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WD 2005/ 063926 PCT/ US2004/ 042338 SYSTEMS, METHODS,
YSTS FOR PRODUCI NG A CRUDE PRODUCT  FhEkudoliinszss
Wl S

ION 5 The present invention general
relates to systens,- nmethods, and catal ysts for
EVSAEMS, METHODS; ANBCATALYSTS FOR BRODUGINGA GBUDE
produced usi ng such systpRODUQTt hods, and catal ysts.
* More particularly, certain enbodi nents described
herein relate to systens, nethods, and catal ysts for
FIEEDOETHEANMENTHONde feed to a total product, wherein

|1 e Eesheainyeotigp soRrelt s Gyl EEs aiAbaRsf for

treatifY Gudld RBEI4nde8 chiipbsifis:es thincdag de prclured using sudhhsystems,
respective property of the crude feed.

f _ SCRI PTl ON CF,
me&mas,ﬁnamammm@@mmadﬁa@eﬂ@n@m@pdw%% qdjrein relate to

' t d t .
o BhEAEAE Oy BB PR TS5 o, wheri
the t6fall pﬁﬂhbﬂﬂélhdésaé)érhﬂé pediuctthst ie @ikmid mixtir® at 25 € aad 0t161 MPa

as "di sadvantaged crudes"”. Di sadvantaged crudes nma
and hisconecs TRTF GRepeRiss e Sienged FUHE S BRTE eSS rOPEL Pt the

crudg‘lféegi number ("TAN') of the crude feed. D sadvantaged
udes with a relatively high TAN may contribute to

DESCTRIPEION OF REILATEDoARANent s during transporting

and/ or processing of the di.sadvantaged, crude

Ro VS tort Tu? ERCOTBAISOERTEDIE PERFHIES i ARLAlpvi g gades to
be e%ﬁgﬂﬂﬂ#ﬁ@o gﬂ:ﬁ)%idd QUL CahvehtiBhl Fdilkids, are commonly

conpone ous bases. Alternately,
referred tooms ‘Gisademitaged ctudes.al s may be used in

transportatipon ui pnent .and/.©r pro i i
iR iR TAldE BEi cARimens ol coftftl it e total
acidShustel (BT ROMENGade fied. Difudvantaped dredesofith a relatively high TAN
. COfoSI on-r esi _St ant netal in exi St_l ng equi, ITEH@ mié . £
maypontTte BSIOFERBIon Of IR CREIPOREIE AEFRE T IHRPHINE ABYOF BLcEssing o

e o o e
the §{Rav B Rhd SruB A oollla bt SOGELSRBnlOh| dlelykitagdd crudes may
invavestRasicdlly mhitraliging heiditwanppgeuts withdasious ses. u4 Bemately,

carrosion inhibitors may, negatively affect, equyipoent .
cortQgeR TSI SRS A G AP B AR POP O oG PO EFocEssing
equi@?r%g;’t‘. MeWHeeRGsibH-2eBidAf ntdiadFRn iddobvd spiifa@@texpense, and

es often contain relatively high |levels of X
thus; thei wde ef c@nesiorregistant metal &n efistingsiquinmeans meymet be desirable.

i £ficul ive to t . QL. O
Anclhsritiod R EPEREPY Farb P PE SRR BB R oH BER G 1o
disaa@&ﬁagea%ﬁ@s DeRidaRpating RALRPraRbenoel thedisafwmtaged crudes.

exanpl e, sulfur, oxygen, and nitrogen). O ganicall
Thetse nficoreesiominhibitors gy negstivelyafiert againmsmg usedrig procgess the crudes

and ATYR G216 S5FEa Rl 5B A THetn the crudes.
Disadvantaged crudes often contain relatively high levels of residue. Such high

levels of residue tend to be difficult and expensive to transport and/or process using
conventional facilities.
Disadvantaged crudes often contain organically bound heteroatoms (for example,

sulfur, oxygen, and nitrogen). Organiéaliy bound heteroatoms may, in some situations,

. have an adverse effect on catalysts.
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WD 2005/ 063926 PCTI US2004/ 042338 Di sadvant aged crudes
may i nclude relatively high anounts of netal

W@o%?%‘?ﬁ:"??énts, for exanple, nickel, vanadium ahgrgr2004/042338
iron. During processing of such crudes,

nmet al \
conbisadveataged grudenmay debeieTalaiyelyhigh PMERRIE SRPIFIR ceuiamnants,
for Gegpplogonee GPafndh BPENed Difng SRCESIN ofich BruddE menl
confi@tihaii® ahdYof Esmpdunds bf mital/ c@lﬂamhmntsamyylsposit@zﬂ@mﬁtye of the
form and/ or deposit .on ctagial_y t surfaces at a radmd in the
catalypst or i vgidyQlume of the cat{ysti %faw@ﬁwa&'aax FAYES. epline in
acﬁg&ggfg}e;c%%ﬂ% to regenerate the catalytic activity of

contami nated with coke. Hi gh tenperatures .
us edolei iy forregeliardepogtomeatalystsurfdcesiat agapid rate during processing
activity of the_catalyst and/or cause the,catal.

of Gndupntades wdeso 1LRERbY St e e REP TS SR g G G of £oatalys

corihiBhida WAEAR! 1R kingplataed BRidClAied Spdrlonfion Sy M diminish

clum potassiu or sodi um. tals in netal
the aetitity affthe catalystandéirdausartke catalystitp gleteaioraje.separ at ed

f di, sad t d d b '
t or Dispriased cagies i it o FFpORRs of bRUARS 368 (for
exar?rigyt?e, Qhfcfifin SpA AR or sﬁdﬁlﬁ?y iéthi A mepdl caltssiagatie acids are
a 0

I's inmetal 15 salts organi c acids are !
notymisallyt sepimataddiom disedvantaged leaides il conyRRGODR, Progsstes, for example,

ty.pi cal .deposit near the external surface of the
des gla%)p’\{aﬂgtvgqsﬁmgh metal salts of organic acids may
depPicksshE SkaifRilchédunierédin@ndentiminahpocisseswhen metals in metal
catal yst particles, particularly at the t of ,.t.he .
sl o arapsic 45eds sr FRESiRSp L FONF. e RREh P Tty whith Bpically
| tals G SR SaldCéfbigardé acids may
d_ept%ﬁgﬂ?%gh% Eﬁ%ﬁigfsdrﬁc??f e caflyst nidials (g y

catalyst bed generally results_in an
depiosit prefiseniiallypmeoidvaunenpetfen tatalygiparticies, particularlya) the top of -

ef fect]vel ug the catal yst bed. re iy
the ot boch T dapdsi o o R 8T Exari Gy i il sals of
orghRiR iafidd S Ghd MRIITRE Gialfabad yeicralliesaltyianindgadaserin gessure drop
may | ncl ude ofganic oxyglen conpounds. Treat nen

thrgughithé bedand may effecsivelisplug tecatalyfed Marerderaipe metgls in metal

oxygen content of at | f oxygen per
salig Pﬁ ﬁT&?fmd"fcé§Jg% §: 0 % P, ?ﬁ%&g‘ﬁ%@%eﬁ%%%s? pr obl ens

dur DixadPaRERArides n2dy iGtigéabganicyggger compads., Trdatnent

heat ed during_processing,  may. form higher o?%gai ol ams
facHidiep i pEocessotisadvaniapes crivdas Skl am AR ESP coRtegkok % least0-B2 er
o a8 bbeflaloft DBl Ao 36t Bk picicy Dlaring procesing
Orgdnic d:ygeh edmpountis, wheadhatedduringgrocssingome firnuhigher oxidation

equi pnent during processi ng.and cauyse pl I ng i
corppeynalp blor s¥4TBple} katenes an 0&%@%&%@3@8‘;‘%@889%@013’ and/or
aciQ OIS BOYSILEBR o Ethér) B or8 VEHFRGR O Rifova M the treated crude

processing o ydrogen’ deficient hydrocarbons, L.
and/enmbp temodedumtdniinate squibmeptidwipgprogessing anf papreqiugeing in

be added, particularly if unsaturated fragnents
“alisé‘gﬁ?‘tfqrh]@ne_gr om cracking processes are produced.

Hy dm@@&&%@:‘& GHAds MR OGS Bl e geridfidiedt hpdahibyns. When

i nvol ves the
processing of hydrogen deficient hydrocarbons, consistent quantities of hydrogen

generally need to be added, particularly if unsaturated fragments resulting from cracking

processes are produced. Hydrogenation during processing, which typically involves the

use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
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use of an active hydrogenation catal yst, may be needed

to inhibit unsaturated fragnents 2 WO 2005/ 063926
wBG064483084/ 042338 from forming coke. Hydr ogenPfE/US2004/042338

costly to produce and/or, costly to fransport to
fromrlommingrokes Kirapen ascosty SumpdieeandiorsostlE Lo trpusgort 4 featment
fact gjﬁexhi bit instability during processing in

Hh%entional facilities. Crude instabil ity tends to

r es Disadiantagvdsendapiyoatndio exhibitinptabidity durifig processipg in

processi ng and/ or for | '

f d bl e by-
conveations fagplities. m#%%%%hlgg P@Hﬂ@urgﬂﬁfa ﬁmﬁ% a@%&

)

rogdr?lf%%ponents

cuifiiofhing GRNE T RiRh POASERABE HhlhMudia0kr Hinple, hydrogen

ange a sel ected propérty in a
sulfiils ashtan hed)eatbon dibxide)t hout al so significantly

oo Rt o b BRAUTRLEERH Ry in e
A e B ety oLy

disadwantyiged crudg. Fodexdmple, compentionaljeroeessesceftendack teahility to

. C onent,s .as.sul fur o 1. C ' [ .
sigftEmaC iR T Agol S et tegRlorih Bhile i SN ol changing
by kld@sistdairhduat He Sontsie of E&taitdCoragistients (suchi dsusmifiur bometal

di sadvant aged crudes to | ower the wei ght percent of
comnﬁhhs%e@lmeﬂwmqugw@t he 15 di sadvant aged

roperties. N NE (WENH H

!Onc Sine @gocggﬁet%ghro ﬁ?{é]gg%eq APYE rud ORRAIR ading a diluent to

Ing I“sadvant aged crudes due

- dish@vanbged 0fides of lodier tenweighitencent of comparntscentrituding to the

_handl e the disadvantaged crudes. Addition of diluen .
dispaveataged HEAPETHSEQ AL DA oV e Brrerally Yol OF meating

i bl ' ' : N6 Bandle th
T

disaflvantag2@ cfiides3 AdeRion@f Gilaerddo edisadvantaged zgudsopay,dn some .

.. Bearden et al.. .5 914 030.to Bearden et al.; o
sitepliogs B"@aﬁeos"ﬁ*?‘ggrﬂ%u"é}ﬂc’gt‘id?'; ' 5,871,636 to Trachte et

al .y anshént 8%k, 8347997 Iosakakatctal.; 6277268 o Meyesret alus
processes, systens, and catal ysts for pr Ss n% -
6,068.266 80 Grinserst ebes725 502 toyfieacdan of ahit5 S14-05 & Bedtden ot al;
L bed | s . | 44 {oCFhnaka et al.
5 TTRD KBkl & M ST DG} Tl R B ard B F A foFhnala el
defRFiBB venBusyabedseds, Bystdims end 2Rallysts Somprockssing\camdeagdie processes,

crudes general |y have undesirable propertiges.(for .. ...
sysamond SabEisleRarI 1 e PAASCh G reye B apRlsebilicy
' ndency to
beégdc?)‘ %é%%ﬁ%ﬁ%%%@aﬁ%g%ﬂ{@o@oﬁg drogen durin (i]
t r e pmnyf JisadVahepedionidss gembtably havopaddsirelleiprepentis (for example,

relueho bR TARLSS (rogoncs ) et Rt R FEp e gadol & Rhdency to
ot rcﬁﬁ%l?gé@;&%&unﬁ'ﬂf Rly&roigBn ABEEY trédtiefit) OOIB& undesirable

organi c ac , d/or organic oxygen conpounds). Such
prqpedirsindleds teknivelychigh ameunts obednsirabls composents fanpxample,

res?lc{%? élp ot ﬁi%g&%&gatto{nes? ﬁlgteap onftsian%nlah{s', &%talg ﬁ]ﬁhé‘tgl' d3fls of
organic acids, and/or organic oxygen compounds). Such properties tend to cause problems
in conventional transportation and/or treatment facilities, including increased corrosion,
decreased catalyst life, process plugging, and/or increased usage of hydrogen during
treatment. Thus, there is a significant economic and technical need for improved systems,

methods, and/or catalysts for conversion of disadvantaged crudes into crude products with
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decreased catalyst |life, process plugging, and/or

i ncreased usage of hydrogen during treatnent. 004/042338
WORBPHG§38265 si gni fi cant econonic and techni cal ﬁé@ or

i mproved systens, nethods, .angd/or catal.ysts.for.
morodesimble propefticsi éﬁmlﬁtﬂ!#g’@ﬁl%gﬁeé% °?9P(°6m§ Pﬁ‘g é“ﬁ?%ﬂ‘d&%eé for
ith 3 2005/ 06 %Qﬂég {233 i8s in a disadvantaged
Ws&%ﬁ’%@sﬁ%r?% %éag 'S I%o_ a gl?m%i‘fhi cant
crfE WBRIoRl AR cioSIythanging etiir prupertisy o1 teslisaduaniaged crude.
and/ or catal ysts that can change sel ected properties

b

IVARY OB CHEE INVENTION: whil e only sel ectively

chapai ng ot her . ihig8Rer | S higiesisand datalysts for

SUN%@EQE %ﬁ)ﬁﬁﬁbﬁgﬂﬂﬁ?%% descri bed herei r?’

coSRREERbI a/cﬂu% fed tha Otlemflspmgﬂct:t mxp:wt@sl azide prodpgiand, ingome
conversion of a cryde feed tp a.tot.

conborhgnenes, Agn-gondensRblp et [orertinas dpshris) Berel o pencrally relate to

co@gﬁ%ﬁ%&?&% ?jogél%on{bﬁlﬁ/%hé eféonsinehishbeteine rSrich catnpositions can

ate to conpositions that have novel
be @btiedaty using thé systems andmsthode descrbeddRIRe onposi t i ons

be obt,ai ned, ' ising:
o e Rutrgh Bravidet s SrESs i BrebhahE FrodprdBict iprising

coﬂﬂzact@{%&j HOfked Wiktieiee 61 R6kecdatal pstsiprpradung a totabptaduct thet includes
a crude

eed with one or nopre_catalysts to ce
the adé prododywherehmtheicrede reduct s aligyid guxmire glpd ¢ fa 8101 MPa,
wher.ei.n .t he cr olf ' b L ' &taists hatn ore
g opg ovipg o AN ikt 5, ot Sonof e @it 2 p

sideCStibRtich w8 niddidropert dimsetarin nengedrorh POLA trh80 Agwith at least
pore size distribution with a nedjan..pore. .di .|
N s i el
h : i , e T —
W@@#ﬁ%ﬁ{ Tlhgn Fin @%e BRILSSer -Whifem PHRE Siz8 idigtribution is as determine

a pore dianmeter wthin 45 A of d
byt ASTNEMethiod D24282 lanahexndro]lingheomédcHng genrditipnssuch that the crude

di stributi S as ergin ;
prafFt BerR FON 175 T0h D0 T SAPLR b ek 4 et N is oo
de‘f{]rﬁﬂﬁed R dDd@N of at nost 90% of the TAN of '

the crude feed, wherein TANis as _determ ned b STM ... .

Vet Mt ibbesionaisoTbrovides matind ol FetusTisA B Frofbph Sapiorisine:

of producin cr i cilunas ¢ nelud
coptacpg e b dedt Fiit Shs B RRNECarlGATRY biBulet o tohelpafiol Tt ncludes

th&lh ehadle _p%dﬁ%tﬁ Q\Fheiégﬁ&hé ﬁg&uﬁmﬂucuimle_ﬁqu@dgnixpm@a % °C and 0.101 MPa,
ereln the crude_product ca 1 gul xt ur t :
the eide faghhaving 2 Tﬁﬁﬁo@tdgp@t éée@ 1@8?%0 ¢ gﬁagffsﬁg}a%ﬁlgg pore size
disERtiof with athedififBbretfifinG: 1A 161 9 Rehoddianiing] By ST Method

a medi an pore di aneter of %t
DHPES bnd® theAatadyst Heviag tapte bize ABTbon howingspeeran of siglyst, from

th tal yst havi th i di ; . .
00051 gty 08 dmng O rhobBieh b6 e P ROl BR s R igumds,
cagzglfl%tu (l%%/ g@:ﬁﬂ%? mBB AL rSnixeldUeRuf) 20 kpatioiiing contacting

d~as wel ght of nol ybdenu or m.xture
cdrtet s fsuckathdt the erudel grodugt basia AN &t mash 9% qfﬁﬁe T Ay of the crude

that the crude oduct S st 90% of the
feFﬂNVbtffﬂ@lH%@g r%@éet?fé‘?éa?é]@h Q%JMM‘%\? @6% determned
by A%ﬁ%ﬁmpaﬁ@ﬁﬂmdes a method of producing a crude product, comprising:

contacting a crude 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 crude feed having a TAN of at least 0.3, as determined by ASTM D664, at least one of

the catalysts having a pore size distribution with a median pore diameter of at least 180 A,

4
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30 The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude(fF g 138
W@i2005/68%60r nore catal ysts to produce a total B’g@ 7p4/042

that includes the crude product, wherein the crude = |
as dREREMEE by ASTM Mgetheld DH282iranddbe GBalgstdaving theporvmsize distribution

the crude feed hayi AN _
comarsiosioneemmaye MSA 0 - g ofdbe bRl Tatlg, G or more
co otione tﬂi"%i'ofjéym Zciﬁc?l‘.imﬂi Géfithd Péricitic Table, or mixtures

ian pore dianeter o east 180 A, 4
ther@F0 DERADBIRCHtISAOY ¢onHitieassuch thal &eeqrn@%r\ggw hag g AN of at

mosg/gé‘{r}o?c;jfggé %‘Sﬁ! oﬁggﬁhﬂe if%t, g} ?et&t} q’% g%sng?lgfrgﬁlhﬂgx ASTM Method
pecyol um 6 of the Periodic Table, one or nore conmpounds

of one or nore netals from Col utm_ 6, of ths Peﬁi odic .. .
Tal¥te, inventiohetsorpeevidesemetiod afiprodisingafpagproduct, compnsing:

o 8GO P e it

the WBE gfdau?;ﬁ%h%&iﬁmemmm iby li4Glhivhire ot25 7% end 0:108 MPa,
| nve

t | i d t hod of '
e i et RS o«
Ieasfﬂ%? ﬁ%@& cgtﬁﬁrg%é coﬁaéﬁ'iges[? (S%Sdgnt%’eor%tgrgh?étal?ﬁ@ Jubd¥Pé of the Periodic

crudepr ereln the crude product_.
Tabl ofle bi Sékélcdfipdunte ofbnddr orermetdlsHinpa Kpkymn 6 of He Petiodic

Tab% %gmttﬂ%%@%% og%nclrg o so gﬁxgl @cﬁluﬁﬁéﬁrﬁtﬂg get:ioéic
Tab&?}oﬁ%? %ﬁ)cr)é: 9[%1:, %d@% of éh?% o8 ren AR fRond EloRirfin fi 0 @fthe Periodic

eri o Tabl e, one or nore corrpo;lnds tal
Tabl¥, oD nExtresthereofyandivhefeimanmsnaiio of tofal Gedupa 1 P gpgig! to to

Tabl e, or mixt t h f. , . '
Colhgyf osiAL I SO0 FHTB 130100 L corpip CosRlctiip CGndTEb duch tat

the GRIFRMOIR: Bhs PTANCU dTBicht 06%2fehd TAN éRuhe omudé Gesst, whiazein TAN
erirodic 15 Table, or m xtures thereof, and wherein a

is asdétarmined by ARTMddethodBl6n 10 netal to total Col um
conTREIT RO DRSS athdy bfprblaciAl AABHALL, Rmprising
ettt s ke
theicrndsmepdust. aveseip tak Fryde PEOAREL iﬁ&ﬁi%?% ‘;"S‘Paﬁ‘l?&? 28 D@%Pl?diéﬁ Mpe,
the %ﬁ@ﬂ;&g&%@gﬁ%@ @F\f‘ygf at 188 68N EAC e e dr Aokl €atilget coibtising: (2)

sts to produce a total sgroduct t hat
a fitsDohtlies the fiet catalgist havingyper, gramafdirst cetalyssftam 00004 (e 006

' I'i qui d mi xt t 25 C 0. ; ,
Ereie R PRATIEOE MO GroakColuan 6 0f 1 Pehaltiable, GHE o bidfe
co@:ixg,ld}g g? 8%&&?311%%&&{5 i) Cotuthh 63 tierRalodit Tatlhealdutased as

aving, per gramof first catalyst, fraom .
welph06Dthetab, o nisturegrthensoffand fplen sncondpataliyisy ’§1|8§e?(}l}51rﬁat31¥51 having,

Col umm. 6 of, t eri odi bl r Column 6 of
per PO AR g ey 507, B off D S anfiafed from Co
theMRkioa Fabl@BhE or AR AR BT ovbObreahetaistfedm Column 6 of the

m xtures thereof; and ( 12 a second cgststg%aé, ghe .
Pesatiofdbleataitulaed haveight of meral.gy rEr apd copilfing
corgg.cg#negac%%dl%ogg o3 L ern@8 SréuctBis® TERNAS: HoRfERIof@e TAN of
the crude feed, wherein TAN is as determined by ASTM Method D664.

The invention also provides a catalyst composition, comprising: (a) one or more
metals from Column 5 of the Periodic Table, one or more compounds of one or more

metals from Column 5 of the Periodic Table, or mixtures thereof; (b) a support material
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the Periodic Table, one or nore conpounds of one or

nore netals fromColum 6 of the Periodic Tab
WOR00UH64228d as wei ght of netal, or mixtures their)eT §2004/042338

and controlling 30 contacting condition such that P ot
having aithet Aumina dontenbofiptNpast 0dierams of *316% £Rg, of suppo

the Crg%g feg$ﬁgmg{;eﬂ Féﬁ]ﬁﬂé SO pr owg{es a Catﬁgﬁfﬁ;—lwsme

dls&fmﬁ@ﬁ iWithGmediapoledisgetef of at demst 230 ﬁpa&adet@rmlmttgf ASiM
lum 5 of the Periodic Table, one or nore conpounds
Medio &% nmore netals from Colum 5 of the Periodic

v TRl AN RSBl WPotite gl (5 one G more

meglld oM slanhsdf thé Paiodiedsblefork gmaons cgmpph@dsa)fang ®F FapTe

r _gram.of support r|aI as  det erm
melaly SO GQIBD SR REIURn [ PHE e RDeyE: HeoRP) & fultidrHhatorial
ha\gégﬁﬂié?&'aélhgwén?e FRAbaAR 0N0g8nd 'oﬁwﬂuﬁinaqterlgeaﬁbf support

eterm ne b ASTM ~ Met hod D4282. 5 The
matepiab s determited byxeray diffraations e yihereis Hisoialy jas a pore size

EfiRen 1Bt medn pare SRt oﬂ%tqeés?g% . AUHEIEE By HSTM

MdiRyEpap@et al s from Col um 6 of the Per| odi c Tabl e, or
mXxtures thereof; (b) a support material hayi n&ﬂa
t heflhe intventiom also prasidesgreataly st eampoFon. GERPEISHE: (Y QPG or more

er I
e Boro B PG BB A oS confpdt S engtor
melA§ Sofl CEludd Tofthe Potiddio Table] hnaaomohreanetpls fom Coltaep of the

of at | east 230 A as de ned AS t hod
Pegurio Tablnand or/BAE,COMPANERs 3 450 0rE TEAIS AV Coftonn 6 of the

-

. Pergﬁqu qn‘%bfg 8?@)%&@%&16%639@) 63 ISH}?nﬁferi@Pl‘nﬁrmgTEﬂﬁ’teﬁalﬁm content

eri o Tab one or nore conpounds

» of 8 leqs ©. Iogran® o€ theteealaingnef pep igrado IOﬁ suprorighateridl, medqterguped by x-ray

bl from Col f
Githar gt Ae0 TBrein s et g 4P @B 178 B oo it ndedian pore
dw&’été}]o?aii 2@.@'@% Rteinircdey XSTNDﬁle&lo'BMZQZ or

m xtures thereo a support mat eri al I n
t hefIéleamﬁmna atsomr@ndes aomethpd of graduging ag@@%ﬁ?aés xﬂ%n%RHEP’&
copiiihg & strert i Bpe b RORAEGITB i) Bruprdfy PP wherein the

ﬁﬂfr@coiﬁ]?@seg et Alamsina Bnd\bidoBmorectifahe metals comnprisingpnepir more
t least 230 A, as determ nfd by ASTM Met hod ,D4282. " xgore
meT#le fiomEalumsnS of e Psriedicdadle oRe %’a‘af%@“ﬂﬂ%‘aﬁi? e
Sruidd IRGE et fir e thet
m‘?(if%% ?‘)ﬁé{:b T?BJF or fﬁw’é“’%‘%gggﬁ i:r]rgltl al mxt u(?fem: V\hg?lglfgn o
ahirhifa sepiRPitctal mixtitest  tehpératuat ofratriegst A9 Crandfprmingdhe

of the netals caonprisin one a '
catgiystiThoES B 108 SR PR P A PUro R GsriBREon Mo i i fpmeter of a
R 5 of the Periodic

mgi%ﬁm %%dé%&y @gﬁmof (%Ejtmﬁ eating the theta, 25

al u ﬁﬁ}manﬁemmnraido@dmﬂem mﬂmd o preducHgFedaalyfteCampriing: -

ooln%?rﬁhg gcs)l?ppo.rt \%Pth oLg ‘r)l[n Tnofe metals to form a support/metal mixture, wherein the

support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta

alumina support/metal mixture at a temperature of at least 400 °C; and forming the
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Methodha282 884
D4282

catal yst, wherein the catal yst has a pore size
distribution with a nedi an pore dianeter of at Iegst

WOFOHI6ILE det ernined by ASTM Met hod D4282. ThePCT/US2004/042338
invention also provides a method of producing a

takystaWastein thematalyst has a perssizerisigbution with a megianpass diageter of at

ca
f / | m xture, wherein
lea?%eﬁ tg,gatsgi L?Bef)] é’?‘?wggajn%rg?@é@ﬁ?gtrg&a um na, and one or
m):r ﬂ‘heﬁmtehfﬁoﬂﬁlsalpsmﬁ@awd msuhgfy oﬁpmducingarcmdmadlm,fonmmd ising:
Col umm 6 the Periodic Table, one of nore conpounds.
confRotige e fed wiskeane oF mots calebists A PRodyce B tak PR fhat includes
] i I1: 11 ] o
the e profit bbbl o bRk B0 dncl S i kil 125 T 101 M,
thel oradet feddbaving a Tt of ai legpt Oife abledd o 061HRGBBDMGts having a pore size

iskiOytiom VAt B magian pors A rien o o 16k 180 Anapdrgnghhy 48T
fyst Bavids URS $0re Side B&hﬁ%d%g?ﬁging theta alumina

. The i1 nventi'on al so provides a netho
anhprroeranong raetelsfeban Plobubue 6 of thefericdicribable, ooe pamorsiepmpounds of

crude feed, with e or re,catal.ysts to.p .
ong bt SiFre EERisdtord (AR b PR YRS iRl {freBE and
cottfuilig EortHng rc@ﬂﬁﬁ@ﬁ@ﬁitﬁtthét%h@crhﬁﬂ produdt ek WITANbf 2bmbst 90% of
and 0.101 MPa, the crude feed having a TAN of at | east

the(l AN of the erude fesdewhereinnEAN s as Jetersnined by, 4 STM Methed Dao4.

L

‘cortadtimlg\asdrudefeed gvithnemema meors icaialydisdh thepresenne obanhydrsgergsource to

theta al.um na _angd ?ne Qr nore tals, from Col uym
C

6, of.
prodiee piaigl gupduct thar ncludes thererhids prodiipwham tf © C Bt s 2
liqtA niix AR & %efcfe glga £33N L Y crhiderB hindp & THaQ b8 at 1Rhst 0.3, the .

m xtures t and controlling contacting
crude fatidthaving aumdygethaentetteof ot ledss Oo06d igram agmarg_mnemramt of crude
er ei,

st % of t TAN of .t he crude .feed, . TAN..i S
feeff it L5 e P SRR RLETION SBBEeizS FtbibEn Diche BPUaS por
diafieR¥lod 86ledst WO A1QE deferMird byl ARTM MEMAa T8I Udd. controlling

conprising: contacting a crude feed with one or nore

contagtingeenditions tored suchythaptherardsgapduss brce TAd ofjag most
(NG . ..

0B GHEPAR 6 b R b BT A8 L cmpinin

compounids Ehahrttiaithé GludbiPaoduchRascinusks gére eshtéra\of amast O of the

at least 0,3, the crude feed having an oxyge t ent
oxygen spnieptafithe crge feedy MRRIS I T Abkiy g& Actgapingd EiAori M Mgtiod Dees,
: . tSSl‘MWétﬁn!) havi ng a pore
an{{?gge%i@%??l 16%.?2%5%81&%2{(% i an por%ﬁﬁﬁ’ameter of at
| eaThe BfFertiomalsolptowides nankthgd Arvtindnga drudé p8Riucgcdmprising:

cor iR R0 of R i FA 1 R & iy e
theg]fudg odfd Wﬁer&iﬁ%&éﬂﬁ@lpﬁﬁﬁgb is 3t PmbH@ e Ge 28 °CQRE ON01 MPa,

gani ¢ oxygen contalning cornpounds such that the
the crudgdeqt loaving a BAN afatdsast@d, asiatdenst ote ofitheroatalysis Inwing, per

sralpUot oAbl o e O macttote hdnare oala oy Gefimithotfe
Pericdli@Falsi6; il Br igte B¥mASIMs M2 oho6r 38 metals from Column 6 of the

Periodic Table, calculated as weight of metal, or mixtures thereof; and controlling

contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 b}, and the crude product has a TAN of at most 90% of the TAN of the crude feed,
wherein TAN is as determined by ASTM Method D664.
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- progygiiini liqph asixturealsdnds and HAC

25 The invention also provides a nmethod of producing a

crude product, conprising: contacting a crude(fr, g
W 20054422601 nore catal ysts to produce a total %ﬁg H04/042338

that includes the crude product, wherein the crude
pr o@he inviestian alssproshides 1 tmsthodof @6dRingel cidé ptodviey comprising:

°°I{’32‘§5§§ragﬁ%€d%§g‘g Wgt%\é’lé’t‘g ¥ 3&0}@ QT@S'F‘%“ [b,esiq?és%?%?ﬁ %P)(fjdrgéen source to
pro@adedd Wil ’pﬁn&ng{ & cflid@Othe Q:i'lﬁi‘é'gprﬁﬁuct,%rélh tROEREBEGHUBE is 2

_ fromCol U the 30 Periodic Table, one or nore
liquid mpiztmeist 25f°Coand (010 TnikbiPa, thetcaide feedhavitng 2Nt least0.1, the

RPer.i qdi c. Tabl cal cul at Laht of or
oruff el Aating dp s onisel oF o rd Ml Srirn it A fger Bm of eruce
fee,itdi o 1€aBonS W the idlysts b(brﬁp'ﬁﬁn% 6h¢ bdmERAAEalE dIR CoYurhAl 6 of the
a contacting zone is over 10 h'1, and the crude
ahle, e ox nseicerhpeundswd pne oomere mpkelsTirgm Solyma 6 of the

Perjsrciey . . |

P TP B it oot A s BBk Bl il e Hgp g, duriv

contattiap] the Brude Feedniptakied @foleculdthydetbgen apa sdlemedigietocinkibét phase
product, conprising. contacting a_crude feed with, one

sepafatinp PEthesrede feed dyning putastingiaed Bwllr TRAGF SEleRit B Areeer more
con%ér%(t)igg %?%&ﬁ ofert l%t}f“ﬁ Y (9‘9%@6 famhﬁ%tha MELR JFaE; % of the

erein e cru product s a |1 qui
TAN oftthe erude f&2d, shdathd cthdk@rodvedhatihga suliteohtatiofZ+i BiPoof the

sull hodep st ed whelSi T SHR e efieEingl bY RSN Mgty Doos,
and i cortR s afdiierRlind PR ASINEMUhId D420 al yst s

conprising one or nore netals from Colum 6 of the

Per Thefinyertticsl adso prowides a metindafimsedusing aerude praguchsemprising:

.als fr I 6 of the. Periodic Table...o0 ‘
conffittifi B srl BT up gt upth R i s opehiietyy e ¥aseous bydrogen
soufcRtd ipkdduds a Sotelprbdadt thel tdhitdes theodtae piodgct, wheredi théerude

f eed uptakes nol ecul ar h drogen at a selected rate to

. Q¢ MR 8n¢ popteolirgepripnting gonditions
such O e il ebd Mol 0B oY uBEREAMEHN'd: ¥ sbI8oBAEarB o inhibi

conta e cru
phaps sepacdtioh @f thegeradelRet diwiad comadt. 90% of the TAN of the

crude feed, and the crude product,k havin sul fur .
con BEVGHioPGISE GRS § ReTiod LR HSaHe s PIOCHE eopptsing:
con%tg:g%g 2 bARI bl Wihhldrogen HEthe HRsBRE dFbnéer- Mo%%éd}%?i}ls to produce

and sul fur tontent is as determ ned > o
a totvk proticDhizbiacluides th eaderpredutct, ovheatin therrodé produet isradiquid

. Of [ duct ... I Si T tact |
minige B G5 a0 0T MR ot fions e fuf Sonci ot oteh bPtne crude
feePisROAMERI Hitteh U o SHHARShen SPEKE QoAditifs A6lTRN AL a second
total product that includes the crude_ product, wherein

hydragsnaptalie copditiemdhe first hydiogen uptakseanditica beim dffgrant from the

seo i dAE e RS PREHOR. A R FRBNPTAP R L g Brg Bl Hotae
conditiod iS edreelled to mhibit B-viRbiolf aterii} fedttdel peRiucainiaredtom
the crude feed during contact, The inventiogn also

90“/%%;&%)3%6 B resﬁé?ﬁ%@&ﬁé %&e&{ﬂéﬁ#ﬁ%ﬁ]&%ﬁe @élegf ogen in

resence of ohe of mnor produce
The invention also provides a method of producing a crude product, comprising:

contacting a crude feed with one or more catalysts at a first temperature followed by
contacting at a second temperature to produce a total product that includes the crude
product, wherein the crude product is a liquid mixture at 25 °C at 0.101 MPa, the crude
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a total product that includes the crude product,
wherein the crude product is a liquid mxture

wandosmel®s MPA; and control |ing contacting condWT’Hﬁ%“o‘”‘”z”s
such that the crude 25 feed is contacted wi th hydrogen

fee@havinf laTANRY df R84 0.3 Rha kentesiiifg tomtacthpctonlitionsbuch that the first
second hydrogen uptake condition, the flrst hydr ogen

W@Bée@m et least) 6 owesr han the seeond gon mperature, and
cHGR B2 SO0 h AP S0KIREE 1R B M e Fo,

con itron1s controlled to
wherﬁhi'DANll?asﬁéﬂdﬂnmédbyWSIMMahddDﬁﬁal product m xture

of *The rspuiaen prazmavioes aaibod gl roducios a SOSGRRGRR spppaising:
. : ;
co@%@%&ﬁoﬁ% Il!]h}t(iﬁ oo‘ri]’l@ g)r morggétayg%g@ gﬁfduﬁé a ﬂftal ﬂ?&d&d’t e includes

SO provi
the rnrmiétmodl@t,avhmeudeh@cmdm ptqducm}arllqmdwguxmmcaﬂ QééClang 02101 MPa,

the Cpisciend 918 b 1A DL Do ik 1 e il il content of a

leadt OO Hrhth® of élllﬁii- ?ngxamaoft&ﬁ&é feBf QG dabitinel o tha \islysts

the crude produc wherein the crude product is a
conmprigingioms sewere metalzfrom Eolupnn 6 of rPeriodic Fableiong opgmore

2005/,063926 PCT/ US 04
coufRRiEs BT 86 ot aRERS o Gokane 5of thell ot Pabldlor Hisfhies
thefdd@tantit@nirblisg cof@tiRCddnddidng RREH mtamhe chiRlegiroduethss BTUAN of at
C lower than the second contacti n% rHJerature and

mogti9% pliths AN @l ghe arude feed,auddhe grudgpradugbibasasuiiir gentens of 70-
13635 B e LRt R R e R IR b adiemine oy as
Meﬂfcﬂ\llbﬁﬁis aad Btdﬁh@dntaﬁt Pras dellenngled bgm%&iﬁﬂ?ﬁdﬁhud iD4294..
t W
C at %,;Vggf[lgl ég{gaﬁc es %g]gﬁtﬁ(p&l Bf H@E ecfmg 'ﬁ&){udg ?cﬁ.lﬂ? é:ompnsmg
rﬁb;ﬁlﬁll BRI Weth oo it citgf}'sﬁ rt%‘/g?mﬂﬁ@g Wkl prodiset that includes

mxture at 25 C and he crude feed

" thelemdermgoduct,AMhaéindbe ¢rade produet isaHiuid mixiurees 35 RGving §. 191 MPa,

e A AR 1800 P 00", 200 AL D o

leask®, Pgﬁﬁ{sl o‘f'ré!ﬂdtw“;ﬁr faniiBf @;‘u&ET@.’J@ and &Teds0bhedf the eﬁtalybts
Peri odic Table, one or nore ounds of one or nore

COIPRIISINEOnG W%IWS drom CPh’émPé |0if Reripgis; Tablg, one or more
corfigtials S5 ond AR mer@ e Eohihd b3 abrBale Tiblo, or mixtyres
B
mog P ﬁ% g VAT oF et teats Rl PROGRER 3 ogiclos comfert' OF 70-
13(?)?5? Eguepé’on%jc_ % mt%%@%h@&ﬂ fidls deRhBid by

et erm ne D4294. The 1 nventi on
ASEMMqﬂm_mMDGI@s and msidme atonfenplsmd ldeten@md by T MrMeted D5307.

I Si ng. ont act ed with .one nore .. .
cot The Evertion ficneidend riatiod S niting b sfhdf aeodigh Solprising:
contte{&ﬁnﬁ HUSG1EOHWsh. on%?hﬁ;‘r@cétﬁ]l?s@ ‘ngﬁ)dﬁé@ﬁj ] Prédiiet that includes

[Tqurd mxture at 25 and the crude feed
the keunderpyoductAdhanéindlie ¢rades progdingt is aHiuit mirgurefas 88 *Gand Ad 04 MPa,

esj due, cont en Least 0O ns of
the e RS FRREET TAN o esstin B8 crute o i VcH0 oBhiEut of e
least @t PEARIsDf VGO per gram of crude feed, and at least one of the catalysts
comprising one or more metals from Column 6 of the Periodic Table, one or more
compounds of one or more metals from Column 6 of the Periodic Table, or mixtures

thereof: and controlling contacting conditions such that the crude product has a TAN of at
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conprising one or nore netals from Colum 6 of the

Peri odi c Table, one or nore conpounds of one or_nore
WO:083/8639260m Col unm 6 of the Periodic Table, orPCT/US2004/042338

m xtures thereof; and controlling contacti]

mast e oF ShesT AN thérerude fredibe grmdsmaernst hata VAT ppptent of70-130%

o B3 b0 Ll e LS Y0 g

ASToS Miteod DSBONt of the crude feed, and wherein TAN is

as determned by ASTM Met hod D664, .and residu . .
contlBpinveatign alga @&W%@@@O&W%@lﬁs 8 CBsgcrfr?gucﬁﬂﬁ’@PﬂSln&

. O Vi , '
colfB5d L4888 Y5 YO 6 RO LR DR iclces
therudepredact] whyreirsthe orude pebuinet i3 atlinjuid mixtorkuad 25t°Gand 0.101 MPa,

the cgide IR VInG ;RN £ B 1988 0., SRAcoass pn ok he Ceglsplsas obtainable
by o] ﬁﬁglg %%m%h?ngm %&ﬂ@ﬂ?@a(g?lﬁ%mtm thé Pelfodic Table,

feed ontent o .1 grans of
ond/GC0nprer cognpzound$ of onecter niare ahetals froat Cokuawt 6 ofithe Peripdie Table, or

.catal ysts.conprisin ne or nore als from .
gt hetegh FOREISE A U REEey Ol OB B Rt hefing the
cat@ystBEQIrSR!iale he@McEaf S8 brinéte shifer EnttiiffisCokpblitds Na

m xtures thereof; and controlling contactin
teniueratine bwbew §08 RCt arud contrelling sontagtingicenditiens sacglrm the cxpde

20 63926 P 2338 0% of the
Pt 56 & HeN oy ahdoroale Sf e TN B0 el 2 oo
coniTeelinwhtidh alkd Plevidds atihethMEET prodi€ing actudelroductdemprising:
feed, and wherein VGO content, i s as deterni ned

contastmearide fod JGth onpies mare epfelysts taPEIGE B\tﬁ_’tab%wggct that includes
me@a&g@toaﬁct%ﬁ%ﬁi {0 e 5%% %%{;uﬁd QR dt 951G a0 0,101 MPa,

cont I'ng”a cru one or nore catalysts to
thepradbuieed haviag alvigeositiueftat tdasit 10 eftlat 8é8 °Ct(H00 EF)y dhee crude feed .

