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CATALYSTS, PREPARATI ON OF SUCH CATALYSTS, METHODS COF
USI NG SUCH CATALYSTS, PRODUCTS OBTAI NED | N SUCH

WORIDPITER2AND USES OF PRODUCTS OBTAI NED 5 Fi el dP@iF/Us1969/046927

Invention The present invention relates to catalysts,
preparation of such catal ysts, nmethods using such

catal ysts, products obtained in such nethods and uses

of products obtained. Background of the invention
1eRraesTs )I\hE&iEimIRAiIIIIOHh@FfSUCIH CATALYSES Pi MEBTHODS mﬂ UgING
or _sem -s drocarbons such as bitunenh t hat _have

e &ATﬁ&FéTﬁns{Y}u‘?%HﬁTes OESHENEP BN +HIGH YETHOPS AR WSES OF

the crudes to be econgwpuelrkyobranmorted, or
processed using conventional facilities, are comonly

referred to as "di sadvant aged 15 crudes"
B ASSTELa 122 di¢eded nay have a high viscosity that

rendefrs tp'ﬂ@sgh@aﬂV\ﬁJHt@%%d ref Hdes undesitablesf Opreparation
conventional transportation and/or treatnent

?aciuaht icesal b sadviitaged Vet ided  Haviatg lais§R, Products
SR i8S suaddhddRnal by 0BYs ab 8 idikl-wdecpysrogen
defici ent hydrocarbons. \Wen processing 20
t g hydrogen defi ci ent
hydr Garkangyneonsi stenthauaphi b es-Rfe RYdE006n IBYig or
need to be added to inhibit coke formation,
PRIFtisdiar hydrecaiargt sdcteApepatwres éﬁéthhghe one or
REES SIS 1 RLE1USEHL IO AIACERS: [ e fsadvant agedoLiatle co pe
Hydrogen, however, is costly to produce and/or costly
Q@ﬁcmlltcraéﬁypémnmpntr@at wenpreees$4d ivwgng conventional
: i.ana Ri ' of
TR e adiart aged e ide T ael Gae ontacting Lhe sdd
diwdvant ageddcrniecat celudeat edy tierperratdoesvandosity that
%3 as B%Qé@é%@%d 3&188 pLesence, aof f%rcééf‘wr?ﬁlonal
posits formed during 30 processing may accumu
tf&nspmmg@tlpor@@dkﬁrtﬂn&aGaEatyéacwWﬂﬂﬂ§svis@@sadvantaged
t] . re nt
P R PP A R B Rl B ol
immiudﬂ:@Wﬂsbgehemeﬁﬂuiamepbsdtscawbﬂnﬁ' | &hge ponmmﬂnmhy
ont f ] in i scosi.t an_not e
R R R e
cequistensi gnaht clards arfobtisooén hyady ogenl ito bededded)to
0cess e dro en deficient_h dro and .t
gP%éi'poEes?%¥m? Pltatar SFU% 2 :glq' 8te?hpemp?ﬁﬁ§ures
&mﬂIhmqhypméthEeCEﬁéﬂq&ﬂd to process the disadvantaged

crude. Hydrogen, however, is costly to produce and/or costly
to transport to treatment facilities.

Conventional methods of reducing the high viscosity of
the disadvantaged crude include contacting the disadvantaged
crude at elevated temperatures and pressure with hydrogen in
the presence of a catalyst. Deposits 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 deposits and/or large

compounds contributing to viscosity can not enter.
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5is dimnished and the life of the catalyst is
r educed. It would be desirable to have a net hod

W@ eepess227 cat al yst for reduci ng the viscosity BET/US2009/046927

di sadvant aged crudes at el evated tenperatures and
m ni mal pressures for a prolonged period of tinmne.
10U. S. Patent Nos. 6,554,994 to Reynolds et al.
6,436,280 to Harle et al., 5,928,501 to Sudhakar et

B sadvAn34e2823f t @orARgeioRg1etathlysth 886, 384tt bhey require
MIller, 4,746,419 to Peck et al., 4,548,710 to
%§Qﬁﬁﬁﬁ§anﬁ BQQUQW? Yo PVEFRPEE &R %ﬂder $O4@§O?9%StEpe

Heuldeat sefiadlent 43895303 hoqDakd berg et pakes 36 and
4,191,636 to Fukui_ et al. describe various processes,

%ﬁ&ﬁ%¥ﬁ§ PaRameat Byt s @BPSprB%%s%?ﬁ@”&ﬂU@éstQ%d?%ﬁalYSt

di sadvantageds g4 udes.1iWeSo rPURL | shed Rat ent reguced.
Application Nos. 20050133414 20 throu% 20050133418 to

Bhan ¢t "arld20e5¢As895hd et hPobghe 20050 2pd{ or Bhafrtetlvst

r 014584s ¢ ahi 52 20080120818 n et
§$ ]%%%%01é520§ t%?%%ﬁ%%y:%faF ?a200501695%ouggsgﬂgn et

%ﬂeV%R%?SGfGFSQﬂtW¥ﬁ%nﬂﬂQ POD503 6 73E WIS SBRAR etPyblonged
20050173301t hrough 20050173303 to Bhan et a

20060060510 to Bhan: 20060231465 to Bhan: 20060231456

to 25]@haﬁat2096®%8487@5ﬁ®9%ﬁaﬁ®3@@06ﬁ2@1@57a%0r5hdw6 280

@nd; 20060234877 £ 0y Bnam, 20040000810 L0 Bhansebsalazs o
50675600805 1 6’ Bitan: 20070000811 o Bhan ef al

Avaesrimgt esnal - Pu‘brl 34159 CROBL L WG 2008/401 6089 antevD et

2008/,106979, b o, Bhan,, and %’§55P@k?ﬂ&>®ﬁﬂ'h%§té9 , Nos.
117'866, 909; "11 866 éﬁﬁ 30117866, 9271 t hrough

41986603280 104866 1026; 211/ 8663929 &Hnd 01 DABEEC O3 i1 -,
Hhan, 8ly;aksg EédﬁgaﬁF%Qb%ﬁ 3@e§99&x;%&&ao%%a£§9c£§§§§“

appl i'cati'ons and describe various processes, syste
sy cvet akbydt sat ofyprodessiongees sides @ndlesr and/or

4 sadvantaagd. crudes.

U.S. Published Patent Application Nos. 20050133414
through 20050133418 to Bhan et al.; 20050139518 through
20050139522 to Bhan et al., 20050145543 to Bhan et al.,
20050150818 to Bhan et al., 20050155908 to Bhan et al.,
20050167320 to Bhan et al., 20050167324 through 20050167332
to Bhan et al., 20050173301 through 20050173303 to Bhan et
al., 20060060510 to Bhan; 20060231465 to Bhan; 20060231456 to
Bhan; 20060234876 to Bhan; 20060231457 to Bhan and
20060234877 to Bhan; 20070000810 to Bhan et al.; 20070000808
to Bhan; 20070000811 to Bhan et al.; International
Publication Nos. WO 2008/016969 and WO 2008/106979 to Bhan;
and U.S. Patent Application Nos. 11/866,909; 11/866,916;
11/866,921 through 11/866,923; 11/866,926; 11/866,929 and
11/855,932 to Bhan et al., filed October 3, 2007, are related

patent applications and describe various processes, systems,
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U S. Patent Application No. 11/866, 926 describes in
Exanpl e 24 a catalyst that includes 0.02 grans of

W@ 200035225 al um na and 0.98 grans of al um na pRCT/YE2A9/046927
of support, nickel and nol ybdenum The catal yst has a
medi an pore dianeter of 155 A, with at | east 60% of
the total nunber of pores in the pore size
di stribution having a pore dianeter with 28 A of the
amdianpesesdiapeifcandng sunfecearal/ea afi sdd9amPdghd
10 Contact of a hydrocarbon feed with the catal yst and
FRftogen at a tenperature of 410 C and a pressure of
3.8 MPRa .pradusesagpcidide opr Qguct 1 tdwd, dras qaskeduced n
vi scosity as conpared to the_ hydrocarbon feed with a
A IGert ic8nsaihpt Yon téltatSSHthﬁl%‘ﬁ%.O-ﬁ?eg&iaglfsr%u%]rjdr?ao‘f
PO Ankihe . pore-ag Wre 20tmt he 45 catdl ¥st shigp®Pt, nickel
di scussed in Exanple 24. In Exanple 26, the catalyst
0t IMd&®IGRVE unt it AFREEE, Rad Ui R IcK 86TFi AR’ of
] ybdenum get alasdhecatrakyst chas) aedi-apPPbLes in the
di ameter of 117 A and a binodal distribution of pores
RIS Heé Z50Ffesyblinel OrChavact af PeHe hydesear BoR f eed* &f

A4Q0 eand 20r-3- 8 VRa i educessar-£fude Rioduct 7 hat/ ghas
a reduced viscosity. Hydrogen consunption was not
harssed PoRvEhecpissedsedsiagh ttiee cattallyst epd hydrogen

eﬁ%%ﬂ&%%p%@at@%éhgygn@ Vbsggéigypféﬁgﬂgé Qi gap @ﬁé produces

achieved with both of these catalysts, the hydrogen
TONSWPPPIreAUPS Fledtatiavelry Thghcd 261 sRroerinat Renaprpared to
Bubhicatan,hose . 0 2098L016369, a0, 0. 2008/,106878 t o
BhBan escri be catal ysts and nethods of usSing the
Watal ystTheo discdabet hydrotacen produetzottaviodgme of the
edy It o AN conpared
‘T[nl tﬁ%:% E?d?ggaﬁﬁo%&%seegg.lgT e c@t‘seal ys'tsI eg%%ln%g% 1§ the
Exanipises 1thcandes [dn iglcimide auBRosupporinayprgd%ines,
[l j % i na, I d ni .
e R Pt o B b het P of "E e R2 100
Al aretesurfate’ ak easd raamgnngal r ohs i3 B iwR/ gft poB32 in the
M09, The hyd&%@{)&o%f%ﬁ%“ﬁt ér&g&’%%"e‘%e%}é CONEAGte Ofang
a  heavy ﬁydrocar on Wi th thé cata ysnts at
$ ehpBreaturesces A0DrCeapdopnessunas fofs B906dpseq
about. .13 have, reduced pitch and sul fur coptent
gy ot o PR S HER R B0 sl b e
publdscatisang dioe nottadiystcuss Bxamoluecticon ofitiosglosity
at_ mnimal _pressures with _mnimal hydr
%losncsousr%ﬁtyi SEBUC&OH 99" \%’Suﬁ‘a b%v%%v“élnttqla%g)gﬁsoif 0" be bl e
¢t loneer, t tae hydioesrbaonkesdt Wit hi sa deilgh ivesgoisi dty,

and YIRLSLOLe ] A Scaneme el uay LR 3, 8L g o

20 fypdooeat boBhd e etk stirtibentat 8B s ty dimegerthods of using
Sonsurpt on- Tne. esul b g crude, BLODMEL TR, o vecces
ProH)Ctss1 1WS - Nga €@ NN teisorahphy et of & eald Agieakal ygd:Socarbon
feed. The catalysts described in Examples I and III include a
support having 2% silica in 98% alumina, molybdenum and
nickel. The catalysts have median pore diameters of less
than 100 A and surface areas ranging from 133.5 m?’/g to 332
n@/g. The hydrocarbon products produced by contact of a
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In addition it would be advantageous to have a

catal yst 15 for carrying out the conversion of the
whyweosrebon feed with a | ong useful |ife. SunP@r/ysSwnI/ 046927

the invention 1t has now been found that a

hydr ocarbon feed with a high viscosity can be

converted into a crude product having a 20 decreased

viscosity with mninmal hydrogen consunption by using a

ispect iveirbeghpsuriace takeaacal adystat lrempddht ii68s idf 400

has been found that such high surface area cataly

Has*4h FrRéreased® usetd pISIlige (about Ik dGrdi Rgry, r‘?cﬁlced

SO %lﬂ&’@lo@lhﬂ?ﬁi Seortthét RERbhPAr&d O des an2bigat al yst
conpri sin one or nore netals from Colum 6 of

@W@érrﬁosau ETAbI e TE ERPoAB2 BEOHDIY EGRPBLAESSDf one

QeI i@ nTBkal, $s &6 OB ORI UARNEmOT $:8s RBIIsOdH €h Tabh fnand
a support; wherein the support conprises fromO0.01

QWQﬁﬁ§QPoCQHQU@W%mﬁ%f silica and 30 from0.80 grams to

0. 99 gr g% 18f pal N RRLUYT 8N Y SURPRLE coahd-wher ei n
the catal yst has a surface area of at |east 340 n2/g,

W porerdrre fapdtviButd &r ol vhs aoweldi-amforrécapr apiet et 1ow

Oondti el ud 00 fo and Alyel 8aSELBO%RLS gt & BQEPeé’é%d-me
i n pores haV|ng a pore dianeter of at nost

PRIy PH §@ﬂ%a%ﬁﬂﬂﬁmtﬁén@ydfﬁ%@#bﬂﬁﬂﬁﬁeénWbFva%Rﬁﬂ%%
rgfdr%@é%t c6RIRNLSINY: FQRe QL IPI &y Metals fham Columm 6

the Periodic Tabl e and/or one or nore conpounds ‘of
‘orrr ot tedr eParet @l s FiesimtCok aARCc B dfh dve cPePPB dP e dHb! S

200, A c%%QBQEEoan{y%r%ttrQ%ﬁH&p@éEal%&r' ses from0.01

grans to 0.2 gramof silica and fromO0.80 grans to
0.99 Igiraw@llmogl Umivrarlge begpanaofagmmppoit, higeandcatalyst

& y%@S sat a&ﬁétcowégggﬁ Qf‘et}?ef &%c?%gﬁ feed with

t ween degrees an egr ees, east one o
ihbnpeabgfhéslaf©ase wi dt h of at Ieast 10 degrees, as

deteggkgsg byx:xay; diffraction at 2-theta.
her-rﬁ-sone-eﬁ%oé?nEﬂr the invention provides a

15 néIth@dsoﬁowaHa@errg ugat ahytstadoqucsmbgn tecauritimg
}gl” s%%'é%t”eé%% Sod rc%mvg%a 6. o1, the Lert §§ &f haRl&y 4

one or Rore cofrpoun one or nor
deqnaaﬁﬂdunms6ositytwat%emuodmalTb&dmpgﬂdIwoassmppcmm 4y0

s'flon‘é'o%tes%eu AL/ SHRport, (GROPOSLLT O, AR ELD LA ¢ ion it
has been found that such high surface area catalyst has an
increased useful life.
Accordingly, in some embodiments, the invention provides a
catalyst comprising:
one or more metals from Column 6 of the Periodic Table

and/or one or more compounds of one or more metals from
Column 6 of the Periodic Table and a support; wherein the
support comprises from 0.01 grams to 0.2 gram of silica and
from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst has a surface area of at least 340

m’/g, a pore size distribution with a median pore diameter of
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20 conprises from0.01 grans to 0.2 gramof silica and
from0.8 grans to 0.99 grans of alum na per gram of

WG apos1227 and cal ci ni ng the netal /suppor®CT/US2009/046927

conposition at a tenperature from315 Cto 760 Cto
provi de a cal cined catal yst having a surface area of

at least 340 n2/g, a pore size distribution 25 with a
nmedi an pore dianeter of at nobst 100 A, and at | east
BO%c 1109 POrenyolinRask Porest hind Rpra polemdi aipidies
of at nost 300 A, wherein surface area is as
RRHd1hien 887 By S AZTM Ve tHod CDBEB3 MY Shore di anmeters and
por e MOLUBRS af es@fe NBASHARAnbY ASTMIMRIREANDAZ8%ides a
30Further, 1 n sone enbodi nents, the invention provides
% ARG d COFPRRKI G a catal yst compri sing: co-mul | i ng

one Qnemerendet ahst from-erl upnukn of dhernRepbodbg: Jaklg e
and/ or one or nore conpounds of one or nore netals

FHYARTCONGNAT 6TOF S tHETPRIOSdPE Tabl & WXk AeSappofiont o

@saMide armehal pSLpRArd TeeMROshe | P u MRl Mhih&in the
support conprises fromO0.01 grans to 2 gran1of

SFRHEE SREPTEORF O ylake P80 9 dH-dmsitef af ubi hetpend

BFAM P 0SUPRAL Lo 8Nt HeabekNb A, TRY &/ %@@p Qkkm of support,
conposition at a tenperature from 315 to 760 C

iﬁQnﬁhﬁieancah%i?ﬁﬁﬁkﬁﬁ?aﬁ%@ﬂblﬁhe@QﬁrPQIW@reoPQﬁﬁSGbetween

et aly.cakalbyst 7@xhbides 00840k MU & Pepks ket ween 33 nas
degrees and 70 degrees, and at |east one of the peaks

hdw e Wasdehwpat &t ofeadtt 1€adegneededgriedsteasided & ywiedy
d0: by, 50y fi ffractj on at 2-theta. Further, in some

enbodi ments, the invention provides a met hod of

@rm,ngnasem@d@n@@d@@ﬁs,cbh@r;rsvmgﬁlon provides a
ing_a;hydro hon.feed w ne or nore

cata yg}s fo %d%d%%EEQEStg? %rd%ﬁE that includes the

crudexpﬂmdmcng de whemeirg atthbastranégodfumphe of the

1_9?6‘} ?Jnd}i%t %a%?%%ﬂa%cgﬁ Y& g}OHBES Mrp%u%dsr om Gol 5512 rrgofre

eri odi c e an r - one or nore conpoun
oge lor fromeCoktat s6 fafornh€oPannoéi of TaHe WethodlsuﬂﬁﬂﬂUato

%ovnls topgq%él/%"hr%ﬁ S ctoﬂfsgg“g%%’ ¢ P S%ﬁef%ﬁoortm

rge- 2@ sgrrans ©f 0lalaramsa tpep . @r@nmmkﬁSpr@ca aa@dfrom 0.8
mhereln ?9Cblunn 6 taI catalyst ha a surface area
as

L P 340"/ G, auﬁ%P% P AL O BUPP SR i Th &

WEdIaleODendlEMQUEHtaﬂVSappﬂDStCdﬂﬁbs&tL@ndaatalEﬁmperature
R Shl LB BB Ay TR LD BRGES. NAMI0.8 ROLS SLATRLAL .
deterod nedabyf ASTMdvtthdd0 m°/g, a pore size distribution
with a median pore diameter of at most 100 A, and at least
80% of its pore volume in pores having a pore diameter of at
most 300 A, wherein surface area is as determined by ASTM
Method D3663 and pore diameters and pore volumes are as
measured by ASTM Method D4284.

Further, in some embodiments, the invention provides a
method of making a catalyst comprising:

co-mulling one or more metals from Column 6 of the

Periodic Table and/or one or more compounds of one or more
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D3663 and pore di aneters and pore vol unes are as

measured by ASTM Met hod D4284. Further, in sone
weeodsizent s, the invention provides a nmet hod BET/US2009/046927

produci ng a crude product, conprising: 30contacting a

hydr ocarbon feed with one or nore catal ysts for at

| east 500 hours at a tenperature of at |east 200 C and

a pressure of at least 3.5 MPa to produce a total

fgducts tbhatol ieh usles tthe ceudedpr odlicte, wwher 8 ugdort to

| east one of the catal ysts conprises one or_ nore

METEIYS £r BRFELI AP ofcOlRES Pet Podi "EeTBPe TAR AP BPP Uite

&g MR sCORBRUNGASL QfraRe tor 0PI @rdeta $ifikem Lok Ui 0.8

of the Periodic Table and a support; wherein the

%{ﬁ:ﬁfﬁortto Cofpr 58S fcrforﬁl@méﬂag?%ﬁs%ad“ @2 sgPRABt of 2l

sili Q%l%%hfq@%@aﬁ&xﬂfp@% EQer&@clgfra% af +ahped Nasre
gr r am_of %)ort and wherein the Col unmm 6 net al
Htal

% “ExEPbiE& oqwet%@rﬁw@ep%dk%l%@ﬁﬁeéﬁte%ya%gr%ein

and C%Qu%%g%%@ta?@ataatlyls%aékh%f-‘tﬁoﬁeh%rp%@%é ﬁ@@k@
base width of at |east 10 degrees, as determ ned %/th
e

SetedpndisPf PagEeen ad 2% Hegace 10 Ifdr lepatsene ©

sohodimentspathe, i ventd an PEQYE des c?eg‘ifelé@e R5 ot rmined
produced by the nmethods as described above.

Furtter, AT senel @nrddidTeéResa -t he i nvention provi des a

RydnRcar Ban s 6RIPAsIddiRn tSOMPRL SIfEntion providds IPt@tnog
Ni/ Fe/V content of at |east 200 Wt ppm as ES det er m ned

%@WMCWEQhédCDW@IOdUCt gorrsi Hiuw ‘cont ent of at
| east, Q2.9 Eﬁ&saﬂﬁwjg{c%o Bk ?39&%}@%e gﬁ}pﬁék | O A5t 5

eterm ne D5307 istillate
t@m@mucef aatOt@thrQﬁUZtnghﬁE p@crllgfr%nt@fe hyddecardbret,

{%%' Ll onas, ?&eg'trd’g ned Q%t%}? st %‘LQ@OZ% 292 nore

fur content east er gram of
r’rra/tcbr@cér:bmnctzbwpr@sﬁ tdforrhas Pdet@ﬁm et gy 2ASTNE Methogk more

%4§§ﬂnﬁg gf one o?rﬂ%ﬁggmgggpogr&§§f QEmC%ng§n£h$fP§giodic
rans per gramo hydrocar on conposition,
mldaeta@rdn”anedpmrmswe%lwbthedsm@ﬁ camgrwbes ef yort He 01

drocar QMPOS S VESCOS t f S 0
SGISI3°8 PR stnaas By Bl g B gD -
cﬁr,mrtsh@rf allnmsoarepﬁn‘oﬂ@mrem syppdet i mrentihene pn ovihel e laamn
dransportati on. fuel comprising, one, or. e di s}l ate

Fiact onsyprO(ﬁJced rom the ydrocar bon conposi Pon°
asraescrl bedtabovteion with Bumdédiesn paresdhnemeter of at most

fd‘B)OAd,I rrer&ts Ehe tbrbvo%nt' on provides .a diluent pr 0hav1ng A
rom’t e hy rocar bon corrposu?on as descri'bed above’
pard writihercenbodditrentss, 306atiureasdfrom specific

wherein surface area is as determined by ASTM Method
D3663 and pore diameters and pore volumes are as measured by
ASTM Method D4284.
Further, in some embodiments, the invention provides a method
of producing a crude product, comprising:

contacting a hydrocarbon feed with one or more catalysts
for at least 500 hours at a temperature of at least 200 °C

and a pressure of at least 3.5 MPa to produce a total product

that includes the crude product, wherein at least one of the
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5 enbodi nents may be conbined with features from ot her
enbodi nents. For exanple, features from one enbodi nent

worego9hss2eonbi ned with features from any of theP@I/Hg82009/046927

enbodi nment s. In further enbodi nents, additional
features may be added to the specific enbodi nents
descri bed herein. 10 Brief description of the draw ngs
The invention is illustrated by the follow ng figures:
c,FAt@ly:btisS cam§§h§émtdrfe ofr aBrenmheth nertroaf calcent @cdd Rge
FIG 2 shows x-ray diffraction plots
%Efr%%l@ngﬁwev%?%/u%f PEedegr BBES LFHRAA ISt ChoPYbdendinre

hd 004 deoandoanmend o et peti agtat@iyiet and a sufddet ;3
|s a grat\%hl cal representation of a P-value of a cr ude

&r SUBP?Tin e 1F6F TBPT UL lcatrarysts. O Ff graas of

éﬂﬁ:ag%%@hf%ﬂn @em%sﬁ%lﬁisaftboﬁ 0% deHn{%I R @S SHE 2 20 :0fgram
the reactor versus run tinme for various catal ysts.

TetHHPed tdedtd i PG OH Tof-PeheCL wlent iital catalyst exhibits
HMyant ages hahovarJuedr @%aHQQPeéﬁeaqﬁdMﬁohd@gPéQ@, and at

vi scosity can be converted into a crude uct having
Eardcoegsed Ve dexttsy hast B ﬁ?ﬁ?rﬁé}dq%yd%fogénleast 10

Ot @NabYe 25 M8 Rg a-hhghastFface Area sat@lysts
are descri bed herein. The hi gh surface area catal ysts,

pr epdratthen - of N st CHRRLYEERT S c odritadtivisg taon provides a
hydrocarbop: f gedawdd @U%Hecﬂééﬂléf&é Sas the cBEBQ&'Cé@ove

obt ai ned from such processes, and the uses of
pr odLFGJtr§h@bt al hegPg endpesie nebed, Hereilmveasipai Iﬁr@@—des a

%scgrt_}pgg@d&vnghg%s%& descri bed herein in
e

m)re et ail rms used herein are defined as foll ows.
ASTM togher §ltlae/Ahe:rqncr@ntSpén@l*arbrsafléé:staoﬁgwapﬂm as

l f to API t
at %rl 21 % éOA%M “ﬁ%hog’{ gé?% | ;eanget grm negr‘g;I A)éTM
Met had rB6822e S¢vwom e lmfdrogéna perCentcagesapdratoam oo f
ST R e S
" Bi nwdaillscaﬁahystdorrt@‘rﬁr sft etal@miaIWs& gramahpeh @'Jtam of
aartocatr%? ”{‘3 %;é% edB%%e i’r?éé%e LS § E}‘ué’é‘t&dsm
S [ ca

di'stributions pore draneter
each astsatlifsti caﬂlteehistqf lamt Leasha¥iiy Qafasusgpetl oazzal of
}gfc?rociar%%nfj%? 2 dleo)%g r‘%‘%w g%&%&%& CafrgllsMB?hod D4294;

dhave 30%of its pore volunme di strlbuted i n pores
having a pore. diameter Hetwsen 50 and 109 8008150, ans
per gram of hydrocarbon composition, as determined by ASTM
Method D4530; and wherein the hydrocarbon composition has a
viscosity of at most 100 ¢St at 37.8 °C as determined by ASTM
Method D445.

