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wo MEDMHF7EN The present

WD 20081045753PCT/ US2007/ 080422 T113364- PCT SYSTEMS
FOR TREATI NG A HYDROCARBON FEED FI ELD OF THE
i nvention generally relBtBES1007/080422
ﬁ;@g&gp@r nmet hods, and catal ysts for 5treating

rocarbon feeds, and to conpositions that can be
produced usi ng such systens, nethods, and catal ysts.
More particularly, certain enbodi nents descri bed

herei n rebeSeEMS FORNSIEA TIRG ROGSDRUTCARBON WEkp for
conversion of a hydrocarbon feed to a total product,

wherein the total product includes a crude product
Wﬁﬂture at 25 C and 0.101 MPa and has
one gf,e gR%é‘ht H{vgﬁ%geﬁe%aﬁ hteﬁ'Eoes'ﬁéﬁE‘ Qf%éi%%d@' a@ 'cXthyEtQ for

the res tive property o ydr ocar bon

t@EM}mTQC@NOGﬁ‘GemELM EDONWSIUQDS Withée sant Hﬁ!aldemaQﬂeusm@udT systems,

QL& uﬂl?i%lt%@? Mo a?l%r éeli]tgltn egn%o en@ldeQWbécn%rem relate to

cru &cono transporte or process

systemg ngoimde rind oxiallysts ﬁxz pdmvtersem of amedrommmrﬂegd tpaft@alrm@ﬁuct

crud sadv an régd%s

ereln thgﬁ%tgl acgllc ngl geg rerlpccr)lh i< R{Oduftﬁ[a%t XS 1r1] ) %lgi% re f’it

(A HIleMP:ﬂmdilaBl oidb@rmdré ﬁ%bﬁr)leﬂhattaheCMﬁgbdeelﬁtﬁedo the respective

Di sadvgg}ezl% % d s with a relatively high TAN may

R 8BS on of metal components during

mEstnvrmegFamdL@TEprmsm ng of the di sadvant aged
crude Renoval of acidic conponents fro

di s adyiit TOBE COtRE PN FRIBP VR PEHERO gt allow the crudes to

RELbKRLiEAl mﬁng)%ftgd Or HIOBRYARRINS cHhleRtidhAT fabillfesd &S @Smmonly
Alternately, 20corrosjgn-resistant netals may be used
Pered s peistdreniesrdegidtpment and/ or processing

equi BITBAanHE 88 iy FALIORI AN RN ARk AR Bl e fbral
i nvol ves si i ficant expense and US t he use of

aserredienn I ”? gl thtreruprsieed. ?lﬁadéﬁmtgqur@gldéam% Ethtivahigh TAN
il coﬁﬁibqré%b &R ﬁm ARRE €6m¢6% EQOGurt R o aﬂﬁ%o?%n%élﬁ(t@/gf Pt&Eng of

y 1 nvolve addi tion o rosion in
¢ diadlvameged ethdey. IRt vhledf aridictcompepporstiiongdisavdAmaged crudes may

iH%%eec%%ln'{‘o%n}? fleuttllaﬁziggl E‘c‘?‘&ié’ @(KHI&)(}E&S GiH Qae.l%us bases. Alternately,

corrosion-resistant metals may be used in transportation equipment and/or processing

equipment. The use of corrosion-resistant metal often involves significant expense, and
thus, the use of corrosion-resistant metal in existing equipment may not be desirable.
Another method to inhibit corrosion may involve addition of corrosion inhibitors to
disadvantaged crudes before transporting and/or processing of the disadvantaged crudes.
The use of corrosion inhibitors may negatively affect equipment used to process the crudes
and/or the quality of products produced from the crudes.

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

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

contaminants and/or compounds of metal contaminants, may deposit on a surface of the



10

15

20

25

30

25The use of corrosion inhibitors may negatively

af fect equi pnment used to process the crudes and/or the
w@aBiiy7sof products produced fromthe crudes.PCT/US2007/080422

Di sadvant aged crudes often contain relatively high

| evel s of residue. Di sadvantaged crudes havi ng such

hi gh Il evels of residue tend to be difficult and

expensive to transport and/or process using

GOMMEstih @Rabid Rfitd §tit8ScataPRD SiRAVIgRLEAORELY SAMIEEIRYin the

include relatively high ambunts of netal contam nants,

fﬁ@Y“kﬁ&ﬁﬁﬂ%@b@hlckel vanadi um and/or iron. During

procesgl Ry @ersalﬁﬁ)&r S%Jégi?én cé?aﬁ%s@kurﬁa%ta@g‘réobﬁﬂ}a?e RS Brocessing

conmpounds of net a tam nants, t on a

of dishdnaatagéd qrides. Etamaalby@t)stbrto ragendinac Uﬂ@lC@takYm aavevitp P 2 ¢pgalyst

ég)g%alﬁ{lll?/at?e{/d vxé EP&)E %ﬂ? I{l/}izrm& &34 %r&r% rﬁ%ecr\ltnlfag(?nmfngyn dlmlmsh

thepoigity olothe cfaaladtysdlomnﬁeah@@tfwst ® dea:puothter ate duri ng

proc n sadyan rude y cos

P Bl AR RN ORR S ey B OE

cemplndatalmehowsstitim aoder. soHiugi) I\/Rmmaan atewi s exgamiu a¢1ﬁ1sgare not

egeper ati on. may act | Vi t
PP OR R S o EirbleR By R RS- dpiampie
dbgasvaadtoagad washigles may include netals in netal salts
of organic aC|g (for exanmple, calcium otaSS|um
and/ orosstt Yhy- teWé’P%‘Pnéer? mrfﬁ’f“éﬂn“ Pieest Wﬁgﬁ}e@lsd&n}féal

Alt€ofMPEanty4Rids ald press AP A adnddstlid Mokd hsaehmantAgREicE fypdeBy
by conventional processes, for exanple, 10desalting

deRepidiear he exigiAYRITe opfis calalysls matals %fn@@hsaétﬁ eovAtHEY %ds may

de oG QRMERhIANA vRl Q6B ES WG aiBEA)StidIY, PRERNarBak Ihe top of
organic acids are present. In'contrast to nickel
th%ﬁta}xﬁﬁ Befl- ubhe dapgseef t:%ar@amtg/ frepeyaple. mesalp inptal salts of organic
a%lgs Sl %l toﬁHfr tﬁ@@a@alﬁft béch %erfé?aﬁ g réfsﬁfts 1nr5‘ﬁtn?éréasé i ﬂir&glﬂ'le dro
salts of organic acids may deposit preferentially In
thpgh the bedhans! thatalizetivebarled e tcatpla$ttb|eél Moreoperr thi: o¢ladsrinynetal
eposit of
%%%@hﬁzﬁggcﬁﬁnﬁgr ex%ﬁﬁﬁ&%§ P8€Oﬁla%mgtal salts of
orgaﬂh@maandﬁdcmmamﬁent@pmobm&heﬂbakah¢hmmbednm(ﬁnexmnme

neral an i ressure dro
lr,lI‘O BX e%{ ang BHIggerH d amca Ié\%fétferoat%fna ma?/hlél 88%1 Qlltuatl?ns

MQdan&bwﬁevﬁﬁiomhﬂﬂﬂﬂialS |n netal salts of organlc
aci ds.. ause rapid .d tivation of cat
o sady et EHABROREER Rt Ry Mo
fh@h@arsamt @fﬂ%es(sfdﬁﬁd\&)(tagw @ude? st lah Ukyged wlgan of an@hst 0.002 grams
itro ggnlcall bound heteroatonﬁ Sone
oK am o 1sadvantaged crude may encounter problems dunng processing.
Organic oxygen compounds, when heated during processing, may form higher oxidation
compounds (for example, ketones and/or acids formed by oxidation of alcohols, and/or
acids formed by oxidation of ethers) that are difficult to remove from the treated crude
and/or may corrode/contaminate equipment during processing and cause plugging in
transportation lines.

Disadvantaged crudes may include basic nitrogen compounds (for example,
pyridine, quinolines, isoquinolines, benzoquinolines, pyrroles, carbazoles,

benzocarbazoles, and homologs thereof. Basic nitrogen compounds may have adverse

effects on catalysts used in cracking processes, thus reducing the efficiency of the cracking
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have an adverse effect on catal ysts.
Di sadvant aged crudes nay include organi c oxygen
weopowtss. Treatnment facilities that process PCT/US2007/080422

di sadvant aged crudes with an oxygen content of at

| east 0.002 grams of oxygen per gram of di sadvant aged

crude may encounter problens during processing. 25

Or gani ¢ oxygen conpounds, when heat ed during

PRGOS SBAD il LOHHPOLY REEn ﬁegtézhaiuhﬁgl el %r}ﬁi@y 5P fngh

exanpl e, ketones and/or acids forned B oxi dation of

BplegsHis Vi ghy erampsmndsdhi sontE pyte & gyyn mereﬁn. 1B APBLINEIREYT S )

t hat

and o el A b ARG LoD SRl FRRNEoRS WGen

prosdrsiiiydaac ¢digiset pldwgebag, fmsisicanspoiticar! kwlrdden generally

&Q&os&%gé‘&f ?ﬂﬁ&lé&g}ﬁﬁ ﬁ&s afTBYed %“gkﬂéﬂﬁ r&ﬁﬁﬂng 3ht rRYED processes

conpounds or ex pyri dithe, qui nofines,

ﬂ@p@d&ﬁdlHM@@gMbEWZ@qmgmukﬁﬂeg,prhnmkaﬂyuwdwbathesian
tg%?o&?ge&%ln%ﬁtal\)/%n% eer réeg edfst%) nfbsltelgr{s]at%a f dcfra éntg gfg

ﬂormmg adei m@dmgexcsssmy,to plodsceraadioc candy tchtmm[ﬁdru toitemaynof

%ﬂg cracklng operation. Basic nitrogen conmpounds,
*heat ed during processing, may form hi gh nol ecul ar

wei ghlisadoampud dsdéshado teinb extibit Bistabiliguiirih@ praéssian id n

eratin nits sadv nta ed crudes i ncl ud
B kRt GREE AP DA B NN B SRRG! gmronents
dmylﬂ% pEREssHe hh@beBimdipd bﬂ@lﬁfeﬁﬁﬂb&,by%&ﬁic&t(ﬁﬁ%xﬁﬂyiﬂ@%y&&g@l
ydr ogen generalkéhSneed to be added, particularly

eHidgneaier pk @eop digint s resul ting fron1crack|ng

Pr 0C&HaE&tidh \Aﬁﬂfc&qw}ﬁén 14 HeOBE MR AR UskRELed ?roperty ina
(groce33|ng, i ch é%plcally i nvol ves the use o

wdvapiaghg eivdywithaut alno sianifirapsly chapgipgisthen pregerties ig the
dl&h%ﬂtégealaﬁéé Wi S IE, %Qm%ﬁaélai ﬁleéesie@ ﬁk@ﬂd@% %bmty to

Hydrogen 1's costly to produce and/or costly t .
signaficapidy edees AN st dipadvingagedl cruide whild. @Dhs azdmatmla @ely changing

l%rr ud%@l?ecfaaln%%n{ bty gonttfglt gf(&hg Intcanggrfeﬁe (échX C&ng D8netal
rocessing In conventlona

mmSMEmmBDhyh¢¢mﬁbmnuxdesdbt in phase separatlon of

¢ On'p%or%gt ?ocesg f% mQ ! 8\91%‘ St?‘f: 89211@911 crlllde 1n llr}%tadglnﬁ a diluent to

undesira duct
dsaldfdntbered mﬂ@rto lcaml theawdighin pettanx bﬂ@)npoﬁ:ﬂms/c&mnbnn@g to the

se the a e a se
B aTRT piréstis FEhw Ao oot E R o F S ling
cﬁﬁa@ﬁdnﬁdg@@ﬁﬁlﬂ% dubangt Bestsaiflagtend amp@nﬁdr@fsed #sts@handle the
i sadvan CQﬁde. F%glexa conventi ona
Cﬁ%ﬂ&&%}éﬂ% cig "?SenA‘ 4o of eabtma.de%adwatag?%ﬁwq 8%y {1} §pme
Ji@slime, dmbhsb@ta&wc&a;,déwiﬁ&ged crude while, at the same
tine, onI chan esi red ampunt the content of

cert Al-y R t5§g ?%%t@@eggolgwtfahﬁ S Ry Pudhakar et al.;
émt,z%mt@ﬁﬁlﬁ@ét al.%,iﬂ?z@'témy@r@&@@.?é1@1,351)9[0 Soled et al.; 6,063,266 to

Grande et al.; 5,928,502 to Bearden et al.; 5,928,501 to Sudhakar et al.; 5,914,030 to
Bearden et al.; 5,897,769 to Trachte et al.; 5,871,636 to Trachte et al.; and 5,851,381 to
Tanaka et al.; 5,322,617 to de Bruijn et al.; 4,992, 163 to Aldridge et al.; 4,937,222 to
Angevine et al.; 4,886,594 to Miller; 4,746,419 to Peck et al.; 4,548,710 to Simpson;
4,525,472 to Morales et al.; 4,457,836 to Seiver et al.; 4,499,203 to Toulhoat et al.;
4,389,301 to Dahlberg et al.; 4,191,636 to Fukui et al.; U.S. Published Patent Application
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i ncl ude adding a diluent to di sadvantaged crudes to

wo oosen47be wei ght percent of conponents cont ribUt/Usz01/a80422
t he di sadvant aged properties. Adding diluent, however,
generally increases costs of treating di sadvant aged
crudes due to the costs of diluent and/or increased
costs to handl e the di sadvantaged crudes. Addition of

sl vR13h 1332 1 8 aduet aaad t&Bh‘egleet ABY200501 3891%8hrough
25si tuations, decrease stability of such crude.

008) 13p5d2ABhrp et Al 6205019643 od3iRayhaF 4058 SULS to Bhan et al.;

2@)056‘17559@3%0%%15&%‘ a&ﬁiso?én@é to] Bh@n %§a§ %&%0‘16’73&'@&1&@
277, to Meyers et . 350 to Sol’ed et

7&05016633?89 B@%ett&b woants3et thmugh 2@)5@2@396@ BlanRealr.den

e i R e S

t1399r8d 8 hitlet081628 angl 15H00,5958 Bl ¢1BBIRd t*By sBDFaMatbadse tndatalysts for

T e

WA25ER5 tedB Hah6G]140Qt1ddo¢ S&’ﬂﬁks Meth:dds and C‘ét-’k&,sti I Rroducing a Crude

| es al

BafbE ot g § b 430 Ru v tsat siifens ﬁndﬁgﬂ%f‘“
frocebiaty diedey. et al . . 4,191, 636 to FUKUI et a
Publ i shed Pat ent licatio 133414 t hr ough
20056&§gﬁf8sa%’ﬁ‘n§ﬁ§ﬁpré‘ileélg?‘?er SRR g (ffgr exagﬂple’
RRERN B3R 221du® cBlén, sat@lendy 8 @&5}%’@4&&4@6: tieriBhasauRint, &h@l/or a
20050150818 to Bhan et al . : 20050155908 to Bhan etal.
torylyBeyie PITOmE delghaly laies pmounspefdydeypapduring tisaigiynt). Other
%a82QLL gb%@rtk@m@ﬁ@@reﬁt@ély ’hlg%Ql%Qﬂ{Z 3§%e§1ﬁ51%%gﬁlponents C}for
2005017 to Bhan etal ., 520060060510 to Bhan;
Qyamplergsidy; Ox«gaﬁpalkydlopwes@@f}t@m Resél caniamigants Aptals i fn metal salts

, I
%fﬁ%ﬂagﬁggl%éél;é/t&{e ﬁ%gmﬁe e e&édn%an&gasuc%g%p;e&{eé%d Qs
IPeldelutinsgneen@pnad sarperthion andderdreaimeny faelditlsﬂqo micluding 2806 ;sed

céo%oé?r? dggrgagl&%fteﬁié 11&?@0%3’{)&1%% ag %a?/%f) J[gggéfl g%a!ge of hydrogen

@MmQUBMmgmaTﬁhudenFmadguﬁﬁmandﬂahm:ﬁﬂh@mn@uneaﬁbrﬁmﬂﬁwﬂ
si/%%r?lélglgeghsoldﬁ gang}(%fc’ C egly?s?sef%fc’ gosn’vi:rs F dls%lvanq%ﬁlﬁ %esy 1(1#0 crucf'f):
IﬁDdJIdESSmgﬁ’ﬂ@E dbdiable prepettiesl ethelrealb |aBo 2] mgpé]mnt GSOI]()fI’ﬂIT and technical

ex relatively, high resi ont e t endenc
o BB B hEbaty ettt By S b o SRl R By
digdeanguderutehild ey yeldcahde claumpinp bheOproparaésaf ee dibddvanghged
‘iﬂécfat ment). O her undesirable properties include

“ati vely high amounts of undesirable conponents (for

15exanpl e, resi dgBMOIeNIOFat HY, IRVENTION er oat ons,
nmet al cont am nant S, netals I1n netal salts of organic

aci ddnVearienssrscaberhiifien ssFE rdg iR, masrds and catalyst for

ORGSR bﬁsh}ld%grbbﬁ’ fRAUSEORT PRUETB oth HriERWERd ﬁ}&ﬁict and, in
transportation and/or treatnent facilities, includ |n%]
JoRE caRedimepisrnopspadensaiplecgap aBwentions @ﬁsy@hed el alyoraseersl
IQiah!:QQ k&g%os%ﬂé ®he Ha‘% h&RPEMBIRAGR 6% GG R Hr { Sﬁlﬁi
treat nen here I1s a signif i'caht econom ¢ and
qogmhml@mcalm‘e@dotmmd tymping leasystems and methods described herein.

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

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

a total product that includes the crude product, wherein the crude product is a liquid
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di sadvant aged crudes into crude products with nore

waole®Bnealobe properties. There is also a signifiP@nUs2007/080422

econoni ¢ and technical need for systens, nethods,
and/ or catalysts that can change sel ected properties
in a disadvantaged crude while only selectively
changi ng other properties in the di sadvantaged crude.

RRARY CQha G MENT h{Mocarbon feed HﬁVl%?‘h'HQﬁ}ﬁ)dgﬁgl@édﬂﬁ%d of at
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di ments, non-condénsabl'e gas. Inventions descri be
H élredteniogilc &@blg endpiine pr meleatomppends ohpiysirmiahetalsdronh@olemns
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rmzigtre q QWF”@ anb dIO]esll\/lljl&lsm’e bydredartioa depd h@ving. pen gy of hpdiaeebon

fic}%ﬁ )e} ?(g 4 %/\Hf:(g géﬁ?etn% OII ¥ ?ea%trdnﬁg)gg)? %1%8}9 a%d Ia%lthlrr‘rh%l a@% gé ﬁs&)rthaltene

num cont en t he
@owrherftat Bhst Did gldnshardirao bastboe of e chtadpds @nhirisvg Bee or more

TR GRS PRI DR ol e SR SRR e o
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AV o BersiertER ol D200art s SHUGE CORSR: o Meiyesgerppsfeed
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sphal tene confent of at |east 0.01 grans, and
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In some embodiments, the invention describes a method of producing a crude
product that includes contacting a hydrocarbon feed with one or more catalysts to produce
a total product that includes the crude product, wherein the crude product is a liquid
mixture at 25 °C and 0.101 MPa, the hydrocarbon feed having, per gram of hydrocarbon
feed, a total Ni/V/Fe content of at least 0.00002 grams, and viscosity of at least 10 ¢St at
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and/ or one or nore conpounds of one or nore netals

wo eosnBosairms 6- 10 of the Periodic Tabl e; and PCT/US2007/080422
controlling contacting conditions at a tenperature of
at least 300 OC, a partial pressure of hydrogen of at
nost 7 MPa, and a |Ii ISV of at least 0.1111 to produce
the crude product, the crude product having N /V/ Fe
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nost MPa, and LHSV | east 1 hAto pr oduce
EHemey @a%ofpth@awadlc Tahte, gndgeng @@@ar@tcomawnﬁgofapnmor WpopEemetals
f%}ﬁ‘ Bk %tl‘()%? Ehe%/%di@ LA 9<§nutoh§1g Nbﬂté(étﬁ% c8&f‘ﬁc§1@ tat an
t he hydrocar bon and a viscosity at .
e peraB R of leash éOQ/‘iCs @@@tlﬁypr@ﬁsulﬁ%hwweo ©4 ﬂtbmst f é@ﬂt atd a
_m Y. et.er > .

R P b SBES P SRR talaR oA ATHEE AL FRAR pabilt Nirvree
@e@utrbebwn &07reb he of thp NG cnzgteat dfrtdley di@prboul Gketl andhat
I‘rf;rSDI ueuc%g entI o?nt 85 tt I(%B%rogc}le%lg/ﬁr%%%ar ce res@ V‘%on?err]lg WheRin Ni/v/re
aontehtud %ddtdmnnetl el & SpivD B o D&ﬁ@ﬁ‘ mdrrezndh& contanlas y deduained by
% |i@%lj Sig'zxture at 25 C and 0.101 MPa, the

W(%%{ ed having, per gram of hydrocarbon feed,
a t ott@borN énWddanen@s) the idvedfionadesdrid@si mEtho® Gﬂlﬂro@cﬁ@:‘a cru’:tl’éd

a total residue content of at |east 0.1 grans,

b€t (b Tles Prutidae ARyt St gesh door il podtoned
iTBhabismbre 0HdeinERbésBa Axcibe@eat BEFREAURE h Cotal @hidaet that
and/ or  one or nore conpounds of one or nore

al s
inglpgdas s qvdsPreslugip WB?fe’th]ée Pady eduet i gdiqaid f%iﬁﬂ‘fe 235 % and
©ANtNIPA dﬁ)‘éﬁ%@ﬁ; fekold Qa\f{'x‘%1 HeddrQR St ﬂhr&aﬁb@ﬂﬁ%ﬂ af tHfa?re@&lue
at |east 3 C, a partial pressure of drogen of
qoBeat of appast Odrﬁyaras EIHW legpt qae of hig sptalysty cmprtselgpme au@ére
hé8ls GHRAS IRLLEUEthe PERSICTHAE 2 g&&%@ bor %’71}@ JhpBuddl /()}‘/()AF:QH
content between 80%to 120% of the N Fe cgnt ent
mére nivyady ivena Clobmnf eefdhePrtiodicd@bleegiddyatrgbng emtacdfg epnditions at

%&Fe&% ¢ /a{}/%Ese CoQ; %ﬁﬁft@gﬁgisﬁg%tf Bf&bge%gafgﬂﬂggfp Pa, and a
INES Viotlat DSF0B1 Biheh predice the coskpeninct the asidel ptoelucma mesitlubyontent

'%Sairn'\{los'Y%b%ooq thD%ygrocarbon feed residue content.
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In sonme enbodi nents, the invention describes a nethod
of producing a crude product that includes contacting

wa@2dvgdssosar bon feed with one or nore catal yst SPCT/US2007/080422

positioned 25 in one or nore contacting zones of a

fi xed bed reactor to produce a total product that

i ncl udes the crude product, wherein the crude product
is aliquid mxture at 25 C and 0.101 MPa, the

hydr ag s8R0 A RBANRAMe MbhendRBY proViddDaQfyaf¥AH e &InRRBiibE eds
a total residue content of at least 0.1 grams, and at

ingudas pengaB Pl hyogeroalcompesitiahineast (o) Iomampp! hydrogarbons with
J%lﬂlgsraﬁg’e%gtﬁg}tﬁ%et?egf 3t J@Ganﬁ%b 6@ (0. ir(ﬂb[{/lﬁa a@ﬂ:g!t @rOO@ %f:ams

or nore conpounds of one or nore netals from Co

@& hgdrogdreonPeyithadiodingaiyige dlsaﬁmtlembﬁtweﬂm J0AGCeothBACHG fﬁ@ 101

%g{rtltql;t %FSQ g?)gisi rua?les ngcﬁ{)%r%%g \r)]vﬂfcl) Blhlnggﬁl% glgt%'gut%n &tween 343

CEH@V66®°@3U$HH§MP©albonﬁﬁlgm@duﬁbﬂhﬁ@ﬂmmuu@hpnUmuﬁbwhng

t hn% oﬁatgga%t (%roo% P 161 &ﬁ’%l fg astC(?(SHO?gﬁ rgms 8% NWFPI an% a% %ost 0.01
e Focarbon feed reS| e content. Fh's

gmh@dﬂnﬁmﬂ&hmwbe |nvent|on provi des a hydrocarbon

conpQsition t i ncl udes . pe ram of h r bon

ComPaR pepStuelthqnsn e TR e e b e SRR e

f@odiet thhtigclidR gentslitiag b Ih!;adrbmlﬁbntfeémanor&&r nforédath130Qo produce

at 0.101 a, at | east dr ocar bons
W&aﬁplﬁg% FlYipF W@luéeéﬁ]@fecra‘i‘esltri’ ”rﬁb%‘i ”‘otg‘f e %Pr?%ift is@ igigl
BA&RrEatdts °0.2000. 16 VPP, @k hi@38&kbd. fAAIhagin@ A®isedsity of at least 10 cSt
a3ﬁdrocarbons wth a b0|I|ng range distribution betwee

338 Cattdeagzme ofthg catplysip gonupises e ar st mefaly érfﬂg@%lﬁ@%@ 10
&X@%@fh@ qfél§le Wh(i/gr @R ok Bokd @mpb@ids oPGnRRinkre AbtaRlrdnf@Simns
650 'C at 0.101 MPa; at |east 0.000150 grans of
fNW Qf/tlm%Permdtf %lemcoetr@mn@mf?@ﬂ@ﬁ copdifieptys 2 fi@peesaturg from 370
t
e TaE b Ren b ryANER T8RS 50 fn AR bpnce
mmtnp daHSa‘é)mffaeb@bt ﬁﬂthh] topedore thoeredepbaicyshescrode ppoddueeing a

0051 3?% g)‘rf Eajt eosp?%%u thléglgsg%stlthef &lr gﬂd(?rog rl:(l)jornéce% até%.8 °C, and

wl@.relﬁll t-Qluk 01 a MREocaitva fbf}ddbﬁbﬁbdhﬂ:ﬂ mfu&ﬁid idavdand .(Aduring

viscosity of at least 10 cSt at T.;.at le one.
Sricie lpdrySre Son et rend o8MNOvEn L PaL TR s o
defrti MR8 bH AS@MDRIethbe DRes). odi ¢ Tabl e and/ or one or nnre
conmpounds of one or npre netals _from Colums 15 6-

o T B UG e o T AR BRI 1 THGOLONTREDS g drocarbon

e@n@htih@itfes 8bntR (ihe Erﬁﬁdr@éa%(ﬁ fE a0 QArdech th tﬂ@@re@mc@of one or
partial pressure of drogen of at nost 7 MPa, and

PP GRAlyHd trrgdusp a&almd&eﬁ thaf inqlydgyAhe grudg produgiswhagern the crude
ﬂr&i‘ucE R aRf @AY RuEIR 26 PE qﬁd @ ﬁ@le% and i€ hg:&ry&%bowf@édi%é a

having a viscosity at of at nost 50% of the

wicosbsifayleat 19 B ahy4$ o@mnﬁéﬁntfm captagimegonditionggga partial
[ /

R PR b T s e S S
walused 8 hygro¢asbadediépal pioded mpyurd STt fraet 1E&1450talrmnsumpt10n

- i n TA
TBHE 5 A0 I F R OTMAEL AR LR o e
&4t ofie laydmodl’oon &ac @mcémdendnfan viseislty des detormbiagt hyrdyS EM

R

i ncl uglesnd digbadithkahes, ﬂk@lﬁuﬁﬁiqn dwbeibes zﬂsyfsh:ﬁl for wekging a hydrocarbon

12ﬁﬁ50du is a |I%ﬁld mxture at 25 'C. and O. 10égNPa i
SrioPEHRHP AU RRBYR CYREY R SR SAPREISER £)C QM Cfalyat at least
10 cSt at 37.8 C, and controlling contacting

conditions at a partial pressure of hydrogen of at

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

that a value of of a hydrocdrbon feed/total product

m xture remains at least 1.0, a total consunption of
hydrogen is at nost 80 NnB3/nB, and the crude pr oduct

has a VISCOSIty of at nDst 5096at 3037 8 C of t he

o r o " o " s o
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Met hod D445 and P-Value is as determ ned by ASTM

Met hod D7060. In some enbodi nents, the invention
waole®snidoes a system for treating a hydrocar bonpdBEs2007/080422

that includes an upstream contacting system conpri sing

one or nore catalysts, at |east one of the catal ysts

conprising one or nore netals from Colum 6-10 of the

Peri odi ¢ Tabl e, and/or one or nore conpounds of one or

JRIE iaRh@lySts E6RPRsHR JABBr BodGn@ils bR Rirho6i16 off @b |P@r10dlc

wherein contacting a first feed having a viscosi t)ﬁ/

Habla, andder opgor mge campaundgoimne gy mredﬁ@alé {ropdydugh 6tlRef the

SAbALNEE; Wikrdif} @oﬂﬂ&b‘ﬁhg G Fe%@haﬁﬁg DO ¥iRd &M MastA00 cSt ag 37.8

tenperature of b5at | east C, a partial pressure of

1y dth geqroighorgiof ﬂm@@talystwethe amre@m EpaBtiog systen) ademerature of

dy CES

O B B i, Y LDA I SO st 0

If erdduats &3@11@3 @pdlanhhvmgobommslry@aw édﬁwéeltmwg 5@% of tnviscosity

o(f?llije%llrgtdfeécp t??% 8 tr %wns&%altna tla(qigl %S%é cou ﬁ]%.to the stream

ure recelve an ocess exiting the

a(bp&ttur@a;m;tem rah@octnfnggreé ysteetiye amﬂd@rc&en atfhel ainmgslhenqmmam

contactin em.is confi ur ed to s e e 10f eed

C@Q@F?f}gﬁés ‘ESﬁS%‘P e %OP%“W&%‘JH] C&“@@‘EF%WF‘?J&“ the

fpéDEE@BiAg the upstreahi’boﬁﬁﬁﬁlg&@h&dltm ﬁlﬁ&qng Precdssivent i on

descri bes a system for treat doc rbon fe

conpr? PR MRIEEY Wéé?ﬁee%%%éﬁq}bﬁbaé? EompR F‘g?/‘ﬁacarbon

Ot M prifME CanGpbddaltisdositactly syQasicompasifd odelde nfoad @ka}l’y%tss at least
corr%)rlsm one or nore netals fromColum 6 of th

e
dgicelaiyslp FENPTiH B cbmeredpeiibamdspBun asthe el bible,
d1RJ08 oS rahcte ESRIBuER e 6r Qbre hliRa1 LR @dimnlOJiahd ﬁerlodlc
wherei n contacting a first feed having a viscosi t% )
bl wheeinroplagtdg agirstdgeddaviag awiseepity ReatdeashilleSoat /e, with
&@%@hﬁﬂ?etogf tﬁerbataﬂ%tslfﬁ’ﬁlter ?Qf@a&%h@& g@gstér}f %@ Lra@ire of ag least
t enperat ure of | eas C, a partial ssure of
Ipd Co@mftldfpnmurﬂ@fsltydmgwmf at arpdt BMPrHSwd @fLPﬁV dfeatpst.11h
£ o [
i B R o PG PG 37 L B A STOP oL Fhcgsit of
thteﬁdt feed 3B78 °C; araivddmvrldmumqneaamg:xmewDupigd ®\d wivircam
COl’l a?tln%dﬂyt 0 : 2 r ellgsfllirflbg ?O?ﬁ(%ﬁqgeoﬁlhg)%(gclen%ffsé/d(s]fbx%lng%he 1a)sitr%am
mp&tm@a;lystemnwmm g dyatemam och@acegiyitde coopixet & dauvphalting
contacting system conprises a deasphalting unit.
"W some enbodi ments, the invention describes a system
pr odug kdige é:lnlﬁﬁﬁﬁ@td?ﬂﬁ(ﬂmhtldﬂt&hcrﬁ)@ﬂ?ﬁ)§yis&hﬂ[god@[hgut[lﬁsﬁdeqm'ﬂuct

gontactlng systenlcong£|8|§$ one Or nore catal ysts
PULEPPBRYH NG FHE 9F EREENPLTE LB S ‘?y%f Yskfe?t least
@eammefuparhal H@lysts Qoﬁ@@slng}] pé&Barh Of Qualysql0AB1 QfanRAE0.Plorams
nore netals from Col um of the Periodic 'Fable

A187 BF Mefigdncils %F&O%@Pp%@frfa%modwébwn%% e g compounds
de foﬁ@b&%ﬂé Meedds @6m U&ﬁm?ne@ bQAL pen-BﬁM Bl 8LEh RoseRbLALT

of hydr ocar bon f having a nol ybdenum cont ent of
fyﬂrqcyagm fegd hawaaaplﬁpldbd%mw@@témm@ bt 84l wipps pf golybdenum and
R e
@tuptstrdr thegpsites meanigeting Sb’féﬁ‘p et aemperapfe oftat mogt5450 and’7 MPa

I

e LR RN BN RARRG ARG RSl
mamrmhpvmgmh&ylbbt@nuumcommt@ﬁ at st aa)% wﬁﬁt rmﬂ)}%dexﬂurm hﬁhe

hngr%ar% ed and agg d ! o%?lgta(g]ﬁl% zon ou ale(gj toa}he f:am contactlng
ntac ng 'zone C up e an1con
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zone, the downstream contacting zone configured to
recei ve the hydrocarbon feed/total product m xture,
wo hesdersst r eam cont acti ng system conpri Si Nng OPET/US$2007/080422

nore catal ysts, at |east one of the downstream
catal ysts conprising, per gramof catalyst, at |east
0.1 grans of one or nore netals from Col ums 6-10 of
the Periodic Table and/or one or nore 5 conpounds of
Z0E, 1 dd%%@eaﬂ?&ﬁ[a@tn%é Rt iR (SredQydihe hitBoRBdnFeliafotal
Tabl e, the Col ums 10 catal yst having a pore size
APCE MR O wvmﬁtr%ﬂwaﬁhngﬁyﬁ@mmomﬁflég ORST OT FRATGEBHY P at
1BROSHS & @B&ﬁ%é@é&nﬁ&&%&%@n %ﬁg %br%r% 1k @e&&lysqfat ie'ﬁ?t 0.1 grams
hydr ocar bon feed/totdl pr oguct ure at
denpermeigmeetadf frein Gobmins £519 of Gediegiodic Wrple pndj@nme Sr gore

C [
BRSO sl Rk E A CE 105 BEEHGhe 1 HIERE, Chrumns
® 1A odalpdPharampl fid@e s1h@dlsmbde>npvldmumtdlhawradmbl;tb@fénu’men 50

0% of I num cont
FRA R ot b TORL S B ER Y BORRAM R B misue
a amftnqmaturé of fiendsy4i00Camd GrMPegdducthe okah p&xiuc'rtcnlmt alchdes a

RiskybtEioRereimis ot Tofih S edfuRaftrnint sihtbf frea and

tﬁértmde predics hastal"tﬁolylmeemh icOie o0 @tup;@s 9@ bymhe @@AHdeim content

SR RhiRtn LES bl gl B e S b BRE Rt .

ﬂlebﬁ)‘&dntldﬂgalﬁm'\pgﬂﬁd&l aSthéthQudti pitiubigt WeRide 3&dude vaidnadMlicham
per gram of hydrocarbon conposition; and at least 0.1

r@ﬁh’éﬂf@n BN Ye&Mbons havi ng a boil i ng range
di st 1 Qihd QRbJABLANRE the 3h3n(ida [RBELcEO hydfocRBbn g&ﬂgﬂsﬁfon that

hydr ocar bon conposition. In sone enbodi nents
mﬂwﬂﬁtat ls#st Brl ovipRie &f molybdamgn: @leask GAlmg obhydrasggbopphaving a
RERRYET B bAGLUOGSCRUNASH) BOpa AHAlbPEALRAfOh eed
W t or nore catalysts to produ product
dongbsitione laodigdeastiel gramd of pycmhaditons h\‘izvergei bn)lltﬂgeartge wliheribution

Oe%u%% (% R I d m Xt droc On. COMpPO 1Ejon 101 Mpa,

Ayds o ardb q dgrﬁaw né eba5| C ﬁ’ tF8yen cont ent

of atin b@asdémthdGdis, QEMnmfprgﬂmmmﬁetmmbﬂpmhngl atmed,

Spash B i Rt opi e T absr (g vith gp Stopitig Sl B Produce

alteRl proandfrar m@m&esane &fﬁaeepra&lcs MHpRUNES c@ﬁe P8uc@ls ATRfuR
netals fraom Co of the Periodic 'Fable per gram

R fiaPy Cand DL Bt e Tvsctan e targsd P PAGES Be o

B 1ca8 0ioBl LBl tpeOGaick By dFBERA (RQAT & 16HsBIR e the Rhital ik WREM least
50 angstrons and 180 angstroms; control|i ngt%ﬁ(;ont acting

QR near Mereneals érpél Flurge 6 ope Perodigshabiggpdipr one or more
Joﬁfﬁ@@ﬂd@top b Ffmdd mk&RFFonPO0ufan 6 r RIAdHES tFQlﬂe %r%‘ija@n of

product, the crude product having a basic nitrogen
qatshtsk the Gsfluran 6 sl cagyst bviehepdsasive diggiRpignogidhmedisi ke

C%mét&%f IBXtWeQﬂ:% %‘ggtrd;n%eﬁ%flﬁ g% an rg'msc‘ Hﬁtroqﬁﬁﬁoc%hﬂ@tﬂ{ésmn&lﬁgns at

I nventi on provi u0|ng a Cr
gorroguretof attlpgst 3 MPeland e enperitwe Df angl;eaat 309 A€ e protowe theadde

%%L{A IHe Ccfr&% é)g(?c{ Eeh%gf‘ng &)ﬁ%lg' m& u %e?lrc% V\ﬁ%ﬁt of At &?{1 @b%pd’f g%%%glc

progtu conters oﬁthlmhgalmohrqufmd,lre at 25 "C and 0. 101 I\/Pa

the 3 dr ocarbb n fgegl has a resi.due ccezgé]er%t of .at gst
'S e g am of Y ¢ ddar bor et Rrugipe F‘é t
Iﬁ&chf[hat heludat @hyisin a h?ydﬁbbﬁrablﬂﬁabdi Wltbkbnccﬁm‘bd)rﬁ caglystato produce
or ., nor s from, Col

agtlplpaf S l%g m%g}aalegelsé%q (g”ﬂge product, wherein t%e crude product 1su rTrquld

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

fromColum 6 of the Periodic 5Table; and a support;
w@nsoes1sy ol | i ng contacting conditions at a paptT/862007/080422

pressure of hydrogen of least 3 MPa and a tenperature

of least 200 'C to produce the crude product; the

crude product having a residue content of at nost 90%

of the residue content of the hydrocarbon feed. In

SR0Be AP0 AR MAehb RYEDEAEIA fRIML 8 8Side BRIRHr Afleast 0.1
produci ng a crude 10product that includes contacting a

HYaY o &Foef ydegaipr Isedad arlessbpne of diealpbss it ‘ébt%}fl%‘@’e
&Irfb%l?é aREOHES caftah?s‘i dn@ 61 HQI%%néteﬁ?fr@ﬁlgﬁ ] & dust PeI‘IOdIC Table
wherei'n the crude product is a liquid mxture at 25
and@or gmpgor@ar@ goryRands Henh guinore arddnirén é@lunaso ef the Periodic

. » 0Qo1
S GRS e 000} 00 k5l 0
lpflragheoicladsad WHtasind a semmeragure pf lewit 80(ht @I psoducotine Colde prodéct;
tg? cr:i)lﬁe: prgg It HQVIII’E: ) e?ll 1(1:“e apom %an]? {Ijlﬁnst%g%wqrﬂ%e%r%s‘riﬁlg rcngtg}ft oq‘%he
Hljfahalcabomfedd one or m)r e netals from Col ums 9- 10 of the

Periqgdic Ta r one.or nore one Qr
or & i @A, P R e RS RS R Rl Bt
Ia&dlccmﬁldlﬁahdds rt@nﬁantgaqtydfa)gamom&bd WA $n@br raorP aithly@d to produce

essure hydro en o | east
WE%‘PQ‘E% Fluﬁ‘isqilee%&%e Dot & ’iﬁ““p‘P‘/P&‘H@%PYPﬁ‘Et Bradigeid

RxaedISt2s *thad onudermr @ vedrodaonTedhaMeRi&6Rrh®oA redldu@tMCR)
nost 20 90% of the MCR content of the hydrocarbon

qoakept of\ihler PYORCR2ES Reteitm Pshyglsocgder Fovflmad aplpashamavt the
MeiRR%aDHRSOr more metallfnfr&ﬁ RIS (HBPERdi T8l aANBPE e more
provi des a net hod produci ng a crude product that
GorpPYs of mwmrﬁgle@}@ém@r Colgma 64 the| Regipdic {lablg; and one or more

1HARE BEH ékgulﬁmlo MEé ﬁér[bdﬁtTa‘bﬁzaaﬁh/oP&fe d?fmofr@&)n%hﬁdsyo%ﬁe or
s a Colum netal catalyst, wherein the Co

et aletadalrenh >C9tumn§ 9918 f thwdiesiedic Byblemad niemtt@éldlg contacting
SR DRI QLOPL 5 T T TEHp L ARSI, P

¥0eCao prodne th@¢radlesprbdlmmﬂ@odmdmrcﬁiuotfha1vmg aPp@rR (odmtentﬁﬁbl ngost
é’(‘f”/t futrﬁ‘ee con%en & et{rl A chIlFoecaro %El eWh ?fpllg Bgﬁ?&)ntte%t & determlned
lljfl’ASéEM(]S(DéthMDﬁBﬁEt al cat al yst cont acting a

hydr gcarbon feed with.the.d | u 6 netal.

ot S St ikl o Bt P e o Ptine s ceds
frodidethaln@iuqd lpf‘dvldm@'tﬁi’e s ﬁloter@ta@ysmd@ a P6rsiab zore, @herein at least

iquid mxture at 25 "C and 0. 101 erein the
g?%&%@ﬂs fselPImae 6 uefal syl Y‘fl’c‘ﬁ’i‘fl%ﬂ}e (g’]‘l%‘t 6 P’éfi‘%fatﬁysl 18
p}é(ﬂﬂéd Pethe HetiR @bmpPyEKD eahbang bee e m@B thedefréth Wolumn 6 of the
contact of the hydrocarbon feed with the dried

Regipdicylable a@d/Pre%tor ParGoRIPPYds of prec e gl By Selumg et the

16214ik Qlable Q&gth(%l%ﬂhﬁﬁtt tb @&npaorﬂg;'t&ré Q& hé&kind tﬂéq‘ﬁ&ﬂuﬁ! to a temperature
pressure of hydrogen of | east 3 MPa and

afahiyest Y rfét I1H A drlédagtﬂu@@@ metalga@lyst wmtaCtlh@a Bydsegarbon feed
xQﬂElP{ﬂQ ghech@éluﬁn r6%§éteq %ﬁt 19&% ?R)Huc%fa B ﬂgﬁct t?lg /ﬁlatldésl't}l?e crude

resi due content of t ocar bon In sone .
Teodyet] ivdrerginsthe erude praduonsi admuplrrwtlm‘egt 2é ﬁr@nﬁ 8d0bMPa; wherein

tﬁé (%a Foe rh%j?re &dﬁg&cfﬁen[ giaatt lelaa(bll ?rgriﬁygf?gke?‘g r¢@arbon

ocarbon teed Wi one or nore ca uce
foad, tuot aherpn oduadt of thahydrncirtusidsed wieh be ddel @Iﬂb}duaﬂeast partially

swﬁldres il cata ?lstce{nl'cll con@olﬁr‘ijguccgntetlcts ngacolnldlgions at a partial pressure of hydrogen

10
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m xture at 25 'C and 0.101 MPa; the hydrocarbon feed

has a residue content of at |least 0.1 granms per gram
wotoobyei7rexar bon feed; and at | east one of the Pel/EE2081/630422

has at nost 0.1 grams, per gram of catalyst, of: one

or nore netals from Colum 6 of the Periodic Table

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

from Colum 6 of the Periodic 10" Fabl e; and one or

JTRI RadtB NP Santlfa QM SepAttha aeakPocRf ot dgn MRl thO&thuGe | rE@d%lt Ras a
and/ or one or nore conpounds of one or nore It)

TRYidin copleniri ¢t wost Q0 Grof thsaemdicicapert of thghiydrocghep %e%or e

si ze iflighd én%HdirHJﬁtsWthfe B Rnt &R A el @Rt Rhcie h VREAD
50 A and 120 A, and controlling contacting conditions

rapdugt fhatringledes ppriacting e hpdro¢pylimdeenvigf ongtor Imwags¢atadyshirg produce
A0 @OHSJEE‘IEE @Elﬂﬁﬁ ¢ £ eﬂr&ﬁﬂ “%Qx%hn e Eé&dé’ﬁ@ ggsl a dlh;gud

crud e cru product having
roumr@att% of aad 005 MPROGE bffdrb¢vebqné9ﬂddue a conlve pdnteft of fideast 0.1

Xrgs g{atr)rng ha/\ﬁfoaarbon feed; taﬁd gtqcrerz%est ST gghew%{gﬁy%ts hap a most 0.1

Fhvent es a ucin
g lpelt grmh af catzﬂ;zslt udeme®o niotmhetmla ﬁanﬂfiqldan b eéﬂhe \Bemdsdmﬁzﬂ)le

d t
Pher B TEHE el Sy BhEet S &l fon RERRH e B bandt
Tabledand @hidiod mvtouhethle frdtn CluneNnd) O thORerMal; TablReing/otie: or

B CGPBPI0RH e FLHEeT Rt T e H by Pt RORER o

ﬁdﬁ@s@eadl@hmﬁioﬁ WIS, m&In m@dmxﬁétep@t\aéeﬁ Sh.A @l 1heds tancD 3
grans of: one or nore netals from Col ums 6-10 of the

ParPIERg eonasHnBCORAtIoBY 2t dRarigh PRt of BYHIBMR ¢S 2dFashAMhgrand a

t@iﬁf)&atﬁ}%tcﬁlaﬁeisf o0 €olopdificOchd @rdf plosc RBE EQM Srod@Ph&ing a
and a binder; and controlling contacting conditions at

rgsigheraonignt 9 bweti PR%aE theyeridngeaniont ohthehwdrpparBonvoed.and a
tenpef ai i @n@;dllﬁéntsj 8R3HveaRh pr&ndé%%tﬁ%f p}cnﬁcﬁé Qgﬁde

product has a residue content of at 25npst 90% of the
me@acutlhet isdndes nontafing herudy thed vathlvon of mend catalysts to praduse gotal

it oggﬂhgﬁﬂélﬁdes rtﬂ?:e rﬁd@ﬁ)?cgfubtouf%lﬂ‘gl?ﬁ g’ﬁfe OﬁgO(HBE 1|§ 91(1118?1(1 mlxture at 25

ucirng a cru S conta
ﬂﬁlyaahri@cl@ﬂ m ﬂeechdmfeteld haweg aresitioe eontent af q,tsletast & bgqams du@am

oq" crucc)it ?eed eh %}:e 0;[11:e euél\east SLATE o%l %%%at%{g/sts A ulqé:“r %’I caEa{lys&gt ].T_ast 0.3

ct "UYe
gmds <6)f mmprmae mbfae fhs)ndﬁolommbﬁnobémd Phﬂ(ﬁil(aTﬂﬂ!Sdlndllte one or more

conte f at | east e

SORPERS D i Rl e oS R AR SRR s apda pincer
@btcamtﬂﬂlbig&:obmctr:ngrdghmn@g ‘at apmlﬁl@%@kurexf ldeirdpar bng 1@kt 3 MPa
aver a article e t 0 mcrorreter

BH @ \GRPHYIS Oﬁ%ttl%ﬁsgi@mérﬁuéb‘i% ‘n‘ﬁe B PYPa’ét prsra Teddye C‘?%tb‘]i“é)f at
BREHON 0P IR r&NidudRb et ONRR UREScAhon0B&l. O nore netal s

from Columm 6 of the Periodic Table; and a support;

and & HRG BNdHREEe e ARENHRY deaiithet # BRGOAPT RIogiejagrude

ﬂ?&ﬁﬁ%ﬁﬁﬁn@lﬁde@ ¥91{t&91‘ﬁg a ‘Plgfdrb@afi‘ﬁ;n fgedl\&:/)l%h Moy %10}@ s?st tHpfoduce
| east pro uce the crude pro uct;

%tp@bﬁro;éw% thatmclﬁé@ﬁu thgycrade redugl evhergi g erugg Pfﬁﬂuqfrtﬁsat liqygby
Afoddg %6 48, 1@9%%%@ ﬁgd&&?bdaxfge’d%e BRRE @&Q%m bfat 1 Jeast 0.1

sone e iments, the 1 nvention provi es a
gparoeiprs igragn of Iryﬂmerb@pfeg@ut@d att lpast onerﬁ thecheglysont ehtainakde by

AR OGRS R IE S fic Whbily OE Pz PRAiEIe GALALY SF & nlRe Rip0duce

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

compounds of one or more metals from Column 6 of the Periodic Table; and a support; and
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a total product that includes the crude product,

wherein the crude product is a liquid mxture at 25 'C
wans04st88 MPa; t he hydrocarbon feed has a vi SBOBUS200D680422

at least 10 cSt at 37.8 IT, and at |east one of the

catal ysts is obtainable by conbining: a mneral oxide

fines; one or nore metals from Colum 6 of the

Periodic ' Fabl e and/ or one or nore conpounds of one or

d@Sﬁfr&hH@&ﬁﬂta%tlﬁg QORufeehdum phriaf pblereRehi @6 of RakleviPaR a
a support; and controlling contacting conditions at a

(pAPYTREe 95 leasi0p &C oF PRYee Seesiudstoreductfisreryde prosc diying a
e GIRSOAELH ¢ a%o&bo%flﬁf the30Qdue Voh@ndVE %%grot: Bfoffkige
product; the crude product having a viscosity content
of atln pryst crBBWradnls; e ivpiacapbde afreditbdaif pevliing a crude

. v
RIF: BRI D8 ONSRN 0. ALV ES rCAINEL e
atoraépiodtcaltiat nclodesCad unqtﬁ Iﬁocdn‘ct twherePathe odileproddit & adrmlitbr

r%ofuré) It jéﬂ ? ﬁ%ger i b a?rgﬁalr‘t?orn fe reh(r%% gﬁfs?%fcty bf S efast ]IO cStat

Was°(@ apbitdesi ae od tt&tcauab@tb isorbtaimablke tey omaﬂlrmg pcrmmral 0x1de fines;

i amet er of at | east nd
SoRmREu s udan i Rgt (s P TriGifltShe dduor pggpounas o
cmaglr ﬁbref‘fgd/it@ls ﬁf)rﬁlrmﬂlahﬁ 6 br aePEeddiNatle; 3ﬁd i E’L@paeraln@ dd)rﬁrolhng
Tabl e an Qr the one or nor conpounds o
Gratagng copdifipns Al AP S YF 0? hylrgsgp Pgﬂl%osﬁ%&ﬂé an‘éﬁ EFH}Perature

SUPPBES00 °C to prbduck etchele peitR e ieRALIS prdd8athVis a hisedtity
specific enbodi nents may be conbined with features

‘fofl@ﬁﬁ drhepstehtaditirdnteocarbgp fead ¥isgsey- f eat ures from one

embod) TR e iRG1C m&ﬁﬁonvﬁﬂ)\hdécs%%M[}@ﬁhgtﬁl@dﬁ(ﬁzg ¥ s@port,
the ot her enbodi nents.

