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(57) Abstract: Methods for conversion of a hydrocarbon feed to a total product are described. Contact of the hydrocarbon feed
with one or more catalysts at selected contacting conditions produces the total product. The total product includes a crude product
that is a liquid mixture at 25 °C and 0.101 MPa and has one or more properties that are changed relative to the respective property
of the hydrocarbon feed. Selected contacting conditions include a partial pressure of at most 7 MPa. During contact a P-value of a
hydrocarbon feed/total product mixture remains at least 1.0. The crude product has a residue content of at most 90% and/or a reduced
viscosity of at most 50% as compared to the residue content and/or viscosity content of the hydrocarbon feed.
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20corrosion-resistant nmetals nmay be used in
transportation equi pnent and/ or processing equi pnent.

wdbmsusesof corrosion-resi stant netal often i nROl/Us®07/080429

significant expense, and thus, the use of
corrosion-resistant netal in existing equi pnment nay

not be desirable. Another method to inhibit corrosion
may i nvolve addition of corrosion inhibitors to
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processing of the disadvantaged crudes. 25The use of
corrosion inhibitors may negatively affect equi pnment
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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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acids, at the top of the catal yst bed, generally

results in an increase in pressure drop through the
whemsasmdssray ef fectively plug the catal yst bedpPCT/US2007/080429

Moreover, the nmetals in netal salts of organic acids

may cause rapid deactivation of catalysts.
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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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15di sadvant aged crude w thout also significantly
changi ng ot her properties in the di sadvantaged crude.
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of organic acids, and/or organic oxygen conpounds).
Such properties tend to cause problens in conventiona
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some embodiments, non-condensable gas. Inventions described herein also generally
relate to compositions that have novel combinations of components therein. Such
compositions can be obtained by using the systems and methods described herein.

In some embodiments, the invention describes a method of producing a crude

product, that includes contacting a hydrocarbon feed with one or more catalysts to produce

a total product that includes the crude product, wherein the crude product is a liquid
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15product that includes contacting a hydrocarbon feed
Wi th one or nore catalysts to produce a total product

WO bas/0#3163 udes the crude product, wherein the BPCTUS2007/080429
product is a liquid mxture at 25 T. and 0.101 MPa,
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roduce a total product that includes the crude
IS duct, wherein the crude product is a liquid mxture

at 29, Jom@é’iﬁia&nﬁ&l@s MR2avehith dé)(&lfb@§@fn@ﬁed be \}%Qdd&fh\g' aAQude

per gram of hydrocarbon feed, a total | Fe cont ent
pdust thpidadpdey COBTVRE @ hadracarband essh %@b‘éﬂetﬁy mfe egfalysggg produce

a]-tgtafﬁ()d@ctt thaBihcRdds RNGu@d prl)(ﬁﬁ§ twh@fé?n @l cﬁ@@p&@lc@lsyasﬂq%ld

onprising one or nore netals from Co
Imémr@@n%é *Crad 201 divd/the hyshiecagon rﬁmdélav:logrwsugrd@ @hyfb"ﬂ@rbon

fgéd L8 I\HP\;/ J: §onftern95[1] a@éa&%O@O? %tal‘ng edl’lg Gh (Btglc&sq‘ma— %bh haltene

and contr ol ng cont act con tions at a te ture

whteat oflagkgadt Oi@ﬁ)grdh@ argl q@bnattloat Oﬁhe sEalyes @memlysuhg @g@ﬂr odre

métalrr?r%t (Z uml;f‘s 6- (()jf tﬁe #f;‘ll% 10011[5 b% and? o%e Qr ore cO ou(i)lds of one or
‘he e e lﬁg

cru produ uct
Ihlbné \ﬁeﬁﬂs ftantCehimns 6t Med me&&%)dm ﬂ“alﬂl@ O%l oénttoﬂﬂmgl\dlohfa@tﬁg

SEBER o e G £ 0B14. BASHLLY, o

Mygracal BV dfaedad. 13178 profiGse thhrei@d Frodiics Csdride firsdua@shaving

R S AT AP AR 0T 9 RS

ahdRIGEAUC antl 8 ks phMgdnt d@fiert ONAtaEdst 9% af MY Hy@eaktRATedda@thnd C;
Wi th one or nore catalysts to produce a total product

PRt fOPtsAle ¥held By GoddrGaRIGHCICHARIEL 1 4B &f tisdes
d@ﬁl@a@@ﬁ‘és ab §et@ﬂﬂ1ﬁe‘a%zd\sml\)f MR aai0d» a&l endph1d Rl aw&l@rn{utfb% by

g/ rocar bon avi ng, per gram of hydrocarbon f
ASTNMgtheG 1P3778e content of at |east 0.00002 gramns, and

a toyg Lorﬁeeéﬁlg)ldﬁn&l%n e nﬂveﬂlﬁona&esérﬁ)@sc‘ﬁ mBthdd Of ﬂg&lm@rhctrﬁfe

| east one of the catalysts conprising one or nore
medugl hatfingdwndes SABhaing 8 hgdroguris fedsewiteeresd inere qgbyses, to produce

|
PO By i En RIS S A 1R
wixnire @l25i°Agne 00 b nbe bpincliathoo igddiaviag, 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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tenperature of at least 300 "C, a partial pressure of
hydrogen of at nost 7 MPa, and a LHSV of at least 0.1

WO bdoshes7pF oduce t he crude product, the crude prE@OUS1007/080429
having a Ni/V/ Fe content between 80%to 120% of the
Ni N Fe content of the hydrocarbon feed and a 20
resi due content of at nost 90% of the hydrocarbon feed
resi due content, wherein Ni/V/Fe content is as

oed €T fMdne Q:am()n@echtM: Bﬁilfﬁéjco@g%@f%% ARCor 1BStk LR €Btunins of

as determ ned by ASTM I n sone
teBaidicelils, artdms PR YR SAMBREET Pﬁo@@ op Mgt IRgels pm Column 6

FURANEILAY TabIET HHoRF PG nfa iRt doRG 1&‘19;64% YRR Bfar Reast 300

hydrocarbon feed wth one or nore catal ysts positi oned

>a ptighisessyre pbhysireasn oAetNast7 Mireandaf LES Y pias deapidyl h™' to
C
1BREE Bl kiR R e B Pl FHATHEL Ny Sk LREh Rk B ana
RO%t afrtlee 1Y/ V/FS c@item @f e h@drodArzpn fedveandypdisoeatylaodi/.8 eedf at most

Con{)ﬂg?v osg?&ﬁélﬁ(): dr%c\él%og?&ﬁ%p §]7§ QVhe% \Q%C%Slt 1?%% 9#%1emned
yaASIM Mah@ddpisi si ng one or nore rret als from Col um 6

of the Periodic Table, and/or one or nore.co
o JF s Y I i e esr s o PP R Tuck
pTabiCEﬁhataﬁdudE@ obitadiing B ¢gyaociradt fedigwitos e o ndRScaddlysss to produce

R Ba e BE1ofsebS Gtk irefi e BT Bl

thixturé & 28roduge. 101119113@ ftﬁQEycﬂdeaﬂj&bﬁtfeedthBﬁngl pdfl@aRloddid@beagbon
resi due content of at nost 90% of the hydrocarbon feed

bES i NBR Erinient of S 1T 9005 R B AT v ehent o o

kaven ka‘ﬁﬁ RIG0Y 1@ Dn@o M E QAP FRIAR O bil 1A%t hftddls from
i nclu per gram of hydrocarbon conposition:; at | east

@olgons @ﬂ%ﬁfsth@ eripglify Gdkr sV off PHNErelsempugs plaifger more metals
f%ﬁ b(ﬂu%ts KaD ol?ﬁ{evl’%ﬁgdlg’ %ablg: atHd gor%@ﬂmg@o@tﬁctglg %Qﬂdltl}@l@ at At
| east 0.001 grans of hydrocarbons wt 1 ng range
teingertitestpoinash 3Y0WKE A PROA! Presadl Bm;oge@ Oéﬂt I@OSl@MPslwal a
t r OR\
sy S Bl PR P s KRR RORE S Byt B gy Ve
dvmnt taftwetee &8% 0 12@% ogtha 8/ VdFe ¢dopetnbdahdlmpnisocwibb fegd and a

reild eecgg tg)l.f lat)lgl%é 38 &é;potg rtTth: hg?}owrﬁ@f {.Ee(? I%Qld%e cotngenp %Q%uﬁf’i‘v /Fe
@n@hns aodet@hims ph ASTdNBEtholl D5§0SrEndentidai copibiss atdvermined by
‘%[ %ﬂgn ]{;ﬁg)?rl bes a nmethod of producing a crude

%‘éﬁ i ncl udes conl actina a hydrocarbon feed
W t h [®B@nd¢mbdngenta tha linighisont dés@ib@ﬂz!uﬁlethad bDﬁradluc[lngCﬂm@de
t hat i ncl d s the cr%e product , rein the cru

Bl PSS TG D e s M g osioned

ihbge Hiyidse @aﬁtht%g LeRd ohaMkdithea rdab®E Q)Spr&dahc@ﬁ t(f@etl pkcﬂa&tthalo
cSt at 37.8 'C.; at |east one of the catal

iggde |th§é§u<@r?é0délﬁt WHeTein Rt grde rrpdist %lhamﬁ‘émétui@oat of "¢ Ard
PrriNpi, ¢he fy@@c@rb@ﬁ" Fe@ha KL pQTerdTR b EnyRIRRASA dq Of tofalfesibe
more metal s from Col utms EG 10 of the Perlodlc Tabl e
oA 19E leastt Dilrgareo AR fgasicpne oh ti CRakyS's eamBfisingnpe PEMQATce
Jl@tglg]ﬁ%%%&uﬂlﬁ) 6 %5@16: @erlﬁhpﬂtﬁé %hd/@tr 0%% H ﬁl%recl‘fon@}ﬁgr{dg g?@ne(gr

at nost a, and qui d hourly space velocity

1@/ megdls @@m ICotusin @OfIhmBIertOdlcﬂiablﬁum Oph@olbmmtap?lwsmﬂltlons at

J@Bp&'&% /oe f%[ Bﬁsg %@/(? ‘I;bz\é glgla }44331%%? h&%’r gl é)r% trﬁos 7 l\glf’ Qﬁd a

HTS\B of d& leaatr(dl huﬁ earmoducath@malle peodoft, te hypde pmelucb@memdue content
ure is at |east 1.0 during

of al.eltnost%[‘)% f é/ rocar on %ee(ﬁ res1tdue cosnt ag det ermi ned by ASTM

I\/Et hod 1) 445 and P VaI ue is as determ ned by ASTM

Met hod D7060.
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In some enbodi nents, the i nvention describes a nethod
of treating a hydrocarbon feed that includes

wa@onsaet7sig a hydrocarbon feed with hydrogen iPCT/hig2007/080429

presence of one or nore catalysts to produce a total
product that includes the crude product, wherein the
crude 25product is a liquid mxture at 25 'C and 0. 101
MPa and t he hydrocarbon feed has a viscosity of at

| easty dnEShbRtments, the' ug‘en@dhdprG\QH@sraQJnyo@ﬂb@rPéUn%th}Q that
conditions at a partlal pressure of rogen of

inglades peimam gh By HOQEE EPAPUHENHEL Igpst Q&fﬁt gr%@O@Yé@éﬁ‘rfbons with
4 Mﬁng@a&e@tﬂﬂ%ﬂ@ﬁ b&w@%df SO@JnQ@OO fo@ Q% f@t lﬁba Rk R:gé’ﬂ @t001 grams

m xtdre Temains at least 1.0, a total consungtlon
Hrelrogasbons svilita heg e r@Re NFBThyBon batteanie4 CF aae by dudr101
B a@le\c@t%c@@% fa}‘n Q)ff hgdmémtns WK %Bmﬁg ?a. § dlsiﬁbgtgontlﬁ:?ween 343
ydrocarbon viscosity, ereln-vi COSIty I's
‘Getndoif) fedt (by) MﬁH’M aMeErt 0d01 priadB oA hytlrgravtzing with gn astlal boiling
- ' b 0 7
A SHTASEP AT LSHed K08 e of Q8T st 0
drueadfi Gypsphahiyrdsocar bon feed that includes an upstream

contactin npris r at al ysts t
PR e e R R R R A e R AN
predwt dad 1ﬁﬂﬁﬂe€0bm¢i‘ﬂﬁ1n§ a h@dr@cfarlﬁd’ﬂﬁeéﬂ&ﬁﬂtlﬁdie@r Tl @ralandb foduce
one. or nore co e or nor al s from
0gial ARdet fhyt gelu ff?é eF%P eoQiP Cir ipersin ‘&)ﬁ%‘?‘é‘f Prodush isgdiauitly
ralxturé &tQSfOQQﬂd bam MPagthY h§di6&ion fesd vink aa&tosl@ @f @t&‘b&asato cSt
ne or nore of the catal ysts |n

N azﬁr o Bora L gaialyslt epmBsCROTC SR Gl 5 Galpmns 6-10

df@&sﬁen%@ig Table aﬁd/&adnteb@lnoi%r @aPohfls Of o VA REEMeQSs fRfm Columns
nost MPa, and LHSV of at least 0.1 Il produces a

(ci%féh%?%msi@tﬁh@v pfroatrllig engifaciinggongdiriops af a tgppegaturghigm 370
496 é aYtiaSI; 1%§§u¥ Yo f dltog(% (Ifla[ ﬁlBstf7%§a dha 7hcﬁnd I%urlg @%ce
omnstr an1c ntactln stem coupled’'to the upstr

\@Mttadﬂﬂ&‘g) dytslegsm)a te pnﬁu@uhedud@prp@welthﬁecmroduct having a

\p rC(())g;l ?ﬁf 86921 exd st[ 5&% o% Hle VIS Sstltr %?{He%ogrtoéaa%tt)én c %%% , and

er oSt 2am cont actt ng tem1s con |gure
wmﬂambwaahwbﬁehﬁﬁﬁ@ﬂﬁmﬁ&@%bhhgndﬁﬁnmpmbﬁemﬁmmdnl@ﬂmgng

ﬁ‘&t emt E?rgmci{lsﬁ%Slﬁy ﬁ%egﬁ{ oe%rﬁma%g%@ﬁ%&ﬂg&@@ft@rﬁqﬂ&-vame is as

deteg@inea gy aShyorvesan boned.eed conpri si ng: an upst ream

cont actl ng system conpri si ng, on at al

| eastin HHR’ %ﬂrﬂy@fi%en&@afhau%flféonc%ﬁ%ﬁ%? G Pgel GrioRbs & drocarbon
0Bt @hSndIERECEMRIMID 2 By @bcakthid fRAI gt yeirogE@ R Be pREKEOST one or
one or_ nore conpounds of one or nore netals ?rom

R GHALYES B Prodhse péitilaarducytha mmalydss thggeide prodegntisein Hy crude

Iﬁ‘ocfdcf i§ta hfqgﬁ%&éﬂ/é 1958C %h$6.961 Viva @hd AL hl@BSkbohd aamt 2 at
th one or nore of the catalysts in the

\umwyeém 1@@%&%\@$tuahé7 8 Vst aaghcaptrodlingeeplasting spadigpnsat a partial
r
T i e A A
wiugdé a pydrdesctontesd/ingl prodics pog ieyeradingy 1@st'1c), eftotaliconpstption
30 . &

A et 0B o SR e Dot o PR ooy Yo E B0
KY[0Y ‘Kb@ﬁth@hydnr@aﬂya 1f®mvan®1tgonlﬁqregm IVECbSttD israg deuemanaﬂw ASTM

exiti t he uyps t ng system

HrEF PR Tuu alni b Bl e SR SRR o 2 2

deaspin edriid gighbadiidnts, the invehtibnsdza@ibesbodienefot seatibl e hydrocarbon

nt.i gn. descri bes a system produci ng a crude ro
AL E e 8 R o P S BT 1 g b cRATSE Bl s
conprising one or nore catalysts, at |east 25one of
t he upstream catal ysts conpri sing, per gram of

catal yst, 0.0001 granms to 0.1 grams
7
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of one or nore netals from Colum 6 of the Periodic
Tabl e and/ or one or nore conpounds of one or nore

woreioakss7§F om Col uimm 6 of the Periodic Tabl e, wWer/es2007/080429

contact of a hydrocarbon feed having a nol ybdenum
content of at least 0.1 wtppm of nol ybdenum and at
| east 0.1 grams of residue per gram of hydrocarbon
feed, with one or nore of the 30catalysts in the

dhRSF fh@ ReMEIRE Npﬁﬂsn% oY oF RBkcahetds HEARI@hMEQ0 Of thaPefiRfid
450 C. and 7 roduces a hydrocarbon feed/total

Tl gy orrppg pmere CPWE“IW‘&{ Plos 1o 8YeTe elals {retdolyng Al £ of the
I‘Qnﬁglﬂé F[%bl@%l'le@tgn @or{mltﬂ{g dERY B§ 95\111%]5 V@Jos@}t otfgt? ﬁ;astqg& eQfat 37.8
he nol ybdenum of the hydrocarbon feed; ‘and
@owﬁhtonfearrm@re of Bechtakysty onibe srpipire dontesting eysw@satraé@mperature of
lo I
300 0, o0 L QIR ARTLERTLAFL 0 2085 o ot
Ip| rpddets nimdapreduct yigownsosigaB €8 iCat nimest §§%éthe viscosity

Syttt tff‘g%%tgzga?ysHglrdgg%&}e%}n%%&%um tyd t%fi‘%&g)? ?‘gelu%gtfe’am

@htabtﬁ@styst@m hndjranfiguod t(DIIReeNH anﬂmrc@eﬂeztfaécbexitmgrrm@qjsmms

C t tee F)eer gg}ed tre C ( rs crmée g subject the
88 81%?&1% e Wik OreE ﬁ%‘t al'se ’f“igSPﬁ TBIUTHYSHEEL S s
fedtbexPring aiupstiabl @ntat g sGabmnms claekitk patas.yst havi ng a
pore size distribution with di an di anet

Dot RS AR e ke GGEeT b B B e bR dBgarbon
foéd ddngpribngr @apsiam doadilalabmpoapkhe GHeXi diok: @tal}@ts at least
qnétr(r)gelr ature of at nost 450 "C and 7 MPa produce

fhe Sptalypie CORPHiNG GRe PLEEL mactls figw Cpﬂha%é?f (g g able.

a{nhfe‘)r GRAendE BslisIundsSordnt bftbd niiatd 16:8 @lundds ofh@Pdiodic
101 MPa and 10 the crude product has a nol ybdenum

Ty@iﬁ Fherepfconpctipgslirgdogddrvinpa Visersith @e pflpast Biftcehit 3g °C, with
3Ry Hﬁéf&r&%&aﬁys&q& the &pGredtn c&m&m%%gtaﬁ at P€mb &%ﬂui%“& at least

content of the "hydrocarbon f he |nvent|on al so

PPV dpatial prsstiod! ilrqgendiat invgt aMEp.Lrdd ;ir%d/h@ftat mtlﬁ) 1h'

S
O DR e B Tl RGP iy o
thofipolid atch. &°Eaand166dqvoism@ascmtactlwtem couplepiorthadpstream

SRR 4Rl ol F R0 My e AR Gl PR P T

qz»etactgrga;mtem \hlyedam d&rcbwmstmanmsuattmgrsystan doraprldeeas¢asp11a]11ng
ugilrlams of hydrocarbons haV| ng a boiling range

Stribution between 343 'C. and 650 C per gram of
hydr a¢ siosin@ames, the dilentidh ®edideembean@dingtah@ude product
Enventl on provides a nethod of rodumﬁ% a crude

DYPoauLLe: @H‘Q?trqaﬁbqoﬂﬁé@gééﬂﬂ?laé PR WY AF BT B Steideast

e o (HO RPstRAM TR E) 516 db@P YIRS pélcgr@ﬁ Ofltieys8 OLOOhakrapk @F0¢ torams
that includes the crude product, wherein the crude

Proseiticnosedneialy from C@lupng ?ifrtEe E‘tﬂoérj Faplegpgfoponept mgpycompounds
&f%ﬁe By H6R a4 DORh e thinkAy biNFe PerRARI Tablk {EQGRRAKA LERT
of at |east 0.0001 grams per gram of hydrocarbon feed,

hytrocarhen feghBavine & melybdanameonisnipgt lgast 4 z¢ppro obrmolybdgagm and
aﬁ?fleagmﬁ Q5mIDF QsiliRE Rk graﬁ{&fﬂga}{%wﬂ% f@ecpfwdl%ﬁe BenbRK fhe

Tabl e and/ or one or nore ounds one or nore
qatalyslsgn fhegnst@ampentagingfsysi¢ra a%@m@a@mﬁm wogdpl & and 6MPa

9&11%13 d/islg dr&cgl%og?éewal r&ﬁl&aﬁnx&% %e@hr&%ﬁb@%e@’tcﬁﬁ?ﬁﬁuct
S e utiron wt medi an pore laneter o et ween
Iﬁ@M@Wﬂgmeolab@nmS@ommgsf atgnest 9¢% f thenkdlylglemmnofabe i ng

ndi

hy%rocar 01 E:ed and a downstream contacting zone coupled to the upstream contacting
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a pressure of at least 3 MPa and a tenperature of at
| east 300 C to produce the crude product, the crude
weemduet7shavi ng a basic nitrogen content of atPemE$2000080429
of the basic 30nitrogen content of the hydrocarbon
f eed. In sone enbodi nents, the invention
provi des a nmet hod of producing a crude product, that
i ncl udes contacting a hydrocarbon feed with one or
PRE eh @itk Y&t Sc dnfcREOIME BordighRl &b reBsi QUME hydrB@tbon feed/total
i ncl udes the crude product, wherein the crude product
fredugt PpxgE-dhe AWIstipan eAntasting (SICRF@MPIIYng Oy -MGrpgatalysts, at
IQ%QB&%R&%\&&Q%HM% ts 0%1% Héiﬁ nggr%ﬁtof Qafted?stt Jt fast. 0. rg-ms
grans per gram of ocar and | 'east one
@fong premerg agtalsirem |C§lvasrms & Waﬂfltléf 1??;710@19 abla ﬂmj@r @e or more
SRR BE o e BTl B S TEFILS PG FRITR Gpumns
ﬁaﬁécmlystrba\éngmpm siz¢ digmb@einunth Bmediart prae ﬂlemat@dq)fdoetween 50
| e p .an I .
BT ins 138 oGO0 R bl R EE Ao P HIELABLS Ay i
a’% a M?ﬁpemmde af :ltemrrse‘tﬁ)t “Uraad GfMPzelasducE@ﬂto'llal ptoduq:trtlmd incldedre

SRR MG G GG Ph Rl S o5 A 1) Mpa ana

thg/dme:@b&mn h:fs&tﬁﬂolylbd’énﬁrﬁ enteirioo ali ii@n @7 of the nidipbdeiunOontent

P ueEE ot e T B SR B5HSH Sk he B soon eed

T@ﬁﬁveﬁﬁ@rﬂiﬁ(ﬁﬁr&wﬂ& A QRIS produbingh cRIde géatictt@tmolybdenum
i ncl.udes the crude product, wherein the crude product
pducqon pHRg WdWREMre at 25 "C and 0.101 MPa; the

hydr e s4RomdRAENRAte %M&J@r@&fc%fdﬁﬁhﬁ@ﬁ c&h@@tlon that

content of at |east 0.0001 gr ans & gr am of
lnglaqleé akletrd - 1rveeem Oaﬁlalyh@enp@aéttleaéh Obgramﬁ ef yalrogripepshaving a
d%}nﬂﬁ%f?b&%eﬁl & A Qe g& ﬁggar% );?l?ocgﬁ{)h()dl ¢
Fa Ie and/ or one or nore 15 conp one or nore
quetpatigorf; rodat@Colsuivh g@me of hmd@monmhvmg’ aFailing; rargga dlisonthertion
b%Lw 23 ["@ ci6%0f l’Coprfpr grglhluomsdr%ca]ﬂ())ono rnt hSeltIOF;’Ier i odi c
a e andf Or -one Yot #Hdre Xonpoun S"EPYENE or nore
mst alls sdnieogmicdl nmnss th8-dv@ntddn ﬁrhﬁddgarm@bbdbf"ﬁadnﬂuang andhde
cg.lgg &a!é{ngﬂdgﬁ%gfnt%é%#n g}yﬁ%?:gjr %?E? Z.)Vlt ge grntaorg catalysts to produce
at fpaoaidd iRt @tluads theatde ptOdhct, WheRinhe tueepohet Graudgid

roduct, the crude product havin MCR content of at
‘ﬁ’éﬁ%‘ %‘@596%16§ 151?5”’!%&%‘3 g%‘iﬁ?‘@ﬂi gedta}ﬁémﬁﬁg’f‘%‘é%‘FB%Fﬂ content of
4 eagt, o.o@e%ﬁm MR QR h b aktfondSedd QUGN (R YA IVhas at least
Met hod D4 I n sone enbodi nents, the invention

(b@ log/rReel AperB IREINHIS SoBdddihg 0 &T e kerodis belcndiggpe or more

doRpbHAR S BEQN InbrO e ARG CHRME SRR Pésibdic TRI8 per gram of
conl acti na zone, wherein at |[east one of the catalysts

qaalygt, sl Qim0 sta Patelas ARyiag 2 poiR eireflisribhéoncsitumediagpore
dg%}ln%%ﬁds{f ;@%@Jeéﬁ% %@%ﬁn%ﬁgggg&ﬁgg%& Eg?tgﬁy%}%ntactm condltl%ns at
affressing OPetrlﬁasd3 MPrahdl e teampdratire ofas laast 3901°€ tepirgengriescrade
6

ﬁ%ﬁc&bp Eher@l%cﬁ pgzﬁﬁslgl!p%glr %%J{%‘gq? %1 cr%g{% tL AI} glt Bgé’t 38% & the bas1c
ilnegenmicouitentof the hadmeaﬂprmrfaetdﬂ e of at nost 200 V t o f onn
o RSB PR bR e A SRR Do  cnce
]ﬁahmtmﬁﬁutmd@mmdmaﬁ@anbﬂkambanﬂﬂ&aﬂhbhamnnmebmd@SSkh@omme

crude . . . L
a tota?product that includes the crude product, wherein the crude product is a liquid
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30 product, wherein the crude product is a liquid

m xture at 25 "(2 and 0.101 MPa; wherein the
whymsoeashon feed has a residue content of at PEEB$2007/d80429

grans per gram of hydrocarbon feed, and wherein

contact of the hydrocarbon feed with the dried

catal yst at least partially sulfides the catal yst; and

controlling contacting conditions at a partia

RixeES M8 ~0fanhydn P8R AE hddrod8Rhtfecd PR r@kle Bontent of at least 0.1

tenperature of at l east 200 C such that the crude

Prvees eranpet hydrosapan e and arlpasppnef theatalygyds Prainghde by

d'o%lnﬁlﬁge a%ﬁ)ﬁ'ﬂoﬁéﬁ ca@zflys‘t hge Bﬁ/ AbRGALAORoH & &Mim] @otstﬁgﬁerlodlc Table

enbodinent's, the invention provides a netho

E]@rl@ﬁ o' gTgnaae eruRie gy @ doe pr mpramatAtired élf?h@@h@ gfcth¢ Ryiogic
ce

@a\g &g? org S&g&’c Joﬁm %8 tQJéle g@&ﬁm‘f‘o@% 81' eﬁ%t?acl) hféssltf&?e"&“

lwﬁeg@nmﬂmne3@ﬂudedpﬁmdmuﬁmfgfhaﬁBQLﬂHKnnmh@¢éwanmﬁﬁﬂkmru

t d [
tﬁ% grtug% %Tg cM?z?vﬁIrg zp 1%;15% J](.)%&:%{ &%pmo&%a% o&f‘%hear]pglﬁﬁc'e Cﬁ%gtggtrqg ghe
Hydedarbamttedt | east one of the catalysts has at nost

e SR e A bR SR i bines e B SroalTB e e

Iﬁ&hmmmanﬁ@mﬂ@undamﬁ@zﬂﬁenﬂmbamﬁﬁdmahahSmﬁh@ﬁbQEWMnnqﬁomme
he Peri odic 10 TaQ% ne.or nore tals f
ol pinducg thppingludgs ihe espde 1y ‘t‘ft PRETCE B ePde Pt 2 ltﬂb‘
Iﬁﬁtﬂa@m@@c%d 0Ne1 MPaNBE BydrBéaathon fEddias Cali¢tonerbdn &Lided (MCR)
the Periodic Tabl e, and a pore size disaibulion with a

GeRENEH ablé‘f‘sé 0§PAherrs PHeraiR @f\h@@cﬂbaﬁ fredigd Al leggh gne of the
GOMslsHal: 088 o LA Rl d1NG016 QRHintd OBSh@PerRaRar able@tlnd/or one or more
pressure of hydrogen of at |east 3 MPa and

qoawpeids ofipre @moae meakdtonpgolumn 6ah thsrlsgadie Tt"ﬂ@ 3¢l Gaeor more

rﬁétﬁ)lg W6 hy thli‘rﬁnscg W@f RE PAIMRL PBN G 0Rorkr %ﬁﬂr{g&ﬁnlﬁﬁﬁﬁswgne or
of at npst % of the residue content of

Therd mstedy fsom Glbb@dls 9-10 of the| Rerigdind aldl pryord pmmllglg cohfacting
éoﬂéﬁggﬁst a?tg Qtltlglvﬂrgs?érgg %?g 8? ffltr%garsgéjfgfrf)h gﬁ’d ?teﬁ[(ﬁ)glqﬁlr%of at least
Oﬁﬁoemda&ahq@t®3MDmprdﬁumgbamubmdwvmg@dﬂ@RCDManomeumt
BB 5o RS R IR L RS G
Hﬁ%ﬁﬂNﬂMmﬂmﬂEnim3|due content of at least 0.1 grans
er gram 20of cr le feed:; .and f
Phe SRR e pe iR GBS gadl o aF ling S8

Igbcaicﬂﬁilalﬁflcludk@ @rdvrdlﬂgxme offBiload Gitallys@nd Cobntiniag ﬁon]eowﬂefrelh heleast

Per i c Table d/ or on or. nore co nds 0
%Péq’%t‘téllyéfs % ﬁi‘?q’éBPé éat?tléf“o‘f’hetrﬁ% r@e(tth&ﬂ"i‘g Ef‘gFaéﬁYSt 18

Iﬁ&ﬂm@d By 1he @fethod REmFNM: @J)llnlblﬁﬁg oanbaask ﬂ@w@@ﬂa&h Uoﬁllﬂﬁl (adsf the
partial pressure of hydrogen of at | east

eé‘ﬁﬁ‘é rlablg ped/grongor Plégs‘tomz’%lds ef eifeH ntorli%{netlaﬁém@} G?jl@mn 60f the
RE8dEahbIR AT ha sﬁﬁp%’rtdtH %rﬁ%ﬁ;ﬂre led ﬁ&au%g ﬂﬁ%ﬁlx@lga/ﬂ) AftehiRGature

resi due content of hydr ocar bon In some
ErbBat FER s o fore aldﬁ%ﬁﬁlp@lﬁ %@@@ﬂﬁt@b@t aoqﬁml%@l hygfrocarbon feed
\91&91% aH&ECuih '(ﬁ‘i’feteﬁ thlggttto féﬂ‘)ﬁﬂce N6l Séuc? @At achid gheacrude
hydr ocarbon teed wt r nore catalysts to produce
rodust, aheygimglie eude pradudt el liggelsmixivee @r23de apd 6d(0EMPa; wherein

. h . , - aui .
R b T T R bl S iab ¥ Bl a5 Bicahon
feah aghwh@ém at)nthcng asthe Oy dro@dlymepsl widr thgdaer @falyst at least partially
su%fddres C 6?. t al’led cn%tr(ﬁp%conlactan%,]condll%ons atég)gli%lg\/pressé(re O% hydsrogen
aver age partlcle di aneter of at nost 500 m croneters;

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 Periodile 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
wmbookeesss 200 C t o produce the crude product; pdBEUSIOTIES0429

product having a residue content of at nost 90% of the

resi due content of the hydrocarbon feed. In sone

enbodi nents, the invention provides a nethod of

produci ng a crude 5 product that includes contacting a

drveeas @M@dhmﬁ%&&n%@rét@re QNG 1845t PIN € et AhMEE SrullOpPIRIHES
a total product t i ncl udes the crude product,

rﬁm@wéwﬁtetlw apmRy A0 discesidus canentqhihg hyfsoeypen tsed 25 T,
and Qn {fe MR dhd, ﬁ%%\%ﬁ%nqgﬁwﬁé%%qnaﬁﬁi i pvddﬁ&ﬁg hEbﬁde

at least 10 cSt at G | east one of
reedug! shstt igclides gprtadting Ihézdrbgﬂr@mﬁb@dwﬂg@nea)r mqmacraaalysmp geoduce

JPO{ME ?Jélg{nclqgésg or K rPZO%{CP Whgf?: Mﬂycﬁd@%roh&ﬁls a hqcl)nd

er| e an nore conpounds
rortxtumate?-S fetaadl §.10t ¥HaChe hmm@rlaﬁn fedichaPe rdswldé corifenl bieat least 0.1

"%%}9 I?er Ha?[P hydro%gr%m? % %jllatggegt gnerl)tf claa%b&%ngétk}&%p 31

pressure Gf
@ahe lppmrah uf eata:lf/st atf: ;s nﬁﬁﬂnétﬂs ﬁompﬁicﬂdum & of the PemcuhkeTable

t he crude, pr.oduct havin
BOREPR ir b PEp ShmR TR S i i st Pt SGRELGL FOPEFRk
"Bl alﬁmmablr manet 18¢talk el Col@mhd B0 Pif tay Peteslical abitaall o dne or
t hat i ncl a support r al des, —and. or
P SoHBRaS o o COIE LS To (b bt B P Papieq Pl nd o
[RRE RS di QAU Wl &R Bmat: heeeds0 RDdr@l metqahm
fromColum 6 of the Periodic 'Fable, wherein

c&gtroalilgg\)fon%gn%c%wéngqtfé)alaliag]@rps;s%tqf Brirggentpf 4t 1%8? XHpaanda
?&aﬁfeaﬂﬁt B4t 00 &t tolp%ﬁﬁltce 80 cAdaprhathiansabiad f:ﬁ%&ue‘t ﬁavmg a

ai nabl e by conbi ning: a mneral oxide fines;

réﬂ@lecﬁonﬁ%tr(& abmosf?é?@%l of tfferréﬁwt@ép@ﬁﬁ of thsfhygligarpey ﬁe%n C

Tabl ¢, apgl/ (Qﬁbotdnﬁen%n fhe %ve%n%r@ﬁﬂ@%m%ﬁf p%&ﬁmﬁé a Uﬁﬁ@
metals 20 from Col urm of the Periodic Table; and

meysbihet includes comadting g Iqmde Eavd odihmen psMOk @aRlysE & mrp@me a total

FAGEL oSSR, BT OB LD LA S

‘€hdnd di v M Paythy chele dedthianiega wistdhe f:fmaetrm ped Idasidhl gnagns pér gram
Eﬁldgtfeegr%n%n%%gequqéa% one o tshe é:?teellySt%F rar:%:‘rqa:nq ny cagll st, (E)l% least 0.3

grlﬁﬂs ofe bieogtsncan d1e®5§1}31t @mnmde 6d0iobehd Phledichx't Table and/or bne or more

nbodl nent s dd| %l onal é r %a%ﬂg o
B THER S et et oo BB e PR A At B
@ES@RfoﬁTﬂg@Nn&HlnEHﬁnMMrtlal pressure og\aneages ekt I Mea
resent i nveEt |lon X&\Q r?‘I'TE gﬁ@r en tg t hos f
i PTRRPrAre PR st <80 SP A B EHT st "’tsﬁ‘ée?l Bt at
164 809 od idessidue Rbitom ofid hy@orarh&f BEENCce to the
accorrpany| ng draw ngls i n which: .

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 has a residue content of at least 0.1
grams per gram of hydrocarbon feed; and at least one of the catalysts is obtainable by
combining: a mineral oxide having an average particle diameter of at most 500

micrometers; one or more metals from Column 6 of the Periodic Table and/or one or more

compounds of one or more metals from Column 6 of the Periodic Table; and a support; and
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FIG | is a schematic of an enbodi nrent of a contacting
system FIGS. 2A and 2B are schenmatics of

weodediaTent s of contacting systens that i ncl udeCt/ve2007/080429

contacting zones. FIGS. 3A and 3B are schematics
of enbodi ments of contacting systens that include
three contacting zones. 5FIG 4 is a schematic of an
enbodi mrent of a separation zone in conbination with a

QANGIARE EdMehcBYSERMtions at a paftlalpre@uie®t By E6NABRIdaG 3NIPRkhd a
enbodi nent of a bl ending zone in COIT%I nation with a

(EFRTAEE A dpagh2fP emto produce the crudeyprpdugt; fhe cguds pratygithagingp

BRI AE mBl 989,CR MR BB Rht R tt%%?zéfo@&rb&{‘feé@ ne, a
10contacting system and a bl ending zone. FIG 7

depi dr sonze Rafrdinespie g inkenigin Eovidamadhubndcdpaldpeing angide
]%/r&gdc?tlﬂﬁt 15@11&/&:? Q&R&U@ng Q'h rXéatrlf?‘on feed with (’):Ile%r ré Sit sts to roduce

ation of representative properties of crude
aal prodete that ndlydes themrumredﬂgo aiihgeeimt the frudoprodwt isrvglquhie

%{Xg{%ﬁ 2%%6 a\ﬂﬁbHOI N{[ Cihe %gr é/a%o% fﬁ&gdq‘glg g;'VISgOSHi ﬁatéeast 10 cSt at

represen tion O avera
Yrenise raad atrlasu/cmemﬁ ghelcetalybtq 1S(Ifbtalnﬂblef‘tgfrcombilﬁ’f§3 o diimead toxwf fines;
nore cat al

contacting the crude fe ith.o

BRE A9Y P PEwian b REe gy LTI o F o Faounds of
@ik ot mockamétale tromnthlaniid ef P eatiatic Tole; and £5dppatic;raa tordfolling
contacting .the crude feed 2% at al . F‘i!]G 11

R B N R B R AR T G
dTrauaest>eedC angodicy de came@mmu@ thefcide pRodecidadn e Riscfty
contacting the crude feed with two catalysts. FIG 12

Gogtegt Qféb{H‘P%?p@rPfél?e hydipgarbeabegd HisePst¥-ude products for

enmbodj bR SniRldikR! aetidvess ﬁgﬁdécs%ecqﬁl})él th!il ih@Wes a support,
di fferent catal yst systens. is a

yingisheddds. adppeseneriiesls Gpm ﬂovlamu@ofdhe B?rwd@ Tplsgneiogone or

ﬂ‘@ﬂé %Hﬁp&iﬁﬁs bl 3FR of RbreaiRAd OB FurRd 6 6PME BESIIRIT £bid] A@erein the
feeds wth four different catalyst systens.

catalyst has a pore size distribution with a median pore diameter of at least 80 A and the
catalyst is obtainable by combining: a mineral oxide fines; the one or more of metals from
Column 6 of the Periodic Table and/or the one or more compounds of one or more metals
from Column 6 of the Periodic Table; and a support.

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

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 1 is a schematic of an embodiment of a contacting system.
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25FI G 14 is a graphical representation of net
hydr ogen uptake by crude feeds versus run tinme for

weodediaTent s of contacting crude feeds with foRET/US2007/080429

di fferent catal yst systens. FIG 15 is a

graphi cal representation of residue content, expressed
i n wei ght percentage, of crude products versus run
time for enbodi nents of contacting crude feeds with

four pG$ fer st pcat an¥ehi@ s baPRimSREbGondh&ideSyRems that
graphi cal representation of change in APl gravity of

ig¢ludre Vercorfacitng Z0%8sus run time for enbodi ments of
cont g oy Ma%gcarry Q&elfn%éé o‘f\’bﬂlﬁocﬁlﬁ&fts S LhGEERsyGahahyst

syst ens. is a graphical representation
10¢1U®<t§1§éﬁ0@@ﬂhmémnesexpr essed i n wei ght percentage, of

crud %I@ ng lei%&ﬁa \eﬁﬁ 3#33186{11%(1{?116?505 ao%})zgg%%%oﬂ@fﬂt g?fnatlon with a

contacting cru rent cat
oyetersys®hG 18 is a tabul ation of represent atlve

pr Opgﬁél £8 a%&%e%{aHg ? nte%%oa{}%ng Sfuaq) en%rn gzgﬁé f cﬁ tl(rn w1tth a

enbo con cru
ouatgrgsyitiat | ncl ude vari ous am)unts of a nol ybdenum
ium.c w.t h

catal yst_ and a v

et i R0 SR BRa i Pk e oblS f3! Spafiton sone.
ddiﬁiaym&@smﬂlv&ﬁadﬂdmﬂin@abﬁﬂyst, and wi th gl ass beads.

FI G ul ati on of pro ties of crude fee

AR Ry R A e ARy R IR TR R
dae@ds. W th one or nore catalysts at various Ilqwd

hourlpi 10space_ vel ocities. FIG 20 is
t abulF4¢i Hi aé‘fbuﬁﬂ“%%@@P@%ﬁnﬁl"%?f%@tl?%@&@dﬁ tgd @P%%Féde product

BF AAURIRIhRR oedRAEiRA Sru@ 6PRRBréNALIRE. Cr ude feeds
at various contacting tenperatures. 11G 21 is

a t ablifat is srgraphicelrapresepabion efntrigi ety cpsed Becegpgrafpre versus

1@5@91991* AR ArSin %fnb&cﬂ&%ﬁ%tf 'c&ga&ltlg (HelHAe fée%%&ithfd% oQ&%ﬁtc%{alysts
t han 500 hours. is a tabul ation of crude

f eed HEndlOds @P@ubh@dﬁatmeﬁeotrau@m@mrwwf studé feed mdaaredergoduct
B, R Mk o DR RET IR FLE N cruge
pr oduitdi. Flos almtﬂm tibmenosofobprewntatiot prngermdse)f hlyadt @cdi pigbeyude
SR PR BL B e pecas ot MBS llid, (o,
enbo cﬂl@nerit isa mbu]a@momﬂcamw&gl alnh eruldy prodeay fzm embe@iidems dth
cto\rl\lglctcl:ng cruc}ésfeeds 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.

