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1 SYSTEMS, METHODS, AND CATALYSTS FOR PRODUCI NG A
CRUDE PRODUCT 5 FIELD OF THE | NVENTI ON The present

i nvention generally relates to systens, nethods, and
catalysts for treating crude feed, and to
conpositions that can be produced using such systens,
nmet hods, and catal ysts. Mrre particularly, certain
enbodi ments described herein relate to 10 systens,

Sy, FRETAGIR, 6P CATATNYES FORPROBUCING AICRUDE

i ncl udes a crude productﬂtiﬁat I's aliquid mxture at
25 C and 0.101 MPa and has one or nore properties

Fmeaémeogl ative to the respective property
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| meﬂhﬂ&,eélt{d%itilﬁt@ Mo oy gerlairemboimerts desdribet beyein relate o

o e SN o A Gl i
o B AP 5 el i S 1

and bAP@R G horePprepeeticsrthatrare clwmiged reldtiverto thh respietive prpparty of the

crudes. Renoval of acidic conmponents from
i vant aged crudes may involve chemcally

ﬁ'(ﬁﬂmﬁuz nents with vari ous bases.

-tesistant netals may be

in Grudessthalrlim oneoEmOTEmsNitakin m@eﬁmsdbﬁslgmgallo#ihe crudes to
b cROMATRRRE) RPrH r Boss BH SB bR ot

mfe&ga[(gﬁg%gdeﬁhﬁéﬁr&ud@?al in exi stl ng - equi pment nmay

not be desirabl-e Anot her nmethod to inhibit rr03|tg 1al
mayDisadvantaged gaides way srchideracilic sempomaob; n}rﬁ: eto

LT e L AR 0 Yl T

may EdrtaBute o totfdsivn off rﬁetﬁmommahﬂswﬂhng aﬁﬁs;mtmmandmrqmcncessmg of

used to process the crudes, . and/or th

the fRadmogs gmwa@eaempmotn@d&mne@e%@ae% gorudes may

invc?lélg ?ﬁ%’éﬁgﬁﬂﬂ'&ﬁﬂk ev e{%rh%@ remm l(?ﬁ?%f k})&étemately,

corﬁt;i‘ohl—:@ﬁbﬁnﬂﬂdtah)mnha wsed tin transposipbion equiphent apdive pracessing

&gﬁ El_gonve i onaj %%cil lities %f.ad‘a@nt age? cru%s&m and

&u%%'gé&f m%§15H&w1MM ﬁ@ﬂl ?ﬂkﬂ t rhiPadti bealekiyable.
ound heteroatons may, In sone S|tua ion 35 have an
Ancttiermethod té mbibiteormatonl may nvolveadditiontod g@@oa;m inibitogsto
dlsaJ] %t%ggd ér%ldgsf ﬂe\fel %-anlsp%h Sy Rsse pr%ges(srlehtg%f the &Médscrudes
The use of corrosion inhibitors may negatively affect equipment used to process the crudes
and/or the quality of products produced from the crudes.

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

conventional facilities.

Disadvantaged crudes often contain organically bound heteroatoms (for example,
sulfur, oxygen, and nitrogen). Organically bound heteroatoms may, in some situations,
have an adverse effect on catalysts. |
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for exanple, nickel, vanadium and/or iron. During
processi ng of such crudes, netal contam nants and/or
compounds of metal contam nants, may deposit on a
surface of the catalyst or in the void volunme of the
catalyst Such deposits nmay cause a decline in the 5
of .the catalyst ep03|t

% or m and/.or
4y ige uﬁe aawpﬁsgf
for eﬁhjﬂesﬁ@kﬁnﬁﬁﬁﬁﬁnﬁ raHdR3 iro Hi@ﬁg?ﬁ‘% ¥ dueh crudcs, metal

g=nerate the catalytic ac f a cataly
contammaamand/be domptnlndsolf metzﬂllcgintanmqm maurrdspos;ltsmla sm'faca gfthe

ene tlo o di ctivit of t
catallGt5 B R ey Sbine e cardlo . Shely dboslS fnay sl el the
vﬁ?ﬁﬂwﬂ d crudes may include netals in netal salts
organic acids (for exanple, calcium potassium

an@blse ey fommnd/vtdegosit om catelya ssfacessat afrapid gate during priwessing

of il tﬁgtgh%%g leﬁﬂl%gisgggg} ed from!d‘!sadtaﬁg]gegﬁdt}gaydeéﬂyst

cont@finaed with ko2 HigR mpRrAGRS 98&1 Airthgikiditraidh %Hytﬂé&ﬂimlmsh
i n conventional processes when netal s in netal

the %Yltiéof)ﬁl Ghighyst andderi caysecth cgabrgtetmdetqrwm;@nt r ast t o

?Esr%h%rface 0] tlﬁ@ F%ﬂsﬁ‘ tx.{sgﬁggfﬁfg%pgﬁdsiﬁﬁ

exanq:ﬂé tealobim Opcgansivin aed/cissodim). Maatslm nfetsl fsaltseoftorgdnliy adids are

nottﬁ:)ll ;] vol unes ggtween cat al yst p%ytl cléaﬁgﬁg{rtl ClJeL’airor ple,

?&Eﬂ{g exanple, netals in netal salts of
ganl c acl the top of the catal yst bed
g eBmcaésley aveadiehteacountared hrmneammhpmm:dmelplsm metal

tgéo% h bed and effectl%/lggmg Ihev&aégﬁ

depodft ne&r tH@)!xtﬁﬁi«éF surme bﬂﬂﬂ%ﬁ!&s‘t’,%&tﬂ@. if? nef sdtsotobganic amds may
Di sadvant a?ed crudes may I nc U:Bgl or gani c, oxygen
getwﬂeemc

deposid prefencutiallyrinemidreolimes ystrpartigles) meQularlyatthe top of :

e BB UEE R o O Snleh B KGRRIRBR AR B bt

orgafic ladiﬂs,rmh:em@mfm&eeéamya e BEnctally m@wsﬁame i’ pressure drop
Organl c.oxygen conpounds, when heated during
yghtbe bed P@f{ mg: gifecituelrplye the csalym bednMoazenven themetalsjn metal

sﬂts%?%%fmw FfmBR eRL Sk IRio TR 0 ot et her s)
t hEEsadvmwgeﬂfdmddstmdycinﬂaﬂ@u@aﬁiccumygﬁecdmpﬁtx&d Tieatiicent

and/.or may sacgrrode/contam nate equl pnent durjn

facilities dhed prasgs %ijw&l FHOXYEeR S QReR4 afieF [t 0.002 grams

OfO*ngﬁﬁﬁeW%g%a Efpr ocess%ﬁ%& ggbr?ssmg

Orgaghixf dxyigen t:oimpdmﬂsawhmbeatedﬂ\mngtgemsmg,rmw foem lngher oxxdat:on

Comhﬁdrlogﬁ'nﬁ?éﬂn rlal I % gg%ﬂdil%ﬁ ad?g}h E—f‘@%tl c ggﬂo){s’ L f dor

acidPfoRmed 59%%&0@59&3 f&é idféﬂ:d% Honbthe treated crude
ally 1 nv

processin which typic ves the use of

and/@mnaw @gmm squipmenydiringprocdseing endieahse pluggmg in
'g? unsaturated fragnents 2 fromform ng coke.
elss costly to produce and/or costly to

Ur PisaRPartaded drlidd M thelude hydrogen deficient hydrocarbons. When
processing of hydrogen deficient hydrocarbons, consistent quantities of hydrogen
generally need to be added, particularly if unsaturated fragments resulting from cracking
processes are produced. Hydrogenation during processing, which typically involves the
use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
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facilities. D sadvantaged crudes also tend to exhibit
instability during processing in conventiona
facilities. Crude instability tends to result in phase
separation of conmponents 5 during processing and/or
formati on of undesirable by-products (for exanple,

 Srom B8 EPks o oin e DBy sedlo sout o it o trstment

facilitggnge a sel ected property in a disadvantaged crude
wi thout also significantly changi ng ot her properties

i nDisadvanttiged dmdes algewbndrtu d&hlbiianlst&lnhmdmngqamucemng imal

conv roce g?ﬁaqoftegdgacg , Eﬁ'ttg‘é‘g it &OﬁﬁSI gnl ffézrha%{g%qlﬁgnents

durixdg fﬁ@aesﬁﬂg Ynd/BPftEinaGon B urilesiBibile By it fdr'?ﬁaﬁﬁlét Bytdrogen

tarn conponents (such as su fur or neta
mﬂﬁ@mm@mmﬂm@;omdmnﬂe) di sadvant aged crude. Sorre

g?’ﬁ"}gﬁ ’&?lﬁjtgh% M%%ﬁ@g txleﬁﬁcr u[ﬂe incl ude

W&ﬁﬂ&ﬁﬂhoﬂf oﬁﬂﬁg:%g ekhfttﬂaS
di sadvant aged propertl es. Addl ng dil uen however,
disadyamtaged ¢ryde. nFeremample; eenventional peosesses often lagk therabilify do

s O 598 g Sl b 58 ghansing

by a désindd laniht the cantéhtsefefiih 2PR[HoAENIS GuoRYs sulfur 98 FRtal
S|tuat)| ons, decrease stability of such crude. U S

e.Sudhakar et al.; 6,277,269 to

VE5hepedls Eeaﬁlﬁfe"ﬁ““%“ﬁ ey B¢ 7B 401 Ele dlding gttt o

disadvantagedscr8dés, ta d@werchd meight pereéntalf com{:oﬂ&ﬁs &ﬁﬁ'lbm to the

disadyaRieprropeit, AdGe Silua oviyet, gramraliy iporesss dnstsof frspting
acrghﬂﬁgéﬁérﬁ QesCdidds the cb3f JPUNGSS 38F/or intYeusEdBostBhandle the-

atal'ysts described in these patents, however, have
|ktkbh¢n ofydlhbatfa sad!vmtaggdmdt ay, in some

e |caI ," rth above. 25 In sum
sﬂ:uaé %ag gei ﬁﬁ&cﬁ EIH%I‘ ally have undesirabl e
DfUKSi‘PhteﬁﬁNbi Wsmhgudhdl&& atdLy gla776gho M¥Yerseet al.;

tendency to become unstabl e duri ng treatnent, and/ or a

6,063,260 terfaande et alo A2R502 do Bearden ot alaﬁéé &QBG%Bgardﬁn etal;

5397181 ORAE 10 SEAERTD ) 4L, AREEREI 16 ok,

desctibeiertious proeesseszostemnt, Smﬂfcﬁfa]}emf)bmcessh%sdrdd& The processes,
organj cally goung het er oat ons, , netal contani nant s,

systefps, & cqtq%% e inthese patsnis, gfawwer,dwaémeﬁlmhcabﬂlw

beca@JeQﬁ'%éh Wﬁﬁs feerties tend to
cause p I ens | n conventi ona transport ati on and/ or '
t r kncang disadeenkdged icngles gemlrally hage undesimblechropertiessiforexample,

reladVRfy R BN, Bacdkiy W peremB oy Hg‘l‘gg&ﬁgﬁ?@and‘l@hﬁ?ﬂmy to

constilié faaﬁv%maf%&ﬂhéwng ﬁ%@@ﬁand/ thRnfN A [BR8GrdbR

i mproved s r cat aI ysts for
propesties/inckide nelaﬁve]ly hmh\ammatyeﬂ vadesirablei cotaponents (fop exsuple,s

i i o5 o BBl el B o o

organic acids, and/or organic oxygen compounds). Such properties tend to cause problems

in conventional transportation and/or treatment facilities, including increased corrosion,
decreased catalyst life, process plugging, and/or increased usage of hydrogen during
treatment. Thus, there is a significant economic and technical need for improved systems,
methods, and/or.catalysts for conversion of disadvantaged crudes into crude products with
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systens, nethods, and/or catal ysts that can change
sel ected properties in a disadvantaged crude while
only selectively changi ng other properties in the
di sadvant aged crude. SUMVARY OF THE | NVENTI ON 5

I nventions described herein generally relate to

m@ﬁ%@ﬁ%ods{ﬁg c%ﬁst%fﬁr con.v%gam of needfor

syst@hs duethoda)shd/ortabiddts tHAPRAHHAREE Skl 8 diSadvan
%as“ I nventions described herern also generally relate

qckignly changing athsr properties imthierdisadvantaged crude.

conpositions can be obtained

'; !30 met hods descri bed herein. 10

Th envenuam dssml:sadqwr@iﬁa‘geﬁermy Rt & syRteih) fieftbds afifl USiSlysts for

prqduct, cQnprisin contacting a crude feed with one
CONYSISIORN e ita af comprisng|a gpdepreduatiand, in some

&
eSS Ron- bR ) 00ont g hctfn Siad gl e o

combesitionsthat tigvendvl coimbitiatibARPSH cotnpdnests thedéin| Sackh ¢ sitfons can
beo{heegatal ysts havi ng a pore.  size distribution with a

Pypsing the systamay andmethodsdes Tqu'r#mnA to 180 A,

thglﬂgﬁveehgf@éém&lﬁise? %&% Bﬁ?ﬁa’w n a por?ﬂgigﬁe%w&

contacting axride Reed vithhmerardhare cplalystsdo produe a tothleprodurct et éncludes

the e di StrlgutJOtBFIS as d te,rm nedq: %EEMQL%E%@WQ
@é%@f)d _ EWEP% (!
theérﬁ&éﬁé&‘gfv&gﬁﬁmbf 5 O-EANuP&t 184st HH@B lﬁg%&ﬁf s{(?flgvffi@'}l pore

of the rein TAN i's as eerm
Ivith Ds@dian poreTdiamieter ima tange ﬁios:n%ﬂdoula@s&,mth at least

6ovr§t‘r§{}%{goﬁﬁﬁaﬂg,e§ S et B h i distibonir i ing s pdfe ciameger

wuhm wmﬁfme nediah pré’diﬂﬁEtei: Ritierdifl Poretiise dikthibutién/%s determined

duct, wherein the crude product is a liquid mxture

by %mwdi%m@s&@dmtoﬂma eontagling copditions

AN SO RAN B A 0 B

deteﬁhmbdabytA&MMethdemrm ned by ASTM Met hod 25 D4282
he cat al yst halngt re . si,ze distribut
3’Pﬁ ipvep a'y BrasAdes g eti oF Podwginga grige pgo 4 copprising:

co%oung cal ¢ ?ﬂgt egﬂ&g 5')v\'fgﬁ'g t WWE‘%@ s OFhatmcludes
the arude product Whreintthe arule pawductisia liypicbmixtuat 05 °C aud 0.101 MPe,
o G TN B0 At o5 B P e s

distritfutidf WAt Mefiak poRFiMnbRE bO4t 1653690 A38s J&Smhﬂé’&ﬁir werM Method

al so provides a nethod of producing a crude product

D4282,aodjths Wyﬂmmadhd: p@ream distbiftioachawing) pengramrof catalyst, from

0.005F D O Rl P aGpATR 0B Bf e BOBER S6FPounds,

calchilaféd a8l wéight Bf fio daﬁmﬁ, ﬁriﬂmau% 458, and‘bBﬁtrtS]hHQ@oﬁtﬁ&H:
havi ng a TAN ofﬁlabt | east 0.3, asedeterm ned ASTM g

conditiens, sigh that thetcradeproduct hava TAN:of e raosh G o8 FARGof the crude

foocy et B9 4kt o AT BRSO 2 oo 122,

andhe bfvefifdPhl¥s providdsadnéthed ePprodedidEa dhude prddiict, @Bmprising:
contacting a crude feed with one or more catalysts to produce a total product that includes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having a TAN of at least 0.3, as determined by ASTM D664, at least one of
the catalysts having a pore size distribution with 2 median pore diameter of at least 180 A,
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conprising one or nore netals from Colum 6 of the
Peri odi c Table, one or nore conpounds of one or nore
metals from Colum 6 of the Periodic Table, or

m xtures thereof; and controlling contacting

condi tions such that the crude product has a TAN of at

e A Bk o e i
compisifig Bhid¥} t6% metARIRAN C%iurﬂﬁ Qgﬂ*ﬂ*egﬁeééﬁ ’Eﬁag e, R8¢ fore

conprising: contacting a cru e or nore
compeungs pf pse ormorequetals fror Glokimp 6 od thet Perivdic Tabit, wil esixtures

therqo?nqﬂﬁoc% E ﬁ.roduct V\/ner L0 the crud %Tglduct l.{g?hgseaTANofat
most 3094 of ¢l TAN bithedtfrudd feb&,aﬁﬁerein#Aﬂ Ss Qseé e if&Ib P AR Method

Met hod D664, and at | east one of the catal ysts
onprises: (a) one or rmre netals from Colum 6 of the

ot b i g s Bm RS o PRURE S el GROGpR, itprising:

contibtiigl 26de foed Hath,one ¥ nidd c8ABsB 1o PRIBcI B IGAIrb i that includes

Col unmm 10 of the Periodic Table, one or nore

the cradagrodiest, whereindheerude produet ia adiquidmixuste w25 16 and 0: K4 MPa,

the e B84 v TAN| o P8, 4 il ASTREMARE D Bt

leastromicaif thescatalysts coniygised: (@) one $10ndfe métald AN CoRinhnt 6 @f the Periodic
contacting condit) ons such. that_ the crude product

Tablgone.pr-mque spmpeunds of one o5 more metaly o Colwran §rof dhe Periadic

Tabl%ml onﬁyf’rseg proﬁ@gﬁ&?ﬁﬂ%pro%ﬁe ng a crugﬁ&llc

Tablp; amtortmore compowids @f ong Or moré metalsfijora Coluts 10ef thePdrivdic

one oy nore cajal ysts to prqduce a_.total ,product that
Tabl n%rﬁﬁlef@gesif:ﬁ@og.aeé&hmemo Hpef ptali{colomn 40 metaldadotal

Cohinn. 9&%%5& Tégutrs? @e&@s& E«H%W%mg‘cﬂ&dﬁ&hkd&chm

feed having a ast 3 ne or nore
the crudecproduct haomFANsof md mc(ﬁ?O%aoffthe TANveft the yside feddo whereitt TAN

f f t talyst, f
is s RisEpieh LY A BB BT 0 o Tore et al s from
ColTHathventidn Al8epioQides dintetlaPbEpro@iingds Al Protfuc compnsmg

conmpounds of one or nore netal's from Colum 6 of th
contpeting gqrederfapd withone on mere gatalysts je prpducet tqﬁdmodua)that includes

secc}#ég%é’i alys f avi ng{’m Bgrﬁgﬁwo@%@géﬁgs cfé‘{égfl)g’é]to,l MPa,

the caidel feaishm@ng)ﬂT@NBSatdéasDO 8, ad e bfie SEindtscatdlpss E@hpﬁsing (a)
6 of eriodic Tabl e, one or, nore conpounds of

o firg catalyeh Uiecis] ALY ARYIDR. AN BABP ﬁmwmbst,moﬁQQI@006
grar&fﬂ cont ?ﬂ?l?i ng ggjaéloﬁ ac %bﬁg’g? O%ﬁ%&%@@ﬁg@ the

compoumle oﬁom?mn%ﬂaanetals*ﬁm Gtzﬁmﬁn Gmﬁthg%%nd‘n‘c '_[taglieb Mgtél?‘f\e/ld as
e,crude fee is as_ deternine
Welgbg %'aa'ﬂg@ V$ %ﬁﬁn‘g (P) & seeonst 8 SGegnd (cgialyst having,
m&e@a?mﬁ@ﬂy leﬁétgﬁ) %‘E‘Eon% or BrE metR b €6 6 of
t he IC e,

eri o one or nore compounds
the Refiodieclable, one er mnmt@hq:dtmdmﬂﬂewmm&e afetdlh froRe€oluringG of the

Periqic Kbl FelsHate i iAo aBriel, AE i Begent s somgpling

cont&tinitBhditishs ¥hch Thab He GLACHOUuSHAR ATIAN of at most 90% of the TAN of
the crude feed, wherein TAN is as determined by ASTM Method D664.

The invention also provides a catalyst composition, comprising: (a)} one or more

J

metals from Column 5 of the Periodic Table, one or more compounds of one or more

metals from Column 5 of the Periodic Table, or mixtures thereof; (b) a support material
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material, as determ ned by x-ray diffraction; and
wherein the catal yst has a pore size distribution
with a nmedian pore dianeter of at |east 230 A as
determ ned by ASTM Method D4282. 5 The invention al so
provi des a catal yst conposition, conprising: (a) one

havi%é r'%me F net al s fr&g@(‘@ﬁl’#m of I&@EP ri odic Table ofsupport

matdeial, U8 deferiinel b xORY diatidi 2n8 wiitkeiff thel dafadyst hRea B size

b) a support rraterl al having a theta al um na content
di n withha median poreadiameter ofiattieast230rAnas dasermjnedbpASTM
material, as determ ned by x-ray diffraction;
ein the cat al yst has a pore size 10
di Srhéiﬂ%hh&{l %ﬁls‘;% i
230 A, as detalg‘r)m ned by A @%ﬁﬁﬁgﬂﬁﬁzgﬂfmﬁ (a)@ﬁ’éérmore
metalyfrom: Colnma) 6:of the Bentetlic Tableoene orgnore @ﬂmpgmdsanf one or more

metf B, Cotlhe & B Bériciie TRO, or Hibngn BofeiE Bl & Bihrp Hhaterial

havm@aexetmﬁhahﬁa éonbetit ©P hi1eakt D. 10§raib of HRtd lGéna IRP bfum 6f¢upport

or nmor e net als fromColum 6 of the 15 Periodic Table

aéfiemrl ¥ diffigption; and whetsin theetatyst

ped
d“"{%“a i Blneliafpoleipfitefof & 1 %%%ﬁ%#%ﬁ%%ﬁéw

Methﬂdm2823ast 0. 1grans of theta.al um na per gram of

o[t naterlal determ ned by x-ray _diffraction;
egfion ?H%P%‘iqsy‘é'@ ot CompRTIEoT, COWPHNBE: (@hoRe grmore

et i e R P M TEbIE, o e e Fioua o on e ore

metals ﬁ‘omdétﬂumnrﬁeoﬂthd Periodic Fablej ong ox mare aie}ais ﬁondﬂqﬂuml 61gf the
.C ining a support wt ne or nore s form
PeriGii 3 5Pley hetonore spimpBundied oa BF miggs i R S e
Periddi€ Table) éﬂﬁ:ﬁ&neﬁﬂiére@ﬁ%}’ﬁ sﬁﬂfoﬁ Iﬁsteﬁaq;avﬁw tﬁeta alumina content
co r|S|ng one or nore "~ netals from Colum 5 of the

. ofat 0digramy pf tetacalamina pmgmnmfrmpm snagdriabrag determined by x-ray -

xg ur es{vﬁﬁ‘e : m?% t‘%’e iag f%laé ?%g&l‘%gg lﬁ% ”RF‘E]“%P Ry

dianmqmﬁat leagt 230 Aia¥ detetmiabd by ASTMMétHo®DapgAt | east 400
B_Snol formng the_ _cat alt{?qﬂfv\herel n the catal yst has

mvention afse provisdes pape progucing cyalyst, gompmsing:

wm%%ﬂgf #ﬁaﬁl nve‘%}e:%or??&Fso pr oV ggs a%‘%@% wherein the

support@dmprises thetaalihina] andameor nsore of theanetils nomgnﬁng opeor inore

metalf §PmGA RS o the PRSI Aa o A i GRERUSE R pa or more

. metal] H#6ColuRiS ke Pénd@qf E‘z#nﬂfs 661'21?)(“%&%&&:6? gﬁ%ﬂ tfl_éaaEF% fHiSheta

or nore netals from Co Peri d
alumingesupportimesalovinpue atis teofperatere of ahh:ast 406eCanmd formmg the

di ¢ .Tahl t th
catalgh, Wiiei e i B he® i dfmon il 4 kDo porn e of o
least2303, =8 WeREmined Dy XS PV Memsd D482 C and formng the 6
catal yst, wherein the cat alci/)eé has a pore size

di he inyentiemalsp previdessanethodef rrodicing:a catalyst, comprisingt
com'gigﬁmgAa su%%oge ith onﬂeno%%no e%JMoh%m%dmxngo%etal mixture, wherein the
support comprises theta alumina, and one or more of the metals comprising one or more
metals from Column 6 of the Periodic Table, one or more compounds of one or more
metals from Column 6 of the Periodic Table, or mixtures thereof; heat treating the theta
alumina support/metal mixture at a temperature of at least 400 °C; and forming thé
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
with one or nore catalysts to produce a total product
that includes 5 the crude product, wherein the crude
product is a liquid mxture at 25 C and 0. 101 W4, the
crude feed having a TAN of at |east 0.3, at |east _one

catalysyt, whraeiathe,patalyst hag gipete sizeydistaibution with;agnedian petsdiameter of at

di £l ' t 180 A, as
least ?é e ﬁﬁ%@%@@%?ﬁm and the catal yst
hftmﬁgvéﬂmmd cepravides alirth o'tlkufpmﬂ‘iucl' A ingmm‘lude mdﬁdstfeéca?]pn'sm' g:
al,um na nd, ope or nore netals from Col u 6 0 e
contapsipg e Fees w;ﬂlen%%mw@&mﬁﬁ@geamﬁ includes
© mé ures 3t ereoigi;ha ang i con‘?friso# f&'ﬁg con?%gttl ng find 8101 MP,
the cmda deedi havwingst TAN et 1dakic)). 3, rat thastoredfihe tatalysts hdving h pate size

Jost 90% of . the TAN of the, crude fged,, wherei.n TAN i
VR e gorR SRRt o Sk ERA 80 Azs delrpminen A3 O
MetHBU D262 ekl 6 LSOm0 Bork ik, B0 Rihfrting thets alumina
and apatonmose metals from Golumartosf the Periddic Telje orecrmeere compagnds of
one

s e SR ot i o it & g ient v
contrdfling oftachfiscéhdlins'sbeh thht¥he SFudd Prodiict Had WY ANDofat sk 90% of
of at least 0.3, the crude feed having an o&;’ya%ig

the TAdhofihe coidefieed, avherein TAdDIE agdatesmined by)dyBv

of mcrude . feed _a at _| t sone t v St .
8 Vet S prdlidsf b efid of BRnEing 4 ErpE bR, Somprising:

contattinge caideeediivith ©a6 or Ridre’catdfstelizl the preaentef aAydddgen source to
Met hod D4282; and cqontrolling 20 contacgting. conditions

prodycs & tatal prodnaithat iapludesthe cride proswet, yrhstrip therprudeprodugt ds a
nquigigggmat 2306 .44 é.gtfl VY @ chlig el iR, m%ﬁaﬂéast 0.3, the

ce a content organi C oxygen colit ai ni
crudefee havidg an vxpgdnountdnh of atiesst0.000H gramsh oxggeroper geam of crude

content of at. nost .90% of the ox n.conteng, of the
feod, &Pl 4t Iepst e Of s AlYSHBEVIng 20T SIS hTLTIBRHIN Wik $pRedian pore

diamMet BPst 1EG890 A, a8 ﬂe@ﬁﬂiﬁ?bf AR MdtBoD49SS: A ehRFbINg
ASTM Met hod E385. 25 The 1nvention al so provi des a

contaeting condjtions todediice TAN sudbdtbatthe dmde praduephass TN of at most

cCaRt [N cryde f,eed With one or e catalysts to. .
90% S BieCCAN G 165 bt fosfirittt o o R oSS Ferit Proieh Rotiining
comptu@iés Sich tHTh& trge Bg»d&&ﬂﬁ@ af bR Pithlconfenfof AtGbdsd 90V the

at 25 C and 0. 101 a the crude feed havin

a TAN of
oxygem contemsofhe crue fped: whessin TANds o5 deteraninest by ASTM Method D664,

] . i I t 0.001 f
snd g By 0 En 0 Bt Mo RS 3,001, 973 ©
;ratheiéxglemﬁ)mﬁlsmpmmt ?@mump . a;fq,frqrduglmgu cmlde pll'oﬂ?c%btﬁnprising:
rom e erl odgl C a , calC alt e S .,
contagting Berwse foed Wi h oge oma@iyqtﬁ@rme&%fe BrRdust @Pﬂgcludes
e cHRAGHRAA Y 800 B FligRd A 0205 n SO0 E Ve,

the ceudedesdliavingra TARSofat Tebbt M1, skl addeist GHe%ofdlie ¢dtadyKdhhvihg, per
the crude feed, wherein TANis as d %grm’eed by TM

gram\pfioatadyste deast 0. 90 grams of g ot Qse i

) . _ ol . 2
PeriC LA, Vb b it S AT o oGO flals HFATICREII G of e
Periodic Tably,dategbmed saweight of metal, or mixtures thereof; and controlling
contacting conditions such that a liquid hourly space velocity in a contacting zone is over
10 b, and the crude product has a TAN of at most 90% of the TAN of the crude feed,

wherein TAN is as determined by ASTM Method D664,
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produce a total product that includes the crude
product, wherein the crude product is a liquid
m xture at 25 C and 0. 101 MPa, the crude feed having a
TAN of at least 0. 1, the 5 crude feed having a sul fur
content of at |east 0.0001 grans of sulfur per gram of

confiria1dion AR rOHgrEe el Bt PloghPBg iRl iug: somprisin:

conﬁ’s@ﬁn dltradd fdedavitlPose 6 moR catalydesia helrefénce Bf adydfIRER source to

metals from Colum 6 of the Periodic Table, or

prodrog ejetalprodugtdbat meludestbnemde prodycts wiersén thegrude product is a

o il 873 2l DR AP sl AR BaBR TANBEAL IS 0. e

cruderﬁedahztvnﬁgms«ﬂﬁfr&omaoﬁt lenst @000 gramis wi sulffigreer m bﬂcrude

ontacting, liquid hourly space velocity ne Qr
feed gae o le%ﬁtpa%@f catghists qompaws oRg Of more il FimeCotumn 6 of the
Peri?p% e ; %eHcr u e pr o%g?&ﬁ/%%hgmséwﬁ Bf‘ﬁe

PeriodictEable, of mﬁ&u&a (iﬂétecif tulbcontrollingrcontnoting tomditiérivesuch thae, during
eed V\/ner S as det e ned by TM_Met hod
%quﬁ ﬁ@sro Aﬁ@@d@wA@mblt phase

of proﬁ?ﬁgeﬁr%@ pro%ﬁ%ﬂé)ﬁgonprl s?%&%ﬁtﬁ?ﬁ%ﬁrm}m

contacting ztene$ issuvenil 6 h™ pibe couderproduct bavihg s TAN of strmost 90% of the

TA]?&?itence!oﬁ ?e?ﬁ ous h\é%rélog@‘? Soqu{?i&ﬁ Oro%e@éﬂfthe

Wwafmemulwm&@m STEMEIEthod D664,
101 MPa; and controlli na cont actl n con itions such

an tsn'é’ttrqontent:xsmaelemmeddw At akes hydr ogen

B i LR SRS AR

confactig slemde fesdtvitd ond oﬂh@fé@t&lb@tﬁn&hﬂﬁ&sﬁfce @falgaseous hydrogen: .
conpri si ng contacting a crude feed with drogen in :
- Sougcs &0 wégmt@t@fpr@m@tm& irshudes the gryderngo mpw%@areghf

.pm?tﬁ:e cr]%g&g%tgt{?t | Is%géqdl qwldm ﬁf% pﬂ:;?o&taﬁéﬁﬁé ‘%ﬂam(m;

such thbOthe I\tﬁi&e faed] doring cohthctmaptalaes hydtogeany atasuledtedrate toinhibit
t hat t de2 e i.s contacted with hydrogen at a
phmpqqeg{ira "Hf?tffﬁﬁcg and then at a second
hydrﬂ&@iﬁ Ol d &Qiﬁﬁd R} fprising
condi tion bgtinm gggr e%?thf?%ﬁ#d econd ‘hydr ogen
contagting cwida ﬂ@eﬂlwﬂ; hydragensin th@/plnea@sn ofiphextemore dabadysty tosmoduce

o G5 R B B SR i

mix€e6 BEZSO and 0.1 OWVMP &; arlBnR68ing 'co &Oédinﬂﬁ:{dnb actCthat the crude
the crude product Chan%t@ at rmst 90% relative to
y

feed iscontaetpd siithvhydeogengt a étoamﬂpfalé% coyiditionsand thereat a second

byckGEEA pRRE cbitiicH, SR04 ksl BN B gt from the

secdﬂddﬂﬂrdg@ﬁﬁiptﬂk& RosditioR) andBeEhyidd gehiptakedh I first Bfdrogen uptake
tenperature foI | owed by cont actl ng at a secon

conditigp & ¢antroled t iphibit R-¥alue obe amdp tal proguct |ixtyrg Som

docfoRing Baﬁn‘?’x %ﬁa%ﬂﬁé?g“’@ ?'-‘°§“t%§°f)’émt# IS chiba by gt most

90%&1&&1@ mth%bhwﬁn% oheeqrghord. piopentied of el ¢ralé faed.
acgtin ondi tigns such that the first_  contacting,
Ayeion alpo o Yidass methog of BIdRCing #¢rededProdict RmpYising:

conﬁt@ﬂﬁ@& £l fQWiRE BAd5Emord Wtalysts at a first temperature followed by

contacting at a second temperature to produce a total product that includes the crude
product, wherein the crude product is a liquid mixture at 25 °C at 0.101 MPa, the crude
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the crude product has a TAN of at nost 90%rel ative to
the TAN of the crude feed, wherein TANis as

deternm ned by ASTM Met hod D664. 5 The invention al so
provi des a nethod of producing a crude product,
conprising: contacting a crude feed with one or nore

e AL A0 o 5 S Sk 35 2 e
contactifig! 'tegnﬂ&afﬁ:*éfi?aﬁba& 30CCABHe AR ﬁ:e'\ﬁéonéie&?:gagghﬁ Qﬁn%egﬁgre, and

having 'a TAN of at least 0.3, the cru avi
the caxdk poxductbaser T ANfof at most20% rélath@Ctd the TAN af the aivde fegaor

r f, crude f.eed, |.e e of the catalysts
Wh“%@%@ﬁ%ﬂﬂw@ﬁﬁm| 6&?0m Col um 6 of the

Pepheilvéntbaie provigess ibisorife SRS cSBpising:

nmet al s“fgnru-g%%é%l um 6 o togoFi; riodi ¢ Tabl e, or g

contaeting acaule feddewidho bne ermioreoratal yits forprodunetactotal prpduct that includes
e R el S e o0t B Bt e R4 b,
the cRide detdthabidg 2T AN Jfut 16as0. % the Sudé Geed haVidpQf sulfof combRAtOF at

content of the crude feed,” wherein TAN isS as

least Q001 gramescrfispliingey erom o crudd feals and atdeast ong of the satalysts
[ 61 ' A 294.. ' '
compridosé 3t Pl R nm ol o P Rrtatic Tafle e
compoRids dfone®r mdie frietud$ fromh Colafnofl the HeModi® TablLohixites
catalysts to produce a total product that includes

therepf; and pomteolling epntactingicenditions sush that dhe g a TAN of at
maost 000 b TAN BEB et st 4 the efac ettt Gl ob BB of 70-
130% ofihe salf@aontnt obihe 2iudedBed, svirieif TANYIsas‘eimined by ESTM
Mt et h i b AR Mot bl o

o T biRion oo Ak pRIRAR oS Eing A ARANY cOffiicing:

contacting acasle feddewitivbne edmiomocatalysts torprodunetactotal prpduct that includes

o RS SRS R B A  Er i o,

the cRide detdthat By AT ARSI a0 8¢ cRitle féd3fa feSitiué Béntent of at
resi due content of the crude feed, and wherein TAN is

least §dl grams pfresidee por erasof avadenfoed, pod ot leastone of the ratalysts

comptsEHe dr ot pHEHEBTCSh Y CHSHE MEAORE TERR G orie

compRuadsief one@e Riure Aictdds frofNCatainn ofkhe Puiadit dableybi Mixdies
nmore catal ysts to produce a total product, that

therep apd geurolling Ctarting senditions sughdhas the (THEe Broduet 9 adRAN of at

0B ' ; : "
most $0%6lof th8 1%y B the dhiteFeed e orif nidaddthal Rieqiautbohiifie of 70
130% efthe hesiduegontext:oyf the cheletfecl, and wheresTAYI it ag determinkéd by

\/ er m of cr.ude feed, and at. | gast f ot
AST@QH?Q@%M%@H@ Comtenta$ andeterminedpx Aﬁ&@ﬁw&%ﬂﬁml

of Gl 0o GOTR f cSftising:

or rfét;ir?1 gg@eovhﬂqggofc’}rgﬁ%dﬁ' ll}%rqﬁgqgil t Lugmger I odl %g %, o e
contacting acasle feddewith bne enuborsoratalysts tforroduretatotal prpduct that includes

condi tj ons ,such that,the,crude,.pr.Qduct has TAl
the o§dR Srodudh SyHietein he Grode Brpcidt & S 1id sghuge Bk Feo G b 10T ape,
the cRide &kt ha XN a8 e JeP ¢ GHLdntent of at

ccont ent ?)fﬁl%tfl(; cr uf(%g f eed}’qg%gﬁ\?%er eihﬁgi\?&arfont er?teni g

least fsl grewns 0fiViGiD perygram of crude feed, and at least one of the catalysts
comprising one or more metals from Column 6 of the Periodic Table, one or more
compoupds of one or more mé{als from Column 6 of the Periodic Table, or mixtures

thereof; and controlling contacting conditions such that the crude product has a TAN of at

9
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ASTM Met hod D5307. The invention also provides a

nmet hod of producing a crude product, conprising: 5
contacting a crude feed with one or nore catalysts to
produce a total product that includes the crude
product, wherein the crude product is a liquid mxture

most3%; 82 B Tokly f%&rﬁaﬁe%ﬂe e grodoRtios 3, o) hogtent of 0-130%
Ofthgrelvltglb Ea'?kﬁm%? @?eﬂ? e Per| 0 chéﬂquée%f&% oregﬁ%eﬂby

ASTMbMetlod PFR0Tds of one or more netals from Colum 6 of

th,@léPeri Odl c Tabl e EP‘?%“{SO‘;}I Ss.the{rﬁa{?\i’ tocgg;gggﬁaeng:

ghra-sucteffeed &ﬁh%hé!%f mBFESHAIFRE td Protifise Lot Eludes

or nore sul fur contal ni ng CO;igOUI’]dS at a tenperature

the chsle prodig wherein theoamde pltokiuctgs a dinnidomnixhyre ab257C aud8.101 MPa,

the el hipey TN a6 dtpd W e e o oblatnabl

by: cBinbiin@s sEpptRl Witk ofd oftheftUGEER fFork ColEnP6 wufetpenodm Table,

conprising: 15 contacti ng a crude feed with one
one qrgRere samppyadsoiione or more metals fom| qum @af tmecnodm Table,

mixun%é?&qu. Pt o ol sl 58 P St BY Bl e

peduitsor igthe présefcesifione @f nitire hﬂﬂ&tcoﬁﬂnﬁﬁg c@hpebhd® afa

mp%ggp b&gﬁ%%ﬁﬂe feedlhﬁggw ng. an AP| . graV| té ?fg%e
f P di
Pmd@'gglﬁgﬁ'l‘mﬁfatr{ﬁ&ﬁbﬁ% S ﬁgw&khg eriodic

one or noré conpou ne or nore 20 netal s
f r Tlne itvbmtion dsofrovides E’melthmﬂ of pTadﬂomg ocrude ptadoets compnsmg

tﬁtetﬁgreof %h%g) foreglalénn nta awondlmgl onﬁ S@gtlggludes

. .the cmtpr&ﬂiét, vHerdif ﬁ;é’érﬁ&é’ﬁl‘oﬁﬁct‘iﬁ aligBidhiiee fa?%j“@ﬁncﬁa 181 MPa,

C, . and the crude product having an APl gravity of

the crgle feabbaying aviseusity gf atxlcas,t 16cht A3 %8 0@ €1G0-HY), thekmideifeed:
. AP Vi t b M od D6822
havid gn SPE ety oF pidart ol vt Py T R STk e ome or
moredBetalirdr CONini®H oﬁﬂﬁ:@eﬂoﬂiﬂ Thble, dn80f Hiofe Cmpuunds 6f Stk 6t more
crude roduct, conprisin contacting a crude feed
&g@r@a b ithe ltqtodwﬁa e,t08 mxbuesthergof; gnd romralling t

°°nﬁ°“ﬁé e HAT i AU i Sy o UIERB R 303 bt most 0%

of the hscwtydﬁ'tﬁeaddélw ag?fhs FO\aef thalcrddegabdudt Raving an APE gravity

€ S n ol e e

ASTNERREONM6EL, Bhd Vil Road i As e R T9IK9.
cat al yst, érein t it ona tal'yst conprises
onEheinvention alooprowide$a methridsof ptmincmg acmde pmdpcu,l minpnnémg

6 t t
contagfiie A GTdede fﬁ&ﬂgﬂﬁ%@?@ sitata PoeeeR ot Prochubf e héludes
mﬁﬁs B }nﬁﬁﬁ%
the Cﬁfdg c r%cg eed, V\herﬁ%? %%élfl l?é hg eter mg{nzef%l&@g[T A%'?’F\/Iwa’
the mrfwi mﬁzg a TANTofat leasetl j mnd the sne mmmeobatalymts@ﬂpntmg at

et o, P AR 0RE ST Bt o oA o i
therebflaBl al'a@8iiohallcBBlyst, WHeélR $he additional catalyst comprises one or more
Column 6 metals, one or more compounds of one or more Column 6 metals, or
combinations thereof; and controlling contacting conditions such that the crude product
has a TAN of at most 90% of the TAN of the crude feed, wherein TAN is as determined
by ASTM Method D664.
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t he crude product, wherein the crude product is a

[iquid mxture at 25 C and 0.101 MPa, and the crude
feed has a TAN of at least 0.1; generating hydrogen
during the contacting; 5 and controlling contacting

condi tions such that the crude product has a TAN of at
nost . 90% of the TAN of the crude feed, wherein TAN s
as TheriBYsRtionslsopravides amethod of prstycingiecradn amedne comprising:

con%%ﬁﬂpg H6Rd8 O PRE ofld o BR UG gx\lgﬂ%e 0t néltud uct that includes

I SI NQ: conactlngac or nore
the crxtle pyeelust, wherein thewsude grodut s h@kudtmklmt ati 25ciLairis0. 10 0MPa,

de%qﬁéggﬁeﬂ rod%ﬁqgé\hgreia gg%i;tﬁg;ygroduct is a £ contacting;
and l&éﬂﬁtflﬂn &hditi%% Such Jﬂat tROEal ghﬁﬁélthag '&er&(r of gFmost

catal ysts conp ISI ng vanadi um one nore conpounds
90%6f the AV ofithearude feed; rvderdin TN is asadeterminetdrbyl AS T Method
D6 ontacting conditions such that a contacting

enperature is at least 200 C, and the crude product

ha PEBvi‘Hes%)ﬁb gm'ﬁﬁmng
m?&.‘ﬁ@m |a§° 15 det e?l%dng by ASTM Met hogﬁj%G
contactiinga crede diecdomitla beoormorei oablysts togprodute aftotal xmdmtrtmt ancludes

the%nﬁde rodu%%ﬁ%@gﬁ ct| a Crﬁ%e"':{ﬁ@gq,wlma,

the &fidé fdedHavihga TARSSGE ledét 00T, add 6t LeaM’fbﬁé of fhetda&l prising
product is.a liquid mxturé at 25 C and 101

vangdiyme pRRjRE me@d:omnn ds of vappdiom, ex mizdurss thvrepf wddcoatrolhng
coxria@ﬁl? ccg‘ﬂlﬁlo%fs mgna 8 oﬂ ] %t%ﬁa’e 414 the crude

Srie oo wor e corrpounds 0 dres
producehaesod TADY ofvit diosg 90060 the TANTithe aradefdedwheein PANIISas

doe vk THEM i 0710 Che 11 ow of the crute
1 e AR Ao S CANRA oF PRGIE o R R bobfsine: -

contatting e crxde deed withi pne orraomeicatalyitd topreducd atietahproduktithat includes .