Further, in some embodiments, the invention provides a
transportation fuel comprising one or more distillate
fractions produced from the hydrocarbon composition as

described above.
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15(with a peak showing at 80 A) and 25% of its pore
volume distributed in pores having a pore dianeter

Whei9asz122800 and 350 A (with a peak showi ng atPGROSAPI/046927

Boi Il ing range distributions for the hydrocarbon feed,
the total product, and/or the crude product are as
determ ned 20 by ASTM Met hod D5307 unl ess ot herw se
nment i oned. "C5 asphaltenes” refers to
asphahtrenes, t bat s@fe drpsak ubhes) NtHe peRtaneon GBrovides a
asphal tenes content is as determ ned by ASTM Met hod
Bt producedn. @O%%ﬁapﬁéﬁ%a@% &1EPP5 154 pRatt enes
dhadr i 2Bol-asol ubl e in n-heptane. C7 asphal tenes
content is as determ ned by ASTM Met hod D3279.

" Col drn TRrRrBeAl ¢8Yedimernéss” £82 b oriGrhr PRELAFS Of
Lol dimneXtaf mbpepferdpdineqTable sl 0 OFQ ORI o PRE L
conpounds of one or nore netals of Columm X of the

Perd BdicE tFabl €OT i BB Lfhi ERAXUEDT riesifords eBPadEBUmMay
WMeh 1 Gkar weXRNRl fourksl2) off at Pe Pariodi-teTabhsod fiint s .
exanmple, "Colum 6 netal (s)" refers to one or nore

met al’$! frERTEB] P B ST tohea PRt F ol TabILerafdrdy Rfnedded
*96 1Y & %@H’@Q&'n&ﬁoéﬂm%@ﬁsoﬁe!%‘&?oé@t@r%lfnr om Col um 6

of the Berl odi c Tab um X elenment(s)”
Bpifad depsgranblian %%ﬁﬂm%@ﬁﬁﬁﬁﬂgsof Col umm X of the

Peri agicc ; 1gbhe; oand/ 11008 g o J0f ¢ GRROUAES: B35 Of i A& s :

or nore elenents of Col X of the Periodic Table, in
whi cH IR -cér tespordenadia €6l armerRabiaentf of éx@@rl‘ptr%?tlng
é‘f’s‘tje%). of the Periodic Table. For exanple, "Colum 15

el enent(s)" refers to one or nore el enments from Col um

15 offI{Ghe 2Pehdodli - Fabldé fandLbronneldrs whr entenpoundsrsus

r f o]

é%ﬁé%%i % ?§%F§.g%QH%E&%ﬁ%gﬁeEgg%ggkgg&dhgn gmﬁgglment of a
eppllivedt-i on, wei ght of a met al fromthe Per i od| c

Tabl eig f u al_ fro

Per i ? iC ‘?ag% 2 Ui ‘%ﬁﬂ{%gf Qgﬁgéf%n{éﬁ%l% rgr% ?h elrllleouQf @
Jablee produnki gehtsmﬁ ramcdmcpeuﬁdr ofa@aivel eaepivérom t he
Periqdic Jable 15 lculat s_t.he i gh f tal

or t RaCaetgtt ariadniar. LeBrets B dh 1R BMieG iR
MDA e seasedrp*eeér:gnamwif t@aEafgstvanﬂwscalau[Lats*eﬂ
i ght of. the. rml |nthe catalyst is

ailed desc o) e e T1

5 0 bder her gram of catal yst.
20" C@rmﬁahltagés rcezf €18y tao h(ydmbaatbqﬁrg f@@h‘mnlmhng hogh

uI Ver.i zi ng of at Iea t subst and:e %etch r such
031ty conv d 1nt aving a
Ieast Two sUbstances’ar e mXed roug

dm&mle@akflandspm/s»mﬂnl nfiaines. hwhimngdn ra:@neampﬂidsrerby

forma substantially unifor eous. i
A B NG CHALE THE BB RET 1 T G SCaBRP AnierSiny
yield g BﬁSE&céhﬁ&%ﬁ&ﬁtﬁ&yexbrL@Eﬁbaﬂaﬂﬂbmﬁeﬁ sm&m
ext rudat e gartlcles EPer0|ds gl 1
Whaders, SPPF Ryt % YP&QF%EEO ﬁ%%“élt BBﬁlﬁdcata ysts,
awr@gﬁﬁlessObbt&mécerfs:ombyuanypkm@%xt BUSi ®Re uses of
nDIdln tabl eti ng, press ng etizing, or tunbling
%Uc’éé @B‘h‘iﬂ%cﬁq"r&o% ﬁBEb?%éPeij%?éfﬁ nﬁ?é@ﬁ%&‘u on

é'fﬁidlﬁ(ﬂfénft@ vhi ehe a fnrednsohid dssddMRISS@dreMnain more
|l iquid or gas to absorb/adsorb conponents fromthe

i-d or gas.

Terms used herein are defined as follows.
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"Content" refers to the weight of a conponent in a
substrate (for exanple, a hydrocarbon feed, a tota

WEe@dnsg227 or a crude product) expressed as wei BEIL/US2009/046927

fraction or wei ght percentage based on the total

wei ght of the substrate. 5 "Wppnt refers to parts per
mllion by weight. "Distillate" refers to hydrocarbons
with a boiling range distribution between 182 C (360F)
and 34310 (686eF) w©f mhelQtaMPataddstd ITeatengonbent is
as detern1ned by ASTM Met hod D5307. 10" Het er oat ons”
NFter €150 oxygen, nitrogen, and/or sul fur contained in

the nulpecylatisir uediere % aphygroearben. 1Heteroatan®r) .
content is as determ ned by ASTM Met hods E385 for

By G, 105762 %rdetfcﬁ%]mﬁrit Pogen!™ At 54294 °f 1

sul f Wromitohalirbasl odHdnedgs’ aﬁ@féﬁd%.kOc@kbéggﬁﬁkcenta e
compounds thgtrhaveQES a Kg of | ess ﬁhan 40. Basic B

P tirSg Sy IEOBREYOR s epd deCoFRT e 4R DASEVCHEERB IR D2896.

ddddrnogen sQUASEY MeafiRis pkoohydrogen, and/or a
conmpound and/or conpounds, that when in the presence

of a 'WydreearpdrFedd éﬁéeFﬁet%a%&FV@ﬂYSFeéEtW@%Fh at

rom Q%ehﬁgﬁggﬁﬁyRQE3@m§9698U991§ae i thethydhecarfonyo
f eed g rogen source may include, but is not

$@%ﬁ%%§§cﬁ dh?@?%ﬁ%ﬂ%ﬂ@ﬁsOFfE@r%xﬁﬂﬂﬂQ¥en§l paclgstatistical
MYAracanhensLsYel, as %ﬁ@ﬁ@an@tmwﬁr OBQQELa%@ on a

but ane), water, or m xtures thereof. A mass balance
PrEse b LEBAdUET &eS tRP e SeSBet e Pt andunt eghmhyer cgen

}Qféﬁe% aqe@a%l??ttrﬁ‘?y GorROYRd( S}y {4 tﬂb%e“%ﬁ%é"@?@tmbuted

refers to a volunetric liquid feed rate
yerpq@sahaveh@@ wire atiamgser apelt weereodr esded0P MAmprroms

g%gﬁlsﬂ wﬂﬂf f8%ak§|¥§& i§°Q§JQHJa%89ebyolume

sunnatl catal yst volunes in the contacting
QxﬂﬂﬁgbuagddescpmtﬁﬂjHaﬂmggna BOt¢ | epdrek treirx bakreten e & sind

% ) are ﬁsgt jon that il clg $§ oO0€ or nore conpounds

iqurd at standar enperature and pressure
(25 CGoi0ib0lrMPae derteiipattiensredertted ydrasatiSIP fged,

S SEUTRRRLAL B8, Ll chuder B OIS 08, oL B0 nsneo
bawHSﬂMompcbndsD5$Qﬁ wrlessobidsratsSinRntioned.

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

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

“Column X metal(s)” refers to one or more metals of
Column X of the Periodic Table and/or one or more compounds
of one or more metals of Column X of the Periodic Table, in
which X corresponds to a column number (for example, 1-12) of
the Periodic Table. For example, “Column 6 metal (s)” refers

to one or more metals from Column 6 of the Periodic Table
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"Metals in netal salts of organic acids" refer to
alkali nmetals, alkaline-earth netals, zinc, arsenic,

w@hkooon3227 or 5 conbi nati ons thereof. A cont eneCDiS2009/046927

nmetals in nmetal salts of organic acids is as
determ ned by ASTM Met hod D1318. "M cro- Car bon
Resi due" ("MCR') content refers to a quantity of
carbon residue remaining after evaporation and

Py sine 6t @ossbsdnaiedsMoR eententndrs astdet ermimed
by 10 ASTM Met hod D4530. "M neral - oxi de fines"
TFBs &t 9Lkl aese oGt dP816round to desired particle

si ze~ndeXanp! Sc Ddmaxd @8% obraRt &l S dClordeorbut1 @fdhts of
not limted to, alumna, silica, S|I|ca al um na,

TRYA chredxBR, PTG TAPORT dRIRIIES G BRF §eSogounds

do dAXtr gsrbhet@nts of COl%lllyqu’?ﬂql’HHeC@@t:§Balé nTatHl%, in
hydr ocarbon feed” refers to the content of i; denum
Y

¥ Ghe F@éaesﬂ%%dﬁotl%/@déﬁﬂlﬁinéow@?ﬂr i FOrugesmp 13-18)

&MUt pf-i bROE gaNl & NDIppbdenyim and el ganembybdenimm id) ~
the feed. Ml ybdenum content in the 20 hydrocarbon

el S $oasrleberiiife® UPeASTM Mt Hod g, of the Periodic

&@ﬂQQ@Q@brcéﬁglN§hmnk§%%ﬁ§oﬁ§d§<9@Q§ky§k‘hBr@héf%héHts
Ieast the majority of the pore volune is distributed

frPo e lefat L st pEAINIiBSECBaE 6aPEF - pore di ameters, the

statistigal sgéééé réfbucth!l%n aB@YLE‘QtPor?' gRiikjheapt Qe@é‘tal from
when di spl ayed on a 25 pore vol une versus pore

dhamstrérdprotabFor V@@@rlﬁﬁl ef a momonodalofcat apyat fegn the
ﬁ@ell%d'i‘%"/%%lét Sy PANhe W %Eewm&% eﬁdﬂ@%@%é&&ﬁﬁc Table,

di anet er “bet ween A and 300 A (with a peak at
A weiNgpshrha2 ¢eferns:a othypdr etandon fcmn“p@henf’grwdw dable

3 ;i ag.Eange. gl skriputLon betueen 38 €.(300 B anc

a content rs as
efedremmm. neEObye;é@ﬂMertlrfo@ Dset)é'ms of MoOs"Np /Wfdek'per gram

(%.ﬁfcea Saflty%tm EKE! ca MANALI MM et LR o P 1 ROTBYBEL MR 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 often form a substantially
uniform or homogeneous mixture. Comulling includes the
contacting of substances to yield a paste that can be
extruded or formed into extrudate particles, spheroids,
pills, tablets, cylinders, irregular extrusions or loosely
bound aggregates or clusters, by any known extrusion, molding
tableting, pressing, pelletizing, or tumbling methods.
Comulling does not include impregnation methods in which a
formed solid is immersed in a liquid or gas to absorb/adsorb

components from the liguid or gas.

10
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"Ni/V/IFe content"” refers to the content of nickel,
vanadi um iron, or conbinations thereof. The N /V/ Fe

w@wwas226 i ncl udes i norgani c nickel, vanadi unPGrRUSI0NDIM6927

conmpounds and/ or organoni ckel , organovanadi um and
or ganoi ron conpounds. The Ni/V/Fe content is as
determ ned by ASTM Met hod D5708. "Nm /nB" refers
to normal cubic meters of gas per cubic neter of
hydr ocemnbentf eedte D Norheondesisahl € gasnpbebet Sid &
conmponent s and/or m xtures of conponents that are

a4t &fpr examplevodgAHERBEArPIL T9ehefstppal product,

SONPoUndct Babahde] Udes aRecar gani€i ganmaeurd i banded,Orght
conpl exed with a netal of the Periodic Table.

PRI GFANGHEL APFFE Cortentotref BpsItlo thérofaPsisate-

OH RffepBt 8d pdrdNecer ganonet al iveic@rpounds.
Orgaﬁﬁrg,trret allic co%t ent %I s as det err% nedl%%}é ASTM Met hod
e

D5807 Distillatperiffine TRbPEUr PRI Y St ¢iffheaPRPibliE range

dahl.e rRs ispestfiad byt ke lnbernatdpnalisUnicons 9f ‘FEU)V &t
and Applied Chemstry (| UPAC) Novenber 2003. 20"P

Q PPt MFati oRy sl tae GEntpnyal fie2s qStergingdabnuehAl
Yaliey pshibeh represents the floccul ati on tendency of
asphal tenes in the hydrocarbon feed. P-Value is as

det er“rﬁeﬁééjobyomSTM 50§ ODPBBACT / Porte odicametef/or sulfur

182 POF e+ A ABLLT, 2 ABE - PRE £ Zx OhUBREEF&N. T
pore di aneter, nedi an pore di aneter, and pore vol une,

i USEEIORF N8R by AS MR RO 8- DB Kimertr fiethods E385 for
DY as] meihysaton contack capgle, equplndB a8} b cy:

mocroneritics(r) A9220 instrunent (Mcroneritics Inc.
r\ilzﬂtearlo@@m@eor*gr@geru Seheysnay bet sl congeted s et have
Hﬁ\% u g &f erstr nent s

% at ﬁ%\?egggb?ﬁ ] 40 rar?ag?[gl g%?l%%tl O(L\%gbgv(‘e;gS % C

{4O0miFed asg H%Thérwﬁtﬁ@di by SASTM Met hod D5307.

) Sed"ﬁg;%tf" g%gzﬁééﬁéed’ r@%:é%' Lt L %@f&&%gul,c%é/ép al &fpound

i nsol rn roca roduct
am itaur e:omSedndEnttha asledletler nhﬂegdretxgenASTMEI\/et hpdrocarbon

7. S ] I
PARP TSP RN O 30 be. debermied, iy oe Shel |
¢€empmmdt(set ial the mxtdmc\aimbpn fosd. Pethydr?98i, spages may

00 FCRRLeters t, standard oybbe Lestod, c.

a er fgarref hy rocar boh
to C4 hydrocarbons such as methane, ethane, propane, and
butane), water, or mixtures thereof. A mass balance may be
conducted to assess the net amount of hydrogen provided to
the compound(s) in the hydrocarbon feed.

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

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

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

“STP”), or a composition that includes a combination of one

11
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"Surface area" of a catalyst is as determ ned by ASTM
10 Met hod D3663. "VGO' refers to hydrocarbons

WwWoRak/13620Di | i ng range di stribution between 343PQ/8509/046927

F) and 538 C (1000 F) at 0.101 MPa. VGO content is as
determ ned by ASTM Met hod D5307. 15"Viscosity" refers

to kinematic viscosity at 37.8 C (100 F). Viscosity is

as determ ned using ASTM Met hod D445. In the
€Ot c_hpbhhss appld catl 0Aguid 415 31 hetundgeséPatbre
that if the value obtajned for a property of the
SUBTT e tha5t 2EF | L otsPdeSoF - limits of the test

et hodietbhe 20 hesdl netkedorayrber ididiied apdéprio alkali
recalibrated to test for such property. . .

n¢hdroc drbohiPee T tefElrslfo alteed 378t Cr nEl Gefesim, or

byrdriecanbapscnlasocanbenntegd sBmdclsude, mbukl i $anat o
limted to, crudes, disadvantaged crudes, stabilized

LFIRTES, 225dRyHP p%%r%ﬁéméﬁﬁﬁi RBPITOMeErnat y18 -
processes-ehrFbxtresihereatr” Examiles Qbrers to a
hydr ocar bon feed obtained fromrefinery processes
Wﬂﬂ_t&d—éﬁ cBufarpe’ rﬂ’cﬁsjﬁuﬁi tegetoiny c?rfgterre@vé%]—’aém tand
pesidue.s Bapht bay,sgase | apd/ o5 hwdr acarhons: behiidg vy
above 538 C alooo F), or mxtures thereof. 30ln one
Eybdierert PRe3fydrocarbon feed is a crude, herein
al so weherhedok 0adseGlude Legds & ude Qs cruderf£€droundg
refers to a feed of hydrocarbons which has been
?ﬁcﬁﬁ@éﬁdaﬁéﬁb¥c¥%tﬁm¥%d Eﬂéﬁphﬁﬁr%&aﬁﬁéﬁscéﬁt%@?ﬁh@
{puimd onsande WAl ahasanet yetubeen disikbl edirica-
and/or fractionally distilled in a treatment facility
3lrpmedu e taniwn phal onponenn sun ehi dpeaiefines bon | dpigle, or
s di %Bg}ggfi ons, such as atnospheric distillation
met hods and/or vacuumdistillation 5 nethods. Crudes
may Beélodgbddnusepintsolti dp ahd/ oydtdquuibdn Ceadésregrs to
i.ncl r [ o] tar.,sa de
S RehE) SRR raahhi sy b T e e Y or m
eorstaatyi linzéddes udes aalcsotr ef ek nedydro camodtyabehig erhd
crude feed,. Stabili.zati may,, | de t. 1S, no
Timted ?ofie%grlerlnot\zf% f%FldrﬁonD-q{):PCkL eennsda Igéné’ggiésf the
watmwrcardaht §¢edricamideatironsed hey efTM MemhbheDes Utle
to fq&%h%mggg?iééésps&pu%%'e§UC@oSt%£kth% igg &%Q% at
of t en occur "at, ~or r}]roxi mate to, the proéfuctl an"End] St
Yetor ttihrgmsij bei t Stabitdhiez ed rer udbsndave distrbeened in one
di still.ed.and/or..15 fractiognally. distilled. in L
e A P 1 PoaBR e it 1o o hBBne e & i e
&peciifdue ibei hangng ange giiist rebut pans wiear dexampied on a
napht ha, distillates, VQ nd/ or lubrjcatin ils).
R AR PoRE FieT e, SahelBs ol 1 niecia rgects
redrospher catdi gét Inhat iheremebhods and/@irevaelume in pores

distillation 20 nmethods. Undistilled lor .
ST 6] SRA ei LS CESHSErUdRs” i | MO) dddvith a peak at

Txpgnent s that have a carbon nunber above 4 in
“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.

12
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quantities of at least 0.5 grans of conmponents per
gram of crude. Exanples of stabilized crudes include

wobk@baseudes, topped crudes, desalted crudes, PABEES100E0146927

t opped crudes, or 25 conbi nations thereof. "Topped"
refers to a crude that has been treated such that at

| east sonme of the conponents that have a boiling point
below 35 C at 0.101 MPa (95 F at 1 atm have been
renoved./ vieppede edides MRy kbayevan LRGNt ref, abr Nost
0.1 30 granms, at npst 0.05 granms, or at nost 0.02
@‘i‘%a&fm%ch ®btponent s per gram of the topped crude.

Sone stiaki/ FEzegh €dirdes-rave peopes tdesdnhabrahl evet he
stabilized crudes to be transported to conventional

YaegtivEnt 1F 881 | P i ¥yt aRg pbrtetifon dafr Néf %/ {§ giontent

XA, iRbRPghANESH i dHUCKSan9i §hi PY) i rOhhebnEEBaeS and/or
have one or nore unsuitable properties that render

PHENAHSEEV anP BgEeR v aicsadFantag et Grindes nagmpeunds. The

whacaept-ablent 0i & 44 aRIROME ALl 0Py LA Mc@hoaNghPis a
treatnent facility, thus inparting a | ow econom c

val ue Mo/ B r@|f§é§v5‘ht%fgl’é%flcl%@éc Thec et oHoMeé PaFugubic

HBYe 0 SUCR LRt reser voir that includes the
di sadvantaged crude is deenmed too costly to produce,

t r anSPOrr CORABN BFL 1T drs” TOTRES prOpEMioBeNeF Ehe/ Or

hydracar ben fesd.esuchas Lok &é@é@'aec tshe crudes or
di sadvant aged crudes may vary w dely. The

hydr o€arboAmeeell i €lcte fassf 6P exarping dhefudeciedrl an
f@% Sr{l%v%oﬁp}éh%Oédﬁc}’eo"forafcolnﬁﬁ&eéqﬂft%t 28heBd1 8o £ 1l

00 cSt, at |east cSt, or at |east 2000 cSt
Rarizdig Cabs3Ihe Wmmeﬁéﬁliée@onm asffop exanpl eotal
@or&“{e%‘%e ffeﬁgtaﬂaﬁz’nhéh o%aﬁ\gﬁne&gf‘l"i' yco@r%oﬁﬂéfs 19, at

or at nost 't may further have an API
@wwmt@ﬂlat: 4:<eraisetn15 is as deTheninadt dvarboM Fleedyd D5807.

such , f.ar..ex e e fe e t

Ni / VI erégﬁtlgn? of 6}_, %:eeggt I@ g%%d grogﬁrf\é g?b%% %
$easitf 1@J0001tge aImteoffnaNll/onaEeUlpecvn griarfiugke bBydr Be@loh
éhemls v eegﬂ)_}gr@ay%ﬂove ar onPB such as for exanple

acru ave a to heteroatoms content of
at | east(p@p005agrans veflukét er oak-orsL yseT rgzrfamsoto a numeral

drocarbaon feed; 25In.sqg enbo nent
Y}é/ldlr dcaltrhboﬁ %%%]aésneangc att%l eng%?cf)l.ﬂgq) 14 rzcr%gdoP %xygen
Ttaditrineg monplm@ﬁqgirp@:rargpanfeédhyd?r—d@ambomsf@ed and

ereln th duc a oxygen cont ai ni ng
correprénulﬁ S C n%g%? D%ft 57'8 90% of the
hydr omrrboﬂlhxeeﬂeﬂxygemdent Aab né N cepaedndsnéomb@rt |

%g@%&*nr%?egxgg%&n&§ 1%m%%%%rn%g 1&P%XQ%T%Eameper, and
pore volume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle equal to 140°). A
micromeritics® 29220 instrument (Micromeritics Inc.,
Norcross, Georgia, U.S.A.) may be used to determine these
values.

“Residue” refers to components that have a boiling range
distribution above 538 °C (1000 °F), as determined by ASTM
Method D5307.
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The hydrocarbon feed, such as for exanple a crude
feed, may have a residue content of at |east 0.01

w@e@ag3t7 resi due per gram of hydrocarbon feedPCT/HS20N®16927

enbodi nents, the hydrocarbon or crude feed may

i nclude, per gramof feed, at |east 0.2 grans of

residue, at least 0.3 grans of residue, at least 0.5
grans of residue, or at least 0.9 grams of residue.

