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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

Paciuah ices 2l pp sadBRitheged Vet Dde3  Havidtg Liis§h, 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 éﬁéthhahe 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 penPréaes$¢d juwsng conventional
: i.ana Ri ' of
RSl Techen 0] ety e Han Y apesty
diwdvant ageddcrniecat celudeat edy tierperratdoesvandosity that
%3 i Ebsﬁawgg%ﬁé& grhﬁs pr&sence ,of f%rcééﬁ&?ﬁlonal
posits forned during 30 processing nmay accumu
tf&nspmmg@tlpor@@dkﬁrtﬂn&aGaEatyéacwWﬂﬂﬂ§svis@@sadvantaged
t] . re nt
e R LR R d el Yy B 2l
immiudﬂ:@Wﬂsbgehemeﬁﬂuiamepbsdtscawbﬂnﬁ' | &hge ponmmﬂnmhy
ont f ] in i SGOs|.t an_not e
R R R e
cequistensi gnaht clards arfobtisooén hyady ogenl ito bededded)to
0Gess e dro en deficient_h dro and .t
gP%éi'poEes?%¥m? Pltatar SFU% 2 :glq' 8te?hpemp?ﬁﬁ§ures
&mﬂHﬂmﬂypméthEecﬁﬂﬁhyﬁb.Eoi§rd®€ﬂmﬁﬂhﬁdlaadvtha¢@de

cru&lqe %%%%E en,lﬁkﬁé¥%%€ 95 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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It would be desirable to have a nmethod and/or a
catal yst for reducing the viscosity of disadvantaged

w@ewdass2at el evated tenperatures and m ni mal pPERE00H046927

for a prolonged period of tinme. 10U.S. Patent Nos.
6,554,994 to Reynolds et al., 6,436,280 to Harle et

al ., 5,928,501 to Sudhakar et al., 4,937,222 to

Angevine et al., 4,886,594 to MIler, 4,746,419 to
Peckieihtabes 41 548hvElR ilb@adl BRSOy stk 24%, 4R2tt Bhey require
Morales et al., 4,499,203 to Toul hoat et al.

# Hd 1361 Tt 6m@é%W%é%fg héftdrﬁﬁen 15 HiRF4 tPeré%Sf rhe
i gert qakicdeseri Re JRhkodsaPFRCessRer pYetends @and
catal ysts for processi nggcr udes and/ or di sadvant aged

et DeSOTPUBHHed PRbEnt LRAPPITCatitanooghe catalyst

2005Q1 3341432004 hireugh £200501884d8: 416, sBhaR ekaddeqd.
20050139518 t hrough 20050139522 to Bhan et

, 20050749583 495 Btdr cefcahave 2005015098 #89¢ B Bhafr el vst

ﬁér,ﬁ%a%%Q$ 5908 {0sBhan et raki 52 200RALLRA320LE6s Bian et
al ., 20050167324 t hrough y20550156%332 to BhaH e% al .

%&Rﬁﬁyﬁﬁsgempﬁﬁ@Eﬂﬁﬁﬁ FO0501 73803 R % BERSet 0g| @ prolonged
20060060510,,t0 Bhan; 20060231465 to Bhan; 20060231456

to 25 Bhan; 20060234876 to Bhan; 20060231457 to Bhan

and 20660232877 NS Bﬁaﬁ542@@?0@@d%qanhﬁssﬁanaétra@ 436,280

QQQ%QQQD%QSaEO BD&Qm ,20Q70008841.t.0- Bhan et @'937 222 to
I nternational Publication Nos. WD 2008/ 016969 and WO

PO08/11r669792t o/ BhatB o &¥d GoSMiPhtentd Agplfedt FonPdes.et

117'806°953 1117 8668587 11/ 866, 855 and 11/ 855-53% 1’

Bive? el 3alko, Toilleek tOcttobeér , 37, 200730 larte Pehabeds pait eﬂt ,
appl4 Gahi eng A $dFQ@§pr|bglvagégg§ g 3?%%% pPYSL SIE,

and cdatal'ysts processing crudes an
mgamsantaagedawm fgrSprPatestnAppiudeat eod/ No.

,n%gg geé%é&es in Exanple 24 a catal yst that
lnC rans of silica-
U S. Publlshed 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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5 alum na and 0.98 grans of alum na per gram of
support, nickel and nolybdenum The catal yst has a

wore@oass2pore di aneter of 155 A, with at | east BORWSH009/046927

the total nunber of pores in the pore size
di stribution having a pore dianeter with 28 A of the
nmedi an pore dianeter and a surface area of 179 n2/g.
10 Contact of a hydrocarbon feed with the catal yst and
ydrgen vat sard enpeiatsuiegot r4dds Grandra dpeessas eagfd
3.8 MPa produces a crude product that has a reduced
Vitktosity as conpared to the hydrocarbon feed with a
hydr agen eansspipon @f-id3d No/ 0B sddi@di stkibubdon of
Ig}?res in the pore volune of the 15 catalyst is not

d Pncexahpite 4L FRCERGMDI & U6 9TPRE et Bt Yste-

dnel Uﬁe%n@noaby%f@n§%&p@&hmﬁéUEE@FQ_:JM de ELpssSrt ANt ckel
nol ybdenum netal. The catal yst has a nedi an pore

Hihmstleldsnuny7 Rarfdta lirkobas @idisurrss Bf aporees of
14k thepereavol snd. dentactnhef cdhe hygiecarkopofeed Atine
400 € and 20 3.8 MPa produces a crude product that has
ROFefiEed WP EEBRT TN Mpdrogen E%Wﬂe&ﬁrvﬁétlﬁo%8 A of

dae%%%ﬁed {aegetaearmt%ee%%dugl oo the catal ¥t 108 /g,
26. Although, viscosity reduction can be

anmpl e .
%rﬁaévedfwﬁt hy@etdridion Hese catlal yst $ateRgshydrdderirogen
£ONs W 'eQch§e r&t atively shigh. o 28l NLer Rat koBalps vroduces
Publ i cation Nos. WO 2008/ 016969 and WO 2008/ 106979 to
B e Perrbet chral ystss aaﬁddﬁe@%o‘dlsSQﬁSlﬂ}S’i Ag €hmpared to

Gl ARl LooBh OFGe UK QCALHADyHr Qi spRAYANGE 35

e uced pltch su as conpared to the

Nipyi/tof’ al THW@G@@FDbnti@fed)f ﬂ@ee@a@al yise soes ocilbed A the
Q(I%mgl S | u rt -ha 0

Sl aS%I r%ls9 oa{i#rﬁdnsrz}%dngﬁygée %’% nllgkékgggﬁee/%' the
catadl st snhavee sredi anlypore diapetter silofnihes sx i fant GG,

r [ / 0
%ﬁ?a%l%% ﬁ&gr@%g on%glr%oggg%g%%o ucedg%f/igé}dn éc of
nlrmaé\ryotﬁydmc@rdmh amMitimotihé @miaﬁmoat of pores in the
ASIIAESS 00,400 G AN PLESSULERAS L200.pSig, -
about have reduced 5 ur conten
ass d@ap@nredutestdne:nudet pabdhydrdwfatr bxms keeddudbese
Publd.aal) ons 0o, [t SSGHRToR, Reduely o BL VLICRS] the
i el pPressur es m ni e Ih
mﬂspusmng the catdl ywaubd EEara;dl/arﬁ@geedshwgﬂne abl e
e 6ra e o BogHoft o ATt TS A BT ue?
@artedyctt shavha ghajﬁemreased uthPt !IcDISCOS irteyl alby vedpt acdh ng

Egﬁsgﬂ%r%%%£? éﬁﬁﬁpaﬁéoe?ﬁ Vﬂygﬁ®%9ﬁ&6969 and WO

1 (e aafotoen, tbeB}ﬁ:aIDVcErsIcﬁdbecseJaBy‘,sﬁﬁﬂ almwdmecabb@rbf using
oduct usin ent i onal dr otreaftin at al yst Sd
MR R S S G A I
@ﬁ&cai,ys;mzﬁrt Oin® MATY IalRg cotbat be oMy Snaniefl the€rocarbon

hydr ocar bon feed wth a long useful life. Sunmary. of
{ i E@gnFFBﬁ ysts described“in Examples I and III include a

and

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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It has now been found that a hydrocarbon feed with a
hi gh viscosity can be converted into a crude product

whanopngs2a7 20 decreased viscosity with m ni mal PYUUS2PE91046927

consunption by using a specific high surface area
catalyst. In addition it has been found that such high
surface area catal yst has an increased useful life.
Accordingly, in some enbodi ments, the invention

1o O dﬁ/@r@ca5b@1atval&§tth‘éoﬁ’éth§i/§©s at temp@REtQ@Ffe TSR 400
petals from Columm 6 of the Periodic Table and/or one

oq ot @TESAPBENAST of?WOn@SoF NP et alS 3 r BAY ol TP B!

eftdhenResi,0di e dabletand aocsyppad tto Wher ehnct he
support conprises fromO0.01 granms to 0.2 gram of

YRR RN §99@ron?@5§opﬁpéh§anor®S gty @PénngFU%$ um na

Refugriam of supposisy andwhengl Notdecatkalysh hasiml
surface area of at |east 340 nR/g, a pore size

Y St9PBUEPBAYIP ™ nedi an pore di aneter of at nost

100 At apdiatbdeastaBQ%eehisi ts ROrL,oldmechiepPOres
havi ng a pore dianeter of at nost 300 A

FiHarerPopn feefre Erb aditreht V1 e fes i ivemidoRPpEBYPERS? d oW

catplyst veoUB! i 8hNYa 29RG0h -8Bk E: MREAlS G am: Lol um 6
of the Periodic Table and/of one or nore conpounds of

O G tpPE iRt B & b ibeo hifiRc &2 10Tt HeePeli bl &1 Tl le

ﬁ?ﬁ%d@é%ugeﬁéhmpMﬁﬁ{e'ﬁh%h§e§HPPPﬁé<£&Hﬂlg§ééuéﬁqm%@ 01
grans to 0.2 gramof silica and fromO grans t

Do afitars bf abuiiTiEpér grantd Juphecerben areducts
Pt hgcealal Ysfo RXhLbLL So 00 of Jrure peaks

&,
%Qimeen 35 degrees "an egrees, and at |east one of
t he ﬁ@al@ﬁdhasoa bPasewliddbr eflvartdeasts 10 Heyeewscataslyst

égﬁt y%g%b¥u§'&§ycggkkrggghog qgu; énﬁ%%arbon fe d with

sone enbodi ment's e i nvention prOV| a
d5UHEIW®dfOﬂ hakéng a catal yst conprising: co- nulllng

one %hm%%&? ggt@ﬁg fHGQFt@% um 6 of the Periodic Table
s of one or nore netals

fronﬂ@bhaﬁnnéwobeeﬂufdaﬂd bdet JabitEomatdroa Sapporitit &
PRIV esc ”%t al [ support, comp 5‘1%'0” MhaLel ro&ﬁ‘& aving a
Support 207 conpri ses Fom 0. g ans to 0.2 ot

dﬁdnaaxe@ndlﬁcoﬂlﬂy8mgﬁansnumaD Eﬁhgﬁﬁnscohsampnlwalper
&ngE %fs%%QEQEE;thHjsurface area catalyst. In addition 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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cal cining the netal/support conposition at a
tenperature from315 Cto 760 C to provide a cal cined

w@210a/1$227 havi ng a surface area of at | east 34BCTRA2PNI/G46927

pore size distribution 25 with a nedi an pore di aneter
of at nost 100 A, and at |east 80%of its pore vol une
in pores having a pore dianeter of at nost 300 A
wherein surface area is as determ ned by ASTM Met hod
28663 tandopay ea sl aetieLs tapds por el M IgsFesS vall émd@Sin pores
measured by ASTM Met hod D4284. 30Further, in sone
Rbdw reRPse themsiRremtt 6h PPovi &S &2 nethod of naki ng
a catmitsbr¢oNPriShdEne@iMtht | NghONG R tABREp PR s a
from Colum 6 of the Periodic Table and/or one or nore
CHRIOFTISOBPT6RE" DT nore nmetals from Col um 6 of the
Per i ogicC oFahbge Width1a& SHRROEL1 1M PE O @@ cdperiodic Table
net al / support conposition, wherein the support

TENSH 8§ PEORP S (OHCams St 8L 0022 (iraogr §PfFrea &R

ts0m0.680gr aned pO- P gLams 9fiqal WIRRMREr wHE M Ofthe
support; and 5cal cining netal/support conposition at a

TERRETtarere T £ om 315 €08 760mE to priowirad afcaltitrednd
eatly.sh, gvhgseid ¢ he Cebwan 6 fetalncalal ¥stnexhi hiddre,

one or nore peaks between 35 degrees and 70 degrees,

2l varerieeastheoned ofl tte cpeakst hadia Bagerfi Hepkofogtveen
}Sf‘%%gr%%_sdggaeﬁ@d@fre%%t,e'é%ngg ﬂ@ask{y otel 8¥ the peaks has
diffraction at 2-theta. Further, in sone enbodi nents,

3 Hee denviedthonf provicked aOndetiveedf i+ sdteirngnad ceude ray
P educt ,; goaprising . contacting a hydrocarbon

feed with one or nore catalysts to produce a total
Prgdwet thasohacégesinehd ser tide produdton Psovhéeeian at

95@% .the.c I S ' . one or nore

I!rlnet ads%??grganﬁo?u?mca%tad&%:thgg@gﬂ% Ic Tabl e and/ or one

or rrmoem@d;ﬁrpogn@rse ofr owecomnehate J‘fne:tnalcsplﬁlmprrﬁ Cof urhe 6

of L he Periedi ¢, Jabl e and amé}flgp&grﬁﬁo%r SN L0e . ore

support conprises from?O. 01 grans to 0.2 grans o

rs¢tldlca fapd £obmm. B fgrtass Peol 0409 20 lgr anshoé @bpgrmia to
er _.qram of ort. .and wherein th l.um

SR UAD AL BLPARGL o EOBIEL Pl 0 ! NPT g TRt

pone isieze fdbst 0 | Gutgemswitbh0a2 nedirare porié ideaaed efrapf 0.8

AL, 10004, 800 A 10as18020 Of. dit $PQLE YOl HNE, | n
or es havi'ng por e di aneter of at host 306PA “and'
25wheradicinsugf doe rarted /issipasrdetenpm sied oby aAST M dMethad ure
66 nd .por e, di ters_and.pore vol.unes are.as .
AP 20 By CASTN Nt Hor DERT8E ELrL Rer T RobgheSt naving
enmtadienents, of het | Ineant i3dn pfoyi depoacmei hoddioftribution

#f&ggfhg ignC£89§ fé%@#gi’ogogpﬂkihp%bo 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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30contacting 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 catalysts

conprises one or nore netals from Colum 6 of the

Peri odi ¢ Tabl e and/ or one or nore conmpounds of one or

m@ﬁﬁgr&tr@hscﬁlﬂm @lggmne etrtbei Perdadi ¢itabhesasshba to

upport; wherein the support conprises fromO0.01l grans
Q%PY?@? ﬁrgﬁﬁa%fS?PEﬁqq CATRAGLF+ O 078G SgRaiket DU RPYY

w@ﬁs@fs ak-ymi @aope;{ra@fsar&b% SUpPoaK tor and iwhesginetdhe 0.8
Col umtm netal cat(H%st exhi bits one or nore peaks

%@%éﬁ’ 85%degf &% dil?l@laégﬁ;%]ésgraéfhd)fatsup@%? ot of

the Q%Q%&nhaé @b%&ﬁ#%d@ t-h @Bm@ésiﬁ%ﬁﬂ a0 degreess 8%
det er m ned X-ray fraction at 2-theta. 10Furt her,

7P G eﬁbéal Heht tt%@rpﬁvéﬁt@o@ﬁlﬁrlé\ﬁddégtalz%démerem

Produat npr edysesh by dhe sretheds: s deseri hede aboyes
Further, in sonme enbodi nents, the invention provides a

pRjdisEarBofCEBAPDSITd O, CEERpRFsidig at least ong qlottdle

L{ehY scanhent &ﬁdﬁﬂ Jreast 1200 M PRMAS1S determnedeq
y ASTM Met hod D570 a residue content of at

Peastrag. ﬂléféﬁ%tb@?éﬁ?énﬁéﬁtﬁydrocarbon conmposition as
ﬁﬁ%ﬁﬂgy ngg Q¥m£§§$ﬁdﬂﬂﬂ@%@sD5§95,1nventld% 9&%@L&é§t§1nethod

content of at [east 0.2 grans per gram of ~hydrocar bon
Corgesiuciiod ascdedemrased thy CASTM Netiod D5307; 20a

SU|f%%n%g@E§H& thfﬂrdd§%%5nofgédgﬁﬂﬂ¥cﬁ%rogrﬁg}gfiﬁiflysts

hydr ocar bon conposition as determ ned by AST
'@MZ@mde§ﬁda total gomdsrch- cArbohn¢esicduaheontede wfodtct,

in a961gé§g‘sorgeg[[ol\%9 éc%@ 8%%9{)4%350%@15891’8%%? ore

et erm ne wherein t
m@mwbméﬁbmanbwmmgiKﬁbmhhageaiQ@SQdkﬂﬂ¢ @hdéornwg¥<m0@©re

c%}%r% %tnd%7o§ gngsogs%oerr& pyfﬁrwo%tmlﬁo% Qf’%@he dPerlodlc

I'n sone e i nvention provi
Tahmmsa@wtatboppéxnﬂ whmn@nmsthg onecort morerdessifiat .01

anf et 'OOESgP%I%?Q“onedsifﬂ%g‘ érh‘& ]Eé/é’rﬁ Qf%robgr%a%“?gsé tdpn
descri'béd?above. urther, 1'n sone )
@mhmﬂmﬂéaﬂsmlnmepémvﬁnmi@ﬁ provodes s diwhaent n priod seadimn

the hydr ocar bon con 03|t|on ase descr.i bed oVve.
% urtheFxg gghnen s, features fron&égggf Q@If%g’ a

pore size distribution with a median pore dlameter of at most
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.
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:
HG1yktiss campehesmtde ofr aBrenpoeh rentroof calcent acdi nge
system FIG 2 shows x-ray diffraction plots
%Efrji%l@ng?l?}ev%?%/u%f PEedegr BBES LFHRAA ISt ChoPYbdendinre

hdi 04 deocandoannenedi meat peti gartat@list and a sufpddzt ;3
is a graphical representation of a P-value of a crude

a |
it TPBr SHEPP LI TIELFEP GEPT L cararygsts. O Ff graps of

$ 81 @& Oraphiccah 6 ey egeMsatbon. 98 4t BT e3sHE8a 20 :0fgram
the reactor versus run time for various catalysts.
TetAIAPed tdedbf i PR o Toftheheo went isital catalyst exhibits

Myat ages phahovwarJaedr acanbgned £ad dMioh d@g@é@@, and at

viscosity can be converted into a crude product having
ardcregsed viRsdesiisy haist B R pe el ARy dfogénleast 10

U LANGBYe 2R S RG &-BLghaSkFface Aree catglysts
are described herein. The high surface area catal ysts,
pr epariattien - of D st EHPRCYBEBL S coftactiviegtaon provides a

oydrocanbon f gedsdh 3uehocat ahysd ﬁas the cBEfQQ?ﬁéeﬁove.

obt ai ned from such processes, and the uses o .
pr oddetr§hebt al MetPrer endesernpbed, hereiliveCerrai Araoides a

1%;[’9}25@ l}%@}lscgrﬁ_}pgmii&vlel%}ngg%%& descri bed herein in

mor e det ai | erns used herein are defined as foll ows.
"ASTM' toghér §if e /AherdndantSpandarteaFastZi0Agwandn as

j.al_s. : ravibby" refers to APl gravity
%@e%r!l%eé %OA%M Dﬁghogir gé?% is as determi ned by ASTM
Met had rB6822e S¢vwom e lmfdrogéna perCentcagesapdratoam oo f

&f&%%r%%gc‘é‘?&g%itofoﬁ he BXQ%?@%E@@O;%I %%%gaﬁgaﬁ%gzpwm;
crude produc re as determ ned by T tho 91.
"Bi nedaliscaf abystlonrtefngr ©ft et aleattalf.st gramphpeh @tam of
1{135 rf%ltr%%n”%%éééftf’cfn the 4ReL e VL UMR, 3@l BLEADYSD o7,

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.

