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

wGeyEBenEs7 net hods, and catal ysts for treati ng PCT/US2007/080433

hydr ocar bon feeds, and to conpositions that can be
produced using such systens, nethods, and catal ysts.
More particularly, certain enbodi nents descri bed

ner e 1 1 Sl S YR HTRR AP SAUHEYS,

wherein the total product includes a crude product

FIFAID OF EHE INVEN TTON ure at 25 C and 0.101 MPa and has
are changed, rel at.i ve

one nor e operties

The rbepsti Db RserayhoE R wyaRoam bk S for
(BRI RIFd DM opNecBRE AT B oMpdsifidnddies cidtpr&irived @ﬂ% sQth systems,
nore unsui tabl e properties that do not allow th

petiefsindgaglysiec LAl feaAesEedenens rdew%%‘é‘%%ﬂ relate to

SR rﬁ&lﬁbﬁ@%ﬂ onalystk ﬁﬁlcbﬁxletsﬁﬁl of @hQdeeIIFRINLdd ©afShI R6uct,
fo as "di sadvant aged crudes". Di sadvant a(ged crudes may

Vheesin he (el rpducigigderarrademreduecBity # bui@mpdure B 6t emd
@fdlq\/lpyﬁmﬁ]as ()nér cﬁ'%c)re Bfolp&lﬁ@s tﬁﬁﬂé‘fl@cﬂaﬁgéa relglv%qg Y@r}tzs%g&g/e
crudes wth a relatively high TAN nay contribute to
rroprary i 81g hyfropasbert feebnponent s during transporti ng

ﬁgg‘éﬁfpﬁ{dﬁemﬁgA@EDtdel sadvant aged crudes. Renoval

di sadvant aged crudes may
i nvolGredes ewhaalony oneore matuizbln gropeitids dacmebmlémt de wiudés to
WAL RS RRTRRepothd 8L BRERL s GOCE AR ALl RSHLAD BRARLS
qefeueessasn‘gls&b/untpgadrctude%e use of corrosi on-resi stant
nmet al ..of ten involves signific nt expens and.. t hus
the dgdgintagsy F%‘S?So‘ﬂayrlég‘“%fi BHYC AL eflt?w&%& OB?’PHE% the total
SHLiPIRNE TRRY) oothe bedded. ralhdvanidnadticheles weh hodattvely high TAN
i nhi bi t corrosi on i nvol ve aadl tion of corrosion ¢
PRRTBIEedo F%“?ﬂoélaog%ml SYRRPIER B BP e A pBPETHge ©

B disQvah QARHRI R Hhovh N adideaAdMPBhRGEELE m@ﬂﬁsmagﬁhenmaﬁmay
of corrosign inhibitors may negatively affe
létﬁ‘ﬂ}’fb%ﬂ]ﬂcaﬂﬁ é%}l“iaBﬂB% #dds §0f{11P%‘e’étF B yaB0 /bésres ¢ fliernately,

Wdbibh YesRanPhOIH alas bR UQAUE Benshb@Moh REuifhétH 88d/or processing
Di sadvant aged crudés often contain relatively high

qasipalest. ofhe pgspfggErosigy-aigaindeetitce myakes nenHichgt Swerse, and
tﬂhé} he! usY & SrBfiof- ?e%fsgﬁﬁmétgﬂg ei@tn&eeq&'pfnfehtqﬂ%%; no®@Bdesirable.

expensive to transport and/ or process usi o
Aemiyes micihod 40 inhibeticoirpdiesmaDingelas adslitagend cem’%dzélsnhfalyors to

R
‘Breose sﬁqomtgsmﬁ 1®mmrscnaydegqtlvmaéﬂect®qmpmnhtna¢ﬁ to pawd¢sahe crudes

an(a@ a%rglgl Ef]]g%& ﬁg}g chﬂr&%nté%cmﬂy deposit on a

ce o &'Voi d vol ume of the
cat alBistdvarfapet cobdgposich sonraiy rdaivsly taghdlewndls ofeediduet he

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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activity of the catalyst. Coke may form and/ or deposit

on catal yst surfaces at a rapid rate during processing
w@toodigardvant aged crudes. It may be costly to PCT/US2007/080433

regenerate the catalytic activity of a catal yst

contam nated wth coke. Hi gh tenperatures used during

regeneration may al so dimnish the activity of the

Cﬁ?t%yag r1n {haenv%{ \;oh? geudcﬁhe ca?ahhsglt %‘u&){ Sdﬁ%otsg“f rgl%t/ (:earulseor (gficﬁne lln the

mﬁwmy@ﬁmncmamﬁds (for exanple caIC|un1 potaSS|um

d/ t t f
ore QS R0 Rl B o R et S ke LB B G sine
dmwmmg&d Aids. Phogas2es8ly th Aec@XAdMe Ratald8S adtivitNnof a catalyst
' e often encounter

and/ or aci shj ng. Processes .
9°Hta8’6?ﬁtfé‘nngb¥?§ H}ggégg%@u%w ﬂ‘éﬁ% Tgeqnpratieq may alsg $1§“msh
8¢ aQivERDF Gie BhIgS aAd/6r RLRSBNEatalys tCRMroASE, o nl ckel

and vanadlun1 whi ch typically deposit near

oxt e NERVAEA EBIGHEC Edk B Mifak iSOl e s (Tor

S@hbR, Qlfici@h JRMisGuR Ghdsr WX inH e RRES in Ricef S418RE bahhiY adills are not
voi d vol unes bet ween cat al yst particles, particularly

pict ysepagpedion Hisadunipssirudss 8y chWéntd@ﬁldgpquS@ﬁ for example,
&gﬁ{l@gnraﬁqgtagid“fag{m%exanpl e, netals in netal salts of
organi ¢ aci ds he top of the catal yst bed, .
genefaddesses &rs aftesericpungred mepeessonahpiocessesiyhen dietls in metal

f
L MR L S Ot A e b ok s
@woﬂ@kMHmecaumdsuﬁpmdﬁdeaambvmnkmhimﬁwwauﬁmyﬁ@gmncaddsnmy
R AN RRTE L STBL PSRN Q3D SRR op or
thé tadge hyd. Treglapostal bgntzhmnmls If(&teeﬁmpita CmaalﬁrﬁymetalrsaBme)rgamc

si t uat.i ons ave an. agver s ct on catal ysSt

dtﬁaac& \}}fﬁ?%%feg © U Be‘ﬂﬁ?le’f”ﬁ]élf‘ﬁﬂig B%aé‘é‘h‘if%as%%}’é%sﬁm drop
ERUPOLE B8d anti 8@t dTRBEvelyafling iht lcaslytth)aa Pogoe&Sthe metals in metal
di sadvant aged crudes wi h an oxy ontent of at

Fan L orgrnEoidy MBS agsE T W“B@? ‘ﬁ ¥5F- di sadvant aged

Cr Ud®ifRYarRipe® A& ofith OBt AR BrAHICAING R OBESSAOAs (for example,
Hganlc oxygen conmpounds, when heated during
beé

sxepgind pgpeer PrERnigARY bewar Aieioaioms éﬁ*?pfolﬂ}ﬁa@e gifugfions,

@%@gp&ﬁ@mg@g&@g§cgﬂgﬁ§r acids fornmed by oxidation of
al cohol s, and/or acids fornmed by oxidation of ethers)

t hat Riredvaritaeed eiyes may inepgs/aenioonyeerecantnenndsd Tegeiorat
ANHGQ M ATBYEL" 59&1\%41&@&% &Eﬁeg Y af %yiggmé@ﬁterg 3 5tr19asi (0.002 grams

processi ng an cause plugging in transportation |ines.
dios pebeaot grged! dsubiestagrghcrideataygacdyast prohletns dgeng processing.

(?1%%98 2n g&gﬁougésa Wﬂlel? heapﬁ\ércfuﬂhgﬁroc&%hg %a{y%‘ﬁn Blgher oxidation

oqui I nes ehzqu|no I Nes, pyrrore car zol es
ctmarpmm i(fvaz:cingds, ketnokshodrot @ils forer é)@fomdaam af alvohalg geqh(or
AR (g)rlrjnrf]:g %y OXIt %atlon o %ers?{hat are difficult to remove from the treated crude
and/or may corrode/contaminate equipment during processing and cause plugging in
transportation lines.

Disadvantaged crudes may include basic nitrogen compounds (for example,

pyridine, quinolines, isoquinolines, benzoquinolines, pyrroles, carbazoles,
benzocarbazoles, and homologs thereof. Basic nitrogen compounds may have adverse

effects on catalysts used in cracking processes, thus reducing the efficiency of the cracking
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effects on catal ysts used in cracking processes, thus

reduci ng the efficiency of the crackingoperation.
W@2®B04315T r ogen conpounds, when heat ed duri ng PCT/US2007/080433

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

that contribute to gumformation in operating units.

Di sadvant aged crudes may i nclude hydrogen deficient

(H;éd Elgl’(l: a1§ bs?cnnsltro \é\pl%(r)]m unﬁesw err1] gef‘a?fid chu}ll(rj% g%ﬁgsai%g,fr{l%l f(%rm high

rocarbons, <consi guan ies roge
Igelaaﬂe&IWeyghn e@ﬂpdmddlhatadﬁtﬁdute pﬁgdm ﬁmﬂnaﬂdnyn bperating units.

ted f t | ti
or ot st BRI S SAR AU Brad AT L ERgRons. when
[ﬂb@@ﬁﬁgs(bﬂl@'dro‘glfﬂ @dficteyiPhyaalchipohsva@lsi@st qdaeutu:s of Bfdréien generally

ARG B oD RO g gfegine processs

dfb/ﬁfo@@@ﬂ. HSd168& ativh 4Rin F)afw@ﬁlgamé@ fypfe@B¥ Inyol & the use of an
transport to treatnment facilities. Disadvantaged

hypirogeayion spalyslomax b Betied i drhiis ynspyraged draggents from
RFRGE SN FTfH . EPREAy 10 PRIudeaRblot EdsBS to EInSE o treatment
instability tends to ' result in phase separation of
feghtsnent s during processing and/or formation of

unde qjﬁa%%n@ag@&' cREQAHG Snd(ib Qhniix ﬁlgtm)lﬁty Jﬁ)‘ﬂ% gﬂ)%gssm? in

sul fide, wat'er, and carbon di oxid Conventi ona
q@nmssaé aciftien nClude lostabidityabidsite gpsmlblnmhmgepaaatz@e loé eqnesepnents

otce\!ss gzlh ﬂge}f@ﬂto?tgrﬁgm?aﬁ)}édosr eﬁ%}&d@%%or@l{%‘g(ﬂe hydrogen

S|g |can angl ng other pro I es
wifgadwaert argiecdrtwmddmdeFor exarrpl e, conventional

Prea)ﬁgcse%sef%ﬂgggl %pocl%sfslgsgogvan age bllx hS ry sfe ectf: Prﬁ)éert ina
disadegntagad yrudbhaiyoun glsbyigaifidesly rCEﬂlgﬁlg@lﬂﬂ:t” ﬂobmleﬂntﬂ&nt of

ertain nts uch as.su t Al -
G e S R R L e s gl R abitity o
POERSSERJIIQIT AN D¥kdigadtdyed atbdt ivhile, af the kartletih& ©hlydBanging
adding a diluent to djsadvant a%}?g crudes to | ower. the

CdraEBhC BN RpSHAMCS MM S (Bl Ahy e Ot Real

Sheathvan A0REdiIROPRIdfde Addi ng di | uent, however,
generally increases costs of treating di sadvant aged

cr udSeIgRECCET et leingRsetiag B auplity eftruderaglede ddiag agdagnt to
(ﬁ%‘{zaﬁntatg@d baadl s 1&&&@ u@m@v 9&&@1@ 8flcdnipsd&ns cofdbutihOm taf

| uent” to a di sadvant age crude may, I n sone
C§$361M@H1t4g6¢1 sropeféies: eisinestiapnt) hawevert 2angeaHy dcipgecs coptepf treating

(P ?aggﬂ{g glé@a’udgé d%g’%o t%g éosttsoof %QMQIQ Iaﬁjcﬁ rﬂicr@elsecf co@ts %" Han%ﬁythé 0

et al to Har
digndiayaged CIeltlesaIAddlt@n 196 ths‘s()tomhssma@dtgei cradle ma}@ 110@31e266

Sgtggtggggjg%e%te %lelﬁla%asﬁ&et aiz 1,: OSBSingger oalBear den et

; 1B5.89®n7H6s. 6353, pathtReyadtldadt al.; (5548779_576(86u¢hakéfleaﬂiht e
ésﬁé%%ﬂsglt? fele 33?;_5%2&%3381\/1}%%??9 12% &Ei %sé)et l%élet 176183266 10
@GraB®:ret 22,5 923,580 geBeandenet alals,928 40 BB ubB4kat et aM § DEY(BO to
lgreaZcfég ef‘r al; 5, 887 ?gé:tlf) Tergchfael et ;al.;45’ ,857%,8 g%oOTrtaghte etrgl)san% 5,851,381 to
Tanaka et al.; 5,322,617 to de Bruijn et al.; 4,992, 163 to Aldridge et al.; 4,937,222 to
Angevine et al.; 4,886,594 to Miller; 4,746,419 to Peck et al.; 4,548,710 to Simpson;
4,525,472 to Morales et al.; 4,457,836 to Seiver et al.; 4,499,203 to Toulhoat et al.;
4,389,301 to Dahlberg et al.; 4,191,636 to Fukui et al.; U.S. Published Patent Application
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4,525,472 to Morales et al.; 4,457,836 to Seiver et

al.: 4,499,203 to Toul hoat et al.; 4,389,301 to
w@aduBoer7§7 et al . ; 4,191,636 to Fukui et al.; WE/US2007/080433

Publ i shed Patent ApplicationNos. 20050133414 t hrough

20050133418 to Bhan et al.; 20050139518 t hrough

20050139522 to Bhan et al.; 20050145543 to Bhan et

Sl PSRRI PG o i POSRAESIB SR

2006@IB§ 52220 BHad 6AB 3200501 Blidhtodihaalet 41.; 2QBHOIRIB BilBhan et al.;

BRIt S0 b0 et 4o MDY RELT hioleR

MDA 3542 Bhdd £4002RB4G1 73301 32heB46050113360¢ BR4 et and

[ 40 95, all entitled "Systens, . hods, a
B (S i nd B PHEM A BBt MG, 11740094
ApFIolgaT; 1 12@)@2%28;1&3;6 4240078, all 34iARE f‘gy&%mslﬂdeﬂ'@@s, QﬁﬁCit&ystS for
Bhan all entitled "S sts for

, | "Systens, Methods, and Cat al
Ispdurtng g et prdoddded Apd. 2006: § VAP T9uhd4B 983006
aess [9'8??0 Nl QL8 IRIOGTS SRS M&iYorik S8 Caﬁﬂ@ts Cf@ﬁ}%dﬁ%h% af@lide
lgroces& nﬁ crudes. In sum disadvantagéed crudes

adust aandll hidedd uph@l @896 dastigbepiag pesrirpassses. pitleress apgptagalysts for
ﬂrgée%ﬁ%/&lﬂes.hi gh residue content, a tendency to becone
unstabl e during treatnent, and/or a tendency to
cons urreum.elisat vapesiggd ¢radegecaardlyiage widesigadleqyensrichy (fiongrample,

AT beojdb P RS oA AR b B St apdor o
texdeny e consesk delajvetyrlgan amalityofbydrndehatragoabionst). Hteal
GBSk ee B B Babl sl n & BB S By
dxampiLisadyy, olpheindlyl housdinveanitbns aletdl canap@bitgtniedds in metal salts
O3nd/ or treat?nt facilities, i nﬁgl ugii % i ncreasad
SFABiA6HS: QLT YRLRG DR AR € “CE‘r CUEEYS S SHTANES,
2061614105 inl DEVRASIRM triGpeEtioh alty e tRgeiendfatilings, incRdingemireased
Thus, there is a significant econonjc and technical
‘iﬁ’érQE}O‘?’échrF??ﬁﬁl R é‘?ﬁ‘s POREss PlygeiRgdad/onngrated usaeg ol Rydgogen
du@ing GRMNBAS ITAGs, @ferdlis 3 at¥ARERYEShofiditHRFedhRic reEM b improved
products with nore desirable properties. There is al so
stemyngthadarndiee e mtcionsrnversion AT disddvariaged caIdesiplor e,
Eddeadsih Iﬁ&g/desriraﬁ@tp%éﬁﬁfe§ TRAL is GRD a GRANIEn SEIBRTiEFhd technical
properties in a disadvantaged crude while only
ngadl goasys\veémy methafy PRHOTERIGEITS Hiad poy dhpes splgctedyproperties in a
D 9y BT MY SR PR P bt asadvancagea
aydt ens, nethods, and catal yst for conversion of a
hydr ocar bon feed S&mgﬂﬁgﬁ ,Pﬁgth?ﬁm i sing a crude
product and, in , = densabl e gas.
I nverbveohsnsdescibediadein gereraily adlsto tgenemal thetheds| atleatalyst for

SATBSFAH SRR DB L5 LB ST AL s
doyhewsibndiniche, ®yisbad@msaicaneinved®ndésciibed ddreheri @i 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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In sone enbodi nents, the invention describes a nethod

of producing a crude product, that includes contacting
W@ 20090430687 bon feed with one or nore catal yst SPEDUS2007/080433

produce a total product that includes the crude

product, wherein the crude product is a |iquidmxture

at 25 0C and 0. 101 I\/Pa the hydr ocar bon feed havi ng a

um cont t
xpf% g;gzﬁu Qan? E 1SEM abt(t:lg r roc dah\?“ﬁlg a mo,{{bfif:}ﬂ.l_n content of at
lea:snt) & Mtpp)ﬁ omlollylar&&tmlt(he qujpmrbcatfeddeasﬂng ama/VgFe ¢dneent of at least
one or nore netals fr

t al
Aot fors PR bl Bt e Shoeegr Shom iy b (s 6-10
crofgRindis Table Qﬂ@oﬂfne@hﬁrd@h@bﬁncfs o0 BRCR IntIR Me@is HNOE olumns

é?@e %43 tsé 'Pg d'&{% TT@%' E@dﬁ%&ﬁug@s % aiiﬁaf%‘ﬁ 5{5&% P an

BafiButidn 3WBLAheddn pope dimdiBidbrapes | 50048 tradiddlakiidhir@lihg Ng
contacti ng conditions at a tenperature of at |east 300
1

welacingepditians 3hp ESYEREITEPT KW oYENCot Paskial pEsturerolipgrogen of

Angsey MrSVinah 12isV &8s teall 04 1 & phaul! @EU&REe pldBuE Hd&ude
product, the crude product having a nol ybdenum cont ent

w5pdugt havingta ogyhdspum lsantes oy aaes Y e ohthe molséﬂewecontent of the
d})ﬁﬂ{c%éﬁ Rap aﬂcﬁafﬁ /W}@ c@nt%t/b}!t/\x%gn §% LENT2PELMRE Nu%ﬂ%)c%ﬂ@m of

20% of the N /V/Fe content of hydr ocar bon f
thh kydspqarhon [fged deharem ardybip v #al NiGYFe pententy ase a‘sdetermlned by

SR P TILI RTUAE PR BS P e

k¢xpd. enbodi nents, the i nventi on descri bes a met hod of
pr Odlfr(f éam CorcﬁJ de E ocljrlljv%%tl(gnhc%scnbgsc ell udt Sd o %ro LFCEI’{ ngcau
hydrocar on one or nore ca

[&Oduﬁt hht ipelodhy Cbntidmag a mmrbwjﬂem fediewictt d)td*&)r }ﬁfo@dcwtetlysts to produce

d [ i d t t 25.0C
L Gt Rt aR T Shar Bo et bhsOr b G R o
Iﬁfxtdiky grascanhoo. 1OEMPa tBe hﬁir@iarﬂ&h/féé/dﬁﬁwﬁg) I’ﬁeﬁglﬁm(l’ff h@drocarbon
st 0. 0?002 gr ans and at and ghalt

f‘é‘ﬁi‘l NyfV/Eg cqnieasof 4 legat quogﬁ%graglﬁtﬁngta t?t@la%ﬁan fed diene

ctoh%nﬁﬁ'taaie)(ﬁ 091 GRITRY il A LaQRAe Of thEBRy WBERFisfnb @R or more
Col unms 6-10 of the Periodic Tabl e, and/or one or nore

e éfﬂﬂ’o%olwn%éo B therBiriodirekaglesand/as spee) A sogpaypdppf one or

hbe nRefid f6th ¢olalls @: 10 theaRBbaie Thb1P%nd Qaﬁtﬁﬁﬁﬂgwntactmg
conditions at a tenperature of at |east 300

qeaditiped at p fesrpsratee of atigad W eh, bparadl prrsgre gf hv#@gelaﬁfoat gost 7
Mﬁlﬂn@& &ﬁtsv' &g?feas‘? oh i pfo‘au&f RIUGEe SrBGuct G R RANEL thaving

e cru uct having a Ni/V/Fe content between 80
aNdV/AR2 @%telft b@%@@MQ%ﬁﬁel%Hn@fem NgV/Helventagtat d@dr}'ld@narbon feed
fo at
S oB5, B Phhutcte SO br ARAESEDEUE AR S coana
aspimdtemt contehe MeemmttlmCQBlda(hdtspDTAltaep baltdng meswmfttlmﬁ?s i's

RTINS IR R Dol R TROOTARLCR P s 50 Nty v
MTMOdethiBPFR791 N sorre enbodi rrent s, the invention

desc rIrll Eoerge f:ambn%gnli]fglgs the i Ventqgncdesglbes a met%od of producing a crude
product that includes contacting a hydrocarbon feed with one or more catalysts to produce
a total product that includes the crude product, wherein the crude product is a liquid

mixture at 25 °C and 0.101 MPa, the hydrocarbon feed having, per gram of hydrocarbon
feed, a total Ni/V/Fe content of at least 0.00002 grams, and viscosity of at least 10 ¢St at
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product that includes contacting a hydrocarbon feed
Wi th one or nore catalysts to produce a total product

W@ b@s/0#3161 udes the crude product, wherein the BECTITUS2007/080433

product is a liquid mxture at 25 0C and 0.101 MrPa,
t he hydrocarbon feed having, per gram of hydrocarbon
feed, a total Ni/V/Fe content of at |east 0.00002
ﬁ&ajg andaart] ijeagltl SCOf tllﬁt Xateaf st acto lp?l%lsnt 01’]1'69 orcn%re %e?a?s f8 onq %oﬁllmn 6 of
I'edst™ ofie ‘ot e ca Hf % rising one or
thePalcshchabm Galarvne 6r méretchmpdﬁmrls oﬁbrxe oi!'aioireemetalﬂ ﬁmecdmen 6
s of .0 0 from Co
Jine TS AR B et iSiolac TR P AT g o st 300
ma@aﬁmxp&&s@ﬁe oﬂhicﬁi(b'géﬁ ahtuiet DML aﬂdaasns‘z 00at@&st (A1 h™' to
arti pressure f hydrogen of at
IE g? cgtdepgdugt, %‘ imﬂe pn BCtBFYiH%%EI%Z‘% ©P gﬁefﬂ‘eﬁa é@?’” and
e, arndRi/Piedu@tntbae RgdBcdbdnbiBan@aniRadityRes ne en o8 %host
and 120% of the Ni/V/Fe content of the hydrocarbon
Yeeef Brusersiy eldBshydjocaibon feed apgd -BHiC: é&heWb‘é‘fls@@‘% igfs dqjgrmined
Wi SeETiIMShRf DA43e hydrocarbon feed at 37.8 0C, wherein
viscosity is as determ ned by ASTM Met hod D445. In
some [ pseipRaiBents, Hig iRvedatt deomibdes piethoé st prodhsingad-reste
ﬁB&QH@lhﬂ%l&ie@ %nggctﬂﬂ% 9 ﬂy&kc%&t feé(p&lltﬁ’]%sbr GRAL @a@aﬁ%&go roduce
hydr ocar bon t h one or nore catal ysts to prod
alotappratugy totimeludesibe crivrcprodhss whieircthe dadpproduct ts,a hquld
o ly
B s BB AR Bharb e b ol A e din
méd hyadalotar/boconfiane df at deabtdt (HOONRralb Fad e ovtblaetidusfcoatent of at
1 as?é t1 go OOO%Zat %raﬂ oné ofatF eﬁal (Est c%lm rrlesSIg(EI)uee orcnante% 1S ronallt
Bast D Grdims P anaar fehst® one S e he ' caraVst's
Cduaphd GilMgf theBerardiaihubee, ael@loae f)f mue@oinp@mﬂs 6fdr@ opfnotdh@etals

1 £ oo i i € 86 B PR BisRe g &

@ ferg@rtdral lehsd GOE Q) h@aﬁﬂan@e@@ﬂa@f hy@OgenaF aembse MMVEFaa bl £
of at |east 300 OC, ﬁygrtlal presilgre of hydrogen of

LHS Ykt leasipph %Of&lcﬁ e PEtdupteihe cruge Efoﬂucf hﬁYing a Ni/V/Fe
PhREUEBY A 80 % H d20%P L &iv/Fd@nthtistandiiRitiéaiboh et Agd &
Ni / VI Fe content between 80%to 120% of the N/ V/ Fe

steenepfol phaoHyHfod diedvdroraben Badreaidpegingne whsteiey V/te

Qhtedlis P erIH B Ahe MHaeR70PMd BE8L " BflefUS as determined by
content, wherein Ni/V/Fe content is as determ ned by

ASHWIMetbeDaS 38708 and resi due content is as deternined

by A

o) PbEeRiital b bR A R SERCO LA B prbleing a crude

préyudbet intladescomhaides hadm@aal@qni frggl witthyreros cmrdboalfseserpsitioned

i\ﬁnohn?o r?greggnt@irn z&?:ts glf %’ Aﬁg?%&:k?% odulg 9%%1%5 dﬂpt tﬁat
I'Xe 0 pr

contacting zone rea uce
indtidds tlmamtlstqiroctUhQWhemml thdasdd fredwet i3 délqpidomiumtq atwhér ench

bUOTPRER BEREU S Brubt el AL o BB e ftBpesane

doyicdnoaar feasn Ofleedns, and atlakt ane st cha eatﬁlyﬁtt edsrhprcsingaine bemste
IB%t%Fﬁ ?ri)gnln(ﬁ(ﬁu g g{h %1‘10 jl)anb?e %Ild/(t)rhoene %ra }n?)lrey compounds of one or
more metals from Column 6 of the Periodic Table; 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 a residue content

of at most 90% of the hydrocarbon feed residue content.
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metals from Colum 6 of the Periodic Table, and/or one
or nore conpounds of one or nore netals from Col umm 6

W@toosk€s7Per i odi ¢ Tabl e; and control | i ng cont ace¢TS2007/080433

conditions at a tenperature of at |east 300 0OC, a

partial pressure of hydrogen of at nost 7 MPa, and a
LHSV of at least 0.1 h 1 to produce the crude product
the %r S d e %O%}Jncl: tntsat reelr%;egtu § Cr(%}& esrgltliyg ocargon compos191

t he hy rocar resi con
1ﬂﬂhmdmmanm$ofhﬁbomMummbmpmmﬁmomﬂdﬂsO@Omgmmoc@nhmnmbonswnh

composi tion that includes, amo oca

SETR Rt fhuifon bR A 2T LB RST R gt epoms
I § hbd)ﬂol:élrﬁ@ls I‘v&alhgiejodlr@trﬁﬂgb ldtslrﬂﬂﬂb@béﬁﬁ@dhfiﬁ)ﬁ OQ@n@BIAﬂ;Bb‘KDﬂ 00IC1

at 0. t 0. 001 o] rocar bons
%i’i"ﬁ‘t 8%?& awﬁE rggagiaony &ﬁ gnﬁlﬁ%f%}% ﬁ %“%H“‘H@eé‘ﬁ?fn 343
B2:hd@60 at alh. il@]-MWQu le@:it 0|O©@§iarrg o Qﬂdr@craﬂfﬁﬁs Qfith an initial boiling
hydr ocarbons w t iling rano%é§0 istribution between

E?éllé ohet lgdEs6 %@19% N@’alﬁieaﬁ)iiéo prams pf §yi'e: Yrlghmost 0.01

%;gmpymsoﬂg MaReRs. Wi th an initial boiling point of at
east 650 OC at 0.101 MPa; at |east 0.000150 grans of

Ni / V/IFEeemegrebodimangs the dngntiqpy desesibes a msthad pherpdusines: cryds
p?Q(f{Et GIERdLAR @Brﬁactltng & hz&\é&%dn%edj\%ﬁ{%ﬂe% $ncfe (T %dto gfoduce

produci ng a crude product that 1ncludes cont actl ng
hiptht proddd grat fneleldesw;lft ¢trudmpodict, indiersincthe elluge produad ispy lspisc e

hl% Qtl 25 QFQHH 6tl pra, LQQ ﬁ#&g&%oﬁlf}@edﬁ{a%% Rl{sg(gjs 9t§f atégasb]é) cSt

wher ei n ecru I's alirquid xture
Al 80C1@1ea&9a1,e of tlne chiglyste canipoias 6@@@1 nfyae/mpigls drowi Scloming §-10

c%f s[t Gc/ at 37.8 0C. a east one of . t.he

Q e erlo able and/0r on€ or moie compbunds O 1i1e orfmore m a}s from Columns
alys S conprirses one or re neta ums

(61(16f thé PériveicPRible slidoconadbilieg enndicang ameitions z{mmanperature from 370

com s of one or r ls fr

tcﬁtS 4%@ ﬁqﬁoﬁa@l gispare Ogg‘é!gf%?ﬂ &t Wﬂ&r&!ﬁo@g fflh‘ﬁ“‘il hourly Space

Rl (LIPS Gttt Rade @ﬁnﬁlrt@bfﬂdﬁcef th@BRuY Frodfer, iR 4k R8ducBhaving a
parti al gressure of %dro gen of at nost 7 MPa, and _an

Waﬂ%ﬁtﬁ 8r £yl ayness Y% ob BicpipcotmgiAhe dydrggarpegeed g 37.87C, and
whdrQn B 'i)qq}h%%f b B?dr@@ Gl f@({cﬂg&l Clgrodﬁcla il Gt ﬁUaQtdlLt?&uﬁlng

having a viscosity at at nost 50% of
Gpnely, phere "Eslfi@sltb(yﬁ?sd@ﬁ?ﬂb@ﬂd PeAdTH Mgtho@ DA angdyValue is as

Mb@&ﬁ{eﬁb ARTXA Vgglogbzg%@ydrpcarbon feed/total product

m xt ure s at | east during contacting, wherein
VI scds panye ¢rsbdimaiet dheniveaidorbiesaBTM Methhd df Blbg ahylrocarbon

Bl Bl PO TR OGS, BT R ST o

horeabthlygys & ﬁrydirceamhiqmcmetedatnMdes the lcode @rodom wiadrein glea:rude

h carbo feed wi,th-h es of on

R AR S ERRs ° M0 Qo God 8 pR SRR TSR

visvobiyde st kehe 10 cside 38 odumt] combdline dﬁonﬁabtelgcn@udi&o@raod paxtial

is ali ture Cand 0.1 a he

Wi Pseab b s T el gt i A e iR 6 B gy -

e @ GydBaabaonédelal praguct aitttatrém@nsandbd i, @@$0t@ltcoﬂsumptlon
partial pressure of, hydrogen of at nost 7 MPa a

A Dopy oY SANTRE: AEE Gedesiogpet R isepy|oh B mst 50%

37.8 °C of the hydrocarbon feed viscosity, wherein viscosity is as determined by ASTM
Method D445 and P-Value is as determined by ASTM Method D7060.
In some embodiments, the invention describes a system for treating a hydrocarbon

feed that includes an upstream contacting system comprising one or more catalysts, at least
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of a hydrocarbon feed/total product m xture remains at

|l east 1.0, a total consunption of hydrogen is at nost
W@oB®s767 3, and the crude product has a vi SCOBCT/YSIH7/080433

at nost 50% at 37.8 0OC of the hydrocarbon feed

viscosity, wherein viscosity is as determ ned by ASTM

Met hod D445 and P-Value is as determ ned by ASTM

olv%togl 81% ce%f%?t(s) 'COIll Distid Bhe %I’TR%%I me erlllts Pro t(lE] urht) g—qﬁtof &-Q Periodic

escribes-a sys]fem or treating a Ir]1nyd)rocar bon T eed

Tdbdt andielond esmare cappdundant @eni avtd mgals ystedolaonpr10Si e

e . tal ysts, at |east f th |
(2007116 Pen Syt o BRERA R Sapctinpol hGudPb By 378
e kit dh€ orliadrk ©f (harah Pkt 0NBe OPstERh oA kY3t Afa t@fferatre of

I's from Col -10 of the Periodic Tabl e;
ROV Comtosb PG 91 QBP0 & LBSYAG apfast 0.1

1Bt prb@Rsd a 3G §rSlucthavinl: ByvilGsitit BN ZONRT A m&R 5% Qf tHeRBcosity
catalysts in_the upstreamcontacting systemat a

Adhpldpieetta 36f "at aqdé*é@t’vn%%m@@taﬁinégﬁt‘?fa COuRledds {fregpgifeam
AR sOh afl coPBhred (MRBeival pRodkddAMe&f ex@ingl AHstwrOind

h 1 produces a crude product having a viscosity at
Qpagimyypmarheres theshumgfeamrenigpingssitey igfonfiggcd forsgpject the
&P cfing %Za-u?;s@egm &Hﬁcﬁlr%dsg%ﬁ% £AMIGANSAELL NG system

coupled”to the upstrea ontacting system and

conf ilgserecdenpdimcnts, the invedtiqy dssadss asyseadfoei¢ating g hydrecarbon
m._cont i : Ln.

L AR AR AT S SRR S UL oo

@xof thergralybie cupsisireame compeeahétalg fremgEadumi 6 ofithe Pardddiaitable,

ROREESSor rhfte %@&f@ouﬁ&b&%'ngﬁ{%éfe o diGs BN I0N dEREPL DGR,
a systemfor treating a hydrocarbon feed conpri sing:
"Babletl phtemannh@aiizadirsutfeedhasing mvesoogiy ios htrlepso il oSt atrBGr8e’C, with

U L e R R T
3‘(‘)@bbiea pz?ﬁﬂ/p@dsu{wef @grdgfeﬁ thaﬁ AMPOURTPS, @t agi]fS\D% ARG 0.1 b’
nmetals from um 6 of the Periodic¢c Table; erein .
188‘5*1“8%3( H %{g‘%}c? RavingdaiseRg P 4y 7-§g8i°§ glg8ey 90'76Pf B viseadly of
thOBrseobd At37RPCBakiCa doM nshle@NENQ iy colifed ©ahahatsm

in the upstream contacting systemat a tenperature of

@ntarEngsysependesniiguisd i¢ fesdivatd PEeses adeedFieginsireast

dRakin YHem, PRdeif HetddWnQfeatt coh@Bfle sYstdm Rodipfe@HHERShatting
crude pfoduct having a viscosity at 37.8 OC of at nost

8% of the viscosity of the first feed at 37.8 0C, and
a do‘@ﬁ‘%rﬁ@&ﬂ%oﬁﬁﬂ&@sﬁﬂg%eﬁ ﬁ&%r%@%‘@éﬁ%xﬁ o&&ﬁﬁgﬁ-?ﬁcfe%%ﬁuct

contacpyng system an an I gure Q.rece ve a
thrtgormpysing. f anagsteseint ongetinpesysipa co@pnsieDereas tiongeatlstsea least

i r .cont.act i [

LS Sty A AR A ST TR g
desc i hes netdyore fiopmodicl thg Paiodicltiblepndduete drinatre compounds

onprisin S am cont agti tem conpr.i Si
G at St POR S oFEM ERMMERoNT Bogy SRR TR obf,
lgdtcehipsi fed bapig SMOybddpem oghi@nn odfat least all wappm Of MORkdenum and

a to 0.1.grans of one. or noye al.s from Col 6

I Bams B st Bl 8P o SHRTH P 97D o8 AL the
catalysts in the upstream contacting system at a temperature of at most 450 °C and 7 MPa
produces a hydrocarbon feed/total product mixture, the hydrocarbon feed/total product
mixture having a molybdenum content of at most 90% of the molybdenum of the

hydrocarbon feed; and a downstream contacting zone coupled to the upstream contacting
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of one or nore netals from Colum 6 of the Periodic
Tabl e, wherein contact of a hydrocarbon feed having a

worlogdesum content of at |[east 0.1 wtppm of nRCHOSMNUR0433

and at least 0.1 grans of residue per gram of
hydr ocarbon feed, with one or nore of the catalysts in
t he upstream contacting systemat a tenperature of at

nost, 420 0C and 7 Mpa produces @ hydrocarb
PRE0 BPar e Bl PR AT CEPUCEE R hnciom g

mo@ﬂumtxtmthd@ﬂsawmg)nmcnmg gybudmma)mpusmg et orofﬁoratatﬁmt at
190% of .the, nol bdenu of the .h rocarb n flee n:‘jwa
8%%%%%%%0%1 ATAET G2, @9 SBSRBPHY IR PSR Of Faliisdt feasfy | grams
oRE achblRFedNEfrorh R AHMMES L & alB [epiblia Thbld gndZ6d e or more

configured to recelv the h ocarbon feed/total
CﬁPﬁ’aﬁfg‘F & Yrgre {nﬁ@ gt’ﬁg ﬁgg&‘? e e 1%@%??%?1‘?9 Columns
& QORI AGViRNLPAQE sihDUiStri6at Rl Wit Smedhn ﬂ)&aa&m@momeutdaﬁ 50
downstream cat al ysts conpri si ﬁ%}e@per gram of cataly

BESERYI G0 ngiaive v BOBANAH Oh ik @Y APan T URCHOdR i ture

£21nRbactBef B%dspﬂﬂ(p’CTa@lQb%ﬁJ‘ﬁé@JceQﬁ‘ Btd prodBEc®hat includes a
conmpounds of one or nore net from Col ums 6-10 of

qrede TPediich avhereinght eruda preduchis @ritggidgnixre2al (¢ epd Ad0} MPagnd
tHQEI%dé#}I%&ucg hatd thOYEdeRih Wik 3 TEALRB0ROF fhe HAPRERIM Sntent

bet ween 50 angstrom and 150 angstrom whereln contact
ofthet ydrdegdipio tead beshathwsd?t7o plathe pesiddeieantani i the kydaecagbon feed.

ETERAAIES, b s b 70 A0 Bl R R SFHGRS pun
rethetion udieg ardogsien. i s a liquid m xture at 25 0C and

cont ahtorsy Al BEIR SR P et APl
indledeydicat an bﬂpprﬁ eéﬂho@hdienatn adsdst (QOPVgI!afns bheydr@aibduehaving a

content of the hydroc The i nventjon al so
%118\% rgnes distRufing, etWPe“?rJiB gf?d’ndﬁgga C @eT jun 811'e BeRt h
JRIp¥Aden uRa £Q6HCH. 1 @RS REIrSAHRDnS NSARM bolilthe SRR distribution
enbodi nents, the invention produces a hydrocarbon

ReoHisBSHE 1 ©And 434k °Cinse Liatned hatlrowé%@tcoelmﬁ hpm of

Mol Y Rl @I m i h&RS the SR & #F%dQTa Mﬁ&ﬁﬁ%&&ﬂ&% Q%Mlidé‘ 9
a boiling range distribution between 38 0C and 200

pequcy tharingluden,nednerdry deasapos feed with oaner mere IC@als’tts ®. produce

S0l BRSO o
Ihy&dxr@@e%ti@rand @dﬁbMﬁat bn hydm%s@m@@dta@g Avagie Nitpgpm content of
a{t ﬁ]eag (%O%E] lgﬁ IT*% g ?m%f H‘)?&rgca?oo%ffee%r ﬁqyﬁ%{y (81% of th%rcgtqgﬁté g%{s at least

es’ contacting a rocarbon
(M)lt frammef @r onpe: watlalfiyst Goltion podta Perialit ditdd amplf@doe br more

that includes the ¢ e duct, ei crude
PRt S SRSt o R o Vel g i Bondin o
dabysh ym(cmaﬁb 6 mefat edalpavbvige apdrasize dmrin:)nmgﬁmtlcmmlempore

f at ast 0,0001 ram of drocar bon feed
Gl F25ier ot e o Pt Gom B SB g Pagefons
DpreRGR oDkt 16 & MMtaadl § iR Mufze bameatt 300 °C h@prB&tﬁdeQﬁB &ude
Tabl e and/ or one or nore conpounds of one

TR, dher e e OG5 3ot BUPEST ORICR! oFabIas 98 e hese

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

a total product that includes the crude product, wherein the crude product is a liquid
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catal yst, the Colum 6 netal catal yst having a pore
size distribution with nedian pore di aneter of between
wG0aM4ssT ons and 180 angstrons; control | ing CRCE/HSL00TIER0433
conditions at a pressure of at least 3 MPa and a
tenperature of at |east 300 OC to produce the crude
product t he crude product having a basic nitrogen
er&t 50%1 andO H\/IPQO%O %gfqr%p ebon%s'e m trersPd% con%ontoF eﬂtleast 0.1
roca feed one - eno Nt s Hhe
grmepﬁr igtm pﬁl@\drodmomfea&talnd) dt lodst poead tic dagd}atsasr old€inable by

duct, that includes contacti a rocarpon_feed
ROTiE 8 sbibhe] ST ahe S0 RGO R TS bR Pt Tebte
dnbgk ohd @l ikete SorhfiRindy dfd@e Pr did Glictalyiemn €olunih@ofh¢ B&iodic
roduct is a li UId xtureat 25 0C and 0.101 MPa; the
'ﬁ%? & BBROT: é‘B% ‘é‘g CRUAGITE CRUIHQES AL parig! Pregsyag ofg 1

IGKIAIFEN PElEashB MPaQihd B YhiReEMkD 6Nl che ol O@f(bq)r@ﬂucé @@%iud@ PR duct;
of the catalysts is obtainable by conmbining

BeiFyeT praduct B%Véll'%ﬁslie“ Hrensat ofst @O?Fegp% o ﬂi‘errﬁﬁ?l‘@ﬂoﬂﬁﬁt @ the
Blirdch®orEhodi ¢ Tabl e and/or one or nore conpounds of
one or nore nmetals from Colum 6 of the Periodic

Tabl &8 sepggerabaglipgiy the imsatiInTe Yigds| a4 jghadom trarduring a crude
I%Q&lﬁlt ﬁqhﬂﬂau@efs AnRBGde AlydRI-8PSHEd Rt BHIGABER Ak Lt%ﬁ}mduce

MPa and a tenperature of |least 200 OCto produce th
ot progeas thac inclut¢setheerudieprpdust nderckrahe pgdapnodit dhpeliquid

rﬁf;;g}rg RbsOL 4 ﬁ? 9 ggﬂv]ﬂ%ptoﬁ% ﬁ%dr%%%bo&%ééﬂﬂ? Yﬁ?ﬁ% o festileMCR)

ocar bon ments e 1 nvention
qnevi desleast (WOHbgramh p@rrgmdm of mgr@aton fledpmdduletst bixadf the

es contacting a car%;o fped i
crerlga?yes%ql %mo e glege},lso 1o u% g’oa ﬁr}he ﬁl%:ctrltatl't])h N&/0P5ne or more

aompbundh of bﬂmeoramaml mepisdeue Columiﬁércé |th¢ Rehedlc rnaﬂde amr,l odelat more

s a.li 101 MPa;
el et P e by o B A B e Pt g of one or
1660 hedls Bdm @olun@d It 100f GAPerigdia Meblpaind @6@rdliafy contacting

hydr ocar bon feed; one_ of thfecatal sts

t
{RQUioRy AL BﬁftlﬁHF%SS?iﬁngbgﬁ?gﬁg %? edraimMEaand ¢ aPBRYTO & least

abteao 9@@&@%@&%@@0&@{ ShCRMRPIGHSt 1l in@RVIOR cBRER of at most
netals fromColum 6 of the Periodic Table; and one or

905t &f theMaiRscampeaholcht ivdrecathon feeds whdidn METR gt 4 germined

]%nlggml\@agomﬁmre conpounds of one or nore netals
rom Col uims 9-10 of the Periodic Table; and

cont ABpIRIRMRAgHAES e dn\Eatien RIP A aartlet%pdpé PEqdyFing a crude
]%}B(ﬁl%ﬂﬁﬁtemaﬁdeg%l) A ngfor ﬁforé cea@ﬁ};sts%o YR t%q% Eone whe e1n at least

enperature o east 200 OC to produce cru
peofl thetcatalybie isor Gdemp b owbied cathiasti wigerein MER ademn émetad)tatdr/st is

(ﬁ}ce(? gf%e{ﬂgﬁ Mgﬁi‘] &R mc&ﬂ%l ?1]‘ ohg'gr é/rg %&Woﬁﬁﬂf 6 of the

er el conte eterm ne Yy tho
1194i53i0 . Tabla asd/neone wb odrenanipsynds lv€oneor emirg mntabrfmm delgma 6 of the
15T?18dlc g‘agle Wit % %ﬁ)o%? zorc(l:n;aij %e tlB‘ n%]l gea 1tnh f,] trlglggllreuto aif%rﬁpeerature
aﬂaemes;trzoafc kcef@ﬁh adried Gﬁlutnlﬁes rﬁﬁil&hm@&s ccbrsacang:@ hytl’mcaﬁz)on feed
witt t%le drlec{ 80% n'6 meteﬁ cata{;/sttt(l;] Ie)roggce a tota?prgguct that 1%%1%&,% the clrude
product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa; wherein
the hydrocarbon feed has a residue content of at least 0.1 grams per gram of hydrocarbon

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

sulfides the catalyst; and controlling contacting conditions at a partial pressure of hydrogen

10
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produced by the nethod conprising: conbining one or
nore nmetals from Colum 6 of the Periodic Table and/or
WO r@8/04578br e conpounds of one or nore netal s fPOIUS2007/080433

Colum 6 of the Periodic Table with a support to form

a mxture; and heating the m xture to a tenperature of

at nost 200 OCt()forn1a dried Cblunn 6 net al

%OF ﬁea%%t gI}l I err] ure olilgtqga% such &1 I‘t Erﬁdé h%d dcrt h sda

msal oprouceao‘f rodfuc

Ibshate donehtud eSmbsh @O%rqﬁ d&: pyideuohtentwt @rediydrot ifrbon:feekﬁ e

prod IS u id mxture a 0C and 0. 10

wher g’il FP%%“ P‘Sé?]Vef‘té%‘oprﬂ‘élgeSé‘ IP%@‘?‘%H@”&&HP%HF“S?