The hydresanbonrdeed, tsUchpasif is exanplre cakeruge: are
feed, 5 may have per gramof h grocarbon feed, a
SHFWPLEoAL ehbe Jty HroTgRep éeﬁ% COlfl REREPCH. @1Xt%?9at
$&fisler@. Q2 gEaIBzermined H}eAern@@@f&prM%@ed S&eIhAE may
for exanple a crude feed, naX have %raWIo

Myt GearbsRTFeRH Q¥|ﬂh€r§§§ﬁ c%%?e@ﬁl tortarn| éast ("SHEST)
s Q0% 18yl 8asta0. Aok at Leastn H0Zc0ramBnsd0 pet .,
The hydrocarbon feed, such as for exanple a crude

¥dd, R@pshave 2045 asphal tenes content of at | east

0. 04 \giea® QLréts |east 038839k 8B Ofe S c@sphal pehesarrel
per gram of hydrocarbon feed; and/or at |east 0.02

ofr dhirecagpPored’td 0. 04 grans of C7 asphal tenes per

graWWQimﬁﬁgéogééQ@ﬂn?%ﬁ@at%@}@@ P§Q£9Q§&QQB1£§§dby%M§@4
as for exanple a crude feed, may have a MCR content of

Mgthash$B603002 grams of NCR per gram of hydrocarbon
feed wygon rg?gr@y&r %@&gerﬁsﬁg,ww@@ %%lfl%ge%m e a

crude feed, may have content of netals in metal
@Jaﬂttl’slb@fcl@ﬁgbﬁwe%m?cﬂ@ 26 of5at " Teaxtd 3360001 (H9 s BOf at

(ﬂeltoaﬂ MEREN ¢ @”&&Jté}%drl%cé%beé‘téﬁﬁ%ed by aEMR Method

drocarbon feed, such or exanple a crude feed,
Wﬁyyﬁurther have a nol ybdenum content of at least 0.1
Wt ppm;; - Ay dr o %gn fe . for .exanpl 0
crudevggggfggg n%%g urgﬁe?qﬁgﬁgggﬁs%f¥%ﬁlg? 5% cc
cdifbi‘mat.i oliietothey disove reheiwoheed proper RBEY, Method D445.
The dr.oca e h examl e
fe dﬁxhaygl%gﬁgeégﬁ%?t%#§n1§§liggt ot wgfeégtgéﬂggl
gréaTss,toatd tbaStlﬂ'@05\@ﬂaﬂsobba1@&dk@asﬁ @rOgeygranst dfthe

raca r.b Q i Lin LSLric [
%M%meen 9% %F igﬁﬁll 2 8f1 i£ﬁ%%(ﬁg Ieagg£ é%kﬁfd the
@ﬁsnnmetabdleastbé)mnﬁiﬁ}ednsndboraned&kxhraﬁecltgrtﬂﬁt(ﬁbr
1%/)(%{oc%rbo s wth a boiling range distribution between
2 cahd 300 C at 0.101 MPa; at |east 0.001 grans, at
| east"” Hy.d@05a gpamst e at” a@fbeaStOOa0&¥g¥&ﬂﬁtoﬁncludes

hydr oca bons th a boi range dl trlbu n. bet
R TRRR 50 W a1 n RERDRG el byeong e

LﬂMNﬁgd ab, | easted, Qﬁ&a@wanﬁaged G&u&ﬁﬁsbt@bﬂllgé@nnﬂabs,

$roca bons th a I|n range 5 distributio
DGR 2200 A G50 C e 6. 0% NP SLFoA 1 OF (i 7o

emh@ﬂﬁnenExampeeﬁyﬂﬂogahbaarb@ﬁdfeénudbtasnbarfﬁmmugﬁﬁanery
a crude feed:L may .i ncl ude gran1 f fe at le st

%r?f(?fsﬁrsaﬁﬁ‘c 4¢<1 dbt A3C008" %IPﬁste r-Cat PEgsFe%)l

giars refsihydr ocasixons watkbia b@dl@ﬂgnkﬁ@gerbons boiling

distr%%%tlon oé t, 10 nost 100 C at O. 101 MPa; at

?Qﬁﬁﬁ OOE é} t,lqgagfxtures thereof

In one embodlment the hydrocarbon feed is a crude,
herein also referred to as crude feed. Crude or crude feed
refers to a feed of hydrocarbons which has been produced

and/or retorted from hydrocarbon containing formations and
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0. 005 granms, or at least 0.01 granms of hydrocarbons
wWth a boiling range distribution between 100 C and
wWQe®I@wne7 0. 101 MPa; at |east 0.001 grans, at PEEES2009/046927
0. 005 granms, or at least 0.01 granms of hydrocarbons
with a boiling range distribution 15 between 200 C and
300 C at 0.101 MPa; at |least 0.001 grans, at |east
0. 005 grans, or at least 0.01 granms of hydrocarbons
W idh &aBohbinget ange diisthibusi omnd het weer+t300aC @and
400 C at 0.101 MPa; and at |east 0.001 grams, at_|east
Y05 1§anE, ao*fr%&trﬂl@é&stfaéléit@rwr&rﬂwdwaéa%%%s
Mridbrokei Iiog gﬁétglefl%ob@hi&ﬁg bf@m_@,n hetwesdt 4005 C Andh as
650 C at 0.101 MPa. ydr ocar bon feeds. or
%ﬁ@ﬂﬂ?hﬁééﬁsdh%§l¥%ﬂﬂ%ﬂﬂemeﬁ@Pdér%%QQﬁrf%%§&uma@lF%%é&atlon
£ 00kar ambgedtnd fasd 1005 gERNSs0101G,atnkeast 1 Dq@ls .
rans of hydrocarbons with a boiling range
é%%ﬁqg Bati 6RCOFatf HosrargdeCccatl 0. MPa, tpR sands or
addid ian .t @n2Sc higherr Roikknge £QMPONeRL ScabyYPi£84 106 form
t he dlsadvantaged crude has, per gram of disadvantaged
%rikﬁ?llézéénFé%@eoﬁﬂéﬁbﬁeﬁ§6F%@andﬁ%Sﬁﬁbéﬂlﬁ%§t0¥P
SHATS QL1Al i APS1 00 e 9B ude, but SABRYALACRLHON,,
feeds or crude feeds may include, per gramof feed, at
%%@ﬁﬂoo@omogr%ﬂ%deQﬁahl@agﬁsesoo&ﬂgﬂan§aléﬁ 30r at
+&Rsn Q101 9L RIB Of i egar bon éeV%J|Ed%mb%'EtQﬁli§ﬂQP
distribution of at |least 200 C at O.
Sotfe hy@ﬂébaﬁb@@#¥kﬁﬁﬁ§q@rm@Vu@ét¢@eﬁ%ﬂﬁh?tvn@FL@%pkaate
0 ampf L 86ee by | £2500,0-800, 01 Aus,s | east 0. 005
grans, or at least 0.01 grans %y rocarbons with a
boi | |S¢gibnéng@dd¢lsw¢€csolm\f@nnot e} edistt i63@dCan&kanpl es
h r
R et T P e B e P ror T e P g e
ey Udes. f conpofette Widlh eswengfregionisirof rehgewdi$igributions
a soqut i f a
t%nds%%é%’l TR oL ohet Coapos s g Loy ap At ing
ofD$QEle£1Emh ﬂHMIMQGSthguonaNbﬁihlﬁeaedAngola

%ar{os{;) Sic Qfs(f} ohal %}éo eé‘r?qi Hel an ZUli & ri11ati0n
S a, ana onesi a YT eat ment ~of
rdﬂﬁadkantﬁgédstxhﬂa$(anﬂyoenhaﬁc&nt1unqme@petabesizédtduydes
g padvantaoed, crudes, such that Lhe, Gudes 8re pove 4 in
G%eriable orr ranspor Fat 1'on°” and7or tr dal'me
qwumﬂ1¢dE6cafb@n feed maﬁ beamsp®ﬁdxm@©n@e$6rpbedgram of
her The rude ro u sultin mtre nt_o
R i T gEESEE D g’ Alks! RO TE Urles,
1ggn&mﬁbhmdss;té@&&ﬂﬁad‘drmaespodé$amﬁqﬁutb@peﬁreamdmﬂu.or
%ﬁper%}es o% t he frude product produced as descri bed
HEFEiTi taPEScFBsET 0 the correspondi ng properties of
West “Texasdl nterseditat @ ctude than Hadre daper ecasbom such

feed, or closer to corres ondi ng 20 _pro ertles of
Bt oreae s Sha Ty GPBEaR e e, nBRer ppe i

ehhaneiengwt Be ecaonori.a ovaMee 0b5t e drydr acar bpavd estbn
Such crude roduct nag be refined with Iess or no

]befr@-‘ieideatﬁ@ PSCt Fet by "ENhaARET ny FETiHith gt at most 0.1

efdriGi enchest Fres tgeatsyest gayméNClUde grams of such
desul furization, denetallization, and/or atnospheric
%ﬂ?ﬁﬂ@ﬁﬂtﬁlB?Foﬁr@%(F%ﬁﬁﬁetpﬁﬁﬁﬁlfﬁ%ﬁﬁ

Some stabilized crudes have properties that allow the

stabilized crudes to be transported to conventional treatment
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For exanple, in sonme enbodi nents, renoval of at |east
a portion of the organonetallic conpounds and/or

wOoreial13s2eT om t he hydrocarbon feed is perfor medP@EDS2089/046927

t he hydrocarbon feed is contacted with other

catal ysts. For exanple, a small 30 anount of

or ganonol ybdenum and/ or or ganocopper (for exanple, at
most 50 wt ppm at nost 20 wtppm or at nost 10 w ppm)
faria ihydsopar bosn d@ed armynr educe-the met ekbhyl1of a

cat al yst upon cont act of the h%/drocar bon feed with the
RS ySS, trucks ittt ) of ATRSrodaSoraY8ed§ PT more

mrt@@n@ep%wr@i@mddh@n&andgﬁcif}ﬁ&@dh@%@bnt d
i ncl ude contacting the hydrocarbon feed with t

et RpategRdi ﬁrlad%ﬁ&aafctbienan%ﬁ%p%ﬁmfeort%énﬁrﬁaw%lﬁsatm

Ofr 10 QLML €3 COM AGlnRg fé@ﬂ§§ty,| nck%s'ﬁ EBE@%@QQ low
zone, at |east one property of a hydrocarbon feed

%@W&ﬁgé&lb? eonthctdicrIvRBEAYHF deatdson fTéédeW@Wjd?ne

PA1UDLR yeababysh stHal at inkgel0ot Perisane nRnopest ynof the
hydrocarbon feed. In sone enbodi nents, contacting is

PITBPREAIPH EHEDries SREB°6f TRC MR Dgertos BEPERTeA n

@pgrpspgqten‘gggyggnglseatt he hydrogen source is one or
nore hydrocarbons that, under certain contacting

conditicorRgoreehat:s t ﬁﬁ@vhd@r@@iﬂa@@fvéﬁ%%dsnﬁwha%uﬁﬂ%
Sfantidr egen -t g compoundis),ahhathe JB{Qi"e%C %r ?%‘ai?%dél@

sonme enbodi nents the hydrocarbon feed ave a
vi scddiet pvefoatrv@asicetfOsesSk ag 3% @X@mpéﬁda crude feed,

r{%%ﬁt}?a%' EQVEQE‘%H;PQ% 1Q§s€°ﬂ§ r&éé ed o produce the .+

crude product; the crude product having a viscosity at
B0 85S¢, ok talepnstl BUVCSE t he 9f sbowitt v 090 the at 37.8 °C
hydr r L n s.a

et ermmed By RS Nered BI1S 2015 commtlrnaa e o=
ndie Hayer @@ahbbnglfaaeld;m have &9 coppercstonbentroft atost

1gast, %—1 g‘d@BEnc and, gont; %C%Eg%%é’ d% QNS MY, DE 5

control suc that the crud ct has a copper
cont éiite bfydabcansin IR stihke hydf@cmlée@dcmmlme‘ieed,

7 A2ORRSh OB RO 15,25 BBOGEL i

Tonteectti Ag089 st @O ft at Vi el prte syeanodc hiyAgo gorten

e062d The hydrocarbon feed enters upstream contacting

zon€ 102 via hydrocarbon feed conduit 104. A
cont attel hgdzonerhmy feeda seabt as f@r;ﬂxampae of cau@d feed,
r eact or Ie ortions of reac ,

fEhiae: pohateRufaBR Tty Bhalet €20 A 18Eer 0,09 grans
@ﬂdkﬂﬂﬁoatsmackeﬂ<$ﬁﬂ1méahydtocamwmxeéebed reactor, an
ebullatln e act r conti nuou tirred t
oty Phessp SRR, SnSoRb R et 2heh' B Ep%;LeaSt
(UﬁHmI@ﬁamandfaokyggn(HdmtquhanO@@mpnuﬁds gemfggmﬁaiﬁon

of . one re._contacting.zones is described

e B Par s Shieati BolRE Cotnarasits Po Bhayoen

&nt@aininehkcehpbsndhcampenat ed heridr Bysr efecrace. In
certain

hydrocarbon feed oxygen-containing compounds content, wherein
oxygen is as determined by ASTM Method E385.

The hydrocarbon feed, such as for example a crude feed,
may have a residue content of at least 0.01 grams of residue

per gram of hydrocarbon feed. In some embodiments, the
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5 enbodi nents, the contacting systemis on or coupled
to an offshore facility. Contact of the hydrocarbon

wo e@d/18d22h cat al yst(s) in contacting system 10BCTHS200%046927

a continuous process or a batch process. The

contacting zone may include one or nore catalysts

10(for exanple, two catalysts). In sone enbodi nents,
contact of the hydrocarbon feed with a first catal yst
wiaddteribsn eat alysd scgmy ne@dugel @iporddronrah sel esded at
netal s content and/or conpounds that contribute to

1957 td e 2c GREBRL Cf T §HE Ry dPbcarBdn Feedra8ibsbgtentdue, at

toact, sofrthe seducadiuky Bet al/resitdue ocgRt@Btof residue.
hydrocarbon feed with the second catal yst _decreases

Vi scasiet {YARAFFOThdeds e S UARI 23 B (aTPReoE heFude feed,

fnpodiaents, o¥iscosityrocarasphaldenes.su€fur content of at
asphal tenes, organonetal lic content or conbinations of

tarese (prloper Bt e5edtt thé ler de? briothict cRangeaby- at
| eastrhl0%,d0o £ £ iR dQ thensasres oF epakbhesa 0f ride reed,
hydr ocarbon feed after contact of the hydrocarbon feed
Rt X Hladﬁfepéff fbre ChataldFersron feeirn Fertaraen C?ntent of
sbodisrent 008, Vol ume Qf ocabal yst 4 ithercanbastd As .
zone is in a range from10 vol %to 60 vol % 20 vol %to
Boe voldmpecerbgn f@ﬁ% tsélc@oa\?olf%péfxadﬂﬂl@t al cyefaneewt, 28y
hydr ocar bon,feed Ji thereontacting zQneg hh SO or at
enbodi nents, a slurry of catalyst and hydrocarbon feed
st Ael0§derream 0. G02sghabsetes PBrgpans, ©D. Do qyeaken
FQ D ANB . QE 0.0 oy a8 L9, 3 9r ans 10f;cababyst AR of c,
100 grans of hydrocarbon feed in the contacting zone.
BUCorittaceisnget ovdint idndvidnothebeonterst.i ng zone may
i ncl , teddm t e
pr esgﬁlr%eng%a?%gbeﬂpsfoéﬁrdéeE??gw{gs hfygr o%r g% ?eet’ 99 ofﬁed’
rory dovisl patitBnsottrertecft. aCohtast i hg Conditisong NMER sone
%ﬁ?ﬁ@ﬁgﬁ?o%%&?@e@f |l ed to produce a crude product

th specitic properties. Preferably the contacting
t enpeihat bydrpsaetor eastd,260Ch ¢v Sonexenpddi aentisde feed,

emerature | contacting.zo y..r,ange fro 50C .
L o e B SR B8 AR PR 0B WP G cias
¢ LSV eafs tt hel bY@y ooantson £f Beda s e gememablfyhydnge rbon
J%ereo 0.1 h-1- to 30 h-1, 0.4 h-1- to 25 h-1, 0.5 h-|-

020 h-1, 1 h-I- to 15 h-1, 1.5 h' tol0 h-1, or 2
h-1 - Tthe ByHtocathprsormedenbodhnent Syr ldASYpils at ctedstfded,
h 1, _at.least 11 -1 h-1, at |least 15 h' r_a east .
G o tReE Rt e s adblealho bty ainal Thathed T ¥feppm:
cont attel hgdzonertmay feamge shirbna . dodMRaatn@18 MParude MR&d,
to 7. MPa, 2 MPa to MPa, or 3 MPa to 5 _MPa. | n sone
b rEREShERe B A 57 cEelr B o S SrobeR TS Be. at
heasitonddbphPaert fesonme enbodi nents, a partial pressure
of hydrogen may be most 7. MPa, _at nost .6 MPa, at
P st e e P s e RELR | B v B Ry By Cefe feed,

BOUIGR 1SleSPPPl &L of feed: at least 0.001 grams, at least

0.005 grams, or at least 0.01 grams of hydrocarbons with a

boiling range distribution between 95 °C and 200 °C at 0.101
MPa; at least 0.001 grams, at least 0.005 grams, or at least
0.01 grams of hydrocarbons with a boiling range distribution

between 200 °C and 300 °C at 0.101 MPa; at least 0.001 grams,

17



10

15

20

25

30

as a gas (for exanple, hydrogen gas), a ratio (as
determ ned at normal conditions of 20C tenperature and

wa2@e332ar pressure, herein below referred to BGI/NR2009/046927

/ mM8) of the gaseous hydrogen source to the hydrocarbon
feed typically ranges from20 0.1 Nm/n8 to 100, 000 Nm
/nB, 0.5 Nm/nB to 10,000 Nm/nB, 1 Nn3/nB to 8, 000
NnB/nB, 2 NnB/nB to 5,000 NnB/nB, 5 Nn3/nB8 to 3, 000
NB/ade or.obe NedidB dx0 2800 A8/ B 1c ojt-ast ed M&/(ﬂfbdeﬁ&)ons
catal yst(s). The hydrogen source, in sone epgbodi nen o
W%UbdhﬁFﬁean9A¥%m%%ﬁPﬁ lB&E%%%)b%ﬁWfqpeéppcu?af%% 400

dhrough ubke; 25ngont actHsrg0Zone. gLa4d,I et gassAay. 0% grams,
for exanple ni trogen, helium and/or argon., The

‘@éﬁﬁié@aﬁés nBy & CﬁeﬁédFP6ﬁfQﬂn%IW%tﬁyérBQé%b%% range

deadandion bLowal ddve *bydngoeny saurge ol Aot hepa .
contacting zone(s). The carrier gas nmay al so enhance

m xi g PnIERBNEBABRAGIAG ZonERe ) DY JHPCSERE e ABBSI nBHEs 25

B:3Q 0y agenc: seu cdd, 0ha§X aAPl &de MLdr QQ8R, o FBELSNE at
or ethane) may be used as a carrier gas and

ity AulPat e@T #R? otfh € teBnb et IR zore. @tTheast 0.01

hydrogeny 9968§r&ﬁ%s%ﬂk%fa098£?£ﬁ#fﬁbﬁ@%nélégglbutlon of at
cocurrently with the hydrocarbon teed via hydrocarbon

fesed 100ndGi 8t 1041 GF Meparat epysvi & GHs dE6mdui &t 10%s n

S AchiRg, ZQPeaéQﬁ%mQQ@téﬁt gPind her hydracarbons fieed, -
wth a catalyst 5 produces a total pr.oduct that

kpwéllmﬂae§aag@r%etlp1rkmru@m bghdeen nl EonE erbodP frent sat 0.101
938, dn13age embofidepls, o8 earil &f. (RS dSmeombined 1case
t he hydrocarbon feed and/ or the 3fogen sour ce
G)rplccmf@mSt o £ 0By d fithea rastnal wstbd@cb@rﬂaylgemmeoma@tlmlgilon
zZane, 102 ;and-b r R djt t n n

10 sf%}ége ves§%$ ?ﬂgrQagﬁblnQQ?&ﬁgitE%rgggék 0. 011 Grams,
Tonlchsstt ﬂ9805|@raﬂmmecenb@dﬂﬁeﬂtso Qﬂugnam@abfphzmmmnarbons
B, SOBLAL 001 68351 010.:928,,8001 06, BA%.f ARFPAC AU Mo <
processi ng. ases may inc e or “exanp
MWd}dg@nMgubfam@ atcdrden di@Qld@ramarbanlﬁenox®deﬁigrams,

excecsﬁfe%%%e{%‘.*él h%l%%o o3 %%ESgark}c?nsa%d/t "aoneild e(%?rrange

necessar ess ¢ Separa
dxsﬂnuﬂmelbotaetmeenhﬂﬂﬂ éﬁdane09©®ediwa:@omﬂacMng
syst e 109 pyrL Hied - LIANSPOLLed. Lo, oLher DE9Cess] NG,
zones yage vessel's, cor ~“Conbi nations ther

@Dﬂ@cﬁhﬁeddneatsle@asOp@@dugedmﬁuramgfkhe prO@@sgrmeL or
0,20 vol % based _on_t ot al duc nost
§%|%%ﬁ§t % O% g¥o li@%l%. Farbons %ﬂé% % F@gb%ggﬁa

ased on or " at” nost
di&tﬁuﬁwﬂloproduatImMﬁﬂuQQd Clmts@nnnemﬁedlmenhsdltlon to

non- det ect abl e anount as are produce
B pedt BT R R e TPE A THY caBaSbRabr oL
@ﬁ&ﬁsha@hepbet@&amwmmuﬁbausaﬁem§¢®eﬁﬁﬂkihe coutlen2>f such
ﬁ one egbodlnents a crudg %either
%Cgfﬁ?ec&‘rS’P“ﬁn?Bp%‘édﬁoﬁts OoFodGe8a 7 oth 49°&sEr voP T2 4hd
Sepaﬁﬁhédhpﬁt@&aiﬁbﬁ&%&ﬁﬁtomﬂ&hu@QEﬂﬂkmnﬁbg catahyst er

in contactlng Zone rin t he separatlon I 0OCeSSs,
o s Saort 1 et AR N arBtartoneast 0o 0B SEE! or

at least 0.01 grams of hydrocarbons with a boiling range
distribution of at least 200 °C at 0.101 MPa.
Some hydrocarbon feeds or crude feeds may include, per

gram of feed, at least 0.001 grams, at least 0.005 grams, or
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30 feed is separated using techniques known in the art
(for exanple, sparging, nenbrane separation, pressure

w0 e@aasion) to produce the hydrocarbon feed. FRET/US2009/046927

exanple, water may be at |east partially separated
from a di sadvantaged crude. In another exanple,
conponents that have a boiling range distribution

bel ow 95 C or below 100 C nmay be at |east partially
sepatated . hrogrihe of wdarbeapredyceitrhe Bydl osqr botye
feed. In Some enmbodi nents, at |east a portion of
FaH A CdAB 8T conpdatds RBr eCvol atil e than naphtha are
separmegd1EE08T t ey saduwankhaged 84 UdRated usihd) SQITE
enbodi nents, the crude product is blended with a crude
RHACTSE St HESSANRC A G 1di £PEF AT P BmAiSe NRY dt SRR

feets Fobnexanphe, fdlﬁ%w@hgd%@{&r@yf&f ey hereqnbyned guir
with a 10 crude having a ferent viscosity thereby

¢ g SPAtAC B érded Opréductamaia Mg fa SPrSe osP¥§2 HHan

dsniket weenchigo ¥ isLosid,y 58l pt hen chnde Jr addet @ndyt Rgited
VISCOSI%y of the crude. In another exanple, the crude
R

Yhbeedl drsd WPt hskeele Haviarg EOTAN Bay,
\yér%%%ﬂam andfor vz gnavi byat hatodssikd sdinbfepent,
t hereby produci ng a prodiuct that has a sel ected
properteptiRat ¢5 dbetaenteral SEIRT ERYprOperty vie t he
%F dile-fradyet  ands theschvdge s They bl ended product. r@%des
e suitable for transportation and/or treatnment. In
o Erbodbrenier ixwdeaheaged rddy itgeséparated to
for miae pydpocALhone 2 higgdoe ThSpIur acanbon, [58d Hetein.
then contacted wth one or nore catalysts to change a
Bed eotueld progert yraﬁuhui@ghﬁdpr@cmwefr@e@ft ohéorypcarbon
Folel Y QuEliod d8ask 25 BOLLAOR. O, Lhe LBk AL epf oduct
and/'or at [east a portion of "a cru uct fromthe
tiotrelpomitodacenddyr bl erded n. t hPJanQJ@&ﬁS aprhtl @nuctﬁ‘
&go&dl‘% gréég ajt eodes%rr‘:{%gdaggé&{n SQt L§rugde
obtain pro uct avin e desire proper I es.
¢Wmnelnrb9dpn®m&tistlet8h@fcwgde mmdtntamdlbdmat@ecrude
rQ e nspor fi

SA dcI‘%I%e%iZl 3@% ratf:etel%éng Fl %/?%? ﬁaq egl tgg ¥%§ %%dlo
monmﬂrteegooﬁyﬁlr@mﬁarcbnmef,r actnonse Hl'momadbooaf@@cm thereby
Ipacti.ons By be. processed Lo produce COMBLCEAly.  gucn
pro s Slich ransporteaf)l on ubr I'can s or
cﬂuﬂn @ab@ucBlmmﬁle)Hnﬂinsdpamamllgpaﬂbrtme pre- treatment

vant %ed cr ude le}]nlcri]/or f?¥dr ocar bon feeg eatment na
pro é’t an rude prgduc S{estri béd § Y
Bmdcﬂlu@heldsﬁ’afemzmmn caitemenahblzéﬁﬁﬁﬂlaadlért@trﬂtmemc
Cg t g |ncorporatg herein by reference. In
]esrtt%lr? éﬁBo ?njé?ﬂosve tH&EFude® product has at | east
100 Sosat ppenpad, | eastomkS@mwbppmentad, lreast a200f Wppmat a

east 22 mof N./V/Fe. In some enbodi nents,_a
RNV P CORTTE O 1t e PR G GioLDs, BoT0b 1o om
ﬂl@%yo&@%aﬁceoﬁ%éd ars 9RUrbendd 0% frd hecNhiNt&E€arbon feed
content of the hydrocarbon feed. In certain
EhEOUITEnEs, "t hig %tr}lf‘ote PrduEtS has A CGCAPRi / ¥/ E& o
Sentrent A Brgaﬁ@rﬁ@ﬁ‘yﬁde@lmoaﬂadt/@r 500 Nt epme rf [ o6t 1e>¥a@nple,
1000 wtppm from 10 to 5 m or fromlOOto ,
3 GORE P S6HERertlodints, “ERBNGr e iodtct ORISR in 3

k@l@carbon feed may reduce the activity of a catalyst upon
contact of the hydrocarbon feed with the catalyst.
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nol ybdenum content of at nost 90% at nost 50% at
nost 10% at nost 5% or at nost 3% of the nol ybdenum

wa@omwvas22df the 15 hydrocarbon feed. | n cert ai PCT/US2009/046927

enbodi nents, the crude product has a total nolybdenum
content ranging fromO0.001 wwppmto 1 wtppm from
0.005 wtppmto 0.1 wtppm or fromO0.01 to 0.05 wppm
In some enbodi nents, the crude product has a copper 20

cont et a@hcat PS4 1BRMocAL LIRSt &D%n Qfccat-aapse 30% of
t he copper content of the hydrocarbon feed. In certain
Ltirents det pelhgbde sradliey hastuda W&ItaEBb%%rthe

SRR toangb8g §1ami@00Ltut ppmd 0 ik W pRALa28Fidd OUBne
0.005 wmp gmto 0.5 wtppm 251 n certain enbodi nents,

THY & 48 pra8tets s téﬁ’ot BEalCED M EHE S "Fefalresin In @

aptalcsalt sonf, ofganiGrachdSprHeLr9f ¥ of h%k‘g@arbon feed
product, in a range fromO0.1 wwppmto 50 wp

TR L5200 o G, o6r 10 WUBIRABOL GERRRYoR one or

fotalcametghssi fe Bt Ale SRl Lnef s@hgaNi At ds rPehe 9r am
of crude 30 product. In certain enbodi ments, API

R EARYPen £aed er Ude SMedBEPOBEBRIticed TONGACEBAT akt  of
tder ydrocar ben feed Wit hrcat @yaﬁége@tsob@%econt@%nﬁbg

conditions, is increased by at |east 2, at |east 3, at
GPI@éi%qlW@ntév Abe | eedtodRD PEDALE ves 1T v NPFeghﬁ@/W%ﬁ@fons

the hm&%QaEQPE‘aIr?%nHa%t%{;t ab g ehedi meat s, ﬁ?'promde
grawty of the crude product ranges from7 to 40, 10

¥olad0gvedy $patd FWUIBsn oéehvérﬁg@hﬁzﬁduqmﬁpgndt(ﬁé et ude

&%&gblggsfgegi.scosity of at npbst 90% at npst 80%
at nost 50% or at nost 10% of the viscosity of the

hydr deasboa eeeddinantsobeehbpoddprriia fiehd wagclosie v
Hsddar ggeg 'tfP 169 &St 31000, a*anﬁo%nf% e 1 Y

at nost 1 0l n sone enbodi ments, the su
comignnef meheberude yrldddctoi gr@duqﬂ)sﬂthe%wdatplrmmct

ﬁsyﬂ%&rud%bgn 8hcf 0% ofd e SULLUr, gont oat g0bcl B o most

drocar eed onme enbodi nts t he sul
@Q)%t@tth@f viheogrtude prrogubldrscatbdredsted0ad23granss, and

BEiET Dot ey P aGgR T PeRY OG0T Er e 10 0.1

gr amsn fspmm OmOOBL e t3. (’aaeghadsomrqumrﬁe@domaym@\f@ﬁa
é%é%@% %%%tgggnégfagF&g%tpEOdgppm, and contacting conditions
may be controlled such that the crude product has a copper
content of at most 90% of the hydrocarbon feed copper
content, wherein the copper content is as determined by ASTM
Method D1318.