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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10 statistical distributions of pore dianeters, each
statistical distribution having a significant peak

wok@n/18628pl ayed on a pore vol ume versus pore dPEIESMNI/ 046927

pl ot. For exanple, a binodal catalyst nmay have 30% of
its pore volunme distributed in pores having a pore
di aneter between 50 and 100 Angstrons 15(with a peak
showing at 80 A) and 25% of its pore vol une
di st rrvbuthed, | Dn posRs R@vidAgeat PPrendiianeheiochepyeeites a
300 and 350 A (With a peak showi ng at 320 A).
Boi 481y Prafdgecdi St Bcﬂi]tel Sﬁgr%‘i"ﬂ?cﬂé W@oéééll%na? eed,
ddhe tiofal agbgguct and/ or the crude product are as
determ ned 20 by ASTM Met hod D5307 unl ess ot herw se
nent ilonégrther embqhimeashal fepeeres dfrérs spgeific
asphald-engsnthate af@udinzel Uble FounnRent:ang. o GBer
asphal tenes content is as determ ned by ASTM Met hod
ouiments.  For csraggpifal feaksres ef s oNg §8phatTEHedaY
Bdatondi@eddwi A of dl 8-dsh rRoheph T%r@f tGe aspbal teheSiments.
content is as determ ned by AS Met hod D3279.
" Col uitn IXTREeE| $RYOdimEné s ?édeeOfEﬂfl rePE URBE alay dgie added
QS"BH@"' He0f £t heofierd 0ding sTabker andd of..@ne or nore
ompounds of one or nore netals of Columm X of the
E’@Wﬁ)(ﬂe@@ﬁa@tb@nl@f FhenwkiréHixXdgor responds to a col um
nUWb%%e(EQQe§§§8@|f§ ik1%%%r9£e&f%§'%ﬂé QQHQOW§95efl&ﬁyés
exanple, "Colum 6 netal (s)" refers to one or nore
met alfs G- réwmléiofli ubahBnegfict RE Per el ERal| ef and?olia e
&gsg’g&{.e conpounds of one or nore netals from Colum 6
of the Periodic Table. "Col umm X el enment (s)"
ref erf§G.020akows oty eliéheatsiof GoltvmetXiofenpety versus
I C 0 e d
T nenre el et 3 o bl ™ B T PaFy o o™ ap e 9F 2
ediachysx .corresponds to a col utm nunber (for exanpl e,
13-1 f At e abl
el err?nItG?s)3 Iﬂg g({{%aop?{&%ggego r?rg%at ?%%r?t%saf ?&g@? ot
dBaax grlwelu@ervee)xjsms Tabl ¢iandfor -omelors lcrartelwtmounds
of o e_ele ntlefr
Per i odi c 'LILa[%% (5 CI f[ﬁgré)g%%alt rgq} %? nlé{] pressure
@@Mh&a@aonprmmm ofuna tietafof rmztdm: Iéeltamzlsts.

acbl Ead |ghtl f.a c%nr%%undnve alt metal fromthe
%—ﬁ%&%ﬁep—\m—gqﬁ—eﬁah—eﬂeﬁ%nt fromthe Periodic
Tabl edventwegeghtf dfova ac tiygounariofn aﬁeeei ereht af hogh t he

\Eiesrl %qltc Tabl g, 1CO| ccal cuI gt ed as, e 2 [ 8 thé)\f;l nmet aI
THe Wel gﬁt errent “Eor exd np p 1 gran% of
d&ﬁ&a%dusedc@ettgrmmfnmamal ylsydrdqml «:alneumﬁtﬂdn by

wei ght of bdenum n the cata
R Pk SrTRRTS ety reRE kP et A ot bR By
PO Canl lsbip@ace ed o5 da&aagltaptpmamrf@mnblﬁgsu@m

ul verizing of at.|east two substances together suc
PSS et e il Ao rahrac Hher RS wepfobieh S4Ehysts,
AR hanidtalk s aset physd calonf enersSpréorldd, ngnaashof i@t of
forma substantially uniformor honogeneous m xture.
EEming F’n%%b%e%ﬁéez@eéiiﬁf%%‘{lﬂ}?‘gted@ -stbstantes to
il renpasbe thatiGamthenextudesk oridear fedei At Oh more

ext rudat e particles, spheroids,
detail

Terms used herein are defined as follows.
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pills, tablets, cylinders, irregular extrusions or
| oosely bound aggregates or clusters, by any known

w@z2i09a3320n, nol di ng tabl eti ng, pressing, pell erCRUSYNI 046927

or tumbling nmethods. 30 Comulling does not include
I mpregnation nmethods in which a forned solid is
imrersed in a liquid or gas to absorb/adsorb
conmponents fromthe liquid or gas. "Content" refers
to theswerghtrefs asompeneat §hamdstbatratag(hod
exanpl e, a hydrocarbon feed, a total product, or a
%%%H@aﬂﬁoduct) expressed as wei ght fraction or weight
per Cempaggrbaﬁegff%ﬂé}% tot ﬁbIV\@thyOfatt he. sub@t (@ er)
refers to parts per mllion

RS St elor bt I T e Bt ah BBhOAREY AeBaLt | ng
[ange gty i @, hel.ueRn=382:.C1 (360R). 3003 E (850 0e

F) at 101 Distillate content is as determ ned
@Q?TmyﬁﬁPﬁéabYES©#xif@d+§bér%%ﬁ%ﬁn9rqq@Fér§r?oas
SX3a8NneBl brogety nd{Ler psgbiur contained in the
nol ecul ar structure of a hydrocarbon. Heteroatons
cont et IPgaasC et BrTh ne@ thy S ASTM MEtdd s tE3B5WRbEh at
9%%&?%heD§Z?8ri€y Jotale BbEEOQsﬂnmﬁﬂ% [4294:50fcd in two
fur al basic nitrogen" refers to nitrogen
Torpaiids 1t Rast hd 10515a opKaCc v fedetcyan 846Ch Basifelstical
&Héﬂf%%%%lgnbﬁé%lﬁé<§§uﬂﬁﬁ%ﬁﬁbﬂ€dp@%<%§£M M?EB@Qy&?&%ﬁa
Hydr ogen source" refers to hydrogen, and/or a
RO OPRATENHEE BF U T GrpsuNdsnetpat Pien 9Tt kEapPEsente
il Ay di 98@9?9%4?%&”@05%C@E%ﬂ"@’o%te’ VofARL &Pstributed
provi de hydrogen to 20 conpound(s) i n the hydrocarbon
frearhreA hypdiogedn Mﬁrcﬂeaﬁ@y’ernmwn ot aind hoP Angstroms
i o b0 DYgRaRATRONS (] OLnSRIDIS SEL £8: Oyt pme
Focar bons SUCh as nmet hane, ane prop
@nﬂtnm@pteWBuerpoxﬂslhawuwges phEﬁeﬁﬁamemenabstbaéan%Qﬂ and
duc t S net amount of hydrogen
prOV| PogZQg?%éﬁggﬁ%guﬁa 2? |§ t he hydrocarbon
feedBoiﬁHSV'ra@@%r@nSUIL@uVQbUﬁewa(iHa duydd of-eeldom affeed,
er .total v 0 t al yst |s £ sed_jin ours
P 2 lBa RO e hh afhls Tetlic TS e g e
symfEM dktobdabb3Catallests vohanﬁssenmrheocedtactlng

zones\C as&gl Qﬁ%gd ?8re| 30 L%%g%gnggx ﬁgg refers
to a ion that i nc u ne or nore conpounds

iﬂfmﬂlﬂﬂ@ ihqotdemtarst an@ar@lsmmmmmsucenamt pressur e
(ﬁ%erﬁ1nedlgl gg@wﬁaq?gkp %bgg referred to as "STP"),

a Ccompos tlon I NC e$ a conbi nation of one
“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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of nore conpounds that are liquid at SIP with one or
nore conpounds that are solids at SIP. "Metals in

woregoali3ral t s of organic acids" refer to al kal i PEEUS1089/046927

al kali ne-earth netals, zinc, arsenic, chromum or 5
conbi nations thereof. A content of netals in netal
salts of organic acids is as determ ned by ASTM Met hod
D1318. "M cro-Carbon Residue" ("MCR') content refers

4rd /@ waRt btymOfe Caimp@intesbdusnd efmintiregmat b8 from
evaporation and pyrolysis of a substrate. MCR content

?%1%{[51 SeCér M Retr DY AT ASPREMet hod D4530.

"M nevcahuexi dec fdmas’ (shef eesct o @cxlc%s of mBBtakSements of
(g%fund to desired part| cl e_si ze. npl es of oxi des of
WHis X REl Gae, PyiutCHice TRELCL i ﬁﬁl@/é%if toéle FuRPRg, compounds

St ldfed orShbieas 8didA ™A o £t LhajhHM OXd d8e 2LEEOALMMable, in
oxi de, nmagnesi um oxi de, or 15 m xtures thereof.

wINBITY BdéRarPeBprEhttq 7 Fﬁéuﬁyd?%%oﬁoﬁ—’eééampéqeer]sa‘tl@
dheonenbqof fmdybdenym kRahbee f eed,1ukihe 150k ybeenum) -

content includes the anount of |noq\7&an| c nol ybdenum

P 16T FanBRBI 9B ARSI ERES T BEET WisdéRufr cepft drftriodic

Tébféq%n%gogygﬁgcégk%H}éf%%Qpb§n@§ detgrdnnedoby &TMnts
Met hod Mononpbdal catalyst” refers to a

%Jalﬁalc)@éﬂlmpnlﬁh@ﬁht% Hegaodieheagority of the pore

vol un®, i-g.distrd byt &d,;ig naggﬁlééé‘ﬂr?t healondi SEr i 0N £ om
of pore dianeters, the statistical 'di stribution having

ehesiRpitbdéantapbak WHerm tdPépk ayetPoimda 025 appeeay of wafe the
VOIS POLE1 ] %‘@5% ROty EQLn&Xarpl g, +8.MOPMOEAl rapie,

catal yst may have % of I1ts pore volunme in pores
rawviigha pére @I@rmmtréﬂr HetneeheTNA farwd: 300 Acfwddr dable

P@%‘al%l%%gd% £ t befaLs1Q, d!%‘?lro%éﬁ RE‘ of

conponents w t a 30 I i ng range stri but
demgeen 380€C ¢10W B, arfd 01829360 FolatiP. 1150311 VRa. gram

Henhida content L5 as determ ped by AITMMeLhod. PR3Q7, 1y

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



10

15

20

25

30

"Ni/VI/Fe" refers to nickel, vanadium iron, or
conbi nations thereof. "Ni/V/Fe content"” refers to the

w@omwbas22df ni ckel, vanadi um iron, or combi naPCDHS2009/046927

thereof. The Ni/V/Fe content 5 includes inorganic
ni ckel , vanadi um and iron conpounds and/ or

or ganoni ckel , organovanadi um and organoi ron
conmpounds. The Ni/V/Fe content is as determ ned by

ASTMYeinhedt D5/08:srs to theNmeliglBt deferonbonsst mah a
cubic nmeters of gas per cubic neter of hydrocarbon

$Eeth a6 NORT coFlENSablPe NYEEOC R ER ST L 456! cérrﬁ%%ht%mdmt

SN Arudiexbub@scOf LSQMReRent ssthatgral ergasesnabr SIR.ght
"Organonetal lic" refers to_conpound that includes an

mﬁeﬁﬂt@@l@oﬁﬁ%ﬁﬁdOfbotﬁt?e&Oéﬁch%%&ébf Witeh SEPHBEATE of
tihe,Rer |r@@lb§s-r@<p|§art"50fpg@nﬁﬂfi%ﬂl|k9y Gentent" refers to

the total 15 content of netal in the organonetallic

conpodidé i LErBahomtansl ite BEATemIRY s 148t 8r AP hed by ange
ASTM:Met-hed BE8Q7en 182 °c" Rekbod) Carkable tefigss 40 ac

the Periodic Table as speci fied by the Inter nati onal

Uni On M8 - PuPes kil gplaced ethent st yWUUPACPY Rgvtber
v003,q 205B7(pepti zati on) value" or "P-value" refers to

a nuneral value, which represents the floccul ation

t endeieyeoPahephal 1hfes ith PREIRYdrodas6R  f eed/or sulfur

(Por@l%%d' %na§h9%§féﬂﬂ%q Ry - ASTM Meihod h@é@égarﬁﬁw e

di aneter”, "nmedian pore dianeter”, and "pore
Reslaupert opef egpntentporse adi éﬁé@é@ln%d@mﬁsﬁ& Meéhg%t%?r% for

&%e@n‘”%"ﬁ@buﬁﬁ as Aet.ernped, bé’ncﬁ%ﬂ'\ébwbtft}ﬁ}ds@ﬁ%

(mercury porosinetry at a contact angle equal to 140).
Aatiadhr baeiict Pes¥e9enf022Feiraste unetodeM crarernds clshat have

Agﬁﬁicﬁbﬁgg S§ha§£@§gl%%syc nft)mﬂ%?spgmﬁ§erefers to

term ne t ese 30 val ues
dorponestsbyhat Thale redbdP2BPhAg range distribution

aboveﬁ%@ﬁo&é&19%%35%%ﬁ%§e9§tEénﬁﬂﬁﬂa Aéxﬁbg?tgo oqpound

D5307 refers uritres and
Token kr@tnpanedis nsolaiblweinn it hehdyoraocardeon £ eedydiot@d rbon

R h o DRtD Gl unt Thay 37 b b0 et Aed by the
Shrgidudddts)Fnhttmlmrﬁestb(ahStllFeT") A hydrogen source may
include, but is not limited to, hydrocarbons (for example, C;
to C, hydrocarbons such as methane, ethane, propane, and
butane), water, or mixtures thereof. A mass balance may be
conducted to assess the net amount of hydrogen provided 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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5 as described by Van Kernoort et al. in the Jour.
Inst. Pet., 1951, pages 596-604. "SCFB" refers

W@ eoogtizf2ear d cubic feet of gas per barrel of PCT/US2009/046927

hydr ocar bon feed. "Surface area" of a

catalyst is as determ ned by ASTM 10 Met hod D3663.

"VGO' refers to hydrocarbons with a boiling range

di stribution between 343 C (650 F) and 538 C (1000 F)

&t n%rboboMBauna/@ucamta&@t 1h§ua§ getermiied bye ASTMore

Met hod D5307. 15"Viscosit refers to kinematic

YRBEISy thet 37 ©YifG0 2 I)é) ST¥t scosity is as

det erwichad s ush nge ASTMaVetshed 5%65&10 acidskNrth&r to alkali
context of this application, it is to be understood

T?Eﬁl%'fa@ﬁél%ﬁ?u%“ﬁﬁtgﬁﬁéésfo?l%Fpﬁ%ﬁ%¥F§'thF?ﬁﬁum' or
Sihsiti-atientesteeed 5. Out sidecpf éffﬁéﬁ%l%f ihh@et£8tsalts of
nmet hod, the 20 test nethod g be nodi fied and/ or

pr

?%%%P#b@&ﬂ@é 9 testetearisgenbpripet fypthod D1318.

"HydregarBonateed rdefRls tonart peddhat ipekudess o
hydr ocar bons. Hydrocarbon feed may include, but is not

T3 Hed ©6, C@F@@%Sre%hQ§§dV8ﬁ?é@%Q9(ﬁﬁﬂﬁéSeV§P96?¢}9ﬁxPnd
Sl 25 chyds goarhans oAl BeddAOMd 8Ll BEEYrmined by
processes, or mxtures thereof. Exanples of
%%H@é@ﬁ@@énDﬁé%@ obtai ned fromrefinery processes

'nC|UQEmeQH§ §£fﬁé“¥lﬂésW‘E§ge£9 téQﬁ&xﬁ%sbquﬁet§f§”éround
resi due, naphtha, gasoil and/or hydrocarbons boiling

%\deiﬁé?lgi?g CAE100e Pizeor Rikrrbtes dherddes 301 heonls
SroodiaTent t Dee iyl acaiben £6eda] sl Udgs herel fica-
also réferred to as cru Crude ‘or “crude feed
Flefreims, t G1aafieed @fldwd¢@éapb@ws Gmldﬂa hagnpeewn oxide, or
¢H§¥H¥%%dtﬁggé8f retorted from hydrocarbon contai ni ng
ormations and which has not yet been distilled
and/dwbﬂWQQEn@ma¢¢qtamtsumltéd hvndiodareatingnedf ace fd1sy to
R ne s [
%%%é%% %&?r é%&ﬁaesuc aghgtﬁ%%gheﬁﬁg gogygﬁ%$%lon
<nﬁﬁh0dslandhdesvthﬂuﬁMQMH$tDEIam®xgﬁdiGHMDhgdsen@muﬂB$
TRy R0kl R el -sal idegandlor, gyl gudes; fay,
[ for exanpl e e coal”, meh,Ct ar S or crude
mydrodﬁmboorﬁdedorsGﬁuw@tbeednﬁ@ybbéﬁﬁwabbth@édD5&DTorn1

a st I|ze rude SO [ ferred to as.stabilized
crude eegllO a%ﬁ | aﬁion §§§S|%%I%uﬁ§ aégf% 5" w?lCh at
1éanﬁ(ﬂmetmaj@ﬁltpnmwaﬂmntmmenv@bmdfmsa@hetgasesed in one

%%g%lstl%%Ht %Qr C ngkp%tlon% thereq% foo thetatléklcal
orma s |ze CI‘U uc |I2aI0anH

afdtenbacdon Atviog 4nsxgnﬁﬁteahﬁ,péikawmenddﬁspmmyéwuﬂnam
retortln%_5|te. Stabilcg %rude hav%ﬂnot beef
lameter p ot Oor eXxample, a

R st i EBaRar oS Pore

monomodal catalyst may have 50% of its pore volume in pores
having a pore diameter between 70 A and 300 A (with a peak at
150 A).

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

12
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15 fractionally distilled in a treatnment facility to
produce mnultiple conponents with specific boiling

WO a00ga@3dest ri buti ons (for exanpl e, naphtha, PCT/US2009/046927

distillates, VA&, and/or lubricating oils).

Distillation includes, but is not limted to,

at nospheric distillation nethods and/ or vacuum
distillation 20 nethods. Undistilled and/or

unf r actii/enatedrste ldzed ceeudesammys d)clivde, or
conponents that have a carbon nunber above 4 in
UENtIA a8 Sof "ateteast 0.5 grans of conponents per

gr amvafi /&1 wdecomxap! e ref-sstabihd zedwehudes hnekamde
whol e crudes, topped crudes, desalted crudes, desalted
YIHsEd er ddes; of PBUGRHARE I DR Y Her edfe NFOppERIcontent
1efeifst 9nargande dhate1hasahegnut raat edosuebnpbdtadtand/or
| east some of the conponents that have a boiling point
PeBWIBS el at ORI VPA LY FRAt OAIHMIH CRaFeTbeerds .  The
N enoved cofepped; srades (amy i havepf oM eREnefl 87 oSt

0.1 3%6?r ams, at nost 0.05 grams, or at nost 0.02 .

gr ams N6f /BUcheéehpohem & rer cgPam Betehe tfopedrer ugedic

e sfrabi hi-zed-gsdes have properties that allow the
stabilized crudes to be transported to conventi onal

tr eat WORC CORAEN$3R TR IASY FRARSPOFY RIDIWICAEF| @RS/ {F or

BXATRE: oRl PELLAGS 4 HUGKS o 0T g SR P Foher crudes
have one or nore unsuitable properties that render

t hem'dirsadvantabed:” Dicsadvane agetcmnidésafmynpeudes an
&f@a‘}ﬁ%‘ﬁcé%suﬁﬁ.@oﬁc{e@%ﬁo%%i&&é S 1eheand/ OF @

treatnent facility, thus inparting a | ow economc

Reat ipelitco Tehée di sddvaamcaged Let adeon thire-"ecedont ctvathme total
&Y QR %‘fcﬂeggf‘ti@ el \ee;ghe Lhaty i neludes kbe
di sadvantaged crude 1s deemed t oo costly to produce,
¢reaspertellandtortantedts. at0Fhee priopet tived SEM ¥éehod D5807.
hydr acarbgn; Lepds, SuGh As.for exammladhe sLydes, or

di sadvant aged crudes may vary w dely. e
$yriccachon feedintsuchtasnhor Uekanpl e Farer ade Aeedied

have ' Si at st 10 cSt at 37.8 C, at
(Fﬁg%r%ﬁ@%f(?{o%é@f’?&at I{ééfaegrifbefotghgga, or at | east 2000 cSt
at 37.F8 (Cetb5Thet hydr owdnbdnof et vaslucl asftor exanplumeral
a crude.f.eed, may have .an | ravi.t t st 19, at
P Bl R o PRI RIS AT AT O oh TeolBRLy 12r)
grehalttgneb ab teadtydocarbon Taed hydr-oeankonsf eed,

ch as for e I cr eed, may have a total
iﬁ%e‘\fﬂ&é}eéo%f’e%?%fﬁeatt%oldeggﬁ6@.‘00002 grans or 20 at

| east"POr@001ag¢ aems” ,0f niidi¥hFeo perdigiameaf’, hydd ot@asdxon
n feed ch as for exa

feed; , The hydrocarb . Su npl e
S5 8Hiede P85, woy el AOLOE Al "HA S GREanS CORLER 1
edrd eastim@, 005 @swedmniofedhel,erpat ams-Haer pgram ofercury
hg/dr ocar bon feed; o
porosimetry at a contact angle equal to 140%). A
micromeritics® A9220 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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251 n sone enbodi nents, the hydrocarbon feed has at
| east 0.001 grans of oxygen contai ning conpounds per

w@e@aiaf22’hydr ocar bon feed, and wherei n the cr UBEI/US2009/046927

product has a oxygen contai ni ng conpounds content of

at nost 90% of the hydr ocar bon feed
oxygen-cont ai ni ng conpounds content, wherein 30 oxygen
is as determ ned by ASTM Met hod E385. The

hydr ocarheant eets rstch casnbar i exadplel /@ rcrude fieed,are
may have a residue content of at | east 0.01 grans of