G55 g S L o e
moRd meB8Sfrof @%luﬁﬁig;oﬁthé P&l di@Tsb1ef odeltft @t @bdpbandsof one or more

obt ai nabl e i ning a support with one or nore

y: !
metads Hbm EolumnCodithe Periedic Takle rrmisdires theptod, andneatreling

r.e compounds of or .nor (S 0
cof Raa3BRHRE fudh ot s hol Bl i SPYRETCRER most 00%
of fhe GdcasiKsof the efude J68d at31Q KN and te driide pratiadtiaving)an API gravity

heati ng the catalyst precursor in the Egresenc,e of, one

of Y130kt he ABT sty af fiergdedapborissciad gredfE padetegnined by
ST IGAPDEa e RSO boEaRiar by peTseaabanege,

of Theidvdhtiof alsbgrovidede rhethold oflfrediciug atciwie pmbdimt, comprising:
proyvi des t had of producing a crude product, .
corRsmBEiATHAR Tood SV A8 ERONE AP S de Praskigd QiR Rducfhat includes
Y; f te .
e 248 ey LA it RSl S AarC and 101 M
theicsude feedjhavingra MAN of aitle5 0., amtithe ohe dr MRag catallysts comgrising: at
feed having a vi.scosity of at least 10 c t 37.8 C_ .
leayt ) CRIALYS RmE TR VA0 86 OF ol C%BPOH%\??F@W%% Or mixtures
thel®BSnd L adARbnal cdtfifst! wRR8inGhe hdiBti6a 3hMB/sEcdiRpiNes 8hé6r more

one or
Column 6 metals, one or more compounds of one or more Column 6 metals, or

combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664.
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nore netals from Colum 6 of the Periodic Table, one
or nore conpounds of one or nore 20 netals from Col unm

w6 2005/063926 Per i odi ¢ Tabl e, or m xtures thereof; RfUS2004/042338
controlllng contacting conditions such that the crude

Pr o4 l%é‘lsé{ k;f»&;?] tavmaho@Zfﬁo&aﬁ%atmmeqﬁommﬁpmmg

the VI SCOSI crude feed at 3 C, and
contadtinge qmdmlfvbeﬂ withvomepramoraRatalystsdd pyoduge a pgalirgdyesthat freludes

theé@ gr of ttt&g cru%%{uﬁgd wher ei. Paltzgr OitﬁMPa,

Vi'ScOoSIty 1S

cﬂﬁfe% !(iFsda )&Nﬁ% Vet () poeieafiflg h?&o“g'hﬁ dinivg thiei contacting;
so provides a nethod of produ0|n crude prod
and ccmqmﬁln@ septacting wonditiongysush dhay the qi’@&:ip duet hase %ﬁ r?% |"‘te“1"st
W*t%léﬁ%ﬁ}i}i %388%}5%&%2‘#’%%%@@%3‘% r ogueb?Cl s a

D66k quid m xture at 25 C and 0.101 MPa, the crude feed
havi ng a TAN of at |least 0.1, and the one, or

cafThk yvesticn Alspipsovides amethpd gEprogueing atwéﬁsﬁw&?ct comprising:

conTA E AR MR B cr Yo aralasto EAEL A4talroductthat inchudes

the Gradexbrodict, whereli thelchalegatodhict mrdliquic ik at&SrﬁQ anskd; 101 MPa,

the %Eée fed g#ég@amﬁﬁe?m%% s o e e AL iR T s

cant d dfhatd ddnerolli
it S dr Bhore R fRRBACEL Al AL initired Micfodf dld ddhrolling

contabingrd tmdmofne soch thiata edmiactial t¢mpe:smﬂ?e15é¢ IriastcaP0 Iy apdsthe crud

thod 10 WO 6 PCT/ /
prodii ks EANAITS Mo 08 1 TANRSRBY Sde gl LAt e
detdPhRRHS gAWh%BQ)G&OM acting a crude feed with one
or noré catalysts to produce a total product that

méil‘h@de'eenupn somm*edpﬁr vogthod ofpederine@rauds preduss, SRising:

con{gp ?@gﬁ geeglsw%ﬁj b r5e cg.’ agggst @ #@éuclggtﬁgm}ag fHélthﬁat includes
the Edé pRRAACIWheftin ﬂieenwpramt tec) h@uamnmmam ‘rca mgi 0.101 MPa, -

contacting conditions, such that }j he crug @gﬂq t has
the @rudmf@eéﬂla'amgr@é@tm dobieart O hand anlestt oPR et G caipy i gotivrising
fesbo ARASLEVRERRY o AR ihereof; ’é’ﬁﬁf’dmg‘r Hgas

|nveh on rovides a nethod of produ0|ng a_ crude
coniph@ﬂlg @Ihydmgm rsnarde gluring oontactingnthe egab: flowebsiegproxjided BAe

duepip,@}nﬁaélg %glé%le%/?s?é&e &]Q&P ofﬁﬁ%&ﬁé? fi team ﬁl%ﬁ{%é&?cnng conditions
suclRfHRfHe tcrdd% odibdl asla TN Qf & ridst Q%Qfaﬁéi TAN Gflthbleendetiinel,

crude f aving a TAN of at least 0.1, and at | east
whmaTdﬂQimmmlww&WMNbﬂWéDWnadl um one or nore

(L}l}q}gffsl‘{fﬂ%f 6158&%3{6@?%@ %ﬁgﬁ?%&éﬁ@%@%&?ﬁ P%ﬁct, comprising:

confa@f‘lgg"ﬁ thide fERNER 3hé bEmbfe @italystatpradite totah @r(tdmet that includes

cru product has a TAN of at nost 90% of 0%1 MP
the mée pmgluet, wergin m@r@dwwﬂw %2 Hﬁu@ﬁm&&r% &/\I 2
hod D664
Ef) f%!g VW& Bt q@%d Qg%trgrip I‘Fﬂgﬁégjc\/dlﬂ&ﬁ o@aﬂ%ﬁﬁ 090002

grams, at least one of the catalysts compnsmg vanadium, one or more compounds of
vanadium, or mixtures thereof, and the vanadium catalyst having a pore size distribution
with a median pore diameter of least 180 A; and controlling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.
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contacting a crude feed wth one or nore catal ysts to

produce a total product that includes the crude
wORroSW63926 wher ei n t he crude product is a liqui PGRU3PH042338

at 25 C and 0.101 MPa, the crude feed having a TAN of

at THRastenBord alsdPovilled £msthodné priduting acaude protigct, comprising:

conprising 20 vanadium one Qr nore co unds_gf .
conmaﬁ%a Gmﬂg Gredwith onear mae, gstﬁpmcﬁ*cﬁ%‘%g&@ Bgo%uct that includes
compriy hyd iU ' 0.101 MP
b o e
at ldéﬂlbﬁe%f_tﬁe%aﬂl?s(}é tempriding ha;]adiuﬁnimnkﬁemora getnp@mdsmf [VERagium, or
contacting conditions such that the crude. gr
mixgarersp, dhe e TS TPBIDPEIG OPAGK B0 FIEAL Rt SR E o Bt more
aer ei, n ' er.n Gfic adids,
org%%ﬁcfl% é’ﬁé";l%}ﬁ‘%a %gg%{rcaw es&;ﬁrélett@ﬁggﬁ%@t%rg%dﬁgi nc aa o
G BoRoAdUE the oM ficd having, puigram of cruda feady aotakeaptent of
with one or nore catal ysts t roduc
alkaltretal, and akkaline-oHih BRI Frete] Sais S452adlc haliEbr B 1A Blooo01
: [ S11ife chal Lokt {@he Belde ; total content
grenly ld Sl S bfbg Gotkditiche Shctehe e

, per gramof crude feed, a total
of abial etal; and aliclind-oaith fnetafin Sheqnealsally phrgamic dcids afiat most 90%

one of the. catalysts risi nadj 30
ot G il S it AR Ay B o Rids i
the YRR FiddNyhaled] YiitetRf akaligndial] éndsdlRalinghentthi thetal, dmmetal salts of

with a nmedian pore dianeter of | east 180 A, and

organia aeids isideterminnddst ARIMMethadi BI85 uch  that the crude

P he Ry ypiipnbie rfyidsh B e iUt RbuoRle @erullb proddlubinprising
e
the e poedBo, e rein it FBAF BIOSBF A SRR R AL by AR, 101 MPe
the %g{m;{f%/e?t Jsbg‘%pgfsggo Ao afaiidRethieqtls ¥f bk @NBoRY orgliie acids, one

uce a total product that ingludes
or thbie alkaliste-cprth chetdl salthef arerormire orgagis asidsg o mixtares thereof, the

li qui i Xt t 25 0,101 -
o B S o e 55 Rl ar o B, @ufin
earfhlBDAL p&iﬁleﬁi sAlBFrkHic 84idSofMit 1éasr RO0001gzrams, artdms least one of the

crude feed conprising one or norg alkaljl netal salts
catalfstohaving a poresizendigtmbution pithe mesfien pre dipnaster in arange from 90 A

kel J e g8l { L i SAdiStribution havin.

o G BLAAGH5 oldhe FRte AERRL i b

a pO@\didtfeteDRithia 437 of tiey ddiah pexd, diandter, siheeim peret sizsf distribution is
al kali metal, and alkaline-earth netal, in_netal 'Sgﬁlrc‘chthat

as dsternringsh e AS EMIMegrod 4282 apd g CqpaEhie COpditio _
the%%g [Pg%&tkggasgé){bg@%?)hﬁgt 5Lk 1nons aad aikaliideatih tetdl lidtanetal salts

content 10 or alkali nmetal, and .
of @kl iapids eRMhosTOM of tha cotentmfialitalisnétal and alkpljparparth metal, in

id f at 90% of. th tent of i .
ol el ol AR e o e it 755 R Sonfin B kgl R nd alkaline-
earﬂlcfingﬁﬁl, L mg'ézn sﬁﬁﬁr S5z AifE Heid 3ok AeferhRiel ®HASTMA kot D1318.

metal , and al ka

Ine-earth netal, in netal salts of o
or gdhé inventictsaliss prbaidesai metiobyf prefnging & kpwleprodust, cpRPTISng:

i nvention_als ovi des a net hod . of pr ' :
COTSHIAA TS B PR e O AT GRIELTSE U regk f B e inoludes
thei%%gc}eﬁs&ggm,ewﬁé}éﬁl %8 bfidb QrthRfidagiqhid MbabreRit 09 ¥Ctarid(ai 01 MPa,
the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002

grams, and at least one of the catalysis having a pore size distribution with a median pore

diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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t he crude product, wherein the crude product is a
liquid mxture at 25 C and 0.101 MPa, the crude f %94
WO 363326 one or nore alkali metal salts of o‘?fgrfﬂgz /042338
more organic acids, one or nore alkaljne-earth netal
the pert sizedistibgioarhavinge porg divneeterwidhin 45rA af theanedian pore diameter,

th f, the crude feed havi i
oS A Y A SRl MR B AR coppoling
conﬁéﬁﬁ%‘c@ggi [1h 15t Bk ch@lelfro@ict Bag@MtAl NtV Fe cofiteat of at most

eas . dng

grans, and at |east one of the . d ad
90% of thie Nif\&/Fh avitent of thoewds ffead, wherein NifVikscanteny i32s determine
i an por janmeter in arange from90 A to 180 A
byﬁﬂf% OéjgyogO% of the total nunber of pores in the

PO Eheip?ntidnady e s BROIDT produatiey alérade prduot, coprising:
o

the nmedian pore dianeter, wherein pore si .
contiitibg & buide Geed with aos GomereRARIEStS o PIARAARIOH rghsh Bat includes

e P A L b STPAN B y  wia0o e

the &tu'ﬂa ifidagmen] O%}of?baﬂrl]tenﬂ of abteliadn G?BL fl?(ﬂ ﬂhﬂﬂl bl W‘Wl thirgetalsi mgmetal
0 at nost 0] the content o a al.l t
saltspR ongamie 2cid o lensh 0,000 eragms por.gem oF gridE S, ol ong the
f . f : & B Atdsddter oTRit ddast 180 A, as
camg%%g %ﬁ%}% iﬁ'ﬁgr_e ngggd(l%%n@trlﬁ %tlﬁ(r%%rrg{]%} 1%srgol ts ofr org ar?iS cC. A’
det@fiinial b ASTMIMetiiod PA2R2 ynd\aiEMatabysh baving thegpore pige distribution

i nvention al so prqvides_a nethod.of, pr |
comAE-ene S PP A SOTS 6oL A8t g HoRP bR o B AEfe
oY | fioPn CORMYUEE ofithe Plepibdier Tuble; br hifizitires
oo n?lnudgg&{em.gﬁ%@%%&grodug?, V\,he?ei n the crud p oduct
theref; ant icontiralling gontacting copgitiona suchpthatghe gmsde perﬁl@ ﬁﬁﬁj’é’tﬂl

f eed i. f ; 1
conlSF B HRA B A St Lo s bl difocat mos
,9o%fofugb€coaﬁén@bmkﬂi hrvil 'ehdealpdine-carthenelilsinrmbtat sabts ofjorganic acids

a nedi an pore dianeter jn a rgnef m 90 t%SO Aral salts
in the ciuda feadewberegnopiant of elkal mgtal, SIS v
of YO AORR0AI20, BT SR004F 0pRRAB PO © 51 20

I"'on "having a-“pore diameter within 45 A of the ,
e diTRéinvesttorcilsorpiosides auhethed of produecisg 2 erudie PredustcegPprising:

' det ' by ASTM Met hod 282 |
conaacout S BB b

{ | At prfduet is i ffuid S0eRfat 25 ECNind\. FH MPa,
meg%#é%{’d%é?’ t egag?%ﬂéeﬁfe d, vvhlgr eiﬁ%1 Ni / V/ Fe content js

theamdiceat compising e STntevikaibaenbsalis of PR OF MPEHPLESHIC acids, one
al so_provi des a t hod,.of producj . }
B L g e ey
the t%ﬁic@ fsd ﬁa\Iiﬁ’g,EkP ofcrhi@é fled Pi R ebntehingf alkali meteds, and alkaline-
uc

e crude pro , Wherein the crude product is a
earthi mefath ininatelrseltaief orgawc aaids of !blfaffPIBap,O%Of e Ablsast oag of the

' a total . : 3 :
cuf§fs i3l FERRF O AU AR Bl Rep oatat 2304.
det@Fhiflsd B ABTNI 846¢thoVDAASE kang theatylst hgvimmagiore sige distribution
feed, at least one the catalysts ?2%1021? ,glﬁore sl.ze o
congprising bue domowk metals fram i Gohups o thefgitogic HRPle,One LA LY
180 ] Lok RS '
co%%?‘%ﬂ%?? %ﬂ%\gi ﬁr}gfe{pﬁgtg%ot?%m@-zfe istri b%i%gﬁo T%ﬁ"pdrrihgﬁ]ums

theRIVE: Aid doRfrellIgcahsiclifigooidiliornssuch tat theerrisrirodua has a total
con-gglgtl o%alk%ﬂeme%;l, gnoc{ e?lkaline-earth metal, in metat salts of organic acids of at most

90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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conmpounds of one or nore netals from Colum 6 of the
Periodic Table, or m xtures 15 thereof; and

WOMY¥PI26ng cont act | ng conditions such that t HRCTPEpL4/042338
product has a total :content of alkali netal, and

in tiwel drade feed e@hdrbinrohizhnt of alkatinatal, sal h&ahﬁe—eazglanietal,aininﬁal salts

of at st 90% of ali nmetal, and
of orgapug 3 lééﬁfiﬁe}%@sﬁ%%«ﬁmﬁ?tﬁe@ﬁl f or ganl c acids
| N HRENGEHIR 0 v1 ﬂﬁoﬁ%‘?ﬂéfdﬁ.\ ‘sﬁgl r Hﬁ&a&ompnsmg

and al kal | ne-eart organi c
coniacmnga tmde feadlewith one e:dnbx;c oaﬁtwts\mtpmducaﬁ:m’@l proﬂﬂcﬂth&t inclades

oo R, g R o B S

the @udéRicd Hei@ir%' aYtota? NI/A//PE 9&&&& of at Rht!0.0000¢2 4 HBNI/V/Fe per

i ncl udes e crude product, wherein the Crude product

gramh of erudp deddd atlieast one ofithezstalystsrhuvinglaogor/Bize distilentionwich a

S TR 5 R A el 9% Sy B3 9md e

catalyet Bdvis@h bSredizediStriBhticEINSHHIRNb1ke FGhéke m&ils Fosk ToRean 6 of
t hereof , and 25 the crude feed having, per %am of
the Raripdic Tellg, ong or giate compeanls 0§ Pna praore metel fom 4ypjumn 6 of the

Pm@#m%%lab{%éor T, }L %&&li?%ﬂr#g %ﬁ*ﬂé&%&%ﬁ@é o?r[c?l%;ﬁs sulk 'ﬂﬂl‘? the

crudeqﬁaitm has dtdl N/ WFe @b?teﬁﬂ dfltat ehost gg’,lg lm&A‘ItIMNWéHB dgbntent o‘(f_j the
t t t
cradg JecTifein RY Pa oeertins dsgraahy ASTM Mssbp S5
5! Atedhadatioh dlsbWoviBaNPELGLA 0 BRANGRE AR RITREAS, dffsing:

6 of eri o one
cont@@ﬂmme ﬁefedomﬂl ane omn«m-ememwsts thpooduCo  detal grodhctithas includes

the AR ROty NBerrin B SR SHRdet it Tafo rir et JoaG R 081 M
the ctudefeall coﬁ‘@ﬂﬁ:ﬁ? lon® Br ﬁi't)l@ﬁlkali‘ﬁfeﬁl sal®F ok bAloR€oB@hichacids, one

metal, in netal salts of organic acids of at nost 90%
or mere alkalineoerrthinetel salis K& pne pranare, orgaic a¢ids jor mixeaes thereof, the

eru i et A £ R B Bl P3aRe P alkl e, ppd alaline-

earthiinetadiin noaitsahs obdrgaik atids oRitdkast am)ooal krahdsnat-least bhe of the
in nmetal salts , of .organic aci

|
cafa'geétt@ Z‘FWB@CP%?/ sizetigirting gvittsmedian pere cﬁ%ﬁr@r phatdeash90 A, as
deteﬂl'iﬁé!d 8¢ %mgﬁgd PisoRs Al %en& tﬁ?/ g@%gt @]gé‘l'gtsme distribution

onprising: ‘contacting a crude or nore
has a:mtadlmdybdmunmommm,qaea gtant af capalgstyfromthR00]i grais tie8.3 grams of:

o B S A i S B LS sine
or mhidities %e@edtoﬁxﬁi cdﬂ'tx/omn':g%oﬁ&’&h oxﬁi‘itld'ﬂs suSiftat theQPMZproduct has a

grans of N /V/Fe per ramo crude feed, at |east one
total gpnienbofoakali metad, and aem metsl 7n mtalsalthof organiniacids of at

mostz‘) }nﬁﬁ#}% ecg%@ey? g%ll east {?ﬁr%ga'f‘ 183’?%?]3}55#3 of organic

acidiavthé grude BIIE whkrketh erﬁérft lolB Wik R E‘néiﬂ ”ﬁ{d BkAheQAethhetAD (Bmetal
metals from Colum 6 of 10 the Peri odic Tabl e, one or

salts %P@aam%&mlgs estermined by AT MathodDE3Bm Col urm 6 of
colhe BN fsd Brvfies d mithdit o RSBk f Biuia BREnet, comprisine:

contftiag ucirudwfeed vithiodk obiroyé bRalyoR te piodate flotdlPpeéhRP tadincludes
the Ni/V/Fe content of the

the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,

the crude feed having TAN of at least 0.3 and the crude feed having, per gram of crude

feed, a total Ni/V/Fe content of at least 0.00002 grams, at least one of the catalysts having
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15

crude feed, wherein Ni/V/Fe content is as determ ned
by ASTM Met hod D5708. The invention also provides
wOoRnss39 produci ng a crude product, corrprl Si n'écwui@o"m“zsss

contacting a crude feed with_one or éOa alg%iets t.0
a pprecuecdistsibution withragnedian porgdigmetes @fcat

R A B P S

catalyst, Fore0.00&Bani¥ab 913 gahiss;fnﬁolgbdemmm rome er orag@andmpounds of

malybdeBive, GAgHARA S URIEgT CLmOIPRR-OT RG] DefE 2nd Fggisolling

coﬂt?&fﬁg }ﬁﬂﬁﬁm? I]Séilttﬁ!a. E{}ﬁ@? { ha PTAR ofGh HidRt §®Bf the TAN of
of alkall I

O earth netal, in netal
thesatdesfeed and gammdqmbdmtthﬁs atothlelﬂn‘V /Re. mm@atamt 98%s of the

PR o o e B P R lminty ASTM
Method D578, aﬂ&@[ms%die&\fmﬁi%ww&gmﬂw&ﬁﬁbmnd the

cat al yst ’having the pore sizé distribution has a
t ot e ileptice nlsmpwndmﬂ methed ofjprodueing apradeprpdudt, comprising:

co %&Hﬁ?ﬁe rraggﬁ?rg%fflg%yégqgé?&ﬁﬂgg] Q?ﬁroﬁﬁct'ﬂt%cludcs

the @hAdpISBET wﬁ&eﬁf ﬁxﬂbﬁidéfpﬁ‘@ddchﬁfﬂ uiid miﬂtufthScﬂO amip.101 MPa,
contacting conditions such that the crude product ha

thea:mqlq)feaqi comRTiEiAg oBr OB Slkelmsfal SelfsPLAME 4F FiIES GLgRp acids, one

o o el b PRIl g, AinRS Rl o
the;még%é fe\i?] gzrrgilﬁ% al toﬁhdédrﬁeng{ peo g@m iof crude ifeksl, ofmalkaiemtall,c@d alkaline-

ea%h Rl Rl B8 G A OBt 12 D00 B Apd atlgpstgne of e

sﬁ%oﬂ%}i@fng‘ Q‘S%n@%r ﬁl%?é\/}nwm&n [PotdBn 63 tHdReriodic. Table, one or
vent | S rovides a nmethod of producing a crude

d
. mqme cclupéynds @ffpné i mgre metakst o iGoduran Grafdle Paingiod 2hie.gianixtures

gl TAEOT SR b G O A B g e

20

25

30

coﬂnﬁoﬁlds'cﬁ%hé‘ ofineheietad fréfh Colaid 10.0F@He R&tivdic Télde, thrmigtures
feed having TAN of at |least 0.3 and_.the cru e feed

themenf; wherejnes mghea watist oftpta Columan 0 mgtal de tatal Golympd ‘metal is in a

w301 840 80 e AR s 0 0 o

total ottt 61 ZlRaldl inteltdl) dmltalloxhnWehi‘th anetaldivametpbsaits of arganisracids of at

o e Tt 1, Pl BT AL b i
a01ﬁ$ in @6 %H%d%ffeecgn%@éiﬁ EontEﬁtQiPaﬂcaﬂqgétag LAdBIkhRndleattlOma® in metal

enu one or nore conpounds of nol ybdenum
saltsabfcm@aaﬁeabiésm\m idgtermixfed MI%WMﬂhhod D3l &t ur es
t he and control.ling 5 act,n cond .
t hat ﬁ%veerlala éﬂames%@?s gngd ?;’E\RrOéP OIS C%ﬁ“e“smg'
coﬁé&lu%f a criBe feeiUreh dRest AR chia®ystytd Sﬁocﬁfc@ @H@ﬁl uﬁ that includes
total” Ni/V/Fe content of at nost 90% of the
theoondeeprodudt, wheretrr thd enfdequodugh israeliquidinixiuee &ciit é’h@nd %101 MPa,

oS TS s TP SR OB e e

gradh BF 1486 fdBid\@det ofy GtiHE caglysts Cobgeised: (4) whk or more metals
conprising: 10 contacting a crude feed with one or

frompCeluom GpfthePeriodisrTadblss eneior wors comrpannds of opgor more metals from
i ngl g Sfthe Periodic Table, or mixtures thereof; and (b) one or more metals from

Column 10 of the Periodic Table, one or more compounds of one or more metals from

Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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t he crude product, wherein the crude product is a

[iquid mxture at 25 C and 0.101 MPa, the crude f
wOomops/e63926g one or nore al kali netal salts of o%(é'nggzo%musss

nor e orgam c acids, one or nore alkaline-earth netal

Col tﬁ) oﬁf CHREGM Qhlicinatiagge from Inod(yaed controlling
reo the crude feed having a tlgm‘zh: cont 5‘? most
conpetml candménscsuuhiﬁmi ﬁl@dﬂudﬁpfﬁﬂ‘%'é ibps aatal % coplent phyg mos

0, ar 3 d
20 gt‘;‘ b@%%e@nﬁp H?Fstgg e%?édlt’ eag{ one 0 égﬁgéﬁ%ggdm‘e
by&S‘YMM&]&d@SW@ sing: (a) one or nore net aI s from

‘%‘%ﬁéé@&&éﬁ%a&%@% e & oiige PipgR EpRpising
fa0) tha includ
confRFs T i o PGt o el st o ncluds
the BRIR préQUERGHIEEin tic @ude produeirie a gt mixture st &5PGead ﬂdﬂl MPa,

of the Per’| odic Table, or Xtu 20.t here
the grodiTaed semmisia onecr oS gl e 3F DR OFbrg HBEE pllas, ome
or rgg ag]ggthl.nﬁg corﬁ'gﬁt?'hsmgf JﬂeQiPnioé%{%éﬁac #idh, epniixtotesifingeof, the

ons such t hat crude prod ct has
crude fﬁedthahngppﬁregmm@fcnidhid:ed artatal conmao caline-

cartpmpil i B AR AT SBARS PO engf OO e né 0P P Ao

1 @) a St ataBist, MOt Catalgst Idsmgnpdsrrgamraf diest catalyst,
catélg&ghm\ﬁ?er g?n@:gnt ent ag%t’ al kali netal, .and

froml (K600 Inie-(:0f giamspofabne prmew mptalsrom Golump f of the peripdic Table,
d det le,

on e e G L R A OB e, P T

calB19EH &k weFdiBF inStalGr mlﬁtmirémbnen@ and (h)uaisecord catelysth therpecond

or nore catalyststo produce a.tot pr oduct t hat
catalnreuhmg ‘perrgramyaf gecapd t?glf @hz ‘&u‘&‘b"' B petals

e%@“h‘lﬂs# glgthgb;é%l?&lﬁ T%BI/GV &Jﬂﬁgre(bo ul@Pof orieftﬁ! n§dre deetals from

e cont ent of at | east
Co&xﬂ@@@iﬂ@%ﬁbdﬂﬂdﬁﬂd\kﬂmﬁnﬁd @Gveggh;mf ofetaly eroritess thezggod; and

co%lﬁ%n&f&%g%&g&qq&q ﬁ#ﬁ t%zfi%ﬁ orsdlﬁo dhafs %#olgr&nﬁént of alkali

] Q'Eetﬂf 1nCiﬁ@taP§a1t§Bfargriﬁicaic£dsfdfamnoﬂ90%nfﬂle
me@%lé]ﬁl r|od|c Tabi e e, or mxtures thereof; and

contews afallbioctas ad alkblameerdomeleh i BietH SUFDAEBHG Pk in the crude.

one or
,fe%r ¥ 1’ %Wt fgglgcﬁh F#e@?%léﬁﬁc %A@P%etéoi?fnﬁl]n%h ?Aét? of organic

acilP & ReteritiiRte Mm&athoﬂalﬁiwof total 15 WO
2005/ 063926 P 2004/042 Col unn 10

3
t ot Athedavenkian glsmcm G5 M gg pgg@guppg moruqﬁacpri%uc?,a%anpnsmg
co?’tpﬁn)tg{ggl L ggfegﬁﬁp?&é@%%gﬂ B pRdtfilte gkl progudirthistdnciudes

ntent of at nos 90% of
the fraddblodhfiewheriret cafdetpheduct isceliquid dyixtreatdiSCndd. K MP

t ent det d AST d D570
(he v foed sompng 0oy PLBSreK TR S e ar A o] eﬂCldS one
or g{o%i El'.ﬂ(%lmec ?&fﬁ{ fngtalShits O?GHé 8o atﬁf: uéids fcﬁ&ﬂxtwémemf the

sts to produce a to procfuct t hat
crud@qbudmng, Iper grra.urkufqnudnﬁeed awa,taémtmttqf@ﬂ@hwa@alpm% ine-

is aliquid e at, 25, C
conch e alomgReia S BherearicEiAs oL Pisrit DPLY L B S one of the
cafdlystitaSiy 08" amAFicaflystABleast 0.001 grams of: one or more metals from

Column 6 of the Periodic Table, one or more compounds of one or more metals from

Column 6 of the Periodic Table, calculated as weight of metal, or mixtures thereof; and

controlling contacting conditions such that liquid hourly space velocity in a contacting
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or nore alkaline-earth netal salts of one or nore
organi c acids, or mxtures thereof, the 10 crude f

WQ3005§3926er gram of crude feed, a total conten‘fCe‘(‘ﬂa&&’g‘m]42338
al kali metal, and al kaline- earth netal, in_ netal

zoneiﬁbies 10fhp adthiecrad p:tledun‘t has a taselsontsnbolalalymetal, and kalive-
the one or_ nopre . cat S [ : | :
carthiah Yoot RIS oF SRS TS o A R0 b oot of Skl metal,

e O RefPStsioPo AidyiR thofrude fed| wherein content
and% sé%tpérrln&%bfﬁurrﬁ 6 of thgeta%g:ri odi ¢ Tabl e, .. gne

A r .
of alkali metzhapd aliciineearin metal, inpnealfalts pEongARIG, agids ih,98 dtegmined by
PerjqQdjic Table, 15 cal cul ated as wei ght of netal,
ASTB’FE{‘HWgésﬁgrhereof; and (b) a second catalyst, the
S eTRE fhveRRPAIYS provides Adnethed ofyiraducifg 8 enslechrodited|cpgiprising:

at least 0.02 grans of: one or nore netals

f :
conta@tingarcradenteed mathraneios ancse Fatplyats to reodye adptal Rféﬁlga thig includes

of . one,or re | 5. f Col : RPerdndd 1 MP:
the cfuge; prodycy \glgqr ]lnggé g@\?\/g ?%?Pt 3 Erﬁt a| ; oret %9)5() t S:rdgs %
the ch%tﬁarie&% having éaeﬁ phind of ¢rudgfeed d wedl NIV Fenditenbofnt desgt0.00002
that the cru

i TR RN
mor?oréxt%%?k' ﬁ%zﬁghdgﬁr&ngd (ﬁﬁhﬁéﬁ(}}cﬁ@%ﬂ% dfeor Y8 leBRipothdsad floak ior more

I'ine-earth netal’, in metal salts of |
metsd¢ Fami Colamindsof the Phvodic Tdble, ¢adedatedpeweight ebmetahtor gixtures
al kal i nmetg], and al kal i ne-eart.h LAl :
thergH e g RETeE S P B ALl s ot ina
wnt%tﬁlk%onyi’seo\}e? YO 95H Ak Saide YA Basta 1341 INIEV Fe content of at most

produci ng a crude product, conprising:. 25 contacting .
90%c0fdhe/Ne' WEe contérttiof reecrade ﬁgd,ewlaeaplalwg\f@ e COLISIb IR AS éefégnmed

t I 0 hat includes the crude product,
bymﬁ@“ﬁé‘ﬂ%’%g’%@f’%e- product is a liquid mxture at 25 C
angQ idhtidPalso pré\edey didethbe efl prdoping si angdeoprodust, eporpising:

al kali netal salts of one or nore organic agid .
 contaetingos exue feed with ang anmoe ALY tp roflics adof3l prodpes that includes

OF ARG ACLHE eiPfhe M id nlilire 6¢250€ @101 MPa,
o G5 b i, e o o
the @Lfiefeed BRbiak, pearptar ok atuide &ed0areaxygenreontsnt of 7 least G001 grams

of ontEenea 2 Sl gpntene! 1 4o o0 s b Sddy o &TBast BCof the
cata@@fg%oﬁ@ﬁsﬁoﬂg%@?ﬁox@ 1%ks §6A Bolgfnn GOEthe Peridie Tabieabse or

the Periodic Table, one or_ npre ,
more oogapoungis offone nemore metats fiem Loinmn Sraf ey Pemedie Taples granixtures

Peri odi c Tabl e al.cul at S [ 0
ot e S Ao R b o ananyees
confeRH 4t 3B 9GUIT tﬁ@@iggeh domtentuTuhd yrude feed, mel theictydeipmoduct has
contacting 16 WO 2005/ 063926 PCT/ US2004/ 04%3%% .Zone
a sulfsr eongent b6 701 30%eelthe Felfus caaientolilie cruds ged, WhGTay oxygen

cont ent. of al kal i | i M iR @hermifed b
con glmggﬁeflgmgg%g ani c %%?@gsg#’%%i Sgggrt &%{Ct)%/o of the Y
ASTNiembd 0f429kal i netal, and al kaline-earth netal, in

metal salts of organic acids i e, crude

t f o
hiheinvengienaifo Provides s@EDoReY RICHSHE STRAF PrALE,FEpprisig

53 4 ol LB ! bseel Stof® product that includes
con%&n&r ?‘rfnhug G| ?%)51 w %Jééfﬁ}i %é{eﬁ% 1%)?%. g?I’cl’?e ion % g}"t ion
the &8O pRIdaY, Serein tRtdradk srbdyut dvhitiquid naixbre de2pioend?. 101 MPa, .
the gr%gg %ele?il hgging, per gram of crude feed, a total Ni/V/Fe content of at least 0.00G02

grams, and a sulfur content of at least 0.0001 grams of sulfur, and at least one of the

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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contacting a crude feed wth one or nore catal ysts to
produce a total product that includes the crude
wonraswesazé wher ei n the crude product is a |iqui dPGR/UBIPH042338

at 25 C and 0.101 MPa, the crude fe V)
moregmmpmmds ofioke droaore raefﬂbtfwm ﬂPﬁ‘W‘F fﬂq%%mog%% T@’ﬁe’ or mixtures
O 02 10 ‘é&-u[ier}ﬁ otal
thera[q ngﬁ‘é’ﬁ] Ptag%l?gﬁon ) at it O 001 g?%%ghg?ﬁ ;
leWF@ccﬁff:ent BEGEmBEE 9095 of ﬂi&ﬂ‘ima wontenodf thh erudefeesti and the crude
Tabl e, one or nore conmpounds of _one or
prodasicié oRwCtaR of A6- 1R/ Gt SHABIFGnRELPLR STR TR Wherein
" it i
i it St fts B ASTMEMhOFDST0s, andSuiRaionnt e
deteﬁt@lh@@byAS'ﬂMMemG@maM ng zone is over 1.0 h'1, and
t he crude product has a tot Ni /,VI.Fe con .
modhe inyegtion elﬁomémﬂsfS/A}PﬁgO@ ghprogqueing atcﬁ%‘ie&'}g’%‘?é"r gprising;
cont%%gea d&&@%{%ﬁ Ev$ MY G Hhork $adfysiab Protuze @ totay produdd that includes

e I'nvention dlso provides a nethod 0

the mdmpmlf:lm@,d whex{eﬂﬂlbe prudﬁmductm@nlugd ngturftg ASakt qxﬁlgo 1 MPa,
eed w one_or
oo FORHENE AAF OF MoFLARIGE: RS SR o 9o B atE SFpetic acids, one
or Iﬁ@@ﬂ%ﬂ%&-%ﬂﬁh&lﬁﬁ%%@ﬁé of HBofe driganit dc:ﬂh,)@runntLHES Brecf, the
an 1 MPa, 20 the crude feed haV| (P)% ..
crude femichavirgs pengranvafgsvdefsed. artotad F°1§Pntl ?}8:{9 f“n%
eartléplgf?@( y%m@ﬁ *ﬂ; of S uI ! ac‘ag oF Eaﬁfo (ﬁ‘fOOLI S, Qn@ Q@dsidue content

eas one of t catal ysts
of aCleAR 0! 1Sg1€ﬁls%lf @esﬁdue[r&ﬁcﬁatrtﬁsabﬁe éﬁmmﬁalymcompmfsme Or more

metsfs rsCotuomn €of banbeogi TS it PAPE Spppogcpf ond o ore

" me oﬁl&#{ ESludd'§ Bﬁ@{e Peﬁﬁgﬁ%ﬁw 8t bn'n&ﬁre@.@li@r@éﬁ bllitgcontrollmg

FONS sucC hat e crude pr oduct has an oxXy
confabtirgorindtions fsuet thavtie cﬁ@%pmcbducnba&ﬁ(m@m@@ﬁt efalkalf metgh and

e S5 b L BB B per O e cpgrwnn

: mct%}éﬁﬁi %pe&l Ll IHMULE Tn RN EERLofioBgatc siinthaerids )feedefM crude

and sulfur content is as det e{_%ned ﬁl 4, and
prod%ﬁmsl\&tehdde perztent of ifel 30%y efitbe spidueseoniin ¢ g feed, an

nmet hod o uci |
wneBh e P g G PRl ORI rglc s
as dfefAi#e8 bg AT Methed UX(3 18 haid residbelctamenttisias datertiened by ASTM

product, wherein the crude product is a liquid mxture
Me&ﬂdw3ﬁ9and 0.101 MPa, the crude feed having, per

| e g quv%{s%g%lgoéﬁgwd@s 5 odNflp ?/ SR irfpoéraaé pRIdudl, comprising:

a suffur content of at | east
con%c@@%)d cHidaFeedokitls bhé or momdztadystd: mapmdw total praduct that includes
ysts conpr.l Si ng

e, P 5 0801l s P GPLAT 11 e
the E&?é @%%gg%%céﬁnmr@*c@&% dRed@s cdhl‘i.’éht of atles= 0.1 grams of

the Periodic Table, or
residiies atid @sotal Ne/Wée congerd of airipast DIG0AE2 grsmsaand pigleast one of the

conditions such that t ru rod
cata ¥y FEEGTREIHE rmate Thals TedeC oRirgg Sk bkt e, on or
e hheals HreHEC olRAABI61 th @eriadis dlable; or mixtures
mofg%ﬁ %#H%‘J%Q%O% of the sulfur content of the crude
therke® dnd whietraling contacting conditions such that the crude product has a total
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude

product has a residue content of 70-130% of the residue content of the crude feed, wherein
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5 N/V/Fe content is as determ ned by ASTM Met hod
D5708, and sul fur content is as determ ned by ASTM
WORMKIHAIME294. The invention al so provides a neRGTAES28p4/042338

roduci ng a crude pr.od conpr.i.sing. on '
Ni/VéF e chitdng dres doterminsd WMOQI ’é@@ el B’P’iﬁ%ﬁ t@éﬂtgnﬁs as
tata / ;‘QQ{ ' udes the crude product,
detem%?ﬁ@ﬁy@r[u e B?g%ct is aliquid mpxture at 25 CG.
anghoinveatidPaso pfdvides aanethed 6Epradecing picsidedrefhet somprising:
nmore al kali netal salts of onhe, or ' ' .
conpieg el g e e e 0L R e
the Q¥ h§ud Wyfisieindhe ol et RerRpEd nitktare #1250€ doddxi 01 MPa,

g, per gram o de Teed, a total content of. .,
the @hdeafetd oRbplisingonk ai inatd alkali metal palipafame of MogepLgANIC acids, One

I f i i ds of | .
or mare AEHsCHAEG DERY Shith O g piate GEanid pHE U oA MBRGH, the

Gk gaooid(TEGOY) comensrof at least
cmdr@fg?egaﬁfg%?grl %Q%r(gfrﬁrﬁggﬁggrr‘%tag} of thggg)Pe:(‘if odi c. Tabl

0.1 gramspmdrmtotal contputofadkelimmeinl apd alkaline-ogrl metalAp B?ﬁ%ﬂ salts of
Col ur he Per i adi | ' -
or AR PRI 101 AT o g e e S ey LA RS R bt more
met&iF E@ | CERERCE oP@e Peribdicatablep bheat mofe aintpoundsref ene, orapgre
al |

metals Satn Golrme®0f b Feriodisbienet Braes Sirest, BTt
confittfh OIS et Tphting chille ooy At d pudl coftelipofstkalbiotal and
ok et nfal 1 AARDSaDS of anie i of stmo U Yop! ST o Kok
mettly el sl@ins-6t TEea s morp] et oxatid adfil &l the Bfle fecd, and the
crudeyro@R 864 £ Y0 kit ATIM b4 Dothe B GOntopnal osiutadeet, -

h .
wheréin&rGOGOnEhtE asdoteimiined by A TMMethop 0% 3 Sonterf gfelkeli
product, .co i sing. _25,cqnt ' : it ASTM .
R R LSS R
MefhBghdgg. the crude product, wherein the crude product
I's aliquid mxture at 25 C and 0, 101 MPa ru

t oL
f ectheniaventipn ahrprgyidas a1 prodyging2 trudf iR ug:g SUent. e
f .at | t. 0, 1. i N includ
B O AR g A 4D i i
the bAfle pRctiuat, witleseifs diendridé pdoctss oliquidrsixtereat 35 f6 and 0.101 MPa,
Columm 6 of the Periodic, Table, . L
the conl desitlvine, oresam qhsruiefeed ol SV SolBlLpt Lot 0.00002
grangxg,ién;&daitVGWﬁedﬁ QF afflexd O ESrams aidaR Icasborsk sfithe cathlystagomprises

cting conditions such"that the crude product haas ¢
oncforirade metill RoreColmnire bf the PetiodissEablp ome pr gEe $grpqugds of one

content of the crude.feed and r , i
gt o LA S5 SR 5 iy it oot
n&%‘ﬁ}i ! i | GrudSpriBn a8 AAGEPREV/Fe content of at most
co %g%%%lgﬁ%%gﬁﬁﬁﬁé\iﬁ%epcont ent is_as get rm '1?80%‘6 tent of

90% ST KAk W (RE DBTABf thedrudesoerl and tha @pge podyd hasa nten
det erni ne AST t hod 7 i L0 3lsSR ined b

e

ASTRIRIIdd5307, and Ni/V/Fe content is as determined by ASTM Method D5708.