FIG. 1 is a schematic of contacting system 100 that
includes contacting zone 102. The hydrocarbon feed enters
upstream contacting zone 102 via hydrocarbon feed conduit
104. A contacting zone may be a reactor, a portion of a
reactor, multiple portions of a reactor, or combinations
thereof. Examples of a contacting zone include a stacked bed

reactor, a fixed bed reactor, an ebullating bed reactor, a

continuously stirred tank reactor (“CSTR”), a fluidized bed
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In some enbodi nents, the nitrogen content of the crude
product is 70%to 130% 80%to 120% or 90%to 110% of

W@ b@928s2e1 t rogen content of the hydrocarbon ferdr/u$2009/046927

sonme enbodi nents the nitrogen content of the crude
product is at |least 0.02 granms per gram of crude

product. The nitrogen content of the crude product nay
range from0.001 grans to 0.1 grans, from0.005 to

08 g, ags spraf r e, 60402051 A5 Onamipeto gt adm f .
crude product. In some enbodj nents, the crude
?ﬁ%ﬁﬁﬂﬂ?atﬁepuﬂgson?rPﬁ F@rﬁnF%EE?%ﬁlQQI%féﬁﬁréé dg¢sgmbed in

.95 HAarBnte Paddngnaps iektisomd. 0Qownans4st® Oo Bhan et
granms of hydrogen per gram of crude product. The crude

Produt Chay Si AefUude a4 Y PETRBT ekéﬁ(Jl%‘rfeSf@n&er uctureertain

B 1heB gl afBe t @2 tdhaMB y9f ek FOMN: 82 ghapBed 0c . B8
grans of car bon per gram of crude product. A ratio of

%ﬁ%ﬁﬁod—’ehﬁé%bé*hyt 0 Cé%r’t‘}rﬁcé e&r bon [EHIOCaEPORhESRT Eieh
BLQAUGH ( @&ylﬁeca%ﬂiﬁﬂlng%%ge#% 1302050 312096 1 05 20%

to 110% of the atom c Cratio of the hydrocarbon
PP SSACEr adeaprddiCcestoric HC ratio within 10%to

30% @yt henhydr ocaronr ﬁn%‘_%}dlﬁ&%é? dHL FakbPel 89&&@25@@5
t hat upt ake and/ or consunptl on of hydrogen in the

pfocesarpder ebae | Salal VSival |, andiUIe TRCISMAYEE ogemtiast

&F aducedshBegibih feed wilheaCEUAS RIQDUCL i BE! H}Q'@Stwo
conponents wth a range of b0| i ng points.

el srso R Hent §1C4 e Rortider pp bducteies acHPAEi| W%ﬁ@t
&9{‘ Cﬁ.’ntco% o8hab eastt %’o@%ﬁ%hté e@étré‘s%%o@e 0bnAlnt €85tne

% of the Distillate content of the hydrocarbon
mmcath@nmsedl | atwpsconcant cofitadie o e peddoed may

rp@talp/q:resggegl 8$n§é&‘cdgly@6%ggg£o 'f‘e@d @Q%etﬁéogé&rg&gm

granms to rans ( rans to
ga@iwstcodecmwe% vigreo3i0Yy gn@h@rtmcofefaasgersaﬁgl gravity.

%égﬂ%ﬁ%é%mbéélﬂegggtq} C%gqggfmeeﬁﬁggégf? de- product

content . 'boil 38@ at
Al tePa s, obr§£JI%MQiaﬂ3@% cB80% o Ad2%nbana®08h ¢ ool H%%se

é’f th%l\ég)o%opﬁggnéruoé th Xgrglﬁgr{gbeo%f%%dlegg Spie
dinent S e crude pro duct ram of crude
Jpsrlaaducfte ta V&0 wmamopiemtaesa@getﬁq dm@@@a@ﬁ@@lf@&daméter

IO 9ATRe £, 00L GRAME L0 O8I AI 0,0y BT OLATE, §¢
enbod]nnemssalnheanMd,ud@nmsodachhme ofr @esitdligst in the
contacting zone is in a range from 10 vol%® to 60 vol%, 20
vol% to 50 vol%, or 30 vol% to 40 vol% of a total volume of
hydrocarbon feed in the contacting zone. In some
embodiments, a slurry of catalyst and hydrocarbon feed may
include from 0.001 grams to 10 grams, 0.005 grams to 5 grams,
or 0.01 grams to 3 grams of catalyst per 100 grams of
hydrocarbon feed in the contacting zone.

Contacting conditions in the contacting zone may
include, but are not limited to, temperature, pressure,

hydrogen source flow, hydrocarbon feed flow, or combinations

thereof. Contacting conditions in some embodiments are
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content of at nost 90% at nost 80% or at nost 50% of
the residue content of the hydrocarbon feed. The crude

w@e@dusd225 may have, per gram of crude producPCT/EHS2009/046927

resi due content in a range fromin a range from

0. 00001 grans to 0.8 granms, 0.001 grans to 0.7 grans,

0.01 grans to 0.6 granms, 0.05 granms to 0.5 grans, or

0.1 to 0.3 grans. In sone enbodi nents, the crude

@sroduat cliasocapt odwade G5 ande GErSuas phalt epesieont ent

of at npbst 90% at npbst 80% at npst 75% or at nost

BRI 1Ehe t Bf%\felﬁo%’n&h@Cﬁ%ﬁ%ﬂ%é%em@@ﬁ%%e ofS tHe

ﬂ%ﬂﬁp%%bbéﬂ:ﬂ?%Qm@'%mgBQE&eﬁa?OQkHE%Eét £Qei§fé contacting

asphaltenes content of the hydrocarbon feed i s at

temsmal0%pnae feast3B0% tor 480 T@asiraA0®pef *€heo CH0 °C,
phal .t engs cont t he r 0 .

%Zrtalmn 32§b8d?$ren s,&%{'he h3I7 %gc%?g{)}% &é@ggggg#g%efreed il

grreamadfl yhydnoeafbon F.ded, &ot d8 ah €50 ahdh C7to 25 h™, 0.5

al-tenes conte hng, framQ.0 rang_t 12 -

Bar a8 515t 8 001! Srine L ot 7b. 08 gPae r0 1 =0 5 B

'gr ais. sbme cerialimeenbodiignt sy athéeesud®d prodact ldwst d1

MCR cont ent. of. at: npst _95% _ at t. 90%, or _at st

18096 Bf rhtehaeStl\/gli goht efit agfl%%sgc hzr)ﬁg%oc'ar bognpfagg ?fll)%ressure

shrreydenmedi irentise decraeashngzohe oy asphlal fenes0.1 MPa to

en t he hydrocarban fee whi | int ai ni a
E?(e%{ﬂfgaai’i ve&yasF%bFe %ng‘r% eTﬁ? %a%%’ncorregsg??h 8IS 2 1
sdrabidniboyiaént hethy draocarhonré eedid atfalhyprrodastmay be at

1 xture.. The crude product. . has, in sone . .enbodi nents,
B 6ol or Hreso® Y188 o e T T8 B BRELES oF
Wydgghamsy be &t Glogr ansiptp 456 b G grransaof mddOR perpa.
gram_of crude product. . In certain enbodi rents, _.
e G GER BB (D ¥y SRt BN A GORE o § Pl ied
das ajasot@br Ne£ded\ contdebtenf gad) | eastat200 (wk pdie@ined
resi due content of at |east 0.2 grans per gram of
Hy droEarb 6ANEoFPYRT tAfor0 @ BRRGUATEEE eBAt an?pf?aZO at
beast, Q. 2,9ras Pero,9nam.et A s 0canhpn, conRoshbi gBseds
sul fur content of at |east 0.04 granms per gram of
hydrassar berreenpositd drydragdriaom kgsst darbonltgsiauges from
gontentof. At gheash G 98: 9rans \per,gramof obydspcarbon
conposi tion; andBa viscosity of at nost 31()30 cSt at
187./8° G0 251000y e, d@sinatsl et 05 0HI Y Mol eot iSvaiy/m” to

§ QEHE O 06 MDY Qe ONPANCTHGY (O XA e o L3 EASLEY)

In a hydrocarﬁon feed without significantly changing

tde larsgust - of Tlhel Hudrcamd/ epulE¢ V/ Fe damet kabhgdnecas bors

L. In _this ~-hydrogen .upt a i.ng
B e S e
c@ducttiog, zand. noiarmeducbeennay ot herorcemponéat snitrogen,
duct i f sulfur typically.requires t cat t-to0

ot e SRaPET St ot Bee O BF e EbIey Afcko Card By of
dobal vidroc@ohver §é¢ah aofd/lydfdcar bbnshd atdrogatasource in
syl fur, andior of hee{)s het gr.gat ons, My, Al LLLbULE tO 1 nce
1hydrogen congurrp [ r?'durl ng processq ng. g fAce’1 Esso
sucimdhydr egencostatsiodheiong (ssed 1o sedueebotihesnts, a
1%%%%%%%2%§gégegﬂgwaég%ﬁgﬂg?oﬂygggghn}'M%t%gggngroéthane)

may be used as a carrier gas and recirculated through the

contacting zone.
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5 process may be mnimzed. A catalyst having m ni nal
anount of Colums 7-10 netal (s), a high surface area,

warwasret ected pore distribution may assi st i PCT/US2009/046927

reducti on of conmponents in a hydrocarbon feed that
contribute to high viscosity to produce a crude

product with reduced viscosity as conpared to the 10
hydrocar bon feed. In sone enbodi ments, the crude
producie mgyrbaye sUAdd mak ehasgecditoithey peaperdi es
as conpared to the hydrocarbon feed. The produced
?9%Hﬁ¥ﬁ§Fé§u8ft?ﬁﬁb%uﬂﬂgrﬁéééBP%bf%aﬁﬁHﬁbPﬁﬁé@C?Fﬁﬁn feed

@dawd tiohoobesépanspant edat 9ot reatdmnt 10aci | thi@sntacting
and/ or_ ot her processing units. For 15 exa

le, a
Wt dlarb6A Feel %%yjﬁh@édéoﬁ?ﬁ%PW|%%%%WFEE putaigplyst
NdMdee andbesl sptddiictcentent nthdied S 2ceept 8bb&ud©, ang,
neet treatnment and/or transportation specifications.
ZU Py GREEat BOnT ekl Smay [BeS#b? TEIFI e/l ya t Rt IEr Jas
W tdyrtheceal,al i sthdesgeidoRedpber £idy hd/8dUehBIhydrogen
viscosity wi thout also 20 reducing N /V/Fe or sulfur
TOHtENE D FANEBRE EHbodilentetatomatictofmay Ry dE oer i in
F&ed 1usi ngqt he @ﬁérﬁéﬁ@tt%ddgécét}@@p NI RISl zones,
tenperatures of at least 200 C and pressures of at
fostads VPESHES at O hrostiOZ n/PACpE odiRies fa Vépuden prbdukls -
that has ReVESEOS dohtQf, @heMstal00 28 &Shadt c3d: 81 L
a total N /Fe/V content of at [east 200 W ppm a
plexiaipd ngo e entn@foatgase 491 1ed 2d g Hits QFecegpany of Such
SA4le piodHE nad, disst (fuamecommge%f R 718851 Do
granms pér gramof cru product;, a sul fur content of
Gtoxiskst cerbﬂngmqwm grapsof Jxsades prvodacen amdree,
a si du f
B o T F A B oduct e e P s PR G ua ROTE
iﬁpanaﬁ§deﬁbgm|h@¢ntpU§ﬂ phedUQVe¢md(nﬁpmmé¢d|nglq@m¢anﬁang
ul / o) I

Srmal L0 e PE A TRBpoRREs e T BB LE e b 1
$tﬂnngﬁ vaseeirpourd qﬁmhlmgtmenalthéﬂﬁ@fbatahysome
gessriRed herel nomy, b Lnttedused intg Lhe coptacti ng

as a pr curSor, and -t becore acti

‘wahamw$ﬁd|nnth@t@bqnamtmmg abn@oiﬁd&\Ex&npbeedWMEmotal

SUILL 5 andlofa My drgearbon,f eed £antabnlng. syl Iilucea.

P Tonta recursor
Mmembsdlmeh@taatnalnmhll nel noesd<Galarri 16 Hméblarht(ss)qf gas
onmet.al |ncI re.no dt
T RGeS plad teaitdte BUL AL SO0 Wl LRE A0 qiar

:persdhh gaaasoftheﬁmdq&ﬂ,pradhotaisCidnﬂnMeﬁeﬂetBé(eﬁude

ent of at |east 0.00001, at l|least 0.01 grans, at

lito 02 granms and/or in a range from 0.0001 grans
to 0.16: gbapsemBodOdergtsgane toufe 3( @wanﬁ:tap@es @faﬂﬁx@@ed
01 rans, rOOl rans .to 0.08 grans.

dﬁ!?ﬁfjs “thet c%%gsaﬂrygﬁr. ART UL F SR f%lﬁroﬁ%lcont“t

@Hﬁﬂﬂbn@009 aér@r@ﬁﬁhﬂﬁét@ohunaoﬁtﬁe&ﬁkxsbn@enogranm@ﬁlng
catal yst. I n sone enbodi nents q?ounds of  Col umm

et aﬁe(p§)rath8P u%%%ﬁ%e?%&&ﬁ%sa Qi £FF o]%Y%Ocarbon
Baul ars tsupgsbead tudox &@chhﬂq@@ﬁﬂ@id@vrﬁmoﬁhﬁeﬁiﬁ (tde
catal yst includes only Columm 6 netals or only Cblunn
%5%ﬂﬁﬁ§ouﬁ8§rgfﬁg' membrane separation, pressure” reduction)
to produce the hydrocarbon feed. For example, water may be

at least partially separated from a disadvantaged crude. 1In
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20 an enbodi nrent, the catal yst includes only
nol ybdenum and/ or nol ybdenum oxi des. In sone

wepivodsszent s, the catal yst includes a conbi nat PORUSF009/046927

Colum 6 netal (s) with one or nore netals from Col ums
7- 10. Columms 7-10 nmetal (s) include, but are not
limted to, 25 nanganese, technetium rhenium iron,
cobalt, nickel, ruthenium palladium rhodium osnm um
afdtHadMexphpl & NUMBNEIn Mt URes hded eofboiThagcabady st
may have, ram of catalyst, a taqtal Colums 6-10

?lﬁeitd?l(bél)tl%n?%ﬁ?wlgr? a G &rgBtrBnt Mt 1edsy Beopb1least

B3 181 sbeash t&i 00bn0hars cradie | €353r 300 c0Ln8r @P®roQrbon
in a range of 0.0001 granms to 0.6 grans, 0.001 grans

. 3I@1r SABS OUOUE A £6 bealsbraaﬁiprtépnooélnﬁ?% and

Qb PR s0mBIE . v ThSione 8RROdLPRM S, addhepatat ¥§t from the
i ncl udes Columm 15 elenent(s) in addition to the

Eotafivs t6980 #EEH (s). In sone enbodi nents, the

cat alpystsohaseabodmsint@., 03 har afBge AlrdMst 9508195 Blth a
0.01 grams of Col urms 7-10 netal s per gram of

eatd YRt A Soreswibedi REnfsf ferrntcdirary $hedoedromroon
Fdd udeCobumms: 4 19, Jmebaks. 85&&@@%&@5@%%%@&@% a

catal yst contains at nost rams, ‘at nost 0.01,
@iudfoSEvengos pefejearn @ﬂS€QFhF¥/S?thﬁfekUné‘eéPlﬁi—)@@ in a
RS 1hem,CP! ms, P -and 105 0f , theyPard edic.dable

and/ or one or nore conpounds of one or nore conpounds
0 s e tor OfipE e neifidss Pirogiic Cok LATISh O varg oS0t Bf Of highe

SaldLdi 6,10, Tabl e. eJa!?npaleS,t khb é%&{%ro%%@dh%?g}% tak?leended

cat al yst does not describe any such netals
vidth crofdeCobuimg 62 igttal viig cCoi tiymsnd7-or0 ARét ek avalyy bdiat is

Jr‘rfbﬁaeda’e%'%get%?ﬁ%?-c%xté c%%g 1 ]FPO(}LQCt a?c 'h%éSa L San

nment s i ncl udes Co
et @rpeTHy( $halbis nb@dcﬁetm @hattoseh@cwmr@@telr@m of Cot umude

I h or r L -.10,
T e fer ambadi ents. (R SaPar oh it i ane oy i e
et air(ag)spamdamxumnd]/@mmu:ahtlséntA rm1 apmeaEmbO@imQﬂt@

t.al th
IilyaRedI O SoBallBel oL el 1 By HELAL
12e6tcb The hydromlrkxmrée@mb@dl teen sc;orttha@tealt atLthone or more
Q%hﬁﬁg% neta ?§%§E§%% eFé%ag r%%?qgltl n to%%d%ocarbon

fergd ude fphosphostusl phhelucat al st et haa\peralbot@f the
per_gr.am of fcat

tra;\in e %rgmegg O%(?lnct gregr’% lonr ans %é%oqéondmt
Orans-he0 t0L06 Pradmgt @laQ’OBG)5ngd§®.I'mlttm . Q@agtaarspomion of
1%E$3ﬁ%a%%ﬁg?gg?§§£éﬁ§§ %rgyan d1§¥n%eﬂqb%%h to obtain a
product having the desired properties.

In some embodiments, the crude product and/or the
blended product are transported to a refinery and distilled
and/or fractionally distilled to produce one or more
hydrocarbon fractions. The hydrocarbon fractions may be
processed to produce commercial products such as
transportation fuel, lubricants, or chemicals. Blending and

separating of the disadvantaged crude and/or hydrocarbon
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conbi nation wth Colums 7-10 netal (s) are
incorporated with 30 a support to formthe catal yst.

WO poog@s2al n enbodi nents, Col umm 15 el enent (s) BCBUSI089046927

incorporated with a support to formthe catalyst. In
enbodi nents in which the netal (s) and/or el enment(s)
are supported, the weight of the catalyst includes all
support, all netal (s), and all elenent(s). The support
iy be cpanoysoanst idiel/udesraiti stodnd alsuakeBaribed SONe
enbodi nents, the support includes silica and al um na

FHP GG &8 FBRT ki 15 CBd At D6t idehap Bhan et al.

wefdraclson Yice¥bEesse d RAaUSpHGarbasrHased materi al s,
zeolites, or_ conbinations thereof. Refract or¥ oxXi des

%‘h}ﬁqrﬁéll@d@mb%‘é%m%“rteg'n&thel PEIfePIU aenal $$43(d,00

wigdiasal 4ehbe, 140 Laiod axi d8asZi FEORIYROXLdgy least 220
magnesi um oxi de, or m xtures thereof. Supp ortP_si /\é/yF
E e

BRI méd Vi B corheodicaPTRaftretUr & toteh
&iderd op Catalysis @ndutechnohogigs 10:( Haust 08,1205, or

Texas, U.S. A ). Porous carbon based materials include

it tar & 1R6t OF | Wi Qb 4 FeasPhval e T dritso R vARAF BFLPorisies -

ot aphitte, Exappleshiof, zeQl Ligseipcddide ¥zzegl tbesy ni/v/rFe
beta zeolites, nor denite zeoli tes, ZSM5 zeolites, and

$REHTITeT [iheaz 80N e5L0M ) - 2e5Pi R0 rrﬁsp% SBPRI hetd fYBIA

B GRMRLGhah o MR US @AE t 4 %Fn sychrASy Zl%@ ¥t s6valleyn.

Forge, Pennsyl vani a, In certain
enbodiments, emh@dgﬂmﬁ@nt thﬁcpla@l@% arrve tahaf aatodel ta
AW BRAurALBRE AL WH A, o86:CoRDI NAl ipns bher ool nddk 10z,
sone enbodi ments, the support includes from 200. 000

gr amrstt 0°0. 20 g amst 32001 ghanmscl @i geahsnt opf the

0 9968 " e °0: 90 1 e 08 D900 57 AnE, "or 0788 iy oot

L)z o)l gpamré mblnboiﬁmuma comeotpoamuo;n fofora 0BP DSt aebn to 1
S a AL h rt n t

‘?%?pﬁnét :f%%mo % e&%%ﬁnglt%vgt gd% t' orrg?%f)tnr QSQi o 0.0

wigoer.poration of silica into the support may assist in

di sp t t e I

et ALCOy 0 EO U BTt BTE ThTSo h CoRoa fheosber

Qoltiams o7- 40 netal 9(@%) atthmoaghoit, tche aguppoett 305 of the
ersion o t ¢, neta ghaut th support

(fmpfparl Icont?orma |%lneyc§]fydm§6 %%?a? Ctj hg\rfl ﬁsrg surface

anealiofenat, | ehstcB34%: mﬂ/oglpcathdaeastto&@a nr@pgeromorattent

| east 4 g talyst that have a

iR nce J2PUa0 R Uh " RR Al ArBtim 3T TearaPy PP e g o

¢ frorwtexanpl e Col urm 6net al (s)) on the surface of the

cat al_yst ar e onull'n the cata

e R R E a FRe e BhsE b 8 i fora

&aldem 6>fnﬁbah1§)lmar)etfaor maatsu@stcamdralcl Ycllabf Ofdl Qram

hfom) eneous m xture. In sonﬁ di rents, % r and/ or
NSRRI R A R e L

vhagcprd itoate #opphngrdnhe Wirxturetpiit @ Ipasbent bat t eyl
be extruded or for med. i nto extrudate partl cl es,

WHtferoids Mhit | €211 4 S§ANEG| PRt £S5 Preguphrcrude
exdduesi.ons or | oosely bound aggregates or clusters, by
any known extrusion nDIdlng tabl eting, 10 pressing

peI | €t fueﬁéallare@%“}eﬁ‘&swe Rbderavity ofcpgnphrede product

pedaldes) raBel doStHpOrds Ry hedeom asded it hiswi takdie/st,

m xi ng equi pnment. Exanpl es of suitable m xi ng
at the contacting conditions, is increased by at least 2, at
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equi pnent include tunblers, stationary shells or
troughs, Muller m xers (for exanple, batch type or
w@omviisizous type), 15 inpact m xers, and any OPCEDS2009/046927
general ly known m xer, or generally known device, that
will suitably provide the Colum 6 netal (s)/support
m xture. In certain enbodinents, the materials are
m xed until the Columm 6 netal (s) is (are)
sast ant bal hyahonpgenecushyadt spersaddiRet he support .
20 Dispersion of the Columm 6 netal (s) i.n the support
e iThicBi £1e oRY H G- Re TEBFum! 6 GREtE s FrapdHigHs, API
%ﬂﬂ&ryatotfr Bhc ANANQS HRSSUr eSngdhius-Al I70wongo, 10 to 30,
ydr ocar bon feeds containing significant anmounts of
?eslidi® afd/ or high viscosities to be processed at
ratesyn enpgrAt Mes a6 R eSaHI €Sy dioty ekl.aknakl e; 25 by
usi ng conventional catalysts made using inpregnation
tetttfiiguest fh BoHe PhboditnBAts, StomAt rR§topPla or at
maparnt: eentad N Ng-Jilt,ca rande Golamm: Lot abks) fof Mome
a snoot her catal yst surface. A snoother catalyst
YIMTHEE Ry Foerl1IReBroRst BEC aeiWia ProfUrhel & at al¥Rst
suid,ace besausgy) ess Al wakpa; g9 sites are exposed.
Conbi ni ng the Col um 6 netal(sz with the support
al | oWg cPBf exappieenteomibri pglivh corergsp it ghe crude
Lrpfegnati g Qfs@ sHPPQRt hoat beastr aPabkiongofo £ he
nmetal (s) to reside under the surface of the enbedded
sretfalr canakystof fidre dwarple roenbesiibd Tinn sphe Sppditonts
[ 0 l-1Qn S t;ha
rheruiae Semar T n t ne nenpedded et ol oatalyer. 1%
oI @frodiraene s, cthedda mgoldess - nBtal suifurheosteur faitehe
y d enl ?Qg{or catal yii
%%?%Q?Fggg?ktﬁ%y§§%§#§§F%Eyan§§ ngshgolgé2t¥%éﬁs’ From
potds ¢ 6f OBheraret alr tfgompUelt ot¢ He. urcfrace pértdvesm of
| yst ing use. The netals may nove to the
é%% a%%og H{Che catal yst through erosion of the surface
of thé&ncabakystbaiimiarg scontactiofoddre ch@teatabysthamdrude
rocarbgn f o . Wt 1 wishing.to,bound
@%{/Q/%tn L h%%?%,oﬁ't 508 %oﬁé’ﬁf W2 oD £y b Dhe
nitwergeal abnoanana! orhanhyidngceftbemef scahypodentsmof t he
cat al.yst change the structured order, of the . .
iR R v A A L N
1= 4to Oa Ogubstantpat |gramapdomrodeesrafudCol Om 61mededn
In.the crystal structure of the enbedded catalyst. The
S oP B2t i Tt mhy B St nlh
powdgtams- r ayodi § fFGEECtticon . et hodss he ramdér. 0dfto 0.05
elemental netal _in Hgg ca%algst relative to the order
BFE efrenPar et afF 1Y PRE956 et al oxi de may be
det ermi pedebymcompadritzg the ordes wioddre CakutBed, in its
netal peak in an x-r di ffraction spectrumof the
CAGH %6 GXFHE" L6 Thd GFadr Vot STHE G5 "6 oheTal o pedie™
b o amvamsay odo f £ 3 agtdren cspagtirode©fpdrhe reat akystuddrom
br oadeni ng. and/ or absence of patterns associated with
CAUA -6 %E?a?“i“ﬁe 5O x- Ay tRF et itdn *5pebtt M tat
$Srpassihl erbo @sd igmhe that . b herfd wm somet ads SQradL to
substantially randomy ordered in the crystal

St5UATare. CEof BRI, IFBIlyBHemtiAt MToKNdé - antl THe© °of
stdriicahaluayba ssppiti havi-pen a(medi ¥ pokecdhadetfiduct
of at least 180 A may be conbined to forman 30
BRSO AATBEY bdehurh % xi & nFXttr®r e 2ol §Bdehtimet the
trioxide has a definite pattern (for exanple, definite
D001, D002 and/or D003 peaks). The support/ nol ybdenum
trioxide mxture nay be heat treated at a tenperature

of at least 316 C (600 F),
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| east 427 C (800 F), or at least 538 C (1000 F) to
produce a catal yst that does not exhibit a pattern for
woredoghsteeum di oxi de in an x-ray diffraction spRCI/USINNI/046927
(for exanple, an absence of the Don peak). 5In sone
enbodi nents, contacting a Columm 6 netal (s)/support
m xture fornms a Colum 6 netal /support m xture. In
some enbodi nents, an acid and/or water is added to the
Ladrurgn 1o cnetal 4 seppofd nRAdxbubepd® Bssi .St al Arhas tdaitt
of the Colum 6 netal /support _mxture into particles.
FHE L0 Mat ERT AR O Idi Lite tac? ¥ ate HfudddrAcatiepr feed
20U $1/andabyo suedy Jrthodsaasypeau red/be gb¥eutheion of
Colum 6 netal /support m xture a desired consi stency
Ryfnogsre ipothe PErRet ilft 6ebéF%Y%}r§éss.maé>lanﬁP%é06fthat

Bed dsydnngkudes bty are sney, . limted to, nitric acid,
acetic acid, sulfuric acid, and hydrochloric 15aci d.