ASTM h d|D6 4. 25 The l. B gg
the N%E}FO 6 F‘&?g’ﬂéf‘ nventl on{la SO t%él aOlOlMPa,

the @rﬁaé UGG T AN B REstY 1, fan@ 810k OB OF (HRBANY huigising

produce a total product that 1 ncludes crud
vangdiva,ene owm@remomnonadmfumaq;umdqmmtsreaﬂiempﬁ; momdmgﬁ gas

couffisfe soRians spirbs (oo conkfork BF an® i i ot ina

dlrebtmmaﬂis%&&ar toQhe 6w oftthd Gadd feed Candf cohﬁellﬁgtcahtd&iﬁg conditions
Such,l‘g!ﬁ risi n vanadi um _one or nore corrpounds of

ecﬂfo‘ﬂ%(he# 2TANRfat gr0st 9096 of the %Nalfuthﬁﬁmde feed,

qiggﬁ}gn ution wth a
Whe;é’glqlg}rﬁ%o#e I ane QW&? eagﬁméwﬁg and controlling
corfitedhvention alsdi groﬁda smethod bfipfodubing arcasti frodebiConipeising:
a total |fV/ Fe, content of at nobst 90% of the NW Fe
confa fgherude feadyuth opcier meregatalystsy teiprodyce o/iptal nreﬁwmat ingludes

drelly m:f_'blmﬁh% i
thegﬁggﬁltgragﬁg@s a t#é?ﬁﬁg'ﬁ#&%?g?f ng a crudé™pro Hcogfm MPa,
the erudpfeedibaying, pargram of copde feedial tdldEAV FHetcbnientoftat lewst 00002

cat sts t rodyce a total proqguct that includes
grarpih, gt lepg) qoe of 1373 oS OBF 8EMOFe gampounds of

vanddifid] 6k lﬂl}&ﬁr‘éﬁ ﬁae?éoﬁ%d%@%agiuﬁpéatm baving a pore size distribution
with a median pore diameter of least 180 A; and controlling contacting conditions such
that the crude product has a total Ni/V/Fe content of at most 90% of the Ni/V/Fe content of
the crude feed, wherein Ni/V/Fe content is as determined by ASTM Method D5708.
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at | east one of the catal ysts conprising vanadi um one
or nore conpounds of vanadium or 5 m xtures thereof,
the crude feed conprising one or nore al kali netal
salts of one or nore organic acids, one or nore

al kaline-earth netal salts of one or nore organic

ﬁgl/?ﬁ% or ., m turlieg?"1 frlrgreoftgégﬁpréhe crude f eed comprising:
factia ? Iy cﬁﬁieafeed gﬂﬁ ok @Ho?@ca?ﬁ% %ﬁyﬁ{me 4 i&bﬂﬂ'&i&lctc‘ﬁlaf fhcludes

gani ¢ aci of at | east rans
the@mderpwbduct;gwltewnm ¢mde produttis mhqumlrmbmlrhat 25 P@ aﬁdl 0(161 MPa,

atl duc as atot al c.o.ntent 0 o‘fg}eaclggal?llgcg&tpgl anadlum,or
mu&ﬁteg ﬂae?éof -Sthe CRele f@é?f/eu" nqir@%n%‘?ﬂtnf‘d}é afklalizhéfal saitd'BF GHe or more

and al kallne-earth netal, in metal salts of organi c
orgawic @sids,roneton aare atkalifieentth mefal salts of on¢ enmore orghiialacids, or

mnreta}:H agd @fal e- e rth, mstal %gy&g@o&ﬁ@tﬁ

alkalDMRM 208 aﬂ&aﬁﬁe-rea&uhﬂ&ﬂ, ﬁnraﬁl%eﬁs of orginid HSiHEBf C}Eéswd%oom

product comprising: 15 contacting a crude fee

gragwemdrconﬁo!émg&pataybmscqndmm eurtle'rhat ﬂlgcmderpnmﬂmthast dtatal content

of 1B HEEE anl Uk 85Dl 06 T the thEh il bf Brghitt afidR o i bt 0%

ofmewhtaﬁmmmwnmmﬁkﬂﬁfeeeaahkﬁém feielal Sals'of offanfWRids in
m%re or gani c acids,_one or npre alkaline-earth

Qatent of alksh anetgloand alkalingregzth mytal, in metal salis of

oraE BB e oy A TR B il ana

al KHhe meelﬂ:ibn@sd providtshd methodofprddueitigizscrade prodadt 6ompnsmg
on?q%lggs g{u&é gﬁ[dgas 0. 00001 granms, and_at |east one of
f oRegr eowelme ripduce; afatal prodipt thatincludes

the% at | éast 60% of tHhe tota héﬂ%%@%%&élﬁ%?\%mm&

thie gonde fesidaompirising dnetor ororg alkiki gnetal spits ef aticaorsare ovgaifd agids, one -

or i Aine A ik 3Bt o Fote typa PeicheoAB oA o, the

crudefbed hmshﬁgglﬂet Beant 6f\éraad fetd, L1200 chhtecof e hoal arPalihBne-

rude product has a total content of alkali nefal, and
mﬁmamcr agidef at least|0:GPO0Y igrammsy and ot laast dne of the

wﬂrﬁrﬂ@*ggﬁ Bl b bl i e 50 4

to 166 A, Ivéithcat Bebst 6&%be thif 16tad hmbervfeotesih td foik size@istibution having
al kal i HF metal, in petal salts of organic
ﬂng Vﬁgﬂa 45 & o heam edian poreligmetesdwhergingorersige distribution is

s S0 M, R A S o
the gnlde prodmrrlmscaaoml ymtmttocﬁ alial chetad, mct ﬂkaiinemaﬂﬂlmdtan firhetal salts

o BB Bl R AR i e e
methPHs BAYgAlic aBRIS o9 fiRBrie 1’85&‘ @ﬂ:ei‘eﬁﬁ Qon t@rétt aﬂ%ahwhétyll Bfid alkaline-

cont ent of at least 0.000 grans, east one
eartbﬁnqtaiemomtal splts of bgaiiegcials roasadessrmine tyt AS’E‘M MethodiD1318.

dran ore, dianeter i ange from9 0 180 A
wi t b ElsgoPttes 4 methed of DidHsoE a&ru re ety pomppising:
coniabﬁn@@ Eride fded WP bid ihére rbaﬁﬁ)émg HE&dt that includes

within 45 A of the nedian pore di ter ereln pore

the emde produet; vbereimtheicgudesproditetisr lippdd mucm&mmeom 0.101 MPa,
the AP e A P b o€ B L N bR o st 00002

grad$, aliB &f least one of the catalysts having a pore size distribution with a median pore
diameter in a range from 90 A to 180 A, with at least 60% of the total number of pores in
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90% of the NWFe content of the crude feed, wherein
NW Fe content is as determ ned 5 by ASTM Met hod D5708.
The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
with one or nore catalysts to produce a total product

ot oo S a5 i
wheteltepart uid8 sl BOdAeinihed by AR MdthoDS3: and controlling

metal s, _and al kal i ne-eart

contggting cgaditionsapichi thas theatrutle protiuét. 128 8 AdtabNHVAF dsontedit afuGhost
SoRSERN T ol S NALF ety e Bfermins

by ASTM Metifdd B57085 deternmined by ASTM Met hod D4282, and
the catal yst having the pore size distribution

colp? inyenipnaies provides 8 mathod efproduuingéé cude frathuct, bomprising:
ne or nor onpou S O ne or re
contdeBini 4 kfie TERY Sith 8RS o bole fealy S omice s fotal Bepchiot hat fnctudes
the cdelpuoit, Whekitn uRnrdSpRASAIS & foid1fik@l oS *Odnd 0.101 Mpe,
the "E’dﬁgjﬁi haying.3 total contentof alba&i:maﬂaﬁamdrﬁkdm ¢arthatethls, innmetal

' ' f at t 0% of, th
s GE s o b L4 1000 e B i EGE Rph pe e
catalysis bivisgh pereaizeatigitibinforewith 8 medidh fd?e divmedd Jfackast 180 A, as
ent of _alkali nmetal, and al kaline-earth

det"‘ﬁm’g{?%ewﬁg ogdJp4282, gnd e gatalyst baiag theporessize distribution

j R vention
comg#Rbey Hef oyt BN Cofind ¢ o e pEdodid Tobll! BI¥ rffore
compoyngs dfinepr mare nietals From Golanmceof the Perlddib Table, 6 mitines

shero 580 5o g apiind i G ke cdpirotustiasa tota

* content GEAlRaNInStaY R %lkaﬁﬁe-@aﬁlli‘ gﬂe%l’]]%e :htléa@asglg? %@&ggﬁg %gid% ;3? & most

conprising one or nore al kali

- 90% githe contgainfalkalisetal, ond alkglinercarth metal|in nestal aaktdofegatic acids .

==

Bl e o B, s

in the@le fe8d, eilco

- of organimiscidsdie ds déteintined b?ms’mMaﬁo@blrais'. netal s, and

al kal,ine- earth mgtals in nmetal salts of organic acids
of 12¢inyention alsopuoigdes i method of prasucing armudsf prothect, comprising:

contse4 Y8 10 0o, B ol Bl a el b o
the ciugle poONttVvhereih Bé 2fite moduct s Qi@ INigfurd RIS AdIRIG! MPa,

Si,Z istri.bution conprising one or nore netals from
the crade fﬁ‘?ﬂ CRmpTISINgG ouper mont alkali metal saliscofpne wp morgorganic acids, one
_ -0 GOl fa.the
or mte HIRANAK Sarflf mEaPsdds o Bhe of‘ﬁbiae't ?:rg%ﬂeng Ehgg r?g %%otpﬁe% and

Periodic Table, or mxtures
the crydefeed havigg,qen gran ofierude fied; datialtcoptent olidk{l @etald, amPakaline-

carth bt B rmei SRS B ofeni® a5 ot ghlees 0.08001 Bemonsa o Ippone othe
catalyefs HalingGGith@ Size Afstefthitidh iwifled ﬁ%ﬁﬁgﬁeﬁ%@?ﬁfﬁf ?%&spzw A, as

nmetal, in netal salts of organic he cru

determingd by i Metbodh D8A82,aind dhecitalystitnaing agpotie size distribution
kal | ne-earth tal, in netal salts . of organic acids

compflgi chifs WP e &ffor 6108 ah%m@é!c Thle. OR9 SR EI08
comp8irids of oY bPRSre"mBRls s Q‘foh%ﬂglé? ?:Hégl’déi‘ioi]{ 18P iGlares

conpri si nﬂme contacting a crude teed w one or nore
thereafaand gpatrelling contadting:conditinns|sugh thatshe ctiatproduct hakestotal
content of alkali metal, and alkaline-earth metal, in metal salts of organic acids of at most
90% of the content of alkali metal, and alkaline-earth metal, in metal salts of organic acids
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5 the crude product, wherein the crude product is a
liquid mxture at 25 C and 0.101 MPa, the crude feed
having a total Ni/V/Fe content of at |east 0.00002
grans of NiNFe per gramof crude feed, at |east one
of the catal ysts having a pore size distribution with

m%ﬁ?ﬁfﬁ@d re.di ameter ﬁ .at Ieast 230 A asmmlsmmetalsalts

of Hr@HhiB dcids RO4sleteritn ieSi Ng one or nore
rret als from Col um %}%15 %ng Beglﬁgjlsi Tabl e, one or
dhe mpnunmdsmpromdss amethodof modikcing a emd@@lmdw, @ofiprising:
Periodic, T or m xtures thereof; g{tzﬂ
ﬁ%ﬁw il <9PF H@%Bﬁﬂa&'ﬂﬁ BrodHce tmducstbaamcludes

d Teerdifd lgfxtﬁ]
th | I\Vllt:bgsvéont etr?ti’é%rfwé#(ﬂﬁcru V\,herel n %9;(‘{97(1'9& MPa,
the@meefmd haying:a todal NifV Fe dohtﬁnﬂﬁ‘wﬂemt Q00005 as o INY/V/Fe per

srall U< oo of ol i o B Sl i o ot e liBution wih

mediag pore dinhete£ of @llosst 330 &, madaﬁﬁnm Asmnﬁ%amzsz and the

tha i hcl udes the etude product, wierein
Ving sneee size digtribution dompsising enaor @renatals forh Column 6 of

W{"aﬁ“" e, 4 S OREL 5 18 eel fo og  e

Pm:ldim’l‘able,m atikturédthéreof ahd somtfol RS cotadiRig@oRdifiand Such that the
Ci da mxtures t hereof, the "crude Teed having a
W? u@@w /Rgrcomtent of atuaest 00%of the NafV(B¢ rontent of the

cl-m.cl)ereganl c acl 311 Pm%gt ﬁ%gh Udﬁaayﬁﬁﬁﬁgiwgg

of Thesinventionl a}m provides 8 grethodwfpredictngh &risdé Produet) covrpiising:
di an e, dj anet er of at | east 90 A, as
confpetine 4o 1rg Wik O%/0% MO Qalalys io.pradyosa fofal progset that inclndes

- th
S o S A e 1 0

the grudadead coppgisipgams ovinore aikali mnalisaits ofener nore @rganic acids, one

or i S SRt SERRRY BelR ot e SF itk GraAnicifo o TS ﬂn@reof, the
crudu)hb@himgamcﬂohteﬁ ﬁgﬁha&f@hdéfeed % Lo Ghd

t ot al content of aI kali netal, I ne-eart
W‘ﬁﬂ%ﬂl ity IRetah9als 0§m@mc@pld@mgahlegstm1 @fams, at leastton® 094he

caabtd BRAUAHER so8 itk f) gl o el o8t g0 4, s

deteimimed byheS EhiMethot ©4280f arsll the b&talﬁtt]iﬁvm%iﬁé pore size dlstnbutlon

salts org ani ¢ aci ds

has F‘é‘@sﬂ‘n@!’gar ey, PS?BM g%ialymﬁggl 0. Q@ﬂlmems to 0.3 grams of:

ot e A A e

or mjxtupesrthercof; and/sarmgﬂ]mgnmrﬂan?ﬁg mndma:hs ?ﬁnmm%at drade %rodlt!ct hasa
Lu uc erel n e crudge roauc

tote] EShSH SF fichf el ) Aleline st ap i, Ingme s o gabio e of

most 6% dFalé &ﬁltéﬁ\wf ﬂkaﬁ‘in aﬁ{d e@kaim@-réq{ﬂx?x‘?qtﬁ'#%qg;les%?m of organic

havi ng ram of feed
acidg ém wherein cmlt&ﬂ(]iﬁll@hamtal ahd hiRaliic-@ith 0étal, iemetal

w*ﬂ?ﬁéﬁ%%@@saﬁlagﬂ@wmsﬁ% RATUNeBod K138 et er m ned
Y TSI 0 gt o epith Bt Bt gt
contgptinga erudofesd withnmeai moro lcgﬂal}stsuupmdme atotaipreduct that includes

the AP BHRNG Phgpiiins PR Eve ot mihirm t 51°Crage 0.101 MPe

the crude feed having TAN of at least 0.3 and the crude feed having, per gram of crude
feed, a total Ni/V/Fe coritent of at least 0.00002 grams, at least one of the catalysts having
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5 contacting conditions such that the crude product
has a TAN of at nobst 90% of the TAN of the crude feed
and the crude product has a total Ni/V/Fe content of
at nost 90% of the N /V/Fe content of the crude feed,
wherein N /V/ Fe content is as determ ned by ASTM

ap%tho%ﬁ%b ‘Hﬁ‘j .i S as !.det Er EgﬁgﬁﬁgﬁTMdl\/bt hogdby

ASPRPNIB0RADAR 8! h!ﬁtPthBchﬂH%E havisR{dtali sl {v ehinCétnted PP gram of
a crude feed With one or nore catal ysts to produce a
catalmta&omr&&ﬂﬂdtgmmato 0.3 @ranieef: molybdepumeons Ql‘cm@lte ,compounds of

moffREGich shltphle Sl of ot o, i el Wit Ffnd Gpfpoting

confictiag corfitions sidh tiat Ble ide Bodi@has 8 be:ataﬁd;s@ 90%ifthe TAN of
or nobre al kaline-earth netal salts of one or nore

the grugla feesd and the crude producthasa totak NeOHFe eontenttof et west0% of the

i cophine OF R srodedine Sheirin NRTEe S0REH R af diihffy asTM
MefRU{D5 708, AidRANGS 8§ télsmithediby ASTM MethQ0DE44)r ans, and

at | east one of the catalysts conprising: (a), uneaor
mor Engrinvemtion alsmproxidesa ofipsoducingairrude prsiduct, epraprising:

mﬂ%ﬁ?&#ﬁ%"‘é@?&? o e Qlst Pl 2 SR el Bkt W hcludes

the @fifle Produrt, ovinspéialthe éruderpﬁdhwtmahqtnalfmbdn&e Be25 @ and 0.101 MPa,

TabJ e, one or ,nore conpoun s of r more netals

the crusie feesd eamprisingene ofanqsg afts of e G mer gmiRyacids, one
or ﬁt&%ralﬂtmel’&ﬁﬁ?ﬁé&l%aﬁ%%ne o?tullnd}c %P%ahibt idsCor ﬂiﬂ‘ﬂuﬂe@thereof and

netal to total ['um 6 ran from1l to

the thydedoed haring atdtalmgntent; pecgramgpfoowds feed of alikali matilaand alkaline-

carfrdbe, gt SRl of p2Ebic it ot s, 60t rasy g o st ome of the
catﬂi'ﬂ@ Bbﬁpﬁﬁhqupéne@&r m&%%etag%oﬁ Chitent6 6t 88 PefibdiaTaBlel one or

and al kal i ne-earth net al in netal salts of

: mom ‘gmnmmndaof ohe onmoreanatals font Golwmn f of e Retodic Jableper mixtures

oBgfod (P o P ol ol BRI TR e R ATy ot

co@xﬂ&&ﬁ of B'ﬂ?oﬂ lﬁﬁtél’ihm fitin® Coliiney 1 §l65the Perbdio d'ablk, or mixtures
prduci ng a crude product conpr|3|ng contacting

thepeofy pehereia @ mplenragigof Mlam@akoan%t tolgl Gplmncemgtal is in a
m&ﬁi‘r@tn P{ooﬂdéca% gﬂ&ol %*ﬁfﬁ%g BfditioHS Sach" LI!l‘ft',tcrude uct has a

ereint |qU|d m xture at
total odni@ntléfialbd¥ametal, Iand a]iﬂaﬂm&éadﬂmhai/ iin glml tsaltea:bf osgeniitf #aids of at

f at | p. 00 f N

moggt%ﬁf gt tbgrcegtsnt efikettingra ang HiGHTne;Rarth etdh dt @S%%f organic

i Hﬁﬁﬁh&ta]f mﬁrtﬁnﬁftal
2 Ee Per i ogll c Ta gl &%o#éﬁ&%orﬁfmr e conp oungs OF one or in metal
saltswof ergaaic:aacsds‘ls asrdetéinhuedtbﬁASfI‘M Methed DO3I& Tabl e, or

' t b s f

Ot T, sttt it broies e i ot Profiiti f Givde Brodyib bommeisine:

corﬁﬁctﬁ@% @PhddTeE® withioke or HRéta %Eﬂd ‘iﬁ‘pﬁﬁu&f a toigd P&fub?ﬂthﬁncludes

or m xtures thereof erein mol ar ratloo

themctq ﬁrg@«t:dwhmnmlbe prude product leaéiqmddmutme @t 387G and 9.10h MPa,

the B Al eV B ol 3y 4R ORE B B v7ee per

grabdl of\érirde feed! fidtat RiasttineBTThe catflystotorhpisebl (a)/biecorantre dndtals

of the crude feed, wherein NW e content Is as
fromeColnminfeof gyemmbblph@m q;)gmmg compounds of one or more metals from

Column 6 of the Periodic Table, or mixtures thereof; and (b) one or more metals from
Column 10 of the Periodic Table, one or more compounds of one or more metals from
Column 10 of the Periodic Table, or mixtures thereof, wherein a molar ratio of total
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- catdift Bhving e @hbi‘bﬂb%o&%é:ﬁl?%% %ﬁg-ﬂ%ﬁ A

5 The invention also provides a nethod of producing a
crude product, conprising: contacting a crude feed
with one or nore catalysts to produce a total product
that includes the crude product, wherein the crude
product is a liquid mxture at 25 C and 0.101 Mra,

ol 0 R o] o
coﬂédf%g lcBRdiBahS dhcH B 'thé&lﬂéprﬁ{llﬁg 'ﬁ% ] g?tﬂiggﬁ}’g’; e%%ﬁ{e%i ﬁ*c:ff't most

aci ,._Or mxtures thereof] avi
90%@&' the itV e contedtof the drude feedt, shereimNéW/Fotonéntdd as determined

H%n% ﬁg#ine- earth netal, in nmetal salts of
byggg.g*w ﬁé at Ieas_t _O. 00001 grans, and the one
or Th Bw vides'R Metodbf éﬁucﬁ}é e a}ft'y ising:
the first catal yst havi nge,ﬁi per pg%;ram dél rs?ﬁ)ga %rg]tn:lsmg.

comac{ﬁng e cﬂutcfe@dﬁ ©6e gr PoEs; caltlests)wqarodum totalpraiust thmgiﬁbludes
unm t he Periodic Tahl.e, .. ane or nor npounds

the 5Fd odiet wieRSi e 4rE0q Fipriceat g TERREBY 4550 B4R 0101 MP,
the tRlde Feedl GHeHF nicre Wikl Metfllsai®5Pdne d}rmélpg BrgHnfcacids, one

thereof; and (b) a second catalyst, the seco
or mere gikaline-canh metal salts ofianenon moseorganicasida) granixtures thereof, the

: I f I 6 )
crull ReARAHE, i ral B Sl R, 470 cBuyepl R imeigh ao Alkatine-
eartivmetalyif mbtal Sale BF ofganivadids oFht lehst 0RRI00? Frdins] 3RY Ehe one or more
al cul ated as weight of netal, or m xtures thereof;
mai?ﬁ&s cqmprising: (@ ajfisbeatelyst the fizgcatalysb haviag,qier gram of fist catalyst,

B gl o A p A o S o,

oneax Mf (ksézr:pbumb@f oﬁ@% mbfdlh_etals@mh lenlm[ﬂi 6f ]!&ﬁJ PeritBicAfable,
a al.ine-earth netal, in metal salts of organic
calGyfiteCos Reighh e Zhatel of Fbires Hivetas sddbyg serong ptaiRb the scoond
or gani o Facrde Te aa ey s ?ﬁ%%g‘b%i%‘.mws' T
frompiC@lhymuy 6 1of therPexiogic Table; iode or moretdmysbuntis pf ablorimgreanetals from

o TpePfine SN, fulic yuabiati St oo sma

confroltidp contabtivig donaitions Suchi tht 166 bidi8e BFRRIECAas MBEI %ﬁeoﬁt 5% alkali .
crudcf roduct is a liquid mxture at 25 C and 0. 101

metgpgn alkplinecoatbametalein wetapsalisiof grganic asidsrafrabmask20% of the

confEf} 68 1Rl doBtaf ant Bfkcafihe Bt Eon Bl 3 e Shfr i Aiad R e crude
feedz svhemin contentof elkal nidisl] aaf alk{lR-cafth ¥6all ﬁﬁﬁeﬁﬁé@{l@ @f organic

a total content of alkali

. per gc{ez%m of crude_f eed,
acidgas ay determuned by ASTM Msthod Di318et al , in netal salts of
is i f . d at .| t. .
o T ot 130 préidesiakenda Pt GhE M ddfodler, Bising:
comGaemfm ? cxudg feed rvgﬂson_li_a‘(g more catalysBIte praiuat & tdtﬁl%gbdﬁfe khéfEncludes
e Peri odi ab) e, one, or_nmore_conpounds of one
the G o, Pherein et iohue ' AdidhmiErs 15 CC A 001 MPe,
the Grall€ fed C8MpASingoh& Bi mbdfe {RdI1Rnetal §atlfpo)f bHE S?ﬁ%ﬁ%l@%é acids, one

and controlling contacting conditions suc
or mayre)glkalinesearthymetpbatts vf buort potervrganio adids; ot rgxtufesahereof, the

i S ovmer.10 h' . and. th rpde oduct h a total ]
oruds 3o iHving e drmof iyl oech AdorRl semiemof kel metalcnallaline-
arthRiefdl, 16 fh hj ' { 10
ey na st O R il 6P qofh OB grdtht A0 o At ome of he
catalystsdiaving) per guim of gatalyst, aideakt 0i001 igrem<oft dre bemore metals from

[ nt ent f alkali netal, and_ al kaline-earth
Corfiif b BheFeRiofih TabTs, oBe B mpre mionagl omesos gore meils from
Coldtih 6 lofitHa9%ridtic Table, calculated as weight of metal, or mixtures thereof: and
controlling contacting conditions such that liquid hourly space velocity in a contacting

-
-
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16



10

15

20

25

30

5 ASTM Met hod D1318. The invention al so provides a

nmet hod of producing a crude product, conprising:

contacting a crude feed with one or nore catalysts to

produce a total product that includes the crude

product, wherein the crude product is a liquid mxture

at 25 C:pnd 0.101 MPa, the crude feed vin per )
zone 1gpmlaf A hicrcmid, practucs ha = talgoptent 0 alkaline-

carth 5541 iy Bo T AG ofbeRERir o ARL 00y R i O e,

andaﬂﬁﬂﬁmﬂﬁmhﬂﬁwwﬂiﬂﬁh&hﬁ&ﬂ&@ﬂhﬁ@ﬁmnnwuﬁ1nﬂhd¢nmhpﬁﬁdomm&nnncon&mm
Tabl e, one_or, nore, conmpounds of . ong or _.nor
oalkmlrmwl;cﬂn aficaling parth ol ingactel Splth PEOTZARIC ACIOs iS5 ‘%&mmedby
fetal, or mxtures thereof; and controlling
Asn)f’ﬁ&@% BiafE

con ondltlons such that I|qU|d hourly space

vthg divegtiomalso pnmﬂh eaatmet}:;od ofmodscmyepru_de , snmprigieg:

crude pr t has a tota e nt e Q
contaGiIp RN 1oF4 it O B REBIYPES P Dreee ?%‘é’f?@‘i%%m“d“

25YC and 0.101 MP
o R A O A fnd 1 5 BT 210 0101 M,

I nvention al so providesia
crudﬁ feadihavingped grammgf a'udc feed, ptotal N{V/Fe soptentofiay} Teast 0.00002

38 o S o i, B 01 s ot o

i ofithe Pefistl6 TabIR b orirfore chinpoiustisifohs be more
H{e‘%%ﬁ%ma(‘ﬁ@ﬁfnﬁ 01 MPa, 20 the crude feed havij ng, per

metals fram Gélunmn filef the Periodin Tehlpgeaicdaind éﬁwetﬂht af metahor S

thereqt; g cogtiofite opRiasfi FoRtidHl Sulty it i 30BHT Bhack vefbcity ina

contaaﬁ hoh%tl;@o@éi gpm*‘%ug?memdvpm haes wts Nﬂwgb@o?wnmi&t most
e Periodic Table, one or ounds, of ,one

00% of i LY /R contantrar aba G e bIop N BaCOHISaL ip s |d553‘-ﬂa1ned

by%y&&g ﬁsqﬁgeqf and controlling contacting .

ns such that the crude product has an oxygen '
2T hednvepion @Isoqiromi@a Mettod fof phniuomggemuttnmo uat, eomMmprising:

crude feed, t he crude uct
contagishi & pRudg fEeAgVIlis o0k O mPTEaATIP REOHee Ato] biohct fhet jacludes
SPerard)0. RETMP
the o BrodiPE BB IO SR ﬁ%ﬁ%‘t@ﬁ“@a‘%ﬁﬁi?& mned by
the crafd Kelithaiing, Fei294m of kmderfeesh i oXygensonisntof atdeasy0.0001 grams

o oo 6§ O 5B B o PR 0 ot

catal PO Ristng GHePdr rRéredhistils Fddi Colied 6l 65the Pefiodic lfl'dable ong or
product , erein the crude product is a.liq %
momnamndsaafdmc of gwre/metals ﬁ'ﬁ@ Columa & efdhe R 43\1?; ag'ér"f mixtures
el 0 S5t okt B e gl e
contént B@iﬂlnﬁt 80% ¢ffths bkyden, coatedt @ﬁthb enslt ferdeand the lu:allde procéuct has
catal ysts conprising one or m)r unm
a UL conttint T0OkACYS PEDR SIgHROnEHRE ot STl oy SUISER BV
r I f
conh BB STl aﬂdm&mmmﬂ o

ASTRORItHodOMpo4Uch t hat the crude product has a total
Ni / VI Fe content of_ at nost 90%0 the Ni NN Fe content ..
of Theiaventipnalsepravidss a metrodof m ucm&ﬁi%}@av e produgt ¢of "ﬂﬁmg-

conté:cgigg ?Q\%\%&éifgﬁ with Ore OF mioPEcaatybiy fo froBh& Y tofdl ptdificEthetivcludes
the crude product, wherein the crude product is a liquid mixture at 25 °C and 0.101 MPa,
the crude feed having, per gram of crude feed, a total Ni/V/Fe content of at least 0.00002
grams, and a sulfur content of at least 0.0001 grams of sulfur, and at least one of the

.-D

catalysts comprising one or more metals from Column 6 of the Periodic Table, one or
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5 NWV/ Fe content is as determ ned by ASTM Met hod
D5708, and sul fur content is as determ ned by ASTM
Met hod D4294. The invention al so provides a nethod of
produci ng a crude product, conprising: contacting a
crude feed with one or nore catalysts to produce a

QR B L oph AE mord il Fem Chingnidot r?%?é«f:gm@ @ mixtures

thareef; 8nd Edntidhdng édﬁtdcﬁﬁ§ %ﬁkﬂﬁoﬁseﬁgh B | C ag:‘aa 2 total

e al kali_metal salis of one or nore org
NifYyEe cgnteptpfat m@?ﬁ%@fdmww?amtmbfﬂmiuduﬁe@ and®eferude

orfthl8PRbs 08 SontBls JF 7814088 of 5 sl sl o fhe ardecoed, wherein
Ni&FIIFa Icontbﬁtlalas desinb By ASTM Méihéd IBY68, ani quﬁlc%htem is as
nic acids of at |east O. OdOOl gr ans ha
d d*@f’ Eé&éﬁﬂl\gﬁh od P4294. | east 0.1 grarrs of resi due
?rgre %gﬁmb?@?ﬁm{%wgw ‘%Ilfr A prising:

confacting a erodefeed h
N o0 o e
°a‘ﬁﬁ&c ?fgmtb%ﬁwéemdglctmdnquudmxw 26 6tantl el 01 MPa,
theCoriidlen Pﬁﬁﬂ | kal t al
al kal |eﬁ%e§§1 %e?%?ltﬁl n !me'lliiiﬂ #g&;\?aﬁ&o P %P’Iéﬁﬁef%amgmds’ one
or mpresalkalineteagthoneril satte of o @nhorefor ?ddi@hélds OB bk turedihereof, the
ts

cruﬁ%’%ﬁl nes earth met %Pﬂ@eg'ﬁrﬁrﬁtg%lztel of orgam Ce&%lcbil;l'
ine-
earftDikRl) lin ﬁieta]@almo&gs{mé R&dé §€M%E ﬁgag,@%,[a%sh@ea 448 conten

f eed, and wherei n cont ent
of gﬂgaép 04 czrems ofresidue, andiah leasttone of diet atalystocgapiising 6h¢ler more

c or n g’%t&qéﬁg? ﬁ%ﬁ%ﬁ%wﬁg%%dw %%Sg% 26‘&%%%5%%8 |°1ng gl' more

metals/@othi Guhnih SoMEOPéritRSc ?aﬁlst&%xﬁﬁe%%uf'aﬂg cﬂm?&l ,
roduct, .conpri SI ng: 25 contacting a crude % '
°°"gf’rﬁ£ms coRdjtians e the dempmdméaaanoiabdonmmdﬂﬁkammtal and

lﬁé?ﬁqu.%fmwgmmw LT ol 9 o PGl

mefabagd Iaﬂmlmg-ba.rﬂfmeel anmeftammw@f&gaﬂe a@id$ fSthd BRide %@:‘;gie crude
m@ ?@ﬁlea& @g {%)- residue, and a total N /V

product residug content.q byt of theansidueeantent ofﬂmmdmbed;fand
whérbi coﬁ&h@bﬂtﬂkﬁ i AP rdn g gﬁgaio rgi%ﬁ fLpm organic acids is

Col umm e Peri o
as Wc}v MTMrMe&:odmrsd Srmith‘eadﬁﬁ contén is A8 deferffindd & ASTM
[ Tabl e, or m xtures thereof; and controlling
contacting conditions such that the crude product has

coptent of the arido et Rdee e . fafione
confagiing|a cruds feesiwitlpnsyor morcatdlystéio prodicdudobpiodnét thit includes

the e B W iR Sich HOR A RS 8425 “ComddhI01 Mps,

the cmdafeeddﬁmgm%éaﬂbfeéwfé&t Q?&;ﬂé%%ﬁteni t'léh\é%“l tgi»’zﬂns of
resx@l SO rOVI des a nethod of producing a crude produc

qtal: Ni/¥diecantenhof at ltasuﬁleomﬂ%gfams,t d:ndom @eaeromfehe

m?%‘éa%“ﬁ%@ﬁ&%%&%{f&m EbiBimiguof e Beriedie 55, ome o

mork icompourds’of ¢he oﬁﬁlo?&n@‘al’s@mﬁ -Cja@&nﬁ/g%f the Periodic Table, or mixtures
thereof; and controlling contacting conditions such that the crude product has a total
Ni/V/Fe content of at most 90% of the Ni/V/Fe content of the crude feed and the crude
product has a residue content of 70-130% of the residue content of the crude feed, wherein

-l
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the crude feed conprising one or nore al kali netal
salts of one or nore organic acids, one or nore

al kaline-earth nmetal salts of one or nore organic
acids, or mxtures thereoZ the «crude feed having, per
gram of crude feed, a vacuumagas oil ("VGE0O') content

f at least . 0.1 grans, and a total content of alkal

NUV/Eg captontis as detepningd by ASTM Methed DS70$rend residetcontshit istus
deterBida By ASENIMe@baH53891 grans, and at |east one of the

catal ysts conprises one or nore netals from Colum 6
ofTheleveBtion abbo pravddése methed of pradueing arpadeydedwdt, cwhgprizing:

nor e tal s for.om Columm 6 of the Periodic Tahle, or
contagting 3 cride feed with oneHrJuoLg ¢a tagroduse a tetal prgguctthatmcludes
crﬁﬂé‘#ﬁoﬁ' n E{nﬁh;: s N ) t
the con en?&’of ai a |%eﬁ®%§%ﬁg'%%s ﬁcrf.t%? Zalﬂ'l,mi1'~r1111:'a’
thecrm&bdsahpnf s1inE one gﬁmols' nedkaldi 'ﬁ:eﬂ%I sﬂfskofmel ; oﬁﬁﬂir@grghime' alcids, one
co nt of _al ka] i met al , and al kal.i,ne-egrt ta
or mofe, e carty 1§05.9P¢ or MereIEwHc me&araew@gmaﬁqahe
crude 54 hefiniid) Beﬁrﬁﬂi’&‘cr&%@d,\é%&ﬂﬁhﬁﬂbﬂ gfvé@%&ﬂx%n@ bof i 18ast
f eed, erein V C

VGO content of the crude. ont ent

0.1 grams candcpetotal content dfialkatiTivethl ainb alkakiRosarth metdl, iometab saltsfof

I [ | . and al kal i,ne-earth tal, in.,metal
organf?gtRls'of ITI0R el o it Rt e 5 el el e e or more
metaldfrbhColRklof (RE PEAEiE TUBIR! bt orthé1@ BRI OfbnERE R

of produ0|ng a_ crude product, conprising: contacting

metalg,from (el of the Reripdic Jrbleperamiraurgs thereof andmoptioliaga
t L ncl S f D[ oduct,, ..
contaqtlgonftiSl ot ook B0l BFRuoot 48 a3t Eombat Bl et ana
alkalmelaglﬂa ?Gthtlj,l\rﬁ’metaltshlimﬁl\f ?‘%ﬁé gsids bﬁmixﬁ@ft Wﬁﬂh@ﬂaﬂﬁm of alkali
cr eed, total] N e content of at |east
mﬂa}{ﬁ”é@i@ﬂ%ﬁﬁﬁﬁﬂe@n@l rgetgksalts gf pregniceidgiin thepradegieed, and the
ozt ' :
crude BIRITEe ha3 A B0 ik pP D 10 IRE VG Yl 0P B (i
wherreita¥IG£) contentds aswbsterntinetbby ASTM Methivel D§30andcomtémlof alkali |
fr ] um of the Periodi ¢ Tab)e,.or mxtures
metaly oS HIGHLOS AES cfaly By s HRPALE G PEEAIC AGicBH AR G SR RRASTM
Methdd®131gie crude product has a total N /V/Fe content of
at most 90% of the Ni/V/Fe content of the crude feed,

aRbe invention also prayidesia methodofjzoducing & srudefprodint, Ladrising:

\/ tept of th feed,, wh i,n \V ]
contadeii aleri fE88 WA o o ikt Y St VR BGIES el PeBdis) thas ngludes
the cride/ groduct OWher8in the cride pRidutHis ATuRY mDRIN al2S POAnPH 108 MPa,

e.invention also provides a nethod of producing

the crgde,feed BrGRBET SO drude fped, ol NIN/Fg comtortid st 1eag.00002
grams{ Y VO CoBRY G o R 016 bibodet il A GMAEE 0k A0 parBV B HSprises
e aa L otrm6 B Hio Beiodio Riblerof r flaid Vorliands of oae
or mogertals from Ciolupn ok theesiidice T akie, @& misiwees theeof; apbantrolling
contactinl a%?h&lﬁbﬁ@ﬁﬁcﬁ AR R %rg% @dﬁ%@g ﬁttﬂél m&%%g%it 6f at most

acrds, or mxtures t
90% of dhvd NifV/Feecontemd of the coudedieed, @nd theecrtidd prioduetihhes VGO content of

701384 the Ve gl o eods oo Vs W Bsomitiyp amdeteamiaed by

ASTMMEHRRED 5 afd NiVoFe e&ktéﬂﬂééssdétanﬂﬁé@&m Biéthod D5708.
C N tals rom

M
onbi ning a support W th one or nore
Chheiinvestiax alSo provides ninsethad diyirbducinge crude prydact, comprising:
onmpounds, o e or nore netals fraom Col 6, of the
contac%ing% cli'lucpe fecé with one or more catalysts to produce a to%aq?)roduct that includes

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

the crude feed comprising one or more alkali metal salts of one or more organic acids, one
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Periodic Table, or m xtures thereof to produce a

catal yst precursor, and form ng the catalyst by
heating a precursor of the catalyst in the presence of
one or nore sulfur containing conmpounds at a
tenperature bel ow 400 C, and controlling contacting

ordi dlkeding-catth Sforle I
0lglr:)lntent of al kgtln?tﬂ?r%ltﬁal, a%%@g&%aﬁfﬁ%méfgwﬁmd

the ¢rydefagd hvami pet gl@ng@f[nrmiafgedja tﬁ _eﬁntaﬂ&fa%@ﬁ’oxﬁt?lt Bl alkaline-
. t - t t
oKL, el Sl of et pekfiosaf e B0 @ nd a eost one of e
catdigsteisrobuanites by:flfombﬂﬁhghi Avith 84l ofiniSf dﬁl?ﬁls%xﬁ Elolumn 6 of
organi ¢ et ermne

tal, in netal salts o acids 1s
thgg’engécrm PREIOIDNGES oM ©ne opmond metads fromdCshuwin 6 of the

. e e e fhon
PR Fatid, o SR ool iRt Astalver rbtisas, a0 trgiimathe
cafelysd by beatinigoi plecieosRthe bialystiin MleitESnce f,f‘&‘ne?

