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TH3364- PCT SYSTEMS FOR TREATI NG A HYDROCARBON FEED
FI ELD OF THE | NVENTI ON The present invention generally

WO edoaness3 o systens, nethods, and catal ysts f oPCT/US2007/080422

fﬁfg%p@g hydrocarbon feeds, and to conpositions that
can be produced using such systens, nethods, and
catal ysts. Mrre particularly, certain enbodlnents
descri bed herein relate to systens, nethods, and

cat al yst ssYQrENMYWORSITANA PING AW#M&RBON‘EE‘EDO a
total product, wherein the total product includes a

crude product that is aliquid mxture at 25 C and
ME‘QE&B_ME 0 VEAJT or nore properties that are
Chan%g pfe@é:rﬁlﬁﬂv\éﬁlén%Eﬁé}ﬁl}r SRRSE ¢ NEnk)! RRESds an@ at'éf' §s for
hydrocar bon feed. DESCRIPTI ON o R AR R i e
trdating hayecadhve fesds, pnd qsvﬁ@mltl(ablt@t prdpsenreduged uskngtsugfpsystems,
Iﬂ&ho(gl, én%\’ga{aggtscf\/ﬂ)gee arltlcQﬂaQ P%ﬁq alln{e}lltstdeécgﬁ&pﬁetrgg relate to
or processed using onven i ona Ities, are
wermerhgthadefard cgdlysto fasorviissady arlntyagedb@rfadiets a total product,

esrff‘aqu }éhgﬁt @ erg(‘tluc ine u? sa c%uc{endchjlctetge% s ehjo%ulé: on%pﬁ% OfC and
@ He MPuakel lfae eok ormmadmahasgthdt amerdrdeged\mlhﬂnveao tel redpeatigl y

i gh m?% é’bteto corrosi on of netal

8%&3’ F?r “Fansporting and/ or processing of
DESCRIEH@)M(NF&QEUATEDd@BT Removal of acidic conponents
from ed crudes i nvol ve chem ¢
et 1 G P 0 & BRI PIHPER % it G Blbe crudes t

Y degfiohat By Yran GRFEQ D PocdsO&l Bing Rbn V¥R GHabrabiMes) Bres@ehohy
trans% rtation eqU| pment and/ or processing equi prent.
refeared Kersoflisgypptadidsiidegsi st ant metal often invol ves

si gniilQtiadd PRO&EmayiRBludd Wsdic MG oHSHRs @it contribute to the total
corrosion-resistant netal in exi sting eq ui pnent may

it nubee dNabPidhe ade fved Rsadyaeiaged Crﬂrﬂ% it aéfé%tw%/n%gh TAN

IH?}V cdnﬁ}‘b‘atevtg c&%i&n‘o@ﬁleﬁfl c&%dn@ﬁt's Qﬁhﬂ Qﬁh@o}tﬁfgsanaﬂr processing of
di'sadvant aged crudes before tr ansport Ing a

(e dsabysitagedofudeh eRaaabvianidagetiporatdsnm dih@ivel@@edfcrudes may
R0 RLAN DL L TR OFARLHOL K, B LS £ MRS
qrosiactsispnoadelele anay e nsddhe tramspogaion Bijs pidera ahdgedocessing
é:qqeﬂgl)gngzst Olt %ge & ch)}r’]r?sla{gne %:glls@lt I \e/eS%alhoét\f/:h %WOings\é ﬁlgl}s]flcaﬁlt FRDENSE and
this, ﬂesllse:iufe:ohemdn te@lstaet ethifih _eulstinga:qmpemmﬁmsﬁ noebé desirable.

port and/ rocess usi vent.i onal
Aaires Pieinog (5 Bl DTS By R e SREE S 2 hing inbibitors o
dieddadnitaped yrubesghf@eouipsiting afairgroce@igaimitaidagvanta@éd crudes.
xanpl ni.ckel , vanadi um . and/.or iron. Durj n%
ﬁ}edjénggﬁ‘i%@s%? ”’é‘t?étﬂ“cf’?al){d@%atw t th?&ﬂ‘i’glﬁ’i‘tﬁ’é?f{@ Laeaysde crudes
£ AHeN@Blipbr pel@hs enicanirp@mMecrud®y deposit on a
surface of thecatalyst or in the void volume of the

cat alliglvanggen C@é‘fﬁd&eﬁ SOM#Y rEairsl Mgtiledls ofeesidret he

Disadvantaged crudes having such high levels of residue tend to be difficult and expensive

to transport and/or process using conventional facilities.
Disadvantaged crudes may include relatively high amounts of metal contaminants,
for example, nickel, vanadium, and/or iron. During processing of such crudes, metal

contaminants and/or compounds of metal contaminants, may deposit on a surface of the
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activity of the catalyst. Coke may form and/ or deposit

on catal yst surfaces at a rapid rate during processing
wotoodiossrdy ant aged crudes. It may be costly to PCT/US2007/080422

regenerate the catalytic activity of a catal yst

contam nated wth coke. Hi gh tenperatures used during

regeneration may also dimnish the activity of the

catal yst and/or cause the catalyst to deteriorate.

daspdyvanuroed Wiuses (hBdhdINRe | SIde dBRisAd Say Caub®f ddclif@intise

of organic acids (for exanple, calcium potassium

HHUDOYT B AY-. Metals in netal salts of organic acids

are ke P ir&A dnv/op 8RRERE S Che 1)@ Qﬂrﬁdcé‘saﬂ‘éé‘ﬁﬁ@&%ddu%g HR%essing

by conventional processes, for exanple saltin
rigadyanigeedicrygdes h ftmgay bpcotyge exgergrae B calalyEn BBHY ef deptalyst

LuBRNERLARRL, BLSRASA OB BN 8, LI Ay S

thndetiviim atitha mytalygtiagdiot gapicahé ¢ajalyke podiriorssar t he

ext erd) e

salte %Tdvé?nlf aef;i:&gldgs mc{tj)hlﬁclﬁgfg rgl:t)ﬁ% tln fs%}ti (r)ije(% aﬁt zf’%/ds i(%)r

axamdle\/@llqmum,s)ob\smm eand/omodiuyfm Mwﬂs unmheeeé salsaf t)igamb acitlyare not

St DrhERe Srop QP SThAE RSP AR RRORN o s e
@sgand tdAthds waslting. he top of the catal yst bed,

generally results in an ncrease [ ressure dro
©hr oUgPFeT R B QO WL PYEaBY Pty PSP D Oty ipapeta
faedof dYRImROMRs ard prese AR TRk chilafl (6rBicRd] aB@dnadioh, PhigR Bipteally
aci ds may cause rapid deactjvation of catalysts.

SPEUREAT DS SREE B O eSS A1 1B PSEh A DT Yt s may

L& RALRABalTiR K08 X BRIRIcE bet®bdf ddlalysOpYEER, paichlarly at the top of
nitrogen). Organically bound heteroatons may, in sone

the t:%lﬁt@% Theglgrosiip! senfepigante ferexpmplp, re%wlarrygﬁtgl salts of organic

AR aéi‘(lﬂ:%ﬁgﬁﬁe &lige %ed@é!ne&eﬁ | QR BF Q3RrCasOMYHESure drop
conpounds. Treatnent facilifies that process

Wiozallha hedgalonar atesvol plag ﬁlﬁ caimlygidd.c Morasner, G mgtals in metal
Jaﬁéglior 0% A" aﬁ)sfe @%?&@tu&ﬁ{)n gr Ay p}gf di sadvant aged

encou uring processing.
Og arﬂlsadwa«y@@dx cmdemlftsm dentainioezanicalit mdndi betenagoms (for example,

s%ﬁﬁlc S%deg gd’nfl rr‘{ﬁ%e(ggng ?f%an%gﬁ ‘%(gl)ﬁfl %gt%% g%gl%%%o g%?%e 1ftu% ions,

or e
laalve@mmvsrseaﬁd:’toncadms for rred by oxi datl on of et hers)
that are difficult to

) remyve fromthe treathdr;[cr%ldet

and dP i asst ey REHP MR e QR g
faciboeskAt ng)caﬂ’s dhs@@\wﬁﬁgem ¢Q@k Rgthian oky@n spaedtat atqaast (.0@Sgrams
Ql,? sadvant aged cl ude basic 1tro

e s e g T AR sl d et FsPlesGHRnE processing.
Oe6IY bRleh B&SpouRey) HAEN haRldi dueifg ploYdskiak &fay fOA B@K@oﬁﬁiatlon
benzocar bazol es,  .and honpl ogs thereof. Basic nitrog
‘@8}?66% deor ﬁ’ﬁ&‘}“ﬂ%%\\lf%to‘éfﬁ\?éﬁ”%acéii‘sff%‘é‘teg by ﬁ’x@été%ﬂ %fé‘{cgh‘% éadfor

dcfis F6RRl bPGxRERMOT S@Srs) thitge HiBENE O EniRE f@fnfth@tr@awane
t he cracki ngoperation. Basic nitrogen conpounds,

wdior ey geiredsopRrBRRESURgmenelring Pieresiga and cause pluggmg 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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nol ecul ar wei ght conpounds that contribute to gum
formation in operating units. Di sadvantaged crudes may

WO p@Bdgeshydr ogen defici ent hydrocar bons. WhenPCT/US2007/080422

processi ng of hydrogen deficient hydrocarbons,

consi stent quantities of hydrogen generally need to be
added, particularly if unsaturated fragnments resulting
from cracking processes are produced. Hydrogenation

SPefatibel BARCAESdeA GomPhin) whkR h&ﬁéd dhrind ﬁ%&s@ﬁgtrﬁﬁr fes8hh
an active hydrogenation catal yst, may be neede

ARFFrtveighs seupoNp et htcapBE & g%fﬁr%tf% IRgPEHIE. anis.

Hy dr qgi@Rvirtage@Stulids they 1@519Wr(%@ﬁ1 él&fméh@@}dr&caﬁﬂ%ns When

transport to treatnent facilities D sadvant aged

pesawng of| hydrogemdplicienepididsatbons, sengisient quaniyies pﬁ@ydrogen generally
| e

RESFATAEL b CAIATbA3AR o Ahlchl o EB1ink ¥ iracking processes

aompdwedt Islydu9g¢nagorp¢ltame$>m0ﬁ@iranw1m©h tybesrlminvolmesghe use of an

a{éﬂg{"]ﬁ?};él c?gk%ha%to%a&lé/&d}ﬂ% l§eb1ge8<(%l &3 X&"B; &se%%ged(%%g&entf from

foroine ssles Hyfdtagan Isaoilytth erogbid dntlipr t@tly amagpepa@t ©eteaoteed
perty in a disadvantaged crude w thout al so

S“S W% i cantly changing other properties in the

di sadvsiavagedd efudéb&lsoEa’fd te )éﬁlimﬂt Enstabiipvdnin pro@bssing in

rocess ften | t abi to. si nlflcantl
Ratirgane el aC S abhfngul EiauBmmitecraitop ik coupmgens
durifg prootsine @h@BGioRGatidy oﬁuﬂ@&tdbﬁﬁby@}fm&ms (fdhrexae9é, epdrogén
certain conponents (such as sulfur or neta

LYK a Fa Al mﬁ%ﬂ#%%hﬂlsadvantaged crude. Sone

Pr oCeSnesnibRAl ptd¥NsOVdrRE 14ck encctinal ty toYeh@figeGlsdldBledl Pob&iElEin a
adding a diluent to dlsadvantagﬂg crudes to | ower the
distdy agﬁ@?l@éwnmut elbprpenidntnsly cBanginether pgreyet iRéhe

iy %I@@l @191@9 lmr%@ﬁﬁﬁlé %nveﬁgg{ap&ogésgéé%ﬁgn lablgiﬂ%\éﬁﬂht to
generally increases costs of treating dlsadvantaged

%m@fé@ﬂm@éuqeoT AN e cdsadsanyfged cfude whilapthe sainidne sbdhanging
%?f&e%r&f’mﬁb%ﬂ Qc&g&t d ad %%ggﬁ‘eqts%dé%?'sulfﬁggﬂ hégn of

uent to a di sadvantag e
@mnummﬁmmth@é@mhagaxéwaﬁﬁI|ty of such crude. U. S

Saanakap TGRS SupHIR Rl fligte Rt fiagylo

dlﬂid%l]é%ﬁd citlesab lgwe tHbGR:i 85 Pertant SHéamchoeentatontribmitib®, A6 6
502 to Bearden et al.: .

b ShRR8T e i Bueal nd R B RCEy Foses kprur wspine

d@dadyarnn 89 Zruﬂ&giub ©o the acdd & deltier hnd/orBn@dabe 63Bistt@haklrahd e

t al 851, 381 .t0o Tanak 5,322,617 to

GloainieefOBeRy iR g ﬁl?uef%t@ i Bokiaafea b n g Sione

HuDibhs 2R 2re k0 sﬁﬁﬂ%v(bfﬁﬁclﬁirudﬂ , 4,886,594 to MII er

4,746, 419 to Peck et al 48, 710 to Si

4 528 57N P RSt I’aqyn@ldﬂet&bﬁ S 40 Sehgletr ekl

@436, 2861&%1@&%1 t@zm&m@% &t el 6,162, §§éﬁo%@}’bdfe9a1 6,063,266 to
Dahlberg et al 191 636 to Fukui et

({xgpdd & hcd. B WA o mﬁqn@a@h g s01 %%@bﬂlgsﬂtﬂ 3, H’f”@Qﬁgﬁ)ﬁo
BOPRA1LBA4 589y 96BN Bte @t 5, 2AA I PALGe LM OMAIMS 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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20050139522 to Bhan et al.; 20050145543 to Bhan et
al .; 20050150818 to Bhan et al.; 20050155908 to Bhan

wW@00a10457520050167320 to Bhan et al.; 200501673P4I/US2007/080422

t hrough 20050167332 to Bhan et al.; 20050173301

t hrough 20050173303 to Bhan et al., 20060060510 to
Bhan; and U.S. Patent Application Serial Nos.

11/ 400, 542; 11/400, 294; 11/399, 843; 11/400, 628; and

Ko, 403025314 Brdug8PDOI01 884 13 RY BRATE al MRLEOS5 183RMugh
Cat al3)63ts for Producing a Crude Product” and all filed

APPII3O2 1o dthen ety A¥B0GHG43 pilihep st gg 300501 7D 8 lolgmneyal.;
ﬁi@@@hs@bég 8 Hhiah lateaql 2@5@1@;@9‘@ tol\ﬁ{amﬁﬁ 2@6%165%@@&%@&@ for

Produci ng a Crude Product” and Fil June 6, 2006

HO87hE “@&hﬂ@a@l pEYresEEsa! t@y@héﬁ%m%ﬁw &Bbﬂ%ﬂb for
RIBGRD 1[0%8 HhaitdGe é.@’aét{(l”é e aARNLBER GA0HCRS. J14400.294

general 'y have undesira properties (for exanple
F1g1921849 el lyd(Riogh; andd1/d0@2¢onll ertitled Sysemtbe Methotlp abkbContysts for

N T R e [ s e

tir&atose nt Bhan@llrwntlemlrmgsiema Mlethqais e |(IataestS|fmdl’rutﬂiE1ng a Crude
| | d bl
a1 45 e T S BB G SPURRO AR Sy o

mmgmgnamss metals in nmetal salts of organi c aci ds,

200 G 0 P BRSO S e PRI L P S

RRA{AY high eatdie bénirAc tbhdeh®bio bedtmlelitk@fle dBEHE@HAeNL, and/or a
corrosi on, decreased catalyst |ife, process pl uagiﬁ)&g,
cr

SREPOY O] Cﬁ%ﬁu@%%lé‘“ﬁb’al@"ée S‘Floﬂi}ﬂ?f&ﬁglﬁ?g%?‘i‘rﬁ’é leplaen
vt rable PRI Rrties indludb MufvEIS Abh BERARQ BT tnRAthbicRSMPbERLs (for
need for inproved systens, nethods, and/or catal ysts
P3mpleotstidpcs p@%mé@llymogafa@%%@@a NG} GRS dRaiRigin metal salts
RTRI L 31dM dnll/o PO £ni 65 oL AR Bp RLEH! eSﬁdh%?opeFED:@ kfidiScRLSO
a significant econom C and technical need for systens,
rreflpogs, coarrafional Eansapyaiios andien tregrent Faitiges. insludigigarreased
i .
@H]%ggfti Id\f/: e)l/sle('g egeﬁgﬁ ﬁ?ed %E(lies?gﬁg%ﬁg lr%ltqg/éﬁé\ﬁlc}egseﬁ ﬂLe&e of hydrogen
cuirmgdvameatg dtlug rtkwdﬁels aSigM\fM\W e@ﬁmﬂfn@ﬂdmmal(mad for improved
S 5% Qt eQIQods %ﬁ 1%5929 %Ir‘ d NedoH % 815&&(/211& e%tc?udgs to crude
§/ I]I St for conversion of a
Ihydirccsozartbnmefdeﬂmblewr@ettm aThqmr pdlsot spoifisrntscongnac arduckdnical
ct an nts, .non- c densabl.e .gas.
RO E o el SRR RERERL B b RS SRTSEPEPZIG 3
dipasiged onge hiad otiawgectiode than@iibiomat propati@fin the disadvantaged
conmponents therein. Such conpositions can be obtai ned
‘B’k‘/grﬂy ng the systens and met hods described herein. In

some enbodi rrentssUMMAmyem'H INQ/EENTIIOJNS a net hod of
produci ng a crude praoduct, tha ncl udes contact.i ng

hydr JRUPBER dEBHeRRHD St Tl 40 DALEN Yt BoG gind cadlyaidor

@nl@ligh o] BAMEhbbA &led kE U BR abdi fompikii: PERAUSGHduct and,
vvlrwlerell nothlgqcr urde rod uctO |§ a l |(c)1ude xtur&ejéjlgt uZCSaHOC1n

®AY cobedimepanoniaradaniipicorar BupntfoagdespaRedhgres also generally
I'gﬁteytgg&ﬁbﬁntféﬁm&{EaVQBO\%i combinations of components therein. Such

compositions can be obtained by using the systems and methods described herein.

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

a total product that includes the crude product, wherein the crude product is a liquid
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| east 0.1 wt ppm of nol ybdenum the hydrocarbon feed
having a Ni/V/Fe content of at |east 10 wtppm at

wo e@si4398e of the catal ysts conprising one or POI/ES2007/080422
nmetals from Colums 6-10 of the Periodic Table and/or
one or nore conpounds of one or nore netals from
Col umms 6-10 of the Periodic Table, and the Col ums
6-10 netals catal yst having a pore size distribution

Wixite @& 2320120 0N0T 116 ABBY@6cAMonUBed vk @ @Tﬂﬁ%ﬁ&ﬂﬁ@nt&:nt of at
and controlling contacting conditions at tenperature

lsast B4 Wiepgs pf molybdreumgthg Jy drpearbas desddpyise N WE? gt gffat least
ﬁiwt’ﬁﬁﬁt at felMRe ofif}d cial%@yorﬂénsﬁ{g dn€ %ISPHOQ: nethls o Qolumns 6-10
produce the crude product he "crude product having a
efoha/Rrdiedig rhable npdnt ongfor HOTIRPSIPOYBIEOH PN Henaip pltsdTaghg-olumns
f)%‘&@tﬂé P&iodWﬁ Ry Qr{d%ﬁ@?&‘aﬁlﬁ ﬁIQ§ ek GedNst Mv’i:r%f Cﬁtbﬁ%ﬁ%

et ween 80% an 120% o Fe cont ent
hstdbamarhbr theka, pohdrmetar ofpipyd d&Ehangsteomes; M ophEelling
2Nt
c%ﬁgh%% c%né‘lh&asaag n&%g%fa%rg SPatgé/ Qr%m 2%15%% R%Q%%ﬁ-p{ﬂ@ gen of
dD4R84] MlPa ad iad HSYYbofdit feesitOs], h b thgradovetht mude piedaat | thesrude
udes

hat
B R A e R
h:;atmhﬂosﬁ ﬁaetl @ncp:r Nﬂutfe canttitbalwepn 80k ahd 12084 of the Nu¥dS: dohent of

re erein . the cru oduct is a ui d
i BB aran 15 whISh P ouo p S D ety Bt by
RSWMD@@th@E]DS’Q)S&H&l alediby goro danfeen isf £ @eerndiné Ot yaA S N/ N &l
content of at |east 0.00002 grans, and a total Cs and
3§sphaltene content of at |east 0.01 granms, and at

| easty odfe @hbddifertatiRlivehSorRRRIHeS h RYHONBf Tﬁbdwﬁ{g% crude
metals from Col utms 6-10 of the Periodic bl e, and/ or

Bodichihanipelades somsaiing g hadrogmondecditleonset A10se ¢atypts to produce
Bl PR @ uilapmeﬁldéshﬁe &84d fdinket, Takles thé&%d&%hﬁ&h | d @hid

contacti ng conditions at a temperature of at |east 300
I@@turgatp?ér iaadl 0P b¥Barte bYdrwdmé@eﬁl hgfingtpepgrgm of hxgrgcarbon

tlﬂ'ﬁ)‘(ﬁ/ C(ﬂltte égiaﬁtle Qt 010()p iglraﬁls parnﬁlqlf@%':ée I'}Sld‘\d Y %altene

pro e cru duct cont e
@etevxsémt BaY)dn cgral@C)%dwft leakte@nipf fw: Faalgoncantrisof Onher more

ISPV A PR e

asepdisafr@re ielunon theltXof twhieriedin Table; 488 camcbllFig contacting

SRR AT AR st CuD bbbt Gre S SRRl S Fse
et endih DEs Vhyf aABTIVONEL 'ho grddd&i8e clude SrodR®:t, &H@@dﬁﬂd‘{ﬁdﬁﬂwt having

the . invention des be produci crude
OB R ier SikSRE LAt PGy T aRGH Y RS HERAS foed
AMdtaRot@N®; Mt YRSkt 3b)&it Sf hQnddt gxn;lmﬁtha hi@badbdarfeducCtand C;
that includes the crude product, wherein the crude

35PRsGRG Conienty WhETG (R tBe (i 0 frrespitaltenss geateni i asumef thgrsas

Jsbﬁaltt%ﬁ{éd 29 Qaé&ﬁﬁbdft@%ﬁMMé&Q)d 1807 AP é%f)hﬂ%ﬁ’és% 8&bned by
atotal Ni/V/Fe content of at |east 0.00002

@$Weth?f’d]33/37§003| ty of at least 10 ¢St at37.8 0C and

at | qsl%m@aﬁbdatm&ﬁe afeqﬁ@herai KGR, 1=ihB8 o PRBA R ngr&ic
metal s from Col um
product that includes contactlng 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



10

15

20

25

30

the Periodic Table, and/or one or nore conpounds of

one or nore netals from Colum 6 of the Periodic
waaimmis7and control ling contacting conditi ons BECT/ES2007/080422

tenperature of at |least 300 OC, a partial pressure of

hydrogen of at nost 7 MPa, and a LHSV of at |east 0.1

h 1 to produce the crude product, the crude product

having a Ni/V/Fe content between 80% and 120% of the

N4 N R € eatent othe EhAyhyEngsRmBoRe 6886k aehIArom Column 6 of

viscosity at 37.8 0C o%’ at nost 50% of the viscosity

B¢ Peripdichlableo sl B oRe prBare £PMBIINgs plcone\h BYOE; Hetyls %@s@qlwn 6

éﬁh@ﬁeﬂ@@&: anLBkNad c@ﬂtr(fﬂﬁlé\éomgm%dco%ﬁéns e te?&ﬂgﬁlture of at least 300

enbodi ments, the invention describes a nethod

B e@a@ﬂk@e%ur@ ohelreges @h @tthShaMRanmdwde%S\é Qﬁfeté‘tﬁ@li (hyhato
Ig}}{?lfcggﬁf E&ﬁgt ngcﬁllds?gﬁ)de& hQH IDhR E&uweﬁ%%nd

pro duct ¢ des t u e pro
10ér dithe NHE/Te codentof 6@lhmlrocesb<al ﬂeq:dqmddt vmcmlmae%if ‘Q5f g@ost
0y Qe 0 OGRCHRN £ B9 B
byeﬁ&STM(Mﬂﬁ)@U%@rarrs and a total residue content of at
I t 0.1 h
o™ St AR e sl £ b C PR eorvdce

IEG(IIUCOIHﬂatCmaIﬁ(ﬂHS eontmmdlg ahy@earieon fear \eltlcomspﬁ uRGkScatdlystine patduce

nor tals 5610 Peri odi.c Tabl e;

TR0 more it 1 BTt RS ma D et e gt R0 e

Iﬁfxuﬁ& atl ZSaStana;OQODQPa&h@ ﬁidrbc&kboﬂffi&eﬂﬁiafllﬁg Qler ﬁlﬁﬂ‘lrdfg?dto@frbon
of at east

fﬁ?‘b gU i Nlh\éﬂ:% ?(H’(Seélt B]i’ B (lﬁ?étto 00PHe e fad 6rt‘8}6|1&8%1d‘1?af9 MY of at
Dot Y1 Bean&omiden ﬁeaﬁ%@!\@ﬁﬂﬁe 8@&%&@00112191{%@%@ bemde médrEfrom

content of the hydrocarbon feed and a resi due content
Eflugps o of t@@%féﬂdl(t Hblen gl ©ae BoRORSEMPPES gl ne or more metals

SRS Rnns Wher@ it ff@h()&{é TehIE: %H e8drolish Q%ntQ&In%rcth}%s BYa
ASTM Met hod D5708 and residue cont ent is as determ ned
bypPa@T dat kiest SB6307 partial merereerbptigraref 8L meshé MPa, and a
M@W af At‘i%bhfjﬁlﬁﬂ [ PESaRe TRihed PJduPJ E%hldﬁfdé‘ 1o B%:I]l ggea Ni/V/Fe

roduct des contac
wnteht tmireceoB0op d2¢arhthy NisV /Bfo@ntqnoqvfeue lmir@‘n@ou feedmnéa
| r
ESPLASHERSSPNGR 0% 10 PR LERGLAL: LOWRL SRS By
dohencis addetgmietd by ASS MaMethgd iDh 763 mtdmedla’lcoﬁﬁnﬁ@amedermmed by

hydr ocar bon feed havi ng, per gram of
‘%%/’é{r?%\géaﬁ g?ﬁe a total residue content of at [ east
0.1 g adrse erﬂtﬁtﬂhrﬁdntd &ﬁSlﬁveﬁﬂ’kﬁl dk%crtbbea aathal ysﬁlbrsducmg acrude

conpri si.n ne or nor romCqurm 6 of th

PR RIS IR S R Y AT B R RS A
IARHE oMb Icsntﬁcrtmguz&% UM filedHed trddtoPRY prodice a TakllpeiduanBat
cont roI I | contacting conditions at a tenperature of

ig¢luges dagy r@@“ & ﬁrﬁﬁth%?mff‘rlé@%i; B adquuﬂ;}aﬂm&e% 2fCapd
R MPa, MR2hyd@erben FePNaRie, dbr dr8ASE hiirdeatbok fdel, PHATRSRC
the crude product the crude product a reS|due cont ent

onteat of plepst §ograns, ppbatigadr e &F S salplyele comarisgigeone or more

GOnT &by ¢AuSRE® &1@@@%&@@&@@ ahd)6r d 8 Rlok Qi s S8 SnBor
hydr ocar bon composition that
more metals from Column 6 of the Periodic Table; and controlling contacting conditions at

a temperature of at least 300 °C, a partial pressure of hydrogen of at most 7 MPa, and a
LHSV of at least 0.1 h™ to produce the crude product, the crude product a residue content

of at most 90% of the hydrocarbon feed residue content.
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i ncl udes per gram of hydrocarbon conposition: at |east
0. 001 granms of hydrocarbons with a boiling range

walz@soidIss i on bet ween 38 0C and 200 0C at 0. 10RCTVBS2007080422

| east 0.001 grams of hydrocarbons with a boiling range

di stribution between 204 0C and 343 0C at 0.101 MPa;

at least 0.001 grans of hydrocarbons with a boiling
range distribution between 343 0C and 650 OC at 0.101
MPa; [atoth€@ibodfn sl i AEGH providésQasiRRAB oM poRifion that
initial boiling point of at ]l)east 650 OC at 0.101 MPa;
ig¢lugles pet 2ram o bydsecaghoarmpesitign; vylgst 0. 4NErams Aigydragahens with

PhAR ﬁﬁge@stﬁ’ﬁﬁhﬁ‘ bl§R&S38 dNari0NB °€ 'ﬂp@%lnﬁﬂi Sit letaﬁ@ 001 grams
i nvention describes a nethod of produ0|n a crud

Yrhydigearbens atithi arhoilingaange distrihetiph betaednirdt oc and ot ?Qe@zﬂ) 101
h
ltWﬁﬁa[ht A& O eg&t‘hﬁ of ﬁ%(ﬂbé’a%(ﬁis gf&hﬁ% oA ?ange E&@hu&{ I%E’své‘e‘h 343

inclu e crude pro reln
for ad$ed °C ot @101 Mbact rstOoé gealmSZJS hmowml@n@ with 2n Mgl boiling
: Y [
%%ﬁ og%(tqéa‘gf@foggh gt%f lé&a%t étg%g?oogdoﬁ ﬁ(? gﬂaﬁ% f’&l/@ rie! §i5E md& 0.01
gampof @ﬁ&p@ﬂtene@r m)r e netals from Col ums 6-10 of the

Periqdic T f
ror o R G e e 6t O R BaY bt ctih ae

Iamhccﬂmﬁ 1hﬂ{1dlds ngntmmg atydmocarisantdéd witisneatr ngord «eitmgtsab prcegluce

370 50, 0C, a parti al ssure of h roge
RS g ot e Bl TR S oL B R
rﬁtxtﬂ&/)t BfeCaind baes M1, the hydxo&a%darf@@mmemg h&iscodig®f at least 10 cSt
duct, the crude product having a viscosity at
?5@7 8f Catt Ipgsneshihe spiabyps C?FP%‘@B%?I%%PI &1or% W%taﬁ)f{ﬂ’lnb@%\l%‘aW 10
JreRIpod:d aBle Afd/oPdHd MRl othpBuiits b8 bMEorPhor@metals from Columns

h drocarbon feed/total product m xture is at least 1.0
piige B@rﬂdgcﬁb}?g andgoareliipng ¢anércHag ¢apditignpd ad@mmﬁlrﬁ éigm 370

J@’to&%% l\{leﬁc??t 8@@3‘1"153' &%gdlﬁéé{%f%?lg'o§c 76}v¢‘lP§j %Bﬁ Eﬂﬁlcﬂa\‘f ona | space

ASTM Met ho ment s,

whEgy (H8SV eofmeteho 6. 15f tb padt¢aige afuthq/pimhaartmud@&&oﬁwtﬂwvmg a
\Illg]c%%lﬁldfﬁ%? gggtﬁ)gétt rlgnsg 8@% I'(]%gle?\rlgs?(gski)to I’(]){ hle%dilr\()mca{r onh 9({ 3%2 %a‘"C and
\tzhHrtah am\(adimcif athd@bcartral fodidstat predwit mibeuqa Ot llmﬂst, L. (W\Ah&mgl n

oduct. 1.
MG Ee RN i stk oy SEM SisBhe DR aige is s
c&teﬂnﬁﬁsbyk@mﬁt/lembd&?o&) oG and control ling contacting
cond|t| ons art| al ggres of hégro en of

most 1 s%erg n[tse H‘ﬁé]il eécrrl 5t 2 p5EPd a5 eagee & Ey;cﬁocarbon
febBtha@ndtidek U&lt&lftlngia h}’dil’)%&rnkf@é&l iaesldkpkain BE prlitGte of one or

m xture renmai ns at | east .0, a tot al Consurrptl on
RO CHglps F%prgqluc%&talg)@oqqﬁghﬁ includgp, the (Cpide pradye ﬁh%ﬁﬁ él%e crude
]%Q&lc@ls\é' 126RShikdrPd 28t IRSH. 180MPRanBihie By@bcRBont (A& has a

drocarbon feed viscosity, wherein viscosity is as
\d@p@fwfﬁé@awo ASTRVB TR T Rotd prasliedoplaviie fendligonget a partial

qustsﬁlrer& Hﬁgoé@ﬁ oﬁQTMSth\mddn@ZQ&Qperdtﬁ}e %P%&Wd@@ﬁ that a P-

i nvention describes a syst emfor treati ng
Wr@@éw@@wrb@édect/th@i prioghedt pabeigreagmaipsat Aeasinh. Q;@rti@tamonﬁ@ptlon

éf%{n%lﬁgén i 'JPJIEJ)& KA PRE, o HOLGaE eﬁ%&ﬂo‘{ﬁ&s% v1s%s1|y‘%ﬁl R0§ 50% at
of 't catal ysts conpfising one or nore neta rom
T3 Uhwf the HBlrarfarbioh deePersicorily cwherein viscosity is as determined by ASTM
Method D445 and P-Value is as determined by ASTM Method D7060.

In some embodiments, the invention describes a system for treating a hydrocarbon

feed that includes an upstream contacting system comprising one or more catalysts, at least
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Tabl e, and/or one or nore conpounds of one or nore

nmetals from Colum 6-10 of the Periodic Table; wherein
w@omsaei’shg a first feed having a viscosity of PET/US®AaY080422

100 cSt at 37.8 0C, with one or nore of the catalysts

in the upstream contacting systemat a tenperature of

at least 300 OC, a partial pressure of hydrogen of at

nost 7 MPa, and a LHSV of at least 0.1 h 1 produces a

Sile Wl Bhe RAQRME Lorlifikin}thnd o¥ ndfeasddhlY fofn Gofurn 650 Of thaPeidtid

50% of the viscosity of the first feed at 37.8 0C, and

ablfo ARLTOBE AT BIBTSICRBIPPHYS Sleearmop petal fiog ¢ emp p0roé i

FRRhRALbIROwRYSH eMMate G R FQHLEANS OVvEERRY Y€t RAY 100 St at 37.8

process a feed exiting the upstream contacting system

Whetitgione phaoig Ghiscplalip doihe HRSUieHy carfaqtiagrystent g ftpgpareidre of

Jt?ea&%beétaﬁﬂt?aI% @eree&cﬂ Elf ggn 6ﬁ?m%9§7t1{/l§§1%&9'ﬁ{%%dfqgﬁast 0.1

systemto a cra |ng pr I'n sone enbodi nents

Iy nmeducrmmcrdéfsmdtt@ehavmmu@Myf@67 Brreaf pigosh 50% of the viscosity

e

&Xﬁef f?r%taf%&%{? 39% g &ggcfogv?l&t%%c%ﬂtaﬁ%g?&ﬁ‘c&g}“ d’;}é@{ q%stream

@matm s&atlalay@ t@lfgonp o Sreige a;nd@rcmessmfaai axiinglte dpsoeam

Coglf%%nl_ﬁlsa%telgf W eﬁeln ZI} CIET)BVrIl%tI‘eﬁglt Cgrlfg(:t?n%%?ﬁq 1S cr([)ﬁﬁ%urgéj {O SHl:é]eCt the

feat ¢xeiling tIEatpbtmamNhﬁtaeﬂu{g waahach cragkine ﬁmcat feed having

a viscosity of at ast 100 ¢St at 37,

or moP &8t é/‘{“??éh%%]fs Py dpeniiep eﬁ‘élbﬁbéfﬁﬁ}ﬁ%& Bﬁ%“&%f"uhﬁ@‘ocarbon

BYBERAPriding Pant PRRRRHBdoTaCL Qf syatemlcempﬁm@&lewﬁmoae @wlﬁstsaht least

pressure of hydrogen of at nost 7 MPa, and a

Se OF ths cptaysts CHMTISERIG 0B BOR et BOBy GHBR A H@“%fhc Table,

MRS 88 drn@t c&ﬁ Sin@o@he 8f mRShet2OHMTICHAIE & bSEOBEANic
of the first feed at 37.8 0C, and a downstream

Bbls HbeTeHgosenerh e pdduving arviseosiiy of rdanst K¥MSa&tY7Rg’C, with

e BTG LR sBUR 8 dhRrdaRCBhM&iRNYstBh ACLR pBrafufESt at least
exiting the upstream contacting system wher e| n the

HOWR'sr patrhpecssiraet hydgpesy st férliﬁ\%bhb%s@é ad .Ttheasipi éﬂa@tu()nlgh
n

e R Do Y R B AP 1B ¥Ry of
th@ §tst adrriciort ac amdwdwstr@m @mtqghmgsyntgmmeplod tortbfr 'a)stream
CO% a@tn%l%sgrsc’tem%hd Oel’lééalﬁ]go regél}/e %L%g)?(pc%%rate)%%? eg;?&n ltMeS l%p%tl‘%’i.ﬁi
cglnanﬁngﬁystemewmrelmeeiomtwdam cfontamr@slymatn cﬁmprﬁset hdeasphalting
Perlodlc Tabl e and/ or one or nore conpounds of one or

re nmetals from Colum 6 of the Periodic Table,
wher gh sortodahiacimeails, theliywdhoa@adebatbed € edichapbid@irg a crude product
go?/bdenum content of at least 0.1 .v.vtg) m of nol ybdenu
GHEORPITIRG S WSUCAl QTR WHST GHEPPRRE Yeaiitsfe catalysts, at feast

Sy dr araipheamf@atists \SbiPritie pef grif® beca@flyst,HE00akANKSS 6.1ighams
t he upst ream.cont act i ng g%tst emat at enper ature of at

o8¢ ohBerearstalnfion Gobunm? ol Beiodionlaglegad/iopgps or more compounds

dremebt ﬁb@'méﬁﬂ@ﬂé&ﬁbe‘lﬂn&{ $15€he Pé}ﬁ)d[&y}%léc an&en Hagdlor et al
product m xture having a nol ybdenum content of at nost

@@%Céﬁbom fred hvigga@aly f‘élflmtq?éteﬁw rblsast BArviprre @f mglyhdepum and

ANGSE T S, 6PRLIBG! pRBraf PRy GOLRb &L Wil®nb BShHERYMhe
cont act ngzone, t he ownst r eam cont act I Ng zone

catahfsisgl thedipstepamecoptagiengtskigiern o sometre dfaethostddaC and 7 MPa

produces a hydrocarbon feed/total product mixture, the hydrocarbon feed/total product
mixture having a molybdenum content of at most 90% of the molybdenum of the

hydrocarbon feed; and a downstream contacting zone coupled to the upstream contacting
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product m xture, the downstream contacting system
conprising one or nore catalysts, at |east one of the

waleowsssy7enm cat al ysts conpri si ng, per gram of PEL/aEB3081/080422

at least 0.1 grans of one or nore netals from Col ums
6-10 of the Periodic Table and/or one or nore
conpounds of one or nore netals from Col ums 6-10 of
the Periodic Table, the Columms 6-10 catal yst having a
PAE BhSdRhs@éant Ednbidtih RNV ST gBrel B il vOBE Bydtb@MInGEedAbtal
bet ween 50 angstrom and 150 angstrom_ wherei n contact
RBPAUChBUHYEr B S He AR e AcHRGTYS S PUPLISIAR QR Qranele caalysts, at
1%%%@&1&&&)“%&&& dﬁ%‘}stsdc'éﬁlpﬁ&@ rf)g%grarwpoﬁ cﬁﬁl?g% §2stD.1 grams
total product that includes a crude produc wherei n
efipae ey e matagiiem Godungps|6- il dhaRexipdie d able apHoryme QR Eore
m:?g&ndyp oft ﬁan(q Iﬁd?gm%{aﬁqﬁm?bgﬂﬁﬁg 6 h@%f fhe 'Fglllacﬁg@ﬂﬂ'(mthe Columns
tent of at nost 90% e nol ybdenum cont ent
G-hecdtalpit beanbopore sieddiambutamn witst mOQ9s pdre tihmetees hﬁru’eeen 50
eﬁlg%%)%gzénsdola taﬁ?%lgéldgvﬁgrglnggﬂ%&ﬁ)?gle hggr% rgélnef@%l/ Pal ?éoﬁﬁct mixture
zmalteymmm]of gdust 436 deﬁgvlgaprddwsa eml pt(]du&(b]nme includes a

ti d
cg%n&) nﬁ)&%(ﬂ]t%{] ﬁlélieﬁlgiﬁe crﬁg eﬂra%uct g{)l‘ O UC e&Bl?‘?LQV\S gc al ? 98 1 MPa and
mbmhﬂm&m hata ﬂlﬁ@.ﬁdenﬁ)m@&ntgl{ta)ﬁst mdst by o tha midytelciay dngent

SRR BT L b DB P O R PR et
‘PHedABenfbn Mycdp@ﬁaésbmahm pA@Iudinp @ichids §rodafi@ath molybdenum

di stribution between 343 0C and 650 OC per gram of
W@‘&fl@’éﬁsr‘%ﬁl%%ﬁtﬁ%‘sl tion. In sone embodi ments, the

I nvent k@fe fHsHAH@Ss, theTBcROSh RbdRELCHMGIRY BN Qérﬁﬁ%ltlon that
product, that includes contacting a hydrocarbon feed

wlpqiﬁsah@a%@ lLygpm ehfglypdengmg af lﬁﬁ%@% grags pbwlrogrheauieying 2
ity d‘r’s@%tﬂ)ﬁ‘ setgeeﬁiﬁa R £dueh PS8 O f&kh?ocﬁfblége

pro uct is aliqurd mxture at 101 MPa,
¢0he>0hyotr @u@atbcﬂst §.&gdniy a)‘i?hytgocarlimshmng a trodlgrerramas i seatution

‘t?e%w ch 34 ncp65®0%# Qér%{f%f 3t QOrH C%EHPPM rocarbon feed,

eas one as a east 0.01 grans
of one s@ne ¢rbseei m@itsa ks 1ﬁ¢eomrﬁnbum aGn@hod dfeprddacingdicmde

and/ one, or re compounds.of one or nore
T O s e g i SR R TBR R 31 8 r et ST s i apetuce
th_@taabl?jb_Slﬁqt tﬁagﬁlcﬁﬂésum’lcrgdd'@b@ict @ﬂfe&hryt?é cﬂnaabmguo];a 1st)£1[cﬁ11d
sjze distr] ion wth nmedian pore di aneter. o et ween
B E}‘s?tssr Grﬁé‘gérjrgl Mg Gn B%‘? n fegayige Iatbﬁijc Elgﬁgeé’cﬁofl‘i‘?@t of
mﬁ@kid@oom $radls par §HATS ﬁp&o&frb@tfeédeas&asaodvl%at@rwta@sts has at least
nperature of at |east 300 OC to produce the crude

(R)Q ]O%F@I@f of enger gogrdactpls St O IHED £19§ thﬁ Periedic Tafl¢ arslaene or more
SRPoeRs O@Bnea(tr RS eBR%d ChRInRATIIE MbIR IR %&@rﬁﬂ bf

of the hydrocarbon feed. In sone enbodi nents,
GarbshthedrPlpps § inged cyfalirs hagag »porp sigel disirkgtien Wu@lédlan pore

cﬁﬁrﬁé’c&c&f ’bettwj%@ﬁ 5(5 ﬁf‘ggﬁ&ﬁ‘ssanﬁng Ql‘fglsfr&gs %oﬁ't%:ﬂu%cc%ﬁlg@ﬁhgf &ﬁ&jitlons at

one or nore catal ysts to produce a total pro uct
:; prassulter@é PUgess3 M aod atrenngradde ot at labeiOBi"f e hiedeedlgkecrude

Iﬁ&gﬂy Cfﬁe rl:?’deq)ft gHL Qfﬁgﬁtbﬁ&g nglfo ogt.gn@(ﬂf% Elt)él[@ I\Aj@he %1@1?

rocar as a resi content 0] east
nitrogen content of the hydrocarbon feed.

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

a total product that includes the crude product, wherein the crude product is a liquid
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granms per gram of hydrocarbon feed; and at | east one
of the catalysts is obtainable by conbining: a

wQapposi7esl catal yst; one or nore netals from GeCT/IR2067/080422

of the Periodic Table and/or one or nore conpounds of
one or nore nmetals from Colum 6 of the Periodic
Tabl e; and a support; and controlling contacting
conditions at a partial pressure of hydrogen of |east

RixMr@a@3tCantl ENPE Matalihe hOdrob et fectiOfs @ GestdRe BoMEH 6Lalldhe: 0.1
crude product; the cr ude product having a residue

gifem% @fﬁtg”’é‘? oigydpsabonyed:ond aHgast erg e @BhsEAt ORifingteby
%Q%oﬁ@@@'&tal&s@ A WEmERRRGL BT oldES bPMEBEARIL Table

prow es a net hod produci ng a crude product that

Andolr gk ReQIR fr%mlvqunés & oy ar BergikedHs fremdolmmod elnbe Beriodic

L AELRPUEY Gnd Qo R L BRI ok T Bhesmonesl

liydragen piglaist3 i Betand @ tampepdurg Of rasd 200 X0 ivluce thaerude product;

2ed ' resid

Y e FogRR 1 AR, RSP § L RERD SO0 Rknt of e

hdradean Bod. f eed; and at | east one of the cat al ysts

has: .one or re metal.s from Col umm Per i odi.c

Tabl & A7 %ng‘)’ﬁ%enésr Ehr%?vém%%‘n% Suids! %fgho‘{ v Péoduﬁ%% g crude

preduat dad mﬂmle@uioumufg atydtdeerbBefee o dliith onabd ieore amalyan e @oduce

tals fro ums 9-10 of the Periodic Ta
LR B e i R TR S et e o g o fbia
hix@R Galsuamad 8-100 Mifa; thb aydesdriadi féedTlrﬁtbhﬂncralwrbon residue (MCR)
control | i gq% contacting conditions at a par

al
orkasfrkleatt OV} ggwn Pererap of bulsqeadop e daang aéleast one of the

daeIREIALWhe o%o@tmétﬁﬁﬁém&%n% bOh® PEHAEET b RAUNGIOHER: or more
product, the crud roduct having a MCR content of at

GHPOUBHOY pRe RO DRI RPIuBN G R dherRrapde dpblerind @agor more
MRS &loh AHRLEONT @D thé ?erﬁ)%hcdﬁtbﬁara'ﬁhﬂﬁ gneka R Mn%ﬂ&%f one or

D4530. In sonme enbodi nents, the invention provides a

mere mesthlofrom Coturs Rgl Oof Ghedﬂ‘élo@lﬁ ddblerand lsantrqling] aedieeting
\M'i%&\’lbﬁé 419 %{Pﬁlﬂ&éssﬁ@ %?hfﬁ&%h%? Eﬁeﬂ%Ps APk R4 é‘ﬁa &u&é’ at least
e ['umm

rein a t one o e cat sts is
308t°61 to pandadeythe crugshppdich tlndmucteqimzdmt I&VﬁetaeMCBa:Dmbl}t@f afj rgost

R L e R
tgn/éeSTMMnhc&llbftﬁiﬁpounds of one or nore netals from
Col u

r orm
R e e R S i A N S
Iﬁbdmﬁl&t 1ﬂﬁﬂde@ @rdvﬂiuﬁg&ﬁﬂ@o&i ndbd @chlysel tolABoiadi@b abne, wherein at least
cat al.yst:;. contactin drocar bon feed th the dried.
R SR bR o By G5 8 et SRzl i e i
prb@iced PElhY GiRshotlREmPfidisle conhBidiag one WaHR intetdlNoS IHEIN 6 of the

]%)nguct |saI|qU|d m xture at 25 OCandOlOl MPa;
flisi T3ble ARA/AR QI 98 BB IPRRIS 195 8nc0resss Bgials (g Epipmg o of the

Briolieaable Wich «4AM0R (BESmB ARGE; MY dEfaaiRanixfuged.a @Bfkrawre
wherein contact of the hydrocarbon feed with the dried

dat wpyigP0 ¢ 19 forg p dpgd Eplamng naefplicpglyst; epnsactiag ahydypcarbydeed

WRGE alibd 08 %tré&zh'cﬁ‘tgl Qb fddh&:rhstoéi I%d&@fhta{ @kludes the crude
pressure of hydrogenof at east a and

rednse mdeiginethe frude prlodees is azlemlcbmxgm b Pngtand HéOb MPaewherein
LS H%f&éarﬂ%ﬁ%ee% has a residue content of at least 0.1 grams per gram of hydrocarbon

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

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

10
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resi due content of at nost 90% of the residue content
of the hydrocarbon feed. In sone enbodi nents, the

WO poosfsi7eh provi des a nmet hod of produci ng a credBUS2007/080422
product that includes contacting a hydrocarbon feed
with one or nore catalysts to produce a total product
that includes the crude product, wherein the crude
product is a liquid mxture at 25 0C and 0.101 MPa;

6fh@1e@§( dnaeAmAQANeh feEuRAS a@edseB0T BRI ERE cRfle fbdl@B&ta
0.1 grams per gram of hydrocarbon feed; and at |east

r@ﬁéuwnteﬁ@féamawg%g)f Khsresifuerpgaientp! thedpvdiosarbpefeedr am

of caf %rﬂ@émbdafmen@sn ﬁle%vem(gneprgﬁaél a%nétﬁ%f%dﬁ&ﬂg & cRbte
the Periodic Tabl e and/or one or nore conpounds of one

mdq?bﬂlet indlpdgs somtpesing edydinerrgongfed Wigh rerdr gifirecaraystselo produce
Per I g@ﬁu& kha Eﬁd gle,aérﬁdef rggﬁc%hléfgﬂ?thg crhfle %fodﬁ &a liquid

Ic Ta or one or nore conpounds one or
mxtuge a5 ICsanfl ﬂdﬁi CHlayvm Qy@oqambtmffeftdms Pegsidod contdiw bf & least 0.1

%ﬁg n@fi EQarrfg Foc %gﬁ %eg nté(%;h ?QIBWAB C %%1 tsRnI% § most 0.1

gang, pet grag of oawlyit,l @ mmeaxr n@rqometahs éﬂorrp(ﬁcd&sm 6 @f (1) S PeI‘lOdIC Table

f
U DS s e tmp B arDat prhaB R hat BB € phe Pyipaic
Pabig bt orfeay i rrm)ge @cthle $iodLeolemid nd obhe H&rldainsrab&(b&mmf ohche

R G RRTRy Pa PRUAR OB GUPOBS -5 Wl B Table. and

M@ﬂk&dlﬂgblﬁloﬁr\ﬂﬂlﬁi PTG e dhb]tﬁéteﬂ ek ad s Acanat 1aow agd a
crude feed with one or nore catal ysts to produce

QOB Hraing FoavASHPE £ORHIoHR I THEE! PRSREICh HTHEC it oA SR 4qd &

tﬁﬁgerﬁtﬁﬂcédﬁ aPle@HUGH °C & pRodubflithle drddl ¥E0AL&, B cré@e Rod@RHaving a
01 MPa; the crude feed having a residue content of

rggidyceaaienol t ps 8% thegpsighesPnept st dherwdipcaomifegher ei n

at |Q§§(§m@&§bd€iﬁm&1‘i‘s€ t&@ﬁ\%hﬁfcﬁﬁoﬂé& arﬁ&ﬁocﬂ&f?ﬁ%cﬁ&m acrude
catalyst, at least 0.3 grans of: one or nore ms%

frpdiet bl inphades Goactin acivde frs vodicne Tabpie captise ko mﬁéuce @ total
|
I%P&ltﬁf']glg ata(gag ?%eoc%%c%{b??cf%t gﬂér%%l:{ﬁ%%lrl& Jr{ri](gﬁk ] hlciH‘asthtuﬂe at 25

er | ont rol
€ oamd dctOil AMPa; dredtirudie ders) having a pardue apntprt ebg dgast (bf grams per gram

AR, B cMeriuf s b Ry R RARRL AL S Gl oot 03
gan ef1bnodr natre mosits O ofunink 8- 10§ ihd lPericbnTar¢ amlfortoheor more
hydr oc on feed ne enbodi nen t he
FETRPRBRD S drifie s IRPEGETRRS S TOBF i LBt T O binder
dnd @bhet@sn cCoRtadiiiol dogdidotdyadl i psraﬁltmﬁsﬁre eﬂhyurdi dan oNg 1&ist 3 MPa

re cat al s to uce t al uct that

et e Rt BB RS iEs ol B PrarDOOME hestlevde apient of
h8st 80% 1ol tHeGediduticofitentat (Rhylocapsh Qed 01 MPa; the
hydr ogcarbon feed has a residue content of at least 0.1
gr anmgn pEpe a?%ﬂ%?nt%g}ﬂarlw@a%b@m@@aa mgthqd gt produedie acﬁ%d

gbadch@aCiatiaded Sbfaditig @ R @oOARI S QYW ISR R InREe catal YRS ?%duce
oxi de havi ng an average particle dianmeter of at nos