The G&PURKVEE Nt Y SUpPPEr-HART x EeeC Y Sh& Hbr AretP 19 ¢
kp@irltiin? e3iHekNg known techniques in the art such as an
extruder. The particl esn%extrudat es) may be cut .usi.ng
know f'c &PEPy SEL UGG et RodEUE® FotdMparPPchedls ate

Partd gl @3 20 mRysbe heat otrealed aioa temperatysie idh-aos
range from65 Cto 260 Cor from85 Cto 235 C for a

Pt i et LeF aecPiointexdnphe, Yo g Keafs) BRI/ or

Ml e PBLsLyr & cantent,gl Lhespar ti6l 8chaser eached s
a desired level. The Colum 6 netal (s)/support and/or

T CHTEATCE/ 251 nretan(@s) fsapper @0 Par tdreires tamy - bed et
to epfied oleal ci pegh)s 1pddiecpr gsencesf oy —gb%t@ﬁ,d/&f 0.01

oxygen containing ait at a tenperature in range
betviedry 318 Crangd 60 0B8t*het ween 535 C and 760 C, or

bet n a 0 | at| e h
Chat ot Teset” o artien ol the Col i 566 16" ret a1a
@srec eanVebt ednd dodtheonrespandiasgeaeial 0 axilderaTher 70%
tenperatuyre condjtions at _which the particles are

CBIEt rad ey Ehel Sich Thap=t he pbie &t tiiet GFG SEMTaRE of
thdalycakeirpe med ur en sosentmedd eeite,f enm thedPpa®duct
structure and surface areas of the catal ysts descri bed
HeteiRfr GAPRI N Ny |t® PerpErat uf e YreatEr tt han® 76 from
By dNClease they porgawel unteoof dhencatabyst grifels 0.01
change the distribution of pores and the surface area
SUEH tHat’ - Pher 8t al st -i's IABHS as° 5 ef fBeéfFve in

r emovirng ogeNpabegisndhat, ¢ant £i-bud e tnhitgRa¥i §COSE e
and/ or residue.ln one enbodi nent Colum 6 i

TR A (s PhsBppBr EL cpositt MEAt naY* b cAltcMREd aP® o f the

tenpelatyhechh thenangebeamaddsSedp 6186 ckidad heroduct
range from 400C to 650C, or in the range from 450C

s € PRToPEER o Creat 8reduat] ot gesdtvFacenBeea.in @

range from in a range from 0.00001 grams to 0.8 grams, 0.001
grams to 0.7 grams, 0.01 grams to 0.6 grams, 0.05 grams to
0.5 grams, or 0.1 to 0.3 grams.

In some embodiments, the crude product has a total Cs and Cy
asphaltenes content of at most 90%, at most 80%, at most 75%,
or at most 50% of the total Cs and C; asphaltenes content of
the hydrocarbon feed. In other embodiments, the Cs

asphaltenes content of the hydrocarbon feed is at least 10%,
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A catalyst with dispersed netals may advant ageously
have a longer life than the conventi onal

whyweopnetessi ng catal yst, at el evated tenper apCr/E820a91046927

| oner pressures (for exanple, tenperatures of at | east
200 C or at l|least 400 C and 15 pressures of at nost 7
MPa, at nost 5 MPa, or at nost 3.8 MPa). The sel ected
di spersed netal catalyst nmay allow a process to be run
ad thowte Beehasgi oy Wasehangi By the catapysiseddisosgsht
of processing the hydrocarbon feed nmay be econom cally

AdVidit dgesasiTIte chl Yt CRayA b SHAEPERS 20N th

hydrecarbanriegdhfor atr Least o 500, id=Shoat fb@@ﬁta Ml
hours, at |east 2000 hours, at | east 3000 hour s,

teasf BOCTIRGLTE"BF At T¥ds29060hbTre.0-001 grlaﬁSSE)?rEO 2
eradi mentscocat 8l ypt-snaTay rbe . chasasterd-zed1 by pane.
structure. Various pore structure paraneters_include,

25 buf" &FETALE PTRATIEEES; pBP eCHH r@,ducﬁopéqulﬂ%

SHdaGe car gasmo §F sonbinakbenssyhergofat Thercaval ystine
rmpg have a distributi'on of total quantlty of pore

€enFensust pbie iEmErEPs? Thed meditarf ofi6r 8aP @it TS/
M ANe iper ensi é E%B‘i‘c@h‘éé%ﬂ@ﬁtb%f' Pha E;?(E!Qf‘c 4R feed
30 Ato 100 A to 3090A, or 60 A to 80A.
W%W&Wét—nh&w mawﬁelaélyéﬁé st el /it |C@Htt?6h PR¥ h a

fedianperne gtgogﬁleay ofr ahel 828t 80-1Hn %eb?@éﬁaﬁ%&duct

or at nost A. I n sone enbodi nents, the catal yst
as- i epor e SI ze distribution with a nedian por e

ﬂ&@@tu%lr b?oéué@nr%f fl%m 3R At AR A, 5%0}}100 rr(go rams
or 60 Ato 80A wt "east 60% of a total er o

poresli wrehe, p@r@%lwmm serPbud |WM$aV|Oﬁgoa0iao<HJeamS to
(gjl(ﬁrﬁet am‘é’I B?'I@C}g%& g‘l’%m OfoEnt Apr%f e 5 nmedi an
pore odi nents pore vol une
of pdrnes:errraylbeermom@@slttsc) 8henedyyle @trOIdelaSti@ g cm
%éﬁré%ér%%nn98$ ggf%(%ﬂ ﬁ%atlﬂage h%h%ﬁ?%ﬂgglvg é ntéﬁ%“%f

pore may range from
dg,ldxsa end/ gtpwon.8 rcerm/dge oonQerst g /ag featdoo 72 G;mams

The e . vol cat al.yst ;hnclude
é) &raﬁaSan %P(g%arrebo %%% ter % r\ll\iegdn%f} %%O %I§tAent ot
amoﬂqwrte@ Ravisrgs @qoorge:adu afreh ed r graadtoar cbhansBOﬂ&l;A.a
1 some. gubedi fpnts,, Lhe ﬁab.ﬁ" %Sém hags 2 ”HJQO"HP{ Mocarbon
Tts pore vo unre in porés havin slé) i aneter of
mmpmitlaﬁo Andad mmogto-260bAn msmuennsmtaa@@ Af 4 least

g gnbadiment s, Lhe catal ysg has al, st 800 ef its

pore i n? pores having a pore meter’ of " at® nost
WA itat offeastm&@® af00i estpete3vol Lﬂ’fe. | n pores havi ng

a por d|a ter of tween 100 A and_ 300 A, wt

e, o1 GRaeo0r 20 ThE PaPeCOsY une Bk ng b BarER oo o
hand Rgpmdopehnes dKﬁdSﬁEteeJarr@fLeat vieasdit3f0 iA. a hydrocarbon
feed without significantly changing the amount of sulfur
and/or Ni/V/Fe in the hydrocarbon feed. In this manner,
hydrogen uptake during contacting may be “concentrated” on
viscosity reduction, and not reduction of other components.
Reduction of sulfur typically requires the catalyst to
include additional metals (for example, nickel and/or

cobalt). Conversion of hydrocarbons that contain sulfur
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In sonme enbodi nents, the catal yst may have at | east

90% or at |east 95% of its pore volune in pores having
w@2ponss2ell anet er of at nost 300 A 251 n sone PCT/US2009/046927

enbodi nents, the catal yst may have at nost 5%of its

pore volune in pores having a pore dianmeter of at

| east 5000 A. Such a catal yst nay have a pore vol une

between 0.5 cc/g and 1.0 cc/g and a surface area

oldair least B4Oerddipbns Mag0asorEveiadi meaksget he

catal yst having a pore size distribution with a nmedian

FIrBTEARBt BFT Y P 1aTgE P Pom abdit SFSACL0Sieh W AnRgRn

have  surhacesad eas fauak berst SHpIHEs SHCHne

surface area may he in a ran e from 340 nﬂlggto 500

WO CAIEENNDERCt oF S GTIRENG, Obr NETERIRY §SES 4951/ ige

§¥Hé§§%5%@yh@¥|ﬁ£h£ﬂ%%@df|CASHéﬁéﬁﬁéﬁ<H§¥ﬂ%%ymlh§&9§ amount
surface areas nd pore distributions described above

Wy~ S UERRI B £0 aiiaicedl .+ anbi PReSUT AGomreRe] ald o Selected

SR i Gatkh-oRstabn | oW RIessur es addl &levatedcomponents in a
tenperatures. For exanple, the catal yst does not

ElAGarOaf fepd athd oA LELPEES B Wi tilgeCsThe to produce
enhaneed bHict | xm% %\au*a%dabigww@ﬁ atso bheabbg@hto tne

surface area of the catal yst and/or the narrow
i Etajaskerofces - pof’e SEOCdrRRRE SRS S t & Cp6FBEdY ab TR GT may

i catahysbs Jhlsye Lhe pkal ér%efﬂ%scéfsawﬁbafmcﬁ the

exposed for |onger periods of tine, thus plugging of
& qeresnofeefe dﬁﬁamy§ﬁup§dn¢h¢%%HHI¢Wéthmgh ke ace

b
Vocleeapne%‘iesﬁkgﬁé% $ifaicbuth g of Ronres t'anEEISaE&% gco

he catal yst allows processing of
viedesinty fandl oridd ghnd/esi dokerrrdesessiat woltd. notobe

%Q‘;lnﬁ)lt Ot %%g&?&@éﬁ&% ‘é*‘e%'& ﬁggvﬂ‘\‘}é °%%g%%?%¥8£§t but a

ame pore distribution, but smaller sut
ka%%H@ab@dﬁpngsedfunnﬂdn§@n6athaysiszﬁcqa@ﬁpéﬂatU®e®eet

r 5 m Cto
o R s R L S
e ddatrébe fee@a@%@ﬁmoﬁmpereéfhaMMHQASWHEBaEdpthh the
9At MELG" 3.20d; 03k Row nor ¢ di b““ ° SoMth Largs o150
et i dat S

ce areas. certain’efn od| the
Eﬁdunan nghapedxf0nﬂ§UrfoDHEaanple peIIets

cyI| ers. lIT%xtrsudate g5 %n og&ocar U S sin
t he céialyst and§ e & ysSt “precursor i's SGE? ed "9
tMEdeﬂmlwetald8$¢flbh§5h@peuoratot&mgﬁratures of at least
200 °C and pressures of at most 5 MPa or at most 7 MPa
produces a crude product that has a viscosity of at most 100
cSt at 37.8 °C, a total Ni/Fe/V content of at least 200
wtppm, a residue content of at least 0.2 grams per gram of
crude product, a distillate content of at least 0.2 grams per
gram of crude product, a sulfur content of at least 0.04
grams per gram of crude product, and a micro-carbon residue
content of at least 0.06 grams per gram of crude product.
Catalysts used in one or more embodiments of the

inventions may include one or more bulk metals and/or one or

more metals on a support. The metals may be in elemental
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usi ng techni ques known in the art (for exanple,
ACTI CATTM process, CRI International, Inc.). In sone

weerodsizent s, the catal yst may be dried then seCT/US2909/046927

Al ternatively, the 30 catalyst may be sulfided in situ

by contact of the catalyst with a hydrocarbon feed

that includes sul fur-containing conpounds. In-situ

sul furization may utilize either gaseous hydrogen

satf igde innthber priesence cohpbyas ogesheOmelibqui drphase

sul furizing agents such as organosul f ur conpounds

¢4 e virds n&eéFR§¢%ﬁnWQHﬁ%? mﬁ%l?%u%?ﬁ%ﬂﬁyceﬁhFBF% thhd

&Htfaq;&ll@hgs}ongxa@at prethfrdbi-7abh@NHRIOCRSSAS Ak€ive as a

described in U S. Patent Nos. 5,468,372 to Seanans_ et

talvand 15, 688, 7361 198aRaAS éfo% %ﬁamplﬁhlwaﬁnmﬁﬁ%ﬁFr

éﬁd?drn%ohpgké&gﬂuﬁ@fﬁgéa Byneef I &NCE I fur is EBntacted with

comer ci a gpllcatlons after sulfidation of the
HRIFGIFCHEESE) ng catal ysts, the hydroprocessing

cat alpyst-grapent ¥bsaldonReated Lo £0Q+Ciovengo8ecOumn 6
nore months to control the generation of hydro

e . SFewWReaiSigldR) 1enﬁ§f@<#€eypr%§§|eng<>5afﬂdwfsq% to,

MBYord i, Db 1 deact iy atd 0 seEnt heﬂ?@t@slt)éityst-mgyc}@zg\% Yler
descri bed herein has enhanced stabilit

Brass evfc €268 LigEr cyeiPted Crdemne mdteat éd p@nm@@t of mt

1&ss thapobhr eg. weeks. oBehng.-able 10 pgheat obherans
catal yst over a shorter period of time may increase

e o5 fansuhendt hiyadr Sc&PBongf ey thdt- ccamape, 0.001 grams
sgdnhr gughs g%&%t %IPHQ SYHLMo ! B 8rLalfs o 0.08

enbogﬁnents the catal yst of ‘the invention is
@b naﬁtﬂeswe colpasdinemdg sCok bemc & adetsdl (o lwileh Brom

HRRD Ak For i SO e or & b SUbSeAE] abTy rom of
chﬂ“ﬂg@ﬁ%uénnwmeurqmbddmgoﬁe,e@bmdmn@ht@f £héum X6 ur e

R o B2 TGSl 7ot ol e P s ey

tanﬁﬁmmu¢elbhed@atahysﬁrtﬁhe smmmmwmemhwy ithel adgea ¥ysgm

f. 25
250 00 B oA LA “of 1 T 0 001 gt ane"re by 1
@Iangxmmﬂgnttcah@nﬂﬂﬁﬂsﬁtgnaniudﬁi)dﬁﬂ@ @panbdemum and/or

aluqkpa er _gram of catalyst. In sone enbodi nents, the
mo%% elium _0Ox %des
mxture may be dried and cal cined at a tenperature of

bet ween s3t6 Enlandli k6l sC ttbeprotaltestt hencdatiabyst coBFleeion
SELLNS FRyohay e f om0 801 0T are. (00,3 9LANRe A5 -

gr ans gra grans
ﬂb]umnﬁu&nﬁeﬂa1©s©euam'sgrantmtd@aUahygke hntsmnmlted to,

enbodlnenzg thg cat al yst may inc le aé e}

G 6 F - ChF GIAC 6 st & (e&)l per {;?%vm 5faP§7§F
Mithautimw bl hgdiwn batndiiby, adymkinnd iofi diheprylatining or
t hought that t e a dition_of SI|I%? to the suggor% may
?ﬂ% es thereo e catalyst may have, per gr o)
catalyst, a total Columns 6-10 metal(s) content in a range
from at least 0.0001 grams, at least 0.001 grams, at least
0.01 grams, or in a range of 0.0001 grams to 0.6 grams, 0.001
grams to 0.3 grams, 0.005 grams to 0.1 grams, or 0.01 grams
to 0.08 grams. In some embodiments, the catalyst includes

Column 15 element(s) in addition to the Columns 6-10
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5 Colums 6 netal (s) to remain di spersed throughout
the support while being heated to el evated

W@ 20vpasaeures (for exanple, tenperatures of atPCEHS1009/046927
315 C, at least 335 C, at least 375 C, or at |east 425
© . In sone enbodi nents, the catal yst i s nononodal
Such 10 conmulling of nmetal and support, foll owed by
cal cination, may produce a nononodal catalyst having a
RIE @)ze dhstshdUWrisuinkehhsp argi ateike dhanet efof 0.03
at nost 100 A, with at |east 80%of its pore volune in
PotEs ﬁ&vi“ﬁ@tao por SdTEmetel - 0 FteHO ST 306UANS The! O

Bl Aly $lerMyahave @asunface anegod albdeashtdp 340
nQ/ . The catal yst may have a pore volune fromO0.5

#5§ g9 ci? lq%%ﬁoé%ﬁﬁlhe]rﬁ@ettahé -cat al yst

rmy exhisbint ens-@Indmie tpeakst hefyeen 32 idegreasoand . 03
70 degrees, and at |east one of the peaks has a base

Wt of QPSFe%\serlwrdé@r Best AsVHerdrmidned By sakayst of
Shd fdagli-ennat 2 25 theld 2QThhs salad yist JreddeeseAlodic
| east a portion of the conponents that contribute to
Tiferrndi 88081 ¢ | @ B GPMROPBEE | ©h Bt toﬁem@éﬁ'p%?f@ﬁﬂ@ds
dhalnLont nhbut g {0 LORRRr ceonhedto Wlhaut osi gaL fbLaniq:c
reduction in sulfur and/or Ni/Fe/V content. Treatnent
Bto ke IRy dr 6Eat boh fiéed ®rPRIANEdt uMe Ga2sliet afloes not
&é'astcajl)b%t aghagugqutéada[l% none or a mni mal anount of
Colums 9 and 10 netal s may be econoni cal advant ageous
si ncé imolak| sws! prodictiven 6f natpr ddudolweh ¥elucedal
papsiity andugl nise cdgsublug] 2ation andhos o 5.
denetallation relative to the same properties of the
$ych sedrchionefheed. tIB0UsItad veheleat wdasst(od pmof 1P he kement (s
APRLatiban. anth Akl D0, 002" AL 1, SORALL] O0P B one
low a cru t to roduced that has sel ected
Pr operst mei;ad:haﬁg@td Gagluatisy é - t@) t hien ydreagc ambodifierts, the
A &3t DAL POPaIIES of ob0E: Ly drpearien,f sedare (o
no ignifican an ed e resulting crude pro uc
Zi&ml}ollmveamhahﬁeulqarm@rlt Cesumel B} imeg alo tbhehe total
Qcar ee b e acceptable fo
(?r ansp%r %tgl %n rgnt eorcarte#P’ﬁltnrga%e%cata % 0 Orﬁ hle ko
Hppldrcdtioonznmey ¥ enmove conponents that contr| bute to a
e e ol Sl ShBC LAY SISl g b e s g
from ydr 02T S Fee educi ng The
/1 S0 ( tsy oh hyditoicar hx@ntheedblmnram medxd&dts m XExamgles of

ativ the hydrgcarbon feed may iphi bi | u
SEH B donerebatar v ot e Pl oREt Fovnateant= Shofile have
& rmrte;ase?sltﬂne lér@]tdrme@]ft tcbrrEehhe eontac ng sys&leyntrmytn

b Pl IOR T s P o gt o o

Praodycto Wot)h5ag1:mrtd/|os©esgtama,s @orpaned teahketo 0.001
hydr ocarbon 15 feed with m ni mal anmount of hydrogen

¢ nption. In sonme enbodi ments, at contacting

condittni @@&eabmlaocﬂﬂié‘ﬂtspr essune efméxA Waalhyér@gelm
consurrptlon at mpst 30 Nm / rrB at nost 25

Nm
FHE e LA %E% ﬁ%l%tﬂsl 8101 R Soht® e MIGdiTAERT RO T3S with

£oni@etritngoconth tirnNsaaklgst ot aln PFaSSURE efbodihe MR,
20 hr}/drogen consunption may be from1 NmnBto 30 Nm
WRF ot 1SR T hB ta&esélﬁlﬁt FREOTRIGTHSS N /nB tePRs T to

Mﬂm{ MBe eathiogm 10 N8t AcrOs NR /W.ch the metal (s)
and/or element (s) are supported, the weight of the catalyst
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In some enbodi nents contacting conditions may be
controlled to produce the crude product; at a parti al

wQeopngesure of hydrogen at a pressure of nostPGI/NFA09/046927

and wherein hydrogen consunption is at nost 30 Nm/n8B.
In other enbodi nents contacting conditions may be
controlled to produce the crude product at a parti al
pressure of hydrogen at a pressure of nbst 7 MPa and a
iefpeicat une efpgdrd, 301t eaperatyy eardf dieasted®f: G). The
In some enbodi nents, the catalyst of the ap Ilcatlon
TP B FSEdPP P fAG dRCHHERS O?Wacépgl 9%’8%1“% n

SRR 00f manet hernLatdloyst iscBudad alistat Bal alumina in
i ncl udes supported catalyst fines and/or mneral oxide

F9meslatsgen ¢ hl ajrﬁi%lttsedalaé@&@g% rebetFiar gesrapapentoxides,

sppldcati-ens satdd lned cA-Eat ab ¥st i and %&0%@%1&&1{1&&9
Manuf acture of U tra-Low Sulfur Distillate Product"

Ehreck -H GREYEStaD ©Heavy "y di Bekidson byt are not limited
Hydrodgsubf usi zadd onsiGatal ystnand, Nathoed uef oMaki ng and

Use Thereof" to Bhan; and International Appl i cat'i on
Nek CONDUg2 32870 fﬂ@ﬁ%ﬁlm aKLdef Whittare s AEdFpoT at ed

Hesi byaleher enceinsy rapgerentnf-4wa %nﬂ?é@turer such
catal ysts in a selected 10 sequence nmay control the

spdUdiesion properits iomer Beeheptedias PhdHpeaton Forexas,

@xfarppl 2, Bocatal c)/a?ﬁbd?ua‘ﬂaggdam%&?&fs area at, a}BuMe not
0 A'as described herein may be placed upstreamo

lh@tc%ﬂ aPysechavd iRyl #agtichaged apearviovat Jreasit340 A
Egﬁﬁh%%%foéeébﬁ%@%%%@? feed; wid hfiydroggn; i &y the

15 presence o l'ower surface area catal yst may
nradifreta peprtioms of23Mhe cenpohest saitchdiereoatrtibuteotiges.

fégifggé m@& £§a§g$§aﬂgwar8ﬁ ch&ﬂg:ﬁgﬂﬁp%gﬂh§a£{ﬁ%eﬁr%§ch

contribute to h Vi scosi t ast a portion
L5 Zazplyaltt éﬁe@emchaigel,e&stmaybmmﬂta)n Wk .Aetals in

net al I | id O %Q; ct. t ed
hydr oca;%te)té%a? e%avmthm%tnﬁé h?h ur aég%gpéggc%%a yst
iy ifrdr, t hleﬂtae@leeir\ﬁi,scad@htayalwomme,r corbebt pavamadi um
%?e”}e%%t 'é}nﬁmq‘l%ﬂ'e gal t5,0f ¢ gg ani %ﬁugés from
rangeme or se i 6h of the cat aI ys I n
@&Cﬁﬂn@rembodo n@n&%,gnamno@eoﬁhegmmoe ol. MegoiMhear
sts and/for.the stahili of th rocarbo
(?eed/(%afnal 2 r(c))d(lljj%:tg TR O Ot% :Lyc?bvaenr?gnopégf aar&%\tt? % 9999
¢ dres , a9d POr gsarads)lﬁ@ toy. 9c9f9 tglnemhydaszodar%omof eeam@rms of
duct xture durln rocessin
ey oS EhR e CH A N Kt TR TREL IR
e |aaspbré mont hshilkort &torhleasbn 1OJ§/eﬂTke\Maﬁ:heﬂJé\7ated

gmsnt of _the cat al)rlj e cant ac%&l ‘

%%ﬁb UFGRs of MY HE A" 93?5 %1‘ Hescrithe ﬁeF%ﬁ’%or nay

aaddjmms ihedtiebé o rof ca\ﬂa&@ﬁﬁbtryetals | st eaafﬂpl[éj owbjm‘mn 6
asphal t ene | east a portion of

oy SRaPPLiE Sdane ah od PSR s nee Ty o 10

hde Ir @sidueroagheoirinatspps rt hereofpe fsiom bBECatalytlc

r[]1h%a{ocar bon feed, before other propertl es of the

16@&@58H9F%%H Eﬂ%a%ﬂ?&ﬁ@édma¥wﬁ}%9w formation of a

catalyst having a surface area of at least 340 m./g, at least
360 m’/g, or at least 400 m’/g.
Catalyst that have a large surface area with a minimal

amount of catalytic metal (for example Column ometal(s)) on
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5 maintaining the stability of the hydrocarbon

feed/total product m xture during processing (for
We@anse27 mai nt ai ni ng a hydrocarbon feed P-val BEr/5$2009/046927

above 1.0). The ability to selectively change

properties of the hydrocarbon feed may allow the

stability of the hydrocarbon feed/total product 10

m xture to be maintai ned during processing. In

Sdes 2iThedi BENtSe COMmIERE Akl yoavsidmatled &gt abyist SidRYhe

be positioned downstream of the catal ysts of the

FHEMTONTES2 t etitide S EUERPEH - priopEttliéy 6f the faeprt and

ForureXanmpkeal as densf aldriwzat kopscat @l sty MY rben or

positioned 15 downstream of the first catalyst to

hEAEEOHE NEF W Fe cdnit ERTCoPTPPE e Lide Wﬁéaﬁc%n%/sor

sonparedat,ophl 4 Yide Qfrithecheedomf desulburbzatione

catal yst nay be positioned downstream of the

Heferal [trzabi shueat ditese PeSFeduer e ket 8rbAYSM ©F

conteant neb thercadide preductsassgommared bo1the 2hiets,

het er oat om content of the feed. Exanples of commerci al
Bt IAPSEs L REF U THEST T UADS22 ; OHDNBT e l@2 Bgun¢g3gggregates
E344u ALY, £424:, GaAdn SA44us 84/ ndADndy BA48.t LR24)
C534; DC2531; D.I\I13.120; DN130; DN140; DN190; DN20O;
DNBTU:"IDNR E1 8¢ T DNZB18;°0 TDNI TR O nONBIH®ISDN3300;  DN3310;
DNB330;, 4005 REALD: RN125,28 ANAON; (BNA20: 2 BRI
RNA50; RN650; RN5210; RN5610; RN5650; RMA30; RMb030;
FEORP 126231 2§73V ZTERE - ZFXBIP TR R ZTBI2LAAINZTHE

LGl cake s gual habl g firom CRL L nternatdonak, oLnerougns,
é(Ql%}!iolaﬂs?nteor%, lTexas, U. S Ae\. ). | nasorre %arrbo%i mgntos, f%ueg ®
Mirldear amakrop hlober=apfol30 batahysite ey chetsehees edv

R h o K . . ni h
%nggcgecglﬁgg%gf e%%?t otialoLEgltre%dgg%{\Q%%gBi I |n?>§7$ %?ﬁhl&net
derdrogeny bptakedallows thesi duél conttertly Y& vedat g ,Column
st t,. APl _grayjt . I,0ations
?hrgereéaolf(%g? S? ﬁg&% rlo%%élrrt?dn \fﬂée%e%%{ ne<‘ér9r1151%}8rollt?|L g%}ﬁgg’ the
e i 120% of mi ked respectheeCproperd imesadf(st hes (are)
r.ocar. f ile.the.A Vi t nd/ or the
STy Bl e o dudr S e 865 ot e
ARpgrsawint pfahidé ofoture 5 wkesebdss )k yirofteheuhpdrboceabon
feed.. . For  exa e, t conbinat i f the.t
oL ARacET b aBvE  having st 2ed B eksmRir e
aostor3@FenRhigeandlats ladastviBEShn®f graudes Ifesds hyartogienng
duri. processin conmpar ed use of the single
RSP R Ry o r e ar et §fo bt 1Bt 3005 AL TS to be
dORedusetd an rateel thydregenrapt ake dye stshechydoocastxomable

feed .may produce a .crude. product that has a boil i ng
Vhrge th SOPTBUT G Sim T4y °t0 THE Hoirihg RoT AL -
th Gtrriidokisi. onI0f sde embodiments, comulling of a support
containing silica and Column 6 metal(s) forms a smoother
catalyst surface. A smoother catalyst surface may lower the
Brgnsted acidity of the catalyst surface because less alumina
sites are exposed.