13



10

15

20

25

30

FIG 25 is a tabulation of hydrocarbon feed and crud
product for an enbodi nent of contacting the

whymsoeasbon feed with a dried catal yst. PAVIUE®07/080429

the invention is susceptible to various nodifications
and alternative fonns, specific enbodi nents thereof
are shown by way of exanple in the drawi ngs The
25drawi ngs may not be to scale. It should be

underpsd 00ds bk BAphik A SeHERMM NG o3RG RbALA Sk peRSAlIA RbigRN
thereto are not intended to limt the invention to the
RsEeRiagu PRFUAORTRIH S ErYS B, Unkulor eRbadifaeréopitcpaipgiingcpde feeds

with ©0F difiBrehSeata®sEQ¥EMsal | nodi fications, equivalents
and alternatives falling within the spirit and scope

of t A&Gpkias e abulanepiirpRypscagtivafrppesidesioy crude fegph pecheted products
' . P in. .

15t GhiTRimel St Phieide e T cualyot oA Al inlude vacious

ampusts@é t aiolyblemmi sitalgse endveyapdiviacetalyef ik d caslyftoydtonshat

" ref. ric dard Test.i :

AR B Rab B AT kA Sh DA Gl SRENIE 4B Wit gl poacs

at 1%IG. 19Gs a (ab0laldy) of phifiertgps al/¢riye fieed asl ceteeradunte dorby

ASTM Met had 822. At .omi ¢ _hydrogen rcent age

Ak Catd DRE Ers fesry AU or MY IR LRE S GERS R houny

spidt velweities.ude product are as determ ned by ASTM Met hod

D529 5Boi | ing range distributions for the

hydr i:@%‘ir o‘ﬁafaé’g]&?ol’c ‘ﬁfé’r‘fp&f%i’ls ohtrydrieeds a&ﬂ&?“g? ProAeetEionde

doitdingdntsat @ordsctid € trRIchidagebdb y VABIM JWetabrad EBR0Audn| ess

ot herwi se nentioned. "C5 asphaltenes" refers to

asphdlltetlds a fahulation of ST S REogeift fopgmbeegments of

RaRbdtRO&SICRH f%@%reht%r @fn S@f R ned by ASTM Met hod
D2007 " hal tenes" refers to

: 7 as
asphdilteRes a tahalation o Frbregmd Ciufle ARt fpembetmargs of
ARG L ENESIERRE §1ik 2 bR 1Pdefif] &lidRsped by ASTM Met hod
D3279. "Columm X netal (s)" Tefers to one or nore
met alf$Gof3 iCa kabmatioq @fhytiteearberr feediingl cTeds| peodwaidonemigngements of

A L T et esponds T a col um
numb G (For a etbalpdreof hydbirbaf feed endRewdegubdnciliabérabodinents of
SRR R T Bl > b o7 o e,

one GiGriea chnpounadhydfocohen feed aircudmpbddlcs fdr aopmbodiment of
c%?llagtrirr% tge l%]:dr(gcgr OI’FI) geh quli:hca cin%g p:elltael'yst.

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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"Columm X elenent(s)" refers to one or nore el enents
of Columm X of the Periodic Table, and/or one or nore

w@owpoaa1ss of one or nore el enments of Col um Xp@f/Us10@7/080429

Periodic Table, in which X corresponds to a colum
nunber (for exanple, 13-18) of the 20 Periodic Tabl e.
For exanple, "Columm 15 elenent(s)" refers to one or
nore el ements from Colum 15 of the Per odic Table

and/ eppp BiefsQo AP vinds 1815 c@Nneo o). NPT 8raQlt {m@ts
from Col %ﬁ%l%;sr of i (t)hen%@r :fsgdl C Tart » gra fb‘

deesped by ORITY Mephrd DaBion, wei ght of a net aI fromthe

Per i ggbIﬁlC-E@QIlO en ﬁyg?éegﬁ%e ofd a@orﬁ@ mwgerégnta%e BBthehydrbQMon feed
the Periodic wel ght an elenment fromt %

nd fthegfide PZ@ipaltﬂr@aS @tel‘mm_e@ hy A(SfT MaMedap H3A%- of an
el en%‘ihr% ﬁr}getd}‘é?rgfﬁ{)%sqgf the 2(9!)&{60% fge%ll &y It(ﬂ%:l gocﬁlét Jb?or the

wei ght e wel ght el ement r exanpl e
driide(prddugt aeres deterib@a by SUyeMethed Dgﬁ@ﬁwrdeﬁss otitaiiyesthentiohal.

cal cubagls%galyxgé@ga;e@ %@ﬁaﬁgésytﬁacé%&ugg i Sézn%aﬁee Cs

cat al y3 ramo
dhﬁl@ﬂtbmst:6nter&ﬁseas$1etennmbrébw\AS@ﬂvﬁtMerhodaD@@ﬁf7ponent in a
substt.at

e ocar fe a total
o ekl RIRER Fonfer M SRR b WiE e ©
afsplaﬂ:ttsme@ B?MEntVﬁs@hmnmﬁé@B}nASDH M&ﬁ&ﬁD@IVg( he total
wei of t trate. "W ''re
e AR By BB T one DB Gl F BobGinBRH fBSodic
"Bdel /o6 bﬁe&d\tﬁﬂé agrsbubdstdent biahore Snot:Qs SrCAEBRK e the Periodic
her ei n. "Crude feed/total product m xture

Taled ORI oreseands 42 apolb%au@@r (RBFERIPIG. &~ 12hat thy Rerindic

Tdhal FePBtadpics “tHemh %tn?étédﬁs” Af4Es (D GndEARES $leBBs from Column 6 of
5"Distillate” refers to hydrocarbons with a boili

th%xﬁﬁf@dm bl T eie B drretnrpoads ot opouNgy Nk fm 0013mn 6 of
tﬁ@ﬁgl dfeMapftt 0.101 MPa. Distillate content is as

determ ned by ASTM Met hod D5307. "Heteroatons" refers
to ox@ghﬂmn Xielemejesn, reerdo one siungrg elepwnts af heldminnX efbe Periodic

LB g Mt P SO AR
Rymygle ) abl@ﬁﬁ 6hidhgf carmspdnds totar(@genm, nuaher Cﬁd12f9;4mpbr 13-18) of the
l§e¥1od18 lTI%b e T exa%ﬁ]\%}e%aoﬁ]uﬁ%{]a S ent {” rﬁf%rs tﬁ 8ne » rn?(gg Blements from
(mltmm d&nf thé Berigdid Babisand et enemrnmie bymAGHN dﬂbhh oﬂmm&%lents
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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"I lydrocarbon feed" refers to a feed that includes
hydr ocar bons. Hydrocarbon feed may include, but is not

wo owBheds: o, crudes, di sadvantaged crudes, hydr@DESIOTIES0429

obt ai ned 15fromrefinery processes, or mxtures
t hereof. Exanpl es of hydrocarbon feed obtained from
refinery processes include, but are not limted to,
| ong residue, short residue, vacuum residue,
hydr ecald eRg” Rgérk td“@cr@hﬂ%ﬁ/o@ 318ad-5antﬁg"eQQQ1de ) is t9be treated
m xt ures thereof "Hydrogen source" refers to
‘ogen, and/or a conpound and/or conpounds that when
i Nt henRESSARGSE! I%du%t BMrQC@rr“Bg&}oéa?@dﬁ fmo&hﬁo&ﬁ %fé?st to the
react to provide hydrogen to 20 conpound(s)
Thigtiro dakdeotact dedatalystdpding gensessidgr ce may i ncl ude but
I'S no‘bislti lg%’t %gerg 'h H%gz{rg rvaﬁlnasboélﬁr% r?%%m&tlo%etggen%4 °C
ydr ocarbons suc s ne ropane
BY dnehd 34E1ei650 o) anﬁ.iﬁhw@g Dirsiflelotonignt rpas sletorhiasitley ASTM
ducted to assess the net anmount of hydrogen
%?%9/‘?@(53%%?0 the conpound(s) in the hydrocarbon feed.
"Fl at” Hpteaia&)msf’ ugérs 8t oxgpgt, hitropef, endiortsolfaropragsd intbe molecular

R R Lt L P Pt R

FASKISM" ony@neDS7620foﬁtoWD hidogdn; kel D4IPdifer shFed “Tatabbgermitrogen”

tal volune of cat st a d.in hours (
i TppiRerrumeEh iy o o e Bont: Easwtrg%‘m Jiges
d@tenaldedgﬁmglrmsm/lem@hmg% | n the contacting zones
descri bed herei m xture" refers

c orrpoEIinhiO%b‘f“nfﬁ?d” e et B o BRI dY dparaoon fecd

Iﬁ% ﬁélﬁdé b fordimieh N daKek, iRIRBAAIMIGuRY @y%@é%!{s @bfafed
MPa, hereinafter referred to as "SIP"), or a

f@ﬁhﬁé@?&yupm?e%%pr midiEgdsreal- dorbilact yrasarben Eed pbigpedrom

M%géséshﬁtluc@r fut afe%'t Hlmﬁéd tg-rlgng\ﬂetsﬂau@ @ﬁorplremw Gacuum
COﬁpOUﬂ s that are solids Peri odi c

refidisl bydrecafhongsbailing heveeiy @dﬂ@()()r‘%fm@ ngxturep deidof.ed by
the L t b
(I SP A &b §09 & re%%f%my&foggﬂj ﬁ%% Oﬁ%hﬁ(ﬁﬂldﬁp %Fkﬁ&uglgsf that

I'n neta
\@lnegam ihe pmserd:s bf ] hﬁ@ocatt@néd:ddatlnd theeti@lyst real kogprovide malradan to

ctnﬁg)%und%(s) uhp s ’hx(? [e)nat%‘loi(?f%%dg pf{a %Hrclg{%h s ficr%gb lnnlah%?) éls not limited
toflydricarbaits (s ek anjas, (Hed €4 hydiecirtoys ASHM Nethhedetbiriz ] Bopane,

B T HP B peiey Ber o & e ar R T bR b it Sorae

@0 g @yt of Iyﬁlt(fge@f)roaldﬁtﬂl ksthé adrgpouMitR i@ @t&t@ﬂtoca@oraﬁeed
det erm ned bé‘zi STM od D4530. " (ﬁ bdegﬁL‘ij cont ent

in t he2hplai GBsP pome é OIS | upQIECSPiye R ETUH @ galyst

MR prheledsiBuleRgth Reastde@ehmind gy ATTVIDM@RSITD LML ent
i ncludes the amount. of i norganl ¢ nol ybdenum and

or ganbholVy Bdem th? Yolumefec figwd ] ceflty Brdriainioltn A retalypt and is
JDEI%SSQM o Rﬁl@sr (lﬂl\g fd%ﬁ @oluﬁleaﬁ Al e ﬁﬂa‘fb%ﬁtéﬁ)by%%hqaﬁ@ﬂ o

refers ﬁY drocar bon conponents
Waﬂw ‘éplwrsunﬁgcr)atﬁ@,@gdp%ﬁtswsbmqr@ krs¢ifeen 38 ' C. (100

i ;—4;;‘ﬂﬂlqld219Qu{re Qefe%gcglt%))mﬁésngmjtﬁ)a} ilRRes HRRA LR &)%Hoﬁlms 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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Is determ ned by ASTM Met hod D5307. "Ni/V/Fe" refers
to nickel, vanadium iron, or conbinations thereof.

wO MoBlEgstontent” refers to the content of ni ck@l/US2007/080429

vanadi um iron, or conbinations thereof The Ni/V/ Fe
content includes inorganic nickel, vanadium and iron
conpounds and/ or oraanoni ckel, oraanovanadi um and
or ganoi ron compounds. The Ni N Fe content is 20 as

det ermige: Pw1ASIMs MethB Peridl Pible é}s?spemﬁ\l!@tfyrfhe @ &4iSndl @nion

normal cubic neters of g Bger cubi ¢ neter of

Hydroedrvphed elnistonNSAE &ak Bex§nre 2¢ht ai ni ng or gani ¢

OXY geR LR Salis B bR Sic 4,949 erféf‘ﬂo%]l&ﬁX&%ﬁs, GRAPRAUOAR metals,
that do not have a carboxylic (-002-) group.

Aen aisenih sRpien. o Aerabintlivgs I8srfahcentonk ygeniatsonpeiaheis of
dr H@Qﬁim éét ete Sle(ﬁ]g); AbTIR 1 o&ﬁ’l gthers, cyclic

ers, s, aromatic a S, ketones
aI dehMj@Q Camond@mﬂuﬁ dtMOIRS) ¢cdmemeters i quiantdp oharbnagsiduc

r%m%%{n% II évg §t90lﬂ%nd }/rolrys;s %P F s&?@zﬁg ”ﬁﬁﬂ C%tn%%'ts glr (zertesrmgn%d by

€S 0 nponent
@ﬁﬁﬂﬂdahmBDMEO(peptlzatlon) value" or"P-val ue" refers

e . ich represents.the floccu i on
! onaeREE Pt Sl B SRS RS Baiy b REER! &
IH@lyt&leUﬁmMIStha%edetTBdS fiolyedenyn AHEM iMatde Cﬂle[ﬂl@ﬁﬁt of inorganic
" Por dla ter di an and ore
Rl et AR eebpcp e ufBt Bl AR iomeate B or
18/aebcROHR fi@ st BetedsindlEdyeA STV agechyd 1A63DV Met hod D4284
(mercury or03|net2£ at a contact angle _equal to 140)

A i cNePR ”tr?fE§(t‘l’ 513’ PNCARPPNFAES mlth(a,\ho&:lfn(gﬁ@}gie tdfs&rgautlon
Heleen 3RIOC ¢1(0ST amg’Cq392UF$atp® iOlr!ﬁFa biaprgRdoh®nt is as

determ ne t hese 5val ues. Organonetal lic" refers

derraprs Bund TVhMethpd EPddes an or gani ¢ conpound bonded
Or CeRphAxe ‘i‘est RJ‘m@kéirEvtaﬁ'alduQ]fl 1folﬂeor|?:%ﬁl'bﬁ‘1‘%&1s-ﬁ?epéo@

"Crganonetal Ic content” refers to the total content
of meNHV/Ferconteat” aefers rote centéit of siokabownaikum, iron, or combinations

t&rg%g qﬂg E\]@’I\/l/ I.beccoﬁféﬂtt iﬁaﬁdeis ?no?ganijce[ﬁcq{emv%qmﬂyarﬁ%gwcNB‘b&ﬁﬂs
and/or organonickel, organovanadium, and organoiron compounds. The Ni/V/Fe content is
as determined by ASTM Method D5708.

“Nm’/m>” refers to normal cubic meters of gas per cubic meter of hydrocarbon
feed.

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

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

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

ASTM Method D7060.
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10" Resi due" refers to conmponents that have a boiling
range distribution above 538 'C (1000 'F), as

waletogna7eeed by ASTM Met hod D5307. " Sedi mert1/US2007/080429

refers to inpurities and/or coke that are insoluble in
t he hydrocarbon feed/total product m xture. Sedi nent
is as determ ned by ASTM Met hod 1)4807. Sedi nent may
al so be determned by the Shell 1 lot Filtration Test

("SI “pbbeldiameds”, ¢piedikh PAE dbaRierVami KRN QM he Qb fefdo- 'poiren
the Jour. Inst. Pet., 1951, pages 596-604. "SCFR

dignepis medan perp dirgtes @Bl BOTE aelust asglserpiapd biapp BM Method D4284

LSur, f ® S
LR R A LB O pRiter, Looe

ingrualenp@igromgniesring xNerexse @ealglemUl 3. Agmayde @sagdgo Yletgfmine these
\ﬁ per gram ("g") of sanple. TAN is as determ ned by

M Met hod D664. 20" Used cat al yst" refers to one or
nmor e “Oagaabpettlict teéirs wapmpbediha oviwles dorgantihiccanpound bonded or

LIIE)IXI feR&H wthg A nIe?a? 9{ thF P(lflr o%?%fat%‘iﬁi ! “Y)%gb no&gtahllg %§nt?193 %evférg ﬁﬂgé total

fed 1 0, een contac
doyetniog audod i llhe ergammletaun odmjvasdsu ritteangorellfcwothiertris as

r eat t anp| regenerated catal ysts).
Jﬁﬁ?&?“g&&! é&i‘?{l}é{%%gﬁgg% bons with a boiling range
di st rRbudied fefére ton@aipodéhts Gatdavd H6@1indhngndsthBBion @bove 538 °C
0] ), at .0.101 .. VG0 ent is as determ ned
(aéO%A W%?%W%@'Mﬁ Metho""ﬁﬁoib%osi ty" refers to
Ki nerBtdigem 8&S id iyapatitiad andlor &dke tHal 80 insdRible Vh 86 BSdibYyarbon

i s as_determ ned using ASTM Met hod 1) 445 In
RO T SRR i BRIy by 3| oMo D487

$EAHRNS P Hisd Bddetdrhnidel ®y ViRl $4e11 PRE Al cRRdn fred: (%Q?FSQ" Pi%(i‘fegdflbed

of the substrate tested is outside of linmts of
Rye¥san Hespepsiet at Hethe &gy Tpgt el YpdyPages W00 ed an d/ or

recal-gpfpt Fe@er& 2 sEa%ﬁ&rdchtFlc ?éé%lf %‘%E 9&%&‘1 of FHIESHIHBYed e
produced and/or retorted from-hydrocarbon” contai ni ng

f or mabiudaes aggadof hearnlyst klob ﬂ¢tg@dned®yu’dieT§VI Meghagdh0al | y

sol i dy R

P TS e AL Sy QAR Tl L e
grann(‘téﬁoitsamphe i a@ﬂetﬂumnedmm&Me@logdlﬁéé wat er,

oL LB AL O A0S Sl ERANE, Kbl 860
Itirocaborpfeodi Araded cht@]ysttlhtﬂ!uqes,dﬂurs MDd[TnJ&mld;b (Brcaradstsonhhl] hagbeen
CS(’)InEagt'ed 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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5Stabilized crudes typically have not been distilled
and/or fractionally distilled in a treatnent facility

wo eoopoedste nul ti pl e conponents with specific BoOI/U§200¢7/080429
range di stributions (for exanple, naphtha,
distillates, VA&, and/or lubricatina oils).
Distillation includes, but is not limted to,
at nospheric distillation nethods and/or vacuum

idé18dd drb@tdilo BBt AR SmayRdiugd, bl i€ fordid(c@to, removal of non-
unfracti onated stabilized crudes may include

©BIeHEhgases Waler B (Peor ombingdens dherel ey tha ey detofoinya stabilized
QURNtLE] &?Olﬁ){atl@ﬁ mktf @ﬁén St adoft xﬂlflat@f%”fﬂ@ Bﬁﬂh&loﬁ%ﬁd/or
gram of crude. Exanples of stabilized crudes include
fefeging sée-udes, topped crudes, desal ted crudes, desalted

t opp . [ ' o
PSSR SRk 108 S OBCS Bl TOROE, g .
treant Sioikey fpraduee woliplrrempsnentyatithravaliabdibig iangg qoiipttions
(?(% egx}lneéé n%}ﬁﬁla ﬂiﬁétes've?}d gé%/(r)rllji%r%atl&% (I‘;’} wDEF‘ l\fe%og ?nc?udes but
id batdimtieedto, (afm(aphamsmstlﬂ]atﬂongnahxm,s aad/ommstund diS@lagioa methods.

{ . 1
e et oo & bt BB B R o AT prid e
dahﬁ)h nahlbavubbm mtqahmitﬂez eftht (IHaSt(dESSgrhlﬁs bfcontpansgofer ealni &

CO tlonal it tran portat 0

Ty o o e el DS rpdegc e g gy erudes,
d@&eh@ﬂ tphel@sdd e o MB R a@dns MR, Uﬂﬁdppwbbfefsms @pﬁlﬂ& th@thas been
that 20 render them dj sadvantaged. D sadvant

Eplsdeschthy apleasy ﬁ%&f‘c%f&%‘{‘:ﬂﬁg)%%}lt%thﬁtr@ﬁ%%91{1%& P%‘P\t b@%&’Wr%e (C at
@A/ Mpba @straat Mehhafcdebh fdnmboved. NESidallp, %Igieﬁ‘ Gruaesl WYY have a
econom ¢ val ue to the di sadvantaged cru

@BEAUTEMOE Oule2rias AbBOY (R &z oAt Mse)- %grﬁmﬁ ﬁ%&uch
do%gyglgspe; Qﬁmddf%@c{g?&h@gﬁg crude that is deenmed too

costly to produce ransport, and/or treat. Properties
of d |S§alé\mhthagb@u®ﬁ bd@sarmyths ek eldhey thp atabidires amestes to be
i : 0.
S0, i oA TR 85l B R
rgpfai\nbst ;ruféﬁs erobips)l Ythatcrudeshave Ene @rrmm ungtbld propet)iesathat
%c%:gthe A(B \ia%targgc?r; Sg%d Eptil%ﬁirge pse rrna Pfg %%g?ep%%%gg ?raljlspgrtatlon
daotea hnd?l@taaraaanam[rﬁicmqn then imedrtigt a lbel&sbndﬂné)@%ﬂuegwalm; of

t f d id t ent
LBt TR L R G BRCHESP B BER g e
@d%ﬁga&l tieOeSationiant t@f codfly logasduc) .thsparipdim/odfredtd 30

asph | t enes ram cr ude; a, MCR cont ent of
PRSI d‘ffe‘Paygngl?'}%PuW%‘&% B %) FA or
£ QALE@NL, a0basiB B abrSit 1eastrIE1§)a11sc8ﬁiyto$ aObas@ 1 @asti © p&qlg@lﬁupﬁt most
at | east_ 0.00001 (ﬁams of neta per gllam of crud

or
§9 atgporhi hAf RioRRSt{ e a4l Nth/E%?f%‘te@ (9002 grams or al

1@&s§@@@(ﬁ'§rﬁ9§6¥ Nirvge p&%}‘aﬂl BELHEE ) POlal BE@BUBHs content of at least
di sadvant aged crude, | east 0.2 grans of residue, at

(- Kgrams of hgﬁeamoneffper é@mdﬁ grudgl) p éeaglpe eomseng phdrdeagifo. 01 grams

i I
AR Pl 8GR By BLBTR ChAET (R 2R

dsphadfenes pgeerin ohv0det hpp Nﬁil%cqr@nmf at feag (102@rans @ MOR porgram
(9 C él 1) Qcéntén(? of“smethg i &Etta?éaﬂs 8{'(9%%1'1 ﬂ{i%f atqbeﬁ?ﬁﬁé)dﬁ)tl %ga%gs of
ru cru

di sadvant ag ave
8ethlk pcr g:zum Décmldeobr prohkiagtond (Ho@S{. latsoibk elabd)dlmelﬂs,, or

cﬁ;[adlve%?eg’gted ((:)ruge2 m%g %@Rde, per gram of disadvantaged crude, at least (.2 grams of
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In some enbodi nents, disadvantaged crudes have
properties including, but not [imted to: a) TAN of at

wo emsn4055 or at |least 1;11) an oxygen cont entP@f/Us2007/080429
| east 0.005 grams of oxygen per gram of di sadvant aged
crude; c) a C5 asphaltenes content of at |east 0.04
grans of C5 asphaltenes per gram of di sadvant aged
crude; d) a higher than desired 10viscosity (for

B aPhQeast0.3 Qragslor fe"s‘fdu@ aie el 0GR o 1fr8edheWbrtah 16AR1.9 grams of
gravity of at least 5; e) a content of netals in netal

1ggfiyes Tpporgs gralpdimends, the dspdvaptape@pdegnpdpge 2 ke aginge from
(FP 516@ 3tdPRY 09 ro?U‘SQ& VA @ QorBY5Q5C ﬂf@h@ﬁtehﬁeénﬂeﬁﬁ r(ﬁQAfdvantaged

I'n some enbodi ments, di sadvant aged crudes have
qedspanet gram df ﬁém@ntﬁged doerde, may haviegisukder coptenta)f ablesa80@5, at
@&Jé@ggﬁaFﬁﬁiﬁﬁﬁ of,at least 0.0001 grams of basic

trogen conpouné i per gram of di sadvantaged crude;
b) a Imsdnybahetmdimantn tlientvafigedterddealsave ropesiepipniudioy, tait not
f ( ( '

R RELE0L R o3 eF BB i AR B EP LR 665 orams

(Iflm@ygtofper gram of ﬂls&h{dmagdda:gﬁﬁ onydesphabynes padtand ef at st 0.04

éﬁ§%‘% d|5ﬁdvanta ed é@“ﬁé%§%¥6c ?SéPgﬁgggpﬁmu?Bmx?

\hy:dm@q&j’rl@@ﬁﬁplwi 10 @t hﬁlaltﬂyﬂ@cd’rﬁd&gﬁecﬂ@dﬂl API gravity @rat least 5; ¢) a
betme ? q 200 T. at pl szﬂgﬁb | east O.%é

C@P‘&H‘s‘) aly ‘é‘é%‘%ta aly Ob%aﬁlﬁé‘“ 4 feapt PO herggg ofmgiats per

Q&nhyéﬁ@Q@EbQﬁﬁmMMﬁ&m@xhﬁﬁlIng range distribution

bet ween 200C and 300 "C at 0.101 MPa; at |east 0.001

gr angl soppe ?%tm@ts@@'@addﬁ%tﬁ%ed cgydeghave @@?fﬂ@s @iluélﬂléﬂ%“ Bt

lhﬂlgardqg 3&5 Q‘Bﬁls-cfc Hﬁrb%n@oﬂt@hﬂ df leeis@lj 060 10dr&ihs bidakik ‘ﬁﬁrog@ﬂ edunds
300 . MPa; and at |east O

R§F &8, Ofétsaﬂﬁa@geftﬁref@s R @ﬁb’bdeélﬂﬁll copigrist aplegt O g ranmmia 2

Igéﬁﬁécyoﬁt%ﬂt" cg’ gp@as\fv() 2 I'greénsb(g 'r<l:s|1cﬂlg pE]SéIjQrﬁ og Hi%&d'vhpch'ée'd(aﬂlde; ord)
bet ween 400 ' C and 650 C at MPa.

Ombadvemtteeged. crudes may i ncl ude, per gram of

di s ay&ﬂgeﬂﬁa%gd Slruggq? éﬂhclh(geagéf gQanQ erl'dlgif’d@@z%ﬁeatcmdgaﬁ feast 0.001

0. 005 grans,” or at ocar bons
gwmhaabmeDDﬁgmnmngelbaSO@ﬂgmMBamhmhoaﬂwm®3mh£®©ﬂmgzmga

da‘ stnlg)utlog %etwe i ?? IC %1 %‘&7%81 apg }019 a; dt agt 0I (ﬁ rcltms aplg%st 0.005

gr ans focar bo
gmnst |ong leaan(g@() Iddrsms mthytlro@arbbrstwuﬁembdm{g @@rthistfﬁlﬁﬁaﬁ bttween

B ahand apd i Bl 1P R PR Pl RS s i s 001

Hohd @ﬂ}gdfoamg@nsdm&t 4 hdilidgl rampchipdimgeion BOGeer B)0ahnd@00 & at
001 at | eas

east , . 005
Ployhet? gpd Tt 000 3 PR 0P8 T b R T arR of
t@@tdchﬂﬁ@nsf\ﬂﬁgﬁb&hrggf fahdUlidtOrutbe bweeth K00 C" a@d @s@ GQQ) 163 MPa.
at 0.101 MPa; | east 0.001 ﬁgrans | ea

0. oo?l@ﬂ&%ﬁge%ﬁma%s g Sg gy Dar &R dleﬁde%ﬁeée@%&ﬁ@astoom

Mhd) a@le@s@ D |OO§' Qraﬁ@rtg%t dhsh r0'1 %HltrﬂsQﬁ' h?(ﬁrt)é’h?&ﬁs 498G v3Nf g range
650C at O. di sadvant aged crudes may

Jagvuae of mosg&@mcoeﬁ 008 mamlgag@@mlrgms apleast Q497 grams, or
1885, (ﬁrgéi‘eﬁﬁs oﬁlérd}o@%&nstlgloaaoogﬁI@ﬁngeQﬁst@utlbﬁ B&tvedr b °C and

gr ans arbons wth a boiling 5range
HOSErat aa.m MRam’t least (RS terangQ at'lasy. 0QP granms, [oPay, 1edsh0.01 grams of

RAHALOR Fith PO ralR didtfhtion 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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conmponents. Typically, the di sadvantaged crude has,
per gram of di sadvantaged crude, a content of such

whymsoeasbons of at nost 0.2 grans or at nost BCTLUS2007/080429

gr ai ns. Sone di sadvant aged crudes may i ncl ude,
per gram of di sadvantaged crude, at |east 0.001 grans,
at least 0.005 granms, or at |east 0.01 grans of
hydrocarbons with a boiling 10range distribution of at

draas i BR90.065 grtam@ FQLieMPa.01 grams of RRdYBcahcnA VB AHBORE range

crudes may i ncl ud per gram of di sadvantaged crude,

dtribusios peiyeepilty) rCaf’r‘f’é 656 tCpeastl MPpo5 grans, or at
| eaStSogle gﬂsa@\raﬂﬁgecpgru(m( ?Ha? Cf&'hhl@gﬁ: %Hbf@hsja@\balntaggi LAY &t Teast

di stribution of at | east 650 ng es of
0 ataran eelged 0. 8P ugrems i at leart AT ehenstof Bxdrecdrhesh wggh e lbeiling

@ﬁ%‘&?& 1031"—39&%? sl #@dd‘a‘%b%[‘ follé]ﬁ&tlom&thl Fodlhe

cru rom of t OW ng regi ons of
oot oT ypidaIS ﬂ@ﬂlﬂ’ad@mwgtd %m@le lwouteh ernm @alisadxanged crude, a

CRORCR oAy RR0HS RPRbu Y bR R R CRIRCD Ph° o

An golSameXdfssihanagedChrides ﬂmy Bohale, Iﬁagxanwmw%age@rhdea at least
RUES r BB bITEAES, R R s ? b By Rhs ity vpifiae
rRﬁ)gedilﬁlalﬂmaﬂbage&smwdesusmohMPhat the crudes are
accegpabl e for transportati n and/ or trea

nent .
The CPRAEFOGIRRETEES DB pud LT a@wf'db%@vaﬁ@ﬂ%q fuderpideast

®OUdLary, @dlu&t 0.06S bk G af BRIV 0L gahi¥RNhy@bcaith@s Gitdd®oiling
feed, as described herein, is generally suitable for

repgetlisarion §f #de >0 Feat ment . Properties of the crude

pr odyghmprOous 8dvAsde sGlidshRA e 8k Re b EudABEProdR R
t he correspondi ng properties of Wst Texas

Jepgrbedrberpiaticlude o ateghlimiied tor qades frepf thy folpwiag Fegiays of the

WAL E05 RIRARN AE sRIRRE b&lﬁf%ﬁn@ﬁa@ld@ My Ghitd %razhﬁﬁ%aﬁtb@and
crude feed, thereby enhancing the econom ¢ val ue of

¢ 4vepos basiies. Esadan Gui ! Buagdehady BulitrsitKingdenblNoteSdanadzald t h
(I)g%% OChiAlseR tl§ %?V%Qﬁelalf ﬁﬁ{aemlag{?% gg& iﬂ?lgnersﬁfguEHaﬂg.

I Cl encl es. reat ment na
des ulHreaterd OF (hﬂa,delﬁimtl a&hddezaty @rhlancamld?/ oopeatieyos Fhaer ic

cﬁsagganta%%%cmg?s Qe GINE cr§(9e nR: acce tat%ae fo;r {rans{)()w?aﬂgn gnd/or

I 'naccor
tdmmmmtbed hereln may |nclude contactlng t he

2o RARAT £ R HalPHE S ft T b B AR Mne
fZQR @satmbm of te@AldA CéddNg defi®ed Bdreih @ §éneMiMi@ suitable for transporting
and/or treatment. Properties of the crude product produced as described herein are closer
to the corresponding properties of West Texas Intermediate crude than the crude feed, or
closer to the corresponding properties of Brent crude, than the crude feed, thereby
enhancing the economic value of the crude feed. Such crude product may be refined with
less or no pre-treatment, thereby enhancing refining efficiencies. Pre-treatment may
include desulfurization, demetallization, and/or atmospheric distillation to remove
impurities.

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

and/or combinations of two or more contacting zones. In a contacting zone, at least one
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property of a hydrocarbon feed nmay be changed by
contact of the hydrocarbon feed with one or nore
W@ 21080y55% rel ative to the same property of thBCT/US2007/080429
hydr ocar bon feed. In sone enbodi nents, contacting is
performed in the presence of a hydrogen source. In
sone enbodi nents, the hydrogen source is one or nore
hydr ocar bons that under certain 5contacting conditions
P8RSty of @ hjdlrQMrstR 61 Aty BERhYngSaBY bo AP UNhS hﬁfrod%hqga%ﬂvnh
to conmpound(s) in the hydrocarbon feed. lis
A SE MEFrE Ay SBrClaibista dicishge gg@@@l@mfiwwrﬂwrbpﬁ qué d@ssoaﬁ
HRRLLRAR &%Hca&g is DO & AE inl@e preIJh%e Gb/éjﬁﬁﬁ?g%l? Qurde ‘iﬂ' some
enters upstrean1contact|ng zone 102 via hydrocar bon
dughedingenisailic hydrogen spuredistoae of mgreydrecarbgns at andeg eertady |
[
oo R in Gk PR Ase MR AR @85 Bherto
wmmbamﬂwm@mzbw@mmmmmkkﬁeastacked bed reactor, a fixed
bed o r n
stir erﬁ ]tLankscl;ﬁgnaag? 8} Jo?[,aeg%ﬁ?r%gm 1%? ??I{ap%lblug%f gét%lél% %L%thng
zoead:(i)Qo rThedydorakorr feaxtd¢nvars ula[rdarmccbntazpungi rdnied 02 elia hydrocarbon
In c ain e he. cont act

TR L0 sl i o0 P08 P P PL AP 1 PP tiple

Ifawﬁnaof a mﬁctbh er duntti dtiafidrdere bie @l amplehoft h@niadirgl 8¢ {n8lude a

n.contactin em 100 ma 5be .a .conti nuous pr ce s
G BT oD el e, T DR RAR RGO Grig sl S

thilClebli® (CNSTIOT), IMi&iz&Ped lny:Stos, a( Spaky re@XBNRINe a hhﬁ\i@/hquld
catal ysts). In sone enbodi nents, contact of the

‘Iﬁ’i}@%{: APISBiEiR SRBPdNnETHS. Aherqop@pting sy H$R) &% O cppied iggn offshore
Balia! YohSctBYheI§drefbdWe@vith AR BMAL@S & BclifEHstem 100 may
Subsequent contact of the reduced TAN hydrocarbon feed
i & dentieus pieeatt oaaihysecetfecr eases het er oat onms cont ent
20 aﬁ%eh&ﬁ&%ﬁ§%§wéﬁb1&&&%&%Morhﬁnﬂkﬁ%&B?ﬂPQﬁhﬂﬁ?ﬁ@@
TAN, viscosity, Ni/V/Fe content, heteéroatons content,
qatsdyistilielnsome embodiapits, gpatwttoﬁtheéwdr@wmwfa@d witlsa Gfst eyl of
e
b R o
Iﬁ@@dd EANdrydmmbamfee@ﬁmh lhe> shgoahd @@talrytsmhcmae&dhmmhommormnt
clrea ?S%MS%% Vlety ::gl’l aC te%%odl;&gﬁtg dh&ﬁ thISS(’)bSI9 Ngkf}“fg%ogterétm
Hbﬁmﬁﬂom@dd%ena feshide V@ité’tﬁ KHI gﬁ&itx} O)rvoﬂllﬁfnaliona of ld’xb@l properties of

tﬁ ge of h 1}%%? r eag ]S)?jv aéLP/e E)et{lfgfo{l}g a})%(tg%:g[%s %P &18 hycirgcarbon

ﬂagwhrf&c acsdmnoff tﬁeﬁiydmrboﬁ Cded Ghethf one ﬁhofé&ltall;@ts grans,

0.00 [ 01-3 r ns of . c st. per 100

gr ans” B?Y%HW‘PQ?@H?%M ¥ %15‘6‘ catglyst Hlotﬁl 4°HBE 2P & 1n a range
sl @6b MoIg,, 20130 ivb IR RS 30-80 VHIE, @fCH‘tbﬁﬁfdhﬁlﬁe 6ﬂ@ﬁr&%0n feed in the
i ncl ude, but are not limted nper at ur

C;S’P@%%%rzé’ne h\p PG embeinee afsluesw of ﬁ%lll?/ %}@511 BEHOCF‘@@& feqddugy
1ﬁélu&‘eof@h Dab1-90grahRen. 68f 5 o ERRL ROl Mer&:R0EH dala %ﬁg’pér M0G 2fks of

mbodi nents aré controll ed to produce a crude product
Wdqua@@léﬁeﬁ‘ﬂ incthe)eqiwnsting eofie. Tenperature in the
cont %Ha@&gé&ﬂ&tl&%n Et@r&gﬁta&[ %%é@&a} ﬁlclﬁgg but dre n&Wimifed to,
to 440 "C, 770 "Cto 0 "Cto 420 C. In sone
tembarefioree pressure, hysipaen aweeeﬂ@vn hydroemberctietdidow.om eompipations

' 7

e e A
hydicoedn henifit egeitics.| Tgarertat inythe emyetihg oomeay range 3I®m 50°C

t%i')(?]f @,’ GAO(];EIQ 3(55]7#)1*?(20 ,2?3(} (%Ogngl%} 42@ EO Il% sson%e:_(ilqg\(}:clhmeng

| east 5 11-1, at | east ii 11, at least 15 111, or at
| east 20 if'.
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5 A partial pressure of hydrogen in the contacting
zone may range fromvwa, 1-7 MPa, 2-6 MPa, or 3-5 Mra.

wo eogoaesenbodi ments, a partial pressure of hyRPEDUS007/080429
may be at nost 7 MPa, at nost 6 MPa, at nbst 5 MPa, at
nost 4 MPa, at nost 3 MPa, or at nost 3.5 MPa, or at
nmost 2 MPa. I n enbodinents in which the hydrogen
source is supplied as a gas (for exanple, 10hydrogen

©Rpdratuft ih BtbRa®hg LHR BASERLITIIY WINPT, 860 tOd4aeC, 370°C
hydr ocar bon feed ty&hcalﬁ%ran es fromO0.1-100, 000

tmﬁé@ 8, or rom 388 "6 oo v o 88 hypbocarppndedayill zemprghgange
NIBO MRy 360 3,200 oL 113 b bBn 10T (1109 shTBd FBCRAtAEhedn

wth the catal yst(s). The hydr ogen sour ce, somne .
emssabaginests, S srbicasd hw dtHeasak I ept lg«'as(ialsiq oapideast 20 h™.

ASEURGH PLEOLL NG HOE,ARESIL R A0 01 0 9 v,
2Fhy M%sera} 5 M. gasonegmbodipientst apatiflipowsué of hydrogen may be at
AF%!] ost g %aaﬁ (% MF% t%osg 51 E/IPQ)/EQF oogteg1 M%g uqrr%te moa 3.5

e con zohes rrier
MBM@matemmtRlMigl int he cont act | ng zone( s) I n sorre

f

ot nah e Byae s B pER o bty PR e L FERRS e
hyefige € tdsqtaaalict dTriougledub ydoghaclcOi@ tﬂ@melrocm;en ed gy

a0t PP RN Pie S5 RIS E Gt SEDSm IR 2-5.000 N

hy doexrar o orflesdo serideiconddCfwin eepalysd! Yho/harepas source,
conduit 106. In upstreamcontacting zone 102, contact

igpopf %m'PRﬂé‘P%iE% EFOMDInSd oV it Cf“ﬁleﬁgaég’tsba}n;‘}lg ?Clrﬁ\’l]éﬁg deeugg the
doRtaddlingoR8 UCHrit Al nﬂa? 6t lfgleeiaﬁpl% r Iﬁﬁl@geﬂ MRAUEE andARdreoh NThe

some enbodi nent s, In some enbod iments, a carrier

GEHET 28 BOhBFIHEE fwvt ‘Pif thavy drgrarhoR Aol epd/pildar afrhy Bydregea source
i W&Qﬁ&l@%ﬁ&%) ' 'ﬁhec&%jéi' 'gEs ri]igﬁalso-ré?lﬁaﬂcg tnﬂ!ung el G&ntfféﬁﬂg

exit upstrean1contact|ng zone 102 and enter
@Bdéwvds soreaemindiagnss, bvﬂr@me;om@(fw exampleahydpreeiungthane or

L ug)%%’r (lJRed Ay %M EEJ 41 c%%ﬁ%@iﬂr&%&%l?é“c%né’a@tﬁneg JoRg

ct an separ at rom-t total
pr odddt hydbgey sgenemay bl}teﬂ«m@mns@pamm'tg one { grdmiuggedy with the

f | d
hﬁlggocgréslgpegg \i/&] }grt%fc'ocarlbgﬁl fe%d 25 alrt qbﬁ o sepaf%gly Vga;geg B ugl‘iﬁg In

eam separati on zone
ypsiochuctoncotieione 102 ,cotamﬂ of the hydlecdrhfcarfsqabvﬁhedcdledyst produces a

e e R A S T SR

dnit@tedts, 4 berigass fi&}émbi’me(ﬂ Witk tigasdiociri@feeiisndng the hydrogen
en sul fide, carbo

roceSS| or exa hydr o
i Pb‘émg%hff; g AR HErESH )P Biteee g V2 and nte

db%ﬁt@@ﬁﬂseﬁﬁhﬁ&%n@mﬂ 84 tokApfddedt cgmmit 1The excess gas
may be recycled to contacti ng system 100, purifie

ed,
tr anélﬁ) BV RSHCAD SPRREPD Fins B dhogudegpedict gn[d(g,a%@léy be’separated
1¥&% &R iStal R6dveOiRigNRh RSk doMaIsERration 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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In some enbodi nents, contacting the hydrocarbon feed
wWth the catalyst(s) to produce a total product is
w@eB043Texl in two or nore contacting zones. ThECT/U$SRAD7/080429

product 5 may be separated to formthe crude product

and gas(es). FIGS. 2-3 are schematics of

enbodi nents of contacting system 100 that includes two

or three contacting zones. In FIGS. 2A and 2B,

BABASEICRY (S YR Thel QQte hiMGX )Uﬂﬁﬁleél' REh§RAR Q)Qﬁ'ﬁe@%ﬁdc%m zones,

zone 102 and downstream contacting zone 114 %

sieeeassehcrisapbighenadharsny zones 102, 114, 116. In

FI G5 2on@lhoafien&O E&@&hhg@le 20n8S. B ecdvtith thd 04§85 &

depi cted as separate contacting zones in one reactor.