] . e
cogﬂ'ooluct, wherein the crude Froduct I's a lrquid mxture

jaining eopperls pba temperaturerhelaw 400 °Cand doatroling cpatacting
| WY/ f

AR tuck st Eside ooy o hial et P it gt ond alkaline-carth

metal, inl pstab sdlts oflorgeniedtlids it moSNGU% P theoBRPOF dikf fnBial, and

hetals from Columm 6 of the Periodic

alkelige earth et mpatl whapbonganic gpids liibthsrcmdﬁ_rfeed% Ovheeein kentent of
o SR, ek el 17Dl LB Ropii it EBremminga vy

AR Methad 2318y heating the catal yst precursor in the
ce of. on re sul fur caontaining conpounds

presgn or .,
at Zﬁ’t"éﬂ‘b@é‘i@?&&é’ PRYides aymethed of produeing asrudenyoduct, comprising:
. < ™ ) _
_coa t ot aali Ni /%?wg%b;%r?ﬂo cat n%stp%%#g gfta%ﬁ%&iﬁﬁt%iémmdes
the e produet, wherein thesnidequodushisradiquidimixtieeat @517Ceamid 0,501 MPa,
' by AST t.hod 4 The i ti
PR BROR mk it S K A e mesro o002

grams, dad atcleagtoaé. bf ﬂﬁicaﬁlysl‘sﬁ@ﬁbtaﬁa%%gig EW%  support with one or

hydrocarbons with a_ boiling range
mcgé p}%ﬁﬁﬁg@ Colyma eftheP 91#0(89 Tahle g or anore eampotndd@f one or more
r | boi ling.ran
i intis g?‘.‘%% fEbERRAt, i of Hisp P ueRRP Raroges a calyst
preicuiot; afd Gdrining trescaBillysy by hystingahe bamgstiirbdursorko e
range,di stribution betv\gen 320 C anggt\gsSO C a?ﬁ)gﬂ.ellﬂg%emeomne
or fRAOSiLfil Sieaiting commpvngs gharapensiiee below 4004 6nd gontrolling
1théting coh e{,,?é - f Crude
* product . di?’ﬁgs ﬂc\?gﬁ%tiq%ﬁ a s%r%grﬁg\%é%gé tgf%:]'/gg%e Eobfit ofat most
0 %nfithasNi/Vére ¢oniént of thearuderfaed, sfherst POSI/Fé titentds ad @dérinined

. ggs [ fur, det 1 ned by ASTM Met hod
by%ﬁéﬁ?}i oc}@gg(?éjo grgrg?rs gferanOnsesi éue, as °
det Fher i ; | L
et Fheinvestiqy ﬂéﬁ%ﬁ%? Q%ﬁd@%@&?&mﬁﬂg hh g,%g% bt Slde

has.,a weight ratio MCR content to enes
Corappsiaan: ablcast0.00d srams obhydubeartains withR baiting fingk disadbution

i T .D453 d C5 asphal tenes

co ni %ﬁ@ ?gd géo ﬁétagb#ﬁ] B@gabﬂt lei%%%%ﬁ/mw%m@mmﬂﬂ a
boiliny eamige distritriiionHef¥ecd 250 2CHaH 320 °€Tat B/10F WEPA %t a0 grams

1Exroduct, conpri sing: e
of hydrocarbons with a boiling range distribution between 320 °C and 650 °C at 0.101
MP3; and greater than 0 grams, but less than 0.01 grams of one or more catalysts per gram
of crude product.

The invention also provides a crude composition having, per gram of composition:

at least 0.01 grams of sulfur, as determined by ASTM Method DA4294; at least 0.2 grams of
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contacting a crude feed wth one or nore catal ysts to
produce a total product that includes the crude
product, wherein the crude product is condensabl e at
25 C and 0.101 MPa, the crude feed a MCR content of
at |east 0.001 granms per gramof crude feed, and at

| east, one, g e _catalysts i s obtainable by
residye, 38 defermingd by, Method D330 jand thecompasitionthas s viedght ratio
I .0
of M@R dgﬁlgngtrocénso&gﬁal%ié -Bfmdg?stqrbe gﬂfgféﬁ h@c@ TDOL nlgsés

determmdd;y ASTN hdeﬂmdmm; am‘cs asphﬂte@dslemmciﬁﬁs’idet&hlmed by
g 2 form ng the catal yst by heating the
m@ 28P cursor in the presence of one or nore
S Ulelihverftio :ﬂr@fl EOTRRUHRE DE 'Egﬁ-{xfé
500 Cvand tggdr? rolling contg’c?‘ltng conai owg%t%%ﬁ{ﬁng

contagting & cxude fesdowiithe onmmmmmmmm adbtahprodu&iGhatdhcludes

the oy pRr, BheRT R Sride procig FeSPFABI 345 6 6000 1pROMPe, the
crude fexPEMOR ookt dffa@l@agﬁﬁoﬂ gail %@r BanP650 R84 Jol ot st one

product, conprising: cont w th one
of theyjetalysteisoltainable by:tcombining aeu@ou'bwnh ope ocimote mistals from

Coluff & o 5Eperlclf FAHE 08 0% 5% poriSigl i b o teimBaf o

Colurht §bf #he\PdRicdd T, @ minturésafieteof) td dﬁé@&rsata

crude feed, and at |east one of t catal ys slﬁaw ng’
fomagﬁ& catalyss by heating tbam@bmmm&eamemseoﬂommmoremﬂﬁn

o el B Pl oA

conditiong such thist te crbde/produet mam@maﬁfeﬁt oﬂm&ﬁusﬂ%% of 18 MCR
th re, dianeter, wherein pore size
ontef} Gihe (e Bids wh S iS5 JeSTRNREL BYOAS Y Mizthod

conta

D453gnd control ling.coptacting,25 conditions, such that the

crude product has a MCR of at nost 90% of the MR of
t e dnveition filse provifesreamethMLBE prodacing atcmde‘tpwdhdo,woﬂ@mng

cont %t hod %ﬁgm&h%&\é&%égn al fso prov[gges a Ccrll;{tﬂ,\?ég@cludes |
dﬂét,aﬁﬁer@fn B LR r&ﬁwf"ﬁtcﬁ hehad ﬁ?e BT M.&’SHBPgma, the

E385; at nost 0.0 rarrs of tern ne
mdexfgﬁ\n M}RmntmmAt leasth on graaspeltgr&ng)fa:m:lecféed, end duleast one

of the e IGHL TS ok RlBioBor o et meee Sigmeieg P ge from

70 A o8008 witioat leaﬁﬁOMth@tM%uﬂibéf"éf ]Slfreﬁi’ﬁytﬁé ore3¥ze distribution
det er m.ned by ASTMxet hod E385; at nost 03 grans

having p porp digmete within 43 A ofdbe modiaspmenkiameter, Mmadn peate sigsst

ciseifltioh S RafindlTEy ASTM YeBidOTa %, ) Sl Plnisind

conditiensesuch thatithe \crdls Tovb it hasa DEI0 6f ainfi6st 909 G0HB WECR iofthe crude
feed, WEGRGMORcE 55 Sermimod B ASTAMGbpA BSHRS o o de

CTRRINESLIT A il ARy B hon:
at mogd (8¢ gramns bEasytgen, 4 @tmadﬂayoiSTMSMéﬂ@d B3850athssi0ned
grams\é'l Aﬁng t hod eDci3 go ST%/? gdettl?o% ]822 403}1& Iato lgasQ%VS’l gr%ms of regidue,
as determined by ASTM Method D5307.

The invention also provides a crude composition having, per gram of composition:

at most 0.004 grams of oxygen, as determined by ASTM Method E385; at most 0.003
grams of sulfur, as determined by ASTM Method D4294; at most 0.04 grams of basic
nitrogen, as determined by ASTM Method D2896; at least 0.2 grams of residue, as
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ratio of MCR content to Cs asphal tenes content of at
| east 1.5, and the conposition having a TAN of at
nost 0.5, wherein TAN is as determ ned by ASTM Met hod
D664, weight of MCR is as determ ned by ASTM Met hod
D4530, and wei ght of Cs asphaltenes is as determ ned

AST, 0 007. 10 In sone enbodi nents, the
d%é‘?ﬁd%'aﬁé RA307; and the spmpasifionhes a TADhef atmmost 0.5, as

def&ﬁ]gldafbyt,h 3 64conp05|t| ons according to the
inventlon crude feed that: (a) has not been treated

Jheenvmp alsipzovilésacrude démpositiGithaviils pey gram of composmon

atﬂeg%t\/d 6641 Ek‘)’%“ﬁ&%@ cogonent E%Agw ng{@ll car bosgkgurrb -

£

of i, SATRMIARLFt P RSTH MBI BEIV: oL 0 oy g
ratrcmwcai ennteris o Cs)asphaltmesbﬁﬁteﬂcd’tat easOlL5,Mod, th@chifpdsitich having

aw%%g i st rqgruu on gb‘aﬁa\zveen 100.C ndﬁé_g&c at ci'éﬁﬁc)ﬁl ight of
Mgthod weight o
MGRGs & @éterﬂ:ﬂ&ﬂbﬁ/ﬁsmm&d ]5%3"03% anéf &y %)Jgﬁﬁltengw isas

bet ween 300 C and 400 C at 0.101
dﬁ%g@d&wﬁsmlmmdmo%en 400 C and 650 ' Cat 0.101

Bod,g%ﬂ, ﬂ!? f f I 0. 001
grarrB ol? %&l rocer&) rfﬂgﬁuﬁrﬂ“%g eea?ﬁgat%qg@gétpnmthoneor
madé of memmm &%bﬁﬂo&ﬂgnﬁ&brcﬂ:glﬁjthé@ﬂren@ot? Qéuﬁl BUPHA: (a) has

drocar Qens havi ng_a_boi ling range di st
%@&é@ ?e@a@m candéor foctiomdly distliid; ¢h) dws carhiponents

halip b SOl el AKAY, e il o155 1t grarior sy

compmemqsebgrm bﬁwudgfadp(u)bo irises MySrotafohs 6hofwh1ch have:
1ween 3 gand 00 C at 0.101 MPa, and gr ans
a ing s ity P00 363t 01103 MBin geboding mirpedisaibation

betbhigbiio0 6 i S0 %C e 10, Bpofliph Hndf Bunibod B3pRen 8 °C and

+ 309 3C 2t0.101 maoabamngmgealsmbﬁuox(ﬁawbaﬂmc aid 460 °C at 0.101

t of,. at., | t 0.101 '
MEdDbad £0i80% Pngf cistiuion Yonters o?@rpnd(qw Rt 04011 MRar () hss,
@f engle doad, 3 Fe
el ol ok Ay Wy o
dlﬂﬁﬁ&ﬁen glowy 199 Q%Wsl MiMPa, .00 glpms ofj hpdnoodrbons kbvidg®Boiling
Q, f d
rnfl gt 1 CC ofoBTBC 3k g EEAEL o s g carhons
havglmbmhng ratge dim&ﬁhnoﬁzfﬁehﬁéﬁmmw QMR IUIPQ,QO 001 grams
arb one or nore al kali metal sal'ts
%ﬁé" 3%"188 szﬁﬂﬂlgé@%dlsmbh@mbm3m ‘f&hmchdz()(b%(ﬁ #h0.101
I I f d
MPE et 00604 deplof 80 hrb O e 4ifin@ g isiogybefpioen 400 -
and&SQdﬁ} at Oakﬁldlea,r(dj s E('DANQﬁiﬁpIdaﬂ@d leét{t %]éaglg@n?é di'iff a range from 0.3
a or gani_ c aci
to 20,8 33? i éf 3 ton%a(BrIvé%p injtialhoiling paint ofat Jeast200 °C at 0.101 MPa;
(2) EoriibHided nickel, Wdanah %n&’ fron! ) fiaPdt \;&ﬂfp gﬁﬁ&gﬁ% of el Ni/V/Fe

conposli tions accor di e In

per gram of erudefeed; @h@n@rim stdfﬂi;/bﬁ@srwlﬂﬁbmﬂﬁmdgrﬁﬁmpgr@@%rams of

In sone

| at.i | pht ha f d
w4 ot i e % 00 polpask 00 arems EYG0 per ram of rude fecd;

129 Bblefl 0L 105raids t
@ conposi tions atgggér% gﬁlﬁ 3*'} %ﬂﬁgfépﬁrﬂé/%ﬁw @ Ja&%i'?%{)?fygﬁn
con@iingbydraearbons; (n) one or more alkali metal salts of one or more organic acids,

one or more alkaline-earth metal salts of one or more organic acids, or mixtures thereof;
(0) comprises at least one zinc salt of an organic acid; and/or (p) comprises at least one

arsenic salt of an organic acid.
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crude feed with one or nore catal ysts to produce a
total product that includes the crude product in

whi ch the crude feed and crude product both have a C5
asphal tenes content and a MCR content, and: (a) a sum
of a crude feed C5 asphal tenes content and crude feed

content is S, a sumof a crude product C5
as %m@@&nmtth@memm alseprovisigs.cn cymkinetion evitheorte or

j : ' j fd I rol |l .
oo L A A i Tl
obtainalile by rergoving dajlithnanddompoands Slotevblstite hhdnaiphtha from a crude.

weight ratio of a MCR content of the crude product to

a CHsquisieanbodiments, dhe ventism alsp-provides ip combinatipy with ape or
moretf ¥ mbthOh 3rt ﬁoeﬁ‘l%nv é’g't" agéoréip t ﬁlejin%&ﬁgg, € ﬁfgﬁmd of contacting a

enbodi nent s, Ion O provi
crudecfebd mathi ome oninidre cxialysts to pfodocs £totdl producttiab itfudes the crude

onposiiions agcording to the invention, a hydrogen
m@%r?wiﬂ‘ﬁ'hﬁﬂﬂ mﬁe Ewgwag KTRsle pgednct bothhave 8 Csesphalisaessentent and
MOR et GRP 33ond ' Lt
? hydr oc artg%{r?s ;(é;( e) | ﬁ%ﬁ@%ﬂ@&gﬁ%@% cr%ng(etnb?%dscmde feed MCR
contenbisehh fa. sutmofaosredeproduét i@y rasphaltehes ¢omvent ahda caldegroduct MCR

conaf i 1) CoRtARH B PORHE A% i eiod Shch HBE 748 animost 9ot S:
and/82 (Bde ebntEétiigAdontitidns are3n&bHEEsCR %W&éﬂ?&?ﬁﬁ@&f &‘%Cg{

catal ysts to produce a total product that udes
wnm&t{ppmmmm ©s asphaltengs contentobfithe crude pmidact is in arange

AN hat is on or coupled to an offshore
ﬁoﬁggﬁ%?f&ﬂ?@% enbodi ments, the invention also
pr dtisoeie, embddifeHs, it in0entidnt dlscitBvides, iHebRbRatibN Kith one or
met hods or conpositions according to the invention, a

morgof theymethads exsampositions aecording tothe igveation, alkydregsn spinch, in

SRR SAHEL A B OB e e i

- hyduwarhions;(e}insttgas;tandior (f) mixresahéreof a gaseous

hydr ogen squr,ce to the crude feed js in a range from :

5- gaggwspﬁﬂaodgmt% theipgentiogralsparevides, ingombpationwithogeor
morB F tife iéthod®SonRlostio ) ' tactin

mor e of tﬂe catoal ysts?gg%ggfﬁg%gp@éﬁetﬁ ggﬂ‘frzfax?gt‘ﬁgﬁogé?n ga
crudefgedyith onpoakrwre eatalysts taproducetntoval pyadugt thapimchided the crude

ressure of 30, the hydrogen.source;,(c) the rate of
prodisEWBteln ths cruds fred 8 Gepiaiad in's fon OBPgwaowscoupledtoan
offslidid fadilityess than 0.3, but the hydrogen uptake is Iess

than an ampunt of hydrogen uptake that wll cause

sutaseme egbogdiments, thednventionralsogmonides, iitheombinatiorf withl one or

' tact: .(d) t .
e S A0 3B Bl o o pomprics
contaetip ocrudle fd with o orahéreaiBisey i thd dpk%cb wflh @8€shd/or a
hvasSour ce per ubi c _peter of crude feed,; e). the liquid
YGRS A APl opiapting copeStiontanich el daXs o gén gascous
kR Sty B ey bl a8 o 350 Wil o gseous
hydtogen bywteoparcubizuneter oficradefeed borttacted! vithdaie 08 Rio€ bf the catalysts;
C ntacfl ng tenperature is in a range from 50-500

)2 § !
(b) ‘&g seleqted mate pf pethydrogen pptpkeissontrolisdoey varyisg aipaetiad gressure of
h i i romo. 1-30
the 3R @ solloei 6 HRARE TRYAfteh ptaRe B B s edude prodi has
TANpfilesgthan 63, bukthe hydrogen aptakeisiessthan 4r @oldPar hidibgen uptake
that will canse substantial phase separation between the crude feed and the total product
during contact; (d) the selected rate of hydrogen uptake is in a range from 1-30 or 1-80

normal cubic meters of the hydrogen source per cubic meter of crude feed; (e) the liquid
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a flow of the gas and/or the hydrogen source is in a

direction that is counter to a flow of the crude

feed; (i) the crude product has a H C of 70-130% of a

H C of the crude feed; G hydrogen uptake by the

crude feed is at nost 80 and/or in a range from1- 80
bi c

1-50 _nqr cublc nmeters of hydrogen per c
ho‘ﬁféisaﬁc%veleqlwg@ gag and/or the hydeogen gerscpisad lnest Hak y,axt kast 15h, or

Ni t t 50%
at 68 30 1 () pipinfal St Of 08 el ot by @b P Rbmgrs kafiplted
dur{n)contreting;(gPa pdmtdththig tomperatupe:isfitiia rixpe! fdth 50£5000CL 45l tiquid
80- 120%, of t sul fur. content of the crude f eed p
h°‘1ffé$3PP‘FFe" ??}B’eO %mndkﬁ YAceReasauEcRts ira mpga from G1-30 b,

hehy
i 5 6 ERITNNE e B R 2 0

a flog-of ﬂwgasfanﬂxfoe theels,rddmpncsombe i¥ inaf ditdotion thatlis doesrdi to £flow of

the 55 5le oo T B g prodoriins Ty Hirt a9 g ot hegrude feed: G)

hydi®ieh upbée 1Hftht Bﬁdemaqa 2B R0 an@or 4 E x rdilgt %@4 ££86 ol 250

the crude product has a total content o
normal eubic mterabklwtdm@nqm tubicetetdr of crudetesd; €o)lthe cfle product has a

o] S0 L A S 8t U ot

oftn@t:ﬁue féeana) fHle chidel froditth had HalHik f rﬁiﬁ% 6F 86.920% of the

(q) P-val ue of the crude fee
sulﬁ;lbmlumtuoﬁgne ¢rudefeed(m)ahe crude §rod(1ot)haslaé\16&0matqnt ofi70:430% or

-5 U006 o L e o e R e

of 'mz1 % or 961 10%cofthd eidne ochisit of dise @idé\Red; @) & dr¥deProduct has
70- 130% of an Angﬂr avity of the crude feed: and/ or
an Q¥ygen ﬁ@l ent o 8195+ 30Mecat et 70%, atamos 50X, atmost 4134, orat most 10%

o B o 35 21 T2 ol O o B s

meigl, @0d alkalife-EqrthOmetal, timdetal saltsronméHiud acids df at Afost 90% Odtenost
al so_provides, in

SO%Rreat et 1Y% g fhs cleﬁé% S reit, 2 alkpBosreath metal, in metal salts
of cﬁg’dﬂ?@ﬁﬁd nAfe &%3e ?@dn > ﬁ%ﬁe ?gﬁgg '311.’1&3. '1?;:'3&"l dﬂﬁﬁ@ Qﬁxﬁctﬂﬁtg, isat -

onprises contacti ng
ieBSé 454 (1) thescrudroprodnetrbas k ivisgosityrdt 3Z18i °£goﬁm mbst 90m§attm0st 50%, or

at cBEHR of VIR i e Rig b e gt e Brufl arosogtops an API
graﬁwm-mwaﬁmdm BE e crafefebdiAnd/oh ) Beldtde product has a
duct has an oxygen 30 content of at no&t 90% o
TAJg??@"eWO s e 0t n’mﬂ¥ iq » @ rnasb 30%eet mosh 0%, of atanostdAts, of the
TAR TR e Rod WF0PAbG: MYHIEACET S INR F2 BB 0.1

| edatsome embodmamsj tieef invéxftionalsdHr6vidus, e CorAiRAtd Wi one or

congpound orrprlses an alkali nmetal salt of a
morg of s ped ¥ pmpogifions agcording totbe @Bﬁp’@%@ methedhthat comprises

n@bs el Yink B 6 bR el RARUNR ol FRE 3ok congifions to
it i o ot S G i
unds i s s i
seleciei prearp ERh CPRPoRIaS T mﬁd.sg@sﬂv@h@e@rudmdmm@oxygen
confehO¢F a@?ﬂd&ﬁ@ﬂ%%f‘lﬁe dxYfpen E@ﬂtbrﬂ%lfﬁl il’cgﬁ f%}} %’ﬂgas‘fr géjgompound

product has a conte non- car ’c alnin
of therqrganic oxygempoutaiiing torapounds t:o:ﬁﬁi’{sesfa hétel eltvfarhrbokylic acid;

ar boxylic,coptain organi c 5,conmpounds in the
(<) 8 Jeote sdmpond b e(fﬁs%?g OXYg&8 CoRIAIing compounds sRIpPrises an
alkali Ghdtal ﬁltrw' aQ:QfH%QyHéi &cid; (d) at least one compound of the organic oxygen
containing compounds comprises an alkaline-earth metal salt of a carboxylic acid; (e) at
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in the crude feed originates from naphthenic acid or
non- car boxyl i c contai ning organic oxygen conpounds.
In some enbodi nents, the invention also provides, in
conbi nation with one or nore of the nethods or
conpositions according to the invention, a nethod that
conprises 10 contacting. a crude feed with one or nore

least gng compouad jof thetarganic pxygen centoiningcormpotinds comptisastaddetal salt of

| ql . talysts at a fikst
o carbovle i Pia gl Kl R ol B oottty Potumn 12 of e
Periotierfablen (f) i cradsipiotiget Gash achiteMthaRAbaiioxylic 8Raining organic
controlled such that the first contacting _tenperature

comppyndgofjagmost Aty of the\gententef nonreerkexylia gonteining otganic

comppSATR3H B i fep i Yo lTens! G offc SRR BRI Sompppncs
in theatrude feed originiBs Ryt mphthetie! soidrorammciatboaylic @ i

tenperatyre of the first uptake condition is at |east
OXYEBORFOMROUNEHer than the tenperature of the second uptake

[ B3t Sbolitnts! e ol R0 pedvides, B RrABhiSont Wil ofé or
more bﬁtﬂeamﬂodsw_r a:ompasigibngmbnﬁag tocthe hﬁfefliﬁcﬁg armétﬁédé’lcqhaﬁmiﬂprises

t he contagting.conditions are gontr, such that, the
contagting.3 crugh teqd: Wgoqeam@raménafhﬁ%@ thegrude fesslep contacted
with dthéit stCofIRE SRy &Q Bl t?ﬁfs‘t% X 'BHOWEd bf g%r_lta ing at a second

hydrogen gas is”generate ring contact
tempegiyres gud thg sontactingcnnditiond ackusantrglled suchatbati the)first contadting

o 2 S e o e
feed ig eotactecorith W dagen at 4 fidst hiidro gfwﬁ?ai&%ditﬁm%attﬁsd A% second

with a first and second catal yst, and contacting of
hydroger uptakeieondition, andithertemperatine efiha fiyst uptale pendition is at least 30
0

ot e e IS RS (T S,

- contacted ddthfa Rast onedf dedatal ysitagt Ofirst Renpeftinive TH1IGHatHBy contacting at a

I|rtoduct angaéhe second catalyst forns a crude

secon] tepprTgture, Al thecoRiastAG eongiting ars epatiollehmubthatahe Grstar -
: Yol y oo TR _ .

o0 contacting I lsstagg?ogﬁ?b no;ci: %Jﬁ%g%;%gé%fgégggn ré e! aﬁ% loé ]ErlPﬂ%ﬁgw’ G

hydrog_@m gasds gengrated gendgcontatting; @hhpdrogémgdsig gaetated dodny |

contaitine, by 4nE oSt ctins Bl CpElied FEhoRe the crigs deed

uptakesit daxbd portidh of the gehrafeld Hyaf e’ (ffj 8 chifedbdPisTohfcied tvsﬁth a

vanadi um cat al yst and the 'crude feed I1s contacted w

first adh second catalyal, andicontsatingiof thenarugy fesé and: theffirst dayalyst derms an

S t .tg contact with the v diu
mitial e ocieR B Vs At o pitof i ARt o st 90% of
the TANRg¢he crode feed nd@oRBLisgOf the inTBAISdRbAEH BhS tHR6ind

of crude feed; (1) hydrogen is generated during the
catalyglfrme & Frige pradaict, end aereitheiczu bas ailAN offat most 90%

of theI3EN b B Jhie PG Bodht; (B g RIERE KopRinaol 3ha SRke ey
reacto;((h) emtactipg dopetfdrimed $n ai ehllatiig Bedkdablok;aE) thel eFhde Fétdlis a

fl W‘tﬁf the gas is in a direction that is counter to
contagtewith amedditional caieliit subsespentie qontart with e enecor more catalysts;

; t ; +.he ed | ¢t ed .
© onRER e R BT Rt Spl PRl BT iy wit
an additioned gatelyst i the plesemve afldhydroped scudécrdubséqueht 18 coR@eNWith the

[ eneer at ur 3 gwand .the contacting conditions are )
venadpmn, £3talivste ¢k) diydresen it gengrated at girate anrp sangefram il 20-aormebesbic
meterg’]gergubic meter of crude feed; (1) hydrogen is generated during the contacting, the

crude feed is contacted with an additional catalyst in the presence of a gas and at least a
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| oner than the second tenperature; (n) hydrogen gas is
generated during contacting, the <crude feed is
contacted with an additional catalyst, and the
contacting conditions are controlled such that the
addi tional catal yst uptakes at least a portion of the

pod L e ncind B cifbornepae s ool st
thaﬂ@ﬂ@w&ﬂ’%é"%sﬁ?ﬂ?@ﬂ%&!tﬁ'ggithﬂﬁ cdudbfer 6 ReAttdv, BBthe Wilie O 'Snd a

are controflled su e second tenperature I'S a
flowedithe gedera@d hydrogene(m)the diudeifes] is chetacted evith ovanallinen catalyst

at ﬁiovi des in&ﬁgg@sg&ti 3r}é\l}w‘l!th oRe'q%r@lpﬁglﬁetﬁgfg t he | ure,
504 Bi & . . f 'iEiB._'I i
and(’)ﬂég or noréecogg{ﬂg ysts |nn %I cﬁ: @%z}\) t he ca'rla| yst 1%é’tlgast30°c
IOWFWQ@M_ lsdm;m'qtme . ;éx)diy:h‘mgm g generater duse %contacting, the
m,na ILigca I .- na, L.t ani .0XI de,, .
eruffe P F eariassecBitn An ad@Bpna colalygt and theritaghios conditionspare
confrolled BhQBAtahy sdditiSnad c%]?@ﬂiﬁtﬁ&s af Rha! aﬁdmmsif thP Generated
t he et ho er

support i s porous; f(c% d furt conpri Ses an
ee

hydzegen; arsl{en (op theiryda feed ismubsesuentbecontacted with av edditional catalyst at

@ oo eifirel B (e EitaCidl o Blilos Bl colrp e i e figond
tempesmture dwt/ledst (8)°Qit | east one of the catalysts is in a

20 fixed bed or slurried in the crude feed, In sone

e

0
rrbi?_@n@ﬁ%?_rﬂ@?“d_ifﬁ@tﬁ»ﬂb% HVEBRODAISQ PROVEsles.dasompination with one or
. [ 0 .
moAELl LA s 00 % rRRCE el oo
contagtipg asagle feahtwith biegr mory eatialysteirvwichh(apthe catalysbisea supported

caa s B opeirs pypiss apomapctin oo domigs i e,
ZircDHINRP6 X166, rAAdREMS 0:8de, B his fl%%g% F@ﬁés é@ﬁl{%ﬁ%} sypported

conprises one or nore netals
catabyst pndithe suppore s remeus; () thrmmethod fmthardompfisesran additionakcatalyst

-t il B R el MY perite® iy 4KEIG o SlpEiacny o) o it of

at ldagtcrie 6T .tROCakalgEta (Fat 16950005 Y9 Bdd/Br (eP afle@®ne Of the/cAflystsisin a
0..001-0, 3 _grans of one or nore netals from Col ums

fixed bed op slurtied indthe eryde feedtabl e, one or nore conpounds of

30 [PErE bolEh s thd ALARn RS iy 3 ohilfisifs With oo or
morewf ¢hemethods br compositionBd acddrdiflg @ thelifventoh, Dflkthod @kt Gomprises
ne or nore conpounds of one or nore netals from

congagiing 4 crusle feedovith ARe opgeresatalysts ot leastome of theatalyst is a
sl o UL ARSI 0 I BpOTACL B4 TR R

catai?‘%:| (a) compt&geﬂenabsmbrheaneﬂslfwm)soﬁnﬁ& 5-00 of the Rﬁfb&i@dl’dble, one
a e or tures thereof; e as, I ram o .

or giF epineplindScf i SE RS eils fom roliatn 10 o i Ryriadis, Teble,or
mixfires B 0L ?pé’r‘?érah%ffcaﬁlységi 14889 ((7%]3}%{8%%% 0.0001-0.6

Peri odi c abl &, one or nore’conpoun € Oor nore .
gramg oz ifeont P M -0 grams of- &G crfmarh encals frodi Coluffimb 560 afithe Periodic

I xtures thereof: .(f) conprises.qne or re al . 1
rabff, §hé' b6 gts it of ore ST B Goptls Ramh Coloe Sl o Periodic
TableQ 6PR1HEEes FherSUTe(c) Comphi &E}a@@ﬁym%o ?m fis 81

t F}_e 5 Periodic %gl g@o%srﬁ%kﬁj%%ét ereof ; é G10 of the
Perigdigprablee one semore compounds of enefaranorCmatats fivmoColumns 6-10 of the
Periodic Table, or mixtures thereof; (d) comprises one or more metals from Columns 7-10
of the Periodic Table, one or more compounds of one or more metals from Columns 7-10

of the Periodic Table, or mixtures thereof; (¢) bas, per gram of catalyst, from 0.0001-0.6
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the Periodic Table, one or nore conpounds of one or
nore nmetals from Columm 5 of the Periodic Table, or
m xtures thereof; (h) has, per gram of catal yst, at

| east 0.0001 grans, from 0.0001-0.6 grans, 0.001-0.3
granms, 0.005-0.1 granms, or 0.01-0.08 grans of: one or
nore netals fromColum 5 of the Periodic Table, one

gramgs o ,PQ1-0 Grrams oF coe os moremetaly GomColumas 3-10r ofithe Beniodic

T, s S U B o RO 7 e e

Tablaem militared dereof; @) r@;ﬁnd%@bﬁe SOMBARER]s oA TRIRNNSDIESS the
g&tﬁaﬂ@g from Col um of the Periodic Table, or
Peri le; ong\er mpre GOQ)ponaés ofm;p agmagre stetals fromt Gelumns Sefrof the

Perifti4hico g pPAAER heteck; (B Soniplhd The o pibR? gl b Gongmn 5 of

the PefrickiiceTatdde,iondioe mbb@n?mﬂs of of@6EmER YAk dForR (Cohitn 3 9f the
p ﬂ‘ﬁu/g:fp&i}gmatalsfrom(f‘o um 6 of the Periodic Table, or
erl 5 O , pengragyof catalysbyat least 3,0Q01 grams,

el 05 65 | Y gt o
more metabefromdCaluifinfl ef the Pemodit Talkle, ériecorandre c()inbohﬁ& of oRe or more
metglf e ColSinc> §thi Briode dabls, g aisturth areo 1) Gomarisgs one or

morPﬁ{etdléjﬁ'ng@&lhﬁm ﬂﬁh@Pi%Eﬂéo? T?ﬁg%%% %glﬁdsorgrfroﬁe or more

metals from 20 Col um

metals frome Columne efthe Perigdic a‘aiﬂn; srapixhaesthicreof; (g))rimspper gram ef

catafy BB Bof-i8pang, hoyPd 2 et sl e, ol p s of

one OF pibid 1@6tals oot Tolurh § of HEFdriv@ic Talélldhe of ﬁﬁ}r@i}o:ﬁﬂ&ﬁlds of one
conpounds of  cobalt, or mxtures thereof; (p)

or m@ﬁﬁﬁé@e‘%ﬂm@ﬁ}m mf\thumOdnc Tahle osmpmtmibemf' (K) comprises .

