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SYSTEMS AND METHODS OF PRODUCI NG A CRUDE PRCODUCT FI ELD

OF I NVENTI ON The present invention generally relates
woaosysters and net hods for treating crude feegCcTansgooln42120

conpositions that are produced, for exanple, using

such systens and nethods. More particularly,

enbSYSTEMS ANB METHODS OFf ARODECEN GoA CRUBKsPRODUCT

met hods for conversion of a crude feed that has a
FIEEDI OFENVENEIONOf at |east 0.2 grans of residue per

gram of crude feed to a crude product that is (a) a.

I'i g&heipressat ipention geneprdlyagigtes ta ostonmnandamethpdy fon frgaténgecrude

] : . . .

el 0 SOREBROI AR S B fR, IRSNH Lo IRABRT b2

metRodA TR r&R i Clilid enibodimdiny éesoribedDliierei rélatens vy dta@hs end methods
roperties that do not allow the crudes _ to be

P / .

for gpmyrasipR 8F # grude feed sbatihaga resdusconieatelcpt dashiy2 grams of residue
j faaci it P

per Y O b B 03 fsgfouyg? U EAT RN B A T 8 0101
MPRapaidafb haedat orvedry phopghtidselvatlase imiproesi id cempSitisin to thesne

t end tg be dj fff%ﬁult and expensive to transport and/or
propeigies e5thG<rus fehvent i onal facilities. High residue
DESCHIETORY OIEREL AtES Aq¢Thi gh tenperatures to convert
—Eﬁ‘w@mwf‘ﬂi{%r natively, high residue
cr uesgleatlmt hgys awldr yndre ensuatdblsiprépendgsahatato ot gliow the crudes to

ST SO TN AT R L —

{gpgRerte
refdri®l tb@S Sdishdaatagecérvdes, and/ or crude m xtures may be
di fficult using conventional neans. Di sadvantaged

cr uBéessdvrnyaged crudge ofigiiewvian relativady bigh lexedt ofgasiem sSuch crudes
e ' . § fi Cl : e

end 100 BASHPRH0 Oy ORGSR s AR SAERIRT g s
Highddsidue paded @y 8¢ tryated atthiglatemipetatdret to@wait sha @8dd foi doge. .

from cracki ng_gor ocesses ar.e produced, Hydr oge.nati on
Altggativgy prigh esidup grudghmeRyRiGHICETatsA Wik Siairs 4T kg tepagergres to
C , e

P o PP G A B, D P B8 ot Promoval
frotytte tege misteuscostel ynd/or gude mdxeuees ddayrbechifficuit usimg conventional
transport to treatnment facilities. Coke may form
e%ﬂ?d{ or deposit on catalyst surfaces at a rapid rate

dur DRYdPARERE Thils Blay %&%%&%ﬁ@eﬁ&féﬂﬁ%dr&darw. Phen
costly to regenerate the catalytic activity of a
progesshigyos thydiogem deficiens dydrpcabkes, cohgtient gupaities of bydroged

sty ted RS S BPe SRu 2 Rl e Al i Biecking

proBesseiate ptREesH. CHHS Serldtiyn HRGhH@c@sing] wWhizh mj_?ﬁ&ﬁljzt ifivolves the
that contribute to the total acid nunf’oe_r ("TAN") of

usercH @an @etivrehydsegpnaiipisesip) iyt mae be aeadgé so phitat wnsplaraded fyegmpents

frorrﬁi @Mﬁé I??gé/ dﬁ?@rfg])g&fﬂtcgstbgtroﬁn%&u%é ig.ﬁﬁ'/g? Eosﬁ?ttg transport to treatment

m

conpo rans I Ng a
facilities.

Coke may form and/or deposit on catalyst surfaces at a rapid rate during processing
of disadvantaged crudes. It may be costly to regenerate the catalytic activity of a catalyst
contaminated by coke. High temperatures used during regeneration may also diminish the
activity of the catalyst and/or cause the catalyst to deteriorate.

Disadvantaged crudes may include acidic components that contribute to the total

acid number (“TAN) of the crude feed. Disadvantaged crudes with a relatively high
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- sulfinsotyigon.cand|niigegen). pQrganige
¢ : b ’ i | e
\haxfﬁoe{r&nﬁtvler%g eﬁ{actso% c%{a‘?}%trt#. g#lkgh g%ﬁ gﬁsae?; or%ﬁiahg@—'ﬁérg} %1§tea}] salts

processi ng of the di sadvantaged crudes. Renoval of

aci di ¢ conponents from di sadvant aged crudes may
wonvwlosesogheni cal |y neutralizi ng aci di c componearaSmioui42120
. various bases. Alternat el% corrosjon-resistant netals
LAD:pap goRfEBReith cor sl PeR] CHPRATSTISWRRE SABIRGFUng and/or
rREQERSTHAYIRANWARABE erudfle RiSSovAl ofR5 AR LbRAPoAGE £6:3N1
p

metal” often invol ves significant expense, and thus,
disadranteged ofudepmap sivolverchsnitadpnentaliding aridix icempemgents with various
equi,pnent . may nat be.desirable. Another nmethod .to .
bagti ABFER Y e Shn g ih o D A h S s bR gpipment
and/slgpretés@i&lg chQiptiena dVianis8 0€ dogbdicle feshein® hfttd] bABS RROIVeHd
~and/or processing of the disadvantaged crudes. The use
sigoificanfrexpenssnandihing itheoiss ofregrrerserutasiséiny metal éxexisting equipment
ma§ %%t g‘?ge%tlr b€ % to‘ﬁ*e? En%‘t:heogsco tilgﬁ?i? [:(5119?5?1019 {ﬁg/& 9 rVoivré:eaddition of

E{ua rty of products produced fromthe cr des
cofds@rinBitieeed didaddasaddd ¥neies bafore fralspbitinglayid/ol glvcessing of the

amounts_of netal contam nants, for exanple, nickel,

dispeeatficedhrrrudatl/ Bhe wse @b compromphihiios®ay Regagively aéisct equipment
' _ :
w4 5Ree T SR e, SEML e C ARl L,
or Dhiedvaitsbedatrudes nofy dohaircelalvglthigicambutte pHaietad corsyminants,

cause, a decline . in the activjity of the.catal yst.
forﬁxg@avawgﬂe&m@émgn@m #an; Peting BrOSEHG aﬁu¥1§/°%18% gretal
t -coRpinliHint ift f;
coﬁ%ﬁ%gghw%(%g{rﬁoggﬁ? I%%%lncg n n%eéler o%%%%%?, &?% s%roa}(r:g of the
catglystuatthovsid vohwee efithacditeyste Sath deposonmagtcansgst dscline in the
salts and/or alkaline-earth netal salts

Al.kal.i. net al
aCthVé{s'é)fiS}éee‘F?taaE%d in processes for desul furization of

I es Diavanthetierida©ess aRlide Megdnicall§ Pohihd héteP@@ins (for example,
desul furization effici enc&),ébpr oduction of oil

eund hederpetames ingye jnegpane situations, -

Xt ures, i1 zatl arge quantitires o

ha@tseen aBell iarpro@sadsitwnal egulfiiriatiby df fgrlne PTR&S Pr&RsseS0H to result
. processes, for inproving the quality of crude include . .
in pepdidasplirigatiQresfiiciency Prdyston algabmeelyblesiudge) rore dempgfallization
ot O SRR Bbw AR AL AIRIAN ofl thixfdes, BkMfion of large
quayeities af hydrogenr gaa sans/or odbtsvedy highdatliaggn giesaidesant aged

crudes due to the costs of diluent and/qr i@g@reas f'

c 0s PSIF HTIHEFEF L0 HPT L& &H?]été’é’ cpidgdadudedding afiuspt to

disgé:l\laﬂﬁa?_éd tRudas @ l§§i@1\/ﬁ@tv@e%ﬂ lp_@ﬁcla‘ﬁ%f%ﬂrpohéh@&ﬁi@ributing to the
situafti ons, decrease stability of such crude. U S

dispditaatagedipopesies 38\dding dilueid howsvestgentrall@ BB s@4cpstsof treating

cisg ARl sy a0 5 e oo AR R e e g e

dish@valtGed bideet Addition 3f $8Ra % aigadvaﬁa%édm&é may, in sémé
19,528 to Baird, Jr. et al.; 4,127,470 to Balrd, Jr.

sitegttions, decrgasgatmbility of sudhifridepri et al . ; 4,437,980 to

o e St AR S ol g 17

Padtérnift ed=3¢ B9AB,76Y t@Kirg &.aR889$§BE20 © Iekius btsil.; 8,066,708 b/
to Sudhakar et al.; and U S. Patent Application
tal-oh IRB08 osBobos el al; ¢, OV S| ta Bagddr. et al.; 4,127,470 to

