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VETHODS FOR PRODUCI NG A CRUDE PRODUCT FI ELD OF THE
I NVENTI ON The present invention generally

WO edoaew4d 0 systens, nmethods, and catal ysts f oPCT/US2007/080410

treati ng hydrocarbon feeds, and to conpositions that
can be produced using such systens, nethods, and
catal ysts. Mre particularly, certain enbodi nents
descri bed herein relate to systens, nethods, and
catal ysts {iTHONY FOR PRODUENY I@EEHRIRABEET! O 2
total product, wherein the total product incl udes a
crude product that is aliquid mxture at 25 "C and

E1® O \i or more properties that are
changed preel Rl Ui Qeh BB ERRE A e S LARARRERH Byl R
hydr oca BSa Ve‘g? %&%%R};PTI B o V- AR R %trfﬁsofes
ttdafing lmlvce:axbne fagds, ot © comgositiabltet pmdparedues] ushgtsudosystems,
Iﬂ@[flocﬁl alngvgatta ?tscf\/ﬂ)g arttic%la &R %gi:nle%{tstdgs%ﬁﬁgﬁ{eﬁr&lgrelate to

processed usl ng conventi ona CI Itres, are

wamm mheyhadefagd Cﬂdlyitmf(ESOﬂ'\deSmd)f ahydgeabarfodes '4.total product,

5Di.s t aged cru n
VRan B BAES: BHRERE PR ar et B e p s RA B ana
(. e MPaugiel Haeeak orbh@apiopatiagast agd chdegedwelhdiveao telradpearety
i gh TAN contrjibute to corrosion of netal
B%ﬁt ﬁgﬂl‘egﬁéﬁﬁﬁr (ﬂl%? nsporting and/ or processing of
DHSCRIBEHONOFRECUATEDIERT Renoval of acidic conponents
Trom di sadvant aged crudes i nvol ve chem cal |l y

neut &¥4es taghayeioas er IB%rﬁﬁBWétﬁ%/ & PiaPeTes Gt doget ﬁg)gve@e crudes to
) ceSfonat £y Yran HORET, bPFoBRsdd8BInG lcaMlen Bia PlaSiliTEY alB @oMaRHly
in transportation equi pnent and/or processing

relurpinerit disahyantgaed cgldegor r osi on-resi stant nmetal often

' nVOlDi@d%lvasﬂte%@Ji Eﬂu@@%aﬁﬁﬁﬁ(ﬁ%1d1@{&nﬂohéﬁs thEtQ%nﬂﬁ%@teQ(t the total
corrosion-resistant rretal in existi ng eC]UI ment may

aqisk nlmé)eﬂ(e dANAboighe apda feed: IPisadvariaged cruslas with a é@%trvelmheﬂh TAN
rg%y C H%gle\{g C iotnI (Pﬂlegcl ornQr?té Qllﬂrlﬂ rﬂﬂh oh 3 &/gr processing of
'S crudes or (% r% }1

advant age e transporti
the @iefab/smtwgd@fudth el%milimfabhfanlﬂetg?edlpemmémm lemventwé cofdes may

18\%’1\3& 1ca 1% Héukgllatlﬂ PadlBY c&g]g)%gxﬁtg \%llt V%0u§ %%se? ak| t{’r{@&t

& Erudes
qmnodum teslspnaduale thafy bo msddhie trewspolesion equ1pm@lt smﬂw@n@@gpmg
ntai.n re

FREETe R SR el S At MobETe TG pagupend
thiis, e sisaofeotregich-tesl@nthéthliia Uklﬁtlt@ﬁ:dul@ﬁlﬁﬁﬂﬁdy?&@t b®desirable.

t t
e TN L
diQldddnt 684 YrubdsgRfATRARD S i adiRir ploceR Mg dMHRAMaSvantaged crudes.

The use of corrosion inhibitors may negatively affect equipment used to process the crudes

and/or the quality of products produced from the crudes.

Disadvantaged crudes often contain relatively high levels of residue.
Disadvantaged crudes having such high levels of residue tend to be difficult and expensive
to transport and/or process using conventional facilities.

Disadvantaged crudes may include relatively high amounts of metal contaminants,
for example, nickel, vanadium, and/or iron. During processing of such crudes, metal

contaminants and/or compounds of metal contaminants, may deposit on a surface of the
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for exanple, nickel, vanadium and/or iron. During
processi ng of such crudes, netal contam nants and/ or
w@eowpoaaTads of netal contam nants, nay deposit BEI/ES2007/080410
surface of the catalyst or in the void volunme of the
catal yst. Such deposits nmay cause a decline in the
activity of the catal yst. Coke may form and/ or
deposit on catal yst surfaces at a rapid rate during
drPResSh iR id Wigadvrand @agd. CSueH @8posiid mAPYaulkea §REAd i the
to regenerate the catalytic activity of a catalyst 5
feéﬁﬁké%qﬁﬁ4%W%Mtlw coke. High tenperatures used during
rege r@)‘k@f‘ﬂa? RorFBdha Rk §(%)091't 5 Eﬂtéﬁ%t tiecaGh b detrd/ ra@:fduhlﬂg processing
catal yst and/or cause the catalyst to deteriorate.
Didsadweaneeedicer lidey bragstiyne ragareratethaicalalyic psivay osa¢aiayst
| S
ARG RN N SRS, iy O W REDERSY W i
the ectingy of tiap p@dyﬂtyn@emnmtwcatalyﬁmocﬂemmt aged crudes
by c n ;! Q
R
dxamplenaagmdn, qmaalssqun camﬂmdluvd) eMemm ialns:tdl salsef aﬂgama |a¢1ds are not
of. ani ¢ ontr n
S bR Bha oo O S PRrEaiy vy SyBeR I A e 1S Sampic

dexdlegeak/os ueifl aachigf. t he cat aI yst, netals in netal

sal t of or%a c acids n;gg/ \posr t E"Ir eferenti al | i
voi d \‘}‘Zﬂei?ﬁ% © GHTT RIS L phinyrapvetonal Riogesses ydjep e Sa‘PI“iPta
alts shegdnhck akeréientC 3 adny@dt (bgidkel TREvALPOKI Whioh typically

contam nants, for exa metals in netal salts of

| e, , o1 |
Q?P@%trﬂeér the ?’H%malétlrfi‘q@ié’thGﬁaté]fYStt metalsdp Hﬁe%%ahﬁ glgorganic acids may

E&@tr Réib¥nti 88 4h V&d vBluRRs b&@é&%ﬁﬁlfsﬂpa@ﬁ&@sg’%ﬁ @cquefr@ﬂlt the top of
rough the bed and may effectively he cataly

tbeeﬁtalms pebvEie depasd ofperainaingrys, rﬁ@tearmelar m@alefn rertglarﬁlitazof organic

Rl dﬁ tHERYp %H@@atffl?s@ bgd g@rﬁgﬂly\f@smté)irﬁ agflnc(f@afs@inﬁés%re drop
D sadvant'aged crudes often contain organically bound

theou gl ds\atbedr@d(rfla)re_f@xtawbr Bug e syhlysibed.oMprperer, Gadhetals in metal
Aled 57 dﬁcacﬁir’]% IC%I%UI iPRHBE P ﬁ@frc%i 5 may, in some

srtuat ons verse e ect 0 cat al ysts.
D s adhariva%dd cmld@eﬁtenaqntam otzadiealyrigand betargigen (for example,

G ﬁg g)\(/y%’]? ana- aﬁl%lg nﬁ nbl‘%\ﬁ%*Cﬁ ly Eou%é hgtela%to&r ?T?aﬁfl% s%)me ts1tuat10ns

gen cont
Haeasi a@eﬁ@@ff@xamsat:ﬂysmxygen per gr am of di sadvant aged

cr udﬁ)ma unter (?I ens duri n ocess(l ng. g )

& gattiE TR OB et il R T reaftien
fpm@@lsﬂsat rpg)pegmma&@mg}géu Qs g@rh Ifad akyggﬁ kc)@mmu obmdsas( (. 0(}*2 grams
exa e eto nd/ or, acj ds forne oxi dation o

djog 8|P§r gféﬁﬂ&? &sa ‘i‘tal%f’df%'i“lﬁé?fyt‘}i}c%‘%ea B‘%‘/)P]&Hls gﬁ’“%& THRgessing.
Ohatic @i}%eﬁi tdhpdulid, when R&rda\e@rihg piatdskigg, tma@abﬁdhlgn@dﬁldatlon
and/ or corrode/ cont am nat e equi pnent

R S .@9@ 1< helsres gndigictly Torpig Paﬁeaerqng{f alshnqly. qador

sty @9 bﬁaaﬂ)nq)r H@L@ﬁ) {HBYard ekl o RARNE BMihOB&Rd crude
conpounds” (for exanpl e,
and/or may corrode/contaminate equlpment during processing and cause plugging in

transportation lines.

Disadvantaged crudes may include basic nitrogen compounds (for example,
pyridine, quinolines, isoquinolines, benzoquinolines, pyrroles, carbazoles,
benzocarbazoles, and homologs thereof. Basic nitrogen compounds may have adverse

effects on catalysts used in cracking processes, thus reducing the efficiency of the cracking
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pyri di ne, quinolines, isoquinolines, benzoquinolines,
pyrrol es, carbazoles, benzocarbazol es, and honol oas

w0 bmseef74Basi ¢ nitrogen conpounds nay have advBrBES2007/080410

effects on catal ysts used in cracking processes, thus

reduci ng the efficiency of the cracking operation.

Basi ¢ nitrogen conpounds, when heated during

processi ng, may form hi gh nol ecul ar wei ght conpounds

(tﬂ@ﬁhoﬂ: oBdsid b Rn 'i:@mﬁ&ﬂiﬂi WheRhéR duRin@pREALIND. gné-yrfbirﬁ’ high
sadvant aged crudes may i ncl ude hydrogen defi ci ent

fﬁ?ﬂé‘?”éaéa‘felf@g compyads thtseriEbnta i B FFErINGdR PRSI NG U Y-

hydr e albafided QAS rﬁéﬁﬁélu@é{%ﬁlidgkﬁ 8ticRint ﬁk)éﬁ%c‘aﬂ;%ﬂs When

generally 5Sneed to be added,” particularly if

upgeating @t@@%@%@ﬁp@mwmbpmm gonﬁlrs@m qrpltties aghydrogen generally

[

e L A B ST BT QO R i Baing processes

@@pﬂOd@ehyHydrggqmtl@rodurmgmmcygtng wmyh heicalbeidee vesghe use of an

al’g'e I%d?o&%ﬁeiﬁ%%ggt?l&std g%:dzto éIL mﬂ un(s)crltu aPe? f&g}ﬁgnts from

formaing pfo}ret Hydrdgereatcm}ytto b@dudel anilles cosﬂlﬁ)m tmslpmlnb agachent

&r gtdes also tend to exhibit instability during

B¥'d¢8ssing in conventional facilities. Crude

i nst ahsadivingagke tigest asort@giub txhibit mbtaslﬁty&mnag gitoc@Bin@fn

nen dur i rocessi ng, and/ rmati on. of
RUECP T B LIy - OPORBREEN briBris Bl ok argis of componenis
dsmhtg pfbRessi@hfd/or fafehtioa bbemlcd Bl @q)mdlmrﬁoe Bkdn@n@lhydrogen
processes often lack the ability to change a sel ected

S}b‘}ftﬁlﬁe‘f’%tV il cpEfn digeieht aged crude wit hout al so

si gnidfoneabhal pflRaRE d1@n Pk @e BIRAPRIHLEBS s@le&t@@property ina
di sadvant aged crude. For exanple, conventi onal

Prageasged ciyrle wihoua alko pingifiggitly ichapeing odieg Aoperaain |ty

Jlﬁq%%aglé\&luh@ br @keﬁﬁqéf %Bﬁ@g&%a%ﬂdQe%se%ftk@}acl@&le taﬁﬁty%@”e
tine, only changing by a desired anount the content of

stanificanty sdvgsoifenins: disademtagsd k¢ whilppat tﬂiesa;ne time, only changing
%e@ﬁré 9 th!e Qonttegl? opéeﬁgl%\é%h&%ﬁg );MCF Q§ sul

1
rocesses nprovin cru e |nc?ude
ca)dtanmlgma)mthm@sﬁdvamag&dsaldvant aged crudes to |l ower the

wei g t nent s uti-n
i sadvaRTAEER P pERTRECET LG RPH bRt ik dpent
@ﬂﬂmgeq ciuderte ives theosight pérednt eﬁctanmnmtscanhmmtmgedhe

rude etothe osts of diluent and/or increa
P ER e oot MR st Rl QoS FRE f pune
ditdduetiged orudesdiug achvia BbsagedilGend dlﬁi/(bﬁiycredséﬁ é‘o@fmo handle the
5situation r eas tability of su
‘ﬁsf" dvaglaged eradgs. %6’91“08 Ogglilegbtﬂ aydigagyaniage m%N m some
Huftbhs, %Jreis@ st@b‘ﬂﬁ&ﬁ@ﬁctﬁiru@. .y 6, 436 280 to | larle et
aI ; 6277 rs et 162, 350 to Sol ed et
5S- d)é@n%es 965%39%41@@@&1013% etal. 56 Yod)5d b Sudhalgs st den
@1368280 to ﬁa@e?&aﬁoélzm@%im &% eteatl @'162 33919 %éhe%palt 8, 0633 %66 to

Bear den et al 5 897 o Trachte et al

Gigncires ehit 6928150810 Beagdra 65a18§192§é911 toosudbaanetioh: %91%@30 ;o

@ea?t%g'e eillz 5%3@776@9 %rﬂédhﬂe &h. @ 871, 636 8P PrachkO al. oarf%ld Sdg'ﬂl@g? to
Tanaka et al 5 322, 617 to de BI'LII_]n etal.; 4,992, 163 to Aldridge et al.; 4,937,222 to
Angevine et al.; 4,886,594 to Miller; 4,746,419 to Peck et al.; 4,548,710 to Simpson;
4,525,472 to Morales et al.; 4,457,836 to Seiver et al.; 4,499,203 to Toulhoat et al.;

4,389,301 to Dahlberg et al.; 4,191,636 to Fukui et al.; U.S. Published Patent Application
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Angevine et al.; 4,886,594 to MIler; 4,746,419 to

Peck et al.; 4,548,710 to Sinpson; 4,525,472 to
wobmabesset al .; 4,457,836 to Seiver et al.; 4pdPOSDOB080410

to Toul hoat et al.; 4,389,301 to Dahl berg et al.;

4,191,636 to Fukui et al ; U S Published Patent

Application Nos. 20050133414 through 20050133418 to

Bhan et al.; 20050139518 through 20050139522 to Bhan

19ds. 205012005 B 48030033181 Bhand al.; 70095035R8ABuLIO

Khan et a 20050155908 to Bhan et al 20050167320 to

AN 3852 2%p Bhaneigpd P84S fhiodihgn e%@%@%@?&w toBipRahal;

#5380 1550@3A0 PR4L 339 126636%79@0 %%9 1F§3Q§osb@6ﬁ%bmr&1ghal

520060060510 t o Bhan U.S. Patent Application
206p0 147 3N Bh111¢w®02®@§2173i@¥ Bopieh 9095011339@93 Blag:ct al.,
t\ ed :
S e T R SN
1dv‘ﬁjl99aiil48 1f1V40@dS2&pmd 1 1/AORDT6 all ¢tk 55B3RAs, Metheds a@BGatalystS for

u%ﬁ%satgénsl élgro ! ggehn?l lfﬁ&f @rlﬂ?gQ@OH/ Ngl I | ng

28,985 tPBIdm aﬂ@amﬂadb‘éyslam rMmhqmlB @mé@esz,stsﬁisﬁrmmgar(dude
.y st f 10
PG hen R e bRl R SRt skl Rt cuatyss for

piib@p@ﬂigdre@es(for exarrpl e, relatively high residue
cont ad ﬁndenc beco unst apl.e flur n |
trea ‘i‘ré‘H]E‘ :ulea CrP GEHEY BV S UH SR B REpReT S5 oy example,

LRl g8y RIgR vidldsic 66ntdty,dr iOgRAcyAY beddghelunSiablBaiing trdoR&t, and/or a
undesirabl e praoperties include relatively high amunts

%?deﬁ?yo‘é@?%}ﬁlle éelﬁtafﬁ}ydﬁréﬁ pROYRHe! hydogehdrige teagiegile Other
ISR PLdp¥riROHRRAD RIRN OF h BB 8] ufie 818 BaRbsents (for
metals in nmetal salts of organic acids, and/or organic
cryplenesdup oizarisylly bourhhgwrapieins sl caymingnts atpsds in metal salts
& ro?éﬁhﬁ%ldk an%f‘ 1?5}{1& Qﬁ%lﬂzn L4, ng%ﬁﬁ&'s t @Sdh%p%ﬂ{'ié Rhnd tq cause
treatnment facilities, including increased corrosion,
m@dﬁ@a@@@n@m@aﬂf@@mp@m@on prdferates tppntiggilifies, inghydingrincreased
Yy

e T T
dumrpg avzénhemogjass s, is amghxﬁidsnt eamdindr anda¢cahiygltnged for improved

f:]ﬁl tho (S:feaéldrra ayss 0 erié) iéafé]rlla dc edinto crude

N Oha Bl S3GYR ft%’o COHAES N Qa R “%% gD RAYGLS

mocgmtsfmtmm)re elemab]mpoopamds t ‘HBehnisaib a B%Gﬂlcﬁﬁl pc@r;osﬁcea"rﬂ technical

ods, and/ Qr cat t can cha
B BE Tl PP A HeDatydft PG ReetAr Pl Gip i Rin
deleatdove bﬁdd@ﬁﬁlﬂtgd)rﬂlg seddchiedly pia@p@p bihespropertidi@n the disadvantaged
rllll({s?advantaged crude. 25SUMVARY OF THE | NVENTI ON

entions described herein generally relate to

systens, methods SUNMSATY QFYBHEINVENITON Si on of a
hydr ocarbon feed to a total_ product conprising a crud

pr oddRYentiens deserbechesein seGEALETIRS (o Wéﬁ%médﬁ?ﬂé‘?ﬁjéa%‘ﬂé‘rat@%@t for

doRvent mhﬂ%%%bp edd el @ian F@h&@ Gapeial 4 afuaeeﬂraau%t 1, in
COﬁpOSItIOﬂS t hat have nove mbi nati ons of

B sBRadimsnts mopeppdensihicrrags ObyeRiest d9seifsd bagingdso generally
Ifeme% Bﬁﬁp&}ﬁoﬂﬂh&%aw Bo Y &SRB MBIPORS sFR3GhT §&4

her el
compos1t10ns can be obtained by using the systems and methods described herein.

In some embodiments, the invention describes a method of producing a crude
product, that includes contacting a hydrocarbon feed with one or more catalysts to produce

a total product that includes the crude product, wherein the crude product is a liquid
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In sone enbodi nents, the invention describes a nethod

of producing a crude product, that includes contacting
wa@2dvgdssoear bon feed with one or nore catal yst SPEDUS2007/080410

produce a total product that includes the crude

product, wherein the crude product is a liquid

m xture at 25 'C. and 0. 101 MPa, the hydrocarbon feed

havi ng a nol ybdenum content of at least 0.1 wpprn of

RbbgenumMand b%hwﬂfa%@ hﬁﬁ&a@%@eé@l@iﬁblﬁg adndNHaMUR€content of at
content of at | east (g at | east one of
?C

t he
least @l yapryn elonply Pdinwg. faﬁ By@peamandeqdeiasing aﬁ\}i/a’ﬁ’f“wnﬁﬁah%f at least

IQ)'VJ-tgpﬁf a 16 R G 'cgtaﬂ;ﬁp l:(ﬁnl?rﬁgr{g%e eﬁﬁo&fmé{m ffom Columns 6-10
conpounds of one or nore netal S from Col urms 56-10 of

At Irginili diable Tadipreone an thoretremPoPngknG o8- naseglaks from Columns
ER Al ¢ géf’ern)%}/c' ﬂ% €S aﬁ&%@(ﬁ%@ﬁs 6115 el dhidfat t]?MVE a%o[’ﬂéf&iea”

pore di aneter o angst rons; trolling
dgnbwioniwig aammhmpomw@arattelapfwem@éi(bﬁn@mwnaf araltcom@lbng 300

cogt&ct%lgﬁc%éé}h&#s & % ?e]‘?ﬂs léfa?ur J%Xeqat%s R Og ?ttlal eﬁgur% ?lelggfogen of

ast uce
P NOSUEMPa tdné ad HSdeofpe mal:u@tl haw Iprcgiuee tho byl prodmt ahmctrem
nmost 90% of the bden ent f t he
PP o e uh 55u R St Tef S Mobiebil e ghnseiihe
Hydai6bn tdoe aid d M/VﬁFe@:GﬂitEI&lbbt\@fan gdre ahy ﬂl(l%:aﬂ thoNi/Vaedontent of

tﬁ%ﬁ%ﬁéﬁqwgg If de%}% %}%ﬁ)gl 12\%{?“ > a}lzraﬁiartg gsr céetermlned by

ASBVIBI&Rod 15588 b€ nediah p&d dnme&sws kit de dHyARSAV Mdihod
sone enbodi nents, the I nvention describes a nethod of

6ucing a crude 15product that includes contacting a

hydr o s4iROMdRABANN, TR iBREHEN deBRbs £ ALALY St FrodiRidrQduke
a total product that includes the crude product,

Rpickiha inglades coptectipg 8 Audpcaraongeqd widh enerir Ko @ tahststg ppduce
@tegl Qm&m ﬁ%&m&&%@&%@ﬁ@&&p W hEREARD %ﬂ@ﬂmd&@ fs aqrq%m

ydr ocar bon a total N /V/Fe content of at
me@m at@5 00020 g@hM?a tanbydsoqathoa lfeedBaring pO7erarysih by dre¢aebon

ﬁcm::l ?&alalnﬂ{/\fs/ﬁé C(ln?e%? I)f aQ leg;t 006055 %raﬁlg,?aéﬁ% 6&%&%&"{1@ @fye ?s%irhaltene

nprising one o
@oteutmfsat Bast 0. Odafgratntseaﬂﬁat leasiione Fiath¢ ea,talwumcmlpr'mmg 00¢ onnere

xﬁ?o][nl'g %er I O 19I];ln & E? gfr thgpe odpelta%i ndvoqr(;]ne rtmore compou%ds of one or

POt I'ng con
nan metamﬁn@m abhmris 6mm)ejf dteUtedodit Table fmdsbntﬂﬂﬁlg'léontaamg

ressure o of at nost
PRl Ry RISt §f o S RPSC i e & e PR o
Mbg a6d hl@BISIfW(ﬂﬁUE:hst bawi ng pﬁ)dﬁltel\ﬂllé:&udd)lﬁb@ﬁt é}lﬂﬁdruwocﬁﬁ%avmg
! 0% of the N 1.0 e r.oc on
%‘aﬁgﬁ&%%ﬁ{‘a‘@e&wﬁﬁ ‘gh?é)% %@B{{éﬁtetc%% (05 HF@W?YOB?rb%H feed
M Stot@0% 8l (4 Aehhydt ocast @ﬂatfrﬁgdc)(% ofRE hiho@stnatdianend C,
content, wherein the (75 and C7 asphaltenes content is

agPRAFRCHONteRle Wéﬁre]élsﬂﬁq'lg? dfeasppalignst %qn‘tﬁnﬁ Bd Hy AGENEs
A@}a‘ﬂ@ﬂi&s 1) 490hiRachy G 13% RRaldagn®s7 sl delsBldiAgds Biteriaddd by

hod 1) 3279. In sonme enbodi nents, the invention

APEM Mgkt 13278t hod of producing a crude

In some embodiments, the invention describes a method of producing a crude
product that includes contacting a hydrocarbon feed with one or more catalysts to produce
a total product that includes the crude product, wherein the crude product is a liquid
mixture at 25 °C and 0.101 MPa, the hydrocarbon feed having, per gram of hydrocarbon
feed, a total Ni/V/Fe content of at least 0.00002 grams, and viscosity of at least 10 ¢St at
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30 product that includes contacting a hydrocarbon feed
Wi th one or nore catalysts to produce a total product

WO bas/0#31¢d udes the crude product, wherein the BPCTUS2007/080410
product is a liquid mxture at 25 T. and 0.101 MPa,
t he hydrocarbon feed having, per gram of hydrocarbon
feed, a total Ni/V/Fe content of at |east 0.00002
grans, and viscosity of at least 10 cSt at 37.8 C and

Aty deamitar RAG oaf oft th@caﬁzﬁ%rs@sl JRipPisihe GRE d)rsfh(ﬂg nfell& [@m BIu@in 6 of
metals fromColum 6 of the Periodic 'Fable, and/or

B Rersdicrble. KRS CNM SN CORBOWAS Alptg OFBIOE BetRlp G Column 6
&Qﬂ%o@c qfabﬁ:hﬁld P@ﬁdrd?l%gccoﬁﬁptll@ cofffozanh [e?dﬂefaﬁﬂe of at le&%t 300

contacting conditions at a tenmperature of at |east

“Cca p@rtlplenr@ssmp ophyskeagn ef ofmasyd MigemdafLIAYV aoaideayt (MPR to

BB e oty € BBl ook b PR S HER (ETcf ik na

Botawd elne IStZ)V/bFandnte_rE©%h©ﬂlyd1h@rwnlfwd?@d@cymceﬂw ab$7.8 Fe of at most
f [.SC

%g %fgﬁg V!ECOSlt (gf?ges ﬁ‘}{rzisoc%?b\éiw Eeéaﬁ%l %’)r/% iééi r\xgwfe I} Vlscégﬂ 1@%375'3651‘}mned

By)f(STMﬁWthDdDMSSCOSI t y | s as det erm ned by ASTM Met hod

D445. I n sone L nvent |

met hoy> P Oé‘H%?“ﬁsg by ”bvreﬂfdoél ‘%6%@8%3‘?@?\ 8?1’“) “ccf‘i%ci‘e?de

pi“@dﬂcﬁl(hhﬂ 1ﬁ@u(&s hyrdﬁamga bgacnoéaelﬁﬁh fadd Wi ttoGHR 0B mo®d¢agalysts to produce

c uce a.tot product that |ncludst

SRR S aeCr bR Serfod et Rhe T b trge poldt gk

ixdrélit@s5at ad®0 € BRIPa Ohd AyldrddRebon i@ hhyids geasbanf he@dcarbon
i am of h){dr ocarbon feed, a total N /V/ Fe

havi ng,

Igishf &1 NIPV/KE COmERRET 19500 DOGE SRS, Ak olaleNde CPRERIEEA

16208 8 tanRf ardtar le@@She O the SHAYRs cRMfisRbL oh@€&SthoR AR frdfie

catal ysts con‘grl sing one or nore netals from 15Col unns
2

%er_uen%@ 19 plethpBeriagis tablergiyler ong Aneye compowdies pigng or more metals
ﬁ:&ﬁ' @Qhﬁﬁﬁl@ 6qf() o@ﬁf% PefiodlP 'T@oléreahé k&ltlfoﬁﬁl@c%hé{m?%oﬁﬂtl&s 9{ a
the Periodic Table; and controlling conta
tewpetituicod ot lgast éOQ dnpendinlpressee ohhydregestof gogost @MPat and a
| t
\%b?%t 1&% g gst% Igédldag ﬁ{e%ﬂi%ﬁ 2 gtctélg?ﬁlﬁeg Pﬁg& ha&H ﬁ‘rl/er

CtOhentdremd@n poodad20%altha iy /N ¢ddteﬁeofahmlu}elmc atpen W@é anCB(D%
t0.,120% of t E nt.en drocarb
rgsr%%ue ac%&%gtroef Sal %aset 9@%&? éhﬁ?lyg]f% gr%)gn fegc? Feélgg/e %?enﬁ %erelneﬁqv/Fe
doyigtnios ay dxosrmired dhy NS IMIMethod ISE0R gnduhediei conddht/id/Asetermined by
‘gg@}/@g hd %%%z) determ ned by ASTM Met hod D5708 and

B it is as deternined by ASTM Met hod D5307.
I n s omsorendsehid RS the i@niidiv@Bdribeda tesiod bhgsdwainget dhait

of duci ng a crude duct t i ncl udes contactin
pgo%@a&atea‘f% C?%@&“W@H&B%b%fh%o‘?’ %‘%‘itoéll%?gi %atat]YStS positioned
in@&¢ b1 1ARB doRetind zEH¥E 04 fiKEIRd EQABbAGRL rt@icZ 8 A28 pRidué that
fixed bed reactor to produce a total product that

ipredss drescrpdseredugle @fhffF’@dechdW%‘ih@F K athﬁéld@f“ﬁ@%e H Izé duerd
O fo1avibd, @l I@dfﬂc%&‘bb‘ﬁ Re@havimy, Ferdiish Bf Hﬁ}QﬁocM%@n fde€a total re51due

hydr ocar bon feed havi n? per gram of hydrocarbon f
centept flat leass ) dgsareso Adedit eaéﬁonato the satalyess qorgpriging ong ﬁblmate
Ih@t@@ ?rofﬁr@olﬁ{m b Iaﬁthg @’Eﬁécﬂcﬁ“eﬁ)l@ gﬁﬂ%ﬂ Sl 38 mBR&oMpotiRi Bf one or
netal s from Col he Periodi c Tabl e, "and/or one
ppre migtads &@nﬁ@hmd@ @fthfonémdtc Tablepind ovptrelling fontigolonditions at

t

a tel(ﬁ ergtpgenég %Ea ftegsg B?Oe-@g grt‘tllﬁ?]ggs S?I%Q)tf B?Arl) %Jﬁg)é 8919%@9 1\}1151:19 and a
I[idx?‘t’ bBit Ipsesbhit @ mbdduy the@geln pofduett thrositle FrofRa a resibhe gontent
B b B R bl QB RAGE e v ude product
t he hydrocarbon feed resi due content.
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In some enbodi nents, the invention provides a

hydr ocar bon conposition that includes per gram of
whymsoeaudbon conposition: at |east 0.001 granspPOf/US2007/080410

hydrocarbons with a boiling range distribution between

38 "C and 200 C at 0.101 WMPa; at |east 0.001 grans of

hydrocarbons wWith a boiling range distribution between

204 'C and 343 C at 0.101 5MPa; at |east 0.001 grams

of hyfiRsasRATM the fi‘n\kéﬁﬂlclrﬂ Iﬁgwﬂésf& dfbesbéid RItpoSifion that

bet ween 343 C and 650 ' C at 0.101 a; at |east 0.001

ig¢lades peF 2y @F Brdipqssies Cmnpwtm ftrgast 00 lgsms ofdygesicarbonstwith

aalgoﬂlnfg%ﬁ%gmlbugoﬁketgfeér% %ﬁd 280 & %ﬂ?lOlqupQQ@ﬁ:Qst 908 Brams

of NI/ VI and at nost 0.01 grans asphal t enes.
Afhy roprsbanviyddiarhering raneh élstrmw@m b%we@e@ér Claad 348 Heatldd!

ﬁFa R f?:gé‘f %)IOBQ gﬁan‘%r ocgdr% gfl \?\4%?@&% Hﬁ%é: H&%%utlon between 343

contacting a ne-or nore
é?adnell@@ f6 at Q)l(ﬁrMEu@eleastﬂ@Oagramsmﬁ bpdrodatains with lw thetgal bhiding

e A R b e S s S

dravs ofCsasphiafte@s. t y of at least 10 cSt at 37.8 T.; at

| east one of the sts cC r ses on

T M T A I N X A

pi&lﬁlc()tlhatﬁ&ﬂﬁde@ Oﬁi’ﬂﬂ}mﬁglﬁ h@(ﬂromlﬁ)éﬁéedmt)@ﬂmir alose cfawmsl ti) produce

Col um 6- 10 of the, Peri odi Ta ontrolli

a&aﬁfare?% g‘ak’é‘ﬁ]&fl‘is t’&%@“‘lﬁpr% Wb ¥PECHY 4}‘? %‘“g ¢ BRtuer s adiqy

Iﬂ&ﬂlr@at 2@ panl Dabl MrasH h@dredartindegRNin®h vatos st atﬁeast 10 ¢St
an liquid hourly space velocity (LHSV) of

4té5§t°Coatieaﬁtf0PetOBthﬁ CHAlELE CORRIISET eRger moesed@etﬁls fltOﬁb%W%@ 10

Aruedueibalavbe Qn(ﬁoﬁ/dn% &P foteVeottpodils 8f ofe Rfmdd m@ﬁﬁstfro%)&(%lumns
of the viscosit t he hydrocarbon feed at 37

GHYofihe Paiodical ap eva}cif@n@@lh@g PR BOIOP T @/tetrmieaature from 370
b =l
NS e Sy e PSR, B OROE

ahditP{\ES Veofiasleas 0d éf ‘@0 pioded: thg/crA&TWbdfeft higceriRitGH@Iuct having a
Vé%co%ll(.) t’i? gg@ %If rTte nt 0%; Bgﬁle?}ésgg tlt:?/ %a%he %Sgrf)caabon ta ech% tSI? %dC and
wlandiae Pivatpeaf hwﬂm@mdncfaedﬁteﬁdpmﬂdch miwake dge teakn .G deing

BrBRR: Tpiie remirs EretarUENSTHMBRS AT BunhRue s o

dtddtited BPASUNCHeihsd B7060JuUi d m xture at 25 ' C. and
0.101 MPa and the hydrocarbon feed has a viscosity. of

at | dnstmergnodimeps, §p i cRionliorTient MRS AGTEERAE BELdrsgrbon

e@n@hdih@itfes 8bntR iRAR hi@bcapbRTSUNRydtpdh R8s @gen@é of one or
nost 7 MPa and a tenperature of at nost 450 pC such

R YA OGRS 3oLl T PRRFIFIBa Asier B arude Prrugy Wergeip the crude

ﬁ}bdﬂcyls Q hhﬁl'a%&t%r@a‘t 25 @@%Bd 8. 1@1 MPa taﬁ’ci @k hERDSHIRLEQMaOh
hydr ogen is at nost nB3, and the crude product

Vpesity afjakleesile gStat 3”68 @r{%lﬂ C%%Uatg c30BTting cowlitieys af ppartial

USRI [SER A PEOR p ORCETEH ES 19 CouPPus

Gbeaf mhy\@dcamlyonﬁgﬂ(mwbpm@@t D06E remains at laastsldime total consumption
n cli
G S S O
ﬁcﬁﬁ(a@ﬁthm@/dsgwtbemf@d Iprosity nghepdie vioeositp isers datlaﬂuyesi sy, ASIEM
MERASE D445 and P-Value is as determined by ASTM Method D7060.
In some embodiments, the invention describes a system for treating a hydrocarbon

feed that includes an upstream contacting system comprising one or more catalysts, at least
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one of the catalysts conprising one or nore netals
from Col um 6-10 of the Periodic Table, and/or one or

worne/oeompounds of one or nore netal s from Col BEMUS2000080410

of the Periodic Table; wherein contacting a first feed
having a viscosity of at |east 100 cSt at 37.8 "C,
wWith one or nore of the catalysts in the upstream
cont acting systemat a tenperature of 5at |east 300

onof the Ry boRpREHWne opfnoﬂ:yrﬂétﬂg 88mAfol@hn m@t}f t?le ME@odic
and a LHSV of at least 0.1 Ill produces a cru

Tiblsel iR T8¢ POt comBewsls t)fyonﬁtor gipregmatals étpma@d%%é 15pt4he
®iolid Qaﬁlbsxgl%?élﬁ XOIQ:ICUBQ € fitst Fedli hgng@%ja @Ecoglzy §f at feasta00 c§ at 37.8
downst ream cont acti ng_ system cou to the upstream
‘Comithone ng@f9 of dmcatakyste artfl¢ gmre@m contpctipg xsenudi@ temperature of
R126%p§ - eﬁa mﬁf&kstuké”& hé/tﬁ% UPGLL R CAPE Ak b PASHYSTLEThst 0.1
erein th stream Fact i ng systemis configure
It opredispsectruddpodiBf kayvthgendicosifygpt BHE OGpﬁatrre@mﬁ@%@f thetvisngpity
o‘;f)ré%g%:‘n nt%%c%ag ’39?%}( %nﬁ\% ed% ) I%%tﬁe%ugl ecggtactbné systgtg rgg pled t? thre upstream
(Iontaaﬂuigrsgstem hydcaodianiod m feegdd admprcessi arfged ammgplset wmamm

tact t
e R R T IO
flowt fadcﬁlnfg terapSedathnaonacide siyhiem lRes trackicg prbaks.e, and/ or

one nor e ounds .of one or_nore netals fro

o s R T A e o SisToEe & S BPLioh TeASRE ALypgbon
faed ddirqtnsﬂ‘ngeﬁt upavdafoataViirG9sbh Yo pridig dRas Enoilé)&teﬂygts atleast
37.8 C, wwth one or nore of the catalysts in

Qilﬁé)f Phe SRR YSIR EARRITSHYG Wy OF BRicapetafs {ra R af @F P%FtOdlc Table,
dn@Rs BneS(QQnorg;co d&ﬁ(‘kt drdhe BF 888 WealOfrof Y IRGEA0Qfe Bdriodic
nost a, LHSV of at least 0.1 I I@pr oduces a
Teablsgl é’hﬁf?@métﬁﬁﬁlﬁ\ﬁl fief fepd\haging gjvisyosay o8t Igist 0Pt 37 9p &t with
&QO& Bbrel dFenddaB R Iif e Absttedf bhtdinefs f&&n ata é&p&atu% of@Past

downstream contacting system coupled to the upstream
32)0 “Conpadaliprmysusy shlwdragariolc nfasguMEd, and ad thed olent &eagt 0.1 h!
%&ﬁ@éﬁcr@ﬁef eﬁ&ﬂmﬁﬁd o idc g QNJB?‘} G eally &t%ést‘%% %ch%?s&?sﬂy of

erein t downstréam con g system conpri ses

Hebspfead b0 3¢ Cnard a downstrftam @mrmtumﬁy@tdmrmnmlsd tOtthfeupstream
Cltoﬁ%é t?&éosoa?rglglﬁ(% con?l lsl’reg tOS Fa \ée rﬁlngr cgs(c::sltanfgecp ex?tlrnl%ctil% lR)St?gaLIJTFt
c@nmpumgssmtgmomleaermn thmiowm&taml c;osttasungat/stém asrhp%mm deadphalting
the upstream cat al ysts conpri si ng, per gram of
Wit al yst, 0.0001 grams to 0.1 grams of one or nore
met alis sdnicodmioal rhunis, the dfvehiieh dRedribeda ¢ysibabpredi@in@/aatudepBoduct
gr nor € . cort%lounds of one or nore netals from Col

Zf.t C{)ﬁlgrlw dtpétreﬁgmogtac%agép/ g?rﬁ CBIBHIEI%I& OIBfOI‘ glore catalI%Ps, E?t least

dng dF af@@pmﬁmfca@@stb @Mﬂnpﬂs ? pE ordal enenma GO ML @OT g@fnsadd 0.1 grams
least 0.1 wtp bdenum and at | east 0.1 grans

R T éne&ésr ff‘g‘F éjr‘?t"éltn hyidhoatodisnt aplé’é‘&d/ot'/\ﬂ“tet?rért?ée gympounds
JRRE oLhofe R 1306 &h @oWHisSe d)f'"thé P&oﬁ&sﬁaﬁ%a%&aﬂtcéﬁhdt Bga
systemat a tenperature of at nost C
fryﬂwer@@% fegd hrdrgor@p b HBCANE ot 19@8@@ 4 c’ttpl?ﬁl set mplefbdqnh@ and
J?Yéigtqplaér%g 01f I%ggéet 19:} ?an%f%?&&%&ar%ﬂ%éﬁ %fltlﬂ‘c(%é ngmé're of the
denum content of at nbst 90% of the nol ybdenum of
Ctahiévsmlm fheaastisam coataelingzpten adowmperezmicbmpsdd) Ag anbndPa
thlgleseéjhaﬁd%c%ﬁgn %ﬁﬁ&ﬁ%cﬁgﬂ’mﬁ é H)%arb&bﬁ:ed/total oduct
ovvns ream contacti ng 'zone con to Fecel ve the
mgxdxre)hmrtgmntblewhumtcahtelpro@ diugdst ﬁﬁ)% tOﬂrhe mdlyrdedomniSthe eam
Irygp(}c?r %:%c(l) fa%?ﬁ% résv\ﬁ'f]:sr Férét?n&%lgtrz]gtreocro%lgo c(ﬁ: g) rﬁﬁﬁ upsstrgam c%ntachng
gram of catal yst, at least 0.1 grans of one or nore
nmetals from Colums 6-10 of the Periodic Table and/or
one or nore 5 conpounds of one or nore netals from
Col umms 6-10 of the Periodi & Table, the Colums 6-10
catal yst having a pore size distribution with a nmedian
pore di anmeter of between 50 angstrom and 150 angstrom
vvherel n contact of the hydrocarbon feed/tot aI product

- o, T Y o, g, A~
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10 the crude product has a nol ybdenum content of at
nost 90% of the nol ybdenum content of the hydrocarbon

wo ewdoeaTah at nost 90% of the residue content oOPCT/H82007/080410
hydr ocar bon feed. The invention al so provides a nethod
of producing a crude product wth nol ybdenum reducti on
using said system In sone enbodi nents, the invention
produces a hydrocarbon conposition that 15includes at
AoB@she EwhstaRPEBNRLLKDIME S6HTid0led S reb@aSthe ByRidcaBodNBedAbtal
hydr ocar bons having a boiling range distribution
peduseBr s U dasTEm ©NFEHNGIARIEONRYHAS R P ERpre catalysts, at

lgéémfttﬂe%bvn_@tfgnﬁtatallﬁéﬂ)m ﬂélingtrp%arﬁfof QMQ&Q,C@EGQQ% grams
having a boiling range distribution betweeh 343 'C

drede 65001€ nppeals goraHobmns pelkod dreditsriodio rtpols iard/erpne bAmgtsme
cg)?%ggﬂcﬁ%f] Brﬁa’ ortn%ee hlg%ﬁrﬁda‘l? EOIH&?%%?S Fﬁ% %]e %@d}i(l;lﬁéjTeﬁIle, the. Columns

ucing a cr product, es contacting
al(hgadalyse hnbige pare sizavlistibeive voth amedacparatlipgitsr ofdetween 50
r c r . khel .
i e e e e T
ah t@iperdfira nflatGndk0450VPaand 7P hrddweeain foonh pfoded thud irichugesan

Bl PSR E SR el Bl noBRRbBIERGS CHBTD 18P kapa ana
B B o e content
TRy erchBoh FR0 BT gt olehr B R CopbPbp ing Pl v

TheQhvehtien He) prodis ahahh& Ferodatiaf @fude gtoahiytSiith rhdlgbdenum
Columm 6 netal catal yst having a pore size
rgluctipn B B WER- nedi an pore di aneter of between 50

angst Qiife @bakRQ 2 e $EVe R pré@Rty PhydkRErb6R B {139 that
conditions at a pressure of at least 3 MPa and a

indpdre phlewt 8 19¥rRp of wabdeagm: @ least (HP berawe ot yslreepfhges having a
wRiREYE e dfBfHutbE BEWRE havh 8O p& bEnyUrdhRGEN
coﬁ%entgeo;s at m)stwg %of %nheﬁ%ggpc %%Ir?n t r}glgen cont ent
wipbigorh yokdk gdeastidbhgfage df hydrocarbohnhaorges tentingdinpe missjbution
the i o] r-ovi des a hod of producing a crude
Gt FS T PR i S AT ARG RS ar bon f eed

Wi t h Tosemcosmbdimgencatha linnehsort poyd@dusehal df pralucipg o dindé

that i.ncludes the crude .product, .wherein the crude
APt ARTIERER PG G IR RO S oeg MR ERL & O cfy o groduce
4 bal pidicd aar Bendéserderb@Spraduce Sihdtea BOBuENDrodict ata li@ast

per m_of hxdroc rbon feed; and at | east

0.1 grans r

i g tedpdDf RIS e hulvcirnarad hayin s B geengontent of
S URRAGeH ofadds @bﬁ@m o ARIr6¢artiiR AR @sSork 0P Me Gt 198 h&s at least
of the Periodic Table and/or one or nore conpounds of

Wegrais fipine OFECE Betals iepdavimm 6 of Be Periedipgahigdéor one or more

compounds of one or more metals from Column 6 of the Periodic Table per gram of
catalyst, the Column 6 metal catalyst having a pore size distribution with median pore
diameter of between 50 angstroms and 180 angstroms; controlling contacting conditions at
a pressure of at least 3 MPa and a temperature of at least 300 °C to produce the crude
product, the crude product having a basic nitrogen content of at most 90% of the basic
nitrogen content of the hydrocarbon feed.

In some embodiments, the invention provides a method of producing a crude
product, that includes contacting a hydrocarbon feed with one or more catalysts to produce

a total product that includes the crude product, wherein the crude product is a liquid
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5Tabl e; and a support; and controlling contacting

conditions at a partial pressure of hydrogen of |east
w®200Ra4samd a tenperature of |least 200 T. to preduUs200TI@80410

crude product; the crude product having a residue

content of at nost 90% of the residue content of the

hydr ocarbon feed. In sone enbodi nents, the invention

provi des a nethod of producing a crude 10product that

hixerdiges ccanl 8ahi MPaanhBUMB&MRTE I RS E rdMdud c @Mt Of at least 0.1
nore catal ysts to produce a total product that

grfes RRdes it plydrogeopicsdigad at lggsbensi o therratabstdeohiniBablechy
do?nb@hnllg g@ﬁﬁoﬂbd@a‘tﬁlfst Qe %15m01g rAfls 90141%'01%@6 of A€ Periodic Table
hydr ocarbon feed has a m cro-carbon residue (MR)

angier e orgfiorg compyads @ 00O omeye arptalppm §okmno$ of the Periodic

[RS8 QAL 2000l S corfBof bl ASk MBI o MR EADRIRST,
hyRaigteofdnat dMRared e tenmpragurd 6f lcam]@@m?ﬁd® rodduonéhe gruderproduct;
P

tﬁggrﬁhes %ro<r119 a%%glfj eﬁ%%g%%({ongegg of&?%&@?@ d{ t eSduf%%gtegt o% the
hyﬂwbhleomfedd or one or nore conmpounds of one or nore

t | 9-10 of the,Periodic .Tabl e: d
Cont AR 18 i atn G Sab Dy PRl fine 8 Hae
mb(ﬁﬁ:suhﬁtﬁnﬂﬁdeb wohQagay a(lfydﬂjcaﬂbela&bd FitlyBac andora catalysts to produce

ture of eas Cto oduce the cr
A R L AR et R 72 ket e
AR&dre aQs 90%neh.10h Mlﬂmﬁe 6 b @iBonGted Hae a et @EdORRBIdue (MCR)
feed, wherein MCR content is as determ ned by ASTM

BERGY 2plesH.0001 gramy Hersgé%’f% obmtEsRrPenesd: andat fep aps ¢ldbe

REAXARS ofe FEHHRMRs REAESRINTDS & e PARIRIEBKGhdbPG e or more
i ncl udes providing one or nore catal ysts to a

PR chane/ B meore pasdiam geluma i thsdsrigdic takle;cad apg/etngore
th&arR frgﬁll @Uﬁ‘rm@s dT% & th@%r@dﬁable‘@ﬂ@)bﬁb& dr%r%n%ﬂhds%f one or
netal catalyst is 25 produced by the neth
ogrpreiadi figm Cobmms At INg! dred’copdipd pleleirad ab@mﬂlmgrmm@umgn 6

1. |
Shap FEPLASLFTR0) o ARGy B0 MIRLE SOMGHIAS s
20Pablte prdade the gugrprpduct, thef awdn paocmct)&taumg A MR chgertt |0ﬁg most
§0'3/e ofrﬂle lfcon%n@ofI tﬁeini%i%goac%ﬂ)r ﬁ fee \i‘/‘ll(i:eé g? CEI?Qontent is ag detg Nined
mewamhmim@ed with the dri ed Col um 6 net al
cat al yst to rodueatotal i ncl udes t

cr ude &E?GH YRR O‘ffgﬁffdlén%g gdtdod Pfoduginga i §
prodjidt Kﬂatrl’hédﬁdﬁé @roatdimdSone (02 mareckatilyk@ 1o MPaitactii g b@ieNwhdi€in at least

hydr carbon feed has a residue content of at |east 1
GrghbesERlYY i g‘ﬂ“ﬁ%ﬂ? Fﬁ%ﬁ“f‘t‘é‘é‘d‘?m%ﬁ Yy el catalystis
f6dicachy @F nleh@dbydp@Gar: Babih@e dndbd ort ARt ir&fl Column 6 of the
cat al %rSt at least partially sulfides the cataly and

n
legintic dpPIe apd/Woe g€ {niOF?gCOE’cBﬁ%ﬂdts OHP A% Palatsi f51m COlumn 6 of the
lﬂz‘h%&% Ytakle stltthQﬁIQﬁﬁB & @Ihlxltﬁ@%hd ﬁedﬁ'ﬁ’g th’ériﬁiix@lre to a temperature

enperature of at |east 200 C such that the crude
qf ba0E 206 s togforra 8 idg ek Celopn éripetyfcatatysipptactngs Bydreqsebon feed
\{fl@rﬁ!hg Hﬁe&@&hﬁﬂ% n%ftalfc!ﬂt tytbf&' f)f?)géd'ekﬁqataf ﬁ@diuct !hgt 1%91[{@6:3 the crude

di nents, I nvention provid

mﬁdmu cwhﬂ@lreth@ mdkeplpduyd w@thcpwartnmmat@de@ a@d) ﬁtlab MPﬁgweerem
YRR RAE M ARECly ARGR BN L Rk 0B ORESon
fodrk anﬂ whttrhe contad ef the bgdrotarhag feed wiguthel dmd»«tawﬂ}et atleazﬁpahﬁlly

suﬂ'd £5, th :I'[]alystt aqd conttr(;] r‘ijgic(%)%elcp oncofngl%ons a ﬁ}pgrftlglﬁgy%ssure of B)édrogen

feed and at | east one of t he cat aI ysts has at nost
0.1 grams, per gram of catalyst, of: one or nore

metals from Colum 6 of the Periodic Table
10
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and/ or one or nore conpounds of one or nore netals

fromColum 6 of the Periodic 10 Table; and one or
worpgoe/osgial s from Col utms 9- 10 of the Peri odi cPOEDSE®07/080410

and/ or one or nore conpounds of one or nore netals

from Colums 9-10 of the Periodic Table, and a pore

size disaibulion with a nedi an pore dianeter between

50 A and 120 A; and controlling contacting conditions

dtat Radd3MPAInd A& Ere OF aYAl B9LT Qfh Bt he€aslie FodR@has a
and a tenperature of at |least 200 C. to produce the

ré%l@t?ecomebtdﬁ @t mogt QR%f thedepfusgapientoa therdydigcaBenelepdi e
cont gn Eon%f elﬁﬂodmi)éﬁs glg%i\%fltlcgnrﬁoxﬁ&%'aqh'&h&p(mp?(ﬂﬂlmﬁé aERl@e
hydr ocar bon f I'n sone enbodi nents,
prmz@hnlmtcnclmeéwrdééma a hrpdracdbaf fegh widueieny H@r@:crawdh@ts to produce
Poachud bl nuﬂﬁésqﬁeeau@eggm{a i € UG SERE M LilyRIe

re catalysts to produce 'a tota prod
nngirades *tChed @rlmd dHar bd hzdrocar%wrfeqdmas heesgine dentgnt oflatdgast 0.1

; r

el S oty Bba iy alfpROphr el i L
ans, gyemmﬁ ©6éata:1ysmdné dreed moemdeta\lh o Colarin 5 eﬁshb Pen@lioTable

5 R G R B g n PO el P Ko co B8 o

Redtd; atli éhe Dabloe: aaals GiomaN@udns 90 ef e PgtvddBabifande o or

nmore netal.s from Col unmms ic. T

A A et R T R AL T P

[ﬁl)repﬁietdlﬁhbtﬂfoﬁSﬁﬂhraQn&ﬁanrp(ﬂf(ﬁ&ﬁ&eﬂfetvaden Iseasandazb/aa aﬁtﬂd a
nperature of at |east 200 'C such that the cru

C;S’PES?H}E% R iRe FUiTON SRR HEIeRY hoBao! Gogshs Wiiand a

tfn% drilR JFantaboPic bipeodaydine eriab pRval@ate crude profiitt BAIR, a
odi rents, the invention describes a nethod of

rﬁw@w@mﬁgt of 2bmod Q0 frb disaesidusapnepl thedwdwssbaticrhg a

hydr qg a5 RomiRERNM H uﬁféﬁu&{ pr!'m&é% a%éﬂ%dyé‘ftp%odhé’mg heddee

a total product that includes the crude product

rapducethat in¢ledes codectipg o dude faed “athlqnq i ongicktalypte tqaerQEe a total

pggﬂnutcgfri}?t 10?1&&1' I+\ép?udetp80%ilgt B?rgﬁs lpé)&uéegar?gdrhﬁglg aqlq{uﬁ%lngﬁi?e at 25

ﬂﬁlyajlrl@cl@ﬂ Déire; fheedide devd hating ewtdu@ pentgit of Hideasdl higgis geri ggam
%u;%ggeeeglpeglrd%g?e?n leastn%le o?thfa cglt?fygts h{l)sxg%%rarf’f‘ Vf caﬁdg{sp at least 0.3

gmes off omprrendre tnalal ffcm@olﬁmlnuﬁ-rlo of it Peh@liPEatlodidtor 76&ebdnenore

and/ or, one or nore c Qr m)r
PRt Pae s nBP FERIRA R mRan 8 B piRae TG g a binder
ad dont€OIiMer @hlattitg conditiaGtat B fartMlpekdstire® BShyalkogan pﬂz[ttldsaaﬂ 3 MPa

AT G070 Do byt PRGCF Ut B TR CPEeT o

1R6LJU% tof hRVés@e okt ol e h¢@OteMIn feéd. at nost 90% of the
resi due content of the hydrocarbon feed. |In sone

erbodR MR UHEET 8 P TaRy g S A TR S AdUSE  crude

ﬂ}&ﬁﬁly@lhﬂﬁcl@de@ E&gé‘ctlﬁ RLhoAY&bdnaLd Wlﬂﬁl)ﬂédﬁ SnrORARLd O groﬁuce
ydrocarbon % one or nore catal ysts to pro uce

aglotappraflugy F@E}I@éll‘ld‘tsﬁléﬁ crpgcrodiss wheesincthe gradpprodest ts,a liquid
Mﬁfr@AtQStobedng b l{@?wﬁfaoﬂg ﬁ?drbéarlﬁ)nl féé&lbﬂag a WS E&lt@ft o?a’i lég.st 0.1

101 MPa; the hydrocarbon feed has a viscosit
gwm E@gtanld hygtocabomgieed andCat leastionstof hezatal ystaas @flaindhée by

[ ] i de

G B A Db SRR, & Dy BOFRDL Qe AR s
IREgrangehirg oﬁ@bﬂ rgoramuktedy from é?ommmq)feh@mmduﬁl@sle@thd/fnﬂor@nm more
com&)ounde OFE ne r morfg omcon n??lluﬁla 6Cot£n} 1|0(?]1§ q%@% Cfmﬁ a s1|*,1]p§)ort and
at a part [ aI pr essur e of hydrogen of at nobst 7 MPa and
a tenperature of at nost 500 'C to produce the crude
product; the crude product having a viscosity content
of at nost 50% of the hydrodarbon feed viscosity.
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In some enbodi nents, the invention provides a catal yst

that includes a support, 15m neral oxides, and one or
worpgoe/osgial s from Col utm 6 of the Periodi c ' FabtBUS2007/080410

and/ or one or nore conpounds of one or nore netals

from Colum 6 of the Periodic 'Fable, wherein the

catal yst has a pore size distribution with a nedi an

pore dianmeter of at |east 80 A and the catalyst is

QhtraliRed ntachYe &AL NG paﬁlagr@é%ﬁl%lof aydrd&nfdr NQs;3 MbLand a
one or nore &% metals from of the Periodic

tpapiratuee i Agpt 208 eC dhprogice iy @udegipBigh ds cofde pralugirhaiing @
8L Snfh It ﬁpﬁbs@@b%fﬂﬂ o) reJldJef&%ntE’ﬁrdf agl @dﬂ%@&}b&i fegfld a

support. I'n further enbodi ments, features from
specilf pamesrindimants e pygniin Tsovitksraaethad Hf prasieing e srude

SR SRR By S RS SO SST c
g theal glpﬂlgrt t@nmg]ddmhﬂ gude product, wherefmth¢ crutddyproduct is a liquid

Epu? Sind B&Hgg/ﬂ%r {ﬁg ng&r cafboh fgé%lgl%%] N @Rlco%ltp S ﬁné/alstolo cStat

S an escri
I th eand aﬂtnsdcpnmtﬁ ths caiza]:jldtls tid thm?lhabfedzthOMmmgay rrbmeraiebdeld fines;

t th fi d d .h
RSP BTER Bt CRIRRAT ReRe S TanEghE bR @ Shihpongas of

m%eﬁﬁbknhﬂM§ﬂbmﬂhﬂmmh5obﬁe@mﬁxﬁﬁpﬂﬂaﬁﬁdﬁﬂqbﬂ@&@dcomnﬂhng
skilled in.the art 30with tge benef it of %Rﬁ)foél %
GoRSNSEYHLAL PR Fand" pydrogen phit st [fgnd a tempetature

AQEMBNIVY PFOY FHo@we BESridd prdiiueh ihekhdde plodu& havis€ heedsitg
of an enbodi nent of a contacting system FI GS.
ooneriRf abmost PR%H Herhytliacarbet feediseishent s of contacti ng

syst @ifod\@hbdafdnkd e iR nEN PrealdsnGatBRERat includes a EbpfgSH,
3A and 3B are schematics of enbodi nent's of contacting

gipstabprddastiad onper mer natHekor &ﬂ%&@ pighe Biiedic Ble@ndigr one or

thSre RomFARARLH e Of m@fé RAROHL AR e 6 Br HEPALRE T’eﬂ)lez %@rem the
in combination wth a contacting system

qagalyst kas Repaeetsizs déstritatior wivh dinredrin pofe dianiitesiod inlgasy 8£hé amh the
&%m[ {d %Bﬂa&'&bl\é‘"b& Qorﬁblﬁfﬁg.t e?ﬁ:&ﬂeﬂlg o;ﬁéﬁ?fl&m the one or more of metals from

Column 6 of the Periodic Table and/or the one or more compounds of one or more metals
from Column 6 of the Periodic Table; and a support.