Iﬁbddce&hSﬁ in€ludes gﬁraamn@ e my@b@dirb@ffedrﬁyxdm@ﬁrd@ aivrd @edystsab @roduce
erein contact of the drocarbon feed with the dried

%Q%PS?E‘E“ St ynglydgs t‘b%‘fftlﬁl%ﬁ/ PYPCE iYhefeeige pide RREuAtsat liauigh g

BRAkE & J51°0Gin8 ONH ASAHaNGe ﬁ@d}dm&b@rféecﬂtas a @t t&tent of at least 0.1

pressure of hydr o%enof at | east MPa and a

FERpRA &t of hyflrogarbpprieed: andpt lowst %It?rfﬁ tharatalyshdagtgepst 0.1

f1.ad g&t orlha9f BarkIGR] HUShe @8 Hofthet@k R (MShin §0YeePefififc Table

resi due content of the hydrocarbon feed. I'n sonme

W96 B NREY CQAROUPGRE I90E BMpieavddelon (pbitnioeloighe Periodic

PbRA U 818 R nrdid&a R EPAUES KIS 1 BELY B&ER Ak O RChEGof or

hydrocarbon feed wth one or nore catal ysts to produce
more gprapoyndodiuane ot mate meiels frdegCalinansct- Ude! the Batiedic, Table, and a
.aj he. cr Xt ur t oC
EE! R REOBHER: b ek b S0 3 P
@ombléng cafactibg d:celdslloni)atk pgrtahpfespele ofj hpdrogen dfiwdiegse 3 MRarand a
tfgr%ﬁgratur [ Ol a?lseésrt S@f iCmo g)]gocﬁ)lc Ehfh ad tp%:dé{&%tﬁ% cide rodlgc? Islavmg a
Iﬁﬁﬂl&' @nienamnaGabu90%6f die rbh@el%enuem;djf me'lfﬁzbioearamdf’e@d one
or re co nds of one or no rom Col um
IR R A B e R (R R
ﬁ@dwnmst iflclddds 0bnthdtiag Refudo ted wlialkine oaneic@htayke t(DIBrodI[QE—: @ total
nmpounds of one or nore tals fr om Col utms 9-10 o

RYH@CF%‘F“’I iBarees fgrnele paogicia VoGP R Frdediradyct 5 dtlidgid “W“PF? at2>

@ R, @0 MO thelhARBEQMatial WRLuS Borfer@ Bflat 3kt 0N 2@ per gram
cont roll |£1% contacting conditions at a parti al

Efﬂlb@té‘?ﬁs'tﬁne &f thegalalysts hagppergram gf catalyst, at least 0.3

ér?rﬁpgfr @ﬁ%r%&é mRfals! (RAS ol ARs BG0 LPHRPREMEE T Akl d#@8e or more
product, the crude product having a residue content of

GompRpRcts 06 9us Gfmare, @em,sgfmm@ol@@m P opthe Prgodis Eighds andhphinder;
t
Jnngt%ﬁnot(rjdllgk}gs&r odﬁgt&géhm ap a pr &Jé&glﬁr@%f]%r@eggf ‘?éas@ MPa

a crud uct t incl u
fmdrattgnmqrfngre af @trlensemOe"é?cﬁuvh thht therudey pm@rcehaﬁaitrashwognuem of at

rﬁgs?gbl‘%%f ﬁletrgs'icﬁ!e cB;%t Igl(l)(l; Eheglgé%ce{rg f{égds s the crude

product, wherein e cru I's aliquid mxture
at 25n @@t @iras, Nﬂ@anvetlthlm ctescudbes i medholh aﬁ/pm@lcmg a crude
of. at

%Pguggtlfllflt elgcgl’%egggnt%%l&g 'é1|hﬁ(%8(f‘aﬂ])oél asffdg‘g ﬁ%one or tn},(')ge caéa)tl%lslts roduce
@) poaict glaaimndesard @bdsprodut, wheast thd ciddgpatect ofa hqilmi‘

ta 6-10. of the P di |
Shrer 2anE B Dbl 8o biRee i Tetina f st o oL et 0.1

dri0§p Rt AnnBshy@rotbod febitenderleadbte of i cﬁtal}a@ds @:)t;hhé[]ﬂ’fﬁlﬁy;
%%gggg? érnglflflzrﬂf&}dgglg{qggggrll g\tgerq%g ggtlflgllg%%g%r o? at most %068

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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and a tenperature of at |east 200 OC such that the
crude product has a residue content of at nost 90% of

W@ b@sinesstdue content of the hydrocarbon feed. PCI/ES2087/080433
enbodi nents, the invention describes a nethod of
produci ng a crude product that includes contacting a
hydr ocarbon feed with one or nore catal ysts to produce
Dr TR PRS0 A NSPHIER IR RIS s e
tamperBuikQil 1dR200tGeo trpdumeaiar dvode freddt; fesralerpesiuduaving a

ot O ot pad O mune P F RSk PRI St &R ool o

by cabimd digbodandtitd) &fealhveﬁt)ldlﬁﬁoh&ééiaﬁ@etﬁtm apeddagifg a crude
article dianeter of at nost 500 m croneters; one or
IﬁBﬁ‘”ét &’%tt %ﬁg&ﬁ COUTEIE ﬁﬁ%drécaé?ontfﬁ%l W PN @O aly kg peyduce
DRI Ploditd ft BONBAURISu@S prodRt, WheRRT Be BRESPSIE BN liquid
Colum 6 of the Periodic Table, and a support;
‘iSSP ol amﬁ@-lebMPée@lF H&jdreﬁﬁ?ﬂwf?%s at 15%05ﬁ&Pf ftdgast 10 cStat
PrE]S Uh@atQbash TP R aQfy sk ASHiMib c%ﬁl@ilﬁ‘ngt: & MRS ALWAS fines:
of | east 200 OC to pr oa/uce t he crude product; the
ewaBOopT B fromdvilvgn § of bsiPaiedic bihlemmd/aspnger mers cormpugnds of
(Qf(e ok Hl%rer rﬁ@thlg ﬁ%mc@(ﬁltlrﬁﬁ% _opfhe tPQﬁocﬂ(y "la*lz{‘t@ec, %ﬁ(p ? Ehgpgﬁ;ddnd |c5htrolling
sone enbodi nents, the invention provides net hod of
qenBding evgdidorsrat o parpalgdesstre phipdroges bliderost 6 MEagnd agpnzperature
i : tS.; e
b e e B e R
avhenedfnt mhe S0fudehegrydatgatbon Bed viseaqgly.d m xture at 25 0C
and Q. 101 MRa:..th drocar bon .f eed S vi scosity of
201 g fRih g, U SERGRIER I GR%RDRT) AythagRR G e,
wnatal ysds, il cabbainmt@bheealbfrora divhinm Mg thaPeriader lbleaxildeone or
fines; one or nore netals_.fraom Col 6. 0of th .
BRIF DU EB) W Sh AP Br S B SRR £ Shi6 EHiRo ahl & hgfpin the
JIRiBt B taglofe diZc@BuGakionwith adledian@oRarimadiref Tabdseso Andd the

support; and control]ling contacting conditions at a

PEOeH ‘él"biﬁ‘l'né@% EW éOIBIPm’r‘i‘%ar ‘6‘5’@??1 B’Fld%flg%§? Ofe Wrﬁﬂémﬁtals from

¢ SHRE b the PeRbAi@TaNDSIA/ RO BE of MoRS @eipeends BEof d# e re metals
he crude product having a viscosity content

roduct; t
g &Pt OlBlmABrdicHab iy MlocHPIEn feed viscosity. In
SONe £ ARG} dTRNYdinents) RaluR4eRh PRCIRE BMbARSeds 8} B ¥ohlbined
that includes a support, mneral oxides, and one or
Wit atees d1og) qthey ipwfs ehgrfex ppple Hetinge frem pap prbedigens may
2B Bl (GATRONIE S Ol ANERGenfBliGie gL @l s from
Col lemneg%t i&ahe Per 1 oni C tTa@lne,e V\,helr g?ﬁ t he catal yst
has dn pother nbodingingy eiuieipriodurtsmire pbtainahdelpamnypd the methods and
' . Of .l east 80 A and the catalyst is
S%%?%?E%Bﬁﬂgedg@eg{jnbi ning: a mneral oxide fines; the
one dn furbeecnpfodimadngs, sdditkapat fSghigrmap boaddeth @ tRe ppecoidicc
(;I'aqk())l %e%gdc{eg)rr. t(Fﬁe gne or nore conpounds of one or nore
PRSI S8 TR ™6 of the Periodic Table; and a
support. | n fBRIEEDESCGRIPIIGEN OF, THEDIRA BANIGSOM

speci fjc enbodi mrents may be ¢ ined with featu .
£ om SR RbaP ey St B BRSTE ropust e B8R e ar
Wit® e berAit of MY 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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be conmbined with features fromany of the other
enbodi nents. In further enbodi nents, crude products

W@ e@sokt781 nabl e by any of the nmethods and systReEUS2007/080433
descri bed herein. In further enbodi nents, additional
features may be added to the specific enbodi nents
descri bed herein. BRI EF DESCRI PTI ON C]: THE DRAW NGS

Adva%é? ?A ar%thtlJ]are R hg]i%gtrl](% olf emE cflmenr%% g\f coPtﬁlcttu}% sm‘:tems

apparen 0se. 8K he ar penert
inefluddm/ofoohth«:tmgzgnaéet a| | ed descrl ption and upon

refer any n

1 © S IOS A e EerB FAERERED Bt By Hob Bty it
iﬁMﬁdleﬁﬁieEb@acuag\z@té@I 2B are schematl cs of enbodi nments

of cqn t|n ste t i ncl two contacting . ,
zone% (LJT—‘IC 3?18 “gjiﬂgl Pacr%tloé‘fm%%’é‘(fafﬂﬁg’ﬁ?%“ with 2

@Bta@mgts@g&mng systens that |ncI ude three contacting
zones., FIG 4 is a schematjc of an embodi nent of a
separt 461 D ape@natin obBrARIdIahokg Rendipeong Beemhpation with a
SMet@Psyfibée S is a schematic of an enbodinent of a

bl ending zone in conbination with a contacting system

FI G G Gis 4 sshematiael & ebodimeahpiodiombnation ofz separation zone, a
10 &g{gpﬁ&gsﬁ,gtglg af a%lél%&%rzéﬁé on zone, a contacting system

and a endi ng zone. “FIG 7 depicts a Raman spectrum
of a Hianadiipiaty cBamdnspectasndofsaanasligm pashly$idahvarious molybdenum
o}% |ysts. FIG 8 is a tabulation of representative
perties of crude feed and crude product for an
e nbod%I(ﬁeS]ts aofbutaoint aCtepregentaniee pnopdees‘ @ edhdeif¢ed ahdhergée product

ora .'Elnal bsot ?menﬂﬁ%on?agtlrbg tfll %ugg Ez th {h Tee cai?a }isE ation of
aver age enpera ure Versus ength of run

15 for &mGeQTiSta@mamhmhl oprecantiacdf mgﬁttkd?av@rajgdbecftemﬁemtel‘wersus

one, o re catal.ys FIG. 1Q is t abul.ati on

P Sl SELRINREY cop? DR AR ise O e cayses.
produtd. f0ok a aibuRAGOGM R BdenQfiveRo@Gdsion grutld &ed bitlaudegaeduct
with two catalcysts FIG 11 |(iwanot her _tabul ati on of

IPEH} SRRt OCoplging by eRIGRCEMINEYt @&dYSind cr ude

produgd. 105 aithce PRI BEM re BEscaRNVASbpdIGeston Bruaé @ ad @ tde
with two catalysts. FIG 12 is a tabul ation of crude

20 predt R g enRRIEMEL gherifastingthe ivde tedaith svofatElytit- act i ng
cr udgid;epds a Wbl bPo créiclif @80t raa bRUYES fof ¥8b&liRents of

contacting crude feeds with four different catalyst systems.
FIG. 13 is a graphical representation of P-value of crude products versus run time
for embodiments of contacting crude feeds with four different catalyst systems.
25 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.
30 FIG. 16 is a graphical representation of change in API gravity of crude products
versus run time for embodiments of contacting the crude feed with four different catalyst

systems.
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FIG 13 is a graphical representation of P-value of
crude products versus run tine for enbodi nents of

W@ vBa¢l7shg crude feeds with four different capr@l/ys1007/080433
systens. FIG 14 is a graphical representation of net
hydr ogen upt ake by crude feeds versus run tine for
enbodi nents of contacting crude feeds with four
di ff %rlé.nﬁ i§ gt %'pﬁ{'sﬁl r%;{'gst §8on oFflocxa e%scorlltgntae geaPelalir(f %leigh
represen ati'6nrofr resrdue cont ent., expressed 1n m5|g%t
peteaapt, af epdofroductdersps anutiestfov entsusmeninoftdonectingrerude feeds
eg?&pinﬁﬁts of contacting crude feeds wth four
il ouE SHETCRLPIIEY S SPSt ens. FIG 16 is a graphical
re pg&&@ﬂl’&'ﬂ B %uﬁfioﬁﬁ&@@@se?ﬂ’ati%ﬁg@g@ésiof yruaé ]fe@ﬂ bhdﬁcrude_ products

roducts versus run tinme for enbodinments of contactin

ftgh@n‘&dﬁ}a@t% Peqnigiting Yodrdedped witheritalyh pxgiepshat el 3€ vardhs

HYSBIB a Mofgbddnlint Satdy@hRPH Hadiuh REESE B IcARlyQfsystem that
oxygen content, expressed in weight percent

age, of
i8¢l iﬁné‘aﬂl@tcétalyétraélﬁé WdF?WV%%ﬂiu@rPéﬁ‘&ishé?f?‘é,’l%ﬂlass beads.
cont 341 G & E%Qgﬁé@@f%‘ioﬁ&de'@ of SYlie fdbd fRrent p@&ﬁléds Y&t

systems. FIG 18 is a tabul ation of representative

Priwgepanised coftacting geide Eeds wirtponer dorpeasyftt & vasdus liquid hourly

§§ggqghg§@;s of contacting the crude feed with catal yst
ystens that include various anmounts of a nol ybdenum

cat alfjst20and tahulatiormeli uenceizes af grode fepdstand arudepraryess for

. . ot

BTk A bl el Be B IPACH G Bhphac s,

FI G HG. 1lsis a tabahtibratfi cowledéedpmd pexlt peduas foc emblelifhessiof

and crude products for enbodjnents of contacting crude

Bl RO BHEET oicBler BIPIRUTEE 3 Var Cous 11 qui d

hour IFIGsRaie e tabeladai ofi cesle fdd@nd 2fhde produdtafou b@abodimens of
roperties of .crude fe and crude products for

%ﬁ%@%} %?3&%?aigﬁ?ﬁgpﬁﬁamFﬂgx%ﬂﬁﬁe feeds at various

cont atGi 18gs b &FpRLiad o8 8rockrbéa fedd dnd Gud prédvdl fat édBodahents of
crude feed and crude products for enbodi nents of

©BREHE Ty Fprariop ligd WibdWOCHplYYr-eat er t han 500 hours.

FI G H@. 145is @ tdbalbbRbf roRirb6if 146 afdeesticanstives fdl@nbodiments of
products for enbodi ments of contacting the crude feed

RntaRting hohydserafomicedvadihygp catpyets- 23 is a tabul ation of

hydr ag@ran » {8eduanst i Sbo! R84 eda dr@d preiRe fir AR BhhBodhent of
contacting the hydrocarbon feed with two catal ysts.

Ep@ctipghe Bydgoqagivnfeselivath agfricHygrlydar bon feed and crude
e R T S
frydfiocabdionerfteddreairde gou hyrvea vt exduple anhedrbodenelite of
GONHACHAP LR QUA" ASREREBe fifRN b theArduiRbGRE AbNTla
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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Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
W@ rinsmiITent s t hereof are shown by way of exanpP@I/Us2001es0433

drawi ngs. The drawi ngs may not be to scale. It should

be understood that the draw ngs and detail ed

description thereto are not intended to limt the

i nvent 0 -t rticul ar f 0 t.on the
contr APy B e PRpRRAPL I g0t bt I g ono.
WmmﬂbmASTMwMe&bﬂ%ﬁm ives falling within the spirit

T OR3Pt o

atiedirienireduof art hedddtmentl b nSTM Blets OsePed her ei n i n
nmor e detail. Ter .used herein are defined as
Asnlioﬂrnéfr@rgg RN en e brdsiendid 196 b R K o8t i he
rbddcSare &Pdet@ﬁ@éu by 'ASTef Bletoll 5861 udésd binkitvigd mdiioBed.
OC 60 OF). APl gravity is as determ ned by ASTM
Met holfs B% @?nesAtr%fﬁ’is do WB?@@@@%@F%@W%@“W“@% nft
LPRADORsREKIER N AR eRhint DSy A¥ENOAaREPD2hEed and the
crude product are as determ ned by ASTM Met hod D5291.
Boi | i"hgasrhrlgeedirefemithgphdisgesithat aenasohply g ddicbene f eed,
Jsgl%ltteﬁés%nt%%déé%terrmgdE’}?Ak’f‘ﬁl GEHMEeDpRERduUCct are as
erm ned hod D5307 unl ess ot herw se
ment i“Onkighn X @@ta!a@p mefbrs énensor mwfremstals of é?sbhml X elntés Perialic

AR P S0 R 0 PSR STER  o
Teableg imswitich Xsphaﬂpbm:hes a télamn anwbér®o kxanipde, |1nl2m ohibp P@mmhc
'%5;87[ op 8‘;'8%}6 £3 grrﬁ%l é?e(alfs)’ar%fe?set% %5 n(])rnn?(gre kI)I}étal %I(%\r/ln ME umn

ers to one or
tl’[EPﬁ[@thfab@Cﬂndm on¢ (ﬁfmd:rheorﬁiﬁmndth@nér alxhere amblls)ﬁfrom @eludin 6 of

tFDE rtgag)rnds of one or nore netals of Colum X of
erﬁ’élf’o ‘% Table, in which X corresponds to a col um

nunb e‘Co(uh@rX emmemtse reflersl@)on@br hbe eRafeh@@r @oﬂiﬁiﬁbﬁof th®Periodic

ex " Col umm nmet al refers to one nor
TFé‘?eaF‘%d “?W&FrP’GES‘P’i?r?ﬁmBO‘BFS éﬁi%—?e@é PIOGaT EmepAT @0 ?Hﬁe
199i0 R '18bIE GRRAIAGS cifesfiin@s @Fa Ik ARERE Fof Jx@ﬁpféowm; of the
of the Periodic Table. "Colum X el enent(s)" refers to

i Hsr BoepaneRt & bmiob] Hens5me EHdo pad rgpTe clements from

dABhE 15 8NEL PLriQNETMie HR/R o OTMAHIESnRfun@N BE ofMHR clements
el enents of Colum X of the Periodic Table, in which X

legn Celyponidofthy Beriedie dablenunber (for exanple, 13-18) of
the e [H %%P% O-f?'psl fg)phé:a(ﬁgn Wloﬁa metgfﬁ&%ellﬁz iodic Table u\)}/%ght

el errent to on nore el enents rom
a3 coﬁlpollmel dbe mietad ifronThb Pericdivdlable, wrightort armle@lemdmprothlﬁ dreriodic

f‘)arbl Qlewglght%?'égoﬁf)oqﬂﬁ Ia% #n 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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from Colum 15 of the Periodic Table. In the scope of
this application, weight of a netal fromthe Periodic
waamBe4579ki ght of a conpound of a netal from tPEI/US2007/080433
Periodi c Table, weight of an elenment fromthe Periodic
Tabl e, or weight of a conmpound of an elenent fromthe
Peri odi c TabI e is calculated as the wei ght of netal or

T\/E?BW%I e fee f re?ers [(r)ea crudefFa%El/o {l s%tar?ta%eﬁl crude 1‘hag s%n%e geated

use gram o e'calrcut
wedight of the rml ybdenum metal in the catal yst |s

Che’ CoRiR fRghSly BARM Al & eI brL S sl o e

dixhyrelthacanion tHeaadlyseddrial locpssimduct , or a crude

prody; expresse ht. fraction or wei .

per ceﬁf%ﬂéteb ?jtogwglioﬁ%%?‘%t“&@ R g range dﬂsﬁf@”gﬂ‘bg‘itiyﬁ?nezo“ C

(4@!&! m)rihd B&S €1 @50 OFRRADNE1 PP, Miduillhe RoMYnt\Weds@BtermiGEUBKEASTM
refers to a crude and/or di sadvantaged crude

Mﬁ@? P$34% be treated herein. "Crude feed/total
pr odugkeeFlatdntdF §efer9fo 0)@/%&{ QRRLHD ﬁn({/&esqffﬁmoﬁlanﬁﬁ @ﬂthQ olecular

refers to the m xtur hat contacts the catal
Hye st @rhaéregagbwg Hetqpaieips ¢oafeat is g fleipranined by Té\éMQﬂmdg

%8% *?oﬁox*?g b@%zr f%f‘%?al ﬁi!tl%géﬂ Qﬁ’cf]b@ﬂ%tf&ts‘ﬁlﬁ&n ‘%Qél Qagc(n“@&en
43 0C MPa. Distil

r@@rﬂtemtrqgsn gsnmn@rthat heﬂ: W%STMS NenHod Bmemvrpgen (“bn”) is as
6980 ARG M 1(,,%{ ‘35%)2 & Oxygen, nitrogen, and/or

ur contain e nol ecul ar structure of a
hydr O‘Hadlbozrrboﬂ—kecé’rrefatsaﬂs fed mliae imcludes fa@I‘QdEﬂbQMSmH}@chbl}bon feed

ASTM ods ) D576 Lota
REGn DOCR a el O sFRED R AmARG Ll 80 B g

ﬁmaﬁ eafmeﬁyq)rasuetses) gemixxanphurds Hxbhaplehatieydeocpitan tded bbasied from

40. Bas tro en sas determ ned b
SRRy Rebwoa esdubsb ST froliby e Bt ST N Ry
Itemlie gytﬁd)dgdeas mnﬁgmaiaw@mssodc (Iwmﬂqa;rdrlﬂﬁﬂugee&@rdmy ;
I ncl yde ut 1s not Iimte to crudes ] Sa vantage
cr ude§Iy Ry HL&EF b Wddiosen 2o “rOéPfHOH%‘HP 8%‘ SupRAEds that

\Qllienrﬁ_l ﬂkgﬁ&é‘nc@ ek ﬁﬁfr@caﬁ?@ﬂ%d@ﬁd ee claﬁégfrsﬁ@ﬂ:rt Roprofi@ERlydrogen to
obtai ned fromrefi nerfy‘ﬁgr ocesses include, but are not

qonipPERds) iy the ihadigeariang ek, A BYlpaen seuremay nglade b is not limited
tb et@'dﬁié%boﬁk\’(@d’r%‘x‘ﬁﬁﬁ@ S, t@ @i, hy NeaaRAY Qich %§m@t@a1(e1 O85heOfibpane,

m xt ures t hereof Fydrogen source" refers to

fw&ﬂ@g@ nWatgih gy @rxttae%tbwmfu rdmasi dABRceBRS sRBdICte 49 asapre the
| yst
delah B¢ BF @?g&?g gR)fwd@d e O ﬁ% (@)ﬁﬂﬁc%ﬁﬁ%@&a ys

react to hydr ogen to conpou
hydr 6tht plat cfusk dtrenAthhydﬁle dreepnzuessive foregneedas]| tadaish podtalyst.

1%11S§/t dﬁé%é et H‘Qt}eﬁgt shets deA %@ﬁfgng(MaﬁocFﬁ@mél e, G to 4

rocar ons as ne et hane propane,
“LLHSV” refers to a volumetric liquid feed rate per total volume of catalyst and is

expressed in hours (h™). Total volume of catalyst is calculated by summation of all
catalyst volumes in the contacting zones, as described herein.

“Liquid mixture” refers to a composition that includes one or more compounds that
are liquid at standard temperature and pressure (25 °C, 0.101 MPa, hereinafter referred to
as “STP”), or a composition that includes a combination of one of more compounds that

are liquid at STP with one or more compounds that are solids at STP.
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and butane), water, or mxtures thereof. A nmass
bal ance may be conducted to assess the net anount of

WO yeso¢gen7 provi ded to the conpound(s) in the PCT/US2007/080433
hydrocarbon feed. "Flat plate crush strength" refers
to conpressive force needed to crush a catalyst. Flat
pl at e crush strength is as determ ned by ASTM Met hod
D4179‘P 1i dHS}/Ibler”ef %o Ehte PRridde l ta[sl s%eclltllf%% qhg Fﬁ?e(%n rtl%ltlfﬁ Umon
per to?? une F an exp fesse
¢fPuile) and A'Exphal Chmhmn;e(ﬂdf’A@BMlvgmlberQGOB: aI cul at ed by

sumgt j on of al at.al yst vqlunes i .he tin
zonee Ml andinyB T Righal atith HRE g ot A b i gtats.
AncG ARPHS Ichﬂoﬁﬂurﬁ ftombighttde he@de Qoo &f ﬁl@[mth ﬁﬁ&l tanabf
are |i st an era and pressure (25
%@‘nl‘baci te“H‘é‘FgE%gﬁ‘MnﬁF@P%ﬁrlg@ to as "STP"), or a
co rrpmsfn&bmrﬁdﬁatesrdﬁ@i (R R PP 10Qu@htit§ BEconTBYidie
conpounds that are lLiquid at STP with one or nore

TERAPEEHIET PRBtrnend prTolsis af a gpiralpeM(Guiogieraippgdetermined by

Ashanieth@ bdszoPeri odi c Tabl e as specified by the
International Union of Pure and Ap pl i ed Chemi stry

(1 UPANolythlermaneratenp mohe hydrepgios feed” rrgrato tb%qunsenbrf

ﬁslgm%h&n%thg $eed" %@ﬁwh@d&hh@éoﬁaﬁﬁh@lh&bs 1R b1 R3EdRL
Zl NnC arseni c,” chromum or conbi nati ons

mplabdeofm and exganantyhsenyreinthe feedy Mebvailenyal costeof indlregani c

A5 5 SR R g 01

content refers to a
q uant“Ntayhthﬂ” refarshho hydresirtgneomeorents iwig adjdrlerg renga plmtra:turiom

and Q S, u
AR S SR Reafe bR adr b bt B i Rminin
demrmhedbymswmmbmndbée@? refers to the content of
nol yh, in the fe | ybdenum cont ent
o SERA et A R e B TR S S B 0 AR
or garow/sedaruimrBrs thée teaeht oVhik ¥ deRatiuG aRineft cotbinations
as detern ned b ASTM Met hod

he hydrocar bon feed i
tE‘ETS‘éﬁy'% Né(b(ﬁerfé’me%‘fl%lwi“tll??r%ﬁ?&r%@% (ofelni B%ﬁ’é‘ﬁ@%@mw“{‘ﬂ
#AdRP bl ﬁ@lldl(@ﬁg aﬁdvﬁﬁefdhlblﬂtah@ﬁrg@ﬁﬁﬁ@ﬁ%ﬂm ndE (GO} content is
and 200 0C at 0.101 Mra. I\Iap tha content is

§le'i§€{“é?4‘r‘i’3h‘é§TMW% M¥Bhod D5307. "Ni/V/Fe" refers

to n"‘NIﬁ?}m3”Y§&§@H #Pnal B m¥rs 605 'p&%bfé'?ﬁetér%?ﬁﬁﬁ&carbon
"Ni/VIFe content" refers to the content of nickel

foethadi um | ron or con‘ol nations thereof. The Ni /_\// Fe
cont e‘%g il 3 0hRal aﬁﬁ%%ﬁ'co ﬁ@lﬂﬁgi Jgf@r@t%%r agﬁ%xygen

conmpoun or organo or ganovana IUH] d I
onpansis it lmtrd@ wr@@mm@rbombc NCOY) Ewup.oNbeparbixyligsontaining

%In% {Qyng co%o&?ﬂs%%c%l 'IQLQ aB% Pﬁmlt%({ {%Bétﬁg%s cglcq;c%Eh%rst, Qlcohols,
ers of gas per cu net é
dyydatecdgobols, ketones, aldehydes, or combinations thereof, which do not have a
carboxylic group.
“Non-condensable gas” refers to components and/or mixtures of components that
are gases at STP.
“P (peptization) value” or “P-value” refers to a numeral value, which represents the

flocculation tendency of asphaltenes in the hydrocarbon feed. P-Value is as determined by

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

Wm1084#787 a car boxylic (-CO -) group. Non-car bRXUB2907/080433

cont ai ni ng organi c oxygen conpounds i nclude, but are
not limted to, ethers, cyclic ethers, alcohols,
aromati c aI cohol s, ketones, al dehydes or corrbi nati ons
t her e h. do not have a C,arb
" Nom- g%r’ﬁ éar%eaeol emedran pore ]dramete (r_)enveor% S er torpore
diaméter; @sdied p@o rnamae:ntaad pdsratvomme @&R&ﬁnmd @I’RSTMFMethod D4284
tlzatlon val ue" fers to. .aa
OBFBE Fth ity 5 Easiobete huiPioBenl A TbeuboraRhr
iasphaht @nesnichtiédTac. hychiceq eonrid, €eSA.) hhaVak ued 8 dasrmine these
olaﬁ@erm ned by ASTM Met hod D7060 "Pore di arreter"
th an pore diameter", and "pore volume" refer to

pore “oblr@ﬂsﬁl@tarhcm@érm d@ﬁlﬁ)@urﬁu tRBicIdes AN RRE S nYRuBonded or
as determ ned ASTM Met hod D4284 (nercury

C;S’B}P&?é?ﬁlrﬁftthﬁ Hglfal gf thg Retndic Tabd e Qsgpgmetallic fg@j:nt” pefers to the total

dBhhOTRRdid1 i S e ()@aneﬁgéiglgc b(ﬁﬁﬁ(ﬁH&e Wrodd¥h el AR GhehGS as
Inc., Norcross, may be used to

Qf&l@rWh%AtSW%Meﬂhaﬂ@géim " Or ganomst allic" refers to
conmperpgqfhalsedk E@édﬁﬂ)%ﬁerﬁ‘{khﬁ’tf a0k Gmﬁ%;%"?@ﬂ%_é';g?tg&%ﬁqw\fe 538 °C

conplexed with a netal of the Perio
(1Q§)(g°afmcﬁﬁé@tamllm@1'f@yo‘h$EYitMeth@ﬂéi3§)7to the total content

g@clrmt: » }éi}&s tﬂ@ﬂﬁ{'&taﬁh/& %)kg HIPAUR g%%%r;tl)le Alétlbﬁ/lhx/%rto%eg‘taon

Organorretallc con I's as determn
587l proRes nduete. Sedierxst it as deompored hy & STNaMcthad 4807.

iling ran i Stri t|o 0
S5 S IR AT ORE) g s
ynpanr Kdrh@st e adiothe (fmkelnithlzdt B&S& pags0fasdod. i n t he

et or 8 hBansy RS enSh Batoe PEai %@ﬁ%ﬁg@%ﬂé&@%

det er“BhﬂMtd aﬂ:}(” bihecabigt s aklaétedniihddrtgt AOIM Mesiod(3EST" )
as descrl bed by Van Kernoort et aI in.the Jour. lnst.
Pet . f@%fe eﬁé potal ggid gpmberexpegsed f‘se‘?“élll%falfl% %a%%faﬁ%lH per

et i(&f enple, JAN RS d&t@rﬂa@d wfade veaRisgsaf eed.
Surface area” of a catalyst is as determ ned by ASTM

Vet ho&sgshwedyst reigNto pag @rore gatalyitythal haye beensontpded with a

Iﬁf\ﬂﬁfc%§§ﬂae@SA el lch@RATBc1ideS Dl is Abt 1R IRET2 QLA hah aﬁ been
sanple. TANis as det er m ned b%; ASTM Met hod D66

COB@é@d with alhydrocarpas fepdsand ovhigfehag pn e dythar yeptment hfar

coatacked, W th a hydrocarbon feed. A used
catg ?éhlencu 3@)0 is not limted to, a catal yst

t hat “N&S;O eters 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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contacted with a hydrocarbon feed and which has
undergone further treatnment (for exanple, regenerated

W@ 2008/0y558) . "VGO' refers to hydrocarbons w t hPEI/US2007/080433
boi ling range distribution between 343 0C (650 OF) and
538 0C (1000 OF) at 0.101 Mra. VGO content is as
det erm ned by ASTM Met hod D5307 "Viscosity" refers to
kln sity at 37, Vi sco IS
PR T P e L RO D et
c@hdetrhatﬂe P, vaa@t, |sﬂrs oi dombmanmsbmera:uﬁ dmnsthecxddct toctbrni & stabilized

| t f th trat
iy S TBReBrRE PR e PtBF pistirtely Brt R Ror
e@sing¥Re.nod may be nodi fi ed and/or recalibrated to

test for.s rt es mm e produced. and/
r et orstwg’bhzte‘?l 1%3}251? ]éfﬁ’ﬁ Mﬁ%@% M HRCIIR‘REY lﬁ‘tﬂl?ed ina
kdaBRens fa@ﬂhlt ﬂoéﬁéﬂuc@hﬁﬁ@ﬁz c@fn@oﬂﬁ&e&lﬂf §p¥01ﬁ@b(blﬁlmg range distributions
sem -solid, and/or qui d. Crudes mayi.ncl ude crude

<é<?r|exa@%mapli%tdrsal%atﬁw Cichandfere Sbiiating & Shobiiiiop i lades but

i aoAMRled b, aﬂ%bgﬁé?fémﬂ@tluﬁl BABKRE anWBL Bbuuns 8ktiSatioR ethods.
conbi nati ons thereof fromthe crude to forma

Wndigilled predoramfragionsed Haglizegicridgsnpoic gy capnogpntpbaihave a
g AR TELE k0, PIALIE L, B i
qtidet iHxhmpleapiotabilized awt¢sondideywhiilastrindds gdpped candey, desahieddrudes,
o or ; ) b
GBIl oGRS LIAS, FORIDED LD ARSI S b
mhas::mshdtahaa; lemmfaofdhmorﬂlpmbents:aau Irage mb@iﬁyg point below 35 °C at

[ I@& ncI but is
Gl b oy B %) BB R vesh Eeb Ralmshh b s it bave

@inehi dflaaogaro. lngtnhg dSmoiﬂlﬁ)d]Sgtrﬂrhd, echtand! @92 grams of such
unfractionated stabilized crudes may include

OBRIBHERE SRR BE0R] SE8fhon nunber above 4 in

quan womee&bmfze@dmde@ asie Pofer@k a0 altdw (.0 FRBIMEAE Gudee fo be
| es of stabilized crudes include

ram of crude.
‘g@ﬁ‘éﬂ’oéteé Fou‘iﬂ)&ent%% ng‘HEPﬁa%%tleScﬁ’ééréPstPQHat&nlfa%@“ (Fre e xRy

pipRed cGEd0aShips) REFRIIIBS haBSnd Mﬁ&@ﬁnsulta_lﬁ@ﬁ%ﬁemes that
refers to a crude that has been treated such that at

erdes themghwdymiagad Ristpepasndsridsaman By enagedpiblctng tpipagLation
ctlﬁlie@\ﬁhdof@f aoc%aﬁﬁengfa@@ﬂy e 1&19&@11%: a Bl Lot viiave deeen

renoved. Typically, topped crudes will have a content
@adzgnigepd pruge. 1Thgregpomig yalppmay b2 @5h dhabdrisseryeir @at ipglydes the

&s aggan%géﬁf@mﬁé thﬁ"gg Beegx‘éégl?@%ﬂégys toﬁ)%dugé A Qlortt R/ ﬁ@:ﬁe d

crude. “Sone stabi |1 ave properties t
al | oWreegics phdisddv aeped cdesmayinplads, barrsportiiodted ¢o: a) TAN of

i :
SS0NOIE PO RO AL, 5 ey 6 000U B o
IO lenose it uabe st thasv ¢0;ein e taal NIW/Ee i O Ileastm(lﬁ)p@? griams or at

lﬁ%s?{) Bé(ﬁﬁgng%% ptA t1/ @I%?)?rgg\fzgnq %) 8)?% ?a&i}ée 0683 r%(s:I Stk qu at least
0.005 grams of heteroatoms per gram of crude; f) a residue content of at least 0.01 grams
of residue per gram of crude; g) a Cs asphaltenes content of at least 0.04 grams of Cs
asphaltenes per gram of crude; h) a MCR content of at least 0.002 grams of MCR per gram
of crude; 1) a content of metals in metal salts of organic acids of at least 0.00001 grams of
metals per gram of crude; or j) combinations thereof. In some embodiments,

disadvantaged crude may include, per gram of disadvantaged crude, at least (.2 grams of
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carrier and/or a treatnment facility, thus inparting a
| ow econom ¢ val ue to the disadvantaged crude. The
wWe@ewRo#767 val ue may be such that a reservoir tP@EE/US2007/080433
i ncl udes the disadvantaged crude that is deened too
costly to produce, transport, and/or treat. Properties
of di sadvant aged cr udes may incI ude but are not
reilg{'fe atqi:asg() 3 %gams 0 es1du% at ie]as‘?%t T41ms ?farisd)cliu%%fsrtat e)as?fRF(}logrrams of

SCOSI eas
1g¥iduel. tIy s@be ermi&tdlrﬂ.eﬁl,ts ae d[md%tanﬂaged atdeahayiast a TAN id)a range from

15815 b Goba e i B RetebheeS Sal i earodifas, fapPpuacea
dréded) peh gtafr @ aAtsadiin @l @ide, Mhy Bivelagaiir Gn@of gt 1amoof)5 at

het at ons ram of crude f) a residue content of
18?“69@ 66%??8823 resi due per gramof crude; g) a

Cs agphahd @neslican ﬁlﬁidvﬁlﬁta@d chRR$have pRpelicanBluding Gt not
asphal tenes_per gram of crude; h) a MCR content of at

Ifraideshio) AAN frealest 6 WeRepE A e pen Spaiemd of phleagt 0.005 grams

&M%ﬁ:ﬂtpe %raﬁ%tf AlsgavhftafRtRldeSBlalS a9fhaRERR Bter 6] £3ea8f0.04
east 00001 grans of netals per gram of crude; or

grams eidpspitatiensh gertiun éwlsadet%ﬁémé dihigheit tan desired
\%C%Q %}teQ e I H}j(%t Y% H H&k&g& feQ@&ltﬂ A"I}’g%ﬁ(uty of at least 5 e)a

di sa vant aged crude, at Ieast .2 grans resid
Joaist of@lwlgmam;al@ﬁltw@ orgdoie acids oii adeast ()OS0 herams 06metals per

USde: BF b b & 9.grams of residue. In sone
%%‘ﬁgdl&ﬁe%t sf) he ?sngglil/ea%t aged crude may have a TAN in
a r arlg eorhg @nbddinienty; dBad¥attaged@rudds Bave prdpedies mcli@ing gt not

I n cert nent s, ..di.sa vanta
ltl:nrnﬁI QO ag sg)rasw m?ro engco tiersl’ta \E/lglﬁ gg&l ST of bas1c n?tlro\gen ¢ pounds
=u gifanr ofcdmatl‘enntagﬂif cra(ﬂe; b)aaslblyﬁdfﬁhﬁﬁl, coatend cé aslbasﬁ)o Qwtpan; (.ata

I t 0.02 I t dv

N R R R )
@mbirAbb@fth@tof] east O 5 or at least 1; b) an oxygen
content of at | east 005 grans of gxygen per gram of

di sadV/ei g EWH%Pénaycera f‘csefa%%af Syl el b feast0.001

dr@astat Ba4.005 Qﬁﬁls er a%as’@@f@m %Mn%nﬁﬁ dAB¢Earkhnd Wltﬁfa boiling range
di sadvant aged ¢ er than desired

s tERYEION OGWRERHPS efa‘(a}ﬁﬂoe °C9t Qégkwafaéﬁeaa M argearblstst 0-005
Fr88d oWht1BasAho 05rAL I)fyh}@foc%oﬁse\%% a Boiliff) rafeeC@MiMon Btween

metals in metal salts of %anlc aci ds of at | east

B066004 37 Zi (bXO1 AR leqsep Ugh srmmsfat lsps @03 @rants) or atleast 0.01
%I o df'\‘gf'&lfogﬂ%%ﬁshﬁﬁ?%m]#g} %@stmgg 'b&%&rfs%& °C and 400 °C at

nt aged crudes roperties | nc
(htil Mmeanéelt least 0.801 grapagi BastOPd gemscant kagt 0<§)ﬂ ga@tms of

Ig%i%%grbgnsqg%a S g e%? cﬁ&ﬁﬂ) IOH lb%t(v%&? 590 8%@@ SC Qtf(%; n(%l MPa.

ram of di sadvan cru bdenum con
of atDiisada:sttagBd itruvlﬂ:sppm 1nd)1dea per@ami uédlsaoimanaaged ofudetat least 0.001

per of di sad ant

iine Rs?o B ERmionat Rutlior BBty APy S ARG RHAE S
distrible®n ALYt e | QIO atpelo] (Ml‘&l‘fhtﬂéasdﬂ) G@ldgtaﬂﬁt agleaist Ol()(]ﬁi @rams, or
at | t 0. Oo,éwgra , | east

Faean T3 oo B S D e BB1 PGS URgE and
200 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of
hydrocarbons with a boiling range distribution between 200 °C and 300 °C at 0.101 MPa;
at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a

boiling range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001
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di stribution between 95 0C and 200 OC at 0.101 MPa; at

| east 0.01 grans, at |east 0.005 grans, or at |east
wW@:2®824gfans of hydrocarbons with a boiling raPgeUsS2007/080433

di stribution between 200 0C and 300 0OC at 0.101 MPa;

at | east 0.001 grans, at |east 0.005 grans, or at

| east 0.01 grans of hydrocarbons with a boiling range

S5l L0005 BRbST: HR 0T RN RSB ng Mutboll e
dieabutiod bedvegr 4015°(DdnditydrOeah. boingPwi t h a boi [ing range
D1 sadyaHOLARaTGR ORI hay TRARs” 2R e St a teas
@islaghvad) helged 0 003 geins air al &S 0.00 gtk of hadFBcartihs @B atoiling
0. 005 grans, or at |least 0. 01 granms of hydrocarhons
T Thon P b R OO oA (LR RIBBC a
QmbBenMParypRhlly, @RStisalvAAbe @ErIGhas Afer bRASH dba@¥tagEBIBde, a
or at least 0.01 grans o hzydr ocarbons with a boiling

g ¢

ORGP AEMGRPEH Pt Hed H-1penoe thAgsiibbeeesat 0. 101
MPa; Qlneld@a&¥anBe Q0cku@% A% incRlde! R281anlo AR GMATEI crfde, Bllcast

| east 0.01 grans of hydrocarbons with a boiling range

g
@OEgrupg et lorst BEPeems. 20t 9Gt R 2300 of tydpcaghong vithpioiling
@hoel B&SbutBn 8P% 195639 03k 0h8ARIP.0- 005 grams, or at

l'east 0.01 granms of hydrocarbons with a boiling range
di st Sohgtdisadvaperedeandes 00y 0€lwkdpe 0ONOT digad Ginth@dd (viRde, at least

P G0k SO LSS . FRRCATI ) B
dhgtdisthtuttiooof fd¢ase® €00 0C and 650 0C at 0. 101 MPa.