] ram of.
.-one.lgig%:é. yst, rom@%ﬁﬁgﬁg gr a rf% népolmds of one
: mmrmshﬁﬁomﬂqhhﬂnﬂolﬁtwmmm @Sﬁhﬂhﬁiﬂéﬁuﬁéreof (1) has, per

(r) conpri ses

res t her eof :
Bﬁ%@%‘xﬁ greans 1 ARis0.3eramm g vap or more metals from

' Cohﬁﬁﬁ‘i@‘bfi.ﬁletﬂ?:ﬁﬁﬁiefT Pleg 8ﬁe &arﬁore%h ﬁﬁ&g & on%a({r%éég %lg#l& 80

rans o gst en, nor €
Columampdofithe Penodlm'Bebleu; esmi}ttenee tlfereo(ﬂ ()n)owmrﬁsessamﬂﬁm fone or
nor e net.al ﬁv m CoI un Peri odi ¢ Tabl e and

mord RirfpdFiieS Pinurestherkok Spipnusricleore s mor
comp@iids of ’M&Eélebf‘mb&&xé theP&f 3‘0 %ér%{cobﬁl? o %‘H%brélgompounds of

metal to the | utm 6 net

cobalteaimizdures thmwfoﬁp) gomprises eminbdanﬁmo pnéat more doinmiund$hef

ol HAERA & A8k PRRA L, SerBEBaY BRR Aol G 0BT i o

fromrﬂ &mi;oﬂ%rmhe of: @hclylkdenuid one oﬂﬁbregﬁél?b@ém&%ﬁhﬂcﬁnds fdr @iiktures
01-0,06 grans of: one or nore elements from

fherfeél mpsises, funggtan, mae op giose qeippeunds of tungsten,ar mxxmres thereof

(9 isp DR R Rats AL B 00T BT . bl o 5 o mindsten

compimﬂg;hmmixunmheﬁbf {0 cOmPESTRUHB &S nﬁfre xﬂ&mﬁbﬁr@ﬁmﬁrﬁ of the
P Dza ’h@utﬂ hereof; (x) has at nost 0.1 grans of alp

eniogiG, Pniﬁratnmfmetélatframygplmmw @f th@)?ﬁl‘lhél@ 'latblel, whsnem the
ol sRLARE COokl' 8 Bl WD il OZANE ] 1) apriss

one Qrondme r@dmems fsbt Colmends of thePeriddid TiH1e, oife ol @bze Bmpounds of

tions_acc rd| ngi tg the jnvention, a nmethod of
one qrdp genaents from 5 of the Periodic Table, or mixtures thereof: (v) has,

per gram of catalyst, from 0.00001-0.06 grams of: one or more elements from Column 15

of the Periodic Table, one or more compounds of one or more elements from Column 15
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catal yst conprising conbining a support with one or

nore nmetals to forma support/netal m xture, wherein

t he support conprises theta alum na, and heat treating

the theta alum na support/nmetal mxture at a

tenperature of at least 400 C, and further conprising:
conmbi ning the support/nmetal mxture with water to -

of the Periodie, Tshle, oL APiS R POEHORJW) BBOTRAETIS; ORFCPTCBYTe compounds of

ol A5 el iy O i G o
cateljﬁ, gdlozl(yyhias at 1éast (55 prangyofabétaalingina poregram\of chiabyst

so provides, in conbination with one or _pore of 't he
metIngemesmbodiments,ithenyentionnlsn prgvides.in combipgtion with oge or

mo%eéftﬂﬁ’éjmleﬁlﬁﬁs SP{@F@@M %ﬁ%ﬁﬁ% irt](p ?ﬁe Fentih, 4 glgﬂloﬁ’iotf Borming 2

ne or nore cCa pore sSi

catalyst comprising vombindig 4 Suppesstitioome afmoleenetals &b fortsa fipport/metal
i APDGTFI (e PR SOTIGHRS i@ ALMISB G hedt trating the g glumina
Ii ange ? r o'm 8%@1%%%& %8@%01@%@,&1)%@;30 A . %3%)% 563'51&: ?a)
confbifiifg tepport/Bdal a0k tuke with wier tdd0rmi\a padty, antd extrading dipaste;
(o) etz St alucaipg B hegt rgming sl s (FEOEHIg o g leost 800 °C;

andiirRBRsuBfirizing thdcatalyftace area of at |east 60 n@/g, at
Iegst 20 90§mZ/g, t least 100 nR/g, at |east 120

2/ Iy, sonte enghwslimarss, theinyention alsxprovides, ingpmbingtion with one or

| e 220 .m2/q: _andior (d).a tohLal. vol. f qaall. of .
mmofe(3 the b or fomAloRf bkl 10 i in) Bty g comprises
contictih @ 2fude. feedWith Gne 6f mdte ¢alil§its,dn Whidlithg polesizeaiistribution of at

enbodi nents, the invention al sg provides, in

least onp pf the icatalxatsthasoiad a sredianmose diamefss of 8t lsast $04), at least 90 A at
| ot : The . "
e s R e e e e T
in axapgof amcaoemoaAl | ymo;mq A, m'-ml Apm&PﬂpA; 180-{5_92 A, 230-500 A; or
[o40) rr.ses. al um na SIli1ca, SlliCa-alum na, , L ani uf .
60-300 A (69 3F heas 0o b e el Rimbrs of Bifes BRYG PO digmeier vithin 45-A,
3 é’n%;%)&d%ﬁﬂg Al u?ﬁ naaﬁfng@m\;gg per S"?%m og sup%?,@’ at least
90 mf/g] gtdedst D0GmYigaatdenst 12Ambte, at least 150 n’é, atlesst 208 m?g, or at least
22 Sy Dl o7 05k BB el 0 il bRt 4

cm3f Hildast 0.9 R, 8 AMedipo. 748t al um na, theta al um na,
of mxture thereof; (f) has at nost 0.1 grans of

al phicsome embadiments,the inventien glpoprovides, in gpmbination with one or

mof¥ 1364 PR of bRl Ehsud o BV P oo that comprises

contRUNg aichiderfsed@ith ofie B mofe Supportel Qitalyas, in avhichnhe sugPort: (a)
catalyst that, (a) has a pare size distribution with g
comprises alupting sanca,rﬁéfi@-alm titagie ogide/gircopinm exige,maagpesium

o of kbR hered End BRI He: (6 BobeRisRYodrtih i hilor dela
alugigm (d) Ehai,ipeﬂgniﬁ 6f suppord] @ teagd. & gﬁhmemflt @%mi alatcl:n(;lil&; e@d;)th6as, per

; (c) conprises one or nore nmetals from, i
gragxo tSHBwL @t lsast0.3rgrams orgh @a&aw@sﬁma@m ; éggolepnses

. f A iodic.: .
sp P8 ol bt ol oo, 08 ol Uy i, BhenR () B a
mostdl. higasis, of alphaaduirhing pepgbmosfaappat.. one or nore netal s
fr oﬂ; s%gleuer;l%o%ixggntg,htﬁe ggfrerllt?c()j:{ zg:lso provides, in combination with one or

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

-
>

-

(2) has a pore size distribution with a median pore diameter of at least 60 A; (b) comprises
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Tabl e, one or nore conpounds of one or nore netals
fromColum 6 of the Periodic Table, or m xtures
t hereof In some enbodi nents, the invention also
provi des, in conmbination with one or nore of the
met hods or conpositions according to the invention, a
crude product that has: 10 (a) a TAN from at nost

a sum@pr& & FUPROTY comprising theta alimina, endthetvangdiom catalyst bas Hpais size

disteoll it ey PR e8P R Lol B0 sl e gmore

metalwfrgm”ﬂdumcﬁ cBth Perigia Table, Gielstandte @Bhpbindsf oak ofRivke

000 of Ni./V/ EFe per gram of crude product;
ctaly GRS Ol ki B foegagtes el gl 00 e3per g

I .
ot S ) o s g SRR e
Tablepbmecormereicompounds of @b on gior@meids fiolColain 66 tke Péiodic
t he pet hods or, conpositions according to the

Table,w\,xgqthrgﬁthemqg or nore alkali netal salts of one or

QY#tS o?ﬁ&&ﬁﬁéﬁ&Q&enﬁ%ﬁ %gmﬂygqnégh &aadﬂﬂgﬁeor

one oOr hnre organi c or m
more ofthe axdfthads onbompositions setotdimstd thaimverdtidnh e caidleqirmduct that has:

@ « TN Tsia e 0 hen O 2BK 0 ot B O o ar s il o

most @00007@ grah§ bR aliidli R, 3l %g% avth thélEL, i Vi beﬁ?} of orgamc

al so provides, in co one of  nore o
acids mgerf orude cpntp;hlst,t(c)cm snast Q. 6000hgrams of INi/V/Re peit grem, ofa:rude

e ) Bl B B IG5 Bt g el o

catalymﬁ@:bﬂ@aﬁlo&r@de&edmoduct the nmethod further
conprl sin (a) conbining the crude product with a 25

Inyspane embodimentscthe innention alise pravides, mroombinationwitheone or

- mor 8 R P o AR B s

20

25

30

" ¢ salts oefme opmoth ér@eme atids,foneor idige ﬁlkuli@e-éﬁ&dmem $0is Bf an® bemdre

suitcﬁble or treatnent_facilities; %)fractlonatln

organiciacids on ratyesthereot mwhichy (a@ayleast goae phihgalkali mefalsdy E@@m
sodn.uﬂr shif; ;an@RE (1)at %Hla%tﬁmg'o%mé Alﬁgxﬁle.éapg Q%Sma@%fs%n or

roduci ng transp uel from at ast one O
calclur,!IsU Ilate fractions. 30 In sone enbodi nents, the

B ¢ SnEimenRoRE OERon S ProviArS tate ﬁ%ﬁ["@f e or
more biNthe Retids oﬁc&ﬁg&@ﬁéﬁcﬁcm %8 the ﬁ%ﬁlﬁ}i 4 hiethddnRas: coﬁ%\‘xs&s

has at |east 0O rams or a [east 0.5 grans of th

contacing i cradefeed @mthrone of moeperialysts (hjproduega totd :pr(dhict that mcludes

e e R i A o e i

crude ftiaz 5 tHé Sdnié bmfmnmﬁbﬁ the B Febde Temslh BIERH Shitable RE Al
| east 230 A; has a pore volune of the pores of the

transpgRing; fo% fembms @fﬂ@mr@fiucawﬂh@emxde ihabis cthnasagaecnr different

from thﬁg?ﬁ.ﬁio?eegltﬂ; ?@ég? b%&h ﬁglfasnlgfo?geg%geﬁbch Z’frgl easﬁgg fhe
crude pmdabt5 aﬂd/onﬁd&iiﬁladﬁffmtlﬁg e @hdd (rodina int6 dn6 oir alkredisege Or
nor e ounds of one or. nore netals from Col ums

ﬁmwsl%ldd%m Yehgtganspritation el drore at lepst oue ef the disidlatedractions.
P o 3on Cﬁs 7 tﬁtggiﬁgl?}g,otﬁg fr%reﬂﬁéﬂl?o Efo‘&iﬁe?,% 'WhhbihaBbn Witk one or

more of the methods or compositions according to the invention, a supported catalyst

composition that: (a) has at least 0.3 grams or at least 0.5 grams of theta alumina per gram
of support; (b) comprises delta alumina in the support; (c) has at most 0.1 grams of alpha
alumina per gram of support; (d) has a pore size distribution with a median pore diameter
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30

nore conpounds of one or nore netals from Colum 5 of
the Periodic Table, or mxtures thereof; (i) has, per
gram of catal yst, from 0.0001-0.6 granms or from
0.001-0.3 grans of one or nore Colum 5 netals, one
or nore Colum 5 netal conpounds, or m xtures

of i 15167 240 ALk 198 P poresoTame of e orescof e Bors aizp diawiuton of o Ieast
talss. . f
033 Er dEESt 017 T (D 2D & R0ohiER, et st el B 1Y o ot Least 90
(8)campigest oneforamor® nikb4ld FOmECelua® 7010 &f BEPEri&Hd T8bRR, one or more
one or noye Columm 6 nmetals, one or nore
corfiin SEone. EARORIABle essn Commsd-0p e ieieciodiorFablel pr mixturos
or m x?ﬁrﬁg\si&g% ¢ ot 5 n?lscfgan{ﬁﬁ s‘gdsmﬁo edgwcn@%ge Syne or
moppeampasmgs ofore m‘fmmmln;diaie diorn Colunid xbﬂthes:eﬁgdich?bme br mixtures
ri ses tu en, .one re conpounds o
thefct (HHIR, ped Earh SPERRISH, 3601"36)%%"&&@@@ Q@b&smamsof

one or AKe GHlmﬂHrSQn ?51 {Hng_f,o
t hereof; and/or (p conprlses nlcke on
theregf (D sotnprises onectranore anetats fiony Eeluimres ofthe Plenbmcm one or

mofe ARMOBIL i o 5 ot 5215 ot C B of 6 Ritigdis Table, or mixtures

thereo hds| PerSgrae -
cof‘rt'ggil '[ILOH A %%ﬁ@@oﬂﬂﬁ orﬁoﬁf(%‘gql 0.3 grams of:
onefrgnorg Cblman rmaetalsome, or grora Colwmn GOnﬂ:al compoimds, opmixtures

| 0. 001
A o
theieef W) noﬁﬁnﬁésaﬂdyB&&uﬁ ahe Br Hole ddPipoudls bERS] gb@ or mixtures

at |east 0.005 grans, or at |east O. grans
the%ﬁ“%msss ogsien.png op s191¢ aemmperngls of itmgstenmnmmres thereof:

058 B e o Gl el ESr

comnmps nickelj owe menmmm@aﬁnda cﬁ’hﬁicl&f;erﬁnﬁfur&tﬁ&%o!‘/Pa (:c)
at_|ea t 4.0 rarrB of ~basic nitrogen per gram
S‘E‘&HB’&&H f?ta%b*ﬁ ti0ralz BEQY S B PR Sinehgh mthone or

. moie&:’ﬁ]ie ﬁe@x@&s oﬂé@ﬁﬁosﬁfon@ﬁcdo n% mg%ﬂgé&ggﬁ,g%};r&sé’@posmn that:

nitro and/or (e) has at

(a) hasaqT. m @kmostahcat mta@ﬁmmmt 08; eratafiost Orip @s)iHab,qier gtam of

coniRiof B st 00 erpps oD dipbins Bithia i o disribution
betveemP5SIQ arfd B6 0TS & 07 G1OMIPE; 4t East D001 ki, aﬂef.{yst R 5 grams, or at

i ncl udes one or nore cat

osition that
183%8 %Ems oy dsec aﬂms Feithes Yailing rangy distibitiopdetween 260 °C and 320

°C f CIINIRY, 40 o 1ent 0 06 86ns O B bR i p e
ms@hmm@wemolw 6502¢: 30100 MPR) (chBss a2 16860, 90053%?&3 of
with greater than

neter of at |east 90
basip H@“t e ger E@ﬂb‘éflrcom&apeddb has, [per gremeofgiomposition, at least 0.001

eracf G4 0,08 S Sl stop anfy of [9in bt ooy Branisoftoal
mckghmmwmm@ambfbmp&sm;ﬁﬂ n2/g, at least 120 n®/g,

or ,at | eas (d). conprises a_support; and

t hd 8913 BF‘&’ &%‘PF&F%Q@ Yantien lso peevifless in enrbination with oag or
mott bfﬁﬁllﬂé'ﬂ] I um_oxi de

zeolite, éa?drfJ om%b&?i ur e%@ﬁé%fthe F’g'%ﬂﬁg °B1P83161P‘1ﬂ131
includes emmr plose ¢atalysts; aGd latilenst oﬁeb@t}w‘caﬂlﬁtﬂ:ﬁ)l&g Iaq:oﬂéaé&ee
dist oD wilPhe cor%ounda of one or nore tal's for

on with the median pore diameter of, at least 180 A, at most 500 A, and/orin a

range from 90-180 4, 100-140 A, 120-130 A; (b) has a median pore diameter of at least 90
A, with greater than 60% of the total number of pores in the pore size distribution having a
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Col ums 5-10 of the Periodic Table, or mxtures
thereof, (f) conprises one or nore netals from Col um
5 of the Periodic Table, one or nore conmpounds of one
or nore netals from Colum 5 of the Periodic Table,
or m xtures thereof; (g) has, per gramof catalyst, at
one or nore Columm 5 netal s,

| east 0.0001 grams of.
poresfiameer wishin €RuAhAs on2§ & oftherpediar pora diatueten; () hascssurface

t : ' t Col
srea ot Rt OB Y A b3 T8 ot RS0 Qi ferio aimport
and e SUPpErt o&hptisesahMina i) sifcAhluktifs, TRAMION dkide] 2Rbdhium oxide,
or mxtures therof; (i) has, per gramof catalyst at
magnesium oxidsgeolie, ane/op miktuees dhercoR (&) comipises @ernrinadre metals from

+Qne I d i
Cofiifs S50 SPffs derio i rabi S oh e SRR Sungf bf B4 bR el form
Colirfing0s-10 bé theReriodicCTabid) oe migtoses qmerasg &) &&ngﬂcw;%s nitre metals
netals from Colum 10 of the Periodic

ﬁom?gglugn ok the Peripdis Tablte PRRPT MEKEFOMIPOURYS eiRsrar seere metals from

gs
. t rodi e
Colilfn SRERHEOR Fathd, Sl utkFinereo? ) HAS, ek il of ot last
0.000b Igrems Gf5oné ot InerefBolunmi Cmétaly ene oranore Columas mb@l esthpounds,
further enbodi nents, features from specific

l,
o mirhyees hestfs FCORFBISES RSP fTe fejals fomeolumin: olie Rrriedic
TableEate brifork rcgg}pgﬁﬂfsr Qf hizkd ﬁ'f)ﬁfb%{ﬂ@h%teéﬁﬂe PERSdic

exanple, f res fromone enbodl nmen

Tablengramixitires thegofhé) basypemmamwif chtalysbatileass 0000 ngramys ofoéne or

B NS Y BT O

compiSes OB of Bfveé etk MEhATlnmn 40 of thef PEr0AR TAHTE Whe B7 Roe

addi tiognal features nay be added to the specific

mpoMsKlgofene er meronetplsdrina Column BRpftheBegioticiTabiylofmigiues

co! .
ther3F WM i AN Y i At mpREIRERS b Gy 504 ot Rerioic Table,
one twemeofel donffouh@eof silel o2\thdte elégients fosin Cohedhh B5 0P theMeiodROThble,

Eefer%{]ce fo the 30 acconpanyi ng drawi ngs i n which:
or mggtpges hereofy schematic of an enbodi ment of a-contacting

Sy : n ' .of i rent.s
-
be combiged with fEat@®s fitn ather &Bbadiments lof it inventivh. For example,

enbodi nent s.of.. cont gacti,ng syste that , incJude three
featites iForm o5k §obgisaent ef %e.la nfitn mag he,pRmbineg wigh features from any

of the Gted bBbdinkhitsd separation zone in conbination wth a
contacting system 5 FIG 5 is a schematic of an

enBblriherembidiments comufieproduets aerobtainglile by auy ofifhe meshods and
systénf Heldridddherdin! €M :

In further embodiments, additional features may be added to the specific
embodiments described herein.
BRIEF DESCRIPTION OF THE, DRAWINGS

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

FiG. 1 is a schematic of an embodiment of a contacting system.
FIGS. 2A and 2B are schematics of embodiments of contacting systems that

include two contacting zones.
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FIG 6 is a schematic of an enbodi nent of a

conbi nation of a separation zone, a contacting
system and a blending zone. FIG 7 is a tabul ation of
representative properties of crude feed and crude
product 10 for an enbodi ment of contacting the crude

fe th t ectalysts FIG, 8 is gr aphi cal
2 5 ab@am m@@w@&@e&mm
t&?iﬂ run for an enbodl ment of contacting
mclu\{[Ee crucii g%d\?\nth one or nore catalysts. FIG 9 is
a FHhd iahischrenmticrof an esshotinént of p sepaeationerone in cormbiaation with a

ed and crude product for an enbodi ment of
w““??gﬂg Py the crude feed with two catal ysts. 15 FI G

10pics 538 Q stRimdtiR 0t aft ehibddithertt 8PA Bfeﬁﬂingtz!oﬁénp&ﬁﬂﬁih&ﬁ itha

of crude feed and crude product for an enbodi nent o
contasting systémg t he crude feed with two-catalysts. FIG 11

[ t bI f f d duct f

oG T8 A Riepfatic 4 O Ph A EPBIBSEOR P APptption zomc, 2
contdétihg §yRdth zﬁﬁttiﬂwm&% FIG 12 is a graphl cal

re

resent ation of P-val ue of crude products versus run

. 749 aftahulmw representative propettissiof grude derd dndaarede product

forﬁ”ﬂéﬁﬂ@%:q%w H o BictiRe g csion foed S BB 55 ake: by
CrEM® ﬁlﬁﬁ@ﬁaﬁhﬁfaﬁ te?mwaném sEwtightedEhadpbebed fmﬁferature versus

g'gont acti ng crude eeds with four different catal yst
len dipepnt of gorgaciiprithesrud fﬁeéé?eﬂx QRE QMmeFe catalysts.

Esena Vbﬁe 1 e E?égda&% e product

cru e pro ucts vers S run |nents 0
for an embadnnengobmmwg dskscruddfeed wWithf Mmrcathljdtse rent

° OH{t 1D e e Teulation pfopEe a%rﬁ‘aﬁw‘ﬁé@ée@ﬁmgsedandmde

kU I &pl‘h,gﬁ
rodi(i:’ég‘gt act??%g t gﬂtc%rflﬁggta%eggd V\n%?ﬁﬁ?gur |?‘§’erenty Cat al yst
syEiGe i is &taBulatién iof crudg feqdrindairudegpodimdsifon embodinients of-

t 1. i i t 30 t , of
conts2f il ERgE HereE paen BREGERRG ol pBleimg o ot s of |
COFIRQRIi$s F%Hié&l fepRientatibd 6F B-9hlie eft:ﬁﬁe BriducRtvatsus fun time

stens. FIG 17 is a tabulation of representative
forep%

tscof contagtingierude tagdawithdourdiffersnbenidyss sygtems.

oy RS 150 BrehicBO RSk nef RS Geta itakd Y bt Bk rorsus
run tinmd for gmbodintknts Ofa:bﬁﬁbﬂiig cratia feedt withi fotr diffefihttatalist systems.

rsmﬁ 5132 tha cI ude a, vanadi um catal yst and a
‘f‘}ﬁ &ﬁ%’ﬁm TeRTesentaliqnef residve canient fprassed aarright

prob e, I m@@#wﬁ% AN

with fourdlifférestaatalyst bystems.or nore cat al yst s at various
i gui d hour ace velocjties. 19 s
¢ o 516 exaPhisasBRerats on O hines indhtkeravly of el products
versddTaf! HfleFof Ghbodiments of contacting the crude feed w1th four different catalyst
systems.
FIG. 16 is a graphical representation of oxygen content, expressed in weight

percentage, of crude products versus run time for embodiments of contacting crude feeds
with four different catalyst systems.

FIG. 17 is a tabulation of representative properties of crude feed and crude
products for embodiments of contacting the crude feed with catalyst systems that include

various amounts of a molybdenum catalyst and a vanadium catalyst, with a catalyst system
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enbodi nents of contacting crude feeds at various
contacting tenperatures. Wiile the invention is
susceptible to various nodifications and alternative
forms, specific enbodinments thereof are shown by way
of exanple in the drawi ngs. The 10 draw ngs may not be
to scale. It should be understood that the draw ngs

that igelyde a vanadium catelyst anst 8 molybdementvanadium ettalyst, and edth glass

bead%i mt the invention to the particular formdisclosed,
jut on the contrary, the intention is to cover all

ORI, 11844 h Gibalatiofl WF paipeRies of Bfhde 'féﬁ;)di‘ﬁtch}{aaépmﬁ@ti fop9

wi.thin the spirit and scope of the present “invention
embogimerats jof eentastingieeudg feedsowith ong orf mere catalPETAIvVREBus liquid hourly

e[ge% . STI(]\I Certain enbodi ments of the inventions are
desc ed herein in nore detail. Terns. used herein

arFIGldbiiog ehbakatiba bfgﬂ%gﬁééaf Mudé #es nd emﬁegf&dr%gff@ for

St andard Testing an terials. "APlI gravity"” ers

embadyments ofcentacting srudefemiset vadous)conmptingtemperafuies. as 20

d ' . 2. Atam ¢ hyd .

b SR o At o g miflony e forms,
specifie ethbadiinentsthereofiate showal b9 tway of eRBmPRiA RS Aawips. AREM

Met hod D5E91. Boi l.ing range distributions for the
drawinigs maymot e iq ycale; Jt shoulst brmderstogeithat the Heawingarnd detailed

r : ] . . 7
descefffdl Rdref dfc Aot HEhAI Yo e IRVIHolth B baplictfk 0 BBlosed,
but on sheheointrerys thet intention & tb covdrull raodificstivns fsymivaldnts and alternatives

..asphal t.enes, cqntent ,is as determ,ned by ASTM Met hod
falling Y54 ?Wﬁgm%%@m%%u%wm«l bytheappended

claimget al s of Colum X of the Periodic Table and/or one

or nore conpounds of one or nore netals of Col umm X of
DET. in which X corresponds to a

e’ . .

C i BB e TRl s e bl A g 13 cTerms.
e B e o . O ounds of ome or more metals. "
? F‘%{ﬁ'@&mfﬁrs@ Americae gg@dm&irqsﬁuamc}ezvtate@@munp X | g

. o ..Co X
o AT Hrav ™ o3 AR AR 15 B Bl PR eing B A
determined by ASTMdIetholl ®6822s of Columm X of 33 the

Pg’{FiBOdi Table, in which X corresponds to a col unn
ndHEERC ﬁstmﬁnage pnd atomig carbpp pewentpgripfthe gmide feed and

the cri@é pRVASIUE @Jﬂﬁ& - fers to one or
© more el emsn?ssd rom C%Fﬁ%n%@lag@éri odi c Tabl e _
?rﬂiﬁlmg Tange distribmti f'ensﬁmﬂmmdde fe&d,ctlgle ton] pisdiet, ﬁﬁ%ﬁ&ﬁi&ude
0 um. 15. 0 Per i odi able. 5 1n the scope
produgt g RFC?‘% s @ by Aﬁﬁ&éﬂéﬁ 5&5 Oiu#s«i%nﬂwrm repioned.
PE0; @Sptaltdmda® foferd®d GPhal ] ale f
t he gg:i odi c_Tabl e, wei é tesgﬁan e egnggﬁnﬁ?ng%ef hcé dspilitenes
contepidp pg determined by ASTM Method D2007.

“Column X metal(s)” refers to one or more metals of Column X of the Periodic

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

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

Periodic Table, and/or one or more compounds of one or more elements of Column X of
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Tabl e, or weight of a conmpound of an elenment fromthe
Periodic Table is calculated as the weight of netal

or the weight of elenment. For exanple, if 0.1 grans of
Mo3 is used per gramof catalyst, the cal cul ated

wei ght of the nolybdenumnetal in the catalyst is
0.067 10 granms per gram of catalyst. "Content" refers

the; Rerioglic Tabley fin whichaX eorresponds toiacolumm bumbert @or éxample, 13-18) of

C ed. a t l, produgt.. or a crude
themélig ?gabgei pr egegg’a&' 3 %%olt%a ﬁlﬁ‘gﬁtg‘ﬁ Fferido gng or more elements
fropeCekanindldeof the Pedodit Thke ah@bAbnd\ Hibie c%n;blﬁﬁds 0%0;16 or more

substrat%@"w%)rn' refers to parts per mllion
elementgiirom Cojurer 19 efthePeriadicTableuct m xture” refers to

pr oEbE s bl PR il AN B BRiOAR oo eiant

of dcothpomdrafiagnetdl fomhithe Périvdid T4bIE,oveiZROf af efetidht Boniihe Periodic
43 C (1&2:0 F) at 0.101 MPa. Distillate content is as
Tabje. orwpigtl SLgrompayngd pbanelementfoom the Pesiadie Tahleisealculated as the

. ’ s od. i

el O Slabo Y R SF LoD A Raibler oLt B U1 s dded per

grappofoatadyst the calotlatet] weight of detrolybdaninbmebiMhiviE is 0.067
E385 for o%%%ﬂ?n, D5762 for total nitrogen, and D4294

Eramy peg gram ol ¥ttal basic nitrogen" refers to nitrogen
ﬁiotro en ("bn" )tai S ag etagfgpﬁggntsggﬁg%emo%mple,amde

feedyrapt pr(td;ddg loge orisle wraxhigt) regpressedtas Wﬁghtd'gnﬁm:] anwéight percentage

n I 0 t. enin the _ )

bas 08 B4 Gref Peschl of REPEe, o JPtome afely oo milin by weigh,

pr o¥Cride feedrto@e rodact HRERSURES o {he rhitfuré ma&ieoﬂssc@t Othe/éamyst

hydrogen source may include, but is not limte
d TBeRFIB8Ns (for exanple, Cl to C4 hydrocarbons such

R s By BlRR Sy S HORBE g R pepeen 204
°C (IO} andB4RE (650FFY at 0.001 Ml Mile ovntads hdddtéithined by

nad( in the crude feed. 30 "Flat plate crush
AS ﬁg-o*&?ers to conpressive force needed to crush

e Bty 8 il Ryt ol
strumrmfxfaa {ljrch'ocarhgn. dHétervatonast ?npm ig astdetmﬁ?#dd@_rﬁ?nl\d Methods
E3g5ohof s B376d u eotpitasetn md DAZY fos mifed {“Toins basie itrogen”
refet@lolivtogenvimtigandd that kive QUK AGHIERILAPIE SBadS nﬂ%gg% {;“Bﬁﬂb is ag

herein. 34 "Liquid m xture"” refers to a conposi

detgrmined; bycASTMEMsthoddd2896r ¢ conpounds that are |iquid

at rat yr nd pressure (25 ,101 MPa,
ner SITRBHRSohEER Bl f Bydieent wiBy s Sonb PmpRds that
whentiatthé presetde of 8 cAMtadaind ke Gftal9ftQedth t&%@i&é‘ﬂ%ﬂ%@ﬂ fo
“that _are liquid at STP. with one or nore conpounds

comneypd(g) 1 the pruds fopd. driydregenmenrasdnay inghide; but éf matdimited to,
hydfgRectost | ardile, €, BT AR cnitRne P o Pesefest, e Riswene,
buta2@]) Ivater, or mixtures thereof. A mass balance may be conducted to assess the net
amount of hydrogen provided to the compound(s) in the crude feed.

“Flat plate crush strength” refers to compressive force needed 1o crush a catalyst.
Flat plate crush strength is as determined by ASTM Method D4179.

“LHSV” refers to a volumetric liquid feed rate per tota! volume of catalyst, and is

expressed in hours (™). Total volume of catalyst is calculated by summation of all
catalyst volumes in the contacting zones, as described herein.
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"Metals in netal salts of organic acids" refer to

al kali netals, alkaline-earth netals, zinc, arsenic,
chrom um or conbinations thereof. A content of netals
in nmetal salts of organic acids is as determ ned by
ASTM Met hod D1318. 10 "M cro-Carbon Resi due" ("MCR")
content.refers tg a quantity of carbon residue

r e e PidgnichR refers 8o a compodition that insledes pes grsmeregyompounds that
In i N} T M
B i il in R B e brd ST 198 MY Hfeier refened o
O A B 200 (a5 peLighof b boor BulRARdstat
an at 0. a. a
mi’&ﬁﬁeﬁ&#%s“%‘é%%%@?@r%%ﬂ%mﬂ@rwm §TB5303.
" Ni ,/‘P éa ﬁap 4 . o= qgm o .
polrrbi nat icoa%ﬁﬁrgfeo? ' Eia/.l?ﬂlée coﬁ%%’é@%@%ﬂaﬁgﬂﬂ
Unioprod Pute axd Applied Chenzistzyl TURAG); November@908j nat i ons
t heg .The Ni /V/ Fg content, ,js. as determned by ASTM
o Tl e e’ 25Tl ek bl s
zin@ar@Af, | Bihatftns Hcef. ICkftert BF metals in metal salts of

"Non-car boxylic contal ning organi c oxygen conpoun
organif apids isas i STM Method 1348t hat do not have a

or oA R-Sagom e MER B ettt sranintly o cabba gesidue

rm:laﬁﬁn%ﬁmre%apcﬁ'ﬁﬁéﬂ EndBy61ySis oR b SRbMate. MEROIALE is as determined by

al cohal s, Ketones, aldehydes, or conbinations thereort,
AS{M Method DAMB0have a carboxylic group. 25

" | . d/or. . ..
o e BREEO TR0 € b8 eal Sl R RN a8k ptbuion
betypari8 XA i00rTF) aad De0 *O(3927Fyat 0201 Mz MaphthaPeonteRe isds

val.ue, ] represents the flocculation tendency of
dﬂw@%ﬁ%ﬁm 33He feed. Determination of the

. P- el b8 £ P:Yatﬁ'.]um ' ' .

" I\/eggﬂ?/gbneﬁf&gﬁg ?g%." |cancéI°€F|S %W?%%es thereof. -

Pe piNif¥éiFe ootitent3 Ge&whrthdk:) caxfterit of hickel, eamuditah, [ifdrg dftombinations

VoL . 48, er 458, February 196 RR. . 45-53. "Pore
the’&?é@%??‘/’?l}ﬂ%&mﬁl% il b AS MO D081 une -

r efNm¥y@*PaR hGYeRh Slibic HRAk-S Mar G : ﬁﬂﬂie :

pore 1I\:/lol urre,a_g;&iéeygrr%hﬁbr,]lgd_ by Rf M%?%%gﬂ%éff foed. .

brxylis camtminingorganic owygeant comppluads’oefers tocorg#iy oxygen

(mEisarGarbany _ s
confbolbad {5l ich Bavdd RSl eOR) ity Moo eberdls conalning

orgatii¢ exygen eompbesds ineluds but a8t Hidted (6 biiess, _Egclitc_ ethers, alcohols,
utl on

cogpgnents that have a boiling range distril
“O%gvpag@@iﬂ, ketopas gliehydesqar eombanations therspf,AgiTich N mothiave a

HoRF "SCFB" refers to standard cubic feet of gas
carper %grro?g

1_ of crude feed. "Surface area" of a
cat"&Nopsdonilensable as reférs eslcdnpoherdtyabioh SfixtRE &F compoiints that
refers.to a total acid nunber expressed as mlligrans

are gasghst B - KOH per
“P (peptization) value” or “P-value” refers to a numeral value, which represents the

flocculation tendency of asphaltenes in the crude feed. Determination of the P-value is
described by J. J. Heithaus in "Measurement and Significance of Asphaltene Peptization”,
Journal of Institute of Petroleum, Vol. 48, Number 458, February 1962, pp. 45-53.

“Pore diameter”, “median pore diameter”, and “pore volume” refer to pore
diameter, median pore diameter, and pore volume, as determined by ASTM Method
D4284 (mercury porosimetry at a contact angle equal to 140°). A micromeritics® A9220
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gram ("g") of sanple. TAN is as determ ned by ASTM

Met hod D664. "VGAO' refers to hydrocarbons with a
boiling range distribution between 343 C 10 (650 F)
and 538 C (1000 F) at 0.101 Mra. VGO content is as

det erm ned byASTM Method D5307. "Viscosity" refers to

ki nematic viscosity at 37.8 C (100 F). Viscosity is as

instrypagng (Mi mengq:sdgc;%mm fisdrgi A5S. Ahmhéeedm)detafmne

these ugsappl ication, it is to be understood that if the
val'ue obt ai ned for 15 a property of the substrate

t éﬂteeﬂue’srew‘s 0 €tininehisthitha0é a bbRink Qﬁﬁ%erm!stﬂﬁﬁlbmﬂ d¥dve 538 °C
% nmay be nodi fi ed and/ orrecali brated
(100Q ‘T, as %‘“@3&4 Method 280 7may be produced and/ or

tﬁﬁﬁﬁﬁ#@@#ﬁ@ﬁ?%@ﬁk@' e G808 £, U

arSugfhcedred” of as@tdlgst isadetaatingd by ABMMelthdatwess

St i.llzation may 1 nclude, but is not limted to,

@8 milligrams (“org™) of KOH per

gram‘(“’éjg Fﬂngg g'rr{‘}ﬁgﬁ%g ﬁ%ﬁﬁ[ﬂ E’S’I@m%ﬂéy@ten occur

at“V@0” pfers tolydrotarborisheitlps @dﬂm'gl aﬁbﬁndrﬁmwumms °C
cr ypi.ca ave not been
(650 %&Pﬂﬁﬁg"égh@oﬁ% Qﬁf’ﬁﬁéﬂ | yG&@ aqntar ases debormineddARTM
Methb@DisBoyy to produce nultiple conponents with specific
boiling range distributions (for exanple, naphtha,

di “Miscobigy” ersfersgdinematicovistastiy at32.8 AG (D00 %B). Viscosity is as

Dl-StIHatI but 25 is not [imted to,
%bg?th’&g?mgn nmet hods and/ or vacuum

d lIﬁ'thd d@ﬁx@&fﬂﬁt?@ﬁéahdﬂj fHiistd bd ﬁﬂieﬁs%ﬂd%at if the value obtained for

unfractionat ed bil1zed crudes may 1 nclud
a propestyf i substrate testedhie oumldeazf&mnmfrthmeshheﬂned,athe test method

onponent s per
MY%@%&W%?S%%%%%%Q d crudes inciude
. M&h@esﬂﬁkﬂl@pmﬁ%ﬂ%dﬁb’r wétBfied ﬁ@ﬁﬂiy‘d?&aﬂfdh%ﬁﬁnmng formations
esalted t gpped crudes, or conbi nations thereof

then siabiliped may igclade grde pil; Crodasace pensrallyrselid owmi-solid,

e S5, A0 FAREI it 3 i
gases qwatpr, Bdtseobennbmmredﬁ/fmmahé orudé tepfoat aGtdbilesedwiide.

_Suchglgl'ﬁ g conte of at m)st 0, g{(grrs gté ms:aeg{ogrq;@mngmte

%g\iueﬁlgegggﬁe? es t ha?fagfi Ot]%ﬁe st agaﬁ‘pz e% Ccr ll}gnegggan%dein a

treatment sy tosproduceqonltiple: Gopmpinents aathwamﬁb zboﬂiugtrm diytributions

o RIS SRR 0 B i, s

is not llmﬁwtitto,kdmmyh@ﬂe BistiRatiddMkthod £ AstPér 4&%%8‘%@%3& hidgRAs.
sghﬁ‘ﬁ a ed crudes may be unacceptabl e
Undi §l‘p§@ I@tftdaﬁablbzedawudesrmw nclude nempo:iemta that have a

carbor, RSB A PRt SERTEIL G 5 feriSof Grbrbgnis et g of

crudet Easmples eﬁmbitizefd drldés mﬂﬁ&&%ﬁleto?ﬁjes %gﬁéii‘/&[i&ég 8ébalted
Cruﬁ?ﬂitpéhat is deenmed too costly to pro uce, transport,
torpsd crudes, g8 pemb@abonsaﬁhgmﬂ atfiopped? refarsitesa cm;le that

has bdell Heh§ sudkthatHt FeadPlonhd &P thé gomgonen}s tgﬁl\l!.:ave a boiling point below
35 °C at 0.101 MPa (95 °F at 1 atm) have been removed. Typically, topped crudes will
have a content of at most 0.1 grams, at most 0,05 grams, or at most 0.02 grams of such

components per gram of the topped crude.
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at least 0.1, at least 0.3; b) viscosity of at |east
10 cSt; c) APl gravity at nost 19; d) a total 10
Ni / VI Fe content of at |east 0.00002 grans or at | east
0.0001 grans of Ni/V/Fe per gramof crude; e) a total
het er oat ons content of at | east O 005 gramns of

het er oat ons, per % amof cruyde; f) a reS| due cont ent

of Seme stabilized have pseperties thatkallosy the stabilized crudasto be

m@ asp a‘fo?lenes n%@l?@aér}:am o@néﬁjﬁdy WW"’%@HF’%‘?PI@

pipelindspaacksPoihips)r Other efudbhhveasnedir aiore insuitable; properties that
ntéent of nmetals _in metal 5 salts of organic acids
renglgr them,disadyargagsdo Dis Pisagvantagest crudesinay benageeptable taa traesportation

e S, S o

disatlvantiged tvade.d The achnomit valeaataybe3udi thasa fdserveirithtdnclades the

wgast 0 gwaegirgFo al due; at Ie st 0.5 gra ggfgeat
secigg{ne itrapgport, .
e ”bPﬂ;g&ga of dishévariiapad xﬁas@&sg u9£ %Hégbwg Ht i geth%Naj FAN of

a range fromO0O.1 or 0.3 to 20 O.
at lgxst 0.14atdeash 053; by viscosity of et leastri OzBtyon)iARIrgravity at most 19; d) a total

adv%ﬁﬁfg\%ﬁd@ﬁw Eer ar amF of ?I dvant aggdl/ydge per gram of

cruﬂé ;TR total hétédatontd Cohtelf E ledt 0.0D5 LRMAN of Hite?datomhs Bér gram of

In Some enbodi nents, di sadvantaged~crudes have.
crude;dpe residue dontsintiof atdeash0:01 goams of nesituelpercgram of Trleng) a Cs

g?‘lleast 0. 55@?“%@%3&&3 ent of at leaStf%ugfgi)aMCR

coréii? 08 bt IRAR D.002r@s oPMCR p dF.chdd i)&%nt&lt &Bmetals in metal
asphaltenes per gram of cru e feed; d) a higher than

saltg ©f prasgic acidspfiat [pastiH000} grame.of metals nesmpf erudes oy

co n@ﬁgﬁldﬂsttﬂet@g# alﬁ tEMlb% tg %ﬁ&v&?ﬂ?a %{.’J}‘ﬁ@lﬁg@ per gram

ts of organic Eogis|
of ﬁs@ﬁﬁﬁﬁg@t aode,ak Iemat()az gropeyofgesidne bit Ieasttma gramsfof residue; at least

corrbl n s the eo D sadvant aged crudes
0.5;grams ot [ﬁaatfo R OA eSS 18 S0uE cmbodinaeats, the
tyql
dm%i_v%ﬁ)&ge&@ru% % ah?’ggns w&ggf&hﬁﬁﬁ or%fm?,o 6%%&051:010 or

ranms o roca ITng ran
0. 4dxr§tii|0tﬁ;t]mmartbmtenﬂmduﬁﬁns; disadvaaped candes, mgrd!ﬁ’af disadvantaged

l,east 0.01 east Q. 005 rans, o t | east
crg 38y kv st Fnies ot e OtBera bt Toend Dl o at least
0.09lighdrid. but i on between 200 C and 300 C at 0.101 MPa; at

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

0. Olm spmsembidimpnisodisadvanteged erdes Have propgrtiea dapduding, but not

13 d

ittt 0P S EAEOR: B BB 3Pttt ka0, hs iR B oxveen

perl ge@a tof Onfde feedy @Pa Ck asphdlicdg 2bBIRAGO TdasE). O@%iahﬁg)fr@,@&ﬂxaltmes
i stribution between 400 C and 650 C at

Pernargra@@amdsg‘w &) a digherdhpn desiredadscopiéy (fgr exemple, > 10 ¢St for a

t r
T e e O
acidd éftut 2edsDd. 0000 graimg of methlShergoathiof ordk; Gitf) ambmaﬁ&s%ereof

at 0,101 MPa; at_least, 0.001 grans, at |east

gr aPisadwantaged orudes may inelude, pesgrem efdisay adantBeTIg. Bt lgast 0.001

sl 4 08 WM 0 S SO e

distribuibn beeaen 950C «md 200 °Cfat 011U VP& 2 teast 001 Framsatilédsn0.005
range (iil stri Bijt i on between 200 C and 300 C at, 0,101

grams,or at least 0.001 grams of hydrocarbons with a boiling range distribution between

200 °C and 300 °C at 0.101 MPa; at least 0.001 grams, at least 0.005 grams, or at least

0.01 grams of hydrocarbons with a boiling range distribution between 300 °C and 400 °C
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at | east 0.001 grans, at |east 0.005 grans, or at

| east 0.01 grans of hydrocarbons with a 10 boiling
range di stribution between 300 C and 400 C at 0.101
MPa; and at |east 0.001 grans, at |east 0.005 grans,
or at least 0.01 grams of hydrocarbons with a boiling

ot i Repsvaid ot Geny Q01 e et s 0,005 rms.ort opst 0.0t grems of
s SSaS I a1 180Gl 0.101 e
hy d Disasivautaged értllesamigoinclude, peb gramn g didhdvaniaped bRBedt least 0.001
gr%%sr, g{ Il?éastt bg@ﬁcmat ch%gllpg%/rq?% érgp%gg ;rtlir%gartbgns 1::91 A grboiling range
disti AR DT LEGBS mw@;ea:*maﬁnhr@ﬁ%@ 188 Qoo LEaatly #1kA96 Y05 grams, or

crude, a content of suc ocar bons
at lgast Q0 lcgrams ofibydrocarbons witls a beiting ratigeatisteibitigrsttwesn/IH5°C and
' N r of disadv d crude,  .at | east
2000, 54 0301 WP 3 Tenst 0000 10Erere, 36 e O iramns) s st O grams of
b of 4 I - St _ . _
Y Wit 4o ME%%)C at 501921%1 ma %ﬁg)neCatO.lOl MPa;

di stribution of at |east

04 grars @t nastdh@0Sgrpuis arlab bhast (b@1 grpmmrofddydrocarbons with a

at least 9
boffd 36048 MR R taeecClon £ 400 Rt 1 e andit fepst 0.001

i, Bt 18as0 0i006 , it 9L01 d4h '
P et Y i o
di “Hﬁngﬁ@“’ﬁ?d%s@@gdﬁé destPilptdPeer ei n i ncl ude, but
i A& f t [ |.owm
o O displariibeli Srydes Wi Inc1HdH ok hlior ftpatiupihd crude, o leas

o.oggtam, at laast ﬂa]@g@aﬁg,ror&gljeld?,o.(?r %&inb lofh &gairgsnﬁwgh a boiling
asi ns yptian of Suez, Chad, Unitec
rang FGHEMORD CF A et 10R ;5070 106/MEn o aaditiog ekigbemling

bl TR o P15 1 A B .