1 RS SpoP GRani 6t HydPaEar Bon Tl BIROEBRp™ XLare.

@éﬁm@n&erﬂesast@@teﬂmd{e@cegzb@zsmm&ﬁmﬁ riseed . rmyedlment may
i nclude, per gramof feed, at |east 0.2 grans

+5 difo Coap rReAst 1Y FhGr ARE L of H%sﬁldkreratapm @e%? 0 HIFST")

& s Qfipeeshduean Aerdlbook@ast 919 of ake obukesigye: pet.
The hydrocarbon feed, such as for exanple a crude

¥edd, PsoreySRavelper gram of hydrocarbon feed, a

sul f wsceont et pf @ Jr@ashrl. 008ic atededst g0s0der Wadlel
| east 0.02 grans. The hydrocarbon feed, such as
Forikarprecs £¢edle feed, nmay have per gram of

hydr ocarnbapcf eedy~ & f.m t a9en,confents fer@lbnh 888tLy AsTM
0. 0005, at least 0.0 or a¥ | east 0.002 grams. 10
M%@“ﬁ&éﬁééﬁrbon feed such as for exanple a crude

feed,wmy haye §-§5}%§H%%'EE8§§ O ent,eh 1L Leasd
0.04 grans or gt | east 88 grans of CBOaséhgltenes

Pt groarmion hgdretardion ﬁeé§50anﬂ/ andatb3PBeasSt (B0Q2 °F) at
Qrae D@ra at vb@a&% n% 04 | f@@’sdg{eﬂlr?e%?'%@' h8RASMPE 0 g

gram of hydrocar bon fee e hydrocarbon feed, such
Rs3Gor exanple a crude feed, may have a MCR content of

2 ) oacB: 909 9rarm. of: MR per, ar amel ydr oeagh

f eed eed r exanple a
Cl@beEﬂeedVlﬁQQShewefaa@odeeﬁtmtwednnaﬂmg AATHellethod D445.
salts- o r C t 00Q0 ms of
o e T
wudhnﬁn@puonhaeedfTsucwaagefobtex@nbhenaacpmdeefequf the

Wstr%éFh% paye; Qg‘%'éﬂ denym con ekt se%tf %fheatce%ar%éthodl the

ydrocar suc exanp
@eﬂ@emﬁeed n2% h@ymﬂuﬁhhdrahaVeranyxﬂumdaobd to test for
qplqgtlog of the above nentioned properties.
ﬁygpocaybon feed, such as for exanple a crude
feed'%nnwocacb@meﬂpﬁf'geaersftéeed&%aitheasunalﬁmes
easﬁ or_at. |east 0 O% gr ans of

r t % 005
%QC?‘rood@é:% 8I’S1$ WI¥ Ocaf& OI Flé%gmarl%nlgnec d; St'rl Butl on not
bt ivween t95 &a@@ls,ZOﬁs@ldabn@a@@d cMFiajesat sfteaftlllﬁ)ecﬂ)&ﬂrudes,
?) eaw £l or at Oee ts ng

%&'@% 68Rs® ?h“ 68 range & st ﬁﬁfu 8ﬁ Jezf%eeﬁ
@O&e@fandEaaﬁpCeatoﬁ).h]y@]:oNBaboatfé@ﬁsibtala@ai grafrssefinery
processes include, but are not limited to, long residue,
short residue, naphtha, gasoil and/or hydrocarbons boiling
above 538 °C (1000 °F), or mixtures thereof.

In one embodiment the hydrocarbon feed is a crude,
herein also referred to as crude feed. Crude or crude feed

refers to a feed of hydrocarbons which has been produced

and/or retorted from hydrocarbon containing formations and
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at least 0.005 grans, or at |east 0.01 grams of

hydr ocarbons with a boiling range distribution between
w@®I@ared 400 C at 0.101 MPa; and at | east O0.BOIUS2009/046927

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

hydrocarbons with a boiling range 5 distribution

bet ween 400 C and 650 C at 0.101 MPa. In a further

enbodi ment, the hydrocarbon feed, such as for exanple

wnidiude sf eed, yemybddiclaude ipeedgsamof freedioatll gast

0.001 grans, at |least 0.005 granms, or at |east 0.01

%Jr%l&fj ﬁydﬁo@a?%ﬁ%ltwf@ﬁlélﬁ& 19 Ry Gagemul tiple

@é@ddebllﬁtsl th@fs@écﬁﬂm&llgg £‘ara§e Qh%%l%’alo@é, such as
| east 0.001 grans, at |east 0.005 or at | east

S TOFREERE BF S hyth oAb Ha DARE bR |\f.aﬁng1aﬁ'g%tillation
fh§lddsbuti-gpe betneen 101G, apdn200,1G At Bq101 Mg;iat

| east 0.001 grams, at | east 0.005 grans, or at |east
@:%ngnélﬁffsléf:l%%r%a%ﬁ@lw tP & 'qqnﬁ@,rgﬁﬁesands or
Ghstd iUt i 00 16 het ween 400 Eand 30 LCsatp@1 104 MR form

at least 0.001 grans, at |east 0.005 granms, or at
¥ edstP1d 1 edgranse of2 IPdr6EaF BBASt Width Saabei I FRg ¢ e
disy 1 ikl 00 bet yea 300 €800 490  alor011R1: Mpa; and
at |east O. grans, at |east 0.005 grans, or at
%Ta};%alo0@1n@ﬁaﬁ%n@ﬁn%%ﬁoéaﬁﬁénswwqm SBEPY | Ay range
uslicakibhyl £00: et wees 490 C-aad €5GLnat, 0cdOL Moy
Sone hydrocarbon feeds or crude feeds may include, per
¢rn -of Stebdstalplliemdtion. 00Y gf e, 0%tur| é4st ©0. ]@Wlmate

a r east g of Qocarbons with a

Oi | @ﬁg%ﬂ%{é%{dﬁztaﬁb@tjﬂ o%ég?tatgrr%lg{ 100 C at 0.101
MPa, Stﬁlbaéldlzedo@rw@szeﬂaWEghet e i g tadAponend sor

[y tag

AR A B L B anrnt ot sUck Ry ar obar BERL ST
ratl rapdte @oRpghamss oritdt swestfOc 1b<gzrlazrr53 range dS@mlbutlons

n f I , :
DY EATEI0 | BT oG T A T BB B s
orl30 abibeasta®i@l gmmsieef hy*drmardtoﬁsmwteh o,
%’%As!p%%rﬁ%” %Qi]ﬁﬂ byt an, ok al, L gast, 200, C.at, O lla0c10n
a. one rocarbon eed% or crude"feeds
nediadde, pedigt'ameaf dreddr anft@@tsntor@it@@lsgaantj,zm crudes
rans st_0.0 rans
e e T B ARt o e S O
deastitb®@ €f &xamles Oof5 gradesof hatnpminght sbeet r eadred £
usi t rocesses d Sq i bed herein i clude
%%lf&ig'i eg‘ ? crude lfz r gm olfcrl?%e nfCoI Idgvmwrﬁap? e%rluodﬁess’
ofpddie cworlkd; di.la§altﬁd fcrCoast aash sout heppe@atifidsni apr
Canada . Tar s é%‘gr azilian Santos and Canpos basi ns,
‘f’:‘ﬁ%niagﬁoéﬁl Chad, United Ki ngdom North Sea,
Angol‘&oﬁabshor»@feﬁnm%e cBohai tBay ,hademezuek asaZad i aych
aysi a, and | ndonesi a Sunatra. reatment o

E‘N?hastad'f\Fa aéds%%ooefi sy CeRRaRTEE htg“ ﬁ}ﬁ‘é’ﬁ?egojo]r”i%e
s isadwanbaged te ugdes .suechmbhat ot her carwdeatalj €have been
acceptable for transportation and/or treatnent.
removed. Topped crudes may have a content of at most 0.1
grams, at most 0.05 grams, or at most 0.02 grams of such
components per gram of the topped crude.

Some stabilized crudes have properties that allow the

stabilized crudes to be transported to conventional treatment
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The hydrocarbon feed nmay be topped, as described
herein. The crude product resulting fromtreatnent of

w0 b@ohgdevcar bon 15 feed, as descri bed herei n, PEBUS2009/046927

generally suitable for transporting and/or treatnent.
Properties of the crude product produced as descri bed
herein are closer to the correspondi ng properties of
West Texas Intermediate crude than the hydrocarbon
feed.i takesChosefat @d e tGonr espoish N19(20- prapprs)j es of
Brent crude, than the hydrocarbon feed, thereby

g FRBCERorfoniCVal ue BFP ¢ heMyPdrolar Bon"$ éud.more

SUah taidepphpglticte JTh ke reahit negh W th <2888 n0EgHe.
re-treatnment, thereby enhancing refining

'%QQﬁ%@ﬁéﬁég:CFW?@%r@%ﬂ:@@n?nﬁﬁ9e??ﬁﬁ%ﬂdéo a tranSpoftation
desulduringabof, c der®iald irzat i ony, and/onnabpesphes i 16w
25 distillation to renove inpurities. For .
%SQ%ﬁﬂ%@,V?ﬁugoﬁ%'@Hbé&ﬁﬁ@ﬁ?é,ag%ﬁnﬁﬁﬂdaof are| eaeroyc
Pontd anobet becRrganonetakbi-6o conpounds,candeor et al s
fromthe hydrocarbon feed is perfornmed before the

FAAFBERBERT 88T s GreaefelON TS dnhér BAPAFGRL s.

F£0Un £A! enaposmalda30 amount of organonol ybdenum
and/ or organocopper (for exanple, at nost 50 wtppm at

nost PG REPBATLO?S At (FESt NYOTMEPPIAD ifieed, hydFdcas bio

d.eed, Ay preduce. & he agtdui by 8@ CalalyshyUPQRy widely.
contact of the hydrocarbon feed with the catal yst.

Tr eatirentivéfoaa iyt deahoRUFReds | Fraccerdance wede feed,
' ts; | r el i e 360Rt agt |
ﬁ%q%ﬁgczr gﬁ%g@gﬁwﬁ% %tbﬁzﬁai’o cfb‘);é ude 360Rt 86t INg 1055t

th catalyst(s) in a
thtcEdt i ag zoaet ant)breStenbinat | brsstof200focBE abre’ .8 °C

cont [ acti t. |
o opar by 9 e Ry oca 56 166d " ey be chBnged by e R
rcontrecte efr BRé dwyadrigoariionobeedd wiath mors¢ db, nbreat most
taly ' to the rty _of
ﬁ?u?%t§%§0%8¥g%%¥qFﬁ2%€%eA§§g§6$%% §?f€gn%%g?Fn%'is
per f dihwedydnothebpr e€senc e sothaa hytlrogernedar gecrige feed,
0 1 ' t h rog ource. i r
e e e e T
gondiasitoAs 0P tagtanto qfr O/ HéFe ebat | ey oS mal Hr apatiriirs
fg@yydrogen to conpound(s) in the hydrocarbon feed. In
son€ enbodi nents the hydrocarbon feed may have a 15
Vi scaBiet wydtoatrb@astectPD0soSh at B &xBmpdnda crude feed,

gantast] na.condi tions fmay be conty old ed to.produe the
crude ‘product; the crude produc avi ng a viscosity
Q7 .1tErobtats st & off hhdrvescasi theedf; t he

hydrocarbon feed at 37.8 C, and viscosity is. as

ot e P s R e s B A R s B S finBas et
¢ J» hydizeeabbonx feed dmay shaveg aceappeidsc ppt-egtamfoat

| east 1w ppm .and contacting conditions m e

e arre i e TSt eSS P HRalRE RS owvaen
caianti naf cahptmsds HYtehtt be hydi@cardoencfeede copper
content, wherein the co%%er,content is as determnm ned

T%pr -ﬁﬁb@g ﬁ@?ﬂo&ﬁ%ﬁﬁ?f§. taining 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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FIG 1 is a schematic of contacting system 100 that
i ncl udes contacting zone 102. The hydrocarbon feed

W@nioenss2epst r eam cont acti ng zone 102 vi a hydr oRGEr/D82009/046927

feed conduit 104. A contacting zone nmay be a reactor,

a portion of a 30 reactor, nultiple portions of a
reactor, or conbinations thereof. Exanples of a
contacting zone include a stacked bed reactor, a fixed
bed deashbar orabredildcatd Rgybetc1@act @lor greanbE NEos| Yt
stirred tank reactor ("CSTR'), a fluidized bed ,

+edt Or 2 4T EBF aY reuctor, ahdleast didArPggi gf residue, at
oAt .er gr&eufdguradiier, 0brone DLadWIE oCQREAEINGresidue.
zones is described in U S. Published Patent

Appl iTC&t PEAT RO T2UDSFESB4 24 CE 02 BT G%28P1S AhFERAS sfeed,

g orRer abedqhef ed h iy 1ebeh8ACLeed N L&MNELA Sontent of at
enbodi ments, the contacting systemis on or coupled to

Pt lshore Pact?dtly.-Cdnt €t 2bfLeHe Wydrogarbon feed
Wi th 1gat akbusbESInd Gnt, achi-na SYalem:1AP 18Ry Beude feed,
continuous process or a batch process. The contacting
BOndaYEYy PRACHTEE Ohd Y6 oRBrECR af e Yrs t3s NEGEPER™ eS@HHATE, OF

o Latabysbsy, 40 Qe enbedi nents, 1GeREkaet 00% §hgns.
hydrocarbon feed with a first catal yst of the two

Tt divpsrsanagn r &kbe S ChopBi 6AC o@xwl@ctaedﬂrﬁﬁ?a.f%edr may
iCON ente. andfor «conRouRds.thals conticbhut g 9 Jesidue ot
content of the hydrocarbon feed. Subsequent contact of
1978 T édGéedrass neft dl-/ reshabieeeunent Jnydr ot drisbe degedn
widh the secopd catalysh decreases.viscasi byoandlals of c;
i ncreases APl gravity. In other enbodi nents,
yiegdienys ©O5r agphalafemgsiroCTrephidacenes,
or ga j t. or i ' hes
s R i
20y rrelvat evdCRoceieersamg propeast €b. B2 totrembydf 0@k ey
%{%aq(g af tngr rggy}@&g Af. 4 he hydrocarbon feed with one or
re cat Idys S. n certain enbodi nents, a vol une
of cathal ystirppathen certdactiung zoneod $xampaer angeuda draed,
0 vaol%to | %-20.vol%to 50 val % _or .3 %to.
N A L R S I S e T S
¢hetcdribact D@l 2@negrdms sdneeeabodiarentrsm afshudrgeafoon
geaetgal yst and hydrocarbon feed may i nclude from 0. 001
grans to 10 grans, 0.005 grans to 5 granms, or 0.01
gr anglheo hydgraasb@f feaidal ysthpes ADO eyaapBeoh crude feed,
hydrocar bon, feed i n _the contacting zone. 30Contacti .
Eonditrgag PRSI CoNERS P hge SORe ey TifciGae. but Aren”
not ITha hedrboaribenperat, usech psessur exampdeogenrsdtrced,

flo hydr ocarbon feed flaw, or.comnbi nations thereof.
ERCEETTG BoRd THbrs oh R o e RO o ALs dPe2o0vs
mattiroeleddedrbpeptDeuce a crude product with specific
properties. Preferab the contactin erature.i

e e
wOntiaciliudg genegray Jramgedtr am B3 too 450gCamé )y oam 36Qist
5%&6% %ﬁ%ﬁéﬁ 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,
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5 or from370C to 430 C.LHSV of the hydrocarbon feed
will generally range from0.1 h-1- to 30 h-1, 0.4 h-1-

W@ 20023332271, 0.5 h-1- to 20 h-1, 1 h-1- to 15 hrdr/U32089/046927
h' tol0 h-1, or 2 h-1- to 5 hl . In sone enbodinents,
LHSV is at least 5 h 1, at least 11 -1 h-1, at |east
15 h', or at least 20 h-I.A partial pressure 10 of
hydrogen in the contacting zone may range fromO0.1 MPa
4310 &Meap . boMPardes 7 WPar 2oMPa ¢ 016 JYBas ofF Bycﬁ@c@cdﬂ)ons
5 MPa. I n_sone embodjnents the partial pressure o
wydr GgéRiha)IpeaRie Idééé"tr@u?;l‘f%}@abeﬁvf?@ébﬁ@Oen%oﬂ?‘iiredrﬁ% c
& pantiiabippk essar e ofekydnogen geymde At 1888t 7. MPA,grans,
at nost 6 MPa, at nost 5 MPa. 15In enbodi nents_in
hidcth lﬁﬁéthg)d@bg%lf?%sol?rfc@y%ogﬁﬁb?ri%&’%@ & gaslirorrange
ExAmhRit 1By dpegete 0ag), °a kaki §54 ax det erapnedpat
normal conditions of 20C tenperature and 1.013 bar

pr esdir €, THEFRFH BEIBWEefer o RFERCANRCANBFedf T4 as
QOUSINYAE0geMS O LE tayt hechysd ocar BeAnf §edrecd: at

|caI y ranges from20 0.1 Nm/nB to 100,000 Nm /n8,

-bea§tNr9| Prs %all%)r 000 IR@senB; 045 NiBTHB 106 8t0é9afNFrBQ’rﬁsl

% - B/ 1t/ 8 r 8¢ D0 NTB/ B, 551, NoB{ 1B Ja%g% @Qgt!}lﬂﬁwﬁm Ut at

o N8B/ nB to 800 NnB/ nB contacted wth

et St ) atThel hydifsgentséaree, 0 1@915@#@ménb@*a| etts,

b SoPnpiped with. carydien gasfes)s and eehbraubat€dsitn a

t hrough the 25 contacting zone. Carrier gas may be

borllexamphes A} $ roidertichebrtngeand) br’ Cana@énZOQ‘heC at 0.101

G2 I8 1088 MBYod AG LAt ggfhggog@f o Ide hydrgcagpon 1oast

feed and/or flow of rogen source in the

Q;dhit aﬂ@tamgOfohmggcarﬂwscaﬁthea lyaisl imay rahnge ehhianidaition

th t o ope ogli pent

Ry a0 00en ool (Tortalanet il aoasas gt hane  ane:

@tr leetahsain@)oﬁréygb@nmsedr as acearrl &l gasmandf hydrocarbons
reyl t .t . . ne The o

Vﬁl rog%ﬁﬁggg Mn%egrbelﬁl%grlggg%?gc%él]%ﬂgeze%or?golo and 400 "¢

a:‘rodumOénM[Py vvamdih dthe daypdr @ca@bowah&ed ar aehydr 0c@tbarams,

iy 404 or se a Y as .condyit, 106.
R R e
Wi gthr idpucadal ystwéerpr@d)ué’és aadt 0% @l ° QpraadWct 0t higba .

| ncl udes. EHS'er LAty and, LR S eedsem”“é‘f;d'que{‘ 13 per
gas. n so nents a carrier gas 1s“co

ywdrnh dfheechydr @talebaoat fOe@ﬁlagdém tde H@aﬂdltogeﬂOSogurm, or
|n £on U|t 06. The g%t%l r oduct Jm )ﬁex[b gonta]gtlr%eg

Yone °to2 %raIFransp 84°F 34t HEr processing

di)stsilmjuagenveSS@& snosor 1@@rrt3cnat| @)n]sDJI hereofinveddition to
co deu &Polg . I n nbod|Tments 1 tot al groduc q
WER} contdih %r%%%osr?er? Sgas T4Rdr o ygas hfemdr]réa AR
Pratessisngpe Sughagasesiimayvanthyee, cfole, exappheent of such
hydrogen sul fide, car b?Pn di oxi de, catr bontmgn?xi de,

I@Zcﬂfeo r%agéoaé %Eld?oosgte éofFaBs or at most 0.1 grams.

Some hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.005 grams, 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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15 and/or a carrier gas. |If necessary, the excess gas
may be separated fromthe total product and recycled
W@ 200gasR22Tt i ng system 100, purified, transportRCI/U82009/046927
ot her processing zones, storage vessels, or
conmbi nations thereof. In sone enbodi nents, gas
produced during the process is at nost 10 20 vol %
based on total product, at nost 5 vol % based on t ot al
P aduct:, oQn1ayramstorl nvak-%-baseds thier ot abipl aguednge
produced. In sone enbodlnengs m ni mal or
HoH-Td&EdPRLPE anotits §P0gas- are produced during

cont ackan@h ek her f @Bhad tthathRi @t aly streatrasushngases,
the total product is considered the crude 25 product.

