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METHODS FOR PRODUCI NG A CRUDE PRODUCT FI ELD OF THE
| NVENTI ON The present invention generally relates to

WG Y®BesEs7 met hods, and catal ysts for 5treati ngpCT/US2007/080433
hydr ocar bon feeds, and to conpositions that can be
produced using such systens, nethods, and catal ysts.
More particularly, certain enbodi nents descri bed

conversi ortn RS YPEETRODTSRER RIBEIRADYERS o

wherein the total product includes a crude product
EHB}IH)OFH{EHNVENH{')M ure at 25 C and 0.101 MPa and has
one Qr nore erties ihat are changed rel ative to

the rld§pEeEt %Péfe (PSPt eBes { RSP oid caiglysts for
tkfaPh ey Hd e o e Rl L2 oMpdsitides wehe Sant fRGrodieMBusSHI®UE systems,

nor e unSU|tabIeBﬁf0pert|es that do not allow the
petheflssand galystac Mivsmpatgulaglyt eaagsabedisnents degsribedlicsdg relate to

Y&kRg n§PRBGS, Nl enalysd /e 'cJ)ﬂv'éfsﬁ)%aof ahedconmmNt HafiQhl C}ﬁ uct,
to as dlsadvantaged crudes". 15D sadvant aged crudes

‘igyein ﬂ@lt%le)r@fticwm@%%mr@m@mﬁqt igphiquid @mt@e 2023t feeand
t
L, el ol R s HOPne Gha LS REMAR RS i peyive
reopertyiob thediydrocasbrrfosd- on of netal conponents duri ng
DESCRASF f@@F rEB' ssing of the di sadvant aged
3 ' conmponents from

disadhahﬁageMWcmuda@nuawnhmﬂmbpEm@h@Nh@abhmtMbwwhemudmto
neelélg:)l’{o%ll d n1%n ac{‘ted S Cr%gg%se%eus}ns C\All’ll\}e tlona{ fa 1ﬂl$ies arse %g’mmonl

AT W PO Cort Bston-resrstant af's nmay be ed

1bhntdansﬁdm&hhmqndequ@hent and/ or processing

equi use of .car 051 n-resista

o UV PR oese R R oL Ry By o
RO TOHeAIFTASS) St ANt rudElead. mleacﬁxmtsgddrecgldegwum WRMALVEBShigh TAN
not be _desirable. Another nethod to inhibit cgyr05|o
HECPHPYIe COIERSIN OS CHH CUBRIET N HPHOfgieand/gr processing of
it giagdnanhReReLded. UtesovRESatRictdoARSRATstitdMddidiaMiged crudes may
proceSS|ng of the di sadvantaged crudes. 25The use of

ipuH rodre it alln ApUbiR e PG 2Gidy CRTRRERE R 81 vaque btses bl §hely-

886 od- ?ésﬂfaﬁﬁﬁ@ﬁls tﬂﬁ? b€ 'h&la‘éeiﬁ' tr@rﬁﬂé@eftloh BguiptHA: hhd/oHFrocessing

products produced fromthe crudes.
equipment. The use of corrosion-resistant metal often involves significant expense, and

thus, the use of corrosion-resistant metal in existing equipment may not be desirable.
Another method to inhibit corrosion may involve addition of corrosion inhibitors to
disadvantaged crudes before transporting and/or processing of the disadvantaged 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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Di sadvant aged crudes often contain relatively high

| evel s of residue. Disadvantaged crudes having such
whe@roseyel s of residue tend to be difficult arcr/us2007/080433

expensive to transport and/or process using

conventional facilities. 30D sadvantaged crudes nay

i nclude relatively high anobunts of netal contam nants,

BT TR o R B i g e

a@onposfnbiscacdflysmet al cont am nants, may deposit on a

sur f of the talyst or in the void volume of the .
oot nitoEe Mgt agdBe Brpa! b g St b S broCessing
cg@tsh&\@ahmg@f crﬁd’é@.l naﬁa@lbyss?sﬂy to rege@zk@thmagtalfyﬁé ﬁﬂtigzﬂjﬂ bo4 catalyst
eposit on catalys surfaces at a.rapi rate uriln .
%P%@é%dﬁ@ﬂ’o‘%‘iﬁi éﬁiﬂ&%ﬁ*ﬁ‘%@&s Bed) dedng TPEeNFRA{OHuAY H&q ‘i%vlln“h
th®adiiREe BehatfalyAan@at @bt thCcadlys W doyeridfard cat al yst 5
contamnated wth coke. H gh tenperatures used during

r egertdadtinggedaipdes mey igfIRdenpetpls iheealorltypiapeanfe acils (for

GtpleYSci@h PolksiGi U8 o 38iueAL Me¥din bRl SHRIE 81284i€ acids are not
Di sadvant aged crudes may include netals in netal salts

tgpicalygaprdediapr sispd antagsdegipics by eenventinmpl pioreasssifgirpxample,
cﬁ:@ﬁ(ﬂ%anﬁ%‘i’h&iﬁ%afﬂ}@gt als in netal salts of organic acids
y

are not typi cal Separated from di sadvant aged crudes
by cdnecesses anafterpengoeseedin chovenexmhploesssebGdhes aletalsyig metal

i d. i P . .eNCc.ou
R e S S
@posirmganhe exaendsudiace of thesetalyst, natalsomeassalts of ergakehcids may

SR AL AT SR B SRS ot iy e o
thatdtdydbedrgrnliecposaof centamiyiarde ok dmple ah@ile it hmehll syltd ¢f organic
voj d vol unes. bet wee at al yst rticles, particularly

st iy ey e R D Byl s T nrtanO@iresgire drop
tERALRRE Badirkl, mdystfeenanpple thoehtalys bed. NMBteakers@b heta®fin metal
organic acids, at the top of the catal yst bed,

GEhIraganie acks g3y Saysh rapid deseihalenof labsEssur e drop

t hr oggbhat 4. dog druadih ridR ¥orih efdahivalyooRhdBerd DR R8BS Katple,
bed. Moreover, the netals in netal salts of organic

P eX Y88 B4 DdEeep Oaeagicalby Parad hearogiome apay| Pgpige situations,

@@gﬂy@@g@g@&tgﬁ%@%tgften contain organically bound
het er oat ons (for exanple, 20sul fur, oxygen, and

ni t r dYeadyanta@ed amilesanayingedadedngg @yeen ewiponeds; Trastmdie
ﬁélhﬁ'&tthaq Brcbcegg %’s@dv@ﬂta@&"&ﬁcﬁa@ \x@tilfaﬁ %&yg%ﬂ &RLA loy &liSxst 0.002 grams
of oxygen per gram of disadvantaged crude may encounter problems during processing.
Organic oxygen compounds, when heated during processing, may form higher oxidation
compounds (for example, ketones and/or acids formed by oxidation of alcohols, and/or
acids formed by oxidation of ethers) that are difficult to remove from the treated crude
and/or may corrode/contaminate equipment 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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Di sadvant aged crudes may i ncl ude organi c oxygen
conpounds. Treatnent facilities that process

waele®@adysast aged crudes with an oxygen cont ent OPCEUS2007/080433
| east 0.002 grams of oxygen per gram of di sadvant aged
crude may encounter problens during processing. 25
Organi ¢ oxygen corrpounds V\,hen heat ed during

form h ati.on co )
SRR D b S Db 3 B B O TR g isn

rable@ﬂmlw&ughamlmunmhdsoiﬁtﬂbmcb by fmndainl imnpadtingtunig. s)

t hat difficult to.r ve fromthe treated cr

ana) SRhugizst P iR et kb ey When
ﬂiﬁ@@ﬁﬁg&bﬂ]@d@g@h mldﬁzﬁt mﬁdw@@ﬂbtﬁ@ tohststeangRMdea b Ii)ﬁlrdgieﬁl @6nerally
30D sadvant aged cr i nclude basic _nitro

I@Bﬁf%ﬁﬁgged( P%}lcuég{léy }uésatub%;efq fgﬁgﬁ)éznts a@y%g Ifrﬁglscrac ng processes

dr& POLLdRA) HI@SgerRENZAMAL PRICERES, whVK [yplcaBy mc@rv&m@hs@s)f an
benzocarbazol es, and honol oas thereof Basic nitro

EHHPBOIMEsnRY cpalyd. ma s Resdecktp antiit wiatanated fpgments, @la
fofniaf QK BYIRLOERIEER: 1o bitdEce BAME LRy I EanShdri 6 iR AG¥nOf
the cracking “operation. Basic nitrogen conmpounds,
agibesheat ed during processing, may form high nol ecul ar
wei g n
oper at HRRUIERISIAD (ORTD SR Rt gRhepREL R o
dopdmggent fagdtticsi Emtle ydbibtyarisbnsreshiamhpreoecmsaiongf gfmponents
. f ydr C t '
i S e B TR S
siutfidan\samuaratcacbohldwglmmt s resulti ng fromecr ackl ng
Sﬁ 82 ZC???%UOH%PO%SS%S 03“’“8 éﬁé ?h‘*’ o \?ecgal%%%ea Sﬁlseg‘e%ng"ﬁ“‘y ma
cﬁsaﬂwat@gh& dnud@@hhttm alko agmabanslp ,chmmgbﬁlenpmﬁaded i the

il Bt PR o SR L Bl Ry Sy o

di dnais ROy iedﬁ& AN af DERHdvErddpell kfuld §7hild, QDS adveaih@@aE changing
crudes also tend to exhibjit instability during
Byrasleaisesd ampupithe gopiih o wHAIR cPRePentsi(gsh aﬁlﬁf&ém metal

doR@bhkints) fnthd @RS adibeierMbt i n phase separati on of
conmponents during processing and/or formation

undeSPPABFECLTS I9F Benietias ‘(hﬁ gpaliby alrrspds, mﬂ%ﬂé@l@a 3 diuent to

At dndBea %H@srt@ 16%&8:9' tHé?'w B&b&% bfj&)}npoﬁé}ﬁy&ﬂﬂbﬂlﬁﬁé to the
cgrocesses often lack the ability to change a selected

radprantayd piypertias didsiinvdie i ged ceeughaciplly strasegcgis of treating
dééaggégl g%@@ltuh%s (EIQ ﬁﬂ% p tso(}f tElﬁ{len? F&p&rlﬁdr&éed &)s{srﬂ handle the

taged crude. For exanp convent i ona
dsadratiped cmﬂtse mdddiok of ﬁaéleatiplaldwd‘taotasecgwdq p@n il ypme

stltggtﬂ)%g d-g/_}l\lase staﬁllllgy osf% é{la(!}&% ged crude while, at the sane
e

sired anount the content of
certdin RatmpNoce 6t5§4 e%mmeasoldwtfaum 7,958 tt@budhakar et al.;

GPBATRRMS o o Borely® PRLAELERTEI LI sABTRE ggo 206 0
@dadayg ak, PASIHONto Bénrden et al.; 5,928,501 to Sudhakar et al.; 5,914,030 to
Bearden et al.; 5,897,769 to Trachte et al.; 5,871,636 to Trachte et al.; and 5,851,381 to
Tanaka et al.; 5,322,617 to de Bruijn et al.; 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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di sadvant aged crudes to | ower the weight percent of

conponents contributing to the di sadvant aged
w@eopes’ses. Addi ng diluent, however, gener al | BCT/US2007/080433

i ncreases costs of treating di sadvantaged crudes due

to the costs of diluent and/or increased costs to

handl e the di sadvant aged crudes. Addition of diluent

3, AR E YRR oGP S pte S B0 SRR

20s01365254 Bhad ettah ; RENMODBISA43 @©tBlah et al 6 28450 IBT8 tcoBhan et al.;

NS L R AL I
2005@6&3832&0 @halaét al.; ﬁ)(ﬁ@&3521|2thmgﬁiews@em 3etB écaiétéaerllreé 21

Sudh r. et 030
RRG055 B0 B o et Rk aicaion Sequgier. b e g
Aav398lg43; 1&7@0%2@5111«1 38/]10(5 @953Q1Té‘1ﬁﬁdéé“ stels; Me@w@szancﬁ@;talyﬂs for
de Brw n et al 992 163 ri dge et

at
l%ro%Vlgzlzczu@f‘oﬁﬁ\ﬁ%émﬁléﬂétledafﬁpﬂl 742@)3)61154 Y78; MA435183:

141/4% ©g45 @&Bﬁéﬂ ARaKU&L“SH terms, Mis, B Ca@lySHs TRSRHducing a Crude
525,472 to Morales et al.; 4,457,836 to Seiver 6t
l%wduct’zandgg fiiJuped, PN droerbeariays procgsseg oy wans, fil catalysts for

ﬂ?@%}ssk? Su&l al.; 4,191,636 to Fukui et al.; 17. S
Publ | shed Pat ent Appl i cation Nos. 20050133414 t hrough
200501 384 Bsat onBlgethcrades Igenerd 0B O @85 Bbtenrenggkes (for example,

SRR TGS A St C3 RIS Py RSy Fpaor

(2OR5EO16 23ROt oelBhaty laigahmpurﬁﬁﬁﬁﬂdﬁgé’l?@hrmgrtmatghnt) Other
050167332 t0 0050173301, t.h

G080 ShuatSinghan Ry hiB 53Rt Bt R ronegss gor

ddaiBple Patient, opptilyaioumhhdhaodtahs, Nasal cditdrdi@dnth 4itals in metal salts
1/ 400, 294; é/1/399 .843: 11/ 400, géa nd 11/400,295 al
Argapicagids. §{/‘ PEoRgAtiq e MRSt Pugh\PEGRETtey fend fo cabise

rolei€inngn@nbnil @al3p@ehich andnidreatmei faitltidp micludihg 200&ised

11/ 425, 979; 11/ 425,983: 11/ 425, 985 to Bhan al |

GHPHPT- dacredspd east lilgepinsirs PlugpBe @ad/ar seasesl grage of hydrogen
Rriad ueithend LY dRrdlk QdusiicatBebmhiic fddl@&nunLeBior 26 ved

descri be various processes, systens, and catal ysts for

YNy drssiqdpgind/opersadysts for conversion Af dighdy apase Cardetintor s
ﬁ@&ﬁfs%lhym&@\d@sddﬂlg% é)ﬁﬁ@!; eTIREORGIsh 'a%%nff ot e@c?ﬁ%mi)d £hd technical

rel ativel Yy resi e content a tendenc econe
n¢ad foaBYSéer@ump&lgd& ﬁ@ﬁ@rnaemystsatw@xﬂ@rchangeéﬁlé@ﬁ}elgrormﬂes ina

I
GRUSHIES] LALLKS] | 105, ATPARL D S ARSI B

Qr@deatlvel y hi gh am)unts of undeS| rabl e conmponents (for
15exanpl e, resid | R%ﬁ?'r er oat ons,

metal contam nant-lé%ergn%Aggs{na i IHH:IL at aa?ﬁi of organic
aci ddnveatiahs@escoibegrhlimirgin geqyegadally r@ialmtmsyatdm)s mdbels, and catalyst for

P SRShbr B harST v T ol AR TP LS ity

done legdsdithefo) Moasbadensabecdae aBechioat adsyishicd |hblfeﬁ], almgaﬁcemy

B3P o, B e PSS S SRR Fieomhon SR aRhatih c oo

dogpbsliiGRlcanBesbidifed by RMR \iIesky20mY shEiBthodtRIc@iBSd hadld/ or

catal ysts for conversion of disadvantaged crudes into
cr uddi 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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products with nore desirable properties. There is al so
a significant econom c and technical need for systens,

woretoBoes57 and/ or catal ysts that can change selBCI/E82007/080433

properties in a disadvantaged crude while only

sel ectively changing other properties in the

di sadvant aged crude. 25SUMVARY OF THE | NVENTI ON

| nyent iQ@ns. d ' erein generally relate to

RSB S TBAL! B AERFPARATLA nalinb SRl G goment of

1hasdd.0 Gapimoof helgbdenomatht bydbcapioadercithaciagp NiSi/Agecmtedt ofde least
roduct and, in.some enbodi nents, non-condensabl as.
R 805 OF (B Seia ety GRS PGSBS Gy EPRCEIHE 6-10

T egIRsiolic Masle hhd@br dha\ve mdav@npoail onaitd A@msor@etals from Columns

C onents therein. Such 30 conpositions can be ,

Bt Hithe beryic g i e Columan L RE e HORs N Dd A oB e

A@fRiddn with a mddlanSRMEdSARSHBRAS $50 dnB&rdnilY &Rt dodifollin

descri bes a nethod of producing a crude product, t%at

GOREFiNRECONEBARSHE # fMPeR U o B &P bOR *F et PresBifeoidpydrogen of

AR08t LRt M3t 3 HSY A PRHES . 1@t t@tp?fldp&r @dbtic f)llaéﬁct, the crude
i ncl udes the crude product, wherein the crude product

fredust vipgiadnefy htenwa canter2 5l ai@iesh 0 ofi e nixbdentecontent of the
If}ﬁﬂfc%@ﬁ ﬁ:@@ aﬁcﬁ?lqi/ ﬂ?\é'cgl&e@ bgRJeXp g(ﬁ%' la{ﬁa W §fthe RIE/Vﬂie ontent of
1 wt ppm of nol ybdenum the hydrocar

east O. on fee

thakydagragbonifedd Feharen tetbdefunnand NiAg e tententyryerps deteringrd by
: ri sing. . |

RO AL R SLLG R8BS S5 e
Ip#¥8d. conpounds of one or nore netals from Col ums

56- 10 of the Periodjc.Table, and the l upms . 6- 10

ottt %t ARG o E051 s L e B0 OB Bt v
pradlicamatdacleded cam@tiag a b drogaribad fd&Oviangetdr awees cagatghts to produce

controlli contacting,conditions.at a te rature o
SO0 bus B SERAG T MR OGL sdiR ity SroSPRE s g
AR&dre 4t 26Pa . an@0.d0 BMPHISNe B drédardog d&dd Havidd bederb@ op hAGb&ebon
t he crudeﬁgroduct, t he crude froduct havi

It 9 BRI Eofngt olot leatt (00 o0 ond A Realfoiaph GaAwhilicne

@aRrhedttar Rhst DI oldh ¥ 625008 of B h@Pds &nlrfsive 58 or more
content between 80% and 120% of the Ni/V/ Fe content of

Peials Fpprgdarpidh ¢ eldbe Paindicelahlentidis ganoimealis gompugdiel one or
AR LRMISTEHh € ofSnnd 8! 1%fdﬂﬁé€1iéﬁg&ic ASHM a'}{gk%&%fi)u' 68 HRd

medi an pore dianmeter is as determ ned by ASTM Met hod
©ydigans 4 A legmreatErrbodilersint0s,"Ct dipariiad pessturonl hydseen ol mgst 7

-1 .
e P T Rl DA B R B g PRl Rt having
et Biby sogertt beieoni§it%e aad tW%adf the NdMdte cohtant of felhydwsarbérefeed

I 0 rei r ' | i QUi

GG R QP AR S B R RO RSB B O ana
dyphalltagg, copent, gheminghe GyawdGashaheree echtenaistactial of Ne/ 84 Fe

SORUERS bt bR PRI AP P By e
ASEdtManel 03270he cat al ysts conpri sing one or nore

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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20 netals from Col ums 6-10 of the Periodic Table,
and/ or one or nore conpounds of one or nore netals

w0 e@s0Gosums 6- 10 of the Periodic Tabl e; and PCT/US2007/080433
controlling contacting conditions at a tenperature of
at least 300 OC, a partial pressure of hydrogen of at
nmost 7 MPa, and a Ii ISV of at least 0.1111 to produce
%zkﬁ tcg a % ?lep%tg)él% oftS;B% /cateﬁ&s?sl ude rlrs)lirn(g) %ﬁg (t)rl\rlg?ar%}r%%lscl\%% Co umnf6 of
thérBerloyldy bt naiorfoae dr id&re @atidlpauntlodfadne Gb maredn€tdls from Column 6

ont nt of .at nost 90%.of the hydrocar
LB e b ] S B rs B eGP UG & I TEHGT Bl ot 30
Cla gsmﬁlqir&s@mg %fb B S%%ﬁ bf ats?q@(tj 3 %Izﬂggindtahﬁlgf o8 mdﬁadl (. ERE®
as eterm ne ASTM Met ho 7 an / as al t enes
preduge thercdy QEP“B? R TR BIOHEY Ry NI/ V%%Bﬁtém between 800 and

euhadichENy $ire thRed BY 80 hi@BcAHRSCEEDOS a8/iBLHRHQAL3DS °C of at most
roduci ng a crude 30 product that includes contacting

hyldhe Eiasopidnolbely dipcarbop fed gk Shbrie Vested Yaqosing ig as determined

W Rsiaa@ndaobads. product that includes the crude
product, wherein the crude product is a liquid mxture

at 280 @grmmdingntsy by invepiéonrdeseripesit powmod ebriodimigrigerude
ﬁ?&uc%ﬁmaﬁde'a X&{té’&lﬁg QdirE@d dtx%%ne'}ﬂr /mg#é:@ataﬁfﬁ&ttsgﬁoduce

ast 0.000027gr VISCOSIty eas
qiotat Bodut RYinglude thinaudst prb@sts twhoreen thé crupieproducalsydtiqnid

TR 00 1R AP O SO, B4R o

fiowt, @ tovEtNN\GFé cammnCof aniast®) .02 gtamE’em'd a(ﬂﬂ)ta:l ra'!mhieepntamt@f at

U A Gu o R L PR EPA A &l O FTBGR Rl
Oasins/6-MPaf, thaﬁﬁloﬂldji‘ﬁlé ﬁl’fd/ﬁtoné eﬂﬁbrerﬂlpMdt of dmepr o@tiCiaetals
he c rodyc e crude product having a N./V/ Fe
s 6L oy i 555 Bt P rvnd Bubhimed o
tbllﬁperﬁmférda@alem BO(f @& d paiid Breséb® OO Bydrygedlof @im&t 7 Mraf artta
nost 50% of the viscosity of the he{igr ocar bon feed at

1S B olcat Iggnid b o fraduise fheyeryde prpdugfetie e Brpdpss havdng p Ni/V/Fe

Matehost A4 30%! 0 13008 AEBQAI/FEMhEnt ST hydVRBibRed and a
descri bes a nmet hod of producing a crude 10product that

e rgBEN B it Bet NG A thﬂlarfl@é%rbﬁbﬁeql EaidupFanteng dietsin Ni/V/te

dBRLCR i§ & @étéfﬁﬁ&d'b? A@ﬁ@ﬂk‘ﬁ:ﬁmé 590 @AndREQEARChnERAL as determined by
i ncl udes the crude product, wherein the crude product

fl?;%TdM Mgtaed 1539/ xt ure at 25 C and 0.101 MPa, the S o0

D § ota Ry P Rtalee Bben B o AE) PheAIEAGRIRAR J FER,
momzt thht indeded gentaating e hlvdroctarla:tn feeslagith ¢nelor gmmamtalmﬁd)oamoned
in %ﬁg % Iﬁ?rrg Cgl{ticgllﬂ%o{; u%n%l; é’ é%e d)%g ?&?ﬂ%t{g? {ogg?cﬁlg(g Ia gotaﬂ.ggqrdgct that

iaeiodes theamaleqroduor, @heromploderdd: @bduwwns adnqumtnmetumaa:t ab &C and

| 6-10 of .the Peri odi
AR T aop R b P S s SR B L regioe
@htche@Est 1300.1' LymA apbat ti¢asd onp bEEhS mitelygtﬁ chiysisagetne of mate
nmost 7 , and HSV 0 ast 1 hA to prod
PR SPmeTpaRgE e P ks anf St et oty pali Pl
1660 hedls @@h%%rﬁ@%tﬁ@Pel%@%T&Blet Rl dhiNIfrey @ankerd coaflitions at

t he hydrocarbon _feed and a 20 resi due content of at
NESPgs, Bt Ead 30 dr ParBbrretswse! pelipgfpe! doRee qMPa, and a

ey ef 4 1&( Vi Eet@ﬁadlﬁathelcﬁld@?rdaﬁ&ethabﬁaa pRMuAR Tidue content

Met hod D5708 and residue content is as determ ned by
ASTVPNEPHod thegdipcarbon feed residue content.
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In sonme enbodi nents, the invention describes a nethod
of producing a crude product that includes contacting

w@2dvgdso8ar bon feed with one or nore catal yst SPCT/US2007/080433

positioned 25 in one or nore contacting zones of a

fi xed bed reactor to produce a total product that

i ncludes the crude product, mherein t he crude product
|saI| uid mxture_ at 25 ]FP, .
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Mgﬁd’f ie?%lq 0L grams,of M?%W%Wb@ abpiling gane€ digigibuigon between 343

Radnticdh *Ohe® WrMPQfat A 000 EBragfs o hydB&bofis WA an ikl Boiling
LHSV of at |east 0.1 hA to produce the crude roduct

ROFE OF ptdest o b 181 MR %1&@8%@&0&?9 igms gt Nip¥de; go ppst 0.01
Jrhigs byver g feed residue content. In sone
enbodi ments, the invention provides a hydrocarbon
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\Y/J and t nost ns of G asphal tene I n
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RIRAYELITOV Bor Gl 16 0 3 AP116 Piabicel B@truldsrbURe $heCQMeaR §dudhaing a
hydrocarbon feed with one or nore catal ysts to produce

asergbal 3pBove et rerab0% REihgdissosihiel e budogirgaesd at 37.8 °C, and
WRSLiRL @-Jalh% o? b H’\{/%ﬁo&mﬁ%éd/tbél ﬂohdcﬂ MGl e Wat 185 Qg
"C.and 0.1 hydr ocarbon feed having a
qpn@em Wi)erelﬂl vifcodigases de@roged by ASTMgMathod R4 angldt-Valheis as
es one or nore netals from
n%ﬁ%%Bg%§gXP®@mﬁgﬁgg$?odlc Tabl e and/ or one or nore
conpdusase @hbodmeenty, theomeniet &bgibby ome@odl ohtnsitiiba Bydr@earbon
fg%dnhl tlnc& ﬁcges 8 ntactl{-ll-g Q il%dro aanb?oe ?e?lgm L %elg gnrkhgﬁge%?lgea of one or
pare atallystp roggedice a ttrftall]yy@ﬂudghzn imfludat thaoskle proiiRa, wiameln dr crude
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\ha:vs'suf}g)fat Miss CO8$itay 3B8 °G;/and coﬁr(ﬂ)lﬁngabnlm‘lﬁtg oRYiei s at hpartial

Vi Scosi of the hydrocarbon feed at 37.8 "C and
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Viluetod b BydrScatbonl fe@btal prddehid i Gre 26 & A &Gkt 1Y 2 t(Vbﬁ‘lQ{)ﬁéuﬁlptlon
viscosity is as determ ned by ASTM Met hod D445 and
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treatin qurocarbon feed that includes contacting a

MotpbP4: ﬁ:)fmﬁl ¥alge igiap Hetpptpasifem\Y M Mrshqslg&lAce of one

or myy goncfeaélﬂ:!o\‘lﬁﬁe?ltst fhe %\%%edeé’crfb% @éys&%yﬁéatﬁlg Q'hydrocarbon
i ncl udes the crude’ product, whereinthe cr

feghthaydocdedes gn mpstredpy contariting ﬁuseenafton%lsmgonwrdn@fe tgalyiRat least
and the hydrocarbon feed has a viscosity of at |east

10 cSt at 37.8 C, and controlling contacting

conditions at a partial pressure of hydrogen of at

nost 7 MPa and a tenperature of at nost 450 C such

that a value of of a hydrocarbon feed/total product

m xture remains at least 1.0, a total consunption of
hydrogen is at nost 80 NnB/n8, and the crude product

has a viscosity of at nost 50% at
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3037.8 "C. of the hydrocarbon feed viscosity, wherein
viscosity is as determ ned by ASTM Met hod D445 and
w@20ah4e51 s as determ ned by ASTM Met hod D7060PCT/US2001/080433

some enbodi nents, the invention describes a systemfor
treating a hydrocarbon feed that includes an upstream
contacting system conprising one or nore catal ysts, at
An%%%fhe%nt?al g)tfs therisclznat %l rs }nsrecoe r.rglin h9nr1]e6—qr)o tg?’ iodic
metal's T COrlni %6 10" BF t he* Peri’oal ¢ Tabl’ 8, "and/or
Dbk, aid/srohe ocanpeumgsunds obsme od mormaaligbal Golhimom10 of the

| U, 6-10 of the Peri adi bl.e; wherein. cont [
i DB R Ha bR b Rk B Bovifi « MG, & Bay Wbt SGy 75
B sv8h Gne ¥ hbreON e QhitalylIk & 18 upsieart abrhcyias Systen z%thgemperature of
upstream. contacti ng systemat a tenmperature of 5at
gt %&&3(8?0@ a gartial Pﬁéﬁ%ﬁ IhyﬂrPé%“s‘PfraémB?t.% rMH?’&aiﬁ LEp Vit at least 0.1

HMOsbdutedPdudaRddrt hd¥y Ofiscdbity £338 °0-of aclildst BIRGBER TisBosity
crude product having a viscosity at 37.8 'C of at nost

B i ipetat vi S Cosingy dopmitramicop@etingsEdeB LoPRdgo dhe ugheram
RnAONRSY §ERThE AHIREel Bre8Y vl £INpERURIG8ed Qitfld@hdARREEHRM
contacting system and configured to receive and _
oRBeEtesy e ewprair ihej dogynstipam foBtae ey HoR tsenfiggedpspkipgt the
j : j 1 s configured
e R S BRI RS PRITERBIALY, Cont act i ng
syst émsanee antedanditsn the prvggéasdescribes a sysignsfonteating a hydrocarbon
| ent s .nvent.i i he y r
R o e e T
@o it the tchtalysts yehivngamp of sibregn@ae from (rduen 6 af hé Yeislic Eible,

| east one of the catalysts conprisin e 0 re . ..
spdPEPac e essimeT ohe phuoB it £ i ol Borogice
Tublenoheremanpactings foft feddehading Awiseositg bahidedst N SoatBMS °6, with
of the P%ri odiagy 15Tabl e; wherein. contacti%g a first 1
PESQETNHAT Y GANSEIB PP ERILONPENSSYTYY AP mRgrage of at least
306,°CW pdripeesQlre HHYErd@En bihe nket BMPS hdian HIVEoUp Shit@aA
contacti ng systemat a tenperature of at |east 300 'C,
RLOPSPY 4 FPderadisthayingra iSrariofe A’ o1 C&f 2t S9% phike vigaepity of
th&BN: REd at371geashindh dowhlidedl QAHCES FsehUdEpIRd @AMEEpstream
having a viscosity at 37.8 'C of at nost pso% of the
el sysiepngd prafippied fo reedye Al Pape adeedfxiing the upstream
QAWBSTr £ @M COREaR tHNYwaYRh SRR QMA %?st&rﬁ b RriddP s LA Iting
20contacting system and confi gur e(% o recelve and
Ptlocess a feed exiting the upstream contacti ng system
wher gj - - ' i

e e
thatwempiiang. caspsidaascoatasyptsgsteip cod padimgong or medecapdsthueitleast

t i.sin St e n '
S QPR A R Mo HPRALE AT SRRLAGHIE RBE Elllns -1 rams
dflvee opsdrecaamlchtnlCobns €aithe Pgiody, Taperandoaoneafr more compounds
atal yst, 0.0001 ns fo. 0. r.a f one or r
F3SpLRore gdorne o6 B BB TeR ARFa nERer one
19draamiben fodpouEsmolybdsh@mabnighrceE anedsad 3 wWipmoGablyhaenom and
of the Periodic Tabl e, rein contact of a
e e drion S sSaray By e DubeTar bR oaher mere gf te
da@@sts i) thk upktRRM Bhtabighdan ynm @mgeraturd @asiof.450 or ane7 MPa
of residue per gr am of hdydr ocarbon feed, with one or
%u@esoaf h}tdﬁ%arbon eed/total product mixture, the hydrocarbon feed/total product
mixture having a molybdenum content of at most 90% of the molybdenum of the

hydrocarbon feed; and a downstream contacting zone coupled to the upstream contacting
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30 catalysts in the upstream contacting systemat a

tenperature of at nost 450 'C and 7 MPa produces a
whywsoeasbon feed/total product m xture, the PCT/US2007/080433

hydr ocarbon feed/total product m xture having a

nol ybdenum content of at nost 90% of the nol ybdenum of

t he hydr ocarbon feed; and a downstream cont acting zone

Cou éjownstream on Sl;tlrg ez%rr% 8(9nr1u gr%t tOnI%CGI c}rocarbon feed/total

A0%NSt redm cohtAdt Zone con gure Yeed the

frydicomauirenhd mdistrma&onmcﬁmgmtstem oompnang bﬂmeordlmm sdtalgadyat

cont act.i n stem c | one Oor nore at aI

PR B RS M GR Bl B B Sl Ok S 3 Dy geims
(groﬁﬂ})ﬂﬁ?@@ie@dcl%-ﬁ@m C@luélhrﬂi gslo &ttthﬂe @g@dﬁs Tglﬁle @i_‘lFB‘%Ilthne BDgl/ere
netals rom ums - e ri | C a e an r
SREOYHS R PR B BBt RAE ML OlyRES 6ri0 P Phigdiy Sanis g Columns

600 EHpst Baviid DPport bige Bewib@nGyidabhediad e GambidNSE Hrwlddn 50

cat al yst having a pore size distribution with a nmedi an

PerenHinet aresiPmpwhsieg nonect h s by drrabrp leghophpotyc mixture
M GlePusO Bf AGhosPdsot O@eanhwqy[pé:ﬁ{)mes i %@ﬁﬁo@ﬁ@ltha@ [n@ﬂl'd@st a

m xture at a tenperature of at nost 450 'C and

prdsduiedist, avherginghe gypdaorreduct ﬁathqpmmwé@sata’b Ct aago. 101 MPa and

& %H‘&}Brodﬁ(gaﬁésgf rﬂol&l&ﬁn&rﬁ légrﬁerR @Q%%s 9@% 3f élk: %Hl)% nfent

at 25 " Cl, and 0.101 M Pa an 10t e crude pro uct as

o tregiygiyd ethomfeed andeat ot 904 ofthes tesidogsaptent bietheriny dydydehon eed.
Of.t r

i SR R T s Y i S

Iadhsoomnng s{d&&systemet hod of pr odu0| ng a crude product

with o ction, usi
I e et e L T
mﬂnqb:@ Qi leason. 1tvhﬁltm dBbmbRbidndes ataéas{ @alsgraﬁhs bf Mtdpgarbohis having a

bdenum _at | east f hydrocar bons having
té)ﬂ BRSO R %(Lﬂ ag‘ﬁ%n@t Q?\@%fr%r%% Of]@dé%a%ﬁéo C
RefpodlidNafd athydt O 8RR B ERANRARMChE RPIVingd bildle rhifRMsutbulion

granms of hydrocarbons having a boiling range
l&b@@t@flﬁ%t(ﬁ il BOt wsherapf hgdrgerdb@sOMPCsifiet gr am of

hydr g¢ @5 ROMIGRAIMRAR, fHe @vendidh ﬁ@&f&es%@&ﬁdd@%ﬁiumhg@ crude

i nventi on ﬁ]r ovi des a net hod of producing a crude 20

peddl thal inchydes dopiertingechydmatrhen fead wath ydergeere byalystewaproduce
r r

G T

prodedt25i°§ aad Dil§uMPanthx hydrecamonzfafd haviapd b@siqminrogﬂ%acontent of

Jt?e st (?65 é? ng%glb% ofﬁa&éocagoo% fee%h%lto?ars]liq(gng% %t?llﬁ/gt?ﬂgs Gat least

a1 grems of @rer oford rhetals aﬂoml (ycsumn had thaiPeﬂl@hsTaH])e £/ qgoa¢rar more

f Per i odi
Slapfitos Qo e Su® bl b T R 4B TS bt
deifal, $hef([‘c01|i‘ﬁ11C6 Ini¢ean cal@dc hiigg Ppdrt ide distribaddnewiftemed) idpore

f cat e Colum 6 tal catal yst havi n

Fyerd §¥ WWS%W%%égE ARSPOPE contiirdteionyft “@ecf)ﬁ?g‘%ﬁns at
Dfte ARG LABB: RNVPa L8 2 BNGSEAQEBE at q&&taoo logi |t(51ﬂroﬁlwétt1@&ctrhd@:g
conditions at a pressure of at |east MPa a

RredHse fhteds Pé‘?duﬁtthal"’é‘éé‘tba%@@“@ftncfoﬁ‘t‘%tdﬁ abmp 308 s basic

RirOdHChntedc REHE @B RF@AUSE having a basic nitrogen
content of at nbost 90% of the basic 30nitrogen content

of t Kestyetnehodipts. the dgyention proyidesadngthesh i peidyeing 8 crudpe
ﬁrgd{l%p'iﬂa%)ﬁlcﬁﬁ@svdoﬁlﬁétl a%ﬁfbggrb% feBf %H %h@&r ifor rcé’th?sts to aproduce

product, that includes’contacting a hydrocarbon’t
aotahpiogiest ghat melméeSGbﬁt ahdespreduch whersduibecrade product praddlutdt
that includes the crude product, wherein the crude
product is a liquid
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m xture at 25 "C and 0.101 MPa; the hydrocarbon feed
has a residue content of at |least 0.1 grains per gram

w@Rookyer7orar bon feed; and at | east one of the PEI/EE2081/630433

i s obtainable by conmbining: a supported catal yst; one

or nore netals fromColunri 6 of the Periodic Table
and/ or one or nore conpounds of one or nnre netals

m1x9 re d %L‘Lgn a]ng QQB%%@H@? :il?[]é)ro%ag%s-l%?ekgll heas a r s1due con e?nlg f at least 0.1
gmesslsem eeanodf Hyyldrcmgemfeecﬂ alne asltasBondRd ttmmzltaaysts emitemaztbum@j

[ east 200 t roduce the cr oduct
SR b st Fating B PeSp b o OB RIGE Gbf i Driogisggable
Aifl/ok B $resirel t@nERAliTonobr b nity(dys B6aamt @ethe Pétiodic
,‘?ﬂ%rre enbodi nent %go the i nventjon IPr ovi des a_ net hod of

el 874 hYPROTE AU EOMOPING GREC R SPNGHTP AT RECAYES Yy a

M08 8 1BaN3 Magtinih idhRARuE bf IR 20Cat @l rsduse the cRIHE grbatct;
a total product that includes the crude product,