BBpEHP et and ope oigRors Ml frem é?péma;b@ aﬁ th%\Bfrr@dwyTahWné’pr one or

ﬁl&@ c%f)&fﬁQ§ofaﬂlg of ROWShENE frgﬁ%‘d'lﬁlﬁ? QI oGk Bkibdic Table, 'w'ﬂereln the
further enbodi nents, additional features may be ad

Cta@ﬂ)tShleas Ipesi sizelisertdi mith  snedis poiebkandisiod pileasBR) Eland the
QEJ. E alq\lolgg I(lﬁ'gbl%AV%%ral oxide fines; @ggﬁep(%r%%g o%et&l‘@ ®rom
h hose

pr Sent I Avent] on w econme appare
GHuhh edf iha Peheliaif1bl@hdpirtiie dnher herabitpowfds bhene or more metals

T S GREL R Bfrd, upon reference to

sche rlmfurmeﬁfmmﬂumntmmamms tfronf spac1ﬁo ahbelimegs siygbemmbined

Fl . 2A d 2B h Tl nb d t

N e S e S
tel coinbindAwath deatiBesali@n SHNETRE d(B& chibodiffeadi ment s of

cont ac stens that include three contacting

zones” ‘%‘Ibg’t-f% bpdjnents. crufiepratyes 45¢ Olﬁﬁn@%%%?%fhed?et@ds and

SABRAE aésbl(i’&d&l@ﬁﬁl | n conbl nation with a contacting
system is a schemati c of an enbodi nent

of a I fthes %@b%@f‘é‘tﬁ plditinml fhaftiep manPe pldgd Euhe srefifing
SYERMBNts described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention will become apparent to those skilled in the art
with the benefit of the following detailed description and upon reference to the
accompanying drawings in which:

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

wey®sesm7sand a bl endi ng zone. FIG 7 depPCr/ESm07/080422

Raman spectrum of a vanadi um catal yst and vari ous

nol ybdenum cat al ysts. FIG 8 is a tabulation of
representative properties of crude feed and crude
product for an enbodi ment of contacting the crude feed
Wt h Hihs e\ SRt #8 bhemd@EloBemBodifies 8 RRMALERsystems that
representati on of wei ghted average bed tenperature
19@P%q}sv0|0@vfg<ftwg@f>r}qsun for an embodi ment of contacting
the giages § SR&BpML LheRgiQhr PRA&IGEHA Y ShEctide!s@entOinhS

a tabulation of representative properties ofg crude

indedr thrvd contantieg penssuct for an enmbodi ment of contacting
the %?dﬁls fa%?ﬂ:rﬁ%i& Qf a{nvgnb%ﬁﬁﬁ:lnygilass’e a@tt%n zg)%e i!nscoglﬂgl%l!?(ﬁlr with a
tabul ation of representative propePtl es of crude teed
@ndctorasggeBOpr oduct for an enbodi nent of contacting

t he . feed wi.th.t cat al «. Fl 12. i - .
tabur i1 o “r gt e DRI G bhohes' Pyfinaton win
e@mbaodigmesitis. of contacting crude feeds with four

1 apiIG T isf SRR o S i ogiment ot ol RId oS Brainepee.

A6afastig systemf inda tladingbedi nents of contacting crude

f eed ith four_different catal yst systens, 25FI G

is a%éﬁ\ﬂma}p‘i‘ﬁpt“é% 4 RUPeRRTig ?fé‘nVaB%/d?%Pg/tWﬂ By &W%bflﬁkféé‘m‘lm
dangtsude feeds versus run time for enbodi ments of
contacting crude feeds with four different catalyst

syst dilg: 8 1S a tabulagipgsof rpgrepeqtag veypropeftiesf crudp feed apd gprslpoduct

0f ad @ AHEnE Q%ﬁﬁ%binﬁﬁ@éﬁ&@fé@d vih Wedcdhatal REr cent age, of
crude é)roducts versus run tine for enmbodi nents of

cont Ad¥i hg agraphisakrerigieniagfiohoi wiightell Fveaeehed lemperriygtversus
1S3 68in for AR kfbodiRehor Q?IEMB ke @hudt SRIIGR BB b ABreQatalysts.

change in APl gravity of crude products versus run

t i me HGr L0drb bdilaton of reffressotatiecnrpprytidstoé codethed prbauds irpruct
Ifopéﬂ &Jd[&&?ﬁ%&%&@l%tﬁé cﬁgf}?fegmith two cat lysts'.:I G 17 1s a

gr apehl cal represen Ion of oxygen cont ent, expressed

i n wail@htl ip exatientabgliionnd! repragetapyopoptriges\wé risds feediand crude

ér{))cil:llrl‘r?:t E I(r)]gu% fgr}q‘tgogi?rin%qlg ?)a?so;lsa{ctircl: otgl%: gr::lrl::(;lé fida GAi ‘ij\go ](c:a e‘ﬁ% S. W th

FIG. 12 is a tabulation of crude feed and crude products for embodiments of
contacting crude feeds with four different catalyst systems.

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

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

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

FIG. 16 is a graphical representation of change in API gravity of crude products

versus run time for embodiments of contacting the crude feed with four different catalyst

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

w@eonsaet’sng the crude feed with catal yst syst epsI/UsmED7/080422

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

t abulpggi ons RLraphieR St LRa@n GToN e n{cBRNBOG &SR weight
products for enbodi nents of contacting crude feeds

RFCRtagh ef grdgipypduceateaivg smnding foyenbasifaenty ¢firpatasingcrygle feeds

WS RAL& ¥R QGBS stems. HG 20 is a tabulation of
properties of crude feeds and crude products for

enbodiléektis a sbuleben eloeirrgniane perRedecsioéenide fed o dredesproducts
e .

GPOLACHLIR SSTRREAL SR gy i bl Byl gt

aonnact h nylybdenuor eatkdyst ewlh Yaprdigmeathlyst, whbna cBastspaiers that

A8FL G 22..0 S bul at i f crude fe a [

b v R e SN BB B SR A B e

wi t h FaGnis) iy b dbnlatiorcaltpadpesites of crude feed £ad c2Rleipsodacts for

tabyl ation of hydrocarbon feed and crude product far
SRR s R TR L RE N oLl S 0 nouny
dpue verikciky St s. FIG 24 is a tabulation of

hydr rbon feed and crude produc or _.enfjodi nent s of
20co %&gcﬁl g ta‘f)ﬂlgtlm,%frp&pgrt&a ﬁ¥ ?‘B@edfte@éstaﬁd f(%ge B@g‘gqtil s.
dnhdodingdisi oF canticliy tratcnem f@lds hwdriesdohanifeeadpandresr ud
product for an enbodi nent of contacting the

hydr d&drHdna tadakgtion efirradedesdagd ey pspdcts for embodjgentgpof

dohBcliMBNE L@ ek $o? BReRPIhPE® HoRrsvar i ous nodi fications
and alternative forns, specific enbodi nents thereof

are diiow? iby ahelption olexuepead anf cuHe Pradesk fopgmborhgents of
At @W RIS uiiBYEedRlih R0l askal &taé;isi. shoul d be

understood that the draw ngs and detail ed description

t her é1@. “Friea wbulajion erdducarbon fepd andidmedei pivdant fooembagliméngs of
c%ﬁ{aﬁﬂir%%@ﬁydfré’é‘amoﬂ %e%‘a'“%‘%ﬁzo c?tgl& (©n the contrary, the
ntention s to cover all rodriications, equi val ents

and allgenat tapektifradil Hydgceaborhiend thierglei producaivderslowipeents of

Bt PSRBT BRILAT L e 2 e eppended
enbodHIGEStis a abulatien ofiyentarbnsfead enddesCprothedfdhan embodiment of
c%g{agtin%etﬁg]@lylldroc-gﬁ)%ﬁeeﬂS\’Velt% ahcﬁlreg iceﬁal?gt.e defined as follows.

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

DETAILED DESCRIPTION

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

used herein are defined as follows.

“ASTM” refers to American Standard Testing and Materials.
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"ASTM' refers to Anerican Standard Testing and
Mat eri al s. "APl gravity" refers to APl gravity

W@p00864%553 C (60 "F). APl gravity is as deter nm penub007/080422

ASTM Met hod D6822. At omi ¢ hydrogen percentage and
atom c carbon percentage of the hydrocarbon feed and
the crude product are as determ ned by ASTM Mt hod
D5291. 5Boiling range distributions for the

hydr eagt bniua8ldss b ReT LAt @) atRs3PaCk “RANNPLral RLisGk ude
(@Eoduct gl(rae };s dlésterm %ed%ibil ASTF/IC(I\/EtIﬁod Dgra 7§Elusnl ess

giaingfl & ANt Mehed Po82% asphal t enes” refers to

aSph@lt&ﬁfé dltogéﬂ ﬂeﬁtag@m dhhe chﬂBoﬁ] é}&rﬁta%@ 8f thRydrocarbon feed
asphal tenes c ntlent i's as determ ned by ASTM Vet hod

gog@grrude product are as deteri@ined §p hall vVeMedtod Pegel.s t o
h
asp o'ilg%q&ng% I?l?s&nb%[ﬁns' fgistﬂle ?Argca fon'te ﬁb&gﬁgﬁﬁ(ﬁéc%g&yor the

aspha es content Is as eterm ne
D3R Boduct are as'd@tdramad Xy Adtl ] Veihod Defert @1¢ss othaevigr mengioeed.

rret al“% Q he%ags r?f%:(rs? stgﬁeﬁtereg‘srtheg%{eclrls-(r)?u%#lee%g]]np%/n 3(08‘9 or

etsblmltE’ms |comiem 1sTﬂkoileerm1me\d bmAShNDMethod B3ponds to a col um
nunbe, di c .Tabl e. ,For
oAl e iR e Farf® ph R B e &

arspﬁaacbﬁesfcmamwswﬁmnﬁmed bylASTheMBRasd bar ™. Tabl e and/ or
ggfugﬁogo (ﬁ)e gra Ict)({:on%g)g pg)rre gte)t;les og‘é%ﬁlm?ﬁ% ;éo tﬂg: Periodic

Blb&®Rblot Se’ orrnafr@écﬁnﬁdan@srtﬁ 08¢ o618 nRkAINETESurdd X©GPkHeMriddic
of the Periodic Table, and/or one or nore conpounds. of

bl Brwhith & cerrenals 0 Eolesn apmbex ((oF examplepdrliZpgl the Periodic

TR, Gor &1 , 60o1mA @rnﬁe%fﬁg&ﬂgﬁrstt@ ofle GOh&HBhe HRGH Cofun 6 of
exanpl e, 13-18) of the 20 Periodic Table. For exanpl e,

theBrindis Tableetnd/ve pre(as ymore edrastoandse ! gpROgROEBIcEllr tugn 6 of
he& PRGRI iR 15 of the Periodic Table and/or one or

nore conpounds of one or nore elenents from Col um 15

of t heoRamiXdicwmemeh] wlers to one prmekeleswoipet oplutnidsof the Periodic

ﬁa%gzl hrﬁgtgr 089 P]li Pﬁgllfe%mng&rnd 1'@1%%% mfofe cﬂ%r}le%?)? (P %thﬁﬁﬂeﬁ of the

from
Reip{lio (Table 15&@111@ X wmeglmndsfo aem)hemremmmer ffommmhb, 13-18) of the
eri.0 Tabl e. . ar [ z of an
e b L S
%urgh]ﬂs of therBéraddicorabldnmdive bgghdr nodre edreprends offeae oexamElegents

if 0. r of . Mb0Q3 1s used per gram of catal yst, the

féoé?gjﬁﬂgﬁ‘eﬁ%ed)ﬁflo Tf‘lﬁ‘é nmol ybdenum netal in the

c at aliy gk sb@e@f Qﬁhp@ﬁ@ﬂﬁn Qﬁﬁgt@ bBdmehl Gah ﬂieyf&hodlc Table weight
"Content" refer

of ac onent
dasempaind 0( f et QQWF‘%PG@%%I‘?&?% 8‘&‘8?‘@2 nEF]é’é‘&nt f‘é?n% @‘F dpriodic

PRI B ei gl Tof @c@lﬁ d Bf fliehdnt B¥RNBSBEHARST a%@'lgaﬂculated as the
fraction or wei per cent st%e based on the tot

Vel iof metal erbe svalsgttqf slegrent: \Rop e P & serpiys BfaMP@3 jpaiped per
dFhh bk Oa1BY, MEE@Mated weight of the molybdenum metal in the catalyst is 0.067

grams per gram of catalyst.

“Content” refers to the weight of a component in a substrate (for example, a
hydrocarbon feed, a total product, or a crude product) expressed as weight fraction or
weight percentage based on the total weight of the substrate. “Wtppm” refers to parts per

million by weight.

15



10

15

20

25

30

"Crude feed- refers to a crude and/or di sadvant aged
crude that is to be treated herein. "Crude

wo ewdbisosal product m xture” or "hydrocarbon fEedUsDOZOS0422

product” refers to the m xture that contacts the

catal yst during processing. 5"Distillate" refers to

hydr ocarbons with a boiling range distribution between
204 1T (400 (T) and 343 C (650 IT) at 0.101 MPa.

Di st iCha @eca® &0 d Gu@Sand Rt 8 A0vAREL QY YS ik VRS BOGeated
D5307. "Heteroatons" refers to oxygen, nitrogen,

heffdl-or sul fur contained in the nol ecul ar structure of

a hyd‘bﬂﬁl@rﬁ%gnotal BcﬁfcpﬁngerSorcﬂ%rg&'ibdnsfe@ﬁtog B NEE s to the
by AS' I"M Methods 10 E385 for oxygen, 1)5762 for total
mixtwrogerconaad tr)ca@dat duging sreicéssimg. wl ' ot al  basi ¢

0t oBRRinel SR af ARG SRR AR RBY Borfel B4 -
of |ess than 40, sic nitrogen n is as

@eq 81 andatB 16y (6AS ) aM) Nt Nvd. D28dele content is'dsyldienniaedipnASTM
{ P rs to a feed that includes hydrocarbons.
%gtﬁg%ggﬁﬁn feed may include, but is not limted to,

cr ud€dietediapadV antra geckygen) dewgerh yal/acalfixasatatbd &i the cholkbular

e M T

1E336 [forday gday D5 2628fon@tal hitdkére and 10424 aaGultes i“du] bsialidogen”

resi due, vacuum resj due, hydrocarhons bqiling aboye, .
1ghess t() %0@&@@139)1{1(%6‘1&ﬁﬁg&q}ﬁgasofﬁwéﬁgaﬁo. gasw ni %elnégtgln) 1s as

&QuhGRd by akevsMe@ohydgagen, and/ or a conpound and/ or
conpounds that when in the presence of a hydrocarbon

f eed “HidrosHRonsedh| rpists te a fetl hap ingludes hydraggilipisg d ydgasamben feed

HANRAHAD 68)is hat 1l d Y, drRcRuRAN ABEY: crfie NP Q88 Fors BBl fRd
may include, but is not limted to, hydrocarbons (for

leyoa rpinery Poesgs, O7miNiyray berapbdrgmalae A yglravatonm Fred obtained from
@ﬁﬁ@?&oe&ﬁé@@@&&e ﬁfﬂ%e%t ﬁlﬂﬁéd toy\ﬁﬂgféesidgé', sﬁﬂrﬁeﬁﬁ@, vacuum

thereof. A mass bal ance may be conducted to assess the
muducahystiprtartohs byrdrsothere piloi de@) o armextowspemet(s) in

the h b " "
0o MAORREEORY R )P AT RSO Bt
wlahah yhetpres@iskiat a pydv@rton el agd thervgtalysi rsaca® mhetide Injdneegn to
by ASTM. Met hod 1) 417 Sl 1S V' orefer 0 .a .
TP PR EEaded 4 bigblenegss mbEinflle b ot tmico
togtydtogsibomrtbriesarepdpr@ss €ghydiodadionssuck\by methaeabtharel piopane,

of . cat al yst isclcuhat%db S tion of aCLI atal ys
PortReS: ¥Rt hEm B g SR BB Bbed) B e
nek-higotind oNipatdge £ prof RIE@ foSthé CondpobiBdPOS itel HyArdcidbn febe| udes
one qQr_ nore coppounds that ,

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

“LLHSV” refers to a volumetric liquid feed rate per total volume of catalyst and is
expressed in hours (h™). Total volume of catalyst is calculated by summation of all
catalyst volumes in the contacting zones, as described herein.

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

as “STP”), or a composition that includes a combination of one of more compounds that

are liquid at STP with one or more compounds that are solids at STP.
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30 are liquid at standard tenperature and pressure (25
"C, 0.101 MPa, hereinafter referred to as "STP"), or a

W@ o0up0&i7sd on that includes a conbi nati on of onECDUSIVOT/€80422

conmpounds that are liquid at STP with one or nore
conmpounds that are solids at STP. "Periodic
Tabl e" refers to the Periodic Table as specified by
the International Union of Pure and Applied Chem stry

(1 UPARriodNOV@ID @kfe R @D Periodic TAWR A&l spediffedP3tRd n&@hdii®nfUnion
organic acids" refer to alkali metals, alkaline-earth

PrduE ad Apphed Chandsri EUP AR devember 300% onbi nat i ons

ther e‘MetalAn?&@atl &0k O@Erggﬁt: akigs r@fefrf%taﬁlah%tatlsc‘ a@(falh& earth metals,

organic acids Is as déterm ned by ASTM Met hod D1318.

2ing, s CahioovuReds coethat{ohp/RICpL. cdy newernt of mpi@lsgn mgtapsalts of
after evaporation
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ASiHVILM«&Bod]h@mrmunt of inorgani c nol ybdenum and

or gan [ vbdenumin. t bd num ont
he B ai PEmSE = el B SR Vet hod
IS8R Aum in the féclaph¢ malybd@fugr ®nieot ihyldded (El&rdimﬁlnt of inorganic

co nents with ojlin a di stribution betvveen
n!(“f(%d @rﬁ?ﬁo%@dﬁw t[l? %3%1%?Yiiﬁelwn¥ﬁftemt ©

INﬂfHé&ﬂBan £00 s8R tetbisnia&l bOASIEY M&thdE0sdoy. ASTM Met hod

D5307. "NiIN Fe" refers to nickel, vanadium |Iron,

conbi Naphte deferide Bystrocarbon compageps it hopng rpnge érsglhuaon

Beh\fechBRbE @Iooovh Mackelec (yenaghumoi v, NPhuaBhmal 4ons
t hereof The Ni/V/ Fe content i ncl udes inorganic nickel,

degmaticdihy A8dM Method Bapdlinds and/ or or aanoni ckel ,

or aarQyanadiy (G AR, Qfamcar&%ﬂlqéonsm@eow N Fe

content 1s 20 as determ ned by ASTM Met hod D570

" NnB/ MV /Feecfoatent” trefens or dralkcomerty pﬁmnleetl engadyfm.geps, @reaombmations

tﬁé{g(%fc THEE\]?/R]/IQG coﬂééﬂ{ 1881@&6@ %&%a%?cqnc mgnaﬁﬁﬁlp%ﬂoh%om ounds

contai ning organi ¢ oxygen c ers to organt ¢

aoripg elrgammmkou met,anq\'hmdumm and brghmm»n gowperundx yThedN 1(V/G&@I)tent is
ou n- i tai ni ng 25organi ¢ oxygen

g detelglﬁlﬁe 3 %grlﬂg%j?th%&?g@%e not limted to, ethers,

cy C| i“DIneini’® refers al womel @ibic meters of gas per cubic meter of hydrocarbon

feed.

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

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

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

ASTM Method D7060.
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aromati c al cohols, ketones, al dehydes, or conbi nations
t hereof, which do not have a carboxylic group.

w0 Mosoeosziensabl e gas” refers to conponents aneldDUS2007/080422
m xtures of conponents that are gases at STP. 30"P
(pepti zation) value" or "P-value" refers to a nuneral
val ue, which represents the floccul ation tendency of
asphal tenes in the hydrocarbon feed. P-Value is as

det ermbREhnRYerASHMIME RO diakéRE0 and « pore volltR Gefer to pore

di aneter", " medi an por e di anet er" gegore vol
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MRERBpordSm AR} £ TLAST a @@EMo'\{%*)O d r%?&n”&n&@?r&wzﬁ

porosinetry dat a cont ac gle equal to
instemnsneMicionsing A0, Nerstosy fsnigiay; MAQ métmb@ |u@esl tp d@terrmne these
\uﬁ;egr oss, Ceorgia, U S A) nay be used to determ ne

these 5val ues. "Organonetallic" refers to

conp é‘@ughnomanlliic’hmlfamd@sommomdgm irglwlengoerpehibamifedndponded or

q%%q).geléga( ﬂ{l epal gf tﬁg%g‘n C Ta ? “%?%angglﬁtglhtc C rllt 1it” refeirs to, the total

ers con
@htenwifabetdl n ﬁhh ergancamnaitretcahpdundm (!i)rgamméalhc content is as

aano s as determ ned by ASTM Met hod
gﬁb%&ﬁ%@aﬁg ’rs to conponents that have a
boi | I“Rgsu!h&n geerd t@ddiﬂﬂ@ﬂéﬂt@ﬂhat&ﬁ%lﬁb(ﬁﬁﬁg rahde, dlitﬁw&n(abd@e 538 °C

&é@Og%é 4 e@%ﬁ#@%@%&\% qudla%%@?t hat are | ﬁgg: Lrglné in

t he hydnigear Roas f(ﬁﬁﬂ%ﬁ@és&hd/@f Qtuatar i¥e XdsbluBle u&h@ ihg&Btarbon
is as determ ned ASTM Met hod D4807. Sedi nen %v

fgpddigtahprodest BYH e ée%yﬂe@%a@?éqrml%by ﬁ.STM Metheth D*f*%%

Seaphdnthay aléébé@e%&ﬁﬁ&a@y Trbyhe Va1 HSQEAOR %stgtsrﬁiST”j L defi8ibed
Jour. Inst. Pet., 1951, pages 596-604. refers

ByoV gt Kraearicet el b the Joustingf Peya kO5h epaghndA6ei04of

hydr @‘géﬁﬁ@ﬂ:ﬁi&@ﬁtand% hiRe ?ee%f%s p&fbaﬁel%@h ¥&hbdnFe S
determ ned by A I\/lethod D36 ers to a

t ot al*Seiicd arva n?’f‘e‘tcaébbm oS é@emnawhuymgwwu(od@%ﬁs of
Aoy Tenpad st ol B AR Eort S0 bRl CHT NEKW per

“g:’hd)%lalynsl‘es TWNBJIS ahéﬁl@ﬂblwrbya%ﬂ;{tMMedd)d\D%h a

hyer rc{) ! A used cat al udes ot
linte %a capalysl? re ers to o?e ?r m?re at lysrgse éélﬁtclgl(\)/% fg:htcgn actecf %Rh

Hyydic adaut hod Af fmd cam@st\nmlmhs hﬁi81s undéanigaine, o datalyRethat has been
cto%teagttecrlr%ri]tk a(h gr%caer%(onrfigede dnd wqgc%qleag %ﬁcﬁ:rgon uall%h% trea)[rhent (for
example, regenerated catalysts).

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

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

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

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

and then stabilized. Crudes are generally solid, semi-solid, and/or liquid. Crudes may
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"VA&" refers to hydrocarbons with a boiling range
di stribution between 343 C 25(650 'I) and 538 'C.
w@ 1080433 at 0. 101 MPa. VG content is as det erpdTies2oby080422

ASTM Met hod 1) 5307. "Viscosity" refers to
ki nematic viscosity at 37.8 "C (100 'F) Viscosity is
as determ ned using ASTM Met hod D445. In the

context of this application, it is to be understood

hiade driidetdie sydibeiha 1@@IC{déc B0t i30& 1HRHRASS, rdn®Rfal $1HRn-

substrate tested is outside of limts of the test N
GeBEGIePle ganes, VAT St @M Liens el fioathpféfeto form a stabilized

&qERalsLbl &liklation In%? Bftén%c&% Ry Efo@lﬁﬁté ¥%: thEphAESidABYd/BE
produced and/or retorted from hydrocarbon cont ai ni ng

Forimasitons and then stabilized. Crudes are generally

sol i I - i.d,. Laui gl

cr udgtact)) ?FL@I gt%g%si t?Ilmz a? ?%‘%’r r}ééybgélﬁnogﬁull}gae ;W“anftf s h of Gkt in o
trdatmene thetlity, torpmdwamubﬂplercompommdeviﬁmpb@ﬁgh@b& rapget dastributions
(‘garle%; I%]iﬂ?,irn Hb dlS?flathn (%dﬁI %{1(9% bnc(é)l %01%5151%9 ]?a*tlog 1nc?udes but

erud |za
iahot lowitegna@ )ﬁtnmpksertccohsmlhm)npn@mﬂs hncﬁmr anal/no msmlﬁmon tnerh@ds

Gadie s Pl ETopFEb T RE A RYE ay Wl R neRe T e
dadtvin Inbinyertado @y D@t b a@ﬂeastmm@mem cls)nwoheth@@e gtaful f
or ex rrp e

oL H0 0P P S 20 By 2B e s
dek el kdpptd &0ddsN& cUaBRmatidhd thelr&t.NOLophédTirt R th @ crude that has been
at nospheric distillation nethods and/ or vacuum

et ispahdbatghlep s el thasramnopents by hangp Beiling point below 35 °C at
dnfinasd ignated at%i) AR d deg® B nfoiviid eBypi@tly, | el @Rides will have a

conmponents that have a 10 carbon nunber above 4 in
C@eﬁn&qftar westofl grems. @h@pst§.05 gessr Bimasohpberems st ek

Hhéhfts ek bdGr orBXABR8S R, Stabilized crudes include
Ie crudes, topped crudes, desalted crudes, desalted

t oppedme rsublélged a@yndes batyi priepteirten shat héavede stabillipgsipseties to be
tFagglg)rtrt%d t& COﬁV%‘ElH u’eﬁlﬁfentf}*}é 111963% %ﬂ éliaﬁﬁg}tﬁg)n%g&%fs (H)?texﬁltlpl%

SONMe 0 e conp onen ave a ol'n
pedliovs, BBcKsOrahipf). 1BHer M%ies( l%e ofie @tmdre ansm)taﬁi@plep@emhat

rri@‘m M}ed 13-2%‘?21 algecll yDltsglcgfp 1[ita%edcc%'I es mtal%e uqacifp%,gf‘e to a transportatlon
atriemast/o t&ﬁtngahafnmhqf tha tthparongolo e snopee vzgueamthn‘ t he
C{.lﬁlﬁ? nga}gr:(i ?‘ﬁ e tengﬁr?({nﬁg Ié%lll zed gr u dlg Shgge? %ége oir t%gtrlgclgcf'es the
disadvantaged crude that is deemed too costly to produce, transport, and/or treat.

Properties of disadvantaged crudes may include, but are not limited to: a) TAN of
at least 0.1, at least 0.3, or at least 1; b) viscosity of at least 10 cSt; ¢) API gravity at most
19, at most 15, or at most 10; d) a total Ni/V/Fe content of at least 0.00002 grams or at
least 0.0001 grams of Ni/V/Fe per gram of crude; e) a total heteroatoms content of at least
0.005 grams of heteroatoms per gram of crude; f) a residue content of at least 0.01 grams
of residue per gram of crude; g) a Cs asphaltenes content of at least 0.04 grams of Cs
asphaltenes per gram of crude; h) a MCR content of at least 0.002 grams of MCR per gram
of crude; 1) a content of metals in metal salts of organic acids of at least 0.00001 grams of
metals per gram of crude; or j) combinations thereof. In some embodiments,

disadvantaged crude may include, per gram of disadvantaged crude, at least (.2 grams of
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transported to conventional treatnent facilities by
transportation carriers (for exanple, pipelines,

WO posskss7sor ships). Ot her crudes have one or nBCEUS2007/080422
unsui tabl e properties that 20render them
di sadvant aged. D sadvantaged crudes may be
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20di stri bution between 95 C and 200 'C at 0. 101 MPa;

at least 0.01 grans, at |east 0.005 granms, or at | east
w®208045g5nms of hydrocarbons with a boiling rargeUsS2007/080422

di stribution between 200C and 300 'C at 0.101 MPa; at

| east 0.001 granms, at |east 0.005 granms, or at |east

0. 01 grans of hydrocarbons with a boiling range
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| east ranB or at | east rans of
Jeyartbed h@r@@n@,c wlet bt arckgf limiies! By vdge fr@msqf thefglowing efeioas of the

x%Hif UIEQ Q}ulf%(ﬁgt agd ;&&hé}/ﬁ) @ahﬂoﬂneﬁ@qhz}d’a 91, §a9dsh Bgel}ﬁfan Santos and

I'ing conponents. Typically, the disadvantaged crude
(E\?E@POS besinsgEgnption Gdif 9b8weantegetnitadutiagdom Nouth Sent Apgola

@Hﬁllareh&g{ngs%%ogglrﬁayg g ég%fiuh(c)t lglaﬂ ﬁn(ﬁ? fndgﬁesg]%%gnaga

ed cr es ma
per Jirgamerft Oﬂdlsaldwraagedgmdex:mabd@thame tlheetaspen@:s%megr ans,
cﬂgagvan?%’te%(grﬁses sught%gtst%e (Qrpdeasltar eaz):t]aé)ge {tsr%rsP%{SaPorb %nd(/) r at
tteaa&tntzoo 'C at O 101 MPa. Sone di sadvant aged

C r i g[i‘g fmé 8“6% Eﬁgd?ﬂe)fgq gffr @eggli%ce %%gld g%ﬁl%e B?O%g(ft resulting
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B HRCDEEHOndiRE BB pEti BT WQE BéAds IMiéihid@igie cRidk t1ih@hd\@bde feed, or
limted to, crudes fromof the follow ng regl ons of
qlgpgr to the corresponding properties of Brent crude, than the crude feed, thereby
enhancing the economic value of the crude feed. Such crude product may be refined with
less or no pre-treatment, thereby enhancing refining efficiencies. Pre-treatment may
include desulfurization, demetallization, and/or atmospheric distillation to remove
impurities.

Treatment of a hydrocarbon feed in accordance with inventions described herein

may include contacting the hydrocarbon feed with the catalyst(s) in a contacting zone

and/or combinations of two or more contacting zones. In a contacting zone, at least one
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world: U S Qulf Coast and southern California, Canada
Tar sands, Brazilian Santos and Canpos basins,
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of a hydrogen source. In sone enbodi rents, th

dqapdiistg eln ssogembodivepeonactvb the hiigrde asbey foeshwith mEtst eatadgst of
: ) o : .

SEP RS AL R RS g7k LRy

etheehydNdydrdsahord ed with the se¢en@eatdlysisleeressehianabatemofontent

SENABL B RAEIAR IShy DBLUEES AP emen
hepsdat@anmnonent, &asidua gorzaineA PIQ2avity cor kydbiaet@mb ofithese properties of
the crude product change by at least 10% relative to the same properties of the hydrocarbon
feed after contact of the hydrocarbon feed with one or more catalysts.

In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, 20-50 vol%, or 30-40 vol% of a total volume of hydrocarbon feed in the
contacting zone. In some embodiments, a slurry of catalyst and hydrocarbon feed may
include from 0.001-10 grams, 0.005-5 grams, or 0.01-3 grams of catalyst per 100 grams of
hydrocarbon feed in the contacting zone.

Contacting conditions in the contacting zone may include, but are not limited to,
temperature, pressure, hydrogen source flow, hydrocarbon feed flow, or combinations
thereof. Contacting conditions in some embodiments are controlled to produce a crude

product with specific properties. Temperature in the contacting zone may range from 50°C

to 500 ° C, 60 °C to 440 °C, 70 °C to 430 °C, 80 °C to 420 °C. In some embodiments,
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feed conduit 104. A contacting zone nmay be a reactor,
a portion of a reactor, nmultiple 10portions of a

WO e@8N€i753 or conbi nati ons thereof. Exanpl es of P@I/US2007/080422

contacting zone include a stacked bed reactor, a fixed
bed reactor, an ebullating bed reactor, a continuously
stirred tank reactor ("CSTR'), a fluidized bed
reactor, a spray reactor, and a liquid/liquid

t@l‘ﬁﬁérﬁtﬁﬁlel a cbila®iRh %@Her]n | FRINE SHoCkhBs(CRNBEE I RG4 °C, 370°C
systemis on or cou&:é} to an offshore faC|I|t
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frdhn 6QRG 3G h¥ Ik l%yt%tzgrﬂljepﬁto%% 1be A AP SRYPYE ' RE OCSSR. |
or a batch process. The cont act| ng zone may

Soreletitedioats J IR rsent trastdlhy seideast brh eapl &3 ht.woat least 20 h™.
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t t_.of
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TAN, t e content, heter ons cont e

oot dbuTRGRR " G GRS it SaTaR FoneS B Fitai
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B0 Nt al’yst18-800 Nneahtcah@ce R RE iR AL st(#. YR hiogeh source,
catal yst in the contacting zone is in a range 25from
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nmbodi t
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mgtreanﬂ-seﬁarﬁtﬂ)n]z@ﬂé-108 94 tofal ﬂ)ﬁﬁ@tltonduﬂ 130ne enbodi nent s.

LHSV is at least 5 hA at [east 11 hA, at |east 15 hA

or atln fegesireany sepaigtion pqrie P8, Shearadi IOt # it Blah by sppigisd

f?&ﬁ'ﬁé(f@thl ocﬁlgpl?slﬂg@éné‘r ']W&oWn%EbaQat%n%ecNE@ues%o?e;!‘c/ﬁﬂ)le %as6

MPa, I'n sone enb ments, a parti al

lmué}s%mr@ﬂ@r Tlhy ewég Eli@dwaymbiéxmﬂowmgﬁam squPEtiomrongd 9% vig crude

%[E‘ﬂmn{) égndﬁp $i2 énd\{ﬁgnr bez&an%o?{ed t Mn@porﬁho erg’ pll\ﬂjﬂnesogtorage

entsbdicineries, dter phyicetsing [renedy yma@g@hm@mmbere@fs Thappd hedinclude
a [

88 (IS Yo IR A MR RS Sp fole, blbr

daytpneainbyide)acrges ghveom Ifydiogd 0 qud@Oandnd/caicr Shs 5ThOQOG gas

Nrn3/nm3, 1-8,000 NnB/nB, 2-5,000 NnB/nB, 5-3,000

N8/ nB, or 10-800 NnB/nBcontacted with the

catal yst(s). The hydrogen source, in sonme enbodi nments,

is conbined with carrier gas(es) and recircul ated

through the contacting zone. Carrier gas may be, for

exanpl e, nitrogen, helium ahd/or argon. The
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15 carrier gas may facilitate flow of the hydrocarbon
feed and/or flow of the hydrogen source in the

W@ onBael7sng zones(s). The carrier gas may al sopeEniisawor080422
m xing in the contacting zone(s). In sone enbodi nents,
a hydrogen source (for exanple, hydrogen, nethane or
et hane) may be used as a carrier gas and recircul ated
through the contacting zone. The hydrogen source may
B RS reRRH tE SR £ fehN@0ZANRied ARinGRIEH I SR pYocWdstnl zones,
tﬂé ZOﬁedrocarbpnﬁgﬂgd in h@%rocarb%ﬁ f eed cohduit ?04
Hrrageeisaeht ¢ opmbingtigpadhegihdui t 106. I n upstream
cont 36 td A0 FiRIAnchR2 cortRNhAME hQdrolddon ¥ AT VERIHP eRall 8810
with a catal yst produces a total product that includes
raodnee o éotg perduettis pafrdmed m two we mererodiaptEngtzonesg dde tatad product

' ' .S, conbi ned with the
ﬂggr6%%?@%%&$2%§“§28%§?R?ﬁ2aﬂ@%?‘%én source in conduit
106. FIGHE-3 ek atheprapchud tmiradiments bf eqpsicriegsysemntOd ¢tiat mgludes
zone 102 .ent er r separation z 1
0% Pl S PR SRR 2 B0 T BRI P06 ik Res
wepanatanciatizoae 1@Bandidognsradtheopmaihgcbnahid. FaSS rayarkleB

S rated.fromt tal pr usi enerally k

BT QB Alngubd: Plooth BT GR SFRE ey b TRV e
Sepay @&dpictd.as dparacy d@dﬁctﬂfg@@uﬁtin ﬂﬂfyrgeotd)lt T(ﬂl@‘glgfxﬁrbcfaelajﬁlfeed eélters
separ ati on. zone 8 via crude product conduit 112, an

YRR IhE M WS 198F i@%“f‘ Y‘iri’%‘ﬁlﬂ?ﬁcfg‘“tdé‘tofl%ﬂt Warriers,

pi pelih ReSe enSicAMXGSs, BRVRSISLES is doRfbinari@She BldRen source in gas
processi ng zones, or a conbination thereof. The gas
Geagrit Hiand s igEedupet ifodhaemiasingoroneess < higEs dp celidaiml e,

duRgen, SUhbA e FIER! DO BN XhA:drRRA el RPhe carrier gas
nonoxi de), excess gaseous hydrogen source, and/or

B s thegpag or MREE coRieeng 7gas Witkeje hulrpcadyafeed sergrately via gas
GRMi RGBS IS ERAR Lol b ileSibw &7 tﬁ@ﬁﬂﬂ’%ﬁ)@n §Qq QN

processing zones, storage vessels, or ‘conbi nations
axhapleogas conduit 106'n Additien ehthe di dregensoureomdae tterpgrrich gas counter

t? )(()I%;ffo%géfgg%@dﬁfcgrb\é% :f%g%%g gﬁ?a%@&% %,ﬁ\g)aréﬁﬁnd}o? c&{tfi)cg Hletﬁ? Iﬁ%déocarbon

nore contac
feahesh thfhaalygt al product 5nmay be separated to formthe

crud oduyct .and s(es). . F . 2-3 are, .
S ehaGolaatitehe BARABRE f3d wi cuah bk wEidyidhmeagone 102
fohad a featstwdas Thuteed strdanT fevscionh apdieng canaeiag zéme 1R E&S.

A and 2B, contacti S 1 i ncl.udes upstream
BT RS SR b S IR R eSmer i B ST b ROk R
dblhstrdah{z®ntadtngadode BBt tonaditickenl eemtsacin behtZanesonk(126.

Z0nes

114, 116. .In FIGS. 2A d 3A, contactin 02 ,
114, ?E‘%ngazroéesﬁﬁi e §P6d§aysl€f}3‘1?ea‘f“€ %€ 81‘??%‘2?{21‘1%5- hﬁﬁ@%wn n
FIG. 9B &hé RCERIam ckREuhyeiR 6aitRang F 8RN gER sUBsh E&RAIM: 118
contacting zone 102 via hydrocarbon feed conduit 104.

and calsrrelogRtiamrenpdingzaee bidr risehovgn KIS Soiibs edistippiyexits

A QHERHIROMhE 14 Va 88RIuk N¢ M dtendPEad@RBndiRlownstream
i ntroduced into the contacting zones as a mxture. In

wateeEigvorabbdi nent s, as shown in FIGS. 3A and 3B, the
hydr QY eed gHéaﬁ?mQy% &{ntaugﬁ w1 alidiibna9 @zﬁalyst(s) in downstream

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

product conduit 110. The crude product and/or gas is (are) separated from the total
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15 may enter the one or nore contacting zones with the
hydr ocarbon feed separately via gas conduit 106 and/ or

WO m08/0ei75Cct i on counter to the flow of the hydrODEsHOT0s0422

feed via, for exanple, gas conduit 106'. Addition of
t he hydrogen source and/or the carrier gas counter Lo
the flow of the hydrocarbon feed may enhance m xi ng
and/or contact of the hydrocarbon feed with the
FedRl. Y Be-cri@ priiludCkitOdovt RBedny HpRaas PR i 68 Ha Wb product
cat al gst(s) in upstream contacting zone 102 forns a
gt 5i’r eam The feed streamflows from upstream
cont 36&1 Ng 120Gk 08r FrQnAPWARIN ST FRMACHhOGhsGOME oL 14-
In FIGS. 3A and 3B, the feed streamflows from
Wolansterseelamd okt Hlet disngvantared dride ¢eherdelipedl onertopped) enters
%%6&%&5 gﬁ%&%&@?ﬁd 9 cﬁ&é‘@onﬁ&@-1229‘%%%%5&%&%1}%3 8200, at
, T may i nclude one or nore catal ysts. shown
legst 26 o2 Sdisadventiged drusit issaparard tEngupdinigasnknown in the art
aont Lng. zone 102 via feed stream co it 118 d
SeSPEO Ot PandiGal SebfRG: BLERTGR L pddite TR
slifacaiBdiBfeed. hBorfee@dplstwaamagictasleao ysitliyespareod tramttha g
one 114 vi nduit 118 and enters additional
Gt g iR Aot hirs IBE rEorthan BBl LR Earrasy ve
danbaioh eelow IShCaddiibwanarC aal atk yisikd{sspariiallydopurstd @amiz0

ontactin one 114 and/or additional downstream
Cﬁ%?ﬂt’aé’&gﬁﬁ %ﬂ%ﬁ@raﬁl’ee &‘Bq‘f/ %P?ﬁaﬂf‘%?efe?dotr}% FOIRT R menis, at least a
poadal of Rk sHIECAnd @¥inpSund OMB R VORAID tBAHpRh: AE sggii@edlild the
and/ or additional downstream contacting zone 116 and

@riterne cabmtdt raans eplramBh 225t 2 PoBOY PhIe gtpgrated components
RE QU mGeRFAtich 240120 Mttt 24pr 0duct and/or gas is

(are) separated fromthe total product. The crude

pr oddée hedepeasbaadistbianesh imepeamsitdnoirreshen 108 194.an grde
ééﬁHBQH&ﬁltsgfﬁ@ﬂFésta rflri:!;arre of com gﬁ&ts Véitﬂ é?b(ﬂlir%qlag%é%étﬁblﬂ&)n Bhat

nbodi nent of a separation zone upstream ontacting

leass t @NMCL@0In sTine calbghveintadgdde cngd disfrdutivres! ot bppddd oF.
BRI By AR A0S ARl i
thiegstistabypion betgacrof 00t KOO 81 slatvan t@ge d0E BQULRE . i A8t least a portion of

RER acﬁ?ctaﬁ)%n g’eldrflzgitst Ep%&ga:%s%?gragglnozv(\)@le etlnrgleen%;st coglgagtgng system 100
exanpl e, spar gi ng L Renbrane separ ati on, pressur e

(ked e txaple, tle: gonaciingerohdsan RYER. d e viaaidditiesd hydocarbon feed

T Lo B b s Ptinuia vk it s SRR o

GoiRanepiratidrahe NAViAa@bdyRisitiongl wpatigen drdivattfdamuifia@Bsalting

bel ow 95C or, be] ow 3‘00 'C. may heat |east partiall
lg]étp Lef RRGCGSpigen thdu e product exits contacting system 100 via crude product

conduit 112.

