ﬁﬁ? eﬂrsm?ﬁ? ﬁ@taéﬁ S8t s of

organi ¢ aci ds, @hulheastitacpamti @riedic heier @dy, vatco-e@@askaaripard i on of the

ni ckel , andj, geesglggma% BP0 LLANLOF 15, Lhe yanad) Ui or..oplypdenum i n the

hydrocar bon an be reduce ore at east a portion of heteroatons in
the feed are rédgtEdes: Arrangenent and/or sel ectl on of the catalysts
may, in sonme enbodigmealstsiunpeaweel 4 vesgohut feecateal Wishsa andimn t he

amount of catalytic metal (for example, Columns ©-10 metals)
on the surface of the catalyst may be prepared by comulling

20 the catalytic metals with a support. Comulling of the
support and catalytic metal may form a substantially uniform
or homogerneous 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

25  particles, spheroids, pills, tablets, cylinders, irregular
extrusions or loosely bound aggregates or clusters, by any
known extrusion, molding tableting, pressing, pelletizing, or
tumbhling methods.

The Coclumns 6-10 metal (s} and support may be comulled

30 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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10 stability of the hydrocarbon feed/total product m xture. |nprovenent of
a catalyst life and/or stability of the hydrocarbon feed/total product

m xture during processing nmay allow a contacting systemto operate for at
| east 3 nonths, at least 6 nonths, or at |east 1 year w thout replacenent
of the catalyst in the contacting zone. Conbi nati ons of sel ected
catalysts may allow reduction in at |least a portion of the conponents that
contribute to viscosity, at least a portion of the conponents that
contribute to residue, at |least a portion of the conponents 20 that
contribute to TAN, or conbinations thereof, fromthe hydrocarbon feed
before other properties of the hydrocarbon feed are changed, while

mai nt ai ni ng t hebsstabivbetor ofnttiherdyeiecariponcd eetddsptals prnoduetr m xt ure

during pr OCGSS'MeHQV E£XRNRl8er ”%lfrt}e%wéﬂg ;?rmm{q{e%@é bQQaJ @?E’n P-val ue of
above 25 1.5). Alter nati vely, C phal t enes, ‘APl gravity may be

increnental |y regaeed Bf/“’(’:%t‘“&@tdo&f‘m‘i“hé ]rﬂ/ﬁ?%ér)do’ﬁp?%tédmw h®sel ect ed
catal ysts. The abrtideyntaobpiiorenentiad ytandliorrselised iwely tbhange

properties of tha.hydroganbon teed m&aédb@v\érkhgxgt abidgbtaeul y t he
hydr ocar bon feeé:l/tot al oduct 30 m xtu i nt.ai ned dgrl ng

processi ng. PFTFE0 %%ﬁB@Fﬁ%nté”sFﬁﬁ 8% §I & “{'d9Eeribed above) may
be positioned upsttEambftha sepprsnegf lphtakystgng Qdckhopositioming of the

catal yst may alioommrcﬂrr@;valh mqhht@haermh@cuhaxorwgfegshtn&ontzam nants, and/ or

metal s in netal ts organi c.agids. . whil tainin e Iablllty of
t he hydrocar bon’ ﬁomdjfgt %fd %% (r:]luic:eteg“ Coptamm ég%lgta n’l 19011n| ow:i in sonme

enbodlnents30foﬁbF@ﬁb?é&“ﬁfmg$af“%éa§ﬂe&tﬁo?%ﬁ%ﬁmﬁﬁe6ngéﬁ€éontalnlng
conmpounds, renbuabeoftucaTpon Rt SsirBatnoe ottt i bt e dyousirdecrease in the life

of other cataly, %%@Elﬂoﬁﬁeé BLEM Qe %QﬂPd 91?;5]!@89§t1%ne’tr9%91fﬂ’que%Oght he

hydr ocar bon fee exa e, reducing a ast portion o
asphal tenes in E“héori‘?yﬁff‘lb?@é?‘%ﬁ f‘é’é‘HHlﬂ?fgacff BrowEett Okt &1 tiéPati ve to
t he hydr ocar borarbeed vnnhd-bd tre:tpl uggiaigsof sabheercatal st suqgesé ti oned

downstream ,and, %Q&{%hek %%Egﬂﬁs%seéﬁ%gcé %Q?tﬂaw@i thb B oh N8 CONLAET 1,39 System

nmay be operated w t hout rep eni shrent ot cat al yst. Reduction 1n VISCOSIty
the catalyst surface because less a]umzna sites are exposed.

Co-mulling the Column 6 metal (s) alone or in combination
with Celumns 7-10 metal (s) with the support allows {in
contrast to impregnation of a support) at least a portion of

20 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
ceocur in the unembedded metal catalyst. In some embodiments,
having less metal on the surface of the catalyst extends the

25  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 ercosion of the surface of the catalyst
during contact of the catalyst with a hydrocarbon feed.

30 Without wishing to be bound by any kind of theory,
intercalation and/or wmixing of the components of the
catalysts may change the structured order ¢of the Column 6-10

metal in the Colurn 6-10 metal oxide crystal structure te a
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may, in some enbodi ments, increase a life of one or nore 15 catal ysts
positioned after the catal yst descri bed above. I n sonme enbodi nents,
comercially avail abl e catal ysts may be positioned downstream and/ or
upstream of the catal yst described herein to reduce sel ected properties of
the feed. For exanple, a denetallization catalyst nay be positioned 20
downst ream and/ or upstream of the catalyst to reduce the Ni/V/Fe content of
the crude produce as conpared to Ni/V/Fe of the feed. A desulfurization
catal yst may be positioned downstream of the catalyst to reduce the

sul fur-cont ai ni ng conmpounds content of the crude product as conpared to the
25 sul fur-containing conpounds content of the feed. The ability to deliver
hydr ogen to specbbted:igont actibngraenes tends &0 nﬂ'emhmmeuhaydrogen usage
during contacting,. Qogbi gt one Sk &r%feaée\esk{] ywat@rteaslféé ¥e ggperation of

hydrogen during contacting, and catal ysts that uptake a 30 rel atively | ow
anount of hydr %ﬁéﬁm"dﬁr}%Geﬁadnf‘%f’?n‘boteﬁ”&feﬂe“ﬂg‘éd’of"ﬁorcP’ialr‘f’de sel ect ed
properties of alic¢fudeipr oductisreltatior€et @ft hergane prtepert kes of the

hydrocarbon {eed..fhe gglqﬂveae&i/i% auabey: Qien@a@ﬂa@' Mé@a(lsln gy be selected to
hydr.ocarbon feed/t ot al

m nim ze net hydrogen ﬁycﬁ& ﬁj h emalntalnlng
product st abi | iFy3" MFEATTEPY mét %‘fﬁ?%’&g P HTEcE A ILB%OJ’FI%‘SP&U@ content, VX0
content, disti ICIOét"E“ €oHit antsl APT §r avi ryayor! ionbiiinatirensrunhef eof of 5 the

hydrocar bon fea@let@ibgn rzsa'nantuaigue@xmet hb rthz_o%dat arhehgr espect kve properties
of the hydrocarpen feed, while th gravi and/ t he vi scEOS| ty of the

crude product is alt pm)st 909" o?ayﬁ ,&E’f gra ty and otrhet e lYscosﬂy of the

hydr ocar bon 't eddo™ INfReIEPT GO ARterRy dfopeitetpt QR@%?t%%él‘Hydr ocar bon
feed may pr OdUGZﬁl&anIGHItEleEcO,dUﬁtantﬂ&hyhﬁ&fﬁacb@bﬂz shgcdr@angetdistri bution

simlar to the pQQHHLanPQk gT 0L SELL brlﬂL'@o’lm‘%?{ g Cﬁ Yy Qearhon feed. The

atomc H C of the crude may al so on ge by relatively small
anounts as cor‘rﬁéfP@d}”tLbale ’faﬁ)éo‘&‘cyoﬁf??’"FV‘ Crofhq REYHYdrocarbBoR- f 8d. I n
sone enbodi nentesamgat akarsbaseh ectibonicand! ohe anoemaofuppatalhystisy k&n

conbi nat i on i tRacanbial Ledhaontacti ng.ondh i ons o1 ok exaDl e, tenperat ure

and/ or hydrocarbon feed flow rate) may assist I n reducing hydrogen uptake
by t he form an alumina/molybdenum trioxide mixture. The mdiybdenum

trioxide has a definite pattern (for example, definite Don,
Dgpz; and/oxr Dyes peaks). The alumina/molybdenum trioxide
mixture may be heat treated at a temperature of at least 316
20 °C (600 °F), at least 427 °C (800 °F), or at least 538 °C
(L000 °F) to produce a cataiyst that dees not exhibit a
pattern for molybdenum dicxide in an =-ray diffraction
spectrum (for example, an absence of the Dy peak).
In some embodiments, co-mulling the Columns 6-10
25 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 o assist in formation of the mixture into particlies.
The water and/or dilute acid are added in such amounts, and
30 by such methods, as required to give the mixture a desired
consistency suitable to be formed into particles. Examples
cf acids include, but are not limited to, nitric acid, acetic