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

In further embodiments, crude products are obtainable by any of the methods and
systems described herein.

In further embodiments, additional features may be added to the specific
embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention will become apparent to those skilled in the art

with the benefit of the following detailed description and upon reference to the
accompanying drawings in which:

FIG. 1 is a schematic of an embodiment of a contacting system.
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FIG 6 is a schematic of an enbodi nent of a
conbi nation of a separation zone, a 10contacting

waymses74and a bl endi ng zone. FIG 7 depPCL/BESB07/080410

Raman spectrum of a vanadi um catal yst and vari ous

nol ybdenum cat al ysts. FIG 8 is a tabulation of
representative properties of crude feed and crude
product for an enbodi ment of contacting the crude feed

Wi t h HiBs e FRAE #8 EhemdREbBemBodifedls & ARALER]systems that
representation of wei ghted average bed tenperature

ipdpdearolcepiattinegpnesun for an enbodi nent of contacting

the giygde A gRARML LneR&iQls PREGIIGEIA Y DhSetids! s%terﬁ@th%@
a tabul ation of representative properties ofg Crude

iheladp thied cemantiag penséluct for an enbodi nent of contacting
the %@d@ls L SAR Mk Hf Jn%b%ﬁﬁx?én}’éﬁa s‘e a{: glt%n z%%e n%oglﬂgl%lh(ﬁ{ with a

tabul ation o?%represent ative prope tires of cru eed
@ndctorepgeia0 product for an enbodi ment of contacting

the % d§i‘1s a%ﬁ%m"é’h& of a%n 8} lnygft lend%n?&oﬂ'% n c?m%lnatlon with a

t abul a |on 0 ude cru
@nbodigreesitis. of cont act i ng cr ude feeds W th four

di ff cat.al .

o aptical isf SRalEh oS iogmen: oL ol Gidy ol Prainacere
ooﬁtasuusorslyuarntanﬂabﬂ@lﬁmgrzbﬁd| ments of contacting crude

f eed four_different catalyst systems, 25FI G

S T ot R o B e E Ry SRS i b kB e
dalgsude feeds versus run tinme for enbodi ments of
contacting crude feeds with four different cataly

syst difg: 815 a tabulafipsof rpprepegtalvyprapifiessn! crup fasd apd b foproduct

©f ad @Mt @mctoﬁﬁtcbmgecﬁep&ﬁ&,sfégd Wwith Vlﬁéegﬁtal grcent age, of
crude é)roducts versus run tine for enbodi nents of

cont a&¢i ‘hig agraphisalreprgeenigfipmofwrightey) %Vﬁ@g@hftd (ERPRYp L versus

léﬂﬁﬁ §1%8n for QR leg‘bocﬂﬁleht%f @0195&9% E&%hd’é SRS Bna bt ﬁ)l@reQ'fatalysts
change in APl gravity of crude products versus run

t i me HOr 10dph tdhirlaten of refressotatieccrrpprytiastoé ciudelthed fdeetudsi rrpduct
oW % od[n?ern?git cofi@b@ ifid cﬁo(f‘fegmlth two catalystsHGL 17is a

graphi cal representation en content, expressed
| n weilghtl i 1|s) elmﬂmn tabgltiorodf repreﬂﬂ:etapvaldupﬂﬂseswé eds foediand crude

ro uct E 2! 9T #9 gmbo mfr:n:t‘ o% ?on?atctng%/t[ﬁ% %r%‘élé fia Gfid gWO ce&eﬁys%s W th

our eren cat
FIG. 12 is a tabulation of crude feed and crude products for embodiments of

contacting crude feeds with four different catalyst systems.

FIG. 13 is a graphical representation of P-value of crude products versus run time
for embodiments of contacting crude feeds with four different catalyst systems.

FIG. 14 is a graphical representation of net hydrogen uptake by crude feeds versus
run time for embodiments of contacting crude feeds with four different catalyst systems.

FIG. 15 is a graphical representation of residue content, expressed in weight
percentage, of crude products versus run time for embodiments of contacting crude feeds
with four different catalyst systems.

FIG. 16 is a graphical representation of change in API gravity of crude products
versus run time for embodiments of contacting the crude feed with four different catalyst

systems.
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FIG 18 is a tabulation of representative properties
of crude feed and crude products 5 for enbodi nents of

wa@onsaet7ing the crude feed with catal yst syst emer/ugmb7/080410

i ncl ude various anmounts of a nol ybdenum catal yst and a
vanadi um catal yst, with a catal yst systemthat include
a vanadi um cat al yst and a nol ybdenum vanadi um
catalyst, and with gl ass beads. FIG 19 is a

t abulrati ONs @LraphieRNeErt8Ra@in FoN PR n BN NGPr&lcddR weight
products for enbodi nents of conlactina crude feeds

RAFChagh ef erdgpspductsatesivy smnding foy eiphagliaents of spaagigg cruge feeds

AP RAL& ¥ RhQGalys B stems. FIG 20 is a tabulation of
properties of crude feeds and crude products for

enbodilGrelfiis a sbulsben elotirarntaie rpRadieesioéeride feed grar radesproducts
e .

L OB A 3o et i M bl ok ERHLZLARR

aonnacf k nylbdenuor catdyst ewth Yaordigmeatlyst, whan c8aPsthypuers that

. i | ati on  of fee

AL 68 T 2B B R e R RS RE o Wi s e

wi t h FGnis) iy b cébnlativrcalt radpesites of crude feed £ad c28leipsodacts for

tabyl ati on of hydrocarbon feed and crude, product .far
SRR AT Ctr R AE PR RG] Bl S nouns
dpuéz veRiciikey St S. FIG 24 is a tabulation of

hydr rhon feed and crude produc or .enfodi nent s of
oG g PRGBGSR R FadcesseRd EC Tay Of o
doktadinZtsi of centiciny tRtcneml falls wdriogaohanideadpantresr ud
product for an enbodi nent of contactin

] . t he .
hydr S&Grfdna tabulgtion ¢firrudedegdeagd E%‘@%\Pﬂ%‘t‘c%s for embodjgpentyof

doRBchTMBOE L@ ebBToP RAEPIhPs® HARrsvari ous nodi fications
and alternative fonns, specific enbodi nents thereof

are dHow? by tahilption ofexudepeed and crde P9kt fog smirpgments of

@rAt@W RGSuiBY I Beolydaskal @ataé)l'si. should be
understood that the draw ngs and detail ed description

t her é10. Zriea tdulajion eriydepcarbon fepd endidredei prodnt fooemipagliméngs of
ﬂ{aEﬂirtfg‘{L@ﬁydfr&Ja{’Goﬂ i&GhAaRado c?[glﬁr @n the contrary, the

intention Y s to cover all moditications, equi val ent s

and allGednat tabektidadfl Hydgceabomhiend thierglsi producaideslowlpeents of

S RGBT bR Bpghines b (he appended
enbodIGELtis a abulatien ofihydrtarbmsfead enddestprothed fdnen embodiment of
cr(r)g{agtindgetﬁgfl}dr&%%%in %eelc'is\’velgl ahcﬁlreg icgl]tal?gt.e defined as follows.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings. The
drawings may not be to scale. It should be understood that the drawings and detailed
description thereto are not intended to limit the invention to the particular form disclosed,
but on the contrary, the intention is to cover all modifications, equivalents and alternatives
falling within the spirit and scope of the present invention as defined by the appended
claims.

DETAILED DESCRIPTION

Certain embodiments of the inventions are described herein in more detail. Terms

used herein are defined as follows.

“ASTM” refers to American Standard Testing and Materials.

14
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"ASTM' refers to Anerican Standard Testing and
MVat ef i al s. "APl gravity" refers to APl gravity

wW@200864649 C. (60 14). APl gravity is as deter iP@EUSI97/080410

ASTM Met hod 1) 6822. At omi ¢ hydrogen percent age
and atom c carbon percentage of the hydrocarbon feed
and the crude product are as determ ned by ASTM Met hod
D5291. 5Boiling range distributions for the

hydr eaf Qi aedss b Re1 LAt} a5 3PqEe “BNNPLral ieisGk ude
&oduct gl‘rae }];s determ %ed%iby ASTM Met hod DESO?ﬁunI ess

aigfl 8 Ard Nt Msthed D682 asphal t enes” refers to

as ph@lt&rﬁfé%dﬁ)@é{ pe?é'eﬁtag@e?rﬁi dihhie chﬂﬂoﬁ]pé}&rﬁta%g 8f thER drocarbon feed
asphal tenes content IS as determ ned ¥

g Oigerude product are as'qErragigth ay PohdEMethed @r5§91t 0
asph o'il%)%%éngre I?l?s?n‘tﬁ[lgnsl fHISt(ﬁle ycirgca&%an Cf!?lbﬁll% ﬁgﬁﬁrﬁlc%%}ﬂor the

asphal teffes content is as e erm ne
@3RAPoduct are as' @@tdrmmad Ky et ™ M@)ﬁbd Dafer @Mss othpevigr mentioeed.

et al“%é fgrﬁ)(t)lg%agsm?f)% ?(g as%ﬁeﬁtelegs theg Q%e 1Ps-(r)"f‘u%#e %%lnp%/n&{l e or

nore C
dsplaltPars icoden isTakleermingd WnASTiM)MthOd B@(pﬁ?nds to a coI um
nunbe For

o el S TBeS o e Ry A B S PG

ﬂﬂtaﬁbﬁesfcﬁﬂﬂﬁt&ﬂslﬂ%mﬁhn@d bylASTHEeMEasd DA27®. ' Fabl e and/ or

ggleughogo ( g'rr]cf gra Ict)({:on%rrleg B}%rée metales O?E‘e]g (r)f?%ﬂg: Periodic
Bib@@0lof Sie’ orrn&fr@&ﬁnﬂ(ﬂn&mﬂ 08¢ o6 nRBNEU Surdd X©GP knémanb’dlc
of the Periodic Table, and/or one_or nore conpounds. of
bk By Whieh € C@F@ﬁ%‘?’ﬂs 40 ol nmbeg (for cxamplendrlilyel the Pe“OdlC

TR, Gor b , 6001%mA 8RS RPNER O offe &AL TheRUTRGH C()fuﬁfn 6 of
exanpl e, 13-18) of the 20 Periodic Table. For exa
%mgiugm&)f

theZBerindis Hableandipp pire o ymore eqngiogndsf R ogROTRBIcE Bl

& POAER! . 15 of the Per odic Table and/or one or

nore conpounds of one or nore elenents from Col um 15

of t heoRamiodiemenh] refers to one pmerggleswwapef oplutinisof the Periodic

rea%&l hrﬁg& 099 Rr %%%G&gﬁnd 1'1531%%% mg){:e?reg(]t:rfé & (P gﬁr(r):h{}ﬁﬂeﬁ of the
Reipdli ;T able 'Iia twthech Xz\mmpondﬁ toancobingrmemibef ffomxamelePb?r 1O the

T
ltze%gglg 18ble OFo& efa%;p (Hol Cﬁg S(SP’ ret? 1;13 tg err(%:“rn ore Fl%ments from

eri odi € i's ca
Cadvah 1Hof thé@eriveliahibleafnder emﬂmorgwmmaadqﬂfane pf m@re Elements

FER e RiregRrSEF TeHE vl ybtenum metal i n' e
cat ally 8t st&e@f Ofis/ap@li@itiBn, Fsighl bﬂz[‘ﬂn@tfal eah aleystiodic Table weight
Aoty §13,50 ADG. pELOLL) oL 2 COTpOnEHt, L Bt
PRI U eigRof @ cEhptRd BF AfISHInt BXPIBS BEIbIRST BRI GHIculated as the
\Léigﬁ:ttolf glgta?(r)r the weight of element. For example, if 0.1 grams of MoQj is used per
gram of catalyst, the calculated weight of the molybdenum metal in the catalyst is 0.067
grams per gram of catalyst.

“Content” refers to the weight of a component in a substrate (for example, a

hydrocarbon feed, a total product, or a crude product) expressed as weight fraction or

weight percentage based on the total weight of the substrate. “Wtppm” refers to parts per

million by weight.
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wei ght percentage based on the total weight of the
substrate. "W ppn' refers to parts per mllion by

wowioghis749 " Crude feed" refers to a crude and/ oPCT/US2007/080410

di sadvantaged crude that is to be treated herein.
"Crude feed/total product m xture" or "hydrocarbon
feed/total product” refers to the m xture that
contacts the catal yst during processing. 5"Distillate"

r ef erenlde M rRGAIRORSd MR r AisRRhAthSA FRBARA is to be treated
di stribution between 204 "C (400 1 and 343 "C (650

hegeyny. at 0.101 MPa. Distillate content is as deternined

by ASEMd%eeIaQS{aI%%Zt mixel e&r®‘ﬁ§1(ﬁ%rbdh@£§i/t§taf ﬁo@&%y 9€MRrs to the
nitro and/ or sulfur contained in the nolecul ar

P trf@n@ﬁtS&leW@lyét(hmmgmocesétner oatons content is as

det e“‘ﬂé&ﬁ%@%f&%’&‘bhﬁ%‘é%ﬂ%ﬁ 2%% af%ﬁl%zrﬁgﬁ% fon l?é%«@&l 204 °C

for total nitrogen otal basic
AR I gah34% &f (éﬁ@ ‘et filOT Myen Distitipio ypmisnt fiheatdetenvigedbyp k&M

f an 40. Basic nitrogen ("bn") is as
@etPéc?%%%dgg by ASTM Met hod D2896. "1 lydrocarbon

f eed"Heefaatognst’ cefars feemy g¢h attrogars Ianmimssulfynhontame&b ande molecular

r bon S _not m
WREST i Gk STt EStenh s PRt ST lshoos
KR+ rf@f‘ﬁxlyﬁnl DETAR for e 81$16§en ad mzemmsmlmm efeaf basic nitrogen”
E{ea | es of hdro n fe talnegf omrefln[B/,,
B Bsgtggg@%er}ﬂ’ H?B‘é a‘é?raep ‘% ¥ thep &d [36516 pighgen (o) is as
de@Sinthd€ by glstMe@lsﬁ agos. vacuum r esi due, hydrocar bons
boi | |g‘§ above 538 T, (1000 "17), or mxtures ther

eof
" Hy dr byehcabey e f?félfsé?%fﬁteé tfrwam&%%hy BiepgR- dlydrocarbon foed

HAMROUAY baNTARNinERIRY YRMSs, iRAlvaMB&N drieh, MY BELBER %8ta91fed
a hydrocarbon feed and the catal yst react to provid

e Fedigen nreseses. ebmpouathsyol Aixpmalen givdesrbem fe é@b}ampd from

@Mﬁe&?%@es%é%%&&iew aferh%'t H&lﬁed t'%%n%%sﬁ& &, shdrfMebi@th, Yuum
hydrocarbons (for exanpl e drocar bons such

ragdypehyvhigrarboas brilieg abgvea@ﬁaﬁnéi (16fd Hyupr anét)lres Weteof., or

o ERRORLERL: 5P, G RN s
wlonpo thegfesynce of & hseirwmomfeadbtoth theeedlyst'edcato Ipbatl@hxﬂlrmh to
Cz)%g)gﬁ‘g*@ él% {hgg,\g rée oncf?g%)eecsdrv%nfs urreeﬁmn el%gﬁlge Qe i§ B&Slpmited
tdgtydrachnhenth (by eASTNG, tht(b] ¢ hyMdcathons 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.

“Flat plate crush strength” refers to compressive force needed to crush a catalyst.
Flat plate crush strength is as determined by ASTM Method D4179.

“LLHSV” 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 of more compounds that

are liquid at STP with one or more compounds that are solids at STP.
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"LHSV' refers to a volunetric liquid feed rate per
total volunme of catalyst and is expressed in hours (h

wO 20080439 vol une of catalyst is cal cul ated by BUNMIS20DTOB0410

of all catalyst volunmes in the contacting zones, as
descri bed herein. "liquid mxture" refers to a
conposition that includes one or nore conpounds that
30 are liquid at standard tenperature and pressure (25

C  0:poddPRabln@rBis @ﬁfhﬁ PEridddd ?z[‘tﬂcegs sh&ifR! byThnlerna®ibna Union
conposition that includes a conbination og one of nore

A SHsound dpligthehegrgry (G dovererdPdh one or nore

COMPeNRESs ihhadal 48 of Q}ghﬁé a8l SeRr (o alkali metals? %fk'aﬁ’&' &rth metals,

'Fabl e" refers to the Periodic Table as specified by

#ive atseTti@ chiamionalr canbiawions Rwre Anentappl ined!sOhexiabsally of
%a]n}cpé%gs'ls M@:? ?15(} §$R§TM Metlhﬁclll Pﬁﬁl s in metal salts

organi c aci d net al s,
al kal“M@0€thdn Ryeidad S ‘ML IR c¢ongms @iffire o aamamiﬁ/ ghgarkgn residue
rgl%ni?l n?g%% Y ?orm?on%gzl 8?11@19/%‘8 gtf g g&baﬁ)%tfé F%@ Sn eﬂt 1%termmed by
mmmtmmlmo "M cro- Carbon Resi due" (" MCR")

conte fers t ntit
o MobtrRRiReonfoRindbeRiastetarih rG3r R0 o (otfentof
1solpsdenah €n ttha%dc ohé¢ ﬁlmybd(aluﬁﬁcod&htﬁhﬂhcﬁh@ ahelymobiiTdv! 1ﬁ(ﬁgetmad
530. "M n cont ent he rocar bon feed"
IE@V‘%‘%&“@ 6‘“‘%’ W&Pﬁqﬁ%‘f‘mﬂ‘? mltbe ‘ﬁy%&&%&fﬂ“ﬂf@ﬂ’?& Lipdheg
I cambiy Rde RuRdeemii eat by ASTMdeghddressmount . of
bdenum and or ganonol ybdenumin the feed.

I NOor gan
Mol y g ﬁéﬂl&?ﬁ”é%féfséﬁ hydrercaghon CH?’H‘I’QS’@Q ﬁ‘B%‘rf‘ fodlizg ringe gstribution
wel&h 1k ne d dy rATiMyethosh B thYlOl MPa. NyafAtBAentieder s

to hydrocarbon conponents with a boiling range

dtesmpmed by POAMMehed RS3® - C. (100 14) and 200 ("C
( ngl‘ﬁ/Vﬁﬁe”Qefg‘IQlO ﬁ@@el VMIH Qroﬁo&tc%&i)matfforﬁ%héré)f
determ ned by ASTM Met hod D5307. " e" refers to
ni ckeNY/Wizreadicntiyefpss gnthe gpntens ﬁf)mnl@tl,l \@n%iutrhemo@r combinations
F
1 RO Mo chh ks Wb e AL Py, DG ppouncs
andfor erghndnimkkbl desndvamadgmniacd pigekeeton compeatidsi i teen¥i/Y/Fe pontent is
a r ' ckel , oraanovanadi um and
%n%ﬁlgm?dzb Rgiﬁ\% M&h&?ﬁ‘%ﬁje Ni N Fe content is 20 as
det erNnrimo” WelAS)TMnMBIt dubid nREHO8E 2a3 Per cublimniater of B o@irton
mal cubic nmeters of gas per cubic neter of
ﬁ dr ocar bon
“Non-carboxylic containing organic oxygen compounds” refers to organic oxygen

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

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

“P (peptization) value” or “P-value” refers to a numeral value, which represents the
flocculation tendency of asphaltenes in the hydrocarbon feed. P-Value is as determined by

ASTM Method D7060.
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feed. "Non-carboxylic containing organic oxygen
conpounds” refers to organi c oxygen conpounds that do

wootshesred a car boxylic (-002-) group. Non-car bpXyU§2007/080410

cont ai ni ng 25or gani ¢ oxygen conpounds i ncl ude, but.
are not limted to, ethers, cyclic ethers, alcohols,
aromati c al cohols, ketones, al dehydes, or conbinations
t hereof, which do not have a carboxylic group.

" Non-pordensalt enddst 568 UfnleRrc RPYIRMNchurd ™A Rf o Pore
m xt ures of conponents that are gases at SIP.

Jigagien padipppore damgesr. agd peeyalupes asidsfegpiged by éSﬂMrM?tan D4284

!réﬂl?y lgd%k‘uﬁ&r}f ﬁerc@agataﬁglé Q@uaf 001%"%' %trhfé%nﬁe%ﬁg@”&%zgf
aspha enes I'n the hydrocarbon fe P-Val ue i s as

igsfuaren @@gronynm@'ﬂm Mietgreds. OEo@o, U. S A) may'bpggas to determine these
\;:Ci&]%greter "medi an pore dianeter”, and "pore vol une"

er to pore dianeter, nedian pore dianeter, and pore
vol ur‘r‘@rgaasmdelilef riqred Cbglp@@flmwwﬁmcmdds DA Bahi¢ ¢rerround/bonded or

c%%{ ?e%; X Ir%sal ?f tﬁg Egr %Ec % e‘O??Blﬂ?Jﬁr)ttaﬂlc %4192>1%t éferf to the total

rOfT'EfI I CS rumen cromeri
didntentmf sigtal Getbe grganorhd:tﬁhﬁc@mpmyddo é)rgmdletaﬁicd&hlentm; me

hese al " anonetallic" refers to
J&I%Bh%ﬁﬁi@' W@Pﬁgéggn or gani ¢ conpound bonded or
conpl“Bx¥edieMrdftrs & ¢omipphernd thhthﬁvepﬁbdnﬁﬁg angdedidtbution above 538 °C

DA g G s AR P ompounds, o

O aarrge®inat! kefers @ThHOfitidsSind@sr SRt ealhrd acéomweﬁ&m’lh&v@bm&n
D5807. 10" Resi due" refers to conponents that hav

st orah Brofugh gextaies SpeipgRG ip s d&%@@e@ 88 ASEM Ngihod Dﬁ§07 as
slatrenihae disdve ARTMidMabLh A IR P10 Filtration TSR HITR™) as described

refers to inpurities and/or coke that are insoluble in

ynenKapett Bo i hedar tlatlafctplbdurieenttrte. Sedi ment
I's asg@ppefd e adedivt %&Imﬁq %ér‘h%&?l of REHbIRRY (R

al so be determned by the Sh ot Filtration Test
("SI “p m@w)areasofope@cq&ysb@@s 4@W1WYMWMM@@D%3 in

the JoUne LiSto 4 R gatl aci }1311131?1& e ﬁgfséd ?sgﬁﬂlg%gzli‘g "“§lg|';)%cl)ffKOH per

refers to st andar eet o
dryd (‘G noflemplee dAAN is as determined by ASTM Method D664,

“Used catalyst” refers to one or more catalysts that have been contacted with a
hydrocarbon feed. A used catalyst includes, but is not limited to, a catalyst that has been
contacted with a hydrocarbon feed and which has undergone further treatment (for
example, regenerated catalysts).

“VGO” refers to hydrocarbons with a boiling range distribution between 343 °C
(650 °F) and 538 °C (1000 °F) at 0.101 MPa. VGO content is as determined by ASTM
Method D5307.

“Viscosity” refers to kinematic viscosity at 37.8 °C (100 °F). Viscosity is as
determined using ASTM Method D445.

In the context of this application, it is to be understood that if the value obtained for
a property of the substrate tested is outside of limits of the test method, the test method
may be modified and/or recalibrated to test for such property.

Crudes may be produced and/or retorted from hydrocarbon containing formations

and then stabilized. Crudes are generally solid, semi-solid, and/or liquid. Crudes may

18



10

15

20

25

30

"Surface area" of a catalyst is as determ ned by ASTM

Met hod D3663. "TAN' refers to a total acid nunber
wexpsesyed as mlligrams ("ng") of KOH per grapc1/Usgop7/080410

of sanple. TAN is as determ ned by ASTM Met hod D664.

20" Used catal yst" refers to one or nore catal ysts that

have been contacted with a hydrocarbon feed. A used

catal yst includes, but is not limted to, a catalyst

ihfiade ek e %@ab@l&ﬁﬁ&ﬁ&%@n%&@ b iDMstnRGRN RO Reh QB AIE-
whi ch has undergone further treatnent (for exanpl e

qog%eé]ﬁfg)[leagaé%p valeq |s§,lt§t gl)comblnatlons therqz@@onyt@@ @pge I’{odtorm a stabilized

B8l 8581 OBt Rafolal dibig o@?gﬁm%@sor iR YhdagRiRShHEEN
343 C 25 (650 'F) and 0.101 MPa.

I’@@Gmgéﬁ@ent is as determ ned by ASTM l\/bt hod D5307.

o S AL ORI RSty B
tepYukRL facility to produpe mhblpb@nmmen@fwnﬂﬂpgmﬁ@pmhmgmtanggﬂlstnl[)utlons
(lpos’r egcc[t)m@g nlﬂplgtﬁ%% sHfifte S t’ RS {1d/1)1ng c% 11‘[I mfggt 103 ﬁfglofl %{ch{%gée‘ but

e Su este
1&ﬁottlinlﬁteﬂ&$tatnmphmnt dlﬁlhaldne&tthqmahrﬁdr \ratagunbmsmﬂmmﬁ ethods.

Gk bRAR ol ThRt bR B3 bl FHER RO Bl o

c&ﬁf@hahmbmbﬁwmtqumsleamfcht udaﬁm)sgra;bi; bif cathondat e Sraar &

et i S8 S ST st eted oo e Fhuces,

dé@ztlteh ltcrpp&&@iuaag, orlcehBMalion ihein - CrpgerTsalblseo gasas that has been
water, salts, or conbinations thereof fromthe crud

eaterl i (st st IS Ppese tBs ORI HO AR PIIES PO iy 55 °C a

®fH1aMPPEBUFE att amDhaR R%h FaioRed. Orypidaty, %ﬁ)@&i‘ ol @nwiane{of
retorting site. 5Stabilized crudes typically have not

Jeaept diashpstOderaine AbMOost D4R terdvaT 3f nenng 97 grags phsugh

gogrﬁogﬁg}l%r};e gﬁﬁfdfltﬁeytoﬁﬁgdgmguce mul ti pl e conponents with
speci f i ng range distributions (for exanple,

nap htShale S@b@wd {rades bavey@operta dadrlldvuthe slebilialerraes &) be
tgngr%olrt!eb] a éoﬁw thﬁfh lﬂgﬁﬁmnm&hﬁeﬁ bg Qltané gﬁ&&o%Qaltm%rs r%}for example,

eric stlllatlon met or vacuu
rdp@tlned tractksmr smps)h ddlser cludds Istvie bh@@t ngarel upsuitable properties that

I .
a‘l en S }/éﬁlgatgg(i] alglsadva%tgge%r S ma una%c uga%le taa itrﬁnsportatlon

carbon nunber  apove
captra:m hmd/@mﬁre(afm@t fakcidigys thud 1r5pagmmlowfecmmnrpo nend © tl}me r

anpl es of st d crudes
iR TS 1o RoRn 6T il SR B EFHGEE: biGediReme
dioapatheed bkd&éthaﬁﬁ d@emﬁait@tadds@m) préwce (Dfanspoffoa[i]ﬂ&)(ﬂ treat.
refers to a %F t ha S been treated such that a%
| east’"YGHES 8 dlf E—Sallf?%ﬁ‘% Bﬁ’g?ﬁ gy ifglpdg; Wé‘r%n%ihml‘ieﬂ@o' bl At of
HeJaaw. 3ot 16asad). 30@r:h01basM'_l’ ab)(\Rosidybf af ledst b £9¢; df)qu 2RERN at most
removed, Typi cal Ig topped crudes wi || hav
19, at most 15, or at most 10;'d) a total Ni/V/Fe content of at least 0 00002 grams or at
least 0.0001 grams of Ni/V/Fe per gram of crude; e) a total heteroatoms content of at least
0.005 grams of heteroatoms per gram of crude; f) a residue content of at least 0.01 grams
of residue per gram of crude; g) a Cs asphaltenes content of at least 0.04 grams of Cs
asphaltenes per gram of crude; h) a MCR content of at least 0.002 grams of MCR per gram
of crude; 1) a content of metals in metal salts of organic acids of at least 0.00001 grams of

metals per gram of crude; or j) combinations thereof. In some embodiments,

disadvantaged crude may include, per gram of disadvantaged crude, at least (.2 grams of
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15content of at nost 0.1 grans, at nost 0.05 grans, or
at nost 0.02 grans of such conponents per gram of the

w0 oppeds7er ude. Sone stabilized crudes have pr oper/usms7/080410
that allow the stabilized crudes to be transported to
conventional treatnent facilities by transportation
carriers (for exanple, pipelines, trucks, or ships).
O her crudes have one or nore unsuitable properties
tfidde, £Qcdsems efants e asHdLS %@iléﬁdﬂb@gﬁﬁns Hirsddheastaa@ed 0.9 grams of
crudes may be unacce table to transportation carrier
Ta¥ideo N gOTRG GRROFEPANLS |d!SPwntag?ﬂféuderm@/rfta1V%g TAN igwrange from

f ertpmoc‘QOV 8hue05 ti@ orHiuzrE%ans aﬁ?&rtﬁﬁﬂé%odﬂﬂ%ﬁts disadvantaged
econom ¢ val ue may be such thai a reservoir that

qradeb.undegraming dighdvaniiagash cgfedmey bave atshidyr contepled melaaSt: 0005, at
]g%§5by(§gﬂg%pggggmnﬁransport and/or treat. Properties
0

dlsadvantaged crudes nmay include, but are not
l'i m theebneembylinfeal, difad¥Baibzcd eastes vt pragerticgmsiudidg Hut oot

lﬁ}nted%? 5 Tg%N (%)at }éi% %%sﬁr aylegst 1,?@ an%%?gd P JCQnth? ieﬁ)ﬁa&fg 605 grams
(If(n)ixﬂgen Ildle]/ gl‘éllﬁ&)f dxsmventagedfcnab ¢)adStastha0ORe Qo@etmnﬁat dastat.04

S0 Gl A g o Bt ol T ol itEdes Ry °

hﬁbﬁ@ﬂﬁh@nﬁnmah>guamﬁﬁﬁigamdﬁbmﬂkaiWﬁsmﬂugamqnﬁemkmﬂﬁ,@a

EnenGin i ea SRR oriath afieod GRVG) et oF nedhaty

gg&ﬁBﬁhﬁ&ﬁ%ﬁﬂ&@ﬁb@ﬁ@ﬁk@&x&fude h) a MCR content of at
| east 0.002 grans of gram of crude; i

Cont dREOTHT SIS fisHBEh e TS B BREEmFEing figg, hof not

1#hitdd88:ShH a PaHORA oA BABNQ aﬁ%&s@b S0PESrads 8Madt nfifoddsonBfounds
combi nati ons %hereo I n sone enbodi nents,

IJ&F s isadwuataeed rrederhya makbdraem cpatentg ahleest 0.1 wippm; ¢) a

Igélélﬁzcbéﬁt@hlﬁg Qe b @%ran@st of r&RRE pgr }%arg %?%a&gntagge@%hﬁl@ eor d)
| east 0.3 grans of residue, | east 0.5 grans

¢@®M@u@wt@ﬂﬂét | east 0.9 grams of residue. In sone

o TRh fi o SAPA G5 1 P BRI e L B
g@mns@He®teoﬁbg5msknacbaméwmgembadhnhn@s@x@M@hd&aﬁ@gg&@e
cﬁstﬁ? Sloh bR eelg § JE; 8 Psed%/@ 36]‘318@9 AT ea%%’ m?{%&’w 81‘11%%?0 005

r Conten eas
aimi, eastledt @A mratHSof hydrocalbnnssmttEa l&nh(gilalmrdlSmbutlon between

A e AR B T M BDOP bt B1e MG PP, il s 01
gkds ﬁl’hyﬂ?bygeﬂnsﬁﬁﬂi ﬂfjtfﬂéﬁagg r\e;@e dlﬁn’ﬂﬁitlg? Efjl(eiIEeIgJ(}@WE aafl 400 °C at
SR BRLa BT Bl it BRALP® it Grenfo B TRgpms of

BaRRabbenes @&ﬁh@@ﬁ@eaﬁstﬂml@ﬂm%agm O@ramd%so ek) at&) 101 MPa
hi gher. than desired 10Qvi scosity (for exanp

for Xirdurinesd BYACSTRAINAH Pmran@ P%@}ﬁdya%%gegfmﬂ%éé %ea%ﬂ 001

gﬁﬁm@ aCRI 8105 gtfammr%[ Radt 0. Omgffa%{s of ﬁ&&r@ca@lﬁon@ %ﬁ@'b@ﬂﬁg e
of at l|east 0.0000 ranms of metals per gram of crude;

Gytripntion whtivast s Ct HOr1OHMPa; at least (. QDlsgm@s @hlsas D ER geams, or
e, heaé%v(ﬂfgrﬁﬂ% I&Hfé@ﬁﬁo&%ﬁl PERRR bR i edkibg b&geexpwo °C and

not basi ¢ nitrogen content o
30838t 1@beagat éﬁntst QﬁOlkgaaEmsc atrlpasy @@@%}gremmo airleist 0.01 grams of

hydrocarbons with a boiling range distribution between 200 °C and 300 °C at 0.101 MPa;
at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a
boiling range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001
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15 per gram of di sadvantaged crude; b) a nol ybdenum

content of at least 0.1 wtppm c) a residue content of
wa@rooseewt 0. 3 grans of residue per gram of PCT/US2007/080410

di sadvant aged crude; or d) conbi nations thereof.

Di sadvant aged crudes may i ncl ude, per gram of

di sadvant aged crude: at |east 0.001 granms, at | east

0. 005 grans, or at least 0.01 granms of hydrocarbons

gi«hﬁlh afleRR DDA Grahdngar RAL 09 it aparbetivee Wltﬁ% bofin@Rhge
T. at 0.101 MPa; at l|east 0.01 grans, at | east

@Mebawgbgw§mlﬂﬂ)évmﬂéé% (Cot @I MPanms of hydrocar bons
W h bbb ANGRIhY 1AL R oREL N0 AA0E ATHE R cas

eas grans, at | east

Hiirasamopet laast P @Q%grams 01 agleas. Obgrams@if brdipdssess with ia baﬂmg
IQI?éel dl%gbl{tﬁvﬁ)g?at {d()b%t a{t @qogﬁgggﬁrﬁdglggn toqn gbé‘iglq% 005

|'east grans, eas
@n@nsentso rTa/h)lchlésaﬁte cmsamangﬁlgaﬁh@u@%f hagSiey elram:(é rdipadginiaedherade, a

cg)ﬁlfh &%}b{hq{}g%cgljbﬁsrdfgy&o%% 2 e%&ﬁﬂ‘éec?r (198 o P%r%‘ﬁ? 650 C at

cru ude, per
gr amSofne disséciuaptdgedts aray dr&ludat pelr gaﬁt of@h@d)@ngtgafmudeaat least

L A T e

ﬁmgamﬂﬂ@nmﬁafaﬂa@uXDPCMPaloabﬂheast 0. 001 grans, at

| east, 0. 005 0.01 gr of

yar SeRBORLRER! o oy i g S AT B e efess

A6 Larad)de 13220005 éram@tor @t 12810 MPaiandtof h@asdarfdn®Gdth a boiling
grans, at. |least 0.005 grans, or at |least 0.01 grans of

%%ﬁﬁ%@ﬁﬂﬁ8ﬁ§fﬂﬂ?ﬁ“§ob€|l|ng range di stribution between
200 "HxgmpRdoBBdtandloed b8k tMPRiigibe k8RS us@ngQQéL]fngE@Qg@%a

at | east 0.005 grans, or at least 0.01 granms o
Jeydrbed Berpia rﬁ%clwet it grepol Himies! toesipdes diosx ¢f it o loming exgigas Al the
\3&91 UCS @ﬂﬂjf éggt an@séﬂthegn égﬁfoM?e? Caﬁ'a[@lq T%f salngsaﬁﬁrazgrag @;&ntos and

granms, at |east O. grams, or | east 0.01 grams of
@mnoebasﬂmﬁsywwm ﬁulé OBSIMZI @gadr ngeel Ieingdoni Noth S.mt Beg%en

A uge aglngs%%h%t%ag Qf‘gﬁlezﬁﬁﬁl Zulia Mglagﬁmn(ﬁj hﬁl@ﬁie cr 8[%

$ ma gram of advant age
at | éFa@ltm@n ©Ddlsa31warmedatudbselasst ermamiaShegnapmt,lesc@lf ttat

cldsa%%/antak%u? onEDSOS t tﬁé/ ?ru%% %{qbacé{:]%) Eﬁ\)n&)t f}%b% n%& aItIO ange
teeclthhdnt.on t 0 hlgher b0|I|ng conponents Typlcally, t he
di sa ant d.crude. has sadvant
o oad P BRAORE R BF e <Pl RiBing Tk AaHE A0S Gesytine
I@frﬁlg‘satméntaif tmlﬁidg Qecll, @rcﬁsdﬁﬁ)ed hefrelg is §@ﬁﬁ\ll§ﬂ IsGiuteabt @gepbrting
es ncl ude, ram o i.sadvan e

}él'r g‘éf%‘ﬂle% 36)1?@6’?%1 gef Egdyet Bmé‘éf@g gt %"%‘%’ grher&tn aré closer
tb @R dorBsp3Adif piserBés &W&s@@@fa@ ﬁﬂ@rm\éﬂﬁaﬂé ctudd ‘ﬂia'nltlﬁgzrude feed, or
10range distribution of at |east 200 'C at 101 MPa.

adpsplodhescRirg s AgR BropF e’ Besf crudes thepgthe gae @P%I fheseby

Sharehsant agrshie VHIde of @t cﬂu@@%d OS&Q%anE %ﬁﬁluct%ayl ‘tfé@@ﬁned with
0. 005 grans, or at |least 0.01 grans of hydrocarbons

Ig§StoR nePISoTeRingL e cahapeing Iftningrebtiensies] Besifeagsut may
include desulfurization, demetallization, and/or atmospheric distillation to remove
impurities.

Treatment of a hydrocarbon feed in accordance with inventions described herein
may include contacting the hydrocarbon feed with the catalyst(s) in a contacting zone

and/or combinations of two or more contacting zones. In a contacting zone, at least one
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Exanpl es of di sadvantaged crudes that m ght be treated

usi ng the processes 15described herein include, but
waemsnet74d i mted to, crudes fromof the foll owr@mUS2007/080410

regions of the world: U S. Qulf Coast and southern

California, Canada 'Far sands, Brazilian Santos and

Canpos basins, Egyptian @Gulf of Suez, Chad, United

Ki ngdom North Sea, Angola O fshore, Chinese Bohai Bay,

Evrﬁlfe@@l Weh 8Rdréshktod feddBhAYl AangdB By LR BSthah 2 HOBIHR feed with

reat ment of di sadvantaged crudes may enhance the
Pe opBts @lyse relpéveso theisame proneiige dhehvidirearben éggd s Hgome

énﬁ‘t%dﬁﬁéﬂ%e&mﬁ{c{%nfﬁ %&@&@@h & the brebdn@d Mﬁ?&g‘eﬁ’ o1 ARA/1Rome
treat nment . he crude feed may b€ tdopped, as

ehodimdhselthh bydpgen spprse isrong er m@@dﬁuéltocq‘rb@@ |that ngder FO RN
doh&Gad Bdlﬁfmstrbegc {%r#gﬁdef I%Elﬁvelﬁ?@m&i?aﬁ&d &t hp&b&Iy 1S

gener y suit or transporting and/or treatnent.
@wpetrd(s)e@thohydm@rlmndd@i product pr oduced as descri bed

her eiyiaaf € ,CLOEL 2PL LA SOLLPRANEIR ARBLLL SR oRlcring

West er e han e cru
©ho$&. Tthe hyhtecarmrrfe&pfmmis OEptrpan p@mtcmeg ok 1B erathydnouzdbqn

de feed, t ing. th
B GatgF i o SrliREy wedTER A Ga TBrish L e ey P Blfine
poeddneefla ma&thrf, bﬁ@ﬁnmﬁafu?ms théresft rEearhplembft a dohtﬁﬁlﬁ{g%/zone include a
I NI i ci enci reat nen
TG el e Je FaiSn SRR Ce s B Bty stred

dARsRherCSTIR) Sd fldidliadd KA réiof, APHE r&R i hUIq@laﬂlquld
Treat nent of a hydrocarbon feed in accordance wth

SORPERE ] 1Br5e B SBPIdREnin SHEORARHAR SYHEP i T SRERIRd (P g offphore

o canhonriiRat dciBod R84 Gath #eXatalysis) iMcA Y AGleNY0 may
zone and/ or conbinations of two or nore contacting

BEGrreatinyoRs BIoesh OhaligProGske, at | east one property of
a hydioeatiRa | SRk aNcIA% FHAPARH Bl ERTKAC e 1RO

hydr ocarbon féed wth one or nore catalysts relative
@ilishe bamac pmbgbmeyis.gpnietie! hydydoearburicddeith a first exatest of

tﬁ%"%d% F%msqnewcrgﬁucng (%thesha%?({ctm%{)ﬁr? ) §uﬁs@&eﬁ€ SRl the

rogen source enbo
thywed @eN lydurcabon Bedneh dre seomd cmldstalcale@emlsetttrhfaomwmmnt

anﬁ 11%0 eases A n%‘ragl?t ﬂlgotlge?re%lb})(# %ﬁﬁta rrleﬁ% tV1scgs1§/ ﬁl/k]ﬂ:% d:{)

ively
HetEeodugmh’ @maanb onidbe echtent, API gravity, or comblnatlons of these propertles of

the crude product change by at least 10% relative to the same properties of the hydrocarbon
feed after contact of the hydrocarbon feed with one or more catalysts.

In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, 20-50 vol%, or 30-40 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 0.001-10 grams, 0.005-5 grams, or 0.01-3 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 controlled to produce a crude
product with specific properties. Temperature in the contacting zone may range from 50°C

to 500 ° C, 60 °C to 440 °C, 70 °C to 430 °C, 80 °C to 420 °C. In some embodiments,
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FIG 1 is a schematic of contacting system 100 that

i ncl udes an upstream contacting zone 102. The
whymsoeanbon feed enters upstream contacti ng zpCEUSDR7/080410

via hydrocarbon feed conduit 104. A contacting zone

may be a reactor, a portion of a reactor, nultiple

10portions of a reactor, or conbinations thereof.