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

treatment.
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di sadvant aged crude to produce the hydrocarbon feed.
In sone enbodi nents, at |east a portion of naphtha and

weoupowstss nore vol atil e than napht ha are separ@t/es2007/080422

fromthe di sadvantaged crude. In sone enbodi nents, at
| east a portion of the separated conponents exit
upstream separation zone 120 via conduit 124. 15The
hydr ocar bon feed obtai ned from upstream separation

zone AkZfowih 1h 1I90NE £ BRAGH ABYdfnentN R d#8l@SHoR fé@d)éhﬂéfsecoﬁlfactmg
conponents with a boili ng range distribution of
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separ at ed” hydrocarbon feed i ncludes a m xture of
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0

O g oA o et el Bt o gl 88 Blogfed from
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b‘}éﬂdﬁfg ZOhO T3S Sliha glenﬂédq)rsdwd@apm@d @@ddu&)@b&@fufaﬁaﬁsaiegigmed by
/stem 100 via crude prodyct. 25conduit é In. |
r§ Iprsic A G HaBTeEatiqn A g) Odb‘f’bs@ﬁ‘é icalignynelldea Quifrg ppt Jmited
© rawaﬁgetdf@t a lifitoN @ PE BARILAT AN, vikcdshi§r @Rbmbi@ink Mreof. The
ydrocar bon feed. For exanple, the crude Eroduct may
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viscosity that is between the viscosity of the crude
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having a TAN that is different, ereby ‘producing a
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6Dt cthelbsenaanfﬁbmd eMstbienQing zOe IBORE tﬁerﬂro@ﬁ(ﬁﬁﬁlﬂt reans
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tbaeetsnkry eﬁld@[sﬁﬂ&i arﬁ/di‘YﬁétQﬁ@lgb&ﬂﬂfeﬁ e8lpro@lice BhX tnth@@ distillate

t her eof roduce a bl en roduct. The process

Fl@&né[’he Hgia BeHrBIORS Parke Pre‘fea%fé o piodygecpmeicial peydagss such
A@ndpRlaRAYGE! dlu%daﬁ&tér)éhérﬂlws bl endi ng zone 130 or
upstream of such bl endi ng zone via stream conduit 132.
A m R prynasspahadimapgy aliyes cpiach pede hydreearbpadpedpil) g gatplgst, the
(gd%gt hal & AN SNAGE 008 upﬁlo M%rr&ea& S ??’%gf the TAN of the

cations designated b |ner|es an
ltyriemsqb@m fead.i mreegain cinbpdmems, dhﬂmudesme@mf hasatliAgwef at most 1, at
d
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separation zone 120 through crude conduit 122 and the
di sadvant aged crude is separated as previously
described to formthe hydrocarbon feed. The
hydr ocarbon feed then entergécontacti ng system 100
t hrough additi onal hydrocarbon feed conduit 126. At
| east some conponents fromthe di sadvantaged crude
eX|t separatlon zone 120 via conduit 124. At least a
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20crude product exits contacting system 100 and enters

bl endi ng zone 130 t hrough crude product conduit 128.
w@rdenspsocess streans and/ or crudes enter bl erdi/og007/080422

zone 130 directly or via streamconduit 132 and are

conmbined with the crude product to forma bl ended

product. The bl ended product exits bl ending zone 130

via blend conduit 134. In sonme enbodi nents, the crude

R0aBUS . 12RA6AE chbBsdiRkROAENN Bf B8 Ugtle floBudi hAR$RRE F8F 0.001 to
25t0 a refi ner%(gand distilled and/or fractionally
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SJJ.QS/ 6f di’ganﬁt acliR Sﬁer ot chdae deah@J 1n%qgﬁ%rffonp(ﬁ ofmRbet %rafnﬁ‘ to
salts of organi ¢ acl ds in dr ocar bon

(@%)Qﬁ, ramg - 00003 grams to 0.00002 grams, or 0. 000001 grams to 0.00001 grams

of metals in metal salt of organic acids per gram of crude product. In some embodiments,

a total content of metals in metal salts of organic acids of the crude product is 70-130%,

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

hydrocarbon feed.
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that generally formmetal salts include, but are not
limted to, carboxylic acids, thiols, 20 im des,

weuoBosE7s3 aci ds, and sul fonates. Exanpl es of cethUS2007/€30422

acids include, but are not limted to, naphthenic
aci ds, phenanthrenic acids, and benzoic acid. The
nmetal portion of the netal salts may include alkal
netals (for exanple, lithium sodium and potassium,

al kalph BgrafAh b aiRng! ﬁP%@Vlt}ﬁdfmrﬁde PYBERESH&Ped from contact of
cal cium and bariu | um 12 netals (for exanp

| e
the Pedrengebos Aepdivi iy catagist anc BarERSEdtioay, 1593@a1ﬁ9f7@ B0-120%, 90-

avse Bf' fd() 13@% ML &Plzgﬁm?tty%'f %he(hf Bfoc SXETRLE In(‘cglrtﬁmalﬂﬂadlments
or mxtures thereof.”In certa| n enbodi nents, the crude

Hrlgdudty ohths cande prauctdpiromd-40f 158, af 86-2h netal salts
of or, fi..cn
2 o PPt 5o, 5RO RL GO RE S o o

HYa s altrmostﬂ(%@t)@le grsewrily obthe @y@@@@l@m fgﬂfctarfs s¢roe @nigEPnts, the
\gsc%ngy (%ft%erﬁu el p%oduat 1g?tt rfall<:)srt] 5@%;:%8{; %%ceeﬁ%nofte%
\&mfettwAPbgravretd ltige drunderpeddalct is &0 SO%I 8091’2@%; lor:9(ad:1(l% ofbthe API
thet Ct%u'gn% ODrl%dUﬁt di s 70-130% 80-120% or 90-110% of
FHEY O RITCBNPRAT 0f nmetals in netal salts of organic

aci dgn kdind diboaycbingC ek baie ﬁ)ﬁﬁdct has a total h&lel©gHd content of at most

od| ne API VI t he cr ud roduct r odu
@ Ot ‘88??2’@%1 atd’POSf 15%? (?fﬂtee@@ ftrﬂati%%tf %\49 fctg‘t
Hyafce®6h fel.l RGcRARN @hlbb(ﬁﬁh%mts ItBe &Qdelﬁ@@@ct &@alat@t%ete?&mms
110% or 100-130% of the APl gravi ty of
WPERE A 5ot [ fealdeast %t t%ttﬁ()%nﬁroaa ﬂfﬁétr?%? Of/stm ot BRjgrpgroms

Qhteh & MR CRHOFKEL. is from 14-40, 15-30, or 16-25.
5In certai'n enbodi nents, the crude product has a

vi scdspane embodimaniss the galiigr camtenhod thegpuly PEdugimaydstat mgsid0%,
Qﬁnotstg%%f laS59st '16% Of ac Lil36, I2Y IF @ GiRP @oxft&f% d thk Brud@PBduct, In

nts, the viscosity of the crude product is at
qeDsin cODodioknts e uideprsducyhasfa spier depdntod ar loesh | foeatdeast 30%, at

[ t fel 0%
BB A8 SRy 3% By Rl cbMGST HIS BLOHHG el 1hSadeD %
efrmi@dimell@;l the sdfre centbo o thentusitp ptadectgy UHE3O5F, @b Y hers)0al 10% of
eroat o te of at npbst 90% at nost 50%
? Su %urf 9616/)9&1 i mcaﬁ)o %e‘% of the total heteroatons
cont émtonnf emmmﬂmnwhr tomaamtmgerf @acknt dfheandeproduct may be at most

t he de product total heterqatons
U R N R R M S ol
1Bldrdcedsi 199, %anertilh emb@dlﬂlbntlehfed’r@(ﬁ R0&cCRta@hthl r@lfro gteh €ontent

ydy ocar bo orre embo the s
DS o s B B B s oy Sa sl i cptent o the
Hyaﬁtca@@l%ee@t rmst 10% or at nost 5% of the sul fur
content of the crude product. In certain enbodi nents,
t he df tyee prisdifegnts 9@8@@%% GPntens Af B crige pepdugt gyt mogt

., leasi 9@%0/% Iﬁ’(tst lj@ﬁsatt IT%Qt%O%) 'br ?ttm(ls?%tof t%%%aﬁé mhegen content

sul'fur content of the hydrocar on In sone

risdeidrrspeben fephelnsgrigip embedimenis. tost crthl?epr@ftqsru@s proggig gitrogen
doﬁteztodf]a?’fé%& t1 %g étﬂ]lgagt/go%? Fat %Qst%é%%n‘gt 16%949‘9% (?fltlllef biic nitrogen

content o rocar bon
@n@o'ohfrﬂ@dtysl,rocmtbolafeedntrogen content of the cr ude

prod Y Eo oﬁgﬁetn ? I?[Ent%? ﬁlte cﬁl%g?q{o%lh?tr}?aa/tbejaprﬂ%st

or at nost rogen conte
Yy momeast DO, atemtt 30% attmotsta]JOI% emigodish®atos thetoln%eomunient of the

firqceérg)ts Peg% ﬁl ce alp é: ?&1 J%g oe?cong en(té%lgCE haé g%xg)%en cHr:l'teﬁt of at

total nitrogen content of the 25 hydrocarbon feed.
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In some enbodi nents, basic nitrogen content of the
crude product may at nost 95% at nost 90% at nost

woOMs/0et7saost 10% or at nost 5% of the basi c PCT/USETI080422

content of the hydrocarbon feed. In certain

enbodi nents, the crude product has a basic nitrogen
content of at |least 1% at |east 30% at |east 80% or
at | east 99% of the basic nitrogen 30 content of the

1% RcAIBYBOLE @lcast 80%, driat RABIRIR L AT ondRQr Ry gEN
content of the crude/gproduct may be at npbst 90% at

%g}ca@gm/geegt InpgRIE embodimgnts,pghota omyeny pf carboxplig acg%o(lﬁp.ounds
SR QUMIRUEONEEIY ac Aost s, RY b QGBI LA SE Bty & ToSEIdt 8 e

enbodi nents, the crude product has a oxygen content of
conten| @l caftgpxyla acidecpstpo@@higin tie hydraearb@J0gd. by cegpin| east
% h |
AR Lok e SUOBRAG I EDbPLorkohP P RS R MR iR oF
letrp@uan dsisicf0 %, leleast Bidle, praoktas O9%ay theaotak conegt of @@px dic acid
St 509% t,. 10%, at nost 5% of the content of
(%%gogggg%ngyﬁgé%?ﬁgg%hpounds in the hydrocarbon feed.
| n cédn tanmenenbooisreidcs:d orgaiccxyga ompducik ntagbe aednatdah the
cagntent of carboxylic .acid c unds of at | eas % .
e Rapoff I FbSe RG0SR i S GaverBrtsed aboryiic
dck alay ©0 Oha@fitalBfredi@e DYk in6n-asrbek ylio 0@l AiEE of ganik dRygen
hydr ocar bon feed. I n_some enbodi nents, sel ected
Gryamie: gﬁ%’é’ﬁlcé{iﬁﬁ Wé"%ﬁvxﬁg PRGNS R Frygen compounds
Y @FRI6 prdaas thead.diffdle®iare 1@ sRMdinARAL 86 (h€ ABOYWHEE using
acids and/or netal salts of carboxylic 10acids may be
LRATAMEFIM spedigedicnaiiide (b eragpicn Bxpred @nglynit &14% ng

@Ea@mee%,%@?gasm%g@aﬁphy)car boxylic acids and _
non-car boxyl i ¢ contai ni ng” organi ¢ oxygen conpounds in

a cr dde cdeapducti gerren gnbadipents, hat AAPxy gAnsapisnta at pest 0%,

40 fmotsthﬁ)’?& raHI‘ESst @()%d&ce& rrf(')g‘tl 309 quﬂ@&@zl laly cdﬁ%\!\@f the hydrocarbon feed,
spectroscopi ¢ mef hods (for exanplg, i nfrared anal ysi s,

and e\ Nspletbe eroskepoguct srdmost 9és aicheso A oy maphipye, ol BThest 40%
r r [

AR OD B harobioigh 1 SIRPA R s, R pRENERH an

&ty genontebOYaokead he, axdyayedD%.cnteentBOBE ot duéeaknpdfodaindaxygen

feed nd TAN of the crude oduct. .i s at 900 t

B osBRchluBy 10§ o8 HIEnREBRUEE 5 TANTREL 180 1%, Blicas

309 ahlakt 8Car dranlche @8% df theCAN af the apdrodirtmarfesl, t he

crude, product has an oxygen .content of_at |east.1%  at

easr Aot otaif Pt IgR i et audier a5 Ayl

RagieakSittcadbx fllaciay of 0aaxbmy., faedst 7andat @t SI% AR at most 40%

0 0

TR e S5t R by e

JoypoesR G Teeedvw, 80-120%Asdiot 1i10%alflne nohherbek R ontaining

product may have content of carboxylic acids and/or

. a
HeA oxgrt @uprurdsohiyviiocabiisedbf at nost 90% at
most 1{ Qe é?ﬁb(ﬂﬁﬁéntsg’ Ql(éa/%rlﬂé pﬁ)tduml%d%g%/ﬁ Rf mbReular structures, from

(Igé/ﬁgrocarbon feed, and a content of non-carboxylic

P-4 aiapy op gt -Gk grems o5dmsen Agreram phiradeagoduspophe
SQueIR 0N ALy RCrudel WA Lok far PR &R RN Y s Fo GAME BF 7HAD.82-

0.88 grams of carbon per gram of crude product. A ratio of atomic hydrogen to atomic
carbon (H/C) of the crude product may be within 70-130%, 80-120%, or 90-110% of the

atomic H/C ratio of the hydrocarbon feed. A crude product atomic H/C ratio within 10-
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organi ¢ oxygen conpounds of the hydrocarbon feed.
I n sone enbodi nents, the crude product includes, in

wo t@snoed7exul ar structures, from 0. 05-0. 15 gr anBCDUSIDDOR0422
0.09-0. 13 grans of hydrogen per gram of crude product.
The crude product may include, in its nolecul ar
structure, fromO0.8-0.9 grans or from0.82- 30 0.88
grans of carbon per gram of crude product. A ratio of
O8N the RYHSQERA 8@ athnETIFC £A6 PRfcaleslial uftfike AA8/0E EMd@mption of
oroduct may be within 70-130% 80-120% or 90-110% of
fyHecan BrihepPpes isaelpiévebf smalleaniyar et By Boseniergducad Bysiige
prodygt RkE B}ogué_vlrghfd% édhn Jﬂé Qltﬂ-gra gQ(ﬁa ‘tQ)ﬁhI{gl'b%lnts In some

hydr ocarbon feed atom c Cratio 1 ndicates that
%@Oék@nﬁndilﬁ orude mémmtqh@ns ofr frgmd 06 the sruidp pt@ldectpfrté@etésom

i) YO B A R L YRR L
mesh ¢e) i atkﬁ)oll()ll M@a poieast 8.001 grameme f@nﬁb@ﬂlrﬁaﬁg@ms ohleydrocarbons
ude .produ t r :
R e R
dryrds, oc Bl ON®) 1.3 grams bm}ldrcmgrbbﬁmg]ﬁl dbdting ﬂanlgel dstriaftioatbetween

BReh a0kl M i ab &Rt R B AR e gL

Hdidfdchibbhit witha Reliveameelddrikutian Betd@6h 310 °atand 400 1C MRA1018¥Pa;

| east O om. 0. 001- rai ns .

%’P@&P %%P@gﬁggwst% f%?“b%&h"gé ST glﬁ‘i%%‘?af Oﬂat”ﬂtgﬁ bpEingERse
HQfbutieh be@eh ANOC £, 538tC @ .0l WPa; at |east 0.001
granms, or from0.001-0.5 grans_of 10hydrocar bons with

a boill FHee safngEneatsshs sl PekiopEC den P @Rt cradecprodyst el
1@£st @o@ggraﬁ@af hyARtadbnd ®@s4 b1 RO AIEbURR oif RQdst 100 °C at

grans of hydrocarbons with a boiling rang

Qall%ltMbe%ﬁd/th st (W08 h 2rpo of hyfiomggns gith abomnamgqv{hambuuon

eflv@ATBo M IBRLS olibpyiude product i ncl udes, - per
gram of crude product, at |east 0.001 grans of

hydr de semioensboginndntsa tho giude prpdpetmepey b satd¢apit 0 rerahs, at at least
RS Rrad O mf B8 pe AP el B, O cfer b Rl crude prodc
rdayshawe b mpmm dostemed at H00 OP. grand OQ&OHOSCO algra@lsm Dapie. per gram
Crusdo gbodi ments, the crude product may have at

eas PEPB 1 granms, or at |least 0.01 granms of naphtha

per din smedmigxlinatsy the drielt prddﬂct@hhﬁdistﬂlﬁimdjnthfg,O-IBb%, 80-

B8 G AREOE0r R B s ER AR R Lo 3 Rl comen

ot Qs crﬁdel{d@iulaf RIS, per gram of Aud&OFBdRTNOg RN rSm 0100601-0.5
cr ud %g"o%t has 18 di éti |l ate content of 70-130% 80-
gf%’%’ { A of BP0 He 8% i 11 ate content of the

hydr o aéragfbrﬁ@aﬂnenﬂéh@le didit iptddadi@asOTeNdonRh dhve- 130udgo-
froduct ma er gram of crude product, in a range

) b%e&pa«‘r?@tenbofebﬂhwr@a@% Fesd. Iy sopiegppoginpnts.
tHE &08e product has, per gram of crude product, a VGO content in a range from 0.00001-
0.8 grams, 0.001-0.5 grams, 0.002-0.4 grams, or 0.001-0.3 grams.

In some embodiments, the crude product has a residue content of at most 90%, at

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

hydrocarbon feed. The crude product may have, per gram of crude product, a residue
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251 n certain enbodi nents, the crude product has a VA&

content of 70-130% 80- 120% or 90-110% of the VQ0
w@eonses7sof the hydrocarbon feed. In sone enborliTEs087/080422

the crude product has, per gram of crude product, a

VA& content in a range from 0.00001- 0.8 granms,

0.001-0.5 grans, 0.002-0.4 grans, or 0.001-0.3 grans.

In some enbodi nents, the crude product has a residue

&artheRk rﬁfge #on®§10099% %rﬁ’fhs Q00081 1%%/9 03003192 rap%9.001-0.3
9

at nost 30% at nost 20% at nost or at nost 3%
By, H@Oﬁé@gﬁms EpRPEAL %@m% he hydrocarbon feed. In

cert gj b & OBAaIBRMS the hfe gf Jad& nR¢ Q%%h% Qﬁﬁc?as{ﬂ%%%é Qontent
content of 70-130% 80-120% or 90- 1109% of the residue

danmesit)0%f attrhest HYdrad owsthdie, oeatdnosTHee @’_f hdéotglododtr may
AR S TS BRUSALAEUE Leryy BB, B EBLurbh
Be DIBO5ped grdmgrt digrdroc @b@0te ) a Botgraiand C7 GspdU BN, @ngnakmgng from

0.01-0. r . In so | he crude
(8‘90& her (l%a(l)iz %a‘i%g?)ﬁl t ‘15r%cfm57gg)s€$1§?1?e{r:§2 go ent of
at  nos ter@OLemiamtlinmansst the Qfdde @todm:tsms zBD%R amteat ofOsit30%0 $0-

f the t 5 | t ene nt e
Pt ook Bl o/TBe PRk S PR AR beE A Wi he &8 product
Hyd (Qagjhb)lwngi @ﬁdanh@?‘]a,t lmpamogr anmed 3ty ddier@ abbtcm'%f (Gf&ﬁb C5a
tot an al t enes. cont ent ro
“etS GOYew o Erhsﬁeﬁ rogarepn fpgsl- dn gertai %‘PJ%O 1%5“ sgt enes

doﬁteﬁt ok g 13Focarbon feedl I a€ Rasta DR, @trr&@dasmmi 86 1e£sh$o% bEGE Cs
product has a MCR content of 70- 1300/3 30120% or

agehaitiwocemeltt 1RE thebpdreerbarfeeoyhijerhe REAHYhg @uds product is

Witiih €0-86% o¢ (HedRCR rc@ﬁ’cé'&tof 4 hp@t%ca@b(gsfe&ﬁ AR3bheNsSodiments,
content of at nobst 90% at nost 80% or at nost 50% of

depeasin e phairhdisass waishierthedfydigsarbpy fed whHp Bainfagieg a | n
&ﬁfl@éﬁ/ ﬁaﬁm %%?ma% Berets tﬂ@ﬁmﬂﬂlt& %Fﬁl% h§@1’8&§5}§n f@éd/&)&?

hydrocarbon feed is at |least 10% at |east 60% or
redust mp0¥%s.of t he C5 asphal t enes content of the

hydr . %&E t r

pr odgl‘c%:?J [ s&\}éot%ﬁ]q B1 6%1)%1@ go(l\?}%ﬁfcon gﬁtcggf pft it e
dwﬂb[rmd & pmducﬁe eanhthenntisa) ndatemigopl betepdnsthe HiShl ese@ay corgponents
t eeI crude as(pc{' at rﬁll%lﬁg tg%l?etl n{[llsc%f 1{); pO%lapg entoc ebhgfrgi{ocali%on feed. For
dxampleasant bfea Istladoadbbi §eed)f35 asiphallfeylebrc@nanm aﬂ@&ndbetrbcbraﬂeed

LR o ST SRR e B Crtcnescoen
and a crude product MCR content may be represented by S'. The sums may be compared
(S’ to S) to assess the net reduction in high viscosity components in the hydrocarbon feed.
S' of the crude product may be in a range from 1-99%, 10-90%, or 20-80% of S. 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 an MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR content of the hydrocarbon feed.
The crude product has, in some embodiments, from 0.0001-0.1 grams, 0.005-0.08 grams,
or 0.01-0.05 grams of MCR per gram of crude product. In some embodiments, the crude
product includes from greater than O grams, but less than 0.01 grams, 0.000001-0.001
grams, or 0.00001-0.0001 grams of total catalyst per gram of crude product. The catalyst
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conbi ned to produce a mathematical relationship

bet ween the high viscosity conponents 20in the crude
w@emduet7sy el ati ve to the high viscosity conponetit/ssion7/080422

t he hydrocarbon feed. For exanple, a sumof a

hydr ocar bon feed C5 asphal tenes content and a

hydr ocarbon feed MCR content may be represented by S

A sum of a crude product C5 asphaltenes content and a

15 MAG s AR QEBELin VIR caRIR ?dﬁhct@ﬁn%@aﬂsﬁ&fa%@ﬁ RS RYment. THR

suns may be conpared 0 assess the net

GaEdsEmpHRhIbHE CRITgTOn, i@&wsfrlﬁtyork: B iRgigase patet gparation abilities of

Hy dLecALARN M@&st &@élbe@ﬁer&'ﬁ%na%}é%n@u%l{s LadTB R Gaokd

a range from 1-99% 10-90% or "20-80¢9 S. In sone

capiys thi desonibed hegein &1 the cryfle pofuat dwiingriteapfient.he cr ude

pr Odgﬁ‘% cfu? @%gé%%tb%hée r}gﬁligog"rt]atcﬁﬂé syls%m 12)8?1{1% gegtiésrcf?f%rent

tenbprdpfmmm Ihethlyéroczrrbl@efegt (ox11(0:; prdpalslesamamﬂud@ ﬂwwe nétHiaited

' 0/
tég%%odﬁlge?ﬂ A]ﬁ/%ér%%ﬁ 0051 0 reg ce 03%15\?%6 ont %E dg%%lﬁxhed

@n&d@ofpnl@du@tyghamtrog@n eocmnlﬁnﬂmds theeadfs ¢) Iédwxml residue content; f)

PRt o S 5 S b N Re g il R8P

dringtyei) udelupsauieht éMediald@snduiieansgreadadic atiaan) fadlgfea BBsic

but | ess than 0.01 grang, 0,000001-0.001 grans,
%Fr‘éﬁﬁ’ﬁﬁi@t@?tb‘ﬁ&i C%‘P‘&H‘%”Bﬁ’%?%&“é%%ﬁ%‘tduﬁ S, QP IB fre
fropiaeesPF 0dueiide pldageiCtadly StthdBMrdaHos feell) r}nﬁi Rbelet@iend
the crude Product durln% transportati on an

¢ Othhpropeatics) ajsot ARARLF i e @&Pﬁl@gw@ﬁma}m Flnge-
Ifdir 'ef%atn'lﬁ?@ it rﬁMleesﬁa{Mért@ BFE WRLELIYTERAE 8hd A Mm@A@BEdhSdnSts (for
of the crude product. Mefhods déscribed herein may be
empicgiarider and/oatiicasie i higdrpearent fasd withpupisien figapty changing the
BEL8LT SBYLER GMRRGHCL, SRR RSy g
qonepéret haysbed |061fcentemd”t0h agsique opeetidnesndgfot tedection of other

f

{ﬁ%}% f?e%?sr %‘ﬂg 1£§9f r@%ﬁ@%ﬁ lﬁa%} d dﬂgggcl gﬁ@gﬁ% Bhénts in
th@ hycb@had@d fetedt @b amblm‘t PEhyiorgee nsed dd)mg éd tpmedss aorythe mmnmﬁzed
or gxamepclie (r:e)l)e%lﬁg antage On(fr gntenr{a% Iijarve % 1 0t Irfgs? ue Nqﬁiplﬂee&hten%that is
a@é’epe@nﬁta Inteenwtm@) altdséndumeq)omncspemmnonsh $uahmyr11e>aa~e@h feed

API a a red ced conte of me

oy ved g el rbasdy HESORT SR S e R B i RiFrggBTRe &

cont Q]%tta;lys&rus&) in®@ebi MaikicAbsditle K eﬁﬂle 1ﬂvﬁnt&ﬁh§ﬁlay include one or
ne or nore properties of the crud

enbodj nent s,
'BY'6 gli]ltk metal pngfqrBe PR IPBYh  HsaBetalgyy E%m elemental

158h 8€ini tNeelodin 6hALGRbUNNLE Be RERLT THI@RABK(S A8 riBEENRI may be
changed as nuch, or do not substantially change. For

1@5‘&%%13@@ the GRINACHRE HBE B} A PICENTEY. 49 thendwioses acvéff 4p a catalyst in

tﬁ@é’dﬁ@é%uf?g‘fon@ o B af kO VRSN &S ar(d/&ra %éﬁ%&ﬁﬂ&{ Red 5d?1§dlr§1h’§sulfur
/or viscosity) in a hydrocarbon wi t hout

i§ F@mchdc*am the prepiasag)- ndretchialyals gambigatiay qlcmalyptp ugeas described
d(}i/é#ﬁ peabbay feed corlnﬂe&[)}!l Sar TR §and grég b LGk eu sts that are

uring contactin concentrated"” on resi
qoe@mptaataﬂrto ben@dnabtlesmé@d@memndﬁd@ﬂla&i THRY30 HEMNOGS): C234 C311;

i NC e f y e t
R e s T as: Py
RN DNIAO;HYNIF9Eg BIN20&:82N&00r DNG1 téh ©N3B 0 683 166yDIN21 10;

BAHIR ARY310: DN3330: RC400: RCA10; RN412; RN400: RN420: RN440; RN450:
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20For exanpl e, a disadvantaged crude may have a high

residue, but a NN/V/Fe content that is acceptable to
woremB/0437eat nent and/ or transportati on speci fi CEtT/USE07/080422

Such hydrocarbon feed may be nore efficiently treated

by reduci ng residue w thout also reducing Ni/V/ Fe.

Catal ysts used in one or nore enbodi nents of the

i nventions nmay include one or nore bulk netals and/or

PNES09 RNBDI (£ RIBE f); RINB5@ 1aUPTRORM 50360812423, Fens: RR)3: 1713,
el emental 25 formor in the formof a conpound of the

et ad 153THe Z/48 avRish are gedlaple hrom Qlak latemaggral gac. (Houston, Texas,

[ijgt&?duced into the contacting zone as a precursor,
and then beconme active as a catalyst in the contacting
zone If fane extdphants, shdpstsused trcharas/roepestich pHthe bxdrbesmbon feed

1(183(93 S r(]ﬁ?i nz'_lggcgurﬁhg § met%ls%(ﬁr;lts?;g[lso?td Cy&l&nl?nstShﬂ) metﬁl sg include,

precur sor cat a st or conbination of cata
hus e nasllrdm@ldm ‘hedlile, r@mminmymokybcﬂmymnmngm UONgTeEsei aI

t al l e fSpdhat are
SEREIT oy SRR, S8 SRR oL RAPu RS
iHDS8Y, p]aESﬁﬂ or MI(% theR3# ; THERAth]ys(GBahdhavEpti gra@h? 4atalyst, a total

44 (A54;, 4 ; DC2531;

3 B0 S ™ irs ™ P55 UNBbB TN R 0001 erams,
AON2R 1)1 gahmaﬂm DAL 1MN00 D33 6ns, DNBB-DX o rih 330 5-0RCGARRs, or

R bR Briom b Rt FATS U gan 1368gen ) in

28ii3n tolih@Boludihd 3;1041edd(s). ATRdipld RE CSi0E3, 1 5\Mingtsah@ude
avail able fromCRlI International, Inc. (Houston,

seherus Ty gatalyst gy Sgyeed lEibOAP R AP §lemenicantyal Berg&myof o
d L
GhaRge A C%@@@rh b®80Rf1-¢. hggmg d{)(g@gt gg)g F%ga(r:r‘qt% %g?oggmo@%raﬁg or

or nore -10 ne

(HEOA S gravest ude but are not limted to, vanadi um
chrom H@alﬂ@ﬁﬁ%gﬂﬁﬁmhefch’tﬁ'%@ttlﬁcrfudeg@eﬂﬁﬁ%ﬁetalt(ﬁ C 'FH@éa!téﬂ?Ek may
rhenium 1ron, cobalt, ni rut henium pall adiu

ko deugrames patumst, 4 tolad Colmndl ragtiltsy n@nt‘m’c omtiftaatr(é@)OOl at least

S le NE L O e

BY05He b gtand, GO -Godgrams. aln Sbmasmb@dlmelits ghaacmsa,lysmlamdes from
%&8)8%{)_(85 O%ndg(ga@ﬂ E&e{]aﬂ)(a )]_pe%n f catagl 3 8&6%g%6§nn§ddlments the

danulys oimeluédytitdimme g elemérh(e) maatlaﬂuyﬁ; to thm cblludmss rﬁ‘ﬂhlcmn 15

B o bRl bt Brnul h SR atishes SRb RIS b

Wit @ieyﬁs tmoﬁ’@MetﬁE\ffbnﬁCdilﬁﬁlﬁB aﬁaybumsluﬂqﬁs ellemmiol&and®estitGolumn 6

er of _cat al inra 0, 000001- 0. ,
Jé) élrfg Co “é‘oﬁléita]dné’@eglfl angee g‘% Bge;nd Héob?r E méi"f ratio of
@ol&ﬁﬁ)én%w@wc@ﬁﬁﬁm 10 metal lnlay B@fntaf%aﬁgem@d i1ent-$o, &rhs. In
cat al i ncl udes Col um %sl)e. The cat al yst may

KB &M a@fnegﬁséh? Wl}s%tnal%% Colamtlé MER( Y Fﬁwadélt‘f?étt%th)

SRbfAbn &f CAbmh @%ﬁ:‘tal(@) VPO ordord ﬁ“l@t%fs fQ}nQéolgﬁlﬁﬁ ancf%r 7-10.
| east 0.02 grans and/or in a range from 0.000

Igoghes emipndppanty 18 cgtabysinclpdgy§lygnm 6 getke) ang ﬁown@llloonw(s) A
rg%l%g’été% %ﬁkhéwci% Cgfrﬁg%d@&!lﬁ? th%'?&alc@élﬁh%{ ?Esetag glrtH@' ?e?taal Jt?ﬁy be
ipatraigy stom 1-h0, 9o fremend oldicasrin smbodvacrsattlad gpeyst mclludmsé@lumn 5

%%l@?g%éolﬁlnﬁ%%@az%). iz&] rrgag d@ftlo%? tthe?ot% I'E;Oh(:gg{l lII(FrHlsfﬁl to the total

Colahudes:ta ircibebitmgdtinouy befin Cohgminod 1net ad () ZWL th one
or nore netals from Colum 5 and/or Colums 7-10. A
nmolar ratio of Colum 6 netal to Colum 5 netal nay be
in arange fromO0.1-20, 1-10, or 2-5. A nolar ratio of
25Colum 6 netal to Colums 7-10 netal may be in a
range from0.1-20, 1-10, or 2-5 In sone enbodi nents,
the catal yst includes Colum3 15 elenent(s) in addition
to the conbination of Colunm 6 netal (s) with one or
nore netals from Columms 5 and/or 7-10. In other
enbodl rrents t he cat aI yst |ncI udes Col um 6 net al (s)
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In some enbodi nents. Colums 5-10 netal (s) are
i ncorporated in, or deposited on, a support to form

wo bwspat7sd yst. I n certain enbodi nents, Col urmspPGF/182007/080422

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

cat alfy sdmd HbdddRS2UblufMP A0 tmetdds) arliBlcdipbfled iRNA d8bdsited on,

el ement (s). The support may be porous and nay i ncl ude
rwppatioden BRrdalyst Fossas e@&’l‘)%ﬁnﬁag@dmﬁsaﬁ & m&raé(8> in

HPhraliEF witR CofRFRisAlANS) a"rJ‘ﬁE&-g&atB@H BEADLM @ h d[ﬁé support

may 1 nclude, but are not limt alumna, silica,
tgifdrincthe edtalyitnn entodamingrin okickéhe a6 ahdipn dethan(s) are

i X | 0 ] X f r
SEAIRS P BB OB AL R dof T Renfco
Wi Stlmdrtana}@wtmths tisd mnyjinmdhw@iaaglyemdes pI@m(uB carberstyaser]
rlnel;]ter?eﬁs zéohtf)J or co)nbmal{i’oq% ltlﬁc'ereio?r E?fn acp ?m\d/east 1L 1'{:102}1% OP]ut are not
larmmb(doo abhonioa Silig, aphalammu{r‘ax ampiuesomde ziewhivhesxide) niag;mhelum

ites e Zeo
‘f?r ?&%%t“r%fﬁgﬂ?o r ﬁP@Pftﬁ iay b, P'i’tFlé‘it‘i %r%‘E&lCP‘P@&rCh%WB acturer
bl & Oraeridd CmigstCameeiioklgisvaPuHacd o, @ex8UCIS. A% Porous carbon

Zeo Val | For Pennsyl vani U. S A 15The
b;aa%ﬁqt?na WC@E%B ‘e%‘i%‘b‘?iul ¢ 0, agt aesﬁ éﬁﬁ?lé?iﬁé% é’ﬂfot“h%lftaph“e
LR Rl PPRYliteh 3R 10AD Yaxeniy GbelﬁQéﬁthsl moRkgife RbliS, AS®AS Leolites,
150 A, at least 170 A. or at least 180 A |n certain

WA Atdilesa ZelSpopay Reobpined ArostR sRmmEiAl mapuggsturer such as

ARBURONSIRABI e, PbndsPRafMAROMAL) Mt erial . I n some
ean§ |rreﬁ}fas rg%n réu:slp al S adde)d to the paste to assi st

in exihe g4IDeH. isFompembagiments, ThareRadecinhat the suppert hisia

@Eﬁg@ﬁ&@ Hiahfdie$ YER 1ATAYDES 2ARS: P30 RULR: B HQTIR, ’ﬁ?certam
required to give 20the extrudabl e paste a desired

Qﬁd}@ém@tn@n@ suppeik smpéras-ddl faiinsan ayokevd pastbeltthasupperomaterial.

[ t C [
A L o Rl SRR LI UG8 e e
w:ajtr amé dﬂge gad eleatldﬂqd ik nunlwanmanta ygby mzll nlﬂsnodmasneqdm@disv give
t fp dxtrcu t etc’s e aC 1recﬂc%n q?t%:rpcgd et&gpa%soorfrerl] %(}nrcngat etS are ngtqlmlted
nay a nperat’ure
tb,angie aﬁiﬂoa’m%aci’cﬁ @ulfu(rﬁ aoud éﬂdmydl&shlaﬁéacﬁl for a per [ od

of ti 25(for ex or unt

Che. HBE of T L S EBe Gana st R e AP Sisatifyon

r?&ﬁ(bdﬁ edd lr:]e&a/l?dt cutﬁﬂgmgﬂ,ﬁaas tbeai &duexés uthatarmmys bay Fe heat
urther eat treate t a erature | nge rom,.

Egisd fopymperagie g@gangediym ¢ %S‘{H)Od(&rﬂ%nt %Eﬁoﬁ{)%i’"?l’ﬁ%i q%me

@31 cRMBFIATEr N8B0 PrRIR in@fth@hok@asdondbdofAhe dxBrudRé hai N

enbodi nents, the support includes gamma al um na, theta

raplifd meesirgrblerel 3be hyatitipaied cxipditiemay bifuher hspt trealed at a

t@l‘ﬁ htﬂﬁ:tlh QRsheb h%fn%f) 126_(5"% 8NN 00 BC 8 o @k !sUPtpHﬁ‘ havmg an
ta alum na, al E@a al ym na, or conbi nati ons ft her eof

%Yéﬁag‘gpﬁﬁfl’@ﬂle@a@%t st ISlpPport, may be in ar ange from
0.00¢1 c&taﬁperﬂ{oﬁffﬁentsothggap grt@n amrga Qi gtra%ﬁnnao Belta
at nost 1 grans as rmne X-ray rac I on.
almm@@,méphe ﬁbmdnaremosnbmahen%tb@rp@r tThh a@ouré ot mmaalgm@aodelta
e ¢

Eglf}ﬁl%g,r@hg %%u'tngﬁli \34 %J'élnrb?%alrag{lrs] tgu%é eq r st &RB&? ﬁi?ag be in a

@ngk-f3n90. 0@;@1a®r99 gI@mS (00Q-F g, (b(Bl ((Dl @ra@nsBmgm amst 0.lgrams as
c? éﬁ%lrned p)%x })’ dlffr g %ne If(f)rglea g&l{) oc@niltsn tHcéongpo? a8, < atge} aﬁf)ng or in
grarrs at Ieast 0.5 grans, or at Ieast 0.8 grans of
theta alumna, as determned by x-ray 5diffraction.
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Supported catal ysts may be prepared using generally
known catal yst preparation techni ques. Exanpl es of

W@ 21080y5553 preparati ons are described in U S PetBO82007/080422
Nos. 6,919,018 to Bhan; 6, 759, 364 to Bhan; 6,218, 333
to Gabrielov et al.; 6,290,841 to Gabrielov et al.;
and 5,744,025 to Boon et al. 10l n sone enbodi nents,
the support may be inpregnated with nmetal to forma
GatoaMSE with BhEELHA 6F SRFRRL aMRY Sumind %or?té‘rﬂg(%f %rahﬁofr@%%ort ina
treated at tenperatures in a range from 400
145100 | 6,99 a186 05400 2@ drok6-9-6 eramsr eghierniord W ¥Hivya

dBtaBlion. TR s Em IR TR S ppokd TRY ﬁﬁ@@&t‘l@a@t@h l%nﬁaa)f 1&&0 3
used during preparation of the cat al yst. mpl es of

grams. @ghaast Dorgravisd er 4t frabtitegrame of thite abipiieh, @qummﬂ by x-ray
Skhyhgnedi am netetraacetic 15acid (EDTA), ammonia, or

m xtures thereof. In certain enbodi nents, a

cat alSypported yathlgsts mlayrb@lpﬂayaraﬂuhurggewralbnbr@mpmaatysh@emamion

t%nlqubles ]?ﬁamglﬁng% 9 ta(lxls} B}es%rgt?o alterdgécn%gd l%h[?g elgja]tenk 6%%9 018
tOiBhtlﬂné 164 ta Blaned2 EhEised Gatxmm«m' ett ah,’dﬁﬂ%@%% to Gabrlelov etal;

rel atively uniform concentration of
?’ 4?@1[2 @rﬁ%ﬂlé’v"f‘ldes beneficial catalytic properties
of 20k btﬁ’nd?éiﬁl:&id}tﬁdnts ttie atipport@adyl lRagmpfeg@tahaifietetap famt a

after each ove of netal tepds to jnprove the

é?tﬁyéF yRiceraR ?ffl(;ﬁdﬂ%e%% therraPRog %F% freatide 4IPS e g 4tes
fRorfs AY@L Bt CUSINIOOVET bray)0198Y PO GEob Emphe SkakibR Géth la Mnckdl Sin
Patent No. 6,759, 364 to Bhan. The Col ums 5-10
PR AMPLYiImgAE. IBRFSBHION il N DRiuseddluging ArepairtioRuif dherrriaivig
BAHIpRIB Mmfr&nh @5Mid 1KLL MG ireadid cHﬁg)@ﬂe(lts Ly RERPRibetetraacetic
m xture. The Col utms 5-10 25netal (s)/support m xture
aeih(Bhd /v speraonis ion g g et @eicel ni xi ng equi prent . Exanpl es
of s lﬂl E(Q'ahieerﬁﬂ(?&hﬁ@ltseg Hétﬁ% May 'bQ %ﬂ“hgg b§/ H&@Illge(grsincorporatmg the
stationary shells of troughs; [er mxers (fo
(é()&@mﬂpﬁ 10 atakh) to here trwteéﬁlﬁpqdﬁmémesw peport |(‘fva91¢étymg”)

I
L5 R SR SRR 0 HT e By
I@Latluﬂiy]smﬁmjl@omnmt(os)wf wplib@ﬁtem mwﬂas |’oenefllcml cealytai properties of
tg%t%ﬁﬂ“ ﬁt %’trf%tm%é) %aé)fg sug)p?rgrgfet T eac osvtergem of I{leiteﬁ tends to improve
thmcm:gﬁ[musﬁ}yofdhesmﬁe dMkthodse pmppm(arcmalyst usmglomeﬁayn‘ﬁethods

embodi.nent s, . t.he t al i s . heat treated at
FESEIaE B PERL s 200d & PR H06: 740° C. or from
400- 7130 c@nugfrtg Gr10GaTRI{sh hﬁtgsubﬁtﬁ’f ﬁwpmmtxe%mtﬂ sﬁlmlm&aﬂgd

I n. sone odj_.ment s tal yst may be treate
GAHIPPFRL tﬁg Sehcugps M{) mﬁfai(%a(ﬁ‘ﬂ%{%]? ¥ rd by E&ltf‘f Qt a
h@ARSA@Ipeft @ik fredn £yARAR xBEEIVRENItAIOmTEn SARiphQAD FxentpRs of

remove volatile matter such that at |east a portion of
PHEPICHIREIURED Relpdy Wmiless, saiRnet S@aﬂ&%ﬂm@s Muller mixers

ek SRAONICA Gy paRt @(Lntl‘%lﬁ(')lg %ype§ Iulﬂp&ttt hgtere Qfﬁpglbf%ﬁfé} §enerally
owever, the catalyst nmay heat treated in
oW aHE, @fge@ﬁrﬁllydtnowvéﬁlp@ﬁaﬁhﬁ wil suifably pepisle tlier@?hn%s 5-@)
ﬁl%alfsg@upggn nﬁ&t‘ﬂ? J[? Qertagl éH%OﬁQIQentSClhe atefrfagryrél'tﬁ%e((l:uﬁtﬁ 00

erio in a range froml ours
FdwpeS-&0 majaliﬁ)l ig Sﬂrfﬁfsul’tswetlaﬂbd fapniogencouripdinranted imht h‘mlpprt

convef Edrﬂeqentﬂ:n)%mqéﬂlt atélé/%q s W&t ?%ageél 2 te%%raqﬁésafjﬁng )B(Q%O °C,

Catal y3t's prepared are genera
fireh 800-24D 1 omorh 4AQ- ﬁB(E f(heltkr combialng liessupport with the metal.
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10"dried". Wen catal ysts are prepared in this manner
in conmbination with a sulfiding nmethod, the active

woreioahss7smy be substantially dispersed in the BUPPSI0D7/080422

Preparations of uncal cined catal ysts are described in
U S. Patent Nos. 6,218,333 to Gabrielov et al., and
6,290,841 to Gabrielov etal. In certain enbodi nents, a
theta al um na support may be conbined with Col ums 5-
1510 fredidd §midih@isniR chiiBtian Al BeHeNareatd@ ROtht Y nddBiShot air
5-10 netals mixture. The theta al um na support/ Col ums
Ao oxREERIieh #i KtapBPITeiyrehe 2 Frage betvery ¥ “qtang 1000 °C to remove
\tométtelﬂ L&nQhat Qtt 162!.8??%61116’19 Or e EQlufn%E SA1)) %téﬁ@&r@ kcyrﬁlgrted to the
having a pore site distribution wth a nedian pore
Witasrending oflabexileast 230 A Typical ly, such heat

E r eat theﬂ e?nb%ﬁln?%lﬁgl fvAbr, [h%'mﬁ prg%ﬁfe %‘i t?etﬁteﬁ?r?ﬁle 398ce of

n sone e nments, the er a
aimtm};@rmre‘&uppmgb fiom 3 Oé]ﬁp@@@ tCarapiiEd” @s0dés crifived]1 50

Ja&ﬁtaﬁbg )’C ?B%lpgle fr[b e, 1 Cejl r%‘ﬂée tf‘ro% £Y %Ql%g Eo TC %\ng £ m%]tohty ({f the

or a
\sﬂmlmmq@nﬂm \aitlymt comyrtmgmiemdmm&slmmmdxsls nethe h(e&) oxiffor

ted t | t he bul k et al
GRS Eerind PR el 58Pl Bt ot Py SR o
mlaédl’1 OV BenSdazi@ysfs raﬁﬂpr&pa&@l ifGs @Msher d-cdmbMaGsORNEh a Qﬂfl&ngt
m crons. The or

d t
e e RSt Y P SRS M 1 SUPREL

lﬁm@lﬂem@ws dr1@espOvdes UMYl NRNHD rexh3wb tabddiey et al., and
F port and then extruded using st andar d t echni ques to

4 e GeRiiatet lavi ng a pore size distribution with a

mad' n c&&’[neen%oﬁﬁﬁ‘én?sr a (A IRRY Qiph6:@ MaBBe &QbifdAlith Columns 5-
90-180 A, or 120-130 A. Conbining the catalyst with

kOHmetalg E?pf@fftl a&mlwoahsmma ﬁuwe%?om F kpepetals magtujee 4B¢ thgtazp
A@hihk Qn%bg dohﬁmﬁ%t 1@' metﬁs fn%?t{ng?n ?‘/rﬂ)g %Eatttllegteé; Htagt@ﬁiﬁer&tlre of at

the e d net al catal yst exanpl e,
1@4@94%‘@@ o the extelisidatiog & E@S swethalrlbgtmort Wigh s e dliaie pore

T:r lg?si)ﬁﬁ?f\ WTZﬁ%eﬁ%CHn%tﬁ #Qat EE se{q[ﬂglgc%%fjat {E@?p%%art]ures of at

n-sone ess neta
mhelﬁnrfhce of the catal yst extends the life and/or
catalxtlc act

tivit f the al yst Db
[ cast SRt PSR R Y Shyibe d! v T Mhpor
[iréyearaciaak abwﬂbedha:mm)gnam comhhimedr@ita |a$upmytedmeﬂy§t end/drea bulk

urfac the ¢ | yst through erosi on of rfa
Bt RER a0 bR SRS bR RsT PRk uf Ip 0 G
IHMQI(QCH%M%E]mf)Ie g;ge supPorsn@ta8RDad oreethalk hétel caatysl ms}t bd S
r e co ni ng one or_ npr umns 56- ,
‘1%@?‘8‘]? rHar q’?é%d‘ AR JYCERSE PTG iY© gro fr (%Fcé‘)@i égii gicrgs, or 5-
4Msicroa®OTIHE $HWABEIEY o conibined vathRRAIrt to Thieh 4Hl dd@edded metal
oxi des may include, alumna, silica, silica-alumn

wtahi Iaﬁwasz prRRodimenty diei nedesangebe Goatined |"‘i11‘i1?1ﬂéf’xﬁu6%0“ %ﬂd then

éﬂrﬁ&éﬂrlﬁﬁlgtsﬁﬁ(ﬁa@@fechrﬁﬁl%s B d6h lca@¥ I8 SinBRYoR&iL BlsRIHAESh with a
froman extrudate process to produce support. For

aschdnose digmeles ing rings dnrdh2 or 90-180 A, or 120-130 A.