R GO Se ABAAT et 178 1¢r dael et t i3t Popeatorimited to,

anteppedhn srpfeduced £ifiom dofe5eS VW rtrandoseparated culr
rior to contact with one or nore catalysts in

tacrichgobhern 02 L ierrag  t hetadhdicat SeRdpr oREdsllign

$£8asts anROELIPBs Oéaélh% hE@E]E@@&EI@Qﬂﬂ%@ JreedelS chad, uUnited
separated using techni ques known in the art (for

%ﬁﬁﬂﬁﬂmeNo§55r%?%Q,AqﬁﬂﬂﬁrQﬁésé%fﬁwzﬁﬂ%ﬂ@sepﬁé§§Hr%ﬁyr
adusldian) zhei pr q@é&%%l@e hydr ecashon f eedar FQr
exanple, water may be at |east partially separated
f r omTxegitgaayant radesetncriydiot ey exanpre, the
%?Hﬂgyy%%gso%héﬁer@ﬁ@%d%aQQbBbagcfﬁﬁgga§$d%tEhQHttﬁ%]crudes
el'ow 95 C or below 100 C may be at least partially
%@baﬁaﬁéﬁabﬁénf@héﬂéﬁﬁﬁ@rﬁétb®@dﬂ@@“ﬂhérﬁﬁﬁméﬁérbon
feed. Thlenh§8%c§£@&g| t§1a ai:)e c? RQr Bbggr% d herein.
napht ha and 5 conpounds mofe Vo at| e than naphtha are
Beparrarded ek pons t hee dildadvanragedrertuget of thelhy@m@rbon
di pr & crude
ﬁ%QQ ageg%§c§%§§jggﬁggjﬁlgg §%%%§?P%§1qﬁqaﬁ% rocarbon
et poEGL nexanpl e tive torente pPoduett sy ole tbenbi yred

ﬁ%iu t|%908£89§b$ r%bgguc%%ﬂli M SeasiLy Lhereby

I'n a aving a viscosity that
¢Q¥ﬂﬁapmaemnghBIQ@emﬂmEStpfowesheT@muﬂéknﬁamadLaa@dcnwﬁﬁ

M ity I'n_an ex I Cc

TR Ko B el B TR TR BorhRposidtit
Vi EBOSiiteyp aﬁdchnuwarqyeavthynthE& hxﬁﬁﬂ@adbbﬁefeﬁm thereby
ereb pr ducin r oduct %h as a se%ect

en an01 t e eco va ute car %uch

prop ert tween that serect proper y of t

muitée mloddutt mayldoet hefamtedemﬂhelebs’s£mxieahoppoeluttearm®ent
ere tab enggr tra Iporta %QQ and/ or treat ment merh na
g odirient$, T di'sad aged ‘Crude i s separa% d't 6y
imnﬂnddw@ebydfoﬁaxiumbnzodbeedalﬂlmnﬂmah'oaadbon feeckplseric
ontact d wwth one or re catal ysts to change a
8&18P0g%rf?m%ﬁetﬁ%?uﬁﬁgo%%arbon feed to forma
totamzﬁf@aumplefulﬂ6§nme ampotihem: Of ﬁdmavbmtak P oot a
and/.or at gast a ortlg_ of a crud guct frog1t e
Q%E%O“p%dﬁ t ey ¢ CAYRYT as?tn OpolEFonS of-om
25 theirdicsadvani eged < ede candd ose ford fther antir6¢ et Eeed
obtain a product having the desired properties.
th SOIE érbolit nerit'se %é‘té‘ﬁﬁ%s pr *aR8t6r ¢ hetatl
Mended rppeddsdnar@ddnains pany ed &eyahdeidoaer yrantexample,
di stilled and/or fractionall¥ distilled to produce one

Br THte 2807 AYER 0cHr B6H I FACTTBRE. thé thydrbca porPPm) in a

¥ eid-0msnmaychenpy acessedche producs, ceanaerstal yst upon
products such as transportation fuel, lubricants, or

CHEMTarS. TBE it iRy AR s parat iy 'dfe CREalyst.

di sadvant aged crude and/or hydrocarbon
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feed, total product and/or crude product is described
U.S. Published Patent Application No. 20050133414 to

w@b@on/182228l ., which is incorporated herein by PCI/US2009/046927

reference. In certain enbodi nents, the crude product
has at |east 100 5 wtppm at |east 150 wtppm at | east
200 wt ppm or at |east 220 wtppm of N /V/Fe. In sone
enbodi ments, a total Ni/V/Fe content of the crude
producleaitse 0%t 0a 1300 80%h 0rdD%n Cfc 890U h6e 1,10% of
the Ni/V/IFe content of the hydrocarbon feed. In
FEHIHMTEFDOEF rEHtE e ier Tae proditd Rasagttve athe

Nd e i@ eontentti nra canpgeyvis om Cnl 4 050908t W PPiBne
from1l to 1000 wtppm from 10 to 500 wtppm or from

APY Yo 5 REPPIRS IH SoiRe C&nBoOEF Mt '$ Cthe EPnEe- In @

arraduat; agofe! Oéi,a'lé%'tygg@nﬁ%msye@f af h%r@@ﬁb&p%eed
at nost 50% at nost 10% at nobst 5% or at npbst 3% of

THe GfoloPBAEAGNYE cITERC toP It hBe 15Y HRAFGPRFDEASH e&tin |qpe or

w&rd alh epbedi pEndSivd he ehddea i H3soa tedal
nmol ybdenum content ranging fromO. 001 wtppmto 1

PSR PPEME OS85 Mt FFHCt 6L IR PP COP TRFERPY. BL t o
Q. 0%, MRPRY, | Ae SONE: £IHR0GIEMEBNE S0 418 Gikidecpr oductohas

a coolqper 20 content of at nost 90% at nobst 50% or at
THI9IT6%6F the Boppeicrc6APERt b Ulte Fydeseakhdrrcarbons

fieed. dnaccertal i enbodinents, -Lhe crdide pegducts has, @ ge
total copper content ranging fromO. 001 wtppmto 1
W iggmvedy frahd 021008 M&t PPy 8r 03 itpmemr28na (gkrimitie

Mar}%%sfeé e crude product has a total content of
netals in nmetal salts of organic acids, per gram of

cr udenprodacenbodinentangaef hpar Ocdrhgapgretionsd wWppm
fl%q%qgg: gFZQtV‘E@aPé‘E QrO%W%StC)%t 19, v¢ ppm Lo 1c29419£’£%§1;%

ota s I'n nmetal salt of organic acids per gr
ofndiriydes30aprioeucintrolled ta perdwia térbodidenbsoduAR!;

V] 0 r . duc ced frgmego f
B o P e e o T he. Cont att hg™
Tondift itbrsyibsos oy edsedebyydtot®asin Zeedt at| 8ast 3I;, and
at_|east 5 east 10 r [ to APl gravity
Slodhaty drotar o FaT By EeB R rent s AP

gr avilry sofnet hebedudsn tpr ctactydangesodr deed hay 4z v G
to 30, or.12.to 2

copper conte&nt oOf 5% least 1 wtppm, 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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5In certain enbodi nents, the crude product has a
viscosity of at nost 90% at nost 80% at nost 50% or

W@00s03122710% of the viscosity of the hydrocar beCT/i8mde/046927

In some enbodi nents, the viscosity of the crude
product is at nost 1000, at nost 500, or at nost 100
cSt. 10l n sone enbodi nents, the sulfur content of the
crude product is at nost 90% at nost 80% or at nost

7% ,t hespub§ ure Lttrgntanafl at heglydnacanbonochegd:od n
sonme enbodi nents the sul fur content of the crude
ﬁfﬁrb%ll%]tratéoatofe%fﬁ G. 62+§r ﬁﬁ%t%%tr”tj} 6P & udescribed in

Produtts) itheqsuhfdnt @@fgﬁ@abt%ntm ¥y osnudespr odicihan et
may range from 0.001 granms to 0.1 grans, fromO0.005 to

Dl 08 "Griaks Lar LRFORD, % bo68b %ﬁf aﬁ%feﬁ@fw@r anfpfcertain

&m&ﬁn@mgucthelébml%gb@%a@ﬁtﬁs dheNbiupYeR to an
content of the crude uct is 70%to 130% 80%to

A2G%Or6r 9094+ By 11@%rﬁﬁcﬁh@f29h%l hy&ger roont éatd ofLtthe
byidrgearon; feeshtddt i3 yerbadi @i, the snkbhogeibus

content of the crude product is at |east 0.02 grans
PtCefamrof eruele HrE®EFSt. The nitrogen content of the

cruderr QdUeh -ABY, rAnge nbhom, 01 Q8 grans Fn@r@ datf B/
fromO.005 to 0.0 % grans or fromO0.01 to 0.05 25 grans

plerr @X@Wéﬂo?%e@ﬁadd@éts In sqie sEle eRbbES mertiEact
the s wde - BEQANGE ferb%i ydes, al E‘lféts J@a@%lt%f the two

structures, from0.05 grans to 0.15 grans or from 0.09
ey Stt6 @aysr@qim pfeydprogeh iﬁé]re@r@&nﬁ@taéﬁ uglentent
QJ,QHP%omEBSnﬁéUQ%ﬂPQQQ%EEbH§¥ £5K4é§¥ﬁue|@oh£ént of the

nol ecul ar 30 structure, fromO0.8 grans to 0.9 granms or
M@ﬂ@@@ngfaﬁ@ t @L@%u@nansoma@ardforthﬁer:egu@md of

e ._pr. t C n ]
T AR oM 1 B O O D AR e LTS 1o
qao%ysao%t:@eaﬁ@@/qvmcogo%/t ond 1086 ofcridascsab B erd/iCy -
ti f ar . g Ccto atom c
P S g A e50E0: The bl Do Pecd
atwrmlceHeE, r atganonmdiaddties cohaenuptakenrdidaprons of these

ion.o ydr ogen i e ocess. i Latively
émﬁeir% ndfor]é}tl%a?rg hgﬁﬂ%ég ?}ggnp 0 cé% ?% %ltct &J
e tcivedéoprbeugdnd rrelogees ieonpbnerd éiy\drbhaaboang@cbfafter

gg%ééé%g QOIHe hydrocarbon feed with one or more catalysts.

In certain embodiments, a volume of catalyst 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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In sonme enbodi nents, the crude product has a
distillate content of at |east 110% at |east 120% or

w@eoobasde7 130% of 10 the Distill ate content of PETIES2009/046927

hydr ocarbon feed. The Distillate content of the crude
product may be, per gram of crude product, in a range
from0.00001 grans to 0.6 grans (0.001-60wt %, 0.001
grans to 0.5 grans (0.1-50m %, or 0.01 grans to 0.4

Gt 1140wt fRodddd i centiai predhedinent spetheier ude
roduct. has a V& content, boiling between 343C to

SaBE 0. 101 VPa:=ior 70% P67 1300 P BOREE E20% tf D%
10, 110%00k the M copbaitels | zp%cpé%es@é bon d 880kt 2tRing

some enbodi ments, the crude produ has, per gramo
ornsdengyr oduce, £ 2olVGEP (SGhtent 59 n° @ r@@ge 3f0ohRt 200. Y0D0T,

O R, %7@ g of ams, Q- 001 %ﬁé‘b‘%% Qch 7h5y%1 %EEern Oﬂeed will

grams t grams, or 0.1 grans t

erodilient s pge hergr Udé ﬁﬂrbducBO hkaé,aO resi éluieo cmtmht O 5
il t1 90% -a t,-80% .or -at t, 20% of ,t

}(r?ie& due %oﬁt gn iL“ ngg, drﬂoc%r on ;Tgéd Thegcr u}ge to s b

pr oductoRd esrmpdlaweltspem@‘ram oft deade prlmducat Beast 11

d f
%@86%% easq:t %%to 0. gr aggfea%tog%jlln ara 98 6 37?!111 pressure

gramns rams
Qf OiLydgm@nsn to Ohé cgrra:rmtlﬁg%ogéammy tnan@engman@ 1 cMPa to

h de
%r odaUC Héaggat ot a% ncéo nd gb gOMag’:)ﬁal ?eﬁlegr on? énie: 10

@jmeaterrmsltmeﬂ% atte mMastt i8Q%pratsubsto 7% drogeatmapsde at

0%, of c5 d, Cr |t tent of the
Rt ocarbaRr ool “T15 G RaP -GRBod ronta " ohebCssoore f

}a;&phajetnemes b@natatenﬁiow‘ 7t MEahydtamcasrtbcm MfPeedatSm@:tt 5 MPa.
| east % . or_at Cglfsls,t 40% of the

10%
nophdlt EABe sk Bt br R Hyar B GH FedqCe] pe Supplied

£erd ajan embedénentlss, theirbydnogasbon freedohass @efermined
gram of hydrocarbon feed, a total C5 and C7
s preaieen €SN e bht @it Orfaﬁ?@l h ot FHSRAGIO0128F ahs? o Br2

§¥H§§H%e, hg}eiﬁ ﬂ%i%%’g%%g§re9rt9(Q§PQP?H§ %Q’Qh%S aseous

grans. I'n certain enbodi nents, the crude product has a
IR Qsmit 6ALIEE bR s 1y959sasbonpEte D0MPicRLAY hostes from

@01/0@3/&1“30'\@800966 ek QF, t@% W/r?ﬁacrob% 0860y A2,
some enbodi nent s ecrea3|n C5 asphal tenes
¥ortento of OtOi@eNhly@if ocar Bon rf eé@l W%ll\]ﬂe/ml 3t é]mn/ffmg ta

§ed hyehy: stabl @ N\@Bm@g%%% ﬁﬁi’//rhm&& 5 %‘uth the

I|ty df "the hydrocarbon feed/total product
mbahyrsei sThe Eheidey praoguctohass, i m sore embodinents, is

ééﬁ%ﬁd%do%g%thé%Qﬁer gas (es) and recirculated through the
contacting zone. Carrier gas may be, for example, nitrogen,
helium, and/or argon. The carrier gas may facilitate flow of
the hydrocarbon feed and/or flow of the hydrogen source in
the contacting zone(s). The carrier gas may also enhance
mixing in the contacting zone(s). In some embodiments, a
hydrogen source (for example, hydrogen, methane or ethane)
may be used as a carrier gas and recirculated through the

contacting zone.
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to 0.20 granms, 0.005 granms to 0.15 grams, or 0.01
grans to 15 0.010 granms of MCR per gram of crude

WO e@das227 In certain enbodi nents, the cre@BUS2009/046927

product is a hydrocarbon conposition that has a total
Ni / Fe/V content of at |east 200 wtppm a residue
content of at least 0.2 grams per gram of hydrocarbon
conposition; a distillate content of 20 at |east 0.2
gr ansrneehygrage 9f sdiyrdicoaakbent eonpasiddtony aossl fau
content of at |east 0.04 granms per gram of hydrocarbon
CSHIFS L En L B dt e rﬁyc?rr8cé‘5p%n ?%%lvd@e hydnpPeAtPOr Hed

teantit0.106 gragsppertgramiaf qhydioacariion oeonpesi dddikicting
and a viscosity of at npost 100 cSt at 37.8 C. 25lt_ may

B ued VaBPEtfi%t ol e PEEEPGRTYCT eldfifce "ohe BrCHbrieyst

SRRRENLS tbE 81 ©XARIte t ¥k SERST tdds 1N @ ub¥dp o6&k doN ang,

feed without significantly changing the amount of
FulFae §RAPOEMNIY S FESi-n %ﬁesﬁly%r%%%ﬁdd&?nitéeda ¢ 9as

f@rmﬁfrbmla}adwg@ntww&o@g&bag £o agld/RG FBY Bedrogen
‘concentrated” on 30 viscosity reduction, and not

FRHEE iL6n C@fldkh%ﬁe]roﬁ:onﬁ@ﬁeﬁt)%al REERAUG toiaaT 5T fgpntacting
Lo ClQJlZl YinGegyi £ £5n d g eat abystnd 0 gmelé@%ad%ﬁé@nal
metals (for exanple, nickel and/or cobalt). Conver'si on
YFOUNREGr GEEFPORS ¢ hatorkgReail ANS UF RO fadAoFOBEREE 108
het erat.aE BRYoAdd]Rut @ Lo By LT 0gen; CONUYPLLON. i n
during processing. Since |ess of such hydrogen is al so
Dl IR SisedIes eedice wishépreeapdneris HreceReing.  Such
hydiocanboncigad, e Amunt, of, dysiagen used dulag,

he process may be minim zed.” A catal yst havi ng
i, gapban mnmdmngmei@ m%m(SS)hydaoneghsource,

n I tr o]

S, BT of Coraonent s i a Tydrcdr bk ©°
feedatieat foont thdutaalo riiicghcvi scdsidgoyctledprodacetacting

edugt [ SGOSi t 0
R e R T R
mqmepwedaetsnagr ha;m@la;altnlnhﬂath@ﬂm:rfge In ether
Bope 358 RaLed J 9.toe. VAl agahan Teed: Jhe 4o

cr‘u e uct may have™ ac ept able proper

vdﬂzﬁ kaalsledwont t@babaoﬂqdalm$poaterdo$to % redttmeated on total
fac |t|esad/or hero roce S|n |

d Cit ,a ﬁ?/dm%sctar or?lf eeaSe }ﬁ%vteonca
Imts caneNiehb Biemamdd ,0 misuikfar ocomrem(ettelw:lablls aocept ab:lﬁe gas
aren%?t trgatnPPt and/or tr n Q # w1th Lhe catal st.
specpl‘O catrons. %cﬁwnh 7 olar bon feed may be Y
ef fdwitenbky st r eat etobwalt Iprbhectaiﬁlqﬁstsmﬂﬁﬁedl bEeI <hlel‘d§1 n
l%li dﬁler ng viscosity without also 20 reducing Ni/V/ Fe
Br°%Siifur content. In some enbodi ments, contact of a
hydr aearcbes &eeddimsdmig,t heceatal yéitsqedeibbbb&dohetﬁredd’pped
at tenperatures of at |east 200 C and pressures of at
[odt SURBA OFORL® ISte 7 ONPaBP OBfURES & L PaE" prddut-=Ct
what hasoa Mbseosdtal yoft sat nnosht 4O n2b z0dk av237.18::Gng

a total Ni/Fe/V content of at |east 200
the separation process, at least a portion of the hydrocarbon

hPnguc%C%FOQuced

feed is separated using techniques known in the art (for
example, sparging, membrane separation, pressure reduction)
to produce the hydrocarbon feed. For example, water may be

at least partially separated from a disadvantaged crude. 1In
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wt ppm a residue content of at |east 0.2 grams per
gram of crude product, a distillate content of at
WO e@et13222 grans per gram of crude product, a BCI/D82009/046927
content of at |east 0.04 grans per gram of crude
product, and a mcro-carbon residue 30 content of at
| east 0.06 granms per gram of crude product.
Catal ysts used in one or nore enbodi nents of the
Amotentd ersSmpRY, | dsigide ere taht N huldoinmehal samdqsl/ or
one or nore netals on a support. The netals %/ be in

CHEERUAL O BRHYBrOT n G RE PBIT of0G CofFguRE BF tHRst

petalal 1Thecpat at ysts-fieseei bedaber £igrJmY:-cbehe hydrocarbon
i ntroduced 1 nto the contactlng zone as a precursor,
\4

Hfif t+ héR BeBdnendinfetds atchtatlyst RartiRe %n?%t?:}ﬁ}}?g and
2o urfaer mexanpd eat Wen nsul haphSnand/Orsp A de@carpnne
feed containing sulfur is contacted with the

Precinegspped crudeyn certain enbodi ments, the catal yst

i ncl udes kel 4o mEtal,($he @u%@lﬁi&' (8) pLochddeith a

but are not limted to, chromum rmlg/ denum

Ui ttERt Tﬁet]é%\t%ﬂ%tasrrﬁy Ravecryer Horgftam Bydrocarbon

ﬁﬁ&ﬁly%%m @xgﬁﬁfé qgk#%ﬁu@e”ﬁ%@é&@@r&ﬁﬁ&%nkoﬁﬁlﬁgd with a

| east 0. 00001, | east 0. 01 grans, | east O.