The invention also provides a method of producing a crude product, comprising:

contacting a crude 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 crude feed comprising one or more alkali metal salts of one or more organic acids, one
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contacting a crude feed wth one or nore catal ysts to

roduce a total product that includes 5 the
WO2HIPEI26 wherei n the crude product is a I'i qui g([(#}%zomgousss

at 25 C and 0. 101 MPa, the crude feed conprising one
or more afisalincadartll etabsalis of ahe er WpreyTEANIe apigs.coTanPliRFythereof, and

e 550 8 e T 0} S, DR A, SRt

eartlf ﬁx@dll Hﬂ‘t‘xhdtﬂ salRe bf ricatiic @tids bﬁdﬁeﬁﬁ 00001 gretns, emd) aislesst bne of the
content of at | east granms, and a ot

catalygﬁstl%ﬂbta@ﬁblalhya rembizing a suppgrt a’ﬂﬂh‘mﬂ;r ragrerpetals fiom %Pwmn 6 of
the %E?fo?.!e a’ngﬂlé $nd' Fﬂ%ﬁg o aﬁblﬁzd@ O e 8f mBre Y81 AHTCoI@RA 6 of the

gne o {'S conprises one or nore

Periodit dlablef s:omixtales derépfad ptddacePe catalysicpréanbar, anhforming the
nor.e conpounds of ori] re _netals frtom Col umm of

catalysicbyaating apracysias of the qafalyst i thepreseres of oy pr more s
contii &%ﬁ@tﬂh i aagg{agp&ame%%w pmi- aiH%BnﬁBH&g"cBﬁtaEﬁﬂgj

cont ent net al , —and
conditiéres suole thewh thehcrusde produdtrhasme tathl contens oﬁalkah gt candildine-earth

mets] iphstAceeiss PY Arepbic ois of at s 024 B t8ispngspy SFAIRAL 3. an

alkalifle-E48h mbthll Sn R4l saROSF SrB8nic GE1ASI & e QAT febd SwiRtrdifdebntent of
content of 70-130% of thé VGO cont ent of the crude

alkaki eental, arwhadkaline-eanb roesal, immetad salts cf organis aids isylergmined by
and content of alkali netal, and
AS]%&@E&E%@@QZ’% ‘h metal, in netal salts of organic acids
| S ThS ntRndoNaRe @r&ﬁd&f&f‘a'rﬁt’bthb@bﬂpﬁd@&;ﬁé& créde product, comy pr:lsing:
i nvention al so provides a nethod of produci
contpgting cerude fned with enp or mesg catalystigo Produeae tPféEamaP?lﬁﬂf& figcludes
the cl%d 8u&a’%vﬁler>éﬁ4 t?lg Eﬂld@ gggd{ﬂ:? 15\?311&?[2@ hn?ﬁ?@t MCls dchadd 0 101 MPa,

€ cru uct crude product
the dradeafebd Havidg npex igrane oﬁcruﬁé feedamtbtdl NiOW/HeRantent héatdeastl@ 00002

e S B b S5 R el o

mor@ﬁ'leﬂﬂs £6&Colimh GSBHE Perdbific %bl'ee@:&t or3h8reQonigdnds of one or more

catal ysts conprises 25 one or nore nmetals from Col um
metes fomt GeluPart ofthe PFrpdie Tableeormixwes theseaida Renslues a gatalyst

f I .6 of th i odi c.
proclioqt AP i B <oty oY SR B At ek gy 1Abfescrte of one
or mef il ful @S atitedcdniRdunté et chemg;erm Geliw HOG °@; dndtoahtrolling
Ni / V/ Fe content of at nost 0% of the_N /V/ Fe content

contagtingrenditigne sychethat the arudp predugiieasn total M/ V{Hs cantgai9f at most
0% trvoke cc?n%@?%ﬁe ({ e{]ﬁl ! %& bGP /EYc gh ht % cftlég@t_fl;ﬁnmed

Wherern s’ as termne

byAmTMMetE&BDB’?o&nd Ni /V/IFe content is as determ ned by
ASTM Met hod D5708. The i pvention, al so ovi des
metlHBéNVSRtIoR alea Provades agrudiecommpasition ha(‘fﬁ%p PELSAR of crude

comBARATE B 1 G H4EnGSE o boBny 1 Rl Ok
betweem 85 €, and260 8Crat ﬂﬁé)I(MBaieat ﬁmm;am P dthdrcntaxhons with a

at 25
boilig rifgedliuiin Mawam 260 T et SN o 0ol BB ROl 00T grams
of hﬂﬁb&ﬁboﬁﬂﬁm 3 Boith) F%% @ﬁﬂﬁ&@oﬂ%&?@ﬁ#@wéﬁo °©ht 0.101

nore al kal i ne-ear salts of one or nore organic
MPagendigreater ihan( grams, bitidess dlian Gibgrams of one or more catalysts per gram

of crude product.
The invention also provides a crude composition having, per gram of composition:
at least 0.01 grams of sulfur, as determined by ASTM Method D4294; at least 0.2 grams of
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the crude feed having, per gramof crude feed, a tot al

content of alkali netal, and al kaline- earth neta
WIOE2003/06396t s of organic acids of at |east O. 0OOBETIU’SNO‘W“2338

grans, and at |east one of the catalysts is .
resi@id, ak BatehrRingy b?( ABANIMeiBod DSGPPcmid thie cdmponitiar hastr weight ratio

metals from Co

6 of 51t Tabl
ofmewmamﬁepﬁﬁ?mgwmm Gt fearta S Thesp AT R et is =
dclr- ST tﬁ%{ g?lé@‘mfgggjd% é}ﬁﬁgg{rtg Elggltﬁﬁ geiidfRingd by

AS'DRBMeﬂ@daDzﬂ{)ecursor of the cat al yst in the presence of
one_or, nore sul fur _containi conpounds a .
t enPs BVetiongIaRIoRiges emeéhﬂr{] QRoqsHE 4 @‘68{%{’&% fgmprising:
con‘géo%ﬁiti%ta'cf]ﬂ? fét'ft{;‘\li} th0RE of Fh%r& %ﬂgstﬁ’td)ﬂ'éﬁﬁo@ﬁmﬂ Wt that includes

et a kall ne-earth 10 netal,

the crudepraduct athesein ﬁ:hurgdm prodadt il sonsfensablaal s “6oandA. 191MPa, the

cruff el a4 Bpent ptakirant Q0P Erorh $R AT oRBHpE 7, B o Bt one

of th B4t&llykts ?s%’ﬁtﬁﬁ&ble bert SdiliBthing Bdupbort ith dilekainhsre neasls from

netal, I n netal s of organic acids is determn ned
Colru;nn 6afithe Pexiodic Tabte1 gne qriaorernpamonads off ong o5 Rare dusdals from

h L]
BBt St PR EBEoD d a0 By Mo bRl Bl prekior; and
fonﬁ{dthHé? Gatﬁlybtcﬁyﬁﬁeaﬁhﬁ duectatdlpa iprécnedon itethe prdsencer afthme or more sulfur
product, wherein

e crude product is,a liquid mxture
coriginipg comapends 2t @ fenyperaturg below 508 Ch fﬂl&tﬂ?\lrgﬁ CQfgeting
it mﬁ%%?ﬂfosmo%bfthe MCR
corfRBs St Ge Eﬁﬁ@%@m}&gﬁ M"é%/é‘?ﬁone th
conttait af ;tﬁtcSudeSfeérbtvﬂlemahIMCRwontomisraﬂ |dn’g=mam§d MO‘ILSTM Mgthod
one or nore netals from Colum 6 of the Periodic
one or nore conpounds of one or nore 20 netals

fr o eﬂi‘rlv&'iﬁbnﬁalﬁ bﬁeggrﬂaﬁécpof'liﬁrbﬂtﬁ)m@é cHids prédasst, comprising:

t her to produ e a catalyst ‘“precursor; and form.n

contduting atcam@csl’cedowmem jon gnoré, eatclarﬁta rtq/Btodp@ie% tatal prodyet thgbincludes

e QSRS cﬁﬁgﬁvg?eﬁl d 0L 8 ulf U Eofikat) {%%wama,me

cm&@fHeQQMUR Rttt bf S18ast 0001 tgi’ahs ﬁéﬁgrm lodemalled'ehd; undatsleast one
a total Ni/V/Fe content of at mStmﬁaO%gfg .he N [V/ Fe

of the patakysts deving e Roresiee Aistrebution Al gl in ¢ tange from
70 ﬁﬁog%b?f TREH 1eRP60% MMO%S]H&%&% es ﬂnﬁe QPé%IHe'cﬁsﬂnbutmn

pfovi des a crude compositi on g, gramo
havéigidl poreciineasd within: 4504 df diﬁhecﬁa@ﬁdreghﬂ:ﬂ@ex; fwherem pore size

ciswibutige SgetrminsuoAori Mol sl Sad copialiBppppptine

Yiodt B0USof the MCR of the crude
i e g T

feeﬂ,ea]sﬂxexﬁl‘ﬂ(lkgaadoteﬁﬂnod thWé\d@b@@DﬁﬁW} a boiling
ran dlstr t|onbtvveen 320 C and.650

%H’éfe s@ cafdgr{:gmpg 1001 é‘ﬁ mgh% t%g‘a f? J:omposmon

at lﬂésﬁ 6&)0@ rm@opéxygeﬁ CasC Rty §dDYRES T KMikthodE38sy stemost 0,003
product.” The 1 nvention al so provides a crude

gfamwrﬁ edrﬁm wddtammgi bp&STH Matoad P62 ond pblgast 053 gragf residue,
as giﬁ%}g)rdgpgﬁgdet erm ned by ASTM Met hod

The invention also provides a crude compos1tion having, per gram of composition:
at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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PCTI US2004/ 042338 WD 2005/ 063926 residue, as

determ ned by ASTM Met hod D5307, and the conpqgi.tJ
waoaensge¥sght ratio of MCR content to C5 asphgﬁltfé%%aom‘usss

content of at least 1.5, wherein MCR content is as
deteAfined wammmameﬂnp@mms adp|of ghmest 0.5, as

content is as detqe)bg] ned by ASTM Met hod D2007. 5 The
detﬂmm@ﬂbﬁé‘a:ﬁw&éﬂb? 8%s a nethod of producing a crude

pr 9 ‘fﬁvanﬁ?ﬂ'ﬁlrsb ?fo%des a%@@éﬂlﬁlﬁliﬂ)nq{a% p@ggami dfitompesition:

nore ca s to produce a total oduct that

at lehsﬂdi)l o0dagams bﬁsulﬁm,cbs c}stamnmd bynhETHM Methed R429deal)pat {c grams

of restverendsrvaicads AS TMEMERRY DY Mie shpofiitl Baviigd weight

ratio (E) %‘[ﬁ%nb ?d‘és %ﬁgbhhﬁéﬁk cOment ¢ffat 1dagt 1c5\tantl tisd sorhposition having
taina I ni ng a support W th one o

a T AN oflabmbstdhs, Memnawd\l a5t deteranimash byod S d]ﬁ%@ gyeight of

s R T

deteﬁ:ﬁ B APTEOUE®SE D2BOY. form ng the cat aI yst by
ati ng the catal yst precursor in the, res nce of

or Imsome suibpdimentsy ﬂzeapwpq@nmgwggs gflltﬁ [Ofe or

morg g6 s etpods S e ?&ﬁ%%@%‘ﬂ?%‘%?‘gﬂ‘%é%@“’a‘ (2) has
not BOH @000 iafa refiger) distilled, amdibeﬁactmhalﬂm distilled €b¥ hasgomponents
ot S MR oo e S CeLeta Bt T P
corrfé):oﬁgﬁélg #)glg%@m%rf UeRtaf lﬂ% onkHEes hﬁdrﬁ@hrborﬁioé] pégionrd which have:

Wi th one or re catal ysts to producg a
a bdibi@tanpe didtrittutivh delon QYR 8t 0.1 BMPaua boiling sange, distribution

beramng DOm0 at B [l ¥l oG RE RS Bl ifiohbetwithoo °C and
300%0&% ﬂ)(”:lzrgg %glgogﬁﬁ%flﬁln% d@hglgiglgﬁlgegve@m@oacb%ﬁam o€hat 0.101
MPa, aneld bmlllmg)xaag@l digyibugien, bﬁ‘t\%pepﬁ:ﬁgequng&%b @ a/g‘b 1@? fg%a, d) has,

%

bbbl Aot il ooty s
sty ah e o g sy e nesios i
rangendiseibntion bripign SOt Qand B0 20 A BT Sk - D0 KPR af bydggeerbons

havig & d oﬁ%é gﬁﬁ% él v@oﬁ%’r@éaﬂ%@hﬂ%@ attoe ll\MRa,OG 001 grams

erein MCRis as determ ned s
of HYEI-dUﬁfbo‘ﬁé Badng meﬂmg\mmge distribbiion petwipenid0 3 aw& 6%0 5 0.101

conposi tion ha am of , ¢ Q o
MPe, 5540 0 Lo bx@rgg%%og%ﬁw%ﬁ P8 PRy AEipn g mten 400 °C
d@&q\g fﬁg @Pﬁas ITANBoAt 1644t 6.0 at 1€t 018] @r 1manadgdaﬁtom 0.3

tOh DA294* “and at | east 0.3 grams of [es
Lo 180006 r 15 e, (ByheaBTIiel holinBpoiITo ohiesst S S Abr101 MPa
al so .proyi des rude .co [
(@) Gompetione. vl aPaa D B dps RElea 8000 REm g ABtar ki v/Fe
perSEROTCRRE f; AFIdhpRidadIfE3 &) haskt 16axs 0.000D@uns or 0.05 grams of
sulfur per gram of crude feed; (k) has at least 0.001 grams of VGO per gram of crude feed;

(I) has at least 0.1 grams of residue per gram of crude feed; (m) comprises oxygen
containing hydrocarbons; (n) one or more alkali metal salts of one or more organic acids,
one or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof;
(0) comprises at least one zinc salt of an organic acid: and/or (p) comprises at least one

arsenic salt of an organic acid.
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granms of sulfur, as determ ned by ASTM Met hod D4294

at nost 0.04 grans of basic nitrogen, as determ ne
WORRAB2REt hod D2896; at | east 0.2 grans of re"s(FUH%m“m‘m'”

as 21 WD 2005/ 063926 PCT/ US2004/ 042338 determ ned by

ASTivisivizie lentboldbREITs, ﬂmuvemmnadsmpsvidca rin kembinatignivath oxe or

det AS Vet h D664
o 0 B oS xS oRRRTIOBE AcpoliDR S 18 ipYaT e e, e gpat s
obtde4blEb P Rrdviee Rihftal dn@ Tompdind£idte *H1RH4 mamphidh from a crude.

sul fur, as determ ned by ASTM Met hod D4294; at | east
0. Ingomeemtpdimentss diedgeention 9d|$§1 podesdn sgmbigaion stthgpe or

d,t he co ition i, n .
morp Sh e e O BB PR b e nt Bl b B bogacting o
crudfeed Hath©RERO Biokd éﬁ‘ﬂal?ﬁy t&ﬁmdﬁcé@«b&tﬂf réduchist indludles the crude
wherein TAN i s as determ ned ASTM Met hod D664,

prodyst gnwhish theverds feed endierude mir@fwt bythAmyez (s prrhlicaesygntent and
a MER el a0 la) Ru SR AR REq 5 r@t{m@ﬁ%%m cRPshddrudSfd MCR

oa- n sofme he I nvent1 on

conﬁhﬁﬁ sg aGUInCsTS, cride [odint m:atatsplméwnmcth and a onxde peddichdICR
nmet hods or co osSiti QNS accor to .t ,nvent

confeptigS’ s androntag ngnsf s are gontglie SP?}E‘E’F 1At %105“”99% of §;

andf()g @)r{ﬁé Yontdd Joh&ﬁoﬁ?m/ cBﬁtrBﬂ&P%icﬁ i |aXNéilgl§ttrbﬁé Sfja MCR

as corrp ents having a carbonh nunber- above 4,
con@ntiof the cnrdegeoduetis 4 @sasphalters cofiest fitbererudé produtt is in a range

er am of crude feed; (c) conprises
ﬁ"mﬁgg)tﬁ&a& Hgt fﬁ{)ortl on of which have: 15 a boiling
rang %oﬂb %Mﬁoaﬁﬁén@é” RahostbAdlde O}%bvﬂie& Q4 cdmBinaflo® Withi o8 or
range distribution between 100 C and 200 C at 0.101

mory/ef theameibids mrgconmog:@ous acoording totheiayandon, Doolregesrgurce, in

gl Ml AP R A 0

hydfozadRnsli (8] inch \phi; @Rdee{HaarRtA&IhéreaNd 650 C at 0. 101
MPa has, per gram of crude feed, at |east: 0:001

d
gr éﬁéf()@)rﬁ eppaftisesats Biednvenfiondls Meyidendn Fempinaten with o1 or
morg P He rﬁ&%}n %Po%hﬁ)@lsﬂxgg%ﬁcﬁﬁlﬁg iPthe e@eémgn Q{%e&b&@ cOitacting a

droca S havin 'r'ng” rang I stribution
crudaeﬂamiawnh bae oﬁmm:ica?ﬂ@stﬂceproﬁudcoaltdtﬂ@mcﬁmﬂﬁmt ipchwdes the crude

Prorgé{ Wgcar g 8 ¢ ?f (Ig-lgﬁg@ggth@lgﬁg Aan gd%ysntsrg% Utc'ggé]r coypled to an

offsh e FRGRiLONS haV| ng a boiling range distri butl on
bet ween"300 C and 400 C at 0.101 MPa, and 0.001 grans

of Ihgome ombbdimsenbsatherigvmﬂm dlsorpyovidagén gembinatien wWih one or

b 00 C 25 650 .
morg bt fE Tafieds o DmudioRsaseStithg b b8 o ¥afon, hedt i bipries
contb@m?é)a cfhdé fded with o orGnérelcataPystd in)thé preséite iof la.tgaﬁhnd/ ora

boi l'i ng point of at |east 200 C at 0.101 MPa;

hyd@@ﬁap soweaany eqadtollingcontacting sprslitipnsysuch fhat: r(falsa %ﬁﬁw Qfésﬂaseous
g A A o 1 M oSBT s of gsons

hyd@g&li@ombe PerQabirmérer eif crudafebd comacted idth ank of mude of thedzatalysts;
t¥1 has at |east 0.001 grans of VGO er gram of crude
(b) the selectedsinty of ngt hydragen apiske B CPHHPH‘?FE BHYAYEE Bcnféﬂagéafessm of

the 1SR sobf &) G ie JFTY YR UpBRE iOXXH #ht the crude product has
TAN of less than 0.3, but the hydrogen uptake is less than an amount of hydrogen uptake
that will cause substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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cont ai ni ng hydrocarbons; (n) one or nore alkali netal
salts of one or nore organic acids, one or nor

WQPW{0b#26 eart h netal salts of one or nore org&’ﬁTEUSZDM"O“”s
acids, or mxtures thereof; (0) conprises at |east

houxgnspaae velosiey bf gfs ant/op ﬂg:ehydxogfml sdyrcatisidtdeast ) gdp;rgeass tsh, or
t one arsenic t o | C acCl

ot moss 20 s 0 Acporint prseero o the 258 8P e araned g 1 contolled

dunﬁﬁ&)ﬂt&‘ﬁﬁg% (éﬁ cﬁﬁﬁeﬁ%ﬁiﬂ Bure i§inGLER E‘%hPSD~50(§ bC of@tal liquid

nor e r conp03|t|o s according to 3
hourl;hspamveincntpﬁf the rgasalmd/astﬂe bidrogems sowwis isiinalvingefyom 0.1-30 b7,

Vi n pht ha a unds nore.vol atile
and ol prseite meaga?raaﬂgr g sBiise i TutiebeS fharT0-20 MP; )
a floW B‘fecﬁég &Qh hpUbE@Ssoukd? iS AR iFedticAtha ik Bou.ﬁﬂ& t@h flow of
nore of the ods or conpositions accordin

the crudecieed; (i), hecradt ipoaiiuct haserilAL of 7{@150%@15@&8& £b shutn feeds )

hydsPRG Bl b S Red s sh el B PR Rl b S aol 0
nornid} @uﬁlblﬁﬁjl\;%eéﬁ o HydrogOpdt dﬁBitﬁnéteﬁﬁf aafh Al ohd ﬂae&ﬁﬁdeeplbduct has a
a con

ent, and: (a) a sumof a cr
totalmaetcemt ol mast OB tanot S0P Ga s RSt 103h P DALY/ content
of th R %31[3‘1{#%@&9 pRed sﬁﬁﬁP@xﬁ 3276936971 ROFHA6 of the

cru cont ent contacting
sulftﬁ-%dteht of e anele deat; (10) thed:mdeqhothhmﬂaaésa ViC'K) abntewtsif 799040% or

T e b S B P 5EPMS LB e comes
of 7@2 36"2.90r uﬂ%"/? 6L Ghsidit dnfent @P@l@%ﬁ&%@d ‘{9}1&6 @Iucﬁfproduct has

ecru product is in arange froml.2 .
an oﬂy@ntconﬂan@of mnstm aenimetﬂﬂ%,rﬁtsmox he%, ntmmtu‘l@%,@lr QmeSt 10% -

d h
ot o AR L 0 B BTt
metd]yegﬁoﬂﬁaﬂmé%tﬁ %netélnm MHEaCdulth BE olprdicogal cﬁ’@ﬂﬁﬁ)@t 90%, dt @ost

gaseous; rogen gas; (c) nmet hane; (d) )
O%hyuaton@ﬂt Bé?’gsof t{IQPOIitmtrC& mefplel e alikplj W%FE[W*@ i metal salts

N
leastES N@khe @fude gt hasoarsiseusity atlB Tg °CooftabmastWiys atamgst §0%, or

at mpsir1 0Py af e ApopBKRATES e fead hogdiss (DAt o ﬁ% Pinfut ey n API
gravﬁg %? 903@9%“&&&’3@?{%1& t$ HEhE rcHﬂfc ffeé”cf AndRr B9 roBuct has a

acting zone I's on or coupled to an off ore
TAN afitimdsy 90%n abmoet 5O et mosh3ads, atmoat B0%n of airmestd 8%, of the

PR 5t B SR S 1o . o B 6 805 001

mefhaind Babo MRS 8RSnvetfion QRbFREVIDE, & SdrhisiRatiewitiohé or

one or nore catal ysts In the presence of a gas and/or
moreofithe muefardssw gomositiancasaonding torthe inyentien iafgethod that comprises

cons B AL 50| a5 el e R Pl Bcting cppaicons o
redude 806ntBHY JTRrgdlid bLy R cBAtSindhy GRBSAEs nhwdrohgesr) as:onnbn'eof

per cubic neter of crude feed contacted wth é)ne or
selegiest ergsnictopragerngingaings is reduced such that the crude product has an oxygen

content of at most 90% of the oxygen content of the crude feed; (b) at least one compound

of the organic oxygen containing compounds comprises a metal salt of a carboxylic acid;
(c) at least one compound of the organic oxygen containing compounds comprises an
alkali metal salt of a carboxylic acid; (d) at least one compound of the organic oxygen

containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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(b) the selected rate of net hydrogen uptake is

controlled by varying a partial pressure of 30 the
woydssngaszssour ce; (c) the rate of hydrogen upt JKel/PE2004/042338

such that the crude product has TAN of less than 0.3,

1 Joﬁijaoﬁﬁ&i BP%% %r%h%g’&%’glhﬁ cheahitdeompoundsroomprisss a metal salt of

rogen uptake | .cause substant
2 casboRgliciadidywhoeindls meteb COTDUES 1088 AF I T $ ot Coifmn 12 of the

Penﬂu;xg qggg (fgg{ Iéi{gdchotgﬁlr]{& Zlﬁ? é%&n&ﬁ?oﬁ%%%ﬁ%yh@h@nﬁhﬂg organic

.com | oG RISt 9184 BF %c@ﬁnfehﬁoﬁl}tﬂf-mmﬁo wonkaining oxgabicc

LG CAL ORISRV o
in ﬂg?hc?ug%g & §e Dinat O? f:%gl #}@hﬂ{eﬂ orldorPeatbo:dfliclcdasinidd organic

a partial pressure of the
Xy \@ls.t he hydrogen source is controlled during

st S TR, b
thiod
motg rog &Regmgtﬁéﬁsa%d({o%pgggﬁgg Y¥SHoPHRE t6> Qe Rentidn, symathiodniye comprises

total pressure of the g
con&aﬂﬁga cidde feaddwitigene ermoreacatalysininavkighe) ﬂ\e(szmc% fgedbis contacted

e et s e AU AU BRHTE cn
tem%%xldﬂﬁha‘éﬁ% écijnlacﬁh@ c6hdifl6ndre dustolledssuch tHaCtteffirF0cob8RYing

e crude feed; (j): hydrogen uptake
tempbatire ik ldastiD 76 1ca:verrmt the geqaid coRtAPHNEICPpTHAITE; @’ﬁqﬂf crude

fee%&t%@&%@% S{%td%c%u g%t i %gﬁ%tﬁeﬂ gg& gﬁ:ﬂ@t & second

hycfr&ge%' éml e \Vofiditi6 R Hnlthe ﬁin;ﬁtamsdf 19:084st aptakeeonditiog is gf least 30

R I K

2 00/ ; & tacting at
corfiei iR Belehl ohP G R bl AU fﬁ'@ttteﬂx?:gxtgthﬁ% sellsipedtgasintacting ata

GO con
secdftt ibhﬁ)%eﬂﬁrel :hﬁl tﬂ%mmﬁr@uondﬁlonh erecnoptrellecdhagh thathe 1?\’@

e e e Pk o SRR o
hycggg/encéa?qgl% fk&%f}&urﬂ%stoqaﬁmﬁﬁ%%é)’ﬁﬁﬁog‘&ﬂgaﬁi geferated turing

at” nost 5

at nost  40% or at
cortdt¥ingpindihe cmtytgmg aooditions arsralsoreongzplieds NE[DEEECI
crude, pr oduct,

t ot
T B e Bl 16N
fird %ié&j %eg%{mcé ﬁ%talgfﬁ’ts gtllcgéal?{?tadnigtgg]ﬁﬂie crgﬂkg/ﬁ'eeg ;anditherﬁlst calﬂ%t(fﬁl'ms an
i cmegirodast A0 viorin GePIahERIE PHOPUEHEAS A LA DABRIoH 90% of
thea{l?@ g)f F’lée\;cg'l{l&ﬁf 2k, 4 )cofLL Hgﬁ Lead. 1n1ﬁgf i HABLAGHNE e secbnd

ude product has a viscosity o
cat st3f3rr§s fchfde @Eodtiéﬁtan& Oﬂ@rem &m-udesmu@ |has a{]‘Aﬂ, of at];g%t 50%

of ﬁnedl%j@sr p¥ @;hgl 3 C;ogﬁ’n'a%gg; ﬁ;q%pe:ptc r(gfl gq;{tg ?1}9 % 18 %Sszack%ﬂ)ed
reag 0&1‘1&5 ¥mﬁé%t{ngqs ngqﬁ% eﬁﬂlﬂtﬂf Hel redchdt; @) thderude feed is

at nost » at most 50% at
coffaéibd 3@panaidditiontl cafilyst eubsagu&rmm cqma@t voh thp ene gimogs catalysts;

the crude feed and/or in ran
() one or merepiihe gatakysigas & 83151 im 5 { g@,}@ g’lgflo gé)edols %ontacte(:h “t;:h
| % bseguenit tdcamaxt with the
e TR
vahdtBurh ¥Rt ¢R) hyalrogentio gendmed ebmaté inesstange from 1-2 normal cubic

meters per cubic meter of crude feed; (1) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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contacting a crude feed wth one or nore catal ysts and
controlling contacting conditions to reduce a content

WO B008/0§BI6 C 0Xygen contai ni ng conpounds i n whi GET/Y3P0442338
content of selected organi c oxygen conpounds is

portib S GE %eﬁéf-ﬁ{aétdt%iotgkg,%n@ftﬂ& Soiti@itigadontiniona areatsogremirgled such

content” o 0% of the oxygen ont?t of ,the d
that afloweftleegss it i) a diredtion $kat dneounisiis thedlow o %%éﬁ‘?en a

flow g%ﬁ%?%gg%?qt@y%ﬁ?%n? 8}5%?19 gﬂﬁ*eggéqj fsiocégﬁg%ﬁ.p 'ﬁg% v%fﬁu%uﬁ]g tatalyst

at a SSORMPRrANLGE sAXRgEintlyetlc anpdditiosal catajyst at@ssegend temperature,

and the ggﬁimggt.f&mdggntg PRe ORI SRR gliég!ﬁfﬂ&lggﬁl‘%?t&:‘é i%%?ft.aast 30°C
o S B g i,

crud® @th@@&&éétt&ﬂm&n al:l&mhalgratalm,rqnduhd corftacting congitions are

n
contenliod et e ddlonaUr S pRE At S5t Bryliph B YR ksefbied
hydrpRen; g{{%g kogrt%% @gp&g&u@ sitze@lently@ontagtel oditcanTatditiunal éatalyst at

as a content” of non-carboxylic
a sec@dttahpéragrgngd thecontacting comditions ara contrledsuoh Hat thg gecond
content of nog- ggr boxylic containing organic 5
tempeswtsinatieast 18AeCcr ude feed: and/or (g) at |east one
Of 1 Bin@YB5MRAR BehhihticaERRUAGFides, bu témbinsticrewith ode or
originates from naphthenic acid or non-car box%l h%ha .
more ofitheiméthedsourgamipositionsaesardingrsoths daventipn,afpgthod that comprises

nbodi ts, ,the i i . i i : d
conGEHHA LR AT GTR gpore kol B LT me Batelystis 2 supporte
cat o E%ﬁﬁb})g%ﬂiﬁik@ﬂiuhﬁnd, hﬁicbnﬂ?ﬁ—ﬂ@m;ﬁtmt%@xtdﬁat

onpri ses contactin cruge t neg .or
I SRR AT RE RN
cata.rgdféaf.'%%cﬁil? {ﬁﬁ@?@%tolﬁ E’g{/\e 53 {g:? heGRLBbY Fhirthed Compfibdsein additional catalyst

contacting at a second ,
that hesBemdiddt Beatedat 4 tamperanire aboved Bbtpriorsn sulfidzation; (d) a life of

o S 5 b5 o R B pL SR

¥ thhefrenude feed is contacted with
ﬁxeﬁ?%?%%hﬁ%ﬁ%ﬁlgﬂ?%crst hydr ogen upt ake co_ndi}n'éon .and .t hen

at Ia seme@mbodinéngs) thpsrentmaleo provifes, 18 FOMBHHER &ith One or
tenperature of the first : [rod ' liBRSbmpri
morg et s gtiers S eapiamtiond api st o BRAHYGrRR, & hefiod Rl Ebmpriscs
conﬁeﬁﬁ%  bRfe f6&) with 8né biimord @adysts, at bmstt cretof thagatalysts a
. least one of the catalysts at a first t{enperatuyr tal
suppartddoatady s pr & bulkanetahestalystand dag Hipgott X0 i’,“ﬁ%\’??a
he contactin i f] LRk Périvic Thisle,
G e b
or rhdl8 RofPpBusdcitle 00 fifode tetds fremp@olatns 6 «1((af)the Beriodic Table, or

hydrogen gas is generated during co ting; .
mixhyes HgEaelyRd hess P@éﬁémd%fé’&tagxﬁ’i st eRits. feh 090106

con | sty ' r €Lt 5-1 0 af the Periodi
gra?lﬁ’egr??‘)% gg)foggg %ﬂhﬁgﬁégﬁi?ﬁbggsrtﬁ&gk fgirn?i on of _the ° e:no- N
TaHiE 0eE af aibrysinpeaxds of bhe brwomy mdielsifeem Golurani-dQofthe Periodic

i th first d catal yst i
Tatl, o entstvees BEgoRAD CORPTFT G1e Canaiearals 3o Cohiifs #10 of the
Perlgdid m{le,%%? n%\ﬁlg&%f)eurﬁﬁ &£ VRE bEMBrd Metalsrérh @olmans6-10 of the
product ’has a 0

at nmost 90% of
Periodic Table, or mixtures thereof; (d) comprises one or more metals from Columns 7-10

of the Periodic Table, one or more compounds of one or more metals from Columns 7-10

of the Periodic Table, or mixtures thereof; (e) has, per gram of catalyst, from 0.0001-0.6
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25 the TAN of the crude feed; and contacting of the
initial crude product and the second catalyst for

WwWErae6392z®duct, and wherein the crude product IRLI/UpZ 2333
of at nost 90% of the TAN of the initial crude

gram@b@d.@@léﬂ.az ) ! Gl driigore SnquAls ?@mglqmsw-s@ aﬂhléd’c_ﬁedi"
react or; contacting is perfo in.an | L o
Table; ege pemorecompounds gEong @Fd@oqeé%%tafs org ‘ﬁ’&‘i‘sgglﬂv{a"? ﬂ;egﬂmodlc
did | | nfetdl blubhtis5e6 6f
Tableg‘rag #‘D*@%&P%?égt(éﬂ)@ﬁ% ] %gﬁigg%%rermr eg g?hlt %té catal ysts ©
Periodit Pablavadion ldre tahpsinds ofl ohdrer moreimetabsdlgorn %méﬁ&f the

Perioft oW Pr SUSHES BeSOt QEURATTSL 3 ot PRAp L™ Columa S of
the PYAGRT TUBIEC 8#@%%&% 2%%%&& SRR dr e ARRAE EdnPColmnes of the

'n a rangé rmal cubic neters per cubic
Periodizt Bableyfor amintizes thewof; (1) hasyphr gam of satgbive ebleas (AAG1 ggams,

T P
mo: or?@t?fﬁ ffom 1Mk 3R OB AR PUbIE, dne 0P Alddd eddfowrs of boaor more

e generated hydrogen, and the conta

. tin .
metalsdiath (Goden §rof the BeriasimTatde,| asgnixtiges ﬂiﬁwsfs @ c%rvansssf one or

th I S di ion:t ' .
mord 3 S8 S 4R L e R A o bl o b mor
metal/E6R Clamb B ofihePaisdie Thlslebrimsixtoed theteo (jittab, per gram of
ure a

oo OIS B g gmeof
one (%:gnﬁn{v)rr%gﬁ?ttglé Srom? ﬁ%? it @?ﬁ%ﬁ??e?i%ﬂic”@ab@ Rek b e edipounds of one

suc a st tenperature is at |east,
or m3R rhetalsdwen Cobann 6 lof tecRxoivdic Bahbe roamuirkbires thyrepf; dkspapprises

one §Gnwmandai o Caliuld B SRR IS B pfffod: il o one
or mg%g'lf-l?t?{fg'rgtﬁn S’g’;“gf]{‘/ 10 B8 1R FRrio8 R T4bd, lof ehistueds thérads; (P das, per

st uptakes at |east a gortion of t{},‘f &
grarmefiatadystdfromn®0W ehé geaney ar0-9Q)-0.8eEaws QH ODF SpForgmetals from

coc T LRt PR S bl U 1 ket

Col@ii1 CoNthe PetitdicSTuble, bhmixtuiee tireeuin(in) ¢ommprines vanadivmg, cpe or
| east 180 C. In_sone enbodi ment

) , Lhe inventian al so
morgasyparnds of vanagiHmm. A mB TS theregh ANLFOmRREFEE nigkely piie o more
! Athid ' | | ds of
comﬁ@ﬂg gf F%{a(?l(,: gfor fxthies %&?ecﬁ‘:{og %tgfln?ﬁsés%o‘bﬁg d1R\0R R dr BompPounds o

Nprises coh g a crude feed with
cobalér Rixtifes thepedfalp) sbmptisesuholyhdenua), onher pwraFgrapoynss gf

supported 15 catal yst d the support .c ri )
moll&dgmlﬁaqr rgmtlﬁlr@g,thegq Qi(ﬂgﬂ%ﬁ’ Be% g@m cﬁ‘lo clagmsﬁ:ﬁgo iﬁg@} 0.3 grams or
ﬁomfoﬁgn&égg!el ofSmolFBERER, Sk BXrdee mlybllelut empblRiseOf mixtures

atalyst rs a supported catalyst and the _
therenf(pDecmprisep timgstn, ¢s)ornhare wemipounds afitiegsteno Apmixiues thereof;

ddi ti | tal yst, 1hat beeg t
1 g RS B A SR s S o hyoen
compbrfdls Ur rg.?{‘tu&?ﬁﬁeo?,r[]% @mpres 6@ @ ii6iesmétalsdiont EahitmiD6 bf the
and/or (e) at

ear; east one of the catalysts il% inha.
Peri&@lic Tablednbede or moremeiabuiirom Colemalfaf theRerodic, Taljgevherein the

enbodi pents, the.in ti,0 I [ i . ;
o3G0 R S ST VLU P58 oo 5 0 comries
one SOABRSIIEMORS FRGECHRINGO1 3 6f thb Pefiodie Mable) pndonmbltecwnifvands of
conpri ses
one or rggre elements from Column 15 of the Periodic Table, or mixtures thereof; (v) has,
per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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contacting a crude feed wth one or nore catal ysts at
| east one of the catalyst is a supported catal or

WO 29563926 al catal yst and the supported cat al yé%/CTé‘llsmﬂ‘”o“”s
bul k nmetal 25 catalyst: (a) conprises one or nore

of R Reriodic THR, ok tilktrss théreof; (W phdphirwe] ene talvhere compounds of

or _nore coppounds of r rmr nmet al s .fyom Col.umms
Phesphorus; on iy thsgsal; &Sgﬁ%ﬂ rppst Gk gzpims &6 Py gram of

cof 8% 9V 8 cha o Yalon g Bt B o

nor én sehe kmbbdinmenE) themsediobGlsofprovidesRén codbipatidtawith one or

D O SUaRhGls B EOTHROSRIOR? PPN TS P PPt PP of forming a
ﬁﬁ@f@dﬁpﬂ?} Pe“ogsae ssevﬁfhdﬂaro@n;ebwaléwmnﬁca Srt/metal

6-"10 of" t ab e, one or nore conpounds O
migtee, ovherain hermmppd cﬁmm@dhﬂarnhmﬁna,@ndfheawahps kheghpig alumina

. Jab) egtaf s S OSREO D o1 b SOTRE S50 BmpfBIE: (2)

coﬁb Afetal edixRAEwith wildr@o fothb4 Pashd, Qﬁﬂ@ﬁh'mdingthe paste;
e Periodic Table, or m xtures there

(b}ﬁégmmpasﬁh@aahmmbﬁhammung Alymin @@Gim@e@turee )300 G
m%p@gggﬁg@rgggcgwsgm 042338 granms or 0.001-0.3

€ metals from Colums 7-10 of the
Per 0 slhrfie erhbbditnents) éhedhiverion a!mrpacmdels iméombimation withene or
s from Colums 7-10 of h Periodi ¢ Tabl
mafe of the et P8 SomPEpiHopy RSP g infiention.@ eibag hat comprises
coﬁtﬁ&fﬂg@%&@fwa Witlbnd %o@%ﬁiaﬁ@cscm ﬁﬂicﬁ th@ﬁ@fe Qfze 'Mn@bumn ofat
conp S of one of nmore metals fr | umhs 5-6
leastaneo e ¢aalysts Tiap|(e), a median powchunctheoﬁaiﬂs;ast 69 A, at least 90 A, at

eaBE At 4 Tora A e Ao 250 e SSAR ADMAe ARPOB 2205 gt 500 A, or

- in & Bindk Frobd mm@owrmo&szz& tme-laBeﬂ; I230L250TADI 89-500 A, 230-500 A; or

m xtures thereof’; gram of catal yst, at

60+39Qk; (b) Boesst gowme B P pquesshayeArpore glagiptervithin 45 A,
35H 385 0 ?81% r8e&1 Esdlargétexg (?) Qjﬁgrg? gf(?ﬁ%‘l\’?%?ﬁst%%z?é at least

nore"he s from
90 en?/gyat Ragd0p @u%zg,sat ddasOIR0 1af/g mieast D50mel/g) at feas RO@oigyor at least

22 o G v e B S A ) s 0.

| cmﬁgé}lq DOE%%&r&eleggtdmﬁﬁB/gonpounds of one or nore

um 6 of t eriodic Table, or
m x{msese émbodinfents| fhe inesitiopelsogrevides, in mblhytsm with ong or

O' 81%-?% ﬁlﬁgﬁﬂﬁgwgs Hés gﬁcgf‘@r{;ggt%ﬁg? g}'vgn (?rbﬁre%ﬁﬂ(hﬂm%compnses
corﬁﬁctfn@e‘a dredd Rl %Meeor AL s@pporetia &g)i&oiﬂ“ﬁﬁlcﬁfth@ﬁ@péﬁ (@)

or nore netals from Col um of the erlodlc Tabl e, or
comprises abuninheilécst, silick) )almnp,rut@tegm agide, Bitconivia qridea magnesium

f f b
oxigh PRI el anks fizentE) SordBifieS sr i AR Sevqr dete
aluktfhd; 96h as, |5 lgPam OF sippoity ﬁﬂ%asﬂ' DEST @ains ofkﬁmhﬁsalurﬁﬁh (d) has, per

gramof catalyst, fromO0.0 0.6 grans or _0.00
grag ireupBert, & irasbP. Jrasares ﬁﬂtdﬁaﬁt p.5rmnenf ﬁlﬁﬁl 4@%1& t(wecomprlses

bR Lo, BB TR L DR e BB s

moBl X1 gfdss dhgpleoiluminy pet @fami bfappeanadi um one or

In some embodiments, the invention also provides, in combination with one or

more of the methods or compositions according to the invention, a vanadium catalyst that:

(2) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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nore conpounds of vanadium or mxtures thereof; (n)
conprises nickel, one or nore conpounds of nlckel or
WOT2005063926 t her eof :  (0) conprises cobalt, one oPCHfS2004/042338

- — conpounds of cobalt, or m Xxtures thereof (p)

a supﬁ%}'ﬁﬁ%é %ﬂ%&%&% X?rﬂ:letﬁ ARnflha, aH %&ﬁm&uﬂﬂ&taiﬁast has a pore size

ures thereof; r am of

istribation widh & niecionm BrOOBIBIE oG ALeAT 60 AKS) SHRLSS 0. Opmpre

el AL T BT e o

metafslfftﬂﬁ E8mi06 8F R FevibdicCTHbl) andsxtafestherest] amd/onid) has, per gram
m xtures thereof; s) has, per mwoé cat a%éfti‘ Pfe{lgﬁﬁ‘c
of caﬁhtsn Bt Bag (@O(Hrgamﬁ UG &pre ﬁ QUi | &
ounds, or_m
o SPREBS o he BRELLE G 858k s oo e
Table%ré?nﬁimfm%&ﬁermt thS ggom ICol um 10 o]t tﬂe Peri odi c
abl e, erein the nmol ar .rati o, of .t
e
morergqi) @gﬁﬁqsag{@on‘?%osmn% aBLRIRB S tHe'iBVRrEoh ldtrulib pedduchihat has:

ne or nore conpounds of qne qr _nore
(2) adlAEoisat hiet0 o fropn0.061 o 0. £ HzorRd1dgi0:2; P fraan 095 to 0.1; (b) at

oo B o AL P AR P8 bt
acid n‘gﬁﬂn é fJ@l%cP &) db didet 0.00002 grﬁme o6 NifviiFe per gram of crude
omyounds o

ne or ‘ore el enents from Co

[ u
prodi; S/ (A5Geaer HEmI0B2osHw ks fn 01 Pl ot I3t o of the
Tabl e, res.thereof; (w phosphorus one or
wmwgerm&?ﬁﬂgﬁ dlb‘ﬁosphoru or m xtures thereof;
( X%n Jbﬁ%l te'iﬁbdiﬂ‘ﬁd/ Ent@(the eriq\&ﬁﬁo?ﬁllsabmwdt ;aJ mrmndmpﬁémf ngyigheRs or
catal ys and/ or as a eas rans. o e
moradf the %mﬂwds ogcmwzl%& agpyding Pﬁh“s‘&?{%‘m 8 H’é‘ﬁ‘%’{% Eh?"ﬁl metal
saltsrgg \rclyge 'gllf x%gheaérgg?lg ‘gl\ﬂk A6 or intbr€ Akl AAEArf m¥ial Elalﬁ;nﬂ' oﬁé or fnore

S ofr conposi tions accordin

orgahﬁ\r;hgmsj @ixtursethenshf af wﬁmhn(ah gt lzastone af ghglt 1ﬁ gthmm,
conbi ni ng, a su ort th one
SO pRRGTOLY SR AD ﬁfﬁft)ﬁwée e %‘R“‘e"@%r e‘%%&%?{a Sium ot

caicﬁgleta al um na, and heat treat| ng the theta al um na
support/metal mixture at a tenperature of at leastth 00
C Insand emb(hhmentmhellsvaon elsp Provadas; i Ggniipgiion with one or
ort

m_xt ure W t r
o B2 pA R el 04 LRI R R ety
contQ&ﬁ{g attfrﬁ@é 288 valtibtiend mdre @ataBRBas ptaduee atotalk produss thay gacludes
nd/or (c) sulfurizing the atab st SOITE 4t with a
a crmwmoﬂmtarth@meth@d b pOTSHS S ) GPBoIathe PR Bro
crudggﬁsg Is%ﬁg \6\”5 éc}'ﬁ Eﬁ‘de%e& fsoiR e ﬁﬁtable for

e invention, a nethod that
an§ AR Wﬁcﬁd ngdapmductemmmmdp that isthe samgor ditferent
cat al sts

ﬁ‘onl’glemgaigtfe@h’@ fgfmtaﬂ:ge %étg@rg t%cxggm ' @rh'é)cfuoﬂﬁtmg the
crua‘%ésg r@{c 8for g@tﬁﬁ%%hi{ﬁ% the cﬁfde Fcﬁ‘ﬁht 2d dhe @Hmoie&ﬁﬁﬂlate

at least 230 A, at |east 300 A
fracﬂénsl’fm&t prﬁa@mﬂg trahspopiatios @] fomomt leastone afdhg distiflatg, fractions.