- confiens o€ suchdyduodeattons 30 atinest \bgramg of atmustas1 gredy. t hat

t hegcrudes,are acceptabl e for transportatigon and/or '
tr SV HE ﬂls?‘d"ﬁﬂfﬂﬁig silleimay l%ﬁ?g%p%.rrﬁra@af disadwentagedicryde, at least

0.00D giwens], 93458 0,008 gRdrfAs, iof af 18AR 002 Gbrki i fvo@tla poili
The, crude feed rraé be to ped,bogs deggﬂ%%rgéﬁg@g n. %Rcéﬂmg
range bytion ot et leass 200 PCab0APbMBa eat nent of the crude

f ee : i rein. ks, qgenerall ui,t abl e f or

55 Sommb BishnldBR Srtel flal incedlpH Hofty o dleiuaipesilopide, at least
0.061 grimspatdehst 0.005 @elins; dr alealt 0O i goftls o Ry @bSurBGR WittPS Biling .

to.the gorrespondin roperties of West™ Texas
mﬂ%@éﬁé‘ﬁ?‘bf’g Pﬂ?&lésg n the crude feed, or closer to

th ' ' . Br.ent _crude han t he

o1 RSB R R DI i iR SN e A o oes
deserieddietnin irichetd, bLrdineylimieedtbOehuads fiEH of theXoll6WingGegions of the

L thl as r no pre-treatnment, thereby enhancing
W‘ﬁ@?‘iﬁi fenibsm Galdornia, Eanada T arsands, Beazilin Santos and

e Rl Ol T 082, Clla b R Bl oy S Sl
Offghoney & Hinsse BohaiBuy, Minenelan Zilia] Mabiysiapas BidesssidSenatra.

he "freftment of disadvantaged crudes may enhance the properties of the
disadvantaged crudes such that the crudes are acceptable for transponation and/or
treatment.

A crude and/or disadvantaged crude that is to be treated herein is referred to as
“crude feed”. The crude feed may be topped, as described herein. The crude product
resulting from treatment of the crude feed, as described herein, is generally snitable for
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i nclude contacting the crude feed with the catal yst(s)
in a contacting zone and/or 10 conbi nations of two or
nore contacting zones. In a contacting zone, at | east
one property of a crude feed may be changed by
contact of the crude feed with one or nore catal ysts
relative to the sang propergﬁlof the crude feed. In

[/

Areatment.c Brapgeties of theerudeproduatpaoduged pdescribed

O£l e YRR R AR B REA e o
thewomaider feed; ok aloserctonhecdrrespomdting!ptoperties b€ Bednt trudéthan the crude

Ll e B e o e s o
reifipd FAIMIBG dr'l pio Beeht Undrgfy edtBe Y Sen AP bATInBiks” PRE
treatmedtinty irdfadeAlesulfilrirationglenmtadlizativn and/or atnespheric distillation to

ortion f a reactor, nultiple portions of a reactor,
ve @tions thereof. Exanples of a contacting

ZONQyd nﬁ%&fé#@ &g%gg?q;ﬂ- jonseils s :
reag{égﬁﬁéﬂé%?‘zi% ebul a?ll ng be reac%ngr%?ﬁ%ﬁscontl n&gggell?/may
inchiderconticting the cowetfeed withERRtatalysi(s) ina contactingexine and/or
_reactor, spray reactqr, and liqujd/lliquid
conRtHs S5 eGP ST B AP 10 SOPHGHng fenh ep one property
of & ¥ide &edd%n@wéhaﬁge%feoﬂt&tm&f&Wesd {¥dth! dnk lo¥ more catalysts
Contact of the crude Teed with_ the catalyst(s) in

relafiyette dha sageyropesty afithe anyle fieeda In spme ambodimunts; confadingds
petflbied B ERucr PEp BEBMAR i ISR ks, Blntbogen
soEedis oRE b oSy drocAbRtisahit wider detafii stiactin donditinsreact to

first catalyst of the two catalysts may reduce TAN of

pravide rglatively smal] anmwntsofihydrogen to eampeymd(s) in thesredefeadan

het er oat ons con reases

crude fexd eatdpocommning zodd\N)2 viasenduit ¥04. NA lsohtactiny dotietmay be a
het er oat.ons_ content, . residye cgontent, APl gravity, or
pration,Aka fpctopdawitip Qnsof aaﬁawe%wyg*@n@w%&mof

Exafplkl a4 o Zofié ﬂcclj&&%eget%kg? b¥Erdatok I?ﬁf@}[%ﬁ%actor, an

properties of Che crude f ter cont’act o

ebullatinig bededctar,tacontisuanslnireedtankitepstos (“OSTR Dy & Biidized bed
bR BBt a8 SR b0ty o G S e

cothcting@pytdi-ié Bn VPESpMd @ dnfitholedthsilRy. ortict A€ tHeQREdd 1fféed with
0

the contacting zone. |In sone enbodinents, a slurry
thecatalysi(s) inpentagtingisystere d 00 mpay bs aj qontinenusipresesoommphataloprocess.

gra - ' 0,01-3 qgr atal vs er

00 13 Sohuskipe Yot R indfor oy inBls BB (Al ble, B
catflysts ) (lniso@eeaibddih@ns; coftabt¢f thOtrtuds Feed GvitDA firsiBalyst of the two

inhclude, but are not limted to t enper at ur.e,

catglyets uayareducs drA of thesumdafepd o Bubsequans cortact of thsyedused TAN
cnfggrg%'g%iﬁ {he §ect,otﬁﬁrc§%{l¥sg ?fcgg&%?ﬁét&% o Db inPre PI

iments are c 0 produce a crude product
grawity.h Irsgther énhsodimnerts) TANS visdesig SNV eeconkent,heteroatoms content,

et B P s ot
s 4 9o 0 el o

generall'y ran

. .Cr uggef fﬁ‘l s%éxﬂ?tgégﬁ e gﬁs&&ﬁﬁiﬂ%?%ﬁ%??g@a?ﬁﬁg zone 102A

-

crude feed with one or more catalysts.

In certain embodiments, a volume of catalyst in the contacting zone is in a range
from 10-60 vol%, from 20-50 vol%, or from 30-40 vol% of a total volume of crude feed in

the contacting zone. In some embodiments, a slurry of catalyst and crude feed may
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fromO0.1-30 h', 0.5-25 h'',1-20 h-', 1.5-15 hl, or

2-10 h''. In sone enbodi nents, LHSV 10 is at least 5
h"', at least 11 h'', at least 15 h'', or at |east 20
h". In enbodi ments in which the hydrogen source is

supplied as a gas (for exanple, hydrogen gas), a
rati o of the gaseous hydrogen source to the crude feed

include fogp0.P91-18 grpses, 0005+ gramsi1o).0D3 grss aficatalyd ped 1 0D Grams of

- /n8, 2-5,000 NnB/n8, 5-3,000
mﬁéﬁ?&&gn - hB8/ n8 contacted with the

c aCoityatingondifios fyite eaaactﬁxgrgoae mdy'in€l88& bhPare not limited to,

enbodi ments, is conbined with carrier gas(es) an

temperafire, uessireghydroganyseurcedloys orads feed flowo arconthinations thyeof.
£ | ox . hel [ .
Contéfihe nditiBhs SR ciabadieh bt 5l confplitl o F0McRla il Prodpet
with spedifier properties Tenhyserituel indbd\caRatiing zofle inag radifdh 50500 ° C,
0 s). The carrier 1gl_aes: may al so _‘enhance m xing in
504‘?":&3@%& » PB4 Uz Presyyre inna-condantingizensmey range from 0.1-20
MPa, i @y@f@@es, 628 mfﬁ@v o'i%?era—sﬁafwﬂ%gﬁ 305er2hy range

et hane used s a carrier gas an
from Ode30 by 4524 W'hi-@0dHT, 1 15e1 £hhytor 10! .z bredmeThsbdtisens SHHSV

i ot R S Abe L&, SRR b e et by mt ol y i o
Qo dhnts b WO LRI R heh 30fret Moopb el & ot Womple,

hydrogen gas)na rativef the gaseoles hydougentsouma do thercrudecfived typically ranges

trom B0 AR 2% s LoD TR e, 5 Bloo e aResr.000

Nm’/a8}6r10-800 NefeifichntAbied withathé eitalystpd)0 e hyBRges Sotirce, in some

contacting  zone 102 and enter Separatioh zone 108

embodispents, is qombined, with samrier gas(es) and reciignlataddhrough thewanthsting

: _ o P Q rodyet usin
sone. 0514l 06 SESARAE SRR g oo ol ol s
may fpeiditdte fowbtlepands feed and/bh Sovrdfdke Wy solfes i e contacting

pgration zone 108 via condujt 112, and then be
zone{), 118 Gririen as i alsp SpkAnee MHIIG da e conaeting gnsédi Aesome

crnboBlrRaR] IYARER Sowt | foF Bk, AgHEen HEOR RS b W8T by be used
as a cangiengas ahdrnecigculated tiesughghé tontaetipnaone, hydr ogen
subfid carbon di oxi de, and/or carbon nonoxjde)
o3 8 tpgER 5610 ay Sper cortmiegzong ARE B-ouaP bt the orude
feed inles BEordeparil HABhRCE
> 100n::j§Eurifti%gd, tlf?aﬁgggmﬁiq%g Ig?ﬁer procgggio%‘%zn;ﬁr?égfﬂm

crude feest with avatalyst produses adotal pradineiribattineindesfa crade prodsctpand, in

some SABAMHAUAY, Bos. TR colbalriciyf i tafics G is Sotahined with g orude
feed and/ortee loydrogenSo6Re iR 6éhdet 8N She B4t mdy SSohtaRYg

eparated to formthe crude product and gas(es).

s
zone &%@dﬁﬂl%'sﬁmtm@?im@%d&&nents of contacting

0, 5 8 e 5 0 o
producinesingigeneratlyrknooti segraﬁme&cﬂrﬁ%uﬁpﬂ)r %i&n%lﬁ,l @Bh%i’d G%dﬁljzagon.

ude contacting zones 102, 114,11

3B inc
The ‘“5-\%6 Pﬁi“"&@ﬁy g8t FeRarationzong #08 vinconduit §12; pnd thepi betternsported

to BRI cah L bR s 8 e el G Ses,ora

combination thereof. The gas may include gas formed during processing (for example,

hydrogen suifide, carbon dioxide, and/or carbon monoxide), excess gaseous hydrogen
source, and/or carrier gas. The excess gas may be recycled to contacting system 100,

purified, transported to other processing zones, storage vessels, or combinations thereof,
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In sonme enbodi nents, the carrier gas is conbined with
t he hydrogen source in 10 conduit 106 and is

i ntroduced into the contacting zones as a mixture. In
certain enbodinents, as shown in FIGS. 1, 3A, and 3B,
t he hydrogen source and/or the carrier gas nmay enter

R N R R
o i o e, Dt
Sepaiﬁglﬂtﬂefomdh@ﬁnﬂhmﬁmt]gag@s).cpunt er t 8/ the fl own;)f f

¢ n 165,213 oS AR R o o ol sSiget i ftuces

two be @fles'édritactid 2btied. (18 FIGB. ZRRhA QB! Schtdting s}feml 100 hclddes
feed stream The feed streamflows from contacting

contagting zoges 102 anthl He tFIGS. 3Arand BBiinclude cpwactingszongs H03 814, 116.

i FG8 €5 AL ARG ok SFLTTE oA BF oLl oy

- zonesrifi bnel feaotde. The BRude feudl citers bontadtingoRen 02 Ria cdadit T04.

2B, the feed streamexits contacting zone 102 via .
c ot seme embogiments, thercariiaygas is sompinedswith theshydragentsewee in

( . r . ; 114

condsft 106 e 6 inthdflob b Bb/cGATMEY Johe B8 LU 1 R06=iA

embbdmle n??elmwmm HGSC Omﬂ,(ﬁnd(BBMthéllgﬁﬂdg?'/ soufde and/or the carrier gas
catalyst(s) in contagting zon and/or contacting. .

Ay RHE tﬁﬁ%%ﬁﬁwmﬁsﬂ%@w w@dbewdvﬁ@dtsepaﬁte Vi gerduit 106

and/Bl i § SEROA RO Biné ARG of e G Med VAL K01 Spiple, 0t 106

Additinn ofithelbydrogehusaurcermhdior theeariier gasrcontertocthaflow dfitieerude

teec iy ifioioe PRAEE Aot copisst e R e wER Rt o

- ettt 6f thefonleYeaPvith cAaly&f 9¥En ¥ ARt RAE 102 forms a feed v
contacting system 100. The di sadvant aged crude (either

streqrgy; Bbei fegd stratun floavs)framn contactingzone 82 to cantactingeone dl4i la FIGS. -

3A SR, e £58 srkdln FORA R SehuA R 8% 11 Lo geibbindioons 1

t e Qontgtiag z6ma\wo2] N4, he6 aialy indlode Sxcarithére caRBysts, Mk shown in -
nﬁg‘o‘gane separation, pressure_reduction) to produce ]
FIG( 28, the {red stream exits pontacting|zene 492 wia copduit bES and entess pontacting

[ [ .| .
sond 4| &3 SownERANE. S,k 0 Rath SH KON TR via dpguie 18
and datetsrdobtactingzére 6. 95 C or bel ow 100 C may be at 41

| east rtially separated, fromthe di sadvant.aged crude
t oqﬁfcﬁgﬁc%mmé%ﬁ BRicPraster with aé%nenﬂ@ﬁﬁgaﬁ?be\ﬁtcgma@s zone
114 bfidsk contRPinkiz8fe P16 ﬂﬁfﬁ%%ﬁ;ﬂgmﬁee og?gﬁod\ieé ts! €
rom the di sadvan

than naphtha are separated t age
contgetingezong 1 14 and/oe edovabitimgizose 1 16 andeenders sepavatianoronefl 08 Wiz conduit

separ at.ed ¢ ongnts exjt .separati.on zone 120,vi a
110 FREEREE PR anar e ftare) Sebreoin Som e foghimodicts The grode
prodfeféxith arhfforSE5TR 100 Rpomaai 312) ncludes a mixture of
conponents with a boiling range distribution of at

| e&$@. 4 6 hemati¢ of aroerabodimbuichfrasepatation parielipsigeanant)e
LeLr] [ at. |.east Q0 €  Typicall t he
contiele sypide TR, Cthe endiiRhes(ind® @i bird eiimptirarers
separdtion zan® 220 Wakondni 322 Bi Jepratio® PorReI208 &east a portion of the
disadvantaged crude is separated using techniques known in the art (for example, sparging,

membrane separation, pressure reduction) to produce the crude feed. For example, water
may be at least partially separated from the disadvantaged crude. In another example,
components that have a boiling range distribution below 95 °C or below 100 °C may be at
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100-1000 C,120-900 C, or 200-800 T. At |east a portion
of the crude feed exits 10 separation zone 120 and
enters contacting system 100 (see, for exanple, the
contacting zones in FIGS. 1-3) via conduit 126 to be
further processed to forma crude product. In sone
enbodj nents, separation zone 120 nmay be positioned

least postally-sepanted Sara theedisadyantagedceuds toipnodugnithe crafle feed. In some
e e ot P U5 e B Rl o e

separatediffornrtheldisadvantagb @ oride. W somceribodiRehts Mt 1éa5t 4 858 the
as ,or different fromthe crude feed. For exanple,
sepa{qieéi_ QOMRPUeHYS s3It sepaseiionzone 4 39 vigegndpit k24 crude havi ng
a 9 V] i t 1:0Q.J l.ended.
5, T8 e R R GG ER £B80L A0 PR i
a mixtusceiiomponénts indthor builingrangde distribation b€ aMesst 060 PE o2fin some
the crude...In another exanple, the crude product

em 15, boiling rapgedistribution nfat legstd 26 AN. (Fymically, the separated

| _ - .hat b
ol A S lp B 00 R i by
100-000 °€, 126-9004€, 2006800 70 cAtledst rprtion ofths afolle dedexits

. ' t t t. As in Fl 9,
sepaifiON 2Pie.| ) asitsaiirh pomtecting syHem 10 4scenios eamiumin thercopigiting
zone§ HPFICR. 109 vih Sorfcitciistio bE hurtit radbssk @ i¥forth AANAL HRaAL. In

the crude product exits contacting system1l
someermbpsliments ssepanation zonet 128dnasebe positionet epstream andwvisiOam of a

desaltle 8ol AP ofcRRBing Mo G GOt Gris Spibing S0 Sia conduit

112.streans (for exanple, a hydrocarbon stream such as

napht ha produced from separation of one or nore crude '
i eﬁlcﬁg}ne embodiments,dhe ervde pragluet is blended with ecrodedthatdis thet same as

) . The .
or Ay Mk P U M R B B ook S
- crudelhaving & gifferémn visobsincthegby esseliihgGn 8 blendsd prATkHavEisH viscosity

_Dblending zqne via_condujt 132. A m xing system 30 nm
that 1§ botosethe pinapsity of the crilecentirh andbihe ViSSgsit Pt Feeo by another
I I i y . ¢ |
reéf)i nerr.iuesH and/ t(Elalrﬂ%)tf'r an%%egﬁgtﬁf%%aggé‘}ru?%?s. E’P%gﬁsc:ﬁﬁ ?
thereby proiducing eipgodnct thet haes TAD thatrie betsteeh il TAN dfthe @rude product

and thE B8 O biefided Ppiindpdy Oedhea e it Sernspastation aBspr batment.
bl &nglioven TG, 538 cettain enttiddithdntsl fhdeFedieriés g&.@gﬁié%%ystem

Qr processed. 42 In FIG 6, the disadvantage
100 as eenduitd 84 -ans atdeast a pertion of thercoudgprodunt exits dtPacting sgktem 100

via ot R A B e S i B 136 TElehiiae 2paot0, mlgast o
portiemofiths crude pasuictiy cousbirRwilllore ir QB pRRsiitfear? §for Skample, a
| eqst some conponents fromthe di sadvantaged crude

Bydrogarhon sEpam gushes naphtha produged fromrepametiorpaf onk orsnéreamidea
foeds e S B AR Mo D SRR A e e e

Drocest streams; crads feed] cradey®or aridineds thérssiage Bitlodicedd BRI hio

o k05 Bk o o s bt 155 A e
may lg&slggé%&gino&%ﬂfzﬁleﬁ&ihé Soid BIFI AR HQREA ].')?o%u\é{ Ray Ay 1i)rtoduct
specifications designated by refineries and/or transportation carriers. Product
specifications include, but are not limited to, a range of or a limit of API gravity, TAN,
viscosity, or combinations thereof. The blended product exits blending zone 130 via

conduit 134 to be transported or processed.
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In sonme enbodi nents, the crude product and/or the

bl ended product are 10 transported to a refinery
and/or a treatnent facility. The crude product and/or
the bl ended product may be processed to produce
commerci al products such as transportation fue

 HBMIde5.1HS ismhvanipaad Sl Pl pPOREDP Fons ﬁtt&qqgﬁ&aﬂﬁg: 122,

andtﬁrr%lrﬁg&m% gﬁ;ate f1"{‘rgct| o%ﬁpﬁvnms nme enpbodi rrents é)feed
The cruduifeed thed enters ¢dntacking syistein 100 dhrough atlmﬂ!hltrlZﬁh e&tdcast mme

15 nore distjllate fractj ons rra be hydr.qt.r eat e
FOBRES ERBLS Al niaged 130 R g Be. Ac

Jeast M@%@é‘?&ﬁ% S" ‘mﬁ? ﬁe Lo IR e

130 thromgh conduits] 28a Othéd prncas Sterpes wid/ar-c8ades eper blengling zone 130

3 o A poBil b7 e chRBineA D e e PGt b Tt afened

| pmdﬁeestrhébtea&edmau&%cﬁs ﬁtenafng&eﬁé 130 ia cBAdUIDE34. 0. 2, at

.1, or at nost 0.05. TAN of the crude product
vv| lnlsomreremmdnndn;ts e crude preductand (g th eblgndqqimreductare

s Rop et apaBEE tromimrob ey o 2P R BRI i Blended

egsbé cOfaniefcifl prodots suehas tralspditation fiel,
prodﬁbt%aay% ﬁ%ﬁ?’%’gga t ot aIl ﬁ’m °

the Cru [ VI Fe (o]0 nt of  at
heaum;el ot arebsmisrss Posessngseen oo & disiing asx%oréracuonallv

B e 1Bl 40h biFpOK pREHGERS pitonty e s i 8
fractioﬁk aIn duinde\éniteo dirn&iits, the cruda praingt ﬂm‘blénc&ﬁ%rodiﬁt,mﬁﬁor the one or

20-60% _or, 30-50% of the N /V/Fe content of the crude
morqc@gglatqﬁ may behydetreatedt s, the crude product has,

W%n%odﬁ%%? fgé de grdcﬂuhfﬁﬁla ANV EEmoSIoIog, H nidit 50%,
a range rom 7 gr

fo 5 x 10-5 granms, 3 X
at mdsh30%g veatanosd 10%ofthe TAN afithe crude fdeds InGompe gnﬂmdlmm crude

0'5 |
procisds s 00 el GF b PSRLPR LSRR P U o P e e
crudé fe2a i BdHatn eshib&diineh@! thbickideTRodphayd TAN &1 ntgstiteat most
product is 70-130% 80-120% or 90-110% of the

0.5, stimast B3, stomoss 9:2, 8t mosiD. trardib nrost05.) WAMféhe e product will

oSR5SR 58 Sllmers

TANS fbe Siudepiidublifay Bé uf@ﬁdtg&ﬁ%n 0.00hto 05S0. 05% @12 diﬂ'GEOS to 0.1
total content of netals Iin metal salts of or

enfgdhe ende producthas tﬁta&h%’df 0291 most
90% Qt%{}st Bﬂﬂ Q&t“tb/h%?m%sésl} Abr of HYERs of VY'/ﬁe c'éd?ltent of the

anrc acids in a rang e o
crudé feed0 Tthe 2firde @%dtﬁt, i Soth® ¥mbbdiideats) hisd tomb Ni&hFe obntent ina

range 9@83&@9:?5&%39@3}04%% %e?ﬁn gSﬁPﬁfEtlé? S pruge feed. In
certduﬁ P&ﬁmeﬁiét é%&d@ﬁ:ﬁd&dﬂ&& @& O%’Em bddet Q%tQPNW/Fe

[ nr1 onic a sulf onat es.
contEiramp remge dfond | acl0D qgrains to 5&i 108 gramdt Gde10'bgmmarte2molo grams,

orlglelﬁkt ed to, ]dx?ggtt heni ;pam d.s naqn)ttﬁt;r]enl quaﬁagfjaign%ﬁgx 107
& %Wass% ”‘f‘ﬁé’“ﬁt’{ﬁé eart nmet a{Fe'd P?Pygtg%np%%&%dmt s

70-156%0 864100%, 6901 LYo of dhedNiF¥/FeuovptenCof thanrut:'lz feed. al s

(f fl{ so%(g %ﬁoméhtg Cthff:l thud%%ggaucﬁés a totzaf[I contet?t o?emeatalg n{ ! mefal salts
of organic acids of at most 90%, at most 50%, at most 10%, or at most 5% of the total
content of metals in metal salts of organic acids in the crude feed. In certain embodiments,
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exanpl e arsenic), Colum 6 netals (for exanple,
chromun), or mxtures thereof. 10 In certain
enbodi ments, the crude product has a total content of
metals in nmetal salts of organic acids, per gram of
crude product in a range from 0. 0000001 grans to
f%OOS from 0. 0000003 granms to 0, 00002 grans,
@PJQ’PBW gignetglsin owtal galisef arganie acitls iri awange of

S o A A i i
acideinghs ciude fietla | Orgadit acid it gexerallysfointl snail sahte irehidéChkare not

uct ,i s .,70-130%. 80-1 % r.90- 110%of the tot al
hm@s@foe Rrbgxylifacidss thipls, fmi fanic anids, andsylfonates; Examples of

r
cu O S, o B G TER i,
ben@ﬂlﬁtd@ld‘ e'BId:- métahpartiom bf/the metaltsalthmay tmdwdet dlkali metals (for example,

.o condi on |s7010O 8010% 0% r 100-130%
T Kol o 4 patsssipm (5O yhamye. caRBRCSuY, calcium,

o b a4 S

examnlﬁ @senie), Sobuue 6 metals (foy emmle,tojummum), umbctﬂ@%hmf

cr u ce%lg.lé]cﬁm% H%E@S#%Stbﬁﬁ%go% Ot?é%f%f t 5 SC %&fté'lgﬁ%@?mmetal

salth o orkatic ekl pet grdin 3f ERIAE ?rd?fum} e%%n?@%omt grams to

30- 40% of the viscosity o crude feed. In so
0.0Q5 rrmrfram 0:(090003 grapisitg 08000 gragss, drfromdbiRN00] graxs to

0 OFTRR'ert b nclf el AT bl st ¥ Wi ofi Sy gy

sonfeifihodimets, altbw’molﬁteiﬂ‘tﬁ' nivthls G Miétal Yalistuf ofgamiteadi@ sk the Brude

proftes ST S0 Bkt oc0- b D4y o8 e o) poment b erctaloi meel sals of

orghfRe heid® Eﬂﬁs fast .5%.of, the total heteroatons
content of t crude feed In certain enbodi nents,

© t helnmettdin qmbedimenth,asPlgravityadf the tande prawst mdﬁ@ﬂtﬁ:@ﬁ contact of

- te PR teefGiTh el oS PStitmaapineban rlabos odhes, so-110%,

or 190L136% 6Ble AT 3 FTTROGLIEREA, [rgg@taﬂ' e rmst %o@h g{awty of

the crude product may be at nost
Pmtﬁlﬁ'mlﬁégtlii%mrhﬁhﬁ sul fur content of the

or ot sdcinPhes S5 R o ek SaspoityF fpios 06, ot most

8093t miost!70% effte BRYsitPsf the chdle Teedd Wsoine "eﬁﬂaoaﬂlédtg the crude
pro@l{cﬂxem of the crude feed. In sone enbodi nents,

&2 WiseRsHyin G#‘altaﬁté’f d Prﬁ%@ aﬂoiﬂ%,toruw-w méﬂ%wscosﬂy of the

crudeoﬁesog:[ Ef%)bsorre o od| AEen E}t %g&ﬁr%flt“%g%tﬂth&’swm’a°fﬂ‘e

wsccsmst efithe ofudefesdcwhidkethp mmlgﬁww thectle pivduct is 760%0%R180-
1200 8 9 Do b APt gty the Gl Boted. I cerain

i 5 4 90 o
90% rat most 161 at asot bOY6; bleatmaisali%tbﬂth@m hetepdeorhs Odnteédtdf the
crufélBSE, T tain, o @%ﬁgﬁﬁr ntﬁ%du&w& hetéroatoms content of
at least 1%, at least 30%, at least 80%, or at least 99% of the total heteroatoms content of
the crude feed.

In some embodiments, the sulfur content of the crude product may be at most 90%,

at most 50%, at most 10%, or at most 5% of the sulfur content of the crude product. In
certain embodiments, the crude product has a sulfur content of at Jeast 1%, at least 30%, at

D
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95% at nost 90% at nost 50% at nost 10% or at nost
5% of the basic nitrogen content 10 of the crude
feed. In certain enbodiments, the crude product has a
basic nitrogen content of at |least 1% at |east 30%
at least 80% or at |east 99% of the basic nitrogen
content of the crude feed. In sonme enbodi nents, the

least 80%, or at-lenst 98P of the Falfircontentefihie crudedeeds dnsomesnibodiments,

o o0 Sl AT TP, 58 S B

contaft bf thervradeofedd.nent s, the crude product has an oxygen
content of at least 1% at |east 30% at,|east 80% or

atIn %%M@pr%@% Rifrogan comenrtaf thy crode produdianay bejat most
0%, 8 o 58 B0 B 0L T B of Gt S9X BB SRE B oni o il SFuce
feed.oIn GidtafiDémbéditneatspthe ganle paoduzth hasd totd) eitesges @oheatlof dt teast 1%,

SO emhodi nents, .the total content of carboxylic
ot leggt A0V S ipRst A, oF atlpAst 99%hnd th 10R) cogeg cpiont of e prude fed.

9 00 . at 0 0

cogktb Ehbdakn tehicli D colbeh ofthe thie p1oa,8 ey it sost
95% asanbst D% at hestr5084;fad thiostel (96, ortabmost Stdef tiedsisiv nittegenccontent
of G305, 15 Bl s, S S5AS G b o g

of at Mast 1%, 4154t 30%0 B 1884t 86%%, a5y bo%, dﬁh{‘ﬁb&%@% cdnfent of
sel ect e

the crude feed. I n sone enpodi nents, organi c
the condedend. conpounds may be reduced in the 25 crude feed.

| . saome e i nt car boxyl i i ds .and/ or . net al

o oD SRR, e afiers syt ofbe iR S P Be atmost
90% )6t nfise S0 alGROR FON, laf mGSNE084, Ur A0 MO 0S¥ o 1heX0s8/28n content of the

conpounds. . Carboxylic acids and non-carboxylic

crude ford. o Iheestpinemhedimests, the srudemyodustibag an oxygen dentent of at least
o 0 i f ' ' t.h
195, IS ed g04C L 4Pl Ml B bl e 1
sommllmﬁhaeﬁtt&,ahe Wl @ntdniili‘:df:3 t%é eﬂJdélp@dt)dtﬁt ﬁaiﬁ ehﬁom 1—8d0%, 10- -
spe oromsr oa or as cnromat ogr a . e crude

70%’p¢ﬁb o4 OT ﬁ%g%ﬂ?&ﬁww%ﬁawt@hwygm%& gome gibediments,
the 1l OiePp cathliyiic Akid Wnipoidh ofthe SR pifHlice by BE af il 90%,
at mast 56%eatomostd Ofé, atimost 5% of therooaten®O6Pthe shrborglic adddcompounds in
L Y TN RGN —

acid CorNEIRIMdS Of £1A84se Y%, Gf leddt 3098 3f 1ed/80%%, ¥ al RAS109305F thétotal

| east 80% or at least 99% of the oxygen content of
contapf, of earberylicacid comnoundeinghe gmdpfesduct has a TAN of at

I 0 st 30% at .| east 80% at Jeast ..

oot iboRinedh Seicated orfhoia &8on Aoborils i e Biived in th
crudefeddlelrodonst shbatineiBy QurboxyHB bk afd/of MERP Xallsiof cabb&lic acids
mayg%n)d/or 5 metal salts of carboxylic acids of at npst

chemigallyreducegbhefore napsarbogylic emtainingwsganinoxygeh compounds.
. - Ccar baxyl e
Cas SIS 3 e RO g AR SESRUSH oG A5
prodwd mhy Miodifferehtiated throwghmslysisofelanéral@pradustnBaiy generally known

spectooxs)c/gpeitr:] me%k?org% oggiarg;lef lg%raferdua%glyfsi%? I%ass spectrometry, and/or gas
chromatography).

The crude product, in certain embodiments, has an oxygen content of at most 90%,
at most 80%, at most 70%, or at most 50% of the oxygen content of the crude feed, and
TAN of the crude product is at most 90%, at most 70%, at most 50%, or at most 40% of

the TAN of the crude feed. In certain embodiments, the crude product has an oxygen
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In some enbodi nents, the crude product includes, in
its nolecular structures, from 10 0.05-0.15 grans or
fromO0.09-0.13 granms of hydrogen per gram of crude
product. The crude product may include, inits

nol ecul ar structure, fromO0.8-0.9 grans or from 0. 82-

0. 88 grans of carbon per gram of crude product. A
contemt of ableast: 1904 af leagti3Whoat least 88%nomat lenst 9094 of the@xygén content of

A N Bt A g3 15 o, 00 s,

or atrleabt 9pYeaufuhé TANOGS the thidefadd. 0 Wi thin 10- 30% of 15 the
crude, feed atom c H C ratio indicates that luptake

andAStrtiogally,the ryde produgtimay bave acontent of parbexsdic scids and/or

ot e M Pt BT, R o o 5

of thargeledted) and  content ¢firn-dafbdkeHE o oTRMMIS oxj, gea compounds

épufi@g§¢90§%@q'2f«'@rf§qiiim,gﬁr gr am of theggrude prod uclt&oxygen

oo:ﬂ r&%{g ab0|I|ngrange di stribution of at
m)st 100 at 0.101 MPa; at least 0.001 grans, or

f r ofn Smi0emBodimgniaphe efude\pdoduehineludss, itvits hldedmou: |1sg'lli&m'es, from

ORI 5 AL 1135l i i 4

Mind
20 C anlgggglgmgeat ﬁ%ﬂeb%%a a (ﬁé@%b&%gf%??g}ﬁ\&ﬁ% 82-
0.88 iemrmnofxaban for grammof atude pmot:ammoﬂmmcalydmgm Rgstomic

carb 963 of i cxis GRevSt e WHARIO- 0% Mirk 269 01 90k 10%f the

atofli @ HEC @itic bIdhe &b
di stribution betme?r?%%é%dg ?agg%ﬁ%ngt 0. fgngnl?'m%"f

theshide feeshgbaminH{G ratiodndicatés that-uptake andva mdmpﬁmrofgiydmgen in.

the ot Pl gt o o el e i, of o

" o sﬂd&ﬁd&pﬁiﬂucﬁn&lﬁ&ed\&mlﬁméﬁt@ Fwithia faBRSF Bbi ﬁhﬁmin some

. drocarbons with a boiling ra edlstrlbU|on
- ﬁ%%%% B 6ree apustnctodas, R S ke crde poadct: o least 0, 01
ka1 U5 G B Bl 0 s o oo

mosirllﬁ)@é’th Octdd tMPh;rat ddalste. OEhmmmmfaom-mﬁ gftens of hydrocarbons
witl Yottt 1A dEBpten Btgeand 3Q;?ct: %g%gé’mﬁ ot {OLMPas wilesst 0.001

V6terdth 003L0.5 SRt of MR t
graﬁrgoduct gg’gqaoijl st Islrl? ate cont ent O%%%@J ggﬁbﬂ%/between
20051C gyel 30007 w10. 1 HeMPasatileashd H0L gramsnbr frémt (1801605 gams of

hyd%@ perggf’h t |l ate %ont;eEI 3,0§§ ﬁb&dﬁcéo%¥wg

and&t%@ﬂlﬂ@l afis A6ffro @61 ili
L I% cgrt ai nmerrbogjtlotr?e e cr U proguc %range
O(b?Cmﬂiﬁ)%*ammhm or 90 110% of the

rude fe onme _enbod]

¢ nelnBle Saboimde e ohidk Ar5is inchigBS. e BB phtics proguct,a
lea§V(KDO¢ mfh}ﬂr@saﬂﬂm@ mﬂimlﬁnémgé dﬁnﬂalﬁbﬁ%?at most 100 °C at

6) dl5 gr.ans, 002-0.4 grans, or 0.0 0.3 grans.
0.101 an or at least 0. 001 grams of hydrocarbons with a bmlmg range distribution
between 100 °C and 200 °C at 0.101 MPa.