Bar@OR O 4P34.524 P4 FR¥i MR et al.; 4,437,980 to Heredy et al.; 4,591,426 to
Krasuk et al.; 4,665,261 to Mazurek; 5,064,523 to Kretschmar et al.; 5,166,118 to
Kretschmar et al.; 5,288,681 to Gatsis; 6,547,957 to Sudhakar et al.; and U.S. Patent
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descri be various processes and systens used to treat

crudes. The process, systens, and catal ysts descri bed
wonodasheem2 pat ent s, however, have limted appl i eabiusedoy/042120

because of many_ of the technical problens set forth

Applisgtien Ppblicatian NossZH3200089é do Revrdds eindidP14p30 4 f@ Rendina,

: : . ; . .
ST AP BATEEL LERl 8 (7Pt oL L ELY, B,
catdlengldercribédbindhesepaentsehawévee | have dngied applicabditpbecause of many

ydrogen dur.ing trea nt). O her undesirable
Oftg? E?ﬁ]é‘PlF"iﬂéggl?l G%FJOFEP tvel y hi gh anounts of

un j (o i
SRR RNSIL s (LB Bp kgAY b,
relativelydnghnmsidsy. a Sudéncy toperadeeguipsent, tod/oa a sandpnatiognssume

i ti I tati { { .
rlat gl e AUt ARG TSR RUr QUi ARG e ropgrics
inckt &i¥lely hilbR anHuBRET Snddsialle BempandhtOfor HGHRAS €latively high

usage of 'hydrogen during treatnment. Thus, thére is a

TAY, grgahicalin boensolragerpatons candéns mtal soniagdgamtyr Sugh propexiies tend to

o B TR o L ST B

incRASHARI0EI®N] MteadéEcaialy S lige prdcely slug SMARGr Qicrddséd usage of
| NVENTI ON | nventi ons described herein generally relate

hydregemdyriagdreaterniel houshorols aceaniBeant Ayprands geretethnienl need for
. . 1 .
8 388 T, S KMo RS S Ul

conprr’sing’a cr
cruti®@prodoctd erigdialrbpergessthat any amokd dessrablescri bed herein al so

gener a relate to conpositions that have novel

SUVEMARE O LR INVENIENt s therein. Such conposi ti ons
| Canlngs%tﬁgfs@eg@ﬂaegﬁeféﬁi eldl§ SRS TPst&RE aftPinB@@as for contacting -
descri bed herein. The Tnvention provides a nethod of

a cude fediwith enecoruderepabtiststty posiupe o sitalgprodust aempnginga.crude

ryde .f.eed wt . hydrogen sour in the presence of, .
progfd 5. oPEC SRR aNe PO RICET: 8- dP Loy Gaaped herein
als¥'BEHRIITY RIAE: O cofpositidhs thRehA8hal sl TbmbeiiBhé S8Sn@onents therein.

catal yst contai ni ng ByFei oSu. The invention also i
Sughreppingsitions pant broebtathedbyutieg g sustems ded pretheds described herein.
co I sing: con ] o . '
CSTPRL Ao o) BELA By Mo e M b By R
corftdctilp @ @nadet fot dlvithradgdedget balrcd imcthelgseride@f oneickemore catalysts to
product, wherein the crude product is a liquid mxture
progpcepbe oroda meEodyict ghersia onger hersf theatalysts prmprseap ralplyst
hSi one or nore transition netal sulfides, and
corﬁ%@%%ﬁ%?@éd having a residue content of at | east
0. 2The mventidn dlssprduiiepe megrodrof ploducingen dredatprodsct, comprising:
det erm ne ASTM Met hod D5307;  and contr.ollin
con&%yﬁmaem% fké%chmtha&w TOZER FOYrFRN the Bresenieg O ﬁ%aﬁ@erwgalysts to
Hil&: i
ko5l RS AR el FRE Gk S Rk o
liquié miguseratXS °€y andd). P lodRetat leastcorehd theaqitdlisis bergpriging one or

mogﬁ? %%gg@g%nam%a&d&ﬁééggg 'F%H zxa}iéi?l\é ggte%&geq%)b?e%t of at least 0.2
grafRPtdsiduRGer ERM 8E4rLdDfBd, Bk WeRrhRRE bYAITM NIMHE@DBB07; and

source I n‘the presence of one or nore catalysts to
controlling contacting conditions such that the crude product has at most 0.05 grams of

coke per gram of crude product, the crude product has at least 0.001 grams of naphtha per

gram of crude product, and the naphtha has an octane number of at least 70.
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produce a total product that includes the crude

product, wherein the crude product is a liquid m xture
wano@®Heest2 and 0. 101 MPa, at | east one of the catCalugsisg/042120

conprising one or nore transjtion netal sulfides, and

t he 18F HRYSNHQLRSHBRAVHGS & MERGARIPTERINDE Arcrifte I%de‘FCéé'é’annsmg
corgac%m ARded GEhAUS d 395@@: ﬁ‘f th6 pHAEnde@Tbne ¥% more catalysts to
eterm ne y ASTM NMet hod D5307; and controlling
preglon atttal pgodpohithiat inohles te ktrudaeplrodme leemie ther @ddeproduct is a

oA RENEF S e L YoV ST et e oS s <BEPHFAE Remer
moby trRFMnVRétAOG fRESEhd thb 8rude 'féé‘él%emlg%\&*eﬁﬂu@cérft&ﬁl)‘f BEleast 0.2
point at a tenperature of at nost - 30 0C,

gragiest af resiiduscheb gransTiemge frsd, mwnlr@d@YtAq%TMMé@OQMQEI and

R R R S e e

kelPE&R UGG afleastUIE gmd%}omamw ShMdf LeasRbas; bk Betenined by
crude feed with a drogen source in the presence of

ASJrh\é Mgthefolp &1 &a thel kesesene baing e feezing popbit ajemaeiature phat most -

C| cfj‘tas the rg%,%%f@(/]t%g?é [géﬁ’g %dﬂi%\?lﬁﬁé\tolﬂqg }qu?n%sa& most 0.05

graﬁi’ﬁkeoﬂ%kéﬁ&g@ﬁh@f)éﬁid% &fet.i sing one or. nore
transition netal sulfides, and the crude feed having a

r esilie@veniemedso nlfovaies pmlnoctpfm@%w@ perudeprodyet, papprising:
co%%cﬁalgtar cgr%cieulgg% thv? }%y%?c%gﬁ %?‘EJ rl fhg re%?ﬁ%aoq{oh? 9r r more catalysts to

prdllu@éSa gt pBodiict ﬂﬁkﬁlchﬁés t]i’e&mdefpr@dud:d evherein tot crudd product is a
ght ratio of atonic hydrogen to 7tgtomc carbon (H Q)

liqpid e AR eshiid0 ] BPaat Isgse oo oFBe cafalyais cemprisi OB or

| md%sg; %szf?&l#}ﬂpr ié% Bks, Ak @ﬁﬁ@? QAhadgQ REQNE dGRerf of at least 0.2

ucing a cru uct,” conprising
grarmﬁfaedldueg)ea geanu decrude teed) aﬂnl camtryklhlng gentastng @editivns kech that

ence of one or t to du t .
ritoduch e e 008 SHES eFSRAE PEF BABEY. CaT L o weight
ratﬁf(g@?orﬂfz PIHGS ?eﬂl % ﬁoinhcqwrsblgﬂt tyfethatrude p@&lu@ﬂ@lféq mdddl1.75, as

, |'east one of al ysts conprising one or
deﬁqnnmedbmA&TMMﬁth@iEW%I fi des and the crude feed

a _resi ue cont ent
oo R RS AL PGPS dinetiodly prERing i bl BTG soumpising
cottbéthath dPod0ffed Qi achyded @ tsotirat irothe fpredtqud of oy df ﬁ@@d‘lceﬂ&lysts to
atomc carbon (HC in the crude feed is at least 1.5;

progiyge & inialmseduchthat xsludes thegrustsmapduch eessia he rade praguct is a

oS BE B e 1 S oLt il AT SRRl on o

mapé ﬁdﬂaﬁtﬁoﬂlﬁmahgﬂﬁddseaicﬁuhe cade fesdthaoingatresidsd c3Bnt of at lasst 0.2
resi due_content of the crude feed, erm ned._b
gramasTOTRAQUFRET B 91 crue feep Afelelrmisds Y@fhﬁ% 3&%@7 and a

wef 1Y Paho il gﬁlg&%g% RPatBRic SHEdR nggiécr:y f&wﬂé cRide %&tls aaegst 1.5;

e napht an oct'ane nu |"east
and' bentfoliugydontating senddtiansisdesthat threchold poddyot babiani atgmi H/C ratio

of §nl A4 S ie SRR o Hia et Pl deaf DileigRripgagesiue
cotBh U indst J09PbPAE ¢&iduel Bhitht S B8 B&ke tRAL ad MG HARS] ByP&STM

crude product, wherein the crude product is a |liqui
Method Dﬁfﬁﬁatherﬁudb@)radlmbt batiog aMPast 0001 gemns ofomaphthl pehgram of

cat al ysts
crude product, and t rer%glpﬁtlha %a%ﬁg aft bctane number of at least 70,