Sone di sadvant.aged. crude i.ncl ude er am of
R T e e e e
@s@bd feraimsnclale, At atea@slime Db, @udensroof of hiydiobiewing 6ssons of the

T R T G A

datpios dhdins, Edypeiafl GaRAY 8uidzpgRd, UhidieKiRgsm Nefth S¢aamngdla
gi sadvant aged crude, a caontent of such hydrocarbons of

fishops Chiges ghairfiaye Y ensruslifulig. Malgysipngnd Bggesia Sumatra.

di sadvesnhadeddicimaisciRdedGhyehandeelic SHRMIQTOS the
di sadvant aged crude, at |east 0.001 tgrams, at | east

Bsadpmtaged pdesgpctyihal thegpdey agpracerpibie 19 UHyBRIBEER B
Watheng boiling range distribution of at |east 200 0OC
at 0.101 MPa. Sone di sadvantaged crudes may incl ude,

per dmagivde fagl smeva ragkds eeseidhed haein. das cruge potlugy resring

% 'tr@zﬂﬁlta @ %%n%?&%’ as, es@i‘becll ﬁfg'ec‘ih, Y %ra@l @Eﬁf‘abféffo transporting
ynglr ocarbons with a boili ng range dfstribution of at

dndps tre@BOnt0 Cropestigspl the crofle produrd yradecd esldeseted detehnadre closer

D L L e e
dloket owhagregynding pebetibeofidrettdrudel than e biudCrad ttheaehy
nada,. Tar .sands, Brazilian

0SB eahRod BaLFRERIEaT R ARl e P e R e v
lebsior @d piéi treg chasme, NesrdHy ebeacinAng ol dfidiatots e PreGhiat@sie may
12(3{1]%{ q,egl:qudriZ;{leOrlll,e elill?elta iza%grll,la%d/orl\{aatrlngé/p?ller?d disatﬂglti(l)nn t%orgnelg\llea
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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Treat ment of disadvantaged crudes may enhance the
properties of the di sadvantaged crudes such that the
W@ rwdess78T e acceptabl e for transportati on and/RET/US2007/080433

treatnment. The crude feed nmay be topped, as described
herein. The crude product resulting fromtreatnent of
t he crude feed as described herein, is general ly
PR e R ARG 8L LT B T RR TR
@le @8 aord @talyzs relam\reee m@nsdnna gropempﬁrthe ]@@r@ﬁrb\ﬁﬂ $ded TEx@sEe
%ﬂ)%rnedlate crude than th 5» ﬁ ePrels cl oser _to

QU FeSPEIEY PR {1 § §P‘6’Fe“§?8 PSR SO gEardn iR
@ﬁh@dene‘ngedf hp%ieg@wﬁea lsajéie bﬂ@oigh@d@@ﬁﬁ@{gtlﬁ‘at u?deu e%rcﬁn ]
the crude feed. Such cru roduc e refined wt
qoglagting copgjligpsdeqst ATt reﬁ‘flﬁ%}I é‘B?:l (H%/WF f:’i‘é P& A ng
&hipoGhd)Gh 88 hyRbenbdngatarent may i ncl ude
desul furization, denetallization, and/or atnospheric

di st iN§ ak 1 grichediafie pspatacting ptemd 90 thr wludesrn upstregm contacting

Rvdiecarie ﬁdﬁo@aﬁﬂoﬂ RePGRAS GRNEAN Wbt ihQYERUDEVS hydrocarbon
descri bed herein may include contacting the

lngtironeer Hitn /F eaihciing Fone ey AR &a9'OF (Prijon o4 a EavaeliR)e
ﬁo‘?ﬁlﬁls %nge%tmc QMHMétlgﬁ]ssth&feoft \Maﬁg 180 LB h@hclude a

zones. In a contactlng Zone, ast oneproperty of a
ftaciedleedrenstor f el d e repetors hlaﬁtgeldtlrtgybed orrc@eta cofitinuesly stirred

b e t | e
R eSO BT RSB BAS Bl ARE
@mhor. niprtsgin eohediotnts) ghd ®npeiﬁg@ymd iy an driveupPediv@n ofshore

%C%I%/o I@()n{agtgo%nhesh Hrro%e?rbon fled QR af catélrg/ (s nt gdntacFI ﬁ%%ystem may

en‘Source s one" 6r° nore'n bons un
lﬁeerctoaunmons)prbam ombam@nﬂbctess)ns r eact to provi de

rel a 'veI smal | amount s, of h drogen.to oun
! he B Foads rone3BR Ihesfas ong O HoRAGhnaR4F7 FREITE 182
QOMSATT InRGmS ¥HbedimdA0), chhadt of Melhy@esarbeh fe@Bkitiea st catalyst of
contactln% zone 102. The h rocarb§§gf§ed enters

0

Bt @AW EIRAELIRd A2bofha ROR ahspBtneaget of the

CARAUITANIRArocAb6R e Glith R sSQIMA chralystiRc@ask SRGErBAtom&content
portion of a reactor, nultiple portions of a reactor,

el ipcairsrMRliZEAY + Fettbrsembesinepis AR viscos ynNE ¥ liergnistine

HeRGdAIRs @nihacdREle B&flent, 0 @ vity BorcbMBHalRd of BREIREpertRE of
ebul | ating bed reactor, a continuously stirred tank

the gifeprogductdpreg by g Igasii0gh sedive he saRerRspperties gphajaydrocarbon
?(rgéjf Pﬁontszgf tﬁ Lycﬂ(waﬁ!oh 'f&ﬂ'ﬂth%@%ﬁﬁﬁ)fércatalﬁtscer tain

I ments, e contacting systemis on - or coupled to
an oflh sﬂm@m@dlmqntsya v@ome attatayst tonbe hynthicosardvons haaehge

f%l}l I?O %B %01@‘“26'5)25 %/E)fﬂfs )or ki 4@ Qplg/ﬁgfta 381 §éﬁ§1¥1«$ﬁ? ﬁly(ag)c@}é IPe%cé fh the

cont i nuous 'process ‘or "a rocess con
mmetlnmnq: nlnl sogle emh@hmentmrshlrxyaif ahty]s(stsan(i hphroaxtzmptad, may

i XYO deofg%rrrl bg)ﬁi %é 8t mv%i (? ﬁ(SEE S grre{?l()d %S Conéca?atlys%f)ertla(? grams of
hydrocarbon feed in the contacting zone.

Contacting conditions in the contacting zone may include, but are not limited to,
temperature, pressure, hydrogen source flow, hydrocarbon feed flow, or combinations
thereof. Contacting conditions in some embodiments are controlled to produce a crude
product with specific properties. Temperature in the contacting zone may range from 50°C

to 500 ° C, 60 °C to 440 °C, 70 °C to 430 °C, 80 °C to 420 °C. In some embodiments,
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the two catal ysts may reduce TAN of the hydrocarbon

feed. Subsequent contact of the reduced TAN
whywsoeasbon feed with the second catal yst decPEEES207/080433

het eroat ons content and increases APl gravity. In

ot her enbodi nents, TAN, viscosity, N /V/Fe content,

het eroatons content, residue content, APl gravity, or

]i%lgg‘!’:ltﬂla tlln (e)lrc]?nti?cftmt% [z‘(%}sf:(eig y raf)gjtr Iroi/i%?()gﬁ t eﬁ)sgdﬁég(g r@g %)gégltu}%té 370°C

tof30 F(é, dnyxdnﬂlsaroﬁomﬁ(}a‘éd [ $epf tohydotarteh feduewvill generally range

B DR SO Rt e G e Bl e 48 1R oRg to 5. 1o
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Bk WY 0105 sBtaally Sdmeadmshobnein@c aphan pheade By didaeh iqh@l? be at
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et AN algapst @ A agiapest oMy diresht M- 3tawat 3 MPas at most 3.5

wentRaethRg2agme. Contacting conditions in the
contacti ng zone may include, but are not limted to,

t enpédh ambedimens mgkhihethe hy@@gﬁgéﬂu@w suRplipdl gy gas (for example,
I%ggfggﬁ sp %r}atﬁoe(ﬁqu a@é’&us ﬁildsrg%t%ﬁ}@é {oQhSh dlﬂi?craﬁ)%fl feed typically

ntac I ng conditions in 0|ments are s
rengys Froml (b 19GOS Uimd 0s5-£0.UWNprodues. 00 N /8p.&e s PPHLeNm /m’,

PORECHD, OO LR FROR e

14 30mO Gnb@DmET, tisocodibined ®1th|carr$om(es) and recirculated through the

empodi nment s,.t enperat uge i n (():tl q%gzone d?g%% range
PERS08C T84 B %gﬁre(’)‘(“fnP 4°9¢ 37000 B3l

@Ejer giis thayofwiB 8@ G dfahdARir@arboh If&‘d aﬁd/oﬂ iﬂtﬁv h@ltﬂé b}ilhdi gm rSource

w | | ener ranefromOlto

0§ atinsgSRNE B iR Sasyh R icpbRe Mg e fostycad

zon@k). 2n b@mSerhibollimentd) a HodMBe@bOdE (’fﬁfﬁx%mplel‘l@dr(bg&n ahethane or

| east 5h1 at | east th, at least 15 h 1 , or at

qthang} mayybaisgd as AL Bt ﬁ?cé@%lﬁ'ie@ thgeu. )ﬂﬁf‘r‘iﬁ’@‘@ﬁt”?gnm%e

cont gk h?&oé&%@uﬂ@ﬁla{] amtereupkraam &)nﬂat@né\é%ﬁe 1(3-2 30 é\ﬁ%ntl}zwﬁh the
In some enbodi nents, a

fﬁﬁé@%f@ig@feéﬂ 1W&FQ§@@H“ frsy C%@uatl%efs%eparatwg(la %&S C%’éltt 1g6. In

i @ean%onfﬁ@§ﬁ zﬁ)nM?@Z cBitadlBBthe ﬁy&fg@&rbd?ltfeémgh BedMDft pRliuces a
at nost 3. or at nost . In embodi nents in

o] prRdYch élahly@ln@?j@r?%w@ewﬁ énds uwme@alba@n@mge@s (Igpme
AT LEOR0 b Sy BBl SR BRNT e pcroer
soareg escondgnl @. 1he 09210uNnBaynexd, upgreBml@n@oeNeBAH23ind enter

- . 2- Ngg N8/ nB, or
c%)dﬁl étg%%g‘g}{%u%' Z?%%?%ctle épvlwp fbﬁu?ﬁgnag%?l é yst(s). The
h y dr dg dowisspaaIe esparatios gome 188loderndagreduct aldcgasrmayl belsaparated
he ta c(u fc' asman% fgra Ilgn%UI ast eagattoh rtec ues, tor example, gas-

At g Z6he. "SEAPTier ey 158, ﬂéxﬁp’féf}

quutd sagz&ﬁ]uonh dlhi umde pmdﬁ@ ﬁna& regm ﬂowﬂ'shearﬁ adpata@on gas mayla crude

fa@“t {# tﬁf 8 he Ipv.'o 8carbonfeed and/ or E

' é BLPeRDG FRnsRRated ShTHERIHE O GHEET jpe “‘Fr?esmrage

@adelsl %ﬁn@ﬁﬁ dBY pa)cERingRBARCE arforibid@tidrthéber. abB kaChiyigelude

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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zone(s). In sone enbodi nents, a hydrogen source (for

exanpl e, hydrogen, nethane or ethane) may be used as a
we@20Bl€375yas and recircul ated through the contBCI/USZP07/080433

zone. The hydrogen source nmay enter upstream

contacting zone 102 co-currently with the hydrocarbon

feed in hydrocarbon feed conduit 104 or separately Vi a

Igeglslfecrg?ycijefitt? ﬁonQ ct1I n%fg&):St fO% Qun%%crl] ttraagrzl%,})lorkgd ) Lo gliler g{océssmg Zones,

mrmgﬁmmlsaoﬁaohmmammdhﬁrmft hat includes a cr ude

rod I n sone enbo
brbodh s @ibogrierpy FplRe e BE0bse e v BB Rty 0
prydlico e akigioduesd paniamed intthe ohydfea@ancispuioss. iMhe Godledduct
106. The t(ilc; afJ W?r oduct grg% exit upstream contacting
HHHY sEpaEhiy 1 dam &8st ati on zone 108 via
t ot alpies odsigk saRaAuld of biBodildnd ONEHd 8 RIMyS@RAINB IO theludes
zone 108, the crude product and gas nay be separated

FPoRTITFEoPgERE SPBadelTas PAggeR e?ograicynweﬁﬁ 100 includes

%Q@a‘i@édn&@uﬁ%&% h Q&R do(v%trcﬁﬁ%ﬁﬂa@ung%ﬁé | QUIEEGS. 3A and 3B
separation he crude Eroduct may exit downstream

1@@5@@@%@&2@% 138l i bloe AybETp ﬂéonyét%cenwrmg z0mps 1(@pdil4,
fl%eclﬂ) 1c¥erdaag §eg)gfatee&nfa9tn{§ AH&AR ()B@Iteh&& GREL 'h @ng‘aTbon feed enters

plpe [ rage vess refineries, ot
tmse@eseqntﬁgtlme 10%yia Aydosrhandeddnondiielgof . The gas

may i %Iﬁ'éj&?l?)%ﬁnén%r R G 4] %'ir%‘f 3}1&’1%& é%g%gﬁh‘ QML En gas

hydr ogen s ¢ar bon d$OX|
qvohok] (end mm@hlsecgla@ebu@nm}dng)@mm soeunigayre. Andérin

o {n? rntsgas S'hO\-)lV- 0 gnmlﬂel%ijge?g gcf?]?%ﬂ%hyed{or &KX (g:urceedang}%{ the S er [ gas

con hg Sys FanSporte
rpa}oemaslnengle DONEER, coﬁﬁaﬁ[@gzene.seﬂﬂﬁhs hycmscaﬂmn‘rﬁeeﬂaépamay via gas

thereof. |Ln so enbodi nent s ont act

o Rl PR b T FP b A8 hitBocstEn dred vip. or
dxample, £ ﬁdﬁth‘ait 1'0|5' pﬁﬂi::tj@ﬁ oBde lh?(gt) fe) s@ﬁrcﬂﬂfdg)rﬁlﬁﬁ’t]tcaﬁfdr gﬁbghbounter
zone The tota uct ma e separated to rmthe

e F@fo‘i%?fd%]&dr%ﬁﬂ’o@ g@(‘é@‘)y enn%iﬁn%m”%l?gsa % CQUs ppihe fydrggarbon
Rebomh merkelyaf contacting system 100 that includes two

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

cont e?comaﬁbofélgf'sliyerﬂcmen foae PifBed ey e heaactingzone 102
BARE: 0P RAM. dAURRH KGN GO @G LiGre £ @@ntgc:]eﬂ% Z('):rle%Q A

and 3B i ncl ude contacti ng zones 102,

M“@sreamoawaﬂmone bt dedihGy 3AoHesSIB1 g feetl piream _ﬁ.lewefrem
k%éagpcoﬂtsdc@%%?@ti 1 ©RLAGH BGy AA0ER cérﬂac‘ﬁﬂ? 26eaG6or -
The n

rocar enters upstream contacting zone
102 \ﬂoatahlj@mesr 1@n! e &b manidelinde qr@ébf njore Gtalysts. As shown in

ﬁ@bggl tH(?lQ:‘é& stretaﬁl exf@l ltrge[m g@ﬂffd{tlﬁ%— %@1 1‘1 f(‘—%dtsﬂecjtng gondalt 118

ydrogen source 1n gas con s intr
andteotetshbwoarﬁamabnuaqlrganeesl]drs Aes showi mrl%IG B, th@f(ﬂtxmtwam exits

s sh
cﬁ)gvdlﬁtéeam cr%lfagt%ngt 798¢ gg["aa ?ndbng? 1 %ﬁ% eélge S ad%{twgela s rea
mnman@gmhacuing zones with the hydrocarbon feed
sepa via gas, conduit 1 nd/ in di rection
countBF 11 SVl FRSh SRt HpdrB0apBoHP By SR P
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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exanpl e, gas conduit 106'. Addition of the hydrogen
source and/or the carrier gas counter to the flow of

w0 b@slysisbcar bon feed may enhance m xi ng and/ oPCTYUR108T 080433
of the hydrocarbon feed with the catal yst. Contact of
the hydrocarbon feed with catalyst(s) in upstream
contacting zone 102 forns a feed stream The feed
ARG B s SRS SRR R R TS St B
dohéuif Bled stream fl ows from downstream contacting zone
114 addi tional. downstream contacting zone 116.
Cont ﬁ?i ‘ﬂ‘é 3 e ghan efib&’,%”ﬁ%o PR FRECHR Ohor e
@ataalingSdystemAS0. S TiIsddRadtlged cBe (cithe thgrd osilinteaei exicks
upstream contacti .zone 102 vig feed stream conduit
UPPECARhPURT U N onhE t FEERT H‘Eé&-ilﬂgp%@ﬁ@ sqppatiopgone 120, at

18240 Portibn bl e didRivatthedlcarid iSkpaatl 63%hd SIS kFRATh the art
contacting zone 114 via conduit 118 and enters

EF TP RaPAIgBRNSE PRIARR CBHRERD: PHRYUFIRECED O TRdutedRy
Pg&ifo%%bﬁrﬁ%d.bﬁorcéQﬂ{lﬁG,tv%ﬁer%Jyrbe%gﬁﬁt;)%ﬁllly &RhRkY blushe | N
lownst ream contacti ng zone 114 and/or additi onal
dendrnaced Ao nnaaethergxgople. CoOTGOR LS bt ydrebailiteamnge
REAAHSh el RsteloRbeiBEq0Y G(F nfa¥ bt & 19&%&51%?%&85& AGh g

zone 114 and/or additional downstream contacting zone
dishgvantated ade © odms the dadrosabaarfatd. dn sgromemi@inests at least a
: g C ' . :
B T
dsaddantgzed dude. Iexdms culbodimtnig aniege papdivh ohthz eeparalddompanents
Shude Rroduet; onduldy 12,5l by 4 i a schematic of an
A TRt S Separati on zone upstream of contacting
syst die h@ocafihe fekdsabthisedtfagedpsatant sephrtidmame tl O pesbnoy
unt ed). enters upstream separation.zone 120 via
SRS rSaRRn P R SRS ShwtSin ope
legasto @ @PntsbMB e@bodimentsliaading Rirkg Atbtributieteof 48 least 120 °C.
separat ed usi nght echni ques known in the art (for

B4 spapg RyirochEhBsddnusa p MR, Of PRRGRIS with a boiling

UGN bewREPHICRI0D he, YA e@rdon-geed:. AQéast a portion of
anple, water may be at |east partially separate

ex ,
e BYAPHE O8I SRR EPHaEon 10C AbINEnIcEaRf3rEng system 100

(E&[TRQ ReMple. tRalonAa%E Andh PO 11BNEEddIBhAINDHLERBON feed
el ow 95 0C or bel ow 100 OC may be at |east partially

aagrl Bloda be Fusiet ieccsicd dtilpan gl perdude In s ehodenanke
95&99&5)%?@%1; ZS)E? 2 Iﬂaf%sﬁi%p&ﬂl OhPor cﬁ(vngt?egﬁltof % desalting

ortion a and conpounds nore volatile than
umalp Atflvaprresisgphe atéprodusheits ondictiag vestena fféovie erudeprodlyet
SQAR gppodi ments, at l|east a portion of the separated
conponénts exit upstream separation zone 120 via
condun sordenbolimaeniyy the cosle porufteed cmlet aithad rdde dmt is the same as

SR &R TomiRE ﬁyacfr(i)c%%o% P04 %‘groéxarlngle,st%ggrude product may be combined
with a crude having a different viscosity thereby resulting in a blended product having a
viscosity that is between the viscosity of the crude product and the viscosity of the crude.
In another example, the crude product may be blended with crude having a TAN that is
different, thereby producing a product that has a TAN that is between the TAN of the crude
product and the crude. The blended product may be suitable for transportation and/or

treatment.
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enbodi nents, includes a m xture of conponents with a
boi ling range distribution of at |east 100 OC or, in

W@ 098/0€3T80di nents, a boiling range distributi oPCDUS2N7/080433

| east 120 OC. Typically, the separated hydrocarbon

feed includes a mxture of conponents with a boiling
range distribution between 100-1000 0C, 120 900 0C, or
200- %(%hg Cn in IGI g &R tce al gnrl‘tgoldf)nrl]eng cﬂoc i} fee%ae%f):?sncogt%agng
exits upstream Separation zone nd enters

yennaoo viadiysysirem EO0c(ndeie 104, and z&)le&ﬂtpi @rtidone the crude product
cont actlg% zone

i BBkl B RECT cBhaare! DBut s plofti Mtk Bedsae 0. o

Hléhdﬁrlgfzk’ﬁhéllm bideasps peticd of th@cﬁmo@wb@dbﬂiemb@ withi pid sraadre
aration zone 1 ositioned upstream or
1?:‘78 SRR L 8‘?6"&“18@ Fa‘%‘% d ﬁs?eaf%‘uflé ps WE‘&:‘%B@H‘&‘I e
Lpatao T OHSE mE hiEroEe@BInaEdds )@ cRMS LaTIARBbYA fee@ oW deix tures
roduct condujt 112. In some embodi nents, the crude

freRfutrrrpdicn Blsaded nipdupt 4 he prgess shgams; Bydrerarhen fzed geudsy or
IQixtJr@srtﬁé}EoffaEé)imr&dﬁ%eJngarcﬁ%ﬁl’im@ncﬁ ne QY orfp@rdaheor shide
crude product nmay be conbined with a crude having a
fpridingrzone vigsaragsianguit her e%yllm%wqemﬁgaﬁ b lgcapiddm gerpar
BREREAICHND Y, NG BIAHKORSAY b Rbet pPo AL PEER DR d db
Vi s%& ?y%g th ee ecr&gxg pr o%llu%t %t dO t heS Vi écaoly t)?s%nate Y
reheerics @utwéor tiansparigiicienrrsxatipdduct haliertioeingndy bettargegy limited
e I n
tg elkralé pr o tih)rfl g%PgQ%?] %)g?éwt %ggﬁﬁla%qgw&ﬁ &Lftﬁe%o? The
Hdetdm pm)dtlch exﬂrmmdfngtzhae tYudeblprdbdudtit Eido bh gamsportiel or
'I;Qe Sedended product may be suitable for transportation
BRAPSt treatment. As shown in FIG 5, in certain
enbodn FENt6Sthe Id;sdal@ﬁﬁgd@hﬂudeeﬁcérsamsmam sepatrhﬁmi ziong 1¥yhtoaph

00 via. ro ban feed u it 104 st..a
bbb s G P St CRo e e ik St R SR
bR théihgdioeaBet feedl 2BheaRrot &bol DMV &derks Bdadiihg R@ieR0100
zone 130, In blen zone at least a portion of

Gush i aions e rope el AHE S0 Aot rs onppey Grote

& eided tRbe @a@g@?alr@uonamﬂél droogaEdnanit $14. Q&%a‘é,tl@ﬁbrﬁ&l of the
napht ha produced from separation of one or nor

TERB LGS FRBENS systeg) {{ifend gnipss pleadiag gos 1f3@é‘%¥0ué’é1rcmde

phadctéSRuit 8. ]§ther ﬂr&eﬁ?srsﬁgzhlﬁsearﬁ/& LRnded R bRAUAS z0ntN8O directly
process st reagggé@ﬁ rocar bon feed, crude, or m xtures
i

QrHYEY EERm gpieuit @ gorahipeswithy thp Aruge Blogved g @ héendgh
I%ddép SHRAMOf %I%éﬂ&*ﬂ A s%'fb%fﬁg zé&n@oéﬁa%lé‘&dfc%ﬁ&ﬁlmw ui t

A m xing systemmay be~located I n or near
bI endn sgnezanodigdts, Therdde ervded apd/odihe blendad preduct are transported

‘%Qﬁh% B%%hﬁlla&%d/o?@&ot?o% (@?ﬁl?ﬂ u?é oﬁfcfe oﬂ? b Sére%rh%%

rans t|on carriers. E’f I ca
ﬁra"trabmsd Q,he Distillae Eadions inay'rbft pdcdssed ttapltoaur@@omﬁnemlal arddugrs such
grav COS or conbi nati ons

of API Y,
PHEPESF mﬁiﬁéelblflblﬁcélg% P %%18%15 exi ts bl endi ng zone 130
vi a hbh ecnﬁie antidithdnts] 3dertconthe of thahgrocdriedh fo¢d wittothe ssalglst, the

crude product has a TAN of at most 90%, at most 50%, or at most 10% of the TAN of the
hydrocarbon feed. In certain embodiments, the crude product has a TAN of at most 1, at
most 0.5, at most 0.3, at most 0.2, at most 0.1, or at most 0.05. TAN of the crude product
will frequently be at least 0.0001 and, more frequently, at least 0.001. In some
embodiments, TAN of the crude product may be in a range from 0.001 to 0.5, 0.01 to 0.2,
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In FIG 6, the disadvantaged crude enters upstream
separation zone 120 through crude conduit 122, and the
walt@adyEst aged crude is separated as previ ousl BCT/US2007/080433

described to formthe hydrocarbon feed. The

hydr ocarbon feed then enters contacting system 100

t hrough addi ti onal hydrocarbon feed conduit 126. At

I t conmpone fr 0t i sadv ed cr

S B AP RERAT RS Y b HadP R0, RFiL B o0t o
(PR8N0 O, ﬂrdnﬁom)rlmcdmmrcﬁﬁbuc@lex@ts contacting system

100 and ent blen zon 0 thr rude pr.oduct
onadi oo e ot SR Ep o b M B el R
%Wg Rdmbg SD?JB & rﬂ%@l@?% I ﬁiﬁlstys%J rOé i rﬁoﬁB%&&lﬁhm?Wb tont&? of the
are ined wit e crude ct to form
81‘?8%’8“ %F%d{!i‘c‘if’“al?ﬁ@bﬁ‘gl@ﬁ‘&‘évdhep% éj LhassPey E@ﬁb‘%ﬁ&lde

FemR: 4@ Wi/A /] @aenCianditick fbatt x 107 SQRE (LR o0 Rt S3 x 107
the crude product andjor the blended product are

FIEROOT ECEES &T § &I @FYP5dnd XdDs EImsed seidgmbodinments, the

i RGrb Rk ¥t flbR bixl loedrdn® ANeALEE Iﬁ@@m@émﬂ&fuﬁents atotal
distillate fractions. The distillate fractions

be
B e sement vbthg codeeeded it E1041. 8priddcersUsder qaféhe Ni/V/e
dohRASRAL Bt RRpbyRlq. | Ubricants, or chemicals. In sone

enbodi nent’s, after contact of the hydr ocar bon feed
withlp Br@nfcqnlmdysftnts theeruse pedugihetiy wial mpdybdenman: apfenpef at most

tahl%gsﬁ’Sogt rﬂ?(%ﬁ 1(?0;) %Qt im%'ét 5@% oqgtsﬁlo n_g‘/ qu thet Iﬁaygd%ﬁhlg content of

rocar bon teed. I'n certain e ment s
the hlyibocrarh@dlﬁmi lﬁtaeerlalnmmomfmeats tﬂmstuddproamcthwtotal Elolyadenum

t Qr..at
PR g B DR o PR PR EREs Vegia o fom
@001 wmpgm. nore frequently, at least 0.001. In sone
enbodi nents,, TAN of the cru r odu be in a
;angd® FEBH BBt 1 5 g e P S P e o e s
df@r@ﬂﬁ?cﬁﬁbﬂﬁln@mm) all ADdLtGD 4, emest U0k, cn][aodlugts%whe total
range from0.001 to O.5, 0.004 to 0.4, romO l1to .
“@f@gt ety reetl splfy o omanicgeidy ipdhehpisenarhon deed: nic acids
AW RerRIYOEHE tnehifsal@ idc@ldd) bubhk b FHam €N Q:@ibosa;hcaatcldmﬁfrols
90% at_ nost 501;;{%S at nost 10% at nost 5% or at nost

igygessulipric pfidsypresuligiriesn xamnpiehel Ghexyicacrts inciusdecput pig not
lﬁlfenriéd&}b MaBRRQRY JERRL ﬁlenﬁﬂ?ﬁeﬁé HA&s, RBEPSEACHic Ra8. TREhe@RMon of

crude product a total N /V/ Fe content in a range
the eygiallsakts mey mchda plkali meglsy(for gxanp)e. diggum godiumg ard ppiagpym),

atllgah%e éarglpmg’calg fi%f@xan‘%z) él %‘leel'gm ceg%lﬂl'ﬁsa&d afllulﬁ gghén 12 metals

grans. In certaln nts e crude pro
@qr ewgple ine abd cElngjmiv obmiN I \¢Ele (fof exaguplrarsenic), Column 6

R o hs, BB O S A0 11006 of t he N/ v Fe
cont dmtertdn ¢rhf@dhyaitso hacholn pfoded.had mtosd nentembHoetals i sietal
SDEoCEHER: RIRIME BT R O Blc BRI ORKBD o O 8
ME05 gﬁémsf 0.0008000¢ el EﬂIU(DOOOQ) gtaﬁmt ordf000b@l fryels @aAPdNoh grams
({fgfegails %@%géﬁ%rgaﬁcoe% grt gsram of cru éHr%SuJO ﬁldsléglte em%odlments,
a total content of metals in metal salts of organic acids of the crude product is 70-130%,

80-120%, or 90-110% of the total content of metals in metal salts of organic acids in the

hydrocarbon feed.
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content ranging fromO0.001 wtppmto 1 wtppm from
0. 005 wtppmto 0.05 wtppm or fromO0.01 to 0.1 wtppm

w0 poogosEsenbodi ments, the crude product has a POI/EBE2007/080433

content of nmetals in netal salts of organic acids of
at nost 90% at npbst 50% at nmost 10% or at nost 5%
of the total content of nmetals in metal salts of

or ga cid dr o ar ani ¢.aci ds
R T e

the hydrﬁdr‘tton feedamtbmagallysc aahe centactihg Cdnﬂl,tlonms.‘imsw()ﬁ?u 18O-an0%, 90-

Ik B B B RSy R T IR o RE e S b Saimens,

Ahananty i eiiceuderddisct iandmbenpoi £3@et de-23he mst al
portion of the netal salts i.ncl ude al k nmet a
(for I’éﬁ%ﬁb‘} Qnbodirpgnisy e cag P et RAtR kﬁ‘é‘foé‘é%‘? oSt 90”) at most

UK @k hiNBose A% lbf ﬂi@tvﬂ,b(Ssug/ P the ¥@TPIrSON FERONE §d)rﬁd%mbod1ments the
cal ci um and barjun), Colum 12 netal sé}&for exa

ViR dh ec“éﬁ%ﬂﬁ?ﬁua &3 e 99% Oiﬁrgleaﬂl%os(“b’ ﬂ’é)@éﬁﬁ??”é On feed
@Elﬁ:&ﬂé &P1 rﬁf@l}imhe@nﬁ@ﬁ&ﬁm(lfs Q- 1%’%"@ B0 BF Q0T L) of @E APT
m Xt ures %her eof. In certain enbodi ments, the crude
wraeke hydssakopficdl content of metals in metal salts
of ong Q(ﬂh&er%dgﬁentso e cHlad o(atlct%ﬁygﬁ)ta@ Bg%ﬁ&ms c@nt@nt of at most
range from 0. 0000001 gra . 5 grans, O. 003
Wﬁﬁsmt)@ 5070@003t ¢ %Ams at m@std%oﬁomta@hfamat@ms C)OIID@]@Oﬂthe
dmrb fe@gt ﬂll c%rt!ng e%&(ﬁ{neﬁ‘t@ltfle 8’f1d rg(ﬁﬁl ﬁas%‘%t%eﬂa% toms
ramo crude product n sone enbodi ments, a aI
ccome:nmftat ohst st al lsast W %et hstsavit er @ﬂeaar%%wfcheatotaﬁhet@rbatoms
{%n etlﬁ%%d o8 70-130% 80-120% or 90-110% of
ota content of metals in netal salts of organi c
ac | dSIn bamd émbddyﬁhrn@c & kolfurfcementlof theertdaiprodeotedi tﬁfﬂtﬂtn@st 90%,

Y, he crude uct . produced fro
Bt phieturon ¥ ol 3 bR tE SR fErent g kG SO
@eihaabbdighe BONBE Eu@NSrodics hakQrsb B %6on@8: ok 20Rast 9% atldhP80%, at
130% of thg APl gravity of the h%; r%%?r bon

PR E 135 S0 0% SE G ShsRENCoARIe TRGATEOR et RAOE ude

didigdnts, ghe kilaMcddteftOf thd2rudl prodtct 3672 5309, B0AGN%2b1V0-110% of
enbodi nents, the crude product has a viscosity of at

thpslliuggopens pf the Bydrepspondsedat npst 70% of the viscosity
of t hehydepsarham, {Redirobth &RE: STROGLAERbSuCt ﬁl@? be at most

viscosity of the crude product is at nost 90% of
W% @bwpstyp Ot atrpest HYfdrd ebmpy A 7 dadoihiiiregenjsantpp|of the

ngdﬁ)\éhﬁa}fnbféfg? f}lﬁceﬁ{llﬂ gﬁlb@(ﬁl&gfﬁg tthe%’]&u% Spéé}&{%/ ﬁaﬁ §Qs1 gl g’lgeﬁ content

e APl gravit rocar
enkasdBodi lpashdEh, leestcBE)%der Preasiidte dfdle tatat witragen content of the

%% g content of at nobst 90% at nobst 50% at
%0 %gﬁeor at nost 5% of the total heteroatons

cont dmsonpd erbtivdirhgnely;, bsar hoereeh eement lofithe @rudaiproduct may at most
STDSEUBRI R, 15, S35 RLORHEL 195, B o St S8BT
@tthd le@sicaDOf/Geodl. Inhﬁrtﬁlﬁteﬁllbodiﬁlbﬁs,om @@ product has a basic nitrogen
content of at least 1%, at least 30%, at least 80%, or at least 99% of the basic nitrogen
content of the hydrocarbon feed.

In some embodiments, the oxygen content of the crude product may be at most
90%, at most 50%, at most 30%, at most 10%, or at most 5% of the oxygen content of the

hydrocarbon feed. In certain embodiments, the crude product has a oxygen content of at
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content of the hydrocarbon feed. In sone enbodi nents,

the sul fur content of the crude product may be at npst
wOOMB/0&75STost 50% at nost 10% or at nost 5% RPET/UR07/080433

sul fur content of the crude product. In certain

enbodi nents, the crude product has a sul fur content of

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

BRARLn0S S LW RS0t Rl b2 SN QERLOBR A ER e | 1

l’gfﬂﬁﬂialtdbbn fe@d 701—sﬂ)316%nb8(ﬂlmkﬂ@%ne oral 8@rend OPoadfoxyeacgliddmpounds

onten t he dro car n sone odi nent s
R PRt SRR PP 858 s o PR LEE Ry ot S e
dﬂiﬁ&ht &006 cagtox iSdciBWpodiids i ik hga@‘&(carlﬁtl‘nbfaéd flmé‘eﬁrdta&% of a
ocarbon feed. In

g}iqull sé{]gg gﬂﬁgﬁgwptgcetng%ggo he %P{)Wy]ﬁa%cl cqnmold‘lds of at

1Bist 1 RO&NeaGOE At le@ 36, (LrQl@-ﬁ:ﬁst 9% Athel t8@BdonRALGS caboxylic acid
| east 80% or at |east 99% of the total nitrogen

©gweenls e hydoidest bon feed. In some enbodi nents,

basi qn Rirhd QIRIAHAN §Mci@fori AR d%g%éilecoﬁgp@ﬁmﬁ nafBY¥ r&@luced in the
nost 95% at nost 909@ at nost % nost 10% or at

hydeacarhog kped.t ]—y@o@ggﬁ@othppt@,g:@@o§ﬂma§w§ aggf/on rpgtal salts of carboxylic
A '&194 ¥k @R&mﬁaﬁgﬂreddc@d 6864 AbRSBDQML %ﬁ&lﬁmg LEniE N g%n
9

produ t has a basic nitrogen content of at [east
comppergdst C30%%ylmtacide ant na®@a9gboyylicaton fagaret or@@Ne @y 2¢rhepmpounds
R3ERTARI80, SNl SN OEer ROy D
gﬁ:nadlllx:knqmwpbmroatopmmmcgﬁ Ypor etanpirs Inf@%andysinosks 30%

109 % of the oxygen content of
ﬁpﬁm océ{’}%%as Omn?oglrarP% S)ert ai n enbodi nents, the

crud th cadu ptodbi@sin acoxiy gabodiinanite hhs amfoxagdne:aattenﬂdi’qat @abst 90%,
| east % at ast 80% | east 99% o e
B ERRaed oBiabio s Bt o Qhuo SRR cinat Sht AR Toea.
dnheréstwaahe c@nﬁ @ﬂﬂucgfs a€ aoRONY, hCm@&E 70K, CO MRRUsTYS, 0@ ht e 40%
crude e at nost 90% at nost 50% at npst
e AR o Y ron e B AEEN CTfod ety e iRy T n
&;ggmwasiﬁt diae fehe 1 vy drieces®@eme (@8 0% Br £ Rk of the oxygen
odi nents, the crude product has a total content ?

©afeBo IS hydeepgor Bishou de adegrodugdes a TN oftat jeayd e, at least
R0 Rhst REASEr BRY8L 999 Rlhd BASbr %%QBCMH% fE&‘lt al

content of carboxylic acid compounds in
hydr dxlditisplly dedgrude proglyeremasyianel i Aenans of @é?oélﬁ]l“‘eftflds and/or

rﬁét asgftscofcpé%g e&@ﬂp Qyﬂ%s% Q?m%&die%egt rh&t 5(5% qr at most 40%

rocar bon In sonme e od Il mrents, car oxy1|
@dhaiyqudlfoom fegdtaaf] a saiters obhorceartyoyijd ¢®tmngj@gmyomen

3)%111&@'\&'71%11{ ﬁﬁfg‘b@/‘d 88 q&% or 6@r$(?ﬁ(eyllon c ﬁ)%Q%lg: c%htﬂgling

ani ¢ 0xygen conpounds: i'c aci
(ngnn@@n@@mqumumbmf&wmwm@cab@ahmt oxygen conpounds in
g f Ctr ﬁ% Sorfe fa% 0%%%%@% %he iﬁfgio lrlcetr%rtlclh?cfese qn }tsh 09 egllﬂaras?r%ct}{rseis,sfrom
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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general |y known spectroscopic nethods (for exanple,
infrared anal ysis, nmass spectronetry, and/or gas

W@ booset76yr aphy) . The crude product, in cert ai PCT/US2007/080433
enbodi nents, has an oxygen content of at nost 90% at
nost 80% at nost 70% or at nost 50% of the oxygen
content of the hydrocar bon feed, and TAN of the crude

’70 dfutﬁef‘ th% eﬁ:d al?%i{? H?é ]1.‘3{:18311%1(1& ?f%/q(t;l’gl?t tnl?%f aéle 8(r)%fns19mptlon of

h;firdgam m the‘rpxodasmnﬂsuveﬂmmt udborplm ﬂyttrbgelnasmamoedygmn
cont t of at at | east, 30% | east 8001%8

JE TGS 9 81"“6??59“‘18&%/3 n%?ﬁ?%f‘ra&ﬁef’ RO

efnﬁe)ldxmemdthte beide [)td)ldﬁct @f[dlldildgtpeﬂ'@Sm af fﬁel&lnmrfe pﬁiiud:t?ﬁi’tiasﬂ(?/ﬁm
at | ea % a east. 80% or at | east 99% I he TAN
gmg, Héﬁﬂvglr(l% é}%%fﬁmf 8 df%%]&’P?% Bitnt P?}ﬁn% ’ﬁ‘Bgeoc 19{fjgution of at

RELAUELC fay1ohaTe:; 3t 16800 60t gI@fnS Qﬁllﬁbﬁmd)o 1€0. ﬂgﬂaﬂﬁ ofREr@arbons
netal salts of carboxylic aci nost 90%

at
‘f‘r‘t%% bolibn/% ragge %glgut@g%atw&?n QO ﬁ;oasnfi 2@@% 6th %(H@/IPa at least 0.001

g, 0f LR 8LHeraR0dr B/ dRRBLBRL wid a B&Hn%ﬁh&%l{é{hblﬁlon between
cont ai ni ng organi ¢ oxygen gOagounds within 70-13

¥9-"C2095306rC gL 1 N384 gf legsh SFAEEr G5y §- QOlc%g@anﬁg
@%%Gns%%@ﬂb&%ﬁ’é@lﬁ&nﬂfuoh lB@t\xJ&(IggM aBg QO& e@gt 0. 1(ﬂ MPa;

one enbodi nents,” the crude product 1 ncludes, In it
andlagleedt Q1005 pramst ardeos 0.00lobrd @raps @hy@@mwnbra bbﬂmmrange

cﬁstﬁ%tgn b%@ﬁgﬂ B0 nd'&%gﬁégﬁﬁ‘l(ﬂ%wr am of crude

uct product nmay 1 nclude, inits
rml edubane @andunemtsahe fnudnprOd@t chﬁld@r aevrgrm of gradn [Bo@RE, at
lea ?3 8 grgglg 8 ?(izcgr 0 \glf%h %E(%m%%ran%e cglsgp 1on (Oa%té?ost ]10({ °C at
@: rauiddPpamidiat leamy. ODE gtuhis lof hydfQeailid0vitB @-bdﬂiﬁg/qangdf dlstnbutlon

et R LT bLn LM ¢ W C ratio wthin

12 hyﬁ E(g@&‘élnbdﬂuﬁd?ﬁ pié:@ﬁﬁls @rdd&ctﬁﬁiy&ﬁb%ﬁh@hsﬁ(g@ﬂ grargm, df @fleast
t hat ydrogen 1s proaduced In_Situ The cru roaduct
G- Plceadel raphps ReEEn ff erRISPTPdsY én&hebﬁﬁPq%@e%g itcgudepoduct

SR E F RO IERE Gt IrREmM6d 04 rRHQ AHEtmdsDG R UERS, of RAFhUG RFEram
of the crude product: at |east 0.001 granms, or from

@ .coYePeI8Clgr ans of hydrocarbons with a boiling range

di st Qyhd é}ﬂodéﬂmé}ﬁs R Fudd B 0% nat a Gisdi®de Mian &t70l B88E 80-
0. 001 é;r ans, from 0.001-0.5 grans of hydrocarbons

180t 0BIb bi0% ﬁfgth? dingleatiostent efubg @ﬁlr%etbﬂlé &5d1dle digtillaearontent
i %e%ocgmtlrg;y lgéaﬁ?]r m hg@'gﬁe n}@«)(ﬂ{%t‘.}' i94 ﬁggflz Tr&ﬁ Of(ﬁ)QM—O.S

0.001-0.5 grans of roc W t'h I ng range
giarm @lQ@m{()&maIbetOV\é@W p8Rr@G. and 300 0C at 0.101 MPa;

%ﬁ%&g@n Q%d%e%ﬁs fhe I%Fud]:e é%'&h& hQQ%V%o‘Sco%{e?{‘& #8130%. 80-

hydr ocar bons w range distri I on between
ROG, 0O h) %4 00hd €Gat codiehOdf thﬂwdrc&aﬂboafeetle bston@. eﬁﬂ)ﬁzdlments

BBy fsh B8 e BB S Y BT B e geooor-
@8 gAmiI0NRAS glams SDOR- @m‘gﬁmsrmml(ﬁ)ltdmgrammde product

I ncl lfr? gosme (?n%odgnents t fe c%:urdléI %?odect%gly e(l: res1due 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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| east 0.001 grams of hydrocarbons wth a boiling range
di stribution of at nost 100 OC at 0.101 MPa and/or at

WO 2@s405001 grans of hydrocarbons with a boi | PEyURZATE80433
di stribution between 100 OC and 200 0C at 0.101 MrPa.
In some enbodi nents, the crude product nmay have at
| east 0.001 grarrB or at least 0.01 grarrB of napht ha
c%%{eatg&%rpan%f W&q@g@g&lj rannl%i Ohrb ﬁ{ B%r ?%b(?:’ae gtamshg 001-0.3
$aibs, @mngamatorfmmo 10gr8mgr ams of napht ha per gr am of

crud roduct... |l n sone enbo roduct
e g B R agih s T SR b Bt B i G p RS Gorrent
FQYmoft nhre atdh&st bO% 2dt erostBIE Bt atGhost % bme war@aﬁd teed.