Profuchy drid pardyeris pebdmedingdvg oupietercoansdemoagst iThg tozgmeoduct
M 4. In sone

ey A e P A B e with the

hydr d§ed Bducceeimtigay cobndimicnts 20@ngating systiemt 106 thae exgludes

tw% of ¢ dmbe g&”&rggc oh{]ég If EPC?SS gﬁ égé 2@1 S%thJ &nogls,oy&eft%elbb Hfldes
dpymaogmntasmg ©ae a@uﬂdrnirdowhsireamrqontactugasmlBlrzmyFI@&t3€ﬂr artdrid3

SRS By FRNEE LAY IR e BRdrg AT PR 48 LR The
Oeurd @picted ak E@afake(l\lvnﬁf:tlﬂg%nﬁyﬁl pacaiden The agdrutadbonffedd enters

exanpl e, gas con 0 |t|on of t he hydrogen
WOrEoR ?I&ZOPﬁiwc‘é{P %Y peaghe: ?:eélLﬁ’?P%‘F Y8 the 1 ow of

t he hydiecantiamdnge the lafameﬁgbla a@mbikiedivigh (RI8)darges otr@Gh gas
of the hydrocarbon feed with the catal yst 20Cont act of
‘ioﬁ%‘“h]ﬂ?ra&é Bripsedueedigtathy ¢pnkagting LU By IPW“EFp Jp cetiin

GRLRENINS HOWE inldest 9K BRa 38 fuee) il £ &Mree Tin8/of %@amer gas
stream fiows from upstream contacting zone 102 t

HOUGTS thehe @b RPN gl inggares Mith the hydmpaadyon éwdamrae@y via gas

JoH@ulf RRIndbf £3Mifcb@WeolifiONb BRRRE 6&%@13&96&1%%5 EJJ:Q vEORE
to additional downstream contacting zone :

e@@mplacgans aopdnge€. podition efithe hydograsonme indde ﬂ@m@ff@ﬁ’ garpropnter
5 "f)ﬁeqll&()@ stthe r&gﬁm féeﬁ chlg Fhﬁnc@%&ﬁ%&ﬁlgg ofg &t{ Bpﬁ%drocarbon

exl ts upstream contacti ng zone strea
feghdh the tdi8lystnd ent ers downstream contacting zone 114.

As FI.G, 3B [eam exi ream
cont tatg)wact It e hgdﬁOf%belﬁ E:%c(l: 8’%5 cat, lyitﬁgm u réa%} 90%%? 111g zone 102
fadol 4 feemafeamomhs faeé ameagofiévescitann gpzrome cdﬂtﬁ;tm'g"la@lefl@édo

tream nmay be cont t al yst
B EFRES S GeRPa gt A lohe S S BPBiea Sl fihion ' "
dbOMmBdaBriMacidt Aaé 1 Ilgtoadtﬂlﬁoﬁlal Gowtrbon toritdreing @inal116.
pr od%gft . The total guct eX| t downst r eam cont a(:[3
zone “PIEHABFS @ad HAPaSEHH ‘?@é’ﬁﬁ’&&%‘i%?&%sfs ‘h‘%fgm
HIG62RNEe RBA ﬁf@m@@ﬂ@ﬁﬁsﬁeﬁmm@ahgmr@noz Oﬁ@eeﬁ@&eé&h 8onduit 118
total product conduit 110. The crude product and/or

aélggntiegs d@afpgﬁeaglé:ﬁgtla%ﬁné&oper ]OlﬁlT tﬁﬁéh?%@ uy 1G. 3B, the feed stream exits

downstream contacting zone 114 via conduit 118 and enters additional downstream
contacting zone 116.

The feed stream may be contacted with additional catalyst(s) in downstream
contacting zone 114 and/or additional downstream contacting zone 116 to form the total
product. The total product exits downstream contacting zone 114 and/or additional
downstream contacting zone 116 and enters downstream separation zone 108 via total

product conduit 110. The crude product and/or gas is (are) separated from the total
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product. The crude product exits downstream separation
zone 108 via crude product conduit 112. FIG 4 is
wa2@sheitei i ¢ of an enbodi nent of a separati on RONES2007/080429
upstream of contacting system 100. The di sadvant aged
crude (either topped or untopped) enters 5Supstream
separation zone 120 via crude conduit 122. In upstream
separation zone 120, at |least a portion of the
o&RAVARIAIR PréutidRicd SovaRRSMAPEralS] Nl t 6ERRLAME Product
known in the art (for exanple, sparging, nenbrane
Bt Bt on, pressure reduction) to produce the
hydrQﬂﬁhﬁgﬁs&ﬁﬁﬂuCEﬂ&uﬁ%ﬁﬁﬁkﬁ1oMﬁkﬁﬁmﬁB&oﬁﬁmﬁhe&ﬁéﬁt
partially separated fromthe di sadvantaged crude. In
conBetersyssa il e Thecdispdpangaed crubateithervenrad boirtonpgdreaiese
RSP PR E: CaCe b R o Pl R Bl 0
ltot prodocef ttlhétsem\)vdmwdlcmdn isf sepatated ml@ﬁéﬁn@qﬂb@momnn Qle art
a r
Enen L PrERerBRRl: QPRGBS SR e
hj/ldmdbamfea@eﬁorcelxudpie watersmaybeantead pasiallyssepatted Gasttha
or.t i rat ed conmpone upst ream
O D0 o S5BR5 G g TPt AR bor
(ﬁﬂﬂﬂﬂ@bb@bﬂeﬂ°CK@BMU®SD®EaﬂM$®aaﬂakt@ﬁmﬂ@mem&ﬁ&1HMﬁﬂm

G0 ey TP o TP B B OF “al §SAEegoD s o

itionl JT n8HIR: LARGEHEEAL Srored ol@ild hiOnapARE eredi sl dibdubih e
of at least 120 "C. Typically, the separated

Hspdroéagederds: dagonm em mﬁsﬁf%Fﬁﬁ@o%WnEﬁﬁﬁéﬂ@ﬁ¥§‘ﬁPPan“
e%mla@g&éaﬁlge%@ﬂ% hST20 Vptdonad bet ween 100- 1000
C 200-800 'V. At least a portion of

20 t Hée hy&p@é@ntfeml qogndippd dsan wpsiprn pepaiHiQRar AL0.dhs¥Ehe
e]‘ﬁ%d%&tsef%ﬁﬁé acrgl%lﬁ'@&ﬂ J&le%ﬂ(él&%%lﬂl?geﬁn efcf?{tnbutlon of at
exanpl e, the contacting zones in
It 40 Sl ingeie owbedoents, addiling mehge ﬂlsm@tlfvroofbé lemj nEher.

c%g? %ﬁeds Eﬁratfeg h r@c&t?nﬁogggegﬁgég?dgga ;né%tgre%g ggnﬁ%%/ne%té with a boiling
lpmsmhMHME@nbgs@meéhh%ﬁo&QWﬁéﬂﬂ@éhmmﬂmh8@E§hhﬁﬂﬂ@tgmmﬁonof
tﬁ‘e fl}?drroc%ﬁ_bgﬁ?v d eXIs %aggang sreﬁgr%il(p [ O%g ;’[;%O f?riéll egf%éscc%pl agtcf\r}gll sﬁ&em 100
(sm;rﬁ)r exdngde, mtearttost;actiﬂgezonefsuni EIGH. d) ota additidéal digdio«zdrlbdn faed
crude at . kSgLhe or differe nt fromt
‘1?9%‘%%%?%33% télgroproﬁﬁéwgé&%% pérudp %"d}% Flu dLSPHS > c?f‘m??ﬁ;?

dp@tr@ﬁﬂ@pm@bnmh@ 12 @asyetepdsidishdioupatréhin dreloemntredinsE @sledajting

ther resul ti ended roduct ha
c@@ﬁw%ﬁ% t %C @%%‘Sﬁt PHac %088% FXV%%Q‘&%“B%%@“

@h&gugn and the viscosity of the crude. 30 In another

exanpl e, the crude product nmay be bl ended wth crude

havi Ag somerembadifagnts, the grude @F)@H?t is plprded pith 3reaulg diah g the same as
RAHY&GH: rbhahe Mo&rb-gﬁ%ehh &br éxﬁmpﬁt ﬁﬁ@ @ﬁdé ﬁ%dﬂ-c/t\h‘l ?fbe tHBbined

crude product and the crude. | ended produc
Wigh s eudelvngraghiiereny yispenity élteif‘%m rg@ﬁayné An g Ialéedeﬁ@rﬂduct havmg a

r
Ay L D TLREL RSty of v

Ihyd@b@a%ﬁbﬂe ftbfe@u@%mddm maphe blapd atith| cealstha‘an@ ® fFAMhat is
e
e e o PR 3 T B BRI E PANFhe crude
firoduot enldhagudkorihe bBAdedgtrodueamby be panitle 6 twhspbhgionrandier
pdugt is conbined with one or nore 5 process streans
%?or eéxanpl e, a hydrocarbon stream such as napht ha
produced from separati on of one or nore hydrocarbon
feeds), a crude, a hydrocarbon feed, or m xtures
thereof, to produce a bl ended product. The process
streans, hydrocarbon feed, €éfude, or m xtures thereof
are introduced directly into blending zone 130 or
upstream of such bl ending zone via stream conduit 132.
A m xing systemmay be located in or near
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10bl endi ng zone 130. The bl ended product may neet
product specifications designated by refineries and/or

WO e@R®grost ati on carriers. Product specificati opgI/US2007/080429

i nclude, but are not limted to, a range of or a limt
of APl gravity, TAN, viscosity, or conbinations

t hereof The bl ended product exits bl ending zone 130
via blend conduit 134 to be transported or processed.

151 n AGhodn intH16. §liis achaandrgRtn iU BRIEAHRL FeddREFQdMacting
separation zone 120 thro@gh crude conduit 122, and the

ptemd 08 padydigearbeniseq condubAia prebpt deasty oy (e crude product
egc?@ E(gﬂtaaﬁﬁlg §ﬁteﬁ9fd@5‘v‘iefk%nﬁaﬁ9 [23CAl mﬂtr&ﬁl%gd 1n£[)nﬁend1ng zone 130. In

hydrocarbori feed then enters contacting system 100
higndogghna bl ot leasad PeTyer ofdhe Gode fredudt seaatbined Wit ongapr more
n
e R R e b e Ty
sopartticorvf ofie o1theor? @y@omil@nﬁe@ldn e trudwiathydwombarcfeed@r mixtures

tﬁgré(gﬁ{gp}%glc dgg]te%%él% Gc’d&pth H)%es% %{Eganfﬁﬁ) d&& R)%g?eeﬁrcl'ﬁgc% or

rntxuni@shcﬁm?fgre 1htr@lwed1@rezaﬁmtqllglgfc§:gsme 130 mrmpvtreamsctf rswzhm

it 132 th t
o 2R s R D T B S i S DR
Hérelingi Z0ge Z30NeTh 3&n&¢c@r@d&ﬂ1€ﬂaﬁmﬁd lprddudt&ﬁec1ﬂ1d’31t161ﬁ;ﬂiémgnated by

odi rre ts, the crude. uct and/. or bl e
B DA drepoaRe e Ak PRI RGPSt pougmiced
tandvafde dfloag limdnalAPy gy, AN Gist @it @ EUEBin@Nehs AierdvDr Ehe
distillate fractions. The distillate fractions may be

fendedrvier £y P adinee rbmterithland grdetbiso betpnsaared or
fré@Beportation fuel, lubricants, or chemicals.

In sone enbodi nents, after contact of the hydrocarbon

f eed I Kh 6 the disadvanipeqd cradeeniers I EIOWIRAL Hierong 12() thpeh
&&de{%%n%ﬁQQggl@th@dlsa!apﬁﬁag%@ GudOls s@ﬁarﬂ&f&s pl&l{@ugfy cfe&%bgcﬁu

hydrocarbon feed. In certain enbodi nment
fotre therhydocpberdiged. Hedydroguhpofecdithemeners stont@tmmtenol(@

t@lfog%??c}d}tﬂ)ﬂ%’ ha/?fotcﬂleag% fregc(ljéondaltt %%g tsAt 19 sﬁso rcoﬁ‘1 ﬁ%ﬁ&tfb m the

dizdsint@eQ00de enichepargioa ZDneemﬁ)e»m ¢onduigd 24. eéasitasOa @@llon cbfrthe

cfﬁgcir.ﬁr:e rocrgt it %‘&aftl{l%syd e f Oghagig?tgrgg)leg\dlgg 8%: ]g?ﬁ%rgu%l cIud%

Iirndlsoafmdanm&jl(ﬁthm;mce%,%memﬁs dnidr cnudeheanmr bltuditg mag 130 directly

Nhh g 7t Gnge i Ry k<ot oo £\

p’tédiﬂe THe®MHhdEd frasuchetitbidnding Modee! 30 o leerd cohduad 13aDst

90% _at npbst. 50% at npDst % a st. 5% or_ at nps

3% of™ P FGhogrpdtse B CBIE Pfﬂduftﬁéé/ 8%9 EPB{?Q%%”? aé‘?eﬁansported
tb A réffelyaind deINeOinaRA IiSectidnhly GELRE (PpoaNSond3SmoRistillate
tg am of crude product a total N /V/Fe content in a

£

acHems- flbg Hisg g frripngymaye prgcesseq tq proguegcqpmgiereial progigety such

A@hPSrchidndue! HbReadls dFRherRitald. X 10-6 grams to 1 x 10-5
grams. In certain enmbodinents, the crude product has

at moRtonge smbrgimgengy alkes comtagof \ie Fredrogasbagdisl with the catalyst, the

3%&5%{1{@1% a TAN Qﬁa@bow d&l’%!: Gt ﬁQﬁ%@%t o&ft Irfogtelo%' &fdcﬁe TAN of the
uct 1s 70-130% 80-120% or 90-110% of the N N Fe
fnyGr,O@mbemfee@f Intdegainyapbodimeye rihd @ed product hasg Ig\g¥ref at most 1, at

[ t r c t
S0 ey 005 ALEMICL Do 40" A TP M
wibldteqb&ily be asleasnE00 39t omote Hequantly d gt (9 n{resvimeof
emhboalm)[en[soﬁ;g& ?hrhaescruacf:fj: tpr(%cfglftcn% baebg a?anl%e gro med;én()tﬁ t(r) g% g() 01 t00.2,
fromO0.001 wtppmto 1 wppm fromO 005 wtppmto O. 05
wt ppm or from
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150.01 to 0.1 wtppm In sonme enbodi nents, the crude

product has a total content of netals in netal salts
wmboosngasd ¢ aci ds of at nost 90% at nost 50% PER/USIIET/080429

10% or at nost 5% of the total content of netals in

metal salts of organic acids in the hydrocarbon feed.

Organic acids that generally formnetal salts include,

but are not limted to, carboxylic acids, thiols, 20

drimi3es 0,151 sbRRlembedindsts, B4 oStk tROP R uct @é@'ﬂﬂg@%oﬁlfo 001 to
carboxylic acids include, but are not limted to,
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aci d.ry Ik MRSRlmRRY e %fhd%rddﬁ@c h'é[?& kal %@/'Vt/l% &Sﬁbénﬂ &Gt Heg
al kal1 metals (for exanple, Iithium sodium and
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Qgr aV|t the cru e product produced from contac of
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pro uct. In certaln [ crude product has

aloglidngnt glonetelnin I@@talwltﬁ @agganm%pldapf the ggyde Brm;lctai 70-130%,
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AR, S LR B e BT bbbt ibin Bl Wi SPRERL achls i e

hydnicenhon teed.t he crude product is 70-130% 80-120% or

90- 110% of
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20 the sulfur content of the hydrocarbon feed. In
sone enbodi nents, total nitrogen content of the crude

weemduet7ssray be at nost 90% at nost 80% at neSTL/UIDRG/080429

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 1%
at least 30% at |least 80% or at |east 99% of the

t ot al Birtal PG AGRMCAPT &hvity & (D ReRIPRBA( e ﬂrom contact of
In some enbodi nents, basic nitrogen content of th

(B9 OGS OB iy oSO SbClag CaRISIOND §9E0- K0 Urlar20%, 90-
ﬁ@% o100 BB, K6 ALK gr%ty%@ﬁ{e @%’o@irb&hfce(p al%'cgrtfﬁh E&Q&ﬁlﬂents
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qf ghestydmgegpom feeql. elertgpombegimgnts.| tegygndeguogdust has pdagig figegen
c%gteﬁp(ffta?fégst q)f% Eth@ashy(f% QA@ %‘é& %ﬁ%f &Qﬁl leaQ@ ot (ﬁheclgalsllg %1trogen
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oy odus e thikBERns. o o Ll S ARy BROAEEAEE b gy mos
%96%. al mealS0%. @fmcesaBO%)ay fiost 18&a, dsatahosaf% mﬁﬂie 09%1 calltent of the
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25conmpounds within 70-130% 80-120% or 90-110% of the
non- car boxyl i ¢ contai ni ng organi c oxygen conpounds of

wa bwshydsdcar bon feed. In some enbodi menkGT/U$1967/080429
crude product includes, in its nolecular structures,
fromO0.05-0.15 grans or fromO0.09-0.13 grans of
hydr ogen per gram of crude product. The crude product
may include, in its nolecular structure, fromO0.8-0.9

184s80%, AMeakt 92, Qs Bkt 389, &-a8Bag@0an®rafe JxHRBnIRATof HeaM
of crude product Aratio of atomc hydrogen to atom c

hydrasehor feeq/ kysome ephedipepipdhpiopderentalcarioxig aidompounds
of Yl 30 I&Qlct]-I%Qy/Be e@'ino%t%O%l- qg/ﬁlQ;t SB%eat%(%mG% H 90518:';% 8f the

of the hydrocarbon A crude product atom c
qoatenioofhe darhex G- a01d3®%p@ﬂnds h@thhymrewalvcmcfﬁed ére@rtamom C

ég#l!ol%}ncgngt, 1hQ chid@] Fﬁeﬁﬁ $ad DRta1 HBkK ?f ARG £ cﬁ;&&{ﬁ%hog b at

rogen in process I's relatively sma
lﬁﬂat%hydmwgﬁﬁ’msbpiﬁﬁﬁcydlknﬂ§9%uﬁﬂﬁh@ﬂhmuwenﬁmwwucﬂwamd

n h a range of boiling points. In
éog@b&%ﬁéﬁ ﬁgﬁ?ggg§¥%%%rude product includes, per gram
of t he scnnamm)qdrrmim;sc telecatd drgastoxPg@bmpgumls sy be redicalim the
0..001- 0. rans of rocar bons Wi t
BegErPB Redn PRSP et it Bn st Al E 8 Gporytic
zﬁu@@ﬁy@éaﬂanwﬂbnémmﬁi@ﬁ@@hﬂﬁ@ﬁb@%@ﬂﬁmﬂﬁnmgdﬁgmabbﬁﬁﬁ
with iling. r éﬁstrlbutlon bet ween 100 " C and

Bt o R GO BEEEY 5 SOOI B 2T gpounds
6 Qe Produ@ e AN @A HrHQMS Wil oRhH Ol RYdiR GG
di stribution between 200C and 300 'C at 0.101 MPa; at
geagfally @Oﬁ@fpﬁcﬁ%ﬁé’mcﬂeﬂ?‘}% Mopeple 1@3531‘1%%1%? mpgs
E%Mgﬁﬂgapbgﬁﬁm ﬁdhdilhgﬁ%mpﬁ range distribution between
C and 400 C at 0.1 MPa; and at |east 0.001
gr and he grude produa, ipoartain gudinents hasARAYEEArBBINE! ahiat Hod 90%,
a@%olsﬂ g@)@% LSS 7@%8611’ dt %tsﬂ 5@)@6 @f% eﬁ"&ﬁ%n@@td[hél%%roc%‘tﬂh feed,
MPa. in some enb neg?s t he crude product
and &AM@fghe pade produet pfat mpsxd?@%p ﬁfdd%é 0% aat nmogia¥X%,@r @onost 40%

RIEAR by A AERALRANEM Lo PNt SR prodpct has an
dxgastcodicO0T agleastd %oht Ibaptde.at ben S0%, otat abdoVi afghe aygen

ﬁonfcég fk%llije hr}g@roggr%g V\fe%d atn% 91% c%ﬂig é)ro%%&dlag QA&So]fﬁg@gs't é{%, at least

e Cru
ﬂﬁ@sth@n@@% @ﬂmhmm99%mﬁﬂn¥hﬂ§bfmeﬁﬁhgaﬂmmieﬁlnaphtha
per of cr ude uct. I.n other
e oSBTt TR 2B o A Blsaf BT, s epor
1Qetl s@ltﬁﬁf&arb@iylﬁtacﬂ@ 8 at oSt Woaianmoafl70fraphhdasEesorgt Mbst 40%
some enbodi ments, the

(%O of cru F ﬁdugt. I n
MRy dpreagan teetr4ad 3 ceptent of P%Pt RO TN g R4 peRY Zen
Q%@@&is HithBO70L 0%, §b-100ve, ¢lioptiilbhadrencntamox@fc doh@ining

ocarbon feed. The distillate content
orgamc oxygen compounds of the hydrocarbon feed.

In some embodiments, the crude product includes, in its molecular structures, from
0.05-0.15 grams or from 0.09-0.13 grams of hydrogen per gram of crude product. The
crude product may include, in its molecular structure, from 0.8-0.9 grams or from 0.82-
0.88 grams of carbon per gram of crude product. A ratio of atomic hydrogen to atomic
carbon (H/C) of the crude product may be within 70-130%, 80-120%, or 90-110% of the

atomic H/C ratio of the hydrocarbon feed. A crude product atomic H/C ratio within 10-
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of the crude product may be, per gram of crude

product, in a range from 0.00001-0.5 grans, 0.001-0.3
w@e@s®4576F 0. 002-0.2 granms. 25In certain enbodPCEUSRN7/080429

the crude product has a VGO content of 70-130% 30-

120% or 90-110% of the WD content of the hydrocarbon

feed. In sone enbodi nents, the crude product has, per

gram of crude product, a WO content in a range from

@meﬁéhyc@@ﬁr‘tﬂ)ﬁmaat&llg B Fheio i @RS (ha@ uSt P M dAr 83m@iEption of
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Bai0f) or GoB 0@]0&’_(()55 g@m@@&y@r@a@bmuh :(ij)boiﬂng)fhn@ dlstg'btajlmn between
AR E R 2GR o TR oo hEE O HPE RS on i S B
tgg%scm?bnsmﬁﬂie e;] gcgﬂrfz:g @ﬁge&istﬁ[ﬁlﬁftbﬁ g&z(oeaf 3(I(E)|::Ejbet(r)1gt4fad) °@5t (B]f[li MPa;
0 B DDl S o s B BARORiRa® wuE & Sl ranze

gsakaoh bbnde0s@ omafseger a0 1@tMba.CS and C7
asphal t enes cont ent ran%%pg fromQ.001 grans to O.

gr amdn SEuQemiginenishe prsproget @C@éesgp%{r%ar% 8f qude r@?d&% at

b8 6861 @hits SNMRAHAMOhSwith !ﬂ@o&ﬁyﬂﬁ Qg onRAS rﬁosm °C at
content of 70-130% 80- 120 %O 110% of the

(& BHtMR angforpplsash ) §P berps @ﬁhx%@c@rb%mﬂé appibing rqaa%dlstnbutlon

H?:E@éiH%oa@aﬁlﬁﬁ)O&CQ@o%PNﬁJatenes content of at nost
90% at nost 80% or al nost 50% of the C5 asphaltenes

cont dmtonesf enptipdithapdly e rude prodeetdnaylhavedgagi (H001 grams, or at least

ORI B8 o BERRD BRI bEE e g produc
hgastve 709phtifa dohlentCh abimph 416t games ocgmiash).8 @fantshpd naphtha per gram
Ot}yégurgg)?r pgn feed while the MCR content of the crude
proélu I's"within 10-30% of the MCR content of the

hydr dc mﬂmnlfoelenhntsl, thesante pmdbadhammmllatel@d&mr @O 3%, 80-

(0 BT E RSP RE R Sy’ el EORER B iy men
dfl’ﬂlﬁHc&ﬁKEQ)r(bdiet @hyal, pértgyar bf drbée ydlico s hage freed/000b1ad.5
£er1n?sd ld OE)l I6‘3Xgrams or 0.002-0.2 grams.

In certain embodiments, the crude product has a VGO content of 70-130%, 80-
120%, or 90-110% of the VGO content of the hydrocarbon feed. In some embodiments,
the crude product has, per gram of crude product, a VGO content in a range from 0.00001-
0.8 grams, 0.001-0.5 grams, 0.002-0.4 grams, or 0.001-0.3 grams.

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

hydrocarbon feed. The crude product may have, per gram of crude product, a residue
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In some enbodi nents, the C5 asphaltenes content and
MCR content nmay be conbined to produce a nathemati cal

wo 2d0ahiosshi p bet ween the high viscosity conporenus2020080429
in the crude product relative to the high viscosity
conmponents in the hydrocarbon feed. For exanple, a sum
of a hydrocarbon feed C5 asphaltenes content and a
hydr ocarbon feed MCR content may be represented by S.
Dn&HITh @frar%e CoHABO PO PBUECdraifed 09PN 85t NS 0 ©0M-€ AteraRrd.801-0.3
crude uct MCR content may be represented by S. The
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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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15exanpl e, residue and/or viscosity) in a hydrocarbon

feed without significantly changi ng the anmount of
wWORO®HES53 n t he hydrocarbon feed. In this mannBCT/US2007/080429

hydr ogen upt ake during contacting may be

"concentrated” on residue reduction, and not reduction
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THUQLEP YRRy OrdQ BT AT OBh NGOk df APRS 8 %‘“%Qn?j%fs‘&?rf’bed

ﬂi@pfe@tlle@ offBiY cRide FRMuAIOfelall € ©ARIBIdEdcaibof Bled] Sl e selectively
nmpl es of commercial catalysts that are

%%Ht"@ﬁﬁ PRERRIOPSLigs@rg aa ghasgeds dptchha dlomar wbrantially gepge-
Ig%)}‘ra)nﬁﬁc% jrt|4 mely@%%%suéble]tabh%%ele%’re@%éga%e c&:ﬂﬂolaents (for
pappl3gresigpgiandior pracsily) iDrbydrocainendeed WiODsi 2R dy changing the
QN%M& NlRNgg’ flnsche écgﬁ)on RIN3 1 iipthls%ﬁgohy%i% 4 take during

0; RNV412; RN400; RN420
qamgt@g mﬂl\lﬁ%tg@nw@ on RNBIBE QeduRNBE B! nORMIlB@tOH RK/B'@@O

Sl S 873 B B3 B A B
thohgtronrbon Iféedxtag amQj;rSoﬂh})drogen ugﬂdmrlegrﬂn@ @ravesstnsy be minimized.
SRLANALS ARGk P IRNGE AP ERLNESRE A0S NI SGALROac i

fee e or nore
a&cmm{bﬂd to n@el tuHmBenS arkDornexhglo(tstjoni spedlﬁlmllepnsb Slhchaiyéronan‘bon feed

g%ﬁ%sts&kfeg?}aﬁ et SO e TRt RC R e A P

r ut heniaiy®s el inade tiork RAGHAMen® SNMht M vehtidnd inlafMinclude one or

| ati num or xtures ther of The catal yst. may. have,
BuF by o iy G o FRGTa CP o8 KOt RBRP By lementl
e bﬁllﬂtthé for of ARGEouh®@O1 8¢ me@BSTheQafdBOd d@sfcﬁﬂ&i heaém may be
| east 001 grans, 10at |east 0.01 grans, '

1pté?fbléecbm@dbq_cqytagtlg,% as {PIGOHSY, @dél?eéllpgcor@a e@@ge . alcatalyst in
€ @&ﬁactlﬁ’g 28 Qflar Oxcal Q%Oeg HREB sultuPaRIAFR ?Hﬂ%@ﬁbé@ﬂ@&@@on@ﬁﬁng sulfur
cata i ncl udes 15 el enent in addition to

i ﬁ@t@éﬂdmﬁisth@prwr?@i aTl\e§Ptal}’Et>@r?ﬁllnbl§atmn Eotalyeis agpd as described
ft%%?ﬁarlﬁlg%g 5‘}91'161' de c&ﬁﬁl&%ﬁ%éﬂeﬁ sts 'Ex"alﬁgfé%ﬁé&ﬁﬁﬁer&@%a&%@ tifht are

el ement con ram of catal'yst

Jontepptagpsl t@ b@meg a@@@@t@?@d@elﬁugndn@e HDSEO{J@&ZOH@@I ofr Qi C311;
0 r 0
R g et e el SR
Ipdst 34, D140, Thiel WaDALGGIDNG)Y; DAL E]LS; Pav23h3; AMVOD0:danNal st |
a I gn

SN N 0“515%1393&?& bR fiD fzg%zz% NBh RSRRE RRAI M s0:
range from 0. 0001 0.6 grans, 0.001- O 3 grarrs
0.005-0.1 grans, or 0.01-0.08 granms. |In sone
enbodi nents, the catal yst includes from20 0.0001-0. 06
grans of Columm 6 netal (s) p&r gramof catalyst. In
some enbodi nents, the catal yst includes Colum 15
element(s) in addition to the Colum 6 netal (s).
In sone enbodl rrents the cat aI yst |ncI udes a

Y " Y ~ - . o o o o
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25Colum 6 netal to Colums 7-10 netal may be in a
range fromO0. 1-20, 1-10, or 2-5. In sone enbodi nents,
wo bmsoet7ad yst i ncl udes Col umm 15 el enent (s) i NPEOUS10DTOB0429
to the conbination of Colum 6 netal (s) with one or
nore nmetals from Columms 5 and/or 7-10. In other
enbodi nents, the catal yst includes Colum 6 netal (s)
and Colum 10 netal (s). A nolar ratio of the total

1506 30RNS &1 0TRINEb 16; RN FBS0: oM ad0; RM 908, AB0BELGNB. ¥év3t Em 7713;
catalyst may be 30in a range from1- 10, or from 2

1R3ce¥armd ﬁ%o\@hlﬁ%ﬁ?évallahlé foat QR sterpaiignakdas %@wsmnTsxas
ﬁgtﬁg}.(s) and Colum 10 netal (s). A nolar ratio of the
total Columm 10 netal to the total Colum 5 netal in
t he datangyrbodiyentsecatalyds ysash tpechppgsmrapett@s obthe hydagaphap feed
1h£1u§e°d£% O?H;%%dé(ﬁaﬂﬁssi 1(%1'6:&%% %ﬁ%&rmoﬁﬂngrﬁ)&ﬂfrﬁet lésr) include,
I ncor porate or deposit ed o , a support to form
b ere mat lahipst to, Japadien tchramiembadiyhdambs), tu@grdtanmgn&indse,
tng‘}ngtlu&ﬁ’ )rh niu d‘g %@BI &)%gllt %?ckg\f {’urh %ITP wll]a:!ignr? Irl?o (0§1)n u%{ €

I 'ncor porate or dep &0 for
itiliemc alaamymtor nhxtumnbmm‘:ﬁréﬂte&aualysumu}cﬁave I”p@r glamajf @&)lyst a total

Gy ST FRENL AR « TSRORD e o0 LRy, o e Uy erms.

aelleaﬁmrﬂl(@ams higy aStiigeard00m@y6 HemOoUs. mﬁknm}oosm)cﬂ atah@s, or
860 A5 a8 o P soaimBIRGHS. GRest TRbrraErny 13 isa in

dMitioh ﬁQﬂhbl @alunblgts 1aneetl@y. FtaMple® df Colundl 1l5rﬂldﬂlﬁ:nts3hdhhd'éa
silica-alum na, titani um oxide, zirconium oxide,

Rhaghessy W%%t%)é“ gy hest lgiRbSOka rlé slemer) 9pipt Eerr%ﬁ%}n ple
QRIRL Aefnd @8th 8.00060T8Y. Chidhs TBGUAH BO10Y oIins1 O8OHR-BS grams, or
Criterion Catalysts and Technol ogi es LP (Houst on,

O30 .00L 28 ) .~ Por ous carbon based material s include,

but é}ﬁ CerlAOH enllﬂoﬁhﬁe%@& e cat@f%t' iR C%ﬁh&%@t@l@s’) O h PO may
graphite. Exanples of zeolites include Y-zeolites,

e, pergramiof e@alym @ plmadongtaléss corepatenst (1.90981 . anfvest

| f
SPLBELE 0L L Sl AU (6B
(PEIPAS Y kirami @ ,0.00:-(8)8griums. 1B Fhae suppbments,ithe oyt includes from
(? 666?"8 %}uﬁs of ?Ol@ml? 8 Al %?(S)Zl%e? ra‘in E}Icitggrg Si Q émbo%fc’ , the

aver age east
dAfalysr 1nall1dés€(aﬂsltmﬂ. Bi)elémerit(rs) mearlthaom toethd Gd]lunmmitmetala;)

Suppdh oSBT kB heGuT RATRROUR BEPhFPE nbfy

witde® dr eokd@etpB Stodth CAuRs Siagd/of Colexhs TH$).0N n@ﬂartrlixe) of Column 6

BARuRCe s By SubPaentiue 128 §Lalir BT by Boeseer

Exhhk @ akdk 2 (Pesii@na7- Cﬂ@ﬁiefaeﬂla?z@@ﬁll SthRRAYom &xmpi €9, ®D-5. In
aci ds i nclude, but are not ed to, nitric aC|d

spEisepbodatepts. thesatalyst inchidesColump 1?1%@8%51) g 4dditigaiighe The

RABE RGOV @RS b hided) @mo&lﬂr ntbé RGaBERRAI @blldinkHaMor 7-10.
cat al yst extrusi on nethods and catal yst cutting

Iirethsbersbadgmenyy. theertahyisdaslades Cphanneh meigiitaad Cﬁhlyﬂnblé) HEEfs). A

ho18ahedoBhe fidl %HB%{nalto%&al'tQ th% t&éﬂ@&mﬁﬁ 80P m%ﬁ@celté'iys‘? fay be

from 85-235 (DC for a period time 25(for exanple

ifi@rar@e 5rog) hfiirog Jromrdy- oln cartain pmb@rbmndm shaatalysbineledes (sflumn 5
{

BT RS OFR AT DI B REY TRt Py LRPRme o

Cdwpe b atetal @ the caalyange be iroara8 0trdiR 0010Coron®@G- 1100 C)

to formthe support having an average pore di aneter of

at least 150 A
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In certain enbodi nents, the support includes gama
al um na, theta alum na, delta 30al um na, al pha

w@bor#sIss or conbi nati ons thereof. 'I'he anouneCoDiS2007/080429

gamma al um na, delta alum na, al pha alumna, or
conbi nati ons thereof, per gramof catalyst support,
may be in a range from 0.0001-0.99 grans, 0.001-0.5
grans, 0.01-0.1 granms, or at nost 0.1 grans as

det enpidgden®od¥ndndy Colubdnt 890 InQAMI(s) fre SREBRMIQH] JFBEISited on,
the support has, either alone or in conbination with

OlURRgTt @é@%théﬁatalwnﬂrh%ﬂa@ ietiEgeaisurPIRRNT AP Bxtalshar

(Q)'frﬁamagi)n $HR P8It 1'5%1&&16:‘11& Ge ﬁlE(ﬁﬁ?oere& np og&pgglé%n the support
-0.9 grans, or 0.6-0. rans, as determ ned by

tsa f@l‘ayth@l patflysicin mbodlmﬁnww%émlwmmlﬁﬁ) gnd/prrdenaangploire

V, S r :
% r&lﬁ tﬁ%@&'gilt%%e cgtaér glgges agtsglgp%?t %%; &%%l(?h%dgﬁ ele"fﬁent(s).
Hiewnpmt mfa/sbedt@t@s andedy tngluge reétytct@dﬂ dxfdea@oiawm carbon based

rEzthIQa(?sr tzgoqltﬁ%a(gr% %‘%}nﬁtl(%%)(he?eof pﬁg@a%o?g o%ﬁés@egﬁg{lgéeﬂal}}t)ﬁre not

par at i on
lositeal ty, saﬂunpme rsmlcatsllmm{aluanm deasimni docaad:é rircogiuB oxXRétt, eiagnesium
Nos. 6 018 t.o_Bhan: 59.364.10 Bhan
PR BN o pIRES adh PRanp el By riplurr
sabiglasSCritddor02:halyds Baloreckeictdgies IMI (Hoﬁs@d&‘ﬁa Te{ds Q[dJS[PEmt Borodsh@rbon

suppor b regnated with

i AR A TR R AR A e
Exa@ples df Aoliles MRRIIAYUIBB(ch, D@ 2EANGEmbIdRM AN ES O8M-Eacolites,
450- 1000 'C, or 600-900 C prior to inpregnation with a
o fgrierite gealigve Zepifesdnaehstdtained iioghh B Cia] BRIk euch as
A98d: danénBorps, PRAMsaivhaR 108.Ahe catal yst. Exanpl es of

I mpregnation aids include a citric acid conponent,

et hy T8RP ineoae prabrdimenss, isaenagedsEOTRRL hesarpeit Bas 4
ff%?&%@ﬁ(ﬁé dfaﬁ%fe?@lf at least 150 @s ST @'"Epggfeﬁ@ R8GA. #n certain
catal yst nay be forned by adding or incorporating the
e@moglmﬁ@t%a et tsair¢rayedtby forarng 2y aghead patapiabe sprerumatsrial.

orﬁg Qxﬂﬁ&ﬁmémé"éﬁ 5&2%’ dﬁjgec? t tl%’ﬁﬁﬂe &y ésﬁgt i eQ@&s?dn A'thel@Be. The

eat treate ort
\szu@smné dilute h¢ig agraddesl 1atsluc\he\m0un|tn laﬁd)lvymucb mcehntlsr atre@iredfo give

ef [ vt ies. .
7 R BEDEL B Sl BB bS5

taftieic aelacetcem/mld algdflmfc anigt @ld hyémdlslomcoamdrpr ove the

talyt tivit t t al
o cartr e Y g Pty bR ebd FREETST
iPah&@RtandNGatalst Zﬁtﬁn@ﬁléthb@s tBli@ih extrudatesT e Catkudars may bOheat

B e TE g S g e Lot 2 Kelppaios o fme
(rekathgle, fFE5-SAbLRNEdRT a&llzﬁdmb@dufesaohfeﬁwalﬁd exfﬂﬁdﬁtélﬁe@
be m xed using suitable m xing equ Ement | es

AR IES G M R S R L W T B

t§1§1§érhtﬁféelﬁﬂ ra?d@@ Hoﬁl $0-12h@uIhSo00MUbD &) BifNE! e glf]?[)rt having an
exanpl e, batch E)e or continuous type), inpac

3YPHea¢ Bore dﬁ&le@mf #iderlSéneral |y known mi xer, or
generlﬁkérbélxkéh?%m%\’s' &E ’supﬁpJ&ﬂtlnéMdeL Ahthk QlﬁlnYnaP&th‘é'aﬁﬁnﬁJ‘ Belta
Col ums 5-10 netal ($)/support %ure In certain

adyrhio gl ahﬁlmahﬂmmm er ¢rantandtighsstheree!l. ribg alown of ganprhgalumina, delta

%8&% lﬁ ougllnérlga Hpéo%b(l dlohssthéﬁ&e%ergm B%Eahﬁl 4u¥port may be in a

onnge di sperse
range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as

determined by x-ray diffraction. In some embodiments, the support has, either alone or in
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In some enbodi nents, the catalyst is heat treated at
tenperatures from 150-750 C, from 200-740 'C, or from

wWaOWsH&0ss C after conbi ning the support w th tker/metoal/o80429

In some enbodi nents, the catal yst nmay be heat treated
in the presence of hot air and/or oxygen rich air at a
tenperature in a range between 400 C and 1000 C to
renove volatile matter such that at |east a portion of
doliBifaRb NS oPeABriEdralinial, @ KRIMeRRd cbRedth®r gram of support, in a
correspondi ng netal oxi de. 5ln other embo nts,
Heasdver 0-10he Bapalysto sy od Oedd gfaﬁ@aﬁlsé@teiﬂﬁm?%by X-ray
(Rfﬁed%@(ghc Qn ng@érﬁbdﬂiménﬁ ! %rsélzﬂé'&%a Iﬁv@atﬁ@ﬂg@l faﬁﬂ] zﬁ@east(é 3
"C, from100 "C from1
gzams ademﬂ Saraves: piod lagpt (-3 gramp af thetp almgenaf ﬁaﬁlﬁtermgleﬁ bm Kgay
ve a mpgjority of the volatile conponents
&ﬂﬂ%%%? converting the Colums 5-10 netals to the
met alSuppdrge cat@astaingyg bs prepapbuset depersiicknoavnmetahsdprepagation

t%g{ﬂ Q ﬁxaﬁ%@ Of gag l)gsﬁ}r%?arat'ijo%g "éllleccfepc%%ed 1(1;166 §| %f’en% N8£ 6 919 018
tb BhamrﬁﬁSﬁéSﬁ# cmBlvamt M2 8,33 th Gdbm‘fgomtah;(ﬁi29();84é t@thbnﬂdaov et al.;

stantially di spersed in the support.
4?82?%H§C35 %hcalcined catal ysts are described in
U S IPadnedmiNdBnents, the Supdd nﬁa@' t@allnptegﬂlamad with @btal, todnch a

w5901841 to Cge@alelov et b ﬁ%aln enbodi nent s,
FANbt R CHURTR L e SHﬁIng'blé %Hﬁﬁt A [SHRSHLE Mg
feom 4601 Q20veCal - twofor $h (a0 1he @ pabidifipre SABPR Kith @RhediIN
5-10 netals m xture, The theta al um na support/ Col ums
%n@@%@l&egtsﬁf‘?fe@la@loﬁévjs By e Jpediqugng Bgpafptioq of the catalyst.