Combining the Column 6 metal(s) with the support allows
(for example, comulling, in contrast to impregnation of a

support) at least a portion of the metal (s) to reside under
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hydr ocarbon feed. The atomc H C of the crude product
may al so only change by relatively small anmounts as

w@orpasee’to 15 the atomic H C of the hydrocarbCrHUS2e046927

In some enbodi nents, catalyst selection and/or order
of catalysts in conbination with controlled contacting
conditions (for exanple, tenperature and/or
hydrocarbon feed flow rate) may assist in reducing
tydragen cepbakendyerieic2d hyds ocedhony freqdor example,
mai nt ai ni ng hydrocarbon feed/total product m xture

L5195 ¢ dERF ngU R Ydessit ﬁ@dl%‘ﬁdt%ﬂéﬁgﬁ AGt8heCbr tifor e

PEONLIL it@Sn0fhot Ne e iREoduEhr I8l atHeV @nbAbtB8ed metal
respectlve properties of the hydrocarbon feed.

SISy OF PHES HyhGEarB6A" f %\éulrt%t]?ﬂsspf‘l@a%ton the

ML o&ahihbec@ct{afl%te%xl%na@ Vied | oUS RRASES catalytic
separ at i n% fromthe hydrocarbon feed/total product
h

35Uy, oPhake %fpaalryaq BN AayOBE ¢ dfse@aBy, af Bpreion of

examl@.l ipspbubidd t%eOfsu‘i:Bgchgfo&%%Qaflﬁgg e Qf use.
crude product in the hydrocarbon feed/tota r oduct

P tiate L sf g ciP et i h a8phart enes e @FﬁtﬁﬁéSt through

g%@ﬁfﬂ%a%qoﬂhge§&¥fégéﬂ fBQh@rQQQ§1 §H)Qﬂ¥1%g contact of the
preci pitation of conponents from‘\{he hydr ocar bon

¢aded/msét Al thr dducdr e gre feef - conbi nati ons t her eof .

AL ceritabn et Mg duriNgothe B? r%?tliﬂﬁi Rer kQdoriNeic s
concentration of hydrocar bon and/ or total product

ihPudie RpaEothe bt fldedy totarcpradint andXear eiwmys of the
& RntAS o ENEL CONCENnt AL f% Oéhérhfe t9fals tEEQQﬁ%d'&der

the hydrocarbon 5 fee /tota product m xture changes
eue-hteo Codumat b oretofl time tépudelproductzideokuptat ystofucture

the %%%B,%Qﬁﬁﬁlﬁf Eaﬂ%o‘ﬂb’%% ar hpn-d f hyge%l n the

conponents o total uct in't rocar
¢1e>e&ﬂatlotsahfurgt@dm¢f et @m@eﬂéﬁdscet@ma;ngeThﬁoqorder of the

t t
T A e e S
dbﬂe@ﬁmtngnomepm)@fessﬂrh@ OAslepr@peérJterr@sﬁt@ﬂ tnheal in the
yd b API ,
rggg%tr sl eé’(%!‘ac’h%ﬁal tenes%@gf’ e vdl m%!’ch' 1Y tne

rm@mdl wacllldemayhleer ebf@ermhedcbmpwmﬂr&rmaymendd@]o of the

gg)oel one Ies§a§ol u |n tt}]{e hﬁr ogfar feed/t tal

U(Enl?Ct6 Tg m X %?e lq n SOI’TE S ances Spﬁc F%r?:a? or?e

<fceleninrar6d okheet ot atheproodiect offayhé ot anurnwo 6ph1ase$ el om an
Ray G PR h T 1 1P I8 Ry AP oCT BBR ORI of PH o SR Lng
amdtar ebbennengt et terrnore sphasesd Wwwahmabilonnof mawel in
has%%y tg%?ugh Iéé"?ﬂgc EEO? QE is possible to estimate
that the Column 6 metal(s) are substantially randomly ordered
in the crystal structure. For example, molybdenum trioxide
and the silica/alumina support having a median pore diameter
of at least 180 A may be combined to form an
alumina/molybdenum trioxide mixture. The molybdenum trioxide
has a definite pattern (for example, definite Dgoi, Dgoz and/or
Dop: peaks). The support/molybdenum trioxide mixture may be

heat treated at a temperature of at least 316 °C (600 °F), at
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20 asphal tenes, change in concentration of hydrocarbon
feed and total product, and/or precipitation of

w@ovposeet s, tends to reduce the Iife of one oOPCHUSWODH46927

the catalysts. Additionally, the efficiency of the
process may be reduced. For exanple, repeated
treatnment of the hydrocarbon feed/total 25 product
m xture may be necessary to produce a crude product
wddt desi red (propert, s. at leasBWing roessrng,td he
P-val ue of the hydr ocar bon feed/tot al product m xture
e e ﬁoﬁ?Fé%%ﬂtaﬁRPHIﬂ?eétaﬁFl?¥%ﬁQﬁt he3pFHERSEOT
hydioeanhonibeegde andiok-hydr acar hon 130 keedttahatror
product m xture may be assessed. Typically, a P- val ue
?*ﬁﬁp¥% ap ﬁ%%%n%eOﬁiﬁ@@cgﬂésp?%%k floccul ation of

asphalt epgs Enesathe dydresarbomd eedgeneral |y
occurs. If the P-value is initially at least 1.0, and

G (P)VEPEEOF o edsEs SPTIE ? efatielSy metabl sURRf g
£ORLAGLT NGn thed dicuimdicat gs ddhat dre chydEecAr POMdded

feed is relatively stabile durlng contactlng
1y drise &PBERNf Bt tot/AUDpreduit < his@ e aSEaBF| o yfomgtion

assessed 1y Ps Viad ue, / SRy ohe ﬁPQEﬁﬁélfﬂ%o BYticles. The
controlling contacting conditions, Pectlon of

aitetl podd orhg Bet e ctdivie aedefing ot W%ﬁ@@?@tsoﬁmd by

§9ﬂph&¥¥hb895a£hﬁ%éﬁﬁreds%%thQQtEﬁ%|dd¥%ﬂ%f6CH8£§£iéJ5bort
conditions may include controlling LHSV, tenperature,

Presyier €, dAjarogerruptsakecyhydt odarbdie feedofnody, ino
LCoignat EQQﬁpi&ero%Of cids incli¥e AGEMMULAtHOD Ofy;iteg

sedlnent "and/ or” 1 nsol ubl e component’s i n the reactor

ey figadct ecadpressiure achdngeul futde agont aeningy@ormgyloric
i nhi biting hydrocarbon feed from passi ng through

the contacting zone at desired flowrates. A 15 rapid

i ncr &ase Cohupn es swrte Ifwyrendr cat et plauggivngeof otthed into

I
§easfﬁégwﬁglggﬁ IeéggxgﬁﬁégHg%rgﬁfg%éégﬁs%ﬁgﬂg§§d$g: a
stiorudeper i §de opattivel avay ekndidates cataal yst cpt uggimy.known
inl f t
S ORGP M sl PLtbel RS T 7hr ot e

m&uﬂbﬁ m@ameaseat$d|aﬁ @ttpmessat@mengp|andaanefr@at65 °C to

5%&m&;hro the g@t | st bs Lnhibited. ;The {nhibjtion
O%e 1od IEle t_ or

caused by "an”i ncrease i’ n dep05|
sethpent fborﬂa5+$nhodﬁme andVeasamtIﬂ déposiot sonre content

sedi,nent _ma Iu por e the cata yst t hus 25
r%s ?Fﬁéx%gomg%f THve e% rg%%r %e & t hrough t he
contanmlnglzmne6rmypﬂcalVyupbydtonabbnntheedohamnng

os tles t hat hi hit the hydrocarbon feed from .
B 0 /SO OF L o S5 PR S8 CORCAEEodcarciied) in
1ake¢&ke@nbydbﬁgam;pﬁ&S%@ﬁeSr(éﬁygéﬁ)dﬁh&ﬁphenga&lieasta
7 MPa, at least 10 MPa or s 1 produce
oD enaE &rE i OFGLH, SR o vkt ddOnyar yeHeeD 535
‘DI%E@UW@@ ¢okeo f asdmBide@n 509 roharbcut&fm °*this theove

erties of the hydrocarbon feed nay be changed with

tlle matter such “that at least a portion of the Columns
6-10 metals are converted to the corresponding metal oxide.
The temperature conditions at which the particles are

calcined may be such that the pore structure of the final

calcined mixture is controlled to form the pore structure and
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m ni mal coke production. Since reduction of viscosity,
resi due and C5/C7 asphaltenes is not dependent on

whyapaser’ pressure, reduction of these propertPEBUNNYI/ 046927

not occur unless the contacting tenperature is at

| east 300 C. For sonme 5 hydrocarbon feeds,

tenperatures of at least 350 C may be required to
reduce desired properties of the hydrocarbon feed to
PIOHCE agepE0dHCthd halt angets tbecHesid @drein. Calcining
speci fications. At increased tepperatures coke
??ﬂqﬁﬂﬂ%5ﬁtﬁﬁ9so%%%?*”éi@ﬁnag Bl evdtad fydreganthe pore

RS RSRUIES £ hASc L hel propehtiseshfigd hencl QikydraGarbOor pores
feed are changed, the P-val ue o? t he hydr ocar bon

?%%dﬂFbFEFfﬁF%d%%ﬁarﬁﬁfhdééﬁéas?@kﬁﬁ?ﬁkYPtOlénﬂ?Bras
SeideRL MBY r£Q6Mn$ absicBAntiBer s O duGt: Mok Hr €0 110igh
becone unstable. Since, elevated hydrogen pressures
FetfiAsié v éﬁaéoanﬁﬂﬁtsmbf hyar 8gerenRePiceés s tapabt e

R 11edY0isNgrprOp&stdas tibat nay epd -4 ndependent E@mperature
pressure at mniml tenperatures is desirable.

pr odessanbat foperates ao pressuiestiof wngmstron WP@T to

d tenperatures of at |east 200 C w thout rodUC|n
@% Frefif Hhd/6r 'CORE aFe™advant Eaeé% C/Dafi ﬁ@ %Bn‘ioacctreate

5lm%ﬂ%evahg@a3@yap§akept above 1.0 by 20 controlllng
the contactin nperature. For exanple, in sone

embodi ﬁéﬁﬁéysgfw% Yemperaturetint ﬂé‘é’s 6§ vapbyec sy e have

4 heRevahue-drops gﬁﬂ‘@Mn¥egt§8§airﬁ%&ﬁﬂﬁf@@@é@@ﬂg catalyst,
f eed/t ot al Eroduct m xt ure becones unstable If the

%*’erﬁ?@rvéttﬁﬁie HERe? BHSEE Shelew- 379" LA SHIE! éﬁén@%@“ﬁlﬁ
Eéﬁ%é%@%&Q@@rQPHa@5u£%&d2@609@r&£6§:QQ%%&S4OO °c adde
crude product produced by contactlng?a hydr ocar bon
PP UMCtSh ©dnet orofior e MEat aPy sh3SHes abe@rhéFem%sha§8
@@auseﬁ%b b@lébﬂ@ﬁ@i&ﬁﬁg%eefméPQi'&ﬁ&h%%% h89|§ﬁ1&9
but not limted to, use a feed to refineries, feed for
PrOHES 1§ 36 wrawslgtdtqufatt ir6ANA TSI NT 2 1didhgeAt N okhan
ENNANELNG LAgeNto{0fo LRARLALOUA] OId 1RGOYEEKon feed may be
processes. For exanpl e, hydrocarbon feeds having a
mncgrlé;@ltly afivantaasusio her cexakste nayi barr@ﬁn@fmﬁqﬁr
Peavy, Qiban sands.gr ude) IRYebe: conveited 18L0least 1000
vari ous hy rocar bon streans through a series o
processitngestepsl Usihwyrer agki hgeahi I® U onrexanpl 5asn
&0 | liadobed: cragki ngoyni b2 fluid catalyiic
cracking unit, thermal cracking unit, or other units
knomﬂkt@om@nvmbtdimdeénocatbbmst%e@ut@elpghtecterlzed by
u n [ [ 0
SPOMS I e varBiehL 8T ORI SR L P e
lorety ans ppccéssexbdrtQJnm@sendyamﬁwﬁwncemtheVpﬁomess$uuface
te o carbo syste | h ods
gé% c{atalw{m8 %%%%gt 3%%ﬁ8P£|n % %&a'% % Sa}]opeftles
@ﬁstxﬂmwdnooaobotpwfdeM@wlbg QﬁSpQH&NHaieupsereaawmdre
ne qr nore, f thg cracklng units, :ggatnent of.the
éﬁ ers 14 ore iametér ore. siz
carbon e i ohe 6r “iol e syét “dBSCEYi bed
&mﬁﬁmubumaynpm@ﬂWmeJa1keednghafrmmpwaESxthéOpAoc@sgin@
g t e of %hg grag&ing unit by at |east a factor of 2,
’Ieast a“factor of 15 4. at least a factor of 10, or
at | gast catbhagsormaof HEGE. anbrexanpiehsarsystEGmfwwth a

treating a drocar bon feed havj a viscos t

MO B SR dhantraf bR At ar b e e =t
et groamiof by ds @cardran dieedt spytidicldide yenehgs apse
contacting systens described herein positioned
upstream of a 20 cracking unit. The contacting system
may i ncl ude one or nore catalysts descri bed herein

capabl e of producing a crudé®product having a
viscosity of at nost 50% of the viscosity of
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t he hydrocarbon feed at 37.8 C and/or at nost 90% of
the resi due of the hydrocarbon feed. The crude product

wW@rwhass227 25 m xture of the crude product and PCT/US2009/046927

hydrocarbon feed may enter the cracking unit. Since
t he crude product and/or m xture of the crude product
and hydrocarbon feed has a | ower viscosity than the
ori gi nal hydrocarbon feed, the processing rate through
§he oriackli Bgt ubh twinmy becliphoyetk BQIMRt8@MEn a range from
enbodi ments, hydrocarbon feeds having at |east 0.01 .
§f dmoofl 0BsB sl tarids AmngThal dorspRdly el phi 8F 145t 60%
by H aReees shbgr tdeJRAL ihNtRe el idNefic0peEati®i:ion
Deasphal ting processes may involve sal vent extraction
Rt/ 3cBREActT MY tHe Wdrttide W tdv & tdrallystOt b Penoie
RAsphal teresqgiReduction of at least a portion of the
conponents that contribute to viscosity, at |east a
por t i16n Sefet ABPGHPBIENt EOFRat oLt rdTb & ef oM B YR
alforp asphatd enes 1pekerot e ddieg> deasphaldd ngoprgeRss 1n
may elimnate the need for solvent extraction, reduce
the o GRPOBE NP R AT SsEFPVERE , AN G1S SAlakerIe herom 0.3
&ff/iciengyoofcdhg, deasphal/ti pg procsssy, For exampley &
system for treating a hydrocarbon feed haV|ng, per
@r'arf®f Ihydr ocar bon feed, at |east 0.01 grams of C5 10
asphalf.enes.apdl{ 9fe Ol Qrams:9f ,£€siJue RAdp8res having a
viscosity of at least 10 cSt at” 37.8 C may I nclude one
RPraTstienesAr ake trre s yistertddese? i bethheoses pesitd ohawpre
apstdicamot . 2. deasphalddong unit . s Jhe LopLagthig, syt em
may I ncl ude one or nore catal ysts described herein
cHpabise 6fspeodachnigva odr ade 1erprioduete havbagea I€57ing a
gorhaliLenes content, of ahomest 509041 Jdheahvdrocarpan 10
feed aspﬁa tenes content, a residue confent of at
AostIroBuef enhedinadrtocartbencéeetivstedicduetcontent(s aof its

[.SCQsi of t %.0 h rb LS I tYhn 4
%ééigﬁ%%ﬁgtﬁgﬁéogﬁiggbgﬁgT%eﬁgfﬁa%g%gﬁgﬁbg@a%gf%%§glOO B
a Xtagrse O 20 the wrnedeocproduct ramckshydvacgr Bopofeed
TRy Ser L he deasphaling LRkt 034106 e FLULS ooe o
product and/or m xture of the crude 'product and Te
Hydreoar bohufeede hras i powers bsphal teemperer dsbdeeer of at
?Qgﬁpgo%igcosity than the original hydrocarbon feed,

€ processing efficiency of the 25 deasphalting unit
may be isporeaseddinerdts,| east cbfaladt Ineasha¥®%t ateast 90%
heast [20% 058t feast 50%of,the original efficiency.

LES : nf1|n1t|ng exanﬁ%@s oF ca?%lyé%
praeparcat banstandstreidttods of using such catal ysts under
controlled contacting 30 conditions are set forth .
bel o EXSfiph a0 S IsiEar A of of L 5 ICAUmiS6S ML dfost 5% of
Gat adopst vHavinagin AlorMesthaiOnut S0 Dbty bdenwreandf aat least
gﬂg ace Area of at least 340 nR/g. A support (4103.4
“that contained 0.02 grans of silica and 0.98

gr anssw@hual pat peystgman ohvsuppeste Was weenbefgdem ¢ 16 cc/g
nnlyb?Fnug%trioxide (409 %rans to forma aglsggfort
M&thule SNt A"A It FuRRFRgy t det orfidséd Swdt Br/¢- 0
{2033 agnansy, tthd hetMbsuppayindriXtisre andet he
mxture was 5 nmulled until a loss on ignition of 58%
Werst oA AR Burd iy BSRuPPF Rgdt e Cortpaét hidsse of " tThe
HONErsOWAs + FoNH d OX etheV @by 20 §0r S-driardbescangt Lo 340
(based on loss of ignition) of deionized water was
added to the m xture until the loss on ignition val ue
was obt ai ned. The pH of the conpact
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10 Mo/ support powder was 4.63. The conpact M/ support

powder was extruded using 1.3 mmtrilobe dies to form
wa22®9usi2kbbe extrudate particles. The extrudedPCT/US2009/046927

particles were dried at 125 C and then cal ci ned at 537

C (1000 F) for two hours to formthe catalyst. The 15

bul k density of the catal yst was 0.547 g/nL. The

resulting catal yst contained, per gram of catalyst,

©./08 gsaaghgfr@exég@@aumy%éi hirt ke raab@ngﬁo@?z{m m’/g to

suppaort . e ybdenum catal yst_is nononopda

afar hgo ;

Tyt Falbimgoattohitam por coti et JoFo L AT Gt h
at | east169% ofiat ey tlal rRuberrafe 20006, | Nat

pore size distribution havi Ee% a pore dianeter within

BT IRSE SFRES et AP PST E14anet BtONa PBoreE LesFufRC Gt may
Oa633 tMeh@anadd AuswilhRce iar ean®dr390 MRLd:icdPeoPOre 1ow
di stribution as neasured by nmercury porosinetry at

RO SaRgF e bP VALY iTSTEREAAVT 7S TABIE £xapBlTABLE 1
Eore JLapeternbh £HHRoke Yol une: <0 54516%c40-490run time.
57.76 100-130 8.96 , ,

The enhanced run times may be attributed to the high surface
area of the catalyst and/or the narrow distribution of pore
diameter in the pore volume of the catalyst. Thus, the
metals of the catalyst remain exposed for longer periods of
time, thus plugging of the pores of the catalyst is minimal.
The high surface area and selected distribution of pores in
the pore volume of the catalyst allows processing of high
viscosity and/or high residue crudes that would not be able

to be processed with conventional catalysts having the same

pore distribution, but smaller surface area. Calcining a
comulled catalyst at temperatures ranging from 315°C to
675°C, in the range from 400°C to 650°C, or in the range from

450°C to 600°C may facilitate formation of pores having
similar pore diameters and narrow pore distributions with
large surface areas.

In certain embodiments, the catalyst exists in shaped
forms, for example, pellets, cylinders, and/or extrudates.
In some embodiments, the catalyst and/or the catalyst
precursor 1is sulfided to form metal sulfides (prior to use)
using techniques known in the art (for example, ACTICAT™
process, CRI International, Inc.). In some embodiments, the
catalyst may be dried then sulfided. Alternatively, the
catalyst may be sulfided in situ by contact of the catalyst
with a hydrocarbon feed that includes sulfur-containing
compounds. In-situ sulfurization may utilize either gaseous

hydrogen sulfide in the presence of hydrogen, or ligquid-phase
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130- 150 1.50 150-300 4. 38 Pore Di aneter in A % Pore
Vol unme 300-5000 2.44 >5000 0.47 Exanple 2.

wee@pasaet on of a Colum 6 Metal Catal yst Havi POI/US2009/046927

Least 10 wt % Mol ybdenum and a Surface Area of at | east
340 nR/g. A support (3000 grans) that contained 0.02
grans of 5 silica and 0.98 grans al um na per gram of

support was conbi ned with nol ybdenum tri oxi de (797. 84

Q)i Ztiagl agehes MY SURRObBEgAhX$ Wl Bar Wotn@oanagl kBfcluding
runni ngi dei oni zed water (4092.76 grans) was added to

3 He? e §&666rtpﬂ%¥&%}rféde§mdt¥lh%l%n XA €as*hifted B~

st 1518 Fies8a0f oh GHdde@R caf 20 SI8SC GRS 1 10Uper BNt
of m xture was obtained (for_about 45 m nut es The pH

WFS 1 e 466/ SUppE? tSTATE Y 8twas - 8. & © T3heto Seamans et
M/ SURROGE ThXEMT £ INaS, @Xbhudedy mmnl@ B LELh@be

dies to form1,3 trilobe extrudate particles. The
partlﬁﬂ gemmercial applications, after sulfidation of the
hydroprocessing catalysts, the hydroprocessing catalysts are
typically heated to 400 °C over one or more months to control
the generation of hydrogen sulfide. Slow heating of
hydroprocessing catalysts may inhibit deactivation of the
catalyst. The catalyst described herein has enhanced
stability in the presence of hydrogen sulfide when heated to
400 °C in less than three weeks. Being able to preheat the
catalyst over a shorter period of time may increase the
amount of hydrocarbon feed that can be processed through a
contacting system.

In certain embodiments, the catalyst of the invention is
obtainable by co-mulling Column 6 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, the mixture may be extruded and/or dried. The
mixture may be calcined at a temperature of between 535 °C
and 700 °C to produce the catalyst.