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

metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst

36



10

15

20

25

30

obtai ned from an al um na extrudate production to
produce catal yst supports. In sone 10enbodi nents,

woreqenad7soxi de fines may have a particle size BET/E$2007/080422

nost 500 mcroneters, at nost 150 m croneters, at nost
100 mcronmeters, or at nost 75 mcronmeters. The

particle size of the mneral oxides nmay range fromaO0. 2
mcroneters to 500 mcroneters, 0.3 mcroneters to 100

I&fﬁlﬁ@fﬂﬁta@ lefist aQortidn of (e GiRITRS 8% th Ghe/sartideCIr HRLALSE dunn use.
mbi ning m neral oxides with one or nore Col unms %

H@trﬁﬁtalaﬁl@y B108¢ bt turiges ofdhd eiplyse disough erpsion 5 e 18@@409 of the
d‘sh@urﬁlg I)I?tgcq opfhe'i:!&@l &%lﬁ! aylﬁldrocarbon fech Nt ercal ation
/or mxing of gonponents of the catal ysts
C h andesomg m@drmen@nﬁ@ @ htaypitis prepdved ket qopdhiningeheay dre gflumns
&IPSR B BLL 0 RS ELATD, Py SR B, o
suppal. The miheraloydss alay stcmdetalmmnmfsﬂtcm@l@nbbmam titanium oxide,
éra {)Igurn)rﬁn or)%ledg m%ngsrugnelr OX1 érgr)%xt ereg? fl? Iergﬁé/xrlrcget%r% a' be
Obteénedrfoher arosfxtmtlz&erpmt@ls taneddlce smppbhe F@tadxaﬂny]st aluminatﬁnMan be
.1 order of elenental nmetal in the al oxide na
fitsd AR5y RGBTy oo sb Bt SrTRhE By oo

ditiodimdpsakiderul akidX fifi@Ynayital¢ apdriaa s@ep@m ok 0 ntlhemeters at

Col 55160mdetotqt8 order of the Co 6 net al

P RiGFyet af gt Ve M SPREEFuth %fnoftﬂg TRISEORIPSY Thﬁrpé%de
QA ARNTHiREra PR e nag BERE 6O 2 PRk SIBEES tcﬁmﬁﬂcﬁ)h%d:rsWOBh
Colum 6 netal in an x-ray 25diffraction spectrum

IPigranRes 19 180 picraReteripetd)- 3 ﬁ%ﬁmr{l%@fs Eof U BNt a@%@'ylmag e

HBAE 30bdsihonk 8PESAI o1RhAed- BFmb Al 4@ sGpptRtiRdy allow less metal
structure. For exanpl e, nolybdenumtri oxide and

tp fisidg|on harariaeepp detcalidbi- ng a medi an pore di ameter of

at | %?téltcalgt&gl e@ld@ﬁngﬁg Gﬂﬂpéﬁlﬁq&ngﬁs &ﬂﬁ&a@eﬁysts changes, in some

al um na/ nol ybdenum t r1 oxi d xture. The nol ybdenum
anptioditicaes, tha strectuted prdentad thydfalemnm6 (ifetnl inethe fplusin cdeddersirysenl

I
B % S0P R PR FEApl T AT TR SHLATD o
e@mbeaqledl ce@bst. 51318 ofdgr ()ﬂtﬁ@ Qolufiin)6 mealpnaychecleteanined adu}gpowder X-
ra}g] 8 tffrac%%r‘? mrf]: d%e ik g é)tn%e(r) Hf éggééé e{l rr]nefta? fn tﬂg ce}/tglﬁ% ré'iemv% t(()) éle order
qﬂa!mrenml métat 1heheD0tWalRﬁaie)maylbra dsxanmnedMntpanngt;he bhhr of the

G R0y Sl oF 5 GRE Bt GETRT v ColipB N B g

@1thaOS1€M L6 Ikl pedk-id @n ﬁei}adlﬁrab@orpgpeaﬂﬁleoﬂth@camy@l y@tn
iments, the Colu 6-10 netal s

|
RN e S e S FUHSCa RN B

diE4Btich Padtiung Qs SdsgiBle@d edimab®d it ;ROCo1inG bANRLIQS Sre s@stantially
nmost 150 5 m croneters, at nost 100 m croneters, or at

TApslomly srdgied ipihe capial Stl‘F‘ﬁté‘repartl cle size of the Col ums

6-10 P%F&)@h@lé@ﬁély%aﬁﬁlﬁl dibom Qnd]thénﬂﬁﬁlﬁﬂ%ﬁﬁfo% hta%ngggnedlan pore
mcrometers, 1 pmcronmeters Lo 100 m croneters, or

dpetormseeleast 18 Amayibe conbined © foynhansyppinamsddidamimn @;IOX@J@
(t&ﬂﬁé 4= r{?&l SR MM Yot PR ud El ?éué?ﬁ&@r Kadlet a&inﬁe f:»'oo% Do

et ween 2 cromstersto 15 mcroneters. e m xtur
anfl/or Peys perke)- dlae alu}zsma/wltlmn a t@@@fﬁﬁantxtlmmmabh@h@t tf¢ﬂtﬁd€ﬁt a

- r

P e S 000, Bl EAREA bR ) ol
faktenn fbuaaolwﬂehmn dtoxideas tn 50 d¥fraation spagtunl@@@xGnplatan absence

l?li%sﬁ 1260 "Cl, or at least 1300 C to convert the
EHUME™ 8510 metal's to metal oxides. The medi an por e

di aneter of the catalyst nay range from50 A to 150 A,

60 Ato 140 AL or 70 Ato 130 A The catal yst may

include at least 0.01 grans, at least 0.1 grans, or at

| east 0.2 37
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15grans of used catal yst per gram of catal yst and at

nost 0.3 grans, at nost 0.2 grans, or at nost 0.1
w@e@s®m4063 Col ums 6-10 netal (s). I n some enbodPdEBUSBN7/080422

the catalyst includes fromO0.001 grans to 0.3 grans,

from0.05 to 0.2 granms, or fromO0.01 grans to 0.1

grans of used catal yst, per gramof catalyst. In

certain enbodi nents, the ultrastable catal yst includes

ThisOE OBl m e ik ctafél)@t 1%a395 B4 - &ﬁlbgﬁ@@suﬁ)ﬁor@dl“atalyst

granms of Col um met al ( J Oln sonme enbodi nents, the

apfor a§%e§k§ﬁ'@13’éta"t’1&1 YYPPIFRYNG HE (o7 BheTef GAWNTS, @@ﬁmgﬁahﬁe pioguce the

&tag?r sH 184 TBme 9m9<9§m&9s %eoébl%ﬁs%lo ﬁEtafsr(RJ%Qan%le WA et

3 grans of 'um 10 net a(s). In certai
axidye didrerinrgsten I@@deﬂ)ﬂm@sﬁ Riticde deet flaywpstiFHY migiemeldis, 4t o 150

) r 0
Igrcg)glgetqu gp%igtgg)g nrrlétr%@[gﬁ,o%(Qb I?lgﬁg 9 g?&‘]éomF@rs ’Tgé %l@i??lzg of the
@Mumml@mbta@iﬂmrralge ftome0.Uinticramtabl te S¢amairysdters, Nohgdes:ters

to 18@1 m?crglggt%rs%%d@ Ir%lcroglr %%?b 79 m(i)cqgmetgréglr'ssotm% 2%%d19ne ts, at least

grans rans O
ﬁ] rement c(f$1)e particles hdveen eaatiAd §A8€I hetwdeh@rmiswinfetet tod 5 nvibrl®meters.

| ir | ect : i bits .
R R STRUED T a5 BE G Bt GHBRR oS ir s i
driv aetbm@&ranbres toa@dqea@gl(wi Tho trdm)vstaayalosw lfa)alvngngmpenhmeﬁd then

hei ght s an d t ern .

] Bt 00t g o g Fotea2a] a0 conver
thE eprmat 590 nRfalSldGheta @mlay Sﬂﬁ A PRRATIARGE Jf thelkatilys8fhay
Pat ent plications,entit]led "A Catalyst and Process

%aeff% ﬁeﬁ%éﬁ%&ﬂﬁ%%@&ﬁ%é@ﬁur Distillate

Produgt cat@l?g md ifd16lay legt@k@h%re{ﬂ%a?eﬁyleﬂ 6l QLRI least 0.2
Hydr odesul furi zati on Catal yst and Met hod of Maki ng and

&%@S Tsedetalyst Bermrm of qaplysb et 81081 0 Hppmp chioghiss grams, or at

Iﬁ&ft B ooithd draid R 60f0 hagHy et &H{e%ﬁ%&%n& 3&1@1:3)&?1%& mchﬂ@s
hydr opr ocessi na catal ysts are typically heated

framn 6Bt grame toh.3 g, oM ORS to 0.2@omes of frath 8.0d errersde Ddrgrams of

| foi S J f '
Bbe BLP IR e ey LN SRR YRR ERRR O
ﬁfﬁedas éltoai Q/@Ql gasciol(Bkghaine pe).0l glams mﬂ]agmend ob€blmbinl 6 rhgtal(s).
t ed t
II& some f:m o 1{1?] %?I% ltraSYa%{eocE%pys Ig é[ 1nc e\é\g}om OQ)%? & oO%ﬁrams

e to pre
(I:mSab PI6 gonet or@h 0101 granpeas DO gmfrnstolf welunay1 0 nmaﬂeas}m certain

roc rbonfedthat be processe
A R R T
girahs’illo)(ﬁ(ﬁsgr{ffﬁs/ obgoar1agisy toed gbéymm'r(ﬁ)hghﬂ ngfetdt[(e) In some
ous re structure parameters inclu ut
R AT R S bl PR R et fie S o 420 B o
BO(BAFam br G.0003 10810 BNt HECERIN 1‘5‘%@&@ yst nay have
a distribution of total quantit pore sizes versus

por e TF sitelyer yier THidipg den a‘f%)‘zég aflagr&aém%?le%q?é DHEOEEODY;
egxhl%ﬁs gkl%fntﬁbemt'l 1R 0er @E%e@@fndl(gl%ﬁniéﬁ@rﬁ ARufria® M38;) 120 Qading with
the stacks havmg reduced helghts and length as compared to alternative molybdenum-
containing hydroprocessing catalysts. Preparation of such catalysts are described in U.S.
Patent Applications entitled “A Catalyst and Process for the Manufacture of Ultra-Low
Sulfur Distillate Product” and “A Highly Stable Heavy Hydrocarbon Hydrodesulfurization

Catalyst and Method of Making and Use Thereof” to Bhan.
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enbodi nents, catal ysts that include at |east 0.5 grans
of gamma al um na per gram of catal yst have a pore size

wale@snoidosd i on with a nmedi an pore di anmeter in aPCEOF®07/080422

from50 to 15 200 A; 90 to 180 A. 100 to 140 A or 120
to 130 A In sone enbodi nents, the ganma al um na

catal yst has a pore size distribution with a nedi an
pore diameter ranging from50 Ato 150 A, from60 Ato

135 A cOfimEkcRMphlcaiohd aﬁ@t@u}(ﬁdat’l(ﬁl &Rﬁ@fydﬁﬁ%@s{]ﬁ%ﬁﬁlysm the

catal ysts that include al least 0.1 grans of eta
hdpprdsasspecaghaimsityRigalyhgaed w08 “q Ops@frO@e 81 pare months to

&hé&lrth@é%@nbﬁgo%‘é?ft@dl%g%&hfﬂfé @Wvﬁﬁﬂé Hg%?ﬁsydh%r@ceEsﬂ&%talysts

froml )0 | 300 A or 230- I'n sone
pasbiobibidercgyatiohef theditakystpdihe calilavidessribest herdiehpsenbansed e

oy B Bikscd, B mBR0L wARR hontbalbERM0TCTh B Bl nree
W&Bs. A, Benrg able tb pachtat 3@CcaplysSucha stwdﬁeapaﬁipd pétigle mi@r@se the
A, T
o%n{ gf%:ggl%cargonafteeM§ can %Q grocessed t{lﬁ)u%h a g(aﬁf\achﬁ‘% alsé{e

R TR
dl arrﬁn srmedmiakirhenss tatzﬁ@stsﬁrna)y bfﬂcthafae@ﬂtedgﬁ pére stmocts@® arious

nbodi nents, the. catal re edlstrlbtlon
SR TS pEPaC S TR L0 P B Sty idsh Wi
sﬁrfadeQ@eal‘kQ chmbi@titiche theledf) Fhe daalyRte @ky hastdisadiiof ofrotal
tota Purrber of pores Jntherﬁlore Si ze dlstrlbgtlon
Wtﬁﬁ BOTH SIS ‘GrHhRR faficteRy fhg spedian pare dllamgier 9EThg pgge size
difigbuiRdinal bB LradbafEh 8D-100MACSI-$6U A 2BD.30) Kenh Somd he
catal yst has a pore size distribution with a nedi an

PRfodingnignetaysty thatdngludsgelepst §m groms geammaglyping per| g pf

&0WsOfavd alpetealzc ALFRILHIR? 'irﬁ:alah Bore RIBinR@!r €n §ira¥1§e from 50 to
di stribution having a pore 30 djanmeter within A. 35

R0 459025150 5 10Phe |46 atri 2 5y B0ch- alsprp embodimenty, ghe gamma
Aahad| bzﬂﬁ%tﬁaé J‘p%@ Elggdlgthgut%q’hﬂpa 199([1 Slgdr@&gﬁlgﬂ'er ﬁflgﬂlg From 50

pore sjze distribution is at |east | east
Ao BY0 Atfranesb A @ 3HNA, erf@at B At B0 @O%Qﬂfleramb@dlallents Catalysts

S ] [ ' [ .
tﬂ%l?;gc%g Qf 1RQ F 15! V%rérﬁ @%P%[“%')% pé\legr %ggét%%t PQ{%@&Y(?%
cp@nkmtwnasn@taenedldnrpowhmeﬂlbo dirmentfom k00 8t 404360 Aas 2230

re ze d| ti.on dan re di.a
0SB0 6e Db ab Bl Rt BRR LB G R Re is w
ladst l?ﬂa&tat &@%160 Aaattleetsal8()munb&astaf)0 [AoatGSast IQOt!heat et €30 A or
Z trj buti on havi.n ore di mster hin 50 A
G455 IR Gy AR el RE Fe e PBA" s one
enb ;Jdihaemllglst nmflﬁvé/@bdiﬂaz@ﬂlstﬁeﬁtﬁﬁl vigtya Bediad pdre /aﬁine@r X at
cnB/g, at least.0.7 cm/ or at st 9cm,g.,|n, ,
least ?@1’*1&” st %ntl%sonffcﬁ“gm@'é‘?e&ﬁethﬁisatﬂéﬁt S gpRfe pigngjgiribution
Wi MOdidn Hord QiaGids ﬁwﬁngﬁ%‘fﬂ)rﬁ%@-mﬁ\ 0- 209, Or T20c 1Y A with at
The catal%éat havi n pore site distribution with a

IpastP A opd okl ar e Porehméher%m@@zer HgHPynPanaa pefg dignppter

?1%%@@%”&@5% oBY Rie@ia® Poif ARG cRE CA Rftaiftmb&BRknts, the
g, a

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

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

in the pore size distribution have a pore diameter within 50 A, 70 A, or 90 A of the median
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10l east 120 nR/g, at least 170 nR/g, at |east 220, or

at least 270 nR2/g. Such surface area nay be in a range
wo esnd08s 300 n2/ g, 120-270nR2/g, 130-250 nR/ g, POT/US2007/080422

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

catal yst having a pore size distribution with a nedian

pore dianmeter in a range from 180-300 A may have a

surface area of at |east 60 n2/g, at |east 90 nR/a,

PAREGhmAO0 1HRAiBe erftbodiB&SS, th'la?thaI?gt/ His a 96re@fze hﬁﬁ%tl&? Qith a

n2/g. Such surface area 15 may, be in ran8 fr,om
re@ﬂlmr%wlaete@@ﬁzwerﬁ@na18015@©fg?©0 A0 é orgA0-EHY Apgiigh at least

66% 8k a total nunlllﬂ—:r § eselﬂJﬁ%gJOMesdlsutlﬁﬁoﬁ ﬁg\ﬁlll é§ﬁoré diameter within

characteri zed usi ng Raman spectroscopy. e catal yst
ot 70i Ao 0 Aeof thhyernerlian nord diameiad net al s from Col urms

and. 900 LA RlerERaE sl o R Ol BB T T TG 07
@i (B or EE@@a@trD Shay /pelnattirin bmbedimews, IVBtea«IolL@QKg@nlﬁeNMaalrange from
@%@g%&%t% 5. 8st rg?eguém ng., CI n/ some 20enbodi nents, the

i nc es” Thet'a %al uni na and Col urm 6
net alThe exthliyfiihhenpapds sine arstr&mfﬂorcwitlh a nRéian p&3 diaoigler jn a range
nmbodi, nent s

R sP T Ra& iy P o SRR R St e R R e

Iedve 1 Wah ag, W feadt NTO mé/gsataeastmm @St Jeidt e70RYL abechbetfieenca may

Hik armenrara 08 hee! B 7o R R T AR o138 200 e

enbodh saAiSemidaBndal fk¥&hiybthatink Apbredps drgibatisn i@ Mmedian
Col umms 5 may exhi blt bands in a region between 650,

ROKY JiaRpEr D@ARNSE MM 158100 BBY% By eduniessrragsbadrst ehe /2. at
14806 fa‘n% l1eBY0RRY/@tat feh PR UD@HL Qor ¥ RadiY( ﬁ’ﬂ% Shdh SSARR area

enbodi nents, the cataJ st thag i ncl udes theta al urg na

m#checn puwes MBS mr& 49-38@anieb] 4052 70am és on ERF 2670 /2.
cni | Iﬁ&qne&%q)oo ts, §1g|cgta§§tr1§ éﬂaﬁlc?e?f%?ﬂls rﬁaﬁlantsp&troscopy The

cat al yst exists i n shaped forns, for ex e, [ets
C@gallyswdietrlsclu@ﬁ thietr alesprinp @@rhmetels froheC Jamad @fé@ mtay pﬁnlat beylds ina

S BB ST SLOFRPLA D, 830 % ion
rze}osembmé@m Metal Oxygethsdmetianbmﬂdimmcmngt bresopat al yst
and/.or sor

eniod od men sh&‘ ae?tgly tXHc'att 11{%[1%%gsutileta )alumlna andfdoij etaf')s en?nblts bands

techil qued
riear Sﬂﬂ)e:na]r heaf BBF cre kalm B&() crAC'I‘lnCs‘AﬂiEmnpommests the(lean Shlft of a

Ly oD@ R o bl s Map R TRDe TR Suinel Ry pypetes

ihfeem@Ri@bytsten ™y, RE HUIMOFedn kdinéhbbddiere teamtrmeliatd¥ecies
cat al ]?'(St wi th a 5hydrocarbon feed that includes
S GYF Y PEont ai ni ng conmpounds. In-situ sul furization may

In some embodiments, the catalyst that includes metals from Columns 5 may
exhibit bands in a region between 650 cm™ and 1000 cm™. Bands observed near 650 cm™
and 1000 cm™ may be attributed to V=0 motions. In some embodiments, the catalyst that
includes theta alumina and Columns 5 and 6 metals exhibits bands near 670 cm™ and 990
cm™.

In certain embodiments, the catalyst exists in shaped forms, for example, pellets,

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

from 50-500 N/cm, 60-400 N/cm, 100-350 N/cm, 200-300 N/cm, or 220-280 N/cm.
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utilize either gaseous hydrogen sulfide in the
presence of hydrogen, or |iquid-phase sulfurizina

w@gwenss7siich as organosul fur conmpounds (i ncl udP@US2007/080422

al kyl sul fi des, polysulfides, thiols, and sul foxides).
Ex-situ sulfurization processes are described in U S
Patent Nos. 5,468,372 to Seanans et al., and 5, 688, 736
to Seamans et al. 10ln certain enmbodi nents, a first

t ype ®fork@drMihents, fecathlyS@halboy ﬁlE cﬁtal'yﬁ‘ﬁréégt%&r 1§:@Llllﬂﬂélﬁto form
5-10 netal (s) in combination with a sup &ort and has a

el udidoe(PEPSO D ESING fCRigRes Anonseinghe poier aramet AETIGAT™
p’i‘o&a@sn ORI I QMibnd:; ﬁég fi so]'ﬂ%%nfbb&l%len& ahal¥yst 'EH%)_& bRaME fﬂen
surface area of at l'east 100 The pore vol une of
fuled Remearti perainiey e tetulidein 00 8 Y ey sl wih 2
I‘F dfo%arbgl?ge@i Wt 1n@iﬁ slgal\f@r c%nﬁﬁlmoﬁl Uﬁﬂ Cﬁ{ﬁtsﬁﬁ' zgttlor?ltnay
east gr ans o gama al umTa 1 typlca y at
mﬁgtmﬂmggﬁangmamsgmhugdﬁmamamunmmaofm@kqgnamhqmdmhmst
suﬁ%l 1%% g%gt};{gl?chfals %?gae%ﬁffu & %é{pogr?dé |(1(101}1d1%% nﬁyﬁ%gesb]?qysufﬂdes
th@lsahr;dSstllfomdlesa Erasigesuffidrmion ﬁl@@e]ssdscare(lieicrgjedt irsU.STheent Nos.

NI S B ehD DB ot b Lo Ton of

t he ao miaﬁﬁdiﬁtﬁ)dtdi@ts gant t’ylpb uf @tdlgt FANt eettalgastnyﬁhtma Cbimns

ed, novi at |least a on of the
%g%%tﬁ[ﬁ t'e ﬁ%%'%f“’rt’&ﬁwwét Hy'dP fth&T?S f1éey, > élh%‘thuﬂ@n ytth a median
ﬂo@@dﬂim&eﬂﬁ latrhr8 @i 190e2508Y. afif firkt cARlyad m§ b6 a Qrface area of at
anlc acids in the hydrocarbon feed, or conbinpations

1?%? F&on /x HasrPos phape plghe {irbratdyarsy be atdegst Qp cRgiat &b first

K sCAN BRE a cARMaQN@Yhd YondnBSH 4 WEs ©HUr8RY of Afnma alumina, and
conbi nations thereof) may exhibit relatively snal

PigHyes MAHdR PR eyl eamp b perigsane oinfiraicaasdysivi i first
éanﬂeyst hds St'il s&ﬂe %N&ﬁmer@@ 'arﬂ&al%hl%nttd? C%ﬁlnﬁlcé ] (é/), Mgﬁ%of
propertles of hydr ocar bon feed e 250nly changi ng
@tatyst, ipr By tﬂpre@ 00pl tod]. bgriape| Wh@tmat qataému nm@bw rehdvong a
;foﬁ?on@f%e%rg%\l @9 ?rrgrr?tea?grd%o%gkagr} f&%ﬁ% r%‘féfﬁ%\rlh%%li ﬁ(ﬂ[l{) ?fttﬁ(fe @Dtnﬁg)nents
tbacumehmﬁn)Bmyrﬁabemmcmbonﬁﬂdummmt@wnhewb@dnwenf®e(khe

of cata secon ")l nc
aéﬁtr ?tenestﬁé%l ydr caTb ni‘eed r(:mg\{rg% atq%as E] por I?Ihof the metaf“sI 11% Hetal
sahidofhagani 4ol en thi hedrddasthomi i, moammmtahoﬁahﬁecrfe d]ttwn pRpE@Ees

anet ge . from90 A to 180 ast 60% .
G TRAE bl b RBOT bl Rl 2 bl st iy o Bitiions
tHérsdfy i bt féfatﬁvél? sBECandesatizh tRthyb@v@&bén REd B contacted with
g%ﬁneter wth 5 A of the nmedian pore

dj ter. .
FLEHaY PHAL HIGIeRFIH ShSRe RipheHIde Rba BRosigon foed while

Sy @Jaﬁghg BiREropsetich AbfeR1tiCAN RGN hiiGureOmsh lelantﬁe RRNocarbon feed
produce crude gwoduct t hat has sel ected Fertles

t() e moeﬁﬁﬁ?ely teARY- 51 SgRIerbatie)ts cHang e&rerféﬁtaqa alystsgy be

dsB@insayerdef operties of the hydrocarbon feed while

other properties are only changed by a small anmount. A

hydr dgeditagotpbodimdngs, 88 ecoadriype Phestalet ( mn%eatw%s)emﬂludes

(TdMﬁﬂlﬁ@S %)Hlteﬁ%)' il g?mgﬁﬁloﬁ%@lrhdsu ?otlfala%@ as re sSPRUGEG R tion with
east a portion o e conpone at contribute 5to

2 hediqmAMrodiampter lhy-lctﬂltgﬁém?ﬂ AeetB0 At Al bagt0% qb drettptahnupfber of

ﬁ;)?e% i 89:‘%%%1 y@tl ¥ 81”&15 ﬁcﬁca&a‘fyst ﬁalv@talp\éﬁel A?ét%hmthm 45 A
|scos I es, duce a eas portion of 'the

d‘ﬂltlﬁe\lh&leammn @tmmetelf (fdmetccmfuhkeh}fde:@drboﬁ\d@d wiithrilad deygnd catalyst

un%er sulctab&e conta)égj rg%? gogaﬁl 1%rr1]s I]:r]t%ett)roduc? a crude é’fo Pct?ﬁ‘a}q hect:saste%F%ég t
change in the sul fur content reIatlve to the sul fur

content of the hydrocarbon feed. For exanple, the

crude product nmay have a sul fur content
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10 of 70% 1 30% of the sulfur content of the
hydr ocarbon feed. The crude product nmay al so exhibit
wo edoanisred y smal | changes in distillate conteneCT/VE007/080422
content, and residue content relative to the
hydr ocar bon feed. In sone enbodi nents, the
hydr ocarbon feed may have a relatively | ow content of
Ni N Fe (for exanple, at nbst 50 wtppm, but a
ﬂr@ﬁe@t‘iés\(ﬁ‘)k ¥xAtp@d) TWaSl oAFRRa f}ﬁc@lﬁlﬁg’éd LB the %‘éﬁ% profHi&NYE the

metals in metal salts of organic acids
fryéroaﬁrb%feyd W ghotrENproresiics éwm hangeARy gmal amé‘éi@t Agdhygyogen

JUBXe iR QIRE echiRi RN g BQ?féan?%n%r&aﬁtﬁ@tﬁfgabl e for

transport ation and/or’refining di sadvant aged crude

wi t h The sesiond ¢ajdysy niay glu@oat deapiraptoreme tl@mn@ﬁnenmatyat contribute
EERGPAY ol BE B EbAM oy, UL Ep B REBIRL B R bl ohBbuce o

rclonyanhigh @@msams apdl redhe: ah)lqirst@qmtbmmf t@é\ﬁ/WFt porttdne of the crude
eco nt s

G SR ERABL YR oG Ty R s e RSN grocuce

dmttkrmmh]cb\@m ﬁ eddlively nngid nineerinabi snﬁﬁut Sqntdned:llmltvd: @rthofuliGh

as ate an/o opponent.s contri bu t

PRRNC FISRuREEsL e "R FRANR B Sl Boief et P e eonen

(ﬂWO%UIIiO%T(bﬂthdMLﬁuf &nédnt vahd Bydrdarboh $@as irhy cradle prbuct may also

ocarb e In certain enbo nts, one qQr nor
eé%\?i’b[ r‘ﬁ%tf‘ie @Cﬂ%%w&l%‘;]ﬁtﬁlcw{i@ %&e AR e qutFS}t
©fatitd® thedtyatocpibedlied/ crude 25product mixture, | ncr ease
catalyst life, allow mninmal net hydrogen upt ake

the Hyeecamtsgimmisethe hydrogsbas gt mnkave palaprely leméﬂntent of
Nip@the (©Or ELa8Rle, BUHSP 9@5&/%&) fired rdgivig Hedn @@d Q?{aﬁbﬁés cbiient,

sone enbodi nents, a third type of cataly

@ aomPRof metairey nistal srtie of pramtie aggs. erWHﬁtlﬁiﬂﬁ éﬂgéi sﬂhb ger gxample,
T%I(I Re Q%éé{% Gmggﬁﬁaﬁie(r e h&@ro@ﬁr@%@d ﬁlagﬁe%?alobésfgr transportation

precursor. The 30 catal yst precursor heat'ed 1 n
andér plieggn dediggidvantged erude with ¢ wftivelydugit @u ayplradfenes content may

. . I
S5 Ay PRESH U PR AR,
dsphratee s eontexg alContag @f ﬂhlhlydiroceab@d fpet w1t11'§hp isgcahdl ya,talysh&a may
r%r%i(:)\ge EXI%C{I r eC ufrén sg e{nedll Sf OCg asr%lg]?enteso (t‘(ﬂh‘lbuﬁl %z%tg g rm
kpzarocargbmfead ofn soait: ahljbsdlmehta,\mdwuﬁod)ﬂﬁgrmﬁlﬁlteiee ant;idsr compoﬁents

G Mg T8 B G e Craidne P e srple Ry

Iﬁpgturé)teuause ﬁﬂhé Vl(@jc&iﬁity afgthd: M};dr()bgﬂi’(’nd f?ﬂam J:elrthi)él e\rt]ﬁbeﬂintéﬁ@ done or
to tre t he rocar pon ee as escri nge erein. In
@%fﬁé?o% E‘}tﬂnﬁﬁa% Ondt%%‘lyé'ét%y3?§}tlanﬁ? %t&‘f}l‘%“? ﬂ}eé‘)tﬁ]ég?%t/%ﬁlde
prediRemaiME 8crORl OMAIPH B fCalldy fnﬂﬁm@lﬁ@ﬁ?ﬂﬁ@eﬁ upﬂ‘ak@aeth@ r

nmore sul fur conpounds. The third cat

ydengergomteeq, @ég?m%enﬁ&nf fhsteobvhem ased disenh ergcaftwatfeed as
&OHed hutig to the TAN of the hydrocarbon feed, reduce

at |east a portion of the netals in netal salts of

or gan® gomadrefpdimaenghy, & thirg trpe/ofcatalystdithisheatyystpieayhegiginable

% Og\tt}ct .g ?ASE%P(S’I?@HH @Ofu% 6\/1&1&&1%% It(; %[roﬁjcetal}gta gcursor The

tionally, contact o drocarbon feeds
aatalyist priveurson inyagl be Aeatddyis therpggsence of one or more sulfur containing

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

is heated to at least 100 °C for 2 hours. In certain embodiments, the third catalyst may, per
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10produce a crude product with a relatively small

change in the sulfur content relative to the sul fur
w@eonses7sof the hydrocarbon feed and with rel admes2007/080422

m ni mal net hydrogen uptake by the hydrocarbon feed.

For exanple, a crude product may have a sul fur content

of 70% 130% of the sulfur content of the hydrocarbon

feed. The crude product produced using the third

Gahaf &'a‘ézhys'i'&ﬁév@il 801uMRNIsRIdnehelRtchVidlata d%@a}olm CHRANEES glahs,
AP (gr avity, distillate content, 15Y ont ent, %

G-@r @J?egré@m% AO03-810Aeranes- {1e thig gl onay %@wltfse@eﬁcarrtw@tmty
a‘%ﬁ' lablthy \Rfﬁ)e L@gdjl%%eﬁnﬁe Wcafﬂaﬁ fé@%@h&ch&d%&:ﬂl " @J)ﬂlé

of or gam c salts, N Fe content, and t
aitwdiowsintsy thotatelye MULA. iphetulott tantricragures @bwoﬁﬂ()y Cin the presence

%@??‘%‘f&&e%f‘ﬁ C&Iégﬁédnd%rmunt the APl gravity,

ate cont , YOU content, and residue contents
r el atlihg ghitdzatatyst Ih%dlredmarabbmtfa@exﬂi,on whthe gbipagents ghat cantiébute to

[ t d t
LIRS AL Ry S sy
OTmmcr eilicedat aIPﬁ&S(Fe anmt bﬁ themmﬁe privéuchGR1 oadncteethds V18(f081ty of

i S e A S P et

Iirbdilcé b Icfude pﬁ;ﬂﬁdty&&ﬂh arfBIy(ti‘l‘bay&lﬁneal dbehddnm tHe sﬁElira:b(ltﬁl)t relative to the

nt ent nge from 0. 0001-0.1 grans, O. -0. 05
g ol TRa g S ! SR e i EonSHD P pgyake by
tBORY RS arton f&dl @Bﬁ@zaﬁmn& &u@@&&d&t fay BavanBsulfe: déﬁt%m%f@@%

or 0.001- per gram of cataly A

1%8%?%8 %ﬂfah@n?et ?féltl%lllyc%()ca@atl Hegs ifhwyd@f Riesyet ?rafhéced using the

hed é‘eﬁ&l%s(t‘ ha§ fals@texﬂlﬁaﬁaﬁat@elp Qfnhfl Ohn Qs it APT gﬂvﬂﬁ’}@ RRAHSe Eodnt,
contribute' to in the hydrocarbon feed

Y@ﬂﬁémﬁmu%@sfeﬁlqlveéontaﬁg@lawedﬁf@dwd@%bmde@% B@@bd@oto rggluce

tﬂ@@lARIr ﬁé%a@sc‘m'n%tzﬂ sAIRNY %{:gaﬁl@ %1@ e Nl-/Qf /IMD&nteillt' %M@Vlswsny
MPa. In certain enbodinents, a fourth type of

@ alnﬂmWPIQdUﬁb\MlmlemlwaInm ahgnging by s desEn@Ot o ARkerasity, distillate
T SER TR RSB0 B0 T LR LT RAERD o

Qudrgaidduat tp(ba asedlbametaeety of traattmbreéanhtﬂzso A. In sone

enbo he, hedi an, pore di amet E the fourt
cat aﬁl);ls c’ata st 11{ Sofile cl b ntl& mgyre uce F) leﬁséa P Rioh {)Pthe MCR
doa@st onI‘fe(llyArocmbomfeeﬂ edske nddaiAing Hh@o&iﬂh&m(feéd/myproduct

'nldatleatOl t O. ra
b0t e ERBDa B math B ey oG i b o PGPl conem
1alaumge aroﬁﬁ)’ O@nam ghms Wartos g'Ehlﬁs fop000 10 OMgﬁiln)éS‘ahd mlumn 10

|ncI in sone nts,

iouL Oféenr‘réft ayapgy I F‘HBB%BSE%OBWE& gﬁ@i? 83 &Wg‘s’a&n% 0@5&01
Qarﬁ@&l g%ﬁ@f&a&iysm UeRints BRhah @ ﬁ])atall@)rcaﬁl'y@trﬂlgf facﬂltate reductlon
cata In certain enbodi nents, the Columm

Gf gt \?é%ﬁ é@Pliﬁlﬁ? obthe forapaRents FIbENNHEeo MER il PEE%"‘B%SH feed at

tfaﬁgé}atﬁﬁz)f iPLraf QN BES 5 @O%OQ@g'Oé'aﬁ’@ﬁIessﬁﬁzts al ¥ah e from 0.1-
uent to contact wth the fourth catal yst.

]&dﬂPQﬂcﬁMPaeﬁtQaﬁ MEe. may be one or nore of the

foll |

t ge ?ﬁ&guncé[a{ﬁg)d{/ﬂé{n‘%t Eozﬁt?it}%/p%tof (c:zg{d t?@&g{hd% Fa?};sf‘ ) yrﬁiu’des
Calvmh y siicfalishia combntion wislt athyta_talurmm‘npp@i aThe&ama’l gaeal st has a
28 n@é&%& cﬁﬁﬂ?&% Iﬂédleﬁﬁg?é @%&8&% af {3?{5 ?% A, H’éo'iln SOME

hy Fogen e generate
adrtachisnge ofedtah @oﬂayichim pbdnn féw&c&awl}dshnamle}e zft buastt2R0 A, at

S8 28 R RIBERSAY B0 B PORE LSRR 0 G
from such contacting nmay have a TAN of at m)st 90% at
nost 80% at nobst 50% or at nost 10% of the TAN of

t he hydrocarbon feed. Hydrogen generation may be in a
range from 1-50 N8B/ nB8, 10-4® NnB/nB, or 15-25 NnB/nB.
The crude product may have a total Ni/V/Fe content of

at nost 90% at nost 80% at nost 70% at nost 50% at
rmst 10% or at | east 1% of tot aI Ni / VI Fe content of

o Y e | . Y T L I L T
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metal (s) in conbination with a theta al um na support.
The fifth catal yst has a pore size 20distribution with

w@20vedisass pore dianeter of at |east 180 A, at PEEES2022@B0422

A, at least 230 A, at least 250 A, at |east 300 A or
at nost 500 A. The support may include at least 0.1

grans, at least 0.5 grans, or at nost 0.999 grans of
theta al um na per gram of support. In sone

LT, 5@5‘1&@3 at 1eB® OSURRRY, br NAS1sEMN9 HaRRABL ﬁlleédrﬂdﬂﬁné:ﬁé?tg%{ of

of below 0.1 grans of al pha alumna per gram of
Tarat yde fowrheca@b}tstam@smclm% lin e enphodigsis, dmistl-mretims of

@(;lurmi)gtmegdl(%)dgé tggﬁl%ﬁa& sl.OQIlldJe{meaQt JRod lg%%)s o@golﬂnaﬂ'rﬂn%l(s)

catal yst an l'east 0.0001 grams of
mglam(@)catph/st dn eartapf er@t@ﬂaney@t the ﬂ@llgrarémetﬁbl@ darwénms

the Golym b Tk h?&r%ceﬁ@(hyfggﬁﬂg}% il ag{ed Wﬂgﬁ rg(?(ﬁtional

In certalne odi mént's; net rog
qaadhsoodsdgoent feaatagayitide rf@irmtcmabflsiy Tlho\ndc(lfl@rral emimy Iy be one

(Irrmorrrf]: tge fo:l' ?vhnlglt ! Dr';?s)t F%’m %h <eQ a?acl‘ysg Qh thrg g qalys% tﬁe fifth

cont ac ed w era

atahange simlmmtéi;’ts(i) tHOQ Ve cdtalpyn C&ﬁ[ﬁﬁe&lﬁl cé@yst@ dedcribet herem or
330- 360 " I}let hydr ogen upt ake by the hydrocarbon

1 @aﬁ%sﬂﬁ%e(?n a range from 1-20 NnB/nB, 2-15 NnB/nB,

or 31d gbrﬁdrmﬁf t::ﬁmrl]éﬁgbehﬁdr@gﬂ:a n@}’y@dgeﬁemﬁmemh e fdo?tﬁcﬁllﬂg of the

cont act t rgcarbon feed with the fift

hygiogryer eﬁ‘éV “ﬁ é‘%?léfo‘é“hr%f\? B Al BTS84 ranee s ghe, ¢

B0)-330St, §0%0-300 @t TS hdeRdawef prbii@ed AbGhicH &ﬁtactlng may have a
drocarbon feed. TAN of the crude pr oduct ¥ a

Téﬂ ghalReshY e ot MysuB0 % 2ot 3%, oty nysigpolghe TAN o then

Kyafdc@ban %@@oﬁy&@ggn%en@a@nﬁ BMRE rdoe EBMAl-SERmE/nSI HiLd

yst") inclu Col umm metal (S) and Col um 6

al
t/ﬁf ()5 12ﬁ New (- rﬂlﬁ%ﬁle WiadhCtipy hariet @tah Ny lpecontent of at most

%)%)Qpﬁlgst 86%eat%3ﬁ %Q%Ca@%lstyﬁ)% Q@Iﬁos‘ct‘ 104" & a%le%& 1% of total Ni/V/Fe
istribution wth a median pore dianeter of at | east

b8t thehydmearbemfvodi nent s, the medi an pore di aneter

of p [ « t

| eas?ﬁ gﬁ%hi\e%nﬁg)td ern't Q?EEE grpg\%yc;{&ﬁ?/s%g f{fﬁ%g%ly%}zpmﬁud% Column 6
myslts) mrmblnaﬁhe wshl pplota alwaina swypbuddhafifth eadyst Basla pore size
cﬁstnglﬁloa Wéth aenqg’cﬁanopé)?e (g?me er ({f%&leésg Ei‘§(5 A at?eagtr?ﬁs Af a?least 230 A, at
ladsuPsna, awmast@()ﬁim of at SMPPIDOLA. Tﬁeesuplatrarhg/}smcln&yatllmd (Utgrams,

10 enbodi f .Col umm
RS et &7 RO POV s P e R TP b Py Y e
@Iaioainyeslts, thaBeppait hheasdlptd. aHAAa @rn&nﬁsoftﬁeldsod) W@Fnds of alpha
riretal and_ Col.um_ 6 rre al g‘%ﬁ)" ram of cat
jinglpd a‘lnl

I .
ISR R S BhT Y- D ‘}2}5‘ ¥tb mBFmP?ﬁ“é.‘Fnta Yﬁlﬁﬁ Ogl

abt CQuhPb @{eta@@j rath STRLAlyst¥Y abRadt 0.080T alg@oifc&ﬂmm
%mi 20, 1-10 2@ In certyal n enbod |ment§

e oA sy e PSR o b 66n%9éisaﬁres)
AbendRly eI ARG or 15t ungst en.

In certain embodiments, net hydrogen uptake by the hydrocarbon feed may be
relatively low (for example, from 0.01-100 Nm*/m®) when the hydrocarbon feed is
contacted with the fifth catalyst at a temperature in a range from 310-400 °C, from 320-370
°C, or from 330-360 °C. Net hydrogen uptake by the hydrocarbon feed may be in a range
from 1-20 Nm3/m3, 2-15 Nm3/m3, or 3-10 Nm*/m>. The crude product produced from
contact of the hydrocarbon feed with the fifth catalyst may have a TAN of at most 90%, at
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When the hydrocarbon feed is contacted with the sixth
catal yst at a tenperature in a range from 310-400 'C,

wo easnd&28 370 ' C, or from 330-360 C, net hydr OBETIUS2007/080422
upt ake by the hydrocarbon feed nmay be in a range from
-10 N8/ nB to 20 NnB/nB, -7 NnB/nB to 10 NnB/n8, or -5
Nna3/n8 to 5 NnB1nB. Negative net hydrogen uptake is
one indication that 20 hydrogen is being generated in

fibst H0% Then gl 3198 P hAHNE L0RLPH AN bif REhERM LAY QL. A of the
hydrocarbon feed with the sixth catal yz:ozma% have a

radq Rspdugt mpHRy ing@apee AonnHat-0.80843-805.115 at nost
10% [QEerdin An%ﬁﬁne]’lt{o 9§1x{hn§p T stt(hs‘:r:xtﬂwc{d?ﬁ%rlgaﬂdes Column
feed. TAN of the crude product y be i1n a‘range from
Pmerl(Q and ColugP-cOngsl(s) oy camnbrguion @zh the thasmalneinatsyphoggdhe sixth
r fu g t
SRR LA FRPREL% A 8 P AGALDEN, LEPAUR Bsome
antedahdntsy éguicdempote d@fmeltry of pyenize disiribgtigrooewsit tegst 220 A, at
lf:asa%@ Ig { getlélgtgﬁg Aa E:al'é ea t ?Tlé{tc rtﬁmstt E&S AI %hg § d%&lt %%l ?ncﬁu%e at
laasdd. d)lgrainrsaaitslmir(l 5 glgmlsyaﬂ teagrers gmms:,casteh.y 0. 9rgratrnsmoz atmgpst 0eo

en i n roce decr eases over.al |
S EOT B U RUBTE et o ofHeoRd Bt i 85 s g R e
dmydd)ﬂfmearsbm)td‘l eedolvhh I3 rﬁd’ﬂ?ﬂ(sﬁ oy ¢hueAab &hie)feﬂ(ts) oftdd ﬁlr(])&a)cl grfs per
cat a sj xt t al yst r co er eof
gim gl %/ ﬂ%séraﬁg arlgast {0 Oair%’f 20k ‘BWP% 6‘1@‘%[ §€Yéi’ metal(s)
ffek Qﬁln&ﬁ@ata@stt Qn 43k erfbod i, HGnol4e rit® o Z&al @luii 6 frfe@tﬂﬂo
410 "Cto 460 C, produces t he crude pr oduct wth a
tP@&?%lH’é‘nédPﬁtféﬁQayé’F iy rangeemologl. 4tl0} s IgEgstainembodiments,
theastunm G eratis | #AGLMIAAURCAImA @ﬁl%gal(a-)oar/@ Qlt)lybﬁ@luﬁleﬁlﬂ%ye
content of the hydrocarbon feed el evat ed
Wegser atures (for exanple great er than 360 "C),

| MPUR/fidn&Re M%c%oﬁ @é&ﬁ i E@NtabiRl Wi Wl G &Reﬂ&s@%{ a t%fnp&%re ina
hydr ocar bon feed wth one or nore catal ysts.

reegetioen 3154t Grmed0i3A0 &C.cu ARy Canet hYdé‘dgen uptake by the
| Fiot a ke

IR T PLL I, et UNCHE 0, 002 Sy S 1

Nlm?/mﬁg)r ei)Ntré/m itm Nnt’m5 @gmee}ﬁdmdmgem tqstaket 1B1 enccipditgivn that
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Iptedudbdn fedh eznthtl’reesmlocﬁtzﬁmt nofy hsﬁada TeNtof appam a@%&s nds8Yo, at

el S PSl PR et e PGB B S SERE R SaRaE Redam o qrghe

diﬁdel’ﬁr@ilﬁlﬁt rﬁa}SbH habhpe filom.0 B0, @ﬁ(bz bxog,rdﬂo@sbmm f eed

t hrough t he contact zone. The i ment conte

r angé%wﬁ’éf %ﬁ‘?PBPtaii g CORUATHS H?g’éé‘%f)fftﬂéqn ?J;‘H‘&bng
ft)ﬁlqmﬁ@tho&%&lh LAY rddQc 1D veFa8 rf@qulrfaﬁl@fmo%&lﬂ&gbn e[ t 0
0. 02 grans, fromO0.001 to 0.01 grans. Contact of t
Rf?%%n%owa!ﬁmdwngﬁ cfle PRSPt that é@a%cam@tle fof Hansperatign andlor
tﬁ%ﬁﬁ’ény S$inc dﬂi‘@d&hétahd@@&aﬁllsy&{mg 1Rdr LRI D@y, ﬁﬂﬁmuﬁ'@g' tﬁ@ﬁsage
at el evated tenperatures | ows reduction of resid

ihy grogsmin garocerdseieisohosrallgueiensrg costn cert ai n

enbocifl 5@5% é‘ﬁ bdiménY Anftact ¥ dR)fcal%Qﬁ y %LF Qhesfgl\,(l@rmathl st,

cat al as a total 15 content o 3
fifth @talﬁhgl@ fixtlo patdyQ 0040@1%1093' tpngofoft a@m@mﬁur@ lrn@taage( fggm
ROl 8o d’ffro el oy sh 48qT A 8o ﬂ?(% of From DA10,°G 10 460
nol ybdenum’an / or tungs e seven

%Fep@ﬁu@s dle cirmle mrc@dumlﬁga 1as1duambatept ddtuhmstﬁh%t athta’st 90, ANeast
%g t eerlTrt) 2 090921 eas {d}/e 8 nfo‘ gl re%{,]dtu% Ig(%enteIX df @C ﬁ%c{%o(irglr‘t];ot%%eéd. In
("ei ght h cat aI yst ) i ncl udes
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20Col ums 6-10 netal (s) in conmbination with a support,
and has a pore size distribution with a nedi an pore

walkaseiws3 in a range from50 A to 180 A The ep@hukr007/080422

catal yst may have a surface area of at |east 200 n2/g.