The distillate content of t crude produc

g58hal tﬁ‘i‘%ﬁ?‘&?nté’?ﬁ]&g‘yé)‘f)%%fee‘r ﬁn SCTH4h quﬁ%?ﬂtser%g‘dgffcﬁb@l

19 BHES, ped gﬂﬁﬂof@l Sro8drBiBfeeh (Hal@Q2nd C2 a@h@thes doRtehhh@hdfrom
enmbodi nent s e Ccr ude product has a VGO content of

GrigfL 123y tog? gri@@)‘%md? géggangﬁ@%(b@S s Y& gdReent of

the hyd&RepdRRinh&Rdthe lchids 9%u&'ﬁ9§39 MTBOEGhtent HE70CTIAGE 80-
f)r oduct has, fg ram of crude product, a VGO content

2% oF ¥hW % o [(Goopient ¢f, the rbop figyd 1wl legheyeragrsproduct
191s 9%5 %él 1te91¥:§‘£8§1ten96f D09 3 G5R-B%, difhe ﬁl%E’E%O% of the Cs

nts, the crude product has a residue content
asphaét@nmgmtelg@’%heéwdmborﬂ‘e@)é [acentppsemizQiments, thed Stasigobgnes

&Bteﬁp(ﬁ:tth%‘g’&%%ﬂﬁrp %Il 1s]aQ %’astqp%a%t lgqgls 8093 %’r Qlf leésp%% 513 ihg l¢e

cont ent rocar
aspipdidnayentent of the hgdmciaebcprfe@tlmmldmsl\@ﬁ @mtedud thmmcmmoduct is

of. .7 % 00/ 0- 00/ h reS| due, c
Bif BOSRGEY oG R allr BRREh Bl KR B
qmereagngm of axphaldaﬁesproﬁdtuodf theshydeghdue f¢30 emiie eiaintauringa

ran fr 0001- gr ams

BTG BN Mg s s S 58 oSt
fodutt Rixturgr anms. I n sonme enbodi nents, the crude product
has a tot al Cs,and 7 hal t enes content of at nost
90% 13fompEpbadiagnisythe r?gé"? phatines gntegt apidER LBk HrmayHe
dogfbdled €Spatete GnaspRatd eNaonsepb&ftedhe hidg vRYSP s@ﬁ&%nts
feed. In certain enbodiments, the hydrocarbon feed

inde cryslerpregusiativanp dhcorigh HesioSiteemPORCRivinghe lysrogapored. For

AaRPR! 1 EAESH LBATRMboR RRILD Qspﬁﬁl%’ﬂbsocog&l:ﬂt AT dloParBorifeed
grans, 0.01 to 0.15 grarrs 05 grans to 0.1 grans.

Wik Ressntens maseesRlrseaid &y St Mu&ﬁ@nﬂ%@mﬁt (FrepsphgligeReontent
SIS RfduZtQ\?IéﬁQ:c{ﬁtelﬁQn {ﬁé sgﬁte(\%ﬁy % 2o, ﬁl%ﬁbe'\ég%pared

cont ent O drocar e Cru
(Prtodu bt ashas the nelae@@phlaimmgtexssw@m @mpomfntsaln tredwtirog@dpn feed.

Smi)f {m%{‘udg 8%%1H§r P2 } gep f/ f;ngfl ad9b/e 1%0%5 B% éd%ﬁ 6FS. In some

conten rocar n cerfain
anmHodohamesnd stiotoh M(%cqmifpheﬂ theerede product to Cs asphaltenes content is in a

range from 1.0-3.0, 1.2-2.0, or 1.3-1.9.

In certain embodiments, the crude product has an MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the hydrocarbon feed.
The crude product has, in some embodiments, from 0.0001-0.1 grams, 0.005-0.08 grams,
or 0.01-0.05 grams of MCR per gram of crude product. In some embodiments, the crude
product includes from greater than O grams, but less than 0.01 grams, 0.000001-0.001
grams, or 0.00001-0.0001 grams of total catalyst per gram of crude product. The catalyst
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content of the hydrocarbon feed is at |east 10% at

| east 60% or at |east 70% of the C5 asphaltenes
w@oBes7spf t he hydrocarbon feed whil e the MCRRCDOS®AT/080433

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

content of the hydrocarbon feed. In sone enbodi nents,

decreasi ng the C5 asphaltenes content of the

IRé:\grs%(s:talr ks)t(e{ 111&1%691evc\:'frﬂdleerodu n u%lllnn NS artl(%n artlc{/ r%reXthetn?l bfhe

en I 'ncrease hesa%Pf of "{ e
dayedbrsomay blhrbufoeﬂfdsiubroirﬂlhblmlotﬂkuc hnd?brxhdﬁ@eﬂe whiar epanetion abilities of

i ments, a | tenes con
BERE DO DS B SIRO R BrS R 2oh 0 dad B g more
d’aﬁﬂl}atslcmﬁlﬁﬂbb(phdiﬁh ele lcﬁlhepﬂ@d@ﬁ duﬂﬁl‘;‘g&ﬁ&trﬁ%t conponents in
t he rodquct relative to the | i scosit
conp f“é‘g Py P‘H@“ﬁ%f‘rdcf@é‘i‘ %chl%ﬂfswgb é‘ﬁ%ﬂ‘ﬁP@yeSéh@?Iﬁﬂt
tﬁin ojsefsﬂerscuf aehgarotassh 684 asueh ptdpeiiesmepitRAE, banﬁe aot limited
rocarbon feed MCR content nay be represented

X gritel BAR Rideduseberopines) rgéﬂﬂ%w@ﬁ\@ VB pRngAt: d&f?&u%.ed

Ghideo RUPHUSE MR 28, %f]éorﬁﬁﬁ{atll%ﬁs theRbESERERYD R¥id: eontent; f)
The suns ma ge conmpared (S S) to assess the net

Tedugad eonent PhCrang i rapeligics:ye) @@ﬁffﬁéﬁ‘éﬂR§omﬁntt Indncreased API
%}X\q{ 08 %erRl@ed‘ &)%Fé:nt (§ mé?zils fnr}ﬁetgl ngs%f QE Qfécéhdgfﬁ)’regﬁ‘ceh Bae

e’ from1-99% 10-90% or 20- S. In sone
ByPRydicomipntsor ka\cmaloln@ilom thiaepy. d@rﬁ@l@mmbcfdimﬁés On¢Igremore

Jct | .
698l 1 5 TRRLE, GNES, SQORRRL kit Ky ARl
¢hheged mindle ofheoptupdrtidyaise lmu cmgect@nnwht ortdoaot substartiatip shange.
l%oé(é(angé] (% m)St %ché iral Le O(%fve cgltce gﬁe: (grcn%(gro/%g%?otnhr?ts {for
dxasiplei ﬂasﬁmdmﬁbﬂobsnﬁ)nh a hy(ﬂlbﬁm‘h)(ﬁ]. fBaDEHIhul sigwifiea(ly changing the

R S S T R

db[hlﬁdthkfgt mayd ‘Wesnkf@mog re@atue fredubiadh, Shdaiod fE@luctidutor b@ss

than 0.01 grans, 0.000001-0.001 granms, or

GIPOBRMS: P OLS @?%‘ﬁ%hﬂf‘)&e&ﬂ%ﬁ 5S¢ %I%?%‘i toﬂ%‘iucﬁ PR Ggfmponents in
6§ BRodaFHRd Wedd; thd BROGRLEhYEE JER YiscaSRtifd the @m%ta@ bﬁdylbélnnﬁlmlzed
t he crude dproduct during transportation and/

Ko exgppine disphentagederyda Mapphave A 1%5.rf81dc@rtr%§WN/Fq GoRfeps that is

dcbdpedble8 medNaBfient RES/SAREpARhES sPEREEBENOSudHyliiokArBSn feed
of 'the crude product. Methods descri bed herein may be

it ere eficientlntenteshiey rsfluomsresidusy viIhpyt alsatedusieidy /Te.
here 'dlltatl}% tlﬁ@d { lﬂg &r Iﬁglg%ﬁl%t)di%flﬂs %gthta [ RRhE0H0 J myTIQ?ude one or

crude product produced fromcontacting syst 100 has
1pero hekktmasds @ndﬁcfre)nenlt molsaretay gpesuppers ‘bfe métals may be in elemental

1’8%’:? f%%ﬁ@i%ﬁm FEEQO g&&aﬁ&elg%% &Ll ﬁ%)cqagyaes QELHAS nHh F@& Be

Uced Vi sCosl
101)roduedlmeﬁh¢ crtnwctlng 10ut Bea perdremnt anddl)enrbecmnfeasttm@m asqatalyst in
or, C o nat

en n
8 gl o P ool SR oy Sy TR Rrd Rk suirr
iabehtdctedasiphat penesdir). g])hercadlg@tecd cMoR nathoit e ehtalyky used as descnbed
i ncreased API rav it }#%tﬁg ' 34:1 edlco tent of li ttht
hereim ey prioay py SFOIB‘F‘é’zS AR s PP 8 ?Péréﬁerf)‘ﬁ]s‘ia@ ysts that are
contemplated to be used as described herein include HDS3; HDS22; HDN60; C234; C311;
C344; C411; C424; C344; C444; C447; C454; C448; C524; C534; DC2531; DN120;
DN130; DN140; DN190; DN200; DN800; DN2118; DN2318; DN3100; DN3110;

DN3300; DN3310; DN3330; RC400; RC410; RN412; RN400; RN420; RN440; RN450;
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ni trogen content; or k) conbinations thereof. In sone
enbodi nents, one or nore properties of the crude
W@e@dnet7s7rel ative to the hydrocarbon feed, nmapChES2007/080433
sel ectively changed while other properties are not
changed as nuch, or do not substantially change. For
exanple, it may be desirable to only selectively
CR ]
K RGP E B RPN E kM SR ABR o ! 21 2
£i2gn¥.133¢c anit 27463 chisinigam gvatllableélmu@m Infermdditibnd Hec.i(Hod sk, Texas,
‘Gﬁdrocarbon feed. In this manner, hydrogen uptake
H}ﬁg contacting may be ' ‘concent rat ed” on resi due
r edudh b@is endtvdinais, taayed hsa todhafde@spea@IPOME AtGocarbon feed

Since | ess of such hydrogen is al so ing used to .
SRSl chel Byiogen ls 2l so Belng REd LR etude,
ek hbe Bhidieagaiub Saebtuni AGlybMRuRT RE8SE, MaNoaaese,

m ni m zed. For exanple a di sadvant aged cr ude may . have

tgelyapigtin. T pdroninbaly nigkelyratenigh peliadivnh ghoditgn, osiium,

iRARAPPARNMEN, 0@ nfiBEes (HeRBE. MRRca@Nd! 181y fdvaRPOh A cARlyst, a total
specifications. Such hydrocarbon feed nay be nore

erlpmes ThY mptaj(plecanient ipy ranad fremrmy loag $5 490 & 2igms had drastd)- 4 grams,
dt ‘féaytgj (ﬁggrhlhg \{f & rar%ﬁ:t()aéOY)?tO% Qg‘lﬁg 0'(@1 @rge r%s MRJ0S-0.1 grams, or

ments of the 71 nventions may i ncl u e one or re
(bl -k OBretagiss Imgedieembodiancots, thbﬁ%almu@ﬂlglebﬁolamsdépl@ment(S) in

eIllaﬁioH?(; t%le gogl?[)ﬁt Eelollﬁ'eteﬁts? nﬁ;ﬂa les o? 0Bl o %1&1%&“1% ugé‘h[fﬁemc

a conpoun e neta catalysts escn
hesmhiorus e dealysnhmap (dawedotaht?@lumhés elneacionagt, porzeanast a

AR e SR TR SRR PO B8 TRy 0 o

m&mnanﬁanmn§eed contalnlng sulfur is contacted with

t he precursor The atal C

ot 2l St it B2 PR s D ORP RO g gyt may
lﬁlﬁéﬂ]ﬁf gh@lof e@aalgitlyzsb&é CEmaigrm Iﬁ(&alggf) cGEATef &tﬂ%t'std (E@00B 1 Y8 tedst
that are contenp ate 0 e use a escri pe reln

G- Aleerage apises OO andisR g rapgedzom é:@g 0.egps, (1110 3 grams,

§H340.1 gﬁﬁé; or @R 4. 0% Aot e%éﬁmel@@ 3146 ca@y?sﬂmcludes from
DC2531: DN120; DN130; DN14O DN190; DN200 DN80O;

B9 156 INDSAE; OlPNE 0ty 2 ENEST £ B33bI: Im@nbodlments the

SRcluREAR M RH it thZdaitb Rhe EOMAR. 6 R
RN450; RN650;  RN5210; RN5610; RN5650; RWMA30; R

Z603 In memlz@mgentszmgatagytlgclu@yggom@pgg)n oél(]?@luzmmetal(s)
&IQ: oqqiﬁ)r@%ﬁgt'a %IH?%&[UQEFS (;fﬁll/o} @5]@1&1[:1“%'1@ nﬁlmolérqgtlo of Column 6

Houst on, Texas In some enbodi nen
ma@bbybhmnu%@dﬂh0%dhangemgﬁ@@eﬂi1é@loﬂ)phéShﬁdn@@anmmw?

I
OB PIRHAPCONEES VS8 ) TS B oL, o <
slonmem@ddlments vhe eecdalwnnchidex)(ﬁmlumn 1froleynoaies unaddttwmgs then,
technet | cob

bgnéel nlSI? g Cor}%rml g éneta \yﬁ%ane Oﬁ]%o(g% Ir%e{e]l}%frorr% (I’i‘%lul‘nﬁ? cﬁor’7 10.
Iplo&telr étumdlméntmthetoaragst intlede @folunih@meal(s) and Colimyn Iau@al(s). A

BEhe Bhie o) f 5 LAl wo feagt! (o508 A fahC st may be
ih@asige GroB@0ML 1@ oA Bm 2-5. In certain embodiments, the catalyst includes Column 35

metal(s) and Column 10 metal(s). A molar ratio of the total Column 10 metal to the total

Column 5 metal in the catalyst may be in a range from 1-10, or from 2-5.
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at least 0.01 granms, or in a range 0.0001-0.6 grans,
0.001-0.3 grans, 0.005-0.1 grans, or 0.01-0.08 grans.

w0 poogosEsenbodi ments, the catal yst includes CoP@mmiS2087/080433

element(s) in addition to the Colums 5-10 netal (s).
Exanpl es of Col umm 15 el enents include phosphorus. The
catal yst may have a total Columm 15 el enent content,

o7 e EUE s S0 Geh00 P SGPRIR. ferosicaon
eOsu@ﬁ@ﬂto(foﬁOﬂne gatalys. Iﬂ certraﬁlrdm:omnmm;)@@lnmnst 510 tleenl(s) in

cat al des 6 neta The . cat.al yst
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16 Gorhemt codlyal I @asdintn@00 Qihlchalﬁe heasd) ad/Orlel@hidis) arat

| east 0,02 range f

in r 001-0.
YPRiHied. e W@%ﬁfm'}%hegﬁamt inglugglig Ogfr aﬁ@etagg dc?gl e??ﬂt?gt@)
‘BieadBport HaySPRr&R B AR HeRide Ifelﬁﬁct@@’t @hdég tpokdie wﬂ@sbafséco m
0. 0001-0. 06 grans of Col um met al ( per gram of

raapraly, @politgsorsgmBinatiens dheiesiit Befr%crz%y 8’&9%§I A i 1449, Pefeaee not

1§eRitddn®, ahimifh, SMRAL{IR)-aluhiRd diahivBNobi @, LiR@nfed] S, Bagnesium
nmetal (s). In some enbodi ments, the catal yst includes a
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S & érltgﬁ(g‘]"(Fagﬁnl_kéfm}ldSF e@ﬂgﬁ(%'ies% (ﬂ%ﬂ&og T@:)Qas AR APqrous carbon

rati o of 6 nmetal to Colum 5 netal may be in a
raggsigpatéadninclude, pox ard ndGimitgd t@ agivaiad geyberr and4triporops graphite.

]T%&kn%fgg ? %Ke@incgg @oieldglgg bz a#g%lg%téﬂlé{‘%ﬁ dﬁ %glrl]ﬂteg Z%%\/L—ggg)qites,
amdtfahyistt zeaiicdsu deslitéGohyne dbfimlddroant (@)mérpiabaiufacamertsoch as
ier(]) sC ﬁ(gr r1]3enns lgoma %)m‘:'t al (s) with one or more
HerAl VRGP oY) 7-

Fom €31 i 10. In other
enbodihmemip@rt inkeme amabcyménts; mqbrel;ﬁa&si Gt unmhﬁsuppbmhz(sa)l

Rt Bhmen T Bt o Ap PR e Rl AP A7, 4 @gain
datiod]nyts, MPpOE isl pﬂe;arerdaiyganﬁﬁg)m a]qué&s p&te SMtBORuPpSt mhfdrial.
certain enbodi nents, the cataly i ncl udes Col urm 5

Ispiar papodimentesn anf isrgdsbiodry @fte t‘Aa%Sr‘é? igex gt die Ragle. The

Watadnd Goh aRld 4R aﬁﬂécﬂh st dntb@nds @hd@by aoh Ui¥hods MBb@lirell B give
the catalyst may be in a range from 1-10, or from

the extyudatle Risteghdsaid drontisency Eylessl poidpinckude.dpt agp got limited

tbr‘rﬁf?ircﬁ@lrclaa{c%ﬁic Add, sﬁfurfé%@ﬁséﬂdqg’d&@hloﬁc g4pport to form
the cataly In certain enbodi ments, Col ums 5-10

et allfhs Paﬁt%méﬁo'?ﬁ)ﬁ’xrﬁlﬂflﬁ’cbf’ﬂild\ﬁp‘t%1WW1ﬂ@OWéH@W§KG§¥U%@TE
Ih f&dsRR4 @zttﬁ St cﬂttm%l;ﬁ)ﬁilg@sot%'f&%gex%%&sh S he Eptﬂﬁlra{es fn?g ])BQ h&

e catalys odinments I n Ich the neta
tamd:ﬂ@r a @h@ﬁl@mr% w)a rarge fupporéled; ortfiven §elifhiC of a péreod of time
t
(?(ﬁ e@!ﬂr}{nﬁ% f%;P(‘} #ﬁ%%ﬁrs)ﬂdd/o% HH@Qﬁ%mo@l!g%eo{@Eegln(%ﬁﬂe exalﬂ%g?hz%e
eghede tioiyd bxeld §9¢ hq:;zo treassl @&u@@mmbﬁb@ﬂlrmmteau twasd ata

tﬁ%;l}eratfyiles 8ge{ng% tl:%@(? QIorEé?{Oelng? o etfglrf(%(:ttgnggu 1t gg\gr’lg an
Setap€ poralliamerapt ettlld:aétnlISOm oxi de, zirconi um oxi de,

TRgnGs! UM oxide, o glxtures, thet eof. . SUPROT hS TRYD® geta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations thereof, per gram of catalyst support, may be in a
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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such as Criterion Catal ysts and Technol ogi es LP
(Houston, Texas, U S.A ). Porous carbon based

wWOorea080#dbs i nclude, but are not limted to, acPCTHSRA7/080433

carbon and/ or porous graphite. Exanples of zeolites
include Y-zeolites, beta zeolites, nordenite zeolites,
ZSM5 zeolites, and ferrierite zeolites. Zeolites nmay

be Ob ?l’ll ?;%QP hero 1‘m E%sr()cfgl%g% ﬁ‘ghﬁt%gﬁﬁlﬂé{ﬁ%t [gﬁk)e)‘% lgirCa.1r]*]n|~|0%3support ina
mnga:pfcmm 0. 1+0n99sgmm @rﬁb@@l grmni @, 0 G-8.8 praapatsstitesumbd bhatray

GRGeRIP AR @i S RPN Bl TR0 O sy i 02

@nb9di BRDS, granss uppedabt (.S game pﬂtlheld aliynihiQ adddgmaddd by x-ray
CE&ﬁgous paste of the support material. In some
U hents, an acid is added to the paste to assi st

i N exupptsicd Iaat@@stg Ry P@fiefared iign gN@h &b RREHwal datzﬂy@t @6pasation

are added in such amounts and by such_ net hods

Pelpifupe dRBIDGS YRSt BRPHTHRDRE dssisthel B Wit eatiNos. 6919.018

6 Phih;F BOSB4 (X6, B8R, 913 18 CHabGelb NG laHade200044t (SGEHNDy et al.;
limted to, nitric acid, acetic acid, sulfuric acid,
ada W@%&ﬁ%ﬂl%alam d. The paste may be extruded and
cut i RNy KR GRh AR Sk RCIRb G
and catal yst cut tnl nEg Em%(r)t ds tg f regn ext rluda%es .
el yst datceaiprambisiemenss thet suppetrield heat traatedeahtmnperapres i llnnl range
Q ¢ - . A 0
8 AR RSERROOF, X egbTRT{ Bries idbispiof BB ROl
svoiesbpdimeoint ieptegoitionhels extyrba dsddelunag prepaativachf ghe catalyst.
]?xgl?r{pagg)f i@g)\é%énﬁ?(;eqlgeldsgggyd ! r(iel I‘IIC eaglldee(l:?rtn%gn%% gthgl? é%cp aeml%let%tﬁ%acetic
HEOEDARQ, @ﬁnmna %ﬁm&urﬂ:@fheﬁ@) to formthe support

cort ARG 7 Eh EEENEE 1l by RO e

@bIAh R 10 tnla@l(@ @ hwmezaed ﬂﬁbdd&nﬁtu%ﬂdﬁ&;pp@h phaeddyina,
@r conbi nations thereof. g nt of ganma %I um na,

NG P diah a7 LRI Hig hﬁf‘td]f?f‘tr‘? Sha@? TORYT W’é’ﬂfi HHEEEy P

PRV 8F@h coidetiriih of HRRPbften pawdé%ehdmcm EAd b ®iies of
oooyl 0.99 grans, 0.001-0.5 grans, SHt?%aﬂn}s&%:)r

taf coipltt. Heat UgpEgl 4 shaped SHRPT: éﬁerﬁ?dw%@/y ofi mqtq%é?sldﬁ grimprove
thOc QPR LUPRAMMEN Balyst. hl@[et?ﬁH@sOt@ ke prl%% caﬁlﬁﬂ%fng@)‘v@ﬂi‘&% Rdthods

i nconbi nation with other forns of alumna, a theta

¢ @ﬁﬁ%‘%ﬁdé@ﬁt%ﬁﬁten% 6gpLAP b Bapport, in a range from
0.1- thg%o Llo%éalg) ?1% th}; bOmfeld \x@th%%?igﬁ:’ m§ﬁ1§

determ ne X ra In sone e nent
aqhipnEopp derm mﬁglumawélametaé(a)s/suworl ngxtares , Tha Colugms £-10. 3

xg%tgl@/'s%%ﬁ) Hllﬁ%}e Iga AhR0F mu?gr %lﬁg.bll) %%B%Q@?p aC?r@Xﬁgples of

um na, as "determ ne ray
ﬁu@@nm)eng @mtmﬂeylsmsludaganﬂ»harqo stalpxmal-:}dsham argroggseMallérymixers

AR SE S By SRS SRR LT s
os/n nﬁx&l& g@ﬂ.f&all}CkIBhfamlﬁ:Vl&; mwﬁﬁﬁnt‘a@y BRaiie 6 CAIBNB33 10
rglf(:)tal?sa}rJ ﬁﬁp%l*t%\lllxt%re %n certa?n embod?rfl‘re]ﬁtst t e%%tf)errla sI a(r)fy mlexted ur|1t11 ‘the
Columns 5-10 metal(s) is (are) substantially homogeneously dispersed in the support.

In some embodiments, the catalyst is heat treated 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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and 5,744,025 to Boon et al. In sone enbodinents, the
support nmay be inpregnated with netal to forma

W@ 2108l0y857 | n certain enbodi nents, the supportPCEUR®AT080433

treated at tenperatures in a range from 400-1200 0C,
450- 1000 0OC, or 600-900 OC prior to inpregnation wth
a netal. In sone enbodi nents, irrpregnati on ai ds rmy be

used Il’(l:I lS'IOr I ngn]podle anrtsa I %Qta fSt I}lé{] at%reXt% 1’1 t%x TC encef‘ Oﬂ{Ot air
I mpr eghati on al ncI TIC ach

atllvy beyred rieniin ataetmpfaaietel ica wmlgd be(tEE)Slfﬁé)OO Oﬁmm‘b rllﬁ)(éi), G:tb remove

i xtures th n certail cat a
TR IR 0 st Rt of K bPROPACT g e BETUR t the
&)rréq)omhgh(e&)oil@e heat treated shaped m xt ures of
suppaort over Over | a tal o p of
t he ‘th&i g??)éede% ﬂ‘ﬁﬁ&‘iﬁ &fﬁa%?gﬁat &gty 11%1 ippynge of
&F at I‘t&ﬁd@&dm&esl M aumigta@fom TPRCOFHNH at| s 060 wetoadoo of L &drom 150

provides beneficial catalytic properties of the

Yol aP§ $¢ forpgstiod pldipg g r@tfgeérogh%fa BEUS (S BIYe Ameisfitenfdhe

RYLid @¥npehedi®l@hout ERUSHHO tHe MIANE St TIEm&RE &) b hietal oxide.
activity of the catalyst. Methods to prepare a

caualnityreraid hygpuely & piedpd pisteRRRIa A rmeé o Bradlcingd  agalysts or
RabeNtwhy ca@li)%égdrg@épatr&l 1§Bﬁ§1maﬂﬁe?m%hl%mﬁoéw&19a sulfldln%] g

netal (s) and 'support” nay be mxed wth suitable m xi
vefhod therpctiteondtals maa bCsibyranisally-dispenyet ialtifessnppasiu giserarations of

Lg%c%lEMEcF%atJi&?s a?@s ; ?ﬁ?lgelc)ﬁn H PRLAING) 6, §f8°§35‘% b g(%ﬁ‘élw & aima)ﬁd

I'e m xing equi’pne
@Zﬂ(lmlt@annﬂmgetekqw prment i ncl ude turrbl ers st ati onary

shel IIr? & a1n Ob%%lménts a thessa aluan)rge? glﬁ)p&l‘ft Bay B e co éd w1%1 ¢<ﬂumns 5-

t ype or continuous type m xe any 0
Hanaslakd fprik aowmn duxan su@brtgje)mmmlsnj) Ikmimmtem dee thietaat

il it de th
i P4 B s S e S e s P e AT T
1oRt 800 @ © fehethbtagdsthating a phe sl iyAbsLGT dih ABkaibg forei S

are) substan [ hoanen ousl y dispersed in the
éﬂﬁ‘ﬁ%fr% { at eyt %%Qng i nisE geatffﬁéméé% ngugleq al tqnupgtatures of at

thegeab@ckcat tenperatures from 150- 750 OC from 200- 740

0C, or from 400-730 OC after conbining the support
wi t h [ prngyeRkadimentss figsuRnepdeffive h eammerRia] RPRL st SURRRS

REpah@ak dbdcBBER i) hdiRHROABERE iRk sBHordd fat@PNdARTor a bulk

oxygen rich air at a tenperature in a range et ween
e elyshdn 1goocnEdipenie hoseProsicd e4talgst pry troludg @@wr%hi

Iﬂ&tall(sg Afby alﬁﬁl [ho ghg?f)rtédh:%tagg A tlé'bllﬁ( rﬂﬁtﬂaclaél

converted to the c respondi ng nmet al

@wdhodlinteenpesydehpitk e pyerdgda @attiglealzg iltomﬁaﬁ}O ecrnsal- 45 rm;a@tedor 5-
| t%% P 1%1;1 L& gng%ﬂ&%%) (& ForhlarPnfHRA glgert
%ﬂ]ﬁ to @eo‘go%% omofg) e 0 3 g?‘? T fi{om ? %C
¢amly30 (In@@né emb@lipents, ok @fvdel mey becoabired g&ethfthémllpﬂ_erBand then
ex?r%lﬁ 1{smg Str{ilngarr? teﬁhm%l#:é OC%OO%/ of at'a gtfl\é\glﬁg%i IgPre SE2 grsﬁga%g(t)ns with a
edial podxdiai@eter in a range from 80-200 A or 90-180 A, or 120-130 A.

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

metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst
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Catal ysts prepared by such a nethod are generally
referred to as "uncal ci ned" catal ysts or "dried". Wen
W@ 2008/0y5555 are prepared in this manner in conbPCEHUB29A7/080433

with a sulfiding nethod, the active netals nmay be
substantially dispersed in the support. Preparations
of uncal cined catal ysts are descri bed in U S. Patent
‘tgaab ow1 Iy a%?e’agf?e’lg)lo}t%fl%glrelr eée&%o 1 eata ‘the suﬂ{ajceﬁdaf%?elgdg?@/]s't éucl)”ing use.
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t het t/ Col ums 5-10

to f
FERR i ot oP TRt BRrRaPBEBstr ¢/ Gol umms 5- 10
met alis sethexdribodimanys, be cheptt it prepiredibypdonditi SNPRS @ inbi€Colimns

| east 400 OC to formthe catal st having a pore
‘25‘% Bed (@ Pnst PYAcshayne 4 pagigieaie |8g?tén%ﬂ %d@é%‘éf‘mgefer%tand a
Juppsit. B3CniferailokRics alal Yncludld Cdluti@@tsilich &afch RGniifa, titanium oxide,
conducted at tenperatures of at nost 1200 OC. I n some

ZRAHHN RS I SNAgNRHUE GR|gEr T Dpigusen diereel.  BhevRingrakpxidss e e

SMiaifedSHRPR dxRIAPBIoBLs BSprd@RE LigpeH. PEF &hMple"BYmE fines can be
conbi ned with a supported catalyst and/or a bul k netal

aairgdyfem an Hugpaex@idssdirepiatian o Prrslued Gadyst BiPeER dp yape
Il uﬁi@negﬁ’ BHH@ fittod rﬁ% Iﬂkf&( §%art159 Elz@mogv SOb Iillﬁcrometers at
supported catalyst and/or the bul k netal catalyst may
Ihest ¢ plumiveamdters.ou mogd\&@ aricrintlarsaer sawesiagenipenteleey. elhgipagicle
he
B S BAPUA Sy 0 LEf008 o
rewbmmd@dtorﬂ@t) arhcroalteatsysrt() 5 hfereroeters en‘[ﬂmhcmimt@s @dsreblmng
Igl%%\lglg(%;ei%esﬁxg?lnone Q mor eéjo kﬁqm qutzlsfp or t a(l)rr]tdmgy {ggl lgzlsg tmetal
tbae/sideg)nahmrfecesolee: cdta$}tstl bution with a rredl an pore

diameter in e from80-200 A or.90-180 A, or .

o usteab o rnihd PSS Erpetd O of e GupBbyin some
@hﬂo@%&ﬁentsl ﬂnesmd 1r8d113l@d ehdmmh @olur?ﬁ 6|n%aﬁf in tﬁe Q@ﬁl%ﬂnggbnge driz@al
netal to resi eunertesur ace 0O the e e

HEttyfe g ﬁt“étrsﬁﬁé‘tla tyff@;‘?doék‘gﬂ‘iﬂ ob Compelyaetal in fhe qrgstad Spore ?f the

d@RAidAGataB/si. €%S okRE 8f the Colulif cSHERIAES) BhRRrMRABA ﬁlsmg owder x-
ot herwi se occur in the unenbedded netal cataly ]l)

13y Airastins glelhet sThersdar Apeleagdal mstal in G C%tHéSté“i}?th&é‘é thsprder

St nfealaphn¥ @l ineid Bt e dyl HeQIeRRAFIMAY bF@IndHa¥hd e order of the
activity of the catal ystby allow ng at |east a portion

tlump 6 nppgal ppakip apvey diracten paetfuneel the Colan Opxideya the order
(qlﬂﬁé uli ® meTah gﬁ eh % X ¥ff5‘3%§h %Qct%ﬂ?oﬁﬁ«% ga"{’%ﬁt olf:rohlh e

catalyst throu rosi o
watdghipg enderabsgee olifations godided wih Gblpgn Gwhethl iman x-ray -

i [
Jp})%rfg‘ptg@g%g%y don‘gPonsglﬁlestg gggmg‘gg)t?r%rte %ﬁﬁlr&ﬁgﬁ eééigﬁ)gje)ﬁésmﬁany
nastoally sr)dpremmér: atysl(akstxﬂlewrd'] aving a particle size of at
gglsfj 09 gxarrplpl CANS L}%genu& tnﬁ%uﬁe &ard) tR? %%tginaggfgo?ﬁ%é?{ej r%aegiaelm pore
du'uhaéu afm lexdt d&) Azmayaae rameﬂnai(tocfenm m’azgmeﬁlia,{nmlymdbldﬁn trivkide

m Xt ur ner
mlxture ﬁle mo ybcE:num tr10x1derﬂa ad

gfllmte pattern (tIoTra é/xample definite Dgo1, Dooa
and/or D3 peaks). The alumina/Column 6 trioxide mixture may be heat treated at a
temperature of at least 538 °C (1000 °F) to produce a catalyst that does not exhibit a
pattern for molybdenum dioxide in an x-ray diffraction spectrum (for example, an absence

of the Do peak).
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obtai ned from an extrudate process to produce support.

For exanple, alumna fines can be obtained from an
Wa@kwal#Easext rudat e production to produce cat al BGI/US2007/080433
supports. In sone enbodi nents, mneral oxide fines may
have a particle size of at nost 500 m croneters, at
nost 150 microneters, at nost 100 microneters, or at
Imgorae emb(g"c.ilmf;r(;:l ?1 eer ?ag/ Tl%g}é earrgla%f%re ch:pén%%ncl)rflgs%%l%pmeﬂ cataiyst
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rometers.to 7 1, Grone S. i nin
SiaPabe e St Sl SR £ ol YR e S, o Halhum
SRR @fid/oBdgseth lofided) Ba s dRi@le dife dfasind@ 500 nﬁdiemaulrsf zﬁ@l&)st 150
of the catal %Sbﬁ)] Intercal ati on agd/ or m xi % of th

IBJGFPFSQ?FF@?] akmggt 1 gnc‘ggpgpr%qrélt RAstH Qucromgegs, Hhe partlcle size of the

ek M@hfétalstﬂi@ 8hdeUrdnM0). € 6hi@bAelkrsab 500Bi &SthdEm®, 16micrometers
nmetal in the Colum 6 oxide_crystal structure to a

QB pime e rsyorrl e AERIMGICEP 7o MICBMERT- & trsteambogingegis, at least
Sy peadel oS past s @aRf a pdhecienheddednoah@toitters b nﬂ&@ﬁfeters

of the Colum 6 netal may be determ ned using powde
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dramesftusedtaeal ydo pér gtrehﬁ omlta]nymarﬁl aratoal (I Sgraﬁls et most 0.2 grams, or at

substanti al | ran ed in

B0 D Oy R e el ks b B iS oh aelvst ftoces

flaxbml 0io0& %fgam@ BO0.B ggaam ﬁ%g@ 053@0 argfr@ﬁy er f@ld)ram @Fan@fto 8f1 grams of
east 1 Ama e Cco I ne to orma

UPPAHST ST %’iﬂ‘éﬁﬁﬁtﬁ]ﬁtn &k?ea‘émrﬁ“}PPEiﬁné’mST%u%Ftﬁtﬂ%%ﬂ?ﬁt

hélb@xitaber Mol @adefol 00 §@mPat §.6T Bralnk @ 0.eXARRIE Cobgfhl (ﬁrhét@l(s)
DOoi, D002 and/ or DOO eaks The al um na/ Col um

Ipppyg paRodimsaty the %@ﬁtq@@ q%@b}ts mppiieiude Gpm L. 008 gpaisde 9r1 @rams,
(9(50545 0los %ﬁmsS&Sfr(Qﬁ:O 01900nsQ5D.05 QrapitsQA %ﬁmﬁl fbé}hélm@t In certain

that does not exhibit a pattern for nol ybdenum di oxi de

quapogiinoptsy dpg ulifaptplpla catplgst Hwe@qlwrﬁoelf PO legzamp o). 1 grgms, 0.005
Q‘Qfﬁ? Qﬁ()So%%ﬁlb Or 9819'0 (Hegq%/ﬁisby AR @Mﬁ’ﬁrﬁ?@%tal(&)h §n some

cat a prepare a sup orte
thOéinyesmts dnﬁdltmstalaie vgelpstaatuley ﬁbm\ﬂ\)i Q0ﬁ1 & (%legr@mts Celf5 graens to

h tal yst.
PlosBhfs SRR RSP bR ERS 7 For
exanplhe catnhyistyzﬁwe puflioy i vaes asaiyhed nsingj stgamlegl elostrog@siyroscopy,
g
A S BRI TP EereL oo TRRbng e oS OFED 68 ypipe win
th® sthekd havingreanet aeights Iiitl‘:‘lepgh 1] cdnepaﬁadz@ alafrmdtike Irﬁgfibdffﬂﬂlﬁl
mO0.1 mcr rs to

6 19%%ygfog)roci smrg(agggﬁ@is e @paratlon of suc cata ysts are deé(g‘l ed 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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to 100 mcronmeters, or 10 mcroneters to 75
mcronmeters. In sone enbodi nents, at |east 50 percent

wW@Rooshes7parti cl es have a particle size bet weenP@I/US2007/080433

mcroneters to 15 mcroneters. The m xture of the used
catalyst with a support and one or nore Colums 6-10
metals is dried at tenperatures of at |east 100 OC to
renmove any | o n ent s then heat ed

L 4 Fe bk aF AR RRERPor Hh b RERBSBE Byl e
latdrdpeasisinp38Q1y9E ateay g cally diedted ol 0CSC @mne ol Dorraha@itls td 0
met al ., oxi des medi a or met er .of. the cat al yst
SRR aSeRon Jdg olee, Mg o RS b Sty g e
ey ihBiBit Aeaclingion @t e ysthlysayThe Bﬁhlyd@le@hbé&lﬁﬁdm Bas@hhanced

D inPepySiipertogedes onnugrmperSipgod C gl Bughree

WEREE ,Be'iiﬁg dPRSh pebhéat YA TElysObverh stmdSt pddiod oBfiRBmaQincrease the
Col ums 6-10 net al T(hﬁaﬁﬁ‘l n sonme enbodi nents, the

Ut 9idy dﬁoﬁ%rp%fﬂ@%d O oEesyifioueiba BOI@aC{:}P%W@teW rom

0. 05 tf Qorfk dniHaaiEs, Sall @M PrOdhatic@APedty fBrelsu@E@RS afious
used catal yst, perlugr am of catalyst. In certain

ROFbBBICHENRAsMegTe ingutle. dut arp pel léﬁtedltwprq HnqiererOre FJume,
DrAQL G adif%oﬁlemﬁ)u&ls HeRTP. P cQua% Iﬂﬁ}aﬁﬁﬁveta%s%ﬁau% 8BafPf

Colum 6 netal (s). I'n sone enbodi nents,
quiantita of b sizesaeeshy pere dayeierse | lihd encfliap oG, cnmrletfgroéﬁrs porg size

%%@Qfo My b3 #Q&Eﬁgé’f&? %@ 1@{3@1@53 0 ArQTH 300k, 9h ke t O

I'm certain
@nﬂmdhhhamncasa,lysttmatuhqlmc&sam Bhit®. Scatiad gfganmmyalunmoh plfdgrzﬁm ofm

cata?olg' %agﬁr %rl%lf SlZF%hsélb[%{lmbwgg a n}eglrerlg %B%elﬂgls&rﬁle?er in n'g? ?1(1 S?? to
200 50080 Effﬁ)@,d]l(ﬁE@MEQ Atdrg 2 td: r3ask.alalseme ainad)(yﬁlbnts nied gaaiasa

delglgll% (c)atglyst abeggge O%e %1 ﬁg%lo&vgﬂ;gOS?(g%n% 1a111%ter ragglng from 50
£ker (foom 6TReo ¢38 &) ytStom BF Aes 1ZUA T Irithg enibb@Mments, catalysts

nal yzed usi ng scanni n el ectron mcr.osco exhi bits
atdpciptlerf %?%qugfi‘%%/\%fr %%@P‘é‘&‘aé?f%i%@ a%ﬂm%mwow e

didvBSutlon itk BédakioRddidnéBr ih R€arst #ekS1 802800 g 20@d0E Ador 230-
heights and | ength as conpared to alternative

%QII%/ b@éﬂ@ﬁﬁ@ﬁ?cgmﬁliltﬁthﬂyﬁ}lw@g@ptﬁ@ofé@ Ry gizgdistribution is at

1EXEPRY Al QﬂﬁstquO sughespt g X sk Ra&n60 @eﬁqédspﬁaﬂ) AN das230 A, or
Patent Applications entitled "A Catal yst and Process

Ft dpast; 08 Al\/aﬁvelﬂ gedign porgfliapjetarsparg HiRicaly ftupospf @0iA.| at e
Prod E cat u X d? thlng{)éi’e §%€€1§t?1bglﬁﬁmv%bﬂ_%gﬁ(ﬂ (99 Hiameter of at

dro esu tion Cata Maki ng an
1@@@6(T her edfast ¥ Bhamsonre coheriereoisathe applyitdas 4 pors sizafis@ibution

\ﬁlltﬂ ; lng(‘rﬁ'éfl e ﬁfame@? h%/afl%)epf{o% §Oc' SI!K(F'Q It ﬁ1|0y1§’ t ’12(?—?%0 fz,o%ith at

ydroproc Ssi ng cat are typita hea
184St 6We of m ml oumtmroé pmnmhkse pcwe s;mwcﬂlstobuttdnehageg e paeidgmeter

N N R e R

chhéysclatsalppst sméeﬁsmnibdneﬁi wite memddlalnq;@reenzhmaeﬁi a sdn@d frbmt?}b 180 A,
ce drogen sul fide. wh eated.to 4

b 1B FicaP e RS R ey B e h B anenore

difigetcatialiy $3 ApYEA, @ 2506 BE mpéith péle afankeicie may

' her ?r? gr?lb(gdl?r?lents 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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anmount of hydrocarbon feed that can be processed
through a contacting system In sone enbodi nents,

W@ 20080y may be characterized by pore structRECEUS2007/080433
Various pore structure parameters include, but are not
limted to, pore dianeter, pore volunme, surface areas,
or conbinations thereof. The catal yst may have a
p%lres 315%1&%'} : ors]on({ff: el‘tlll.]%tda fmen rg:tclatta stq‘f or big 51Sz|e %%%%%ﬁon wﬁh a
por e ers. i’ an pore er-o ore
1nedign mlmsdhambtnt lln(aﬁarl‘m)frohelSOFﬁ(@ A, an@;eo@ Aom BO-SmO(AOwAh at least

60- 300 n sone.e cat al
(i%%%l?foa} tﬁ@! ’E]‘H%beé?f P& ﬂt‘f DS ST nffouuﬁﬁ “ga‘f RIMY H‘&“%@F within
Yramoak, oead al ofshie e frpdn@esi. ze di stribution wit h a
e dianeter in a range fromb50 to 200 A

medi or
to 1 ’(’)S@%ﬂ &_E@‘E?d’t%eniSAfBOYAVOIBPlePﬁgor%mi%'t’? 9 leapt ). S efpgld at leaStO 7

@rodi mtsa) 9 tdi®g. gmrsarﬂala lema)diﬁleﬁatpa%ey\sﬂun&a& pPrel @fa8 range from
size distributi oq Wi t mscy an pore dianeter ranging