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

contacting a crude feed with a hydrogen source in the presence of one or more catalysts, to
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nore transition netal sulfides, and the crude feed has

a residue content of at least 0.2 grans of residue per
wgnrerwosézoer ude feed, as determ ned by ASTM Met ROTW/US2004/042120

D5307; and controlling contacting conditions such that

progee actotad erogiugicthet mﬂaées theeruge aradutt, ehagin the saidetproduct is a

r e
k8000 00 BRI D SRS AR AR DR e o
moiarasEida ,mét!flESuKRIeQSa@ﬂ Qh@@imdf fesil hgs aresitmt icostentt dfeat least 0.2
ker sene havi ng at | east 0.2 granms of ar

grags QT esAUR PEHEBREO Cé‘édedf@?‘éraﬁldﬁféﬁmé‘ﬁd Asﬁﬁ%%ﬁg%ﬁgw and
conffh 28 KEGAZEN A Bl HECRLDBRRE e thryom L

proﬂMthﬂdedEQ(&Bﬁl gﬂatnsl of aaphtﬁa Abd naphérshasing\emoacteme gaisnber bf at least
VGO , e VA0 havin east O. rans of ar i CS
70'%&1% a%e}j ﬁ%{gsegtstti%? }[‘r?liﬁ’é‘alekﬁ? SHBARYRat %s%gﬁiemsene

Qéasf‘@% réiin O A6 ATesYer ERR StioroRse, Qﬁtdgfeﬁhﬁfég PYASTM
M Met hod D5307. The invention al so provides a

Meﬂl@drﬂﬁi 86f arglrthel keosmpedavingddrqerng point atotepriesitvg: of at most -30
°C. 58 deibuedpy SN RisBrE o2t lert CBHRRET HEFobih gad o
(VEORR Vmﬁhmgf‘é’c 18444 6. B%ﬁ %ﬂr&ﬁﬁtlé%eﬁ’?%i@?v 83,95 al:termmed

product that includes e crude produc wherein the

by 1 Metthodr368/96t aridsatandst 605 gramxefinesidag, a@ gete@niandiby ASTM Method
DS%} 0l1. MPa, the transition netal sulfide catalyst

ving a total of at least 0.4 grans of one or nore

tr amgd fnlvertioell provilded A82tHea of gfctRE ol prbdlﬁfﬂ Sdol2Ring:
metal sulfide catalyst, the crude feed having

contaséing a@m,d@rf@@hwﬂbﬁ hydrogemsqurer ip the pregense of eag Qruaci@@atalysts

cordiBEL MR bR SEHFLT PR GRTMLIBO, ictygs e
cruﬂehpro@,ﬁcttﬂﬁfhﬁl‘eﬂﬁhéi t:ruhﬁ@rc&hcfﬁ@ athqald)xﬁlmrzusz@fc enke.1peMPa, the
gram of crude product, and the crude fr oduct_ has a

tran&ésqndn@akw#ﬂ@rﬂata&fst h@w%é@otelchﬁoab%eaﬁtrpe £REIS e GHINOHR
tr Elotnr}ﬁetﬁf éﬁ%e@ g?xd%aﬁlsof‘%&gﬁﬁﬁlsﬂ% lﬁ&%ﬁ%ﬁmpr 2 (#Jﬁq P gx%ae feed

e invention rovi des a net
havingaleesiplue dowent of an’qeasts& hgrams @fi tesdduepgr graor mdeudeekdd as

wi t.h h n the esence of o or nor
eyt SSERRERER I, ol PP LR ERGr e fopfifhs SR inat he
cm&@f)@huathas 8t RbQUBErAmb BF BdkelPeP griet oit &Hade M}ebéﬂtdﬁﬁ th@ 8rude
crude product, wherein the crude product is a lig

prodhctthes & residugSogientfat 0108030%Phthetrbuduercontsnt phife wetdalfeed as
sul.fi a total of least 0.4 grans of

de t% eéfb n%?iﬁt@hg’g?ﬁ?@gnet al sulfides per gram of
t r angd fovertiohelR) proviliéd dmetdtiadl pedducinpe c@lidéiliﬁocﬂlﬁﬁ Ctomprising:
having a nitrogen content of at |east 0.00 rans o

confficting g smndsdeedyvilne by diogerieouressa, theprgsange OEelamr heiggatalysts
corr%fbgfgsll &al{s%sondr}’f&a %c?erht ta?\}st &l Ijoﬁﬁ% a t%ta? Pg{dlﬁ@thgtf includes the

cm@@pﬁodﬁ&t; wgexemrtﬁe t:ﬂudél pr@luehs tahlaltnd mixtoe uees [ mﬁtUOthhMPa the
a_nitrogen content of at nost 90% of the nitrogen
tral@ﬁméﬁ%talowlf@%eca@lﬁa Baviggg tot@lrﬂf leagic0.¢ rames ofr 36 9& (aye fragsition

f
metra ﬂlﬁ&'&gﬁp gﬁﬂ# %\,\}ﬁg?@%t%l%ﬁ. cfr% g&e!}%t glﬁeséggﬁ@fegg 'ﬂgﬁﬂé a
mtrdgctrﬁdfdﬂte’m df hlylea%SG BD I\/gtdnmbﬂiiﬁit?@%n@aﬂ giaasefthuedecfond, @nt thescrude
gﬁ determ ({]e %/ STM
feed having a residue confent of at least 0.2 grams of residue per gram of crude feed; and
controlling contacting conditions such that the crude product has a nitrogen content of at

most 90% of the nitrogen content of the crude feed, and the crude product has a residue
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Met hod D5307. The invention al so provides a nethod of
produci ng a crude product, conprising: contacting a

wonoud®eéteed with a hydrogen source in the preseataseios/042120
one or nore catalysts conpri si ngqa transition netal

congat pf alemesiBAYyRfithe trsisiue aeietenteplithe eudp fasdyuwheremapitrogen content
s B DU TIRACPBIE I SEH0 ey L W naritly asTu
MethodM®330i7on netal sul fide catal yst has a total of |east

0.4 grams of one or, nore trgnsition metal sulfides per.
gr afomVeRion Al RGOES BRI PPN cudeprpdict, Gogeprising:
f ' : f
conficifig oG BAPwTh p Yy Bosbl crbeiniATb g8 lof Bhe bARBIS caalysts
congprisiteg 4 eamkitasmetal exdfidimatatyst teptodofe atotd] pastucOthat gehides the

f id f de . f ; ..and [ L
o RPRReH HGoRO P Frarorie ey i8S o e BhaPa, the
trarfRftioNRRt taOsuPRd bRt Ahs £QKR o Blastdy. 28 2s GTdnd Or Ropéltatsition

the crude product” has a total N /V/Fe content of at
mejabsilfidepen granh ef Wil wamsticomewhsulbfle caialysy thderddsdded hasa total

) d duct, h id t of at t. 30%
N ol G St B oPo kRSt AR B ol iR b e cruae
feedhAsV Fe8id60 Bb @Bt dfet REstdE! s dE MR PENMAL SO EBRES, and
and residue content is as determ ned q%hASTM Met hod

confoHOTE, comtpeting venitions suelsbajthe gruge preduskhasay mest 0.05 grams of
co SEHALGE bl 90 A0Sk pERIRARI10f) SORYREL RGN Bt mos
90% RE tHerNIUIRe oateal yiths cadafisddsibegraletpradisit hasonresiiakontent of at

sul fide catalyst to prgduce t ot aJn gro%(tjﬁ,t é:hat i
moptmp alethe geredue qanienhyidheieride firdy B1hWheTECN YA o 5PBIERLS as
detérinified by U SFMMEIYAED 63 2ah diesiBR c Shidd 1s MRterkdised by ASTM
transition netal sulfide catalyst having a total of at
Methwdd?53074 grans of one or nore transition netal '
sul fjdes per gramof, total transition netal sulfide ..
cat B et ThgdrSiayih groe e B it Sagisine:

cotRARE aQriMRIe 8l TR aWydRigbh SdurBein 186 pros&iice OF BACor 868 catalysts
and the crude feed having a residue content at | east

congprising atrensiforr metabinndligegatalysite pfodueealtotsl peeiuchibgt includes the

ont r.ol li contact.in di_ti on h b~th
craf? it WP B ARy PRPLRR RS DR 7556 BREpARY Moo, e
trariti Inuheta Dl BdY cabdlydt heviag b tstall ¢fed least 14 phgnscofwae or more
product has_a residue content of at nost 30% of the

transgingnetabaniidasengrapn tefelwansitiangnetghayiddecatalystyfpe crude feed

50 S 50 154 AR Bl ST 0 R @ s

crudd eetl hueing iaaesidies@nenoat lees 02 drebb offresidup padstainrg ceude feed;

NI R R T —
moBBHBh ok suff® doAfeM 8¢ thE BRRE AN R lcpfl?g'){)?@dd@fxﬁl a re&ibihe

m xture; reacting the transition neta de/ net al
corsat bf at most3@%n i the togitiue gementmfitior crudefaeds whereidisatfar content is

nd reacti e int iate wth sul furirn the
os G b ThOVistor 5 s Bk dationt® b Beibraaned y ASTM
MetHoanssdgzon netal sul fide catal yst.