acid, sulfuric acid, and hydrochloric acid.
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20 hydrocarbon feed, maintaining hydrocarbon feed/total product m xture
stability during processing, and changing one or nore properties of the
crude product relative to the respective properties of the hydrocarbon
feed. Stability of the hydrocarbon feed/total product m xture may be
affected by 25 various phases separating fromthe hydrocarbon feed/total
product m xture. Phase separation nmay be caused by, for exanple,
insolubility of the hydrocarbon feed and/or crude product in the

hydr ocarbon feed/total product m xture, flocculation of asphaltenes from
t he hydrocarbon feed/total 30 product m xture, precipitation of conponents
fromthe hydrocarbon feed/total product m xture, or conbi nations thereof.
At certain tinmes duthengpivhes doht aeting! perrod, nitiereoreerd tatnson of

hydr ocar bon feeﬁ)t@%r@fcltegtL@Jlﬂ@h@:@“l@tt(.b%ltqb@s hydm.cg]rtb@ﬂcﬁ ged{f otal product
m xture may change roduct in the

hydr ocar bon 5 fegd7$%taﬂmﬁﬁﬁﬁﬁ%$ %?ﬁf%k%ﬁﬁn68§kﬁu8* Y% A& %on of the
crude product, (@@PU@ﬁIPﬂylmfmﬁﬁéﬂeonénemPsﬂU$1%$e medpocdchbeon feed and/ or

components of the tOohale Rreduet (drhedhar hydencarbor feedliQtak dar oduct

m xture tends tQ chang r._exanple,..the drocar bon feed contain
conmponent s thaf% @gregghlgﬁfffkmnéﬁ ¢ uﬁgg%arb%h feed 4 C’tfﬂgnbeglnnlng of

processi ng. As PropeErties HF‘PhEBhVﬁﬁGC%?BO%fPéﬁﬂ epdgerCibritexanpl e, AP
gravity, viscogicty;urNCRnt&S: asphal penesie Ravalteyedsediesends, 1&Fe1conbi nati ons

thercof ). the components ey Lpnd.Lo ecane,Loss gluble, loythe hydr ocar bon

feed/total 15 product m xture. sone 1 nst ances, drocarbon feed and
t he tot al pH%dd@?ahﬁvp$ﬁ?nﬁTﬁbeﬁa§%%b%ﬁﬁ%b%“ﬁeﬁbﬁﬁeﬁﬁ@ﬁ?ﬁﬁl%f|n one
anot her. Sol ubitoictairchangesoxyayh akcio atesul b tHenpéhevhydnocanbgn feed/ t ot al

product "1XturQw?9&ﬂ1QﬂsF@Qnﬁrvﬁpﬁ@ Bbéﬁﬁﬁ 5508 8L OM 0k t WP phases,
t hrough floccul ati on of 20 asphal Lenes change in.concentration of

hydr ocar bon f e&§ 4ifd f%%a?fﬁwo@ﬁ%tcjﬁhd?éFrﬁbe pirtat i'8h SF & Snponent s,
tends to reduce.the rbifeocofl ones druwrr e oknddrevoat-dly sesterAdeiit i onal |y, the

efficiency of tdige RIOCLSS Qﬁ%r.&mréﬂQﬁnglﬁQﬁ EX@MRL &1 SReat ed treat ment
of the hydrocarbon feed/total Ero uct m égenay be necessary to

produce a crudé“prodi t“%f??ﬁﬂ%?h Y pP St i°s e KPRy B ocessi ng,
t he P-val ue andboditsedi menthighl the ofrtfheeshydr geariben reeagdy sottal product

m xture nmay be tﬂ@@itﬁl@r&ﬂeMuE{lﬁcos&@QhéiﬁlMancaiﬁe}eErrﬁ(%@&&a ihydrocar bon
feed, and/or 30 _h dr9 rbop fqu/total ro uct nlxt re e be assessed.
ol ? t o a} e %%c

Typical ly, a P-Vaflue ¢ 1t S8 tHat “¥1°6c%ul ati on of

asphalteneszﬁrdﬁ?ﬁﬁéahvﬁﬁdﬁéﬁbéﬁdf%@Gl@enéﬁﬁhpymbeéUF§P9$ﬁ“F%% P-val ue is
initially at | easdtek. Osan 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
25  residue.

Contact of a hydrocarbon feed having undesirable
properities (for example, an undesirable viscosity, APIL
gravity, MCR content, asphaltene content, metals content
and/or residue content) with a Columns &-10 metal (s)

3t  catalysts having stacked structures (for ezample, a catalyst
formed using impregnation technigues) may require elevated
temperatures and/or pressures to produce a crude product with

selected properties. The elevated tfemperatures 0r pressures
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and such P-value increases or is relatively stable during contacting, then
this indicates that the hydrocarbon feed is relatively stabile during
contacting. Hydrocarbon feed/total product m xture stability, as assessed
by P-value, may be 5 controlled by controlling contacting conditions, by
sel ection of catalysts, by selective ordering of catalysts, or conbinations
thereof. Such controlling of contacting conditions may include controlling
LHSV, tenperature, pressure, hydrogen uptake, hydrocarbon feed flow, or 10
conbi nati ons thereof. Moni toring a sedi ment val ue during processing
may indicate formation of high nol ecul ar conpounds, precipitate of high

nol ecul ar conpounds, or precipitation of nmetals. A sedinent val ue that
decreases or isiLetatimahyestab] erdinei Bga1bsCantraetdng-ingi eadees that the
hydr ocarbon f eesc(i) j:satr g}leatcg‘é/aql Xt 3t gspln%tq%'lerciorgg ci%gg{[i%g%é g'Co ract og‘” i ng
processing, the inlet pressureée 5F°a Con acting zone of a fixed bed reactor
may be nonitor éd® WEpAPitd i Fesehd i P lied FredSuFe WAy iAdi cate that fl ow
t hrough the 20 seattahysdtaigsti nhidiktedo e nighinbidduosr ekiddrow may be caused
by an | ncrease c'o!%!p&%BQSal'ané)J gteaqlsrTE‘FtthL Q'er da@Bon -Eggd Ipﬂ&g{gqgﬁethlen deposit or
sedi rent may plug pores o the cata yst, "thus restricting ow of the

hydr ocar bon fedd*thrrougli tHé é®nt acti ng zone. 25Typical |y, hydrocarbon feed
havi ng vi scosi ti es Irhadntiradii, biéntihe dfydreocardbontf eeckdeigrh being transport ed

and/ or punped af&,6Q05acked Als@l-evaled A¥dro9en. RLESUELSLTiQr exanpl e, at
|l east 7 MPa, at least 10 MPa or at |east 15 MPa Eg%ﬁroduce products that

are nore fl uid.CoReHePeyAiad 85" Ry drbgéen Pretsuf é°F dr'fation is

i nhi bited, thusathespropéetirégedhetdio wydrotar borntepdumayabeeschanged with

m nlh mlal coke prt@dt&cefj [Felsl §§Id&@@r raﬁdﬂa&ﬁqbQ&e%eﬂéltﬁﬁé?sSbxﬁd’/%rrﬁﬁﬂeguef anﬂ 010,

tenes is not depengdent on rogen pressure _reduction of these

asp a . pre%sureg. hlEI des:.rfeﬁ fogg?(igg lﬁay a ow_ithe éfgroca:pbon

& “For some hydeotdrborchendss vehper at uressoh et FeasenB50 00 may be
. For sone hy s sce may be

required to redudcesdest etk phopeit ies:ofiochbedyei-oeardendteed 5 to produce

2 product hat Teel 3,LheafSSred Spnel L Sationg, Aol ngrsased dgmer atures

properties of ﬁﬁéahvﬂﬂﬁﬁékﬁ@naﬂé@a@%ﬂéﬂtﬁﬁﬁgéﬁﬁ‘¥ﬁé@219§ﬂue of the

hydr ocar bon f eeght@trateprogduatainay, decsrasesdebmwritdcandlioroweedi nent may

form causing the, jioduch, mture L9, beaqu, unsiable,. Hinoe. g evated

hydrogen pressures require |arge anmounts rogen, a process capabl e of
reduci ng propeffFedrehat arfeMPhdépdidert "ofFPr esSGr ¥&F A ni mal
t enper at ur eso i SogdeSigy abltelyst may allow a process to be run without