Eﬁmﬁfers 3t ik Re Dbt d aid 8 AShdeA0Qtric GeitiRohPsd¥ht, BBy ALV S tetraacetic
havi ngF a pore size distribution with a nedian pore

i by, rmeia, jopBgttureghesof. Typi cal |y, such heat
.t. E:e atyj @&taﬁnsen%ﬁgﬁ’&ﬁseg czﬂ&lystt %{ER%E b8 §¥ ddi @% orqﬁ)c%ﬁp&a?cfﬁg the

. 20I'n some enbodi nent s, e suppor her a
(é@m%ﬂ%me@u@p@ heat geated @amﬂam@ctumse)é alrr@drtéswelréas/mgf bed

ORGUE o TR BFcRRRICIER QLR RpSHRRALE RESR S Bhiany pr
@lapmiy tlraﬂmmazbladeymtlonwﬁ meml: bﬁtﬂilepr@@dlaa mnneiﬁiahettfdyt(cs)ropeﬁms of
tﬁf):( ? ntﬁ{/s? t ngg ?re%tyn%p? aé)ag Quﬁ%m)( %ter ev\g‘{ :‘)VrGI\‘}VI;.}%? (ﬁf metﬂal l&;nﬁ@ o 1mprove

an ave
tpac ettal;athoeacavmeoffthmﬂysﬁ OMathodsan $)rep2re ATanlysroing, ovaﬂay&nethods

5.40 Th hi ned i t
T R

e rrb odiha€ntusyns t5hie) rmm;e; And@ypdremepbdinied wivh tshitdblanixing

0 nd then ex ded ng standard, techni ques to
QPRS2 4 O h RT3 RRET Tnb oD,
Iﬁa@hl(sa/@u@@ften&ﬂuﬁarrﬁi}sde thiRe@udiN@Rat1E MRiBDeq@@hef. Afxamples of

90-180 A, or 120-130 A Conbining the catal yst wt

SPH@I‘)SW tauipegiac g uabless. SAIETHERRsOr trgtlgl}s eMyjlergnixers
@(QQQ&II}I%IQ rba&fl ffe@r H&ﬁlﬁhods Qyﬂe? 9n'ngfct Hdey, laﬁdﬂ'eﬁly%ﬂfefr %&Bra‘ﬂ@r

netal cataly (for examp
ltnﬁ&vngluwo@rtg)enemléfd@owg d?t‘}CfF é@swribwﬁblb provie tea f¢lames 5-10
ﬁl&@i@))é‘%og kRS % §&taﬂ9&hﬁodhﬁhnkh fhe H&Eh‘?é?ﬁi‘sdﬁ&ﬂlx@&hﬁh the

catalyst In sone diments, having less nmetal on the
Suwhace ldmenhley) ie mfalsy@taneﬁtymgmeuﬂly flispesiyed Apthe support.

cat a|11¥ Edn?e é}ﬁﬁdd}{ﬁétlys thQSrstqéfl@yt ¥&died at temperatures from 150-750 °C,
from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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by allowing at | east a portion of the netal to nove to
the surface of the catalyst during use. The netals may

worewe/ 043053 he surface of the catal yst through erOBUSI00T680429

the surface of the catalyst during contact of the
catalyst with a hydrocarbon feed. In sone enbodi nents,
the catalyst is prepared by conbining one or nore
Col utms 56-10 netal (s), mneral oxides having a
par t i1 bnsd g dfhendd (IR EH 1y SQayHeteAMRERE $o thePRsdhce of hot air
F port. The mineral oxides ray include, alum na,
agplfof ey 2eR TiFl iRt iempesaiTetn f HHRBRSIRID0 “Ciand AR to remove
%tl@&nat@%ﬁléﬂ 0 1936t Qﬁ@rtlgﬁ oﬂhé( EURGRs 5N8MRR1s ard Bhverted to the
m neral oxides nmay be obtained froman extrudate
qerieesding mept oddic e support For exanple, alumina fines
can 0
T L R A R e B e
ami a&amnarlerapedio afraimpedroma3p Hawe0a °Pdram ¢PE°(SioAQ0 6F, atfrom 150
0 0
Jifg%%Oé CQ (f)(gr}f]élt gl? éﬁi‘ (t)ﬁ[n% 1{1‘% rarg%g%{?g} ?Qggﬂg%%lgﬁ%% %}11 e}%htyrrq%e
datild mrrtposctrzewmliout MthmgmaICothxmdésl (agtals ande nferabonide. 2

' t 00 t ‘
Rt STEvErS A0 TR PR y P ol BT Es d R o
‘@eibddi. 'Whgh datahgsake pi&paﬁiﬁl&n Wid inamelnmbninsﬁfa&orﬁmtm andfiéind O

neﬁ(L and . a suggort al | ess t al 15toI;eS|de
139 hedgiiyedpealymay he sybspny fhsperse in theupparty | FeRagions of
Laleﬁié@éd mtaiymr@ﬁestnh&dqlowm PeBhLNGS 6,2 18333ab ahhisdisy et al., and
chan in some enbodi nents, the structured order of

R It%ﬁﬁbr@l‘ﬁﬁtéll in the Colum 6 oxide crystal

St 1 ugt Wit Giddist @ HeladldnYing &1 ?Qﬂﬁhﬁ{/ g€ Lo inddal Mo18mns 5-
netal in the crystal structure t he” enbedded

@av%wlysqfomméhe&rad@mnéﬁunpﬁ@/%w 1) hetpla mixiagg- Be theta

AhRE B AGAURLG SPOMRK K ARTRY LA TRGE O ERPOAIR of
he order of elenmental netal in"the cat al yst ative

ltbast #he’ Copdem bf catlpsrbating a pere aize digtribhiéomeittnd mesdipriporemy

agg?ggi&r{q(m%dox %9}15]‘529{}%%1?? hOg (P4 HE" s Qhaldié o g?énjtxbﬁghuﬁes of at

In an x- raction s ectrum
I@mttlmﬁﬁ)O@ oxide to the order of the CoI um 6 mstal peak

in a ray diffr m. of st. From
or oady R RHI R e BRI B L SRR o
Iﬁepawalras dewrabal herdm)aIMy)bercambﬁlEdi witﬁ ragpgpoced &mﬂym angiAyr ai Hulk

le t t t hat t t
ERRRREY R o5 R T M St SEHE By (R o
18éthIggt Bérexample, the fuppor@xianialyss andawl yHedakumR thirda@Kistiaayid
! hS?lF(gllélg({rE]lg %‘&ﬁg%ﬁ Bg:?a\églsn tﬁ]gg}ezg I(‘gr%n fgﬂﬁ 131&%%”?4? ¥111C(I)‘(f)ns or 5-
A hidtoRa/ TR PRSI bd dombidkd wihbipoRs to Thieh dinHea®awiBtal

trioxide has a definite pattern (for exanple, definite
P Ii%f@‘@?e@?f)dé‘ﬁﬁlt% Fhem?wefﬁ@%?k‘é‘bcombﬁ’é’fdéi‘l RHRPESS] Urihen

&uhdidaaxind %taH@la?f& Eéﬁﬁ‘mﬁ@:),’ tcbf%rrﬁ %%ﬁtafyﬁtehﬁ{/lﬁg ?Brealze distribution with a
tenperature of at |east 538 to pr oduce

rgediagt prg diametpiin adanes fioat 8%2%}5} Mpx 9(&1% toal A0 A

mol y %‘ﬁﬁ)ﬂ{fhgﬂﬂhQ Mtﬁ?st'wﬁth%e Pf)&i/alﬂivsfs 1‘11%815& Qﬁb&f?ﬁgﬁé YMeast a
(for exanple, an absence o 1 peak).
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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In sonme enbodi nents, the catal yst may be prepared by

conbi ning a supported catal yst and/ or a used catal yst
wWOowRaRo0&s7support and one or nore Col unms 6- 10 nECEIS200T080429

produce the catalyst. In sone enbodi nents, the Col ums

6-10 netals (for exanple, nolybdenum oxi des and/ or

tungsten oxi des) have a particle size of at npst 500

m croneters, at nost 150 5 microneters, at nost 100

oY LIOR ta@ l’eﬁst a%rt@h o tmefa? tdﬂn@&eotmﬁ{eesﬁlﬁacemﬁleflﬁfaglspdﬁng use.
Size o Col ums 6-10 netals may range from

?hed%ﬁfeméy @W%toab@swﬁaeer Qe eeadyst throxeh egpsiop f hepyrfacgof the

dﬂa@fs%@fn@ l-Snta@lof e c!&hl?Et%ﬁlt rdc@rbép i Crometers. In

sone enbodi nents, east 50 percent of the particles
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30Patent Applications entitled "A Catalyst and Process

digpeterrnd apng#shf A wirag becowpipedolfeim malpminamodytidppugy @ioxide
rlﬁ)fxgﬁl@ c'fhe rﬂ(ﬂ??deﬁuﬂl tllidxgﬂzl s §EQ’{'HI[€ pfliltteln? ﬁély ex'am&ﬂéd('ié?ﬁ‘lﬁé B%) Doz

drodesul furi zation Catalyst and

@d@r Usee pTker dde aluppnaBhelpmn ﬁmn@mﬂmmrgmaﬁb@macmat@rﬂs a
t@%&%m%%ffa{ KA} 58.of 106({‘%) Ry fo0R% 9G5S ﬂﬂ t%ﬁésﬁl ita
t ropr ocessi ng al'ysts are typi
phﬁ@rn(tom@ybct@nen dioxirerie amvmmlsfftaotmmptqtmhl (1f<br®xample an absence
(%%Q atlog)of hydrogen sul fide. Slowly heating of

dr opr5¢&ssi ng catal ysts may inhibit deactivation of
the catal yst. The catal yst descri bed herein has
enhanced 5stability in the presence of hydrogen

sul fi de when heated to 400 "C in |less than three
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weeks.. Being able to preheat the catal yst over a

shorter period of tine may increase the anount of
whymsoeashon feed that can be processed thr oughCEUS2007/080429

contacting system In sonme enbodi nents, catal ysts may

be characterized by pore structure. Various pore

structure paraneters include, but are not limted to,

pore di ameter, pore volune, 10surface areas, or
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A at least 150.A at |least 180 A at |east 200 A, at
pRgedfomhA Lo T3 A A to BBIA.Lr TBA 9130 dast 300 A, Such

nmedi ahe PR HhANRUEISt RAK O R4, hivleat 0. m‘%ﬁafmsl&fll@leem 0.2
The catal ySst may have a pore size distribution with a

Fres efrisprbfasalyt Bereran olbfatadyst pnsld mogl[). hAZigms g Mogldkd graiys, or at

Iﬁbst bn gg f@mﬁﬁjds fl%eﬂ)t Iﬁetalw'j eInCs%}rél d&ﬁ)()dl%ﬁts &nd %tﬁy& llréﬁldes
distribution 25with a nedi an pore di anet er |narange

fqro 109D 21ge tN).3 2o0rs14em A.05de 0.220001530r from R0 lgraans tp 8dsarams of
]gf%s/ %anIl ptep %rgﬁ Jt ldm%t cé?tglglee%ﬂo&n{eﬂg tlﬂg Lﬁra%tglﬁ%cat%}%st A

buthi o avi ng pore ameter Wt ,
io¢lu®s famgf.0q Hmamsewl Oa%grpms er @10 hgretmeto 0.1 prageof @bhmn 6 metal(s).

FIBASLIRLE Sendt 1. GRLAENSLIRSR, ARLE. 3055, SHHL I ) Wms

a rang et
(5o 8105 |germsst oﬁﬁ% 601 granmtta[) 081 grdnesrof @blumlrlé)smétai(so hin certain

SSRGS ST A0 R B B8] G ST Flams oo

gihrasrat(ﬁrs grams, or ?bmh(mltg@ﬁnmrmt(s géﬁnWﬂ(gﬂumeHfé&dk)aﬂn some

of the stribu '
fiiitcoBoin g e o e’ G a0 Sgans. Elousems o
0.0t erRY000.0808 0 DBN3 BrERSF CofunROs@teniddt(§)ne pore size

di stribution have a pore dianeter within 50 A, 70 A
or 90 hgcgglyfthzgteﬁgaflgﬁg 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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pore dianmeter. In sonme enbodi nents, the catal yst has a
pore size distribution with a nedian pore dianeter in

wa@20angess rom 180- 500 A, 200-400 A, or 230- 300P@%/US0DTI080429

at |least 60% of a total nunmber of pores in the pore
size distribution having a pore dianmeter within 50 A
70 A, O 90 A of the nedian pore dianeter. 5In sone
enbodi ments, pore volunme of pores may heat |east 0.3

cnB/ g c&ﬁmé@ﬁﬁ&pp@eﬁloﬁmﬁ&a sufda@n dreRStydRpRcdiBle@atalybis, the
certain enbodi nents, pore volune of pores may range
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medi an pore dianeter in a range from 50- )
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sg%%blgy irfthe %%%e%@é bt %@% gglgélﬁ‘ﬁde%heh%%& b 40 ”@’ir?}essatharLtﬁ?eét

or at |east sur ace area nmay be iIn
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surface area e | east 90
e R0 2 A b 3‘?1“?%3)5{ ariﬁ%tqﬁfﬁ%ﬂ to- gpreg al?eé%{slfor%%hme’
JuBAg:. ar&u Gl cSiibiaG®s BB, 1ﬁ{mytal;et infly Bave aageritfulionof total
60;&%9 (())f Il;ro%é %zefsgvggﬁggorgﬁ.ﬁgaa ?F;hézn%flﬁg/p r’gtdg{nipi' Z%f ﬁw pore size
GhAahabh iy 28 Gh MlfihBIfr&aren 08PACST-SFCARY 60BE AC ah sbist
that_ includes theta alumna and netals from Col unmms

ebpgineR(p. GAY IS thattingleds af 7ast O e RrBhOl S PRI IBIHM Pt gram of

ARAAORVE q‘pgnfe sBaRAERRSLHUEE nleBiah B@re%%e@éﬂm 4 &%Q@ff&mw to
regulon%qe attributed to Metal - Oxygen- Met al

By Y Acl08te i g 20 [nl3§ghelnzome aiberineans. she gapuna
a‘flﬂhﬂh Xac-tﬁly& Iﬂ@st a f)(ﬂ'@ Ll%{g@@tﬂ)ﬁ‘tﬁ)tnamﬁl M ﬁﬂg dlgf?ibﬂéfr%ﬁiﬁng from 50

et al s, exhibits bands near cml, near 83

Ad168b fom 40 Aligy 1%504§E)rémbw mw At heotiRawmhodhiefts, cafalysts
t

FuTRIRAPRUTE YT wdh abG SRR T L BN SRR L

Mo ORDE withrdnddDdhDore dlam@@mre aemge dnorrelﬂ)§00 4 @00-300 A, or 230-

iSBt Oer rg]l? tgl%b?cﬁl%gntse $h I I%e [ adlame T O J% 1?.%(? Fe dl?tnbutlon is at

e rrb 0 cdta I'nc
1Sol mms & laastyl 5@ attieetst tﬁ)nfdsn leastao(D AgitdenstzA0we @nle65Q30 A, or

T T e TR
e ﬁbOdthEii’thlSst nidyehacad pdry sitze dib@ibutiohclitdesediepdae aﬂaﬂlﬁﬂeﬂaf at
o BB T ST PSR B ERTR TS 557 Bsivion
Wit ammy&itin otk Slameiehinshapedrd@pmsgo Rorooemanploe 12(Pedd £1with at
least 60% of a total number of pores in the pore size distribution having a pore diameter
within 45 A, 35 A, or 25 A of the median pore diameter. In certain embodiments, the
catalyst has a pore size distribution with a median pore diameter in a range from 70-180 A,
with at least 60% of a total number of pores in the pore size distribution having a pore
diameter within 45 A, 35 A, or 25 A of the median pore diameter.

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

in the pore size distribution have a pore diameter within 50 A, 70 A, or 90 A of the median
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cylinders, and/or extrudates. The catal yst typically

has a flat plate crush strength in a range from 50-500
wOR@a4B8s 400 NVcm 100-350 Ncm 200-300 N cnpCDUS2007/080429

220-280 N cm In sone enbodi nents, the

catal yst and/or the catal yst precursor is sulfidecl to

fonu netal sulfides (prior to use) using techniques

known in the art (for exanple, ACTICAINnT process, CR

PO @hMaki. QR 8bme ¢liSodmenkd) t&Qﬁﬁly@ﬂﬁ@g bﬂ%@fz@ dlsErhﬁtlon w1th a
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Bei ng _able to selectively change properties of a
IR Gt g%‘ﬁ? bon feed while 25only changi ng ot her

Pr opes tdr@SerhtbdlrRdnd) thé @hilly SRt lincArdmb&ls TRYh @bib@ws § hay
@%dr ocarhon feed Lo be nore efficiently treated

fii Papds iR ArgitndetycR 08 cRpid 0P g cge%ﬂswé’fequﬁlﬁvavgféo e’

4439600 fnafty 8¢ feibuted to V= Olnﬁbtféﬁf ti@isbme @ﬁ@&ﬂuﬂ@rﬁ $he daByst that
second type of catalyst ("second catal yst") i ncl udes

1@@P@ﬁmﬂ§t%alqrelnﬁémh@elgmn$ hardohieialexighitsdpans %?%@W ta Fand 990
&nd has a pore size distribution with 30 a nedian pore
dianeter in a range from90 Ato 180 A At |least 60%
of t Recerpiradmbedivirats, G cpalyetsxists in Hapgsbioams for@xample, pellets,
h t
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catal yst under suitable contacting conditions may
produce a crude product that has selected properties
(for exanple, '"I"AN) significantly changed relative to
the sane properties of the hydrocarbon feed while
ot her properties are only changed by a small amount. A
hydr ogen source, in sone enBddi nents, may be present
during contacti ng.
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The second catal yst may reduce at |east a portion of
the conponents that contribute 5 to the TAN of the

whymsoeasbhon feed, at | east a portion of the cerpUSEN/ES80429

that contribute to relatively high viscosities, and
reduce at |least a portion of the Ni/V/Fe content of
the crude feed. Additionally, contact of hydrocarbon
feeds with the second catal yst may produce a crude

prodyg tond dbRirh@ksatne @b siBlot (e RANGR prdtutsbers SMtifidd o form
content relative to the sulfur content of the
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product’ mi xture relative to the viscosity of
daiadhisb &k m@g\e frea @.000 htodkl graing. Endlrdi artahss1s caméle@rf reppveng a

o RS R e S e ERITRFE ) ARhhlok

xture I Nncrease
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reat’ rocarbon
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e}:e%ell lqlaé\éﬂlg{l (%tgf %b{j %gzélgél? I‘eCSé ug?g,tﬁ%n% UJIJ‘ comglnatlons
tREeS fnaga éxhﬂ?f hﬁla&@@@tslahly Sfanfsedieh SRrhydRyarben feed@isednthdled with
%%ﬁﬁﬁsrm%is?z cife §QR e el BaTB OO0l t BrFespfeed while

%Bgot@r ﬂr@ifertﬂas hileiltivM@ kal$ ﬁlﬁéﬁntﬂﬁﬁ}l Atbwohe hydi®atdn feed
e _uncal cined third catal yst pically, the

e Q? ﬁ}%ftfflﬁ%weé@ﬁ IO bR Ei T e Sk BT So ey be
RB¥ Sy bRIe£er t ai n embodi ments, the third catalyst may,

per 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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gram of catal yst, have a Columm 15 el enent content in
a range from0.001-0.03 grans, 0.005-0.02 grans, or

W®2@8840501 granms. The third catal yst nmay exhiBiT/US2007/080429

significant activity and stability when used to treat
t he hydrocarbon feed as described herein. In sone
enbodi nents, the catalyst precursor is heated at
tenperatures below 500 "C in the presence 5 of one or

PO eBties Yok b anfAMAR) dinificantly cﬂi&@gegl Ri14tf e GRthBkMEE prdPfties of the

reduce at | east a portion of the conponents that
hydrperibpyfeed while plerpappegfes taﬁ:émhya%%?érb&s Grimpk agounte A iydrogen

Rhbirck 8RS m@e RV h, Bfay bOBrelBY Bhrihol Bnd®IR! sal ts of

organi c acids, reduce a N/V/Fe content of the crude

pr oddde secapdicatalphy @@y Wew%téf@@tsa noytigyfol fthpecopipiepats that contribute
iy ‘&%d#&ﬂl of@gﬂl&%&)cat fgesdt &%ﬁ;ﬁ% gfr%%n d%}’égé a H@g %&t ﬁtnbute to
I‘ﬂ\]atli’ﬁl)ahlg]e vViacasuh.\ang raaloe athastgie)omntdﬁ ehe@w‘(/ﬁe cqent ehtlhe crude

fregci %dd;(tgonglg)f t {;'Iﬁac‘? ﬁ% lfl)%roc%%%fl? 9 th[ Q%e&%g cﬁ?li{(t aB/ >Pr(%(:‘\dﬁlge a

m ni ma r ogen u
dmd?brm@chmb\@m i mduthvelmmaha Klgampé m,thtasu]:ﬁuuctmtqnt m@e torthgy sulfur
ent

f 70% 130%
A e T L e P T
@r7ogur3ed. efshaglfuhentdat sithertdadction iy, Ehé&uﬁeqblrbcﬂnct may also

ativel changes..in AP distillate
EBita S Ds v sbrmeinr o auru ROl sl ne e e
tehevdypdiasardamot eed. The ability to reduce t he "1" AN,
the netals in netal salts of organic salts,
Ni / VIR menky, the hydrogaraqndssd axpave ﬁéel%tf"ﬁb’elow content of
i@ ¢lor Wahlpe, 8 8« SMvYppal)angh RBa¥lydhiBAN, a@ﬁﬂhl}t@ﬁestc&ﬁent,
APl gravity, distillate content, Cﬁ content, and
Freentenief pshisdpmetal sliapf iganioagigre Aipdntivelahighd Afl\é éfer exgaple,
T’AILI %Wattlga%t (§:§Hg§y 1@5&:@ Hielh Eh%cQ@o%@(ﬁurﬁ%ce?ta%férfble&a)ﬁsﬁ)fnatlon
treatnment facilities. 5Tet hird cat in sone
aadioo difinngt ¢\ dispdyantagddicmdawith @ addativglydught Csoasplm‘ltenda GONEIR may
FOR IS B ARl B RGER 20 ER o Aty TR FALEL I -
eeplbﬂiqummt&}t Chmattth)lf the h&éupadrlycst feerhvltﬂnéuveecanwt@lms Bnay

rgﬁéb%&?lﬁ 0n1; 1 msts an%/oréf Gﬁ%%éfnrﬁ%%npnbupg togl‘/gN %)Fﬁ

hydtoghrpsi) feedninesntne |embad1nmmg,eedutom & O08dhale @S a@pf/mmponents

QPR O T AREERT iableaPe REFoRy Repe Rt aRile el

hax@ird telagitye tor el visddsiopofathe Bfdré@aHH f@dpof &dn@m edfbollift@nts, one or
conponents that contrijbute to MCR i ydr ocar bon
PUEFORPINE R 8 S5E ‘Eﬂde%ta# ﬁtsén%yﬁﬁbaéw? F%?H“@d’g ﬂ%?d%fa‘ REp uc%?mde
ﬁé&m%&mr@ in@&e PAASS UFE 8110w mdnihaN@e de%@ggh Upthke Bs0thd/Pa,

-8 MPa, or 2-5 MPa, In certain enbodinents, a fourth

W{?éar@?n feat- 1 gapbipatiogy thereok thgp yeseltg trgah Bydrercsbondiessiasm
RsdBrahésh i n conbination with a theta al um na

support. The fourth catalyst has a pore size .

di st AR pieg @rbodinantsa a faiditane g srtalyeti(dhed epalpit”)gnay hegbtainable
Bp i RPRL SR PSRN e 15, FRALER SEHSUM A% ol
Q@Bdysppregursar gy be hgedAn therpresendedd gre GOMOrAsuliph éoréfeipipg» rt

I
&ﬁ%lo{é&fsgtaygégﬁgra u?eal?etlovg 5(2[0t Q‘{ @a e{xalgfi]l% l:!eﬁ%? ITII}:820QTC§ f aargﬁtlvely
shbupenal qb emego &mmaohe wp]gmledl thlrﬂmetafy&u thyplc@lat meygtalyﬁtayecursor

&g?atel“clldto gt leas{ %(?Un:g f%gg r%our?gfr}ﬁ 08 ta1n e l[')r{;')dcimtents ]theqtinr?"s zilte?lgst may, per

0. 0001 grans of Colum 5 netal (s) per grain of

catalyst. In certain enbodi nents, the Colum 5 netal

i s vanadi um
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5 In sone enbodi nents, the hydrocarbon feed may be

contacted with an additional catalyst subsequent to
w@onsaet’ssM th the fourth catal yst. The additi opel/UuS2007/080429

catal yst may be one or nore of the follow ng: the

first catalyst, the second catalyst, the third

catalyst, the fifth catalyst, the sixth catal yst, the

seventh catal yst, commercial catal ysts described

180 BF Patal Bk, IﬁQ@pCﬂﬁhinQB%le‘iﬁéﬁf &Rfent hQ!rn g8 @1 0.001-0.03 grams,
enmbodi nent s, %ﬁn may be generated during

CERHT grAws.oF 0109%0 @Foraribe thidealym pay eheifsignitiggnt activity

aﬁlé*sébﬂﬁ%ﬁ wikn Red %%%tﬁé H}Fd?odafboﬁ (4AN0 Best i H3RME. 48 QorhOC.
I'T, or C. The crude product roduced

dnphorineantshthe @ﬁ@latttpmgrsmaly hepsedent empaNtEes befo (Do Yhe ragsence
JRsL ﬁg({pesgﬂf 8BS 0 g@ or at nost 10% of the TAN of
t he

rocarb Hydr ogen generation may be in a
rangd’ hﬁ thmh Cﬁtaﬁ@t mlﬂbBl/ed@:e al Bast@ poSiohBihaBompyned s {Rcontribute to

tl}!m[)’ ﬁeof the dforcyrggl% %S%g/!!}cﬁltc% E?E}e\,(as[I 2 %085}% (SIQBea Ilnet h Vé}l_ﬁl %alts of

co n ent of
arpsiic 0%, reddcendEiV/EQ8Gntanr ofathe tredsprodidd, cahd tedtled thd\ivibddsiteof

ont nt t e ocar bon
g Rgdlp%/ l}z] CP9%%t éLycgg?agtl)oypsff:eede Wflt:hlgleehthlrd catalyst may
Iﬁ‘@duab ystudé ptoﬁﬁdt did s rélahwmsrﬁalmta@e(lﬁ Jheistlf@@ohicimatihowe o the
theta al um na eflfthc g‘}/t has

leBies TGPt S i el SHPBGH & et by

8¢ hyttrodagtag tfeell8 Potexamblel @aﬁﬂe A3@uicAmaPhave@asifurZdBtes of dt)%-
| east 250 A, at |east 300 A, or at nost 500 A The

Sgiche swhyr satntfdbedtydrecabpn fped- fhespde lg?dqcé%@fluc@d gsing the

8fr@BRal Q'ina?tals%ﬁ{lblgreﬁaﬁgelg KRB c&%géshﬁ%@l %Ja%'f@' AR AL content
s port. In some enbodi nents support has

ram o
‘gﬁ%pp}ﬁ%t %Hddﬁfil% COBRRIERIAL Lo S| hdwoearhorgﬁeafirswab&tspmreduce

tﬁtl: WKN” fhe %algﬁlq‘ﬁgtﬁ Kalc@) @}gﬁﬁts salfg h@le We‘y&htehtn Qlllcptﬂg §1’scos1ty
in sone enbodi nents, at nost O. 5 grans of Col

aigheadrids) prexlact @hlmla@fonbfaqhanglgg b)azntinagu anqgsthe APH gl@,guy dlstlllate
cg)héﬂis O eﬂﬂn@re@ﬁﬁ@%&t&@%ﬂ&rt@gﬂ %ggh%@&r@!)ry I% (%/ kr)ﬂc?g allow the

sone’e I'ment's are no
cawrht/mdumm@smwd by a variety bﬁtr%mtralfmlewbodl ments, net

hydr b he h on feed .

T e oL PSR DRl GE EBY i e v
awhent dfhie: Hyylchcamﬂm frod, Wl&*leahlalmalaﬁg apdraciieoh f\ad:d/tbtat preduct

flfth at st at. a t ratyre in ran m

ryhorof et Pnblngd FERER iy oy Bt EER bR R comem
ih vt aHirdg ERMUPOEK &). hyrainke). G@ﬁd}r@ﬂ:gaﬁlbg r H.0e00 l‘mgralﬁe andla &olumn 10

Ay Fifzf{i%rpml %%’fg%%%gg)@%ﬁa]o? abiicoiuihs SpraioTHor

dind§ RG ardaosr d‘a@@@t W CBIubine 6fahai u(blmeﬁt(@l c)iﬁlystnfﬁé/y gk Btedreduction
TAN of at nost 90% at nos 0% at nost

or at
Hosleast e pogien Pf]@e C‘Pmm{}%tﬁ ttiahg)n,:fw;ede MOBi he Exﬁrocarbolgﬁped at
t@lfn]())érﬁ'tﬁreg 'iﬂ"éjﬁngg 19611&' 9@0 5@)’ D& 350-430 PRBE LSRR Gh Phn&: fom 0.1-

10 MPa, 1-8 M’Pa or 2- 5 MPa

In certain embodiments, a fourth type of catalyst (‘“fourth catalyst™) includes
Column 5 metal(s) in combination with a theta alumina support. The fourth catalyst has a
pore size distribution with a median pore diameter of at least 180 A. In some
embodiments, the median pore diameter of the fourth catalyst may be at least 220 A, at

least 230 A, at least 250 A, or at least 300 A. The support may include at least 0.1 grams,
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In certain enbodi nents, a sixth type of catal yst

("sixth catalyst") includes Colum 5 netal (s) and
w@zdosn¥s786s net al (s) in conmbination with the thepEr/usS2007/080429

al um na support. The sixth 5catal yst has a pore size

di stribution wiwth a nmedi an pore dianeter of at | east

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

of pore size distribution may be at |east 220 A, at

de@asto.2 Aat Bhst 0833imL 8PatAeas@d.9 bRAS br 30Q afhmifd pe@tgram of

nost 500 A. The support may include at least 0.1

ypears , Thetfoyrdgatalyst mayjinglyge, igonegadhodipegtsgitapast 0.4 grams of

&(ﬁ@tﬁﬁ S5 Qhe%al(gf ﬁéir%ranp(gf da{al}rs'p sha £18% (%()@'i'%ra%{s dr kA 5 metal(s)

al um na per gram of support. The catalyst may include,

nen 2o cadlystnibo elirieranghodanantst e Cofun@ol watal 15 varsdiany. s)

and ( - -

et al ORGSR i 98 AR

qatdyal {ubyeqaend tCointaenwigh tne fairhsptalyet: e addivdnat edtalysy stay be one

1 : ' 0 I

PR FRBEITER s B I ecktosBuftl b &Ry TH A

d@talysR (he sixtt Ggtalpdt, (Re fevertin cgdydtaiomnendddahmaiyst desctibel herein, or

Col u 5 tal is vanadium and the Columm 6 netal (s)

nglﬁg?VB%Eﬁ(ﬁm and/ or 15t ungst en. When t he

hydr ag @d’rhme’lnlf(ﬁﬁﬁhnit§ heBoded Giag e Weddiattdhduroi )&blha(ﬁfllg al yhst

erat dn.ar e from 310-400

SR on e Db o B TBR Sarey o Pgeho D IReO i

1hessh ydr@@aolaoml ¢ eegk draye Reddcnpddicad gamfsﬁamcnﬂa@tlrmﬁé}n&ve a

to 20 NnB/nB, -7 NnB/nB to 10 NnB/nB, or /nB to

BANpB RSt {hat et 896 akpat é@%norLﬁSP]é’RtelW%OfdPFeTAN of the

HyQflcedbih 284 NRdroZl ANEREGRay Bt iR8 rdde GBREr 8 R D, 10-40
situ, The cru@éﬂproduct produced from contact of the

Wipdro©an B3h Noede - vihesruda erodusimmyday s (st NidyFerepientol at most

%%\'aplfno&tso%oitm&P%% ak nfoRSH0 98 9ol 070G at ﬁ:gs{‘?l%a&f HRENi/V/Te
% or at [east 1% of the TAN of  t he hydrocarbon

Cfoe@dt of Thannydfocathen feedide product nmay be in a range from
0.01

upt afs o ssnethati, o B Bo? S Budlfe o A oY HEQREN qomn 6
mhel(sz bf @mtruuta,tlolﬁ with la theor alsmma huppatta Mystifth edalgse bas dypore size
v n ssi,

\A%rei\#;u%on w1t3|ql an ocercga ft:l%r O% flSt qu;aé eg lepaccg Af 2 3éSt 30 A, at
lt:zrsazﬁm rd wastdﬁo Andy 0 mdst WAtATE e, suﬁvqmaa)plmolddmatm@st 0. 1 grams

ransportin dr oge ost zin
SR Y D 3 b P DY EAREER ke 4Rt gy iR th B
q@mmmtsn@e @mabﬁ had an eslﬁﬁelmﬂbzo@bnmnbﬁgelmm @eilims@f alpha
dr ocar bon q ,h@ th h cataly f} the 30fifth
%‘é?‘&F‘ P f C Xtn E?&?%‘tnc CScOnBith 5‘?1 fizeqty gt pgit 0-1
ShmSofl @NPBA ﬁhid:[aﬁs) per Qraﬁﬂﬁ@@tafy'é@eﬁﬁﬂ%ﬁ@ﬁt H0060& ks of C&Mn 6
380 Cto 480 C, from400 Cto 470 or from41l0 Cto

g (o) per 5B Alicady-hia sepg a@baﬁh@a%fétthw?lﬁma Oraciglisy e

Iﬁ&p@&ﬂﬁmqﬁd@{mhgﬁﬁt 90% at |least 80% at |east 50%
| east 30% or at | east 10% of the residue content of

t h e Ry ersEspedingeagsgnet hydrogen uppke by g dydigcarborpiephimay o

t 3543 I
Tl Al sin LA LSy,

apntapled Wethdre frﬁiﬂr@taé)at alayenperatyiiéna voat dem 3ile-4perd, drqma@lzo 370
dd’] offr&ifl @gd) B49 gflsl Net%&ﬂﬁo&&%ﬁ%@%& Hen Eh%r gﬁ&t&:@d le be i 1n a range

|rrpur|t|es an uri ng
faom 4126 N1 /0¥, 2516 dNmriEmd, odedd}hEdndulﬂlengde @mdautplrcniyced fnom

contact of the hydrocarbon feed with the fifth catalyst may have a TAN of at most 90%, at
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5 sonme enbodi nents, the content of sedinment produced

may be at nost 0.002 grans or at nost 0.001 grams, per
w@e@snef7shydr ocar bon feed/total product. When BEBEUS2007/080429

content of sedi nment approaches 0.001 grans, adjustnent

of contacting conditions may be necessary to prevent

shutdown of the process and/or to naintain a suitable

flow rate of hydrocarbon feed through the contacting

A& 0% THencRestion®Rtt BT @R MY ANBIGBe hRBScafiod el TAX of the
hydr ocar bon f eed/ t ot al product, from 0.00001 grans to

QudsPrefusiimay beigmromeo Hom 4o b -3-6002r §0ZH03. f r om
0. 00k, EQabh Qﬂboﬁfn@éﬁ% a QQﬁllttfﬂefof Qlccltaltygﬁ“s(f{tH gﬁalggtqqﬂﬁﬁde\é\’d)ﬁlmn

the fourth catalyst, the th catal yst e 'sixt

Taealysand Columadrital iroeesntinaéipepith ghe tedteglamend support. The sixth

%?a’f%?ﬁa@ta fessu%ldh OYBuib ﬁtaln%'alaﬂfpofe n%n%é& o\fmattlgasmg@ Xmin some
orrrat|o of 'sedi ment. In certain e i nents,

aehpdimentst thp enedian ‘paltealll%r@lter @1‘ @V eint ﬂasmawmnyrsety be dnlmst@% A, at

1 as&%%? (55':1? geggt%r@g #g ];t lg%h%q.én A, or gpﬁlg%t (Sﬁ(z AI q"hg sup ng ?nag flncrl.ﬂde at

leat @ll psims, ﬂfh@sl@)ﬁ pirams Gat feastdl.8 gramsymk y:lami @rﬁhgmrasn df @rmost 0.99
tun The sevent h cataly i s beneficial .in

Bl P T B S C R b pe S kg b Mot
é?lﬂ%ﬂﬂrﬁentshﬁto'fa‘l\blf Oélutnh6 gl (sp el O@omh 6 @ektaldsNofcd dosd 001 grams per

enbodi nent s, catal yst ("eighth

Sa gl garmy. adl bobd ot e el it wyt it 6 metais
%0 fahnatch@y sk kbr@e &hHuEONdnts, B %dnmata) i et ($dlerﬁn 6 metal to
distribution with a nedian pore dianeter_in a

Prabhelspn A meal pgy bain & F?@gf’efr@‘ﬁtoﬂ %Q;\tlalloygt2 ?m&? Cﬁ%“\‘}% e%‘bOdlmentS
BUCERER QA i9fandlium@a8d thedQiiRé thetal DO ngb&&hﬁ%d@?

the eighth catalyst may be at least 0.5 ¢

Bag§kth catal yst may have a ganma al umi na content of at

| eaStW&nﬁhfgﬁﬁ'l%aﬁt)n %H‘i@coﬁla&'@& Qéth aRnekk &94119@ ey teﬁ‘ﬁ)erature ina
nost 0.9999 'grans of ganmma al um na, per gram of eighth

Egeetcan §¥1-400The freingRb 13 7¢ &¢ alrjrom 18@3360|°ﬁ %h‘ﬂdmgen uptake by the
t 3 3
@P’g& fé‘eé H“t 2b£ i ﬁllar;‘%%nl? Efoal\%frn a{l%’e gg@) /m pcSﬁo

¥io’/@) l)rgi Hms/,m or 5 Nnom 0 P@;gatgwealmshﬁdmg@n @ﬁalgirlanme 1nd‘1halon that
UL SRl TR Bl FRVAORy BB e

portion ‘o
Itykiﬂ)chljodm fred with ithef seelal catd 1pst mmamwMNlmé atsost Dbfe, a ingplat §0%, at

ca st se ivel [1i.c S
b o R B o Stsh PR BR R RORTRY esatrPa o G e
PeTeyducNS]y Wllhla@ar(.gﬁ Ifmmém@nfg 1N@o1-hes aﬂrma)eto (gf ;

i nor gani c fa nds or. ex ni c oxi des,

i ok SN Fitraten SRR DIRS o7 G0 AR Gr rgSHach el vt G
St ifig@SIr sbyh @ateﬂﬂt addudg e soRlllreqirembit of ﬂ_ﬁﬁogen during
concentration of organonetal|ic conpounds

mwlss(%gawl&ﬁpr@%alg wqgé)rq%lgﬁ thay r1see@c‘m9able for transportatlon and/or
t%ﬁ@ﬂén’f ofhat RE& I fg(‘an@’%lt %g@h hedst %m\{ﬁﬂniuﬂg thd B&ige

Rol e of Trace Mefals in tro eum”™ (Ann bor Science
Plipiiostan ¢ pracags. degipgpesnp tsenl HW‘@WWS“lQ?S page 36).