5ot piodye thet welpdesghecrade pradust. ydereinsthe eiyde mIoltH aplicyfd

hiRGrPsIs0e 54 Habl K1ange %dl‘aéh?b&lrfeém{a? a *QRe H&ﬁ'e%t Qf at%b%t 0.1
or nore netals from Colu 6 of the Periodic Tab

gmds pergppolrydrogptienfred: @Inﬁ Anlgast ot A ¢hd qagtl)@@n@@htﬁu@ﬁ%e Bt
C%H{’E)?I{lﬁé %lmiﬁérgl%iﬂfe%a{?&lg QNQJ&:?&@ Bar‘ﬁgleldﬁﬁﬁa{er %f Q{Pn%s?% a

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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tenperature of |east 200 OC to produce the crude
product; the crude product having a residue content of

wW@roosns$i7590% of the residue content of the hydrOr/Ef1OTI080422

feed. In sone enbodi nents, the invention provides a
nmet hod of producing a crude product that includes
contacting a hydrocarbon feed with one or nore

catal ysts to produce a total product that includes the

GhHEBnPEQHMEGHg cOMIRIORY 41 4 Fﬁﬂw%&@ﬁmﬂff ‘Bﬁ&lﬁgen'o? 1cstl 3 IV Bnd a
m xture at 25 0C and t he drocar bon feed

RBeratus of desst 300 “pfto aliodwa%ft crydy I&@%ucmtheasru@ rouciipying @

ke&astcoaig: @fa D& 9@%tc§|t1¥e%s°idde%o%ﬁt%f%ﬁly@re@é&b&ﬁé’@d ni ng:
a mneral oxide fines; one or nore netals from Col um

6 of It hrenenhadinentsT dislinveatiel Rypvidese: raethefo @redypip e agage
% p&latolﬁ H&rs %oﬂ?&l"ﬁ% 3 h&&@%&ﬂﬂ Tie @h &Ie (}r %re? &[‘tdlﬁ% t6 produce

a suppor cont r I Ng contactln

a:@radjpltorlmﬁ ﬁlaatnclad@ahft ¢ra<ﬂe préss whercof thiy y@d@g@ducmfs agliquid
t

B3k £ AR A00, 181 MDRLBLHO G Bl P2 LRl Sfatfha 10 et
Vi.&tosind yt lesnerent ttmfcaatysusrmsctbtzﬁﬁwzﬂedfy ctotndamm;gi rogeargonide fines;
feed visco t the inventi
a0 iR b (A RPRG RS icke aldhf opf SSfink Shypounds of

axiod amre @éeals o Oslud b ef metPahadlcf Tane; @ad weapport,afnd th@rolling

Peri odi c Tabl e and/.or one of. npre compoun ne or
B et a BT R I O RS par PR ViBiegd s enfheraur
Memestrsoo he t&}ﬂb@lc)éﬂie @k produor; theshizie peidgéthiabing b @Rcovith h

di an pore dianeter of at |east 80 A and the

%ﬁ?ﬁ?@%%npg58%“&@%&8@5”&?0%8ﬁ%Wﬁ?ﬁﬁy a mineral oxide

f i negp sdiCe RN nd B €nhiidBiraYidesfar @GO TR 1810 h shfplrt,
Periodi ¢ Tabl e and/or the one or nore conpounds of one
Binerbprddasednd|oge pr Baicanfion (GlummeolBge Peindic takls agd/or one or

@b c@mﬁ&lﬁlﬁg)&t one loP b h&t& f@ﬂlt@gﬁrﬁﬁat)?the fP@I%dt'cr @ﬁ)l&f KPB2ein the
speci fic enbodi nents nay be conbined with features

Fapadysl s Raoreemgoiditmaios witkgmeagieappreediamasertol pelsast 8 mapd e
Ct%ﬁg%gg %Bﬁinagnlg%é Q@m&ﬂﬂf@l f?l%q‘[eu i} %dé RRUGLE %nJ SBABY mgttalls from

ot her e I ments. er enbodi nents, cr

@M@@Uék@ﬂaﬂén@b¢Eﬂﬂ@bk%nbvﬂanyrUbﬁnhemneﬁh@ﬂsman@mﬁnnmﬂs
[t her embodi ments,
%%ék?ﬂg%% &ﬁégfﬁ%gg%kge‘ﬁdgkﬁﬁé ‘to the specific
enbodn feerthesenl@slomdnioe ﬂaatmm*sérom schRhEEmBEHi@EﬂtPﬂih@k @ﬁlb-ﬁhdﬁ
NGS .Advant a th pres nve
B IHATSS 50 B 25t "Bt b PERLp B Mo may
teanaiided Qﬁthtfémlrés()ﬂrér@%mn@’ tﬁif&btﬁd:ﬂ eﬁ@ocﬂlﬁ&mrsj ption and upon
reference to t acco n whi ch
O SRR e B DGR S bbb o and
SY SIS MRstHiksd herofh. and 2B are schematics of embodi ments
of contactlnq)systens that include two contactin
7 onedn further enibodiments, additional features may be added to the specific
embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 1 is a schematic of an embodiment of a contacting system.
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FIGS. 3A and 3B are schematics of enbodi nents of
contacting systens that include three contacting

waowe®4s7F1 G 4 is a schematic of an enbodi nent PCE/US2007/080422

separation zone in conmbination with a contacting

system FIG 5 is a schematic of an enbodi nent of a

bl endi ng zone in conbination with a contacting system
FIG 6 is a schematic of an enbodi ment of a

conbipi@s i Qarf 2Fars @(ﬂl@ﬁlaﬁids%m cABRBmeRs SQIhACH NG EHSTHEM
and a blending zone. FIG 7 depicts a Raman spectrum
igflude WoraBPeiAe@atel yst and vari ous nol ybdenum

cat alpy§5 34 FdGB &e bdeMati RREEABIRRCRE off c%ﬁ(a@ér%'b&?c&hé’ fhat
properties of crude feed and crude product fof an

iaptdrdhiee sentedling geficact i ng the crude feed with thr ee

cat alﬁfét Pis a%l:l%ma% bﬁar?en%oﬁ%n@@ﬂ a Jegﬁﬁtﬁﬁleziahéiﬁl' c%ﬂlb ation with a
wei ght ed aver age bed tenperature versus length of run

dopracang sestbodi nent of contacting the crude feed with

one Qhgdi§ s%&r@ug%f enll:ﬂo(d’:i e:}lpoiJ a}dﬁ%%% gnc%Hlbg'latlon with a
representative proper cru

@Enodigg syftem. an errbodl rrent of contacting the crude feed

ith Fl G h bul of
T NG

qohadigs syteimn, aidaemmmgrmm of contacting the crude feed
with atal Fl G 1 |satabulat|o of cr

Feed Ity St BiinasedtontiT BBl Ra SR wz\@f)fﬁaﬂum
arnde. f eeds W|th four different catalyst systens. FIG
13 is_a 8qraphl cal representation of P-value of crud

or od TG ST b AHaTypn AT EPRETHGRC BRBUHFS Rl Sedaph Tyt Piadect

of MlandRafn W bty mebdfiefeentvis afrad dsliysaystens. FI G
14 is _a graphical representation of net hydrogen

upt ak@GpYis dretppbicplspresepifion el Weighted drisrape PEIRBIBYRHEMCEUS

191f1 (¢ 9N G4l aﬂgmﬁéf)&lgﬁntf& %gﬁa&ﬂng hef@idte reliafhigy (ﬁl@tor ﬁ@%eadabﬁﬁfsts
syst enms. FIG i's a graphical representation of

resi dife- Kbne éabplatlelmfrre@g@atapw mepgtias ob erude fred ged crade product
BF HASHIRIAAHE b B Yﬁ?ﬁ@hé Uﬂﬂdife?@wttﬂ 'Ewcf{g? diqrent s of
eeds wt o] e

contacting cru ur di rent catal yst
syst dil. 11F1|s @othied tabglagomelapbrecalativepregestodciude fefl and crude

rQ@thgﬁ)r LA e;%édarg&ft\\é 534163% 1n%th{L—§l gl%d@ %e%g %/(f\til‘?wg geggl%}%?fe ru n

the cru
f our HIGf fese Mbukaaolad)mmdeiye;itamﬂsruﬂb @rodddcts fos embqhmplhs ohl

PRI B B BB RR B oo L v o
enbodilern is a @faphio ﬁltrQﬁédeﬂtgtl(ﬁif dfdevdleadrudt plodhasifersus run time
t%lr ff:rgl‘t?ord?nq}:ntsc 0 c%lnt)e/lcst}ngsc}{u ?eeds 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 for enbodi nents of

w@oemwsaei’shg the crude feed with catal yst syst ePGT/URZN7/080422

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 glass beads. FIG 19 is a

t abulrati s @fgraphieReESrbRBta®én ST Nl BREN EOGDrEEdAR weight
products for enbodi ments of contacting crude feeds

REFteRtagh &F e dgprpductaesivy stnding foy eipbasdifaents efireatasingcrygle feeds

\%ﬁ?ﬁﬁrbﬁ%féﬁﬂctata%%ts Slefds. 20 is a tabul ation of
properties of crude feeds and crude products for

enbodilirehitis a gfbulatpn elcepragntaiee RrPRAIEesfob eride fed vrr ¢radpsproducts
foP %ﬁﬂl@% (gaf%gptgétﬁl W ESGud & W@B c:atalliﬁrb Qy(;{e%glﬂleﬁ"iﬂc e Yhrious

cru e pro ucts Inents o
aonvnaof  ngplibdenuor Qﬂﬂééﬂt elecbla faondigmeatabst, witha c88Fsthypuers that

1';&1% azfanh uist c‘é n‘grylj Cfi% &{nllj/g% C]?llﬁlgcga %ﬁ&lgfglé ]fass bgads

pro or e con hé cru
wi t h GnS) iy bwnhmmaﬂmbmsﬁes oFtiGle R28d argl caucteam;iuatis ifan of
r oduct

S%b‘)@g%?‘. gg?lﬁg%ﬂ% g% gereg o%lﬂfgéeaor m(}r%ga%tal sts L] Vgrllougzhgulg hourly
dphés veRitities. a tabul ati on of hydr ocar bon feed and crude

pr od or enbodi nents of cp c he hydr.ocar bon

P ecd M aGRRGRAT ot SpeRier 6 oS feedihnd ar HEVEHS bt
dimdﬂﬁﬁea;tsbﬂraoﬁt@ce@lg afdnateuebdp mdusﬁs doatacaiy ieapaguent of
contacting the drocarbon feed wth a dried catal yst

ot | 31017 % ABHPI Gy EipE PR PRy Suaboament of

dRBLAdCAE RSB fbr ?}efa&%f hah bendugy ms, specific
enbodi nents thereof are shown by way of exanple in the

dr aniliigs2? iTRé&bglaE plgsudedsedriad Cwée piodegnios empedigprgs plg

cb)%ta@ﬁ‘[%ecﬁ§&g@(gfe&h@hhElﬁﬁ)lﬁ!)ﬁéwnp&ﬁal?s@d det ai | ed
eSCI‘IEtIOH thereto are not intended to limt the

i nverdil¢ol it o tabnkatipmelthydigicarbort edramgi asedeasedict fonembngimenss of
[ ver all nodifications,

&gﬁ"}é@%tg%?};sﬁgcﬁﬂ%gI?%grvﬁglttl{véé:ét%fy& Ting within the spirit

and d80p# ieoh tabhktipr eSydtocirhorefred aml @edededduaeidr prybadmaents of

SRS LRy BEPAB TR SRS T ot

e |nvent|ons are described herein in
nor e Hdet Zh ik a tabelatisn olfs‘refdrohaben fredinel aled pmett &8 ah embaiiment of
gan St agtdﬁr d Testing and

s P E et G ARy BB RR b o1 i oy at 15. 5
0C ( 60hilFthe 1nABit1og ﬁsasusctepubls toarided o dificueidndynd Afidvhtive forms,

A Ot Bt Bt Q58OGR TRETHy AP ELr oM Bt traw e TH
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.

14



10

15

20

25

30

and the crude product are as determ ned by ASTM Met hod
D5291. Boiling range distributions for the hydrocarbon

wo e@d/ 043782 total product, and/or the crude proPCTUSENT080422

as determ ned by ASTM Met hod D5307 unl ess ot herw se
mentioned. "C5 asphal tenes" refers to asphal tenes that
are insoluble in n-pentane. C5 asphaltenes content is
as determ ned by ASTM Met hod D2007. "C7 asphal t enes”

r ef erg.pt eradisPhatel-ah aPI bRadly ar18.5 Aas@b tbl R RrRhepkane.
C7 asphaltenes content is as determ ned by ASTM Met hod

dgzmged begSIMMRIREPSE2%5) " refers to one or nore
et al §offec hg@}o'g%e%e%fagé Bt f6hic einen E&pén@aég REHE 'h;(&m@ar&fn feed

nor e conpounds one or nore netal

4 dhepgpdequpdicagp pedetqrmingdiby KSXMMethed BBRA%s to a col um
numbgy,;y nggcﬁ%)ﬁm%ﬁ%s]fof%): ;&ér anlgerd' g't&alg)"?’mu@t affc@8r the

exanpl e 0 one
crmdeair@ddcr oernCGhitammed bmfASﬂMeM@émd MBW idésls etharvd fcomerngioped.

or no ro u 6
of 10GS BERTRAHE IS o AR h R GrIR AR IO T D)
a:splalteneswomtented erertsined bﬁaBTUMrMN;hod Dﬂ@ﬁ? Peri odi c

Tabl e, one or

r.ong
Bt s R i A T o
z&p]lieﬂteﬁeﬁQIﬂSnths)asaiefEﬁhiannbﬁAS’ﬁMrMétﬁﬁd Dex@mpl e, 13-18) of
t he odi or exa e, "Col 15 L
o i kB R € o i ST Rieks me @R TR B et abireBingis
b1 odndtoh end@rrh@é bempoabliLofane bomhoR Me:tQs ofMTlEn S P eheT@Siodic
of one or nore elenents from Colum 15 of the Periodic

bl & whigh Kcarrepepsls (o celRma nuppri(RaeTRPle. deliZyft the Peripdic
Tl Fot EampidecHlghh @dh&GalkdbkeRrs MWLM m&E nR1LOMNRYBANR 6 of
a nmetal fromthe Periodic Table, weight of an el enent

the Beriqdirel abksrand@r enepnase C‘HPP%‘ilsgcﬁton‘%)Pf TROTE Fpduliem Goluan 6 of
@ PORJAC T4 t he Periodic Table is calculated as the

wei ght of netal or the weight of elenment. For exanple,

i f 0 “Colymuans clomenaiBrefoss i9oag opapregleatenisiol Eatugings of the Resiodic

cﬁ(gr%(i{e %%fng%tfoﬂllfpoﬁda§ ofT&leyop %Peu e ?(%f do@urﬁtpg of the

cata yst is anms per gram o
Pe@odic diable, inefheghsX t:@’retspmldm] gytviunyf nanteo ffplofn@mplel, 13-&8) of the

ﬁe%%glu ::Tt%{'ﬂ% 28, erxal%’(%”%o?u :{‘%ﬁ%&h‘%@esg{e&r § SQe ora}ncﬁ]g%%lnents from

or a ert
(ﬁqslamn iLH nf e Pmdg;hTabmld&m bmﬁg@ rhxas e@tnpnmntlsfmc dn@baﬂnore elements

48 P SRR [ e refere (o parts per

and/ an tdissgd\ua ﬂﬁﬂg@ﬁcembhl,dﬁalgﬂ'ﬂ at a ingtal Rorbéhel Fegiadlie dable, weight

Pt et rogba b S BRI b dn o edrag e gpandi
T4bas, oERALRAGE & cl)rhﬁouﬁ?labﬁhly@&méﬂﬂ FloMIhPPERRKSTABE. is calculated as the
weight of metal or the weight of element. For example, if 0.1 grams of MoOQj is used per
gram of catalyst, the calculated weight of the molybdenum metal in the catalyst is 0.067
grams per gram of catalyst.

“Content” refers to the weight of a component in a substrate (for example, a

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

million by weight.
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"Distillate"” refers to hydrocarbons with a boiling
range distribution between 204 0C (400 OF) and 343 0C

W@ e®8/00F53 at 0. 101 MPa. Distillate content i s BSI/US2007/080422

determ ned by ASTM Met hod D5307. "Heteroatons" refers
to oxygen, nitrogen, and/or sulfur contained in the
nol ecul ar structure of a hydrocarbon. Heteroatons
content is as determ ned by ASTM Met hods E385 for
0Xyg e‘@rud@@geﬁz 1df@% 1 Ddrddie dhator @Qﬁﬂfantaglﬂ ke hi £5Q6 be treated
sul fur. "Total basic nitrogen"” refers to nitrogen
ounds that have a pKa of |ess than 40. Basic
n' £ 1 0gaRie feddNothl ﬂr@d@gmg@&r@r&‘ “H?&o&)fbd%sfg&ﬂltwﬁi gucpzl%%% to the
"Hydrocarbon feed" refers to a feed that includes
mixdre thar oksts thaydrabisbdusivs prasedingay i ncl ude, but |s not
|1 m ey RESORS otk aAANLADR A IR SsuAbR RS 4°C
d i ki

obt ai ne romre ery processes, xtures t ere
ERAMDIaad 36T “(hipdy 6E)a!t Banl MPad Dadtilate ﬁeldelftnmﬁde@fmmei by ASTM
191 t%8§ﬁ§§‘0°’7 include, but are not limted to, |ong
esi dué, short residue, vacuum residue, hydrocarbons
b0| I |“hkgtemamna;”56&s OOXy2&0 0itdEdn, and/omsuktiroaminet @r e molecular
0 our fers to or
RO RTEE dhtien’ RrRE LRI R e Moy

Esslsydlrmgmb@ﬁmgetedtomnduﬁog@ aat RiYtfor ot “tTotapbaisi miBogen”

drogen to co he..h (o] on feed.
S G amettrame s b Byt G e 3By BRfe g S is
dydmhacabhassM Memhoexasm.e, C to C hydr ocar bons such as
met hane, et hane, propane, and butane)

mi xt Ut REroFHBpRIGPd” ralcRre & Tosd g e@uﬁﬁvlyeg)cergﬁm dgpeptyon feed

BS5RAsIRdd, Ber iD8b: 1RNRURS, cAfded) Mfdﬁ(ﬁ@ﬁtﬁg&rc@ﬁfdeg 8¢ dioParbbiR obtained
conmpound(s) in the hydr ocarbon feed. "Flat plate crush

I5eTh ERPERPIOCErET T PEKEEhibeEek i ramplsp eehydexsdgdan fesd eptgigpd from
I@flﬁ&%@ o¥&kes 111%1@46 mt %Peeno@ IIMﬁEH t%t foﬁ@%lrdué %h(ﬁf’regiﬁﬁee rvﬁ@uﬂﬁld

M Met hod D4179. "LHSV" refefs to a vol unetric
11€$ld|lm bydrecaghongbailipgerboved B “GAd Pfhd") oft ndaiees yhereohnd i s
expre I3
oal cur Byt Riodhokldrosdnflion OrTBufl o iR BfdunSina
whﬂmtladmlm@elm wés hydiscadwadeddoad tlh:eqa@lynt reddt igprpdde hydrogen to

i Xt ".refer I n

%8@8%‘%%% ﬁlﬁ glgértoit’]%? f‘réngP/? ﬁh&r{)]geg s&ﬂ?& may 1%8fi|1?§ %upls %i)tq{mlted
tanty dpredsuy (EoreRom@E, C,00 mmydbﬂarbohemeh Rafmtdpne; ethenrer pdpane,
tq.as "STP"), or . a tlont in
o B T by RhnBeSRORET o B bRt Bt SRR oy g e
ek alﬁaﬂ:ﬁt of lijircee pRIidIDIEthe crpEuAdS) ihliat hydfoeardon feds. at
STP."Peri odic Table" refers to the Periodic Tabl e as
speci ﬁ‘ LR rish ST4ngthe P SE IO FRIPIESSTE AOTeT Neiddo Spigh a catalyst.
HpRlldetulheith &h iyas (delfiedd bNeyembaenadD3179. Met al s i n
metal salts of organic acids" refer to alkali nmetals

A kal“H-HR Ve &F1E bt apcini ifjad fose SR Per 1Ok ARCagh ind is
&@fé@éeﬁ@ﬁ h RSt Ner@afvolumeCR LSRN i ORI 1 sumMniXBERSS all
salts of organic acids is as determ ned by ASTM Met hod
@tatysgvolumes 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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"M cro-Carbon Residue" ("MCR') content refers to a
guantity of carbon residue remaining after evaporation

war@spoyi7ed ysi s of a substrate. MCR content is BSI/US2007/080422

determ ned by ASTM Met hod D4530. "Ml ybdenum cont ent
in the hydrocarbon feed" refers to the content of
nol ybdenum in the feed. The nol ybdenum cont ent

i ncl udes the anmount of inorganic nol ybdenum and

or ganPamiyb AR b e PEE&H: TMK Yogedntvn 15AaRé Bidrmdtidnal Union
t he hydrocarbon feed is as determ ned by ASTM Met hod

dgrandApppet Ghpmister @YBAECL Neyerrbe 2Pbbn conponents with

a boidyidags ih 398 sfls Hggh‘rt: 'a@rﬁs ’kl@fei’\@)eﬂ(aﬁ%&ags Qlﬁ(ggné)é:a}th metals,
and 200 OC (392 OF) at Napht ha content 1s

7ARC, AEee, whr@émurbwr;\enmmnﬁ 6@r€|9§3@‘¢0ntermlof WD pisfabpadts of
dr arf}](! %&glls as cf’é[bﬁﬂing@“o¥ WGP M@&lﬁ&ﬁﬁ@jgnat i ons t hereof .

cont ent ers to the content of nickel,
vanadMieap-Garlym, Regidue oidliGRAD ¢antent teiiwes @of quaitip Of\lralrhﬂnﬁesidue

r%%lﬁ%ﬁ%taf if:lneC\Ja gt‘?on 438 %%%WSﬁ of F gllﬁ:)%{rate VW& g[@n?@ g\s hf%fg“ﬂnned by

otnds and/ or org ckel', or ganovanadi um
@Sﬁ‘ﬂr}déth@rbwﬁpounds The Ni/V/ Fe content is as

nor et BP R ETR b h BGRARR p) EAELpd Gpfinbor °

nylgbdeaamnbhothe fiedd Thé hdorybdambmoyrtenclnclodiﬁsalnemnrtgmmfgmgmc

MBI ABE o wava o Bt b ey P B e pfe T AR the

INarocedbD @Y s 4 deefhiaédbyngS TVIgAh& 10330gen conpounds
include, but are not limted to, ethers, cyclic

et her & ap%ﬂlfb dRlsTsLo hg}rg%g{qn(,coglp%ttﬂq@wg ek‘té)[ﬂg}gégnge d1str1but10n

s g es (1@ rs erdionati (@us ) hed. enf MpvhiNghaQoRehe ibave
a car boxygsiwgrou "Non- condensabl e gas" refers to

desapHNe Ry MsthofiDs8Wi-es of conponents that are

gasesngly/IRPRefers o ﬁl@ﬁf@tdaﬁﬁﬁlﬁrﬁ) NYonV&H ddfibin@fionsMhctalrue”
refers to a nuneral val ue, which represents the

f I oc ¢DU/AYFectanteat defpsyo B coripyiaf pigkadsvapgrigrhdron, or combinations

tkl%lgﬁfo g"l’%jk}gﬂfélg Qtentpl Mﬁ!iéé?ndrgan?csm&gl gﬁmdﬂl%gargl?"lradr%ég)—g{:pgends

ore di anet er n pore
adr brzen@ickel, argetiovarddam,tapd prreciginanmapemds. mBldi NMinV e rentent is

%d%%%%ﬁ@aggfﬁ%gthg@b% as deterni ned by ASTM

mercury porosinetry at a contact angle

equal“Nno/niZ fers Ao mirmabowbicimdters of gay pAARBO niastof bydrndarbon
f(ﬂ/l\ﬂcromarrtrcs Inc., Norcross, CGeorgia, US A) my be
i&kd to deternine these values. "Or ganonetal | i c"
r ef er“NthaltbGiml@uﬁﬁtaﬂhh@torgaﬁﬁzl e campourglsthicterCo PRty gen
ck())(r)rlq)((j)sgds 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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conpl exed with a netal of the Periodic Table.
"Organonetallic content” refers to the total content

woRoosmsEs3 i n t he organonetal | i c compounds. PCT/US2007/080422

Organonetal lic content is as determ ned by ASTM Met hod
D5807. "Resi due" refers to conponents that have a

boi Il ing range distribution above 538 0oC (1000 OF), as
determi ned by ASTM Met hod D5307. "Sedinent" refers to

| MpUrphie@Ban@d’ Omediak Bork DRk ahdSRkdNIIEnd Nefech® pore
hydr ocarbon feed/total product mixture. Sediment is

Hepeeiingdian pyre ABMeeent sere 2o, assisiiiBad byay T M@th%D4284
%}&Eﬁcﬁgﬁn% zgtrzl%of%g&lahgl@@&uaﬂol 1t4()6)t 'A%w?&ﬁént&s%@ )

as described by Van Kernoort et al. in Jour. Inst.
ipgumeny @igronyssgesdng oo mas, Geaript.§. 41 sr bp@sesﬂtta delamgine these
\;ﬁlﬂggp feet of gas per barrel of hydrocarbon feed.

"Surface area" of a catalyst is as determ ned by ASTM

Met ho@ra@edstallit TaReTs toelbelrpsunddhfa inchdat an@rgehiqemigwrnd bonded or

" ) o
SHRIGEEFn A5 LT ATRIC TR bR SR gl e o
coopecbfoatta liy gt brgaecﬁrﬁﬂrtslht oompprandy: @rgarwnwaiﬂlwl opstest it hat

ve. b a hydrocarbon feed. A used
cn%t neggy Aﬁ@%@%@ 9%’%6?3 not linited to, a catalyst
t hat “Raﬁdlkme e¢fers andamgioachtdhhihage hydtincangodistfip@ibnandve 538 °C

under n r tment (for exanple,

(t\i\@%oeﬂ:é Elqrugy y‘&ﬁ?l\& @@d%@zf ers to hydrocarbons
W t h “gedimbht Rgerk aﬁjg@)uﬂ!léstahd/bﬂ&dk@ mabatememﬁ%tt@(ﬁydﬁwbon
O%FJ/ and 538 0C (1000 OF) at 0.101 MPa. VGO content is
Taed/qerl Brofyay é‘HXtBS? RSTRCNEE Rl Bged by A@T%M&thg} DApeter s

$Qikdnd BARLISE by I&&ASAby Me Shé1 F10PE11a0Q TR “SIMSICPS deYeribed
is as determ ned usi ngaASTM Met hod D445. In the

Ryohinelkernest ¢t & e feurdast B, 1931 paget P¥4under st ood

t hat <“stpph ?efé%@lo%an@%%hﬂ@ @eef o ga@pé}rb‘aﬁérdf)’l @bcdhiS feed.
substrate tested is outside of limts of %/etest

met hodurfacharepesta ¢aealysbid apdsteuneddyyi 4318 Matllyddp3663.
rec al“'TRﬁ\f"’trgigrsttg a {o?aﬁ tamﬁ %Bm?&%lg %gsg@ &y &M%gor%h% g‘ﬁ‘% f@ny(?l-e[ per

produced and/or retorte rocar al ni ng
frantéy’) oiremaled T as tieinlinedldy. Ammhﬁr%%ener ally

sol | d‘Uséc'cF Jﬁa_gf's?’l Ijeférs & %gé &f m(l)re gaﬂ!ﬂ% ts tgr H%%g P(—[:T?iycl()gt%%tgcg With a

crude I'zat'1 on may
Hyidmictubadn feod. A ewdwajalysxfmqim (hmdfs msalhhmedthalymﬂlelrhas been

f fr de to

&Pl St 1302 O P&k S B PSR BR T ek B
abmplel repéreritdiahalyse). t he production and/ or retorting
site. %fgﬁb |ze?‘ es typically hav been
di ot 1 MOSE i Py PR P A ORISR QPG R s AR
&8&C Piahy 530°PrI00VES bl 1 PiPe. VOPQARAL iS aviddinmsRa Gk TASTM
boi |l in range di stributions
Method D35307.

“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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(for exanple, naphtha, distillates, VGO and/or
lubricating oils). Distillation includes, but is not

WO RovB10ex153 0, at nospheric distillation nethods Bemis2007/080422
vacuum di stillation methods. Undistilled and/or
unfractionated stabilized crudes may incl ude
conponents that have a carbon nunber above 4 in
quantities of at least 0.5 grans of conponents per

981808 @hdeCdil ARabilBX 6P 8Fineluds babik hb e aidl d&Sovansl dede
whol e crudes, topped crudes, desalted crudes, desalted

qog%)éﬂ)lq:g%% g/ateb rsal&sowomqagw tharea! g the q@ﬂtf)@émm a stabilized
Jrséee ISSicih QatﬁlliéﬁH1§j§1a§ Bt, has: heg Broffidd gdins gﬁﬂu&tnﬁtan%r

| east some of the conponents that have a i ng point
Bergws8s 0C at 0.101 MPa (95 OF at 1 atm) have been
gfem\S‘?ﬂnthX R Wncalfy‘iﬁé’@ﬁ%t ‘Bééﬁdcﬁ&n\% qugdr/é}%}égtrl&gﬁy H&&lﬁbtd in a
(@agpeng Fagitity @fpr@iylchmgtﬁlmbmqemblsenpséwﬂgﬂpawﬁ@bmhh@rangqacp@dbutlons
0 r
L B ARG S5 55 A BLORS b 8 Foccs.
is opndmtadom atmcuspbfatcrtmalﬂlalﬁmnetthdds esd/byvatmam qumlﬂatlan nehods.

lgfch I‘ter%:‘d:S frourn élon%ﬁg St%‘tp 1%_3[@ L snl? u}t/ {nul(éFe éo&rlgpoaeér}% %i’lgt)shave a
daktin nnmhdexbotdmm qiivsady afit &gad.5 Pesadianippaarts @i yeasof

RN T R ERTIONE G T )

A4l Wpped hraddd| sraddihags dhedofideroppb® eeano arbﬁldu @atias been
rra%egbe such that a reservoir that includes th

3] G Fel RO R EOTIRO e R o Drabiag pyitglow 35 °C at

PIONPL 95t FANS RAT) havebtdh RimdvE@alypidANPREFTel 8Rd&f will have a
di sadvant aged crudes may include, but are not limted

qoptenf ARSI | grpmp.@hgipstd:Of 2raps. peagnose)-82 Ligms gf suckast

bmpBhentd &??ﬁh{éft&ftoﬁﬁedlcﬁﬂ%t 10 cSt; c) APl gravity at
most 19, at nost 15, or at nost 10; d) a total N/V/Fe
cont énmesfabidized esadss havmmleg tharelley thastabidiaesk crales 6o
I
erlgfg}r%tggztooér}ryg/\/%{{(t)lﬁ?eg %gto fltafg&l tf1es {ylﬁgﬁs&ﬁatlﬁ cta&te?s (for example,
pdliero b drsophips)y erher@‘fudesr had/e ong 9r rgore essumllde wmrem thgf

r%édelég%ﬁ}a 1%1&1%)%1*%&%0 L @159 Vaflt?g dt%ytfdgg g{ay 8£ ﬁr%‘cgelpta%[e%g ? ’tr&gs)po&atlon

@sph ahd/erescapamt Gieaing, dfus cnproténg ehl)owaecbﬂ?:lﬁnc ertewtthof at

.east 0.002 .gr.ans of e rude; i) a
SR e g PRag B PlonhERURE haP bETS B lngf L HSHoit thaBactyges the
caﬁadbzﬁa@tad Oru0Oadlis géa'miml t@f cigy alsoques, tgh@mtpefndm ude; or
onbi nat laglns t her In sone egbodl

d| Sag@%ﬁg@g gadygua §rqdﬁsclin@/d1élclugee barr%mt&?mted to: a) TAN of

dicadvant _ged. 3C<5rtad ®astat b) \Q@:&ﬁltyQ)th Easams chf &)Q@I@@ﬁuty at most
| east 0.3 grans resi due, | ea

Pegime 15 &F atpost é%wsde adpty l\aé‘é(ﬁ%cwenf %%%t (lﬁﬁ‘ét% QQQO%%W%‘S or at
18590 dOO‘TE%}Eﬁs oft v At padi AR bLAGRE:; 6F Mol ABYroNBME cShid\dF AtMeast
a range from0.1 or 0.3 to 20, 0.3 or 0.5 to 10, or

0P %@maoféleteéoa@mﬂ ner sigpx oficrdanh & ansifen entend pEa deasirt Alogrgms
SHUGRR pePEhm OF BuOT ) o dicsaghannades ehf Mdd@leammg?a & Cs

sul fur content of at | east 0.005, at | east or at
4splpadiengy poneragn @frerude: ) 8 YHeR eqmte Pt e, 0. H2senaaritMgR grer gram

&rcﬂgﬁ,si) Q@&ﬁerﬁ? ()Pfﬂg{afsiil? ﬁleiap&hty gf (g}ganip&gidsrb?tat 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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limted to: a) TAN of at least 0.5 or at least 1; D)
an oxygen content of at |east 0.005 granms of oxygen

w@ersgsans of di sadvant aged crude; c) a C5 aspheCT/@Rm87/080422

content of at |east 0.04 granms of C5 asphal tenes per
gram of di sadvantaged crude; d) a higher than desired
viscosity (for exanple, > 10 cSt for a hydrocarbon
feed with APl gravity of at least 5; e) a content of

R, 8 bR @?%ﬁh‘ms%k&sﬁin@fat REG AN GaraChASsi@e, &tat 18ABL9 grams of
0.00001 grams of netals per gramof crude: or f)

retitisi: AR poTBmEMbadinensy thedisadyanmerchesude wnhage a TAN in a range from

¢l sAgly adresd, 65udes, oﬁl@\aeor@rsqggr il &StainNGlb4GinRgss, agahvantaged
not limted to: a) a basic nitrogen content of

dredestPeo2ROOY dgpdientagdd diads man havieggehuconepiL @Eleﬁﬁéﬂ 005, at
19%@%%&{ ﬁ%@M?@%‘ﬁgﬁd crude; b) a nol ybdenum cont ent

1 eas ppm c¢) a residue content of at
| eastln goide gnixdemats, dl@glvdn.teque:rudm bave pfopditica oy lidinggwid not

I?Iﬁlltle e[O ag;FA(N ofcal? Tégét %%t 6r%pl%astt he@ x§§8%§&¥1ﬂ%‘f gacét 0 005 grams

vant a e
@toxygasper Qfaﬁi@)i dgachflastagealtcnhcbacs)ta ©. 9 faltgres nwytend Df fatleast 0.04

ocar th ay ange
S8 b iR Bern Y SR AR st § g b ARP S,
\h&asty ((ﬂor&iargpla,n“slo &ttt fdradstirolarb@bfegt &itb APDEragity dfediast 5; ¢) a
b W t bai | i
Ao RTE i et i SR ik i s BRIy P 0 D pesgss per
@hmloeasitie; Or OQADmBImaMEs tidlredfeast 0. 005 grans, or at

I east 0. 01 grans of hydrocarbons with a b0| I n% ran
di st P BIRS FRPTERSHER Hisahyaniaesd shules iy peopatticping lygin hot

ahgkaab: 4) adadic RiuB&h Gh@RFof adas 00661 SaBOSF AR MErogOF C(ﬁﬁpounds
| east 0.01 grans of hﬁdr ocarbons with a boiling range

R g%apy Wﬁaéwnwé%m@? DOMQEbdargmEsntepiL gt legst 94 tViRPA; ©) 2

Rlidadvarhadaiesd @@eﬁaﬂw résﬁkﬁje%g rad Of dg&ﬁlmltg%ed crude; or d)
di sadvant aged cr ude: | east 0. %)01 grans, at | east

@noostigisdhyeofor at Ieast 0.01 grans of hydrocarbons

o 5 S0 5005l B R 00 05 oo
gamatt et 8109 gRmsgrankawl. 0ﬂ1 pomnood hb@n@rmns twith atbolling mfglge

{gﬂgﬁlog b? eas;%) 5’% @Wﬁ%ﬁ‘o }QPMQ’Q zf% ﬁ]e%stg)o(g %QH@ at 1951&'8695

dreas tor G104kt QP@INSa0$ oiﬂmirc&alamhmgnﬁl abdilingaratgei d1smlg4tlloa heteveen
200 300 . 101 MPa,

A ebb B <GPy B BB My Sl e, Rieasc o0

dreasor @dﬂﬂ:a@b@rmﬂod bdiy@@ﬁ@rcmﬂmtwn bbrwaeh00 IOngd Hem e at

GG b et o TGRane » i Pl eRgnotatlpdnd] bt

HyaastrbOnsOdi 1 BéTEnOfan QydHsaBRIOR 8BS W 400 @ haickh PQ af (angeMPa
di stribution between 400 0C and 650 0OC at 0.101

Sone Azt SEdes maviaeederay srie pldisndvinssecd e Gy O east 0.001

%hlﬁ@qyﬁﬁ'stt 89068l oafld a8 ar Rhst b@)@%?an@ A AIBERhs wath alBARL range
005 granms, or at |east rans of hydrocarbons

wtﬂwt@nl@é AY m?ﬁg 100% g OgliOd M Eltthf@hO 891 gramprasleast §QOperage. or
eQ le]aQLJO (NP amé 6‘f Iﬁ‘/qg)'c!lﬂo&ﬁ With J‘B&lﬁ‘f@ra@' JidMiGR g&%@rpf(ﬁ) °C and

Typi cal | y di sadvant aged crude has, per gram of
HOSE Yy Qﬁ@hy@@ e@ﬂq@gté) 00 grams, at least 0. 005 grams, or at least 0.01 grams of

hydrocarbons with a boiling range distribution between 200 °C and 300 °C at 0.101 MPa;
at least 0.001 grams, at least 0.005 grams, or at least 0.01 grams of hydrocarbons with a
boiling range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001
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content of such hydrocarbons of at nost 0.2 granms or
at nost 0.1 granms. Sone di sadvantaged crudes may

WO p@B0dT53 per gram of di sadvant aged crude, at PEEES2007/080422

0.001 grans, at |east 0.005 granms, or at |east 0.01
granms of hydrocarbons with a boiling range

di stribution of at |east 200 OC at 0.101 MPa. Sone
di sadvant aged crudes may i ncl ude, per gram of

g}aﬂaa@r@ﬁbtt 8908l oAfd A8 at Rhst b@@%tcang ABa10¢0s with albBAHE range
0.005 grans, or at least O gMarrs of hydrocarbons

%t’flhu%’n%‘i“{e%ﬂ)oq And P st et b MR2of at 1east 650 OC.
Exanmo% d%d&hé@%’&[ﬂ&é%@l il r%ﬁﬁ{ oﬂ&ﬁ@@ang@e& ER@d §deast

usi ng the processes descii bed heréin include, but are
WL gramy. peldast 8.00L gl@@ésorfar lepnt 601 erpansioh hy@waﬁ@ns &gfhomsiling

ﬁfl%:tch&rﬂ}ﬁﬁoh di até‘h(ﬁt 1 B a2| @‘1@% MG S0 gﬁ] ﬁﬂﬁ% Jlf? m a,

Tar san I an Sanfos an
@yyonénen KaplchllptheslivdyanGizadsrulinhds eptr Krangtzfohﬁammagecs@ade a

QRS 8 S0 SR P NP RNl B pYENEEURREN 2011 2

di s a(ﬂwamtdagédintagutj@sdamwyemmemr eraen @rdmaévmltagsd ofidg, hideast

i d t d ) .
B COR by B oY ELeh O i RS Rl wicpp goiine
Itangtg&suﬁlﬁmddnﬂﬁm 18t zt(lo)rmeml? 1aBMPascI | be? h;er :eihn The

roau ro reat nen 0
f eod ot e B ol e R BT P g LT ot east

3.0@ENS NS, ht Bgt and$ eramts reat W0 D.01 Braper hi@scadfont hah abulig
product_ produced as descri bed herein are closer to the
r@%&q%@g@ﬁl&pﬁgmﬂ?a@b@t Fes of West Texas Internediate

cr udeixhpRs bhBsaaUatRed eRdes (R4t nGbIATL fred B LM the processes
correspondi n W@r operties of Brent crude, than the

depgrthed hergia inglygler it prediohAMEF G, ¢pdss doprdicciolayine regions of the

\tv&@i Uy%ltf @(%gt anPYGlIh&h @gl@foﬁﬁep @dﬁéda |y salﬂgs 'B?ffzﬁlﬁﬁ@a%@ tha
| ess or no pre-treatmnent, t hereby enhancing refining

efnipos ibasiesi Bgyptipp Guif 06 &@%eﬁhadnﬁylttidri@mg@@ North Sea, Angola
dRsikd bhf né&tléo‘ﬁgl B e%ﬁe%élé@&l Oglgla%l&“aﬁ& hﬁ‘i‘bﬁfé%ga%%{ah&

distillation t I'eat nent
hydr daeatibem of élefdivamagd@oﬁdamseemandva theweprriicywg the

(ﬂgagce[nta%%g CIIEIS S su t%%/tﬁé %he%%?e ac é}})&é{%? éopga&sgortatlo

or
cata cont ac ing
tzfzanmenand/or corrbl nations of tvvo or nore contacting

zonesy, In a.contacti east r.oper.t

ryar s DR EEAT Ty el ARt R AP PG PRl Bty

{ixyral ero e Qi tlfe&ﬁﬂie\ﬂ:ddhasﬂie&rtbéd haa¢ia, i€ aérkalls ts6itdb@d fat iratBporting
I n. sone

t he sarre ert he h dr ocar Qon .f eed.
B@ﬁf% gratRsts P ‘F%\B %%PTBQ 4 B ‘ES"B aﬁd?sﬁ%beﬂrhé’?éh%‘édoser
t@ftheasohyﬁi)ﬁ@ﬁglpﬁ)@éiﬁ@@f Wd%t SOnE hﬁma@dﬂamﬁtda thanhige crude feed, or
hydr o source one nor e drocarbons that under

QEE BT CBRRLBIin @m@%ﬁqa% R ct%lart Be prug feges thereby
d8hRidMBE YeoRibBiclvaRBVEMRE Sruaf fdol d§ QUM d PrRPRRAHNA (SHneld Ryith
t he hydrocarbon f eed.
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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FIG 1 is a schematic of contacting system 100 that

i ncl udes an upstream contacting zone 102. The
whyasoeashon feed enters upstream contacti ng zpCEUSDAT7/080422

via hydrocarbon feed conduit 104. A contacting zone

may be a reactor, a portion of a reactor, nultiple

portions of a reactor, or conbinations thereof.

Exanpl es of a contacting zone include a stacked bed

PreFely QI a h?drf)ée?ﬂﬁﬁ‘l fBRON AR ged BP cOath bt ﬁerQ&%on feed with

reactor, continuously stir red tank reactor ("CSTR'),
EfF HIOFR %@&Sﬁéalawée thsrsamg pegperiy of thgldspearbgp deed. In some
drhisbdinlnts, S3HeR iEORHBEE R ed id fhe %Fe%érf%é Bt £RRAH e, Th Bne
contacti n%@@yst emis on or coupled to an offshore
qzheodimanis, thehrdragen sofrce eonp primersdyBonarbens dhappder g¢iein
&)"fﬁa@ﬁ r“gséo(ﬁ&loﬁsr}eé‘c&)R)tﬁ&;lh@%laﬁ¥ﬂ§/ %%1%890&}%\/ fb&?dl% ento. .
cont i nuous process or a batch” process. ‘he’ co tacting
@ompeundy) i Helhydrecaben foed. nore cat al yst's (f or exanpl e,

two t

hy dr g@%r ib%sa ?g 19 f‘%) C?&??@G%‘;{&Q?ﬂﬁt ﬁ‘lgﬂl%] u%%treaﬁl contactlng
©at &3 skts hydly)czrrb«)miieed dnidxk ofstrtdne cd)ty@htlog ZmbdﬁQ frmdgtdrocarbon
tSu(Fse?ug cont ac g of the redu ce TAN hydr ocartbon flt ﬁd
Pt FPOEHE e CORATCHPRIPSE 12 &8 raéea§ Ok TR AL SrEE SHY O
pm@bns e i eASOS oﬁ&imtgmaamnd tjaered)fn Htfplkes efd@adiaotnit zS)ne 1 ea

Sit V/ F ont ent , t ergat.ons cont en
ViR i erieTRef R e SR oS T wiesd
taﬁm@dt@ﬂ (eSSTR)! huigiretDie dREREM.CE spedyan@er d atlighi@agtid1 0%
relative to the sane properties of the hydrocarbon
foBRGIORS InErriaip AnEREmEHS, tﬂi‘f’ecoﬁgf‘ﬁiﬁ‘%cgéﬁ‘t%ﬁs e ol thiogpetighore

86 . %hﬁkt\’o‘ftﬂ% hyldfbe£861 Rl waRRRALABRLS in SonvRlik %Tﬁrs@fn 100 may
cataI%/ in the contacting zone is in a range
IHsLSpToogys gor RAKRrowEs- 30- 40 vol % of a tot al

vol unge @bndiyde Q&&r&é&ﬂn&@&don'e%r g GRNsAGH: Bhnfil8wo | N
some enbodi meAts, a slurry of catalyst and hydrocar bon

Fatad$ tspralpn sope Iem@@dlmﬁmm cont@g pf the hydrgparborgfegDBitiva rsapasalyst of
tﬁé JQ &&a'l)éts% ﬁ]@ﬂ tMcSltl dﬂ)(?crarb%g (Peegr %@ent contact of the
I nt ntactin g

rocar e comt act | ng zone
Ic@wdd il Abﬁs/drqqaltbhle fegd miith ¢l sngmzlco;mtelyﬁtaipcneascis hrd@oatbm cEntant

I r e
B
I(émmmns mteﬂ.’lo m}tldue ogrserit nAH@m@ntg,rﬂr&dmhmmﬁ&s af Ehese propemes of
é?g%éeo Prlo %ct chlaélg%gféﬁea talo% re?aﬁlgg Lo tﬁ%’l g%r%evl\gﬁ(tép%rtb 88 r]?g hydrocarbon
feahgfer toma 608Eh§dodatidn f@d Vﬁ@l &€ ot mod4AtaBGis. 70 OC to
430 8C 80 0C to 420 O agE
enbodf HER{LSE Tt Y uinﬁ 05“‘6 HE JePF RS ERRIaYS Pargee

fir12MD-3DQOIQ , 00-5850190,6Gr 38860 vOIG b Béh1 ATumd SO8GrdcorbdBed in the
0C, or from 380 OC to 410 OC. LHSV of the hydrocar bon

qoakgting 1ope g Brems FIpOdiRARS afsius A catalyy agé hyylrgearbay foedimay
1h&ug65fr$}n @) 091 50%{%11?300 0515 grahst @ kA - j"'%rlms oflcaPilysPpekQ 0 grhms of

, or . I'n some enbodi nen LHSV 1 s at
hyéa@ﬁrbsn Fﬁeqm thegontacsBg zqeh 1 . at least IS h 1, or at

| eastCo%%c{hg]condfﬁoﬁ)SQEEﬂe@ontﬁ&tﬁﬁkﬂﬁ@m% 1n|8156g5 (Bg@fﬂe hét lfnn%d to,
contacting zone may range fromoO MPa, MPa, 2-6

ipARperalgre, BressulpPhydrogensonree féwndnrdwéﬁb@l fegd fi@Wtqr apmbmatlons
BEESS l@oﬁta@tﬁng@éﬁ&iﬁ&%‘]n UEe Qﬁboz?ﬁments 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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most 7 MPa, at nmost 6 MPa, at nost 5 MPa, at nost 4
MPa, at nbst 3 MPa, or at nost 3.5 MPa, or at nost 2

wORS/0437158Mbodi ments in which the hydrogen souPCEUBE07/080422

supplied as a gas (for exanple, hydrogen gas), a ratio
of the gaseous hydrogen source to the hydrocarbon feed
typically ranges from 0. 1-100, 000 N8 n 3, 0.5-10, 000
NnBAn 3, 1-8,000 NnV, 2-5,000 NnmBAn 3, 5-3,000 NnB/nB,
t@ﬁl R0 a NoRadling z6RNMhAChRG Wink Bsd-0go 450 at B0 (Sio 44T 370°C

dro en source, in some enbodinents, is combi ned with

t@éﬁ@ Peror G9a380) CAnA1G &ei FHSY af G hydipesuRys feeqevill generally range

£ARHAGH BOG ' ZPNE! (0GB (5 (DB TRY fseﬁ f8ro @¥RMRr 80 5 1.
nitrogen, helium and/or argon. carrier gas may .
fomeientpdiments| WS Bis at l?@stwg]r @td%bblnh % aeldasahdh oror fy lewt gth.

A RS iIVIE QAL RRHO LS i fle LORaFARL At BGafRNRH §) -8 MPE 1-7 MPa,
P et e Rk

carrier gas na o enhance ™ xing in the contacting
Z6M8{as)r. 3-5 Mo fresarbatiodemnss, a parhgldrogan oSlodragen (apbe at

; , 0
SATRAE [N 0980, TRL OSSR, 01 SLOSO, JBEIEEH 50 5
Mbaer aﬁmatEngen sour ce may ent er upst r eam
cont qct | rently with :l ar bon

¢ oon T KRR ENE e B RS bt b G Y P R ER e
lgdsogen gzckbl,latrat]d)ﬁ thd gusetps hycﬁagnncsomtaﬁithmlgydzmﬂ)oﬁ @2d typically

cont ct 0 dg 06 vv|3th C 3
g dead L o0R NGV BaLR SR v B ERidie s 000 N
PB .00V /nd N, 101800 mﬁﬁnhﬂb@&emnh the c@@Bsu(d) nTﬁ@ngeirogen source,
enbodi nents, a carrier gas is conbined with t

IH%FPE) R Pesbmenis deeoatineg v 1@ﬁéﬂﬁ9§ﬁ$@§}gﬁld§ Eﬁh’ict‘]éteFl HHE‘Eﬁl’lldEff t

C%Q@ctlrﬂlgjz%n& Ot AlielVaO G be, TBYex@Mble, MRSIhERMuMOMAAGatdE. The
zone 102 and enter downst r eam separati on zone 108 via

taptes RaspPodlgeiitEdinet tha hlroqapbog igd snd/enitevs elhe Rydregsn source

A oRQBing AResth YR ARFYES m%nﬁscgéfﬁaﬁ@)fm%‘ﬁg SERA LM RAng
fromthe total product using generally known

apar dn sone ekbdiinenit g hydrogenseaiep (fer exgal@leb kyugiregen, methane or
SRR eI ARG TR L ARG

t hen The hydragsiponice day @ntﬁlrlala@fpmr tatacome ae ﬂ@iécrqscurrently Wlth the
kgrdpo% Ilb&? ?e’ed Ic’n I??rrdﬁ%grbgg ?e%g (?%m{t q{)h 0& sekzﬁétblg%ﬁzp ga.? condult 106 In

myeammnmenme fla, nemiacﬂi uf ihn qummlamsfefngwm mcat:ﬂ}x&a [ml)klec;es a
0X

h n car bon de, a

ORI b R BR0E ) B an R PSR o some
@atiodin@dntsy aSamaﬂ'ges Bxombmed @S;Hﬂ)e Hyeroc &rbyrcieedaridor the hydrogen
contacti tem 100, purified, transported to er
e aeipnd: Dbt i GroBe i S PR bRt pe, A R0 enter
dRek eI sebﬂamn@ b MeNHioodu@Rbhdetilng t he

hydr ogcarbon feed with the catal yst(s) to produce a
t ot alll BPBRYEFM PPIFEPR Gt dS: e ¢y Pdushing! sed Ay Bt pepgrated

FaNaR-odhfoduRt ﬁ’slmc%ng'eﬁélr'd@}t krﬁﬁbﬁ BEarSRA R GHest Br EoPId, B
crude product an as(es . 2-3 are schematics of

lenisbypains 1oE cegn p@éwtﬁ@ang HeYRSIoUN F¢PaFatiph gongd 88 viagsde
ﬁBdJch&ﬁﬁul? @IE afd ﬂh@lgbez@aﬂl‘@ﬁorteh 1) f%alngﬁartaa&l @ﬂgerg %pehnes storage

contacting system 100 i ncl udes
vessels, refineries, other processing zones, or a combination thereof. The gas may include
gas formed during processing (for example, hydrogen sulfide, carbon dioxide, and/or

carbon monoxide), excess gaseous hydrogen source, and/or carrier gas. The excess gas
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upstream contacti ng zone 102 and downstream contacti ng
zone 114. FIGS. 3A and 3B include contacting zones
waemsndrdy 116. In FIGS. 2A and 3A, contacti ngP@DUER07/080422
102, 114, 116 are depicted as separate contacting
zones in one reactor. The hydrocarbon feed enters
upstream contacting zone 102 via hydrocarbon feed
conduit 104. In sone enbodi nents, the carrier gas is
BT 08@1e0itd PorkRBnHWHIROR0, SRS Sranbh 88 1N PrdceshBE zones,
and is introduced into the contacting zones as a
ferracureeselsy of combinationsdhsendi ments, as shown in FIGS. 3A
and 3Bgohdentiidhoee Borﬁ&%% fhe %%Uoéwb&nh%ecp@ﬁﬁ !h% %atgl%t(sﬁfﬁy
enter the one or nore contacting zones wth
IHgdice & i arodueleel P& dinevg op mareyslagitecianes. ﬂ@)@ LA @rQshuct
of the hydrocarbon
ee]% sgipeggt&? %&B%@gﬁgf”% pgoglsl&g g%g%f?%% 106" . Addition of
t he HJdboyéaresohenpEcaridmnbpditigats @émnute@tlnggafstemo]@ﬁtt@t inctpdes
I f
R B Rl R 2R B Tt BPR R, L Bl
mﬂrtainyemtacﬁhgmac ﬂObaindtdmwnlstWHn@atakmrg HeetlWIHEGS. 3A and 3B

LB LT S RBLL R SR S 08 T e 1.