Exanpl es of a contacting zone include a stacked bed

(ERAGHQFein 8 chlX@ide B hBAGARIfrondBSROW kst i gedadio 44 °C, 370°C
reactor, a conti nuousl&%/ stirred Lank reactor $ CSTR"

tg 480 Ui-ar stem EGCreAd §r- LIESS pt thy hydsagaghn feoghyill generally range
frdf1194 b FUicty SORLRAGEQY 5 (ol HOE[ [ Adsh ]e’FJ@Q&'h(ﬁfﬁméz o DE.
contacti ng system I's on or coupl ed to an of fshore .
PagicmbpdimeTs ALY isof leajie My elrlessal ldon af least 1 W f 91 fitHeast 20 h™.

g%@% r}ﬁ%sé%)e 81; fg}&cfécggs% g{r:&llg @%nmlag g@ggng@ kR fljoﬁp@}]% MPa, 1-7 MPa,
oMlacti hMbnén sraye dotoludetsonparts] pmysue ofdiydlogst gay pount

I dj, nent ont

?s%mlgaha oca%%h%?fﬁeozs d5 Vl\\zhghact g&g alttq[;?qst 33%/1P% 0% ﬁl%gst 3.5
¥iRe oa’:attrabsygﬂw;l)almy reduce TAN of t he hydrocarbon f eed
Subsequent ..co .qf e, reduced TAN hydrocarbon fee
-t h DB A ot FubERsabie Sl Aok R Btk
3Arogeegdsh erﬁﬁﬁﬁ&heofékzdgﬁ aydrbgen sbllilrc@tohﬁd’ hyeldaathoset sypically
TAN, Vi sc VL Ee_ co het OB ;CO L,3, 3
s o EBTNH Nt G B N meg e NS The G 0
PB.O0EKNH’ RS, @fl0tshe mﬂﬂl‘eomaé@mth HRaRGR sy, @he hyRiaskn iQfoe,

relative to the sane pr tgertl es of the hydrocarbon
ip sHe SRPUlmehisfombgred CRYGF Fe&r b redispaty {owshdhor

JRladeoRd. YSirfer Jafnfabé, 2bex@MPR M FBR ShelitmV MduiFBrdh. The
catal yst in the contacting zone is in a range 25 from

crpies gassawkpcifipledy wef thg hstskrocsﬂpﬂa beed andipioflovgol the Rydrogen source
iX ‘a{e%ﬁta&fng%%s ?a’fﬁk%nie‘% ek hiy él&lﬁenﬁ%% %ﬁh‘n@ th GOB&aclife
soni ¢ enbddi nen a sl urry of cat al yst and

4opelsloda s@@merﬁ@@lﬁnm a hpdrbgrdes oficd (P x@Ople] 1y deregngnethane or
Sy S8 Sy B A R Rl

Cont die ihyrgogﬂmdume RS citer Uphiecapuringctingryng d)@ﬁecmtayrently with the
i ncl ar.e n imted. t nmper at

P e B R TR B o L REBRA A Bl g, o
Lq;str@mmjnraaﬁmgazrme 0k cenadict oOba hahbctanlg)ncfemidmth otwalysnpodaes a

r cont oII d t o, produce.a crude roduct
D RO B inis 3B PRl B RO R R S HE b BIEE
dhﬁlfd)ﬂﬂﬁ‘dntsn@ cﬂﬁé@aﬁﬁy:oﬁlai’mg@wfth ﬂmh@@ﬁcirborﬁi@&i andﬁr thethydfogen
to 440 gzo "Tgto 430 'C, 80."Cto 420 C, ?Tg
OHi56 i GraAis L06- (1hs ksl prorugt gy eé‘ltdldiﬁfeéﬁlt‘ioﬂﬂjc%r?@n (&eand enter
d@lﬁ%aﬂ@ﬁ&r&%@oﬁ@l@a to€al prodél co@lulttlQO 44 C, 370Cto
430 'C., or from380 Cto 410' li 1SV of the
hydr de Q‘P‘B‘%?er?f% SPAURIPY zyé A&$-4hg %}u‘iledﬁ@@c? ?’I’(S‘rﬁaﬁ)mfy pgyseparated
font theQ@tﬂl%éd&?us?r%]%lzﬁergﬂ)ﬁ(ﬂo%n7 Qﬂa%ajtton %chﬁqﬂe@ fok laxanﬂprles oh0
10 h-1, or 2 to [1. 1n sone enbodi nents. I s at
liguigssepgation. The geudg pepductinjay jexif dowgstrpdn sgpapgon mne 188 vigicrude
ﬂr@(ﬂﬁE C(%Qul't i12 aﬁ_ﬂ t‘ﬁmp@é’ t&dn@ﬁort@ﬁ %@Hﬁ&r&ﬁoﬁ‘é@ﬁ&g ‘;)ﬂ)ehﬁ‘est Q@rage
contacting zone may range fromvPa,
wpsel, Biinees, qtlﬁf:r@wsmg@smmcgmbalammﬂa@f ;Tbegww igglude

0 05 T e Lol Tl IR, Oy,
dePen ngmozitle)nestss 2ad¢Pas hyldrogembodieremntys chmiengyis c h¢ brgess gas
hydrogen source is supplied as a gas (for exanple,

10hydrogen gas), a ratio of the gaseous hydrogen
source to the hydrocarbon feed typically
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ranges from 0. 1- 100, 000 Nn8B/n8, 0.5-10, 000 Nna3/nil3,
1-8, 000 Nml3/nm8, 2-5,000 NnB/nB, 5-3,000 N111:3/1113,

W®200804B300 NnB/ nBcontacted with the catal yst ( SpCT/TR®07/080410

hydr ogen source, in sone enbodi nents, is conbined with
carrier gas(es) and recircul ated through the
contacting zone. Carrier gas may be, for exanple,
nitrogen hel ium and/or argon. The 15carrier gas nay
elﬂf:%ae@ b EAcBhe J)Jaﬁrﬂ WA QD Qﬂtniﬁ%ﬁ@d AL rdcclas@iﬂ Obnes,
the rogen source in the contacting zones(s). ﬁ
%P%V@Pseéa%r%ﬁgbmav% thesPhnce mi xi ng in the cont actl ng
zone (s omd &n&)‘aﬂfﬁen%‘""&%dcﬂﬁg‘&é hy @ro&)ﬂsjd'nqg&ﬂvi%lpﬂ% Eé?cal%t@ﬁ to
exanpl e, hydrogen, nethane or Vet hane) may be used as a
m*adw e totg) asodypids pestirmediingwe @ mhrecgglactingeronesn tfae tatal groduct
upstream
e RORE RRLDA TR BT 7% he 20
hyd r 4@ ohak edeniaticspyf @mbedimbnin of emtictmgngstiem 1000kt oxludes

SERESRLSH AL 85 R o0 e STl
@aﬁralnyemtapnme$023artdcnioazlnstmamchomtacttﬂgabne hicll uli@s. 3 and 3B

SRS BRSO eS8, L BT BTN R e 1

hydrodaichans ﬁ@ﬁﬂttem’d)d(aﬂﬁngtzbﬁeshy diiogenors Atie Gedrbénriemrtekd dnters
106. The total duc exit u r.e contacting
o ok o7 s bslmer i R Silon sone 108

Vi a tptahe dhdUGdntsC MR dhiiribr dat @s conbirdawistth€@rogen source in gas
separation. zone 108, the crude product and g[as may be

at Hioead fyiptioduned inortag C%F%Hwona%%ﬁgn@@ﬁee a|6?13[,aup< nown

SERAIRNIOR heFR M 116853 A LR JEXRNRdfoge B dSirdd Mbiof the carrier gas
separation. The crude product may exit downstream

yaprathcoie ppmere1o8taging zeprgdethdho bivsEecagwn desidserraely yidgas

Jo'ﬂ@tﬁt R% Al APERAife8%hnt Bukh AR FRAHALS tQ@hﬁﬁ(gcrafb%ﬁ $eed via, for
pi pel i nes, storage 30vessels, refineri‘es, other

RO s ngndpﬁdéé Addlitign ebt:hb hyrogeprsourhe pnsistr theTagrieg gas counter
tﬁ%ﬁarﬂd%%f%ﬂc? afb%ﬁ %g c@&%&%ﬁ%ﬂﬂ? cérfatlé)c% ofk @A rEearbon

ogen su car |0X|de
m@hwxhd@rmme%cess gaseous hydrogen source, and/or

gg:]tr ICeotn}a%tgoSf Sth y%rocel%gﬁc' feed; Ic't}l r[glxrstfsa é)%%?atme %)n%a%tll’(lﬁ %)ne 102
formxcetesd sigamoids feed smaag@owsefs(sm hpstrean comabing adried0 to

G smaesga i R TR v b by 08 Bl B

do®tnadreapt @@tactingl nP €14 10 rat@idonah dbwidtroam bete:ti6® Adn2dll 6.ng
zones, The total e separated to for

t he (QQBH%U%ZSB?FCII Hg g]éslfl@gljlglu e one Oﬁ% ca§1 }gstsalAé SH(])WH in

HcherBhd £8d SfeaRRASLFTEBANS cettactan @Gt gla$ye%1tsaearﬂ @&hduu 118
that includes two or three contacti ngF ones.

2yl cBiRts IOBNSEBMCARIETHY 7895t dmATeboy i e d, db%ﬁe%%ﬁm exils

M&@&;ﬂ é@ﬁtaé@flgezoiké) 21004 c&fa\amig SRNBEAYRELhAZERARam
114. 3A and 3B include contacting zones 102

CP!I!T@CUT!EFGH@ I¥-FI GS. 2A and 3A, contacting zones 102,
114, F0%LG s@lshn ﬁ{%bec@o%gacéﬁ wiGRahiabs EQQ?&& INBwAARER

in one reactor. drocar bon feed ers upstream
wonttawtiony 1 Homd/ot @d_ﬂllwnal dnypasioear dsorcliegne élﬁd‘@u forn1 (4 total

product. The total product exits downstream contacting zone 114 and/or additional
downstream contacting zone 116 and enters downstream separation zone 108 via total

product conduit 110. The crude product and/or gas is (are) separated from the total
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In sonme enbodi nents, the carrier gas is conbined with
t he hydrogen source in gas conduit 106 and is

wo oiogoeR1e®ed i nto the contacting zones as a m XeATI/ES20DTI080410
certain enbodi mrents, as shown in FIGS. 3A and 313, the
hydr ogen source and/or the carrier gas 15may enter the
one or nore contacting zones with the hydrocarbon feed
separately via gas conduit 106 and/or in a direction
ey efhetcﬂlcfe I@ﬁ)dﬁlbt@%t@iﬁoﬁﬂaﬁem shaeasPARe 16eda ¥ide plodiict
exanE gas conduit 106'. Addition of the hydrogen
wadiict2and/ or the carrier gas counter to the flow of
the ﬁi@r@&%%Qﬂﬁwhg@@mﬁ%ﬂm@ﬁﬁ%ﬂ&@uﬁbﬁmﬂ&z%ﬂgﬁﬁﬁeﬁﬁﬂﬁaCt
of the hydrocarbon feed wth the catal yst 20Cont act of
qohactinedygenrl fonThedshdygnidged audé eahgrdyppied oupsenpediranters
@gt%a‘ﬁ%e?{}gtl(ﬁl fie %lg. %H@c&ld&? ?92 Bﬁlg&f@amwﬁab%%ﬁ QOne 120, at

tream rom upstream contacting zone

ldownpertiemeal thodisalyhitagyd zowe islstAaratedudmgG8chnB ieakpwaBn the art

bR B G O SP AR VBS R AR B9 one
lﬁmnmabomﬁgdzﬁmemmﬁﬂa\mm&4mw1mathmypmndhu@pmaméﬁommunre
fata rea

A R A T o
cﬁﬂﬂﬂjhﬁoh bdld& %Elr?g o Bélewsg@l e%\/n&g be ane B0 praly saghraenonh k.

As shown_in e feed s m exi ts downstream
‘ﬁ%‘ﬂi’f’é‘&g%&m%%’rﬁ 5¢ @F&Y@B?Pa?ﬂl‘tfte‘?fh REVilon "e‘ﬂ‘foglflgents at least a
REehint df @RgHth 0PRSS HP QAN S0Rvatilgarz@pBthd 6. seﬁhwecf@@ﬁi the
stream may be contacted with additional catalyst(s)

oV AeEh et dBDHE 7 Rl e 20 At ARGISR o LlE EHBHAIcomponents

éiﬁ‘ﬁ@&%éaﬁ@%&&%%ﬁé 9 FoRRadil 24 0 form the total
roduct e total product exits downstream contacting

zone The hydipeprinn fafeﬂcnbﬁne?ﬁaﬁondwgw eeppiabomicae L Phdn seite

éﬂt@d%&tse{ﬂ&ﬁﬁé ARMRSE 6@&%@%@@&1 Qﬁblﬁﬂg‘ﬁné&ﬁsﬁ&ﬁon of at
total product conduit 110. The crude product and

lgaes 1G05°(( @r igsome pabedieeants. radwiling gange delribuperodue teastTtﬁ@ °C.
rﬁ}{i)%ﬁy Qﬁé)%gﬁgteg ﬁ%c{'jrﬁca \f[rlfgetd if@0es Efﬂ@&ﬁff QI(P rc]ofq%hgﬁt} gv%h\él b%lhng

ct co t a sc
r@lﬁgeaiiﬁtlebrblod betertn Bi0-1408 &pa2a900 i, 20 Ae0-8H51C: strivast a portlon of

tﬁo]g)bc? Gl Ibog el x&s u t(r)earr% selpgragon zo?n % ?n% glte% c%gtedct{n§ SHggm 100

untop e ream separ “at
(3&0for lesanqﬂual&: womckingtzodé2n FI(ES l]FfStVl’a&ﬂmtlsmﬂ ayabcambbnzfeab
120,. | east ,a portiaqn fthedls vant a de is
By Bl BB Pkt Qi B PRACY G SRR ienls
@x@dal @paﬁ@ﬁf;@h@ gzo mnm@aﬁloﬁ@ni;ﬁtaéalnm dop/mﬁeamrcﬁ a desalting
redltégt ion) to p dr ocar bon fee

e t g For
a8 R B B ER OF AT Lpa Hedproduc
dohaun tire di sadvant aged crude. In another exanple,
conponents that have a boiling . ra

In some embodiments, the crude product is bler?ded with a crude that is the same as
or different from the hydrocarbon feed. For example, the crude product may be combined
with a crude having a different viscosity thereby resulting in a blended product having a
viscosity that is between the viscosity of the crude product and the viscosity of the crude.
In another example, the crude product may be blended with crude having a TAN that is
different, thereby producing a product that has a TAN that is between the TAN of the crude
product and the crude. The blended product may be suitable for transportation and/or

treatment.
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10di stri bution below 95 C or below 100 I T may be at
| east partially separated fromthe di sadvantaged crude

wo eoopoedure t he hydrocarbon feed. I n sone enboRTrES1087/080410

at | east a portion of naphtha and conpounds nore

vol atil e than naphtha are separated fromthe

di sadvant aged crude. In sone enbodi nents, at |east a
portion of the separated conponents exit upstream

separtsh&n HON6. 4,20 citiadth GRRHhdnts] Bdhrochiobi @eeﬂ)éﬂfe%%ﬁt*ﬁ@cﬂlg
f eed obtai ned fromu ?’FQSt ream separati on zone 120,

Yo 1enHedydieaion fepesandeis 1od. apdeat lgagt aﬁorwrﬁé&w@ product
M Qon@acgﬁ)é é}Js{égl f()@n«gaeco(AHlﬁE [28%& '1501Htr6)(fuc@tf intcB @St n%%ne 20. In
or, I n sone enbodi nents, a range di stribution
hd¢ndire Z0pea 30, atdenst Eporfymofah ¢ryde th‘glcéé gambinedwith one or more
n h

L RAEN SE Ay S8 L RIS
SePGaGARL O E; orgnor @@dra@mbdn@ﬁed& akcndsta lydpoubpmofgedfor Rixtures
&gtgofh%g)r%ﬁl?ée %’gl%ré%eﬁt%g tﬁle ?R)chsrs %@%? e@% c?cta#bgﬂ &4 Sude, or
remamzsl thgredfhee ioootuaet (ihregtlz m[telslendnngzle%BOlerSl))smﬂam of such

t |. hyd b d duit 12
eltee O YRR RUTE Pt B BRTER ot et in HF A
lﬂdé‘ﬂbl@@l zﬁﬁ&ﬂl}{), Twlﬁﬁleﬁl@@mrsﬁﬁaﬁlaﬁ oA pralne si)&@fldmynsbﬁsgnated by

S|t|o streamor do ream, f a desa ﬂlcl)enID g{ tl

"t‘eé’f’s Qfé{é’} QYU ATTiSFS éo Ftosé?ﬁ‘& cabions 1§CIB WEES hey limited
5 Y:Sita8d® kP a M@ oF API eraPitRAUN, vABE@R ddtichbmbihations thereof.NThe
sone enbodi nents, the crude product is Wended with a

Rlgndad prodagt exils Hlgpdingrpe K0 v blEi‘i“? FoafEht34tp Berframpgorted or
mydEegarbon feed. For exanple, the crude product may

be conmbined with a crude having a different viscosity

t her abY1G- &sthe dispdyantaeed drderraEs YrHRITEePHaNY§ng 120 through
&ﬁcﬁ:cc%ﬁdlht)/l 2t2 hali theqi DAL MERA Eﬁ@e }é'sél%’e?téd % p?cfw&u"s‘ﬁz LEHBE o
product and the viscosity of crude. I n"anot her
fexa hslhedrocdborchieed eTlpﬁWd@earbmer@elbﬁréw@i e@ntwtmg sysread B0
L
dyaduatqzed duud‘t crandpdriengoud 1320 VTh@)nldhlehﬁ%dAtﬂcasd&mrtlmraqi the
c%deﬁ%ﬁp%x%s Lol chgg g‘y%%%gfe()?):agg nntg % gdlrré (t(;‘\naet %5 rﬁrough crude
mycmcomrlino 2§ d@bergndcesssstrend adior ngdssyesitee beddifg wina 130 directly

h carbonf ndui t 104 and at | egst a.portio
e OBt TS P B kTS ¢l pEOR el iRl

p:r@cnﬂtu The bZhdanghoilst bxifs rb&@iumg donenit3o v teadi dogdworse. 130

I n blending zone 13 st a_port on of the cru

pr od e EORECIRAHIGREY q\ﬁncf‘ﬂe 8 uﬁran%? e lebﬁleélt?é Iy E%Pﬁﬁorted

to fa@rirKamaldRi el M peaidaeny &tiRAM pdaitedse BARLI AR late
tpr oduced from separati on of one or nore hydrocarbon
f’

asEems) Thg distiliiefractiony ppvbeprpessser de Brodese caingiegrial products such

Jsfﬁ%ﬁ@@ftaudncfu&rlﬁ%t“aﬁtsaorléh&ﬂl@ﬁéi product. The process
streanms, hydrocarbon feed, crude, or m xtures thereof

are ilmeeresiuehadingingse afigrgontpgt of i éwp%bozléﬁ@ wigpthg gatalyst, the
YRR &R 126 2 SUNO R %@'ﬂ%@z %Pﬁl@st%b% Sildi RN 1@%‘&%& TARRT the
A mi'xing system may be l'ocated in or near 10blendi ng
lwdresarb@ofeedhla dgitain dedodimentsidhe ¢ragde mreduct s @AY of at most 1, at
ABEEIST WGRK O3S ARSI N GoPY, LELWREL )68 BOGLPlhe crude product
transportation carriérs roduct specificatio
wmdtetqd@,tlybaat la:lseO ﬁ@@l alnldmnbledretw;ntla atmagé) (. brsoalel imt
of,  API GOsIt
Piralrsp R RSN e e aFRER e S rarEERE ) 30D 5191 w02
V|a bl end condU|t 134 to be transported or processed.
151n HG 6, the disadvantaged crude enters upstream

separation zone 120 through
26
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crude conduit 122, and the di sadvantaged crude is

separated as previously described to formthe
whydsoeanbon feed. The hydrocarbon feed then ePtBUS2007/080410

contacting system 100 t hrough additional hydrocarbon

feed conduit 126. At |east sonme conponents fromthe

di sadvant aged crude exit separation zone 120 via

conduit 124. At least a portion of the 20 crude

RABUS b). 1€ sbihe CRBLAREABI AY 51 @ELALOpRBGL 8 84rSe from 0.001 to
bl endi ng zone 130 t hrough crude groduct conduit 128.

- 004 5 B é lsam QO éxlrd, Ah@Yl-1 EYUdtes enter bl endi ng

zone 1] 30, dihReitthohtOthe “hide %Mdﬁé’c'ﬁ‘a§9(b@a‘l‘ 'l\ﬁ/vlﬁa?coﬁ{égt @fraﬁmost
conmbi ned with the ¢rude product to forma bl ended

Produwpst STHeatinesh HEH, 3 odidt: ce ki mest Bleen therly/ Yibn eon.t@@ of the
o)
T e A o b B PR e b B
28&dugt atOtaéNl/N&eycoawdt idiasarige fedh landi) bgrams st k oK agliagns 3x 107
%) r r
g%]rﬁ&tg ’iﬂ? %r% g?ggﬁpo Fam% 16 glglzr{ess i % rt%m enﬁa%g Ir%'ﬂt% the
@aivesdsicatias priocu Ctxs 03 Lg@hmm NlMﬂﬁs posorat emhodime:dts a total

VR SR 6B sFE RSy W o O RRA VG BT TER Sirvire

c@ateﬁﬂqfsﬁehyﬁheammudaedpr oduct has a 'I"'AN of at nost
90% _at nost, 50% or at nost 1 %of AN of the 30
hydr &2 5‘?1%‘?@‘?08%““1’ He cBide Braque pby1o H‘coéyzd‘ffﬁlép nifgeol at most

Sm%)dtlﬁbstﬁ@% arffdmm aBoBIB3t, o} at @bst BRSIf t&rﬁolymenmsbntent of
trmstOl or at nost " AN

B¢ P¥eragiog é%edp e spiboflingepisgifie ﬁliuﬂwﬁéu%baa s} molybaenum

Qnfld04 frofI0® 1 WSVt Wippmetroth ©3H5 & 0.0 wPHEor £
eﬁbodlrrlf%rlﬁlgtjs{o TAN ofﬁjtilﬁe cr%)grél g(r)oduct V‘erli)allglgbe in §)9 orrom

G@ngd-kv@rno. 001 to 0.5, 0.01 to 0.2, or 005t001

In s Qﬁrgon%@%dﬁﬁéﬁss the -EﬁHe 8fod‘:'1a%a§£ H)ga@ c&{ttgﬁl Hf:ltnetQEXn metal salts
range from0.001 to 4, fromO

@ ogganigracids ghat most 4050, @t most 50%, at rnossb@ﬁé @ﬁb@dﬁitrﬁ@n‘tféhe tohé
t N t
i A I S A
Bawgofertlhygfotn higlaFslts owtudatbubdre mhehrﬁltddyd,rcarbaxﬁwradde,emols
1811de% #fgmc a dds gIg(i srrﬁnéei?es tﬁ;; mﬁlr iﬂ?ﬁc\%ﬁaﬁgﬁlﬂcce}c dlg ‘Fflsclude ebut are not

cru ato &' cont
liraingleo frtaphithe]nm(acic@ pheganghirenit acids, chm&nEmgacaalrsThe&ne(cal];@ftﬂm of

O BRAPsdfmiet Bg BHEBRendhe - ete 1 he bt FbEo

Alkalif®8irthZmtald OFobe>anaies magnebiumytf&um| shd$af®m), Column 12 metals

nbodi nent s, t ot al cont e e crude
?&B%ﬁeu@cfé é@ %‘6%5 %?ta]égftoﬁ’@%l’ afieﬂggl\qio&v@@
L0 bettanie, t:lﬁ@mhh)’lg I QGaEKRAR dHeed. In sonme

enbodi nents, the crude product has a total nplybdenum
cont dheerfn %’@boﬁlﬁ%ftntsgﬁ‘%cmél? PEJuEt hghfotah onied oI mlels ipetal
smi’sc'&f 0§g/39nlcoarmcﬁtpe[‘?§¥n A%t pHE'lﬁctni‘ﬁlaMQI%%rﬂbm @@@UO@M glﬁfns to

th dr ocar bon . In certain enbodi nents,
%@Q@Qé g@mo@%ooﬂ%gramﬁ 5t BPOORD BIABE et 000N &rams m@mﬁg grams
cff rn%l@m%al%l?%r%ﬁléac% %er%ra&l @ @u@e ?tgéuc\f\'t RREHE %m@o&lglents,

wt ppm or from 15 n sone
elabodinshelsnetelhén wrtaldeltpelodgric elqalg ofithe gtudp prodetentO- b0 %,

S gﬁﬁa r

gg?{f%g/ tof %bo l)f Ly otteﬁ IR c())?ﬁlgl!taﬁ rlrlggftegg%/a(l)tg Pﬁ(grﬁm?cs&cu%q{qghe
lodmmambnﬁﬁdnetals |n netal salts of organic acids in
t he hydrocarbon feed. Organic acids that generally
formnmetal salts include, but are not limted to,
carboxylic acids, thiols,
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20 imdes, sulfonic acids, and sul fonates. Exanples of
carboxylic acids include, but are not limted to,

woapRbhirem ¢ aci ds, phenant hreni c aci ds, and bePzDU8£2007/080410

acid. The netal portion of the netal salts may include
al kali metals (for exanple, lithium sodium and
potassium, alkaline-earth netals (for exanple,

magnesi um cal cium and bariunm). Columm 12 netals (for

exanq srtafl digboARELn&AAN ity SFRhdMeIRodRE ftbductd f}f)m contact of
exa | e arsenlv‘ﬁ*zh Col urm 6 25 netals (for exa
G

tbfhh qargen fesd t#hes a&th@?%wtlv&cwémoas 3 Ww%i RE2e%, 90-

]tl'@% 6F Hfber BHasRd Ap[aéa\@tyto@ﬁﬁlhyﬁ&eﬁlﬁ&{ fefd. H%El@allﬁ ellnﬂodlments
metal salts of organic acid 8‘8@1 gram of crude
O

H¥lcdaraty of the cande @rglactfis 6’9111104@@0 yt@aRs to 0. 00005

gra 0 a

o am” fa ! 000 GFAmE chfe Reptide; SUaERay oG A mos

BY/g anitonest Vs Obéne VEpr@sIty of the hpdtecapradiost .In kemsantdiments, the
t f [y

\%IB? gr &oc?”udae Ccﬁ‘lgtc 1?gta1£os$ 9% oF {heQ/ & ﬁlg thyfhgga{rgén feed

Wille1BOSPT g@vmyl(f%e audeGPedbiz 0%y Q}ﬂ 3(1)%,68(} B0&, ocYiht Bit otbthe API

gl ts of organic acids in the

?/Vd‘iyéia]?ygﬁﬁ% %3835% In certain embodi nents, AP
gr avili yordf erhthvdintdnisd] ehe prudd peidu@madu e héeonato e abaedtt odit most

hydr rbon feed with c the contacti
Yl P5 30" R Rerb TS el e 3l hertsigions Corg o3fes

lirdci®oRed gmavitiin eMbodifiendyrl @6dr Roduct R . tothmetdatdha
enbodi ments, APl gravity of the crudgtr?groduct is from

cpatenpt ai@a%é% 6&16%63% at epg 3P%y prAt fragnB ot e @l hqtgfaatoms
ShideorREAdEIcaldds fedd.Vi scosity of at npbst 90% at nost
80% or at nost 70% of the viscosity of the

hydr d& sgrpsogmiadisaents, fe selfis canpy@if Hswtusle pradactynaydgst mgst 90%,

é?ﬁno"sthﬁ)%? %Hﬁl@stﬁb%d&ca& nloSt B of@é LR % REnt Bf‘@le ¥haae ?u%kl&c){ In

of the ydr ocar bon feed while the API gravity

erigid embpdhgets, thescrade iied 9y ha@-sulfgypnignt CQ et 1:@48@%700& lease30%, at

IAC{IS:L ao\flaE l¥:astt ?ﬁ% Wg{egﬁl"ﬂr elgt%? ﬁ'le h}@llogarﬁ In some
rrents e crude uct as-a tot eteroatorrs

amimienrﬁntsolﬂle atlfurosiicd O%he atudﬂpsokluGG@/BO H0%r8811209%r WF110% of

teroatons content of the
tﬁé ?Pél§£a? ithégydrigca bonf gl n enbodi nents, the crude
pr oduc todlmnla)dtmﬁnw tdtveinerogat mmﬂencdnh@nhdmromct ineﬁbet at most

bl afrdlibaiil T R0 e bRt e 1"

Hlyﬂfdaamsmr&:e@:nmaﬁnﬂﬁ Bfnﬁodlfnhﬁis Skl driide p’t@dﬁcelﬁvts an‘)taItIh@ogéﬁ dek@ent
roduct may be 0% a nost  10%

‘%F‘t St s 18w %(%%}%aﬁ éggu?”éﬁﬁ??gﬁ% fo‘hettﬂ@ B cOniEhL o the

aRALGba febl certain enbodi nents, the crude product has

a suI fur content of at |least 1% at |east 30% at

| east §19% cophodigpentse hasic fg@‘%eafml%t?fé ok the cpyde BES’HP‘é MY @gf most

459& aPnei @@%r QQﬁbsf ?@ﬁ -at hidsSIOE oEARRAL 5B RE the thiie m%lgécnl{rontent

content of the crude product is 70-130% 80-120%

@ dhethygogcarpomp fped hia cstipin gmbedimerifitthefrudesodygthas @aha% nltrogen

Joﬁ%ﬁhr of at least ll% %%t %‘%)Od@' leg?c @b% OIIaQﬁe%Lt 9@1%t (ﬁqgae[gbs&%m%e}@ﬁ

the crude product may at nost at nost

(@Dtemﬁtthelwocmbomfeedmst 5% of a tot aI nltrogen cont ent

of t Iil? sJMéjgn% Lrh)éﬁ% Ih%%Q%%eh%orﬁgﬂt oﬂﬂg cﬁﬁg %dﬁ&?ﬁ% be apl%ost

crude product nitrogen cont nt 0 t leas

91;)% aallnosttéé%t at30%4 3b, dt emstt 1080 % atamosaﬁ%IOéastOXQ@%comtemttméthe

1} rocarbon }’e n%glglnceﬁgl{qtg% %dlr%];nts Qﬁ‘\ei Czl'l?(ﬂ)y nrcgugﬁ l%ats)%r(])xgen cHntent of at

cr ude product may at nost 95% at nost 90% at nost

50% at nost 10% or at nost 5% of the basic nitrogen

content of the hydrocarbon feed. In certain

enbodi nents, the crude prodadgt has a basic nitrogen



10

15

20

25

30

content of at least 1% at |east 30% at |east 80% or

at least 99% of the basic nitrogen 30content of the
whymsoeaudbon feed. In some enbodi ments, REEUS2007/080410
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30% of the hydrocarbon feed atomc II/C ratio
i ndi cates that uptake and/or consunption of hydrogen
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i ncl udes conponents with a range of boiling points. In
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of the crude product: at |east 0.001 5grains, or from
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In certain embodiments, the crude product has a VGO content of 70-130%, 80-
120%, or 90-110% of the VGO content of the hydrocarbon feed. In some embodiments,
the crude product has, per gram of crude product, a VGO content in a range from 0.00001-
0.8 grams, 0.001-0.5 grams, 0.002-0.4 grams, or 0.001-0.3 grams.

In some embodiments, the crude product has a residue content of at most 90%, at
most 80%, at most 50%, at most 30%, at most 20%, at most 10%, or at most 3% of the
residue content of the hydrocarbon feed. In certain embodiments, the crude product has a
residue content of 70-130%, 80-120%, or 90-110% of the residue content of the

hydrocarbon feed. The crude product may have, per gram of crude product, a residue
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30 nost 80% at nost 50% at nost 30% at nost 20% at
nost 10% or at nost 3% of the residue content of the
whymsoeanbon feed. In certain enbodi nents, thePCr/usm®07/080410
product has a residue content of 70-130% 80-120% or

90-110% of the residue content of the hydrocarbon
feed. The crude product may have, per gram of crude
product, a residue content in a range from
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Qe bare By RS R ke s APty LB Bk BTt Soneem
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20-80% of S. In sone o
embodiments, a ratio of MCR content of the crude product to Cs asphaltenes content is in a
range from 1.0-3.0, 1.2-2.0, or 1.3-1.9.

In certain embodiments, the crude product has an MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the hydrocarbon feed.
The crude product has, in some embodiments, from 0.0001-0.1 grams, 0.005-0.08 grams,
or 0.01-0.05 grams of MCR per gram of crude product. In some embodiments, the crude

product includes from greater than O grams, but less than 0.01 grams, 0.000001-0.001
grams, or 0.00001-0.0001 grams of total catalyst per gram of crude product. The catalyst

31



10

15

20

25

30

enbodi nents, a ratio of MCR content of the crude
product to C5 asphaltenes content is in a range from
wad20884049 1. 2-2.0, or 1.3-1.09. I n cert ai PCT/US2007/080410
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25 formor in the formof a conpound of the netal. The

catal ysts descri bed herein may be introduced into the
W@onBAael7kNg zone as a precursor, and then becomer/as10nves0410

as a catalyst in the contacting zone (for exanple,
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i%%&%r%;e o%ﬁélﬁ%?@%%&mg@? %%Mrg\ﬁgmz%l;(s) include,
IRNAS ot lirRNEIB0,, varRNBENL,hrdRNBB. 100y RNBEBOunF I3 0andRNee 30;
t\%ﬁl?lgthunz @E&md %7 (iOEZl? %ickzlcé\%helm g‘?iall dZEr? ’rlilo%uﬁn Z)Zl%?xim

are avadi 1 onfa
itidiust, phatindnh,' o xagyretthSredf. ) Thelcatalysineayelmvyo,dienmeminf catalyst, a total

t al us t o change propertie t he on
RN el EY SRR 1R IRR I Db pbitfis it g A B,
B WaROX(L grizod, uhiS Iﬁng]:Q) ovet-ald @"émi,IGCﬂOUJ@@ grix$, 0a008-0riodrams, or

imted to, vanadl chro mo!l ybdenum t ste
A EERab® 1 RSOt g Prsth S e 1S ARBRER in
dddtiog i MECoR@lnk 3diowhatal (sh OB akPles @S TblMn lisfeldied Finclude
pl ati nuranor m xtures thereaof. The catal yst may have

herrhgrugml bt catalyshmpx haveg tpigt Gelugep L glygrent CPGteH‘eP%Ig(f’él} of
GOME R rah @orﬁ angeod1LeMy@ns| EaHhH1-0.08 Q096 .80R)5-(B33 grams, or

| east 0.001 grams, 10at |east 0.01 grams, or in a
G- @lemens 0. 6 grams, 0.001-0.3 grans, 0.005-0.1

gr amgy, cé}fanpen%dgné?l% gl'é %ﬁlfstllﬁbl&%g@oﬁ%% gst)SThé a@alyst may

cat al yst i ncl udes el enent(s) 1 n addition
hake peogrames cBalyy, fn@taéC()lQ)nn 6@@#@ eanteyft oGy least).AO1, at least

e
(?(I)l %Flﬂ%%l er(f b%g%rﬁ%ﬂqﬁé%i) {:n;hfﬁan fI‘JIlI? 0 68(5 1a(I) %{na%a 5 a?gﬁl@gg tg,@ams,
O @OSFQah genkr @i (0 -O@0gems.Olnkoge annbodlmemaom%lcaoﬂﬁﬁinghdmlrom

., 03 [ 0, g

(g e@?gﬂ% nggso 0 : n@lﬁg ’6 %}ehai(g) C%e?g ain q cgtglll [st &S‘ sor?f:o?mbodn%ents the
aaalyat ipslhdes Thdumo@at Sadalyment(rmm akiéiwien toahe Coluamoofietaleh.al yst

a total S tent of a

2t | ATyt v s bad BB Sgp B AR P
\Kfl&ﬂ@& dr i Aet@BGbnOC@u@h aBd/oOCO0MhnH7-30.gAaME,r ratio of Column 6
0. 005-0, 1 or. 0. 01-0. .. lns .
RIS Cﬁ]é’u‘?‘t"%r metgmyshedp g ggnep %8?“&51@25 fly Lonf)%fggg Agpga-glioet
Os1adTB 6 Afetlal @(Elﬁmﬁs m@ aie(aﬂnap@é 1nglr1@ﬁ@ecff"0n@@tl@|0yﬁt10 er 5. In
sone enbodi nen atal yst includes Colu

B ﬁEﬁP‘%lgaenﬁsﬁh%\%?&lﬁt 61‘?1“6169 EHemedp alimes (vt %ﬂd(tg’}l 5 the

dothb3RA0En SMRAEhAE rﬂ{e‘@al(si Peh &ﬁat(ﬁlrﬁ{)% mleﬁﬁlfﬂﬂ?@olﬁmns 5 and/or 7-10.
conbination of Colum 6 netal (s) w one or nore

Trethsr embedipento therpatalyseipelpés Imhélgletﬂl(&)@ndﬂomnalro metal(s). A

Iﬁéﬁul ﬁtl@ I)f tﬁ@{omoﬁmfﬁelt(ﬂhetLIQO @%lt&m;fmﬁﬁ b ﬂ{etaﬁrﬁyth@ gatél?st f'hay be

range from 0. 1- . nolar ratio

128 Cylga Mene! - ih%toafromc? i’:oﬂnwnﬁ@n me@hmemtalthermgalﬁémplnd@ Column 5
1 ls t

I%ﬁgl%i g{l(g %@nﬁ%é&w&&). ‘%Eﬂopdﬁrr ](?g)f tl{erﬂotﬁﬂ%? r?ﬁr?ﬁ ﬁila {(])ttﬁeo tr(])tal

Cduinhé neoatol thatitdpst ofay Ge linamange it dl 10s9r fvend B-S5one or

nore netals from Colums 5 and/or 7-10. In other

enbodi nents, the catal yst includes Colum 6 netal (s)

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

Colum 10 netal to the total Colum 6 netal in the

catal yst may be 30in a range from 1-10, or from 2-5.

In certain enbodi nents, the3tatal yst includes Colum 5

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

total Columm 10 netal to the total Colum 5 netal in

the catalyst may be in a range from 1-10, or from 2-5.
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In some enbodi nents, Columms 5-10 netal (s) are
i ncorporated in, or deposited on, a support to form

wo bmsoet7ad yst. I n certain enbodi nents, Col umMmsPGFL2007/080410

metal (s) in conbination with Columm 15 elenent(s) are
i ncorporated in, or deposited on, the support to form
the catalyst. In enbodinents in which the netal (s)
and/ or elenent(s) are 5supported, the weight of the

cat alyy §émd a8t Chlufiap BQOtmetfﬁds} arlf®lcalpbfled iANA d8pdsited on,
el enent (s). The sup g‘grt may be porous and may i ncl ude

rWPPAULPY BRcEalyst B calriiBnasdampnd-af rm&raé(s) in

ZRPidaliSFwitR boﬁlﬁﬂfi’ﬂs%’éxﬁe‘ﬂ[@) a‘iJ‘ﬁE&B&at@@ i BEEDHY R %h dcﬁé support
may i nclude, but are not to, alumna, silica,

tgifdricthe gdtalyitnky entodawingsrin cmlc«héhe ¢talE0 ARd/pn demeny(s) are
i X 1| o) e f r
TR Ml R 82 RN o PR o T,
WheistpprorionayCat reiges tisd madinThdhredlaggiyesideR pprékus: s4rben based
r 0 n

fgﬁ?l%izsr, éeorl]lgfiSA? )Comg%é{i)(y‘l% tl?e%o?l gg a%l?’?gom la u(ﬁe B%t:"é.geul‘lsot
lgnigpho tabumikx aitioh, edicefalundm, ntaeslm axideyl deco){mnE@dldld; a|gnesium

zeo ite z ZSM5 zeol ites
R T B R SR R R

@dnma(rtme@d»n Oasyeaidureelinosapeds 1S Héeabry TexdsMalSley. Pors@earbon
Penns U S. A 15The ort
R A e b & G B, RIRBEN Ermb B R PproHs gl

B\aIpag of ROTiRs cRIdB tyeleoRikes, dbtalz8@BEs, hoRiehite Rblik&ISM-3 7blites,
A, or at least 180 A In certain enbodi ment s, a
%‘dﬁ%?ﬁ*w Peolifise garlies 1YY Begibiaineg fom %\%ﬂ!i%‘é‘%i‘%lalp‘ﬁ@t“éac&mtsﬁ@ as
g@Q(MaH@SBF&Qé @bansyRa@MESsQMPOdi ments, an acid is
ed to the paste to assist in extrusion of the
past dhe oy P pbUlNERt S Ia PR sechhaidhe suRpet Bs an
@Eﬁg@f)&e éﬁﬁle@/ ofSH 65 BH ROASIe A8 1 PR W heMad @8(9J&V n ge%ﬁe
ext rudabl e paste a desireéd consistency. Exanples of
caiodineniscd srpport sutrepared by dernlingdn asequs pasit efrthesuppergmaterial.
' I: L C I | e
Igggﬂth!é Qnr%g(gldugeént% )lé(i%:l tFléu{g i cfldg%i dtg the%’hgtg :?% ersﬁﬁlﬂ e%’t;l Fonqiif tlgz V%th The
watraing dtlute ﬂ¢1d agiaddedre stmbdsnoantd amialb)aduyhs tnethgtli asrrgqulred to give

tFEEXQ{%qa)Ié as rcfn s1?er a#ur 2 P/nEx hrﬁpalgsx(gfra 1‘39 n%la,lgn%ba ? Jilgtel%lted

tbrmmc&&dZa’.&Etlc(z[a@l bdfura apldrarﬂdlydffoclhlbma@(ﬁ(f or exanpl e,

f or 5-8 hour r until the i.sture content .of
the SrRpiuite Rlethatbing il etiatlB) Ghah S RY f Rk
Ihétﬁ(ais add exilyddatieg mamohbetoff@ﬁrt d’kﬁﬁdah@atfhb eaaldads alay 8e heat

erature in aran fr 00 9 110 C
rgg&F HemRerabin Gren g(ﬂ“h%’r%ﬁ%? ff §:5p2$5 OéﬁB‘fré%d Jéflme
(@Jr ekﬂg@& f&06)5-4. hohﬂg) &RYIJr ahil geNiediviERdh&nt dfig @;&B@ﬂé has
i nclu gamma al um na, theta alum na, delt

YS{‘YQFQJW%H@d krghd h%\P?i‘Mr??éed Frudaieirnhg fughe htehté?eé@fl ata
tehp&@tuﬁ@'d@éng@?ro&%ﬁQ@(b uhigyo- deh b@ Bl e sup%l)lﬁ? h@vm an
al um na, or conbinations thereof, per gram of catalys
aygreaoPere digmgienal 4tfeag 158MWge from 0. 0001-0. 99 gr ans,

0.00%; Qeréngé'n%%lm&tsothe Qléﬂpoﬂ itiRles gz{mrﬂg almﬂﬁ{a Bech afin AP delta
as determ ned ffraction. In sone

aAyrhiogi ahﬁlmahﬂmmm er @mﬂp@ﬂpnmgeofe ﬂthh emoglt ohganyna plpmina, delta

d @H?nh 21 g%ﬁl{ﬁgfﬁg HI‘ &)%?ﬁartlg%tg‘?’ Hﬁq,& %ata SE Jl]lﬁg(ﬁ‘t fmag be in a
19ngk-fnd9. Omla(ﬁrﬁﬁe gI@mS (U)(H -(gF gmams, Qﬁl 0l @rfﬁlsSorgalt 2T, 0.lagrams as
c? Eetrr%lrnrend p)%x i b}%{%%;fraﬁg %ne Ig{s&?lea g&l% odgnintsn tt?éosggpo? elétge}naﬁo%g or in
grains, at least 0.5 grams, or at I east 0. 8 grarrs of
theta al umi na, as determ ned by x-ray
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5di ffraction. Supported catal ysts may be prepared

usi ng generally known catal yst preparation techni ques.
wdExaspies of catal yst preparati ons are descri bBdr/Ug2007/080410

U S. Patent Nos. 6,919,018 to Bhan; 6,759, 364 to Bhan;

6,218,333 to Gabrielov et al.; 6,290,841 to Gabriel ov

et al.; and 5,744,025 to Boon etal. 10In sone

enbodi ments, the support nmay be inpregnated with netal

dombl LA Ritk @tthéll thfths oflalunGiBd, hathdta AGRREICORELSper £AG of support, in a
support is heat treated at tergper atures |1 n a range

RRgsHWO B LA, 045H2 2000, or6;0-68 260D- Tolbteanived By x4y

dlffﬁE@&p gh %&He %ﬁd@hrﬂeﬂi@ Hﬁlsupﬂoﬁ &%V@ m%i (W13 Qfaﬁls at least 0.3

I npregnati on aids may be used during preparation of

grives, @aleasit ) Sterangsy aigh least (b griamp pegpiaelupnna podetdrmaled fi xgay

cﬁfffaﬁﬂi@ aci d conponent, ethyl enedi am netetraacetic

I'sacid (HDTA), ammonia, or nixtures thereof In

cer t duppeie odilysntngy baprepdred yaig gragraliekifosmmelysypreparation

t gﬁill ?s alngf‘ég P@aﬁaz)gs nPI% zgrgt?onggl%etggpc%bé& gi%gella?én{ ﬁl))s.%,%l9,018
i eat e xtures o suppor

t() Bdmlerﬂ 9i3ng o Bha@/@m&ﬁﬂmg Gabriddvadt abrd, 2B4d fto Ghigidheat al.;

pport having a substantially or
gsgiﬁséﬂ}af&?ﬁeg?ﬂm concentration of netal often
pr ovilfl esndo@iitedlingdn®, the atigloyttnh 4y Halimpepidieiswitd me@l o iem a

cat al yst at_treati of a shaped support after each
SHLPH 15 ok gondiain egortys BOE trnar B R it finh o Faree
fash Bo0-13000T, tdie1gvateal ysgo0-oNe O eesT th dmprcREHE with a metal. In
cat alﬂ%st usi ng over| ay. nmethods are described in U S,

PHESHOfEent, ipperengipnijls gy e used durigy prepyptinppd U opgglyst.
RhBld 9F indebni Pl ind B ap&trlma&@@m‘ﬂ%)&ﬂén§ Bint R @anfthetdRcetic
eqw ment to forma Columms 5-10 al (s) 7/support
1), apppaord of g uiss thereob et al (s)/ support m xture

may BR cdH X EGn b ntGhesS ML A Ta by E&Qw@ 9%1 h&ﬂ?gﬁ ndSXRARINE $he
of suitable m xing equi pnent "i ncl ude
@,Qlannfoi’fé@ meg el feap treatedhgpes], mivyirdsenf sunpsmé K‘é)Vélﬂayrng”)

H}Iﬁhg a np:%tl Sﬂ] totp)()? er e%tg%gtr%g pﬁgb{ﬁsu%gﬁ?ﬁawﬂé@s%ggtantlally or
Igbneahahmionkwomnmemm% etahaftenprdvides lbemtﬁlbiaycemlmﬂ epetrtive of

tgon%atgegn 3, ﬁf:egtgre% %f Q%ﬂllpéé‘ F@%ortt a ter e‘él dpverl'ily Q nt? al%fi:nﬁs to improve

tBOCodlyrimsti Gityl & thEEctawl}(sS) Methodsap @)epsna hshatyst lﬂidgy)verlay methods

oot Rt . PRETOSE T ett €W " eateg at |

t enpamaiehdss 5riomd&bi) Zlﬁi)suﬁporf ﬂilé)}m)e?ﬁ&ea 4/h's&itabRrmifkin@m

400-730 "C after co ni ng the suppo j t he al

QHIPEHE é‘ﬁﬁﬁbf’dﬁtj‘ﬁqs’:’i’ﬁ‘fl%gTtf {3 H@tag(é)t E‘HSP rebﬁahﬁ gg{“n}nﬁ ggl{oed

maaltmu@bﬁslﬁfa@& 04y $eQhixad fisie i tle OXVBLR AL, Frdamples Bf
nperature in a range between 400 C and 1000 C to

%ué%h%wlw eguipmen g gy tuablers, patgnagy shelisatronehsoMullegmigers
(‘f(t}%xgﬂlglé' MBi&kh 5yp13%r H&ﬁlﬁh&s @ﬁfé% 919{3%% Reerd anf zhf} other generally
correspondl ng nmetal oxid ot her enbodi nents,

kpewe waker. erigenealydnpyn degge. at Wéhftmtﬁl?lé aroyileithe ¢ofwmns 5-10

&ét?lgsg/‘@%oﬁfm&ﬂufe 3h cér%ﬁ@&ﬁtﬁidﬁﬁ&%s i nﬁte{rﬁﬁg@e Mx%rhﬁ’tﬁ the
C, from 100 ' 400 "C, or from1

GoounG-1omeal(pes faod swistmtlﬂbf hqmoaerreaw@)edlﬁww in @e h@nppg
LO T GMOVE. ntTRlnkd Mqh%ﬁt&fglt;ﬁs wal @Ediéélea (ﬂﬁéﬁﬂﬁ&tﬁ%m 150-750 °C,

wi t hout converti ng
fince 00-4K) W& or fiamd[)(g}ﬁﬁ@ (baf&paorablmbrg tisuruhpat wigh the adnegal e
generally referred to as "uncal ci ned" catal ysts or
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10"dried". Wen catal ysts are prepared in this manner
in conmbination with a sulfiding nmethod, the active

woriahss7may be substantially di spersed in the BUpPPS0D7/080410

Preparations of uncal cined catal ysts are described in
U S. Patent Nos. 6,218,333 to Gabrielov et al., and
6,290,841 to Cabrielov et al. In certain enbodi nents,
a theta alum na support may be conbi ned with Col ums

5- 131 @miedRlihdts M ThdlytiielyetebtTedRdd SR PreldnOb B0 §ir
5-10 metals mixture. The theta al um na suppor t/ Col uims

AP oreeRrich #f KtaipBParyrep 2 Frage betyest 4 “qrand 1000 °C to remove
YRR At & hUhat @tt leis?§§$rtléﬁ) O hCb RO MR ICAE BbRtied to the

having a pore size distribution with a nmedian pore
Wirasnending optahexifleast 230 A. Typically, such heat

.t. E:e agfb el Sk fSt ﬁ(gwez%r [h%rgﬁt%fygtl IH%%% If?:%t t?etaﬁ:mghe f)?egeglce of

n sonme enbodi nents
aornerediresio pparee fom 3 Qﬁpé@@ tCrapdhEd” @stodés criftved] SO

Ja&ﬁtrafﬁbg )’C pEﬁocP %T}%en 1%% t%ro% £Y 8819 {o r%g%gé zﬂnx%kty ({f the

or a cata
\sﬂqmmdnqa@n@m witlysit cqmymnglthle mmlsmﬁrmdxas nethe h](esa) oxifor

X | e, the support dcatal t he bul k et al
G Ser it iuBE e 52 sPaerillvsBftae o ety Sl i o
‘Paied’l. OVRensdaz@ysfshaprdpandd ifites OBser Z-cdbmbMadsOnsh a ulfiding
25 40 m crons. The e e combi ned wt upport
b e aEes PR LY RS i Reps PrpaEhons o
wirbeden®indlEsts drdi@espoid e URYabi N esh3wb tabidiéy et al., and
(fs%gﬁ)port and then extruded using standard techni ques to

biita [ Gkttt Alay | ng a pore size distribution with a

medi gp c&ﬁﬁ?en%o@ﬁﬁén?sr a tH@tanhfrﬁHzg Suph6@MaPBe &Qfbifeddbith Columns 5-
90-180 A, or 120-130 A nbi ni ng the catalyst with
r

HOHeetals gplorm a dletaopaming ﬁu@@%?om perhetals ma%tullee d4¢ thgta
SURAL Eﬁp%@rt)@fohﬁlnﬁ Sr%tlﬁtl:talg 911)&@1%'119-@ HRER rtreBtQ@ atsaucérglﬁ&ﬁuf%fof at

t he enbedded netal catalyst (for exanple,
ledse4 @b plorfernm the exidlyridatiog § pers size tigtribpion \Mléh %mp‘ﬂla@eore

&Mfrvgfla{ gas?ﬁmf\wlﬁ@oegﬁ/cwch h&h ngfﬁlnggse{gﬂglg&&pat gﬁ%{p%{aturﬁs of at

cata yst n Sone e rents, havi ess net on t
ot i AE’Cof t he cat al yst ext ends t he Iife and/ or

cat al ic activit f th a Wi at
o aat ik fkdaithdas, e R SARLY Sdo Bl Al DS Apport
fréyerclak dbsgsibedderdimgnayde.coimhmedreith IaSupmytedmeéydt and/drex bulk

sur.fac of the catalyst through erosion of rfa
B AR RaryS: SRhRAG e RR R Bt i B G
At 9.C Bseample able sdp@omtag@mﬁidﬂ&ﬁttﬁlk ihdrel c@atyad MStbd S
r red by conbjning one or fr %g :

‘%ésﬁ‘g‘?’(n& ap q‘?é}”%ﬁ RS PAY] eﬁ&e gro %%Iwé‘“gl > gerggs, or 5-
AMsicrdad0TIHE FHWAREIEY e conibihed withRRHIdrt to Thieh 4Hl dd@edded metal
oxi des may include, alumna, silica, silica-alumn
s hilg s B% pla‘%odlments the powder may be combined with the support and then
extruded using standard techniques to form a catalyst having a pore size distribution with a
median pore diameter in a range from 80-200 A or 90-180 A, or 120-130 A.

Combining the catalyst with the support allows, in some embodiments, at least a
portion of the metal to reside under the surface of the embedded metal catalyst (for
example, embedded in the support), leading to less metal on the surface than would

otherwise occur in the unembedded metal catalyst. In some embodiments, having less

metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst
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zi rconi um oxi de, magnesi um oxi de, or m xtures thereof.