90- 180 A, 100-140 120-130. A, 230-250_A
7301 50p° AeibeRmE: ?rmnxenues)alsgtpf?‘eg Byenbip Ao Wi frp or
mord SFRR mAho AU ERn{}R¥RioRls RURIIAL RIME Bvedlibl]labupported catalyst

composition that: (a) has at least 0.3 grams or at least 0.5 grams of theta alurnina per gram

of support; (b) comprises delta alumina in the support; (c) has at most 0.1 grams of alpha

alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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35 A, or 25 A, of the nmedian pore dianmeter; (c) a
surface area of at least 60 nR/g, at least 20 90 00%
WR2005/063926 100 2/ g, at |east 120 n2/g, at | easPCTH§2004/042338

-~ - 2/ ¢, at |east 200 nRk/g, or at |east 220 nR/g; and/or
of at 1£%}5;§0 Koké)l eagh:Hf@v&ﬁm@UEt&f pdrbeofliBe p&e@fzealisthhm 6f 8 least

, at |east %}g aé
0.3 cﬂ13¢@8t at(least Oﬁﬁmﬁ_lg, I Imemuénmpmmtgeast ﬂé g ?qgﬁt 0 m*/g;
(g) co%%%gﬁét?%c}rqﬁ%ﬁﬁ% &9 ol 5-8-1 ’)Mlb B{ 8 PeAbdic Tibfe, She bi“&mre

0 the invention,
compB&idics oht 8} mbRTRElafeBom Lolamns aqmu ofgha?madmewde,cnmmes

d |
theredfalh) comprisesae & c1arp et AOBEColsmn 8t U AFFipe 13BlE e or
d
more fp3eBaiE o s Spor ARl OB dinn SRETRSPUIDTTASIS, ortfbuures
theredE} HYhakd 2 éﬂ‘% | rofdalalyat, fﬁdml 010081-0,6 granmsr fiver 0.§0 k. bgrams of:

one ofﬁé%%ﬂhmm‘f et 9P o Hiors Eadenihs Sl SEPply of s
1:‘!1@1\30@(.\)(‘r a}ng?{g Eﬁﬁg onk BF fn%ré#n@f&l{;ﬁf)m (@(ﬂinnﬁ%th@?&l&@c Thiispone or

um na [um na, theta al um na,
more bmPbiiidsof ohb et moke mefals ﬁram @@lmnmﬁsﬂf the Reripdigriable, or mixtures

mméfgﬁ@%awgpa?q ggcqﬁﬂ :% g g&@o{)gr%!v}q%éroﬂgm 0.001-0.3 grams of:
one o? %Ith‘é @%@dx&% Wetdls %2@ of tnor&Cfurih 6 nittal oinpodsdspor mixtures

nmpositlons according to the invention, a vanadi.um

there@fg(la Icmpntdsamnadl(lm) olteer moysorampauads of wnadinm PHRUYPTSS
theregfg?x‘;gc or % @c{%ht%; 8%8’(')%‘70 A QQdé%f ki bS&HPﬁ 'o?@ﬁxtures

a supp
thereéf" ?@Qf ﬂiﬁ@@ﬁlh@ét&ﬂ onB®k Motk uﬂmpaxmchmﬂtuﬂgﬂenaﬂaﬂm@ms thereof;
I'yst

has a " pore size dis tion wth_ a
(©) ccpmpmsed icabalt, ene of mate ¢pRqUNGS ohcolally oLty fr"%ﬁ’?eg’?’e“’??"r ®)
taI S f B I {gerkapl €, one
comp&semc %’??p%'u gﬁ gﬁgd%?ﬂﬁn%%ég%r@? gﬁ% from Col um 6
OfmtsbmeFéiﬁH&ﬂh&ti ahd mventiormalzd proevxiesha icewbinatinn path gng)or
has, per gram 5 of  cat al

0. 001
moseghomelbgleoTRaTgi S i Siingo egE et i A 8tition et
(a) h? ; Omﬁgo&%% nﬁ:rgt 1\ &&PUBOHﬂﬂéstWS %Bﬁtlﬁbstm Qb)ﬂ&tsaper gram o

e Perfiodic or m xtur

compioitionpit leds Omirgrmm«zﬂnMagbonSH@th abeiling nes digiribution

o o SR L P I T R s o

least grdidﬁ?ﬁﬁ %gﬂfdm&'ﬁﬁ&nm a bbﬂlr{ga'hnge Fidbitianbettveama60 °C and 320
om0.001 to 0.5, fromO. Oltoo‘%eaorfromo 05
°C att(101 MPaf i) aitleash @ 00D grmnpothisiresaEbags v bgiling range

d lotgoost
dlstrgﬁa% p%t%r%g% ?%(i@% ng 85@?@2‘? ﬂgngﬂ 0)31%5 Q{ leﬁﬁ Ot(gl(ﬁ r%gl?s of
basmomﬁ'ggéi? & 'g2dth 08 Lorhbdsidne (ﬂ}ehasgpargmﬁ of r:mipommm@glﬁast 0.001

gramgrcaﬁglreai(iﬂd))(&? éﬁé&;{f tésg@ﬂ@ggqnggn /’%&Sﬁ@' e@g‘bﬁi 52@9@%%%‘“5 of total

RO ek Ao T (e et on,

meirehse ﬁflb&ﬁﬂﬁﬁﬁXSJ the aneentior alsd ipnayides, inhrembinasion; i one or
one or nore al kali  netal
more of the methods or compositions according to the invention, a crude composition that

includes one or more catalysts, and at least one of the catalysts: (a) has a pore size
distribution with the median pore diameter of, at least 180 A, at most 500 A, and/or ina
range from 90-180 &, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90
A, with greater than 60% of the total number of pores in the pore size distribution having a
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salts of one or nore organic acids, one or nore

al kaline-earth netal salts of one or nore org
miﬂﬁs’%wzﬁ m xtures thereof in which: (a) at gg#ﬁlgﬁmﬂ“”ss

~of the alkali nmetals is lithium sodium or
%&%&r%ﬁa@/&@ 5(%)or@s A efitie metiamport diameter; (c) has a surface

st e e o R 2 B G Lo

|0 wi Lh uinter, HBhIRS6xide, zirconium oxide,
dﬁ‘gﬁﬁ‘a’é’% WS%%I&SI%E"PO the |nvent| on, a nethod that
S 65ide, £kt aid/domixtaesitherdofi(d) apmbrises one T PGFRmetals from

oot bl i B pE  5 ms rm
@%@'snid‘gf full ?eﬁb&ﬁg TaBleO Rl xuiifel Ele?ecﬁf’%ﬂ Eoifigrisel ahe bsmore metals

erent fromthe crude feed to form a
frofl @oldms\§ 6£the Pefiadic Tablapearineny cogippundinfions gy Mok metals from

Al o e o e

0. O?ﬁi (f She & B8k I imh3Ghéthls) 6 oz(zﬁa:ref&ﬂmtm cirmbmh@mpounds
crude product; and/or (d) fractl onat.i n rﬁ[shte g_ € fic
ormmdnestharcufo(lﬂnem@nsm oflimsure pelala fropy %IP{"g‘ of the feno
d t I
Toble b PREPR I o of Hike AR fom CARNGHT B PliRlic

TaElEVﬁ'r}Biﬂtﬂﬁhﬁeﬁ)fE(lPMast& ,grarf of eatalystati least 2i0pA1 gragsoaf: one or
nore of the net

d
imoiveGohvabof mckle. 90 6F P9 CalEy & o SAPEI e phared fagreot: )
conga){sﬁﬁastr?gle g)g%org ptdld ?5% @Jlmﬁh 1'09c?f‘ﬂt1e Perfodit TiBle, Wnetdi e

ram- of Suppo (b) corrprlses del ta
coﬂFUﬁﬁdsﬁbfloﬁc bhmowmptalstﬁom @ohhmn 1810f thesPeripdic Tablenof gpixtures

thegﬁzo%ga?m/gl{ éjcpmsé'@p $gs % El(n gl%?&ép}%ﬁr?%g;ogg gﬂ)hﬂﬁf %?o%%%nodm Table,
on% 89%9@%%&@91 LES2004h84 2R38ents fRbmAColumasis of3he Periddiy Table,

volunme of the pores of the pore size
ormlﬁmreslthlereoh of at least 0.3 cnB/g or at least 0.7

rrB/ £
C Ilg ggl{h% @mraPﬁflﬁnen s{, giag%sﬁi%r i, fg:mgi% ghg)?ﬁ{r%%gs Hfgtfug uWentmn may
be cbﬂfﬁ&@'ﬁm‘&aﬁn‘é@fr@ﬁ ottee effbbimthnts ditbe enventien. of orm:;p.@ple

conmpounds of one or nore netals fr
feattwes Froni onti emtrediment obitheinypatiossmay b, 8?’@{3’1‘“”3 FH‘;‘ fEtufts from any
i se nore netals from Colum 5 of the
Ofgéer% Sbf%@?lg&gone or nore conpounds of one or nore
met qhm@ra@@umm@ cafdetpoaduees dro ¢btzinphls by, angrof the methods and

m xtures_ thereof; (i) has, per gramof catalyst, from
sygeme descoibed hets#k or from 0.001-0.3 grams of : one or

’ r e beadded eethalspecific
co mg&ﬁ%@éﬂn@oﬁﬁﬁ&l@ ad@ifienal/ feAVBFe8 nid n

or mxtures thereof; 6) conprises one or
enfBodanentt déstribedher€iml umm 6 of the Periodic Tabl e, one

imre nmetals from Col um
il X Rk L2 D res thereof; (k)
h as ’A%E)%egﬂf e P?é&%ﬁ‘ﬂ MSéntioh Al 2cHRE kpfaréntdo those skilled in the art

from : one or nore Colu 6 mett%Is
withn thedrenefitr &f tﬁbfolimmn’g dm@uéqd deseniiongand upen gFigiegre o

t her eof, s vanadi um one or nore conpounds
ackpmpaALS SAPISE TR oo

FIG. 1 is a schematic of an embodiment of a contacting system.

FIGS. 2A and 2B are schematics of embodiments of contacting systems that

include two contacting zones.
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thereof; (m conprises nol ybdenum one or nore

conpounds of nol ybdenum or m xtures 15 thereof; n@ﬂ
WOCIIR063985 t ungsten, one or nore conpounds of P@ /042338

- or mxtures thereof; (0) conprises cobalt, one or

[fgr)fms? QRIS aRfschGh@ds of @mbBieHIEST ddnticting systexas that

conprises nickel, one or nore conpounds of
include thired contactimgxdoneses t hereof. I n some enbodi nents, the

I nyenti.on al so pravides. ,in i | | : iha
ok B dhesgndst o e BT R sl o B Bfion with .
contdcB¥@RYdt@A, a crude conposition that: 20 (a) has a TAN
of at” mpst 1, at nost 0.5 at nost 0.3, or . at ngst . ith
0. HIG. (0} atsekematicrofgnembedimaentob siblensing zane i qanbiation with &
t%r.arrs %f hydrocarbons with a boiling range
contOg SYR on  between 95 C and 260 C at 0.101 MPa; at

| eRRY. @is QQ¢hha@izof satenitedirhert.cI@Togrbimaion of a acparstéonsione, a
0.01 grans of hydrocarbons with a boiling range
contafting system; anl & BZOBW® C and 320 C at 0.101 MrPa;

ang{@t., is ﬁﬁul%cgmo%fi rg{n‘;éIE%u veﬁ;bfgﬁé?ﬁ&r FpdeNebdadd crude groduct

bol T1'ng range tio etween 320 C and 650
for aftenfhodRdenhBicortadtingahe ede feesltwith Goetcaiplysis of basic

CoblfS &b e tiel Fuereagg oF vsratind Sl 1od BEppghgi Hrsus

lengglr%gg?)g&- an Unodith bkt QR Bt 10k chilk fédbwih ofi®6t more catalysts.
. grans of total nickel and vanadi um per raén
ﬁ@q%‘i’f product

of Fi@fhissitabulation of represensatinsirapaities offgradg

al s rovides, in.c Lnati ' 30 nore of
for ol £F Sy mpinEalF ol (oR Meh o Btafe
i NEEGL I8 andthef t4PElaGONBDRpidsamativepropéties ofieradofeed and crude
nore catal ysts, and at | east one_ of the cat%h}/%%s: (a)
re

produgisfonap einbodimeat ofpasitacting thegrruds feqd prith tHok

di ter.. of . 1 :

978 S RS 08 s
contactifigtirade feedsewith fortdiffereft aatalysaptterd® A, with greater

1 B D e Frtes o o Bt 5l ARGV Gl Afh e
for %@Bﬁ%ﬁ?ﬁ%&ﬁwﬁﬁ cARleSedlisamRl Shur Giffdiem cafaly’dt syfents. or

medi an pore dianeter; (c) has a surfdae;tg
ar F8G013 iata drapitcal reeseptaion of HEMOMO‘PWQ’}’ oy eds versus

lL.east 220 o?/q. (d) conprises.a "
run e S5 e FS oF oS PR R itk cifyst ystems.
ti R0 s @Xdrifhicd irrestintilon ol diduertogtens ienpresseidde weight
zeolite, and/'or m xXtures thereof;_ (g) cog}gri ses.one ol .4
percemtage, 06 caids prodietssyesois i Hms fanepodipenis ot coifp e feeds

..0ne Q. Nore of one or nore netals form
mm(%%ﬁtﬁ%reggﬁﬁ&%gp@g{eéﬂ%éri odic Table, or mixtures
t h@T@Of 5 is(ef gragidoglrépesenomienaf charge imétPiigsavityrafiencis| praducts
5 of the Periodic Table, one or nore_.c unds .Qf  on
versyy Tuacfinae fasieEIbOdmeiF OLSsIAGHTS T T F988 TIRICRT Filsr A Gatalyst
syst Srri xtures thereof; (g) has, per gram of catalyst, at

gdst 0.0001 grams of: one or nore Colum 5 netals,
ONEFIGr 141israagrphivanefresantaion of oppgandontent expressodtinmeight

pects o o s era o P BB R v
withofoup}fj&ﬁrgﬁ?gﬁg@s{gﬁ@ngpl um 6 of the Periodic

FIG. 17 is a tabulation of representative propetties of crude feed and crude

products for embodiments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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Tabl e, or m xtures therof; (i) has, per gram of
catal yst at | east 0.0001 grans of: one or nore Colunmm
W2006063926 one or nore Col urm 6 netal conpoundFCTY52004/042338
m xtures thereof; (j) conprises one or nore net al_iis
ihat ih61008 Svhnadiuri Qatafyst fiel Pmolybdenumbphadium ratalyst Ao avignglass
conpounds of one or nore netals from Colum 10 of the
beadperi odi c Table, of mixtures thereof; and/or (k)

CORRRY 11358 Rl don 57 &ﬁhiammerfem &l stode prododts fire
Peri OC}I C ﬁa e, on I nore COﬁ'pOUﬂdS of one or ﬁfDr%h 1
embaligenitof contactingairudefetds with one opmorheatelysts gt warioug iquid hourly

m xtuyr.es thereof. In further enbodi nents, features
space Ya¢liBbci fi ¢ embodi nents of the invention may 20 be

c opfeh & s WitduhdtRA! dfpRpelti ook feedsmdi cawdet prodiicts foy

i nvention. For exanple, features fromone epbodi nent
embafimiehis df comtactingcrude fesds alorions SOMAGINEERPEARESS: [ om

any .of the other e j : BRI Sh \

cr %P%W@P@o%séu%n%ﬁg*’lgggI"’%n%‘isr}gzr’]‘g/iﬁg?ﬁ{nﬁ gﬂgea%hods o
specARbmBHIEheNS s Takdaibwirhyeivay opExdnplé i theekrawings. The

enbodi ments, additional, feat gr es g%ﬁﬁﬁ %%ded ta%dtdgﬁiled
dravsmgsoinay not hertp sealere Hshowd heungergioqd gt the 5

SCRJ, PTI. ON NGSHA ; thefpattitRild? fese disclosed,

descyig gﬂhe{) Oﬁe%’t@g@#e&%paren?ﬂ%hﬁﬁﬁe spkj Iled in the .
but 6 the cohtdty] the ittexted is totovenell midifedtions.canivalcats and alternatives

description and upon reference.to the 3 '
Falling wthiste FPIrIAAI FOPR OB DrPSTE Ty HSHAS QP T0Fd B e Sppeiided
clai:cﬁ?bOdi ment of a contacting system FIGS. 2A and 2B are

Schemati cs of enbodi ments of contacting systens that
DETANEDDESORIPEIAON i ng zones. 31 WO 2005/ 063926

PCT/ US2004/ 042338 | GS. 3A an ' i1, . .
e SRR ReS AF I HeptOpE L dEbhrieR HRIHFTRLREdL, Torms
usecﬂ%@éig%&é&‘&inéﬁ%%ll&k@ 4 is a schematic of an
enbodi nent of a separation zone.in c %n@ﬁion wWth a
c ofASIINI g fers o émerl’&mlrﬁ@ndéfdir]?sgn%@f‘fg BlHt an
e iment, of | ing.; i iEya lifiylls as
con b S By AHl BRI R R Bty e
dete?fﬁﬁiét diwqxt_ ETMfMtam@drﬂﬁsgati gln oL_ a separati :)n zone, a
contacfing system and a bl endi ng zone. |
t alkAioBY¢ bygﬂrg%/eq RPN iwlﬁr‘%%@ﬁﬂeé?ngﬁgg f élg e&“l%e d and

‘the (?rﬁge @{o@ggt @5 99&&&:%&?%59 A MIGRREA MBnY1.0f contacting

eed wt ree catal ysts.
Boiling range distributions for the crude féed, the total product, and/or the crude

product are as determined by ASTM Method D5307 unless otherwise mentioned.

“Cs asphaltenes” refers to asphaltenes that are insoluble in pentane. Cs asphaltenes
content is as determined by ASTM Method D2007.

“Column X metal(s)” refers to one or more metals of Column X of the Periodic
Table and/or one or more compounds of one or more metals of Column X of the Periodic
Table, in which X corresponds to a column number (for example, 1-12) of the Periodic
Table. For example, “Column 6 metal(s)” refers to one or more metals from Column 6 of
the Periodic Table and/or one or more compounds of one or more metals from Column 6
of the Periodic Table.

“Column X element(s)” refers to one or more elements of Column X of the

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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FIG 8 is a graphical representati on of weighted

average bed tenperature versus |ength of run
VEn268DeRIR of contacting the crude feed with o%g:[rg‘%%mmz”s

nore catalysts. FIG 9 is a tabulation of
the Perfudis Table} inwehipk Hpeartcspandsfto 8 cobienrs auaber(for exagple, 13-18) of

e P o P it 85 AL G} At U or ctomens
ﬁ-org ﬁ%ﬂlﬁ& gg of e PERUIRSPANSEANVEr difcQiehibreedmpbusdsafont eethore

cru product for an enbodi nent of contacting the
elememsifrofmcGoluwin 1 ofitbe Periedigdable. FIG 11. is a

tabul ation. af,.crude fee f : ;
SRS A0 o i€ a7 0 B BRI S bl weign
of aﬁﬂgglgggﬂgttﬁ%n of n;.) val ﬁ%ﬁ%ﬁ%&?ﬁaﬁt e.r Sﬁm e r]]?enodlc
Tabl¢, oe weiht p§a compeundefanclempentdram the ?falﬁiémﬁ@’\i? Is.gloulated as the
MWLt h i . i .
ol ot VAR PR o IR T B s et
gra@ofdetalye dbe vacwuted weight of the tholybéervmalinetal irsthefcatalyst is 0.067

contacti ngﬁqcrude feeds with four different catalyst
gram)y peregrgm O Y844 is a graphical representation of

" esi g (ORISRl tRXPEBASAT doRupiieSiTh sRBLERAL ABEexaiple, a crude

crude products versus-run tine for enbodi nents of
feed, @rtval pigdyct o d enflegusduchExprasseds asuveighiffrackion pr weight percentage

cat al yst stens,. Fl 15 i, r.aphi cal 11 .
bast i BeSRELINELAHE 6F e SRS BB, OSSR pition by weight

Pr OGIGHS feeMALEY Brddubt thixtle? fiferAB € itixmius taft contacts the catalyst

contacting the crude feed with four different catalyst

duringgiresxssinEl G 16 i s a graphical representation of

o1 agopa, Brers S HREERfRs MR ling La R ERLAG berhben 204
°C (RDLFY b d 34T POdeST TS 0.101 MP4. ODfstitlafefoentent iseadeteysined by

systens. FIG 17 is a tabulation of representative
ASEK/bb@ihqdeQﬁm-crude feed and-crude products for

g, f ' i
enbagl ary éﬁﬁi rﬁ%%%)g&tygé}g.nﬁt?@geﬁ[ Mol S86ir ¥orithined@irothy slolecular

syst'ens arious anmounts of a nol ybdenum
stnRaira bf & hydradadbon a Hethroatoma batgstris andetarmainedby ApdiM Methods

system 32 5/063926 PCT/ 1042 w s »
E3§Y e Qe DaTBaRoniPELALIOpEn o dhy DA R Yar el pifrogen
reférs @#Yl%‘gen BN HpYkddl 11Kt AP a PRAGSE lesk tHan 4D8 Basicanitrogen (“bn”) is as

tabul ati"on of "properties of crude feed and crude
detenmmidedtby ASIM MethedD@B8%f.s of contacting crude feeds

i th . Cal t ' L qui
opaci BBt S SRrEo Rk h, M et Ak Eopotads that
whi BPEE bir@en@ of d+0de fee@did eecbatalyi eeapt dprotide hydrogen to
enbodi nrents of contacting crude feeds,

{ . .
compmuRelG i Eher cbioad. AL ATOBERISUICR A FDBHE Gt (ot limited to
bydSRERl Bl T, e, Bpalobbahd QRA a3 bbb Cihie] Yopane,

butane), water, or mixtures thereof. A mass balance may be conducted to assess the net

amount of hydrogen provided to the compound(s) in the crude feed.

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

“LHSV” refers to a volumetric liquid feed rate per total volume of catalyst, and is
expressed in hours (h™). Total volume of catalyst is calculated by summation of all

catalyst volumes in the contacting zones, as described herein.
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speci fic enbodi nents thereof are shown by way of

exanple in the draw ngs. The 10 drawi ngs may not be t
wWE2Mbe6392¢ shoul d be understood that the draw r?&éméﬁ?ﬁ"m‘mss

detailed description thereto are not intended to

| i rffitiqhidenixhwretaferns 1o @ compositorn ihauinaludbmomn oli moteswaapounds that
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gravity at 1 APl ‘gravity is as

det‘BWietklsdn /sgltwmm;q apdgzfor o m@;alﬁoadlsﬂme-em“ch metals,

zing BiSEEL %@%@‘%@b&n&% B3 SCORRE of ekl R Eptts of
orgidié heids 1353 Ukteriindd byoAS PO ethod 33181 i ons f or the
crude feed, the total product, and/or the crude

pr odisro-SagbonRerduer (TMER hgonkest eives R G AUBBL Y Of sarboagesidue .
remgfsngx% té%v@}h%{% %gi ep)ﬁﬁlggﬁg ?%ﬂ'ﬁ@a‘c@ AR &ﬁ:ﬁéﬂﬁs Afdetermined by

ene e I n pentane.
ASENpMatttod I@530cont ent is as determ ned by ASTM Met hod

et PR e BXaCatRb cRpPRtE Mth drfoitie PGS difibution
bet@éennmqﬁ CIoUPTY ads 206 °Q Q@M)wo QOTRIPY, SNahtheObARN Xs £

the Periodic "Table, in X corresponds to a

detdrmumdlb}h&ﬁml\/{eﬂmd]é&fﬂﬁ'pl e, 1 12) of the Periodic 30

Tab | e am._6._net al . & one.
G r T e LRt e o inafiGhhecebf 0N

an NIV /@8 @ offent e fers 1 1hO b entQIf néukel, Sandding, i‘i‘ﬁlﬁ,airs:ombmatlons

fromColum 6 of the Periodic Table. "Col um

thergpfe rEhe MK Y FFer omis 1 95 dteamgied hyrAS EVMisthod 12#70&3| um X
of e /Pelddi 't‘g ﬁ]?ﬂh%ubx@?ﬁ%%% Sg% r B cgn&v\%mm&@feed.

of oné or nore ments o of ]
200N BaBG:yIc TohGRing Hip4Ris 8 ye ttheonBanindsff tefdaldd erganie oxygen

corspguidh 4o BIIRPEF PRPEHCior o TR SLSHP BN o] T iTBe

orgﬁﬁ@ﬂ%@eﬁ%)) prﬁﬁa%f clufle, YL aRknof Hifted 6 @IS, cybli®8Mers, alcohols,
lurm 15 of the Periodic Table and/or one Or nore
aromatrmdgvtdés &ktopns abdehpdeseor eimebinations thaeefophighrdomtdpve a
bthe Periodic Table. 5 In the scope of this
w&ﬁ&‘f%ﬁiﬂpm wei ght of a nmetal fromthe Periodic

TabiNpn-RideRdabledfast rfad Be bhitp@ients @@ Imiktees éH@mponents that
Periodi c Table, weight of an elenent fromthe Periodic

are gage$ &t SH- wei ght of a conpound of an el enent fromthe

pe r“’PO@E&z-gﬁgh)evdlﬁe”co%l ‘%Q\Laﬁee‘qefélss ttoréenumeral value, which represents the
flocculation tendency of asphaltenes in the crude feed. Determination of the P-value is
described by J. J. Heithaus in "Measurement and Significance of Asphaltene Peptization”,
Journal of Institute of Petroleum, Vol. 48, Number 458, February 1962, pp. 45-53.

“Pore diameter”, “median pore diameter”, and “pore volume” refer to pore

diameter, median pore diameter, and pore volume, as determined by ASTM Method

DA4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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wei ght of nmetal or the weight of elenment. For exanple,

if 0.1 grans of Mo(O3 is used per gramof catalyst,
woheosmsbeel at ed wei ght of the nol ybdenum net al ?éwpmomusss

cat alyst is 0.067 10 granms per gram of catal yst.

t BAicromfifiésSink O Nobh&ovs Gebi @M.B.&Pﬂﬁ? ibensed to determine
substrate (for exarrple a cru feed, a total

thesorvalhgst , or a crude product) expressed as wei ght

f 3 ht o [+
e e 4R A5 g ot B shove 38 -

(1000 7] &Nddhymeidiyt ASTHI MbthddeBsEa7t al product m xt ure"
refers to the m xture that contact SPBtéTﬁ‘i,Oga st, 15

duriS6EF RS refeestoi standard cubyg feet of gasper efeed.

Y SREALORAE O 4 Guflyli0hs HAGIRANGY ASTM Muthi@Dases.

I\/Pa;rfgmsregégk o stc:aimcmmumberaapfbssedmmams (“agg’of KOH per
Met hod D5307. "Hetero t ong" re
grami(f'g’'d 96 rRmplp g TN b%ﬁsf nééfﬁwﬁ@ﬁﬂﬁ&ém ar 20

St rfh g S s1#iDREN betweeR 843 °C
det er méngeé&% t@k%#ﬂ&%@ﬁ?ﬁﬂh E385 or oxygen D5762 for
(650 6F)adndrﬁ38r°6)g(é a00 SFatDDMPar VG tontentiTas detemninpd by ASTM

itro refers, to nitrogen conpounds that have a
MC%RQQ#SPess than 40. Basic nitrogen ("bn") is as

det@f;igiRR RferS R MnMeiahe ¢isbisiY it 3718y dr @08 AFx OVijscesity is as

refers to hydrogen, and/or a conmpound and/or conpounds
detaIMedlﬁﬁlg/m&mMem%ence of a crude feed and the

C PRk o SR S iR R vhae %95 8d sﬂd&&oo&e{mgmmhe bbtained for

o €n source nam

a pxaﬁ&rt} bmb S6bstiate tefiydl tmasla@ oBlifito of ﬁme agsp heethod] thedestdnethod
édrocar bons such_as nget han% et hane, propane,
may,be medified gadior recglibratsd totest fonuFR BIOPY nass bal ance

minRl eé; &?g Bg h?cfilutcé’d Qﬁcﬁ'Sﬁseit&rféﬁ ifh hy%@éd’ﬁ&n Q(fmtﬁh‘lﬂ{goﬂﬁﬁatmns

pr ovi e Co und I'n the trude f
and tﬁémstamhaetch Cudeshmay lm:ﬂllgiemrudeetﬁlbr @rudcs mrggnergﬁy @@hd semi-solid,

O R e R -
gasE@ Rk, §aﬂs %r\égin%ﬁfattlth tHekdtf bl BRAnidRLE fHred atsmbﬁized crude

vélune’ of catalyst, and is expressed in hours (jf'
Suchotabilizatibn mayoffien aceunyat; oriproxigiaie ioathe ProfrcHanFa Pb??tfa‘fmg site.

Il I
SeunbBiE Kol GHEY p S SRR A B R detin
treatthbmthElI 18 pksdice heflEpR companenspithispedfic boiling |rmgeuh|ﬂ:'ebut10ns
one or nore conpounds_that a e Liquid %#5 @ des. but
(fonmimnmléh%ﬁl@ﬁ%lﬂ@ésﬁﬁ@ (62 clubyicating qus), h}‘%& ifg fnelydes,
is né?féx%f n%(? %t os%ﬁencsa_i?f'il)l?no%rméthﬁmr S@ﬁlﬁg RALILAGA #RBRS.

ion nor e conpoun are
Undlibiltddohndtor Shitasidriatedrstabilizedotedes argydocldde cdraponents that have a

b 31 sy e o A S e R pr g of
crude. Examples of stabilized crudes include whole crudes, topped crudes, desalted
crudes, desalted topped crudes, or combinations thereof. “Topped” refers to a crude that
has been treated such that at least some of the components that have a boiling point below
35 °C at 0.101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will
have a content of at most 0.1 grams, at most 0.05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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Uni on of Pure and Applied Chem stry (IUPAC), Novenber
2003. "Metals in netal salts of organic acids”

WQ 05063L¢ netals, alkaline-earth nmetals, zi né’CT’US2°M’°42338
arseni c, chrom um or comnbi nati ons thereof. A cont ent
of Soptesitabilizedmeides hewd propeaties thatyalhive tlmcata:b;hzed cxedes to be

detgﬁ%{r&&ned b% AfTM thﬂfdtlgkgﬁggﬂspg g/lgtﬁﬁ)rpgc% S Example,

plpeﬁﬂésp ROck<S ot gHifs). OMREichhdS hald She &-\ﬁ&‘éﬁﬁt&m%l@ﬁ% erties that
pyr ol yS|s of a substrate MCR content is as determ ned

rendbg/themetxmdvsmaml mlsabfantam@ reudes may be ugaccepiablerto adrapeportation
th di st

carriSgARORCE s Saleht Vo 50 s ol s Joh Aol e Yo"

disag-ainl l's%eﬂ ctifle® Thd ecétRingE %lﬁ%dnd%’bebs‘ﬁm& E@éth includes the

refers to nickel, vanadium iron,

dlsaéwgﬁdmghthedmed topcosiiyre pmperﬁmwp@t,@.nélcﬁ drephe

¢ ner i of gl gmmat ERel Rl llde, By S UBH(SH G 0y TAN of
at leAﬁtOhlq dt [225t@RB; b) MxBoHsH oﬂaeleemsl ttasw)rm graviby at nmttdﬁ)sd) atotal
gas per cubi ¢ meter of cru

Ninfk /R Fontgmtns ot least W&.mﬁ%ﬂg%s{ @Sa%érgﬁl% M6(/Egper gram of
crudbS68S t§§/afl Hetgfog%s‘:%o%@ 6Pat 1&%‘9‘90 0 %?) 3 y{'@it hetQoRBsHRY Brafh of

carbox group. i'c contal ning
crudey ) anesidwxgopémt obatieash 8 1i grarhs dfresidue per gramoif drads; ged Cs

iSSR0 B s PR ety R

contéﬁt' dffat Iéﬁst‘imo s 8f MR %MW i) 2%content of metals in metal
Non- condensabl e gas™ refers to conponents and/ or

saltsriforganésadids afatfresich0@0G1rgrams af metpdssess gam s pruderor j)

combRERAATHeR 1o s BBt i Bt e tafy B per e

. of disgad/aataged emdé, it 1dast G:2 Qﬁ&nsf ﬁ&dmdﬁ&taﬁl’eﬁstw bmsadf rédidue, at least

P-value is described Hei t haus in

0.5 gryms efireskiups or 4 least (% Eﬁ“@a‘?fdés%‘f*e AgspEregphediments, the

dtsa@faptdg%@tchﬁ@ rrrnbaé/%g}{égbﬁﬁp@ér 218 fg%ggﬂtleor%% %%@l ’ﬁ’ﬁr@ 3 to 10, or

0.4 adifeheet rIh, cettaimctindbodpnes, dilmdearﬂage,d camndes, g0 igean of dmadvantaged

o P P81 2 S B e D B s

ngggg.ﬁg:ury porosimetry at a contact angle equal to 140).
m cronmeritics(r) A9220 35 WD 2005/ 063926

PCl soppDenbaimeas, disadyantagesheruded hewve propettiesdnglnding, but not

timi 7 TAN, GER kel st vl bt T bl D TR R gveen
per %&ét??fm dféégﬂ GFK% gkﬂﬁvﬁgaﬁgk}jds%gg%g%ﬁt Seast (204 R ofR) 5 aspBaltenes
per gram of crude feed; d) a higher than desired viscosity (for example, > 10 ¢St for a
crude feed with API gravity of at least 10; e) a content of metals in metal salts of organic
acids of at least 0.00001 grams of metals per gram of crude; or f) combinations thereof.
Disadvantaged crudes may include, per gram of disadvantaged crude: at least 0.001
grams, at least 0.005 grams, or at least 0,01 grams of hydrocarbons with a boiling range
distribution between 93 °C and 200 °C at 0.101 MPa; at least 0.01 grams, at least 0.005
grams, or at least 0.001 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
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5 "SCFB" refers to standard cubic feet of gas per

barrel of crude feed. "Surface area" of a catal
WQi056438261i ned by ASTM Method D3663. "TAN' ref BF§>/‘{56°"3’“42333

"total acid nunber expressed as mlligranms ("ng") of

at 0. KIMPR! anddtdehst 0.001 gRimss arThst 0.005! a@s aft atiRasir00 hgenisof
ASTM Met hod D664. " VD'

fers t b
i belag senseisias DR GRIRTROR H-G 85& ot 351 eea

cPilinigel it ne adade beb o RERAERLA S3R Joast 0001

gramtspatﬂgﬂseﬁn()ﬁ graénﬁ opal lt-,aA'st 19}01:;/%&&3 of hjttﬂlﬁc&?)ons:ﬂvﬂh aﬂanil;ngut range

as ererm ne usi n n X

disteption P batapRI 100+ .0 0101 M b g G H0laispiots IGHE D 0P Erams, or

at 1e4396 OY?r eﬂﬁ @mﬂébéﬁ é?ﬁ%‘étd{stﬁﬁuﬁciheoew@&i 100 < and
| S out’sti ae o th

teste l[imts o test net hod
200 W&stt 0. bt M, airiagst 0 ©0ipdirhs, atleastd). 005 grama) ortat é&aeblﬂ b grams of

hydr) GRS aRith B B SR e H‘?q%@‘@? A TG RE B61 Mpes
at ledst'6! 'OOPE?@M btzﬁgst 005 4REMETOF at IB&MS] gf fad lfQﬂyHrocQ‘Béﬂ?&uth a

are generally solid, sem-solid [
boilig wvige distrithusionrheyweenA00IE, andi 400 °C #6101 Wﬂe@dtat least 0.001

s, S0 B BB SOEASERE I, Ao el 8L D1 e

dlsmhﬂbxhbémeénﬂowdeand&wcataholml on may often occur
or prOX| mate to, the production and/or retorfin

si $%me dspdvsntaged grudes ey inglide per gmnvaqféi Fdoanagad crude, at least
0.00ir3hs %ﬁg?s%ﬁ%g Arhé G LORAL 0o 1) fialoBarBobd G Hitdlling

cerru tiple co nen vvlth specific
rangd)dxsinbngon afi glandstsl()ﬂ POt 0A®d MPAdn addmm tehigherpitiilivg

tes and/ or ubr [ 0| I's
comgnEis| T3picay+ e Figabentged Crise HRS Hep e i ignvpptaged crude, o
conte?ift Hpﬁfe:hwdfocﬁfb%&lg bt @thedt 0@%:‘2.%%1’ %’ﬂﬁfoﬂfo Y @FdhT

distillation nmethods. Undis | ed and
un$eme ﬁxs@mmmgeé coides map dndndad psr gran ¢ﬁ¢b$asﬂu@ntaged crude, at least

onponen have a_, car nunber 4 |n. -
0.00 SRR e 0l S of o5 1Y) BB BE BB A tnd Bith a ol
rangddismbafion 6f sdeast EB@ADLES.10f MRabi | i zed crudes incl ude
mhole crudes topped crudes, ~desalted _ ¢rudes,

ﬁgg Eruidgnmnay e TadsypEneremoeidisaduangaged crude, at least
oo RS L P Y S g i

rangdditribogom of atlede b89\WC35 C at O. 101 I\/Pa (95 OF at |
at en renoved. Ty cal d cr des wi ||
PRt ool G vapagRd cisdas the fﬂ@hﬁ Rggeesses
descriied Here tjﬁ‘irhc?ﬁdengﬁttaégcr 3 Jﬂft@cm% qudﬁéjﬁh mﬁﬂﬁ%ﬁg R&fons of the

gram o 36 WO 2005/ 063926
worl@@ﬁtﬁﬁﬁ@?ﬂa@ﬂeﬁ@%uthﬁun@alﬁoaha,l (Emda FTaushods, mhan Santos and

camis RS FomED 7, st KGhader B bR

OffsHok& IR BJhA'BE r\fdn@hfeléri‘ il MR} s8a, and [[IREJDE:HQSumatra
trucks or shi Ot her crudes have one or nore
arg‘@mag

uriEeiirest of s edscrufles may enhance the properties of the
disadvantaged crudes such that the crudes are acceptable for transportation and/or

treatment.
A crude and/or disadvantaged crude that is to be treated herein is referred to as
“crude feed”. The crude feed may be topped, as described herein. The crude product

resulting from treatment of the crude feed, as described herein, is generally suitable for
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render them di sadvant aged. Di sadvantaged crudes may be

unacceptable to a transportation 5 carrier and/
WO RMRAA6 facility, thus inparting a | ow econc})rﬁo'lré'u&004"042338

value to the disadvantaged crude. The econom c val ue

. Ym%ean'il%*héa bnt?2 Prépfeetics @i the dratle produbiieodided as described

sadvant aged crude that is deened too costly

herepw e gloser tOrthn spmﬂponfana peswerties of West Js%as Irissthggiate crude than

the USRI RAGer L 1€ B P L bR 16 e, bl hBruce

feedvih% lehhalﬂfin?ﬂmd eR@5omit FaluStof tles craf fegdaButly crale ptmiuct may be
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e S Pl P RSB mbghoa sl
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inclite on {(\)%ﬁng Sl?é@rﬁﬂé R wath theastht ry@t{@Qﬁ a%ﬁti&tl@é zdeRnAkE

gram a content of nmetals in netal 15
combaiatxensaéf twvogaherexohtdsting zenes. kg cordagingaoneyrah fagsigne property

f d
of T e B e B 49 O R P Gy
rela@ﬁto%@@%m@farc{iﬁbﬁ?@?ﬂﬁt&%@eﬁ UBheson@ erhieaiimertits contagting is
resid | east O. rans of residue, at I,&aiydmgen

perforrgedginghe prssencesif addragen Butre i sameergbodiments

resi due.
sourb 5 Gt b RTRGEIRRRS AT oyl d g ChRBRUAL ARG i 1o
provide Rlfively skfall afowit®oDhyliregento &ompoﬁnd(ls}undhc cmdn feed
embodi nent s, di sadyant aged crude