@jF s haa er 2 |%l%fQ@ﬁﬁeVﬂﬁéﬁﬁBtDO@le@banﬁeﬁélGl%g in a

B HBg %ﬂ:g%cgrﬁé@lﬂgo Ov:is%é%y {h 003 gKaMRLY Ghd

grams, or 0.01 grans to 0.08 grans. In sone

ehssdi it es, thﬁeCJ@ai%IW;f?ﬁUpﬁcM@e%h@f NGHCP5 10y 00D 1the

GLAIEP, 1 9r0a06: QLA o100l UAD B! AlddcReho I AN Olengea

catal’yst. I'n some enbodi nent's, conpounds of um 6

wethalqrsdei helviude oXirdes véaehs asy notdtsde Adm Qrawh‘jethat is
un r I'g o] t

T Rt Bt o e B A e or o 5 ol e

©Braopoundst 16 Qe@tveménertb@dl prehtctehermmaeakystf the crude

C e n den a u xj.des. .

sl e e R L S

i:@mquaaltspomt@ti@mlmoa rtreEatI(lsr)tvvl tIn GoecopmpopdBnents,
Bg %lrllf(gren S se#lgg gg{j n;p 7rm1(%hrere¥1a5£g%arbon

|nc are no e nan anese,

f@ﬂmnéheuhrydrhemhzm] ﬁereoln,lscobaﬂltqonnadteld wiioh hem um more

&9&%@%%% ﬁgpgdéégnﬁ1Sé?ngFdl§£§%§# %ka%hnuﬂgdroca%bon

res t €0 € cat ave, per
f)ﬁdaltyzstf,ora hot@tammte 10t metad sa) poantentof ncte
range fr 001 grans, at 01
WPahe PR Eav 6800 n grahes VYT R n Tangs. Broo BEBE®

m@mmotatﬁlgpmcwnﬁglbgeadsdtmtﬂz atgrlamst 8.5 ion of

tao O, grans_to 0.08 grans. | .
P srdsartatd Bl ealpsd el e GofiEntg ttain
eteient (s),/ihg ald@desarretdOpﬁ:hpeﬁoi@Hms 6-10 netal (s).
I n some enbodi rr(gg t he at al g%t has_ at rm%z 0.03
i Pa

grans” &1 frost ‘&nﬁaw& 6r CHUE YA P BAP hins
Iridieabauper agy alnefspoatallyss . a 11 Sere yeahadi nenitis,ed
t he catal yst does not .include Colums 7-10 netal s.

and/or frattionally 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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5In sonme enbodi nents the catal yst contains at nost
0.03 grans, at nost 0.01, or at nost 0.005 per gram of

w@ 210919227 of one or nore netals from Col utms 9PGIRUSA09/046927

of the Periodic Table and/or one or nore conpounds of
one or nore conpounds of one or nore netals from
Columms 9 and 10 of the Periodic 10 Table. In a still
further enbodi ment the catal yst does not describe any
sad) retralspréaa®t amd/atd erafie Gotdutb iketakctOped U.sS.
Colums 7-10 nmetal may bhe in a range from0.1 to 20, 1
P lighegy Patent 52PN SdreeiBodf ]§34tll4et8a?%fl“§/s€tt al.
iicdides 1 Geby ré@&lr@mrﬂh(ﬁ% A5rderaddi tion to the
conbi nation of Col um mataé wi th one or

et o RoRTeRE LTS S7- THe FRY ?h%lfo%%?&o@@ﬁeﬁ*fsle%%te 100
x@@égﬁ& ysit 1Bgkudesy Gaigpm) Grmetab{ SQo@nd pehl BMMad0ieast 220
rreta(sf). A nolar ratio of the total [purm 10 rret al
YRt HLAV/ Edt undt 6 st ﬁmbPﬁlIﬁ?fét%ataaltVéE?lnﬁ%//Wqu n

Sorrange ofer QHélchd@%Q)du@ft from2 £0 1302, 802 +H SAE or
enbodi nents, the catal i ncl udes Col urm 15

Herrent A8y PR BlerliNi/dh Fteocmée@bmﬁrﬁ}@ Refapeaybon feed.
Exanplies not 0okt 45 %'h%”%%ée'&%d%ﬁ:@c phesphesus: Wiher/Fe

catal yst may have a t'otal Columm 15 el ement content,
pErtgitariiof Earet yiston On 125panlel f/Htdare. 60000t ’nga]rPaOO

o, 1 196RAMRY 0o W%t%%”sokofpo@ﬁuﬂf e 338 QQ&&#

granms to 0.03 grans, or 0.0001 grams to 0.001 grans.
| n sde S@ﬁ@o@ﬁﬂ]ﬁ@@ﬂ%@nt@ol A ernet Ay xshucal bae @rtW\al

&6ﬂ§%dé%hhogowkéﬁ%qyéQﬂpﬁm%tlgoﬂﬁtéﬂ(ﬁasta%%/ at most 10%,

I ncorporated wt a support to formthe cat al yst.
eltt'n reesrtt @icn enbadimasit S CHl tha 1L Bidaremt Cohtare af sde

é;%%%he%%th LRAL T, E.ﬁ?&?{ &Jl %%atm fbduct

nts 1n V\,hl the et el enent
Yaase suppelt ed] vhdmweicghteof téesivat dnpst 0. Dﬁl:lwrlctasn to 1

ﬁéfﬁﬁum%to 6‘&% LA (2) 0.2 Bl elemeih(8)er e o os

drt may bé por Us and i nc es’ silica and al uni na.

Wrpmonme enbodi ments the support includes si I | ca and
alum.mna_in.c h Li ed n
refralglt 5P§eo§¥%)%€%?% or obs 851?% rbogg%cu? E r| a @p
eeuldrttef ot IG@WDIWI erismbher 8ot . cRefartambety3@)9mcd@sthe
rra i nclu E renotll tedto alumna S|I|ca

per co eht éh ydrocar %

iCa-al um na;  titani'um oXi de, Z|rcon|umOX| e,
esrﬁgnememlmrsoxthie cordarpdodues h@er&dfotaSuppppés oyt dyee
obtal ne fro 0 rci_al factur su
Gitér on ?a@%gt s%gond t?echngl? Hél ey %rﬁof“ g%Q “‘?‘tppm to
OTexagppd..S. A. ). Porous carbon based materials i ncI ude,

but € no mted to, vat ed ar bon and or qu
o Bpirt SE Rk AU T | FUE FHiTnda opusBoN T b Tots
bettaerzeolfi hesal foidenittze zedt st €8, 0 oMiD aemhst e@er antm
(gferrie ite zeolites. 15 Zeolites nmay be obtaéﬁed from

r OF 8P hanurad dPEF°s BER™ 2% ZaBRpEy tpvaP | eprns 3
e toPennsybyanmsnd). 89rAl). wtppm to 1 wtppm of total

metals in metal salt of organic acids per gram of crude

product.
In certain embodiments, API gravity of the crude product
produced from contact of the hydrocarbon feed with catalyst,

at the contacting conditions, is increased by at least 2, at
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In certain enbodi nents, the support includes gama
al um na, delta alum na, al pha alum na, or conbinations

W@ b@pasf227 | n some enbodi ments, the support i ncPCES2009/046927

from 200. 0001 grans to 0.20 grans, 0.001 grans to 0.11
granms, or 0.01 grans to 0.05 grans of silica; and 0.80
grans to 0.9999 granms, 0.90 grans to 0.999 grans, or
0.95 to 0.97 grans of alum na. Incorporation of a

Bronstedabaseasuch as sitl teastnt® #dieitSuRpebt tRAYAPT
inhibit forpmation of coke at el evated 25 teggeratures

JEor oAt FBR BfI9aTERN AEBAt hel & IRFSAL "nAYPAS 8RS/ APT
& spensicrgtaat akydd GrRfuaks rfhss exanpl7eoCabymyo 6o 30,
netal (s) or Colum 6 netals in conbination with

Tolmt® 7210 netal (s)) throughout the support.

Di spersicer+af n catigd St tREt @hs & hrQughut,cthgasupport
may allow formation of a 30 cat al st havin a surface

Br e ot vaPtl aastoaP e/ gt BPSt edst: 360™refgolor &t at
h&ASt1 408 £MRAg. viscositGabal ¥t thatohavenarbasge n some

surface area with a m nimal anount of catalytic netal
iR igeansl etoel Uit BrétaPfsF e orr Udh@rediFaces ot t st
F@d(ﬁ' Vst mBY ?@oprﬁp@te%o% @@@Uééﬂ ng the catalytic
netal with a support. g of the support and

Col uri® 6CREet arPRYinaaE Sfrofﬁﬁﬁ‘asg bt a?ﬂfit@ln[tyoénFlﬂ%r@ﬁLbie

ngQUst MXLUréy= | 0 SQRE: eghodiment g, wabgr and/ oy
5 solvent may be addéd during the comulling to

faldiun caneenbrof ngha Ry drogeuben | fres -a [paseret papodiments
9?% fg;‘}ego% rﬁ@fﬁe%' ”E%Qétﬂsy&%@c Rar GkChesst 0.02
spher ol ? tabl ets, cylinders, irregular
@esarugegnsren @f)o@slelq;e mgridcagg%egaﬁhelsfum cehbsterst the
t i n I w10 pr | ng,
éﬂ%’qé"ﬁ ‘Zéllﬁﬁg% Ig}?[‘?t uaﬂnbg[e”%%k&eahég‘? Hdifo 9.9 nﬁ%*agrw from
@re(t%ﬂ (t) OafAd ar@rummtfnmy Obel cUmt%cﬁGed;rwntShpsm@aam ef
L.pment. Exanpl es of suitable mxing
%ﬁep%e%%l Ecl ude tunblers, stationary shells or
troughs, shukl embmmsu@heex'ahmﬁn Banchntype dre crude
SOMIRUUS EYPED A3, | TRACE L IBL S o, A0-200 OLPEToe che
I y known mXxer’, or generally known device, tha
it o o t:abtynpr@ﬁutd@ thlyelr@ohumm 6fenm al ((s) ssupport
%ﬁ%ﬁa qﬁﬁ?ﬁlt %rt ]%ﬁﬁﬁpo%hgen%(ss gﬁ% ”%%%%nggdgég is at
Jseualfﬂia)nt0|2algh:ymhopmgegmuslfycdueq-aepﬁedidtn che su@p@;etn
20 per3| n of umm_6 rretal(s inot ort
?r%riltelnn | b| Fgco |%%e &rOdﬁJCtCﬁ%n%a%g rrefzrglm(s) 68 O
@ e]rrpﬁj'aa\tsur ésoand/ @r5 proes@soses:amﬁusr aflriormvlengl to O 05
dr ocar bon feegs cont ai ni n? significant anounts of
? Lt dé Tafdfor ?58& Fes to be processed at
rat esn tseﬂfpeéralbdowﬁ'ﬁera:ﬁ;d phessut@s proidueht annablies 25 Dyits

u5| conventi onal ts_made usin regnati on
e T o0 T Pt e S Ry P 2Rg 42 rom

(S.L[FH)QﬁTam@;OﬁbaD NG SHds 6& andr&gdipe:6 gratabEsyriigs ns

a snoot her . cat al st surface. A snpother. cat al

st
RitUde mayel ohere thHe BronBe 8d Act Wty 1of lFﬁe%%Ja?%ﬂfs“t
stirfacechecavser | @S aalsUbna. 9 grams or from 0.82 grams to

0.88 grams of carbon per gram of crude product. A ratio of
atomic hydrogen to atomic carbon (H/C) of the crude product

may be within 70% to 130%, 80% to 120%, or 90% to 110% of the
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30 sites are exposed. Conmbining the Colum 6 netal (s)
Wi th the support allows (for exanple, comulling, in

W@wwnaRe7to i npregnati on of a support) at | eaBET/HS2009/046927

portion of the metal (s) to reside under the surface

of the enbedded netal catalyst (for exanple, enbedded

in the support), leading to |l ess netal on the surface

t han woul d ot herwi se occur in the unenbedded netal
Ladralyst/c kAt sOn®r efreodivaRBESrohavidg | ess cretial p&ituct
the 5 surface of the catalyst extends the |ife and/or
%%R%CytHi/@ et ity oM e ¥8t alystt dyrealhvenPrgriagn feed
deasic a/porhton oaide cretahtt Gormue dr/bhecstsimse of of
the catalyst during use. The netals may nove to the
Ryfroece of the RSt St AFdaghyerosiGH lof apAéosritadce
}degd&q@ncagaby%u@é{[iing gentact of the 10 catalyst with

a hydrocarbon feed. . W thout wi shing to bound by
any Kif¢d CePde heErgHCl 1 nicd UERBUGPPRTIRALE St We taddi ¥3'sif of
bt Eereakat hey. and/ or m xing of the conponents of the

cat alr%]sts may change the structured order of the

Col u GOREt APOPHLHHE SColFHANCBUSK i RIL B FstaP 3t duetivrete
IS dacsubst antdaldyper andomorderoof Gl upmi 6,0t Ao of
in the crystal structure of the enbedded catalyst. The
Ot s6f L REe CobriAT 6 afettdP hagr b2 dwtedftAed TUR% ng
ﬁ%@%k%la%éféxngéﬁifé¥ﬂﬂw%nc@688 §odd@}eﬂ%&d%é,0 er gram of
el enental netal in the catalyst relative to the order
ofudd @vedtal, netad 1anachér20 e A 0oxdr@esnay Beb grams
getermgaed=by ¢ospard ng .t 'E? order, ofs the 1C@bH?’%‘) 6 or 0.01
netal peak in an x-ray 5lf raction spectrumof the
CoAnpmvo6 OeRi deand thetlpitder of the Columm 6 netal peak
In agﬁ(_'c@léaggfém& i'm%@lt%PeFE5 um-ofc tsp*}%d%%ft%é{g't \chﬁm
br oadeni ng and/ or absence of patterns associated wt
&l , 6 bbel ahg | e t2Ecan 3X3P@Y:diFfBracit an 1KpesPaUMp i 103

IS possihle to at the Colum 6 _netal (s) are

5 estimte th |
Substant i°4F) §Or%\§f§fvm%¥ grder8d T tHe "GPy Py content of
Sid ugidtorarbon £xapl en rohybdatidrte)i dacapgduddeoroduct
silical/al um na_support having a nedi an pore dianeter

R3S atPeaSE™18D W 'y SBEOE6NDI AelFd ¢ FFMtann30 Fange from

@l aruonalgrehybeenum tgraesi, de . ob Xt g £as Hae onol ybgenumn . o1
trioxide has a definite pattern (for exanple, definite
BoHs BO02 - And¥ S DO YPpdarks7™s THe Sup¥dPiPnol ybdenum

tri oxird@oRbXbMbSdMhtRe heat cthgated Alctanhenperad e
of at least 316 C (600 F), at |east 427 C (800 F), or
Hrids 538 ©PYL000 FP BOpF otilice A Gat APy t SPhatt the

#oes3 0t oexBhbi &£ a At Rk chobo ot ddhdenamedi oxddend dhuct
an x-ray diffraction spectrum (for exanple, an absence

Y e eDoRCpeakI™ H if 36Re PerBoet neNntss s 1EgARt e Ferc an a
L g Grmetal (83 dSURROLE oMh¥b HiI %ﬁ&r{s‘@o%@@' &F&nsﬁ,d 0.001

nmetal / support m xture. In some enbodi nents, an aci
@rRiFor-ondt ér 9ranadded 1t grene ©ol U B amer alf Sapperts to

M Xt g st 0oasgi sted M fonpBREON

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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of the Colum 6 netal/support mxture into particles.
The 10 water and/or dilute acid are added in such

wa@emanse2and by such nethods as required to gi RET/UR®09/046927

Colum 6 netal /support m xture a desired consi stency
suitable to be fornmed into particles. Exanples of

acids include, but are not limted to, nitric acid,
acetic acid, sulfuric acid, and hydrochl oric 15aci d.
dhe Leltunn6 setad /1suppond2nbxt tife amyspeatesmed dortent
particles using known techniques in the art such as an
extTFdEFITTRAT AT t 198 %s IPeXEF bast 8P Y EYeBES cutMsi ng

kROt Gabal ysbdcrd,i g et-hRdst twyd.fdnpant kebes.a Thaal
articles 20 may be heat treated at a tenperature in a
afge fr RReS1EeR8S 2600 T Pramresteor f 2395 erepP &e 0-2

Peii0d 0obh1t Laep ({orgexanpbe, of 05 He-anB thodr sy anghor
until the noisture content of the particle has reached
a dedir €§TFeve| SMEHEEH TG tBE net e(é)r@ﬁﬁﬁohf‘s%d‘i“&
dhe Lol uma6 Resieial (S)/ auPPOsE: pant i6l assrayobe, haale

treated (calcined) in the presence of hot air and/or
& g teait af nFirg G o8 rROP ehped at Ure SPRCacFaRgENSNt S,
@@Jﬂ’&%ﬁn?é@hg and s$8Q1 Cenbet W81 12338 £Cr 8OGH /B Gridh feed

bet ween 500 C and 650 C to renpve volatile matter suc
thelte &8 heastiad poritdlen1of lyhet Tolutiyt 3016210 Ml al s
e Loavented 10 {18, cor LasPRRAENG R Ale %) B8t 2 ThE o duct
tenmperature conditions at which the particles are
tattcinted may be such that the pore structure of the

fhdal el ghped.mpdur e %oﬁ@”érﬁ@%{ﬁ%ﬁt‘% QL S RPN & rams

structure and surface areas of e catal ysts
dedtrddbedanher ed Q0 Calmgimsi hg 8t 1t esvparsat wre§ - gk eatars to
76 Yard t.he -por une of the
é:%:ttﬁg fst%,mgt usM% %%:%?ﬁe glfs?r?%é/ut%l on o ‘pores and
t he dur fractaan eansytimenitat the catdd ystodustnos as 5
cLli [ Vi - 0 s_t cont ki byt
e R
#t netealt( €PLsuppont xomsosivei onnmayt be el deaed @t2 grams
emper.at ure, | e n from 315C to,.675 ' e
SRR S Bt (A UGN, 4 Rt et T iiftacor
40 BOGC, Oi.8 oraes por great efllyard@mgensgrhpceiaiea. a
A CALALYRL B d shersed pnst al s, ey, 8dvant ageoush Y, carnon
have a ["onger TTfe than tﬁé convernt ironal
dydragprracesseng «atialrystcaratnetevaied doamperadvfires lawckt
r _pressures (for_.ex | e,, tenperatures _of _at |east
ot B ap T et o TRt e RS B T e o 7
WRaosdttynost ab e, 100 atstnmest 33.8 °C.

It may be desirable to only selectively reduce one or
more components (for example, viscosity) in 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

28



10

15

20

25

30

MPa). The sel ected di spersed netal catalyst may all ow

a process to be run w thout recharging or changing the
w@210al1$227 t hus cost of processing the hydrocaP@Drsioesole927

may be econom cal |y advant ageous. The catal yst may be

contacted 20 with a hydrocarbon feed for at |east 500

hours, at |east 1000 hours, at |east 2000 hours, at

| east 3000 hours, at |east 6000 hours or at |east 9000

HWM S other hébesSeNRQE HEHEShuttatal ywshsogay be

characteri zed by pore structure, Various pore

%QW%HE%@%QP%%% dPeFeltde, 250 ButlSHce OﬁoFUF]P ¥ &PIen

19,2 1RV @cdhamet &d , t PAURIUVE! HOBer SMIfRER nAEEAS, t1&
conbi nati ons thereof. The catal yst may have a

R SIGBEOP R tidtalaT Akt PE yhmrcwrrb USiesledUyERE (e

P di anet ﬁésmlrﬁ}@lz@ﬂl an per el fi amktenhqOhi hhea PO unt
size distribution be in a range from30 Ato 100

N BYUNrEQ 73@3@0%@@8/560 A PdoBomirface arppe gafad yxtlected

pEYe have rapRet &n thalye MBSt byt om; W itdh %f”@%é@n@r@ise in a
dianeter of at |least 60 A, at |least 90 A, or at nost

hotr g arprns fed GWIWFSLbUFﬁet% altjeﬂ}yé"tlsﬁﬁy’éy pet goroduce

§I@&c@ SLEERLET PN Ay R BBYE 3B PO e i *BBLEFc &N & fe
range from30 Ato 100 A, 50A to 90 A, or 60 A to 80A

R 4P catr doeas e 0% Gt S@moﬁﬂpoﬁmsroﬂhﬁoﬂé§d?nplchf@Ct may

Mee §Iﬁ%lgb§t5mmé % %%vlb@gp & A arebef WA hin, the
0O A 40 A or 30 A of the 5 nmedian pore di aneter.

myﬁwb@ﬁbé@@%nt@e pareugefupeidt PFOCES tnagy b2 e
A@@eiita%lé ?%{a&ftﬁés least anngm/‘&J R té%nggéhéd Zem

. In certal’n enbod |rrents pore vol une o pores may
tleﬁﬂjf@efnrtorﬁﬁOlBltms A1t ©0. 9ohem prpee@sdngmingtso g

& OF f érgsgzkg)yg ¢ ck0nZyCdd:s hl%vl@sopp{f but a

he' Cat st Gl aes por es ing a
P@!i/a\hﬁteeranldépmeewflum camd 5000 A ared gyorees ahdvi h@ rgeet
[ r e 0
e o P SR e s AR - 506
volngme ribonpoees rhaw ibreg rr@rQSepﬁmcelmtaﬂrmtteleaoédawimstthe

3 QMAsta%e r%%éQQM$ orP%Lrggu% #OOJQ%Gln So %thout also

msnts e ca as a or e
x/@cmcrmlq NlpWEs dmavsuigfuac poneedt aneter of at nobst 100
A, at | east 50/ oé Spor%n)é Jéme in S h VI n

e
por o i SHBE or AT M DS GeR 10D B dndD366 A DU e Thers 119
foed eclwelgfstzocidmcermde h‘emleuneabettmgaemtp@eesoham n]gsaast

fﬁﬂd‘%c‘j teéss‘?ﬁraé deast 3 9%%” >0 e”b%’d‘y@
e cat g% ave at fneast )aOI‘ at f“east )aOf
pieijpese avoh:uae pn‘bcpmte$hhavhmg a poresditametesat ofost 100
t?%n?%g.@'°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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251 n sone enbodi nents, the catal yst nmay have at nost
5% of its pore volune in pores having a pore dianeter

w@Rooat3f2east 5000 A. Such a catal yst may have BCPUSM09/046927

vol une between 0.5 cc/g and 1.0 cc/g and a
surface area of at |least 340 n2/g. In 30 sone

enbodi nents, the catal yst having a pore size
distribution with a nedian pore dianmeter in a range
fsomabaut t50 Aot OQ AcompBMnbaye twheSuieface areas of
at | east 340 Such surface area may be in a
?aafr?défsftﬁoﬁﬁgﬂél}?&?dqetr@lﬁoﬁam}f’% l%tS‘{PdrﬂE/e& £8ta50"%2/ g,

&t il goh® 42% HlGurCat-l ¥sd schaviRgospesttite as a
surface topol ogy, |arge surface areas, and pore

e StisbutPohse d(é%rbi?éi%édlga%{?% fesr 5 XSG t W@ﬁlﬁaﬁ@efdlr

MY dd RESvERC QNI Clcaly apRbheAlhPNs1atu] OW PEESSMIES with
and el evated tenperatures. For exanple, the catalyst

HoePnestirdescti ve after at least 1 year of run tine.