Renmya Lon?ef e RARMELM A Gr 1 AFRABOIRRYin %r}@ﬁ}%caltdl}ys? She

of catalysts positioned downstream of the eight
feftit catast, B sxtl eavelyss wheuihieatioss therepfi ab i enepepasure fn a range from

$etoely $ho . Mol ARoCRLEUYEIC ko MEIUEES 4K MR From 410 °C to 460

°C, produces the crude product with a residue content of at least 90%, at least 80%, at least

50%, at least 30% or at least 10% of the residue content of the hydrocarbon feed.
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6-10 netal (s) in conmbination with a support and has a
pore size distribution with a nedian pore dianeter in

waa2angessrom 50 A to 180 A The ninth cat al ysSeCBHU0T/080429

may include at |east 0.01 grans, at |east 0.05 grans,
or at least 0.1 granms of silica-alum na per gram of
ninth catalyst. The ninth catal yst may have a Colum 6
netal (s) content in a range from 10 0.0001 to 0.3

gramgyg erQ@@teﬂfp@ﬁﬁlrésQf& eganﬁﬂ@ ateQhar3d00T), Ghpimtick Andorleoke
grans and a Col u nmetal (s) content in a range from

P d@mwntaet qﬁ twygfoahréon Fedugh grapiemers co2lygs gWasss
&'ﬁtagt 1@9&f&ﬁ1@(ﬁr§1 at&ngntgll n'ggm Poctor %ﬂﬁﬁt%ﬁ thﬁHulﬁtles and/or coke
cat al I'n certain enbodi nents, the ninth catalyst
cé@t‘mgméhy oasyiing #n yneual 9f§@dlrrt¢at/1e0@me3bﬂurmg comacting. In
SLEA L A5 DR S 15 S
1000 0.00 b graawsper Thar of |hmdmcarbttraﬂegc§tptaﬂral;®dlﬁcacwllen dtegontent of

segl % @@@98{% ﬁﬁogs a%éL{g%eggs co%t‘actggco%&)lﬁg;? q‘?ﬁrtb%gge%gary

tatpt:bv@i shgdver d)fehkem,octan andadr té easitaima poable dlowothite of hydrocarbon
ojrponent. s that. contribute.to viscosities in

%ﬁ?&% @8 i Olir’}%cé‘tﬁ‘g 40" é?délt‘fﬂt gg?lﬁ HY ARGt PO %foo

hydrdcorbb®ed Gtal Ppluctrom 04H00 1 &amoto B Dgrass, tfﬂ)nfl@OOO'ﬁ grams to

d pressur range from
FBGerbisn T3 G0 (AT gt s criok o0 St R e,
Galyl, yetfifealgd ueaial cdi@astor2oMBihidds tRfeof ATRIACAL S
that contribute to the MCR content of the hydrocarbon

rrapdatughpllvsraiuctian ol fdysyitoaipy dormedan ploredimept oduct

st abirh bdrbhin difbodBidn®l 0sQERAGPIBALSalydt b‘%eﬂa‘nfht daGAtah¥%St otal
may reduce at |east a portion of tn basi c nitrogen
©stepor&ptung hmgals)dp o &g FAMF AN 1 200 2stpep L talyran o getalis) per
ér@rﬁ%? ca%ggf)st CrRndoiRme %%frgteﬁif‘s ﬁ&lﬁ@den{lﬁ%ﬁ&/o?’tulé@%n FpConLARt

a hydrocarbon feed wth e el ni nt

meat iy denediciat wmpeduaing ﬂegldetarOdtlctrﬂm hassODANDE atmzlost 90% of the

T}&ﬁ%ﬂﬁr% &b chon@SE 7 MPa may produce a crude product
a’residue content, a total C5 asphaltenes and

c7 ast hataireengdm domtse ot nglahu tipeof eatalyst Coghthcapdysal inctydes

GOttt RR b RialRR i SoaRl, PR e PR T o BHlagion wit

aamem@?pcmsmhmbtbemesamgerftoenm Aam m(m Theeiytits caslystynagthave a

rb 0,fe whi | i / V/ Fe
bt DR o Mdbustuiee (hek BTt ddga ps
hetmée nTlQiblgfﬁKﬂ caleﬂl%‘t/mﬁﬁl htfeea ghyidﬁe(xﬂahfﬂ@ dorft@r df eNI léaWO‘E grams of
content rrbodl gg the i scosity. th
MYt wawe? tXPéFa Y At g ) gpmy at}‘}‘%f’c% ‘P?r RSt grtaﬁ‘é)f eighth
daals0 cmelwghtﬂ @emysaﬁatselm s@ﬁ@ Eﬁ@tdlﬁ\reﬁtb altbiel @n@ht & @Ndnn 6
ninth cataly ome embodi ments, a tenth

Y o Ay St et i1 L0 {yarp 9000 hate i 50- Eafadiivy from
®oL@a Bt d5drah mgtfﬂ@&dtﬂf'st W ctaﬂa‘tfl’e SULRNiA dg APsHibAST tRe

pore size distribution with a nmedian pore ameter in
%/Y/Eﬁ ged/prragarEm of thegnglprlepum figen the htcldioedftoalfgﬂélt I spsor t
ém%din%t uﬁllg ei%hthl c%ﬁ%t sglegt:l-ve%r @Hféves%géngﬁéttalhg cgép&fnﬁgrgfor
| east 1 grans of silica-alum na per gram of
@@mplal xﬂ@@dlumhteolwedwnmwtdénr piskelpayphbianse wAilConly nlmanemg the

TR BRI 00 Rl 0F A 0, D038 At 0
\@nﬂﬁurg paies adihr aaI@diuummlfﬂgEs)rtvtaablétsix)elscﬂmlbmouhn Ther ange
Cé)Pcen'tratlon OQSr%B(]_antaﬁlc cor{l%ouagsotf mil;ydrocarl(:))on t%ec? rrnrg lgef momg)red by

catal yst The tenth catal yst may faC|I|tate reductlon
of at least a portion of the conmponents that
contribute to residue, at |least 10a portion of the C5
and C7 asphal tenes, and at keast a portion of
conmponents that contribute to high viscosities in the
hydr ocarbon feed. In sone enbodi nents, the tenth
catalyst nmay reduce at Ieast a portion of conponents

o, oy .. o AN~ @4 a2 a Y 4 " o
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produce an the el eventh catalyst. The el eventh

catal yst may have from 0.001 grans to 0.3 grains,
w®208643358ans to 0.2 grans, or 0.01 grans to 0.HBCTUSINT080429

of Columm 6 netal (s) per grain of eleventh catal yst.

In some enbodi nents, the el eventh catal yst nmay have at

nmost 0.1 grans of Colum 6 netal (s). In sone

enbodi ments, the eleventh catal yst may include 20 from

%e&%h&&ﬁ&ﬁc 1R HddasHe@MWbed By YOPint‘GnOROR ITRIFE Me@ﬂs far om
ranms to 0.03 grans of Columm 10 netal (

01
liﬁtra}?m%’ (Apedyebnt heienge Fpblishers, Ic. dant/gper Michigan r}ﬁﬁf Paga Je
I@én%@@fﬁfr@)r%ﬂgﬁlat){ﬁ& c&ﬁﬁodnﬂgn%i&lhfaﬁ&rﬁvgs &Q‘lttagfrsé%sﬁ&heg 1

grans, 5 granms,” or from0.01 grams to O
@“@ﬁ%ea@fof@@ﬂmhﬁhgatmtal(s) per gram of el eventh

C at agﬁ[ §(§me élr—l%dﬁﬁe%\{ Qhﬁtﬁ%@&%ﬁ&wﬁsnln{h%aﬁﬁ}g?) 1ncléldes Columns

Iments, a pore size distri on wit
@ib@ wed(@rietenbiaSioh Mot SOpRt ad 1302 dore Tihedietribw@mtshith a median

po% (% 1¥1§t£1i 1'1:{%%%1{%%? 0a A t(l f&%sl%s "?IF]GDI? 15] cgtalygt suéﬁrb?tl nelagf’ in(élude at

con r'i bu er VI'sco
lpasr 0.0 bpraofs, dt ﬂﬁastdxﬁﬁpgnms) psattlérat 0.t gratsiobsitien- almmmawlcgrem of
c nitr

! or en ¢ ou dr oca
PRB AR ThR a AR iy RS s iy Db R Sy from
(. 0aowed 6.8 Igrahﬁt abio&gral)n% Y2 banhiral.goa tgkeﬁnsby 0Qqidn snallnﬂg @lumn
u or Wit Col umm S to oduc cat a
PBBaR st et PyoR! e ot Sy b sigiat Bl
grlitﬁs PF 885engeme o M0Eg@hs f8Tears bf hibih c@@lycstalm béGiin embodiments,
onpounds at a tenperature bel ow 300 or below 150 "C

tP%Pmﬁl Giahist PRy PeiRren of Bigd qakhit ?’i‘lVeH’oQﬂl'émn l2glemenpgantgnt ina
B fom 0.86BehRa @Ojﬂ' ﬁ1§ 0 S5 #ﬁﬁobrﬁ)@%re@nshm sod g?arﬁﬁtror@ 01
the dried twelfth ca ypi cal | the catal yst
Prae e pinth ctyvspmay faFﬂléﬁW @é@ctw@f 8 lqaaba portignypf thge components
tﬁé{léf)l?trlblllt@ toCI%&Eh?e' B 1@&&’999&&1&{‘&ﬁhe ébﬁldt(‘%kﬁﬂahe&étaﬁh thltaast a
may, per gram of catalyst, have a
Ioaien compongnis grigeontitotg © hmbtlvmgr)an@ 111 dlecbly@@cgbmed at

3 Q o
tngQQtu&Erﬂ{‘?raB h& 1? rﬁ%(():(gtcg 5000 :%oggﬁ? A5G Io‘é %7(? @90 430 °C and
acsues inya ramg femabil ito § MRmhlst@ UNEd arg to b é/éRa tlingome embodlments

tgéé—g%% %{ap %P m](:l}{e %Qu at fé:gs% %r PR%Q F go rrapon%nts &mﬁs cfonglbate to the MCR
@nteut Qrf/ltmdhyardaym’bbmmd baamlefnmrdmhmg ihyx@o&mtﬁdm feedsémtal pmﬂliau r

ten to .con oxi des .t o
F oSS B bR s 51 e ot B @ B of e

Ha@@iﬁtro@elpﬂfrﬁpoﬁéhtﬁfn ady@rocatpofedn aﬁemﬁaatu@@aﬂ dtl1dastt2®0 O and
hlﬁ‘ﬁ%her Vi §| E a portion of the conponents that
REGAYTFS P aft & due, basic nitrogen conpounds, C5
asphaloh@pest addrotabasRERN e 1R Sighth dnb Ginly SHiAg@aheRperatures of
feed. 10A thirteenth type of catalyst ("thi rteentﬁ
% 081 3P89t Creay P& (écﬁémé%} BYPeeAn PRy acsidsmreduglhpging a

ABLR! ofienh Edﬂal i, Qﬁfh@l‘ten@%éﬂé@ a@ﬁﬁéit&ﬁs @orﬁ‘@hrt ta'n%lea %%J(ﬁlt)ﬁf)f at
at nost 500 micrometer, and a support. hi rt eent

me 809 st masySWavempstdR@aiguast §9%ns ntost @Weofgthwgldu@cqn@et the

tg{aﬁ@?asi)ﬁ)altgne% agﬁ @;;r%spgﬁelgengsr %#egﬂ% QIEEE(I) rtft?eeg%c}%g}é%*t'{ge Iydrocarlbon

fsmhlém@dtamtaﬂ/‘(/ﬁe certiént belemerh/ Waerml 4380, helycbratiso and
%@t fl'lfl)% Wgen%aﬁg’ % S‘ptlhléI rgca%ﬁlq!ieﬂi%}l V/i?Q c&n%ntt.ainr% m
énbodi ment s e thirteen cataly most 0. 06
@mt&)rimlanfs tﬁo Ivucm;ltﬁ Ofr@t atufle progeat igat amsbﬁf9% hﬁ th¢ eiequtsity of the

ment he. t hi teenth cat al yst
hr}larocar% %ter con E)C%dvd@qhe elgrﬁhstﬁ %lncf IﬁntE catalr mS 0.005 grans
to 0.05 grarrs or fromO 01 grams to O 03 grams of
Colum 10 netal (s) per gramof catalyst. In certain
enbodi nents, the thirteenth catal yst may include from
0.001 granms to 47



10

15

20

25

30

20 0.1 grans, 0.005 to 0.05 granms, or from0.01 grans

to 0.03 grans of Colum 9 netal (s) and/or Colums 10
woreah{sFs per gram of thirteenth catal yst. ThePCT/US2007/080429

thirteenth catal yst may include, per gram of

thirteenth catalyst, fromO0.01 grans to 0.8 grans,

0.02 grans to 0.7 grans, or 0.03 grans to 0.6 grans of
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25properties of the hydrocarbon feed are changed,
while maintaining the stability of the hydrocarbon
wo ewdbiosal product m xture during processi ng BEDUS2007/080429
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25upstream of the third catalyst, or vice versa.
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W@ nBAael7sg zones tends to mnimze hydrogen UBEIES2007/080429
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feed (for exanple, adding hydrogen through conduit

106" to contacting zone 116 in FIG 313). In sone
weodediaTent s, the fourth catal yst and the si xtPCT/US2007/080429

catal yst are used in series, either with the fourth

cat al yst being upstream of the sixth catal yst, or vice

versa. The 5conbination of the fourth catalyst with an

addi tional catalyst(s) may reduce TAN, reduce N N Le
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rude product with changed properties relative t
dPERAFHBRS R PC PIHHORH &l s Eish LRy Wd‘i‘ tﬁehséc‘?‘ﬁll CPFaL}’ISt being

Wphtachen RriRdmet cnh v, @vi@ddishi onal catal yst to produce

the crude Product w t h changed (g)ro perties relative to
t he The ability to deliver hydrogen to spe01f1e contacting zones tends to minimize

ocarbon rtjgzed while

hydrogen usage during contacting. Combinations of catalysts that facility generation of
hydrogen during contacting, and catalysts that uptake a relatively low amount of hydrogen
during contacting, may be used to change selected properties of a crude product relative to
the same properties of the hydrocarbon feed. For example, the fourth catalyst may be used
in combination with the first catalyst(s), second catalyst(s), third catalyst(s), fifth
catalyst(s), sixth catalyst(s), and/or seventh catalyst(s) to change selected properties of a

hydrocarbon feed, while only changing other properties of the hydrocarbon feed by
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30initial crude product). The ability to reduce TAN
incrementally may assist in maintaining the stability

wmbooshes7by dr ocar bon feed/total product m xturePdUUS20¢7/080429

processi ng. In sone enbodi nents, catal yst

sel ection and/ or order of catalysts in conbination

with controlled contacting conditions (for exanple,

tenperature and/or hydrocarbon feed flowrate) may
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the respective properties of the hydrocarbon d.
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of aRehadtive heset hydmgdnhmahy tly the dydrocarhacfdéd wayaprogucodwatde
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Tﬂf@rtbhvm plohs hydn%ea(mia)y betCh@t@mm Hlemt threhydtoemtion ped. In some
ek%neoc glmen ef?lé dél?ve (?f%he tgld%%%rrl] g]}éd heg g(gnrca?%nt ft%t%g /Péc é)? he
Hydﬂldalbmdfebﬂle 20 total product may formtwo phases
and/ beco e.in one anpther
o handBs OREPTS DRt it St A0 B B mS R e oty dlogen may
u@rg@deuatted ﬁmﬁﬁgwb@taéhtﬁrgrm o ddn@ctﬁl{g zrasm &o@aﬁlp&hcoiwm@g 1088 102 in

ases, thr i on of as
lgc)[ﬁa%;g ‘?‘Ehyéll%%&‘éﬁ’ta?’ E‘f 8@ E‘é?P?}&HntF%E‘é %Fo{f]‘fr&t"%wple
Joh @6kt zon@ DY QIFIEI D Pk Hﬁlédu@ﬁl tHaf is CAMRIRENHS of the AG&oda@bon
reduce the life of one or npre of the cataly

fagthilh sfAaPodimenss. drethydiogrtiiov may e cosprat évéﬂoq ﬂ??af%"b%f the
Hy@g)‘é%gn fE@r ARSBARLE, inSRRRIAGD LA SRR, f.(’)freiéﬂ?ple FIG. 3B),
ydrocarbon feed/total product m xture may

hyé@ésls By be gengrasdiEngcepfagiee Wrope detiacking hor@é%ﬁir exaple,

&5&9@1@909@102 n FI? r' r}deR{ Qﬁ:%%de ﬁehﬁhveré’datt) lzi%r& additional
t he hydrocarbon feed/total product M xt ur e

qmﬁpmr@rzede arrdlirepieonsthaty ¢ountpr @fflowhet thy lmﬁlecmrbon feed (for example,

r

agl%i% (ﬁg("ﬁro% :}hlg)rﬁggcon [ﬁbé@({a ts()géeég%lgt&%r#fwlfﬁﬁ%é OStH’S}Pand t(l) a second

addaibnal gomtctimg gonelin @ dgoitiod |tltaatsesn¢uwant tH Itlr@dlml dttheolnydofcarbon

asphal tenes fromthe hydrocarbon feed generally

occurs. If the P-value is initially at least 1.0, and

such P-val ue increases or is relatively stable during

contacting, then this indicates that the hydrocarbon

feed is relatively stabile during contacting.

Hydr ocar bon feed/total proddet m xture stability, as

assessed by P-val ue, may
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be controlled by controlling contacting conditions, by
sel ection of catal ysts, by selective ordering of

W@ 21080y555%, or conbi nations thereof. Such contr@l/U§10097/080429

of contacting conditions may include controlling LHSV,
tenperature, pressure, hydrogen uptake, hydrocarbon
feed flow, or conbinations thereof 5Typically,
hydr ocar bon feed having viscosities that inhibit the

oy iraeihpe, Jend hw@g@nhﬁﬂo[l% $dnatis PR torGnABEHQbnd VIR HIG.
are contacted at el evated hydrogen pressures (for
Banpl e, at least 7 MPa, at |east 10 MPa or at | east
15 Wﬁgorﬁ@erﬁgoggﬁ%?s %qg{ﬁﬁltcﬁtaiﬁ@&nd%eeslmEzﬁal%t%%se(ﬂn series,
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uction Vi SCOSi ty, resi
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e
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feed/total product may decrease below 1.0 and
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to the hydrocarbon properties occurs.
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smal | anount.
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In some enbodi nents, contacting conditions are

controll ed such that tenperatures in one or nore
w@onsael7sfng zones nmay be different. QOperati ng BET/US2007/080429

different tenperatures allows for selective change in

hydr ocarbon feed properties while maintaining the

stability of the hydrocarbon feed/total product

m xture. The hydrocarbon feed enters a first

AR ARY At Gkt Z008ucle HyhR o8t Aitike Wy the IBIIREEDSR feldd,fthdiSthining
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ability to operate at partial pressures of hydrogen
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east | east , or at east

"w mnitpred agd ihe swbﬂutsoéfgm pr@%asalhy@mcqﬂp@ée% al@%‘?fthé(élolcﬁb()fat
f@é/cﬂlﬂb%gﬁr%dm 'hhkt%le rﬁ)e{'y%sdkgegs%d oﬁ“yﬁéaﬂl_ye&?lsklalﬂe h{gtals at most 1.0

Operating at |ower "partial pressufes of hydrogen
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HOPLAfE iisrlgiti'élﬁ)y 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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5 be perforned where Iimted anmounts of hydrogen are
avai | abl e. For exanple, a contacting zone may

wo pmBoeesa fourth catal yst and/or a fifth cat ab@gBUS200TI€80429
contacting conditions may be: tenperature of above 360
T., a LHSV of | Ail, a total hydrogen partial pressure
of 3.5 MPa. Contact of the hydrocarbon feed with the
fourth and/or fifth catalyst at these conditions may
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ﬁ;g?odggr tooﬁ f gr%c r‘g?/n f?]:(tchhatvag% \){ 08ty0%v\£ lagsii 16’FSt at 37.8 °C (for
axehylode ko 180 c80 at lest 106@ cBe npﬁrlaistﬂ()@@ cStD mazt camosledtemperature

et e & lo Mgt o (PR R et DRl Py ARG g

hést 7 QHRICY ik 106he 3D ndfe @kalyseaktcribe@Brtin@rodatestaltude product having

P e ot StB Ml GodEnN LS AR Ha % PiEr0%

£ alosd 3088, ahBYst POFUAttmdsh1 @b, ab ﬁl@&tl%ioﬂﬁé Fos puati af prbﬁﬁty of the
Ni / VI Fe and at |east a portion of the conponents

hygrcimopr ferirgDpdas gaect. dsFonlusdpraint BRLES kephihor 1.0 by
AhBORRE ik cb Rl (AERG  ArREASMESn Bt ARG Atne

suitable for trans ortation and/or further processing.
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10 through a series of processing steps. For exanpl e,

crude may be m ned from a hydrocarbon formation and
whedosnes1ssray be extracted fromthe crude. DuriPQr/ugmo7/080429

extraction process, the bitunmen is diluted with

napht ha. Before the bitunmen is treated, the diluent

naphtha is renoved and the resulting product is vacuum
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catal ysts ‘descri bed herein to change prqgertles of a
gy

eyielp drnge Behis 28480 ay30p®) ‘S8t 40-ehéd Ahihe firsh pentasting
tgﬁf)&atﬁfea (ﬂf kdhgk éfﬁﬂohﬁnénﬁsofhe %MH@ l:(ﬁrtacﬁﬂg %%L:llaﬁﬁ‘é ﬁ %ré%ii than the
cracking unit, a fluid catalytic cracking un
fnlhteaontattlngrt@mmrﬁgreu hiatflng diffeganheqntaghing @mpﬁr@meﬂr@ycrwg TAN
el?l%ﬁ% E‘; Q{?H@[énésec% teht‘% glﬁkﬁfodﬁg E2RQL ﬁl%tﬁQN an cf/&%ﬂe”@sm

of the rocar one or nore syst

ajplsdtends ednthﬁ o€iha hn@yc qylm)cfa@btoa greasd exthlatthanrtm mmmt oHEAN

e&d%% %S %sgﬁ%?ng }e%u(r%eogs fVacl% hg %r# Qlé se@%{ Cé)gtsa?t? % ratures

af tht @amois atwulheﬁti)toca)ffeamcnherof 100. For exanple, a

syst for tre hydr ocar bon havj ng .a

oY sc 8t ol SRty Btufo YR ERY R s ST R Bpasgy yfouren
@FadI¥s)Qhd b 8Sdofldl €onifin @F @Gy ifdhdic @aRF bodlydt@Pdksoféd herein.
rhgclude one or nore coné ﬁ%@g@ igﬁtens escri bed

FE T OPBLing LSRR S1aY 85 b fC ARIPGRIEPHORIsFing tqiperature

B8ty @Mﬁ&t&ﬂkﬂéﬂwdﬂoﬁﬁbM@e@ﬁ&h@ﬁrsf@h&c@ AhY S$itH the first

descri bed herein bl e of producing a crude product

Fbshgpdspr WLg@&gtia{y?t aéfheéjtlg%gefnpgr@t}g%ﬁnqr fecapfas sl the ofyer
ctahi?ysﬂy)qﬁ %%E&)‘ﬁ@ C(f)rﬁf&lmg Z@He 1ok rgsu]{ in %@gt/gpf AﬁtanﬂV@§@5 2B tenes

t he residue of hydr ocar bon he crude

rmh@aala: n tb%hwdé@ca@OHif@@fl deletivsfto thed QY giéor s aenbekenghepduction in
Yy %&q‘gﬁp)gﬂbf)@%gd T & h?s'i arftl Je&ﬁfd%ﬁta&bf@ rt&ﬁﬁe%&h{‘&e within
uni t nce the crude product and/or m Xture of
B¥ Gde product and hydrocarbon feed has a | ower
visc 9% E&IXe ént%nﬁeﬁnﬁs Qgﬂt%'tlﬁﬁl:onla}f%hiﬁg chIRR)JIE(? ﬁgh t%lbﬁle total
processing rate throu e cracking un
hydmgom/mmalb@dslyde oﬁ:tae bcDmaCflegd‘me hmmalntglrad aﬂ ae@sllrectpr@%iure at a set
rvsg }a?e an8 elevategl t?é era ene%%lgalylht %o q ereﬁg hal ttlea‘ij 1% sures o% l?ydrogen
ydroprocessing trea a rerin efati'o
Deasphaltlna processes may invol ve solvent extractlon
and/ or contacting the crude with a catalyst to renove
asphal tenes. Reduction of at |east a portion of the
conponents that contribute t®@ viscosity, at |east a
portion of the conmponents that contribute to residue
and/ or asphal t enes
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15 prior to the cleasphalting process may elimnate
the need for solvent extraction, reduce the anount of

wo esisess sol vent, and/ or enhance the effici enegr/u$200T1€80429
deasphal ti ng process. For exanple, a systemfor
treating a hydrocarbon feed having, per gram of
hydrocarbon feed, at |east 0.01 granms of C5
asphal tenes and/or 0.1 granms of residue and a

HiaB MBS I3LYMPH aiBws! B 3sdreal®ina S Bt foBkafpleln MR¥eak Ol R8st 0.5 h !,
one or nore contacting systens desgribed herein

1 dapttlionaided? hpst ké%%]hof orh leggd 8 pharith Hig sgme o1 lomges catalyst
15end &ﬁ%a'cﬂ%qﬁl@&%é@n%ﬁa‘l Piel S oPRGeRf 4 ML E OpAhAY YR IGwer
descri bed "heréi n"capabl e of producing a crude product
el prgssaressl hylvren degieasescibneeshof thé opgratiop 9nd Hvssepntp¢img to

a residue
n%fg%?erdo 5{1{%@%&%3@9%@,{@%@ ?ag%l:larLon f eed residue
cont diat ¢xagpld, 8 cogactiyg mneamaynm@mdemldf catdhgst myddrraddthbamlyst.

r at
ﬂe d:%gt?léta r%81§( 1@(?1%@116 the&ég&tu?e %%{)OVG 8 8 UlgﬁS‘Q 99H , a total
Hyyldnrgem:parbairprefssmd offay Miat €ontattef dea)slﬂﬂ@aéirbq)mﬁedjmth the fourth
Si.nc rod ct and/or mixture of the crude
0BG Gk S AR R R AR b tofistoss b obi Sl B acteas
o mbads 1 el redlﬁmgdiuﬁrealp@up@ftleybﬁtﬁeﬁydrycatﬂmameddhe ori gi nal
hydr gcar bon f t he essing efficjiency of t
s TR ST o o B A R i SLEC Feadindfe o
dog@stindh A@/odhethie @Sin tﬁ@%cﬁﬁécaﬂbn lf@ass ppRBmaf befdie the hydrocarbon
original efficiency. 30ln sone enbodi nents, contact of

fgec@ls Gomaqteslen thypthey Cétlar]émé r Fofsramplgt aymadk agnoyRisyf orgsaemolybdenum
(lf&re%erI%IQ ra@ 414689 vitpsih U oBr0dippmt dtat mbaso %@ﬁﬂqg d hydrocarbon

concentrations of naphtha. The naphtha na

ferdyanmyatederertheoreivieolicr iy sh¥ned Gentag ﬁathﬁmx@aca\mqnﬁe%drwbthe
Ja@a%gt t; %dﬂ%‘l’ﬁﬁeﬁmfl ﬁﬁ? fdrﬂl%olyﬁieﬁﬁjrh fs@ihhc% cﬂlﬁﬁg contacting with the
transportatlon and/ or” neets plpe I ne SpeCI I cation.
EttysexEhephaybdamean sl Bddsaeay priegyrie fewnsddtoadaysingsohd

I%l(zlg?(%etngmgcg{ngﬁmgtﬂo% Lﬁ{l)ulﬁggltg Fe?lé}u %e\%?%y?l%%ltow og/—g]l%((:)ipitates in
the)rewtt% mavlez@@lwmgswaﬂmpys the camel/tiog zame, tius mdhibstrgtilydroyarbon
f%gcp om as(élfng {hr u%%l tldf%r (gogléafcgg | zlotn & cgers% uf?coew ﬂ’ge\éhpﬁ%%&:ﬁelﬁtgﬂic
qmmpbmm'a nmgylsh @rcﬁﬁp‘af(mﬂnettbnfdf onketdmeng ccmtk@tlpg ofambval st mgeast a
knovvn racti onal [lation S d m xed. with
PG Do Abisd Brban bl s oo CP RO PER R I i Pon
fhéﬁjﬂh@}cml’:@%?ehd lﬁleﬁ Of cm;aaysbd wadlin aE?ﬁ&MBﬁoE&smg process and/or increase
n-limtin exa port pre aration, catal
%E%}‘i‘)%ﬁ/ &t FhBﬁ‘%atmé?H r%‘i?ésr 3{@‘%@1 taeech Y %aangmegﬂggﬁglmﬂlgﬁ may
oAkl )isW theaydroe @B Rbd BbeGaREa6d inOmERREAI N0 MSnE. chs[et
forth 10bel ow. Exanple 1. Preparation of a Cataly
Sapplsr flrswoélti’ﬁ%‘%ﬁrztonﬁﬁ’éy B‘F&ﬁ‘ﬁ () Ei‘g%@? pialypiang a5seeng F%tmg
zatle Al McRe b Gt @a&eupsn Catiah Mﬁé d%&qrbliﬁ @é@a qala@gg aaedsﬁ; 1
Mchigan Gty, Mchigan, U S A granms_of
WiRpRO! AleybECTINBTSOBACTGR AR quaéma&tﬂdVIP@ara I3V of at least
(m mu taﬁé a teﬂ}ﬁra‘ﬁﬁé Hf zIt'l&tgt 3@6' b%qthrfhé(&gﬁt%a rﬁﬁg I’ééiﬁltelg reduction
hrough a 1.3 TrilobeTmdie plate, dried between 90
Of@akr@lst apertion ofhe orgaremed ghdenyra h A hgilreca@on\ﬁmde [ ontact of the
f
I{ere(%%?% %n%g%)?(glu dg{cglﬂgg% fee(i g’étﬁijl Cﬁ_]_ﬂﬁ gat CI X é/ dres\ﬂﬁttup atdeast a
wasonplf Awedi/ Y ike and_atmster@)rlﬁmqufalme:om'phmntsmonmbetmg res1due Cs/Cy
tenperature was raised to 1000-1100 cf. over 1.5
hours, and then held in this range for 2 hours to
produce the support. The support included, per gram of
support, 0.0003 grans of gamma al umi na, 0.0008 grans

of al pha alum na, 0.0208 grans of
57
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20delta alum na, and 0.9781 granms of theta alum na, as
determ ned by x-ray diffraction. The support had a

waaBaeesarea of 110 nR/g and a total pore vol peEUS007/080429

0.821 cnB/g. 'I'he support had a pore size

distribution with a nedian pore dianmeter of 232 A,

wWth 66. 7% of the total nunber of pores in the pore

size distribution having a pore dianmeter within 85 A

RphdiBses BIaRisRRIE 1 iedBRIE] to p2&ILRE 8 cﬁﬁ@ﬁﬂahﬁ‘ct suitable for

denonstrates how to prepare a support that has a pore

gnsRoTE iR 4dE {YrBRT IPCesting-east 180 A and i ncl udes at

| easty, %Iﬂe Qﬁlﬁﬁﬁn&ﬁs Egﬁﬁihacaé&{ﬁn% ten%ms?mg be positioned in a

Preparation of a Vanadi um Catal yst Haying a Pore Si ze

third eqnitasting eme dovnsiream b the dinst Portactipg aenstaad upfream of ggsecond
ly et

Falr s Re SARALOHE RRLR kR IR ERRGED Ryt v

imgiertbidd desctinbade nmy Bxdanphditionalgamupiyef NgNdicedthaitdn a

R RO RR Rt AT Re 01 el oni zed wator

A pHdrdchbos tedd hagingwa $\P2 gvity of at moFhE) (@brierample, bitumen

ted th t '
FHBR BB <2l Ao hIRLGATRI S S e P Mureams
tﬁfmgsa Qudiah ofngcteashmgmepsd Fbl&ﬂaﬁplel(ﬂﬁdeﬁni}dje S@vefrah a

urs | ci ned 480 C
e N R R S R N
ema@ﬂm WdcegdEihe gmﬁam dt@t @S haphat Betoiethbalian&eis Beitey the
port. The vanadi um cat al yst had a pore size

‘Hu%‘?trnﬁﬂﬁ]@% I8 FeOp Vet angd tﬁ%Eﬁs‘élﬁn%)B‘ioéucé isa‘ﬁ‘é‘f”é‘i‘ digiglledmgit g0 prgduce
1R BydYQaiHoRs 8fa H ARLBons2NGe & o iRESHAM R @] df
% Ey Aéldl t? onal Ia\?gﬂng 7%?%1‘ t ﬁegt gltryal nun‘ger ofns%%?esor
fuﬁhqrmé)cwrr@ EheAwayipichitupisp epapONehts aedyRighlN drasassedinging §f more
J?oﬁgrs andPHeSr %oﬂﬁ%h@ﬁe Wd%&%a@klzg uﬁtsQ?orteQzﬁnlﬂE @b@ﬂhtlﬁg B&i units such

di aneter. 15Thi s exanpl e denbnstrates the preparation
asfan . CadhenmmCekingaffen oxamplhaiitidh gol@gcﬁyd@r delaed gplong ploodsbash
W [ anpl e
il R ARG SR EhoR bl iR Ber Sl en X BTP
Si ze Iﬂlsutwcblamv@ncrammgurmt h@dleahltlmmnecompammtseure @antaAted with a
c{ﬁﬁa?%# igﬁ%eg%a&ﬁa&g(g#g%})&l%% ltlo Pr%éuce l1¥gl§ter corﬁc'pogenr%g %lgle% aln%onverted
It:hduaﬂmitdand Tihe snafdnbﬁcéd:m;mual deanplag bﬂ: s«m&) lihﬁﬂ[lﬂglnmred)

t.h a bde nat.i. o ol ut T
%%‘S%rﬁ\é?“ﬁ‘ﬁ 05%%‘? r8Tlﬁ‘%"’q’<¥ IO\XE@ B% S‘E}&’F‘%PIBC@SS 50,000
eeRipai dig oft a 86/40 Ena;FTBf m‘un(emamazma %pecﬁblaﬁnegrfaums of
Mb03, 12 nms, of 30941202, 0.27 gra
oo RO AHaIs( ATV e Girg R OLE B igaroduee
MREPtreh@ th@ Xy Be prodEssdtt in TH&sidle Wy dnpc MBS @Rt 185l érma&é tﬁé
until dissolution of the solids, The heated solu

RABES TR T P OB i aPl LR thiacBrds 2o s deseribed

&%Md c‘BQng‘é’%?op’ért%@ of a Hydi&afth el %y\b@ }pyﬁﬁoﬂéla%p@ém%% 88k or
to W't h dei oni Zed wat er. um na support

pg9 @ragklaaﬁl}ltsw&g ekafpre gnab@latiog bqﬁi Cf:%émﬁryw b@d@hqb ﬁqtalytlc cracking

dn@(h@&&@&ﬂa&&ngﬁhy bt QRer uﬂggﬂlofw%rto gorﬂ/@h' 'h?dﬂ%atrlgbn feed to lighter
occasional agitation, dried at 125 C for sever al

dopwprecntsandrepivent @ahfclnm_a@pn 480 ir®rfeer nRrhgysiers dqsigabed herein
Iﬁf?}%‘%(ﬁdcg 9 fé‘eﬂttl?a!t Mﬁﬁro&e‘g Qﬁe%rgc%gsing 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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30 0.04 grams of nol ybdenum per gram of catalyst, wth

t he bal ance bei ng support. The nol ybdenum cat al yst had
W@ 2ene753 ze distribution with a medi an pore dPEEITES®NT/080429

of 250 A, a pore volune of 0.77 cnB/g, and a surface

area of 116 nR2/g. Additionally, 67.7% of the total

nunber of pores in the pore size distribution of the

nol ybdenum cat al yst had a pore dianmeter within 86 A of

I RAVAD. 1048 6 rBdi®leSher gram of hydrD&@rtoRl fYRASAUR ude one or

cat al yst exhi bited bands near 810 cm-I, 834 cm1, and

IBEO CEMCUfR SYFeaRraleyr wad hyeiRaRsionsg dpicas O pyrackrABURG s

&H@l@t‘irfgusglt% nk Qn&ffge%lnéf St mwﬁ%aﬁgﬁs@ 'd@s%gbél &%l@ca%lé) Hﬁﬁ&oducmg

Raman 200 specCtroneter operated at four-wavenunb
7 @udsl edushhavipge véseesityat Ronoshal el o thytviscomly of §8 Mﬁiioaarb@ feed
RIYSLCAhaBPRA OTRE 6 e A0 Abe hidFoGAORY

& T‘H@ crude 1()roduct
spect roneter wavenu er Ssca C at ed usi ng

dodowa nhengf gfe cdude poelbgring byxhecrad;bon fqleandyamer posidui ons

f. 4-act | om thin. + .
I%drr?éfas%h% ﬁﬁ}mn%a{kqu ém&‘%\*grg%uc? Qﬁcp(glfl%gtglfe 8. tﬂg dlfgjrg%(}ut%mdlld d
hydtocedobn feied h:tsafridWerl\@schty\mmhéB Migic itllydracfmib(ﬁﬁeect Hfeprocessing

a ectroscopy. FIG 7 depicts
?fﬁi gbgg’atw q%‘i’g‘flﬁa gigfoé’f’ sts. Plot 138 represents
t he nDldydea®on recdsiaaing it lebdVion @ramspd I8 a§ihdkenes may be

i stribution with a nedian pore dlarreter of 0 A ..
bkl £ i C s BTG 31 R T6rafet apesplaing
pradeddey ffay ivatve k61Gtdd dRfacAbn AR oflacing (HRTBudR fwiGangaRlyst to
al um na having a pore size distribution with a nedi an

BRPY 4phalehesr Refuctionolpt lepsAostiqne s comgarssiidhyt gonebute to
Jik8siBY fnadsed pRoPdr (Re LRhPoRThEthIRLAkibER I eYidibe KAV AhhRltenes
pore size distribution with a nedian pore di aneter of

rtor [odhe tleapmplting pracessiaayelignitcethe nesd fefenbisai exiaion, reduce the
KRS AL AR chlvé%t %Ji/Hf%h@nM@éffl&@fk? |oY S d@%ﬁhﬂ&gﬁ%&% For
near 810 cm - , as determ ned
etzympéanawstsmefet trr@gog)pyydrméw@éwdl lysmg meegramﬁ higdro¢dsban feed,

t :
fﬁ?etalng)g()l aﬁg§r &f @5 al ]g‘fag&g?rgtllcg%r?fg%%n ﬁlr&ﬁlge £ty aﬁ%ﬁsﬁt é)rf gt least
) et 38 Oéff may 1nbleéf_s®nelc®®noﬁe coﬁmmm sefsh&ms H’e%plaﬂddteredmpmtioned

StI‘GEaII}/(%d a?%gaspt\lla&fftrl] l%anlijtr'\r/]b | tggnt% %S}a yelrl’lC b) fle %e zrg)sr
@&(I)ysA deddnidedimdryib dgrabielol prodatiingma ﬂadieaﬂ)ry@ct hazmgrxar @papledienes

iseb ool QR RGP Ll Ba e R e B REE ke

ofiat mo@ 9B8%alierdarenibyaread redidué fmﬂt@g Rafidcodity 0 hilthds®B0% of the

epar ed asfollo A first s n
L T A R e Pf\é@‘?ia‘ti‘?%‘?é%‘/%?‘m of the
rocﬂlcﬁﬁldgl?'dﬁﬁar@cfn &Qdahy @ﬁt@ﬂ@@ d&i@?lﬁl&h@%n{t 1$2020he crude
0. 14 grans of npnoet hanol am ne

3.28
P ST PEUUAT di BT BUP A THEee Gyl nel
zﬁﬁl?atlt@ﬂia Iféé’ldﬁg’ aIQ/d%Wﬁs'cJ)su?'tl%%QﬂléJ&ﬂg@rﬁl R dréAboaetdadde pf[)@@ssmg

heat ed sol uti on was cool ed to roomtenperature.