- ai 330 At pdhemai o comiiapersarena WP nAR Sirecipe gome 1024
crud&?%%f efed Qﬁnﬁ%ﬁﬁ%mr@tl n% Q?éonguﬁjl 04! A'Bont&Wiingtzoh€aBY be a |

rams ments, di sadvant a%sd crudes
rcacttﬂyapmtmpmﬂalre&:tmmn'iultmmgqrtlbns of@reaciorArcet nrptions thepeq

of ,at | eas 5: n,ox t ent
Exagplt grianiectit soapjafindo) YRRl Ehko  ia b8 2‘%“%%“ o
ebuﬁm%%tl%é&aea c@@ﬁﬁl@ag @firréd tank 36dctd: es*gRa)m fhiidigsd bed
| tenes pe crude feed; d) a hi \r thaﬂ?

ram of
reactj:ssa spydy W@Msmigﬂ liqwd/ligwidragntactos. fmcertgin pppodiments,

feed with AP
con55h e HEdn ¥ bl B BlleRe Bl O S8 Eflaced i
the &teﬂ Q053 i) tBetity syeteml 1D0pRLy @sr aovmtinuons pcessrorfa)batch process.
i nations thereof, D sadvantaged crud

o &Fh@@@ntaﬁang PRETIAY m&h@s&vﬁ RF HIPER ALY Tfog eXfmpley two
cata%r %illn %@E@Bﬁmgﬁg @cglg ot OF BR2rdAEBd with Afirst &A8Yst of the two

rans o ns wth a boiling range
catatj,ls&tmajotﬁdmw Tm: vibtha cAfde Cealn Subseuenteontact of thivpeducgd TAN

cruds TooAv i abe Rprh pen s dpoRe RO OB PP At Prig AR AP
gra tIﬁ ' g}% Sifﬂ)gﬂﬁﬁé‘iﬁ@ 'TAI‘?— QRscbsi gﬂ NiPPre Coftfent) hdRloaldtas catitent,

rans, at |east 005 grans, or_ at | east
remdheOibngam,rmegramyyim cambmatons Qﬂth@sebmowarhgs ¢izhe grude product

chanLgy g ég&ﬁ%g%ﬁe@&ﬁg %@g@peéles (9§ rkﬁ%eed afier contact of the

crucieq@é& with Q¢ oghﬂﬂ’écatﬁl&stls east 0.005 grams, or at |east
1 granms of
In cettain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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hydrocarbons with a boiling range distribution between
400 C and 650 C at 0.101 MPa. Disadvantaged cr
WhHOPE926er gram of di sadvant aged crude: at |§gi‘ftlsmmzsss

0.001 .grans, at least 0.005 grans, or at |east 0.01
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60u4OT°F BOBBCheR $iedD o Pressitei ppriaciine goRe payatiee fipm 0.1
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fromh O1F300NY i 025 ¢ e20 B00.50 Sinl|, #5361 @ThAt Irpsopde evbediments, LHSV

i G103y s B! 1 e o IS RS e or 2 G S0P Che | st
0. 0§ ot fifnerd hick ﬁ%hg@x&é%n%ﬁfé‘é i@&@&i@d Q¢ aplin(isr example,
ol I'ing

with a range distribution of "at nmpst 100 C
hydtogén 8d), MRdio ofithagaseousthydragenisghese to the qrade feed typically ranges

CONRO Typical d} sady C 3m3. 5-
ﬂ%%g@é@“ﬂ?&%a@ﬁﬁ@%@gﬁ r}lﬂlaé,q‘%& con ‘gﬁ’ Egioﬁﬁl fr’, 5-3,000
Ni¥/af Qs A0bsTIEN AP nlcofasted With the aamlyst(s)at Thedsidrdgeh source, in some

$ Sone di sadvantaged crudes may elltgcfl ude

rans. I er .
empogdimends, isicermbingd rahearriar gawes) and ragirgul %ﬁ“@r@ﬁﬁ?ﬂtﬂcﬁnﬁ

as : r - S ) Th .
oot P5RE} o8 080 o PRl A bl TR The cair o
ma fabitieaté f13000fGhatride 1l avPar fiSone tHe hxdrogen sywcee iortheleentacting
of , di sadvant.aged cr.ude

e, e 8 S AOR S o o
r : hydrBgen, hvfig@e or eth be used
e AR RS (B gplkicfen, il o ctbane) maybe e
asdicerribr gas agbrtcirculdied thrinugh theghntapdng Ferg: ed using the
processes, 25 descri bed herein inc , t :
Pl S Rassenaee o omiorAetfis otz oieff i the crude
fedd @ con@iit 04 bk Spafatdl§ viaaRaEuIEN06.Shiédiradtingabnd DIZyicantact of the

Canada Tar sands, Brazilian Santos and, Canpos, basjns, .
crietpyfped with@datalyst pssiges oot praduict that jaehiies RORlePRodsSE and, in

Angolia .. OX f e ' bad : i crude
e L
feeli @rbrané Bg@dget siips imeynduih bt eThdiotgl popbict mey epit condecting

30 di sadvant aged crudes, such that, tﬂ)e crudes are
ZO&%&%%?@%WW@H§W]to<§t‘f16ﬁ°“a‘ﬁl‘ﬂt/ * treatnent. A

cru ' | disERbahe total
ner of sBRRadn LRl BARE RO ahd Bhs iy bOscirticPbthe to
product bsing gemeally ksowhe spaiation tdvhnigjues, fhexamplelgapliquidseparation.

resulting fromtreatnment of tlg)% crude, f.e

Theeauds meduetanay gt separgronzane L8 comiue i3, aftfpen be transported

to transportation carriers, pipelines, storage vessels, refineries, other processing zones, or a

combination thereof. The gas may include gas formed during processing (for example,
hydrogen sulfide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof.
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WD 2005/ 063926 PCT/ US2004/ 042338 transporting and/ or
treatnent. Properties of the crude product produce

WOa8eYlsb¥d herein are closer to the correspond 91}”52004!042338
properties of West Texas |nternediate crude
cr bfsrieerbodimentspeantactingtheecrude f@dwﬂdmgaﬁiﬁ%'@i Pégdu"e a

tota ot P oo avoﬂ%‘q%%n@v G 78, TR Rlprodugt ey be

sepa?e[té’&’f%tﬁfrﬁ%ém&@ dafabegy] with less or no
pre-treatnent, ereb en anC| ng refining el
ef FIGS chd esschPretios 18, §f ¢ontaqiing System 100 that includes

ul furiz t|on I r
two BT qogfac ﬁg fnes; zﬁ?@b. Hpar ?ﬂb@h‘#ﬁfﬁfggt ke pﬂ)@ 1héludes
contaétitdezoheL T dhdaTIo G 8 Avnd/3 B invinde cmmmms é@ﬂ, 114, 116.

herein na i nclude contagti ude feed with t
In FEGS.24 and 34, contactiag ﬁpa%& 1%1 {}gﬂég 9%*5 ‘i‘gas Sephtald'odntibting
zon%&ﬂn? ?eaﬁgps'l'ﬂé cltu‘ﬁg tiong 189 ReScondilit104.

zone ast one property of a crude
f eqalsoray einbodiftenge theh;amarmatstconibmth’eWﬁh mlmhydé@gﬁwme n

condt et uroRisged T, e SEGEIRIETRE A STIROT AR A
emb%%ﬁe %Qﬁﬁdﬁﬁ W§§e@ﬁearﬂf 3B thy By di88¢h m@(ﬁmd/drnhe carrier gas

ments, the hydrogen source i s one Qr 0
maymmhrchhaomomamnmﬁng Z@Eﬁﬂaﬂrﬂl@ gmda degdhiprasidy F}acﬁ‘?gdmt 106

and;{qg g:::%ax’té%nfl)g r oy f?ntd‘f’g (ht” tﬁ%e ge ki Ged %Péﬁn@l&co%duﬂ 106'.

AdBESTFEaRR hidrofén Soé@id/Rahs mhengamﬁunmto the flosdefithe crude

contacting zone 102A crude feed ‘Ers nt act i ng
feeckm:een@gcwnaam@gﬁa@(pr campact oA thedp F %‘ﬁ he a

?(g &gqcs {f thg%ntld e&lyith cﬁﬁf){%ﬁ ) eo lﬂé So1RO1 G2 i@f}ﬁs ffeed

rCco |nat|on Exanmpl es of
streézﬁntme ficagreandldwiromieontasting ke 1928do contaetisg Z@eflﬂs’teép FIGS.

bed reactor, 0O ebullatin bed r tor
3A and 3B, ﬁb@,{@fiﬁ gqxp%@o&f lgmil ?l%% smtgctmg zone 116.

F L&&féﬁﬁﬂa BEhes f@a@iﬁrllé%éyﬁhé‘hﬁdé SﬁéTBfJihors’ﬂéHﬂaliists As shown in -

l'i qui contactor. In certain enbodi ments,
FIGC 2B} the tfeadgstneg:sxt et icontasting zape U B2 ¥k candyit 148 paf ggtgrs contactmg

Zong if AL: &g' %la {qu]g% r#iz;\ g%qhﬁad é?%?é%ﬁ%%&matcﬁn%% 114 via conduit 118

and%g{é}gg&ﬁ@géﬁng&@ﬁ@;;ﬁﬁ or a batch process. The contacting

zone i nCl ude one or nore_catalysts (for e
¢ wlteSoutstssayomey be canseg valhsod ineat Sz gl 3 FoBsctig zone

f mﬁ@ t YR1 predhckysEd s
114r?ﬂg}j aﬁégf%ﬁﬁ 611[Sté%(;ru E?‘#t%o%dbggatent cont act
conftib Hgorfeeid UG/ ok Abntactiniglgoriecld 6 and ehtetdmsepalamn done 108 via conduit

cat al yst decreases het er oat oms caont ent an?ﬂl eFSﬁeecmde

110adhe crdprequct ppd/gr ga is rabiepawirddrony the to
t t d
proflich ¥k scBBlibh ond FEVATLANE O ST, - T D) CUe

pr ojIey, tiies sﬂierﬂdm ocfranembpdnmm bf@@epammglemby upstrqagpef
10%relative tg t

e S 6 5 B R Rrghl S S
sepﬁn%{i&# ¥cﬁ{55120 Via 65 1522 Th el PR MnSzond 170) di WeasOA portion:of the

econtactlng zone is in a range from
dlsali@aﬁ@gemdr&’de i‘srseparﬁ(éd Eﬁmgdt@trqus knawim gothg @rif§rorxatple, sparging,
total volupe of crude f d de feed. F 1 te
membrane separation, pressure Feduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,

components that have a boiling range distribution below 95 °C or below 100 °C may be at
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the contacting zone. In sone enbodinents, a slurry of
catal yst and crude feed may 39 WO 2005/ 063926
WEIPSOEPRD4/ 042338 i ncl ude from 0.001-10 gr amg CT/US2004/042338

0. 005-5 grams, or 0.01-3 grans of catalyst per 100
leastppatinllpéepasatedifpoth dheidisadvantaged prude t0 produemthe crude feed. In some

e s B S U SR BBt st

sepeﬁ‘ﬁtﬁ% HohPihe Wl cdQuidee Thlseie enfbodimdms; et Tdastvi partion of the
conbi natrons thereof. 5 Contacting conditions in sone

sepaabd domponentseit ssparation zeae 129 yir sendudt E4:r ude product

corthsaryrf oot bR o SR epRt LA ih forB gpbadimets, ncludes
3 Coplenly g oms s oe o O o
embtimentsiS\boiling tage disrbuien af i loast ef SPaﬂfwiczﬁﬁ’gtbe syRRged

e
100L BR8C11200000 A, dr@8s48003C! fAt least apoitisastf tilocrhde feed exits

scparaon 06 10D 5P Rt Aesiaesng V8 100 245, E P B lacting
zond$ AL, ?-?'Zog %f%@dfldﬁggrzg S%S{I r pfoeeed RPfbrinVAEraas bivduct. In

ranges 8/ n8, 0.5-10, 000 Nn8/nB,
sondk-cPatidin Mt sefaraferbz@@0l 20mBasis; paithred mpstressr pidovgpstream of a

10- 800 N8/ n8 cont act.ed with the cat al ) e . :
desaliing Bﬁ’énggém”@é?ss%’ bt i AL iR stk 00 yia conduit
1M th carrier gas(es) and recircul ated through the

contacting zone. Carrier gas may be, for exanple

i tincgere enffekinents,heitwde aragut is pirnded pithy crydsthatig he same as

N

crudéhd ( a ﬂi?&réﬂ)&is@béi%b mg;ia:aga essultingiing (;tilemdﬂi pragat basting g viscosity
zone(s). n sone enpodi nts, a rQgen,, sokLlrce or

thatis heyvean the dsegiy of Haétqﬁ%%&re uet Pﬂgﬁ’e@)‘” ity 8t 1 idse 1o another

exaﬁ%lﬁ[e r{lﬁeeérogﬁcct Wbiﬁgh&éﬂ%ﬁﬁ 8Rhdt AR GMER TAN that is different,
contac one. e Yy

I Ng rogen spurce may enter
thereby bahicing azmoduct B2t bes ¢ TAN:that is batweentthe TAN efethe ridg product

and B 68 e biradedppabainpces seBieier bt ondrer grament.
cat gk ¥isdwiPinOetee 8s lépce}@hfémmamh drhids feed ehterbaneacting system

crude product, and, in sone enbodinents, gas. In sone
100cvib ooidmint0d, and etdeast apogion afsheenyde pendugh exits cAatagtingfystem 100

. 25 feed and/.or .the hyd . e14 k .

o Fapd A el PRI I8 Sl 8 T st

porBR 8f Mk icAlezRB@uct AconisineDwithiiohe diford prosesy atredmo(for example, a
zone 108, the crude product and gas nma nﬁﬁ separ at ed d

hydrecsmbantsireamt sich ap pahitha produged fgt@némﬂr@t% §fy or more crude

par.ati on chni . - b aui : The
feo 2R bro R0 s BTG BrociBa bl product. Th
proéés 8irdASs, ¢hledont] uidde]dP2mixunes thessof bre intradimed direct]Bdito

to transportation carriers, pipelines, storage -
blending aong 130qrypstreas of g{q%éﬁerﬁﬁqg@@iv%c%&ﬁgoﬁ mixing system

mag ﬁn?icgﬁhiiﬂ Br 8T8 dine e 936, TRY bleAQbd'pedi@SmaPmeBIhroduct
Fing processing exanpl e, )

specifications designated by refineries and/or transportation carriers. Product
specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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hydr ogen sul fide, carbon dioxide, and/or carbon

nonoxi de), excess gaseous hydrogen source,
\Egrzpql@ss%ggs The excess gas may be recycl ed todl/’((,?'foszoo4f042338

contacting system 100, purified, transported to other
Pr §% F5G) ) She G8abvantiged ogde meparanon z:mm:bl%’dhr@sh conduit 122,

th f 40 WD_2005/ 063926 PCT/ 04/,0423
and &mter{gsea%mtased Bt BEePaTatet B8 PEEVIAYE yfcgeg %ft Jthré cRifE feed.
The GRS 24 ehBrPlAAEg Bydih 200 RrBGslE Eoﬂd%thgﬁf Gutesh dame

con g zones. The total product may
comgsﬁaﬁ@fraﬂ; th@ﬁsﬂvﬁﬁmdmu@mﬂmopﬂﬂomedagmgondmtéy At

3 are schematics .of enpbodi.ments of ¢
leash o DOTAO ARG BOLSCH RS BIRERIHESY G, LR oy eRdpfzone

B, &' ﬁl@Eésh BifeahsSdriifor Epitics %ﬁfebl dRading zone 130
130510%? cg&ng glozﬁes and 114. FIGS. 3A and 3B nCli)ended

direcybrgia Icngdmbtﬁ%aﬁﬂmiz corpbined wgth the grude edught

et act@eg%qzﬁ_f&g v%?ggdtiﬁf?é mgﬁg%eﬁgorgigc?ﬁ&ﬁfilrﬁg or

f e elﬂ SSﬁIb & o&ﬁﬁérﬁ& tth@&ud@ﬁﬁ)dﬁ&?an‘dfoa tipoblenddd ph-educt Iarc
Sone e

't nbi

mwedgmﬁm?;;‘ enifor & Bolgrom ol ALORDS RS ST Biidh Dlended
e conta n 1,

orob o RO e Rl sy il aion e

heaﬁﬂé’ﬁﬁ-ﬂ%‘bﬁ&ﬁfsc 6r ehvaMicdls.t Pu@ce@mg may wakide .mpumg and/qrfeactionally

one or nore contactin h the crude f
dlstdhp@ﬂmcéuqc mpduet er&EF 8@8@ pIg H‘}t&? profuge gne orp 1de distillate

fracg% o}ﬂ) et"@ﬁ I({nlng%‘(g Othe Eﬁggl Gratiet, ipctlended prf)dlict and/or the one or

tion of the hydrogen
mo&%iﬁﬂﬁt@ﬁﬁﬂtﬁhsiﬂ@he&nﬁrcﬁrea@ds counter to the fl ow of

t h de 15 feed 0 o,
S P ASURBRH CEARY SR s
at mo 568daVitl ok 308 ¥iSthé TAN.Bf BeRhltfbaly Ih@ﬂﬁlehﬁiﬂaoﬂﬂncrﬁs, crude
SF of stream The feed stream fl ows fron]_S ct fih
produméla:iﬁ)zm icorange of hef0%e 28-7004, 30-60%; es40- (g% gtae "g%ﬁ of the
feed f f
CN&%%FQ.?EI} Fﬂ{ e Ti Eoﬂ{% n?d%%r@%drt] Zlgs %L ggﬁq didt rh@st l at most

0. S,L%%Xnéﬁel?,u dﬁm@ﬁ&) %fat FASE0.¢ pdredt yeiss 0.0As Tﬁﬂbmﬂthmm%o)roduct will
e streamexits con act Vi
frequentiybe a’tllpsst&pﬂﬁ()é gy BoredReEenting ?&%5@141% ¢ ﬁi‘“‘%m%‘ﬂ“en‘s
t t@ 0126 040.95 to 0.1.

TAN of e e prddife mEf b %%Sﬁ%b?é’rﬁgé’?"m?oﬂé’“’mm%he °
feem eﬁﬁﬂ@aﬁbdmmme the kiaietpeating his tw@a? Nife content of at most
cat al yst in co ctin 114

90%&@1{151@8%23 at @Psh ]tr(l_)r,@ og'f §“%.r Orgf most $ﬂdéf;{[‘l? ﬁﬁﬂ}r{rﬁg 61&911t of the

cruﬁ%{ Eete ﬂ@rﬁ%&m i QBfie LhtbodRERY, heOA t(ﬂﬂtNM‘g/FEGuoﬁtent ina

separation zone 108 via conduit

rangbef !:480%3 1pr1086,20-60%/ a3 0y302%siof thedN Y Fecorteat gﬁﬂqercg}ﬁe feed. In
certgagr;,]e %Igflo bt O%Wqug'%g%t e éep ér%g)u&t c d%é}r%dﬁ& RAab N@N /Fe

matic o

cozﬁém?ﬁih%%e Rima xsﬁph s @6 Sé;OI(ES gt@m&,rmﬂﬂagrams to2x 10 grams,
contacti ng syste The di sadvant aged, cru gel t her, 5
ort ﬂrlﬁ crams tont mdﬁrep am:m]elr@rtam embodiments, the crude h satmost 2 x 10
grams of Ni/V/Fe. In some embodiments, the total Ni/V/Fe content of the crude product is
70-130%, 80-120%, or 90-110% of the Ni/V/Fe content of the crude feed.

In some embodiments, the crude product has a total content of metals in metal salts

of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total

content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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30 separation zone 120 via conduit 122. In separation

at least a portion- of the disadvan 042338
w%?&g/e L5 separat ed using techni ques knovvn in {PEQ‘?[%Z?(MI

e o Sl bR B SR e of
1-8042185709036. Qfke Ar 30265 P ! bA tamaﬁratpetagd Q4B LAIR of organic
vantaged cru I'n"anot her exanpl e conponent s

acldstbiirrfthe br?gg f%db @righmig at:ﬂz geat gemd(r)%llg?fghgggemﬁahmﬁﬁud‘é but are not
el ow e at

Cesb By e A ol wisaigesy SRITGRRY 15)0% 39S malfenstes, Sxamples of
cmb&r%ﬂgxﬁems&é Bl T’ﬁgnﬁf’hﬁﬁ@&jﬂf ﬁﬁéﬂiﬁeﬁé H48s Zﬁe&amtxene%ﬁs and

ment s st a portror of naphth
benzoizrgeli riits: memkbpartiba of the métalsalis playlisclodealkale patals €adr example,

from.the di,sadvant crude I n s enmbadi nent s at
lithiyr RO 561 PP IR Al line g F ARl mag v, caliu,
and ﬁ&ﬁﬂ)atbmﬁl@pﬁﬁ.eéa?@( &a&@t@' %ﬂc a&a %adBinkie certuﬂ@ 15 aRthls (for

obt ai'hed from separation zone 120, in sone

exanq:rib atgeniel Cojurm 6imetals (fon emmple,r @rmwﬂpbmm@s\ﬁhwfa

00k L AU GBIl A Mo e

sattsloeaﬁganib?a%cﬁ p&@ﬁﬁ&if'cﬁldetﬂi‘@hﬁ:ﬁﬂﬂ&@i@é froah octmoneeugrams to

i ncludes a m xture of conponents with a boiling.range

0.00005sgrams, frors 9. 0R00RR2 gramsgo 0100062 grams; gr from ©:009(J01 grams to
0-
0004000 Ffls hERShL SRTF e Tlics s PG LOBEpRIALE

somelé}ﬁbcﬁcﬁﬁaentsf otota xanehtof mbtalsam pdegal tsaibgof arga:ms acids Bf 1B8.crude

1-3) 126 ther roces, Q for
produsthatySothubd-1 20t ceghd 1B o sbeE Rl n pi sals of
orgaﬂlgqcﬁgynﬁlecmﬁlfgé(pned upstream aor downstream of a

desalting unit. After processing, the crude product
exIn certergnaladimgiis y A Pegnatidp of the coustequpduct priiucadsfipm contact of

the FRREE Wik RaisEh et et Py, 1p PPk et 0%

or 100eER% bPihe @mf%hﬁty &fthe efydd Fedd! 08 ¢EitaiiRMbRLInc @MY AR Gravity of
with a crude havi ngéa different viscosity thereby

the crudgpreduetisifrora 18t40h dedlppotfié-. having a viscosity

th t b o
the VI SCOo &Igwf“ﬁtphe gﬁ’u%gz’%c?ﬁﬁp%ar? E{jﬁS&IS gg%@g&%@%gmom
80%,0::?:? st rgm;a;w ﬂm%s&tggﬁa{oﬁﬂxéeﬂudu ﬁeb((ij chﬂdmermbcrtgmartﬁft#e crude
that is, differen [ uc uc a
prodigibaga YisRosityAR arangsql il @%0 B ox 3¢t &&ﬁﬁe"ﬁw&ﬁ
crud@fd! Bfsdhd'dfbo ng 1 #Rdedof ngp&tttﬁe craY Ft?du%‘c'ista@mo%t é@% of the

transportation an ot Ut reat own 1 n
viscasity oétheairmledivbd dihite thtesA PLgradity bﬁﬁd cardemrsdlwd)lﬁ 31}130?@ 80-

0 a cqndui.t 104, a at least a portion of

120/5 b@%@fﬁf@a@%ﬁq@%ﬁwg dhg system 100 via
Copdidirde chabdfmEnts, Sthé B8 gﬂfd%et Mgtaqotat BaGdAfhrAPEt B OF at most
In blending zone 130, at least a 25 portion of the

90% cat st ’p@%datanostsw%; b st hf tedotel hetereatopissatamt of the

crud b oSl RBts B ik OraAREPa ot Lo BeptlodS conent o
at ledsCPAS At ledst SOUM B ledst Y 6r htdlBskt 99% dTitNd tbid hetdhitedk cottent of

produce a bl ended product The
the crude feed.

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

certain embodiments, the crude product has a sulfur content of at least 1%, at least 30%, at
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process streans, crude feed, crude, or m xtures

thereof are introduced directly into blendin
wqws‘@f”%stream of such bl endi ng zone via con%ﬁb?g%&u”s

A m xing system 30 nay be |located in or near bl ending
least 884e o1 80ieast ARYanfdheisuliyscodiest ofthy crndetfeqsk dusome embodiments,

the SR alcHF bt BB ST AR B0l 801 EA0shS0: S| g of the sulfur
contdnb of thderudeutbedare not limted to, a range of or a limt
of . APl gravity, TAN, viscosity, or conbinations

t higrsepte emhpdithenin delal pitivger cortrrtiof thy wnde Prgduesipay boat most

0%y st ML 0100, AR BRI
feed. dinsaestandnaigeliimentsithe eride psoduephisad ol nittgen takeht oy Gast 1%,
at oo S MhcA C P oct IaB 080! st 1PAL RiTOBFR GRSt PRI T e feed.
i S SR IR LA R YW
95%,qit mpﬁ@%a@enb% 6 0teatcmpst Kéfharat most 526 of thedsicimtrogen content
ot o SR e i, S SR B 0, L, e prodcl
of at e36t 190] A WhRt TPH e dasl 8B, & £196asPOP%T heXdsRARoSH dkent of

crudes enter blending zone 130 directly or via
the cwdadeed: 132 and are conbined with the crude product to

fgarm.a bl ended r,oduct .. The bl ed product. exits

o 2B e et o A5l e TS Py Be BECe B2 b8 at most
90%, et B054] & mdsh80%| stdRo§I10M G aBMB5ITY bithelx9BeleEontent of the

product are 10 transported to a refinery and/or a

crude fegdyt Insertainganhqdimentsthe eradg prosustibrstanixygen corfent of at least
1%, SRAERORM,, 'i%gt"’ﬁy% 'Bbat G OF ﬁf‘egopné@?xg{xflg%iﬁﬁg él'fe’ crudefeed. In

commer ci al “products such as tran
somefegdtiodimgerits) ¢he oxygbn bomnhisof the crulle prciabisis ilPs eags Tiony 148095, 10-

709 B S B O S ST S e Bt en
the tofRcBnidhSdf clafb%k?ltic g&g:&&ﬁ%ﬁﬁndé o éﬁ@%dgﬁfg@%ﬂtﬁﬂ% Be afl6st 90%,

crude product, "th ended product, o one or
at mogis5 (¥, ad nafist 16%6] aitmost S of brconteyt dfshtyatbotylisaciaticompounds in

i ts, t.he crude oduct - has AN of ' a .
the cxFeelo B Sl blpodigEnt HE SrRlCP i 1T Rushtnéin Bl pporvic
acid dofrpondds offat 1ast D6 Ustdedse 80046, hiless BBV 6PATEALIIR, ofGhd ERal
product has a TAN in a range of 1-80% 20-70% 30-60%

 contepof gatbonykiepcid Rempapndstin thcrude feed. feed. In certain

CHESPER e, S BB P Bl
crudedeedatinosie ethbodimehtd) cafbolhlic stidomdpsranietsltsaltk bf carboxylic acids

frequently be east 0.0001, and, ,nore frequently, at
may hechemicylly .“CFi%ﬁ“‘&hﬁ%@ﬁélﬂc@?{amwwmﬁ%‘%%%I‘%}npound&

e I o e
CarbaR5 6 Uit SRy adieckfindy o tHENE Blnle ¥y bth outporiod i b Brude
produptrmaly be diffeserdiatedtthouigh bih#lgsis ofitheriudefpraductosing gefdmliypknown
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chmlﬂﬁ[@ql@)_ in some enbodi ments, has a total NN Fe
en

cont in a
The crude product, in certain embodiments, has an oxygen content of at most 90%,

at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of
the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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has a viscosi'ty of at nost nost 80% or at

0.100¥Pa 20déonft It:ase 004 goming qfk»fdrombansw& 4 beiling rangs ligiribution
en hy roduct has a viscosity in a
bewegﬁagbgﬁqaf'g-@é%% %8@8‘9’{9% 30-40% of the viscosity of

t hen some embodiments, the crude product may have at least 0.001 grams, or at least

0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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ed.
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in e crul EodBiPh SRR D 450 RS ViSRS FOEERRENS S feytfile fEeihy For
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e oxygen cohtent of the crude feed. In
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feed. In certain enbodi nents, the crude product has a
be ingt range BnrehP9%4, 1@-&0&)’@)@;7120—(80% of 8. In some embodiments, a ratio of

MCR content of the crude product to Cs asphaltenes content is in a range from 1.0-3.0,
1.2-2.0, or 1.3-1.9.

In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the crude feed. In some
embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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.Wihin_ 10-30% of 15.the.crude feed atgmc H C rat.
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that i's produted in situ. The rude product
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| . dj t t dugt .i )
be g0 S bientls Werisab prbanAnN S EHAaRE Sules, Pe
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boi i ng range distribution of at .
more bulk metals and/or one or more metals on a support. The metals may be in elemental

form ot in the form of a compound of the metal. The catalysts described herein may be

introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed containing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described

herein may or may not be commercial catalysts. Examples of commercial catalysts that
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e crude
Column 6 metal to Columns 7-10 metal may be in a range from 0.1-20, 1-10, or 2-5. In

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

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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feed while the MCR content of the crude product |s

wi thin 10-30% of the MCR content of the crude feed.
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temperature in a range from 800 1200 °C or 900-1100 °C) to form the support having an

average pore diameter of at least 150 A.

In certain embodiments, the support includes gamma alumina, theta alumina, delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations therof, per gram of catalyst support, may beina

range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as
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Ex&ﬂﬁlgg fong%é%ﬁn oR GIHE ﬁélﬁﬂe £ $RPAAA coiiponenty| ikl errdibintinetatraacetic

taining sulfur is contacted with the
acm(EDTﬂAs,am)moﬂib,eommmnysﬂlﬂmO conbi nati on of catal ysts

5 ol el Sk S P B B9l B e

. CoRRAR N6 AR IR héa Reded siziped nnﬂuuﬁascocﬁ stppat Eoeetlayingd

used as described herein |ncI ude DS22; %%all or
Ovedaying a ggtal oncep af thefieattreaggbshap 11?1"’ WAL EERTS 7

e L

; HER3Rkfing BE4 GRapeR@afidrt et sach eyeioy of pagial dends to improve

me%%é‘%m acigtgof ths 2atalyd; SIetiors 4o Dispas & ooyt Usipg BYbrlsy methods
arez%‘gé’hbe\’i*}ﬁ Gi]frse %fa%erﬁ\@%&ﬂlﬁ%& PuEaGa Nb 2003021 i39Mab Bhanc.

ust on Xas . In some enbodi nents,
cat Ghy Soburmses10 tmathl@ gad svrpesake mixadhuith sulable midue

sarvie f96 CRURY &)1 O stk e | B8 SRRt Lo

méteﬁ% M@%ﬂﬁ@ HRure M be imixedRisiHpdanabie niixing sqmlpment Examples of
anese

technetl um rhenium iron, g¢obalt
sultaiﬂéwmnunmqtplaﬂnmfdndwﬂe ﬂn@ftlmnﬁfafw&ﬂtﬁh‘?fﬁ Py HPE%HS , R1SRtet mixers

Ryt hasstomy s S eititigh{ SpER ppbhntfety Aol hy Wiy ONGRally
knﬁﬂﬁhﬁﬂér &f @%rdll@ralﬁiovﬁx &Q&k ’GIBHWHI suitablygaetide ﬂ&o@olmnns 5-10
gr ans, %east 0401 rr% 8 % Lk
metal(s)/support mixture, In certam embo 1ments, e materials are mixed until 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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range from 0.0001-0.6 grans, 0.005-0.3 grans,
0.001-0.1 grans, or 0.01-0.08 granms. In 15 sone
WORBHPGRH s, the catal yst includes Colum 15 PCT/US2004/042338

‘element(s) in addition to the Colums 5-10 netal (s).
Exanpbes efbodialents) ﬂib&aﬁlﬁmmyﬂaelheai wemaihah@pmseme ofthet air

ands cat al yst . may have a tot al Colu i@g% 88@5@8
3 pxgseamcbfaucaéﬁémﬁﬁmﬁ%m g ee F'WFF’@) t0 remove
vola%i%l%%?er% %ﬁx%at%&@ a Yot ofthd @9@%11% 5070 Ware%bn}rerted to the

ncertalne iments, a cata
neipbhdﬂlgm&‘ﬂldxmb 6 nmetal (s). The cat alyst my 20 have

P o1e BHHET Bbadinegiss RoBe B0 Gtalyt Ay be hel spalsdla the presence of
air ag'i%%e{atgfeg ln‘?é‘ﬁn QﬁQ)%l 9556@ °@"(Pdr%5(amﬁleabéléﬂr%0f ) Below 400 °C

g ane grans, O, 1 grans,
or belowos1°Q) fQSa gemauubof tlme Emrmngcrﬁom 3 ﬁ!pgrs to m@m@m ampgority of

the i popertiy b tontsrtte s TR oo B oxice

catﬂﬁﬁag%?hea By shdes meflod e ddnepdlR Teftirfed)to b “@sbdidinedl? chifalysts.

25 netal (s). I n sone enbaodi rrents t he
Wheneaialysts anermmmbnéh@mmam eombinatiopwithe sulfiding method, the

actn?e %ta? ﬁgﬁe sub; %P%i)géﬁér%e@rﬂl%é %f}é @%oﬁ? of EEH’ catalysts
are fgztAbed @Y. BEPAtentANds2624 838910 GabridOy etlal] Bnd 6)290;841 1é\Gabriclov
molar ratio of Columm 6 netal to Columms 7-10 net al

ea]may be in a range fromO0.1-20, 1-10, or 2-5. In 30

o) a5 cEAChBERb s RS AEMRE sl dhithe BubiiRed pith Cofumns
5- 10mb‘alls(ts)fom h thedmﬁunnnmmppomﬁcdﬂlmni §-3 thn@dale mistube. alg theta

' alunég%gpﬁp Qé’lt e §)1 dﬁg{a[%r:]{l}ﬁlﬁ L her}%&h& %Stted %Cl u}%iagrature of at
« leas, 4’{50 T ﬂffohﬁ%é &&a t%k«mgrh pefe Bi%& aisn-mau“bﬁ evithod AHedfaal fw

inth yst may elnaranefroml
dammtequf@wiezst%m& E@mﬂm suetblersit freating is ¢ tadeat jemperatures of at
ﬁgg(gql%gs 49 WO 2005/ 063926 PCT/ US2004/ 042338 Col um 5
oS ') and Columm 10 netal (s). A nolar ratio of the
t otigkora® Ehmﬁdlil&nt‘@ﬂ@ subport (dithet ®tahmeadial supSortret abuppnrt

t he cat al may be in range from 1-10, or from
prenarﬁds@@sgﬁsé apmr)tn:»,ay e samhEsEwith aupRATiedcatgl st anor & bulk

met%l g&yﬁ? ﬁlts%?n c?nbo?ﬁmgﬁg Qfik r&}y‘ﬁ%ug?t@d cat§l {rfcldd%_é&ﬁﬁﬁh 15

ncertarn e IITEHS
mem@alr()sexmplea flsosuipported catalyitiand oo ltlwivulliﬁae&tl entaiytst sy be

eruiT i R BODRE R 10 SR BOR R eiE Sofh | AP LR 1 misfbns, o 5
( I b
4 N S 0 5 S

catabasti Il sbmleaﬂmdn(lcn)ts, theTpewdarppayr be coaybites with Shessuppart sag then

tr o d % sk efd%@&papé@?e)é |6$I ?%%Fq{glyﬁtgﬁgrn%%g%ogsﬁzze distribution with a

medFﬁfﬁ(ﬁ‘gHﬁfrhétéi”fﬁ Q%fng@%rh 8gloade 0@0-196 ﬁ 801201930 !Am ted
alumna, silica, silica-alumna, titani um oxi de,

ZI IC’cmilhlmng the Qﬂ@,lysmygﬂ)e@m gupporkallbavs, Brsomeanypasiments, at least a

Fher fq.lg @gg) rgélﬁg unn@é tﬁee su?‘Patcg of ﬁ% efn{beggle%l 1%8{‘1"8£t&ty§‘n! (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

by allowing at least 2 portion of the metal to move to the surface of the catalyst during use.
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such as Criterion Catal ysts and Technol ogi es LP
(Houston, Texas, U. S. A ). Porous carbon base
WO00%PG3326s | ncl ude, but are not linited to, ?FF\';’J{SEWMMZ?’%

carbon and/ or porous graphite. Exanples of zeoI ites
The lﬂfgﬁ ;gﬁ 9 MGvEa8 thd REfacdof the zanalyst dnouginardsion vfthesutfaeeef, the

zeolites, 15 and ferrie 'IIQS zeolites. Zeolites
catalynteduring cobteat efcthe patalystwith ﬁﬁé‘i d.nanuf act urer such

Ti@g@%@ﬁﬁf d/SIVI%L)L‘H%% of %Qﬁm@ﬁ% ¥f #Raflystd chafiges) in some

nts,!1s;prepared suc
embodints, @ Suppesd olesofihe Caltenma §engiairin th Golume 6 oxide erystal

S |
e s s O e e 5 g sl of e
embeécf?d agné Sf!f%?HPthG TEmA’e thi8] HEPBe Géterined uging paﬁfder X-

enbodi nments, an acid is added to the paste {
ray difdtioh nhethedst Thsionderoff eteengal suesal imles cajlyst relafive to the order

B e
Colurﬂx?%'rﬁ&gl ;fe%ik N ﬁﬂwmfﬁ&m Pociifm o€ ColnenEiidbtet the order

mted nitric acid, acetic

of thesDb}funini cmatal ue;akananm;mav diffitastion spestrym of e ?ﬂ&%ﬁf@ H9™Mp e

extrud dcut usj n tan wo
broadgging ga 8ﬁ I?’?gt&g%a%%) %[t%éil ysSt cuia??;%&hn%%%lxsm 0
d:ff:af:ﬁ&;{%p%&&ﬁﬁhd atiepossibietostifmatothesthepohiven b eztal(s) reasubgtantially
at a teg)erature in a range from5-260 C or from
rando@tly 28#era@l inghe arystel P time. (for exanple, for 0.5-8

ggﬁr %%%P@%/h%rgl)}’é%ﬁdrﬁ Rxgcﬁ%&g ééxz&l frl'lg 311.?8\% l@ﬁBpo@tf haiviifz a median pore

reac The heat
diamétEeat £ teask1 80Ul ahasy epgontlsinédriot foem ahelminaimalBeeapmyrioxide

s 5 s i a8 .
and/ 0? F&? it Ol'lﬁﬁll 6 tﬂbﬁdé ﬁlkﬁk@mﬁﬁb@ ﬁbm&d ata

rt |nc udes ganma al um pa, theta alumn
tempd'ahitaof atl least 638 “@Q N ‘E) torpregducea c@glm thajdogpaot exhlblt a

pattegq ]rﬁgl%gﬂf e aHmu %B\%’i’gﬁat Eﬁéct%%}elr ?c @gram 0 pWabsence -

o2 L) support may be in a range fromO 0001-0. 99
of th Imrr@ 8 001-0.5 grans,

g rhmsmym@@lmt&@@@lmﬁls bpé??t@%é‘g%%/ W?ll%%t i@, Vatious
pore § %\_':}'ﬁ IQIS )fnc'i@&é ﬂbtf drk ?lﬁf lifRed }d) poRBaRER Poreilame,

er alone or 1A° conbination with

surfald AYess, fﬁ)@ &a&m&na&mmaf "Bhé malasmmava aglistribution efcdptal
ram of support, in . a rang r

quangtysnfwoge @ZWIS% Pors & a@e@“geﬁfﬁ‘s BSIEeed??ﬁl%‘S%%me pore size

dlsmﬁg@&%%lvg b&@ﬁﬁ fﬁémpo 908 A¢ rs’ecworn% Br 60- Idmafxsupmm

rans, l'east 0.3 5 grans,
embdd@@siis Oca't'algsrtﬁﬂ‘ﬁt 1mh1dalat leestd) 5 gm&lsg:rfmmn@ﬁ alpmanagper gram of

I d b di f .
catal%g grﬂnmn g ggreé'é&eéf.l ne é’l Dﬁ?cﬁ%'éP ' dﬂéﬁeﬁ%ﬂ gg Tange 1From 60-200
A; ok Twy ¢86-ahy R oPf @@-@3 Q'ﬂ O othét@Ritioditfents, Euﬁmstse{hanhclude at

St prepdrations are described in U S ﬂtg th
least BOiSgrafiis 2F $hedB@lumiima pwkgare lof gatalystihave agpoposizg @ftq tion with a

med 1glaggnl'ee e i raﬁge mo180:50PA226Q369 A of23250 A2 some
embodiments, the median pore diameter of the pore size distribution is at Jeast 120 A, at
Jeast 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at Jeast 300 A.
Such median pore diameters are typically at most 1000 A.
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10 Patent Application Publication No. 20030111391 to
Bhan Ln sonme enbodi nents, the support nay be

I‘?‘B'?Séog?ﬁ%ed with netal to forma catalyst. %Tép§2004i042338
enbodi nents, the support is heat treated at

t élmeeaaﬂyst ﬁ&yl Havea pategsize d:sinbuﬂ@pwtthcaan@amg@re Hhgoetey of at

e ko Sk s AR D e e
with @&%ﬁﬁhi&t lia aeteg g]ﬁ{g@gabﬁlasm-lﬁo WmmhmAQBr 120-130 A, with at
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least 60%\oif artetd] amnbelteeﬁppmaetheqmram d(SE[lim)ﬂn hawme s pore giameter