In some embodiments, the crude product may have at least 0.001 grams, or at least

0.01 grams of naphtha per gram of crude product. In other embodiments, the crude
product may have a naphtha content of at most 0.6 grams, or at most 0.8 grams of naphtha

per gram of crude product.
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In sonme enbodi nents, the crude product has a residue
content of 70-130% 80- 10 120% or 90-110% of the

resi due content of the crude feed. The crude product

may have, per gram of crude product, a residue

content in a range from 0. 00001- O 8 grans, 0.0001- 0.5
grans, 0.0005-0.4 grans, 0.001- grans 0. 005-0. 2

gia feme gmbodiments, the, rociwth@ndl alnisontentoft 79-130%, 80-

120% b 451 R B @?@W&ﬁ@%‘%ﬂ&fﬁé@ Fiedislin oofgant of the

crudetpbaduct nide be) e geim bcrude plodud® irPé RiRge HORES.0000-6 )5t
Oomif:rmst goo/hﬁgt nost 80% o:lagt m)st 50% of the Cgﬂﬁs,

gmsepeQ.005A28amsf t he crude feed. In

o it ERRRRRIEER, fe chitR iyt AT YERS Rl B0, 0%, 35-

120%/6080:1 1 0% of Gie VGO aintemh ofthe @ﬂi&rfbed)flntsbme%ﬂméﬁ@dhe crude
ile the I\/CR cqont ent of ‘}@6 crude, produc is wi t hin
Pmd“\%@i%%r AV QP content ina rangy frem 0.0000 8
?ai:s t %'i‘ﬁr]n enes content of
E %E?@gqu]% ?eed rr%lq)n@ n|§ agrel atively
s imbime &ﬁR)dlmenB;rﬂlema;delmodlmaha 4 i'esldne abmtent of Z0F1309% 80-

2,CI U ot al. .product xtur nbodj ment s
120%; freStEa 1 % g i il vt o e dicied o ARG Frodh Ryp gt may have,
per R BTichRe ﬂﬁdﬁ,%ﬁﬁu@c&ﬁiéﬁl%ﬁﬂ:%@'fr&ﬁ b%bb@ﬂ%@ &ams, 0.0001-

bet ween t'he hi'gh viscosity conpdnents 1n the
0.5 grpmsnwa@()&@ﬂm 01091t gtamomséb%glams;mmﬂh@m grais.

oA el Fblntsy foe rock R0 e paf MR BomBat e 085 S0-

120%1890-DE0% S RMITREShokLht Of the chii® feéd, wHileHE citide $rdchucRas a Cs
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feed villpiBe BICR GortoppLEns crodnaIOdBraS "0 mraO%Softhe MOR, ftent of

 the crg%i&ﬁgln%g&b e cruc}g pr og%’%gl%a% %Sb COﬂt enl%togﬁhecrude

feed wlalmammnngawaum)r steble MOBRqcontentimay ifedédse the stdbilitysif the
300/ the MCR content of the crude feed. In sone
7‘?6‘06‘8 ‘Fﬂ‘@“ﬁrude product has a MCR content in a
r M&ﬁn@émﬂo@ﬂl%tshﬁe [} %aﬂe% o@%ﬁﬁmmcfi@céﬁeﬁt%aytﬁbe

MCR content of the cru feed. The crude product has,
combingd $opreduesmethematical rﬁm@ml&mmx the fighrmiscosity components

e o Ve ot i S RoerEn RGP Rloe PR

examplecd sige 6f 4 cxade ﬁeﬁ@ﬁ@pﬁﬂ%ﬁe&o&t@ﬁﬁnd Hbitude féeAMCR \@htent may
0.01 grans 0. 000001-0. 001 grans or 0.00001-0. 0001

be repgesgted &y S, A symoka &rt§d§tpr Cg psnhalienes contentamsa erude product

MCRE?’? uc durllteﬁ{gggl%tr an pormtﬁh%%dﬁ %é%gq @?’ﬁjg) t?ﬁagsess the

net redutioh yis Mghawyscbﬁity duniponehits 95 thHetrudenfeedi §' df! Ithecéru@@ﬁroduct may
and/ or. increase water se arat| on abilities of t

be in 3 ragge fiopp HG8%, A-OR%uor 38-86Y4 oft Incomerprrhodiments, a ratio of
MCR content of the crude product to Cs asphaltenes content is in a range from 1.0-3.0,

1.2-2.0, or 1.3-1.9.
In certain embodiments, the crude product has a MCR content that is at most 90%,
at most 80%, at most 50%, or at most 10% of the MCR. content of the crude feed. In some

embodiments, the crude product has a MCR content in a range of 1-80%, 10-70%, 20-
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configured to add one or nore catal ysts descri bed
herein to the crude product during 10 treatnent The
crude product produced from contacting system 100 has
properties different than properties of the crude
feed. Such properties may include, but are not limted

d d t d d
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of sulfint, enyger) aitrogen, areoaibisdiions therdbEas) rédiRed P&iﬁue%aﬂ{eﬁf, f) reduced

tr ortatlon speci fi.cations, then such crude feed

S fightents £} tedneed: MOR; Goatants ) drsreased APT gravity Diageduced

”"?ﬁ‘%gﬁf‘ﬁnﬂ% b ofghiS sl o Sbtnt el B T gpme -
‘embndinents; criesor amaté properties f thwosradspriodha, Rhtive 36/ fHe@ride feed, may

v ST R ek o P ot
subEtaﬁtﬁlljr ol éaesdrrekaﬂstec R ng‘%e%ﬂ?olg ﬁzﬂ&ﬁg%b@gﬂ\é@%ﬁ& FANina

recursor, and then béco active as a tata
ruge feed Biithaut al wgmgmﬁem(tbm gingthecamenist of othief comporsthiai(for

exﬂﬁlllbeéur AR T Yo" 1T FabnG birousm medaring

contas&dg MydbeS‘emd&ﬁﬂ‘ateafeéﬁf TAN®MuGionBYd ﬂ&ton%dﬁﬁfm%zg
cat al gs{ré E%a es of commerci al cat g@ést s that
compogentsy, {ais, Qf%“'f&}é%ﬁedf}a%l be tadupesti whileaising less hydrogen,

sinck '1842 gt %%Wg éﬁﬁ %ﬁ%é@we@% A:ogsé'é'@tscg\tﬁi prude

feedoNf. oy exannyila oy dlwéﬁcagm& hddNPKGh TIANE Aot o DhiBdr cbfient that is
acc%? DN%@& DN3300; DN3310 RCA400;
B0 BREt OWWW, thsp Sach Gude feed may

b RV G0 AR o BB 2

av dratalpsts U$ﬂdarr1oﬁRb1|' mreembddln%mglls of ﬂfeﬁnvédﬂmlﬁ 3T ,mcludedone or
n some enbodi nents, catal ysts use
mork B ietals 45035 0hé i or metnis QA AHPPREe.Thie mstalbmay be it clemental

form or in the form of a compound of the metal. The catalysts described herein may be

introduced into the contacting zone as a precursor, and then become active as a catalyst in
the contacting zone (for example, when sulfur and/or a crude feed contai;aing sulfur is
contacted with the precursor). The catalyst or combination of catalysts used as described
herein may or may not be commercial catalysts. Examples of commercial catalysts that
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one or nore Columms 5-10 netals on a support. Colums
5-10 netal (s) include, but are 10 not limted to,
vanadi um chrom um nol ybdenum tungsten, nmanganese,
technetium rhenium iron, cobalt, nickel, ruthenium
pal | adi um rhodium osmum iridium platinum or

m xtures thereof. The catal yst may have, per gram of

are eontemplated te be used asdsserhed hsremmcmee}ms3, HBR2ZHDNE0a€234;
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rangedich msmomcs gﬁeﬁ, @oosuo@ qno@f-o W, mtebéaams In

W|th one or nore rretalsfrom Col umtm and’/or Col ums

me embodimants, ghe qatalyss ingludes |Golums 15 slement(shin@ddition t5 the Columns

s-1GTRRRN ] Hienbig be AT s bints Pl phighBons) 7t dptafist mey

'havm;otﬂe(ldlﬂmﬁ 152 geerit onteRt; perdiam bf thtal 3@1‘, iRramge fidns0.000001-0.1
S

d h | | Col 15
s BT i Q605 s, b OBSCD 07 s 6

9"32%‘“’5?““ G b R AERTRECOL] SR, PGl may

hav&;@bnmnifiofrmmysc,sa) totad dlloﬁmmj ﬁrm&’tﬂ(sr)lebntbﬂsjf at leﬁsir(})ﬂ)ﬂﬂll grams, at
t t Co 10 t t t ot Co
teasf S, Bratns, it et 8. arrps g i ayange o O, -8 b g, o1
if at
grarf¥, 0{0080. £ | Br 6.61 I(}ﬁ’{)ﬂ1 Oﬂi 8§66 &m F{,errﬁl eh} ﬂl!f:}éﬁfa%ysg mcludes

i ncl udes 49 Colum 5 ne s) and Co 10 me
fromn0.080 k0. Oﬁaam;s of Colupt @mtal(@bperrgnamcmfnmlyst tln sotree

emtpifins T a5 16 Bleahin o ﬁﬁ@n%ﬁmﬁﬂﬂmﬁ

metdl(s}.0 met al (s) are incorporated in, or deposited on,
su port to formthe catalyst. In certain enbodinents,

serme smbodiments, the)\catalyséinshidss a soinbination hf Colummé wstal(s)

W*ﬂ*?un%g% Bl fos S R CORBS S0/ 0r Lotin 2T A oL i pf Cpfumn 6
metdl h@omm § setsl Mokly(be ilaceBgy frém 020-20, BUPRR2LS dA nhdsuﬁr ratio of
ht of the cat aI gst i_ncl udes al | support

al
Colyran §mpess] to &g v as) b o prrongs oo 0 1-48,1-56 or 2-5. In
somg g{ngg%mgeggé @yca‘:aﬁlj‘rgt Wi Fude§ CoREAP 1Y RieARS) inRARIYR to the
combination of Column 6 metal(s) with one or more metals from Columns 5 and/or 7-10.
In other embodiments, the catalyst includes Column 6 metal(s) and Column 10 metal(s).
A molar ratio of the total Column 10 metal to the total Column 6 metal in the catalyst may

be in a range from 1-10, or from 2-5. In certain embodiments, the catalyst includes
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materials, zeolites, or conbinations thereof.
Refractory oxides may include, but are not 10 limted
to, alumina, silica, silica alumna, titani um oxi de,
zi rconi um oxi de, magnesi um oxide, or m xtures
thereof. Supports may be obtained froma comerci al
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In certain embodiments, the support includes gamma alumina, theta alumina, delta
alumina, alpha alumina, or combinations thereof. The amount of gamma alumina, delta

aluming, alpha alumina, or combinations therof, 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
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to Gabrielov et al.; 6,290,841 to Gabrielov et al.;
and 5,744,025 to Boon et al., and U S. 10 Patent
Application Publication No. 20030111391 to Bhan. In
some enbodi nents, the support may be inpregnated with
nmetal to forma catal yst. In certain enbodinents, the
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o $
R e A
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ore desgefbeg £ 4.5 Biar paemon Paoksavge N 2080 1750016 88 1000
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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.

51



10

15

20

25

30

10 When catal ysts are prepared in this manner in
conbination with a sulfiding nethod, the active

netal s may be substantially dispersed in the support.
Preparations of such catalysts are described in U S
Patent Nos. 6,218,333 to Gabrielov et al., and

6,290,841 to Gabrielov et al. In certain enbodi nents,
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example, embedded in the support), leading to less metal on the surface than would

otherwise occur in the unembedded metal catalyst. In some embodiments, having less

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

by allowing at least a portion of the metal to move to the surface of the catalyst during use.
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10 of the Columm 6 nmetal peak in an x-ray diffraction
spectrum of the catal yst. From broadening and/ or
absence of patterns associated with Colum 6 netal in
an x-ray difixaction spectrum it is possible to
estimate that the Colum 6 netal (s) are substantially
randonty ordered in the crystal structure. For
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o 315 A e 9 Rl e o

Cohpmn 6 mitalpebke in a:pﬁ-&iar &idfraction spestfun@ 6£the Codsmn @loxide to the order
@‘ioll nat ons t hereof. The catal yst may have a
of the; tl%@apr-ratqdefﬁpmgn spectign of thecatalyst, From

mﬂ??‘é’%@%b&@?é‘?*ﬁ  FRUERE BBt EOFSS 6 Mol B0

dlfﬁﬁatittﬁoﬁ)eémlmr it fﬂ)pc;%ﬁﬁletﬁto glslgmatertmt tbs;‘rﬂolimmh::%tal(@)iml sybstantially
rendgel piered e Gmal RS por o i e dratri buti on wiih a
N "‘2’““"%%" iyTog AR MBI pR hafing aedich pore

dmmqmﬁas least 18&tA mwlhwd:embunedlteimm n alugnnwfmobtbdeﬂnnn drioxide

e T B A SR b Gneh et S o BepBier st Dy, Do

and/of Dgj; peaks). O%é\aluﬁﬂ@alﬁgﬁmﬁ: 6 &tox?&qnﬁé&e/ﬁaay Be eafBeated at a .

enbodi nents, the nedian pore dianeter of 'the pore size

temprraturq ofiat degst 338 ° (1080.8F) togwoduce arcatalyst that dows et exhibita

5 T e B s

of therlyf pemkal |y at nost 1000 A. 53 The catal yst may have
a ore siz i stribution with a nedian pore di aneter

F°mF pdigrenis, eptalysts mayde charasteriged By, pere structure. Various
W t h Preé}g&an por e %fﬁ;a%rneﬁt;eedr&?iﬁﬁtea% ?0% ﬁlﬁm%{%{g%fxﬂé
mnfﬂd&@r@poﬂon@nalﬁﬂs flfitpeok, The citabyst mhﬁh&ste didtribution bHiosdl
nbfr of .pores in the ore | ze istrlb&tlon h VI ng a
quanly oF pps sizB8 versus pork & mygdiag, possdiamgter ofihe pore size
distriBifliod IndBeSinth rAAES B6m, 3'001609%,35005(%‘31091‘6!? @At Some

catalyst has a pore size di stributioh wt I'an

bpdireents, gatalysts that llwludnﬂg deast O fgrams @lgatyma a]unhnaaperl gearmtof

a‘ﬂ@ e g iR Sl miia Bote RO a8 fram 60-200

A; 96-180rA a&oawatd}qzoac_mqm RO6tBertrAbtiBbnts, datalysROMbRBkde at
i n which the nedian pore di aneter of the pore size

leastf).  graons f tb@ta abamxmpat gramaf catahyst gvea pdre sige dmmbuuono’mh a
medgagtrﬂoieaaltamz eter m a A eatfrom t1%“5063 9&0/586-380 t&o 536] HEF %r In some
embodiments, the median pore diameter of the pore size distribution is at least 120 A, at
least 150 A, at least 180 A, at least 200 A, at least 220 A, at least 230 A, or at least 300 A.
Such median pore diameters are typically at most 1000 A.

i
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in the pore size distribution have a pore di aneter
within 50 A, 70 A, or 90 A of the nedian pore

di aneter. In some enbodi ments, the catal yst has a pore
size distribution with a nedian pore dianeter in a
range from 180-500 A, 200-400 A, or 230-300 A, with at
| east 60% of a total nunber of pores in the pore size

dildercaialist 51wy have agore sieerdistribution with gimedian pdre Spmster & at

ast d A0 eIt RL Ay 2 sl e, BBl oy e s lisption

with é)m@dﬂﬂ%b& digdnetep 864 rddgd from SBG A0T00at40 2261 120-B0 A, with at
In certain enbodi ments, pore, vol ume of pores
least é%, o?g

ymbar of potss guthe peresizedistripution hayigg agere diameter

wibig s A 3Rk ?2?% O e S e ARAL, o PR S8 S imenss, e

cartaly%t)hzisracpureaméaikmbumn withha fietlian pekodipmeter in a hge fiom 70-180 A,
ith #rfaég%area of at Ie%st 100 nmR/ g, .at , least 120 n2/g
with 2 leasp o6 of adotabmygbegio Pemsin the(poi size disirbuion h@wnan@ore

diameRd ST S TR 25 of B diftidhy PR 00 0 1

cén mendmdntainmdnﬂstheuimwmé dismeterofiile porp size distritution is
at leadt 13014, 38 leadiPol] Ak 2 58 2304, Breies T B4 anfotal swabelens pores
in theWsmél&strﬁﬁubﬁ asve @?org%ﬁnet#ﬁﬁﬁ%nu 5008 MY & or¥o A ‘S?ﬁfe median

or at | eas ch surface ar ea

pore digmetar. m;peembcmlmas,&h@catﬂm has @Mdlgmbﬁﬁda m a

medigf ol gimelsf v e o, s 208 A 20 05 A5 00 4, Pt st

60% af;d totdl atmberdilodés i thd putasie dishisutionldvihiia fore iadletes within

s,a fl Iate crush strengthlna range from
50&@3 9/ e thscmedan pore fianxos. 350 r\va 200-300 N cm

and or Eﬁ&%ﬁ/é&ﬁﬁé@%@fr s Fgﬁhgs‘t ??@flﬁ]aﬁeastom-.

cm Igrmtafx}geastu] 9 cnhf . (p cérenin hﬁbd&ﬂ?egﬁpm \bhﬁiimbfpt%éRsl mRPYdhge from
Ok, exa m process _
0.3-0. Pﬂf‘@r&aﬁ é E)igngr Of%c@AgErﬁe enbodi nents, the -

f%‘eﬁ%ﬁ?‘aﬁ*"y‘ﬁ%ﬁﬁi Bt B ot P‘%ﬁmﬁ |

from 9 80 Ysmay,iin kome embodimentsg Haverwdurface bmd@ef at least 100 m%/g, at

o A R ARBE T S S LS e

be in PfRAEE Kot PH0-BOGEARE !\20-2170 bRy u@b-&b@ﬁf?/g? Bt i?{f-ﬂo 29/,

a ents such as organosu ur conmpounds (i ncl ud I Ng

gertain embedimepts) ;lmntalmbavmma pbre, mmtﬂstnbuﬂldmmthl est)edlan

kot Sl B 20O RG30SE n BhaleTred S el 01T, o
least %) xﬁé@, [éad 100 rrg@ﬁﬁlésst 420 @w or bilest o uﬁ*/ge nRdisiERdeSarea
a. first %mi of catal yst jrst catalys) incl udes

may bedn g sange fom 0390 (s 90r238 amfgu 102 70migtor ﬁogjgmg

S ot EnBOinelts e Hhalsl B B ipd i Ot BRormfi et
cylindersy atbigeexanmlatel.aThe eﬁtﬂﬁstctirplaélly h@aﬁﬂa&%ge g%é? gtg%itgﬂu ina

E‘i‘?ﬂ';e Iums of the first catalyst maé
ange 304 gy 60400 camy100- 350N e B0 360N 20 40260 N/,
c R
¢ Bsditl ebodtineh i Bafy s L ARy B R0 AR 1 Form
metal gm]ﬁdesa(pﬂot tostise) ating yeshniqiésskiowisin the art (for example, ACTICAT™
process, CRI International, Inc.). In some embodiments, the catalyst may be dried then
sulfided. Alternatively, the catalyst may be sulfided in situ by contact of the catalyst with
a crude feed that includes sulfur-containing compounds. In-situ sulfurization may utilize
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catal yst has, in sone enbodi nents, a total content of
Colum 6 netal (s), per gramof catalyst, in a range
fromO0.0001 to 0.1 grans. The first catalyst is

capabl e of renmoving a portion of the Ni/V/Fe froma
crude feed, renoving a portion of the conmponents that

cithey,gaveots RISFOReR Su e da it AP SSRER OGBS OF I BbsssGuitirizing
V. .. . |' ! .
agentégﬁ%sésg?gﬁog ani c :‘Slgl Ss&? gﬂc?ﬂe . g}igd e f%g’?dl%br‘_lm &, thiols, and
Sulfonﬁlb?l ﬁ‘e&t—ﬂiﬂrmﬂﬂ:ﬁzﬂmm‘pm@fmmf@d&zg?bﬁd laiftSf Bﬂtem)ﬂﬂéﬁp 5468,372 to
sul fur co cont ent., gravity, residue
Seamaih et 4005 CRBTA0 RS FDS Ehh eof ) iy exhi b ¢
I ey ki)l bo%’]ﬁétt ¥h&ifal : ' umns
c?irﬁlt act e(?fnvvit t tsé’(hfi rs F gs%i:f“%tgf%héﬁ%%fgﬁtdgﬂgsCol

t al
5-10 ) invaeimbinationgwith e cupmort, eni bes pars side distahution;with 2 median

o Bt R R oS S et
least $00 k?/gE itleVpdré PaluRR oflike RPN EualpithaL) e Icast 0.5@nd/g, Mhesfirst
first catal'ysts may be used in any order. In certain

catalystimayihave o gamniealusinsrrontepbef ab deash@.3 syams of gammap alumina, and

ol Bk o99oR S et b, e BRhA ik . The firt

- catalghit hh, if Sérhe Bmbbdifhents, Bstalasanteat 6f ColanitGmetal(sp pergram of

from90 A to 180 A At |east _60%of the total nupber .
catalyst, igfa rpagecom(.900d tp G logrampe The Sitst cfabysbis capable;ef removing a
portGif GPAE MY P i AP R R bl ok Mefboftbop na
contritiutdrto AN aarddefeed, rgmbving deleasta partitn ef the s asphaltgnes from a

oradg P PBAVINEGS 54 RROMpR GF g PR £t ek gl bf TS aridsm the
5 ] h i
o%&tgtoﬁgtﬂ@eok BRA PRopeftRRYidk ieREmple, wﬁ% 35%@1@, VGO

\%hl r properties-are only changed

contentpA P gravity) residuehopritent;en cembinations thersofyunay3dchibit relatively -

di { t Al t ' .Th
sl b3 Wt STidded o Gouetad nate FEpRRbP Beipd flto
selecHOSR RSB prbp@ties Y érulidHetd while LAR, chahiiab ottee pedpetties in
feed, at l'east a portion of the conponents that

relatiyelytsmall apeounts mey pdew ks gruds ferd to bemere ¢fEigienty, treated; nsome
. least orti f WY . of the crude
emb%f“alaﬁfgt 9““%53?§?ﬁ§|‘%ﬂ§%§ﬂ%é bdef i BRY BRer 0T, 11 PTUOS
semal _ ﬁﬁémllncﬁml I lemaythh ampdeypﬁ o&‘ﬁaﬂﬁd{#s@bﬂd ualhlymi”y inchudes
relatjvely sma range i,n the sul fur, content, rel ative
Coluprgis Shk0 wete(8) i comphiaation Jvith 4. @ImpeT R es & PoRoTiZe: Hon with
faur §
a melifi ol R £ bR ol PUP Ao T80 A AP 304 Ot tafl pumber
of poresidehppadsize disibaticmofahdsdoond catalystthiave h porndimeter within 45
Aot i oS SR s ot
suitaBERRAH ;éﬁﬁ%e ( oliteth Fide prodfictihdt Hhdbdld@éd/ plopitties

content o or exanple, at nost 50 wtppm,
(for &xsimpde, TAN) sigmitfigartlyothaiiged rebatipe td the same popersies of the crude feed
.coptent of nmetals i nmetal salts of organic acids. A
whilf Bfbef PRpBRYieR Al PRI RPAREEH b4 Sl amouai Bl ki, th some
emb{ithknt¥Bhay seg?éseﬁtftﬁnﬁwgﬁa&ﬁgd, unaccept abl e for

transportati on and/or "10 refi'ning. A di sadvantaged .
cr The satond catalyst mey vesduge atilegst Cportioprafithescomeponents et contribute

to the TAN ép {hglc}ude feed, at least a portion of the components that contribute to
relatively high viscosities, and reduce at least a portion of the Ni/V/Fe content of the crude
product. Additionally, contact of crude feeds with the second catalyst may produce a
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| ess stability during processing relative to other
crudes with relatively |low C5 asphaltenes content.
Contact of the crude feed with the second catal ysts,
may renove acidic conmponents and/or C5 asphaltenes
contributing to TAN fromthe crude feed. In sone

nbo |rrer1ts reductl on of C5, asphaltenes and/ or
cru PRt TYith 2 eela lymlgclm eraylfarontegtealativiedo the sulfur

0 Ll BT S s

70%:d30%i of thmsudftir mﬂ.ofmhkecmde fezde The chidedirodues n2 also exhibit

econd cat al sts ,enhance_ stability of the total
relafiyely ginallc dighilite qonietl, OO pontprtpand residue gentent relative to
thelf-bfdg IIow m ni mal net hydrogen uptake by the crude

ee of conbi nations thereof, when used to treat

cr ddeomeembedlmm thenerddéifeed miny aPe hrelatively low content of Ni/V/Fe

enbodkpsnent Sﬂé@ t hi rd t ggﬁ%‘é}si}“ %Eﬁ;ﬂhl rge%g%
ooni@ni 5 fetals T nfttAIBhR 6ﬁ)r§£:ﬂc BLQHUAGeBivaY %ﬁgﬁfwe%‘

recursor. The cat precursor may
TAﬁ

Iﬁ'apleestékﬁ)enayfrendm' tbc cumde &eﬁuinhmeptablﬁﬁar tramgportation and/or
refiRE & itvRtagest e bith firglafyely Bigh o sphelfnes FoRtpatgeyxhibit

lessfseabillity [@rik ﬁﬂ:lcﬁésﬂfgqelaﬁ'vé t &ﬁ&ﬁéﬁd&és m-{B{fEIé%ﬂ}ehy low %Fasghaltenes

cat al yst precursor 25 is heated to at |east 100

content, gGprfact joff thecoruds feed mikhdhersscoad cathlystsinay) rmcml 3P311°

contfhenef /o G Safeacth ontEbuirtl TN pah i il

emigidiints, €dutiOn 8f 05 Asphaltérivs and/6f cdripdréntstoatribuling 8y TAN may -

exhj bit si gnr ficant activity and stability when used
redycg the wiggosit e f the raneder fsedftotal faednet misturerelative to the vissesity of the.

o] B RS 4 ol A S g may
enhmsmuty of theaotabprodact/cFinde prothici nﬁﬁhﬁé ,jfidredd ataBatlife, allow

Ieat a porti.o t he onentsthat contribute
T By raggptalechycthe, geide %@egib of eqipiaatigns|thereet, when used to

map%aéfggdggdgggﬁbgaeh&gﬁl in metal salts of organic
aci ds, reduce a Ni/V/Fe content of the crude product,

andnsene embopdiments; e dlsird typebf catalyst (‘ithird catabyi’tmay be obtainable

oy S P25 S 55 Ml bt e

catal ¥k pfet:m%bb’mﬁﬁﬁé hedttPidRe p&séﬂb% o%hé Bf mR Bk coithidgy €

to the sulfur content of he crude feed and wth
compeppds aj el’t@mmmﬁurﬁalpelwﬁoﬂﬁﬁ}r(ﬁgmpleakéow&z r?él) foneieelatively

shost §86od of¥ipe R 6 i n s BitAit gAY R iyt recursor
is heatemra o teast. 1001°C for Qdous Qﬂu@ﬂtaﬂ@ eRBUdiatntss mrﬂrb Qathlyst flay, per
aI yst y al.so exhibit 5 relatively smal | chan

gt OF AhITh Bt etayColermgtrﬁ slement copteatin 2 rotEs GomQR]-0 47 grams,

T
00320 D2 pfhons, 6% 0800, bk ST e SaBENE el SRl iifioapt activiy
and sfability when: usedl to $reat the chide Yéddaasalesdribet! hereirtl Insome embodiments,
vi scosity of  the crude producg whi |l e al so only
the eatalystinrerupior is heated|at igmneratures belamt SQ0) Ly incthe prbencelof gpe or
mor‘é@ gﬁl ontent, and residue contents relative
to the c eed, nmay allow the crude product to be

us ékhelilirdicatalystahyy retiucel & 1éascapomioh of 8% donigoRsats that contribute to
the TAN of the crude feed, reduce at least a portion of the metals in metal salts of organic
acids, reduce a Ni/V/Fe content of the crude product, and reduce the viscosity of the crude
product, Additionally, contact of ¢rude feeds with the third catalyst may produce a crude
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The third catalyst, in sonme enbodi nents, may reduce at
| east a portion of the MCR content of the crude feed,
whi |l e nmai ntai ning crude feed/total product stability.
In certain enbodinents, the third catalyst may have a
CoI urm 6 net al (s) content in a range from 0.0001-0.1

0. Oﬁg@& %g arrsdagr 016301 rarrB nd %u.rcontentof

the &u@@ﬁbd(an@%ﬂmmﬁvel? nﬁﬁéﬂ@ n9€>h n%ﬁske%ftgé c&d@lfeed For

grans per gramof cataly
examplead ¢yle peadaichmay haxe o ml:ﬁ:lr cogtent ofaa&’eﬂ 30%% ocﬁtheaaulﬁm astitent of

the B lebl 08 ol Bro PR RS bt S i il et

rela@my &QQH Q;ﬁfge@ ROABD Npgaﬁtﬁ, @stﬂfa%{é% VGO ohftif anll &¥idue

In certain

contm@hﬁe in the cudedeed hThq/qbehiafto me $het TAN; themétals in metal salts

of ofyhi s, e NITYHE Chten o 1o WistFiST of T i PRALE M RCeiso onty

changmgmy £ smhll amdusif the BIPT ighvity] ﬂfannataedmaﬁt, VGCe c@ﬂt&iﬂ?hﬁ{ residue
of at, | east 180 A_ I.n sone enbodinents, the ned

contgrjs zelativa torthe cryde foed, may allow dha emde proguct tabe aised by pariety of

| east 230 A, at |east 250 A, or at |east
treaf
%@t%ﬂ%e support may include at |east 0.1 grams, 25

St ;)Ilhea]sﬂ-d @at;ﬂy;ﬂ% mmelaehnﬁdd&abn@ lﬁajgfedﬁ?e atdéasth p?m%tt?f the MCR
by o Sl it oot ki
embgg% yst eg&a]%g%gt I e’gg* H%%O% ar a@eﬁi Géjoc@t&mugfa range ffom

0.000+0a1 gsams, 005Gk (sngradas,cat(600150.01 |gramseartdes @olumn 10 metal(s)

contEhkich i Som BT D BregisaD - sD waecin Lip1oflpF efos per

gran? dflEdthIgnRl A CRhANE andD BERARSFHRA st boaycaRliass rethbiod ¥t least -

fourth catal yst. The additional catalyst may be one or
a poptismeof the comporfents theti coytributeetoMER indbe exude feedabtempecatngs in a

a the.fifth
rongb e 438 59b 1€ 353G 36 I Fresshitf ¢ e A0 S0 ek e
MP# @k 3l3/MPa. descri bed herein, or conbinations thereof.
57 In sqnme enbhodi nents, hydro en may be generated

dur® ertain erbedimegtsoe fourth type ebcatalyst (" calglyst’ g inclydes
ColgEh3 {50 b SRRSTHES BRI b A oo b
poref mmmmtttx?mnﬁth&tmaﬁamr%te diurmeter GEAMIcat 180 A nisson0 %
ST, o oSS b o gy .
leas{ﬁw,%gétrl% 356R, Hirddh 36{%4%%' @5@( ?ufc’ind%%t east 0.1 grams,

The crude product na
at leamﬂt e pgrams{ atdeasi i Stgr@sgorat Ieastsﬁ 9 gﬁmﬁ;ofathetamhﬂmﬁi)ﬁer gram of

RGeE Pl il shpay T, Bhaoneckatbodiaient, & SioRt 0.1 grams of
Colﬁﬁﬂg%éfﬁm)fper graf $ﬂd§tﬁ¥dﬁeanﬁfat £Ak0.0601 %rasu')ilk Ifaf] Column 5 metal(s)

catal yst") "i nCl udes net al
per mmt{malm T cantain Qmmcmnahwnﬂm &Johumné myetal Thwarfadiven

ca al yst iz stribution wth a i an
oot R EagpR, foe o i be gpaied it o fEiGPR catalyo
subde&@éiit e Séhtdbt vth the fourth catalyst. The additional catalyst may be one or more
of the following: the first catalyst, the second catalyst, the third catalyst, the fifth catalyst,
the sixth catalyst, the seventh catalyst, commercial catalysts described herein, or

combinations thereof.
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| east 250 A, at |east 300 A or at nost 500 A The
support may include at least 0.1 grans, at least 0.5
grans, or at nost 0.999 grans of theta al um na per
gram of support. In some enbodinments, the support has
an al pha al um na content of below 0.1 grans of al pha

um n gra cat al yst The cat al yst
i ncﬁh emﬁo aRdRasbe mmmcwgofthe crude

foeh e & Folf Hd1 oP iy ggq@p&i&aﬁgﬁq@p 5338380 °C, o

333TBG.s TI'he ciiude ;)mmlg}eﬂodlti&edﬁ?ﬁ sudﬂbbn%hugma@ HRE &AW of at
moR S ESE EOshett RO BB w40t ofthe TAN atthe ceulefos

3
Hy%ﬁn’@ n% 1-80 Nn%?eneid“@ﬁg ﬁ%‘?ﬁ‘@“&!"“’lé‘;‘@%’mw pr 15-25

mian 'fh@@mdﬁmdﬁ@enhyr kave anotabNEW/Fa ¢ontért of i thbst 90%, at most
U0 b 3 B AR SRl G

tbgl@-yudel”feed:rude feed in sone enbodi nents, may be in a
n e from1-20 NrrB/rrB 2-15 NnB/nB, or 3-10 NnB/nB.
gabmiiments; ofifis tszefof oatalyeht‘ﬁcﬂh cafalysid includke Column 6

the fifth_ cat t 25 h TAN of at .
Sotpbingln sult 6P ks stpecth, Tor b Salpt Srguhore size
dxsﬁhﬁnJMtthmédiﬁn ﬁbﬂé%lﬁ&ﬁ%f al té%tofaot&eatqeaeﬁfzmm&qs&st 230 A, at
in arange fromO0.01-0.1,
leagy 259%9 ableast;300bar at moeﬁﬁﬂed&wih@ wppartgnay hlclwlp @t lehst 0.1 grams,

168105 bk b5 b 10 4SS 4P e o
embddiments) thersuppost e ahlalphd ARmifa Sbateht FHicRiw 01 dhavhs of alpha

ore size dj strlbutlon w th a median pore_ dianmeter o

al e P&a am g saalyshineludes in some pabpdisieats, ponest 0.1

fs L Foftitt %&Awéﬂﬁeas ol ol TPy 03031 giyfrGoflinas
meial(s)mm gre) Of cutalfite In smpeedmbodishents) thelClslumin 6 raeal(s)aurd :
| east 0.5 granms, at |east 0.8 grans, at

mo%g%q atgi/%rrtg.ﬁgte%r at nost ‘0.99 grams of theta
al Ui RRainmubdaRRmE, n%HHftﬁ‘B ?P&e‘ﬁ;iﬂ Y‘.ﬁfd Ef%é’%‘fahvely

in some 58 enbodi nEnts, of “Co
low{fier e@@mmmﬁemm%ﬂwoe Nm"f/m%tl -&Q)Hm 3, Sg‘.i(th !m’e or t0-20Nm’*/m>)

whé}ftpg?%ﬂ)eﬁeﬁds & tﬁﬁé gp.ﬁggt%lgg{aam of ogggphﬁpggcﬁ'om

3104005 o2 B2RLB T8 PC Sor fidie 38350 °caNe@h9arog&£ﬁim@l!; {HR cRude
tal to tot.al Colurm5metal may belnaran %5“ 310
or

feed; in some e@bq@meats, pmay be ima gange Slom 5-20MdmisA3 Ni

N R B Rt PR 4 355l LD e AP s ety

may lmearimutcﬁdt miokt90%.eat siost §0% 2dtahost 5094, oﬂattrﬁamqn% ofitBe TAN
ftgﬂg %eg:e ﬁé\r‘o 310-400 C, from 320- 370 C, or from
0 T the cyleprediichnay b in p sange fnan 004 edi1,:93-0.05,
-0.03a range from-10 Nn8/n8 to 20 NnB/nB, -7 NnB/nB
to 10 NnB/nB, or -5 10 NnB/nB8 to 5 NnB/nB. Negative

netinlogdaio @mbodpnmtsa aisixth typeiofl datalyst (Sixtiedtalipyttly iaclates Solumn
5 m%%kghg%gmr ated in_situ. The cr udeﬂgr oduct, produced
metgl(s)ip gambmation withiihe theta alumina support. The
sixth catalyst has a pore size distribution with a median pore diameter of at least 180 A. In
some embodiments, the median pore diameter of pore size distribution may be at least 220
A, atleast 230 A, at Jeast 250 A, at least 300 A, or at most 500 A. The support may
include at least 0.1 grams, at least 0.5 grams, at least 0.8 grams, at least 0.9 grams, or at

most 0.99 grams of theta alumina per gram of support. The catalyst may include, in some
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the sixth catal yst may have a TAN of at nobst 90% at
nost 80% at nost 50% at nost 10% or at |east 1% of
the TAN of the crude feed. TAN of the crude product
may be in a range from0.01-0.1, 0.02-0.05, or
0.03-0.04. 15 Low net hydrogen upt ake during
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gram bfrmtalyéta Ime tblmﬂdsanetﬂhem%hmm ymdrbr tdmgsten uUThe seventh

f / .
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TAN Bf e Ualde Toegf Ure during processing may allow a
contacting systemto operate for at |east 3 nonths, at
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Arrangement of two or more catalysts in a selected sequence may control the

sequence of property improvements for the crude feed. For example, TAN, API gravity, at
least a portion of the Cs asphaltenes, at least a portion of the iron, at least a portion of the
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properties of the crude feed are changed, while

mai ntaining the stability of the crude feed/total
product m xture during processing (for exanple,

mai ntai ning a crude feed P- value of above 1.5).