%@Péff Profysehaingperepfesigntent & agmpstgQip! thedetids cgptepipf the
hyfroc@B6h 401 MPa; the hydrocarbon feed has a
m cro-carbon residue (MCR) content of at |east 0.0001

gr amsn preve gnbadinadnts (hd ipeai BomoYides d; methl A pradegisg a grde
{)d&ﬂt%aﬁ%l@&e){ Sctoﬁtaagﬁ @B%c%o%@@ wffﬁtoﬁé S II](EI‘Q %tﬁzgéty rgduce
0

Per1 odi ¢ [for one or nore
atptappriedent thabmeludesttbd gude mpduCh Iwhlﬁwnﬁh@trutlmrom ISO*dI(E“d

%%B%r% a iﬁm’g aag{ﬂ@ 18{ [ fe ﬂz&é‘éa%JneréH hQQL WG Cgfbélg regldu(—tf {N/?CR)

e an f one Or nore conpoun
aqvoteet ofpt Rhs OfOf)@thﬁlnls pmarﬁ) oﬂlﬁ)ydocfcatbha fd@é,’rand ai keasTaiDEl @the

c%pagyggsglnt rog? o%m%rregr?ega a%?m ar&t%llfl:rgnng?ft téo O%IC ¥n dibff)} an!i)or one or more

ctoemoefrcatoﬂ oe cﬁfm@ft mleﬁBSffom’ZOGlum@ 6tod tmrmdume Thtkle; and vak€or more

R 50 oier -G R Gie BRE BPoP hybiroasgis o one or

h&€ chetad @68 ICa1uMER 9CION @it Perisdia T alet a6 abmetingyofadiMe
Met hod D4530. I n. sonme enbadi nents, the invention
PREVPR Rariah Hesaurg f Prdsease rhy lepsict Mia a’b‘il B LFpEratppf at least

A00CUsl B aRkeaNd éiwe\gﬁ@dnﬁt Rte MReSHréRt-eHay ik s MOR @ontent of at most
contacting zone erein at | east one of the catal ysts

e of U Msrhncomtebethe yalrospipen fectliigheatin MCRecasing firds getermined

g;;eA@qu@gﬁ;(y@{%bs 25 produced by the nethod
conprising: conbining one or nore netals from Col um 6

of t Aeseq wmdunen@athe énvgpdndroafes agpethaskd pEivpog Adadef

[ I
AR lTRUGLT 6] I SR 805 AR LKt
amie Yt the@atiakystaiswe@qjemaﬁ uregnl oftalyst, winegein BEECoI@n 6 nfctdt patayst is

pﬁ(;;/d r%g% g?rltt)l h%d g&&ﬁ{l%&g{a%&hy&ﬁtn% 88%011 Iﬁgl% n‘gzgalsaftrorfl Column 6 of the
Reaivdilc iable Iamd/pnrcmel wc o dootpatinds pHoheadr nidiateialsdtond€slutnh @ of the
duct re|nthe cr is a

P 3R R B ShyorB RO 8o 564 R FiiEiuilo fygmperare

dhadimogandon «f fead aldgisd dolumaicdu@alcantyettonddctiag a hﬁﬁﬁdaﬂfbnfeed
e ram of hydrocarbon fee wher e

SRR ARl B oy SEAPHh ot Stk o shet 1 Befodes the crude
pradul, Whireat tht &8¢ ppadd isal lldvidsHixturdast-ttang atial ¥t whdein

controlling contacting conditions at a parti al
tbﬁ: ]é)écg%ﬁag)oageeﬂ %?‘ij: sidue content of at least 0.1 grams per gram of hydrocarbon

feed, and wherein contact of the hydrocarbon feed with the dried catalyst at least partially

sulfides the catalyst; and controlling contacting conditions at a partial pressure of hydrogen
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of at least 3 MPa and a tenperature of at least 200 "C
such that the crude product has a residue content of
W@200s0$17500% of t he residue content of the hydr@IES1OTIO80433
feed. In sone enbodi nents, the invention provides a
nmet hod of producing a crude product that includes
contactlng a hydrocarbon feed with one or nore
ﬁel%%s?f éyPape%ng rtgrglye(r: rg ?)g El neatsLQedb(r: I%ds C atht ¢ ai.lcrl]é: %rgguc%' has a
ﬂestld}wl ahntehtxif ur @oatv02f'tHe r&ﬁkﬂhe&oﬂl@ﬂl dVRe; hyﬂﬂ@éarbgﬂﬁfe&t ar bon
feed has a residue content of a St O 1
gr amI‘bFo%‘V‘d]P%)g’ ﬁ’Fél?sV&““Qé]riFHOVé eslaé%%]?" SHeér C‘P% & Rriide
Iﬁaduat msﬁlﬁclifca:s cattadmga hQdrdcagbcanBed WieH or@lod Modd catafsal ty pfoduce
metals from Colum 6 of the Periodic

a*r‘ﬁtﬁ‘i ot nglgesape Bt Yirh SthREY Bf cyfierBfudb diauid

Bt & Brenmm@olivmvrg; @k hidiecaigmi radi Has 1 &sitiabL&ien@BOatdst 0.1
or nore netals from Col uims 9-10 of the Peri odic

grimghpes Lemueidy desserben fepdraad admpsbersdy thercaghistsdips #epast 0-1
dRhalbsr ShARy CRIWIMS: GebPnlfe hlgls E%fn' @iufin 6 6ARk Peri@RATR1e

pore size distribution with a nmedian pore dianeter

4heoneRIOrICOIACHPRPURIOT Ane gibog ditalofrp fglupant aldhe Reyiodic
fa%ﬂed hﬁd MSr ﬁforeZm«p@lE tﬁ]oﬁll ChlsirSH oiOLBe Fé{rgfdﬁgf‘a%le%ftlcg%} one or

MPa and a tenperature o east
1peto dgmeoqnﬁeofcqng drempregokeiels fromr(é)lmmdﬁel(mfdmﬁtmold@:vﬂah@ and a
t t 9 i esi
pg:oge{‘] cﬁ&ﬁ?tﬁ%ﬁt\xﬁlﬁ dlq%dcl:aglr O%D(ﬁ%mag ’@eRI/eeLIgﬁ A zﬁlﬁ 1‘%8% and
c@rmdﬁngmltasung dmdltlnmezntalpamappressuxderﬁ hgdmgnhxﬁ elt ledst 3 MPa and a

BPBHSHR oo 0RO b b2kl POLHYRe SOR BERL e o
eodwl coplkﬁl(hf(at mbN A %l of cﬂeué@@etcbmemrdﬂde hytodatbdn fewher ei n

t he r ude uct uid mxture 25 C and

0. 101" R “i‘tﬁ) el aiefﬂéVéHt PHES4 ‘Peé%‘?adu‘ﬁé’mél&ﬂf‘%ﬁfmf}?
@bduce@stinQudes 96aadiisg RefudgfRim2Bohe 6f M6R cﬁt@@@ks tcap'lrdduce a total
wherein at | east one of the catal ysts ha ram of

roqust t};%tt 1nché(%es |t1§:é:§1fde@)r031u§tl, Whereigsthe gude nge %115 id gpigture at 25

40 anoGoh wims i chfde fedthBEnPe FdsRE GonléR beat 3G (O 2ARE p&fgram
nore conpounds of one or nore netals from Col urms g

drerydn deepgdndgdiercinmaitigagt ong qf thy cHRivge pas. BHEBBAL GaBIys) ﬁbleast 0.3

%&Hﬁ & bihd\g nﬁﬁ@ Fetals QR0 @bIANPETH bRlhe PEESBUTS 1O nd/or one or more
ydrogen of at least 3 MPa and a tenperature of at

Jogwernds @Hone®r mae metalsdron helumpyordO pf b letiodiabable; and a binder;
Jng%bﬂfﬁlr%f%%ﬁgﬁq%%gn(ﬁho%%wﬁ%rtlglg)@sglfre Bpl%rld%o%g% rgrgeﬁ least 3 MPa

cont ent rocarbon
aarHa el npeeaters of atHeast Ve htsuanthdigbe ernfeproduchastagdsidife content of at

:ﬁésg%%io? e?es?Ju‘égSntQ{t%FHl‘éthy&%@érbdn%é&des contacting a

y rocar or nore catal ysts to produce
at oﬂmlsorm @thodimdnisa the iimehtirshedesdribes £mudied pf @ddieing a crude

ecru product id mxture 5 T.
RGBT Tl e BV Gl Baor Bt s Gl B e
eCtOta’( ﬁﬂoﬂudﬁfhaaincﬂuéﬁﬁhe &ude BOAGL, amBrefiethe giuddpofiuct is a 11qu1d

dr oc n d a east aqne, of the cata
it T S e BBk aRAr e by SR hoarta0 195 tHE g Bk 105 0.1
@MY ﬁe@@ra‘ﬂﬁéﬂhyﬁfo@m@blﬁfée& ehd of leat oS thea@01yRisGd CHIBhMISHy

one_or nore rretals fromColum 6 of the Periodic Table
QRYIHRS: 3 HEngpl Wé‘a\‘}%ﬁ‘b%’%e Birtipls diagieten gl & mast A0s

&fcgﬁﬁle@é WANoOMEE ntddds 6 icRHing T @thE€PerRaR bRURISF bne or more
an

compounds of one or more metals from Column 6 of the Periodic Table; and a support; and
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controlling contacting conditions at a partial

pressure of hydrogen of |east 3 MPa and a tenperature
wo@booBesss7 200 "C to produce the crude product ;PEeTES2007/080433

crude product having a residue content of at nost 90%

of the residue content of the hydrocarbon feed. In

sone enbodi nents, the invention provi des a net hod of

(ﬁ)nt&(%glg%g%ta%tlgégog ltl-OF%ag. élrtlélr prﬁ%yllé: Og gucg‘ s %S/en%? ?eta%%}i)l\l{[g% ar%:dea

tampe:rhtaie qcash 2o °C Improdmlthaiesdetmﬁiwr tete npie@auintt, havmg a

in the crud i.d m Xxtu t 25 'C
e R b e ks B s S D LB £ of
at | lenagdmelé}ntfoatbm@ts &Elll&egﬂ_@n p&ﬁngde%ta Ih@miof@ﬁﬁluﬁflgﬁhﬁlge
t t
gt RSB AT B HEREOV I DCET BT iyt o produce

Aot pdicet aaRtRI&NEY @ﬁdeqﬁsd@,f WHeFefh (HOBROUAGEuR(s OR@IOT
nore metals from Colunmm 6 of the Periodic 'Fable; and

Rix&ERHEOr C 2ak 8- 18bNEeothe hrgocshanded ey 2 disersity phdeagt L0£St at
Py 40 aha ANEIBsHSr He CQM%@ gse(ﬂ)ta@ﬁabﬁ:tbyrﬂaﬁlﬁamzn RAn@ dxRe fines;
tenperature of at nost V to produce the crude
Qe ot et methls fropygdupn 69@@? Priagrin hable anid&e 98¢ erymere aereprunds of
(Qlfe oﬁnof@:}ﬁ%alé %&ﬁlcéolﬁxﬁﬁ 6 BYﬁilE: @gﬁ(gcﬁcoﬁa‘tﬁee %gd y 5%591% | a‘ﬁ? Corltl%lhng
sone enbodi nents e invention provides cata
whattingrohdies aga pypplaressurd 6 midregen bf Wxiges MPandd o tﬁ@lmrature
3 t iodi r
d}“n&[ I‘%o&%bé‘ ét C%Qﬁﬂg%%%é&%%roqﬁmtb EE r?gl%g p%%ké;tlhgapé grvnl%&%{t?
c@oteutmf a6mo£t So%e)flﬁerhyddjcarbifmfﬂe@wsmey ein the catal yst

Q?Zné? gor e leIﬁ‘legléSEhr Ié]gV%FAthglnrpd'O\flaeg Céi{Tg’ t%{l][ IRC?U.(FGS a support

afeal sradds Eanidy)ne onone inf@ils omiCoama 6 ®ﬁ¢h<dEerfddI¢éB1,bleta|ﬁé/or one or
one or nor.e mstalsfro Co he Pe

S5 R Se i ar pts ST G Lt b aBbe B ST hprgin the
dm}at lsas AQofer AN e wiOn Githfa nidagin Perel ddthher ba R 1845t 8 aad the

In further enbodinents, features from
“é‘ F 1IS |°Eta€‘ﬁ\518 ay ﬁ%fﬂ?lglnﬁa%/mﬂ’éraé oG ?I‘éed e PP Prangre plggetals from

F10mm gloh ek PEARRETIROLRY or QY on8 ¥ 2RBlconfp8@dd bESnel JIr ABrOMBals
enbodi mrent may be conbined with features from any of

frgpe Cotupay 6 & soltriggitLable; and a support. | n £ yrt her

embogj, ﬁﬁﬂﬁ%ﬁem&)ﬁﬁ%tspfegﬁ% tfl%rr?srp@mﬁp LabRARLSs B)fy Q@yongimed
t he nmet hods and 25systens descri bed herein.

Wid feperes dvpodharembadimgetai Forsaample daatuieegomape @@b%@@@a may

SRR R TS SRR fer et BREE

pr es émfurthpsaniodomen, tiudderodunts fa@plaaiemle byoanyhd ge methods and
?,L&F‘JID Séjseﬁ@egéltel% art 30 with the benefit of the

OW n ailed descri ption and upon reference to
t he ac ﬁmmpmmhorignaﬂltsaaddﬁgmall faatwies olay b&-hd8ed fo the s@cific
mat 'kcd ocfib%gheer{bodl ment of a contacting system
and ar'e schematics of enbodi ments of

contacting ZyBRIEEIBDESalh{IPT\IOMM”{HEMV\HNGSng zones.
FIGS., 3A an are schenatics of enbodi nents of . .
cont a“t"tVP%geé, 9&%& RE ST H{Ve‘i‘tf?éll“ﬂﬁ é?e‘toi‘?}eé‘gpad“c‘fﬁtt%@’f)f%%“”ed in the art

Wi BS 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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5FIG 4 is a schematic of an enbodi nent of a
separation zone in conbination with a contacting

WG Y®B/OIM757 FIG 5 is a schematic of an enmborkTES200D680433
a bl ending zone in conmbination with a contacting
system 141G 6 is a schematic of an

enbodi nrent of a conbination of a separation zone, a

10co tin te and a.bl endi ng zone,. . Fl 7
dopt IES AN Roe POfks 3y R0 G Buruneyp Sl
ivandeaws comhythdeonsn cat al yst s. FIG 8is a

t abul_at.j of representative properties of crude feed
and diYe WRIAEER Farmatrs sk e GRRS ity Pt
iﬁﬂu@kﬁhfeele@htwuh@zdsﬂ@s.ee_ cat a:cyst_s. hlsgl G 9is zg

graphi cal representation of weighted average bed | ,
tenp & F‘gt Ul & sehematie Oﬁaaé‘rf’é‘t'%‘?d’élfen? it SEBA AR ZQ%‘é‘d?PWg‘r‘i‘f‘t“B’f with a
Qant@stdyhiemt he crude feed with one or nore catal ysts.
FIG 10 is a tabulation of representative properties .

of chifde iFeseheantic erandenioriseenee! ¥ Wendig ZeROBEPIBHALYF with 2
SARLAotsyfiBmt he crude feed with two catalysts. FIG 11

i s anot her tabul ation of representative properties of
cr ud&l§ eid agphematie gleanxppodiaieat off aonirabpibelch sepAatiagfzone, a

.&gﬁEtﬂ@sgﬂ?néta{hga%éfﬁqgllgfz ed with two catalysts. FIG 12

IS a ta tion o ude feed and crude products for
enbodilrehdepictf a Bomnaspedtmg dravdeadier dyalyittahd fayipps molybdenum
giaysﬁr ent catal yst systens. FIG 13 is a

graphi cal representation of P-value of crude products
ver sudGriis attabuktibo pf e plosmlianean propatfiesod mtuale fdéed gna erudkeproduct

eeds wi.th four different catal SysS . 25FIG 14
iDESESylbol 8 op e Mo B MIR IR Lt ke

by crmide keaegphical spissentation ofivecifloed @eiagebetanmseradiire versus
contacti crude,.feeds with fqur djfferent catal yst
gt Sn POt of e edititign Tstemics feen gRMe0S AE Bptesaabess:
resi gu@. WARh edlilatiGXPIreFERAtali e WEhgiNs op EfuaeRkage crade product
crude products versus run tinme for enbodi nents of

OBt TRRITHRENE P 9atapEhle dindierdiHh BYe (A cat al yst

SYSU @il@E. 11 is another tabulation of representative properties of crude feed and crude
product for an embodiment of contacting the crude feed with two catalysts.

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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30FIG 16 is a graphical representation of change in

APl gravity of crude products versus run tinme for
weniwsdiatent s of contacting the crude feed w t hpdDUS2007/080433

di fferent catal yst systens. FIG 17 is a

graphi cal representation of oxygen content, expressed

in weight percentage, of crude products versus run

Four 1 ey At rBEp Qe SO0 & A B e ERER it bt

feadenlagd, oberudd proéeiesent aiiting for aplerdinass dfcontetthg chele deeds

aqﬂ cr(?lgfe Erodarycts 5 for enbodi nents of contacting the

Wi, gur SIUEEN S ERNPEMYst systens that include vari ous

andumlS. Bfis a tabalajSdemntipre@ataal e sbperind of ched® Adil bifA crude products

catal yst, with a catalyst systemthat include, a ,

oneakAdime et igryagting fhy %”4‘?6?%‘0‘81&}1%?{130% Pratr el e ldg grious

Aot B n@lydasnuRE@@Tyst and a vanfdifn cd@lykSwah b aRbily atsh@din @fac
properties of crude feed and crude products for

ia YReAtiem sptalygind & ohpdenuny sanpdigpcaiiiysh aphwity glagpdieads.

cat alpy§! § igh ab@fali ST frofittied oPQHAd Bed ARRAGR pYSRIOG Kl €S-
HG 20 is a tabulation of properties of crude feeds

e digrantseo! pprsentiag srufly feedsmpdtlpneecn mprogatad vtk 24 ¢ ariqvg ligwed hourly

nadekgeds at various contacting tenperatures.
S(IE—)IG 2% l|s a tabul ation of crude feed and crude

pr od b6 s20Kion tbrstiel ofamerstizs ofondaltdsrgd thide prodeies foeed
t : - ' ti
ouaR Tral B e riR s Ao el bR O

cont &tGi2gs b bulatiode dneledeadi anth carderptogidefon pmbati@bnts of.
FIG .23 s abul ati on_ of drocarbon feed and crude
S Ghiing SRk ReBLodt sSBUREEC gt hehydr ocar bon
f eed ANt 32 it wanbahtiad §fRingle feed and crude ploliGats 24 emBodaments of
t abul at j dr ocar g?bp f eed ﬁmd crude product for

f h
SR %{]@&Offee‘gﬁg%ﬁfrﬁ Y™ Y dr ocar bon feed with

two qadal3yish Sabulation of HylifacarBn fesd @nd cadiél paddueifoPémbodiments of
hydr ocar bon feed and crud product for an enbodi nent of

©BREURS iy drerarng dicd c4ihy WA cHa¥ESwi t h a dried catal yst.

Whi | grrdshey ib B V@ 0fali o fi g d RSB EPebPhRI dr@IeMASdueiSr embodiments of
nodi fications and alternative forms, specific

ergsinetanulrerdre edafd WRGHAYHY way of exanple in the
dr awipp@s2s id B@ibulation of hydrocarbon feed and crud product for an embodiment of

contacting the hydrocarbon feed with a dried catalyst.

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.
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25drawi ngs may not be to scale. It should be
understood that the drawi ngs and detail ed description

W@ bwBetvsare not intended to limt the inventiPCI/US200TIE80433

particul ar formdisclosed, but on the contrary, the
intention is to cover all nodifications, equivalents
and alternatives falling within the spirit and scope

01 ot MRPPLEREN LT APL B By IR 0580 P9 L7 AR RdEC

drhathedbNAS TOf Methed DO8ENt | ons are descri bed herein in

nore detail. Terns used herein are defined ol | ows.

ST e bR e i ST Gt REStG oL hodrocion feed

dﬂﬁ&l&i‘dr@iesprod(uct are as dofThirgd 8y ASYM Meihed @3!2@1. APl g g a\t/) ity

at 15.5 "C (60 ."F). APl gravity is as determ ne

ASTMEOEINgdepgigsutions for ¢ f‘g}‘ﬁreé/ rfﬁf'éleﬁ‘e %?lé’é‘??ﬂl%tg %“ydé‘ﬁdhe

@RI Prédueedrd HURSMERIbARS THf Methed MEANDEAED OihefvfOn@idned.

the crude product are as determ ned by ASTM Met hod

D5291Cs sBBrieneiy refai geasghatepssyintjaesriasofife inmegpentane. Cs

DY CERHAM i ERUechiBed & ASTIINAAHGS p2@nyd/ or the crude

product are as determ ned by ASTM Met hod D5307 unl ess

ot hertw s@hitenes” aeferd to asphaligaestbatpeeriasplubleinarheptage. Cr
-hat.are. | bPlevi] tane. C5

%@%ﬁg‘:lf{sgﬁ@émg%%tdg%&ﬁng@g}gkget er Er:rtlﬁ%@eg y ASTM Met hod

D2007Column X metal(s)” referSio erephaloremes!s of €pkmm X of the Periodic

I ) i nsol ' - 7 L
IR LR R i Reb R 2 b et EH ARG RS periodic
'DBR7 B which X coBerpoms tXa neltiah shberi(fef exanio 1digofthe Roiic

al.s of | Y X of the.Periodic Table and/or one or

g N e e B N T
théBerReid Tahiccand/abbe, orinforsungjoudsad ohesjroord snetals faora Qlolumin 6 of
Eug‘berd. (1t %%oexarrpl e, 1-12) of the Periodic Table. For
B aE, 180l umm 6 nmetal (s)" refers to one or nore

met al“gofuh@MX Elembity) breffs thoné bembiekicadh® of ablugina0 6l ¢ Periodic
one or nore conpounds of one or nore nmetals from
bl A/ E 08 Of maresempYYidy ofeqrs|og more elemengsf g pipma X of the

kg Nhbis) in WhtheX Sorf@pde 1 coltRiEn@hRIEBL &afbleCoI- WY the
of the Periodic Table, and/or one or nore conpounds of

Rerigdiglablgy Eorgxamplgt Cobmich] ¢lpenksbreierido peg ergirg elements from

dabhe 15 bNnBb ST HR TMBRPORAS h e %&ﬁﬁuﬁ@bf%ﬁ@@ﬁho&fe%ents
exanpl e, 13-18) of the
from Column 15 of the Periodic Table.

In the scope of this application, weight of a metal from the Periodic Table, weight
of a compound of a metal from the Periodic Table, weight of an element from the Periodic
Table, or weight of a compound of an element from the Periodic Table is calculated as the
weight of metal or the weight of element. For example, if 0.1 grams of MoOQj 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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20 Periodic Table. For exanple, "Colum 15 elenent(s)"
refers to one or nore elements from Colum 15 of the

w200804H767 Tabl e and/ or one or nore conpounds OPCDIE2007/080433

nore el ements from Colum 15 of the Periodic Table.
In the scope of this application, weight of a netal
fromthe Periodic Table, weight of a corrpound of a

net al“ do g]eet h?e eF;g | odi (%el andf%r dlsadv\ellvetﬁ%ﬂ that 13%0 gé‘f? eattefd

from or "wei s conp
lerciel errent from t he Peri od| C Fabl e is cal cuI at ed as

ézgnp 8-%2 fffe(g%ot%epd?%qg&géuq%/bﬁs‘h?%g%o%o&%ﬁ@?e tﬁi %rﬂﬁth&t” refers to the

Gitud thltGontabt@thb&ﬂa@tlﬁsﬁi&‘lﬂg\pﬁic@daingﬁ t he nol ybdenum
metal_in the atal yst is 0.067 grans

er . r,am of .
cat al Y&tillaecy r%wthydrgogqrgwg wigh qtr?éh%prggqtdl gbugon between 204 °C

@OTRYRRNE43 T @56 tibSik Db EMPhODI@X AR Rent & B3QBYEHAEAHPRSTM
feed, a total product, or a crude product) expressed

Metho@Pa#7- f racti on or wei ght percentage based on t he

t ot al-ppRi@ANmsO et PR c%;lﬂz Bﬁifogen AN BT @h@Ind tPhP AlofeSular
per mllion by wei efeed refers to a crude

S@ﬁ@iﬁ@@%l@%%‘?ﬂf’a f@%’f%fécctnrf:at isjas deteynyee dihy Qe T Methods
X‘ r
Zr ocArbon oS eed?]%tafl fifid én %@D@j ?ﬁsﬁﬂfw YlaBoasRinitro en

tota rs to the mxtu
It%hm to @@matmnnomdsamt aaw pichutilesg than d@.eBesiqggtrogen (“bn”) is as

" DSt A hydr ocarbons with a boiling
d%?%@‘%%’@??%u@%‘ﬁ@e?%en 204 I T (400 (T) and 343 C
(650 “H’Y@lroaa:rbcﬁh el riMes.to E)lf@ti ithal aicldedntietrboiss. &Bldrocarbon feed

det.ermn AST I\/Eth .. "Hete

gy 189(1ucéee ut 1%%{ tl’hgb %to g EES) Jﬁ?tl%%e'gg%%{ I3{(2racarbonts ﬁgtamed

finaoch ﬁafmh@rpr@ieﬁsag; oumexnats meﬂayid rmxampleo ot hyldﬁtc&ﬂb@ﬁlffﬁd DBtained from
ntent is as _determ ned by AS t hods 10 E385 for

SR Rock R o fista e Byt Tt TG pdeuud

B8lifel hydradartdhaboih@sibovdrs 38 0yenio 1gfe hiixtiRs MHetdopgen

compounds that have a pKa of less than 40  Basic
nitr ob‘éﬂmé@“o%ﬁ’mjce ?f%%tod‘é(fl@lg?ﬁ H@HOWOKQOFHNW fepapounds that

AR IP the presence of a hydrocarbon feed and the catalyst react to provide hydrogen to
compound(s) in the hydrocarbon feed. A hydrogen source may include, but is not limited
to, hydrocarbons (for example, C; to C4 hydrocarbons such as methane, ethane, propane,
and butane), water, or mixtures thereof. A mass balance may be conducted to assess the
net amount of hydrogen provided to the compound(s) in the hydrocarbon feed.

“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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"Hydrocarbon feed" refers to a feed that includes
hydr ocar bons. Hydrocarbon feed may include, but is not

wo powBH€d5t 0, crudes, di sadvantaged crudes, hydrOIESIOTIES0433
obtained 15 fromrefinery processes, or m xtures
t her eof Exanpl es of hydrocarbon feed obtained from
refinery processes include, but are not limted to,
lhsg ? O“[é Zf I gcglgdb eS r}%f’:rs to t%g Ogrgoec%%rgeﬁ)? i @chg‘%@qﬂ%he International Union
afiPatelin@ A ppher (élcefrmstry (TUPAY Y] Nog@anbes 00X e r efers t o
hydr g and/ a ound and ds t \Ar@
A R e A e T s
AiRAekediq ool er byEbiagens tHercd & osmeid Benshlsiifmhesalts of
hydrocar bon feed. A h 0 urce may include, but
‘?fga%acc“is ipsedstpripiged Még ]EAgV'BtBﬂ‘gDH]& exanple, Cl to

(74 ByHEOSAKRANKEsIUCT RS RTBE MA@ BaNRantdy 0P réiidhe
but ane), water, or mxtures thereof. A mass bal ance

TREYINGE a@ewamr@t?ntaad AWlysis of patEste- oS IRAONSAL iR pHIcyEned by

@gmlh@&go(ﬁ@‘;%be conpound(s) in the hydrocarbon feed.
ate crush strength" refers to conpressive force

need e&%}@denqmswn@nemthﬁ Bpgipocarbgpifgedprefaretodhgemtest elengt h
ﬂ\l/lély Pglﬁtu?{hg]f&gd TPé’ nﬁl?lt;% t&gfégt]l}é]l&g 9 the amount of ulldr%z{n§

ers to a volunetric |iqui rate per
wyolydeauip fang atganopatlytalnehny ; thx fped sklely bilgnuhaensn( ke,
f by summati on of
@?fo%hbiﬁ?%e%ﬁ £ tg&rlrlltie*fsi}é |b§;A$1§Mg\gér%§ ]?flg ng zones, as
desc r‘Nlaﬁdhd’farefersrno hydrocqnbod chmRonen® Wmeaftmﬂmgtrm@ dlstrlbution

t t lo e onpound
SRRauI{ D T 2 6075 PR EIuPE SRIRRDEE L, s
de(é,m(nkdﬁ;lA&PMhdbabeDﬁaml er referred to as "STP"), or a
conpQsi. ti t cl udes..a conbi nation.of one _of nore
R YR et e ol S
CONPoNpY¥gFe ddaten@hiées @ ihdSomént STMckel, vanadidlb@fonO6H c@mbinations
Tabl e" refers to the Periodic. Table as speC|f|ed by

(PETEOT} e N BIETIOAT B GROTEATIC i VA NGB @ pypds
AniMPAShnonNQUE Hf%@ﬁov&@a@iﬁxm "M bahSoilod cOBp&Indas alteNiP¥ /Fe content is

organic acids" refer to alkali metals, alkaline-earth
%é‘f’tﬁ%medby ASTMMethodRH{4S. chromi um or conbi nati ons

ther e‘%rf/nﬁ” 9&@& &Morh d¥Bic@hSerd Bt gﬁ@k@ﬂ cupRlnteRer@F hrirocarbon
Mganl c acids is as determ ned by ASTM Met hod D1318.

feed. cr o- Car bon Resi due" ("MCR') content refers to a
guant. i f |

and p)%% lcslfg?)?% ?Qﬁalﬁ%gsﬁ%ﬂﬁlc oﬁ?%%bfﬁg%lﬂlg%efefe? t@%?g’aﬁfc OQQgen

aetpenis et dbyot ASTiM dethdxglic Gﬁ@%@ngﬁ]\/bNylbdﬂhQﬂﬂlg oqnttaamtng

hyd r f f t

J ngaln'i({;%&gﬁyn o%ﬁ)%Plﬁcg célgdgdbu.l;ﬁl% ol ﬁmggd Uﬁnhegg Ig%rcelfg eth%is chlQohols
armhtwdadm)holh ,keaomen, aldelofdes, noccgﬂnnmatiommofewhmh dodot have a
or denum in the feed. Mol ybdenum content in
th ﬂif arbon feed is as deternmined by AS I'M Met hod
1) 580@Non- condensab&@hi hafersrtet@nporkas Aydlsragiaddaof components that

one%&g with a boiling range distribution between
%%g eS#PO0" "17) and 200 T. (39217) at 0.101 MPa.
Naphthappandtient vald” @s“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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15 determ ned by ASTM Met hod D5307. "Ni N Fe" refers to
ni ckel, vanadi um iron, or conbinations thereof

w0 MoBlbEgsTont ent” refers to the content of ni ck&l/PS2007/080433
vanadi um iron, or conbinations thereof The N /V/ Fe
content includes inorganic nickel, vanadium and iron
conmpounds and/ or oraanoni ckel , oraanovanadi um and

or g al n‘?ore %gurg? rrp QHA ﬁ.}%? laﬂggé gn(f‘olqﬂtgf\% f%r to pore

det er m ne ers‘to

dianeral, medibn porﬁﬁiaefe&r ahd g@rﬁ Vplﬁmepasbietemédaby ASTM Method D4284
drocar bon f ylic. containy

SR oS yn s ag Sl 81300 AR iR iy a0

iaarpeUNAsiciofrtiticldnd ONodRYE GRogad, DO X ) infay be Q631 dGEDUfL these
n- car boxyl i ¢ contai ni ng 250r gani ¢ oxygen conpounds

Y ¢Pude, but are not limted to, ethers, cyclic

et hergyrgaab Ol Sefdd @MBp6url (BA MR Rles Jﬁ%rgzﬁﬁ@eompound bonded or
al dehydes, or conbinations thereof, which do not have

Cé)n}pglx%yﬁl péne@a\l gjbt,‘ge Periodic Tallsy “Qég?a@ﬁgtggqc éO]@tgﬁO{ refegs pythe total

doRteHUIMRURE M S @%ﬂﬁ&ﬁetﬂh&&ﬁﬁoﬁn&f &g&ﬁaﬁﬁ%ﬁﬁc&ohdaa&s & e
ases at STP. 3 pepti zation) val ue" or "P-val ue"

med pp ARTNUMethad Dpglue, which represents the
fl occ‘ﬁtzﬁion @ﬂg&ﬁﬁ% fH‘ s tﬁétqﬁ% £€&ﬁ faﬂ%]et (ﬂ&gbutlon above 538 °C

hydr oca ue |'s as deter
BAhdol a@ﬁ@lﬁl@mned by ASTNZPchéhQﬂ Br®¥er", "nmedi an pore

di ane‘ggcflmentaga?er gnﬁuﬂt%sglﬂg or 50%@ ﬂ{at £r8 1&81[11818 jltl gl?}flr&(%é%arbon

medi an pore
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l'ing range distribution above 538 ' Cl
sed 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
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(1000 (-1), as determ ned by ASTM Met hod 1) 5307.
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m xture. Sedinment is as determ ned by ASTM Met hod
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sol i Gomsenbiis@l draldes ARG @6pekticd thablall & e €@bIBY crudes to be

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

Properties of disadvantaged crudes may include, but are not limited to: a) TAN of
at least 0.1, at least 0.3, or at least 1; b) viscosity of at least 10 cSt; ¢) API gravity at most
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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include crude oil. Stabilization may include, but is

not limted to, renoval of non-condensabl e gases,
wOwi0804578al t s, or conbi nati ons thereof from theCTUSZHE7/080433

to forma stabilized crude. Such stabilization may

often occur at, or proximate to, the production and/or

retorting site. 5Stabilized crudes typically have not
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) a residue cont

at | é}is;ltlvﬁlte(g&d gnuaaSBHnay include, per gram of disadvantaged crude: at least 0.001
grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a boiling range
distribution of at most 100 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or
at least 0.01 grams of hydrocarbons with a boiling range distribution between 100 °C and
200 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of
hydrocarbons with a boiling range distribution between 200 °C and 300 °C at 0.101 MPa;
at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a

boiling range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001
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hydrocarbons with a boiling range distribution between
200 "C and 300 "C at 0.101 MPa; at |east 0.001 grans,
w@rooBeews7 0. 005 grams, or at |east 0.01 grans BET/US2007/080433
hydrocarbons with a boiling range distribution between
300 'C and 400 C at 0.101 MPa; and at |east 0.001
grai ns, at |east 0.005 grarrB or at least 0.01 grains
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heteroatoms content, residue content, API gravity, or combinations of these properties 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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The crude feed may be topped, as described herein. The
crude product resulting fromtreatnent of the crude

w0 28/0451S7 descri bed herein, is generally suitaptEUS07/080433
transporting and/or treatnment. Properties of the crude
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downstream separation zone 108 via total product conduit 110.