The pore volunme of the eighth catalyst may be at | east

0.5 cnB/g. The eighth catal yst nay have a gamm

alum na content of at least 0.5 granms of gamm

al umARjevabdichipbiatads! (f()r akankPRs %regelgcﬁf%%(@ro@ﬂﬁmﬁlflm% AR®or coke

al um na, per gram of eighth 25cat al e

%}t farmy §vrlrrga6§ntaptrpféltﬁrm/dwéam feehvh an PINRE C@;‘élbi%té nYYhes
Féfdirﬁtada n(asc)ontuﬁﬁ)ﬁslg Etﬂ%dq{%ac%r %hﬂatﬁ)ﬂk)ﬁlrﬂﬁﬁﬁqtleé fﬂldﬁ‘)r coke

rmme romoO 1 grams"to 0.1 grans, or fromO

gayaresdetcom@ed by gxemng Thanaingpfi sedigwniaprodiced éumvaﬁamh@m@f In
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5 PR iR S s S s SR R B e
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Aot ot SHER ¢ eto feonisl Sabe eyt with e fourtne
dRaiyst, e fifthaaalyVe iRl ssxih ButR @ eMpPihadoN theRobareleSelk@nce

Publ i shers, Inc. Ann_ Arbor M chigan, 1975, page 36)
(RERTVATES BHOVGY g AR PIAESifive WY domayorpsdiEen!. i ves

of caf it SniRAhdnt:0N&d AR\ b 8AMQf: stﬂ:\tb%thedagtﬂtsh’ ) has a total
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qoateal §fSiolymmé petal(@dr arange fpm (HOOLGLS aoyp henq@ metal(s) per
g}ﬁ{l%k éa?z)lﬁt NGOORLRR T N &&yﬁdeﬁ&ﬁ%ﬁ&/ﬁar QAR agha sReh R

Size distribution with a nedian pore dianeter in a
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Er%hs( & %)0 @ (Sér}ltl C(I)m 1%atrb)%3wq f Lﬁ& 09(89388]130}630512% dlgs{nbubto&wnh
agmadrm Ia:mjdlam@ef mmrraﬂga froat (0 ésc) 180ft hd eiphnh aatﬁl&ﬂglﬁlyfhﬁm
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rain of _ninth | yst ve a_ Col um
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(9@1 P E0F Qah€STIUGehREatdIERRcaBatROSLERNIRS a ﬁ&ﬁor@f the
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b [
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may red conponent’s
aomtivm bxuldes a:nd/dr IqmaMﬁR sulfides) by a relatively small amount. The

concentration of organometallic compounds in a hydrocarbon feed may be monitored by
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content of the hydrocarbon feed, while maintaining

hydr ocarbon feed/total product stability. In certain
wenisdisTent s, the ninth catal yst may reduce atPdBES100Z080422

portion of the basic nitrogen conponents in a

hydrocar bon feed at tenperatures of at |east 200 C and

pressures of at |least 3 MPa. 25Contact of a

hydrocarbon feed with the eighth and ninth catal yst at

HEARBRALME®S nRfhoad as@%nb@@@y Y& in ‘aRE RBI® THHcE MMaldih
nost 7 _MPa may gr oduce a crude product havin

Regrgleyiie (%@h‘t\@ﬁf cignee Srdlishes, Ias gal Arborddichigan. %?7 5, page 36).
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90% % at nost % at nost t nost
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il certain enbodi nents, an el eventh type of

stability, |
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conbiadnag & ats8dcHBE Aoy Slvithink RighthSHBRAHHR cadght GabMpBiSures of
6-10 netals to produce an the el eventh catal yst. The
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enbodi nents, a pore size distribution with a nedian

pore di aneter
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25 from50 Ato 130 A The el eventh catal yst may
reduce at |east a portion of the conponents that

w@osnidsdt e to hi gher viscosities, a portion OPCT/£2007/080422

conmponents that contribute to residue and/ or basic
ni trogen conpounds in the hydrocarbon feed. In sone
mmomnmns,atmmfthtypeofcauﬂyﬁ ("twelfth
catalyst") may be obtainable by conbining a support

Wit h (el E iR, Qﬁ“}lthtt PErRAURSL BrehBlcAhdSt) includes Columns
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Qamshtmﬁ)r kgraing, Qﬁ%tgaanns te A3 ciramsn 015)). 0 Ihearhwel K @Sherams aidyast
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gram of catalyst. In certain enbodi nents, the
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t he components that contribute to residue, C5
asphal tenes, and/or basic nitrogen conpounds in the
whymsoeasbon feed. O her enbodi ments of PREEUSIDB80422
through thirteenth catal ysts may al so be nade and/ or
used as is otherw se described herein. 5Selecting the
catal yst(s) of this application and controlling
operating conditions may allow a crude product to be
R YE EGtatd @hoddsent A Ne @'@qftﬁ’ EauB§dt By ]15‘& r Bfa8PSTchiaBSt, have a
changed relative to the hydrocarbon d whil e of her
Erlepel$ plemegfcontarl kg HNge &P@&@Orlééadmsa@ 8 Oﬁ@fams 0.005 grams to
(ﬁd)zgg}h&k GRObY o GRRN9EH] orihE. ‘Tﬁéﬂ&eﬁﬂﬂk&ta@fsyﬁ% BIHAUGEni T8¢
ave enhanced propertlés relative to t'he hydrocarbon
feawity anddlabilinuwhenhisedriprieaibe bystredartonfiend as depaspasrhegpin. dmsome
o af}ﬂen[selfhh lahgcgcat%rggﬂg QIR i gitlf Wit fl}éd}g{a?()tolt% éeed having

sts1n a se sequence may contro
@&qnmm s;éfuotommm fmmnyert aprroverfeig methlorxidel @ nytdrsotalehorhe
tw% &1 catagls %}iﬁre at lea% Qlll\)l%)rtlég Iof E:%(\)/ | éé/n’e?tggha gonfﬁbu?e to 1hlgher

enes,
\tlshaesmewm poréibn bisths torapoperts thancotnfnbhh:eo rﬁsrclhelbamannibgﬂm at
| east ort.ion of adium.in the arbon
ERRn Cobt DRt ErPRRE s By b
het eroair@asthitypeton eatlilysi agiaedo dheedt anebd lﬁelpmrby combining

or selection of the catalysts pay,
ﬁ}ﬁ 6%1@% BF)ﬁ%‘ @lneﬁaﬁ@Pﬁg‘i?élaYlP%%Ba%?leﬁlﬁ%% &/@
aRenQier! 4@ aSh@Rird iThy t@fecheaREl BgRIHR0 mroﬁﬂﬂmtht @4 t0 0.3

product m xture. |nprovenent of a catal life and/ or

b 01009 grags (¢ R rper ochP byAMF Y} BMa |0¥ pPlyaG metal(s), per

gﬂuﬁ LG dHhicREIYR O & S8bdaBYend ﬁ@‘ffnﬁe&ﬁf@a@a@}sl @y have at most
stemto operate for at |east 3 nonths, | east 6

graps of gplugn 6 ragialfs).1 Inesgpin winpedi gaentp.dig @@@ﬂ@h catglystthpgat
r%?stt glé)lg %farﬂsrbf Haﬁl %@tﬁf(é){l}gra%% Qf ﬁnrteenth catag@tntih E@*ﬁé ons

el ected catal ysts ma [ ow reduction’in at | east
canhpdmeentsnthe thitt¢eathiatlysemapincludagom4).09d gtanwrio 61 grdes, €505

@Exﬁ{‘%‘d fins, 3t frhﬁ%ﬁ)‘& Sg@alﬂsot%to' o%%tra%sé d’ﬁ‘fﬁ 7 eﬂaﬂsg%lt Ghm of

rgénlc aci |on 0
oo neresin frabodioerts, itipuhiete¢nsh JakNlyst atay lirehsle flzenrp(b@(ﬂi Qyams to

the i.d or . col ons th
Bl RS B0 0S5 s ST AL 2R P S o o ERbED et
dmywbr Golmnine ) readls)gree gl(ahm”fglﬁdeenmakaﬂkysnﬂfmtthlmmulgcettehﬁt may
stability of e C ed/tot I
AP S e e GRS 0T Gl 'S R PER gy 1907
divds, ocanB onnk e 6 Branal dﬂan@efrala)lamvse TheTirtedni &taﬂ;’zﬁt haelnysome
grav

C5 asphal t enes, N, and/or API

‘i‘ﬁ‘i??ﬁ%‘%é‘m &Py SIF%&E%@HU%W%%PS@?“ B{re fl‘ﬁéeﬁyé@aé& r%@rﬁo A.
TiRARirM i 5878 Gla @ HaeatR Aat1% of [fogesdBVihg h York @ize of at most 70 A;
|ncrenentallg and/ or selectively change properties of

e 240 Y SEBYTBUR VI8 adOffayZcRCMERN t frdOdh:aBPnispy B0 trnd

YAracias Q@Qre sBeal &R R 0P GonM % kM@ 'bpp(tl‘@s having a pore size
mai nt ai ned urln%érroce33|ng In sonme enbodi nents, the

Hetwegn 138Gl 3 psfromn @dde o We ol REseHPAYINgA POLsSiZ8 HSivwEED 180 A;
from 0.1% to 5% of pores having a pore size between 150-180 A; from 0.1 to 5% of pores

having a pore size between 180-200 A; from 0.001% to 1% of pores having a pore size
between 200-1000 A; from 1% to 10% of pores having a pore size between 1000-5000 A;
from 20% to 25% of pores having a pore size of at least 5000 A The thirteenth catalyst may

reduce at least a portion of the components that contribute to higher viscosities, a portion of

49



10

15

20

25

30

upstream of a series of catalysts. Such positioning of
the first catalyst may all ow renoval of high

worzdogod7ss wei ght cont ami nants, netal cont am neat/E$2007/080422
and/or metals in netal salts of organic acids, while
mai ntai ning the stability of the hydrocarbon
feed/total product m xture. The first catal yst all ows,
in some enbodi nents, for renoval of at |east a portion
@€ cSmpPIndiE@at d'o%ﬁ%‘d@lto Rkidas i(diaCpha RERONAN Shasic QiR  Of
conponents t hat contribute to a decrease in the life
@mpgesin g hudrgepkonifped he system or conbi nations
ther @@her cfdbOMehE oPHEHRAE RE-ORA HifEhth &ERllyBXRIPIS be mad
redu0|ﬁgeat Ieastoa p&rtloﬁg%f]CB asﬁhastenes |ne{ﬁge
dngdr needrbwticeeidd dotutedhesthuct m xture rel ative to the
hydr | |
posi (gt SRy Qi Syl RR' AT Bheoflr et B e
roﬁy dllowm drivde pl@ducouotba@tqdngedsﬂymhm Ayndyer siveted pagerties changed
re a 1ve t;(%tt ont?yg%O%?ﬁlgg@ %(;i] 1\{7}1@% t?lg 1a t'ies OR%IT?IV(%‘O a?bonf%ecf Ga?g ﬁot

;cantrhy cangderfihe ehsmﬁng srudé ptodlﬁasmy aa\}el ehbanoéd poperdes relative

at a ned af t cat al
t‘?ﬁﬁg R ELRAROE b PRt St Fxiep P B dipnine
may Esaramgﬁndnlt onml)fﬁl mr?ﬁsdate&@m ifh ks)&lbc&ff:cf ﬂegl}‘idnc@ﬁhlhy?:ll:()tﬁlbl the
Furt her contact of the r roon eed/ tota r ct
FHYERER o REPRSAY ffﬂ%m‘i%’%eé‘&%h ’fvjtﬂ‘é E¥‘§P‘§i’§tto(‘§ie angy %"ramtpfﬁ g% API
GG W3¢ pdfBoh drukd Oeds pKaBOntS Eat ToAM,a JoREIAGE tHehRnCAM SN
of N N Fe, reduce sul fur content, reduce ox

Rogitne the migkal apd/prelrag amqeioadh thervanasiunyis (e é"’i“?FaFPé’fl &ged can
sRabduR cPberO ARIRAE a B6HiER of heteroatothinSR IRIRBEH FRALR reduced.
contact of the hydrocarbon feed with the second

cat alyysnegyens prl/gcleeiontoh the¢a@lystampgt ip SymerppbgskiBenis émprove
ﬁ\bég 5%@5&98%@ ﬁﬁﬂfr HQ:t s@ibllﬂﬂ; QldtH@ Byd%c)é}%'h %ehh@t‘él &ﬁlcg&lxﬂlre

reduced a reduced sul fur content, a re

Ioyygyemeniomt enplystdify sulioetibiionefehe hysifocrbon lfegddtmalmcmlct
RS AL, B B bR AR EERR (IR Pl
4t teastifemongispecdtilanst Ipyeapertidues:platerhdne ohtrel radgst hlouhe femwg:ting
whil e maintaining the stability of the hydrocarbon

Té&d/ t ot al product m xture during processing. The
secorbnbatadbissil seleyedaigdesihdyolied reducs@r unes lea@iatpheion of the

second cat al b st r f the thir
N R o GR0 oo g B o RentS! b RER b FR Pl by i afe
Japdsragenid 2ids P q:daﬁtlaqﬂ)rtmmf atcongoanasat teAsu @ TAN, at least a
mn|mzeh e during. contacting

iro

ROGHA5; &1 rB “8 éna&%rtsghetr £rqmy ellﬁyf"&?cﬂéﬂbﬁeﬁq fedore ggher

ﬂw&@@ end lhw@@ars&meamre Bighng &N h@ainysdise hb ahibiupt @k
relati ve%ﬁ/qtl ow anount of l%ydr ogen during contacting,

hydipepgon adiiaid pENHFgeixeE Eeing @rosEopetor esingre, pagyqipas a

@H%%Bn fe%Ji @Iv'a}ﬁ@ of 90039 155h eAﬁéi‘HﬁlV@l%lo@?z[sbhﬁt%né%f TAR€and/or API
hydr ocar bon For exanple, thé fourth catal yst may

g:séwwg@fw henn%@mtaibftrﬁfbﬁed/\bx wntaﬁboffﬂilerfmdr@altban {asd gath selected
&%@3@ Vst ?g@ 1%1%& {n%Le'meBah gncf)@s@ﬂeé’tﬁ’e%ange é;r(yértﬁ:s of the

cata si xth cat a yst(s)
iodmhiyen (o) iap stk g otabidieitbelhygrasprbe Fesd sl paoduct mixture (o

ile only changi ng ot her properties
19{ ﬁﬁﬁ%@%ﬁ giﬁgesm@eed by sel ected anobunts, and/or
Whl | én smnaﬁrqumn@tdmﬁrfm@ authlgst (d@edbictabale) prap dupcbsitioned
u}éﬁ? glc A C?y S{anes 0? catald setr ?1 pﬁSl%omré%gir the {HskcaEﬁ S 1nay al?avy repn%val

o m ni
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mai nt ai ni ng the hydrocarbon feed/total product

stability. Mniml net hydrogen uptake allows residue
w@eonses7s3 VGO content, distillate content, APIPQI/EYI00Y080422

or conbi nati ons 5t hereof of the hydrocarbon feed to be

mai ntai ned within 20% of the respective properties of

t he hydrocarbon feed, while the TAN and/or the

viscosity of the crude product is at nost 90% of the

6%1 haleQllar bWREWVEHEDThdns, Bktal AidMARC ﬁ‘ﬁd)&%&ﬁ?ﬁ metal salts of
uctlon I n net hydrogen uptake b%Tth ydrocar on
gf:ar

whléﬁdn@@talanr@r%%atpm Qb hy e/ o progest
lﬁgﬂgg distribution simlar to the boiling point
distribution of the 10 hydrocarbon feed, and a reduced
TAN rlép &irst vatalyss atlones, Toagmefentbledintepr foe teniogal off @eldast Thertion of
I@lt/@/@e Crelho PJCKLPF n?ﬂoﬂglﬁs %Iﬁ(g}zipéf EQheR %hﬁn&ngﬂ}qae
by relativel y Smal 1 AUt S as conp red t e atomc
dectepAs€:in thie lifdhel dnlyﬂm caelgstbmrthd gf@dm or comblﬂ;adpn;sgbq;reof from the
Pgr%nog:%rt%gr\l/ %e% Id r ega I f Irg% %glgtaé‘ﬁ:% t?l%or%% %%Cgagsﬁ{lﬁ e{les in the
lwdrwsrbam f&.éd)’[oteﬂ kamtsmmm nelaever educhidorawbn fred }Ilfhlﬂftlils @higging

§ St R uPr RRdy GE sl ey SRESG R R fime he

@atisior gaem neiy toepyveed walclit répdsnadhmead Al yalky§ts Removal of at least

descri be en _nay enerated ring.

LRI At ﬂf-‘g‘g‘ﬂﬁjﬁ Eﬂ@“i:‘%ﬂgﬁg%ﬁa%ﬁ T4 é‘?fg’ wiltSAME FRIDE @F‘ftg increase a
168 bRbNeIr (ifore cadddghid PRt iORRINdBMe Best eghliiered to the
contacting zones that include the additiona

cat allys 363 caplpstgband{ng fhe tiFd ¢ardyHydmeyrPoritipngslelownstream of

tﬁ@HﬁE Slialy® el AP thd1BydRMEFBR ?Je@%lalfp%&ﬂct rh&uﬁ'@{?&ﬁh the
20 enbodi nents, the delivery of the hydrogen nm

scomdsrilypits) nrd/piHBird paiglys®) mieushenreduse BN reees the content of
ﬁW/F@ &@&H@L §ulfdr @orﬁerﬁl 1@@&8@ GXng%H fcbrgé'l{t %H)%P reﬁﬁ&ethe édﬁ'fent of metals

exanpl e, 2B), hydrogen may be generated during
10®ﬁﬂ&eﬂ$@@0@nm©ﬁ@dtontact|ng zone (for exanple,

cont ' '

o IR ARt 5o PO U B9 B
ma)lrpieehlrcﬁ@admt(g)andmod;mm e hj[drdcarbvanbf@/to@a)rodwt mixture that has
afrecrhg:%gl :T%RIS% re%tucé sugorucr(])tnit%nt E?ﬁ,ﬁlﬁé 3 Oé?%@él&)ﬁl%?]?tya e 1c1:c%d tgg’rﬂent of
aahls imment sald dsfh)rgdne: dcldoyu educet esphyldhecanteon a fre&iﬁdad v1scos1ty

e a stacked confiqurati
snRpatont fhefeosgacl ey psaHE e s hGRGapRged whil
164 AtaRGiel (RYstabili® RE tHe der@ﬁdrbdiﬁe&ﬂtﬁ&l f\)li)ﬂllict @x-a0%ld@ring processing.
contactln%ézone 102 i.n FI.G 3B) ogen source nay

B seranf! Gt mpay By peifeRed dyehries GHI%FF PRy SR

upBr@nflbiltRCthir@ Bathipal oriviceGRpAt €r to flow of the
hydr ocarbon feed (for exanple, addlng hydr ogen t hrough

c ond dihe 2Ry to fl%}w@bmdé%aep HsPeeified qopsmciing fopes ongs)to Hawanze

ﬂy@n%e1§§§é§@8’urﬁ%@bﬁth&ﬁl§l C%len@ﬁ?(tﬂs I’(l)g c%«’ﬁ?&s dhB f@mﬁiﬂyrg%ffér&t% of
is concurrent to the flow of hy rocarbon

Wé@gelq flgingegniaging, anddaialygts Wﬁ?]@f@l@rﬁ Ilehtdwﬁhgl@%wm ¢f hydrogen
cgur%g% C&Rac%ﬁ trﬁ'zg/tﬂe% 48 %E n(%g: @el &d':ﬂr(gfbert?é@of a l:fﬁdéﬁ%ﬁuct relative to

di ment the fourt ata and the si xt
tbasaale;mweare@ olithe dydmcagleqn; fegl. F@r @*a@mlwtteﬁourﬁecafadzmr mhy be used

i\gl g@r)@{aﬁd]gﬁlgﬁlﬂﬂe HRELA A P LecbREeRAKL®), BRTRMRkes) iray! C€

catalyst(s), sixth catalyst(s), and/or seventh catalyst(s) to change selected properties of a

hydrocarbon feed, while only changing other properties of the hydrocarbon feed by
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5conbi nation of the fourth catalyst with an additi onal

catal yst(s) may reduce TAN, reduce N N Fe content,
w@nsoss7seduce a content of nmetals in netal sabdBUST007/080422

organic acids, with [ ow net uptake of hydrogen by the

hydr ocar bon feed. Low net hydrogen uptake may all ow

ot her properties of the crude product to be only

changed by small anopunts relative to the sane

RIORE hhb& s, Ahd/bheni RYAHI AGRAIB Adf88Bbn feed/total plddSQ@8Bbility. The
enbodi nents, two different seventh catal ysts may be

Qs @G/ Ar RBHST plseiabiits Mevdeseloeed 19 reininpe/agt hydagen uptake while
HARGLIERATS hRIBLAS, %W@dﬁk%&bﬁﬂ& hyvgakal ﬁ/e? gymd{f@én B Le

a total” content of Colu 6 netal , per
allawalapisiue contens, Y@@ gentﬁrtamt@la@@e)lltem, 681 gﬁam or Cpbinations

tal :
AP IRITUASLR) SRR TRN 308 PILARNL i o
tbabhwlryatbon tfidedt whise thgliaN and/oothe lvasegséty of tharudh prododtad at most

@g/fnéﬁe@ & a%)of ﬂ;]g VlSC(%S?t”%E%l %Sarocarb n‘}%ﬁ‘pﬁ ream sevent h

or a eas rans o um 6 netal (s)
per gi'eamtmﬁ ircatt ayqxsge.n uptake byrme amhoohrbm)rfeai mamoduce a crude
seven st _and. .t

1 O str. ea
Btk thur buDE FRELATERYER STRIHER: BlipeadR pduion of e
13Aidchrbyn ted, ltaﬁe aaedheddgEAN @Jd13tive n@thk Tammmhe mfdlr@atbah Ydetl C The
act i ta t he downstream sev t
%?W‘Bﬁggﬁ@iﬁ CB’rdB B@P?té’%ﬂy Sotoﬁg’ C@f‘%‘ i:yt ”%% %"ﬁ 3/
SRPagea th MY 2o H/@SMBOERIrd@ibdh fds. t o t he sarre 20
properties of the hydr ocar bon feed (for e l e

r el attPY#EI2yn 89RSTALOR HSRE@LiT PfAstiRg (AEORAY %)‘H’( ectlmddltlon of

HARNER ¥ othed ShMEnE Q6He8 Md/orViHiBw GORERR tredu@t‘ionQﬁ?mp@ﬁkb SMNfe
thereof). Contact of the hydrocarbon feed

hygercrdamnicanhdindoms smbedimerisawrtthcasdys b ystysherpeyitipneddpeiesam,
(ﬁ‘)\xﬁflgt'&ﬁl BF QWG ah!ﬁﬁl)naﬁ] @zﬁal?st(ss déAs‘Mth:E hedein r(%gr{ Qnag

nost 809 at nost % at nmbst 10% or at Ieast 1%
geherateql ﬂmhllgoiontahtenglﬁ dredtyémb@hmf eed with thedourth @Bulyst(s), and

I nc%erren{'%f ?ehrvgr% I(ﬁlhle 0 ntziclaﬁ ?%{ll %%a%ﬁﬁfélehélg Qcﬂh 1 &?al S q(s)

y re uced eam
H@\mhvmﬁaﬁmg bydzogen nwatbalcylstt@ t¢ fhe flogxcd 1thpd derocahbmmed ol some
t he on f with a ca St t
R PR T e eREhE bl O B e
Hydrdchleomgeddocar bon feed, and then contact of the

initi crude. han tlonal

or oaBbph e PO e iR &k s SR Ry aken may

Heegeaérg&@ dlirhgtddstadbhglimbiid c&ﬂnta@ﬂirl.gdz@n@ (foek@inple, &J'melcalhg 4ont Y02 in
educe TAN incr assi st in maintainin

ElﬁeE%% anl l’llydf%ge%fnat/ ﬁggﬂva% é%?lb%‘ﬁltPBe‘&P%‘itﬁllg B Igple

dBn LG E 08 [ 147¢ FIRG OXB3$8 h Bection that ik BoEiFRo BHH @ﬂtheﬁpdrsearbon

catal yst sel ection and/or order of catalysts in

feeshdn neits PSR EN e Sistyeroeetllen Hry e ngue%iﬁ diithitesrfdon plgpe
t@ﬁﬁﬂ@ﬂb@n fe%@.mﬁérﬁﬁt%gf, ﬁ%&kedwflgtﬁ%&q%ef 1504 gxample, FIG. 3B),

hydrogen may be generated during contacting in one contacting zone (for example,

contacting zone 102 in FIG. 3B). A hydrogen source may be delivered to a first additional
contacting zone in a direction that is counter to flow of the hydrocarbon feed (for example,
adding hydrogen through conduit 106' to contacting zone 114 in FIG. 3B), and to a second

additional contacting zone in a direction that is concurrent to the flow of the hydrocarbon
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flow rate) may assi st in reducing hydrogen uptake by
t he hydrocarbon feed, maintaining hydrocarbon

wo ewdbisosal product m xture stability during PCT/US2007/080422
processi ng, and changi ng one or nore properties of the
crude product relative to the respective properties of
the hydrocarbon feed. Stability of the hydrocarbon
feed/total product m xture may be affected 5 by
N (fQUSaRPRSRing ﬁ?&ﬁg@d (RDufl @RubibdMAGAIHRBNe 116 in FIC.
feed/total product m xture. Phase separation may be
HHused by, for exanple, insolubility of the

hydr qg %Iﬁpﬁnlgoﬁﬁgen?sn e Q('Surﬁlrclagﬁlspdfnng&xth @atalpﬁ are used in series,
hydrocarbon feed/total product mxture, flocculation

apthetagihiae f@ﬁésalﬂtyeﬂhetﬂgelpm@mo& Aretsorh faselpttatvise vpisd d st

(ﬁh{&ﬁﬂﬁ[lgn fptflee la% Qr\]&/lfﬂfan 85’[881@1? Q&tﬁ}/sft{sj)ﬁga)g Hzﬁuce TAN, reduce
rocar bon pro uct m xture, or

N@Wﬂfﬁ natté:rrb,rvsldfbhmdecwfa coll@ﬁt of petdlainmdtalivelss afvrganig atide with low

I%e%) e}%} Ct I ?gdrg ernltba/I he llly%? c 1t%ng?ee r E})%%at hg/fdrolﬂ%t(i‘j ll;]pqgkarrg ay Milow
dilee qbtdpettlat; ofphocudd plmluct wrte qm&ychamd dre smAl$ ambnts relative to the
concentrati f the tatal product in the hydrocarbon
?gggfﬁﬁtgfo'F%@ﬁ%?mﬁ¥§?ﬁ$e changes due to formation of
the i sdee @itdutdnss, 8@l difedehtsyvedth dabgyseanpareantésin@bmbiation.
droca{bon fee& and/ or cnggnents of thg t of al
t y

SEFEE GRS HECAYRIBRABEHY SarUErE fevyh spiglitidpey have a total

dBhchis e A BS me@1(ONARGRm &5ata®)}B A Ringd ﬁ\@n Yo poak baims.
feed may contain conponents that are soluble in the

Hydiopasfapricradteaglyst may pagiarisrgnisnt ¢loluass pgtalsgg, per gram

& rd@@/ﬁ{tfehﬁ%e@aﬁlthtddﬁtlﬁy Ha0RRLROD §rafderGRaNEE ol Ontent of Column 6
exanpl e, TAN Cs asphal tenes, P-value, or

BT ot BPTeRR é‘PV@é‘th)CatatYﬁfe Ol PRSI gramyagt Cdwian § gnetal(s) per
é??rﬁ %F@ateh?& S l%hl%oéhﬁleflt@ eth@%{(g{tﬁ)ﬁ%'f ngrﬂlggt%gﬁll/ sg%ﬂl catalyst and
product mxture. In sone instances hydr ocar bon
thedavstrean krye D colat Hf!ﬂ}’dlﬂ uerersady Teoabitity Wonsp hagdettvely small

| Y
BREROU NEEAPELSR) fe i RS LR S b
mopmdmstof thextuglle erddoetin h@ortlyvohamgedmfrwaﬂima@ests rdfgivirgd the mame
pgr{,)]%etﬁt\é\eg opﬁla%e%rgceaﬁ{; nofutgH1 f(];r e?;grﬁg)/ aorglgtﬁ %s?eﬁp%%r%egn?‘et{amﬁtom
hedt aP] glavndy cers1qne e«mt@tt‘dﬂ@@nntaft @mrrmbmems thet@ifids t o

d th tal ysts.
i ooay 01 G euPor P G oSl PRt E g s
da&t@kéfseﬁ}ay préduc€X amipé prodiict pRELABA TAN at aeidst 9%, tah@ost 80%, at

drocar bon eed/ t ot al uct m
%sé @%aﬁn% U5t-08 6@83551'2638&@ TN alee W?%ﬂtﬂ)@?ﬁdean some
PRBRREdNLsC e TAN of th&%fdkdl@rb@ﬁ Qe il tncirdi\ﬁéneﬂly add€edy contact
t he hydrocarbon f /total product m xture na

y be
Yighihe gpegaafad denensaeann pqvprt) C%}Flytth doprgmelscontict of the
ﬂ}ﬁgfc%éﬁ Reawhs %@ata@@tq{) %rmha)ﬁQﬁlﬁgl%hﬁ'Torcfcﬁ@@(zlﬁp&ﬁtﬁged properties
product m xture may be assessed. Typicall val ue
ehitive foghedtydrpsarbon fegd.30d High eenteds of thatnitigl é@é@n Prrig vigfan
ATRRAICERGS b HRAULNRe 6@IPRMn ERGY. s é!l
SR SRS p BRI QAR I ERG AR Py o e
191@@}10@0\4&1)4]1@0{ hbe eakte o wrlugesl Al iratqnxeetatly stag l@tssest durlauntglmng
. rbon
GEHARY' o e O Bl B BRUER ol i PRELOEE
Hy dr dc mnﬁodenﬁntsotmlyqn sdeluion ami/ocrtqmlee oﬁ tadydtd inypmhmation
ontc' f)ﬁied c%gt(e)t%t CPgtcorécll]ltsl(grrllas for exa[mé)gnttern? er ure a%(dé?rqln %:lrro%ar% %ed
seIectlve ordering of catalysts or conblnatlons
thereof. Such controlling of contacting conditions my
i nclude controlling LHSV, tenperature, pressure,
hydr ogen upt ake, hydrocarbon3feed flow, or
combi nati ons thereof 5Typically, hydrocarbon feed
havi ng viscosities that inhibit the hydrocarbon feed
fron1be|ng transported and/or punped are contacted at
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10of viscosity, residue and C5/C7 asphaltenes is not
dependent on hydrogen pressure reduction of these
WEempesses may not occur unl ess the contacti NECT/US2007/080422

tenperature is at least 300 'C. For sone hydrocarbon

feeds, tenperatures of at |east 350 C. may be required

to reduce desired properties of the hydrocarbon feed

to produce a product that neets the desired

fRefke) e als@R i redcidMSHIRBSLEh AR A yUFRBHER kf,%d malntalmng

formati on may occur, even at 15el evated hydroge

fryﬂ%é\,r@@légeed/ﬂ&altpr@uﬁrr@gs@m jtahdlity fusingeprosrayi v aRdb ngl@&ane or
ﬁﬁb@ﬁgggﬁ thd Hﬁdt? rod@h i‘é@aﬂ% «J B éé[l@é:ﬂf)pé?pes of the

feeg/total product may decrease be?om11 0 and
hydrjicarbon feadySthlitity) of deeyidregarbpiefepd/tthl @todmtxmmlee m@y be affected

[gleqw ; eﬂl‘zﬁ?e‘s@ aFatm ferfﬁh d?é’ a6 fe!%}{)‘?&ﬁg)%hug{ frixatdd e]]§1ase

ar g rogen ocess capab
sgparatmmmayﬂ@ cpmsggb by tfowampm inglebiliyaé peﬂndéntarbcﬁn feed and/or

t
cgbc%d)%éjcglgli 1%&1%63%31'&};]0“%[})8% ger orteﬁ yodag’t n|11§;tugee ‘%llocrc%gltlgn of a*syhaltfcnes
fadm tmalstlro&:ﬁb(ﬁﬁbecﬁltotaﬂ% fzfroﬂudt@n(tfm:r pIec(lﬁllth)lIOﬁ ,of atmﬂoﬁaﬁt frdif e
St t st 2000. cSt) i
3 B TR bappBR A s r SR B S50 6l ash * ¢ "0
" C t O\t44hifimoy during Mhedd0tact(BotpRridd Ghe Cndintrpi @SS Uy @Scabon

s R e 5 he PR PO R o YAty e As

thé QpREdt#aBSn §ff tBE toeX FIAL@ in the HEASEdbon fERBbAVSodRE nGRdE7
asphal tenes) of at nost 50% 25at _nost 30% at nost

hanges de ipgeimatipopl the ciigsproduy.oplupilisy ¢fdlgroptnopents of the
@B%%Bﬂ/ £l af A& ceﬁlgls&%@rol?% t&t@ﬁﬁod@m' (RS yRIRREAGH feeliRRal

val ue remai ns may be kept above 1.0 by controlling
Rrodicegintee tanAylorchifser Herramplrghe Bydipggrten fpad nazyrpentain

&%@%n@ﬂ&tsﬂe éoiubiehﬁ tﬂeqiggﬁ)rc%&{ Red NGh r% gﬁ)cés'éﬁ)ig As

P-val ue drops below 1.0 and th ar bon
Ifreleemewf tie hpdrochrean fredkehange (e coarere.UifsY, eMC& C4 4sphaffenes, P

JaRIPS h{’d[ ﬁu&{%‘E e?@o S%Jn?éé‘ﬁeﬁ?sqna Genad bE@oﬂlerI@sjs s&HﬁQ e

tot ocar erties occurs.
Ie/dmwbnmfﬁe@;otaj (pmdacrtmlmglret dnp@n@'msmws aheeh}cl(mmboh f@d and the

totaﬁ%rogha:? C? rmstQV etls%sn a?nsél/or d/ oo Oto?u%ﬁ 1%% fb e%%o I%eg e§oh%3r1ﬁty

e nmalntairnin e con
cmyﬂﬁsnmybbmnﬁemdnhaﬁﬁmmmﬂmnf@ﬁﬂmdmpNMﬂanoanneﬁﬂmﬁ@nwughmom

dr oge er cont erat ures
S T BB A PR mrom b R S D b b e
dohénsh@da df Ih&&ro&frbdn%ed’ﬁtﬁﬁ@@l@fr&ﬁlﬁt e pradilatipn fbdGiponents,
' or nore of .the_catal

ture and/or lLife of on sts.
E‘Rfﬁtt? Brueshe g eh et 9gngre H%B? SHYUYES MUIHRPEY iengr of the
PréceSOMY Rk i@Bd Widritxihifle Gapealed S snERSH inddSdrodabed feed/total
all ows the C5 asphaltenes to be reduced while the MCR

RohCERxweMmay he nwﬁfﬁada PEYHCer sl egipdpc e wish desireprogerties.
rel atpyyigh Yroe BRink, @EPURIue of the hydrocarbon feed/total product mixture may

be monitored and the stability of the process, hydrocarbon feed, and/or hydrocarbon
feed/total product mixture may be assessed. Typically, a P-value that is at most 1.0
indicates that flocculation of asphaltenes from the hydrocarbon feed generally occurs. If
the P-value is initially at least 1.0, and such P-value increases or is relatively stable during
contacting, then this indicates that the hydrocarbon feed is relatively stabile during

contacting. Hydrocarbon feed/total product mixture stability, as assessed by P-value, may
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In some enbodi nents, contacting conditions are
controll ed such that tenperatures in one or nore

W@ onBael7sng zones may be different. Operati ng BET/US2007/080422
different tenperatures allows for selective change in
hydr ocarbon feed properties while maintaining the
stability of the hydrocarbon feed/total product
m xture. The hydrocarbon feed enters a first

pEQeRmsIRA b @Qnt?o@lﬂ% Bhtat R ShdfidnsOby RILHALCETaralybrs [HysSlective
contactin nperature i's the tenperature in the first

edgiingef pﬁéy% REconT}iprsionyGpEalc tSupycangnpiag af enngsting ganditions
BXATRLE coﬁ%ﬂlﬁg LESTPRLPEM e, ph eQéuE@' h&&@&@&%ﬁrydfo%ﬁ&ﬁeed

t enper at ur e, cetera) are the tenperatures in
ftynoacembigptivondsreehat ar e p03|t| oned after the first

i . fi
Cont 3SR FA 0 0TGP0 ABALALE e R
frampengatrursportra\yand/6bpmped arerc@ngeled hafevaisd RPIrdGD pteSsures (for
exgm%%tz%t %astof Mf‘g a§%€.8t CEO E{}Ilja 0? al.e fggst tlgrg/ﬁ)&? Erg)r{ducg’ ?rlg])ducts that are

sec Glodl. oﬁma:leaettacﬂ Ingird)@mpmsatmroeke Brgaeatiemhibited) thuaehe properties
first con t erature. Havi.ng different

e ERAGE b s PEPREEAY B wilie SRanicy giace redvetion
ds/phadity elod8uccmnt(el; atphaBenes i4Giot wpadiaﬁﬁonrt@kha)tgen/pfegsoret he
TAN ang‘[r r the C5 asphaltenes coptent of

VAR ‘E%Sﬁ PFOé’S’EHlef Baangregtraple %Fﬂntﬂcﬂ%tefnﬂ?%m%%‘a At least
10 *TANo2QaRMyBfockBorRepltalchHBRRMIGE 1eR0350 1C @MYbe MABR to
the first and second contacti ng tenperatures are the

rediee degsired propestigs of thehydresrrben 954 &t prafuce a productpthgt meets the

RXAMRDoifidibhd. Ht 1&9&%@1&1‘11?&21@19:@ CoM¥BYrnhdlich HEAS ofeul,i ekt at
cat al )é/lst(s) and/or a fourth catalyst(s) and a second

domted dydragenAvesauras Ay the pPiogetis qfébe hydtoghipan fesyl are changed, the P-

\%ﬁ&% 'tﬂ%%‘}dl%‘ée{r%r{‘fee&m?al f&fo'aﬁét nf9UEAELsE Bl o AMPART WP Ynay
be 350 Cand the second conta t i ng tenperature 25may

foem.30@ingthe Modech otixtof to h@omdlnmbéqt thonee f edevdteil hydrpgen pressures
t i e .

PR B BhAEL (hyBRRR, Mol bl e E Pl B e

iodaptatent wﬁlmdssurhet noin e tanaieaitlysi i§ 9§sirialviet he second

cont rea o

opharrlene S TRl B s PR so S B AL R G gor

dxamplepat TAN 1@0dSoRt 1€t miphrst beme&swmo c8i) ana ¢dmtrb11m1 tS@p@ature

it A o BTG SER) Mo BB R0 AR R A

Iﬁ@dwwﬁrmmme@ RloaCakdMgtscRBEibbd Bdisin PFRIuCS Atchale Ipﬁdiu&uﬁhmg

t hat the tot hydrogen partial pre re of th
%?ﬁﬂgéfqpﬁﬁle%é XP‘%‘PWHWFFP%% Egidye a%fl @%@1 %SBI?:P“ﬁli‘eé)s,%fLﬁt gost 50%,

Almodt 34, af mew20at & R 1®h.eY alofid % 8NAE Feapddli €Sprogdi§ of the
ability to operate at partial pressures of hydrgg

hyflrogrbpgkeed 3Daringmeniey, Bigd-viiei rapianiay phkapHeipve

c%ﬁé@fﬁh§th@ @oﬂtﬁt@ﬁlg %ﬁ)el;a@ur@t F(Br%@%hpl@ 1§4§1ﬂe erfodi B 1thhé"'A
at | east 2 hA 'east 111, or at |east 10114) wth

t?mergtawen@eawmbgm 459a€a|?h?§)tVallqefdéOR§§>e@®’n]t G and thgyhgdrocarbon
flaé/cﬂl{o&gﬁ%dm 'fthI;t'ﬁ‘lle HRESHRR l&h&?ol@f ir ke térﬁgéét?r% d(éases below 370 °C,

er at ower partia pressur rogen
rd@un@&h@@@&ﬂnéhedwﬁtocmbom fred propertied eautand aI | ows

cont %Edrﬁeqelﬁ&diments, contacting temperatures are controlled such that Cs
asphaltenes and/or other asphaltenes are removed while maintaining the MCR content of

the hydrocarbon feed. Reduction of the MCR content through hydrogen uptake and/or
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5be perfornmed where |imted anmobunts of hydrogen are
avai | abl e. For exanple, a contacting zone may

wo mBodesa fourth catal yst and/or a fifth cat abgeUS200h€80422
conl actina conditions nmay be: tenperature of above 360
"C, a LHSV of 1111, a total hydrogen partial pressure
of 3.5 MPa. Contact of the hydrocarbon feed with the
fourth and/or fifth catalyst at these conditions may

Iﬁéﬂe@%rﬁ&ﬂh% REDUR S B relGATAYE N Jr@f o Bhast LBSIM 8RR the
hour s e reducing desired properties of the

sﬁa}bdr% ebthp Byrpeaghpn feed/total pradus e BBBHPHIER PEONer0E Fsvae! the

I r
Sl CoaEY AL DAL B RERREDSH AL SARMYER

qg‘étﬂ)@tseiem@edwlmrlo edovirohe Eeesghilenesgpbaradeetdwiltlh et MER content

AN Bopd R SR ey ) SR CIMInGhe  om
nost 2o fpmndlmﬂntsatonmgng dndistoppary comrodicdhyath drarehpraratures
i %n &8 r‘ﬁore gr%t?]c%glg Z(():Pr oca %g E‘h %érené 8 ferz?} n% aE (%ffX]fé% tgl‘ﬁ?eratures

con ¥ bon
dDowva ﬁﬁrmlbgtbrel emmgt metyydfe anbomrt‘degl babpeins shillef mdetsamd@rthmgablhty

DTk MR b e SR e K e

c@ﬁﬂﬂm.gl’t@ﬁe itohagauend @besd. N fihecdnefdhOempdiagire is the temperature

acc | ati on of |tateS|nther act or | ead
ip e, %F@E@ﬂ%ﬂé Z8‘i“g p&g CRECHSHTARTIHGS %eé‘ami’ﬁaécond
tbiPéritutel MErd RyEeacat Hom ROMhpedtd, BteRAS SivBe thiheu@kestihe
conl actina zone at, desired flow rates. Organonetal lic

CBRpHIRTaRCSTHRY 25 Rositippesbieethe af%(tqt%sﬁ%%oneo Reflglfentagfing
t@ﬁﬁér@tﬁfe' e belRg H‘Péﬁ?la 100 1@b-40688hinda RREAd &’)ﬂta@ﬂﬁn%t t@ﬁ?erature may

active" organonetal |ic conpounds and/or neta rom

herie 2 pae Bebis B8 09 eeddOnity’G ALt el & diferen; thersthe first contacting
ERpGhUR! $n E’o?{fededﬂ{bdﬂnéﬁy h@ @é&ﬁ@é&fd&gng’{e Eraturdf %m{er than the

I ncrease efficiency of the treatnent™ pr cess enoval
fgpt cohigetengttévpergrgahionat diffcrant cowpbungsipamprasiayredvee TAN
a%'g} Py Lﬁgaﬂé}é&f RGRLhAR/T &%@%p dﬁct%a QS ARSEN L& fPEE
erti cf ent  manner. For exampl e rst cont acting zone
ayphaltems lcodent @fithe |hg¢11t)tarba1t fad:qn’sta gaﬁmcbr axtsma‘lmmdhecfumlmcoﬁ TgN

éflil@/)&? gggsrypgal[én? re%gctﬁ nlf Qrtl %1 eas stt ancﬁz%c dC conta%:tlng temperatures

thybdﬂmsmmtlthuomoat:ctﬂeacgl dtearper at ur es of at nost 7

LHSV. of .a 1 hA, te of
o7 Bp s iR R Ehe i g indi st YRGS aghfe™ furn
da&ld}léﬁ(ﬁ)l 280 a 3&o0d c@ttactif@sine Ema@@ﬂidlllcﬁl’d)tmf cdtd1gst(s) described herein.
3 anonol S}ébdenum in the h d@géa%gﬁn feed. Contact of
edIrL ARSI AOPRAFINA GHY R ? pidhc seser! untaRting{emAT AT
Iﬁé’}t‘@ Bt CMaynta@sof ke Hyﬂro@irb&rﬁ@éd indhd®@ist dodRc@fg 20R€ with the first
Ni /V/Fe and at | east a portion of the conponents

@St and(ar iforgthcalalyai thec%ghevtea@ﬁwet R 40 cogkigy with the other

ééla?ﬁ&sc')' 15 qu ts0coRg c&ﬁ&i‘ﬁﬁ% SordeOnRrOUGE g@at@f T‘Qﬁ aRABAULEsphaltenes
suitab for transportation and/ or further processi ng.

Ipqlpcg@w teerpyskipaaen seed gelativetty the i gy gaslfor4n@snbplignepteguction in
@&a%le)@ﬁ o@r)é?rpﬁ:e@ L @ RRH add\eBoraRbhdcl 52 rﬂér@;&é‘ra{tﬁ}gs £QY&thin
ovvns eam o the irst contacting zone“and upstream

¥F G he second 5contacting zone. Contact of the reduced

rml ygﬁi g&m&%‘a{lﬁ&@g p&{t]actlﬁ gon tlons crujgg rftﬁ)‘ilg(]l Btﬂapthte I?(ﬁal
third contacting zone may" reduce a |ona anount's of

Wﬂf@gbl’n:ﬁammltpmsmre afithé nortaetisg ngleHMalopenaau adpsiprdgsedsunre, at a set

tff‘(%w a?e and ¢ evzitﬁ glr % eu)rI(‘fgS?Tp Ihg %‘?E%tt'o" ﬁéelreug at partl ll:>pre(s:]sures o% Mydrogen
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and/ or heavy oil/tar sands crude) may be converted

into various hydrocarbons streans 10 through a series
wo@boopneusssi ng steps. For exanpl e, crude may bECTIUSEOT/080422

froma hydrocarbon formati on and bitunmen may be

extracted fromthe crude. During the extraction

process, the bitumen is diluted with naphtha. Before

the bitunen is treated, the diluent naphtha is renoved

AP S 0k hildvRGinREQCHC En TSV @sy&mngle%uﬁdr&@e Wk teadt®.5 h,
produce, |ight hydrocar bqns and heav$/ |rtl%/drocar bons. The
o]

qtilegpit] Ihy atrlé@tﬁ Bortsleaste bt r i rasttl8y s fspng piglpnger catalyst
1HE 9&&%&1‘&‘& atﬂ?@rog&gééhi%‘i RidHIBP 2 GORPLRPA! & Bafing at lower
typically procCessed in bne or nmore cokers and one or
meprad plreesslraa wehyvyeheo dearekinige cosl pigh¢ prpration anfbalé)ws contacting to
j Coking (for
l%&%%%ﬁ%¥n%FRﬁﬂn E%%Bﬁggg gfggggﬁ |ng processes)
i nvoltpesxantpé, & h@ltfmahg mmkayngclmfe aﬁpumtnmtalym hlﬁlécul adgth catalyst.
Thrf]:tcgnta%tglg andltl%npn t%mipr%ratu}e Sa{)(gvfélefi%g g%t aﬂ{‘e / WI %GI nf%tal
Igfﬁrotgaﬂl pdryaitpressurds bie3. @me Qoeaafof hedydoarrbantked witphedocth
nts an _unconverted residual strea
o R DR L SoP Bt b IR B SERT Y P P B A e
500 thotrs ok RIreducthgSlefiRd eimpitict bethé BRHodaébohi@sie units.

The resi due hydrocraci cing unit ess 50,

bar r & PFRYHMBES: 5?“@(3?‘1&% afhegst 6P°‘%‘P‘lt? B‘icw)‘gﬁ O%HQP%%E% m
doappeds Ahd/snmaatak @eh thBE}dM@datHéﬁ Q@ 1§ Peforth&LIRSdrE YhedYaloBArbon
resi due content of a hydrocarbon feed to produce 25a

fpekig C%ftt’i‘céeé‘rﬂ”fflq%ﬁlefr‘r"éﬂf}lyﬁté priocaapledt jnllanponas of ggzanomolybdenum

(:F;B'r@&ﬁﬁﬁl@ GKhidg %Wtf)prﬁaﬁ' P RNGEph NG aPROGAS S iRk By@bcarbon
drocarbon feed. A systemusing the nethods and

fé%ft mpystecedesacyibeef araladishunos ceMam §ethe hpgresarhandeesk wigh the
JAYaWsP g%(fl}qﬁgmﬂﬁ}ﬁag %rﬁ%él%c@ﬂﬁg sMﬁéésrcﬁﬂH% Q(fntfﬁﬂﬁg Rfth the
nore cracking units or exanple, an ebul I ng bed
@tadcki Ty mniyhdeman ﬁulﬁd@ negatpadojtiiats femaeditivg cawning solid
[

5l DA oGS fmot B 1O Bh iR KR oE B Elhes in
tbé repier rhgodllemtiarahmﬂsﬁre énbpum the ment@cmngumee Ehyls todiheting hydrocarbon
f%f?(g fg oensl b?sgﬁlgr a?légh tP’ag%lPacp 1 uzc %Ie I%tg egl(rr:‘;f::j w rates re%\r/l?r%etaltﬁc
cfompbﬁ)r[ds Glfayiélso @tonhc&ﬁﬁjrmalcfnaﬁ talte dnhnécorﬁetlhg a®emavdl at ftdeast a

S ctor of .10 For anpl a
BiepanRoatvee SRR RS P b e g eh G g ByarBearbon
Nécﬁlﬁ@}sﬂnh%as@fthqaﬁveb eeGitalkQQiseSihn a&iydro@%c&sm@pﬂﬁéds@hd/@r ihcrease

ai ns resi due am of ocar bon fe
ﬁ%ﬁ‘&?llféi ol i ére@fneﬁtdirg eé%ﬁ?eé‘%ﬂVF‘]ﬁﬁ léfscfl‘é‘h%fg%l’@g’éiﬂﬁl&é&mpounds may
R aNoW @Rl HyliROAHoHREd foaRPrékssad il Ahibie REFicitAt annbh €For
contacting systemmay i nclude one or nore catal (Xsts

FaRekei bt ¢Brsiing 20ap HRY dchrde gp eighibicaglyal a8 g decopt erGReting

é&ﬁé’ fnlag iRk 8 991%11 éayalﬁt @$nt£5@ éf a Wr@c‘ﬁfboﬁ Red ¥hArOS 1k @f
hydr ocar bon feed . /or at nost 90% of

‘t"ﬂ?ﬁmroé glodpdenym at ﬁ@ntwmg &i@e@@ﬁes @@ﬁ mosrtﬁeMB? ad 19 el deast
@D Qha 8 rg&a%@ P 1éa|é‘t9306 PEAG RO ca@ s HIXAEQGER PR Ction

feed may enter a resid
of at least a portlon of the organomolybdenum in the hydrocarbon feed. Contact of the

reduced molybdenum hydrocarbon feed with the ninth catalyst may result in at least a

portion of the Ni/V/Fe and at least a portion of the components contributing residue, Cs/Cy
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hydrocracki ng unit. Since the crude product and/or
m xture of the crude product and hydrocarbon feed has

w@20080&3753/1 scosity than the original hydrocar bear/ie®a7/080422

the processing rate through the cracking unit may be
i mproved. 1011 ydrocarbon feeds having at |east 0.01
grans of C5 asphaltenes may be deasphalted prior to
hydroprocessing treatment in a refinery operation.
ABIRHPRA! dnliRY vRERRE BIRSedRYd loP¥Qu¥€a SRLY Bidtiu@ XdifaBRthon
and/ or contacting the crude with a catalyst to renove
EpeAiet @hg/or REHIERTPEISBE: at | east a portion of the
conpgp &Hﬁ@erﬁﬁlﬂlm&%g Ei&*ﬂ%@tl)&pan\ﬁ](ﬁ e Jaya'lysﬁltﬂa§/ @éal%_siti%ned ina
portion of the conponents t'hat contribut'e to residue
taindi¢ontacirpinak dewasreas of thie dirst contadiiag deesinh aibsticay of the second
y b L )
BARERSS VST AT Rl RIGRARE bApLAaT S AGH. B
in e thifrd ¢apitagnoy zaof ntal eeddeasdlitaintli anzpupts o€ Ng¥ /FeRaithout an
ex I stem for treatijyg a hydrocarbon feed
lﬁ(g\%%gnéshepgre%lr%%ﬁ%e% ?%%})8 V%Z‘g/irﬂébn feed, at least 0.01
gr anglydfoc@bom Sptaiavingas Adhdravity Of d ngwattsfafexarese,duwmen
a viscosity of at least 10 ¢St at. 37,8 'C.ma
B Beadd BHER sl s cunionAgre o Bt bipTBRY sreams
th@ugh Nsdpies bit prodeednhepd pForr &ampRf crade Weasphakbd frovg auni t .
The contacting system may include one or r .
ltygfoaﬁrﬁgre §>ﬂaé% ﬁ‘nﬁgﬂurﬂ%"r% Bhbec%‘bréﬁF‘ég%‘P &Er%gff?c ipq‘l’é‘n%the
&R n PERACThe BRYMATS ailkedd R8P AathtrRN BSfROME 8tm& is 8tated, the
nost 50% of the hydrocarbon feed C5 asphal tenes.
ErRrterpnthas Fagvad antBRtsRting Prodict Hogtugndpidfedgi o produce
1R REALRRAs {Reravyas b RN BB TighihyMioe&BS staYe @ins@rted for
nost” 50% of the hydrocarbon viscosity or conbinations
fureqr gefcessinge Therhgawueidr wange compricnip agg tyisallypercefsed eone or more
cd%ﬁgﬂé ngc?(l)ﬂ%_roq) %94 r_eﬁﬁﬁje I{Wl%cfh%ﬁilhg gﬁ‘itsg(gd?%xﬁ(ﬂ;éﬂe,%gﬂlﬁéi/n% B&i units such

easphalting unit. Si°’nce the“crude product and/or
aviap LGrléngd. ¢olengciferdaapplodired ceking ander Helared cakibpprofeset)

~ t ' / j ' th
L s T
ef f i dn éwecssidk hiydrecrddasgpdmal héamar bitunienrmanpbeenisrce @agedd with a

by.at. | east 5% .at .l east 10% .at .l egast 70% or at | east
AL G s R SRR g R 5T Sl sfiopafifoned

reotiahatteant Tae ancaecrfedechidusal direan enayibe van e thatlaidyskss to

descri bed herein praduces a.crude product. that has
S L DR oMt e TR A S S
tf&aag fpait e of g oMb hﬁ? 61rtgcd1a1ﬁﬁ aediuetud lttqaplé]d Mfaﬁhewif&dm. crude
ee to Iro e a ee at I's suita or
tran 8‘11‘{‘)18{1 Pg?cﬁ‘e JREYsEY 2 %ftrﬁsﬁﬂw‘epf@{“ie’n“@ §§¥@P?a}r'&°é’t fegghto produce

410Ed 8%AMPhAL mad b pridesséBad redid¥ hD&oEQAALRACHBANN dnflab the
| east a third catal yst and a zeolite catal yst.