The invention also provides a method of producing a transition metal sulfide

catalyst composition, comprising: mixing a transition metal oxide and a metal salt to form
a transition metal oxide/metal salt mixture; reacting the transition metal oxide/metal salt

mixture with hydrogen to form an intermediate; and reacting the intermediate with sulfur
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
woi20ds/0acd0ydr ogen source in the presence of onerPOT/USBI0E/042120
catal ysts conprising a transition netal sulfide
in thegredenes oft anemraaiere ydrocabens tppseilnee therizansition retelsutfids
I de product, wherein the crude product is a liquid
tture at 25 0C and 0.101 MPa, the transition netal

s ulThedeventiba s tprevadasra methodof predsadihg aorudetpaddustlcbingdsing:

t he crude feed.haV|n a residye content of at | east
conigeimgyg gipge fredvash yh rpgan SQF%‘%F CAMERFECE lene gfgnore catalysts
confBik A M AdeidN mierli MRt RAE VPR o a Wb bidddctABAiAGkdes the

ondfPtions suc tha ru pro uct S a residue
crudeqirbduet, Wbtﬁerah tlm&hdéﬁﬂdﬂuét i¢ hEquidsnicttizre et YnandH. lf)hMPa, the

crude f and erein the transitio tal . sul fide .
tran@&f’%l“&%’ﬁ SpifidsisaialiaEATEPTiSgS & HROTHRR P SLAR (bR THeY £ having
a e d& n%}g Faﬂ% @0 lafns BPrefsfaﬁé"P@r drhRNsTichh R Ye 8 b@lietermined by

oxl de/ metal salt n1 ture reacting the transition
ASTMththod iDﬂSéDﬁ;stIoa]tronlgtcomamqnnéltlﬂm $udh;th|¢tdg@¢rud©plfodn¢t has a

d| at eact.i n at.e
resi i deifePt AE BP0 Betteh BRiayh o s GRS bRl anlitrgin the
tranBiiBH Weelal lsOf de'catafjst 1sQbtaiRbA bys wﬂ&i & tmﬂiomsﬁetalmaie and a
i nvention al so provides a nmethod of producing a crude

metpk sative form;@trpmﬁﬂg@rr@etab@ﬁdqmeta&] gal‘grr@gtg@erqa@t@gg the tyangtion metal

dr.oge rce . C [

R T St
1nte6rhékﬁ@te RyithoRittur m/\ihe bedsendeloE oﬁé vt oy Indluedarbemisao produethe

m xture at 25 0C and 0.101 MPa, and the crude feed
Umﬁ%@ﬁﬁ@*éﬁ“ﬁ@@§?”@“§ grans of residue per gram of crude

i

o S50 AT VLR SO S g

contaafiﬁl@m studg fadd Wilas hydropar douome mfthet resena of oret orZﬁorG Catalysts to

profig adp GhEropPETAES Tt R PRRE B DGk Prodipt s o

hqdlcfﬁﬁ“ﬁtu&* £93 °@ra§*ﬁ*€) Hfl MPQ %H ¢he érﬂ&?e f2ed Hﬁﬂﬁ% Bﬂ\éhsﬂ@ 22dtams of

oct ane nunber of 'east 70; at least O rams of

resif@pertenam vmuda\fwdga%dewrmamd hy. ISSEMaWtb@ﬂ 1%\5(3@ roducing at

leasgﬁao Jtonmrfggln T@g%gr(gﬁlgﬁagst g\%arpnp ned smg S?{vgeg%}er rﬁ%tgcglég he vapor at
25 RS vied hMPaDﬁl&Dﬂ)rm-E{g&hé Bvege btdﬂﬂcﬁh&x@r@lﬁ{ OdicaeR p’itoduct has, per

cata

met hod of rodu0|ng crude roduct rising
gramedcaskeipserdugt:ait lrget G QU dzroms At e a Pawng an prianc
t
EATHE A TIRR

aroﬂhbﬁ’chfebl deunt 6BV G s dettsinetliey IFoMetvd 368/%t ahdatshod 02)5 grams
grans of residue pe[ﬂv?r am of crude feed, as determ ned

ofrwdwswma@d\%é@ Method IR 7pr oduct is a |iquid
m XfMlﬁV%lO%SdlSQ)C}SI’%q dso h thdd, 8%?@0@(1&{1% Q%mﬁfe%@d&'ﬁ Q:gﬁ}gﬁising:

as, per gram of cru 0.°001
conta‘cun@p biuda feddweith a;hndiﬂogem:ammegn alte beeme of ﬁomoggaamabtatalyst

nmonocyclic ring aro cs per, gram
T P AT RN -
| f
s AP 2 B i O A0l v
ASTM/IeInthoerfé%IOS’s’ pthp condeesiuat ivetligodl mixtpreat 22 PG gméOdE)LlMé?a and

the Fc){u%g lffr:cgduc’c hargp;rxlsrsgrarg ‘'of crude product: at least 0.001 grams of naphtha, the

naphtha having at least 0.001 grams of monocyclic ring aromatics per gram of naphtha, as
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contacting a crude feed wth a hydrogen source in the
presence of an inorganic salt catalyst to produce a

woav@legaopduct that includes the crude product pPCiusSe®@itn042120
the crude feed has a residue content of at least 0.2

detegmined byfASBYiMetbop 816730 zanlabt G9Udgrame of distiflatgpanst atinaesti0.05

erafl o ek 98t B RESe BR8P of e pr octuct

haspheRfventib@ Bls6 prévideiar mEBOY 6f prodicih@asiude poélucg lcdiPrising:
of diesel, and the diesel has at |east 0.3 grans of

contaeinga frde fed wileahyiroginesource ipdheduessneg olean pgrgapic salt catalyst
o rREA Al Py 5 B B AT B0 s

residisQonamt dfdteeast 0grinds bPebatdpet g3&8/090tudafebdats d@merimined by
ne _of residue, as determ ned by ASTM Met hod

Q.05 gra § ]
ASTHethod 11530 eTigh phadde ipadaMEaBIXEREL hod 8d 0.101 MPa, and
i :
the BRACHRANE 1 ek BEmpbACHIL proBBPAN 15400 00F BRIACS! Al md the
diesahhdsmaolegstril.: gmalstofaadmtics et gragor afdiiesel, as dettmhinpd byl IR Method

s68i50aiest PUS erae v e el BENO0 808 Eriog Sae pparomatics per
grarh b€ veIIdg dtaf‘e_?&.iﬂ%@%g?l’ NEsthoHS6HoN a8l bt Rbstd.03 8asds oF T(%idéle, as

granms of residue p gram of crude feed, as determ ne
detdnping® DI ABEMAdetdsd®530and t he crude feed has a

nmonqcyclic ri aromatics, content of at st 0. rans.
of s Eoh ol pRy P AR O EPbuthe A bridR Blordicr sdfyBHSine:

confabin£HBlub e Fdel REtIEORY B dMdufRRfl tHel REEnsdI6art iABEgathd shif Gatalyst
he contacting at nmost 0.2 grams of hydrocarbons that

t
to pradicea totel erdiet Hist inchides thegrdgpodict, ohergen the @udepredert is a

. . . , ' : |
hqug(ﬁlémgﬁl%@t ?% a? Ejiljig 6. IB?E\gPea, A .cg—ﬁ%%efe% Agd, I%deﬁ@?/&f’[?@ o? Igﬁlgast 02 .