recharging or changing the catalyst, thus cost of processing
the hydrocarbon feed may be economically advantageaous.
In some emboediments, catalysts may be characterized by
pore structure. Various pore structure parameters include,
2%  but are not limited to, pore diameter, pore volume, surface
areas, or combinationg therecf. The catalyst may have a
distribution of total guantity 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
3 130A, or 110 A to 120 A. In some embodiments, the catalyst
has a pore size distribution with a median pore diamster 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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Contact of a hydrocarbon feed having a viscosity of at 15 |least 10 cSt at
37.8 C (for exanple, at least 100 cSt, at least 1000 cSt, or at |east 2000
cSt) in a controlled tenperature range of 370 C to 450 00, 390 00 to 440 C,
or from400 Cto 430 C at pressures of 3.5 M2a, 5 MPa, or 7 MPa with the
catal yst described herein produces a crude 20 product havi ng changed
properties (for exanple, viscosity, residue and Oh/ Cl asphal tenes) of at
nost 50% at nost 30% at nost 20% at nost 10% or at nost 1% of the
respective property of the hydrocarbon feed. During contact, the P-val ue
remai ns may be kept above 1.0 by controlling the 25 contacting tenperature.
For exanple, in sone enbodinents if the tenperature increases above 450 00,
the P-val ue dropstbehownl h@ iandk thee kydnoearbonif éedit etal, praduct mixture

becones unstablg. 54 fs gpeﬁhgenqgg%@tpgg@ degr.eases below 370 C, m ni mal changes
to the hydrocarbon feed JPro erties occurs. 30ln some enbodi ments,

cont acting t enper atir 8B ot i*61 1R0d° STEH™% RAtPEE° dE8hAT tenes and/ or
ot her asphal t enessarie3renbwed: Wekbte Op@i ot &l npngtt resMSA Scontent of the

hydrocarbon feed, -Radugtd05uiak e NCR SIORE ESH p&msomgh rafdEQgen upt ake

and/ or higher co tagtl erat ur.e t for ion of two phases
that may reduce '?he &1 g% (Irll g}? of 71 he§hy %afebg n™F ¢ eaéd?fgfgl Hfdduct m xture

and/or life of 'né-brnere of the catal ystm Control of 5 cont acting
t enperature and hydmegeiteupiiake dentiorbinatt aRcwWdeb $dies catahysts descri bed

herein al | ows gpg?eola%é ha%et%”ﬁy > 10 R al%% r&gugel %rea habr?n%'vqp gontent of the

hydr ocar bon fe onl'y changes a rel atlvely N some
embodi nent s, cdﬁtiﬁ%tt@fn@rtéé?l’ﬂltﬁf‘rbrﬁo%rﬁe 10 &edtt PBIYeR S Gcht™that t he tot al
partial pr essur{eltaiysh:h@bceniaactmygo:zame foSe NRiLAdAiinesh-at avdesiar ed

pressure, at a gel Jlagwera&@a@%s@e%\éake%t&me‘%@t Weasr (3 sgxanml e,
tenperatures of at |east C, at least 300 C, or at least 100°'C). The

ability to opert gt dPeh 2108tﬂal pressure of at 15 nost 5 MPa or at nost 3.5
MPa al | ows an i ncr easecneneltd8ndgriter texanpheyannincreaseprs:@ atzd east 0.5

1-14, at lee§t dlshrl:loutﬁ;n LI%ISE n?ed]:g-n Jpor@-tdllazﬁeac%E J§‘1 Q Jang@rfr%;ﬂ | east 10 ICI)
with the same or ﬁgr cat al as cont actl ng at total ressures of

at nost 5 MPa c?rb‘)% ot 8. 550l\/|5aw:'@)é"|‘a‘ﬁaﬁb 4t Powef Part iAo pressures
of hydrogen or dfowerest ot &he pressure detridases: hérangostrood dhesteper ati on and

al l ows cont act |vﬂgh$rp ebeg Berélﬁrrﬁ@cﬁanmgg edla;nmetr«?dm@ﬂo&mtl@a&f sty deogen are
available. In s rrents t ot al is the sane as the total

parti al pressuresoﬁforﬁ 4 Sm%ﬁnb%?rﬁ e?avéln?(? gclgl]%sébaﬁ”teﬁ%? ihg” 2528ne. The
crude produét rf{oéd!UCédd thﬁt%fctapﬁg?“ hydrocarbonlieedn wicrhs one or nore
catal ysts descniabed; heg@icnsimy-debetween 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.
25 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 topelogy, large
surface areas and pore digtributions described above may
30 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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useful in a wi de range of applications including, but not limted to, use a
feed to refineries, feed for producing 30 transportation fuel, a diluent,

or an enhanci ng agent for underground oil recovery processes. For exanple,
hydr ocarbon feeds having an APl gravity of at nost 10 (for exanple, bitunen
and/ or heavy oil/tar sands crude) nmay be converted into various

hydr ocarbon streans through a series of processing steps using cracking
units (for exanple, an ebullating bed cracking unit, a fluid catalytic
cracking unit, thermal cracking unit, or other units known to convert 5
hydr ocarbon feed to |ighter conponents). Reduction of the viscosity
and/ or residue content of a hydrocarbon feed to produce a feed streamthat
may be processetteho@mtes aekiing: uiidt oimaye enhanceiihepprieeesspag rat e of

hydrocarbon feed.. A SYysh em us erontz e, rg@tg%d&ﬁngstlo tal ysts described

herein to change pr opert| es dr ocar e positioned
upst ream of one*6r i e ".?’1‘(‘:tl{311?ﬁ§|t ﬁﬁ‘i“’t@ exoaat ﬁéﬁtloﬁﬂe’t E& Hdr ocar bon f eed
in one or nore isyst emss descrirhedt hae gionesray Preoduceyer fieed rtihat. | nproves

the processing zrh@t&gqf amgc&ra@géﬂaag éé'ﬂeéte@ydﬁ:ltr!tﬁ?égnjcé fofeactor of 2, at
| east a factor of 4, 10, or at |east a factor of 100.

For exanple, a ®Yyst®i ‘F%”m‘f roéaf‘?en(ja‘aalﬁﬁbr%&%‘f%Bﬁo‘T‘e@éﬁqqﬂa{/lhﬁr@ a viscosity of
at |l east 100 cStisapsil7. Sdandtiorediduegraness ofiat epmddecpere gham of
hydrocarbon feed BRYrbAGsHEE: 10N ReATRRRAICOMAGE NB-SHSt 8185 s 2R descri bed
herein positi oned Jupstr %%Q}Of utcrﬁgglileng u%ée aTQae c$r1t actl ng syst em may

i ncl ude one or ‘ore ¢a eséribed herdin (r:a jab rodum ng a crude
product havi‘hg %vmvi@eio@rttayyw aattenpetat809h ofntine fvfloéc?dé’l f%/ tef 74¢the
hydrocar bon feed aty I4cB iCaandbotatadn BOSIor89%:0fnd hemrlaslldu@ of the 25
hydr ocar bon fee crud a m xture_ of L ude product
and hydrocar bon(gf”éeé1t s {nlé Qarl?» f%%%a%ﬁ?%%uamntg N :ﬂngaergteh;é crude pr oduct
and/ or m xture GFthe crude product and hydrocar bon feed has a | ower

vi scosity than the oricginhah dydiieeardonnd eeds vehexpeocessimged at e t hr ough

the cracki ngs 30£ lﬂﬂ t f@%xgrﬁpﬁe”%eq\iggs cyllg%%isg §1%g%asﬂﬁ9€(%a@gt S,

hydr ocar bon feeds havin éast 0 enes may be
deasphal ted pridr 3t ﬁWbLﬁ‘?’ﬁéesté’ien‘g“t"ﬂé‘dt ABHEOT| Hea ‘“T“é‘f]y?l‘ery oper ati on.
Deasphal ting prioeesses rmyuifived ve sohventlextlfastsi opiand/orseont acting the

crude with a calahysbctfL8MYe.a3phal t?xf{e%oﬁgg%tlbor};c@fcz@ﬁ“ least a
portion of the conponents that contrlbute to viscosity, at |east a portion

of the componert§°titat “'CoRtrS Bat e b raSi'due’ aftior a AT tend® prior to
t he deasphal?ti ngtprotess mayrétd mhpatselfiedneedtdmptsollverteextracti on,

reduce the am%&aﬂfstrxﬁ‘zﬂubé eqlsg;leuem :alﬁn%oéon@maaga"hteh@mﬁﬁ{/étpl ency of the
deasphal ting pr a¢ess for treati ng a hydr ocar bon feed

havi ng, per gram of° Fll;\fd roé:érar E?deié?&fﬂt cﬁug]s Subgu(flcontﬁ *'Sf * 5 asphal t enes
and/ or 0.1 gramsupfundasi dueﬂéﬁdbléfvzr@@ésqrt yasoﬁita%lzlee%zs:ﬁmmade@tusat 37.8 "C
may i nclude one:arcdmlr 8:169M aetm:gpﬁ%shmfdg@%wedom&@il@ pasi-t i oned
upstream of .an deasahalti.ng, Mnil., Ihe. SONLAELING, SYSiem By LGl ude one or

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.