In downstream separation zone 108, the crude product and gas may be separated
from the total product using generally known separation techniques, for example, gas-
liquid separation. The crude product may exit downstream separation zone 108 via crude
product conduit 112, and then be transported to transportation carriers, pipelines, storage
vessels, refineries, other processing zones, or a combination thereof. The gas may include

gas formed during processing (for example, hydrogen sulfide, carbon dioxide, and/or

carbon monoxide), excess gaseous hydrogen source, and/or carrier gas. The excess gas
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The contacting zone may include one or nore catal ysts

(for exanple, two catalysts). In sone enbodi nents,
w@eoeBaet’sof the hydrocarbon feed with a first PEE/EE2081/080433

of the two catalysts may reduce TAN of the hydrocarbon
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@otr¢apngeatagting zne phes bydocanyedrfergenondnukide f | ow,

?:gg[ gIg @H?eg&%l%)ﬁg‘lq tl’l.ftsjb ﬁl\sé’clalﬁler a(s’ @éoﬁ%‘iﬂgﬁ %t}’]l:tﬂee IEJ%Q(Igen source in gas
@odtir Bl6laad motrqnjuoeﬂm@ the amuad@ngroneksta mix tuke. Ip ecritdin ¢

PUREE o S0E TEED0 R ey TR SRP R 5L BE0F i hmgnge
iy e‘i@r 't dne of R0reContactirgonReserthabé hgid@rbon f@ApReFadiely €ia gas

in.a ntacting.zone nma e. from350C to 450 "C,

oot (Tt i RG5O B Tiow GThe o ead o o

ex@mplb HaV ceddutthes hydagieabbas hf/(ﬁﬁgian\/éfolhﬂce geINe i@l daytier gihg;%unter
fromO.1 to 30 hA, 0.4 hAto 25 hA 0.5 to 20 hA

g #fipgfiow gf the hyslroggrpen feed may cpbpgga mixingpandiopsonsnh aﬁtﬁlﬁamfecafbon

foddSVith e dbalygast 5 hA, at least 11 hA, at least 15 hA

or at least 20 hl. 5 A partial pressure of hydrogen in

t he &oRtagcd] ﬂi‘?ghy%)ﬁéfb%ﬁﬁeﬁl HHH SR Y O upsBeaypepntagting 2gpg 102

B M2Bd stREm3The MRA strdath ﬁ%r&ﬂpﬁs@’e% Q&ﬁactlﬁg P&etiioako
ressure of hydrogen nmay be at nost 7 MPa, at nost 6

SUream qepREting A0Pa ] 14 tin FHSY. 34 WPAB. te fepdstrean fas from
in
cﬁ)twngﬁesd(‘q’]&nﬁ Jﬁgﬁzon@ﬁ 143‘116 aﬁaﬁgne&zde\@& reel c&%ﬂg% AL (1?6

whi ¢ en source IS sup as a
ex an‘;ﬁ]oetactiwmsol@énl Igaslo, may lnelthieoor@for trioee gedystu s shown in

N N e e

dhd 8nOBGloNnBeal, coRa&indOnd\hid/ n3,sh&wBind0G. MBhaBed @ream exits
800 NnB/ nB t wi t.h. t { . .Ih
P R RN e L

@antimerzogas(es) and recircul ated thr ough t he

cont t|n zone. rrier

oot e sy Bt S Riongn st FapvgHesiiay
doaatdigt Ahe 14 QW hddilgahysimeanbentdend,can di@tro fhinOWve @dtal
t he hydrogen sour ce |n the contacting zones& The

REafue}- ebheqatal pradpebedls davipsiiRaE cHRGing 295 KAand/armdditionsg

d"o%h%éa)n cohﬁcefsg%ne MROHIRRESIowRs R LE8RIHOBRE B8(iPlotal
exanp drogen, nethane or ethane) nay be used as a

afmcr @rndlgla 10a Aidhe caile PEIHERBHOF 2 SUGH) tHRaraedAtoat e el
Zone.
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The hydrogen source may enter upstream contacting zone

102 co-currently wth the 20hydrocarbon feed in
whywsoeasbon feed conduit 104 or separately viBCTEHS2007/080433

conduit 106. In upstream contacting zone 102, contact

of the hydrocarbon feed wth a catal yst produces a

t ot al product that includes a crude product, and in

prod{l%t gﬂ%’: Ocrl%chEm ult e?qnss i’i%v!énrggfgagr?%e ITEon zong 2%89 Via all'uo p&oﬁuct
@mdnomen source in conduit 106 "I be total product may
exitJ#@ %rea cont a one 2 and. ¢
25downst T E4nt &B‘B? 8 Wéen& S\?‘Pfﬁattodtzé?{le protiee
@ankitietsyddia.100. NTIHONS Y i@l SRp@lethérQbppe® Beunt&Ped)tdhters
crude roduct anﬂg?as na be s arated fromthe total
‘H’F%fd’db CPY&HNY g et |t F’V &paIP &Pﬁt@ﬁmﬁmﬁm g 120, at
IR a fXAOPOEANe Fidgtvhitheddnrie Ds%ﬁdrht@@usﬂé’k@clﬁﬁdﬁ@@km(m e art
may exit downstream separation zone 108 via crude
(Hroaterie camainee MANTINER HEnPEEURTAHS oD e Brogere the
AyaRReBOF feall.l PR &ANPIE S ter RiyRR]al RES paﬁ&lw ROF3PVBRSR S
refineries, other roceSS|ng zones, or conbi nati on
dindyaneized qiiyde. JASNPHRSK emmpledr@m@a%enfsohﬁ@dv%bqlh@ range
(ggtﬁﬁﬁﬁﬁ 'b@lgwdd‘/SOE of ﬁé}gpllgﬁ) @)&QP gg GleM Ié rheqﬁﬂ se t@cpﬂom the
I OXI or carbon nonoxi de), ess ga eous

digpdm%nd swd¢ e@rodnehe ﬁlydraqtarlix@rfe‘gﬂasln sTheeralxalggentyg asleast a

Yon o? ngﬁfl‘fﬁ/ z{nﬁ (Lio;% ou%gpﬁl%f"étxjoﬁgﬂest)ﬁht ?1&199 e sB altéd f‘?(gn the

ans orted processing zon S ge
dlElQSé&itggd onude dmsomaembcnhmerhe raekeﬁst a portion of ﬂhn sqnameed components

contactj.ng th rocarbon feed with the

eé‘gt&gf’qrea{n( I)’dr%tlonﬁ% Hg ‘g%c%nglt“p?/ﬁpr oduct is performed in
t wo dhe hpdrecatiant fagt dbtgneddroasupsikben tephuatioprond UL, insrmye

b ep arated to formthe crude roduc and g

et RSt donBh PSRBT HeRt e BreedRRH SEbn Ao
15%51@11%(:1((0@}1 sbllﬁatembminuldea HoWig @dngt AIs@BuGONSAL ldadl 920 °C.
zones. In 2A and 2B, contacting system 1(X)
Tpigellydie ﬁ?B%fﬁ“F% Emf%‘dfhoaé?‘idﬁ’gd‘%@ﬁ & MigBreh QORI Péifmboiling

BRI BG UGN BaMRenl foh-106h &S 128A0and 3B00-B®) Wdert least a portlon of
contacting zones 102, 114, 116. In FIGS. 2A and 3A

tBphtdieqarheg feedwaids upsean sparaqzpge A bandepiest@ataging system 100

(E(%pﬁfr @J{a@mﬁ@ 'i’ﬁeac%hﬂaaﬂl 2ZB8h&Sn G nes) Vﬁaédhfﬁ()nal ﬁ'y@rocarbon feed
dr ocar bon f ent ers upstream contacting zone 102

qpndnhy?@rto bgf%@nr Irecseped ghiduin @ celg product. In sgmeseyhediments,
t
Lﬁ)@p 10 og gat?on Jhe 1%5}; glw tdsufgtg %%W\ﬁ@t}egm dg G des(élltlng

source in I's I ntroduce
unntt d\fehprocosingdhd wgdezmmt agts gonacking stent H)lper ¢radeproduct
enhodipents, as shown in FIGS. 3A and 3B, the hydrogen
source and/or the carrier gas
In some embodiments, the crude product is blended with a crude that is the same as

or different from the hydrocarbon feed. For example, the crude product may be combined
with a crude having a different viscosity thereby resulting in a blended product having a
viscosity that is between the viscosity of the crude product and the viscosity of the crude.
In another example, the crude product may be blended with crude having a TAN 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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15 may enter the one or nore contacting zones with the
hydr ocarbon feed separately via gas conduit 106 and/ or

WO 2008/0¢H762Cct i on counter to the flow of the hydPOLES1IOTI080433

feed via, for exanple, gas conduit 106'. Addition of
t he hydrogen source and/or the carrier gas counter Lo
the flow of the hydrocar bon feed rmy enhance m' Xi ng

20 0Lk G SR B M comcn

@ﬁbml 198 tv(ash)ydnonarb@sﬁeaeca:mﬂmo mzlaamd a geazm@rﬁd)ﬁ)ffﬂmrdmdeq)roduct
eed stream feed streamfl ows from upstream

SR ol e s paS b iAdh e i S ane 1. 1o

HléhdigGone BW, adlehsBBportitieofl tBeetudd re@in fslcombinbd @ith one or more

downstream contacting zone 114 to additi onal
RIBTRASI AR FRORRERI hiyydsarbon giscancypl %c%liaipl%‘&a profuced figm

sbpdtatichf ohBYr théte hi HEc oMM Bdds TR ERIAE AtHNSiBon A8, D0 MMiures
in 25FI G 213, the feed streamexits upstream

tBeyRelalOtorlycs & hlended prasug. fT@é@rog%s S4rATsomigcrben deed pfgude, or

BRIBEShIQWNAL &M &PNERES InfIb1& Ahé 13005 HREWR dfRuch
FIG 313, the feed stream exits downstream contacting

bloWéngrzene vip stresshennileit 1308 Améxiemiveler) raaydietlpestegin or near
%%gp%%ﬁ@f@oc Gfﬁte %%hﬂ&ﬂ)rgcﬁfaﬁm;}ﬁeet}%u&es Sislafi§RAMe at(%%oy

cted ti'onal catal yst downstream
r@bnﬂrlas: idAy tpspertation canigfsoPreddi Slpﬁ@hwltlommgcﬂea buirgre not limited

EPIIar’ilget df 9 fi I’ﬁ)f J&t}ﬁ glf:?,olv\% N tvﬂgostl t(ﬁ*lcoﬁ[)ﬁgtlﬂoqs 'the{e!%ﬁ. The

roduc éam co tactl ng zon
t&afndlbcb produtd lexltsmmidmgmtaoeambleMmdmlt h&gl tz baearkspGrecanad
ent ers downstream separation zone 108 via total
Pﬁ?cea*u t conduit 110. The crude product and/or gas is
(ar e)in SEpa&L at édadvaompddnieudeahets uppt@dueparatddnezoas Uikthrough

B o5 SRS R 2R PGl RS
forth a@ihyeitarbén Red ERRMFUIOALIDRE] MRS Et@aBdMictia@Hisrat 1009
system 100. The di sadvant aged crude (either topped or

BROP S HSEOn RSB AR Ao A IFAShSCans FT gy Iy (Epm the

cﬁ{a@dﬁmrg@@ ehdbd e)étzs%}f)arﬁt[bn%ﬁé [BAT SRREE 84, 0 1ZRNEpckaéh ofdhe
| east geortl on of the disadvant a%ed crude is

Gefsaredue s Fonctiag isicguEY aRASMHRrs Divntine ey 130 thypugh crude

SRSRRPLRduif PR DG proRERLANE SARRERAN QR er BI-RSA Ecﬁle 130 directly
reduction) to produce the hydrocarbon feed.

@y erRtien copgudrl 3Aand Be cerpbingskhith the exuilg plogucy ép@rrataé’&.ﬁnded
ﬂr&ﬂm tﬂ% bqjénﬁﬁtp][yl@ﬁjc@&gg bgernﬁﬂg Zoﬂenl 3@ Qfﬁlt lﬁ&{d c%ﬁ(ﬁm 34

conponents t ave a
In some embodiments, the crude product and/or the blended product are transported

to a refinery and distilled and/or fractionally distilled to produce one or more distillate
fractions. The distillate fractions may be processed to produce commercial products such
as transportation fuel, lubricants, or chemicals.

In some embodiments, after contact of the hydrocarbon feed with the catalyst, the
crude product has a TAN of at most 90%, at most 50%, or at most 10% of the TAN of the
hydrocarbon feed. In certain embodiments, the crude product has a TAN of at most 1, at
most 0.5, at most 0.3, at most 0.2, at most 0.1, or at most 0.05. TAN of the crude product
will frequently be at least 0.0001 and, more frequently, at least 0.001. In some

embodiments, TAN of the crude product may be in a range from 0.001 to 0.5, 0.01 to 0.2,

26



10

15

20

25

30

10di stri buti on bel ow 95C or bel ow 100 'C. nmay heat
| east partially separated fromthe di sadvantaged crude
wa p0poedsce the hydrocarbon feed. In sone enmboRGCTES1087/080433
at | east a portion of naphtha and conpounds nore
vol atil e than naphtha are separated fromthe
di sadvantaged crude. In some enbodi ments, at |east a
rds1,9p 10 the s rate nent.s it u
BREEDchr S5 SR EBEHGHE LA A AP AL o nO R B
Gﬁeuxmmtannhdnbmmmawbstﬁ@aﬁb$ep@2at|on zone 120 in

i U 1501 TR g B prute b o FETRR oy Smos

9@;% at ﬁloﬁ@U% agig&d E(me it ﬁlostajl 17{;),% bi IﬂI;@st B%ngaledmswe boHtér®Bf the
of at st 1 Typi ca , the separated

RyBr bt o Faeaun RePuBEe T 06 cidiaoGR EoriysReR Y cden
Rodwet 4 i toﬂﬂl Ni/AMAEcodict ihla Ritigk GRONPEL W RahOQr 1006° Gams, 3 x 107
120-900 C  or 200-800,C. At |least a portion of 20 the
HyaT Ocar Hhrermmear exi10's eipste dars sparati etaingmbodipgnts, the

G ROdueT s G0RbR0 LI 1Y g§a¥1§st(ﬁ 'N1A9ﬁe (1886me E@boBN&® 2 fotal
the contacting zones in FIGS. 1-3) via additional

N Gie cairters af the ebde piedustis 726 o Sd 26 Gr arribr ] LBfiad dkesidV /Fe

Jofeeh St aﬁﬁ%%@o@ﬁQQUCt In sone enbodi nents, upstream

separation zone 120 may be positioned upstream or

downdn saemenafodanaiés tietciudg pradirgt hagh togal mptybdersisi ¢rglent ¢feat most
C | cont ' '

e e R P e S

tbe hlyjhoqarm»dlﬁf&tl isceplamreaeddiments, e crude prothina has sstotahmolybdaum

SRRl B B Pl BT P, oo

€0 ud®. hawpbmg a dlfferent V|scosity t hereby resulting

in a_bl ende roduc havi n SCOSIt t ha

bot adeios PR ths B gt SR bt SLmtRtspmetat sats
OfloS@Riabis of attnhﬁt o demoBov atahet Dex, (Q)éﬁﬂibétg,% sthge total
crude product may be bl ended wth crude havi ng a TA

GORER G Il PaReS IS GFERY Apibthils MiroraPR dhser Orsate cids

thﬁ}eﬁ’erg 1Nt BHetal Sa1d HeWRE DUt 16 ndAilhiedd b RErek Hiecias ARid&L
the crude. The bl ended product may be suitable for

il pEPTIa aqidh anthlionates Sl of carboxylic acilg ingitgirput pre not
1hi2da ter? nablﬁhé}l?cr dcls nptﬁHQfﬂﬁbﬂ@ Q&§s YL AG2EHe nl“ﬁeerﬁ&al portion of
enters contacting system 100 via hydrocarbon feed
thomdial talty gy inghde alkali mgiats (fpr geannle Altupm ¢ sediugy @al@@otassmm)
e

B R (LAl P YR U, MR e et
@@’r@earmﬁ@, zirgtanil egkniva), gotuninkd I@étalts kier eraugee gseogudiolyngn 6

[ i th . ss streans (for
Ié%%ﬁgﬁggmﬁ%kygﬁgggr on s??%%ﬁ%%%gh as napht ha produced
fronﬂsapahammwﬂnmmmomecnmepmﬂaxhyﬂamnmc@mmnbémdamgnmwml

. hyd bon f t
T NN
(hyados gant an0H0Bees graini chel). 002 Eraxts Isrés0000E! gaihs are00001 grams

|ntr duced directl |nt bl endi one 130 or ups

SR RN G Sy P ST B S ORI 1 520D RS

Syl emdnayt h&alk Qﬁﬂ&t@ldsaltﬁonﬁgdﬂﬁﬁefmdl Obihe BAldRGroaen &s A3 030%,

The bIended roduct may neet product specifications
]s%()gh qt &yl ]63?7 o plghy ppsgl crdend phmsialsp H’Ff%‘b%‘#tﬁ gt grg#pic acids in the

afdch®bS feef’r 0duct speci fications include, but are not

limted to, a range of or a limt of APl gravity, TAN,

viscosity, or conbinations thereof. The bl ended

product exits blending zone 130 via blend conduit 134

to be transported or processed.
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15In FIG 6, the disadvantaged crude enters upstream
separation zone 120 through crude conduit 122, and the
wale®adysast aged crude is separated as previ ousl BCT/US2007/080433
described to formthe hydrocarbon feed. The
hydr ocarbon feed then enters contacting system 100
through additional hydrocarbon feed conduit 126. At
Loy S0 EATRADSI. ST NG R0, PARRFEHE oo
thohdranrtoh féddevitQaraiyde alpxhectumatcuegwdnﬁltmﬁn fisaltk 130G, 8§-42@ 90-

Ot oBR SR Pe DAL UGl Sar D e i BBl

AbiangiiRef aereudt pbdditieabmy 4010, 15-30, 9t (@am condui t 132
and are conbined with the crude product to form

bl endB e BRI Ime e s BHa SR B SR Y S@RicY & 2 Mg 2 most

Foner 4:3fosv 7@ bl 8B dise@nd vl the hddvocdrBonSodE 18 8RREENBM Sents, the
the crude product and/or the bl ended product are

Yiscar st ticedudegredugt i arness P % o the giss psity |0& the pdfogabon feed
vaﬁlﬁ%é RPPhVitydir$itd drd RDrdRicPk 964 S®7% L1 085, BPI®R110% of the API
distillate fractions. The distillate fractions nmay be
praydbsdgracarbgr dgdce conmercial products such as
t rangp Q(fntlﬁﬂﬂgﬂuﬁéﬁ%] thelcy}% :pﬁ)%mt%as Plot ? B@tg?ogt%lré content of at most
In sonme e I ments ter contact o dr ocar bon
Y08edt mpsth0fhet naast H)% .ot at mhs Sér efdlee tptabhﬂ!i@t)athlas centepaN thé
9 9 r
B0y BT 2R iy Slindln bk HA ARl Y
c@nmdleofpar keahud% hndsasaSOI%\I\dt Ehst &0 %ot lehst 98t ofolxt to@] Bgteradtoms
st.0.2, at nost 0.1, or at nost 0.O05.

nost
C’Pﬁ\%“t ﬂ%qwlgaﬁocgrg’%n B*¢duct will frequently be at |east
0. 0004 S(ﬁ]itdem‘tmdﬁﬁenisf thg yelfdirlcynte@tor theaside (i)rdalﬁdt mdyrbegion®st 90%,

e T o A g

deRais @MBo@ b AW (Reftide r&ﬁwt ﬁ>afs atshﬂul(bfoﬁl@ﬁt FROE | %M@Meast 30%, at
rangefromo 001 to 004 to 0.4, from0.01 to
leasg8U%yor it st §9% of Bleéuléur contert of fhedyiracaptldrhdArane t he

GhBodBn RO Gl @Sntént LOthalerddk WJaBct GO e309,, 8b- 18 % "BSI0-110% of
90% at nost 50% at nost 10% at nost 5% or at nost

tBogubfur congentpy thy fredreqgho¢edof t he Shydrocarbon feed. In

cer t gh bR QAHIIRRMS otdl 'ﬂﬁr %&ﬂléiﬁteﬁf SANCE ruflBSFod R EMmaPh@ P most
of crude product a total /' VI Fe content in a range

Yot most 39F- Ft nagsh Mo+ abmest H & agptahmitroggn gontent pt éxeams
%ﬂro%al)ﬁor?‘%eé ﬂlrc@%n e%o%m)ént;ghe(sc dJcpha]s a)fotél%léo%%:n content
rans. odl nent s, t

n certain e crude pro
dtat i tl %2 adedsO3fp.ankas BOK d\At Fast P direloahbigdgamsanisnt of the

@8}0%%%%1%% V/ Fe content of the crude _product is

)-120% or 90-110% of the Ni/V/ Fe content of
t he hy shimocantzdimdnes tlasic nitrogen kontem nféthe mndel progndtsnaytahmost

ct, ha t al b enu ent .of. at
ok BBy 8 s b B PP GRTSE R Phahingpen gorien
dtoist hydPacaboii feed. Nl cghale eubodimbhe ke @ﬁdet ﬂi&dd&yldafs adasibairogen
feed. In cer t he ru prod ct. has a
OB b IGB A BriF R et KRN Tt GO0 T ke g
hRpaf o 18ardRa®ebresippm t o 0. 05 wt ppm or from 150. 01
to OIIr} S(;Arlltlepepmrr‘t])odiments, the oxygen content of the crude product may be at most

90%, at most 50%, at most 30%, at most 10%, or at most 5% of the oxygen content of the

hydrocarbon feed. In certain embodiments, the crude product has a oxygen content of at
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In sonme enbodi nents, the crude product has a total
content of netals in netal salts of organic acids of
W@e00s0s175P0% at nost 50% at nost 10% or at POBUSZH9G/080433
of the total content of nmetals in netal salts of
organic acids in the hydrocarbon feed. Organic acids
that generally formnetal salts incl ude but are not
: X
leasm%o hzgtéeagtg gaaplgeh%%b’% O%ge@t 95’%@)%the qxg%en antgrétr g%?yl i c
t@drodabommiemdm sold Emaodmantk, thd twial e(dltdn@ of qaaplyliveaeidccompounds
ant hreni c Nnzoi c d. The
b BPRRE Tt S Rl R PR B e Rt ey of he
datead cﬁﬂ{e‘@rboﬁylmicﬁ;orﬂpohﬁus ihe ﬁpﬁbwﬂbonaséﬂ podeR@iai UN) ,
aI kal i ne-earth netal or exa esi um
CHOLiRERS: g‘ﬁamﬂ‘éﬂoﬁl\’ﬁtia%‘i%ﬁ%ﬁoni%‘? er(iaéhoé%(‘f a5id %HBIPCE of at
18450 €% 201 GeaG@d, WiMkast §0% Uit kst 9B% ) She(hi@r cogaimlc@rboxylic acid
arsenic), Colum 6 25net al s (for exanple, chrom um,
orpRvds i B8 hydresashim feqdy certain enmbodi nents, the crude
pr odyg torRBSniddiRing s&&%@ﬂéan&foxygén%oﬁlpbﬁhdg%{@ Ihe 3@t in the
of organic acids, per gram of crude product, in a
hydragarbpn foagl- 0lnGoDe @@@%m&mﬁg caghorylpoeus a@ﬂ/@n@etal@al@ﬁoﬁ@mbsxyhc
SRy 1P o Ao TR L Do P pIe oA bRt B
gramvsk. Crlbdeylisraoids end nanr:aslmmahcewb@dmrrmg@lc @@gfal ¢optpahnds

: n I I |, t : ' '

B0 TR o 92005, A5 5 e
gehefa]ipkrwwncspmlemOpwfmermIdal(br exanpt, alfragdlah gy, nosgani ¢

aci ds |t HF % ele artbonhfeed In certain
LROSHIHREASO" BB DEPINISPIE t he crude product produced

f r omTthe oivede prodﬁct:uh eeltwldémmmlh«mns heea ozwgdm coateat qfat mosav0%,

actin onditio 70- 130%
ai irts)% Eﬁ)% atilaes_t%g @/or(ﬁi njog Bzwfsta? %ylg?lglco&fen{ ﬁt:eltge hydrocarbon feed,
dmmdrmaﬂtb@&uﬁ@@dduck 13 a€ B0 5@, RIThed 709 Nt SnosP¥0I%, @F aMthdsy 40%

of the crude product is from 14-40, 15-30, or 16-25.
‘Btlﬂ?? el ehihg hadmedbordrtds In PW&“I&?@H@%@&% fheterylg proguct has an

?rg&lcb%lnfeﬁt &far Bhst M0S he 19008098 at RKR0BOY at Vas@ % @She FQ%en
the viscosity of the hydrocarbon feed. In some

C@ﬁ@afoqfﬁl@mygmﬁqb@n {redpd theyrryle pradactdryyd APt G abiltenstil @, aleast

305 I%Qs%%@% 314 969t ink lqﬁ(N bh@e Hy&[)&a?lﬁ{ntf% feed
whi'le the APl gravity of the crude product is 70-130%

80-1 z’mtw@albg the rrgoEidugtieaydpye geepknt 9f qarwxpNcrcsts apdon
Jl&%%ﬁlt%&tcgﬂﬁ a@f&p ijelt %@E ﬁ)% tapl%oﬁrﬂg e 6%&9 5’(5“% (ﬂ'%?glg%}q 40%

eroat ons cont ent of ‘at at nbst
(étthqiwﬁtocm% fepd, aat a yogent 5fH@F catrb@eyh@tmatalma @gout ofgen

c%ﬁj%%%[bts {h W ‘36 g%bp f()eﬁgz ofthe§ b%ﬁylic conta'ininr%s

e ¢ru uct as a t ota% eroato
c&gmmmg@fcoatpohmhﬁ ttm%wdlatarb@afsed 30% at |east 80% or

ast 99% t he .t ot er.o ont nt. of t
P SR Smee g oS i oh B pR AR RTR R RR G m{Ss. trom
C@no.enpraalk ot frem@r 9de1 pgracis of hyaeseh @er@traﬂirﬁﬁéru%drat The
nost 50% at t . 10% or at npbst 5% the sul f
FoRtrsnbi ) nERGS de B BBt dare D S Enaephim £.82-
0. §Lareiy fecapfoa PoCdraii @ cads plotittt. BaniEdTtatdiic 8ydrb @as@ atbffic
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@hop (/@ ghthestudg Pradne ydieat B b 8h ! 1ee §0- IPR%sgmd- 110% of the

KopRdl/ BRSO ttedRIdhbbi fe6@NA @Alde PlodbbiQidntit ifC RO AHEEn 10-
is 70-130% 80-120% or 90-110% of
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20t he sul fur content of the hydrocarbon feed. In

sone enbodi nents, total nitrogen content of the crude
wee@due’smay be at nost 90% at nost 80% at nRST/UIDYG/080433

or at nost 5% of a total nitrogen content of the

hydr ocarbon feed. In certain enbodi nents, the crude

product has a total nitrogen content of at |east 196
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N e
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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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20content of the hydrocarbon feed, and the crude
product has a TAN of at least 1% at |east 30% at

wo 2@s8n480% or at | east 99% of the TAN of the PCT/US2007/080433
hydr ocar bon feed. Addi tional ly, the crude
product may have a content of carboxylic acids and/or
netal salts of carboxylic acids of at nost 90% at

b T s
gaang, 8i005 0 gtargar@rﬁoomyl@mns%conpounds wi thin 70 130%
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e crude product ine mponen
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d d i AGI : d
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BBt 570 Mol mPiseRrubt S o St TR bl
Hb&ict inbdire.on between 100 C and 200 'C at 0.101 MPa; at

| east 0.001 grams, or from 0.001-0. 5%%& ns of
hydr d& S AL GRS T i EF gl il el MERCPBRN R Rsen
@inc@ i@ %@d&@ Q@ maﬁle%{atlgal 184iNRap bélved RaShigh vRELit@ t@fiFonents

or fromQO0.001 grans of 10hydrocarbons with a
ip&he argely W%W@@elérlgét tp it gloviseeitessponents indhedhgrospihortegtl. For
fgcaﬁagﬂa 6[\4%%1 otaﬂgldﬁ%allb@@%éd @Fl Qs%ﬂal&ﬁ%nteﬁtr antl ra@l%l%(:éggén Red

grans of hydrocarbons wt [ing range
MC&toongpiayrbegenraisaigd l!Y)GCAaSHGl @%ﬂ@e pedug, GsGigphyenes content

dnl a%gﬂi? %Eﬂge 4 %&eﬁt% elfgﬁesgﬁtg@g)gﬁ IS L&b‘i’sﬂﬁay R&ompared

gram of “cru oduct,
(RytdrSo caaskon thewkttrhdug tibrminl hlgigvmaﬂgfecoailpstlmﬂoutthedwdmfcarabn feed.

§“8f°' Ehe %ng? plﬁ(;dlgé g%g }rp } ra\%@&?ﬁ&ﬂ qlS@"O/ , qb—9b%a§1t 2008(979 %f S. In some

grains o rocarbons a boi'l'ing range
edmb;)tlnmdmt 2 ouno 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
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between 100 ' C and 200 "C at 0.101 MPa. In sone
enbodi nents, the crude product nay have at |east 0.001
wQ@e@s®4576T at | east 0.01 grams of naphtha per RECEIS29D7/080433
crude product. In other enbodi nents, the crude product
may have a naphtha content of at nost 0.6 grams, or at
nDst 0.8 granB of naphtha per grantZOof crude pr oduct .
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In sonme e nents, the crude product has a residue
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amPleOiksiBuelangfodanBeosity) in a hpdrﬁaﬁﬂﬁ)tﬁﬁd&b\dllﬂfmnilgmflédﬂﬂy cliandidg the

roduct a and C7 asphal tenes content  of

Biovbdnibets RubChitecdonfied, TrBEMGovg PEkoSa SR afe,

@htattg ot “cofveairded bn 23@5R0 A dueS akiaRk fdtictdh of Bder
hydr ocarbon feed, In certain enbodi nents, the
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th@ﬁﬁiroc@ﬁ)oﬁ 'ﬁéi:dQ?le @1%915}@ bt BRES:e6 AR ting A8 gtd@essfntacgme Qnif@kzed.

grmmto .2 grans, 0.01 to 0.15 grans, or
% cgrmpley raaltﬁédvantaged grHdeciast Bive 2 él%é%ﬁl%rh% a WP(éFecqoa@ét that is

éb@éﬁg to MRSt @ealhdRt Mr?ﬂhs {rtat?(gl s%eoLQP{@atlghgl g&%hy@focarbon feed
90-110% of the MCR content of hydr ocar bon"f eed,

kM eemerh éff@rqnaetrpat@tj‘tyclted@mgwa%d% g oaspivardusagNi/V/ie.

cont Sl iy TOSL S Aol S R RS BRO
IueﬁbamnmeﬁbmdwnencethMemiﬁs@Bph@p@enﬁennddsHwybeﬂldmnmﬁﬂ
form or in the form of a compound of the metal. The catalysts described herein may be
introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a hydrocarbon feed containing sulfur
is contacted with the precursor). The catalyst or combination of catalysts used as described
herein may or may not be commercial catalysts. Examples of commercial catalysts that are
contemplated to be used as described herein include HDS3; HDS22; HDN60; C234; C311;
(C344; C411; C424; C344; C444; C447; C454; C448; C524; C534; DC2531; DN120;
DNT130; DN140; DN190; DN200; DN800; DN2118; DN2318; DN3100; DN3110;
DN3300; DN3310; DN3330; RC400; RC410; RN412; RN400; RN420; RN440; RN450;
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content of the hydrocarbon feed is at |east 10% at

| east 60% or at |east 70% of the C5 asphaltenes
waeomsest7sof t he hydrocarbon feed whil e the MCRCDUS®N1/080433

of the crude product is within 10-30% of the MCR

content of the hydrocarbon feed. In sone enbodi nents,

15decreasi ng the C5 asphal tenes content of the
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a range Trom 1-99% O@b %0 In so
&89 prmss In @memb@dmfenmﬁe cayrly s mrclugles €¢iemn G diement(s) in
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ot i BRee Rk ol IRt 00 tho FPRk sPibiho Pk o hHmy, or
@@mﬂ&nmn@wmﬁ has, in sone enbodlnents from
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Hah@ per &eh@ o &a@lyﬁt a ot CuMes o ham gy tand e bf ichast (QO(IH)O WEB least
but | ess than granms, 0.000001-0,001 grans
) lozany: abl%%ﬁfzéfaé??sané/fﬂ gt rapecdEy P 99,91 %élgfagﬁa@r%lf 0.3 grams,

€605de1 pragdUsto.017068 dg‘rﬁrh@' ¥Sbme ER¥oBZSAS thd Atadfseliclulid fRgn
t he crude product uri transportation and/ or

WA (GrgramsrpfCalynn p yreta ﬁ%ﬂgﬁr TR Hicatalyst Ap srehembodipgsits, the

Jafa'ly%% 1n91ﬂdesémﬁdr9ﬁ 13 él&h@rli\ig?m%&%n fARALBIhAR AR LT es
of the crude product t hods descri bed herein nmay be

c onf ilyearesenalydianiso e calplypror@udea e apyeinglicied £l metal(s)
ﬁlerl)r 'irR)ré Ilﬂgtaﬁ rffég?&ﬁg&g lﬂ%hd/gf"@l)lﬂlgng ¥ ?é‘t MIar r% Column 6
cru uce as

pr oduct pro rom contacti ng sy stem
rpq:t@lpe Coluam Mdingthlengnite in a range from 0.1-20, 1- 10 or 2 5. A molar ratlo of

Column 6 metal to Columns 7-10 metal may be in a range from 0.1-20, 1-10, or 2-5. In
some embodiments, the catalyst includes Column 15 element(s) in addition to the
combination of Column 6 metal(s) with one or more metals from Columns 5 and/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s). A
molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may be
in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes Column 5
metal(s) and Column 10 metal(s). A molar ratio of the total Column 10 metal to the total

Column 5 metal in the catalyst may be in a range from 1-10, or from 2-5.
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than properties of the hydrocarbon feed. Such
properties may include, but are not limted Lo: a)
wo edsoedSTAN, b) reduced viscosity; c) reducedP@Dusdo07/080433
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10at least 0.01 granms, or in a range 0.0001-0.6 grans,
0.001-0.3 grans, 0.005-0.1 grans, or 0.01-0.08 grans.

wo0 poososEsenbodi ments, the catal yst includes Cop@mmisSz287/080433
element(s) in addition to the Colums 5-10 netal (s).
Exanpl es of Col umm 15 el enents include phosphorus. The
catal yst may have a total Colum 15 el ement content
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Catiphys10 epidao Béht tfatéd shap@amikiudd¥ol sufort @fovEdl QTAg2). 5.
In certain enbodi nents, the catalyst includes Col unm
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thecaidyie Hras Grantneisy & shaped enpRert sliercashetvarsyl mgtal tends to anrove

th@&@eﬂ?t% a%%@& e &'talﬂ? POSinb&do Pfpard a%Ht@B/@tr&smtg%vfn‘Pef Thethods
the catal yst. In certain enbodinents, Colums -1(3/

wedarilyy in . S BapniNNe. DJAd4 to lib@nunn 15 el enment (s) are
i ncor i f orm
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Su&{lh’ltamimg/ecmmnﬂbﬁlsmclpdn‘ mluﬁ)leﬁa stbmnabmhelds OmltoeghsaMSller mixers
| nbi ti t f Ref i des
R ralh R TP ER e BR P Lo bRy

l&lol)vh(hﬁxﬁl @rrgleﬁ\fﬁall}tkrbazﬁlduﬂb@madefﬂl i thIe10 @tdst[ﬂe@h@ ddymns 5-10

magnesi um oxi de, or m xt s thereof re{s.m

AR A S i e

@by 3-ommcal@liy &b saitinfanoaloaeicossly disfrdell it OUSEPoit.
"lI"exas, U S A ). Porous carbon based material s .
i ncl J’deom%ﬂ?b%tf%enﬁothelcﬁtﬁtyttéﬂ heaptreateds gt {pnstpir ey fp 150-750 °C,

RARLQI-7RPTOUSrGh AN @C FXAPhBRindfthZRPpdrt ©fh IR Gleude
Y-zeolites, beta zeolites, nordenite zeolites, ZSM5
zeol i tes, and ferrierite zeol ites. Zeolites may be

obt ai ned froma comerci al manufacturer such as

Zeol yst (Valley Forge, Pennsylvania, U S A ). 15The
support, in sonme enbodi nents, is prepared such that

t he support has an average pore di aneter of at | east
150 A, at least 170 AL or at least 180 A In certain
enbodi ments, a support is prepared by fonnina an
aqueous paste of the support material. In sone

enbodi rrents, an aC| dis added to t he paste to assi st

o a1 . . . .
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20t he extrudabl e paste a desired consistency. Exanples
of acids include, but are not limted Lo, nitric acid,

w@ewshes7ari d, sul furic acid, and hydrochl ori c BCT/US20071@80433

paste may be extruded and cut using generally known
cat al yst extrusion nmethods and catal yst cutting
nmet hods to form extrudates. The extrudates may be heat

% It g;t %%I%%n dt I"I%?Sr lglte léerltglylst dneglf Bl %%reitgg ];notrges gr)%:ge%lﬁ% Sefzho? Rir
dndfor Oxywe 3 rlbiodur s)a tanpb’rﬁnreumh rdngé bt&wﬁmi 4§I)L?Cand G)@ﬂ(liﬁ(il to @émove

xt rudat e has reached a The
VPR Seel e hbg POy O BREH T fas P Pt seivaed o the
hdhg hetal kid.r ange from 800-1200 "C or 900-1100
to formthe support havi n%I an average pore

di arré"tl geigmbelinaks howaser. e CRAlYSdPAGICRHa L Aethe gresence of

48 (SMRRMIrEs ihAGhiid eSnIFMMT R SHY AT Nom I (Tt @0aoY FE NG from 150
delta 30 alum na, al pha alunina, or conbinations

CHeREBFC forReetorhefritmein aganeraron) Lidinnags (Qfemeke amaiyikze! the

RllRiec Al PR diewitRlu CAVRLRAIHe @Rk RS RAeta P RS h hRM Side.
cat al yst support, nmay be in a range from 0.0001-0. 99

Qe Propa@Ryoush gmathed ag sonerglylreGradis, as Spncalcinggseataysts or
glh@(ﬁm Wﬁendcgta%rsﬁél%gﬁ plpa}led)ﬁn ﬁﬁlymgﬁlfe; {]e p aﬁlgtlorl Vid? Q E’[ﬁfldmg

nmbodi nent s ne or
m@hﬁzﬂ thetaciove mgtalh mey he subﬁtantwély@lﬁp@nsmm g, suppary é)(r@aratlons of

| um . ' .
AR PRy Phe1RROG! . H,B IS L1P s
& 0mimEabrizyovet nlay di ffracti on. In sone enbodi nents,
th h
or ami i R T oo @ B Ghogpfity forduns
tohedtals &l form B meta&ﬂurdﬁh elimﬁbn/ﬂd)hmmm ayetld nﬁ;ftmac Thetheta

SRR B PE e B A BB AL AL o

leat @(b(y%l toP6@P@E 3dthIPN haAhLa B&ES Gize b@@llbmrbruvﬁl Radiempore

Nos. 919,018 to _Bhan; 6,759,364 to Bhan; 6,218, 333
ql%fn‘t%b)rf el 28 Ag ITYPlC%IYZ%h Bodt Urpgiingdprandypcisy %fenéﬂeramres of at
and 1200744, 025 to Boon et al. 10l n some enbodi nents,

the support may be inpregnated with netal to forma

cat allyy stme qrppadpanss, Hie sHtRosi(PHNST & commercig ypBeTt Of ASURRRAt
éﬁ?édeag d@stcrlB&fHé?eﬁlgtrhgd% cofbfell 3188 sﬁﬁp%ﬁ&ff&@aly]sg QlQi/OI‘q bulk

C, or 60 Cprior to inpregnation wth a

heitlgiatalysh 18 sorae enpdidnenih the supnepied egialy it ory aicdule fagjungnel 5
rHéthf’s A5 ABmPE ﬁg@%&b@&& Qfa1 fﬁﬁd%?%&'%ﬁé&netﬁ&mwsﬁﬁaﬂe

|rrpr ghation citric acl
@shyd mtmzdpwdenmtbtam aaceripertitave drO(rEDﬁ’(Aymcr@mfbﬁﬁ alcrars, or 5-

T T e
c@@ﬂystrﬂs séind Embeliaéi(ts thetfewdeahayt besmindthed nathelt suppdruangshen
extruge%plfs)%[gtsta{lda (¥ l.eecﬂme}é{ues 90 Porm 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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Overlaying a netal on top of the heat treated shaped

support having a substantially or relatively uniform
weonsestsati on of netal often provides benefi cP@I/US2007/080433

catal ytic properties of 20the catal yst. Heat treating

of a shaped support after each overlay of netal tends

to irrprove the catalytic activity of the cat al yst.