. ( The .
DRSPSl QY dretarhamieqse Asysemiatsvne (BOmGhods 436 cifplysts discribed
i Mo RN prsRbdet 6 SRFRINHon FRAM 9 be PBsitibrell dpsieAR o oné or

zeolite catalyst. The zeolite catal yst may reduce a .
IBYIE CTagking finitsHEoT §yame ap BoHB L pHbaskcartling uRkphinid catatiéc cracking
e A G
whworenisde Tfeaant ¢f thii ydeqcarbpn &red deorfees dhorasydiems descrieqd herein
R e T
factepar2abtilensss faaindofsly st learsa Wicton o6 Hl, ecitéchsar faangeint®nt Forf

SELALYSL AN, CORE o1 B8 SRNAHH 0%, SORELL BPR BLAI Tt a
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Exanple 1. Preparation of a Catal yst Support. A
support was prepared by mulling 576 grans of al um na

w@ ghospes7son Cat al ysts and Technol ogi es 11), M eti/gsan07/080422
City, Mchigan, U S A) with 585 grans of water and 8
granms of glacial nitric acid for 35 mnutes. The
resulting nmulled m xture was extruded through a 1.3
Tril obeTmdie plate, dried between 90 15and 125 C, and
e sRlgnedaid o3d8ducer %l‘ﬂﬂnQﬁ hy @S Rded MmBHACIGISIR or
of a cal cined support wth a nmedi an pore dianeter of
@Y CANACTNgG SYSEINS| écalbgfbb%@rltposm@wé Pﬁ%@@mpﬁ a gragkipgpfiler igee
Joﬂ{a st&ﬂ?n gli!ﬁ@ﬂfé%ng @f%@fe%ﬁﬂélﬁ/@ts W@s%nf)éﬂﬂ t%ﬁﬁln Ea%able of producing
1000 O LC over 1.5 hours hen held in'th
a@n@@rﬁb\ct mvingurgscostymf adues S0 ket hepireptity of e fs(dlf@p@fb@n feed

u r

P E 5Pyl AL S HRBRE be nEp R3S, The SR Broducr
apfl/oP @ nube el aieurmdn @yodaetcind h%@@r@mafn@l dy enkeetgesidue
hgldyocrac?ih%a dlt gﬁ}slcuert ea %I'lé&ie ré%uc(t) r?c%ofdﬁl%?eao%ttﬁegprr]ude pé(%dulct and
fp)dfo@al‘boﬁ fen@ hofa 10w821scosiB/ than théerigng ﬂl@dlbcdnl&tdl faedp dregrocessing
sjize distrib n pore di ameter of 232
Tale dopsgh té%cr‘?éj“%gf uTﬂgay%oetlg‘Ipmﬁ’ﬁ%‘ber of pores in the pore
si ze Hydﬁicaﬂbbm tde@haRAgianGad O[O0 fe€andh oarmmihaWnbhmmy B A
qc% %P% nedi a ore di aneter. 25This exa

8 rpé%@ Wpfoﬁesﬁ'rné Gaptgent 1§6;5?)f8¥e¥y P 10‘?1 aldeagphiling
prbSsedl] hﬁp FivBME k@Rer bxi@dctibe@iifor L&Qaeﬁngmﬂ: erHé'delQlScaﬁﬂyst to
| east 0.1 grans of theta al um na.

rpm@rfa%salﬁltswo#e@l%% it lgtearosi gt th%?ﬂﬁ@neétsww gongjibe to
\%C%gl X Qtl'ﬂ:dspzppor%ﬂ & e Mpdloath PRLE oRBIR S FesiQlie Md/de & hhltenes

he vanadi um cat al yst was prepared in the
Ifftﬂf r%tw ﬁ‘@smﬁ% PIOCTsenay] clifingde he pesdrier sopertpairagiiopyiedysa the

Jﬁ?&uﬂp&f rAG3Eh LR, aHd/%péf-mQﬁH@tﬁe effidBy oﬁ%%geﬁgﬁeﬁﬁlg%&&ssa For
vanadi um i npr egnatl on sol ution pr epare nbini n
cradplegr ynemdbr @B a Wydrbcagpndecaig viog, megl@m oA élddl\%@tr@m feed,
Lty Qf "’ |
Byl ﬂsaﬂ.éhﬁ%%zdé%aoﬁe 0 IS ATy or s
10 @tg’ﬁa& ﬁCbma)smblutl@ com: or ag)eedcdnmctl@ stystams demictibed hereln positioned

oct%f%l?n (%n an éleas?h C| ne 8onq%c?iﬁ% WS%IT%C }(I)Jrélcﬁ]lg% (r)ne OI‘.FhOI'e
draezs}mtstdemglbe(am(ﬂd:ly sipablra rf arodedngda ﬁvddegpraaim;t bdvingan@gtisplmltenes

O Mo 58 D ROB P SHRBRE Lo

OMat ﬁhoﬁ onBdif@tie HyarRalbdfeed f%ideé cardit, A, vidoPRQTof aMabsd 58% of the

0.69 and a surface area_of 1

I}NGH%C? ‘AJ?W}“Y %@0?3’&18%101%5%“‘?% dpe ﬂt}%ﬁo@ng‘lf? anggraanigyresof the
dri® p@&fu@t HA2Qd@EEbs R QAR eftbr thb BeaépaBH WM (C 8ndé 38 terude
had pore diameter within 70 A of the nedi an pore

RJP%E%I’é‘l‘Of mixture of i cgude,pgiqyrieang é}?d%{%f?@gfe?qh%as a lower

égmmeﬁ@;esfaﬂe ofy/@ Vge&slmha% tﬁ@&@guya% hydesing 18aDOE Brodlafe
distribution with a nedi an pore di anet er of east

FRQenry ofshg dipasehatingpmipagyaeiivicased by @VﬂﬂaWerﬁiuWﬁ@é%l gidgast

REY NG 1e%st%95/o of%&ezcﬁlsg%a%ﬂh'm@i{& on 10 with a Median Pore

D ameter o 230 A "The nol ybdenum cat al yst

vas pr eper @epddimdnkse cdngict ofni argderfagrineith onftye mairietadests described
[

BABR L 1 EOREH N R A SR LR L BIP  a

180 tuatsepmtedl' frem nipd cywqmdmt amdmagahvittoerudofeed iogmodvasa feed that

nphi f. 14).2M0207, 6.3
19 smB%‘fe? r tﬁ%ﬂ%?tati(l)n?_l gg)rr glrer%ts Bﬁ) @%&&%‘é%(%tlo %@} exanél?.}% a cfru ¢ feed

15m)noet hanol am ne (MEA), and 6.51 grans of de| oni zed
water to forma slurry. The slurry
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was heated to 65 C until dissolution of the solids.
The heated sol ution was cooled to roomtenperature.
wa bmspitrsof the solution was 5.36. '1' he sol utPONUS2007/080422
vol une was adjusted to 82 ml w th deionized water. The
al um na support (100 granms) was inpregnated with the
nol ybdenum 20i npregnati on sol ution, aged for 2 hours
with occasional agitation, dried at 125 C for several

8 Soon@BEd WiB AL Ak & tH"ﬁQa@IysA&%@ aGedIRE cAARQUTRe zebh@ catalyst
resulting catal yst contai ned 0.04 grans of nolybdenum

Tt begy BhwiG6, 20 attd) Y& wt%vir i w%&fb\ém&h@eca%ﬁh nHPfp Y stable

¥ Q&h@AaYé@ﬁ?”H{@z%éﬁtéké{ Sllst ?zr@duQQE orfib 6 @l BIdrbBPh OB
th a nedian pore dianete A, a pore vol une of

I@lel_?e omBily; Tandaphthaumdyseecraraed lofm te@nglegroduct using known
?%qbﬁall gfg@llla{t%n gﬁroas/ q fm&@c?wogthte%hﬁg Hn;)(ﬁffelgflt C@l?(f@%é@dl Ihd/or

e pore size distribution the no ybdenum cat al yst
izt hadiporrleond kafveh eblenilt hi n 86 A of the nedian pore
di anet er. The noly tal yst exhi bited
bands near 810 cm 834 cmg—mg%ESSO cm 1l when anal yzed
by RaNmarinBpegéraopdo oy supilibne pﬁmranmns predydt pmpaxﬁtldiﬂs gand systems
cat al yst was
LS Biral B 3T PP Sp AR PRUaares: fort

behey. 30 excitation wavel ength was 785 nmat a power of
he sanpl e. The spectrongter

Extnle L Brepataiion ofa atalvstSupbott (LroRgoT RS A baneine

5:7% gﬂms&ﬁahﬁﬁhm@pie@mlmamg alaarlecm@ﬁ)gfeg op SMQ:hlgan Clty, Mlchlgan
-acti om nophenol were reproduced to within +

%Wbﬂ% Bie %ramapwftewnfiﬁ SRR C Y Hlf’ﬁcr?él‘%fﬁb%mtnuéﬁsd The
ﬁ&ﬁtl@mﬁlgﬂ%l%ﬁ%as eRELNA %0&1‘104 Pﬁnf@)ﬂgl"l%@é)plgtm dn\é@ ®Etween 90

anal yzed by Raman Spectroscopy. FIG depicts the
empé@ﬁ P mnd then helcmvd)at@as ac y\sltldl reﬁllwtl il @® grapy efsentcsmet] kepport

\%‘B{ %mg 1%5‘@% }a%llg @ét e 061 p}goﬁ ﬂagpfai%ggta Lcl)rpdberg
ﬁlﬁmee Sﬂﬁtfﬁm&e(ﬁﬁhpﬂimulﬁ/vﬁ@ kraiged «d u)()meltlad) °C ata@allysstoutshadd then

des at | east O. a al um.n
RN ol i e A A
sllglﬁber 0003 grama_hf San@X2dTRhBa AR08 St FS1phh aluﬂlﬁ@p@,omgi @ns of
a Col um net al cat al yst having a pore siz

Sies Brogis FEHD 908 e Gk viBma a3 detpringd Ry Gitgzagtion. The

pPbrthad BRUFa@*%8ARE 13S0 1AEIRAT hoRLBRINRIEPRLALLYR Pfic @
Col unn 6 netal catal yst having bands near 810.,cm 11,
sgppert had a pore size distribution with a median pore diameter of 232 A, with 66.7% of

the total number of pores in the pore size distribution having a pore diameter within 85 A
of the median pore diameter.

This example demonstrates how to prepare a support that has a pore size
distribution of at least 180 A and includes at least 0.1 grams of theta alumina.

Example 2. Preparation of a Vanadium Catalyst Having a Pore Size Distribution

with a Median Pore Diameter of At Least 230 A. The vanadium catalyst was prepared

in the following manner. The alumina support, prepared by the method described in

Example , was impregnated with a vanadium impregnation solution prepared by combining

7.69 grams of VOSSO, with 82 grams of deionized water. A pH of the solution was 2.27.
The alumina support (100 g) was impregnated with the vanadium impregnation

solution, aged for 2 hours with occasional agitation, dried at 125 °C for several hours, and
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cnl , and 880 cm, as determ ned by Ranman
Spectroscopy. The catal yst prepared by this 10net hod
wo 200di0if7ex ent t han a ganma al unmi na cat al yst hardmgsmo7/080422
pore size distribution with a nedian pore di aneter of
at least 100 A. Exanple 4. Preparation of a
Mol ybdenuni Vanadi um Cat al yst haying a Pore Size
Distribution with a Median Pore Di aneter of At Least
tgépcaﬁneﬁt&?4gﬂﬂdfgg§ RSUR. Vﬂ(&%@éﬁ[ﬁg“e@&%b’&haﬂ@é 0RY4 %pa%{sqg
ol  om ng manner. The al'um na 15 support,
@planswr byt Heatpysthgih d@é@}anm@mgﬁuﬁgoatnﬂ]he vanggisim catalyst
ﬂa%??%%}eéd?%%ﬂgﬁlﬁra R ARE R A RRAT of T30 RO BRI AR or 009
alhya gofrtd e 120 ﬁﬁ/gg rraldiienafy, QNF-%)OI Me20(@] nugnbefiof pores in

f d
PEBTSy ™ o Aot A A S L PR, VG e

@écﬂz{mpo@édlaimetew zed water to forma sI urry The sl urry

was ated to .65 Cuntil disso he 20, sa
e e S HmbR SR b pbaraior Y sXudhe shferdrarat fRor
SRAUNNGbUSOh With @Minddas pdRdBaiyerePabieat 0% 8. 57 gr arrs of

V(}SO4 W|th 40 gr ams of de| on| zed vvater The firs
Example 3. Preparation of a Molybde satalysthaving - L Pore S eDlstrlbutlon

Widh b M(ﬁﬁi P&e Imﬁheteﬂomtt Eéasvm @dﬂﬁadn&?bdéﬁmﬁ Gath & was
conbi ned solution volune up to 82 nil toﬁzleld t he

T B AP N BRIMARACT PR BINR SHPP PIPREA DY theancatadrtictraibed
W@ PP f@e&ﬁﬁ\b&@né@éd ik Q%o%%ﬂ@iuﬁh%f@éﬁitﬂ@@ﬂh&fn The

| mpregnat i on sol ution, aged for hours w t
Belykdenwn alprgghatign pawiongyaseeepared i@z sorghipiHe 4@@@@%@1 of
(ﬁ@ﬂfzﬁ/lozéﬂg 3% %%S%Md@eglﬁgr ﬁl@ gf g%)”/f @lrzOz, 0% amns O-Ehe
resul t cat cont ai n 3 per gram’of c¢atal yst,
1091@>2thgmdmm©{MEéh adi 0 arehsof gdogjreaingatesfto fayhnydodieriunkhe slurry
\\{fn\%lth?f/:%t LK uG% \9‘: uﬁlglgdllsjsr% uél%{l afj t}?lg t%lﬁa d:l"rge he(_e)l},eél sgllutzloen was cooled to room
tehinpdrtituiau tThe pHWI tHe saluﬁeldwams @@rﬁed;baﬂeﬁ esluné waOjihied to 82
30Thi s, exanpl e denonstrates the preparation of a

MHHYCE M HES Wf®Snd a Colutm 5 netal catal yst having a
por e T ZRnfhaSduppRUl DO Braitds | WasAmpREhasd WK the dﬁ@y@%ﬁfm of
at |l east 230 A. The vanadi uni nol ybdenum cat al y .
IBPFRZB? OB dOMHPR S299aF 2 frons with occagipiep! 9giptipmmdrigd %hléﬁ C for

Q

%g@%l%g%} &?J Iﬁ%g@{/&gﬁg tf{?ﬁ} @gfgl?y ]I“IOU,EJ Cri”hlg(?&ﬁ t@%%at&l@& contained
r.@pgrese of molybrknnmlpybgtemwfm@ahyal \y1$kt thhbylamg bainpeupgosi 4be
PR op PRl § i T PR T RARA rS B ogs0 A«
16ad winmGo AT Adny'%d, alby sutfychbandst INéar’/of 7Q1ditrnalhg 69! 9% «lihe

totaFnumabré?!)P/ pzo(:f‘gs 1rt1) ¥he%%ﬁ?ze%?stnbutlor? gfo t%g molybdenum catalyst had a pore

diameter within 86 A of the median pore diameter.

The molybdenum catalyst exhibited bands near 810 cm '1, 834 cm'l, and 880 cm’!
when analyzed by Raman Spectroscopy. The Raman spectrum of the catalyst was obtained
on a Chromex Raman 200 spectrometer operated at four-wavenumber resolution. The
excitation wavelength was 785 nm at a power of approximately 45 mW at the sample. The
spectrometer wavenumber scale was calibrated using the known bands of 4-
acetominophenol. The band positions of 4-actiominophenol were reproduced to within +

cm™. A molybdenum catalyst with a gamma alumina support did not exhibit bands
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5 Exanple 5. Contact of a Crude Feed with Three

Catal ysts. A tubular reactor with a centrally
w@omsniosed t hennowel | was equi pped with ther npCDUS108F080422

to nmeasure tenperatures throughout a catal yst bed. The

catal yst bed was fornmed by filling the space between

the thennowel|l and an inner wan of the reactor wth

catal ysts and silicon carbide (20-grid, Stanford

BRLRRisah 8! Ahd 58 M BlvRun daflyzed Qihn?ah'Sﬁa@&f&s&)%p bie deicts the

believed to have low, if any Ocatal tic properties
Weei oliie Brosesbstsc Bl §8 @H@Sedléséb? mply dfﬁ‘éméiaﬁ ystapaving a pore

s‘r‘z%td%tﬂlﬁ{u%n With G n@d%%g) Bk d%ﬁé@er%@ 23 Ha Ip1oY P %T&%’(Eol%n

I 1 1con carbide bef placing t emxturelnto.t e
Qz‘thl@@tlD megtat oxialypdirat lr@hlsle&ﬁ't lqapid). T graws of gamma alumipp daving a

RhHge. Jlé%ﬁﬁufoh‘%y*%ﬂaqnéd“ﬁ 04 ?é?zﬁ&rﬁ&eﬁ’@%zé Rom the top of the

reactor to e reactor. Silicon carbide
was [T(h&l expmpledemonstrhies the prepaagdn ¢efreCalene O oretd catglpst heving a
po%e %ze 1§t}119uq11to:rli ?Vsltlljl(%%g rcﬁa%Aorebcggm&er O(fa lge%s)e{ ng Zil lIJhl%%)Q?leﬁ also
ci}:tﬂohﬂmras@wpbnadm dfn Ecdnmm & nivotl tmﬂyﬂdnamagbarﬂg neanﬁeo criffle834

batto at aj had e size distri
AL ETRAENE! 7 dorded of R ST Die O Bl oy plgfgy wis
ethdeik doferdd0has a gmmltnh] @lupiaecatilyg eh i tarfolbd iteaiisthiion §ith a

e dianmeter within A of the nedi an pore dianeter.
‘g‘f‘éand%ﬁ’i“iq}ﬁ‘in‘étﬁligdmaygﬁﬁéé(gﬁal ned 0.095 grans of
PRIneS, an@pﬁﬁﬁlOﬁ oP 35_Mﬁﬁﬁdﬁnu B/ V Ak @atd_lﬂ heViash Pore Size
cata y_st _Wlt he b al ance Dei n% an al umna support.
Distribyition ) IJ_.',- ore cter of A A gasti23¢ é['h(:56 ci n3)
M@@bd&ﬁ&hivh&d@lﬁﬁn Qa!%al&s@ F%a@f)ref)et}é‘d fehd M FRB haahd NThe ADRidO
forma mddle contacting zone. The m ddl e catal yst had
APpB Brepireé by the micthoddesshibed it xampisd waninpoenag atbaer
rﬁ&ly@cﬁ:ntﬁn/v‘%a{dﬁn@ ﬁnf%e/gngﬁoﬂ B E)ﬁhm@(ll‘ Q&%ﬁo@g RBEE Sothibn was

the pore size distribution havi pore di anet er
widethygomhinmeck 14 gremsreld Nah):Mov @, 25@ lgaim@tOé MoOBH&Stirdedh ef 30%

T

d@e:inm@d aateatouiotnna s]$ltrp p®hd slurdy wwleaatl & ¢35 witil dsg@ion of the

rbi.de m x ositioned on top of the
i e gLy o TSP R B Cont act | ng_ zone.
The tofcetdluyish waashade BAJobSide3. 8 siafk BEVDS0, With B0 @rams of
medi an pore diameter of 192 A and contained 0.04 grans

fonged maiey b Hesritih spiion pahcend saiutipn were copbiged 4 sufticient

Ralnge §akevagaddbd Brink YheAeoS XA s@btitH Vot IRL ml to yield the
Silicon carbide was positioned on top of the to

pobdea i Ygnadgie I REC RN SYRRIAN s hhcHRRE Map 1@@?&}@&%@ the

rﬁélmﬁﬁmwﬁhﬁmﬂ ﬂﬁpr@ﬁi‘él%ty s%iutlgﬁ YWafor b‘ﬁ@ﬁ’t@ QVlﬂh%t:@asf%nal agitation,
Li hdberg furnace that i nclud eg five heating zones

@ rebohdiong verel toue, gndeth@malczr@d@t 430n€’ foophours. degesulting
C%Pa?ysp onEef?nf:dCI)of:rr1 %1%% f%gtafygtnﬁ o2 gI%ms off Oe?nagluhlt a%H‘o%éng %st of

molybdenum, with the balance being support. The molybdenum/vanadium catalyst had a

pore size distribution with a median pore diameter of 300 A.

This example demonstrates the preparation of a Column 6 metal and a Column 5
metal catalyst having a pore size distribution with a median pore diameter of at least 230
A. The vanadium/molybdenum catalyst exhibited bands near 770 cm ' and 990 cm

when analyzed by Raman Spectroscopy. FIG. depicts the spectrum of the vanadium
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The catal ysts were sulfided by introducing a gaseous

m xture of 5 vol % hydrogen sul fide and 95 vol %
whymsogem gas i nto the contacting zones at a retEBUS007/080422

1.5 liter of gaseous 5m xture per volune (nL) of tota

catal yst (silicon carbide was not counted as part of

the volune of catalyst). Tenperatures of the

contacting zones were increased to 204 C (400 F) over

cltta%@t" rp1&nd2 hghrde @t (1R b1 fbdbRIm a1 P hevind p&E siOLirBGRH with

C, the contacti,ng zones were increased
4 Hedighreyt dipmyter ¢f 239@¢C (600 F) at a rate of 10C (50 'F)

per RA@ilexa fﬂ@ a8t AGHsLGs O gﬁgaﬁéﬁ&ﬁofwdﬁrﬁﬁ g]gzgalgstt hakiRe
C for an hour t hen I ncreme raised to

Kandromea) 7 var ! anh 9 can dvtisa latilyged BY Ganpup ppaciwoschpiur s .
ﬂ{bﬁn}gé’@t é‘&ﬁﬂa@t%f%ﬁﬁg ﬁ&ﬁxﬁh 'I‘ﬁﬁ%étég;&? Ofx utnéhlﬁ TP thth a
atformin

C@Jllrillyqfoswemdahﬁmmwelﬂ whs ﬁluqnbed whik thehreaoeples 10 namswy empatatures
b SRERBAT L0 g otk ma oo by g b\ Beb i e
thermbaoll @nd an 1Eh€@.wall'blﬁ dle(reactche wﬁthe:eltalams alﬁdesihctotn ctnfbeiet(ﬁpglﬂxi

he r.eactor 5 The d d t.h
T e e Y e AT

czl@lrgem pb@ktt@mmnﬂa@tdceg cdadligons AlBgtribat Ke@sth.SHP pm;altystgfvere

reactor. crude feed. was of
D SG ) i T B SO SR AP bR ghisthe Fiure o he
oant@ptoRgp&asdior iensacwer € as fol lows: ratio of
hydro en gas to the crude feed provided to the reactor
8 RAg s floydothe seaetgy Wat faay hedep of thy reacighig the bottom of

tﬁé Feﬁ@tle &M% crbRie MR pbstid 4 tﬁ@battonz& HORadibY (8 Serve as a bottom
contacting zones were heated to 370 ''C (700 F) and

REPAE ol At nagatdysysilicon ¢bidoDixHe 3. cmf‘bwenoaltﬂan%ndpp of the
4en AHRE ($RRL %%{t&ﬁ cé&mﬁg W6He€ ThB BBtdnD 8&&89& R4 @g&e size

mai ntained in the follow ng sequence: 379 "C (715 F)
dighribBEO vhiduyrmedianmgra dianct@8d 7T /A, »30 0B)/ % ofrth& QG hmnlp@ of pores

iE\ !9%%9?&:9 zoe?lié\ilgjgioh gﬁlerég % iﬁ{éggglte&? %ﬁm g@r}%doil tpﬁfﬁeg gn por
Gaoeer. Jihe togtm aau«dysg agitaigod Q.@4H gritres dand}/lyknurb edld 0. OISbgams of
nlc‘:l—‘_lgePPer lgrapn{ gfdcal.caéyst Wlth tt?tt;a?a%gg l:?elrégpan a l%mlng Sal?pﬁ)!éll‘t ? (L;:: gl p h ase
producmumaﬁmaﬂpaﬂmkmdcmhmenﬁh&mdﬁ@dﬁ%pmsﬂunmxmmdngmsfﬂw

ut.to the syste S _measur ed a mass fl qw
SBReBRiui: st ST AP B ER Do Sadh PR o ore
svetdidu@isdtion B h.meliha p@feLuizﬁn@mxﬂ ug A, wWas 6pevi cf.fcﬂheqaial dumber of
anaL% ed to determ ne a ht percenta

B R PP i LA A e B8 g ALof thegpegan pore

Biifet@V aha afddlO¢atdI e colRdiRIdn. medamebialitkeBthdLITERh aGE S
of conponents. Crude product properties are sunmari zed

nelyhdeppra pgr gampef ggtalyst, with thabalancs Raing An Fiypiing s§ppothe

crudey %) Qgth%gt/ sNREne QEid AL f42%g§j@/a§3[¥d§glléﬁéd onatog ot dhair

cont ent ~ of granms, a resi due content of

Rigles, coaﬁctmgygmwto é@’m 9P CoFaqing 9O The mm@talmw@d@rmwlze
es

Sl BRSSO L QS e B

elsbdeama dievgramams cAys, witlptherbalance being pnmarlly a gamma alumina

support.

Silicon carbide was positioned on top of the top contacting zone to fill dead space

and to serve as a preheat zone. The catalyst bed was loaded into a Lindberg furnace that
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The lives of the catal ysts were determ ned by
nmeasuring a wei ghted average bed tenperature ("WABT")
woensnss7sain | ength of the crude feed. The cat abgBEUS2007/080422
lives may be 5correlated to the tenperature of the
catal yst bed. It is believed that as catalyst life
decreases, a WABT increases. FIG is a graphical
representation of WABT versus tinme for inprovenent of
hhBde@r e Bed B8 ohdd cbRQpSRIAS tieNBeANBae, HRS6H, A8 e #Ad bottom
this exanple. Pl ot 143 represents the average WABT of
oREcingzeacse tikl the botiom PPES ver sus hours of run time
for SARLAGHIDGR GAHAPH] BRGuMd: LORul &Bqturmofisiba% dthgen
bottom catal ysts. Over a majority of the run tire,
suHlewp@BTS ml%ch:vémgemgmmpﬂg: oRe12gnhes a@heﬁﬁfg@dl 5 liter of gaseous
I?{%Hﬁ@éér gg%lgr{e)é ?fo tgtealS Ezl{teﬁggt Esji]l%og %Jﬂ%{%% %&Elg%{(g%%@l?%c?aswgf the
\avrlutma/cvftcytabfﬁt)t ﬁ@npzeazttaﬂeysﬁthh ewhtagong heenwerkfimedasdl to 204 °C (400
© %?\rleéﬁahtoé{fa h la?EOWft rEHourg Igﬁer(ﬁol né,aggél? gpthoc%glfcéctmg
zemmmére 1mmamgmaranfmalltyh@81(c°©}(6a@tﬁ) raga takmofdt)tfi@ QS(T %R)@er hour.

one cat al yst havi ze distrib
Pletcn G e it w RGP P oo p i s Psea o
ﬁddct(vmb oGl dbyisdng hbldat A & fpﬂm ke Tee séntdcking r@es were
aﬁ a medi an Eﬁgre di aneter in a range between 90-180
Owﬁﬁlf%oglttolaglg LEBPEBE ™ he total nunber of pores in

t he . @ﬁ(%SﬁSdAK fhe (Mzﬁﬁ pllaﬁ’d}ﬁﬂ 1@ TﬁhJ@Mf Gfgvlam&ows fﬂte@fmﬁ‘ thef heated in an
wi thin of

EmErDFMRe AR 8%t 2 rﬁ%Poc Sh fﬂrtl? 8ﬂ éloura f%@ue éhf Céuc{eé%eéh having the
ﬁB}%@t‘t&tsuﬁlﬂﬁltlze‘dnﬁ raled e ehaidgadicQiWE fed &Sth€@p of the reactor.

measur ed f%éb@ val ue, crude feed/total product m xture
Bheaideifeay d thepyghahareheatac dpRigRataskpRIRDE. Tiddle contacting
JoRI 4SRN Mﬂ\t'aculhg %Héeghd'\!o%l'ﬁ%um)ﬁto? e ree{cﬁﬁlu ¢RIcrasl FeéH was
content and reduced oxygen cont ent relative to th
aontaded fvith dachwiiitieecatalysts iedhie gresenso pf lesislroganm dast r@nmg
t

FRBLER v e P RE AP BRI R HER RO GR R RO3fe macir
Grst 338 Nae e’ @DAhSCTRD, THB Wlwes tl ™ Tzhdtprebdaue was 00 ﬂ\éPanl(zhfl 7 pSl)

stri btlon W Lt h ter
RAEH B LM By dER 30 -CRiE T TS By R or

F00éomy nemnpamdres ohthe tirecofonactittgamohésngre rbme mcreagdtaadl y@intained

B stuB M R ATk 2Ty 57 SO0 b AR BT R0 a0 v 500
Hod®, ;afBO(BRE. des ezr)lf@e@oa) nodisg anplen 3&aah(7aat@l fys1400@surs.
m xed Wi th an e of silicon carq‘k;l de.

30Th
O e dnpiste] rrsg B! sv/Be Padertchand PR ERLe cygbgPaThe

tf)@ﬁﬁ&ﬁa@ﬁct vas tnfreadeed tnedma Ofs-1ighRl ph@@cséﬁzarratoﬁhﬁ He®AE1iQid Wepsrator,
filled frombottomto top in the foll ow ng manner.

th forad BIPIEH M aRPalRés! 11aataélilet Gresledodyet 40 @ah o@ft%?ﬁ%fo thpygystem was

HhERGEOby b aSEIIECEBroferD@fal SMiSHRP Hstem x%a&ﬁéals%ﬂ by a wet test

catal yst/silicon carbide m xture (80 cnB

peel tlihe gavde produespvas perigdecaly ppadyad @ac}etﬂrm@etadvelgh@pefmtage of
o e g PR, S LY Ay i

parcenfiapds ob 601Ipenghts.t Gaide prodhctmpummories proseymanzedhe Tygde & of FIG. .

Si z e [ ' e ] 2

o ¢S Tk B, BRI PooRet HePRBhle Mok piodpel?s i

qontehmfé)d)oos Sy s amrsidaf conehydi DA rprammsd aifox 2ergeaaremt of 0.0007

ni ckel per gram of 5catalyst, with the bal ance being

support.
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A top catalyst/silicone carbide mxture (80 cnB) was
positioned on top of the bottom contacting zone to

wo o008043183 t Op contacti ng zone. The top cat al ysectaskoa7/080422
pore size distribution with a nedian pore di aneter of
100 A, with 66.7% of the total nunber of pores in the
pore size distribution having a pore dianeter within
20 A of the nedian pore 10 dianeter. The top catal yst

grﬂﬁé URRE e PRodRIEEHXB a AftiocVrBKER c@ficht & & 2asPiA@Bes@bntent of 1.9 and
bdenum am of catal wi th the bal ance
lﬁ@f 808t totagpii m@@ha@a\fab@%@“ WasZpo¥ititbned on top
Of t @ fib Lsr tl{é%laﬂ@&'v&ége FLRkirdeQ b§ lnlelasu‘fllﬁgg v&%&‘ﬂ&:@ a@é}gget Rd

serve as a preheat” zone. The catal yst bed was | oaded
tempeyatare (("Waddr g vérens maiclength af the aeideded. Tlauratadhststlivagmay be
I ' . Z
EPRERARONL CRRANDG e L6 LS R A fufilte
devienez, el AP Thaareases. tHE. Fﬂr@gj@pﬁdaéspmtmﬁoh pEW AR Jeabis¢ime
ffz)te iéncF};)lr?\iemeV\{asft rcg”lll‘lc}eﬁeeicﬂ S tﬁeoc%}g] r}ghz ners%a%cn%ed 1n-lg€ge mrP(iie Plot
Zdnepresonts tlmmverag‘d W@IBM t}ZthhEE;s camtabtlh’xgmmwmﬁ@ms ocﬁfrun tlme
eact or ecruefee nt act ea

DREASRE e IR FHRTS u Bulie oS ROREGEFa St fRERoRly or

tiOfinatid, g VCABTiof iheREntUEING zaises foﬁlylcﬁmed alqirmm@rfely 20 °C. From

dr oge S he crude feed provi ded to
F% ?ly\ﬁg@ °1 8Bkn %%VPWSE@%G‘@G atLﬁ‘%W%@ ai“‘ﬂt—yff the
@&@sm@&@us@nw&t@ IryWRally, Lid: lﬂntpﬁﬂl Jime ShEOODVIB00 hours
contacting zones were heated to 260 'C (500 F) and
GeEEhtcaihbrraael ogunergalapeptien. for 287 hour s.
Temaiatdhgsle A mb QG akPaCRtBG tﬂtgcrﬁ@cnﬁtSd WRE 6nd B3€flyst having
I ncreased and maintained in the foll Gg sequence:
pprge gzq Gstgbytionfwith al@@iIWfsdlamwészs@ast 0 A(agg gddmyorppy
C%ﬂagls%ch(ld(élé% %Qll%rglzé l’létrﬁ;utl&ﬁg%l Irfeglan g&g dﬁ%[e? mn ?ﬁggé cen

. 5I') tor 120 hours for total run time o
MIAY Morithsat least 60% oftiee et mimbpr oldeeses e dictpert sidealistwativor
t | e
R o e L G e
gnaviirtgycooditid, produpeil agot@irpmxhaststhatgnchiﬂaé thercongle ppududu ets

nsqgag?rﬁé) ’E{/ Bgl%%r%néf%dregé%%ﬂgttap%mguc? mixtbre it&% 1 drgwas mal?tal{ygl' The d:rude
ﬁo@ZBheglrrMecDTANe&daheé N 1/AUE& ddn@ng red3C:dpuipehices amf reduced

t he crude oduct are listed.in TABLE 2 in F

riper Gl ERGPLC R Ru e Fhut PeSrREe P b gpcomem
dreRcritdet podubew fat08d 130% o ek Gopati® itk rdiegtdd but i ons

W t h a d| an or : dlarret er in a rane betvveen 90

8

mﬁﬂnﬁﬁdn Mn’h\él ﬁ@dﬁﬂ %wbnan@w i alRRRE a&w@mg{ﬁmsm mrﬁ@ieactor
relative to the properties of the crude

eed
WYY EXeh B e TIPCRAYY COBRRIEH Fordtcting éOIl?F)u%Péalb?t él&ﬁélflg

RS, 42468 @@Ise%%%gaehe tda 8 pFRBAGRY | hl\éﬁhoﬁ Bpﬁﬁ[}lzin%%@écru&é}ﬁoduct
crude np . Cont act

W%th@étﬂa@ %d%cnbvﬁél E@a&)ﬂ%r E@bﬁaﬁab{@masmx%mth @rmqual volume of
sﬁ‘lﬁc‘lﬁﬁ%&bﬂ@d content of contacting zones), catalysts,

total product separation 5nethod, crude product
anal yi&e srudafﬁﬂd clawdd yhetreasiol friasl{rong thretoh ofthaveaetot teghasttem of

f . f - ude)
e N Do A 8 0P G Rl SRk
amsdef vedh positibined at tip boftorh hithe afactbmo seivhes chatthen fuppalt. A bottom

thro t.he he t.zone p._cont
R A R B kS0 SR ERC P £ 8RR
reactor. The
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10contacting conditions were as follows: ratio of
hydr ogen gas to the crude feed provided to the reactor
wowRms8&78F n3/ nB (500 SCFB), 1.11S V was 2 W, BIMUS2007/080422

pressure was 6.9 MPa (1014.7 psi). The two contacting

zones were heated increnentally to 343 'C. (650 14). A

total run tinme was 1007 hours. The crude product had

an average TAN of 0.16 and an average APl gravity of

fl)ﬁn 2 bdord b@ﬂtd&gngf&lQGQ“ fid Mtom-m@al}%f wee M@Qk@&stﬁ&dwﬁ with a
opm of cal ci um pm of sodium 0.6 wtppm of

@? i POshdi etk PRy éf ﬁgﬁag% Afrthe prabnynkeg posy Bt gee

(H&ﬁblgfoﬁ %Qfl EP&Q glaﬁ{e%g Uv?thrn 3@ 1@ Qf’glﬁe gl'é@igﬁ“ &E dﬁlﬁlefey "'The bottom
2 gr ams of oxygen, 0.376 grans of VPBO 0.401

cgraém’smolndfrde%l Idgrems AdEdlybdsnan apd Bpeeransof ofckftlrper gpygé
le 3 in FIG . This exanple

%[a?}gﬁgﬁtpglgeg%ahd é&gn 4?1 gc?l ng of the crude feed with
t he séetoe catebfstgﬂcan@aylsdfsmwutrh (§9om®) wagmsitiostd dngup pPHhs
t}?rkal%a 1 e %gognegrt%'{f)r%l thet chgtggt%ngt Pe Ca%golﬁ?ﬁ%q%s?hacf nﬁ})re size
(ﬁstnmtloalv&dthp(mmm o dmmdstemtf oAl @itk 66 7 trof clenbehtumbéeor pores

nt e ue content of th rude. product wer
88 mogiay b Fon SiGpE RS MauBles bGPt PELShpotF e
diimisler. fraeehp danaRphesdd-0103 grians@atékeDindd. O giﬁiﬁs ffasslybdenum

with Four Catal stens and At riou

RepAEE t@”&fo‘r‘(&% fﬁe&ﬁ%nceéﬁ&% alynipg. o%l ?%%‘ﬁ&ﬁ’é‘i‘eu‘%as(%%%‘ﬁfl on
HPbf thé ErsbtHRRin@Nfhe GONAN BEHd spicemm toaeiveRga FRAGS yoneC ahE
total product separation nethod, and each crude

Cﬁ%@h‘&d vy Agaged @tw@@d@%f% th&tsmélléé%jrf%ré@a‘il% zones

h&ng TBe F3hak y&k&h@@i&c@%&ﬂé@d&qey gid\@e bO®NMRHPAE
as escribed In U S Patent No. 6,290,841 to Gabriel ov
et atBSAf prudatVengark) hpving the Reperigstsamglarizedop Teble Bi IJ&. j yyas
f@d Yo%y{Bt% of ﬁie'r@ac%fr PhPdhdeSedd ﬂldv&é&ﬂh&éﬁlpﬁlg ?reh&t %or{%a{o?
catal yst unless 30 otherw se i ndicated. The crude
donawingtvooe dhtten cpntrcdiag rene, smldoftpigsupied of dis refetarhéhe crude

0 t . r i de
1%&?\% ont{alag(?] gvgh hot, oﬁ?ﬁe‘%ﬁ ?nl o@@g}&{]nc? gfaly %Q? g%s 2{'}1\9/6
c@staatlrtgoion«lmmsum@ast follgac mtoed bydpgdnads ® thotrmdnfeed provided to

ont ctln an C ctl g-1Zone. After

BERA P NI b b ot et BBl e bR
@ont apd). ﬂgle ronesitefingambs weattaed toRi6h PC o500 °E)azrﬂd|mb3ntumsd at

IR R R e R

ih@agt@iind frashince aahofollvamelseqdad: DTt @ @28 Pmdkelrog hours, then

1 TR FE Rt Biie el G Bk Bef R Vo bRl (e
POLd 9P BMRPOF h (ot Inih dEx%@smP1 193 howhl uncal ci ned
nol ybdenum ni ckel catalyst/silicon carbide m xture (48

cm 3)Ihgddal padue e ety W%ﬁ%ﬁ%%%@ﬂ%@?wﬁaedzlaﬁéample

ﬁ{éecr&ﬁtp%dyl&thaﬂ A hided TAINEH ©i2Ma%h a@@l‘ﬁé‘él A(lsltgra\@ty J@f' @2 5 durlng
grans of nol ybdenum- 0.047 grans of nickel .

rg@%ﬁssngafmswm pendyet hag nehgllaﬁle)f aide podudid}- @@3 @Ir@m qf aulfur
t I
((slugag%ﬁ dv&\ﬁogggemﬂm;gﬁf%w%é L dd7§%&nfsq;f?ésﬂﬁe M A &iHE a1

the c yst having a IOpore size
mbEridsiohthe grndwiptaduet apelgicalrin ot Il iad#tier of 180 A was
posi
cat afﬂ&%{&%@l@ dEAItH str? % %g{lgeoﬁ%g %gcgg%gge feg—J]\%ltﬁrPJeBéQtQI?lgtg mwlng
pood silpdBsitbatioes wgh amegdian patteaﬂwymiqr ima talnget Tewdxal 9QAIGE A produced
abcef{l cruo P t,%at had Q%d | ndcf Ajlg ) recélluced WFeocogt%mg LD reguced oxygen

pé&regramor SUpps
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In Exanpl e 9, an uncaki ned nol ybdenuni cobal t

catal yst/silicon carbide m xture 15 (48 cm) was
w@o®sniosed in the both contacting zones. The PCT/US2007/080422

uncal ci ned nol ybdenuni cobalt catal yst included 0.143

granms of nol ybdenum 0.043 grans of cobalt, and 0.021

grans of phosphorus with the bal ance bei ng al um na

support. A nol ybdenum cat al yst/silicon carbide

dhichUFeaiivd & ﬁ@'g%péﬁﬁ@s Fasd drh@ed, Wil REidhORNERNEROVGEOQontent
zone. The nol ybdenum cat al yst was the sane as in the

bl Wﬁ’tpé‘&th‘@efQ SR ap¢ 194fe pihagrsaective propertigspf theqggledecd.

Edmfi0%. EBhMBaRR ua@'reé with 8vodERGI gtpe@lha Ieactt& gf)aeaus

contacting zone o € Was M xe si |

(exaebi fdengmier pl@sisqomeoh@dzontﬁcttnﬁéomi Iqat@kvms ahet uowgp@ém separation

ot Bl prot VR, B oS ERAEL B0t ersthe soape s doscrbed

iR5k48pled) was positi oned in the bottom contacting

Izggle uAd;el- hge 1%@(? &i@? g(?n gl’(l)l%le %/ Qdﬁle tpr p8rt1%gseulmrﬁa§r}zed ¥nsfable 3, FIG. ,

Wl fydmbemmsp oﬂth@ 26510@1‘ ahe omlﬁderfee:chiwed alndugh tBd prghaansonef top

hos hor us bal ance bei ng al uni.na supporf.