Clenkaddplongl a2 @qﬁraie&ﬂ)ntaetm:gmm&tm eadcaant dtt hpdrozmine fdd¥enters
In FIGS. 3A and i& . efeed st reamf | from
WSSt RGNS ? %‘Hﬂ‘é‘ﬂi@fie?doco i onal

dovvn gh k@MRGIVIL A&, ﬂ@ ca@iegak 16conBatdagihl tﬂ@h}zmgeﬁ sdifdds in gas
116 may i ncl ude one or nore catal ysts. shown

e B o ipiediueebiatods cACHRY 4QBCL T B dBreat ) ng

GRS, ¥d Aol B BOFIBIST SAThE M AR hydddeBn SRHcLMIRE the carrier gas
downst r eam cont act i ng zone 114. "As shown in FIG 3B,

PRCTEE bl Qe 0p BRTesontesingFRALTYiHAS BrshieaEon Agpdsemneataly xia gas

Wnduif fmﬁdalﬂ%r 181 RBGLEL B Sto i dvk GNAd hﬂﬁ(\MflﬁJoﬁ & via, for
contacting zone 116. The feed stream may be contact ed

%amhlea@?d icondyid06'c Additips o &y hygrogrmsnwice erfierdlmndazies gafgeounter
f?l’ror mﬁ‘% Seaftdfll 'f(%e'd%hg (erjlfga?lw%{u?@ﬂdﬁg ré&ﬂ& b@e ﬁg&}gcarbon

e tota uct e
fdcthslnﬂleamtab/sint acting zone 114 and/or add|t| onal

d
separariErirRnL AR, LAg A0S a8 0 SN EERERIRERAPAR, 102
formxdefepd gchamt Tan dded strgastloves t(nan epstsap amaacenig ZorenOR he
Th st

SR BTN e B 81U RO G P (ENRHD B rom
doiw@strehni &n&c&@?ﬂﬁﬂ léftoaﬁdlaﬁnaﬁ? H@\Oﬁkltlﬁ?ig gomi_Frt]lag g@fdrnat i on

tr ont a em e
Gt S adVIRE GG el (for LHBR PUBREESE Miskk SHRet Asiersin
EIPS b B 088Tes € fiadal dxQ8uF08an ¢aflacvin@ z@leude viagediirbant 2éndultn 18

upstream separati on, zone 120 at least a portion of
%nﬁén@r%d&mv&rﬂa@gcgataetrwen? Llas disshave i IS %15 helephitegrexits

RNl cdnBRHRY Zoné | OF vi€ ¥R €18 SRAMEINLIdi HFRAIOAAR/ream
separ ati on, 6pr essure reduction) to produce the
contacting zone 11

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

product conduit 110. The crude product and/or gas is (are) separated from the total
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hydrocarbon feed. For exanple, water may be at | east
partially separated fromthe di sadvantaged crude. In

wa@p@sler7sexanpl e, conmponents that have a boil i PQI/US29T080422

di stribution below 95 0C or bel ow 100 OC may be at

| east partially separated fromthe di sadvantaged crude
to produce the hydrocarbon feed. In sone enbodi nents,
at | east a portion of naphtha and conpounds nore

Mot i TR dniRpreRBiixiadew R useP dpataBéh FdneME Kig crude product
di sadvant aged crude. In sonme enbodi nents, at |east a

%@ﬂ@?@ﬁ of the separated conponents exit upstream

sepanagi PR aZ00natid O M Gt bf a]s%? aratddhSzoRyY E’ﬁs&@eﬁﬁ Ben
feed obtained from upstream separation zone 120, in

B iretingiysdn et She dispevandased grude seitherdoried ebwrienpedi anters
s&&m@se Qﬂa 1(5 n{)lé B985 gfuﬁé Edr@ ltt '1921 Iﬁfug@eainﬁé’éa atfbggo&:cuo at

one e I ment s, |I|ng range tribution
leést apoﬂtlelasﬁ thg Ql@actv@ta@ylpmﬂallsl spparpthéugegpiaeimiayds known in the art

S A9 e UL LGP T PR

Hy2@cBOn &@d Bor c200pI80CatGGnayAte at as pasialhosepirated bt the
rocar bon f its u trean1s one 120

O R el R ST e BB o R R OB B S o

difvebwonthalotvi 353 C20 BSSWI 100 FC Ry bd aBpasv pati@itydiepdraedirom the
rocar bon feed ui,.t 126 to. be further, processed

R AT A A R A R e Y

1SR @b SHTh Z:d o hSlndEhoReevoR@iSd thhrONPHh pRtsERARDIrom the

downstream of a desalting unit, After, processin t he

drduniagcoauee. Bepme cRBIURER T leay aparion b paEIdggmponents

R QPuedamCepGiticn zbA21201Via &R0 ep0di nent s, the crude
product is blended with a crude that is t he same as or

di f f eheAydrpeashan faed PineddEmbeRsreae sEPAREPD &30 AP0-dn salffe
%ﬁ%qﬁné?&sogleﬁlheswlxaﬁe GRIpBRG M ttDa Boiei R Jtﬁéfhmloﬁ of at

fferent viscosity thereby resulting in a bl ended
lp¢so HULTC drainisage ambpdmoris tayboilvgtrarigs dissiweemoltagéeast 120 °C.

‘T’&’lﬂ? f&ey seﬁ{lra{eg ﬁycﬁr éﬁ%n@éé&qrﬂ&ﬁde‘?ﬁ%&ﬂ% \flcérﬁg(a‘lehﬂé v&tfh a boiling

n anot er exa e cru
Ib@ebhfenlde@n Wettveerc tQ@d@OHé@/l 126-980 TANT 26800 °§3 dhtflasy zemrtlon of
r r Ci r h 1S
RSN A BP0 130 TN BB i 0
($trefdrleemadd tpr @ductingvayesbie FEGS. tlab v efddmonzrlametpcarbm fegh

and/. tr
a0k PR s S et S Fod lBaizysatse
li;@@ea‘m ﬁ:plily(ﬂdirmbaé bznmbeedpes dioded dpstkédn oaddelnsitcalnedatdeslting
rtion of the crud roduct. exits. contacting system
Blo A/ RA eI T TR LT EP B IBE B ot B DT g cduct
@ag@t 130. I n blending zone 130, at |east a portion of
t he crude product is conbined with one or nore process

st r edPrEOTEF SROWATRS) e el PEdetds BleRied b arAradgdit dnghe same as

SIpha fﬂéﬁﬂﬁé’ﬁﬁﬂodcaf%mf&ﬁp @Bﬁéx'afﬁ 1e0the @RBe Plodhi® hﬁty be combined
hydr ocar bon feeds), a crude, drocarbon feed, or

it @P@%hawﬁ@raébfferemtdlﬁs%fdmeba r%ﬂﬂ&iwaé@a bleaddaroduthaving a
\chgglﬁ_ystﬁat% b REGR: thmwog%mﬂﬁ&%qed&f MidGhe Hcosity 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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m xtures thereof are introduced directly into bl ending
zone 130 or upstream of such bl ending zone via stream

w@ondii753132. A m xing system may be | ocat ed i PCDUSWOZ080422

bl endi ng zone 130. The bl ended product may neet
product specifications designated by refineries and/or
transportation carriers. Product specifications
include, but are not limted to, a range of or a limt

of AR @6RY it BIG. TANceriS&MSIdtiNentD hySHIOAAEJdRRAR s contacting
t hereof . The bl ended product eX|ts bl endi ng zone 130

Vptamy OB i hydivairpen ffsﬁcqnéu% 04, patha St aeRpriénn ¢ thsccaadsgyoduct
dxfits Eén@icuﬁg S)Isl?:ﬁl HosadvARtegRhnaIUdEo/RRLENRD M&ﬁﬁrfg%ﬁé 130 In

separation zone 120 t hrough crude conduit 122,
Rlenslindzane éﬁjbélt leasu@ieortlgn elepaeraderiodust sreepprad Wyth One Or more

Iﬂrgc}?{) éé%r%g ng ﬁycﬁ]acq{b%ﬁ %r&‘ﬂpsucﬁ ggnapﬂﬂg Produced from

hen enters cont act I Ng system
&ehfrr@tuglmf ad‘dolt m@m alydrhwlmda«rdsb a cfuded hydrdarbon 26 or Atxtures

PR el PERARE L M P s B bofi e Foryce. o
Iptxniresciherecﬁf atduetrochmekbdlmcdxd intd blendingszone ﬂ]BQamtdpstgeasydtsecm
0.and ent 130 th duct
A S De SOl B8P MR S B e
tiéreldi Aoge 23N el'ht B@:ndéd @oddcymay m\ed:tq)r(ﬁml’:ls@ulﬁ@ﬂdmﬂ desigaded by

d are conbined with the crude product to form a .
1 Bt AP GOy f e OBt B aR indlug Bhigppt limited
@ONRnde3d o b dntdl F API GARTUITAN, 34kcodity, SRUBRbRARGHR itERRIT.S The

t he crude product  and/or_the bl ended product are
'%l?nci]ﬁg B@fi\:‘“é 8’“{5691%“%“&2?%}%9 i blepd «ndyif tq R frgpsported or
frb@sdcuonal 1y distilled to produce one or nore
distillate fractions. The distillate fractions 3/
pr ocd8 §Ed 6 Bhe gisadhippeetorrasreateal U rEauTPYadciena 2 through

LHRNSRAiE Bl chil@ladvhdiklel CRAE ﬁiseﬁ%{rat&hz?srﬂr@\%lﬁ} der®PIR
enbodi nents, after contact of the hydrocarbon fee

fita Fhethydrogasberl fped. Thetherdioeytien fspddiae entera somactingsysfennt 00
0,
B o, TR 0y il oA 0 0 S B
Cbmddzmtapge@ dud¢ eiessparativiMond 124t vimemiduil |24t Atrfesst a porBon @ftthe
t t
&%ﬁ% pg?dut%heex?té r u z?'c‘ilng Oyé nf {OOr%ﬂ? e?trgl‘es Jblljeélﬁ{nlg fz/‘&grrl%%tthrgu 91 ctrude

Bo@@0dondnid 1281dbtherfpr@mssent:dtrys angfor Icmd&t enfer ORhding noredie directly

FARGRFR Ot g1 Rt it b B2 GHE g i afepaed

prodieQMEheeidndell prodics exikANnOfng o BOUteblprdattddit my
ran fromO0.001 to 0.5, 0.004 t fromO, 01
3 TopOrpy R Bert g <5 pipde o ah e blepiReod Pt fansporced
t@rau@kale@r ﬁﬂldﬁ‘dtlllbkﬁ&dﬁ)rtfﬁttﬁﬂnaw diMi1ka 1€ ploti@Rton®br @breMGillate
90% at _nost_50% at nost 10% at nost 5% or at npst

Isaglighs. tlihe dNfHayy fractiophinanbe prcesid 9@%‘&?{*’6’8}?@% &Fpdugty such
&eFah@oRa®HIed] IBMlasis, diRBeficge product has, per gram
of crude product a total Ni/V/Fe content in a range

f r omIn seme @nipdipgas akiey cgntact phthg hydrgcarondeadywith he ﬁ?fﬁlY%tothe

Gudt pOuue; 19 3MBN OF at ok 969, G BEARBIL Gr at mbst PP ARGIEN of the
I'n certain enmbodi nents, the
hydrocarbon feed. In certain embodlments the crude product has a TAN of at most 1, at

most 0.5, at most 0.3, at most 0.2, at most 0.1, or at most 0.05. TAN of the crude product
will frequently be at least 0.0001 and, more frequently, at least 0.001. In some
embodiments, TAN of the crude product may be in a range from 0.001 to 0.5, 0.01 to 0.2,
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crude product has at nost 2 x 10 5 granms of Ni/V/ Fe.

In sonme enbodi nents, a total Ni/V/Fe content of the
weeuwdp4sdduct is 70-130% 80-120% or 90- 110%©f/US10e7/080422

Ni / VI Fe content of the hydrocarbon feed. In sone

enbodi nents, the crude product has a total nolybdenum

content of at nost 90% at nost 50% at nost 10% at

nost 5% or at nost 3% of the nol ybdenum content of

drivenshy dromache Rmbe@ehend AR bf Ak Bru88 BRLLIRY Fangk MOm 0.001
crude product has a total nolybdenum content ranging

4-3.0H04 084 R PPl D0 3 %f@ﬁwlfq%% 0. 005 wtppmto 0.05

W PP s@he ERIQIM Rl tHe@rlie broth QB 2 I0t1 SORBrEMRRM SBPSst
t he crude product has a total content of nmetals in

W4l mey|SP%, afmesk @%\% at Mt e, ot mest Asal Ugo¥y Vide coptent of the
@@1{90211%5 f@@&t Inlcgl{% 'gﬂcgtthesc{?l&f rBJﬂﬁt g&t ll?ér glca%mfecmde
sa tS

S In neta organlc acCl
m@mm Etad O Wikseapnte@y iganinge Ao x 1 G2 agrage rre¥ alld Vetfms A x 107

%\[E g )? rhrﬂg 'o&“i’?hlob %}an%rtg 1 gﬂb s lgir '}'i} t %‘Pcér@nn em odlmeng the

c i ds f onl'c aci
csudefmomtcelm aBxasplxeld) @ramﬂNjMF@ clnaainel smbcvd:ﬂneltde a tdyelt

AR P Lo B B 350, BRI v

doateal ofsiad hyslravagpon fietiude al kal i nmetal s (for exarrpl e,

[ithium so m and potassiu al k -earth netal s

(1 or TR e i R ai ks Sl s B ol it mos

%2, einadstS0d arm&x ap] £ mozi 3%, o atmead A dﬂ'ﬁﬁe m@?ﬂ)déﬁﬁkn Lbntent of
net al s (for, exanpl e arsenic), Column net al s

tgg:( g)apﬁq)(‘élrboeﬁ?egnﬂqj?ﬁrtaln(ﬁmq?fl%ea];se@e FRds B@fjua pgs %t@w glio],ybdenum
QARACIARAL Fom Y1 WipHe (Pr KPR rBAD. 56 (CRM8 KPHomObr from

nmetals in nmetal salts of organic acids, per gram of
@PL@d-bvatet, in a range from 0. 0000001 grans to

0. 00Q ok &ﬂﬁ)dngengso BRA3e f(ﬂﬁ@t htaQa Q00 9f AB®Is iR etal salts
0. 000001 grans to 00001 5grams of netals in netal

A arganisfacigly géﬁur@sa%q%i@t pest Xy an odst 0% de apmesipét of thyptotal
c%‘ﬂ t (ﬁ'}?&ﬁé fﬂqﬂéteﬁ salf, Ogs #uc% At Ehe R}tdrggag)%%t?eeidg O??dtnﬁl acids

or gani ¢ aci e crude
thal gt@@%y isﬁn n@@%alt@ inc®Qle, 110 94 @bt lnhleedttotcatbosyim agiuls, thibls,

iﬁ}j%ﬁ s%lflo ic g?(%ls an f{)ﬁatgs Egcnlggﬁ%gf dp%ﬁ)ogfhc aQtK{S I?clude but are not

ocar certai
lofitddhe, rraplntti@ncpzrouxttupitenmlmlmc eddd, nohbanerit acd. Blﬁe mhel portion of

droabonfe ith ¢ st t the contacti .
Y AR RIRERY 1R Ao St Shunth (S GOIEE A assigm
z(]]f:alﬂhh-earﬂﬂhetg]ﬁ afor txangle, tdagndindr, Ozﬂaﬁinonldftﬁﬁﬁim) IColwar t2amétals

nbodi nents, APl gray he crude duct s fro
St TR A AR MARE A A A e TR
18ERld foPEQEipLd, cliiamivdn) VorSEiREkdsYhdéorat NMoSt 90% at nost
80% or at nobst 70% of the viscosit

hy dr d8 SFE¥hemRRadimenis, the sirde aradictitash {%al ConET of Beialiie etal

s@fts bR dnt ULR1s PFed & ofl cBud@tprdst 1n9¢1q F%éffrd-nh@ O(VOO‘é)Qpéﬂaﬁ])! to
of thehdrocarbonfeed while the A 8raV|t of "t he

@pPQye gfs*fr@d@ 80003 gramy 5840088 Lappyomr (HHOOBL gramp by Qa@OOQh grams

ARhetals 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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gravity the hydrocarbon feed. In some enbodi nents, the
crude product has a total heteroatons content of at

wWoms/0%0%3 at nost 50% at nost 10% or at nosSPCHYSZINT/080422

the total heteroatons content of the hydrocarbon feed.
In certain enbodi nents, the crude product has a total
heteroatons content of at |least 1% at |east 30% at
| east 80% or at |east 99% of the total heteroatons

cont gRter@ifin & diYEhiO ARl %&@Vht}f &8Eb crhide SOdRt ﬁﬂh&@ﬂ MBt®ntact of
the sul fur content of the crude product nmay be at nost

9o bydrogariesdecdygiy caglyshasihe 9gyactipg Fcomitivps 15 Bod HF B 20%, 90-

ﬁ'@l%f WF 160R0eNGs L Apf‘gﬁa\q{yqﬂ} %eﬁfy@f&!%on feBd. CRIEALR embodiments,
embodi nent's, the crude product has a sul fur content of

API grevatof tpgerugle prasiettis 5001440, |23 0r 80%5. or at | east
99% I
0 QB Igr%r%% eﬁﬁ%ofdﬂﬁen@so ﬁlte%n.fd]g giodha%aby 91@ %F’i’s{ ﬁlofﬂc oS o, al'most

sonme e I nents, the su content o
Pro du et mess 7790 of BO%GscSy 1P W&IY@DC@GJnlfm%Iofsomﬁemmﬂlhrﬁws the

\ﬁé%%&ﬁﬁéf t]?J crﬁ&ﬁ)rgé{lg i %f\%’ﬁ? @9% &9 %he Wi ds’ﬂos?[t‘r?/ th%'ﬁ%r%cﬂ%ﬁeht fBed

tota roge con e cru duct
wingtth©APj gratltym:fsﬂne @0 pratucnio §0-130%4 803120% on®s1 1@%)btfne aPI

t ot. nltro tent of the hydrocarbon feed. In

%%Yl?yal 1'% %%’Oﬂiﬁ’? the crude product has a total

nitrag ecnne:@nmcelnhemn‘ tmtcnide aeidudi¥ps atotdl easltoataﬁ&/qcoﬁént of at most
st 80% or at st 99% eto nitro

R RbREtop s ey A B abBr Peteer ty 0L Brieuhbd i pkune

Basicerbbh fde@gRIteRiAeaBbditknt NEe &nw@owcoﬁusqttotwt@@atoms

nost QSW%Fat nost 0%9 at nost nost 10% at

GTBD 4 1t o st Q0hi B a Bt bt S9F g ol nerogioms

M%p&aﬁmﬁcgﬁgnf&@ certain enbodi ments, the crude
product has a basic nitrogen content of at |east 1%

at | dagimaguhodypentse fsulfgmpnigpt of thejcarleraigoh oy here most 90%,

RARSC50% , tal RO]N 0GB & RosOf% bhie B €GRERBPE RMe plouct. In
some enbodi ment's, the oxygen content of the crude

@f@@@@tbomn@ethwmﬁ@@pd@@%s agulipeonteBIoWeat lgest ds at 1ge040%, at
1@ st g(ﬁﬁ dor]apfé% @5%%% tlggtct ul‘%({?ltgflt otfﬂ% gg%gﬁﬂoﬂ%@& elﬂtsor(ﬂg

rocarbon fe ncertain e ment's
mhwdenq@tsodla ctlfurgententok thgermde prirdecttis G- 131%, ééslﬂo%%)r WBk110% of

thgg }ur?(g)n{%nt?{]the iogl)caﬁ)o%fee%r at |east 99% of the oxygen

con rocarbon feed. In some enbodi nents,

t he tlotahe @omtdendntspfota arthngmy&cnnmnao:ﬁ thle crodg@udids maf b htenost
nost

Gl CuBh s a1 OF B IR o B i RE P s B e g

Igﬂf‘fm@ﬂbﬁﬂ feed NInt d&ﬁalhyédllbﬁdlﬂﬂab;@ nhd ﬁ&(ﬂh prbdluccﬁfstaad)tﬁl nitrogen content
a total content

enb nts, oduc of
S BT st A% 55 BG5S 1D Y e SO on bt o the

B@Bhcadbn Feast 80% or at |east 99% of the tot al

content of carboxylic acid conpounds in th
hydr & S0BoFMBEHBETty. RaskgHEOSSHHSORIFHohts crude PRy at most

9L ANINGst QWY.J & &P BPRUR e s TRY:, BEa BV SR Gr tHa bhlie nitrogen content
of the hydrocarbon feed. In certain embodiments, the crude product has a basic nitrogen
content of at least 1%, at least 30%, at least 80%, or at least 99% of the basic nitrogen
content of the hydrocarbon feed.

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

hydrocarbon feed. In certain embodiments, the crude product has a oxygen content of at
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hydr ocar bon feed. In sone enbodi nents, carboxylic
acids and/or netal salts of carboxylic acids may be

wW@e b@gioextbd y reduced bef ore non-carboxyli c cont BETURZP07/080422
organi ¢ oxygen conpounds. Carboxylic acids and
non- car boxyl i ¢ contai ni ng organi c oxygen conmpounds in
a crude product nmay be differentiated through anal ysis
of the crude product using generally known

1SRE ! QG0 %%, HEIhR 96%( 61k 1084 3VRI & thel JXfy E BB eANAINST S,
mass spectrorretry, and/ or gas chromat ofgra phy). The

yidtngarbpp Bathctn, sop cpgpdigients-dhh O peniins of ¢raoxilc aid gpsipounds
S &Me IQI)du%E mQSD&! at A% 903, RS 66701 Alst B Lat ARRESP0S the

at nost 50% of the oxygen content of the hydrocarbon

foaied! ofahrdcarhamlylisf acidwomnouils ip e dydpcareondeedibseerany,  at
J}ﬁrﬁ)ﬁhn?egn@ thet #od't:?cg%hs Plotabodl@R be & f_%g@/(%f?flc zgcli}?comu&fs of at

rocar In certain e ment s,
leasu @‘é @irl@dtu"dﬁ Iatal@a% ROBxyrgetvas OAteert thedf)tabstonteea@tcalb%ylatamd
% or at |east 99% of the oxygen
%Bmﬁq %1?%m£2§%%g§%¥bon feed, and the crude product
has aIn kaa @ﬁbﬁtmérm%lsdleclélzbormnd &agdin @0Hpumls nlagds redB04in the

or, at 9% of N of t rocarb

Reaftrsfleh, PPk uhifup st R HRABESL R e B cyponne

ails oy \be |cneraealqlrsre<ameld mfombakaﬁalyﬂls corftaiaimp beayiciogygen

aci ds st 90% st 70% at nost . 50% or at
%%VCB‘?”{‘%& B F“bdc%ﬂnbcé‘ Of‘lélécoconES‘Hlangaor%ad’h“t Eygerpfompounds

inQarnee HRAY s eAfatmiag 1GHGRMHNElySX OB cHOEPOtid Ssing

withjin 70-130% 80-120% or 90-1 10% of the

Yo %PBH@fPW@D€6WFdP%P%§(@FﬁﬁﬁW@fHﬁ?&@ﬁn@%ﬂﬁéﬁﬁ%s of

ﬁ@&mﬂﬁﬂgqg@kbgﬁ(ﬁﬁﬁﬁﬁ%ﬁﬁm§pne enbodi nents, the crude

product 1nclu inits nolecular structures, from
0. 05-Ie cnge groges. ig ceiaipambpdiness, hasmangpygsn OReRy RbEeY 90%.,

fR%{oslgS‘O@’Enapfnoﬁ WU%eOIpeft 0% Jhee G{ﬁég&c&ﬁéﬂgyﬁhe H%Mocarbon feed,
include, in its nolecular structure, fromoO.8

AN ofrth¢ prode Progat isQut 88st0Gmat mest Eﬁ%baﬁrm%éfmgroam st 40%
t

&rth{%? AR ()Eﬁ%%gldrf)@a (21 fg(?iu gB c%ag%@?wnﬁéﬁgm }&h%}&%tqlas an

@@g@@@%eneﬁam@%l Jont 196t 3_(10/@% Ghstt8h®, at ayhdast I rilg dxygen

con ehpoef ttbey lﬁrdg)o%‘%{];gﬁ R Il ea%g the’%n?c{ ﬁ)godugtrh%g 4 CFEA,I\?(Ef% e% t'i'é/ t least
g cess I1sre % fl

%N@htmaaﬁd%omnmham999dﬁdg€hkmsfmmbamnemhnnkaitu The

crude rod |ncI des, co nents w nge o
ot BIRBHR: e P RS TR AT RA Rontd P rdR S il e
métﬁll sulﬂsa@f cafpekylgraaias of attnlist m%gdlempmd%c it mét S0®asgtat most 40%
001 grans, .or fromO. OO% of .hydr ocar bons
%“?fhhyél q850PR frgd: raﬁﬂéé‘)l&f”&to P‘H’ufﬁr ¢ COpfainiRe ETeqHE ORYECT, ¢
EmbddndYRathi10- 13288 1800 209 Lor@nans % (Cfrthd‘ foABatboRBk-@nhining
grams of hydrocarbaons with a boiling range

%gag%fr‘?%?fi GrnoBRdted hetygropebamiteb oo 0oc at 0. 101 MPa:

at | gRSEmOerVli Hrd the cRlde pfR Qn@@is Gn Rs BOREBa ructures, from
@é%rocarbons with a boiling range distribution between

0.0T2eAY 0300M0E - 1 errms oMpalrogsr pereayn oberadriprgdugis he

Qhde ﬂr&[ﬁcmeQﬂacﬂdé i &BleQflar i dr Qe af'ir(l)q{? D1 % mR oPRbinioNG -
range di stribution between 300 OC and 400 OC at 0.101

(MpEggrams 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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and at |east 0.001 grans, or from0.001-0.5 granms of

hydr ocarbons with a boiling range distribution between
wao@soG7and 538 0C at 0.101 MPa. In sone enbodP@EOBR07/080422

the crude product includes, per gram of crude product,

at | east 0.001 grans of hydrocarbons with a boiling

range distribution of at nost 100 OC at 0.101 MPa

and/or at |east 0.001 grams of hydrocarbons with a

100 b RYhyBRAEbOH if&ldratdut HEO rdeiStiveeRes HOP uplkeaind/o Ohs@Gption of
at 0.101 MPa. In some enbodi nents, the crude product

hyi{perminghapropess strelat oty el lad/or ghat Bydrpgeads Prodieped g il

of naphi-hAe PRI iRMRE c&ﬁﬂb@l@ntp{?vﬁﬁl W ednge bf‘bd’i’ﬁr&eﬂomts In some
enbodi nents, the crude product may have a naphtha

woedirntspthe srudpprodug iglylesper erain oftheppisle pordgctyitdenst (P01
ée}%gb glﬂ ﬁofﬂ(ﬁO(ﬁ rﬁﬂ@ﬁlfns &6f MQI?OC fbggsu\ﬁitth a bdly ﬁé)ﬂﬁ%ﬁ dlstnbutlon of at

I ment crude pro as a disti
I@_Cmﬂ_@(th aifO 70 MBQ % 1e800.00 P @&ns gy 190 LONN0S Qlfamts I@éhydrocarbons
. 0 . I 4] .
I L TR e el L
gaasmoo fromrOuie -(aF grdme df hydmcarbbamgteh i b@hng)raﬁgﬂﬂﬂmtm@n between

Ahalaradnd Tact D ETR sRia el 2Ras & el By Saffhpl "
IY}GfO]:BIﬂ)z/ns WBith EE) gﬁaﬁhf?@ rafge cﬁ@fiﬂutir];g‘}leﬁfeera .B(ﬁ)eoﬁt@ds C4tO@ t;@ ?;tr (L gfel MPa;
S5 B ORERERER, RS b MR Bt s i sg e pnee
diftriButioam@evebd 000 © £4A0G04 ~C At @ 1@Ir ams., 0 001 0.5 grans,

0.002-0.4 grans, or 0.001-0.3 granmns. some
embod? AR @andﬁéen&% erugl et Hﬁ%\léesap?r&% lecTrdstradhet, at

18fst 800 B8 fns 9PRGAr@brbIRSYiI8P%0iliAd ralBSdistARIRond al RSk 1&0% at

at nost 20% at nost 10% or at nost 3% of the residue
& HHt MRt ar&'r’ortah@a%ﬁwpbé@% @ﬁ hydseagrbops, with p Pgiling range distribution

Rpdi108¢E §nd 2ddeCH HdB1 RiFaduct has a resi due content
of 70-130% 80-120% or 90-110% of the residue content

of t Hestyierokadirtaonts, fhegtide Ph?élu@trmﬂyélam gderst0-Oryeriiaver at least
(?gfn%rgﬁlggfo %&B&gg%&{ﬂggg&ﬁ&e aI?TE@dchSfS gﬁ: glgg&ﬂlhgrg tﬂerbrﬁie product

@aﬂwsamamtlgirc@n@nt @. aomst@ Rergnaws at 100s00.8 -gOmE o rnapmha B gram
rans. I n sone enbodi nents, the crude product
C%Jde%im(])dtugtl Cs and C7 asphaltenes content of at nost
90% IatomoahbdOontthernsit pBUYGt M$adﬂstllﬂm¢onﬂeﬁ%fcﬂﬂ) 1306éb, 80-

al [ te dr.o
PG {21 BB o f FRABEA R L TRTRE g fon L S HERI D hem
ckfalse crid@ produanmey bd) peir waapbbandd lﬁe(ﬂhct an 4 einhgd r&D 080040 7.5
I es conte ing fromO0.001 grans to 0.2
‘gﬁ@()tog%oalgr?%s G’r%oé'sg%ﬁa}n%or 0.05 grams to 0.1 grans.
| N Cah t@tam @MAcHIRN S crddd @roduettes PVoduehihas - I80R, 80-
content of 70-130% 80- 120% or 90-1 10% of the MCR

O nt0-610% Aldhe Y ihatnbel heyirogpiop &cflh i opgggibodiments,

¢ 8BS broduct 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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has a C5 asphaltenes content of at nobst 90% at nost
80% or at nost 50% of the C5 asphaltenes content of

wo b@slysfsocar bon feed. In certain enbodi nents, PCTYES1057/080422
asphal tenes content of the hydrocarbon feed is at
| east 10% at |east 60% or at |east 70% of the C5
asphal tenes content of the hydrocarbon feed while the
MCR content of the crude product is within 10-30% of
ddnenMeR reRtreRt 0.0d00t e dds, oaan ko dasd 0.0005-6 2% ams, 0.001-0.3
enbodi ment's, decreasi ng the C5 asphal tenes content of
S1PES. 9P DB Of B OrgTr8S-nmi nt ai ning a rel atively

st ab|1§ S(M;Rarﬁ&ﬂhﬁ&tts [fﬁlérdd@ %fo%iﬁ@t%a@ Qﬁ)téﬁ@ghd C; éépﬁ’eflteﬁfﬁ%ontent
hydr ocar bon feed/total product m xture. In some

r@-b@ldi;tl?@%t 8t mash 80 Tt axphi 7, en elgnesb M e vt tha hetalizrnd C;
t@ﬁgs Hﬁ}fnt% th%\%gm]o&ﬁﬁ@ %ecp nQ g&@a@n anﬁ@l‘irﬁ&@tﬂeqﬁhrocarbon
en the e

ations igh viscosity conmponents in
ﬁedtdeha@rmad erapmfdhudltocarbcbraﬁe@dxe tetal @sh@d Yy gﬂlphwltegmmteyt ranging from
Y, a sum
(gwqggq%%d%og)cia %E %fdelet g bgg als?l%h%{ glﬁg g)n(fi( and a
hyd r do aerrtaunerﬁlwddndMRtm ccnide mtodn@;ylabeMlecelmnoerﬂ) ki?jD%SSO

e e e R A R

Héb a (5 uspharnays aetchooanest 0%, at @osBR0%Ooras ﬁﬁsﬁot%h@f theCs

ction in h vi scosi onents jin th
e Bk bl oG . SRTBERE MG beniagerss spppalienes
doanrgeoffioidiocDYn ekl 1540 Unsta09:2B-180806F, oDat lkadt IOBOF the Cs
enbodi nents, a ratio of MCR content of the crude

PR coyertst %M%Pf%%sfe%ml&ﬂw MCR gpnignt %fﬁa%crflﬁleowduct is

witlfn 30-80% kbt dedOR cOfitedi-oBthk h9drobtb&iEletRi 1 sSNDOebImnt s,
t he crude product has an content that is at nost

drourpsing therbs pspBalbgnesoniepse! ﬂsﬁd%dr%ﬁrba@ feﬁé yhilg pyingpnipg

%&9&5}9@5&@1{ cdnl&,%t XPTREALDRN ARG of HR %HQ@OIPI@&QMPJI
I n sone enbodi nents, from 0.0001-0 grams

1@0@@5111@“1@8 grans, or 0.01-0.05 grans of MR per gram

of cryf grﬁnepérfﬂ%gl ensd, [he%% %ﬂ&%&jh&h‘?&géﬂd MR c%gééf?ﬁ?eg be

pr oduct 1 nc rom ter t rans,
¢ondnmed t(())grogqtca mgnatl@en@l@@@ @qlatﬁ)nslﬁg bgwacm;the high viscosity components

19 tl% Q&)& pQ dﬂggr%la%%eatﬁheoﬁlgﬁ A c%lsg); ngd ?&ts ﬁ)&ﬁet Igrd?c}"c']al%]:)n feed. For

cru
¢xlampler aJdJen m’({i@@ﬂicaldbt]ll forg Cts a@hslpmest caintenmndradfyd]rocarbon feed

atnent. The c y | 1.C0r {084 0N
P RELTER. ol e B N B oL PR e it dbem
il atchelepradder ICRAURED Iﬁ@tda@etﬁesdﬁs@ by Bed’hbewsd Maymeycongared
red to add, one re catal ysts descr.i

onfj gu or
ROPs B S5 1R el B r P P RSB e Rygfgarbon fecd
Sobghe cRII0 Bédhict Piag thd G2 6l ranb O e A NI98E 1 DY %S yﬁz(ﬁm%t 00s haSsome
properties different than Bropertl es of th

SRaH iR i 0 MCHS Rofe bR AT Rrofsy 1 Greathaenes Gontegy ds in a

fAfde trdoli bedh, 192 @oreduged TAN, b) reduced Vi scosi ty;
c) reduced total N /V/Fe content; d) reduced content

of suUPFeIkain IRBAERENtH hecae Rrodeet haniroME Ry OB1e8! thitdy datost 90%,
fg%rad'sm eelgmf)ﬁ%b%ugr a(f%fsteﬂ)t% otf t)le N@v&ﬁQnth i r&farbgﬁ feed.

hal t enes; g) reduced MCR content;
Thecoress upifas, 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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gravity; i) a reduced content of nmetals in netal salts

of organic acids; j) reduced basic nitrogen content;
W@Rr0R)N4376370I nati ons thereof. In sonme enbodi MenP&T/USINET/080422

or nore properties of the crude product, relative to

t he hydrocarbon feed, may be sel ectively changed while

ot her properties are not changed as nuch, or do not

substantially change. For exanple, it nmay be desirable

hey Q,EhlsMn s@bi@gihb Rl cYude peiiee RABy ﬁﬁnsﬁ&{aﬁoﬁ anpeneatsenl fofe
exanP residue and/or viscosity) in a hégrocarbon
2L Y

ot corrgie inhit firigtiem éli*fﬁ‘i’fﬁ’gcf?%% WalsbeRiragen abilities of

tN: tvbd ﬁroﬂlﬁbtt pﬁth'ab@(fe@&ﬁ{e@ ﬁ&efn%%g/ be c@nﬁgﬁfr&i 088D ERe or more
hydr ogen upt ake during contacti'ng may be

cagadystselytaribedlperein e the siudeiarofedd d@ltlmgatrﬁatr@m not reduction
of ot @%nﬁggﬁggﬁ?}@uc% f%I?C(L a%ﬁn séﬁlcfbowgfﬁg&ﬁesl fferent

al so el ng O reauce Ot nponen S
thydpropatidson tedwdrocarhen @ed uhich @fOPhlylm ogeimclidedutiue neidimited

éhai ggﬁﬁN%Xre geﬁlgéo%%predg Qf tﬁﬁ%/ﬁe coqlteglt' td) g:duced

anta ed’cru resi due
ddinfexy (FfESUKfmInO)Q’lgtn tnhagen, or amuﬂamatt@bst &elteof meetuced eatdoe ndntent; f)

AR B EoR omaRBRE L EALLAAER SHEN. AL ORR RE
gre\atydua wmubm,ﬁnteat sfandtddinanarg ths/ MlokganicGaidel jy stisced dede

i.n one or nD odlneE} f the |nve tions

T4 GRTGHEOTP CHBPBUS RRE dn SO BB IS, OPS pfpee
Bpei® ob the@nild pRAIGEL, relii®e MAha@hyird®ibok Geclme) RIRRE@ely
formor in the formof a conpound of the netal. The

QAT YIS ST PBUL ot NG B Tl b s ey e

Eﬂ@kﬁﬁﬁénﬁnﬁﬂﬂﬁmﬁﬁm@nﬁbﬁ@%&@&h@m@aﬂméB&nnﬁﬁﬁ@&@n&ﬁkmyﬁbr
as a catalyst in the contacting zone (for exanp

SHRBRlesTgrifYG and il VisPOsHY HY dhpdas sl feekw Wﬁ%l&@lﬁm&y changing the

st 5t Nidy O BE h R MR fEde hP(h?sCrHa[n%QJ hydrd 28 up@kei
or conbination of catal ysts used as described herein

PalAciore Trayben gpndselraiehnme residile redueiainy srdsnot Rduesinegs ober
SHEGE! oGSk BT 1 Byt
t@@hﬂdroc@,ﬁm fee@qthe am@AR 4f hydBdeen uedlqringrhs procSaGuly bequigimized.
RO R R ERETD TR T BAAAUO, T ppie i
ODGBDN: toRE4ODsatriDd MH/orRN‘ﬁ@;rtatRW@mﬁ@NdlﬁO SudRNdfdcarbon feed
RN450: RN6

% e ARics ) BEag by Ehag e HRS Aoy I R DG e

whi ¢ I’Ca&ﬂﬁtsamai inatat er ﬁlbﬁrﬁrﬁaﬂlrﬂeﬁﬁs @f t’hﬁﬁﬁx@ﬂtains nlag énclude one or

% i @g? { S, US A) sone enbﬁglneq%s, . al

ey ?J rioge 8%%@%%%? tUPRY ot NG THEAR Y B Hy PORen

ffoﬁﬁ dr inNEd foele 0PN EoBFoul® bEhEM AN TBheath®sABE @ iBedtitr@n may be
ort. Colums 5-10 netal (s) include, but are not

iPmHebiniaghe CoFRHRGAANS hi BEPUMT. HOIGAICHEARITR 2chi sk @ilystin

HELIRRESE 7ok BOR BRI PRTWhENSIMu RAd/dra drob 8B& feed Bintdithg sulfur
ruthenium palladium rhodium osmum iridium

i Petacighnyithone plegyrere sIierratabist or cymbinatigngfyaiplypaysedag described
R¥din Q{a?m 195 fAba chﬁﬁfnercﬁl Efﬁﬁlﬁgts CE%Ja oﬁco]‘ﬂnéfﬁﬁlada(aﬁ)sts that are
content in a range from at ast 0001 rans,

¢oagatplaedgo be gsfeg@g descnbed herein include HDS3; HDS22; HDN60 (C234; C311;
(C344; C411; C424; C344; C444; C447, C454; C448; C524; C534; DC2531; DN120;
DN130; DN140; DN190; DN200; DN800; DN2118; DN2318; DN3100; DN3110;

DN3300; DN3310; DN3330; RC400; RC410; RN412; RN400; RN420; RN440; RN450;
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at least 0.01 granms, or in a range 0.0001-0.6 grans,
0.001-0.3 grans, 0.005-0.1 grans, or 0.01-0.08 grans.

wo poososgsenbodi ments, the catal yst includes CoPmmSZ§7/080422
element(s) in addition to the Colums 5-10 netal (s).
Exanpl es of Col umm 15 el enents include phosphorus. The
catal yst may have a total Columm 15 el enent content,
per gram of catalyst, in range from 0.000001-0.1

EIN@SUS RN@QQQ@(%ﬁ@O QovBs@nBvi4f); RA0D50:02403, mz@nz67302703 7713;
0. 0001- 0. 001 6grarrs In certain enbodi rrents

28 a8 andnel O dukiclone aiilable hopng R intermagignal dfl%@lglest%?em
bavey. per gramof catalyst, a total Colum 6 netal (s)
cont ent of at |east 0.00001, at |least 0.01 grans, at
| eastin euroerghadiaenan etests vrod (rehapgs ToRsHied 0bDO hydrogubon feed
1g51§5@50neQ)r glgile @ol@m NG megdsQ)Ql%h pﬂorgr nsH- 1(? Qt:c]rl'(sq %de,
grans. | n sone enbodi nents e cata ys i"ncl udes from
l@lt aRMDt mn@fﬁi tgrangligh, d@oinemm, Bolybdcalhs jungsten, graganete,
. ' cl

t%%tngl!rl%ﬁ, ené efirlg)% o%%"? %gékgpﬁﬁ?enluﬁlbsaﬁa?]%ﬂ gcfdldnq éllﬂgl%‘?
indiual, pwdinunh,ror mm:eree feadf. MBrtcatalysheayciatvel pes grainnd lcatdlgst, atotal

nmbi nat i on um 6 netal ( A ne or_nor
GOPRPER0 BB SR MER e Ol Bof Bk Rl 001 srams,
dt &dabt@). @If grGod, whih eﬁraﬁmI(HDOOH@ Cohuimo). (6 1403 ghmﬁ‘[@}OOBe') I gra@s, or

fromO0. 1- 20, rati
B e Do e Sty theithag @3 cBegian
daanion @ the 201unrs 5010 mtal@). SExahip1SAME oRIMNOIBI RIS, ind IR
catal yst includes Columm 15 elenent(s) in addition to
RheePheBithil Ratatayst gy %Yetﬁfﬁtabcﬂlﬁ{nﬁllé §§em\R/P‘t WA PR B PE
ARARL $n fah Q&R WD 1), AREAR!0.0008P-0. Oh%ré?ﬁsh@()OOOS 0.03 grams or
enbodi nents, the catal yst includes Colum 6 netal (S)
QAP AU MmO metal (s). A molar ratio of the total

Col unp Cél‘gilrf@ﬁ@dllﬁ&ltst be cEthy@tl inGRdey @lu%ﬂ%@thl(é) n TB@@atalyst may

catalyst may be in a rangé from 1-10, or from 2-5

heee tral gravuvb oelhlveing ©ial Chlumagdy ra«l:tg/léﬁ) comigrit gfletdeasid). Qﬂ@ﬁl,&t least

I
T 2 B B R B RS BB Eli el 1§ Erams
}.05-¢ hgmmpgser Ofdy).Begrams.alnrsamg embedments, 1 cagalyst rnolrlmdes from
I I
(I? (I)](g)& rd‘]%6? qg@ dgfr@(ﬁlgrhﬁrg E&eﬁtl C]?eé gmgﬁ (’)tscaf"agratgg% ?(%n(u%s gm]?o ?ments the
¢ahadayscmth1tlgss(folumlm 1i:eiementf$) mrdd didiomenths ColGoinuinmatalfs).1 O
t al ' nbi [ i t.h I 5 el
mcor bt SRt i Subh n R { Pbra st o vl s B

Witeoeair aioystnetals froanOeidinABnhd/or Golwhmne M 10 ha maiahi{s)f Column 6

re supported e [ f the .
B e ruabde i ndapBe el plaelBeCLy. Rintiguio of
@bIehE etn(@l {0 CFJSIIamﬁMD-QO ifetalBMy BEinRORALSr@nd. 1 My 11106rad® In
refract ory oxi des, porous carbon_based naterijals,

spgs|epbadinteqis. the,catilya feBides ¢olamadf clemeptisat #idyionls thes

SRWida6h HidColull b nfNf(sPRLth bidBrtngse hl@talseffdﬁﬂtﬂl@mn§5 bh®ék7-10.
silica-alum na, titani um oxide, zirconium oxid

Inwgreeenbedingty dhe talysi neludesS ot @Bral(S g M@W%<S> A

ﬁglﬁiailaﬁg b thé R RoRRIARY Hé@l o %Q&Ela@dlﬁ’rﬁﬁg e bh @s catalyst may be
Criterion Catal ysts and Technol ogi es LP (Houston,

maxanrge figngl-A).or fipgr oy singgityyp ambodiments, the catalyst includes Column 5

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

Column 5 metal in the catalyst may be in a range from 1-10, or from 2-5.
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based materials include, but are not Iimted to,
activated carbon and/ or porous graphite. Exanples of

wae@Bio#sys3 i ncl ude Y-zeolites, beta zeolites, MCOERINB080422

zeolites, ZSM5 zeolites, and ferrierite zeolites.
Zeolites may be obtained froma conmerci al

manuf acturer such as Zeol yst (Valley Forge,
Pennsyl vania, U S.A ). The support, in sone

enbodh bR SnbddimdHi€ Pafugfhs SUOMdNAY ak R ofdRRAIrh, dtasp@iled on,
ore dianeter of at |east 150 A at least 170

aver ag f|C)
gsuppert prfompthg catlgey. M cqrigineaphodingenispb oMt e megl(s) in

&Mﬂﬁ’&ﬁ&n {vith PORIRAN 1%%1@%&(9@?& fﬁgorﬁ@raég %%Héep@ﬁéh%n e td}Bort
upport material. In sone enbodi nents, an acid is

tad@rédth@ eatglyig. ba@ﬁ'@dtmﬁnésslg wdichithe @eak Shdfar gmenke) are
ﬁg&rﬁzd tﬁ@%el (ﬁrthearﬁgi ”ygt nlﬁlgl s34 sgp e alflglgt%ﬂs)l é{hdsdlﬂcé ment(s)

unts and Yy SucC S as U|re togve
‘Bietsopietbhey pasres andiwgy mehide mctgtyemf;ﬁ rExanpiteen l@fsed

Iﬁgtlaﬁieﬁs z@oci %dgf COP\B naﬁ(gn% tl%i%)fl kg}éécﬁoq& E%d%slr}hc{tj 1h&u@ec élgt’ a.ﬁ]réot

I ¢
lp;g;deo rvﬂatymba sdice, rsuntedhmnnia ummuusw)my: glecmmmai d?)yc?di negmesium
| t t i t
SRS GRS ES p2RR SR o oGl Haputagtuper

durle ad @Iﬁieﬁdin @atﬁlgﬂpﬁfd&[ddh@l@gﬁbsaﬂ(mgﬂoﬂ MmexaspB- S2/6§) Elﬁo@;rcarbon

f " 0 Igat aﬁ% @ylug%%}gtgarrg El(ﬁﬁ i ifa aﬂbvag"f? ﬁég ?ﬂq?oéngro&? g]iaﬂlgte

mtrrpwé at geollias ifchae Yegonted @siareditkeuetdeniidi@oRAZSM-5 zeolites,
treated extrudate may be further heat treated at a

gnd fyapmie arolissn ZEoliterigey e Qhiaissgdomp e rersil el acturgysuch as

ih@)ysi@aﬁl@ymrg@@eﬁrﬁpﬁ%& IhW@\A y1g an average pore
di aneter of at least 150 A In certain enbodi nents,

t he SHbS SO iREPRIGEBDYURPRLS. & RIAPAH] sughy Bphe FupRpTh Bas an

Aelbapat Hﬁh{éér oPdt ARG BhHWIaNRast @70 ROSRL RALOMA. tIﬁ‘@errt%ﬁlf
The am)unt of gamma alum'na, delta alum na, alpha

cahhodimrals. ® Funpots Merteradrby foINERSET aqupts Patian (B supaerampistial
%Qg@g _E%b%dm)fntp Gn agd 83 1a{d89c9t% tlflegﬁlgﬂeq ngggln%xggs1(%{ (? 'ﬁge’rpaellﬁtg. The

rarns, or at
wigenhat dilne ra,@d atnaddedlayu@m afnfquat@ andpy such netheds as required to give

tﬁgggﬁig?iﬁg i)zic's(t)ena %@1{%&"&)@% gtgncpg%ml%%l%:&)efr am%s ‘PI’IQﬁldQ buhar? not limited

I'nco
ta) mmcmmdcmnueamq sqﬂﬁmcgtpﬂmrmtfhy&svpmond: acuil n ar ange from

0. 1- rans, . as
det ermoaedt B ve Pugac Pkl o ditum sipfinien
fBoB WP Oa’tflymyttlhgﬁﬁthaﬂs todaat extrudatey. AMB extdidalee aﬁy b@héﬁt
at least, 0.5 grans as
BT s e wd i b0 R et g ot of ime

@HRRahpIe, Cfoﬁ@S%'hYSﬁﬁs)Sarfdﬁy ub@! the ﬁp@fueédcou&hng tm@ﬁadté Mas
known cat al aration techni ques

APy ingd e The B Gt St BOtDS e iR aL o

DRPera@red 2 rAk8 bR @bﬁQOO &g §05h03060 o) Biteri thé s@p]agrt %g’@ng an
to Gabrielov et al.; 6,290,841 to Gabrielov et al

HRHes Py diagpter t)f.)atll’ﬁ%trﬁQtA al. In sone enbodi nents, t he
SUPPQf berlRY, erplﬁ)diﬂi@ﬁs? gﬁ@ﬁﬁ%rt%éﬂhegg&ﬁ‘llna Elgmfirﬁf fie@ alumina, delta

alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta
alumina, alpha alumina, or combinations thereof, per gram of catalyst support, may be in a
range from 0.0001-0.99 grams, 0.001-0.5 grams, 0.01-0.1 grams, or at most 0.1 grams as

determined by x-ray diffraction. In some embodiments, the support has, either alone or in
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catalyst. In certain enbodi nents, the support is heat
treated at tenperatures in a range from 400-1200 0OC,

wa @808 0C, or 600-900 OC prior to inpregnat POTUBRINTI080422
a nmetal. In sone enbodi nents, inpregnhation aids may be
used during preparation of the catal yst. Exanples of
i npregnation aids include a citric acid conponent,
et hyl enedi am netetraaceti c acid (EDTA), amoni a, or

dBHinali6s with eMePformd & A@hihaiah@Res AR Bk Ent, Iﬁa r eAhAbNESHport, in a
may be fornmed by addi ng or mcoq&goratl ng the Col ums

@ngfcfr%P A ) erpss. RO erapit ¥ Q- Ghagednsnisdesraged py x-ray
GHRRGSE. 1h'sOUEELBN e, the QUFFIIr@NiNAvR TR, | 9RinksOR l&fst 0.3
the heat treated shapeéd support "havi ng a subst antially
grmy, @f least VSl gyamm PF B depsicbhgiams phthple plupfinayes ddtermined by x-ray
cﬁff&‘é%l&hes beneficial catalytic properties of the
catal yst. Heat treating of a shaped support after each
over |Sappafed wenlybts ep e preparpdprimagneBy braval optalyst preparation
E Vi \ r
Bl o lnoled B LA b IR ReRAPR B gy go10.018
tﬁahem;w N6,368 ;071519&1,n36&18,3838h &habriclnect@b] PIS343 d Giabrielov et al.;
ort may be m xed with suitable mxing
%@3 4%@%? %tngo ?% a Col ums 5-10 metal (s) /support
m Xt Uf eomeldrgbddahenta) meSHﬁ;ibrtnﬁyaie(impiegnm@DWi&h kgt tofemnay

be m xed usin itabl e m xi hg. equi | es of
P PR B PR S CEOHE S Bt gy
ﬁ(hﬂhb(‘;&lﬂ]l) O, 98y o MJJnl a0- 901))(@ pSiof tb @fpR¥@MPh SithRakEd. In
ype or continuous ty % npact. m xers, and any ot her
s@éﬁé’?ﬁ’P@VeRﬁ%o‘Wer%P%Qn alqg gy é’ﬁ &peg quying H@Rﬁ%‘%‘\ﬁf&@ cafafyst-
Wahlples Wk irdRbohaRbPMiABCILME: GRlcWBRSoRpdifnt, ethylenediaminetetraacetic
rret aI s)/support mxture. In certain enbodi nents, the
GNTAY saspenisriog Bextist therephe Col unms 5- 10 netal (s) i s
( ar e)m s4bpt adafhdny, Q@HQQ& REQWS ¥l $P Q&cﬁﬁgjoﬂ 1ﬁboﬁ1ﬁl§atmg the
upport. In some enbodi nents; the catalyst is
@@1@@?&9@ lametalppe heat yeated fhapeeh MBOURS0 smortf(‘mymlawmgi’)mo
s R 4 o B e Bl Bl EATPL B AR, 210 R o
ohtihdgptnifareapeenirationpé mptaé sieangeoaflestbonclimiat caaalgiagproperties of

EEIGR R Bl PudrFERREER YA coh B DA AGLRF T aprove

tht cdtﬁamt acavipooftthoeutdfst.t MethGdd tomprepab-akdtatyst wing caeay methods
ver.t rr netal oxide. In other
Ege (?jsgltl"f%r’i?y% :ﬁ %\20 697323&(;{% ¥st may be heat treated

| n t hihe moeﬁmcseloqﬁeta(sr) ai@d subpRrPALAbahe®d iwithAuildbigeixfngom

0C to 500 100 . 0C to 40Q OC, .or from 150 0OC
EGr35e ST (gt Sah TS o o g8 £ bl 530
ORI/ sthoft SR Bay B 197xbd ¥sifd sulthife Wlind d:duqmwammﬁfpleg of
W t hout converting the Colums 5-10 netals to t

FEBIF TSR e s (Ol GO S &R b ers

@&@Qﬁrﬁf)lhyoafcﬁftﬁfer& odtRus typen Qﬁbé‘dt Reelrs, Rt AHyoed e@ferally
dri ed When catal ysts are i)ared |nth|s manner in

TEOHBInALT Grecorrelly knowa|deyies, r%ﬁt msl weigbly preidgdiq Gelumag HilQ

Ig%l(sgfrélgfﬁlégﬁ%&%?é &h kot SPRIARD S, hellerBURROR ed until the
Colur?lns 5-10 metal(s) is (are) substantially homogeneously dispersed in the support.