ba/ratllo n Catlth Rr epB%loPJ gt Catae?aelﬁsrtnﬂgestlo ¥1%enc§1gﬁrst c?unng use.
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duppu e nivhdrhigyxidek ﬁﬁlj snc(daerang@aiRliRa, shahGhinti¥H ata@fum oxide,
conti nuous type), inpact nixers, and any ot her
2GS R PRI OKle KA RRRASIWN R&1C. Q5 miaFes Fhgraoy Pl??dﬁﬁeféb%l‘éf‘é may gt
WMidinedSHint AP YruBiiOWiob&s tdRodRl WiPpsriOFdQxample, alumina fines can be
met al (s)/support m xture. In cert ai n enbodi nents, the
Qhitiradifeins ansglamin geiandaietirodug tien (BOTENERIE1SE SPDerst AD gaghe
én%oo(lf'ﬁ{e%)s SRS Qﬂhé Ahdsnd] W@ﬁgﬁ-@&ié' LMeth' ab H%Et%%@ nlifromBers, at
support I'n sonme e nts, e catalyst Is
lh@&aﬂ 50 miznederatat mesp&p aticromstefsy grat MBE-7250icto@etefs: Alne particle
of gh?—’:gmng?hoqeticﬁfs En%g}r A}%Q Trgﬁlcb ?m?c{r&ﬁéterg ?({%O%lg%lﬁeﬂl s, 0.3
mhmn&‘mraloylé)ﬂ niaymbershedt 5 miceah@eks kN7 nerquege n@@mlmhmg

DR s R 0051 e PSR e

tﬂ&éstderonshuxhrfh&maif&aatcatagast a portion of the Col ums

5-10 netals are convert to the correspqgndi ng net.al

ox AMES RSt T B it SrroRes P A ey some

mdﬁe@nt@m& strlic@at®ekdbrvf teCies 6l ﬁfth@Cf)luﬁIn 6 oxide crystal
nperatures in a range frgm35 "Cto "C, from 100

bl (G o Entighy TRIKH Fdt ORI e B pgsEpre Pl the

dnh¥BdddRta@]yk @M ofdeP BT the Sold@AESMER hBNBRVR B iXBd @gmglt PovRier x-
the volatile co%nents wi t hout converting the Col ums
t

gy qifripsion methods ofer af eleynengd megdighy §%t§1yr"¢ rdpiiedethyyprder

(?f léfé'?neﬁtaﬁﬁtetlaﬂq tl%rrﬁetgl%ﬁfe%a{y}berd@tfeﬁﬁﬁ&gb}l Qnfparing the order of the
‘uncal ci ned" catal ysts or "10"dri ed When catal ysts

Golemp p apsead epkiin an kirzy dreraeen JpACtEBhe theat lomnfi e o the order
TG AL R b E R M RSP RPcoas Trom,
lgpadgmiog hl@l/weaﬂdsecma@ @ﬂ pprierss apsecidebeith eldmind et .in Pax-ent

@%ctlo% i)«l:cqru ?'[15 osg%grt{)g Mt tglgle'rr%%lﬁlg? 6@116:%%@ §r‘e”§ubsl%nt1ally

ncertarn e
rahdomily erdsweg potht crysiyl wecwenbi ned wi th Col utms 5-

For example, molybdenum trioxide and the alumina support having a median pore

diameter of at least 180 A may be combined to form an alumina/molybdenum trioxide
mixture. The molybdenum trioxide has a definite pattern (for example, definite Do, Do
and/or D3 peaks). The alumina/Column 6 trioxide mixture may be heat treated at a
temperature of at least 538 °C (1000 °F) to produce a catalyst that does not exhibit a
pattern for molybdenum dioxide in an x-ray diffraction spectrum (for example, an absence

of the Do peak).
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1510 netals to forma theta al um na support/ Col ums

5-10 netals mxture. The theta al um na support/ Col ums
wG208/0885Rl s m xture may be heat treated at a PCT/US2007/080433

tenperature of at least 400 Cto formthe catal yst

having a pore site distribution with a nedian pore

di aneter of at |east 230 A Typi caIIy such heat
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25 40 m crons. owder may be conbined with support
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support and then extruded using standard techniques to
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ot aieraety S SRR b S o RE T ERER N Ry 02
drines sfursédeelpt pérfgmnﬁ:at (&kat])st ar&lxdt am)els() k1 lglemls i af eosritll @tims, or at
cat al yt i C Vity
Fon sttt Mhutafoal St rovedistiBe ulfydisges
fedi@ 0081 glays to 018 kiAg, B&8 0.05he0 E%Ea’iﬁ§ offeym DY %rainﬁ tb b8 grams of
surface of the catal yst through erosion of the surface
wed gAY éFégrﬁ@tOfﬂﬂPWﬁg In¢rpinembalineRis. t@‘étﬂélla%'%le fpta

AR ERRDP0 If 8RHs tol0D SARE cLNBPEREN G1 gltahﬁ of @bﬁlnylsstmétms)
lgée pared by conbi ni ng one or nore Col umms -

PIAe e@s)oduﬁ?rﬁ% gl ul%%éraél@scaﬁbm Ry @clgdy Er?lmoé)oé lglzaémé? 04 grams,

TmBto 909 gfﬂnfsr SRIEDHD1 lg@aﬂgs t&0 @9‘ Eﬁ(ﬁ{sto-f C-(I;ﬂl?nnrm()r}ﬁcrtﬁts) In certain
OX|desrray|ncue um na, [ica, silica-alum na,

quphogdianip B ubestabli ﬁ@@lmtmyomha@ frqnn@;ﬂ‘élsgr@m - Héf_amé’ro 005
ﬂ% 050 %It i Pﬁommﬁ Cgﬁlalﬁ‘s%%'m%’fé gf@@ﬁfn@@m%&’é%'f e hme

roman ate SS to produce support
extadipheas, ti yhiastablf pnmst@mﬂmbefrolbtoéloﬁéd) (f @bgnalam Cell0Uprigraans to

(géoﬁggﬂﬂﬁé, Sr BHARUSHIBT ofuBisRE PAMGS GUAINARE). SUPPOrts. In

The catalyst, after sulfiding, when analyzed using scanning electron microscopy,
exhibits a significantly lower degree of molybdenum disulfide (MoS,) 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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10enbodi mrents, mneral oxide fines may have a particle
size of at nost 500 mcroneters, at nost 150

wor@sosgsers, at nost 100 microneters, or at nPRL/UIH07/080433

m croneters. The particle size of the m neral oxides
may range fromO0.2 mcronmeters to 500 mcroneters, 0.3
mcronmeters to 100 mcroneters, or 0.5 mcroneters to
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The catal yst may include at |east 0.01 granms, at | east
0.1 grans, or at least 0.2 grans of used catal yst per
gram of catal yst and at nobsty 0.3 grans, at nost 0.2
grans, or at nost 0.1 grans of Colums 6-10 netal (s).

In some enbodi nents, the catal yst includes from0.001
grans to 0.3 grans, fromO0.05 to 0.2 granms, or from

0. 01 grans to 0.1 gr ans of used cat aI yst per gram of
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20l n sone enbodi nents, the ultrastable catal yst may

i nclude fromO0.001 grans to 0.1 grans, 0.005 to 0.05
w@e@s®4576T from 0. 01 grans to 0.03 grans of Cop@mmiS2007/080433

nmeta(s). In certain enbodi nents, the ultrastable

catal yst may include fromO0.001 grans to 0.1 grans,

0.005 grans to 0.05 grans, or fromO0.01 grams to 0.03
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In some embodiments, the catalyst that includes metals from Columns 5 may
exhibit bands in a region 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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In certain embodiments, the second type of catalyst (“second catalyst™) includes
Columns 5-10 metal(s) in combination with a support, and has a pore size distribution with
a median pore diameter in a range from 90 Ato 180 A. At least 60% of the total number of
pores in the pore size distribution of the second catalyst have a pore diameter within 45 A

of the median pore diameter. Contact of the hydrocarbon feed with the second catalyst

under suitable contacting conditions may produce a crude product that has selected
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from50-180 A may, in sone enbodi nents, have a surface
area of at |east 100 nR/g, at 10l east 120 nR/g, at

wo 2@s8045IF0 n2/ g, at | east 220, or at |east 270PCRUSR007/080433
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asphaltenes content. Contact of the hydrocarbon feed with the second catalysts, may
remove acidic components and/or Cs asphaltenes contributing to TAN from the
hydrocarbon feed. In some embodiments, reduction of Cs asphaltenes and/or components
contributing to TAN may reduce the viscosity of the hydrocarbon feed/total product
mixture relative to the viscosity of the hydrocarbon feed. In certain embodiments, one or
more combinations of second catalysts may enhance stability of the total product/crude
product mixture, increase catalyst life, allow minimal net hydrogen uptake by the
hydrocarbon feed, or combinations thereof, when used to treat hydrocarbon feed as
described herein.

In some embodiments, a third type of catalyst (“third catalyst”) may be obtainable
by combining a support with Column 6 metal(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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cylinders, and/or extrudates. The catal yst typically

has a flat plate crush strength in a range from 50-500
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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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ne ._cont ent |naranefro 0. 0001-

tff’.aﬁ%%‘ oglﬁ%e Pd?cgr‘ﬂ%lg ag/ogr rbn%ﬁy GrEahd C&fﬁtg’ ju Zﬂﬂﬁnthibsage
dffh@/&bg&)anMceﬂtdetlﬁasas @x&reglq)récre@mg)co@t@m 0. 05 grans,

0. 00 01 25 per am of
cat alg S ATETAS Coptishel ToarapaR fesd WALl ip oL e
fiffCdakdlysatie .28 bailyQdr efmihatlogadbreas e@@rtdmpéfhuﬁfa it H@nge from
corg&onents that_ contribute to MCR in the hydrocarbon

QU Empropatiitr 6o ) &My @ (It d--sogromc 18, ¢ to 460

&5 roﬂé&s te AR PRIBSSMIESTebilu@ednRAOS af 1909 Lat 1443t d9R at least
or 2- g MPa. In certain enbodi ments, a fourth

i()% ét lsvst B4 &ar yideasy ¥4%af i resioa Pgnsent yF thy Bydieragbon feed.
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30 Colum 5 netal (s) in conbination with a theta

al um na support. The fourth catal yst has a pore size
wa@l@Bnidist i on with a nmedi an pore di anmeter of aRCT/Es29D7/080433

180 A. In sone enbodi nents, the nedi an pore dianeter

of the fourth catalyst may be at |east 220 A at | east

230 A, at least 250 A, or at l|least 300 A The support

g?yl g&gglevgte%?emlpera%res g)re agﬁlpqe %IFatBratgan ?@SW)E) Ouglpltu% tsand/or coke

railwﬁasrml aumgcograatmfcﬂfe lgzdmpmbbn fedth@ith ot mﬂTnmabahlyst Whyn

Bt b e LS RRP o S ore g on S A ggpr coke
1020k te@ih 8B bP fnefstibgim st af s@&ﬂneﬂﬁ[ﬁro@fcaimlﬁ"fng contacting. In
cata

I In certain enbodi ments, net al
ﬁogle\?gq)ég@flﬁﬁﬁs the ?%teélbﬂfesng‘ﬁﬁ%ﬁr%ﬁ?% may H%atHWP %g%?r s or at
h&ed.00RYrahe, 10 BladCr@gdtdrborde @i bloanal wirh aleséaﬁtent of
subsequent to contact with the fourth catal yst. The

sséiancpy apnEaches P AP srnreadivsincsih el Ontapgeeoaditipirgnay be necessary

b %HV@WSH{Q;dO\LJ‘@f thd %@Eeﬁ A NS InaintdAa SREORHGALR |0Y§§drocarbon
e third catal the fifth catal yst, the sixth

fé%d thropgh thewﬁ@a@@g apich Thasalipent, com@mwe"mp reagamydt s
I‘gﬁg)%éljbgr?%e@/ﬁ{tﬁ Bdu@ &R r@@oﬁ@f %I‘Qllﬂ§t dﬁg&s floth G606 grams to
0 yd

I ments drogen may be generated during
EGhgraws.ifragn 600k ted).(Hyadanas {idntnat dldbaicrugle IPTOdlhzvetb metfwrth

%%%E%%tﬁf%tcaa s?@%%g@git%’gt%%o&ﬁﬂ%%ng th%g’%{%le%gt d e-’

tbmpernises hllwmawnomgf maglruermﬁemmlriml‘ﬂomfauam oﬁmdﬂrneﬁo% at
nost 800/ he

t he aén erl%bnﬁnﬁgeélg da%eHy%P %&g%? terl%sq g PR [’h r%lta-lr}gg ) RE?,? a_total
doata:gleoff(foﬂln“]nrﬂ.é batalBh aBangd Grod@).(0H 1 B/ gidins ﬁrCollﬁnn?ﬁ metal(s) per

N8/ The_.crude pr.odu ave a.total | Fe
SUReErE 1 (P gt ks Med RS aphRud! s Sgpn
daDst 8 0%efiafal MPFEdutDYm cAide ptodh@asd hds% DAN bOhEhosNDINoFhe
content of the fydrocar bon feed. In certain

e sbibrdtrecarborefegd y type of catalyst ("fifth
cat alfy sdrialn dnildHERSs, SOLiLIM e BBERA1(S ) el AHCQAMN TR trcRies

with a theta al um na support. The %Ifth catal yst has a
EAvRnsG-Hemeak)dn FPBRIRILOR Wi ASuRPQTe ARG BOPE Sifealinsttution with

aplfne(ﬁﬁn 152 @@Jamflt%pm'% ral?g‘é f}o%ﬁﬁf A2, @he élgﬁﬁ Eatgﬁg nﬁy nale a

| east A, | east 0O A, or at nost
yfpgsorea qfayleasﬁ é@Qﬂ@dg aith RS volgng olythgy ﬁlghth&@talyétamy t@ a least

A @I% ﬂ{e & htllfrpaﬂl?/sq Hglg %a a?%ﬁg&r ahtnﬁﬁ\lg @orﬁérﬂ '& D3 RES. ?] grsams of

gram ort I nent s, e Su port

gmngd q@thmmal apgriypicabiy aitneest O 6999c$hmvxpitgamm@raémm@,fpeagrpma>f eighth
' I m cat by tal

clakalljyg}j @e%%lgg{a?al nS?{éE}S’ %tsg% E{nb%du%g%g% lyc%'ﬁte]pt &C#ﬁju%?n

meble) (s gqamrof gf@m wfalysaimd page o 0&)001 gast td)). 08fdns, or from

TRl S s SRl Pl P S5 S LRI aL e

NMW/F@ and/OHgS @, of the moll leaeh f@innthe Ao amtfeed mefome

dro pt a the h ocar bon feed
RO (PR BAD cA S CR e PP BTGB RBPoHEy (or
é&ﬁfhﬁlet Wadiydll Q6 Ranmf b h&k@%oﬁihphﬁm thatle vhlY BhdnBlrg the
fifth catalyst at a tgﬂl}gerature in a range from
QYN gnorganiq pela) coppo (lopexagiple, pisky! 9319Es siskeleullidet

VML QE SR dbinalee VQiédﬁlhﬁsum&g)%%rr@lﬁﬂvefl}eﬁﬁlalfﬁiﬂouﬁﬁ THe a
range from 1-20 NnB/n8, 2-15 NnB/n8B, -10 N8/ nB.
CPRES RN 9FssaiBe 2 1fe sRilRads m&ﬂwé@ﬁ%@@t fe%ﬁ mgy,pe monitored by
hydr ocarbon feed with the fifth catal yst may have a
TAN of at nobst 90% at
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nost 80% at nost 50% or at nost 10% of the TAN of
t he hydrocarbon feed. TAN of the crude product nay be

wo eoog/0sasme from 0. 01-0.1, 0.03-0.05, or 0.02-BCDBS2007/080433
In certain enbodi nents, a sixth type of catal yst
("sixth catalyst”) includes Colum 5 netal (s) and
Columm 6 netal (s) in conbination with the theta
sgecltl{olpﬂ %glg mvf\:nh}oﬂs asedegcgfgég] b)bo?rtle %g‘ylé gerof g‘FaB M tazsalnt
Eﬁ@kﬁnﬁtﬂnﬁ@ﬂﬁrthﬁﬁPnEnMs$Ihhenmm@b@ﬂwwh@deBaﬁEMQiyﬂ

si ze di trlbutl may be at | east 220 A, at
Bl 5 BRSO gTmAT e et SAGGAR Peplig
dmabird@lofAhe cifigh sdigpart may include at least 0.1
granms, al least 0.5 %ralns

| e rains, at
| eastlh gpre ﬁ?‘%ﬂﬁl}s‘mn& a finfy¥pe ‘éf C@@lyé"r %ﬂlﬁ&éﬁm&%? melydes fqlumns
A5 mBaRMN iR EorSbIRARE twith Bh@psaat Alinsd a gﬁy Slb@@llst‘i"lgﬁuod WAHSOMEBdian
10 enbodi nents, a total of Colum nmet al ( and

o8t digmeter inBrange Srmot0 Afo HO- Ehelmgtpgﬁtglygéppwydpclude at
1cat @bY§1tamsae[ﬂqaa§tt0 d5eashs, Or AA%L @ s OF siff-H0Rina per %ram of

met al (S) and Col urm 6 netal ( 6&Opergramofc:atal
nipth syakyste hbe dintheqatadyst mavhgyglagrolynat § mewi(skaenight icsranga frgm

mlto b8 f}a%sab 0@%&1@[@ o). faﬁls &%Yoo*i’ rd t@Orlag'i]zQﬁ%afnd%'ﬁolumn

0. 1- 20, ertaln e
Oohetnits) Somiert & a Iasgw@waﬁloaﬁi anas tcrﬂéoimammﬁ) @®5rgeanad t0 §)03

355, TRAVRERHELER bR APEE o oy M e

th¢ niatht @nperaby lper dgram af niathgatatyso ha@10Ce@0n 1 ﬁ:le][nemm)ntent ina

320- 370" 330- C t d
R Rpen ok n B Hhsia T oD R e 1
dram@ ChdAB B al ys7 mbin BicitiBad mdﬂ@lohlbﬁﬁtﬂ&,st eopiort-uﬁl NNy ¢vBapodents

tive net hydrogen u e i.s. one
FoaPRPTS 0 Erate S0e R hpalan BT oM S GetBRaRS g g teasta
il dh. of THRpEHebE ehap & Qkitaiie tpmigﬁu@@dmﬁésqmmm@a@ee&b@f fe&d’lzﬁ
hydrocarbon feed with the sixth catal

PARFTEHIAE higage 5095 0%tC trodp "Bod" &l ﬁ%‘%tc 56 30 & g C and
O%reOfn sdhndeqrtt 0.1% 9MrahewANPRforbhe s IvEr 9 hoMbodiments,
feed. TAN of the crude product may be in a range from

the pinthpaplyspmgpreduggsit legit agorgion of gopipopentyfarrontrihyigredeMCR

WREAKS U IRQaGORERE WY nPfindil&g 'By%é%&l?cfnk%@éh/t%ﬁ? o
the 25fourth, fifth, or sixth catalyst reduces the

tApdityl In qedein |eméﬁﬁbment@>fthmatﬂl@g@lvstdnfm Tgrcpableess 8 pagon of the
ek lnﬁrog&?gd‘fﬁﬂoﬂ&lt 1&9&%6’9#&8& atlt | erét§re§‘8%% ﬁ’éagtg)os o£9ha

transportation and treat nent.
IHﬂ§W©$dtnkﬂS@dﬂPang hydrogen is costly, n1n|n1zing t he

us ag %O%Iac %qr ggr%cart)(g}l f%e(PW% ?}%%&g ?%?n?l’?ca? gst ?t telpperatures of

processing co sone e cont
duymblsl(ﬁf)ﬁ rroend peedravitahmbiid MbBambhpodi@|ayxstde prévmc30fingth
at a onbi nati ons, t her eof

rg%l te? E(fad% )e(l%pﬂlal cnes ﬁélséﬁafs%wﬁenes content, and/or a VlSCOSlty of at

most 90% at most 80%, at most 70%, at most 50%, at most 30% of the residue content, the
total Cs asphaltenes and C; asphaltenes content, and/or the viscosity of the hydrocarbon
feed while maintaining a Ni/V/Fe content between 70% and 130%, between 80% and
120%, or between 90 and 110% of the hydrocarbon feed Ni/V/Fe content. In some
embodiments, the viscosity of the crude product is at most 99% of the viscosity of the

hydrocarbon feed after contact with the eighth and ninth catalysts.
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360 "Cto 500 'C, from380 "Cto 480 'C, from400 "C
to 470 "C, or from410 "Cto 460 C, produces the crude

wee@due’s th a resi due content of at | east 90RPGT/EHE2007/080433

| east 80% at |east 50% at |east 30%or al |east 10%

of the residue content of the hydrocarbon feed.

At el evated tenperatures (for exarrpl e greater than 360

the ﬁn S n(lf)e(r:%ntll 1Sm arll?sd/ %nt tﬁpeo%f eca%tl S I{D rerétglggl g/?t )Conﬁlgl Gt o?umns

© dthattat(s)ns ccpﬂhslﬁnrorradthl arsuppciodntlihavopist ylzsﬁlsurmmﬂ)n with a medlan

reactor, formation of.i rities and/ or coke

e e PRl A B Anbine B et e e

1644€ 0.00 g 01} A CdakiIS grﬂn§ aSl@éiEEO ershogk dfemwaluhh@ %0 pita@Nif tenth

of sedj nment praoduc be at nost ans or a

FESEL 0“1%“1““@?%‘?}%“ “B@ Paﬁgeraa?ﬁlkb‘?m ﬁﬁf&ﬁt%@)a?%‘%ﬁﬁ‘t % angedtont 6 0001

giﬁrﬁﬁdebcdl gr%@ra) G0B&r&ANH BN gefmsS 8. 0® arﬁpﬂ@rmcgmﬁs £haQo1
ust ment of contacting conditions nmay

é@%@ é%lm)‘? () OpEYene RETABMOBE 2t PP e égaémaﬂe%gra% to
5 ShAL R 8.05HbLARIE).H1 8k %Eregr% oNYA18¢ aTRORnth eRlyst may
t hrough the contacting zone he sedi nent content nay
fegihgte requstiomelzaticast aTortopdf BegpBoenehis et eortahulgpiogepidue, at least
I I; r

By R T 3 A ST i AR e Bl R o
to highlevisgpdiarscn thaihydrocanleonf foes: tIh serat emlwlnmerttsh ghefterfth patalyst may
8B Bhy o WO LXII AL itun BhuE QTR AR Qe B 0T

el evat eratures a uc on o resi
hmdtduanbbmfeﬁal wh‘lke myAgrtaioimg bpdrseaaibqnénetd/tolahproéwdt stalility.

enbo a .sevent h -t ven

car atbery saBRYRY R S R BN BT

Oblthu&ble&ﬂgﬁmfohﬁl@ aOus@d)E)alal(]lst a&hgrsapm)rmd Coluims 661 omedtalb (c5)
met a

T BT SEAHED R i S e s HOE PR grags 103

$aneioos alanisio PRI, BIOD.A1 Shmele I eAHE Lf ChRMnFASetal(s] AbY
of at nost 90% of the TAN of the hydrocarbon feed. In

U Ohe IRV Hg i Yrerp soma AmBedmeS.- sl vgRih cyplypyagy have at most

(1 elagbhceRhlesdials).) RGbHEmbe@ERhidMSe1breh® dmty@d Iﬁ@) include
i n conbination with a support, and has a pore Siz

faprs 0,00 e 0 Wil errmg. OrRefi @Y rans Phbiem O/ 1jgmms tp Qr@éérams of
é(ﬁ@[ﬁh P20 nfral(©) 1§l3§ Qrai% of ERGerfth gﬁﬁlpst Caf &ktXlﬁtenMnﬁﬁt\é Bh&eleventh
surface area | east ore vol une of
%Wévsemghtnﬁlué@fram@s&()l REsie Odtgmr@?aé)t()o@tosﬁ? engrys, oThem 0.01
%%H@Eo*b (?3%%%%1%’1 ﬁﬁ;sc 2 ﬁn%\égal(g 1% g}nzaﬁ] &é&%ﬁlﬁ‘ 029[912% e'ﬂle &Eveﬂlh
qatrdstst s 99 90mg ¢Iatmhm¢ntg amae side mmw@ mth 9 mmaofp0®| digimpeter
fg(%g gg %#éﬁ%o AT%? g]tege%})'ﬂgcgg %S?w?) ed@ at leaﬂél p%gtfon of the corrl)lg(r)nents
tgatanmtobute iagihiplier aat@ity:s ta, portipnaof tlervgerpbueniy that @@tﬁﬁblge arssidue
0.0.05 grans. The
foR o SRy sPhpe st B PG ing o sortion of
t he Wh M ofeeenatdinontsaa padlfih Gpe of catdngt (rod ot enalpech) mauntche
i}rbonfeed In sone e t he ei

O BPISEEs Pl S BB R e o B e ursor.

Tﬂe%taﬁ@t B¥aiRgk fay VaRadidumhe padsyed @Noins ora@é Qilfuft&kehing
por phyrins) while only changi n% t he ampunt of

SORBPEIRIRE? SEPSIRUERRIIN AL Frdelas Bifp Ceor finag Briag dssthan

1 k! 1eSthid BehoudaRadhmy RXird 88 1eaNdins hMﬁ@@%M{fﬂhe dried
sul fi des) b% a reflatively small anount.
]

Wsﬁ@%&a}ya& icily, degaRbieRTagu§og 1%?%&9@3109 nCé 150 °C for 8

hydr ocarbon feed may be nonitored by
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spectrophotonetric nethods as described by Yen in "The

Rol e of Trace Metals in Petrol eunt (Ann Arbor Science
woubBosi1eTr s, Inc. Ann Arbor M chigan, 1975, papEr/B$)007/080433

Renoval of organonetallic conpounds may enhance |ives

of catal ysts positioned downstream of the eighth

cat al yst 5In some enbodi ments, a n| nth type of

tﬁ)%%sal é(( certa nnerﬁltl:bg)t qne%l as: %gﬁ f\:let@ ﬁata yst magbl?etr gramm}s'catalyst hebvlgz ea

Golzen db stemetnubntom invk kdnga frromdi.En gpmiﬁo OIOGI’gEInesE 0.006 grams to

a8 eroms R B o Mol BaCp D i R icon

ALiviat anld%ﬁtﬁﬂlt}owﬁergfsaﬂﬁ) tetht Bé hycﬁ@caaiou rfa;daas ﬂesbngddamaaf In some
ninth cataly The nin st may have a Col u

C 6
er‘i%?&%%%‘} %Hfl%‘h‘fata}li‘?t gy ﬁ@‘%fa‘i iopit ‘t‘)byflf?cé‘f@nieed hang
Qe sttt @n @t Dpotti@ G m&thl Kidd9 do @E@NRIfIdes. Orhk

grans and a Columm 10 netal ( 2 content in a range from

t@ye@@@ftalyﬁtafﬁ%v TeeNg aplsag p RAion o o sogPeR that et ulsy @ igher

RcoliQ0d pQHiBASL hocHnfdhetls AABcRBIbuRE WMsfilie, Madlt Ritrogen
catalyst. In certain enbodiments, the ninth catalyst

qeRpouIsisy ngﬁﬂbha&te@ﬁ apgd fit #spbaltcagsys the hiydspearbordigpdirm 15
ele ..
ar am”?pﬁlg&gﬁ]th Olf @atﬂ%gtgrfﬂlﬁe%{tlg%gl)g&% dg%%%g% ! an@ct%glblmng
ColonnsiGé micas) Wiﬁlemrmemt pridesthavigg b prrtiyle fiae Pl 4tmapseS00

|0 f r
I%:ll%%)tlllf‘rfe.ﬁlfg‘, d% sgﬁ%ogs e@g Ehn%e @ﬁ!‘] cta{ag)gt 18£y lgalr;lltg fr%ﬁl RN g:%]cjtrﬁsc%r(')a}
amds, OZ)O&gmhalto @ﬂgsa,msamc{) @t gl’amasio hg]pnls of 6nluoih 6 metal(s) per
conp ntribute to Vi SC
FOMPORIS B Ehat” 20 “EhiiPal il B b SHE LR g mos
0. Cettamns SDQolﬁmniﬁﬁﬂetﬂ(sf) olndBflain @mbﬁkhmBﬂt@ tththtrtEerﬁB Qatalgstdndat

BT ROy 7 RefR et s RS AhE At yst

RO dIMBALUC e ?ﬂ{lrtéeﬁﬂﬁhta@sﬂl(ﬁﬁ}t in@lﬂd@frmﬁ@)ﬂ]@@ ReMisSo Hhakams, 0.005
contribute to the MCR content of the drocar bon feed,
ShHPT © Ohi $528% ST ﬁ@m%rgé%%sr BED3rswny Qf& ‘meb}(blé‘ﬁté]t(s) per gram of

csaﬁaﬁk@t I Tin te¥rtaih Bnb&Kihaitd) tRNBiedé e 8yst hﬁg ik Profed. @ 1Ye¥Ams to
reduce at | east a portion of the

t
SR teatnd i (08 St GaPBOA| PEgt (0 07 SRpBCAL BlET et
a{n@f@ﬁ tol%%s @ ﬁﬁ%(?)ﬁ%? %ane(ff tl‘ﬂfteéﬁh éa%@ﬁ% ﬁlel\tﬁ?teelgl%g?ﬁ%@ﬁ{ay

a hy rocar bon t he el g ni nt h
le%ltl%ﬂ peteran of féﬁ’f@elittbpmlé@ fgpm Q01 rﬁms ts @@ grf@ns 0&R@rams t0 0.7

%3£Iﬁ§ 3HH 83 Iam‘@‘é I‘an?s d}/ﬁﬁné}ﬁh%f’ d%%hl?teﬁﬁlitjga?al% HQSU 311: some

aving a e3| ontent atota tenes an
d@odepintl & pere size dintriéntion \alﬂdd mledlan pirs dxaslleteyfrorﬁl SAtA wolsP A.

'@%%u’t?éntt %zh s§ 9%% h%e lgrs’% %f é)%%es E%g 8oa/19§ FS) aP?&é%OSt 70 A:

cont ent. nes
faonal 2@7 t@%(p% af pErEsvngnRtient sizedrtyeon 7®h@01°\r| 8a0SDyto g0% of

t he hydrocarbon,30 fe ta i / VI Fe
RBRORHEE Rev e Pose R Hhobe el RE N o8s St Saggpos sive
Heetave aR0-960 Anttorh VO% ©f5% bepduysdiaciag kot size eewed W(FBO A;

ont en one enbodi nents, the v sity o
ERERP SRS DT T BT C e OGO bty -bio kg pores
Hyae agardaor bfe@@en a$0-200 AR 000 W td119% e p&eghdvihgabre size
brgzlt\{/]gepl 288l t181(|) A from 1% to 10% of pores having a pore size between 1000-5000 A;
from 20% to 25% of pores having a pore size 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 sonme enbodi nents, a tenth type of catalyst ("tenth
catal yst") includes Colums 6-10 netal (s) in

W@ 0Bl#as7T on with a support and has a pore si zZBCT/US2007/080433
distribution with a nedian pore dianmeter in a range
from50 Ato 120 A The tenth catal yst support may
i nclude at least 0.01 grarrB at |l east O. 05 grarrB at
g (%né{ronetgts 9% on%n%u%esfo res ug?)hgﬂerﬁsa \?g 81‘ C nlt}o?ggrtl h
msaipahr(ds)nmemy@nctarbdmfaed ange from 0. 0001 gr arrs to 0.1

0 oE iR B e i Foo R ATl et rie s e

afnﬂxa)ﬂh@dag)&btm@@@ddson&d%regf ans, 0.005 grans to 0.03
gr ams, grans. to 0.01

rans per.. gram of .
O plepinstheCH PN A o 4bis PSR o BT toger G copigins
18y Alow £@sde RodiRl bibe PradflicddiBat GATPANGRY/Sr deltdied ropertles changed
cont ribute to residue, at |east 10a portion OP the C5

rﬁhavecf\? hectpydEicrbar food aiile then Regportics op e hydRcason feed are not

R@NERntdaatrne %ﬁlﬁhgéﬁﬁe b@adty ghy Mh@%ﬁé&é@ﬁoﬁé’iﬂésn@latwe
hydr ocarbon feed. In sonme enbodi ments, the tent

te #redlygerarhery feed ange Bugtbe neoge gecaptie faor @ﬁnwﬁrt@@m@ﬁ@w@mng
t hat Aﬁ%&fﬂl&ﬁ%ﬁ%%rm?e Cf?sqﬂtaQ%ltﬁ:ctég segltb?;c@%g 9&1@1{)13)&9
rocar

f eed e mal ntal ni ng pr oduct
syenird <pftw0pertm lmp;mt/fammtSénbtd)@l hydsptashondeede [Fevexatuplet VAR, OPL

%QJIT& é’tslet:ast( a}? t aﬁ s@#a‘féﬁes at Iles'c'lst]ag)oapotn%lf ﬂ‘%tﬂag QXeast a

;@rtigﬁl Gfﬂteah@(et ancpfom’(ﬂ lag aemrttdne)f eleexuaatitm Uﬂhahyyhd)carb'ﬁh éeed can

be [ (y%?:gé gef%g%ﬂegzﬁgn%é Splf%erf rt(?rrrsls n tfj) %d&arbpg%ﬁgd grg?%&c.lufed.

g r arTBArfafngeﬁi)énU Elmi/(ﬁ seted tavin (o$ )hem&tralygts anny oih s&rh&ﬁﬁb\ddi]ments 1mprove

cata i me he el ev ca aI

lﬁzg@o%%% (éat%h/st or &eftaguﬂlé%,gin t ?h&?c&m,?ng eﬁé?tg]' [trgcguct H;ture.
[BRR BRIl i KBRS, 1ifé AR/ IsevRint b tﬁ@ﬁ}@m&aﬁboﬂwﬁdmglpw&actzo
fromQ.001 granms to 0.1 granms, 0.005 to granms, or

IPIEHS e PEcstEepyYelley agﬁoa%ﬂ%fsyw lEﬁT?Pei%e f?éf"al?fts%,% months,
A Rast W AR o RuaNt featRitdluy flplacdient 6F th@baﬁalg TROGE 0B Sing
the el eventh catal yst may include fromO0.001 grans to
®M9: grans, 0.005 to 0.05 grans, or fromO0.01 grans to

0. 03 (@ ifuidfs SEbibtry St Es%a(ysa)llo%éd&ﬁ@{nn% Tt %‘f)@fﬂl‘blﬁ of the
catal yst. The el eventh cat al yst has, in sone

NifBdei aioaste Jpogiop®f thedisAgphd|lenes.iaplgast @ moxion Rl He medlsip metal
AR @f o‘ii a%fEeJcﬁfs a%gaagt YR RA d?‘tﬁe‘%oﬂqggneﬁ‘ts Il @?rﬁ%lﬁ}é@%tﬂm at least a

cat al y uce at least a lon o
oo dmr581¢1¢¢aor womtnaiionstteered, fnong Herhydiosabei fegdlacforg other

IR%}TIGQ %B h&@r%ca?r&gmg&fs eﬁ% g’haﬁlg&f wifld &%ﬁpalfmrs%tthg staﬁ'gg/ Ot he

Fogen co nds 1 n
Ifyelmdarbbmf@e«b’tmal epmcluctl mmtmtesdurmg tpwebdsinlg (foy peangfle, catradiyigg a

"twe ta obt ai n
lbare? (et BB s TS b Eb R oanReBST RS R A
HeG NS ak. 1nc3&né|ﬂﬁz&ly®&hﬂé(}/l$}t canaemfrﬂsal{ydmyrbbe fdae ati@deledied
th resence of . one or rm su fur ntai nin
eBiBuNES S0 {ErPRaly Pl P BrSbE MR SronsBicsw 8o
hy@rdc@bofebdl MRy pREW 0@ sQbilieSShd Rk crboh ét Sotall pesict i ure to
12 hours, less than 8 hours, or less than 6 hours to

fegpaniained dpringdracsingt h cat al yst. Typical |y, the
g at alpy SmdBsIdlBis, (18 e 3L8Ysti IQBMIAAbove) Iy bSPositfont®T

upstream of a series of catalysts. Such positioning of the first catalyst may allow removal
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hours. In certain enbodi ments, the twelfth catal yst

may, per grain of catalyst, have a Columm 15 el enent
weoeBest’sin a range from0.001 grans to 0.03 gPEIES2007/080433

0.005 grans to 0.02 grans, or 0.008 grans to 0.01

granms. The twelfth catal yst may exhibit significant

act|V|ty and stability V\,hen used to treat t he

droc E des be? her e
%)fl %(;éln éVelgS con% mlna m{ata co ammantsb and/orI I?m%eas 1&1 metal salts of

(ngtnlw amds hwmldmﬂntramargbbmtﬂebgl oh the |hr5a«yfosanlﬁcfn fe¢ddotal ﬁmthﬁau r
content to convert a portion of the netal oxides to
" sulfides. The twelfth catal yst may reduce at
| eastrha fip® &zttalsm aDbwd, hesommamemeﬁtsr foaten@OMItoT hhlYis€a pEtion of
%lFer Vi s¢ 1ties, portion of the conponents that

P.fsla%a P aﬁ“%%?%“ﬂrémelﬁ%g‘rf&OVﬁl ireogenn LB GRYEDULEE @
@sﬁb}@hﬁ gRa%e afihEéa@sRHA th@ﬁ@ﬁ:ni Br mlﬂrﬁdﬁm@é&mom the
f eed. Athirteenth ty of catal yst "thirteenth"
hydtogrpenr feﬁﬁyF%@Xﬁrl@&afr%lwt Ea1BiPATtieg otbs %?ﬁh@teeesm the
HyatRhbSA ol Adtal FrdaaEdhixR¥d réfaﬁvér@\rhmd?oc%raﬁ réeh ehhid 1bing
at nmost 500 micronmeter, and a support.