The enhanced;fuhntddBRMBY bgeatitd buted toutibe Adddhn o
surface area of the catal yst and/or the narrow

B St (SBut | BALEF potetalo Sdi afetefei Pithérforet voliine bfto:
dhereakal )ﬁéﬁyb&@rﬂ%m thegaetal s ole the Lakal ysy E&\F@' ber

exposed for Tonger periods of tinme, thus plugging o
Y 58t §§téﬁ-yﬁhe %d%oéla;lsﬁoll@m nitaial (Fhe Cﬁpeﬁm‘su@? aﬂ,{e

ALLa andoseh ecled Aist i Byt Log,Of POres siknot b‘?
vol ume of the catalyst allows processing of hig

HiFeosiity aahdree Hiah Or-88Pduererudes G-atraval dO nQﬁl tgerams
«%g'o‘f 3 %r'%spf gcessed st hoconyentignal,.cat 8hystsns to 0.08

ving the sane pore distribution, but smaller surface
@raes -Callei apng emlewhuldngd , cahal cy@italaztstt enpériéear@som

D R Hhe rangE T Fom 20° 4500 | 6 B60C ey~ T ©F

¢mﬂy18ttat elhosomet i orbofimgokes h@wmgid@ mfl &plpon ed
taa?P Zr§n@TQan<E£PA’¥s°%%hd%rgt%éfr\géde%% Whh.La gaend/or

areas. In certain e the cataly
JBXH@BEHI nrshapee. f ormeerfreinexanpliajerpel | éts, catalyst

r#lu%%%r Bnif ndf oty *ét riddat Sf’ysf?“ll f Csoqr{rj%nelgbggrin%?nr%%g‘e. g

e catalys and he cafa ecursor i1S's
mo drdrowimetal s fcrad;eas'ty(spr iforltdeuse)l wsiongbtiectmiguesr
vk\gwdenn theigrt (for exanple, ACTICATTm process, CRI

TO ernational; Thc. ). In sone enbodi nents, the

In some embodiments, the catalyst includes a combination
of Column 6 metal(s) with one or more metals from Columns 7-
10. Columns 7-10 metal(s) include, but are not limited to,
manganese, technetium, rhenium, iron, cobalt, nickel,
ruthenium, palladium, rhodium, osmium, iridium, platinum, or
mixtures thereof. The catalyst may have, per gram of
catalyst, a total Columns 6-10 metal(s) content in a range
from at least 0.0001 grams, at least 0.001 grams, at least
0.01 grams, or in a range of 0.0001 grams to 0.6 grams, 0.001
grams to 0.3 grams, 0.005 grams to 0.1 grams, or 0.01 grams
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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catal yst may be dried then sulfided. Alternatively,
the 30 catalyst may be sulfided in situ by contact of

w0 b@asal yst with a hydrocarbon feed that i ncPCEs2009/046927

sul fur-cont ai ni ng conmpounds. In-situ sul furization may
utilize either gaseous hydrogen sulfide in the

presence of hydrogen, or |iquid-phase sulfurizing

agents such as organosul fur conpounds (i ncluding

eddayl gyl.fi dessopol dsddindass, t bhol sscaandcsubboxt desde 0.03
Ex-situ sulfurization processes are described in_U S
Pttt ANo8OSE, 468 250 °SeSnBhsIEt™salCt, Cahd™BS 688 %736

It@cai%a@%rﬁsgetm%aleataaljstof WA bl dodie REROE At etk
herein by reference. In comercial applications,

S 13y sduPPPaal? bnt i Wite CRy HFOPr GeEs SisgLEat al yst s,

t he hydi:@REOEESSH NGl ahystsr Al @st YRirgalihy Beahed t@ 03
400 C over one or nore nonths to control the
@%ﬁ%%aﬁﬁoﬁoéf %y@tog%hE%uF@FHeQ @QQnHQ%eQF?ﬁgOBf?QKPlYSt of
hydrapreecesabng £at.alny sbsuBY bniidity deaghibvati onyof

the catal yst. The catal yst described herein has
%ﬂﬁ%hé@@/§Fa9P$|tWfmﬁftﬁ@mﬁpés@ﬁoefoﬁmhfdrogéﬁ SUTF s

a@%é“%%t 8L 0400 £ Ayl essuhhan theq weeksne Eﬁﬁéﬁﬁbdlc
able to preheat the catalyst over a shorter period o

Take -ndy PnéFehsef s cappantent Higdcatartboh feed not

dhat, ean he progessed & hrough a contacting system In

certain enbodi nents, the catalyst of the invention is

obt ai’nallerbyad i IGorgm@ob urdt Bl et &loflsynngi Thl@ metal

SHPRYY Ly COTULL T gyt e 1CoLup, 6 M Al Skt hothe 1,

support may forma 20 mi xture or a substanti al ?

oo gaeddsent xt urtee daradgme eln@bdtaﬁerﬁ?toéumnh@nwemﬂfre:

y. rude
e M A
QprpnodueeathefoatakysmmSTﬁel@uppbrKﬁﬁay‘embbdcﬁemtannthe
r

T a0 O ahe o R s P h B 0L Brare To bt

@naﬁ&rotasnbloa am@tﬁﬁgﬂ.gpanmmol@r@ﬁ@lgmansheftotal

é%l Mg %Stagraﬁ“éﬁe Gak H%%% WEI%UQQQ'QEEtam:EW?
dure ma e dried an C|n at 'a tenpg ure of

bbtweeﬁr©m52CIan@ 760 Cto produce the catalyst 30The

catal st._may_hav m O. L

grans 508e egb éapeé%_,o 8 t %?ofud% 8Bl¥ qg?

élﬂmﬂnt§s6 metad@sﬁmpeﬂxgtantoolwataim&tall son@xamples of
od| nt t he cat I |nclude

grans g? 1 Tant %Uﬁ%sf h%ﬁ%ﬁn of 8a€§? ¥St may have

a total Column 15 element content per gram of catalyst, in
range from 0.000001 grams to 0.1 grams, 0.00001 grams to 0.06
grams, 0.00005 grams to 0.03 grams, or 0.0001 grams to 0.001
grams.

In some embodiments, Column 6 metal (s) alone or in
combination with Columns 7-10 metal(s) are incorporated with
a support to form the catalyst. In certain embodiments,
Column 15 element(s) are also incorporated with a support to
form the catalyst. In embodiments in which the metal (s)

and/or element (s) are supported, the weight of the catalyst
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Wthout wi shing to bound by any kind of theory, it is
t hought that the addition of silica to the support may

W@L000msR2Tol ums 6 netal (s) to remain di sperseBCT/US2009/046927

t hroughout the support while being heated to el evated
tenperatures (for exanple, tenperatures of at | east
315 C, at least 335 C, at least 375 C, or at |east 425
O . In sonme enbodi nents, the catal yst is nononodal .

Such dkQ @mehﬂaﬁ@r@f aret aktands suppor ta11f ehbevwed(Hy. The
cal ci nation produce a nononodal cat al yst haV| ng a

PHRE E@deétﬁ"?]ﬁ?ﬁﬁ R Wi PR 8RR df e For@ ddR ABt et - of T

AMmd st od0ReAcs Wtk atudpeast 1 80% & s idiS iRAr 8nd 04 Wi da in
pores having a pore dianeter of at nost 300 A The

CAtAIPSt ORmy T RavE E G PACEI AT @l otthar [FeASRC T B4p<ides,

P/ g:s Thepeat Bhysd ML have, azpor ekl leb&’ecf)ﬁ@mu&)tﬁms
cc/gto 0.9 cc/g. In sone enbodi ments, the cat al yst

S ©¢hi bRELBARIOFY sTi€ic5eBRE bt ek Putdege erst andnited
79, degrees, andial, leastaoneuRind he ipeaksmhas: g pase

wi dth of at |east 10 degrees, as determ ned by x-ray
TAFIACHT OH1ae, 203 HESH VPO PHIESC catalyistturequébsrat -
éx%%rt% RALt HONLI0 4 e coBROpentnd haly 10%@Bﬁk<98£@r410 such
hi gher viscosities and/or a gortl on of the conmponents

@fhaﬁrl@@ﬁtlprG@@ajtYﬁ@oﬁ@@r Teentehtd Vi HeutiBerghvti cemitas,

# educt)i onpinogul éélfbcﬁ}ﬂ@a%d’\lhéggfMal%orltn%@hde-”}%tﬁ B not
of the ‘hydrocarbon feed with a Colum 6 25 met al

tidlapsttor hact Eonted s rhoneadd/ @r maiiavsl Jaaphhte of
10l YmS; %faEQoﬂPtégetl&Hoiu%be%@ffrl&%m %%ltaa%éﬂ@%ous

since it allows production of oduct” wi th reduced
v sbositey zandihe i r@M@egabﬁyteiatarUh famdfierite zeolites.

A ogsr Bor Tecd 008! ndotne S PerRey-bften yl et suen
@ippﬂaOdartSrtoNVahbley:d?ﬂnqﬂ I |Pﬁgn©pévm16ng Ueéndi-t i ons may

allo 8%99 be 0 S ted

propgrtlegggﬁa tﬂeglgls\’/et}?% %ﬁépe% E%%épégs g‘

avhirtignagt hleﬂtpr@b@mtnaes adphtahelurhyrm,omr b@rmbﬁe@dlcamse

Dt slani thcantl v ghanged.  The, £ espliing, 6ryds. prodyet

nay have enhanced properties he

@mwc@n:bma feed. dhdyramisus 0 . bel n@iraensactcaept abl erdrog, or
ortatio d/ or reflnl 5The at.al st of t

B TR T orC ny > o Compeneits TRat ConPerBu e 1 222

georssade d0ngthwes | id & c9f99otglnems catal QISBtSs tion 0t hé @Jymfemf

g umlﬂ%he hxdrocgrg¥g%.% a For e é”ggse ucEUCIn 1flca into

Vi scosHy ol ]ﬂy rocar bon fee%/%o? pro ni x

tled aatuppertOmhhelrhmdrm&bhmatieedoﬂagphmlaltbeuepdat@gl ng

10 of gt her caial sts [%OSItI %medl dovvnstre us

FHGEESES “Phe HRTGHHY 6108 t ik Jcco%tlé]&o s%@%%%ﬁ?

desioperiat adspethowd d=aplienishnendl of (feat akysbse, Thelumn 6

cat al yst of t Ilcalon roduce a.crude

B ot oS R cogrt Loul ot 84 PoCg b 710

rﬁkyrdzrlO((‘s&)r)b@ﬂriﬁgfﬁ@ﬂd ﬂlMet Rupbbirtal miEPEtsieoh bydeogentic

consunption. | n sone enbodinents, at contacting

IE%fr?&st |t51ﬁ§U8FO%\tt‘i}t@alsuﬁ#}&%u%y ot flﬁ?lﬁé?ath%r%@e%

@amsl%&t haniAgya ben @taJSte 300 N ¥ NMkasat 300Skh* 25 MM least
,or at nost. 10 Nm /nB, |In sonme enbodi nents, at

%%%t“hé?rn%rc%ﬁw&eﬁ%né,ogtmdgt otal pressure of 3.5 MPa,

Catalyst that have a large surface area with a minimal

amount of catalytic metal (for example Column ometal(s)) on
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20 hydrogen consunption may be from1 NninBto 30 Nm

/m8, from1l Nm/nB to 30 Nm/nB, from5 Nm/nB to 25
WORodEs22Dr from 10 NnB/nB to 20 Nm / nB. PCTIUSIINE 046927

enbodi ments contacting conditions may be controlled to

produce the crude product; at a partial 25 pressure of

hydrogen at a pressure of nost 7 MPa, and wherein

hydrogen consunption is at nost 30 Nm/n8. In other

e aodidrertsceotacid g weondhl i vasoraa e eonteehl Bthd Ghe

produce the crude product at a partial pressure of

Tf%/f(ﬁlé@éﬁ getal p‘f@'s%tfr SUGPORDst 7OWPd 1AiWd °4 tRAperRAte and

@1@8tn & themperdt W af al eastt200 81y unifolh sOME
enbodi nents, the catal yst of the application may be

RPN S Bi HEETON Wit [FOBE hBFLRE MYt s WAART eXahit e

af1-anat her satahysd dsiagcahal ystuihaly icackydes: tate
supported catalyst fines and/or mneral oxide fines.

SicH Cattary8i stare deéscr Beate ntip s mapaPenextruded or
ApRldcaticonsxentddd edahiCatal ysthand £2r ogesss| Oiakﬁlftecs,
Manuf acture of Utra-Low Sul fur Distillate Product”
@Qd IR TS g RF TS BT €3EEVY OFf dP Bt dgr ysbound aggregates
dydredesukt up gzgﬁs%%o%t akyshsand Meihad ot .Meki ng; and
Use Ther eof and I nternational prl i cation
NGRS D02 P8 25701 £ in Bhart, talib1Hha Vil & sr-e | ncor por at ed
her eidy 1 Rynr @fﬁ&%‘fﬁs %rn@aeggﬁg&r@fmat%e%oﬁeg&ed with
catalysts in a sel ect ed 10 sequence rmy control the
sl ce MoK 1py opertynaipr venehts dlorsuiffebf eedi = For
EXBMILr ancatdd YSimavisnNg sa, suLd 388 0f at
3%%@{{%5 dgscr% herein rsljra?/ be ﬁ%}:\ceg uSst?ea?no
el cxatrakese havr rfgw@psl@nfé@édar*esweoforatcorléastlm;ﬂotwe ’
rﬁ)p%aé HTRAL 0F th‘?% %%%905 L&?&W%o%dfn%&ﬂ I the
resence of t over surface area catalyst may
q;@dmaellzy popvi oteofce,heghetnpohent st tafdty @@nwiﬂ@uﬁee tG@lumn
, riion f 0 at
conéttr ﬂ%ﬁt ZEF%Sﬁf‘%hﬁv}?Cglcom t Igaféﬂgals%t rggl%ggrgin?%lﬁlyoftq%e
rﬁﬁ@&pﬂ&l aeaemxm Lattﬂleaéate gopont i omegklrtet aks (awre)
g‘”bacanscal 6$,%%, %lsﬁgrs%%‘t ctaf 1A t%reat ed
rocar bon'f e er surface area al yst
lbragpefnmtohepfr eu@c@)mHsn@smeyal cmppienr ttentepbervamadi um

qntent tals | ts rganl
el o Selaron e Ptn APy B Phperqrpees
2% /ompresbode sentis]s |arrppwegthﬁd1u5®aihioe1 IFefés oforttheeining
catal st andlof. {he. sLapiLity of fhe fydrocarbon.
?e%dlltot al” pr Jget M xtare” | pr ovenent ?ys
prdceasaredi/ ar shabs) |ﬂe}fnp@frath@ehyairﬁcﬂ)qafetascasMrbeedbt oblalainable
kg% uct m xture, durjin rocgs ﬁy

n%salé%gu g LG et o rEE f%? l&a?sﬁm@r%%“%h%s
@dcHreagtes6 NDAt Hishe ambaldiheass, hcyﬁﬂfll\tmgt bout support
repl acenent f t he in the actlng zon

A Cont Lo s ?gﬁgﬁs?sm%?% fbaa RerdfaLter

@ddaowstr educhton of (smeicseesi tytaBfs %a&tfaaepmaylmweqf the

the C5
Brgnsted acidity of the catalyst surface because less alumina

o be

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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asphal tenes, at |east a portion of the netals in netal
salts of organic acids, at |least a portion of the

WO e®pdse?7 or conbi nations thereof, fromthe hyRPEDUS200D0M6927
feed, before other properties of the hydrocarbon feed
are changed, while 5 maintaining the stability of the
hydr ocarbon feed/total product m xture during
processi ng (for exanple, maintaining a hydrocarbon
tf@dsﬁ-f\é@buﬁfoifh@bﬁt\kﬁsdlje@) metThe @bidist t(@osebegtpmgl y
change properties of the_hydrocarbon feed may all ow
T ipi £9© ?Uﬁﬁﬁgfﬁyd98€§FB%nt?é%ﬁ%iSFéﬁlpP%dﬁﬁi 10

M AL thanbRowed M@ded sdUbEBEGr PIOCeSSiR@nbedded tdtal
some enbodi nents, conmercially avail able catal ysts may

TR ot ORBdS BRI BT St hedeatallypstsmeFat hen the

sved o taereguce; sselectads propertiesinal/ otheaf £eghic
For exanple, a denetallization catalyst may be

st Hitoned 1Be deRlst i samyor L AELR rat 1eapal §spo¥iglon of

#reduce stihecNnb Ve Re, cont ent-rgfct he ldide tpnoducguAshg use.
conpared to Ni/V/Fe of the feed. A desulfurization

TR d19FStl SnByY beOPosiA iTORed UHEWAS t T o dihicofPafRéYST through
St lirzahb opueal @l vt the Eeducesd %ﬂ%@%@ﬁ%%& of the

content of the crude product as conpared to the 2
¢t VAt ot Bont eydrsfartlee feed: Exanpl es of corrmsr ci al

cat a'vM%%uknmyﬁﬁnéﬂ%%oHQ@ZQy ndC234 831_1}, i is
C344; AL, CAsk; G344 °Chda;” CAk7," CAsA CA4B:

mazqhmsslth@m@@tlpmsotemh@tlm@@@/ou\m@@lng of the

Wen@@zé%égth@%ys@w& 9 ¢ Qhe%§99tu%%er
330; RCA00; RCA10; 'RNA12: 25 RWAOO; RNA20; RNAZ

RNASE; CRINBBO; 6 RMGZL0; lmmﬁelgolm%@xmmg@ysRwsogtc)fucture
o030 £33N £0FPy AhlRm SEM3r 6121 AP Rl HD%ne

ch are ava| fTom nt ernati onal,
¢HoustlontrTekase 4f S.hA pmbeddsdneaterhodi.-nefhs, otdrer of the

QS 46, angLe %l e Qfet%‘%m&ﬂéé' M%té%g:@r@d ¢ sele ted to

mnimze ne ogen uptake whi tai ning
@yﬁj&mrlbonmé@e@di ot dlheprodact oStalandartbpl Msnahain rté"te

dro n reldu ent., ,V nten
%‘3/ ly%I atrgeégn eatt(l OCX%I % ?f eorme%cgr%bl ng ?ons the
néerleokiok mheihydﬂﬁﬁamboadfbedc@mpaﬂan@athaon@dr of the

ithin 20% of th respectlve properties of th
VAPRLS ekt st o PR e kB R Ty g o et the
@/@Jsmosia pxofiet he Craidedprodiicthé chalummﬁ m80&3 opfedihein an

ARl gravity andior the 5 viscosily of the ?Ség!no}g%abc%nm
et “For “exanp e X5 he “Cortbi nati on Bt Stie W d
aat/alry ssedescot bed tahowve ahautﬁ@t@dlrv\flét(heS?oaﬁﬁﬁS6 afietatl in

nost 300 nR/g and at |east 315 n2/g uses.|less en
o1 HG pPoEELat M P CURBA ol 67 P Phes st N e
cedalypet chavinnge ansidlf @0 e aaeeaulodt Att NSty 3aﬂdém1y 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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10Reduction in net hydrogen uptake by the hydrocarbon
feed may produce a crude product that has a boiling

WO 200g@3destri bution simlar to the boiling poi PET/US2009/046927

di stribution of the hydrocarbon feed. The atomic HC
of the crude product may al so only change by
relatively small anmpunts as conpared to 15 the atomc
H C of the hydrocarbon feed. In sone
eradigrents, (gab atny)st csekbect kot agwl orc qnden of) to
catal ysts in conbination with controlled contacting
RIS Gn§2Ef oY Sexdiidl EoFehplr &fiure tafdPetern for
fydreeankonibeege f10wWr atehynayr AssdSion Bpbedeh NEror
hydr ogen upt ake by the 20 hydrocarbon feed,

et Ht & nPRg 2R Ot b diref Bed/ Pot Al - product ni xture

st abifn kymdUELBE HHOLRRSSIBAra@hth g hargiingnope or nore
properties of the crude product relative to the