In some embodiments, the catalyst is heat treated at temperatures from 150-750 °C,

from 200-740 °C, or from 400-730 °C after combining the support with the metal.
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uncal ci ned catal ysts are described in U S. Patent Nos.
6,218,333 to Gabrielov et al., and 6,290,841 to

w@amsioed7e et al. I n certain enbodi nents, a thrCHUS2007/080422

al um na support nmay be conbined with Colums 5- 10
nmetals to forma theta al um na support/ Col ums 5-10
nmetals m xture. The theta al um na support/Col ums 5-10
netals m xture may be heat treated at a tenperature of

at | aasEmAEbdAmdns, frelchtatyfan S aicteNiSteatda i RO pRsdhRE 6f hot air
size distribution with a nmedian pore di aneter of at

ndas PX 28D righ aifyisy eEpgrgturedp d frnge Betwesedll; “gingl 4000 °C to remove
FRRAUGEES s@th th R IPRERE P5:8Sn 6f tha oSt 5H30RtAGre Loh 3RO the
enbodi nents, the support (either a comrercial support
Wesaos@p@metalpmé@ar ed as described herein) may be

conbipp g&ewﬁ%dﬁn&%pﬂ eé/@ld tﬂ'éactaﬁly){tﬁrg };’51513%9{ tre@tgglﬂll the ﬁﬁ:%@dce of

catalyst. In sone e I ments supported cata

ey tiopperaides iGalrarps foB) Het(alo(59Y °C Horm éiaiplogl00t feor from 150
t t : lar & ,

BRSPS A o BEL Gt b T

Yalaihe donﬁibncrits:wmlnml; ccﬁwd:ﬁngth@ r(@hsnnscr 105met41@ tcmhc netd oxidhe

(g g‘%}gs d%rap%%c{)% fl g}le fl \ell\%etg?infg% ﬁgrefe%(i g) e H?cgﬁlqeﬂ ecatalysts or
‘Pieatie rwmycah@saalﬁ)pra@ﬁied/m titis nhenes Lhipaibinadmdwithesulfiding

ex ed usi ng st an t echni ques oforma taI st
b et aeR 50 B s B P e P bl By utOhs or
ldicalamece&atalyst@ré argebddif M.BPaRRNA. OL188331%8 @}aﬁ‘mel@\f etal., and
120-1 Conbi ning the catalyst with the support

%?Sfoc%é topﬁb%?ibetéhbodl ments, at |east a portion of the

met alp t@aieShtRikees tHeHﬁlhﬁhiﬁft apBo@fnal, be canhgdofch Columns 5-
netal catalyst (for exanple, enbedded in the S&ﬁ port),
1uaeiiln g foam R dlies Hapiap semorf@luisSaltmetpla mivigis dhe thetd

eI %p%@rt%%ns%nl()trﬁ&alkl Hﬁf@ﬁ%q)e Hel@eacdhid t}ﬁ%f)eratlaﬁ]: of at
sonme enbodi nents, having less netal on the surface of

lease 4@ htCatoyenm dg eeplls haviag p pre sian dvsmbu@@n wiltly2 median pore
&?:hétgﬂ I BE (bRBACH @l:é’lg} Rﬁh ‘Blealt 19§onhﬁ&<§% at ?enI%thrQé“of at

e netal to no e su e cat
dontil Y Use. The netal s may nove to the surface of t he

cat alpy §<§mg ORQAaR £ &%I ?ﬂ)o f(?‘%ﬂ%?a §(§H“F1 {e‘ﬂ P(]S]rpgr a support

catal yst during con € ca
Ihypi\lr@b?a ﬂb@nbédeleadem)l maysermemdinbd d)utmarstlmortb(heltaiwl ahd/@rta hugk

r_nor I
REERRRE B FaT P RrBE T Qb Eed Rt R gy
esl(s) 506r ermmplenm aipportaindtady ssandd tHe. bulkh@etii daa[yai may be
omdsma clude, alum na,. silica, | i ca-
ST et BETE R o B ol gt TS PR de s, or -
40 iictone S Th®IweIef mayl Recombukiatithdxpsiesio Teyh Aentleti@dnedal
froman extrudate process to produce. support

ciebysh| 1 some gRPment die Rogidemabh i PO PRI gAcaen

SXhiddR g sRh@HY ELhRfuck @ REAILERIYSEHadhY 3 hoRUPR Alstributibfwith a
some enbodi nents, mineral oxide fines, my have.a

peian Raredigmyter i ‘rapgerkipst SGHE MPEI MG A 1261 30Bst 150

m cr @Hﬁ{b@[{ﬁ th@EatQi?& 1t1‘1qge mpﬁ&’t)m&f sk eﬁﬂ)ocmﬂéﬁts,agleast a
mi croneters. The particle
portion of the metal to reside under the surface of the embedded metal catalyst (for

example, embedded in the support), leading to less metal on the surface than would
otherwise occur in the unembedded metal catalyst. In some embodiments, having less

metal on the surface of the catalyst extends the life and/or catalytic activity of the catalyst
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size of the mneral oxides may range fromO. 2
m cronmeters to 500 mcroneters, 0.3 mcroneters to 100

worR@sonsers, or 0.5 microneters to 75 m cr onePET/ES2007/080422

Conbi ni ng m neral oxides with one or nore Columms 6-10
nmetal and a support nmay allow less netal to reside on
the surface of the catalyst. Intercal ation and/or

m Xi ng of the conponents of the catal ysts changes, in

@am@gﬁlonbm EheSheidl & #A6 Qo AARFF2Qf of thtCoaaB)sUdiing use.
rretal in the lum 6 oxide crystal structure to a

Khegagtaln g moye fdheigriaet ofdbe etaliog thichgh srasion &fF theguifyes of the
&d[ayy%t @dnn%tcf)ﬁ’t%tléf &egﬁtafymlﬁ@m@&qrb%ﬁ%@hyst The or der

nmet al "may be ‘det erm ned usi ng powder
xr ay I@I iscm%r %m‘rqdénem%tm@d@ lysth arepgreepy imbanipgreie Giimaiet glumns

(?Tg(t) gﬂlaﬁl(g)a%nﬂ'leﬁf bxifi llﬁt\ll g% pﬁl?lcfer%?ze f Qt%ostSOOgrhEmgté% and a

I'n" the netal oxide may be etermne
sopph rTh@gmndrrel @idde mapfincitde, ABohipmyilga rseltca1ahmea¢< titanivanoxide,
- t
%ﬁéﬁ}é?l o@%nﬁ?{l‘@ﬁ%% Jrgﬁ&t%{es Eﬂ%?eo?oﬂénrﬁﬂglgraf’&léi’e% nia3 be
chtEfUﬁadafm:rm anesspdgt pwaesefo prhduce am;zploys For diammeb:ﬂmanhe fiinesgean be

sy A R S N

dntbodBidnosaingnekdd akldé FgesGalylme Hparetlabicsyf @n@st SO0 micrometers, at

sub ntiall r ando ordered in the st al

BT TS B et ROl m G G et s B et g parice
M elbTHamiBeRPXides Ray irdlge ofBER afcrPasers @tb somehiefon@ier@.3

| east 180 A nmay be conbined to forma

RiCEHRGHEY 190 @B@ﬁﬁlﬁﬁefsr Pk BTSRRI RS ﬁﬁl‘féo%@?bﬁ%‘ﬁ'@ﬁﬂng

hink@Xbd&shath dhe d8hbR CRuRRLE- 60 Relal Hd Q8FIRI 1Bay ARGK 1Bt tal
Dooi , D002 and/or D003 Peaks). The al um na/ Col um 6

o rgsislei adhiugiper o eeptahst heat treated at a tenperature
of _atin:RahoBH PG (A00ANORImARCRE GAHE B iy EAURNKS in some

that does not exhibit a pattern for nol ybdenum di oxi de
qopbogdimeptsy g seididrediendpion efedump mnjetad in thg Satyma, 6 expde crystal

&%@tﬁf&qghg%& al E&B{T&H&%f Ctonl?nn @}n@ay@tther@ystfg ?té?ctuare of the

prepare ining a supported catalyst an
mslf@ddaﬂmaal}ysﬂhmomer af happlntn Gandalong wrderonmeCodingprsvder x-

rg?gré(%féﬁl%ﬁ‘ htog% gfh%)%?c? o% Q%%r%h%@(ﬁ Fn th!f ]patglgﬂ?elatlve to the order

wf@ﬂeyrbdahmmaM|tknheraetalrtdicmnndylheglsteﬁmnakb}d&sr)pahag/ Ehe arder of the
at nD

rticle size .of at 00 mcro e
Etii bl o888 o S BB RS BRE R e BRR o 2 brder
¢Titey Osteine 63neta{[ Ipeakpa ah k@h}edlﬁlrazﬁomsfpe&thﬁn GahelcagysH.- EOm
| s na omO.1 m.cr tao 500, .
cRuherale SU0 W Sirs reCh S COR b Brtrbatidn br o
dTifERCOSRIp_ELEint, @ 1Y Poshibllt0 BRInRliSthatl (Re SOTRN €HRAL(sIB lsSbstadlially
| east 50 percent of the particles have a particle size

BedapdeArd SIGHﬂHhGﬁJé’tS@}%m%“elS m croneters. The mixture

of t her a8Hh1C aloBbYStunWribRidd afRe AutniRRE P10 ﬁ‘i’ﬁeﬁlan pore
Col ums 6-10 netals is dried at tenpera It)ures 01{g

Jigigier of @blegrC1 $bA Moy somhiped BuioBv ﬁtlwgln@/érpﬁéﬁﬁi@mr% U”é’ﬁtﬂl@

ﬂl&ﬁﬂe.hﬁ@rﬁg b Rnéh tlll(%?tfétha§9gefg1(;te @ttterh %?éxa&lgg:odé?ﬁ;ﬂe @001 Doz
| east 1200 ESC or at |east 1300 (;I))C to convert the

dlonis PekiD Trherbingna/Golran 8l rigsidde urThiey hebkaaieqiukat a
tgfnﬁé}g&fer of 91{ lefrisl't] §3¢at al()Mé 1SF) '{@yroduce a catalyst that does not exhibit a

pattern for molybdenum dioxide in an x-ray diffraction spectrum (for example, an absence

of the Do peak).
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range from50 Ato 150 A, 60 Ato 140 A or 70 Ato

130 A. The catalyst may include at |east 0.01 grans,
w@roBmass3 0. 1 grans, or at |least 0.2 grans of BGEUS2007/080422

catal yst per gram of catalyst and at nost 0.3 grans,

at nost 0.2 grans, or at nost 0.1 granms of Columms

6-10 netal (s). In sone enbodi nents, the catal yst

i ncludes from0.001 granms to 0.3 grans, fromO0.05 to

18-s8m@ ERBBdimOHts ftﬁ%a%spﬂaaﬁﬁ@ﬂépér&i 1 chnBidRBa Qlppst&@catalyst
cat al yst gram of catalyst. In certain

w64 P?Fé‘r?@glys&‘ﬁ]éh LIUPPerS RS O BOE GRl¥Mps L Bstalste gipruce the
&ta@}gg- Igrséi'ﬁ@ eltﬂgocgmgntg I Bo1@nJs- @(;-mgfaﬁrfﬁ)rtz?an%lé- ngﬂﬁ:ﬁgmf?ﬂ
Col'um 6 netal (s). In sone enbodi nents,
QHidep ard/erybeesien oaldgs hayes/partidd tigeolfat @m‘tdo@@ncrgmm gtgnost 150
Igrcilongart@}@t mg?tqgo tl&OIgetQé (graf1 st 7" 1&%91@6:% qq'le 951%@1% stz of the
3 grans o s). In certain
@(ﬁ‘b@d& fribr tostalstrhay Ialhgerfasm &blrrecromﬁ@tsytg S0Grencromaers.demicrapmters

tg r19$ ?_n(l)cr%]&g&grfr (grlg nﬁécrigfn%g'ﬁ t§95 ang’rm%&? x{l QOIT% e%ﬁ)og{n"&]q% S%t least

S(Tpesaenmfelnttmmmmmm a pdmelwlter lafsw@nmefmcmrmaltqrslto ISmatedesrs.

'Iél}e éﬂ%{%re oﬂé Wﬁ% gat%l%stg\[ %&fhﬁ}l%gtoo 9 [ arggrﬁ,?%ilgnns% 10 metals is
drled I?iEll&tn@Sr)iture'Eh)é atﬂaztsal()()S“C, toadrh@ie agyl lofw tehii gy, covﬂ'pemants and then

anal g .scanni e ec 0SC hi

SO Y ool R 30 P g i 1o Yoo s BT Rigeven
thd/0Slunns bab nsetuam@mgalmtdhs the rsddamk®rdBnhdig of afuedyst may
hei ghts _and | ength as coqgaredoto al t.ernative

BT AU A B T thg h A & dB &Sl ﬁ%Acat al ysts.

Pr eparatch@t st%ayﬁh@ﬁﬂe%te@&t%lsgreﬁﬁse ades€0.1 RRGhs B ekt 0.2
Pat ent plications entitled "A Catal yst and Process

gragps plhse ysheergran of caglyst and awos]-3 girmpj 4 opy (g grams, or at
IEBSQ@Q%amsa&{tolﬁﬂ's" @ Metgf(ﬁbkrﬁso'ﬁ'%%ﬁ%OMEl@ C@t pegﬂyst includes
esul furization Catalyst and Met hod of Making and
ﬁygé OPRE ok to &3 Brans. from ddinte P 2igadmsa pplrora S0l grams ta tlarams of
d t
PR gRE i H GO TPRAARRATOGAR, B KEkRunlt Py
9Qudpsdronohed mrarnmoé) Zhgmmh sr §.01 gl@m@ taol.1 ghl@ng)é feluai tconetal(s).
f I |
%)Jﬂ%! ?(gﬁ%%ity trﬁqlﬁgas{aﬁ eaC%/ys %5 e oe? fr?nﬂ%qu?% a]?r?s%? B! 1%9ams
(B% to @t()él gyasmS diefsan D¢ @ranesrte 0@3 lreesnsenti Kahmedl Osrh‘ahi(d) | Inycertam
dr oge f i de n_he

e iR B ERE Rk S BF I iR WERNE B EF b

drives ok @ gtsﬁls oY abmd).Eheihen (]C(Brgrﬁﬂs adelmrmw ARYal(s). In some

ease the anount of hydroc at can
GBS R BB b B RS B0 R Lokt B Bl o008 erams o
®@oiFaghig bf 6.000Ab al0YS bfani¥Ry Cbﬁlnﬁlhﬁre@&ﬁe@lf(b)z ed by pore
structure. Varjous pore structure paraneters |nclude

but e cHlyst i pufiding Whs paalyied Heip@ feannipg eleqresn pigroscopy,

SHUIHi 96 SigATBARly 1O er@ORBE Bathd PRt QL8R de (VDS,) SR 8hd&he with
may have a diStribution of total quantity of pore

the 2%@6 hayisgedpgse deighta aed lspgh aSFWH‘?’éﬁ‘éh te pltcpprtiae mowﬁéwrn

b
Sk, A ALV GR R 8 Aol o .

Regang Ay Blicationsantiflagc 1Audatalsst and Broresy f@ tep Magyfasturg aibitra- Low
ﬁhfﬂl?b%ﬁll@[@ 'Pr&l{lamaﬁ)cf “A Highly Stable Heavy Hydrocarbon Hydrodesulfurization
Catalyst and Method of Making and Use Thereof” to Bhan.
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WA200808576> 140 A, or 120 to 130 A

catal yst have a pore size distribution with a nedian

pore dianmeter in a range from50 to 200 A; 90 to 180

I n sone enbpdi/DBIN 080422
the ganma al um na catal yst has a pore size

distribution with a nedian pore dianeter ranging from

50 Ato 150 A, from60 Ato 135 A, or from70 Ato 120

A. I n other enbodi nments, catalysts that include at

| eastin QortmeicANEpphtadonet taﬁe@hlﬂﬂh% ke QAR REssatcalalsis, the
have a pore size distribution with a nedian pore

yidepetcersingradlysia dtseyRiedinhegied 00 AC oygrrng gpmare mppntizrde-
c%ﬁgoﬁhe é&eﬁg&?oﬁ%&gém&) Stl(h’@y H&ﬁlﬂn? of P}Qﬁ(%ré’cie%@gt &lalysts

he pore size distribution is at [Ieast
m@a@hlbwgacmat@p of Basatalygo The caielystdasribebipreip hagtenhanged

%@htﬁ Cﬂ tﬁllﬁgﬂ:@&%é en Afi wllle%ehéﬁtec?’g) OCEV&_%]%M&%

por e ters ar pi ca y at nost 1000
werkal. yitingwje thavdes tlpfmaéﬂ)@t oer dislgirie; pariold ofting tiay ancrease the

90
TRSPETRIEELALORS By 8 k5L R0 Qi gl 351, 0
d| st rin barhé @nbodithdnta ca'rdylstamapbfr cehanhc&n&tdmy pom sarulclawg &/arious
%)6("0 /srp gglgelgsaé%lg'/_\efter% ﬁ%lé %8?&6 8?t lgm%ﬁljf? tPgre dé?%et I%Oe‘fe Voelume
dlirfadd dréndf drebmhiaytichg tierqofr heiaaiyst @by hdve Ridistrmtidn oBbtahA,
or 25 A of the nedian pore dianeter. |In certai .
GHYSAORRITE §7X B BT Ot rasl g D58 Par AL of g mpTeie
dbtti Butidn ARGIba M POihge Hoiaretien0 Ans@sueRge 6H30MA7An i8he A,
wth at | east 60% of a total nunber of pores in the

%oglr%qngsecaaqlgsttq, heringlels ok kepst IleS %a%%?féa&%Tr@Pa Pty of
A2u1yAt ha¥® aPoreQize AR trduBbn WA a WRAiad PoRAUi LncirdNBBbe frbid 50 to

enbodi nents.in which,the nedi an, pore dianeter of the
Br's O8ite 8 kPR IA] HrPri130 kgt 1310eAasItn seBg embodiments Al 2appypp

eﬁhmﬁlﬁ c&thl ]y;jst%ﬁsse; (%g’ e dl%%ﬁ'ﬁ(ﬁlrwﬁlhﬁtne(ﬁgn/ &t a@nkQt ﬁhgmg from 50
nber of pores in the pore size dLstrlbutlon have a

ot Bt 6 oup LR . GOOR 170 LAL2(bA. BOpermbpfignents, catalyss
tﬁﬁ%&%‘%{ RadOATRLEL of hlla 2O GIPALL TR0 @%Elgstthg% £RhaliySt

ore size tion
ctiastahtﬁtoervmhra raedlfar[gdee dipereli8 @-rHQO fram HOSB0AG0 2@(;) 300 A, or 230-

gS%OQ' 3191%0&%3 ﬁf@fb&ﬁm@its tl?eal’ﬁg 1301%{)r%81€1%ete é}ﬁhe olilgpl% dlgtnbutlon is at

€s i n
lelzusamﬁ Srat \tﬂasthﬁ A6 lée,st TRD A\, at Gast@00 A, axﬂeetshféZOnzte,cblt hcastﬁ@@ &, or

UG5 ol BRTEn SURREHIRR e nBRAM Y BTPIA PO °5

I eas tThO cRalgsBay.halda p&re tiae diseitbigue e sledlmopc&e d@hareof at

of res g from 0. 99 0.4-0 rvg, .
N A A T P R P
WSk ok | p&e di/élhiefér th SRAdAROP 00-e30IAAITRL BID A, r 820~ 8310R, with at
from 50- 180 , in sone enbaodi nents, have a surface

lg3sb @0l atotgl @‘é@?erfé 0okpinghe pre Flé%@fmﬁl‘%)nrl&)’”ﬁg a gpre|digagier
\;LEIQn AR /Ag35 Al o Ba% Bf t{?lg thedi@h pé& dl28R&k. B/QrhiRethbodehks, the
surface area ma% be in a range from 100- 300 n®/

cpiadysolyy adagitegmze ibatign Wp@ megian pory-hapeterpn § ranpe, ?rom 70-180 A,

R Laddd @PPOE] BRI hisinbek BEpdralifkeSiord\ @M d3Gri kPR heviRd e?ﬁore
distribution wth a nedian pore dianeter 1n a rang

digpererDB0UBAD A A3 TrhyorRaVeofihe Mediae pora dismetst. at Ieast 60

ne/g 'In Bfbodiments 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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| east 90 nR/g, least 100 nR/g, at l|least 120 nR/g, or
at least 270 nR2/g. Such surface area nay be in a range

wo e@sé&05800 nR2/ g, 90-280 n/g, 100-270 nR/g, BPET/US2007/080422

120-250 nR/g. In sonme enbodi nents, the catalyst is

characterized usi ng Raman spectroscopy. The catal yst
that includes theta alumna and netals from Col ums
6-10 nmay exhibit bands in a region between 800 cm 1

RIdi88Be€ Nh tome BaRABMERS ele\c@tdlyisihak B%of%@&e Qtributién WL a
cm 1l region my be attributed to Metal- r%aen Met al

la?f%%w@@m?ter igararge ROy L 80 050 #B0-AHH OdPeHt 380 Ay wéth at least

&Rt 8t ¥®lal ﬁlt}ﬁ'l;er bhgdreids %hetﬂ'(‘)% @Al IRn ﬁ%qn{(,g) &gﬁlaﬁleter within

nef al s, exhihits bands near 810 cm1 , near 835 cm 1 ,

. 03 %WﬁOfthW%WWQ@?%nt s, the Ranman Shl ft of

a nol €}

the é%?%%@@?ﬁ%‘?* Finagelade Fbee IR £8LE 15k 0.

dvio 7eO0Gatdendt MR /g Inrvesgmembodimdiitsnatesyolunireof pores may range from
dj e alline. In some

%ﬁ%?g% | a(g 20 C%B/ 8“:) §g?r %ﬁﬁ} i ncludes netals from

Col unirns c&a]lystylaeng ] bolte sbta Kid;a‘lblunorawitbg nediab pom&leameﬁfﬁﬁll crmge

0 1 d d 650,
B0 d R Wty e r P RIERD ot bRt rone Tt Efge «
leasb 020 B Atas JeadtN20 odkpdtyakt 120 adr ai Redtadem’ /gh Stich satfudw ana may

b TR LT el R T T A

exi St cérthisdra@atndney, i cathiBtt HXARP pbre speldiseitition with a median
cylinders, and/or extrudates. The catal yst tgpl cal ly
Iag digmeterin aﬂf‘%teém&?} RN BAY Pﬁvelaﬁuﬁaﬁeé‘ﬁeg‘é)fﬁ It @Q)md 8o

1DUse 00 m6Q- 140 10d 169, al RAst IO MR CoPat RAD2IODAY SR QDfface area
220-280 Ncm In sone gnbodi nents, the catal ﬁ%l’ and/ or

mwebeclataaqt%g@tfmm@c%ﬂog@ r2i99-28) 4gd13Q9 38 % BT kA0 m7e.

sul firglesind RAbRAImdn®. HR@hta 15‘&1a‘ia?c€e'i‘1%cﬂﬁé§%ngaWQpécﬁo§cﬂﬁy. The
art (for exanple, ACTICAT(t process, |

qatelyst Wattingndsss theraydurpina pid weiels feonbodimant 40 nayexhibit bands in a
I%%Bﬁ‘hé/t% 1B AP aﬂE '98(%?1"” eg %19 bbdefRM in @%%86 A0 [V@¥m ! region
cat yst na e su e n situ by contact of the
oat lad apgibutagl thatahQdygaoa\ﬂéjaimnﬁfefedndtﬂnfa&tretqhmgu drespme
ngeen?s éﬁ]t%%éétrfyag%aggus %Ep tgéta aiuﬁnf?a zfnﬁ C}lljurﬁly 6 tné% s e?;ﬂlb{}? Yands
maeSslé)rums1 ofar Byﬁcméemd 8&@ c1h| qInl sdmp kabedisithd uhé Riman shift of a

S Sug co
PR Bu i BSPORE botloo R Bt o
1EDéfrﬁ¢d'12Ule BdﬂvédnrMZﬂlzi ‘ommdMO£e 96 esma@Eebadasaitd, bedntemmddia® species
Patent. Nos. 5,468,372 to Seanans et al., and 5, 688, 736
is§v&8alNens et al. In certain embodinents, a first type

of cah adisémttodfthdnsd, teab@lyyishatindiuies thd@s ol Apm/nSS Ay
in conbination with a suppgrt, and has a pore

netal (s

hivd b&Péth P BRI VTCR RO A e #hOBsMe- Giaadredegy fidrPeér 630 cm’!
drANG60 £ OMay BOaid e o VRO hdifonl. l%%ﬁla ¥@bodiR¥nt aeEcathlyst that
surface area of at |east 100 n2/g. The pore vol ume, of

ingladesitiesy algming Ry olags pangd mp@&@l@ltsbaélﬁfewr 67fhn " and 990
f4rst catalyst may have a ganma al um na content of at

| east 0.5 grans of gamma al um na, and
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.

40



10

15

20

25

30

typically at nost 0.9999 grans of gamma al um na, per
gramof first catalyst. The first catalyst has, in

wWe o0ms/0e3Thddi ments, a total content of Col umm 6PCT/US2007/080422

netal (s), per gramof catalyst, in a range from0.0001
to 0.1 grans. The first catalyst is capable of
removing a portion of the Ni/V/Fe froma hydrocarbon
feed, renoving a portion of the conponents that

cont rth Bath€erh®bdiN D the@all S DB AF 1O Rath B8 PrechREPN ki@id@ to form
| east a portion of the Cs asphaltenes froma

Ry GEHPDEHOT GaEe) %@ﬁ&?bﬁgue&tknwagktheaarb 6Pt Rl ACRECAT™

]ﬂg&@é $RI Tnt&‘ﬁﬁ@nals i?ﬂct)S o nRr ARl AG! €S ceitﬂy§t he be dried then
drocarbon feed, or conbi nations thereof:

WHsloer flematiebr théﬁatﬁhlstenayéwl Sfllfuxdeql:mrﬂte By COI\V@@E@ﬁ capyst with a
I%lrocglrb e%g tha[ ﬁéllugéé%uﬁ‘%oﬁf& min, gﬂﬁﬁs Ngi él&%lfhﬂi‘z%&?fnhy

y ex ativel es when t
Hifide @td@r b@noufs dpdropen scglfrﬂea@the @rfw:rtch of lhbelrcfgenslr hqatﬂ@lhys@t

' I
ﬁﬁhl?%r&%?égﬁtsts ag 0%%5(%%1&1&1 oﬁﬂ)%ﬁlgﬁ 6851881%%% k?l%ul?ﬁe P(%l?/sulfldes
th'm)lsr eddastulfvathﬁ) shwmbitu sali‘foumtlsn myesads| apldsérebeth yth (Sc BattroMNos.

e nore effi eated n sone

B SRR R T B P kSR gk s hmy be used
I N any catatte¢mbadime@ey; b &irsn ty@a‘obmtmn( gust bhﬂyﬁ@)ﬂﬁ(ﬂﬁﬁe& ﬂommns

cat al yst second_catal yst") includes Col umms
fﬁi‘i’ @5) T ﬁoré%‘ﬁ"ﬁ 1Rt R Th & 1%"1566’8?%““:5%‘““%‘38“ gltbéﬂréedlan
1Sir? @afie @ inialrbiide GRnM 30258 ATETHeaistRenl sthaneiven smr[hca arca of at
ran e from90 Ato 180 A At |east 60%of the tg

Amde. lsrage yHuingal e Fiest eqtalyst g by pideast Gn C’6‘f/gt Wée first

c%ﬁt@}féﬂﬁllaf AhalayaihnaYienifa 8@ 8 AMREENS WhihHbeattnah1@hina, and
t he nedi an (ﬁore di aneter. Contact of the hydrocarbon

wRed N Mest(he998 eraie! eamap yBminm perveray pt il Gtalyst. The first

GOINsBEs] RQo0BHbddiAbsRs, TBYaRoALHGS C%l&ﬁryﬁﬁeﬁf(gdﬁé}‘graﬁlhéft
has sel ect edgr operties (for exa

eiadsl. fin & gngd Yoo NANGe @ bgratn.s v&hg st wealyssamamb@pgmm@sng a
@frﬁlém AT dﬁg%ﬁ{‘a %ﬁia%h keRa %ﬂ@ﬁ%& g RE6H bEfe %xﬁponems

change anmount en source,
tbaimantahwo@h TnéNt0£ a hpdiycdnleongeeaks emtovihgrat }wgst@qmtt@opf ﬂng Cs

alt%ﬁe% ?I[E)gn ?}cﬁ(%c%a on Ty I%l?lgﬁlgg at?lét—:)ast ﬁgérfll%rﬁpfggé {n:@]tgﬂ i ];netal

onen t contr
slaymlofcmgmmmmds gedhe hmrolcaelamtfeal pmdmbumtlotﬁs théreofc Onipo pexpisies

t b te t h it e
(PR Sl rdiefeh ) Rle"Er R FORES St S pimations
théveoft mad extfisietblatidelgisinbi0 talnkas, winamicastirooirbby te® Babhadied with

b Bt hEe TG B UEry sk TS of iy ReSebindtse whil

GONERAEIng Bthad pryerdicd id R@itisell khibll e@8dRNhaPilicdkh@e hydrocarbon feed
hi)gr ocarhon feed. For exanple, the crude product may

RAG &0% lirienHy tE"&P‘FfjeH% SO5t¢ Wlnﬁ@%“&for 98 14 afpfysts may be
&eMteAY offer.t he hydrocarbon feed. The crude product may

al so exhibit relatively small changes in distillate

cont eneertaymiadipet thegerend e aliertaynt sepond eatdystydnalgles

@(hﬁmﬂy §I i® ﬁl%fa!RQ)rln fc@rﬁginatloﬂ Wit By m}p th{rﬁﬁta rd sli‘z% distribution with
hydrocar bon feed may have a relat|vel %ﬁ?l ow content of

eNin’edyﬁmrQ fl]@me@y@rﬁga@e feggm %étto E89) ﬁp st 6gGtof ghe total number of
Igo%sq{l 'th\é%o}/e sji]iegﬂktr}—lﬁuon Qistﬁ)lg @c%ﬁ@&%alﬁ?ﬂ&v% I’Atp()re diameter within 45 A

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

under suitable contacting conditions may produce a crude product that has selected
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or content of metals in netal salts of organic acids.
A relatively high TAN (for exanple, TAN of at |east

wa@2@p/0may3 r ender the hydrocarbon feed unaccept Bi/@S1007/080422

transportation and/or refining. A disadvantaged crude
with a relatively high Cs asphal tenes content may
exhibit less stability during processing relative to
other crudes with relatively | ow Cs asphal t enes

@R for CRIMAS tr AR sfglﬂﬁlcﬂlytgfdhﬁﬁgeb ahacfvees iwishific pdferties of the

second cat al ft S renove aci di c conponents and/ or
lpgrogaibpm faed wade efbﬁrtmf&qu A Ay charged by mspyll amount. A hydrogen

JOUAE AR 36RO bR entd, ha$ B BreSHR Atk dRBh G tideeduct i on of Cs

asphal t enes and/or ‘¢ gﬁonent s contributing to TAN may

r e dudde serend paiddpy intay resfuce Hdeanhaipasiéar U dle doawpangnst that contribute
e oglh)éth (‘irg(gﬁl%n%éd/ Gt IIf:th L Eﬁ%&ﬁ SahS &Mpo‘ﬂgn& ﬁllgt contribute to
rocar I'n cértain odi ments, one or nore

chtt‘mlm high givsosties swd oaldeaca tlabyaspostiangyf terifidye corttedif the yrude

t I 1. '
fgéa azib(?dltﬁ ?1]5@, é:?ﬂtgﬁq e f\}éd&ﬁgcﬁﬂjﬁg Féeﬁggrﬁﬁ )t/l‘g'rsgcgoéa %ﬁgl#%&%a%ﬁ)é@duee a
drinde mmowam bomtivelgdmald IChange‘rbl th@tulfmn sontidme redeifve tonhe sulfur

cog? dt L t r ?Ptegﬁl? §d¥e§8 aﬁ(?r%gar% %ru %}Erg?ucg{na{l E%\i%ieairsglfurl c%ntent
aaned- ymr <)f tmasulﬂmccmbetnaoﬂta@hﬁlrﬁmmm mdaidni lrn@cmdsptpmmt tnay also

.to produce cata
Shiharao s Bttt L Sty v ol SbBnt Bissicvepopsa
BraG8$€idtke: Bldrea®opfecdOr € sul fur cont ai n| ng conmpounds at
a tenperature bel ow 500 0OC (for exa bel ow 482 00)
for 4t F%P%?IPWPV’I%% H}ethyf)r@FE}rB‘al I5¢d g VF& relgfyest IRw content of

Nire Ak ¢loP&thntpl, hnS@5@ WYpin), oY Rkl vely hidhBA G adspihaYiShes content,
precursor is heated to at Ieast 100 0C for 2 hours. In

@EPREnyPT BlEEdn mick &l hereemr pdde at B elyhigh, TP FIgr asmple,
PANGRLALAEH. 3) i ﬁn@er Gl H&%c%orﬁfe@&@rﬁ%c RB1e8B trdnlpdtation
range from 0. 001-0.03 granms, 0.005-0.02 grams, or
QdE08lping] Agdisadrantaped cmﬁi: weth @a‘tlwvybthlgm&}s asrialighgs content may
i . LVI i L t
PR Bl R ol UL L SR R RL L%
@plmhdmmnmtsnt Chatagaf dieygtroprrbauicsbwith thelveane dataysts, may
e r
Ite%gpe e{cﬁf #J Eor pcoggrltg %{}llﬁ]? Q% %ﬁpha?%nep %)nprr b%ﬁﬁ%j &)eT&I(I fr%ﬁletgg Cce
latlrdcelzbsn fead. phlrmm rRmbbditrieats cedqeomeot Gs asptaltemas and/mtmmponents
ocarb
S trei B e S A IS
mﬁglm: ﬁ:lﬁlr\]thd Mé Fiecosion biet?é hyﬁfrodaﬁ!b(rjl(féddden airathusibodaidts, one or
reduce, the vi 005|t the crude
REOTBARIT O Som Dot My o BTar BOHTPABAE (et pogusterade

PriduclmGaind) NGt asBBitalps Gitk) aRovA nkdihdEncPhREbCHh uplakdibydthe
relatively small change in the sulfur content relative

GrEREOR {fef i cuBRipdns Brereeh e Ry Bcd dartb Aydreegbaaderdsst h

deddell &kd. M ni mal net hydrogen uptake by the
hydrocarbon feed. For exanple, a crude product ma

have [& s @rwl?odéws(e Athighftyeoderatay o Bird ey gl membe)gbtainable
@1’[ nd @ﬁﬁ{nmetgﬁﬁ d Igr-gﬁ&e%rcggﬁls&ﬁr%%lf The

roduceogou5| ng the third cataly may al so exhibit
qaéqlsat Pr@@lrwsrrmlbp hedteghig dlze Hr%emalof gnfa«sr mgre slfus epntpiping

&)ﬂﬂ)togﬁgs 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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VGO content, and residue content relative to the

hydr ocarbon feed. The ability to reduce the TAN, the
woreaoaloss7sh netal salts of organic salts, the Ne¢NUE®07/080422

content, and the viscosity of the crude product while

al so only changing by a small anmount the APl gravity,

distillate content, VGO content, and residue contents

relative to the hydrocarbon feed, may all ow t he crude

%)a@ deedall R, HaQe MEBRNRYI 521hfhi &)tnxenpifn alrhi@ALFIRNG.001-0.03 grams,
acilities. The third cataly in sonme enbodi nents,

e3P - @aefams . 0088801 ragesy ﬂihs ﬁm’eslfcataﬂ»@t R bEH g lint activity

atnh%tahﬂl%r Qkar RoNwofREGhe Mﬂr&%ﬂﬁﬁ rdaak ﬁés@ﬂbé@ﬁﬁéf&rp ahReRe
ed/total product stability. In certain enbodi nents,

mi@dtmﬁntswhé attalysirechesgr in hoasedat @amgratires abavap(Os’C in the presence
SRL gpltnofergul"i]ur c@ﬁﬁ Sudgt om 0. 0001-0. 1 grams, 0.005-0.05

gr ans, . .01 granms and a Colum 10 netal (s)
cont éie thlml cataibahlgey ferigan a0 1e@0 @ o000 5t the apwpor@n@ @ Corddbute to

705 Ry B TP Bl BEAE) FERSLT o

greqhicadidsnrediceatNiNgEs torgenp of the and@prothine, and nglocretht sist¢dsay of

SBAAE RRs S AE 0E  S52H B0 sy e

@odhcph eﬁﬂu peEudtvidh arralagmi $1041 dhadge id thelVBEyr cba@ntivHativeat the

2-5 MPa. In certain e dipents, a fourt e

b DRt o et Ruaf TRISHIT Ry etk gty b PasSken uptake by
e hlré@iboineedo 10} Ha@mipNa Wulldipradidd afad halelniulTar ®HRPOTL7(%-
The fourth catal gst has a pore size distribution with

B0rfetfitmsulyr eongn otk dgteathon frsds oy emdoprogyst migfleeed using the

@D @zﬂ!{l?ﬁ S alsh Reni PR Eil AR 1§ Qa1 dh@g&tlﬁ APPhral it dfs@lHﬁtE Bontent,
be at |east 220 A | east 230 A, at

cataly na )
Y @ hiomou regiucgonageii auo e hyfreseipised Thsepiliy o reduce

thé Tl’\Nd ﬁle %ﬁetah@ﬁﬁshtletg st %@m@tsaltseﬁig NS &ﬁléﬁﬁ andthe viscosity
| east O. rans, or at |east 0.9 granms of théta

<l tl@ﬁﬁrnfh: m_ ucgwblm afo aplppihenging Mhestalanpduntde AN gravippgistillate
é&%lf&hfrfm %é) %gltteziﬁ ?ﬁ(} Fe@"a{}éj&dﬁ‘?éﬂ[ssr laf’f\';e tmthtygro%a% (il,glgagftallow the

per gram of cat al
c@qudugrtarbs usﬁd@@h{smﬁy@f tr@ttmbl(téacﬂp@s gram of

cat al net
022l DL STRISE s LGP 5 o o
qoaienbe t]milytdmchmdn Wetl hNhi}e mvdmialhlng hadirocabal fgst/total product

iag)gllt%e/ ? ec%%taltgg tgltaeg L tﬁ\é {1;1 %elygt?rlila:‘%lgég %{:alltuﬁ%% mfﬂﬁ?s) content

1halrh@ﬁﬁfmg1 0. @(ifml (f 1 g1ains, Cﬂﬂ(ﬁl(}l(ﬁh grarhfl@r S.GODDiﬂ)rl] Qainal atyiﬁh,Column 10
ird cata ca e si

b gatieneFi et bow 8ol by S SED L iRt Puow

AR8cpdradh Bﬁfa@ﬂl}@t ACokdRicnad i 0 nstal(BRagBft mhyfasifitm: reduction

enbodi nent s, %{1%” ogen may be (t;ener ated during

‘?sf&ﬁ’ceésétalpﬁﬁloﬁf)f EORPACBE hernifRu oW R i e hydspagton foed at

géhr)éﬁe*s i rafed BORSDHELHT € biB58-458Ngand pRuRQG #AQeOffom 0.1-
380 0C, or 330-370 OC. The crude product produced

?qlﬂﬁﬁ‘%%MPédﬁtza%Mpﬁg may have a TAN of at nost 90% at
oSt 1B0%aiAlmBERG enr0 ?(‘fou% e JTRSAI &Qgﬁ)ﬁl{h éaha@ys-tl’-’s\lﬁllcﬁfdes

t he hydrocarbon feed. Hydr'ogen generatlon may be in a
@@n@@ Sﬁme@iﬁslmgrgmNmom‘QHMQ)theta alumina support. The fourth catalyst has a

pore size distribution with a median pore diameter of at least 180 A. In some
embodiments, the median pore diameter of the fourth catalyst may be at least 220 A, at

least 230 A, at least 250 A, or at least 300 A. The support may include at least 0.1 grams,
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N8/ n8, or 15-25 NnB/nB. The crude product may have a
total Ni/V/Fe content of at npbst 90% at nost 80% at

wWoMs/0F0% at nost 50% at nost 10% or at | eaRCT/U82007/080422

total Ni/V/Fe content of the hydrocarbon feed. In
certain enbodiments, a fifth type of catalyst ("fifth
catal yst") includes Colum 6 netal (s) in conbination
with a theta alum na support. The fifth catalyst has a

A8 (53 ZBmEi a8 lchdt DI %rﬁ»lﬁs W heat B diagh oP QR aﬂirﬁﬁ@f)&rgra@ﬁ of
at least 180 A, at least 220 A at |east 230 A

Jugp@t Bsdousth cafalyspmay inglyde. A1 saphe eppbogigagnissasamast 0. TH@mS of

CHRRR "Stme'igiéé) beﬁ‘%lra%j@f @fal d’s? asd aQeat (g(ﬁ(ﬁ)ﬁ'%ran?st f |(,%ﬁ§ﬂn ipmétal(s)
grams, or at nost O. rams of theta alum na per

R§E aroft cglapyplorn certarn @@Wél%ﬁle@ht@ 5 whiel is yppsdrm. has
an allﬁ) Bt AL BN Aot ﬁ{e%?&ﬁoga{rb&eﬂegdlﬂgy He hAllRa ngtIh%la gg(ﬂtlonal

al um na per gram of catal yst catal yst inc ,
Gatplysosrbsagrb de eratrcsyitlathe dfpsth @talysgridweddifior@baistyst ®ray be one

TG gfs% e RiowH R %rst%f?}%lg%tyrﬁ& se%gﬁjd @a‘ial#s@ s tth gz%%a}it,nthe fifth

grams o ram o
sohest, ehrixodh mmiys th¢ feser@ buaﬂmstﬁcqu&m$¢1@1$)1taazse dmti};@hlmmimor
Ca(l)ncé)/. %éot%%sg en. In certain enbodi nents, net hydrogen
CBPPEREOBYITRY hydr ocarbon feed may be relatively |ow
(for IﬁX(ﬁmi)érﬁbodfrﬁtﬂm Byddech OfhyNeRemeraddd il colacting of the

ro Js.con act ed Wlththeflft

R ORh o s R ECPR a St e sge R B0 .
820533870, &@30@!70 ﬁ@ Omh@&ﬁdéiﬁ@dLQCproﬂﬁhd hjéﬂlrsﬁgi?&bnthﬁﬁ@ﬁﬁa}bb{ave a
t he hydrocarbon feed may be in a range from

NBW
TAR o & e H) %, 4 mosL 850, RyBOY S0Pher 4 Modie! Ogh %fdh%?AN of the

BaRRMEEH el om&@g@ a%her@fﬁontrh teyiA L o6t hom I sefnWnt*hdLie
fifth catal yst, n;ay ave a TAN of at nost QOO%ﬁatm}st

oo £ LABSNNmhy, B cade prgctrogshere ¢ gl RN/t copjeat of at most
Syl P&BLRO% E@ﬁ&t 7J¢\|\At ﬁfosttfia)% 9{ Mo 1@%091%!%&% @ﬁoﬂaﬂNﬁer

range fromO0.0 or 0.02-0
@é@mfﬁh@vﬁmﬁmmfﬁs}d a SI xth type of catal yst ( SI xt h

cat alI{ &%rtaln d rrgﬁe%?s Qﬁhﬂ o ?aﬁ&el%tt &‘%ﬁth%ﬁ&%%%gﬂd& Column 6

met al i n conbi nati on eta a
Befplgo it conttion with aalmteafilymtna lvegpod. pbe it catdyst has a pore size

cﬁ%%{n}& O%%lh’l r}ngﬁlz}ngbé)?e &Tglgét?p of%?{e}:gstqg(? RE g{t%astqm? 1%?5%530 A, at

ore
lodst bﬂ]’@ EEG ileaet 360D ¢, pi zblmtclsoﬁ)OnﬁayTlhE@uaport mabsmcmﬂé)at,@easm 1 grams,

I%EesaFt 05%%91;{@ %t m%s%gég? graﬁlg of th %‘I {lju&rgn%?erlgléag%g’t)f sapliort In some

ff_jﬁt&)ﬂﬁnen&t the eﬁﬁi)rt@laﬁargaﬂm,lurmha t@asit oflbebovgd.a@Bymsalf alpha
east 0.9 or, at rans

R T e OGrGhof TR N Babdr geodig e A ng

grmnmn@ol@fﬁbe%m(@t Sor gaant @tealalyef andal 1688 0DOOBEEME 5) CAOGN 6

Col um 6 net al Bgs) of at nost 0.1 grans per gram of

Bepley ysi grarg pfcaglyyte sy eG‘@@‘ilm@Ptéﬁﬁe belumg ouiiale) are

1B Bdehsh a8er RN 6 metal (s) per gram of catal yst.
In"some enbodi nents, the nolar ratio of total Columm 6

met alln £ taneraodn{fRe By eeen unipkg b gheihydecarhonyised maybe
Iglagwe"-iplowl(féi%xa ble Zictn 001166 Nﬁlﬁrn@% @H’Q@@lb H?&}Béﬂbdnff@ed is

metal 1s vanadi um and t met al
(@,ﬁ@ctﬁ@ Wbdl@rﬁﬁrh cifpdlysbit a temperature in a range from 3 10 400 °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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tungsten. Wen the hydrocarbon feed is contacted wth

the sixth catalyst at a tenperature in a range from
w@1@84&0590C, from 320-370 0C, or from 330-360 PCX/URENT/080422

hydr ogen upt ake by the hydrocarbon feed may be in a

range from-10 NnB n 3 to 20 NnBW, -7 NnWto 10

N8B/ nmB, or -5 NnB n 3 to 5 NmBAn 3. Negative net

hydrogen uptake is one indication that hydrogen is

064t 80798 MeSses®H dr At 1§th Yo% DRtheCIrANIBF RE Byhi&tar%mébdc GO\N of the
fromcontact of the hydrocarbon feed wth the sixth

adeargdiet wbqﬂa@éa%eﬁm BPL-Gel. HBED-0809d)-03t0-Fost  80%
at  MyS terD@PBmINdiiRS o LM Nyl%r onEtaiy@ﬂSstlxtﬁ Oc(ﬁtﬁ)lfystt’)hﬁcli[(ﬁél Qfumn

t he hydrocarbon feed he "crude product may be
1 megl(®ang & olvpmrm petgl(s) dn @mt@na@lszn pithHhe theta glupgnaguppprt. [lggsixth

(%?atl rsgl)éeg{ gﬂ?&#g%@#ﬁ:{%ﬂ Wﬁtﬂ ] fngegﬁﬁﬁ)%f %n(%ér ot(f) Etelgas)t( 12?10 A. Insome
fmloainy@ts the dirdiag poiveliagmateral pore eige dltswﬂvetmn ofy teyad teag@A0 A, at
19&&{ HAYPA PL & %ﬁsz%p N9 st SooPX QFUELDS 580 ?J 'ﬂ? @{R&q %&& iR ac

a or r { ment.