30 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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15 nore catal ysts descri bed herein capabl e of producing a crude product

havi ng a C5 asphal tenes content of at nost 50% of the hydrocarbon feed C5
asphal tenes content, a residue content of at nost 90% of the hydrocarbon
feed residue content, a viscosity of at nost 50% of the hydrocarbon
viscosity or 20 conbinations thereof. The crude product and/or a m xture of
the crude product and hydrocarbon feed may enter the deasphalting unit.
Since the crude product and/or m xture of the crude product and the

hydr ocarbon feed has a | ower asphaltene, residue and/or viscosity than the
original 25 hydrocarbon feed, the processing efficiency of the deasphalting
unit may be increased by at |east 5% at |east 10% at |east 20% O at

| east 50% of t heecoti:gunahaefel etteney akxanrplesd. NoRe lnirtidengaexanpl es of
catal yst preparationg and 30,.0e1h0ds,0f 43LAG, §uCh Latgl Y&t 5, under

controll ed contacting conditions are set forth bel ow Exanple 1.
Preparation of &SRt Bt F Metal (s) Catal yst. A first solution
was prepared by comiensurgoMOpy (iA89u@62ymrans,) siphres phomic:-acida(73. 66
grams, 85.9 Ml ..and,.deioni:zed Watsn af 249098 Bkidd forNA,skurry. The
slurry was heated to 82 C. until dissolution of the solids. 5To the slurry,
Ni (OH) 2. (210. 37 "§Ff4He) was added at a rate to control any observed

exot herm and then Theatadlry 96y Gavmnticbn - 88blawisone of 3t dwamsol i ds. To the
heat ed ni ;(]E ure gvass adeed tﬁi[lt.rZi graa@%)dmrr@.rt%hynathaa @21 AI\%}lam ,of2086_46_ gr arr}s) ﬁt
a rate suffici to.control. apy observed exother \fter w addition of the
Citric acid the SaILEroh hae PoReedes S06 C dAL | T He"e

mol ybdenunm nf ck&krHiesphoils c§et et ol ywes Lo dans peeentd- lasid™t hen reduced t he
vol une of the mehyhkdenwa:niocketd phasRBOEdts ] 80l. Ut 1r0Bodi0 edi24Qu&Q sgr ans. To a
mul l er, a supp 0 I, t hat Nt a{n 5,0.:0 I of silica
and 0.98 gr ansqg]%u(%%%g&ﬁe?@grlg%ﬁ%% %Uﬁcﬁ%(r)ctBs\%ssga ‘efﬁl& O\?\?t(‘ﬁ[é?ﬂz@fwl | er

runni ng, the nﬁ%ﬁ“&l“eﬁdf‘ﬁtﬁ?-&ageP?’bﬁéé%Wér%aébﬁtutdehs?“leZEQk?CS’Gm@FﬁnB) was
added to the supposdtaagid bhdre inesSigkt f1og Mokl wenwas oul bedesf, 00,025 m nut es.

Dei oni zed qu erto( 810]5 gpamgl; W%r%@%(ﬁdg?&st Po tOh@B %Qams of Column 10 |
nol ybdenunt ni ckel / phoSphorus/ support m xture and the resulting m xture was

nul 1 ed 15 ni nut™8&2" By dpei BTl CHEPORIPEd Wat €F TR T0978Y g7 He) "as added to
the m xture andathkerstesyl tiqigdaixburie (Wasrard lted .20gmmautes0s The mul | ed
mol ybdenunt ni ckebt RPASPNAL USLE UPRET dralh XU & Ngehd §HBlumy 95
metal (s} per gram of catalyst.
20 Such comulling of metal and support, followed by
calcination, may produce a bimcodal 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
25 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. 1In some
embodiments, the catalyst may have a median pore diameter
36 from 110 A and 130 A.
In some embodiments, the catalyst may have a median pore
diameter of at most 120 &, with at least 60% of a total

number of pores in the pore size distribution having a pore
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25 and a loss on ignition of .5689 grans per gram of m xture. The
mul | ed m xture was extruded using 1.3 mmtrilobe dies to form 1.3 tril obe
extrudate particles. The extrudate particles were dried at 125 C. for
several hours and then calcined at 676.7 C (1250F) for two hours. The
catal yst 30 contained 0.133 grans of nolybdenum 0.032 grans of nickel and
0. 005 grans of phosphorus with the bal ance being support. The catal yst had
a pore size distribution with a nedian pore dianeter of 117A with 60% of
the total nunber of pores in the pore size distribution having a pore
diameter within 59 A of the nedi an pore dianeter, a total pore volune of
0.69 cc/g, a surface area of 277 n2/g. The pore size distribution neasured
usi ng nercury porestaretitriatetaicontact: anghkesf cd140@sirshewand ikn TABLE 1

TABLE 1 Pore: DI AR} afovi il A /805 @nVOl UTES10: 4707625, nasecd OO 130 6.24

and 25% of its pore volume in pores having a pore diameter
between 1000 A and 5000 A.

5 The catalyst may have a surface area of from 250 m®/g to
about 300 m’/g and a pore volume about 0.7 cc/g.

This catalyst may reduce at least a portion of the
components that contribute to higher wviscosities, a portion
of the components that contribute to residue, and/or a

16 pertion of the oxygen-containing compounds. Treatment of the
hydrocarbon feed with a bimodal Columns 6-10 metal catalyst
with a selected pore distributicn may be economical
advantageocus since it allows production of a product with
reduced wviscosity with low hydrogen consumption.

15 The catalyst of the application may produce a crude
product with a lower viscosity as compared to the hydrocarbon
feed with low hydrogen consumption. In some embodiments, at
contacting conditions at a total pressure of 3.5 MPa,
nydrogen consumption may be at most 60 Nm'/m?, at most 50

20  Nm¥/m®, or at most 30 Nm¥/m®. In some embodiments, at
contacting conditicns at a total pressure of 3.5 MPa,
hydrogen consumption may be from 1 Nm*/m® to 60 wWm®/m®, from 1
Not/m* to 50 Nwi/mt, or from 5 Wmi/m® to 30 Nmi/m?.

Using the catalyst(s) of this application and

25  controlling operating conditions may allow a crude product zo
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

30 to the hydrocarbon feed and, thus, be more acceptable for
transpertation and/or refining.

Arrangement of two or more catalysts in a selected

sequence may control the sequence of property improvements
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25.35 130-150 6.34 150-180 4.73 180-200 1.86 200-240 2.41 240-600 7.15
600- 1000 2.6 1000- 3000 3000-5000 7.2 6.7

for the feed. For example, API gravity, at least a portion
¢of the Cs asphaltenes, at least a portion of metals in metal
salts of organic acids, at least a portion of the iron, at
least a portion of the nickel, and/or at least a portion of

5 the vanadium or molybdenum in the hydrocarbon feed can be
reduced before at least a portion cof heterocatoms in the feed
are reduced.

Arrangement and/or selection of the catalysts may, in
some embodiments, improve lives of the catalysts and/or the

10 stability of the hydrocarbon feed/total product mixture.
Improvement of a catalyst life and/or stability of the
hydrocarbon feed/total product mixture during processing may
allow a contacting system Lo operate for at least 3 months,
at least ¢ months, or at least 1 year without replacement of

15 the catalyst in the contacting zone.