9?8@195@1 % Q085 /2 0?9%19176@1& to 135 A, or from70 A

t 0 12Qe fatalk§ hatiREE pSIROMA BN Gon ¢k Rl&hS pblAtanlel idRinge
at |east ,0.1 grans of theta alum na per gram of

feam 2084 AHWelneﬁoﬁlé reabedimentsi heve § Biifacorenpl 4 leasthBaings, at
IQQE @2(%%“%& ﬁ:ﬁst'lﬁO ﬁlz&aﬂ@&stfﬁ@ - LBRase 9% A 2@9&1%99&16%’ aré%rmay

I'n some nbodi ments t he e |an pore
bﬂnlam&r@ﬁ fr@fn ItOHéOBmQ §207270d’4e. rlpB-350 wAei @ 130-2Peadk. 120

A, at t

| east™ 5‘%@ e&“%g”@é’éssﬁhefg‘g% h]“‘§19g aP° esé%étﬁgﬁﬁ?&a%pw@’ ﬁ{edlan

pm@dlamelpnme rahgarf@tlelf&) O myphmlal syrfate arp st aﬂl@@%Oﬁm /g at

at al a Si ze i but

RE AR Bt UM Y e 7P B B A, SR Ge

iay Berin @ @amge éobod- mnt%zg 994280 né;tgal(;@szmha%g ar pRFE509hZe

dlstrlbutlon% thamedl ? %r?pter narang Th

f r omIOABF R GE: Elﬁﬁatﬁ\y“d tefé WRING RN SPecfrEsggpy- 1he

%&%s@lﬁlgﬁn&l@de@ Eheﬁﬂ]fﬂﬁlﬁla ohd m@tgg $rom1c@1{manpﬁn(enﬁ'y Eﬁnblt bands ina
istribution having a pore djianmeter within 45 A A,

15§10 Betyeqy S40cg r?ééig%“gor Bangs ghssryef in thy 89%?1%1&05)00 Cm région

|pediuB kg o Mbel- Qﬁﬂ?dg@hMétalﬁﬂﬁsyﬂm&Qﬁcest&tchﬁlgdE§§diﬂeb ution
with a nmedian pore aneter in a rang;%from 70-180 A,

SOt s Sgghfrckibohen <haten et @ Eetals cigits bands

RaF ﬁo%mz]e nér 884 ERULILHARIMEUT NG BmR B0l hRABLES R AWt of a
45 A, 35°A, or 25 A of the nedian pore dianeter. In

rapybrenp Ryt ispeciandmayriadican thebthe cafplphapcydep p spagiss
Mf&hﬁecﬁdtéﬁ tQée%tM% @J}Aﬂ £0 M6,2tm Isﬁ‘ﬁ’%émﬂtﬁigné%'ts &%%hla?eos%eaes

or at | east greater 60% of a tot
15191rybteﬂln©f pores in the pore size distribution have a
por e
roct ARaeo Gloghonl el 8 il ndfe o] G0y 3y,
dxasntebamsne a sdgien tetiveden |65(Djtm6mnd/\10()h ca’ nBancambmveel near 650 cm’

S130BG0 A By EGRRALLIPORB0RY g SO RTRGAR Bty ha

ipdu@&s tham zﬂiitemp aneCslumas flust 6 mbtatsieahibiadindgnear @r@n” and 990
diameter within 50 A, 70 A, or 90 A of the nedian pore
9t amreter. In sone enbodi ments, pore vol ume of pores

may hecatail @asidinkend, haBAglystakists@@siap@d Brms, for example, pellets,

cylinders, and/or extrudates. The catalyst typically has a flat plate crush strength in a range

from 50-500 N/cm, 60-400 N/cm, 100-350 N/cm, 200-300 N/cm, or 220-280 N/cm.
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cnB/g, or at least 0.9 cnB/g. In certain enbodi nents,
pore volune of pores may range from 0. 3-0.99 cnr\Vg,

w@20h80485tnr Vg, or 0.5-0.7 cnrVg. The cat al ystP¢EUBI997/680433

pore size distribution with a nedian pore dianmeter in
a range from50-180 A may, in sone enbodi nents, have a
surface area of at Ieast 100 n2/g, at least 120 nR/g,

at | Ny % elgn(l)bolgiﬁm&ts e c%ta yst anc?f/%r the cata]?gt lre%%%‘gr %g‘gﬁgn%{  form

Such surface area ﬁH In a range
rﬁ&ﬁ)l—sﬂ]]ﬂ’dleﬂ@hgx t0 1i36€)- uﬁﬁ@ tarRhigues d{noﬂ:ﬂ ﬁl—tBQﬁlrt (f8/ gxamble, ACTICATTM

t mbodi he cat t h
et R FTE RN ) drtouts Sl ribe Bfifiy RS Be A& Finen
ﬁl[fﬁléﬂ.lﬁﬁerfﬁﬁlﬁleﬁr mayathgviens teuuffide®inaite dy obntat of ®asitalod with a

/g, st. 90 m2/g, | east 100 no/ st 120
%fogafbi%‘? feﬁ& 6‘%’&‘%11“‘1%75 glangiggonpqpidye In- %{Pé&ﬁhwu%may
utﬂhzaelt@n aRedus qa@m@g)elﬁ,@ﬁld@% the pRBn280f M@en J&Qq&a%hase

/g, or 120-250 n2/g._ In sone enbodi nents,
%gﬂ%%ly&%g% Seherp QBB L WCFOpgPYRY's RAFHing ﬁé&ksvlaé%Sowysulfldes

(hd®, &Rl AlrYSlesh, MBL sitn@l iAok PREAsAl AR iR th TR Bdidnt Nos.
from Col utms 6- 10 may exhi bit bands in a region

bt Bomagnttrl-aind 9B, /éfricrScamBayigl observed in the
800 Ciﬁrbérta‘irpen%gm?emts a ﬁf‘sg{?ﬁg of@al)g? B Eétg’l%t&)qnélﬁ)des Columns

Met al - Oxygen-Metal antis trlcsretC| I'n sone .
ehbodialent sombih@iopatidl asypparhand has @ngrsl:esszetdlts@ttaltlam with panedian

Iﬁ)gégcrhgggtgm T{Etfan dlsg)g%'o %e%%}dcﬁtagg% aﬁ%agedlg %}ace area of at
ledve L(Rantg i ffore wflurae ofohy hderuaiyst ataaby stleat 0. 6 hm%/g The first
ST P A S O SR P G g gne
tepibad i arerobi), 999h granistod lgm’eﬁha aIuﬁm&ppﬂl B8N oBfu@trqasallﬁt | Theefirst

| nb t h t | | t al
AT ) RS sy Sehon e SRS o i bl bR AR

(ﬁﬁ(gysg gﬁo%raag’&f{d&@(l)ogmol(i i gﬁ%@ d$té@fta@ec{a}v%@t ﬂ?apabw Irem@vlng a

an cm ma e a ri 0 = mot1 ons n

ROSHRR & AR Wgﬁf@ & hydrocaipgh 5 TPIHQYING $RPHaRe! hequaponents

BheBhEBuB RAT 9 ARGdrBeabth tBed Rt @K R hsrdademe ngar

670 cm 1l and 990 cm 1 . In certain enbodinents, the
1 BhakP YRS froghy laydeocibog fred sampypgal ledshi PUame] the mpalsiipgtal
s‘ﬁ}fé J)frlﬁi%cf nfo acﬁﬂqu{ @F habEMSRL S, or-ré'@)%lbﬁﬁhéllls%ﬁérectfy @tﬁé@gf%ertles

has a | at p ate crush stren % in a range romb5
(KgrempmBo-sgter cnenl, VE6DoRB0L K éﬁiaV%@esgtme CN ey Or gpmbinations

tﬁ%g ﬁ‘IQy N&lﬁm }eﬂm@& leq%%g CT tyo éﬂ)@ﬂ MEd 13%8%&& with

catal yst precu sor I's orm net al
thefifsi caedyst.pBeiog ablotasskytiwhi dhgngequopvitepy e a kydyogartion feddevhile
cﬁiﬁé (él{ﬁfﬁ%fl% Sﬂﬂarﬁ% rtld/'\g}eEIéI% @nalﬁ’ﬁ 8@1?5?%2{1%@0% ﬂﬁ% hydrocarbon feed
todt aloyesetffwml}ﬂyaeeaebdl édsonh:@mbsdnhﬁendsme oAhtoer fivatt dataglsis, may be
&S ‘fl cat al%st may be sulfided in situ by contact of the
St YO Wth a hydrocarbon feed that includes
sul f lI]i @it @buidiigeneo thp eetdd typt Bf Gtdlyst §dédond tadydrindimles

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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utilize either gaseous hydrogen sulfide in the
presence of hydrogen, or |iquid-phase sulfurizing
W@®anss7such as organosul fur compounds (i ncl udP@EyUS2007/080433
al kyl sul fi des, polysulfides, thiols, and sul foxides).
Ex-situ sulfurization processes are described in U S
Patent Nos. 5, 468, 372 to Seanans et al., and 5, 688, 736
pg*)p ae;[s gﬁ)n S)fa%ttple%a IlTIAS ) Sl(,gai gltqh?n%e (:I;[IE etto %arIlfI: ér%éer&%@po? the
lqﬂkﬁm¢sﬁﬁmmwmﬂﬂhhmatomwnauadbm@w$mm@dmwasamﬂamamuaAﬂQﬂ&gml
size distribution wth ore dianmeter in a

PUFE R bbb ST R £ R SRR B e have a
surf 8[@1@ s@bﬁ@ce@ff]ys&inab/ eatite 40 st@pdgtionldTehdr@nPon@lksti® coftribute

t he f st may. be at least 0,5 cnB/ he .
P |ﬂ}esT @F%&%O%/ﬁi “hfﬁ%’e a%}e"gjh?rﬂ‘ﬁ“% %fﬁ?%%%ﬂ?ﬁ%%%d:awn%‘ﬂme to
Ileﬁﬁ&ﬂy gﬁ vBERTR:s, Qind SRINT®at datki Iﬂ)@ﬁon&ﬂf @hetNlW/F@ bdrterbf the crude
nDH 999 grans of gamma al um na, ram of first

a‘P%tfona% éoﬁ’tiﬂ‘crt ot hydsgearbya feeywith FI}‘? S% cHABY draydpdce 2
&ude‘ﬁr@duc?@ﬁﬁ £RYaiQE1y CRhy Ul‘ihnge haddis) @onﬁ%\f re@ii@Rhe sulfur
catalyst, in a range fromO0.0001 to 0.1 granms. The
qontegi of thg Rytdyagarbpi fegdp eyl caargple rtb%@th@O%PCb@lﬁY hais agpligtrentent
QM oo SR Gy rRERERAOR RS Erboh SFRY IO APALEIP BaPhiso
the conponents that contribute to TAN of a hydrocarbon
dxbibdl, relpevelyvinedl changdep mglistdlaigeprtenVof) qohentCend residue content
Igﬁgagbg(QE%(Q&%ghﬁmgydrocarbon feed, renoving at | east
a portion of e hotals in netal salts of organi c
ac i ddn pomd dmbddynhn@c the thgdrot weah, feat mﬂ:}O]llIh’B aa¢latorly low content of

(f
T M TN T —
@enixemaf et ih h&teﬂé el ofraigaex hdid. tA rodduaély \hedhyl' /8¥rglot example,

FRROP R TR et BRI u B Lo EREPRIH T ehbrucn

@ﬂﬁ)@ eiTinirRs Aodisadvintabeo elfalﬂ@ Q/ﬁhlﬁl@ﬁﬁhv&m High ONdsyh0dbaR gbilitlgnt may
er pro rties in relative s amounts may all ow
%@ﬂﬂ%ﬁa &) Pytfblﬁm$ BRgessige Fdaths rt‘éo%?ff‘iﬂtqeé it g}el%twéﬁﬂ%w Cs

dsPhaHOR® cENBRdICORRE DL (RMYdBEarBEH Bed Wit the Gadoad yﬁilﬁstmy
be used in any order. In certain enbodi nents

TSRO HFIG FrNRNe Y §f &5 agphalsenshiepnEusny O FAN {e1 theles

Hyaldenmsn Red OmBhRlefn®ddihien€ Q8RO 1A, a‘@f)ﬂaﬂe&s SMPRQGponents
and has a pore size distribution wth nmedi an pore

Wngbetieg (of N may Frguce (he @Bk tae hB@OCATbOAtfeeldéﬁéltPf%%
rg{xtl}rgfé 19& Q’J thé) ?@Q}@fty Qlf th«pf?};éﬁoc'calrﬂa tf &:@taﬁl' chfbodiments, one or
I stri utlon of the secon cataP ave a pore
Idola wembinatigng bf spcdBl cAtabyfststoipy enbanca !stalpb'iye)f thicaptet woduct/crude
R B L
lpﬂmmmmen&mdKmdenpnadmsﬂwﬁhEBWMms&ﬂebEGthﬁpD@mMWMEQBm

%ﬁ g an l e, TAN) significantly changed relative to
rrEroperties of the hydrocarbon feed while

ot h efln pimpaitiddasenay; e thoml typeaiiamgigst (h}llr@ceﬁﬂ'@ﬂt’l’) nadyigrobtainAble

en source, one enb ese
R s T i CoR M SO A Lar e Ry by BaF alme
da@dst prac P hia Be @fatddia tmqﬁ@,eﬁt%mif snd Hahore eulfur coiddifing

compounds at a temperature below 500 °C (for example, below 482 °C) for a relatively
short period of time to form the uncalcined third catalyst. Typically, the catalyst precursor

is heated to at least 100 °C for 2 hours. In certain embodiments, the third catalyst may, per
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to the TAN of the hydrocarbon feed, at |east a portion
of the conponents that contribute to relatively high

WO ®B0$3767T es, and reduce at | east a portion of P€ES2007/080433
Ni / VI Fe content of the crude feed. Additionally,
contact of hydrocarbon feeds with the second catal yst
may produce a crude product with a relatively snal
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@itRagestsi, the datSItysdﬂr@hﬁoﬁl@ AERAL at tovPerabaed RMw 5@ in the presence
resi due content relative to the hydrocarbon feed. In
‘gdﬁﬁohﬁﬁ@dWﬁEﬁP@meﬁ% hydr ocar bon feed nmay have a

r el atITht‘ @hﬁd da@wysmm}t Rbbiceql 1Mt/ Yoften of @E cexpdIRhE thadtontribute to
but a relatively high TAN, asphaltenes

Borodnt thed}yd@@%rb%fe%fre%% a1 16] GG sappialigh metal sals of

QLA EdsaRiES o MyV/BE &dniehebyinbL@le JrHdhd faal r@rémE SiscobiNot
of at |east 0.3) may render the hydrocarbon feed

thy eieeeprdist-eAflgHonaty, r?@p@?&OébV@ﬁcaawfequ pesth; Uy thgd cgialyst may
ﬁb(ﬁﬁgg @Hﬁi@gﬁ)qu& Wﬂ% r\@‘faﬂ%l}asrﬁeﬁf &Jahgé% YoeRUBH itent relative to the

asphaltenes content may exhibit |I'ess stability during
pHocesnhg thelyatdopdon éeed pdbwitl ralpfiersly wiinimaf adtdydrogdnyuptake by
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rbon feed/total .produ X rel ative
Y S08ETE e e erPon Bieno Stiscl Ny dilig 150 b visCiey
@nRodhdsiddict OR@ Mo I @as@idbyaihanendint G a®hgravity, distillate
cataI&,ts may enhance st abi of the t

pPoRuE( e groce G bret YT S A es b e mavplow he

eg%dﬂcntbm@hlsémiy ahydeQeenediptakiliest he hydrocarbon
or conbi nati ons thereof, when used to treat

hy dr o iEkeaRdsd inonyesbefiBeats Hapwicuce ahlea ggortion of the MCR
c%%ﬁ@df%ﬁyﬁroc@rbbﬁ‘ feel W REnDHiaifAb %'y&i%&aﬂ()ont fRid/@tal product

catal yst") may be obt ai nabl e by |n|n8 a support
wbtﬂﬁy Cll qgHin Gmﬁ@dlalle(ﬂé)th@ Birg ﬁ%ﬁéllu%,ténaé( hawg af 9lgmn 6 metal(s) content

R GEAE $3hn ). JBA- (Pfi‘%@n&’sdoogr 3L, ofBY0 L6 ol g?a'iﬂ%ddnh 3 cblifn 10

pres nce one Or nore su cont ai ni ng ounds at
Iaetﬁléairp@rrt@tttm erapgd oom 000 DCOP omsekBPpY-63 gmsowomz 0g)

el ¢ Shew [
%‘%I%Sa n gg&ic}\éﬁl ngt%afurfﬂ']? s a.%ﬁj 1(? Iglg }(geca sl].c 18£ 1ﬂﬁlte reduction
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cert neMmd t,
b B FEr ARk B Rl Sl et PR o 0.1
KHMB&]ﬁSNWhOHQQMMWaOS grans, 0.005-0.02 grams, or
0.008-0.01 gra The th rd catalyst,. exhi hj t
o1 gnith Pt TR AR & S SMnS FREYS GRS e
themhy dicat@y Redmbietornsitdetefaakednh&phpom. THYoS@@talyst 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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enbodi nents, the catal yst precursor is heated at

tenperatures bel ow 500 0OC in the presence of one or
WOore008/0615T ur conpounds. The third catal yst nmayPCEUSZHET7/080433

at least a portion of the components that contribute

to the TAN of the hydrocarbon feed, reduce at |east a

portlon of the netals in netal salts of organlc aci ds,

at ?e&gt%% %rﬁms at {ea& 0080 r}ettn?%n tO{ ?1 leasp(? 9 Crrayn(g St le elaa umlha ger}%ram of

VI SCOSI e Ccru produc
stgphirt. i TWrdburth cacdyst me;t 1n0]ﬁ1dd€1y1d$c(mmeﬂnﬁm>rhnﬁ®$d& mast 1 gfaam of

it pGRG LR BEE T R Pt h SRl P st

i@ giahﬁofS:bJﬂafybltf e oeitammt@ﬁnﬁdm, hy dionsar Deotaf € @shadiugh. Wi t h

i GRS BN SEF PR foad B DG B gagedidonal
havgt aubsdduédifo &RRceRih Of fdlfiecathBRL010E atictlﬁorﬁau&eftatyst may be one
content of the hydrocarbon feed. The crude pro

(HN%H%E%@38§Pﬁ§¥t fq%p@@ygd@gﬁygwiﬁﬁ?ﬂ%ﬁ@ﬁhgiﬁmﬁyﬁlheﬁﬁh
GaBlRT ieedih SR, BORNGRE cAtily ARlonBkMhllHtalydis Abdckib@f Rrein, or
content, VGO content, and residue content relative to
qoﬁ@“ﬁ?@ll?fsdbfa?(ﬁon feed. The ability to reduce the TAN,
the qﬁg(ﬂhéerhlgbdf{ﬁ;n@ hy?tﬁ‘é)éeﬁ n%l b@ gl?e%tgd &ﬁi g%ontlciétﬁg of the
Ni / V/Fe content, and the vi |ty of crude
hydesgabon {ekil eth dteﬁeurdmayaly,Sh dr?qﬁmgerwrean 9 g frampiAt400 Ae,

| LAV
BB 8 uptpath 36 B SANR hroa)HERTh A om B may have
BAN@MNmmgt@@%dﬁnmmdﬂﬂhmtmoﬂbé%uwadnmwﬂﬁ%wahh@TyN@ﬁﬂw
treat n a ilities. The third catal
g filab B nerd O b SR KB 1 SONRORE. 1
Nmﬁtné nir 164‘25 leeS/ﬂﬁI drme cardo prodiieenhy hakd 4 @taidi/iVViad doinregt of at most

f eed/ | t stabjlity. | in ..
DbaErRunDy. et (hr v nBACRG ot SRy 0ot il Nve
dvateal df3ie B@ricembn fsada range f r om O 0001 O 1 grams,

0. 005-0. 05 g a_Col umn 1
et Tt STURLAVEHTIR. & &GS Of A QOO LA656E ) GF M, Colamn 6

Het@0H 1rpcdﬂa)ugihaﬂﬁfﬂh QrtheQa A0hmQ -sﬁﬂ)oﬁr RS i Eatﬂglﬁ M Of pore size
catalyst. A Columms 6 and 10 net aééﬁ tcat al
o

digteibytion i arraetlinnogidigmetgt ofjagleayt | tlffaétnzzéfA il 230 A, at

IERPNRNM: Fealb3Bb ACOPY MIRUS® A OTRERphdR f 1n@])ﬁ§ff 8@@&@@9[‘ grams,
feed at tenperatures in a range from 300-

BEYSLBDLBTS, éﬁét rp@%@&ﬁ? ey 9f felaahyrng pe rsfa@ﬂ qﬂsuquvﬁa some
e}n‘t%dMlD ts, B s o MF&?? 04 ué\}a%ﬁfrﬁlﬁé n?éﬁp%ew& ggraﬁls ?Hf#ﬁb

type of cata h cat al yst
gherniak per)grim otouddyshat ieoratahyst hcladftshmtsama Enhvhmenisppopst 0.1

| 1 . ) . ;
BRI 3Ll D85, L BUSP DL PURLED
reﬂbl(lsd iperegr4s of tataystebl same powedidiestssbe olomn ttheetflGlpteh

t | east 220 A, at |east 230 A, at
@ggﬁ%%?gﬁmﬁgr%?ggn‘least 300 A. The support may

i ncl unlecrain dretRBtmdis] nghadmgat upkaka sy tHe.Hydgeah®n fead may be
O O e oS A Noori) P bR Peibr ey
don@tidd &ith ithe fHONRIDAA RprGureadi a AA§E rOm B 19U8OBC,afom 320-370
°C, or from 330-360 °C. Net hydrogen uptake by the hydrocarbon feed may be in a range
from 1-20 Nm3/m3, 2-15 Nm3/m3, or 3-10 Nm*/m>. The crude product produced from
contact of the hydrocarbon feed with the fifth catalyst may have a TAN of at most 90%, at
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Colum 5 netal (s) per gram of catalyst, and at |east
0. 0001 grans of Colum 5 netal (s) per gram of

W@ 21084045557 I n certain enbodi ments, the Col um BCTES2007/080433
is vanadium In sone enbodi nents, the hydrocarbon feed
may be contacted with an additional catalyst
subsequent to cont act vvith t he fourth catal yst. The

IPOﬁ E%‘%\Aoeh mosf Té:d“/a f0¥ (r)T? ¥ 9{]%%%‘16 sec r(f)]ca%bh Pa?ed TAN of the
drinde Itrdsrimdrna:ﬁlbeanh)asangetfm (15 t)f 0h, @ad-abystr 0.02H03si xt h

cat al .th eventh c t.al yst
Gosan Bt RIS, & uS e cunE R Ther B sfaviia) iBgyES totumn
b ) e CS].urﬂih}ﬂiha@led) imEynHietige Weth ateable tdl MomnE support The sixth
contacting of the_hydroc rbonfeed with the four

QST YA PREC sirey igP M8 aimpdign Pargargly %‘d@ashbsgp fycin some

R38R tsOfGe nRMiad %@re%mle@é;of PHE siGE Hideibli Ut beii RAutoed A, at
from such contacti ng %}A ve a TAN of at nobst 90% at
dt

laBs 23030 leatt 2aB Sy a@e% 3 ah%%%t S4&d% dhe pyngort ANy fclude at
theo hypamecanbern. %\{gﬁﬂ}s a{f'l’éiﬁtquﬁ%}aﬂﬁ neleddt '0%r£iﬁ§/ ob& nhd?st @99
range from 1-50 10-4 or 15-25 NnB/
Fives efrthete alpgrnet grﬁ@y)f Kepperta Thoealy supayjincdide g ﬁ@m of
b tng a1 BF Cgigﬁﬁl 5&9&:{9&( ?Encf@(ﬁtlmz goﬂqeteﬁ(ts) B8 tnoo Y% o@ns per
most 10% or at | east total Ni/V/Fe content o%
grive ohyaftlpt.cand ehledse @@0011 gramwﬁ Gilame Avesdiiliveandgolemi 6 frekpl(s)

0 . I
BB, Aetonhe Wil Bk Rharkd [ ARG BT Pro
PraeColufny ncadlahayde imasnge frond.1s2(; é-10i otx-3. bImtctermn wnbtndlalents,
RECLANPROL S S STRAED 8 4B 5358 R0 e B bE3E PRy
tahgsrenst 500 A. The support may | ncl ude at | east O 1
grang,

et Vi R saog i retlis S T Biys A SEpSarure in o

@ARCEinBTY-$00 ) &omFPAT *Oas @M FHopisa °al mﬁﬁhyt&og‘dhﬁﬁ)&m by the
of below 0.1 grans of ealcﬁjlga al um g]ﬁ)goer r@m

fydeogrrpst eee}‘ﬁ’é‘y Eatna 5188 HrfR i /m; oE Bntb Bt“h@ﬁtt% 10

R’ /AB S - ONE’ A as's mﬁnﬁolwgﬁtu@ ek yAkdeS u C%t@l(e i9 f)ﬁ’fmn@tfcatlon that
cat al yst and at least 0.0 rans of

droget )being eensiraied iBfsiteathy %fte Prtwcsuﬁ@ce%%wﬁr@ﬁtt@f the
iy cSBbN MRA QiR (S dat AL 8 Iﬂtplhxtadﬁmmo@ Q%&t 9@% nag%togtnsc)% at

I'n certai n enbodi nents, " net ‘t#)ta e
thpb

HYE POE attint e @r ﬁfdyasb b%roéthgt A}\I;p @qadqonég@gnﬂpw of the
Jrﬁd%'BeruQEém})PQe 1'I\1Iqqa %VW@P 04 gy g5 Qi BlRQ4 eed is

contacte W|thth catal yst at’ a tenperature in
a r ange rfet bydr@20 un(abe @@ngfwmm@z of @z bydc:arom feedowmth the

0, Sl D NS WG

139®@s1mwe prd"duelrxgrawdelemr@kdutahatpﬁr @depeande for Umspomttlan andpdr

B b PG RR L G0 ik ' BT BT Y e
atisirog&Pin afprdche deAbhsef oteledl fryasonasdoon f eed. TAN of

the In some embodiments, contact of hydrocarbon feed with the fourth catalyst, the
fifth catalyst, the sixth catalyst or combinations thereof at a temperature in a range from
360 °C to 500 °C, from 380 °C to 480 °C, from 400 °C to 470 °C, or 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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crude product may be in a range from 0.01-0. 1,
0.03-0.05, or 0.02-0.03. In certain enbodi nents, a

w@pooBl437§ype of catal yst ("sixth catal yst") i ncPCiiEs2007/080433

Colum 5 netal (s) and Colum 6 netal (s) in conbination
with the theta alum na support. The sixth catal yst has
a pore size distribution with a nedi an pore di aneter

of at, |east 180 |.n.same embodi nent onge medi an
por o AERREA PP e gt 1 R SRR S R o ot

ihgafetm 22dngAonatt dfeladtydR8arbdy fead withasd 0idbGre Aatalgtts.| Wasi

300 A or at _ nost 500 A. The support may i.ncl ude at
ast™ pHiorfib et Confmpudlc oSSR formal i of fputtaror coke
19 iyatede tedihine @ 86 thesub ng hrdiBoun06f sellintasproQuc8®d@inaBnt@éting. In

theta al um na per gram of su rt. The cat al ma
%"H’é’leEPé’@‘,lm}eﬂtSs%%“é‘%‘b%fgeﬁ%}ﬁ%ﬁg%c%{%/ %%’l‘t st qimz gams or at
1184 8100 8 yrad eEBlati oY h§didBLBbr Bdd/@fal flodids WHn the@oROHE of
per gram of catal yst, and at |east 0.0001 grans of

OGRS ehea ) 08) 2HA. astmeRt 8f Gantaglinesoondiipnsypayrhegtecessary

6 PtREMShutddwh SAARHBEROIRNS fhaintdia SRHaBIE ToRtrh@ oPhydrocarbon
total Columm 6 rrelt)al to total Colum 5 nmetal may be in

fged hrryeh fhespmtactipg zone. fthg gedigentzomentnpy genee gites gram of
I‘%gmgﬂbgﬁ&%@totél ?Odg&l, HOH 05)06@]? %’Iam's B O(?W?’gﬁly,rﬂo%{]@.%dl rams to
I I um and/ o

um 6 netal (s) are nol ybde t ungst en. en
Q. Gregrhyel Hsona®. Bontofldd cerams. damtastelfabe elddprodust witk the fourth
te Al ' : 0C,
AL 3R A Ui e AL L4000
toppekierels yllovwreredyedpo clanehidue Widedinmaal fomatinn af sedinget. f r om
10 Pl AL SRRy s R Ay o
@neni sfdiohahn ®@metal(gtin hydiee Gem (.F0D L6 rgenar@ilean 6 metal(s) per

situ, The crud roduct produced from contact of the
Fobedi B e CabRR P HE SPYERTuaeaTyERRaG ABs st
chANsois baﬁeﬁmlasm Iﬁ&ﬂﬁ:ing;a cﬂlﬁls ﬁ)r(ﬂﬁ%tt#eﬁihahmﬁ&lal@%m%t 900 BF the
10% or at least 1% of the TAN of the hydrocarbon

R g the Axfrggarb@pdeed yde product may be in a range from

0. 0140 cdktaiPerPddfinddes, aEighth OFre Of Oftalyd: 0WidReH cabAr 9 eRMdes
upt ake duri n?( contacting of the hydrocarbon feed with
P

Celempgprd Aetaf(plip gomejpation,yith sy and has gpersifeplistribution with

OMELIA pork EaMEEELIBN indRfrrdhy StF RIS TYEMT ITRDeiPHR %@ﬁl?&t%’ay have a
whi | e produci ng a ?r ude product that is acceptablé for
wrfagesiseral at feain “eha/er The ke relpme oghp gighthreaiglyst gy be at least

@HEhLTE ?ﬁeaé}%{?ﬁ)ﬁa{tcjd?@ Iﬂ%%\%ﬁg&nhﬁa AG b YoneHe B mlﬁs{’@s bifs of

usage of hydrogen i n process decreases overa

pnovedwhing aod sipcally at med. 98%thedinmreingasimacadwniaegtpeogram of eighth
Lt h t f . t [

AP SRR OB LR L

attalgs) renpematl ¢rghth qatadyst, angenga mom 8600 DGate tHQ0 2@, or from

oM R bt T S A PRy G o 4R
Ni#g/bd uad/cranjcetivin @htheaholly Biatm 3% thabydreasion83 Iatome
f!meb%%}ments, the eighth catalyst selectively removes organometallic compounds (for
example, vanadium, molybdenum, and/or nickel porphyrins) while only changing the
amount of inorganic metal compounds (for example, nickel oxides, nickel sulfide,
vanadium oxides and/or vanadium sulfides) by a relatively small amount. The

concentration of organometallic compounds in a hydrocarbon feed may be monitored by
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50% at |least 30% or at |east 10% of the residue
content of the hydrocarbon feed. At el evated

W@ eoopessIsur es (for exanple greater than 360 OQrCT/US2007/080433

impurities and/ or coke may form during contact of the
hydr ocarbon feed with one or nore catal ysts. Wen
contact is performed in a continuously stirred
sgec?rolpﬁ(])t%rélftat%rg rﬁla{hogsn asoJe%crlr‘EBéJ by n%rg 1rs1 %dﬁofe qngac Mge¥aés nCe d
Ibtoleng” coOmt Atbtor Sgencb lPuBld:SH&s dnd O’dmnﬁarbmsl\/hchigen dom, @age 3.

R AR e R B A S A )

mdwtnof\tﬁ‘feﬁgﬁtmeatﬂmtent of sedi ment approaches 0.001

grans, adjustnent of caontactjng condition

nece<d 87Y° 8 YIHRPEN f n’élﬂbt@’%\?df %WSE @nﬁ‘rcﬁﬁggg%ﬁg‘%src‘%lﬂnm
VRO MERI(E) iR cSibibihalh &vifhl PRt BdDhs NysHt Gi6aNRGBud@BFith a median
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osh ATl Agingmlism 1A o Bl bohbs Bl craba suprasicgt inclu

164001 0 oAQR0} 1 AL@TB drin oP R 18HsBOTS grafils @MiHe LAY @ln%aﬁl @f
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rnth gatakypio die pingl qaklysheay bayert chgrmd istal(sk deaten; ip gpange from
@@T(ﬁlta §5 raﬁll&eo @O%%llamg af @b glscl s, &M0.009 gpdnﬁqg bq%ﬁ‘alﬁsheﬁlrdedcéolumn

at el evate terrpe atures allows reduction of resid
Wi métalts) apmedt irf oranga fremn 0900k grdingem@.05 grame.d)-Q0ignams to 0 03

SHHERLTB0) Sy SPYEDA: bUIR R BN, G SENBhspine
the marlgetalysmlmﬁ) POOHAM Of ﬁlﬁtlgramitgst bive@alalamn 65 pletent(cedtent in a
Ig?%/f% apb) %rt%at ?0 (¥§§ grams n@' AT 6 t%?ellmsgs 6@58}/ bdentorB 01

Seve
gpindUbe ngltlacamlysdmap faoditad reﬁiikaion baa leastT ab;bdmﬁxﬁn (ﬁtthermﬁltponents

% of TAN of the hyd bon f t qi
TR R KR T TN e M e
adicl A sbmporiens linud eﬁltl@itdlmhﬁniemﬂatlﬁl tHeshlydioBarbon feed at

conbi nation with a_su has a re size
SPERPRS T DrvE o 20Ra oD Er S s e o 3 g0 °C ana
QRS Aahd ABO0Aw TPl @t fipg afraly sty Elﬂﬂ@erﬁl:)odlments
surface area of at |east 200 nR2/g. The Pore vol unme

e BINEY GHDR Bax Byt lray apertigp of iongits hengpngibuterie e MCR
c%'ngzm &t deAtyRkER oY RAHR i RHTE hPdWEH R EQAbENpro@ct at

| east 0.5 grams of gamma al umina, "and typically at

Shpalty- olrwggn GRATMERLS gbmwathémah‘iswaay rs@rcegrr lgpat & Porio At the
%?T]b % Ch}’ n coﬂfﬁ)n@ﬂtgﬂt yﬁﬁ)‘éﬁ]bgrﬁeet? Qtsc%rflté}atﬁlgggf at lea SQ)O,O °C and

nts, a total content o m 6 neta per
Igﬁﬁwwfaéilegﬁﬁﬁ\@fat alyst, in a range fromO. 0001 gr ans

t 0 0. nfk ary g?JocirE@ﬂeQ%]g glfrﬁ%@tht a%dQlian?cage[l t te&Efferatures of

ei ghth ca I'S capa enovi ng a po
at h@sﬂ\ﬁ()()\?Cl-Ead aro:sb’um ofait pnsttT | MBRa mhy plrméucrml oyllrftstqmdmtfha@mg a
oca

e eighth
YRRy DA ST g G bor «
rﬁfm 90%xamfp:dse80%/ anﬁldstwn% anhyso d(mammnoami)%@f thé¢ ekidbe content, the
while o changi n he,  ano
PRttt CE srButate pror il BECone Rt hydragagon
faéCkBile 18athting,a Ni/V/Fe content between 70% and 130%, between 80% and
120%, or between 90 and 110% of the hydrocarbon feed Ni/V/Fe content. In some

embodiments, the viscosity of the crude product is at most 99% of the viscosity of the

hydrocarbon feed after contact with the eighth and ninth catalysts.
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vanadi um oxi des and/ or vanadi um sul fi des) by a
relatively small anmount. The concentration of

woe@aneiteTt al | i ¢ conpounds in a hydrocarbon feeRCTEH 2002080433

noni t ored byspectrophotonetric nethods as descri bed by
Yen in "The Role of Trace Metals in Petrol eunt (Ann

Arbor Science Publishers, Inc. Ann Arbor M chigan,

1975, page. 36 und

my SR R TROR Rl S Bl BOT Rl ki GO RS T sgtomns
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conmponent s th ntr ut.e t h Vi Scosi.ti e n the

FORRas i PaL e SRR D Bl i RS R paiiP sty o 02
Qﬁni 0.068Qradfs,to Bﬁ%rfﬁﬂé 600.458aBC 0 @1 gd¥l 0 Coluﬁm‘kﬁﬁetﬁl@) per
and Pressures inarange from0.1 to 8 MPa, 1 to

BlFvesthy @latysiyPg soipf Subprimenth S sieisRd catplyy ”fﬁyrﬂaﬁe at most

@ag@lnx St COMMn6aHSIR) aln doBREbadiRRA | R e1SfenGUARBRERESInclude
that contribute to the MCR content of the hydrocarbon

frere 800 haiams toygil gtagisn?-HY RPdPEEdrh oniTee S tesrn to s dres of

S&iefh ho hﬁétal(ls)rbe? lalrAd 1S ERR HUTRAL r cebBi eRIbBAiheRRL AL YStenth
% reduce at |least a portion of the basic ni t rogen

baninslude frami W gesarsio A 1fesens. 81009 enpler grewms.«s fiom i1
%?Iﬁ h@(gﬁocar@{)@;ol £ 5 et )ﬁ% Al L&AREnR CMB?St PROLBGInh

eed wt el ghth and n
@bl 1ya§t ingpme empatimenis, @porsfsizgtdisguitios @0h @ @redid pore diameter

e SGATE 196 Aagrhg"&%%e fh M "i‘yng%é% %‘gﬁ&‘g? a}% foe o‘i”ih%dc%%'ponents

aving a residue cont ent nes an
e castpihale temnelser &mcﬂs&rﬁs a pmdjnmf thge owhwomtsttgratobntabutemﬂmidue
Bfgéqr it Ote 800 At st %r st 50% at nost
b MBS b s B B ke 68 o2 asphal tenes
and @ @ﬁqoetmtbddem e ondl @ type afchtadyst ‘heelfﬂh Salﬂ$sit’t)yna3'fbe

BRI T T omg a1 ST LB BOBR K calys: precursor.
The catalyst precursor may be heated in the presence of one or more sulfur containing
compounds at a temperature below 300 °C or below 150 °C for a time period of less than
24 hours, less than 12 hours, less than 8 hours, or less than 6 hours to form the dried

twelfth catalyst. Typically, the catalyst precursor is heated from 100 °C to 150 °C for 8
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120% or between 90 and 110% of the hydrocarbon feed
Ni /V/Fe content. In sone enbodi nents, the viscosity of
WO b@sosIde product is at nost 99% of the vi scoRBCT/YS29D7/080433

t he hydrocarbon feed after contact with the eighth and
ninth catalysts.In sonme enbodi nents, a tenth type of
catalyst ("tenth catalyst") includes Colums 6-10
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dgraed 0.00h igtamsrra D Atgadnm, nig).Oly ghame ar (b grafng @ﬂ Ct)kutmil 6 Ipa:td(jh),qier

S abF lhlr%e)éfll’.h creltaf gtL :Iﬁ L (r:]afie %%me)ntslt éle (_t) %elnna afal sEmay Rave at most

T bplakiohGolamnadetala. aIny@,ttamnemho@nmmp phy thireeath mhlyms at

S0 oRE i Py B e it BYE0a0 AN MR iend"

@fitdBuent, 0O ﬁllﬂdfeaﬂ’ﬁcataglsﬂmgy BERAE® fro@0.00.1 @langrta vl dramd) 0.D05
rans of Columm 6 netal ( per. gram of el eventh

Fapaioydts o Sbiremdib Gt ROD3 grpes i ) wgipl)ypst eram of

dRYysh ayiRe@din BRBdifents, McARBettih £R41Iha0 ifPRIRIHo%) 0.0d1Nzrams to
sone enbodi ments, the el eventh catal gst may i ncl ude

G-} &g, B tgPATerams. of forg P Qingranyy 9 B43 gEng o660 s metal(s)
dnCOBrhs 36 3B DbeP oA (grtl"ﬁff@engf cabd® st Mhe BB HiRL de) st may

per gram of el eventh catalyst. In certain enbodi nents,
ingladee pengsaip Al Biteanth satakygly 1o 100 @ty MSERrOTSL 0§ gregnstto 0.7

%aﬂlls of g% raQ?Q(Q é 6%9&111% OQ ‘T’m%r?'& deQrTﬂ tﬂl%e&tl?gatz? s@% %ome

3 gra net a per gramo event
aaitodiments, a Thre sied diveibtoncwiting ylsdlalha@e diametsofrem 50 A0 130 A.

|
fgﬂg&g@t %I}gl?r%at%al}gs? {ﬂqg Bg\gaéséfﬁ%aq 1%%%? I%Pels_ljgan g{;}rg ?ﬁzggpét%st 70 A;
foan a0% s 30fla ! peduteingta foeasie batwren 70-000 Af frt)llnéO% to 40% of
nents that contr U S osities,
BRRORe ot ng - eBpohiht Lo BREY 1 PERR' Gl adare e
t&mldeﬁrB@aS(D &; fibi0dgen 16 np@uesdfving atphe stzys%emceam bﬁn180 A;
iments,. a twe Pe
R et B o SEpE Ry e B arh i RS, TRnEF FHg ohoores
IB8HR Aporewdi dehbe Srk bl MBD-B00TRL fadrh 8)01% td 1 D §@re§hﬁl@1gai POBd size
&{‘S&% r288—&000 A; from 1% to 10% of pores having a pore size between 1000-5000 A;
from 20% to 25% of pores having a pore size of at least 5000 A The thirteenth catalyst may

reduce at least a portion of the components that contribute to higher viscosities, a portion of
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The catal yst precursor nay be heated in the presence
of one or nore sul fur containing conpounds at a

wo 20opesaasur e bel ow 300 OC or bel ow 150 OC for BCT/UR®07/080433
period of less than 24 hours, |less than 12 hours, |ess
than 8 hours, or less than 6 hours to formthe dried
twel fth catal yst. Typically, the catalyst precursor is

tﬂeeng(g 5 dongrgt? {C’Raél'ciorl%tn%%lte t? %‘fis 5d th: aFIi/cfla{tégneg) %’5@ OIét:)'arS]IC? a{r'ﬁtggl n

@atpalydstin thhhydoeartool faedn 15 el enent content in a range

or ami s iEgR pEing i) oo B tpond SN il ho e e

fdloabyegtas BRyheewRe Bistritsddgeieid. cant activity and
sed to treat the hydro arbon feed as

t abi |
Zeg c Irsie]r?é%“glvw\t,g‘? &t ySt(PhOfé%‘ﬁéPIé’r“rﬁtﬁ)dH ‘W@ Rewrollingopefpfingconditions

18af @lowsd cridypré@icsil bk ipetidcddih & ihbd T MNtahd/ar RYdicd pRIpBRIBs changed
f eed havi n% sufficient sulfur content to convert a
ydg

BHYS (9rhepydiqarbpp fegsl wWhils oiber Rrepertiss of the hydroepson fyglare not
digtidahly %h?édy Sthe E@Mltlﬁ% Qﬂd@@¥ﬁﬁudt 8as ha® dRMdctPProfdridshlative

conmponents that contribute to higher viscosities, a
ipdietydrcerbon fred amhiundsteore pegeptaintor iBerpertation nad/Prglning.

basi %rfh!n%érﬁ’egl@ Bt GR'0? chatal)g%s i9 @Q@At@cﬁs@ﬁt?en@@gla)CZontrol the
asphaltenes 1 n the hydrocarbon feed. A'thirteenth type
wfiuened efl pygrerty improy ¢nesatst fht the aycab@ﬁsltonrfepfl Fer prasypley ¢GNPI
i ni S [
e e e S )
Ia)rtmlmf olretnickPh and/bm at ﬂeaammrtmtoa thesanagiiaym hahehfdrmartﬁ)n 04 can

0 .2 ar 1
r < nl]é)e(i l())ef%re ft AL n,gbm]pn &gl?etgoeﬁ%msn%l?%%yg(%a%g}l feer8 Are r8($uced
t hir Léemnghnmmai/grsblectidn of ﬁrase:amlyet@ diageintssme bﬂnbodlments improve

i O B S0 Dl B TRl B Pl Ron o Rl miscor

Iﬁﬂjircweﬁléﬁtdﬂ aCahBbiigt adiAs sabilitPstt thOhydBocgianecafiotiiProtiioe 6
rretalf(] ) per gramof thirteenth cat al In sone
BB HESPEOCCISHE M4 a\nf)é(é‘rﬁoﬂtaﬁtﬁtga?W@P t%‘éli?“}t‘h@r aldeast ¢ gippths,