'S accep transportation and
18isnQ.é gmlmzdatdeasgo agreimsr atﬂerastrﬁsipgmms raglelay@rmans jogat most 0.99

usa r er a _process
{00 ol Dy T ST PRGBS e RS
e&ﬁmﬂdndmnﬁ stalodddladin 50ﬁet1ﬂ§,sd aec@sitan 6fneed(sybit 4o ntokie. 1 grams per
f ou r% cat aI

a8 st Gt i S DDpbh &b Pn PSR b el S thpr et

e B ctfrcatmysﬁ Qn Qend @R OGS, the m@MrI8d &Gotaloccﬂﬁﬁn B@etal to
from400 0OC to 470 0C, or from410 OC to_460

OIS STt hIE i B ot Hoth T s BEATEREmGpdiments,

@t cbramts QQ%his dnalli@Astd &% o1@hn b BR&(s PAYnoBbddRasind 8%
or at |east 10% of the residue content of the

HyttHcar bon feed. At el evated tenperatures (for exanple

gr eaty@fent tﬂ@ﬁ‘yd@&grbgﬁ:}eed iRk del %h@l{bds/lﬂﬁ ceﬁﬁlgﬁ B ndpOafike in a
during contact of t drocar bon feed one or

iaegedraa B HI- ¢ €. fWeﬁ%éé’ét P@ctr Hom Hior F60r°eept hydrggen uptake by the
g)tchﬂ%ﬁ’ H%h Yoa ng'bla LI{ a?%e%ee@&ﬁ 1o %%W?ot 30O’ HM%H t8§o

Ior co orm ned By “nmeasur'ng an anou
N /medir e Nt for 0@6@@& /mfurNeggtiworwt laeirdgey upthie lsomelndlcatlon that

@'&Po%oh {é%g}ng éﬁﬁe'ﬂﬁec&?l%ﬁ ”‘g% G que)cmggéro@ucg(g HSS%HE% o? the

or
lofdrdeydbpm Gead biith tﬁeemd]/l totladt nmydndvmat TAleé At rtl(bse %%mmrqist 8ﬁ% at

%%sﬁ [SQ%%P t aOD P %0%%::0? gtslﬁ%st ?I%%f %16 89 tﬁ%ﬁ{/&f&)c&%orngeeél ht TAN of the

Stidet fdedmat mﬁy bd’hﬁ aFinRe €S (3101100[0 D08 RDABH.@&. sui t abl e

flowrate droc on feed thr he contactjn
 omo o Bl R R bR gp e vy SR Ep i e
oyl FEdI Bk @@zﬂg{dt @ddates @H&df@ﬁtﬂ,recfuﬁ@ﬂblﬁ o@ﬁﬁﬂdgegrdaﬁﬁg to
0. 03 grarrB from0.0001 grans to O. rams, from

BOFe1g Bhids’ Ry Uﬁr“éri‘scmded’ﬁ?dé}e&t yis %%%Pt@%@é“ﬁ%%’é@n ARt er
tdagndnPusihée Sr8dRlngShd/of Bhshdrfitdhyei@sodh Yssctostl}t hﬁ‘mﬁlhifﬁé“'the usage

catal yst, or conbinations thereof at el evated
Qfélﬁé@g%lmraégocamd@%a%mli WAcesting @sisdue wi t h ni ni mal

f or maf, LR QhibEAlRE @(tmac't B lfy%Hc%'an %@@%MM ) ualys, the
sevent h type of catal yst seventh catalyst”) has a
fifgh epitalyst, the sixth catalyst or comblnatlons thereof at a temperature in a range from

360 °C to 500 °C, from 380 °C to 480 °C, from 400 °C to 470 °C, or from 410 °C to 460
°C, produces the crude product with a residue content of at least 90%, at least 80%, at least

50%, at least 30% or at least 10% of the residue content of the hydrocarbon feed.
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content of Colum 6 netal (s) in a range from
0. 0001-0.06 grans of Columm 6 netal (s) per gram of

w@ at08loy53 The Col umm 6 netal is nol ybdenum aneDUS2007/080422

tungsten. The seventh catalyst is beneficial in
produci ng a crude product that has a TAN of at nost
90% of the TAN of the hydrocarbon feed. In certain
enbodi ments, an eighth type of catalyst ("eighth

cat alM%levﬁtedl RelpeAaSesCR)r URaNSp1O orbBleMBARSAOSL), ifpurities and/or coke
conbination wth a support, and has a pore size

BMEIOFD BRI M e fwémcaﬁl?mbﬁs:ﬁ% with QAR PIEROTE fatalyptgnfden
Joﬁ%ﬂ 9 Qerﬁ‘)rin@d ilf&pcoﬁ‘tmlmﬂ%/ @ﬂngf,tglgac@(gt @h¥sfon %?Mnﬁiﬁ%@s #hd/or coke

surface area of | eas . The pore vol une of
mppebeedegpimined Ry alegsuringranapeung of Jedisrent groducedr@yrie cpplacting. In
ﬁ%h%!iﬂ%o&‘lﬁ{eﬂés V&L ¢ t Qﬁs\éﬁln?epgﬁlﬂﬁiﬂe@lnu%@é’t Iﬁ&[‘f) By %Ifalfns 8la

east 0O grans of gamm a and typically
e .00 9998, rpr arsn dthydrnarboralleedtiotsd progdeqt. dvhemigfcontenfnf h

s%étn%hy %éaotagﬁlg g%’t()g?}a% Cﬁlﬁ]%erxn%ﬁ oﬁ&%oa]c %’]C%ggﬁo S IPa(ys‘tse necessary

tg parvenfsheilgin bf thapmbass andlcvrno mamaimge smtablmf@w()@t@ of gychmarbon

b e TRosatine e R B e B R iy e R B0
Hyﬁﬁ)chilbbh/feE&/t(ﬂfﬂ(j)kdﬂhctafrﬁmr()tOOOm gﬁmﬁ Re0. 00 rysl e ronn. D(D(ﬂr‘grams to

droca fe odi nent th ht h
GOf R B oy B i VL Bl B B A o
daldyst, @i @talysd m@ohuumMﬂpdtycbdemuﬁmca;@ eHeof M e!IdV@ﬂed
por phyrins) while only chan g.the anpunt of
tF‘ﬁ‘B‘?r@%iFﬁs llowgt rﬁﬂucél%ﬁfor&ﬂéi‘ée ‘(‘%b@mé‘%}rfﬁ‘lf@uo?] Pletedimegki des,

ni ckah c&ilid dftddinanadkdeh@ X des czﬁﬂ%t‘@‘rseye%mtaw ) has a total
sul fides) by a relatively small anount.

©BIREEH ORI HH MRSy aﬁ%ﬁtﬂam (-Q004 &ﬁﬁﬂﬁ’l‘f@l%oﬁ (rplymn 6 metal(s) per

Hrdroecanben Tﬁ@@@luﬂiﬁ% n‘?&al Mhl{y%e%gm%é/@ﬁ&hgs@&h qthQ W& Lehith C
nmet hods as describ by Yen in "The Role of Trace

qoealysl s bepefioet mmr@lylmng @Amde Arddoet s hasc BARGH Rl 3¢k P@% of the
T RG of AR éroFé}gonl\{lngn gan, 1975, page 36). Renobval of

organone I'c conpounds may enhance |ives of
c at ally s¢rgiposhadinymed amoghb type afivadlyst @@ﬂg@taﬂvst ) includes

%11%}1 :1 Engal(at E‘E @%’[g)lé{\rﬁgh JQISIEJ I%g Lyi)%% s?zg dis(l‘)nbutlon with

enmtdihr( re iliameterini anratdedronnsd A t@l&ﬂj@p ®h¢ eiginbl citta]sstanqydraee a

Bl i BB R RERE AT B o

(Dmym?/gtCThtdfﬁgt&h cdtﬁ@ﬁ&na@ hehle QgaaiBa ala@hink ealﬁént@f &Seegf @.ﬂgrams of
or at I east arrs of Bééﬁ ca- aI nm na Eﬁer ram of

HHEGA g 4 fypl %aﬂP?ﬁH %TF“%? ing REpEEHPT1ehth
aellat. (Bie et @rtalyslt Ras@inl's3ihg @mbb@ntehls QA6 ddﬁtth o (gmaﬁm

0. 005 granms to or 0,001 %ramsto

RIS, 185 P! ST ) & BAERIEM DA F3RGE £) G, of rom

Qo 088hs &F AP ohs. 011%56 @ BRaly R i QAP & TFBmbAnPa ﬁ&ugﬁ SiNtRe
or 001 grarrs to O. alﬁéer gram of ni nt
ﬁ%@@p

NY & pad/or g wr@@qfalperfn@l fonsthe hyogiithpnHecda dapapag

dHDOdi ks, gl'é%@lﬂﬁfcaﬂﬂﬂi J&le@@@e@}l' ﬁéﬁltovesnﬁ a%oﬂletgﬁ c¢Bhp c]élds (for
el ement contént in-a ran fromO gr ans tO

Feris; vapados, gekhdenpo. O ngtlkdrmrpharln&) w@@s ogfy amngtn@ the
aQn(qult of inorganic metal compounds (for example, nickel oxides, nickel sulfide,
vanadium oxides and/or vanadium sulfides) by a relatively small amount. The

concentration of organometallic compounds in a hydrocarbon feed may be monitored by
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grans. The ninth catalyst may facilitate reduction of
at least a portion of the conponents that contribute

WO 00smesi7dlie, at | east a portion of the Cs and B7T/US2007/080422

asphal tenes, and at | east a portion of conponents that
contribute to high viscosities in the hydrocarbon feed
at tenperatures in a range from 300 OC to 500 0C, 350
OC to 450 0C, or 370 0OCto 430 OC and pressures in a

dpBAEBhSHMBIO mkiHods & dE@ibed by Ferl inVAAe ROIe of ThRe MMPdin | N
sonme enbodi nents, the ninth catal yst may reduce_ at
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RERVG LA R oRbtaliR @o YA AL P Qrﬁlafl&qgles IWalaf s BBLALG DT NY

hydr ocarbon feed/total product stability. In'certain
dvslatareeltee cighie capliitth cat al yst may reduce at | east a
por t Pl erh %4, & i O8N {%ﬂS}Jg‘P Hﬁ{htc% i3 Rincludes Col
hydrocar‘g ¥ l?;%;*d? at tnerrp ?aturae (? ta t%ncél %Sccoumns
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taflo SRR 0 00 PO IIRNG.63 o€ (VOBCREhS % 0af2 drdifs, 6F WO grams to 0.01
product is at nost 9%% of the viscosity of the
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m@ﬂ (fspmpenea s it pentiiye iwibidh vascosipgson theélrydmh%rborafegbatte
| di-a b 0

ShpGaku A BRIy S B B Lo R B a3 AT, BsBisp “Cand
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, 0. 005 t
BT pefloR cHbE s G e P BRy Y oAb R PRrb S e
a0 i tehg O Colm@ih @S int achydrddarbgii f0® at EmParu@s ans 1dast 20003 and

rans, or 0. rans to 0.01 grans per gram of
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of atCdn@@sdf ahypRLirboM el with ehe CRNROLE M tA@Yst at temperatures of
contribute to residue, at |east a portlon of the Cs

A MPSCPUS PR Prestssol 3k pgstdi MPeray Py b‘iﬁ’ratqrﬂﬂ? ngpduct having a

RAIRADARKS a tNAIC; G TidnBYUAR @ﬁlsﬂiaﬁ&ley LSRARI dnliRSa VRcdshi@of at
hydr ocar bon feeé I'n some enbodi ments, the tenth

Ay 49 st masySMedtipestdD %, algest A0% o tasid(5f olberissidanecgtent, the
&m&s Es%ﬂatl{eh&lé‘h@ b Qsph e bR EANLEN: (R vib R8IV OGRIERAMon

e mai ntaining hydrocarbon feed/total product
f§@<hwhlllq mgmtalnmgcﬂeN i % cengit ditveeit 40 % amd BI0&y piviaen §fe ansk

Pz@t%"? on &Itwéélnejo%\{@ rﬂd’% Sﬁfh@ Ihy(ﬁggalrbdnsfeed Ni/V/Fe content. In some

embodiments, the viscosity of the crude product is at most 99% of the viscosity of the

hydrocarbon feed after contact with the eighth and ninth catalysts.

47



10

15

20

25

30

obt ai nabl e by conbining a used catal yst with a support
and Colums 6-10 netals to produce an the el eventh

W@ 2108l0y53 The el eventh catal yst nay have fronPOr/082007/080422

grans to 0.3 grans, 0.005 grans to 0.2 grans, or 0.01
granms to 0.1 grans of Columm 6 netal (s) per gram of
el eventh catal yst. In sone enbodi nents, the el eventh
catal yst may have at nost 0.1 grams of Colum 6

mst alrf Sdme dribRANB L AR PN ITatalyRE“@h@\eRtlyd FatRbdStolumns
i nclude fromO0.001 grans to 0.1 granms, 0.005 to

@1 g combingLiog L. (PEPRIT heda Orp Sizg igbul i) ymgdian
e BELAEL B)a rﬁ)regﬁ f%ﬁfﬁ Rio B3N emﬁ&eﬁtﬁtcaw&tsu@o% RS habd at

enbodi nment s, e el eventh catal yst may i nc f'rom
lgasp0.91 glraaﬁsattl@std) 05 gipmsrgt legst 00 Rrangs @, selsa@klama peperapy rignth

&%a(i)};ls dh Qatzggﬁ rh@{rgﬁ @(ﬁl}ngg lgwm%) For ysﬁnszj?]ragg%rfr&ﬁ a8bho1

ev ent cat
gmtoeﬁhbgiamﬁém% grEampto |0é)3$1rfms di 001 frems o). grimaand a

11n r1]0 déoﬁ Elﬁ 00(?0(}1 ) 0'6 anseb%bf?gltaas to
ﬁ %/) uce a eas %r 1 on OP ah

Q:@ﬁwamerﬂr 6.00h gtams om®.01 pratne pblcgrhm ghieatalyits tlasictthestalyst may
1p colgga eorg%u%glo%ote at ?era% g)ﬁletgotgf% hﬁctalén%gl%tn{ ﬁléal{tﬁglaltrlbuéé t%%%shclijue, at least
4 gedon dfnh@@mde]}‘raqﬂﬂamt Sind &t leased ﬁdrhort M]memcpﬁnamttahysﬁtﬁbute

.fth cat st" be obtai n orrblnln a
biisreouitn Bshaimbubiveds (870 SRbetiugts FRIRA g8y nay
RIRE Ul B a pdiien 6B¢RIPSEEntPIRCUhSiBlte TRYhe Mcrh eaft@dof thet he

presence of one or nore sulfur containi ng tFtgﬁlounds at

%Ydf%ﬁﬁ?%? Ketrehilsenainrisne hpeosrtBerationsoro lig-time

peri af c&faid @Sodthams, 2flelBRUAILSypd G2 ttalybidReldnihQifalst’) RSS
than 8 hours, or | ess than 6 hours to formthe dried

QhpaRFdIcHD YR RInyag 8 usy gtalait it arsHEPstnd IGp&tmns Oelpedr (q s
ﬁ@(ﬁk@ dn fHe QRN cegﬁysttoTﬁéQe&g‘thfc‘afalﬁmw Bave FAnLRHG1& ks t0 0.3

enbodi nents, the twel fth catal ystt may, per gramo
grama (WP eramsite 02 eophsu Ar)-Qb2reme i 2eenoEApIuY tametalfrg @er

%%rgr'lé‘fs Qlege?ﬁao&gag)gﬁ gltrngorge Qﬁb%{ @%ﬁs rﬂge R@Q@ﬁg%{&&e rﬁay(hagg at most
¢ g of Colayngxhéthlis). bi sgmefmxbadltneatnsithwlwﬁn&lmdtalyst may include
%&rﬁ‘ B Obk)é%{lmh te6] 1 #f‘a 6 805t to%S %ﬁ ﬁ'é}’ ﬁ&g%ﬁ% eg?fgnsf t8?%3ag§ams of

escr i sone
Catahye tnewﬂy) m gl cff i ebla@ehth nat&lyitu Innetrthinantbpdineo@rtboeieventh

f eed. havin ff| nt S r con onvert .a

GERE BRY P Ren ol M L s REDEDS o Pof GREE ifm 001
drivas fot(h0cahiad MSEolfm’ﬁiy 9 ﬁl&:@ﬂll(@)?peafgralneafeﬂevanth odithliyan Taé clbdth
corr)Fo ents that contribute tocfni her vi scosities,

BENXT - BroPREMRS MG AP i IUEREPT BifP 8 I‘feélaflé’glfeo‘@’énetef
&8 50 ANb tI BOAEMhE ORPGUNESalysChafsabed 4t @AQs RAEbnGf the components
asphal tenes in the hydrocarbon feed. Athirt eent hty

\g#U eyl 43 highar jspasiisicarPoriofr o BFsonRaTF i) cerEbug {ggidue

IR b rERh oMo hid B AEhRkdIboWidcn. m neral oxi des
having a particle size of at nost 500 m croneter, and

a suppberre enmodingits p sertiin ypapbgaadyst rayeliagaalystomay, 9o 1
&ﬁaﬁﬁ%lé& &m%ngﬁgaa{@lp & @Qﬁ Cehiii® ﬂl@calgse % BOARER a cQﬂ'alyQt Igécursor

grans to 0.1 grans of Colum 6 metal (s), per gram of
Thei catabstrrpeueser alay 8¢ hearad is deeprespiyg of Aranargnore prdfur containing

golﬁiproﬁr?tﬁ it Qteﬁ@gﬁhﬁ@ﬂelmgwq%l& oW PstteC for a time period of less than

24 hours, less than 12 hours, less than 8 hours, or less than 6 hours to form the dried

twelfth catalyst. Typically, the catalyst precursor is heated from 100 °C to 150 °C for 8

48



10

15

20

25

30

0.1 granms of Colum 6 netal (s). In certain
enbodi nents, the thirteenth catal yst has at nost 0.06

w@r@s®43763 Col um 6 netal (s) per gram of thirtePel/S2007/080422

catalyst. In sonme enbodi nents, the thirteenth catal yst
may i nclude fromO0.001 grans to 0.1 grans, 0.005 grams
to 0.05 grans, or fromO0.01l grans to 0.03 grans of
Colum 10 netal (s) per gramof catalyst. In certain

Iﬁﬁbﬁdh BENRISemBdaBndnl, e QAR caA gﬁhﬁfa%zt Yani &t‘c'ata(i@t fisem
rams to 0.1 granms, 0.00 toO grans, or from

0. 001
@Ole@n é? glgepigopiegdn @Ff’élﬁ% frgpm ()1 ggmsgo Hék%lrw 0 QRIS to
SRS, ot@. 06@%@% $J 0.pE raglrsalﬁl@{weﬁftﬂ Jata@}esmngy catisl éfgcﬂlflcant

The thlrteent cat al ys may i nclude, per gram of

achVity andrstapilisahgnused (oftreghtho hmtogtﬂmﬁsfeqdcas desgripgddierein. In some
egnlg)%h n?snﬁletc(]lﬂecpcaz be 9lﬁf1(9€i(}1qg, sigl : Bgdarlgcaﬁoogrf@eqﬁlagﬂlg

m neral OXi rteent catalys In some

wmt sy sontent pmoevgt zpordpsefrthbuttabekides thmetahstfidasn The
SR JPLS 62 B0 A0 G RSNl S g

\sascmatlen‘ a ortimef thy Oom\ponémts maQ@%ﬂb@te&G%smlﬁle plxamesltﬂogm ng
ore s m.30% trgon g of pores

RN B EREIS dR CE alohgh TP ahRbet o056
of pox &ﬁirtd&ﬁﬂnltm ol cpolye (Shizeeriet caeeyst ha3Pbel Bpated By @Mbining

1%t % o por.es. hayi ore si.ze bet 180
AL A TS e e S M S ootk e
hi@mld@, &d afstiorQ . The tBri&HhatapQr @8y Ra¥ifideh (aomogren§uoz()e3
bet ween 180-200 A; from0.001%to 1% of %or es havin
Heire 04103 ér%t%@rgr%oﬂ%@bgrﬂ\ms 196 2o b %‘%ncﬁm‘if@ﬁ ’sper
H@AW 0N thireeRAIBraBhZ @n BGhNAREL AR, B riésncf 01 s2RX hfe at most
25% of Eor es havi ngs a pore size of at |east 5000 A The

- hprefs ohERVERGANSAls) ndyceptaig gabodimenta gl thitegrip catalystdips at
HEE 098P S 1nlAd meQnyd) rpbp%ir 8 of ﬁmliuegmecratawsts qRShhd eS

a portion ofthe conponents that contributé to residu
@Epodipsits, the rﬂe@,eenﬁmraéwt pasingludg frop @iy 1 eeampoaAdserams, 01@@5

%}%Iqoug(ﬁ(%bﬁgmg %?ﬂo g(ﬂeg’r Iﬁ sts n@eﬂhf' 151{1]1? 16 fnf:ﬁf(%? /pgrr gram of

[ rteent cata e made an
wedet. ale ceaintinbedinerds, d@gbnueheldcaﬁem iy i1%dyde ditom @O Ihggrams to

(g. gél?clli‘%ésd 60%) to %f 5 ha{n‘?s glpf% ltl g?a%s%g 6 Og %ﬂl s%l ldopugl}no9 %%tal(s)

£1°0ns cru
pltd (Jblmhnls h&tneha;l{s) p'EAg\taam:f/thlrte@di ectyd Titeableneentle satalyst may

ed rel a rbon feed wh ot her
16& ¢T gLdm g #th%rﬁegntﬁyadthlg%ta ﬁ‘iﬁ SLams tP §98 n%%ms 0%2 2rams to 0.7
Shig#) Iof 0.03@tanys (€ D.anRgmt. of hiiferilestdet.| TG witdekeh Patagkl Ghs, My me
perties relative to the h

have. enhanced dr o bon .

SediniRl- it SRR WL L BESER BOTF ORI HRBOD IRt R A

ﬂra:dm@teermeéatﬂygﬁ ¢hay AhveaBg Nt &f pokdda@ng AP6HR sfzabaiuyﬁdssm A;
in a selected sequence may .control the sequence o

1518 BTy 39 Mot BUBHRANENS HTOFC S K RYGP SBdPHon PRl t?éP% of

rHﬁ(ll%g a &M’SIZ‘@BEt\XgEI@YOd Y30 Rtrdnf 8B tio 20RO hbrehafngtahRre size
al t enes, | east a portion of the iron, at

'?eé‘a@p 150136@ A B”ﬁmé)fl% Ie> hPERaes haxing pgereatze beeen 450-180 A;

PG hi 1900 %, Sfllﬁ)réééhgﬁggg H?@)I’eglz B@cw@éﬁfjfﬂc%kﬁ) HohfE Y 59 opﬁores
reduced before at | eas ortion of heteroatons in

e Z e BoTreR SEHE b KU (OBHY (o 1% of pores having & 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
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Arrangenent and/or selection of the catalysts may, in

sone enbodi nents, inprove |ives of the catalysts
war@Bous7she stability of the hydrocarbon feed/ pCr/ab2007/080422

product m xture. Inprovenent of a catalyst life and/or

stability of the hydrocarbon feed/total product

m xture during processing may all ow a contacting

systemto operate for at least 3 nonths, at |least 6

tﬁ@&tdﬁﬁmem that conBsile (d re4RBE, WakHalnes, QR/BERIR Hir@kn t he
catalyst in the contacting zone. Conbi nati ons o

apepidsdn thghydrperkondgsrl- al [ow reduction in at |east a
port '(ﬁﬂer%ﬁnbt)@iﬁleﬁﬂs loW{hE §irst @rﬁoﬁgﬁ@ﬁ?te&ﬂ{’%aﬁﬂ/s@ﬂnw a1§(ﬂ% fle

asphal tenes, at |east a portion of the netal’s in netal
asld!owsedfasmog@ﬁweé@p@tsedham east a portion of the

conp %ﬁr@ﬁ@ EQ @e{tal%t?@} Sigh rggtagptlfcgtlo%lﬂﬁ c@ﬂtr@blﬁ%%ﬁ)eﬁm?%geotnhfﬁﬁns

of the or cCo I ons thereo
hyyslbveayr dyode Iredut lydk prasugtdbst hpy ‘BN rnil/essetictet] peoperties changed

DU R RN E8 158 COREt g SR UL e
sngmﬁcwnéy dumgerdg Tihe msehslag nlgd(( profuc mmhhe enhmcm piopdrni¢p ralative
val.ue t erna

SRR PR LT SR G G «RAR G Byt FpaR it
i ncr exreanpahdny of @@UC @tbrdyatadytia @tselecfted steQudrmyﬂ mag asinonthe

feed with sel ected cat The abilj to

REPE Ry SR Bt R e Rdgh THr SRaw JNAPT
drhatyhypdeRcapdroon draraC N@yhaadha3Vat tdas aSfoadinl df&ne ifdn, dth@st a
hydr ocar bon feed/total product m xture to

R o iUseickl Ander 4 .leaatewrtr@ O i S BHET HBE PR onigd can

el e@lce® Birale b lead: d 9SEibh BLRLGHAME) inBY hyRBodRMSh Fde@BReduced.
upstream of a series of catal e;sts Such positioning of

t he frraggeraent andjareselgetipnArl the\gafalyts vy ot sping Bhestimenis anprove

RS Ohthe Eé%ﬂ&@m&l?cﬁ“tlﬁv stdMReRbf GO H&cﬁ&@a%ﬂ%&d/tétﬁﬁﬁr@&ucﬁﬁi@r@
in metal salts of organitc acids, while maintaining the

letpapyieentyof gfcatelygt 1y ardderarabdity @féb@hxdmcarbOp fesdiietal product
@%%@8&1 I%Ipb(?ce%hl{g% éprfag%g}: ayc%&ta@éﬂ%%g@tgrtn t(g]ao%e am?for at le?st 3 months,

Nilgavy/ (Feonthse mpat ddastolf yeac widh@it gplmponen bkthe p@mlwam thefontacting
%gponents that contribute to a decrease in the life

of other catalysts in the system or conbinations

t her g@fmbirfatioms df Iseledtgcdcrawdﬁtsbmy a’lb@ydreddém)n m)aah?pétea,pomon of the

; .
NOSE Ll o Bl SRRt okRef APETPhREER syt R yese
da}tdbmgdnmlds,eee tkabtriiolidnsof mem@pn@nafth@bbnﬁﬁbmatoarmtas least a

P G 0 ot o Tl Syt By M R Bt S e ather

prefir@Rios e troedrbsiatkeal 16 thanBenomat n@fntadind @3Slabifity of the
portion of the Ni/V/Fe fromthe hydr ocar bon feed may,

iyrasaiban Bt merist mixies dagg PECPISIg (BF comeplo maipiging a

15RtRhYSH el PSlalue @nSEhvaT 158 AldtRadvielySEs ?ﬁa@deﬂ@st TANNShd/or AP
second cat al yst(sa and/or the third catalyst(s) may be

Bogivtnahedndemeisal vagduced by enatact ofdhe 1@‘)5‘(9&!3%{1 fee#w&hﬁ@lﬁcted
c\%i ! SQELTQQEMEB/QO e RGAND AR/ baeldRtyalhaRle bt i bKiET €

hydrocarbon feed may allow the stability of the hydrocarbon feed/total product mixture to
be maintained during processing.
In some embodiments, the first catalyst (described above) may be positioned

upstream of a series of catalysts. Such positioning of the first catalyst may allow removal
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second catal yst(s) and/or third catal yst(s) my
further reduce TAN, reduce the content of Ni/V/ Fe,

w0 edaoes7sul fur content, reduce oxygen content, PENUSZINT/080422

reduce the content of nmetals in netal salts of organic
acids. In sone enbodi nents, contact of the hydrocarbon
feed wwth the second catal yst(s) and/or the third

cat al yst(s) may produce a hydrocarbon feed/total

Uibledtilaf bl Bt EdhdmiRass, thelaBedie@BnanfNandor BAME Bnetal salts of
ur content, a reduced oxy%en content, a reduced

%We%ﬁdswhl.lﬁemap@mﬂ% thettahiliyHf the hosﬂroe%rb%{hﬁe%d/taea# gducy
hedyced asphal tenes content, a reduced viscosity, or
conbi nations thereof, relative to the respective
pr opdiheifies cyplystabotis it wewrapdedingat. ithrans Vil at ishi negtion of
NW/P@@BBW bY addic ESHEpRYAIE. Qé:rﬁﬁ\l%i)@f cfoﬁﬁglllén%t ﬁth BhARYE Eoba
m xture during processing e second catal yst nay
Powigeiin Hedifé pf alear |cetsl,yste intthesysteit, hr ¢conbimgionritiereelt fibmghe

e
@%&&%@H? L. f&‘ g Iﬁ) 8. re&LE I%?dé %g&r%% ﬁfon o? bf Xéggﬁte}{é‘s ift e
lydntcabbn fagd/Zcmai@socmletrrdlsth)reMMt mthfeh}hltharhnge fieed $[dly‘.ats plugging

AT P GRS PR B E s SR B Bl b e g
@)ataaﬂlr)gsdy&eﬁlhm{y heppaked amhahtaéplemﬂhmehmﬁ caaysntRedioval of at least

R A S B P S R 0 s e By Bt R B ipgpese o

1&36&0@@@&& d:a@aﬂys@‘pdsimendmymemaﬁmeattﬂgegd For exanpl e,
the fourth catal yst may in combination with

t he flibe §?Cog(‘éfaé€f1%q_s( %r)d/or %&B%C%%Y%(IS%/@{‘B( ]%E) posyiigpgdlownstream of

watiat Y#d1(s) Furftef EdhiLab@hyBidisehibos fectiRotgidfrddu¥Sihxire with the
and/ or seventh catal yst( sg) to change sel ected

SrOerplyess) gpd/ar thiydy F?é%la% may BE@er igtice d AdhIsAueh@n gpmignt of
IQE’V% B6RE @ﬁlfdr%§nt91{t fefiRe I&(%eﬁ %@ﬁt@rﬁ nanﬁf%?%dﬁ&stﬁé ESk&8Hof metals
anounts, and/or while maintalning hydrocarbon
lﬁéwlﬁdts@tfomméa@ﬂs stability. The order and/or number

°f cgf é‘év%%lﬁb&iﬁ}{en‘?sec&ﬂc‘?‘c}hﬁgh%&o Fi3h e%l% e[Be gl%ot a@?a‘i‘yst(s)

pt ake e nmal ntainin ocar
apndtsvd thetthigt @leSI(SMna}d\prndmla hm@bc dnwfogiétntauppélh@ mgef thig st has
2{1%5 I c%?l %A(NO a r&lﬂ%%l f?x cgﬁ%% miererdlelg tx%léét oglﬁﬁtggr? %e%ﬂéeg cAﬁent of
rhetelsl irt metbbsalmofmrgnnenhdm 4 feilure? @%la)ﬁenbsh&)nrees pe@hlmtbvlscosuy
TAPEAOAR Greb By BRI B e bRt diea whie
Iﬁﬁl%gﬁlfmgttg@sta_b‘ﬂﬂya)ﬂ dfe(h@ldﬁ)ﬁﬁg(\d’l feediSial yroglﬁcttghﬁufeyﬁiﬁﬂg?@lbb@mng.
Reducti on .i n net ro en. upt ake t he .
A BB aE e T o b oR PO b i

@sh@inl bMBe hadgQatissikUleisen sinmlar to the boiling
poi nt _distribution of the hydrocarbon feed, and a

" edudda SR ‘P AFRT DRIeSsTI RPN GIUCHRE F8F Sady i ahnimize

HyaRfen dHige 8ty contilifagOCotibhatbidde cALIQHYGH: @Y tydleRQation of
only change by relatively smal|l anmounts as conpared to

yHEsaR BHTE pecr. teathis drarpidk § el velHipar agemt of hydrogen

GERELHMAQ@R ] FaySRERE] ﬂo%h&n%@ §AELd G0 fRRNE Dt TRNAEDIoBW: relative to
sel ective add|t| on of hydrogen to other contacting

o Fa% RIPREHE oAb @mﬂrgear@m fwb Hoe exasinle thedpurhy eappdyst iney be used
ngOIIHBI%atiOH with the first catalyst(s), second catalyst(s), third catalyst(s), fifth

catalyst(s), sixth catalyst(s), and/or seventh catalyst(s) to change selected properties of a

hydrocarbon feed, while only changing other properties of the hydrocarbon feed by
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hydr ocarbon feed. In sonme enbodi nents, fourth

catal yst(s) may be positioned upstream downstream or
whewsoeiTsaddi ti onal catal yst(s) descri bed her eP@T/US2007/080422

Hydrogen may be generated during contacting of the

hydrocarbon feed with the fourth catal yst(s), and

hydrogen may be delivered to the contacting zones that

i nclude the additional catalyst(s). The delivery of

deltBre YAOOEE ANdYBYwWRR rﬁé}h{ﬁﬁlﬁ'fgng@roﬁﬁﬁorf fe@tofdl ploli€et stability. The
hydrocarbon feed. In sone enbodi nents, the delivery of

U aRg/aF BT AepabE SRS BREd tognineize ey iy dpeanpptake while
Ihylg{aﬁl%@'tﬁ@ﬁ‘ycfr&%ﬁ)on ’fé%ﬁ/t@c%ﬁ%u%t steibnht? Mlﬁﬁﬁﬁ%t hydrogen uptake
configuration (see, for exanple , hydrogen

Fry's eidye Aner.e\0a grntey, fé&tﬂka@@pntﬁgt ARL gﬁ@tyc eheoathinatgns
hAB& ({f fg{yh 9?8@5@!)1?%:&:& %ﬂ{e%atlﬁtgl ed-Rfin é@% (ij 'he rlas?ectgl@propemes of

and hydrogen may |vere to an tion

tb@h}l(hi@ftarh@g feednehifdf the TaReamgd/oe the yoaesag tof Ag caoln roite i§ of most
to flow of the

Sﬁ)'gigtr)fo tﬁg ?F og gle%Fsy)s?tg oK“ ﬁl%ﬁﬁ,gﬁ]’éce&géﬂ%gcf the hydrogen

f I ow Raelycti@e m:nm hyxtrpgimtupwke hy theédyflioombaf fe¢chipay produce a crude

arbon rnatively, i tacked. . .

AP BRI o el PSP Ri il LReBoZhF BRhuvauien o e
livdyoch®og &iaéraatl @ dediued TN emtvaad tha g ANofahehgibsiaghoh iféed. The
zone or. .exanple, contactin one 102 in_FI 3B
%%?J&é (5 GFls PRGY gAY ko r an%e&’yézj?ﬁl‘feé% “’%loﬁ%@?“aﬁ at
@aiphrRdtd g adaneH/Mofahdhydesdhiton fdddat is counter to f| ow
of the hydrocarbon feed (for exanple, adding hy
t hr od@ﬁl“tgﬁ’h aefietatiop g speglic epiactg %fﬁ‘e%’é‘ﬁ%alﬂ’ﬂsqleﬁ 1

lgfa}ogeﬁﬂ)d)tltlé? cOntBRIGO Pehed dill/br DOR selC@RVe FEdubich APRPeltids B the
rection that is concurrent to the flow of the

hencadan Behf Begme eabodngas faurthetalysl s Hyat sRonitipridopgFeam,
SRR, PR ewl D B0RbAS t:éltﬁ‘lgstﬁ?@(%cﬂl;eﬁ heRir 15 drcdB) mal Be
some enbodiments, the fourth catal yst and the sixth
geaeratey Shring onigsiént df thedwelfassrbore foed é’l’tth Wietfpurtheat#lysifp) pnd
GRFAkY iy el 0% e Rl U A6l YA ol tiR
‘Hudietivanaf the hydibgestnfay)beraynterdd thedloWAN thertefdmabmn fegl. Flm some
n r.r X N I
mdﬁ@enp %r galgver o%qfil d1§]d§%%?ﬁ1 ?'Bévc%]x‘ec%nq%ntrg?ga fé ﬂgy%?[h%
lmzlchw@emf%y t he hydr ocarbon feed. Low net hydrogen

h operties.of th
1o Doy b By Lol RE A 8 bl T T EREED o
l&@éﬁerp)tﬁed) petitel (ﬁﬁta&fnghh] end o 0GRy ﬂ@@a (ff)ﬁ@gdmplenc@mng zone 102 in

ﬁgog]g ts, two di]?ff(@rent sevent h clat al %/sts ma(¥ )

185R MY RS dethared & hd gl attingape o ample,
m&tmm@ [ DN tEDE. THWA 8 ir@abh §RVER_bEhtGad Aby St thmhydrb@a\ﬂam
a total content of Colum 6 _netal per gram

),
legd: dpyape embodimends, e yeogrplioy Glfyi? © BE YL 'F*PFeﬂOW of the
1Ay EiHbS A Sﬁ}f&ﬂﬁtt\zegﬁlinae! s‘(a%ked%ﬁ@&&@orﬁséeofﬁhxm &0t 3B),
of Colum 6 netal s(s), per gram of downstream seventh
hydfogey ey be peperafesl D@ Fonasting injoRe gaMaqting poner o pale,
&)g&hﬁﬂgt 7oRE 1@1111% ﬁ%)n@xt @dﬁ%)an 'S(fhréer}ﬁa}*%sdeﬁ@ﬁ‘éﬁ ®aUYERLAditional

catal yst, or at |east 0.°02 grans of lum 6 netal (s)
q@gpactlng zone in a direction that is counter to flow of the hydrocarbon feed (for example,

1t10n of

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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gram of catalyst. In sone enbodi nents, the position of
t he upstream seventh catal yst and the downstream

wa@ewsntirszat al yst may be reversed. The abil it yP€DUSHE7/680422

relatively small anount of catalytic active netal in
t he downstream seventh catal yst may al | ow ot her
properties of the crude product to be only changed by
smal | amounts relative to the sane properties of the
YA QL R0, diard h(dBEen KNP &nddit 164 &f doRkvheSABé 116 in FIG.
change in heteroatom content, APl gravity, residue
Hdntent, VGO content, or conbinations ther eof ).
Cont g¢to.Rf el G, ARa5RAN a{a%@ganw kit Bathipsilak ERBA BNdries,
downstream seventh catal ysts 'may produce a’crude
pheavich the hawrthigaglyst bE upptream qfiersialpogtalsgst. aryse veee, Tha

. 0 0 Qr A 0
TREh bl L LERR Padh oy Mo AN ER by MR PR RN gpaves
Ni¥é/Hhyortont aandon refdeech ¢oatenbel matds mmagialahklisyof vegdoicadidpywvith low

(AT d
SEDREL W15 MO ASAL AL PSSRy o
dtieegrapiettias af thatmile/soddcd tof leramlyachangeid thy amald pmdentprebdue to the
Wi th chants:je L PLOper tt; es,t el ative to the hydrocarbon
FREETOPSHE” PhER Y BAERP I8¢ the initial crude product
Wi t h Iasomadehtiddandalts, oat dilfysht setenit @tiliges hiyebearsed@ combination.

roduct. wi th changed properties relative to the
RETEaIh AT S5 SRR TOTHA A IEYN £ P daRs pagy have a ol

doR@hesTETL@hd § mdRYs AP&ieSdm bincatilyshida finP@frdM®.090 BDI0k igkayns.
of the hydrocarbon feed/total product m xture during
Pregtoraslraag: seysrUs ALY e Y H"i“ﬁé‘ﬁ?tél, Co_é‘ﬁf“a‘_?ffsotlu%%@ BEtafsgy} per gram
ARG AL ahdeVent cabdfs ks lseqhd) ¢ QTR BahdORe Widl Bontent of Column 6
controll ed contacting congl tions (for exa;(‘gl e,
AR iR PESUSHE SO IaRbER PO e R $rems ol dympfiynetal(s) per

215 loB Lach1Pstf ﬁpsléﬁieréglbmﬁq{eﬁtg,ecﬁe H&ﬁtﬁ‘)'ﬁ%f b uﬁ)aﬁeaﬂlysg‘&é?ﬁ%apﬂﬁt and

eed, maintaining hydrocarbon feed/total product
th dewrseean sbenth cyalgeimaygdepreeed s gabilin & whangiihglyonall
fﬂ]?]ougp&ecaﬂ[ PEL e @R lin (b ﬁo&lﬁs‘dgﬁn Q{]\%gﬁ{%tatalfygﬂ ity MBwither
the respective properties of the hydrocarbon feed.
1Bbjeiidsiof $heefude peodstde be airlip olmnpebiny/ ol laimopnie dilgive to the same

AR T IS B Py R BIERTR SRRRL b uom
®apar, Pl gnvitpyesile cangedv GO cofitont, excamplnetionsnisotafibi | ity

of t drocar bon fee nd/ or crude pr.oduct in the
yar G haR Rt R B e iU B R Bkt
afalpsphal frenes a truaapiobect hadhaaarA0or ftead! 25, ak mPstROGS bt

m X e, precipitation of co ents fromth
RSB R Fbr fobS | Frob Bk bt phiSegpoon feed. In some
GREBaInNats, 08 T ANET (BOhydrddartos fded inhythle MR SerbinkAl1) §edub&l by contact
contacting period, the concentration of hydrocarbon

Vsl e SRYIEAM 2pG AR ISHRAR SRVEN qalples HOBT@RRIchenntact of the

HyaRRAteh aled REQAWGTalydl & FoBanTRY alCh@RPRodubSwiith@anged properties
concentration of the total product in the hydrocarbon

FBEW oy dpicador foorkiard tea cemagigbde dnigal coide profuetivah 8t
Jﬁhﬁioﬁeﬂ%gﬁly&rt@ dhitee HOLMB hblivee Qfeh Efiﬁfg&pﬁ%&&&trl la@fe & R

hydrocarbon feed and/or conponents of the total
iprtigbierede nreduche Thy iy 49 redpcef AN incesmantally 9wy @ssistinxmp@ining

hé &Qﬁlnh/%f HRANARcarbH reEHRIR bodud A< ANALGApREAhgEd Mmay

cont ai
In some embodiments, catalyst selection and/or order of catalysts in combination

with controlled contacting conditions (for example, temperature and/or hydrocarbon feed
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conmponents that are soluble in the hydrocarbon feed at

t he begi nning of processing. As properties of the
whyasoeasbon feed change (for exanple, TAN, MICT/CS2007/080422

asphal tenes, Pval ue, or conbinations thereof), the

conmponents nmay tend to becone |ess soluble in the

hydr ocarbon feed/total product m xture. In sone

i nstances, the hydrocarbon feed and the total product

1IGRY raked iRy ladix Bhl@&&%g@fjﬁfdgén besQs thd’ﬂ%@kdéﬁllb@n fdad AR&ntaining
another. Solubility changes may also result in the

Iygencadan e qud demdusakiug Sehiliy daing RipeesTiag. anhehangiae e or

Iﬁ&%%rdf;'aﬁé%f thE OGBS @t Rfladkv e @D ?e%ﬁe%uvé BOPLER of the,
floccul ati on of asphal tenes, change in concentration

lpfirdegirpo feaf bdibilised therfydgaseripn fred/éhiad prodeidpigure may be affected
I%}f'\ed‘ﬁbﬁ)é ﬁh%els %bapaft MQH@W ocafbbfl @e% &alrpggdﬁgfmfxﬁlt?% lelblfage

one or nore o the catal ysts. i tional
@piratmnen@ybe@fau&eﬂ &y, rfpw@slslenmyolﬂehtryexﬁ d@éddm%’boreﬁ@edmidé),r
Jr&(%gﬁ (ﬁlg ]? grbg{s ge%ﬁlgoéie]éﬁg({ad?@tq{dg%ger fglgﬁcglieanigﬁ g# ehsatéaltenes
:ﬁwm dwdtydmmrhordksd/toeﬂi pmiuxp erikiues prePyititiog opcoo@ssitnFom the

et el R R LS B SR bRk, Por e

proc %Sertahiy dimecaurigthef c@ﬁdctu@rptéhad tiey@hih cpandx@of hydrocarbon

| d b d. N
Lopotah RIRANEL, MALUEE, oY, be asaessad, TR SALLY .

thé @(ﬁfébﬂtﬁhbl@ﬁf taé tots phﬂh&tem@ hf drocarbdieehty@iappaRO Mifieed
eneraIIP/ occurs. |f the P-value is initially at |east
hapges dpglodprapipn P g podud sglupility o ﬂf‘%‘FOéQHO%}@}t*‘yOf the

1§ldRRh®of el BEH/GQROhPEAdnRD 6l frbinkt inAl KAk RS bR &deakdigl
hydrocarbon feed is relatively stabile during

REBHHCARETIHE tendy @rehange b Sor avglet Be Bydrpgagipadeedag qgpigin

ShpBhddtd Hat ASsoRBRER ARGy ROY R at tﬂ@b/égﬁmﬁ%mf E)RJclas%ﬁllg bys
controlli n%ycont acting 'conditions, by Selection of

rareatispof e 9rosaéb@nﬁe¢d/@a@méqr.eﬁgnm T/s¥.AYIG Bt 6 asphaltenes, P
&Wb%mbﬂﬂﬁoﬁsnﬁgr@cﬁ{ C}le%ldﬁl 01%91 tla}Ld'}‘%bgéonféqgstsé&hblggn the

conditions na tro eratur
Ipadwsnbpe feetb/ydfﬂ@geiuculpwcalkfe In hylde m@tanmnhé b}e?docatbowfeed rand the

e

dhaoges ey pyo rasaln ﬁnhe h;ehio@rhdm die;edpqzmmddwr ®ixtwa t@anindwabr more

evated hyd en, pr ar i &X
R LS PG HoBGS IOl bk B R TRt shRT b
qohcahuatich dflhaﬂroaa[rﬁomf@éd?arfdhthth@m(ﬂfct eh@&@vigiredpitayioi e®mponents,
ssur.es formation ibited, thys the. .
B iR RS ROKR ch ey an St ab ot ApualEsbiiguciensy o e
ProdeisdMby BOKBudal OPbIGkhi@ple, rSpdaca tec@eial dfat BilrochiBEP fdNbtal
resi due and C5/C7 asphaltenes is_not dependent on

HGRICHBEHOIP PS8 B PeseraRE PIHC T o fraiedit SR ATES PHoggTties

Not  QREMb pHRLRES, hde-\aRBLAGE hPdot LFREtAY M2 plodu@tnixture may
| east 30 OC For sone hydrocarbon feeds, tenperatures

fsrmegtitoredaad tesEOHIE plele Bacess dyfioaaberepd duder hyduicagen

REPREA Pﬂo@& t%xthfé‘?ni&%%@&@sreﬁo‘i‘ 1&1‘?19 4 BVRLOHUER a@most 1.0
pr oduc hat meets "the desired spécifications.

ingiertesaibedlocanyion af aypbaleaeskicon WMﬂnoeﬁbmfye%marraﬂy escars. If
€ . I ¢ r. . .

LA e L SN B, OREAAF S

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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of the hydrocarbon feed/total product nmay decrease
bel ow 1.0 and/or sedinent may form causing the
w@e@doel7sim xture to becone unstable. Since, el BARUSZ07/080422
hydrogen pressures require | arge anmounts of hydrogen,
a process capable of reducing properties that are
i ndependent of pressure at mninmal tenperatures is
desi rable. Contact of a hydrocarbon feed having a
BE ®6OS Iy @bnidlilide@ddtacddd GRlitids, Bsefeclba éifcatal LRctive
at | east {00 cSt g%gt Ig{a%st 1000 %%t or at Ieygesé?i@ooo
Qetringioh caalythOF amiEpRtoghibeieat (ueh pegling ! sontrchiee ¢gditions
Iﬂ%gnglgde gb%gofﬁg% LHS%QI@&M&@ pfersQﬁré ﬁ%’m@e@ Jp@aké %d&@m@&n feed
Mssures of MPa with one or nore catalysts
ﬂp@é@nﬁ@ﬂ%ihﬁfepfoduces a crude product having
C h an 1cQ1ﬁ}p B (Lr% a?l?on(f{f: ha?fﬁg @R%@smf% bR Hlﬁlb'itXhe ﬁ}%?dc%lll)%n feed
Cr "as tenes) o t nost 50% at nost 30% at
fmrsbelzg ognsaertadped/on ¥y pedtarapstacttdmigiievated hydregpamairésywes (for
r 0
ﬁ% %g\%ucjtt)f?ag{ga M—"S a‘t‘}é‘é&% lba(ﬂ a%?sq 15 % %&r@%ﬁ{; ?%P?cit%] %gt are
hbre flmah tﬁaceﬂqvmtgd hmwnaotasswes debe foemanrqml igjnhibited ol the properties
if th e ure [ ase bove 450 . .
GERIPUERET i ot B SPBRE LR G PR Ry BPSc Spfioiaverion
dfepdbdigt mkldlprramdlmx& mhphlknes Bewodapendenisdndiytimged pretshe
er aé Bre decreases bel ow 370 @C m ni mal chaneges to

t
A By BESABER FoBaY BropEHEriEs Braisting lnggrBnels i

b odiFeEstnge, hyd@dhBeh feb@, teaifpRIRdsWT asleak 85(CTNAYhd Rfuired to
such that C5 asphal tenes and/ or other asphaltenes are

PO JE RIS KR O FGOR - EERE SO ipanoets he

ysbngadianoheed. 1nc?\§1@é$&ﬂnﬁ&a@fes o Mo ag Bt e AN
hydteldglgn upt ake and/ or hi gher contacti ng tenperatu es

diegen Mepyeads ba PEpPettigoofhaldeocamhgn foed prechpped the P-
\ta'ﬂ% ot tt@kﬂ hfot:é&b&f fet:(n%tah }5%9&%39(31@0&@5@ @él()@tlaﬂ arﬂydi’ difhent may

m xture and one or ‘nore of the catal ysts.
foontoaedingthe e@duca@tlxtmy tp begorcamsinide. ite rgjeriatsd drdraganaiessures
et : : . L )
AR, bARN el pERES R R SRR PSR e
ipdeperdent ofpreshae hydinbneartd@nmrdhge@s dedigblehanges by a

rel atd %clyot‘cégﬁ?g{]locﬁgglyﬁgd ha{V clo?pbqghc s?ilﬁgt at 37.8 °C (for

contac Ing C Itrons are C
dxempler @tleaseld)Oict, anleaso tOO@wSe oc ﬂIrltaaCROOﬁ @S2 dmesonmalfedyemperature

differ ffe res allows
Shl BP0 BB R B ) SE TPl S0 e oD Rt
bt W@\/Imﬂm @ieiiir AgHrd thﬂlyb‘sts&b:lsdribte&’ hﬁfemtph&luh@édlfc@mﬁrpﬁmnct having
feed/total. product xture. The h arbon feed
AT U SO Rt TR, BB i SEaPep o a most S0%
AMRBERTe, afmbit N6, 8ARdsACH% NG nloeiMYe bethel Fe8pdclvd MBperty of the
tenperature in the first contacti nhg zone, O her

hygrtcaen frgdt BHR Snlire the heHucd et may Bekphabove 1.0 by

Jo%ﬁ@lﬁﬁ?ﬁh@ rc@ntacttﬂﬁg kGhfeRRE" Bd Ak Emplk AWk Ne BFRGNHEH U he €t
cetera) are the tegrooeratures N contacting zones. that

tgmaerplyL ipgresetbare £10 Chehe-yadye drontbslopi heandhehydspcarbon

tfeéd/t%tal g&ﬁﬁ@%ktﬂﬂz HeEIRELAMWIE Y BfpdritluR deaBHEs lf)efl@\%m °C,
0-420 0C and a second contacti ng ]?enperature may be

mﬁnraal chgnges tohlee hyidgoeadon fkgd poE;rtigoegersOC, or 40-60 0C
diff &h %Hie érH%ilﬁgh?s, Eér{t?c'ﬁngf %%@ﬁ[dr&gire 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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tenperature. In sonme enbodi nents, the second
contacting tenperature is greater than the first

w@omBaeiTshg tenperature. Having different contBC/URY07/080422

tenperatures may reduce TAN and/or C5 asphaltenes
content in a crude product relative to the TAN and/ or
the C5 asphal tenes content of the hydrocarbon feed to
a greater extent than the anount of TAN and/or C5

AR abitRN8y fafpdfatur@Mayl sy forksh o bhdssd thanshy reduce the
second Contactlng tenperatures are t he same as or

iKY AT he hpdrogrbaadeq/igiphepduckgiixteg gpgipidife 9f erepagmore of the

GOINSRC (doRGolZR? B@nt%){ 'te%?ﬂefh@lﬁe and HyiRfee At@lea bomDinARA W the
a foourth catal yst and a second contacting zone nay

Gappdysisdiescobpdherein e W/’%W §) apbalienese de Fdpeddrvhilptifee M{CRgontent
@ﬁa dc%oﬂ RIARGh tcHz{ g {@y %Fatlgég srggil Qrﬂamrt he second
cont tl

ng tenper tur 0C. Contact of the
hydr de sethoembadadents ccvrhfe:tlﬁg raitpontraceitrdied sivh twi tempehagires
E’l ohe Iérr 1%% %ln%gtmg Q&ﬁe‘é’ T fg%? El}f{%re%?t ﬁf)@fﬁ[ ng%% %i‘gjrél%nmelglpgratures
a_dla;m forstlegive |charigh en Indowadbor tretl actpemigs wmﬂﬁemamtgmmr@shd: $tabllity

e T

aapbadg 2ne st thcemrcbﬂ aqﬁod:e@s. t A éirss asneachiyglteapamnbodis fil@aemperature

when.the first and.second contactin era ures are

me}ﬁ“ﬁt cpplaging I Zqng o er&ﬁﬁ%&‘f%éﬁ‘f‘%““&%ﬁgfﬁ%) Qi) e second”

e @Pethiuted herdadrRpegaitf foliledmperaturd, Badetckd) rd ¢ @mpbdia@gen
partial pressure of the cont actl n% zone i s nmintai ned

Soptagfingronysait grecsiipred AT e 5t CHTSHRE &1S. ArerSdoBySinsg

eRAPRERAL HLER in Ilﬂaﬁlg@@oln' toy-420 °Q @ﬁd @'ée%oﬁﬁ cdRgktin@emperature may
pressures of hydr o(genof at nost 3.5 MPa allows an

erip péapge thapis @pléOO( of0- ¥ &npr ¥)-eh” Q ﬁléﬁe@a%@alt e Higst ppagting
t@m?erlé‘tm]e Tn &md é?ﬂﬁ;dnﬁ-enl& %e'sec%ﬁld k&ﬁﬁmg tethp%ratur@fs gke%ﬁ‘:? thar the

or at least 10 h' 1) with the sane or |onger
feratt cenipsting] tpriperaigrec dlaviag ﬁiffegenatcomn@@éme@wwmy reduce TAN

eglglfr%)t? i%u Fs%ﬁalﬂifnesaéon eﬁo ?lta cfluailgpﬁodugﬁglﬁf?\;e 0 g‘leait 1{1 91\{@& the ?5

pressures ecr eases t e cost
sshisliopecantewof dndhyéiiomb@ fc@htpazgmatﬁg ettontb@npbfr dngoumeof TAN
é’%ﬁ%& %F le@pﬂlll[e%@ re%natgﬂt i af a W%Xlg {hg gﬁsn ﬁc{ SR (JfO %ptltu‘% terﬁgerratures
exanpl e, a cont

gathalsyse asordyitin ) A cﬁftelactc@;hal yst The cont acting
erature .of

or 1 1h Sl oo GIREREK M Pia S e GpoGos( i

MRy st(OQamtl acécoadl cénietihy Zb’rﬁ@l&ﬂb@d’hucfe&ﬂd&r watilpsttshéestiihed thbrein.
nﬂ[or fifth catalés }Fg(?% condi ti ops %/)nallow