afjethet easty s Mtﬂan%dowatyeana\a@l thps pRCORAHD Iheglﬁ%aﬁlt ol gn@thg
ﬁ%ﬂ% r
%?%lb n Sgg[e%ogl?dg m ?r%? “Q‘Fgﬁt% per hfjl?gﬁ dr% Co% ! t& h ?{rrrgﬁlg(e]% Oﬁat]leaSt
cportadnaitthe NidV A iemethbbdireraritos fecd meayt inispme embpdimantaliyasease a
Vi metal (s). In
lggﬁ J);f%no‘? ggr)%% a StstpO%ltlg'?we%rg?tﬁp&f ggslrt# Eﬁnﬁsgt al yst has at
nost The @@ogd eutzﬂ&t(@)‘ and@ir trerthi@d eaedlysit(§ sthaypler pogitiahaal dofwnstream of

%uﬁhrsi c sﬁ 19115?15{ éloniactrr% SIi;?r arlﬁ(o)? ?ee%%alé%(ﬁu rz%tsurff \glth the

ddcdndgn@lysi(s) @nd)&&h@dl Myit(@) Raphirgeandyce AN, Ir@lﬂtd:)th@ dontent of

PR el B0 R Sl Bt B R T PR PO et

i6 atead] yats oﬂaﬁgama@&lugje fromO. 001 gr ans to 20 O 1 gr ams
0.005 to 0.05 grams, or fro grans to
of COP ERE GURASTES) Copnst %frth%:%r%?ﬁargﬁor ey ttl%%@%lé‘rcawlyst(s)
Ao ANHRhitddatdReDHtHayGRb@icY 8 hydrdb@odnTedd/BRNEDER B (Y18 khat has
ma i nclude, per gramof thirteenth catal yst, from
e A, # gedgeqg sgHaRontet. o sedyrediAgy ey contpilgp giced pntent of
IQ@thg nglﬁlé)tgﬁaft@of%rQanQIaQ@ apr%dlme@ erpﬁ!ﬂte(ﬂéé &gﬁént I R&luced viscosity,
thirteenth catalyst has, in some enbodi nents, a pore
agicombiahtiqns ok arlatietth thy rerpeitiaa pmﬁr@ewfah%hbélroqarb@nf@g while
lﬁ?%haln%‘é {Stalg g%? H’l% tﬁ#’&l{)gﬁg BHHEF%Q%%Z %&h?mxtnn%\ﬁﬁnl}%ﬁicessm g.
Thecsmozc%talastmmfpommeéé ihspvieh giteer pothehesicgandretalyeering
0 %t o 40% pores having a pore size
%e?@wa%eﬁui%%ﬁ%%ﬁ gt rvéc%\?&ito 10% of pores having a
por e 1&e aklityad vwle»m nﬁmeg’bﬁtﬁo svecifiedoonfaclifg toameS@adfto pomiesze
re size bet 150- 0,.1%to 5%
pePu el R ag A i Lot B e M bt ppyror
I@dﬂogt‘,l@dﬁ%g@f)ntﬁﬂmgSarﬁQatlaEMﬂs it Bptpiar EreRtizedy oot Mﬁﬁ]lﬁt of hydrogen
%J%gzoo A fro 00010/to 1%of%)ores havi n Eore1 .
& “HgaiBe Yy ang? PATHLORT RS TUG 98 B UfpPrgguct relative to
th@¥nfiChrépeR @k of tie hgzdrb@trmefsecﬂ %@e;&%ﬁk ﬁqe fhuirdaZk My be used
25% of pores having a pore size | east 5000 A The

if RP PPV e (155 atghays ) é?f@%caéf’tlyslt@ag’t“da‘r‘aﬁﬂb’rsi(%)oﬁ*fﬂbf

éath@srzgrrﬁsatﬁ%ma@stm ahdePRvEAR vi@y4@) B GRS s¥1'e§t6<9§1bf)ér§§s, of a
portlon of he conponents t%at contribute to

erégqcerQ@n feed, Végrs Ralyrcapredng o pEIPeRigs Plcthe hydresgehen feed by
conpounds in the hydrocarbon feed. O her

enbodi ments of the first through thirteenth catal ysts
may al so be made and/or used as is otherw se descri bed
herein. 5Sel ecting the catalyst(s) of this application
and control ling operating conditions
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may all ow a crude product to be produced that has TAN

and/ or sel ected properties changed relative to the
whywsoeasbon feed whil e other properties of theCT/US2007/080433

hydr ocarbon feed are not significantly changed. The

resul ting crude product may have enhanced properties

relative to the hydrocarbon feed and, thus, be nore

Sf%(:er 'grﬁl(k))uen nséf oc{/o wlf} Vf\:; agrlr;tglﬁ%n %gdr%?egrf)on f{agcﬁtota?grogu tsta?lhal The

(S”é&jlaediYOEnlmﬂjﬁr GfCtIataﬂ}Gts riidye)es»elquemmemﬁfmm m:phydrygen uptake while

Eu%ﬁl %]}1321\1}(%?1{})05 getedr %glr Og rc%ge&)flftg ﬁlgleﬁ Lrg;t E%(Fggen 'uptake

aansp/la alstdae esntendt V(i@ asitedt, AIic@Onwit, Ahlagrwl@nor @limblirasis
t??f é)frtlon of the nickel, and/or at ortjon of

hiEddisethor fed el IR HRkg ag%%tﬁ tisabSpegiyE aepperties of

th@ﬁ Scaftfon f@ASHhiR (ROTANAURIRE (HE&1s85RR2 OIS chude PRAUCt is at most
950%( ocarbon feed are reduced. 15Arrangenent and/ or
|

eichs bANGmdopde viseesity ot de hydrocarbpdgite enbodi nent s,
| TPT Q¥Budtiod %?né?ﬁ*drbﬁen%ﬁaﬁé ¥ I hmelRbont (0& ShPRbIdEY Rde

t he hydrocarbon teed/total Pproduct m xture.
nregsicoiratrhan a befingrapge dibibetiqn; siraila pajthe poiding peing dispriyftion jpg the
@rﬁgfc%éﬁ ﬁ:@@ ailggq(fdhgédaﬂ‘Alﬁ Eé?ﬂ%tto ﬁ%)ﬁAlN & tg@ﬁ};dg&arbon feed. The
rocessing may allow a contacting systemto operate
fignic gt/ Cloé tis ter@le prpdtidignayaisolop ystha@erymelhisvelyormaditanioants tis
hout f catalyst in the
m:i)? %gtt g\ﬂrtllg %ngco%?&%eeﬁ%ﬁ%g%‘gn %%tg i ons of selected
cat alf})}@t@emggneaﬂtlbmw spedf]«:mrmaung]zcmes 1lne3asltov\asemme| amirhtxoﬁ of
ﬁaf?rqulg\'% otléér ﬁ%I}t%Ctlg%%t 2 fuﬁcgor rﬁll{)\glsgle?tlve rrr%dtugtlm % lp{ogeroyres of the

lgxigamiben feed.dB, soat ehleashleﬁts Jdouirth @nlywit(s)the eqrpidasdtupstream,

hat contrj bute t st .a rt| of the

Raadar S aiuor ey SRRk BeRiaah BExPBon
dea@dieh ahudigaoatabedy ozaﬁn@ﬂﬁkmb@sfeea with éhelTyehoGaN3aw, iried
are changed, while maintaining the stability of the
hdenesr Beh B?]dﬁfhé(%fafl Qg FonkcHag gqnemhg& igeladeihe P‘%’gﬂonal catalyst(s).

QR BT Bthé hRlro &K AR conRémb aiemo%fahdmdfo@%&bfeed In some
feed P-value of above 1.5). Alternatively

e pHEINENbE deVaRy of AprirgFoZammay ba Gancyrenk o tila@ flow of the

}%yﬁﬁ{c%gﬁ]f‘e@hly reduced by contact of the hydrocarbon
d with selected catal ysts. The ability to

i ncr dveeragipley inghacked enafigermiiqpesse, Eqaiaﬁagl@lﬁp Apeid)i lpgirqeen may
%%négte@ I%chfltg?ﬂlgt ?ﬁje J}g%&ﬁé R {fgleexﬁ}ng@béednta\étlﬁg zo‘hg €02 in

rocar bonfee ure
& P8 pvkley dohgen ngy pe d@efs&’d hgan ddditvonteorndiodizmenfe, extthple,

cfon{a§t'iné Z%Bg# ]Y481E1 P&g Ill ? 8%0%9{? M‘E"t{ 18 teg%o H&%I {r {hg ﬂ?cﬂacag?on

am ol a ser cat uch position
feétb Ihisors¢ crolatdahgrsy, thmyd@gd:roﬂww mbaboncmfrerh with the flow of the

lecul a ht cont am na cont am nanRt}\%
TareoRed AR P PR flon SR B SRR e o
hydtagt@imay hggdnbatesitdahng tdnyacahg inhae byrdictiagrdernifor example,
cfogt?lgt/ir}goztogflz 1(%’ 191 %&I(S%Bm )Athydrogen 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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The first catalyst allows, in sone enbodi nents, for
renoval of at least a portion of 5 NiN Fe, renoval of
w@eiodies7sponmponent s, renoval of components thatPCT/US2007/080433

contribute to a decrease in the |ife of other

catalysts in the system or conbinations thereof, from

the hydrocar bon feed. For exanple, reduci ng at least a
@?r ex%mPle,pr Oléagcy(%o B, Erroggh cqnla 1|t \5}%661 [o coPlﬁlctu}%yngeo %:1a6r FIG.

3133ed i nhibits pl ugg| ng of other catal ysts positioned

downst r eam adt u es t th of tine the
10 cohi ¥t ‘f“PRj) ﬁﬁ ﬁ%‘i}ﬁ’tfé‘ EY Byt e&”@(ﬁ?ﬁaﬁit are used in'sclis,
dil@pl i Bb ]E’fﬁlﬁthl c@tfaly?taa}eaigylf@meaﬁme@h 2 leémat@apstt) | (ﬁ&fﬁ:b varsa The
ortigon of the Ni/V/Fe fromthe rocar bon feed
JORATSHE" St BHR St ia AUUU FHUYE) BRETegRCeR R reduce
Gy Ak ¥Sieént PR8I0t teaR&@0h @hiedl oftn@alf inmSdial GAlsaIf %ﬁ%tamc a01ds with low
The second catal yst(s) and/or the third catal yst(s)
%yptﬁi@ % agqlrpg%rbéfdh%@w?%@lfbéa fRedf Lo életfhynd&geltaﬁt%hey%%y allow
?Hﬁkm‘é%‘ﬁ BE L pbigt Mrdﬁﬁacrhla@%édfb eRlAl hSdntPlRIWCTH the
ure with the 1p5second catal ys and/or third
S@@F@F%Pstﬂflwfth%\bycmﬂafhﬁ?élfeeﬁeduce TAN reduce the content
of Ni
cont e fFAHRGLE ad Ml AT bl AR MR comppation.
‘Brlsewndhf ca@ﬂxggmed upstticgly from the dq)mnsgrgzn’g seypinb ditakysitngay have a total

Syl SRPAY SRR 658 1 Bk R .

Thediowoardamn;eﬁeeldddatednsainaphmdlactmamonteutr@ (fohatn hrestaRG),ger gram
t

ogedoxé/%s%realg ﬁf}\}eﬁﬁl caglijy%gg}%lé ébq%ag Qe ﬁ'?rge fl%ﬁ a{o?aq Con%fﬁlé Pf ?olumn 6

18&hl(sg irothe opsgtamm Gevaaihdatalyat, bied lkaed). @sgrinad dfandsne 6 nteem(k) per

a reduc 03|t or copbi natio t her eof

S Shi i LoD b Bep S BoP BT L T ag B Sl and
tﬂ@dévﬁas&&dﬂﬂﬁ@bﬁh ogalyfiengtrabietsty. e dbngy Rye @@é‘lﬁth@l’y small
feed/total product m xture during processing

gy calgbydr 9“5‘%"3 Wl Hbthﬁ) OV EHR aeveﬁth§étﬁ1yéts‘nayé}119}¥é)rther

Iselihets fa)e (h RERIB Proat b ¥Sdn1P ehdAGe ARSI ERThQFeldRE td Mk ke
cataly or vice versa. The ability to deliver

H’i?llﬁ“éf‘é @ﬁ the ydipesham feetl EomraBRIPrigeRBRY Shehgngegn heteroatom

crEh{éhth?? gﬂavl%f AQfRhle HSALR, \GelY 'caﬁelﬁoﬁtc@ﬁﬁ)inglgons thereof).
Conbi nations of catalysts that facility generation of

hydr égatcdthety despibar feeh gith ghedipeatag) apdtdewpsisampeatbe
I t
LIS PTGl X 0ET 1 £
1pesd 8UEt atmelsat (% er atdeasol%métméméé\l piitbpbyctrocaﬁoooffeetdhén some
r bon t
e&yb%d% %[Sf fri:l gf (?f r%%%: : gﬁoc)él% fet%H Iﬁ c&"egnlgetlﬂg ?%%F%%Sd’ bync%}{tact
wﬂcmn dp@tialayddgagsirednnsavents aatallygts (f()lsf)x,amblef tdmtact of the
{ogfu)y?g? é% W{% a Sﬁ%h@&t goé%s é]t(l]él jal can /é)?({dugtew@} cthgnged properties
IthVfD[O alidiodrdea®dn foatiané then leyntado aﬂge ngtiNtchee pdepetithiaas

of . th rocar eed. b sel ect ed ajmount s,

IR s R DG N BORT MR BF Pt OB agR e o the
isti@birhdetprodulh) € TRE Stelity anEbIGde TANRR Fen@talR bl Y&iss infBdin@Ring
sel ected to mnimze net hydr&gen upt ake wnil e

e Ry Al Hg ydecHie sedicpdRrof R drvBiealurips Byeeting

st abirh kdn¥e erM Al idks, BRAy NYEERGR Bnd/H AKE oaba{tg s h@8meigtion
content, V&) content, distillate content, gr avity

with ewtpllafeaonigeinesppdifietsf(fas pxanple, fpencEtee B@fHOIflé/ @C@réorb%ed
mai ntai ned within 20% of the respective properties of
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t he hydrocarbon feed, while the TAN and/or the
viscosity of the crude product is at nost 90% of the
wa208/asdfor the viscosity of the hydrocarbon fBEHUS2007/080433

Reduction in net hydrogen uptake by the hydrocarbon
feed may produce a crude product that has a boiling
range distribution simlar to the b0| ling point

IXYS\%aEeIé Il?nm |a§(3525t nreétﬁlng]ﬁ(ﬂoégr{ lt%ﬁ&r he h %r carzil)gﬂgI gege maH;' alnlng
laterudon fednd] ptd@lactcrmuﬁh& aboléty dﬁnﬂ@to@bsﬁﬁg aimnl ghaﬁglﬁglgma: or
bg relatlve#% n&ﬁ’ g ts as, con ared to thefaﬁ

TP PEPCYES PiBe et R D “fV%éOo‘ ¢ respectiyg PRGRH ©
Igﬁﬂﬁﬁl@t)lil fad.i Sta&ﬂ@c‘dffthfmyﬁﬂﬂ&rﬁ@ﬁ feb@tot0 PRSuEEYix@kd 194y be affected
sel ective addition_of rogen to ofher contactin
DYorRESUSAREIS PeP&Wi“B%vfrg‘é‘lt dyeatbagy %@tﬂ YR PETdusy BiFRE: ?Pé?

Rparkih nldy Hoyaieg eg, kf@n:xfaﬁg}é inbdW PR RDQEEEPS Steed and/or
fourth catal yst(s positioned upstream

W@@é@mthe&ryd%ﬂ%@ e%(a%ﬂaltpmslﬁ% Mig#e ﬂy%qutaél?n of asphaltenes

RS el %cﬁ@&?ﬂeéﬂ/totﬂ HfoRE8 Mik¥, PecifRieh 3t &nbrEddHom the
cont ac of the hydrocarbon feed with the fourth

hyétoanr_\}»gm {eggl/totai P dhgidniayen onegyntheatiged théreeled to t he
cont g( )qltsc%:fg%gs éﬁ@ﬁ(ﬁn g%e doH&LtH%%ef’]Q@ tl?e%héén&%n of Iggdrocarbon

cat al ['Tvery o e hydrogen may

fealandéx tC_ttd prdlactfih gw hyflrotdrborhipell/ ot ploduct fniarre thay chamgs. As
L e e
dﬁangee Hamntplfermation af thé¢ au&ceptodlmnfspkgblﬂm ofoine c(oa;rq:enerftmf the

ng%?lli %eé:é Ialhd/ ncéfng%%etn g C?ﬁlﬁ) t(r)]iglgpﬁ%c?u(cglg r atd? clar% %erégltotal
Iﬁ&nicambaung tendne chitide] ﬁor]ekﬁinp]ﬁ;l.tﬁé hych@tdrﬂmyidase«dgmy doayinbe
delivere to a ddi tiona zone (for
Snit By R RO e DR S RRD e & GRhe i Blgcessing. As
[Hbpe@eds o the thi@bc drBoncloetd@ngdt (@rick aMp1OfT AN M@Rd@p@p}m@ﬁbg
feed. In sone enbodi nents, the hydrogen fl ow may
‘@Bﬁcﬂﬁogﬁtnawrts Kherend), fheWB?neflﬁén%%‘}dg‘B Brosis lgss é%lume in the

HYdtREMBEE Fk@ttal ptdliud Sik@ek ad s&ﬁ@fnls@weatth@ﬁydé&%on @l and the
exanple, FIG :E hyd en may be generated duri ngblt
g}gl% ubility

teghpraguct pgy f%’deé PhsAE LA hEconisrBs oDy in@ngafsiter. Sol

&Q@e@%& Bdo ?ég{ﬂ?ln]tggh}lcﬁ‘oc': 1o f&@)total’%r&)ﬁg{ 1A8&(e fRPMIHe&WIBY more
delivered to a first additional 30 contacting zone

nhﬁsea tpimagen effwopheses. shreeghnlaseulptépniaf ggphalfenph ghange in
&&@Jnﬁg@y&%?ﬂbénf@éd R Roaudd Qﬁld?& rﬁ?%?ﬂéaﬁgfg ftéaﬁl%&%ts

con ut 1 to contacting zone 11
ttlsdo pdu@ribe hiddi pncorrahore gﬁﬂlacﬁttalyﬁgs Zighetidnnlly tigi qf@@tncm iof the

Qc% OlGHE ﬁeﬁgr e&? le re ca Wtrgzltmte ofrﬁ/ Qfh 81{] eed/total
P o '

exanp rougn con
Iﬁ&ﬁﬂ:t nxuge nta&be nasugsszryrte pﬂo]iﬁcel emrEdeC@rocBBD w1tlh dlesﬂremﬁopertles
nents, the

oyrth catalyst and the sixth .
cat alyepe e gt el FELnTbHERN G o E fisupyure may
leah@lipsd abeihagrabidist sfaldprodest, thgdxs'caﬂbdh feat, ahd/athyd@carborce
fv%({ésa The Sconbi natbl on of t TEAJ% cat %‘ﬂ‘ngt W trfoan
Seftif Brdyet BULiCPRY RSty valpg frais at most
indicates that flocculation of asphaltenes from the hydrocarbon feed generally occurs. If
the P-value is initially at least 1.0, and such P-value increases or is relatively stable during

contacting, then this indicates that the hydrocarbon feed is relatively stabile during

contacting. Hydrocarbon feed/total product mixture stability, as assessed by P-value, may
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Ni N Fe content, and/or reduce a content of netals in

nmetal salts of organic acids, with | ow net uptake of
whywsogas? by t he hydrocarbon feed. Low net hydr@rES2007/080433

upt ake may all ow ot her properties of the crude product

to be only changed by small anmounts relative to the

same properties of the hydrocarbon f eed. In sone

1o coatrolfnc?l %8 n%rlatﬁ)\gpngdcogtfa%i]ngncéréc\ﬁg (\)r/] esnby se e%tioan (%/tscatalé/ats yby sélective

mﬂatmg&ﬁnatilmmot tentdounosd the@of. %vlemdnroﬂag al gtmtacrmg/cdmamens

Ig%& 13%:]?}!%&‘( cco(r)lr} liag Fgﬁgetefn%gﬁnﬁuge gegés%lr%%%%r %ﬂﬁ%ﬁ(g [Hg{grocarbon feed

ﬂﬁwm@stdrﬁaﬂatﬁ)ﬁymeﬁebf catal yst may have a total content

of Colum 6 neta er gr am of dovvnliztream sev

cat allygically, H&‘{m‘f%boécfﬁféli e éflrsc?séﬂfeé Hiat iRk ey drqse Pn feed
&aR b@ﬂg trgfsp&wdtaﬁmoﬁp&@mta@ doSitacted ad& ald@ B drBRN p@VERS (for

cataly or at | east grans of um 6 netal

eﬁémplgr %A%aétﬂ MEp-at {pagt 10 MPast ﬁbleé%% MPﬁéthgod%émducts( e are

RO iffuid® rAt%ievﬁt@@hW@éeﬁ?%lﬁ@ch%ﬁé Roredidliy fhibdBd Wiehe properties
downst r eam seventh ca st may be reversed. The

Qi e hydgocarpon, eed goay b ahaln%l witlsgiinal el iprodystion: a$1a¢eylte¢h@tlon
A
ARGy TRkl 05 1SRG R0 SAUERAAGRURRYSI B ||

r@‘fh@ﬁg@d’f these prapktticampy netocewuatebstbe cantachieg sompera@ee is at least

Roepe fFM i%?‘neg{ 1|t P?rbﬂ‘y QE&C %ﬁg ure%%qZI f'n(lgf%[ 3%@!1)? eF}%qulred to

relative gein eroa om cont en
gdwe idesyred pﬂmbnﬁﬂz{eofclhmln}eiMC,arbVﬁ:‘&bed onpleduce a@lroduotrtbat mrmets olmes
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80% _at S % st. 10% .or at_l|least 1% of the

Bk e Bt PR g i 40 bIB bR asehrgent may

fohig, cidiheahe ploguddyidtioRas bedmkeadatidsitke, ddaled Npdbgdnl pressures

reduced by contact with the upstream and downstream

Y BTRe BAPHIYA R IPRYR 2 BISABICabab it fogping proprygies that are

RYGeRRal sheesk Minfiihl ®ngREAIYSE dés@abier m an initial
crude_ product with changed properties relative to the

hydr §@akpion ahgdigcarieifeehiayingsntigetityst at lsest il firgtjagp7-8 °C (for

&5&9}% RNQduehH cW Eﬂeﬁﬂl(ﬁﬂ%ﬁ bPﬁ%as@ﬁfO@'cgé ind &)nHBfPéﬂiLt&%perature
the crude roduct W th 2(8 ; erties relative to
Yor qu

repge 370 1y tq A0 “er e’ Che 66!@1 ORBC1t #30 tloatpeagerres of at

r
L L S S b A AL 18l o v
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I@)dzmpiben febénPenigt aa)neaclaﬂﬂ/PQValde:ydrnmnamby)be Kepeabove 1.0 by
controlling the contacting temperature. For example, in some embodiments, if the
temperature increases above 450 °C, the P-value drops below 1.0 and the hydrocarbon
feed/total product mixture becomes unstable. If the temperature decreases below 370 °C,
minimal changes to the hydrocarbon feed properties occurs.

In some embodiments, contacting temperatures are controlled such that Cs

asphaltenes and/or other asphaltenes are removed while maintaining the MCR content of

the hydrocarbon feed. Reduction of the MCR content through hydrogen uptake and/or
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flow rate) may assi st in reducing hydrogen uptake by
t he hydrocarbon feed, maintaining hydrocarbon

wo ewdib4osal product m xture stability during PCT/US2007/080433
processi ng, and changi ng one or nore properties of the
crude product relative to the respective properties of
the hydrocarbon f eed. Stability of the hydrocarbon
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hydr ag adRodndReRnkOEdtacRhOebHalti ot Kt UbiRyolIed such that temperatures
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ip OR¢ AP GOPEILING AOnep Ay be ALEHNE HPPEHINg Rt fifaicaiampyatures
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product, and/or precipitation of conponents, tends to
r edudier etsepld, p Ersh porsasting rongray Tesfludetidireiarpiglygiéy) gnd/or a fourth
I
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cont && t‘?I?Fgem'tqﬁ‘gPFntSh FtgCHpg condions g contipled; WP Sehihs d
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Hydrocar bon feed/total roduct m xture stability, as
Biesiag clyatpd gIpgraturgrpy he pRIliydo PPt aldpapial prspvres of hysgogen

contacting conditions, by selection of catal ysts, by

sel ective ordering of catal ysts, or conbinations

thereof. Such controlling of contacting conditions my

i nclude controlling LHSV, tegperature, pressure,

hydr ogen upt ake, hydrocarbon feed flow, or

combi nati ons thereof 5Typically, hydrocarbon feed

havi ng viscosities that inhibit the hydrocarbon feed
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from being transported and/ or punped are contacted at
el evated hydrogen pressures (for exanple, at least 7
woRmg/0et751 east 10 MPa or at |east 15 MPa) to pPOOUSI®07/080433
products that are nore fluid. At el evated hydrogen
pressures coke formation is inhibited, thus the
propertles of the hydrocarbon feed nay be changed W th
orpag Iélgg 3 SCl}%ﬁrl aelgr Odaglq}écr%%s %éi}scxﬁ g{) exla{ng ﬁ: eaél 1rllc§ease 1to at least 0.5 h™',
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In some enbodi nents, contacting conditions are

controll ed such that tenperatures in one or nore
wW@owsaet’sng zones may be different. Operating BET/US2007/080433

different tenperatures allows for selective change in

hydr ocarbon feed properties while maintaining the

stability of the hydrocarbon feed/total product
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nt ac zone cl ude. ot her,  cat aI st(s) . .

SRSt bt BT v b e G Eing e RS e e et il such

fan $50rikerd Ndoki ME(fSR&@ple SN askingn@dloe BRI eycaicukify POB@Yes)

be 300 'C. Contact of the hydrocarbaon feed in the

ipy s regheraet ?rﬁﬂ“%dﬁé’ltb\ﬁn?lhmt)ﬁ%‘ﬂ?ﬁ ipilighigf %ﬂ‘?f@(ne%% d/ or

fourtih ttﬁ@&s‘?dLM Zd@éra&&% Highakiet BifR&mabih Enelsl a®f cdnficted with a

contact with the other catalyst(s) in the second

EBhsaathaRyeEaereo MyJopaRU Lo PRy dightst compqnepigyngran @geonverted

RSARl QR STHE SANGLLRA rdslivhNEre Y QPR EAR D headidarekat tove
to the TAN and/or C5 asphal tenes feduction in the sane

fpelewent thedped te depsouarils. Thearesiflyedtydepgrckiag sbmanproarss PHglo
Ha60R ?E@&a 82 601G m\M B“l&llﬁég :!IQd \thuum toaltjlpe(l R,

enbo contacting conditions cont roﬁ ed such
t hat Reldectltoo phthe Widosgg emd/praediduzl copieisd @ hgdrofarbdnefeed to produce
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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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life as contacting at hydrogen partial pressures of at
| east 4 MPa. Operating at |ower partial pressures of
whywsogas? decr eases the cost of the operati on BEIUS2007/080433

all ows contacting to 5be perfornmed where limted

anounts of hydrogen are avail abl e. For exanple, a
contacti ng zone may include a fourth catal yst and/or a

B yst ontactin ndi.ti qns
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in the third contacting zone may reduce additiona

anounts of Ni/V/Fe without an increasing the operating
WEe@soa787 above 7 MPa. Hydrocarbon feeds havi nBCEHOS2P1/080433

gravity of at nost 10 (for exanple, bitunmen and/or

heavy oil/tar sands crude) may be converted into

vari ous hydrocarbons streanB 10 through a series of
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hydr ocar bon f . A systemusing the nethods and
hs:éd ialthis tageeltos @ hpiye tb mfe@h@p thetsgppreiiade sprmoperduded, pof gram of

;?d; pggg@fgﬁfg@gﬁ%ma( %i&mﬂﬁsd (Sdo%g‘?a‘ilns‘b‘?%gﬂlf ?1 a, QE%Oézograms of

exanpl an e ating
dBi‘taallunmgt amli (1.9784 gfdmsi of thesdt dluying,cis detapkingiighyunray diffraction. The

OGP AR of 31 meRrafh BER o RaRE YRl PG TYRL
mﬁmmhmﬁgxdﬁu?gQTMbd@e?ggmnmmmmﬁmmnmﬁzfyﬁae?ﬁvggh667%of
B B e e O TR R PSR R Ghhe g bop TR Sabibhs A

draied 19¢dignf poge diahetbeast a factor of 4, at Ieast a fact or
of 10, . or at |least a factor of 100. For exanp

a
syst SisFERMPl dampRsyalss Mg oguehapphsUPRUHIALR ﬁ@mﬁ size
MitBEARh LY atQasal g0l 2 ast indi0&s GSleab. 1 grams of theta alumina.
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37.8 "C and/or 0.1 grains of residue per gram of
hydr ocarbon feed may i nclude one or nore contacting
weymBensstdescri bed herein positioned upstream BET/ES2007/080433
cracking unit. The contacting system may incl ude one
or nore catal ysts descri bed herein capabl e of
producing a crude product having a viscosity of at
0

: P Of Ak qe VIfS(“pSI litm Cg AVING 9 y egrlbu%lon
‘Iwitlda ObalihoPore dﬂiﬂnet@'hef At Iutdﬂt mﬂoﬁd UChe \anmtﬁutm catalgsootad peepared

t crude product and drocarbo enter..a
i e B ol ook RraeR by B Beloy pSBut 17
md{pwl maxtmgfregrﬁfedtvhm a&faﬂﬁﬁlrﬂ istogtatienshlinyd pagparch on

d . has a cosjty than _the original
W@F%’é‘r’a? ﬁ%%r apg QBVOtSé? H]P éﬁ &gs)s ﬁ’é dyigiged; "ﬁfll?fu gAhPIiI Akthe solution
wisacki ng unit may be i nproved. 10I1ydrocarbon feeds
having at |l east 0.01 grans of C5 asphaltenes may be
deas argqs rlugtingspRst ¢80 E)y‘ﬂfr‘sdﬁlﬁ’%%%‘l wﬁh the ¢ aadisint injnseggation
SfkbASEYs RPSHALL Atn oPEARRNALLI DY, RIAGEEEEY TR MK and
sol vent extraction and/or contacti ng t e crude wt
that @lloystl at 480r €hfow2 hagp hBlketresvdicng cmdfsmommmed:ﬂ OAtgrdnBaﬁ t

rtion of the n s. that.contrib
bRy g e Rimonega bR R D Bt e e RaP o R SRR alys
lgﬂmmbmnub@nhﬂmmsﬁmduan&ﬂ&h@bm&&ﬁm&hmeBﬁsAlﬁpﬁfw@ﬁmEOfo69

t he deasphal ting process .elimpate the need

?gv éﬁ‘f? g’{ft%?eaaé’?ar %fﬁ 18 Z}u é@ﬁ’t‘?&al @ﬁ o oghey t%t&{}?‘%“é’&f of pores in
tBOPME Bize digiBL N FARARGRIikM eatelytingd & !ﬁ@ﬁé dimekdd &ithin 70 A of the
deasphaltlna process. For exanple, a systemfor
edia RGAIAMESTHr ocar bon feed having, per gram of

hydr agardlenpit %@ﬁ@nsﬁfﬁte& ﬁ@%?epgragén Sraaiuidh 5 g§talyst having a pore
asphal t enes” and 0.1 grans of residue and

sigeslisyahutipn mthatqu@agwrel neeger ARt IgpL 830 &5 may | ncI ude

@{J {3 @f&a%ﬁh%@%'ﬂ&vﬁ#’eﬁhﬁf@atﬁﬁ@ﬁ{ vitigh ﬂﬁ%%‘ii@ Distribution
SI |onea AU upsrrean1 all deaspha untt. The
) Poyy d ‘ 42 Oeﬂmmmlmn@ratcalalystt@s

A - Tt |
RPN AL B R A P B v
1hﬁdmmmaﬂbmm1mpegwﬁﬂwaﬁpmmbWbﬁﬁBmcmptgmnmnadn@sidme

C rocarbo i due
r%:l(glxlfc%mtlm 1mpreigréa(t:18r§ s?lutlon was tprerlr)%re?%g ﬁg}ngifnntgq 56%%nso(§‘z f bon
N5 BYBLOY 6!38 geamishif m®30n$2 tihek ©06$0% The,, Or2ddeanpyaduct

and/ or 25cr r oduct d
e Bl PUES . dhg baf eBRR I A5 B ACEH e Rl yry. e stury
wsHefed R 5CCUGE] m@dml@h oPIRE Qs MK MaRd @blutiblew Sy db8Rd to room
product and the hydrocarbon feed has a | ower

S3pHartce lde PHeE F@&@luaﬁlawew - sErsspiuyion relnme Has ghvidiar?
IHMQMQQ@kggajgggp the processing efficiency of the

deasphal tina unit may be increased by at |east 5% at
| eastThe @bgning suppastl 07 ggens) wastimpeegattcEeh B mcdigbdenum

I [ G

1a p%e%h%ﬁ)nfsglfu dbﬁ: ?%ﬁo% 2e §(gl!rrp\r¥§l? ggcgglpx)a]? y%[gg Q%ZIM:& Qtrblt2§ & f(?lf
:heﬁaumuﬁrﬁﬂumﬁﬁmauedwdaopCddummmﬁmaMmhaﬁhﬁgham@ﬁdmnmmﬁ
concentrations of na htha. The n th
(S &perat ‘PIVB‘?S‘FPPI’I%’% BT FHYtoY e a‘g b%?%é%’ewg S¥PPEFudBe

h&198tichem RA@EHARAI @ pbRfe liR@ibutidn HHh b akbRN {6l diameter of 250 A, a
transportation and/ or neets pvpellqe speci ficatj on.

nogT ValuanRl 77 G és arrbe suage arpRgt HE 1k Gntldditsmally. O 7 tof the
| east a third catal yst and a zeolite catal yst. The
zeolite catalyst may be a 10 wt% 20 wt% 30 w % or
40 wt % USY zeolite catalyst, and/or an ultra stable Y
zeolite catalyst. The zeolite catal yst may reduce a
portion of the hydrocarbonsgto produce naphtha. The
napht ha may be separated fromthe crude product using
known
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5fractional distillation nethods and m xed with the

crude feed, a different crude feed, and/or other
whymsoeasbons to forma bl end. EXAVMPLES PCT/US2007/080433

Non-limting exanples of support preparation, catalyst

preparations, and systens with selected arrangenent of

cat al ysts and controll ed contacting conditions are set

tgta rtlur}n ]é(r)o O%?,? in E%é: nR: size dlStI‘lbu% €I&1&: %%}y%denums %a?ysygad a pore

pport™was prep are
cbzimad:nmhnm8(( Lroif thermalinnGateadi ysdtsr. and Technol og| es I A),

V'\\/,laf ger%a %@dw%aca&sg qjé‘t&l eg%anﬁstnfzar@tlg 85815]8g4 ;¥ and 880 cm™

WihaAlh@$zed BRRanAS Bbédrdgopil Tl&dRmaﬁtspwmmaﬁ tigxdatali@dedlas obtained

t hr h a 1.3 TrilobeTmdie pl dri ed bhetween 90
ﬁgnldgli}?s Regmanga (i) speraiqmisisr Eﬁ’%gﬁda tf°19”1"8‘?‘V"3‘€‘:‘mt§Rh¥eé‘P4Utlon The
dx@dtioh Qevé1EnBDR 0783 M Afa faw@péftay%ﬁ@dmﬁmpm Wi de @mple. The

medi an pore di aneter of e cal ci ned support

Reroplcie gvenymierscilp e raibralidising thetmewp baps 0 4-
dcBRREBhiHoE m%aﬁ@%c%ﬁg)ng 6 AR mirPRedeCwOM @Eprddue N@Within +
and then held in this range for 2 hours to produce t he
@y ppd Prolybiippanseptadst with g ehaie ¢lunpes sugperhdid holsaxpibe bands
I f
B 0Ll SAT B g0 U S
the envetroh of the tveo edtalysisn dlotd S8 dpresents the cholppdsmunagatalyst having a
Lff. .0n. I e
ﬁn%é% &Eeacﬁ%h&ﬂ{onmﬁ% asrgér%fge% O ebcﬁgmafcrscg 2%@‘{\ P?% pe.PﬁeJSQan a Column
@Gpipmntlo Ingechl aatplgmeha&; mzhldels B laastiL groms wi gdmnaa aheddinahaving a
Ig())es eds%rqgutlo tfha edlan oedh 6t61'7? f the tOtal nUlTber
of PoreE" T RPN S e PE di'ly 't on having a pore
di arrﬁmarexumplh IdElm81’fstr@te©fhe phpameeh @ (udien dingmetaeilyst having a

Rt S B Pa D Er Pt PR 8, dpRABE0RE aso

@ﬁﬂmstfaeds WPetpSradbn bRAGSEIuMN & @A hhtied Bandk WEEr 880 cm ', 834
nple 2. Preparation of a Vanadi um Cat al %/st Havi n

a .
qﬁbr’én‘é‘?gé)e?nbl &t fStganned Y RAMeR SEeckietiory Pyr@tabysapreras this
b thdEid A ffef3OthAn a FTNEmY aRahUNGAL BhWista pABSsi RS ERABRGN With a
the followi ng manner. The al umina support, prepared by
medanporndameeseiat say 1PhAExanpl e 1, was i npr egnat ed

Weanlhi@4.V P Qh{{ﬁh'oﬁﬁﬁ\?&l %énﬁiWﬁ%Mﬁdﬂ @a&flﬂ fhfifle B¥Pore Size
| n| ng . r arrs gr.ans O
Htion avith-a M - Biameter of dit keat 230se The 7.
IS AP 0 90 RS L
szupm!s pepakd hyibe atcitlod dedmbebllneﬁxam% 1CWﬁs)mnps@n@tﬁ@W1th a
glgcfe%lulgnlgnad u%Fmglﬁl:%}lla asoﬁltél n ggg%egl gs; fr(%ﬁo% \1r/sé1 r§] A on was
rpafe bgrcambmingc?aﬂagrgms of (M, hMok@,, BAll graoe df daty, &ﬁ@gams of 30%

hylareog\e/r(?l ngglgg?}fg ab)ﬁ grams of monoethanolamine (MEA), and 3.28 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.