ReRans neltbh fa TR G R e B RERRO5H )

d&ﬁ&ctﬁl{g&iohdhﬁﬁlﬁdvdr@ ad foRow 0 Patiddf BENbSRLdan @ tEONEde fE&Eprovided to

Bt PigoThdns FoeXTRe AT 2% iy b trvtsli Wi

®beLT SiMTHGWHE cHiacliBX k@) wiRehitd ihekpEntallerB4beatesd Fn A
an oven at a tenperature of 93 C (200 'F) for 12-24

Hgls s wasrl AVt ¥ er ude feed for Exanpl es - having

the phERRIE bl%aué WAAR dv2fde ITANTAD @ o afrhGrage 18 ofV HEBE 16.2
feed was fed to the top of the reactor in t%wese

dig grprogessingh @h%?fu@l%mf)@@élhﬂfdl et rir saighint Revipime ppdium, 0.6
\gtg?ﬁ'of LAR 268 @tvﬂﬁﬁnh BEFRGEm, ARL LM FRALARA, 29r ogx%g gf cRAd

tom support of the reactor. The crude f
feohca 6108883 giiamb obsudliar, Of00L lgeantsaf akyesn.d). 376 grdves @rEs@mad 0.401
%gmbé(quésqg%n Agiﬂﬁlo F& %ﬁfeg Qgt é Gﬁﬁgblﬁh%? ﬁrefh%{ed ?1?’? le 3in FIG. .
xanmpl e were as tol |oo rogen
c ru d € hfseaample ﬂemgnscr@m that qongcm@,sof lmrmﬁéad&vl(mt@@ @elected
ca A &s $ w1W2pore%sqge (f]%nlglltt]%lasl Eragr‘?’arg%%ro? o 1’3@% prrgcgl%(%l %&H Iq product that
Idtd rall‘ﬁ@lCtEd'TEANl 4 stlu@0 @tilealcsing fodiant et amighotasidmtchennt while

R G fdh on e PRI OhER GRS O BT, and

1039%) offuey re§f3ki equbrdeb oLOBLAQE fa@. After 500 hours,
10t he tenperature al | cont actl ng_zones vere
camples §-1 tact de Eee ! stems and At Various

@&ﬂﬁ@:ﬁ?l(ﬂﬁldi’tmgsEmfr@acE@ laﬁﬁ@atﬁsqe&%ﬂt fGr h6 ﬁQmEar,an@ edrfler@bf
ours; raised to 366 C éGQOF) hel d at

C9BECIEEFIOPESHTACTHE 1 BOdYch pepargtiprmethed.and vash cfide Prdpgt agglysis
werd tl"g shifE as](Q:QQ‘le@ Hf]@xarrfp‘?é segk 5a9&1ﬁ§5veré/ sdif{dea usM% theNBigbd as

at 385 'V for 200 hours; then raised to a fina

desribed it UiSePatnt Dpo6.290.34150 Gebijelayet aheh i caitlygogere yieskwith
s%%n Ia%fdé 1n ; QS1udte t2b %k 2 %Qx&t s‘?i?ctoh @befdh gl ffépéataay%ggnless

hour s
otherwise indicated. The crude feed flow through 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. Fach reactor had a bottom contacting zone and a top

contacting zone. After the catalyst/silicone carbide mixtures were placed in the contacting
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The crude products were periodically analyzed to
determ ne TAN, hydrogen uptake by the crude feed,
wad2008b45853 YOU content, residue content, and OXBQEUTS2007/080422
content. Average values for properties of the crude
products produced in Exanples - are listed in Table 4
in FIG. 20FIG is a graphical representation of
P-val ue of the crude product versus run tinme for each
Rhed dTRadat Rl Sdili®¥UStHPBe Fhs FXATREES tt) ofr e tdérdéﬂﬁctfn%ez@ne to
had a P-value of at least 1.5. Plots 154
fihérad sgce ap} @ seime at harelmaj zing én ¢eh quet% erPéFb “ﬁ?‘@ﬂ}yé& loaded into
%ﬁ%e@ﬁnﬁ%e &Qﬂhéﬁﬁédqguﬁﬂgﬁufg" ﬂég& c%ﬁ@%oﬂ\ﬂlﬁ to h'f%prfal%ldf zone, the
cat al yst systens of Exanples - respective
tW@@petacttnBeommﬂml@@Ittomﬁepmﬂude pr oduct remal ned of at
I east r
it B2 AL ALNS! n SKRUATR A PREATRES, ik minpe
Ctnn Drwas Atsitiohel lerulmb bwﬁtonmnuactmg(zmﬁo or Hwatrals/)?t 1h@udeaxpﬁlngtael Qf
capa &/&P OVI"Z}F gFames é)i y%dea um oH‘O&ﬂgra S é) Imc eelrarngg)tb?}]g{a sof
dosygheruk eeith ihn baasde btalmgalunnmmppted rel at | vely st abI e

phas 6 SE R bl Qs BRIy R R R T P

Ridde psasidioh v&ﬁlﬁﬂiﬁhéﬁﬁdl poid dhinsted of 180 Ast@rposidoredigthe twp

305| nific ons of each tri al t in

&fONC: aﬂ‘%ﬁ ‘e C?f‘a]v%f%ﬂ‘éa t%?:‘r“%‘&%%&? 6104 granyso
lﬂolglsc&:amh @t orhi@PF E8AN ALikiOMe 6ilamebeiy SiPPR Mha R Q¥east
crude feed versus run Linme for four catal yst systens

3 FRBS P BEERCAVBIN RYEHYHLhUPRYT Pl ots 158, 160 162,

164 nepiasanb, AehcVAEnasPbdRt Ao AL alRedIiRM carbide mixture
contacting the crude feed”with each of the catalyst

@y smeves ppsi s B both cppiagiime zpres| Yhe pgeplcipgdy mb@ﬁenum/cobalt
éé&‘i;%kﬁel*&&edao E3UeGnd &%901 dehurft (. (Bh@ gklérﬁ@of%ﬁa{no anﬂf oﬁ?gQQns of
hours was in a range b ween 7-4
BoRhorudsvidhlawpalinge P alumtnheumett hydr ogen upt ake of
t he
tri o MR R Eh R R P B R e or
@ontenRtzone xﬂrees@eldlenmn wehlykttwas ehre@emt agim, thotop conigheing zone of
roduct versus run time for each of the catalyst
I]r{pems of Exanples - . In each of the four trials,
t he dn Heempie 00 ulot mblgbleauin estalysiens dedatibat in dfe t8186(9ﬁ%m)g zone of
eS|due : t of the crud s 166, 16
e S s Sabatiep R HIE T GRRa Tt g e AR 60
@r’pduct obtai ned by contacting the crude feed with the

catal yst systens of Exa s 10-, ectively

howt PRS- 1 gl panedauntitel SRIvHY it nixur
@8 0aYGHas fp@ﬂﬁ(bﬂé@‘i’n thebaddny eéryacﬁ@g@dn@ntm@iuﬂdamgled _

Si gnl ficant portions of each

Ia? algﬂ?rlemnlqkekf@eévéh@etlﬂ%lnpefgr% afrfgéaIXSh O;Qﬁlgrag?saaf .rl%%lmslfmum
%Q'irh@& dkedusd 0.y ?%r)ﬁ(h@ of pHdsPHORR, Rk th%%ﬁﬁn&fbefnlg%lumma

cat al yst systens of anples -. Piots 174, 176, 178,

SEBTf- epresent APl gravity of the crude pr oduct

obt ai t : :

T5ca R AR PR TR Sl TS gl ioned in the or

cea@htlr@fzonh elfeguelydeneh satalysiores dhreudee ps mdetop hamlacting zone of

VAR %&Pe& ty in arange from58.3-72.7 cSt. The API

gravity of each crude products increased by 1.5 to 4.1

degr éasde fidne theMare plsdamAPlulfgif Miixicp) way filesph s htaedan an

S 3 Bty ST R s B Arh MG 198

the APl gravity of the crude feed.
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20FIG is a graphical representation of oxygen

content, expressed in weight percentage, of the crude
w@emduet7sd’ersus run time for each of the cat al BSL/US2007/080422

systens of Exanples -. Plots 182, 184, 186, 188

represent oxygen content of the crude product obtained

by contacting the crude feed with the catal yst systens

of Exanples -, respectively. Each crude product had an

IOAMPRN - AR dget'HE pRberdibs MMHtarib8Vnofablele FRY. Utghe lRRE feed was fed to

25Each cru roduct had an oxygen content in a range

the t9iod thg @aagton Hotbqss cyraNes- plée cgila e flowed teoysh dipeheat zone,

tgf)' Eéx{ﬂ&uﬁQE&et BBl cofibic OWhe, i K efSm sy f)(t}?ofocﬁé/ R&lor. The crude
content of the crude praoduct remal ned relatlvely

fe@m\sasan@ntaqw with 2@ o greatalybts cothe a@swg of lyigeogempgs. Contacting
Joﬁ!h ng dacfr Ok %{:p%erg)é %%ngoﬂhg Q fte asct{) ldgl%e feed during

pro uct denonstrat es at sel ecte C oxygen
QDontptmgm 166 &nr'énaf U0 &(EEB)nfgldtthmpaetm Ipaasiulrfngf hy&ogereof EAM

?Iélr“faég Jlﬁgéj {:1%?4 :7 g ghﬁ%ﬁ I on (§)IF9 ?%thetﬁr nEMO Q(furs of

c@ntattmgn amigher lganicd tok§ ge lﬁorchwpmumdg cantectrrg dines: d Temperatures

18 )%b ﬁ%%ac\élf}l %Ig% g/r ret ﬂg 8 ?&Oc’ﬁ)r %& g@pqogrs §) I%chljgg? ﬁgtﬁlg% hours,

thORdiptans iohll c&?aﬁbtm@zc(n@@@ere fepntrdled E@S)SUWQ tigf teﬁp&alﬁﬂ%&n the

1014.7 psi), and. a ratio ro c e feed

B NS (oroBO GBS CAD T odGErT o b Tobr B Foaeed to 36
M@@mﬁthemt at \36(S°C1f7)r 200 Mrs; Raee DN Cheoove) gltd 087t wefor 1000
crude feed tenperature of 399 iT (750 IT), at

hones: gine top}%s glﬁ?@ “Sivdeldt BE Gt foRyft ayen theg r%freela%a gnal
tfaﬁ?&atufehﬁ speauehsh am K nelvds S eadr MaRoaRMoe QEOté’l@@ﬂtgétné time

based on the weight of the crude feed
CE)@&% @r9  at reaction conditions of: 371 IT (700 (T)

a Prg$ghife Blfodﬁctgw%gel(létgelaﬂ Inddged o (?ertgmﬂlerr[@ﬁh‘ll% Blocen uptake
hydrogen to crude feed of 160 Nm8/ n8 (1000 SCFBy, the

ydbleevilolted - witugd ¥ Gl cMCR s idon ¢ atnt, \ﬁm@ OAYBE C . AVerage

S A A S T R R
fid. rati o of hydrogen to crude feed, the reduct| on of

crud %ICE elesda '\r/e%%lc% drepresenta\{\%rsf ?ﬁlg ngtue of tgg g’r%ge Pro%uclg Ceriis 1'912 Eime

of thecru I NCr ease ction
for endr of the datMEZR sgemh seritExdmpien s t Thatopsleti@thatl A@-value of at least

PRl RRT sy BaCB A B E-OHC0 s gy product otaind by

chatrefianatiuieRed Wam the I'ﬁ@lrlttﬁllﬁ@kt&lyﬂ&ds ok AaRpEs 6 raapedtiGely. For

| s catal yst. These exa eno rate t hat
?55{%3%% (i éinE‘? blcfBe frHdgP %Ohfegl f ?‘3%55/{]%% [FALENR] Systems of
Hgle@f- £ @aniﬁlet hheomealaé whPIRVE Bb @ér)fﬁassoﬂ&h@ﬂmcaee tAi€he end
cru r oduct, mai nt ai ni ng the crude feed/total

Prlsaye ek Ja?l&r?)ef%%ﬂmkf tthe Brvalugiveh L f el GePyvalgef fhe crude

163uchiod ELQE 81 Lipﬁl%f Be infG1e8 Gila® the CFUdE BeeR PR bria fe%ﬁlﬁ{eﬁ ies
were at nost 70% of the sane 20properties of the crude

elaaely sy gureng ceptpeitne s fos geanile shegirudereededid e pbaseden,arate) As
SASALE qubm e %Qlaluég%h% rLIdla %r(ﬁlﬁmerﬁgiﬁ&ﬁ%faﬁ%y Qénsttaﬂt%uring

cru
s1gn1flcant portlons of each trial, except in Example , in which the P-value increased.

FIG. is a graphical representation of net hydrogen uptake by crude feed versus run
time for four catalyst systems in the presence of hydrogen gas. Plots 158, 160 162, 164

represent net hydrogen uptake obtained by contacting the crude feed with each of the
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Specifically, as shown in Table 4, each of the crude
products was produced with a net hydrogen uptake by

wo bsposuase feeds of at nost 44 NnB/nB (275 SCAR)T/US:0011080422
products had an average TAN of at nost 4% of the crude
feed, and an average total N /V content of 25at nost
61% of the total N /V content of the crude feed, while
mai ntai ning a P-value for the crude feed of above 3.

hh A9 6f Feshpiue, CORtERTy. Met BaGEBoGUptike B Q@lfﬁ@&fe‘é@%
C88¢y95‘§)1%§§of t he reﬁsj%édue%gont eynt eof ?&hg cdrrbtgdg ¥ verd

HY Epg geriadas 288hhart Wetin adgtee Opggen produeim v(é% 8@@@ S@El?% As
sﬂfvwﬂ I[heFI%Gothg %lt Hlto of uﬂteﬁ(% of [ddauab e8d- walgfﬁatﬁl\éfﬁrrc%gs@alﬁallrmg

gravity of each crtde product was 11 7% of the A
@elaviaty of the crude feed, while the viscosity of each

30 cryde. pr [ f

he opaas AR Ao RSy 00 Sk P SRRl
pésedtagv Pher@dt Iafbgastlt serHayumgmafd?@a@l (ﬁltlzeepata[yss&ysﬁem& tf Bramples -

each fl\(ﬁ 0 rtna ro uct Altes1 eea(?c’otn en? (% 9 0 gfthe
Mrrshelfy e fla £

mﬁdtmto@nteatprrﬁ alteﬂtmk: féfelx dapi 1660 ﬂ68; Um(b éﬁz re@redem ostdan tormént of the

h cat | £i di t hod
B R AT G R TR N T T S
pfe@lﬁbdﬁtlelﬁn/aé ISV INBIE tmeemﬁeoﬁsnt@eaﬁrchﬂe @rddact xasmdde
atalgtb(fs wer e m xed W t vol une of

equa
g aPY%Y)FP“été ugiag sigpbcayt perdoRs d’a‘fhl tﬁ% to each reactor

was  friemistah@apgh@fal &f)reﬁdih&ltlbﬁ‘ acétafigd i@ APN@raRRy t)ptm: @ﬁldé ﬁ@duct
reactor, Silicon carbide 5was positioned at the

WU BRHINCIRE gash of the seplyet sudenss ¢fdpepipics upPeistl 74 é&é h178 180

£ FR&hOAPCAMNIRI TR QRR QRLAHHIRG b8 QDR actih IR créd¥eed with the
catal yst/silicone carbide mxtureS were placed in the

hishrichy o Brannfs -eetici whie tla pachgif hedvreriggrepheudgagoduct
1&8% éc&n[gq'n Q&ng%oﬁfss%h@ 1OR. ?HQA?P%M ARG &&e{?%ducts

e and"to serve as a pre ea ne I N eac .
ln@ra@tf«bby | Baeh 1 degredsoThovensrehsed ddt gravitp cerrdspendel leangA P gravity

(Ifll!l{enc?& (]Jtr%%tcts @gtalﬂg(fﬁo&'}ﬁ %%Qhﬁa Alﬁ %ra%lﬁﬂ Sthis rangC tlsl 1nlé)—1 17% of

con-esp e preheat zon cont
th@AEIgIamyctfHEdmdetfem support. The cr ude feed was

g?n:i] . ggs eeyn\ér%phlca?representakon Of gx}:yg |¥ QX tI‘eSeSG ]rBIeV&%F:g e
pféroehuagee of 4O cﬂﬂB))rodm vpiesd 1ih nmedorcmdt Qf}[lh@cfatatljﬂse sienis@dn

%%r{“&’:leﬁ St \Rg];l%% @ﬁa%&%rtglgg {y%?ne glteB{ %tEgei ggée I?;foéuct

c@l(aa;mm@ contlr@ing Ei@ﬁﬁﬁﬂe&eelﬁmtﬁ he c&tﬂ&s’ﬂs}@dm%&ixﬁﬂﬂ@les

bd tal yst d
R, Loy b B RO DS e fcd

C2h 3haS prodSct Iﬁﬁ@ﬂ%)@geﬂ dfbn@ﬁﬁﬁfﬁ' 1fnge from 0.00TENB0®8 rg&aaﬂstpeﬂ Gram
conditions for Exa were as follows: ratio of

Hy e gErugtsiutipgesch Jt?é f\é %@Wﬁﬂ@ﬂ%e ety e opighicH die o
ﬁk@(ﬁlcmﬁ{aﬁﬁd (1OQ Z%gl'l:s@nt aflte"@bfo Wes dlcbnehetiBNEnd MBR $MAE ely

was 6.9 MPa (101 si). The contacting zones were
qﬁ)éa@ré QX738 ﬁ@&ﬁ@ﬁpémeyrqde PU8Y Jempnsyg e thy seipgied ofgapis oxpgen

éthntpaiJﬂHg aﬁr}gdlﬁgd @Jrﬂfgrﬂﬁéjcoﬂlac@ndgs dike rlfA(N wgtgﬁsd'ﬁ%&'&céd frptﬁes@

examples, it may be inferred that at least a portion of the carboxylic containing organic
oxygen compounds are reduced selectively over the non-carboxylic containing organic

oxygen compounds.
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run time of 360 hours. Total products exited the
contacting zones and were separated as described in
waxaspiess Net hydrogen uptake during contact i POI/UEE07/080422
determi ned for each catal yst system In Exanple , net
hydr ogen uptake was -10.7 N8B/ nB (-65 SCFB), and the
crude 25product had a 'I" AN of 6.75. In Exanple , net
hydrogen uptake was in a range from 2.2-3.0 NnB/nB

(13. 9n ]@%Iﬂpl@%@a’cu&f‘&)nﬁﬁ%nﬁf‘"ﬂﬂ o @dviat), hadssare Jf 6ANIPN

a range from0.3-0.5. In %ll}]) , durlngcontactln
@@H%@S%ﬁrw&eﬂfl@@ﬂmﬂmgﬁn forrau %&éﬁ@h&wéﬁda@%@m the

&@Icﬁbly %cm&%emék%ﬁt@ntl{%Qk% Wa bhsréd Bn (R %hft BP&{& crude feed.
/mB to 0.6 NnB/nB (-0.36 SUB to 4.

fétrﬁdemh@rat@m 89D @ it Fhadha sammnpressurg apdirage of h}@lmgen to crude

Qe th% T duc?f&F&‘%ﬂlcfe'?@ed%&R'EX&%ﬁ%%%Q 258 Lﬁebéé@& YE e WA the

contacting, It was estinmate rogen was

gekdeat ed at the rate of 10 7 NnB/rrB (65 SCFB) duri ng

cont N he .crud vanadi

cat aﬁI;%/YsE?ang%enea?a aCtgor? ng dig rgr ogen ggr(l)on(%qc Ssurte 0f6 ? MPa

(&01401/\@1) @&ska fhydoOgemgto t(hEUdﬂ%Sfefdi afri 60 Nen pm c(ct(é(ﬁ)sSCFB) the

t of h
D i 0 AR Bl g o oR TR I iyt he emde feed
‘Qﬂ E&aﬁpaﬁmmd 9C PUICBS.°F) Aethe &b p’réﬁﬁﬁ tand Afio be®8Irogen to crude

R R R R b R

dnlj@ fedqude feed wth the nol ybdenuni vanadi um cat al yst
produced a crude product with a TAN that was | ower

t han Thivdnergagedredeqiion & e f5rbMGE: cosispiglstnoatiratss Shat thse

UnRAlL e AORLmAPS YRORHEMIE %Al l(yMgrioﬂlt@S@mRe&)ngeﬁf b8uction at higher
Contact of a Crude Feed w Vanadi um Cat al yst and

tamperaees thap Hg uncleiged/Selummpe pnd Letels catalypiar at us

(exc %Ese eQEm gmonétme SANLRAL £h cﬁﬂi@ tf&gt\xh{ﬁgi I%ﬁ{]@e?? high
each cataly sul fiding nethod, each total product

‘BaENaFANiob A 8hwtth otk orgmefe e@tdmst@pnqd@epﬁmtml@ pedadtywhige
Mfltﬁlﬂr&%&%gﬁ ?cﬁt% fod@c% gm!;tﬂ e% %gnd w@} Ilela?l%l %ﬁ{%ﬁ 12(?

wer e | con car une r

h&d;@gem sptael iSelppied amutié pledc propprées wciataalhlys; 70%nif gesame
pr%%ert es o% ﬁlelcpu?lr Oer%tdte \%hlle slg:l%c é u]?)ﬁeer uF,seoa & € c%\é%e:})??cﬁ {: %erf: tw&trtHn 20-
305% bihhe sapgqirgrertieSiol theomdeﬁerebl de was positioned at the

bot t ach eact 0 se bot.tom su

each Pesieds W stk k BEhPERE Frie PEHAINE BbRisst with a
@omyca@geh RPtakOBNEhe Afuﬂefeeam aCAbalY N %! 2098eFBardicH products
m Xt ures were geﬁaced in_ the contacting zones of

fad 4B pyragesh AN gl s bt Brbbe wEEe f6<1 A SR Y H P1RlgY %Y C?Iﬁ‘)élt of
4 @R sCAI0E SGhd e RoVeoh@nd dflihe @@RDeed, while maintaining a P-value for the

crude feed of above 3. The average residue content of each crude product was 88-90% of
the residue content of the crude feed. The average VGO content of each crude product was
115-117% of the VGO content of the crude feed. The average API gravity of each crude
product was 110-117% of the API gravity of the crude feed, while the viscosity of each
crude product was at most 45% of the viscosity of the crude feed.

Examples 12-14: Contact of a Crude Feed With Catalysts Having a Pore Size
Distribution With a Median Pore Diameter of At Least 180 A With Minimal

Hydrogen Consumption. In Examples 12-14, each reactor apparatus (except for number
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space and to serve as a preheat zone in each reactor.
Each reactor was | oaded into a Lindberg furnace that

w0 moBadess f our heating zones correspondi ng to RPEEUS2007/080422
preheat zone, the two contacting zones, and the bottom

support. In each exanpl e, the vanadi um
catal yst was prepared as described in Exanple and
20used with the additional catalyst. I n Exanpl e

and 30n@AOF tdrfahe Sed)| st éﬁhlkét%ﬁlﬁdﬁgﬁl@t&% S o Bradt@
cnB) was positioned in the bottom contacti na zone,

sppariqnHeetadding |eéﬁlilé1fu"@é’(f9ﬂu§‘/tsatnalbfélﬁ Fgretthesamsiay RReHRg in Example
CAREAkNS s %&Qﬁ&&ﬂvm af QRN R ARREH LRGHe T‘he@f@&%&i flow to

The vanhadi um catal yst/silicone carbide mxture (15
ﬁ@ahr @)tctmsaSFfm thie taved theyeadtes t¢ dy bedern atthe rgctpondlicapsarpide

18ne21%bth§ r’@g?@rﬂ‘ b 1,07 ?éact&atto%la%é b ?h&dog{’éﬁpg&[ B @ reactor

was positione
QDotatrad bhagpnizoneg zong.t hiterthe aaddyatfsldmfaie celdvtcalnyslturds everrgplaced in
e R S T
@atabiigerons wotfilt dzaa(i Sfhce md towarse mrsprelneananie lmeatlln esattop Each

contactin one. .In EX le 17, an additi onal .
SRS P AR Sranhe B 8 s (S hsBRE ramacprpondine
13 Ghet freheaioh & MheCoRtaadigl 208e, 26M e bWitdH stppertadhk éru@n@éd was

cat al bei ng t he I ybdenunt vanadi um cat al yst as

@P@bﬁag& P insre! *T’Iﬁ%t ARSACHH DARCY St si 1 con

car bigdeatyskilitéh c(aﬁQd@rﬁﬁ)ur«W@l@ cﬁﬁﬁwﬁd Iﬁﬁﬁdnédrbntt oft tﬁ@smcon
cont acti ng zone. rexir

In
festo EFPPBE tnBHNS 18 %rrlféanmles ths iahshyas emateﬁke)n catalyst

é@%?e%aﬂ%@% bieqed. o @@ﬁl@leclgnﬁhégithlpg vZa@ﬁfé molybdenuIﬁ:EM:Ql?st as
antos Basin, Brazil) for es - having the

Iﬁ?R?beélrltl Faamelg mbar Fysely ﬁher%?éahést 5as fhe golxhdgnunganadiumiratalyst

48::1596 Qlfed'iﬁ‘ﬁxé'ngﬁ'&t or. The crude feed flowed through the
p eﬁ)eat 5zon top contacting zone, bottom contacting

zone Thanehtinting ovndsigmp i Examplehewere ag fodlpws Thieo efthydiegen to the

th?cﬁ:q”e ?Jbﬁgg{e%gac\%rms ?&?ﬁ 3‘(%0%@1@% %SSV lVQ I ?6, and

presen rogen nt'acting con |ons
ma&shree%aﬁﬁll\éPa/\GOM apsﬁ d‘HeMactmgtzm@s oferdnlyedied g@mngfaally@

f eed d 19
30600 LERR) RF8 P RE A An® gl a8 08, GBF (PBRub RE D
BCERY of 860 idues. remai ning tinme period, Ii ISV was 1 h-3,

d 6.9 MPa (1014, i). Th L
SR s A G AR A
@%ﬁ@%el ~Ngt t?ﬂiﬁgfl:rauﬂﬂzﬂ{eitdﬁﬂng)&)fntdfﬂ%g @Memhmb@fdi%ﬁ’c_lt_lﬁiatagéﬁ

. or_a a Inme O S, ese
i e iTortet Fifesep BN B A7 P8 SR Pent i e

Iﬁo&@t hHaM PANSE G175, cmtlaaaah@te haMiyaean BRI vedsZ€a range from 2.2-3.0
distribution with a nedi a ore(%amster of 350 Ain

NS Hat b/ WeEy), ai! he aquflfr Pfﬁé‘FCt Bagt 1T HNtin paapen goR Gobpe- In
Blagfledid@lifd QMtdcaR W thdcrBad el #ith BRMSlybdenum/vanadium catalyst, net

hydrogen uptake was in a range from -0.05 Nm’/m’ to 0.6 Nm’/m’ (-0.36 SCFB to 4.0
SCFB), and the crude product had a TAN in a range from 0.2-0.5.

From the net hydrogen uptake values during contacting, it was estimated that
hydrogen was generated at the rate of 10.7 Nm?/m’ (65 SCFB) during contacting of the
crude feed and the vanadium catalyst. Generation of hydrogen during contacting allows

less hydrogen to be used in the process relative to an amount of hydrogen used in
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15 dianmeter in a range from 250-300 A, in the presence

of a hydrogen source, produces a crude product with
w@empesses that are changed relative to the SEIEUS2007/080422

properties of crude feed, while only changing by snall

anounts other properties of the crude product relative

Lo the sane properties of the crude feed.

Addi tionally, during processing, relatively smnal

N naeRn pkiRtakao RMpb REprepiee Jt @%de\ﬁﬁtﬁ QRSRIY €Fhe requirement

20Speci fically, as shown in Table %— , the crude

foF Iserragan dging ARnIgFting fengp &y def@%eélﬂe ¢He Oi‘rchwmg perude.

cr udduffeaify? Lo AOPhE Srude IR Gif méqﬁolwdgﬁuﬁkgmefuﬁ%@a@ﬁt

i n Exanpl es - each had a total N N Fe content of
modicedigogndaproduey geth adaviY dat wasflowgr thasghe BAdgof ﬁmrude product

MRS b o 1%1&%1'%1{18%01%;&5%11% 515&%9 to the same

propertles 0 e cru d|t|onaIIy, the crude

@ (ﬁ(? }i})l%q\! C%Ealqg]SQOEac%Srg:' % oorA)a ae{: 1Ii]se )';A‘CBI tf% Ite¥ nc{ C nE:%t o 8gt§cting
The (5 oauct ' pr od iced Under”
oo catiadaytlysc sudbdiog tnlethn& e@(ﬂb(tampblebluc) sq@amdummelthad and each
d d
Biedetn Bt BarB e % PEGTRiy MR TR vegp mined
witesikdonderbiceed a véiuarddoe s Qrpaﬁeﬁﬁ@ﬁ c‘dﬂbi:‘dé@@ il oyt anﬂyst unless

decreased API ravit OSSI etoin
UPREYSE Bty a § Gebi ey FoeR GALOT S EETe I fidggencior o
BOVWG SN oY thd RLAG:. SHXBAPASBHRe Hls &ana@ kit (8 batof drdechheRebr to
at Various LHSV. The cont actl ng systenms and the

CRCAS § SPLOINBIPEOT hacE TS 05 8a bR RU MR Ar SEBeRfden LoP ypracting

z[%ﬁ@ PRI €Scaflyst/Rfcde UaBid 88 eS8 rederd f1e@¢h thd cIRPlife Bonkfor
The contacting conditions were as follows: a

qaalt Ieéét@)lf sigefe sgidHle Wia §otidonedh an Epud éhefleizePniic g ¢hag tq fgll dead
%Q& 4§ ?&%e% a%;reh@é% z!}lﬁg% %ﬁch(réé%%} §&%Ei)aactd%f §§déﬁ@d WS

psi), and tenperature of
loodeacivrmee thanedudgddodheating ZORG@otrEspoficang 110hh_e nrefteat zongrihe

o Wntadih g%r?eqpalnﬁ the ﬁolgtglall's dur' ng contacting was

i ncreased over a perio rre from1l h-1 to 12 11-1,
nmai ntlmbnhdxanplizhmvahadlmn c4@lyktovas prepamd as espriticd én Eid®\ple and

C ed t 7 111 and maintained at 20.7 h-1
dqwgféﬂﬁ ﬁﬁ‘ﬁonalcﬁalyq n Exanple , the crude product was

anal y& Exiampie dz&t gldiiond cTiAlNst/slicet osbidy mixters#i ym’) W@ positioned

.C ent, residue cont to

o G s Rrre % R Rt OELF SRR T GAM I §a cuaty

Iﬂbp’akddg)ytthkernémlﬁdd@aﬁbeﬂd@Eid'ﬂ@ﬂe t Re {Ldﬂgﬂlumata@tst/sll&bie Garbide
6 20,7 hd. Average values for the properties of

IP’FfBW‘c 13481 b‘?’%d’ﬁﬁflgne&ﬁ%ﬁ@ﬁ%ﬁﬁ’nfaﬁ“ﬁﬁazﬁP% 6, FIG. 10As

shownn ERamptaPé,@n Qdditibaal catd@/siicst@ RO Kedre fIrcnExRipl e
had a reduced TAN and a reduced viscosity relative to

Ropigongd ipfpegom gantistiag genes yith theradditiena) a@alr/%@amgm | e
ﬁl&%d%ﬁﬁm%@mttﬁfeﬁafedtbg%h&ﬁ%@d &%&%ein mﬁﬂﬂé&ﬁw&

APl gravity o e crude feed. A weight ratio of
Ehystohtcarparbids nogtuss@H amt Jervs o bened in thep caplagiinggpne.

1.5. f I
cont é%-? S?Eil/vasénrmé: ngﬁum ﬂg()ﬂt%ﬁlgmgaem o? Rla) ‘Lﬁ%CRuoned n

thobatswnt contacting zone, with the add1t10nal catalyst being the molybdenum/vanadlum
catalyst as prepared in Example . The vanadium catalyst/silicon carbide mixture (30 cm’)

was positioned in the top contacting zone.
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15 and Cs asphal tenes content of the crude feed. From
the weight ratio of MCR content to Cs asphaltenes

weonkeat7sand t he reduced sum of t he MCR cont eneCEUsR0DTIE30422

Cs asphaltenes, it may be inferred that asphaltenes
rather than conponents that have a tendency to form

coke are being reduced. The crude product al so had

total content of potassium sodium zinc, and cal ci um

of aty PR&HpIEOPOEf® (1Rs Wl CEPRhEE Neb e (5B v¥RIsabS cm’
of the.crul?de f%ed.@[he 20sul fur content of théme)crudfat )
WO HUREHONGA E @O OUACBRE ¥ Me sul fur content of the crude
feed.crude (SafXABRILBrANrof BIRARLY ahGink MRt GRAIR G hMGized i
condi tnilgn(sacan be’cgnt?fgl [ ed such tﬁgt gr&L&HS\(; througzﬁ .
Tt 5 GHE-awed fng lozbn piod thyrreastasr ThherndelBedifi@yedgrough the preheat
z%ﬁg,g &)%atcgragazoﬂé,%gﬁérﬁ CBH%nQ anfg Ild boltt§1¥ sﬁé 0}9&%163 Ltor. The
produce crude products Wi thosin i ar prope%es. e

@injel feedywasgostedtet witly edch of Hharglelysts prtbperesencodf ydogemgas.

eed..at |i.qui d. hourl ce vel.qcitjes. greater tha
SRR ol PR LB Ere S B B OF B Blen e
drmdevfesigebddaifto tedeeed wai 160 Nl /at’ i(LO01S FBo foreliedtirsd 86yhours and

vai b .abl s.. A small er vessel .sj.ze pnall ow the
DR Lo SE RS LS D tng Tl RRRE 1 SR Y b A G Svas
69 Nnulcn(mrvflfﬁi)th Be &?ﬁcti{i]@l(ﬁeﬂv&@ hemtsflméxaineﬁtsn}( focu3 °C (6f50 °F)
exa e, fshore facilitjes).. Exa e 20. ct o
%Ye@%’é’d ﬁg giye é{“[ Yainjagigd ab%‘ﬁt Obcff”f %8&%@%@3&@@ ﬁoursrh e
30 camtaGkhffleSysidRbBat@iheh dohccat ks t&ed Wehe ¢dems 8 mRtal
as described in Exanple. The crude feed having the

ropEhavings norstedlifmburigpmathz medlignnere digractertidd’ fdnt he
doaifdfiot REh bR RnaBROG Oy 6 tagf b rdVie i dtibu oW Vith a median pore

catalysts in the two contacting zones in the presence
BEmeisrcip 8 gange frem 5P 51 de ingthe pigeRacy plodiygrogemprargeypyoduces a

?‘lgd‘ét uic{‘\gitlzﬁﬁﬁétiggecﬁ%oa%ﬁ%ﬁlﬂeﬁ geléﬁve% {htﬂz @&ﬁ@f’roperties of Sbude

er at ur es. ntacting conditions in the t
feghwade Py chapgime \he smalhempwity ghaer:propeisigs naide ¢rude product relative
i n >t )

EGGERP bl Pol A AR CEARRH LM, FRR IR SI gty smat
iaRgaButdi@0y tIBCHB)e feethdagprbeasat e was 6.9 MPa (1014.7
psi) ...Contacting conditjans. n.the hottom con i.n
Done SRETIE s oftp SR bl P o Mual BTG T AR oy W
1564 dfthe TANtd diel angleXamidomBian®lds -1 D ¢6@0prbdicts produatd i@

rarhhe oS85 Pat Rafiit RREm BT At S Taly ot O e mos

JvQdHC Vis@Xity etht ifoet 1308 feitiv€ @nthagihicigotane ofthd ch@ds feed.
in eparator. In

[ ntroduced into the 10gas-]iquid phase s ,
‘%‘i‘f’é“%]éﬁﬁlﬂ?eq‘iﬂ?‘% I}Bﬁ‘fg‘ﬁ@ PERHSFP %F‘?ml’lﬁse' ok EEFP r/odgeavigqk 100-
BB RAfakEAPT dthdytdleheGhidgedar oduct and gas. '1'he crude

product was periaodically analyzed to determ ne TAN and
c5 aglb RNt nbe cuda prodyct produced under non-catalytic conditions (Example )

produced a product with increased viscosity and decreased API gravity relative to the
viscosity and API gravity of the crude feed. From the increased viscosity and decreased
API gravity, it may be possible to infer that coking and/or polymerization of the crude feed
was initiated.

Examples 19. Contact of a Crude Feed at Various LHSV. The contacting systems and

the catalysts were the same as described in Example . The properties of the crude feeds are

listed in Table 6 in FIG. . The contacting conditions were as follows: a ratio of hydrogen
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Aver age values for the properties of crude product

obtai ned during the run are listed in Table 7, FIG.
wabmsposuuse feed had a TAN of 9.3 and a C5 asphedt/esms7/080422

content of 15 0.055 grans of C5 asphaltenes per gram

of crude feed. The crude product had an average TAN of

0.7 and an average C5 asphaltenes content of 0.039

grans of C5 asphaltenes per gram of crude product. The

48 PaP balid ﬁ:@@ ro‘?fa@& 8nhe Rhctbi¥easClist dgn RHVA UGS SV, ﬁi‘essure was
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r ed uQtsishdwofn Tdhe: & CIE.€ iHe didepRidatsior Pxamgil@hadatelisce@fTAN and

or gani c. acids _was enhanced using controlle .

4 fé?ﬁféﬁ YECHsEY Slatee futhe &é&%ﬂdrﬂber“gcﬁ%{ﬁlquéhe %Jﬁ‘idi’ Shil§ fhe APT
dridgeytod iRl criRRtpasdtsand 130w ol Me QAN RNty 6f tht BRdE faddl eA weight
product from Exanple 20 was enhanced rel ative to the

TR BrropiEnkin é?s tphalfensoropsnayas 4 ipagded: s'OWisEmot BisthR
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exarphierreChaeaspldi-nes m@;therahmh/cgmpﬂ@malt@at Qa‘i'etastemfen@ftgémntcoke
a%:i)gfz%reg@c%g. ‘?ﬁevau%z?&l%?@Sé’hatd‘%otﬁf&meﬁto &mﬁ‘%gélﬁ{n zine,
conpounds havi ng physical properties o tness
ad daloinnsdfiackbsiés® (ffilmr toekampineof thnmsleamﬂdl@of thaergde feed. The
s|1:\1) T conlento ff tttlehcerg’ e r(()]cF Uébdﬁwa f til \sN?fu con ?rPﬁlg E ede feed.

ow such conpo remved b ntﬂ II-u
an d dixaﬂnpbh an¢ aibmbmta&: that hemairmg msmlntems t:fngoetcb&tr(blleﬂ eucﬂnfthat a

GV BT SRR ont R uBTh ne SRPRBH D i FrOSs that has

Fxasp Ioel B1.t0 @ﬂﬂﬁc&ﬁﬁrudefprc&luas wde sheied piiblpblhleﬁt THee®Bity fone

sg%tal st Having a Pgre eDstrdol$ut|on vvlthal\/ledlan
PV Shuiiech o e Fof el kol SBeerelpyidss St than

ahouos s thbRenth &G tRsce AP BE pérf&mé@?ﬁc\emﬂsfo@ fedocbaRee rafttle to
content of contacting zones), the total product

ooy AHRb Geselse el ISF gert 17 RaY §lqvsthe {iggment of
(ﬁ@&ﬁ@dtﬂa%%& cﬁﬂé’s tS 8t EgerYO%tneé Ml Jrédﬂtbt‘ﬁgl s‘ﬂf@§ RQhaVELi%: eolﬂ?cra%ﬁmor

descri b nol ybdenum cat al yst

qximp@@fﬁh@?fmléﬁé}ed by the net hod descrl bed in

: t’&?q dﬁ‘uh@ ééddt 2N

P P \/ e
C(OBtact?@ SoFBNs @mh@@ealystm@d therfﬁamhes @@mhemrc@rm&dﬁ i ﬁ@e crude
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oatabiedeith TheSwoicadlysts m the twn @niaatigdioues in the presence of hydrogen to
catal yst/silicone carbide mxture (11.25 cnB) was
positioned in the top contacting zone.
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A crude feed (BC-10 crude) having the properties
sunmari zed in Table 8, FIG , 20was fed to the top of
wo bwsneast or. The crude feed flowed through thecpusivezieso422
zone, top contacting zone, bottom conlactina zone, and
bott om support of the reactor. The contacting
conditions were as follows: ratio of hydrogen gas to
the crude feed provided to the reactor was 160 Nar 3/ nB
{rd Q0 a SEBhroddet! FRMwWADnActinblzon@NbrPb RS & dWRSens- 4
MPa (500 psig). The tvvo contacting zones were heated
PHpsaHERt al ly to 343 'C. (650 E). 25After total run
tine d?)fntagrtHgEtoH@lH&% in Eﬂ%qoﬁ:gdﬁga%tlg %9 %rerh@(ilolﬂ)w-gAN}BfV was 1h';
0.44 and an APl gravity of . The crude product had
t@rneer@mmpmf@ftommn@cumg zape anRPhiCn(S69 @o@raumof bydgogen ypernde
p .con.
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resi due. Additional proEertl es of the cr ude pr oduct

ar e 1'Vérage valpesfaphe pgperHesf grude prdycteRigpsd during the run are

emRsisiay agct hahe GON R4 hdath PANGLPE 3Ghu e f9as ebd ddntent of
the selected 5catal ysts and at | east one of the

E&OArgmas af @5&‘\?11’1}459@5 perresan pLeudy feed: i Bagterusa piddpet had an average
TRAiI20 7RR4 & He gﬂilne%sec%'h%h SaR o LRALARY g%}ﬂgﬁfgleéper

crude product t d a reduced TAN, "a reduc t ot al
grah of enyle producund hez(ﬂmphafhemeasgntmmomhd caidk prodactoantienest 71%

%ﬁé(ﬁeﬁﬁaﬁt es%glﬂtt: %%the\ég&e%g)rgb and resi due content

wer e 102% and 95. 6% of the
res p@d:lt tord cpntclp@lf potesivof antdrisediomun éhefcaeld proflcisyasxamp$te 3% of

nstrates t TAN. 1 ude u
e B EFIBER! GEofls HoRh ROl The AR LR Ry
duma)stsl()% dthbaT ANefilecewderitedofA Phalueat Bb ystiigher Was tiasitained

(g%gianﬁle% ?I so denonstrates that one or nore properties
"t HE"E'0%e feed may be changed at a | ower pressure,

hi ghes(s dehlbﬂsﬂ@&ﬁlﬂﬁ Edmgésenait @ohdvedsnetiat (i @5. casT:h!o@) contacting
exa Iall SO dg(mnst rates that Col umm
erthat 0 "ExlR

t&‘&?% VBT (Pa Hafeadat W@f&’ﬁragli%)‘)fctﬁgse%ndé?bthls case,

Kobh) @cﬁled@fde fanAgfte M rRARBS SREGEFRRERP Yoré HHIGE Srude pdduct
total product that includes a crude product with a TAN

Y e PR GO of fhe CRARIST. (H gsalcrofsaign of the
X RAR fenctds 1nq:ﬁ’éﬂl§§1¥s Rbr dg@mgabﬁqgwgseﬁfﬂa&@@ uﬁné@n%ﬂ&it tetnPerature

an Continuously Stirre Reactor (CSTR). A nol ybdenum

derantiady Hopsxamplp: zagpctionan gyl nefaspwn apd sosliynhcqmicahpl the
éu o&b@ﬁ&fﬁx&ﬁlgézﬁzﬁmh%éé felcfufv%% B udidtidothe

erties liste
potass1um and sodium content of the crude product from Example with a relatively

constant crude feed/total product mixture stability for each example, as measured by P-

value.
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20 was netered at a flowrate of 24.1 g/hr to produce
a LHSV of 0.5 hA. A tenperature 421 C (790 IT), a

w@aoo&d7spr essure of hydrogen of 14 MPa (2000 PSI/U$2007/080422

and ratio of hydrogen source to crude feed of 320

N613/ 1113 (2000 SCPB) were nmi ntained through out the
run. Total product was renoved fromthe top of the
reactor and separated into crude product and process
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nonitored to determ ne if 25the reaction vessel was
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W Ude feed. Conpar ati ve Exanple 23. Cont act
of a /Crrudiefepddi - Ahdrude) Gatiag thstpraparti@n sunirfond imileblesd, ¥1G. ,
was fecF toqhe gﬁ gf t%g ée%gfrsra ?I}tbenc hc% f%eed ’otwgegl 615819% t é ﬁr%lileaE 70he, top
@nabty@l zS)ne amﬂom adsra&oymg zaig| drddhongm rm;tﬁoﬁ@f W&rrmctdn eTsamne

as descri cat a re .
Cé?fl%t”%% <P PBIEft“(%% aﬁnﬁ‘ﬁws rar?@d’}g%drﬁ%eflega Oa{ﬁ%fr&?e %E‘Plirﬁé‘di{l 0
tﬁdﬂﬂzalaﬁﬂi/@l %6 dqﬁﬁ?/rﬁﬁ(lgm(iaMFmt IBHBVW&@ enﬂmrﬁquresgmra Ma®B.4 MPa

ta St Wit t he al ance el n o
ﬁé&?ﬂ’ﬁlé Thg, B‘ﬁb‘ﬂmacﬁ%m&%% Wiy Q‘fat?ﬂglagﬁ%’?nt%‘WPé“% 98% b).
absorAitek waal 1151 tlnﬁe I)fhﬁ75 a68¢ (MLQuEPrbducOhaB8 7100 C BF d.488nd an API

det er m ned Spect roscopy. The properties of

RS dere- EP%@H@% Praﬂtt%hadﬂ@wm%f cafemt, Svurapa @t pogivm, 0.9
J@Phef 2inf1. ﬂ'ﬁp-pm%f fpgt]a%uﬁﬁ’ W@wﬁgﬁﬁmc%ﬁ't TR cﬁ@ﬁr&ﬁﬂt had, per

per gram of crude rams, per gram of
L gecrideprpdust. 410047 s tof sylfur, &Ooiwmﬁdﬁrogygeﬁeo cirarahel
3 . .

P Aty s A AR B R (GO Gy e o
Tapleseidilient content of the 20 crude feed/total product

m xt C ' .

ot y e auf i S Pkl S YRt bl € prude produce
hadpa}‘AN Dﬁﬁz”anml/aorARI gkeitapel 3. brﬁﬁemg;uc&tprmmcu had@ehstmim of
gc(l:urné?alég not?as ugm r@ﬁ% & rpg)f }nc an@alt’)‘Tv yg{n qf pf)tassu*ni;] The crude
t he cat al yst of Exarrpl e 22 has a |l onger catal yst Ilfe
than the catal yst of Exanple 23. 25 Exanple 24.
Preparation of a Colums 6-10 Metal (s) Catal yst Hayin2
at Least 10 w % Mol ybdenum?? A support (200 grans)

that contained 0.02 granms of silica-alunmna and 0.98
grans al um na per gram of support was inpregnated wth
a rml ybdenum ni ckel sol ut i on.. A first sol ut| on was
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A second sol ution was prepared by conbining 31.93

grans of N (NO3)8.6H20, 9.63 grains of N CC3, and
w@008645gs5ans of dei oni zed water to form a sl urPgI/US2007/080422

Concentrat ed phosphoric acid (39.57 grans of 85.9 w%

H3PO4) was added at a rate sufficient to control

foam ng. The solution was stirred until the solids

wer e di ssolved. The pH of the solution 5was 0.29.

pTE&ﬁlcf Mdsltaer%@,ln%ﬂ @30 00th6SRAHE daDIES 20 TRk BEYUGO,
and fficient deioni zed water was added to bri ng the

aélér%&géfan%@rmdusn Adgitigna Prpeties 91Be aBdgmprodust e élptad mkable 8
{9y bdenunt ni ckel inpregnation solution. The pH of the
r esul ting solution was 2.02. The support was
i mpr d@rsexedpipidemonshetesihydodening dithekastdededduvithothe sclgpead

r I :
Ay BENERAT M il RS BB B AT hihgn por
digiRet¢r30@redy thhod 34 Aprdiocds: cridviprodes uthttihad a calueddyBAN, a
r%&’t%%@ g)?azgr%lci I E sogl{%%n g?rfcr%)%asg‘lu% anij] s1910 ocrogéeggw’v% igef Stuhggf content,
%Goanmentbmdngélmmpmem of THee:rut |pydnmemm IOk a2 % adrall 9% of

di t 609
B R R oL BG4 sl gt i€k REFRN

csiltlset drideUiroduot i aMbisg3(a% poOthe TANasBhEErudd fekd aTte? 80Phdiks Wdhout

e rred or ter ore volume of 0.84 nl/a,
rﬁ geeaes %fg“é‘wi’%a &t %%Plﬁﬁf/%& detponsiipsthaleone eHppte dyoRsfties
c;f tﬂréycﬁlﬁ&qaédqﬁiy teeBangdti tiha Thwer SsadsaleySibiger drowkhlit@s SlovLedof
nost 7 MPa. The r eact or apparatus (exc

tﬁl@%@fﬂ@é néjhig S¥Et alyt degwsmetEdsitiy 22 ohew 6 mﬁﬁgctaf{b?sgmat exhibits

RhQME) et SR EAL ikPS70ERE hadie (EhMEebPRAAMULS petRRLY S Fodi@Bth
catal yst sulfiding nethod were the sanme ‘as descri bed

Pial ERaushihat igcludpA culeariyet vl pFaNabasé 4t ﬂ?aﬁﬁﬁ%mféhe TAN of
thd&ue £BB) Was m xed with silicon carbide (12.5 cnB)
to form a ol ybdenum cat aI ysUS| [ con car b| de m xt ure

o ‘ __. o 2 ] o e 16

ct’&“?@@’f ). C _E[nu(n}gataﬁy ‘ .3 %’Eljﬂ %b%%p%g%%@ asgﬁl%mple 3

ol o1y cTTu m grans

wis cpimgsfptlwcar@ﬁ Rai (ﬂmdet fred g3- fé)rhaelne ¢hengo@irtiayilisad anThbw in FIG.
an. por d Lamef er of 1 urface

SRRy R B RE RRTR R S B PR S g 1

€N@Y0 t1o, 4 partial @remﬂrqbtd@zﬂmgem@ft 1l MB& (290(]) pa@namciand Ofdlydrogen

S SRR M0 et SRR TR 0

ZA1 §Sodeey vasr@hSed filo e toprp eeatddtod aff seg@bted Gato &uh@@b&m
hydr ocar bon feed Peace Ri ver crude) havi ng
%‘F@BEP%Slgé%eS 3hug %‘Hafflﬂm‘i‘%ﬁeémfét Wi epn RREé‘ ¢ deferppne if

thdRabiR velsel g fﬂﬁtﬁcﬁbﬁ{ implifBedWdiopeskeb e higecht bf @UREENt, per
t hrough the preheat zone, top contacting zone, bot t om

EHA pé@tlfl%@e% 6%6(1 BFteepdt ¢ Whesmssae 0-099 13 gams @iingdhe run.