"“ﬂ“ﬂﬂﬁr@ge&q@é&e&yf %ﬁgntﬁu 2 eg gﬁ'&%xgm{m%@%%ﬁéﬂts the

cataly%t ﬂQs d’?&r@'sfz%)mitﬁbﬁtﬁﬂwﬁ]ﬁ 8 aleRthnR® ARniBtot titl b @M gef from 70-180 A,

overl ayi ng?) Over | aying, a netal on top of
with atﬂeash 6&% afradtatab gushennfpomsip e pqrawﬁ @@@m@msaa pgre

o SREITAL A8 AR ARG Aot T of e

C ghahibodiméiain Whi@ﬁ&}ie”lﬁe(ﬁﬁn ﬁomlﬁm&eﬁ ophe pbreaiiiesdxsmhon is
tends to rove tic

iy T Sl s 0 A ot o

I b
S D TR0 R 5 i
pore Bianster Thesdioe umbsdifei, teteatalys) harwipers sizedistribytidsewith a

medigh PR e ﬁ%ﬁﬁé&%ﬁéﬁ%&&f FRAGTE oer-1 ] £ i ot eas

60% §f&9> %%S&%E&% Hie’%%ércﬁs@i%ﬁu@&hmlﬁgﬂ b difimeter within
sul table m xing equi p Exanpl es of suitable

SOAJﬁodngrﬁﬂq qfrthmmedlantpumsimmnfbr ers, stationary shells

dRePRE oLy o ogggrses?ﬁ%%aaﬁ 1e8360 8 Ba P8t Rbst 0.7

3
e /S8R NSst §.9 ey Eaneit@ih entHodBREeE, oy v&flﬁﬂwrbf gesdsaray range from
?at WI|| swtap rowdethe Col ums 5-10 30

0.3- Oﬁ@t@n(g.)()/%o;ﬁp@nt/g,mrﬂeﬁﬁacm f@certain enbodi ments, the = °
]
o 9o Ryl s 18 trhBon SIS Bl cr fnarange
from SOMBOrA malyl;llrﬁsmlm anﬁmﬂﬂnaﬁn,tlm,ve arsarfam arbayef atileash &8 m™/g, at
d {t 00-74
s T T e A Ot o SREAG e

bemtahrﬁn ng&. JO@%O%@?Q%%@%@ H@U%@%/ &42B380 thiyg.

ments, the catal yst may be heat treated in
t Ha cpﬂmmmdmdmﬁeﬂtaﬁhacatalamamgcﬂ@cge mize idigtribytiongyitiya median

t t 400
pore GRS g 1R300 AR B a0l e
least 96 £ 14t YOOR2/3; diQed¥P1 20 &R 61 ﬁQéﬁéEBV@ﬂﬁgO Sudh surface area
correspondlng net al ,0Xi de.

may bamsvengs tioe 6ne8) vk Hr8e e tH 00000 dE o N30S0 m

S350 St p IBSHERAGED Hi A 5B s

cylinfdérh O dRR @ xfphddtes. mdasatalm tﬁﬁcaﬂlms iarflat ptaamgnasﬁ stoangth B a
hours to renove

the vol a
rangarlrom s SO (0P O BmoR0rQ Nicim o TS0 Nrg, g T80 e,
neﬁl% mee 'n%eodlments the catalyst and/or the catalyst precursor is sulfided to form

metal sulfides (prior to use) using techniques known in the art (for example, ACTICAT™

process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with

a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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Catal ysts prepared by such a nethod are generally

referred to as "uncal ci ned" catal ysts. 10 Wen
warzabyeass2ear e prepared in this manner in combi nBET/A§2004/042338
with a sulfiding nethod, the active netals may be

citheP§dsapis 18)drdpetll siRdeSAdhd Prebeie SERPARGEen, OF Hgaidaphagnsulfurizing
of such catalysts are' described in U S. Patent Nos. .
aggnis 5a¢lgaaorEandGulfnt eqrapovads fincluding allylutidespokysnifides, thiols, and

s 3B BB b SRR 10 R 68372 o
SeuBiaak st 410 2h@ 5/H88[7B6 1@ Sedtiarseals uppor t/ Col urms  5- 10
metals m xture. The theta alum na sypport/ Col

5- . 14p oeeteisy esnbadiments, a5t Bpe RE Tt SRR cafplyst™) theludes Columns
. t t . . .
T
pailé divmietsr inh radgel oAl 50200, Thefirshbatylystanehhineat surface area of at

e T a5 B e P e o

caﬁﬁéﬁgﬁ]@' I%Il;rg:/ §L¢gﬂﬂ&& n%llﬁ{l]xg% %ﬁt&%@ bt at 1P4s£ D3 SHmI of ?ﬁﬁﬁfa' Agdina, and

a supported catal'yst
typicallypat raodi 1. 9999rgramak of garaing etuming, peo grane nHhBtst aatalyst. The first

ted catal ' 15
Ry P I S4B caDafipieats. ALt LGOS hRfelie) pep gram of
casalltﬁst,hﬁlal&aﬁ@t RmTAOGT 115 10. TEdmRE The T hathlyshistapalle vl ffmoving a

.th an average particle size from 1-50 m crons, 2-45
partien ofithe NifV/5e fmmi @ crude e remidng a marionaffhgeomponents that

C ' | S 0 t .
oA St BB bl o BB PR sl rom
crado ek d.aemoiing dt hastsapaton ofithe rhétels in eectal saledofirmgamic acids in the .

stapdard techni ques to forma catal yst having ore
cryde feed,; orcpmbinatigns thereefo Othes @F%H’?%r@or&xamree P'ﬁf'ﬁ cgntent, VGO

coége%g?%lff %ﬁiﬁg i boRfend Ot %&Qﬁﬁaﬁeﬁs ﬂa%&bi)l?n@%fexhibiﬁ relatively

catalyst with the support dllows, in
snsadhehangdsodhansthe srudatfeddeia sontacted vithahe fiost catalysh eBeing able to

o.reside under the surface of ,the edded net al —_
selikfly S dropeay AT R A Y HEnB g e properties in
rel 2898l 3ehaliArRiSs B} allow thd iRdS el 86 Be ifdddlefRidnty treated. In some
ot herwi se occur in the unenbedded netal catalyst. In

embhodimentiomierns more finsteatalystsanay berbsed|in Ry oIS ur f ace of

t he cat glyst .exten he || ¢ ' .
ot 1R B EANS, e Secod BrBld claSft S dhitatalyst”) includes
Célatnk 601 0ahedalls) idRbAIbidionth 4 Suppbst, ad KB aeponé sizédistribution with
cat al yst during use. 52 WO 2805/ OG%\Z}S o
2 pedianBorsoliamatening range o Yl A tad §0 fo At leastiolgo of fhp tetal number

' i ' fo @bhumkle® within 45
of Jopds 1 ARl Bk LMOUAR I Lot I8 12 hEe Eaunkhf within
A bé it médisreparaldidrheter. aDalitant ofitbe argdeofeed méthatberpeoed catalyist under
t catal ysts changes, in sone nbodi ts, the .
sulhle G UREAREHQBEIAg TP OBIE et ognekthit s SOtk ppogerties
&eg' |sighi ! QeRti$eR5ihE Rhh8 btopeftRR & Me crude feed
(for g‘r%pgefr’ 5]%o usﬁ%ug& me ac[hd | etdt he cr ystal st ?u%bteur e of © i
whileeothenirepkities aratoalystangdhey @suiell agfounh eA Gytiwgen gource, in some
emq;aotd%;aerﬁgymgyebedgrtegegnr’pdﬁrelgg Ec?ﬁté]&in%?‘m er x
The second catalyst may reduce at least a portion of the components that contribute
to the TAN of the crude feed, at least a portion of the components that contribute to
relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude

product. Additionally, contact of crude feeds with the second catalyst may produce a

el
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ray diffraction nethods. The order of elenental netal

in the catalyst relative to the order of el enental
wOBd0slosione t he netal oxi de may be determ ned by PCT/US2004/042338

conparl ng the order of the Colum 6 netal peak in an

f f i
crude frndics it 4 STAvel) SRRCUHRHEL B tnb Q@rﬁ% HfERe feltiveds utfur
conteﬂﬂ éfftha afuglerfeeao Qi’h]ttr I‘euﬁ?tp]fe ﬂ:bennhtmb@u.:m gmawrhtm alﬁﬂm% of
/ or _absence o er o ed, W
70%- K34l the stk oot ot de R SR ETproRycY e Hisochibi
relahi%% %{ngir%tecil'ng%eg $h bidRh tistiliate Egﬁkn% WG ebi ﬁnd‘?é%iﬂlué gdntefitrelative to

rﬂy or der ed |n e crystal
the cité fekdur e. For exanpl e, nol ybdenumtr| oxi de and the

o R e e e T o8y B oghvdl 0B e v

%dg@g@t AN, déphahBries kostentyor
(fore? XT g’éﬁﬁas a ntlsdttg)f%lgtﬁ‘t,eelrn for exanp E&f f| nit
conteaoofnnmmn ractal/ selts DD@Bapic akidy. A relasivaly gk AABLTaRF3Ple,

TAN%)&'Iagfl a5 giﬁ(ltgygée%éer be h;a srdefeed ﬁ%?%%ﬁ%g@for%a? aﬁfgﬁﬁﬁtaﬂﬂl%r
reﬁnﬂge% Gha A fgQ(!l trade I@ﬁ!ht Hreltifvely litgh ¥h dqrhaltemhscmnwat ingy exhibit

x-ray di

raction spectrum (for exa
less sBbilty mwsmr@)auwgﬁog b uTaRBt vely 1o g aptattencs

contfF GER GBLIAF L0 150 Al BRS-GBS maapht il
compREfts @haie U5 hsphaliertes\¢ohttivating mJTAN:ﬂomrthasrudg feed. In some
conbi nati ons ther eof The c

eribodmeRASRHPRST GsaPEH AR PEIDORBH S O DB o AN may
redudhg vgégs‘gﬁé e the crlpg fééﬂﬂb%g RAGE Hixaire rslatief totthe vizessity of the

Size utlon may In a range from 30-1000 A,

" crudéfeedNin éertaiii efibodifints, ohnorswots comertions of secod caiplygtsgnay

ennasaby o Ryaun S AT SR T Ay FufSeEE, dow

. . i m
.mlm.ﬁ’gfjii%&gl_y?%&%A b%}@ bg khe Gude fe%ﬂ,g:ﬁ' dohibinAdn Greof; when 184 to

120-130 A I n other enbodi nents,
treatcmthlfy&iwddsaubﬂdrhﬁrQMe at | east O 1 grans of theta

I ' f cat
ci B v e R X 5 oo L cobY R (AR cltal)s? may Tange "
by ccﬁxﬁ@i&ﬁrﬂg@snﬁ@@rtknﬂﬁ@@hﬁﬁfb ﬁetad)(ts) ﬂiﬁﬁom alcatalyst poeayrsor.

enbodi ment's, the nedi an pore rrete 0 oreg{%lze
catalpistarequssarieay b%heatedl 18 g PWC?\O gje of ’B&Eﬂtsuﬁb g

comy ea%iatlg Prder re U ﬁ%&g@&%ff r%&arhﬁl%sﬁelgﬁaﬁﬂ"@tfoﬂ ERbtively

di an pore di aneters
shorgséi‘uii)tmtﬁﬂé toyfoﬂh tlmstcalbﬁk&ﬂ t!zmd E&alw Jigadlyadeatalyst precursor

is heaﬁegitq? g%@gﬁ@%% fﬂr he C ?ﬁga,x Iglgémae\é/l 5, ﬁ:reqﬂ{r& cdia t may, per
gramGQiE é%tﬁg?ta}%a‘)e%a@&u&g 14 elérﬁerﬁ QBBteAIRMaiR from 0.061-0. 03 grams

as a pore size distribution wth_a ne h
0.00pOxg2 ghamsemeﬁ 00&0&1@&9@ TheothirdGatedyst may sabibatprigniliggnt activity

and L Whe g e SRR S G er PR flesl By Qhmbodiments

the AtME g?ercuﬁsoi‘\’istﬁéhﬁd%teﬁlpe%ur‘és below2 5002 ®fn thh reventieauf one or
pore diameter. In certain enbodinents, the
more sulfur compounds.

‘The third catalyst may reduce at least a pdrtion of the components that contribute to
the TAN of the crude feed, reduce at least a portion of the metals in metal salts of organic
acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude

product. Additionally, contact of crude feeds with the third catalyst may produce a crude
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catal yst has a pore size distribution with a nedian

pore dianmeter in a range from70-180 A, with at
W66t ot al nunmber of pores in the pore si ZECT)US%EIO“”S

di stribution having a pore diameter within 45 A 35
prodfiet \Qi’ch 8 &Iéhﬁély binall ehdligarin frersalfir eondengrrelative torthe gilfumspgtent of

the st P ed BTSNy e S BoBE Wle JBODS R feed, For

| P
exar%tgp égg "}ﬁ{i gﬁ:n%ct ‘%gﬁm / e% SRS 70%4-286% oFuesilfuetontent of

e por stribution have a pore

the (hafetdr Thé tiude pﬁﬂiuéd; produckd usingdbe tivg catadustm glsp exhibit
pore diangeter. orre e nt
reliohesrmply hengsi i1 BEL SN BRLEE Py GO Bt g A
& '?ﬁﬂ ﬁrﬁﬁnﬁal \im fretal salt
cont@]gt rg%s? H@gl%)}%% %9‘?0?%? nurrbggedgfcepocr es int he S .
of ofaiiic salts tthe Ni/M/Bn cdﬁ@ntr@dath@m‘a‘@o&ﬂﬁyaﬂféh% productghilapiso only

A, 70 A O 90 A
charging el aBt B A ey BLou e SotleAERIRD ooy, and resdue
contBnts & 5Veto tﬁé cﬁﬂ@%ec? iy aflo@the amdaprdcmsto 12 1@ed bp Agariety of

n certain enbodi pore vol une of pores-may range
treaifmantrfacﬂltibso 99 an/g 0.4-0.8 cn?/g, or 0.5-0.7 cnB/g.

E‘th ﬁftugﬁ) ¥%a|arpg ?(%ﬁ)@ ?Bﬁ&ﬁlrl%lﬁégmg& Z%fdfcp i lieQﬁ a‘foﬁﬂb@of the MCR

confeBdof thé'chdsTecdybdsle Iﬁﬁiﬁﬁmﬂp&t&d@fﬁdﬁéﬁbﬁOdu@atabﬂlmt In certain

| east 100 n?/ at Ieatlomz/ at. l.east 170
crnbehments theotbordgatagyst g dve § ofERs § ek SApPatia R om

0.0003%. 128%1:&% P%O%ad‘ﬁf g%h%"%ﬂ@@?ﬁ@%l@éﬁs k@8 CORENARH gretal(s)

In certain enbodi nents,
conﬁchﬁn@ﬁiaﬂg@/ﬁbni‘(aomﬂgo.ﬂﬂgm onz)é-(uo&sgrammr @R0 lmﬂtQ% ggams per

ma%'@:‘tglyg Of SoEEh Skt 10 p AT R0 B ot et

tg% gbﬁgﬁﬁerﬁg%aﬂ%rﬂmbﬁé td PECR: il cﬁﬂie@eecbat temperamres ina

Such surface area _nay be r ,
ranéerfmmﬁOO&@O °@¢1g3509¢ﬁ(}2‘%§ban¢z7rgssuaﬂ@0n 27@1&?&‘&‘1%0]1’ ?@Rﬁ’a, 1-8
120- 2€ In certain enbodi nents, the catal yst
MPgar 2 shaped forms, for exanple, pellets,

ﬁy |Ih'%€1$|£titenﬂfbﬂltilﬁént§>ﬁ fﬁuﬁ?tﬁ& %ﬁhmﬁa(‘ﬁbw catghpsteinshades

as a a ate Crus SUr I a ran

ColBOnSa0eRI(ENp OO & M AT PR OB gyt bas 2
2 by St

porfigé Airfitbiol i o ?h[% RABafeRPer Bk 180 e 103baky S

ursor I's sulfided to form
embRiraents; thé nﬂﬁ&n(pm dianeter of the fouith gamb@hmam best lkag a0 A, at

leaslp 23&2‘: gt[a ],re'ésﬂ f5(()) rA’reﬂéa eaﬁtﬁoggie %@& %%{uﬁgg least 0.1 grams,
at 1%5%1‘ @5 gfzg[ﬁ% Y1d3€t 6’% gﬁagxb& Pﬁ& lesHb o Hags oNHeﬁ{ dlatinagjey gram of

na Ided in situ by contact of the
suppaxt.al s founiht datalystmnaydac]péadn sorae embetligagats, at most 0.1 grams of

con eS8 S sS SBSAR S ST bbb Tk

per%?ﬁﬁ?ef‘éatgyglr g @Rriginl chilfdirhdhtd, e C6lREANE Mebdl 1sh\xai\ad!gﬂn
I qui

phase sul furizing agents such, as

or garsose! drabodimepts, thd srude rf@qdmazhbe eonigeted, pith gagdditional catalyst

s B35t S R Bl gty o o oo

of thPfolioWifhS.8he figstichtalyst, the second catalyst, the third catalyst, the ﬁﬁh catalyst,

the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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Seamans et al., and 5,688,736 to Seamans et al. 5 In

certain enbodi nents, a first type of catalyst (. fi
WQ 208063226 ) i ncl udes Col umms 5-10 netal (s) i nPQ: ndsaidaioinsss

conmbi nation with a support, and has a pore si ze
d k&&&ﬁ@e&hbwmgntsb hydropet aay be gererated duting confactingofdee crude

from 150-250 A. The first catal yst.m a f.a06
feed witlethe fourth catalysisit 8 1eOPSFPIES m@%ﬁ%ﬂ%@a@ T 3FR0%C, or

58! 158 Rl phE 15¢tRgtnay hveld TAN of at
33&3&@{2’;”’7@? y ve gaerrérgaﬁa Espnc}ggé%:ont ég%{la%-f at Ieasc; y
most %%gﬁfxﬁcﬁﬁ 80%s, GEmo Sﬂ%grr?r tmostrk®% of thek A |of ghesgrude feed.

0. 9999 grams of gammma al um es, gr j [ st y
Hydregen gegeptionay fbeia f rangg i, dr074E / Py P40 b ] or 15-25

o ' 6F aveiaat t
Nms@r 'aﬁg%g%ﬂ% g%"ﬁ#s@fa? Pﬁ%ﬁogﬂgleﬂ?g%b%@gtom t oa,og.?&%’ Bimos

80%, Gf AL 707k et ioss 50%astahgst 1l 0% ocatdeast & %o of FCE?HWK& e.pontent of
paortion of the Ni/V/Fe froma crude feed, renoving a
the cryde feedn of the conponents that contribute to TAN of a

C @éitéiiﬁ %H;bogﬁﬁ@iﬁ, RGifH tyb& aséatalyqrfifth catafyst héncBides Column 6
asphaltenes froma 15 crude feed, rer%%/ﬁ%& at .| east a ize
metalf)iit cambinftiomwitinst thtte alumine sunposa he g5t s 3 popRt
.. Jn,the . crude feed,.. or_ comghi [ t d186ast 230 A, at
distripptignwith g o %lrpoé'?(gme@ecr Dgg# @g%t lgg%gﬂgﬁe/j&g %ontaéqnt , 2
least 250 A0EA¥ASE $00 136 %t L0006t Theosupportimayintiude at leastdok grams,

hi bi t | at I I ch when t d
B ey SR bR LSy e
! GeL ' ! df alph

embqﬂfﬁl?ras?, aﬁﬁ(:: %‘!‘P\éﬁgﬁ‘gﬂ? %%m&ﬂﬁﬁ Loftent Ut bRl 0derafiedf alpha

: er properties in 20 relatively
alumfElet gRRDONitalnsty Thk catalyshiackiesi & $apel empodimentss at most 0.1
ef fi

I d. ' .
gram pF GO PRI ReBE QBRI (GPhap0] ARENTRiAn G

I nC

. me %ﬁﬁ@&ca&p&. 38560 Fﬁws@inf&nsg:aieaboiam(s' metal(sylare

20

25

30

udes Columms 5-10 netal (s) in

- molybdegumand/omntungdten.a support, and has a pore size

distributian with. | - - .
Fr Brsesgnttp it ARt BGG 5) ETL: 8] oy dfatively
o o e i £ 4001
v I W t hi
whert the crisigifead i,sévpntagm e T ceLySt 82 ErRpeE P?%‘gée from
3100} . 5 356370 <E2LPhUR(33BIRTC. N hidyeh ApiaR6 by crude

p uce a cru product . hat has , 4
feed SRIsGEE eFbPARRENS, nesy be(iharrawgedqrh d - 20 /81, g X Nawseh gr 3-10

Nms;(f:n@ ) n %f@ghﬁérgr&%gg i&?}{anencgm%cg ggt:l?% i?%i‘}%gﬁ‘a&e gﬁg&ﬁ%ﬂﬁh catalyst

may BT 4 TARPY Y mde BYOL, G805t BOUE BEmOBTEO%TR af Afbst 10% of the TAN
odi ment's, may be’present during contacting. The

of the enme deciat BANSI! theagrudepiwductanay ewista rans@frpmg() b0 Q3-0.05,
conmpaonents that contribute to the TAN of the crude

or 0PL8d3. at | east a portion of the conponents that

COR LAt Embinrefils2h bixe yphbOdhalya COdithi camlystif)dneledasdeolumn
at least a portion’ of thé Ni/V/Fe content of the cr ud)g‘l

5 mapal(land Coltuah 6 imatel(s) y1 canobination with o jhieiapLERSa RIPRPT: heh®

. ,secaond_catal yst produ . 180 A. In

R aSoA P B0 A LR o

somé %t&&ﬁﬁﬁﬁgﬁleinqediaﬁp&@m&hﬁet&{vﬂpﬁfﬁ sizediatribntion mayrhe at least 220
sul tur

A, at least 230 A, at least 250 A, at least 300 A, or at most 500 A. The support may

include at least 0.1 grams, at least 0.5 grams, at least 0.8 grarns, at least 0.9 grams, or at

most 0,99 grams of theta alumina per gram of support. The catalyst may include, in some
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content of the crude feed. For exanple, the crude

roduct may have a sul fur content of 70% 130% of
E"lﬂ?qq?m@ ent of the crude feed. The crude proHGZFHE%‘“’““”’s
may al so exhibit relatively small changes in

emeclﬁiriehtsai &)tﬂ@fSan‘ﬂ(l?ﬁhtal?s)tagdtColmﬂ 6maetiald s)@_f@bmogh@.l grams
! t I t .

pergrainof kel e 800 Ahigest MO} eFanef o 5 TSERH BN Chpmn 6
meﬂé{sﬁé%&gﬁfogﬁa Dih&onRlenBidimerds WhoRidlar riid oftotal Column 6

i'gh TAN, "asphal t enes content, or content
metd tovital IColimn Sansthl may beinot rapgg fnoic0.4%064-10p0r 2-5. In certain

el.ative] i,gh N (for ex | e TAN. of
exobSeinepis, ot G idn Sriaete) AR o e Gl EekfF e
mdlfIBRRAah@ot Rihgsted/ or 10 refining. A di sadvantaged

crude with a relatively high C5 asphal tenes content

may Véheithé crude eed is comieted yithuthe wggﬁmﬂ&!b%t P EFIRRSTafETe A0 @ range

t O, - d . Q . l
rob R R o0 b A A FeRER R by e cuce
fecd3ha) tﬁm% raia@e\/ﬁ?@rrga ?;raizﬂnta w:.g& ﬁn’fhﬂﬁ e? lﬁm%agmtg mglms, or -5
sphal t enes ontrirputin 0 roqmitne .cr uyde .
Nrneat i N s pestS Nt ORGPt JCB B PR L By drogen i

nd/ or e i i & feed with
beip geffaE g TPRIE O, 18 proBlbe dida B Hph EBach of kA food wi
the sikibichiaByst @ay bavea TADSof at mdst 60%, attmosi80P/g @timosh50%, at most

10‘%: g%%a%g%o%gpng '&%& oio tglg ﬁg’:‘?@ggé‘f a’@ﬁ@?c{f&ﬁ%{ar%ﬁ% 8P{d8{:taﬁnay beina
rar%{é%ﬁ‘fbbﬁfd?ﬂ%ﬁ@.@gc& qoxowse. increase catalyst life,

I"ow m ni'fal net hydrogen upt ake by the crude feed,
or Eomethydrogen tptekediringwantacting of ths crodesteed athdhe fourth, fifth,

oo bS50 DB oo R B R it

proRbRicNARL® produd R iNadkepabieBPRisputtitionCGaidiomreatment. Since
nmetal’(s) to produce a catal yst precursor. The

prosucigyase/op repsposing hiedjogsa ib sastamipminag thewsage of pydrogenina

o D B 8RR e o, bl ow 482 O)_for

a r ¢h gértaie bibodintents, peeventh tybe of catalyst (*seventhivatalyst”) has a total
cobpe e S et al ot A e A G OB i e
grarh of @a{t%l%tn ERQh R B fetal i%%ﬁél%&eﬁuﬁ%ﬁy&%ﬁngﬁn TRseventh

gram of “cat al yst, have a um 15 el enent content in
catalystis pendficiahin pARiteidgargdaproductithabss @ TN gf atmpost§0% of the

008-0.0 rans. The third catal yst may exhibit
T@ﬂﬁgﬁ’?i"%@%‘@tivi ty and stability when used to treat
the cgﬁ&%ﬁo%ﬁﬁmﬁ ofl 8 GIrbtD 88k oh& tRir), folufth, SN, sixth, and seventh
enbodi nents, the catalyst precursor_is_heated at

catabys{senat :;Js&ebe meﬂe)wl(ﬂot)us@ziaﬁ 13 otherpyisesdanerdbedrheggiB. or 30
no . T .hi . e
ot Reieling g RERGHCESr ool AR B inBelaFpl Edidons

mdyQallobecrhddpRidutite berpisbucte tht hacTaSkandforlseleted properties
portion of the nmetals in netal salt,sﬁhg or gani.c
changedgelativatodhe erunp fopdrehiientherrroprties el the Gaide Spedaie pot

SR TSR A PR g
to Rt crhdeSteedBnd, BMRIE Mode SdceptableTor transportation and/or refining.

Arrangement of two or more catalysts in a selected sequence may control the

sequence of property improvements for the crude feed. For example, TAN, API gravity, at
least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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WD 2005/ 063926 PCTI US2004/ 042338 product with a

relatively small change in the sulfur content _re I V.
WQYPOBRABIAY| f ur content of the crude feed and W?hjas%o“%“”ss
relatively mninmal net hydrogen uptake by the crude

nickel, 8&tor 4tQéast £ sortincof the canadmnpnnhen ctudwﬁgedlmdaea‘eélmeﬂ pefore at

content of 70%[30% e%alfur content of the crude
leastqgfggonwﬁbetgqoaw eude fesd SEtPIBEG t he t hird

¢ e@ffcs}} the 2a h%éyehi’soiﬁ@érhb%]ﬁi&ﬁﬁsnnpmvc

in graw ty Ftt% c ent, VGO content, and

lives ofthe datalysts and/enther mtahtywsf thmcm&eefesd/tmial preduct mpgIre.

Tepregprngi g it 0s andier Rpial Tufipd foeoln @ poSiibchue
durm% gan % %rg? alldww a%ﬁé@mﬁﬁ St td/‘dpﬁlei'&e f0ra® leasl Ymonths, at least 6

a small anount” t he raV|ty distillate
monthsy nt &rdeast V@earcwithautreplagetentef th@ ga éﬁpéh? gontagting zpae.

| Sgyioha B iR TRy Y G BAYEnIA Gk dRrlin of the

Ni/V/FB] dt feacfd pdr¥idh of the @ﬁﬁ@hﬂtﬁﬁeﬂ lammpmﬁyn oEtheaeetals in metal
| e€ast a portion of t

cont ent the crude,f
salts eftorganieracids, at leasiq portieR of he gomppRaANty) ikyte £ Fﬁf‘ﬁ at least
{ B AR
a P"r%’o‘} &kt %S@e%ﬁ %)%l{:%%"zlﬁ ttﬁeP‘ﬁ’f aﬁé‘g%ga?‘ra%?ngdo e,

: pr0p@ﬁe%lﬁfﬂ1&rﬁ%fe@d@5e changsd, vdﬂe@nﬁﬂmmg)megt@ﬂﬂyaﬁ thescrude

um 10 petal (s) 15 conte |narane

foed/giR D TG diFRE PROASBRng (B aiglighh opidg fecd P-
valuegff@ﬂ?f?veofs) ﬁlrt erllg;@sﬁégglﬁlten& @%'NJMOﬁAPDQral'ﬂy may be"

cata itafe reduction of | east
incremmentally texdnccﬁf by cxmtmmﬁﬁm@ fepdwithsaleeied @ﬂt@lﬁ?ﬁ I\XI:R gbiity to

th d .t t
e 3ot 2o SR A BB e R TER Ay g it
of m&r&delfée&mal p}o&m Mﬁturé?fo Bexﬁa]h%ed?c&nhg p@@cretsang .

nbodi nent s, fourth type of catal

c eIn abpe pna})ﬂdwmntﬁi dae fixsfaighyst{d ?FEPW{ %"-)OVF}]mébS &’B pRsitipes
t hea Lhet t
s AT SR B A Sl
of m@fm@lecaxhlmélghﬁ&;n%mﬂkﬁmmal eontaniinamtsg am,d/drhnetab;in metal salts of
organ%%p?sts ibkle maiaiainine the ARSHILY PEdercrsfopd ol Brpdycs Fihue.
etirs t&%]?ﬂ RAGWE, 1H‘§ @ﬁJbH@ﬁm%is k& 38inoPallof Gk BIABL a plirtion of

rane, at reast 0. grans, or at | east
Nx/V/(FeQregroaalsoﬁﬁndldn ed)mpatllamta, remqpet Oﬁwmaﬁlﬁn%sthm;féﬂmbuﬁi@ a
Sone

s GRS Bt o R SIS, B
crudecf@é@l P’@rtexaﬁgfé ubBRSH 1008k 1&1& 816 s 8dphalténednin the crude

gr am of cat;ﬂ% In certain
feedlbtfb pmdmetmsitunerrelatiee tmthe Srudetfesd inbibits pleing ofjgther sagalysts

.‘ posmga%cf ? I\gﬁ;gqteg@a 9]@1% ud%SEfiS%g%g g‘g{(%Q?f ﬁglrétct%(% &ﬂ rfgfkr‘{ét@w may

be opbRWARithail dpledishméra odathlysORdmeal of atsléastrapohmrmfeh@r
nore of the followng: the first cataly g{eé second

Ni/V. Eatfmnyﬂte cradecfepd may, Beromieestb dllﬁ@ltfsllﬁ%l'ﬁas@a?t fone of fpore
th catal yst, conmerci al
atal%%ﬁpé’sg’s"?%@aﬁ% %- er’gl{]n or conbi nations thereof.
The second catalyst(s) and/or the third catalyst(s) may be positioned downstream of
the first catalyst. Further contact of the crude feed/total product mixture with the second
catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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57 WD 2005/ 063926 PCT/ US2004/ 042338 In sone
enbodi nents, hydrogen nay be generated during

‘Egﬁf"g@ﬁ”%ﬁ of the crude feed with the fourth ca‘%%?’&}%’c“"“’“‘”m
at a tenperature in a range from 300-400 C, 320-380 C,
redwe suBife@iféht Gedidesouygert eopentd and/omueduicectbel content of medtals in metal
GEt actjin rmy have a TAN of at nost 90% at nost
/ergawc i98. 5004- or at nost 10% of the TAN of the

s@cﬁad@&ﬂ t d/
U HESA RS 480015 I B e SRR o

the dmmmrst@m otay pegduca weredet foed(total yIWIF:é Irumﬂafhﬂt hﬂs ageduced

% t  80% t 70%
Alfo8 tediged s SPtbr s foduods aFyaep chpick A caitel Ggpetals in
meﬁaﬁﬁlﬁ o# eﬁgaﬁﬁ%ldsl AredQEéPAsphaIRS | bGiEtBﬁtSa redubéd hbcdsycp,eor
cat al yst itth catal yst") incl udes Col um

conmsmaioq:s }hqrwfwlﬂﬁwn ta theresgiectivepropentigs af t&tmcﬁulesfaefb‘dhle

e e e

secdhd &dtal ﬁ l%%ﬂ)sﬁaonad in ée@iiastelﬂﬁﬂwv&hthé sdcond tatdPft bringupstream
at nos A The support nmay include at least 0.1
?Mw%ﬂdﬁdﬁew grams, or at nost 0.999 grans of

t . s
enbe%% Bl R nALR Y SURARG conlalia fnes tends o minimize
hyd&igeheds@ge cﬁ;rihgg:roatmtmg @bmbmahk‘mmbﬁnataiystpﬂaat factlity generation of
hy of ' Cau?g%fétgnagp? cai al X@ tSI ncI udes éﬁ%ﬁﬁ% p{atscjfhydrogen
dur%grcoﬂfa%ghﬁf s}é& to Mgékelb@téé E}rd%:e&% bf AAIR pPbduct relative to

(s) per gram of catalyst. In sone
the emga/a pmpterties of tlitte:n@bal feedy Bomeeaiple )thea%@ﬁh walalpistiamad e used in
or
ol MR T s

1xt(1fcﬁfa.l T Rh&or $oveithQafily oNTBhEBselectéll lﬁlﬁﬁérﬁsf. oﬁa Sfde feed,
° NnB/rr}%« or 10-30 NnB/ nﬁ)ﬂ@athen t he  crude

whideyonly chenging ethex preperties of hgcrdedeedby sel %@?133%?%‘!1}}? gudfpr while
B R 0 S PRl b o

be @M&d&ﬂ‘mﬂmﬁe@ het, hydmgeh aptake av}nmtganfanmng the2uddnfeed/ytal

profd gAY MR REUHIroAE Rk AR FERP AR NLOP epit

dlstﬂ Abstent Z@P%ﬁvﬂf‘\fﬁ cBmbibitishs Rlerd¥0of ﬂ@Q%deaﬁ:edfﬁﬁSe maintained
80% at nbst 50% or at nost 10% of the TAN of the

mthmli?@% ofibe IeS"ﬁm‘@fpwﬂmtm afdbe prudd desd, while the TAN andfngdhe
01-0
Bt hesrte Hodied Pyt eyt 0 e o0y ey FSbobe the erude

feed;at al yst") includes CoI um 5 netal (s) and Colum 6
metal (s) in conbination with the theta al um na
su pB@iﬂthOITHen@ bydiogemuptakaby the ¢ade feed g1y ppguse a crude product

tha | 3 Olqut '1%13% té%ggr? %Qﬁp% 9(9 lﬁ b%'ll éfﬁﬁt cﬁggrtre;&gl 2 n@fﬁle crude

feed® fanﬂ Qredurled & AN sdlatiRub it T ABYofibe axtudb Mt Th2Qtordic HAC of the
'east 230 A at least 250 A, at least 300 A or at

crudgyenodeganay alshenly ahagetbyrglatively small amounts as compared to the
atomic H/C of the crude feed.

Hydrogen generation in specific contacting zones may allow selective addition of

hydrogen to other contacting zones and/or allow selective reduction of properties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,

downstream, or between additional catalysi(s) described herein. Hydrogen may be
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include at least 0.1 granms, at |east 0.5 grans, at
| east 0.8 grans, at least 0.9 grans, or at
WOH095(063826 { het a al umi na per gram of support. r_lfﬁgﬁ"n%m?ogjmzsss
catal yst may include, in sone 58 WO 2005/ 063926
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The crude pr.oduct .pr f t

Atterqaafipii RS SEREBRAHF B P RUERIE IO, 9y i cueday be

generfiied Huﬂﬁ%/%ciﬁi;cﬂﬂtgﬁh 086 Yontattinpme Hvexamplepsuntactipgzony 102 in

% of t

| - 0 -
FIG. gfahdfg%;dma@ §0%?2§¥ TDFAHelgéerthg?Pgag{ilfjﬁg gﬂ‘{‘@g’gﬂ} -"Tﬁ%l?t?‘;g b ina
.0 02-0 - slraaae @ throu,
iR L R S e R
conddit {6610 comtacsingtzone htbinyRIG. 3B Landdo aisecandadgitional contacting

requi rement of hydrogen, duting.processi ' S

rone e o AR B4 G (P e, g
|08 1 Foiet116Sh PG, 3B, oduci n

TR Sekogran meistume oo s

ugngemefentopdimenss thefoarth satglyst andfibe sbdh satalyytaArs pf

eitery Bt ERGLB: vl by e SRICAT, Sl e

combg%O Ogg?‘f (t)‘rikg fgﬁﬁh %ﬂ?@lﬁ% Wﬁcohlah éﬂdigibﬂalfsataéyayl ! 8) fompmeduce TAN, reduce

- - grans o u met a er ram .

NifV Fatcantpst, anciobredspu R RoBSRRAL oIS T Eley S AL, with low
LAROSE Elod: t j kel dhayi dllow oth

iy S A e

prop86 6¥ithé brrde PANuof toteaonty dlimgbd by small amosts relative to the same

enbodi nents of the first, second, third, fourth,
properties ¢f the psudg feedng seventh cat al ysts may al so be nade

ang/ sg{uelémkdﬁﬁeﬁﬁ 1Rb R YeREs IR E ChiaBatshasEbdused in combination.
cting t

Sel'e e cat’alyst(s) of this application and tal
The seoaith ohtalystusedestréany froovilie dpwnereanngevanthsatalyst pigy dave a to

contf GG RECS Rl St FELO A, iR 80, EEUAC.f grams.
The Mﬁh;&h%@ﬁ:&h eRal9bt thidehsveudiotd eastent of CulimA® metals(s), per

significantly changed. The resulti nIg crude tgrod ct {mY
gramhef\de wastneane se epthogaéalysteathatris legyal yo or larger than the total content of

Column 6 metal(s) in the upstream seventh catalyst, or at least 0.02 grams of Column 6

metal(s) per gram of catalyst. In some embodiments, the position of the upstream seventh
catalyst and the downstream seventh catalyst may be reversed. The ability tousea
relatively small amount of catalytic active metal in the downstream seventh catalyst may

allow other properties of the crude product to be only changed by small amounts relative to
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to the crude feed and, thus, be nore acceptable for

transportation and/or refining. Arrangement of
WEr805068%6ysts in a sel ected sequence may contr%#%ﬁgfm’mz”s

sequence of property inprovenents for the crude feed.
thE same propettizs of A cradt fegd {for eyample, a tedatbiclsasmall change of heteroatom

t he C5_asphal tenes, at | a portion of the jron, at
oqniEt AR FEPEY. avoine et SO SOslsh 5§ gaPpations hereb.
PCTI ﬁﬁ%g&ﬁdfgﬂ@é%ﬁe FEUIGHE] the WS Q@M Aid Ji&ﬁﬁétregmoéégéﬂtﬁ Batalysts may

of the vanadiumin the crude feed can be reduce
pibdhceraecrude plodast thas lmsatTAN of it mest0data most B0%hat mest §8%, at

oS o e B PRI, B R T
oft1hé chdb RedShy B tHcRmdnidlysredikicdity)contact ithGhelGgstream and

feed/total prioduct m xture. 5 Inprovenent of a

doymstregrtseventhe catalysts(far easnple; sonddet of thearudasfepd sithrasnagalyst to

duct. dur i [ .
£ e s byt B igpd Bt TR e B feed, pnd then
cdn€@$ bf fhe ifieial difde prodatt widiead additienil catalyspist produce the crude product
repl acenent of the catalyst .in the cqntactjng.zone.
with ghangad perperiiss relative toshe dnitial cpadespradycty Theavifiezedire TAN

in%%}-rﬁhga!rlﬁgﬁ&i %gﬁ%f ﬁl%ﬁﬂlﬁlpé bfe std¥ifiey/ Jr8he &uab 8ako@l %%oduct

asphaltegnes, at “l'east a portion
midiererddiiaf processirg.al 10 salts of organic acids, at

" gt BB, P PRTE, Beafhas  bin Brbinaion
witl EDtRR e Q0 RtabREE SSHditiddsQiBr tgﬁ&nﬁfe?%ﬁe@ﬁﬁm&ﬁ% ene!Tedd flow

properties of the crude feed are changed,

rafed iy sdissistrig redusing ndrogenyuptdkettiyehe coude fegde mpintaining crude

Aol B 55050 6L s BB e o mor et

ofthé efuda brotRbyreldtive as BlAkiRBE G propditiendf tie chitle fgediviiability of the
e’ 15 increnmentally reduced by contact of th

may Db . y e
cradq fred/tatalprasingt najxtuse may be affartpd by vampus phases sepanaiing from the

R

infetalsilityodthe prudd fedd arididrienele prodiat imthierdradenfeed/thialipmeduct mixture,
rocessi ..In so enbodi t the first, catal yst. ..
ﬂ%&%’gm sggspgaﬂw%ﬂ%éﬂ&g@f%@@w%& i enict gfeycgpltauon of
coﬁgfdn s Pfont ﬁfe@:}r?&t ﬁed/%iﬂrabr&ﬁﬁ:'t bk 9r @bmbidgtibns théreof.
cat a I 20 of h

al yst may oW r enov ] f hi'gh nol ecul ar
wei giit cartaint B dwiisg thewpalactbngpexividn thetooncenirition ofieude deed

engfl e erg 58 A eimon ket bl FRY b Bk, 28 4R

cohtdrittatioR b theStha® prdRMEs inithe GANE fRBRSH @%ﬂh&, mix@ire changes due to
renmoval of at |least a portion of N /V/Fe, renoval of

fomatiincofdherpmde preduck, spisbility f the sempaaents of thgicrude feed and/or

contri t ease | '
coiphblyd il Sl r G B bl o] oo Bpfifls fond o shange
Fdr RRamdple¢ thédeudecRed nfaglcoftstig@ngponead ikdtage siluble asthearude feed at
portion of C5 asphaltenes in the crude . feed/ tﬁot al

the begiing f Rrogeesing | Ay pippertiss ohie crydedesd ghapnga kiop prample, TAN,

MER S L5 T PG Sy
besyrat ta¥s BBlyblelin tpatds Gddodthhmrotustepixane.s e inftances, the crude

catal yst. Renpval of at |east a tjon of,  the .
feed and the total prgguct may form two pl?nases ag ot become 1nsgluble in one another.