Combinations of selected catalysts may allow reduction
in at least a portion of the components that contribute to
viscosity, at least a portion of the components that
contribute to residue, at least a portion of the components

20 that contribute to TAN, or combinations thereof, from the
hydrocarbon feed before other properties of the hydrocarpon
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

25 1.5%)., BAlternatively, C, 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

3¢ 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 remcval of high
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>5000 3.17 This exanple denonstrates a catalyst that includes a Wsupport,
and one or nore netals from Colums 6-10 of the Periodic Table and/or one
or nore conpounds of one or nore nmetals from Col unms 6-10 of the Periodic
Tabl e. The catal yst has a surface area of at |east 250 nR2/g, a nedian pore
di aneter ranging from 105 Ato 150 A with at | east 60% of the 15 total
nunber of pores in the pore size distribution having a pore dianeter within
at |east 60 A of the nedian pore dianeter, with at |east 50% of its pore
volume in pores having a pore dianeter of at nost 600 A, and between 5% and
25% of its pore volune in pores having a pore di aneter between 1000 A and
5000 A. Exanple 2. Contact of a Hydrocarbon Feed with a Colum 6 Metal (s)
Cat al yst. A tubiharlpeaet gt \Abitthmamﬁxeﬁll ablor beypasi i+ eaed thesnmowel | was

eaui pped i th Lhor AeouBLER {0, EASHNS, LEPRRALULES Lirgughout a catal yst

bed. The cat al yst he space between the
t her nowel | and “gA*§5qR" \ﬁ%‘?qft%faltﬁ]é’df"éhé‘tlﬁ‘r“\ﬁﬁ th catalysts and silicon
carbide (20-grid, Shanfooptysvbtempial sp Alresaiviisjeors CApr 1SuctrIWSi | i con

carbide is beli %Vﬁ‘é%bloa B@i’&oh% oksfgeﬁﬂa/omgﬁh%%;YJclmEmQ{dQEeJe%@aSl ypder the
process conditions descri | ended wi th an equal

vol ume amount &FP"87"FIeo ﬁh%tarCB’i"Héb‘bteef 6P & PREEERY ThE i kture THEd the
contacti ng zoneapflyshe iredet oysteTherhydbocdribon theerh it | owrt ©:¢t he react or

was fromthe topapfeathie ract oFost @xatnbee bQ&&@ﬁh@fmth&asﬁ eaghefionSi | i con
car bi de was p05| téo q] git ntehe b %ngh%fca]tme tor.,to serve as a bottom
support. A Colu tar® cétal 5re are 63¢r i B ih 20 Exanpl e |
was m xed wit hmsi“lﬁqr@oﬁéaéa\f@bméh(ftWaPC%PO%GGEW)“hW@éISri@slﬂﬂftﬁnéd in the
contacting zonether Ldtdl$lbi:_j @Bsﬂlt@laﬂiebj denwasepQsitd ened on:tep::0f the top

contacting zong,ta fLll dead.s %Cce Q'r% S r&ﬁ as & BL&heat zone. The
cat al yst bed was I'0a edO nto a Lindberg % ﬁr 3y b
without replenishment oi catalyot Reductlon in viscosity

may, in scme embodiments, increase a life of one or more
15 catalysts positioned after the catalyst described above.

In some embodiments, commercially available catalysts
may be positioned downstream and/or upstreamn of the catalyst
described herein to reduce selected properties of the feed.
For example, a demetallization catalyst may be positioned

20  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

25  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

30 relatively low amount of hydrogen during contacting, may be
used to change selectsed properties of a crude product
relative to the same properties of the hydrocarbon feed. The

corder and/or number of catalyst(s) may be selected to
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25 that included four heating zones corresponding to the preheat zone, the
contacting zone, and the bottom support. The catal yst was sul fided by
i ntroduci ng a gaseous m xture of 5 vol.% hydrogen sul fide and 95 vol %
hydrogen gas into the contacting zones at a rate of 1.5 |liter of gaseous 30
m xture per volunme (nL) of total catalyst (silicon carbide was not counted
as part of the volune of catalyst) . Tenperatures of the contacting zones
were increased to 204 C (400 F) over 1 hour and held at 204 C for 2 hours.
After holding at 204 C, the contacting zones were increased increnentally
to 316 C (600 P) at a rate of 10 C (50 6) per hour. The contacting zones
were mai ntained at 316 00 for an hour, then increnentally raised to 370 'C
(700 F) over 1mBrhoyge widhhielderatr3@ 90 lforainwolrhourtse The contacting
zones were all omgiocta@b&p@bect/@o@ﬂbbmctesrfaghalttw €mininal noAf ter sulfidation
of the catalysts ! gg%r@ rapur t he cont act ng_zones was raised to a
tenmperature of A10°%€ droc(éwrsb(T)%qj ded [ Pedce’ R V& havi ng t he
properties |ist@dtwlppe 'Fabfr@tz.APTh@aﬁyﬁ&r:oearC@@h“faée@Sf Foawedf tdfr ough t he

pr eheat z?nesh trap mm@&bbmgezg% b@ﬂblr&ﬁhﬁ%ﬁ’lh@g{mn@cZ@le,heand bott(r)]mf ]
support of the r r r.ho ed . was ntacted wth each of the
catalysts in theg%rgggén@e %ert% %gatelr% ISY cetfgo?afégtelgn %c%nfdi 'ti% OES were as
fol | ows: ratio9%f Hydityen L@‘ﬁsVlfSOTdef‘éfeéihﬂ?vacs?“@‘i@rmﬁi%nﬁb @2000SCFB) and
LHSV was about 9%0% 51 ke Fhe ¢weitgoat@et g zionesitwwese theated to 400 C and
mai nt ai ned bet \@ﬁg;bcgp}goncig&d 420 00 at a pressure of 3.5 MPa (500 psig) for
3436 hours as the hydrocarbon feed flowed through the reactor. 20As shown
in Table 2, 'the cr &8 Prouuct “?'}aay‘?iro\‘??%é@ﬁ’ieybbf‘hSShY(?S?CG&"PO%?feSdC

Thi s exarrpl e deppnsbtratees drvdd rcomtacthaf has hydriocay benvd eed with a

catal yst that ispgl.ydes; ogngngﬁ.ameeu@ewﬁn& rpgmmk wms, 6 oqf of hg.Periodic
Tabl e and/ or one or nore nore netals from Col ut€ms 6

of the Peri odi cyci'raoﬁrjébci‘ila\j/?or‘ljg amﬁo?*eoméFzHe(cd? St P? Bt FoR*#tH & ¥hedi an pore
di anmeter in thelstargey fahemeldd tdaliFOLA smpl hnaintk ems to®@%eoftoi t S pore

vol une in pey esnbadichg @/@foet}daj ap&toegr&ﬁl %ecrmst 130 A, and between 10%
and 20% of its pore vol une Qﬂpm{es havi n por.e 30 i anmet er bhetween 1000
n % & 91 ctlgn

A and 5000 A; at a prbegéngu(?mboo VPR 3P b difdes 048" pFéguét having a

viscosity cont éﬁtald#tfatmm@l%ﬁ@@f%h?d}oeémlb@% Croeéc"d:twgcom ty at 37.8 C
Thi s exanpl e aksguidesmnstsatesndibatcapdrdoocanbon feedchaving.e.a

flow rate) may assist in reducing hydrogen uptake by the

20 hydrocarbon feed, maintaining hydrocarbon feed/total product
mixture stability during processing, and changing one or more
properties of the crude preduct relative to the respective
properties of the hydrocarbon feed. Stability of the
hydrocarbon feed/total product mixture may be affected by

25  wvarious phases separating from the hydrecarbon feed/total
product mixture. Phase separation may be caused by, for
example, insolubility of the hydrocarboen feed and/or crude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total

30 product mixture, precipitation of components from the
hydrocarbon feed/total product mixture, or combinations

thereof.
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viscosity of at least 1000 cSt at 37.8 C nay be contacted at | ow pressures
w t hout plugging the catal yst and/or producing an unstable product. For
exanpl e, the P-value during contacting was 1.2 and 0.007% of sedi nent by
wei ght was 5 produced. Exanple 3. Contact of a Hydrocarbon Feed with a
Colum 6 Metal (s) Catal yst. The hydrocarbon feed, catal yst, contacting
conditions, and sulfidation were the sane as Exanple 2 except that the
pressure during operation (1389 hours) was about 7 MPa. As shown in Table
2, the crude product had a viscosity of 65 ¢St at 37.8 C. Conparison of the
data from Exanples 2 and 3 denonstrates that contacting of the hydrocarbon
feed at a pressure of 3.5 MPa and at tenperatures between 400 C and 420 C
produces a crude priaduct-awh tthrenhancedthd scosict no pelitiot) omewi t h | ess

hydr ogen consumr&r&rw@fﬁmo&s%py%@a?&)nC9g&a£&90rqowp p%arrt% pf qdyct obtai ned
at higher pressure and the saire tenperature. Cﬁeratrn | ower pressures

provi des an ec6WBWFBIQHV5W?H§8“QSpf%¥§tHV&PB& ¥§h?éﬁurf€dt?b operate 20
t he cont acti ng eystremetiConparat itvea Exampice. inThee hydroeardon feed,

contacting condicbhanss: %@Qd@elrﬁnqgré @naw%neddeh@o S3PR.as, Brappl e 2. A
commer ci al bi nodal ol ybdenum nj ckel qra é %‘_ gSg Criterion Catal ysts
FRUSER PO “upyradi

& Technol ogi es,  BUSE T TR O1BH13BY ng reside was
pr epar ed nlxeder¥%A§¥$1é@%baeﬁﬁﬁrﬁ@wegﬂﬂeﬁﬂffbﬁ18L4brﬁ¢mﬁéthlyst/siIicone

car bi de m xt U:’j&hﬁfhyﬁﬂoc&lﬁl n \@asmasrz_t b@&ﬁﬁrlr&xﬁ he: eandsaes idagngone. Ihe run
was term nate At 187 o] rs [ rease_in ssyre change
ol 8ol (AR fod BESIRCMRREESULE.