The W&Heﬁfé@ Bp&l@ chBEPFroVas aﬁ&%@ﬁgﬁ’g at t&ﬂﬁla%qg TQlf)le bREFIG. .
catal ysts in the presence of rO enhg Conl acti na

Bsreen |pm¢slct\ﬂ9@ﬁ @ TN ¢1d). 2 oans-an dl igeg vy o J@e arugegrogect had
S A PP nD PoB el D Gy oo dBE that icon, 02
pirpw sl petagsfunt, 3.99v P n{ckeiD0.6 pgpry) vanadivtih endnd 3 werpar lb@n The

r a
FEEri G RO LR RRRL RS BB RILE D88 disilne,
&@mgamsbﬁ@G@omEHxMé@mnmhﬁhmmﬂpusted and mai nt ai ned in
the foll owi ng sequence: 5400 C, 6.9 MPa (1000 psia)
for 1203 hours; 410 C, 3.8 MPa (500 psia) for 1149
hour s.
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The total contact tine for the two catal ysts was 2952
hours. As shown in FIG , contact of the hydrocarbon

wo ewdoat7spressures of at nost 7 MPa and t enperetTIUS®0ODS0422

at | east 300 C, produced a crude product that had a
nmol ybdenum content of 0.4 wtppm a Ni/V/14e content of
251 wtppm a residue content of 0.275 grans 10per gram
of crude product, a C5/C7 asphaltenes content of 15.4

wt % T%[?sdax@m?ﬂ'e%@@@ﬁsﬁﬁte@fhagﬁmﬁct“{ﬁta cﬁIde%ged%wth d Eﬂ AGhe
the run at Tower tenperatures the P val ue o

TSR A eeledd ameap@ym%a@@ﬁtabo&sth% ephibifthandsip she raw&%@ cf to
r

A A P TR B bR e «
afideirgguct W@I’omea@tle gtanhel #t éeagl 98te of ¢l tesiflbeeadnicoirml dlest drady

C . " .
PR P TR LacBon TG e O g PR gfyn n e
prt:ﬂey@dé nulmsc ot reoﬂtybdenhm chialybtrbat coiribieritandsis tpetngedi 0 80Y%to

% h g8 cont e (. as n
e n{ne natg (P\f/}\tglénllé (Fb H(;aél%ect %%g p&j?l%'f aggtéllc O(?UCEH’I?II 1%1811(?6% a
wadetpetuct Witea ifAN ttizues M Et) Zmoishe gﬁ%ocﬁthetchﬁleffmdd
\ % lof .th e f eed
ef-has at

ﬁﬂﬁiuoﬂsl)l Sﬁﬂeﬂ@@ﬂ! CS‘ER y Hﬂié dAGRor Qipaia&ﬁﬁthe ) progu@ns

hydr ocar bon n oilin e..di st ution
BeE e Mot E R AR T B Bsher T same s
RS id FxQRipleaurd Tab cl{t@l@ﬁtha@a $oig s 28 8is@TbulRyithy € @ RIS pore
having a boiling range distribution between 343 'C and

Bagpeterof J¢ A@Péﬁ?%?ln Pozampahmelyhsgempengamph éat@mdélth the

H&[éﬁ%ng’aérﬁl@arﬂyae? ofhmh 8@FEnaQuPik. aha tRaRlt dysh @ﬁﬁﬁlb%@fptlon
wth a b0|I|n range d stribution between 38 'C a

ipOe ranggtASI0 e tvPE’0 ep Me@@@tned)bwimgrr Aestrescopy. The
ﬂ?%&&t@é@ A BRRALd \!;ng(ﬁu& 2R il'3 rﬂlguﬂ% %fla%blﬁdtéé iR loQR FREL WeeH 3
2 and 34 MPa; at |east 0.001 grams
l@ﬁlrsrm@n@nmf [sehenti o gatrrb@f ctrudageqdawg@eO @l 19terdnipupérgram of crude
e
@gcflt\éﬁ?grfogﬁc% %@égi?ﬁ%ﬁ% %E ts%duét%& Ih%éj bre?st |to (?16(5329 gga?%st perfgram
C&tcnide é@Wt@EIQ)rﬁctﬁcatArOan@a_se Psedinadnt te@alszt tc{)seomﬁ}n&@m@maoﬁ;he

Cﬁ)th e tOtaa?Tp?I?C?%llx urenglfér% I%% te?ci!i{lg he Cﬁu f:fee w1ﬁlsﬂ?ha t?c?enum
afalyat dsnyhamq)Rmomﬁdewtt nhpdntlpf adidatcoka act formingeuren imsreased
res when the h drocarbon feed is
r&%?nt“é‘df‘cé%as%\‘n{ IF‘F‘? q?ﬁ"e‘y%%‘%ti?%lgn fi“e& Pragagine gy ‘?’ Ohyyst
life, Mis tBd catayrp f BlaipRs2 Y 1k g ildh@er damsBHIQ thaw tii e tahB0of Txample
2}nd at a LHSV of at least 0.1 hA Exanmpl e 25
I so denonstrates that at operating conditions of at

PRinipld ZAM:PfePﬁ‘ﬁtiBﬁ oP& C@hﬂl’ilﬁ% Hf Maial® @ﬁtam\‘a@ng hh@east 10
VI SCOSI t 0 e crude pro Is at

e B PR FQé)OtgF?é“Sé Em&%mﬁer}eéﬁ) Oéfgr%wfé@éﬁa ughina
L i 5 3 ES TR 88 SRR 00 161 b
spheiog.af dirst selulipisw s repnaraddyich m@gf@l3‘|4cgmrmgofr€ﬂﬁn)eMOzOv and

r

OB, LTt SRTREAI Do L IPL P
Heraxeds, dehAOHY smarpraeitdevhized ivater lodomeesiuBy.alee sigry was heated to

I, € . n
I oy et O BTRdrids 1 e Tl L b 2oy
tdidpetai6. Jihapd odthedeiuom wedsS.9vit er were added to the
m xture and the resulting mxture was nulled for 5
m nutes. SuperflocO 1016 (30 granms, Cytec Industries,
West Paterson, New Jersey, USA) was added to the
m xture in the muller, and the m xture was nulled for

at total of 25 mnutes. 'I'he resulting
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m xture had a pl | of 6.0 and an 11)1 of 0.6232 grans
per gramof m xture. The nulled m xture was extruded

WQ@IS08g45E58 nmtril obe dies to form 1.3 tril obePCT/US2007/080422

extrudate particles. The extrudate particles were
dried at 125 T. for several hours and then cal ci ned at
676 "C 15(125017) for two hours. The catal yst

cont ai ned 0.02 grans of nolybdenum w th the bal ance

bei ng\ FHcHRF Bluti w%ep@ﬁgecs&gp&ﬁrqu Theorahab ¥eNiRed811,0, 9.63
pore size distribution with dg pore di ameter of

gans & MiCOh, 458 3999 grantsieé d@l@l@lafrd Wierie for@fa PHEPe Langentiisd
ﬂ?l%glﬁloﬁ& E&d @9347 dérzgﬁ‘st dfR8. 9%\% Hg’(ﬁ) R eﬁldgd ATELE rsufWklfth' t8 control
I an pore dianeter, and a total pore
fwhmaeber somatwmaﬁtﬁlged R0The sl evers dissolypd t Flicit ¢fghe spflution
‘%Qq%t@ = 140 as a percentage of total pores was as
ol 'ows: <70 A 0.91% 70-100 A 20.49% 100-130 A
37. 09% fit@OeldEt aAd 4echidgoldtsD-wiedOcomiined¥nd $80cie@Qleinized

55 08530050 e DT SPOHO00, 0,0, 7%, 2000 00

m@l&&leymh/ntdkalt 1mprughambeso]ausru prerpt, ofnilememaﬂmgcx)olmies waand?2.

r t K ro | u 6 t he Per,i.odi
TR BB e By bk S bR E T porbt. Rt iGN erat hours
Wit @dcssidraDapi @) dhedataRs th eorReverd dbds, ahd e caldinel at 482 °C

yst has a ore ize dlstrlbutlon wth a di
@@é @J)é R8s o ealles‘}ﬁ%%ata@(?t qoniaingd S 2pagy ﬁlcﬁ@nfys‘i @r‘b grams
M@ ioa-andyi, goobgﬂam@ Of pldspoARIwAth BX b&lgnck bEiIRg suptpb@ The
one or nore of metals from Colum 6 of the Perio

nralpPdenaR el qaﬁéVSbl%?é adpediggrRorcdppatifid Sof yi ablﬁa%(?”/e of the

oRf Alnsoet B@r o PfedliRgir3AReRdVRR i pof@hGeteARhiR 28 A of
support. 7. Contact of a Hydrocarbon Feed

th# tRdian pE dmﬁw@r wmo'aq Ydymetlafdymt/e, g sngfaqm a4 |1 79 m?/
%#@e 3 ”@&tagﬂ? 8 ﬁ\n%%&&%mﬁﬁ&ﬁfvﬂ;ﬁwé AEARYS Jt%fpnféébﬂ”?@&f at

[OT al produc
olrhe mesc 9o eppaatusdexcpptddiumsimbgnatidyeontent cfmentacting zones),

megt 7 Pa.
GRS AN T R L DS T S8 s
were Emampt&s@va@imdmeﬁxmpﬂdﬁ silicon car bi de (total
I t.h b It
cont deerit SufiBtsl BRsfORaER R i By bihel S Bk B
(125 Exdnp If@rnvmdybdmdm\mtalystsésﬂhdon omrbgia mbxtde; antl etagpositioned in
of 3 zand was positioned in the top

o] u
tﬁ%h?t?&‘for‘?&di%zém After sulfidation of the
cat aly/sbBbddnig daanpenasuns) @fntatm@g ©.03U @aihi HOMEPRREUMARO]

rai sed e rature of 400 A hydrocarbon fee
%@B%%féﬂ%%d)o %Ev Eﬁ‘&‘sﬂ? BhqsplTRY ‘Fﬁﬂé@e Ibf‘lé"t“ég’einﬁ alpyipgan
HhQing filnfadian Pof: i@ GAN OPA ahe e dufdcowrd of PN wWhNBixed with

reneat zone tpp contactlng
silicon carbide (12.5 cm’) to form a molybdénum catalyst/silicon carbide mixture and was

positioned in the top contacting zone.

After sulfidation of the catalysts, the contacting zones were raised to a temperature
of 385 °C. A heated hydrocarbon feed (Peace River crude) having the properties
summarized in Table 10, FIG. was fed to the top of the reactor. The hydrocarbon feed
flowed through the preheat zone, top contacting zone, bottom contacting zone, and bottom
support of the reactor. The hydrocarbon feed was contacted with each of the catalysts in

the presence of hydrogen gas. Contacting conditions were as follows: ratio of hydrogen
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10zone, bottom contacting zone, and bottom support of

the reactor. The hydrocarbon feed was contacted with
weamB/0ef753 he catal ysts in the presence of hydrpQgERUSHaB080422

Contacting conditions were as follows: ratio of

hydrogen gas to feed was 318 NnB/n8 (2000 SCFB) and

LHSV was 0.5 ifl. The two contacting zones were heat ed

to 400 T. and mai ntai ned between 400 T. and 402 "C at

s B RS WEERINYE® B0 $608) ATV Riis BT ek ko asnidchiBe
15 hydrocarbon feed flowed through the reactor.

7mgessBacad [TABY & alg, pressiae of 13 % MMTar N0 nsiepandethe Ryiocgrbon

%é@ﬁ%dttﬂrogéh tﬁg’cénta@hng’Zml%s fl(-)r60 h(ﬁﬁsc‘"%%eﬁgﬂ&searﬁh Rssures for
2 granms, per grain of catalyst, a Ni/V/Fe cdnt ent

tb¢ twmnmtpmoawm@e theh y@dfémzmdémnmtencd infthefoBowing pequence:

|
L2, XA SR AR oko S s oy o o
Te t@tbltcavmaatblree foy the owb ratdlpgs wini®bahowxi de fi nes, one or
mor € AX shgwﬁc’ 1 ﬁl&m c%%lagtnq‘%he%a}aroc%r%gn F %(5 pres%ures (ij e rnost 7 MPa

and/ or "one
efndmermlianaitmrﬁmd aﬁlea§t 30@1@(1 Resduodi a:crffdfblbreducatlndt Iadamprpyirdbnum

usacrud duct havyi a residue conte
BT Butrs Ry Eetfut el fubul FRbe iRt B sams
@k gandErRms pratiasa nglal; as@@dfltea@tcomfﬁnta)f hy. drvﬂ%aﬁrbmmioieecy of 74.4
t net al. catal yst that |s 25 e
“Véwb ﬁ&& %IDHPH% runt %‘?éeff‘?‘?ié?m%% 3?&63? %telf"lﬁg%fe
feedudtRss £2.0Thd bRl H8kino6H C - Cfgé@lpeocaeai’ cﬁﬁrmg BEntingWaLat most
conpounds of one or nore netals from Colums 6 of the

%%’%rélaﬁﬁerwefmté‘hﬂmgu%upport produces a crude product

havi ng sBowih SCESI i) SFPRG ERbniR o@the NRAta AU B contactlng
hydr ocar bon feed vi scosity at 37.8 (EC Exanpl e

eaditigestof f mast iyMiPordraplsast PFe@ o \A;ilet Rolghdengacantyritwas thast 90%

steRakal I‘Bol§9de%?ilﬁl%ht€§tn&1e Mﬁ%%q{eﬁ%s%gwfeﬁ 96’%%& 120% of the
contacted"w th the catal yst as prepare at

fe¢rbNg¥fre cogeti €9/Grspladicais sontei eds Rrmek aﬁh‘fgloett@sis&?ndeqdn
a%@%lt%?e% e 0REn OtLe }elgﬁu(% &F &%@?LQ’O% oidtﬁg fdel pe%ﬁilué anﬁﬁ@@éo%ity was
: passi ng

ter ap DFOXInH ours o
ahyr@stdlﬂ% dlahe fee@dlsctdsrty) u@hsmlwe im BKEt de cruda@raglattdlay attledse@ 1
\thPI%%? olyztl-)tslee ?lg g Oﬁgrrerlog)g% acfrgcsér‘tgolﬁaflefwn%at booanﬁ Jange o

(ﬁ§tnbdl©n @eumausw?(: éIdeZOO eX paPErem oﬂnyab@mmbm@mmnd@ at least
that contrjbute to catal yst plu

gl ng .
(Ebaieas Of bydrecaiopt RyAiepdivinsdep %fsﬁlbém@bp?ﬁ}‘{ﬁené“@e?é‘lﬂ‘% RS
Iﬁagﬁlny(ﬁthydr-ghﬁb(ﬁtﬁ%‘ﬁ{p@ﬁu@fp PR f&ﬁﬁ@tﬁaﬂ&) Ha @k 16WIHE1 g’%ﬂﬂs of
content of contacting zones), t he total product
hydrocarbons with a boiling range distribution between 38 °C and 200 °C at 0.101 MPa; at
least 0.001 grams of hydrocarbons with a boiling range distribution between 204 °C and
343 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling range
distribution between 343 °C and 650 °C at 0.101 MPa; at least 0.001 grams of
hydrocarbons with an initial boiling point of at least 650 °C at 0.101 MPa; at least
0.000150 grams of Ni/V/Fe; and at most 0.01 grams of Cs asphaltenes.

This example also demonstrates that at the P-value of a hydrocarbon feed/total

product mixture remains above 1.0 at pressures when the hydrocarbon feed is contacted

with the catalysts at a pressure of at most 7 MP, at temperatures ranging from 350 °C and

450 °C, and at a LHSV of at least 0.1 h™.
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5separation nethod, crude product analysis, and
catal yst sul fiding nethod were the sane as descri bed

WO 00ExesTRd €. A nol ybdenum cat al yst (27. 5pcnB$20a5080422

prepared in Exanple (3 cnB) to forma nol ybdenum

catal yst/silicon carbide m xture was positioned in the
bott om contacti ng zone. 10A nol ybdenuni vanadi um
catalyst (3 cnB) prepared by the nethod described in

ExanmxempRads iisy %Q{n&\ﬂsﬁﬁ'teﬂhhﬂ &t @?er@tﬁfgk%bg(ﬁtl&rﬁ of ABhost © MR 4R
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potian poredagptet ofi IHAH with ¢6.1% Oéthmﬂamrrm@r@ pdicanethe porgfsize

: L
e e R
pmfsvoh%@/@m 924h31/g1ydr ocarbon feed basic nitrogen
Cont eIrt]le pﬂre &}28 (c:hes%( %ngo ds:%a ?W%Q%t fr:r%%:n eigtetoﬁ %tal%grets %%g as
mdmmo& faaﬁ%mmmm}x Qe)@%r t3OA A7 esv%ﬂﬁsomrsodum% 150-180

Ry Cak et UL R TR A RE N T Seb

Gapalhyto4%The catal yst was prepared in the foll owi ng

g?gggl“r bsfeémgﬁl() E&J}m%ﬁlﬂg%g gagﬂﬁ%ha{rﬁgludgsya s%lc))lgrot%{ rr]nllrrlle al%§16des9 ?md

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

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

Example 27. Contact of a Hvdrocarbon Feed with a Column 6 Metal(s) Catalyst

Having Mineral Oxide Fines. The reactor apparatus (except for number and content of
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99. 21 grans of deionized water to forma slurry. The
shiny was heated until clear. A support (3208.56

w@easm)s7shat contained 0.02 grans of sili ca-alpai/oseoaneBo422

0.98 grans 5 al um na per gram of support was conbi ned

with the nickel solution, a N -M-P used catal yst

(652.39 grans), and Mb03 (268.85 grans) in a nuller.

During mulling, HNO3 (128.94 granms 69.9 wt% and

QgiaBit pZRHesWakElotal ARG ge?)aﬂtﬁ@ﬂﬁﬂath\ﬂ@%nﬁﬂ%%ut:@nﬁl §s, and catalyst
S.

mxture and the mxture was nulled for 40 m nute

saifpsener nggd yerg ghesape @%%ﬁ@)be%E%&’éfd to the mxture

and tmﬁo@b@nuﬁlecawﬂ%t JMeéc%gecf ﬁlrEx%m?'i n&&serﬁrxe&- Gfﬁh silicon carbide
resulting mxture "had a pit of 10and a 1,01 of
©1857lugpeat80 par) agd avas pdsiteingd rte bottom confhigngrnghé. edy

q&gﬁ ﬁn‘é’g@ S rdgsgﬁgecﬂﬁ 'EQQm%ngg 1%%3 | WP gﬁrb'ic% denm

Yextr udat e parti e extrudat es were
itunedofgo) ¢ Daﬂd®ra,s pf)smor@éwemamprmuuaetlrarxdnet hen cal ci ned

at 6?% te? 31;|l-f1d 1on %P téle cgtalplscls tﬁe‘%’m ergtuf qf-[tllﬂeecoglggt%%ggzlorqe% was raised

cat al
tofa teM])perealmd 064M 07 hymodﬂrbon\szddr(mdae Rbat)ehameg I:helplttg)eusze tsted

08 Y B o PR h el Mo B T g cap gpocine

40aa$bit60 Yohctin eodepiml boruviieppodfof fRrregtdrn Thikydd@abon feed

size dis havi a pore dia er within 39 A
Wt Cpiact ‘éﬂtg ﬁachi(?? gleéff‘té&gtts éprt%e Breb%‘F‘?egﬁB’P{?r%En &t 8308@%““%
doRditigns 6l aBroB b d: aago argarddbn ghbo R Gas ﬁm?/ﬁf 3100 SCFB)
Contact of a Hydrocarbon Feed with the Catal The
A&E50r Wadhal at s tro rascEpE Zanst WRiGBEsd @0 cé AR meinggned

BeBAaH NG agPARST at b BRsdudt &1 3. PLOH U0 pR@PRE 8Y1 Rfrs as the
met hod, crude product anal ysis, and catal yst sulfiding

hyerosedomised loved depveh ts repssr i bed i n Exanpl e . A
mol ybdepum mafdley®t rl? 7 e Thie gﬁ)dg@tsh%& h RGP oB3RMRI B 8 °C, a
(3 cnB) and was

was mxed with silicon carbid .
podictdoptanicb! 0202 lgeantsopar granceiraadysi, A/ Mdrrecon@Biof 164 wippm and

%lﬁ?‘%ﬁgﬁ{scr %(Fb%%t@ﬂal yst (3 crB) prepared by the

ed|n anple was m xed with silicon
car bilties e@c&nplnﬁyembmtrﬁm ﬂnaepontabtwjdellydmtarunafdwmth a Column 6

meal lctat}é als( tﬁat is %Qﬁneﬁa?r b cdo%lbtrlrrlnr)é% rlfl{n%ra ox1de 1nes or?e OA %rél\r@lg’tals
f$(b.ﬂl Coblatns 6f dk Pelialic Aitdé ysliE, onds hIem@te mbmpdsunﬂgofzm es more

were.r dto e er.at of. 385 dro arb
S BT b PR AR A B e P ra e PR A
hbding 3@es’ﬁhﬁcoﬂl@1& of @tdndis@ o0her hﬁﬁo@fboh fﬂ@drr@&kﬁfeo Mhis B’dzﬁ’nple also

ydrocar bon feed d thr reh one
‘E’W%@ﬁs Lot O%aotﬂﬁe %’8?1?%&8?“‘&? %”tli’%ma is
Mﬂh@[etby%nﬂ)ﬁﬁlgrrﬁﬁ@ﬂa%mdeﬁﬁlﬁzs fpedr Mo& rﬁ&m ﬁ@ﬁlecd)mmﬁsm of the
each of the catalysts in the presence of hydrogen gas.

Resindig dePls gndoniie ©OF BIRE GREIPEUNS of g Qere pgip cfroaf Columns 6 of
Yy ﬁér?ﬂ?cnl“ﬁﬁzs aﬂdoa sfuﬁgqt %&1&8?0%{)@&0@ prelee V\g@omt)ﬁ‘(%qtent of at

LHSV was O. he two contacting zones were "heated
mest 3@ of b)’cht)caé?opirf%ﬂﬁls\mc@s%fat §689CPa (2300 psig) as the
f [
€ 3% DOSh& S alHy! rhe P@RyilEnéeY gé; ulgg Os%ﬁ%ﬁ’ﬁe
dxymr@@artb@wdt@e@bn bted wap eandastad wiihitheigasalyse anpragadedaib dixemple
A T s A AT
des@gibod int lyxaoipled. AfeSuprawxi@del 4. hours of passing hydrocarbon feed

through the reactor, the catalyst bed plugged. This example demonstrates that the top
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Thi s exanpl e denonstrates that contact of a
hydr ocarbon feed with a catal yst prepared by conbini ng

w@2008ees76mt al yst, Col umtms 6- 10 netal s, and a SRQPUS1007/080422

produces a crude product having residue content of at
nost 90% of hydrocarbon feed residue. 10 Exanpl e 32.
Preparation of a Columms 6 and 10 Metal (s) Catal yst.
the catal yst was prepared in the foll ow ng nmanner. A

dﬁta%?ﬁse& o 1ol Mmm Qt RY¥st & PBRIR bNGe 3dipoindd @oFexiple,

Ni (NOGB), and 7 grans of deionized water to forma
vlmbc}epumtca@p@}nawwatmﬁrlwé%@é@talmt Plregngear and

Mﬂ)ﬁl@ 2@1 r’églﬂgét%@ h@ r§@L6én MRd vﬂ (£ ofufhil§ M%@al(sf‘@atalvst The
i ned ni ckel solUutfon welght up the 3 gr ans.

RS0 appI RuSEXePaivs pumees anberolaneef qmamngomrxesmhegtpai product
sg%zfrg‘tﬁﬁl%mgdt cﬁ&é‘%ﬁgy a 0 189%1d%ra ggts%lg{du? Iﬂétﬁ&févere the same as

ution was |n|ng
ANB(rNEB In 1Bxab@l:, . and 99. 21 grans of delonlzed wat er to

forn1a T mas h i | £

s opp S ol AR OIS A MRS IR SR, (S8R0

molybdeaualcamntynsilana c{rbi@8 ngxtaresy aa Ipuditiorad prethe gotam lentactlng
sugport was combined with the nickel solution and M03
A417.57 grams) in a muller. During mulling, 4191.71

dei oni meFba@uRIvanaBurd datelglstt(® cid0 prdparediby thergetariiekdided in

i xture was nmul|ed for 4 nytes. The ulting .
1;{2 &gy G%WHL| %Fomca%g%ﬁl&%) oyt m@fygg@uﬁﬁf‘ffﬁ%d%‘ér
cgfawn/ﬂﬁcdm chfbitle@nixture (37.73 B&Nls fp@@iumemtnum@ toR®nRXiHUdaE
usi ng 3 mntfflobe dies to form1.3 tril obe

extr lfé%?f enlfidation ef Bs catplys. dha PRipsraPef ler@nigringrongs "13@ gaised
to gten&ﬁe@eftur@ ey e§elc. oWy Goardntthanpealog higsh @t pl%?Zst

for two hours. The resulting catal
S@mmaav Taplerl Lgflgmvess fige gredpr/eftthe Gaga The Apdrogrbapeed
QTR 8 Lo EnPAURSR R P RAL o
tppareefehe whct@7 The hydrodurtan feaslawts co9stet witheach of @i catalysts in
I
tﬂygffé?eglfégérfe g{og%ll %% g@ﬁtﬁa%%oﬁdlﬁ&sg&eﬁ ds! f@‘g‘%& dlr}%tg)e hpﬁlmgen
ga@:cefeecbwmwfmhn%@@omws) amdtl%%waﬂhﬁ:b aﬁheaw«»tormang

R A s

m@pmmaﬂumnﬁgmmenmmbnﬁmmﬂﬁMEMmamManGMEMMnQﬂwaﬂm&aﬁnmg

duct ti t hod, d
B B R UR P GBR G PR 4 g et nod wer e

t he YanBows inddsC) thbetdd profuca g, Qer gram of crudefproduct, 0.0665 grams

bdenun ni cat al yst scribed in
@é%‘b{“g‘)&%]sg%g t%famwofg fsigyg, P%% gedy 8? @éal%’z/ alfmas HALCR
d@ﬁﬁ:hﬁdf@r&d st ARl Dadcbam sap fc@patt 3mg czone.

bdenunfvanadlun1catalyst cnB) prepared b t

rret héréﬂscFéé@PlF H%@O@SHM@%W@% arbfys%r@aarwrt fedyith & %alyst
H%@fn? 'a%@re(s’l%ze(%l@t@utlbﬁ’ wiif 'érf‘ﬂe%la%bﬁébﬂﬁmo‘f BRI angstroms and
Scatalyst/silicon carbide m xture (37.75 cnB) and was

o gngsteme dradyees erudy pr%léﬁtha&mg AfasioRigogen content A glggpost 90% of
tﬁé"i&dr%}ﬂoﬁ g‘ee‘afba&p fit® nado){éfﬁ 'Thgsj'@(aﬁﬁl@taﬂg tdlaﬁgn GRAE t contact
were ral se erature o drocar
dfadgdioBEbaroehaith m gatalhfé hpriapEpluinas 6 gmtaﬂe)cproducqwrede
e DS a KBt At R PR o MO B RGN Bl Bydropagon
k@htactlng zone, bottom contacting zone, and bottom
support of the reactor. The 10feed was contacted with
each of the catalysts in the presence of hydrogen gas.
Cont acti ng
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conditions were as follows: ratio of hydrogen gas to
feed was 328 NnB/ An3 (2000 SCFB) and IA ISV was 0.5
wME00s/0ksg53 Wo contacting zones were heated to 380r/U007080422
a pressure of 15.9 MPa (2300 psig) as the hydrocarbon
feed passed through the contacting zones for 4703
hours. During contacting the P-value of the
hydrocarbon feed/total product nixture 15remained
]@Qﬁﬂlﬂe 30 OPreparation 0Ba ERRMALI Thddaf@lyst whitGefubdddg aRMomMehe
had, %aan1of crude product 0.235 grans of residue
HFEeR M@ splpgorpyasanadg by gpmpining 28895 grams of Ni(Nfhj-g H20, and
f eegg%ﬁs SRRRABES BLEPIDAY 2 G0AL 3Phe My IHLRE BAHQRAr. A

with a catalyst that has or nore netals from

CoPAanid 2@3- If grame U cpained orehgrama atlyilea- aderping andhhPegrams

t I
FRPRLSHERLr G080 20 THES AL 3T ATER. AR Pl
C@@ﬂystm& 99 g@m@)‘ and®loPe (168 @B @rahiash nea mnldbro Dun'n@moﬂinmﬂl‘éOg

(?%@ 43 | o “%%Ef‘&{de%gﬁﬁ%dw% e?k2%4§ Egr%nra%i was Sc’id d tth mixture
amil ke “mem@k‘ﬁd@m(ﬁmws Riattken 1503Aeand) 204 1 1he

roduces. a crude avi ng resi ue content o
B S ot TR e amibicy dun PN o Bhoras
%&amﬂle)f 8457 Bfaﬁﬁ@élagrarﬁﬁf ﬁlflx(;ﬁi”eDrl ﬁd fCalt ial yst. The
rie cat St was r in e oW n
suppgf Db’ PHEE-CovRE) A dwé%@ﬂaﬁ%m@fe
Glradde @d‘rtldf]d:sc ik caRdlals YreQfri@ st ﬂblﬁ?mf&asep@él R Mh@then
support was |(m§)%q ﬁinat ed wth a nol ybdenunt cobal t

cadsinige bt 6-Orifel] ) fIAVRALUTDr ERrar B ingy aEbihiRiaiy datsT ggm of

e ls 0979 : fMo Orfd @6 R NCRi R e2paldlPe AnHisaiBatdl d
SSawHSPOZLQBan y gelarr%r%él dei oni zed a30 ?Nat egﬁst 0 %‘togsrtnan

PRI by mwe@m(mc weislygirhad p éediag ppys dormncgerofd¢ Aowith at
ledsd 6(5%] b the %tﬁ%ﬂﬂnﬂ&l dt ?m%g it tH@pérQ klzg élsél'BQU&J}ﬁUm lzi ()H:%ameter

heat ed _until vol unme t he solution was reduc

wiithi TA® Agi Ithet ihestangmse diraeters o ppre dotumerod 8396 eﬂzﬁmam weface area

&I}g pH.0f the solution was 1.71. The support

[ regnat ed with the nol ybdenurri cobalt sol ution,

'-mn 3t. CSentactaif altnd -|| ha &latapst Ellemmctampparatus

e CXCEe dftO{ ?]llgm é:é?.l’l(ﬁlon el’ltc(?:fﬁl l’éta(h lel’l I%gl’lijers r 8?%’ %‘P&ICE %egflrap?n method

cﬁ)udb];ﬁocglbea’mlymﬁ ahdb catBlyQ3R1figing mﬁetlﬁtd We(i)e 02 s:gneaz[mlesﬁrlbed in

1Lg){%os horus, and 0.74 granms of NI with the bal ance
ge‘support . The 5nol ybdenum cobal t/ ni ckel catal yst

had a LOlb@huf. &&Bysg(rzaﬁﬁl P8 de@FiBen iafExe@plal watmix&kaiphi@con

ct of a carbon Feed wiith a Dried

35..
‘éﬁ%l%qc?ﬁn apevas gatl (B’F %%%P%%CT‘&?E%%OHFM nunber and

cont efoRbdmamhagiding c&@lﬁﬁ@ emb)pReph Rt B, (R IS described in
separation nethod, and the crude tpr oduct anal ysi s were

IR RS misced adh silisercarpid e . fo
&@aﬁ}@l/éiﬁéon(c%?buﬁz}n&ﬁrﬁﬁ) (3@37 5 61%3)%5 bﬁg (')sﬂlo%é@ﬁﬂh@to%@ntﬁ@tfﬁg Jone.
wi t'h 10silicon carbide (33 f and positioned in

t he Bdter euidasinn abthi ﬁ@talz@;th éhe contactmgaomﬂ Wil g Ao a temperature
él%m%t%ﬁhd Sh g&&ca@@o&ﬁ@& (ﬂta\fd))riﬂvﬁ% H&lé é)‘?op%hFeQ sehRhbJ A T4k 11,

Ian pore di aneter o and cont al ni ng
IGO0 4vag fealrte thﬁ?ftomﬁiﬂ thprtacionm The hydpoearhaf feesbiiatogdghrough thiypreheat

zto!&? tﬁf&o%%%%g?%hé‘%oﬁé% %&E:tgért%lrg 20199%%?\)@?[%&%?}?0 da*%%éctor. The

fp@twm onaded with h&htod hecantyas in thg preesnee oflifyfiheer aisalGostasting
BEIEA Yo (F0UE1 A PR L0 TS S o scrm)

sul fidation of the catal ysts, the terrperature of the
contacting zones was raised to a tenperature of 405 C

A hydrocarbon feed (Kuwait |ong
85
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residue ) having the properties sumarized in Table

12, FIG was fed to the top of the reactor. The
whymsoeasbon feed fl owed through the preheat zetEUS1000080422

contacting zone, 20 bottom contacting zone, and bottom

support of the reactor. The hydrocarbon feed was

contacted with each of the catalysts in the presence

of hydrogen gas. Contacting conditions were as

Al IeWswad B8 10 18f oy 5re@aR. ﬂ?h%s tverethegel a9 666 NBLIR of

(4000 SCFB) and A 1SV was 0.33111. The two contacting

Beh¥&a (808 Priekisle ygragaon fged flgweditharugl §l§‘rcéntéftm£3011%f0f 4703

IVRR. CL2A0 cARdGhe 88 K @ﬁuef&% q‘%@fo@%oﬁ Fe@@/tJteh ovRdctnikaprah

the contacting Zones for hours. During

reopinedationg lOhe P-val ue of the hydr ocar bon feed/total

duygt
o) axpyMVaEfedie. TEPEAIE R ARENE ok of crudd FoRROMA s
gansoloStidwtan@ 7 vBcdsQy ahdR.7 05t 37.§f@ns of resi due and C5
as ph%lhis e@;%raq]% %Qllngnshat%f thgt %%élct f a%&dﬁ%g r‘P]cg{ fa 93 h g fr:eHg%/st

pr oduc enons CoNt ac
my;dnr@ldﬁrrcbmbmﬁ@eﬂlsmd ‘cdualﬁst quhﬁdnsoﬁat(hjnyms puladupest @oduces a

uct n of at st . 90%
c&&wg&g@wwgﬁesf%gﬁg?t% | gaténos?%%) o% Eﬁtﬁ?ﬁaﬂ)@P feerc]‘%emdue
mmhéle 31t Pieparatiofl ofth Colunatsi mdelmeualremz&al@ﬁ VIAE cQMSst was
R O R ST ] o B G SRR 7.7 ram
AGNO) NGl Y 37.7 Bians @G bhi R VoRerit fdr@ atsalr@o NSk A4 waSs heated

illustrative only and is for the purpose of Leaching

ykibelearapd qu%ﬁetrtﬁlelpﬁlée%wtelt Yies agditlp Aring g sembiged nickel solution

\Q@lgﬂt Pﬁgz RO ofaliR. MERET7T09Y erhihs)ivdis EOmBBe PHILRHS10Qehms of
t hat forns of the invention shown and descri bed

Jyepat gongpenang GOpgrapgReA nigkelsghitph was whdedtrofibinpg F36.95 grams
Fremeph s 1a0da el s TRMioRGePHRSE blisthedsih 'ﬁﬁ%ﬁﬁw
|IIustraE§9 deégélbed ﬁ%rgln parts a%dg%rocesses
heatpd betilicoae rfs eld)paﬁ 320856 gramsh dhat eomtncd 0. (2lpgansnyf eici-olimina
I

A0 A3 AR pLoR R EESFR0A oo Bhioilp oMRMBEw Y sqlpion and
MeQef4ily. 56gratﬂs) ® adedfr.i Dtlmmmnuihng H9oT. ”hlw@mrlimd wa@m avrag edled to
tga}fnxl% Te an e mlx I%Qva]ﬁ (r)l(l:‘\ullle{lTF mdlr?u fc::sr T%e res r emrllxtu . hag g %)H of

eparting from e scope of ?H FAVENEi on
a5 a:lﬂsﬁr(])lhéd 506 gtahs péngrhm\mf ngxtrnleal ns. CLAIMS 1. A

oyt S 0l SR 1. B B SR bR !B EOTRI 10

es;&h@dtelpdrﬁclesatrhh eﬂzﬁida@m ecrfdricher watoalfysdk serelaspisiagd ﬂ@n
rom Col um 6- of the Perio

ne qQr nor 1
CT‘E’H}@% A XHd] ﬁé@de anf‘)fﬁi‘f? Bo%njp}lb%ﬁ%ﬂgt%fca&}vét GRS ePer gram of
diﬁﬂl}@[ 9.079 epnfsRl WP aft A2 frah R, R@ﬂhltlwibacranzr@bdueg supp&t. erHe

| east one of the u pstream catal ysts furth

@@WP@I@@N&}%%&WW@ raqdpgersditnesih EST Amw%t lspst f% of the

bar hshes of-rlﬁﬂ‘(l:sein aRGLRY s1é%r3§st1@(§ut1€ﬁ’ B§V1 @H1Q§1e@f wRﬁ‘ QS Alof the
nore el ements from Col um eri odi c Tab

Wfbﬁfﬂeﬁoﬁe diamelat aipag vEReery 9r68é axltsgmnql p el yeh gf %8 m’/g.
5.y &{ta@[tof tl'OCLQQO I%ed%lth’:g C§lu§ms\f¥I atnﬁ.lgrl\?etgf S

@g&sbzsrﬂ hetreagtar apipedtes (@xaepopr aumbee agt cod@O & cortagimg zprels), the
tgﬁ{aﬁ?ﬁ%&ﬁc? seg)grfﬁﬁrg%gtggg gfélg Oélﬁgtfdh%}gm%/r f’(i)l%%ac gshgl\l/lft(#%/ m%fhod
wirg de sy asades@ibe@ irOhainpkt . nost 50% of the viscosity of
the first feed at 37.8 C, wherein viscosity is as
determ ned by ASTM Met hod D445; and a downstream
contacting system coupled to the upstream contacting
system and configured to receive and process the crude
product exiting the upstream contacting system
wherein the downstream cont &ting systemis configured
to subject the crude product exciting the upstream
contacting systemto a cracking process.
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2. The systemof claim1, wherein the downstream
contacting system conprises a residue hydrocracking

wWQ@Imi0B/045788 The system of claim 1, wherein at |BEEUSDHNE0S0422

of the upstream catal ysts conprises nol ybdenum 4.

The systemof claim1, wherein at |east one of the

upstream catal ysts at nost 0.1 grans of nol ybdenum per

gram of catalyst. 5. The systemof claim1l, wherein

at | @@ﬁblyﬁﬂ@mﬁ?méﬂ@?ca‘f@y%& [Eam’ s At RN BES in xampRURROKIE with

catal yst, and, wherein the support conprises alum na,

sliqon c2ibidg (3 ¢1e 2 28d WaS Praitiongd i e RoHesRicHBlACe R um

OXi d@; m g&@lﬁhl%%ﬁlﬁl %atal%t (mlﬁt)gﬁfﬁﬁreh IE? rtlfe%ethocﬁdesc-m)gd in

systemof claim1, wherein at ast one of

Krpswiceanm oarad wtbtsélchra@uﬂad@@rcen $ foAerng gtoilybﬁmwndwnwhtlm a

A LIR30 27 P S BTl B holdp conacing sone.

f r omAL@r angéition n‘étht 0atdlggs, alneg@lntaom zon@. weFhgusy g1 egmpérature
l,ak o 1 erejn the upstre

o%éi?ga IE%I'S Sh ré)garaons G r(% Ja ‘?(Sa)rhg%/l% e ‘,ﬁroqertlegg %IZ nﬂ }n Table811

Hifie vay sﬁetdetml&ftop:bhhmeiqtom\h[é]e eyalroMbdrﬁam flovd thrbugmhe preheat

upstream cat a COo ni ckel

BT B ot 5 P g 5 YRty sty The

faedw@hrc@ﬁtaétb@ with esdl,of GRAIySs Ngthe @fa:seups bf 8@ gen PisaClonfAgting

tenlco r I N one r nore cat Sts Le@

PR G B HRhed Ao MRttt R3S 228y 6% Pogfh XCrm)
42V Rasd.5 hhernBekd eshitetid@iings waRteatd RB90 ec al®p@ssure of
]%g(fﬁgunds of one or nore netals from Col um of the

8(S0F apekas hyideicadar faed aapediheough the ﬁ@nt?ﬁs@g Pengifor
Lot abyst Bufitd RBELHLANPPIVERS 0PMRE hrodT R fElIRFBNMSddct ARwre
Col um 15 of the Periodic Table and/or one or nore
eappeithese b one or nore el enents from Col um 15 of
the Rerhodh & ab! ge cﬁﬁ@@{n%!i&t ﬁ&f‘%@%tnhﬁ]gf Gudd 315r§&ucf 688k orams
7.8 C Wth

havi ng a viscosity of | east cSt at

@riesidye apdr eisghity pled lobedyEtE°G.n t he upstream

cont

O S50y O Py BRIl LBR P00 g
MHSMnofe mﬁtalis gastCounin th tpe Bdmcl&sTadvlemnd@e opr @dwrge compounds of
ne or m%reamf\:/tlals r?)ﬁrlle c%funelln {3 g the % oc{u‘g?abéem&g’ (G%OO%H%E rtnlgt?lls from

vI'scosity of irs
Wolsnosd-1§ of the Bericdét Babid amé/@br biye ASKvt dMethonddsxbbe orandre aetals
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The support was impregnated with the molybdenum/cobalt solution, aged for
several hours with occasional agitation and dried at 100 °C for several hours (overnight).
The resulting catalyst contained, per gram of catalyst, 0.115 grams of Mo, 0.032 grams Co,
0.02 grams of phosphorus, and 0.74 grams of Ni with the balance being support. The
molybdenum/cobalt/nickel catalyst had a LLOI of 0.053 grams per gram of catalyst.

Example 35. Contact of a Hvdrocarbon Feed with a Dried Catalyst. The reactor

apparatus (except for number and content of contacting zones), the total product separation
method, and the crude product analysis were the same as described in Example .

A molybdenum catalyst (33.34 cm’) as described in Example was mixed with
silicon carbide (33.34 cm’) and positioned in the bottom contacting zone.

A molybdenum catalyst (16.67 cm®) having a pore size distribution with a median
pore diameter of 192 A and containing 0.04 grams of molybdenum per gram of catalyst,
with the balance being primarily a gamma alumina support was mixed with silicon carbide
(16.67 cm’) and positioned in the top contacting zone.

The catalysts were sulfided using the method as described in U.S. Patent No.
6,290,841 to Gabrielov et al. After sulfidation of the catalysts, the temperature of the
contacting zones was raised to a temperature of 405 °C. A hydrocarbon feed (Kuwait long
residue ) having the properties summarized in Table 12, FIG. was fed to the top of the
reactor. The hydrocarbon feed flowed through the preheat zone, top contacting zone,
bottom contacting zone, and bottom support of the reactor. The hydrocarbon feed was
contacted with each of the catalysts in the presence of hydrogen gas. Contacting
conditions were as follows: ratio of hydrogen gas to feed was 656 Nm’/m’ (4000 SCFB)
and LHSV was 0.33 h™. The two contacting zones were heated to 390 °C at a pressure of
13.13 MPa (1900 psig) as the hydrocarbon feed flowed through the contacting zones for
2537 hours. During contacting the P-value of the hydrocarbon feed/total product mixture
remained above 1.0.

As shown in Table 12, FIG. , the crude product had a viscosity of 63.5 ¢St at 37.8
°C and, 0.243 grams of residue and Cs asphaltenes content of 0.024 grams per gram of
crude product.

This example demonstrates that contact of a hydrocarbon feed with a dried catalyst
produces a crude product having a residue content of at most 90% of hydrocarbon feed

residue.
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Further modifications and alternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.
Accordingly, this description is to be construed as illustrative only and is for the purpose of
teaching those skilled in the art the general manner of carrying out the invention. It is to be
understood that the forms of the invention shown and described herein are to be taken as
examples of embodiments. Elements and materials may be substituted for those illustrated
and described herein, parts and processes may be reversed and certain features of the
invention may be utilized independently, all as would be apparent to one skilled in the art
after having the benefit of this description of the invention. Changes may be made in the
elements described herein without departing from the spirit and scope of the invention as

described in the following claims.
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CLAIMS

1. A system for treating a hydrocarbon feed, comprising: an upstream contacting system
comprising one or more catalysts, at least one of the catalysts comprising one or more metals
from Column 6-10 of the Periodic Table, and/or one or more compounds of one or more metals
from Column 6-10 of the Periodic Table; wherein at least cne of the upstream catalysts further
comprises one or more elements from Column 15 of the Periodic Table and/or ene or more
compounds of one or more elements from Columa 15 of the Periodic Table; wherein contacting
the hydrocarbon feed having a viscosity of at least 100 ¢St at 37.8 °C, with one or more of the
catalysts in the upstream contacting system at a temperature of at least 300 °C.a partial pressure
of hydrogen of at most 7 MPa, and a LHSV of at least 0.1 h™* produces a crude product having a
viscosity at 37.8 °C of at most 50% of the viscosity of the first feed at 37.8 °C, wherein viscosity is
as determined by ASTM Method D445; and a downstream contacting system coupled to the
upstream contacting system and configured te receive and process the crude praduct exiting the
upstrear contacting system, wherein the downstream contacting system is configured to subject
the crude product exciting the upstream centacting system to a cracking process.

2. The system of ctaim 1, wherein the downstream contacting system comprises a residue

hydrocracking unit.
3. The system of claim 1, wherein at least one of the upstream catalysts comprises molybdenum.

4. The system of claim 1, wherein at least one of the upstream catalysts at most 0.1 grams of

molybdenum per gram of catalyst.

5. The system of claim 1, wherein af least one of the upstream catalysts is a supported catalyst,
and wherein the support comprises alumina, sitica, silica-alumina, titanium oxide, zirconium

oxide, magnesium oxide, or mixtures thereof,

6. The system of claim 1, wherein at least one of the upsiream catalysis has a pore size
distribution with a median pore diameter from 50 angstroms to 150 angsirems, from 60

angstroms to 135 angstroms, or from 70 angstroms to 120 angstroms.

7. The system of claim 1, wherein at least one of the upstream catalysts has a surface area of at
least 200 m*/g.

8. The system of claim 1, wherein at least one of the upstream catalysts comprises molybdenum,
nickel, cobalt or mixtures thereof.
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9. A system for treating a hydrocarbon feed, comprising: an upstream centacting system
comprising one or more catalysts, at least one of the catalysts comprising one or more metals
from Cclumn 6 of the Periodic Table, and/or one or more compounds of one or more metals from
Column 6 of the Periodic Table; wherein at least one of the upstream catalysts further comprises
one or more elements from Celumn 15 of the Periodic Table and/for one or more compounds of
one or more elements from Column 16 of the Pericdic Table; wherein contacting a first feed
having a viscosity of at least 100 ¢St at 37.8 °C, with one or more of the catalysts in the upstream
contacting system at a temperature of at least 300 °C, a partia pressure of hydrogen of at most 7
MPa, and a LHSV of at least 0.1 h™' produces a crude product having a viscosity at 37.8 °C of at
most 50% of the viscosity of the first feed at 37.8 °C, wherein viscosity is as determined by ASTM
Method D445; and a downstream contacting system coupled to the upstream contacting system
and configured to receive and process the crude product exiting the upstream contacting system,
wherein the downstream contacting system comprises a deasphalting unit.

10. The system of ctaim 9, wherein the downstream contacting system comprises a residue
hydrocracking unit,

1. The system of clalm 9, wherein at least one of the upsiream catalysts comprises

motybdenum,

12, The system of claim 9, wherein at least one of the upstream catalysts at most 0.1 grams of
molybdenum per gram of catalyst.

13. The system of claim 9, wherein at least one of the upstream catalysts is a supported catafyst,
and wharein the support comprises alumina, silica, silica-alumina, titanium oxide, zirconium

oxide, magnesium oxide, or mixtures thereof.

14. The system of claim 9, wherein at least one of the upstream catalysts has a pore size
distribution with a median pore diameter from 50 angstroms to 150 angstroms, from 60
angstroms {0 135 angsiroms, or from 70 angstroms to 120 angstroms.

15. The system of claim 9, wherein at least one of the upstream catalysts has a surface area of at
least 200 m/q.

16. The system of claim 9, wherein at least one of the upstream cataiysts comprises
molybdenum, nickei, cobalt or mixtures thereof,
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