such e Cr pro S a nonocyc

- grar@$ ofmiidas paqirianif cofdedted, eaddternlingt wat8TM Neethaad D5307, and the

nonocyclic ri nglliar_omati cs content of thﬁ)t crude f.eed, .
crudgrerdhat ARBPRRSYENS Hng pIograliFbsRtat OF BlgReE M gremgf monocyclic

T
duripg ther domtacting etomosidr ggnma of hydtecdrbet thittdne aotvpddegeable at 25 °C

our. in the esence of an.inor i c.sal.t catalyst
and 1) Pt s Ot G T POICE CEs SERT AL YiRes Dpe: and
suclPHREHE ruddpes Richhd emEAMIBlIPFRE BiGnakiss Sorltéi 6 8t 18hst 5UF Breater
at 25 0C and 0.101 MPa, the crude feed has a residue
tharcomioaetycht ring afomeatics QotHerjrod the aide iged,dukerpia mapogyalisfring

S P UL S L

gr arme ifventibR bisd prddedesd Bohod ofprodecihee diuddpeoduct, comprising:
control li nge contacting conditions such that the crude
confgetyef & eruge feed it ehydieeanoiorecstin gie piesepesel angnegamgsal catalyst

o S0 B SRS T 08 A ABGR ouc

liquidbrad@urthae2$ P end 0.001 MR theredwdedfesd Basniiekidde edntent of at least 0.2
produci ng a crude product, conprising: contacti

graigs pfresidaepergratg of CRilg ferde s debermired by %ﬁ@%wg@ﬁggﬁ 331?7 and the
j ' | .

ek BL A S o LRh Sk oGR8 Ol ol o

and pomiteltihg tentacting guhditiohsduch ¢haathe2buddPradett Bad 4 olbfas content of

the._crude feed havi.ng a residque content ,of .at. |.east .
at least 5"/% greater than the olefins content of the crude fteec{z wherein olefin content is as

determined by ASTM Method D6730.
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0.2 grans of residue per gramof crude feed, and the

inorganic salt catalyst exhibits an emtted gas
wonbddseetioon of an emtted gas in a tenperaturepcam@amwmurm

bet ween 50 OC and 500 OC, as detern ned Tenpor a

An alesmsemmnraisodm@nées( aTmﬁghod afigroadoping @IWL%@I@@M &‘@mmlgmg

Confaﬁﬁ{l%ﬁfm%%;%eté Vglgé% %@{%g‘?rhgéulfl%femr esﬁ g%etélcg g‘frsalﬁmoﬁgaln B:us%lt catalyst

to peédide aRetalpeluct BHat dcliiRs thedRbdprotihea, wl@aexdube cdé pritduct is a
of the crude feed, wherein residue_ content .is as

liquid mixtiierid dS G apGPNOM P dhpeade feed having g ersidusiFogfeabof at least
0.2 g%a%ér (Iﬁgr?sr@,ler@% E‘?agn ?f crb® %éa{l%xgl tﬁee é)&‘ tcﬁsrag(tﬁglég);st exhibits an

cting a cr ogen
emisted paeinflactidheofan eﬁemiegasfm anemperaigeniangskxdtiveent @@ and 500 °C,

to produce_a tota roduct that | udes th crude .
a5 5TesRHIRE DY FIBIRSFH ATHD 4% Ol o BB IAL) SEEopiing e tine

-con@ftlogé s t Flﬂ%tl@?r%lgél{n%gﬁct Ha88 r@sﬁ%%o‘h?eﬁg eﬁﬁ%sééd & éfa%éeof residue

content o east 0.2 grans of residue per gram of
per (gra;mi of érmdel protinet, o mgsn B@YosHlthe waidad yettergofipira gude fed,

t al | £.s, j [
wherga oSt B g by Tatged BRPES: Son of an
em thegvaRnialsohré GIRES AbHoE of BRUACing S ctleqblute tobiprising:

Tenpor al Anald)rqws]l s of Products ?TAP) wherein the
congneting e grufededdivities hydmg@remm@mh%pnemg@ of an pergeairsalt catalyst

o s lef e T O e o g b B prop i

liquid i QaFY & 2SaCtand 8118l WiPa, tRetudo el Bhd i RGidbe RbACHT (‘fglt least 0.2
conditi ons such that the crude product has a resid
graws pf estdue pgpgramsdgryds fgech the ippraapisisali satalyst poanrisss at Least two
[
1no%ﬂ1?ﬁg&%l?sgg§ La]ud ‘[‘H&: 13%2@2 Katp rgaeéélf}gtué}e;ﬂéﬂ)é{rs] %g ﬁﬂﬂt?eécpgigtlﬁ@éctlon of
an deitted gasinch tbmpékﬁf[m Mapacd d@ﬁeﬁtﬁﬁledﬂyéf emp@eai tAnabysal af®roducts

rovj des d of roduci ng a cru oduct
(TAdgnppeisiige CRbidet C%O%?e&&’gr%s&a%etlﬁg%t‘”ﬁ%%aé%sc «
tem?@féﬁfr@ of & 15&?0195 @ﬁﬁ@ﬁ)@o Rlor@id MOGLOANs Gné &)la I98C Qéxﬂﬁérature of
o produce a total product that includes the crude
the praygance saltwatalwst; rantimenmlhdg cmt@@:mgtconéltlanﬂi jugbithpt theqrude
he cr ud has a r
profisi fian TR EOH Eals P P Y ISR B AR R RieFoduct, of
at 1668 96%f TeRb refidusledénrion et dide¥odd/vitkidin QesQﬁl%QZnteﬂﬂl@ as
the inorganic salt catalyst exhibits an enitted gas

det¢rpfinesthy HRTM Mghodm3308d gas in a tenperature range
- bet
Ar61a yeslngérg%o%gls%ga%\? 89 a].liﬁ 1dd o? g{o%{l%g g%ﬁg%t 8&'&@ glnprlsmg

conpctidp @lensléabed Widlh a hy&l@lgkmﬁ)u@ée ﬂhhbe presuhee pf adimtgamc salt catalyst
produced is at | east 596%feat§; than the vo] une of the

to repdee aftefghprogied that Feludss ofeistibeagindhe omdpproduef is a
liqld gng)}tupéj A5k a'ng Yﬁ% l\gpa %eg&u@é ﬁe\é& fdesa ?esf@% ESHtthf of at least 0.2

produci ng a cru nprising: contacting
gragis od essfdme gpempriam & chgddarfee}ﬂa ras dannmaeal by AR M mlm'd:ESﬁW and the
an Jno&gan{yc sal.t cat aI to roduce a tot r oduct

inoygHRKC Sl RahESS Rt AP GEHY Sctigh &F & A{S gé {Hf temperature
ran?i@&%&n 5¢°@ a%d ﬂGUS a% )8Efé 1n@& b% Qx?ogé" ‘Anglyyg br W&lucts (TAP);

e crude fee resi ue co | east
andgrradnmmg the emidd peoduet sugh dlmt afvobmuslef the eldl,de am;ﬂuttrmoduced is at

least I',Jlgy’ (g] %Q{e% th%ﬁlltﬁe \90 ﬁrﬁé XP ttheex rHekPeédS w% \}otluerges are measured at 25

°C and 0.101 MPa.
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gas inflection of an emtted gas in a tenperature

range between 50 0C and 500 0C, as determ ned by
woempmeedo2 Anal ysi s of Products (TAP); and cont poriuSmg4/042120

contacting conditions such that during the contacting

at Hsinventpngplsegofesaeted o ornslucingta awde preduct, comprising:

. f .
congRIAE SRR AR 080 R 0B B T R S Ty
to prodieatitotal plodact/lia ‘ﬂhdﬂlﬁ;&s shenmhdoprodiictpwhelvini the cade ptudict is a
i g 23T oGP B 0 Ta rrGe Cafifeae 02
graf@boftebRue bor Fudk 681 hd &{egg&%fﬁgig@aﬁ chtd a@@goat}s gﬁ emitted

crude product, erein e cru uct i's
gasninfidction ofitn 2hit®C ganth DteliPperauida rangdecbetwerted Of Ceahdrtd\i °ay as

a resjd content of at_| east rans of .residue per
depiihy et Seysis fPoRet FoADsArE e insecena bpd
con ns's a tacting' at 1) R ; ce are not

RARnd sh@ah ttcfu%ﬁ% kid Qtdcingal RORY PEALR JFRAYSSABLNEE®A:

200 0C and 500 OC, as determned by diffefrentia
condersablieray 22 8C and e 01 MRDBEfornzed reer geane oHérud©fe@d; gseletermined by
m nigrte and controlling contacting conditions such

asspafante o crude product has a residue content,

exprigsiaeshtion Ao36vidés 4 BSIHdRf PRITubng M @hdesirbél®t, comprising:

product, of at npst 30% of the residue content of the
congacting a cesle feaghwitle p hydregerusparesonttbnprepence of areinerganisesglt catalyst
to p?&%l.@?é %t%(?;%%algct rtﬁa% 9117<:'1ud-|<;rsJ ?hch &M&é;]%ﬂoﬁ{?ct%ﬁé}eﬁrtﬁé/ «l:rﬁﬁec’ pf%duct isa

nmet hod o roducing a crude product,’ conpri sing:
liquidntigatd 1@ S5aCand 06 0fl @dPa, Whd &rude Foed hagiap agedidiecontent 6fat least

presence .of an inorganic salt catalyst to_ produce a

0.2 grrna ofgpyucher e of frudefred. andghe meaganis wiratalyshhry ehest
trarsindh kl/ggr?ﬁ{r%g SlanbShdwbd BT Sl daefiingd by

e aving a residue content” of

- diffatentigdastniing® cgodmetrp (D3 €% pdumtpef 1 (@ perchinote died ¢ee]ling

.and the jnorgani¢c salt catal yst. has i.gnic conductivif.

confiint Pendificsaieh fehBeicaE ool vy Sria sosred i

gra@B 8f RisiduB et HARUFRNEdeSRbARL, A af BRst JV9%, 881N Gestdlelcontent of the
catal yst at a tenperature in a range from 300 0C and

crudoedGyheseit residiercontenhig as determined §y Soridv tVlegthed B3

th the crude prodyct ha esidue cont ent c e

o o hsiagertion Ao + 8ol of Bl Rg A Wi trodpet. comprising:
conficaaldl & trudeffecll witlo s hy&Qgerofoukdteintes prdstarce oNieimbrghictsaR catalyst

crude feed, wherein residue content is as determ ned

to ppgdussTiatRkRmeert s o luden the) gydarmpéictaykacipiby fradaprduct is a
AR B 19 AL P RAO L b SO TRLASL W gt o
0.2 pragsaofaesidde @an gramo bfande feed) dndahé aloyginid @ltpatdiscRasdonic

total product that includes . the c¢crude product, wherein
conglyivity g ihftderst theiianig coravcHvity ok fdeashenext theangpgguic salts of

the thotbhich e caldie & ¢ b ele 1S el SRR OB T ol
conimbmganniacted ¢conditoab yath thatrthe cimds paddket lias metaduesahtest,
wherein at | east, one of the alkalj netal sal IS, an .
CXPIPIRE P B aP ESPHOPEEM 4h 6o o Rhp S LYl e
conftnPBF the 'ai’lmé%flzdlz(vh@xteiﬂ R&Ahe ddnte@nélabdetdrBRtdd BNESEAOViethod

ratio of an alkali nmetal having an atom c nunber of at
D530ast 11 to an alkali metal having an atomc

The invention also provides a method of producing a crude product, comprising:
contacting a crude feed with a hydrogen source in the presence of an inorganic salt catalyst

to produce a total product that includes the crude product, wherein the crude product is a

10
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- MPy;and fepgping theezede RIRGUCH

nunber greater than 11 is in a range fromO0.1 to 10;

and controlling contacting conditions such that the
wonoud@eggopduct has a residue content of at nosPCBA%R®A042120

the residue content of the crude feed, wherein residue

liquldanbcene at 25 Wsawkl.40 hMadthp pruss Tredveasisogsidegommtentpéat least 0.2

nt.i,on al so provi.d | r
granbs‘, drs%ilue 10 Ig{ﬁ,rp g? ﬁlélde fe&q hn?ﬁorgaq%é) %arlﬁé ?eﬁ?c[ %\RA%F% a%% metal
saltD WHERBER 16RHb8E0f the hiali Blees €4lGds ah akaliinfailgariohateaard the
catalyst to produce a total product, wherein the crude

alkatiweatalh havesan @@mmlzﬁﬁpéﬁttleaﬁ 1 hrandgh leastpng afBiFgal of an
eS| f

i G545 R AT, g PSR L DR B i b o

nurﬂbeﬁgxéateﬂﬁhaﬁ)ﬂ 1 i@ sadakigd fromet ledo 9B bhd corgradiingddosdctingeomlitions

droxi de, and the al kall met aI have _an urrber
sucly alihe ik propiuct B 18P ON.eadenbARAIP R AL %‘fﬁ‘fﬁ%r%ﬁ ug fomtent of

the &hgea#eﬁd rWﬁe?émt}?s’f%&gcoﬁ%nﬁfsoa@d&eﬂﬁﬁﬁég n%/(KS'F’M N1&8sd D5301.0

aving an atom c nunber greater than
11 Ths invention alsg prcfmdnm almethadof] rodyringla cfrudg paadukce agmprsing:
portion roduct as 0 ondensi.n
confpgingt & Gogotee ovticr PBEDatiee 3 5 BRntsof B R pgut tatalyst
to pRIAtcd PIIRIPFodRE vHHIAR tHRY PeliCfeed WSS REiduE B&lté‘vﬁtldﬁ*@t least 0.2
product has a residue content of at nost 30% of the
gramsesf rdsiducpartgsam oéf:mdh éeedr thd éndrgatic satheatslpsteamipoisesalled metal

o DA RASER RN OB TR S48 08 R RO i

alkaBiQHELEIS hite Ah@oRi ESEABE ot 188kt il NOdmdai ﬂ@sﬁcﬁietat@ﬁicahty@bf an

to produce a total product, wherein the crude feed has
alkeli metal heyingeasrtemic nymbr of @deast bl t jyalkall wetaf Bayipgan gepmic

e a ,
S ter SRS 1y BErap LT SolTPL AT Brofehng i A borton of the

total Ibledﬁdt ki hivapaat edndeading at lsasaa pattioalof theetaplor ayXfr Iand Gibel -

g S B e o A fpen ot
mos? §M%r1ﬂ“tl§€1re§1§iﬁgb8nt%'gf%{e @hdfeed.€ast 11 to an alkali

having an atom c nunber greater than 11 is in a
r aﬁ@xe ifivemtind albo poovides apnettiot ofproducingastudg ppastuct, gempfising:

congeiing E1a0f N @t T BrorRreraB e 5 15O ok ingfagho dat atalyst
to pf&l'hl?é E%t&l']ﬁocﬁfc’t’ dehepéif eheCdruddMaed Badh feBiRlué toiientwratileadt 0.2
has a residue content of at npbst 30% of the residue
grargHof @ﬁdu@r)ertgﬁ@rn&f atisletfeadelthe Prasgamio aatt pasaly el comppisenallgpbismetal
t hod rod

salt% gﬂgg el Ftnlaasél ng oL, t%e A g n%’tz%i%gltsp{]%glﬁggagnxﬁ%ou df’ld@ garn{i the alkali
metBls %&%lﬁﬁat@ﬁn@ﬁumw o atlesst 3| etndCaalealstycﬁie atamie rr@lﬁbJ@f@nalkall

total product that includes the crude gr oduct, wherein
met@lri@vmm@t@n@dlm or of & Ipastyli i am slkaly wewt hagngen gagic number

, f

grea[Qer]tQ%h #3% 1?%:1]‘%1 ?12 gll §90 T dlgcrﬂél 1044F a%gfﬂo?ee él%f ttoﬁaté
produto Eg@ DT Scﬁ;lntierssatgadt)lﬁst ecpn‘fpbm stte @apomit 2606 Ceand 0Kl iMPa; and

metal salts, ggr nore al kal i ne-earth t al

forrping AscraeRrofHe WhFren e Ptln PERECURS eres %ﬂnfesﬁ?r%{a&most 30%
of ti¥ eg]]auég oAbt R drudBfegd, carbonate, wherein the alkali

ave an atom c nunber of at least 11; and
corifhedhVdntign atsotpactidesg methdd bf producing h ctudatprodvet, compesing:

09
con&@tgli(ljga% t@rugg %qegﬁ{zit S:;l g}lljtﬁggeg{]sfgl)gg:tefngg@a;}res%ggé 0f3 an/ﬁlgrfgaﬁig %alt catalyst
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 has a residue content of at least 0.2

11
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wherein residue content is as determ ned by ASTM