£10%% G6aRS of A 1Qstl @apFRhou? rédhoeFEn@BBtht Gathlyd o GE @BfRacting
or from 0. 01 grans to 0.03 grans of Col umm 10 netal (s)
8¢- gram of catalyst. In certain enbodi nents, the

t hi r teaMithGRAlR |sé’l§@tec€@%a¥s&%éﬂﬁlo(vﬁ@dﬁcQerpi(a]at B AABokBn of the

1 granms, 0.005 grarms, or fromO0.01 grans to

@/W@eqﬁ Joes agrrto|ofithe G am§1a5¢l(e§)at leAd AGPTUCA A snetads in metal
s?ﬁé 6’1] &%e)nlooa%[ds 9 tcéf o}tmnrotf ?T%Qgﬁl Gl?e'ilgltﬂa? Lont Qﬁe to TAN, at least a

irteenth cata St rrayln gram o
nomtm@ehﬂmsl@m al qpmbmaﬁmrrh@emfr@n vy docghen fgeciagore other

&OI%%:IG% 8&09& G e cl?anﬁe?ch 9/%11 a%ﬁlﬁgat(sﬂ? @tla%ﬁi A rrél?ef

eral” oxi r tee
ledhediboe feed/fota ppmluet Bixige dlirgp rprdmismgmfowiexdmme medit@nng a

a m20, As 30 A The t
RS uT RS kTR Pohontanbipbr sbMEVREMS: o At
ga\zl@z rmafy latmmetntamr réducéd DMeaal¥h dfaha3DMra@brbpofees widselnged
ore ze..bet ween ot o 40% of res
kg 1B 55 TS B ARl B g B A Rt TEoRet 6 Toos
mﬂrd@@ﬂb@ﬁ fdda@viaf glléw pRIs@bBityZ & thehytaarbds Gedadlaldrodut Ofixture to
1%to &'-3% of pores having a pore size between 150-180
malntalne during processmg

In some embodiments, the first catalyst (described above) may be positioned

upstream of a series of catalysts. Such positioning of the first catalyst may allow removal
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fromO.1%to 5% of pores having a pore size between

150-180 A; fromO0.1 to 5% of pores having a pore size
Whei03061157180- 200 A; from 0.001% to 1% of por esPEEUBIVG7/680433

pore size between 200-1000 A; from 1%to 10% of pores

havi ng a pore size between 1000-5000 A; from 20%to

25% of pores having a pore size of at | east 5000 A The

(%frﬂlggrhc%ﬁ%cgnaégytat t é}%an%:lré ntsr %g:glfcon? mlﬁa ercﬁ%r:o geréetblé Pntnm&al salts of

@gixr dciddnwhnild ih&n@mineahenitslity béthe mgambcarbxut feed/otat p1$>dﬁhll e,

C5 asphal tenes, and/or basic nitrogen conpounds in the

H¥Fscar bon feed. O her enbodiments of the first
thr oaglh ffrrslﬁ cathig@ AtlbwS af @nyeSihHodmyenal ﬁﬁrdﬁibvﬁﬁ&ﬁat @i portion of
\?g: IS o%he({vvl se descri bed her ein. Selecti ng t he
Ff%‘[n?%%l §eiqify FRIMROTHRL. SR GhOL aﬁ’?HlP%fﬁ‘f“ fLcpppgbute toa
d@@@a@tm B 1805 thdr 081y s B §y@WnRofdonihenapbRAHEG o Boléhe
pr oduced that has TAN and/or_ sel ected properties
ydEGedan fest akprrsanples rbicHRdt e R poTion Skl %ﬁﬁh@l@n‘?ﬁlﬁ@ﬁ
IRIRR e Fe%d/ﬁftaltplﬂﬁluayrﬁ!l&ﬁﬁ@ireﬁg% {o8RIhAkR afbBh feed inhibits plugging
sg}g@l ficantly changed. The resulting crude product may
T eHHETCRAIteR sy endihsy encragss e Tyath oEROHA
Joﬁ@rgtlr%r%?steﬁl be ngﬁl%ﬁ itdo ?%lépéhﬁleflt%f cgtﬁl?gls %fnto%l PI least

and/ or” refining. rangenent of two or e catal ysts

4 prraonsd|teecViéW s diguethe by drespriop Aicad ghayt esome quepdime$, increase a
t r bon feed. For

lgf%( gﬁ%f ot n{P%iF a?%%:fga&r %Sﬁeglyﬁﬂtepﬁe Pesggaﬁﬁ por tion of the

C5 adlh ad:qoeah eﬁalysa(tS) élrﬁaxttheahlpbctettalym(sbrha)t repasitiongd datwnstream of

tile ? {SE ca‘?algs? {zlﬁ‘e rf]:{‘/ (20&153!: P (Sf r%ﬂ: t?y‘&t%]carbﬁﬂ g reg)é%te?l I‘O(El ts m1 ué% \ﬁ/‘lt% the

sreecdrldcc:et@llybt@‘) andoahird easyst@) pay further reduch é’lAer m@ih@emhe basntent of

1&‘2?@]1 ocar1 on fteed re reduceo@ Argia 965 b and/ £ metal
S’trF © SYITYF antEnt TAIYeE PRYSHR GONTPTH, ADdigE ?ﬁ%ﬁnéo metals
i D vaslof v@anioheiihe catal ysts and/or the stability of

t he hydrocarbon feed/tot altpgroduct m xt ur

| npr &0 ERnTmdiaenE optars of P@r‘éfﬁﬂ?oéﬂrfeeélt"‘él%’r thg tegongkcaahst(s)

Ak eeakiRpAAREsY hat @baee @dyebedbont iR odUproM@t mixture that has
pr ocea%hggggg% all ow a contacting systemto operate

Fi5fucy cofomtiscontgpt, p gdeeed@xpesmionatentpp regpeed ggaient of
rhetY I8 m¥hf ARUSF Jre&Rl ARRRBMeaRkd Ed'f)ﬁal%ii&@oﬁ&h b Redub&I viscosity,

contacting zone. Conbi nati ons of selected catal ysts
HragmAInRERgs themobtrelathve; i thetrespegive p@ppp@uﬁr pighe I@rfdrqqﬁr@on feed while

Jﬁl!il{lt\{{nf th@@taﬂ_lgtg%g %h% hﬁ%&a{r&ﬁﬁ fgéd/troﬂlﬁg {&ﬁlletcﬁgﬁg‘pro@éssmg.

east porti e netals In ts o
‘Bregagrind calglysianayde pogastedan goies, |eahﬁr®ﬁthtthresecmﬁéﬁt ping

T | east a portion of the
| g@%agf&lﬂ%ﬂpﬁg%%%&& Ill%ol\ér(fs {Sﬁer eof, fromthe hydrocarbon
f eed Thehbitiey tot;dhlerer pydn@ntt@ gecififd tmchygalzcrmemebdmo femichize

th
I?Yrd%'gg%%sa% %ﬂr%né 8?ttact{n§| la'tsrrngal&p (%rs oli] Xefte‘ﬁ?/sts t&at t{aé/ﬁhty genere?tlon of
Ipages Siriig o()ﬁmtmgxﬁimhelysman tqatalm anglaavehy mmﬁtrdnoasf hydrogen

(&.\grgg 81)1);%0?]1'8% may ,dﬂﬁ us%ta /c%?,ng)ﬁﬁﬁlected propertles of X crugsproduct 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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gravity may be increnentally reduced by contact of the
hydr ocarbon feed with selected catal ysts. The ability

wo eoostaey’eéhent al | y and/ or sel ectively change prP@EEU$100%3080433
of the hydrocarbon feed may allow the stability of the
hydr ocar bon feed/total product m xture to be
mai nt ai ned during processing. In sonme enbodi nents, the
Sfeie[lii%%'l grglﬁl:mo a&/gl’(e\gllle%gnrlag btgl(ljll akﬂlygro%ar Iéf cﬁtopa?ﬁrlo%lucg rsltaﬁlhty
drﬁlf& aﬁd/bsmundm af qmﬂysmayayajel seMctecEtmnmairmﬁe 1|th gydmgdne]ptalkawhﬂe

{ nt ' t t.al t am t |
e BOhRREPh Sieg T ro bR R PhS a5 e
Aloabirdsiduy c@ftedt, VeGh yaktog adipAefce At APBéraﬂt’yO dt@mbinations

B Rirodoepbon feef Ui aruiied vilisebd S Ftrarcie properties of

dhé hMr&arboh goaavwhilohe ?FANCHna/o@ MHIRRBSI Sf the @ATI¥ Prod@ét is at most
component s that contribute to a decrease in the life

V7 ot el Alngfoy de gisresity REhe pEABA™ B C¥bmbi nat i ons

t her gRftuctioh ®hd: H?drbg’éﬁru%gaﬁé BQﬂlefth@eaﬂE&f fe€XAMPhBduce a crude
reducing at |east a portion of hal tenes in the

Mydicbidalriso A beidiagiranet dibtripylsdrinilarikhg eilipg peipi Giripwiopieéthe
Y2588 R hegdkd.ohi A §e1£{l\}e %Jih@ GAN o QhdEYar@itdh YSHS The

osi tioned downstream and i ncreases the length
fmmlme@ of He cwlﬂpmﬁlthttn@ayﬂ@toem qhalygebvef rgpievedit smehlhgintovotg s

[ A\, of at least a
po tml%grtlg‘o?jﬁ‘{(ﬁh1 9%{96%[ '&_éeP{ ?%%}%t%ﬁ? ﬁydr ocar bon feed may,
i n sdiydrezai gchieragind &, specific ecamuag tanfemay alm‘v\esednctlmddltlon of

05|t|oned aft he first taI
h %r n%f%coz |cont%c<tln§ z%nﬁ:a low S lectl e recfl (psspertles o%the

lpﬂﬁdchnbom f&dd dovwosie reﬁlamhmfantt I’feurfh d‘a&tlyst(a)trafl}ylﬁiposﬁumddmstream
%onttact of . the h %‘E t t d/tod?‘ﬁ Frblqu ct mxt
ORISR OB RELE R addifign §? { §3 F%t%e N %aeg} Efia(
dvRyrafed Al coh@etitperf TNy dfR e febd @itk artfenth @falNié)Varlde,
reduce sul fur. content, reduce ox?/PgE lgflugnt ent and/ or

ydenger ek be AFESALC BF CoRMcHNG 291ss i addiiongl GualysEs)

Bl dBver) B hO ARIrS4HASHy MR RbSn(erd® He oty I find arddBH el bRkome
feed with the second catalyst(s) and/or the third

arfodingeatse dyp dﬁlh‘g‘?fwfé]éﬁmé‘f%eﬁ Py e senspiient sxde flgy of the
RaRAMGbn et ure that has a reduced TAN, a reduced
sul fur content, a reduced oxygen content, a reduced

cont divt cempeing dacked srafiaprasen Gee, BI cymynifeG o) daydrogen may
: %}g@rﬁgd £ : Eer g'% flﬁ oRt Eactugg zrogg %’fﬁle(g;a}ﬁ?ﬁzcaﬁﬂtakbfng e 102 in

I nati on ere pectlve
o), pidlzydofgen hay hy dfFlt)/@@ﬂ o fddagngltvohtactmgizanaifericagmple,

ctr%gl%tc%& % !: H4y 1n9*f[thB§ A‘Xﬂﬁé’& Bl?lpls &t gn{rttg {lg\}v gg {hg grg(é;/rg%aébon

urln ssi ng e secon
fpas iIh iSOIIl@GhlbO’iﬂlIS@TtS ds hyérogheﬂommah bt bencgean mathalat v sft the

h?lﬁroc%rgunﬁ) ?et{ar egm:r(a)f%t Vte \yglrntaﬂsta&geocg D H’f}%ﬁ/ratl 61 e(éee %é g)?an\llp e, %‘?G 3B),
lgdnigae nian ge Zaoasedtdarias cdntactihinfinZ eontacting zone (for example,
contacting zone 102 in FIG. 3B). A hydrogen source may be delivered to a first additional
contacting zone in a direction that is counter to flow of the hydrocarbon feed (for example,
adding hydrogen through conduit 106' to contacting zone 114 in FIG. 3B), and to a second

additional contacting zone in a direction that is concurrent to the flow of the hydrocarbon
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hydr ogen usage during contacting. Conbi nations of
catal ysts that facility generation of hydrogen during

W@ wBAa¢l’shg, and catal ysts that uptake a rel atPUBU§200D080433
anount of hydrogen during contacting, nmay be used to
change sel ected properties of a crude product relative
to the sane propertl es of the hydrocarbon feed. For
t%f):(cfl rex%lm]%lg eadfd]?l% @m&;”‘ Ittﬁrs g’h aotng%{lt l?(?6( Sc%%tactm&ﬂzane 116 in FIG.
3Ba)tal yst(s) third catal yst(s), f| fth cat al yst(s)

si xth catal yst [ or s enth cata

changs SSaf el FETp SRR Lol G Bh g Hoaied in seres

éMhéﬂ \elth)tlhlg YOLEﬂiaﬂtg]ygtg)eﬁillgh@ﬁtrdaﬁﬂﬂ el a6 cﬂﬁlgsﬁthﬁ vice _Vlersa The
rocar bo e se e nount or [
HP&P%?HB &&'r‘HP 8?5 YHoHt 3&@83?8‘%%“?}?’%@?1@@ E“tvfw“tﬁ fﬁr\l}l,};educe

N]'N/P@ coh@Ent aid/o® FedBet @ teRl ofGRdiAd MShEalBY JIOrdelcQ6ildsvith low

to mnimze net h%{drogen upt ake while nmaintaining the

1 Er et Buios@dy/ bobaogpieaict.: SouBry thigpgewwlf?éPaYr?élpw
Jib{éi‘tfpﬁq)%ﬂley%tﬁ@ Erudd pBUG:t [P AKECHARARH B ksmalY HEo GRWeBA e (o the
distillate content, APl gravity, or conbinations

LA PEWPRIUST Oﬁth@hl‘??@ﬁﬁﬁvarf n feed to be naintained

Wit hip S(%Qe/@n%odhﬂfgltsr R&P&%ﬂe}{&e%nﬁp&%}bs%‘s% beth&i in combination.
hydrocarbon feed, while the TAN and/or the viscosity

‘Bfe seyrathoqatpdiest peed dpreteaimdroat therdewnsgews sfventhsatTixM reaaydiage a total

h : .
SR SERT Y R QPALRL L Pl ARANTALED D
Wmareamcsem&l Qurabgtoiy hivata thabcoatebmﬂ@qhgnrr @mgels(s), per gram
(%Ifds%v#trbeﬁrtnlg?\gegar nlah sg éheaglsteggaé Pog(l)rlrlgérn%r Ctg LEPANg I1 %tnrtlnkg o% b umn 6
mhel(sTANhe Dipduleem hg/&@nmccatrab@m off @ édhst OThPegranhoof (Dohtdhﬂx Grfeteﬂ(h)i‘per

éj{ %% n od uﬁ.‘tﬁ%ﬁ re@% %‘1%1@?% %E(g?ﬂ% %If-ﬁ% u%?etlregltﬁlles\é\%n}/h caﬁyst and

thy ddS\@r(S&EebﬁJ KevE @B datalltdii HOR Re\@RREr Ald Mith b pactihtively small
contact i n? zones eé% al | gw sel ective addjtion of
AP oYEAEPYC Bt e M it Be YWY US YR & BRGABIY SENPYANow other

6peREdsioy helcARM GEddOR 1O be BHIP PRbEESy s%autaﬁﬁ)um: @dlﬁﬁz@ I’t(bfh@ same
feed. In sone enbodi nents, fourth catal yst(s

ORTEGS O B h@ié@f%%fﬁe%%%ﬂm@arﬁ fe@FlV%lé\?%bﬂla&%Fdfl%FtéWéPm

Galedl, Wl %ﬁ)llt}d ekl b&He eV ED Qontm%&g%ﬂlng%s l?l%reof)
generated during cont act i ng of t he hydrocarbon feed

wi t h (Gonkact Jureydecspdpy fed gyth twswm@@ WhElgapecventh
&% Opi's}é% rdfict Q@IUBQPIID)@&& [trlﬁgh%%nl%\l szﬁtn%dsp%de%l q@ BQ%O% at

t1o cat al yst eliver rogen
ey SHe, fa@mmt EYe,top at Ipast { foothef T AMhef thsy UYdmcarhmrfeefde é@lsomen

AR I o 0% 8 O 8T
\enﬁalﬂnp upstream aad s«v\mskreedn mymﬁth gata]aus dor e()@mele ¢aracexfahpl e,
t
0 3 PR O FRBA L B R e
2BRvd to thd lﬁ.dr&B):)on foad, any dica gemadraythb énidke lcivde pﬁﬂuctt@wﬂhmn
cont Ct [

for anpl contactin
ey PASy Rpricp oy T gL F Bl St G g
ihiti@anerade prédichy dThO gk @hreduce TAN incrementally may assist in maintaining
the stability of the hydrocarbon feed/total product mixture during processing.

In some embodiments, catalyst selection and/or order of catalysts in combination

with controlled contacting conditions (for example, temperature and/or hydrocarbon feed
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feed. In sone enbodi nents, the hydrogen flow may be
concurrent with the flow of the hydrocarbon feed.
WORGe0#esT vel y, in a stacked configuration (seRCT/U82007/080433
exanple, FIG 3B), hydrogen may be generated during
contacting in one contacting zone (for exanple,
contacting zone 102 in FIG 3B). A hydrogen source rmy

Livered to rst.additional. contac one
fgowarareé S92y gt tin reglfCéngCh dro &l ul%take thech I‘({Cﬁltb 54 o%%{?%mmg
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series, either with the fourth catalys
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may reduce TAN, reduce Ni/V/Fe content, and/or reduce
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feed. Low net hydrogen upta may al | ow ot her
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’ﬁe%?@ ‘éﬂst H}Xt]vl@d{{fié’é)& aﬁvssgg Eég 1(3:/ a (\)lglue t%at is at %ost? 0

indicates that flocculation of asphaltenes from the hydrocarbon feed generally occurs. If
the P-value is initially at least 1.0, and such P-value 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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with the upstream and downstream seventh catal ysts

(for exanple, contact of the hydrocarbon feed with a
wW@2108/0y557to forman initial crude product w tPCTYH8209B080433

properties relative to the hydrocarbon feed, and then

contact of the initial crude product with an

addi tional catalyst to produce the cr ude product W th
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effidp é%%,e%l?odtrﬁeélts contacting teperatures are controlled such that Cs
asphaltenes and/or other asphaltenes are removed while maintaining the MCR content of

the hydrocarbon feed. Reduction of the MCR content through hydrogen uptake and/or
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process may be reduced. For exanple, repeated
treatnment of the hydrocarbon feed/total product

worRoB4E5hay be necessary to produce a crude pPEHUS1007/080433

with desired properties. During processing, the
P-val ue of the hydrocarbon feed/total product m xture
may be nonitored and the stability of the process,
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prod lJllrcl: gosmeaencl:‘tgolfll(ijn?enrgsr, ggnlfle?c%ng (?(ynldin%ns are controlled such that the total

hydrogen partial pressure of the contacting zone is maintained at a desired pressure, at a set

flow rate and elevated temperatures. The ability to operate at partial pressures of hydrogen
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changed properties (for exanple, viscosity, residue

and C5/C7 asphaltenes) of at nost 50% at nost 30% at
wore®Bs/020% at nost 10% at nost 1% of the respRCI/UY07/080433

property of the hydrocarbon feed. During contact, the

P-val ue remai ns may be kept above 1.0 by controlling
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reduced molybdenum hydrocarbon feed with the ninth catalyst may result in at least a

portion of the Ni/V/Fe and at least a portion of the components contributing residue, Cs/Cy
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catal yst(s) and a second contacting zone may incl ude
ot her catal yst(s) described herein. The first

W@ vBAa¢7shg tenperature may be 350 OC and t he BETUSH07/080433
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Renoval of at |east a

may produce a feed that improves the processing rate of the cracking unit by at least a

factor of 2, at least a factor of 4, at least a factor of 10, or at least a factor of 100. For

example, a system for treating a hydrocarbon feed having a viscosity of at least 100 cSt at
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portion of the "active" organonetal lic conmpounds
and/or netals fromthe hydrocarbon feed nay increase

W@ b@slires of catal ysts used in a hydropr ocessPEmyUS2007/080433
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i tumen conponénts are typilca rocesse I N one or
hydragatbok eis@saner wndintionshacote §h@| eredmrddm prgdeiapgixture of the

t oc(uf fe{nd%g@%palrg(ﬂ ?&QH lnla teht:glgt’hg ??ﬁaﬁgﬁ&n wnHC gm@%}h@%mde
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r esi dyedmSeRAMmMeRY cditacs 6N crid tefiewiith dhetbr @QKEEBal§s®s described
herein produces a crude product that has enhanced concentrations of naphtha. The naphtha

may be separated from the crude product and mixed with crude feed to produce a feed that

is suitable for transportation and/or meets pipeline specification. For example, a crude feed
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hydr ocracki ng unit may process 50,000 barrels per day
W@2008/0605740 m x of bitunen and vacuum t opped bPETIOE2907/080433

feed. Reduction of the viscosity and/or residue

content of a hydrocarbon feed to produce a feed stream

that nay be processed in a residue hydr ocr acki ng unit
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hat t
OB Bt of Rt BB AP ES B e RER G fpa iR bfin 85 A
@nﬂd@&hﬁﬁmﬁ@&hmaes prior to the deasphalting process
h §;|n1nate t he need for solvent extraction, reduce
t he

AR dPUGRHTASY N B [VRRRAT LivEPSF A ARRCSHE
@fdibgioade Xt 1045t tdneA depsPlastat REst PrASASSf R alGkadAPl €, a
system for treating a hydrocarbon feed havi ng, per
gram of hydrocarbon feed, at l[east 0.01 grans of Cs
asphal tenes and/or 0.1 grans of residue and a
viscosity of at least 10 ¢St at 37.8 0OC may i ncl ude
one or nore contacting systenms described herein
posi ti oned upstream of an deasphalting unit. The
contacting system may include one or nore
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catal ysts descri bed herein capabl e of producing a
crude product having a Cs asphal tenes content of at

wore®Bs/050% of t he hydrocarbon feed Cs asphal t eneGI/US2007/080433

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

hydr ocar bon feed residue content, a viscosity of at
nost 50% of the hydrocarbon viscosity or conbinations
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G0 oo USSR o T T BT 664 Cletoi Bk & npres in
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portion of the hydrocarbons to produce naphtha. The
Rt rese #apetse separated from the crude product using

knowhfyf &b pie Rahostirided ihk dkdp@RisRshatstuang chyfthawhi B pore
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pye araglons, qna sys;ens th selected arrangement o1
tith 3 [Median Pord Diametenoff Adl.eashdcA.i ey molsbileniupsstabiptevaset
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NThuMeSO,, B8 gramssulf Matdy, MR bachs of X2% HBOWAL 7Textnsuded

ARSI e R L RS B SRR 2
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medi an pore diameter of 182 A The cal cined su

. ] pport
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. . f i :
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several hours, and then calcined at 480 °C for 2 hours. The resulting catalyst contained

0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 A a

pore volume of 0.77 cm3/g, and a surface area of 116 mZ/g. Additionally, 67.7% of the
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delta alum na, and 0.9781 grans of theta alum na, as

determ ned by x-ray diffraction. The support had a
waBaeEsarea of 110 n2/g and a total pore vol REEUSF007/080433

0.821 cnB/g. The support had a pore size distribution

with a nmedian pore dianeter of 232 A, with 66. 7% of

the total nunber of pores in the pore size
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e vana |un1cata yst ha ore size distribution
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Least 230 A The nolybdenun1catalyst was prepared in
DHEIT RIS SR dhehlver 10 Re al uni na’ support prepared by
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hsy(alrolé'érll Ic))enroy\;/igfl: Hﬂ%z)\,’v&%4 ggalml“sl tfren((j)n(t)e(%hanolamlne (MEA), and 3.28 grams of

deionized water to form a slurry. The slurry was heated to 65 °C until dissolution of the
solids. The heated solution was cooled to room temperature.

A second solution was made by combining 3.57 grams of VOSO, with 40 grams of
deionized water. The first solution and second solution were combined and sufficient
deionized water was added to bring the combined solution volume up to 82 ml to yield the

molybdenum/vanadium impregnation solution. The alumina was impregnated with the
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m. with deionized water. The al um na support (100
grans) was inpregnated with the nol ybdenum

WO pg9Be¢ITat i on sol ution, aged for 2 hours w th PCT/US2007/080433
occasional agitation, dried at 125 OC for several
hours, and then calcined at 480 OC for 2 hours. The
resul ting catal yst cont ained 0.04 grans of nol ybdenum
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represents a Colum 6/ Colum 1Q netal catal yst

hroughiyed cily{t8ed Thy Blalsiies V6 IgaKkiaY Qlliﬁlﬁlﬂi?asph%}ﬁeh’bee%\ the
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120 A. This exan‘gl e denonstrates the egaratl on of a
1

StenfoidMgengds: Alise Xicie. >Cg3t) S s[i,]g:oa cg@}dg ISSl'I) gved to have low, if any,
éitag}tfc pk’(#feftfeﬁ‘ uldel ﬁle %r&@@c@fﬂdl@&fs Qle SHiBOER R Lin. ofxll‘céﬁtally?@%re

his exanpl e al so denonstrates preparati on of a
teridadrivits apequal vaemahpeunt pbsrliGey chikisd detpsaplagnthe migay into the

ééma}tm Z%ﬂggﬁﬁgn]scommac det erm ned by Raman

pect F0SCO he cat al yst prepared by this method is
di f f diheatudt Fead flawga theaeaion man fomahaioy sf thh aaacgtoghgimtiem of

tﬁe %e%%tgll %ﬁ%&%%&)?&é VTVXS E)!iSlt?(Blgg glt tﬁ@ ?(ptp meofqhg 1@5&8{ to %rv@ E.S a bottom
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an Pore

tio
SherBitk b P S p e s aBt BPBRE byl BhapBiR e
disiribhi@n fvaihl acmdﬂzgl oRndiemeterTdTe 7al, withred. 7suiabe fofal plireipa e pores
t he net descri.bed i n Exanpl e 1, s, | npr egnat ed
IR A e L s b e R A RS
Piefal atle BsitdO LAY coraihéd ®0955@hE bafolyaRnum and 0.025 grams of

nickel per gram of catalyst, with the balance being an alumina support.

A middle catalyst/silicone carbide mixture (56 cm’) was positioned on top of the
bottom contacting zone to form a middle contacting zone. The middle catalyst had a pore
size distribution with a median pore diameter of 98 A, with 66.7% of the total number of

pores in the pore size distribution having a pore diameter within 24 A of the median pore
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made by conbining 2.14 grans of (NtLO2Mb207, 3.21
grans of M3, 0.56 grans of 30% hydrogen peroxi de

W@ 8035750. 14 granms of nonoet hanol am ne (MVEA) , PEHUSB0 20433

grans of deionized water to forma slurry. The slurry
was heated to 65 OC until dissolution of the solids.
The heated solution was cooled to roomtenperature. A
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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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silicon carbide to forma bottom contacting zone. The
bott om catal yst had a pore size distribution with a

wore@saes7pore di aneter of 77 A, with 66. 7% of tPEI/USL08T/080433

nunber of pores in the pore size distribution having a
pore dianmeter within 20 A of the nedi an pore di aneter.
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Pefer sruglp po H‘ftﬁﬁ’%&dﬂc& y Yzﬁ%t a‘lﬂf%‘?lgle&“é%‘é]f gyreentage of

WinfpBhdhisZst i c@ﬁdetﬂﬂ&iuﬁﬁ ditdResAR Bl BaB L RFagesTr@hdic@cHEned weight
catal yst contai ned 0.02 grans of nickel and Q.08

gr ans
R?Fceﬁiﬂg‘i%’é éWHPﬁIﬁS%tF EFuélFrfP u@@(%?@f are\jppagiged ipy 51”‘@?’1 ¢ HIG.
$eing an alum na support. A top catalyst/silicone
carbide m xture (42 cnB) was positioned on top of the

mi dd/e sbewit Bckabirg!. Ssrrerde pradyetrhag. ReopraBioH CaKe PrRgudoneiliur
bR AR). (835 Bla¥R L 2 REHuARRLES) 58 (%?dn%t B %é@&nﬂé& 5 Fo007

medi an pore~di ameter of 192 A an ont rams

oimpolhelsdedepnedverhad pagtiooft MGR apryett fo (i ashhalfqees bantamwé 1.9 and
j AR ilicon

@A@%&Qb\%ﬁ”@ﬁé l!(())}s/all ?fl 1gned ﬁa%f%&ﬁlﬁ‘gﬁ%‘ﬁ%@%@ngom acting

zone 'ihe lifved df tmbeadtbspar@ee MI&dm measugisg a weighlvdaterage bed

st bed i.nt. 0 Lin
F P TR A L5 PR o| BET R DB GRS e
dotrelated t@the Inameramn ef tht hﬁaltymbﬁd nit dhcHetigved micht bodatadyst life

TS < SRR ST e By S RO Rg op aC8 dgyy versustme

fot Mipaseneht & todri@eydriagertostdtingdenanids@bedal s example. Plot
' zones at a rate of

1I%tydrogen as into_the contacti n&

AgeRrese aVEfﬁ%eeW@éSW I, gee aqlge Grss (REYS hoprsob iy time
ot latahg 4 Sulid CONWARRIHRIEE n@Se, AR b&@)ﬂﬂéa@ﬂys@s RRF & m@fority of
the vol une of catalyst). Tenperatures of the

Be e g WARES! thsicantpeiing gaucs gnbyshamad arprexitgtely) °C. From

@Y Rllatikeld @MBIeEWQBIFelIt dadposdiBit (OEsifnPle Bath@Usasily fab@ity of the
hol ding”at 204 OC, the contacting zones were incréased

qappysepasritoabeey atfectah 6hypcaie e@ilomnitgen gme gf 093599 hors
&ﬁgla@ao 18:% - bW gmgl o‘};@%h@&t ing zones were mai ntai ned

for an our en increnentally raised to
370 d@s(e‘zl@l@ple Idym@me‘atea_thhmsmtaam thetrddafee¥0h 0@ fagryst wying

L1 §’z di E[?bﬁ:t R)?ﬁlt | RAONGS GWREE ﬁ‘ L Ru& Y5 QdifiShal
aIn?Po 3 e 1 era urae. &éiulg)e ?hr omli ea %S pgefl?l?orrh | I%
¢atvéys®haflmg>ﬁ phiexsize diswdstipn vttke p ectdiah pem dhﬂ&teemh a nnghbetween

% t treo 930C 200 .0F

613{6 1? wﬁlfaé?%ﬁt%ﬁ% 0 %ué%beﬁ &)Oﬁes ip H}e p&e sbzef:rdtls%4butlon
I&Nnig'arpbfeeﬂammﬁabiue45m oIFHﬁmeﬂlanT)bﬁ: diamder, Wl donvaied ed
contactlneg Congltl(())l’fls, })rr(])guceg a totgl 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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The crude feed fl owed through the preheat zone, top

contacting zone, mddle contacting zone, bottom
W@Ba¢’shg zone, and bottom support of the reBCI/U82007/080433

The crude feed was contacted with each of the

catal ysts in the presence of hydrogen gas. Contacting

conditions were as follows: ratl o of hydrogen gas to

Qi&ﬁibhtiisn msth)a Wﬂmntﬂoreblanmmtran hl R:gge beta&emm ésmAachdreactor

to 370 0C (700 O nd mai nt ai.ned at 370 OC f

RBYrYs (GF%?PE g‘?fé]ﬁﬂ”@?%?“dfﬂ%te?trﬂf EP AR AP &at%sﬁ é@%& e

hBeY, nfReiod a6 Qganisk Makdl @td@lﬁd an® nicb®d bohdaOMingghe crude product

seq ence: 379 0C 5 OF r 500 hours, and then 388
Li‘?ssé‘)m@% eﬁﬁ}'beéébﬁ %Eﬁaté]% Ve nfiyesi v iy gyl volume

df%ﬁ@omg)@%lae and t hen 394 OC (742 OF) for 2400

hours. The total product (that is, the crude product

and gTélg Frugs facd élo’fvﬁ% th@é?aéW s fer) thertp of (Ge Kacif digchottom of
MeRabiBf "MAdYeRR:r WAl A& B@S bbidivicdoPhaREroBER AL A Aher. [SRicon
the gas-liquid separator, the total product was
cqEnde wasagsitipned af e bettery ef the BUGET logarre ghs botmassuppgrut A bettom
DG sHURIATMER HRARMEE YA rﬂ&Bﬁénefd'oﬂ mpc&'%ﬂé Qhidof fcarbfé%%o
exiting the systemwas neasu t test neter.
forne a bptyrie cqitastog ronga dhp botiopri¢atadyst badammw siecidigtygbution with a

f
ELTLES LRI PSLERRTONS AL AOMAEIS, ol B
digtiartivn hedngve pghtliapeter evmhalgj‘ésA off the owfiomport slian€rend€he bottom

I
%{a%ﬁgmc oREOPET érlzrl%% Pfa m(ilyts)ckJ TS ah g%Q Is?amgﬁg Enec}%éll &)er %%IIDGf

ovvn I fel ¢ 0
cgraa)m efithaheueléanpe bdnciuppat.sul fur content of 0.0075

e content of O, rams, . an
oo P SRR GHE SRR mr® T R ER S P o
wihtoMcBn@aticebhe tbCfoﬁBtha&@Iwhﬁaang&oﬁ@ NEeNbp @ilftalylst Had%ﬂﬁbr@sue
TAN of 0. @airpThe t ot kel and vanadi um was

JetBbon P10 A ol nre ShaSintanl B 8 08p S LBty of pores

RRSid B8 AsMBiBhhednay piradRnked “ﬁtﬁﬁ%r@éﬂh@m@dl‘d\e&% )
vVer sus run Ieg&sh of the crude feed. The catal yst

Jisrpeer. g Waecatbist iarlatedd) Qoerenok Heshingt Lk eeriyps gliEolybdenun
sRbAhYSicalBS wlth Hebaligd RYRhddNaS. ﬁﬁc&lactaﬁh(yes&aslﬁoglﬁoned on

decreases, "a WABT i ncreases. FIG is a graphical
P pt B8 EFft enitasHn g ForpAEfil d@wua,cetan‘ilr@ feoie ap pprebve aeet Toe

Eﬁys?ﬁéd%sfl&%gd 1n’Eb & ﬂ%dt?e?%%&?ﬁcé 0 AONES HESRL %érsnof

I's exanpl e ot 144 represents the average
qohfesmhdleg toctbnprghdait papeztbe e soarasiiig 49o0en; andothe beftpnt support.

f mddl. e,
pot t o eapdy Qo AR SRR ik Req {00k 2L R7HY vas
f¢ABTthe foptolﬁ mecmtoacfhmudafn@hﬂwﬁdyhmhgh@e dreheat zone, top

tively stable
e e T A A e e e SR
faed wad doyitacitd tvitk eﬂﬁtoﬁ khesttalyad imot pheane af lﬁ}eledged gas. The

QEPeGRisRers P Mgt Sl h&?frgﬁn@%é’%ﬁﬁ Jce (8 FBvided o

the reactor was 160 Nm*/m’ (1000 SCFB), LHSV was 1 h™', and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated to 260 °C (500 °F) and maintained at
260 °C (500 °F) for 287 hours. Temperatures of the two contacting zones were then

increased and maintained in the following sequence: 270 °C (525 °F) for 190 hours, then
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Thi s exanpl e denonstrates that contacting the crude

feed with one catal yst having a pore size distribution
WORMR/045760edi an pore dianeter of at | east 180 APEKTS2007/080433

addi tional catalysts having a pore size distribution

with a nedian pore dianeter in a range between 90-180

A, vvith at | east 60% of the total nunber of pores in

e Z st ri but,i io re dia o
é§% ojjgﬂg ‘i};léjb il R %égg%héi‘)\() g)gfgﬁ%@%ours al%cﬁﬁ $f443 °C (650
°@9)fdrr1@(l)hc&nis bomtcmntrmmtgneomuﬁﬁihourrs produced a total

prod ncl ud the crude product. measyr ed

D e Dot e e B S R e e EE R el
MaSritRipiddatiad an Thgage rmade of. @Mﬁtanha&agéﬁl![@ﬁﬂ]/éwﬂ 5 during
reduced Ni/V/Fe content, reduced sul fur ¢ ent

gt ey gk PESHE DR bRy Of 6l PRRCtY i Sor.

MU rdnies ToR $d e UR4LI0HIBNG S VORI, 4@, M@rmruf@mdu@f Alidi@onal
crude product was 90% - 110% of those properties of the

RPRFEs oE BY crids pidaciare i ad A Bndltide- Feed with Two

Cat alpitekahpRide ioNEaRs Baf c%nﬁb@r?g ¥ Shid RLd AR tﬁé" cﬁdﬂly@ts havmg
Medi an Pore Dianeter in a Ran2e between 90-18
roeadtcotistabpipnariis a mediee perefdimoiién prarERpPCtEeRl 9é)olr$f) é‘nrroduced
@éru&%}&ﬁﬁt {hRhad QQ&ﬁ%ed TRV aal ﬁééﬁceﬁ NI ylldé &gteﬁpglﬁpegreduced oxygen
met hod of separating the total product and method of
@n@hy wilatiye thide pmd@emfdbﬂmtldwfeq:cta whHeresidnecatengaskcY GQedntent

VAR R 2OV R R Al R
o7. G ‘ o6 ® Catalyst Theoreadu@ Apprbtosm
ottomto

@xcept f%r byl Ce]tr 81{1(} con[é%t c%rcl:ttac {ngvé%%ﬂ catal%s s, t eotn’}ali)g\%)duct separation

oW ng manner con-car
paBod, carde grodict tahedy X0 hdodmadfst futdingmethod wee thedave agadesaribed

botto upport. A bottom catal yst/silicon carbide
1&%’5?18&8%(80 cnB) was positioned on top of the silicon

car biAdeulofetOBU-20 batd)naviee tepedpePs adnarizEd e hOId RMG. 11,
catalést had a pore size djstribution with a nedian

Woried @i Bmdop e thSFeai@’? e grdereqsigloyayd diropghdhe Behgal Hinfep

RAfESng Ané, MBAN o iRILAE 26HeS Ard HOb I QBPJIANIF B r8acRRS She
di aneter within 32 A of the nedian pore diameter. The

198t2'HH CRtIEPIAsYere prclolienst raio P! hydraghs st (OBt HdRIGEdhPIaHed to

e R2c8F RIBRONmM M e SPEB), 9TV Rfs TR ahy plessuld W & Ipa
bal ance being support. A top catal yst/si|icone carbide

@, Up)- (190 teprgIntagBe st Vit hededcieagnially R 3 hote¥mb). A
t%&[‘}uﬁ(t‘ﬁﬂe%szlﬁﬂﬁh&u?s formthe top contacting zone. The

top cat al a pore size distribution with a
medi die pmde prddaghbadan oferapo AN ofil ibhand 8n Z9¢ragk A gravay af 16.2

[
S L S R A
wippmtod pinc, anndByvﬂppm ntpasgheid m) T(DB codamedadt hmcil (pkegrala fofl crude
r d ram of t al , th
b AR e R R TSRS PR o Ry A0 ha 00
Ppass of redied. alditopalghoriehies bf ths trude plodwd: hredised ﬁleTzihlle 3 i WIG.
1dlead space and to serve as a preheat zone. The

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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catal yst bed was | oaded into a Lindberg furnace that
i ncl uded four heating zones corresponding to the

wW@e@Re#t7Szone, the two contacting zones, and tPEI/DRI0DTOR0433

support. BS-4 crude (Venezuel a) having the properties
summari zed in Table 2, FIG 10, was fed to the top of

the reactor. The crude feed fl owed through the preheat
%lio'}}q]i %)rr#egﬁ B/%]%on?efnk nﬁerers{eag% on?eni ﬁ;ﬂég (grplglfg]grtoal;hpcggere%% @5‘«% and
Iﬁ)ﬁmﬁcheeldspmm\hm@mmesbfmherudafeaﬂysts |n the presence

Q I\:Ne 1S 8%t Various

0
@mmtt@ctdrﬂnﬁdme Em&tamor\a@@ralwemw ﬂ@&hé h&(ﬂeerSEEB)ntent of

LHSV. was 1 h \ ressure was 1014.7
C?H@C?W‘)E%e&@} ‘Pﬁgp AT SenEatign H‘Eg‘?i&nf‘ Sa‘%éﬁldﬁ er ﬁdnalym
W) tHRRAMER dgs@ufé@dl Bland@05. Ofhe(@ll s@Merd Qilfide8 ﬁs1h%th@$nethod as
Tenperatures of the two contactln zones were t

Jeperthed el -Sabrieiione-a?thét 1P fiapridoy %ﬂai ol Aalye e Erxed with
RUOn @brblae ZPa Obthmé Biio bPO ph@UiRon LBIIREB1 Plet Eapfh QIE):SSf or
216 hours, then 315 0C (600 OF) for 360 hours, and
qthsyisg yBlied( BBoco fepdiloy fuoyshisreh Patoravas btog] the i of the
I%!J.Cr&ﬁ @ the %%&&n BPH&E %eact-gp eSlil%%ar&Je%g)()sﬁéﬂehedgthg tBgttom of each
reactor and was separated as described in Exanple 5.
IThpgorde srdee Pradwtiom shpndriaaghvisacigrerad ANobdm gomaetiag gongrand a top
| f T .
ég)}ﬂ%&%%ezroﬁg uAﬂérﬁ%é dgaYal t/sﬂllgung g\#”dg rlﬁgétgfeggxfg%f#é%gd 81 tggié%ptactmg
Ynesvs e@d’h rsagitdriNilicoe @@&de g/aanmt@hecbmytgp of the 104>4cbnigctmgszone to
idea acéagr(ljd Q. s37§ a a rnﬁea9zonr ?ns ac ?eac ddl{; reacto ]Ea(?d into
pr opertices™or’ “the “ct Ude produtt™are fisted in TABL
d Nindetg fulthce WHai mcleot@irfph@edtﬁmmésraﬁe@ohdmg toabnpraieda Age, the
the crude feed q%? the catal ysts having pore size
FOSPPPEHEZBNS: Wi ﬂiﬁe HEE B hor e dianeter in a range
bet wag Exﬁﬂpla8Chnﬁhnbﬂadwﬁdlyadeﬁﬁmd@kpr@ch%@t/smémtcafb&lé ndxture
gdu ged TAN, a re §ed Ni /V/Fe content, and, a (guced
@ 9‘§;‘e)ﬁ”3€<?ﬁf1@?ﬂed i BF QYR R HiRR 1o BT fadgst el ”tdﬁ per gram of
GlaUEe 0f186 dranbhiif hR1ybasiuet) 6,089 BfaaR lor Akl MaP e beints opf
t he crude pr oduct were 99% and 100% of the respective
Serusi widh B belpgee being @lupiRaPUPEtanpl e 7. Contact of a

Crudey ﬁ@?ﬂdéﬂuh&afﬁmﬂ%&ldﬁiﬁ mi& (182mt)AfitARPA ALY Baving a
(except for nunmber and content of contacting zones),

ROAe droydstgbution avitha ragdigy nosudiameten rl g PoresmesiHered ig g dep
re

RGO A Syn @Rt ERMRORA p I CLALAD . [00 2Rtk R

10@grdegun pade ymivdvitalystt wigh (he bplence ibeing senpr that endluided at least

top of the reactor.
Ql‘ﬁdéirgrrng é:a#n da]‘ﬂ]‘f] &@%%rﬁ’qé’ﬁgﬁi’ le preheat zone, top
cont dc Exkaigplez O, unba:ld:mezﬁmcl@meaumicngallzaam@st/ shabnlzatbidemixture
rt of he reacto ontac ndlt
e Y S A e R e g e R S B T
qarabyst dlelddécbo I@egraireza@ﬂmlywmaurﬁa) (m@rﬂﬁs ¢f200alSakB).(2 1LdiSWs of

phosph%rulg with’ theaba(ilance Slrslé'l gh?m}/r\gssul%orgt MPa

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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(1014.7 psi). The two contacting zones were heated
increnmentally to 343 0C (650 OF). Atotal run tinme was

wWa®3/okoeT s. The crude product had an aver age AEMUSH007/080433

0.16 and an average APl gravity of 16.2 during
processi ng. The crude product had 1.9 wtppm of
cal cium 6 wtppm of sodium O. 6 vvtppm of zinc, and 3
wt pp £ um T e crud duc
orudd? %r afils ?§ %EF IBB%E e“‘rl%lr%ta Fﬁcﬂge‘fqlﬁq‘%?dgp Congacan%%one of
Iewayrgpdry wik 18ik6d githkibicaf ca\"m arﬂrpdsﬂorﬂaﬁln the &ih oofltactlng zones (60
re |due Addi tional properties of the crude product
¥ |isted in Table 3 in FIG 11. This exanple
denons Ekah@s 11, hatuineditcachdlfgletim/miteclchtddeydigede wirbible mixture
tt81e sel ect ed C%taly%ts Wi th ore S|§% disfributions in
@3 FaRnges pPsienes gpthia B‘i‘%&%ﬁ 188 €1Gde"plBautret hat had