ﬁl? frrirgpadingdenpgrate ;3 814 G sqcankonBsergppature

Wiy hee3onedu @oﬁgctdﬁﬂm@dmpm@@feba sthOfirst bl Qmakiaa the first

feed. In sone enbodi nents, renoval of at | east

a
CdfﬁlXSF HH/ %ﬁo%r%a@}yéta% Sheehtighier YGEIPE@H%%BFFR% 40 ccbithibe fher
cfa[a%m(g)hﬁ‘ tﬂé)ég&ﬁg _bRANMink e81 ths PaAfie gﬁﬁl@r PENOLE/oF O€asphaltenes
rocarbon feed is contacted with other catal ysts.

tig Hrpe Bydrecaghon fgedaptatingtto 81 To¥Nyandderdisybdelenss (edgtion in

tﬁé( TR rd@ﬁrb&pﬁz‘éd WHeMhP RIS aff se@@ﬁtcogtfgctﬂfg Qfﬁ%erﬁﬁre@&re within
nost 10 wt ppm in a hydrocarbon feed nay reduce the

HBEC vity of a catalyst upon contact of the hydrocarbon
f eed IMWS(SIHG érﬂlﬁ)diments, contacting conditions are controlled such that the total

hydrogen partial pressure of the contacting zone is maintained at a desired pressure, at a set

flow rate and elevated temperatures. The ability to operate at partial pressures of hydrogen
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catal yst. Organonol ybdenum may form nol ybdenum

sul fides during contacting with the catalyst. The
wordoglogtsnaim sul fi des may precipitate from sol uP€DNS2007/080422

causi ng solid nol ybdenum conpounds to accunulate in

the reactor. The accunul ation of precipitates in the

reactor may lead to a pressure drop in the contacting

zone, thus inhibiting hydrocarbon feed from passing

$thi UGN 3 @a aRRYAmtihdiehsE BNEHSY ((HLSIahPR ahnliRWek@to8$ least 0.5 b,

Organongtal lic c;on‘i)ounds1 may al so gronote formation of

gdee Idur prigest DAt detrig.h Rebleapt 19 avith desame oplgpger spfalyst

1% al &ﬁltacéﬁé ét%?dro@&%ﬁ%ﬁfe@ukés of GABRPAURAS. @‘i}gllaﬁ?ﬁg ﬂ%v@ér
fromthe hydrocarbon feed may increase the |ives of

e psﬁgwsesl% byirpgengleerpaseolpe eest Sistha gpasttion aad alinve/contacting to

BeNRHBARE Held FhERC R ‘OF Fy&r&g%ﬁ%&%& focess. Renoval

of the active organonetal |1c Tonpounds may further

al | owor ranipjed r ocrrdbion zéreechytioclivde piootlessabt pmd/er anfifthecatalyst.

fici r o) [ 70
Bl ol RSt GHPIRLE ordde 30 AR L
Iydreempartialpedsside 0@3 fiivViRah Cbataal of ¢te. hyQonirhort feod with the fourth

B o ) S s
Sﬂean.oula WiB\edicirgtdetied Propartiks bf the hycﬁ&dtr‘ta)ntfeaaiper ature of

ast 300 0C with the t catal result in
r e du gl".l PYRE GP og{mffnésagelmogalpog’ra?{]% a B?I‘t]f)ﬁ 8% the o anometalflc
@hParaRBhYyboaauR oM thbBydly@rad&Eddanpdreaded Kbt athyafocarbon
t he reduced nol bdenum hydr ocarbon feed wth the ninth
fegt ‘élc%i‘Ct%‘Whr é‘%ﬂ cplafysisgton cgagplegn sp%arnt Jgnit ogggomolybdenum

(Nby eWuE%e ai chodt 50l vapsih, A& nferdo \ﬂﬁ]ﬁlﬁf orlal &R it a hydrocarbon
contributin gﬁresn e C5/ C7asphal t enes, and

fgpdmasiedycett %@V%@f@cﬁ@&b%umm@am@ opthe ﬂl&i@r@cags'?%fe%ct with the

csc&ﬂl)tsﬁ b(l)l%alﬁd?ﬁolﬁfd@ﬁ\ﬁﬁ 9{a§/ %rhﬂﬂol%ﬂ%ﬁ’rﬁ sﬁlﬁﬁésﬁﬁlﬁng E(foté%ﬁﬁg‘g (Hh the

In 'sonme "enbodi nents, a sixth catal yst and/or tenth

eatalysl yEie melybdgaum salfidsomycprecipirate frin shletinmtcaestingrgli¢one

R R B KL e BB RA D, A PR L BB lpes i

m@te}ﬁdemwﬁehi/@rmwmg ldrdpee thewpttheting@owsathab y@tblmng hydecarbon
I f

%Pc} Wﬁé%}"?h b e atﬁQIE‘oﬁléa!ng%{ézo%g ‘éﬁesé&fjﬂ a@e% o?pgﬁ?.&%%nl%

caylmwendz nM?also tychn@c foripatonf of edlg% dvaing n(gltmtlng\PlRengml iof yt least a

ol e el R Gt B T B poabon
ﬂaycﬁnna);emmkemsmsm\ree afr&tatlmmemmai I18/efopegeBing Pr@es8all/Dfincrease
sl.eps. Fqr exa be m.ned from a.
P 4T B SR AF B el TBero g i wgounds may
fuftBNat1Be terHydRcarbl feB@tot e résised bt 4 0BreRFFEES fanddi€For
bitumen is diluted with naphtha. Before the bitunmen is

QPBRICCHIITS, HBLAGRS OHE M SIS o7 &iePBrgibet 2l se4qad contacting

JoRs H]!ay iRehdP h AfHAC Eard1Pst VESHAIT L Hd Bfdrddafifdn WRidthatife m@agy@ e
I i ght” hydrocarbons and heavy hydrocarbons. The lig

ViPENSE 10DBALUAT ¥ CORAGHHE dIRRSHYIBY offaly Pober MB.3d 5% ﬁbﬁt least

d hg! Q‘ﬁé\é hénhp RinkH BBR 1SMRPRERiH AL & ﬁ%Q!aB@J rhé/y REACES&REion
I'n one or m)re cokers and one or m)re resid

dpdleat paekiongl aioreengheybdspampt e hpdro¢artmi fmji edtagifithe
éﬁl&gd 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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as an LC-Finer). Coking (for exanple, fluid coking
and/ or del ayed coki ng processes) involves the thernmal

w@e@skiyTgs of bitunmen nol ecules into |ighter coPEDOSIWT080422

In the residue hydrocracking unit, heavier bitunen
conponents are contacted with a catalyst in the
presence of hydrocarbons to produce |ighter conponents
and an unconverted residual stream The unconverted

AsPBdIERA] anfilor SRESITRY RGe&RBA 1o jRodud€a thubé Proasd SlifableTor
suppl enent the feed to those units. The residue

FAPRBEHAE XY TYHICE PIREEPSiPE-ocess 50, 000 barrel s per day

of & 1 QA0 o BEne Db LW R taRRPanViAs WAM LPRREMaPHE pURIdned in
feed. Reduction of the viscosity and/or Tresidue

Bk eamictiag zapefpypoeantsd heflod gontactine geigciad apstear of thegggpnd
dRBEaBNnL B2 68HE thallkadndifiRle Hlkh? ﬂ%géa%ﬁl% |y etggba&aAlyst

may erthance the processing rate drocar
igylwt thimd craitavgng home mesty holjise addticnalt aarhqastSS)f Ne/%l?q ‘btek@ut an

i@&% r%{ié)op;p%ﬂggs Srugeoﬁ)rotv esf a hydrocarbon feed may

reamo one or nore cracking units
(f or Iedawptben feads letyinglaatARh grdm;d otataiclel HYferreixgmple, Hituwmed

racki nit, ther rackin
SR R RRERARR e B T B PR g eams
thtogbli & kerie® P@tEntisg stepbr Eat dmmbleoérutﬂd'hﬁa)hbﬁihmeﬁfrbmm f eed
in on nor e systemns descrlbedgl rein na odu
DR PR o R B R RO etnete! ot s, DREPRTR, o
ékﬁh&tldﬂ)prdﬁ:ssl @3stufed i9afl@ed @fth Aaphéta. IBRASE tha bitatOik wedted, the
at least a factor of 10, or at |east a factor of

blent nepthasiy apppved and by sesulipg Brodyst isyaryn disiNsdrgt & poruce

B Hy e\ itdgs sdted s dkata®bntThe ¢d8thydRHRarbSits add Bahs forE for
and/or 0.1 grans of residue per gram of hydrocarbon

fogbet PRRSYssinge Tfde 29 AEDI BIMCREPBPISAIE Attty Rigply\peqegspgd in one or more

ARSSHADER NAIRL RsiBRSHIHRRLMinY RSy @&r&aﬁm@ BRI BE units such
unit. The contacting system may include one or nore

sandyEing).degldng Ged-xharki itnid egkatd ander dgaysdgeking prpcesses)
' ' ' ~ % of the
YRS O G Rl ERRL b Bl Rl RS halid o, ot

nost 19 G%r@ﬂdlle thedmoeséldueurnt, heaver hlytdnmntponﬁnt%@conﬂ'dwd with a
c .

A
rasiidal stBiamc é[“nb hecarertd rq:mdndhmtealamda/yd]e sentxd the @ualfcokdreto

C nd h feed has a | ower
PSR WL TR SR SRPORREalBBs Sl BT brpes so0m
REeB§8Sday®f b &80M-0 htix ofighlunich@an€vaakin r&g)pumbltummsfedme
i mproved. . Hydrocarbon feeds having at |eas
of " CREGsiAN, B aeery BEES BN et g% petin foedlo FRoduce
DT ARAMCGRS Sial e pfRadsEEiRta rbsidu@ hiy@hbtaetiye aRenal émBfnce the
Deasphal ti ngﬁ)r ocesses. may i nvol ve sol vent extraction

RIACEFORS RErR Bedpsrgbandecde it thsteit Ysinedh e medpdrdnd cyalygigiperibed
lﬁa‘ﬁeﬁﬁ' &) dheRRrofRadyet 4 RRIrQartdh fdcadsdy 1R p@:ﬁﬁ&ﬂe@ ﬂFQfeaﬁlh)? one or

onponents that contribute to viscosity east a
Ip@rnetcra@hméfmlfsr@r@zswﬂﬁ@meéuliaﬁag b%ﬂcfrlﬁqlq%umé & f&wﬁi e plyfiicecracking

ﬁﬁtd(h%na@%ﬁ@léhg &H? Sr Rhénicd PadvidBo dEASR 'B?Jh’o&eﬁ‘&m%&ﬁ%%%hter
may el i mnate the need for solvent extfraction, reducCe

ONPoBFREUN ifre@lfmemé@fuhfr ydireatbee ied imend/ @ masn $yatees desgeibed herein
Iﬁcfi)t ﬁrSJhﬁg %X’ee(aftha{t Iﬂﬁpl@?&%l@ﬁl)&ésﬁgg RIQSE ?l’?éscracﬁﬁf’g unit by at least a

factor of 2, at least a factor of 4, at least a factor of 10, or at least a factor of 100. For

example, a system for treating a hydrocarbon feed having a viscosity of at least 100 cSt at
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exanpl e, a systemfor treating a hydrocarbon feed

havi ng, per gram of hydrocarbon feed, at |east 0.01
wQ@r@s®43963 Cs asphal tenes and/or 0.1 grans of rPCT/US®07/080422

and a viscosity of at least 10 cSt at 37.8 0C may

i nclude one or nore contacting systens descri bed

herein positioned upstream of an deasphalting unit.

The contacting system may include one or nore

Tas ab ¥l odessehi Hadsiner R frafaR A Bc@bonltQOHS) RBlude one or
crude product havi n% a Cs asphal tenes content of at
6

RO COPEUNG FYSeHes doyd %affr@amw%@@d CBSURABIPAR cplgag unit. The
&)ﬁﬁh@rﬂ;t syst@m/mE3/! |4 E1eCRR Bﬁﬁgre(bfataﬁfsts W@s%hb&grét&ﬁ catplaﬁe of producing

hydrocarbon féed residue content, a viscosity o
peyade Bodecohavinge HseaicHd AhOASLI D& et Wscayityd s hydlmcah@n feed

Jt"fl? ©@fand/ gpﬁ n‘PJst‘%ﬁ?/F] Bf AdYUSH u@@%@ﬁy odBkBth Y. ﬁtglﬂﬁe product

cru e product an ydr ocar bon may enter
ad&s p nakthieryd) thervirdde p8iducteint! hpdroganeie (pedodapodntes md¢sa1ue
Iﬁ)d%gcﬁr ﬁingémikhﬁnﬁer LF(? Erulil &‘88‘&& (gir ntng r&yﬁﬂeo&f’i‘c[ebpqud‘cﬁ&%
as a | ower ‘asphaltene, resi e and/ or viscosit an
lykdepcaibby foed haiwldwelt:\asfcbmy theedle otigieal hy droesimiged, the processing
Iet%r ehnt% 9 ltdeas‘tphlal t A9 unit may be increased
BY ‘AU edst %lﬁl/ng A POt ™% “at | east 20% or at | east
O% (Hydtd?t&rb@fl reginiadvingfaf ieadt O \eranks v G AEphaldmedinaehd s,
Cge (t? a crude feed with one or Jor e c.atabgstsl.
&gt t%lé’&loﬁ?rhéflePborC%sdl?éé@atg‘eBtrlﬂ&ée BEBRERIPhaPdipting
Rofeans afly enoteRbIVal kRe i6f afigRbhacting e daRkilka dByysbe
separated fromthe crude product and m xed with crude
PRAY ztthaétlerau Reductipp aljatlqasta pogtin gt thegompppgats that contribute to

Ji§RABP A 1EAL A P(Htl@fné’f/ (B¢ cdBRhentPIhRElhNBuS RE fekifalh€ M/ @RAsphaltenes
For exanpl e, crude feedmay be contacted with at

s & thy d%ﬁ%PW“’éé’F%PVé”{layaeﬁl&ﬂ%tez@é neaddorsgivgniesractipgereduce the
RS 5@6:%@1(3@ 'scyl%nt rﬁﬁbf/op@nhﬁncl:Qhé’@f?(&ler%g th@degsghMﬁI/%prQ&ss For

40 Wt % USY zeolite catalyst, and/or an ultra sta
exaplet fesye@mafpy@‘tatmgh éy@e@rrbmefe@étaaﬂngsier ma;n qf dpidieearkon feed,

HYa %t'(ﬁ(ﬂ %?’ng E@C aRERL ggcpﬁrodmp%lgﬁlg gf'll%gl hro h@scos-@/%f at least

napht arate he cru uct u
1Opant 3’7r9a<§1 m@jnallclud¢ sie drngir¢ gmtagenhoydismadebcripodderam pcmtloned

h i. ff t
DG BLATR kR faf Bl LR ISR PER (B Ol PSS
cawzlgrml describbd Bﬂmp o#fiableroé pmﬂactmgmcrudapraﬂqm having a C5 asphaltenes
ar te t of
RRFERA Lol RIS el e Ref SRl g FERAS effen
dfar hlbst@e%awth&yamah@oﬂfeeH’reemaé adntan a@lﬁslcas@aié ?i(i M6&dt 50% of the
ort A support was prepare in rans
SERERGH KA R PR Rt dne et oI of e
Mehirgant LdthydrobArBé G0 maly. eﬁteﬁth} dt‘dsbﬁhltﬁ&&ngr Qﬁi’ée ok crude
water and 8 grans of glacjal nitric acid for

PR o e el o e e dbvdregamhens foed P?ﬂfo‘@ﬂer

I { e
LIEAUEL e B 0 b M B U Do A0

qibigiency & thedespbrl gt oy be 1@%@3@%@&%@9@% tat wa%tﬂo% at least

f@ﬁb@iﬂ 1&%&%@%@%@!’1@&%&%@&%%&% The cal cined support
was placed in a Lin
In some embodlments contact of a crude feed with one or more catalysts described

herein produces a crude product that has enhanced concentrations of naphtha. The naphtha
may be separated from the crude product and mixed with crude feed to produce a feed that

is suitable for transportation and/or meets pipeline specification. For example, a crude feed
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furnace. The furnace tenperature was raised to
1000- 1100 OC over 1.5 hours, and then held in this
WO 208043763 2 hours to produce the support. ThePGI/PRINT/080422
i ncl uded, per gram of support, 0.0003 granms of gamm
al um na, 0.0008 grans of al pha alum na, 0.0208 grans
of delta alum na, and 0.9781 grans of theta al um na,
as determ ned by x-ray diffraction. The support had a
56N BAGRtadlee Vil fat 1D a BR/GaaNE MdtaObalte PAKIGsY PhaymliRfcatalyst

0.821 crregg The support had a pore size distribution
it el hadh-ah Yér &0 diarms i ErUDE 2eokle qajalyst. ad/qugngpira stable

¥ Q&)lft@éa@ilysﬂ uf‘ltéefeoﬁ)tfa cﬁﬁ’l&ﬁ%ndyr}e&dag a BOkiGn %f t%@h drocarbons to
di stribution having a pore’dianeter wth A of the

nredticanapidrae The a@m@rmarm sgpasatedhipdra t@mﬁm@@@mmm

tﬁ)e{cﬁ i glsalleﬁl%ﬁ %ﬁ{ogg &Q&S with BRcFude 'fgeﬁ Qalﬁ{ﬂrehtb&ﬁ(%eq@ecp End/or
east incl'Udes at | east grans o

chfethadlataxmmm foErarpdnd. 2. Preparation of a Vanadi um

Catal yst Having a Pore Si i bution with a Medi an

Pore D aneter of At Leas@?ﬁﬁme vanadi um cat al yst

was pPYapganigdg exantpies of s;iﬂpomﬁpwgammrn eartalysT Ireepalauenisnand systems

S r .. _Dbrepared escri
\(\Ir\;fjlgge?e&&d élgrﬁng glgnt of c%taltgs grags cd)n{J gllle rrBIrlté‘CtHl§ cogcﬁtlongla{%) seF fﬁ)fth
i®par ed by conbining 7.69 grams of VOSO with 82 grams
t he sol uti on was Z?éb E]
pparation ol a( ats DPOY. é’bﬂ’é’f’%faw\?gﬂ’rﬁpﬁr y mulling

mrgaﬂhmalmﬁae@méﬂdﬁmaw}ststano MeclidgRdick OP, MidhRuf §itW Mithigan,
occasional _agitation, dried at 125 OC.for_ seyeral

Hout-s Mgk sams ehyepad Saaranstf deid Biricackblir &5 npgges. The

&aﬁﬁﬂgtﬂlﬁlgad%m&ey@és KRMRIINSEH: 0% THIBRE® S pl¥RNELH BBhveen 90

per gram of catalyst, with the bal ance bei ng support .

ankdd 2§ 80.ail mcn@altmbays;t%& ad, whigoresuleil ze6 Wi wams bit dateimed support

%1t%§m%%n1?gorg NialR ge? gﬂ #@;ﬁ%éﬁ%{:rcea acmoeg SEWBH?WIQ g{aced in altlndberg

fAcded. |T}m&hﬂnyqe té‘xﬁpe?%umfwats hesclad AOOALIOD EC oodr 1pfolice13s aitl then

t e, distribution of the yanadi um

elfin Gnde GF aRTelo BRI R TRl QP g ram of

sﬂlbﬁdfet)e)om diains o ¥ SutlRAPNSIosak@ss dfEhp aRPATaA0 0208 @hms of
um 5 catal yst having a pore size dlstrlbutlon

G R et R B e Py PeRSp o0 kpe The

shppd?l Al sabth@nirdfor a1 VaF ¥ heen w1 pateablsie J1a%2N 8mé/g P@ﬁ@
S| ze Distribution with a Medi an Pore D aneter ,of

ugplt haslgpope sizer s toR gl eindiopsdianger $2apAr tfah ﬁ?ﬂ% of
O 1 Al BM R GoRBIANES pord. El%e @Ltﬁﬂﬁtﬂﬁ haWRP @ pbre R AR %chﬁb@s A
t he net hod descri bedp Exanpl e was i npregnated with a
thohe/perbsnmare ipmelghat i on sol uti on. The nol ybdenum

| mpr %%ae*x% @%@&Hﬁs't&{és W@\gto%%% £ dpp%rt &Qﬂﬁ%ﬂs ol 58& st 26

granms of granms of

BOGHHROR] ataee@m@rzaml of ko bt Arlgiram (erhé(tét\,Em)mnaand
t . . TR

wmh a(MedlﬂihEorhdhameieBdl At Lmst 230A. Cﬁhtd \eudad:mm mm@]nyst 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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tenperature. The pH of the solution was 5.36. The

sol ution volune was adjusted to 82 nL with deioni zed
wWowRi08/04573he al um na support (100 granms) was i MPCEYREDBOB0422

wi th the nol ybdenum i npregnation solution, aged for 2

hours with occasional agitation, dried at 125 OC for

several hours, and then cal cined at 480 OC for 2

hours. The resulting catal yst contained 0.04 grams of

A& U Rec OF amat. tRt Rl caylshcdnRehelal(BREENs of

bei ng support. The nol ybdenum cat al’'yst had a pore size

dinadivinper geom aficaialyat, Wﬁé therbajsnecebegtizznpnoast bt vasdium cagalyst

AG7HEUAT Sl o ST FRE 035812 60 Sl
¢om/g, hied pw@cesarzzeofomlgm i uﬁtddawndly mé%mf Itlgebdtehmumber of pores in
tﬁg‘f;grl ].ZB dis %ufgl 10 rtl?e qalngﬁge d‘é%gtal\/\ﬁst §1i% nﬁeftekr)l tltgn nﬁ)dA gp the

i arre AUAT ca d ban
mahm@i@dmmt&% cm 1, and 880 cm 1 vvhen anal yzed by

gﬂ@? %%él%g] onggﬁTh%gg?%lﬁgﬁrp (Stco%é gm % ngtgkﬁt&%vmg X pore

@&&ﬁﬂlﬁlﬁiﬂlOﬁleﬂlQUﬁedVﬂ\{ﬁmﬂfhﬁfﬁeﬂcéaOﬂem 2&NA. The exci tat| on

ms acMédnkH ahe d)lbkﬁétﬁﬂ oft MeL&dgmm &anmn@lfyb&knum catalyst was

acet om nophenal . The band positions
DreRgeqd; ig Fﬁerf%‘??@ﬁ% Ay eT]ilee%\“B’ﬂ‘@t SEHORt (B@Rﬂeﬁ by, the magtho descaibed
1@;&(@9@ MER gie%hz}feﬁ with & Hlogrbﬂ@dﬁﬁﬁn@régﬁhtﬂﬁ sSKABRI Thedi d

not exhi bit bandsbetween 810 cm 1 and 900 cm 1 when
BelEPderE IH)TCRBRYAR STPEN W PEGPIEd DF canbigmgideiogrameof
(%ﬁﬁ?szg@} ‘Bf38tg§1£nstdm&§gt ahy stafirs oPB@% HEG8 OreRERENt s the

nmol'ybdénum cat al yst having~a pore size distribution
mprdsthangieing MBO.and p hrataars obfleigmgedayate] tp formgslurry. The slurry
\;rvaﬁsc egtg(g S[g)t(gst‘ﬁu%? n%hg{og%lf hlllgrs]ol?tlg rlrﬁé ﬁléateﬁ%gla 1%’1? stél?)ﬁgzd éo room
tpp&atsiez hdipBitaf Itl’[w;bluﬂnn whi fiia ﬂt&chbhlnop oslemel wanmjeqtedaﬁ 82
‘%ﬁﬁo A . This exarrpl e denmonstrates the preparation of a
MR e ¥t at al yst having a pore size
di st rihbutuin@ia stppdit @00REANINWRINPraEhacEwEh tefm@ybdepast
230 A. This exanple al so denonstrates preparation of a

IEFTaSAIE sfrstian agek far F8eurhavh Agrpard deiean. daigd aicly §g4or
s%%rg'l houﬂngldEiﬁfgl c@tf&n%d at fgﬁs @%ﬁ ﬁ%Lﬁ]se q % 5ﬁfﬁg %atalty%t cgntalned

Spectroscopy. The cat t prepare
@04 grement mt)llybménamgﬁanmmaif uatilys, il énbjbshand&rebemg guppopoilge
distr n

I?l!)lgl?c%emfa Ga%\f%s%?%? mgf)fe shze%ﬁmeanugl(r)ré EVP[R a meg{a% rIgtgrte cﬁan(l)efter%{C 250 A, a
;Mné ydigiea aid. Vacraid, und Gair&lc«y a;ltea hblvl|6nng2/@ ARblit@nSily 67.7% of the

tributjon vmthal\/bd eg i% of At aéjt
PR AT B Py SIS SRk pore
difméthewittoh RBOW dﬂglerrﬁdallﬂa&lrporermnaémm na support, prepared
by the nethod descri be S, Lopr eg
with Tg‘e mﬂﬁ%%ﬂ%i‘ﬁtﬁ}&sﬁﬁ lmmd%xﬁ%fgg‘@?fﬁlpﬁﬂ sé%ffflorfmdggo em’”
WhERRAAIGLddy Ha@lah SpSotrobeolpl I $he Barhdht sp@druast 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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made by conbining 2.14 grans of (NtLO M O, 3.21
grans of MOO3, 0.56 grans of 30% hydrogen peroxi de

W@ ®035759. 14 grans of nonoet hanol am ne (MEA) , PENUSB0 2680422

grans of deionized water to forma slurry. The slurry
was heated to 65 OC until dissolution of the solids.
The heated solution was cooled to roomtenperature. A
second sol ution was made by conbi ning 3.57 grans

KA WMLRR1 Weinh aADo@r @irBwRdn Melyani @Q&Mtﬁéctroﬂl@yf FISt depicts the
sol ution and second sol uti on were conbi ned and

Pefrnepidht eiabhisy e flohdd Bierirea sthaBalyPdenyp Gagshig ving a pore

s(fiérfpéunlﬁﬁoﬁ Qi tal rﬁH@haYﬁJo%arH@eltd? 282 Anpyd Q4 fe%fegentt&?Column
]y bdenum vanadi um'i npr egnati on sol uti on. The al um na
g u

i et celalyslithdy inchelenas [lspbid shefiemy ahgedi g lumina having a
ﬂoﬁ@&?@&l&h fdnSA h%ﬂl&f]an Op}?@(ﬂalfn{gtﬁr & 15 us wth

occasli onal agitation, 125 C for several

hour sthisgrrdmpla damezsligionthd papar 80n @G Fdvme 6 hwtal satalyhidaving a
{ t {

%)?%%Le dlagblﬁ%%%l%s RN Ii%rfp(%gmﬁtgle(gf agfe%{‘z?(ﬁ fﬁl% é%%{lﬁne also

vana Ium-a ranse O
dmntohsttaiuss pb@laancleoitﬁe(ij(vigms Gprpmuitatal'ﬂtélavmg bands near 810 cm !, 834

cdn o ?(9 gﬁgj(‘l :T%)r/‘an tﬁrmén EI% Sé% g?&gralscg @}e cgfa‘l%@bﬁrewred by this

ﬁﬁlsthsd eXiHfgdne thele mgmma atu@snd dael st epateat poddsiaf diarikeolod Rith a
C[znst al ‘tg]md a ij 1ﬁ0 tal catalyst having a pore

Wr2E s 1?‘?1Btﬁ¥‘?d'@‘ﬁ it “medi an pore dianeter of at

Egafile 23 Predarakivh of 8 M6ty bdeniRl Y HsteiNCaedI 3t hating a Pore Size

exhi b| ted_bands near 770 cm 1 and 990 cm 1 _when
iistribusion with Median gioge Diageteraf Atheast 2304 (e’ ¢ he

é&?E&eﬁh‘Iﬂ) v@flad‘ilﬁﬁ? ca‘(ﬁ?@ Hay ﬁi‘éﬁir&ll MShe fobRing hbdnére NHE SRS
t he nol ybdenum cat al yst havi 1pore Si ze
'ﬁd%émﬁ €

UPRYE PGS AY Wietrethpdidssiried asf Bppragnated itk a

Bl SRR Ll h Qﬁﬂﬁ&ﬁ'&oﬁlﬁﬁ)ﬁ Red RS SRawat A ek 9dud
lryur%w Sr(’gaté ﬁlt(i)prhaw ng band?retrgear 770§%m andt991C1) cnn\wS

Wbdsrbyanaibipinec- rﬂamﬂ(NsbkMOrz@sé@Mrar@@éW% %56 grams of 30%
B)tl%%g?er&tld@ SlE %ﬁ%s\/&f}rﬁnﬁr l;i/a%glag@ﬁea(w a d’% 28 I‘aIP of

reac or Wlth a centra ositione erno
dmnEq oMafeip edfown b klutrh e i hodouypiveshda@d &S UL entil dlssolutlon of the

ure rou hou cat al yst bed. The cat al yst
e R T e VLA
t her movebid s’@ﬁiﬂloﬂﬁzak maey byl\ﬁjhﬂbuﬁﬁg 3. hegmesof VOSH, twﬁth 40 grams of
atalysts and silicon caybide rid, Stanford
‘f%& Sjater. hpg é‘ét Wf“é‘f)’& an‘%&fondgéﬁ’ﬁo WF‘F&B‘H‘L‘@S{‘? Prdpytfjcient
Qedni RY e ek Fab@ed toingithe @Mbined 8bladivt voBurd @p@rstzmﬂso yield the
under the process conéltlons descri bed herein.

All
raglybepumaidinan BRRsrRatoRgoiionn Thepluning gyas aPragrslsdvisthe

Hblyb&RABmAAR Pl HE uﬁ’ﬁg%ﬂ' h8oPdoR R0l Chobd for MhShd WEih JAERichRgitation,
contacti ng zone portions of the reactor. The crude

dreddt $350W fooseviral lrawzse ansk theypepldined it 494°(t lop2 bfurs. hEhe resulting
R I

om-o e reac erve
aslybdelpomi with g ppﬂande beig bmmnmﬁamlwmdum/‘#anadlmrna:ataly’stdfad a

m X 05|t .oned p of the silicon
B bR B ORr L URPEE Fhg e, The bott om

cat alThstexhiaple alemoniﬁa@,s 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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di stribution wwth a nedi an pore dianeter of 77 A, with

66. 7% of the total nunber of pores in the pore size
wale@soiiras i on having a pore dianeter within 20P&T/082001e80422

medi an pore di aneter. The bottom catal yst contai ned

0. 095 granms of nol ybdenum and 0. 025 grans of nickel

per gram of catalyst, with the balance being an

al um na support. A mddle catal yst/silicone carbide

ditaisHr 8ol B0 r&H&EnM@R rRASdeh@n e4a198 hh@Rs Pport e BREIHAIN with

contacting zone to forma mddle contacting zone. The

W%F@P%%glémﬁ%’{‘)fr?é@% pore size distribution with a

m?d' %1s%ﬁﬁp1@'aﬁ%¥:ﬁ6ns%te§§le BrepWiatibh &6 Aa.R1 5 LRSIy Bhahe

unber of pores in the pore size distribution having a

tpﬁ@ﬁaene@r Bior’ ol D9 ¢ 24V ImN Ghalr 498 Diralem SprstescaParTet er .
lﬂb‘?nél% § d bgn&g & | #_g%ugg %E(Pwﬁﬁ q‘hgee(@atgfygtgs AQBblf]elr%%.% OF] %ﬂ a

teheallyglositioecddbérmgwalh was eqvinpad with mmOCOAplt%fotp measure temperatures
/

SELBIEACAMLL SRR T KB 2R ey

themmwall ioparciontracli of glezr@we)r wlithecatalypts aad giligemtcathiatd (20- grld

855G e R S e PR s B S i anv

@fal}ﬁﬁtpabpﬁﬂtes ukdek hletphﬁ‘esba:bﬂﬁﬁ@ls kleschigelidretar Allyatalyga wios:

| um. na, support. Silicon “bi de 05|t|ondon
et &t 35 EREh o1t ST REH Gttt Jel wiitbBE ity o e
&alveng@Snapgtieedihezener. The catal yst bed was | oaded
into a Lindber %ﬁf urnace thatincluded five heatin

zones e §e &558 gy thedeackns Wi BRwdie wp Rbthe f3glof (9dhe bottom of
i by, ARDnRAHIRM S PBLidsHel BhE BRR ofdRTchdiSr B9 O a bottom
support. The catal )fSt s were sulfided,by introducing a
WARAb U baap ety wilison Grugnmaiby &R ol Prdeesaieaedm Oppbhe
Y @ABRIe IS orin AR b o AMNB G AN A nE %Ht%n é&tﬂﬁst had £p&t size

1.5 liter of gaseous m xture per vol une {)ota
dstributipg twithgi thedianposadipineler Qi3 A atithdd Uit @fdh%l@tqb alnmb@fof pores
Y Rl YBE e IR LAG o o
duaeter] Tﬂnolbott(am datidgdt domiain@OAOPGrins of2ndiphesum Ahd @025 grams of

D08, PO 0 A SRR, JOIRT 0, 17 c2oo

(50 OFnidoldrcakubyst/silikine carbite anxtmgsmn%svammummd nb aipré the
316 for an hour ncr enent

Shiggtniins ors 0 0a piddil R TRS B oReRihalRp pgor

dieutistibuliog mmmtmﬁann@rezmnﬁaem 08 Aakith\wedut & tiowtal indmber of

anbi.ent tenper re. Crude from thel\/Elh Iattformé

RRE "ENCPOBTS tfé ligh B2¥iRg ¢ e diampigp It i e fdian pore

O¥MBHe@tTha nli@dIPedtaldd cent8he AB0DE a2 00niOfk) afdeU 08lgaBddof

hours to formthe crude feed havi ng the properties

RO PR @ET RN PA RS, Wi (e balangg being gy alupieupRest. £ ed
to t hewhRraRbysitend RGEOMix kB @120 §af fRAiAEPVERED of the

t hrough t he preheat zone, top contacting zone, mddle
BiSHlcALRRFES ZBRELO [o78t & OMCEBAUAL Py THe M calrhiat Fdnom size

GHRPAIh vAth Jrﬁ&idn%?é Qhmetd 1§t 195 Udgal6R%nWRS 04 grams of

molybdenum per gram of catalyst, with the balance being primarily 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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contacted wth each of the catalysts in the presence
of hydrogen gas. Contacting conditions were as

wo loBowEs3 rati o of hydrogen gas to the crude fReTUS2007/080422
provided to the reactor was 328 NnW (2000 SCFB), LHSV
was 1 h 1 , and pressure was 6.9 MPa (1014.7 psi). The
three contacting zones were heated to 370 0C (700 OF)
and mai ntained at 370 OC for 500 hours. Tenperatures
iaéuddagive e a M o GOMs @sﬁrésPanK@l@%eV}ﬁé&aﬁﬂ&ﬁ@ thd¥6p,8RQd, A Bottom
mai ntai ned in the foll ow ng sequence: 379 0C (715 OF)
foptactrRoReu PR tha bRy lonhaRPas8 oc (730 OF) for 500 hours,
then 139,06 Zv%fé saffikled 6F inkBARidRUWaSeou@ Rk ISP 5 394, Bfdrogen
(742 OF) for 2400 hours. The total product (that is,
fueleapd i V@%ﬁdfd@tgelaa@ igiadhe eoniaceng 20nes at ara¢ §isk.5 Biegiof gaseous
R e b e
tabired ofprelnot Tvmger@telpapﬁhe dontavting rdves wewgdecrgseta b4 En o0

. ¢ ¥

Sy Z0 AP i 0L B FhL R TR £ 00 T BB
mesawewe fnctegstd ima¢mentallfhe 3 ‘lﬂbl(éO(p) FE)dtua tata/Mslo °C (50 °F) per hour.

di | |
PR Bk iR S A8 R aC TP LT B Bef BepPRL I8 o
EoeCavEr ayeter dfhotinmd ieldex AT0Tetfonevodtvtirspdhe enttages zaes were

0 nent CGrude product properties are summarized in
#@g@&ofo{?fmﬁfr@em te%§“§?‘!‘6% in Table 1, the crude

pr oduGtdd¥ash tﬂ@&\rlarg pRM@f inGhddelf MMGMS(E wadfilsidd, tlfen heated in an
content of resi due content of_ Q0.

GPBAG e cora b B 183G falen tr@uderlyikhaving the

ﬁ}ﬁﬁéﬂﬂﬂé%tsullﬂﬁlqnﬁidﬁﬁlﬁ“h@e Of FIMCRTEOM8NMeed RasFod aSRORIplo; R Seactor.
content of 1.9 and a TAN of 0.09. The total of nickel

Hisdrideriendi flvedalyoued. e peksshronyHep pnjasgngfonegiddle contacting

£k Aodsih SoME e 6L il %ﬁgm%%ﬁl@?@&l&{é 05k, Wk %H@Qed was
aver age bed tenperature " versus run |l ength of

qontacied wth eheded the'l%@b@étﬂalhyﬂ%eﬂcﬁ vekydiegpn ges. dompagting ed
goﬁd&lgl% \L&E@ ﬁg\% ?atﬁ)fofglg At g%L Yoithe &%\gerfele(ﬁ gﬂo%dg(? o fY 1%gctor

as cata ases I eases
WsG28iNan émg(rZQ@ih&?@léB) LHEV@@@ Athal AroProHUrAABT 6 0SB0t s

n f o e G 0
T T e i
ienoarse ffa]gperMAB?{ obthe thie: donraetengcontsaedré thgn mreaspd\aed susitained

i ok Sk o0 P PR ATE D asrtlf foh 387 b0 e s00

lidaes, thum 390 (734 Mo fWABT0 aburt, h@d aRnBaCtd (192 Zores2400 hyurs.

Ct any BoyaR P e gt be Sl bop® Bl s e it Sl bed. e

oAl glofidt &admirbdicky uﬁf a gdﬁﬂlq@ﬁlpﬂlhéé%bpeﬁﬂdr Hﬁ&hetg@@ﬂquld separator,
af fected. Typically, pilot unit run tine

By 561 20t P i dhecudegraduioand 2a Tt e ty svstem was

RRLHRY bPR madfi Sy SorNe (A8 BRASY thakReent RAL mERREASY h WGt test
the crude feed with one catal yst having a pore size

et rihe giude Rrogigtivag periicaHy s xeed fodeiaraine gfweaght pergatage of
&%O&M RAGhde IQ&QJ,Ict CALRLNRY ﬁsté@a\fé N fdePN the &i&fined weight

distribution wth nmedi an pore dianmeter in a range
Iyecenaeds o Qompmens. (&mdh pepdudteanertgg e gfmmpaezadan dpble 1 of FIG. .

nu nbgﬁ[s sﬂI)Wﬁ) ﬁlrrﬁa%lel f) tﬁe@?ucfé%&@duéﬂ a8, Ig—;k gltafﬂ (9 l&ddg Broduct, a sulfur

content of 0.0075 grams, a residue content of 0.255 grams, an oxygen content of 0.0007
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having a pore diameter within 45 A of the nedian pore
di aneter, with controlled contacting conditions,

w@e@dnewdd a total product that included the credBUS2007/080422

product. As neasured by P-value, crude feed/total
product m xture stability was mai ntai ned. The crude
product had reduced TAN, reduced N /V/ Fe content,
reduced sul fur content, and reduced oxygen content

Sr@hat TheRridR ﬂr(ﬂﬁclﬁfaﬁqeatf&ff@ﬂCN’@bﬂt&lt‘t@@5 £spBd1LHE coRBEENY .9 and
and the VA0 content of the crude product was 90% -110%

o ANKS8 &% piBpetal Pletickst apdnangdigigavas ded BRI e 6.
Cont a[(h% 1i98s & tlgddg@ys{: SRk (Wtérﬂnr;g%y gﬁ:taﬁinﬁgta%ve@ﬁﬂ!d ab@ﬁ{ge Btd

Pore Size Distribution wt dian Pore Danmeter in
tampeARE (GRYMEEH vgersTanlepgth vﬁ@e p@)ée fasd. Appentaysislives may be

c(o%ﬁl bo Ihg rte ]%}?atﬂg W@i@ 8%@ stcf)g@t ﬁ&tbeiﬁrfé\{eﬁglgft gsféaitﬂ}gt life

Zzones catalyst s
drepareats W Billiecrewtsl FIGr mmpmdj repesséngdiop ot REbl vérag time

%Elgnr}%{;\seégn%nggafgﬁeu%% e\g?%/cglflttﬁvl\%soﬁ% }%ng%%&rrllbpcgg J%]P exalﬁlple Plot

2 rsprbs'enus mecaaeﬂagedWAH'lhd the thae cbmecdlng lzoms tversmdt@urseﬁ NMme
the .t h

RSt Aol BBy Php i PR Gl Pols R T s of

thé aanfrimhd, e Wi BITaif ﬂﬁfcont&itirﬂg(lﬁlﬁés @Mytﬁhﬁi@eﬂ\/&@r@;ﬁﬁﬂaﬁely@@@ﬁ From

t the bot the rea r to ser s a botto
B e b BV Rbm LSesrbRer ptb BB ab e Ol g
€aibyst MRISnoPB&h tatfoner] Bpich Y adhilof it 6k Liing ON3E@AEIFV0 Bours
tof orm a bottom contacti n’g zone. The bottom cat al yst

Frarglakes ot weag pLeonyneeiph Wetafih with a medi an pore

di aneth@fex@iipid démbusuel hab@nadbi0 iht Haad RE@iR Hﬁ@)&’ialyst having
pores in the pore size distribution havin

HpoaprEiredistyiPetinviton medin poedigpeienef ahlpd 18‘3 ér?@fi éﬁldlthrwb
&%dtsgrﬂa%g awl%tm'e REtAgoh Qid 1 n&aﬁ%o&fdlamw mmﬁ%@ Bdfeen

rans ni ckel per gram of catal yst

Bl Sé)n% evihedt l}ﬁ‘QStsﬁQ e toal puspbes af peirgssin thei Hofctvalismusione
iy n%‘é é)%re(cﬁé}n&émuh‘{‘@ 5 RQP 't L 2REH BR LR wih) ‘émﬁx%hércﬁ m

ting zone ormthe top contacting zone
toopciort @hygigvnsh pgdecep o t@algirgdacdhgtingliglgt rdarcrwetplmcmct As

Iggaq 24 bg?rv?tlugl c%r%tfg{dﬁtgtab%tggucp‘ rmxtulI Qta?%l I oILal}l ﬁle(.ti. Oh%l crude
Unbe di ARV ng a

moclhlet bhdanthced TN teidaced NIA/BE cdnhaat m@ﬁt@lrsuﬁmlrc@nd:nﬁm&t reduced
The t t I 3

(B(y%"él Q teC refl#l fh%ltyegcc &Iedfe lhq },hg r]ﬁ)S%FJ S%I%terft ag(f he %content

dihiiee &aleam&mcb@as"ﬂg)'%al 1um%ra)a tho&t j)mp@ﬁesctfﬂﬂm dﬂuﬁie\m&l
positi n d on top of e fi sll C ntact' 1_zlone {)o fg
E 1 C ore Siz

Pirdhufivh wigth Madiah PREE€Dianitté id alRangdb béngvefnu DOASEAL At reactor
I ncl uded four heating zones caorresponding to the

PR eI & theumbgpand srpigpiql ﬁ@lt%ﬁ% £onen epiglpg S‘E)lgfhlné m
BURRO hfethoBSf éepﬁfal&iﬁ?thé Ve §raL@hd hawoa ot hbe o Qﬁheérﬁdleeﬁoduct

sumari zed in Tab 2, FIG , vvasfedtothetopo
vere thesame é%desqrrmd &t EPéPénPﬂf‘e ebagh|caiplat Warpigethwithan grruahedgme of
Z0R8 cadbRR CONtacti ng zone, bottom contacting zone, and

bott om support of the reactor. The crude
The crude feed flow to the reactor was from the top of the reactor to the bottom of

the reactor. The reactor was filled from bottom to top in the following manner. Silicon
carbide was positioned at the bottom of the reactor to serve as a bottom support. A bottom

catalyst/silicon carbide mixture (80 cm’) was positioned on top of the silicon carbide to
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feed was contacted with each of the catalysts in the

presence of hydrogen gas. The contacting conditions
wowees/ 053 ol | ows: ratio of hydrogen gas to thePCF/USm®07/080422

feed provided to the reactor was 160 NnB (1000 SCFB),

LHSV was 1 h~\ and pressure was 6.9 MPa (1014.7 psi).

The two contacting zones were heated to 260 0C (500

OF) and maintai ned at 260 0C (500 OF) for 287 hours.

fHRNRBb@ASH E&Raclhg LAR. IMObGRINT @YD BadzORRS siVedifribitRM with a
i ncreased and numi nt.ained in the foll ow ng sequence:

medarory digmelgryt 128 A, 1oib OfdH & the Kishnupber gerey ZEhe pyry size
(il?(ﬁbu?ctl)ﬁ hQQ C§ 2 goﬂé hemhe} gvrltgﬁ:l 5261@ Or @F )nefhgﬁ pgi@ glalﬂ%kéﬁr STh&fkom

t hen hours for total run
qajalyst @rﬁlum@l hgfams 0 mhlefbde@tnal anghpHq ugta@nse»f nickel pehgram of

Ja%@}g[ Qlithd §e§‘§ﬁ£{ﬁf;&g as described in Exanple .

cru e pr uct n average TAN of 0.42 and an
aver agepARhlygrsdicdonscagfidd @ixdurd (80 o) propsisioneten @hef the

1§ott891 oRt%&%%%%m@t%demgglg &o%rc%ma&‘in&czro}{éj eTﬁ%:rtglgjga%ﬁgﬁsi Racpé)ﬁfe size

fhitnM(Eﬁin vathch 10edBafdpogy @umetcrf ofrle8 iAd with 6Ad e Qfltlmertatal number of pores
B r1’1h eo%_:cf sllzee df.ﬁrﬂ%utp)g g%ﬁgg H(p ﬁg}{g{e egFVétg jlq St efd tg {ng f'/i\nB h()Ere
dﬂneetexr ll’tﬂle tdpaachlyat inblutidie). @drany sft dckeamidriyl pgies of maybdenum

di st t t.h di t
e BB oD 00 A Bl Rl D DIVB AR AR on

top dEBE tirsT Atacling ashdeedll Bkdd\phe 1600t LAk as aPekhéat EeGUaRM
oxygencontent, relative to the propertjes of .the crude

Ubeghiyasdodded jni el iodirre Hmagh flameludghioamitcadie 1oRes

&Jﬁq’é%nﬂlﬁg’ (HEE ploREae 23RV neb A0 RS 2dhBE af BB 86EdnY fipport.
properties of the crude feed. Exanple 7. Contact of a

Cr udBFeyde Yarengly) raving thepiopertpresupargiretin dgbls Paklgs » was

{8 %iﬁtﬁ@ léotp o Ehe%ﬁ%’&ﬁ I TRNGuGOREEMSw A th O @E hicASh ZORES)
catal ys he total product separation nethod, crude

qonBdaeet z0a@) évlogﬁ@m SOntahige @@teamxdshottgml SEPRYILTY thesedsod. Wae erude
I
BB RATRLASA IR L8 el BFXQTRIE plerde BF IR LA The

avi ng the propert Pes 'su
cPabk@ngondli@s werquasiofleds: mlotdﬁ dydrogenggfas totbe eredefeodt provided to

tﬁ(—r: Haqgto{ \%§Sd16b|1\91}{§1g3 @B@(? %&hpﬁsgrﬁagq%}] gn%np%e altlrg QvaE 6.9 MPa

cont ac acting zone
S OppbdPd). dfhetme ccma:un@mneﬁ' Weredmtecatot%ﬁ gc aﬁiﬂﬁ)d’Fl aminsmmmed at

o of h s, to the. crude fee
20U HRE"S for PRL bt o Sy R b s e ol R s
Mﬁﬁas@d B maindinpd asie fedlowas séquindda7(( X0E45 THpsi 100 hdte, then

B9 C638) Bfor M ainar o 1o R BBl oR G B o 3 o0

¢ £l @2PRABIUGE a hadl radi@y ef Bige hddd of 0. 16 and an
aver age API graV|ty of 16.2 during processin
cr ude DB YUY PETIURERYIE] Ge FrapioRinst wasaPRarale asalety ffiﬁncﬁxample

BRI pr&liubt tiki RR IV @E ot AN of RMHlardl MaRERROA PIRRARS I YMS during
The crude product had, per gram of crude product,

mogosne. ghhswiudsprasiyptthad, pepgpmR! grudaerodactdigarerans of pglfur,
(96(%&%1‘2{?{18 o\fl%/geﬁ,n(g4ﬂ gﬁQﬂ]{s of VGO, and 0.378 grams of residue. Additional

properties of the crude product are listed in TABLE 2 in FIG. .
This example demonstrates that contacting the crude feed with the catalysts having
pore size distributions with a median pore diameter in a range between 90-180 A produced

a crude product that had a reduced TAN, a reduced Ni/V/Fe content, and a reduced oxygen
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grans of residue. Additional properties of the crude

product are listed in Table 3 in FIG . This exanple
waleimsnsizsat es that contacting of the crude feePCTMIB1D07/080422

the selected catalysts with pore size distributions in

a range of 90-180 A produced a crude product that had

a reduced TAN, a reduced total calcium sodium zinc,

and potassi um content while sul fur content, VGO

CRARLE Rlativ8 RthE ?ﬁ)‘g@ﬁ@s SRS @0de Rfd, tWhBe EsiddecdiE it VB Bntent
76% 94% and 103% of the resp ectlve properties of the

@ﬁlaﬁdtéuéeé%ducw%rﬁﬁ%sané 14%% Oﬁélﬁ fespectie Pigpertigird Ureeraple feed.

lg@.uboﬁ%%ﬂésérlﬁlé%mltﬂ%d%at 5k OYRe @M&@?h&r&%s
n ons. Each reactor apparatus (except for
@W@?OY ayfabes et e@ntenbdl coplaetetzory), el S, thetgtah prodecs separation
t
Ig%tggﬂjyg%ugé ﬁﬁcqta eg%égﬁltédqéaﬁgal ggslfgfrl(?igé:glefﬁga‘%greqﬁ{&% as ﬁescnbed
ipdixayplstos vver e sul fi ded using the nethod as descri bed
in U
cat al ypBPlEN G o3 Re e foreRRE Wbk iften .
watfedtoghe @p pathe seasiok.i Eln:ercrmc&rfbadd@wf}d tiropgr the p,lah@t ¥sie, top
unl ess ot h rw se itn?.i cat ed, d‘gtht ude fOE%} ?
RFEUGBach PR AR B & ™ FEm t hY SP%’;S“ ‘Uil adbor
doatattvey doaditiomns vafre hhfelloedacitoraf hpdbganaas eahdimdée fsddprovided to
05|t|on { he f ch act r to serv
Be Reoht S ek SR LERG0E bRt e
@one7 peid Tchetuo@c&mmlagtdneng@mleate(ﬂn&@memhﬂy to 343 °C (650 °F). A

catal yst/silicone carbide m xtures were placed in the
t@@hf“ﬁé‘?‘?en‘ﬁaféﬁ% @¥S-each reactor, silicone carbide was

posi tineRRMe BRdh@Ma®hin ARk @KANC&@I Cdnt BE a v @R A ofdvitl of 16.2
dead space and to serve as a preheat zone in each
tusiae peicessimge hhe exds pdughBad bayawn ftcalcing orygprin gf sodium, 0.6

LPpRag Sink hal 3iviEhH G?ﬁotis@ﬂdﬁl heathidd pABR&$ad Pbf ﬁ%ﬁ%@ E’ﬂuﬂé}
to the preheat zone, the two cont act| ng zones, th

yeduco MO9apprems of ml'fur_a@aﬂ% leeams of axyasnd). Fiorgseins of VGO and 0. 401
%&r}%g/ QH@H&HU mcﬁhﬁlnalgﬁtlgp%h%éa 'ééf @la Hu‘aﬁpro‘&é& Qfeqi%teﬁ‘l%*r&tﬁ& ,(1%41%(}

positione ottom contacting zone.
cat al Tylzstexamplle Udednstpies thgt @wnaoding}étﬂad grede, fe@l, xzmtﬁthg paenged

cgchaly@Esl %F?H;o%‘ Mhe 1st$ﬁ tioﬁg %brgsrra e o@l gklgb A pg{;'cglcgd 59 gt%d%[;@rggffct that

phosphor us, el ng ‘al'umna su
HadrmeduoelEidN a:aatlaxteylmmmalcumo ﬂochlankmlmbe amd ctassiem(cd@entnBile

bl SB1 B BR8P B AL PR, o
100p ot @gicting: [it@’p’a:ﬁes $hele m‘mldy b@denum gat al yst had a

: . o Fee Ste A J@élous
@éntha@tc&dﬁ%@ Eﬁfﬁl r@zfctcgap@mataé (umepﬁfop@le nglﬁlaém aﬁiﬁ content of

support. In Exa rrP , an uncal ci ned nol ybdenuni cobal t

B8 HREAONEY | PR T M pgthpd g gah cile product analysis

PQ8 kel s@e ds ddciteg iPetdmpko) nﬁ“ﬁ&éa‘td"ﬁts%@ SulfiddA&ising the method as
uncal ci ned nol ybdenum cobalt catal yst included 0.143

deperipsd oY U%Pfgﬁ%m Seup G848 (gbagiay ¢l cobartplystamereanipgwith
%E&Hgﬁl?fde ROLSARAE HRioWr b E}aﬁ;‘s@h&ﬂ l.aBcR (e bﬁgcﬂlm&@ss
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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A nol ybdenum cat al yst/silicon carbide mxture (12 cnB)
was positioned in the top contacting zone. The

worlogoeialim cat al yst was the sanme as in the topCT/US2007/080422

contacting zone of Exanple . In Exanple 10, the

nol ybdenum cat al yst as described in the top contacting
zone of Exanple was m xed with silicon carbide and
positioned in the both contacting zones (60 cnB) . In

xa qleteh re@forWIk@G t4iBide WY yRARAISNoE beIhe top contacting zone to
catal yst/silicone carbide mxture (48 cnB) was

fbdsadisprse dnd 19 seive ahdPHEbRH EWR i BLACh HFCPbnigach Tyqstor was loaded into

HNGAMEE RECh Y REAGMITHR &K@I{g z%ﬁésado%%oh(ﬂﬁé KAdGdpre REY zone, the
gram of catalyst, 0.09 grans of nolybdenum O. %25
igrogaptaginggpedeind thakptiomeEPRrans of phosphorus, with

t he bej j . . . .

e LG LI U DN s o

posives prsdgnedintthebdtiom contagtzong HorretalyFhieclndddyprd graomet
t t i top. n tA of
LR Vi T o TS oy LA P Rk b R
Pexphools, wials the bhihsredding hlvenndeap@d i n an oven at a
t enpey at of 93.0C . (200 OF) for 12-24shoyrs to .form.
e’ o fulsbFally FRRRER R iong T A DR Rr gt hine o
BT digteblution withll i@eddan ok GliametThe 180 Udeasfpeeidom@sn fhedop
to the to f the reactor i hese exanpl.es. The crude
KBt SRl i OTl TR e thael T8 e D et g
BORNBdenBAHEOF G ON E ALYt NGtz BB Bala@d thei@ b ipPpatt Ship PRIUde D4t least
the reactor. The crude feed was contacted with each of

@-perams of spapraa glpming gergram oh@PH- hydr ogen gas.