A second solution was made by combining 3.57 grams of VOSO, with 40 grams of
deionized water. The first solution and second solution were combined and sufficient
deionized 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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had a pore size distribution with a nmedi an pore

di aneter of 350 A, a pore volune of 0.69 cnB8/g, and a
waosaesesarea of 110 1112/ g. Additionally, 66.FO5/U$200T1€80433

total nunber of pores in the pore size distribution of

the vanadi um catal yst had a pore dianmeter within 70 A

of the nedi an pore dianeter. 15This exarrpl e

IH(%%CP %ﬁrgllz%/a%afc’heutng }em erfr: elgta rnasto u 1ton algeciﬁl fo?% hours dt,h occasloxgl agitation,

dtiea ﬁEIEPOff)r @bethBaGts, ﬁﬁﬁhe‘h calcxapt %OB’C fBr 2 parnrat Tieneiiting
a Ml ybdenum Cat al yst havi ng a Pore Size Distributiaon
8

SRt ConpRRer eyt PEREC(Spiatyst BPZ gramapol vangdiunpagg 042 ergrpseof
110k YRASAUIRIC AL BhYSde PARS sBFPRRAMES mb§blidH nf @hh@¥h REkalyst had a
manner . The al um na support pr epar ed .by the nethod
RpEs B9 BeEbwion whemsdingor diageriitegdat ed with a
ol y Bghenu i h1eREQORELEOhe SR of 2 MRk YRESBM Column 5

i npregnation solution was prepared by conbining 4.26
yetalregtabyst lanig p IR 2E, dlﬂ@r@@wg wathg nesfdiapoe, diamelgr of pllagst 230
%f ﬁ@%&k@%/ & (J%Zmﬂfi Q{I@ xﬂ&'&a‘&%fapés%hﬁﬁo%ﬁl { %%“QPO @pd

gr ans 1 Uei onl zed wat er to forma ‘sl urry

whenranglywd oy Raate §ptaro8®pC Lilht. i7 [deplits $wlspedtom afthet gadium

C%Pa r?ﬁg?% tulplg é}ﬁ%&&? ﬁ%?#o‘f;% dgﬁlun\(\?asf%l?/s?%n?g cjlgor%gi%gqjﬁt?ibution with

asmédlanpmemmnatnﬁoﬁNéQAadj ust ed to 82 rrL wi th deionized

wrt i S B AT AP b TARLE TG AR § RAST BRvEe
taady ®and 10henoC aas Hanah 'aghich ahdlpad bl Rlaﬁldn Specldzofy.f or

Eis'rever a!. Eourz uiﬂ@g?nﬁwﬁﬂff %t! !4218!? é{l@lﬁﬁg%%p%fj(mha

d¥BlrRAREUbAAeRer@OREN Ghs ERIPPLY Sith thtkhbtotifies BahRRNGE temperatures
bei ng support. The nol ybdenum cat al ﬁisét had a pore size

roughqupg e4igist fpd- nhy aaliedhed pes dorard Re filing dre sp % bgtwegn the
(RALRWER b8 iRherQvall Of HEBL B ior MM cRaBME hRAC KL @R AHRI: (il(lgnd
n2/ g. Additionall 67. 7% of the "total nunber of
fbeﬂf@@ Nigeniahs Al ¥1eig, £ dduehy silisionicaihids s heligvedsp haygdorit any,
&ﬁaﬁﬁﬂ é{%pefh%@' uftleP ‘fordib@ %@ﬁcﬁﬁoﬂé"d&!&hﬂecﬁﬁzrﬁl ohnthe ﬁ?%@n
por'e di anmeter. he nol ybdenum cat al yst ex% bited
Wenddd withk an e(BJ;gbVQ;hmle arggzpt @fﬁl]pcongmr@dgg)gfomlamw@ﬁ mixture into the
Ranap oscopy. The Raman spectrum of
Eﬁtt}[@t%flg 1 1Was ct)@tqg%é%%d 5 on a Chronex Raman 200
spectlihe nmtie feeo) Plewat e repctolr ww frmm\tlmtmrbéuhe reastof u@ttheolwttom of
ah%rathIC IrTStal go}rl%gr}féavel § sqgti the (;-ftom q” tﬁ‘e regcté)rqm@erve as a bottom
swppten u«rbﬁmnsm@dlgt/%somkm&w Iatxenle (Aan@) thepdsmorml doaogef the
cet o The 0
gt BRSPS BRSO G St cBs P EHIA b B Sy
diatiyhida Rdim aﬁﬂécﬁdnylﬁ)te dhihdtetotgamyavidlcammet thLIlIOQ&D ﬁﬂimlﬁHr df pores

.not exhi. bi bands 1Q betwe n 810

MEPOSSA S BREP RN PAYRN? B8 PP%‘E%EYH? ]Q»QB‘SG)“ e F“&P‘ge
difiRet&P aBE bBOEatdhie cdMBn&R0.80yEirds ofth@lybdkadn LEPY.ESEHRLSs of
t he nol ybdenum cat al yst having a pore size

Hgkst per lgf?tni‘ offaifixsh wathisdialanoplsing o Ayaing purpprtoso A
Pl ot AlAQidleRl83880LiSnd c&Bidd Wxt@fe@é i) who p@@tﬁ(ﬁiled on top of the

catal yst that includes at least 0.5 grams of

hettamt caata¢iEngizaeg (@ forsr emiddiecogiagiing 290¢-i Bre widels cata}y&tdiaéﬁ pore
d%rd‘r‘stﬁ%lﬁﬁﬁmﬁ a%edﬂa%g)oé dlénﬂé}' ot 98 Aa%h 86 9B R b@l ﬁﬁnber of
the preparation of met al catal yst having a
yexsan memerecﬁtzgtdmuthwtlp@hawg ehpq;ie dipaiighwiton 84 d ¢frilet mediyf pore
at least 230 A This exanple al so denonstrates
preparation of a Colum 6 netal catalyst having bands
near 810 cm-1, 834 cni, and 880 cm 1. as determn ned

by Raman Spectroscopy. The gatal yst prepared by this
nmethod is different than a gamma al um na cat al yst

having a pore size distribution with a

H
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20 nedi an pore dianeter of at least 100 A Exanple 4.
Preparation of a Ml ybdenun’ Vanadi um Cat al yst haying a
wo08/08i722  Distribution with a Medi an Pore D BOEUS2000680433

At Least 230 A. The nol ybdenum vanadi um cat al yst was
prepared in the following manner. The al um na support,
prepared by the net hod descri bed in Exanple 1, was
cgeng elgg}%% %lg%%% ?aé st co alPe%/ grxn* gfn nlg«:SOI}d({ﬁg rgm fon
Imiigllﬁiebym (perrgramloﬂ gatélys’l; Awigt taﬁbalﬁl’fce Q)Nlng hrﬂ)lﬂm&ﬁppdﬁt. 2 1

(P S T R I C A P S

1gidaR®ofthetihgizom @ getnivaiop Cot@etin®@ roRea Th wprcmalymﬁdsll pofd yze
was heateg to 65 C until dlsgg ution of

‘%P'P‘H’é’n withangannoge dyPgles Y nd 66‘]“%‘8@‘{ (284 gam of

hah YeLerad Qe A8 ¢RANGIS@L YAk b\é‘@? pAREELy Y a6@HRiIUMhiAL
7 grams of VOSO4 with 40 grams o de| on| zed wat er .

H@rh rst solution and second sol uti on were conbi ned

and sufdoh ehbiat wiepQiAed oﬁ{\@ﬁ) oFf th‘é@ép @ﬂ%@ngt Rnbld MYddali8pace
conbi ned sol ution volunme up t yield the

amd Ly tsaerag mipvhagidpum Th?ﬁﬁféb’ﬁtdleﬂ ows %ﬁ@t m@rﬁ Limpsrealiugnarigat
ﬂﬁ‘@lﬁdéd% GO &9 e‘é"c&%sb&ﬁhn #%?&%% ¥é;‘ @l?eqbﬁ Middle, and bottom

I mpregnati on~sol uti on,
woeagieoeats, ayli thabditom SUQP@I@d at 125 C for several

hour The @ﬁglggtp %Precs? fl((‘ﬂacpg)gma% dl%ﬁl% a%age%[ls gn gg)f % l\l(g-/rlgotehydrogen

resul ti ram o
QIR agd 85 Vrﬂ%dfydr,cgnlagasum aiwcboﬁta&ﬁlggmmt ofater lyblitlenefigaseous

B Pt REG U TBehn e v pot oyt a pan o
\dﬂmer (i)fb:laltalyl@ll). igmﬁltb)emumdﬂetﬁm fcﬁ?cangizcmm;??g 1meag@ﬂ%§?t rTCn (400
i 4 FORAT A BOE A aoranat RGO kiraap b dheggpicine
HhZLwdt Slcloakudtih@Emdutdlly t@3 e @00 A9fhea ﬁiﬂte%fabec (80 °Pber hour.

| east 230 A. The vanadi um nol ¥bdenum cataly
Herepiretng Zpa e rsyaaintamed aho CAarpndgnr. I‘n%ﬂtauy raised to

FOACY 2R YvR2AMBE: 23R BEIOSBORY or loGouk. dBOLSHiLihHSones were
spectrum of the vanadi um 10catal yst. Pl ot 142

arﬂéﬁﬁ‘ééoé%ﬁ’t’%totaﬁ’@leﬁb‘le%ﬁé‘ﬁﬁm catal yst having a pore size
di st rc RIs BN WINEs ﬁlam R PORIE oNIBES ©hs fﬂtere%ﬁ@leﬁheated in an

Thi s exanpl e al so denonstrates the preparation of

QN Al CHPAES C;f 98 “A&N0NY) ands4 ﬁé@fﬁ toytpgm g crudedepgl h@@l@g the
%er%eg}é&g@a% iy g?ﬁ%g éaaw ; etfé fg@,{d to%ﬁ@tgﬁlofathé reactor.

Thelzmddg feadd e d throughlthegpreheat zone, top contactlng zone middle 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. Contacting
conditions were as follows: ratio of hydrogen gas to the crude feed provided to the reactor
was 328 Nm’/m’ (2000 SCFB), LHSV was 1 h™, and pressure was 6.9 MPa (1014.7 psi).
The three contacting zones were heated to 370 °C (700 °F) and maintained at 370 °C for
500 hours. Temperatures of the three contacting zones were then increased and maintained
in the following sequence: 379 °C (715 °F) for 500 hours, and then 388 °C (730 °F) for 500
hours, then 390 °C (734 °F) for 1800 hours, and then 394 °C (742 °F) for 2400 hours.
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15central ly positioned thernmowel | was equi pped with
t her nocoupl es to neasure tenperatures throughout a
W@ 2108035557 bed. The cat al yst bed was forned by PCT/U520097/080433
the space between the thernowell and an inner wall of
the reactor with catalysts and silicon carbide
(20-grid, Stanford l\/hteri aIs Aliso Vi ej o, CA). Such

sili Cl%n to%alr I‘Od(IjJ.Ct (k at is, tile e ]i)rﬁgucrt] as) exitecll %16 cer&Xl st bed. The

catal ytic properties’ unh G
tdﬁspl‘bdlhf d/ashﬁtredhmed Ald a gatlmh;dqhssewepaat&o Ih ﬂﬁr’gdﬁﬂqmﬂ tdparator,

ual. vol une anmpunt of lic rbi de before
B B At P D TR 8 il SRy, Cosmelsrps iiem was
10éastib@ by & aktOiow controllcdkN€ac exaR: thee@didnl @ henstib@by a wet test
reactor was fromthe top of the reactor to the bottom

BFCH HEC CRIE ProFuctgyap P%r&ﬂﬁhcé‘g}‘ Biade cshislclsaaine A oyridt Btreqnige of

doafpbRmft tidudegréduer. e r@sﬁfté/ﬁstéiﬁar@a\kéﬂigﬁmtﬁéhﬂli@&ﬁﬁnedlevelght
bottom catal yst/silicon carbide m xture (42 cn8

SEFSPERESHEQOBRPIERD bFude REOIDY PrIPERisH At syBmd@zeddn F@?l%l af FIG.
dottom contacting zone. The bottom catalyst had a pore
size distribution with a nedian pore dianmeter of 77 A,

wi t h /660798 tf Tableel. thtcade pendibeirhag fpepaiameof icpide pepdpgsy asulfur

c%?éﬁth i '0560%' s Ol BAYY Qe B %e%% Lﬁéxggéﬁ {Hnﬂeng(% #5007

medi an pore di aneter. otfom
gons. altwedn@ po8BCgrd rgatvfof MR berdeni o GnapioAORE cgmtamts)f & and

d‘f&ﬁ%ko.%@%ﬂ&%ﬂﬂ%?%%{%ﬁﬁl &Ladl h G E:{‘% prgn?nce bei ng an

al'umna sSu aI ys cone car bi de
m xt arhe liQ&B)f trBptalyas v@ofsddmrmmd bga meamnngﬁ welphtad @y ¢raga bed

ta f [ . Th
g aRATOET it Bl SIS BT Et PR e A%
dqvediagd (e ﬁambe&miﬁfé of thotatdlstAed. vt istbeb6icd thaohs dahyst feal
NI 111540 A GFHG! (e aHpbPE AT et fme

fdi m&@menﬁdfehemrﬁi@l feedaia it psiactaRnbadsiestriBedid taik ax@mnpdd. Plot
ni ckel and 0.08 grans_ of nol ybdenum per gram of

eSS thgiog prageh ALl ol el MESE AR AP 5 FaL BN fun tine

foPEontRtiA ¥ShdsSicbd FANeG, BiidBe, ThXbdtioth dafdy &M B)velRfhajority of
ositioned on top of the mddle contacting zone to

ey P tianey By “éféﬁif@é thewgnip@ing zonp enbyspanesd APyt mpsly 2& °C. From

tHé)fe@atl%él? Qtabi 'WAB‘F bi%' ()v'aé)%)s%ferﬂo @suﬂﬁfy B4t tMa@alﬂﬂc%g@\tlﬁlrof afe
2 A anhd contai ned rans of nol ybdenum per gram

@fab@alnaall npspeen wffedied: ﬁe/i)walba Bedotomiitgn ping AbfG00yA 580 berhma
I R f%ﬁp 8f dommercial operation.

This example demonstrates that contacting the crude feed with one catalyst 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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Silicon carbide was positioned on top of the top

contacting zone to fill dead space and to serve as a
wee@best’szone. The catal yst bed was | oaded i nt BCEUS2007/080433

Li ndberg furnace that 10included five heating zones

corresponding to the preheat zone, the top, m ddle,

and bottom contacting zones, and the bottom support.
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granms. The crude product had a ratio of MCR content to
C5 asphaltenes content of 1.9 and a TAN of 0.09. '1'he
W@ 2108004057 ni ckel and vanadi um was 22. 4 wt ppm PCT/US2DNE080433
lives of the catal ysts were determ ned by neasuring a
wei ght ed average bed tenperature ("WABT") versus run
| ength of the crude feed. The catal ysts lives may be
o the te b €0 cat al d
TR POTLR B e rhdl ARSI PhTor &M uBRe Bl F0mge0
WFnfor @ ASBSrs ﬂétﬁotaﬂmmuraegfrﬂﬁhhmh repr esentation of
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of the nedian pore dianeter. The bottom catal yst

i ncluded 0.11 grans of nol ybdenum and (102 grans of

ni ckel per gram of
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15catal yst, with the bal ance bei ng support. A

top catalyst/silicone carbide m xture (80 cnB) was
w@oeBniosed on top of the bottom contacti ng zoPEI/US2007/080433

formthe top contacting zone. The top catal yst had a

pore size distribution with a nedian pore di aneter of

100 A, with 66. 7%of the total nunber of pores in the
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A crude feed (BC-10 crude) having the properties
sunmari zed in Table 3, FIG 11, was fed to the top of

wa b@sneast or. The crude feed flowed through theCpUSieez080433

zone, top contacting zone, bottom contacting zone, and
bott om support of the reactor. The 20contacti ng
conditions were as follows: ratio of hydrogen gas to
( 500 TSEFRE e (RaBS %+ EELBloNTROR YRHRE e or
Kxhhpik. 7wipsiiked Whie silivin edndeailipogtiged ésthadod chatadtad zones (60
irggremsntally to 343 (DC. (650 F). Atotal run tine

1007 hours. The crude product had an average TAN
of 0.Id6xaffle &N advietak@RdARytgkaMivhikdfcad §s AilRDneleHrbid@mixture
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crude product 0033 grans of sulfur, 0.002 grans of

(b@(%ﬁggéﬁns of mekel. gRdl %ﬂam@/@PhoaH@ﬂ@ wish th@rbahﬁcedaemg alumina
{due. Additional properties of the crude product

are listed in Table 3 in FIG 11. 30This example

denorsmplbdaumtpatalysdnlicoechiigleprixurre( 1€ enrdev s @estigyet pn the top
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a range of 90-180 A produ acruepro a

Ixapptiuted TAN, a reduced total cal cium sodium zinc,

and .
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qjﬁﬁ@ssgstémm@rs\ﬁﬁsl\m HAltapey. LHRe W@?&Qél fdé%g fhp Giggt 50 hours of

Jo'ﬂfa@li‘r%h aRAfth HEACH )Y 1.¥as fctrrtﬂir@eﬁlgﬁlﬂg%ntg&mgrﬂﬁlelOTemperatures
reactor to the bottomof the reactor. Silicon carbide

ipal cpmadtng aensd wate 34 6C o0t Bhion P0klaekrs of satacsingt 4ftgeiipdours,
#S teﬁlggﬁ['utr&% Eliy p&l?icgn%gtﬁl%pw&% %Sltltﬂ{lle@ Qéjfoﬂmpg ttlkﬁtg%l]per%tlg]lree in the
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S I r
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Id)ﬁﬂ;dra.%pd@%ﬁd (7% °§e,rhehsl 8a§83i°(b1ioeh(éhhoum HEn raised ac nfinal
react or. ctor (o] i 15a. Lin
ERTRE v aE Y 18R O ER ot REAE ot Mo bk PGS aing ime
dra3otisoupy. eheat zone, the two contacting zones, and the
bott Q[rt?e Bg 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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In Exanpl e 8, an uncal ci ned nol ybdenum ni ckel
catal yst/silicon carbide m xture (48 cm was

w@oeBniosed in the bottom contacti ng zone. ThePCHUS109T080433
i ncl uded, per gram of catalyst, 0.146 grans of
nol ybdenum 0. 047 granms of nickel, and 0.021 grans of
20phosphor us, with the bal ance being al um na support

numca aI st/s li.co mx ur.e F%
\NI t h %ﬁe Ca?. g{ay 1f:a fg)resentatlon ()ro}rl)gVaglfezog S r p60({u£:t VerSVI%IIS
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BBQQ,Itours the P us oé)t(lgﬁzﬁtpdg dugtrempined ofi aﬁ@ast 195 for catalyst
syakybdemumpteRalot 16 Ekzﬁhﬁ}:&li Shd P-6Q0c & Pode1 FirartmbsCol(ASrun

was positioned in the both contacting zones. The

tuﬁn% attéhwﬂi HrieyBr e ithesb Pt Pearky Vs theibnalugders L fagm the P-

QLR el pYREaNHNacl i 3 858 REre & @RAKE cru8D@e®inQdh rial
grans of phosphor us W th the bal ance being al um na

rsypipest relati3gn siable yhdegioniactrealfgrerimplp . thoerudalets] ¢id not phase
&%&LM s(s:hgwﬁ GRS (OB k/%lh@&etge &Iﬂd&%]ﬁngCQI%nﬁ%h ?éihh@@

enum cat al yst was e sane as In
oogang dnmw:mm@cazbwmtl@ts oExazinpiiad, c@cept in Examplenl OEkamtptlethe P-
HRe ibh&, P! ybdenum cat al yst as described in the top
contac |ng zone of Exanple 8 was m xed with silicon
car biHi@. Enela gm@hmalmemdsentamtrhé nbdtyldragem tigtaltel hygraleiesl versus

| ci ned
BB d P RED TRaF 1 PR NG B Brad Pul 102 164
@ﬁxé&ncmﬁ)lydma@np@mkt: blmmteetl bynconhetiipohé omictend aih ng of the
zone, The unpgcal ci n bdenu cat st
GRBaas S E Ao TRYERSTY NG 5 S SRR e crade feed
dvet y heeineriBd O2300 hawrs was in Ia@l betvied 7018%%%@3 80§00
hosphorus, with the bal ance being al um na sup

T %a@mmnc%@awgte/ngt PidEgAn Bp s At et ‘t’afzeletﬁ’@}y
WA Qsditd QOedial.n the top 1lOcontacting zone. The

nol ybdenum cat al yst was the sanme as in the top.
cont 3&¢i ]ﬁgts 2 graghiggl representation of residue content, expressed in weight
percentage, of crude product versus run time for each of the catalyst systems of Examples
8-11. In each of the four trials, the crude product had a residue content of 88-90% of the
residue content of the crude feed. Plots 166, 168, 170, 172 represent residue content of the
crude product obtained by contacting the crude feed with the catalyst systems of Examples
8-11, respectively. As shown in FIG. 15, the residue content of the crude product remained
relatively constant during significant portions of each trial.

FIG. 16 is a graphical representation of change in API gravity of the crude product
versus run time for each of the catalyst systems of Examples 8-11. Plots 174, 176, 178,
180 represent API gravity of the crude product obtained by contacting the crude feed with
the catalyst systems of Examples 8-11, respectively. In each of the four trials, 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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Exanpl e 8. Crude fromthe Mars platform (Gulf of
Mexi co) was filtered, then heated in an oven at a

wae ewwpesasure of 93 "C (200 "17) for 12-24 hourBCT/USF00T/080433
the crude feed for Exanples 8-11 having the properties
summari zed in Table 4, FIG 12. The crude feed was 15
fed to the top of the reactor in these exanples. The
%%erbvﬁdz)cfﬁhleeﬁcguc{g r%gtgtor{] z{ 2h hfr(g hg(l:??%:}%gto%gﬂgl%l q;ﬁ)lts fange is 110-
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(ﬁom PpRpedd 4 Qo 6f hyldRgel fottd&ieﬁé@ptuqtsg N@ﬁﬂﬁﬂ(wﬂ) SAFB), the
nples 8-11 are listed in_Table 4 in FIG

B g rade Jecs MER: come i ws dS ol bish O hepicialt b prude feed.

AhBepsig@rdiradoied (MerEH s thelfantd fBshi@an®RGH 0Py drdRn to crude
cat al yst systens of Exanples 8-11. The crude feed had

fgedpthggpdystion ofgrude depgtMGR sontpyt ytag 2.5yt %1 based qmihe waight of the
dak hepresent the P-value of the crude product
obt ai ned by contacting the crude feed with the four

cat aly Example P exscagiionmoadiiprssl 8171 f Clédhdta npessyre o6 6§ MPa

0
FPET PPLAT 0 JRGoFHRAE (R ind NI G NAPRE o STRUNGE
ItcrluCEwaqurede]f@ed MQE®& contgntl wes 1\7(éswt§b bwsed on Brefvarghtrolthe ofude feed.

e run r
T NI SN e
mhbﬂwnuﬂeuwr@ﬁmnkf&ﬂﬂd@acmumnmab19M&%nmyab@nhmﬁegheﬂﬂm
Qpe crude feed in each trial renained relatively
§6Fe during contacting (for exanple, the crude feed

di d ruis iphrased ribﬂticelpﬁ iradrede feékBMSjROLWﬁtehtmeEio&traieB +that e

P-val ue of th rod remai ned rel atively. .
stenbe St b GarRs S5 TSt oot Fydign u nigher
e pE@Rrek habdRmpkacidél Co1omuhé ehil 4 heaRc¥@lyse i ncreased.

FIG 14 is a graphical representatlon of net hydrogen

upt ak@eByP*eppifedaremdraiehal NPl ¢icHEe fS5H B ayely Yigh

BAS(BAR df 0.85 BRh BRESARGE cAhly Ry foaeed 8asude BlRbL&, JRR
160 162, 164

malntalmng the crude feed/total product mixture stability and with relatively small net
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15 represent net hydrogen uptake obtai ned by

contacting the crude feed with each of the catal yst
weyBBesssof Exanpl es 8- 11, respectively. Net hpdr/oseen7/ 080433

upt ake by a crude feed over a run tinme period of 2300

hours was in a range between 7-48 NnB/n8 (43.8-300

SCFB). As shown in FIG 14, the net hydrogen uptake of

1{yﬂr‘%§§£ ngglﬁ ge%i%@au&%r%& 'ag ﬁ%qg)er 185?‘2%?35%1% ‘é Epf%%f Gach 2 stime

Iﬁq&MﬁmefmemhﬂammdstkesRaﬁdpmmmamghtmpﬁmtqm@agewaehﬁMn20-

r thgroduct vers ?@r%@.% for each of the catalyst

gVQ?é‘ Sagte RESREHS 86 “h each of the four trials,
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t he residue content of the c
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16 QH Wedragabt b Bed nkye #4008t @ thiad fdehand b d@eriRestaMtii céhidnt of
catal st s¥stens of Exanpl es 258-11, respecti vel

noltheotad Ni/Vigpatepiend it rsudedtde hilomain énivg auééalue for the

d?ﬁd?:cfg&it of aBFRINEGhe Gl rAlel VEIN SRABSIARBLchEHIde deuct was 88-90% of
significant portions of each trial. 16 is a

e epidheenianepibeerdeaiopd nThsraverhamye O aaniapy of ga%ﬁmcv pefduct was
134 17% terft ee e 2}% % it each crude
g %%%«Pv@é%ﬂ %Efﬁfé% H,'P h' ‘Tﬁ Qa8 a9 o0Fi QF

catal yst systens o
et 180! 106l Esdithe e gr@mawf th;e o i, eisdbe m@@m}c@f each

CQ'L?({ jﬁir&ﬁlgt \péls ?%gt%% (Eghé Q?oo&'i%ﬁllé &S& f\é@:cf h 30t he

st sy respectively. In
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Hﬁﬂbg@ﬁCmﬁhﬂunmﬁIBﬂ&admk§ﬂ2gﬂawmhywﬂﬁfﬂ@&@mﬂéﬂcﬂmﬂﬁmumba
API ravi.ty of. the crude pr.oduc e from

59 coflod O eomaind et 08 RRES e gk Tl B85 okl Sgmeyy
%ﬁﬁatf&% md@@i@Mintl Yadhf cride@réfubdaly € Gere the samefab @escAlediif ERample
? hi cal representati on of oxygen_content, expressed

YRS ek urrdyEh angauglyalugiend éﬂlﬁ‘?Ib?f{FE%‘e vEestge fgrd flow
thle i rEREor&AS Rofifthd 036 of Bk ket (wSHS b& T GfihSl¥AMPISBR on carbide
8-11. Plots 182, 184, 186, 188 represent oxygen
wareaHpnedfat the Boiqm gkeash Batier B rhBEPUo) Wbtk didch geactor
ctolﬂﬁm%fl HQ@an&%@ng&o&lQ hR& tﬁ@&a@ah%?ﬁlh@ﬁtc@fﬁﬁie%lxt@@ %kﬁeﬁaced in
8-11, respectively. Each crude product had an oxygen
thosangastingtong of pasE reag@yesdicondrarhide s rogdanedeader ¢ribgdier
BPBEH 5RO B HARE SATLAN of Mk ERRE il f8feacror tch
reantdt was lGided iaw eslhodmrg fqlnﬁlcehamﬁcludddehlw hepeing et ecmesmndmg
e c
b R CoR QMBI ARS Bt Kt TS AR LAY
@xyged with eichntf ttefcatatysts ¢u td eprepasrmel utlyddeenpst rates th at

I t d d dd
e A AR R R TR L B oS B iR P Bfon
cefmmh b&sm tgt: ccsme_;cubgzon?f _Ebl_f]ﬁsdnipl'balu fk chiegsitwa tlimrahadmﬁm
the car X | C 0 | n ani ¢ ox en CO ou
G St it Peterion: (obamoRras s fa AN BER g RB

@OMsBAsHré{@redlif BRAEple 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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15 oxygen conpounds. In Exanple 11, at reaction
conditions of: 371 "C (700 "F), a pressure of 6.9 MPa
W@ 1@844575psi ), and a ratio of hydrogen to crudeCT/esmon80433
160 NnB/nB8 (1000 SCFB), the reduction of crude feed
MCR content was 17.5 wt % based on the meight of the
crude feed. At a tenperature of 399 "C (750 'F), at
I%I‘GSSI(JJI%&”E rﬁ%u@p IF4O ﬁ{)]sg r’@lr Lgntg(gtmgéd%%%geo%eoteﬁ tlncremengagy &O
3394 (b5 oan apheodnitighetand inairt@nglr au d4s f@efed 120 houexi@np togal
9, .at ction conditions of: 371 'C (700 'F), a
lﬁpgggﬁfgﬁg?u§ 9 MPa (1014.7 psi), and a ratio of
hydr agem pioduds edred firedntadtink GOnNAB KR s¢PLA SAER)ibed e

s RGN o PR S e Bt 1 SHer g 5 ik calys

dyasme n@Ewngﬂ@fz 38%ydMeb BRake el (BARNE’ RIe $3WEBANEd the crude
rati o of drogen to crude feed, the reduction of
I&?%éhﬁdé&z%eﬁg Contdivemples! 31t iy pepagde §iAs MHdaRes it 2-2-
ﬁ@h&ﬁﬁh@[yQQSE%Q@B%andﬂmcnmIBhﬁm&@ﬁ&§§%§Qn&%%ﬁ&&k@ﬂoB@5
crude feed MCR content denonstrates that th

Ip kixamele é gludpk gpmiactieg ahidie ¢derteed with ghet aglyladenum/vanadium
10 Ja?a:flyp 'nEEJHyﬁ (e £ a faﬁg%‘ﬁ&ﬂl%‘%%ﬁm!’)ngt&% 6%’\@1136113 (-0.36

er at ure e uncafci ned ums

Sdttatogt. &3¢ TRy sttd the crude prothess badex By e s raseertromtrZad. 8. t hat
cont e I

(oA g S A5, YD SRR L Shal
lougen proghetaedwhink exterali lrﬁ)t7aNm?/m§ (ctsr&cEB) uidang e:emh/cung @l the

t t b
cﬁﬂéc%dfu%dt a&?](t)xe V%%ﬁ? blfslg%é Ialyg eﬁggeir%ta)n o& Eaééro%efl X Xon%acn?mg allows
15 Ipdsopeéiobérad bamsed imathepostss #01%iaf to bh emsatref pycmgen ubedldn of

the crude feed, while selecte roperties of the crude
PGt R ESeh o Ao Goronsasser dRHBRE M B e it redligiion
fohRssHydlged @athg cSpeQinkit@ak toydecReseSROMItsion prbadiki@g 4 crude.
each of the crude products_ was Eroduced wth a b net

hydr sYWHicaHbaksy Ot e e fred pish 1 ey tfeniggnaginm catalyst
PB&IBBa dSproGicBvith RUNN BEOMMAbSeiRG BOTANST AR rddNrfuct
at nost 4% of the crude feed, and an average total

20 ipuged Bom dintingyidaal mplkiderrgatlytthe total N/ V cont ent
of the crude feed, while nmaintaining a P-value for the
crude feed of above 3. The aver age residue content of
each crude product was 88-90% of the residue content
of the crude feed. The average VGO content of each
crude product was 10115-117% of the VA& content of the
crude feed. The average APl gravity of each crude
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product was 110-117% of the APl gravity of the crude

feed, while the viscosity of each crude product was at
wore®B/045% of the viscosity of the crude feed. BEXEIF1085080433

12-14: Contact of a Crude Feed Wth Catal ysts Haying a

Pore Size Distribution Wth a Medi an Pore D aneter of

At Least 180 A Wth M ni rral 15 Hydrogen Consunpt i on.

A:ddlfnmthl matalﬁt hEﬁhh r%tﬂﬂ app]lﬁ’ﬁllls (pxaaﬁufot mﬁﬁ;m:a alai co@&nfﬁtcbm;dctmg

and_each crude oduc e .sane
ARt BBliRs o AR R T SRR LaT g e
ditleG bRt at@lyu@amﬁa‘thésalrﬂec.‘a@ eseabdd id Exanhple 5C AUdQtafy88vere mixed
flow Lo each reactor was fromthe top. of the reactor

Vi $lon B A5HR BFOHE THHOLE LEATS BN CEIdedr biPaEcBBREgnIess

RS visk iRdeatl ThO&uROtetONWio &K FeabiBAFAOToh eSS MBhARador to
bott om support. Each reactor contained one contactin

the prstonppfithg repgier. SHfcan gabids vap pesionedrtdhaeotiomal gpdigreactor to
R8s Rbaest sdpBolt. NBach QRS BhJ‘ch?tf%ﬁ?coﬂfac@@fcﬂ?oné 8RCd ©p contacting
silicone carbide was positioned on top o he top
P80t Aber thfgcazaémz/mtl@mﬁucmblds aHgup sicee pargd trothe e@rwtlag zcges of
gt S R P DRl o R eGP s A ot
spasvend toteresp o madhprigoRGn @athreacpne ﬁ@féltrea;c@nervas idaded into a

t
]?8&%%@3%% ?Iglg(%hé%ﬁqbl%rqlgaétgl Iﬂ}z%f?%c%ﬁ@s%8ﬁ u’éﬁ t-grﬁ? S&E&wane the
tp/p@smmmgabndsyamdml@pdmtgmsupp@rtcat al yst/silicon carbide
m xt )
car bittEp ST BT BR s PRG s e R ek g P45
dnh es@latig gis bddasat haealysanadi um cat al yst as prepared in

oty BUEHOIRISE Carar e sl BarCat bkl £ 50 v

poxiiomldan I, botthd comb@iny Sbneasth &H&Qdﬂﬂbh{fﬂ dmlymbu@g adi um
catal yst as prepared in Exa The_ contactijn

rparenyg sataky sl PremeLes iy dhe f@%h@_rtgidwb@d %E)fagmlf‘o%vs“er@flfr%um
@faRydliQ@e Barb@e hiQur( usi@mz %Q%&Etﬁ)‘ﬁb(ﬂﬁ%é PpthRadi@a s R

was 160 NnB111 /3 (1000 5 LHSV was 1 h-1, "and
pr es il Fsanple 16 20 afigsdonal e Sr/maé?rycarbr#f‘em@ém% gt ywas
FRIBRedR IR da&aﬁl%gnthaﬁlg eoRNGah ki du@iidfhd cato&%éﬁlg ‘i)

over a period of tinme and maintai ned at Cfor 120
lh@lub@nnr@ R SigPesiarr i e Teshot ACBgTR G afhe vanadiim

gg%ih ec’éfb‘io%qm&!&?eb@@ @Fna)%ds DGsifHIE n AL tbp¥hcting zone.

rat e
In Example 17, an additional catalyst/s1hcone mixture (30 cm’) was positioned in

the bottom contacting zone, with the additional catalyst being the molybdenum/vanadium
catalyst as prepared in Example 4. The vanadium catalyst/silicon carbide mixture (30 cm’)
was positioned in the top contacting zone.

In Example 18, Pyrex® (Glass Works Corporation, New York, U.S.A.) beads (30
cm’) were positioned in each contacting zone.

Crude (Santos Basin, Brazil) for Examples 15-18 having the properties summarized
in Table 5, FIG. 18 was fed to the top of the reactor. The crude feed flowed through 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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5 Exanple 5. Net hydrogen uptake during contacting was

determ ned for each catal yst system In Exanple 12,
wmeaioskysispgen upt ake was -10.7 NnB/ nB (-65 SCIPABYS20aTIER0433

the crude product had a TAN of 6.75. In Exanple 13,

net hydrogen uptake was in a range from2.2- 3.0

NnB/nB (13 9-18.7 SCFB) and t he crude product had a

h '§‘ %as rC%n%ct%I}% ecogc]irlp 10115 f Iy eaah exaﬂ%i(et \gge as f](')ﬂbws alid G hydrogen
gmto/thd enndasrfe\czapmmdaatnom@a:aably\szts 160 &tm Myt 6QESCEptfakide first 86

was | an -0. 05 NnB/n8to 0.6, -0. 36
RSERe 50 A S Esly] SClor e NIRIATRE Gro it BASY afss Hdpna
préhs@rlf(: Rx&@ﬁ? N’IP@(gom 2p8). SIhe contactmgrzamS twheee mated Imeeern@gamy to

upt ake_val ues ur|n cont acti ng, stimate
RS TSR g i it 60 fli Pt 3 505 S iR mmtipgsl 1400
weRkB) during contacting of the crude feed and the

vanadi um cat al yst. Ceneration of hydrogen during

cont géﬁseﬁgalaplp%@%n%raé%@awaﬁaagﬂéﬁ ctugle fred e B %u%é metal
RLDGEESido8l Rk ¥R diQriitiod WAANIMQhian PR RARLUTEE) ANn
corivent 1 onal processes to I nprove properties of
Wimbaraiamy il arjadditipgalcataitichaveng @ nognst difighutioa gith a median pore
t h
YROAE Tt 0B TR W e bR, b S B ofRS) &
@it reedvdiewfleprdpadiesithaties rataed ajféattwmt@/dm a@mwﬂopfatl@sl of stude
RO NP G oRE pR et ol S oAb BTG PR e
to 1ohehi S‘alnel peaipemnios <yfr1hke¢rudn fead. a‘hqct-monallﬁ)danm Escek§ing, 8elatively small
Oﬁm tqge 1 Udfe IIF:(g:ec{sdas & a, Vanadi um Cat al yst and
an"EAY N Hional Catary's Ogécrﬁ feactor appar at us
(exc Spé01f1@ﬂlyms rhevn andbeontEntl §ahe cand ﬁl@ﬂuclngasm pf at most

R0 GE T BN il i Ot 5T pr bt pfafaduced in
MROPIds N8- 1920 AG 2 URSININDBE cdntenExRM St H1%,Ah lox ph 3bitsdt Sf at

were mixed 5with silicon carbide in a volunme ratio of
IQOS;B A P s2giViscedy of Ar By & T 631&“"6&? fheé%}?%\PVE?m‘ﬁ?rﬂfé%"scmde feed.