The support may include from 0.001 grams to 0.2 grams of
silica and 0.80 grams to 0.999 grams of alumina, or from
0.001 grams to 0.1 grams of silica and 0.90 gram to 0.999
grams of alumina per gram of catalyst. In some embodiments,
the mixture may be dried and calcined at a temperature of
between 315 °C and 760 °C to produce the catalyst.

The catalyst may have from 0.001 grams to 0.3 grams,
0.005 grams to 0.2 grams, or 0.01 grams to 0.1 grams of

Columns 6 metal(s) per gram of catalyst. In some
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were dried at 125 C and then cal cined at 537 C (1000
F) 15 for two hours. The conpacted bul k density of the
wexavnsees was 0.545 g/ nL. The resul ting cat aPgE1S2009/046927

cont ai ned, per gram of catal yst, 0.133 grans of

nol ybdenum wi th the bal ance being support. The

nol ybdenum cat al yst is a nononodal catal yst having a

nmedi an pore dianeter of 88 A, with at | east 20 60% of

e dieteak shuaher cofaperesmalyni hbeuore: sioz€ 0.1 grams of
distribution_having a pore dianeter within 47 A of the
FRiH™h cpBrEadi aheter 9@ p6FfeCybr b of 0.651 nl/g, and

a sunfiaceuar RasRfinB6> MWba dheappne (d ster khubien as is
measur ed b%nmarc%%%/ porosi metry at a contact angle of

909 SREwNTRR 2HTIABDECS. S1TARL D 16r EUBPaRBLERY idt Lov

dl%fg@n{i’r%g% MekHires <AQ, 2381701 100 4 491061330 e Thipport

while being heated to elevated temperatures (for example,
temperatures of at least 315 °C, at least 335 °C, at least
375 °C, or at least 425 °C).

In some embodiments, the catalyst is monomodal. Such
comulling of metal and support, followed by calcination, may
produce a monomodal catalyst having a pore size distribution
with a median pore diameter of at most 100 A, with at least
80% of its pore volume in pores having a pore diameter of at
most 300 A. The catalyst may have a surface area of at least
340 m?/g. The catalyst may have a pore volume from 0.5 cc/g
to 0.9 cc/g. In some embodiments, the catalyst may exhibit
one or more peaks between 35 degrees and 70 degrees, and at
least one of the peaks has a base width of at least 10
degrees, as determined by x-ray diffraction at 2-theta

This catalyst reduces at least a portion of the
components that contribute to higher viscosities and/or a
portion of the components that contribute to copper content
without significant reduction in sulfur and/or Ni/Fe/V
content. Treatment of the hydrocarbon feed with a Column 6
metal catalyst that contains none or a minimal amount of
Columns 9 and 10 metals may be economical advantageous since
it allows production of a product with reduced viscosity and
minimal desulfurization and/or demetallation relative to the
same properties of the hydrocarbon feed.

Using the catalyst(s) of this application and
controlling operating conditions may allow a crude product to
be produced that has selected properties changed relative to

the hydrocarbon feed while other properties of the
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3.02 150-180 2.56 180-300 4.04 300-1000 4.53 1000-3000
5.16 3000-5000 3.19 >5000 1.04 FIG 2 shows x-ray

walpdopnaeeT on plots of intensity versus 5 degr eRGI/US2009/046927

2-Theta of nol ybdenumtrioxide and the catal yst as
prepared in Exanples 1 and 2. Plot 112 represents the
spectrum of nol ybdenum tri oxide. Plot 114 represent
the spectrum of the catal yst as prepared in Exanple 1.

Batockkbonepeesente tthe speet Fusaof1 hevaeatal ysthas
prepared in Exanple 10 2. Peaks between 35 degrees

%e%l&gaﬁaU% Ell'e‘b‘?%cet SFhaf4e hahed sk FRPBERET o relative

abate HQodegreso?-tdet andD shipctvrPerks Lerepbhybderniym
trioxi de between 10 qﬁggees 2-theta and 30 degr ees
BDLAHECL taF éORb3RMO T GhipEBPs 114, 116. Plots 114, 116

are ﬁ%@‘b@ﬁal sEh?Eﬁﬂkﬁ%pﬁﬂﬁ&é@ﬁéﬂQﬂupﬂ%h%QB E&Ffponents

al um na. e change from sharp peaks for nol ybdenum
?Qqqngqgérebpgg to a decrease in the life of other catalysts
in the system from the hydrocarbon feed. For example,
reducing the viscosity of hydrocarbon feed/total product
mixture relative to the hydrocarbon feed may inhibit plugging
of other catalysts positioned downstream, and thus, increases
the length of time the contacting system may be operated
without replenishment of catalysts.

The catalyst of the application may produce a crude
product with a lower viscosity as compared to the hydrocarbon
feed with minimal amount of hydrogen consumption. In some
embodiments, at contacting conditions at a total pressure of
3.5 MPa, hydrogen consumption may be at most 30 Nm’/m®, at
most 25 Nm’/m®, or at most 10 Nm®’/m’. In some embodiments, at
contacting conditions at a total pressure of 3.5 MPa,
hydrogen consumption may be from 1 Nm’/m® to 30 Nm®/m®, from 1
Nm®/m® to 30 Nm®/m®, from 5 Nm®/m’® to 25 Nm®/m®, or from 10
Nm’/m* to 20 Nm°/m°.

In some embodiments contacting conditions may be
controlled to produce the crude product; at a partial
pressure of hydrogen at a pressure of most 7 MPa, and wherein
hydrogen consumption is at most 30 Nm’/m’. In other
embodiments contacting conditions may be controlled to
produce the crude product at a partial pressure of hydrogen
at a pressure of most 7 MPa and a temperature of at a
temperature of least 200 °C.

In some embodiments, the catalyst of the application may
be used in combination with other catalysts. An example of

another catalyst is a catalyst that includes supported
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112) to substantially no peaks or broad peaks (plots
114, 116) indicates that the nol ybdenumnetal is

worewongs2ehsi de the al um na cavities and cannot PGEUS2009/046927

detected by x-ray diffraction techni ques. 20Exanples 1
and 2 denonstrate a nmethod of making a catal yst that
i ncl udes contacting one or nore oxi des of one or nore
Colum 6 netals of the Periodic Tables with a support
@aadaciyl?sitnglheg ORE/ O Bl 2Cobuie 6f iTRisal @xtHEesa @ sts
port at a tenperature from315 Cto 760 Cto _
iﬁ%ﬂﬂ%ﬁ?rébﬁglh? of ¢ dedeYSt APTheC 3P EPEoRpETses
d4mQ0Lngr apdcd & G2 ghamubnefasiddcarandctEom®. Sl fur
rans to 0.99 granms of alum na per gram of support.

1t ddPEPnBECRAT Al A A FACRLY f S digagw RYOF eadtbon

JHsh) rarPOL€i &l 28 tdiv %ElQH&IMEkHMd|%faM€EQh@na@@ﬁﬁxs
i ameter of at nbst 100 A, and at | east 80%of its

PHeafol tReBPha potes Ra¢irRgtacpot A /dildiretéPnof© at"Grost
@O0 A7010ExaARh esa 1l ad w2 1ahse-demmnstyAteca g@f@irysay
that includes one or nore netals from Colum 6 of the
PISESECE - Tabl e and/ or one or nore conpounds of one or
WDreAE%%%béméﬁé"%flﬂwH“6r mB8het b Perdadise Table.and; a
support; wherein the support conprises fromO0.01 grans
FFEEegRah 6PN sTPd dacaR@ILSNEE ot RIBPFranETPBHOOIYY LS
& 2, ofsahum Ag- nersgnam gf c§H£’P;P§€ haA0d V\'Qeél‘?ff‘aéé‘earea
catal yst has a surface area of at | east 32 a
porat giozs dP8tkidutdameniler berelh awypéaeepélaaﬁ@twst@feam
S dRstal09y 2nf Al J easkaB0Y000 IdS ROTELYP! YIF AN
pores having a pore dianmeter of at npst
Beamleat3of Cabal lysirddaviong AcSurfade wdé@g@ Altl Wbest
/ e i paL

FRe O o ha ey e B A sy ag eh hed
NWIﬂlQM (23 pbeecqm@nnaniS(ZﬁAZ 95n§w¥hnge andresu@h%deﬂnd

1 eve I [ t .

S0 BeePeRE o S 0RlRReBe P ke Bl E B By e
WN&dDSﬂM& HUIﬂeasttﬂﬂpqn}lonlDflth@clﬂaééﬁaoﬂe@ﬁsungr at

f%a%%e ﬁ@ g 9§|gpd%$%ﬂﬁ@3%r %4§P %i %ﬁ%l n%?l%%gﬁg

Xture an réesul trng mxture was
fortdstmodutes. tﬁﬁqnﬂdlhydaomsrbaﬂ @ﬁ&nnwlt@ytbe higher
Jdustries, Vest) Patgrzon, New Jelaey, SRl a5 added

0 A XT UF e ni T he "X (=}

¢nﬂﬂeﬂi'fwana61M@t@dnuﬂht25mHtah$esn ﬁﬁnalreswtslug organic
mxture had a pH of 6.0 and a loss on ignition of

C . .

. 2 grans per gramof mxture. The nulled m xture
was extmudedemsiamﬁ[bﬁ3s@ﬂetthbmbﬁfdﬂescbmaﬂgsn$1méy, in

b Enpihavest o particles Tos extrudate prticlss .,

£T?Kﬁﬂﬁ&@FaEtﬁﬂﬁh££jZk&5@h5)h&dfo&awbi?Nﬂé%dV®oﬁﬁdemdﬁ

the cata The cat t contai ne per. gram o
iy ibsarataane b cabrvbdenite Bron S nat ek Litce of
fed ng/drokarsbn Oﬂéétﬁ/taitdalSpr@ﬁ&t mhe weat auyshgiSrécessing
bi nodal catalxst havin%_a ore size distribution with
BENEQY fof 8" o Anet%er Y511 7° ARG 1H 6 0% of Tt h2?% otal
ey, ok peres ¢ mdheishobe St ZBeast di Skhirbut tvsut

haV|ng a pore dianmeter within 33 A of the nmedian 10

e Earbt 8F , T2 t R YSor v U G 1994%88% g, and

a surdoa@@nat@@n@foﬁék%elwa@aﬁbss POf &icSicZepdiSheé bt 10N ows

measured using nmercury porosinetry at a contact angle
%ﬁdqﬁggolSoghomhsqqﬁkﬁNBLEtsleast a’portion of the Cj
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TABLE 3 Pore Dianeter in A % Pore Vol une <70 0.91
70- 100 20.49 100-130 37.09 130-150 4.51 150-180 2.9

wa3®o282271. 06 200- 1000 0. 85 1000- 5000 5. 79 >50B0r/US2009/046927

asphaltenes, at least a portion of the metals in metal salts
of organic acids, at least a portion of the residue, or
combinations thereof, from the hydrocarbon feed, before other
properties of the hydrocarbon feed are changed, while
maintaining the stability of the hydrocarbon feed/total
product mixture during processing (for example, maintaining a
hydrocarbon feed P-value of above 1.0). The ability to
selectively change properties of the hydrocarbon feed may
allow the stability of the hydrocarbon feed/total product
mixture to be maintained during processing.

In some embodiments, commercially available catalysts
may be positioned downstream of the catalysts of the
invention to reduce selected properties of the feed. For
example, a demetallization catalyst may be positioned
downstream of the first 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 demetallization catalyst to reduce the
hetercatom content of the crude product as compared to the
hetercatom content of the feed. Examples of commercial
catalysts include HDS3; HDS22; HDN6QO; C234; C311; C344; C411;
C424; C344; C444; C447; C454; C448; CH24; Ch34; DC2531;
DN120; DN130; DN140; DN190; DN200; DN80O; DN2118; DN2318;
DN3100; DN3110; DN3300; DN3310; DN3330; RC400; RC410; RN412;
RN400; RN420; RN440; RN450; RN650; RN5210; RN5610; RN5650;
RM430; RM5030; Z603; 72623; Z2673: Z703; Z713; 72723; 7Z753; and
72763, which are available from CRI International, Inc.
(Houston, Texas, U.S.A.).

In some embodiments, the order and/or number of
catalysts may be selected to minimize net hydrogen uptake
while maintaining the hydrocarbon feed/total product
stability. Minimal net hydrogen uptake allows residue

content, VGO content, distillate content, API gravity, or
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22.04 15 Exanple 4. Contact of a Hydrocarbon Feed
with Catal ysts From Exanples 1 and 3. A tubul ar

WO g@etdm2ith a centrally positioned ther mowel PCIXES2009/046927

equi pped with thernocoupl es to nmeasure tenperatures

t hroughout a catal yst bed. The catal yst 20 bed was
formed by filling the space between the thernowel !l and
an inner wall of the reactor with catal ysts and

@cbnhbleﬁm@aebtﬂ@récz@ -G itthe By anbedtbdvbtelidaks; bl h$thtained
. Such silicon carbide is believed to have
W%ﬁﬁlq @Oaan E%?aﬁ%&ﬁ%?ﬁ&WSpBF?P%%F%ﬁﬁdéﬁ'Fﬁ@ BY%%%E%?bon

el tingns descapbegd Rarel BnaAbl &t alikshbsiWer8f the crude
bl ended with an equal volune anpunt of silicon carbide

HeABIE gragtngethe’ i efuicdei At d ¥ 15 Yo eREaeti e zone

POIddans eF the kgadirbohhesbydr ogar konbeed fhow to
the reactor was fromthe top of the reactor to the

KO GRTEP t RE Fleact'tr CasPlvebh eatBildenas opesiey bied

atrthesbattom 9f dhedLeachornt @ $QLVEraSeAsDOIIPM’ /g uses
support. 10The catal ysts were sulfided by introducin

:5*§h§é6@§gﬁﬁx@®¥%PQﬁp¥9G@éﬁ@@ﬁyd@%g%?ﬁ&ﬁﬂeﬁlG@ ape @5 the

é’PA /@eh)é@rt%?@t 91@§v1rﬂ;t Q thergent acdd ng %Qn%ését 3o rate
of |iters/ hour of gaseous m xture per vol ume (n)

of t é?ieai{wéa@al s tnqisilvideeaee arbiaee Vs thet h&f@aﬁ@@docas feed
RAF toRfautbhevol upe of Latakyst)nadd Temmenat ULese

the contacting zones were increased to 204 C (4 O F)
dvaerribuegr andl el d-cattheokoCliny idudd stafpegion of the

ol dingah 2044C e 4 %ﬂ{@@rﬁy?r@f ?cfohet 'E%u%@? ACk} may

zZones was i ncreased I ncrenenta 00 F

al yatew lof chong: (150 @)lapteweﬁ@umarh@nmmttactas ngonzmmleesp1 to
i.nt ai,pe t our, then the

?%%%§¥§%3r§/§a§f?§F§eaﬁi géégélﬁgﬁg F) over 1 hour

and Hel dgoat 8mooG fartst,woahelyst Skheaddrnaetingr zomes: of

%‘%{af 3%' Hoygd, {)rﬂ’}% coal; 0. aphi Sé‘ﬁ%}oeﬂ)e‘%‘{% LG £ er5

ation of the catal yst's e tenperature o
tdred igopthact(fng q@mﬂﬂfma$emaeseﬂu1$)amdﬁywpeyatuc@mbﬁn feed

#oowperatte hydrogarban jfeed ;(Feagen RNefy wRRYkhg L hG.e

hydrocarbon feed, maintaining hydrocarbon feed/total product
mixture stability during processing, and changing one or more
properties of the crude product relative to the respective
properties of the hydrocarbon feed. Stability of the
hydrocarbon feed/total product mixture may be affected by
various phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be caused by, for
example, insolubility of the hydrocarbon feed and/or crude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total
product mixture, precipitation of components from the
hydrocarbon feed/total product mixture, or combinations

thereof.
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listed in Table 4 was flowed through the preheat zone,
top contacting zone, bottom contacting zone, and

whoiwass2gupport of the reactor. The hydr ocar boPCT/E82909/046927

was contacted with each 30 of the catalysts in the
presence of hydrogen gas. Contacting conditions were

as follows: ratio of hydrogen gas to feed was 318 Nm

/M8 (2000 SCFB) and LHSV was about 0.5 1-1-1. The two
cont agt icagtZonesiiey enlieaednt oc 40 & iad pBRE 88 Al ﬂeed
between 400 C and 420 C at a system pressure of 3.

ML LS TpS gyt a%yq]?%aﬁ?&i“oég?%o‘ﬁ]q/é&d tPIté\JveHr?Wﬁ%’hglﬁl the

the-dJeashar rEod/ eoher idqattt hier(aboidty 3A33gB0UrSY .the
Dur|n the run, an increase in inlet pressure from

YY" T 25 L WPaC and Aboie 17 PRPAYST vk Giss FFEACAECabout
M/mﬁnspaagu(@@%mlﬂesch& bough tthe RERSSUER of the

increased during this tinme, the pressure stabilized at
ABBIR PFONPAL. S$‘P1JeléOlaiLlrté{ploé FAereasenantsr e§stife was

rhseonedcthestdun Wvagmabhoved &0 GrNtorYe. pIh@uct in
-Val ue was nonitored periodically and remai ned at 1.0

e 1y apevEPren of e herdrdr BrPREcChrioeEsy wasnesns? derewe -

ﬁGf“EQd%plgortﬁéawgﬂfbcéyboZSQQeQQHiﬁ JJH%aEnV@BMﬁoN@ﬁ%S that
.0 and the inlet pressure was about 7.1 MPa (10

@’sﬁ PolurtcabButRO0DT teearsOoNt heed rﬁfetthﬁr @@@aﬁ@l%ﬁr dp’fbed
;Efb&%s%(ﬂ Mpa. p A yolune of 9% Uﬁh&dﬁ%@h ¢atal é@?&nge

as 15 described in was m xed wth
éﬁcm @@@@péar bhEE 22V idy aﬁacwetsm G e Coagsphaltenes, P-

etl %'}egofnﬂlﬁixl@l&%t Lo, caRt acﬁﬁé‘gc&r@%%en‘ﬁsqgég%rgj to

rreta catalyst (6 cnB) as described In
paocare Wetsh splilebmelrc atisi &ierdéﬁcwi@;n aﬁ@@dt/hetaig P cxdusrte

YRS pesi t ﬁR”SQmQGJ@c%ngs, %h&%@?ﬁa'}%géo@ﬁeéoarﬁ@rﬂﬂe

top contacting zone shown e crude
m@cﬂuoptrowadtamwm toyroobhZ9e s atd k. deComa iesddiele in

ﬁ?%‘ tt nk 0. §%§ gBSEBQE %affsl%ro“@% gﬁ@dlﬂr‘?tthea

e conten mol yb enum
m:mcmaairb@ﬁ @eddv\t@mﬁ randuat MCR: T €trnohgl0wd. oThicre
te h for,.ca ta ti ng
Eﬁﬁ(gg rocar %ngg ((gﬁ ftstwong% ggﬁbr%h ‘ca hl)%s%tog gaiblr%nduocfe
@smwtlatlenpsoduhanqdnaatn icocicadesat hen cxrﬁJdie/dppodubim P¢ed and
I t on o the atal sts %o i Ses one or

r1pr ]:6p§ e %rl O(fO p?a%f]e antoﬁno}s to

mrhic@r tier élt‘enq»mmcés cof mome of tﬁme:amﬂalssstrom
&%&f%lonalgf t@ﬁee§ ngchag%etﬁdeﬁ)S%pp%gt be reduced
support “conprises rom cé1 grarrsff G2 gr?ﬁm of

Bt ieccamand, f rope 80 tgfeamtmeho ig %@r}@nﬁooﬁrhbmnfémj/total

ram.of support. The Co catal yst has. a
£ EieTurea B RaY oo AEE S0 Ror, P oo e sk prone
whit9t rddBut-eanpwbpdr|aigamedi an pore di aneter of at nost

100 A, and at |least 80%0 |ts ore_volu or es
haVI&EréHSOPEOﬂ?%%EF%r %ﬁ Brv é% of %_ ggdroc rbon

feed/total product mixture may be monitored and the stability
of the process, hydrocarbon feed, and/or hydrocarbon
feed/total product mixture may be assessed. Typically, a P-
value that is at most 1.0 indicates that flocculation of
asphaltenes from the hydrocarbon feed generally occurs. If

the P-value is initially at least 1.0, and such P-value
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5300 A Thi s exanpl e al so denonstrates a net hod
for contacting a hydrocarbon feed with one or nore

W@ ai0ahige7t o produce a total product that i nclRdEUS1969/046927

product. At |east one of the catalysts conprises one
or nore netals fromColum 6 of the 10 Periodic Table
and/ or one or nore conpounds of one or nore netals
from Colum 6 of the Periodic Table and a support. The

BUPROIde sCORPL k Ses1 A1ia1Q. 0taprandutind.cdngkadied, then
S|I|ca and from0.80 grans to 0.99 granms of _al um na
glr“éiﬁﬂcéfie%ub%tr ttheTﬁ]éfdé’aF%F?%rf fe%ﬂ’ﬂ Bist £eoak1GF L Yor e

peaks betwesy Sonta-tdegr.eesyandedbddedeesodld @toduct
| east one of the peaks has a base width of at least 10

Hetees Stasideter rﬁ%é&SwSﬁdr%y GitFlget oK &e controlled
k%\?atd'&{t%olﬂﬁgp&gn@ct@l@t ashaof i gndly drocanben: bees:

talysts From Exanples 2 and 3. The apparat us,
%%ﬂafﬁyd*ltﬁg BF tatellyiste oFderyBr otartor vééd  and

anetatdngnconditd ons wele ther S&Ei s JrokoEXanpl & 4,
with the exception of the catal ysts. A volunme of

oI oo snipE| Leatusy sentzaltkBy HE dedCrPBEATIFE
2, 2n\asoddxad idh ;yhkgggﬁo&arf@e@aefﬁgﬁ cy8) and

the m xture positioned in the bottomcontacting
XBPOret IANCoF bpe & et al catal yst (6 cnB) as descri bed

in Bxapple-3nWas: fixed \é"ehﬁméhjc'&r%‘ﬁorcqrn@b%bi@ EBonent s
and the m xture positioned on top of the contacting

orfdea gepek AT and vplcohttacki Agezomes BCDAEi Ag the run,
@or(taa@t‘?ln'gn%f?ésetﬂﬁs 'ﬁ'h%ﬁolﬁﬁﬁéSHy&JJa‘%’E‘o%b%&d3f1'_5or$VPa

and about MPa was observed at about 6500 hours.
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of tlme may indicate catalyst plugging.

During 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
catalyst is inhibited. The inhibition of flow may be caused
by an increase in deposit or sediment formation. The increase
in deposit or sediment may plug pores of the catalyst, thus
restricting flow of the hydrocarbon feed through the
contacting zone.

Typically, hydrocarbon feed having viscosities that
inhibit the hydrocarbon feed from being transported and/or
pumped are contacted at elevated hydrogen pressures (for
example, at least 7 MPa, at least 10 MPa or at least 15 MPa)
to produce products that are more fluid. At elevated
hydrogen pressures coke formation is inhibited, thus the

properties of the hydrocarbon feed may be changed with
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The crude product produced by contacting a hydrocarbon
feed with one or more catalysts described herein may be
useful in a wide range of applications including, but not
limited to, use a feed to refineries, feed for producing
transportation fuel, a diluent, or an enhancing agent for
underground o0il recovery processes. For example, hydrocarbon

feeds having an API gravity of at most 10 (for example,

bitumen and/or heavy oil/tar sands crude) may be converted
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A vol une of Columm 6 nmetal catalyst (24 cnB) as
described in Exanple 3 was m xed with silicone carbide
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contacting 15zone. A Columm 6 netal catalyst (6 cnB)
as described in Exanple 3 was m xed with silicone
carbide (6 cnB) and the m xture was positioned on top
of the contacting zone to forma top contacting zone.
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F oduct.s Rrodused i Bxanples,4iand 5 havechoweF the
val ues for viscosity and hydrogen consunption as
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viscosity of the ocarbon eed nore than contact of
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nparative e hydrocarbon e%(f
mmtchxet reg coadi ¢l dnsiroa:adbsul feetatiicon inedede hengame more
5%59?8%“%56s§3tems described herein positioned upstream of a
cracking unit. The contacting system may include one or more
catalysts described herein capable of producing a crude
product having a viscosity of at most 50% of the viscosity of
the hydrocarbon feed at 37.8 °C and/or at most 90% of the
residue of the hydrocarbon feed. The crude product and/or a
mixture of the crude product and hydrocarbon feed may enter
the cracking unit. Since the crude product and/or mixture of
the crude product and hydrocarbon feed has a lower viscosity
than the original hydrocarbon feed, the processing rate
through the cracking unit may be improved.

In some embodiments, hydrocarbon feeds having at least
0.01 grams of Cs asphaltenes may be deasphalted prior to
hydroprocessing treatment in a refinery operation.

Deasphalting processes may involve solvent extraction and/or
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EXAMPLE
Non-limiting examples of catalyst preparations and

methods of using such catalysts under controlled contacting
conditions are set forth below.

Example 1. Preparation of a Column 6 Metal Catalyst Having

At Most 10 wt% Molybdenum and a Surface Area of at least 340

m’/g. A support (4103.4 grams) that contained 0.02 grams of
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silica and 0.98 grams alumina per gram of support was
combined with molybdenum trioxide (409 grams) to form a
Mo/support mixture. With a muller running, deionized water
(2906.33 grams) to the Mo/support mixture and the mixture was
mulled until a loss on ignition of 58% was obtained. During
comulling, the compactness of the powder was monitored every
20 to 30 minutes and 1 wt% (based on loss of ignition) of
deionized water was added to the mixture until the loss on
ignition value was obtained. The pH of the compact
Mo/support powder was 4.63.