PSP i/ PEPPP B et tilie coff o Re Ryl bEdHr Bofetaédsupport

mialkidd tyraf sthe dwsiaeanken feegdiiotaly/Broduetr is added
m xture may be affected by 25 various phases

SR pareaCioAg ™R brift el /iy dee Ar BoRt Fieed/t GEar Spr d8ukgrmation

& Xty ec1Rhase ﬁé%&ﬂ/ﬁﬂp%%rHHMi§%h£éﬂEﬁ%$ BYrtfOles. The
exanpl e, insolubility of the hydrocarbon feed and/or

v ifde gprdaiceiinte ey drecafbeon FeeditopaPupEddied oy

§Géﬂlﬂé%hoﬁgoggu£ dfy%do&oaﬁﬁbél@@§Q§ﬂﬁﬁ9ﬁ%tB@tal/support
hydrocarbon feed/total 30 product m xture,

precinsi Partrehref curponents fromithre tryéeoéarben into
feed/Hotal E&Q&%f%s MXLULQs OF - COMDI DAL ans LHereofiteq

At certain tines during the contacting period, the
‘toncentrigt pohdof adgidroocarbeonsteddr and/csd, t erdl hpdtogicioric
10 the hydrocarbon feed/total product m xture may
change. As the concentration of the total product in
t he MWpdr 6oanbont Sudtedd/stiprakt pnoducte miaxt beefehangasto

tq _fo e} t . p ct,..sol.uhility. of
gﬁgné%ﬁﬁo%gﬁ%g %ﬁ§§%éﬂﬁ§%ﬁgg§?b%ﬁ ce Izn ﬁg? abYaf
compoizent ST pdet totesl (produdétédn trey bedrotarnbomng known
éaeceaq/ ts%t %lu E)Eﬁgu ett}{g { l’é[)efg%ﬂg%artto' C I%%ngeThgo articles
exanﬁie, tﬁe rocarbon f eed y contai'n conp nent s
ndratoel Bearetsebtdhl eati r tthephydrocarbonr freedeafrehess °C to

idni ng -of pgoc I ng.,.As .properties of the.
Ry GCATOoA T oeh Chatba (r of EXarbIL AM °Gr Giy for
ansgos, t Yor TR - Chasphakhdnes, ul:Malthe, moisture content

oS00 LMo Comenerte By tend, Lo
produti Column 6 metal (s)/support and/or the Column 6
metal (s) /support particles may be heat treated (calcined) in
the presence of hot air and/or oxygen containing air at a
temperature in a range between 315 °C and 760 °C, between 535
°C and 760 °C, or between 500 °C and 650 °C to remove
volatile 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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15 m xture. In sonme instances, the hydrocarbon feed
and the total product nmay formtwo phases and/or

wWhewomss2ehsol ubl e in one another. Solubility cPERye209/046927

may al so result in the hydrocarbon feed/total product

m xture formng two or nore phases. Formation of two
phases, through floccul ation of 20 asphal tenes, change
in concentration of hydrocarbon feed and t ot al

Pt arand/ 6r L Piagkondofccappmertsn. t englsciGing
reduce the life of one or rmre of the catal ysts.
FddiFERAIPYeS t L BtF GPeRcy ©Bf QH%aYprlélGé%Sﬁa?h%émre

feduced.r Fae exaum) s, rt%@@abﬁgnéé eatdrentstefiphPeon of pores
hydr ocar bon feed/total 25 product m xture may be

ﬂé%é%?aﬁyrféc%rmé%hcméé b]?%o‘ikttawstthléegweﬁs

OF Qpefitiesn removn%Jrddﬁ@o@'h@@e§1§éiﬂ%or{t|1§b8t¥ajcé'ehﬁjh

t he hydrocarbon feed/total product m xture max

Yoii asgited 28AOF hee SBI5i-| | t yloPie I"%“liﬂddé@élé% Co Umn 6
fwdi10GarRepLE eeds orand/i01 ohY flE pCi8s hon 30.chiegd/ kot @lperature
product m xture may be assessed. Typically, a P- value
ithdthd saagembsem 131B°Cndp cat €€, t hat thé ocondeatfirom 4p0°C to
% hal t enes fromthe h¥drocar bon f ggcgeneral Ig

o sOTI 19 tHIE PAPAPUGTPE § T ET AP QUBICH| dRsPrdop tarfFeate

SUCh - vakdgcel Heseases or is relatively stable during
contacting, then this indicates that the hydrocarbon

feed & $atel 48 vl sHaBeradure iy ¢ divacevagtagecusly have

Aydiear bonef eedd tolal.preductnm mw&p&b@@géhw, c@%lyst,
assessed by P-value, may be controlled by

%%rﬂ%edlaltﬁﬁlgt%ﬂ?%?qﬁ @6ﬁdPPW%ﬁspr%%FUs}—’é}ISedfPéne%#mpler
catalvstsesbyrsgl ecddwe conderi g Of 1Gat’l ¥shSecOhng
conbi nations thereof. Such controlling of contacting
RIFUEeEn 8 L may 1oeh u7déﬁP@®n€Follﬂ1>W1g5 MY, orefperatture,®
W HSSURee Bydrogen dﬁ%tp%lﬁ%ethgEQfaJMlyfs%eﬁay OW 0Pl
10 conbi nati ons t her eof he accunul ati on of
=t afent-oahe/ BEn | HSGlub éeébﬂfn@h@ht@ idRapEeng ellet or
By 1lead tQua PEESSW %r%'&é@ggn@nt}‘ié‘%y‘?ﬁ%%@%bﬂgf@é’cﬁ‘%ay be
thus “i nhi biti ng hydrocarbon feéd from passi ng t hrough
T worEadYi AGYZDm S sdes Thedcd ol starey. bA aonfagfiaf
wf‘&{ %a%%wcﬂﬁééufe%d‘f%r' ndi 9@5% F%ddﬂ%'oﬂgs‘)f Ehfeast 1000
catal yst. A change in pressure o | east 3 MP
heast, stMPagsat20EagtouzsiPal brast 3@@5ﬁlom@swP@t olz%ﬂrsta
SR thoReLi od of 1dJm Mol pdicat e catal yst pl uggi ng.

ring processi ng, e inlet pressure of a contacting
20 zdme sgfneaemb@(@xjnm r eatbbyshaynde beorhtoeeteriked by

h
o T EPEUER e he shrary SR e TP h s B PR B Bl
lv.lit fdr@anaylbmltamste:d kp?prandmmieats,e pcn:edepd)sme, osurface
SA”E‘Q} fcz%ﬁmﬁﬁétlonsﬂ‘t%e'r Feasffh asc AOSLL Q) nave a

ores of the ca thiig? 2
dESlIH’JJmIttIng bfommoﬂ tqumnhydyocarm fegieg st heosgh tdee

fg%e éfsng %ﬁ% T edi A% %%&%ydlg¥g{QEQQp%%ef%89eh§¥%£g

Vi SCOSItIeS
distribution may be in a range from 30 A to 100 A, 50 A to
90A, or 60 A to 80A.

The catalyst may have a pore size distribution with a
median pore diameter of at least 60 A, at least 90 A, or at

most 100 A. 1In some embodiments, the catalyst has a pore
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inhibit the hydrocarbon feed from being transported
and/ or punped are contacted at el evated hydrogen

wee@sasmes (for 30 exanple, at |east 7 MPa, atPCEHSI004@46927

MPa or at |east 15 MPa) to produce products that are

nore fluid. At el evated hydrogen pressures coke

formation is inhibited, thus the properties of the

hydr ocarbon feed may be changed with m ninal coke

@Iﬂduﬁtsit‘;}ﬂbuﬁiﬁﬁaﬂlﬁ,&dléaCEnie@maﬂfp(yféQQL%jnfey,err esi dugardfd from
1.C7 asphaltenes i s not, dependent on hydr

?JQ dsdiir &00r Bdueth oiP o thess BY obelrd i0dd nﬁg,gﬁofltolceﬁﬁrt 605

sl esptbhencapt acd i @ enpar ahirgo#s Atzel @ast r 396k ©n
For, sone 5 hydrocarbon feeds, tenperatures of at | east

BEYS fafoBR fedlf red "HEPiadat et detl rfed Opr 6Peft P BsTRS

e hydieeanbon-feed to produce a product that neets
the desired specifications. At increased tenperatures

coke oERBEI BRCARY DL EUr PO&EF ehho-aine |y &PEG Shydy ojfert

LSS .es cnPsy t Re praperbi escdl/ ot her 10 hydroganben®/g.  1n
feed are changed, the P-val ue ofCJ t he hydrocar bon

?%@%P/%%@@POE%%I@E\?' r?é}%edé?@ﬁé%eo%&%ﬁslmgyaﬁ@l%%? from 0.3

é@b”%!ﬂto”@é’ &ovg causingqt he Product Mt we t@/g to
beco unstabl e. “Since, el evated hydrogen pressures

¢ euir €9} ar ge ampunts of hydrogen, a process capabl e

of reduciRg-PrOPELd i8S thhat ke, dsS i 'H&%@%@dFBEeé’fhamng a
pressure at mniml tenperatures is desirab

prscsierehar opereaes at apleself s afd @orgeshavinpa pore
thdIpeLatuLesoply alhdbeast 2004 iddaadtnBhoducing
sedi ment “and/ or coke are advantageous. During contact,
tHer IPpsrahae aayaber Keptofabogerdr® Wl 2@ e@npnoﬂsuwlng a
in t uhe. 3 Fo e.a@!‘gal AL
Eg(nn’ﬁe gﬁ%%t%lr g]fc 2 tszcn%e?aturgé i ncr ea%?esAabggggt Sr%)osct‘ 100
A he M\S@meeezdb@@sndmisowtbeocahellym asdescapbon80% of its
§§¥5“J6%%ﬁl Eé gé%gslﬂégi%re b§§%gg$léﬂgﬂg%b%% Lfmggg 100 A&,
enperature reases m ni mal an es to
dtheldasdr 06apbont 2o deedopropeit i esragcdwvsng a poreThe
§Lf ot aduct pLoguced fay ,cophash g aulydeacarben,ce of
ee vv|t one or nore catalys esdribed herein e
Pee usefulvollnna v dey riangeret appluicat icors dmaherdelngqf at
Péjats not,, i mted to, use a feed to refineries, feed for
procfum ng 30 transportation fuel, a diluent, or an
enhangi rsgmagembodmennMeltgeouadabyé.t meaq;onewy at least 90%

ogesses. For e Ie hydrocar bon f eeds haV|ng
(%P ch?lawty gf At ostoro (?gr exahpiE bt ueA 2

dnesangteai bt at rsamtdsBOtDr ude) mmy be converted into

vari drocar on stre thro a series o

b o dds P SRR s o BB RGEEET: D0t GV ExBREIeSt 47 oF
ehuldatd Rrglbed Cf agkiayg hunihg a fdid dlicakakyt b€ at least
1%1 cking unit, thermal cracking unit, or other units

‘to convert
Such a catalyst may have a pore volume between 0.5 cc/g

and 1.0 cc/g and a surface area of at least 340 m’/g. 1In
some embodiments, the catalyst having a pore size
distribution with a median pore diameter in a range from

about 50 A to 100 A, may have a surface areas of at least 340
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5 hydrocarbon feed to |lighter conponents).
Reduction of the viscosity content of a hydrocarbon
wo e@d/18:22pr oduce a feed streamthat may be pr oRPEBES09/046927
units may enhance the processing rate of hydrocarbon
feed. A systemusing the nmethods and catal ysts
descri bed herein to change 10 properties of a
hydr ocar bon feed may be positioned upstream of one or
rﬂ%ge OEu%H%l;)ﬁJ%@d | BgelNhd §. bdreatameahgef gi&e 34bo Orln /g to
raocar bon ed in one or, nore systens descri
%}égﬁgna§ %ﬁ%é@céo 4?%é%/9ha?r %%éd%ég thel %ﬁd%é§5|ng
rat e coft aijer6ragki g sprict rhy atrfLastapoiaglpriofqe,
at least a factor of 15 4, at |east a factor of 10, or
FMrigsseradfactof Rﬁr91§GStF6PU%%%ﬁﬁﬂQ§SQ§l§§§t%ﬁ?Y%ﬂmaY
dfealicn@naahyds ol hondseed BaMhdg-@1Viapeskhyi®fs alt 1ow
| east 100 cSt at 37.8 C and/or 0.1 grams of residue
Dets grr&m 8P dhg e GtiethFmPeEat whSS i nclaurdé=ereler Wit e

EON1BL RYcsysb e Aasehi hedehesei e pasit bepedor run time.
upstream of a 20 cracking unit. The contacting system

Ty GORENGEE Bre bFSTorE Yo Reapy st P desk obédehbi @ rpurface

Lapable ot BBQQ}§%€Kde/%rU@ﬁeDﬁ&%&Kﬁ NaAGuRion of pore
viscosity of at nost 50% of the viscosity of the

Walrdear bontheerP s FAUGCCoAnE D rcata ivsst: 9@@@%1 e
rﬁ@@éldsu%fOfthEhga@é/ﬂ}'sO@%re%%an @Q}gose-rchefoq li@%g@ffolgé@fods of
and/or a 25 mxture of the crude product and
hyet-odaisonl feetn eyl dmceporpe ef ddid imgtanivet Sp rmﬂéumal-
408 (IH0S PEOCUICL ANAIOS oh XEULE P NG L UACOPTG
and hydr ocar has a lower viscosity than t
ford gioval vhydnecaf bore fceddl vehea processiosgssare @hr@mjh
- [ [,n
%ﬂ%ﬁ%ﬁﬁ'n?gg/ﬁpdﬁocareg% épyﬁgiﬁ%%taﬁ%ﬁggs?oﬁlﬁiable
@rémspabcessaSphaﬂtem@yewayOb@ldeﬂsﬁh&h@edapnn@rtMQ)same
;ge rs%%%ﬁw&n,”b%ﬁ? MeaL LD Qu{%féé“ [ 0PErali Ofying &
altlng processes may involve solvent extracti
éwmﬂxméd canbagtt ng theperuderws t fayicat dhyst 31 6°a erdve
asphal t enes. Reduction of at |east a portion of the
—b'%ﬁonéﬁt*éhet hznosoRtPinb &P € GovbSedsi oy, 1at theasinge from

o 4 t Lribute t
%ﬁ%%gggagé%a Heggo$f% 3 OQ?ESagnaéQ%pﬁgﬁi?né%§?8%ess

srayi Jedr @bmat&1@hﬁxﬂ&€@nﬁ0ha$ﬁbwQﬂhxethaﬁthﬂ;omﬁdMﬂﬂl
he anoug qylred sol vent, and/or enhance the
??q%F%ﬁ7§08faf%% deasphal ti ng process. For exanple, a
syst em fcek-t b gadgd ianchydr, oens b@@tafle_@d: havkng, iPeshaped
gran1of hydr ocar bon feed, at |east grans of C5 10

| teReS*afdtor {5 feérsanﬁy%f“?ee]’sﬁ'dﬁ@ Ry grtrudates.
wh seael tyoetiiaént £asihel@aedl yat 874/ Cmpy chbgl pgle one
or nore contacting systens described herein positioned

Rigstearh of aud A itRgTulP t2 ! THe [deiitadPr hgt sYstein)

hByhd nelcudeqo8g viowdrie eatakyst sralesGianped, heeer dnr™
capabl e of producing a crude 15 pr oduct haV|n% a C5
%l’scﬁﬂ%ﬁstfeﬁ@% cohtEtiorRadr ABSt) 500 ARe SRYEFHRR bon the

Ph@étm GoRheRtl radge@si que content1of @le
nDst 90@60 t he drocarbon feed residue content, a

%A 'sclosit yagf Pat s d509g0f L ERePhyh GCATh A W%c%t'retlyVSt

Wt MRiRabLansoh herepfchathen st wgles praduet candi of i &y

m xture of 20 the crude product and hydrocarbon feed
TREPBRCSr t he~deds phalftiragatnrt . "y de i Fe et blger gaseous
P PAUEt andkose M xtule Rk sthee corde, rRduct o@nglcﬁthﬁj phase
hydr ocarbon feed has a | ower asphaltene, resi du

and/or viscosity than the original hydrocarbon feed

the processing efficiency of the 25 deasphalting unit

may be increased by at |easf85% at |east 10% at

| east 20% or at | east 50% of the original efficiency.
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EXAMPLES Non-limting exanples of catalyst
preparati ons and nmet hods of using such catal ysts under

w@ownsd2ked contacting 30 conditions are set fRECT/HS2009/046927

bel ow. Exanmple 1. Preparation of a Colum 6 Metal
Catal yst Having At Mst 10 wt % Mol ybdenum and a
Surface Area of at |east 340 nR/g. A support (4103.4
grans) that contained 0.02 grans of silica and 0.98

gﬂaﬂm»lalmgi R3cPes QIAMBf csyppPestl mas carbuned Whdiuding
bdenumtr|OX| de (409 grans)_to forma M)/ sup )port

?ﬁ&itllﬁué Weeh %OHﬁqlé?ldneﬁmnF%Ol%reu%m P¥d FREL 87

42@9@,&%%@&510& P Adre MaLkSHPPOHL s ¢ el € nandst heatent
m xt ure was mul led until a loss on ignition of 58%

N@s obt*& méa2 BrisRPeeentr fhg, 3He Tdrfadthess et et

powder 1vas NRNEL ofed ek o280t ROdimptescands d-amt %
(based on loss of ignition) of deionized water was

added ™ 6OMRET At &t AP AL OPRe $B% olifgArEion Yaltte

MRS RRedn g The PH 0fs, t heeCco rokQ sMRLSURRREtysts are
powder was 4. %3 The cqnpact / support powder was

extirirded 1SPREI1EB 4RA K PEBE ARt FFSr RPBERS e |GpErol

exd . tacpantbelepirclhe extruded pardi elas;wgrersdried
at 125 C and then cal cined at 537 C (1000 F) for two

ORI ePEE RV t Pr-Tatsdlsy Sy ThlL: siRdctdeasiey of thre

catalyst wage0- 547 HiMaesThepL gsul £d ing reat @hMéBced
cont ai ned, per gram of catalyst, 0.08 grans of

Wkgﬂﬁdén{uﬁm e hPrerenssl Qﬁcéyﬁé@@@ suppace. wIrae heated to
i yhdenum.cat @ﬂlé’ﬁttﬂr%e w@BEQ”Ud@%] r&?t 22h¥stoh %ﬁ’é}@&a@ the

nmedi an pore di aneter of A, | east 60% of the
totalystuptier of slxgripor @sriindt e Wamee msiyz @ ndics 8¢ bittd on

Widg Bg&%&'&?ﬁ@f & %H%Q 6%% %_ rto*&% UEG! gﬁ?m&he

I anmet er, ore volume o a surface
mréaaCd?fiHQSSYﬁrﬂﬁérg. The pore distri butl on as nmeasur ed by

e e e R e e R e e
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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embodiments, the catalyst may include at most 0.1 grams of
Column 6 metal(s) per gram of catalyst.

Without wishing to bound by any kind of theory, it is
thought that the addition of silica to the support may allow
Columns 6 metal(s) to remain dispersed throughout the support
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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Exanpl e 2. Preparation of a Colum 6 Metal Catalyst

Having at Least 10 wt % Mol ybdenum and a Surface Area
w@tooati3f2enst 340 nR/g. A support (3000 grans)PCTES2009/046927

contai ned 0.02 grans of 5 silica and 0.98 grans

al um na per gram of support was conbined with

nmol ybdenum tri oxi de (797.84 grans) to forma

Mo/ support m xture. Wth a muller running, deionized

M1y c 4092 £ £6d g e B)otWas gaddedard o1  heaMokaupporé
m xture, and the m xture was nulled until a | oss of
?%Srﬂjttllélﬁi SFUQGSQW%%%H@%%@I&?%@& PEPREGE &S haelative

obtanedatbekrabouteAD aianUtesy, dhendid akctpeable for
Mo/ support m xture was 3. 83. The Mo/ support

T 3RO bl s OB xR pd 18itRgRe: 3 mmtril obe dies to form

1. 3 trrel ebeaexst ushate papbickesi ol gp%rehb%%orﬁ\%r?ents
dried at 125 C and then calcined at 537 C (1000 F) 15

FRAT (A5 THOBFES The Chitpacpedibutie derfsi of sfheRecatalysts
B2l 85 oHaB: O 34T Gk ocThSof el | ngosababiste,

cont ai ned, per gram of catalyst, 0.133 grans of

FRAYBASNERE Wt FOTHe 194 BresCpeihry difssBrota¥heroduct

mRlyhdendm catal ysteres h%d@gBQPPéiﬁl FRf %!axstmhgyw%lalgging
medi an pore dianmeter of 88 A wth at |least 20 6 of

vhethsralcananters gfogidresefndpes Porad sigpd thus, increases
distrd-byhi g hayd ng, A c}%%ft%cghééméﬁsrté{‘ﬂ by nbé7n§?P§téJ‘e

nmedi an "pore di aneter, a pore vol une of
‘altémwtaéépé?éas}@ﬁef%@fn@/agalmbs pore di st ri bution as

nmeas yred cQ¥aﬂ§£€%¥ QN %gﬁf%é%&‘i B L bactcanagl &, Qf
140 is shown in 25 TABLE TABLE 2 'Pore Di ameter 1 n

O RGr @1Vb| gnkower 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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catalyst fines and/or mineral oxide fines. Such catalysts
are described in U.S. Patent Applications entitled “A
Catalyst and Process for the Manufacture of Ultra-Low Sulfur
Distillate Product” and “A Highly Stable Heavy Hydrocarbon
Hydrodesulfurization Catalyst and Method of Making and Use
Thereof” to Bhan; and International Application No. WO
02/32570 to Bhan, all of which are incorporated herein by
reference.