Boly R G thickéNatady st BEMERH pdrQiah oCakadyst m093g@adh§5ﬂmo7{j/tfd1@mum
and potassi um cont ent whi [ esul fur content

(oS ofgridkel aad Qtberaen pbprosgoryshwite Fhﬁ&éfame&&u@tﬂ%%
s(Bf6r. 94% and 103% of the respective properties of the
crude feed. Exanples 8-11. Contact of a, Crude Feed
wi t h AFeabybdesuny quidyseijlicoamarbidedniaprafa? eV asppsiteser igthe top
&Rndiidd RRS - TIRAGNYBRAT haBRRMs HleUSme %ﬁﬁﬂé to% Qbnihdlifie zone of
nunber and cont e%t of contacting zones) t ot a?
lﬁymw@o& separati on nethod, and each cr ude pr oduct
anal ' [ e T
ARGl G s R O R Y
avan bl SempPati@re of N8 .°CE2RIW) 8412126 hGarska ®kro vheatrudelfeedAbt
PR 324G R B R P 1 s P T was
flﬂd] tcedis toptolfi ekt s @ IlmlﬁeseakﬁdplesThléle erudd ﬁaeﬁ éled/ecﬂ Hlmiugh the preheat
t hr (%ﬂgh each r eaq}oor vvast d dejpt t het rfeact ot Th
ZtOBe ECBBE B8t PHE™ F8%RS ‘6‘% ZO@ FrCEHOTE B e \}'\%sreac o Hhe
Pas fedaongdoaticitd@ih edchommelca@B ol iff @apteincé of 15AfI¢en g8. a
égot tom supPort Each reactor had a bott om contacti ng
ting¢png U[OBfJfOE & gé.'trp]hl@ were s follgpys o patiopph hydrogen gas to'crude

e @lrys tebshdiing QA 1&&11:11@1?/@}9 (TH0BISUABS, e (iR pa}t@pﬁsssmré ot hgz‘drogen
contacting zones of each reactor, silicone carbid

Yo vyradvasf-1pa 914 ﬁ@ﬂi I 1B aa ihn glusiphbe ﬁléstﬁi)@ hours of

QeadiRPARhANEBWERIFCT Y& AS (Re @&@ﬁﬁ%tcoﬁﬁ&ﬁlg&ﬁhe@ a¢bmperatures
reactor. Each reactor was | oaded into a Lind

;
in @H Kertecting encp wereuidd dC K@‘i@r°Fh@aﬁ®Qﬂg>uzsdﬁégnté%mge é%@lh%ﬂorb@urs
@raRﬁ&hﬁ af c&ﬁ’e&ﬁr& E(Hl%f Wé\fg SRARNRE taé 0% 8 emﬁé}gtufehﬁ the

Ott nwsupport 8, an uncal ci ne
avplagternonen wire kesed @aib'dl *¢<o706TH), iheldrat 334 Wi fde20 hourss erised & 366

“C%gt% A‘i@%el%ioeﬁ Eé ‘E‘%?zbd“hoﬂﬁjseri? ?Eooﬁ‘?lc’%’}%@l%fh%%a?gﬁgggﬂa?1000

I ncl uded, gram of catal
hmrursmahwb dedran’ (U)Zi)’@ hgtdaa:tré 8DfC foir é(malhqum tmtn ®ai@:ﬂlo gfiaats

IpBRGEBIS0R, G40 IS o 305, B2 AT DB ERG b e
MI2B00 hd’iﬁs.cat al yst havi ng a

The crude products were periodically analyzed to determine TAN, hydrogen uptake
by the crude feed, P-value, VGO content, residue content, and oxygen content. Average
values for properties of the crude products produced in Examples 8-11 are listed in Table 4

in FIG. 12.
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pore size distribution with a nedian pore di aneter of
180 A was positioned in the top contacting zone. The

worlogdesum cat al yst had a total content of O.PaAT/HRWAL080433

of nol ybdenum per gram of catal yst, with the bal ance

bei ng support that included at |east 0.50 grans of

gamma al um na per gram of support. In Exanple 9, an
uncal.¢i.ned mol ybdenuni cobal t t al [silicon carbide
e o e BB A Rl s e SR g
thonfes eachioé thera@lyst specm ol Kladpies 871d0Fat trudatead st a P-value of at

i ncl ud 0..143 gr ans nol ybdenpu 0. 04 rans_of .
Bk Trourio Bk b odrrnachh iy e i tn SE A brodrcs tained
l’gaioﬁgataigum ﬁadéﬂefxp@ftm the)@oﬂf@hlﬂb@i&@uﬂﬁlﬁi@g B;lm@teléq sillirepaetively.
arbide mxture (12 cnB) was positioned in the top
8 noutioRy s dhen o ot sae i ear el g g S b G
FStemB ot BNpRR SCONtREkiMge 700k R alEX PR vE1.5 forXA W (Be run
t he nol ybdenum cat al yst as described in the tgF'EomtheP—

10,
En AT fy S G2 5%%&01813%@1% I &g Rayadys ) i e

Gl de and pRABELHONEHE (il it RS RALREOMLARE L8 BOMESeach trial
npl e 11, an "uncal ci ned

(60 c r%)m I'n Exanp . .
HeRppdEbiv R seRleIduieg enipstinsiforicsynele dhe ghdelced gt gpephase
s_Qf_ﬁaﬁatEj?GAs HBwn RPHE hg,'ﬂﬁedp_'vﬂué Qiechip%ﬁ@ﬁ%@&meﬁﬁh%eg SIERRE

e uncal ci ned nol ybdenun' ni ckel catal yst incl .
qoestanydarmpfignifcaal pastions@f e@h g mxcet imistapipdie Kl im wigclods P-

&E@q@cr?afsed“ ckel, and 0.01 grans of phosphorus, with
the balance being al um na support. A nol ybdenum

cat QIF.}?@I V4sip !tllgta@lnicdaepJésdmamrb(Qf .ulledl}(dﬂg%en: nB)ketyscrude feed versus
BEPk SR LBNIS (AR £GRPASLEG KRS, The TRl MRIEBME, 1

ySt Wwas eg-’sane as e I Ng “zone o
eprasent st 8ydrQendptake obmihkiebyManmsichgahé ofude {eGlilvith @ich of the

Mexico) was.filtered . then _heated .i an oven .at a

CERRSER el R brengtgR 1 snoma s S ryrogi oS tes s i

dvdea amutle feaedof 00 Bx@agpaemh Sadde dawen g-48hanmd@erstioes
rized in Table 4, FIG 12. The crude feed was fe

O TDh @S SRRV Hiflol4 thsnethydragen Huaks ol fspdsdSedns Tatig

Jonasghifaheyesct hapugh the preheat zone, top contacting
zone, bottom contacting zone, and bottom support of

t he Médchtdr 2 epRbicereRIesCR@Een U IRSSPHER SXPITeH v Heighiof

feh@ndd, ak ¥aliSprofuct P& RES M6 Eor@fch HQIRN s8@Stems of Examples
Contacting conditions for each exanple were as

§-b1-1 lgwech ofdhq lguiriakiyibe eydnprgdust basl ictides qoaeat dFBiRg of the
ﬁgme%fﬂeﬂgof\f@escr&c@q?éﬂh”%é&s ?66(, 1‘@(9 97(§QE§} re@&g résnﬁe 80n9tent of the

partl a pressure o rogen of eac syst em was
JuiRly (A dobFaipsl By, contSingwascradeOiedl witkite catglysthygstériy etExamples

S%—?p, rn%ﬁygti%elﬁfa A§ _%%C&IF?@., ]tS?ﬁ]lg I‘%S!{l(ﬁlg cln%g\—%ﬁ ro?gletcfﬁdgf Bl%dnctjremained
or e renmal ning contactrng tines. enperatures
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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in all contacting zones were 343 0C (650 OF) for 500
hours of contacting. After 500 hours, the tenperatures

WO p008/04576DNnt act i ng zones were control |l ed as f oPCDWS2007/080433

the tenperature in the contacting zones were raised to
354 0C (670 OF), held at 354 0C for 200 hours; raised
to 366 0C (690 OF), held at 366 0OC for 200 hours;

to 371 700 _0OF h t 0C for 1000
gaw oq tt}e é:lr%dé: a)r(%d%ctig' é%a lél&gt)( 1;% %h)g)ﬁ 9% IAé)I {awé)égl é &rz%nge is 110-
QOQMMUMJAPIghQQWfaw&aﬁbﬁ&ﬂa final tenperature of 399

0C ( Q) and Id at 39 C for 200 hours
t ot aI ‘3 ‘?( %&ﬁaﬁﬁlciﬁ fﬁ%@%‘Pta Ritei o ﬁ"‘?fee"é’Feﬁ%eé‘ in weight
Ridlgs, Sf e rcﬂldB pradactivedld iyin anelfyzach sfahded gyt ysembAN,

hydr n u by the crude feed, P-value, VGO
@émp&%ﬁ g)i 16138 X% 11g(ht185l‘7J LREP S PN COMEL AL ¢ the Afydr Brpduct
Ibadi iRy Tcohta@n@ PR dri@Se@f with@e cAtida s?d’t@ﬁ’s\kﬁ‘t&aﬁbléﬂglqﬂéd
in Exanples 8-11 are listed in Table 4 in FIG 12. FlI G
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. 3 BN 0

PP AIRARL OB LR AR Pl g
éxkdmpleh et Rayiz 1ukrm31aad:h Ganet alpobtidnart thepstboeylictdoetaming organic
%g&t (i;')'f‘l‘}plgltl ch laﬂeere%:gd tierl]f%:tl(leg}/ 8%? { %Onoll_a,scle{ rb%)éylf %%?tﬁlmng mc
(nwédummqhomheach trial, it may be inferred that the

d d h t I t I tab
Gur | B EB L %ﬁ‘%aztw%kgac;zé?eﬁs”%@%‘??hé?*cﬁ St EPLea pre
QhBSEpSE par 8ag) of MBIrgbewride Hdef 166 Nnt’he’ (Pooreduas)ohe
t he crude product remai ned relativel

é onstantgggrlna
TeuHPR plesgve fﬁ?ﬁrMF&fgm&Pt W dH -t Pase g Q&W%l e feed.
AQs temPerifaeCdt 30eC BMBIoHE ai AE bRRSEEbsuElafdl ralid of Bydo en to crude

%raphlcal representatlon of net hédro en upt ake
ta e redusdon dregisls fpedMER canteRPvas gt Ve Bl 9n§19§teélﬁsof the

driciR&. presence of hydrogen gas. Plots 158, 160 162,
164 represent net hydrogen uptake obtained by
cont detxapple Aeat &qagidin oBaHORG A3 7d a7 T Hepresgerg oy § P MPa

GUPLER, ¢ Ao F5A0RE Riidbed b crh RIBEEI KGN bR odiragehe

upt ak a crude feed over a run tine perio
tadugtien vhsuderfe@i M@Rg:@ntbettweelﬁ S48 bM\?@bnﬁle(%@fB oo crude feed.

ﬁ%@&lpel’éﬁm £ V\g QSEIOF)a atltﬂe Fe{nl};e & lre Q%{cgf 09 %P%}Hig(gaggﬁ % 8I1de

ude feed tively cons urin
ﬂeqed dle.redeic@®n A ruds feedgvi@Rivbmaht was pp es®@nbaatd @ntheveight of the
EJQQF content, expressed in weight percentage, of
&roduct versus run tine for each of the catalyst
syst diis iafredsxd@rgpb@®n 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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8-11. In each of the four trials, the crude product

had a residue content of 88-90% of the residue content
w@Roosles76T ude feed. Plots 166, 168, 170, 172 rPREr/ES®AT/080433

resi due content of the crude product obtai ned by

contacting the crude feed with the catal yst systens of

Exanpl es 8-11, respectively As shown in FIG 15, the
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product had a viscosity in a raige fromb58.3-72.7 cSt.
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duct .had a 0X e fr
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Rpahidnmhd@hod A e&dhwﬂﬁdelpﬁ)dﬁbﬁnaﬂy?ls weReh©@en deenb&inh ERimple
éhe crude product renalned elat|v$%%hconstant after

b1 FsHIFs B Rt Pt el et gty esfe ded flow

(0% XBEBackR a6 RbmAhe oS f ME WehRroR [H BitotesMRSich@be Sillddatarbide
sel ect ed organic oxggen conmpounds are reduced during

V#sosigntedct s §otasp ALEC MRCIRRLS S§Ve 85 ¢ BRIWEEHPPft t s geactor

xRl 8fe cdnfaci®YzRe AREALE Efatfdialicie ch@RRIMIRWRR Wekaced in
of the carboxylic containing or%:nlc oxygen conpounds

the eontastng eahe 9B 49 ypiligorercartide WasrpopiEpisghep|toreof the top
SARLR] YoRG C}E@e% SpREYRAY s&%Psoélﬁgﬁeat Jdhe FX AR EGcrde Ea@%

reaction conditions o 371 0C (700 OF), a pressure o
Ieadyorlwaa Iqagied ito7a lpgiberg ﬁlmcatmamclgdqglfthMy Uw@g}g porey cragpfading

S M AR S BB oy

¢ohactcd wilh efichad theAtata@stsemrme paserce obliyd399n 0. ( 750 0 F)

at t ess i 030f hydr.oge
Fecd. tRE s ra ot B ReBhe R Rl B S Scep
cait¥de b asakhe ﬁortteﬁﬁng\ﬂmgh Foof xaihipe: 1, thdeathgedvas the Vanadlum

catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum

catalyst as prepared in Example 3. For Example 14, the catalyst was the
molybdenum/vanadium catalyst as prepared in Example 4.
The contacting conditions for Examples 12-14 were as follows: ratio of hydrogen to

the crude feed provided to the reactor was 160 Nm’/m’ (1000 SCFB), LHSV was 1 h'l, and
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In Exanple 9, at reaction conditions of: 371 0C (700

OF), a pressure of 6.9 MPa (1014.7 psi), and a ratio
W@BooByei76yen to crude feed of 160 NnB (1000 SOMB)/PSI00E080433

reduction of crude feed MCR content was 17.5 w %

based on the weight of the crude feed. At a

tenperature of 399 0C (750 OF) at the sane pressure
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The averagg resi due content o& qfh cr#ﬁg(Pr ﬂﬁft was
WBYGHORBPTLRE REPHIY HORTEAC! JPAPHBERFIEY' o B eqigment
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Wth Catal ysts Havin2 a Pore Size Distribution Wth a
Medi an Pore Di aneter of At Least 180 A Wth M ni nal
Hvdro2en Consunption. In Exanples 12-14, each reactor
apparatus (except for nunmber and content of contacting
zones), each catalyst sulfiding nethod, each total
product separation method and each crude product
anal ysis were the sane as described in Exanmple 5. Al
catal ysts were mxed with an equal volune of silicon
carbide. The crude feed flow to each reactor was from
the top of the reactor to the bottom of the reactor
Silicon carbide was positioned at the bottom of each
reactor to serve as a bottom support. Each reactor
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cont ai ned one contacting zone. After the
catal yst/silicone carbide m xtures were placed in the
W@ wBa¢l’shg zone of each reactor, silicone carPCTHES285080433
positioned on top of the top contacting zone to fil
dead space and to serve as a preheat zone in each
reactor. Each reactor was |oaded into a Lindberg
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sitibded@n 1. bBtt&ﬁE&)tactal@ dodd) &ith theda@dipioeddablyfiading theAN i n
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TAN of tge crude roduct
cm ?were pos1t10ned in each contacting z
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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cat al yst. Exanpl es 15-18. Contact of a Crude Feed with
w@20danedsum Cat al yst and an Addi ti onal Cat al yseCT/ES29n07/080433
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‘%f%éflﬁx{)%&beads (30 cnB) were positioned in each
contacting zone. Crude (Santos Basin, Brazil) for
Exanpl es 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
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preheat zone, top contacting zone, bottom contacting
zone, and bottom support of the reactor. The crude

WO @8/ 045187 cont acted with each of the catal yst SPEUS1987/080433
presence of hydrogen gas. Contacting conditions for
each exanple were as follows: ratio of hydrogen gas to
the crude feed provided to the reactor was 160 NnB/nB
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CRdjcbﬁlfeﬁt 400y us‘pndltdnes EniplesSredired klfiae b hasuras APMCR

gravity of 100- 103% of the AP ravit of. t he crud
@é@at anil {°s agpbelienst COI‘E%OfctL%‘E dgrlegy cherﬁ OYtieldgal SR

RARNCBIA@ layfhhRene Ofhdnt SISHhE YA kEN bBhe BIOR UEREh and the Cs
product with increased viscosi t% and decreased API
§

HPRAKPRS. if BRAPT (PEeried thakasphilsaersipthgr ppconmongiaihpihpve

tElliHaen@}r 846nf &RE arefef ?r&d’ﬂl@ed nl@fe%ﬁx?l@ Arodb & GRS Ihh toRfl Eontent of
decr eased APl gravi it may possible to infer

RAg v, Ag/ e C@l@mﬁfrar lzlaftt|68% Wfthetthial gomiggeoffaeggme
WaRIs 'oflfhta 'cﬁl'd@ f’eegx@ﬁ@éuﬂﬁr Jo%ten%fl@&hd@gro &gvgsdﬁ) df_(%gf @L sulfur

Vari ous contacting systems an e catalysts
qmteetqfhlee@advefeﬂls descri bed in Exanple 6. The

p ro p%rfgllnséﬁ S nc} mede olﬂg[?até &t 3;%{1@&%1 lc'oﬁ&iﬁ(gjnsicg (ra%)én?roﬁ;ed. dlch

cont ac condi tions were as
thatal 1319 thinyugh dgmmngamgtzon@ hereaten chan fledd, 4 pompajadtotaanocess

Q&awgﬁ%?d){ tég)(r)(acf\' ggélange(ér gucg S )ni&% [{r(?e,})se%lbfl:rs The eﬁ)lhty to
eotiady dmggezme@rwm a 3rldle Bfed @t?l@ﬁhld]’t_o)lﬂ@/ Opact Rheotiodsadreatdithan
fO:,;tbnfaélglgvg &%ﬁ%%&t&g]ﬁ%cess to bflz_ 1|;Ies orn n\%ss%g otf fae%héelgi%iz\é\@aative to
commercially available vessels. A smaller vessel size may allow the treatment of

disadvantaged crudes to be performed at production sites that have size constraints (for

example, offshore facilities).
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over a period of tinme froml1l h 1to 12 h 1 ,

mai ntained at 12 h 1 for 48 hours, and then the LHSV
waemsiososeased to 20.7 h 1 and nmai ntai ned at 2BCT7UB2007/080433

for 96 hours. In Exanple 19, the crude product was

anal yzed to determ ne TAN, viscosity, density, VGO

content, residue content, heteroatons content, and

l%c nt ‘IQEQ oéonr[gét%lf 3 dl‘rl]ldgE &‘ﬁ at%‘rmus %Pg%cgnig"i“gg!&% épqsre% The

g e trine perrouus tiiat UT11c L

(E)ndclatg @fens ndlthe ca@al@tsa\gﬁe el saias af drscritee 1rpEmnq1let 6. el‘,heofrude

AR R el Y Pl G et oppr Rt

dnyaombh@edVidhad neo é@ﬂwﬁﬁ@l tHANoanfla@ingedhis eflthe ipfsagt by
reI ative tcthhe TAN Fe viscosity of the crude
YEEECN TP @CE AETIAPPTO P%‘iv tWé’rCOP‘ﬁ%m’éo’rzﬁﬁfé BrogRiEt g different
t;@f.era{uﬂe@% of the APl gravity of the crude feed. A

wei ght ratio of MCR content to Cs asphaltenes content |
was  &tonjagiing copdifonsip ghedpirrapfact ppzapeRcEghid eftvsa hdiSswas 1 h:

BRPOARLESRER (SPIneRL Raduged (seh ab) ¥ euibOr b W &b
thg MCR corgttglﬁt nanéng,\%e hal tengs co)ntert11t gfﬁﬁ%g% de

feedivies ¥o8&NIN /mrr GHYQ Met e prghiaressarejwas 61 MER186hT 8#it to Cs

as ph%otnﬁl@@% &)ﬂﬁﬂlgﬁktln %q)ohgﬁ cBﬁg&fﬁg QOMI‘QES ltohgw@“QE] SVwas 1

content an Cs asphal t enes may be 1 nferred

it hsmpsgphain téﬁb@tomawn@ptmme paRPoN€nto80 tihaa ratigpehylrogen to

e

RO B N IR SE Bl B RE Lo MBI R

2| nc Thandalqaacbdcupmnt@cf thabotnmstorm%g)ionta lard tvext iatrodoad @At the
anme ne ?n%é 1em de feed.

St BT SRE ) T A T
separhted intothe bhlﬁe plrodﬁte ahegd. TEa(atmé esd@t andpekBdically analyzed to

rmns nt acti condi ti ons can be
%Beﬁ‘in%'l ‘@Ej S?Ii'? Peq ¢ ‘l—[g% t hrough the contacting

zone Averagé eab@rfot thaproil;@ulas df cmda@rdaemfaa@duan@ tRE AMESS
t hat has a LHSV o %r Qduce. cr ud 1%3:”“3

Rt dphie VaFIGp?%pEmr% feeﬁﬁéda Y ey %Pdsae gty content
SVaI38 GramnsRIT QR BEhXI@Es For Grandsr dreRdedt Thi atitiél pldattt h¥d an

space velocities greater than 10 h 1 allows the
EEreat Ny Uprigd 88 dvaree pRRIGIHERIH OVRITrampel Cs

JSPIERd pel Z8mloeLAlE MBdl® PRIMELphaAtbhd caMaitlof Bl @rude product
vessels. A smaller vessel size may allow the treatnent

s Al e\ dnefaleds asphpdiercsicontprt op Befcaidg@ePdaet: pr oduct i on
sit espk l&ﬁél cgﬁglﬁ of Bgt)gs.sﬁEl)%gﬁ{drsgﬂlﬂ}nsin (I{e%ucﬁ?%(;ﬁpttgw% ab glgst 53% of

of fshore taciliti | e 20. Cont ac
thewthl aontym of basanGometalstin w2 ctdafred aty B8N of Hw crude product was

SARACRL I YN, SR SN o U Rek S A
Quriop eortaceisg| | St ed in Table 7 in FIG 20 was added to
ctor

cat ar o ori s PO s e PO PR B iR ppgeune
t@]ﬁlpé‘ryldfquz&ﬁb 100 (ploediihen te contaheinP redthaiture dihle tasond (in this case,
l%ogm g%(tg{eggglg (t)onee ance rth% rggucagrtl gfd C5aatsphcfjl tgrfes cganft:nt in the crude product
relative to the Cs asphaltenes content of the crude feed. Additionally, reduction of the
content of metals in metal salts of organic acids was enhanced using controlled temperature

differentials. For example, reduction in the total potassium and sodium content of the

crude product from Example 20 was enhanced relative to the reduction of the total
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Contacting conditions in the top contacting zone were

as follows: LHSV was 1 h 1 ; tenperature in the top
W@Ba¢’shg zone was 260 OC (500 OF); a rati o BET/US2007/080433

hydrogen to crude feed was 160 NmW (1000 SCFB); and

pressure was 6.9 MPa (1014.7 psi). Contacting

conditions in the bottom cont acting zone were as

%o?l llgrélta,nd so'éésuonll,] 8on3\elani' gqtg c tgtigj%rﬁxalrnE t \%Mpg %etleglvely

doyistarogerde t@dmtaﬂdneodueedlxms stilﬁmty No3/aoiBe ah(PO) asSGEB)red an -

ea;iaessure was 6.9 MPa (1014.7 psi). The total product
“ed the bottom contacting zone and was i ntroduced

I Nt 0 Ush® «gaserd tbtﬂpﬂrﬁiuﬁhﬁs €irs epdictih @ bonelallod HiRn@asl-df ki@phigh

hase separ at or t ot al od epar
‘Bﬂ& @F d@éghﬁF%%ﬁPé‘t‘ésa@‘H cyaaple ‘Iéfté‘slg?hﬂlé’s fb‘? dEfttﬁwgts Oporgamc
Rk B ¢ § enddr) ¥z Helyaietsahdb A& mpBhh&Maviks physical properties
asphal tenes content. Average values for_the {3({5 erties

(Btfso RGHEY &éws%@?rﬁxﬁ@@eﬂmsﬁﬁ d/pHarsy-yikenagval plitgsed i n
€ndf at oW teAPeratiREaloEEn & uﬁH%QO Be M‘MV&{ bQord R Plug

asphal tenes content of 0. grans of

fa@ [ghdt|theeqaedyssetheigpuincishsing the bfef% ély: catﬁbétS@p@ra@ngﬁt dieher
tgﬁger%reévtﬁ[ 29Sosl M@t &-e BRARANELAGE Cs

hal t enes c ntent of O 039 grarrB of Cs asphaltenes

l9ifsr ll'lz ;_1'?108 I‘“HHIG Megf;ﬂ (iltor ﬁ &ﬁ@% éttegis/ 2 ’ 6 é t%%@@g‘ter tgn 500
aspi

lomms. EFtte redctqpappsguUiex@pdios mdnbmamdthntwt dfrcadtectinzaduossi, the
t%f}gpéuﬁqge%%ﬁggg/%lgt h guedtg (1))% Ca?%t ;I taiysl% a (g rcn;tel;l%sé sulflding

e cru cpdd
meBodwertdstsath® % dfscritied 1ﬁl'Eeanﬂe5 he cr ude feed. A
P-value 0 talned uring.. ..
cont 461 Eden}@ C&Mh@?ﬁéﬁ\g@ Rr‘ﬂ’a &)ﬁfﬁ]ilee@etg CL#&&%,“ in Example
jﬂaw rﬁhgediwftlh §ifiton(dafbiden23.56 88, to f@M)a 10EPEREEh Ralyst/silicon
eratur that ;08 50 OC | ower than the contactjng

‘é‘t‘tﬁ? Tdp Ct*héw%sél%‘ﬁaneﬁ iR (heholom geuacting v eRsmyA Ygagum

cta&nytsotﬁ @ith ﬁ@ed I%&hé aRhGl HeRriRdd iFExASHB alvae ﬁﬁ)‘éed with silicon
cont ent |qt crude product relative to the

g7t éﬁré?stocf%‘t @ panagdiun qialyst/sitieone sarhide AHHPtel(bh%? F1)) was

FREYELd iR theQd &Jh@acgggt&ﬁ@t of metals in netal salts of
or gani ¢ aci was enhanced using controlled

t enpé evdy f@efatPrG &0 emeg) arying mheprapreiep bunmeredd st Tabke §. K1G. 21,
Jvﬂ%& o tog OF g2 ?éatdtia apg SQRim ffo%hgt%u find e%h&cl[ Jz’oq.% top
e e to the

pr oduct m Exanp 20 was enhance at |
qoatulgty zone, Gbtigrh eontetial potcassl hettvamdpodit thareastirehbe of

Joﬂﬁct?r%nc%gdlﬁ&gs%e% df'}){:io ? %Fﬁ%f cﬁoé[gn %I(AE & hé érﬁ&e{)t\é?& %{rowded to

cons ure sta
thereagachaseb6@mrh én’ (aQO(h%@l%EDr EHSde@\Zai 'usnd prmsmrg was BG\MPa

g T A A N B INCL g AN et T R

Cs a@pﬂ’e&tdtz& mastiradolf 175 h&ir@,ltﬁe (S"&ilet [Bodaict IHAGE IS 0AC.H4 8)d an API
S, 1ae autendency, § &, L0k MRSl AR R0Y ShpSOrRRgR
wtppm of zinc, 1.5 wtppm of potassium, 0.8 wtppm silicon. The crude product had, per
gram of crude product, 0.0043 grams of sulfur, 0.003 grams of oxygen, 0.407 grams of
VGO, and 0.371 grams of residue. Additional properties of the crude product are listed in

Table 8 in FIG. 21.
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of softness and/or stickiness (for exanple, guns
and/or tars). Renoval of these conpounds at | ower

W@ 209p@sasur e al | ow such conpounds to be renoveRCHESINE080433

they plug and coat the catal ysts, thereby increasing
the life of the catal ysts operating at higher
terrperatures that are positioned after the first

cont zone. }n Cont act of a Crude

with er Eogal é‘lt‘ln t&eg@ our: no cat gstr_r, (_Place Ient t?le cru?le product
Had stTANd uf §.2handd alnmfa ghzezdy aﬁlﬂi’b r qumrmm@lucdfadﬂm wamtof

0 A f G 500 t
bt Dl o P TR oot el et Phgrig Thegrode
Iir&neshad pdi%ratr@bfairu@r;@dﬂlet, OS)GngideSf SﬁEﬁIhO d07 graneler VGO,

N R e S N
ey denum cat al yst (11.25 cnB) prepared by the nethod
descri bed in Exanple 3 and nmixed with silicon carhbide

(22. SOISEHBRPle oRpRHFES (8) SpBReiEAl g cardedpodsyith e spleciod

GaiRisdad Bl Kistb R e ARIERBLviINE S phR izt HQH@)@U&H‘WF@@ median pore
bottom contacting zone.” A vanadi um catal yst (3.75 cnB)

Properad gragier thae [ s Edluerssicdridsaroqugt @%éﬁpﬁéed@CWaEAN a
Aated to\f\ﬁltc!ﬁcﬁhll E&lﬂﬂn GiHe bp(ﬁie%m(ﬂl ad Qﬂ'i@én oo%tefnp\;vﬁ'i‘leasulfur corr%:)nt

vanadi um catal yst/silicone carbide mxture (11.25 ¢
Vo cpuisitt angiresidiersonthet of 81 cowshtracsiuitvgerg &, 182%r udld)5.6% of
h :
&Fgﬁﬁg%&g% }%_t?pcgfftrl %ﬂhetlﬁ}ﬁ 84! Hﬁls%é t@é ng(? &erﬁe . eégctfr%[?hé PAN
ofhie audedeodueeid af llezmvé(W ohthe LT@HN dibe pueehkat afeo He) thmqomthout
R BR b SR S M A AT P BRAS
Xat o d m strates that O&le OF more pro erties
por T He eac e Ry I'ng condrtrons re
shef @hdecf\mt mayeliel ahaﬁg‘ed hydTo@ngregaﬁs lrnghetr Irt&omghpﬁtelt tleeded

{] 1}5@%'&1@%3 %gﬁte?a?rga% e;réo\év?tzat%égatg 1008 abagz bgbat exhibits
bei@s tetkees @b am;l lt@@ZCOZ@Iﬂéé?s d&%lhﬁmb@aji Rﬁin&rﬂ@p’e@ﬂﬂ@ﬁ&@l pryduces a
343 0 650 OF After total run tinme our s
PREPE 1&?51 thapinglyiiesta opudg Prodpainyigy a BADMhaéﬁoat éFﬁSthi% Yriag 4 of
Q¢ crhBe Bed. The crude product had 0.6 wt ppm of cal ci um
08wtmof sodlum 09wtppmof12|nc 1.5 wtp mof(jl
™A ) 3 ) 5 ! B LANBINUQHST Y MATE

ﬁ@‘fct(ﬂ'rg @gTR!i ﬁﬁﬁlﬂﬁ)d@ﬁlﬁl@ é'eﬁ:hyst gZSOQ'pér}mg rS@rEﬁlC%E)reﬁ!ﬂle(fl W in Example 3

grans of oxy grans of

\g«"rs&ﬁ@rgocf toradgy ldt el ru fqul (Eﬁné)l haging sy rrpRestios listeeh én Tﬁbwém FIG.
2 \9&%&&@& lﬂo%rt 1%% df B4 T%h‘lr%o ﬁroh&e ’E'%Hﬁioﬁ‘f 5 T AQLfderature

run tine o 5207 hours 0 cat aceme
2R SCH7 WHF) pr o ind prebrat of hydingof 0f04MPee(ﬁ60(hm1%FHndgrtmft y

I@Idiogl\g ZOurc-Eq et f’ie%d Bf %68&&&/%2%0@? §C%)O\Qgpe %I 1@5'}&\1#%})1%1 out

sodi um Zi nc,
tbé anotTaEa$ pIIleCt "v'viaereorouctefrpm dmhrop ohtaereagrer angrsapmrfoéd iotounaigle

d , .0, 0039 0.4Q7 f. Vi
AR S BB ule Mo byng ALy B B Bl

debeminie utiae paathnciessar easl filbigedith imphaibéseand/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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in FIG 21. This exanple denonstrates that contacting
of the crude feed with the selected catal ysts and at
WO 2@sn406Ee of the catal ysts having a pore si zePCT/US2007/080433
distribution with a nedian pore dianeter of greater
than 180 A produced a crude product that had a reduced
TAN, a reduced total calcium sodium zinc, potassium
nd SI i.con c ent whi quur cont ent cont ent
AR o G Ea ERbr eSSt bl PRGBS e
GORIroduacha@5ped %naof oﬂdmeierpﬁﬁmetct) DVegmpme pesulfue $.386 of distillate,

ude fe Is dermnstrat es that the
]Ngrglf“s ﬁgGQr O%iac?ﬂ%st()far "l east 30% of the TAN of

t he qthtsctaalﬁlple de@bisatiteMAt da)(ﬁtaE:ISofWi ciltie Wéedrva il I ayFein thd
the catalysts. This exanple al so denonstrates that ong
RIFSeRsyH H\éﬁ%@‘i‘f’t glybgsnumygatalyst [yl exluBiss baggs IBéhecrﬁ%ﬁ%éB gy ©
0lcavess dpleRSSE 18 RAthBIspectE S Prititesatto] B¥@icehat includes a
tenperatures. This exanpl e also denpnstrates that a

qsleuntpiust Wish aresidug sanyest Ofi%éﬁiaSte(’QFﬁ Hitpsregdirrontsat esrrude
BdD A IxdnP18AQ EdMohsBesdRl 864D BH) AYaRREBRth hYdr(()jgen in the

Spectroscopy produces a total product that inc es a
RpsgBee b rblges pnene Ibdenginiqatalystthat e xlibity kaads indimogege §lAem '

é%urrprf astdgt%rrﬁlﬁé’djl%/ ﬁﬁﬁﬂl Sp@‘t I’P? p%%’ucegoclrlglﬂﬁlgro&lfct BhaGhiil&es a

Feed and a Catal'yst 1n an Continuously Stirred Reactor
c(r@smducmwwlna ngethmm gataal PS¢ of(tn@TsNgqf éfmyru@deé@lm 3)
[ 5 ERa O ude

J ITamvreraatbeamraM thd togg/l Iprodtlct
1, 0C

ue 1 A L e re 421
%B%ra 10N me Iill ré)s%cu raréa yOS S il]n Oca a% nSllO]L Ilg4 O \(J%‘[B same as
qms¢rg>)ad 1ra]EbdtrIrp2H 220 ok chylgstage n psna urze ehstrmumsmdeh f eedlambore
d th t
FaBedi 193 3 Ot 80 ol U DS et SRR G yign e

Ha@med BinByptth S apah@e alufmi sap;me e QetHIGEE dangbt PXIABIE Stsorption
ases. Duringt hzﬁrun ,an_anmount of sedjnment was

RREEAP P 6 AR pydeformined By Rpgan yResEgicoppsihe
ﬁrb;belnhdg@f We tehude PRI 852 130 R Tar<Ci@BatedTRETaBROWIEIGM2. At213
sedi nent, per gram of crude feed, ranged between
@u@mn@maqféedaﬁlantope@ gtrrzelgirutedocdulaviyOf I@rgmn per gram of crude

BEPBEN bloBSct K fidrNEs RoRe @&fﬁqyrﬁtha@fnh%ﬁsea%o b@&@%raﬁ‘ﬁse er gram
tabul ated in Table 9 of FIG . The crude product F](%

o coaln festl/t@algodil AhinaPRsedn Wimﬁyﬂt glatiyg tpsedmpeat ganiggeof the
ekl kR, SR Tk ARl
potwasel inampR. 23 indiphen tht @kﬂlﬂtleQarﬁi/WCpmrﬂ’/ fmadigutpn mngased
r ..

%treu aA\éftlgcrqgg 1?1[23 oéggo?%l&{trlfgl%le&? géé?eita]ség r%’gnt6&]§1§ ggr%:]‘}%lgf catalyst
lge ghud thataglysD oﬂﬂxagtp&r@ ok a\UBRpr @rtmdlysOlif2 Gzhnghaemlysf of Example

eS| due. This exanple denonstrates that contact of a
c3r ude feed with hydrogen in the
Example 24. Preparation of a Columns 6-10 Metal(s) Catalyst Having at Least 10

wt% Molybdenum. A support (200 grams) that contained 0.02 grams of silica-alumina

and 0.98 grams alumina per gram of support was impregnated with a molybdenum/nickel
solution. A first solution was prepared by combining 62.34 grams of (NH4);Mo0,0; and
17.49 grams of MoQO3, 3 grams of monoethanolamine, 12.22 grams of 30% hydrogen

peroxide, and 50.47 grams of deionized water to form a slurry. The slurry was heated to
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presence of at |east one nol ybdenum catal yst that

exhibits bands in the range 810 cm1 to 870 cm 1 as
wa@li0e#i76ed by Raman Spectroscopy produces a tRCEIUS2007/080433

product that includes a crude product with a residue

content of at |east 90% of the residue content of the

cr ude feed Thi s exanpl e al so denonstrates that

G e dot utLt Sy BEEat Bt 4P SR L lopgsn e

thiapetsturen TmheHrcéﬂgaeso&manm 334.0 870 cm1l as determ ned

R A S S R R R S MR TS

£ of Nits, efﬁANO 66 gtdie o ﬂéidﬁizécﬁeﬁer tCpsTRRT bty eCdnxaitlea

Contat a Cru a Catal [ n,
PR SaL 1) el Seeattion Tty it s et o conto
PRARE ATHSsoldthA vadk@dredAMAOIE bol5R RRFAissOReMETIOSH ofcthélSifution
product analysis, and catal yst sulfiding nmethod were
¥4d Yane as described in Exanpl e 22. The catal yst had

a POr@e $iirdk Sol6Hicht dntl RULhO o1 dnhvRe EREHIRNA RO L@ TiCiAMRIRIZed
of 192 A and contai ned 0.04 grans of m)lf/b enum per

\g¢t9rm3éfad@eakta byrg the gpmbingdrselusiah aplaac et gl Spfdi i td Yl«;fld e
nﬁ‘thﬁ@k@ﬁm?%%R&[otn solhiGh. oﬁ{em tthéjllegﬂﬂ%t soﬁfﬁlah Wa§ 2.02.

ab orption in range D810 0
‘Hetsepporites lapreRegtehwigpide mobddeopyn/nithed seintoe iigeﬁlé@r sgferal hours
C o)
&F'E\ﬁ?c%ﬁsg&% !Pét?%&h E@J %ﬁﬁ%%ﬁgg\%ﬁ gé‘lgrg ﬁ:l%lgﬁlléll %élaﬂed R 482 °C
et dnttyohenrs gifmesﬂtlmgqmcbéyﬁ e:elttb,lned/alﬁzr @rap0df®aghyand,13 grams
ram of feed/ Af ter .765 hour
ik SRR S48 KRS aL Bl b 0SS bt ENEH e
Iﬁf)lyb‘xienﬁilﬁ/nﬁ(ﬂ{elifatamsalhadplrmdilmﬁporeﬁcﬂlamﬂeﬂ(ﬁGS53 Al wits edicase 6% of the
ative to sedi,nent content aof the crude. feed/t
LB‘F‘ IR i YO8 tWSF? S&S’Ht“%‘tb‘lﬂ&n bayhed RpgedipRgt Wottlﬂ 28 A of

thb gicdioh p&id anuidics,at pakdradlurd o X@npl R, & d suth@at@sort hain’/g.

and/r coke are form ng at _an increased
of a Hydrecarbon Keed with-Twe Cafalystsat a Pressure of at

l A ]
ﬂ@ﬁ wq«aps SI'He %m@ tg(ﬂé&tdsl (BRcATEY Rt il gdentd dffcentactulag $ones),
the catal yst of le 22 has a | onger catalyst |ife

tp% yall pfﬂ,:@u%téﬂ%ﬂra};@p nﬁho%\aﬂﬂ odrg n@ygﬁﬂng caiglyst'sulfiding method

Ve RRIs&hE MueRériRd fPEURR - 10 Met al (s) Catalyst Havin2
at Least 10 wt % Mbl ybdenum A support (200 grans) that

cont at ¢reHysd 2oprepprethi Fapmple 2 @2- élcalrﬁ wiae rainel itoglignngngihide

ey R, PARRPRnuFHARRHER ch Rl 3SR ik fodioned n
tbﬁ:epiame@ntﬁytlngﬂﬂMm ng 62. 34 grarrs of (NH4)2Mb2q 7 and

115 gt 5 T E BP0 A

oimgdel rmhekmdl 01@05@ grans of phcrsplavrsd with the blascedleing raylnm%and
heat ed t063. 8

until .di ssol he .
UG G o Pt o AR et £ TR Eah AR b g v
sTliven pibiok (IZ‘JECIﬁb ltufoir@n nagbdomdd catfly s Ritiootlcskile i-ome wad was
repar ed t%y conbi ni ng 3 31.93 grans of N (NC*VoH O, 9.63
Ig)smoned in the’top contacting Zone.
After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A heated hydrocarbon feed (Peace River crude) having the properties
summarized in Table 10, FIG. 23 was fed to the top of the reactor. The hydrocarbon feed

flowed through the preheat zone, top contacting zone, bottom contacting zone, and bottom
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grans of MCO3, and 30.56 grans of deionized water to
forma slurry. Concentrated phosphoric acid (39.57
WQr@a®4087 85. 9 W % H3PO4) was added at a rate PCT/US2007/080433
sufficient to control foam ng. The sol ution was
stirred until the solids were dissolved. The pH of the
sol ution was O. 29 The first solution and second
SRR S, SHIRIGRGANT L L) 5 O PR NELELs in
tBd Bre Femedrdf Hydrogelegad (h&tacmig;cbnkﬁmurﬁwum:isdbllowqa rretgnﬁthydlm)gen

SR b ER i AR P bSPTIR RS B b bt Fonias

SabuiroRcar@igedss or aseprexak oh O}8 SMPA (R(bDOQﬁtgaSﬂd‘lﬁélhydrocarbon
ati o ied at 125 0C faq I.?ever ours, nd t hen
fg‘gc, fa‘? E@Pg 189 coptactigy 60“8?5“16[[%9 o ﬁ’é‘lﬂ"?wrﬁﬁ%‘ pressures for

th& s édnfhgtl@aioﬂ&s%%re aRn E@ﬁhﬁ&ﬂanﬁlﬁﬁdintglh&anﬁe l%ﬂl)\ﬂﬂng $équence:
ns |

B pRBRIE (P an S tah g SUMBBFI00 Priglor 1149 hours

mhbftﬁﬁc%ﬂté@?tﬁh&%ﬂhe%& adM$ds Bachoar wBgs an pore di aneter
of 155 A, with at | east 0% of the total nunber of

por es\sishowh i I3y &3, spnteqy ofiths hydraeprhandedsal iprrgsusespb plemost 7 MPa
@&F{{/ eiurdd &rh!t ﬂ:agc%Oé\ @ fpr&lﬁ%ed@&h@e{]gr@@fc?th% lﬁﬁ’%ttﬁfl%bd@num
por e g, S

ol ume of . ace area of
qeRfegt ofPxamipbe, QHI/V@mpa@nt @25 hwHypdy: o eetrdyo porfen df W2 Thgrams

ra%f%hydﬁg%dﬁ& /gg%%%ﬂlgn&fco n%gg?%g4§vtw @nd a {lgchity of 74.4

react or appar at us or nunber and conte

oAt ﬁo& iChdpurziog és)run 1th@w¢rmetmperqmmmsjuhe P valwpaf dit ifed/intermediate
TTEIRPGs £5 U115, RILANGh, BMRLYSLR. o and, @1%%5&@%!@, ot
(6l @hiys perasanpbipal padida. Exanpl e 24, (12 cnB) was

d t h 2.5 to f .
oy et Bt G T Sosriss o Gy tap @i Gonpargine
da)asllultmmadrfgn gtMﬁaB z;:natat Q:tastgo(m P(a&téé ﬂgglyzmem oént]gmlwé@demum%%
Cat al yst C ntalnin

et ghane OF b el nait 0 80 kA2 o the

ﬂ@msm% usnttitt g/t hRphRakARCenBRIvAG aBhiTv0R R0 (NAYVIfeE a
nmedi an pore di aneter of 108 A and a surface area of