The m neral oxides nay be obtained froman extrudate
wWEemeesT4d 0 produce support. For exanpl e, al unPCEUSINEES0410

can be obtained froman alum na extrudate production

to produce catal yst supports. In sone 10 enbodi nents,

m neral oxide fines may have a particle size of at

nost 500 m croneters, at nost 150 microneters, at nost

B O oWl PR A pSitioRlof Bfe niR to hvd b GRONBH& ¥ {heuaﬁlyst during use.
article size of the mneral oxides may range fromO %

capgHERAY Blovelodhosumacy i eyadyst tblr@ghle@swﬁ@ e surfage e
dﬂa@fspﬂ{ﬁ{ng feSntadlof Qe %atmygtrvmﬁei Wd?ocﬁl%og Reffl Croneters.

Conbi ning m neral oxides wth one or nore Columms 6-10
rret alln gavek emkpdppats; thewgtakybtlippyepasedbygamaliningens qr gepirgigolumns
\/tngt%l(%]uﬁl RfE O)?Eestlﬂ%n rr%)@lltl}fﬁtsue o¥ at mos %Oerﬁ%f%ln?e'iéré) And a
X1 ng onents o e catal ysts
scuplang eldhe niiperglorrelce mpp dichdntadymind @ﬂsa rsuct-@hednp tieunodxide,

. i ) t al

ARG, Bedll i oblhe il i B OBl Sy St ma o
cmaétnaﬂd fram grhextrodats p@kess ta produee euppbrtt her exatopld ddhainina fines can be

The order the Colum 6 netal ma e
SR B D S el g e Rt Pl e
chitediiedal miferat banenhalmayiaad a paticlbazeataahipst 50D @liabinv@rs, at
to Eigqe order of ele Qtal netal in th(:7 net al  oxi maIy.
Best @Pﬁ?%eéﬂs’w@%ﬁ@ PHEEMERE: SriBIPslyP RIFEmMElsFs nipe garticle
SRt kheRRiakral dkidB niy frdige Gofufl 7 2Eidréficts® @CS 00U Rinetddg 0.3
Columm 6 oxide to the order of the Colum 6 netal peak

igrometsEs 10ghP0 Ai¢EPMSIETS) o) SPHECYPLRR & 7 HETRRRLHT- yg‘fmblpﬂﬂlé m
RICANSHIA GviRNHE OF mBRIMGEsY- 1 PALHEINAS sBfRGhAt BEwWbd Mhetal
Colum 6 netal in an x-ray 25diffraction spectrum it

tp gesplsaithy wripes A& Gawivet- t hat the Columm 6 netal (s) are

substapth@lidyantAR ﬁﬁ’ﬂhg/ ofocfng@d'n%néﬂs Bfnﬁe %M?sftsaéhanges in some
structure. For exan‘p denumtrioxide and

anrhodmhantsi ha ssunped erderaps |th¢gC<aurn@ ¢! un@ral pohe Cdiupmet axidegfystal
R
etrmbedoladctetalryas Tehe @Efer i the Cplatingr met{lfrary t@xiatw:phm@d dkarfig privtder x-

%)39 %11?1‘;&(1)0“)19 Ion%th%g o?c{er (%fggrﬁgng% l%r%se)r[ag gir tgg c%%tlysgi rfﬂgt{vg% W der
dfetipenat metel 1nftheahethleﬁsle 3 ®e’ dBlermifiddROcom@rihothp pakuciahe

cat t hat does exhi bit a tf.ern for.

Cufioh At i 8 T e R S RBE E b i pohe orer
c(ffrtrlgf%(ﬂmﬁﬂ'ﬁ In€:tal %éhkab SEREY dffrahién @@&ﬁmp@falée) %atdlykt.rsr%ﬁm
enbodi nen the ¢ repare conbi ni ng
byoadgnigg, F’i“té?f absgngy %l?‘sé?“%/i ‘B%@C@gfnﬁl%‘it%ﬁ XAy
EHRABH speAfinQNGs HissiBRItE cdaplanis e GEluMB bahetallsPad keKdtaagally
the catalyst. In sonme enbodi nents, the Colums 6-10
rﬁ%‘fog}lléor(dfe@ﬁ instg fypial St¥BI*fbdenum oxi des and/ or tungsten

oxi dgs) e:RApR, ﬁlo%ﬁéﬂuﬁi lﬁoﬁﬂ@ Endthe ﬁhmﬁﬁ%ﬁpp@%avm% a medlan pore
m croneters, at_ nost m croneters, at nos

drpgterab peleast 1%{}Aartayr%§t>mlﬂeedﬁ0€@r@m @v@mwﬁwéngamw @10élde

Iﬁfxﬁﬁe ofhetlﬂ(ﬁy@hﬁ{ﬁ%xﬁfems ﬁrﬁéfﬁhé ﬁrtﬁ%n ff@lnfgﬁm feotﬁ@fﬁ)hté-D 01, Do
mcroneters ' to 500 mcroneters, 1 m cr onet 00

amilior Brepeaks), e a0/ Colome barexidegnixBireringy b?rhflﬁé?r@tedl ana
r t s

B B T a8 oA SJRE b 05, SR £
mitemdoehaysdentdin diomdetinpex-ofy difiectsegeaaalfyskample rnabsence
3 Por t adone or nore Colums 6-10 netals is 10

ried? enperatures of at least 100 C to renove any
| ow boiling conponents and then healed to at |east 500
"C, at least 1000 'C, at |east 1200 'C or at |east
1300 C to convert the Columms 6-10 netals to netal

oxi des. The nedi an pore di adeter of the catal yst nay
range from50 Ato 150 A, 60 Ato 140 A or 70 Ato
130 A
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The catal yst may include at |east 0.01 grans, at |east

0.1 grans, or at |east 0.2 15grans of used catal yst
weeansgsam of catal yst and at nost 0.3 grans, apCTUS1007/080410

0.2 grams, or at nost 0.1 grans of Columms 6-10

netal (s). In sonme enbodi nents, the catal yst includes

from0.001 grans to 0.3 grans, fromO0.05 to 0.2 grans,

or fromO0.01 grans to 0.1 grans of used catal yst, per

@ sam Bfbsdhaty Site cala[‘ys@ﬁﬁ}t B d}ﬂ ﬁ?&ﬂﬂid&ﬁiﬁhﬁng 4 {ported catal st
ul trastabl e catal i ncl udes from0.001 grans to

HeeRs ugsd cotatyst ‘@ﬂawpp@”t gndiong op pgTedf ol @e%tt%lplpéyce the
ABnsh 13258 %ﬂ’@&ﬂh&ﬁ@&% cdhli}ﬁnsl% M ééttaﬂk?%o? e dﬁé
i nclude fromO0.001 grans to 0.1 grans, 005

m@mnd/@rtuﬁgsmp@ldw Yeaﬁmrtwdﬁ 07008 agmaﬁéo@fm@@mmm agost 150

ege% at 1583&66 fn"i’dé&ngt&tg O(g, [7}818&57 5 IﬁlE}%mE e}s Q?E gajtlgle size of the

cat alyst may inc rom 0 grans ramns,
Celooss @itamstatsondy. r@deedroang. | noerofeiom O 5@11mgxr<an®ers d 10ic@neters

e 1?@1&5 CEQIIS “Mo?nl%&%!eﬁs% 75 w r§8g@r6 %ﬁ%{e%%ﬁwﬁlg at least

cataly I ncl udes Fom
Ir [&ment (i) tl&QﬁﬁlO(lﬁsm 4 mrtﬁﬂ@mmt\ge’eariﬁmcmtne&ﬁot@(lg nfigrometers.

Py Ty Rag STV g TR SR irpes Coliig 610 meats i

@&fedaniem@eratugs tof arledsi DN0TEAO0 mmove xhy oiwt i lengSdogipbiidnGant] khyen

o PR il el O e 1t v ge Rapgonven

theglufind6-10 AiERAY ©ndiQ oRidEE IMhatnhedfan pore diameter of the catalyst may
nol ybdenum cont ai ni ng%‘ ‘ZQ yopr OC,eSSI ngccat al ysts.
t

fﬁ%ﬁ%?@éﬁoé? Suth Aerdlarg 1d@8eribed in U S.

30Pat1@RtadpRInkGahdI@R% BRSO @fhmsPaiGadsad.Y %ﬁan@ ngk aPleag ®ss
for the Manufacture of U tra-Low Sul fur stillate

gipricted evdyst perizram gheaplst gl ab mosy (ehgipms, o fepidbagBen or at
rho&t ¥ qrg?egﬁsséf l Cfol}{[ﬂl&@ 1(P1Hetg"(3st) ahy @Ene%ﬁﬁ)o&f%eﬁ@ dth@gat £ iddhdes

Thereof' to I n comrerci al app i ca ons,
faﬁm @1001; gilafois dkald-B gramsf fr@lh@ Odyelp praese sisfirery O O teednysde 8.1 grams of

%g(g J&M%& g;‘éf %ﬁﬁ%? LAG gtath?i‘e)fﬁﬁns nﬁaroﬁlrﬁem' t%?h t%stﬁ‘[ﬁé‘&ﬁ&iystto

e or re nmont to cont
igdnders dtonohOf grhy&dllocﬁgkgram& bf @.dlegra@h owd.y gmmtOf figlugin 6 metal(s).
ﬂg%gmg B Qccﬁl%grlltgl raska%fetc%%aglgy ma n]!illl IPJI%E %(gnel %Q)T()ll %msQO Oq grams,
he ca ri er el
(B0an 6&d g%rtsabm ﬂrom 9.0il rgraln’rseo po2gencef @bluhyﬂlr()ogf&ai(s) In certain

sl RSEVE Coc Py i dngoehio €8 Daf J&ps KL Egms. 0005
%mg ﬁggors%eﬁmg gfe gf)rtntr?la({'[%(r:z[afﬁsytg g)mrgeﬁﬁ@ﬂ(tdwm thiatal(©f In some
SRR B el SR My SR BHRTIRRT © L AL S0 oo ggams 1o

(g0 5chahaet @0imas w3 PRAR of UblainUselenéat(s)ous por e
structure paraneters include, but are not limted to,

por e 10 S erlich o Adi0B PR SNl Bl & 4EH Bectisp Microdopy,
éé;?fg?? P%%{n?ig%ﬂg W&%E%J@@f HAYBeNSh dBNidl AVIES B slab stacking with
the stacks having reduced heights and length as compared to alternative molybdenum-
containing hydroprocessing catalysts. Preparation of 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.
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quantity of pore sizes versus pore dianeters. The
nmedi an pore dianeter of the pore size distribution nmay

wheoosn4g4g ange from 30- 1000 A, 50-500 A, or 60PGDOSAN7/080410

In some enbodi nents, catalysts that include at |east

0.5 grans of gamma al um na per gram of catal yst have a
pore size distribution with a nedian pore dianeter in
a range fromb50 to 15200 A; 90 to 180 A, 100 to 140 A,

or 130cdmdr3 @ph&aﬁmﬁ@ ARerQURRGH SIS hylRPrd@8TR catalysts, the
al um na cat al has a pore size distribution with a

hfémpgmesamgéa@?/ atﬁéwéypl?aélﬁ@ieﬁgd P S o Ves ang onmgreanonthsgen
&b tﬁ@ge]ig’étléﬁﬁ 0 ydlforgél{@uYfgheA Sﬁ(ﬁvlfl ggatl‘ﬁ‘g of ﬁ‘yd@(;ﬂi]@cresmnggcatalysts

enbodi nents, catal ySts that include at l|'east
oy inhibit deagtivation af e catglysim ¢ caialy s ldgssribitbheecimhgonbansid e

{

ot LR hRrtt by BrogBEb ARG LEBTRLEN o Ry @il
eerbo di et able t pechpas dicanatapyor @veda shmeteeperiofl of time poy encsa'azeethe

S e
AR 0o dPrefL ik (AR by Ut RlouaPRSARRe Qeefth
230 Ay sone @bbddessits, 300y maubd\chmdueamdplymrechtmmmee A&irious
are typically at. t .1000 A.,. . cat al
Rt Ridndo SLrREE HEREE poingieg o g R P vOTae
sdifaceeires, @icombinh@as theGdf. AR caailyst @@shavd@ dAtriHurios 6ih®tal
errbodlpents t he cat al yst ha a re size distribution
SN Al BT AT HOPUC RS or T AICHaP RS SIaeihOb e Paty Sive
distritidn b9 blin Hfande?Ponk 30- 1600 Wi $0s5@t A R@61306A%1Rkorde
total nunber of pores in the pore size distribution

%%1%?#%"“5 ??&l)é“%fp%fﬁ%‘ihéfle ajepi O &@n%‘)f gmug alyping ger gragy of
ctahﬁfysm%illb @%0}@%[2% di&'trﬁﬁﬁ&@{ivlth h he@fh ‘p@ilefaha(‘r‘xféh?é?% MeRbStroth BB (o
cat al as a pore size distripution with a nedi an

396r% 9 |t<ah9é1t %’rl()prﬁo 0 Ay d 29 FoR070- Ingomacmiipdimenis, theogagima

a@tgl{ﬁlQEatQ%@t Y| p(ﬂ'é‘ E@@&lstﬂgutﬂﬁr\ﬁﬁl a{ Iﬁe&l!ihepd?é)ﬁﬁméﬂelzledngmg from 50
Istripution having ,a pore 30 dianpter wth A5 35

A\to 5o Ag,gro,m @ﬁ Att(h éSﬁTzéd}réwnp”(ﬁ@ t‘dizﬂ’ﬁﬁt byother embodlmnnts catalysts
tﬁm&‘i‘ﬁdé%[‘fe St r%ﬁs‘:& tﬁé?e?alﬁﬁﬂia%@r QQ&% gzit%%%th%ﬁ 3‘%’& Qg 90

pore size tionis at lea
d&stnknmoamﬂh@asttdl@:i@ﬁe dlgn@altlera raﬂgalfrOGOIﬁDcﬂOOa\ £04-300 A, or 230-

i%%"f\o sgme ?1%[)0%5 mfnﬁs tthestagcp g (ﬁgmgtels %ﬂle Ore Sl%fh(tﬂ Elg%n is at

pore
lp:m ezw#x,aamaaarlso lAnatsiemelMcad leae 08 A, stHeasc2ial ysteahi 430 A, or

2@ tributio por ter in
B0 AC B s Reby® sttt S BRRAATHSAE 1 5TR, Wi th
at | gas batﬁl@%ﬁ)nfm‘y havdh zopeacé sineldiv@ibu@in Wit £Sedifin pdge dlaﬁneer of at
Si z istribu n avi n ore i aneter wthi
logst g(.) g@‘ aigepsiy Qag thh%m}f’tfgffbgﬂ BFset%lS FYpuitdps a%‘?rﬁs%% mbuuon
ﬁiﬂb@ﬂhb(ﬂ{@ﬁlf)&e diRgkr M AR fm‘m pen &EAMAY- e, ot eas1300A 3with at
| east 0.7 cnB/ r at |east 0.9 cnB/ g I'n

nB/
lg?@; ggj}'f) Rt %F%% ARS8 porﬁ%lrnghq/]gﬂnaﬁée Q}ftﬂbﬁ]ﬂé@a}‘}ﬁ% a pgrﬁglgmeter
KU A339A 08 BBLAhe Qledlal@p&e ABleftr. BrceRaiR eRbddimiRt Ihe

catalyst has a pore size distribution with a median pore diameter in a range from 70-180 A,
with at least 60% of a total number of pores in the pore size distribution having a pore
diameter within 45 A, 35 A, or 25 A of the median pore diameter.

In embodiments in which the median pore diameter of the pore size distribution is
at least 180 A, at least 200 A, or at least 2301&, greater that 60% of a total number of pores

in the pore size distribution have a pore diameter within 50 A, 70 A, or 90 A of the median
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The catal yst having a pore size distribution with a

medi an pore dianeter in a range from50-180 A may, in
weoove/0eaTindi ment s, have a surface area of at |BEBUSDOD080410

n2/ g, at 10l east 120 nR/a, at least 170 nR/a, at | east

220, or at l|east 270 n2/a. Such surface area may be in

a range from 100-300 nR/a, 120-270 nR/g, 130-250 n2/g,

or 170-220 nR/g. In certain enbodi nents, the

foad @hisibr. NAVbMYe@bRAh& S |th7e%aﬁly§ttﬁals ngﬂe@ﬁe mstrtbuaomﬂh an
pore diameter in a range from.180 ave a

Begfignpoge dippeieiin agnge dat L0y, @00 490 {%e<a32t3¥é‘©0 pe Ph at least
éOe/?a&ta AP of ﬁ}res ift %tpoilgsq)zerfgs/u%utlgﬁ hQ\Imé z?ﬂﬁtt: dif@ter within

. Such surface area 15may be in a range from
m@@%mp@ACQ@eZB@ilmogedli@@BQm m2/ g, or 120-250

ne/g. ‘In some em é)'auﬁé?l'fgep E’Q&%@%P Jes &Wbésﬁtl%hty()%t cﬁﬁ at least 0.7

characterized using Raman spect roscopy e cat
Ctnln&; of siddasideScmiist Ia cattainembodimdntsrppe volunreorfipOmk mmsange from

é@BgW/ﬁf@f%%cwpaQ < P @,1,201 on bet ween 800 cni

ands’ observed ish the 800 cmi t0900 cm
r egi diaytalgs hatihg b bakeeue tictrietial w@(y gediad/péraldiameter in a range

B0 5P SR i e st S TS RO Tk D e

lomt adsméx hi kbt 370arvdsat iasr2281@ ackust 270ede. 83 sarfack, area may

SR R il R R A A

t he qlat:@tayrsdmuoaﬁhdme&le Rat8Ra G Gifg b PHRISE disﬁfﬂﬁtl&ﬁvm €edian
Mb70246- and MX42 I n._ sane enbodi nent s,
ROt SRMel) B rdangs é@ime%f“)r%)oc’% pay havei afurfaco gfey 0§ 6%11%&“ 60 m’/g, at

185PosineNE & 160hRY § al Rhy 350 fnp@t or'aﬂféaéﬂ des Bt 8héh hifffarea
Col unims 5 may exhi bit, bands 1'n a n%QorE bet ween 650

8¢ bednd raﬂgeéroexﬁ%oo@a/wo@@%m/@ewo AN650r B3 2504m .

1000 g Eﬁﬂlé@ﬁfbogﬁnéﬁst ke Q%@g 1§ aqa}acgzng&f dsﬁ%ﬁ%arﬂaﬂ sﬁ&%scopy The
embodi ments, the catalyst that includes theta alum

cafidysObhiingledes thetichlgnine b wetels Fiobi CuibaTid0 men pﬂ@b’lobands in a
Iggb &ngen%%% ﬁpmand 59(}1&1@ eﬁ%rﬁl's Gbs%ﬂ?g 91{ e @E)(? 1 E)%OP cm’ region
cat S pel'lets,

yst exi sts 1 n shaped forns exanrp
row bemﬂtelbsted and¢ el Oeygenmalesusyﬂﬂm@tma&tlatcymg Itysmn@al ly

odlme Eaj%gat%/yset (it ?%Bsdé%%gtﬁﬁ thid 3_(%3.819{9 Iél:qr%%{]s’]g?l?ﬁn%so@ands

@20812)8@1 NhemB35 cm™, and 88(hcis Gnin semb edhbodimests, thdRaman shift of a
/ th i ded t
8 Rl s G0 ey st R TSl Bkt kg

ikRewalidbdrRenavid, O nd ex@ip 1 sorACIrh kol mchts e ¢ @ssnedai species
Interpational, Inc.). In sonme enbodi ments, the
is sysipli8¢- nmy be dried then sul fided. Alternatively,

the gat@hy&hbodByende (heChhiyslashtiintigled tell (EANCAGHINOS nfaie
ecxgltb?tlb)ands ina relggloan between 650 cm™ and 1000 cm™. Bands observed near 650 cm’™
and 1000 cm” may be attributed to V=0 motions. In some embodiments, the catalyst that
includes theta alumina and Columns 5 and 6 metals exhibits bands near 670 cm™ and 990
cm™.

In certain embodiments, the catalyst exists in shaped forms, for example, pellets,
cylinders, and/or extrudates. The catalyst typically has a flat plate crush strength in a range

from 50-500 N/cm, 60-400 N/cm, 100-350 N/cm, 200-300 N/cm, or 220-280 N/cm.
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5hydrocarbon feed that includes sulfur-containing
conpounds. In-situ sulfurization may utilize either

w@ameous4hydr ogen sulfide in the presence of hRdr/Us®N7/080410

or |iquid-phase sul ftuizina agents such as

or ganosul ftu. conpounds (including al kyl sul fides,

pol ysul fides, thiols, and sul foxides). Ex-situ

sul furization processes are described in U S. Patent

Nos. [®sAHRBerdodih@isSBRRBAS st@hdbor the @ﬂglygtap@e%gfsgﬁ@ stlfided to form

Seamans et al. 10ln certain enbodi nents, a first t gj ™

Bealsgigey @fiof o giping fchniges kpovhig (rivs (Fersrampls, @@f AT

ﬁ@ée@é @l Iﬂt&ngtﬁﬁ?ﬂ Hl%t)l ﬁf‘soWie ethb@dﬁtéﬁl@ otﬁtt: eatﬁ?sq Hﬁ?%e BrifPthén

size distribution wth a nedian pore dianeter in a

yuHidge Ateontnsly, hsgatalystThey beispkidedimtsih Py rontapy ohhg eatalyst with a
I {

A FL b Bl B cohdhiflcolipo [ UG, BOGR A ARoPhay

Hilips cltt@ageabq;s thydragenhsaifisle an @lamraerab ahfiyeoge o dguid phasat

suﬁ%?}ua)goggatg &rﬂgtrsrgIgg nﬂ@r c% § ;%151’91 giné‘ gﬁ(ﬁé’ lﬁ % %(olfstu fides,

th@tsahmlfoﬂhm) f Ex-situ subfuﬂ;tayem plkva@sesmre d;ascrrﬂ)ee imblodi Paertt Nos.

| cont ent S per gram of
S SRR D TR DBe R 8 £y e The
firsﬂnaﬁmahySkﬂhﬁm&a@ﬁﬁtepeﬁf&eﬂpw(m@namﬂgﬁnnmnmmﬁCbhﬁms
$i VI Fe froma drO@erbon feed, rennvin%k ortlop d
“heMES d’h%‘?ﬁ“%,mtt AVIOFEPR Bt 148 4 PRN S5 é?“ttg‘&%}é’ﬁ Borycan
foeedaméenmvirige d@onl BASIS0E . Prietfir@ra@lyst hig Kase 2@urface area of at
asghaltenes froma hydrocarbon feed, renoving at

Igash {i e Bre Romevqlwp@pishy Hrshesalyst @ay paidgasty.- g ami/ é The flrSt
AGABMmhhAV 8 DAY HLARALRPRONBESE at RAst®F RN ARSnat fﬂﬁfnﬁﬁ’ fand
her properties (for exanple, sulfur content,
Ript it Mol 999P Aty 2 dlyalindg PRTEFRM Olohirs B HbIsh aTheéﬁ%t
<hﬁ§kﬁﬁﬁ1n@&¥e%%ﬁkﬁm&u£%H&Eﬁ%ﬁk%xﬁ%%hhnﬁ?ﬁ&gﬁ§ &Qgﬂmiaf
ocarbon feed is contacted wt first ‘catal yst.

qaéulysg imblapgq o €100t fovk] graphahigelinsr w@idyst isegpabie of removing a
%)\r{tgd’ngo??ll{eggn\lﬁﬁg ?tgP\g{Hyld 021%81? l”e¥: amu}#[%]zgp&tl&?& tPe comti'(])nents
thytgpmcbutb onT AN ef a nmdrb@rbmrfeedefeﬁnomne rat leyst b perive df the A's

fi .al b
as&w?feﬁen?rogn a J%%pcarbgrq ?eeg rre rr8v1§% atI léa% é(%%%ﬂ(lyfstn%% Eng’t’%% t1 gletal
@Bm@hﬂgmypeubmlmahahyGMUﬁnB@bonﬂmﬁmhﬁbmﬂh&@dﬁnnmmd3$enms

| t i th .
ER e S0 R R, YO iR BRI Pyt Sl R B hispo s

tHérasp i@y etHibibreladNg e sﬁlﬁlomaﬁgbsAvHeﬁ thk8} ddcarBbn feedBlcofded with

f the tot ‘humher o ores in the por ize .
B G UG- o Tinie Sebil ureh 8T ha G B Goeron feed whit
Shlypemh@hg Yhtdrbpefies i Rfativ 1§ siBIlhddundoh gy fliodn®é Bydrocarbon feed
Cont act of the hédrocarbon feed with the second

e & Aoystilicipribrirealstt Moto@ecamedisienioPne OR BOTS Igncatphyyts may be
REPHUGS oRlcer Ude product that has sel ected properties
(for exanple, "I"AN) significantly changed relative to

the dmAwtagropedimaats, b sedend hye pbesl1sof sqcendcailysra includes
%‘J’I{ﬁﬁﬁs PO ng{ai(k)qﬁ c@ﬁﬁnﬁ@nﬁl&%gﬁgt DY Bas %%te s1z%'ﬁ%%utlona‘w1th

ydrogen source, in sone enbodi nepts, may be present

guediggpaodinmeti ng. ramiedrogedbAdo £t Al y\s teasrtéS)%r@ thedetaltumber of
r t %

RS HRrBR s b0g BOTRAREH Auf ARL ABBRALRMER i 5 A
dfflge m@hqammemtthsmeth]athnmt ofi thetyelrdcarboe Featl iwateltlye Sh(:(gid catalyst
t}\@desr%(})l bl% %on ?gd%ofnSQ%rgse%l? ! og ac%ta a o td{.l(?tQhﬁ?F‘liiS se%cted

cont act of hydrocarbon feeds MAth the second catalyst
may produce a crude product with a relatively smal
change in the sulfur content relative to the sulfur
content of the hydrocarbon f#eed. For exanple, the

crude product nmay have a sulfur content 10 of 70%130%

of the sulfur content of the hydrocarbon feed. The

crude product may al so
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w0 bmshystuocar bon feed.

exhibit relatively small changes in distillate

content, WM content, and residue content relative to

I n sone enbodi nenkGT/U$1087/080410
hydr ocarbon feed may have a rel atively | ow content of

Ni /V/IFe (for exanple, at nost 50 wtppn), but a

relatively high '"I"AN, asphaltenes content, 15or

content of nmetals in netal salts of organic acids. A

ﬂr@ﬂe@t‘iés\(ﬁk ¥x éﬁh TAN) A¥n{tfc@ i ynangel Solativk e @:fm@%rof)&ﬁ‘&tof the
er

ren t he hydrocarbon feed unaccept
ftyfiﬁ}‘i%fb@i* tesd phile %@/%@Peﬁ@p iafsi Y. changgid oy @waall a@l@%ptc Adydrogen

sWhlth iR s&ifid éﬁﬁo\ﬁﬁh%@ hﬁ? b@ﬁre%?ﬁ‘@h{g%ﬁéctﬁl%m ent may
exhibit less stability during processing relative to

ot herl'he pesded cagglysh mag regiuie/atlgast aoneri@s o hsrrempenaass that contribute
5 %t of 199 Séaﬂgn f%éhe ng{ ?9@(9‘[1&9 B@&‘?ﬂoﬁ%&ﬁs trhlé]tecontrlbute to

secon cata may o8 FenoVe aci dic conponent's
relatdyady high Vagphab oo esluenm teastautoirtyg of he DR e omtgnibef the crude

fh&P' r&fd?no%gﬂ c @? it of ﬁoc%oﬁgé%ﬁgw H‘}esée%onggé{?lgét%%frocﬁ}?e a

enes’an onents con rlb
draiilm@iut:h\elth/a Badfcmwﬁlyyma]ﬂ cliange hnyhkr odfar dowent mdﬂdlht ottad sulfur

FORPGE It el R L P S ot i mBh bt 85 sigpgomen

ccf()’ﬂ%l 1380 emBe @ﬂﬁlsmwﬂdotum R} ysdatbomteed e Mhannee mbakt hiay yiso

to al duct/ 25 m xt ure i.ncrease
R TSI R IR Tt it it s i el e S PR

hevdydiagardamod #ed, or conbi nations thereof, when
used to treat hydrocarbon feed as descri bed herel n. In

sone 1 Wrﬁ@qtrgentsath@ Y frgearhereeest maghayp 9§qlat(ve{prW§ontent of
Gy Ak ggff eyaarﬂﬁﬁy atifosP B @tlﬁbﬂf?l Bt E’Yelé%ﬁlwi’/'h'ighnﬂ/%ﬁ SPHARGHRL content,

W th | umm nmet al (I produce a cataly
Prrawersh fnetailsné N s tapﬁgltgarp? addir Sorelawagly B&ghﬂé’ﬁ‘ﬂ gr gxgmple,

the PHASENES) By A% A HBICEBUH L urﬁ@%ébfé'f@ﬁransportatlon
conpounds at’ a ‘tenperature below 5 for exanpl e,

dodlopveiiag. @)difadrangagedratle wehy r@ﬁmety lp@r prlmﬂtems igentey may

Jxﬁfb’lp léslé] ?taf)‘iﬂg/aduﬁh% El%céslglhg gelfgtsie %(L Il clrue 13 #Vﬁljjll E%é’t;y&fyrigw Cﬁ

cataly curs ated to at
atspluﬂtsnes Icnntcrm Cantnct®ﬁﬁmdhtydmcﬁrbqn febrewithihe decvad edtalgsts, may

r r am of

Ig%n e a%%da ¢ comy orggnr%sg d or’C a%)\flg](t) e%co&gmtlré%r%)ell%@gﬁgl tBe 02
Igfrlmmbomfeedl DG8me ﬁﬁbo@nlams redlih&ortdiﬂﬁschsmttaieysmd/asr&y)mponents

JthI ficant tivit tabilit en used
Py SR hof Bl Seebtbu e RelRmsheoRRR Mo,
153 0Re RMHNo6 tormmlscositﬁef tﬁ@h}&ir()tﬁfboﬁ ffadLl msmtainSen{bealhedts adne or
tenggé%pgtgﬂ?g Q %?ﬁo %r? yStS%ElIyQ}IP- C¢ Etfﬂ?l 5t9,tg]€pro et/cor{lde
prédideRixdbre |iR@&dse BatiI it ik A1 m‘iﬂiﬁaﬁ@ﬂﬂ}wf@g@h sptakeby the
contribute to the TAN of the hydr gcarbon feed, reduce

hyracgraen fegd. 56 £empljpatipns Elﬁ@ofré‘thﬁlll wserl o treat Bydrecrtios fgd as
REGARN el ds, reduce a Ni/V/IFe content of the crude
product, and reduce the viscosity of the crude

pr od e tomeetefiadiresmis, p {hirdysrodcatalyst (Fiiad ersely Somayee gtainable

IW ctohlbhn% 4 Jﬂl&)ﬁ(% Gk @L)Nﬁ{n dWdtal(s) to produce a catalyst precursor. The
catalyst precursor may be heated in the presence of one or more sulfur containing
compounds at a temperature below 500 °C (for example, below 482 °C) for a relatively
short period of time to form the uncalcined third catalyst. Typically, the catalyst precursor

is heated to at least 100 °C for 2 hours. In certain embodiments, the third catalyst may, per
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10produce a crude product with a relatively small

change in the sulfur content relative to the sul fur
wa@onsesm74of t he hydrocarbon feed and with rel ap@wes3007/080410

m ni mal net hydrogen uptake by the hydrocarbon feed.

For exanple, a crude product may have a sul fur content

of 70% 130% of the sulfur content of the hydrocarbon

feed. 'I'he crude product produced using the third

&ahak &'aﬂlys@ﬁﬁév@!{ &61ufMNisRIdnehedddtehVidlafasBiom ¢ HANAES gilafhs,
AP Q%r avity, distillate content, 15VG content, and

G-@r @J?egré@m% A{003-810Aterapes- {1 tihesl Gaipliis boay BHIbIFsemiicaripgtivity
ARl labltth \t\/ﬁknrﬁgdjt%eﬁeﬁﬂﬁe tll\#dr&%boh @&d@ﬁ@&kﬁbédrﬁeﬁﬁ{ ahssadts

of organic salts, V/ Fe content, and
W@dmsqntSythéﬁatﬁlh@ pmcumer ify hesiedott teprieragres @bwoﬁﬂoy C in the presence
&clgﬁggll ‘9&6\%6‘9 1[‘;?Mnd@rmunt the APl gravity, distillate
cont ent ent, and residue contents relative to

t he fdtuckmbbnt haeddusrayleaitkputichef te ydepmend dut cangibute to
tF%}F}rﬁ@e I?ew]yaro\é%{)&? feé%%%duc%rgﬁ%a@epﬁ%rgl&%fl thé Ilngtgls 11?1%I{;Fsalts of
dremsdt acils pl(edllqe(alNlbt/M tmltdm the)mléfnprodlict tahé rdayclr tbe aisdaoiy of

EGRns P, BRSSP A iR SRR ey

praduch avmdapﬁa{m Rith@ rmaﬁ&h)( ﬁﬂall&(hlﬂi@l’iﬁ thersulaurrcamgﬁ réla@m to the
0001- 0. 005- 0. or. 0.

a4 sA D e e b 4 T EB R AT B PGP by

tHe RRRdcathod Sec@r @Hﬁexa&p@oﬁcﬂd@&o&fcﬁﬁﬁy hWe aQ;uQﬁHcoﬁtth]of 26%-

]%Qarrs per gram of catalyst. A Colum

eyt () SuMHE conipat Ofmhxd&cmbptl 500 [Bricreds mAstst Paduged e the

Bir®P L1l @ haQtalsh '@ﬁn&@f@ﬁ'@@l?ts&aﬁ Bt o SQRIAPE Bt Ry, R eRcdrlRent,
t he hydrocarbon feed at eratures in a range from

BO0-csmont @d, re%qlue%@te%@iam to thedygiosaBert eed. | Hhegbfigngaeduce
tflé @KNOthJ: meldls 1I}{Pn?etal %al% %&am@ rsalt% e M?/@’ /rd cr(‘)nféﬁﬂ' EI'TH tHe viscosity

mbodi ments, a fourth type of catalyst (“fourt
@ahemw@tprqduphwhllﬁo?és@ @OCHlangime By nenadl gngduni the Mh’@nawm deshllate
éMn{th @’ddq&}n Plahl(megl es&ﬁ)lﬂi(ﬁ[str lat]—\n:e[o E}{élﬁr Eh%cﬁ@&ﬂe&? tma %ﬁow the
a pore size |str uti on ﬁ i pore di anet
arfidegirodugietbe 18d bi.a vanets @ﬁee@mbﬁdmnl&ms S, t he nedi an

por e t of . the f ta
520 ﬁ ﬂ}q%l c%{algf ’e%l% egé‘ X ?ysrggh’]&e aYIeQ tel p{)moﬁ ap @18 8/ICR
cAnteitihef tlmlpfrinirchrbnmﬁeed n)dhlaohemaaming amroéh.rliongﬂ(amm;al pratluct

P GrecrRarama B b siui oM et ron SR sy open

ig atradoy SlornmYOO1 AT ge@s, 0.005900M el 080.08NY 9] gAinsr@e h (Vluln 10

e s fobionecetig 60T arel et af Epftr ogp b

QAmERr atsbf. calalys€ €4 UBiufng Blaad il MR8t g) chﬁﬁys@ﬁl{Wﬁﬂhﬁte reduction
netal 1s vanadium 5 In sone enbodi me

Hypbleat 4 PHBiAN PEBE crrRonsRs dhtontiwly tWNt[q;rR Hhth%\Bl‘ﬂr‘t"‘iag??Qlfeed at

t@lﬁ @}th}dﬁ:ts 1§¥ﬁ§§@@&ﬁ?@0@ 90(53@&%@ 44p kA aﬁchﬁreisﬁfé% §a range from 0.1-
al yst. The additional catalyst may one or nore

]é)fMPhé § MPRoWi2rgMPehe first catal yst, the second

cat alhy §érta11{ (Ql?oohnﬁé'n% & ?Ju?th %Je of Ezﬂﬁygt I( ffl)lthlp&ta@}tsyﬂnchfd&e

si xth catal yst he seventh cat al , comerci al

Ccdemn ?@te@l@b@@pmb@dtmew@ fnthe@ralmm)mmrt oh fpowrdy cagpflyst has a
S e

R S A FRA TR fOH GG TR cRE ABERCELE

dndwdinkentatha median abreahetnmm ef ik tiowerthi catalayslrraabglw dt ﬂe@m 220 A, at

leasp%fogg aF% rPOCs &gé % r L rﬁaétu%)ﬁr % ol % s§7 ort m%ngﬁcgevag ?easLPA]I\Frams

of at nost 90% at nost 80% at m)st 50% or at nost

10% of the TAN of the hydrocarbon feed. Hydrogen

generation may be in a range from 1-50 Nn8/n8, 10-40
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15 NmB8/nB, or 15-25 NnB/ nB. The crude product nmay have
a total Ni/VIHe content of at npbst 90% at nost 80%

W@R00RD$I749/0% at nobst 50% at npbst 10% or at PEEES200%6080410

of total Ni/V/He content of the hydrocarbon feed. In
certain enbodiments, a fifth type of catalyst ("fifth
catal yst") includes Colum 6 netal (s) in conbination
with a theta alum na support. The fifth catal yst has a
R 59 Z8m<Aeiead 0'8@1‘&11@ Br M1t @9 %@ﬂis NG hAp® bR of
of at |east 180 A at |east 22 at least 230 A at
Jugeest Psdounth catalysgigay inglgde. A S%Ire eatboftprentssE At 0¥ ggms of
SHERRS tme'f@@é) 156!11 %}aﬂgﬁ @tal dJS@ &t atQead (%()@'ir%ranﬁtof lC%ﬁl?ﬂn fpmétal(s)

grans, or at nost granms of theta alum na per
n§r gt calalyplodn cerlarn @@Wélf@ﬁmﬁodﬁﬁ frehm 5 mpal i Uﬁip*dmm has

an al 0 -
'R E@neaén%dﬂf’i’en@s Hlte %?(térogersrb(glet%_%%c el 'hﬁ%l ; Ctlh q%] Q(lﬂ,ﬁtlonal

al um na per gram of ca al yst
dafalysbymbseanig ¢ eratcsyitathe fmsth cdtalys@ F'hg pddrsorat caBdysumay e one

Mo% st t¥1 %Ol‘owglr a@? ?1rst Sﬁ%lg%tyﬂ% se%glgd &Eaéyfs? zﬁ’?e tth 95%859 ﬁt the fifth

aaﬂmt drerodh caalys, the Melﬂnbalmst,&onmmléls)itabmle dmthyé:ﬁki&mmmor
air}%/o. tutE st.en. In certain enbodi nents, net
N} f%é%l}? %‘fogke by the hydrocarbon feed may be
r el atth v@he/erhtdingdney; hedadep ingyy bk pemardeddurih@ QoMdaddingB) the

en the hydrocarbon feed is 30contacted with t .
R Es e P TR0 GG Mo PRRTRLESh &gl FrpradBa00 <.
BHB8400, &,330 300G 20hSofdeCprodict Hro@ied BOmIGEh co@tacﬂﬂ%t may have a
h%ﬁrogen upt ake by the hydracarbon feed ty be in a
TN gbatmeshy 1% ZGHNF]*B%O% at most 30 a4 R1sol0 %30t KR ofe
@Hﬁyc%aﬁjﬁee@ r H%@gen@eﬁg%‘}niyr HTh & %fg@%molf 50 Nﬁf/m 10-40

rocarbon feed, with the fifth catalyst ave a

N'l;\ for AP-25Pun /rggo)ahegfude m;:glpctgw)haaq a Wg)é{\h/yy@% cogtentf at most
Wtat 14‘198{08@% LihSost 170’7A‘|\At ﬁfosttﬁ% Iaﬁ/rm)s@(f@%b&rht fe@ﬁq% ot{tolH\Nl/V/Fe

of ‘the crude product may be'in a range fromoO

©nEs-@ tgthydmcahofeed. 03. In certain enbodl rrents
a ls'uifr#‘egﬁa%’rrg%?%lf% i e%gs%y%o f%é}t{i%s‘f gtffz'éh)cﬁttah%t” ﬁglltlg%tqﬁ)lumn 6

mettlfs) ithenttivettian avith mtlw_ea duppestppoThéhsfifth iBrahad ymire size

: iz | i on r
Jé?ﬁ?‘r@ 0 w1t% d?a[n é)o%i ‘Eli%%&,&% Wastt 98(? Agﬁg% gterBC‘Kt Gt leﬁ% 230 A, at
lmsdim,mb leastcls()amebleat nekt Pore Ehezmpphrsrhay ibcihdon lemmy() bgrams,

at | east 220 st 23 east 250. A

Flea SR Gmdy 0 988 Bng P wee R ind AT b thanie o e

a@libodiasts, &e 1u[g)bﬁ gssg arﬁﬂpﬁa&aﬁﬂim@cciite@f af{lﬁzg)vxa(o 1 lee@astof @lpﬁa
ansg, st ra nos

fg%‘t"lép%fl gﬁ?ﬁl H abaé\“t gfysg 6ist 1n SeiE e‘@g‘f%%fr%‘f aﬁ’é‘ﬁ?“ 0.1

grﬂﬁé MU@olurhﬁl 6 mfa@(s)l&r epROsli caﬁnf@tsand at FeQJt alooof grﬁ:ﬁls BMMol8mn 6

Col um 6 neta of nost rans
Ia%tfﬂ@@ P%\frﬁr%f? OE%ﬁtaéysys{n soBR 8m§?dlmé%t§tth?)c?}8@ﬁl 6@? ﬂgs
O R aRBbALASIenand Col um 6 metal (s)

In certain embodiments, net hydrogen uptake by the hydrocarbon feed may be
relatively low (for example, from 0.01-100 Nm*/m®) when the hydrocarbon feed is
contacted with the fifth catalyst at a temperature in a range from 310-400 °C, from 320-370
°C, or from 330-360 °C. Net hydrogen uptake by the hydrocarbon feed may be in a range
from 1-20 Nm3/m3, 2-15 Nm3/m3, or 3-10 Nm*/m>. The crude product produced from
contact of the hydrocarbon feed with the fifth catalyst may have a TAN of at most 90%, at
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per gram of catalyst. In sonme enbodi nents, the nol ar

ratio of total Colum 6 netal to total Columm 5 netal
worenshes7en a range from 0. 1-20, 1-10, or 2-5. PEI/US2007/080410

certain enbodi ments, the Colum 5 netal is vanadi um

and the Colum 6 netal (s) are nol ybdenum and/ or

15t ungst en. When the hydrocarbon feed is

contacted with the sixth catalyst at a tenperature in

Bodt @meatfnfd@mdﬂ%;— Qr 4Q80st T % fok %T%@of&ﬂ@hycﬁ%caﬂfonffée@mTAN of the
330-360 "C, net h ydr ogen upt ake % t he hédrocarbon

FredePromigt By peing rmﬁér@mr(? -1 1G0NAR7 118 0108-048- NnB/ nB,

-7 Nﬁﬁéé{%ﬁ &nﬁ%glnll\é?i%j Erglxthngf(e 0'?_[’ c Qﬁétqﬁs&tﬁ) céal ]ﬂ?ﬁudes Column
Negative net hydrogen uptake is one indication that 20
Tpeleley @nd C@lub@u ﬁigetglé&i & eomebanajtinn with the trhealgmipdsupnogd Jae sixth

a?}gﬁl‘f e()s@ecfi?s@l]i Qfﬁth tatp%l\lﬂ}ﬂggfy‘t@z{npe%} og gasz §d"At ﬂlesome

ca a yst rray ave a nost
@UUingntsyrihs meBRYpommtdiampsdr of P sioe dlambhteasnaﬂ% emfeattliéo A, at
th C e T h

lgr‘;@gb@{eA’i at ?eag’%égg Q 1?&%[&3(@ %q)r Gt @g&t 86%% ghg é}i)%grt R[a? gﬁé‘ﬁ}de at
102s0@ 1 @radab, atllenat O)Egrahly,cht rh&gsirﬁ) Sphaket tagt Orgraon baatoasg0.99
of th ocar bon urth, fifth, or
S ?ft%eg%/ d‘f’%ﬂa PF%%H’J%E S‘%P}PS“& é‘? %ﬁ&ﬁyﬁl TR S%‘?e
dytddpgen, ditd bgCPIunaSIndtalg) il Cauiph 6duwtdlBPofat aokdel grams per

roduct that is ac abl e f tra sportatiaon_ and/o
s vt et D) BRUERHG el b R AR b g 6 et
ﬂéy glraﬁgﬁraaﬂa@stc @8 §dnye eniodiniBns, (hg rﬁdllzﬁ ratageotf Canytah @ﬁﬁ%ﬂd to
process decreases overaII roceSS|n cost s.