(inlet pressure °of° gr Bater pi d increase
in pressure1%a§raﬁF%P%Utéﬂf#é]ﬂWéO@ﬁP8$y§€dbé|HyfbP%@@é@JﬁFonrhlgh | evel s
of sedi nent andkﬂﬁﬁpﬁﬁﬁipiia&b@ﬁmﬂ&aS@HﬁmO$wﬁh€m@b@dM@UcdHﬂgéO t he P-val ue

bei ng | ess tha”(fgnf grangie, A S%Wﬁy' 09s EXP! fisg 2 a’lqpés LN the

conparati ve Exa e’ crudé products have siml'ar values for all the
Exanpl es. The ¢8RtacPed Pl f6F BYAHFE X2 LGS al B SPHRIPFIEREYY | onger
than the cont acknd iteevdcome tikes Socasmparatiny envexarphen tAsdsueh, it may be

concl uded t hat pEQ(ﬁlc‘E%t;&Gle of r.f Q%J‘X%%@E?O@hé %%QrWaEQoAWQé@Q%‘ in the

presence of the binodal catal yst prepared as descri bed Exanple 1 may be
done at IOM/préE%dFE@léﬁamﬁ“gﬁﬂiéﬁﬁ%FHR&Wé§“T6?”P6H§§P“%é?r%ﬁ?1%f ti me than
t he conparati vércatakygsheat thebsaimny Wairgaperataisesrentt pnessur es.

hydrocarbeon feed/total product mixture forming two or more
phases. Formation ¢f two phases, through fleccculation of

20  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

25  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, hydrocarben feed, and/or

36 hydrecarbon 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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TABLE 2 Property Feed Crude Product Exanple 2 3 Conparative Contact
Ti me, hours 3436 3436 1872 Pressure, MPa 3.5 MPa

and such P-value increases or is relatively stable during
contacting, then this indicates that the hydrocarbon feed is
relatively stabile during contacting. Hydrocarbon feed/total
product mixture stability, as assessed by P~value, may be

5  ceontrolled by contrelling contacting conditions, by selection
of catalysts, by selective ordering of catalysts, or
combinaticens therecf. Such controelling of contacting
conditions may include controlling LHSV, temperature,
pressure, hydrogen uptake, hydrocarbon feed flow, or

10 combinations thereof.

Menitoring a sediment value during processing may
indicate formation of high molecular compounds, precipitate
of high molecular compounds, or precipitation of metals. A
sediment value that decreases ¢r is relatively stable during

15  contacting indicates that the hydrocarbon feed is relatively
stable during contacting.

Puring processing, the inlet pressure of a contacting
zone of a fixed bed reactor may be monitored. A rapid
increase in inlet pressure may indicate that flow through the

20 catalyst is inhibited. The inhibition cf flow may be gaused
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 hydrccarbon feed through the
contacting zone.

25 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)
te produce products that are more fluid. At elevated

3¢ 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 C./C, asphaltenes is not dependent on hydrogen
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7 MPa 3.5 MPa API Gravity 7.9 14.9 16.3 15.8 Density at 15.56 C(60 F), g/cnB
1.0149 0.9633 0.9573 0.9608 Hydrogen, wt% 10.109 10.645 11.015

pressure reduction of these properties may not occur unless
the contacting temperature is at least 300 °C. For some
hydrocarben feeds, temperatures of at least 350 °C may be
regquired to reduce desired properties of the hydrocarbon feed

5 to produce a product that meets the desired specificaticns.
At increased temperatures coke formation may occur, even at
elevated hydrogen pressures. As the properties of the
hvdrocarbon feed are changed, the P~value of the hydrocarbon
feed/total product may decrease below 1.0 and/or sediment may

10 ferm, causing the product mixture to become unstable. Since,
elevated hydrogen pressures regquire large amounts of
hydrogen, a process capable of reducing properties that are
independent of pressure at minimal temperatures is desirvable.

Contact of a hydrocarbon feed having a viscosity of at

15 least 10 ¢St at 37.8 °C (for example, at least 100 ¢8t, at
least 1000 c8t, or at least 2000 ¢5t) in a controlled
temperature range of 370 °C to 450 °C, 390 °C to 440 °C, or
from 400 °C to 430 °C at pressures of 3.5 MPa, 5 MPa, or 7
MPa with the catalyst described herein produces a crude

20 product having changed properties {(for example, wviscosity,
residue and C,/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

25  contacting temperature. For example, in some embodiments, 1if
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.

30 In some embodiments, contacting temperatures are
controlled such that Cs asphaltenes and/cr other asphaltenes
are removed while maintaining the MCR content of the

hydrocarben feed. Reduction of the MCR content through



10. 617 Carbon, w % 81.987 84.25 84.6 84.617 Sul fur,w% 6.687 4.473 3.701
3.782 Oxygen, wt%0.62 0.27 0.315 * Nitrogen, W%

hydrogen uptake and/ox higher contacting temperatures may
result in formation of two phases that may reduce the
stability of the hydrocarbon feed/total product mixture
and/or life of one or more of the catalysts. Control of

5 contacting temperature and hydrogen uptake in combination
with the catalysts described herein allows the C: asphaltenes
to be reduced while the MCR content of the hydrocarbon feed
only changes by a relatively small amount.

In some embodiments, contacting conditions are

1¢  controlled such that the total partial pressure of the
contacting zone is maintained at a desired pressure, at a set
flow rate and elevared temperatures (for example,
temperatures of at least 200 °C, at least 300 °C, or at least
400 °C). The ability to operate at a total pressure of at

15 most 5 MPa or at most 3.5 MPa allows an increase in LHSV (for

5 hﬂ, at least 1 hﬂ, at

example an increase to at least 0.
least 2 W™, at least 5 h™', or at least 10 h™') with the same
or longer catalyst life as contacting at total pressures of
at most 5 MPa or at most 3.5 MPa. Operating at lower partial

20 pressures of hydrogen or lower total pressure decreases the
cost of the operation and allows contacting to be performed
where limited amcunts 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

25 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

30 transportation fuel, a diluent, c¢r an enhancing agent for
underground oil 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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0.366 0.362 0.369 0.385 N ckelwppm 70 60 39 56 Iron, ppm2.4 0.2 0.2 0.2
Vanadi um w ppm 205 180

into various hydrocarbon streams through a series of

processing steps using cracking units (for example, an

ebullating bed cracking unit, a fluid catalytic cracking

unit, thermal cracking uniit, or other units known to convert
5 hydrocarbon feed to lighter components).

Reduction of the viscosity and/or residue content of a
hydrocarbon feed to produce a feed stream that may be
processed in a cracking unit may enhance the processing rate
of hydrocarbon feed. A system using the methods and

10 catalysts described herein te change properties of a
hydrocarbon feed may be positioned upstream of one or more
cracking units. Treatment of the hydrocarbon feed in one or
more systems described herein may produce a feed that
improves the processing rate of the cracking unit by at least

15 a factor of 2, at least a factor of 4, &at least a factor of
10, or at least a factor of 100. For example, a system for
treating a hydrocarbon feed having a viscosity of at least
100 ¢St at 37.8 °C and/or 0.1 grams of residue per gram of
hydrocarbon feed may include one or more contacting systems

20 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

25  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 viscosily than the original
hydrocarbon feed, the processing rate through the cracking

I 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.

49



90 152 Calcium wppm6.7 1.4 0.3 2.1 Copper, wppmO0.9 0.4 0.2 0.2
Chromum wtppm 0.3 0.2 0.2 0.2

Deasphalting processes may involve solvent extraction and/or
contacting the crude with a catalyst to remove asphaltenes.
Reduction of at least a portion of the components that

contribute to viscosity, at least a portion of the components

Tn

that contribute to residue and/or asphaltenes prior to the

deasphalting process may eliminate the need for solvent

extraction, reduce the amount of required scolvent, and/or

enhance the efficiency of the deasphalting process. For

example, a system for treating a hydrocarbon feed having, per

10 gram of hydrocarbon feed, at least 0.01 grams of Cj
asphaltenes and/or 0.1 grams of residue and a viscosity of at
least 10 ¢St at 37.8 °C may include one or more contacting
systems described herein positicned upstream of an
deasphalting unit. The contacting system may include cone or

15 mere catalysts described herein capable of producing a crude
product having a Cs asphaltenes content of at most 50% of the
hydrocarbon feed C, asphaltenes content, a residue content of
at most 90% of the hydrcocarbon feed residue content, a
viscosity of at most 50% of the hydrocarbon viscosity or

20 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

25  hydrocarbon feed, the processing efficiency of the
deasphalting unit may be increased by at least 5%, at least
10%, at least 20% cr at least 50% of the original efficiency.
Examples

Non-limiting examples of catalyst preparations and
30 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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Silicon, wtppm1.2 0.3 0.3 0.3 Magnesium wppm0.8 0.4 0.2 0.4 Zinc,
wppm6.0 0.9 0.7 1.7 Ml ybdenum wt ppm 6.6

A first solution was prepared by combining MoO. (789.9¢
grams), phosphoric acid (73.66 grams, 85.9 Mol%}, and
deionized water (2400 grams) to form & slurry. The slurry
was heated to 82 *C until dissolution of the solids.