Al ternatively, Cs asphaltenes, TAN and/or APl gravity
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the first catalyst. Further contact of the crude feed/total product mixture with the second

catalyst(s) and/or third catalyst(s) may further reduce TAN, reduce the content of Ni/V/Fe,
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hydrogen during contacting, and catal ysts that uptake

a relatively | ow anount of hydrogen during

contacting, may be used to change sel ected properties

of a crude product relative to 15 the sone properties

of the crude feed. For exanple, the fourth catalyst
conbi nati on w the first
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or e Fl 3 dr ggen be
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atonﬁf:‘H/CQ?f%@hﬁde gptacting zone 102 in
Hydrogen generation in specific contacting zones may allow selective addition of

hydrogen to other contacting zones and/or allow selective reduction of propetties of the
crude feed. In some embodiments, fourth catalyst(s) may be positioned upstream,
downstream, or between additional catalyst(s) described herein. Hydrogen may be
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FIG 3B). A hydrogen source may be delivered to a
first additional contacting zone in a direction that
is counter to flow of the crude feed (for exanple,
addi ng hydrogen through 15 conduit 106" to contacting
zone 114 in FIG 3B), and to a second additiona
contacting zone in a direction that is concurrent to
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Thealdeinstrexna beveathaday st nthy Ha06 b étall dd@tedt BEICoIBI6 fietaldls), per
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ol e T B A e 08 i coonn

metal(s) per gram of catalyst. In some embodiments, the position of the upstream seventh

catalyst and the downstream seventh catalyst may be reversed. The ability to use a
relatively small amount of catalytic active metal in the downstream seventh catalyst may
allow other properties of the crude product to be only changed by small amounts relative to
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In some enbodi nents, catalyst selection and/or order
of catalysts in conbination wth controlled
contacting conditions (for exanple, tenperature and/or
crude feed flow 15 rate) may assist in reducing

hydr ogen upt ake by the crude feed, maintaining crude

the f eed/ t ot al prloducé %ék%re Stgbizl;r‘ig;&%i gryg%gqg{?@gﬂgrhetematom

contéﬂt,eAPI ?(qes e tV doitén® Sor BBt

proper e cru eed. Stability of e crude
f e€dntacit osﬂthqacmdcr fﬁeerIﬂl ﬂneelpﬁlnganbmchddmammyvmh catalysts may

hases S%ﬂ&ﬂ’gﬁﬁfﬂ %ﬁ’% Cr%g;‘f]o&fﬁd/ tgﬁ%&ﬁ*ﬁ:ngg#gb%,

mo r%t ledSt 1IW§PtﬂébrANtomse‘ crh8€Teeld UHEsdnSe&mBotifnRhts, the TAN

cru product in the crude feed/total product m xt ur e,

of the Icm;iolﬂad monbomcmpdmlbmducddrw with dlae ipstreamand |
@roduct g@tgrﬁ’ E tﬁ'tr %ff&ecﬁ%%is %roc%yseto .

formtdaﬁhﬁrai crufié pfubidvith thafed Propenies rliati ¢ thE trude feed, and then

peri od, the concentration of crude feed and/or total

contprt of thetmmal emde produet witl an additona) catglyst torpred uﬁeéhqm'de product

mth%ﬂﬁ?%g crude %@Y?%%ﬁﬁgﬁ&%{]&f 'h%’tngang s due TAN

mcrélﬁﬂmlyt 128y adsist itmaintideing tiedstabilitysefithdirade yeedrtomhgoduct
onents of the crude feed and/or conponents of the
nnxtm PBOREEHINE.N t he crude feed/total product m xture

cont Srhf afHaRAG, M SR G i el LGBt TR pmbipation

- withadontrdlhe dmmcﬁng ocondiorsr (furesxamply, epatmpmnﬂloe snule fedicflow

m)&é%%%s{ser%ﬁug s%laycfseé’éno%@% g Erise o SpARiRng qrude

. gr;uﬁﬁh‘e %ﬂéﬁ%ﬁﬁ%’ss S MakBihg oh® of Mdre properties -
o crude fee tota product xturielg' I'n sone |§nst ances, propert

20

25

30
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Solubility changes may also result in the crude feed/total product mixture forming two or
more phases. Formation of two phases, through flocculation of asphaltenes, change in
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conbi nations thereof. Such controlling of contacting
conditions may include controlling LHSV, tenperature,
pressure, hydrogen uptake, crude feed flow, or

conbi nations thereof. 15 In sone enbodi nents,
contacting tenperatures are controlled such that C5
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ﬁrstdoﬁta?cﬁﬁ% %ﬁéd%ffﬁﬁ@oﬁ Réﬁgﬁ@ﬁ;a%@ ﬁ&%@@ ffomn 100-4%0 oC

asphal Tenes reductlon int ame Crude
and afsecontd comthcting tempecasureanay bejintacapes thatis é@-lﬂﬂéﬂ\ﬁﬂ-ﬁﬂ fC1or 40-
60 "“(.C d1f% Nt':l{nan%he first contacting temperature. In some embodiments, the second
contacting temperature is greater than the first contacting temperature. Having different

contacting temperatures may reduce TAN and/or Cs asphaltenes content in a crude product

-asphaﬁthﬂéﬁ‘ gﬁp WHiIR HhdintGinif e M@Rfcﬁntent of :
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Non-limting exanples of support preparation, catalyst
preparations, and systens 15 with selected
arrangenent of catalysts and controlled contacting
conditions are set forth below , . . . Exanple 1.
Preparation of a Cat al yst Support. A support was

pr epar bme grans of aumna(Crlterlon
felat“@at?éh eﬂpggh@gs E@ntmftf E;‘H’Hd qeg to a greater extent

m%@&ﬁ@g@pg;% ﬁaﬁﬁ%‘) agm SH?] nu es: ’%ﬁ%ﬂ%@ﬁﬁt Hd$Bond
contaatmgﬂbznpcrgmmsl dre thersamielas er wa&]ml@ U dEeachiothargh a 1. 3

(5o i kg 558 o4 o
catalyﬁt?é)"ahﬂ a%e&mnsahﬁac b 7hednAPRcRAe BEHeP cAthRIR e _ﬂgrgs&ibea%m

e cal ci ned support wds placed.in erg
The fifat Wg‘ﬂhmp&mhmmytbeﬁﬁﬂ Pﬁtamdethmmondm&wﬁng temperature

maybpg%ﬁg &flgfongeﬁgﬁﬁ:g pTely ‘“%aﬁﬁ‘%th n heI d in tlgﬁﬁgﬁtpa’talyst

and/of foGkH 48MlysPAthIhRRkObmASrafisd BABE to &n&@@&]ﬂ FtEJT&h&f catalyst(s) in

gamma al um na, 0.0008 grans of al pha al um na, 0.0208

the segqmlrmntasﬁnﬁ gone-may resilh in greafer thag gnd/or Coasphnlsenes reduction

in the S rﬁ%%%%%%&é&%ﬁ%%%hﬁw%@% crude

feed Withahe fitst ifid SdcoRld Sattactitg/témpekbfiresd®Pthin TORIC.a por e
size distribution with a nedi an pore dianeter of 232

A wth 66.7%of the total nunber of pores in the
M@Ei ze distribution having a pore dianmeter within
30 of the nedian pore dianeter. This e3<arrpl e
ddlonslirhitiag examples bDsuppoert prepasationp catallysttpregaritioms candsystems

di stribution of at_|eas 80 A and ingl]udes at
thaet?ﬁ@dmg@gn f gatalypis pad sonivalled contapting,saqditions are set forth

belov»Pr eparatian;of a, Vanadi um Catalyst Having a Pore She
Distribution Wth a Median Pore Dianeter of At Least

Examiplol.A Préharationofia Catabist Bupponta 3 qupppret med préparddy mulling

576 a3 A oA O eron iy ML Poriplagicb 17 SRR SHCH iiean.

U.S.A/ S9SNy TSRS 20 85%&:\& bPﬁlaEiaPBﬂﬁ@éicﬂ?fo@S‘»‘tﬁiﬂﬁtéQ'

69 grans of VOSO4 wi t grans of dei oni zed water.
resultinggwulled mixéure wias ekiowdedvibrough 31 3 Tnbba%dm mate; dpied between 90-

125 éoqq%ttﬂéhvﬁs‘ é:gﬁ’tfg‘égrlg:t th.t \ég adi um J adn%[ at| on

with £hb&ign ﬁﬁrejtﬂ{in 189K eg’ﬁé calGHES su wﬁé’@ﬁ‘ceﬂ% G Iﬂﬁﬂ)erag

at 480" C for 2 hours. resultl st contail ne
furnad@, (Cheduenase tﬂn;&:ﬁrtmarvmswana@d qoehOO@f]dﬂDGC avat hi5yours, and then

held i%“ﬁ%?ﬂ?ﬁ??%?ﬁ?' : 1 Ods: w{,gggvg@gdmi BPOsEEI P, pet Bih o

Wﬂ hatihmaSo! i@:ﬁ
area of 110 Addi t i onal ?y 66. 7‘%‘]%f the tot gl ams
of deltaﬁimumaoan%%&l grams ofi thetroalemsniag as détetninediby smaypdiffrantion.

The SRR Hal &fia 2o of TR PR 3 s WATEO Byl b 421 %l The

suppoRSiEASiore k28 dishebulios RAMAE inedial hore dinEeF of2329A iR 66.7% of

haV|n ore
the total num%er of pores in the pore size distribution having a pore diameter within 85 A

¢ g

of the median pore diameter.
This example demonstrates how to prepare a support that has a pore size
distribution of at least 180 A and includes at least 0.1 grams of theta alumina.
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size distribution with a nedi an pore dianeter of at
| east 230 A. . Exanple 3. Preparation of a

"' Mol ybdenum Cat al yst having a Pore Size Distribution
Wth a Median Pore Di aneter of At Least 230 A. The
nmol ybdenum cat al yst was prepared in the follow ng
rrarl ner. The al um na support prepared by the net hod
: P, rEpay : : ' ats g :

st4w§63repared

n thefloncog maﬁﬁmmwmwmoet %y hOR ol dorticd

of 30% H2Q2, 0.27 grams ol am ne (MEA),
Examplg 1 swssrmg?rmtesrwub amzbummpmgnﬁm salution prepared by

com§3i 18 VAR5 418 s Pt A 0 Bt

was 2.2Wperature. The pH of the sol ution vvas 5.36. The
sol utr on_ vol une was adjusted to 82 nL with deionized

watks alumina suppest (L00sg)Wasimpreppated waﬂtﬂlemmwn

sotufs e 15y 7 YA el ERpRBRBIGN. b 240, 58 YR s, and

then SE¥IRER bt 480 for 2 Hbubs) eheGRHiIRE g d Sgstﬂc%ﬁta&e% 042%:?% ot

The resulting catal yst contain 04 grans
vanagdigin peegrarn qf@ata@ysarwﬂ thczbahhycsbe;mg\mppom dhealanadiem catalyst

m{ﬁ%%ﬁ@&ﬁf iop 311t » FRARFE Svopsr of 00t ppreikBng of 0.69

m’/g) and a sBfface 364 BfE10M>Q. Aﬁdﬁﬁﬁ%ﬂ¥ GO, e o ﬁuﬁb&%f‘ifores in
16 n2/g. Additionally, 67.7% ol the 66 total nunmbe

the pgre sizerdisiributionef the rvanas!unm catalyst had g pare dismeterewithin 70 A of the
atal yst had a pore diraneter within 86 A
mediiR bR

n pore diameter. This exanple denonstrates

t h'emp eganple deponstiatés 160 bteparationof 8 Conahi b XaialyaeNdving #pore
& size_distribution vvrtharredla &re di anet er of
size 2@@' .

efaelr wzlb@ msdlam E@'&rﬁipﬂl'@ﬁtﬁ

nofa

- Witlog Mﬂ! mﬂebeaﬂm IaamdB(lrzb.GHie&hy@bdm pﬁt&l@rarveak

Pmp%?%t 8@%@' G zﬁire&éThe %W@R%Fﬁ% orf% mgthed described
mﬁwegmg RpreihdtePwithl MO el .r%'ﬁ mr:&saa’rhen

solution prepared as fol ut| on was

molyhdmynmmahnn isglution 4vag medfby(mm;lmm grama bf

NHMED, 068 %@692 £ el dba st ?%ox 3.28

mon@tiilagfine (MEA | 6. B ERnsto? dePhired watdtté formd) ﬁuﬁJyu Th¥ slurry
was heated to 65 C unti| dissolution of the solid

was Im@dﬁe 46 86 vdil dissaintiomsf the svlists. (The heatad sdnpm was) cmledsto

roon{ERBRSRY o] oS ST Uopciasct S Diisbion voleE eppgisted to

SZm%mﬂ@&nQ@wﬁﬁﬁond sol uti on were conbi ned and
sufficient deionized water was added to bring the

Hrﬂ sluminasuppord (1 0Pgrame) was lmpr@mrl vm;h th;.mlmbdennm
imprlg B S BT b S o S0 BRSO il e PASVE 5
several hours, and then calcined at 480 °C for 2 hours. The resulting catalyst contained
0.04 grams of molybdenum per gram of catalyst, with the balance being support. The
molybdenum catalyst had a pore size distribution with a median pore diameter of 250 4, a
pore volume of 0.77 cm’/g, and a surface area of 116 m%/g. Additionally, 67.7% of the
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nol ybdenuni vanadi um i npregnati on sol ution, aged for 2
hours with occasional agitation, dried at 125 C for
several hours, and then calcined at 480 C for 2 hours.
The resulting 20 catal yst contai ned, per gram of

catal yst, 0.02 grans of vanadi um and 0.02 grans of

nol ybdenum w th the bal ance bei ng sup ort. The
total gy dﬁmmsmﬂwm digtribntion o§ gée@m@talysthadapore

di aneter of 300 A
diam IS exan‘pl e %%@%W%%repar ation of a Columm
6 Thi$ eangplel dem6istrarss the préparation 6f @ CyRim 6 ield cataRRt Baving a

Si z djstrlgséllon with a nedi an pore di aneter of "at
pore$1§% Am@w@@m@m tleaé¥2%0 ude Feed
Dmhiﬁt&iumm Md mmlametéE@dAf nwmsomr'gwpolult a

St The catal yst be Qrnme y filling
1&%@@%@& ¢ followang, marmeMumlaﬁ
E gg-grld Stglhiorg I\/Iaterla|s Eﬁlsdq%ejg %%;
molybd | igiepregnalioh selutidn pmplamdeas follows. |Afnst3solutnonwas

made(i pitinie Rl of oWla s a¥1eas of Blrihecd 3B irmmas of 30%
hydn{gﬁg@hmmetmﬁogmnfgﬁaﬁ% 8f tbhiGeth:AidldPhile COBAS! Sad?S. 28 pﬁ%s of

. mxturé I'nto ontacting zone ortlons 0
deionized ovater. to $otnY & slurryu The shery Whoheated tb165 °Ooantil dissvlation of the

fr mthe top of the reactor to the bottomof the
a5. ¢The heatedgplution was cpoled &o pam BOREFPBCed at the bott om

OfA 5020l A81ELioE WhOnBak ¥§ caﬁlbﬁmgse ts? %ﬁﬁg@bﬁm Rvil40 §ns of

catal yst/silicon carbide m xt
deioniged; watern Sthedirst:soprtiopfand Iseccmdl sphﬁnnmbc@bmgd and sufcient

deionfo\ AR R e e oot Fhtmin 6 ) B34 e

- molyﬁdeﬂmﬂ%xﬁ&uﬁffmﬁfregﬁﬁoh gblation. UTFH@ alufifina ﬁﬁé SpreghatdiPwith the

ore size distribution having a_pore di ameter W thin

moly! amﬂmmmea solutipn,aged for 2rppury, with eecasianal gejtation,

aried 3P AR By RN BB Blep TRloLRATRIR 20 s s %iﬁ%@esﬁiﬁmg

catalyst bofitsined E)Epgl’ain oftatilyil] BOZ gladis\oTivagad i QaE 0T
m xture was positioned on top of the 0

molybdsnug Wit the b amg beingsupporto The molyhighwm{vgnadiumi qaylyst had a
t
pore;éQ@@strbuﬁl on W ﬁﬂ%‘&?&%{?%ﬁ%ﬁ%}&%@ﬁ%}r@t Z:r ng 98 A, with

6 &Fhi9exaimplé derhoristrates ﬂi&)ptbp&fhtorp@ﬂ‘ ©Columr §mefad tied 8 Column 5
di stri but,i on having %‘me dianeter, within 24 A of the
tﬂ]rF@Eﬂ& wsapawaﬁazﬁfaﬁm @n with & meedign pory sianacien ofiap legst 230

0.02 grams of nickel and 0.08 grams of molybdenum per
gram of catalyst, with the bal ance bei ng an al um na

Exangple 5o Gontdct oﬁat@gdedienﬂﬂﬁhé[‘ﬁme dintalysis .bAd:abmteacter with a
osi |oned on of the ddl e
cenﬁéllm%ﬁ%ﬁm i ves eainped Bb Srermaotounlesimeas e ¢ op
temy

e ftouicua cRlyL Bed CThENaAf Bl vl e 1 BIRAL B space
betwaenl th@ﬂmmuwdbancbmmnerf walhofithgstactariwith ¢adtalysis hahsilicon carbide

(20-gn§l é]tgn%rc!l Nt | lza?(s %11%81 %mi ahisn Euch silicon carbide is believed to have

low, if any, catalytic properties under the process conditions described herein. All

catalysts were blended with an equal volume amount of silicon carbide before placing the
mixture into the contacting zone portions of the reactor.
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support. 20 Silicon carbide was positioned on top of
the top contacting zone to fill dead space and to
serve as a preheat zone. The catal yst bed was | oaded
into a Lindberg furnace that included five heating
zones corresponding to the preheat zone, the top,

m ddl e, and bottom contacting zones, and the bottom
sugpsicruderfied Sawap ;lmrsacrrewa%gmtuemmmﬁmum the battom of

ﬂ‘“"%@?‘@%‘?h lEbutbatble Sas hodRoned W3 Heomn 57 0 feserdgio §eve aga
bottath sﬂlpﬁort | Adbottom @edgRiiticon carbitledmixbire (42 &Y rr{rﬁ?osﬂfoned on top

total catalyst_(silicon carbide was not cou

of tbﬁérlr Breaghide to form adbodiomesantaciing yoner chechoton eatalpst hade pore

s ol O R R R B8 7 A o 6 7% 54 e e iber of

poreﬁ el the potérmze drstrﬂmhbn baving aperedinmeten ithiS2OIA of the median pore

i, 52 o B0 o e e o
mckef?%é?mgoge@%er fh?rour ar%wﬁl?%@tig? :\%o

ho vy middit eatalyst!sili¢ane garbideamixtee €56 arnf)om:pdsmone@ bn tap of the
ambi ent ,te era&.ure defromthel\/?{%é tformrn
n

bott{iy Gopigrting zor F CORIAGHRE Z0BE: had a pore
size Gi’sﬁ'ibtﬁion%ﬂ?ﬁ"ﬁﬁﬁ&h#ﬁé)ge d%\%/tr%rrr of §ﬁ a0 v{% 46979 bt ﬂ%ﬁoﬁ?ﬂﬁxﬁber of

to formthe crude properties
poreg invtherporesizé distribiution baving epoﬁe dlailnetec within 24Adf thesmedidn pore

cianefer, s PR selalfs pSFEE 0,03 Bms PRI 350 0.8 BRPaef
molgizghaaipen gm%@ﬁ@m?ﬁ; WRH B Bfek bBihg 28 MAmidR Supkt 0M

support o e reactor The crude feed was contacted

421een’) s positione amptdp ofjthe

md‘ﬁg?r?%‘é@‘%‘%‘%s & @%@%ﬁoﬁf@ P

: msmmcazatu\h%dﬁn(pamaﬁaésbf 19:31&\énmanﬂambd 0.043838nis of

ssure was MPa (1014.7 psi The three

g mﬂ@%ﬂ%{ﬂ&@tﬂﬁﬁ gr%ﬂ%%a%rtewwé thedwlange heing orimanidy xgammg alumina

ntained at 370 C for 500 hours. Tenperatures of .
the three contacting zones were then increased and
maSilicancerbidé wag pns:timied ovitoyyofthe tepeomtacing z6he (611 doad space

and{pr 500 hou ég%d( Eéi B&&%gmﬂ for gﬁglblo oythat
mchﬁeﬁ?i‘lr% hEitni PFoneé Bor&ipeh zo%cﬂé’ﬁ{ps %kﬁ& dnd bottom

he crude product and gas eX| ed the cata
OOHWEQO@tBSaIHBpﬂvMHDWPDMroduced into a gas-1iquid

P oahE oRRRA e subled BY itBfucing 5 ac SR BN ot 5 10l bypogen

sulfideand SRsolPAR ?k!rogéh FdiSnoWhS Softactiy ZOR&SH &qstefar 13 1&&8& gaseous
flow controller. Gas exiting the system was neasured

mixtyge per wetumes(nplokef taisl eatalysti{si emu@mqumtaampt opwted as part of the
voluﬂfér fggn%%%bl Tet I g ofé@ﬁ & Sltltg{;t?&r%n%s %}Eﬁxléegipgg%eflgg 8L (400

°F) dvies | dQuparsl laex@ BERASC: fof 2hbrsd AR Moliekk at\04 9L the contacting
per cent ages, of conponents. Crude roduct - properties

zoneg wers ineFassed mgrementaiyfe 816 °C 6600#1 Gat grate of 10 °C (50 °F) per hour.
The contacting zones were maintained at 316 °C for an hour, then incrementally raised to

370 °C (700 °F) over 1 hour and held at 370 °C for two hours. The contacting zones were
allowed to cool to ambient temperature.

Crude from the Mars platform in the Gulf of Mexico was filtered, then heated in an
oven at a temperature of 93 °C (200 °F) for 12-24 hours to form the crude feed having the
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As shown in Table 1, the crude product had, per gram
of crude product, a sulfur 20 content of 0.0075
grans, a residue content of 0.255 grams, an oxygen
content of 0.0007 grams. The crude product had a
ratio of MCR content to C5 asphaltenes content of 1.9

propGfies sgmyiged in okl 1. FIG 2. @ arite e i oLl 7 ofthe reactor

The @6defesd ﬂsﬂe@thrﬂ%&é ipPehedt 20Rb,35 eémaeftﬁigaﬂﬁ bathdle cpntacting

tenperature ("WABT' n versus run Iength of the cru
zonehotiom comtacting z20nes and bottans supperind the teactor.r Téhacmde fezdives

contabBRAIEL G it Phe il ad Blesct oshyrmbrmfes, Lobfacindy
conditﬁn@w@fe%ffbﬂé\hs (@R 6819/dkaichQas & thddRKeRédprovideld®o the reactor
E rNIa fqr_inprovement of the crude feed in the

Yt (2000HGEBN BV wesi 1 ihi), and pressuraipre6.9 MPa (10144 psi).

The EREERGRIE Aoifs BEE BARANST0 PG AT T R RRT b £ or
500 Hoasd Tukigerdues bbe thiod dbstactickonsd erd ther akoxabet ardiRiintained

a 30 mpjority of the run tine, the WA
in thefollowing %’gu%ﬁe%wo"rq Vlér%@%ébgbgwm@ %88 ‘Z@(EO °F) for 500
hours, 500 2C (3 05t YoQUIRNS sl 204 CRU B TOE SR oy,
hé&lhertotal prodoct(fHaeis, . crideirodddt wnd gas)leimédthalchtalwﬂbed The
totaltgqlg %83000 3580 hoursql*ﬁrrel at S%‘Iﬁt ?'d ear gi];;g@separator,

th t&m AR Wﬁ e system
° aV|ng gaép:)oesue dlstrlbtlon W|t a%dlgﬁ%%hree
was rdéasuret dyy aailasstﬂdveemm'oﬂﬂﬂ Gasexitinglithe sy stem| wasaatashned by a wet

tm%%wr e di St%dé%ﬂlﬁl onyﬁ‘g Ajl medi anw%}gitgg?rcentage

- of coﬁl%’ﬁéifts e, Eﬁidé eI‘heozfesﬂ%rlﬁ'&d' e bR BQT0F 8 defermined

di stribution avi ng afore di aneter wwihin 45 A of
wmghtmrmmgmﬂwmonwnem e pbduet propertiss lasgisunpnanizedtin: dgble 1
ofFI&o‘?d' tions, produced a total product that included the

Cr ude product As ‘neasured by P-val ue, crude

f efegidHobindh TabRdl elie ¢rudé protuctthalj per ioyani@s ciible piciiube d sulfur
de product, had reduced TAN, reduced Nl V/ Fe

wme@Bﬁﬁ%ﬁé% preRsRRsidue FonteRiaf O3 wms, wsw%% £h0.0007

g e A5 IOl IS e
a TANzof 09520 THE 0t ofmt:heismdpamdﬂnnms 2014 WIppm:r ude feed.

i 5 st g Pl
temp&‘aﬁl?@(‘WABT veTadl riin F@{gﬁ?@f“th@ Crultd Qee? ﬁ{é%a{afy%‘ié Wes may be

appar at us (excet fo e nunber and content

correlatas tahe temperaturs pf theatatalyst beds ult is lmblnged that aam:almtll‘md

decreg.%e y@ﬁ@ethed@%%agrod tand hOd?Fg&’&BTversusume

() eeSmpidiehehioffla BRIdE féed 1Eﬁiéfboﬁ%ﬁh§ %nmssdﬁbés ¢ iid ékamplc

an equal volune of silicon carbidé. The crude feed

Plot Hﬁdﬁpneaemwée averagoWARE of therthrer soniapting zonks verseschaws efrun

tie fo SR B fodf R B iy 0 ol g, Gl

maj oﬁ@f&ﬂtﬁ’@nﬁ&ﬁn@ e WABE @f e dohﬁ ﬁﬂ% E8%s Gﬁlytdh@ngﬁadpbﬁimhﬁtcly
serve as a bottom support . bot

20 °C. From the relatlvely stable WABT, it was p0351ble to estimate that the catalytic

activity of the catalyst had not been affected. Typically, a pilot unit run time of 3000-3500

hours correlates to 1 year of commercial operation.

69



10

15

20

25

30

20 catalyst/silicon carbide mxture (80 cnB) was
positioned on top of the silicon carbide to forma
bottom contacting zone. The bottom catal yst had a pore
size distribution with a nedian pore dianeter of 127
A wth 66.7%of the total nunber pores in the pore

Sizﬁﬂ distri tion having a pore dianeter within 32 A
phsiratps thaticontacting:the sruds feed withlope catalyst having

ap‘*ﬁ??&‘é?ﬁﬁ’e@“éﬁa%%@i’m EptyRFRHEb T et T X iatliion

= wa gaﬁpdre:smgfj@ién to Eﬁﬁ}?&bottmgg?ﬂdﬁé%mem
g‘{a}é"f’@h% ﬁ Eﬁﬂteamhehg f poreein mneomwhmbmn
haviig A %&%ﬁéﬁ“’ﬁ“ o 8 it il o, Bt ViR Ricroti

conﬁ@oiu@cqnmﬁdme m-odtmedlaztetalipmﬂﬁcﬂc:hitl intludeithe gnalePdduct. As

m“%‘i‘&‘q?’t?@j{ledhl n %@E&gw@ medi an p re 30 di anet er.. The
crude. phadit BaPredlicddCh ARORAHED REY ﬂ%ﬁ%ﬂhm” Mtk and

t he bal ance bei ng af um na.
redysed pxygsnsanient relagive ¢d therveude feed, while the tésidye zonient snd the VGO

contptt df B By RGP asﬁﬂ\é’gogfc‘beﬁﬁﬁ%%%?efﬁ:se tete

Exainiyilé 60¢ niémrhmueweéaw&hmm RS tmvsn% Size

. pre eat Zone e _[wo CO c O )
Distribution;witly a Migdiay !'JL:' dignzeter in o [Range n’ﬂ;-lSOA. 'I‘hereactor

2 FJG 9
ppilid FJ*E@%%W i 0%@? m@w&%&a
methdi nmtajaleﬁtsemmg me mtamﬁambh@ﬁ:eamebfasﬂsrﬁa@me crude product
cont act i ng zone, ., and bottom support of the"reactor.
werq—ﬂ:g saimg ge described indxamenle 4c Each oatelystamasmised with an equal volume

. of sitiebRbaBigs. i n the presence of hydrogen gas. The 5

contacting conditions were as follows: ratio of '
hydhegmdeg'eeﬂ flow tdtheaeactior vaneftorh tietiof o tHeGeadthieto the bottom of

th vvas 160 I\%ﬁ% 000 SCFB), LHSV was | h 1,
e rgﬁ orp egi % tiouia tqp incthe follpryeing mgnner. Silicon
carbideaGios ﬂiﬁn&Pﬁ’t@fﬁ 8{ E‘gar%t@r tgggrygag ﬁ%gttgﬂl Bffort. A bottom

rral nt ai ned at 60 C
aariade mﬁxttuee(se\mn bwas pmmcm;dmrtep oﬂ\t-hb gilichs Rarbide to

fomgé;ﬁtg ased !agd ITB.I nt %I [ ncg f ol : oW n sequencenf‘m.ha

edidh P@ﬂi P 6
e e i

di ign hwﬁsawrﬁ'edlmmr within3 & of the medinh poreatiamneter. a’ﬂlmb botiom

cata{AIE0R] GLF G, ATRGhbRRe i BB o ks ot gt

cata]gstawnthyhmﬁalﬂﬁeiaeﬂig ggmprocesm ng. The crude product

af F%ét;%s@gi of cru product 0,0023 grams of

missture($0 em’) wasprsitipnadon dop of the

cofctid zofe 88‘53%‘%&"%??’%?@% 20 s 158 batp R AR S size
dlsin'bhhen withmrhedisie poresliamétesoft 108t A o0l 66.795'6F thd fotal muider of

feed with,the gatal ysts having, pore size
pores;{eciie Phi ¥4 AstipwhorLhaias Bpors Sissnelerwetia 20iAofithe avsgtian pore

il TG o R o b B SR ] o A grenam

per goary @€ patalyst, with the balance being alumina. Silicon carbide was positioned on
top of the first contacting zone to fill dead space and to serve as a preheat zone. The
catalyst bed was loaded into a Lindberg furnace that included four heating zones
corresponding to the preheat zone, the two contacting zones, and the bottom support.
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20 content, relative to the properties of the crude
feed, while residue content and V GO content of the
crude product were 99% and 100% of the respective
properties of the crude feed. Exanple 7. Contact of a
Crude Feed Vvth Two Catal ysts. The reactor apparatus

gﬁé%e%gf& 5{ and tg%ntent of cont.ac§1 nquifﬂ%h 9, was
fed to ‘El{éigﬁo R Fsdtor e@&‘ﬂoﬁ*@& ﬁiﬁl‘ﬁéhﬁﬁ FétehinghnBBibpod

e sanme as escrl I'n Exanpl e A crude Teed
contac(nﬁ@-zﬁﬂe d')nttotm)cohmnngzaﬂeeaqﬁbcptmm suppogtofithe teactor.i The crude

feedw‘é%‘%kr%maw P pehe asehibg e HesdsPE pEbrdsBis 8¢ g3

4 gtceﬁ&haﬂs %ﬁfgearg gggvgf e P& @f&&ég&ﬁ ga9 ifthe dRdleTodd pavided

upport of t contgcting condi tions
the remevmﬁnaﬁm%mé (um SGFBY, LSV wge i hyaand pressiee was 68 MPa

118 5 TR b ek S5 0 0 s

260 °¢ tSUPFY fr 287 hothe acfﬂﬁgwa@aﬁ&cm@g fones Slesithen
increnentally to 343°C (650 F). total run ti

increas@hmd oaintainerin hesfollpwing seruencet 21%& 652555}3@59}8&%}0\%0&@

288 (B Pt HRBE R s, B T 30Ghch i 343 °C (650

T)foﬁﬂ@h&ﬂf&a%@ﬁﬁm@@ﬂl%h&rﬁ wt ppm of zinc, and 3

pm of potaSS| um The crudge product ha er. . gram o
cr g totalprodust exi &ﬁg %Sﬁ'g@dg‘g es.

r es?’?d&%e cpgﬁ?d% %gﬁﬁzgggg? aéﬁ%.g%r ude prod oggtz -3 during
processiﬁg. | Theet o proi[uttlhnd,:})argxﬂ 6f crudle profiucts 0023rgrams of sulfur,

0003€em)n8t at gs th t cont af;xc{%g ogroté]@ CrUdSQ{ee%BﬁT f&gﬁ.glonal
propeftisd ﬂg:ftg&l m&@eth?é)hs‘bed){nomscﬁzammd@ product that .

had a reduced TAN, a reduced total calci um sodi um

: emnqblq;dmmmtrahs thah centactingithecrude fedwith theeatalists having

o B s GO SN o

a crad®prbéifet ﬁiakz'ﬁﬁl b R ceERATD b 96duded Ni/VIPS t@éntpdnda feduectd oxygen
Feed Wth Four Cat al st Systerrs and At Various

contemoml%tmq to gheCeraperti pada wbile residiercanteat trd KB

o e S e

feed. Separati on 15 net hod, and each crude product anal ysi s
. vverethe sane as descr| 3 Ie5 Al l

(excegtafl‘o} ﬁuﬁﬁc@an‘&%h&n?bf o %&gﬂ@ &E’%eg? Cc?ﬁlc?%tsf ﬂﬁrthPﬁﬂoﬂh&SsEparatmn

ess otherwse In eed f
methéd) orudglpreduch anatysis, and vatalyst sulfiding method wire theesamastdcmrlbcd
to fh bottom of the reactor. Silicon carbide was
in Exggpie9-oned at the bottom of each reactor to serve as

a &eltuhe'i%éxt@@ %foﬂéﬁf&s%uﬁﬁia&ﬁ&& #0Table 3, FIG. 10,
one an a top contactin

contacti ng zone. After the
was feditcothy $ap of the caantor.c The cride ficed: flows through the preheat zone, top

contacting zone, bottom contacting zone, and bottom support of the reactor. The

contacting conditions were as follows: ratio of hydrogen gas to the crude feed provided to
the reactor was 80 Nm®/m® (500 SCFB), LHSV was 2 h”', and pressure was 6.9 MPa
(1014.7 psi). The two contacting zones were heated incrementally to 343 °C (650 °F). A
total run time was 1007 hours.

n



10

15

20

25

30

were placed in the contacting zones of each reactor,
silicone carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a
preheat zone in each reactor. Each reactor was | oaded
into a Lindberg furnace that included four heating
zones corresponding to the preheat zone, the two

cofhactidegpraduct bad amaverage AN af 0. Hippdant avei§e IAPI gravity of 16.2

duﬁ%Eéaﬁl e.8; n un&gé_gi n(ggmﬁﬂl)?%/bﬁenun}&ckel of sodium, 0.6

WipRADF Line @il 3 Atpphe oPRSth@Mint OThe 6fuldd Grodie @hﬂiﬂéﬁide
r arrs

i ncl uded, per “gram of catal yst, O. 1468
pro‘im,w@é&mm@o 0:002 rama of Reyeenaha70 gREE of NGO, a;fd0401

erac i ey e 0 AP Bkt B B Py 3% o

10.wWith the catalyst having a 30 pore size distribution
with a nmedian pore dianmeter of 180 A was positioned in

th é'hlwanm&mdmnstrgtea comkatingf theiemde fecd meth the s¢leeted

catafysts i i@ o s fburihod i PR of 091D & AR o haRuct hat

had & r@duueklmAN, alredvied t&aﬁ&l@tﬁlﬁﬁﬁydﬂﬁnmnd biakdid@mRBfitent while
gram of _support. 72_In_Exanp an uncal ci ned .
Mfiﬁg@sa@pt, aEGWF%tCPQiGN @fdhe emyiBipERdugt Weig 76%, 94%,

d fRty) contacting zones.
an q’ﬁsgﬁunca k5 ngﬁ@é enu At cat al yst incl uded
-iit.aCentdct obh d@Vﬂiﬂ’n ¥ futalest Systvahd andAd
Jr aje s vvlth the b Iancgqrbeln ber and

comeﬁrdrcéﬁmeﬁﬂg wn%s)g é&ﬂi&yﬂ@ﬁﬁ@ﬁ&' lhézaa@ q:abl{‘tottzh PrédiRt separation
contacting zone.” The nol ybdenum-cat al yst was e sa
methodl, and edeh crude produch etalysjs mredheﬁammdq:sbnbﬂ in/Example 5. All

canf§i8 Wb b K o BB S S 5800 o1
part &atblyﬁﬁﬂal@s% lotheirise 'iﬁ’dl@ﬁ&l t'rwadde tbeam%“bm}&gﬁ%aé@féaaaﬂwas ‘

zones (60 10 cnB I n Exaﬂr{g an uncal ci ned
fromythe fereitbarercinr o ¢I€Ia§®ﬁe3d1&p@ carbide;was positioned at

ton fin el R W%%%J)ﬁ%"‘ﬂ?%%% : Saf DS i ] EH0E

contpetinggoaeand a 6ot ainmng Qof) Afianthe eita.lyml/smdme uaimdﬂnﬁ&&es
?rarrs .0f nickel, and 0.01 grans of,k phosphorus,

zap%frﬁfﬁaclwagteb slicone garhide s aealﬁpned on top

f I
° ﬂ%ﬁ%ﬁ%ﬁ%ﬁlzﬁﬁ? eﬁftil(E)lrt;'J)&llcfj gﬁét acting z onelﬂ%ﬁrﬁ) e)}%gacrl]lur%actor.
Eacltmetbywas loaded into a Limdberg fumach ehat mn:lmbdﬁ'almheagngmm of

COHWBQ%%%E&PF‘? ude fr mthewﬁ? Iatfor fﬁloélppgtt
t eﬁPEkﬁﬁdME% &b uﬁé’al&néao-ﬁg yE)ieﬁxﬁi/nﬂc% %ﬁ%ﬁncbﬂ chrBfd® mixture
crude feed for Exanpl es 8- aV|n

(48 ‘Bﬁ% iyeas positionedhivethé bettiorn noﬂ‘b@irg szeFlI'& cata,lysfﬁhdudcd; ger gram of
catafy&eg.ﬂigﬁrams of molybdenum, 0.047 grams of nickel, and 0.021 grams of
phosphorus, with the balance being alumina support.