@@}@Olé%éd]i‘%ﬁ’%’ be iyhtagas o Onlyefh dlQr ‘Hc?n FRaarap F‘ﬁ‘b?‘H’é‘entS

thoubiuinGah@h$tanadit 3@ He k@b Hedasit) ard BS1yBlHUR and/or

catal yst or conbinations thereof at a tenperature in a

PRgs8- from 360C to 500 C, from 380 Cto 480 C, from

400 Gy tﬂ’e7 lgld%ca%n fdeQ10 c%;igctgd &&h ﬁ@:@lxtﬁ:catﬁgls@qyﬁ%ﬁlg%lgﬁre ina
9

crude product wth a residue content of | east

range] fecs 8 1(BHM *Catromeid81376 004 or dton] FHsI00309800 hyctwgdnem%e by the
9 e t f 3 bo

APRARR,LNEETLER SARAT) RINDE MY SRALROTNERL

op) /v rp ey Nii'es t<a51 N/nofm ¢ Mlegatmmynef lgtdgen uptikegs oxmnéncatlomfthat

heltc‘i%lgey s bgl(fl% 69 efatf];cF 1%%1&\{\” nh}a C%Lgcﬁetp?odugp r?ducgtﬁ f‘r(rn)rﬁ‘;éta%tact\/\? &

hyelmcmtbon feéd) Wuththecsmtlméatalym uray thh esa mN/oﬁ at ro@k 80% By nfvst 80%, at

0 £ Aae o R R T e e T bR P TR A e
@nf)dsef;ﬁ&iuﬂﬁﬁﬁy wlﬁdu@@d fivay0.0e0.at 0.006.05,tr OQ)E 0?24255 g [ aiat

ans, ram of hydr 0
pr odd&P. ™ anﬂélp‘g i“%ﬁ‘@ cgpladigge ﬁg’ﬁﬁy‘g‘ﬁfﬁr%%lcfﬁ%‘tsw‘ﬁl Be1
Qh @ Bifthash su@ﬁ EERNYst Rldu€Q M biall Gequ@BElbitio RgirG®Y dBng
necessar revent shutdown of the process and/or to

THECeRYRg Y‘i ueEg e Tyde gl duglt that dy ack QF BitipereaEign and/or
drdAlRAg hSlh&epr&ﬁf&In%(‘ahdi/BQtrazn tingl}Rr2eRl LB Rly, GRRMEM, MBYsage
range, per gram of 10 hydrocarbon feed/t ot al pr oc?uct

df PydRoReI O PIOCg s alsereases 0repdl RPERENE 9056m 0. 0001 grans to
0.02g E(ﬂﬁ@emgd'dﬁﬁgn% O0dact O M%a&&ﬁfé@d wgﬁ rﬂﬁe%ltlrttpéataﬁﬁ? the
crude product with' the fourth catalyst, the fif

feftit calayst, ther svdh sdtadyh ot eanaltinasions dereeloatipitanateraturs in mgngﬁoﬁrom
& E't@!@d &d ot g o@lily g&"@oor £4yqyh on o%ofneﬁbdé% 460
W th mninmal Tormation of 'sedinment. I'n cer

‘€hboducee fitesruda psceluetrmﬁl 4 ppducfoneat waybast@O%eméemsIHKO% at least

5%% al l)éastt 36% I%?gt Ieas Pd”/? Iof the residue content of the hydrocarbon feed.
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15content of Columm 6 netal (s) in a range from
0. 0001-0.06 grans of Columm 6 netal (s) per gram of

w@20080y5892 The Colum 6 netal is nol ybdenum aneiDUS2007/080410

tungsten. The seventh catalyst is beneficial in

produci ng a crude product that has a TAN of at nost

90% of the TAN of the hydrocarbon feed. In certain

enbodi ments, an eighth type of catalyst ("eighth

cat alAM%IeVﬁtedl Relpd 8Ses2RIFRk 4418 o Bard AnaE3aI °C$ Jimbdities and/or coke
conbination with a support, and has a pore size
HRSOFN BEReieNAEL T the Trdcamonsed wih aReeieRotE gatalysianyden
Jo'h&m 1§9erﬁ§r1tr19d ﬁlsonﬁtlnuEhQ%I %Igéatrgacﬁﬁt f%hﬂﬁfon %PMTIIHI%VI@S #hd/or coke
surface area of | eas . The pore vol unme of
mipebeedetpiimined Ay megsslﬂnmarb@ma@f se@asmt modicedh@yrge cPhfacting. In

Y

PR it A AL« Jbby IR Bp IR O R sR0 Y s B

m@ssf) 001 2999, gr anm @hydrarareoraleedtiorndprogeat. Yhanthsfcomienftf h

s%?%%h@gr%ﬁ%aghela%O?lg&%s adj en%!tny gécog%?t’inr%qc%ggi g;f aIPa(ys ¢ necessary

tgpavewfsheilgi of thapratops and/ormo mammmgmlﬁuat»lHﬂ@wGﬁlﬁ of gychimrbon
f
ey Riohe R Ry dine €55 o e P iy PR B 47 ©
Hyhﬁ)cﬁilbgﬂ/feE@’toazﬂ qbtc?lhctafrmﬁ 10tGooMI @hmé h)g) (Dﬁ)gr?ﬂn@le“{aﬁnm.ﬂ(p(nhrgr?]ms to
roc n fe ome enpodi men e ei
SRS B o i VR B G et MBS O e
c(afa%l’st 30 rehadanlBt, theandidlbdiTyst, o kylsianiv (RS, areldthiek el
yrins) while only changbqng t he ampunt _ of

tFlﬁBffr@tHWP el rafluciohploHdes iffomingRal dpmationplcedimegki des,

ni ckeh c&takd drftRdinY@Rag LR X R ©8 cARNN: @rse%ﬁﬂlacq{aw ) has a total
sulfides) by a relafively small anbunt

8BGO BH MERIDrig aﬁ?é’ﬁéffﬁmlq QOOé@rﬁécﬁﬁﬁ%ofu (rplymn 6 metal(s) per

Xrg 'bpé:a@éflgs@ nTlflf,e@&iuHH$ nR&al mﬂbl&g(feﬁﬁlmk&}{d/or tungsten. The seventh
spectrop otonetric nethods as described by Yen in "The

Relyst isempfig@binviseduciog iagrude prodhes it hismhAXob atrmse P ¢h oéthe
Iokﬁﬁlg%g(?mcgr% ebpn Arbor M chigan, 1975, page 36).

enova organonetal I i ¢ conpounds may enhance |ives
of cdn edripgt @nt@dgnetmsome‘dgldbmbf @aertysm( ‘etghth @iagphst hincludes
&)&}t r%?sy 6S ?\Ie{gll(ﬁtlgg lg?ngfﬁli?él th h a s‘uB]? 3! des %laﬁ)e% s?zfg dis&ibution with
enrﬁtdiin( 1®xe dlameteninlarralﬁgedn)m/\m A t@18uf) piﬂhet cighnl chalgstanaydwe: a

size distrj a_nedi.an e

Fifigemal 85 A0 e dndp rutRe RORE cEb AT LB by o
om®ymi/ gICleiengﬁ cdt@9s nal hive QfadiiBs al@hink easént Of & Jeagr (Bﬁ§1;ams of

or at _| east 81. ans of 3%ﬁjca-al mna er. gramo
Fmaaluging ap BB aPeR AOY PSPt g %ﬁ in P@:b%fawrs)f gighth
daRiyat. (B o @fdlyst Hasamrs@ﬁ\l @mﬁé(ﬁﬁﬂbﬂt@ aQ@tQchiiteh@of@oﬁlmn 6
grans, 0.005 grans to rans to 0.1
I@‘f'télﬁsé Pyh&aa %@}gamawSh& %ﬂa(‘%é) fr% HtOQW( grlaﬁls g) - %\ﬁﬁélsf(?rcﬁﬂm

©o 089hs & POBorhQs. OHQ:Eé %ﬁl@%alys@ 1SQQPatl G’f@n&@ngga ﬁo’iﬂ&{ &he
or 001 grarrs to rans per gram of nint

NiAY & pad/or a pprigenal aherfn@w%awﬁéwnsthe hyfsogarhenpecda fmsopa
TR dinREls, B BITh@Acaliyt Riek %o oG CBRpdiRds (f
el ement Scont@iegr%t C|an}§ ra(fné'\te‘fsl romvesm% ? ?arrlg 0 0. S(Or
Q}mni@, vapad)@s, yelsbdenti, fOld@Z nigkelperphgringg W@O@O@v ah@gtne the
f

o 8 R s P RN RELL Wiy,
\caomunm byitdes dnd/or eziadiue), sua”tdek)éasatrelaumjr stmadmrm):funt highe C5
AReabrR e Pebn e PoePlod 5 WbgfDRa b8 Rt o
hydrocarbon feed at tenperatures in a range from 300
T. to 500 "C, 350 "Cto 450 "C, or 370 "Cto 430 T.
and pressures in a range from0.1 to 8 MPa, 1 to 7
MPa, or 2 to 5 MPa. |In sone4enbodi nents,
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20 the ninth catalyst may reduce at |east a portion of
conponents that contribute to the MCR content of the

whydsoeanbon feed, while naintai ni ng hydr ocar bBEI/US2007/080410

feed/total product stability. In certain enbodi nents,
the ninth catal yst may reduce at |east a portion of
t he basi c nitrogen conponents in a hydrocarbon feed at
tenperatures of at |east 200 C and pressures of at

%S@%h&orwaﬁc nfeaisAkter®bd By RYdimoaaE ReR Jf aede Mdkdk hhe

ghth _and ninth catal yst at tenperatures of at nost

@@ele}lm” amen proessgience Spdlishersdag. @nwaorrhﬂgﬁhg% ddée page 36).
A8 HTRSHGheBRY b%p&nﬁ@éhﬁ%aﬁ&ﬁfv@@&f, caﬁlfs@tp@ém&éd
asphal tenes and C7 asphal t enes content, and/or a

dpivastersint §f tl@f—fel%hth ABYYSLI0% at nost 80% at nost 70% at
nost 115%1 éntsBQ?{?nﬁI ty é;(% dafaRls {j('[‘ll%n&l%{a ¢ ) 1nu'1]18es Columns
t ot al asp enes and asphal tenes ¢ ten

G hdiinotal($) he cuhlg o twithaf supivet dmyldrocparb eme @t@trlbetem with 4 median

;%@e% %@%t@%ﬁ%)ra If{f%:g)eA ?oor%)e‘? ::/\lie“lgeﬁ i Qtal l?[;}io lude at

lhgsdfﬁ ot arabemt leastd).(§ grithdler atderseit grahn oﬁ sﬂrm aﬂuﬂnmd ipaegris of

B YrEodnt nfredle: fpupSe R BRI ebfulh EPRhgRaabRs fom
000N td 0.8 geinght b0 BHEAME L. D gaais abry)SI0$ grams to 0.1 glrzﬁnm Column

TR 4 e ol DRCea T TRl Brams 0 0.09

GoNAD DLk 1d0.A1 SHRP PéEtgrandf Niask cataRer @n Séréeh embodiments,
distribution with a nedl an E)ore di aneter in a range

the pinthggtalyst Bavy per gram phainthegtalyse hg 3/ tlumg b @F‘Flelﬁ;&?ntent ina
el 20801 L8RS o QoPIraflt W5 oBdmd BAIL BanPd 0. @EsgrarﬁJ to 0.01

| east 0.1 granms of silica-alumna per gramof tenth

Beat dhg ainth cpkpdyst Ay fedigtaredeqtiopal atiepser ROrEy] ¢f e @mponents
tﬁﬁtc@htglﬁﬂte ﬁﬂ@glﬁﬁg aﬂ 1Pasfla %@rﬁg@otf th&81 Qrd%%(?&%lﬁftéﬂeﬁl Sinll Qt lgasg-a
grans, 0.005 grans to r amns, rans

®ros o ncamor@n@ thgt Galtiimte tsz(bughmlsapf(ﬂsﬁs ig 6Ntheﬁn004rh013fe¢ch¢tge
(LA QBOL LA 5 Q- T ATE) @ 895 & A7 @ 438 ana
grans, rans rams per g¢gram o

pr@asuieymta Tige ftoanﬁ) th t@&MaHaylsto Wya fQil@ltd) p tvéltae In sdm:emltmdlments

tﬁe mg cgl%?y%{ 1{1%/ %g@ge él?ﬂ:’as(% 2 tpO{tl%n %f) né[f%)n %nﬁts %hl;ito cr(]) t&bulieﬁ% th@/ICR
ca;ntént(b?f tliasipidalchdne fed avtdle ataint@amp hydrpmﬂbqncfaecmbtal product

RSB sonn FBhafiRhd B baa b fim & 3EERL R pioh Fine

a8t altmén cfﬁalypohadumel Bitrdc &8st fead Pashp@nues oCHNMANPBO TS and
that co tﬁ #E]ﬁ to the MCR content of the hydrocarbon
Rrgayes @s'dYht-ai ni ng hydrocarbon feed/total product

st abidointayt oflamly@@r:ztrs@mfemm tmrargh&], and Mire &Mﬂﬁb& Bt tEMp@atﬁfes of
cat al ‘el event h cat al i s 150bt ai na

& 818 nﬁ aﬁd asEyrcd hmget 7y1\7lﬁ ﬁ‘aﬁép@ﬂ‘ﬂfﬁd‘rcﬁu‘l&ﬁéﬂo%‘l Ilﬁ‘ﬁ’ﬁé a
Bsid® JoREAl 8 tJteQ @ﬁ%ﬂ@&e@ﬁldt@edsﬁlaﬁ&ﬁag' thhGRtaalpsl Vlsc-()@ﬁy of at
el eventh catal yst may have from 0. 001 ans to O.

yPshPPE; al a0 Tahmes i/ %o atanept A, at @}Osw%ﬁqofgh%mld%w@teﬂt the
tg{aﬁt{1é§pﬁlte%laﬂﬂr@7 ngﬁﬁteﬂl:s(c%}lteﬁﬁ Encg(grqhenw&fosﬁ, mﬁéﬁﬁrocarbon

I'n sonme enbodi nents he el event’h cat dl yst
fnﬁywmmalalﬁlnmﬁNloV/fe goTHeNs b@fVe@OTQ%mHCBﬁQ@t hetvsdn 8% and

[y [ hc 20

BB R0 ngPand 1 G EYE b AN R Pt
efrmh@mn@m@;lthg vanwsity of B¢ 081dg padect of at CekUitte d0hereta@isitsdf the

Iev nth rtain enbodi nents,
]Bﬁreocgrl%even ¢at fwt t%%e elgﬁct fmddn t?‘ tag’ﬁtsom grans to
0.1 grans, O 005 to O. 05 grans, or fromO0.01 grans to
0.03 grans of Columm 9 netal (s) per gram of el eventh
catal yst. The eleventh catal yst has, in sone
enbodi nents, a pore size digiribution with a nedi an
pore di ameter
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25 from50 Ato 130 A The el eventh catal yst may
reduce at |east a portion of the conponents that

w@onsnidwt e to higher viscosities, a portion oOPCT/£2007/080410

conmponents that contribute to residue and/ or basic
ni trogen conpounds in the hydrocarbon feed. In sone
mmomnmns,atmmfthtypeofcauﬂyﬁ ("twelfth
catalyst") may be obtainable by conbining a support

Wi t h [l dnt@diBng, § &hot t9pep(§ngtlelE/§t @tefBleahlst) includes Columns
({)recursor 30 The cat al yst precursor may be heated in

Hempabsdp eembjpationavidira sppast ad bpg g pere pieaflisiigiion with a median
&m%&@an Alrarfye FRAPSH RIV B ﬁ?%ﬁé%ﬁ’tﬁ Qatﬁy&fsuﬁﬁk%y%ﬁaude%t
for a tinme period of Iess than 24 hours, less t
lpastip 81 glapssatidasird). @ diong. gt legst 011 egamst aﬁlca‘rahemaspet grafncﬂf ignth

éatb sOriiRedae: thilgét? g{é?%?%eﬁéi%ggx @'n‘r‘e?ahdfg I&Iéﬂ??gaafta@e%ﬁﬁn 0.0001

CUFSOY 'S
gmmsr ©.0.1 grame 0t IS rprammiyo 6i0dernss, ot (heO 1t guerhs toh). Segrahyad a

C on n Q? {ne%(g tentclﬁ%i?‘%néé %roanot}?(Y(ﬁ)l %ra%?s o B@S égarr?s 054! z!,;rams to

(DOE()QEmgroaﬁ@OI graﬁls 020.9t amss pargrﬁhl @ﬂ&tzgysarffhet antﬁ cﬁ)tilyst may

oo bty kLl BBl i (58 e, s
Ayl @CE o0 e € aghall@ss hhd@deder girtion dﬂ’aﬁoﬁl@ﬁiﬁ:nﬁ that contribute

SR PR i Pt B Pl g Ry S e i ey ity may

BARE @Nkast © p6@BY 6f donoR&id th@tomkiblitb e IEMIR oitGhesf the
nmetal sulfides. The twelfth catal yst may reduce at

ydsstrbgn fsedoriel mynteipge é‘%%%ﬁ%‘émféed( il PR PRBLYe 1 o

hi ghef cotiastaMdaifsis, fn OOV Pplf chBB s GNPRAGRLAI LR
contribute to residue, basic nitrogén compounds,

G5
chipmilethyrrembiyng aapedsiiH pethasupnoriand el éalrob@%als to
ﬂr@(ﬁfée aﬂ-@fa‘ efebérftﬁ @a@eﬁ%@ ﬁ“ﬂ@@ex%ﬁthcda{awsylﬁﬁy l(aVE Iﬁ’oﬁlt(ﬁ(ﬁﬁt ams to 0.3
catal yst may be prepared by nbi'ni ng Col utms 6-
grana 008y gWUtSHO fi2reeanes, ow(OUgerhm hgrags péﬁ@iumné r9¢talé6) ofr

By TP T B S oy MR L1 g 0o
@t gmsis lObCOLuIZm@r agtEl(s).om sOme fbmgotarrsnus ,oh@eldvegthanaelysf may 1nclude
190 S HE01 ramg"t(?(l) g ?a’n{sp@ 6(%1‘%0%'85 s or {rgxﬁ r&t g[%regrﬁsatﬂkl)%tj gra{ms of

sone e rteen
adsiin 16 ﬁlefhl(g)rmrrgramfof Evemin czﬁal;mt Bl c(est)un ehibod:lmenla,l the eleventh

t t t t t t t .0.06
GIFRREBY Me ot ek R) DR i HRba P bRt o Vo
grahadoy)s(ls géiuﬁsf 6%16@32 qlidatdl(emes tgratrh@f eldverith eamlwt cra& abmth

uae Tro rans 0 ans
Ctgg%ﬁlt 1?)% Grahs emg(]?dl‘?l?‘&?nag’oﬁls”&déﬁ%b“PBg tgg “&rd‘c‘i‘ﬁé’o’iﬁ’f iameter

festh SO 3 Q30MRL alhé SkvereH ca@ll Ry reciadeddt Yeatt-a foRti eI il dBmponents
enbodi nents, the thirteenth catalyst may include from

tbat@gg_trlbﬁltg%hlgl@r Fyeqyities, glf%)ﬁl;g) @t@o:gmp@ne@ S gatﬁ?rgﬁgute fpyresidue
Jnﬁ}%%gigﬁtr&geﬁ%m Qunlls Qigth@lﬁﬁl?&a%n @pum 9 netal (s)

d/ or Col umms met al f{gh per gram of thirteenth
cat ally sqgme emf@dtrmnnt& eoyalith vae af %ﬂ!ﬂlysrrhwaﬁlé Faslest”) gy be
HAHRT Jahﬂn%fguga GH A Bbhnh A A0k, HOATE o, .
grans, Jt Pﬁ t rarrél t 68903&& ams tggts)&éecursor
@emly@tfprmum@r allay bthfdt@sl in m@rqsmcpto‘éem% ngeai¢ $lfps contparing

. ot i bULi ot

ogPENTR S RRGRR] o R B PSh R BB Rt o1 than
Hrtioutselest tharc B tluyss Iessntagln &hows |OEE$ thivahhdds offopothe dried
tweffhcgﬁlglsl.p o8 plca py(j%he cata? ursor IS hJ/:’())tecfl% 1%8 r(/%‘rino}?%)%é;fg)rég
40% of pores haV| ng a pore SI ze bet ween 100- 130 A,
from1%to 10% of pores having a pore size between
130-150 A; fromO0.1%to 5% of pores having a pore size
bet ween 150-180 A; from0.1%to 5% of pores having a
pore size between 150-180 A; fromO0.1 to 5% of pores
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30 having a pore size between 180-200 A, from 0.001%
to 1% of pores having a pore size between 200-1000 A

wo eawsndFed 0 10% of pores having a pore size bep@BEES2007/080410
1000-5000 A; from 20%to 25% of pores having a pore
size of at |least 5000 A The thirteenth catal yst may
reduce at |east a portion of the conponents that
contribute to higher viscosities, a portion of the

HeRRP PN EHash doftli @Rt thie wd18h I:zﬁal&ﬁ%iasi r ofam GFRABAL BARS:
and/ or basic nltrogen conpounds in the hydrocarbon

Fdegn 15 elementoppfgpt ip s FamtlO0d feranprdo Oi08 gfanish PGPy grams to

.00 g&ﬁ@ RED. 09@% Ah¥ 34 §0MBMnR! $Re %lﬁ%&lﬁf‘&éﬂxhﬂﬁ@s‘#grﬁ‘ﬁcant

I's otherw se described herein. 5Selecting th

&%Wlai apdts(abilitiovhennised wiyshi hahydspcazhon feedris ﬂ@ﬂcnbwglerem In some

g

SRR R SR LT P 6L P Ry

scuffanﬁgle sillifue tentdny & qopvarhephifidr gk ol dxadled tawhethlesubidasr The
cfaga :?y I‘GEII}]C% ap%gst g%ﬁlrtlgr efS t&? %gm (gngrrltg g{:at %orn(t)rg)dl(t:et to higher

hmau&nhamendom@pmnpmem thed camtnbeteLto) rdstlee, tyide oitmpdnon

T R N T A S A A

cat aly &tr&ehtﬁ tpeDE Loy e d biagereintatalBymeht froparddte combining

u ropert vements far the dr ocgrbon
FETIREED PRSP e B TG F piytcis s abfnes &0
RRFdnke@d?, Hifl atsbﬁ)oﬁ 5P fhdeamasialydt mhe@st @l @indb 0.3
the iron, east a portion of the nickel and/ or_ at

grems 0095 |86‘Ffts B S gtartnB G Uh g 4 . hows of (ERuBR A BEH(S). per

f{lrﬁrﬁ df GatehB ch@AYC 8fl sBRS QR dBhent @S thiRedd® Ja'ta?’ét Rifiy have at most
eteroatorns in the hydrocarbon feed are re

O bpiamgrpetEnn Candrliey Bercadn coho@merhdheibirgrys f«‘%talbfﬁ;has at
rh&t §@H§ra%[§tb@ MR Smeth 1B, @l‘/ﬁaﬂn'o‘f’ ﬁﬁné%ﬁthtcﬁﬁly@tatlﬁlkéﬁé S
/or "the stability of t e hydrocarbon feed/total
th@quntsmhﬁ thirteenth] aajatysvaaeintludé fram Od0d leyasts th Dl eramd ) 65
I
%%Iﬂ{)ﬂgrded%%sn %pﬁ?lg?gj;%gﬁﬁsbtg% 63%%#155\/ &{acadcl:%r%t{ ggltﬁ&%lés) per gram of
@iadise nintcertap anmdanérmsr thaztthllrteaslt cq@alysp ntaf snclwle fﬂoedtG)OlEgrams to
nt hs, 1 ve i t.ho I

RS s Bhiog 2R SkFR oS0 oDSHARETE untle Bl

afl/os Ebmome d0 ortadb st sramenf taittbanv caediysc t Tienhirtaerelt cdtzem inay

LI f | N F t | t t f.th
BaBRapranulsr brReBh i Be R e RN 0 Sopafugn
aahd, or 003 gfagamnd 0.6 acindsof ndherhl@akles. alRQhitte@ith ftalyddBas, in some

conponents that contribute to TAN, at.|eas orti
SRt pait 87 SR bGeR Vil § Brdet st darect o e 130 A

h)édﬁlﬁ@élﬁlbwﬁalfzs@ ey hefeass tahher of%)%ws%@ﬁﬁg h BSre @fze bh@ most 70 A;
ydrocar bon feed are changed, | e mal nt ai

(GBI ¢ J o DS iy BECRRDUY EReaR (BU A RORBE: © 0% o

ﬂBréSthld{'llﬁg gﬁ%l’e @&e BEIL%@HS ﬁ}ODHSO(/i :QonPXRIPL®% oMBbrAS 1Bivido @Qboﬁa size
ydr ocar bon, -val ue of above 1.5). ternatively,

l{eweaéé%ﬁ(i e O Soh RSFCsAPYing  Rofersize hayvepie | 50-180°A;
ﬂr&ﬁ b Q%EtBtS% J)ﬂﬁ)oﬁg %Hﬁﬁg yre %ﬁ@ B&%erpfSOt 1@5@ AM&')%P@ NJJ% of pores

feed with sel'ected cata] ysts. The ability t
Hapige @ rperet sédelbytvesrel A -2 eh dean 0 8D ¢t é%g)ép@ﬁblpﬁefmgl agmrfize

thet\)gereﬁ 9hy. %&ﬁ? 200 1586904RY é‘ﬂeé R«Wn%laﬁpo‘?é ahl t%'t&één%od 580 A

ocar bon t ot al pro
ﬁnc&n RO @itm 2o dliperachaymgeges] sm@ of at least 5000 A The thirteenth catalyst may

reduce at least a portion of the components that contribute to higher viscosities, a portion of
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In some enbodi nents, the first catal yst (described
above) nmay be positioned upstream of a series of

W@ 20080y54%. Such positioning of the first catabgBUSI0AY080410
al l ow renoval of high nol ecul ar wei ght contam nants,
metal contam nants, and/or netals in netal salts of
organic acids, while maintaining the stability of the
hydr ocarbon feed/total product m xture. The first
tﬁ@&ﬁﬁﬁb‘ﬁ&nt@lhla%mbh{é S RRIRILE MR AIHARMNeS -and/OF bk RIRMALN Of

| east a %ortl on of 5 NNN Fe, renoval of acidic

@&Pﬁ@h’ém@e y&AeRAn f8¢d- conponent's that contribute to a
decr @AR& ehodiltnds bf G Bifist ﬁﬁ&fgh tlﬁﬁ&&w&aﬁa?ys'tsr}nw‘a@so%é%a{%@
or conbinations thereof, fromthe hydrocarbon feed
qngfor eseéﬁplse)ther@d@é@sn@wéﬂwm@ast a portion of C5
asphal f o
it o ey OO AR e Rl R onations
piyugigivrgerede mwedver todapaldysidghys bas TA\N nedodelmst peeaticashdnged

r%ﬂH?e tQ tlpecl{y%goségoo% Ir%g(il wﬁﬂgl)tpﬁr dfr?lgegtg% loléﬁlggl (Qrog ?lg]onfafgéd Aot

s(l:mwaygy chaRenip Ak rasfiltiag cludapbdect pey hiwrenbdnctdpropérfidd/réletive
fr o

UETRARE I T PE T O S St P ee EORBEn AR REmne

af t erArtdagerhdnt st twoak adoyeséatalysts in a sdl B@ecsﬁqmde may adnyist he)

and/or the third catal i oned

Sn ottt e "R P DL R by et P bt SRl T ARy APT
dridetyhyptdgecapdi@sh dreieod & piallte s 0d UGkt anfoxddarof thi dda éIt st a
15second catal yst(s) and/or third catal yst(s)

o nre theriegh énd/‘l’l‘ ahlgastadtiioa of His verdienin e th?OWbPé feed can
BeQBR 8] Bltbik Wl 18R HEMbA of RIUEKBXMIR hyIRREBBE fecd AR/ r@uced.
reduce the content of nmetals in netal salts of organic

aci dg\rrangement pil/egsplactionisd Heraialysts magnip seme enbedigents, improve

ﬁ%@' 5%@5598%@ SR e s&b‘lﬂf ofSthE 0&%ﬂlfé/e§lyt&t§l)pr§(ﬂfé( Rlxture.
he third tatal yst(s) may produ hydr ocarbon

Iﬁ@édf/ementallf agptakysidife md/armaéﬂlmﬁtthwaglr%rban fasditet el prodan,

I t
NG SR AR ol BEHS e R HRE; RERERE 3 o
aaclﬂastsﬁ menthse duat dastalsyrhaw ittlenesphogrhant! the catdgu cretlie contacting
yiscosity, or conbinations thereof, relative to the
respective properties of the hydrocarbon feed while
mai ntCaintimgotshd saltadal datdlystsohayt dlewhydcocainaokast a pomon of the

SRR e Mt B g RS D DGR ok gifip mew

Jaitd br drml@emsmﬂ leagtagdoytiin ol@eiertgmg&wp&tﬂﬁ@ anvatobuté el AN at thast a

cat al yst or Vi ce ilit eliver
H?;V‘bq”d% &K e @p@&oﬂ%%tl%ﬁ?%ﬁf fryn g’tﬁﬁ%m%ﬁ%f%‘f‘gbefm other

PFOpHrids € th el dogeFors@Dee Gﬁhﬁl]%&ﬁ whinaktaifigh the stability of the
Conbi nations of catalysts that facility generation of

Wmce;@%fea@{ﬁqtﬂ@r%ﬁt%wwﬂngﬁwce%tn&(%%anm%%\fnaaml%ﬂa%a

1B dfRhBbh Hed - \JaRl\é’o@MQtl 5?31c AR&HJt&Q@nCQéébhﬂﬁn&oﬁAﬁcéﬂdﬂﬁ API
may be used to change sel ected properties of a crude

Progueay heenca@m%alwe%ect lpbecomﬁbofpwpférw@gn &ed pife selected

C may
P R PRI R PG, ¥
tsvér,o@wm fred s alley therstabiliy efahealygletcaspn feeilftqth] product mixture to

. S| atal yst(s), and/or seventh
cat ﬁ*‘%@%{ i‘%““tgi’%%%h“%e sel ected properties of a
hyd r doc mnﬁwemntmmlfestoathlystdﬂmmgmedgb@\teh Ry pe pparineds
t he fh I\ dr.oc

upstream of @'series 0 ysts e§uch pgsmomng of the first catalyst may allow removal

50



10

15

20

25

30

sel ected anounts, and/or while maintaining hydrocarbon

feed/total product stability. The order and/or nunber
wmboosassahysts nay be selected to mnimze net PYOUSYHETIOS0410

upt ake while nmaintaining the hydrocarbon feed/total

product stability. Mniml net hydrogen uptake allows

resi due content, VA0 content, distillate content, API

gravity, or conbinations 5 thereof of the hydrocarbon

Jreash th@led®r RRIgAE @ink@dn s Mol €%nQharkd) Snd/QSREAS inVifletal salts of

properties of the hydrocar bon feed, while the TAN

g ocidshehil aap@ingie g stetilsy of (hadysyperabra fepddtosy priogagt

A0%.of the TAN and/or the viscosity of the hydrocarbon

feed. Reduction in net hydrogen uptake by the

hy dr ddartisaatilss dllemwsy in?O@W@éDOéin@md@r perosedced at gt a heggon of

R I, t
R PRk TP, B R s B b8 R skbhER
deentarceanl HEAIR ofaltlztr catalystpintthesyFiaN, ofcmmahy@rtb@avfb@m the

t
%ﬁ%&@%‘gﬁﬁ% g&" e rFE)i? rgé C n@%t f #glz)oRlog %P 8 %sgg%teﬁés it &1&:
ltykis)calﬂaomfeed/t#te@pofdutthmﬂmy@netauw loaime li}el&dtarbon feed 1Iih1b1ts plugging

y eneration in s ecu c contact i ones
L EERRUE PSR B by SEBHCT ORGP O TR
antagt slyngmzmeﬁ o@ﬂdﬂe@ mtad)dt @@ple&@hﬁmhu ofeath g stl Reinoal of at least

ro ert | es 19f 7 Eﬁ% }51%§¥ (g ned&%s,d,& élO%SEPE&BWgﬂS’ increase a

Upst dSIi%aﬁnmdﬂ@(\!hﬁﬁj%sEsQﬁbﬂﬂtloﬁHd emei ﬁh@ﬁﬂst aqdgidi onal
catal yst(s) described her

I—Mdr ogen may be
gener ?é?foa%?%tﬂ)gﬂt@bﬂﬂé?éfheﬁ@f%?at WS hpdt ropstighedrdoggstream of

048 iR LByt OBirHRr EatRl MShd Sdroc@dn RdiQASRoBYmBRire with the
delivered to the contacting zones that include the

saerddcpiglyals) ead/an thisd cadylystFhmay Birthgrgeducs flAN, éedﬁwtnh@ gryent of

W/FQ Gedifel @ﬁlﬁfr cbiRerdt r}%dJCL} ggﬂr%gfl c&n@nt ha)ﬁ@fo??eﬁﬁ&Qﬂe &ﬁﬁ'ﬂt ofl fletals

some 20 enbodi nent s, Ivery of the hydrogen may

ihenegad st of erganie acidhe f I ow of the hydrocarbon feed.

For | i i

o SR LS GONL AR L0 55 o Bl s

apdiol &mttlmrcbpatahysm)enwoém B hgdrzmlwn(fé@lv’toekmmce mixture that has

a %n&cgg tFA?\g re%ﬂged ﬁur conten a rezdu%e’d Q enl%gtegtge dﬂ?eﬁ cgl?tent of
ehiVered 8 an addr'tonar * &9n tx?l% ?

m&als‘pi meta]%hmﬂcamlcn:gldx oneddctd aSphalt%In@ coﬂB)lt R lnedaced viscosity,
|ret|on er to flow of. the hydrocarban .

BRI s DR B R e s Phlhsp B SRR B whie

16 aRGITeaRd staiilith of e hiydrovdredn fb&t&tofmypllbm Erﬁ)ﬁﬁrefdaﬁﬁig processing.

terntlvely in a stacked confl uration (see
a?ﬁ‘fﬂn Cat?lvﬁmaylbg)PO“HWf‘&b%?ﬁ‘eﬁﬁvh %éﬂ‘lﬁ‘e%ﬁﬁ‘f“élc?a@&ﬁ‘i Bripe

RIdaaCH (RYthird cAMGsCENIRGEISRY Zone (for exanpl e,
contacting zone 102 in FIG 3B) dr ogen source my

be ddibf¢Rifiedo delivgr hydregen é%l%ﬂe?lfl% ‘é‘?ntf’@ n%:%?ﬁ‘?%‘@{l‘ilsﬁ@ mz]BH’éze
Hyﬁr(%elgbsrag@@lﬁrﬁfg chf't@&mgS CoRBHadnsoP caftill?é@é @ hhigey generatlon of
drocar for exanple addi hydr ogen throug
ltyémalil flurmeontﬁ@méomdae&a yalg t@éh@alsmwe ajvaty lgw ama@mt ofdyygrogen
&u?in cérﬁé‘c@lﬂg s&f‘t@lchfﬁ‘%@ tsé@cttédrlgoﬁeﬁ% of Qcﬁdgbﬂb% k@ fdive to
I's concurrent to the flow of 'the hydr ocar bon
th@&ﬂaile(ﬁr@neﬁe@% ahthe dydraerdbangfedsy dioogreamplicy tmdgwrtft@tvdmr may be used
T O
Qaadl)at(y)sxlxta rcetalystéd, and/os gveeh patelwtfsm‘o ohiide stlheed papdrhies of a

Iv%roca onrﬁ:eg Iwrlgle oglsy cilgr%grlrr]lgogthetr Ii])reop%rtl)f(:g O (k& B}gcirgcse’l}bon %ed\f)lyc €
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5conbi nation of the fourth catalyst with an additi onal

catal yst(s) may reduce TAN, reduce N N Le content,
waomsossweduce a content of nmetals in netal sabdBUSH007/080410

organic acids, with [ ow net uptake of hydrogen by the

hydr ocar bon feed. Low net hydrogen uptake may all ow

ot her properties of the crude product to be only

changed by small anopunts relative to the sane

R1eERE hinb@s, @hd/bMeni RYFHI AGAME BRabestbn b&H/@a$ P¥BuCt stability. The
enbodi nents, two different seventh catal ysts may be

Qe @ng/Ar ST Aliabiits M eselgeed 19 reininpe/agt hydagen uptake while

HASGLMERTHhE hRIBLASL @é&%&&lrp?@dﬁhss%%ﬁ% hveabal %8 hy nhB4Ee
a total” content of Col metal (S), per gramo

alawargpisiue conteny, ¥ g@ntﬁrtdmt@la@@@lltem, OBl LR¥lYs Or cpiybinations

tal ~
APUISFUEARLAEUB R sk, D302, B ALAEORL s o
thahalry@tbont¢edt whige thgliaN and/oothe lvasrgpety of thamrudhprododtad at most

I pstream sevent h
g/né\ﬁﬂ f\Ioa%g)é\) é’ gsggs?‘[”%f@ gl?%méa% nh%)(f um 6 netal (s)
per gﬂ’edmtlofl icEtt h&@rsge.n uprake byréle dpdrocirbenes] méhgroduce a crude

I%%%L{hgtggw g%lg g%:(g{?tgl iq?l\gﬁﬁlyar o8 t% g\/li P% g(glgtddﬁ%lbutlon of the

lafatdchrbyn fead, uxae a aedneddaIAN edla/avs naihk TAMDGMhe Dfdr@atbah Yded C The

al e downstre sev cat al yst
SN TGERAE <pib pisrbotdBSGPooRD LRI pH B T R Eey
ohpage By aenRd 1H/@smpkgrdeibah fae. to the sarre 20
properties of the hydrocarbon feed (for e l e
r el attPY¢Eeyn gepgratiop H‘asd?ﬁ‘éfl? FPOHSHRE HACOMPY @H{ ec“m‘ldltlon of

IRNER M ot SbHMEInE QhHe® Al d/orMEHBw GOIBE RA treduBionts? ?@p@ﬁl‘éé SMfe
thereof). Contact of the hydrocarbon feed

hygecrdamdeathdingons §@P@%W%@\f@‘ﬂffﬁﬁca@éﬁéﬁ);I@%ySbemltlﬁl?eéd&Hé‘éeam
(ﬁ‘)\&%ﬁt’fé&ﬁl Bf &‘El\k‘getn @b @a?tal?st(-ogf%s%beﬁtheﬁﬁls tH %b n gg st

80% at nost 50% at nost or at |east
ZEAPNaiefl derie qo?ywtmgaﬁ H@myﬂ@é@bon fred with thedgurgndatrdiistenans]

I{)@ﬁ)&%ﬂgglagge &éil%eﬂéé{%ﬂ‘é @(?1 ﬂn£ ?&QS Y, 1n?1§dé HEe Ecﬁﬂ%’htaﬁéaltﬁyst(s).

contact wt st ream and downst
Beviehvdny eﬁhahyk@gn(Iﬂayrbeemlt@theébmdtﬂte mfﬂmlctﬂbon feed In some

n ini al
Esot € d%l?vegyt \Iytﬁ{hgn rogg}l %a}é%&e (r: r}c%rsrenrtg] tg% flow O%O t he
Hyyldjcaxbamfwm feed, and then contact of the initial

crud rodut.vvitha addi tion ce
he. dPbHSNgR A PR E0 s, SR RS 11, D PO Egn may
liergeneaﬁ)ﬂecm ttirirg| coﬁtﬁud@ ipoRdivatatinglio@e bt dxiatplet ébntaedlhg?ﬂ)ne 102 in
ncr enent al assi st in paintainin
%‘iL’ F“%‘&/hyé‘FOgF’Pm aﬁ%ﬁﬂgﬁ%&aﬂf B&gawpﬁtcavtaﬁw%&aﬁ (for example,
dBn o081 1479 FPG O $$ h Biglection that is lc&nﬁ@mzeﬂ@\a‘@p% APdb&arbon
catal yst selection and/or order of cataly '

I N
feeshidn Aems SRS nentE Gisthy drogeilevs mey be F(Pﬁffu%% ol lqllt]%?'rf%ov( pighe
@Hﬁﬂ@ﬂb@n feb@RRERIHES), ﬁ%&kedﬁbﬂflgﬁﬁﬁ&q%é %?gxample, FIG. 3B),

hydrogen may be generated during contacting in one contacting zone (for example,

contacting zone 102 in FIG. 3B). A hydrogen source may be delivered to a first additional
contacting zone in a direction that is counter to flow of the hydrocarbon feed (for example,
adding hydrogen through conduit 106' to contacting zone 114 in FIG. 3B), and to a second

additional contacting zone in a direction that is concurrent to the flow of the hydrocarbon
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flow rate) may assi st in reducing hydrogen uptake by
t he hydrocarbon feed, maintaining hydrocarbon

wo ewdbiosal product m xture stability during PCT/US2007/080410
processi ng, and changi ng one or nore properties of the
crude product relative to the respective properties of
the hydrocarbon feed. Stability of the hydrocarbon
feed/total product m xture may be affected 5 by
N (UK aiRPRSRAing BPAL A (RGufit @Mubib 0dWARGAIHRABNne 116 in FIG.
feed/total product m xture. Phase separation may be
HHused by, for exanple, insolubility of the

hydr gg %Ill%)&nﬁo%ﬁgenﬁn e QJSur&lrddg%/spJnngth @atalpﬁ are used in series,
hydrocarbon feed/total product mxture, flocculation

atheragighidie f@ﬁésawty@rhemgelpﬁ;ﬂ@mo& Aretsorih paselpLatvise vpisodliet
(ﬁh@ﬁﬂéfl@ﬂ fp[flee Ia% &'@&/l@lfan 8(’1"[881% Q&tﬁ}/sft(spﬁﬁ]a)ti Hzﬁuce TAN, reduce
rocar bon pro uct m xture,  or
l‘élé%a nattt:rrb,rvsldft)hmdma com@mt of peatalainmdtilyelss ad urganig atide with low

| r r r
00 elg 57{2&8? o bg,%e ﬁy'h? ety ?JE:%J EE%%W hgldrogéglﬁpqgl% B8 ttow
dilse qbtd:pettlat; ofphodudt plmluct wrte cmtiwchaimd de smAl ambugnts relative to the
concentrati tB %%1thﬁ%t?t?| product in the hydrocarbon
FREATPEST PO MR (e changes due to formation of
the an stdﬁe giaditdngs, 8al diffedehitsyveath dagyseanparanésin@bmbinetion.
droc feeﬂyand/or cnggnents of th

? t ot al
ST Gy B BB QBB DA tuf YA gmay have a ora

dBhichUs e @IS mk@1(ONFIRGem Hata@sa P Rngd fiem 0YUD POBE BAMms.
feed may contain conponents that are soluble in the

Hdogasrpumeradraglyst may Bagiadophgnont filodues pgtalssg, per gram

& rd@@ﬁitiehﬁ%e@:ﬁlthtdaﬁtlﬁb’ PRI éﬁﬁgeﬁﬂeﬁﬂﬁ@mﬁaﬁ @bntent of Column 6
exanpl e, TAN, MCR~ C5 asphal tenes, P-val ue

or
BIANY) HBP BPSTCRIA s ve Bt catalyhie Ol Mg I Samagl Cdwan § gnetal(s) per
g,kf@rﬁ %ﬁ@ateh?& SInSs%ln\é an%odhfheht@ ethth? [tRh3E ngrﬂlpgtﬁﬁﬁll/ sta%tnﬁt catalyst and
pro uct mxture. In sone 1nstances, he y rocar bon
theéavratean bryem cataiyeimayrbg d@»@tsedra?]hef aiwlrt.v tawse p dafegly small

| Y

BREROY AERACELISRLH B bl AER OB R b o
tpom tof thextude @rodoetid h@onlyvohamgedmfrmaﬂiha@ests rdg vkt themame
8 PRI s RSAL0 5L  FRRIALA S B
q@ntedtu APy gmwdy ms@ne eaitgitt\aGO ennteit, corcmmbmeunctrs thekefids t o
redu he fe of I r.e of tal ysts
nda gl 1 BrBeaPrt flull SRl b EndE s e
%a@u&eﬂhybﬂf@fucex gl;ﬂfﬂd: pnolduice pRahasd TANat ABRist 91)‘%6 tahﬁlost 80%, at

ar bon tota r odu i Xture ma

aﬂlﬁn% O%ec%l ﬁﬂéasblﬁrogg@%pﬁl\?ﬂ‘ﬁ%t LWY? '%ﬂ)égﬁ’qde&“ some
@ﬁ%ﬂﬁﬂieﬁltseﬁle TAN of th@:;fdkdl:ﬁrbﬂﬁ Q%8 S5y B inckdheenBily ¥ du€edty contact
t he hydrocarbon f /total product m xture na

y be
Wighihe gpegan Aad doyansaeammpqvety C%)tﬁlyftﬁ doprgmplsscontact of the
@Hﬁfc%@ﬁ heawig %@ata@g'tq{) %rm%Qﬁlﬁﬂ%hﬁrbr&ﬁgmﬁﬂtﬁtﬁged properties

product m xture may be assessed. Typicall val ue

elafive foghedtydpsaibon fegd. 304 High catecs of hatnifigl é@é@u PP pvitgan

BERRRL G, BRI QU AR I  ERGARIRER Py o e

igiiehcrmlopipdyst)i Mbe ahakia o wdugesl ANe lratqmﬁetaily stagbssest uniingining
. rbon

GNP e VI I ek PPLERNER o0 G, e onE

Hydr de mﬂmomnlfwanﬂntmtmlyqn sdetion amd/oatcudes of taaddydty itnypmamation

‘glof]es ﬁied c%&%tﬁt &1gtcoréc|1]1tsl(grr% for exa[még% Irté)m e%?ure X?cﬁ?rrﬂ: firocar%mgfeed

seIectlve ordering of catalysts or conblnatlons

thereof. Such controlling of contacting conditions my

i nclude controlling LHSV, tenperature, pressure,

hydr ogen upt ake, hydrocarbon3feed fl ow, or

combi nati ons thereof 5Typically, hydrocarbon feed

havi ng viscosities that inhibit the hydrocarbon feed

fron1be|ng transported and/or punped are contacted at

o ey o o o oy
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reducti on of these properties may not occur unless the

contacting tenperature is at |least 300 'C. For sone
whymsoeanbon feeds, tenperatures of at | east IBOUSAY7/080410

be required to reduce desired properties of the

hydr ocarbon feed to produce a product that neets the

desired specifications. At increased tenperatures coke

formati on may occur, even at 15el evated hydrogen

v Ry RS ass@s‘f? i IQ&JCMgQQ/ﬁfJgérﬁﬁ’ptﬂie tyhe fyeiceess Red, hafdining

are chan the P- value of the hydrocarbon

ydeagriben gqed/fﬂt% dERdPCt TRy UEEE Y Sutg RIOFesine. ARhighgpging one or

564 'prio@ﬁleHnythé é}{l Sp&@dé‘é fenivt REMPERAIGTe PRLXLARF R
becone unstab I nce, elevated hydrogen pressures

hydepghiben fegd. g%talahmnf the Iwﬂrqqgraﬁlb@ewtotea pmdgeté@stueeap@bbeeaffected

I%rfva{ig&g%la&g a&ﬂ Frbl?ﬁhé toc@bn é%ﬁ‘/? ngg(?tﬂ Iﬁlxture Phase
ressure at ratures is I rabl

s@@@mnmawwl@ﬁw@eﬁydﬁmﬁaamph msédnmwwfﬁghamvc@hmmﬁmqmmﬂmf

| L
Bl 5Pl L SR By By 8
fwmthemlyﬂmadarb@nfp&l'/@taﬂl pﬁ)duca ltlgﬂum:f prB(?iﬁltei'u@n POCcAOninD; 3@ 0he
T. to,44 f
e s ol Sy SRS pr gt el Besert bed
her eim cpitz tiGesSdiging Ithﬂi@nlﬁétﬁ@q)@hod] ahd dogeccdram@ed hydrocarbon

rtie for .exa VIS it resi due and | C7
PRSI il et T ut st RSRiate b sy Rt As

tROBGncaitrai®S bt thd %l pRudDSthe h%r@éarﬁdﬁefeécﬁsﬁﬁﬁlbd&@ mixture
property of the %égrocarbon feed. During contact, the

qharass due pdarmiaHan pfe sradeespguckselpbility ¢f ﬂEﬁ/Coé‘B’HP‘FI’é‘% 9fithgg

AR &84 Rel hlBorlcBAPEKAlsWE the (5IRT prEXRMTRI 8 hydfocBMBOE feed/total
enbodi nents, if the tenperature increases above 450 C,

Rrpduc PnTe Eendy ©ps8ansel By cramplariBie hyfsogeghan decdrmsreontain
Joﬁff)gflén%t A a[‘br Llietin me)i{yﬁfoga@&?fég@ a th@"lﬁatgﬁﬁ of bfoc&slgﬁg As

tenper ature decreases bel ow 3 C Omni ma an es
nrepertivs oh thd hydaediem fﬁ@h@amedﬁmewe@e d@d\hrl\éCR Cs aSPhalltnnes

VR %%glamttﬁer%og{? ﬂ%é%%n?%%g%?@%&f Y g?c%n%rl S soluble in the

contro such 't enes and/or ot
Iafémqaibblefee@/tml @rqdemedlrmvﬂn Isgncnmstancas rthmlgydrd&rerbmed and the

tgt%pi) ct %ﬁ}] n%ﬁwé%ér ogen oﬂrr‘t))fce ee %srﬁ) Gti)llje 1% ﬁe arhothe'f So1oti y

chemdea ntay algo teaniperthd hzgrdm:aﬂny fe’edﬂ(bthltprd)d‘nlcf oixom|e fopmingftwd womore
hase duc I|t .

S oLahlin e RorS oS HR T shaleife et i o

d@ﬁﬁan&ﬁtldﬂh’fﬁhy@f)ceﬁlﬁ&l feat zalld)t@:hlsprocﬁﬁﬂ afidbr I@écqﬁﬁﬁ@rﬁ@ﬂdoﬁ@onents,

t epper ature dr ogen tak in c tion W.th
T@%ﬁ‘gbﬁ‘%‘%@n&é% Brg% ﬂé‘?‘é?fﬁ Ay ﬁl he efmlency of the
R6RBahi RS died. bﬁorre@ﬂﬂﬂe%lyuateh ereith@nﬂ\@&quafo@mbo@fe@a/total
t he hydrocarbon feed only changes by a relativel

y
RERHICt MEiREE ARY DF RecSHAEY [ REYRTeAsTiTde Prodiiqt wikh gsged properties.

condigyr@p $rRELin %otﬁé pQhiuedr b G drbd@bont (BIIASIBSHARS miiure may
one or nore contacting zones may be different.

fepgernaipredgnéthediapfist %fﬁhe prease Madapaseongpedo wed/grdyydrocarbon
R&]/BR p¥8uk HANGR rh@ HOAEQGar ’@gﬁ fllﬁeéjP 9519@&156 i @8mYdai loe

mai ntalning the stability drocar bon
1ﬁ@e@1¢8ttb4télocq3ﬂama of a&whadtewérorfrﬁ@ hlyi%w@mfs@hgeﬁlereﬂy occurs. If

fOPShfe & i ktl%ﬁ}; at:&&lgtop(lt) Ak Elﬁg PAIR 1@5&:2&& r%s ﬁ{aﬁg&{r s@ble during

process. conl’acti na t enper at ure
doetap@rgathan éiis indicates that the hydrocarbon feed is relatively stabile during

contacting. Hydrocarbon feed/total product mixture stability, as assessed by P-value, may
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in the first conlactina zone. O her contacting
tenperatures (for exanple, second tenperature, third

wo evpesdiure, fourth tenperature, et cetera) aPEr/URm®07/080410
tenperatures in contacting zones that are positioned
after the first contacting zone. A first contacting
tenperature may be in a range from 100-420 C and a
second contacting tenperature nmay 15be in a range that

eSoR@olkA By Cont@Min2Qoktactty HRiBbhs Gy lekfi®f @Rbitalyb@bytsBRtive

first contacting tenperature. In sone enbodinents, the
FdaIee! eBHyHE OF FiNRRtaT Betgrle Sush gingatlise of spptrciipgconditions
1{141}" ﬁélu@@&ﬁﬁ'@ﬁlhg EHSQ”Q%%M}@ prek@ﬁ‘é ﬂ?@drﬁfgécnfu?[a%@ thydrocarbon feed
contacting tenperatures nay reduce 5
fypleatereieatioppesaf in a crude product relative to the
TAN

nydlr aoa B P Eegy AR AR SR Al i iyarocathop feed
fOfm ng gonpaicdrandbr memivd lateaetacted ecidvatad hydrogamypresswrem(for
exa e[t‘?%tﬁ%?% G %ig 16 %ﬁﬁaf%?eac%t Eﬂ{ﬁ% Ripibdize ﬁ{oﬁucttsht%at are
remaﬂfl;uide Atalefvited hydrogeh potssungy cobaormaoniinmhibited, shu ithegiroperties

SRR Rby BRE Ry phelrt R ERE Sy dRfig SREHRuction

dieziasedssldwdmmﬁf@d m:s/cﬂag)hfaltafnsi is@ondepeidenitgIP@EBpds@renBY
350 C and the second cont allﬂ [E t enper ature 25.ma%/
rB HCBER Ok tese BERELISE MBY NYUPSCH Y BT RS MPRa's at least

Jooret FepsthRAyHRYarBONReI, tehlpéﬂaﬁlrffsldfﬁtt le@85) YSihay@hie@lired to
fourth catalyst at the hi %her tenp erature(gri or to

f&%‘ﬁ? e PR 0l b BHrecas o §Rof (S roflyee e Wl aneets the

Ldifhid RN\ TRYe k&Btbinperhtred CORLBimaliONNRAP AL QF, Géh at
aspha tenes reduction in the hydrocarbon feed relative
dleyateH dydrapenaviesees. C5 B plrartierdsha admeaben e arhanggdrhe P-
YRR BRI zfr@&ﬁfe%%&l })R)@u& 'n{a?:tde@*@ege $869ND £AM %K MR may
tenperatures are with : ~In sone
ferm@aumh@pmdmﬁnaﬁmen@ b@@mlmiit@iﬂ@ Sanrce, doated by dregenguieshures

e r
0 LRE b SR o YRR T RO i RSP Re flopl A s ar
iadepandset offprvure atreinamd teiperatireds tlemplleat ur es. The

abi | 0 erate ALL al pressur f r o
o7 bR A BN RPERUTH IR 1 WILGITR o cror

mmmel @ last i0ncleasieast tH0AtcSt, eagtleadt F)0D k$t) ired cdneraH;etd tdmperature

e ere SR o2 ATy Bt Ap el B Rt il «

iyt Q@E\Mlﬂa@ﬂel o lmopd @Se&jd;lfs&ﬁ:s@fbe@herblﬁ @deuées MBaJde product having

tin | ower partial pressure rogen
‘%‘&%ﬁ 258 “‘th‘”cfiﬁ‘%‘ﬁlp f Vipqee 0 iyt F‘%Cs/%ﬁ? B@/ﬁ(ﬂ%%g) of at most 50%,
£ ke, REMbA 26%ba n\%%lf f@r raeehogmzs sf thd: fssp&dv@ismwmtys)f afe
hydr ogen are_avail ab a contacting

g gy PP R 5 RG e - W&P%@S SR PEkePRatis LA O

&)ﬁ{r@h)@ﬁle ca-rnﬁ‘ctl(ﬁg ﬂatnﬂﬁffa'tﬁ}g P&fési&rh#_l@ ng S(ﬂﬁé’ erModiments, if the
enperat ure of above I Aill, a total

tﬁlymr@tg@nn%%s@a @pvqo‘iSé)s §th@ Poyalu. csowwalowcio% ﬁraﬂctile Birdreqagbon
f@éfcﬂlﬂbgﬂ: EOQQ&‘ Irflﬁﬁlg b\éﬁ(}[ﬁbstulﬂﬁalfl@ Ut t@rﬂﬂelrﬁﬁrefdhérgﬂescﬁetl(ﬁl/ Y5} °C,

at these conditions may | ow conti huous use
piainad] yhangesio therhyidengatbon feed properties occurs.