Met hod D5307. The invention also provides a nethod of
wonrodweedny a crude product, conprising: contacPCmgS2004/042120

crude feed with a hydrogen source in the presence of
grampof 1esifaRpiTEraaof cride desds thetiporgriya selbcataly seampBIStRRe ot more

h i. .
a1 50y G S, O B B S i o

of thidwkall el fabeds omnslkali hesdl duabonaatvenrteinfthedlkilemstalCha@e an
rans of re

storgismumbRt o 3055t o g 8 OB eEHg caniiphs e Ape T cride
pro&n{%ﬁg P%le ggﬁﬁe Q(QE?IR lof gpﬁlglst?dt‘/ﬁbf ﬂﬂlg [r(@sii"ddeh:oﬁ%h%f thakhule 4,

ures thereo wher e e alkali nmetals have an
wheatiamesiduewobient sfas detetreinst by ST Metbod P&B0T.ng

cont.acting conditiQns suc hat t.he crud roduct has. .
o b oS teR ARe o BosA Phed BRI E RS s HiHiE conBRsing

con&@ﬂ%éeél EruBf fdsyitd M%ﬁd%%ggsouY%Qﬁ @ﬁd;'préﬁ‘hbé* bParC@BiRRic saB catalyst
as determ ned by ASTM Met hod D5307. The invention al so

to ppodaee d éstalgpraditchtut ofclysies theaireds riodyctarhgseindi¢rude product is a

. C rising:,con i a_crud i £ h:

e e % G 40 IOl Gt B8 i i DAY oot 02

grafn® oPfeidUE Berforh Ml FlcritleqEeL: thd iR8igahio Ghly Ofalybh@ngiriseeone or more
roduct, wherein the crude product is a liquid m xture

P! ! .
alkalt mes! n@rexidesy onoar wpke, alkalimercari et sefts, g5 maxtuees theeot,

content.. of t qr e £
P Pl B o i B G FRLEHE aRT Lol AR Coptaciing
con@ltiof® s&hahdtahd crigé plodnyidias dessiduenentent afatenost 30% of the residue

al kal i ne-earth salts, or, m xtures thereof, an i.n
conteyé ofiihg gryde feda Mhcry Esidie SORRRLIS A FRbemIRRd gﬁi@ﬁm‘md
Dsdds. and control ling contacting conditions such that

e crude product has a residue content, expressed in
gr afise infemteaiathoerpedeg arthofl of predecipg edawte, producitcompsising:

30% of the residue. content of 1 crude feed, wherej
corfghin T EBAERE I & PCOAEH PR Ba b ASTRP L ISHE Bl catalyst
to prb&uck AMSEL hBBuA KSR iRIeIes URScradd HoBed, WherbinGBe!Gud@productisa

hydrogen gas, conprising: contacting a crude feed with
liquaeismren 26 *Gyad Oc4 DdRe, thecrufe fos daemrasidye cgpfent of at least 0.2

I nor.ganj c salt catalys ) ;
e 0L P 88 i 2o og® M Bt o] Sy B ARG Gy o more
alkh1e 8dta BEdritieh Gsbe b en 0 Alk@ie-edrthadalth, @@ siixird theraos; amd wherein
resi due per gram of crude feed, and the in ,rganl c salt

the @ladiinyetals byte an atemiganber ot lgast 1 pnd copirg/ing confacting
it i . . .
o B 0 PR o Vs S ot i
per(g'fdirl?bg cialde prydach) of aignbyt 0Ugehgmsidub eontenterfthieosrudd £ed,
rovid thod of pr i d t,
WhEGTEHS R S EiRg e oy e T EOR EBA0 b an
| nofrgant €Al discG@bHa¥s s nlefhoiE pRIGERB &S dRfees bR BbhBrising:

gener ate a gas ream the gas St ream conpri sing . .
coryuding gemdevibet with ohber fiorestydescathent gethe peesencerafSindesganic salt

SRS O A 88552 0L SR B LA,
crul® 8R4 ha@R kst chRhORH feadidl.2 ghdtsfYehiduidel BidnS oBdiude feed,

emtted gas inflection of an emitted gas in a | )
and thrperginic slratdest behihdem G0ited ganalsgiprod, an emiited gas in a

temperature range between 50 °C and 500 °C, as determined by Temporal Analysis of

Products (TAP); and producing hydrogen gas.
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as determ ned by Tenporal Analysis of Products (TAP);
contacting a second crude feed with a second cat al yst
wonodasiecypeesence of at | east a portion of the gemasaiogd42120
gas streamto_ produce a total product that includes
t heThs igyention@thodrovideser BeWod KE Pradugiag greayisdroduet gomprising:
Ui \ ' . ' ) .
condb kg P LS 0P B PR Ul Rein RSSO o
gen@fatd Hgasostrega, fhe gausttcanhaumyeising latdrogas tvhdiols the fiadticmele feed
to the respective o or nore properties _aof the second
has & TeRighe GOBEENT Tt Ipas, GBS 84 @61%5? Y7 18 f Tat K Te 25

detsggﬁlgéﬂ;skerggdgxﬂlgﬁﬁeﬁb& ST CRARAL ﬁ'itop@:m Htcﬁfékisf‘t&%gbits an

an 1norganic salt cTatalyst 1'n
emifteé ganiafecifonstfearmitidtegasiin a titneparatucberahgeliobtivesn 30 °C and 500 °C,

o S SR 3P AR B e

witRRde @80 @hdlysNg tRe HiRSen2t LE AMeast APofRM T aMe NI ds $trBn to
hydr ogen, carbon nhonoxi de, and carbon di oxi de, and

progumeragptal prodoétghatrisgludesdie ¢rvde pradbetn whengoxthe erude prodaict is a
. carhbaon di gxide i l.east .0.3. .The invention.also
oo st 35 EamuR B VRS Pal B st e RoRSsuch tha
oneG? Fdre prop@ities of HRGideQitbdet BRarigl OF GBHadt 1924 fclfiBicab et ;
contacting a crude feed with a hég%g en source in the

respecigepre0IgRoTE HroRewifgiof thsegondap - salt catalyst to

r C: t C [ t e C
o SEHE Ay RO R o BELJAER L5 640 g
congictiz® a @fuda fiebdOwitlDdn Mogganidwalientatist fneid preastice @f ateam, wherein
resi que content of at |east O gr ans_ of .resi due per
the @H’Uélﬁw%%ﬂd hep paesiquseanicanef st % IF e QUIRtides PR gram of crude
feed 294t ARSA 5#’ ol Niie%ﬁ&ﬁsﬁﬁ dgd ?é&%d%g ahBs sﬁeaﬁa%%h?g%% stream

content, expresse granms of TFesi per gramo
congyristhey hydoaPeos qarlein radonaxod, aBdeerbén tiesideemidiwlereinmtolar ratio of
of .the crude, feed, .wherei.n resjd ontent is as
the GesbiR OB b REFHORBEHOU B IOFSHHG | nvent | on al 50
pr %éiﬁ%rﬁioﬁfalé@%_r&@mﬂnuh@ﬂ of PRIABEINS la@ﬁ;d&){ﬁé&ié@&&ﬁﬁssing: .
that have a boiling range distribution between 30 0C )
condhipnBRENomrganio sdt oylysit cantacding praudetfred With adgdrdgemsource in

onpri si i sQ-paraffins. a n- ffi i '
the BRI 3 U P RRRRF o i PO BBl B e b BBt
inclagest@it erude pesdiubly whsreld Metchald Je6diRPis allivid fvenid A1 5aCad
rovi des a crude conposition having, per gram of

0.1¢oMFasthe icole ferd hagingra 19sidna cqentt ot lens) Griomams ShEesidue wer
eraffy it et B oo ko ot g erld Hpoduet has o
residii¢ borderddxiprasgedrianeeal eft resibud pargrae bfemde 2bubCofutdnost 30%
300 UC at 0.1 Ma, at |east u.uui grans. oi )
of th Festdis CHRIAR Pl WepreinAtadin QRPbises drepBRaely
AS”?IQPMQSBO?'T}%?’?Q.O OC at 0.101 MPa, and at |east 0.001
granms of hydrocarbons with a boiling range

di sThd ioutrition abetprea des0GudamebsERB, O@nrisifDlydéartains that

0.101. MPa an erei.n the oc Qns,. that _have
b EPT TASTGLS PR BV S TRk SOR0GH BorisH R, the
hydrGQriRAS 3bhPEsiAS So PR SIS piafithsavineh 9BIghi AkibQree iso-
the iso-paraffns to the n-paraffins of at nost 1.4, as
paraféine tavi-paxdfiing of8TiosHt had determined by ASTM Method D6730.
The invention also provides a crude composition having, per gram of composition:
at least 0.001 grams of hydrocarbons with a boiling range distribution of at most 204 °C