A molybdenum catalyst/silicon carbide mixture (12 cm®) with the catalyst having a
pore size distribution with a2 median pore diameter of 180 A was positioned in the top
contacting zone. The molybdenum catalyst had a total content of 0.04 grams of
molybdenum per gram of catalyst, with the balance being support that included at least
0.50 grams of gamma alumina per gram of support.
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fed to the top of the reactor in these exanples. The
crude feed flowed through the preheat zone, top
contacting zone, bottom contacting zone, and bottom
support of the reactor. The crude feed was contacted
with each of the catalysts in the presence of hydrogen
gas. 25 Contacting_conditions for each exanple were as
f quﬁ

ol Bxasaple 9; snungelaiged melyhdepan/eqbaltcatalyst/silison garbideanixture

(8 SR ol Y 3 v

cataliysiShclndsl 143 framsbfmdlgbdenem{ 0,043 gridts ¢fwebslt,eind 0.021 grams of
contacting, and then |lowered to 1.0 h-' for the
phosphoris withdhe balancerheing aluming suppdfber at ures in al |

cofy 2l bAhES it Mo btfad ek 12 B2 BAIGhobn the top
contadting zoné. aThe molybdanin carlyscwil the shmel asin the tdposemtacting zone of

tenperature in the contacting zones were raised to
Example 8¢ (670 F), held at 354 C for 200 hours; raised to

36 ﬂ"“ﬁ?'@%ﬂgﬁ ltRa j :
37%%‘%%8@%@6%21] a gél;rdg3 000 gﬁ?gpadrogl se zone of
Example 30&asGnixed with) silicon airkide agbpSitiomed 20 thelboth sontadting zones (60

raised to a final 73 tenperature of 399 C (750 C) and
eld at 399 C for 200 hours, for a total contacting

Ui PERmASq9, Mﬂciﬂ%ﬂmpﬁﬂﬁgk@cﬁw&ﬁwm carbide mixture

periodically analyzed to TAN, “hydrogen
(48 aap?) avas positionddindheibettdm eontagtingzione, esht |

o PGSR S, Ve e D88 B R,
o.oz%amﬂ ¢Tnicked, knd 0601 gréhn8 éf phosph&iuS, Wwith the Ualdace béinﬁ ghﬁ‘nina

Is a graphical representation of P-value of t
suppertude product ("P") versus run time O " for each of

1850 B4 S AP S o g

contasiihg réfie.r Thy mabibideindin citalyat wes theé sivhe acin tie tolcoptaedng trone of

obt ai ned by contacting the crude feed with the four
Exampled. yst "systems of ‘Exanples 8-11 respectively. 'For

23004 l?ﬁgsp RoE fcyjj@agﬁ t étFH@!téaﬁﬂ
of at Icfé%éghé . IP%r ca{%éftﬁgf}sterrs 0 Exghnp es at
overtat hiemperafixaofP3°C 200t T fé- M2a24/kows B folom\the drufle fezd for

t ,Qf, .th time, At th d t 00
it o1 g R o Ao e G 1. BB o wes
fed 15 teMop Of Be &&Qo%%ﬂ&e%&&ﬁgﬁ?. TRE crBiaé feelfloWed thfou@ﬁﬁletigeheat

inferred that the crude 1 eed in each trial rennine

zone; topenontastiyg oneb bettatn contgcting roac. anddotivnr suppertof the redctor. The
orudg S8y Bhtacten il cach 27 B, A Olnhe pioSerie AL HydroRed ess
T i g o fo crude
feed pinia gentastinecuasclf) Nandiar {3000,SCER); ng fiedatel pressure of each
syt WSSy Bh (1 pb1F LU SRECRN g B Ak 00 e

contaotiigearel then lovweered RSE0 R fof the yeanaisiap contacting Hirnes. 1’Héindperatures
150 152, 154 represent net hydrog’gn upt ake obt ai ned_by

in albenntacting manasivere 43 EC (X F)iar00deurs oficontasting t Afigtsi00 hours,
- e i ‘t .

the %%?%@@%35 gﬁé%ﬁ&&?g Soribd weke contolibd % %:101}!‘3 : thQ %ﬁ&&ﬂm in the

contacting zones were raised to 354 °C (670 °F), held at 354 °C for 200 hours; raised to

366 °C (690 °F), held at 366 °C for 200 hours; raised to 371 °C (700 °F), held at 371 °C for

1000 hours; raised to 385 °C (725 °C), held at 385 °C for 200 hours; then raised to a final
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crude feed over a run tinme period of 2300 hours was in
a range between 7-48 NnBfn8 (43.8-300 SCFB). As shown
in FIG 13, the net hydrogen uptake of the crude feed
was 25 relatively constant during each trial. FIG 14
I's a graphi cal representation of residue content,
expr ess in wei percent age, of crude roduct

tom qﬁ%&ga’& (750 onelheld 399 E fon200 e for el opotacting

+im, 300hoids. Exanples 8-11. In each of the four trials,

t he cruge product had a residue content of 88- 90% of

t h&@he enidéproduets werk pefiodibsilyanatiered ¢e detefthiat TAN dﬂtfg%n uptake
60, 1f266§ reseaé resi due 38 cont ent of the cru
‘%‘? QFIHE’d ’WS@UC‘WQI!’L Aygrage

valfﬁ%\/\%l G W resi hﬁ%‘ cont GW&C%'IY crude in Table 5

lnFﬁidduct remai ned rel atively constant during

o S 18 Y i e bRl ofbsimadg ol vers
mﬁﬁ@(‘&*’}m cadlyéts?&anhomm les 801 "m% &u&eﬁeﬁﬁmap-

each of the catal yst syStens of npl es Pl ots

valug of atdlgast 4. Plats 140,702 d4,cnd 146 Npres;n'athnﬁ‘yvajﬁe ofthe crude

prodib et b Fonrited e S e o Pl e 938ins Sfcamples

8-1 lrlemﬁ%lﬁ eFde 2900 AR tHef P-viiRe bPtile cride fbduct $ARAInEd HER Jeast
ad a VISCOSIté in a range from58.3-72.7 cSt.

oduct
1.5 fpr gatalyt xampba HL0; /ln dixamplaiLib the Pvalue swscaboye 1.5 for

e e O

14. d&gmnbegﬁwﬁwmﬁfﬂmﬂﬂﬁ&efﬁhﬁu%ﬂbr?ahﬁﬁalih%?yﬁdﬂ%?ﬂ%ﬂﬁ%?th%mmde
11 17% of t ravi of the crude fee FI 1
feed;ry Jbg‘F‘&ToWF@H? Sr'éav Heble dyming coptesting(fereuample, the crude feed

| &dﬂ%@%@%@&%ﬂ*&w@%ﬁ%a@or it A A s
.ummmmdx mﬁn@mmhuﬁmﬁnp&nuﬁmofammlﬁm{&mﬁﬁﬂﬂEMMﬂﬂBlo1n“mum

_ ﬂm!‘e éesent ygen content of the crude 10 product

\BICLE *contacting the crude feed with the

c ammt is R)pFApiIGal RipréstRERbE §f§é‘t¥é¢r:lht'og{31]§ agﬁﬁ%gg t@ﬁ?g agéa{bnz»)

crude product had an oxygen cont
versuyandinet' derfour salystsysicms in thepresehesofydrogen gas. Plots 148,

150 §95 138 oot B ot B Fiveined BY Soutlip B Bt win

each’of the mamstméms eflEmﬁpleé 8i1heregpattively pmwm?mta@edby a

vely constant after 200 hours of contac

t
crudg ???3 f’lv%%rqnélfa% perind of2300 heyrsavas ine aege hegean 148 Nm o’

(0SSR A BT 530 el B Bt o

ge
rdammﬁ%nnmﬁmnGMngahdmuumduced in these exanples; it may

ferred that at | east a portion of the carboxyllc
coRtd: 14ing FpTeseRtaon N ententcexpaepsedin weight

perc&RARS bi &ﬁhygﬁugaz(t‘igg ‘Irégﬁ'éxa pfs(‘ ’?fo‘i%%l% ant%g?é}%&ms

oxygen conpounds at rea I on
ExampiagiBlil o frs earh cfﬂhc fouf wbils, Fﬂ)a crad@ptbﬁactrlmdtafreﬁd& ddntent of 88-

N T R N A

conﬁM@Bf&@QﬁﬁH@pﬂNﬁﬁn$B&ﬂhdeykonE@Eﬁfﬁ@Qnﬁ&yiﬁ&?hﬂﬂEmyénﬂpﬁ

crude
systems of Examples 8-11, respectively. As shown in FIG. 14, the residue content of the

crude product remained relatively constant during significant portions of each trial.

FIG. 15 is a graphical representation of change in API gravity of the crude product
(“A APT”) versus run time (*t”) for each of the catalyst systems of Examples 8-11. Plots
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feed. At a tenperature of 399 C (750 F), at the sane

pressure and ratio of hydrogen to crude feed, the

reduction of crude feed MCR content was 25.4 w %

based on the weight 25 of the crude feed. In Exanple
at reaction conditions of. 371 C (700 F), a

B C LN RN T X
crude 86Okt theataly¢ Qﬁs&&ﬁ;fgf %%cﬂwﬁ-‘i Ttreg%%hiéys 1kdéh of the four

based on the wel ude
trials, sagleermde prodott lwsa AsqoEP iy range fioe58& 3472, eSts The AR psavity

Ofe%ﬁd’&'gd W@%Wf)%ﬂge f eed, .gghe redaf&??ﬁ?’fgm

corr@ponds e salAPErhARFof the bfude dﬁé&‘iﬂ a rﬁ?écﬁ'duﬁ i £ 64108 py

feed MCR content dermnstra es t hat uncal ci ned
gravity iy thisrapge isdl 1001 1734 of ﬁleaadtlegrquty dfahe bile feed. MCR

C o FIG 16 1o otival cSrestmiiign oE bEYHen captam, xprossd i Beight
mags;bﬁ&edﬁmm:b&a& be:%@&m%m Mﬁf&&ﬁ off ffkatiiyt

a relatively high AN (TAN of 0.8) w'th one ar nore
of Exateples $d ic Blots hR2, d7ddl76p i'bﬂ:lwtqsenﬂnﬂygen content of the crude

pro d“?a@@h%ﬁgéﬁ%@ﬁ‘ﬁ%ﬁﬁfe B B el ey amptes 8.1,

Eathcnlegiodiuct HA1 &1 e:ipeh chhteMesfiat RfostPE% of the Brede feed.

70%of the sane 5 properties of the crude feed, while

Each.emdg produe; hadsingxygemsontant in ¢ range $iosn 06001419091 Sigramsper gram

o el kB RUPASIRIA ), B g o

prodpctadmahmd welatiyaly domstaht nﬂeﬂﬂw houes oﬂbpdta@ﬁﬁgl tithe! dhe rélauvely
crude feeds tﬁf at 44 NrTB/ nB (275 SCFB). Such
%ameg copient of thg emongfrates that selecied prganic oxygen
S@8uced ﬂﬁeéo
comﬁn%lg{aggfl % of the F N| cgﬁ’!{’%mﬁ‘% E{;SE% l]%gd #nOth%
examples, i meay be mfﬂredg:hat @lmt ajportion of tHee:aﬂ:rou:yhc tentainiig organic
3._Jdhe avera idue content Qf each crude
oxydif Yihppimdiite RS Se1dcRoHIS tFeC A pon cathoxtic HpoinDe organic
oxygefidempbaesds; The average VGO content of each: crude

product, vvas 115-117% of the V GO content of the crude
f ebyExample 44 catgeactiopiconditions of: 371 ¥G €700 Fyaiprepmneiof 6.9 MPa

(L0147 sl e (ot by ibuh o, QLB ¥ of 160 R R (1000 SEvm. e
reducmxtofltﬁﬁdecﬂeed MCRicontent was 1715 Wi, based n tiecaeightcitht efade

-14:. Contact_of Crude Feed Wth Catal ysts_ Havi ng
a fegmpgrptyre 9f 399, {0,750 SF). i the sameponssworRpd setis b hitngen to

crudf’%eeg(tgbnpi ﬁgiéu g&ﬁwrieac@%%enappar at us@@ﬁ%g%ﬁltﬁg}velght
ofthnumderfeedandl ?ogtent of cont acting zones), OIea;:h20

s chChAne okt Tanditers ﬁﬂé«‘é(ﬁ&%%ﬁv&m of 2 MPa
(1014 hsHasm aaﬁu%&‘ﬁgmge’n Hhrﬁd‘fﬁgh 6 160 ﬁﬂmfﬁbab K2EB), the

were 'm xed qual volune o | con' car
reductina oficoutle feed MGR. contentovasddts wt%plbased vathef weight dfehd apde

feed.g %Fe L AGtot 3199 tdjﬁ 58 % gfsaxglg %wreglgg tag nm%l {lfl h():rg.rogen to
crude feed, the reduction of crude feed MCR content was 19 wi%, based on the weight of
the crude feed.

This increased reduction in crude feed MCR content demonstrates that the
uncalcined Columns 6 and 10 metals catalyst facilitates MCR content reduction at higher
temperatures than the uncalcined Columns 6 and 9 metals catalyst.
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was positioned at the bottom of each reactor to serve
as a bottom support. Each reactor contained one
contacting zone. After the catalyst/silicone carbide

m xtures were placed in 25 the contacting zone of each
reactor, silicone carbide was positioned on top of the
top contacting zone to fill dead space and to serve
asThesp extmaples demenstratecthahcontaxt oba crulle fted witlaa relativelg high

d.igto.a Lindb f hat ..i ncl uded, t h
TAN G e 0 5] 818 on BF B reyE FrodepRt s S RO Do,
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feed was contacted with each of the catal ysts i'n the

hydrmr spela. _(sﬁlenscde coilerproduct pgmeni?ﬁq# 2tmpsd i tog/coﬁtfhetsahnge

prong ey o ShidkisFt, e AR el o A ok rdBnc grerd Svithin 20-

30% of eigihe plopdrties cfahetixde fads the vanadium catal yst as
prepared_in Exanple 2. For Exagﬁl e 13, the catal yst

we asishewnin Tebled, gach of shyerade produets vag prgdused with a
nt ot o e kAR, SRR ool NI (275 SGEP S roduct

had aftavéinge TN of 4t gstelds of the efirlelfeed, kid aip hesrade’tolal WISV content of
of hydrogen o .the,_crude feed

at m%';’ éi?%ldlg” ahq tota E@YO mofm&%}qqﬁewh%e memntningrad-value for
the chid abolid 3. Thé %ﬁg@&%@ caﬁbﬁmgotfggéfll:«grggéﬁ%oﬁtua was 88-90%

psi). e contacting zones were he n
of the reskitd contehEaT the cxde feed. (Theiaveragé VGOreontant ofeach esude product

s s L G v Pt o Bl o e e
crudBroBudt SRR 08d 796 ofihe w:%gyftﬁéaﬁaé oed; whitd the viscosity of

hydr ogen uptake during c ng was determ ne

3
o UA_J“‘_-!‘ 8 Fo S PWit Bl ariias thecar, de

SLS

. , _an € C ad a n a
Hydrogen Cansnmption. n Examples ddoldp pechuracton AnpAtFtusdaxesst fosgumber
n
Ry AP B Wl product
separafio) metlind/and each Erude priinotanilylis3tere Berdanietas4eforibelf &) Example
5 A@Q’gi e crude product had a, TAN in_a range from

Lalysts were srixed, withan eqpalvoleme obiiliven cashide s The prude feed flow
: . ! : . _
to caB o WA9 frob (3 e FERE £ 43 R poteith REHE RERIOrSioon carbide
was pusiticned atifre bbitoineof eachibactbetadsenvechs a bottom support. Each reactor
con i RS 0 o S ASAED e B RISR R st i
the cBAtAQRFS70n8 bR AchSehorR BilidHRLEHrbidl wa¥ ?Bﬁﬂ@ﬁbd”@nel@'}) lofthe top

conventional processés to inprove properties o
contagting aeneto{jbdeadrspacesand th eenve guia prebesttzont in edchgeactor. Each

reactly S REec e A B ian el e gl e e 20p sPrEhaonding
to the prefieat z6re] thd ddntddling Fbhe, RAE Mdﬁ%ﬁﬂﬁitpﬁmtc Tha ktile feed was

produced a crude product with a TAN that was | ower

contacteslwithheach af thys catalysts in the prasemhecaf hyfrogemgasi from t he
! ”ﬂ'cX\!aEH@LiﬁESA SABRE WRARL ﬂ&c?ﬁﬁ was positioned on top of the silicon

carbide to form the contacting zone. For Example 12, the catalyst was the vanadium

Ot

catalyst as prepared in Example 2. For Example 13, the catalyst was the molybdenum
catalyst as prepared in Example 3. For Example 14, the catalyst was the
molybdenum/vanadium catalyst as prepared in Example 4.
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Exanpl es 15-18. Contact of a Crude Feed Wth a

Vanadi um Cat al yst and an Additional Catalyst. Each
react or apparatus (except for nunmber and content of
contacting 25 zones), each catal yst sul fiding nethod,
each total product separation nmethod, and each crude
pr uct anal ysi s were the sane as descrl bed i n Exanpl e

\eonditigas for Hxamples 2+ 14 werejas Spllov: patineof hydsogen

' HF? Eﬂ; I?I]? [ { -1

toth¥9 al'ys unﬁess ervﬁr?léésl I%Q:Ngg?{élg Oes?:¢Bd egaslh

and prlesnmt wac6.0MPe (i1 417 puils Tﬂmnfagﬁlllg anes favetmaatammmntauy
react or 1] con car

to 343026 {6 sBYiover ainstion 8T e ase suRAnEd SLIE 0 B30 Batseor a total

run 188 8f PG L@ support. Each reactor had a bottom
contacting zone and a top contacting zone. After the

c aTatay ptodsets iexitettthe aohitackingdones am‘swmrsepqrhmded deseriblédin

E’ tsa%?tslg zones I Seach reactor sji c car bh%mlyst
le 323&% %a@faw N@WG?S@FB} "and the crude

each reactor. Eac act was | oaded into a 77

produc‘himﬂelr’bANwd’ 65 In&mnph:lm ahethyfdoegentupiakiewpsin agsnge from 2.2-

30%§r@giﬁgﬁ_§h?ﬂ%&g§ihe?arehegt zgﬁh@ieﬁ.@im cont ?‘F?t [ 09.05.

In EXGRALN 4 e igolifctit 51 e BARcTEecPRith mu%demﬁa/%amﬁ

and used with the add|t| onal cat al

catalxs, netrhydengen uptake was imé yange Siom dH06 Nay )gllm de Orﬁ Nmune n@

sCrRB)-4FErRR AR b itendai Bet3 1A AR BP0 2008

- CaFginy tHe rigt Bpdrogéh ﬁ)&také%liﬂtdwﬂg%ﬁﬁéﬁﬂg?ﬁ wad cfimeTed ¢hat

3. The vanadl um cat alé/st/sn |cpne carbide m xture (15

hydreasn asegmstated @ tharatgof He &ontagting of the

crodp KR i el A Q*eng&“?%‘éiéﬁ bt sl allows

less hydrogent torbg wsedin: thanptdcetshelaadd td mbum af hydroperbesedtin

R A el

xj 1
o e b S g e
c aﬁd Y Icpntanieofrth« cmde ft(eam&nﬂxe \mﬂylyzdmumhcanediummtalyst

rodhiFL s Fobl e e T THE rabicibs R T4 8EiBe popde prpuct

pmdﬂmérﬁdhemdﬁmmhﬁlfbdemﬁcmmdl um catal yst/silicon
- car bi de mxture(SOc ) 03|t|oned|nthe
Xampies A9k 8; PIMACT )] ;!- i t | Atalysi

——werr'e—p'trs-rgi&%%éﬁ)l Ueal a%%@&&?pt@b)nﬁ@eﬁ@%&&@fwnmm

zone§aathocutdbpst isnlfidBigamethpd f cach totd rbdiet dépatefion avetiigl, ahideach
ropert summari zed 20 in_Table 5 FIG 17 was fed

crudg prock %fwmrﬁ the @me as,described &n Bymple & All e%warsts were mixed

with siH{<3H SAbid:in aWoﬁHﬁ@&at@oc{ﬁ opaﬁ'lg RilfeBf %’étg# t t%& bRi%s

contact i ng zone uppor rea
otheiriee mdwiﬁedf ae cmde ﬁechﬂawtt@ dachi redicterowds Mm&lﬁ\ﬂop of the reactor to

N VI v T TN £ T
serve'¥¥Y B8tEsn support. Bach reactor had a bottom contacting zone and a top contacting
zone. After the catalyst/silicone carbide mixtures were placed in the contacting zones of
each reactor, silicone carbide was positioned on top of the top contacting zone to fill dead

space and to serve as a preheat zone in each reactor. Each reactor was loaded into a
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gas to the crude feed provided to the reactor was 160
N8/ nB (1000 SCFB) for the first 86 25 hours and 80
N8/ n8 (500 SCFB) for the remamining tinme period, LHSV
was | h'l, and pressure was 6.9 MPa (1014.7 psi). The
contacting zones were heated incrementally to 343 C
50 F r, a er|od of tinme and mai nfa ned at 343 C
Lind ) fiarnpcs (et inghuded Frair bestingomnesearrespo ndt%& BFRbeRtgone, the

H?ﬁ]e a crude feed vvrthaCqurm
two%‘i%@ﬁ#ﬁ&%% catalys ‘ﬁ%ﬁﬁg a pore size distribution
Wi Inreach exathple, the Wmaﬂlll&ﬁleﬁtﬁl stva.Gﬁ@pﬁedh as desoribechiat Exaiple 2
addj.t.i onal catal yst having a pore size
md@PéW&ﬁE?P%h ﬁ‘“&lcﬁ%dr an pore dianeter in a range
ﬂ;?)é%?p‘l@@@ div JnHFcaHtfs‘iE n Shrbfid MEGQERHS5 SRY W

cru product propert| es that are
pomm iretherbettami contacting hrm&wuth tbe aximmna&e satalysicheimjpthe

T T R I e—

cammeeﬁee&ude tesl%g? bvtﬁ 5& ﬁsnedﬁﬁ raah {a¥ting zone.

duri ng processi ng, snal | en up;ake

bylntExampie 86, sncsiditionsl atedystisditon Wﬂ‘mumnb 0 e )swasan

sl o i AR O

molybderufn cdtlSstirepedbp theGhsthid AskefiBe inExmipi@ I TRE vifkdinin
each had a total N /V/ Fe content of at nost 44% an

catalpstisifican carbide mixure £30 crosvasgositioneriinthe tapseoniacting gene.

feedE’Zai@ ?l ona\qaf 0%5:{‘%%1 ru ﬁ%?%%’*e%prodirced%medm

the bﬁuarm:loﬂ&cﬂ.ﬁg ﬁd:leewith tﬁmﬂdﬁibnAPbatﬂyﬂ\bemg thé molybtieitiaankdium

catalthe API %ravtlety o{m{:h rude feed cont@ﬁ@gﬁﬁpﬂqﬂg’ﬁg%cmﬁ

. wasérﬁﬁﬁi&h a product vvlth i ncreased .
I scosity angﬂ‘gaecreagligﬁ%m gravity relative to the

20

25

30

vi bd@sample aa,chm @3lassi Wyrks (Carperation; New ¥Ferk, U-B.20) bdads (30
|ncreased i.scosity apnd decreased APl gravity, it may
cm eé ‘iilrﬂ‘%‘fm%? O%¥ki ng and/ or pol yneri zati on’

: OfCI'L{El% SMQ@B&&E&H &Ekﬁﬁﬂg?@s -1BHa0Rk We Prdpertied hififnarized

a Crude Feed at Various L The cont ac

in Tabjest. 6. 47w fs e opaioseacion o e od flowed through the

pren 3584 U5 B R, o SSuB A dae Yor il e
reacton) nrlmtrumgfeed élis chatacted\Biith eash bPihe @udlysirifl thedprééence of
hydrogen gas to the-crude feed provided tg the reactor

hydrogen gps.0 Coptacting congifipnsdgarepch eamelg reze atollows: fatio of hydrogen

gas th t&]@{ %éh %:%35%18 PR s P:fo Uhe/mPYb66 §t:i@ ?o‘}fiﬁéﬁrst 86

hourd &nd smsméhrs’\(soo ISOFB) tf(ilf’thaﬁémaimnglaﬁne mrodasasw)asmnf and
li' to h'' rralntalned at 1

rio ine from.l ,
pressire w ?’ 3@%&9&& 7 PéRd Tihﬁeﬁnt@%lg zoneR/Wktsheated lagremgnially to
Od,
343 gg%ohl:) glgé} ebg‘rbﬁ e pr o uc vvae‘lé1 a%%t%‘ ycz%g a{tgﬁdfﬁm tiufle of 1400
hourslet er m ne TAN, VI scosity,. density, V GO content,
re due conte het er pat ons co ten&, agd ,ﬁlon&e t o
example g nonstrate that contact of a crude fee 0
catalyst having a pore size distribution with a median pore diameter of 350 A in
combination with an additional catalyst having a pore size distribution with a median pore
diameter in a range from 250-300 A, in the presence of a hydrogen source, produces a
crude product with properties that are changed relative to the same properties of crude

feed, while only changing by small amounts other properties of the crude product relative
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salts of organic acids during the tinme periods that
the LHSV was at 12 h-' and at 20.7 h-'. 25 Average
val ues for the properties of the crude products are
shown in Table 6, FIG 18. As shown in Table 6, FIG
18, the crude product for Exanple 19 had a reduced

tthAN and a.r ‘%utﬁed VI COSId’éY relﬂ ive, to t he TAN a%gely
yd:%&ﬁ\ﬁ mg&a%&gﬁggv%gg%&ems 104- 110% of t he API
r e fee

avity of the cru A weight ratio of MCR
c dipecificaliy aﬁ:ﬁhmmphn’l‘alﬂa 8§sFib rlﬂslihe cmvele prodice hast a TAN of at most

N  w

{
Exanf r%%gih';e@a&glh%t ORI RUAPRE o bf B mde 44982 2 ot &iﬂm of at

MCR content to
most 46%h and 'elamsltg@ﬁ aempst7586 relativedd ﬂmﬂmpmpﬁmm theeerude feed.

w5 b e SR BB T o o
100-10395 616y APQ ghivi gamcﬁa@f&& ng reduced. The crude
product al so had total content of 79 pot assi um

s ddiconrast,ithe crude prasiuctproducst uadennontcagalgtio conditions (Example

16) ERIRh pots e Pfona iy B A Ag BBy gy o e

viscoSity andl APL@@ mﬂbfﬂfe chlide ieecu derofrethe indrecRB VizGosityand détreased

denpnstrate at contacti ng condi tions can be
API grayity, 8 mapbe pessiblesta infar that Eplsngﬁm/engﬂmﬁem%f&? ¢ryde feed

was@ﬁﬂ%d's greater than 10 h"', as conpared to a process
has a LHSV of 1 h'', to produce crude products

Exaniplei 1% Cohtiict pf o mﬂemed ihVaﬂbnb LHSV. oThsadmmitmgeystems and

change a propert d haurl
the catalysts gw |S§Jiﬂ§§¥éﬁ Iﬁig ﬁ’%e d ogu drude foeds
arefh&gtﬁ‘fxf"?i W08 iR FRESES me&ﬁ Mmﬁ‘oqsrwafsﬁﬁpﬁw&f a.ratio of

reduced size relative to conmercia avaj I bl
hydm@sw o thécadelfessl proeiiséd to the reactywasl 1I6B\Nm?im (1O SEB), .

pressifeitr 9 B APAET i G poesion® of o g tangp was 371 °C

(700 eXABPILE totaf ﬁﬁhﬁﬁ@ InGtanmplé €9 )the EHBVRRingQonfaetih@as Rcreased
a Crude Feed at Various_ Contacting Tenperatures. The

over epm@:@f time Sy bhxs ta A2 hi' poeistaingd & 12 hidords heursoand then the

oS5 e o KT el 57 SRS L

t hIQ Bx@mpw 19,like ¢radé podudtowamhalyoed fcdetétminé TAN) @iscusity,
catalysts in the two contacti ng zones [ n t he resence
densigy, VCﬁé GPBigat residus conteat baterqatras enntentcand cpptent glpmetals in metal
f -1 -1
sots S CHp e s IS e PSR WBA ATV ARSI 1 amd ot 2071
Averam&mslfmgthz Preperdsefalte ¢radd products kis\showa id Thble;6, FIG. 18.

il bt S 0SS

AN"A&EE/ '?@d %c%?é@e e%&em ﬂﬁsw&o m&%gﬁl@fged,whﬂe

psi). Contact condi tions |nt ebotto act i
the APD geavivyof ﬂwscrﬁdft prodect waid04vid 6% of the ‘APligeawityrofithe feed.

A weighit el (LR it i B EpRaluion aan v B /598! | S0BBE ek of the
MCRdrient afid' €5 REghafitte’ chR@nOwas diaced 1oAfve toRtBik sum of the MCR
content and Cs asphatitenes content of the crude feed. From the weight ratio of MCR
content to Cs asphaltenes content and the reduced sum of the MCR content and the Cs
asphaltenes, it may be inferred that asphaltenes rather than components that have a

tendency to form coke are being reduced. The crude product also had total content of
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The total product exited the bottom contacting zone
and was introduced into the 25 gas-liquid phase
separator. In the gas-liquid phase separator, the
total product was separated into the crude product
and gas. The crude product was periodically analyzed
to determ ne TAN and C5 asphal tenes content. Average

potassiyny se of st Bmsta0%a of the detateontent of ﬂmﬁame

dipm zing
eI il Ay S o e 29 it
conten06f Blcrud@®eqf., 0. 055 grans of C5 asphal tenes per gram

of crude feed. The crude product, had an average TAN of
itions cgp be contolled such

that %ﬁ%s %5’? tenes cgﬁngeg&?a%q he cr ulge’ pr og@g{&% g process

that taiks aiHSV of Y I bdﬂredﬁ& c&addmbﬂmmﬂi@tthﬂmproﬁembse Thelability to
rodu t. 80 The tcﬁfi%a onesgnt of & SSi um d sodi um
wely (L0 2280 “ﬂfg% apliqyid 0Qurly space e W&Igmatef than
-t Wg‘fh %#&ﬁ]'gz‘gg& ?%#g]g ?ﬁﬂm %ﬂ\ﬁ
10b ?m%he grgu e p uct was at&lr]r%gﬁn /oof&t TAN o0 veto

comthéreiatly mdmldszsd}s PAsaialler edssdl. s&eanajwalb:tvethev(mhnent of

. i ntaj ring, contacti nstrated. in
di Bdes 4 BOFORR 1l proticp sty kS Stz canistiag for
exan@@ﬁfoﬁgﬁérggac,ﬁﬁgperat ure that is 50 Clower than the

tactl ng tenperature of the second (| n thls case

he&éenemfﬁgh%tf n t h cr ude %87' dgca]uég%lml 6e 'fl:%c:ude
feed Mﬂh tﬂéljﬁbﬁéthedl%&?ih' mwt i m qori=Rddef toé &psof the reactor

metal salts of organic acids was 10 enhanced using
md@@mtedlm&dmpmwatwgndhﬁmmcammmm&mw of =

byccbfR R pkack R o ch . TR SRR PoaQ Y opORl At differont

temperdhats.ve to the reduction of the total potassium and
sodi um cont ent, of , the crude product fro
o CHA g GOy st D6 40 BCACTAG SORC EFEL B SR oSy was 111
tempfabif Wﬁtﬁﬁtﬁm%t%tﬁbtt‘n%@ TR R TR ARbgRl 1o crude
feed wian 1l 6@ Norgm? dﬂ%ﬁﬂ%@em@m@ewﬁsﬁﬁéﬂa @914 Fgscul ar

et Al dogdhon B bEHOR AoBlep SRy ATATRTE oh loRR S wes

h; teRpérafube ﬁ%&ﬁ@&&n%ﬁﬂtﬁ@ﬁnﬂ%%@ﬁlsh 600 W!iﬁrﬁ@bfhydrogento
properties, of sof t ness” and/ or stlcklness

: crudefmdmae 160 Dire’/mh (V090 SCHR)) andpessnzs was 69M8e(1014 7 psi).

oo BENEH 2t BB OB ER B e B %@3?%2?@0%

as-]tch&d Plinse | m 851 10dhé Bas-Hidnfi@ pRise sBisuratat, the/ ot
at hi gher rrperat ures that are positioned_ after the
sepayaqdsintodhe tnalép PrRgugband gasx ke carde produshwaz peripdigally analyzed to

gt lurry. A bul k netal
de ca QFW gﬁf L%i&%ggé?ﬁgﬁ of the application
( OAQ&@ée wﬁem thérprap&ﬁes“ofgﬁ'@dﬁpreﬂu& abﬁtneﬂtdumg thelfi@ are
the crude feed) may, in _sone enbodi nents, be

0
' hstecgmﬁ‘th@a EiG: 19+ Abe evudg engt@g, a TAN of 9.3 and a C;s asphaltenes content

of 0.055 grams of C; asphaltenes per gram of crude feed. The crude product had an
average TAN of 0.7 and an average Cs asphaltenes content of 0.039 grams of Cs

asphaltenes per gram of crude product. The Cs asphaltenes content of the crude product
was at most 71% of the Cs agphaltenes content of the crude product.
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25 and reacted under the foll ow ng conditions:
tenperature in a range from 85-425 C (185- 797 F),
pressure in a range fromO0.5-10 MPa, and ratio of
hydrogen source to crude feed of 16-1600 NnB/nB for a
period of time. After sufficient reaction tine to

the, crude product is

produce.the crude product, )
s eﬁmtataé gontertpfipetassiymand sodiymyindhe paude greduct wasiet mest §3% of

o e SEOS . BRSSO NTUy ct
at mobAN)%iof drs TANodfdhe cradel feed. aRadlusrofddhoehighewhsanaintained

duri reduced C5 asphaltenes content relative to the crude
tring copt ther nodifications and alternative

enogidBidtdtedlin FRimBies 63HA20! _ﬁa\ﬁﬁ%ﬁ lyRat (ﬁlﬁuﬁ'&&e%gp%ﬁmﬁng
be apparent to those skilled in the art Iin view
tempertuge that isr300iC lower thandbe cinegting temperatiesof the sécond i(in this case,

be construed as illustrative, Qnl dis for.the
bottoff] 2688 bt & erifnde the' BiduBlon S Crasphfihed Syt 6 e, qrade product
relati9e fiha ICsEBpHidendl conht ¥f the chide fele | Nvention. It is to

be understood that the forns of the invention shown

andidditionaliypreduetioncofithe content af anatalk émmetad salisafpreapicpcids was

entaft P SR Rbitoi EPReRE HirRUBN. Bk SRl Ot i Yt e
potasPiiC ARFRFiIR Yortent of &S Ghfe piddusridr BrainpRi 20 Rss énh@hced
fhe invention may be utiljzed i ndependent all as

|
relatiye tn te sedustion pEthe ttal potassiym pndiapdivm cpﬁen%f%/ﬂth%mée product

. ) . A otk -

from Bl & Wit 438k Wondut S ETEL At Bodlict ififtpre sability for

each ceample dndmsued by M-viloeit departing fromthe spirit and
the inventi as described ip the fo

S e o n || owm ng.
oIdiing Wé@nmﬁa fingt extacitnasong %ﬂeﬁ}?"al et ihagieh
m{_ﬁeggl nor tcat ail ysta'*é&tg%epr éﬁ’gﬁésj‘aitotteg_ pror uct%ﬂ%&wgﬂmc ’
acids) that baiesa tehdency talforpr prdymers anilor compourss havidg physichl properties:

j L Ld.m t .25 C 0.101 ., th d
of softesd andof Higkinis U5 Sxpitinl. eors o 29 Ricaral ORHRY Fe
compoRfdLatlioNér einpkRARE alloW NP cdtipiihds & be lefiReéd Béijﬁre'léthey plug

the catal ysts having a pore size distribution with a
Frghi ingreasinghe lifnefi the sgalysts eperating athighet
r

gatplysts, . .
o TR o s Bl U 070 1
Exanbjlle 200 Contictidfa Crardediied ahdl Eatalvit ada Slohe, Coblkunsial

of ope or re tals, fromCol unm 6 of the Periodic
catalysh gnar & patplygafithi aPrliei o 0:009 1 gemsr 2.6 pmgrof catalyst per
10 4585 bt R ARSI P PTG M e
and reacte} uraler therfollowing conditions: temperature in a range from 85-425 °C (185-
797 °F), pressure in a range from 0.5-10 MPa, and ratio of hydrogen source to crude feed
of 16-1600 Nm*/m® for a petiod of time. After sufficient reaction time to produce the

crude product, the crude product is separated from the catalyst and/or residual crude feed

using a separation apparatus, such as a filter and/or centrifuge. The crude product may
have a changed TAN, iron, nickel, and/or vanadium content and a reduced Cs asphaltenes
content relative to the crude feed. |
Further modifications and aiternative embodiments of various aspects of the
invention will be apparent to those skilled in the art in view of this description.
Accordingly, this description is to be construed as illustrative only and is for the purpose
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controlling contacting conditions at a tenperature in
the range of from50-500 C, a pressure in the range
of fromO0.1-20 MPa and a LHSV of the crude feed in
the range of fromO0.1-30 h'1l to obtain a crude

product having a total N /V/Fe content of at nobst 90%

ot B8 e P Wl R il Shim i

be undztshoud] that the firfRbfithe @vaitinlshowl ¥ha described hkdeM! &€ to be taken
congent of the crude product is at nost 50% at nost

esof epbodiments. Hlementygnd nierisls may bewubstittded-fon thmse

m“ﬁwdm%‘“? PR e b RrotRisRS oo e R i tures

of the invientien mayye ufilized ihdéRYdenty; 0% waﬁld%%ppﬂfen% o %kiMed in
1V/ gﬁe crude feed. . The nethod as
ﬂgﬁeﬁéﬂ’m %yﬂ of thip description aﬁ@pémwnnn@ Ehanges may be made

m%?‘%%%%ﬁ%?ﬁmwm@%@@%ﬁ b tws of o

invention 3 deasibed in thedollowring cluing. 000001 grans to 0. 000005
grans of NNN Fe. 5. The method as clained in any of
clains 1-4, wherein the one or nore Colum 6 netals
are nol ybdenum and/ or tungsten. 6. The nethod as
clainmed in any of clains 1-5, wherein the nedian pore
di aneter of the pore size distribution is at nost 500
A. 84 7. The method as clained in any of clains 1-6,
wherein the catal yst having the pore size
di stribution conprises in addition one or nore netals
fromColum 5 of the Periodic Table, one or nore
conmpounds of one or nore Columm 5 netals, one or nore
metals from Colums 7-10 of the Periodic Table, one
or nore conpounds of one or nore Columms 7- 10 netals,
and/ or m xtures thereof 8. The nmethod as clainmed in
any clainms 1-7, wherein the catal yst having the pore
size' distribution conprises in addition one or nore
el ements from Col unm 15 of the Periodic Table and/or
one or nore conpounds of one or nore Colum 15
elements. 5 9. The method as clainmed in any of clains
1-8, wherein the one or nore catalysts conprise in
addition an additional catalyst, the additiona
catal yst having a pore size distribution with a
medi an pore dianeter of at |least 60 A or at |east 180
A. 10. The nethod as clained in claim9, wherein
contacting conprises contacting the crude feed wth
the catal yst having the nedi an pore dianeter of at
| east 230 A subsequent 10 to contacting the crude
feed wth the additional catalyst. 11. The nethod as
clainmed in any of clains 1-10, wherein the crude feed
is contacted
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in a contacting zone that is on or coupled to an

of fshore facility. 12. The nmethod as clainmed in any of
clainms 1-11, wherein contacting conprises contacting
in the presence of a hydrogen gource. 15 13. The
method as claimed in any of cl-giff 1-12, wherein the
nmet hod further conprises conbiarfig the crude product
with a crude that is the same as or different from

the crude feed to ma bl end, ‘14. The as
cl&i med® MR °5+ p]&cf FHS £ 1599 Bf%de"wt(:or?ﬁnpr%?lr?a
prm:macwglg aramnsipofdesit wbvh Poelor mew icaga¥ugsp, to produce a total

| ubidaGadtdae qncqheég ¢ab Serudl daudhe wiBENQd RS haé Pdauct is a
in claim?14, erein the processin

CO
1 SRR THEE PR SLofUdS Frbdugt FSt RE<or BHE PRI PBiF%y, per sram
nosfe caudd ifkbat @ Lot NOAG FeléontEhe afebhokhaas Tloappedyrams, at

i M s@légé l:é e J.étal%@é q{ar}iﬁéqea BBfgzeﬁ%é Qﬂs@%th%ﬁuth a

hydrotreati ng
median pore 1ameter of at least 230 A, as determined by ASTM Method

D4282, the catalyst having a pore size distribution comprising one or
more metals from Column 6 of the Pericdic Table, cone or more compounds
of one or more metals from Column & of the Periodic Table, or mixtures
thereof; a surface area of at least 90 m?’/g; and a support material
comprising at least 0.5 grams of theta alumina per gram of support
materiai; and

controlling contacting conditions at a temperature in the range of
from 50-500 °C, a pressure in the range of from 0.1-20 MPa and a LHSV
of the crude feed in the range of from 0.1-30 h't to obtain a crude.
product having a total Ni/V/Fe content of at most 90% of the Ni/V/Fe
content of the crude feed, wherein Ni/V/Fe is as determined by ASTM

Method D5708.

2. The method as claimed in‘claim 1, wherem the Ni/V/Fe content of the crude
product is at most 50%, at most 10%, at most 5%, or at most 3% of the Ni/V/Fe content of
the crude feed.

3. The method as claimed in claim 1, wherein the Ni/V/Fe content of the crude
product is in a range from 1-80%, 10-70%, 20-60%, or 30-50% of the Ni/V/Fe of the crude
feed. -

4 The method as claimed in any of claims 1-3, wherein the crude product has, per
gram of crude product, from 0.0000001 grams to 0.00005 grams, from 0.0000005 grams to
0.00001 grams, or from 0.000001 grams to 0.000005 grams of Ni/V/Fe.

5. The method as claimed in any of claims 1-4, wherein the one or more Column 6
metals are molybdenum and/or tungsten.

6. The method as claimed in any of claims 1-5, wherein the median pore diameter of

the pore size distribution is at most 500 A.
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7. The method as claimed in any of claims 1-6, wherein the catalyst having the pore
size distribution comprises in addition one or more metals from Column 5 of the Periodic
Table, one or more compounds of one or more Column § metals, ohe or more metals from
Columns 7-10 of the Periodic Table, one or more compounds of one or more Columns 7-
10 metals, and/or mixtures thereof,

8. The method as claimed in any claims 1-7, wherein the catalyst having the pore size
distribution comprises in addition one or more elements from Column 15 of the Periodic

Table and/or one or more compounds of one or more Column 15 elements.

9. The method as claimed in any of claims 1-8, wherein the one or more catalysts

comprise in addition an additional catalyst, the additional catalyst having a pore size
distribution with a median pore diameter of at least 60 A or at least 180 A.

10.  The method as claimed in claim 9, wherein contacting comprises contacting the
crude feed with the catalyst having the median pore diameter of at least 230 A subsequent
to contacting the crude feed with the additional catalyst.

11.  The method as claimed in any of claims 1-10, wherein the crude feed is contacted
in & contacting zone that is on or coupled to an offshore facility.

12. The method as claimed in any of claims 1-11, wherein contacting comprises
contacting in the pi'esce of a hydrogen source.

13.  The method as claimed in any of claims 1-12, wherein the method further
comprises combining the crude product with a crude that is the same as or different from
the crude feed to form a blend.

14.  The method as claimed in any of claims 1-13 further comprising producing
transportation fuel, heating fuel, lubricants, or chemicals.

15.  The method as claimed in claim 14, wherein the processing comprises distilling the
crude product or the blend into one or more distillate fractions.

16.  The method as claimed in claims 14 or 15, wherein the processing comprises
hydrotreating.