BRI GOHER. e eiduaihatdiast Ln ol Fied eesidro aml pgipeqsiy was

4t 20N RoBl UOREN VIR RS aAY Hoklih FRON3CAE Bludep il i fAd 0.1
was positioned in the top contacting zone. After

%P of arolybdenyim, phlgast BOh Ripgr ©f hydiecaghons haingrighozlgngagnge
ﬁutfoﬁ'b t%eé r°é lélr aﬁ)lfof ﬁgﬁ?%on%oaﬁgﬁtg&, and at least

rocar % eace RIVer cru avin
Q;)]f opes of hzyxlrmarhmas haveg a willgbrheze UdstritaliGa b@@e@mﬁﬁBf‘)@chnd 650 °C
he top.of the reacta The hydrocarb
Ren gt oiret Bl SRF Slion TR B SRIRR S Sl Qficsgpyps of
Igﬂfﬁcatbbmmttzmbt&llngamdgehmmmu ppoictn 8 ° el 2008C100.10 MHi@a; at
d with each. of the

85 BPGCES i PR PRuoRg s By HPegU Gisn b aa g
oandiak 0005 Me! £ 1@st @1 PSS ofh@lidoarBéns Y aa@@hg 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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gas to feed was 328 NnB (2000 SCFB) and LHSV was 0.5 h

1 . The two contacting zones were heated to 385 0C at
w@2eBesweT e of 13.8 MPa (2000 psig) and the hyReDUS200T080433

feed fl owed through the contacting zones for 600

hours. Tenperatures and pressures for the two

contacti ng zones vvere then adj usted and mai nt ai ned in

1hhethfi gzlbtglg)lvylso%% Tes g% m 492 %at tfcﬁlggﬁg{ﬁraes %‘1%?1% °C and

macsandﬂnemswadfacmmadth]tu me for the two catal ysts

t
o SRR bR 4R MR b opGEOR ST oy e ana
teRpRetas of asn®f 45t°d, @asiscdA) 0DBe cprde Prigiact iQatGlidst®)% of the

odu a nol ybdenum content of 0.4 wippm a
idfo\%’“r 8“ %’Bﬁf’@ﬁ‘f S‘BFO%TPWHE droegprpis |aHIH%St§8ﬁWé3¥1\$ - of
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gas
hsving g pedicluriehgiveshd ard | hgioremacters (199401 grapy) igragaglepeWith the
Igﬁl?e@ hﬁlfn %01%4 519981’369 7 &tc% EMMId '32(;.78@ ﬁarﬁ@oﬂfeldﬂz@ﬂ water
contact ofthe feed at controlled contacting

\&‘@”ﬁ dilded pmibie ofixtare ayg gie rgsuffpg Hahtdreat/aSIr@ébﬂ f<8(50m1®®es t frwerfloc®
TR RS SO TR A SOARL (98, L8y
Iaﬁ%rcamctheime%rodndtﬂhfemfxaed sz mweaefonajmwlmf 25 CHM@H. The resulting
mIXP i\s) {1&% npesofC é) 6] ne na%n L oef%:ﬁng?Stam%Og/ro of t0 m1 %?rﬁcf}l ﬁjed
rhhmré @eﬂexltlﬁéd:cduﬁlgaﬁﬁmhhﬁlobe geosi foym Wasﬂbbe Emﬁ]ﬁatﬁ @%mlfas The

f d it i | G
SramEE e i 9 R i oot e
(329)1033 E@{mo ﬁd‘)ugh%’ﬂ{eﬁﬁﬁtﬁs}gﬂé(%tah@glog% (;gaaéﬁgnflmdlgademamh the
I Stribution etween an er ram
trﬂﬁd‘%'&%li‘go‘aﬂle@b%%?% SBRPOrg e sptalyg had a @‘“f S’@P s %BFO“ with a

Y ELOSRE DensehaVIiINg witbed. 79, tHeangiudibst & pakk iPMe pore size
bet ween 343 0C and 650 OC per, gr am of hydrocar bon

HYHPEONhRYAS 2 e digpglrs Wﬁh@cﬁ}c‘% olihe Bedia Pefe djagislers apd gdofal

Hr@PBufs ofy6sag@ar bons with a boiling range

di stribution between 38 0OC and 200 0C at 0.101 MPa; at

| eastThe pOGBizg digHbusen Hykhtbe dtbang Paiceags dbaitdlipagys Wanie
f@héM | Dt 6, 1(%‘9’?()"'?(5?17/&%?%%0901@)”%03&%8&/0 {]300156%4 5@% 150-180

| east O. rans o drocarbons wth a boil
A\ér?@’te 189-48¢ A@tﬁ% ;0801380 Web%MOOQO%ﬁd) B50 10®- 3@00% 102% and
gast 0.001 grams of hydrocarbons with an
7%6 a%zdbm ling point of at | east 650 OC at 0.101 MPa;
at | Q&JSteX@mﬁl@Cd&JﬁGnsgalam cajailyd\IItHaVinEblylesaWHdpmrt mostral @x0lgs, and

rans of S |t
e e R BRI AL oL R B TR Gy APy sompounas of
dne ed hioat rattalp frothuGHluim K biithe Peﬁmﬁt Tishla bﬂmem]ily@t lak a pore size
ressures_ when,.t he hydrocarbo cont cted
BHE G Syt o eagir spast S0 el (5 RRLE Ml by
doimpeR@ ki RS all ARG fidgs; ifeQiie 3D oRGf afeehis 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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450 0C, and at a LHSV of at least 0.1 h 1 . Exanple 25

al so denonstrates that at operating conditions of at
wore@s/0#7MPa and tenperatures of at nost 450 0QPCT/H82007/080433

viscosity of the crude product is at nost 50% of the

hydr ocar bon feed while the consunption of hydrogen is

at nost 80 NnB/nB. Exanple 26. Preparation of Colum 6

%%t.g%agl lé E % <%§ntt tﬁa%l t%; ts Q@(t)_cr%lﬁggl qnlgeearﬁr}&{r %abﬂp(ilm Hd§ %!ei;arifsi %T y%t

K 98ng! Miggrah®Xideditnes.orhb ireve thr wprtalmo® (wicdpt fpomuental amd doatent of

737.85 d hed and si eved. al upri na fi.
A s Ta e oL HE B B AR B Bt £ caua
ol (Bth @Y @S Yhel sAma adi@stried id¥itdmgldh® nul | er runni ng,

43. 04 gr of 69.7 wt%nitric acid, 4207.62 grans of .
dei orft %Qg’ggﬁ‘fj@rca%&r%”éﬁ%‘&e‘{ ’6‘%’%‘% Z0t\(j & sV iftylicon carbide
EREYO IR 3D ¥iliradd Was pdsitl dnedinf tBe bdatoRi ddta€Sng zone. A
Superfloc(r) 16 (30 grans, tec Industries,

: Qy Justries, Vest
1palyfegpm calrlewy a3 dpssahed ipgagmpls 26 agy ared ovithidican carhide (il
JMEnd i 30&kn°) AHaGvds PEsifidnel W @e WMot RGohOr at total of
25 mnutes. The resulting m xture had a pH of 6.0 and
an Laftespuldainaof ge spslygerhgempsraraniagoalactingeongs was daised
t?agédt‘ﬂ;?ei?au\f@%f g0 dcu de Hydf§éaﬁg)_njfeé§1 (ﬁggcé R'i\leﬂl?l%viggtﬁ% ptr&beftfég ted

| obe extrudate particles. The extru

ipdiable dD.ddGnet- eltgrhiydepearbon 28d fgvédohrogely e afehpaupts:. tond

. ' : 1 t . e
AR GE0R BT red Brgs s A O b p Rl T e
lydtcamben fred mgs ennteeted Iwitneacleofamdcasaliyppan the prévenceat bydregen gas.

a ore.size distribution wth a nedian por 3, 3
LR b So S U PEG b oL oo TR B e '
(ROV(ESCIBY ahth & HSWTveass). ¥ie' . dihs twd dmtacom oavd were Acqpatte 400 °C and

di.anet within 33 A of. the nedi an di ter

S P bben ) a0 ! 85 g O SR pETE S lor 1 fours
ﬂitﬁdﬁydmaﬂbomfe?u lﬂlt)hed @rcugh 42 retod. per cent age of tot al

por es S as ows: <70 A 0.91% 70-100 A 20.49%

100- ﬁgﬁﬁw%‘ﬂ o 101 5l§1 28ghocydaprgglucy Byl al‘é?foﬂt@fé% at 37.8
150 rekRe CorderR Ut 0.230ard@6) pbr draM@YL a4 AROV/PA Bnt8RYF 164 wippm
1000-5000 A 5.79% and >5000 A 22.04% This exanple

B tordydgees co@h bl y SiPRthat i ncl udes a support,

M nergfs QhPIe Yemeiea RO BiaOlonliBr & 2MEEAL LSS QA GRh H Bk 6
of the Periodic Table and/or one or nore conpounds of
peiel caalyivpinel inehiainabld posaniningrmimgrab pxidh Engepresy imore metals
f}l—(ﬁ}? lumTlg% of ﬁfegj_eﬁ&hc Ii@ﬁe d%}roﬁe St Iﬁgre‘iibﬁﬁ)édngy Bﬁ’]&l@ Oan'i)He

a nmedi an pore dianeter of at [east 80 A and the

wetelalfpst Calemubh efi thabiredisyl ablsnisidr sugporepraduvey adrudxprdénct
L s e
demonstrages et adrgack piomiyGodcaron GeedfwithhaddRgnn 6 dictil Jaddy < that is
@geg%a%\llﬁyﬁd%%%@%@@%FR%{%@%%P&@f:é% ?(}Isetnqete'ﬁ'g LRGN 6 of the
Periodic Table and/or one or more compounds of one or more metals from Columns 6 of

the Periodic Table; and a support produces a crude product having a viscosity content of at
most 50% of hydrocarbon feed viscosity at 37.8 °C.

Example 28. Contact of a Hydrocarbon Feed with One Catalyst. In a separate

experiment, the hydrocarbon feed was contacted with the catalyst as prepared in Example

24 at the same conditions as described in Example 25 and in the absence of the top catalyst
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Havi n2 M neral Oxide Fines. The reactor apparatus
(except for nunber and content of contacting zones),
w0 b@set7al product separation nmethod, crude prPClTs2007/080433
anal ysis, and catal yst sul fiding nmethod were the sane
as described in Exanple 5. A nol ybdenum cat al yst as
descri bed in Exanpl e 26 was m xed with silicon carbide
E_)c?r%bed 1nV]9 {né)cet %f A?f%r appr )%I%th: yV%ijrs of 3y t(s)lrr]lgglg(ilrocarbon feed

om con enum &
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t ot al | f. 30 t d the t
SlsbRe T DERE 25t parus R adoRish SE it LR g St ahtR
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NRSiROH BahHH: M th each of the catalysts in the
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as f g} melygdenpptdaiglys (2 9@%@@@@&5@%%%%&6 HhS BT BONr 2

29&%%@&1 %ﬁlcloh@éfbl\ﬁ@ﬁn)gué v!;hs :bosm(;lﬂag i 0 bGRIM é&ﬁa{cﬂ%

es were eat ed to 400 OC and mal ntai ned between 4

2@@ﬁand 402 0C at a pressure of 3.8 MPa (500 psig) for
671 hp .
[ eac P%fri%ﬁlkge%uﬁ%nwﬂ{l %&t@l&g?? 6&%%?%&&692@ Qh IHétR s&‘h)%d in
Tpvaoublect artlanixed Wltls sibsintoprbade (33mi) tatfor317a. @o@bﬁenamf\asadlium

a r am
PR Bintad R PP EoneE R Bt s Beineciee
of 0.Atentyifidation bf the eaaalmuk ehedempersiareaif else doh@attinpoh@otas raised

ks OV T s

Sﬁﬁ%lla@ﬁzedﬁg?abﬁﬂﬂ alIes:. b4 M 10 kdine Sopg)f ﬂfefr&et&&)r Pend Ii)}djrd‘carbon feed
Tabl e and/ or one or nore conpounds, or one ofr

iiryyed taropghye %P%ﬁtrﬁ%neet%Fo%t%néé?ﬁeomt@nﬁ%ﬁémga?ﬁae 4nd bottom
SPRROGIh PIAHHC ahe BydbidRnREQUMGcoRaMeitRedcB S B @atalysts in
content of at nost 90% of hydrocarbon feed residue.

U PR SCOLANPIYEO4P R 875 d ERBAS INeaPRAE e aYeresr{plisys: gpticf hydrogen
DY @ REAKRODSMNERTIMMDN) SCFR) MM HEVIRESD.5 A1 YRS cddiiling

i s obtainable by conmbining mneral oxide fines, one or
avBesevere hedtasl (p BORT Cafl aumrersurs 0bf 5.9 MPapeHI0gdice anFki¢ Bydrocarbon

?M&cedqmug‘[ th%&oﬁﬁ%%% rSOfDu(ﬁgg c@[{tac[agé fhe @\taﬂlesbf the

rom Col um e Periodic Ta a support
ydogabes fead/tatal gedprtodivone leaninadatoveildecosi ty content of
at t 0 h Ci V, y 7
Eampre ST Ol S RGR I PR P AR infh pin, Fbecs
Canaditssic nittogerm 02 p graatsef esplee, A tgranishd thigld?s@&asihahenes, a

@gﬂ%‘ﬁgﬁt GOMLEhaE, Ml DG, GRUBLYSE 378 prepared in

This example demonstrates that contact of a hydrocarbon feed with a catalyst

having a pore size distribution with a median pore diameter of between 50 angstroms and
180 angstroms produces a crude product having a basic nitrogen content of at most 90% of
the hydrocarbon feed basic nitrogen content. This example also demonstrates that contact

of a hydrocarbon feed with a catalyst having Columns 6 and 9 metal(s) produces a crude
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24 at the same conditions as described in Exanple 25
and in the absence of the top catal ystdescribed in
WEX@R4Es25. After approxi mately 45 hours of pBGEUSZH07/080433

hydr ocar bon feed through the reactor, the catal yst bed

pl ugged. This exanple denonstrates that the top

cat al yst used in Exarrpl e 25 renpoves at |east a porti on
for gxa I C unds

I%rﬂdlicp lavi] n.q@% nt of (})/sn?b‘%loé% MBE ent o?[ﬂ% drocdrbon

feaht act of a Hydrocar bon Feed with a CoI urm 6 l\/bt al (s)

SVAIE ?é eS%( %g tre%]?%ldag{nbfeﬁowmg
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m xed h'silicon carbide 3 cnB) to forma

(ﬁ%$ Yherams ﬁ? ¥ a\ﬁ% rfhdeeanizaf yater 61908 0 aragalt Bicrlded tetthyy ixture

4nd fhe/RixBBWaMRE1RASE 4d QRG] @uﬂeﬁﬁm@ol% (%” ?x%ﬁﬁ)t WGIAQNS the

After sulfidation of the catalysts, enper at ure of

mhxéire gk the mixtere ronawllohior p aiigue. flhe apsvlelnga e hed opH of 4.13
BC 10 having the

a?fplrﬁgl Lgﬁtolfgggzg{ ?Elkz)%%n E]%& ‘E)I e 11, FIG 24 was fed to

t he tldp noflled héxture ek extrud&’dhesnhg/ljﬁ onanhon dieeadhndvielobe

eé;(t;)rH altltg E}r%cgesz glﬁlg ggt%}d ggv{%{eocf%%g th ?Cftollf s%g?{%l%r 3%5 éng Ehteg m

C'Ehﬁlehyidﬁmcfa%b(dﬂf %Racﬂonms hownt dlad echlugt dataﬁac&on@ﬁneHMr gram of

GERGHDTE L St ARGt QY BT WP o i R et ana
sfu@ﬁtdt VgL ﬁﬁ%d&hﬁﬁﬁ/ﬂﬁk&l%&@@s&‘bﬁ& Bmednd pbidDianwas ob 96 Anwikh at

ontacting zones were heated to 390 0C at a
lﬁfi‘sé 9%'7@ PE&BfOtfilS‘u@‘ %F%f PpBs H)\Cﬂ)t%% Byt )“Z‘éﬂlémﬂf’ﬂtéoqﬁ?d‘rné edrtsfiameter
eed 39 Rowed honaydhe dikgete @ﬁbl@ vofuife of 6386 RRW, Snd PUlrfab@area
contacting the P-value of the hydrocarbon feed/total
Pefltt: m xture remai ned above 1.0. As shown in FIG

f]am)[%l@ 81.CC b SctIF 8T Heiroi#Bon PRU vl iiAdRe @atzﬂ&s@ denPre@dbiCopparatus
grans O asi c nitrogen, rans of

(ﬁé@p@f@énu@e@@@ @mﬁtofdpnt@@tnwm@) e taiappradyce srparation mEshod,
I
el AT R ST Y sl F P o
Fwpdwbcar bon feed with a catalyst having a pore size
distr P 0
I U R
dilawn ngrbale lKhend and Wasagen1oo@1meluﬁbo@bmapnmgg z@ﬁ)ﬁ% of the
2?/2200 arﬁ@ﬁdein}l d b ‘E%t%atnléj ?g@f} p(r:f%g}e?l by’ theTmhflztﬁocF' &sclﬂ{:ﬁ)eg in
Example 4 was mixed w1th 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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of a hydrocarbon feed with a catal yst having Col unms 6
and 9 netal (s) produces a crudeproduct having a MCR
w@ovses7sdf at nost 90% of the MCR content of PEEUS2007/080433
hydr ocar bon feed. Exanple 30. Preparation of a
Catal yst. The catal yst was prepared in the foll ow ng
manner . A ni ckel solution was nade by combining 286 95
I%ﬁft%er rlﬁe fef:% EV%N% né Qteic_lawcl)th arhdoﬁﬁu?al}aly%ts in egp;%sgrgcle% hf Togen gas.
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%&%’lg §£ ﬁg @5@8 Gf a %ﬁaﬁs&hﬂan@{ lfﬁﬂgéhéklséata&s%oa%e ggt@ig& Jvas

[weptaaddyis thedpldbvaopmentier. Ameckaiploubide lwanmadecbwlonman@ Yi§t7 grams
d d t. st %

ol'o%%jl lﬁO ITE I q?7 gr:%gner Ifgqgmge:de\xgat?rgo {%l’él a\é\%l%rré/ 2I|th§: él%rry was gegted

whitis tlearlaudi budficib@avieiogized Wﬁlbﬁwd;l ﬁfmi ©tbring thaicomB@edniokel Bdiletlon

nmedi an po di anet er e valunme o

B P abonly ST YO By E Sl CaRbin BB APl oy fior
Joypbirocataene (-8 graik HLHA tit@elGatudiby Sitas mAMEby @abimifig 286.95 grams
gﬁa\%(?t)u é xcept for nunber and content of contacting

et prapididewaisad AReoi it helurry o gy was

Raedusil cBARl X Shpport a8H S8 hainks EhaSéUnfahIQ:H 0@)25eirh0st sWRE-8lumina
the sane as described in Exanple 5. A nol Kbdenum

g O)Sysamy FMPARGT EM QETPPYHEEs ?W@@éﬁwhé &0 Ckih SO TR Seeird

Mbbp(ﬁv k7 eRmseAraRhaR:( ﬁuﬂq@)mlﬁﬂg MBE7 PRI} ARRE:r Was hitRd o
bott om cont acti ng zone. bdenuni vanadi um cat al yst

t{l@mem apd @pmléarewasméledr&r A5 naeee T atolng Boenisihad & pH of
t 3 cnB) to forma

rml y cfXL rﬁn\(/)gggg%aullﬂr%%gg%& ys{D?)?t i con Z:ar bi de m xture

(37. The on@ipd mndur_ﬂms pogided onegil.3 mm higoteolres sofaradtd wigpbe

& ate @Iracqés ektﬂ%{eg Ove%fd gﬁ'?t ﬁ)%“é'f&%%%er ltﬂ%ﬁrs a d glgg

con Z0N6S Were ralse era ure or
@EmeA ah§/37r7o‘i(h(r1 Bt °H) éadw( BQark. OIhehlawlm@ dabayspeonpénretli @s gram of

csayaiysf, gralmrg 0}-1%2)', gnd]lil?OQQ grams Ni, with the balance being support. The

molybdenum/nickel catalyst had a median pore diameter of 67 A, with at least 60% of the
total number of pores in the pore size distribution having a pore diameter with 25 A of the
median pore diameter, a pore volume of 0.695 ml./g, and a surface area of 268 m?%/g.

Example 33. Contact of a Hydrocarbon Feed with a Columns 6 and 10 Metal(s

Catalyst The reactor apparatus (except for number and content of contacting zones), the
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FIG 24 was fed to the top of the reactor. The
hydr ocarbon feed fl owed through the preheat zone, top
W@ wBA¢l7shg zone, bottom contacting zone, and POL/USIINT/080433

support of thereactor. The feed was contacted with

each of the catalysts in the presence of hydrogen gas.
Contacting conditions were as foI lows: ratio of

tﬁ%‘gvoguct S %%tlit;'rg) Tff:t%e(%j’ﬁe te \Rgozdglcétn Pag%ls al(xd’Z Qﬁg@snlﬁ ghng meéthod
haatledano a380cred at ExnpleSsur e of 15 9 MPa (2300 psi g)

oo DRSSO 5 1 ven ol e, SRk EL

xbllﬂesmg(ﬁrcaﬁ)afe@ Bmf)eaad Maop@litide@plUBE batioxt dd)lhacﬂi@rmhﬂed
above

in FIG 24; the crude product had,
por " BiPBATEIGAE By Gt Th 0, pagsreg e B Gherlied in
B0chpR MW eCaxkd Witk ilidéh i (3adn’Hib. f&noegnol-gfhﬂéiluﬁ%@ﬂmlﬁn
denonstrates that contact of a hydrocarbon feed with a

@idysl/y goncaebiclermaiy sy (3E d s 4Rg V4 DRwiPneindhs, p contacting zone.

Col unter GG ¥R LAILS cadiPéls, dhSRRGTe RHAAMGE FaiRd & MlGperature
product havi ng residue content of at nobst 90% of

ny”vaﬁ de: aABUﬁrOﬁ@b@n feed {B{(rd0) lpxiagpiceraprticopupmprtefl i Tdfe bl
I@@] SRR Iféd angle }!0% ow{e‘%:e(c@r PR Q}LdYOQttarboItPt%d %(V@Ji }ﬁ%u

prepared in the follow ng manner. A nickel sol ut| on
Melsaipede tiycangabigdong RTFMZopfacimg zofe, Mid @O, supredt of the

1’(1—5? ZOr7 THE {IE Wg.g c&gﬂc%ﬂlvﬁﬁdeai{\@gﬁﬂe &4 galis%r 1 p?!:sgﬁ%)é)i‘f 8?13}8%6:3 gas.

urry was heat ed unt| ear an cirent
@mttffe:tmg\amda@ded’em@s brliony: takie ot oyrpigee gasmodéeellwas SR&INimgm’

LBt PRTSSE BRSSO LA R s

gesaams o6l 5. AMTtag R&I0 ISIgI) g the hydsasiriadecdipassed ivouzhnige contacting

Goror 425 Wl ePobbe #ariise B vl S g gliont produc

heatrebnanict hbswleaar . A support (3208.56 grans) that
contained 0,02 granms of siljca-alumna and 0.98 &ram

1 U v ingIge b themlsaredugpiad st e e 02259

Hhu6kel reG@lelinl @Risadty MPEBS Gkl 3RZ °@rans) in a rml I er
During rul | i n% 4191. 71 deioni zed water was_ add
g

t he niieterBPls Ml et ostaged aﬁwﬂqoeﬂb%ﬁee%wltw ﬁfmlé% that
HhR gr feRUhddI O FomCdiHies PAde BeiIdiOfabft aha/oR Bk & nkda cfipounds of

grans per gramof mxture. The nulled m xture
%&@r élféferfﬂ%félél fragy Grgumn § ohiie tPpiigdithatdy; @8d prs G s me@ls from

é&lhlh{?sb@ 1(%1t i PR PR a‘ﬁh%? one (g%(ﬁé( EJﬂﬂﬁB&‘ssofgﬁé &r rﬁ&‘e %‘Eétals

OC for several hours and then cal ci ned at 53

m G@@l@@s OHY of dre Repipdih dabrls andweing aale sizeglistattuiby svath a medlan
f 0] 0
Q&l@%ggbet\?%kgg zmdoLQO E\aé ﬁjh}/cg (érﬁccl:ee %1%%8&(@ L%pg reg\(?m: content
dfhemmIW%otémmﬁﬂydrocck@bn &ad alsyls¢. had a nedi an por e

! 34, 191f 67 i'(A)‘h W ie ; aI aelasft O<{r1 %fca%ll&f ‘8?18 ;}1{%})\? 1n gle
ﬂomsxemg nAaRBire A swppdm (260 graﬂnfs) thkteommdedmob Qraens @r amagams odl
xﬂ(%eg and (J ébng}ams alumlna per grar% of gl?p%or% wsag'I {nflpargzcgerlafafzgl %v?th%f 268
molybdenum/cobalt solution. The solution was prepared by combining 46.68 grams of
MoQs, 14.07 grams of Co(OH),, 20.08 grams of 85% H;POy4, and 300 grams of deionized

water to form a slurry. The slurry was and heated to 93.3 °C (200 °C) until dissolution of
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Exanpl e 33. Contact of a Hydrocarbon Feed with a

Columms 6 and 10 Metal (s) Catal yst The reactor
W@ppansa’es (except for nunber and content of CREE/HSI00TIER0433

zones), thetotal product separation nethod, crude

product analysis, and catal yst sulfiding nmethod were

the sane as described in Exanple 5. A

t@sdl%dencgtgi further hee(fta al VOlu‘T’e of il ?)luf’il 5 de?ssrc %16@ maL The

i‘con car
smmlop 045 then ncmlied tn rcbdmetehprrtaom ChrtphLdfi thrgsollmtbe wal\1.71.

m d t.al 3. cnB d by t
R e T MR e
wadril iders (w3 thcdrBsidnal afgﬁﬁtmnainﬂ'ﬂhétbﬂ&()@ Pl Y R&@dl Rvurs (overnight).

atal yst/si]icon carbide m ture cnB) a
1;‘@%#%&&“#& PCREICGPLYARL P?‘tﬁlé“z% ﬁes STAPY %QMO no 03\3%”“15 Co,
sod Shaabs lﬂf(bslﬂlfords hendoatadryisd & Nitwig BORdIARE biigg ZpP6S. The
were raised to a tenperature of 385 OC. A hydrocarbon

m%lé'ademg@/cp@lmh%i ALY Badht bRkt &S esamrmRer gﬁz@oof Alalyapl e
Exampld 5. @énth@of B?—F&&@ca&ﬁﬁl F QB vitth 4 DBied €A1 QK. ThER&ctor
yarocar poon t1ee owe roug e preheat zone, top
PORBEE (IXAPL FumENbeend epRtes At %}tﬁch@g 2909, ha ] Polpespparation
mARRL bid @ chlle Pfo@@& Efi’aﬁysm-r\p&e {8 YRS1S QA% %nﬁﬂl’] Has.

each 'of the catalysts 1n the presence of hydrog
Cont actiphyhdaomdiatalysh@3vié ca’ e desstibeshis Expaple 34 ofas mixed with

DYEh 088N 47534 Ay EREASHIAT NTBLIR (7000, 5GEB) and

contacting zonés were
heat eﬁdmpkyb@@@m&@tamst @667 emémaemgfa pbfs. sre NRaiuB B0 Gith 8 inge)lian
rb an f eed ed t h, t he contac
B S 0 A R ok B PRl MRS pS R AR Ly
Witethh ydam deing prifvasly/at gatvala qdumida atppoit wiasiméxetl evithi sﬂ&dn carbide
ggx//e i 0. As.sh(gvvn in FI(% t24 t he crude product had,
@‘ GRS POLIPEL PO RREPMECPEE YT ams of resi due and a
Vi scOsik tmal9ts dtre8ulidtd aingdie he®od asTdus&ritd aiM0lSe Patent No.
es that contact of a_hydrocarbon feed with a

enonstr at
%%&Oaﬁ“ﬁ &9 € gipiglovi£h al. o%ft%?léd%@fl A € CREI P IPE AR YR
Rarab@h £ndsabls&aigiuidd QlierBREan@E of MY (T Qirpw&qﬁ)oﬁffeearaﬁumlt long
nmore netals from Columm 6 of the Periodic Table; and

TsHEuCOaKHE EherpEengrtss pypmuest ihdlol2 Gl 25t e pkpthsdpe of the

tabre TROH) Bbca®idR (4 (TRV8 tlﬁ@tﬁ'gﬁq hedf zRBQoPEontRIify zone,
metals from Col umms 9-10 of the Periodic Table and

hedQMTgnEctpgrzens ppdbatiosy suppit idhe iwactor. dbprbrdracarnprieed was
é%hé&@i%& % REHBAR 20148 ;Aé%‘ﬁhe i)?egen’ée Bf @ng(t%%ﬁ%é’s GFABLne

pr oduct aV| ng are ue content o 90%0 t he
dopditionsaw o as foBeds: rrasé ol fey droExmeqy te fegd wappEpEmam’ (HOOSCEB)

%Rﬁl SRVGRLA) Y Tﬂé‘ odéon%gm?ga%ogg&’x%rfag’?ra%d%%@s@gt%I%estsl? of

OW ng manner. I ne
. 02Mbx GlﬁﬁO pfig)Ous @ Igdmboxf fepd ﬂk\ed:d tamdglﬁ)the Qoxraimg zones for

na
P Pobe B R e PEPRERS oPRE i BRFRBT e b e
byai@edritione hg. 46. 68 grans of
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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MbQO3, 14.07 grans of Co(OH)2, 20.08 grans of 85%
H3PO4, and 300 grans of deionized water to forma

WG LB10y375The sl urry was and heated to 93. 3 0C PQDUSHE)/080433

until dissolution ofthe solids and then further heated
until volume of the solution was reduced to 166 nL The
sol ution was then cooled to roomtenperature. The pH
i t 0 TREN B Bl 5 N5 BRIt b el CPHE R Ehuas
producss avriiiie pod@shavinvgl a ragdieatonent cdrAmAtiVed dhydOrR@ feed
far several hours (overnight). The resulting catalyst
€3M%%i ned, per gram of catalyst, 0.115 grams of Mb,
0. OBZFu@?t&ﬂiEod‘iﬁb.aﬁ&sQﬂd gllte?nwiv@fargp&tmahgﬁmﬁoﬁnwg&tsm the
grams of Ni with the .ance being suppart. The

R EHL PBEERY Oé%g‘tﬂﬁgé"t‘ %’i’le?gtlg Hlﬁ‘éf% thigfesgptignos3
AERBIIE lthi @B Rfon Gab b Y6t strubXaNRls@rad®- onsoaHdactor e parpose of
Hydrocarbon Feed with a Dried Catal yst. The reactor

tsfrhinedhass skibsdcia phe aridhe gRpRIbmaneg oL GHY Bgouhe HyRptiaat iltgto be
#RBR®d tHalBe FRIR bt BE AHUEonSEHRE Btd RBcrHBY RQGin aANE bE Bken as
crude product analysis were the sane as described in
egﬁglpﬁgp af egl}boAlmﬁngy a@gtngl]ta}ng{s qagg)_egqbs@ﬂag)d fggthose illustrated
aﬁiﬁ %ggchpgcphelré}n, ?ﬁﬁ%dﬁ)r&%ss\é@ﬁmﬂbéﬁger\é\éé Jﬂd %éllta{iﬁ; Rk TOP {hg e
(33.34 cnB) and positioned Iin the bottom contacti ng
ippmmgon mayrbé yiblcred indepeatently sall (s ¥@uBibecapByrenidy pregskdleg or @e art
. . . . e . . . J ; .
Sl Mhe btk GG LURITEP AT R, AR oy B e it
daheitsydscribpdl héreintvethbet depaendBom ghgupiritand $oppaofghermsention as
&%u é@ﬂlﬁgﬁﬁﬁr51W@§ gixed with silicon carbide (16.67
cﬁ§5 and‘p05| {Ened™in the top contacting zone. The
catal ysts were sul fided using the nethod as descri bed
in US. Patent No. 6,290,841 to Gabrielov et al. After
sul fidation of the catalysts, the tenperature of the
contacting zones was raised to a tenperature of 405
0C. A hydrocarbon feed (Kuwait |ong residue ) having
the properties sunmarized in Table 12, FIG 25 was fed
to the top of the reactor. The hydrocarbon feed fl owed
t hrough 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 N8/ n8 (4000 SCFB) and LHSV was 0.33 h 1
. The two contacting zones were heated to 390 OC at a
pressure of 13.13 MPa (1900 psig) as the hydrocarbon
feed fl owed through the contacting zones for 2537
hours. During contacting the P-value of the
hydr ocarbon feed/total product m xture remai ned above
1.0. As shown in Table 12, FIG 25, the crude product
had a viscosity of 63.5 ¢St at 37.8 0C and, 0.243
grans of residue and Cs asphal tenes content of 0.024
grans per gram of
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crude product. This exanpl e denonstrates that contact
of a hydrocarbon feed with a dried catal yst produces a

w@ewde4spduct havi ng a residue content of at PEOBEUSBO%080433

of hydrocarbon feed residue. Further nodifications and
alternative enbodi nents of various aspects of the
invention wll be apparent to those skilled in the art
in view of this descripti f&f rdingly, this
description is to be conéﬁgé%d—ég illustrative only
and is for the purpose of teaching those skilled in

{hg tf‘%#] ener al ﬁr of carrying out the

Rt o Pf “F1§g€8 Y& StBEE that the forns of

t hE icOM&diinig leylaﬂaﬁamﬁ?rﬁfﬁﬁdio dgls Giid dregbré ?ttﬁysﬁs tarp@odu@e Hetal product
s _exanpl es of enbodi nents. ement s

‘h%& IRy F@eﬁﬂgﬁ BEdychpwherein e ridsPre S‘S‘éaﬂlfl‘ﬂlﬂgtl?t&feé‘a 23rgand

slesiaviphekt IRRFRhMon RRA he ARHIR PERESES RBY 0N&riRMRk S&¢h of

and certain features of the invention nmay be utilized

hydensp@ne BAd1 apd aleast ae Qi @labstsdppiriatie Pocopiiniagk aiggral

dxiet fiRs; ¥t oAhbRMmdAY b8 ddnendesehE PerRfdid THbR and/or one or more
description of the invention. Changes may be made in

QO ORI 19 ARSSOT RS E Pickilsd T @i il o s eriadip d elpirigd £ sepport; and
the %Bhtfdlﬂnga&%ﬁﬁ%%n&tloﬁsrh@ a bﬂ\’l@l%és%e %ﬂtl}ﬁ%%%g 'fopﬁgst B\pa

the followng clains. C .
qd adergponafurg of lkad @0Hro dmr@duce @immdsupnginctc tacade preguet having a
t
LSRRI of S50 R Ble RER TR Mkl B YA
mhéuemontenheaa:datmimnpdw WSI'M Mletool DG@OH m xture at 25 0C
Z’i n‘il{l 1t%1 g/fp El‘al L hgvthg 1 tgé: é(r)lgr%rr} 6fn?e chr%srias I bgenu
con as ans per gra of Hl drocarbon
3. e&he manhdd aﬁclzh&la]s twhenain cm)fautdﬂgthe aitalyysbsiptiss odnhmnmg ldiee

CO 1 ni.n a ral OXI e Oor nore
oS R s G OBt 6 Bl BB cand st & TR
Or CoRifs 00RO tHederiGfic Vitde Md/dTRhE oNb@|cembEudTy Clodnd BAnBre
of th Peri odi C Tagl ;. and su ort; and controlling
coH’Fﬁ@t framy Celymas Pil Hgfhatpela“ﬁ‘a pressure of

hy grogemo@bs digast, whedMRahafGpat &&ﬁﬁiﬁ,ésﬁdl&kﬁﬁa Qflich 8fEda-a2Qfina,
0C to produce the crude product; the crude roduct

hali iRy MPX Es TIERRRIUE SR Magesigm sy OTgBETs haieolr esi due

£ OThEREMBE of NEmNY AheS R ROSbhiR& batalf3EE S séserﬁd)l‘}ll%%num mckel
content is as determ ned by ASTM NMet hod D5307:

Gebtlhergmigfures|taref1, wherein the Colum 6 netal
& OfFRd fngt?ﬁ Qpéla\t{&dle Wﬁ%]gm?the HJH?OCQR)BH (P(Q:d(ﬂgs eﬁJ @Pfﬁgoéwty of at ost 15.

wher ei n tal ni ng cat al yst conprises corbining t
‘i ke mbthgd(oﬁéalﬁn lne«@eretnhhe Qollaprndigt hastaglincreaseing i goavity Of at

%Pé?'s Qé‘a%vgﬁp @'f?% g@&?& St hE ABSRldAMSq9- 10 of the

erlo a r one ‘or nore cohpounds of one or
8mifhe lmeuhadl sf dlaionh, @bbmgimbe Bydi@adbn fded hPeatiladi (£0 Tahheof Cs
ehsg t nes o?&;gﬁocar onijéed an%I \Yeheéeué ﬁg Br%rdltlct has a Cs
asphaltenes content of at most 90% of the hydrocarbon feed Cs asphaltenes content.

9. The method of claim 1, wherein the hydrocarbon feed has a MCR content of at least
0.002 grams of MCR per gram of crude, and wherein the crude product has an MCR

content of at most 90% of the MCR content of the hydrocarbon feed MCR content.
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titani um oxi de, zirconium oxi de, magnesi um oxi de, or
m xtures thereof. 5. The nethod of claim1, wherein

W@ b@sokt7al ned cat al yst conprises nol ybdenum nPCREB2007/080433
cobalt or m xtures thereof. 6. The nmethod of claiml1,
wherei n the hydrocarbon feed has an APl gravity of at
nost 15. 7. The nethod of claim1, wherein the crude
RLASUSLA0TS: Ao’ DSEZDT0! M ABh R B, Bl 82k 0 e
8 37 81HE, adtwieckinthe clude prodluct\vhres ekdvsitsha 3ABdCad ar inon S0@ed the

has .at | east 0.01 grans, qof, C5 asphal tenes per gram of

“VSPG’COJ%%H'(IFO&%?H%ﬁ@awg &n the crude product has a

G5 Thsnbiabd eN@gmcioRhemdin thé crade proddct RR%rediddelR@ntent of at most
rocar b@g) feed C5 9. The net hod

a | t enes content .
o8t BPth MPQSWQ%E@ ‘i/@fdg%“&?b% eefl desiflup gententyer
EOMheMbhed ofdlaihmeid$ihe@indBZh @ik @A oR feclWiR AR @ haMoRE or more
crude, and wherein the crude product has an MCR

Qs 2 frededdgstorgoos of the MCR content of the
1Y #hogahbesr igsd , MeBemaid 8Bthod RrthdN@nipRlR Ihc@inabhdihtrude

1, wherein the hydrocarbon feed has a viscosity of at
Iredust infopong SF mgre Astiligtedractions dandipsdaring trarspeftatioa il fame least

NS the SRS khMioal 37.8 OC of at nost 50% of the
viscosity of the hydrocarbon feed at 37.8 0C. 11. The

ke Anodhesf of pragiuping a2 cwde peiductidogpeisiogle product has a

resi % 709

rost “eginR o ERtrofim etk B0 e ERADeu/l Shodls Rlopy produc

thinendiwich dd cofde pragluen Whergih éregirurletpnalubyicl p digeid hoxufeeedS PGS and
tacted with one.aqr,nore catalysts i fLxed-be

(F B0 ot W pyarop B0 £y i E‘o‘flscc‘:’F1¥ i%aﬁfea% o8 S TR eC i bl

dnarof e rcaalysp is dbesnabledgtcombaiingn g niitveal okidd €éingy; ostu@tmdrainetals

ne _or no istill fractions, and producin
(05 gt b Pebiotie TePlg ah Bt 480 BB Ot O or more metals
f@drﬁtdjbluhﬁlt@aofftﬁ@m&o@iasl?abl_lﬂand/é soppdi@andf pr gdgci ng zg
crude r oduct , conpri sing: contactlng a_nydrocarbon
f eed tf%lll&fé’ntﬁ‘?tll}w&gl&%% 9§i‘f§altﬂ’5€s;5‘|‘f8 qlipeirogep gt gfjmost 7 MPa

A Qdetaperddidior hiedsusl@s (t BrédubdiBe BRAE PotiuctWREERHNpHMR:t
crude product is a liquid mxture at 25 0C and 0. 101

homEe apEEONy SPHER b B PE el A ey isgpsiie GepteRf opthedp diogaaqn feed,
x}&r&%iséésitg |7s 8 dGmiadtby2hsTiaatiinQNe4Lf the catal ysts

i s obtainable by conbining: a mneral oxide fines; one
br /Aeptdysrarateatingradiydosiibnamicsd edmpriséngpPer i odi ¢ Tabl e
and/ Qf rt, RinetRb&ia&0 Eﬁﬂp&fé%§ m%fre &ls Pom®dIEm B 'i)?lh% Periodic
from Co um’16g$t%he’Per|0|c Ta {te; and a support; o
"Babtt andfor pid drinege canpaaods afgne ondoteingteds fiem § opmrrt ¢ @ff the Periodic

JofeS SHEGindh J’% PRRN Of sg%r l% tibn Vi 23R pore diameter of at
PLRS M Bt QHALPARD Bl Bl Rt VIR A Rpors digperer ora
lpaso8udtand theealystde olprioghle by tranhimge:a nringebsiidefiresribente or

0 . .

Iﬁ{)/rg ?)g {:ngl.r%gstofﬁoér(f)(é%loglnt6ho% (he Pefiodic tTXblg grrl]&/grr{fle grfe otr rr]neore compounds of
one or more metals from Column 6 of the Periodic Table; and a support.
17. The catalyst of claim 16, wherein the catalyst has at most (.1 grams, or at most 0.06 of
Columns 6 metal per gram of catalyst.
18. The catalyst of claim 16, wherein the catalyst has from 1% to 10% of pores having a
pore size between 1000 angstroms and 5000 angstroms, wherein pore size is as measured

by ASTM Method D4284.
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wherein viscosity is as determ ned by ASTM Met hod
D445. 15. A catalyst for treating a hydrocarbon feed

W@ 9p04Tshg: a support, mneral oxides, and oneCDUSIPOT/E80433
metals from Colum 6 of the Periodic Table and/ or one
or nore conpounds of one or nore netals from Col um 6
of the Periodic Table, wherein the catalyst has a pore
ﬁ)’éa ((j:[gtgltyr%\I o?u &H? 26 V\\){I/hte?eu}athe f:galgsq hg 0% seuna aaqg ! oefr at Peast@[‘)o m%/ g,
\czlméan pirfage a@a iv an detedmiood M@ASTM&\&ethddimﬁme or nor e of

|'s from he .Per.i odi ¢. Tabl e .and/ or the
Bt C@%g@ﬁ’g@re& gh% HRnegH © ﬁg’F gmﬁse“togipgsef o111
ﬁolmlenatﬁlygfof thin P@rfumd:\tlﬁorfr@m@ orr]la Bﬂmarelsmmzﬂﬁ)igbm Cblumnkiveand
cat al yst aim 16 erein the catal yst has at nost
Bof I&r%‘?ﬁ JﬁLlﬁtan%rs‘%ne Ve 6‘8%@“@8%‘&1?@ O TreOat mﬁ@is TBhm
Odlusad Rhastto. of 4R Pefibgic qabial yst of claim 16, wherein the
catal yst has from1%to 10% of pores having a pore
si ze between 1000 angstrons and 5000 angstronms,
wherein pore size is as neasured by ASTM Met hod
D4284. 19. The catal yst of claim 16, wherein the
catal yst has a surface area of at |east 200 n2/g,
wherein surface area is as determ ned by ASTM Met hod
D3663. 20. The catal yst of claim 16, wherein the
m neral oxide fines conprise alumna. 21. The catal yst
of claim 16, further conprising one or nore netals
from Colums 9 and 10 of the Periodic Table and/ or one
or nore conpounds of one or nore netals from Col unms 9
and 10 of the Periodic Table.
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