Arrangement of two or more catalysts in a selected
sequence may control the sequence of property improvements
for the feed. For example, a catalyst having a surface area
of at most 300 A as described herein may be placed upstream
of the catalyst having a surface area of at least 340 A.
Treatment of the hydrocarbon feed with hydrogen in the
presence of the lower surface area catalyst may reduce a
portion of the components that contribute to residue, at
least a portion of the components that contribute to high
viscosity at least a portion of the Cs asphaltenes, or at
least a portion of metals in metal salts of organic acids.
Contact of the treated hydrocarbon feed with the higher
surface area catalyst may further reduce viscosity, copper
content, vanadium content, metals in metal salts of organic
acids.

Arrangement and/or selection of the catalysts may, in
some embodiments, improve the useable life of the catalysts
and/or the stability of the hydrocarbon feed/total product
mixture. Improvement of a catalyst life and/or stability of
the hydrocarbon feed/total product mixture during processing
may allow a contacting system to operate for at least 3
months, at least 6 months, or at least 1 year without
replacement of the catalyst in the contacting zone.

Combinations of the catalysts of described herein allows

reduction of: viscosity, at least a portion of the Cj
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FIG 2 shows x-ray diffraction plots of intensity
versus 5 degrees 2-Theta of nol ybdenum tri oxi de and

w0 b@asal yst as prepared in Exanples 1 and 2. PEI/082009/246927
represents the spectrum of nol ybdenum tri oxi de. Pl ot
114 represent the spectrum of the catal yst as prepared
in Exanple 1. Plot 116 represent the spectrum of the
catal yst as prepared in Exanple 10 2. Peaks between 35
gegraesndsThet aradwt 720 pdegres ar thel aidtave prakevwdtdiS ts
of about 10 degree 2-theta. D stinct peaks for

%IW@&GWFW%M% I5et\e8nPR0t ey rdfed e FREFAANE30

degiees idnthetar&s€ ahsenthbr epupl @:%ckl4ccdlbpe RVt Sther
114, 116 are simlar to the x- ray diffraction pattern

pePedltdfenal 15 Thelcrarngent Fom shat P5e4Rs  f Brile

f@lykdenum thi oxigde 1GRL0br11R) t @y Sihstant irabhyr &1
peaks or broad peaks (plots 114, 116) indicates that

RRAURS JBEEREM FRT 9 lpéfol%\?isﬁ@gl hst e e Lar uRRhataining a

CpVdde9oande£ann0ota bR det geted Dyox-ravedihbiracyian
techni ques. 20Exanples 1 and 2 dermnstrate a nethod of

R Hid Ve leafBRryst RIPRCHtAEPUBESt RO itEECRgPBRe 79 e

oxides nef sQQSnPEy 3% %h@h&}ﬂ?o@af%r@'&e@f/tbbgl Pﬁfécﬁﬂdtc
Tables with a support calcining the one or nore

B toxPEesa HrfeR S\Rsh it 1aE B *@iFErat-ur e from 315 C

to 76Q Gohe Qx%}@é!éﬁ@er?cscab%}nﬁégcfﬁﬁ} Béﬁztallglaﬁes%’@é?ﬂsts
conprises fromO.01 grans to 0.2 gram5 of silica and

F M0 PR SGEanBe € odcovrggr@a@n@f othal et sper o@r &g of
Wﬂon IBer&é‘u&é ned catal ¥stpbas & sy ft‘ﬁ%efééﬁaaoﬁfor

east 340 nR/g, a pore size distribution wt
ererdicdie , por écdé adret leratgfonatandsys10® A bcapdsat 1 deadt
%0of JtS, S r ter
A b o U s ol 1 and 2 Ao dembniir ot o
eordaral pst thhatrwdﬂ:lp;@eiycenes oqcorrm@dre?toale/Wmn of the

£ol ym 6d8fs the, Ferd.odl %a@?g?t rom JRE RLalDN e

conpounds of one or nore met ["umm t he
Rerri odieenTabl ehéarmbrtaaisallpp@atlon\kmtealrysrtheos upp@m the

f 5
FARE SEAmA Trtel ke P S b R AR
mtpmmattomandnvmxet ey thike featial ylsxarﬂmsa oiucbamercaxaela

t least 34 e n with, )
Catc?al ﬁqtﬁorlgcgl (g?re er O%Dggﬁﬁog@ﬁg CE%M ggh? a&s{]’ Tan1;
0% ;0fC3idds Pof &; VO Ailre G4R4pocL €48 haSEDZ’nﬂg asper eD@imie,t er

R e Tk ol R

st 25 e corrpaf I'Ve
mila]wsn)N\BMOprmmcen DN 3Bhe; fnmzﬁm,ngaamnneRMMDa%MM;

s S b T DR e
o e8P ey P Rt SRR T P
ead arg Rm5paot i z;dsmsizza@%etzmen 57@Nd 7210 37 ereBRRt BTS3; and

50. 5_grans qulle&. Wth the.nmul er

W ???Ca% %Pble rom CRI Internationa 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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(43.04 granms, 69.7 M and dei oni zed water (4207.62
grans) were added to the m xture and the resulting

woreoovmse2mas nul l ed for 5 minutes. Superfl oce BEI/USD09/046927

granms, Cytec Industries, Wst Paterson, New Jersey,
USA) was added to the 30 m xture in the nmuller, and
the m xture was nmulled for at total of 25 mnutes. The
resulting mxture had a pH of 6.0 and a | oss on

t@itdencat Oné232r gramkepaldgsamedn Maeiuee. bdhaintained
mul l ed m xture was extruded using 1.3 mmtri] obe dies
Yo hiforrMe1°8 Ehé ]b@o%’eé?)&lﬁfﬁdﬁtf%p%]'at'rjﬁscloé?s theppydrocarbon

exdd udatiecpanti ebesyMeie ydehedoAtt MRS iGchek t§eyerade crude
hour's and then cal cined at 676 C (1250 F) for two

PARASH ¢ Sprbdieet tHE ©4t épﬁsf*PIT%@VdétYalaﬁgfoéoﬁ?%l ned,

PeIcaiar of cad alyslocQ02 Pegiamsrf Jmlybdentimn wi th
t he bal ance bei ng m neral oxide and support. The

CAANPSONsOh BRIdEl CCarar st %%ﬁﬁ]ﬂ@@éi g@p@eslp%\élng

distdduti-esvh t @ rdi agopar ey dinametere 98t Lhi AZWythses
60% of the total nunber of pores in the pore size

St FIYEFOPER Aavt MY R QF6PE 18P ankt etOATRIAN t33uRe oF f ttHe

aBdjan cJaQaﬁ?%@ ﬁé@ﬂﬁ} &r eu@f&@é ae_liré)é)rc% \é@ HABL 0k M. D24
cc/g, and a surface area of 249 g@re si ze
di st rfielﬁiﬁﬂtcfcéﬁnnélasrtﬁiédlyﬂisfpﬁ@nnw*e@?%/gbp’ort@@l fFgcaibap feed

t gle h i J Al Por e
e T A B Fore Vol ame 270D, 61 70160 26,45

JdO0-riZet3pn0ein3mEn 5® 4hg1boiling point distribution of the
hydrocarbon feed. The atomic H/C of the crude product may

also only change by relatively small amounts as compared to
the atomic H/C of the hydrocarbon feed.

In some embodiments, catalyst selection and/or order of
catalysts in combination with controlled contacting
conditions (for example, temperature and/or hydrocarbon feed
flow rate) may assist in reducing hydrogen uptake by the
hydrocarbon feed, maintaining hydrocarbon feed/total product
mixture stability during processing, and changing one or more
properties of the crude product relative to the respective
properties of the hydrocarbon feed. Stability of the
hydrocarbon feed/total product mixture may be affected by
various phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be caused by, for
example, insolubility of the hydrocarbon feed and/or crude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total
product mixture, precipitation of components from the
hydrocarbon feed/total product mixture, or combinations

thereof.
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150-180 2.9 180-200 1.06 200-1000 0.85 1000-5000 5.79
>5000 22.04 15 Exanple 4. Contact of a Hydrocarbon

wo-e@d/1gd2eh Cat al ysts From Exanples 1 and 3. A PQHUB209/046927

reactor with a centrally positioned thernowell was
equi pped with thernocouples to nmeasure tenperatures
t hroughout a catal yst bed. The catal yst 20 bed was
formed by filling the space between the thernowell and

an i mecewdhlnofidde dieaeyoEnwi tdncaltahnysbsrand, the
silicon carbide (20-grid, Stanford l\/aterl als; Aliso
Qﬁréieé]tré,&)lons%Hly%qqaéﬁi’ﬁncg?%?d%mil /OO EY R P Havig the

h@Wodsfrbany fesat @dtydil GrRUORer hiesuNaRly tRenhEOCESS the
condi tions described herein. Al catalysts were

HEfIed AW PR ah Efudlotrdl BREYARbUNt OF SWPFEBATeAR bi de

P@éd)/rt%t@lla%h_’BQu@@inrﬁt)ﬁtﬂér enhhRyOs the T LaBtActiHY FONG.e
portions of the reactor. The hydrocarbon feed flow to

TS EZOO8F tna%C FHom itte Of o pRBf COMRPTISEASE 6F FBSt he

MEM&BN hge & eACH c%knbbﬁ@ﬂt§3<§fbltd1% %%a@%kédh%\?cin
at the bottomof the reactor to serve as a bottom

SUpPOIEOoCoTRe E2RH AP REPEUSHIT i HedehyePAe r bludiaTge -

Foda38@¥3 e, the hydrocarbon feed may contain components that
are soluble in the hydrocarbon feed at the beginning of
processing. As properties of the hydrocarbon feed change
(for example, API gravity, wviscosity, MCR, Cs asphaltenes, P-
value, or combinations thereof), the components may tend to
become less soluble in the hydrocarbon feed/total product
mixture. In some instances, the hydrocarbon feed and the
total product may form two phases and/or become insoluble in
one another. Solubility changes may also result in the
hydrocarbon feed/total product mixture forming two or more
phases. Formation of two phases, through flocculation of
asphaltenes, change in concentration of hydrocarbon feed and
total product, and/or precipitation of components, tends to
reduce the life of one or more of the catalysts.
Additionally, the efficiency of the process may be reduced.
For example, repeated treatment of the hydrocarbon feed/total
product mixture may be necessary to produce a crude product
with desired properties.

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

the P-value is initially at least 1.0, and such P-value
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m xture of 5 vol % hydrogen sul fide and 95 vol %
hydrogen gas into the contacting zones at a rate of

wa2®9i132eT s/ hour of gaseous m xture per vol uneP¢Tii$2009/046927

total catalyst (silicon carbide was not counted as

part of the volune of catalyst). 15 Tenperatures of

the contacting zones were increased to 204 C (400 F)
over 1 hour and held at 204 C for 2 hours. After

holdiang sabr204 £e1dtiedignpenplar&uoing Reneapt asdj Nthen
zones was increased increnentally to 316 C $600 Qﬂéat
iti@ddfratns iz Be PeFTRGAFLOTHE Contactiflt ¥

yens 1Ridikahgedo 2 &tindl6 GyhoscadidUeedy/hghal heroduct
tenperature was raised to 370 C (700 F) over_ 1 hour

e e §tabPii¥ey C oS SRESREUPE . FTHe YConfaet PRgCYoest Led

Mer&ald-anedqt 0000l it ashhentodemer atukeri Mt ef
sul fidation of the catalysts, the tenperature of 25

tHe IgGTtac PV nge Lofiels snes IPai 88 dO T Cat Aleier aPlire of

430 GarAchydreeasbon feed (Beass Rineldr cBavkpgiide
pro erties listed in Table 4 was fl owed through t

ACTFoRBY tRPLEBhCARETAgLzon -0t tr6FPEsAL Ak i ng
% urandnbet b om sUpRALL, af athear8acteq Fhey

ydrocar bon feed was contacted with each 30 of the
eAtEInpStenEnt ke pf esence of hydrogen gas. Contacting

condigt-ons -Wer 82 88, f o %‘é@méé’é'&n@ ﬁ%%%%ﬂl&aéorﬁﬁbnents
feed was 318 Nm/nB (2000 SCFB) an LHS was about

1n 1the repeteproneonteEst itvg 2z Bhess wes esdgtednt 6h400 C
@&%a@c‘l%‘ga&eﬁg b@ﬁd@%mﬂs@@ ?aﬂi‘?dr‘k?c%r%oﬂt féeéyﬂ&m

pressure of 3. 0 psig) as the hydrocarbon feed
$a svied tthrrough tHrfe qcea@tcmmﬁozoge peT ided iofdt Fhew (aboaw. A

2% Nou EaseDi‘% oﬁ%s{ﬁ% lr\/égy #ai ki %?L%'%gang%?tthe

pressure rom a a“and a
offsenised ab aboute 650 kearseantl DO0GaAsGUPSMPAL tdoughest 5

MELE i e%%gfs% hnggeas dﬁ%;ﬁietht% SuBd & grt Q%Ré?@%&%od

Stabilized at about nce a rapi i NCr ease
@fesswelawasnﬂmatms@rt\aé@smplumms al lowed to

The_ P Val q
e M R e R

ove erefore the proce
was: cdnsi déxed lsetcatndae:toEomagxlaﬂph@ltaireM%Aho@wmt he

P-Val ue was.1,0 and the inlet.pressur s_.about, 7.1
Wa (1612 pst ?t Thessiie MgBob ™ EiTs, WAE fApa hroun the

@HE&&M&EeldrmppEbht&ﬁ.bGKMMN Znh@b;tibnudeﬁéowfmﬁ@lbﬁﬂtdﬁsed
net al catalg 24 cnB)_ as 15 descrltbed iin Ex

WL i TBUCR oL T TE0nE B B SRolRal nie Libresse
m )dayoei\t/aSrpesdim@rtedlalynptLhe b@té@mfcmbachtagyznne:hus
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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A Columm 6 netal catalyst (6 cnB) as described in
Exanple 3 was m xed with silicone carbide (6 cnB) and
W0 b@928s2e xt ure was positioned on top of the CPEI/HSI009101#6927
zone to forma 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 granms, per gram of crude
product, a Ni/V/Fe content of 252.6 wtppm a 25
o iyedenurecpnb @ndt 10fn .0. 4inkppaend o MERvEeBs enty of

10.4, This ex/a npl e denonstrates a nethod for
Tont®E& |aH& 55 rﬁi’d?é@%?]o?ﬁflefseé& WPF hdohe i e Rydrogen

St Al Wet S rEaupF osuCsEr arketabrpposucds that nbachudes dhess

crude product. At |east one of the catal ysts conprises
Hife G et MRS A AReCAPURh 52U o0t hé - PeF P B e

Hedd £ andhokc 088, cherdﬁéfr%tﬁ@@@%lﬁdét ofe zeRe 380 Pl”@rr@ay be
metals from Colum 6 of the Periodic Table and

SpPerd tPheedupp s icefpPreesr F+om Mieghgﬁ@%r@rz feed

&5 afRRfucel hi gao@nd: fhm Q805 0FddByd0 Q988 B Hfions .
al um na per gram of support. The Colum 6 netal

%%tlﬂcfﬁasﬁﬁst%m%@ﬁ% Salcéﬁeofoﬁt‘aq%tmaiﬂecﬁmfg egen at

PO Iz 8 dsh & butd an st h - a5 medi ¢ idsaget €fe of
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product mixture becomes unstable. If the temperature
decreases below 370 °C, minimal changes to the hydrocarbon
feed properties occurs.

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 2 was m xed with silicone carbide

W@ 200948827 and the mi xture positioned in the boPCDES2009/046927

contacting 25zone. A Columm 6 netal catalyst (6 cnB)
as described in Exanple 3 was m xed with silicone
carbide (6 cnB) and the m xture positioned on top of
the contacting zone to forma top contacting zone.
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0
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th a rredl an 15 pore dianeter of at nost 100 A, and
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é:cab it b emeten for e reatahysé hydprasdiboe deedtldving a

vg%socdo%%yt hat 1 nelude (e proguct, At d%]%%t/ ang. %o LhE of
catalysts conpri ses one or nore neta Pr ?
Beofduch@er gram of hydrocarbon feed may include one or more
contacting systems 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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Peri odi c Tabl e and/ or one or nore conpounds of one or
nmore nmetals from Columm 6 of the Periodic Table and a
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SorLsshonding 10, the ALoieal 100 oI kOB AN BRLEADe of
the crude product and the hydrocarbon feed has a lower
asphaltene, residue and/or viscosity than the original
hydrocarbon feed, the processing efficiency of the
deasphalting unit may be increased by at least 5%, at least
10%, at least 20% or at least 50% of the original efficiency.
EXAMPLES

Non-limiting examples of catalyst preparations and
methods of using such catalysts under controlled contacting
conditions are set forth below.

Example 1. Preparation of a 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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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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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

60



9 6.6 8.5 8.5 8.0 C7 Asphaltenes, wt% 10.9 5.9 4.6 6.5
5.9 5.1 Naphtha" wt% 4.2 8.0 3.6 0.9 5.1 Distillate,
WaOREH/135227 PCT/US2009/046927

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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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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Exanple 4 4 5 Conparative Exanple 6 Conparative
Exanple 7 (100F), cSt
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CLAIMS

1. 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
at most 100 A, and at least 80% of its pore volume in pores
having a pore diameter of at most 300 A.
2. 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 0.0l 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 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.
3. The catalyst as claimed in claim 2, wherein one or more
molybdenum trioxide peaks between 10 degrees and 30 degrees
are absent.
4, A method of making the catalyst of claim 1, comprising:

co-mulling 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 with a support to
provide a metal/support composition, wherein the support
comprises from 0.0l grams to 0.2 gram of silica and from 0.8

grams to 0.99 grams of alumina per gram of support; and
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Hydr ogen Consunption, Nm/n8 29.41 61.18 36.24 21.6 *
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metals from Colum 6 of the Periodic Table and/ or one
or nore conpounds of one or nore netals from Col um 6
of the Periodic Table and a support; wherein the
support conprises from0.01 grans to 0.2 gram of
sili calandihyormd. .8 gr/amppbetr Oc & griamenobrab UbdMeerature
gﬁ; r am_of su%)orot and wherein the catalyst_has a .
T ade aFeRCof°at § Qs Pr8YOIRD? 2 lEip6re Cefabyst having a

distddbut-bancw ih @Jmdizan porg di perkeri o @tstmMfution
100 A, and at |least 80%of its pore volune in _pores
v iy "edperePaf aretd@cter af abstoBod R 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.
5. A method of making the catalyst of claim 2, comprising:
co-mulling 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 with a support to
provide a metal/support composition, wherein the support
comprises from 0.0l grams to 0.2 gram of silica and from 0.8
grams to 0.99 grams of alumina per gram of support; and
calcining metal/support composition at a temperature
from 315 °C to 760 °C to provide a calcined catalyst, 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.
6. A method of producing a crude product, comprising:
contacting a hydrocarbon feed with one or more catalysts
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 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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13. A hydrocarbon conposition, conprising: a

total Ni/Fe/V content of at |east 200 wt ppm as
waledensizeed by ASTM Met hod D5708; a resiPEUS2009/046927

content of at |east 0.2 grans per gram of hydrocarbon

conposition as determ ned by ASTM Met hod D5307;

a distillate content of at least 0.2 grans per gram of

hydr ocar bon conposition as determ ned by ASTM Met hod

D530% nhydrocadbsilddipozanrtent efm@tidieast 0.04 grans
per gram of hydrocarbon conposition as determ ned by
ASTMAMECHBY a2V gsgtent of aahi 1§aitc #0BoH - PRRI #ue

gond et eaf Hat abeasic L6 pghape per gram of hydrocarbon
conposition, as determ ned by ASTM Met hod D4530; and

wher & FeEREVAYEP VD GT E6npB3FEi b KESTE PPECESIT o Tof
ci‘rﬂsg?)%trblagoc&%oﬁti%z} 8 sCqasc oot erdniedshy ASTM Metdmrh ;

.14, A transportation fuel coqfr|5|ng one or
nor e GBIk a ke feAEaOn e fprbdteatt f4-gmoFRes per gram of

S RGCAHBAN -6RPPOS PR sasceLah IR idy GlsahmidBnod o5 R 7;
Il uent produced fromthe hydrocarbon conposition as
cl ai fedYUlpue| appyrss 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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