Solubility changes may also result in the crude feed/total product mixture forming two or

more phases. Formation of two phases, through flocculation of asphaltenes, change in
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Ni /V/IFe fromthe crude feed may, in sonme enbodi rrents
increase a life of one or nore 30 catal ysts positioned
wWeLa0s0639€ first catal yst. The second catal yst @&)TIUSNW““”B

and/ or the th| rd catal yst(s) nmay be positioned

conceiniizh bf ta!i‘lﬂ {-ﬂaf ﬁogﬁ&t Mdy&ipredi Eétfbﬁfof‘bﬁﬂip@ﬁéntggftends to

ecrude tota mxture Wlththe sec%]
reduceabalifesoflon: ‘camtiropt thec cathlysts. ahdditionafly,ihe effigieneyrof the process

may bersanends 5 cpen BeraeAPB Fesnt P e oot plfduct mixture
may @ﬂ%ﬁég In&ﬁ@'ﬁdﬁéﬁﬂﬁﬂ&e pRAELONiH gekired I‘dpermntent of

salts of organic aC|ds

e rmudmgrpirwcessu'xgoﬁleefbvalm of the cendedfeed/wodal P&iﬁ"{qﬁ"t %@“%’E‘B?]He
{ the th
monijoied pRE b StAG o8 o st b B0 Atk i ool it
mixtire WY beass QLML eﬂnﬁeﬁlrwa Poedlicethiat isat mduhémdm@zgmat
contént, a reduced content of netals in {bg ) gl initiall
floccatation gf asrhalienies from thecavdefecd 8 Ye?F@EIchE gl Bels Y
d
at Legsf 1131 54 UGB EO icRses DI MAL B LTaH 0010 contalipy ten his

indicATels faR Y dgdé feed 3¢ rebitivelyystaifiletdoeing cumtectilxge dlude £¢ed/t0tal
product m xture duri n% pr.ocessin

productmiie sbity @s ggsessel Sy RrvalHe. £ el CharoRE BY Soptrolfing
contz?‘c‘fi?ng r&gm?lﬂBﬂé %3%31@9&6&0%&@&&331%@3 drié&ringhef ehtalysts, or

ice versa ity to deliver
comﬁ)zidiﬁcﬁg&herbﬁf Spehicoitealling of amntaqtrglgz:oné@on%wax iqciude controlling

mnimze dr o age d
Lo, s on o SR e A b ompinpons ot
hysif %@@mﬂwdﬁ%ﬁ%ﬁﬁm Gemietufeslagd sotiolivh atch thei@e

are ively [ow anmount of hydrogen dur,in

4 asphalwnea and/oyethebaspbalienes arerrgmetethybile magiiiaee %ﬁ}ﬂ%%q’l% content of.

the Gae L REBRBRE e iR dokfe fud g MRL G RRRO i Bigher

contﬁhg ?&ﬁﬂnésﬂnaﬁfﬁﬁblt Iilﬁfdrmatlm bfltvtd;ﬂmﬁ@srthat may reduce the :
catal ys second cat al yst (

stabifify efthe ceudaifyaktotsl pro@p&mﬂ)gwg B?“géjf &%trﬁ g’ Zv I5 Gagalysts.
Conﬁ' to? c\éﬁ%&ﬁ%%{eﬁm pﬁﬁ‘.l%an g IK PaRPRI ddnftfin@fondwith Ukeatalysts

g other propertles of the
desceibediBertiexiobys th@Ce atphdltenes dn be redaeri) whileiheMCR content of the
mai nt ai, ni hg cr e feed/tot uct stability. The
crudslfe?éror%mahwe% é?l tt‘)‘f"%%‘?%h?&‘f’g‘%hay 20 be selected to
d§6r§ ﬁédlméﬁfsoeﬁﬁadtﬁfg%ﬁdmlé aereanmxmdmumg thef eemperatures
cr ude

total “product stability | net
in omwmmg.ercoumamzmes ovay healiffengat. dépﬁr@tmg at\?&?f&%ﬂ@%’ﬁ‘(ﬂa““es

at e cont ent P £
aﬂo‘f’ﬁ B’r"éﬁif‘c'b‘f g%%%g@ egg p%%dj e%ﬁées rrvgllrﬂnt al né‘lc}ﬁltl ﬁ{aﬁtﬂmh 0% the
crud@ffeddn®tdl padiRet inh@uie! dRerchideSeaf ertdre adirstontastinig zm q,t ghe start
the TAN and/or the viscosity of the crude gé & n
of aarocnsfstA Giostcontagting Wmnemﬁé?thﬁﬁ%nmf%%fsmt F Fﬂ’étac g zone.
crude .25 feed iBpdditure, fourth
Oth? %’FB batﬁ@g %? %Jé&@%k 215 eg(?{u cfg Mlgr ocﬁgttﬁﬂﬁhat has ea ¢

temprhthted) &t és’ﬂé‘rﬁ)?aré itisd teirlpetat@es Bi duintasting ponea¢hds@id positioned after the
poi nt distribution of the crude 0-420 °C
first contacting zone. A first contactlng temperature may be in a range from 100-

and a second contacting tempetature may be in a range that is 20-100 °C, 30- 90 °C, or 40-
60 °C different than the first contacting temperature. In some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product
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feed, and a reduced TAN relative to the TAN of the

crude feed. The atomc H C of the crude product na
woed0ss063s6y change by relatively small amounts BET/US2004/042338

compared to the 30 atomic H C of the crude feed.

clas TR RO ot O punsges e

than the ameatt of AN rmd!oaﬁd/asphauemmﬂdg@tm; if apy, whentheifypt asd second
properties o

conﬁ?%@ﬁp@%@%q% S%‘i/ugsggf Pe !”3 ﬁ%ﬁ@?&%g' rents:

Arfp elhde atfinst d/or a fourth
(R BkAfigE o B Egﬁ%o@gﬁmﬁgﬁbe 61 m”g%%%}(g):g% e
cataly@rcayaﬂammmmg@nm mayanqiudq wgerc@ﬁql%@ Ags hgrein.

ohopiacfin Iepmedeprr e 190, (G oo Aac S IGRRAwure

may BJ@@@I Cbiha of K88 eruils feled in thefirst cbaltdcviep yond withehe first catalyst
hydrogen may be counter to the flow of the fee
and/or fowsthratalystiab therkighes tevapraaiyeq PI'\'RFrtS? CEPtai’th‘@ﬂh&H “g}é"é [pt(s) in

0 ftnes reduction
the seggf SRalen Yonk oy oyt 8 rter i, TRNPDor @ESpltney o
in theftrinle 81 relhtivd 00be TAdY andier @easphdtemds nbsiucmg;l mdhc sune ﬁ@de
in one contactin zone for exa g zone
feed when the firstjand spegnd contp fﬁ%%“’ﬁﬂ‘r“ d to an
addi ti onal contacting zone (for exanpl e, cont acting

zone 114 in FIG 2B) in a direction that is counter to
EXAMHAES]‘ the crude feed. In 10 sone enbodi nents, the

h il
IYOREn. L) O IRy, DE COneurLent U Ll S LHGE dliSyuems
with §e16fed zfr?a{ng‘éﬁéﬁpofcatﬁ*s% amtFontrd)ed 6@t actingycolditions are set forth

generated during contacti ng in one contacting zone
be10v(rfor exanpl e, contacting zone 102 in FIG "313). A

Exa Qe By parau i ? ] i I'?d té&?ﬁO& Wa§&3 dtﬂg%ﬁlllmg

IS CO
576 grb:ﬁ%pmuhﬁ@a (omaﬂoﬁ Eaﬁls(sfscemdéﬁmhmlegleaﬂm h@cmga;tr GiywMichigan,

Us %Eﬁ%lgﬁgg%ﬁgéﬁnéﬁ EeioGial i R 0155 pafhufess The
resulgI ! e%{le(g Fm‘ g¢ ﬁﬂ%& %Sﬁ%h %‘? T H§lobL®VYi 0 blatd) %1*16&1 BQ@veen 90-

rogen t hrough conduit

125 &, 88d fHeg cﬁ%ﬂ'ﬂcdﬂ%ﬂ °@0ﬂﬁlch1:ééiﬂtbdl ifF65® giaBis.of larcakwed support
enbodi nents, the fourth catal yst_and the sixt

with e smediapspore dismatercdfi 182 der Taescalciped HPPOY;Was e in g inbere
furnagl £he Rl R%I;BAMRRIE SATALe 8908021100 SR\ ALY B hoflfs, MiMhen

Ratton the fourth catalyst with
held ﬁﬁﬂlﬁqdhgd o 2l houdd @l pfﬁdl(cﬁ)thermmpbﬂd The sippart inelaided; per gram of

supposs COO0ETem O Eome AL ize: 4008, BSOS PG or e 0248 Brams
of dell¥ gfu?xﬁﬁ 2, and toLé‘ﬁs IC% IS of BBt al ngt aIveHiAaERy ¥RbpHEfraction.

roperties of the crude product to, be
The @ipb&rt thd agarfadyarsaaf 1 10an6(g rand arteﬂahpmm arotugng of0.82nem™/g. The

properties of the crude feed, 25 In.so
Supp b Gah PP it B RUPR N reUrE B e SEEE A, With B6.7% of
the SR TR bf Bores in the pore size distribution having a pore diameter within 85 A

of the median pore diameter.

This example demonstrates how to prepare a support that has a pore size
distribution of at least 180 A and includes at least 0.1 grams of theta alumina.
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The seventh catal yst used upstream fromthe downstream
seventh catal yst nmay have a total content of Col unzrﬂ04042338
WQR003/063926 per gram of catalyst, in a range frdHt/US

0.0001-0.06 grams. The dovvnstream seventh cat al yst

? I t
I : e%gt%vas p?'epared

| ) al " h 3 » RS |2 A,:‘I.’
mth%Foiaa i &“ ”ea"t‘w%?’é?”fe?ﬂ%é?’%'ﬁ% S

Exanis,ﬂ ‘W% FREtENYTHh a VREadRef ikipegnation sobutiousirepesred by
ent cata

st and the dovvnstream eventh, ¢
combimipg H&69rgraros 9§§Osﬂ\ewﬁlb 82 W&@@W@a Walets i Pa‘?%e solution
%%I anmount of catalytic active netal in the
was stream seventh catal yst may all ow other

ProREdtrh R sehpé® €100 gideasiipssgmbtet withethe veyaditmaigpeegogtion
smal |l amounts relative to 62 WO 2Q

9
solutiamageazﬂ:nzhm Igth oqqaeoadﬁsﬁﬁi% é’?‘?‘f 623 °%}6f?é sgyerRlours, and

then peprba A et AR e AT cof NN 04 grarms of
vanaBi@hi g@%% rof‘b‘ﬁ‘m’}é@ akitli’ﬂfe Hamwbéﬁlg sippokta cFheofanadiam catalyst

crud th the upstream and do

wnstream sevent h
hada:pmabrzsﬂstrﬂmhonpwdmwdwnmow diawetsa e 50 fiad PREVOLIRARE 0-69

t 90% {
el e Rk Pl Ao yTBEc R0 BBt oy
the pORVGRZIREHIABIb Sthe tagadiibl catalyst hal xpard didfreser Withinyd 'A of the

increnental ly reduced by contact with the upstream and
medld@ﬂﬂlfﬁtdi@-‘aﬁﬁ%eventh catal ysts (for exanple, contact of

'ﬁaigr Hegtﬁ%l %ﬂwﬂ%ﬁﬂeﬁﬂﬁ 3&634&%’&?1’5&0‘?3. doirth 3'eatalyst hating a pore

cr udeé “proau properties relative to the

' size distibatibe adth aanddinh pare diametacof afeastizl( Aitial cr ude

product V\/lth_an_

Witil HMédihﬁ ke DsiESreP w saLu (ﬂe}ast z:@he& a’!l?hé hiol/deenmﬁdatB@sﬂ'm
—ITICrementalry nay assist 1N, naln

assSi st rn mal ntai ni ng thetﬁtabll dt&/ bed
prepatd ithe dollaiwingenatineot Fhe Proinacuppex: REcprREd Yt Jethod describe

in B S dapregpaa il LE0BRBhEn gt R T
melﬁﬂ@ﬁﬁn@ iR ghaiintlitich wavysteparedby (:cimhmmgaflrrﬂi g;‘ams of

mﬂamgftﬁ%rssggggé%& e 2:?53@@%%@ 0uE b Hoed,
moném}% o ng@%ﬁd Gnd 829 gfﬁﬁ%f QRN WA oUbfin a slurry. The slurry

proces changlng one or nore
was Héa%zﬂbtdse"fc wet] dissehrioddE tlmrsoﬁds:t Tlnaalh@tadvselutmnt\lﬂ@ cooled to
rties of the cr fee

respective e Sta
roon tegnperAtUge TE@@% eigihg solyiiR was > x E}F &ohtign B@R’Eref‘a%s( %‘ﬁ“sted to
varl ous separ atl ng fromthe crude
SZnﬁe\g&ﬁflgltog}zepro Uct m xture. Phase separation may be
cagsediubina PpoeXA0P kmms) tvas ispilegimted withhe mokybsenee
feed and/or crude product in the crude J‘eeg%%é) talg "
lmplpgmﬁdmtsommnm@d for ? e it asRaBenah sgfliopefiiy’ h HE
de t ot f
seve fiucaPy SAFRS AT [ iy St 3eRlfa: tanyR conined

0.04 mﬁQ%Bgin&Bﬁn &)B@%ﬁﬁ’f of oAfal Y6 vridti fhe ialamee bieing suppionte The
ontacti ng peri od he concentrati on of crud(ei f eed A,
molybdenum catalyst had a pore size distribution with a median pore iameter of 250 A, a

pore volume of 0.77 cm %/g, and a surface area of 116 m%g. Additionally, 67.7% of the
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and/or total product in the crude feed/total product
m xture may change. As the 25 concentration of the
WQ20p5/063936uct in the crude feed/total product MRCH}2004/042338
changes due to formation of the crude product,
total SRRl b SorePin thd Bore AIRANGRbELGH of the ntulybiienivaesitaiysd had a pore
conponents of the total product in the crude .
dianfeterWithin 86 Apofttie oredinnypome diamsisds t o change.  For

le, t de f t ad .
o S el derp et A PO O { R EBtel bt having o
pore ?&Qﬁﬁbﬁ‘lﬂm With B hdei poie diimduéreofat ledst 130kl change

-val u
ang 2

)
atalyst na

yaratic s Molybdenumianad L3 4
5 BB Fork Diblierdf 16 1661 A80RAI TR oduct

mol¥ | bfﬁdﬁmhlﬁémﬁiGmépﬁﬁa&gﬁ?i%sﬁﬁbdeﬁnmmumnﬁheathhm

I nsol ubl e 1 n one_anot ney.. .. ubl J 1ty changes .al so
supposts arepared by Githed deaied 48 BBPlsch S AARLEREE SF g
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mad2 B TbRHBAAS2 PE B GO N7, 33 eearns of MoRso-56 grares of 30%

feed and, tatal .p uct, d/ or .precipit atd
hydrogapaeRtls (Heqnd 1§ §rars S panolpplaping MERD, £d 3,28 groms of
deioBlzel R i’éxﬁf}é Surrfd Gk isRPA! W¥s hdah 1865 i°Ciiifit Miseblutibe of the
process nay be reduced. For exanple, repeated
solids, €Rterfeated @blutibe was coaed eexbonoteaipepatenguct m xture na

: y
e ASsend bbb s Py oBiG: 257 SHBle df YDSE b gams of
deid iéﬂ%vgtﬁ? b Fr@ soRABH WAH sBdokt b RitIER YeBecorbined andshiffiniint

e stability of the process, crude feed, and/of 1%Iude 1d th
deiohized wastravaspddet ot bring the gpwbmgg splrtign yaluneqip to 82 ml 40 yield the

Typically, .a P-val ue that: i.s a . i ndi .
molyniny e Grod SpliPo L nERRinita vt MnERARR nifh the
molYBeiA 3 fiafit infpregriatibii @olitiva) aged ifer 2 Indirrs withyocoasional agitation, -

_Teast 1.5, and such F-val ue increasesogr is, rela 'velg(ﬂt.
driedat b2 £°@ forisaeraldinias ene dhenaaloinadrit 489 5 ok ki Tk Systling

h de, f eed ti . .
cataiﬁﬁ{:%{#lp%b _p%%r&a'goﬁ; cgatagﬁ't,\é (fg?f g?a%x?sg# l}%?g‘}{n{n?{%%s é).OZ grams of
mol§b@dhiutyl, kith tBE balssRshth SippBrty The enolylalenine/woadingl ¢atelyst had a

y controlling contacting_ condi t%f(ﬂ)s by sel ection of
poresizadigiibation yitha reediny pors HapsifyO cAt al ysts, or

congi | Cofint 6 GREIAGH 2 TChlumn 5

co%lg%@ﬁ}%ﬁ%ﬁ@%&ﬁgﬁ? %%Pf"i’rl ﬁgL t:‘EL}HSV,6t_errperat ur e,

metpl @At davihy dpogesize disaibation mide hedian porswliameter of at least 230
conbi nations thereof. 15 In sone enbodi nments,

A contacti ng tenperatures are controlled such that C5

Exaﬁﬂg Baldsigs ARl qeqﬁ&@fmpmwemmse A el deactor with a

content_of . the crude feed.
cenfraltiupdsitioned diermbereVBRsegnippad withthergiocaypleo9aneasyteak e

tempepis GrPUghoY ATARL b6, R CHAy) B abe DR et svae

betWienithe titHeeli 860AL Rt wall Qf Ut refdtot witk catalymrant isflizonicarbide
one or nore of the catalysts. 20 Control of gggt act i

(201geidpBtaafosd Slaierialsh Pisogduio Gk Such slisom Parhide b beiavRd 1o have
t tal.yst d [ h ' . . .
lowy 3RS R PRECT e S inrr Pt desbiufed hereip. ALL

catalysts were blended with an equal volume amount of silicon carbide before placing the

mixture into the contacting zone portions of the reactor.

67



10

15 .

. middlg cpptacting Zapeda denny 3 {QRomAFYng Z80% ot 10BSFEOH
; distrilgﬁ% | H?:‘Fe GRLARLNIF192 AAGRCEIPEALIBOL kfhms Je
Tt Cont acti g

20

25

30

crude feed only changes by a relatively small anount.
I n sonme enbodi nents, contacting conditions are
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and/ or C5 asphal.t.ene ' ' first
moly o et dis DL R gty MR R feln RauEubige 1O
Wig fipealdlystsiiicoacdibidt msikturk ¢42 @xymsqositiohed et top of the,
contacting zone may include a first catal t{ﬁ%d and/ or.

3 ppre size

tenperature may be 350 C and the )
molylstenanchet @ram of tatglystewithriae balancerteingprisadly@. gagyna alymina
of the crude feed in the first contacting zone with
SUPPAfe first catalyst and/or fourth catalyst at the

hisghGin daphiRE ak PostitddUn tof of &¥ Bf Lofabting Zd@e b fillrdead space
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The cllrléa!:t?gge;ol\xﬂleg Iw%rep rlnglntedinéji al.t%q 6Q8tf\3§§rp h(?ucl)r; then incrementally raised to
370 °C (700 °F) over 1 hour and held at 370 °C for two hours. The contacting zones were
allowed to cool to ambient temperature.
Crude from the Mars platform in the Gulf of Mexico was filtered, then beated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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the thed produetiwas sepfxaerbinto the cvide nradict gndsen Gps APy to the system

vanadi i npregpatio | ugi op..ar 25 oAl wet
WS@%“’&H%@%FS%WOWB a%?%‘rsgg%r ele%}wzed wat ert.?:>ga

test @138%' @I;hetc?@déﬁbﬂﬁdt%s peR6dicalB7analyzed &b determaing apyraght percentage
g

-

was regnatéd with the nadi um i i
 of copuneninpf thgsmidecrosckoThe SR L B BHAESSG) PRpLERed

'.\».naaigr‘:i p}g@a g%% Sf %onﬁﬁc{neﬁﬁ\.’%r&ﬁe é&gg‘i&zpréﬁ@ﬁeé 418 Buealadizabi Table 1

urs. er ti'ng catal yst contai ned
of @04, granms of 10 vanadi um per gram of catalyst, with
t he bal ance bein?.supp
A

t. Th di
e et BT IR b B e
i [ - axyben contehibaf).
confepi G pOTS B & e B BB T ol e o
grafyiThe caide posdet had a ratie of dMERgiontentitoses aspheltenss spniphfot 1.5 an

vanadi u tal yst. had, a .pore.di iL.thin 70 A of
2 ToRGo! G4, SFe FiBrardaL i bR 254 st

denpRstivaldtthd BRalpss RRFeddtaminéd by Srhsirings weighteg syerage bed

having a pore size distribution vvi%ha di%{] g:ﬁfvemabe
termpe bt € WOXB B veows ruispgth. of Bheseptie s prBE Sp DB vgs mey

| ybdenum Cat al vstr Bayidg. AdI0TEis baliéfed Bt dsicatalyselife

corpiach i e dpree BT SO Lole Sl P Il ek 250 A The _
deciRis¥d QGWHH!BTCEFﬁHayé‘SE Fias8 iy graphiest riegu:egmmqﬂ afWiARF versus time
(“t’gg"ggigﬁjggergen% o%r{l]lenc?'ugeuggg EIE thg rcceyﬁtaa[:t?ng Z neg B%c%%&i‘ &dthis example.
Plot 136 represents the average WABT of the three contacting zones versus hours of run
time for contacting a crude feed with the top, middle, and bottom catalysts. Overa
majority of the run time, the WABT of the contacting zones only changed approximately
20 °C. From the relatively stable WABT, it was possible to estimate that the catalytic
activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-35 00

hours correlates to 1 year of commercial operation.
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20 in Exanple 1 was inpregnated with a nol ybdenum
[ rrpre(?nati on solution. The nolybdenum i npregnation
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, 3 ' nf i .
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e e 5 AP0 MBI et thE i proc
werelBt ydie adiddsyabatinBragasied .y Bactheatalyst vashnixed Srithean equal volume
Distribution Wth a Median Pore Di aneter of At Least

- of sibeym carbidpe ol ybdenum vanadi um cat al yst was pr epar ed

in ' ' to the bottom of -
ThES R 00 e 8 By TaBRLr e bt
the reatpore Jihatreatton wis filledibbmbotonrts veminthe foliavwing granero Bilicon

ol ution_prepared, as fol.l.ows. A first sol,ution 1
carig s BB ot O R Racift o Apa o A bovom
catal95ATcoRl cal S miLurO(80 AP was 6ned)ar top of tHeesiiivondarbide to

H202), 0.14 granms of nonoethanol ani ne (MEA), and, 3. 28

formg battonp Eontacingrioned The beitorm satmlsshhad & peresize divtabation wifh a

heat ed, t 2, | ' ' SQl. ] X
et offSGbeet B 171 &n Wihioe. 34 PR fiehlap Rufibel s g e gioe
dist:BRE6A Havif uz:io%ldlmtdmdmhbse dostitheriediad. poTe dinmeterofThe bottom

VOSO4 wi t O grans of .15 deioni zed water,. '[he fi rstf
catalgghingingad Gkl esteopkmelbiemiohanEd-02 gemt gicickel per gram o

d f£1clhent | dni.zedwat er was added to bring the

cata@CwAH i G belf) SARhOR up to 82.m to yield the

o Ayib g @ atalyisy/ sitiachecarbidi méxposd (80 renE pivas positionefiam top of the

al um na,was i npregnated with the bdenugﬁv?ﬂg\&ji um .
bottomy geriaeting zome 4o far 15 ORRIACLIGR Zone, ol g top;cfplyst had a pore size

istrfHaE fah B} FbESOPA, WA 66.700 bf 8RUSEB umber of

dlsuﬁ’g]ﬁlre’zl,vﬂgﬁédmtgﬁlgﬁ%&a (Iii:iimﬁg% at 480" C ?or 2 hours. The
pores asthk poregsize distribution having a pore diameter within 20 A of the median pore
diameter. The top catalyst included 0.03 grams of nickel and 0.12 grams of molybdenum
per gram of catalyst, with the balance being alumina. Silicon carbide was positioned on
top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones

corresponding to the preheat zone, the two contacting zones, and the bottom support.
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(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A

total run time was 1007 hours.
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0.50 grams of gamma alumina per gram of support.
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od of analy2|ng the crude product 15 were the sane
in allaagntalem mmal were %@(@OQF) @aéﬁo baurs|of sentaetingyi &der S00 hours,

the temperatures it zﬂ? ontgctmg zones were controlled as follows: the temperature in the
contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to
366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for
1000 hours; raised to 385 °C (725 °C), held at 385 °C for éOO hours; then raised to a final

-

—)-n
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of silicon carbide. The crude feed flow to the reactor
was fromthe top of the reactor to the botto

WQ W406P26 The reactor was, filled from bottomn?ggfugﬁwﬁ“ms
the follow ng manner. Silicon carbide was positioned

tempefdtute i 399 PEIMBEIC) 44 HeRP&(399 *Cos200/kowrs, for badtalmontacting
support. A bottom 20 catal yst/silicon carbide m xture

time qf 230€@ heyrswas positioned on top of the silicon carbide

t form a t ' tuptak

ndhe SRR AR FRbBEA Sheb2Rfl 0 dNErml 1N cRSgeR uptake
by thekirad@feed, Bhalhe, VG0 ountdnt G6sidae aintertteandobayigemooient. Average

pores in the pore size distyibution havi a [€..
values:Fos peReFtian of H4 £1uge BEOSFCts REPCHEEN B ERERet -4 drbpetedp.Table 5
inFI(gqgtom catal yst included 0.11 grans of nol ybdenum and

2 grans of nickel per gram of 25 cat alcést, with the
b#I@ntkishkairaghisal pemesentation @ Pecdud ofsthe studepoeduct GFD) uersus

run e A oF AP PR RS o CYOBBI e - 5 e e P

! 2145184 SAn@el 463 rieSdnip tid P-Ralve bfi tie crude
value o Bt %ﬁgtgb%{?lﬁf&g%& L, 184, et e o+ ho el

productiohiained by comneting the cridefeadswith the fonseatalyshsysigme oF Exgmples
. di it hi Q f ' .
11 ol TSR el R0 of o e
1.5 fod ekt attnfd KALARRNEs $£10.70 Blaesle i, the P-grlwewas above 1.5 for
catal'yst’, with the bal ance being a| na. ILLE}?%E
most ofthoirdetimes Agdks endofcbie gin (236 hars) fog E«@@ie piRg was
1.4. Iirgﬁgi:.hte %ﬁxfrzllhl;el oftgl ;%lé@@g)g(gﬂl%g SorleQclP laY Gt Asy Be RiBHEdThat the crude

€ ca s loaded into a Lindberg
feed heasloaR Fddinedelaively siable dtudug contactiogéfor example, the crude feed

- did n;tg{brggesspegggtqgg gfsgsgtpggﬁg E%S@ﬁ ﬁe@%%%%{;‘“#g@%@%@&&%ﬁmed
-relaﬁger?g/gblﬁ%&%{lﬁﬂ BRific ;forﬁ&ﬁgdﬁeabf?&faz,@bgat igla @ghm?letmeinwhich

ertires su ri'zed 1n Table 2, FIG ed to
the Pivahietingremedt he reactor. The crude feed f | owed-through

t heat ne, t { ' wepy_ v
e bR oS R PG e Btrude feed (T
versud i S ¢a”) fop Ssurtaml e Bystahen the plesareivf dfydtogen gas. Plots 148,
catal ysts 1n the presence of hydrogen gas.

The ﬁ feed with
150 153nt Hcrepregens aatihydrogen upake obtaiped byoan ithe grude feed w1

h Lo, t '
con PR TR EGR 8 TGl SSBiga o pe b
crudeaéd Bveauh eimwmﬁd%f&ﬁao h(n(jjx@iaﬂas;% g s:ié)ge bggeem/ms Nm’/m
contacting zones were heajed to an
(4330 o chshoway HGK Sabeetiipirozss sk of e Gl foed was
relaﬁ{eﬁgrggﬁﬁéexgrdgﬁggfeaéﬁiaf-m contacting zones were then :

eas mal ntained in the foll owi ng sequence:,
2 WICGC14 525 gfaphical rep@emtatiomsof residve At sexpressgbinpyeigh

A Vo o N e
Ex s3-fpu ﬁeacﬁtb? tiePlott trfilQ hecdru@progtctiae areddtieosontert of 88-

S separated as describéd in Exanple 5. The crude .
90% pf theuesidieambnzemt af theagedeTiopd. oPlots 1, A% 186, Lecientrecnipesidue

conte%{ g tlhg )c/:ru%fe p%ozdl?ct ggtrainrég by contacting the crude feed with the catalyst

gystems of Examples 8-11, respectively. As shown in FIG. 14, the residue content of the
crude product remained relatively constant during significant portions of each trial.

FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A API”) versus run time (“t”) for each of the catalyst systems of Examples 8-11. Plots
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processi ng The crude product had, per gram of crude
r oduct 0023 grans of sulfur, 15 0.0034 gra
&Qy’@@ﬂ’“@ﬂ“ grans of VGO, and 0.378 grams of Fetlsaoossss

residue. Additional properties of the crude product

1648186 168! €1b fePrebARIAPParbbitybfGbe Srudéipraduekolirined by contacting the
denpnstfates that contacting the crude feq(i}'WIth L %th e
crudafeaklwﬂﬂsthh aatplygt systers of Examplas&-1 haesnsrav of the four

i, et oM R Bl AR dRAORE IR 7Y oo AP grvity

of ERH AR DRy L 5 B e T P roor) Azngmty
comappEInth o AFB EENY S IL BIDIUGI F A AREE AR 20/ 5. AP
eref s shR i 103 7% OB ey dTIREGY Soell OPET tp'eiﬁ
\r%;‘gfgmnl &3 gh it brep mﬁ?ﬁ??"x’@;gﬁmm i pravidaing
PEWSE@P & SrUste RTP %Eﬁh ﬁ‘gé%fc‘?%&gé% S*i oyt

t | g 1t Bentedof the crud
e@:’%‘nﬁ%ch g3 o‘gssn%’ilgl!ﬁ %C?E%%b?gglg ( e10 grude ® ermae

prddawﬂ abgmndmb)pwmmmigebe ewderfred vdth the catalystsystenys of Examples 8-11,

was, fed_to th e react T,
resPevely. BaFbLEHe REIE) biia S5eR Sontelt W RUSE1 6 the erude feed.
Eaap&he@}aﬁaﬁ&%hla%xg« confeéifl ub@ratn@mfmpo 0014-0001 5 @rams per gram
reactor. The 30 confacting conditions were as foll o%ecmde

of eratle prodictpdinggach wiak As shown in Kige 1088 opyesn et 9

pro tgﬂgt r{%%ﬁmtgg Ireelvﬁgﬁg g %@%ﬁeﬁ%ﬁpyoyﬁéﬁﬁ%m R velatively

corsbdit 9 geﬁg:oﬂﬁﬁﬁﬁf the emdepad it dmnmtstmtm shat yelweé Hfga@ic oxygen
(650 total, run tinme was

conpourseyRausd o Sssiss. SHie TANdes BP‘BJ Jedief ipythese
ex oIy § 8L TR Bacf lé’d%ﬁ 2 PORY O BCcatbiixyliE: @Mnm organic

uri'ng processing e" crude product "had 1

oxygenponpbundsl aré mducéd sdlgtivelyfoventhiemop-cart®xylie pprpiping organic
zinc, and wt ppm of potassium The crude product had,
OXb%ﬁn"Q PROHSY crude product, 0.0033 grans of sul fur,

OQ@Eﬂﬁﬁﬁi'é 19] atQ¥NERR cofdiBibhs 6f: 375 *O(70(3T), apﬁbsﬁmm 69 MPa
grans of residue. Additional properties 3of P{? Céél}gﬁ) th
(1qmaoms¢x and erdtiomfdydragen o radg feed of 160 Nmgm™ €100 e
X h f
AP R MOR SSufYaf 7S 0. B e el e
feedl Ht'al thpératise bN3F0 QLD @, sﬁﬂaelﬁﬁm%rmsun&mﬂd'aao of hytrogen to

product that had a reduced TAN, a reduce
cria Pescuhe r6istian of sTE 1osik M CRoFOR WY £l Ui SRR g g weight

I tent, V@O content, and residue content of
Ofﬁ%é&lc&:ﬁrefgg&product were 76% 94% and 103% of the
r es peBkaniple(s; apeattionscontlitione of 37dECHESY *Fea argssers of 6.9 MPa

(1@34&1%‘3"%3%@0& K dsagaaGo b foaddl 158 Nm %28 Y 40t scrm), the
reduction of crude feed MCR content was 17.5 wi%, based on the weight of the crude
feed. At atemperature of 399 °C (750 °F), at the same pressure and ratio of hydrogen to
crude feed, the reduction of crude feed MCR content was 19 wi%, based on the weight of
the crude feed.

This increased reduction in crude feed MCR content demonstrates that the

uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher

temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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Vari ous Contacting Conditions. Each reactor apparatus
(except for the nunber and content of contactin

WO ANS05392€ach catal yst sul fiding nethod, each P& $2004/042338
product separation 15 nmethod, and each crude product

s% aeﬁ&eg d%%n%th%c&iﬂﬁ&roﬁ%ﬁldeffe&t(ﬂﬁ@ lagefativély thigh
C at a

re mxed with silicon carbide in a vol ume

TAN (atm odsn ) withrone og more catalystsiraduces the crpde produgtawile

nI .es%hot hgﬁw@g&g ro attwwgﬂi g,gtﬂ r{:la@ﬁély small net

hydrbgéﬁﬁ;ﬂﬁké ‘Bdlé!;@echﬁﬁd@%i‘oﬂﬁcﬂﬂ?@pérﬁé@ﬁ&fe .at fidst 709 of dresage

S positioned at e bottom of each reactor,to serve

propesties of thetcamdesapsh ovhile selested nseparties ofihe sradeprosiebyere within 20-
{ t act Af t th
30%6)2%6[ %’5‘# é?@gﬁzﬂgar@?tdggeﬁgt 3?els ngv\é?gepl acegr in ?he
C osp;aﬁﬁmgr a@sl?mdﬁ 'l?bﬁ]# retadi: tbthe caidei pmﬂuetmskprdduﬁdmﬂl a
ositioned on top .o e.top con 0 i
net Hydragen patake by dhe ﬁu@%feﬁés a%atag% éﬁ&@tﬂs 2%725 gﬁ%ﬁk héuCh products
had @\%2\% ’{Aﬁ%‘i‘lﬁt @roif Hiecrd g, didle et Qécti&mw content of

urn hat ati ng zones c rrespon i ng
at mbst 61 Beohihe hutal N7 rmentenhaf dlmm:brfefa'};mlnig nzajntainingim B-vatue for

the R AL ALAHONF G Jhe YRS SR PRt oLAEh pRETRdeg wes 83-90%

of the g&ﬁdggaon‘f&% oP@R 'c}dderf%a | Thd RRrARIVCD (feﬁfbhﬁsf édell cheleeproduct

e catal yst included, per gramof catalyst, 0.146
was §t S 7%fofithe V5kenntent Of thercrydefred o The pvecage ARharayity of each

h th I
i TR i A B LR 48 0B AP\ Pt
each(chidecpBoditdtivihs lal o604 Bk »smehﬂsﬁo@gy af thdQnperfeedsi ze
| tr| ut i 8n t h 'rre‘cih or% dlater of 18 A A'_

Dlstﬂ%fgﬁlgﬁ;ﬁnﬁ%dl\/l%d}aﬂtﬂlre fﬂggeg@ér & APLQa‘bE %@m hMmlmal

Hydbey tiox. hI&tExanmlenjmdlé,teable mbtor apmfatys Goxsepiffor number
gamma aI um na per 20 5 392
and ete) ooRpEiREERneS) nhfaﬁ%rsgg@hd EPlulgPal produet

sepaf&ﬁo%i%ﬂbﬁ‘luﬁp%h Enﬁi@tp%difctt éﬁil#éﬁ %r&ﬁé Qéuﬂ@ adlllestbed (n‘@tample

cnB) was positioned in h contacting zones.
5. Allncédlysts weremixet rdthoan mhvwlmmalfallwgn carhideu dde oeru@fsed flow

o BRI i AR S8R 0 cuvi

was PO at the'bdHdhy HIQBH Reaceirab ¥érive 8k h beBdin @ﬁpﬁmrd eEach reactor
mxture (12 cnB) was positioned in the top ,contactin

contaipad oneerntamsing Eaeh ufftentbs wy@iymcmecag@ﬂ% IEXIUTGs Weig plhced in
t tactli
e RS EREAR A o BRER v BP0
contZAig Ahe td-KA mﬁhd?sp%ca\ﬁﬁd 10 seeek i d reldalt tzmmncead:lbredetoanﬂach
positioned_ in the both cont ctl es (60 10 ])r d&i
reacton wes RS into o Tabibore Breacedhation YigbiererpiRgFones Corresponding
to thé PréHeXIdng! thk Egﬁ{gctﬁﬁr%hg,eaﬂ@ 4k Yb&om support. The crude feed was

contacted with each of the catalysts in the presence of hydrogen gas.

A catalyst/silicon carbide mixture (40 cm®) was positioned on top of the silicon
carbide to form the contacting zone. For Example 12, the catalyst was the vanadium
catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenwm
catalyst as prepared in Example 3. For Example 14, the catalyst was the
molybdenum/vanadium catalyst as prepared in Example 4.
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(48 cm) was positioned in the bottom contacting zone.

The uncal ci ned nol ybdenunt ni ckel catal yst included
WQ20596¥6 of catal yst, 0.09 grams of nol ybdenurRC TIPS 9944042338

grams of njckel, and 0.01 grans of phosphorus, wth

t hEhe,eontertingisendigjons forExampiesdZpfbwere as Aol satimohhydrogen
to thE B Y3 3bliaeO b BELICAS o Hednb A2 (5600 48P, Loty wao 1 1,

ion acting denum
and prassafwhs eaMPHE Oséﬂq:sﬁ)s The doheactiog zeres weed hmectmnﬁ:nﬁntally

le,.8. Crude mthe Mars platfo | f of
to 3453%!1@39 Taver amwgafo tigmg apd maintated gt %éﬁnaézt%é&%?ﬁwa{s fgr a total
tﬁ.ﬁgypj of 93 C (200 F) for 12-24 hours to form
run t he crud%H“?Séed for Exanples 8-11 having the
pr Dptal piodacts exibedrthe echtactingadones dnd Wweif8 sefdratedlas described in
fee S e,to of the reactor lnthese
Emgﬁsgp\?@% hydgen. oe sl danie e for each gptatyst

systeﬁp NG, E)Eaﬁgnlé PLRE hidteg &P@M@@&é OB FREPAR (- msepnse an@'fe crude

bottom support of thé reactor. Thé crude f
prodecs had et TAN wi 6175¢ énExmnpleHé et kyidyegen upﬁalqewmpn esmgaeﬁom 2.2-

3.0 A (TR 1R m i 8 ol i B0 AN i BB §dm 0.3-05.
In E)@Eégﬂ@ 14,/ Rekhg %ﬁﬂaaﬂ:%%ﬂme ehude Fedtbwith Gtk rhhﬁbﬂ@m&i/@&&dmn

and the tota essure of each 36

catalmt,anqt dvpgen pptake wm TRage 091 10:0%m hﬂg tpl@eﬁ Nmém 60486
SCF%AJ&%S%FBCM&%“ &ttil 59 Q ebnf 0505“’Ir
e Tenai |’ng con actl ng ures “Tnall

* cOfoacthengt E)tﬂiégbn\nﬁit&e%ﬁle@h d(uﬁﬁg c&)taétc:rg, fGfhsteotimatedfthat

contacting. After 500 haurs ratures i.n
hydrogen wasrgeagiatedgt fisifate ofd O Nphim oéﬁéﬁfgp £ GRatacting,of the

r Rurln@
crud @ER A o Apedlubl i " OBELRAOR EPERFOYEI firiid BRftchifl allows
less Iy@6ogen (t6 HO usdd inltkd proatss 366t @ focan mﬂhoﬁhssdrogm wsed ino :
700 F), .held at 37 1000 hou ai_sed

““V?’ﬁm&‘g%éf&c?f‘? OEPPIQYE PO W&%“a@f ‘%afdd ile s feqjurement
for leb@hpdbgdiPdiitirlg ddatacitis RIS RO P&3 Bfe dBQtE/o ébi\%@aﬁﬁe.

t enper. at ure of 399 (750 C) and held at 399 C for 200

hotdditionadly, sontest of thecwudefeed yvith thamadybdzaem/vepadivm catalyst

0 r I '
prod e ArRI AL Wi T RR LA Gt B SN G LR e
prodmedﬁ@mmermwmelmonb&mmnaﬁtdly@vsygen content. Average
5 vaI ues for propert| es of thehcrude roducts produced

Addlﬁhg‘al égt?ﬂﬁt aEng‘Px@Qét&%\psptaﬁg? X Eép;ilg%rqj?m?der Fnc%’ e:;rﬂgnt%ff contacting
zonesyazkh catatysesudfidial ysdthaly stanstad prdduangeperstiBa idkbthoihend each

f eed .had P- | f t 1.5. 140, .
crudeirgliey a5V dorone Pt o arreriprbipEgaRRlE Sor AR e mixed
with ﬂﬁccﬁf Qebak n?@b@luﬁﬁq'a@d of?® Bﬁﬁ‘é: Elhe&l Eeﬂ&d@ 8 0 @aft RQEIYM hifless

the four catalyst systens of Exanples
otherwise indicated. 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 had a bottom contacting zone and a top contacting
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded intc a
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8- 11 respectively. For 2300 hours, the P-value of the
crude product renmained of at least 1.5 for cata

| yst
WO3095864920f Exanpl es 8-10. In Exanple 11, the FB-(“\TE%/&}%“‘”M””
was above 1.5 for m)st of the run tinme. At the end of

W l%ﬁi'd éﬁﬁn%é@sfaa'c%rr@ ondhif) 10iNApreRedt@bne, the
Lindb romtg&:l -val ue of the crudegpproduct foﬂ?féeach
two centating Zonesyand ithee batfosr supgorthat the crude 15 feed in

e ch rlal i ned,rel ativel I ' .
sappeles e v o S aL oo ip Bxpmele 2
andus%ﬁ ﬁgﬁﬁ)addﬁﬁmﬁfmygtn FIG 12, the P-value of the
cru product remained relativel y const ant durlpg

stxgﬂxampms pmadmnn@al@atabratfﬁhm edrbidg,paighire (49 e AMHSe

P"Sltf%‘}eélﬁﬂ%e\gg &%Fglgt %%8§’Wneteﬁﬁyc%mfen th n}t@e

molybdeHeld dafight prdpared byAte ufitidsdestribedd lmﬁxéni;ﬂd 3.f The ﬁmdmm
catal yst systéems in the ;)resence of hﬁjrog
catalywmo@mrbxdqgm@z( oo veppesrnedin P@@%ﬁﬂ%ﬂ&ﬁe

t?‘% g 3@9@@@%&%?%5{%% Jgg resp ct [ veI y.
positidiesd 1h)ﬂi€ b@mﬂn gphtabtingwona, with t}m&lemnabwﬂya being the ne

molm%'m%gca? it Prrpa ycbegetied EatiFn Tpelpias The ppdiom
JBYliEGP Ot 8%l (0 4 Bofigsitamhe 8 colantay e

constant ring ea h trial. 14 is rap phi cal
r épEzagmpteat?, en admunmucaubrsdahpm lmrewpr(é@ §@d) Vs nesitiped in

e o508 85 Bhe S R YRR AU ol B anacim
catalygt' a]slpreﬂ)d}c& afBxahple e TheWwanidiinal tﬁtalj‘rsh@ﬂﬂm dab,lﬂeoﬁmmre (30 cmm®)’
resi due content of 88- 90% of the residue

'wasm@n@muﬁhetqp@@tmgﬂ@@d Pl ots 156; 158, 160, 162

* OB ERRERLe,(F R (Ehnd P B Coliori B, B Tty FLSIAD beads (30

cm)ﬁ&b@ioﬁﬁibne@itﬁéaemoﬁﬁcﬂmbes 8- 11, respectlvely As

shown in FIG 14 [ t of the ¢
pﬂaa%t pEFBasEY Blf%‘f-‘ﬁtf?’\e/‘%f tfngﬁﬁ SYHe %Pmper{ws stummarized
in Taﬁb gn | ¥ ama@ﬂﬁttb P bf ﬁfé“r@a&éﬂ afhe drhde fed® flofved through the

representation of change in APl gravity of
preheathmne;mp eoptacting zone( bottotPrantactingapne,and hottom suppery of the

reactor Wip e s Reio B Gar oS B i Presghd OF

hydrogél ghse mﬁﬁﬁéﬂng%hdﬂibﬂy fdreaét et 16 wﬁ&aﬂbﬂdwst ratio of hydrogen

Oobt ai ned contacting the cru
gas toghe artgdstfe@;zfgp@mdm ﬂgxmﬁmrégasgl@lN /@5 F{ég@(} §QF§) for the first 86

ea al d -
s Byl S8 S 5 o SR DE g P, an
presst&é wst@@ MHa (@ _?_ﬁm @6 dEhe bgﬁgﬁ@ Fomnes twafaet[éatryl tﬂcr&nelgally to
r ees. e increase Vv corr onds
343 ° 4650 Thraversh motted ome Aot ERIRKINEA SIS oR SR e of 1400
from21.7-22.95. APl gravity in this range is

110-117% of the APl gravity of the crude feed. FIG 16
i s.“has@m@mﬂeaedlemmmetm abntact affa auggfead cmﬂnt a@olpmn 5 metal

expressed i n_ wei perc nta , of the duct
catalygt: lwu;g %apmzq@%ﬂio lan, BRIf db%m dfg’épéf

combination with an additional catalyst havmg a pore size distribution with a medlan pore

hours

diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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. vispasity apd ALK EraEly of thes

systenms of Exanples 8-11. Plots 172, 174, 176, 178
represent oxygen content of the crude 10 pr oduc

VOB 285063926y contacting the crude feed with the FCT/US2004/042338
catal yst systens of Exanples 8-11, respectively. Each

to tﬁ% %@&?ﬁ e(c)ipﬁgEach e dﬂdtﬁ Gﬁﬁﬁt di@ﬁn prodBssingl fltatblely small

roduct an oxygen
hydrmemmerbyaheen@eféadanmwmﬂo 0015 grans per gram

1o, Seekiallyooeume eoise: e 1 sl SRR tpd a AR gf at most

1 5")'6 %k‘ fle TAN %f@ﬂé‘&ﬁé@ Yeed it Pxatifiles 841 3. The eidt Ppeddutts produced in
i me.