RS 1E @hd dHHeGRbRPes pidiRc&l iH #Rah 881 -1 0Mich Ra®ACAPI gravity of

reactor was fromthe to of the reactor to the bottom

BP-10R%& qfé‘ﬁfc‘}]?}rgfaVSWIoif%ﬁﬂ@ﬁlf??ﬂde was positioned at the

bot t Qﬁ%&ﬁraﬁ%@ cfu@@ﬁfo@ﬁct E)Q)dﬁ@eﬁ\{lﬁd&%oﬁ chQl%@&BnﬁHi%ﬁQ(ﬁxample
Each reactor had bott om cont act i ng zone and

o ntodeged @gvr%blﬁ@mthmﬁréasetl Mecasty andsdecregseldiAdd geavitn rﬂéatgre to the
Jﬂc’é&w’ 4nd A\ﬁ I B.VR% Qletﬁg fe Feg(‘f ﬁ%ﬂlttﬁccﬁlkl%gseg Qgﬁ&tltg%ncﬂ'o?e%?e%gad

reactor, car I de was positione
ARzroat laulay hgpossihls to a.nf¢n that Cdleagi agiapelyardzation 9éthy eruds feed
asq%lﬁg[ggt zone in each reactor. Each reactor was
into a
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| indberg furnace that included four heating zones
conesponding to the preheat zone, the two contacting

wQ 209884578Md t he bottom support. | N eRETUS2007/080433
exanpl e, the vanadi um catal yst was prepared as
described in Exanple 2 15and used with the additional
cat al yst. I n Exanpl e 15, an additional

]gxaatmaql lgssly. ;Eolniaccg ﬂnf zg: i :{}bgq ecieﬁe(qi gz( %gltigeus(ﬂﬁse.ng?le gvavan?aﬁth%%sgstems and
iaelctitdlysmnabre datsahy 8¢ ddsaiteg it Rl g« bﬁl&rpjﬂf;eﬁ&ts al ¥ rude ecds
repar.e t.h h descr.i bed
BE R BB i P ol . e Sl X s Ryt L agio of
n/yaﬁ)gs@ gdstid mreelide Mecpeovidep (€ M8 tr@etot @s Z60mem’ /201000 SCFB),
d|t| onal cataly silicon carbide

nl}ér"‘@‘s égd\/l%ar{éﬁ %BS% 854 tlelmBﬁréH“el hH@npstitegrmpes was 371 °C

(OQ(WF? Crl NG oBPRM tin¥. T Ekzhﬁpléi dlolighd oms dﬁﬁ{gadomt:m&gamgncreased
the nol ybdenum cat a met hod

%/ pr epar ed be:
WesE P @t fire ERanph ef0d 2 hThwaipiinedictig aﬁ%f‘%@% iaPd bemthe

02 WhdinteXdcdi&2d PR Qr’fH RAinWBSd ROS) 1 h ORE 6 héurd.he top
contacting zone. In nple 17, an additi onal

cat ally Example ﬂ%élaﬁecrvﬁe)mﬁuét ‘(vmnelb@d todgciping TAYNEEFositY
&ﬁglgﬁyst ({) [QHP %ngﬁg Eér[ﬂ&béwg&?o n}d%sté(‘ﬁ &Htearﬁpé%hfehp&%etals in metal

cat elng t enu vana I um cat a .
phtegargdid agidedangd Be ﬂrme "phicals e B iLEFR Ve siesadt Y 8 h/l end 4@ h™.

r r
%%n% ?lugg f& Hl ro(pglqleg 5@[}1 X\ﬁx ﬁ{g?ﬁcﬁsl aggﬁ%ynrfn ?‘E\? % gS %9.
Wor k%s@homﬁﬂabm FI@VWWhE krud&piSdvikt Yoriaaniple (13 Mad aB)duced
R N e
th¢ ApEBghviesofshiarade pf&ﬁmt WasTiadl 16 0%, of e PIlBavig o f the @nide feed.
react or, The crude feed fl owed_ through

e Braat MG foR R o gL PRGPrushE ftoh. The bt e

MORt0@6iehtH@d 29 Bgphalenes RAtehORASHRREd feldifve tBe 5iBA6L BE MCR
The crude feed was contacted with each o

onten ApdiCs anhalines gmidbaldBe gpde kg r%@@ﬁheg%@tght&tfﬂ A NERg

&)ﬁ{éﬁ‘ﬂ thi(QRASHhhMne EAMENEXRANY RANRE SurdSf the MONBsntdmhAdhe s
hydr ogen gas to the crude feed &row ded to the reactor

WE585, INBY hginfertyd thaseybylepgyratpthn qogipoggts that have a

tendency to form coke are being reduced. The crude product also had total content of
potassium, sodium, zinc, and calcium of at most 60% of the total content of the same
metals of the crude feed. The sulfur content of the crude product was 80-90% of the sulfur
content of the crude feed.

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).
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hours and 80 NnB8/1113 (500 SCH3) for the renaining
time period, LHSV was 1 111, and pressure was 6.9 Mra

W@ 1@844575psi ). The contacting zones were heat eRICT/US2007/080433
increnentally to 5343 'C (650 F) over a period of tine
and mai ntained at 343 "C for a total run tinme of 1400
hour s. These exarrpl es dermnstrate t hat cont act
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Feé'@‘ n@b‘% ge‘ieﬁéor{}?@co& ty and APl gravity of
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decreased APl gravity, ossible to infer
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t he m@?&%Oiﬁ o% g&f%éll e oélgucﬁqg (RGHR F)rot%ﬁget%a% Y Ho88% of

nperature o
tb@meéc@ntemg of hpeanevastald i the D@dé Q0. Fhe THN of He crule grodpefrvas

iy o \/ . . . .
R AETRNG B erl A bl B0 00 419 e
dwingtaitagdg.at 12111 for 48 hours, and then the LHSV

}Ngf g%c %}?jﬁs rcelltetd?n Exampleslé an%r&g I{g\a/{n%ta 1rgl%nt 1ts ce%sg tgp) co%tactlng

temperature that is 50 °C lower than the contacting temperature of the second (in this case,
bottom) zone tends to enhance the reduction of Cs asphaltenes content in the crude product
relative to the Cs asphaltenes content of the crude feed. Additionally, reduction of the
content of metals in metal salts of organic acids was enhanced using controlled temperature
differentials. For example, reduction in the total potassium and sodium content of the

crude product from Example 20 was enhanced relative to the reduction of the total
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In Exanpl e 19, the crude product was anal yzed to
determ ne TAN, viscosity, 10density, VA content,
w0 e®BdagsTont ent, heteroatons content, and cone@nUSH7/080433

metals in nmetal salts of organic acids during the tine

periods that the Ii |I SV was at 12 If' and at 20.7 W.

Aver age val ues for the properti es of the crude

RO B Bl BN P BRE p eSS s w98

dtoasiala crudd memota]mcmmdnamedm&@ for eactosiatipler, & @¢dswed bpP-
e TAN and the viscosity of the crude feed, while 15

‘f APl gravity of the crude product was 104-110% of

t he ARInggriawerttympdratileef 6 fivd Corft@tidy zdhe\Wlb@hienioathliod tHefhigh

MCR content to hal t enes content was at | east ,
IEOISC“?&F Aetedy, ﬁ‘?f%ﬁoufl‘il?e(%‘fr/@f?f%@ﬁtéﬁﬁphé]tﬁﬂ‘e&sndé%r%?li &g gl organic
£R} @AthaVeS (ch@Ue ol baln¥® ah@of &8 poliis Bhvih fhyVeR propertles
content and C5 asphaltenes content of the cr ude f eed

S ONACE HRNI(E S HHnCFa 9T XRPIMERME GAYBHATS)- R vALYHEGSE enes
&)%b@tﬂfs Bl ef RRPESHHCERWSHA DmpolifisVER: £ARVEN G thel PRig

C5 "20asphal tenes it may be inferred that asphaltenes

ang| e fthey q@&lﬂvsmﬁhpr@hsemr@a&lmthe Hepvad the caahyge 9psrating 4t brgher
t‘é&F&FﬁfeQ dRBLP Yo fn%%lé& s tﬁmst%gaan&f Aguct al so had

COI’]t ent of pot aSSI Um SO |um Zl nc, and caI Ci Um

Homes], Tt@&Eacamapmatﬁs (amebpt:lfoﬁmdmmmm(roatem dzﬂmntaamlgtzams) ltig:
ntr.0

t{)tﬁp%roghhc? §eﬁ)ara9 on nlingtg{): r%’ud% 8ro%uct ane?lPISé ft\%e ca?thg aﬁg(iaia_ﬂyst ,Cs‘ulfldlng
rﬁe:tmnhwad tHeGame py @saftwdimBtanipdss.a LHSV of 1 111, to

pr oduce de pr oduc ith sim e
R AR AT A TE S
f erdniatd Widguiicbnhatbidey 23 paca’) efptiatrh@sb@haataklysRarod 0

W allows the contacting process to be perforned in

Greidegnis st (37 da e bvas P?él%P%qdé{‘ gdojiem §@ntﬁféﬁﬁé?@r 4} ygpadium

ARl @o1s@nY eSS RIr&d by Ahs MRINLE tles¢EBRIBh ERAZSle BB¥%s likQWittNlicon
treat ment ,of di sadvantaged crudes to be perforned

PFSEUCDIEn) wifpasa yanadiopepRlsY skcons gabidg nixtare(f bgd e’ ) was

I%(ﬁgpgdem t&f%ﬁ%ga%tlﬁga&;ngl ties). Exanple 20. Contact of
Crude Feed at Various Contacting Tenperatures. The

C ont a?c@méﬂgfeg@/@i%h%craﬁ@ hayiag Bamsippdics supparized & TabkeeS, §1G. 21,
WRSES iol%fféjtob Wi l!i:'l)é bcﬂb%_fgéd%g %@tﬁr%\?{\g% ﬂghe%pg)ne top

properties | |st
whectingrooé. bbten p@awog zawdargidottan tserpovtiof Fhetrbrstarwbhe

c%ﬁ%agth oﬁdlhgn we?e V\gllg\%’] Iiraz%%tolf ﬁgd%g WG3s or{hérﬂ%deofregé Sﬂ&%ﬁed to

uce a Cr
th@rwaon wzn;gl6ﬁ Wﬁn%@@) SIbl&)aLHSVaWas amr f mdqmssure was 3.4 MPa

er.a Cont act ondi ti Lfra Q

SBRERE TG RSt rma i RS VO PR ARG 1 [ Tosb Py
t enpexfak wie nnrntuhehef 110p h@lﬁmtﬂ@s:ctrhdeg)radmemdasrm Gf(O BDCand an API

500 F); .a.fati hgo ntoc]g dvvasgl)60.
S8 3200h° et QP Bul e ST pbsom. 09
WPpth-of zinc, 1.5 witppm 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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10 Contacting conditions in the bottom contacting zone
were as follows: 1.11S Vwas 1 1-11; tenperature in

W@ b@shet7som cont acti ng zone was 315 'V (600 1-PQT/US2007/080433

rati o of hydrogen to crude feed was 160 NnB8/ n8 (1000
SCFB); and pressure was 6.9 MPa (1014.7 psi). The
total product exited the bottom contacting zone and

was i ced ui ha Se.Sepagator

t he Ag ter FO(EIEH Tun dtlm?‘lafg Sgbzg% IS W tlolr %t%lgﬂtr acleme at:i}e CIiudeABroguct
h‘hﬂ&éﬁﬂﬁ att (E@W armitan AT gra@rtyi de15pT dmecrtrucanﬁloc@natshadvtnew@pmd)é

oduct. was per ed to determ ne TA
Bl T PamBt SeBipaft et A et der G EUY PPGrshithe T erude
ROQREK £S o@im 6 dugtR pwdmduot)omﬁt dRest sdifitid 0.901 gtems BNV GO,
are listed in Table 7, The crude feed
apd (- 3§ reragnsPl gpiiflug. ééd‘é‘g% thpélh‘&%‘)fé%tréilﬁ prggucharg @Steg fafable 8
iafri€>»1asphal t enes per gram of crude feed. The crude
product had an 20 average TAN of 0.7 and an avergﬁa
as phdih{seragrle dpnepstraess thet OBgciegishegrudedecdspitine %&ged

ey sBradiOfasC6iéds (R QAUSE haViRea FoR 3PP aistrﬁf)ﬂ@@n w04 8188ian pore
of the crude produgt was at nost 71% of the C5

Haiptien af @rpasr hanid Eha pofduedden Gvdeduodyepibitidad a reducedmél\l a
I%&HC@JI to?aq @518% ggdld‘ﬁ? tlﬁl%ﬁgdg{&ltﬁﬁgdntﬁ gﬁj& olnﬂ—:nt \bﬁle H content

product was af nost content 0
¥apeontertaisl rpsiductvententpd diefeawld profinet wdre ll@@%)floﬁ‘ﬁeamlr%cﬁé% of

tﬁée %gﬁé%kve\éﬁé%ﬁ%gegtog P:B%ng% geréodgfl“h{gl I%gart\}%é ﬁ%@%@&n@t@at%r tgfﬂqhe TAN
cﬁmlm cﬁmtei mgluct is at leds 3te nsf)tmsﬂmat eldh¢ crudexiaapifes S@) auk \Qﬁhout

f h cti .
PRARah Sliubl sl R Sna bR Bt B mpre propertis
dfengetidet fogdan of bet dhen@e aonkbwet psre:tshneshlgm euo@pﬁtmrr):lemtle
tends to ?e] hance t educti on of

RHRTEHEST AT RETRIYG %0 qerees 3 8148 ”i“% ’F‘Sta{ ?%Bthat exhibits

REGNERL@AB30 eAaNtest) Of ' ishRteehnd@bf Radan S}deﬂrcﬁslc@p'yqubdﬁces a
reduction of the content of metals in netal of
tSWabHﬁiht?t et igeludrse s amdset widh %BA]gélPﬁt it lsad 90% Of the TAN of
thephes ataure differentials. For exanple, reduction in

the tot2aI pot aSSI um gnd sodldum content of the cr ude

m@a@ttﬁg cs@Rg fAtnn)@deQﬁu%ll catRQl 2854 %4%@%@ 509 bfémre@ntlﬁ @txample 3

e cruae roduct from Exa rel ativel
\wrvbtra%t tocy -flemdy feed diS- ﬂatf@wgthemr&nemeé hgtteem TabieyP in FIG.

%Z%asqﬁ'&é}ec?ﬁ(t%rfﬁjl\@rate 2&@ ME@&O@LYCG al\ffg\pgf Ajhn lt&nv%erature

ower te erature o I rst” contacti ng zone a
aritovalo Oj’b atmetlahplgksure of hydrogen of 14 MPa (2000 psig), and ratio of

hydrogen source to crude feed of 320 Nm?/m’ (2000 SCFB) were maintained through out

the run. Total product was removed from the top of the reactor and separated into crude
product and process gases. During the run, an amount of sediment was monitored to
determine if the reaction vessel was filling with impurities and/or coke. The amount of
sediment, per gram of crude feed, ranged between 0.0001 grams and 0.00013 grams during
the run.

Properties of the crude product after 286 hours are tabulated in Table 9 of FIG. 22.
The crude product had a TAN of (.26 and an API gravity of 21.2. The crude product had

2.2 witppm of calcium, 0.2 wtppm of sodium, 6.4 wtppm of zinc, 0.7 wtppm of silicon, 0.2
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5nol ecul ar wei ght conpounds (for exanple, C5
asphal tenes and/or netals salts of organic acids) that
whanne/oes7sendency to form pol ymers and/ or conmpoRCIES2007/080433

havi ng physical properties of softness and/or

stickiness (for exanple, awns and/or tars). Renoval of

t hese conpounds at | ower tenperature allow such

SRR BT RGP AR ok S Rt Sy R TR b e

cmadeqjm)tﬁlbehadplmr atannef caidelprghet 0.008 gapevddulioe $.386af diailate,
sition e first ¢ ntactlng zone. Exanpl e
gr@%?gg@ o?ndé)@ﬁaénslfgéﬁsl °‘th At Least One Catal yst

Hayl NGisxBaple dSnaduhlesthai dddiati a\whidd feed Madhi hayﬂroger @ the

D aneter of At Least 180 A for Greater t han
HeGRee of phlgast 8%?%1Vb‘!§>ﬁb‘3rcéttab(§t ﬂ(“’é)‘%@eblfs faggls lﬁlﬁt??dé‘?geaﬁ%e em” to

goRhes dokrmaat @:Mrm sg)@aﬁfga ytpb&iut:@taabtapﬁr@@hésﬂqat includes a
separation nmethod, cru uct anal ysi s,

é%f%lﬁkw%ﬁfeélétl%\?%ﬁéftm %fmt feaghioNg %@%ﬁlﬁ%%ﬁ@fﬁwmde
SAITETRS e BHAE ARG nlAs AR Bomact 6f PRLYDLEN W RRIEdN S the
(11.25 cnB) prepared by the nethod described in
E&S&mﬂ ¢ aglegpiy Gnqm&lebﬂewmwatglysﬁ thas g xleiBitspitagds 1021 BERecH cmg to

cm g 'agdegﬁkﬂwas DooT T I cQtI' scc‘(hnly tpﬁ&ﬂ%&%rtgﬂapﬁoﬁﬂc%(ﬁﬁ{ ificludes a

7 75 cnB tomcontacting
czmhearoc}mcwmwfehﬁ tbansaatyest 0% ASheHBN oftepardededdy t he

CBhOAAGOCRENAE D3 Contl@IPh R rilad da Tl SCaAthL ik uh' ©O"
mmywm i uier (D88, 0eB)l pasiuc

f%t%ﬂl?o@&lg élestrua ap/roaucl? ?.lha r%%?‘zgr}dl CE%I Zgng'bdﬁ%;‘ga It}Z{%cgwerﬁ %he same as

deadzibed &, Exahfple 21 Thwa&alﬁlﬁcﬂlatﬁ @ pbilagizt dptribhitibhwith & aetian pore

SRt S B BT b T St RaT 2O E St LB with the

IRURPOBdingfrirh iy & 8ath®hlumihgugRe0 Mhachthifg didnd ekHiBingbsorption
were as follows: ratio, of hydrogen gas to the crude
1Pé‘?éfda?ﬂ€d§ﬁ18é@l (QAF ke eatdesrmipad by BATAG WECHECPR 0
ﬁgﬁ@es ot ihk b2Me YRR alidr 313 BRE AR @SIHEEInWRBIe S of P22, Ac213
(500 psia). The two contacti n% zones were heated
Houesracivisp Eaf sgimgntapes empm qlasgletesl, was 0.0019 granesy perggagm of crude

f@é{ﬂtoEa'l ﬁ%d&ft Adefs 6&‘9&fr§'the tsel}@m&{t HELInPLALHES 0. b@ﬁ9gra-ﬁﬁ'\h&f ram
44 an APl gravity of 9. The crude product

qf'celdqu@smt@&pr@@m i Afrinciges 1wq§pm%fela§,@@| i gedingnoeop@nt of the
gy (f%&géd?tgta Buct fln Jé %m%t%cgg% ﬁl%%hﬂlmfeeg vﬁ%h%eolﬁ dl bdenum

i con. e cru uct per gramof cru
QtabducitExampBO23ndjeatgsghay impurities and/@ col3arg faammmgat an increased

Y & anrQa dﬁpdlj G:Q)rf‘fél m&(t f&%?l{mr?@e%re?ﬂe%7%nt9crt1%m§1m% and/or catalyst
resi |on properties o the crud uct

lde &hlllsl thtt athlysn oﬂ%h&)lesm’haﬁh@ng%atalyst life than the catalyst of Example
23.

Example 24. Preparation of a Columns 6-10 Metal(s) Catalvst Having at Least 10

wt% Molybdenum. A support (200 grams) that contained 0.02 grams of silica-alumina

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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After total run tinme of 5207 hours with no catal yst
repl acenent, the crude product had a TAN of 0.27 and
w@eoos®ss7gravity of 15.7. The crude product hadP@r/4s2007/080433

wt ppm of calcium 1.1 vappm of sodium 0.9 wtppin of

zinc, and 1.7 Wl ppm of potassium The crude product

had per gram of crude product, 0.00396 grans of

J ,
Bkl "t ARl b RS s o d SRRl e
i perhiuset e pH ol efelseluBon wadi.&. 21. Thi s exanpl e

denonstrates. that. conta ng .of. the crude [ i
PP IRtk by SRRERY Afhriing o TEEGE o §EON L0, 9 63
GahabHeiCs; havi3086 gram o€ d&ibhieddy Sédth Bl mwy td'bnaentrated

rredl an re dia of greater than 1
AR UL et 0140 oa eIk et 15 scficint o Control
fbahag G Sl v diirddd undil A6 solRIQ i@ sSdiddBlvad dTIs JH 6QRe solution
content while sulfur content, V& content, and residue
¥k ®nt of the crude product were 100% 102% and
95. 6%nPfird BRuERSRE SEoHE s RREFrd &mifedlah@ s@TitigR dfer%ﬁf%ed
Thi s exanpl e al so denonstrates that the TAN of the
\zvsrt@rd’eas paddie bripgthg porplineat sosm% gelump ap Tl oS mho yield e
?@eﬁﬁﬁﬁﬁck@ﬁ%ﬁ%ﬁt%n%lﬁﬁ &‘iﬁé‘i@ﬁhmﬁg squtﬁQn was 2.02.
al yst's xanpl e a nonstrates that one or
Tmrseprpvrtom impregnai&l with thiy @Odzrbd@t@rrf/melgtl ﬂ@lyﬂd@e aged dergeceral thours
e t o
x%tﬂ &‘é@sﬁ?xﬂf SR ridd 59'1% cf ée Fogﬁék%'&g gl%rﬁs nf ht%}{ @Zﬂ?}ﬂec% at 482 °C
(%I) o8 wirmbbak. Tl lablymtg dakudytst @xalideid] ger gandsf chatyw . r]3 grams

2
3 Tty 0D 00 b B B RGh BY oI Bring puppe Tpe
Iﬁdilyb‘ﬁﬁnﬁmmdikeltcawlytsi’haa aTANidnh@te didigetatof 1688t wRR% lofst 608 of the
f t h de feed. 7Q. | 22. Co t of
elBiheb B headroaid disrn By L Rf e ifags A of
tReaedion pérC3hRkier,A pyRd yndensm. SZIahEﬂgy:&fd a(saffade a@saaM879 Bg.

cm3) reared as | n Exan'ple was charged to a CSTR.
'] (£ Ly C : (atal Prgssure of at

&Y 3 9

ﬁE@sh heviPa.l |T|T1e Eéa@tor EppaliRR (EE@:E rf@ﬂnuﬂbeﬂarfd' OWfchf 8oMhictidd zdnes),
Thr To produce a A ISV of 0,5111. A tenperature 421

tgttow(l P@duqérparaéwb grethody Crgfiee%%%anérﬁlﬁ Wi sgjabistoplfiging ppghod
&&99{2 RSk &) des@Mdd Erfilﬁia% 6 25 hydr ogen source to cr ude
feed of 320 NM/nB (20 9\5& re maintained throu
out theatalyphas repaa¢d ip Hoample 2had2-p emp\ieas mlmfhmﬂh@hmwa de
$§S heAG LR mgﬁﬁ&ﬂ%%%ﬁgrsﬂ/ﬂﬁc%n%ﬁﬂﬂﬁﬁ nREQAYGH wRE
rocess gases. ring t an anount o sed
thabotponéompcent zone.determ ne if the reacti on vessel was
fillin
A Al%?r"’bﬁéﬂu}n@r{éi s{(ﬁcrﬁg% [a1 (?03 g%l%ng&%&gba%num 0.01
@arﬁi)tﬁf]m(gqehzrml O&'Oﬁ)d4 @ra@B o1 3hcg;plama;s \&Iltl’[ thn Haldfttetveing whumina and
Properti.es of .he cr roduct .after urs are, .
B R e dig it s Rl SHRTHER of BRamo8 B BbS i
slichANarbfde Q1 Qﬁcrﬁﬁ t i ARtholghdaninh YatalhstRilicen cafllige mixsgte and was
roduct giad 2.2 vvt £|n of calcium 0.2 wt ppm of
SR i eéfowoﬁlfﬁcﬂ f"inc, 0.7 wppin of silicon, 0.2

Wt ppmrek sﬂﬂcﬂe@@ﬁ bﬂﬁﬁb cﬁal?sty\&lm@nﬁ'bt@ﬂgezlone&wﬁe YioP 0 a temperature
vanadi um and ppm.iron. The crude product had,

U dr- aﬁrhsrte%rxﬂa%caﬁwa desdPeage Bivgr ghdibayipe G progerics
sgm%&@z&f indiable |1b| 1ae23 Qadibd &ﬂﬁ gQJff (G hctRNEhOnyRstarbon feed

ra resi due. This exanpl e denonstrates that
fgﬁw&@pu@r the\prehqatieone e copaHnByRNcolieny Gontapigng zone, and bottom

?osmoned in
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5 presence of at |east one nol ybdenum catal yst that
exhibits bands in the range 810 cm| to 870 cm | as
waledsns7eed by Raman Spectroscopy produces a tBCEIS2007/080433
product that includes a crude product with a residue
content of at |east 90% of the residue content of the
crude feed. This exanple al so denonstrates that
SRRl I R LN 0050 LOR BpRATSS o
thapds:nteofthydropangs. 8baaalglcohditidld wrasdntdwsagatio of hydrogen

ELcLT RecRy P P LSRN PLOERS 2,101 Bing

AoR@t wirs hadted 16383 °OA% éssiiber 13.8 MPagbodDhRigE indidBe hyRR6Larbon

Compar atj ve Exampl e 23. Contact. of a Crude Feed and a
f%{ng?"iféltthl’ioﬂghatﬁe 2%6??{1% Eﬂi’tﬁ%f%’i 6@9 hoyres gl amps e 3(“@:9?1‘1%'“.”5 for
hbEyd @Aty ARRAVEE then adjifed Hadhai REQEGIhSRRANAL k@fdence:

nmet hod, crude product analysis, and catal yst sulfiding

408 hott) Wered 19 Mepsiga s 1363 hastie 4€0 T helcd Vika B30 rppilesfop 3 149hqars.

PRUShYShtabAn POk Ews LARy M $hd IBUHEQN W th a median
pore diameter of 192 A and contained 0.04 grans of

mol yBdehei PdiGghrprtct ehtha hydrpcarignfped 44 preparas oé at most 7 MPa
i . . . T

BRI o8 ST A N SHORACL g ARl

W80t I4 wippaet B/ Milivedniont dRapbwirBpe e rasskie opyent ThH@275 grams

e S e

Sonat Bt *(bDusegihoent gt Ipear tgn@mtats the Bdelut eEdle favdSntermediate

0. 0019 de feed/total duct .
Ry o 2E 2 B pBR BTN et R EREl RS RE 6 Blysggnon
Qo agrams parerapi afoaf podwde feed/total product. An

i ncrease in, | ment lative to. sediment c ent of

e P oBeT BoGPIeaTa oyttt it e dHann EaR Sot e
dohgitienisugdat hegd NP4 thdtabRasiBhy holenuinbigBdealinsbniGit wax anpbe 90%
22 indjcates that inmpurities and/or coke are formn

dtthedred melybdeawy cosienit Be NY/Feropeawe ebraen 897 cadil s pf the
QI NRVIFRRokEH €ASL|pIABARChh B wak ABNEN 90 Rof ARL@NY, Fted
life, thus the cata?yst of Exanple 22 has a | onger
pitdPyRs contptethe FRaidug Was & atost 85t olohe ferdsidec o3l thexiggnsitewas
a%f‘no,s@()%)@f (Al fe@@vi@éosﬁy.q}é HInS iOrikd 2&5&1@&1(1&) pr@@&d@h%satt least 0.1
Hayi ng at Least 10 W % Ml ybdenum A support (200
yipam®) mobdtention fileared.00 2Ems 9F Aydsoefbogs havene-aailrrangg0

iR ALATE: 3 MHAD LIr ST B orSUBRRACb IS o and gt feas

(5 bpratnis ohhwias aphoeplaaved ahpilo@mrimgeidivgiteBoBdetgeartst3 G€ and 650 °C

N%éf%%ﬁg@%}ec})ﬁ?ggg% gﬂgﬁggd&%?o%g% aﬁvg‘{‘ag%ﬁﬁg{ 0.001 grams of

yeroexiboe, wisndb@n drdn @rdansbunibn deiveai z&W mat2en °Cat .00 NMVRa; at

slurry. The slurry was heafed to 63,8 "C (147 "Q

i DY s B 6B B LS BY P cd °C and

ngotedotior MpanQRIRIA @ of hR@oPdtb&s withe Balndtrie was

5.34. A second sol ution_ was Prepared by conbi nin

@riggiog e N NGEPS. 6201V 1MES ayleais 0ot gﬂf‘@é, and

I@ro%@rbgﬁsm A in®8] NikgRintet fledCosHOCM: 8161 MPhYat least
ncentrated 5 phosphoric acid (39.57 granms of 85.9

WA Py ol VAigeind aapogt (HHresaieiGsepRiniienss cont r ol
f oamiig. ox Il 3Rb H%ﬂg&%ﬁ%sq h§¢1 dt S Gy AR dfla h*y@l%aa}g%ﬂ féél_dﬁté)tal

t
were dissolved. T of the sol ution was .

frpqust migdire rangamnsghav eske@ ardesswtuy hearihelpdeocaab fasd ¢ congcted
sufficient deionized
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wat er was added to bring the conbi ned sol ution vol une
up to 218.75 mM to yield the 10nol ybdenun ni ckel
WO aBegTat | on sol ution. The pll of the resultiPQI/US2007/080433
solution was 2.02. The support was inpregnated with
t he nol ybdenum ni ckel sol ution, aged for several hours
W th occasional agitation, dried at 125 'C. for

\iyl?h t%f: catalﬁsczs ata pranlgre Igeegtu ?’9 Mlﬁ qe {j)er%tures ratngftlﬁ ff)O °C and

4p0am aid amalﬂlsysdfatlaasle v arrs of l\/b O 03 granms N| ,

0. 00 hosphor u VVI th t ance bei n

suppdr s s BER i en Bl Bt e AP SO Ao 7 MPa and

toRpdratdreP of & nthiseupst ey, th@fV1sl&5tyAf th\enchiale @fodhaa@it n@P8(F of the
tal nunber of pores in th e?rglgre Si

R I e LA Gy ) S PN

PR OPlQpﬁlﬂa@lHﬁbﬁColuﬂlmmtdl@ ot CO@thinaMhrraltOdde
a surtace area ot 1/9 ni/ Ie 25. Contact of a

pes. Jhs cyahistres @reRper inie %@amgyg%@eratM%OﬁP%éé grgisppas

Rtbid®B$Hith 2 W& pord RRInfi £AGEPES ?ﬁfﬂ@)r Al URush&*08 Rlevd @ftumina fines
nunber and conPent of contacting zones 20t he tot al

haviod aprrtisiesie Feivsan ﬁé@%ﬁmwmmﬁﬁ@s PO B graalﬁ)alln;agméler aWdh the
S

Iﬁﬁie@hﬁrﬂnlg Mj 64 gghrﬂgoﬁ@t A a cfacgJ; Q% Vapa grg ?Iﬁcﬁfg{ﬁazgng qugter

wete af(dEQ tthe mif}tumsd mexmltmmxtsrd wats@mﬂ]@é fdyiSdeinge® Siperfloc®

frﬁ@% éltraglsl;%g@ ﬁd&%ééibggo ned &%h 6}%%;}6/58%% tomc oair:lsfh gg%ddtg e

anee inZBeﬁmnﬂ)drdedelnmmmm ahystlldl2r 8 waol CoHNtimites ﬁtye resulting

BB R b TRl Tlo2eh PR B S b B hunea

alxuwit was axndddiavingd . lamnadichs diao teefotth duFetilebe eftrull®8 pz&ualad The

e?;érp@q&%@a%%%%r\gear% ﬁ%(jdz a(t SQ{% % 5ev Xed | f|31n csaicllrlle at 676 °C

@230edry Sdr/osd hing@NTieasabilydecoitakicd D@Q@Mn@lhﬁ%cﬂﬂﬁlhﬁdr@ REth thé
the top contacting zone. 30QAfter sulfidation of the

Ralangg %@gsml@ﬁéoe%%@éwm& A5k sdialyg had p goe sige (listripution with a
henesdd BhBe®f of3ABP A'ith 6. Meat ad hiMdiua®ar s1gRrek @8de pore size

q(Peace Ri ver crude) having the properties sunmarized
igrifngion davipg a pprediapmgiegdthingyd 4 @fp thp@rediap pese diamster, and a total
foRedi@he of 24Ny @ ocar bon feed flowed through the

preheat Zone, tO contactlng Zone, bottonlcontactlng

zone Thaperelsige ﬂ@tﬁbyu?}p@rﬂnet@# #ias p persensrge of ppgal pores was as
1’8}{6’&5‘00%@96 ol 8L YRSA 98%‘90;@)‘:113?'& B, 8%“13%“1 b'E\e4 31%; A50-180

cat st's I'n the presence o rogen gas
& 8196h; tlﬁ(a}rh&() WL ;804260 Aoleh%; r2@01 1@0(&)A (Rpdr, d@@;(hSleé)sA 669% and
fﬁ;é@@l $4828 N8/ nB (2000 SCFB) and LHSV was 0.5 hA.

vvo cont acting zones were heated to 385 'C at a
pr es dihisexahple ﬁelﬁoﬂﬁﬁate:{ Qemiﬂygoﬁlagmlcmdck 4 sogpdry drimed rokelps, 5nd
feed fl owe hro tac sfor 600
it worSTARe PR ARG BRELEGHL DHERITR gl compounas o

@Rt Aotd MEalg ﬁﬂmscomﬁmt)hele Paikpdis T €1k ami camlysdtak n@drelsize

cf;l%pbt{fl%élﬁv?w&d‘g@ﬁl %:n em%te %Wgas( g%g af)lg qg)(caogrrst i fh@ nable by

doaibisng: Ahandratoxlde G@BY; @ktont biRofe@T nlehls o CoRinal ¢/SHtiBe Periodic
was 2952 hours. As shown in FI G 23, contact of the

W&Fraé‘é QF Bs1ng %@BOIEPOIBP%@W%?‘** SF MRE gl fromygslunn6 ghge
pe%m@ﬁgglurag@agﬁﬁ; | east 300 C, produced a crude
product that had a nol ybdenum content of 0.4 wippm a
Ni /V/ Fe content of 251 wtppm a residue content of

0. 275 grans per gram of crude product, a C5/C7

asphal tenes content of 15.4 wt% and a viscosity of
74.4 cSt at 37.8 '"V. During the run at | ower
tenperatures the P value of gthe feed/internediate
product was 1.2. The total anount of Cl-C4 gas
produced during contacting was at nost
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150. 02 grans per gram of total product. As shown

in Table 10 of FIG 23, contact of the feed at
waeomsngd7sed contacting conditions of at nost 7PEPESANTIO80433

at least 300 'C, the nol ybdenum content was at nost

90% of the feed nol ybdenum content, the Ni N Fe content

was between 80% and 120% of the feed Ni N Fe content,
{C?

< o 2 o S YZEAR L S & ,i,, L 02 s o AL 2 A : ,,ii‘
Bi¥ingMindral Oidd Fines.i Tthd ecaatd apaentsi (sxwopt foynungsr atd dsbeht of
90% of the feed viscosity. .As sho [ FIG 23, .the
Pt PRt Cbe Rl ot scpbiader me oS md Profiy kst AR salyst
Juffasitg rgetﬂad \Qiraﬂfe s@ﬁlg ay@krs@ﬁaﬂhomdwd $5.ng a boiling f
range di stribution between 38 C and 200 C per gramo ,
hydr OAC‘%E‘P]@(%?F“E’ES%F&@%YPE elsélﬁ?cngi’fbmzﬁxawlﬁ% Vs im’é‘?da‘ﬁgi gcon carbide
@yﬂrv@m{ebﬂa NS chAVnA G adph@ionkdB thaR@@ntiontablidUoh&nA

etween 343 ' C and 65]()) ' C 25per gram of hydrocarbon

RANPSBTR ICRIALY SRR Ao RN bRl £6 31 Bitvd 3vidsilicemsarbige Got!

DB Y EHAGRL BeGEonM §iha t%%hﬂa&ﬁlgfzaﬂé} e

di stribution between 38 'C and 200 C at 0.101 MPa; at

| eastAlpr 96fdagion rbthe fathly e decaebaeralut of theropigfinigrignesarag eaised
I ! ! . . .

e L U L

ihdiable A9, Fange WiedwydiobaurboroieedBowriehrodgiz@e arrtic6 30€. Bp

Sp 5 oo FRRAc B D R B GBI 30 )

HyRecarabn feed otis QnQOCH ¥othgneans tof caMilyNishe thegmabemte ofrbgirogen gas.