BTy Oéme@?@sahalmsumfﬂw fgyincressies i 44 dras. 57 agleatid O%f at least

YO5G WabifS0dr ifl celcAni zed water. The first

sol ution and secon solution were conbi ned and .

suf f ile e enahwidondngse donpist efra eade fagiteith ene ds miomgcatdsts described

&9@%@8&%? Hﬂlﬁé dLYcQ !tﬂﬁpﬁasléﬁhatngecfg&ng%ntr&t?m% Ioﬂ}ﬁ)hEhlaeThe naphtha
enu vana ium i npregnation so e al um na

masba s&mragchﬁbmdhfwrude nrmuct andlnybdﬂe\mﬂmtmdmhcﬂ tgvmroduce a feed that

1(s) gg%gl%gﬁ}atl a%g] Osgtl ur} e{n%r lel 3 glpe r{e SQ%CI%U#ISIF V\f;oer \%anéli)le a crude feed

hours, and then cal CI ned at 480 C for 2 hours. The

resul ti ng catal yst contai ned, per gram of catalyst,

0.02 grans of vanadium and 0.02 grans of nol ybdenum

Wi th the bal ance bei ng suppétt. The

nol ybdenuni vanadi um cat al yst had a
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5pore size distribution wth a nmedi an pore dianeter of

300 A Thi s exanpl e denonstrates the preparation
wotoos/0Gosauim 6 netal and a Colum 5 netal cat ab@BUS2007/080429

having a pore size distribution with a nedian pore

di anmeter of at |east 230 A The vanadi unf nol ybdenum

catal yst exhi bited bands near 770 cm -1 and 990 cm -1

when anal yzed by Ranman Spectroscopy. FIG 7 depicts

thieresRaGEEY MR hi e a MaRadialye hdaatalw sdialydel Phe Abhte catalyst
represents the rml(gbdenum catal yst having a pore size

amsterd BUvi% ROWittoh3@vivedit 4R WhEreS trephist @rlyst apdier an ultra stable

¥ Qé&ueeéé?{%t eril 2t DS - u&fuct h Eoﬂal'n? Qﬁ:ﬁ@flﬂlcﬁ’&aﬁfon@m
[ umm cat al yst havi hg bands near cml

m"ﬁduze wrrélthaa &g panbithasyayRe vepir Spselsem d@ct@piy pr@@drmlné ksown

f%g&%@ﬁlsgﬁatl@n ge%ﬁs {Iﬁ% %ﬂ&/ﬁh mrﬁﬁ ?@Ha'c{ é’lﬁ&% tdﬁlde feed, and/or
reactor wt iScentral y positi oned

dthees hpdweirbompgsiosgaibppdd wi t h t her nbcoupl es to neasure

tenperatures throughout t bed. The catal yst

bed was fornmed by filli n% %ﬁ“}\@ce bet ween t he

t he mNomv]/&hl}mgMH@ites iof m@pont\/aiebar@tﬁort brealye pepamtiodst dnd systems

ts_and Si |co Sta
Wt G SR E A e SRl g R e o
Hekiw.eved to have Iow i f any, catalytic properti es
nder. t he orocess COIdI i ons descri bed herein.
o L o Bparatoneraialals(Pioria “Lasdair v Uhesffyimetine

Y[ g$dn|1§ F ARG @]riﬂf&lolﬁ@aﬂil}%ts&hd@b&ﬁologﬁs P X¥lehRah @ttsa NifeBigan,
contacting zone portions of the reactor. The

ESduevita adp srmset wateed Seappt! elpsil pifriacider %%‘E&‘”’&Fest fhe

£ &AETQfulfef nlik8rddRhteRMRE tB&n £AF TRIbe®Idid ARB &Rl BidRen 90
was positioned at the bottomof the reactor to serve

and 135 Botand theg yppioed at 9A3 bGtwioeh catlatl yts@flogritms:dra @Bireil depport
m Xt ur

S} s b T R0 P BB G R ERo B b g panaoere

fhimacd Ofhe dimn a@ttah jysitule adhs aaiged e 1ot 1@ 00 S bverbust hoors, wid then

a. medi.an po i aneter of 77 A, h 66. 7% of . t he
RS Bl g o B RS Oghe sl b0 s b ohids i rem of
Nppir19.080PQEAs Of @ifiehLalumink 0.0008 Gratnsaff atphe aliBeHaan 0PE¥r @ams of
di aneter. The bottom cat al 3{st contai ned 0. 095

f
R R RRC Y 30 2B o st hingias Melproyasd by sty %ff?rggiog The

Sppc Bidita, suMhderdade 1 DB G k1 PRI GorRdNoRkhir DR2 B uﬂﬁbgr The
30A middle catalyst/silicone carbide mxture

56
%Borblyglatgow déﬁqnlsmgllgn Hithjapgedian pore diameter of 232 g w1th 66 % of

the total number of pores in the pore size distribution having a pore diameter within 85 A

of the median pore diameter.
This example demonstrates how to prepare a support that has a pore size

distribution of at least 180 A and includes at least 0.1 grams of theta alumina.
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bott om contacting zone to forma mddle contacting

zone. The m ddl e catal yst had a pore size distribution
wowdaroes7aedi an pore di aneter of 98 A w th 66. #O6/U$200T1€80429

total nunber of pores in the pore size distribution

having a pore diameter within 24 A of the nedian pore

di aneter. The m ddl e catal yst contained 0.02 grans of

ni ckel and 0.08 grams of nolybdenum per gram of

‘ ‘ 8 petgy ofi At gas ._‘-. .Cm\@g@qm@c%@ﬁgwa@pmpamd
15 ‘&{e%ﬁodqﬁg nﬁ{?ﬁl!r afPﬁé 18mm4 @@ppoﬂghﬁeﬁaﬁ)&l aheh¥@ba hadiRd in
pore size 5 distribution with a nedi an pore di aneter
Iofamp@2l, yag epregmated i \@n@idlurg rraprsgrafiomssilytion @rapaicd &y

t ri

cg)grﬁ)mfrﬁéﬁ)g rr‘%’%éng{J gg‘gp ufltfl %Q gﬁﬂ%%? I‘El(?glﬁ%ca & An@ﬁab% the Slution
wosiil oned on top of the top contacting zone to fill
dead S n The. .
car al gt Ratdh Q8L UG RlpB BhfRean A8 R i imrrregpion
sbOiting,| ageletdr £ ihwas Iwetatobcmgloﬂzﬂ rgisatio0) dried pordi °agoi @vértilkhours, and
B reheat zone, the top, mddle, and bottom cont act| n%

hgrakeined gd0he 1962 oth-s iisgerting catalyst eppined

WREGuR Yot bARRY iy HAFHESIAGN® RAS’REMDHrTPRE %r?adf&fn Qutalyst
vol %hydrogen sul fy de and 95 vol % hydrogen gas into

ftaﬁé Periizscistiytion el agredign patealiappeter o6 35( A e pas¢ vejae olie 69
2 ) t
B e Qo LT DRl Il Zho 2 A p{ e P bores n
thapak yige Ylistribetimer sheuvapslioh cathlgstdaht act idignesn mabinddr & of the
04C (400 1) over | hour and held at 204
ljﬁ&ﬁ p%i %%%?%12 After holding at 204 C, the contacting
z 0 n eéfhweatxempln desasadtes the pepeatiad <I>fyal (tcdurﬁﬂﬁ@t@l@ﬂ(ha{hﬁg a pore

51ze éstr u%ﬁ{l gvltﬁélém %%an??f%éﬂ%%fger é)l;q a lgaSF Eﬁ{%aa ing zones
Emmﬂm nPadphayationiof @ Malobd AN 4td06k hiavingGyPure Bideistribaton

h.@l d I%t!.37’12 rCDfor tvvot gg;;r s; %3'5h=e E ont a1 l%(!grr}gmzcgtgggt&v\%g:

frépanadtii ehelVallEyvipg abhE MThdalliti@a GPpbrt ‘pf‘epMEél b¢ he@s$hod described
filtered, then heated in an oven at a tenperature of

ig @Xi‘@’%éws impptpeRad wigL QQIEOIHB‘&ﬁngmt“éS‘P%?%O? AUy ddet eed
lh@qylbdwuﬁl hﬁ?ﬂ@g&%ﬁ Edl@tﬁm%’ﬁé’p‘aﬁ:@ by lc&nmakﬁlga 2k ordthar 8.

crude d was fed to t etogq{/ reactor. The
e

%héﬂ%@eé 3B 125t MiSubh? eres gt 5&02 8r¥8 gt

RN AGAIAEing ANEA), %@QB? tg{%%to@@&bﬁlgedaﬁi&ng forRQL S@M. The slurry
contacting zone, t om support of the reactor.

Wﬂéle@iﬁdltmﬁf é?eumi/\msobmnn atthe doligs t hhekmlpdeplutiprewas Cool_ed to room
tg%fg] t¥§ I n to?ﬁle%[)]f%ﬁ? gs 9 );6 h%/ sgﬁflo%gojume O%] %cglgs%dgg 32

ons Were &as
mhevnmrdaﬁbelzécewatepr ovi ded to the react or was 328 N8B/ n8
(2000,SC 43 1 hd

M1 o 10 g sybr! Rt il et RIS Tt ap®
ipadeaslichQoBiioh, Geed(f6PDh &k itRBeLasTBAAN b @tafedl daibd &71Q5 €L for
for 30 500 hours. Tenperatures of the three contacting

seutieldiowsr adtthearsaicined A dCApi? prmirntTdie iigsg1ting catplgst contained

L RSN Ge SLA BRIy Ry, 290
ialybde8O chialysidhad apdretshre HisBRMLIOION{UT 4 Pefiian pote dRABEer of 250 A, a
ﬂ?)?eu\l;oslame of 0.77 cm3/g, and a surface area of 116 m?/ g. Additionally, 67.7% of the
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The total product (that is, the crude product and gas)
exited the catal yst bed. The total product was

wo pogoeRrs®ed i nto a gas-liquid phase separ at or. PATIU$1087/080429

gas-liquid separator, the total product was separated
into the crude product and gas. Gas input to the

system was neasured by a nmass flow controller. Gas
exiting the systemwas neasured by a wet test 5 neter.
REmEHeE 6F Iﬂﬁr&cﬁﬂ Bie PORSsiRR ISR e BIORILYE&REL daalyst had a pore
determ ne ht percentage of conponents of the

Hppger "p‘%‘ﬁ%f\ of anqdigpotesdismei¢ted are averages of the

det ery: %@yb\ﬁ@mﬁmaw@%{ Sﬁﬁ&é@%%nc@fne&%rf@ PRENES, c1£31 léﬂ@ 880 cm’
product properties are summarized in Table 1

Bhenagalgted i Ramarr §pecgrogcopy.hhecRangia specdeoncaf tlmatalmwas obtained
(eraa@ﬂr&fne)@ f{!ﬁq dﬁo%gé&lromeé:r §¢JEJ %HJ %&&r%&rﬁﬂﬁbep Ies&ut(?(gl7 5fhe
grans, a resi ont ent yans, an oxygen

aoitttion wapélei@ 098778 mana.a phiver drapprexipragdyi¢t mMaa the saatplco The

S PRl PRGBSl b 2,

ambtpmmophenol THeebahd pcesmooﬁ oft Aectioat miphaios ware reprotbiceat 1iwidhih +

et Bt TR 1 B g AR B pbEET aBl e

eatdh Bs0 smi' anesoomay’ WeenlbaesddelyaR @chniSpedtfdecdpe. rrEE} ataapiets

f t he ca st b bel i eve th as cat
Bt oGt Pes B8 bk o s BREEEN P e Do g el Biving
Iﬂﬁ@ﬁiﬁ GatibuRp Wesenh@liingiradiaMARToN280 AU P14t 198 rdp@sents a Column
ovenent of the crude feed in the contacting zones

@%@%@PBQ@%% Ci‘tf"ﬂiy%t thal irpdes atpagh0.3 ramp ghgasupgileming baving a

RYES AGRsMARDn AfithtaNBedidi RE: AAALBCII1NG AZONes ver sus

hours of run time for contacting a crude feed with the

t op, Thisdap@ple dpraonssnieoie peparjer & 2 (ofepn § negjl eftalys haying a

p%Qe §1£b%1£tﬁ5htfoh Rieh atxﬂéha -1% &Qm&t@x%f%@fé&s@%(b RITAR rc‘:%mﬁ@ Lﬂ)éo

changed approxi mately C. Fromthe relatively B

demgbiteatop MR Parajion QfevsCCde@ betal cyalgythayimg bandhagar 8 Hecm
C f 0

cg@ 2{1:(%/ Ségéf ru?_ taé Hét% %{ll&d bg/ 'k%p%{i‘%ﬁ%c}’@&eogﬁdn{b ctatagg?ﬂepared by this

18G0@E Bﬁﬂﬁrdmo tlnas agonme Iahunw daplybt heyang agforecorerristghuion with a

lﬁg{pe{%;oreog}a?eter sfagr%q%@Adermnst rates that contacting

one catal yst having 25a pore size

Ehamiple &nuPre@arauohh)f a deﬂnu@Vﬂladilﬁﬂﬂa&ﬂysmhaﬂhg h®asd Size

e size

F: 3 a . c
v of a range

rbﬁ&b&ﬁﬁm&@naﬂﬁﬁn é‘&tath bdas @bpdr&aﬁltthfﬁﬁﬁ’/l’@\ﬁfng tnfhﬁnérotl“ﬁé alumlna

nunber of S e por ze distribution hayjn

fBput B?eB?FE‘F&‘ ﬁ% E’HTQH dgsgripe ‘le)‘Fls‘% AP d Y an TPEreaaET ¥, laer

b1 hea@itve @di@eling@ednagdd dUitee Eﬂ’Jp L@ BSollHw O dAl ¢ied S(ﬂutlon was

total product that included the crude produc

fQ't‘ﬂ?é’é@BW@’d“%f Pgyapyef (N@r“by@z(% éd/ gEmgIO M%u%?6 grams of 30%
Hdobf e §)E1§cb zbE)YO W%raﬂﬁ'o@ﬁ@h&%nofgﬂﬁle(‘(f\/f% zﬁfd@éé&?rams of

had r educed uced Ni/V/Fe content, redu
deifinizgd wetsh tOefmm a alﬁdy r Edudedy waylpaied ot nentd dissitipa of e

8. K E%E?t&f% tio é‘L ‘c?ootlilﬁor b %Hl%g%&qé ent and the VG

conten e cru -110% of t hose

pr opey $e|cet£d sofutibin syasma@laeb}f c@aﬂinmngscémpiams 6f VAso, agth 40 ragns of
cgion%zrf:fi i elr oﬁﬁe V\t:;r t:]; ut1Cat acf s)éc?go solu t ng%%ombme anﬂasufflclent
deginived a0 wi8a1dAd to‘lﬂmg Itl&aam)hxbtned pelati @t wéunjenqce 32 nﬂmas yield the

t d content of tacting. t gl yst
AP R BB Lol OB 1t AP TRG ERBMBdIed D the

product and nethod of anal yzing the crude product
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5 were the sane as described in Exanple 5. Each
catal yst was m xed with an equal volune of silicon
W@ 200804555 The crude feed flow to the reaptDUS208B080429
fromthe top of the reactor to the bottom of the
reactor. The reactor was filled frombottomto top in
the followi ng manner. Silicon carbide was positioned
at the bottomof the reactor to serve as a bottom

rﬁ@l?&ﬁﬁﬁm/vﬁlaﬂﬁﬁﬁ RPrdeas Aoyt Sdebd £81 hodk Rl cEisithallaitation,
positioned on top of the silicon carbide

ctr@diablr%? & f@b&ewﬁi howrre anck thereajensed at 440’ (ot £ berre aths rywilting

cgﬁagrsﬁl%dgl?drl x fl,s 163 graﬁl’ &{V%Eﬂaﬁrgtt 2@2 %X‘gﬁs%f @Eétﬂtﬁgtt & d@qyn%rams of
rp@im@num witiethp balensibzimg diporti Bhe molybeminiginadipo catalyst had a
aq?et cﬁstn ut]lon Wr%th:%lsz'r%ladl é)éatregcﬁi rrgter 0&%%08 re diameter. The

om catalyst inc rans of nol ybdenum and
O 02 Thisamsmpit dainclsehtepee pgapammf of l5Gadmah § atefal wad HCodlhemn 5

bal [ to t I t/sil
B RR AP TR g BBl ey bR 20
beTﬁ@mn@(ﬁﬂﬁlﬂﬂdleUﬁﬁmﬁﬁ) BRallQ eﬁlﬁblmdtﬁa@dstr@@r Tiorhac bhdg0 cm !

zone. The t st had ore size distribution
wemn%}yw&w%% 58@ SaBY-eHChf dgpgS e Py Beogaggdivm
daligyst. atiad 140 lﬂé’ﬂ?@ént@fhe REN fRlchu tNBYRARBNSA B&e size distribution with
di stri buti on havi nﬁéa pore diameter within 20 A of the
e P Potiamoer ¢fia The top catal yst incl uded
0. 03 19{sa¥Bmpik aBb @&%nséﬁk@s e %?e g4 @5Forafcdmhy D egAYIHRERe
gram of catalyst, with the Ipance bei ng al um na.
tamia reah Wi’ dad ffscnposihen srdered by RopabPpacHascppY. st
EQRACE] 0OnAONR alErulak IFee ' RA THPR EatBRGs ! B (SH5Hiaf CelPr Fith a
preneat zone. The catalys €d was | oaded Into a
denindlyenogitipupdribrrmowibiawas eusinpa@dith durméronplinlg nxosige lemperatures
t@%ﬁ%@ipg Q%Jﬂ?% gé o?ggc%]a@g%%ghag ?QEIE%E? ﬁufng‘gqe PSR the
thafewezl ehchan ihmriwm@ of ke repcop ewluhlcetslystsl anrhsﬂlczmetalrbrde'r%(bgled
Sgérmuf I:Id at q;ﬂ% 3o glet](hr odgﬁu(i%sgl?cg 1sz%neeve "o have?ow if any,
aamtgttmpmpﬁglez oniter th @tdc@iﬂcoml]ﬁ(astdbngbmwmn antd ch‘lﬁ)ltyttﬁ) Were

t t t ted
P ERO i R st e Dy SRS bR e DL i PR s R i, B 5 dnpo e
@?ﬁﬁtmﬁ%n@p@ﬁl@&ﬁfﬂ@trﬁd@ﬂﬂj ti:l on? vvgr e as foljl ?WSBOtr ﬁtl 0
(0] e crude ee rovi de (0] e
?eact ﬁ‘%églomrtﬁélﬁﬁ%actoi%?) %@é@ptopf tﬂiw%@ the hqttom of

tﬁ@ﬂ:a&l&e SR cHBRleByal phiidonkd difle Fotldi of-the deadir th W& ve as a bottom
contacting zones were heated to 260C,(500 1-0 and

HEPHE &) Bt na@atajg@(sﬂl@n( agpder Ip)xtq:r% {(42?@7) Wasgrositioned on top of the

STIRPRLBIM EER AR bbidém tWRaGAR LSt ITRE bét%@&téﬂ%rt Rad eh}%}e size
i ncreased and maintained in the foll ow ng sequence:

dstabution (vaths medpan fogy digeer s (fr ). WHER- 7’%2 ghqgotal ggpbarpf pores
IB% r}%@&&%&ﬁbmﬁ)ﬁ ?&n@%?g e d%ﬁl@@r %thlfn%) A?’gloch RAUbizn (ﬁ‘@d

t.he 343 C ours for a total run
BEmadr7 Ihpy b@tt@m catalyst conpiiped (bR gramoefuselytmienwre dnd @1@25 grams of

anpl e 5.
R b Bt SRR R B B e e
av er aﬂgmlddm caghyaviitigone tarbide Hixturei (Agerd’) prae pesisinag on Tpef the
IS B oty DB A0S B a0 o
si]zfe Gibuaina with ah&dgam@mé dfmat@sit 4818, wAt db t7%ofﬁa1he total number of

Ifg)%é)s%? Ek;elp%% s?zfe dlslgm%u%(r)rliI lqg/ir%raolgjol%g 3iar%£t%r \l)v{tl%% 39 A (g} the me an pore
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Thi s exanpl e denonstrates that contacting the crude
feed wwth the catal ysts having pore size distributions

wowdaroes7aedi an pore dianeter in a range bet weerCO0S180080429

A produced 10 a crude product that had a reduced TAN,
a reduced Ni/V/Fe content, and a reduced oxygen
content, relative to the properties of the crude feed,
whil e residue content and V&) content of the crude

RERUGC e @119 Va1 R Bont AR 002 4rhigs HasRREAdMEPIARest | es
of the crude feed. Exanple 7. Contact of a Crude Feed

Pplyplemyy pegran s caalysthuith g brlaice Rpina patlyRinaswprost  f or

nunbey tof QQta&E’cﬂsﬁFcBBe Qivigonkagt | @Qn?ﬁ&%ﬁositﬁﬁécﬁ&%%ﬁ Sf the
the total product separation 15nmethod, crude product

riddleysntgcting panectatfeinyaiop sentdtige agnendihh &b cpatyst hade porrere
gdescr.i. s IR de)
R BERA MR RA el or b0 S MRS LB fod i i EHHTD)
melsbdegamtper griwe of ogpalgpdt, wikhethe balatce beinT hamerilydezafigediumina
%Eﬁf@d t hrough the preheat zone, top contacting zone,
0

m contacti ng zone, and bottom support of the
r eac tSdlicon Thrbid2 vas poritamtd migtop @fi thettoporumtanengezoas tof il dadspace

ti f hyd t h de feed l.ded. t
la® el SR8 B s el G0 Sk B i ufge

iacldddaras sidim g warses 0 oiesbtali{gliO k. pfeHasi Zone, Theaop, Waiddle, and bottom
cont act i ng zones vere heated increnentally to 343 'C

©BBHNEAPNCS ARG POUYOISUPPYL was 1007 hours. The crude

pr odugt chagstae@\eIagebyltio@fcing. alhscadmanura ves age Midkogen
gravi t% of 16.2 25 duri n%h processi ng The crude_product
WY igle an 9%%%%1‘0%6%&@”&&1 eﬁgoﬁhabtﬁ’r&ZSFess‘f‘éﬁlfwf ® te’(/\??fpﬁﬂ?ﬁous

Bfxué PG voRAE RINOPBM Ofial PR RARDh UiRbidl RAs GEdEnRT APETOF the
had, per gram of crude g oduct, 0.0033 granms o

f
Wil caplyod2 Tyrem st oldhy guwactiog ames yeiamserasedyegis Enhi0
C@-) 6&31- 191()%d(ﬁgldra?§(b@¢efor @H@U&' &fﬂ&lhopﬁr%pa% b4 {3 tﬁéfcohﬁ@tjng
crude product are listed in Table 3 1n FIG 11. 30This
zoRespire ingesasnd snarernenally ey B 1 oo th) pa wfe afHe “c(YUHd) pedrpur.

r}é}qletsc?rrllﬁ%ﬁltg§8he% %e%jm&‘iﬁ{aﬁle}f % 6\3’8&511‘8%%& T, ﬁleé ?ncreénentall?l rea'seed to

ions 1n arange o produced a cru
FOSAWE0 Thater hdduzand deldaed/0TANpr @vorhedisc 8te tatialing zones were

| Ci di zin nd potassium content while
E{si@)?vgﬁténaggﬁttgglrﬁ%?&l fﬁlp%gtﬁl eént, and resi due content of

t he (ﬂ’rut_i]befrqmll o UMdrs peteniitYhe GdPot Mexdcd @3 lated, then heated in an
T SR L
oy @IBuamariAd iVaihe USTGRNTRCcdridddeddondiféd ©Nke tofraCite reactor.
ﬁ%ac%d% rfee%%%vreg tthlilrgug%etfl(ecpergttleag z%rne ,tt(r)]pe cor;lltjargtbir?g zo%g,dmi(c:lgfgtcgrrl]tgcting
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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5contacting zones), each total product separation
met hod, and each crude product analysis were the sane

w@ssoodesosi bed in Exanpl e 5. The catal ysts wer epGui$10dB080429

using the nmethod as described in U S. Patent No.
6,290,841 to Gabrielov et at Al catalysts were m xed
wWth silicon carbide in a volune ratio of 2 parts
silicon carbide to 1 part catal yst unl ess ot herw se

i ndi gt @fal plhiRcGIHAOR, heardad prowd BEOLS e xAaE e CRAGHPed. The

was fromthe top of the 10 reactor to the bottom of
tprbpredyct vat intraglycpd B e eastigisl nhase sprrsates A 2at-lige separator,

ROt 0 B}oﬁﬁct%% @eﬂaﬁ@e?ltlﬁ’t() e riR pf&iueSand gQ@téznglp?M R)Ocﬁé §ystem was
Each reactor had a bottom cont acting zone and a top

r@@ﬁa@raé by agrassoitey controler. (e exd angathy sysfosi Wii&:l@ﬁbﬁéureébba shet test
L Yhhg %m‘ﬁ? I%dﬁét%\%g #bd?l Cf%ﬁgﬂs ANERRLdImARAGRiR p i ?&li]%e of

reactor, |cone c positioned on top
Ctoo}powm <ﬁ¢1tq argrlezoeriict. Olheir¢sultdlewd spacegand thodeaamued ggight

R e e R L

heating zones con- esponcl ing to the preheat zone, t he
tExV\grﬁ n aCt I nlgc\l} eﬁ:g%]n %Bt&gﬁh)tﬁ? gﬁagnﬁ crudE: product, a sullfﬂr

@atcal (_)zf$)t()(0$5 bta@Oa maﬂlhn aaten oftIRSe gfh, erm)xy‘gascontent of 0.0007
r%(gslfh g:%jdﬁé)rodtglptw B}retltlg);notf é}é?gr}t%lrt] s O%S%I%Qegﬁgr?tgr?tlo ?t9 and

ATPAN g 80U MThOold 6f GERMndOfanatiGl ®las 220 tHHnO21 granms of

20 phosphorus, with the bal ance_ bei ng al um na support.

A ol B dshhieGIN s 78 Joiemincd by Bieawing f tigtebied £y ragrg)ed

Mhp&ad R WAEAPY Sdrs AV REg R op@é %mae FRJ AR Fak s 18005 Wh Be
a nedi an pore di aneter o% A was positioned in the

qogplaccd it @éﬁqm@r%ﬁ af thfrﬁ@almﬁ W%d%fﬂhﬁl%\@fl &1y ax capdgt lfe
&eefeéées %%A%ﬁtm&&s& %G% grsrgogﬁncqpﬂey@&%&ﬁml Qﬁmgw&s% gjme

catal yst, with t bal ance "bei ng support that included
fat HIIlré@@tneQ@f@heS@U@rfa@ﬁsm dfe cgalrpngabundageripet inghia pyagiple. Plot

LG :
FRBRG s e auprapWRIATR R o AR AR S, hoprs o e
fomqntaﬁ.a& ep@‘sdtt fieethedh the t@}h e1idsli¢, in¢ britoacdatatgtsz dhesa miosty of
n I nel 4

tl(fne ﬁl% VPR%%%? ﬁle c%&gg‘g zér}eg néf%‘/ oc}@néo% pr(yxn%gtgl%)/o?% %1 From

tgas B:ﬂEElVdfy sq:ahkas’gmﬁifuswm pdmb]aeo tailnamreabathied caglyaicuntivig of the
rt at al.yst/sil] con

SRR 50 ARl ST it Hem R B B Kby
@aBRtes heydmbyhdenuemicptaliyst was the same as in the
t op cr%nt acting zone of

Exanpl e 8 In Exanple

PidemTS: B Deibeepipe! M pR bt having
eﬁlﬂﬂé agd dlgtgb&mammfa B Re BaBSr ¢YiakREstWBG A a5l hidi@shal
carbi de and positioned . in the both contacting zones
c‘@g@lsg’sﬁ;@ymg 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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In Exanpl e 11, an uncal ci ned nol ybdenuni ni cke

catal yst/silicone carbide mxture 5(48 cn) was
weomshivsed in the bottom contacti ng zone. ThePCT/US2007/080429

uncal ci ned nol ybdenuni ni ckel catal yst included, per

gram of catal yst, 0.09 granms of nolybdenum 0.025

grans of nickel, and 0.01 grans of phosphorus, wth

t he bal ance bei ng al um na support.
PRIn{E6NEBhiaed @'a)@ttddﬁ 'FE:édPQﬂh Wo*@ﬁﬁl?gﬂb Thi Bateli’P6iBlze
mas_p03| I.one confaciing zope. he

Poye ‘ p eenh99-480 A. The reactor

a%gﬁﬁﬁg $éx@@)t fR e Iﬁinbg%zﬂ‘fmloﬁteﬁ ‘of ontactlng'i(%é?) &{tﬁ%gt tsJﬂﬁding
hen

rs platform (Qlf of Mexico) was filtered
hethed thethed ghsepgianngathe gotal @rqdaetand methofl og@am(nz@l@ crudp product
198 2o Rl LA MR LS e B8R e
ds0icodearbihe crude feed was 15fed to the t op of the
tr ﬁ?ghlgl ft'uﬁetfegg ﬁﬁw%? ﬁlm%!:a%t%r w-gp E‘OI% l? {) OF t%g r ctgwgqhet Ii)ottom of
thorehaot i Thg reone waaﬁﬂieckfmm bmasmppopr in thd foﬂlh\emg @anh@r Silicon

crude S ntacted with each o he

Cé‘gti“iﬁ ‘(}as*?tpé)““%negﬁﬁ@‘ﬁ}’ %8@“81”3%8{58&% A ai;%&(?&o&%ipg%r{'i pgotom

condi/tiie@nsafate sack @8 anp) waswesigord oh adg @Wse silich icarbrib: to

drogen gas to crude feed durin contactln \vas, 160
IR R JOune B R BT af prBSs e e poton adth o
hydEimgendizfef ofaas i, $us 6emaeEshdoll Mhabel g\@fwm%h@ﬁdra size

LHSV was 2. 0W duri ng the first 200 hours

‘E?ﬁﬂ?‘&’@_{l DAYNE &Aee fiﬁ‘@ﬁ f ¥iteineyd 4 of the tegipn P9ts fha?}‘f@r The bottom
daBiRt ALINGeCRNE b Gﬁn@)lz%‘ﬁum-ﬁﬁ(ﬂm op ?Faﬁﬂﬂ's%? nicRe1dks gram of
contacting zones were 6501) for 500 hours of
@Ehsaetiihile bameebeiDYPPYLr s, the tenperatures in all

cont @P&)P Q&a}%&%ﬁ%oﬂ@éa?m&@ﬁlx‘i&l: t&fbdcnﬁwﬁs%ds&‘(‘!ﬁed JnﬂS of the
tenperature’in the contacting zones were raised
RupBroniEytingeniodernghd tap coptactng o Ukhs; tor ¢hitadesdl h%@ 13668126

T8 P AL 05 OB 3l

1@&(671@& e, distebugion ha@@5a ®rf dianR GO witbin2§;A oﬂthmmﬁ@alsmiet 0
amflztgrg 6[“ hr% & c%{a%/fsg 1}19138 q?bqﬁg grams( 7? n1 an%qpl rrEgrarg %Iéﬁ%gb egum

con
RO, of'Eh]talystr wdhe therbatioat b}:mgeﬂl&nipe r $1hebnomfbl1<;e angoyidedd on

t *1"AN,  h t 30b de
bRaliR BrlkMheinee c M B SPEBN R0 iRt e
QYGERedoaR l@idtd inAveradeery Alrkies tHhoincIpdQpBiL He@Snghfongshe

crude (ﬁirodu%s groduceg i n Exanpl es 8-11 rg listed in
crEBingning f 1t prehepd7one, the owo copaglinegpng', g B Eqypsgpron
repr eentald Onluel) NakniahOpropdifesGhbigfiridédad Uable 2 EFIEU$0, was
run time for each of the catal yst systens of Exanpl es

fgd torthe tpRO! tegepstor-e Blop dady fﬁeqﬂwdd@%&h tGe PreBepd rong, @P

cP hﬁt:t%lglz%ge b%@(gm cdmébtin@Pche 1Rl HoRBH 88§13 Jf iR rEckA! "Fﬁe &Qhde
he crude product obtained by contacting the crude

fﬁ@bwawmﬁct?% with gaph of heapiplysts & be presense obyalisrce gasg-The

Joﬁé@t%fgtdo}{@l i¥ns Wik hs f%ﬁ&gs Mﬁérosf hy(irg%?en fay%l tH@crﬁﬁe feg@prowded to

crude I'O uct renni ned [ eas for catal yst
the reactor was 160 Nm*/m’ (1000 SCFB) LHSV was 1 h', and pressure was 6.9 MPa

.

stripyan wath-aj :5

(1014.7 psi). The two contacting zones were heated to 260 °C (500 °F) and maintained at
260 °C (500 °F) for 287 hours. Temperatures of the two contacting zones were then

increased and maintained in the following sequence: 270 °C (525 °F) for 190 hours, then
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systens of Exanples 8-10. In Exanple 11, the P-val ue
was above 1.5 for npbst of the run time. At the end of

WO bwsnaa1sy 2300 hours) for Exanple 11, the P-vab@BEUSTE7/080429

1.4. Fromthe P-value of the crude product for each
trial, it may be inferred that the crude feed in each
trial remained relatively stable during contacting

(for exanple, the crude feed did not phase

2%@8’@@5%9‘%)@ 206 h&hQ\WRnizNs Pt @002B) fof Bsd RBukahdiand 343he (650
crude product renmined rel atively constant during
§P@ﬁll?(fmfobéﬁqlé%tl@?O%Hgﬁhf’?fﬁaI except in Exanple

10, iffe m&l%cﬁlbteexf) o lf'ﬁla i’é%ctbp&fdev@a%%gparated as des!:chgéd 1%4Exhl§1p1% 5.
graph| cal representation of net hydrogen uptake

Bregaelefreaigchhad gy gvarage T ANl ¢.46F andgn rave,ragea‘?slilgra\@ty@f é’hﬁ during
ﬁfgi‘fw‘g% PIEIRIME ro%ﬁcthiﬁg, J)‘reggfgrﬁlgﬁgltugg EI%HECt 1(558@ 3]g€aQHS:loq %ulfur

epresent net obtai ne
CERt@cmsny okyeench.dtlegriteeel V0 hand T8 gfantshrd re@aiual ydditional
: f I t Net hydrogen
AR e P BRSR Ehn b TR M 1007 00”0t 3300
hour Shisaesaiple demmgetebélhmmctﬁ}gétﬁe Mo fased AR 18-c3@Qsts having

SCFB) . ..As, sh . FI.G t h 4 f
R R TR ad bl i o e PR g rBlucea
d d‘rh(wdpm(ﬂﬁ{:ﬂht@ had a rédaic@l T}KI&MMemaﬂed NeWIes®hnicat, it @fluced oxygen

resi due con

ERbte T BadL e pspSHE dap srdderEpRleRhs PiE%Ei By gpmen

FYifd @0t PEIUEXREPEB a8d 100% bnthe a&Pecle pldperfi@UT thel drddeSeed.
the cr ude product had a residue content of 88-90% of
4 rontaet ofa (x Feed with Twoe Catalysts. rﬂpeorpgctqgj@parq_tgg

(@)Zcht fl)? &rﬁ‘&:’? hRP&itent &%’oﬁ’t‘d&m@@ﬂﬁé@ tcathfyst‘é e ©labfi®duct separation
product obtained by contactin crude feed with the

1Bethed yaiele Bypduct paalysts, B@aqmls@ésu%@@nameth%%@éhq spareys dogsribed
AMQpi®. FI G 15, the residue content of the crude

pr oduct remai ned rel atively constant during

si gni/f ¢rodmieeddiG- il(bﬂgd@ﬂla@agﬁleﬂ)rqpattles Summal‘lZFd @ T 3.81G 11,

&{1 %QJ‘io“tgé to %P{ ESROLAL TR Qe 1Gd tlﬂoﬁl tll'}]g%@]}{éak%ngftop

cru uct VEersus run time
@ataglingsong wgt@nsoroﬁctlﬁg ampl gsl BLdi suiRiogtod tht7dactor.7@he

COB@[CUH 8% (%1? rgse\x‘?’ § gs fgi:) owfﬁ%o otf Xad) og%enQ% & tF%grg%i %Q&J 19r0v1ded to

Cont act I'n e cru
tl:natealcty]sxtt/assﬁﬁ)sNrEﬁﬁlm3 (6000 EYCHBpIIstS\Bwas]z h't, esppessuabas.6.9 MPa

e four trials, each crude oduct o
GRELLHy MR Gkl P88 PG BEERG 1350 Foso .
tgaBith ttiyheOfas@8Chhaikdide products increased by 1.5 to 4.1
degr The increased API ity correspond an
APL G SOE oG PO GEIEE BASGLGL Y T AB S r RGO of 162
ditidg Brdc&Bing Althe Gh@Vprbduct Ract 19 ﬁ/tppﬁﬂﬁ%a]cﬁmﬂ- EQvtpﬂfﬂ- &Peoafum, 0.6
the APl gravity of the crude fee FIG 17 is a

YPBB daf aP%Br"@E@ﬁP%W%?ﬁ‘u@f T@iﬁ@éﬁp@éﬁ*ﬁté‘?ﬂ e o6 erude

Isradde@ @s3 gﬁﬁ@ %ml@fgfe 0.00b g;alﬂ% oFbkden, mmtg%my&rm dnd.401
tinme for each of t ecata st ssterrso
grams of residue. Additional properties of the crude product are listed in Table 3 in FIG.

11.
This example demonstrates that contacting of the crude feed with the selected
catalysts with pore size distributions in a range of 90-180 A produced a crude product that

had a reduced TAN, a reduced total calcium, sodium, zinc, and potassium content while
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5Exanpl es 8-11. Plots 182, 184, 186, 188 represent
oxygen content of the crude product obtained by

w@onsael’sfg the crude feed with the catal yst SBSL/ES®OT080429

Exanpl es 8-11, respectively. Each crude product had an
oxygen content of at nost 16% of the crude feed. Each
crude product had an oxygen content in a range from

0. 0014-0. 0015 granms per gram of crude product during
Rf6hcdhfeh@ VG ASonshOWAd teBid Lnich? of thb&u@XYO&R GRRIBNL, 90%, and
the crude 10product renmined rel atively constant after
B30 ¥l rssnsetieanersiies Agthe cwee feshe rel ativel y const ant

%S & §Pﬁt@6}{tg& of 5 '@%u&é HeQ vﬁﬁpﬁ&lﬁiCaq ﬁ% ﬁ%fefh‘s Gnd tA'? giarnous

5 Eﬁ%@éﬁcmwmusdpwptrfédm admpey amh e@éent of
c%?ﬁglﬁleg nes), Xtap OHIEUt A)I:’:llefiHOlli Hl%o@tanh EARrfle %R)rd{l&t% alysis

car ontai ni ng organi’c oxygen compounds
were thegaiue mjdes@’lt@d in Krelnyplo eFhetdaelyne wvemuafoiesi lupigg the method as

&?&Hb%& !Lt 09 PLIRRCs I %S %%q&%%%gg dgu cz* Jjﬂys’%@(\%% nfxchwith

i'on conditi'ons I essure
sdifcob c&bluPan £ 1Qdde fatipsi P pararsilican cabido tof phrycitadgre nnlew

e 1R Como R M 190 Sk T s o e

rait@hé thefbotidie oLiht gacioe esllicodtcatbideampebeitioted aothe B&Q)m M each
[%750 " 172,, atb t he same %r&s:sure and ratio of h ro%e(rl}
WA EVAS Aol SYRPST FACTLERO Naf & dpieR comiasyng pgac and a top

GARLETRLZMESARS e dtd9suhassd cabide hexis glte ficed MhE EdidRtng
feed. In Exanple 9, at reaction conditions of: 371 "C

@?M??Ch rgacﬂ}re%]g@p%c%‘pldg wgs Rsitiopacanton o yop CRA@CtEpg zone (o
ﬁlﬁ@éél@ sPce BYPHQEQO ad Pprehddbiont @chcRtead @ McA3abBr (AOBMed into

the reduction of crude feed MCR content was
aylandpejy tymase detingdedHaunfspigiezonts corespepdiptoftapprchetmne, the

t@«o%@ﬁ?&fn@%&)ﬁe@ a% R ADttol s(q?&)(?t IT), at the same pressure
and rati 0 of drogen to crude feed, the reduction of

c o SRR G welsbdepumfnigkekyatsbit/shcontverbidsinghure
{rj@%}r E’ggﬁ/ﬁﬁg %gthe bottom, conteIEth 24 ﬁﬁﬁ%i?ﬁ%]{t] gﬁfﬁ%&d, %Qr érgm of

content denonstrates t
aambat Oildédra@ololi mtviwbaeralnnl 0087 prtialof nickdl adng $1021 grams of
facllitates on at higher

re
%%phoms W]t utrhgs fuﬁ gluﬂnﬁlga % Phed columms 6 and 9
nmet a|ASmoBrbdﬁnymtcatalyst/s1hco'ﬁlce!1$>eieem&llllrﬂ @2 codnuisthe edtdyd hating a
cont.act. of a cr ivel y hi TA
EFAosBrufr R e B e TR & e prtliade P eor
dbhtadlﬁlgmt)ﬁd UTHe, mM@bdeﬁumatuﬁyalhﬁﬁ agtilkenteitvd .04 @edistodt al
nﬁ%lyb e?ntlm rlglerx érgrgl%f g&tﬁ?slt,l v|v1tt thgl Egar\ll\cﬁetbgmgr; gl!lp%'(:)ll’t\t/healt Yncﬁﬂ&l ellt least

0.50 grams of gamma alumina per gram of support.

In Example 9, an uncalcined molybdenum/cobalt catalyst/silicon carbide mixture
(48 cm’) was positioned in the both contacting zones. The uncalcined molybdenum/cobalt
catalyst included 0.143 grams of molybdenum, 0.043 grams of cobalt, and 0.021 grams of
phosphorus with the balance being alumina support.

A molybdenum catalyst/silicon carbide mixture (12 cm’) was positioned in the top
contacting zone. The molybdenum catalyst was the same as in the top contacting zone of

Example 8.
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hydr ogen upt ake. Sel ected crude product properties
were at nost 70% of the sane properties of the crude

wo ewd/p43mb3 | e sel ect ed properties of the crude perDUS2HD7/080429

were within 20- 30% of the same properties of the

crude feed. Specifically, as shown in Table 4, each of
the crude products was produced with a 5 net hydrogen

upt ake by the crude feeds of at nost 44 NnB/nB (275
SCFB)In Exfifle O, @HAG51SbdeA6m R Ba BViGK A8Rri AN afe t@g cdRtind %ne of

of the crude feed, and an average total Ni/V content
Ipreniple §ipatmigedaveh siipen @auda anippVtiensa ik ihe beth copactipgderes (60
fged, while maintaining a P-value for the crude feed

of "above 3. The average residue content of each crude
pr odde Exayerle §B8-a9 09salfinadheolyhsls puhyaickd saialyst/sdfconhearkifde ppexture

f4§ @1‘33) vﬂ%% %@{%ﬁ glfthy@tt%n?ﬁ[m Eon@ a I{CHQSIG roduct

s 101 t he cont nt o t e crude feed.
mplgbdpuenagdelaplalygr iaviudad, pér e b etalide O @t of werdybdenum,
% e il
R R SR R L SR )
fupporvi scosity of the crude feed. Exanples 12-14:

Cont act a Cru eed Wth Catal
Si 2o P Bbo PR g G s S ey T Af e op
doaastinglB0e. ATAY thdlyBdepinahtaly di Svasiyiatrsagie As MahswppPbditaiiing kéhe of
1!,% Ies 12-14, each reactor apparatus (except for

8-and content of contacti ng zones), each catal yst

sul f icdhdegrdiettladhrs plaghnt @udd of M tva§ﬁ1|£@écﬁtﬂeﬁ ﬁeaﬁéﬂ ined
and each crude product anal%5|s were the same

VER g %@aerﬁtﬁre@fﬁﬁpﬁ 209 Exfqr12-2 hpyrs fosfopa the Grededepddpt

BAnBRY L1 1l B ehePropetiek 6ANMEMRifeablI NETGT Wderht @R-e feed was
flow to each reactor was fromthe top of the reactor

fedta thetopef thsAgastor frhBesegaanpies. 1deicruds ﬁeeéélpw@@r%hwreheat

i%ﬁé 't&ﬁ &ﬁ?dgtn?gt 20hB %oR&h%Qﬁh&mg e&eh al B supRrSR 1eE e £%0r2 The
bot't om support. Each reactor contal ned one contacti ng
geatedecdafaseontadied wih edopof theichtalysin & tbapigbaiec ofl hydages gas.
0
%\?ﬂ&e}%%o%g&lgglr‘)gyf&} Qeﬁh%?ﬂﬁo@g %v:e%%ié g&gﬁvs Eau%%? H%Icﬁgfeﬁ Q¢ to crude
feahduiog cogactiopeat b6 Ninf/mﬂ CHY0 SEEBR aadh dletp@rt@bmulasof hydrogen
rehea Qn ach ac
(R % gtﬁ ? 6. 9%?5?‘ ﬁﬁé{: Z%ilé] OIPHS\E(‘:VI%U% 631 dﬁplré%t\ﬁ? ‘?1rstt 98(5’ l?ours of
cz;ntaetmgc mdth@plowelnem ¢ P60 farhie: pmeingatcoriactag tinfes. Temperatures

A fR AR pa i RSB B HBR L amgfie” T3y nours

tﬁé espoeardiin BY dingang gass were contrdie ad @Ilyws: fisd thllnptﬁﬁlture in the

iR B o Gk (P ADRE it TG C2halo TRt el o 36

@(@mf@ heR at Bt ab(yisdurdVessell fe3 Maaadium), ¢aldadk y$1t Gaﬁ)r 1000
prepared i the cataly

in gxa%e 2. For Exanple 13,
s e d HotSpbté rmCa ek 34 PSS C 195 206} sy dyn F%Seﬁ%ﬁﬁpe
tgm})&ﬁ’tﬁre@fgg@l’@(ﬁé pCfdhe h@l%ta@k%s’t WRE)0tHIErs, for a total contactlng time
enuni vanadi um cat al yst as prepared i n Exanpl e 4.