The compact Mo/support powder was extruded using 1.3 mm
trilobe dies to form 1.3 trilobe extrudate particles. The
extruded particles were dried at 125 °C and then calcined at
537 °C (1000 °F) for two hours to form the catalyst. The
bulk density of the catalyst was 0.547 g/mL. The resulting
catalyst contained, per gram of catalyst, 0.08 grams of
molybdenum, with the balance being support. The molybdenum
catalyst is a monomodal catalyst having a median pore
diameter of 81 A, with at least 60% of the total number of
pores in the pore size distribution having a pore diameter
within 33 A of the median pore diameter, a pore volume of
0.633 mL/g, and a surface area of 355 m’/g. The pore
distribution as measured by mercury porosimetry at contact

angle of 140 is shown in TABLE 1.

TABLE 1
Pore Diameter % Pore
in A Volume
<70 25.61
70-100 57.76
100-130 8.96
130-150 1.50
150-300 4.38
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Example 2. Preparation of a Column 6 Metal Catalyst Having

at Least 10 wt% Molybdenum and a Surface Area of at least 340

m’/g. A support (3000 grams) that contained 0.02 grams of
silica and 0.98 grams alumina per gram of support was
combined with molybdenum trioxide (797.84 grams) to form a
Mo/support mixture. With a muller running, deionized water
(4092.76 grams) was added to the Mo/support mixture, and the
mixture was mulled until a loss of ignition of 0.5787 grams
per gram of mixture was obtained (for about 45 minutes). The
pH of the Mo/support mixture was 3.83.

The Mo/support mixture was extruded using 1.3 mm trilobe
dies to form 1.3 trilobe extrudate particles. The particles
were dried at 125 °C and then calcined at 537 °C (1000 °F)
for two hours. The compacted bulk density of the extrudates
was 0.545 g/mL. The resulting catalyst contained, per gram
of catalyst, 0.133 grams of molybdenum, with the balance
being support. The molybdenum catalyst is a monomodal
catalyst having a median pore diameter of 88 A, with at least
60% of the total number of pores in the pore size
distribution having a pore diameter within 47 A of the median
pore diameter, a pore volume of 0.651 mL/g, and a surface
area of 365 m?/g. The pore distribution as measured by
mercury porosimetry at a contact angle of 140 is shown in

TABLE 2.
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TABLE 2
Pore Diameter % Pore
in A Volume
<70 23.58
70-100 40.09
100-130 12.77
130-150 3.02
150-180 2.56
180-300 4.04
300-1000 4.53
1000-3000 5.16
3000-5000 3.19
>5000 1.04

FIG. 2 shows x-ray diffraction plots of intensity versus
degrees 2-Theta of molybdenum trioxide and the catalyst as
prepared in Examples 1 and 2. Plot 112 represents the
spectrum of molybdenum trioxide. Plot 114 represent the
spectrum of the catalyst as prepared in Example 1. Plot 116
represent the spectrum of the catalyst as prepared in Example
2. Peaks between 35 degrees 2-Theta and 70 degree 2-theta
have peak widths of about 10 degree 2-theta. Distinct peaks
for molybdenum trioxide between 10 degrees 2-theta and 30
degrees 2-theta are absent from plots 114, 11l6. Plots 114,
116 are similar to the x-ray diffraction pattern for alumina.
The change from sharp peaks for molybdenum trioxide (plot
112) to substantially no peaks or broad peaks (plots 114,
116) indicates that the molybdenum metal is moving inside the
alumina cavities and cannot be detected by x-ray diffraction
techniques.

Examples 1 and 2 demonstrate a method of making a

catalyst that includes contacting one or more oxides of one
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or more Column 6 metals of the Periodic Tables with a support
calcining the one or more Column 6 metal oxides and support
at a temperature from 315 °C to 760 °C to provide a calcined
catalyst. The support comprises from 0.01 grams to 0.2 gram
of silica and from 0.8 grams to 0.99 grams of alumina per
gram of support. The calcined catalyst has a surface area of
at least 340 m?’/g, a pore size distribution with a median
pore diameter of at most 100 A, and at least 80% of its pore
volume in pores having a pore diameter of at most 300 A.

Examples 1 and 2 also demonstrate a catalyst that
includes one or more metals from Column 6 of the Periodic
Table and/or one or more compounds of one or more metals from
Column 6 of the Periodic Table and a support; wherein the
support comprises from 0.01 grams to 0.2 gram of silica and
from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst has a surface area of at least 340
m’/g, a pore size distribution with a median pore diameter of
at most 100 A, and at least 80% of its pore volume in pores
having a pore diameter of at most 300 A.

Example 3. Catalyst Having A Surface Area Of At Most 250

H@/g. The comparative catalyst was prepared in the following

manner. MoO; (94.44 grams) was combined with wide pore
alumina (2742.95 grams) and crushed and sieved alumina fines
having a particle size between 5 and 10 micrometers (1050.91
grams) in a muller. With the muller running, nitric acid
(43.04 grams, 69.7 M) and deionized water (4207.62 grams)
were added to the mixture and the resulting mixture was
mulled for 5 minutes. Superfloc® 16 (30 grams, Cytec
Industries, West Paterson, New Jersey, USA) was added to the
mixture in the muller, and the mixture was mulled for at
total of 25 minutes. The resulting mixture had a pH of 6.0
and a loss on ignition of 0.6232 grams per gram of mixture.

The mulled mixture was extruded using 1.3 mm trilobe dies to
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form 1.3 trilobe extrudate particles. The extrudate
particles were dried at 125 °C for several hours and then
calcined at 676 °C (1250 °F) for two hours to produce the
catalyst. The catalyst contained, per gram of catalyst, 0.02
grams of molybdenum, with the balance being mineral oxide and
support. The catalyst is a bimodal catalyst having a pore
size distribution with a median pore diameter of 117 A with
60% of the total number of pores in the pore size
distribution having a pore diameter within 33 A of the median
pore diameter, a total pore volume of 0.924 cc/g, and a
surface area of 249 m’/g.

The pore size distribution measured using mercury

porosimetry at a contact angle of 140 is shown in TABLE 3.

Example 4.

TABLE 3

Pore Diameter % Pore
in A Volume
<70 0.91
70-100 20.49
100-130 37.09
130-150 4.51
150-180 2.9
180-200 1.06
200-1000 0.85
1000-5000 5.79
>5000 22.04

Contact of a Hydrocarbon Feed with Catalysts From

Examples 1 and 3.

A tubular reactor with a centrally

positioned thermowell was equipped with thermocouples to
measure temperatures throughout a catalyst bed. The catalyst
bed was formed by filling the space between the thermowell
and an inner wall of the reactor with catalysts and silicon

carbide (20-grid, Stanford Materials; Aliso Viejo, CA). Such
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silicon carbide is believed to have low, if any, catalytic
properties under the process conditions described herein.
All catalysts were blended with an equal volume amount of
silicon carbide before placing the mixture into the
contacting zone portions of the reactor.

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

The catalysts were sulfided by introducing a gaseous
mixture of 5 vol% hydrogen sulfide and 95 vol% hydrogen gas
into the contacting zones at a rate of 1.5 liters/hour of
gaseous mixture per volume (mL) of total catalyst (silicon
carbide was not counted as part of the volume of catalyst).
Temperatures of the contacting zones were increased to 204 °C
(400 °F) over 1 hour and held at 204 °C for 2 hours. After
holding at 204 °C, the temperature of the contacting zones
was increased incrementally to 316 °C (600 °F) at a rate of
10 °C (50 °F) per hour. The contacting zones were maintained
at 316 °C for an hour, then the temperature was raised to 370
°C (700 °F) over 1 hour and held at 370 °C for two hours.

The contacting zones were allowed to cool to ambient
temperature.

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 in Table 4 was flowed through the preheat zone, top
contacting zone, bottom contacting zone, and bottom support
of the reactor. The hydrocarbon feed was contacted with each
of the catalysts in the presence of hydrogen gas. Contacting
conditions were as follows: ratio of hydrogen gas to feed
was 318 Nm’/m® (2000 SCFB) and LHSV was about 0.5 h™. The two

contacting zones were heated to 400 °C and maintained between
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400 °C and 420 °C at a system pressure of 3.5 MPa (500 psig)
as the hydrocarbon feed flowed through the reactor for a
period of time (about 9722 hours). During the run, an
increase in inlet pressure from about 3.5 MPa and about 7 MPa
was observed at about 6500 hours and 9000 hours. Although
the pressure increased during this time, the pressure
stabilized at about 7 MPa. Since a rapid increase in
pressure was not observed the run was allowed to continue.
The P-Value was monitored periodically and remained at 1.0 or
above 1.0, therefore the process was considered stabile.

For example, at 7896 hours the P-Value was 1.0 and the inlet
pressure was about 7.1 MPa (1012 psig). At about 9000 hours,
the inlet pressure dropped to below 7 MPa.

A volume of Column 6 metal catalyst (24 cm’) as
described in Example 1 was mixed with silicone carbide (24
cm’) and the mixture was positioned in the bottom contacting
zone.

A Column 6 metal catalyst (6 cm’) as described in
Example 3 was mixed with silicone carbide (6 cm®) and the
mixture was positioned on top of the contacting zone to form
a top contacting =zone.

As shown in Table 4, the crude product had a viscosity
of 79.5 at 37.8 °C, a residue content of 0.278 grams, per
gram of crude product, a Ni/V/Fe content of 252.6 wtppm, a
molybdenum content of 0.4 wtppm, and a MCR content of 10.4.

This example demonstrates a method for contacting a
hydrocarbon feed with one or more catalysts to produce a
total product that includes the crude product. At least one
of the catalysts comprises one or more metals from Column 6
of the Periodic Table and/or one or more compounds of one or
more metals from Column 6 of the Periodic Table and a
support. The support comprises from 0.01 grams to 0.2 gram

of silica and from 0.80 grams to 0.99 grams of alumina per
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gram of support. The Column 6 metal catalyst has a surface
area of at least 340 m?/g, a pore size distribution with a

median pore diameter of at most 100 A, and at least 80% of

its pore volume in pores having a pore diameter of at most

300 A.

This example also demonstrates a method for contacting a
hydrocarbon feed with one or more catalyst to produce a total
product that include the product. At least one of the
catalysts comprises one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periodic Table and a support.

The support comprises from 0.0l grams to 0.2 gram of silica
and from 0.80 grams to 0.99 grams of alumina per gram of
support. The catalyst exhibits one or more peaks between 35
degrees and 70 degrees, and at least one of the peaks has a
base width of at least 10 degrees, as determined by x-ray
diffraction at 2-theta.

Example 5. Contact of a Hydrocarbon Feed Catalysts From

Examples 2 and 3. The apparatus, sulfiding of catalyst,

hydrocarbon feed and operating conditions were the same as
for Example 4, with the exception of the catalysts.

A volume of Column 6 metal catalyst (24 cm®) as
described in Example 2 was mixed with silicone carbide (24
cm®) and the mixture positioned in the bottom contacting
zone.

A Column 6 metal catalyst (6 cm’) as described in
Example 3 was mixed with silicone carbide (6 cm®) and the
mixture positioned on top of the contacting zone to form a
top contacting zone.

During the run, a rapid increase in inlet pressure from
about 3.5 MPa and about 10.4 MPa was observed at about 6500
hours. Since the pressure did not stabilize, the run was

stopped.
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As shown in Table 4, the crude product had a viscosity
of 86.4 at 37.8 °C, a residue content of 0.264 grams, per
gram of crude product, a Ni/V/Fe content of 251.6 wtppm, a
molybdenum content of 0.4 wtppm, and a MCR content of 10.6.

This example demonstrates that a method for contacting a
hydrocarbon feed with one or more catalysts to produce a
total product that includes the crude product. At least one
of the catalysts comprises one or more metals from Column 6
of the Periodic Table and/or one or more compounds of one or
more metals from Column 6 of the Periodic Table and a
support. The support has from 0.01 grams to 0.2 gram of
silica and from 0.80 grams to 0.99 grams of alumina per gram
of support. The Column 6 metal catalyst has a surface area of
at least 340 m?/g, a pore size distribution with a median
pore diameter of at most 100 A, and at least 80% of its pore
volume in pores having a pore diameter of at most 300 A.

This example also demonstrates a method for contacting a
hydrocarbon feed with one or more catalyst to produce a total
product that include the product. At least one of the
catalysts comprises one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periodic Table and a support.

The support comprises from 0.0l grams to 0.2 gram of silica
and from 0.80 grams to 0.99 grams of alumina per gram of
support. The catalyst exhibits one or more peaks between 35
degrees and 70 degrees, and at least one of the peaks has a
base width of at least 10 degrees, as determined by x-ray
diffraction at 2-theta.

FIG. 3 is a graphical representation of P-value of the
crude product versus run time for each of the catalyst
systems of Examples 4 and 5. The hydrocarbon feed had a P-
value of at least 1.2. Plots 118 and 120 represent the P-

value of the crude product obtained by contacting the
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hydrocarbon feed with the three catalyst systems of Examples
4 and 5 respectively. From the P-value of the crude product
for each trial, it may be inferred that the hydrocarbon feed
in each trial remained relatively stable during contacting
(for example, the hydrocarbon feed did not phase separate).
As shown in FIG. 3, the P-value of the crude product remained
relatively constant during significant portions of each
trial.

Example 6. Comparative Example. The apparatus, sulfiding of

catalyst, hydrocarbon feed and operating conditions were the
same as for Example 4, with the exception of the catalysts.

A volume of Column 6 metal catalyst (24 cm®) as
described in Example 3 was mixed with silicone carbide (24
cm’) and the mixture was positioned in the bottom contacting
zone.

A Column 6 metal catalyst (6 cm’) as described in
Example 3 was mixed with silicone carbide (6 cm®) and the
mixture was positioned on top of the contacting zone to form
a top contacting =zone.

Silicon carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a preheat
zone. The catalyst bed was loaded into a Lindberg furnace
that included four heating zones corresponding to the preheat
zone, the top and bottom contacting zones, and the bottom
support.

During the run, a increase in inlet pressure from about
3.5 MPa and about 5 MPa was observed at about 5543 hours.

As shown in Table 4, the crude product had a viscosity
of 101 at 37.8 °C, a residue content of 0.273 grams, per gram
of crude product, a Ni/V/Fe content of 255.2 wtppm, a
molybdenum content of 0.6 wtppm, and a MCR content of 10.6.

In comparing Examples 4 and 5 with the comparative

Examples, the crude products have similar values for all the
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Examples. The crude products produced in Examples 4 and 5
have lower values for viscosity and hydrogen consumption as
compared to the respective values for the crude product
produced in the comparative example. As such, it may be
concluded that contact of the hydrocarbon feed with hydrogen
in the presence of the catalyst prepared as described in
Examples 1 and 2 may reduce viscosity of the hydrocarbon feed
more than contact of the hydrocarbon feed with hydrogen in
the presence of the catalyst prepared as described in Example
3.

Example 7 Comparative Example. The hydrocarbon feed,

contacting conditions, and sulfidation were the same as
Example 4.

A commercial bimodal molybdenum/nickel catalyst (RM
5030, Criterion Catalysts & Technologies, Houston, TX, 24
cm?) having a molybdenum content of about 5 wt%, a surface
area of about 255 m?/g and having a bimodal pore size
distribution with a medium pore diameter of about 117 A used
for upgrading residue was prepared mixed with silicone
carbide (30 cm® for a total catalyst/silicone carbide mixture
of 54 cm’) was positioned in the contacting zone. The run
was terminated at 1872 hours due to a rapid increase in
pressure change (inlet pressure of greater than 13 MPa (about
1872 psig) and rising. Rapid increase in inlet pressure was
attributed to catalyst plugging.

FIG. 4 is a graphical representation of inlet pressure
of the reactor verus run time for catalysts in Examples 4-7,
and the two comparative examples. Data 122 represents
Example 4, data 124 represents Example 5, data 126 represents
Example 6, and data 128 represents Example 7. Although, an
increase in pressure was observed at about 6500 hours for
Example 4 (data 118), the pressure become substantially

constant at about 7 MPa and wviscosity reduction in addition
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to other properties of the crude product were still changing
as compared to the hydrocarbon feed properties. No rapid
increase in pressure was observed for this catalyst. Example
4 had a rapid increase in pressure at about 6500 hours. In
the catalyst having the less amount of metal has a longer run
time. In comparing Examples 4 and 5, the catalyst of Example
4 was observed to change properties of the hydrocarbon feed
for longer periods of time than the catalyst of Example 6.

The longer run time may be attributed to the catalyst of

10 Example 4 having less metal (less than 0.1 grams of Column 6
metal per gram of catalyst) as compared to the catalyst of
Example 5.

In comparing Examples 4 and 5 with the comparative
examples (Example 6 and Example 7) the crude products have

15 similar values for all the Examples. The catalyst life for
Examples 4 and 5 is significantly longer than the catalyst
life for the comparative examples. As such, it may be
concluded that the contact of the hydrocarbon feed with
hydrogen in the presence of the monomodal catalyst prepared

20 as described in Examples 1 and 2 may be done at low pressures
and high temperatures for longer periods of time than the
comparative catalysts at the same temperatures and pressures.

TABLE 4

25

Property Hydrocarbon Crude Product
Feed
Example 4 4 5 Comparative | Comparative
Example 6 Example 7

Contact 4200 8520 6536 5543 1872
Time, hours
Temperature, 410 410 410 410 410
°C
Pressure, 3.5 7 3.5 3.5 3.5
MPa
API Gravity 7.9 14.3 13.5 13.5 15.8
Density at 1.0149 0.9704 0.9785 0.9785 0.9608
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Property Hydrocarbon Crude Product

Feed
Example 4 4 5 Comparative | Comparative

Example 6 Example 7

15.56 °C
(60 °F),
g/cm’
Hydrogen, 10.109 10.432 ] 10.720]10.485 10.403 10.617
wt3
Carbon, wt% 81.987 84.174|84.450 | 83.72 84.513 84.617
Sulfur, wt3 6.687 4.387 | 3.714 5.064 4.487 3.782
Nitrogen, 0.366 0.399 | 0.371 | 0.397 0.397 0.385
wt3
Nickel, 70 63 32 63 55 56
wtppm
Iron, wtppm 2.4 0.6 0.2 0.4 0.2 0.2
Vanadium, 205 189 100 197 151 152
wtppm
Calcium, 6.7 5.9 0.3 0.7 1.9 2.1
wtppm
Copper, 0.9 0.2 0.2 0.4 0.9 0.2
wtppm
Chromium, 0.3 0.2 0.2 0.2 0.2 0.2
wtppm
Silicon, 1.2 0.8 0.4 0.3 0.3 0.3
wtppm
Magnesium, 0.8 0.7 0.2 0.6 0.2 0.4
wtppm
Zinc, wtppm 6.0 1.0 0.6 2.0 1.4 1.7
Molybdenum, 6.0 0.4 1.9 1.9 0.3 0.8
wtppm
Micro-Carbon 12.5 10.4 8.6 10.8 10.3 9.6
Residue, wt%
Cs 16.2 9 6.6 8.5 8.5 8.0
Asphaltenes,
wt3
Cy 10.9 5.9 4.6 6.5 5.9 5.1
Asphaltenes,
wt3
Naphtha,, 4.2 8.0 3.6 0.9 5.1
wt3
Distillate, 15.0 28.1 30.9 25.6 31.8 30.7
wt3
VGO, wt3 37.5 39.9 38.1 42.5 44.5 39.8
Residue, wt% 47.4 27.8 23.0 28.9 22.8 24 .4
P-Value 2.6 1.2 * 1.2 0.9 1.0
Viscosity at 8357 79.5 25.9 115 89.4 51.4
37.8 °C
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(100F), cSt Hydr ogen Consunption, Nm/n8 29.41
61.18 36.24 21.6 * Inlet pressure 3.78 7.2 8.7 3.6
WO 2009/135227 PCT/US2009/046927
Property Hydrocarbon Crude Product
Feed
Example 4 4 5 Comparative | Comparative
Example 6 Example 7

(100 °F),
cSt
Hydrogen 29.41 61.18 36.24 21.6 *
Consumption,
Nm®/m”
Inlet 3.78 7.2 8.7 3.6 8.2
pressure

*Not Determined
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8.2 *Not Determned CLAIMS 1. A catalyst
conpri si ng: one or nore netals from Colum 6 of
w0 b@oRe2eddi ¢ Tabl e and/ or one or nore conpounBIST/US20091646927
or nore netals from Colum 6 of the Periodic Table and
a support; wherein the support conprises fromO0.01
grans to 0.2 gramof silica and from0.80 grans to
0.99 grans of alum na per gram of support, and wherein
the catalyst has a surface argamo§ at |east 340 n®/g,
a pore size distribution wth a nedian pore di aneter
of at nost 100 A and at |east 80% of its pore vol une

in pQgQ@teaygﬁgC@mggygaﬁy ameter of at nmost 300 A. 2. A
catal yst conpri sing one or nore netals from

Col urf¥<6 °6f "t he IF%tréi]&dlfé‘OfFaEPéu%o@ 6t dhe BPTherec Table

Lopaunds ef ﬁ@ﬁbCHodﬁﬁu%d§96@|§néféynﬂ8¥euﬁat§19ffﬁﬁﬁ
Peri odi c Tabl e and a support; wherein the sugport
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¥@@&§§ﬂ“1@@eA0raH@r§%'H@a%QdQBU“%EriéB“ﬂB%ep%@K§m@eINW§H}
10 degrees and 30 degrees are absent
ki neg at ke reatbdystieofo folbgi wPat %Qﬂrdln S| ng
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Peri odic Table and/or one or nore conpounds of one or
mor e omet @lrsmpremol ipmf rémof ot ren Perdfodine Tabledim tTakde
o.pr tak/ sup t S
A e e A R T
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{10017 60 8C Q@amsowwdbfﬁaQabmsneﬂ @Hmahys@ehagrﬂ@ @f support,
f are f 4 / re.s
SRR GRRoR s al ARG BT Gl B Rsr bafqgrgveen
1D reandaat TeastigB@%, obnidt st porastvalngnefi hhpopresks has
h ving a re.di aneter. of, at _npst 300 wher e
SRR LA et BB aStutisehos” Bases e
@mﬁﬁr&mﬁnetets2audﬂpnre vol unes are as neasured by
f‘STMTMEt g P4§t84as clalmrr%l I:L]ndcf)f I% the Cat alé’ more
of clal'm~2 %npr|3|n ¢o: Tl I ng one" of nore
mmﬁyﬁd@nbmonrihkim&1ﬁbaﬁé bthewPen | DUi d=gkaklse aand2 Ordenees
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?ﬁerg$ %riodic Table with a support to provide a
netauysmmﬁeﬁtoﬁoﬂﬂoskik@@ ceberesth dhelsuppor t comprising:
conpri se ﬁron10 01 rans to 0,2 ran1of silica qg?
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Wﬂc Taple and/oxanel Brngohet &iEHPRBr bfCONPOST tridde
a rrperaturefgomSlS Cto 760 Cto géowd a
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crude product, conpri sing: contacting a
hydrocarbon feed with one or nore catal ysts to produce
a total product that includes the crude product,
wherein at | east one of the catal ysts conprises one or
nore netals from Colum 6 of the Periodic Table and/or
one or nore conpounds of on&%or nore netals from
Columm 6 of the Periodic Table and a support; wherein
the support conprises fromO0.01 grans to 0.2 grans of
silica and from0.80 grans to 0.99 grans of al um na
per gran1of support, and mhereln the Col um 6 net al
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contacting a hydrocarbon feed with one or nore

catal ysts for at |east 500 hours at a tenperature of
w@eoasdee7 200 C and a pressure of at | east 3. 5PORPEHS1009/046927

produce a total product that includes the crude

product, wherein at |east one of the catal ysts

conprises one or nore netals from Colum 6 of the
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éghégéﬁdy %% one or more metals from Column 6 of the Periodic
Table and a support; wherein the support comprises from 0.01
grams to 0.2 grams of silica and from 0.80 grams to 0.99
grams of alumina per gram of support, and wherein the Column
6 metal catalyst has a surface area of at least 340 m?/g, a

pore size distribution with a median pore diameter of at most
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100 A, and at least 80% of its pore volume in pores having a
pore diameter of at most 300 A; and

wherein surface area is as determined by ASTM Method
D3663 and pore diameters and pore volumes are as measured by
ASTM Method D4284.
7. A method of producing a crude product, comprising:

contacting a hydrocarbon feed with one or more catalysts
for at least 500 hours at a temperature of at least 200 °C
and a pressure of at least 3.5 MPa to produce a total product
that includes the crude product, wherein at least one of the
catalysts comprises one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periodic Table and a support;
wherein the support comprises from 0.01 grams to 0.2 grams of
silica and from 0.80 grams to 0.99 grams of alumina per gram
of support, and wherein the Column 6 metal catalyst exhibits
one or more peaks between 35 degrees and 70 degrees, and at
least one of the peaks has a base width of at least 10
degrees, as determined by x-ray diffraction at 2-theta.
8. The method as claimed in any of claims 6 or 7, wherein
the crude product is a liquid mixture at 25 °C and 0.101 MPa.
9. The method as claimed in any of claims 6 or 7, 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.
10. The method as claimed in any of claims 6 or 7, wherein
contacting is done in the presence of a hydrogen source.
11. The method as claimed in any of claims 6 or 7, wherein
contacting is for at least 1000, at least 3000 or at least
6000 hours.
12. A crude product produced by the methods as claimed in

any of claims 6 or 7.
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13. A hydrocarbon composition, comprising:

a total Ni/Fe/V content of at least 200 wtppm as
determined by ASTM Method D5708;

a residue content of at least 0.2 grams per gram of
hydrocarbon composition as determined by ASTM Method D5307;

a distillate content of at least 0.2 grams per gram of
hydrocarbon composition as determined by ASTM Method D5307;

a sulfur content of at least 0.04 grams per gram of
hydrocarbon composition as determined by ASTM Method D4294;
and

a micro-carbon residue content of at least 0.06 grams
per gram of hydrocarbon composition, as determined by ASTM
Method D4530; and wherein the hydrocarbon composition has a
viscosity of at most 100 ¢St at 37.8 °C as determined by ASTM
Method D445.
14. A transportation fuel comprising one or more distillate
fractions produced from the hydrocarbon composition as
claimed in claim 13
15. A diluent produced from the hydrocarbon composition as

claimed in claim 13.
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