Cont ag BkfEp1e ONGI dnkABGed Q61yPRAIMAYBIII B IWB i BcAS arbide mixture
follows: ratio of hydrogen gas to crude feed during

(@3 amalcyasmgsitiensd 1the R/ cRBlagtng gonescithy uncalsined polyhderunygobalt

REARBMERAQS 0. QHEHF RI1yIRRGHN SV Mest Bba, MRFo.021 f
1%%4 7 psiomgg—rlsv was 2.0 h i(y%ﬁ%ﬁng thce fti’rsdtgog_o Tams 0

Mhosrherusfwidishe badanca eing#amitasnpiogwer ed to 1.0 h 1 for

the r iRl C i - r.at I l.
e
ontag jong. THRf mdybds0on lsaalyst, was e semrpemahetopsontactiak one of
]%pa%t acting zones were controlled as follows: the

errﬁ)er'at ure in the contacting zones were raised to 354
0C (67 xOf)le 1hehadmalybBndm@aafystras 20@rihalinshe topceedtihgzone of

66 0C (690 QF) eld at..366, OC for,.200 .hours; raised
PEpR SRR o el Rom e B iRl f R HBH Riacd Bl AR8 o
¢nai).sed to 385 0C (725 0C), held at 385 OC for 200
hours; then raised to a final te rature. of 399 0C .

(960 bk, fiohoadeh bt py SaRG Ft SO A P apixgure
@R BinAGHdspgsitibid iPfhe B3@E BdAcEing diR. TheldRaRi@dUCt S were
peri odi cally anal yzed to detern ne TAN, hydrogen

IBBW%QUIM“ khkeatahyghiachudes perparapy P al s (P et molybdenum,
.65 MBS SARLRNhnd @DHg@XY BBPhEFHYr@NTyith AXPARB& being alumina

support.

A molybdenum catalyst/silicon carbide mixture (12 cm’) was positioned in the top
contacting zone. The molybdenum catalyst was the same as in the top contacting zone of
Example .

Crude from the Mars platform (Gulf of Mexico) was filtered, then heated in an

oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed for
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val ues for properties of the crude products produced
in Exanples - are listed in Table 4 in FIG . FIG is

wa2@sagtstal representation of P-val ue of the PET/US2007/080422

product versus run tinme for each of the catalyst
systens of Exanples -. The crude feed had a P-val ue of
at least 1.5. Plots 150, 152, 154, and 156 represent
the P-value of the crude product obtained by

CRtpRSt hidnd e pfo;péh@i@s §eshisbd fh 18R 4 O, . CRHe@liS eed was fed to
systens of Exa es - respectively. For 2300 hours,

thioppl (hsireastasn hess expeles prhs Gtrde fed v hrgseh Ale nreheay zone,
t@)% éoﬁtﬁm% %Ifél Mﬁ&mﬁd[)ﬁfa@ﬂﬁg z%fle EX@pR! 0%§sup¥)ort J)ﬂthféﬁ&Pll el“hxe crude

P-val ue was above 5 fOT nmost of he run ti nme.
B arRpnsFiod HEn et A TBODIHO I BERTES Aivpideoten £ Contacting

g)nglﬁbﬁ%efoy\@a%h %Tathplé: &/&@ag E)?lo&)/s VﬁlltlH 6f Q}tdﬁ(ggéﬁ tgﬁg s gﬁldgrf ?ldﬁ ing

for each tri I nferred e crude
qontagtrewasrlicB Nnx énwl%bﬁ(ﬁl&)aandvtm paredl abylserelefitiydgpgen of each

SRR PME IR TR Fits (Vs SHC e DT RG,

cpmtadmag; amdetver lowdred &b &6 hv écblyhmmamargtcoduactmgglmes Temperatures

AT R B G P e Bl, SEATRfor

menhqﬁﬁnmahn@mc@ﬁmnﬁgzmmdwagelmupbaheﬁmywﬁnmdembﬁmmm1nﬂw

%%@g@fs}&%%g%‘tvé{%%g ré(}]&%u’ (ggf ‘%’% &S %})(534& g%%ﬁ%(g) hOf.%S 4ralsed to 366

WPYEIB, rttelmt%m(dfo@g@nhdmm aded et Al agdodir), Q@I’dlta’ﬂGVI 1Wfor 1000
the crude f of thecatal yst systens

IeREnfied © 385r Qéﬁ% GMP@FW 3RRC Ry dP Oy &ﬁfléwdks?/a &nal
ehpdenfegdooue75 o« hdthbrmi @@"'COI@r 0 1R3R0FR QWS WRSBCtinB time
a ranﬁg bet ween 7-48 NnB n 3 (43.8-300 SCFB). As shown
o3 murs. t he net hydrogen uptake of the crude feed

was gk ko gio\ﬂu&Q%lfeqaeﬁocﬁ&my ﬁﬂal%@'&b lididrine TANB hyli®edh uptake
graphi cal representation of residue content, expresse

byrthveriugthieedh dr adyst HEp&), copfent raglee pendeend Véygs;m sonteny Average
\ta(ﬁ{eﬁ ?&#)Ifbtpgftle% Glethg @Ju&é %ﬁ%&uc%sﬁﬁrgmd f?lexg:ﬁlg %ﬁ ated iIl Table 4 in
UCt a

eac our tria e crude pro
IFlgsi due content of 88-90% of the residue content of

t he. Iéd?s rﬁ%gpqﬁtlcaﬂe% en%‘a%%h 89‘ P %alué' ZID the 01%15% {)r%g{ljp% g/(gr%s run time

resi due' co cru produc
fooedchof ihngathllys sgzstemkeoffmmplm t. hThdwucte&eail had b Psyaditeartipt lofst

A SN T NI M T

domlaatingnad Mud@fesd anh ttfélfbﬂrmgtagzs@ystémc alnitxapples i @dSﬁecQﬁ/ely For

tri FIG is r aphi cal ent ati_on
ERERGE R st b o p Rt e L RIEE £y e lysysyppems of
ExlaiBlds O IrE@Gimptf, thd e valaé ahyfove V.S f@1TBos0bf X AMRIn®S At the end
Plots 174, 176, 178, 180 represent APl gravity of the

rlcfan 67 OHBetrs ot bt ghe Bonbgats hd: Frdn GF Hoeluesd Hle crude

ModlR th Sachatial! iV by BY S ERE 1Rk (HEXARPB QS in each GSPRGIdinca! Y
In each of the four trials, each crude(Product had a

igjag v pakle fyring copmeriner(fos px el texrpdedad didpet phle separate). As

SHAH it MRt HERCRILIHER Rl ﬁ&k&ﬁla b RSRERSRAVEY cdnsBnt Qiriftg 1
degrees. The increased APl gravity corresponds to an
s&g;lqlfl(gtpbpgrt@qns 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

69



10

15

20

25

30

of the crude products in a range from 21.7-22.95. AP

gravity in this range is 110-1 17% of the APl gravity
wotoosles763 ude feed. FIG is a graphical represPCl/asio0m080422

of oxygen content, expressed in weight percentage, of

the crude product versus run tinme for each of the

catal yst systens of Exanples - . Plots 182, 184, 186,

188 represent oxygen content of the crude product

Qb feEnRYf BRMAGE-| REEHRIE N @yd 8L upkB by Q@rude feed over a

cat al yst systens of Exanples -, respectiyve]

UR e Pﬁ’i*%‘tfc?t”@]h%}lf%wa%%ﬁg@fge@@me%? 4%1Nna{m ré%@ 3@@@&813) As
dB&n &l F’l@ﬁ fheadk hygﬁ‘)%gn &ﬂtﬂg%f Qe tredd@ths aRE¥KNISRstant during

content in a range from 0.0014-0.0015 grans per gram
@fth gialide product during each trial. As shown in FIG

the ‘Pf&gf% %ﬁﬁc%[‘f P&E?ﬁé&%n of féﬁﬁu@éo‘ﬁ%ﬂf%xﬁr@s@@d n&iont

rel ative stan ours of contactin
feirentagd I@écnuéfb profluce byrsusans tiaa forerghgd theod yhiysiefns phBxamples -

Cfn%‘igh & tRéjH)ﬁh gﬁ”ﬁl@%ﬁlﬁé‘ ﬁucg ﬂ%ﬁ fégld&%:é] glgen%f%%”éo@/o of the

gen conp sTarere contacting
ISmdllma:oﬁu&ht (!Iflalﬁ ahddeede Al e to4, mo6g, hé@d7émmér&$¢s1dub cw&@nt of the

cg%d ?cﬁﬁc%(gaq%?e% c?%tgctm ﬁe C (P Oflé \a% tglF: éat sgsréf%gsx (¥IJ ]i"x%mples
sekgetivarel Xs aven ib hES. n&m-remdamxmbmtcof derhaic pragetaegandd

oxygen conpounds. | n _Exa ctlon condi tions

B 0o RSB0 e B ut B TR o WPa (1014, 7

psi ) ,FI@NG afgrfijidarepfesdiydicd 9Lchah g 1ﬁfAFlgrafV&¢ df mé cﬂ;ﬁ@product
N8/ nB8 (1000 SCFB), the reduction of crude

YEEE Bt UIEor qagh gl %ta}éf%@éﬂef%‘)ftﬁri‘ém%’? gh]flotéf”i1 hl86c]r7§ deso
kpRhnt API @ati8irekcAtl bl r&fucBHhiRE vy Coftalnk thedtrudeBe SR he

pressure and rati o of hydrogen to crude teed, the
%@@G&WS@WS 6f Deaiiles -+ werfeeh - da sedvitl tiedgurtgals. egghygrude product

Iﬁﬁsde\ﬁfjscgsnt tihe ré’l’@é gt i3 iNecqr weabe %{gwtyl dfe e%r&iucts

react| on conditions of: 371 0C (700 OF), a pressure
1@¢re®e© by/Pa t¢ 4.0 Hlggrgespdhy mcma:daﬂ%lgtavay é‘ﬁrrqsymd@gezrn ARY gravity

SIS S0 L DR 008, S0y DS .
bheA@hgramty ¢free gndedieed.eed. At a tenperature of 399 0C
(750 qu) is.a r%(ghlc%}]lsé%%?%luatltgﬁ %P&xsr Qrpgon CF%{ ]g eperg;sﬁéé eg%q]} 2 t

to cru ction
wasnthe, wt %e chels prbdoet vetyes meitlghtfomach bisthe catdest fesehs of

st LOBSSERE e en el 0 B Rl e R G
(ﬂifﬁdlﬁd&)yfcahta&tmtthé @aded Mmﬁ?ﬁ?ﬁ???ms csfeflciumple@n at
RteDs TEE SR ySroeh BE st iR e B aneeT AU § R feed

E@ﬁkﬂl@& pRlu@ hed Mdexybeeebnwint i adrafigl faint ¥.60 -HO@I3 oFWN per gram
(TAN of 0.8) with one or nore catal ysts produces the

retnsls PRIdeEhREng Gih I8l FROTHR KE -t S v el PSR (st capde
ROQRYRtnaHed tdif e el hiteraDG hirt B dofladfidouahe! B¥&Ehtively
crg)?lgtant oxygen content of the crude product demonstrates that selected organic oxygen
compounds are reduced during the contacting. Since TAN was also reduced in these
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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hydr ogen upt ake. Sel ected crude product properties
were at nost 70% of the sane properties of the crude

wo e@d/ 043783 | e sel ected properties of the crude peDUSNT/080422

were within 20- 30% of the same properties of the
crude feed. Specifically, as shown in Table 4, each of
the crude products was produced with a net hydrogen
upt ake by the crude feeds of at nost 44 NmW (275

SCFB)In EsMple PAQeHGEScdaioadoaVEr @Ue0J A, Ppredtire8?%lo MPA
of the crude feed, and an average total, /'V cont ent

@9 14af Pyipand wratie 8F hydrrgen st ardeesdoldGANER M G 0GHRCIER) ihe
£88%on Whirh& ORI MR Bhidgr WasH7%alYE bhRl oh iR v?eﬁg{ﬁ' 6f the @ﬁllde feed.
of above 3. The average residue content of each crude
iroiduperaingesol 989 HO U401 Tt lnethe eanaderesseie anértio of hydiegea tqerade

C
(o A B PR o R TR i 25 8l DR P S pt the
averfage APl gravity of each crude product was 110-

117% P o
Vi scc%lgltﬂf‘ ‘I{IH@? 6\6%5 rtzér”u‘“I dl%n cé? e%ﬁ\r/\gge%({ %ﬁ’gasqrxggb OF B?\ﬁPa
(\IDBﬁt:bpm):, yncbef rati ef Igydogken toeceukle fEodaofpioe N nf 214000 R cthe

Ca P
BRSNS e o B et b By gpae oo
AGDieApiiatuke d1309 @l 756y Y, ag@a sdoang enspit iaddratib of E)taasgeh @&scrude

2-14, each reactor ratus (exce for nu era
okt B R i TE BB S Tf SR, 0o o R brgpe
dreddredl. each total product separation nethod and each
crude_pr.oduct anal ysis were the sane as described in

Exanplités incragspd gedyctiop & @rudsteed MORepnignt demagstegs dhat the

Mféhl@lﬁ{@d Ob1ufind b RN ERERL dRalydiTEciGhrddRIre Rl RV 8AGher
reactor was fromthe top P, the reactor to the bottom
(gmperpEres é@etﬂaﬁruncepm?%ﬂu@a% prykd Reelssaalyst oned at the

bot t o Qfx&AFIRs ASRMER e thA SRIVEAL niilc R HAM SHRBAY h1 gh
Each reactor contained one contacting zone. After the

EAN AT ANtof 8i8) withnae erangse detalybix piodesss hercendp pepclael. Whila he
r

I%glgi{aﬁlﬁél tg%crg%@tﬁe@{otag %ﬁlé&?lggﬁl%osﬁ%bgc{l 5&9\9?‘6%2&&1%19 gm%ﬁ;liﬁet
lgdages pelate- @nlﬂ:ctte@ cide prodiac pa)pplttlemene alzmn@ D% of detsame

r.eac |
Igr L}%%tac S of {Iﬁ%gﬂie fe U\Ekjflg ?tglé B%ggr?le%&ltﬁ)e cé}uée 199(91%[ \gere within 20-
¥ ohh@snmd:l mg)drtwstohmepnﬂh@tl zone, the cont act i ng
zone, he b port cru
cont AERapey R RRE e LI s PRpFE s Bleg vin o
m hmt@geﬁ g@fak@a)‘o‘the énﬂafeeﬂy@ﬂa/c ﬁiolstl4@1(Nin3¢ra? Q78 8CAB X t Siick products

el OB PR B0 RS0 L% LSO, S0 e o

fﬁ&ﬁo@ﬂ 819 ofWAS tolkdD Nl/“(/&ﬂ)ﬁﬁ:htttfﬂtlﬁ‘@dr@deyt'ééd %ﬂ@fn&ﬁaﬁrﬁﬁ’g 4 Pvalue for the
le . For. Exanple 13, the catal yst was

“r’ﬁ:b‘il Befe dho et élihyg’lyerg%e fﬁ%l@ﬁfétpgtanq H e@b&ﬁfﬂeé)rodugo\yas 88-90% of

X ARRbLE contdnh6r At @I Bld. AR 4B IVEYRIGRHTNARAI M Product was
cat al yst as 8r epared in Exanple . The contacting

tlanldi’va ke Yep cenarslf e crudgdeed. d8e piraesvid’l grayity of epeh crude

ﬁbé%lfcﬁﬁ%@%ﬂ(ﬂ{ heorcide g‘rﬁﬁt&s\/ﬁf\%&g&% ediOwhilEinE SREKRY oMEith

crude product was at most 45% o 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

71



10

15

20

25

30

pressure was 6.9 MPa (1014.7 psi). The contacting
zones were heated increnentally to 343 0C (650 OF)

wo@s/0as7peri od of tinme and mai ntai ned at 343 OBCT/082002080422

hours for a total run tine of 360 hours. Total

products exited the contacting zones and were

separated as described in Exanple . Net hydrogen

upt ake during contacting was determ ned for each
eﬁl@tc@ﬁt}éﬁtof SMBACEAD zdrds) EXRAPAR yst sIBinB EHIRACE N Rl e dvas
-10.7 NnB/nB (-65 SCFB), and the crude product had a
SpRMRgs Tetyas! angl gaghycaydsineoductasalypy dietsgansagistaa Resciibes! i fixgmple
ran 9§ta1fy§t9 e H%Xgﬁ @Hlll\lﬁﬁgé\clfﬁﬁl \(oliﬁneqof]sﬁchn Sfrbigl. BTWu&er}@ed flow to

crude product had a n a range fromOoO

Erixrppetar wasdirm ig terorittarciepatey to fhetniora pfide réaglon Sidiecn qarhide
R SR %ﬁr %@%IH Hf &%B Aa¥St w0 BRE abé{ 96&91{9&5@6}{ aﬁf&h \P@étor

I'n"a range om -0 NmWto 0.6

pnRirgECPB) congagdng ae. cAﬁ@ltethw@dmtfsﬂlhm carbil'd&mnpcwna Wemgi@ced in
E]g Qcmtepctl QOng o{ Ea[cﬁ %a&:{&? sﬁl%grée!;c%é%&getg\g% %%%E%@lyoéﬁ%gﬁh%)g
cgmratem@ Ede mfﬂt dlﬁad siedce aof to k& v alNnBLnBt z(caas irS@eByeadur. i agh

rggc{g(%%atgl n%@lﬁl& aa]?m rer% r%a%g &89 (cjlu(%ed thrﬁa ﬂféaagihlg gge:l{els ﬁ%rresponding
t@altheomshehiesae, hipddoageting onhend fhaabottdsm blypopr dheasnde feed was
relative to an .amu t of ¥dro en.used inconventi onal

PPEced g8 e g Hbercé‘ﬁ? SBrOPEPIELe 8f N esB¢Ent aged
cr udescatali/siliesiidaraEmixufre (40 @SS whysRYeal chubp B0the sﬂlcon
contacting tends to decrease the costs of processing

PRSI0 TGRS FORAEEING 2OnE o RTINS - e ialyshoral he dgnagiupeatilyst

ds hYIbg VanatiaHmCiat ik ¥athlyRvad weatolgbdehid @atalyst as
Iﬁeé)ﬁ%t W|th a TAN thg?lwas Iowery t han the%I'AN o f tyhe

Rf?Wél ipgenele - peplitieede Pl wah devidvpdenuyy 4nadispuggialyst
£ Sh¥dtin pEAIP! es 15-18. Contact of a Crude Feed with

a Vanadi um Cat al yst and an Additional Catalyst. Each

r eactlbe carﬁmmap@rsﬁt(@ﬁ &epixamples nwepes fadlaws:geim eiydigken to the

&Q&tf@&foé G]Qd reac?(ﬂ%s ‘16’6 ﬁlny /%{3 (ﬁ(ﬁg@dﬁl}% ,QL Ov991 '1, and

each t uct separation net each crude
[pessuiig oxas ér?d‘#’l%ﬂ@w% re).t e conreinggonts yerd Iveebd iiny rdaxcambly ¢o

343% n(e ¥ o'ye§ta%]@ﬂy\%{ S tﬂ'i{w a%g n}’%l&tﬂnésd a{t @2933 Po?ggqg(%gér {& & total

vol u s silicon carb
manaiem%mlnﬂuesss ot hervvl se indicated. The crude feed

flow a e . top of the reactor.
t ot P BRE S5 e o B b Pheife LER Shaviif ' GRER n
Ipasipld .ONethyaiogthepiiketdufing eonlac@acRay @atintied (@ es@r o436
a bottom su ort ach re ctor a; bo ntactin
Sote: HRE-P et bR RS bt 1 A ey hes S s he Sae
adwt y&itd BANEONE. Ih&l’xﬁh@&: edtydfdpsn WRAIR Wisag @ ehnbdfrbe.2-3.0
copt act i n?%zones 0 reactor, silicone carbide

MM Bt o hed! Bh a‘@‘bfﬁe Bmfle pIRduq Bl &R £ rHge HoRd-+65. In

fdahlpldeRdn g%%uﬁ’g‘&’f thOcrB&! 1680 Rith the Qﬁ(ﬂ%@ﬁurﬁ/@ﬁﬁdhﬁl Q8GR net
reactor. Each reactor was |oaded, i nto a, Lindber

ydragar BPtakearasiin e rasge HomoBPS Nanfin g O53We ducod: 6@§§Eﬁéﬁ hY

stb@?s:)h&dnﬁ@aﬁ@é pré@REnadNEAR P, FARE AGhionYo 3ones, and the
ot t'om suppor
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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In each exanpl e, the vanadi um catal yst was prepared as
described in Exanple and used with the additional

w@at03loys3 | n Exanple , an additional catal ystPEI/USOTI080422

carbide m xture (45 cnB) was positioned in the bottom
contacting zone, wth the additional catal yst being

t he nol ybdenum cat al yst prepared b y the nethod

descri bed in Exanple . The vanadi um catal yst/silicone
&Rt dhtidRal Froctddésto (Pro¢dRbpdES FARhdvaRRLM dritich hehd :@@uirement
contacting zone. In Exanple 16, an additi onal

fonlesy Kydroesn fyrpgrropastiedendsiodegrease(apeas i@y Pingessing a crude.

posi tfRneMally) c@rnfct Beht eRUCRRY 3%h 'tﬂégn(;l%lﬁnuﬂﬁ\ﬁvﬁﬁdhﬂﬁcatalyst
addi ti onal catal yst bei ng}ét he nol ybdenum cat al yst

pedysad eerugde progdyse with pHAdN daseasi lb@@r than ek BAgy| ob the cygle product

%Qﬁlﬁgdl HOh 1%15136@1{141%31&&19&&%92&9 m xture (30 cnB8) was

03|t|one

e top contacti hg zone_ I n Exarrple 17

ggéih!!l!laq g;;&_&l%sq EFC% I'QB(.:()ZE(}I'% a?z?ﬁ (%gée#)tnt% délﬁ%‘[? \E}%Hn%ogte‘ﬁn% contactlng

zooasatetadactdteyyszs stlﬁdlagssthpfhraadeqopaaanodm agpatakinm method and each

C&'% ret})r%iﬂl]gpﬁnainIF évef%,tgg gaﬁ%) a\é ng%lnlg g@{l#] glt aIAArY%IS intS \?Sere mixed

wiohiiAahi cagyidedn e vblamexaipife partﬁmmn(cm)blc(e(ﬂ) apart WOilks unless

SBRF S, BN e Hov it REOT s [ e renctoro

tBabbttbm &rtBZiehgrod Filidox anmpldesvas poaiindgat thebqioandTebdBBactor to
summari zed in Table 5, FIG was fed to the top of the

FESEE & POt gnePTdEadhdrs o P BOUORY SBGRURSOND Rishiblgp coniacting

ZRAPEAfEQRe RN BGTiLEH ZBRR miRQtL QLA A S hD BorARNBe 2@ of
bottom support of the reactor. The crude feed was

@ehicagiPe dligpnerabileivag potitiened b Lnyd the Phcankastipg gge frlall dead

s%gcerb)ﬁq ROLEL a@%%rehgﬁQBﬁ@lE'eﬁ}gl &M' EhANSad @ w R 8% ed into a
exanpl e were as rati o of hydrogen gas to the

leindigee fugnage ﬁlﬂblwld@ﬂl fp@ hepféengrzenestearresnarding© thavBEest zone, the
t%é%%ﬁ‘a‘?éﬁ%%] soe{ndttﬂbebqftﬂoﬁl%h})%gt hours and 80 NnB/n8 (500

e renmmi nin period, LHSV was 1 h 1 ,
and pdn e@wmplashesvf@am cammtzlwax ppepiied aTHescilpdtimErdmpge and

lﬁgggﬁh%raﬁdlﬁgﬁal?ﬂ%lyﬂcr enentally to 343 0C (650 OF)

me and nmi ntai ned at 343 OC for a
t ot alln Emmple mEn anlﬁltlbﬂﬂ(&atlabfﬂltfﬁhcoi[habele enianpel (¢S cm’) was positioned

%%@gﬁﬁlactg{%gﬁt:tpngzo Ceg\r\}f:i he a%S%lpgﬁ S?Iat% é/stg)%glt% V\ébrtn? Pf@denum cFitalyst
@epugdi liyrthepmétﬂaoaﬂ d@mﬁtearin Eﬁan&ﬁ@ Ah¢ Manadind caatyis@dilicvint barbide
addi ti %nal3 cat al havi n ore size distribution

VRS DRI TR Pﬁélnk‘/%neé‘ll%f@t an 4% 29A%e from 250- 300 A,

i Nt he FRéwsIeNs analidifondy eHiHgRRilis e eRde RIxadt cRTnd) Fhdide
product with properties that are chanqed relative to

Rq%@og%lﬁ U BnEPBEctise 7ans, duh MsgdditigRil caalsi hgingkBeng i ng

¥y5d@lih AR PrepaRldtihdNORES dds@fhe@fin EREnpH VTR Pinadlgt
Ratlve to 't he same gropertles of the crude feed.

%éﬁéﬂswbm cagpideqix fupy(3B cBIc s ipAE) tioned [imthe (Rt qpniapkg) zone.
hydr Q@ eRaHRL 3K &nRYdilitey ELIGR/shieGR MRRIrOBS @hVY&Fhs positioned in

the bottom contacting zone, with the additional catalyst being the molybdenum/vanadium
catalyst as prepared in Example . The vanadium catalyst/silicon carbide mixture (30 cm’)

was positioned in the top contacting zone.
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Specifically, as shown in Table 5 FIG , the crude
product has a TAN of at nost 15% of the TAN of the

waeewde4¥7eed for Exanples -. The crude product SPET/US200T080422

in Exanples - each had a total Ni/V/Fe content of at

nost 44% an oxygen content of at nost 50% and
viscosity of at nost 75%relative to the sane

properties of the crude feed. Additionally, the crude

pr odug Egahifledpaed idasEwadn ora€&t NeRathRU &Rl beads (30 cm?)
gravity of 100- 103% of the APl gravity of the crude
Yeegosifioned graeheantactipgz®eyde product produced under

non- Gah@ %hitSs SR BE AN E@iﬁ'ﬁl@é hakinB iR idﬂ&fe%e@ shRGuH in

wi th increased viscosity and decreased ravity

Tableat. Ve wes e éo Wi spoditheyreani. Al crydalipid Qowd thwegfcﬂle deeheat
{oﬁg,qO EJn&mlﬁ%}%nb %[tglﬁ%gﬁj[ inﬁ%gﬁé Er%/d Mﬁl ﬁlﬁ% IAEJtor. The
graV| y be pOSSI e to infer that co

andd/ f©¢d wol opntected aith orehof thelvatalysty dethe E@demasf thrnglawd.

%E[H?lll n%ﬁion%?%z?c terI];l g(ej{etﬁq ?oli:%%dr o OY mgdrgé{e%r%m\{he

e CO cat a
casdecfe@bprohédi o llheExmrplvets 160er341;13(@¢®0&®§) 6dr thehfrscioutbers and

d
G G NS g g e b e i WG B g eRb  ves
6 hMRar( Lolg. 7 ed Tpe omitaeaty tanet Wereheaed mbremma]lﬁ@ 3MABC &S0 °F)

e RNSH LR FaEOR LT ng ‘Boniet pHd AT 60 1350

OF) flioesddiempiod @mdnsiifaré ihA®contabt dPgAGk €eed Withes CdiMn 5 metal
during contacting was increased_over a period of, tine
faabyst Ravines Roge sj2° s tgbutionayivhragngian nefe dismgerofSgP A4p

QRtbimitioRRdh bR ﬁ‘d]iltﬁcﬁhﬁl clatal%){t Mgl Yk EaReHsthiButidl with rledithore
mai nt ai ned at 20.7 1 for 9§ hours. In Exanple , the
Hpeler ip A Gnge tfrOWa?éOéanw Helge psset el e gFmpgurce, produces a
&h&%@dtﬂ:y w1tlgﬁ1%§érhé’s’ th{ G &Qﬁge@ M 1ati VoS e lé%n@ﬁr%b&ﬁ&s of crude
het er oat ons content, and content of netals in netal
leed. mwdhile pnly chpiging bais el aglgvrithefhermeonertive opidie cryds prodegt relative
di at... .

VA el OOt Bk by g Al gl he gty sma
lgidongan inptakeeiyl tbe Gndde@ was ohsersétbwn in Table 6, FIG
t he Lo r N
r educ%rg @‘fagl oSi ﬁé/wég]l tEF) \6/529 t(g ’Pﬁ%@&lﬁ%giﬁgﬁ}qﬁg%M\?&% flost
Lﬂ% ofothe 1y Nadf thcheuderfodieof Exa)pleshi I[Be trode ﬁ@ducgyrm(vdwgd aof

d d 104- 110% of AP| It f
Wb GRS VBB eal PP b Rl Bl mos
Fphal vieasBy cnhent 758k dilve loa@s fanik. fropefiieg o thacalle tdea.

R.cofnte asph Iten cont ent reduced
MR et ST o e R B crieh BigercS E8Sy o 100-
asphal theAPBere@it e @idetff@l. crude feed. From the wei ght
ratio of MCR content to Cs asphal tenes content and the

r edudB8OWgth BF CluHe Piogset PEPestundsfdopalalplic suyHiont dixawiple )
prbd¥BY a PRALA f\ﬁt‘hﬁﬁgea{s&ﬁ\tlsd@&?ﬁhtd@&@a%e(ﬁ Abhehvityh@Rtive to the
enc

conponents that have a ten to form coke are being
Yiggeioemd At erayity gethp eude teed. aFr@al thacreated [Viseosy apd desfeased

Rpt g?%ﬂyumn@ a4 b&@ibleztb E‘r?fer tﬁeﬂ@oﬁﬁé Qﬁd/&Pp%f nftbiz AR or BRGRE feed
the totfal content of the same netals of the crude

YesduiliaThe
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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sul fur content of the crude product was 80-90% of the
sul fur content of the crude feed. Exanples and

waleimsnsizsat e that contacting conditions can bePCT/US2007/080422

control l ed such that a LHSV t hrough the contacting

zone is greater than 10 h 1 , as conpared to a process
that has a LHSV of 1 h 1 , to produce crude products
with simlar properties. The ability to selectively

SR ANUE cRIPTRP Bk Me@fo Be fhattdewieird Nk’ thi ﬁwa)(ds@cmr b¥ssure was

gace vel ocities greater than 10 h 1 al .
@OMIAc Vg 5t oESSMREABE OpEICFORARHLZANS 888 &1 5 (of/00 °T) for the

bagHGethe 7 £x n%]h@t YT BORTES AL %a@aﬁ@ﬂeh@@ ber a period of
vessel s. er vessel SIZG may al he treat nent

he gy ddy. am tlagedn@ntame% att1g hbéorpfé?rhoyrsﬂwi tb«tn the bH§¥tWasn
% r%zfs@d L7 ha % @%@%n‘é@ﬁ% af 1%13941(0% exanpl e,

shore faci Contact of a Crude

Feed Imtxaraple othls cOdnpmdudt w2s m@alqzed gt defeemine TN, viscosity, density,
9861:0%8%&[‘]9:31‘5% 0%[5?1{ %thro ﬁls %%t%lty%td%aﬁﬂt%f H@El S 1§%ta?§alts of
descri ee

cpga;rmezrdldselsrlhg it ameupnnacablhae the IS Fiv@ atidd™ ad@l adZOt7d1 t hteverage

t he react or an cted Wi th
R R TR PR AR bE ot R Rl esence
of hyéd;rshg\em irt Tybie0] HiE. aqeafrmﬂé@r@fuedfbﬁExanﬁ']le hhdwreduced TAN and

tagt] t diff ,
By 3t iE I AR vl qrif il g while the AP

g‘r@myaﬁther@u@mmuwm 183- 1109 |ob e AHI Vit Wasthd chudd feed. A weight
nperature in the top contacting zone was 260 QC (500

r@ﬁ-g? Of MERgepignigp Cﬁﬁ?ﬂh@&'@ﬁs tBiear Vgt f8ed - wade PED Olf\lf’hWMCR
dohRACINICE R phaRiids RIrRS:S WhEreW@Sd o1 8ivWIRRhE 10 41 the BECR content

Contacting conditions in the bottom contacting zone
e e agRhakigies eppgent piHbscijdafeqd. plirpm: the @ﬁlﬁ@rrattwfé\%ﬁﬁ cppent to Cs
a@ﬁﬁeﬁt@ﬁ@s COREAGHH BY rZRBS WaSofIHOMER LBRM Rfkke % Ca&%faﬁt@negflt
drogen to crude feed was 160 NnB/ n8 (1000
lpme'@eslafeéred\ﬁ@t Bpimlipms rithgaancopppyentsThas hast aalpnctyn@dt@é@rm coke
it b d..
RS OmAARAIELIOR A0 A0 MR S e
pagleivgeqat arpsir60%c dfehet totala¢onpﬂn0@fub¢ samsn@@pafrtac edd¢ feed The
0 r
gllgﬁr cg) Haq{:“ fl%e %ﬁ&a:ei ]g/r g %st%)e%del?re P‘nP thg Q@f C(gng%-? &t\ﬁ@ Trude feed.
asph aix’ampbs aod: nemnbstrakvieat ageactiap ueslifams cithe qonmi@dtsucéﬁhat a
S SRR B REA B DOl SR PG B

@H&‘s ph aht1 anesdaantreditprafuc8 . vahsigilapeopeftieCSThe ability to

Sﬁ gtrll\% t aeg}gop'e% ag]]a (c)%ldg E‘%ﬁ gt ]fé(ﬁl? -ligg%accé%e 801P gsog?ea(t:f}r than
asphalotve iescos@iti@procefs to bO G @M WwhselsDf asphalstenastive to
per gram of crude product. The C5 asphaltenes content

commqigialy qyadahls vatre Aweialier vired izg may o fhg tegiment of

B$A0A 480 824&Q0bE PerfRned M r&dudbish HeOBHtHave FiREcdnOtAhts (for
content of potassium and sodiumin the crude product

exaRPkst offshete faezbidesy: t he total content of the sane
I\Z;gi;l%lé 20."ColiGctOr Y& ub€ Beed At NEaribaNCBhtakfife PEHPE AR Ui

contacting systems and the catalysts were the same as described in Example . The crude

feed having the properties listed in Table 7 in FIG. was added to the top of the reactor and

contacted with the two catalysts in the two contacting zones in the presence of hydrogen to
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at nost 10% of the TAN of the crude feed. A P-val ue of

1.5 or higher was nmintained during contacting. As
waleossiogi7’sat ed i n Exanpl es and 20, having a firBCT/{52907/080422

this case, top) contacting tenperature that is 50 0C

| ower than the contacting tenperature of the second

(in this case, bottom zone tends to enhance the

reducti on of C5 asphaltenes content in the crude

ROQRY & Lrude kb e ThOtd @ nfedti@SRial W&o 8fera@Ni@iterh t he

crude feed. Additionally, reduction of the content of

FBPYPEISH netal salts of organic acids was enhanced

usi ng:o%%ﬁﬁgoédn&@ioﬁselﬁ%rt% éHn%athg J sk qRtd £|f§llow5:s0 THSV was 1 h™;

exanpl e, reduction in the tota ot assi um and sodi um

tewReralmEe ipfhetiprcantagtes pme dige 20U r(bﬁ%p@x@nﬁ) Fagio pfhygaagen to crude

RAPGACRH NiRY@t Y6 S@Fﬁ)hgncf &%w%ﬁ@fMM‘ﬁoﬁM gél)

pot assi um an SOdI um conte 0 e crude product from

Ex anploatagiingroaditiehsin |th£é109tom®nsta<amg zemami@e hetpvot ISV was 1

Pr. 9e%%¥aé\%)gtgv ﬁ?tﬁ)ﬂr?%snkacIly%g()I%% V\&é??{k %@r 2t a A% P of hydrogen to

drivdesitedcont 1@0 lefgn3z(dﬁ@D mmwmcmmma Iwasf) 9t1\rn%a HD gﬁm psi).

t co
e phaite SRRl e ATBR AP et Sorpe B AR S mir s iiupe
fraviquid pheedeneiort On fhom-Paliy pess sepadioptheonppolas was
havi ng. physi cal f ft d/
SRR LR R rRRSFLLS SRR BT a0 sy
dekt&ﬁa&eW@ﬁH@ﬁasﬁialthbntérﬁﬂper ature al | ow such

conpounds to be renoved before the and coat the
cat alY§fage Vil lape presEsssgde Re UFtroétaa*edth%ng the run are

1&saddah Yahis 706 atrhdGudd febl 8RB TARIPORALYE €5 agphﬁten@sr &ntent of
§ ositioned after the first contacting zone. Exanple

455 gryyig afdts ssphadency pereeraa ebicritile fyedat Theeaude peydacichat! an yerage
Tﬁ‘N'oFg 78nf’RK @veﬁgé €5 %p‘ﬁﬁﬁén@s%dnﬁ:ﬂt Wd@9%ra[ﬁ%ddf@§ dﬁ%ﬁenes per

D aneter of At Least 180 A for Geater than hour s.
e of emde podegbphlreat 1rspiiadigecs sontensof igehule pepddctonremest 71%

f product separation
%éttlfﬁ@%&&gaﬁﬂﬁ Céﬁ)[ %%:%hetacﬁﬂleﬁ)glltdgé the catal ysts and

cat aITy@totslwbﬁtlentlorﬁgotn@tdma@hd/vedlemtlh degaude pwudtesasrat est 53% of

A n t t

0t AR For R TRLNPE MR SRS K8, bt AR g product was
aNIIItOlSt Ei% ofoba Tadrdfittder@Zedi0 ACPB)lut of . 5)Dl‘ﬂnlgh€IIMa§l b swerimad
fat gstt/snllcon carbide m xture (37.75 cnB) was

POLE 751 d8%i n the bottom contacting zone. A vanadi um

cat alAssdenlpdsrhtedanB)anprlep addedd), byviddefineihod desop) bathcting
in Exanple was, mxed wth silicon carbide (7.5 c to
PO A v PP ST I<IBR B GRPBITGS! B EEORLn s case,
Holtbm@ 2oreiE)ds WREh RS itfie oMo & ¢ NepHa@Pnes onit@t id 1hg cAidd froduct
A crude feed (BC-10 cr udeéehaw ng the properties

elahairithes quha-}-tﬁlgﬂs somentpef fe crudgheeds agdditigngliyereglyggioppf the
doRRnf &akdiAS in nlhif sgiisud@rdagRAciil Quethnhic@uahe E&ﬁoﬂé@t@ﬁ@érature

zone, top contacting zone, botton1contact|ng zone, and
dtierersials djoperamnis redhetiongm dedetal ppssie sadeqditigeontent of the

GORYirbd RN WEK Em S 2b %L Bifineck 1R e R YALEG LIRS olaP
the crude feed provided
potassium 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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the reactor was 160 NnB (1000 SCFB), LHSV was 2 h~\
and pressure was 3.4 MPa (500 psig). The two

w@oemwsaei’shg zones were heated increnmental |y t oPGHBSDET/080422

(650 OF). After total run time of 1175 hours, the
crude product had a TAN of 0.44 and an APl gravity of
15.9. The crude product had 0.6 wtppm of calcium 0.8
wt ppm of sodium 0.9 wtppmof zinc, 1.5 wtppm of

pot agq&idsM loReBeMpRRNISIrhif6R @enta_dﬁﬁg %ﬂédﬁoﬁ§ ReHeeE1 Jhad high
per ram of crude product, 0.0043 granms of sul fur,

1oloplargyeight C%rpqyaglsg(é?r exgmPo 4 sgFRIFECS andiyn mekplesads gfqreanic
MR MhaQfavE 8RLEURY (R brblgﬂle}s arq&/@p&rlﬂﬂoeeds@lfawhg ?h}%[c'dfjﬁopemes

product are listed in tal run

Qfispitnes$ anslpg plickdness(fow expnple. gslatsatrl%t tapse pR%r@@wb@ﬁthew he
&ﬁﬂf)ggndg Pﬁg%f gﬁl@gra@l Tﬁgw%ﬁl(}pc@oﬁ% & Be oV ge\ﬂn{a)(he? flug

The crude pro wt ppm of cal ci um
mrip;pfmtl@f cagadydisuttipreDy Giewshppgmho fifezif tiee, catuhyd ts DpTrain gogy rlmghﬁr

BRRARaL Ry F GaBE e R Bl R 5 BY T s SO Ve
Exmln@e 2B ggm ofxd Cl‘ﬂﬂﬂ lﬁhed wnﬂdztllr L éas@he ﬁ_at_aggt Having afPore Size
. ) ( A [ o8 3 G, . ,

Mutrh Tﬁeeeaﬁireppaeﬁus:(akc&bmt Suralml aad cdneasdsf oomectm‘g zbhm) the

sts havin ore size distributio
RELPRES Sont R D e Ut BTt Ak ey syoaine
BEHEwWHE atdlaine bhiddscitrd idExegieed TAN, a reduced tot aI
cal cium _ sodium zinc ot assi um and silicon conten

whi | & Bahpdimupgitabit (1 9eemognersed byahgmeled dhserifed i @’fﬂmple
Al nhik& \Qlﬁmgﬁcdﬁrc@fﬂ)kﬂét(Qm &n QOPam hQLHbRMAEn ge'ftal?s@s@l%oﬁ &fbide

respective properties of the crude feed Thi s exanpl e
Bix§He e nprest Hutsgwsitinagd ip Hie bpANm spntaiiag @pifded prgdiamtcaalyst

t75 |cﬁia)3§re]%aoe@ t%ithé ﬁ@thgd\%s&flbehhﬁ EQ&[IH@@ vJa@ %ﬁlxe%fvtflﬁ{ sitROf carbide

ours wi t'hout “repl acenment of the catalysts. This
@ ﬁaﬂmpb © fams & veledunstatadisegligana carbide npxtuedt b2hempaias pesgioned

fnd D8 d may be changed at a | ower pressure,
h G y 9 p
ﬁt eht § %r ou %put at el evated tenperatures. This

ex anp‘% eudd Bod dEirmdh smld@thesmg Hetprepe@ob smm@ized imlable 8, FIG. ,

\%?nstf?(ll Wihe o ?%hrtﬁgﬁéy ﬁﬁac?ud%%%%:ﬁo‘@%% §%%% tﬁ@%%ihéa?zo%e top

as de ctrosc
dontaalingorood bottorh harttaqtung Iz@ml:e&ldabouomdepmrtmﬂ tthetreamtdrh The TAN

S L s

dordaant WUBONNyY /15t (100ESICIREATHESV V@@STR) andApreshny hxde BUINIPa
25.5 rans 50 c are as .in, e

SO0 it i Bcieni v or bt P RvRES 1A HaIPES

pr opexfidr @8al Irmsﬁnﬁel oﬂ nﬁa&hre the driddpr&luchasl ATEAR bed. 441&ndaan API

flow rate of [ hr togroduceaLHSV of 0.5 h

gavisdrdt & P%Cwéqpfeel% hast-pEfnPelsaleiion 08y @Be gf o, 0.9

Py ecof. 5 \]v'gapMD 3 poR 99 P88 GppnAiieboh aThOcrfde M&ifcpﬁﬁlnper
source to cru feed of 320 ng n 3 (2000 S wer e

S 9f aiuAPIrodut, &Rﬁ}% Samstoh gulfug{).003 grams of oxygen, 0 407 grams of
VGO, and 0.371 grams of residue. Additional properties of the crude product are listed in

Table 8 in FIG. .
After total run time of 5207 hours with no catalyst replacement, the crude product
had a TAN of 0.27 and an API gravity of 15.7. The crude product had 0.4 wtppm of

calcium, 1.1 wtppm of sodium, 0.9 wtppm of zinc, and 1.7 wtppm of potassium. The crude
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Total product was renoved fromthe top of the reactor

and separated into crude product and process gases.
w@arosfogs7she run, an anount of sedi ment was nONPCDUSIHOT/EB0422

determine if the reaction vessel was filling with

i mpurities and/or coke. The anmount of sedi nent, per

gram of crude feed, ranged between 0.0001 grans and

0. 00013 grams during the run. Properties of the crude

RO6QRUELd, Arlofim 88BuPERcRDB0S hiad @fdsulfﬁlr d.abt gafs of vGo,

FIG . e crude product had a TAN of 0.26 and an AP

e AhAStgjarp of pgsidue. ﬁﬁlémefwd QEOPpItistiRiche trade @0@“0\9@,5 pisteghfn Table 8

fdrgl um 0.2 wtppm of sodium 6.4 w ppm of ZI nc O 7

wt ppm of silicon, 0.2 wtppm of potassium 2.

ni ckdhis @a@pwdplmﬁm%ﬁq&@@mﬂntaam o U3 aapgsdped w@hthe *ﬁi@cted

&Eallj}gﬁs a QS uﬁ 0111133(9 theoc%fal}ggs%glrﬁ% ﬂ)lléqge st&ﬁ)ﬂﬁ&n wgh Q ilnf%dlan pore

grans o 0,386 0 ate .41 grans
dr@@;teral ¢re@tep CMn QS(bﬁwrQﬂucmrddﬁ@rqwcsth@ﬂadp Irgluced TAN, a

S t
1%(?/1%?@ Eotéeﬂ %frllgﬂci po%‘iurng %glnzlg 1t1mtaan? glglg(? %Oﬁlgeq}m 15&{1)Séllfur content,
EaOabysht, aﬂdats@)cmobuemsaf H&rvdlslemmduhtewram@l—% 8])0%cmd]95tﬁ% of

g {eg?eg}lvepﬁ%%ed g%ser r}%jdﬁ?%/ 1S QDX Srﬁ%el g alsy ? @%&rﬁes tgﬁ%gesl“AN

dfelsd dud: pmdﬁcel@ fat leist av% |oéﬂnstl“m% tbé cmhfefeécemed g60 baind eitiout
of. the cr ul(lj his ex]?rrpl al so denpnstrates that .
TERATeRERt rtheca X?&se Eed? Sﬂ@%‘?‘%‘&&ﬁw? A HE OpPreEdpueTtes
&fthddrud efast m@Nie: dehgeh deniomeepbalineshighdr @ro@pidit talsvated
bands in the range 810 cm1 to 870 cm 1 as determ.n

PR SDRETT Oy KBHBHGSNE LA R iR cxhibit

hangd beSnR 16 EMdeo TGN EEs ddekflindd EMa&Mpebﬁos@&p%(ﬁ@&fces a
90% of the TAN of the crude feed arative

toral prodyet gigt inglpdes a@“&@@f@@éwlﬁhfﬁTéN@%taﬂ a5 dqast 59 %0f the TAN of
f&opthopeys!y Stirred Reactor (CSTR). The reactor
appar atgs the_ tot aI pr oduct separ at| on mst hod lcr ude

ﬁ%&g@@Tﬁz ,g%ﬁﬁsfddgﬁgn Efﬂal : ?‘%glfla al%g 50@'&@%?%&)?&:3 ad 1nl?ﬁgmple 3

stTi1 bution nmedi an
wis chaze@oar(dSBdbntmilnédd BH4) fgwalgﬁh@quOM% Bided umT epbéer9 in FIG.

\ge{s&}‘ﬂétgreﬁl gt%ttﬁ)vy I‘Qé{e’ of\y4t1 %/I#E %g%c%rllcﬁ% s R I Kﬁ%&%&%&e 421

na sup nOt ex
‘ﬁb(g 0 pib)i mplartlzrl ptd'mlraf afrigdrd@Sﬂ_@f L’-’llM]Ea (2@0@687@) ami riti@sf hydrogen

det er m n b y. The. [

RS LT Yol Ny TR AR erd PRimPE R bl P e run.