5 To the slurry, Ni(OH),-{210.32 grams) was added at a
rate to controel any chserved exotherm, and then heated to 96
°C until dissolution of the solids. To the heated mixture
was added citric acid monohydrate (5 Mol%, 200.46 grams) at a
rate sufficient to control any cbserved exotherm. After

10 addition of the citric acid the solution was heated to 100 °C
until the molybdenum/nickel/phesphorus solution was
transparent., and then reduced the volume of the
molybdenum/nickel/phosphorus solution to 1249.80 grams.

To a muller, a support (4076.09 grams) that contained

15 0.02 grams of silica and 0.98 grams alumina per gram of
support was added. With the muller running, the
molybdenum/nickel/phosphorus solution (1249.80 grams) was
added te the support and the resulting mixture was nmulled for
25 minutes. Delonized water (211.20 grams) was added to the

20 molybdenun/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

25 and a loss on ignition of .5689 grams per gram of minture.

The mulled mixture was extruded using 1.3 mm trilobe
dieg 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) feor two hours. The catalyst

30 contained 0.133 grams of molybdenum, 0.032Z grams of nickel
and G.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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0.3 0.4 0.8 Mcro-Carbon Residue, wt% 12.5 10.3 9.0 9.6 C5 Asphaltenes,

16.2 7.5 6.0 8.0 C7 Asphaltenes, wt%10.9 5.2 3.9

10

15

pore size distripution having a pore diameter within 59 A of
the median pore diameter, a total pore volume of 0.69 cc/g, a
surface area of 277 m°/g. The poere size distribution measured
using mercury porosimetry at a contact angle of 140 is shown

in TABLE 1.

TABLE 1

Pore Diameter |% Pore

in A Volume
<70 6.24
70~1G0 26.43
100-130 25.35
130-150 6.34
150~180 4.73
180-200 1.86
200-240 2.41
240-600 7.15
600-1000 2.6
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
matals from Columns 6-10 of the Periodic Table. The catalyst
has a surface area of at least 250 Hﬁ/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 distributicen having a
pore diameter within at least 60 A of the median pore
diameter, with at least 50% of its pore veolume in pores

having a pore diameter of at most 600 A, and between 5% and
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5.1 Naphtha, wt% 5.8 5.9 5.1 Distillate, w% 15.0 29.5 29.4 30.7 VG, W%
37.5 39.6 40.2 39.8 Residue, wm%

25% of its pore volume in pores having a pore diameterxr
between 1000 A and 5000 A.

Example 2. Contact of a Hydrocarbon Feed with a Column 6

Metal (s) Catalyst. A tubular reactor with a centrally

5 positioned thermowsll was equipped with thermocouples to
measure temperatures throughout a catalyst bed. The catalyst
bed was formed by filling the space between Tthe thermowell
and an inner wall of the reactor with catalysts and silicon
carbide (20-grid, Stanford Materials; Aliso Viejo, CA). Such

10 silicon carbide is believed to have low, if any, catalytic
properties under the process conditions described herein.

The catalyst was blended with an equal volume amount of
silicon carbide before placing the mixture into the
ceontacting zone of the reactor.

15 The hydrocarbon feed flow ¢ the reactor was from the
top of the reactor to the bottom of the reactor. Silicon
carbide was positioned alt the bottom of the reactor to serve
as a bottom support.

A Column 6 metal catalyst prepared as described in

20 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
centacting zone to £ill dead space and to serve as a preheat
zone. The catalyst bed was loaded inte a Lindberg furnace

25 that included four heating zones corresponding to the preheat
zone, the contacting zone, and the bottem support.

The catalyst was sulfided by intrcducing a gaseous
mixture of 5 vel% hydrogen sulfide and 95 vol% hydrogen gas
into the contacting zones at a rate of 1.5 liter of gaseous

30 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



47.4 25.1 24.5 24.4 P-Value 2.6 1.2 1.2 <1.0 Property Feed Crude Product
Exanple 2 3

holding at 204 °C, the contacting zones were increased
incrementally to 316 °C (600 °F) at a rate of 10 °C (50 °®)
per hour. The contacting zones were maintained at 316 °C for
an hour, then incrementally raised to 370 °C (700 °F) over 1
5 hour and held at 370 °C for twoe hours. The contacting zones
were allowed to cool to ambient temperature.
After sulfidation of the catalysts, the temperature of
the contacting zones was raised to a temperature of 410 °C.
A hydrocarbon feed (Peace River) having the properties listed
10 in Tabkle 2. The hydrocarbon feed flowed through the preheat
zone, top contacting zone, bottom contacting zone, and bottom
support of the reactor. The hydrocarbon feed was contacted
withh each of the catalysts in the presence of hydrogen gas.
Contacting conditions were as follows: ratio of hydrogen gas
15 to feed was 318 Nm'/m’ (2000 SCFR) and LESV was about 0.5 h™7,
The two contacling zones were heated to 400 °C and maintained
between 400 °C and 420 °C at a pressure of 3.5 MPa (500 psig)
for 3436 hours as the hydrocarbon feed flowed through the
reactor,
20 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 mors compounds
25 of one or more metals from Columns & 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 poze
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
30 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 alsc demonstrates that a hydrocarbon feed having a
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Conparative Viscosity at 37.8C (100F),cSt 8357 58 65 51.4 Hydrogen
Consunption, NnB/111 55.17 104.5 Sedinent, w% 0.007 0.008 plugged

viscosity of at least 1000 c8t at 37.8 °C may be contacted at
low pressures without plugging the catalyst and/or producing
an unstable product. For example, the P-value during
contacting was 1.2 and 0.007% of sediment by weight was

5 produced.
Example 3. Contact of a Hydrocarbon Feed with a Column 6

Metal (s) Catalyst. The hydrocarbon feed, catalyst,

contacting conditions, and sulfidation were the same as
Example 2 exceplt that the pressure during operation {1389

10  hours) was about 7 MPa. As shown in Table 2, the crude
preduct had a viscosity of 65 ¢St at 37.8 °C.

Comparison of the data from Examples 2 and 3
demonstrates that contacting of the hydrocarbon feed at a
pressure of 3.5 MPa and at temperatures between 400 °C and

15 420 °C produces a crude product with enhanced viscosity
reduction with less hydrogen consumption was cobserved as
compared to the crude product obtained at higher pressure and
the same temperature. Operating at lower pressures provides
an economic advantage as less hydrogen is required to operate

20 the contacting system.

Comparative Bxample. 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
25 cm®) used for upgrading reside was prepared mixed with
silicone carbide {30 cm® for a total catalyst/silicone
carbide mixture of 54 cm’) was positicned in the contacting
zona. The run was terminated at 1872 hours due to a rapid
increase in pressure change (inlet pressure of greater than
30 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.



*Not Determ ned CLAIMS 1. A nethod of nmaking a catal yst, conprising:
co-nmulling one or nore netals from Colums 6-10 of the 5 Periodic Table
and/ or one or nore conpounds of one or nore nmetals from Col unms 6-10 of the
Periodic Table with a support to produce a netal/support conposition; and
calcining the netal /support conposition at tenperatures ranging from315 C
to 760 Cto provide a calcined catalyst 10 with a pore size distribution
with a nmedian pore dianeter ranging from 105 Ato 150 Awith at | east 60%
of the total 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 volunme in pores having a pore dianeter 15 of at nost 600 A and

bet ween 5% and 25% of cetrsrpor 8xavollere pml povied hayicogpagapore di anet er

bet ween 1000 A angh, 5000,Ac, Whef £ ROre.dlisaBler $:130¢ sera voldnes are as
measured by ASTM Met hod 94284 st _co rigi@g;ﬁe 200ne or nore

. 2. A catal

metal s from Col'GAfig"6- 1d SfC%nh%mPé?Teog% Eyi‘ﬁrﬁflgsa“hﬁ/lor 6he or nore conpounds
of one or nore TEetalisafylom @ekurmisn 6-ht0cofatthaiPerfpodite Tabl e; wherein the
fat al ygg O/ha;css ahmﬂéﬁmﬁ@@re@a@@n?m@rsdcangﬂtngij e MNchQBuAat Q]Sal:g@leA yvibt h at

east oof the tota er. of por in. ore sjz istribution
havi ng a pore |o§%r3é°ttefjf vq\“,i%gﬂ}yr?r% ar?%%;%t%e%dukh g?ygf%qgnn%nd?g% pﬁg?%ncﬁi aneter,
with at | east S0%®F Pitglaporad2oitulEErieiehoF ed shacAgta Bpytecdt anet er of at
nost 600 A, andubhetavaen: 2% aRdp2b% afs hii® PO @eMelruf®dsni oL esyeltavi ng a

pore periods of time than the comparative catalyst at the sanme

10 temperatures and pressures.