.01 .grans. of C5 asphaltenes. Thi s ex I Q, 3
T e N B e
(e Iat)ahd pHSYUEts 0 Ixt. Mhe twermiaagngdoavewdre Qeandd to 400 °C and

PHESEAD By el CgmDHBL TR TPt S SRR or A
ds

Richibes foe@Ngvedthfdu@mndséhcice: and 450 "C, and at a

LHSV of at least 0.1 [1]. Exan})l e 25 al so
dermonstPared takkt 10t gérths fHY RBMT badghesearivafl Sidg 3738
WPa r@lkle LEIRL LAY LSS, paf oriRSE célaﬁgst,c‘a Ni/ Ve CbSEADE 1 84 wippm
of the crude product is at nost 50% of the 5
1) dred ddsEHn FE GhY-P @M consunption of hydrogen is
at Mg Zn g%élﬁgnstr@é@{ﬁ@d c%nt%@t ofarh§@1%5ﬁ5(hpf@ecp\fvitlg9b9ﬁﬂm%
Metal (s) Catal yst Containing Mnefal Oxide Fines.
el celabyal hatis ohiangrepasostiting mierd okiflo{ingsgoneen mere metals
D ity S A BT R0l AR DR R B B grmare
he¢tale sromdvalymgnssd @ahg Paglodicsliaple; dwltamsupporépradigesi@crude product

i Gl L er 9 [ ller. . Wt
R RTEN L ol gt BAFEPL ol 15 Sl o ot
deROTstGRs gran nentat oftkehyalmicaddn Watl @ith 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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were added to the mxture and the resulting m xture

was nmulled for 5 mnutes. SuperflocO 16 (30 grans,
w@Eywoso437adust ri es, West Paterson, New Jersey, RISAUSMOT080433

added to the mxture in the nmuller, and the m xture

was nmulled for at total of 25 mnutes. The resulting

m xture had a pH of 6. O and an LC] of 0.6232 grans per

(g:éclall”lnr%g gfl ]gjr];a)ﬁ(ll:%f{ o er a%Prox1m teI]yf houlf gp%ssmlg E%drocar o% feed
ot ghidha rencqoa niid @taﬂ?ﬁt be'ﬂhﬂau&xd rﬁdaé)&rr@&rdenfohﬂﬂiteaﬂieﬁ the top

dri a gor sever hour s ap@ t hen cg i ned
Syl iplgmofe PGS e Risy P20k P s b A DR St Sl
Iﬁ@l?l?degﬁrﬁ r&smpéunagltueb d@[ﬁﬂmte Wl datm}tshlﬁugga,hganc e being

d ': clat al yst h d

fédtcttch gath% @f(cetphf%r h&ﬁ@r afwmeernt @ffcoﬁ@&ﬁﬁg zbﬁ‘es'} hﬁie oar groduct

si ze di stribution having a pore diameter within
sParptind mipkidasrugopradut appbiser andaglvat wobtding peshed were dipgsame as

Rbcride@ZAR00{pE: 5. The pore size distribution at
theta = 140 as a g;rcent i\ge of total pores

f ol | gwaiolykdupum @lagso’7 3G Do pﬂepmdmg%amm@ﬁ’a@an%? to form a
Ry QR Hm L9 gt%gchn & Blidni kel W1a§ (Boéotl(%reg % imd %&to]@porf?ﬁctmg
2. 5% 180-200 A 1. 06% 200- 1000 A 0.85% 1000-5000 A
®ng.9% and 25 >5000 A 22.04% Thi s exanpl e

d i ncl o
i noraroaer bl ARk Sl 1% chd BHER 1B RRR cescrvga n
Eﬁaniptaeﬁl Remiieel witAsibéa carbdiec(B congo (ﬁcvrnrmmelybdﬁmpmmad&;iumﬁ

a@i QSlllcan.i'ergI‘br% éPlX&l{e (ﬁ sm p? pgi?’lgz) %ne 1n !th %)ucton 61ct1rb%‘ 7Ohe-

a medifensyfidaion Ioﬂt]liebﬁﬁlyﬂi tlad tetpasiure8d thh @Rdctin@ezones was raised

S Tiuser W2 TRRI Ep o de G LA Pind bRk 6

intdiigedAarnapEilc, Aiabbewan@dd af tht B PR r@dctd¥OTRe BYIKRAAE $eed
of one or nore netals from Columm 6 of the Periodic

Hogpd dhroughthe preligab gne, top oniaging zong, batigpy ceatactie zgne, and bottom
a%ﬁdrp&aﬁ@@au&e q8le W drBeatb et ddnPas R olBdi@d] &80 edeBbAINY Shtalysts in
M neral Oxide Fines. The reactor apparatus
tb‘ékr@éeﬁﬁe eidydivgeibens. SABteeBgcerditis weshtsdel vy ratirddydrogen
éa@ﬁ) fe&i @hs ﬁ8q‘ﬂM ?@WS@FB%d TRIROFas €5 Hdernp rt\QQ U&ﬁactlng

anal ysi s, catal yst sulfidina method were the sane

7@9@%@@@ h@ﬁ%‘do PH0 @(@tmmr@ssge o K5 TRt i en dethglbx drgrhon
fg ERFO RS folh R RIBLPr. %@;mafp %ﬁdn Pidftacihd LR SRR e

| t1on
Hydtacatw tead/ail |pmgiuztometureﬁreminy®dmm mOcat al yst as
descr d r bj
descr) 2t TRIBLR AR AT T
draps cfdntiaattrogen, HAAE graAfStoéresslud: f()L(Iﬂiatgrm ab fotalH&/C- asphaltenes, a

al ysts t enper ature of .t CLi ng zones was
I@QFSC te_nttd{fg 02‘?@ R Eody Oﬁdchté?gz\gh dr ocar bon
f eed T(lqeeaaelﬁpleldmﬁbﬁstrhtaythngcohhet Pradpatotirbs fkedwalila catalyst

having a pore size distribution with a median pore diameter of between 50 angstroms and
180 angstroms produces a crude product having a basic nitrogen content of at most 90% of
the hydrocarbon feed basic nitrogen content. This example also demonstrates that contact

of a hydrocarbon feed with a catalyst having Columns 6 and 9 metal(s) produces a crude
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in Table 10, FIG 23. The hydrocarbon feed fl owed
t hrough the preheat zone, top contacting zone, bottom
W@ B¢’y zone, and bottom support of the reRCr/U82007/080433
The hydrocarbon feed was contacted wth each of the
catal ysts in the presence of hydrogen gas. Contacting
conditions were as follows: ratio of hydrogen gas to
Hr?cfuct hﬂ%llngta]ﬁngcE)/ tgr{(i;’tto n &osggg% \%\ghrBe)eM %)rlftH§ of %%@Sgr?carbon
fasd nalntalned bet ween 400C and 402 "C at a pressure
Dlaoiind s B bR oNoR S T alalss ST BOE Sy s YL OCAL RO
Iﬁzhﬁier %nlckéleolaﬁm\easnﬁmmtcoﬂnaﬁl@ 286.96 @ints\of Bii(NG8B)-4 Hao, and
si due content of 0.202 grans

ra
%lec%%%ﬁ “}fﬁlonge‘iﬁ”f“@ fedogpitlemy. e shgw Wl‘sd’ﬁﬁtﬁd ?’%ﬂﬁ}?g
Sppabdentise Gemt)ardt coftailedo.ud ?ﬁﬁﬁh of silica-alithia EXENPE Sams

denpnstrates that. contact of a hydrocarbon feed with
JUIgHR PFFrRrEn ﬁ%%uapor&aﬁw%neé Prath, thg %lcle%ﬁ(awrpalb@ Ni-pp-P used

é‘aE%JlEQt @35@ 99 gﬂaﬁﬁ{] ahd NP&D? @26f8 '88 %%ams? ia A011d¥0 b%nﬁ@fnﬁih%g fimom
['umms Peri odi c bl e and/ or one or nore

a
(é%&r?fbgm@s 6P wbtre arsk deipmized wiatea (2948 29 gia@s) wirrasldgl tgfthg pixture
GAAxurd B San A6 B SHERC! $uRRENART Re AhUACRIBIHE the
5having a residue content o 0

rhydn@@;ta]rtb@mm‘uge ovas ewllelfor 5 Thiwese )Z[énmsgltlgg gxture had a pH of 4.18

t a hydrocarbon feed with a
z%quQﬁ E@%?igaﬂégggﬁ ?§§ﬁ8%ﬁls obt ai nabl e by
conbiTihi ngﬂlnd meat wax exj:mdédl mage, 1.9 men oldotrulics torfeir@l1s3 titabm

e Pe odi ¢ Tabl e and/.or one .or no

Ry T ExERheE M bR EIPTE rRss PR S TR Fiene
damined di €76Jatl @25@M f@ teuppas.t Tin edliteScaal st coaenifed oghd gtam of

hayi n Vi sco nt of at 30 t 50% of

0400 S0p QLM SR oy NE i o g S Qisgcatatyst and

Gppiracithe ol gbdblyichi/aicRél anlykierd a Wetifin PR ddieddryys b6 Anwah at
arate experinent, the hydrocarbon feed was

s
lﬁﬁﬁ?% ke il mupher of 2| {Psti© Bge ﬂ?%ﬁ‘é‘ir@ﬂt“?%a%@é RpPE dameter
Wihih Be ASAMR B ok ONsmasr, 8 8se VbRE[M o 0.55% MR, @ndP @bk area
in the absence of the top catal yst described in

EafpPl @ 25. After approximately 45 hours of passing

M @Qf bOshthG&H a HVaPb b Feel SRR Mk Cabh tC@Eéiﬂe)(é&r Hpshatus

é IS exanpl e enonstrates op
¥aeal fyfstlurm@e énd q@ﬂ@ﬁe@ﬁweaqeg ZeRAS Y\ d talial wre%@t se@ar@@@rt mgihHod,

detﬂﬂ&lu%P Uadsq QEthgst%F g-?etﬁl}&' v)’é?éjﬁ‘lg 9@%%3{%8&#%8& n

at contribute to c uggi ng
lbwnmkﬁi of a Fydrocarbon Feed with a Colum 6 Metal (s)

Cat al d
Ct i SR 08P P83 e A0
slapa pabldel(ﬁ oret) tamdjwax:pqsrd@nm mailwdiottama:bylmtm,g zemd

t t If sth
ooy B IF QR0 Y5 BT 0 RS
]ﬁ&n@lee@‘aﬁsadlxbmw@( aifipbreca?idd @ cartBd fomon £ blybdenum/vanadium

1000l denu atal ys Llieon carbide xture was
BBy BB K oY 35 B PART Ry BBbIn 1 op SERlacting rone
ol y bdenuivainadi hecaaka, st cohac@ﬂg%)on@rxe@afa@éd aya ﬁeh@erature

nmet hod described |n . . .
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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Exanple 4 and m xed with silicon carbide (3 cnB) to

form a nol ybdenum vanadi um cat al yst/silicon carbi de
WOrooB0sE571 37. 75 cnB) was positioned in the topPCT/US2007/080433

contacting zone. 15After sulfidation of the catalysts,

the tenmperature of the contacting zones was raised to

a tenperature of 385 "C A hydrocar bon feed (BC— 10)

r\?\legc\sférp g"ae Fegd ?v%lsg enﬁcle% eélc | efl él(%: ecdate{lysrls]-g%}aﬁ a?sg%cgroé E%drogen gas.

C@edttifg mdlohhwae gh fd:llbezs praéih efibydzauee gad tofeedovik 828 Nng/m’

e A L R e S e TR

easireof 15.hereabaoysicsad te BQIrS@rmeeeelrfmeo fthrblygﬂlrtﬂfg&ﬁhtactmg
gas, ntacting conditions were as follo

PYRFGGEN a5 dFrng seneyee isd™ W?féhe(lzf@}w@e;:%fd/m product

rhii'ﬁl\/ei#éﬂfan{édﬁb(hrelo The two contacting zones were heat ed
to 390 'C at a pressure of 15.9 MPa (2300 psiQ)

t he Hydhovaiddl: #e &y TrdsmsveHirdugh gltaﬁbofrcegletp&duft@fld 0.255

A830NEUIR- an@d&is@&?%ﬁh@%&%ﬁ RecP-val ue of the
ydrocar bon feed/to product m xture remai ned above

1. 0. ThsaxampleWpmprstpeghapepntagtd adydigearperoidedt vith a gatalpsr
ﬁéﬁ%dod‘ S 189611 da‘talys‘? &ﬁlﬁﬁnsgé meﬁ% %?@tél[asﬁp&ﬁéﬂrgcﬂl%&a

rams o resi granms o
C@E{IB@T@@pﬂaﬂvme riesilue goNMR of @trItl@Sh QO%Df ydd@Arhyn devd resadvd. a

ﬁé aﬁﬁg % i.ygl%éaré?mﬁ §I‘ a %tol;%ins%r zlllnﬁ' !IO %’ etalg ;-): k:‘zﬁalﬁéa qﬁl@; \%Iit?lﬁst gvas

mataaldyis thelfaNowigg mam@r.eAsﬂi@el solusibn whsitnaderbywiotitvirangn3d| 7agrams
: ia of be ween ons and
D e S P M S ey St LR

unitit clegand adfitientdeiohized WEEBS\t/aSQﬁ%dIf) bhhgttbycdmbmat hiokel solution

feed basi itrog ntent. This ex

A0 A R et Sl e PR Ew T 28 Ageppmst

ﬁl@lﬁc&i cmtalﬂwg/(b 0 giedk Ufmsﬂ&elasadmsn wesd mhdcShy RBHIER6DS grams
duct having a MCR content of at nost 90% of

pro

qf %(W6&Eﬁ)t CINEERE gtf%s Hy'lgtosicat BaRT e a gapl e shgry was
ReePah@ll@n Qtumpofe@tBR %8 loramkh thaCenahintdn. 0888 &RACEDlumina
in the foll ow ng manner. A nickel solution was made by
B RSrErHE Pgeing BergrHne! PPN A Itenepath thypiciphsplgtion ahd
MB@ 1957 gﬁh@mnzaqﬂuﬂ@@t BliridOmbIRh N9 ﬁ*iludiéﬁé&nzeﬁ%te? Rad¥dded to

eated until clear. A support (3208.56 grans) that
tb@mpélilrﬂ aed e opxtgicaras nfiled fqride anivytesnilha fféh]@m@ mygurghagg pH of

conbined with the

Lﬁ?%iﬂdq S@%Ep%gﬁg}aﬁsﬁ%%ﬁ tflrjl\é\%ﬁ “cat al yst (652. 39
gr arrél)he ngihled vib0@e (26 8xtBHegnams)).3 nm ailohgldiesrto fomrlmtgilobe

Jia{t(p J_I g%)gt?ud%%s I%Qﬁl ca)t I%OWE T s%neg“alql% ﬁl%h
ML syt b hisde S

xtur e
(Iahﬁenemab(i 3]’r7e°G/‘(aQOOﬁH) If(&dwf) houré,OTlm nauﬂterg caﬁmslecrdntm(lrper gﬁm of

r )._.was ded(i th Xty m xt ur
DO RE R BREFRL B N Lo R Sl A e
pblybdeatimAhick8l cantysehad aGheddn fdrbBamgercoTs? e m@raammm% of the
totai(rtlu%bef:i 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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The mull ed m xture was extruded using 1.3 mmtril obe

dies to form1l.3 trilobe extrudate particles. The
we@xiosnegases were dried at 100 "C for several hpur/sESANTI080433

t hen 15cal cined at 676.6 'C (1250 "17) for two hours.

The resulting catal yst contai ned, per gram of

catalyst 0.079 grams of M, and 0.022 grams N, wth

tota g/rg(%.lecﬁz rrehp 8 ?th(l)é%tecqug %%oadﬁé/tzltnal?sr%s c'iJ Pzgﬁ stt sulP- d1n mtethod

@ére%s&nemdebcrﬁiedirﬁﬁ:&ﬁnpﬁ@?/o of the tot aI nunber of

G andh P b EHRT G el e LT e o grivea

\glﬂié ﬁlrlréés;ﬁkbhmiﬁieQB c@?)296 wa?:gdsglon%ﬁﬁftﬁe lﬁdﬂtroﬁﬁ(bﬁtaatg@azoﬁ@ of
5 31 n t of a Hydrocarbon Feed
b 1y WEl bR Ao R L ) DA 2 J6 P Bt in

H“%Q:M Wik &ediaR iliedn GaRAAGchiBoZOMES holyblduhPadhdium
uct separation nethod, ,crude product analysis, and

Cé‘ﬁ‘tlﬁﬂ%‘fon%’lbﬂedmﬁ@“%@? HHaMEANE wap RosiigRed WdhejiwB cpRtpaiag zone.

in B Llﬁfl@&tlog %fﬁth%iltm demecaat@lyphesWete FRBY t@Stemperature
descri bed in was m xed with silicon carbide

33218) Aéwér%borggﬁ B (ohedhaving theerensttics pyrappized in haple 11,
%y. wz?g fé@k&’agg g@%ﬁé&} tlir U ER c)éﬁ)'bn (R HIRLd gﬁ%&tﬁﬁ%d

e net ho scrlb I n Exanpl e was m xe
metichicaone. deir dyinthetifg3zooer bpttein chgagng Zmﬂ yisicettany svpreadit thm

r%?c‘icﬁ*l )f‘ﬁé {C gh wag ?(ﬁlta%%ﬁmlg {‘Hagéftthler c%ta(l);:gs iz %&K&an@%‘f’ h%égen gas.

positione
@Qﬂtefctldgmrﬂmooi wtih@s ﬁ:édba/ls yﬁatls of h)raleogm Igaﬂotfe:erigvaz 6A%Nm’/m’

S ef 385 "C. A hydrocar
PREG BB R The T bRt B AR g o
[ikds,sul’é b6l 5.2 M Paa3300gdigh os théBydroqart@h fédalq;aﬁsedidtr@rgh tHeh®@ntacting
n feed .fl owed . .through t pr eheat
B RE TR E0utsn B S Gae H H b T v HE RO h Froduct
BAROFdnatkd bihee 110eact or. The feed was contacted with
each of the cat al%/sts in the presence of hydrogen gas.

Cont 48tshowgn gt $4 Sircrigsrpeodyst rad) nepgram qfgtydg peuct 0.235

é[rﬂé’&g@ﬁd&%dta%fs&ﬁg oy 38 M1BFOB (2000 SCFB) and
HSV was 0.5 h- The two contacting zones were heated

to 39biscrample damppsiiaisyihal optagipl hyrgeqrbapigedywityy cagglyst that
Hab'6r RYAREAL BOR dofifth & bOWE Pl OHBR Jnﬁ)%r 63 &anounds of

5zone for 4703 hours. During contacting the P-val ue of
Rer MpHrpals bom e b of ki PpriestgEable; and one or more metals from

Columns 9-10 of the Periodic Table and/or one or more compounds of one or more metals
from Columns 9-10 of the Periodic Table and having a pore size distribution with a median
pore diameter between 50 A and 120 A produces a crude product having a residue content
of at most 90% of the hydrocarbon feed residue.

Example 34. Preparation of a Dried Catalyst. The dried catalyst was prepared in the

following manner. A support (200 grams) that contained 0.02 grams of 0.01 grams of
nickel and 0.99 grams alumina per gram of support was impregnated with a
molybdenum/cobalt solution. The solution was prepared by combining 46.68 grams of
MoQs, 14.07 grams of Co(OH),, 20.08 grams of 85% H;POy4, and 300 grams of deionized

water to form a slurry. The slurry was and heated to 93.3 °C (200 °C) until dissolution of
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m xture remai ned above 1.0. As shown in FIG 24,

the crude product had, per gram of crude product and
w@®2@88495Ans of residue and a viscosity of 48.FCTE82081/080433

37.8 'C. This exanple denonstrates that contact of a

hydrocarbon feed with a catal yst 10 prepared by

conbi ning a used catal yst, Columms 6-10 netals, and a

Conc? %mcgt% #11111 ersl’lfaatg{)g}gt ]EJBJHOd:(J)g%lgEaIV gseg u%gg%? 166 mL. The

dkainp vas $i2n cdeleia tr@tn tampelfatuae (e the @)ﬂlﬂhoﬂ Svabetral (s)

Catalyst. The catal yst re ed in the foll

ranndhe Sipoatoies FgrT. VB RRR Ry CbHbTA Ry ST

@U@ itho0fs th(dNa%)onalasgdatﬂo’ﬁna dBERNB00PC deisenriad aeirwalvemight).

to forma slurry he slurr sheted 15 unti| clear

“&l’?de%‘iﬂ‘“é|C&tﬁ‘]é(ﬁttcoaté“[n8$’ﬂp%%fa%é%éﬁ‘ta <0- Beofeems of M+ gy 2grms Co,

ONhhReer fus S@la W 1400 e NI twithhd h8and8Bdin® The
I\/b03 (41 #ﬂrams vvagﬁcorrbl ngél with 4047. 4% ®?gﬁm of

@ﬁﬁ%ﬂ?m/éél?ﬂhéﬂ“fﬁehif‘t%y%badg% Lk dF05A erngRsr 248y QItCPtawstms
E@%I@XS COsRLAI0PY 1RPorbH PEER vAth ADEREPOhidfysiZfhe r&fthr
99. rans oOf delonized water to 1orma slurry. The
@p@rﬁw axeept Fa avabierangd contené af conrelgsary. (haRed peguct separation
rgét )m& tlﬂggruﬁg Bﬁ)@l‘l& ggal)%ls%rg i 'ﬁm? le (ﬁalsérib%@ 11?]13§émp'ﬂaa5 20
grans al um na gram o suppor

c 0 rrb |Pn@dlywetnhmtch@lmi @ Réﬂ cslo)l aypwrbeahnid Evbople @4 Wwas Biyxed with

I ei oni zed
SLATELD B 70 LS TH el A Bl L
mul | edmblybdehbmmianiytsed6.6Tha’ )rtmsmgmpng: sivie Xiistib@tibiadrith a piddian

e S N R A R LT A
witlese balaficebeing pBmttilylagaem2>dxhinusigpert pas tixel @dth silicomearbide
ézuc l.at s vvereddr ed at 100 C. for several hours and

ChEHCE e Retfioned Bgbe PPepnadEGHNC ) for two hour s,

The rms umllyﬁg w@@tsaiﬁyi&d umg“thcame@ldd ap@rsc@eam OfS. Patent No.
cat al 0.022 gr ans Ni

th
the-% |t%ﬁ&‘§1°&&%§1 sﬁ&ﬁé‘flfldatf?l%é?f%lc%ldgﬁ Pﬁtﬁmeﬁé‘lurevgf the

GataddingSlonbiachs FaifRAb 8 RenRRFLurd beamst-er Ofy®Rdathon WekiiKahait long
| east 60% of the total nunber of {)ores in the pore

Tgiidye )dieging the rensHich syPmeizad ot @l %a HEe-ep Wi 44! t2 thegoRypf the
1%5]:@0@ thﬁﬁir%r%ﬁ CRERING Hﬁ&ughqmpﬁél?eay Rt r[@p &fntzgtl@gqﬁ)ne
/g, a surface area of 268
t@@ﬁma;@tlta@fngacow andltopoPFaEef th lte&pt%r abe h{fmgca@oarfepdms
t or

DA S o628 A Taly R (R Al BPRREGLN By TRy
q@n@dgmt wae palioHowo maneoHoydrogen gﬁdeo fprediae 65 (ahimf/ys (400 a6 8B)

t di nme th
al%ﬁ L%(%ﬁ n%?s‘;'d"gﬁ 8 tw%\éoﬁga?t;/ é)ﬁﬁs %Ie ii%nf}sd t 61 &‘ég %gsgure of
Bni3)MBs (186G piig)me the hydfoxahqul ke@ﬂowalsthmugledhe\mmthrtmg Fomes for

ST BAEE; RSB BEPSBRERE P DS e S @%r?ﬁltcgmlxmre

efghepitepatod by the nethod descri bed in Exanpl e 4 was

m xed th silico Ld 3.cm form
ol y BN Tt oo Gl s Tl P s o9 gt a0 378
CEhd /G2 EImabte e 420%); bippRRGed bt Cofl00R4GRM AR bfafh of
zone. After sulfidation of the catalysts, the
‘E%fi‘?tpé%‘{uichg zones were raised to a tenperature of 385

"C. A hydrocarbon feed (-3C 10) having the properties
summari zed in 'Fable 11, 10 NG 24 was fed to the top
of the reactor. The hydrocarbon feed flowed through
t he

89



preheat zone, top contacting zone, bottom contacting

zone, and bottom support of the reactor. 'I'he feed
woer®soemtsact ed with each of the catal ysts in tP@&r/US2007/080433

presence of hydrogen gas. Contacting conditions were

as follows: ratio of hydrogen gas to feed was 328

NnB/ n8 (2000 SCFB) and LHSV was 0.5 ifl. The two

S?nag%tgle'%%gz %?P rates ;ﬂnat COTLAf t oc% %ggrggegP n feec} \éflglg a SI‘IGCP ca d’ﬂyst

Iirhdwugahcrhdtmpro@mt haas/ingragresmme;mtfemrofdﬂﬁast RO%ros hydBUcrarhstgl feed

ontacting the P-value of the hydrocarbon feed/total
6 7&%uct m xture remined above 1.0. As shown in
FI G HfhertoRifiiaticls apd Ot vl adibodd@Entgoiohs Spdededt the

product 0. 235 grang of si.due and a viscosity of 41.8
> 18‘§tn“8‘% wihbegippis nté@ﬁl‘}‘??f‘sSké‘le?&ﬁ%Fhé H AR 1Of BYieEeseripipn.

A;&amcguy @fis desbiylion G MR RodsaaEH Willkytraiveaindl dtis fohmle pidse of
nore nmetals from Colum 6 of the Periodic Table

ts%ayné thasp gkiled indhearidBrpraaRbRanTer Bherying ut Be Huetiog. Itistobe
(raOR6@ HdMMe Ror of R ifReAdRARhSwT AR RscrBpd hQBi alf to B taken as
metals from Colums 9-10 of the Periodic 'Fable and/or
eaaplss opsrhedientiso dildarentsiang mategials iy de st utedfipigthpse illustrated
| -

e

ipetnieemapbe Wilknd inde@ndently odlaseeul bs:rapu@etprt@dm:sﬂﬂlhéw theart
- r I
DL SO0 BT 0hs TS ARl S UG s
fﬂhnfalltsydﬂscnbed' heeid Miéldumpatlygﬁomm gpire jpad £dpé¢ of thdi@vention as
(%glleg%lge nner alrrlsupport (200 grans) that contained
fﬁ? rans OPWHQGl grans of nickel and 0.99 grans

15 alunlna per gram of support was i npregnated with a 30
nol ybdenum cobal t sol ution. The sol ution was prepared
by conbi ning 46. 68 grans of MO03, 14.07 grans of
Co(OH) 2, 20.08 grans of 85% 1131)04, and 300 grans of
dei oni zed water to forma slurry. The slurry was and
heated to 93.3 C (200 C) wuntil dissolution of the
solids and then further heated until volune of the
solution was reduced to 166 nL The sol ution was then
cooled to roomtenperature. The pH of the solution was
1.71. The support was inpregnated with the
nol ybdenunt cobal t sol ution, aged for several hours
wi th occasional agitation and dried at 100 ' C for
several hours (overnight). 5The resulting catalyst
cont ai ned, per gram of catalyst, 0.115 granms of M,
0.032 grans Co, 0.02 grams of phosphorus, and 0.74
grans of NN with the bal ance bei ng support. The
nol ybdenum cobal t/ ni ckel catal yst had a LOT of 0.053
grai ns per gram of catalyst.
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Exanpl e 35. Contact of a Hydrocarbon Feed with a Dried
Catal yst. The reactor apparatus (except for nunber and
content of contacting zones), the total product
separation 10 nethod, and the crude product analysis
were the same as described in Exanple 5. A
nol ybdenum cat al yst (33.34 cnB) as described in
Exanple 34 was mixed with silicon carbide (33.34 cnB)
and positioned in the botgpgentacti ng zone. A
nol ybdenum cat al yst (16.67 cnB) having a pore size
1.di stA mgthod o pradu¢inga eede aredpets eoraprisingt er of 192 A and
cont ai ni f I
cat P oBe e IR S BEPHIME Rt BT Gle content of
at ddastrd, hgragis @)Bogrhmvwf&ymo)&ﬁﬁomfehﬁ, it oreon noae batalgst foopréduce a

o ou A1 SRR catfbpraibe SRIFaN RErHbEnSA abid mixure s

25¢Q§&fd‘ ®aA NPa thSwhiRRtRAE pMﬂucﬁlaggQ@sﬁﬁ% ch@teftdPhat Ab&W0SS of

al. After sulfidation of the catalysts, the
the eavislop soniens ofthethyeroserhom feflighereinaesidussonignideas degermined by

-gl{mﬁ 405 C. A hydrocarbon feed (Kuwait | ong

A res%tgue ? %vi ng the properties sunmarized in Table
12, wefin ﬂﬁlemsné eftth¢ cattlists hza;ﬂ)eerﬁ ptehared bpcomobinitighesupport,
hydrocar hon f flo d thr.ou t he heat zone, t

iR ST HOCS-OHEEh B S AOSCRY G PR S ok o2

mRHARAES tO500 l’ﬁ&rdrﬁ@@rts Qind ohBer ML Mealk Bom € SeenERS the Periodic
contacted with each of the catal ysts in the presence

Table angicnr o5 AT Gz compaiaistal Rae eloReicNeSHS fipgy @olgmn 6 of the
i o of hydrogen gas to feed was 656 NnB3/ An3
Pe?%%%ﬁ@%s and 1A 1SV was 0.33 ALI. The two
contwletréingomasiing conditonsant ehtiodeBSG 1Brtiahpreasye ellydragen of
190 hydr ocar bon feed
at?"?%@lgﬂf)ﬁﬁp%ﬁé%“ ﬂ&“‘%&ﬁ?ﬁ‘&?ﬁ%%g&g%nes for 2537 hours.

2.Dur iTig e@Rs Bl T, RdeRinvak Rh@hn & hetamyaﬁms BRb/bdenum.
feed/ t ot al roduct m xture remai ned abov

3.as shwvipethof af:ghaim Iy yvheyepncghe seppoptiremMpriaks ?wlawétcah%caa
alﬁﬁ?ﬁlﬁot?th ﬁmq{m% zivcdniim §£1d§  IndEndQum Gx IR dor rﬁ)ixaﬁlé’s tREr8HE

resi ue an aspha tenes cont ent 0 . gr ans
4.per Bteamtbcﬁd efraladen Jpmdigredt the hydriosarbsaiepd & Qﬂemﬁqéw@w@s or

t hat rocarbon feed with a dried
mglgtcg FSIS‘% gé:lé(gdre%{%r ude product having a residue

5.co nt"ﬂmtmaﬁocadsf dlaist 1, ¥ieenf thi ycktiadlefiihinr chmpedsasdsicdotating the
Further nodificati ons ﬂnd al ternatj ve, epgbodi nent s o{%@l from

crydg product inip apg & reredistllate fipstonsondarpucHs gsRariaten

athQB&eeild B8itialk htgom t 1 n view of this description.
Accordingly, this descriptionis to be construed as

6.0 1 u&meamd\ﬁépmdmymara@m® presiuct, kempiifipdse of Leachi ng
t hos%nt'sa%{nlé%% 9¥dﬁ5‘ca}%% 18 c{ \Khllﬂ'l% I'Ergﬂ)%gug%l ?@eﬁ@ﬁg a 9{3%051% of at least

carr nven I’ on. unde
1¢ dfﬁatat fB’h& °F owitis oraf ortrhma icatakyss Ita)prodinmvartoahmodaﬂ ¢hiat brethides the

rei to b gen as ex Ies ggb
crpieand Gt e RERS iRy Ba e G 23 Gnt B0} Mend
which éRidE BERbct has a viscosity content of at most 50% of the viscosity content of the
hydrocarbon feed, wherein viscosity is as determined by ASTM Method D445
wherein at least one of the catalysts has been prepared by combining a support,

mineral oxide fines , which mineral oxide fines have a particle size ranging from 0.2
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10and descri bed herein, parts and processes nay be

reversed and certain features of the invention may be

utilized i ndependently, all as would be apparent to

one skilled in the art after having the benefit of

this description of the invention. Changes nmay be nade

in the elenments described herein w thout departing

fromthe spirit and scope of the invention as
mlgt%ﬁféfe!r%djot) Mitfdehefedd, lhabROorGhért Aetalslfom Clolivibs of the Plriodic

nmet hod of producing a crude product, conpri sing;
Tablerndiot PRRYIANATY dpBBeHgs AT Prect MagR mekIniRiP SekmEH of bed

S e content of at least 0.1 granms per gram

Pen&%ﬁ%gégég%gon feed, with one or nore catalysts to

pr od\t]refenacctlmtcahg pmrmhtums atertatitrolhasll at d @artin hgressprecd hydrogen of

crude pr.odu allqwd m xture at 25
at%%%ﬂf%@ %ﬁ?e \Rﬂ g%%le product has a residue
7. Contﬁ@&&algsf f@l’ftreﬁﬁﬁg ﬁ%@ﬁbdﬂl@ed Eihidlalge Bpedmitingfa siysort,

hydr ocarbon feed, wherein residue content is as

migereberidnbershyhrdTvingsl erde resdiave a particlgsize sanging frorm 92

mlgl%?ne?gri O%O%Eﬂ)lﬂe?é@ ha ?ﬂ@&etﬂox%rn?@ﬁg 86mol GRABIJR HRPeRiodic
m ner al oxli I nes |, h m neral oxide

Tablenmd/oh aneeoranmambmpbmds iof eng enmgdm gpefalpirp®, Golumn 6 of the

PG R B S B S B R o

at Gagqmouhids of one or nDre nEtaIs from Col um 6 of the
Periodic Table ; wher ej n. cont act.i .
8. condieicaRtySetEAim W@Pqeéuthapmac &I heﬁ?l&%‘gh?’%df‘ofﬁ“es ranges
I ga and a tenperature of at
eggﬂgg%ﬁg@% ‘bﬁﬁ?r?rrg?t%{gd of claim1, wherein the
9.Col Ulthe cﬁta]ryet ofl clajorif mihsrsin the kytbletris abtaingble Py gombinkE thef
ein the I
mglfeqa;l )8?%: gpefs @lg opf Banﬂ% CR'%’ tclgsr:] ?rﬁ%p(géxlﬁ 6drF ﬂ@c%%oﬂlc Table
an@or e, ond R AvSd ¢omppuhdieof cmE: omrvotameiﬁlstﬂwt €olfumn &of tHihReriodic
net hod of claim1, wherein the hydrocarbon feed is
Tablhn pREHEIUMT M one or nore catalysts in a fixed bed
d eackiRlcatalyRt of AMim B WREPfhe ChilyRt Hes a¥¥i65t @ INgrhfe offEblnagls 6
further conprises fractlonatlng the crude product into
metpkpepgranpocatilyti | | ate fracti ons, and producing
tra 0 o :
1 RS S HEH o R B BB @B o0 ofpores bvin
a pcrrel giec petaderc t Q00cmpRrdnss ang:5000 angstrometveletréingom size is as

drocar b f h hydrocarbon feed has a
m S ’@gg’ qu?tg?delﬁhégclo cSt at 37.8 C, with one or
14vor er}&aéa&h%%tsclalﬁl PRAREGEH cb@tyai haR a@dtfede drdwadf at least 200
%ncl udes the crude product, whi crude Broduct is a

mi/gquhedeifisxianearegtis 2ElatTHIRp d)ymi"fweta whih crude
{ 11
SO A Sk R o afmie
14/ s cAsiethodifor ths pdpheation n’éajcdmg/lyﬁS@WIrWBg hoahypreief claims 7 to 13
wherei n at .| east o e of t al has
c e B PTG AL 6 PO i HEH AT S5 e fgeve

pd&%l@ Bz 8t Me Rl frodx QanEtdﬁ%‘éerbﬂ)Vﬂ)O&nﬂaﬁﬁﬂdtéi‘k and bA€or raagingals
fromO.2
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 in a muller to generate a mulled mixture;
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m croneters to 500 mcroneters, and one or nore netals
from Colum 6 of the Periodic Table and/or one or nore
conpounds of one or nore netals from Colum 6 of the
Periodic Table ; and wherei n contacting
conditions are controlled at a partial pressure of
hydrogen of at nost 7 MPa and a tenperature of at nost
500 C. 7. A catalyst for treating a hydrocarbon feed
ex@RliAE PRME1eD YnitRRDL ThiMgeardbRpariclesfAndalidhg axd edcifing as
, which mneral oxide fines have a particle size
exiradugg prytislesomplerarad exdyfdt ers to 500 microneters, and
159N€ 198 (XM Fehadh 94! \{J}%Q:ig’%g}‘lgg i8 ofd a&iBG-ddeN4adie ?&Eﬁﬁ lb&fore
and/Or “one of nore ‘conpounds of “6ne or more metal s
mifligmhEatippor, Mimzfal tohiele Paes adi the Fabdrenoradrictdts tandlojwgnn 6 of

S.a.pore size distribution wth a nedian [

e rinRicn o Sl ofs 8t Mg SanpOyds ol BB Sy Bom Gofyrn

of the PpRERITALIhe particle size of the mineral oxide
fines ranges fromO0.5 mcroneters to 75 m croneters.
9. The catalyst of claim7, wherein the catalyst is
obt ai nabl e by conbining: the mneral oxide fines; the
one or nore of nmetals from Colum 6 of the Periodic
Tabl e and/ or the one or nore conmpounds of one or nore
metals from Colum 6 of the Periodic Table; and the
support. 10. The catalyst of claim?7, wherein the
catal yst has at nost 0.1 granms of Columms 6 netal per
gram of catalyst. 11. The catalyst of claim7,
wherein the catalyst has from 1% to 10% of pores
havi ng a pore size between 1000 angstrons and 5000
angstrons, wherein pore size is as nmeasured by ASTM
Met hod D4284. 12. The catalyst of claim?7, wherein
the catal yst has a surface area of at |east 200 n2/g,
wherein surface area is as determ ned by ASTM Met hod
D3663. 13. The catal yst of claim 7, wherein the
m neral oxide fines conprise alumna. 14. A nethod
for the preparation of a catalyst according to anyone
of clains 7 to 13 conprising : mulling a support,
m neral oxide fines , which mneral oxide fines have a
particle size ranging fromO0.2 mcroneters to 500
m croneters, and one or nore netals from Colum 6 of
the Periodic Table and/or one or nore conpounds of one
or nore netals from Colum 6 of the Periodic Table in
a muller to generate a nulled m xture; extruding the
mulled m xture to formextrudate particles; and drying
and calcining the extrudate particles to prepare a
catal yst. 15. The nmethod of claim 14, wherein nitric
acid and dei oni zed water are added before nmulling the
support, mneral oxide fines and the one or nore
metals from Colum 6 of the Periodic Table and/or one
or nore conpounds of one or nore netals from Col um 6
of the Periodic Table.
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