T(ﬂhﬂpeocﬂcmasﬁélﬁjved din Ad Bphb tHeSe@ e and &Iphra(éﬂ i€ diut@pioduct

%ﬁr ram of g)r ude feed, was 0. E % %r amns, dgr am of, "
REECTS3Ft Qrane e Gt 43 amoynf gl sedigme h‘8ﬁ?r1§° AT HEHRe !

tRebabtRmneasBflast ikl POBADugiliaddhd/op efked MTABUAbuIE bEEEiment, per

f eed/ t ot al gr oduct. An increase in sedinent relative

g obefvrlred atged Retvan ¢ L eranereint Q04D therams Byt hg run

M Xt Yir&HeWRE B GO 0LHAE bfoﬁﬁlcttah@r 6 weers hresbuiddintisie 9 of FIG. .
nol ybdenum cat al yst of npl e 22 indi cates that

quetnrwctamé/a AN @%%ftnél arld\f%grﬁglta?f Hr?-ilhe feide prpduct had
(x@p nf ¥t c'aféﬁfn? @%Qt ﬁﬁto? S(Qfluﬁ%jﬁl Q%Fn Jf%[nmﬂé ¥ Qbpm of silicon, 0.2

decr eases contacti n time and/or catalyst life, thus
viremed pathspgm, g9 ‘E)PBW@GIZQ 6hvetBpra vinsdigar, aphi- éwmn irorf. elhe

AR bR LRAL FHr Y HerfXPRIE, 0.018 erams of sulfur, 0.386 of distillate,

0.41 grams of VGO, and 0.204 grams of residue.
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23. Example 24. Preparation of a Columms 6-10 MetaUs)
Cat al yst Having at Least 10 wt % Ml ybdenum A support

W@ 208/0¢87838) t hat contai ned 0.02 grans of PCT/US2007/080422

silica-alum na and 0.98 grans al um na per gram of
support was inpregnated with a nol ybdenunt ni ckel
solution. A first solution was prepared by conbining
62. 34 grans of (NH4)2Mb2g 7 and 17.49 grans of MOOB, 3

gr ansrhefexampeatRangh@inasonkhd: 32 Al MBdafithdfAeddydmagen
per oxi de, and 50.47 grans of deionized water to form

pRreol alfigast enenplybdeaumicaiabyedhatsxigBitgbands infherrapge)S10 e o
Sﬁ@tc'nl Higseahivitd W‘Rzﬁﬁan@]ﬁctﬁﬁb ‘Ip(ijfsprod-ﬁbt% a&@da%rb&lﬂtt WaSincludes a

cool ed to room tenperature. of the solution was
@zprw%éwm@ir%@w £GNEML ot 161??@@% ddhdypsidennsnieniyf Uzicrod:
%%gghlg% %llgﬁ%%Foz&glllov%raZ?ng’atg 1@%@% 0121; SIJMI %u i ed @Rﬁi hj?’cgog%g in the
Consent rbleed ophosipbdenio ca@lyst t(lagxlﬁmtsgﬁaadsslncﬁlﬁe 1868ePB (et to
RO t
%’%a%naé il Sol%’ %n(l)aﬁl %I:t?os éf)ly Ipr(giug(%ta_l tf)t?l 1%8&& ﬁz‘atdmcludes a
aedeepraiusseity @ ANTha ipH le:a[st St()ﬁeoﬁbd: UANar thwasude.f@9, The
| rst. I ! nbl ned and

N

Caithiivoasly Stihletl lmactuﬂt )] rihb feadbB aﬁﬁrams the tcyal etadlutthe

BRLARSERILDChcl @@é&%&%;ian%g%gﬂﬁfmg JIE LR IS

deR@bR@ nAk:eehph 120 ThbealBhonad e purlsni akelbution wth @ﬁledla@ @@Ire
for several, hgurs with occasional_ agitation, dried

dametgroltlde As"’é‘g spmpingyPberams gt pAYRdaEmPehgamal C%SIZStO‘@th the
Ka90e Bnlg dﬁrﬁﬁaﬂly\@ o19MA SlumlNQup It REa G ataad N&‘éxhlblt absorption

cont ai ne per, gram of catal yst, 0.13 granms of
i) UryFapgeahd O t@ ABOECIHT ardsteomings 5% BABAT SPARiPI§OPh eT he
}%@ﬁ%%f BRicARle PHRABA after zﬁ@%oﬁl‘é'ai/ebtgﬁﬂé{m 1%'1%@'9 &a@l yat213

ad a nedian pore diameter of 155 A, with at |east 60%
hyfurstaeontept @ISG®MePer@fanp@frCélyleufwds wes He@ egdmrseper gram of crude
fgé(ﬁtto[all Bl%hh&n \‘%ggmﬁs {ﬂg (%nq{arﬂ cre ehg(ﬂ g 2@3%9?&?;13 %%%ram

dian pore di aneter, por e vo
Qf cguﬂﬁﬁ@déotalrmadlmf Aﬂ@cwﬂs/egn se@\(rafm.t) t@at% fo @dmmeamonwfnt of the
(!??cﬂ:rtg&?tr %?ﬁ;ﬁggc%%’])wu}e wh-léfl\gon%th% Ml%tcﬁld% ee% {h%ﬁ?g &Bﬁlbggnum
0 tfor

react or apparatus (excep

qadseo! Bxachpeotiaditataftha dnpatics Emgi/(zr@nbsére fd:rimmgtantuaincreased

oduct  separ at i.on,. met od, .crude ct. anal ysi d
Bl e SRR et B Pl o Rk P
lifa, thixahptalst oAEaipdd 3SHas aSOIfgélecra&ﬂ}edhﬂel’ﬂhdﬁ)(mlta&yst of Example

12 5 cnB) was mxed with silicon carbide (12.5 cnB)
form a nol ybdenum catal yst/silicon carbide m xture

34. htmﬁafwohhﬁlshma PIAGNE AGlysNHavifR 8t Lést 10

no enum cata yst contal ni ng O. Jgrans |
:@%ﬁ@ﬂm@m ginpart (0T st eqpENned ool syRaipmina
Al 0RASARCNMinWpt bk 6 RPb&RG8s BFrRa@l With A3n@Wlenum/nickel
solution. A first solution was prepared by combining 62.34 grams of (NH4);Mo0,0; and
17.49 grams of MoQO3, 3 grams of monoethanolamine, 12.22 grams of 30% hydrogen
peroxide, and 50.47 grams of deionized water to form a slurry. The slurry was heated to

63.8 °C (147 °C) until dissolution of the solids. The solution was cooled to room

temperature. The pH of the solution was 5.34.
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havi ng a nedi an pore di aneter of 108 A and a surface
area of 266 n2/g was m xed with silicon carbide (12.5

w@e®B/083753 or m a nol ybdenum cat al yst/silicon car®@i/us2007/080422

m xture and was positioned in the top contacting zone.
After sulfidation of the catalysts, the contacting
zones were raised to a tenperature of 385 0C. A heated
hydr ocar bon feed (Peace Ri ver crude) having the

Propey tde6fl SUMORKaZ Bdpirbd T 2In®idifg 3F¢§5gra1\ﬁ@§f Nﬁﬁog)%t{;@ 9.63
top of the reactor. Tﬁe hydr ocar bon feed fl

MDA CherngPene &t éelo’tﬂé‘fﬁ %?rttaéqrmr?gﬂ%h eCons%ﬁﬂta@ﬁh

15_%»%5‘&1%%‘1& hO@ (FHOVorarRIF 8@@&%&@?%4 ad&fad G ake %@&Efeﬁt to control
he hydrocarbon feed was contac each

loamiiy dhesqlyionfyeas priresbmgibthg folily d\fetﬁgbwoya@ Tl@oﬂﬂ 9&&11% prgution
‘? ruéli gions were as follows: ratio of hydrogengas to
eed was 328 NnB/n8 (2000 SCFB) and LHSV was 0.5 h 1 .
The thhe fiesh selatean ang soooné solviemevdieeneldnadgind 88 Tigicntaleioaized
f .
\? gﬁ#laﬁde% o%ﬁ %thyp &?ﬁlégcg%}] g)gtg?)lﬁﬁlg% %(2%1%545@808%918%&:
Iholub®nuﬂimmkeha1pmge&10amdlupme sﬁwrpéﬁoﬂ‘tbfr restiigng satution was 2.02.

Oenstu%gqtrl n uﬁlgrrg:glzaé%%\ﬁglétthe g u?rtgr%gkeﬁ/ﬁpg mal nt 6%r s&yereﬂ hours
Wit ock20Ghahagitagon, 41 4025 3¢ Borl‘s’E*a:ra(l hods,pad g))enfcﬂblnddlzﬁgf& °C

The total, contact tine for the two cata
OB 53 Rt TSRS B s eindag G SBT3 erams
dyns, a3 bans Keodofabrapk @5§Msﬁlﬁ)r@sfw1ﬁi the®8tincé bMRa s&}ﬁ’odrt The
IB?lgg%)ratures of at | east 300 roduced a. cr

EYMHEET Gy sthadoy Iy‘t&’df’é]rﬂ?ﬁ% @ﬁﬁ?t%frﬂf 18§ A with gt ]ﬁiﬁ‘rﬁo’@ of the

Diad Mg 6Ppr&Nh dRfpodSilzentdRR{Butidn ARS AR rEARNLEBE widin 28 A of
0. 275 grans_per gram of crude 4|§>r oduct, a C5/C7

B PIERT Bofe diagist @rﬁorf‘o\‘ol%e of pml/gnendz syrfagecasaaf 169 m”
Famitpl€ 5. @bntddt: (ﬁ a b&gFéetﬁVl HJTW 'Cat VR at a Pressure of at

enperatures Va ue 0O I nter nedl at e
mostdMPa.de rqae@r ama@tusdﬁmeptéﬁbmmbeb@nd@nmt @ ggntacting zones),

tgé g)?nalf gg)g%l%légl?a?agloﬁ hf’?)‘c‘it %&E& Slﬁ@(ﬁ.lc?&na g,ttﬁng 'c%ly%#sﬁ@@q{lethod

eontrotmohs dlda@‘ﬂfeéadEmnpdm@t rol | ed cont acting

C 0 n d lb%éea%ﬁ %rgéangp ?\Eglrgﬁp m(; 09‘1835 o ? ﬁf)ﬁzd %v?t% g%‘bn Ezﬂﬁde

(. Bychﬂ)am lfma)mbbfhdlqnuml“uatalﬂlsﬂ/éﬂﬁ@ cabivkeanktuwamd ves peduoned in
g tg nd 1a0a/ of the feed Ni/V/Fe content, C5/C7

BE BRI SHESUGHPEnt was at nost 90% of the C5/C7 feed
asphai merye&mmrﬁaamst (1eBent’ pinthiven @83 Bdram®st m8PBaeatim, 0.01

the fee esi d and t Vi scosi t s, at _nmpst  90% of

e Pkl PR §Roel SR rr i 1t B SRR gins sna

mmg‘ uGhednapoad dibiB@sitor Q04 Awhp R Ruice AR WhOENWTR wad mbxeasdith
01 grans_ of h%drocar bons havi n% a baili ng range

S TBUET b1 B e B S EocHmn 9 >4 5 Cpiggyure and was

%ﬁ&b@&ﬁﬁmﬁoﬁ@dﬂwﬁhgme, and at l|east 0.1 grams of
drocar bons having a boiling range distribution

bet we'dier sUBdaion ghthe 63BlYHE hretonGe die ONeHyle 5w ok temperature

&ARPOS| Wiiked Hb%&%é‘fi%e'ar(?&%& kw%% éﬁdéj %%wﬁ'é the $RpLrids 001
granms of hydrocarbons with a boiling range

wisnarizerLing Tehled 81 Mige nvag edoc thertep Qfobe pactar e hgdropseen faed

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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| east 0.001 grams of hydrocarbons wth a boiling range
di stribution between 204 0C and 343 0C at 0. 101 MPra;

w@rooBmass3 0. 001 grans of hydrocarbons with a bpCT/UR07/080422

range distribution between 343 0C and 650 OC at 0.101
MPa; at |east 0.001 grams of hydrocarbons with an
initial boiling point of at |east 650 0OC at 0.101 MPa;
at | east 0.000150 grans of Ni/V/Fe; and at nost 0.01

Ok Re®laCr3aeRN@l 2808 SCFB UM 18¥ANRAEL).8h$ 0 he two contacting
denonstrates that at the P-value of a hydrocarbon

oeedy e hetcddp U ct At BressYe of &hdMe <&(99<9\1é1g1 anyl the hydrocarbon

RELASH G RroWERe E&ﬁa&ﬁ)ﬂg LARAER @00 h&sd Te?nlﬁe%lr@scatn@%ré%dr& for
the catal ysts at a pressure of at nps

the fyjseeoatagviREsZoneHFEIA greh ﬂ@mt%@do@l@wae%oh@feﬂowma sggtuenge:
AdeSM 85 Miba (ll @(ﬂ)?ﬁsbgg for 12031h0LE§( qg@ l’@ FOMPh %g)o%Pgs)fabzg [ 2 1feurs.

that at operating conditions at  nost

thertplel cntariegnofor te tnosttalyOWBCI5e heuryi scosity of the
crude tarhS

whi | eAs{%hg\glg glnFSIE} nbc?)ﬁltagpo?f;thﬁ?@é?o%grbgg ?eeHXtdﬂrgs%ﬁrepgfght tn%gtd7 MPa
d&lﬂﬁénn&:ratﬁxaafmt &a600 RY qpmed oerudd pr@dicutinat 16id bh@y{dshum

F
TR Rnh SRR Rh T ao! Wbl "SR Bl brams
Lt gﬂim) ofwasle pasdactne ds/G hdphdtentsdenior @ 184 wTd and o/ \39co8iby of 74.4

S 27 Dufat Besin Eiout ety B Blabis Pt 1k daRaine
B6@RBYad N2 aThadolaBimoddl HC LOE gaPrdRiced MR Behtackidg O4s at most

@rams of 69.7 wt%nitric aC|d 4207. 62 grans of
& GAMmS B St ef OEbPEIudded to the mixture and the

r esul Ad sAGwRnXtdpleel MEFIOU |cl)ﬁgctfopfhe5eeﬂlaﬂé5n@f§lled contacting
Superfloc(r gr ans, tec Industries, West

Aatigpagy at N@%U\éé%w at lssﬁ\ﬁo(m% t%@wb@e@umr?éntﬁmma aempy 90%
Sk s Jnsfybdéiﬁﬁﬁh bh€niMng ﬁ\HMFé’\@)%teﬂv\Lv!ls%t&éaﬁ 8@’% ah@tlﬁ’(b% %f the

25 mnutesS. The resulting m xture had a pH .
fged NOV /TgfeomeB 2@ Crasplpmdtepas cogferirmag fit mpstPUToedt thPrCes/anﬁqded

e{frbl?tlt?féel% 8 SneSHE ?eléglﬁg wH?ét%sEé?ozg U\”ﬁﬂ% Fdel QRE1AL hr?dsthé Qisd RlefMvas

e extrudate parti e extrudat
gparosi Yl%esf thefeed disiwdy. afxs 4R nACHor, t@@meie@mdqotmas atdergit 0.1

&/%?1% of o?ybggrﬁnﬁa tat ngs Ogggl( %%%thcr ))car‘tf%rrlghg\@rllﬁﬁ%lﬁ%rl@%%

al'ys ai’ne rams
datiBnoa bb@uealg3$r?@1 ardalOOG@péngamM Sykﬁp@ﬁrﬂion coh@og@inahiybdt least
dap e Si stribution with .
@f&%’ﬁ@ %S?Focfib?n f“w”tgﬁﬂ‘ Reinzonse dﬂsltifg’“t“B‘i‘ hﬁ’twﬁ‘gh%‘gr Cgpd 650 °C
RPERS dfthylldarP @nipogifoili BleldriIdtpr QR M6 HAY at@eR00.601 grams of
di aneter within 33 A of the nmedian pore di aneter

Ry dgqseRpnspwiies bylinmingstdigrigsien ﬁ‘FW@en & #r20sE 260 T T

194580 00 Pethn9Bf I%Idrctclaﬁ)()ﬁ‘s Wltl’;Q'QOIE % iGEPLRADeQfceh OGAIC and
%r es was as follows: <7 70-100 A 20.49%

0Crs0. 141 M}Pao@%astl()s@%@nwfchy@r%rbqraombs@OAmz rayuge

RApHBA powee? 343 %%df?@@ °Aadp, %%P%%@I&Q%Q)oi\g&nﬁ%%
1000- 5000 A5 79% and >5000 04% This

lydmyaborsavidsanainitial it poith af atilerst QIS 240 éQbMﬂat at least
(ﬂ)dﬂﬁg@kra% Iof‘ﬁ%\//f%pgld 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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one or nore netals from Colum 6 of the Periodic Table
and/ or one or nore conpounds of one or nore netals

wo e@si@bunmm 6 of the Periodic Tabl e. The cat ab@BUSIIaT080422

a pore size distribution with a nedi an pore di aneter
of at least 80 A and the catalyst is obtainable by
conbining: a mneral oxide fines; the one or nore of
nmetals from Colum 6 of the Periodic Table and/or the

one Qxafiple®s5GR0ReMOEEaR haNe opéradiy @ndiBER! o af H&T7 MPa and
Colum 6 of the Periodic Table; and a support. |l e

tompergtyres A6t oSt 400y ol S Ve pwid OF s Grige PRPHCEpAS. @ngf the
INRER MDD n £l AnYS the BN RDiM mtyatogg%ts dembdi RE Sem Alre

reactor aparat us (except for nunber and content
o 26, op 01 Columan § ¢ At Cantgining Migeral Oxide

ogle c&mg%% e A taﬁ%t&%ergtlﬁtep %@é@b 34ltiiag

nme as descri
qroibyred e wide atny gtunaga 8687 eomd) dnd CE)sherfbtné swa@i Fhirigd fines
| I \Y4
Bl anch P PhE e b Blent R RS) an L s i e
Ioaltalnymtnga@ @I%gauns b‘é@ 1 wt’%Enmtmtooi %&@7 6A greds Wi detomzed water

\ﬁ%rgl ?cgzg rtl %‘é mﬁ)g[%lﬁb (E,)hﬁ r%%tﬁ%ng éI%IXtHrge was ﬁréuquﬁlforgdmmutes Superfloc®
BUBO kthats] Oneohdidugescdieal Bigtson, Ndveldrenpes a) wisedaéd thie:

t dt t f 0 .
SRR RS Bl SR RALTAFel. v

RIxaperdd £ bf &0 el inL.0adl085230 grafnk Ger grarﬁ lbe mintele OTRE MaNed
feed flowed thr oug&the ,Ejgeheat zone, cont acti ng

BishEe Wbt Lt Ay TiXbR dies aonfar%t%te S ERpPYRE Pﬁ‘ﬂﬂdes The
Jxlﬁﬁdzft@?éﬂlﬂés warB8riliydn osar RPReVere doia en R @EliRd avbidrc
each of the catalysts in the presence of hydrogen gas.

(3t A forriyo Boret Thegalxpesaatained0d)2) ghags of pglyhglerypm, with the
Mz&%@ﬂ&ﬁg ﬁﬁr%raﬁ Qxﬁ@ﬁgl sﬁﬁﬁ)rts 18 lélﬂgll ﬂ%a& 8991@ s2CaRivaich with a

LHSV was™ 0. . .The two cont alt | ng zones were
Inechtrem)rt diaﬂll@@r @Glap‘n\dwnlaﬁﬁﬂ%loné@ tgyal ngadar QO @ dadoeze
(

A6t Blich BUBE S HEE dBborr il ROOP b bt oPAel MG ol
mvmumnofr(a?ﬂ%nljg) FIG , the crude product had a
Vi SCOSI t
0.2 Ogl‘ch &)Xre% ze%%trtlbuaér}n gto]?écat?g(l) ta%éllcgrﬂl%p\oﬁgotﬁg%ﬁ:? was as
ﬁ)ﬂo@ﬁkl@tﬁpﬁﬁﬂ%nm aO(]”mIQQIQQI%nlﬂﬁ t‘ft‘(ﬁ)nﬁkéﬁt)9%f 130- B0k Aﬁ){ih% 150-180

R N e T R AL R RE

}ﬁ)oob,tﬂl(ntml e by conbining m neral oxide fines, one or
nore netals from Col ums of the Periodic Tabl
and/ orSSHaMBY dﬁ’B‘P‘E“&%ﬁBﬂﬁ?ﬂ% thef NG eSSt SURRH B MR |ogides, and

dre@imfcrd MEms Bmafoltme 6 Bethe ®e&did 8aHI€indaRdn@osHRP @bihpounds of
produces a crude product having a resjidue content of

oA OFESFe Bl SPmydvae 8 bR Priedie TaRs dLhe catplysichag g arssisize

A Eua RSt hali @S rh@hmEeNiraciea®80 & MM AKQGALROR oﬁﬁﬁﬂble by
with a Colum 6 nmetal catalyst that is obtainable

BINIRG: AgRipsTRlerile THRY: dee e REBIOTCEH @egls Tigih &ofstng %f thfr Birjodic
RIS he@he bhore 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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Peri odi c Tabl e and/ or one or nore conpounds of one or
nmore nmetals from Columms 6 of the Periodic Table; and

W@ 2@8/p953 produces a crude product having a vPET/USI00Y080422

content of at nobst 50% of hydrocarbon feed viscosity

at 37.8 0C. Exanple 28. Contact of a Hydrocarbon Feed
wth One Catalyst. In a separate experinent, the

hydr ocarbon feed was contacted with the catal yst as
PhRBRILAntd), FXRUPpRdad: sépafisRARHGONG dei pRRRic@alysis, and catalyst
descri bed S:j]n Exanpl e 25 and in_the absence of the top

wHidingaetherbyere |&k§’e§émF As dseeiRsildn Bmplg t er  appr oxi mat el y

45 h%ﬁl%lygﬁenﬂﬁls&taﬁgt ﬂydég&i%étf Ql%afn%%dwﬁsr%&@@ ti/lth Bficon carbide
reactor, 't he c% al’yst pl ug This exanple
(@sshyRbImeat 8§ cnhAnd mep@seipma@ a tgfsbot@gwnraﬁtlwmpl A 25

1531 %ﬁﬁm%ﬁta{y@tﬁ%tdes%ngﬁ ﬁl'EQnglfe M&%&Qd‘mﬁ‘ ﬂgg n(cfaﬁ)rlde (total
enum conpounds) that contribute to
@éureﬂ 9fs30 cpi nggllwvg pogieneg liethe 9>p Conttagtzond. a
dr ogar t

Y o QTR LD LA M) G T
tocarnctrapﬂratmg of é@ﬁe‘%{) A htr&octadioalfeq@h'(ﬁehge Riwepariag lhﬂ:rpmpertles listed

SgOV@pgd%ﬁg {1 %}bgg ea lélgﬂ'%P)ve% g%gudg}ﬁ%(pglﬁ%elag zone Aop conta%tlng
zmné,y;bdem wonte@ing lyist a{@hoitbmanfjoras tprepasredhe nchrx(ama)h deed

3 cnB o.for nol ybdenum cat al /silicon rbid

Siolpbed Sih Bl b atBo M e PRotes R s Bieat Bfon g 2B
AndfbyHOe8 dNToVana diaticro Crajidal s bas(iS feiBas Prepar/ad (11),00 SEB)
met hod described in Exanple and mxed with silic

BV &y e GRAD Gy UG SRt ARl dfand Miinained
e @th ¥8b £ hhd KRPCCAR BidQird g 38 a (0 phR) EFBY 1 WaAEs as the
positioned in the tog contacting zone. After
ydracpigan fesh floyed theovghthgirgactas. t he tenperature of the
cont agthHgn ZORBR WAPIC atReshd: rcﬁu&tQH@%ﬁEéﬁt‘; oP53.B837.8°C, a
0OC. A hydrocarbon feed (BC-10 having the properties
regifrreontealddli0R0F gk, ner gram) ¢ calgdyst. f & Wie eameent ¢fpl 64 fvtprive and
Jﬁéﬁ%&fnumllﬁﬁte&yo‘i’b%%h@ﬂn feed fl owed through the

a

eat zone, top co cting zone, bottom contacting
zone Thmmalbplletdemwupqg@mat @htachd alhgdiotabon Feewith a Column 6

Ipxe\,(t?l (1919 spt?lgt ?‘tﬁgm go%b‘ril 1Fg ﬁnr%nre{l oxﬁgﬁﬁeso(f)rtejoOQ&aore metals

ence 0
fean d]otulmmﬁ oﬁ/&mé)eaedw Eihlile)u\mi/orroae Dnmorfe chmdcmmgenf cgasn tm)re

d .wa
SR Bl P b DR T ARG m Y 9558 Sl prigauct
mﬁlg&liésﬁduefcoﬂﬁnt%f MRaost 230 0f hﬁirgc)ar‘tﬁwlﬁdeddhesldﬁﬁd mas alkebﬂple also

eed fl owed through the rea 703 hours

st 5 BB oR st Ry G oA TEGb I At £
PVEQEHBES byNdoXibidi® HBeRl sede ﬁlhi@v(ﬁle br DoreAsetsh @M (dlurfmhsG of,the
t he crude product had, per gran1of crude oduct

eriodis 2Bl 4R CTHMCISAEI0E GMPPBRYS A1 Ofy P ARG MK T Columns 6 of
(REPEHIR TG B BHFH HbaicRl RLruESHET.RRRNR 1 BRLSity @nlRRor at

content of 0.037 grams, and a viscosity of 45 cSt at
mast §0@Ef hydrocarbon feed VlSCOSlty at 37.8 °C.

Example 28. Contact of a Hydrocarbon Feed with One Catalyst. In a separate

experiment, the hydrocarbon feed was contacted with the catalyst as prepared in Example
at the same conditions as described in Example 25 and in the absence of the top catalyst
described in Example 25. After approximately 45 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 having a pore size
wale@snidras i on with a nedi an pore di aneter of brPCTESWOTEB0422

angstrons and 180 angstrons produces a crude product

havi ng a basic nitrogen content of at nost 90% of the

hydr ocarbon feed basic nitrogen content. This exanple

al so denonstrates that contact of a hydrocarbon feed

Myt @sel af Blaifle 1500 @Pletia HoRion BH MY cBMp&In(S)for example,
produces a crude product haV|n a MCR content of at

1HPYPdegpoycemPOHEs TR coy b to C&f Yheluggies ocar bon

fﬁa’tﬁ_‘;{?lgéﬁ NEbftacdr a%@@é’a@%@ﬁee@fm& FebRnkisé MeTzh@; Catalyst. The
catal ys was prepare e 0 ow ng manner

R EPPE FLLIekentt 108 8uedd andgontanablh qontaglmReenes, tay b prefluct

r
P 2 a2 8 SRy AL e
&oppod in (03208 56 grans) that contained O 02 grans of

I
suppos PO Lol i i ol Balile R A forma
rhblyb@nﬁ’m usiglysicdicah yabid¢ 66R2uB9vaypasigdned amtlie MICEN (GEB1BS
%rams) inammller. During nulling, HNO3 (128.94 grans

3¢9 wt % and dei oni zed wat er (2948.29 grans) was
added\ hlolybhkﬁluﬂ‘ri/\)ahatﬁﬁn amdlytthie cm?)mwaedmshermd:th@ude&mmé&

FReRinl B LCE hib Sk E s el P biosPimay sy
daesysl/tiling 0@1b¥de&ﬁ1@tuk’@@7 as phl’ olaspodiBoriadn telkdy cdﬁfact%g@@ﬁe.

granms_per gram of mxture. The nulled m xture was
extr syl&iladign f de Gpkyst.|tRiemprradire of thegiopfagling 20pgs| wggaised

@Ak re RABET @1 €8 hydkB&IRLTEMABCER) WaVify BE bRPedbs 100
OC for several hoursyand t hen cal ci ned 12% 6%}%6 0] @

esgizebn Fable g Gngtas ded e tppeliihe Teagjore akthgihydgocarbon feed
1@(9%%@111@@ th® Bren &k %Heol.foP @@ﬂt?&tﬁﬁ%%@neob(gt%% (gﬁl?a%ngozfonévténd bottom

and 0.022 grans N, al ance bei ng used
waprdl 9ighe wagtors (Ihp bydrocattra feasl wisdentaeitdivitik edch ohthalcgighysts in

tﬂ?ﬂreﬁeen&fegflt @Hro%glagasd I@Pﬁ&tﬁ{g cgﬁdlg(gls’%veré/\ﬁstfgll%s rgtﬁjs(gf h?/gré%en

in the
ohis &1 fepdbwhy G Nta\/mng?OaO §6F§) fdldddﬂ\éwas/@ 5 h| riF f@9W¢\C@IﬁaOEIh8

R 00 RO (30T Bl pels DR SO Ho ey ot e @S
fieytifl ool thing-de ceaviot for #HES KoatsalDusing cdheting gethevalue of the

b t f t t
RGP R R PR b B G P8R ot nod., “orude
pL odugtshanaliny|His, thgmdd@@balw 84d, pedd drard Ioﬁ?mﬂﬁ%ﬂirbdld:t 665 grams
the sane as | pe e
Ssif e 38D Sind 61 i DR et e T R S hapgey o MCR

inteht &101030 @RangsR s djﬁscbﬁt}CJf&)S c8id 3w@sCposi tioned in the
bott om contacting zone. A nol ybdenum vanadi um cat al yst

( 3 c s e¥papls deRomFateh baton el ddwdiopshen fepd wil Apptalyst
é)ﬁﬁ:dsd@' cﬁéﬁrl‘&itl'oh G2 2GR PBrel BartdT&of bAWLA 80 #gstroms and
enum vanadi um
180 angstroms produces a crude product having a basic nitrogen content of at most 90% of
the hydrocarbon feed basic nitrogen content. This example also demonstrates that contact
of a hydrocarbon feed with a catalyst having Columns 6 and 9 metal(s) produces a crude
product having a MCR content of at most 90% of the MCR content of the hydrocarbon

feed.
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catal yst/silicon carbide m xture (37.75 cnB) and was
positioned in the top contacting zone. After

wa@edoBiogrss on of the catal ysts, the contacti ng ROTES2007/080422
were raised to a tenperature of 385 OC. A hydrocarbon
feed (BC-10) having the properties summarized in Table
11, FIG was fed to the top of the reactor. The
hydr ocarbon feed fl owed through the preheat zone, top

ERIMFAE 30.NBrep@iion BPH CAMIEANTRCLat NGt %A SrepAifin BRLHREWing
support of the reactor. The feed was _ contacted with

BHWRT of nicke selytion Yt @aqerWtCH@bﬁﬂ@s?@ﬁ@é SEHSKY QY B0 FaQ; and
@ﬂt fahd SRR WhRPR WEN £ sBfy | Phd QWsy whfeh@d Qftil clear. A
hydr ogen gas 1o feed was 328 N8/ nm8 (2000 SCFB)and

al_lpsvt ) Gagys)jthat cmﬁ@ne%% giama ot $lh§i P@hiag angl.@3 grams

e N
catahest (6OR.34 0B shond M()Oé)(ﬁﬁ&ﬁg s &rcd mn@ert Rariz palling, IHRO;

DA e A T AT

pethgnamrofuoRus pr SuskicanOrESS graEros) vesiduo e

Rt AP 08t 18 bl Sypfies o sdmpd i fu AR pff og 18
@dtadlistt 0pse pans pebyaofhiinikeg a used cat al yst,

o oLt T R EseE R R pan P8 i oS 4ES g Bt Fiove

dmdm@pdrbaéh ﬁeledxtheﬁte@i Were cEDéaﬁDIOB °8Zor RN @Pidioatsial teh a
aUs) Catal yst. The catal yst was
C&}Cér&&raé%ﬁﬁi fh q (H859 cﬁ> |f%Wﬁ &0%n?% resuk{ing Gajadyst efaied oppr gram of

a&@gysmdﬁc) BYAnE IR bRB0. 3 e rdm INBRNEhQhe MINDEAg ud datalyst and

rans of deionized water to forma slurr

PRty Ipfulgpugy nighelicptalypteal a apediag ppre; diqnasgier o@é@ énwzﬂ@ at
WRE 669 VR e AIAGHHE: BHLRY i RE p&e '"s"% BRGibHiGHENin Al pitd @fineter
wei ght .up the 3807 grams I\/b% 17.57 grans) was
widhib B9 dcbfct thedgguppraiYaigelans porf Vghlpmmf 586 mlad, ahdhysuiagarea
%gg@‘g%%f A ni ckel solution was made by conbi ni ng
grarrs of N|(NC>3) 6 H 0] and 99. 21 grans of
IConts fi ho p g atdlyaty hevegctor apparatus

rt r
SR o il 048 L0 0 8 A5 sah e
ahdﬁprorhlcpmalygls,aamﬂ @ﬁtasumpmmtng\mhMe the damg §shietdribed in
%ckgel solution and MbO (417.57 grans) in a muller.
rng mulling, 4191.71 deionized water was added to

t he M blyb@enanctatahgt (X7 xdy 8 deasibewinlBrampler wakimirtdwtte silicon
The suIt| m xt.ure ha Hof 4,75 and a LA of
et gk o e BB ot P e i xt ur

was Q%(hlblyd@éiluﬂﬁ\?aﬁ&hdm BatByt(B thmORrepdica Dyt hahsn desdibed in

trilobe extrudate particles. The extrudates were dried
gl waompsH waibgiican carids 6 aml o iRER 2 lodpe gnadigm, 7

Qfalfs#Q0Q QUi deQhixtuO37 9Y rc§13) a-ﬁh %vaﬁ g&lﬂtlldnle@ th tﬁ@to@lc?élﬁt/gctmg zone.

cont ai ned, per gram of cataly 079 grans
and 0MEsulfdasies ofghe cofplypis tthf‘ecoaﬁlptarrgc@n%w@ radigg o temperature

&%@5 AE| th}@fe)egffo& féE@iB@ @@ﬁﬁamg ( 29 R diAMaRRA S Table 11,
di anet er of A, h at | eaSt 609
FIG. was fed to the top of the reactor. The hydrocarbon feed ﬂowed through the preheat

7one, top contacting zone, bottom contacting zone, and bottom support of the reactor. The
feed was contacted with each of the catalysts in the presence of hydrogen gas. Contacting

conditions were as follows: ratio of hydrogen gas to feed was 328 Nm’/m’ (2000 SCFB)
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total nunber of pores in the pore size distribution
having a pore dianmeter with 25 A of the nedi an pore
waelr@sptesy a pore volume of 0.695 nml/g, and a BCF/US067/080422
area of 268 n/g. Exanple 33. Contact of a Hydrocarbon
Feed with a Colums 6 and 10 Metal (s) Catal yst The
reactor apparatus (except for nunber and content of
contacting zones), the total product separation

ARt wed MSIe! PIeAWs tordahy Sdnss waRthesiad @ M@tOC%Uil pieSHuRG
net hod were the sane as described in Exanp

kol Yibaentprigtacdhe ulrespipen faed Flowpgihrepgh &@sceflﬁam 7ppg for 4703
@ﬁ%ﬁﬁilﬁnxg@mmtmg theW_{dhucSdelh Qe &bB B8 ARl 2%%111&%%&@5

positionéd in the bottom contacting zone.
wokipbdigmimt Panadi um catal yst (3 cnB) prepared by the

t h d b
Car bigle (3 ey 1 G P o e R PR R ALk Gl E8R 0255
ganablrstidigidnil g orscedy lof do7 pbdet aT- & °C37.75 cnB) and was
28|Slf ?ﬂél?srla%gmblg fdglpﬁns'ﬁgt%% &?P&?&H %181%8%rb&[ Eegcg letl’(l) I(;l] g%talyst

tion o he-con
mepagedrtyi coethirting aaustz@nap:dysa,t(mlannﬂ% BBBeE, and arwﬁpanqaodmm a

T figloep B obHE PRGBS bR PR A i ©
€ a2.bPrepheidn ok ﬁﬂ%ﬂllﬁlh;r Ot Metals)ohealysiz dme cathl9f was
T T e e A

cﬁaﬁm@‘) 4nb @ 3T. 2k A FeibilzddN@at@te SeMeas 1aty. myldrsmg@mvag asated
Contacting conditions were as follows: ratio of

i lsgaRd @1&&6% drigaedaionys ) Riring HsgombiRy nigked solution

WSV upase 3302 ok, Molhlg4 I8y GARY) 6L b&gblﬁémﬁﬁh YW&719 grams of
heat ed to 395 OC at a pressure of 15. 230 si g)
AEPUheONHRHE SF BEAS PEAdIGkaoBEOR W%IH’@‘#P lf}’rf‘é’ P Rgrams

c?f(Nl@@ng) BTLA7 D31 FVOU Sam O deliei FOWLREL! G § nﬁmP m! Werfas

he hydrocarbon feed/total product m xture remai ned .
lzﬂ@@d endl ofpar. A8 semotki3308. 5612@ms) thaheoniningd & (Bresauscel sHiseralumina

PROBET Lyl G BUFO: gl G23 M A ARSI A
Mefipd ¥ Hagesst mat mdbnt Rotinghullingyid P b%]addwnzeﬂe’e@rwas hddrd to
tﬁg h].%l(t%l‘% él'h% 1%1% CWQ s iR f(g% %luﬁutésr O[[He %u@ﬂg m?xtglre htagg pH of

eriodi c Or one or nore
mmdnﬂt@llcﬁmﬁéma@mlpungraﬁ odifrnmh]e Perl od| c Tabl e; and

tals
Tant Qs o) TEHE Sy R eR DG S AT et fore
dgxeuadis pdri@es. %buﬂﬂﬁﬁia&s ﬂw@re(lfnetl Ae10PeCi fotieerdlcious add then

AR EE N o oo P sl G0 rersrom of

QEOEY Ot 7h aminRSf MJ, esd CloE g}@fﬁi Hntwmhfth@lﬁaleﬂiﬁébelﬂé)%pp&t tm
hydr ocarbon feed resi due, r%) 34. Preparation of
1;

WW‘%‘&“@Q{%WE‘{MMY%@%@%@W frasteRfS7 gy ephirgleatt A0t he
bRl havberor ﬁ@&nﬁ khe f%ress%éﬂﬁsrtﬁblﬁlgg Qa\gﬁgflzfrﬁ()re tifaaketet Ath 8b AeSt the

0.02 grans of rans of nickel and 0.99 grans

BeditA BRAC famelgr, aﬁp@wowﬁpﬁp@m&/g e @ gHECcR APt 384n/e.
Example 33. Contact of a Hydrocarbon Feed with a Columns 6 and 10 Metal(s)

Catalyst The reactor apparatus (except for number and content of contacting zones), the
total product separation method, crude product analysis, and catalyst sulfiding method

were the same as described in Example .
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nol ybdenum cobal t sol ution. The sol ution was prepared
by conbi ning 46. 68 grans of Md(OB3, 14.07 grans of

w@{oBleh253 20. 08 grans of 85% H3PO4, and 300 grROBEUSI007/080422

dei oni zed water to forma slurry. The slurry was and

heated to 93.3 0C (200 0C) until dissolution of the

solids and then further heated until volune of the

sol ution was reduced to 166 nL The sol ution was then

cool ngb@bﬂ&l‘ﬁﬂ‘ﬂ/&@@p@ftaﬁ%‘ﬂ (2@ cnmPN® REErBEd Tk afPleU ivh ORI Svith

1.71. The support was inpregnated with the

PRACY SO P EBDANY WaOPUHIOBH! INARFRPUPBCOBRGERAP our s

Wi th @&%@%H&lﬂﬁﬂ/vaﬁ&hﬁrﬁ%h@l stQ@ Qm%rﬂr%greﬁtb h%qngﬁ)cf &Scribed in

several hours (overnight). The resulting catalyst

%@mpéﬁ wegimixgd wigrsgigppearpide & Cy%t) to fgrm 3 By PRI F angghium
Q}%g’mﬁ%d’ﬁ@rb% 1Qtu%,2(3gr7 %ﬁf)QJn gm%ngé in tﬁ@g) szté’ctlng 7one.

grans o h bal ance e| ng support The

ol y bden sulfidasioalof thaicatilebts.dlat wnsasmngmdewﬂelalt@ﬂ Q2 @BPerature

%ﬁg?ﬁ % g?{)hgglrogﬂb(grt fe&?ﬁ?& X@hav%{x wai?%?ﬁf’es S%&gr‘;f‘%g Cl? {“ab;i‘e 11,
Hp}p avaafedsto (theXcoIepﬁ thé mactou rﬂﬁemydmdarmmfbehlﬁown‘d thlmgtauhe pregeat
%orn g%a éoglgaa zogﬁ qoﬁrnol cgrtl:tt ct@%t@ﬁ%eat (ﬂ%ottggl sa%%dgt o%nlée teapcﬁor. The
fexcvr c@ntactéd wixh yhﬁeﬁ the caatyais yis the pSeridd oCinBfogas gas. Contacting

descri bed in. Exampl e was rrixedV\/l h sil

53 e T e PERe R g s e A L4 i scrm)

ZAN IS VAw R, y Bt e 6 adrddcyis g zc(nlﬁw@r-é he#xB) tol B3I 0at apRSuLE: of

size distribution with a nedian pore djaneter of 192 A

bntMEa 35 ﬁ?lﬁbﬂscsh%layd@%wgn red Reybdenghtiserngragm etes for

£/ abvist DuMhd ddntabEndrBé BRGRe BLING Bydbé I bt/ BrafRTUR mixture

al um na sugport was m xed with silicon carbide (16.67

epanedPvpddi tioned in the top contacting zone. The

cat al \shSwivR 18GS Uné bl‘{!ﬁ@' fodhR€ad, R %‘Eﬁ'&@&u @&96 Q?ﬁgrams

in US. Patent No. B, 841 to eIov After

upsidugand pmisesfsity h%‘“c%\@%lay%”ft & C.t he tenperature of t he

cont [ [

oc A Syé(’j}\ élgr& o eté:%ﬁl %%(Ata.tcpof% k&%?%é@r{di&é&? RIE 4&9«:51 st that

ik er poepeetals é’gmﬂmumrt 6 zétdie iPen0'ﬂabTaé>le1@d/0Fb® onage t@dp(tuods of
r .eJhe |

%S LR Pt Douf OB, AL SPAL B0 LB U

Cdnmhaci-ilngf the Benodmifhbltwtntl@nbmmpmm cco]ﬁpduhds cvf@ae banore metals

The dro r.b S9Nt act ed w

IR SPYRES S PR B REu TR B A kgt SR ufpn i R ggnocien
mmdihﬁmteﬂlﬁetw&ih60&6arfd01l2[) dWsroducas i orudd plh&Ldjt gy ga@sidiicocontent
feed 656 4 SCFB) and LHSV was 0.33 h 1
0fa‘1’W8 &ﬁ'\lg% Cﬁ@g’}g’ﬁgg’s\%‘?e heated to 390 OC at a

| 980 B LE plfepal&tfbﬁ oMPBricd TIPS The ased AR1RYEQGETRANN the
feed flowed through the contacting zones for 2537

PRS2 NBARTTN G WEPRTERDY HgMeHB oY AIEE0 8¢ eiaps of 00T grams of

IHMQ:[ ﬂi&'ﬂ %a&?ﬁd{nhﬁtp@} grﬁ’ﬁl%@ oftiwit HiRedrai¥Bivi@d above
hown in Table 12, , the crude product

Iﬁ@ﬂd“z‘f“\%@@@b%‘i Plptigp. bl ssﬂlJélstl Wéﬁ prepargd peeoaMyning4@agerams of
H6ANE49Y o fa%lo@@%@mg, sz ahed tenes,; e AMARb0 efan P d&onized

grans per gramo
water to form a slurry. The slurry was and heated to 93.3 °C (200 °C) until dissolution of

the solids and then further heated until volume of the solution was reduced to 166 mL. The

solution was then cooled to room temperature. The pH of the solution was 1.71.
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crude product. This exanpl e denonstrates that contact
of a hydrocarbon feed with a dried catal yst produces a

weeuwdp4sdduct having a residue content of at POBFUSH0%080422

of hydrocarbon feed residue. Further nodifications and
alternative enbodi nents of various aspects of the
invention wll be apparent to those skilled in the art
in view of this description. Accordingly, this

descrinRiydrtives Li8po@hat@R th tHe fhoBBddnuhtSb ARSI RN O4bkY for
and is for the purpose of teachi those skilled in

ehgaldioprspr Qgetsimal agitglihend driedy r189 I éprogiteral Rurs (overnight),

Tﬂé\/r@srl‘ﬂdn%r&ataiytst doﬁtafn@d %r gﬁgﬁlﬁff %Etgl%jc &. et grﬁrﬁ?otf ¥Mb I'I:3="03(Qfgrams Co,
the inventi on shown and describ herein are to be

Q-@keramg of phosphorussangf). Breasens @féﬁt‘@th e batenge beiggeppport. The
gﬁ&ehglhg ﬁﬁéfmaél é&ﬂ&ig& h&dié 1 6Q1 033056 n%aklg fif drb@fls@nd
Cri rein e

tS an proces es reve sed
BExanple 83.aC enthetof g T

sty ikhe|r¢actd

eipﬁgr%ﬁlg Pqu(%l)R k% ’nul%lb%] N CM%&‘L gf %ta%ﬁl?gtaio%?st) 9 to?zﬁ %ro%lh&t s!eﬁlgatlon

e ar ter havin ene
webaod, apd ihenrudé prodect |amalﬁmt we‘m theGhian g&e@sq:rd)y:d lueE)mmjn@ in

the SbiPProan SEbEoerTERE F AP HERGh 1SER Rk sk Tl

dilh@n fcadblde\id 31@4 @h’abnspdSitiond ih th tstt&m cénﬁgtmtgenme‘ or
treatln dro 0|Tpr|S| ..an upstream .
R R A A G ) sap B epyat E R hggion

poRasihmeBLofal2 e deah@inyhg 004 dfShdlgbdeR@n Pér il ©f catalyst,
netals from Colum 6-10 of the Periodic Table, and/or

Bidethg Palapsedetng REBERS Mg duIBina pHaPErt was Bied pyitsilicon carbide
@lv R Jafnagoﬁ?ﬁonteﬁ'ﬁltE@fdpQ@htﬁcth@Qbﬁe wher ei n cont acting

t he hydrocarbon feed hawgotg a viscosity of at | east
100 dsg cyplygy werepglfidgd pyingdRe msthoday @esmbeflhlzeUcSaPaWé‘{OS

6,008 (&IPS SRV GO AL LhiNGaRU D BN AhIyds [HETREDALMEE e
at l'east 300 OC, a partial pressure of hydr ogen of at

IPDEELITR 20Pes, wasneisedl D MEYNRstatere of 431C. 0\ hydrocarhon depd ¢ Kgwait long
EUHIS RAIURHIRU DGR RE ORI B 1RT RaOfa Mnlop B

Vi's S|t Irst Teed at
pheoreilihe hy@c@momyfequﬂoa@d thetveshrthapdhday zoASTiV mlteh:cidg zone,

tﬁﬁté%hcggttﬁgnn zgﬁ’é"”%ﬁ bt s%gg& &‘thé‘l% Coﬁfnemhg&g o‘iil £ &1 was

m con em an
coageticd ithrachpif deasslystsen tie pdsernpe ofluelrogex ighs. r(g)ntahtang

upst.ream contacting.s wher.ei.n .t he

BT RE T 2 Bk RS A Msel B8 T e blf 6T NERAT ERBh sorm)
gladisot wex@3 hhght beo ¢tﬁ1§dcﬁ@’iiﬁn€méra<hléatﬂg;0396€$m 4 @redure of
cr LN ocess., 2. The s aim1 erein

B BNERADY BEErR mmer S UeT B s Lheg e R og s for
Trpd oGk apkiifidcddticting Be PHaRe SY Gt afarodarsdnatddial Wouce ik ure
at | east one of the upstream catal ysts conprises

KEPPEHeM V4. The system of claim 1, wherein at | east
one ofs shb@n HPBIIERTTRAL HeXsld® pRldufiad a Qisdosdy B8535 cSt 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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of nol ybdenum per gram of catalyst. 5. The system of
claiml1l, wherein at |east one of the upstream

W@ 2108l0y65% i s a supported catal yst, and wher ei PCT/H82007/080422
support conprises alunmna, silica, silica-alum na,
titani um oxi de, zirconi um oxi de, magnesi um oxi de, or
m xtures thereof. 6. The systemof claim1, wherein at
| east one of the upstream catal ysts has a pore size

di st riyREE R WMaliGns@n 0B AN VB 0 Bod BB b EVaribiLRp&EE of the
angstrons to 150 angstrons, from 60 an%strons to 135

1&@@9]@ Bitkbe %’PaIFPtdﬁwthme Sillsstin dartin Viep o! Sigdessinign. 7
A&%rcﬁlygﬁ}; @R @éscﬁlgtﬁ‘}n% tbs be‘e&%ﬁﬁécpaseﬂtlusltﬁ@v%tonﬂnﬁldq; fok t}ﬁ urpose of
upstream catal ysts has a surface area of | east f g
tﬁ@/hgig tgnse Fiidedsip dheeart the eeniersl manner gheariing oxt thP epsitiopndt is to be
191fde {(])gd Hﬂts £ (ﬂ'ﬁrﬂs %ﬁﬁl@ hr)(f@ﬁtfbnc‘sﬂﬁpﬁ hrﬁﬁcﬁes&ﬁnleﬁ Héjrglﬂléfg to be ttaken as
nic , t or m xtures thereof e systemo
Qg;laalpm of emh@émgﬁnts atlenhangssand oréeriols nudyebeyplstirugcalnfor those illustrated
t t
%@ e c¥1t°s£1cgheref¥i£ Iﬂﬁéf ggd?;{}gé Ik ﬁuag p&e%ra(g&ga{nﬁg@éa‘?%%%s of A
ioompoundg bofitiloné 1rrdepermd¢rmlyezilb¢$mmkl ter apprarGal tornme skBledfin the art
t.he, Peri m f or t eatin .
e BEhP BN s gidr it TG0y Rk S eomag n e
datadnendes@itipd hatingvidwet deparfing fomalkeadpyritasd sa@pe bfaBsSinvan®n as
f th .cgtgh%sts ggngrising one or nmore nmetals from
FHhTh 6o O PHESEA odi ¢ Tabl e, and/or one or nore
conmpounds of one or nore netals from Colum 6 of the
Peri odi c Tabl e; wherein contacting a first feed having
a viscosity of at least 100 cSt at 37.8 0C, with one
or nore of the catalysts in the upstream contacting
system at a tenperature of at |east 300 0OC, a partia
pressure of hydrogen of at nost 7 MPa, and a LHSV of
at least 0.1 h 1 produces a crude product having a
viscosity at 37.8 0C of at nobst 50% of the viscosity
of the first feed at 37.8 0C, wherein viscosity is as
determ ned by ASTM Met hod D445; and a downstream
contacting systemcoupled to the upstream contacting
system and configured to receive and process the crude
product exiting the upstream contacting system
wherein the downstream contacting system conprises a
deasphalting unit. 11. The system of claim 10, wherein
t he downstream contacting system conprises a residue
hydrocracking unit. 12. The system of claim 10,
wherein at | east one of the upstream catal ysts
conpri ses nol ybdenum 13. The system of claim 10,
wherein at | east one of the upstream catal ysts at nost
0.1 grans of nol ybdenum per gram of catalyst. 14. The
system of claim 10, wherein at |east one of the
upstream catal ysts is a supported
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catal yst, and wherein the support conprises alum na,

silica, silica-alumna, titanium oxide, zirconium
wW@00d04578Rgnesi um oxi de, or m xtures thereof. REI/UIINE7/080422

system of claim 10, wherein at |east one of the

upstream catal ysts has a pore size distribution with a

nmedi an pore dianeter from 50 angstrons to 150

angstrons, from 60 angstronms to 135 angstrons, or from

70 angstronms to 120 angstarpmerMl®. The system of claim

10, wherein at |east one of the upstream catal ysts has

a surface area of at least 200 n2/g. 17. The system of

el aid tg-lg'foﬁ’{’fb‘ﬁ{u?g fph}@}oclaﬁ)%ﬁffeeg %nﬁhsﬁlge upstream

catalysts conprises nol ybdenum nic cobalt or
m Xt @ SRS EChRICERACUNG SySTH CRYRIISHIY OB op maferpatmtystsyi daagti qne of the

&Ea#ps?sac%hgﬁ %Qﬁe &r%r@fh@{afs%ﬁ’)% é@%&h%ﬁ@fﬁwﬁe%ﬁw fT able, and/or

rse nore el enents rom
@eror owirecconmoi@ls @h diteorr ngme motalsifomeCelomp dulidy tof Pe@nélc (Tlable
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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 to receive and process the crude product exiting the upstream contacting
system, wherein the downstream contacting system is configured to subject the crude
product exciting the upstream contacting system to a cracking process.
2. The system of claim 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 at least one of the upstream catalysts is a supported
catalyst, and wherein the support comprises alumina, silica, silica-alumina, titanium oxide,
zirconium oxide, magnesium oxide, or mixtures thereof.
6. The system of claim 1, 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 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. The system of claim 1, wherein at least one of the upstream catalysts further comprises
one or more elements from Column 15 of the Periodic Table and/or one or more
compounds of one or more elements from Column 15 of the Periodic Table.
10. 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 of the Periodic Table, and/or one
or more compounds of one or more metals from Column 6 of the Periodic 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 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 to receive and process the crude product exiting the upstream contacting
system, wherein the downstream contacting system comprises a deasphalting unit.
11. The system of claim 10, wherein the downstream contacting system comprises a
residue hydrocracking unit.
12. The system of claim 10, wherein at least one of the upstream catalysts comprises
molybdenum.
13. The system of claim 10, wherein at least one of the upstream catalysts at most 0.1
grams of molybdenum per gram of catalyst.
14. The system of claim 10, wherein at least one of the upstream catalysts is a supported
catalyst, and wherein the support comprises alumina, silica, silica-alumina, titanium oxide,
zirconium oxide, magnesium oxide, or mixtures thereof.
15. The system of claim 10, 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 to 135 angstroms, or from 70 angstroms to 120 angstroms.
16. The system of claim 10, wherein at least one of the upstream catalysts has a surface
area of at least 200 m%/g.
17. The system of claim 10, wherein at least one of the upstream catalysts comprises

molybdenum, nickel, cobalt or mixtures thereof.
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18. The system of claim 10, wherein at least one of the upstream catalysts further
comprises one or more elements from Column 15 of the Periodic Table and/or one or more

compounds of one or more elements from Column 15 of the Periodic Table.
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