The rel atively 15 constant oxygen content of the
Exmplelel 53-176 et hadentotal NIG{/Be content of af 3196k Y6, e ygen content of at

o 08 e RS S O b B e o

Adigiohdlfye HetFuddiglodadts pRatabedin/Exatiplss 1517 bechdmdan@P1i gravity of

cont aini ng organi c _oxygen conpounds are reduced

100s 2038e of thei APlgrevity pbthesmdedesdoxyl i ¢ cont ai ni ng organic

O A Y BB b o G
18)(pt6chibed apsoduct ot increased oisobsityyniddlgereased APLgravityealatiye to the

160 NrTB/rTB (1000 SCFB), e/gteegagred tllp%g %félﬂé?r#g a?cﬁ ecreased

AP¥ g&gﬁ% it ﬁﬁ bePosdbletIREEAhA Bk g B8fr polyteitiZadion 8f thekeude feed

ress re“and ratio of hydrogen t0 “crude feed,
wasimuataﬁuctl on of crude feed MCR content was 25.4 wt %

' c’t%e cﬂnééﬂgéﬁ’tems and

theﬁ:ﬁﬁ.ﬁ%térﬁer@fth@sa%aé\@%es&rma% Ex l)e 6. artek grop ﬁ‘tlbﬂof)ﬂle crude feeds
hydrogen to crude feed of 160 NnB/nB (1000 SCEB), the.

areflistéddn ffehlecﬁ md:rlﬁrd 28 Tbe cotreting soaditiopg werpasdollpyt a ratio of
d
o R L B4 oAy it P 1o s,
preﬁsiﬁ'éd Wa9b. 9%@!:4 7 psif Gnd tengperdtere af thdm:)éntwuﬁngtzpms wids 371 °C
crude ee cont ent. was e on t
(1087 for dheciotad ey et Ty hranple dce LS Aiees Bontpsling yfnorcased
oveféga%‘énléﬁﬁg 14ErRNStT Al RshthiRed af 12eh™ FRGR! KuBgEnd then the

rretal S catal yst famlltates MCR
LHGUnwmcmshddb 2017 kit aﬂdghmtametdeatﬁéﬁah ufoz 6thenrs. t he

o s TRATRS AR Ao 30 St P cosis,

derQ&PWGU&h@erR hadideOed it li’&er@at&ﬁl'd denteae end\tdriet of metals in metal
ively g TAN ( TAN of 0.8) with one or

salsaf atgpstesacyd §th nme Peneds tb%tdh@BHSW al 12 B and a1 2077,

mai nt t he c t

avRep VR 5 e Ko BAHPE oL BF SisSRiaupls 0 Blovll i Hife 6, FIG. 18.
upt Ak ghovpe it Thsle 6CFI®|618§Jﬂ-@¢mIc p@odm:e fori Foanyse &9 had ansinced
70% of the same 5 properties of the crude fe

TAdeansca eduendoyiesosite Eelgiivaty éhec%H@ngr%Wé@o% dlaﬁ ft'rﬂ%feeed while
the 21 g1 vyPds thl ErB TodRePRES L5103 of iR AP18EVFEFthe crude feed.

A weight ratio of MCR content to Cs asphaltenes content was at least 1.5. The sum of the

MCR content and Cs asphaltenes content was reduced relative to the sum of the MCR
content and Cs asphaltenes content of the crude feed. From the weight ratio of MCR
content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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Specifically, as shown in Table 4, each of the crude
products was produced with a net hydrogen uptake b
WOR00596302 f eeds of at nost 44 NnB/nB (275 SCFB}’.CngW‘“““”?’s
products had an average TAN of at nost 4% of the

potAskREE sb@iash, zRRJarRl caltiBaiTRut ok 0%lof ¥hearotal emtemfoﬂnb Sime
nost 61% of the total Ni/V content of the crug
metplidE Shenernge Siefli S AMiEmagarst oBihe oruie prpdkss WosSG-40% of the sulfur
bov erage residue content of each crude
“‘“u"gaﬁ%? %efg%i/%% of the residue content of the
Cr UBgarhpslesls add) 89 dwaoageatdbat combdcting cofiditianhcanrhedwnirolled such

product was 115-117% of the VGOtgontgﬂ,t of the crude
thatablS Vithwough dhagpntasting zone isigreater thar K0 ber 30 foa process

ool A Y B0l IS b i e, o sty
ity s et o a et s b e
10 F5pllovey e copaeiing BRReFS.10 b PRICTRARRIA Vo SRR SizB clative o
conﬁ{; @(ﬂlk&@&ﬂabl@@esﬁﬂw Mk Fodsel dibthRd SloveamsteaRink A b

2-14, each reactor apparatus (except for
dlsadmhtaged mdemlbquerfonilecb atrproducitioy sitesthst have sizg constraints (for

a g nmet hod, each total product 20
exagg»ﬁ,% ﬁé ‘Efﬁ g‘ and each crude product anal ysis were
xiﬁﬁlm&iﬁa&‘iﬁq Chgde FéedtWiticus @ontﬁ'chn Fetdpephatures. The
WEere m xed w th an equal voJunme o I con carbi de,
conteting syrtems ansithe catalystsovers dhe sesgasdlesihedin EREmRE 6 ophe crude

_ feeegg?\tgﬂg glreelﬁéée% |¥?J]o ﬁle 0aﬁ)tl ?ﬁ}ﬁ%g{@%ﬁ%&g gocwg'téé% Sf)ﬂﬂe reactor

and{cdntRiederidsihe thoichalpstlinnhe two domdeting zohexin thmlmsame df
one contacting zone. After the catal yst/silicone i
hydgogem ta roduge 8 CEKIOREPEIH! ABRHVY FOTSRCINE ZORSTYEREAPRTR IS LA Jifferent
reactor, sili cone car bi de -was positioned on .
texr@graﬁﬁ? ‘the top ‘contacting zone to fill dead space and ¥
to @emmﬁlmoadnmﬂkl inthe zom eontactingzne werst asrfollewsh LHSV was 1 h™;

temprer R EHE ok oA fo0s Sras 26 oF 1R SR Ffic iverpgen to crude
fee@ /20260 NAFNR? 1t0b9 S‘E}I'B)aﬁﬁd PessufRas @pd\apmmmﬁsﬂ)

support. The cru e fe was contacted with eac
t hecmqixygsxogdim:w neﬂxprbgaemwntﬁphn&mnyg\me@a dollagys: /LHSV was 1

o SBLPHBRL ok SO Rt i 45D ey fpgron o
crudfeed Sak 160 Npp¥m® FO00SCFB),; andanesmewaaw ryma (mg 71 ).
vanadi um catal yst as prepared i p Exanpl

Exahen 12 grodukeniedahy ﬂ%ﬁ%"ﬁ@%‘%é@ o H&ﬁtdap%leﬂo the
gas%qsu?c{ ﬁ}%é g%)a.gﬁgoﬁxlﬂ'{ﬂé assh%LF i8 bh @ %‘Jﬁto} 4ne 1004 lp‘f@dlﬁlt wab

enuniva adl t as prepare
scp&awnh‘@ tlfie cruaS PAuR DA £33 Th6 cﬁﬁﬁ/ptlﬁﬁ&@%@p@ﬁﬁﬁcaﬂ’ﬂ@alyzed to

cont a ndi |ons for Exarrpl es 12-14 were as

det?r&l!“'o -'oaSB 5pgs 6EF 0 the crude feed provided
A{?@ra% > p{rléeg‘; fgﬁ’rﬂ% ﬂ%r@%&f&g&éﬁ}@@ue@?ﬁ%y&dﬂ%ﬁg%r& are

11stmmt'ﬁrbla Td&FIGo hes The ceidh deddduhdiaiCAN | ﬁthMcya Cs @spbalger@s content

of C#@%O gg%ls ﬁggﬁ gsgk@ﬁtra%eos?m? fgfatrrll 0 cruge feed. The Icrnu € pr duct ﬁaac an

average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs
asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product

was at most 71% of the Cs asphaltenes content of the crude product.
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5 run tinme of 360 hours. Total products exited the

contacting zones and were separated as described in
wemspsm26. Net hydrogen upt ake during cont act PEF/4§804/042338

determi ned for each catalyst system In Exanple 12,

net Tieydtad gemtentpdfaiotassime antGodiukiniy the cfudepr&iieBwas atwhost 53% of

the gl qoplrmb g e S tin it o cmde frigh ThieohAD of HBesiag Broduct was
at bS8 083 dfdie ’?ANB?FthéSG%@E f%eﬁg th PRAIe afdes BF %H&t whPfhathtained

TAN 1n a range from 0. 3- I n Exanpl e 14, during
duringoatactimgy of the crude feed with the

S L 1A DR B
tem?%ﬁu‘& thaf 105056 Riwer Aikeh thd Borhdthg t?hgé’(ﬁﬁire BAthededdi (intthis case,

range fromO0.2-0.5. Fromthe ne drogen upt ake
bottomi)zese thnds tenhencethe redyction of}\ﬁsa-‘@ba%ms egnieniin the grude product

- hydr ogen, wa ner at ed th of 10.7 NnB/nB (65

ml%%fﬁ@&ﬁg;’laﬁéhag%ﬁ Sa‘&lﬁ?%%g e_tcﬁ‘é eat%‘?dude feed and the
vanadiitithalpl addustion of308 @omEhiUT nedtals el iretid Balthsfl organic acids was
contacting allows |ess hydrogen to be us

! fdgeléﬁl t.he,
enhgpesdaisingreontiplledtemperaturg defiprentinls. pKos, €, §xspction in the total

. . onarf i
poROERAY 20l 058550l BREAN R IRAEEN 20, cance
reldﬁi}yd tothe Pedliction of ﬂﬁﬂg’atpdgggm ankd sdditlulﬂemnteas&f thh en;ﬂeqimduct
o} rocessi,ng a, crude. tiona . _contact of t,
ﬂm@@&%@pfeeéan%gqrﬁlaﬁwelw%émdﬁfs fnel o et ppre Stabiliy for
eﬂ"%%ﬂ@ﬁfjaﬁgﬁs% tﬁ;p@ﬂ%_ with a TAN that was | ower
t han e of t

e crude product produced fromthe
i ndUsing addwerdeppaatueot afist gontactibgaope aows remgoval of the high

tact. a Crude,Feed W:th,a Vanadi um Cat al yst an .
mofegilafieRt ecfupouids s St s HHERIEGFS Sshoh By salt bf organic
acic(s?ﬂﬁ@ﬁﬁvef@ﬂéndéﬂl’?% fRRfpslpnERhdRE c6MPb@tdsiiagingdhysical properties.

zones), each catal yst sulfiding nethod, each tota

|
of softoehs end/or igtdnass onexateile, s and(H taplideerpe vl of these
ooV R g Sy EC AR AR oy

S Were‘m xe

androdhi the 0ftalyspathefeby iihdremsingcthe lifedef the cdtalyatstopessting as higher
unl ess ot herw . se i icat@efd. The crude feed flow to
tempgiaRresthat a3¢ m{gomff%ef Sl Foptactif@g 2088 ct or to  the

Exfi2ple?T Conltht Jﬁ;}ge Féhunwcsamgt% mﬁr& SA bk 8etal
V S a bottom

catalyst pod/br a Extalyst afabe applivationa(00001 efngraoston €t 02+4) greonseofatlyst per
zone. After e cat st/

t t [ t | il
Looieqpf oEBioRids BB Tk GboRtRRER, BrdlEiie gt B race feed
and3bact@P&tlef %%H«Bwin? doh@if08s: GRS RASE FoRNSTI4DN°C (185-
top of the top contacti na zone to fill dead space and

T9%°F ) quessareds agapgeciemi0. o0 ¥R aq aediratioraf fydengen sawge to crude feed

| oaded . 005/ 06 .
of ecAobdmdR darabsion filnd e IEER R e g ot he
crudiSitbing, e BR7lcGR6NRE RABPIrAEd fidni he chigheahd/éorsidubingude feed
two contacting zones, and the bottom support. |n each

using@asepriation AppayainaducpTafilieyand/oxgentpifiegsa e cayde product may
h:awgI %%ﬁéﬂg%ﬁ q‘AI{I‘, i?&&f 'ﬂﬂ;‘k& ,%nd! or vanadium content and a reduced Cs asphaltenes

content relative to the crude feed.

Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilied in the art in view of this description.

Accordingly, this description is to be construed as illustrative only and is for the purpose
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and used with the additional catalyst. 5 In Exanple

15, an additional catalyst/silicon carbide mxture (45
WOR00806392¢00Si t i oned in the bottom contacting zdGd/US2004/042338
with the additional catal yst being the nolybdenum

ofaeacaingshosp sﬁmbdéni theyart fhe gemerhlodantes of careying outthe mpregtion. It is to

oot i v ey sGRNE aR R BTt e e e
aer\;.I%ixt Eoﬁénb@dinéﬂﬁl tH1hakts aad ﬂllaté‘éibis%éy BOSulafIRr those

(30 cm was 10 positioned in the bottom
illush'at&akandrdgsmheté hemm,rpatta endipirticessenmiay bgreveysad dpdicatjain features

of Yacimveibich Y BSoaien deerRiseig At Meb e BRpRRAL o e sited in

thé at RitflehaVing!thé Bettedl of Mis ﬂ&%ngﬁén b1 188 @iveinfloh NEhtMges may be made

contactlng zone. | n Exanple an additiona

in dlaet czletymw ¢scribedhberginavithant @spﬁrm fragnsthe spiritiand seppef the

bot th the additional
mﬁ?ﬁg §§d;ﬁ}at§éf%@§ggl ‘vanadi um 15 catal yst-as
prepared in Exanpl e 4. The vanadi um catal yst/silicon
carbide mxture (30 cm was positioned in the top
contacting zone. In Exanple 18, Pyrexo (d ass Wrks
Cor poration, New York, U S A )beads; (30 : cm were
positioned in each contacting. zone. Crude (Santos
Basin, Brazil) for Exanples 15-18 having the
properties summarized 20 in Table 5, FIG 17 was fed
to the top of the reactor. The crude feed fl owed
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
catal ysts in the 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 (1000 SCFB) for the first 86 25
hours and 80 NnB/n8 (500 SCFB) for the remaining tine
period, LHSV was 1 h"1, and pressure was 6.9 MPa
(1014.7 psi). The contacting zones were heated
increnentally to 343 C (650 F) over a period of tine
and mai ntained at 343 Cfor a total run time of 1400
hours. These exanpl es denonstrate that contact of a
crude feed with a Columm 5 netal 30 catalyst having a
pore size distribution with a nedian pore di aneter of
350 Ain conbination with an additional catalyst
having a pore size distribution with a nedian pore
di aneter in a range from 250-300 A, in the presence of
a hydrogen source, produces a crude product with
properties that are changed relative to the sane
properties of crude feed, while only changing by
smal | amounts ot her properties of the crude product
relative 7R WD 2005/ 063926 PCT/ US2004/ 042338 to the
same properties of the crude feed. Additionally,
during processing, relatively snal
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hydr ogen uptake by the crude feed was observed.
Specifically, as shown in Table 5, FIG 17, the crude
product has a TAN of at npbst _.15% of the TAN of the
crude feed for Exanples 15- 1%3 The crude products
produced in 5 Exanples 15-17 eggtm had a total N N Fe
content of at nobst 44% an oxygen content of at npst
50% and viscosity of at nost 75%relative to the sane
propent nehodf oft peoduaide # coude pxgdiey.0RAMRE-Sifhe crude

pr OdU%Bﬁtéthg%%egr{l& Exagplies &b &7 waehcdtadyars ABl produce a

gravity of 0-103% of the APl _gravity of. the_ cr.ud
7 catel Broftsh FERS 1REMRRSer Dok SHPATIREr s AR Tnd sy Code

roduce
n@memattahyta ¢igoridimikons &¢EEINPF endl0. 1138) M o&b%é?f“&e feed

Progiicts s W thel BE rn%@éeglk\éh§%|atl)’saﬁ@g slecheasedoPlorganic

gravity relative to the viscosit APL grayity of nic
t FE12%UABe fFeBOTFAGHR T HE FRT eﬁ%‘é%l g %cost'toqie &k ord oxga

daemm,sed midRLrey anetsot.i thermyube fpséshabllegt cPanﬁf“@\m of crude

tqggdc%kltgtgala@gétgntpgf mgi;%ltgf Qfldtﬂ&ag:[rkgj-%af'ﬁi?dletal, in
was initiated.  Exanples 19. Con

ude Fee
VAREShSaLFE TRABISIER: 1) By S e O 18 TR i Che one or
Cabat yaits1yasectirerisame as described in Exanple 6. The
pr ope tal) e% fqgrsért}.%tgi}vg:e Eﬁ@%rs@r&tgiﬁteﬂa\h&g]_aﬂreg5am of first
in

he contacti ng caondi ti ons_ wer e

otar:etftsat afFom PP IR Gt °GaFF S t e 8r%c?e f“ore metals from
prctaﬂmﬁted b0 drkersciadt orranas, e dNnBom8 (PO dSCrEB)one or more

e%sfsr & \é\%SCcQ.ul%n '\épgf(gi'gelﬂ’eglmlz)'l‘akﬁgd d8oneflbiuse wfight of

the gonta i ng zones was (700 F) for the total

r metel ner PHRUEXeFpINE et taﬁ% LHSV during contacting

Wwas i NGl easedord avelys petd aecoid chva ysEomvingf 'perogram of
12 h4 nai nf ai ned f 8.Hho rordGh-d Ia@eajsherom
SRS %tn{reased ta&§%192 gamé Opngflﬁtoal ned. at e
hcoflorn §6 of ddves PETHPIER aFRBILE 10 Pﬁé"QE?u%Fé‘PB?’b‘?fué’f ?N-S-‘ oF
an@hk¥zed e dauend re TANpevicUosTdble, ddrslited yE@eight of

conte reS| due cl [0 1.8NseccrAd:
cd‘tﬁtggt £ MIXCUEES & ntrﬁgf awng:t‘& @ﬂ@'ﬁg%ﬁégm k eg:m ac slttalysts

dureivaga tevee t4i7e ﬁ‘esrﬁréé‘stltoﬁat’l’t%é PR R St R CR 10 Bhe Tange
angt ab.20. X, idna. a3 cA¥erageor angesotfadr ntdrerpeOperes g the pore

of the. crude duct.s o v FIfG 218y of
Ass"§ﬁ09\3ﬁgtrﬁbultn°f‘e o ﬁléger Qmaeepc}%ggéﬁg?oéuct for 25 &

Exteiephediz® bes alqnw:@éedﬂhemw &hE FIEJTRES Y WRERT IS MR Bhe

I ed@bhy a1 §de st @aat thecyttseasiity ofe tfhestcraadalyst;

feed, while the APl gravity of the crude product was
104”’?10% of the APl gravity of the crude feed. A

wei ghtcanardlsiof MBRSEBHIAPIEIS1O8S A5phATBAERIEEniR AT ¥279°
Was, At sé%@%tocl 5. pAiRuse Mrothé hangd8GE MR .corb evRa, amell a LHSV of

C5_aspha ne co tent wa edy hehatd ek on therstdMoroduct
of " & rdgecgrgrgp %tq%nhes content of the .

he
crideng @edotﬂr (mntem,t Wél yheli aital ofrCR ke dRE efr bR Jretats in
Casphalit-enes &Qgﬁﬁthﬂkd offhgr medtcmd stimhef cdrhendCR alkali

content and hal.tenes, _i n qﬁg d

t Yt %4s (7 f‘%‘f?zlén?a‘taﬁ:gg Han cbﬂnﬁngét%lﬁélﬁ o %a\?e 5 2otde in

t evidencyde Geédr wheoka aper<néi arléauc@atafrhéné raj¢aline-earth
prlﬁgi:lé@.t, A seciadai of dr 6RpeBtadifis 7 as determined by ASTM Method

p13ls.



WD 2005/ 063926 PCT/ US2004/ 042338 potassium sodi um
zinc, and cal cium of at nost 60% of the total content
of the sane netals of the crude feed. The sul fur
content of the crude prod8&ét was 80-90% of the sul fur
content of the crude feed. Exanples 6 and 19
denonstrate that contacting conditions can be
controlled such 5 that a LHSV through the contacting

zone is greater than 10, h-', as conpared.to 8 -
2.t hatTHeasethod lSvlairhed inclaims bOﬁso‘Mla%fgﬁa‘Bg% %‘g%’ﬁ‘f:t 5 tiin 6

wth simlar properties. .T L tharthé tdthlvedmnyent o
mesal{sIgBer &F¢ M%ﬁ%gugggg&gﬂl@qui d hourly -
C Jgﬁ@c’iﬁ?{ﬁ‘g@p itﬁéﬁgsrt%ﬁfaﬁfst.t han 10 h"' allows the

rocess to be perforned in vessels .of )
3" edupiesimsihiod a8 elaihed i any ofelaims: ]ci'-"aWh?GK\/'gF falal content of alkali

- es’ ;gll Zlkgﬁu;g% g{;ﬁgﬁs@lﬁ!@ﬁ%@t@ gg%}é%@ﬁéo##éest JH gl%é £:8aé pRiBuct is

metal
ro i on st t ' eeMishtrofialkali njétel; and alkaline-
o B Applt o 3 et e

acilities). Exanple 20. Contact of
caRthChetaE il fRth] 8iltsvsforgaric Goids ircth Mr atures. The
contacting systenms and the catalysts were the. san .
+. dos The kethodasslemet an eny ok elaips 43, Whesein fhs fofa] EPpfent Of aikali
roperties listed,i.n. T j - qeede poduct i
el gk merapi Faegaly iy ¥ sy O S SpaRPQRIRAN: pbducts
in %?ﬁ;@%}ﬁghﬂi o4, 10-7095, 20060%¢ bi- BO-508kefthicnontent off Akl metal,
‘ y

rogen t'o produce a crude, product, : The .t
nd sl 6arth metabish wstal salfophOEARIS AHERSBFTRAS food

tenmperatures. . .Cont.actin ondiyt 4 L:
5.coniRe Ao b eiARdn Ay PEFTNR . St he ﬁa’?e?g‘:‘“hﬁ |
: [ Erad &oht 09000003 $26 0.00003 @dams, or
fro @gémi%%gt%g'g?ggg%@g&crude 20 fege”aﬂl s 16 .
frobiTB.0080 11 Sxamms SCPBPO0 b grams efalkale metal, @Mﬁ%&mym in
psi ) ntacting conditiops i,n ottom cont acti ng
mej4),salts, ot ergauic 8%%%&%%? P?I © temperature in
¢! he 79att AfLE QOLRRSI G aHYHT s 116, WherbRQhE first andéor second

‘of hydrogen to crude féed was 160 NnB/n8 (1000 S$SCEB).
catahdtsraye aupore sias ditribution with 2 medianspore dﬂ'i%e(t?ro?f%t Teast 60 A, at

B 45 G0 A PR e gbngonp oo o2
-71 he ‘HRSnbhed a8 cRiAEEns@iyesTlsins I-Newhetil the st @od/ongscond

cotbansonm o G S i SRt il er
pogeps 3B gq ﬁ%g@%%&gguwta Pt QiAA e Rithias70 Ay 45 Re35 A, or 2

e product” obtal ned during the run
A of the hédiiefoverdidméter 7, FIG 19. The crude feed had a

o s AL, £ O S foniss

@%Eﬂ% zféseﬁééjoﬁhﬂﬁs @péutdd) of 0.7 and an average
oS E{'ﬁ? nes content og 0.039 ]gra of fth d
9 as pHEHe raethod pe claimedrimanyof plaims by wherein, e LAN of the crude

asphal t enes. co toPfe th toWas at nost
oSt YRS S AE A iR O S o EBHNE 10 900
-18" U method as claimed in any of claims 1-10, wherein the method further
comprises combining the crude product with a crude that is the same as or different

from the crude feed to form a blend. .
11.  The method of any of claims 1-11 further comprising the step of processing
the crude product or blend to produce transportation ﬁn_el, heating fuel, lubricants, or

chemicals.




80 WD 2005/ 063926 PCT/ U52004/ 042338 The total content
of potassium and sodiumin the crude product was at
nost 53% of the total content of the sanme netals in
the crude feed. The TAN of the crude product was at
nost 10% of the TAN of thegcrude feed. A P-value of
1.5 or higher was nai ntainéd during contacting. 5 As
denonstrated in Exanples 6 and 20, having a first (in
this case top) contacting tenperature that is 50 C
dggéhe contacting tenperature of the second
1@ fairphd wharein th@pmhsm@cdnh}mses

f s.content in.t

pr od‘h%u cbeﬂjrdgl r@l&lg thﬁ%t%gﬁ%‘éﬁ ﬁ“@?e@‘s%? é"ﬂ?t“lﬂs t he

13: udbe fmmathiod &idmmadﬁﬁbﬂaimsflﬁditqg' Wheftin HePr6QaLRE bofibri
hydretradting. n netal salts of organic acids fv\ﬂggfJ §lﬁ§ rises

enhanced using controlled tenperature dlfferentlals.
For exanple, reduction in the total potassium and
sodi um content of the crude product from Exanple 20
was enhanced relative to the reduction of the total
pot assi um and sodi um content of the crude product
fromExanple 6 with a relatively constant crude
feed/total product m xture stability for each
exanpl e, as neasured by P-value. 15 Using a | ower
tenperature of a first contacting zone allows renoval
of the high nolecular weight conpounds (for exanple,
C5 asphaltenes and/or netals salts of organic acids)
that have a tendency to form pol yners and/ or conpounds
“havi ng physical properties. of softness and/or
stickiness (for exanple, guns and/or tars). Renoval of
t hese conpounds at | ower tenperature allow such
conpounds to be renoved before they plug 20 and coat
the catal ysts, thereby increasing the life of the
catal ysts operating at higher tenperatures that are
positioned after the first contacting zone. Exanple
21. Contact of a Crude Feed and a Catal yst as a
Slurry. A bulk nmetal catalyst and/or a catalyst of
the application (0.0001-5 granms or 0.02-4 grans of
catal yst per 100 grans of the crude feed) may, in
sonme enbodi ments, be slurried with the crude feed 25
and reacted under the follow ng conditions:
tenperature in a range from 85-425 C (185- 797 F),
pressure in a range fromO0.5-10 MPa, and ratio of

hydr ogen source to crude feed of 16-1600 NnB/nB for a
period of time. After sufficient reaction tine to
produce the crude product, the crude product is
separated fromthe catal yst and/or residual crude feed
usi ng a separation apparatus, such as a filter and/or
centrifuge. The crude product may 30 have a changed
TAN, iron, nickel,,and/or vanadiumcontent and a
reduced C5 asphaltenes content relative to the crude
feed. Further nodifications and alternative
enbodi ments of various aspects of the



invention wll be apparent to those skilled in the art

in view of this description. Accordingly, this
WQ25/G63%260n is to be construed as illustrativePQHP§R004/042338

and is for the purpose 81 WD 2005/ 063926

PCT/ US2004/ 042338 of teaching those skilled in the

art the general manner of carrying out the invention.

It is to be understood thatstzhe forns of the

i nvention shown and described herein are to be taken

as exanpl es of enbodi nents. Elenents and materials

maybe substituted for those illustrated and descri bed

herein, parts and processes may be rev d and

certain features 5 of the invention y be utilized

i ndependently, all as woyl.d be apparent to one skilled

in the art after having thg benefit of this ‘

deqﬁiiption‘ i i on\ Changes V- be made |in

thg_gﬂhnan;; descri bed rein without departing frpm

the spirit &nd sd@de of-fhe——+ﬂ§fnffﬂh as d ribei"ﬂ@f“"“"
g claims. 82 83 CLAMIM1. P nethod, of 112

t

prd@bci ng alerude—prodaet, conpri sing: “comtaTtiga
crude feed with one or nore catalysts to produce a
total product that includes.the crude product, wherein
the crude product is a liquid mxture at 25 C and
0.101 MPa, the crude feed conprising one or nore

al kali nmetal salts of one e organic acids, one
or nore al kaline-earth nefgﬁang?ts of one or nore
organic acids, or mxtures thereof,' the crude feed
havi ng, per gram of crude feed, a total content of

al kali metal, and al kaline-earth nmetal, in netal
salts of organic acids of at |east 0.00001 granms, and
the one or nore catalysts conprising: (a) a first
catalyst, the first catal yst having, per gramof first
catal yst, fromO0.0001 grans to 0.06 granms, of: one or
nore netals from Colum 6 of the Periodic Table, one
or nore conpounds of one or nore netals from Colum 6
of the Periodic Table, calculated as weight of netal,
or m xtures thereof; and (b) a second catalyst, the
second catal yst having, per gramof second catal yst,
at least 0.02 grans of: one or nore netals from
Colum 6 of the Periodic Table, one or nore conpounds
of one or nore netals from Colum 6 of the Periodic
Tabl e, cal cul ated as wei ght of




metal, or m xtures thereof; wherein the first and
second catal ysts have a pore size distribution with a

waRlis®e3qer e di ameter in the range of 60-300 APCHHSP0AH/042338
| east 60% of the total nunber of pores in the pore
size distribution have a pore dianmeter within 45 A 35
A, or 25 A of the nedian pore dianeter; wherein the
crude feed is contacte =t h the second catal yst
subsequent to contact W the first catal yst; and
controlling contacting conditions at a tenperature in
the range from 50-500 C, a pressure in the range from
0.1-20 MPa, and a LHSV of the crude feed in the range
fromO0.1-30 h-1 to obtain a crude product having a
total content of alkali netal, and al kaline-earth

metal, in netal salts of organic acids of at nost 90%
of the content of alkali nmetal, and alkdline-earth
metal, in nmetal salts of organic acgﬂg I'n the crude
feed, wherein content of alkali netal, and

alkalinéabﬁrth tal in organi ¢ aci ds
is as ' by ASTM Method D1318. 84 2.~1{ibe
met hod as_cl ai nefd in m;ai s or _Z,_M\/\her-u-n—a-&-eml

cont ent 18% }Col unp 6 netal (s), per gram ¢f second
catal yST, 1S equhl_ta or grebter thant t ot al

content of Columm 6 netal (s) in the first catal yst.

3. The method as clained gzan Hf clainms 1-3, wherein
the total content of alkali "'petal, and
al kaline-earth netal, in netal salts of organic acids

in the crude product is at nost 50% at nost 10% or
at nost 5% of the content of alkali netal, and

al kaline- earth netal, in netal salts of organic acids
in the crude feed. 4. The nethod as clained in any of
claims 1-3, wherein the total content of alkal

nmetal, and al kaline-earth netal, in netal salts of

organic aqbgs in the crude product is in a range from
1 -70% 20-60% or 30-50% of the content of

al tal, and al kaline-earth al, in netal

salt organicl acids in the cryd eed. 5. The

uctd has]{ from 0. 0000001 grans to 0.00005
grans, m @. JOOP003 grans to 0.00002 granms, or from
0. 00000 ramgs |tof 0. 00001 grans of alkali netal, and

al kal i ng-gargh jnepaly44 n netal salts of organic acids

nmet hjod cl i e Lin any of clai'nms 1-5, wherein the

per 10§ ¢r ydef product 6. The nethod as clained in
any of imng J-6f wherein the first and/ or second
catal ys{s Jhaye |a pore size distribution with a nedian

pore di el gqf ht I3ﬁ§ﬂ°60 A at

) 4

112
w —L

FIG. 2B



| east 90 A, at least 180 A or at least 230 A as
determ ned by ASTM Met hod D4282. -7. The neth

WE) 20036d936n any of clains 1-7, wherein the fi rs?ggﬂ%?%)#mzsss
second catalysts have a pore size distribution such
that at |east 60% of the total nunber of pores in the
pore size distribution have a pore dianmeter within 70
A, 45 A 35 A or 25 A of 3M& nedi an pore dianeter.
8. The nethod as clained in any of clainms 1-8, -wherein
the contacting conprises contacting in the presence
of a hydrogen source. g. The nethod as clained in any
of clainms 1-9, wherein the TAN of the ¢tqpge feed is
inarange fromO0.3 to 20, fromO0.4 tg 10, or fromO0.5
to 5. 10. The nethod as clainmed in any of clainms 1-10,

wherein th thod futbhes—earptges—combiTiTg t he
crigde prodlct with a cqude that isjthe same as |or 10
diftf fromqgpe crdde fedd to forn1éﬂﬁ|end.—Trl;—"*'

The net hod|of any of cl
the step o i

|t he-—Grtreley end- 408’

produce transportation fuel, heating fuel, lubricants,
or chemcals. 85 12. The nethod as clained in claim
12, wherein the processing conprises distilling the

crude product or the blend into one OF @r; rstillate
fractions. 13. The nethod as cl ai ned J t 12 or
13, wherein the processing conprises hydrotreating.
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20051063926 PCT/ US2004/ 042338 5/17 Table 1 Pr
WoRNBIOBIA O ude Product Ex le 55 TAN 0.8 FQgUSR0e03s
Gavity 24.9 28.6 Densi at 15.56 C (60 cm 0.9046
0.8838 Hydrogm wt % 11. 68 1254 Carbon, wt % 85. 24
86.43 Sulfur, wt'/o 2. .75 oxen, wo/o 0.29 0.07
Ni trogen, wt%0.19 0. 16 otal Basic Nitrogen, W%
0.05 0.05 N ckel, wtjTm27 7.6 Vanadi um w ppm 59

14.8 M cro-Carbon Resi feln %6644CS
-Asphal-t-08e6—wtSer-BrmPderi— Sti4+-a ,
Fertpertic o 21 2 21 o RecjaGEmdgyeed, | o
Bxgnples \iscosi at 37.8lc (1dD B
FAN 7 WD 2005/ 063926 PC¥I US2084/ 049338 4)L.G7
AP] Gravity 24.9 28.6
Density at 15.56 °C (60 °F), g/cm’ 0.9046 0.8838
 Hydrogen, wt% 11.68 12.54
Carbon, wi% 85.24 86.43
Sulfur, wi%% 224 0.75
Oxveen, wibo 0.29 0.07
Nitrogen, wt% : 0.19 0.16
Total Basic Nitrogen, wit% 0.05 0.05
Nickel, wippm 27 7.6
Vanadium, wippm 59 14.8
Micro-Carbon Residue, wi% 6.6 4.4
Cs Asphaltenes, wi% 521 2.3
Distillate, wi% 20.5 22.1
VGO, wi%. 31.3 31.8
Residue, wi% 28.3 25.5
P-Value 4.5 4.5
Viscosity at 37.8 °C (100 °F), cSt 17.4 14.8

FIG. 7



0O 0 MVLL &GO 10 tc) O NOM ti Vil ~OWIn
MNN (o0) 19VM WD 2005/ 063926

wiekials)) 045a36°%/ 17 TABLE 5 Property Crudel Faaar od/042338
Crude Product Exanple Nunber 6 6 TAN 10.3 0.42 API
Gravity 132 12.5 Density at 1556 C (60 cm 0.9776
0.9824 Hydrogemd WWo 1} gﬁy 11.71 Carbon, w % 86. 89
87.28 Sul fur, wt% 031 0.5 Oxygen. w % 0.90 0. 34
Nitro wt% 0.38 0.39 Total Basic N trogen, w%O0. 14
0.15 Nickel, 13.7 10.7 Vanadium wiplm3.4 2.9
Iron, 19 2.5 Sodium vlppm 37 24 M cro-Carbon
Residue, W% 7.2 6.7 Cs Asphaltenss wnol 4.8 /28

o

FIG. 8
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Distillate w% 17.6 17.8 VO W %' 44.6 44.1

‘gg?_}f%@gsg W% 37.8 37.8 P-Value 5 5 Viscosity wirgdrotos233s
cét 6880 3893 FIG 9 WD 2005/ 063926

PCT/ US2004/ 042338 8/ 17 TABLE 3 Property Crude Feed

Crude Product Exanple Nunb®t?7 7 TAN 3.7 0.16 API

Gravi 15.0 16.2 DenS|ty at_15.56 C (60 cmO 9659

0. 958 Qaen M ALK s 4
Sul BrOPBn‘]b/ a OA3 0. 33 Oxyg D. ﬂ)‘ﬂdNIPWM%
0.52 0.50 Total Basic Nitrow%O0.16 ¢.18 N ckel,
WwMnl2.4 11.0 Vanadium_ 1% 2 15 Iroh w PpM 10.4
0. 8%4 1.9 Sodi u]m 114 6 Zinc, me2.5 0.4
Pot agampm 40 5 Mcrao Cargpm RegI due, pup% 5. 3
RS (- NS TN, MR £ W AN AL
Y Dbty 7 15,96 "C (R0 Fhatady D980 ol 09 Y

Hydmgcn, wi% 11.54 11.71

Carbon, wi% 86.89 87.28

Sulfur, wi% 0.31 0.23

Oxygen, wt'% 0.90 0.34

Nitrogen, wi% 0.38 0.39

Total Basic Nitrogen, wi% 0.14 0.15

Nickel, wippm 13.7 10.7

Vanadium, wippm : 34 29

Tron, wtppm - 19 2.5

Sodiurn, wippm 37 . 24

Micro-Carbon Residue, wi% 7.2 6.7

Cs Asphaltenes, wi% 4.8 - 4.8

Distiltate wi% 17.6 17.8

VGO wt% 44.6 44.1

Residue, wi% 37.8 37.8

P-Value 5 5

Viscosity at 37.8 °C (100 °F), ¢St 6880 3893

FIG. 9
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ExampleNmnbcr 7 7

TAN 3.7 0.16

APIG:ravxty 15.0 16.2

Density at 15.56 °C (60 °F), glm 0.9659 0.9582

Hydrogen, wt% 11.4 11.6

Carbon, wi% 87.1 874

Sulfur, wi% 0.43 0.33

Oxygen, wi% 0.42 0.20

Nitrogen, wi% 0.52 0.50

Total Basic Nitrogen, wt% 0.16 0.18

Nickel, wippm 12.4 11.0

Vanadinm, wippm 19.2 15

Tron, wippm : 10.4 0.8

Calcium, wippm. 54 1.9

Sodinm, wippm 117 6

Zinc, wippm 2.5 0.6

Potassiom, wippm - 46 3

Micro-Carbon Residue, wt% 8.3 . 7.9

Cs Agphaltenes, wi% 6.3

Distillate wi% ' 15.6 19.4

VGO wit ' 39.6 37.6

Residune, wt% 38.8 ' 40.1

Viscosity at 37.8 °C (100 °F), ¢St 1224 862

FIG. 10
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