Ofﬂég(bwsactl ng conditions for Exanples 12-14 were as

foll holj
o' el BALARRY | 9o 050 B R R b

hyithe cradgifeed, 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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pressure was 6.9 MPa (1014.7 psi). The contacting
zones were heated increnentally to 343 '"Cl, (650 F)

wo@yms/0&s7peri od of time and nmaintai ned at 343 ' RCT/US2002080429

hours for a total tun time of 360 hours. Total
products exited the contacting zones and were
separated as described in 5 Exanple 5. Net hydrogen
upt ake during contacting was determ ned for each

cat alpygti3sy rr%ﬁﬁhlcﬁlli‘e Ridiéh F2-vantor medr@BeRodbRt RKSs run
was -10.7 N SUB), and the crude roduct had

tgerfapessh of th%atawf sedetpridxamplen 8t Lhy1ie sydnicahhadael walge of at
leeﬂst f57 Blage 56 r o 12542 and?’l 5@ eﬁrtBthe( l1 ‘%alge %ﬁch cr%gggfljdu@ Bgtalned

t he crude product had a TAN I n a range fromO
hyreomeeimsl the argde fged witlythe dorr seelypigyseéms oidxampltie Sfld @eppectively.

L L g S S S R T I (o
stom8 6l IS@RBles 8- MD On BCEB)le 1 hrtlak B- h@u@wmom b dotmdsacl the run
Iﬁg\l Atrlh@ er{d‘%@ 8 h(%&% fgr Exam&nle 11 Eh%rp \;all1 wa%v\;l.s4. From the P-

ydrogen upt a nt ac
\elhtemfrﬂte@dlcb Ipaiduttyfd]r @gle mamnzgmnmre@lthatt thd: hmader mcdaincn’ach trial

VEB ont act.i t
pQuifed e O e o0lar i G BB e 850 9 80 s
@parhiay Aobas id FIg. 88,|ies valsd eSbe yidy mgéutt tebahed uﬂﬁdlelyn
t he process relative to_an _amunt of dr ogen. use
B HT G B et Of G H PeeTp U0, o ch (nd -
wizagtranéaged crudes. The requirenent for |ess
en during contacting tends to decrease the costs

hydr g
of p TGkt A greghieylgepgesentation of AgcfivIragRmIPke bysidgdeedgpersus
A Ene T&d8uf @af syt Bmt hﬂh@?&%ﬁd@@ﬁ%ﬂ%@@ su mo@saiﬁl Y&t162, 164

produced a crude product with a N tha | ower
TEPIATENE Fré hydangeafuptake obtpinefbbyronagdng tizecq:}%@e% e«&h £hof thse

da&WsVéﬂﬂéﬂﬁ ofrﬁi%ﬁq&@m ?e%f)&ltlyé§/ Ne@&a@e@%glé'@% crude feed

Contact of a Crude Feed with a Vanadi dm Cat a| yst
anr a peldin rsriad olGR0ahges waFmctrangsdetvorn Agga¥atns (43. 8 300

%cgﬁe% sfl(fu;n Blfrf@effﬁ, %%&Fﬁ@%ﬁg uﬁgk cﬁ %e%&#e%ﬁﬁ%@l&ﬂvely

catal yst sul each tot pro
®epartduiimgeanietrhibd, and each cr ude product anal ysis

ﬁ: : Ftr%g)?léjs gg%ra?ﬁlcge?presgﬁtgté(glr% rglﬁ%or?terﬁ exb)resseﬁa% we%
Rrggatags oséinicgndeardideut omd fpandh of dtealatabitst yolems sf 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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ot herw se indicated. The crude feed flow to each

reactor was fromthe top of the reactor to the bottom
wmbooshes7sact or. Silicon carbide was positi oneRCEUSI00E080429

bottom of each reactor to serve as a bottom support.

Each reactor had a bottom contacting zone and a top

contacting zone. After the catalyst/silicone carbide

m xtures were placed in the contacting zones of 10each

IrBAGID Ehe Bidel ppRAELs GRY Rh r(WﬁQl po3idsi APedraQfy tnQRis fngb RR€110-
top contacting zone |o dead space and to serve as

H7 @H]éealﬁplz%ﬁ‘étqugt@zfé‘hierf%‘élct or. Each reactor was
| oadegi ﬁt@a@rabm@cqkf@ﬁ’r&;eﬁt'éﬁm%x%%gtcoht@ﬁl &%ﬁe@seﬁ%@vm ht

heating zoneS corresponding to preheat zone
nevgsniggh rade icrvge pioded Vera\aﬁ:lrutl h@ekf@ttqadn@féh@wlrst systems of

e B LR e 17 TR R G R AR iR o P BRI i
Qbaztumdy)gtcontactmg the qnu@fafnblv@ t]15 catgmst anms arxhmples 8-11,

r%sg) %?}{] /el%l ﬂ &%?egperg Ftl%eanrgx %elﬂrc%nt% t-of %mgst%‘?y of tl}%: crude feed.

om contacting zone
Mﬂ ctude paldug ahdahlycﬂyghemng:nt llflEa rmgefme@o@mmm(ﬁlsmns per gram

ar e by t.he hod h
G SRR G AP R LT AONE NP Bftud P RS el e crude
ptaﬁlcpﬁﬁiatnled) redively ct)iiwnt ofper QOMh@Gt dNGn@ao. t1n?f0|1n1e relatively
Exanpl e 16, an ag%ﬁtl onal cat al XSt/Sl lico
W%%Péyg(eéﬁo%%)o §TY96 TP IAEIOTT R @abi‘}i]ef'tf} Orgamc oxygen
@apbagts aRgedRBEduriMgtihe donticaddidin@MalN ¢ad atystiudd@ingese
t he nol ybdenum cat al P/St prepared by the nethod

Faggkes. bféaaﬁ by ipeHRpihat & leastiepoftinhpd ithsratbardioreplruing gmic
SRE @erptiinds Weeredudla mllvé’l@§vdi’ ARl doh RBBHx 11 cbﬁﬁmh@ﬂ’)rgamc

contacting zone. In Exanple 17, an addit’i onal
AL PEPPYIdsi cone mi xture (30 crrB) was positioned in

25t hgy EQ&nﬁﬁéﬂl £ ADEAG o RENBRAR of: Wi AC (AP R ‘Q'p"résglﬂ@laf 6.9 MPa
cat al yst bei ng t he nol ybdenun 'vanadi um ccataly

(b9 plpdd andn ERanpydrogen Trasudedpeddif a9 Nat an )(é@QOSS(IHBd ohe
I‘e‘ﬁfcﬁbl‘? St JR&%‘#&J@M&%%‘&E&&)W&‘Q@ 5%@' Ba gﬁ] g%ﬂe%eﬁ%ﬂ? of t%? crude feed.

contacti ng

Nor kep@ainporf 809 on (75NE, ‘mhksanw @eséur)a ahérts of B}@lrfogﬂfﬁ)o crude
ct| e Cr ude .

L e ROl T Do SRR S PR S PR P Bgpor e

qmmdmrfeﬁrctles summrlzed in Table 5 FIG 18 was fed to

IRty e
@ont ags), Ehgl ZANE of ldebebe tdt @aleTupRPaT 650 Nfrn3xnlife(1®(ﬁ)esﬂm, the
r-é-(gltecgglg,g gu eﬁggq%ga&cggigﬁtgvgseg 5 wtg/h bgsaeg on t (Lfe \xt/eri]g%t of the crude feed.
At a temperature of 399 °C (750 °T), at the same pressure and ratio of hydrogen to crude
feed, the reduction of crude feed MCR content was 19 wt%, based on the weight of the
crude feed.

This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher
temperatures than the uncalcined Columns 6 and 9 metals catalyst.

These examples demonstrate that contact of a crude feed with a relatively high
TAN (TAN of 0.8) with one or more catalysts produces the crude product, while

maintaining the crude feed/total product mixture stability and with relatively small net
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hydr ogen gas. Contacting conditions for each exanple
were as follows: ratio of hydrogen gas to the crude

wo ewd/opm7e/i ded to the reactor was 160 NnB/ nB8 (AOD0S2007/080429
SCFB) for the first 86 hours and 80 NnB/ n8 (500 SUB)
for the remaining tine period, LHSV was 1 ifl1, and
pressure was 6.9 MPa (1014.7 psi). The cont acti ng
zones were heated increnentally to 5343 "C (650 "F)

1¥Rge RufSilel (S@le@tfﬂzd tiub®pRdekt PRpatiad Wad adhok49% EitfeRhma
total run tine of 14018) hours. These exan‘gl es

TaeRslies O Besrudp fred cwiiteaglectsd prpperHierd thesapdafredycewers Witk 20-

Ryveit @l sa%tﬁ&ﬁéﬁtes'aﬁ%b@&défd%gre size distribution with
a medi an pore dianmeter of 350 A in conmbination with an

addi SSipemiadally sxsahgrst inHablerigearh pbhe caidg rodigs whirpdusad with a
.¥Aé!t B)Fhr@% E%Bn!aﬁé‘bﬂ% @magfe‘éhfélﬁr Bbstl4? NIn 1995 §ERR). 20 ﬁx%gucts

e presence o ogen source, produces a
lerd wd eveprasdi/SY ofMtininspdo p‘éthte cage fdedtand ae avﬂn@@g@eﬂ Ni/V content of
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onl'y changl ng by small amunt s ot her proper &5 of "the
audedecdufatiaet3. ribk avdrve reoduclventsatmg epﬂlapeleu)icﬁisctoﬁasBB@O% of
rude feed. itionally, durin
LS G AR SR SRy B FRERLT Sirt rudearoggt wes
KlelEW%&d thel\%@@&@htfaﬂlt(z)ﬁ tHey:ruda$eeﬁhMa\tdi’age Paokbavhy offath crude
the cru product has a_TAN of at m)t 15% of t

adyctr oy G107 b ety o Bediprdl 1. TR e i en
PlidRGPEIuSt Wisad Hoadishnofitanidosisy dfahelofu®afed. had a t ot al
N| /V/ Felzcontgnt , of at rmst 440/9 an oxyen content of

Ef@ﬁllﬁﬁﬁﬁ VthQEMédn:ﬁﬁP&E ﬂlﬁﬁet@f &t E@a@ﬁlsw Wlili pmtday

the cr ude products roduced 1 n Exanples 1I5-17 each had
mlet 039t ofach FractpppyiBw {axgens forgymber

a(flﬁlégﬁelit%?gontactmg zon'eg} @a@ﬁ‘%e{tﬂ%t 'sulhﬁ Qﬂeﬂgﬁ &Eﬁ)g)’tleﬁ&)roduct
produced under non-catalytic conditions (Exanple 18)

qumtmemeﬂaadmné dudtcrydetprodupicmalysie derri tbewpgictay desadbed in Example

Apfﬁ &/ g &Elle #ngzﬁlv\{/lh)/an C@Iu? %J?nelf)r sfh@&}] % &lﬁ&é) Sfﬂeycn.g]@ Qeed flow

e cru I ncrease
to |e$masacny “ausn troueby @asedhe ARLtogoethe batoni ¢f thrangadser. Silicon carbide

é)%SlBOl’(lfd the gf gqém %P eaa!:ch %e?t(lﬁo n R &Qrvg / of b(Rf())II}/ s gorg %acﬁ rea tor

nitra
@ﬁtameﬂbn@@nﬁee@ aAhe. VAftertIhe;cdtd-}BVs1hcﬁiaezammetrmeaa gvere placed in

dt t al
TS eRnf e T S NP oh arEr i Gyl Ve T TS BT pEr
dohﬁgtﬁ@. Jofie thatll @&ab spa?e lErlcﬁ:o sdi9e asTd’tliﬁelﬁeQﬂ%oaé {d dagh reactor. Each
condil t1 ons re S (0] OWs: a O O n S
TPHLOT YA g‘@d‘?cﬁ%&) 1gdhetetyrmage thﬁ%lnaﬁ‘é‘??tt%ﬁﬁe E%‘E g@ Rﬁ%yqs[gandmg
t6 Met@h—ﬁ)@ne 5@@&@&@ 288 afid fhe MBRorh $pbért 7 TRSErhde RETwas

nperature of the contacting zones was 371 T. (700
00#536% with gaehiof they cafalysts 17 g prepenceRbinsregen €25 t he LHSV

duri Wc&ﬂfk‘t@%éﬂ&rﬁmnixﬂﬁé eRzat) @xseﬁosﬁo%rdnqu fothé §ilf®n
from1l h-1 to 12 h-1, nmintai ned

daehidesto ferpthe P@tﬁaCtlh&ZCLnﬂsE%@@mp#clﬂeﬁlgé@taw Wm tltemnqduan d
dlﬁi'l}m Al Iﬁlc%)qreﬂtm %QaIXpIQZ 1F(§1(Exaglglen@uﬁ1§ cat!ﬂ?st X R rﬁolyll%enum

the crude product was anal det ef mi ne TAl
aptadysbasiprgpared in Example 3. For Example 14, the catalyst was the

molybdenum/vanadium catalyst as prepared in Example 4.
The contacting conditions for Examples 12-14 were as follows: ratio of hydrogen to

the crude feed provided to the reactor was 160 Nm’/m’ (1000 SCFB), LHSV was 1 h'l, and
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10density, YOU content, residue content, heteroatons
content, and content of netals in netal salts of
woe@anisaci ds during the tine periods that theCt/BES¥07/080429

was at 12 Il and at 20.7111. Average values for the
properties of the crude products are shown in Table 6,
FIG 19. As shown in 'Fable 6, NG 19, the crude

product for Exanple 19 had a reduced 'I' AN and a

Fredue 8fs B'9Q~qpa3$}bl/4 g ﬁélﬁtTh‘é%oﬁthtan Qonds wAN @Add iRementally to
Vi scosi t e crude feed, while 15the APl gravity

Y8 EJHQSQ:%ma@r BiPeRscel tiesind ouintarowha 843 Hefonbpo fof 9t0ta1
Af vkker sedef eed. A weight ratio of MCR content to C5
asphal tenes content was at |east 1.5. The sum of the
I\/CR dot ereducihexiles thesphiadting meres dachweistsenggricd asdlgesaifed in

R ¥ v B OGS g Ny B T G e sty
gysteino loExauigiR €5 mttehyﬂrog@l GBakgsyh al G ENes/nt ¢ S6FBardd theerude
ﬂggcgu%g lﬁ% asﬂ&'ﬂl 8% 6 t7$ eIn'\&Rgé%nl%eﬁlett h%cgg% ?ta%w sina raré%: from 2.2-

alt enes nferr "eh
k3 @Nhéhn3t(hia9} 186 rsrwaa rah¢ thekeatde pandectdad e rmem;a rhree ffonng.3-0.5.

d. . Th
g8 G B s e g RoE T SR B E R G A,
@;al}ath namtlro@a%lﬂiketw_lgﬁ i @faia%re gont @?5 N?f}/nfh@o SaE/met@b s
of the c . e s ent o C e
B DR s R R IR US S R T A
f eed.rrath BxeaRphy@isogbn apakel e fRNGt doaheidehidtvas @gﬁhﬁceuitm
condi tions can be control | ed §ugh that a LHSV throug

hydeo2em Waseanedtyd Abhe 14t ofghOg N @/ ﬁ%?rﬁcft?)ﬁlann%%on%ﬁwféae

&r@lcTFedl RAARSyahhRIm 0ABlyR, LehdrMonQr h%drégell »dukifg &F&Qﬁﬁ§aﬂows
crude products with simlar properties. The ability to

lgs|hadroperep e Errai e Rgsegelptye topn ameyn gehydseggn geed in
Joh%ﬁ'tlgnah EH)"clas\éesStQ ﬁﬁﬁoV@[LrgﬁérﬁésQﬁ dgﬁcﬁﬁﬁﬁéedtclillﬁfés 1@1‘1&%qu1rement
| ows the contacting process to be perfornmed In
f@é@@élyﬂroaﬁn dethg cenfaglingdende [opdeicagasettiee @06 ofmaoeessiag h yrude.
avai | I
£ oat S Pt it o n? BB e N B O Rn T UL AR
poddeti cm;de 1snot1®$ with atTAtNathet xsaszlewaohmltth@ThNS)f (tfe@rude product
ore .f anpl e 20. Contact of
pro%@c& Fr(’) %(!1‘1 1d{1/a1 n."f‘oci%bder&)uonﬁ ?:)talys'%xn g n'.?.e mperatures. The
contactlng systens and the catal ysts were the sane as
described in Exanple 6. The crude feed having the
properties listed in Table 7 in FIG 20 was added to
the top of the reactor and contacted with the two
catalysts in the two contacting zones in the presence
of 5 hydrogen to produce a crude product. The two
contacting zones were operated at different
t enper at ur es. Contacting conditions in the top
contacting zone were as follows: LHSV was 1 h-1;
tenperature in the top contacting zone was 260 "C (500
"17); a ratio of hydrogen to crude feed was 160 NnB/n8
(1000 SCFB); and pressure was 6.9 MPa (1014.7 psi). 10
Contacting conditions in the bottom contacting zone
were as follows: LHSV was 1 Ili; tenperature in the
bott om contacting zone was 315 IDC (600 IT); a ratio
of hydrogen to crude feed was 160 NnB8/1113 (1000
SCFB); and pressure was 6.9 MPa (1014.7 psi).
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The total product exited the bottom contacting zone
and was introduced into the gas-1liquid phase
weapane’ss . I n the gas-1iquid phase separat or, P€TES2007/080429
total product was 15separated into the crude product
and gas. 'I'he crude product was periodically analyzed
to determ ne TAN and (25 asphal tenes content.
Average val ues for the properties of crude product

rsggcfr#ﬁ r(tedma& bea CHﬁH@Fé‘éd leﬁlt @daﬁaauﬁﬂ *daealzst afill &n

é@ﬂﬂ&ﬁ&ﬁé@ﬁ%@ﬁ?mw ampae%s @%C&ﬁtsf%mur@r arfrreaiepie egntacting
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qifierwive inglkaagd. pﬁh@dudﬁt feed flow to éphlerdagtbrivasciom dettopodf the reactor to
tggb;ﬁt%?rl (%P‘[hea {ég%tgro %Ilﬁé cﬂr 1de$v ?h&?ﬁon% %qfil Cll)qttwﬁlsof %%ci%lwgac'c‘ior to

con Sane met
ervacle a beteoh suppert. TEeNhaéactdn dacty bdenpronchudig aas aikBabp nwsicting

z#%%/o hgiter\kge C%@YS}{P i:(%lg gargt# gIﬁétﬁllgeg %/teg:é}{lﬁﬁﬁé ?r{ tﬂg C(g)rrtac i g5 zo%%s of
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this qase, t op) gontactin ngg gﬁ#EE t hat IS 50, CI,
PR {high i & PESHT 4819 Ry “théfﬁif CHLOTEHHE %‘8
Lihdbetiusnac@es indlGAdda6)r he@t HRRASITEPoRINBIGKR: Isrbl&:at zone, the
reducti on of C5 asphaltenes content in the crude

tWP&B’EFé‘f““S@?‘éan%HFI\P@ ROYORYFEPR:- asphal t enes content of
the gf ugd| ckafdle, ROGinhdi@R3hd st WRGHShic0Rs &sclite i€ PRGN 2

of metals in netal salts of organic aci ds was enhanced

apd jupRyl wighhe addieanat @tabest-at ure differentials. For

exanth € AEYSLh Alkfichl .th%a@s%l@kom&m@mmr@gé SOl M
content of the crude product from Exa was

enitignsida theéioa@mventﬂ@mg tene; weih diei 8dﬁ1t1©nal ciielystbeia the

R A R PR e A PRI Bl
cpﬁ@ddmhammxmbﬂensnammﬂiMy)M@$p®a¢maémahp%ecmaQMngzmw
meas l1!1[1 %xa;% CE a% ahlc?ltlon% s%/s111180n Caﬂflge lxtEUhé l‘g(]) gzgs

first con Zone“afy
positienad ia [hevb&ttg[htcommmng lznld?s W(tfl tth‘e adﬁhamnil egtalfs belng the

RaVaRahE SRRl PEu i B GliS e & Bt Solihnddi
daaiwstzgh@imcsm@cal miRAUEPED bmé)swe@fpoﬁﬁigrgeﬂ as?le ajp%ﬂtrggmngvzo?e o

t or a .

© hesdh EoRR B ST SR o B s SR Poctionta in

HOPRUNEER ke OnDnk STMES adiRf P atanBYbadh dige ﬁﬁ@/bﬂeﬁﬁhl/\tah@dlum
catal ysts, thereby increasing the |ife of th

Qedyal W@’aﬁﬁgé]i’ Et“i%e 4t The W 1u@@@téw§téﬁxlgpa F@gld? R tuzg (30 cm ’)
\Qé%ﬁioglh&%qln ?Hcett&f co‘hﬂl@tlﬁg Jost. contacting zone.

In Example 18, Pyrex® (Glass Works Corporation, New York, U.S.A.) beads (30

?E*

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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Exanpl e 21. Contact of a Crude Feed with At Least One
Catal yst Having a Pore Size Distribution with a Medi an

wdone/oBi7asret er of At Least 180 A for G eater tPemUSHOT/080429

hours The reactor apparatus (except for nunber and
content of contacting zones), the total product
separation method, crude product analysis, the

catal ysts and catalyst sulficling 15 nmethod were the

c@Sasd€SahERBEohM i ERFIIa8h ScanPld Wiy RIBNR: Cﬁﬁ@bﬁ'tﬁz‘dro en
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9).
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t%&!fb b ﬂiﬁal&fbylﬂgéudikoﬂéécﬁwastch!ﬁer@é&de product had a TAN of
A%and an APl gravity of 15.9. The crude product had

0.6 \,Sﬁ)gfbﬁwa@y as ghewyim Tapled. ijﬂﬁﬁ th¢ crydeipragyct pasg BYN of at most
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W@@iﬁ@ t15-10 cad4sd Qﬁ‘éﬁl’fé\] 16¢/Fe crbnfant ¢ Of @ NBOB4Gr.amexygen content of at

3y 9% ang Aé%lgﬁ ona ((J)sft 7§/@elat%(% &e%%}le g‘r g%ﬁ (If tl’(lf crude feed.

resi due. properties o
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f ur.s tal yst replacenent, the
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PR e Y i S8R Pl B o A ERTGe o e
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was initiated.
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in FIG 21. Thi s exanpl e denonstrates that
contacting of the crude feed with the sel ected

wa@21080y55%3 and at | east one of the catal ysts hewi/ngoaz/080429

pore size distribution with a nedian pore di aneter of

greater than 180 A produced a crude product that had a
reduced TAN, a 10 reduced total calcium sodium zinc,
pot assi um and silicon content while sul fur content.

M@n@éﬁl@e WontRP df 5 esli.di%eel QHVSﬂbuSQfHSVeT{ié siacREOHMEC s and
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.3 \Mx@ﬂapﬁs b aRN19 dhSnGFdddBatioadials claﬁﬁuo@e;an Ed! &muBfied such
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tBﬁ‘t§‘t1rH§ Yathgough thffoﬁtlacé% 78pe Kygrealeh thap 1954: a3 FalpRargs to a process
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crude th hydrogen in the presence of at | east
ssWétlwbl %Wmeatmf ¢ stude fpsel a@mﬂﬁwﬁy BRAYE Selpgitigstggeater than
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Spect r oscopy uces a total product that includes
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gk Mok EEh Ty SO RSk B RERAE b FAL SRR
dxgaplegdishpre fadilgiepr esence of at | east one nol ybdenum
catal yst that exhibits bands in the range 810 cm1l to
10870 cm | as determ ned by Raman Spectroscopy

produces a total product that includes a crude product
with a TAN that is at |east 90% of the TAN of the

crude feed. Conparative Exanple 23. Contact of a Crude
Feed and a Catalyst in an @ontinuously Stirred

Reactor (CSTR). The reactor apparatus, the total

product separation method, crude product analysis, and
catalyst sulfldlng nethod vere the sane as 15descri bed
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di ameter of 192 A and contained 0.04 grans of

nmol ybdenum per gram of catalyst, with the bal ance
wheing4si mari |y a gamma al um na support. The PeX/E§2081/080429

di d not exhibit absorption in the range MIO cm to

A870 cm | as determ ned by Raman Spectroscopy. The

properties of the crude product after 213 hours are

tabulated in Table 9 of FIG 22. At 213 20 hours a

Emie20. 0 orit86liof B Trud® Béeddit Ardhs Con@etihEEempM@tures. The
0. 0019 grans, perwgalam Oof crude t1eed/total pr oduct.

%ﬂ@é@nw@elﬁw}dsth% EETVOFR Hie SAael 23 drerrebsd stbrae i @oBpgTude

fgécﬁ%mg%prgﬁe%'i@s %steg Eﬂ*ﬁﬁ)l@f fﬁquléoﬁ(%va@{dggcﬂ%tthe te‘ﬂ of the reactor

increaSe in sedinent relative to sedi nent content of

and goripqietbwilledid A @ e adly sy io diecvorsbRpeling Zowes i o PreALcE AG

@gﬁ)g‘e‘ﬂ gp‘?ocfu%gg MWk Brolile. TRl é&%dc%g#{mn%% Hosdre %er@%?dm fferent
I’ndi cat es t at npurities and/ or “coke are form ng

tampeaptuiencr eased 25rate. An increased rate of sedi nent

for I f -1,

|t o CopROuAEREARI SRIOAR Lt T SR A0SR EH was 11

te@p@htystin kHeftep d:dmtmtlmgwmne &taaE@Qs‘tC ©H0 Eaapitie oPBydrégeanpirede

i R o R st S AT AhRE T hRAd G

gr an‘E)ontabtaig @aditiansie theol@m @o@n®Bing zosd Wdr€ as @l1ows: NSO was 1

and 0.98 al um na per gram s [t was
P gisrret e bt S B i SiosR BBF h; Lo af pydragen o
G@leUtddoRasWas Nai e e 6eh SYFE)0a piéstge §ds 34 I\leeﬁ(rfﬁlép‘f psi).
(NI 14) 2Mb207 and 17.49 grans of MO03, gr ans
nmonoet’h &%ﬁ@lpé‘?ﬁuﬁté”‘“ﬁ‘éth‘z EO%?%‘%F“%W ﬁ%?’%‘gléﬁ‘)duced into the
gﬁ%@iﬁﬂ PRase @%ra%’& #/ 1@ Eg@snﬁqu@(f plgﬁé Qghﬁ@g tNEb&I pﬂb@ugt Q/rai'n a
sl urrc)il The slurry was heat ed (14 ?
wparited gisibe Flﬂllfl? Biedest aphgass dhe @@de PrRducs wwqﬂ@ﬁwwsana yzed to
dé%ﬁlg TtA(N £Mnafsﬁ{£ﬁér{e§%ﬁt&t The pit of the solution
.34, A second sol ution was prepared by conbi ni ng
3 1. 93\Vgraa¢rsa1@¢s N thORp S tigHIE Grudg pegugfrohigned uiieCns rungy
f
1&? rcllglg E?(Elg?-? 8 2(5:I ﬁfgg:%k&l%?%e\ﬁg%g g T?A%b(g??‘mlrﬁi a%}h%?%étg@g content
Qﬁ%ﬁl@@@)of \ﬁbsspadl@bads e gt @tceuds i dihe ptude QrOdmm hadin
Soihlidd.g
I S S e B et L S
dsplradttnes pkgramo of ennde ﬁledlmﬂdwjﬂsplﬁlﬂtem centen msbthn (edlda pobduct
suffici 0 hat er dd to brlngthe
b e oo OB S5 BEEAe bR i el d ¢ e
10nolTnb eeawokitBntoK pbtadsignt aglrsaﬂlumnn &Q|cl:l1dle @rodudiheasptimodt 53% of

he resultl solutlo The par t S
LWF%@%%& NG Reka V\@Ba’é’ﬂﬁfﬁeﬁi EQ%?XQ&? E}Fic\é\%ff PEyaef was
gt @losSEVEShe NANIF (WM dritle9&@a PRake 8015 ai highbr wdk n@Ghtadded
125 (DC for several hours and then calcined at 482 IT
Qgop centyctingr two hours. ' Me resul ting catal yst

cont a{sNeHonPled Gk Emnﬂflesc@énﬁlﬁsﬁwwn% a]f?tstgfnqmé CQSE th), contacting
0.03 grams N, 0.005 grans of phosphorus with

BRAPHHEE thatinyg §u1ﬁ]§érrthan thiy gont&eng (PHRETAHIE P tb%qcond (in this case,
‘&)?tt)ﬁﬁk Yot (R (PerfBLE AR rQ(ﬁfcﬁorgJ)faér%fsﬁ{altgfes gror?[ﬁeﬂ%‘m e Ellﬁd@f)roduct

| east 60% of the total nunber of pores in e pore
relatteqtodhest sy dsphplteiens corient o thg cpde éeed4 édéltlenalm efyaop gf the

c?;&?ehm nl:%aqéa ﬁgrllf,? aslgltgd(g??%l% le%ggsgé]?alycgg%%?Jntrggé%ﬂemperamre
dGertacds. dgior exabhptiy, mdacrttmnn Fﬁee@:al\/potahmﬂ'mmand:aidainystr@nabf the

(rucE:SSru uc% fo rom %X%})eq? 51‘% » s ?cegtrfﬁatl,ve%: Ehte u@t?on o?'tthe tot)al
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20t he total product separation nmethod, crude product

anal ysi s, and catal yst sulfiding nmethod were the sane
w@ssoodesosi bed i n Exanpl e 6. A cat al yst aBCT/US2007/080429

prepared in Exanple 24, (12.5 cnB) was m xed with

silicon carbide (12.5 cnB) to forma nol ybdenum

catal ysUsilicon carbide m xture and was positioned in

the bottom contacting zone. 25A nol ybdenum cat al yst

HoledsiBmGHAS Yodb R b SHtdht Bﬂth@ 38 p Rt Brof EXARIpWHSIM Mel RivOr
granms of nickel and 0054 %darrs of phosphorus wth

qoREAK &TU4R ée@dféoérlmgod&wmxme iy 0% eﬁ@h SaRPl armensyred by P-
diameter of 108 A and a surface area of 266 in2/g was
m xed with silicon carbide (12.5 cnB) to forma

erI y Bienaunoeentenpesttassiof p disth comadding eongialows wmgnel ohhs high

?#&legg&nfﬁrt c&o?ﬁonﬁds (?(H egﬁgﬁsl@cé5 aﬁ%? and?%etteﬁg salts of organic

tion e cata e contacting zones
amhbthntmascdtendﬁnay tocfiope pelyures aocﬂ/owﬁlpoctndmahegpladlcal properties

T

(Iol’npomﬂjs ao]bwbhwmpeamtecnﬂow'ﬁhén dopdroondnd barecheed! hdfawdey plug

P, ool BB SR BT e PR bR R Pt P
t&lﬂ@erhmﬂaﬁ ﬂfaarrboosnﬁceﬁd amsh&ﬂﬁﬁﬁ(@ﬁtaafhg\mhé] each of the
v P ge Size

Ibi@ﬁdmﬁaﬁ w?n&?a M@%ﬁ%f@ﬁ&%mm a_rééstukl‘ﬁx macr&t&maan 500

The two contacting zones were heated to 385 I, at a
hougs stedesstor pppagatfggxqepopnypaleg Indgedienhyd cRyariBe4Psh s
Rl WREratib AB@BA, AR pRIILAGHAINESs, #RNGR1YsRTan®ORalyst sulfiding
hours. Tenperatures and gﬁessur es for the two
Rt et Hy s2onasdengihed sl st ed and mai ntai ned in
the f
for fg%g@ﬁ%%ﬁrggl%%ﬁ%@p@@ 25 %19@ P N%are@ hg tl%;@ctgé(p%gc‘rﬂ%ﬂ'ﬂ} Example
hodrmeixedriviah gibiecal cathider @260 £infgo fomm atth@dyhdgaumn gatallyststlison
f A

A R S sn By AP Ak Ebpothn CARHBE LR | Madjum

Ctaaﬂlsper3a7t5u:n€}3prolﬁarat byl thagpth@@@es@;lbq@nm dnweple 4 vor uded with silicon

c%rq@egz S cm to f V n?luy\}[ al.ea? mllccong &l Eldg mixtjire Aﬁ?ﬁf (9:}13) was
con nt o residoe” CONtS 0
ﬁm&%ﬁxgnanﬂomenmgnaynmé crude product a C5/C7

aspha| and a visc

tene f 15. 4 Wt %
74" 4 berospedde by g e RS afiET i a1,
\t/z&rfﬁefoahdlﬂop 8f hbecaBlov alhierafe fedaerdvwea dirbighahdprdhat gone, top

roduct was 1.2. The total unt of Cl1- % 8?2
‘%P@Bt&hgezﬁ'n?j PIUMY CUB AR £9g? tt%.‘fl SHRISF of g A
d@ﬁfactﬂfg&f(’ﬁh&lﬁoﬁsﬁ{l@é aﬂbﬂm ﬁratlo of hydro@‘h gﬁb@Wﬁfl: éide feadpBvilild to

t of eed ntro
Sormesict vaoodmarn; oad) 1S LESY v 2laimetre pasdc Ma

(@@(}-)pmg Tﬁ@ RVdT&JnVaQQMSC\%}E ﬁ@ited’l’ﬁ&eﬁ&ntﬂﬁstb 399% efsot-he

denum content, the Ni N Fe content was

bet mﬁwr WJWquOb}J dhowrhahe eeds mpdycHedaokN Af 0-4461dan APT
2R Qthl DE§1EANHERbANRRaP.6 Wi AR, b%ew GF <4l 0.9
% aés}pha tenes co @‘%}gnt %he g;g%l due was st 9%) % of’
wippmfod eidc.r le% ivepne: ofmetassien .l &wmnlts‘ﬁlo@asTm crpgysrodgobagf per
[ I
488 of S8, HHLSEET) ok o 3 Mhe Bl ekt xR, CA¥ AR or
‘OGO:LaIglr(bBVﬂ eofmdnyfdesotvar Bddisotrd propertias dzfohd ¢rndp prachgeare listed in
’ﬁabf‘téf' kﬁ% an between 38 C and 200 C per gram of
rocar bon conposition; and at least 0.1 granms of

hydrocarbons havi ng a borling range distribution

between 343 T. and 650 'C
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25per gram of hydrocarbon conposition. The crude
product al so has at |east 0.001 granms of hydrocarbons

WOWRaR/0&78%i | i ng range distribution between 38 PQ/uszb07/080429

200 "C at 0.101 WMPa; at |least 0.001 grams of
hydrocarbons with a boiling range distribution between
204 'C and 343 'C at 0.101 MPa; at |east 0.001 grans
of hydrocarbons with a boiling range distribution

bet wegRr 84 radGiddsk £HPhodes @ih Qo Ay VR, @})lac@fnellltetﬁ§ trude Pduct

granms of 30hydrocarbons wth an initial boiling point
Il aghAN eld7 @@@n AL gravey D1 fyPHie capdenspdyet f@d@domem of
QIS 1of wdﬂb{n\gf E&iiud rUj9 @Eppm)o?{zng th 197 @{Fﬁnﬂff p%ssmm The crude

asphal t enes. Thi's exanpl e al so denonstrates that

9dqch1¢adppqr arageolgfiudg pigdieio 0 QY Borerfracel/suberald 4pf gdwme pf VGO,
e a .
E{%}? ('gg ) dﬁﬂ%s{]cﬁl R‘&Mﬁo&alg 0?%1&1% (\?\Aﬁtﬁ%&tﬁﬁe &l %113 isted in Table 8

I's cont catalysts at
iptéesilre of at nobst 7 MP, at tenperatures ranging from

3 S O Cf‘hls%n gmé]? 9@1%0 si}atgs acttui%I O%\il cfruc%tfeéde\g ﬁ‘} thQ SeJIecYé’d

enons ra es t at op erati
@@Mtstmd Hlislezﬁxf oratof hpstatalystvRaviagel poreisjpe rlatrﬂvumn ‘@fth atnedian pore

4 th It d t
TRRteigB st e T ARRR oS i RaliG AN
reduesdl toedl Icﬂﬂluﬁnf scayLahi, age Npdisiain Ao Sillic&DcoheBl witile Sokang@nent,

Pre tlo of Col 6 Met S Yy
B eam e B P ERioh g P g Toiert DBy D 95.6% of
tRé %@@cﬁ% prapetnli@ of @elcte M&dMAAR @kamb Bio ﬂ&ﬁorﬂéat@rtmae TAN
was conbined with 2 w de pore_ al um na ramns) .
iy ErligrRbcHinal 1B LA OB O 3@/4 #@er a@w ithout
Spih&nRat éﬁﬁ‘é’ba@lb’:‘&&d Th RhGHIOARY @érﬁorﬂsﬂr@c@@thgt]ong LRSI ﬁr(gbeﬁles
nuller. Wth t 10mul I er runni ng, 43. grans of

Qo Ginderlped ey lef chanagd aployeLaRfesse, kighes mr@egapmf elevapgsk e
t@lqﬁégtufeg The emrﬁi)tléje{lﬁ) Mg)ngt%srt@a% HlCtoHﬂgl mn@apé'a?alWﬁ’lat exhibits

for mnutes. Superfloc(r) 16 (30 grams
Kamgst '@@wqen&la@ emj' es370ws}t aspgteamisehby R@lwm%lest@gscoquuﬂ@sa

t%gﬁgn% c?te ghﬁdﬁh@gta%’tﬁle gFocﬁlPt%% szgf\l thft %da,t? 96b/x(§fLﬂFeeTAN of

or at tot n1nutes e resultin
the sude eehad a pl | of 6.0 and an 11)1 of 0.6232 grans

]E)x rnlll J r ?_fn 38 0] Itirln%t otf Erg Erudelﬂgedm'lqnl dI gfegat% ymgt 1X§ aup r(yeq \{Va;gic’ml%fyt ét'ijrclj'g

Rodctord@SERpan miodybesnunT trgal ex (25Ud@tues, Farcti 0 beparwasein Example 3

005988 S Y TR LA ARl o

mmsanm@d 2.a0Rwohens 20f oM It(mdelma mLHEM & . HhE' bakangeture

ral oxi de an rt. al yst had. a
B et IS e bt B USRES craMlh BN bl
hhliogén Wukdd (6 6rudd8eed ot 108 Niav@f (2000BerB Pk erd Qfaﬁﬁalhdal thid@gh out
ﬁgre size 20 distribution having a pore dianet

R orspiadygt wenhemexed Hem Hrtep of %ﬁ@@@?f angﬁapaéat@olpg)l crude
RONR MRl PR s as: PRfingHe Gun, 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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The pore size distribution at theta = 140" as a
percentage of total pores was as follows: <70 A 0.91%

wQ 008045785 20. 49% 100-130 A 37.09% 130-150 A BCBIUSA007/080429

150-180 A 2.9% 150-180 A 2.9% 180-200 A 1.06%

200- 1000 A 0.85% 1000-5000 A 5.79% and 25 >5000 A

22. 04% Thi s exanpl e denonstrates a catal yst that
i ncludes a support, mneral oxides, and one or nore

WBhdlos p&tﬁ@m@l%plﬁ nRfkelt D8 W Q&Ha@lum': akl 23 ﬁrorp nﬁle

or nore conpounds of one or nore netals from

@pdetmedupgad opgir éramafwe eciedd bt grams Rbwiliyr foe O%qhétélate

(9415%51'11?81{‘{7@@ Mdldn@ | ancppfle diameter of at |east
80 A and the catalyst 1s obtainable by 30 conbining: a

m nerldis esinple deinprsiates tat eon@acior agpide festl widithylegen imrie
S0 G Rl b Ililaemﬁgﬂdeﬂ%%ataf: {uﬁ gﬂg{}r@&flﬂﬁﬁﬁgﬁrﬁ%lg‘eﬁﬁ to

conpounds of Jone. o hor e
$F6rcino dis deTamihet byahvwina Spegpocdpy praesspl telaDitoduCoirEotluds a

caédypqgo%%fwnlgﬁ)yfes %}%Q%P\%e'_npofaat %Lt 0 Oq tlllvelteahl( (,)Ol'lt%ﬁti (%&fltlbfe crude

vi‘ng ctor ap
f@ﬁk c'€pit eiemrplmalﬁtxknnoasttht&scnlnﬂl emtaanbf a:crndiea’xbtd wgh hyﬂl@)l in the

t ot t t )
tanargdn 8B AR SR S R TR ARG e gm0
&9 cde'ss rdbtbﬂﬂnd:d]b}EXaﬁiml Spedirosbpy pRddybdanoia p’radhat Whatinésdes a

descri ed in silican carbide
R T R SR WS TR A
@&hﬁﬁﬁh@@ﬂizﬂﬁ%w ng. st of'a @h&éold@alaﬁu caattaahuﬁtm af

escribed_i1n anpl e 26 was m xe I con car bi de
Condinyously, btirged Reaetar (CER),

u d rae %tobwﬂ%rfeatqt% PFHRCtt op

s% Li@mtrhd¥baZ OM8e prifidc® hinaBplsl AfdataiaBRt QifidiklemGAEALYS iR same as
e tenperature of the contacti ng zones was raised

df@ttr@e@lrt Ierpwieaturlde gttalygthpd a gore AlZp JigHBEAPHEGID # Bedian pore

&frﬁé&%f ﬁebé’ Qra)ad Béﬁ{élﬁ‘&i d. degrQﬂhQ Qﬁh&l‘yﬁ&nﬁﬁﬁp&e%aﬁl%f Iﬁ!ﬂ%& with the
. The hydrocarbon feed flowed Thr

tmaeibﬁelaﬁtmgzmn@anlx o pancom tlaginasgpposin dhe byl s dicon ﬁamblit ghgorption
f1
T D SRR b Rler i PERGRSY sol06icppy. he
Ilraltemlqs of thejcrude m)dpcrt@ﬁelrﬂié hofirs layedrlodeser igél“sble Cotit#etA2nght 213
dj t
RO A SR s B B P oS RARCo e B e

¥ d/totah protiw. Afomt7a8 houngthz Sﬂhﬁﬁeﬁﬂba@lnb&aﬂeém ©.00320 @raﬁlsapni gram

I nt ai b L ye 400C d
ot S60T e Fo P pa Rk et g PR Rhuel &
dnhda;weai/tbm puaktt toeure edeh G(Bntacﬁﬁg gld@wWale ifged Tratbl tee hOlybdeinm

e _product had a vi S|t of 53,1 at 37.8
Gyt R TS T AieRe BoforgiE o neieised
@@t Anyisdreaséd Mo/ WrsEBmER %Iﬁﬁho&ﬁecﬂeﬁ%s%ﬁmng @mﬁﬁtﬁd/@r catalyst
1%’r%bdenum content of 0.5 w

b et phigtamplig e a é‘?ngﬁr %ﬁﬂ&isb]éfﬁ rﬂlﬁ*@rﬁhﬁf “é‘éaély SWPft Ipxagiple
folum 6 nmetal catalyst that is obtainable by
conbl nlrg m neral OXI de fi nes one or nor e et aI S from

& %I nfin. %ﬁlgg&t @b%ra{ﬁ%‘i aﬁ&&&%&u@%% Sﬁlca tai?lﬁnna

a support produces a crude product
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

80



10

15

20

25

30

25havi ng a residue content of at nost 90% of
hydr ocarbon feed residue. This exanple al so

walemsnst’sat es t hat contact of a hydrocarbon f emdr/vsion7/@80429
Colum 6 nmetal catalyst that is obtainable by
conmbi ning m neral oxide fines, one or nore netals from
Colums 6 of the Periodic 'Fable and/or one or nore
compounds of one or nore netals from Colums 6 of the
&3ey iodue °C Fialill 8issohidn df BURORE THE QIMERASYB cEMIB room
product having a viscosity content of at 30nost 50% of
EpBeraEsr 0oa pH@é&WP%@%Wﬁw # 37.8 'C. Exanple 28.
Cont a¢lecOfa BiHLACHLRIR FE&LhoMik 31C§Begr9%£ &f NFQNOL)Q@ZO 9.63

separ at e experi nent, he hydr ocarbon feed

Nt lOViE®:vind ROSH aragstod Hgigmizesw aterdp e slwya@mptreraed

oG SRTB0E2 WM R85 S E TS SR AL ATE 4 rigendit Conto

fexamp] éh@®lutihtvers sappruokl tresdldy wts dissalved.ofhaquadbsli thgsolution
%/q)r fear bon feed through the reactor, the catal yst bed

p ugged "I bis exanpl e denonstrates that the top

cat alThs firsy sceuhananExmmcﬂ l@bnvenowesbiail anéagticiantpleiohizedh

Vhet S ofiETT HPES vt e S B ORRiGh st gD S BATRE & g0 he

rﬁ,‘@lwbc&ﬁﬁmmtckal ity ebie o Rh B ol & eCheWH ¢t tee CalltiEsofutideival £.6).