TABLE 2
Property Feed Crude Product
Example 2 3 Comparative
Contact Time, hours 3436 3436 1872
Pressure, MPa 3.5 MPa 7 MPa 3.5 MPa
API Gravity 7.9 14.9 16.3 15.8
Density at 15.56 °C (6C ] 1.0149 0.9633 0.9573 0.9608
°FY, g/ocm’
Hydrogen, wt% 10.109 1C.645 11.015 10.617
Carbon, wt% 81,987 84.25 84.6 84.617
Sulfur, wt% 6.687 4.473 3.701 3.782
Oxygen, wt% 0.62 G.z27 0.315 *
Nitrogen, wth 0.366 0.362 0.369 0.385
Nickel, wtppm 70 60 39 56
Tron, ppm 2.4 0.2 0.2 0.2
Vanadium, wippm 205 186G 90 152
Calcium, wippm 6.7 1.4 .3 2.1
Copper, wtppm 0.9 0.4 G.2 0.2
Chromium, wippm 0.3 0.2 0.2 0.2
Silicon, wtppm i.2 0.3 0.3 0.3
Magnesium, whppm 0.8 0.4 0.2 0.4
Zing, wi{ppm 6.0 0.9 0.7 1.7
Molybdenum, wtppm 6.6 6.3 0.4 0.8
Micro~Carbon Residue, 12.5 10.3 9.0 9.6
wt %
Cs Asphaltenes, wt% 16.2 7.5 6. 8.0
Cy 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 3%.6 40.2 39.8
Residue, wt% 47.4 25.1 24.5 24.4
P-Value 2.6 1.2 1.2 <1.,0
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di anet er between 1000 A and 5000 A, wherein pore dianeters 30 and pore

vol unmes are as neasured by ASTM Met hod D4284. 3. The catal yst of claim 2,
wherein the catal yst is binodal. 4. The catal yst of claim2, wherein the
catal yst conprises a support, which support includes fromO0.0001 grans to
0.10 grans, of silica; and 0.90 grans to 0.9999 grans of alumna. 5. A
nmet hod of producing a crude product, conprising: 5contacting a hydrocarbon
feed with one or nore catalysts to produce a total product that includes
the crude product, wherein at | east one of the catal ysts conprises one or
nore netals from Colums 6-10 of the Periodic Table and/or one or nore
conpounds of one or nore netals from Colums 6-10 of the Periodic Table;
wherei n the Coetapentp- 10 netal cafaFysl has a nedrade posdanctdi anmet er fangi ng

from 105 A t pedbB®lA Wwith at | east 60% of the total Aunbercwpapories|in the
pore size di $¥iicdoutivontHavEng a pok&sdi pmetér w thiéb at | easil.60 Alof the
nmedi an pore diHibe{®r c@ith at |east 50%of its pore volupe in pores having
a pore di ane{ B¥i6PentrConpErtB00 Al and bet weerd 5% affd-25% of its pore vol ume
i n pores haviiyLE-—pere—di-ameter—between-1000_A and 5000 —wheret-n{ surface
area i s as dﬁ%@lﬁ‘ﬁﬁ%ﬂ«'ﬁ, ACTM Mot hod rokea- 007y 00 V08 - 11 plugged ore

19 C*‘I\fc‘)t”l?e%ef’ T\ LLAANRAAYALBAYAY] | ) UJ CATTU IJUI < arari UCT'o UarTu

vol unmes are as neasure 35? ASTM Met hod 3) 4284; and 20and pore di aneters and
pore vol unes are as neasured by ASTM Met hod D4284. 6. The method of claim
5, wherein the crude product is a liquid mxture at 25 C and 0.101 MPa. 7.
The nethod of claimb5, wherein the hydrocarbon feed has 25 a viscosity of
at least 100 cSt at 37.8 C and the crude product is a liquid mxture at 25
C and 0.101 MPa, and the nethod further conprises controlling contacting
conditions such that the crude product has a viscosity at 37.8 C of at nopst
90% of the viscosity of the hydrocarbon feed at 37.8 C, 30 wherein
viscosity is as determ ned by ASTM Met hod 3) 445.
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8. The nmethod of claimb5, further conprises controlling contacting
conditions at a total pressure at nbost 5 MPa and a tenperature of at |east
200 C. 9. The method of claim5, wherein the crude product has a sedi nent
content of at nobst 0.01 gram per gram of crude product. 10. The net hod of
claim5, wherein the nethod further 5 conprises fractionating the crude
product into one or nore distillate fractions, and producing transportation
fuel fromat |east one of the distillate fractions. 11. A crude product
produced by the nethods as clained in any of clains 5-10. la 12. A

hydr ocar bon conposition conpri sing: a total Ni/Fe/V content of at

| east 150 wt ppm as determ ned by ASTM Met hod 05708; a residue content

of at least 0.1 grams per gram of hgdiachmen conposition as determ ned by

ASTM Met hod 05307; 15a distillate content of at least 0.1 grans per gram of
hydr ocar bon conP05|t| S ¢ rnlned by ASTM Met hod 05307, an oxygen
content of at nost 0.t raﬁs“ﬁ bedﬁ¥8¥yﬂyd?%?5tﬁﬂﬁ conmposi tion, as

determ ned by ASTM<MEﬁhUdﬂE385 Oaﬂ@f@matﬁhcfumbémhmmsﬂéépduetmbntent of at
| east 0.05 gBanﬁarﬁ)@dlcgiﬁfﬁmeoindﬁyﬁrdﬁﬁadrbﬁﬁrec@&ﬁ%%il&sj QR @}fe getgrai ned by ASTM

Met hod 04530, an rei he hydr.ocar i.on S.a viscosity of at
nost 100 cSt aﬁng?Th%EFmeRm%angiscos? f%oég d%ﬁ%fﬁfﬁedsbﬁp%f'ﬂw Met hod

0415. 25 13. A‘ﬁtaﬁ§b6?ﬁaﬁfbﬁjﬁﬁéﬁrhdﬁﬁP¢§FH@toﬁ@ior more distillate
fractions nmade fromdiheniohude psioedusippast ehasdadidinacl@bpakiugys t he

hydr ocar bon conpagilJ an.as: £1-81 11ed o nccl A A2, 14, A.dLluent, compri si ng

one or nore disti ate racti ons fromt cru product Bs clained in
claim1l or ' he''30 hyaFocafbsnscorposit Yok %§@€FﬁtﬁﬁﬁjﬁhﬂE¥8Fn112.

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 wvolume in pores having a pore diameter

15 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.

2. A catalyst comprising:

20 one or more metals from Columns €-10 of the Periocdic
Table and/or one or more compounds of one or more metals from
Columns 6~10 of the Periodic Table; wherein the catalyst has
& median pore diameter ranging from 105 A to 150 A with at
least 60% of the total number of pores in the pore size

25 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

30 and pore volumes are as measured by ASTM Method DA284.

3. The catalyst of c¢laim 2, wherein the catalyst is
bimodal.
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4, The catalyst of claim 2, wherein the catalyst comprises
a suppoert, which suppert includes from 0.0001 grams to 0.10
grams, of silica; and 0.90 grams to 0.99%9 grams of alumina.
3. A methed of producing a crude product, comprising:

coentacting a hydrocarbon feed with one or more catalysts
to produce a total product that includes the crude product,
wherein at lzast cne of the catalysts comprises one or more
metals from Columns 6-10 of the Pericdic Table and/or one or
more compounds of one or more metals from Columns 6~10 of the
Periodic Table; wherein the Column 6-10 metal 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 surface area is
as determined by ASTM Method D36€3 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
Liguid 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 ligquid mixture at 25 °C and 0.1C1 MPa, and the
method further comprises controlling contacting conditions
such that the crude preduct 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 %, further comprises contrelling
contacting conditions at a total pressure at most 5 MPa and a

temperature of at least 200 °C.
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9. The method of claim 5, wherein the crude product has a
sediment content of at most 0.0l 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.
1l. 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 wippm as
determined by ASTM Method D5708;

a residue content of at least 0.1 grams per gram of
hydrocarbon compositicn 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 P4530, 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 gdistillate
fractions made from the crude product as claimed in claim 11
or the hydrocarbon compesition 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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