In some embodiments, contacting temperatures are controlled such that Cs

asphaltenes and/or other asphaltenes are removed while maintaining the MCR content of

the hydrocarbon feed. Reduction of the MCR content through hydrogen uptake and/or
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10500 hours, while reducing desired properties of the

hydr ocar bon f eed. I n sonme enbodi nents, renoval of
w@rookeewt9 a portion of the oraanometal |ic conmppemtus2007/080410

and/or netals fromthe hydrocarbon feed is perforned

bef ore the hydrocarbon feed is contacted with other

catal ysts. For exanple, a small anmount of

or ganonol ybdenum (for exanple, at nost 50 wtppm at

Iﬂ%a%? cc%@ac%@fé é)eﬁfur@tmdméiultlg fOMnBIA ofitho BhRYAhAGRAYREMce the

f eed naz uce the activity of a catalyst upon
ediitn et the hydracariopdecddaipbyadice wér e erd/eHie e%wwgigtore of the

SLORROTBLALR BURITRY chALRIPLNIIRRIE Sblifes SISy te

contacting with the catal yst. The ol ybdenum sul f
qmﬂ/ysl@rdé ibpd herein Qv BoCutspbal eagtus b g:dgmdrvcllﬂrrdre;lﬂ@@wemﬁnt

accu Pg%?gﬁﬁ%gggpg % l%ﬂg%ﬂﬁwﬁfﬁgh?%g%%gf may | ead
to alpsessuntedina, ccrntatCheg cowit@os imgonteiled suchdsit temperatures
%Hé gll I%lé %(t)ranCLilrng %gr{e? ﬁQ dff%?eg ?ﬁeﬂt&g%‘&ﬁ%&ﬂ 1%B€ggtures
acting zone a f

TRe" con esire
dDoga fionetal vk ictange nplgdng srbnm feed psperpieowinieem fiotaimixtgl thastgfility

SR GRS D RBalEIRY etne St B PR BEE s

donannitghenhydiogat @torprfme@l AVEiYst LontdceAS @ nipB@turd ¥ @& t@hperature
sts used in dr opr ocessi n rocess nd/or

Rt PR onh G R a e P e R e R Re T

©hpdriv@reaGirt] VéEnRFA@0. 0B Bl nbEra @I PIRES affiie RRipbiktuRSTin

al l ow the hydrocarbon feed tq be processed in a nore

RPN AP K AETPOsIEgRedig i Hist SOACHER 25 (e RS ERe

BRYerhife rﬂgﬁoeelﬁ‘ a ®rgbEBmC@baby st aAngls@ofBOARE B AGhtuRnay
zone may include a ninth catalyst. Contact of a

l}wg A dage g)@hls £8d40 ﬁquone@ %t of N (bdlj_fewpﬁb@ﬁ ige first contacting

tBR éﬁrg’t@h%n YMdte &%ﬁﬁﬁén'tsn gletséad'(lﬁﬁé3 E(ﬁlttééﬁﬁgc‘ teﬁfpeﬁguré'@ %I'ea@:r than the
a, a IAISV of at |east O. 1, and a tenperature

bt cantatterascmﬁ@@ureCHawng Idlffelr’elt érwmg:@mwwesmw recasg TAN

dnfl/of %9 Pi}l}%ge@c%ngflt ifth ¢ tﬁlﬁé} dﬁctqgl \leq &F gnd/or the C

or gano enumin th rocar nt act
asplelteerd goment wb thy bd@ncmbmlyfdﬂbto arg!wmr fngemi thantthe ¢ﬂmnnomeN

a}{ig&o%kﬁ%%phmﬁa{e%s lon, i Qnygg hf:ne %%tﬁr%&r‘ r?cﬁsecon ogtactgrigetemperatures
m@ﬂ&mmbmhungmmesﬂrm&nfdﬁﬂdﬂkr asphaltenes and/ or

i ty to be reduced t d de
ur £ 401 e ¢ ik SRR {4 P AR PO Bl g gpgurn
datuly8 @$EANE A R@Bh Bt Rtin @zl Xy igdddlopRt cANK@Y ddsafitel herein.

atal yst nmay be positione ird contacting zone
ﬁﬁ\ﬂ’fgﬂ”‘é%‘f“ﬂnéf‘ef?ﬂ%a“ﬁ Py be gﬁ@ a%errqrge FEAUT ot E PR T
9dy 8 B0SEC 0BHad of aRthgatot 1oz RB®in thOfisB&intadfind 2Re with the first
reduced mol ybdenum hydrocarbon feed with the cataly

oY e DAL 5 LS RIEMPER UF RTINS & SAAHICY 1V e Yiher

AMRMALSH Bfe s%oln}%grﬁadﬁ‘ng Q&iétma@r}eéuﬁ'tQﬁg %WANQﬁd/@p@g AbhdM@nes
pressure above Hy rocarbon feeds havi ng an Pl

Tgdugiipn ip the hsa‘roq%ﬁ@tl f@d r¢lftpie t@sha g Neandiriy r?ﬁirlila]éfﬁ@? ggeluction in
Hea¥ h%}dc!u%n RENGReht AR) aﬁ@éc&% c%ﬁ’t@é{ﬁl[gtt&ﬁ‘pére[ﬂﬁ@s are within
vari ous hydrocarbons streans hrough™a series of

¥ 6cessi ng steps. For exanple crude may be m ned from

a hyq

A R T B A R
Hyrdtqgmepamd pdaskumt eidhwdrhacnagpmnhas mBefaore att ar'@smfrdmcmmrer ag a set
flior\x? ralge anyd e eve?terg e ugﬁqéur%gc UL m th‘cﬁ? on{rre%e at l})a?t%a‘ij Pressures 8f réydrogen
Ilght hydrocarbons and heavy hydrocarbons. The |i ght

hydr ocarbons are transported for 15further processing.
The heavi er bitunmen conponents are typically processed

in one or nore 56
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cokers and one or nore residue hydrocracking units
(for exanple, ebullating bed units such as an

wa By . Coking (for exanple, fluid coking BETUS2007/080410
del ayed coki ng processes) involves the therm
cracki ng of bitunmen nolecules into |ighter conponents.
In the residue hydrocrackina unit, heavier bitunen
conmponents are contacted with a 20 catalyst in the

ALEHBH3S Mba RYHF QG aF PRSI n 1INV AIGEmplcGRti RreSOBRPREA1NS h!,
and an unconverted residual stream The unconverted

g saptdunl adeaseam alpané hsepitat fegsttlAd t wilh dhesarepislopgst catalyst

Ihilg QP&&E&%{‘ﬁg dt Iﬂ?drt)gfﬁl%ahgal fnlag)s%?es WPkl iSest 4 p@ar @%EI‘QH@g at lower

hydrocracki ng”unit may process 50,000 barrels per da
1eftiah pEeuLe ofrhydresen Wperearesnthapredt Olabeionaratiop pediallsivisgaripcting to

f resi due
l%gﬁﬁgﬁgﬁgyﬁ%hﬁgéggggg S%f?ﬁﬂ%&%ém%&o %%% 25a feed
st r edior ¢hatplegayoratipg mmdnqludeaa foagh chrdyst and/or a fifth catalyst.
'ﬂ-}é%ogt%t l@o é%lnlia/&%%yte f:e of (? el%r68 G? llalgg\é roﬁi ﬁ ! OJ total

roca m usi ng the ne
lqakgbyﬂnsddessnwbﬁﬂshﬁhe(hnwcxﬁﬂ&ngémpmb@ekmiwshdkfanm

h baon feed d t
A T R R S R R N R
T0X0kis n@hlmbduc11@ dbdited grepatiiab yit the hpdra@kiondeadni t |

t her cracking unit, or other units own to cqpvert
i CR APBEB ooy Rkos 56+ & bR elPey et nt

@hpbieis Iawblofﬁamb G mf tﬁ@ﬂlydr@baﬂﬁa & iR rIAYBHESTS the hydrocarbon
descri bed herein may duce a feed that inproves t

I5bie 6QURGi 41 hS A o FRIRHEIE el lGyone! Rlmsponolbdenum

(ﬁ&%&é}ﬁpl@fat glost%b WS at ﬁlogl%th:Pprﬁfor‘llt mBdt 108ASImAn E@‘}&I@éarbon
10, or at |eas a factor o For exanhple

. l'e

f§%@@fﬁeﬂ‘éﬁe the aHYILNRf 22t oA CHYACLPERY hﬁ@@%ﬁ‘gonafeed with the
ééta?ﬁps(b Xndﬁiolﬁ;delluﬁﬁﬁltay 180 rﬁoc-glbcﬁflum §171f1§esgur1§£ %n@ffctlgg With the
gr ans residue per gram of " hydrocarbon
qambisu d@leoméy@iemrm safides mayaréonytatyfyme Wéutd)@@ewngesﬁhd

deﬂurﬂ %3&@6&'8? 9) aldaﬁltuﬁﬁg gé reetSl. aﬁl@a@cglnﬂpa{tlton ofrgr%cipitates in

tacti stem may eoneorrmrecauﬂ ts
td@@@ﬂmbfedy lhair t@larpr@alpa Idtoe 1mfhe pomekumg mgneathos uméltplgdld'dmtarbon

i t % of -t h
L e L
c@fnpbtimls mesiathu @ravfiot¢ foembycarod cei{ehhmng ecmthcuf[@e Remuda of at least a

roduct, and/or, a m xture of th I duc n
R B RE aR el g P b R Bl g BPfrgearbon
faed ﬂgay ﬁbﬂ&g@ tlﬁehlﬁ/eg bfr,]@eﬂﬁfsﬁﬂt)tﬁﬁl a%’:lﬂdfdoﬁaiﬁ)c{iﬁsmg prReBfand/bEincrease
ude uct an carbon feed has a r
‘?’f{l Ty |°f ﬁ’et“i‘??:ltﬁlefl‘i"@o Py eﬁ%ﬂva]fﬂf&}e&GSYeo?fﬁaIPE’é\AﬁCH‘?@POUHdS may

RGBS B Hyafotarbbi RUGH Helppocessad ki M@ord Téfﬂmeﬁ‘i&ﬁlaﬁl@:r For
i nproved. 10Hydr ocarbon feeds having at | east

FraPlsst Bt elagdnavane Bys ckds ap @g’a‘ééétéb{éﬂ and g S‘ifpp%foqt?étmg
ﬁ%@ﬁﬁﬁhﬁﬁ@§§hﬁﬂn&ﬁﬁﬁin@&hmﬁ@f@hﬁﬁ&hﬂ%ﬁﬁm@@@% hiQ8hst 0.1
Deasphal ti na processes may invol ve sol vent extraction
HIRBM G MOBIRHIN] HGoRtp@ing tamepsTafiresolat masty] NBe, atldISVeplny feast
@§ Rh ahi & %ﬁ)eraﬁfrg HEL QR 3‘?)6 o@lyi hecﬁ@&% chnytsﬂ rﬁzﬂ/ Iggulttlﬁ ?eductlon

onponents that contribute to visc | east
qf @f kehHa pottion hethe orgeonmesiyiglentain e hydrp@moei fcf@l rC@QiadtL@ the
BRL Lo RBRR tlﬁﬂ?o%al%t?n L %thtﬂg: ;#u’ﬂﬁ C&L arLsIuitnlgat least a
process ‘may eli'm nate e nee or so ven extraction,
poeichnod thehNéi/ éibre amt at@ffastraaqmmmed tlealowpnbentsanediribntirrhathee Cs/Cs
the efficiency of the deasphalting process. For
exanple, a systemfor treating a hydrocarbon feed
havi ng, per gram of hydrocarbon feed, at |east 0.01
grans of C5 asphaltenes and/or 0.1 grans of residue
and a viscosity of at least 10 cSt at 37.8 "C may
i ncl ude one or nore contactbhg systens descri bed
herei n positioned 20 upstream of an deasphalting unit.
The contacting system may include one or nore
catalysts descrlbed hereln capable of produ0|ng a
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25crude product and hydrocarbon feed may enter the

deasphal tina unit. Since the crude product and/or
woreoossg40f t he crude product and t he hydrocarbonu$menioso410

has a | ower asphal tene, residue and/or viscosity than

the original hydrocarbon feed, the processing

efficiency of the deasphalting unit may be increased

by at | east 5% at |least 10% at |east 20% or at | east

R Bhest dhQ/oP Vis@isilo B bdueb®RG¥odudOh Bru8OPRIRTBAALIEHE S,
contact of a crude feed with one or nore catal ysts

EESRYTABRIAIHEY SITRCPPIOEHIteS a crude product that has

enhang &g LONSRMIAL L GRS c‘&falﬁ%‘&ﬁoﬁ‘ ?enthﬂ&%lﬁ?ﬁ% E@pd!ﬁﬂén&ﬁn a
separated fromthe crude product and m xed wth crude

thigggontastipg ouhg dewastiean @f thqétrschntgqgmg apyjeaanfl gpstream of the second
t f 3!
% Ozroh? C&gacgg%g fefdggegtlﬁo @Jrﬁ H}edrg‘crﬁ%ln éée\%%%lpllo[g% catalyst

e contacte
ip @wsthlr@cqnltﬂcnng cat atay$¢duamtldalozlelcdmonlets oaNaMyistwithiphiean

ﬁ%g Ilﬁ%ﬂfs%’e?auxﬁj{e”%}[efv JM% 20 W% 30 wt% or

Zeo e catal ys %and/or an ultra stable Y
zeol ilydrcgartbah ;&ds havtng an &A1l |gta§1t33 aft ealnyxst 10nGhyr exgolple.ei@men
t he carbons to

Ry RSP SRR PRt e BR B Bt S
kv ina 5a‘nrea6ft prmlngjstqtsl Fbiadxiample Nt deodsy lthdlanl feerl awi t h

f eed, di fferent crude or ot her
fwga)ﬁef S B st Bren i pragre G Purll 12

dN@fctioh FrdcbROthe KRS dmitedswmp fdphthar %@ﬂi‘r@mb eilum&ait abys&d, the
cgr epar atj ons, and C{v)st ens Wth selected arrangenent of

Renjnpaitaa iy FNQsh iy EguliBh Pragyqt ﬁgVaE‘BﬁQjﬂlﬁtﬂl@Hémé fuPregice
lfé‘ﬂf hird@hRhoMmd HeXxammlif cdrbold amatighd h@/ﬂro@:frb@hsqﬁ; @n¥§drted for

port. A support was prepared by nmulling 576 grans
feﬁt ea|pm??~°rffalg( thq heayipigntumgn §PYRISNE A tRIeHN Prasgisedingue or more

&b h&?&hegr tore AdiGHY Igﬂfbcraglq§g ﬁ‘m}s (%rte;?aréﬁé egﬁl‘ﬁﬁ‘ﬁg B8Ed units such

wat er and grams of lacial "nitric acid
a¥ian Melénerrlw@olﬂ@ﬁﬁ¢nqugpln1ﬂqlédohmg>@ndéoedwdéﬁkmg@@dessew

&%gﬁ%g'% g r%la?crl—%élt Oﬁﬁxg}g% 1:?18% Esemt ?%h%gc@\ﬁ; \p%ﬁp 90

r esulln g résndug 5®drg¢ra¢itng3imtah@aiec blnembmplpomdntsvmrtt ¢ongacted with a
CITE%/S? 1t ee%fgsegce Oq:%t 1‘8% I‘{)OI’IS? I"(A)\duc-flb-lﬂlllzq.%laC® ggnt un%%% u‘ﬁconverted

nace
It:saamﬂa ptedatr éhwaﬁcomaer&d desﬁdma]lﬁ(aﬁm ]ﬂa@ﬂbe cént tcoﬂne ﬂuﬂi cbkers to

rs t hel d t hi. our s to
Pl et O P bt o s PR P B LB ot P 90
IBUPR QL day Of @030 giianbi@ineg amMBacahmimipped bitindd&dgr ans
of alé{%ga aIu na, O, Ozjﬁﬂrranﬁ of 20 eIt aIu

0. 97 &FIHHIQRS %‘F Vispisitg dpe cquieg rﬁ%ad Gﬁ'ytn‘?fl tPéEPduce

e d §tReMI0RA maY B processed in a residue hydrocracklng unit may enhance the
processing rate of hydrocarbon feed. A system using the methods and catalysts described
herein to change properties of a hydrocarbon feed may be positioned upstream of one or
more cracking units (for example, an ebullating bed cracking unit, a fluid catalytic cracking
unit, thermal cracking unit, or other units known to convert hydrocarbon feed to lighter
components). Treatment of the hydrocarbon feed in one or more systems described herein
may produce a feed that improves the processing rate of the cracking unit by at least a
factor of 2, at least a factor of 4, at least a factor of 10, or at least a factor of 100. For

example, a system for treating a hydrocarbon feed having a viscosity of at least 100 cSt at
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support had a surface area of 110 n2/g and a total
pore volune of 0.821 cnB/g. 'I'he support had a pore

WG 2me/0eh784 ri bution with a nmedi an pore di anet erP@f/UBR7/080410
A wth 66.7%of the total nunber of pores in the pore
size distribution having a pore dianmeter within 85 A
of the nedian pore dianeter. 25This exanple
denonstrates how to prepare a support that has a pore
Slge gagd 0l 1 LOSY 8fidRtpel @aStor ji?(ﬁo&r@iﬂQeédr}ﬁiz}H@lﬁﬁdea&ne or
| east 0.1 grans of theta alum na Exanpl e
Pprg SaRRRting Aysgrnsglesrahadiherpin Catibenpd UPYHE R 0h 2 srapgpgumy. Zhe
Q&lé&t‘iﬂg@¥§tblﬁ %ay%élﬁhe%n%%% cgﬁfﬁts @és@ﬂﬁécﬁfer&ﬁ cd%‘élbllz- @%ducmg
230 A" The vanadi um cat al yst was prepared in
£ @ideawpdvgt IerimgerviscTiiey cdlumith a0 gortiscopiyep dﬁéﬂd@yarbﬁefeed
418800 ABSCLRRE I NoFHEMRIE. df AR ARCAINAL 68l WbllpBduct
vanadi um | npregnati on sol ution prepar ed by 5 conbi n?
ande9a g of thev@EOproguttng Eycgowm@ndéeddeayoamtez edeswater .
HA‘dR)cra%{c\ % Tglbsﬁka&t thé) &.ﬁn\gﬁrogucg gndéor ml{(l’l}]lg- chtrl}.]ﬂagp?‘oduct and
hyﬂmcagmafeled) hassobwti isepsiggkah thoorignd tthrsoanbdnffeed the processing

dr| ed at 125 C for several

I.t at i. on
R RS R A R B B0 e f o o hoer s “The
resu |Hy|dftga1<baﬁ tdeyshavingnt Rhd 6(11)1 @ra@rﬂs of IC3 A§phalientOmay be

ram of . cat al with the hal i ng
AR Trig PGy R ing S ARt e nary et SRRt
Hb&hdel Bub 1901V biRerd e XR@1iGardRT Qo h AME IHRIcr@k w3t dAalydt to
pore volune of 0.69 cnB/g, and a surface area of 110

rﬁw‘ge aspRdieRGsoRAfpOn Bl FORIGPoptig of reonpaRaRis ha conEpus to

\hﬁo&t})e atNedsCa Hirééh Sl tBd Ednfehé RN cohfiBuid ANRLIIHMHRIR) @iphikenes
had pore diameter within 70 A of the nedi an pore

ioa r?etb@ feaspipifimie prasesripiyeligurshide pepdder Oheniprapdioat edige the

a‘?lﬁouﬁt (g}!acﬂﬁ%d §0]G€§ﬁ %h&'/%f erR@Yde gk @fflcﬂg{c? of fh% %engﬁ;lﬁﬂ bde@D For
a nedi an pore di aneter of | east ampl e
@amplee@%mstam fontregfinga hmrmd@mfmd@awag Mt gllaaryqf rhgdracmmefeed
t

ARSI 2 st R EL B A B B s
et &tal7180Wi may malnd@@ne 0Th®r6a¢qmmcn@ Yoo descpbaijaregtpditioned
%s%ham (gfha%%e%sﬁlzaﬁtbn In(rijrtp r%%a ﬁ% .’ilc(glﬁgp OFGIT% m%lnc#ﬁ@ onegon %o?e
qmll}ybdlemm:d Inpeie gamb]e@ﬁ p®dhdibgd mmdmﬁothoepamm (D5yasphaltenes

4 of
gt or}fp ‘%ﬁﬁ 65%@ tlbefrfgfgw/&r %%t A é gélfeg?ﬁs tregt a re51due content
dmnmeitm%oifama Hy@rochMBdY) fee@redidbe Echtdgt, anscodityde handst 3@H of the

ter to forma slurry. e s s heated to 65
@'ﬂmcwbal? YSEPLhY ?foﬁ?ﬂg’fn%ﬂ‘& fiﬁ“?fclﬁ{1 411@%%% GHCQ%IWHXBIFF of the
MR ﬁ&ﬁkﬁﬁld%@drb@ﬁ%rﬁ Be@ MG kALHINE dealiRa1tRHglunff Stbthe crude
sol uti on was 'he sol ution vol une was adjusted

Rredugbangyor \mli‘tﬁred% |t1%?rﬁﬂ2d€d’r%éi€té¥nd theHw deocahphiged Wéﬁd?‘f’er
a(sﬂlga@ce&r AlRMe Hﬁ%f'\/ﬁ@é@@@%@ﬁ’e (‘ﬁ"lgtnhﬂ h OJIPAOMQ%nM%rocessmg

I npregnation solution, a for 2 hours with
cSediensy oh Bic dagsphalingomit i dnca@asq@w Elqagly> %o @l leps 1 0%, at least

i@)%l&sau@ag{%ob/mreh&&lgmap@fﬁcéh g480 C for 2 hours. The
resulting catal yst contained 30 0.04 grans of

ol y Belsmumegendingméaraface eft aadrydset feedwitthonelve nived eatdists described
I%?éu{‘ ﬁb%PQE}ude gﬁéﬁué?ﬂlaﬂ?ﬂ%ﬂfﬂdﬂc&% ﬁl:éﬁ?r&tdh@%? %gaim% fifphtha

| St Ut Ion W a nedi an pore di aneter
may be separated from the crude product and mixed with crude feed to produce a feed that

is suitable for transportation and/or meets pipeline specification. For example, a crude feed
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pore volune of 0.77 cnB/g, and a surface area of 116

n2/g. Additionally, 67.7%of the total nunber of
w@oes4iTm t he pore size distribution of the noPgbusoTNS0410

catal yst had a pore dianeter within 86 A of the nedian

pore dianeter. The nol ybdenum cat al yst exhi bited

bands near 810 cm -1, 834 cm|l, and 880 cm when

anal yzed by Raman Spectroscopy. The Ranman spectrum of

thierLhabid vitnasieaPh aliRediaRsOMda AdORXy BB catalyst
spectronet er operated at four-wavenunber resol ution.

mﬁ@b%&q V281t Wa eV ERGI HO WA% U5 2qphicaratadysh et agfultra stable

b2 %Uh%a@}ts? | %e%olﬂy%ﬁﬁly& %ﬁ@dﬁ@é g porIBI? ofSRE ﬁ§cﬁ9&§ﬁ§oﬁ§ to
wavenunber scal e was calibrated using the known bands

wpduge napbétao rhha ofithénonay bersepaprerig dletcrustg progiuct using known

ﬁlac?&lﬁo'l Qﬁhlﬁh‘&BH %ﬁod%ﬂﬁn &/Rﬁi Hl%%gl %:(Peew 4 (Iﬂffgreﬁt &&He Jeég, and/or
denum cat al yst MAt a ganma al um nha support

(ﬂbﬂheﬁhubhnmbaﬁUBaI@mbetmeen 810 chil and 900 chf-1

when anal yzed by Raman § py. FIG 7 depicts

the spectrum of the two @gégﬁysgg Pl ot 138 represents

t he m‘tdnylbniemg,lmatl@ﬂealoﬁs;l‘ppblrawepgala)rpmtaﬂyss ip@@arations, and systems

tion wt 0 i anet er of
PR sty Gl ATl TR 06 cRbg & o st o
leatval yst that includes at least 0.5 grans of ganna
ize dlstrlbutlon with a | an
RO o TP HATRIFRATS Y uHing

57'6%re@ﬁs&ﬂ&l’1ﬁhh@@ri&fnoﬂ c@cdlygmn@ Te&inalogleat Bl MEhigh@itNoMidhigan,
‘gore size distribution with a median, pore di aneter of

S Lk S5 oF yaugs 9 Sy o SCLNUEHSHSIOF S Bintes. The
@&ﬁﬂ%ﬁﬁhh@%nQLnﬁmngHﬂﬁd@n&E&@J1§@h%b¥ﬁkmﬂﬁMbﬂﬁw@@&Q%mlm)
near 810 cm -| m | as determ ned
zmy1R&ﬂamn$ﬁeotﬂmsgb¢¢18TﬁSMndtamyeﬂnpﬁ%pamaﬁmbymkhwémqmoﬁ

hod .is dif.ferent un1na cata
VR pl BAGGROLIIET, PR S o SR AR e
fdrrﬁémtﬁk foha@tieth@agtire 100 résed Ex 8000} 16 04 °C Brepay aduisg indofien

a. Mol ybdenu nadi um st ha Por i.ze

D GERO oD 6 REHCA PO oy e B gt g of
ApEbrA0.000Ee Bk yhdemindviamad). 00Ds @adndl of SIphWalsmplae. az@ograms of
in the following manner. The al um na support, prepare

sy f‘lﬁ@lffﬁei‘%”&&&msb)é&lef%h@’&ﬁﬂis getgrmi YW@‘&H&?@B The

bpdit Ra20FhCREQ Y m@?yg%dlmdm]?a@%ﬁtﬂew 0x0l uﬁﬁ/g NThe
prepared as follows. ATfirst solution was nad

LRt idigom sizg distahutisn ghith anpegjapgrglrameteryf 282 émglﬂe)f% 7% of

tM)Q)gal nmB& o9 @@?m%e §1£W(ﬂ§tﬂglﬁfbn@1§{;lﬁg(h g&e Qli]a;r?e% Jwithin 85 A
4 grans o nonoet hanol am ne (MVEA), .28 grans

fothecréq?ctm posidippieter to font] a sI urry. The sI ur ry was

heat [ i [ The

heat e i egfug?l og%ﬁmv\lgsggtgg% e?#%ﬂa?%aoﬁlﬁ)?%ﬁ%gﬁg% h?ér.e S%%A

dsglonign 96 hiledspBOwmsndmdeaddsyt leantDil reirangs & U572 gpaims. of

VOSO4 with 40 grans of deionized water. The first

solution and second sol uti on were conbi ned and

sufficient deionized water was added to bring the

conmbi ned solution volunme up to 82 m to yield the

nol ybdenuni vanadi um i npregnati on sol uti on. The al um na

was i npregnated with the nolybdenum vanadi um

i npregnation solution, aged for 2 hours with

occasional agitation, dried at 125 C for severa

hours, and then calcined at 480 C for 2 hours. The

resulting catal yst contained, per gram of catalyst,

0. 02 grans of vanadi um and 0.02 grans of nol ybdenum

with the bal ance bei ng support. The

nol ybdenum vanadi um cat al yst had a
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5pore size distribution wth a nmedi an pore dianeter of

300 A Thi s exanpl e denonstrates the preparation
wotoosaoGokum 6 netal and a Columm 5 netal cat ab@BUS2007/080410

having a pore size distribution with a nedian pore

di anmeter of at |east 230 A The vanadi unf nol ybdenum

catal yst exhi bited bands near 770 cm -1 and 990 cm -1

when anal yzed by Ranman Spectroscopy. FIG 7 depicts

E%QPQCPféétg%zﬂfontohﬁ Vﬁﬁﬂﬂ‘iﬁhmhtllgr@@flﬂ'lﬂéﬁ Pofd Sike Bik&ibution
represen S the no y enum cat a aving a pore size
M an Pore i ar of 8asH2I0A. Theyupadivip patglgss was prepared
Jmesfoﬁé‘@@ ln%m?ér S@h@zﬁ!ﬁﬁﬁ% fsﬁﬁ)()ﬁsprém ﬁﬁ@&%b@ﬁ‘es@ﬁbeﬁ in

um 5 €atal yst havi ng bands near cml
léwnmlevdh &9 anapgned Witk aRanshunSpeRegna g ebgsutioEpEppicd bg.

e S

%‘@Erﬁl‘;a%tj Ct o%fjgmgts %ﬂ&gﬁcg%ﬁ}g @O%gidﬁ%%{%ne dplli\of the solution
wheiowel I was equi pped with thernocouples to neasure
tenp t t al .
pec e PO b AL BAS uREf G R Brdtibion
doheion tagudeio} 2 atks a)ﬁthlom'a@]bnaﬂalglltat@ﬁ driee ar EACCQOr seivérbl hours, and
catal ysts and silicon carbide (20-grid, Stanford
(ot @iGingr gt 489 SGlgr Ve, Theaysultiggentaliy Goasted 108 izgens

\Qﬁ!ldll?ﬂ{ e&r gﬁm\égtaiy.@t%nh the%ménce%hfgl sﬂﬁﬁo?t Ahe Qﬁ{aﬁiu?nscatalyst
under the process conditions described herein.

hedaapiesizs diggrtution it ﬁd@élmppw damaebewa P>V 81 upase a@iemﬁ pf0.69
3 n%s la.llld é? Qf?fa&az{rpe{ (ﬁq 1@ ?1{2 tﬁ)&!ﬂﬂg 66 I?% dﬂﬁ%ttbltﬁﬁldnﬁ)tepottﬂ&?es in

acting zone portions o e ‘reactor.

tb¢ pete sizedidiribhiow df thet aeadien cttalystad a poro ehiantpeer M@tybmoWO A hiethe
tor he bottom of the reactor. Silicon carbide

15&13‘& 0si (ﬁllg%l%tglg at the bottomof the reactor to serve

as a Tﬂ)cstwcamp]s dpponstratefrthb @tdpaxmmad)faﬂ (ygtrhs b catelgst haenph dere

m Xt ur.e .. osi tioned on of the

Dttt S B o RSP AT B A8PASL e Zone.

Htun o8t Propagitivh\of b Madbcaannﬁr (éatalvblehaﬂfi@tzf Pdre SizeDivtriblation

i 0
SR MO0 R BE AL eal 204 ke byl ap e gy

TUITo Tl pUTCOo T T LIIC 'JUIC

#épairddgn aleﬁ@m@vlﬁlg mERieer T dlfthia 26ppbrt pfephide byredindithdd@keeribed
di aneter. The bottom catal yst contai ned 0.095 gr arrs of
IFBFYBRIE A OYAS ARRregnagedsvigy amelyBfenpm dgregpadion é‘?l'é‘ﬁ‘?nof he

Iﬁ@w&eﬁ&h imebkhibA So 1R nANEPrdpaicd By BBmBh ATIANE SHRRAT T .
m ddl e catal yst/silicone carbide m xture (56 cnB)

(%)2%’8@? D OR gl lNéﬂpﬁﬁ 13 gams of 30% H,0,, 0.27 grams of

monoethanolamine (MEA), and 6.51 grams of deionized water to form a slurry. The slurry

was heated to 65 °C until dissolution of the solids. The heated solution was cooled to room
temperature. The pH of the solution was 5.36. The solution volume was adjusted to 82
ml. with deionized water.

The alumina support (100 grams) was impregnated with the molybdenum
impregnation solution, aged for 2 hours with occasional agitation, dried at 125 °C for
several hours, and then calcined at 480 °C for 2 hours. The resulting catalyst contained
0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A a

pore volume of 0.77 cm3/g, and a surface area of 116 mZ/g. Additionally, 67.7% of the
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bott om contacting zone to forma mddle contacting

zone. The m ddl e catal yst had a pore size distribution
wowdroegs7medi an pore di aneter of 98 A w th 66. #O6/U$200T1€80410

total nunber of pores in the pore size distribution

having a pore diameter within 24 A of the nedian pore

di aneter. The m ddl e catal yst contained 0.02 grans of

ni ckel and 0.08 granms of nol ybdenum per gram of

6at Alott of I?Mréshn tﬂ%%o%z@%@rﬂhﬁbﬂ of @8 ndlysatdish & @ﬁetd a pore

A top cat st/silicone carbide m xture (42 cn8

%H%?tﬁrl"ﬂﬁ“é‘é@%ﬁ of g5 neFdianmeredige: cont acti ng zone to

formge Mbﬁ%@@a&dl%@ eXtiblfed bﬁ_ﬁlﬁ nEzS}I% 162kl ¥54 ¢f2dind@ 880 cm™

pore size distribution with a nedian pore di ameter
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ganma al um na sup icon car e was
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%Q?lawép)met#ém%% ins e at g (eO8RBEE Of HEPDHH RN bpng a

pIRCSi RARRHD RN 3G AR Jote A¥BEed 0fNOYA. and hel d at 204

Cfor 2 hours. After holding at 204 C, the contacting

z oned higexamplg depparsaates the pemairtien ¢fyr ¢dumn 6 @etabonalysthaygpg a

p'i‘)ré' ﬁieedlgﬁb&ggwﬁt%q I;le ﬁorm%eterT&%t et 9?(53}&' Flﬁlséggﬁﬁﬁe also

wer e mai nt ai ned at for an hour,

demn@mmmpmgau@ra@f@e@olmn §T@talcyt7igy h"a‘FI)lg bmés ngar §Huem angp4
Id

J%g ,a ésogc v gs {I:eg%r Q%frﬁn &%&%P}?. {aﬁlﬁéeﬁgilﬁpﬂgﬁa&&ﬁgﬁhls

hetbod is Idéfel&mlt thaph galﬁma Alunmna da@tb@ulhdfvmgfa Mokexdizolissalsation with a

ter R an oven at a tenperature of
IB%A %%‘E)lﬁr%ht%ﬂf S%igé 4 hours to formthe crude feed
p_1g4 1 Hﬁemral@ rot’ a &dolgbdving i/ Y eichdivim 'Gabilﬁt havih$ &PoBe Size

act or. The

Pty athea Medan Bore Diar : . ; “top
rﬁaplbc&ﬁﬁmngnammecatmsﬂ Wa@p@pﬁéc&@tthm@ﬂl&'ﬁﬂlg Iﬂ&mneboﬁh@mlmma

SRaLEELARS, BO1% 80 RELLCT BUBRELE 1, £ TS

Iﬁawdenﬁﬁlﬁfahdandnhﬁn@é@ammbn Pregie@entotass. Bk aslbtidiGvas
conditions were . ratio of hydro e as to

e bé’rcﬂ’alémf”éé’d”pﬁ*@i}? %féBIH@bN{Oh% P eh &g q\ﬁﬁmﬁﬁf 30%
HydRf36n %@5)&@3 (szL) bY ﬁi’é@rﬁ ot nfdfoc AT aRERI A, é[i@% & Fams of

Mia (10 hree contacting zones were
Jetaized watst 8>7f9rrn:a S]@HMOT@elﬂ‘)fr}aW@iS hreaied tadnEdund dgsduton of the

SR, %e%gﬁec{‘%‘ﬂt%n wTd‘?QEE’o‘%eogB %?teﬁfpel{aﬁl‘?e three contacting

Z0nes were en | ncreas marntal ned in the
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deoniZ&d water was added to bring the combined solution volume up to 82 ml to yield the

molybdenum/vanadium impregnation solution. The alumina was impregnated with the
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The total product (that is, the crude product and gas)
exited the catal yst bed. The total product was

wo pogoeR1e®ed i nto a gas-liquid phase separ at or. PATIU$1087/080410
gas-liquid separator, the total product was separated
into the crude product and gas. Gas input to the
system was neasured by a nmass flow controller. Gas
exiting the systemwas neasured by a wet test 5 neter.

MGbdehe A a RIRAY Gl pré@a i RESolRidh Cabd Yor 2amahy 28 ob@sional agitation,
deternmi ne a wei ght percentage of conponents of the
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e con yans, an oxygen
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5 were the sane as described in Exanple 5. Each
catal yst was m xed with an equal volune of silicon
W@ 20081045549 The crude feed flow to the reaptDUSWAT080410

fromthe top of the reactor to the bottom of the
reactor. The reactor was filled frombottomto top in
the followi ng manner. Silicon carbide was positioned

at the bottomof the reactor to serve as a bottom
cﬁMﬁ&&f trhe MhidRAE LRy sl OGALiAIMBHY Shihi S0NCKeBEHI (AR dFhux bir €

O cnB) was positioned on top of the silicon carbide

m@:‘y‘?%’ﬂ\ﬂﬁl FehPRn GhrE PNt atith the balaice bempan pypingrptal yst

had N QB %ﬁa@bt?sﬁlcghe%a%l@éj&lxgﬁe WQtéih?wg@ﬁHsﬁBn&p(gne[op of the

di amet er of A, wth 66. 7% of the total nunb
piddlesontacting QOW dorg| ¥iep dprjaqting genico Thp tapicaglyat wdragpore size

' LMt [ The
S D B 0 T A PR e O ot anc
19olpRXleguiapsr gimof ckdystpeith @e banwe beide anmlalylsta gamintahnlunhiea
Slag# ance being support. A top catalyst/silicone
carbi de m xture (80 cnB) was positioned on top of the
bot t Gihicoo niraclt iwag pasitivaed on fop rofithe hep ¢ompacm[gnztoae tol filfdead space

The top cataly re siz but
S T A e R
ihéledddatvalhengedes 0brrg@po@isng (0 tHeiReHear 2nS Itlieﬁ;op, mlddle, and bottom

di stribution hﬁ %nﬁ)&a%lgore diameter within 20 A of the
EBEFH? 987 B GPY POfrhe top catal yst incl uded

0 03 me aaslyal wBﬂe@KﬂHec&lS\}deodlﬁu@raagi&oﬁi miehry BES ROIP PRIFogen
cataly with the bal ance bei ng al um na.

SRt dBimar e 25 GuP L SRBHCEN 708 WF rihel §7 he of gaseous

Iﬁ&ﬂﬁ@ﬁéﬂv@ﬂlﬁé‘?ﬂﬁ% borofal &a{taljjs@ ashicoR 268ide s hét cO8KNMPasFArtdf the
preheat zone e catal %gt bed was | oaded into

a
ol cgtabyslp nAeeparHaes pifbe em%tlﬁg)%ﬂneh@@wwaz%@ 304 °C (400
GOHVET %Q[ﬁddnﬁ%eﬁi% bheLEN R&ks. Z&R& hofd'i}?g aFt %’4 €® rﬂﬁea&)hia&%g
zones, and the bottom support. 25BS-4
Z(OW@J glceppseld andrerae ey t@ﬁtﬁ)éir(ﬁﬂ(ésF)@um@le@dCu(w Faberhour.
F Q t
rghre uc ht%tmé%o?&%@%o rJ ﬁglﬁﬁaglgh E?S]]{? E‘: f&f nehlgtgr gh%ﬁgﬁc%meng—lﬂ§ raised to
FORCAE Oﬁgommélouﬁmﬂﬁlelmacb?ﬁ é?cfm g hoorse Thanfdltetmng omes were
The crude feed was cont act ed
ﬁlo%&)[o Coﬁftofamt%ﬁ’n? &%)grflt%% s in the presence of hydrogen
gas. Cﬁtm foom tmmﬂamglatfmnﬂmtﬂnecﬁslf wieylexiaswhwlilleoads then Atataal in an

of h oge Q ro | d to

Rl PR RS R e T 800 2R B i Bl % Wi e e

[&ﬁlﬂartﬁHs eﬁlﬁtﬂlﬁﬁzddlaﬁ T&191 NPa. §. 1ﬁiedcr17derfsdd)was ftd taehd 0op of the reactor.
Pctﬁ'fad%f ilffgg] ﬁg@ug Eﬁﬁ‘i‘( Igfgl%tat? %n'f::,?tggz goglgafglggg%ﬂlé r%dgfgz%ontacting

baspeiich WbRsctah zéMeaddmd e ARLF M theZORRS. WBE SulddREd was
i ncreased and maintained in the foll ow ng seguence:

oopyctedwith sachof fhye cpiglyss gpths pirsence phiyrogoBgasc COP@S@“gF)
d‘oﬁ&m@ﬂsﬁvé}@h’sf Bllowd %&[1103)15%{ ogffn%qg)toﬁjle £Qle @@(@pl%@l'dé@to Bactor

t hen 34%(; rs for a total run tine

s I28 an ﬁw:(ZQOO SC‘EB) LHHY¥ Vtaétléll prdaursedre @ 6-8MEa{@014.7 psi).

f d o [ 0
S s R R AT
Wdoage Tappergpemy pf e 6freel®n@ctmgr2:0n@ Berpthee exyiased andgintained

R . o O
ifi ‘iﬁé%n&%lﬁg Eﬁ;e&@dm 793" ?g%rgg 50@ Béi%‘j galg{] 91913 §z§48 } fogrgg ﬁ@ for 500
IwﬁlrSVfBﬁn AN (737 8) golalrﬁ%@O b(f)urs esd thae 39AUA{7R Bidbr 2400 hours.
properties of the crude product are listed in TABLE 2
in FIG 10.
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Thi s exanpl e denonstrates that contacting the crude
feed wwth the catal ysts having pore size distributions

wowdroegs7medi an pore dianeter in a range bet weerCO0S180080410

A produced 10 a crude product that had a reduced TAN,

a reduced Ni/V/Fe content, and a reduced oxygen

content, relative to the properties of the crude feed,
whil e residue content and V&) content of the crude
produgt (Wa RN, ROSUHIOhollte akESRAK kY e RAQR Al SFhe
of the crude feed. Exanple 7. Contact of a Crude Feed

i@t produgd Wesaingpgused intorheasrligicknbaseappradat 8 theartbtid pgprator,
tﬂéj{mﬁ 'broﬁﬂg wae @ép%ﬂ&edcﬁclto G ktr@tfe tﬂr&ﬁw?ﬁﬁ%ﬁg. J G&Qﬁlﬁﬂ ¥ths system was
the total product separation 15nethod, crude product
rerairpd by a naprdlavaccalpler. Sigb eiidiange pstehbdasiaeasuedby & avgetest

257 SRS ENRE oL SUPTIA R, A TR L R e o

apapofianth df thet dredetppprluof. thaeesukalitalare Tivergey efdbe datenhined weight
I t hr hepr t . (P

RS D= Rl el 08 ALY P EE 5

.eactor. The 20 contacting conditions were as foll ows:

rati o of hydr as to the crude feed provided to

he udbpey N EEEG TRTal Rat By g R ey SR B 5y Suoor
@AEn{UTEIHUS @ranB Sa ©siGud\idatenddr DR 5E gpis) an ddy@erd dtent of 0.0007
contagcti ng zones re he incrementally to 343

880 R TSR & Py R SV P PR AR e Bl -9 and
PTANGE H.0hath@aYetia@eaniANn afiuf wh62amdypm.aver age API
gravity of 16.2 25 during processing The crude product

had _1T.h9 liytesisih MRecrabyals oy et%nw_s Bishsusiag e wisightsdg vetegsed
©fhp&hife WAB 1) WrRRMPTn ARHAGS LI el TR Me8ysRI1RLY Ry be
per gram of crude product, 0.0033 grans of

ad
copage o the gameriuns! Be cyyydrd. BisPrBevgd A agriaksplifeand

&cégslés,glr\?mr[qflcr&@%. _q#@: 9 égcgré#h%ﬁle Ifage‘ﬂ&%Bﬂ bﬁﬁ’ A‘EfT \tel?s%s time
crude product are listed in Table % in FIG 1 1.
faomhireveaeaingdthe dededeiskin dteeontapiang zowstdassribedingliis expaple. Plot

r f ' . ' :
BB LA LT AP L 0 SO B LIRGE T
for oniteeting hatddized with thd were chidddd andboteducedystsot(aler a majority of
.ci.um ' in n ot assi um cont ent. i1e,
GO AR SR Tl a8 PRLTES AT Rl B . rrom
théelativeld staple VABT, inenepod&dle @dUmarrtblat 1IR3 %sadsftictabigvity of the

GERRPRLNEABL RS kgBlk B5uS IR LEBY Bl For
Oyislarlis Bidr M cofidréiiSopeaaer.act i ng Condi tions. Each

rofe actl“?l{s e?;grgglg E:rlljlgnsgrgt)ég t%gtt cofnt(e)lgtir}ght e cnrldgeb efr:d \%Rﬁl or(lzeocr;l%a?yryé having
a pore size distribution with a median pore diameter of at least 180 A and additional
catalysts having a pore size distribution with a median pore diameter in a range between
90-180 A, with at least 60% of the total number of pores in the pore size distribution
having a pore diameter within 45 A of the median pore diameter, with controlled
contacting conditions, produced a total product that included the crude product. As
measured by P-value, crude feed/total product mixture stability was maintained. The crude
product had reduced TAN, reduced Ni/V/Fe content, reduced sulfur content, and reduced

oxygen content relative to the crude feed, while the residue content and the VGO content

of the crude product was 90% -110% of those properties of the crude feed.
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5contacting zones), each total product separation

met hod, and each crude product analysis were the sane
wassoodesond bed in Exanpl e 5. The catal ysts wer epGuiU$10dBa80410

using the nmethod as described in U S. Patent No.

6,290,841 to Gabrielov et at Al catalysts were m xed

wWth silicon carbide in a volune ratio of 2 parts

silicon carbide to 1 part catal yst unl ess ot herw se

ERff1eb e@ont'ﬁbtﬁbf“a@idﬁe fF%&P'wfth Wo@ﬁtﬂ#&@ Tﬁﬁﬁﬁa%@sﬁp&ﬂé [Size
was rom ( € reac or ' Oom 0
%95&1%5‘1&5@@%%& Iﬁlﬁﬁ)(epe{ndtcgméﬁro‘f @orﬂ&uﬁg 9&&:%)05&&’1%9 RAfiding

ach reactor had a bottom contacting zone and a to
egheda ateihed of ennerating the fotal reodgeitaadl yrsthod iof iﬁ@bﬁ@gél@?r di¢peproduct

i

e A L R A B RS P Ryme
dfopicooenride.i ng zone to fill dead space and to serve as
a pr
ondadhes S IOP FRRPLEPRP hon Tl bPAE AL GRS poom or
thea:twtmg Tho mezstoc s ﬁﬂq@kﬂmh borgpnt @ tohia the fellewing nomegr. Sﬂ@on

he b .
RPN GELER  BEF ot JSRRb T SURSELs spon. bl

@&ﬂﬁﬂ&ﬁédm&:ﬁbﬁdﬁﬁﬂxm&r sode’ )m/astpumeoded&nwﬁ oﬂAhiSsﬂlcon carblde to

prSI ioned in the bo%&l cont a B% zZone., e Vy%
OHR B 8%(811 C(Blée}ctlag Z0ne %g(%t fd)o&? %fﬁs 1 pbutlon 1th a
&liydenditme: G477 g, dis 66f7’%ftbf(ﬂ|f@tbtal b pOédingh@pde ke
20 phosphaorus, with the bal ance_ bei n% al um na sup{gort
dasty t&?Bé‘éﬁ%ﬁ‘ E%TF Q}a’%’fef Sithindgh elathy gdlapPese ﬁl’a@ekei

amaw@t fnbea&es. l s Bﬁi{bl?gdeﬁulﬂQﬁ@O 9b gRnficP hickQiyts GAmrt h

medi an pore di aneter of 180 A was positioned in the
Eﬁb’sbd‘ﬁtﬁlé@baﬂ?@c‘z%@ SUPP@t nol ybdenum cat al yst had a

tot aIA ?QBt@@Et/sﬁfcer Qﬁ‘bl@er ﬁ%ur@@()'mw@gseﬁl}émog&f ordbA 0 @f

catal ys t he bal ance bei ng support that included

bettomaaBAC2g ZoneGo fepmuntiys tapfcogtagting zaha ihedopentalypt had afore size

AR v i thoR PR, o R SR 8L T o) nambey gppores

io me)powmzepbmﬂbutmn eavingna pd're dtamewr wohin20tA aighe mrdisn p(Th e

Iﬁe%e T?lg ﬁé)lrngl aéflgplgalqg%]%rgmggg nlC%F%ngbog th‘QIS Jo%glgl}lfnum

1@[‘ glﬂlﬁl (ﬂfcaqa]ysxswhh) [hesbalmd:dbetﬂgelhbmha nSlhcdmﬁiarbgdeai/asl’Iiosi&oned on
su bd t al st/ ilicon carbide
RBPEF bis SRR e SO ThERk Rt b R e R0 PR &, e
czl@m}et be_ﬁhﬁas mdycbﬁhefwmnfalmr@fuy@'tce wasintln@cdsfatiEheasng j?pn&sr e
cont act one of Exa e 8. In Exa e
‘-‘i’ CSHOR ngig ‘b‘bgré gt e %%QE‘CH‘@SZ@P%M they B?tf?é“ %Bom
cont a4 HEdZONBeRAbla XA (Be Srop@Gesiu@drivédih Tablk RCEIG. 10, was

carbi de and positioned in the both contacting zones
fe@@ tE‘?r{’?P of the reactor. The crude feed flowed through the preheat zone, top

tom

contacting zone, bottom contacting zone, and bottom support of the reactor. The crude
feed was contacted with each of the catalysts in the presence of hydrogen gas. The
contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 160 Nm>/m’ (1000 SCFB), LHSV was 1 h'l, and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated to 260 °C (500 °F) and maintained at
260 °C (500 °F) for 287 hours. Temperatures of the two contacting zones were then

increased and maintained in the following sequence: 270 °C (525 °F) for 190 hours, then
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In Exanpl e 11, an uncal ci ned nol ybdenuni ni ckel
catal yst/silicone carbide mxture 5(48 cn) was

w@omshiomed in the bottom contacti ng zone. ThePCT/US2007/080410

uncal ci ned nol ybdenuni ni ckel catal yst included, per
gram of catal yst, 0.09 granms of nolybdenum 0.025
grans of nickel, and 0.01 grans of phosphorus, wth
t he bal ance bei ng al um na support.