R RS (IR

WigpadcadibraNadiRti i) driedCdt Ude *EFRderetal 86@b, sl then 3d6lined at 482 °C
cat al yst sul fiding nmethod were the sane as descri bed

(OH) ERdordiva haurs. The resulting Gal¥phenstiRRICRAF I4Pse! caiplyss0d Agyams

FAMPeparats NiNo byasmahe O?ﬁl‘m@ﬁlo‘ﬁfg&)}ltﬂ: e bALAR: Being support The
10nol ybdenum cat al yst/silicon carbide m xture

polsbdengR@irkeiratahist hderpiaiagereditnee o dae . Kith at {loast 60% o the

tHﬁl 13(19%9 Hf‘ﬁ;o\f@&rlﬁ‘q{e%}ecs@ge@ ld}éﬁtbuglg?n Mg a%'o?@(ﬁﬁlﬁgetb\%tﬂlﬂ 83 A of
hod described in anpl e and mxed with silicon

tbembdldep% digngler, tamomrqlnre@ <vﬁ§] 8Apdbigurmdvaneekieuma of 179 m?/g.

Eink nfl ¢ §§ / éblhb&%? a‘i—ﬂ’ﬁ%&?bm ﬁ(éeﬂrvﬁth( f’\zo &Eéigs) at ¥¥tessure of at

Lbl 1onca 11 tre top Coltactimg ZOTIc

m_mmgmhn rgktor ipagatsabnespidor mmeet mtlwentatltmf eomwiictinp gones),
t&t{ytai%{? %Q %OP] eegal(rg% p{%fﬁlcﬁegl\elﬁley tgc%lt%l %t sulfltﬁlsng method

Wﬂaﬂmrsameais descn‘babireEMpld-'dG 24 was fed to the top of

t he rea The h carb d £l owed t u the . .

oS RR R PGB OR S, QS LBt T b Shodgroiae

@o8em’andohnt HoRb&MpRQatalyefsilidoa cir®Rle hikureae was positioned in

Eédrocar bon feed was contacted with each of the
PAIYGOQIECENSAIEne presence of hydrogen gas.

Cont actmbRBd&amdiataly NG 2 BRHE) @hital hd QUS orhidé bfqn@l&bdenum 0.01
hydr o en as to feed was 328 NnB/ nB 2000 VEEB) and

TP cpang (40034 erpms of Rhpsplyprsvitl ty balapredeing Ia]émﬁ%aaztnéd
ﬁanné %Qne-ﬁlan%readlﬁﬁ&é%ﬂ r1@8 @fan&§ s&VPareh SBEHY IH@% g%s Ifﬁg(r@d with

hydr ocar bon, feed flowed thr ouglh the reac .
salms chibige §12- Tein)) fyloem praedyhidarum pealpsusRicorcaghide pxture and was

ﬂ&éﬁbﬁ’éﬂ%@fé%ﬁ &%@a{ch%ﬂ}nepr oduct m xture renai ned above
shown 1 n 24, the crude product had, per

g r amAjf,er @;qlf;@aélop pbdig catalygs,QiBG®ntacting zones were raised to a temperature
of 385 °C. A heated hydrocarbon feed (Peace River crude) having the properties

summarized in Table 10, FIG. 23 was fed to the top of the reactor. The hydrocarbon feed

flowed through the preheat zone, top contacting zone, bottom contacting zone, and bottom
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grans of basic nitrogen, 0.241 grains of residue,
0. 063 grans of total C5/Crasphaltenes, a MCR content
w®b008/08375 grans, and a viscosity of 45 cSt at BJr/8S1607/080429

Thi s exanpl e denonstrates that contact of a

hydrocarbon feed with a catal yst having a pore size
distribution with a nedian pore dianeter of between 50
angstrons and 30 180 angstronms produces a crude
Pﬂgt'@tthé"'@é(dt&g TRe E?(ﬁb@arﬁﬁntfééi’lgﬁﬁ cORMENMiIPEacBbr R Shtal94%¥en

t he hydrocarbon feed basic nitrogen content., This
t@%‘(ali‘?iﬂnée %ﬁ hydrogemeiss CPareingchaditieng s fllovg: ratio of hydrogen
%x & RERL RO RMNERYUmMbBD SC u[gf ﬁhxﬁﬁsmé{g 9n Tl W%ﬁlt;ﬁﬂgg

netal (s) produces a cr roduct having a
o0¢r eie heptedde 33Dt atgayssetire vh &5 3R ac I W0aate) afd thiyeydrocarbon

#%adjﬁ e%lrtﬁ)r% II &€ gont%a(l (ln%s /9 60(’5-) héthé rlaettﬂpg tlﬂ'% ozfillfl gressures for

yst e cat vvas prepared in
thmtwyegontagting okel wgo than Rdnstevbandmerd@aibgd m@ln@OHowgg 2@@619:5:

o30S, E\/Ilﬂll é)sisﬁ f(g}'QlQCB %Egs Q?@ @% M 50% ps%?fo?rl]i{ﬁ%urs.

wat ef urry eat unt
Hieeaalcomasuxpnmﬁot thémﬁ)eateﬁ@stgwaq@ﬁzhhm cont ai ned 0. 02

O Rt R 2 S T e A % BIE RS P g7 M

ﬁg ggnﬂ%{ﬁes,l@fe\dle@ﬁtiad) %tpnﬁcﬁﬁéﬂ BAu@y Iﬁﬁdﬁict thaintchd Mai3ybdenum
550 0. SRR, 5Ty oyt 20 b B b g2 Hgrams

[@F &E) of WARle @aﬂa@t i gs/Ch@pmméhwcantéﬁkaﬂds uRewrhad aw@:om&)f 74.4
mul l ed for 40 m nutes. Superfloc(0(_16 (30 grans)

Rt 6 DHER e Yl & SRl MM Of & V4 ohiog feod espegate

ﬂﬂ)cﬂi& @§s 1. Nend B@HAhdRToME XEHER c& dﬁﬁngﬁorﬂacliﬁ%_%ﬁja@nost
0.557 grains per gram of m xture

QrQﬁgfé‘@S A§nera ef Qesriedidtuded using 1.3 mmtril obe dies

to folthovn & Fdbld PRE Pﬁg‘t%ugﬁﬁa‘%t Hahd teEd BonddIRd contacting
extrudates were dried , for several hours

i ian A08CAT A Froehia 1067 06" thy( o5 bemymfcontentyess at most 90%
I
AL Bea HOF 4G cght@& HL RENIVYR cofRRE V%dfbgaveeff R0 JpATR o the

cataly
fedeN ib‘dAFa nomeltoe@s/@v asg@@tenfatcamtymtwaa Adme @@% rof theTh& 7 feed

n?h%tgﬁjein 81’%1? tﬁe esi eas? %ﬁ% o f tHE%Fg |‘res n%ncfjthg %/T%o%lty was

qntrrroets90|’7moﬁth<efep®mecdmt)z eAdstetvniil HiG. A, thta«mumfgpradmha at least 0.1
di amet.er d ter

VP < 8ol e%‘fn 6 gogr%ﬁlﬁmsgﬁgydéo%aa OP%\E"eV e 01%613“%256
diﬁﬁgltlo%amk1€3 SL afdobactpepdrad omﬁl’r@&lﬂfdﬂ(kﬂmﬁ@ﬁtﬂ)n%ﬁd'ht least
the Cataly The reactor apparatus (except

thligs Oéwr%m%w@avafg aoHingdrnes gissdvegy betypea 3t4§t Gland 650 °C
RE OAHGI hS &R RS SmhpdBLAL theQﬁHi@%rd?lﬁQﬂd%%a@ﬂ%aX% §01 gi‘ﬂgs of

hyﬂr@rgg%| \gltﬂ;; ‘tl)o(iilllrll’]ggrarrl‘r;:tdrl]s?r?buvt\f)g %ettwegn 3‘S8a°nCean%8208 %8 %{(I) 101 MPa; at
least 0.001 grams of hydrocarbons with a boiling range distribution between 204 °C and
343 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling range
distribution between 343 °C and 650 °C at 0.101 MPa; at least 0.001 grams of
hydrocarbons with an initial boiling point of at least 650 °C at 0.101 MPa; at least
0.000150 grams of Ni/V/Fe; and at most 0.01 grams of Cs asphaltenes.

This example also demonstrates that at the P-value of a hydrocarbon feed/total

product mixture remains above 1.0 at pressures when the hydrocarbon feed is contacted
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25A nol ybdenum catal yst (27 cnB) as described in

Exanple 30 was mxed with silicon carbide (3 cnB) and
wowRmspessii oned in the bottom contacting zone.P@I/US2007/080429

nol ybdenuni vanadi um cat al yst (3 cnB) prepared by the

nmet hod described in Exanple 4 was m xed with silicon

carbide (3 crns) to forma nol ybdenunt vanadi um

catal yst/silicon carbide m xture (37.75 cnB) and was

Wiasiht taneds bt fré8urk 0PaGRRE AN, Rde &R ured BAbINE From 350 °C and
sul fidation of the catal ysts, the cont acting zones

Wer'e ?@l%é&fﬁsy(ﬁ%]@ﬁ%gﬂd‘t ure of 385 'C. A hydrocarbon

feed Eﬁxﬁ%ll% aﬁé\ﬁérﬁ&ns&@t%s ﬁ’iﬁ@a@ %ﬁérhtﬁl% OHIME s o §ndR7 MPa and
"Fable 1 s fed to thetop of the reactor.

TnEerpiyEs @Eﬁmhﬁ%éidthﬁlvmytoﬁﬁwgﬁe prrdugrietieast XWnef the
I@bec&%@ﬁ 6 LiRfde ?@glhsuﬁ’iﬁﬂ&%p g@ﬁ%@:ﬁ& & Q0 K *AMd

ttom support 0 r eact eed Vas

ﬁ 1«;4 %‘i%r %%Slgg%% 8@%@% %géléé ﬁoqlo%v r&t%zi o 3\48@ r@%% Sfanls) Wi

(ORDORd SCGHI) wida gork IaE&VnIWZ{§ 3'085 grhhd). andleershatoind e t@lcAlumiga fines

5359 iRy E26het Ryat DumieoBie FoERT Db U dugitt Ran e

160 agininggd Hrogremé off 69470%0 hiodl &id, PRI 6 raanbdfatidnigd aer

B bl ERLRR LSS oL o, XU
16 (30l €rafis OOy E6d InB@Ghies PWes PR BRI NEH wﬂ@ywmas adell 0 1155
grains of residue and a viscosity of 48.7 cSt at

mwturemll the wRbsrpnd tardiire vat wallqdgg at (Il ééfm‘a}fwsa T%Z re8sult1ng
K ORRN BN of € ShdMnt DR @@Z@Q @ns %Q?rﬁﬂ ar %@;u}iﬂ The mulled

conbi ning a used cat al yst, ums netals, and a
BppoOYEs Prgdcsngd Tndelope 6@&1&f0ﬁ1&%3ﬁ@10%%’it@d§9 particles. The

&%aﬁpﬁarf?élesa\;/erggﬁéd at 99%@f0r Q%gfa@ RRIORY tﬁé@&le’ir@:ﬁ'agm °C
anmpl e Preparation of a Colums 6 and 10 Metal (s)

<¢:ai(hﬂFy &t o trppes. ¢ Biealatpist spatninsdl @98 reesdns of mcebdewmink. ovithrie
ﬂéﬁ%%ﬂel?ﬁﬁ&f%ldéﬁdgﬁﬁ@?{ Vﬁé ceﬂ?rigﬁ h?é’ag?fg? Izgg RBindddr i a

helignorome diamétar ofyl.17 Nmtlsdiﬁﬂ%yof tha gothlgminddr dporentn the pbreaize
t
da‘ sr%ﬁ%ustlonga\ﬁl:n%e gé?rg gbal%n er w?tgm% ?f tﬁ% 31[ ﬁ' glg g glam%[er a%d% to%al

u Ion Werg
OB It BGR4gnlans) was conbi ned with 4047. 49 grans of

ae, BES8y E OB, Sud 08752 ae BTy PVt R

fanchvQ k7214 gB&IMW(DiO(ﬂ&QOIZIQ%StbOABDQﬁK 37 09%013@1160831 UBT%; 150-180

Sy 6 A2ttt 8 oho i ong A PE0M R 575 na

>5000 A 22.04%.

This example demonstrates a catalyst that includes a support, mineral oxides, and
one or more metals from Column 6 of the Periodic Table and/or one or more compounds of
one or more metals from Column 6 of the Periodic Table. The catalyst has a pore size
distribution with a median pore diameter of at least 80 A and the catalyst is obtainable by
combining: a mineral oxide fines; the one or more of metals from Column 6 of the Periodic
Table and/or the one or more compounds of one or more metals from Column 6 of the

Periodic Table; and a support.
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20 and 0.98 grans al um na per gram of support was

conbi ned wth the nickel solution and Mb03 (417.57
w@e@s®)s7s: a rmuller. During nmulling, 4191. 71 deiDOS2ETI080429

wat er was added to the m xture and the m xture was

mulled for 45 mnutes. The resulting m xture had a pH

of 4.75 and a LOT of 0.596 granms per gram of m xture.

The mull ed m xture was extruded using 1.3 mn tril obe

E&@lé 97.f Obiithét-of aﬂﬂdﬁ’@&?b@tﬁ’ﬁé@ﬁﬂﬁﬂ?ﬁ €oldiif 6 MeBiies) @Qﬁ‘ily(st
extrudates were drie or severa ours an
Eamawahgﬁﬂa&ssﬁh? TeADET pARRTPSEYXCERfrion fgnhsbdscontppieot

d'oﬁtsdls’tllﬂg' 208esS, Qﬁ@ﬂobﬁﬂ)ro@&rﬂ ts%ﬂaﬂlﬁgm mBfbd Q'hﬁf@p%du%@llyé@ tand catalyst
grans of M, grans N,

Sbgldargc@etb@i wigre shmp@? @s dwﬁ@eﬁm Vvt ni c k eI c at al yst
had N ﬁflgg/b@x{ﬁuﬁocr { e@%gc?ﬁ)ecplfn ]ﬁ;Zl e QWVstIalg nﬂ{;edl v%ﬁlsstilic%g%%rbide

of the t r of pores in the pore size
@it tvolubgtal 36 cindneing g/aapcpame@nahfeb@uommontacm 7Anof At he

I%gly%glé\% Qatgfé?gt as %s%ﬂﬁédel (])Ef{%‘ﬂ@lg Qﬁ@/a? inlfl)@ “9 th sgicgg g)ar{)]ldiz (total

rface area
\@dmm«acﬁt30@fn3haﬂdmhsq)oandmn uFmecbp\mndactmg(Zohmrms 6 and 10

Met al Ct or appar.at u exce
nunb AR e o S ERCe Ry BT SonEHEPhys P asea
tpraoshiiatse pat@! (0 M hptre@chondédddBedoe BEOthading theirepertan tsted

P R e I ST B 150

@B tirRS088 B6fid e@htadﬁmgmfépm b3&oMaspptooe thebdctorsiThd con
carbide (3 cm was positioned in the bottom

hydrncatben trgd Yéh%)nt@ﬁd oty Beeefih SrEhEE i Hedatsaey Of hydgogen gas.
CHBIctiRE ERRIREs R¥re bR IIORE:hRE @F&ﬁﬁéé@ﬁ %aé 0 &R BES HnAS

mxed wwth silicon carpide (3 cn) to forma

FS Y dEhand LERYdVash Tt dhg 89 @nra%woea% Yi¢1e Beagddp P °C and
A faihed gét@zem@ Qe Q@;Sd’é atqqﬁ@ssﬂm@ of B8 MI%{S@(P%E&Q%H &9 hours

zone. ter sulfidation of the catalys
@ébﬂfafdtqcm@om@éﬁovWﬂ@rquahﬁ@deftcwra tenperature of 385

"'C f - ' Ik
i e N R el
©F atrdyslue easenopf 0. Z(Bﬁegrhl}ad mecgribef cftded, § NOWdd cottero wf lh64 wippm
anﬁ% &mﬁ%%ﬁ‘ m %Qnrt‘%m o% 6’9 O@% acting zone, bottom

tom support of the reactor.
Th e ﬂésdaxwaple «ie)mblaa’atesjthm dohntaetadla hgdfirot ehborntbéchwws & Solumn 6

t se f .h as act | condi tions
R ERFBR Rei R R AT BN Sghe P PR bR ey
N3 CoBin(n? Q0 thS@eR)diamebld AldVog\én&\aSm@re 2ofoundfef dna®r more
cont acti zones. were. he to 390 'C a

IT%‘E‘F g@%’nﬁogu%‘f‘s 6?@. te %ﬁﬂgg’fgﬁﬁg}@ Huliagyrppet Hfﬂ%cﬁ%/?j?r&%eal?f%’r‘ft
Ha@Rd aR@shR dohbit @8 @lmddneo% @Bhﬁﬁ@daﬂ@)nl&ﬁ&ésmfu@f TH#i€@Bample also
hours. During contacting the P-val ue

oy Ee s Cnsestink ol Ocﬁlib@’él fred Wr‘ﬁh%t(EPrhémfr @ W&Fah el pkis
Jbtdnable by comﬁﬁm?gt}ﬁl‘f{@ral Sxidid fides Athe of B@re%é!ﬂ?fr%@ﬂﬁﬁnsw the

er gram of crude product 0.235 grams of residue and
§@1§ diably agd/ogope @r gigte cempgyndg of Qpe 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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20Thi s exanpl e denonstrates that contact of a

hydr ocarbon feed with a catalyst that has or nore
woredoahss763F om Col uim 6 of the Periodic Tabl e aned DUSHINE080429

or nore conpounds of one or nore netals from Col um 6

of the Periodic Table; and one or nore netals from

Col umms 9-10 of the Periodic Table and/or one or nore

compounds of one or nore netals from Col utms 9-10 of

deBQibBe I 10@hp1eTB0| Ared BshrilaMhiRy 4 HAK®f phsdife diEbEtuatiban
with a median 25 pore di aneter between 50 A and 120 A

throgett e seagtop thrdra tabrsbrdotuasads Hys exapply dpengtess éi thefop
&Ealﬂpt?s(ad ﬁpl%?aﬁfplel fSereBMQJs %Fféﬁs@ Q?Olftl%ﬁ dr fhe %b&ﬁﬁmd@f@‘@hﬁple

Preparation of al yst dried

r@@liﬂaley@m comBOYE kAt é@ntrlbut@ toecafablsi mggm@ rranner A
A '

@@qgcp@pparwas(emepr @)g nlanleeui ami ¢cmicat @ltron@ttyigdzewmtm)bal product

s%?alrﬁolngrﬁet]ﬁ% 1@_&%@%? gl}agﬁ r{dec%% ygElj fi)f}é/in?gzrg%g&i ”Qre“h s¢61$1e as

@5%bledln?,l‘r33®ﬂ1plea€nd 300 grans of de| oni zed wat er to form

"o bt dEudeibia 3R i reGRIddn ki 2hCrnt fdpm o
mealbc&duru mhmlysncsﬂicuﬂearblfde fieuRGalad pbsitionad $n the dotedtcdntaclifnd

m , The solution was then cooled to roomtenperature.
“8®he pit of the solution was 1.71. The support

was imr)@gmhmﬂvaw&duhn t&taymk yiROeripared ob alct m&mddidek@fbed in
aged for several hours wth_ ocgasional agitation and
Kramely indppped with Heaegdidy G ipurte f((ra\ﬁemﬂlﬁbff?ﬁl)l v fm

d: Pilia et Rl igturE@NY i § t&{eal Nhek haky,
aea%S 1ér ams of l\;b r0@032 g?gvrfass%cé,l 0.0 ) gr%p(r:rcg of tzone.

phos pgHis# el lidasina obthy gatalysis.Alze lEmMPNRLUGG f ﬂletq%tagtmggﬁ@@ was raised
tQ%'t&ﬁ’pe?aHﬁQ of §85 Eh eA ARy heRAYaG R ﬁm&%&g{: glg)?&alayst

grans per grain
%mmk@i 10k abl@dﬂul%lé}t Q%Wa%feémjth@ taroh the rewsted. e Iydgocpyboe deed

f%eﬂ'tﬁ(ﬁﬁ%}tﬂ@ reﬁ&?%n%rto Q&R&;ﬁhﬁ%&e&ﬁt%ﬁfcoﬁ&&a%%@ an@BStom

cont ent acting zones e’ tota
separ @ttheomaCI@f rTbt hyxh‘@camm fedulevas rcuntectw widluedch ahtdk gathlgsts in

tmpr%%eéace ofsh S de\%%gtﬁ&gl& co% fong % dﬁeasEfOHQDWS' rat‘ﬁ‘) of hydrogen

enun1ca SCri
@xmmécew%maﬁnm&edomcmmnmmm wav (b} bid M&NGdomacﬁ)lg

%?Pg‘(fjsy fa% (ﬂgg %(:) gk:v:, %’tha(epf%gltgt? 0 %? M@g %dé%glgg %I}d th% ?)&déoc arbon

fedfllewddlthiotgh the tdactar e d7(@Bmhopsl ®utihg o@iterin®the POAIA oad

cant ai ni 0.04 grans_of nol enum er gr am of

Rydtoseher %%‘i/giﬁqﬂ’FP%PﬁémB'é‘Fea‘i‘?@éXlB&‘Wde imarily a gamma

al umma,hwmmG M&lemra@q)rduuwhaal Pelr §AM cFaRdie $eodadi60.6465
and positiogned in the contactin

Zone,
grﬁés e \}lgﬁoge%@rzél &{#1Fi08 ?ﬁldﬂ§loﬁ§3tgf?énsl%?%@&5& asphaltenes, a
M@ﬁ%h@%f '0'@)3{7Jg1§ms Pé’}fd%mlscwty H439, B41gto. Gabriel ov et

al. After sulfidation of thé catalysts, the
t enpdhisteypaple fepprstralehthalcqontagt of @Méroméowfa%@tﬂh # gatglyst

ﬂa@fﬁg% Bl R dRritdP8n wghAnt&‘lgl'h%&%rcf?ﬁﬁEtér%? get@&*}m Jngétﬁﬂg; 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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20 residue ) having the properties sunmarized in Table
12, FIG 25 was fed to the top of the reactor. The

whymsoeasbon feed fl owed through the preheat zPEEUS1007080429

contacting zone, bottom contacting zone, and bottom
support of the reactor. The hydrocarbon feed was
contacted with each of the catalysts in the presence
of hydrogen gas. Contacting conditions were as
FroducOMS inol TR Bhte MHHLOLEN 90A %1 IR MERWoNBS of B hNKBLAFBon
(4000 SCéB) 25 and LHSV was 0.33113. The two
%%htactlng zones were heated to 390 IT at a pressure

@Ian_llﬁe i@ M?:ﬁan(aln%{% 8t Q@a%ysasﬂgﬁtaﬁs)ég&/%ﬁ&%% if %q”ollowmg
oWe roug e contacting zones for 2537 hours.

IDymen g sigke! aettiiongvasheade-by spubingiz 28H.&85 Bans Of Ait(Béh)-6 H0, and
EASAI ool o] BB ARA Al Byt i
@PRirsGae. foygrams)aBat Somw@nedd. 03Frads 80Wicradymi@a 2430.9% graws

f resi te . f.
kST, O RIRUAN RIS SAOLEN 1AL DR LA
dahudytst @hﬁ%gmm)‘ asd My G6&r36 @ranfse ech miilidn. Eudng mdlling, HNO3

S crud avin residue .
PR PO AT PG Rl PSP D BiF Bufh 4438 G mivure
dnd rtl’(d’tﬁfxtdﬁ]@d’hs‘ i GiRddi fondg) iaindieal $1gicTR®VIS (w@@ﬁlﬂsmmaﬁd@f to the
vari ous ects of t ventlo wi | | arent to
Rbe R RERE ot muGHBr SFRR S ewrbrestHRE "R it P 419
AHAQQIAionglsy7 glahis peid@sE bF PiNt@D. i s to be construed as
illustrative only and is for the purpose of teachin

t hosd 16 RINFERITHY PHECHPe] Ringln BaIT SR s Brm 1.3 tiobe

GALIME RGHAQM ThB8x MR e RNried ht 108 *EFo RS vNIRLSAPthen
that the forns of the i nventi on shown and descri bed

Gatsinetl gt @foed T o(18) HakERvasows-a iyl esligne cairbotioriaed. per gram of
ELgEBl059 3Rchs TRARY, b @o@gfaﬁzz@Nﬁ Westohd Béﬁa%ge ﬁéfﬁdg $s8@8 alyst and

I I I'ustrat éd 10and described herein, parts an
prreeskesmatdylenan/nighd calelistend a csdliaaipArefdismear @t 9o R, whiat

1 zﬂyg@% of){llle il ngﬁlbylrdf lgb%? 91 dth@ﬁ@rgggg 81@1&‘1le on%labﬁg% pmlﬁlﬂneter

apparent to one s e art a ter
xbldneﬁ‘ﬁ f abthetridandescdiziptteon pok volueciof 0 eht mdse, a@hamgbse area
g@ 9? made in the el enments described herein w thout
epar |ng fromthe spirit and scope of the invention
Esingde8t.i Gadactrof b iy diradalrbon Beedotidh the Calalgst. ThotdehBor apparatus

('é:_\xcrg:%tt H(j)ro gun%)er ericp cc(i)lflltcelng1 (gf c%nt%tll%l%ezogers)o%ctgt’al prggﬁjc{ Ise%largg(:)n method,

crude product analysis, and catalyst sulfiding method were the same as described in

Example 5.

A molybdenum catalyst (27 cm?) as described in Example 30 was mixed with
silicon carbide (3 cm’) and was positioned in the bottom contacting zone.

A molybdenum/vanadium catalyst (3 cm’) prepared by the method described in
Example 4 was mixed with silicon carbide (3 cm’) to form a molybdenum/vanadium
catalyst/silicon carbide mixture (37.75 cm’) and was positioned in the top contacting zone.

After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A hydrocarbon feed (BC-10) having the properties summarized in Table 11,
FIG. 24 was fed to the top of the reactor. The hydrocarbon feed flowed through the

preheat zone, top contacting zone, bottom contacting zone, and bottom support of the
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contacting a hydrocarbon feed with two or nore

catal ysts positioned in one or nore contacting zones
wmb008/0§37%d bed reactor to produce a total proRPUDUSI0NE080429

i ncl udes the crude product, wherein the crude product

is aliquid mxture at 2500 and 0.101 MPa, the

hydr ocar bon feed havi ng, per gram of hydrocarbon feed,

a total residue content of at least 0.1 grans, a first

Iﬁﬁtt(ﬁfl MHE fC@WRS stk d2ed MRINASENURS caMMQh 1RNReshice™P hfdrogen gas.
onpounds of nol ybdenum which catal yst has a total

%t%?B%?ﬂ?ﬁ*fU@BhW@ﬁtaS Brlogs: rge Pf ydoggp gasto pesd vie A3 Hfll3/m
©adA ¥i8d)and Lﬁgw ocR By twd &ﬁ@awﬁ*g idﬁm%&é ﬁ@ﬂécﬂﬁ DM ata

f| rst cat al yst; the second catal yst™ havi ng
resisyb OB AUAMIBHREIDSig) asihe hedrecarton feaghllawsd ﬁ@ﬁugjlrtbqﬁqyfactlng
d
L Rl n B ERE Gl AG YA 2 LA AR Rl Broduc
rh'y&dn@@amir@ﬂ aivertdst 7 MPa, and a LHSV of at least 0.1
t cr G
navi i BOPEHSECLOE SR AR MRS p D AR R REH Sha 0255
g«dmfaamdharanﬂee’dcqssasloﬂ%7 csirat 8N8 "Cwher ei n resi due
cont iS determn b STM Met ho 307.. 2. The
ot hassren PR R RUER ehR TR PR et witye R

p@&lar@lr B oinpindfg aadsed eagystolangs & ohinaals] 4d a&ﬁp}dﬂrﬁpr@(ﬁﬁes a

o control| ed such that ro s an
PR P E omt o b Bgst pAG of heeaPef g B
IyaGkE€ 32. bR phieidn of 3 ColubensEindom Mbtallh)aTdthldst. WAEERAINst was

the hydrocarbon feed has at |east 0.01 grans of Cs
reeRsrralip dirdalioyepe grant of MiRFEOREPB RS maddhy cantpining 377.7 grams

SRS, A 18PN Habs O Beidkifoddl 8& (& ﬁﬁ‘ﬁlraqslldrﬁd THE §Rrrdy WAL heated
the crude product has a Cs asphal tenes content of at

s eleapod pifi¢ipnt drigaivet wrpowasraddy! todripg ke spkigednickel solution
&&gﬁt%mhe 3867 ok, mq@m g%@ ma;comﬁé@wh e 4O of
product has a residue content of at nost 80% at nost
SpOPeyt @mtaatlnm%@% 2808w bh nmidhel shiptdpovas bade Hyeeothbinbrg eSS grams

L850 R TR Rhickl A Blby oA St Pt
I&ate@ Tdntﬂ cfgar. szup"phle (3ROB RO dramfs) diamqntained\ﬂtﬁ)érgeams dflydica-alumina
SR SR 5 B PR Bk sn
MuQpENT 6@ gmats pinyashylleandunvipaneiing, Uhel. %Mqlm@nztedmmn mias edled to

B PR and e P ure s S S bt Ty R TR s e p o of

875 dide erﬁtdﬂ0($96§raﬁis@bf‘rgr1m othgxteien the Col um 6-10

met al st has a ore si.ze distrihutjon th a.

medi Jﬁeﬁwﬁ BAHESE © F”é‘ﬁﬁ‘ esengahg etdbesi%gmlq-3 trilobe

s’:kﬁﬁ&lté PdFBalest rmrbﬁaldaﬁg %feQﬂ‘I%d 1010050 fangsdriiNdEss agdl thieh Om
gstromns strons. 9. The nethod of claim

CT‘IC“WH é? 3 tCh(éOQﬁbTFQ ﬁ‘ﬁf tB’O Dovriely repdiing Gpidyshgnataiped, per gram of
e%l&!ﬂfs@@@ﬁ@%f‘aﬁls Qf MRS aﬁcﬁ?@Q 288s RBAGh thé&langbgelxgsﬁlgﬁnﬁt. Ofhe

cl a|n11 wher ei n at | east one neta s of .t
golylylepumpamickelaaiiyyshadiagnggiiannore digmagteof 68 Wamith at lpast 6GfFef the

8! ﬁlﬁl%e?f)f ];;dréy 1mh:l% poWe%@nﬁLﬁgn wlm&e &gm%f @lth 25 A of the
cat al yst al so I ncl'udes one or nore el enents from
@liamperd Gamétet, hoPepluotiod 01586 /@ radd opurtsaeaior ofdfBen’/g

£ L89S Ql1ad N a Uy iR Lafb ith 4.6 |64 ?)5\4&51

M@MThetrmtom appjtmupsr(em@ptt thmsn@r aat @mtenha“momacgmg manes), the
but I ess than 0.01 grans of at |east one or the

catal ysts. 13. The nethod of claim1, wherein the

nmet hod further conprises fractionating the crude
product into one or nore distillate fractions, and
produci ng transportation fuel fromat |east one of the
distillate fractions. 87
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total product separation method, crude product analysis, and catalyst sulfiding method
were the same as described in Example 5.

A molybdenum/nickel catalyst (27 cm’) as described in Example 32 was mixed
with silicon carbide (3 cm’) and was positioned in the bottom contacting zone.

A molybdenum/vanadium catalyst (3 cm’) prepared by the method described in
Example 4 was mixed with silicon carbide (3 cm’) to form a molybdenum/vanadium
catalyst/silicon carbide mixture (37.75 cm’) and was positioned in the top contacting zone.

After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A hydrocarbon feed (BC-10) having the properties summarized in Table 11,
FIG. 24 was fed to the top of the reactor. The hydrocarbon feed flowed through the
preheat zone, top contacting zone, bottom contacting zone, and bottom support of the
reactor. The feed was contacted with each of the catalysts in the presence of hydrogen gas.
Contacting conditions were as follows: ratio of hydrogen gas to feed was 328 Nm’/m’
(2000 SCFB) and LHSV was 0.5 h™. The two contacting zones were heated to 390 °C at a
pressure of 15.9 MPa (2300 psig) as the hydrocarbon feed passed through the contacting
zones for 4703 hours. During contacting the P-value of the hydrocarbon feed/total product
mixture remained above 1.0.

As shown in FIG. 24, the crude product had, per gram of crude product 0.235
grams of residue and a viscosity of 41.8 ¢St at 37.8 °C.

This example demonstrates that contact of a hydrocarbon feed with a catalyst that
has or more metals from Column 6 of the Periodic Table and/or one or more compounds of
one or more metals from Column 6 of the Periodic Table; and 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

88



10

15

20

25

30

WO 2008/045755 PCT/US2007/080429

the solids and then further heated until volume of the solution was reduced to 166 mL. The
solution was then cooled to room temperature. The pH of the solution was 1.71.

The support was impregnated with the molybdenum/cobalt solution, aged for
several hours with occasional agitation and dried at 100 °C for several hours (overnight).
The resulting catalyst contained, per gram of catalyst, 0.115 grams of Mo, 0.032 grams Co,
0.02 grams of phosphorus, and 0.74 grams of Ni with the balance being support. The
molybdenum/cobalt/nickel catalyst had a LLOI of 0.053 grams per gram of catalyst.

Example 35. Contact of a Hvdrocarbon Feed with a Dried Catalyst. The reactor

apparatus (except for number and content of contacting zones), the total product separation
method, and the crude product analysis were the same as described in Example 5.

A molybdenum catalyst (33.34 cm’) as described in Example 34 was mixed with
silicon carbide (33.34 cm’) and positioned in the bottom contacting zone.

A molybdenum catalyst (16.67 cm’) having a pore size distribution with a median
pore diameter of 192 A and containing 0.04 grams of molybdenum per gram of catalyst,
with the balance being primarily a gamma alumina support was mixed with silicon carbide
(16.67 cm’) and positioned in the top contacting zone.

The catalysts were sulfided using the method as described in U.S. Patent No.
6,290,841 to Gabrielov et al. After sulfidation of the catalysts, the temperature of the
contacting zones was raised to a temperature of 405 °C. A hydrocarbon feed (Kuwait long
residue ) having the properties summarized in Table 12, FIG. 25 was fed to the top of the
reactor. The hydrocarbon feed flowed through the preheat zone, top contacting zone,
bottom contacting zone, and bottom support of the reactor. The hydrocarbon feed was
contacted with each of the catalysts in the presence of hydrogen gas. Contacting
conditions were as follows: ratio of hydrogen gas to feed was 656 Nm’/m’ (4000 SCFB)
and LHSV was 0.33 h™'. The two contacting zones were heated to 390 °C at a pressure of
13.13 MPa (1900 psig) as the hydrocarbon feed flowed through the contacting zones for
2537 hours. During contacting the P-value of the hydrocarbon feed/total product mixture
remained above 1.0.

As shown in Table 12, FIG. 25, the crude product had a viscosity of 63.5 ¢St at 37.8
°C and, 0.243 grams of residue and Cs asphaltenes content of 0.024 grams per gram of

crude product.
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This example demonstrates that contact of a hydrocarbon feed with a dried catalyst
produces a crude product having a residue content of at most 90% of hydrocarbon feed
residue.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.
Accordingly, this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the general manner of carrying out the invention. It is to be
understood that the forms of the invention shown and described herein are to be taken as
examples of embodiments. Elements and materials may be substituted for those illustrated
and described herein, parts and processes may be reversed and certain features of the
invention may be utilized independently, all as would be apparent to one skilled in the art
after having the benefit of this description of the invention. Changes may be made in the
elements described herein without departing from the spirit and scope of the invention as

described in the following claims.
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CLAIMS

1. A method of producing a ¢rude product, comprising:

contacting a hydrocarbon feed with two or more catalysts positioned in one or mere contacting
zones of a fixed bed reactor 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 residue content of at least 0.1 grams, a first catalyst comprising
molybdenum, and/or one or more compounds of molybdenum; which catalyst has a total
molybdenum content of at most 0.1 grams per gram of catalyst; a second catalyst located
downstream of the first catalyst; the second catalyst having a molybdenum content of at least 0.1
grams per gram of catalyst;

and

controlling contacting conditions at a temperature of at least 300 °C, a partial pressure of
hydrogen of at most 7 MPa, and a LHSV of at least 0.1 h™" to produce the crude product, the
crude product having a residue content of at most 90% of the hydrocarbon feed residue content,
wherein residue content is as determined by ASTM Method D5307.

2. The method of claim 1, wherein the hydrocarbon feed has an API gravity of at least 5, and
contacting conditions are also controlled such that the crude product has an increase in AP
gravity of at least 5 relative to the hydrocarbon feed.

3. The method of claim 1, wherein the hydrocarbon feed has at least 0.01 grams of Cs
asphaltenes per gram of hydrocarbon feed, and contacting conditions are also controlled such
that the crude product has a Cs asphaltenes content of at most 90% of the hydrocarbon feed Cs
asphalienes content.

4. The method of claim 1, wherein the crude product has a residue content of at most 80%, at
most 70%, or at most 60% of the hydrocarbon feed residue content.

5. The method of claim 1, wherein the hydrocarbon feed has a viscosity of at least 1,000 ¢St at
37.8°C.

6. The method of claim 1, wherein the hydrocarbon feed has an API gravity of at most 10.

7. The method of claim 1, wherein the catalyst is a supported catalyst, and wherein the support
comprises alumina, silica, silica-alumina, titanium oxide, zirconium oxide, magnesium oxide, or
mixtures thereof.
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8. The method of claim 1, wherein the Column 6-10 metal catalyst has a pore size distribution
with a median pore diameter from 60 angstroms to 180 angstroms, from 60 angstroms to 150
angstroms, or from 70 angstroms to 120 angstroms.

9. The method of claim 1, wherein the Column 8-10 metal catalyst has a surface area of at least
200 m?/g.

10. The method of claim 1, wherein at least one metals of the Column 6-10 metal catalyst is
nickel and/or cobalt.

11. The method of ciaim 1, wherein the Column 6-10 metal catalyst also includes one or more
elements from Column 15 of the Periodic Table and/or one or more compounds of one or more
elements from Column 15 of the Periodic Table.

12 The method of claim 1, wherein the crude product has greater than 0 grams, but less than
0.01 grams of at least one or the catalysts.

13. The method of claim 1, wherein the method further comprises fractionating the crude product
into one or more distillate fractions, and producing transportation fuel from at least one of the
distillate fractions.
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