TRy RsevenTs at @hoiss, /tt§:|n|3|1§ @@ &by [de360 Rouk! ghd(deh 238 (650
was p03|t|oned inthe to contactlng zone. The

Ho oy Db Bas K14 57 eSO HE Bae ae | n t e S op
cont %E 'tcﬂQ p?&ﬂ@t &fteﬁ%@%’:t@r a§1d was separagduaq %e;c'hgéﬁ ﬁl'ﬁample
Mars platform (@lf of Mexico) was filtered, the

&rleg cniuatrhaé@@ avegage d ANepifbdnandrag apdrag@sAid grm Oi 135 during

f I
1S et BrdcBchf et B I URRe bRtk fSKATR, ASultur
A4 gtams OTheygﬁnL(d@lfgads 926G 5Endd). 378 gtdne of opidof. tHéitional
EREG [ h SRR By TABL S Tuioe 1] oned
e zone, con ing zone, bottom

C 0 nt ﬁfhtsl elxgmple Kiemom[rdtebtlmt Masmr@pm d:rudJEf feehwith dechi@dlysts having

AT R nHR BB BEREntla EBR% B E0: 0) rgaveed
Lo Iird)cﬁj’c’tSthﬁt(Had aaﬁncm(mmj Eretheie Nay/fedoh@Ws and aalfedm:ed)f)xygen

d ;rl[i?r%:‘lea?tlilg ggth%%@%rﬁg e?.f&t? ¥ d ep‘[{caﬁc{,] g;gﬁ ont C t 0 nbflmd \;'88 content

drYsly @GR pradlicOf er€ 8943 anY SOEH LIRS r&p&:ub@’@oﬁérﬁasﬂoﬂhepﬁm@e.feed.
LHSV was 2. OW durl ng the first 200 hour s of
xymple v, Gantactof & Grude Feed with Twve Gatalvs{s. Thegieagigrgpparatus

(E)?J@?ﬂ f@f ﬁ\gnlféi? Qﬁcﬁé&lteﬂgoftcbﬁ'fﬁ&m E@ﬁ@@? rc@tﬁl;ﬂt? Shd ®taBprloduct separation
contacting zones were 343 é or 500 hours o

pehech e e grodugt peilysso and st s ﬁafbng @ﬁ%@ql Heigrikessamg agflgscribed
ifPRLAGIkINY zones were controlled as follows: the

tenperature in the contacting zones were raised to 354
C ( 670crme feprb(Bd -4 craé havifig the popetiigeisunmariyed edlable BEH5. 11,

G557 g, SRS BRI 1650

©@n7 R g, bh@d)ml carttac@8p z@ef grd OO veppog;of theaenctani e t o
cfon{ac%oh(%pg esr\xg%r efoﬂ? ?a[%oc%é %73‘9%692%19 {E)dthflzq gruéj %écb%r%\%df% to
thotensor WHeS0MN e’ (FOOSTEBS IWsewpe? hhdid plebsyreanal 6/t

L M N T D B

tovay @anineoisanb7 hddver age val ues for properties of the

%ggfj bl ?uﬂg %}08 E}%?gncae\%ralge T%%lllé alng aligf&?a;g hAfPlg %%a%uy op 16.2
dueiRg Qﬁ)@ébfsﬁigl 0he @hddprv@lcuradof.9 WiSnCoreaRiull, BGFEm ¥EIIM, 0.6
run tinme for _each of the catal yst systens of Exanples

wrpm of fife aad d gerie ebpdiasaiur phg srude pgfluc had. @gisgran ogcrude
IP balcs 01p8s grlu%g of 2z, 0ajnd glla%@ Jr 8Ry LB M 76t of\'&ﬁ!}@'ean@f() 401
the crude product obtainéd by contacting the crude
grapgohfptigpe; Heldftion:l peenedicy sk the gridepredient aplisteg i kabge 3 ip FIG.
fiespectively. 5For 2300 hours, the P-value of the

crude product remained of at least 1.5 for catal yst
This example demonstrates that contacting of the crude feed with the selected

catalysts with pore size distributions in a range of 90-180 A produced a crude product that

had a reduced TAN, a reduced total calcium, sodium, zinc, and potassium content while
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systens of Exanples 8-10. In Exanple it, the P-value
was above 1.5 for npbst of the run time. At the end of

wo bwsnaa14 2300 hours) for Exanple 11, the P-vab@BEUSBE7/080410

1.4. Fromthe P-value of the crude product for each
trial, it may be inferred that the crude feed in each
trial remained relatively stable during contacting

(for exanple, the crude feed did not phase

shiseRAlat §)GO Ahtehl AN residudt Satend 8 thd HBIFp¥AlUReRI766N©49%, and
crude product renmined relatively constant during

R fthecsinecthsmgnsHiss of the spHe feedlal | except in Exanpl e

Bk 8. Borfth& ofa (RLEEFédAST 19??@19‘ Catalyst Sybtefits ahf Alt S aRious
rapnical representatlion or net nydrogen uptake Dy

&nﬂmm 1Eaghyeactqr gppafates (Rxngpt fontha nygbergpd eentent of

df@%&t%@rzml&§ %Q&leto&i {nlaﬁﬁjcg Q%Qf&tlgl"flﬁlethgéi Q%g eéi'clli% éh]: gg)dglgzanalysm

epresent ne gen upt ake obtal ne
woathectinng devaibed ud@cahe)éaﬁ wtelraehisty vofe wulfeled amag thstmethod as
, I ,
dseggbgﬁ%@%aﬁzé%%g ? %%)dé%l Vt(é ?}%ﬁl@fﬁg\; (!:t a? Xll ci\ﬁﬁrstg%gﬁ{a %g%gjownh
sinlmon sar&mls in :nwaumelmye ob 2 pawesesilicon 4&bi‘dﬁﬁf Il.pfﬁt 4:BysBuBOB

Tl RO dR BT i SRt e R g B B or e

feddt@lto the @bdtdm oﬂ.ﬁe IreStctar gsiaghi (ﬁﬂ;hder wm rpesiésiedtat A befom of each

resi due cont res eo|] V\ﬁ?g %tﬁercent ag , of
TEIUYLC Prootict 09%% OFty Fagh frpeterdiad a beylom poniaeling Zqngjagd ¢ top
SYat@iEsoaf. Axani @slBt/dificonk BarBRI6 idiret Reref ated tof th@bdhtacting
the crude product had a residue content of 88-90% of

RE qféé‘ihdﬁ@t%o%lfcéﬁ? casbide was pasitigaed @elgp opihg i cpplgctingggne o
1Y @oad Ife LEPIHRSRO bs 4 HShAHLHNE AL LR teabbhr. IR GdabiBwas loaded into
product obt ai ned b%/ contacting the crude feed with the
chipdheysturmpge thapgclgfeddQurhspieng zoag-comrespppdipeErthe/ppheat e, the
%%ﬂadztﬂlg Fbfas, Aﬁg'thé%@toﬁl%ﬁ shye content of the crude
product renal ned relatively constant during
si gnilf Eszmple Bontungrengsk melsedentupingkel catalyst/sifgog,carbglejngixgre
(??1 @191? ag é)ogl gzltﬂﬂ\% g{)ﬂgﬁlg C(Sr}{tjehcﬁﬁg%@]glg ; '(I)'He éP all}l]sg L‘?}{lld%é/ pglf gram of
@aiat, P86 gppgtsefmotbdéuanplids g@mt bf nitkadtad V2] glan6,of
0_repr nt. APl gravit the crude product
]hb phongdW ti/t%cgﬁl?zfgtbflrﬁl %Wénacsr %Der{ feed with 30t he
c at aINmblybgkfnhmlmtalﬁst/slflxmrrphmsiefimiﬂlre (2 spdotithviae yatalysn having a
tr| ch cr roduct. .ha
RCTsS i Pish vl By ST 150 B 153k e op
cg)havmﬂgyzoﬁé H&qﬂolglﬁdedﬁn pitRIgL ¢S a kg ceastdf Dy4 J;raﬁlsto(ﬁ 4.1
The i ne sed APl gravity corresponds to

SRR PG P GuBoT 1 o i PURRSE LI SR B g s
o?éo drad oPEmoAPlugia perd gtarh B i@r@n range is 110 117% of
the APl gravity of the cru is a
grap AR Eximple Bfaé‘élé‘ﬁft‘l%ﬁl?ddﬁOlé?deakli)@@‘?ﬁlt&éﬁﬁyéH%ﬂlcoé‘%ﬁ‘ibé@:%’%mre
g cﬁﬁ%'v%tpoﬁﬁé&ﬁm @g %@tth)ntﬁaﬁ‘qtg GoMAeTRE %H&Ineéf BloBbdeduttiicobalt

time for each of the catal glsterrs
catalyst included 0.143 grams of molybdenum 0.043 grams of cobalt, and 0.021 grams of

phosphorus with the balance being alumina support.
A molybdenum catalyst/silicon carbide mixture (12 cm’) was positioned in the top
contacting zone. The molybdenum catalyst was the same as in the top contacting zone of

Example 8.
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5Exanpl es 8-11. Plots 182, 184, 186, 188 represent
oxygen content of the crude product obtained by

w@onsaet7ing the crude feed with the catal yst SBSL/ES®OT080410

Exanpl es 8-11, respectively. Each crude product had an
oxygen content of at nost 16% of the crude feed. Each
crude product had an oxygen content in a range from
0. 0014-0. 0015 granms per gram of crude product during

each 14 Ekahple A8, tshQ¥HbdeRufilciRalydifas dERALQXY GRNOF QiR 0he Rfne of
t he crude 10product remai ned relatlveI¥$constant after

Bogrkouve wixed yith sidieengriidagnd ppsidoned|ipthe bethyopaiige gapes (60
gen content of the crude product denonstrates that

sel ected organi c oxygen conpounds are reduced during
t he dohtaerle hh.an Shepdanci Apelvilsny/siskelsdalysidpilioans ¢pskyde mixture

QYRR polifiofiiy BE phALELSRR b DA Al askiqPOr Ll on

i c contalning organi c oxygen conpounds
raplgbdegunmendtelsriabot inviedsd, pareran hiecatadyst, OO mnyd df gnolybdenum,

t al ni . Qr ' X o] . I .
GO U I ALER 0 SRR RRRO Y Bre pllnIRE i
wopp®@t.9 MPa (1014.7 psi), and a ratio of hydrogen to
crude, fe of 160. N8B/ nB 000 .SCFB)., the reductiqgn of
cr e paERsRE GOnETRE R b miTE 2 sl et S ins T 6 op
avetagintg ohe.t e mslysiRnie estalyétwad tHeaame hainuheop todR9ing Yone of

750 "17), at the same pressure and ratio of hydrogen
WOPlfHe 20 feed, the reduction of crude feed MR

cont RtdeVasin & MarWp¥eforBaGRAU IMdxe) Wel Gidretheh Reat&rivde
feed. In Exa eaction conditions of; 371 "C

I 9 t
YDBEAIPEASRE 03,6 (B0 ) BT NPt hrertip tprpdiocridsfepddor
ES%%:HEQS gf; 1hﬁédi'h% SR PréRrifek YelBmheRd iPTabld) MENY, MBie CAHIORed was

the reduction of crude feed MCR content was
feqr toghguopof Biggengtonm thers erpPrjer: e crude feee dlgwed Bagpeh sepreheat

zg)ﬁ% Q&g’&ﬂhﬁ%ﬁ'ﬁgezogg b%&&n"c&tﬁ&ég bk ancﬂ:yottt)ﬁ%uﬁﬁﬁrt%f Qﬁe%&%?r.e The

ratio of hydrogen to crude feed, the reduction o
apdedecdesgonvared with eavh ofs ca9lygis % thp arsecicon! yHegamiaght

IS G e t '
G S0 P2 e s ol 5" FRESEGSHAPD e
ferbdiriog nedadok wan $6BNmIth’ (HOASCEBS aodthalpysial pressure of hydrogen

30 PL KRR R MR W02 S e g oo o
avetaalirg, aat tabnylstvered to 1.0 thIk_&Sle&a exainpigesndamgnistes al'empdratires
PRt B SR n EC Bk e Pt Bl g nowrs
B¢ teaPeROSUL bl coMbictity MakenivaieRbghllehas Lile taeapéradalin the

rgi%gtlljn%tzorrgsx\zfe% reais% (t%bg4l °&¥6”ﬁ)n°ﬁj3),weltdrllt 5;4! ‘%t 0¥ dey ho%g? lalised to 366
°C (690 °I), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for 1000
hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
temperature of 399 °C (750 °C) and held at 399 °C for 200 hours, for a total contacting time
of 2300 hours.

The crude products were periodically analyzed to determine TAN, hydrogen uptake

by the crude feed, P-value, VGO content, residue content, and oxygen content. Average
values for properties of the crude products produced in Examples 8-11 are listed in Table 4

in FIG. 12.
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hydr ogen upt ake. Sel ected crude product properties
were at nost 70% of the sane properties of the crude

wo ewd/p43mm | e sel ected properties of the crude perDUS2HD7/080410

were within 20- 30% of the same properties of the
crude feed. Specifically, as shown in Table 4, each of
the crude products was produced with a 5 net hydrogen
upt ake by the crude feeds of at nost 44 NnB/nB (275

SCFB)RIG SUGH a RFpRiUAtrSpredsta@th @eyAgef TNl paddubD&tsud ¥on
of the crude feed, and an average total N /V content

Fne bor carBof the porlyst syrems oft yampies §-1d o Ahe pudefeeq had acb-yefae of at

lfaa%?ij 5. PRid 8o nﬁtniﬁﬂ E‘Iicpﬁ6Qeﬂ:r>es\éﬁ'tl HEPH Qe bhEe %Hgﬁrothfc@ Hbtained
above 3. e average residue content of each crude

tper@dﬁaettngwbﬁscr%“- foebsivh the heurcaglyshisesteoneidiramples 8Hd respectierely.

LESMuTRE. YTSPAR YIS GRS G RERIRE ER L OF ey
syiemavielagwlcABt Oglatkanyplof | ¢lachvdnaudes ghowdlig forwast of the run
flﬂ]‘o At]tﬁeygn(%l]cof"tﬁe ﬁo‘ ?30(2 Bguré &Xr l%{a e 1C [hléq)eva{l evgets 1% éil /?m fthe P-

evscost was a rmst4
tahe of ﬂs:cmsielpyodoét foheclc rrmdet theyeg. 1niEv¢a<hﬂnhlehe dlﬂelelf@ed in each trial

SRS by P b SRS e T P P Rl B Sl
epasit). Y8AhowH GV Ritieel-valdbofHid erogeroGen futipiel @datively

Exanpl es 12-14, each re ar at except far
R A B e O bR TG CTD ey PSP ot s
willlefih@éR@l. met hod, each total product separ at| on met hod
and each crude product analysis were the sa

descrhiBeld iF A Lr2RBiRY|representaiqn ‘tfa’i"?’atfyﬁ‘é‘i%n WRipke 'Wn C)E‘&? fggdivgrsus
B (BQUYS foQlataBt Qe td tﬁ@Pre%wbﬂﬁvdroEB@ &I prRs fRetho 162, 164
flow to each reactor was fromthe 'to % t he reactor
TepretcRendy By dregpnaiptake abtpigethosontagiing té%?fuéfaf%‘il wih orh\gh ghe
d%%}lsl éﬁ{éﬁl‘é’ o?ExaInﬁﬁes%oht %bé%ﬁwé?cﬂetr Hyéfo g@& uftfkeSH A FuRFedd

bot't om support. Each reactor contai'ned one contacting
ienerunAfnegreripthel 334D Abyrs wasinl 4 reegvebetyeneh i’ did N ¥mUHd$-300

h f,. e

Y5, D 6040 b, SRR AR FANG & ooRBE R EARh My
wositmdtiimgeagonalto fill dead space and t 0 serve as a

At N B e e e
aresgs of credpandlicn ger%tmn tile fqm reaadheéthemmkyst dybtems of Examples

FELS A e BBt ach S RHER R oy R Beor e

Pli@sanaenaff tl’(é}((ﬂ\lidé@éddl g>ac3s 166, 168, 17),aa2 adpySért $dsldu€ 6dhtent of the
car bi de m xt ur C tioned on top of the

{4 RE e ey YtCBHtF%tP%“E%“é“‘l‘“’ofﬁ?da‘t‘f‘E‘f g capR sysEgps of g;‘amples

FExpi@bectiddy. hhendvat 1alpyet 1508 rdsitiie vamiad iotlife eatdabyabct@dmained
prepared in Exanple 2. For. Exanple 13, the catal yst

e venernyapydygas ﬁfﬁﬁllﬁ%’él’%"p9%§t°f£§c}]ﬁflélpar ed in Exanpl e

3. FaicBAMRLAplidal th&erdlic] dthandds Abﬁgrawty of the crude product
nmol ybdenuni vanadi um cat al yst as prepared in Exanpl e 4.

VEFRES Britnaechior eagh ebiha catplysisy fieips pleg 812 Eh?tSvJQﬁe”és 178,

i %'r&ﬁ%nt ARt RiQhr ﬁﬁé%ﬂg g%bdhé’c obfihed 'bgg@ntic%ﬁg ) 2 H}ﬁ'e ‘i'é%@i with
to the reactor was 1000
the qatalggy gystems of Examples 8 11, respectlvely In each of the four tnals each crude

product had a viscosity in a range from 58.3-72.7 cSt. The API gravity of each crude

products increased by 1.5 to 4.1 degrees. The increased API gravity corresponds to an API
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pressure was 6.9 MPa (1014.7 psi). The contacting

zones were heated increnentally to 343 '"Cl, (650 F)
wo@yms/0&7peri od of time and nmaintai ned at 343 ' RCT/US2002@80410

hours for a total tun time of 360 hours. Total

products exited the contacting zones and were

separated as described in 5 Exanple 5. Net hydrogen

upt ake during contacting was determ ned for each

GNiGlof He Mﬁg%ﬂuctkﬁhﬁéﬁ r€n 22.7-008)% . Mgﬁgﬁﬂn&&% e is 110-
was -10 / n8 65 SUB), and the crude product had

79000 tgr AL grayity|of @)@Hﬁjﬁl @e 13, net hydrogen uptake was
in a F‘i@nﬁiels];1%&B'hlgalgeprgﬁegtaMf%ﬁyée%%oﬁer]t x%re%éﬁ@ we%ﬂtd

t he crude product had a in a range fromo
HGF\CGE)%afm@f e prpde ﬁ@ﬂuﬁge@mwa@merf@r cgth efibe eatalyhe ssfsm of

e T S
C(bt@ne@@ySO)i@ttn@ tltk, QudS@F®) vitlnihe cataiestcyams @itbdupks dd, a
E@ ctlv%lgﬁ l%lgi?gﬁdg érgﬁ%cglslﬁl dau ro?cﬁéen conl‘tent of %Piln&h § {5% otf the crude feed.

con
lesh lcmele pnbdudn and hycoquggeafonmslngtem@eétoado a(i)14t(h@)16 @taensqfer gram

§ ifte BT st R L v IR M @I PEofissh Bl i B amae
foducngmamad atdively cahdiowsitdr 2D@Bsurhiytiongeimgttind eThe Sealiviely

the process rel ative to an anmpunt of drogen used in
brvRe SR e G Stk Sakl Bk R uals B LS GHRRE oxfken

@ Haehs Atcad@ded dkiQIhe ARCHRI SiK@MAN whodlsd @8%ed in these
hydr ogen during contacting tends to decrease the costs

%ﬁmﬁkﬁ) dlguay hrgniyrred thgieat leasta portoaepf thegagokylic coplainipgorgnic
(leygerﬁrobl%%uﬁcﬁ Qft paidcBa §dh@ i @Y YRY eRUvh\camadiiMos@ihflesdanic

produced a crude product wth a TAN that” was | ower
PP CHWOTNR of the crude product 20 produced fromthe

i ndi vy} ﬁyﬁhplg@i %Pfé@&féﬁ‘e@ﬁhé&%%% 371 E@ lo@? a:bg’es;tﬁe of 6.9 MPa
Cont act of Crude w th a Vana tal yst and

@914 ol ticbnaio @diydrqgsn o @EabioaddbONNA{op i QLR B, the
A Jrf,?({ ek gntgn&%tﬁ% @, & %@Bﬁlﬁlte'\&%h% OPRS rude fecd.
eac

cat al yst su met ho eac t ot al
/st@tama«tratow af8bhod(758 r‘iH) eabh smqm@sm: eudigtio aﬁlaotdycgeg to crude

f\é’gc{ ﬁle recﬁlctS grgef %alhde(%ee]%q\/l gnterg Wd'le %‘E w%% befsptli on t%g g?éfsthe

con car
@ucta:afeetds SI licon carbide to 1 part cat al yst unI ess

In Example 9, at reaction conditions of; 371 °C (700 °F), a pressure of 6.9 MPa
(1014.7 psi), and a ratio of hydrogen to crude feed of 160 Nm’/m’ (1000 SCEB), the
reduction of crude feed MCR content was 17.5 wt%, based on the weight of the crude feed.
At a temperature of 399 °C (750 °T), at the same pressure and ratio of hydrogen to crude
feed, the reduction of crude feed MCR content was 19 wt%, based on the weight of the
crude feed.

This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher
temperatures than the uncalcined Columns 6 and 9 metals catalyst.

These examples demonstrate that contact of a crude feed with a relatively high
TAN (TAN of 0.8) with one or more catalysts produces the crude product, while

maintaining the crude feed/total product mixture stability and with relatively small net
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ot herw se indicated. The crude feed flow to each

reactor was fromthe top of the reactor to the bottom
wmbooshes7ueact or. Silicon carbi de was positi oneRCEUSI00E080410

bottom of each reactor to serve as a bottom support.

Each reactor had a bottom contacting zone and a top

contacting zone. After the catalyst/silicone carbide

m xtures were placed in the contacting zones of 10each

Hy@RabOhiptal®l ISR coaé Plodst P%%elﬁ%w&& ANQGst 90% LR heQbimt he
top contacting zone lo fill dead space and to serve as

RHoRsEE @hthe ﬂ?ﬂﬁ]é foed], whilerpelegigd P@Pem@a‘tf ther @ederpypdugigere within 20-

d0eadad. éa%e%rébehie@ dpgt9rditgce that included four

heating zones corresponding to the preheat zone, the

t vvo é@?ﬁlﬁ@ﬂliyrﬁg shovieid, Tahled eash obbe code sipdpas was produced with a
(o SHARPO e bl KANAT RGN B (278 SEEEP AREH et

hadtaalayg@ge TAN of at lnrps%n'pthe cge fegd, samd din tyvepapaltotal Ni/V content of

r t
a(f ?r} ?ttélllg/:]éeﬁhé éoga? EH/Q/% ?iegt rﬁfg%n tr%c%:teflee(ﬁlzgl %g{]@m}%ﬁﬁ% z% %—é/alue for the
awldﬂal fed¢dofabowedt dlhy sat/erm| rmgddelmentantl@bﬂ:bmmdem&tdatty@is 88-90% of

%gg'{l%gﬂng%{ %ﬂgﬁé%‘l}lé ef‘% g’ﬁlg ayelags d‘éQB,ﬁOthegtp oé e?c%bzr%(%p)roduct was

MlaS1 m%Sdftthe(m@d coieiitho€ tHe@pude GevilaThe M@rao NPl g&@itﬁ of each crude

Ex di i onal taI st/silicon car
RW(ﬁ'{CTE %gd@%d%déﬁ%@”% ¥1dﬁ feed oW gettp%wﬁcosuy of each
GRRREIcasZ0 Rst w%&rtﬁdﬂas@@hey sfimnabdecéal yst bei ng

t he rml bdenum cat al )éstdpr epar ¢ ed by the met hod

E@frmu%n rwmt H mdﬁﬁppm@.aﬁmr ap&ﬂ Léa@nﬁé A wltmnluﬁfal
contactlng zone I'n Exa le 1/, an additiona

IIH?W%G@ 1248, iBeagiarsanpaiaius (e fqraumber

FRLORAO LAMAATIARL! 1o 28RS« suihe LRMAITLS (RBloduct
catal yst bei ng the nol ybdenun vanadi um cat al yst as

opapamanethad 4Ag gqhl ceudg protivet apaliyvsisl ivarn tecatagieys tigssiibdaddp Kxample
£ aAl?EaQﬁ?/&@ e Erﬁx&i%’gltl{:e{ﬁee)qu@lu%%f glilg&?%yﬂlﬁ]e t'h}% chi feed flow

cont act
tV\badhsrea@mrp@s &vinghg toflefuhyogaktor 19, tEe Botlonbefdlisref3Qr. <Sml®)9n carblde

\?’%é)n 88I§ aag &12 %gtg?_né gp(fﬂ%g i(e%gtOltE[?()%EI'V S 3? g(g%%sl.‘% (%}' P gﬁaC{l ﬁeactor

Enajped bn@@n&\unmgamnz edftemrthel mndlﬁt/ahccﬁie@arbikﬁ masire exetret aced in

he top of th actor..The crude feed t ugh
s R T et e e o L
c@ﬁmt:tagtﬂoﬁ@tomn@ad giude bt th 6eRvs iap@Elieadfont hecatie&AELOF. . Each
The cr u? Cﬁed s cont act e% with each

rg%ﬁt%w% 1n{0na\ée Bgtg:g% at included three lcl)eatlng zones corresponding

to the preheat zone, the contacting zone, and the bottom support. The crude feed was
contacted with each of the catalysts in the presence of hydrogen gas.

A catalyst/silicon carbide mixture (40 cm’) was positioned on top of the silicon
carbide to form the contacting zone. For Example 12, the catalyst was the vanadium
catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the
molybdenum/vanadium catalyst as prepared in Example 4.

The contacting conditions for Examples 12-14 were as follows: ratio of hydrogen to

the crude feed provided to the reactor was 160 Nm’/m’ (1000 SCFB), LHSV was 1 h'l, and
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hydr ogen gas. Contacting conditions for each exanple
were as follows: ratio of hydrogen gas to the crude

wo ewd/opm7eavi ded to the reactor was 160 NnB/ nB8 (AOD0S2007/080410

SCFB) for the first 86 hours and 80 NnB/ n8 (500 SUB)
for the remaining tine period, LHSV was 1 ifl1, and
pressure was 6.9 MPa (1014.7 psi). The contacting
zones were heated increnentally to 5343 "C (650 "F)

ﬁt\fs‘é’ﬁre Qvab 8 oiNIPh Qt)lét ¥ ﬁﬁ) a]‘Hé cﬂﬁh&fn@zﬂﬁ;@ v@?e R48d 1&récn‘iérnta§ly to
total run time of 1400 hours. hese exanp

Henbrstt &Y ever AReroM timerand Mmagntaipqyo 311% eCdfowliZ(hh%\lrﬁQF Wianal
an MBkak 3eftalyst having a pore size distribution with
a medi an pore dianmeter of 350 A in conbination with an
addi tliogwhaftodecis editpd thelsantpeige aopss red wenesertiraied 4sigigsciribed in

0
bR, TR ety o A B B8 ARl KA TR0
fWﬂ@mehpEmmm@¢1%mﬂﬂwpﬁgpemnM@SWBhHI7EnemcmdﬁgéWB)andﬂwcnﬂe

AR RS EN GG 2 A BRARA, bE Ryhudiubfife (0 Ml fim 2.

0 Ndé/nﬁr( tﬁdifuttSA g g@{FBD |am|¥ teertdh@resiacriapn AP iniagangeffronh@3-0.5.
n

RGP If tuRar o wDRE bl Bt LR vBh MNP R anadivgas

@bsst, mad;ydﬂg@éipmaﬁelmhﬂ yrangsfrehonns Nm’/nPabd.e Nay’/iERL0.36

t he duct has a T .at _nos % of the
SEAR T SEHET wRLR S5t PaTudlibr 8N ifbrfe bd A0 e
pr odugdrs tt@rr@dm@acgen ﬁptER@ﬁlﬁie@ aurirfgobztaaafghu Radewinfa@dahat
Ni / V/ Fe content of at nost_ 44% .an o]%%en content  of

hyfraggr pva lﬁﬁﬁétWFgﬁ%%f¥y7%$l@&(§ﬁ§§ slysipgroRtgeyee elghe

iR SRR REORBE iR Sa@fysit RnGAMADT il?(ﬁggen%ﬁh%b&ﬁ@hhg/ allows

t he crude products produced in Exanples 15-17 each

lays hagogeyy tape tsedar thepi@essTelaisedp ap h@ow@pf yrdaqgen ysedfin ¢ he

&5%ﬁoﬁa@ %ﬂ)cesses to 1mﬂlﬂvéﬁ8ﬁé'r§<§tof dk%aﬁtﬁé@%rﬂfe? dT‘l?etre uirement

produced under non-catalytic conditions (Exanple i 8)

for lsshvdepgen gurodsontaging iendp tor dearsesy thd eeisof Ppcespige a crude.

decr t

AP gxfdg\ﬁ/%tnﬁﬁl F&{tzﬁc\[ bt the %%h(?#ew it ﬁlg rxrll'i‘cg B’deﬁlﬁlg/gzié%é% g'pcqltalyst

nodrodi tlydtaprddld:e erth aéfe‘dN AR wagrlawérttyan the TABof e crude product
fer that kin nd/ or pol ymnerization of

I?ﬁcguc?:(?%g 3%"@ & 1S de%'? ag%}ySt Exanpl es 19. Cont act

of a CIude Feed at Varlous LHSV. The contacting

systens and the catal ysts were the sane as descri bed

in Exanple 6. The properties of the crude feeds are

listed in Table 6 in FIG 19. The contacting

conditions were as follows: a ratio of hydrogen gas to

the crude feed provided to the reactor was 160 NnB/n8

(1000 SUB), 5pressure was 6.9 MPa (1014.7 psi), and

tenperature of the contacting zones was 371 T. (700

"F) for the total run tinme. In Exanple 19, the LHSV

during contacting was increased over a period of tine

from1l h-1 to 12 h-1, maintained at 12 h-1 for 48

hours, and then the LHSV was increased to 20.711-1 and

mai ntai ned at 20.7 h-1 for 96 hours. In Exanple 19,

the crude product was anal yzed to determnm ne TAN,

Vi scosi ty,
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10density, YOU content, residue content, heteroatons
content, and content of netals in netal salts of
woe@aniv4aci ds during the tinme periods that theCt/BES¥07/080410

was at 12 Il and at 20.7111. Average values for the
properties of the crude products are shown in Table 6,
FIG 19. As shown in 'Fable 6, NG 19, the crude

product for Exanple 19 had a reduced 'I' AN and a
€sd15V185 QmkdcY ofﬁbaﬁaereea%tmaﬂaaﬁNnm@al 418nd 2

VISCOSI e crude gr avi

diti E@f@a@ftctqmgpaﬂw @1(@% fof mtrmer Al Cogﬁeawftcyntactmg
&Besﬁ hﬁctpé'agﬂ)%t fi8€8n ﬁe%& g:mh el #I%d&ft S%ﬂ&pfﬁ%ﬁ&ﬁ ah@ edeR

al tenes content was at |eas sum of the

qv@% reohcermalysin o cCBhagipiva dessebedda ﬁtxemple \ﬁﬁ@&%@b@@ avere mixed
L0 PG ShRAE S ik M BRI P e
qtiprvoe ofdidyeR dhntredy feedfl1@E tasphalatteness foomthertop el Itehceor to
tégg&goﬁg?fftféér?gg&ort @%m'éf%gﬁ%” tw?ig ? 3)%{3(?1 m%he%ottﬁml ({f each reactor to
seak he A botram S@pnquoﬁmhtrsactoh had mmwnmomamﬂrguoye bl f top pontacting

coke

B8 e S R S A BB PGPS S uelRE s of
dath shctom Silic 0 Yabide twie pbtidled oo tlpeiitheabp &d’ﬂlacﬁﬁm)nﬁﬁi falll 8ead
of the crude fee The sul fur conEent of the cru
SBP‘ES’C?E}ng WAS 38805088 PN AP 6‘%?8??%“8?35 {Hede lf‘@o”e
fig@dre Rbfx¥aimpl ieSudase htindesRRebirahpendiiah EoRtiaat J0ag the
condi tions can be controlled such that a LHSV through

PREOUBFHING LM Y S MEMGFRRer t han 10 hd, as conpar ed
t 0 aIPERALKSNFINAke NARIIGM chtaly My RTprebdba s dés@m%ﬁ%jEQeﬁnple
crude products with simlar properties. The ability to
gl ek wiltelhy addiggecatlyst-operty of a crude feed at
I quirgd gl Ys SRAGG YR QfdiLdRsic & c%ﬁh@e’ me'ﬂﬁ@ (4%th} was
allows the contacting process to be performed in
Roeisigeddsn gfe hotioin cerfaciing @once With |th¢eidth@0®@ cUplrebeing [they
B B GRarso TEer S SRERY PR e e
Qrabdugti¢onn cabide gnxthlat(lfhemé Wb z@ltcmn@tnrthﬁ top sor{tiaping zone.
exanp| f.fshor nt act of
Onﬁdgxfge%?j%é;itan%dél?%nﬁhs a&%%st%%%l i Car een%lé‘?“ar‘% 53% uf Fhag e
p:mtlbmdtm g t@yterhenmacamg zbive with tlel aylémsnamﬁtely!;tmemgalme as

TSl Ga Dy SRy S e i et B ML " S nagom

dafhﬂ?yst/ﬁncdhfcaibh& mieaed G0 calﬁ)dw@ podiacica th tht tdf'p d)hﬁcttﬂg(zone

cat aI ts in C zones | resence
of 5 %i’ﬁ 8 aé B%‘}i‘g Bzysé/ﬁ%ig‘@eﬁ%ﬂlﬁ’c@ als\}afism‘md n

tﬁ@l%t@ﬁﬂ ¢dﬁ&cﬁ1€§'@ﬁe waﬂﬁh@ mﬁﬁtaineldca@uysdlbd‘lﬁg&h@ ﬁlblybdenum/vanadlum
tenperatur es. actlng conditions in

RN RSATSRTeS Exipple o hg G Co iR carbige fnxture 30 e’

xka%g}é%@ﬁeldﬁﬁtﬂefﬂoﬂ&%taw@ééﬁ@t acting zone was 260 "C (500
a ratio of hydrogen to crude feed was 160 N8/ n8

( 1oo@n Eorm)le 1&Ayrasr égkey Wotks § opontigmaNqw ed, 754 peads 30

é&@%éx%‘pbﬂgorfé%%a‘bhg&ﬁaduﬁg E&h% bott om contacting zone
were as V was 1 1li; tenperature in the

bot t éiwctedﬁara@q IBasgl Bmé) fna Exgubes 150 §lee0e the) properifestsimpmarized

Rl Xsrlglg}g'f% by Rl e LR daRy GO ( fﬁ@%ﬁ%&ﬂe@d fla'\g(gcpthrough the

preheat zone, top contacting zone, bottom contacting zone, and bottom support of the

reactor. The crude feed was contacted with each of the catalysts in the presence of
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The total product exited the bottom contacting zone
and was introduced into the gas-1liquid phase

weapanet7ey . I n the gas-1iquid phase separat or, P€TES2007/080410
total product was 15separated into the crude product
and gas. 'I'he crude product was periodically analyzed
to determ ne TAN and (25 asphal tenes content.
Average val ues for the properties of crude product
@Gh@b@ ef. duhiaBghotBRAIlGR 8 &ch bahHE: \fvé}e Iﬁféhl@wy s rafid &% hydrogen

0. The crude feed had a TAN of and a

8 ghas cedesed Bievidad taghe {“/’a@%‘w@“ﬂé% ngfm cﬁéo%mhf@h@e first 86
ats 4b %H‘N%%ﬁ* (Hétﬁséﬁ?)%r &b ?en?aﬁﬁiggftuﬁé Bélﬁlet Lﬁ@@* w0 149, and
average T . 7/_and an average C5 asphaltenes
EeREIE vas éf) MPEO(SQV@? afts B coptagimgianas eveeshepied ingreamangafly to

SPodiel PaE e pRAR SpRRRTRINENRD L3 A e Rkl R 100

lofurst he crude product. The total content of
h
ggf%ao e%leh@é%?@?s&(?eq{%ogn@ a{te] Iihgt c?) %ﬁt%‘i{% gﬁn{élg?}%?wlmscoqérﬁﬁ@ ?r}etal

atalydehdvard. potdrazeldidtilaftion Imethcarmmthaanmomiha:mewm 32(5 Atm nost

Féﬁ[g owﬁh Zﬁl-r]@fl t&n%lgcgta@d%aﬁfafg flé)r?fe s&e dﬁsdrqbul'tllon with '&gnedlan pore
danvash b aingd fl‘oﬁh Braopliem e prekn2Oof dadidagn sourdel §1t)d1(dema
erature that is .50

this case,. to contactin

S BRE 0} RBber iR B BB % shons b &uRgigtiae
fetd) whhié 8n16 aBigin@ @ k@Al amoRes StBEPSoPeRice BNADERAE P®duct relative
reduction of C5 asphaltenes content in the crude

(BUSHEE PROPBEREH DRCPE fofh. AU IAI P ERERORSHES ATy small

ﬁyﬁﬁ)g@ﬁ @kel@&ﬁ’e cridietd QRalkdved €duction of the content
metals in netal salts of organl c aci ds was enhanced

u3| ngPeaicativ] 4s stoweitpabitdu K. dpf e praduct hasgy TAN of at most
exaomheTANed ‘ﬂ?etdr&fé fbdd fBP]@xaMbﬁe@'lSH@t g4e bﬂdﬁé %B@uc‘és%b&{ﬁkd in
content of the crude product from Exanple 20 was
lenhwivea o177 @ﬂ(éilthade toty) NifGFe eehirnt plor bt 447e an gkeden content of at

[ 0
e A S S
fpddmmmtly mhlearudee)r@tuatalplmduyedfm Exaaglhs Exbhpick hach@ API gravity of

val.ue | ower tenperature of a
];q% %cogrt]l%eyAllﬁ raVItﬁ' Sh th %g\f\%adr enoval of the high 5
nol edutanraveihg blhlde pnmpmu poaslu¢etl@nd@xamohtelyti€Bonditions (Example
hal t enes nd/ net al. s. salts or i acids) that
A PR R oSt St e il dee B dR Rl s U BLach 88 me
Wi Yohnp YPS Igﬁlaity pr pefutié £8d.0Frosahd i’ﬂl@ﬁ:Ssea mib@;[ty and decreased
i cki.ness or ex e, guns and/or t

‘gﬁe%%“%/olﬁ%& Ei’j Bosé‘ﬂ”ﬁ’lntgxﬂg?f tﬁ% REPatY e Py YPP}W@HEPB EPMW enid ecd
wanpaweds to be renoved before they plug and coat the
catal ysts, thereby increasing the l[ife of the

catal ysts operating at higher 10tenperatures that are
positioned after the first contacting zone.
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Exanpl e 21. Contact of a Crude Feed with At Least One
Catal yst Having a Pore Size Distribution with a Medi an
worone/oDi7anet er of At Least 180 A for G eater tP@NUSDHO7/080410

hours The reactor apparatus (except for nunber and
content of contacting zones), the total product
separation nethod, crude product analysis, the
catal ysts and catalyst sulficling 15 nmethod were the
E2iip1éS19d €omkd P 6fa C%@W@laﬁVﬁrmlﬁ RSV Db agneiRahAdy¥@s and
11 25 cnB) prepared by the nmethod described in
s eigdy s werg g sang éﬁdwwd &1 Fxaenye @ atlsi faeperts obthe cfdy feeds

a&@hit&i" H‘T%bfé%' iy peeNY "‘Iﬁ@&ﬁhéﬁﬁhé Sl CROWERRDIARWN XTdbef
(37 cnB) was positioned in the bottom contacti

hrydmen %S\i@tﬁ)&@ﬂ@ﬁi@ém&w@ﬂ I BeTBCONBys ridpared (19)o {S%EB)
ﬁ%%ag %@ZN}P%@@ h4 g‘p@ @5588 élraéﬁ?esofghé%%qta%ﬁghzoﬁéé W& oC

a rbide a vana
(@& d)) yattitestiotal sonience dn Biaepleril tther Y w2 con@ytingagas increased

o%%%k %%ﬁ%@ gfn” f]{] LRe. 11ri] o, %“t AGhLE sl 501 ! for it H(gugs &P hen the

e properties suna
I]HS)‘V @/a&ncféhi@d t®2().7 8ncf mdntametl hIGZ(]:Hp fof 96 hl@lrsr eact or.

The de f.e r ou h the heat.

T SRR EE TS e R sk D SR ind BRE vt SR

c&uﬁ@om}(}fxfolnltehe rdsRIaE t@ftent, flfiaﬁr&&ﬁmmoaehu ngl ardi dfingitds in metal
re.as foll ows: tio o e

VELS Bt Bind Relide dbiat TR a8 i ok fhbi 207

&@alg%)valuédﬁ}/th\e@&p&ulaaﬁ th&BAdPHOGRW Le m@)sm%n 428, 1600

psig). The two contacti nt% zones were

i ncr eﬁf?éh?‘éﬂl inylably G355+ 1¢; e gde prpduct for EX&%P]FéP bpt grduced

TA‘N ahd AR dfealisCSid) Qlhidve b (R TANIERI (RE GldMRly bade rudMed®fwhile
44 and an APl gravity of 15.9. The crude product had

tbé éP{,\grﬁﬂfﬁ Atheegap ﬂqucgwg Wpld Aot t@oﬁlflmvng ofthg@rude feed.
M&»@&m 1%{10 éf MeRrR &nén%ﬁg%ﬂgh&% @(ﬁl%énymis Q18 ?pﬂle sum of the
l'i'con. The crude product , per gram of crude
MEchment and 0B 4®hgltcapscopfens s raduce@refryige tir thersunppf the MCR
LA oI NP AT R B
@nenf tb $1s @sphaltﬁnﬁactﬂn@nsandnhd:ﬂe@;ce@ $um ofrfhe MCR o@rm¢nt puchthe Cs
asPtrlT?fel%s 1§1alu¥: pr A, ed\mrahﬁpﬂ%ﬂteﬁgszrgﬁl han C ésr tggt’ a%elzq eg f
tdidedcy tﬂilﬁﬁnmqkel erepnemg ugtuchia th@ cﬂldwipmimtcafso had otal mpnté]nt of

AR SR g s MR T Son P s s G Pust AR Bime

pEIdotthe cdO B39 GTEH qilfsr @tedtibifthid cru@: FOFucgwangn-af% Ve sulfur

5and 0. 38 resi due. Additional properties of
“toﬁﬁ’n?:?flﬁlbee”g‘k?gﬁ?‘ct are listed in Table 8

Examples 6 and 19 demonstrate that contacting conditions can be controlled such

that a LHSV through the contacting zone is greater than 10 h™', as compared to a process
that has a LHSV of 1 h™, to produce crude products with similar properties. The ability to
selectively change a property of a crude feed at liquid hourly space velocities greater than
10 h™ allows the contacting process to be performed in vessels of reduced size relative to
commercially available vessels. A smaller vessel size may allow the treatment of
disadvantaged crudes to be performed at production sites that have size constraints (for

example, offshore facilities).

76



10

15

20

25

30

in FIG 21. Thi s exanpl e denonstrates that
contacting of the crude feed with the sel ected

w@20080y54s and at | east one of the catal ysts hewi/ngoaz/080410

pore size distribution with a nedian pore di aneter of

greater than 180 A produced a crude product that had a
reduced TAN, a 10 reduced total calcium sodium zinc,
pot assi um and silicon content while sul fur content.

B 1020, e@&ntaéﬁﬁi a r(ﬁ’%ﬂéi F@edczﬂ 'Va@i%hs Chniab@nLT oA SerRNREY Cith
Ver e The respective

OREpE Siyeemmndtt "eCf’é@rlXFéPeW‘ffe&? sampp, psdessaied) il gy 6. The crude
fg&f]ipa'@ %rﬂ?ci ﬁ@pértli@thstteﬁﬁl TN pfn ftlaeQ(H;vysda%de t%(i!llﬂ,ﬁt() bﬁth@}eactor
| east 30% of the TAN of the crude feed after 5% hour s
and chisedted wih @a@ eneeatalpits mike tyatcantyeing zomsjin the pepsgrice of
I?Idﬁ)%erg &ﬁfcé %tm%ﬁe aﬁct Oifre Q) Jaﬂtragtlrfé zgfl)e%r\%ér&zpe}aﬁecpa{t different
he“cru ee e change at a [Fower pressure
tingdretores.hr oughput at el evated tenperatures. This

car oty e Ao BRI P G hRlnf BN RollR sy 11

tempdratas: id dtegomeanedtilyyzdre wan 2@EpE SN SiHopyatip I()f)hljlﬂt@n & crude

of al | udes a crud a TAN
bt es ORI Pl aPRb s SR Sk BoRIPERBla Pl 20
Exanuloata2izng doaditiagstin ﬂfedb@ttéih wosadtide domnckraadatialy SLHS VI was 1
an Conti nupu Stirred. Reactor 1) o enu
ATy Y PP TS o b ) 49: 4 RSP apgaben o
FudrSedGRAT 166 tint 'an & 1 GBI FIN atdeyrése@d waB&oMPavinopdihe
properties listed in Table 9 in FIG 22 was netered at
a f1 diefostleresiuctexitgd e H?tt%cw%‘a%@ng apdges igfrodyeed injo the

%s-th@ﬁ'iﬁ Shak léé}ﬁra@t?rl i t_Ee %ngﬁ)qulcir Phas@sep@hiot, dhe BaEHOMHEE wal

yd ro(gen of 14 psig), and ratio of
spBHYaT behe seide Er@dM apd grde Theagdoprodzo wri pzicdisalty gnabypg! o
(ﬁ%)ne\'ﬂl\?am%ﬂ{aﬂ%s thMigigh out the run. Total
product was renoved fromthe top of the reactor and
separ‘arede v ferthelproperderud icrudn grqdneebseed durg. thepmang
R 8 e Ay R TR 1R b s fBlges conten
af LI igtanef &k dypbrltenokerr gineofampigricedoflhe eldldﬂpnwtll,lct p&t an

%/r %é%)?%NC rf g?r];?an El? Ig\lg]ere{gggg t gphgﬁén\é’segontent 9%9 6392% ?ms ofa@ d

dsplealtetay qber glram @t cmdaprbduct 28l (Dfmsplmltamae cblaém lo&the (druda product

he cru oduct h a TAN of
B85 g T AR Pl ST BIRSHEL prBlie® ) oauet had
2. 2 whppnlebnte@lof botadsiubh aaldvsbmnm 1@fhe5‘cﬁdile lpmdu& vas\at pPINS53% of

f zinc, O. mof silico
tE%&O}fg S§91FR" Ogthg ﬂﬁﬁ el ke L™ ﬂ?) feédv\F %%@é’ﬁ ﬁﬁucﬁﬂﬂe Pjget was
2 ndsWOPPHN th DAN o-flﬂﬁ @lidedexdp CAp}ik}Qltle bads oPgbhed vabh@fntained
crude product, 0.018 granms of sulfur, 0.386 of
dyrigg Feagliag. 0. 41 grams of VG and 0.204 granms of
resi d%%mgmtﬁteQX@EMH%lgmﬁ@br@Rfﬁ% atfﬁﬁt(mQﬁ’l@te@s@ttoﬂ)fcoﬁtactlng
crude feed with hydrogen in the 5 presence of at |east
tepaerpyiey b entimCclarar har the peptactng remp@et%%\ﬁfdbe pagondyén this case,

B'o?tglgl 7&Qerfftd enhané R rg(mctléﬁ‘of(@ a%ﬂﬂt&%g c&)femg crude product
Spectroscopy produces a total product that 1ncludes a

relaligelopleddiasphaline centedof thasrule fredntidditiornllyl regetiog ohe
F.teh it ﬁi%etﬁ%ﬁl{sed%rg%ctat‘ﬁs &h: Qﬂiaﬁc%&gsmg oﬁé&ﬁgﬁb&amre
enonstrates that contact acru Wt
ditferemgésn Honexagleg reée@mmen ak tatel ﬁoeaastlm endésatiny behémuof the
cf:‘b(%#)égdgﬁct tfr(l)ngx%fne]e fé ?d?rfwﬁlseg %Ence I‘fﬁathe%b n&ie Ct?OJfIOOf%he totaf 0
produces a total product that i ncl udes a crude pr oduct
with a TAN that is at |east 90% of the TAN of the
crude feed. Conparative Exanple 23. Contact of a Crude
Feed and a Catalyst in an @ontinuously Stirred
Reactor (CSTR). The reactor apparatus, the total
product separation method, crude product analysis, and
cat al yst sul fi d| ng nmet hod vere the sane as 15descri bed
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di ameter of 192 A and contained 0.04 grans of
nmol ybdenum per gram of catalyst, with the bal ance

wheing4ud mari |y a gamma al um na support. The PeX/EE2081/080410

di d not exhibit absorption in the range MIO cm to
A870 cm | as determ ned by Raman Spectroscopy. The
properties of the crude product after 213 hours are
tabulated in Table 9 of FIG 22. At 213 20 hours a
ﬁb@e@hﬁﬁitan@gocﬁtﬁﬂ b(BH%é’Ht of A€ Erudé AIUek remUd@nipReFwity@elatively
0. 0019 grans ram of crude feed/total product.
GRAELEH C 5fq¢6/mt§1 ClTBEH R HED Y dOT Gaeh Sapls. RoneRsoos by P-
@iRMs, per gramof crude feed/total product. An
increase in sedinent relative to sedi nent content of
t he diside lpwerdemparaihref @ digt comacking rencweis wovalef thedigh
e S SR R A T RS hu) rPe e
aids pthati hage emsdaic? Br fatre polgmeis pod/ensetonaisdaghy padicalemoperties
t] t
RO 0t B RRST TR ThAF bR BTk Byl s
atpatinyds tat lowf:etempaatutefvélowasueﬂ qpsltpooﬂds[:ﬁx hmh@v%befcﬁx drep phig

FlyriyRaalpehebetty AR b %3}%%%%%%8%%%@(%@5&

tglﬁl?éfﬁt)lrels itat are@ﬁdltaim&dft& tﬁb?fugtr(@ﬁﬁctﬁfg &hd.i ca-al um na 30

Bi@irnﬁin@ﬁ vMﬂuSa M@@i@ﬂ%ﬁ’e Diénfe@é"fbif £\ waﬁaséﬁ for @m“éat&f than 500
NI 14) 2Mb207 and 17.49 grans of Mb03, 3 grans

haurs ethrdrasios ﬁpwéatusl(gxcggt fgF Bipppbes ndgswsen rcé’gté(ﬁmg zones), the
(BRI AB¥IEe sepaAtoPRedidd, Qﬁﬁ@'@r&lﬁctqgﬂg’sﬁé %I?e‘ial’élﬂrsﬁ ran(ﬁ @atil?eft ;ﬁlﬁdlng

slurry. The slurry was heated t
nethed weie dhespie awswbeﬂﬁb%a@mkd% The soI ut i on vvas

co0l o6l b QAR LRIREN ROUEAY TRty 18 mbR&I ROl Aexample

was o. . second sol ution, was pr epare y conbi ni ng
Saioogt wis s1b¢onma(m@§1¥%5@mb o 63 g lsisnoh NRIOTlicamd

t. y
AR B EER MR Pl oy B5 TR BE A gvagaciom
qMa%St—BF7®4:)n )/\Hspaa@tﬂadhatneﬁmd deserilsagfif Egarapit 4twas owxedrvath silicon
AR G3 <ol PG a Fh bR iE R PIb L ph 06 5L Gy wes
Ifdsmsnedsnlthsettommn&mdngamend sol ution were conbi ned and
sufficient.d s added to brin h
c o R LR e R e R S SRR b0t 1o . i 21,
wmed yhnkeiop T thi edaelor. i Tlm&@&&édd&lbv&ﬂ lthtbhgnhe gidgeaprdnef top
the resulting solution was 02. The su ort was

SOMIF AP O FORHEDRARh H?lﬁus‘dl?&’@i“ ed’?%CEﬂ’i Thgyed
cfoﬁfact&@k%h&hoﬂk%r@ asWoIlJS\V@ @zﬁi@?df ﬁpc&bgea@aﬁ @)tth@&uddjﬂéé(ﬁﬂoalﬂed to
DC for several calcined at 482 | T

tP‘Q{?GCtOWan 16P Njydm h@QQ%SCF%Ufl@&YY % |2r]Pg i pagsyae was 3.4 MPa
g@g)nqﬂe tvﬂ%'onglrcé‘ﬂ(% escx%r@hé’eﬁéda 1n&e1%§1t9[ﬁ€%495C %0 °F).

ranms N, rarrs of phosphorus wi th

baI arzi’ef@r el fgn tgnmfolrlﬂ hquse ﬂl%%@@%hﬁdm %Lkl‘épf 0 44 and an API
%}%@W%S ohgge au&@ﬂbaﬁt PRI G T ESRG1cREn, BBy Bpm W Eduidh, 0.9

east 60% of th
wtppm of zinc, 1.5 wtppm of potassium, 0.8 wtppm silicon. The crude product had, per

gram of crude product, 0.0043 grams of sulfur, 0.003 grams of oxygen, 0.407 grams of
VGO, and 0.371 grams of residue. Additional properties of the crude product are listed in
Table 8 in FIG. 21.
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total nunber of pores in the pore sized distribution
having a pore dianmeter within 28 A of the nedian pore

walzaseieny a pore volume of 0.84 nml/a, and a sSeET/EE®07/080410

area of 179 n2/g. Exanple 25. Contact of a Hydrocarbon
Feed with Two Catal ysts at a Pressure of at nost 7
MPa. The reactor apparatus (except for nunber and
content of contacting zones), 20the total product

separgter Ol 18 fifdor LOPHEuPHAAHE tcat@l@ﬁ'réﬁﬁée%meﬁntﬂe crude product
catal yst sul fidi rlk%lrret hod were the sane as descri bed

had aghédipl 26and an APT gpavidy ph1 35t Thescrpslegisetugichad §-4Bx @RI 08
c%ﬂtlung 12 v@tpﬁﬁli@f s&ﬁl%n . g%pm (;fi}l&l iﬂdcloﬁwﬁ)@fnmf %@tagslign SThe crude

m3) to forma nol ybdenum catal ysUsi | I con carbid

HTP@HCUI’IN’@ e drapnef inredyate 0-0DFP ot grempeftsulbwn @AMt zremp ﬁ@VGO
285 430 RIS gl ST SO BAOLDG e
i F0G54. gr ans of phosphorus wi th the bal ance bei ng

al um d

2 su rﬁ‘%cegglg egx%p&ggtg%gtzc%gta&?ﬁsg of %e%g&}e%%ﬁ%l wul‘lltgg S&C%QI
aatysisced tll2asborent Yhet catafyors rlmaangm) bytodizn disiribution with a medlan pore

AT it P T S G bdtbo B R0 PERMETRE 4

redicad ysdl Salcﬁlﬂlesddﬁfmﬁ aﬁfcl Piasziomesd Weite doateaewhiledsuffur content,
erature of 385 'C. A he ed h dro

ETREE s g g Ry ek e s MUBedgrdetha s of

théredgali e ﬂr@perﬂfés@f thé Zrotid $eeli€ dhis Qxiﬂi‘lﬁe ﬁl@@deﬁﬁodﬁsﬂﬂzﬂes that the TAN

reactor. drocarbon feed f| owed throu

terfaude PZ?fh’ét 1s f”’olﬁas& et aEtr g N oirfke cridi fﬁ%f}ﬁfg% ﬁ@%]&‘t“if%ﬁlthom

BARGmeaNS tROLatBWs. TURRQUhpIOhIsh DEMERBEEPhat ohR %r more properties
hydr ocar bon feed was contacted with each of th

o dherydstfeed mayt heechpiesd aheloweF PraspHiC o eler &ﬁgughwr@f alev4tedy
tgﬁﬂght(ﬂeg nfﬁhl‘é\@f néﬁesalgd)(llelnﬁ)\ﬁ&raté'szi‘l;ldt Q G%iunthy @&@Q?&ta@}%? th‘élpexhlblts

bﬁhés hweeérhﬁ) L dﬂ@rremh(ébx B@rnarosm%ompyaﬂmhlces a

caf
e I A L
thoemude fedénper at ures and pressures for the two

ﬁgfoa%]ﬁe é# n@onztgcq %a\@{lae ) I@eﬁ@@%d,é;%é&gt iamgnd gg' %‘gngtggus?féhrred

Reactol20STRpuA snolybtlOndnCeat8y <8 (Z\ﬂ?ﬂgrélﬁﬁlGOmm a))repared Aslid Example 3

h Th I ' the t
Rt s R e
Inywersasastbomn iffRedragtof p4 @ St t@prodiceatl . HROSbf (075 MPaA éhn@idure

BICRIER s raadPi i adresh LoRODER COR Bidh T 5BiATa
INUNgE@s&J%tt@ Blud®feed HA320tNART @00€ SCHIBlﬁW@r@ 'fﬁaﬁfﬁetlné'élf through out
275 grans per gram of crude product,

tB‘é]&‘?al Pehrdec W%Wod?d frem &hevﬁ)l%’f tﬁﬁ’c’fa%fownélé@?iﬂt‘t?j igfo crude
phdufee gnat r@ctess?g%sé% DGrln‘chl-ﬁ% i} ah Qﬁoﬁﬂt‘ Bf @kithe@WRhs monitored to
tenperatures the P value of the feed/internediate
Jstepainetl hgreaqtiop vessplewasdilbng vaigippuriges angdlopgokggdhe amount of
JRARHC g& 1 bPGuGARL A BB RS 006‘? §fam’§%9d @%0(91% s during

per gr total pr odug hown 1 n 10
tb¢rUFiI G 23 contact of the feed at cont roll ed
cont ' It .
300 TrefRsSRRPLEERRAR: st AR Al all B 1@3@)&%?%% hig-22
Treedudeprododend mTedhoidhiq andhe AYI Ry oot 2 Ahe wade product had

t % and ,120% o thef leN/Fe n

MR B0 a2l s Bl e il b Rl 02
20aspha| tenes content, the reS| due was at m)st 90% of
the feed residue and the viscosity was
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at nost 90% of the feed viscosity. As shown in FIG
23, the crude product has at least 0.1 wtppm of

wordoghdemum at | east 0.01 grans of hydrocar borsT/his2onTIER0410

a boiling range distribution between 38 C and 200 C
per gram of hydrocarbon conposition; and at |east 0.1
grans of hydrocarbons having a boiling range

di stribution between 343 T. and 650 ' C 25per gram of

Jaqs g&@@ﬁln@ QW%bﬁllnMel d. %%vtgﬂrhldﬁlaﬁﬁlﬁﬁuﬁz @k@@nh@&l athe
| east 001 grans of drocarbons with a boili ng rangf

Cdv@tpm%m Iiaénp%é’f%‘éfr? prdugin 00 bhgramgobtuligr, Y386 mm

EonP@éog&ﬁftﬁszfngsde%?&}aons W t h a boiling range
dIS ri buti on between 204 'C and 343 'C at 0.101 MPa;

at | dhistexgmplo emprsrsienfhatipdiadcr isons fud ptithhydisiesd mghe
1{%‘89& dfa f'%‘% Bt ﬂlggb&éﬁﬁﬁﬁ’%ﬁﬂalggft%% ﬁﬁa&%aﬁgﬁn iffe Iﬁﬁ%a%lé% "o

1 grans rocar bons wt
§7Aicti 'ads dbtomlnmbmmﬁn Sphctmscctpe@sqdu@@@ i@ produt thedingVrees a

cg‘grldae rPE \%élp 59 9:%%9 n%%ofoat lea t 9}#/ Fo% the%gdll%t coH{%ﬁt onheoc]rude

fdﬁl’mﬁmb exatngde alhmermmmdm tit vedtare obd cradehfy:eﬂ wrﬂahjatuogen in the
feed/t | product xture re 0 at ;
it bl R PR s b R BRa R A hefiey 10 ©

87b&nﬁ1 ads by Ahigedlly RanneSysetrdc@ly pasdutmsitiotdl prBjucathat includes a

t eper at ur es jng from 350 C at a
CryleTes i a1 3G 4 i 07 or o PR BessiosTed
CaiipA&tiv@LfmpIb a8, dntaipef & Uriide F&Hdmﬂ laQHalQét idbn NOSt 7
I\/Pa_ and tenperatures of at nost 450 "C, the viscosity
Gentinygusly ytrred Reactor (GYTRY), The &acigpagpafaiys e pial product
Q?Qﬁt%@ﬁm Eﬁ@éjn%l‘ém&t ﬁna‘lﬁ% %fgl"bit&m% Judtli@f mOME Q&8 Mhd sfime as
anmpl e

nost Preparati on of Colum 6

doseried ) Foaapl 32s {Thesrplys ik g PR e é}str@etl%mthta Aedian pfe

(ﬁﬁﬁ@éry(ff f9)ASnBEERAREHD). d)zﬁgrﬁﬁl? of 1951%9&&1{1‘19 ARSI of ceh@lg)s’% with the
(99.44 granms) was conbi ned wt por e al um na

t(a?a@ve igEngpramasily apanoa alymad saprdrts ilay é@talaistmlntd v exhiipiggbsorption

TRt P TEhE RaRLO LR Filn M &7’ o
fropemniiay g)f thé¢ 3r@l4 popdaeteiftorf 2 18Gotrs wieHaimilated io Tabled,of FEQ 226 AL 213
]%H% a co(rt{tePl‘t oef sgcp mer(l?td }a?nr oﬁN?uc\%lfge degs 6 (801‘9 grams,, gér%rre{am 8f cq"ude

Beperal prodgat )Aﬂfﬁ 763@01@3’ &Hsedu@a'ryhaxtmbmahad tar 0. @@;3,29\@6&& per gram

b TR o AT DY e RO SR i & g SpfiyPoryfe

&@erfbermt)aslaroddct hl@xtﬁle&tﬂeh bét@adiihX thd lcudb &ebd avi(hl thd mOlfyb(ﬁ:nGm

and an 11)1 of .0,.6232 grans, per gram of m xture.

ﬁ‘?f??ﬁsb%f Ef’lf‘@%‘ﬂ?tzgrr”édlﬂ}@é§ t%“iffPB}H’é‘&S WO e e %’@Cfeased

Iaﬂee SntifcréREdak. o3 sédinb@BEnRKOK @&aga@smaﬁtadtﬁg @isne ahdlBr catalyst
rudate particles were dried at 125 L' Cfor sever al

lrf&l}h%s hheralrb Al bemplsredhase 1@eer OavlyGalzfs dhapethe qagplyst gfgixample
fours. The catal yst contained 0.02 grans of

rml ybdenum W|th the baI ance bei n m neral OXI de and
! 4 ep A0 H " ' Stad( <18 3.__4' 10

m% M@%m’eﬂhﬂ{‘ Apafggo@ @p%}a?ﬁs) alfat é'o:h?am%d\@' dzfgraﬁﬁis 1fe£ aful}Bna

res the pore size
and 0.98 grams alumina per gram of support was impregnated with a molybdenum/nickel

solution. A first solution was prepared by combining 62.34 grams of (NH4);Mo0,0; and
17.49 grams of MoQO3, 3 grams of monoethanolamine, 12.22 grams of 30% hydrogen

peroxide, and 50.47 grams of deionized water to form a slurry. The slurry was heated to
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20 distribution having a pore dianmeter within 33 A of

the nmedi an pore dianeter, and a total pore vol une of
WO2@8443THY g. The pore size distribution aeCt/tigt0a7/680410

140" as a percentage of total pores was as foll ows:

<70 A 0.91% 70-100 A 20.49% 100-130 A 37.09%

130-150 A 4.519% 150-180 A 2.9% 150-180 A 2.9%

180-200 A 1.06% 200-1000 A 0.85% 1000-5000 A 5.79%

@28 47 5O iAIBIRABA T the solidbNiTHe IR vEis d6TRNSHGh €S
a catalyst that includes a support, mneral oxides,

tﬁlﬁ‘aefétﬁ@ dihe g thesplatian FroT€ol unm 6 of the Peri odic

' Fabl gs.andl s%[uﬂ@ﬁ‘@va?%reﬂﬁécﬁb}ﬁ&%%ﬁ?ﬁ @5 r%?opﬁﬁgﬁég)%mo 9.63
metals from Co tHe Periodi c %—

granadNICOn aand 30,56 geamsiof deighigad waientp dnmg sirya (ragéngiated
r I t
Iﬁgglgiloﬂ&a ELFE .57 angsg 0§b8;g %Isk%]tggﬁ P@ﬁgsrag Q% Sg(t% Qtje%?f?f]lggﬁt to control
foarelngr Th®$0éut®h wie staires! vntibitre @dldg mereligblvedelRar oldhe solutlon
abbj[9e and/ or the one or nore conpounds of one or nore
tal’'s from Columm 6 of the Periodic Table; and a
suppdiht first Exatigl aad Eacond:mmmtwemé cagntifyedrand suffioipntlde@dized

i e i A% Ry SRRy e DS A RE I Vst ans:

asighd@ainhaike dinpaghitaatsblngorz oreH oftuheret il sopitionl wat 2.02.

eparati on .nmet hod, cru uct anal ysi s, an
AP Ve prearsd it e ARy B EL Sl . 3 o spsge nowrs
With @&maﬁa@au&dﬁm hdenurorcadeadl YSirs,asd GRS eﬂblh&datimz °C
e 26 was mxed with silicon carbide (to

Exampl
e ‘Er}pﬁémdfvo Boure ny hegiserlRescapdist cangied: s gfaﬁbof%&a%w 13 grams
SIS, A LN 6.00 ARk Mbﬁ%@ﬁ[@nﬁ%&hﬁi WS bal@Re @@‘ﬁ% Eipp6dl. The

S

Exanpl e 26 was m xed wit Ilicon carbide

Ry urafmcével @fbypt bdd ekangesq dippeteblilad f\haﬂth éfpleast 60% of the
tgfaﬂﬁlﬁ%ek BEAQNE the%ieegizea Wlsfisdabd RRiffa foReaisAt@! WS 28 A of

he t enperature of the contactlng zones was rai sed
tm@medlan p@md@mteu raepocef lel(me of 0€84 rAL/lgy«'md@csarfwrarefaeé d|79 m’/g.

m_@_ﬁﬂLz ef;aCtoo @mmmsacxcwtgomomé)er broltcp@mtm noEadtting goneS)
tﬁoga?dl gf%ﬂgct%g ga?l %ﬂ%%gr r%c% Cpr&gl%t ant%ﬁ/glts anﬂ cat?ly%t sulfiding method

\&eieeﬂeyssrmasdemtbedprﬁsnﬁmdn% of hydrogen gas. Contacting

di t faoll X [ f hyd to..
R G R YT MO R
(.5 cibfpo i £aBlyB&huMG amBRESliase cerblie atiedre d 4QA0 pési@ndd in

gnt ai ned between 400C and 402 C at a pressure of 3.8
CUHOBBEESTH 2PBr 671 hours as the hydrocarbon feed

f I omadmbiybmgﬂl Jaﬁgrsf @astear’) cofdiMoNm3d drath @bt BolF8leninh @.01
had a vi scosn)éaof 53.1 at 37.8

3, th d t
gr@ns of nre“é{g“r %&9‘2’ @éf‘uﬁ@ﬁts obphesplys Wity g balgkge b@],ng fHugtina and
Iﬁ@fn@ﬁ%ﬁdianﬁ)ow‘ didh&e& f Qﬁg @Qﬁld Qfsur%a@é alvh BPPR6ARY /@R Rixed with

denum cont ent of
s1hcon carblde (12.5 cm’) to form a molybdenum catalyst/silicon carbide mixture and was

positioned in the top contacting zone.

After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A heated hydrocarbon feed (Peace River crude) having the properties
summarized in Table 10, FIG. 23 was fed to the top of the reactor. The hydrocarbon feed

flowed through the preheat zone, top contacting zone, bottom contacting zone, and bottom
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Thi s exanpl e denonstrates that contact of a
hydr ocarbon feed with a Colum 6 netal catal yst that

wo 008b¥aknabl e by conbi ning m neral oxide fi neBCT/USMWOT080410
nore nmetals from Columms 6 of the Periodic Table
and/ or one or nore conpounds of one or nore netals
from Colums 6 of the Periodic Table; and a support
produces a crude product 25having a residue content of

defp&ttheg@%t&f Y dy@eariateded cofadERith ith of 8% iRl &s in
so denonstrates that contact of a hydrocarbon feed

¢ prgscacfi yAfpeen gast SPniggling|coaditionyaters & follaves Aafl o hydrogen

%Ofﬂoﬂe&i LATeN ﬁs%ﬁ%3 &6b@§cﬁa%ﬁ L}Wwﬁ’é'o R IRl AL Shdigm
lums 6 of the Periodic ™ Fable and/or one or nore

oeFpoIn bentaslto dBe (O at amseseuraef b1-§ MPradﬁQo@msnghwsi te yfdredaebon

7
O AP o AHERD b BSROURAR AR gy
thy tvcomarbary foeesdvare thengdjtyredand3maiBaingl inExafirjdwin@ 8equence:

BAPEE o AN LOTE0 E6E0 4 0P, LTI i

Timnbtabctoetaicwmmmfotthetwateadtlym was2)2 épas.ed i n Exanpl e 24

tt descri bed i le 25
" s ERUEIRI200H EREe BErE R ER R RERS o AT Mpa
dnd adTpeattBs of A teddt 360 PT. Produadded ytruddbprb@udt tadfad pasgybiignum

R P E LSR5 PR oL G T B

eabahyEterdds @ebduét, E@ﬁﬂpﬁs@hﬁénés%ﬁmﬁﬁof% 4lv@es indea ﬂ%tltm 74.4
of the cogpounds (for exanp ybdenum conpau
{81

Shat3 7ot PUpng Berdg %é‘f"éqrmpe&}tﬁﬁbﬁhﬁﬁ valge pl g fed/ llég"fnedlate
Iﬁ;&ﬂfc@@ﬁs 0}, anddl fcambONC Fege s"ﬂr(tdﬂc@i cﬁl‘i’ﬂn? OhetilYEtad LShost
Catal yst. The reactor apparatus (except for nunber and
EGnerams P Ak aEl PRguGones), the total product

separatshohn RtRRd0 ¢ 'FT@ @395&@&‘&9& RORLY & BntrdRG contacting
catal yst sulfiding nethod were the sanme as descri bed

dondiEisesslibmast 7 MPa and at Rasta)) Heldhrmpls dcalpsonic SRS apmay. 90%
d}fghrfegf%gcg@&ggdénﬂm%ﬁt @S ﬁﬁ‘/.v(q?’e &H%)ll’b\}v% JeR%'Eh 80% and 120% of the

enum cat a i'con carbide mxture
foaENYV haedntem, €41&; dypliaitoms comemetas aigngsd Ae% oAthe Cs/C7 feed

ggl%%tg%% grg[%::r%tﬁtgg %isild Cgs & ln%’o%t 94{]0730@\;{8 }eeﬁ) %Qlu% % nd tR%,( V1sco%1ty was

¢ aro Slﬂ)% ¢f3hec B vm@sfty)rm ﬂlOW!DhI}/Eﬂ:E aarﬂwanaﬂpmmct has at least 0.1

catal i,licon car e mx

‘istSB’i“ @ AT, g I%%Qb é?’i‘{“ﬁ@ do‘%abr%? Ealv%%%)‘;ﬁg ranse
Esthibitdabe@redds thendcmbatl st Sramioh BydrerP@nbLHHSsi@in; hrdiat least
cont acting zones was raised to a tenperature of 385

0. Lerams pi/ydsecarganhavaned fosmerenze Nty o ol tidag 650 °C
M BIRY df ?@ro&ﬁb&%ﬁ%o%&@n Fife.crgt p‘f@lﬁctfa@s@ HaQal1Bg: 6.0R gi’gms of

the reac The hydrocarbon feed fl owed t hrough t

hydesahons e baibpe eegetdatibytign pefivecn Hott 8xh208n¢ a&@ ﬂQﬂgMPa at
léé%P@ 00 ggmpg li)}amcﬁllﬁef?so\{/itth QEOlh\l?r §tﬁB 10-1l;rf5§tween 204 °C and

droca d was contacte eac of th
3:4ét glayggl MiraQ IEtahté) (Y] eesamrod h&drOhfyblfrr@ geih agj@shng range

: [
FORDARh bDSEPREY 4 ANTHE SR P Ray bbb Eafth o1
HyHiS\anvaiss xﬁﬂﬁarhn@al btilgngt paont obaitlast 650G Czo0Né61 Webamt frasit ed
T. a e ure of (20 sig) and
QTR arbins B NEVRESER Y Poflo aral g R el o) for
4703 ThewxsmplPalsb ﬂgn@ﬁﬁhtﬂﬂlhatmg tHeh?eVd?RieV(ﬁ |alh@d1©ﬁarbdi’refeed/total
ng:r ocar bon feed tot product m xfluhe re
EE c

bove
ct mixture remains above at pressures when t ydI‘OCElI‘ on rt]eeg is contacted
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25As shown in FIG 24, the crude product had, per gram

of crude product, 0.0665 grans of basic nitrogen,
w®2@4a45g8ai ns of residue, 0.063 granms of totalPCT/US2007/080410

C5/ Crasphal tenes, a MCR content of 0.037 grans, and a

viscosity of 45 ¢St at 37.8 C. Thi s exanpl e

denonstrates that contact of a hydrocarbon feed with a

catal yst having a pore size distribution with a nmedian

Wi Be dh@ANRE Bra f@ssﬂﬁbmeﬁb&@l\@qgﬁ&hﬁé}&uﬁﬂﬁnﬁﬂ 386 350 °C and
angstr ons uces a crude product having a %asn c

Tt Qo@@rﬁtégﬁﬁs&ﬂf apeashp-ldpst 90% of the hydrocarbon

feed ]ﬁ%%bﬁ 28iafsh AGEHsGRAL SR at oﬂ-é}htﬁl QUATRR ARhSRost 7 MPa and
denonstrates that contact of grocarbon feed with

t@lap%rﬁty@s ohaivi st 00 Cu e yisgosati @f @le ﬂmda pfosiyct iy aﬁdwé%o%of the
90% of
%1 %{hﬁe fR4Whhe E@%blﬁ&%@h&ﬁ?ﬁ h‘éz%ga{‘l‘s f"% d&%%x nP 0

content 0 ydro e 30

i LG BTy D 0328 Sy G

@nired aﬁth@emda pare dlummae(ﬂ 31.85 gramm Eﬂld$i”ush&’d3ﬂnd Fieeedsdluminy fines

SR AR o B syttt o RrBRSG) (P RAP B O Sa Y o e

1ahll AN S43. @F @M ObT EUPPMS hitesid; apii. a2egdams @ﬂuetdmed water
ni ck sol ution, a N -M:-P used catal

G E et SR B P B g R N B P ppertocod

muBh i gﬁG}s Wnads&&s%egmafé&oﬁ NE Widgy, @sW) weiaddzs the
wat er (2948.29 grans) was added to the m xture 10and

lflﬁém?ﬁn%%méﬂ iR BT Was millod fRgatdctal obdp alimyigse (1B repplting
hRBrIhRBPH Y50 ALORA IO M her AR of RSkl XTHY Qulled

was nulled for 5 mnutes. The resulting mxture had a
BNGE Was ergudgtdisie 1 mpytrilpbs dips gy farm - 3gelobgypxrydeje particles. The

éﬁrﬁ@léﬂé Farticles were & dghd @fdinsé%fﬁﬁ ﬁod@ﬁl(ﬁﬁél{ GleflaUséRoC
mmtrilobe dies to font] 1. | obe extrudate

@215(1 g Fasgwo hourky eTT@aat‘amaftoei@Hwé |0é)2<$ran®opf arolgtgenung)withfthe

R A R

ipatiangroselianeteadldll y &t witlDoQT® of ﬂam@alamnm ofgmagks n B Pore size
h t

(gstrqmlo{l hhvﬂl}%g BOIF t&gl %%r Wlﬂﬁ% e‘% %J 311%9'1211? %S]rg aﬁ’ﬁ%nete? CiLgld a total

enu ni c
mmﬁ)hdn(anfal@zm rmlf/g 96 A, with at I east 60% of the total
pores in.the pore si,ze distribu havi ng_a
oo e SRk Syt S4B S MRS o ReBb e kB AP e
fallpoy: e<70 0% p70-000BR B0 g1 00arsd A33.09% a13e- 130 ad.200f 150-180
/ggg%r;r%/s@-mo A 2.9%: 180-200 A 1.06%: 200-1000 A 0.85%, 1000-5000 A 5.79% and

>5000 A 22.04%.

This example demonstrates a catalyst that includes a support, mineral oxides, and
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. The catalyst has a pore size
distribution with a median pore diameter of at least 80 A and the catalyst is obtainable by
combining: a mineral oxide fines; the one or more of metals from Column 6 of the Periodic
Table and/or the one or more compounds of one or more metals from Column 6 of the

Periodic Table; and a support.
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Exanpl e 31. Contact of a Hydrocarbon Feed with the

Catal yst. The reactor apparatus (except for nunber
waosoeTient of contacting zones), the total prEOOUS1007/080410

separation nmethod, crude product analysis, and

catal yst sulfiding nethod were the sanme as descri bed

in Exanple 5. 25A nol ybdenum catal yst (27 cnB) as

described in Exanple 30 was m xed with silicon carbide

K3nfi1827. %&tﬂ@%f B%ﬂ%&%‘(ﬂn Fé’édtvhﬂl zb@BltuﬁHH @Nf&ﬁf Cﬁﬁly(st
zone. enu vanadl um cat a prepare
Having Ming ..‘_ xide Fines. rlB)@deapﬁ)r %pﬁtﬂsée)@ep%fgr qﬁmp@ﬂaw qoptent of
c%hlab&%‘ koﬁé’s!j kihcdt%ta( BroGit )seﬂa&tlfn?ﬁlmh@d %ch%??&ﬂk‘t‘ %éggﬁ@%&* Mtalyst

catal yst/silicon carbide mxture

Wosling oetbel Vere thveame ps @%m@é i H@nm% 30After

sul fid t

er ey BBl OB E8 Bt En DO AR R T srbide
(fat® o UBE-0L O) cindheing gyas h@ltpm@pmrth@ legtogm'm‘acm@e@m nA

h f.
iRl buabchs ok LBRIR o6 Ws IR il Il PR Lota
\torhpnfmfm()a:nf ) ang Ve lpesmdmetl urotﬂw mrmamtmggozm ne, a nd
bot t
oot aeg i fihn Lok O h 3 S srydeel e BRutBReongr s risea
10t hiysinge pf gas°C. QORY@EGdartvg fednbidct RDSr)\Wavi@g 8 properties listed

a dr pge s to feed was. 328 NnB/ nB
I LTSS oI R A e
BANEEWBHE bBREH e6htdc@ind Iéhe TandHoudm RiRBEWE eheGlacldr. PhdvPa
(2300 psia) as the hy dr ocar bon feed fl owed through t he

fefémcéfé’?lil frgd maorratactsH w4t-h@@>clh(gd]gescatqb@;sl ipfregBitenef Rylregra gas.
@Gn‘t’é@hh@c&hﬁféh@wm d§ RABKROMGD %ﬁﬂf&@eﬁ |ga§3t6 Q&H%as @HS(NHF}?IF

remai ned above 1.0. As shown in

@PUL- T3 sad e SNatrs Oph’ &haﬁawfon@:aﬁwwem@%wwbewodOQ%and

IQ£1§ﬂaﬁ11§d Bk &sioAUe aRdoRo(vi étsacﬂ?ékﬁr)f oP%.3 ‘fVﬁ’a7(5 51Qtf01?63 18ours
V. This exanpl e denonstrates that contact a

elsylmhydmcmrbﬂn feed lowid thraugk theatagr. 10pr epar ed by

combi N g, A USSH ©aAFR! g§tthe Qghé’émﬁucﬁﬁédoa TRLa afsof 58N% &7 8

support produces a’cru ro avi ng residue

‘€ontreniue ofntent ohtp3d2 9@1% kr mm@ caulpom Né\étfe ceged @€ 164 wippm
anpl 2. Pr [ a Colums 6 and 10 Metal (s)

adE%taa %}gtfdénu%ﬁon%&% ﬁ? yst p\%l/as prepared in the foll ow ng

manndihis eAample Kehosohtas iharconast afadeddyarbanfoedwitga %lﬁm‘ﬁ 6

AR P ST, B

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

metals from Columns 6 of the Periodic Table; and a support produces a crude product
having a residue content of at most 90% of hydrocarbon feed residue. This example also
demonstrates that contact of a hydrocarbon feed with a Column 6 metal catalyst that is
obtainable by combining mineral oxide fines, one or more metals from Columns 6 of the
Periodic Table and/or one or more compounds of one or more metals from Columns 6 of
the Periodic Table; and a support produces a crude product having a viscosity content of at
most 50% of hydrocarbon feed viscosity at 37.8 °C.

Example 28. Contact of a Hydrocarbon Feed with One Catalyst. In a separate

experiment, the hydrocarbon feed was contacted with the catalyst as prepared in Example

24 at the same conditions as described in Example 25 and in the absence of the top catalyst
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15 until clear and sufficient deioni zed water was
added to bring the conbined nickel solution weight up

WO bwsB&0F9 grans. Mb03 (417.57 grams) was conbi erusiodTioso410
4047.49 granms of support containing 0.02 grains of A
ni ckel solution was nade by conbi ning 286. 95 grai ns of
Ni (NO3).6 H20, and 99. 21 grans of deionized water to
forma slurry. The slurry was heated until clear. A

LRI tn :33P® B At @oilﬁﬁt‘ély‘lg%ﬁfs%? HasQin® By @b@iiBonQbed

silica-alumna 20 an ranms al um na per gram of

thippgiothe reRelorn dlhsrrstahestibeg P(hrgg? elHs Wé}plesdﬂwmt@ﬁ?sm thetos

c(af]a:i}%t &Zd &H I@;!E'?r)plé 7% @mmfgs a?feast I?PABILUBE omﬁb chrﬁﬂounésl c]r e?&g-mple

dei'oni zed water was added he m xture and t

molxedenem waisPoraK$dlpl Coringe m qatalbéspluggn@ resultin g

ﬂﬁfﬁ#é $9, r@&tﬁct%‘f'aﬁvd%oczc\?b(ﬁﬂﬁeeﬁ ith a @Blu%rﬁ@l@le%l@ﬂéaﬁﬁrst The
O 1 Xt ur e. me murtred nrxture was extruded uslTig

rgac®orapparatps (cadept i ewmipay afdeanieht & doniattolzeroR&e tha tudhpleduct

L e

dwmﬂtmnnmemES'The resultlng cat al yst cont ai ned, per

S e B G e e e

ol ydeden e RsiwkiRbn cabidb yistukachs poditehcaim (o bertoh eteicehg
of 67 A, with at |east 60% of the total number of
B8¥es in the pore size distribution having a pore

di anet @blyBildnimAlnAli@h cithigs39 cﬂﬁ‘iﬂr@ﬁreﬂ Bk eheth@RRE ®%cribad in
]%?re volunme of 0.695 nil |ig a surface area of 268

Bodipire! with Sl@ﬂﬁ‘tcﬁ@l‘ded? Cﬁl Wé?ral&am%hde%%vawdwn a
GRlIREcR anticxMRt @7 6§ km’ )%%Mﬁ&ned-ﬁh@le'i hidtting zone.

appar at us éexce pt for nunber and content contacting
zonedYter pydatign af the cyales. t@éﬁ@p%rﬁmwfmq@é@ctlr@rzea@ was Taised

BLodhRhu ARt ¥8d % @Hydrgawnxfééd (BELIc) Hhungy AR bRQehver e

the same as describ
sroinyabdetio rﬂahldeeHIGc%ﬁ ‘ahs)/fgtl tq tze’ tqprﬁ@)heasacms th@ Inesiociagpon feed

%@eﬁgﬂgg?gfﬁg%gh% %Ctﬁ%’e t%%&t?étlh% R, IS@{OFH c%ﬁtaq(:tﬁlgczgk %H(ﬁj bottom

ottomcontactin
srmp]l)qrbdehﬂmﬁmgn ddie bydrocailrladnﬁsﬁd veeB cont&)terwélprB of tlny cithlgsts in

tHeﬁrB:se ce? yd}r?ggr% sz COHt%&H’I crmc%t&o 2 Wi asc%ol\fmws rgtlo of%ydrogen

vana
gaatcaﬂeytswtlﬂﬂ&l‘ﬁnﬁn%@ﬂm SI@F]Br) a»ntllllHSV( 8% 5h &;m&)a tam dondasing

RER BP0 e rR s PEH T RUALS D aoie ey B hlocarbon

M&T Rowel thedgl e seateoe ai3Uors0 Dud8S cortactig thy dr@aRrdI R

aV|n the properties nmmari zed in Tabl e
“”‘% F%§%§5 I@%“T eFﬁ@ﬁﬁgﬁvﬁi%the reactor. The
hydr oganbeninf @ed24, pwedictphs@uahd} fee cRhehealde @@Jaaet 0. 0665
contacting zone, bottom contact | 6aézone and

SUBpBre B Re. PEAL L o Faidpedd Bl o Aencs. o

MaRoRkndre. (B@gﬁllrﬂésin%l aVikcbii§ 0@&?%% g7.9kchydrogen gas.
Contacting conditions were as lows: ratio of

hydr &@@rﬁxglagle demprsEraten gt %@CM@/WOGEEWGSCE@} a gHelYItA
ﬂa%\% W%%re%u% dGibufibe with rﬁé‘aﬁ'h?%fe' cngn&&r(‘)? §et%én'35dqa‘?@§tﬁ9ns and

a 1l5pressure o MPa (2300 psi Q)
]t8ﬁeln£ﬁyféﬁ1@ @mdb@ﬂa afceeia ppalveiddvingp b@,@hmtrhgen@@m@@t@i atnlgost 90% of
R R e L
¢: kach\yéroiarbon feed with a catalyst hav1ng Columns 6 and 9 metal(s) produces a crude
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As shown in FIG 24, the crude product had, per gram
of crude product 0.235 grans of residue and a
woe®snsi7sy of 41.8 cSt at 37.8 'V. 20Thi s exanptEUS2007/080410

denonstrates that contact of a hydrocarbon feed with a
catal yst that has or nore netals from Columm 6 of the

Peri odi ¢ Tabl e and/or one or nore conpounds of one or
nore netals from Colum 6 of the Periodic Table; and
BBuicPkavimRreMORtBhSnddf @SR boan$ 1:23-MOR @bnib At r PRMy@SE&bon
abl e and/ or one or nore conpounds of one or nore

fsetal s from Col ums 9-10 of the Periodic Table and

Eaigig@ mpsraslbﬁ o 4l ba&ﬂgé bumoc@tawst RaéprORAian t&%owlﬁg
I anet er ween produces a crude
pRnyd b nigkelisplgtien W@gh@igéw@mb@mg 286.9aerams of NgOWA: 06 HpPleand

dgﬂ ég&%;&q&oﬁﬁ@@w ﬂog” 14 C@gvﬁgesst%u% ggsggg%gpfgg%leqi R

wheorf GPO%H grgmsbahm eontameds(m%gmms OLOlcagphanip) and@$s grams
agl?Igﬁlnglpga}le%?aHQ OP&JBg(gl?W S COIIlb 1’169 ]\'Vlglrtﬁ 1cl?efl scﬁut?olﬁell N?% dlg Wet%h
@taBBt (oL 99;gmnu}rhnbeam (256I8ﬁtgramm) 1nTehIeu]$@l Dllnmg]m\mi.‘ng HNO;

S DL SORRARL 90 SO BERTR 00y A0 B

il tdgahanirg @ek walledrfort 49 ﬂlmnm.aslqietﬂo@ 16The gﬁfnlsl)rwas eMlaLSi to the

and heated to 93.3 00 "C) u i.ssol uti

PRETSHIG %méﬁ’i‘afef”ﬁ%ﬁmﬁ?f%ﬁgfmﬁé%ﬁ 2[&:‘ It “Pg Yot a%i‘ PFH’S“ 18
HAlauto1on 083 giaed peiedah 0f hdGuwl , The sol ution was then
cooled to_roomtenperature. The pit of the solutio

was 110y ulled mixeyk a8 pEFd UES S Hish B ORIy lobe

Jebyhdenunicaba 'eitnﬁl@lebl e RNirie 80005V EAIHouRAHI then
W t h occasi onal itation and dried at 100 "C for

cioinefl 41 6 gurCs 1@%9/ ) TGP ours Thie Tewdliing ety seeanipingds per gram of
&Qazl}ﬁs angd graﬁﬁ fof Q’foahﬁli (9622%@5194 MB ththell;a%lngf[ @Jﬁgg 1%@:(% gQalyst and

gr aims 2 granms of phosphorus, an (
yprearhsh Mﬁnqilvbdﬂmm{nlcml chialysirheé a beiding pglt@pﬁzmeﬁer off e A, with at
l%gﬁ(%ﬂ ggfrﬁ%(ﬁéaa %ln%éJHf %61%% 1nctﬁé ﬁ(éx ¥Sihe E@&g@n&%vfﬁg EB)O%?(i%%meter
W@Mn@%énﬁ@wﬂﬁﬂmmpmﬂdmmwiraede®amawy$ﬂ596h@&;ea¢49mﬁweama
(%Qggra}us (except for nunber and content of contacting
the total product separation 10 nethod, and
p_]e aH ngrtaduxl:’h Hydaogasbon Keedevithhihe Canady T“Iﬂfe&ewtomclaratus

| d lyst (33.34 cnB
LR o g R A Gt Do O oo etnoc
Gadeprétic( ahdlysid, adaBitaigndulpidBig tnhedivadydrétht: BEndOtde@itibed in

onl ?q%tal na zone. A nol ybdenum cat al yst (16. 67
é’i‘?ﬁﬁp ving a pore size distribution with a median

por e AdinaRBIeLMQatabQ2(2A cafiths QeYtiBEd T 18 aflpl0 40 Had Bxcdfwith
ybdenum per gram of catalyst, 15with the bal ance

Sbléioﬁ Garpide ﬁ%?ffl|)3?“%‘”@%1?%105?‘Uﬁ]ﬂ?%%t%p?@?t@“wgsm%ﬁ xed wth
si | GORoGBlIdAAR anadium catalyst (3 cm?) prepared by the method described in

Example 4 was mixed with silicon carbide (3 cm’) to form a molybdenum/vanadium
catalyst/silicon carbide mixture (37.75 cm’) and was positioned in the top contacting zone.

After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A hydrocarbon feed (BC-10) having the properties summarized in Table 11,
FIG. 24 was fed to the top of the reactor. The hydrocarbon feed flowed through the

preheat zone, top contacting zone, bottom contacting zone, and bottom support of the
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(16.67 cnB) and positioned in the top contacting zone.

The catal ysts were sul fided using the nethod as
walesnidied in U S. Patent No. 6,290,841 to GabPCEUSM0EE80410

al. After sulfidation of the catalysts, the

tenperature of the contacting zones was raised to a

tenperature of 405 "C A hydrocarbon feed (Kuwait | ong

20 residue ) having the properties sumarized in Table

bdetorF TR (3@ WiRSont RNt Aeh $1AR Qfalfshian (IRARELCRoe o_fhﬁ‘drogen gas.
hydrocarbon feed flowed through the preheat zone g})
IIl

CHMCHBE FHitpBhECTe o fal oS c P AERYdREeD 8o Terdava 68$ i

GURPRFB)0hd RS VIRAGLLE ! ThEBvYAFRERA RA% Jv@r@ Hedl@Bto0 390 °C at a
cont act ed wi th each of the catalysts in the presence

m¢sserp of bye MPgd%300G1§r$ﬁ acthe hglr@@ﬁwmfmﬂrf@mé thgoggdh the contacting

Zf()%%ng é':l‘gcgi‘]ﬁz g)u‘hné Q{ﬂé@%&ﬁwﬁa&% of éﬁ@@d%ﬁrb@? ReeRRA PRoduct

wonracniaimgd 2onved Onere heated to 390 IT at a pressure
f 1 9
OF L3 TR 090 RSl BRSO LA RS ana 025
doumns ofgremmmtaadawmgosuthef% Va$tae3 08 °¢ . he hydr ocar bon
f eed/ | duct
e S Pl Tl Gl ST B Bt

I:&epair@ldiy&bhl}bumfg OBedcadyst, &Iolﬁﬂns% BPfe@aRpandQ. sag@drigpradiBes a

res e and asphal t enes of 0. r ans
GRS e R e R SR AR R e
Eaipl€ 32t Piepalition ohy oRmaistihd Bad et (§) Cataldtl dUe catalyst was
cat al yst produces a crude product having a residue
RS ﬂl?ffo%ﬂm%glfm@é%\&Ckﬁkﬁ&}"é‘e‘é%%ﬁ‘a@fgé’&ofr@g}%ﬁfg7 7 grams

STWitNEY, XRdBT.7 eAhls@ndeisnshaal 481 d ﬁ;rﬂn\ﬁeshﬁﬂb gl ARAY SvaQheated
various aspects of the 5invention w |l E@ar ent to

unHbgleargpd pyfieientqeiopigeyter Vit agied jo bring ﬂﬁe§0@ e¢ nipkql gpjution
\Efeliﬁ%lg'h 'tﬂegj8ﬁ7 gfa'ﬂis 1\%?“7@7‘ gi’ﬂné)%vats CoRBin&PRR ﬁ@@d@%?ams of

rative onl for the purpose of teaching
uhpyeconleining¢i07 gratnh ef Amickeltelugemepamadenyrembgfing 286.95 grams
NYh R t
FRUNGE bt a2 IVIERN d OBrontsba bitel @ 5 bR THRR bty was
Hwellee untilatear. t A sippott AKO[. 58 gramxa thpl @stagfed OrfB @dinmertsgica-alumina
RLS,& e_subst | t.ut. f

nidl S tgrraaI?ls a uI-nngg hfg %aéné §F :?%é(gp erceotr)nﬁmned w1ﬁ‘1dthe 1%8,ket1 S(ﬁut?on and

MpOc@d3.8% grmy) her mdicer Bedngandlicg i 2. 711 detatized estenfvat hdled to

MRl PR By PR e DR SRS e Y B i Rt or

@mzﬁfdlatL(Olfof()BQSgﬂlﬁ&@)étg}hﬂn@ﬂrr@)ftuﬂehe i nventi on. Changes
in the ele

dep aPFE‘F aleg Pﬁl BT &8 E‘)’ft‘f”idFé iﬁﬁ&eﬁg %%@gg?bgt%lr‘?g (Ff%%r]rt ipde

ASudRS fdriided Tho ek tRlafe® WeRWridg aCl0BI°U0Tor skvéal hours and then

calcined at 537.7 °C (1000 °F) for two hours. The resulting catalyst contained, per gram of

catalyst, 0.079 grams of Mo, and 0.022 grams Ni, with the balance being support. The
molybdenum/nickel catalyst had a median pore diameter of 67 A, with at least 60% of the
total number of pores in the pore size distribution having a pore diameter with 25 A of the
median pore diameter, a pore volume of 0.695 ml./g, and a surface area of 268 m?%/g.

Example 33. Contact of a Hydrocarbon Feed with a Columns 6 and 10 Metal(s)

Catalyst The reactor apparatus (except for number and content of contacting zones), the
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CLAIMS 1. A nmethod of producing a crude product,
conprising: contacting a hydrocarbon feed with one or
wore/oedial ysts to produce a total product thakCT/US2007/080410
i ncl udes the crude product, wherein the crude product
is aliquid mxture at 25C and 0. 101 Mya and has an
increase in APl gravity of at least 5 relative to the
APl gravity of the hydrocarbon feed, the hydrocarbon
tf)ﬁf«‘ ofhRY bdpAraBoPASIh6d, RidE PERANCIGANLES t'm@éateﬁ;fst k@Agihe method
0. 0001 grans per gram of hydrocarbon feed, at |east
wiie thepamep as des¢riied 8t Kxample | east 0.01 grams of one or
mor e A%B@Béenﬁﬁlﬂ{f&k@f’éa%t &7’} ReeRe ko ]@xa&%@ £ RRMiQd
one or nore conpounds of one or nore netals from
'Ot uhgengaidet hempPenil 9t posTabdingey bagioarmopfaciontzany st
t he - -
e R R S Tt
angwtebwes mindd ¢80 sidingstartods(3 covhtorfeinl 2 mglybdemuadtanatum

C%Pa%l/&l o&f’ceeu%gc}ea}m?{u? Sé'?' b8 §%10)C'1%%1 (\)Vag ?gsgboglgévr Ané {(])S gnetactlng 7one.

pr odudter sulfidntion utide patalgsis then@wiangngazob@svare riised agewrmperature

ent ,of  at S % t he hasic ltr en.cqnt
SE5 2" e Dt Rl T HIG B he R el FRAR A Rt 1 1.
E6. tetvey ot aetle by AHEVEdBIrhOhe DRIBQArbon Zeed Tlo@ cdrgtrdhid tef
claim 1, wherein the lum 6 netal catalyst co rlses
R’E%‘}eﬁ“o?d)éﬁd?ﬁ conigclinggongoHany caplacing zppeq an PR SHPROFP! the
Iazdtdtmrh@ faa@hat conaderldysth &&{T&Ythé@ﬁalﬁts ifetprédedce @ aye&oga‘n gas.
ybdenum per gram of cataly 4. The nmet hod of

%@%CHP&CO%@%WW@%@I@YP OO B hdkgen gy 1g)fpdpwas S25Nm/m’

SURPSTEEBAng 2118VYS4s,0. AN THD 8ISty SHBPREL hEATIH B3OS at a
alumina, silica, silica-alumna, titanium oxide

psws At Ui dMiad & 00matpn asthe hydixgaghen fend mssed trengh tlipejoptgpting
nesBE4TBHLEET. Btll‘lﬁé &Jnmcémg woengiuR of e h%%bnqem%h product
catal yst has a pore size distribution wth a nedi an

pigtuge wingmed epoverldn 55 angstrons to 150 angstrons, from

120" 2gnr FERTe. £ RyRR AR na ot SO e GRER LI TG
LohuefireGduveind b voatsal pE41.51e8 ag388fface area of at | east
200 rf%ls%xam?le demgl%spﬁttep @gt conta& oq’ & y&fore\lll\“g f%ecp w1th g &atiﬂyst that

Col um denu mn
a9 baibreonetats frbmr(@ﬁumlhé b Pencﬁhc Tl'dbk: a‘mEltoh oat (ﬁfmc!ré edmpabnds of

SSF SR T P SRR LRSF oG RRER

datrhes anebohe Bﬁﬁ)d@rTMeﬁdlbOmmd&e afmpmﬁdm oﬁmﬁnore metals

eIe tsfr um 1 t he Periodic¢c Table.
ﬁgg“nﬁlf" 9<:“| & %) Ferigfie &%ﬁﬁ aRaVIRG APGE A5 S R gn W&E aé‘i‘f’dlan
stPd dlgﬂhéﬁ!ﬂ EeYW&fl SGtA S0 BOprodukBs a Ji: IISI‘B@J&OﬂaVQTg Lieaikd cbatent
hydr ocar bon feed has at |east 0.01 grans

1“1‘t @Stﬁgﬁﬁglﬂieéh’é@cﬁé?n GrArsi9re-hydr ocar bon feed, and

E\ﬁﬁﬁtﬂé 34, tmssfa%ﬁ oP4 W%GTM&@T@d@&%%%W&%@ﬁ%QR the
at nos 0 O rocarbon feed Cs asphaltenes
feleiviapmannerg A Wﬂr@@%r@méx thif|cantaingd 0. efagis rszf PRk grams of
hvdi aeay @90%} &@ggmhﬁz)eﬁgg%{%f ﬁg;g&ﬁ Qhas Rfipr8dnale833th £0- 002

grans of . d wherein the crude
rpqalmrl@oumha@ltamlwm Elsrrobiipn phs altepmlpy @m%roﬁg #heS gymRrs of

1&8? %%7 gIagfsg)? ng)em%gﬁog%ﬁarﬁf&%ﬁ B/ggo < a?{? ? graé‘@ ‘of a—(ggmzed

Witergo ﬁorm)a sfrryatThesBisty wiad andSheaged t@ 73.8 °C208rd) witd rdeswiution of
the crude product has a viscosity at 37.8 C of at nost
50% of the viscosity of the hydrocarbon feed at 37.8

C. 13. The nmethod of claim1, wherein the crude

product has a residue content of at nost 80% at nost
70% or at nost 60% of the hydrocarbon feed residue
content. 14. The nethod of 8&€¢laim 1, wherein the
hydrocarbon feed is contacted with one or nore

catalysts in a fixed bed reactor. 15. The nethod of

cl ai m1 further conpr|3| ng heat| ng t he one or nore.
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16. The nmethod of claim 16, wherein the one or nore

catal ysts are heated prior to contacting the
whymsoeanbon feed with the one or nore cat al ysSeGI/USDDE7/080410

The nethod of claim1, wherein the nethod further

conprises fractionating the crude product into one or

nore distillate fractions, and producing

transportation fuel fromat |east one of the

¢ sdligb hdt Bed fuRBEHOMNSA until volume of the solution was reduced to 166 mL The
solution was then cooled to room temperature. The pH of the solution was 1.71.

The support was impregnated with the molybdenum/cobalt solution, aged for
several hours with occasional agitation and dried at 100 °C for several hours (overnight).
The resulting catalyst contained, per gram of catalyst, 0.115 grams of Mo, 0.032 grams Co,
0.02 grams of phosphorus, and 0.74 grams of Ni with the balance being support. The
molybdenum/cobalt/nickel catalyst had a LLOI of 0.053 grams per gram of catalyst.

Example 35. Contact of a Hvdrocarbon Feed with a Dried Catalyst. The reactor

apparatus (except for number and content of contacting zones), the total product separation
method, and the crude product analysis were the same as described in Example 5.

A molybdenum catalyst (33.34 cm’) as described in Example 34 was mixed with
silicon carbide (33.34 cm’) and positioned in the bottom contacting zone.

A molybdenum catalyst (16.67 cm’) having a pore size distribution with a median
pore diameter of 192 A and containing 0.04 grams of molybdenum per gram of catalyst,
with the balance being primarily a gamma alumina support was mixed with silicon carbide
(16.67 cm’) and positioned in the top contacting zone.

The catalysts were sulfided using the method as described in U.S. Patent No.
6,290,841 to Gabrielov et al. After sulfidation of the catalysts, the temperature of the
contacting zones was raised to a temperature of 405 °C. A hydrocarbon feed (Kuwait long
residue ) having the properties summarized in Table 12, FIG. 25 was fed to the top of the
reactor. The hydrocarbon feed flowed through the preheat zone, top contacting zone,
bottom contacting zone, and bottom support of the reactor. The hydrocarbon feed was
contacted with each of the catalysts in the presence of hydrogen gas. Contacting
conditions were as follows: ratio of hydrogen gas to feed was 656 Nm’/m’ (4000 SCFB)
and LHSV was 0.33 h™'. The two contacting zones were heated to 390 °C at a pressure of
13.13 MPa (1900 psig) as the hydrocarbon feed flowed through the contacting zones for
2537 hours. During contacting the P-value of the hydrocarbon feed/total product mixture
remained above 1.0.

As shown in Table 12, FIG. 25, the crude product had a viscosity of 63.5 ¢St at 37.8
°C and, 0.243 grams of residue and Cs asphaltenes content of 0.024 grams per gram of

crude product.
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This example demonstrates that contact of a hydrocarbon feed with a dried catalyst
produces a crude product having a residue content of at most 90% of hydrocarbon feed
residue.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.
Accordingly, this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the general manner of carrying out the invention. It is to be
understood that the forms of the invention shown and described herein are to be taken as
examples of embodiments. Elements and materials may be substituted for those illustrated
and described herein, parts and processes may be reversed and certain features of the
invention may be utilized independently, all as would be apparent to one skilled in the art
after having the benefit of this description of the invention. Changes may be made in the
elements described herein without departing from the spirit and scope of the invention as

described in the following claims.
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CLAIMS

1. 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 the crude product is a liquid
mixture at 25 °C and 0.101 Mpa and has an increase in AP| gravity of at least 5 relative to the AP gravity of
the hydrecarbon feed, the hydrocarbon feed having a basic nitrogen content of at least 0.0001 grams per
gram of hydrocarbon feed, at least one of the catalysts has at least .01 grams of one or more metals from
Column 6 of the Pericdic Table and/or one or more compounds of one or more metals from Column 6 of the
Periodic Table per gram of catalyst, the Column 6 metal catalyst having a pore size distribution with median
pore diameter of between 50 angstroms and 180 angstroms; controlling contacting conditions at a pressure
of at least 3 MPa and a temperature of at least 300 °C to praduce the crude product, the crude preduct
having a basic nitrogen content of at most $0% of the basic nitrogen content of the hydrocarbon feed and
wherein basic nitrogen is as determined by ASTM Method D2896.

2. The method of claim 1, wherein the Column 6 metal catalyst comprises molybdenum.

3. The method of claim 1, wherein the Column 8 metal catalyst comprises at most 0.1 grams of molybdenum

per gram of catalyst.

4. The method of claim 1, wherein the Column 6 metal catalyst is a supported catalyst, and wherein the
support comprises alumina, silica, sitica-aiumina, fitanium oxide, zircenium oxide, magnesium oxide, or

mixtures thereof.

5. The method of claim 1, wherein the Column 8 metal catalyst has a pore size distribution with a median
pore digmeter from 55 angstroms to 150 angstroms, from 80 angstroms to 135 angstroms, or from 70

angstrems to 120 angstroms.
6. The method of claim 1, wherein the Column & metal catalyst has a surface area of at least 200 m%q.

7. The method of claim 1, wherein the Column 6 metal catalyst comprises molybdenum, nickel, cobalt or

mixtures thereof,

8. The methoad of claim 1, wherein the Column 6 metal catalyst further comprises one or more elements from
Column 15 of the Periodic Table andfor one o more compounds of ong or more elements from Column 15
of the Periodic Table.

8. The method of claim 1, wherein the hydrocarbon feed has an AP gravity of at most 10.

10. The methed of claim 1, wherein the hydrocarbon feed has at feast 0.01 grams of Cs asphaitenes per
gram of hydrocarbon feed, and wherein the crude product has a Cs asphaltenes content of at mosi $0% of

the hydrocarbon feed Cs asphaltenes content.
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11. The methed of claim 1, wherein the hydrocarbon feed has a MCR content of at least 0.002 grams of
MCR per gram of grude, and wherein the crude product has an MCR content of at most 80% of the MCR
content of the hydrocarben feed MCR content.

12. The method of claim 1, wherein the hydrocarben feed has a viscosity of at least 10 ¢St at 37.8 °C, and
wherein the crude product has a viscosity at 27.8 °C of at most 50% of the vigcosity of the hydrocarbon feed
at 37.8°C.

13. The method of claim 1, wherein the crude product has a residue content of at most 80%, at most 70%,

or at most 60% of the hydrocarbon feed residue content.

14. The method of claim 1, wherein the hydrocarbon feed is confacted with one or more catalysts in a fixed

hed reactor.

15. The method of claim 1, further comprising heating the one or more catalysts to a temperature of af least

400 °C in a time period of less than three weeks.

16, The method of claim 18, wherein the one or more catalysts are heated pricr fo contacting the

hydrocarbon feed with the one or mare catalysts.

17. The method of claim 1, wherein the method further comprises fractionating the crude product into one or
more distillate fractions, and producing transportation fuel from at least one of the distillate fractions.
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