(400 °F) at 0.101 MPa, at least 0.001 grams of hydrocarbons with a boiling range
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D6730. The invention also provides a crude conposition

havi ng, per gram of conposition: at |east 0.001 grans
wohosaeéoha, t he napht ha havi ng an octane nunmbecTal2@u 042120

| east 70, and the naphtha having at nost 0.15 anms of
distgpesfarvestiyaen P T TR HA:| M el berRE Al

hyd eiRds %%1 Ohoififlg faﬁgwi Ehsglbggém BEE.n 900 KBRS BOESC bh@ 101 MPa,

erosene havi ng at 2 grans of arommtics
andgi boastdf.0Klegrams oé hychscatbd)rsr\mﬂne Hoibipng ABTERI chmulaalondlﬁ;@weeeméIOO °C

andi;}?%%és(ﬁ %0@% % ]g)gf Z Qﬂ%gelngweitgcﬁ?ﬁcﬁ&% g?a%g%\%é?boﬂmg

g\é@l RbufBSbE & oGt 90@1’@ c&fn AQSik6liperaf@ss Hat mﬂm@dv@maweight
e R I\/gt hod D5307. The meentl%% al so prélsl?des a crude

ratie ofifhessa-pantiina e thy,n-pasafiigs afionogdih 68 fetrsninediby ﬁ1§§1M Metbod

pe ko 15 grans of hydrocarbon gas that is non-condensabl e,
25 0C and 0. 101 WMPa, the non-condensabl e

hy driecavsabndds gravideta atdeeshpékittoroliavim, pér gram of compos1t1on

hydrocarbons wth a carbon nunper from1 Eig’ﬁsﬁf(
at l@:syooﬁbglagrsawﬁn@phth@)ﬁ CARIENSENING FNQFAHE A a%leaéE 70, and

o3 B LT A o S g 0 s o

ASKBI PRERE, D6736 Ktﬂéacss 61061 @fhmmf kerdsene theigrpenahaving at least 0.2
t emper at ur e of at nost - C, as

gras oh aPrRissBer gy of K@Oﬁ%}% 3% erﬁ’é{}?(ﬂ‘b‘} 5511%133}% Bt

e o RTER RS Gl kpicngeag o, A eiitioaty
AS’lstMétlmd 223 8de tret atinnestl 019§ gABTWWMesidue apggeiminghby ASTM

|nve[g.<: n al so provides a crude conposition, having,
MCH@FI of conposition: at nost 0.05 grans of

r eSTﬁé‘ﬁweﬁ%ndﬁﬁ@ﬁlﬁbiﬂgéja Byud&d b déeti YORR VDS 931; gr@in dfedfiposition:

0. 001 granms of hydrocarbons with a bmH;g a
at mioss OrliSkaame nf ydrecarbansgas 2o io©n-qogenmplesf 25 @@@d PP&1 MPa,

oG A P SGR P ey o

carDBauraber fRas 1l 103 Q0 1tcdCH Fer @fah yOnacashiensibit ydracarbon gas; at
boi li ng range distribution between 300 0C and 400 (;}8
leagit0.Q)115yamp/Phnapktha, heqrarkthabavige apecigne 1’1‘&}8}?%@ Ahisast 70; at least

008 g 5B R e A0S0ttt

30 hg desaleteimired biynASTNAVIEthog D288Gendithe kirbsene bavibg aideas 0.2

20 0C and, 204 0OC co rise ol efins Vi n
ETB SRR § AT T Haeehy AR TAE LR sisc: and
mogﬂ 3.05 BralRl Jléﬂ,{é 9 @dierlifdd BSABRN MEHoAMEIngl doubl e

dsto o rrs Havi ng 1 nternal doubl e bonds of at
| eaFhe ﬁwéntuasalstepnemdlemedrddy cHSPhAi e, theuinPeT3 @rant hcomposition:

B TR R B CEER P o1

graFl%deqlﬁﬁrocﬁi%oﬂﬁvﬁﬁ 'E‘b%ﬁﬂlgkﬁ{n T ki et 1o6F £08t31720409C1 (480 °F) at

st 0. 001 granms of a m xture of hydrocarbons, that
0.10AMP= abler$tiOdP lraxege Oﬁh}sftroqamqns avithebeitisgrange distrimgion between

20E 8350500, O P e A TP 53R

ranig¥ Gisﬁﬁ?lﬁfti*éﬁ'befﬁ/ééh B0@ °Cahd heast 200901 MPaasleadt P00 fghamsof

as
hydrocarbons with a boiling range distribution between 400 °C and 538 °C (1,000 °F) at
0.101 MPa; and wherein the hydrocarbons in a boiling range distribution between 20 °C

and 204 °C comprise olefins having terminal double bonds and olefins having internal
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determ ned by ASTM Met hod D6730; at |east 0.001 grans

of olefins, as determ ned by ASTM Met hod D6730, and
woOhersooefoe ns have at | east 0.001 grans of ternPﬂahmmmMmurm

ol efins per gramof olefins, as determ ned by AST

douMetbloods \mhz 3@)101%11“11@ aEplefingipy ing SHRIEH dﬂ%’t’?ﬂﬁw t%?lenns having
1ntep1§g§?ubge ds af Qﬁ% Q0.4 6L 85808ned BEAKTVP SRS JBYTI0 at

FENE Of ai 6rmti cs per ‘gram of kerosene, as -
det"IQfeHWbﬁdoﬁJﬁls&@i’dﬁd&@td‘@uﬂdﬁh&@slt@n havdrsg, per H@mh (g"rcanmosmon:

e R
gra&(? H‘f@é@%’ o‘%%g%b%s 118ASke Q. b%ﬂilngqraﬂ%@ch%b\m@w BEWE@S20 °C

havi ng at | eas rans of

anddB@ﬁGt(ﬂ 080 PEY, agy dammhemsaéfl Westlead P 50T, Byd the hydtaseidon

368/ 90. The [ tion also rude
mlxggﬁﬁ% PEL & w&&yﬁ{j}cm&gp e }/ eg%tz)p grars ¢ of %%rafﬁns as
deté?m%d%%@meE%a 73024 166t RO @@ﬁlsbaf oRSBTY) dvkictepdlined by
; "at least 0.001 grans of hydrocarbons with

7, a
ASBMi Mellhgd D63e, adidshe pletins mavest least Gkt rama of terumgd olgfins per

at l.eas f
s it i Plnch 58 BN B30 R G BB ot
at 163900.06 @@ of RdrobiiR; thatketoRasd havird(it 1gasad® gedms of aromatics per
hydr ocarbons with a boilin ran e distri bu“p%@lbet

rarp(8 koosenseosidrienangt OASEY Mothod Dl 84 24 gas G 35 of diesel,

[
el HICESH B 5 B 8 000 o
Mefhod 088 MPpandas ledast (eom pachslof vASTIM gdstdiloy @R8N Vakbhaving at
a0k B! FATRCRPBSE B OB e Haaringe B P A 368100
hy dfl%cl Qg%ﬁ a'fk%‘ﬁr@'@id@s POl BenmpARG hivelel p@tgrhlﬁrbf @bmpbsition:

[ east 0.001 grans of ol efins,
at mhst élomgnzenb wemwawmomnaﬁmaﬁéﬁ #ethod BAEG7; @t b@%t 0.001

grq%w'trﬁgfrggeaﬁ raff' Witia ho ié)lélgé &6 fsft{ﬁ anﬁé@%%{ﬁ)rac (400 °F) at

0. lf)ﬁMH%aﬁﬂ&{s't 0901 Qrdinded 1B3kitdcamoas with aer‘iIlinglraﬂge distribution between
det er m ned by ASTM Met hod D6730. The_invention La%oﬂmg

204t QuidY & @Y MBapudrast GA0 hams@l hydiocgba it

e e

hycgb@wm@fwmayadmnﬁg bogs distributian beiweeng00 &Gged 538 °C (1,000 °F) at
istribution of at nost 204 0C (400 OF
0.1 MAapat daspone s B Vi S0 Bommed Wiherpinghi, Byt ons

ha\)"{@g 801@1? bl ? H&ﬁ%ﬁgﬁto\f’%ﬁﬂo %&ﬁm OE 1BRE P gragpoiaﬁyc@oc:h%ns

grans O dr ocar bons Wt
hawid 4 boiting aamge dchtls'ﬂsutlobutflabmoﬂél%é@n at3egst 0004 rgdammf efins, as

NN TN .
co%%@s%%g%?ﬁns}ﬁ%l r&ﬁargfﬁlﬂg Ltk aawelgﬁt @85 oF ofRehfAxs AAPAraffins

erein the hydrocarbons having a
ofhmhd»sm g, asadeyendnest by BETMoMetods30- 10 0C and 204 0C

i se conpqunds th a .carbon )
O B e A yiss @ € PoRPOu IS PS8 Bt calnBsition
at H&t oqrsag&% of A sIREPRURESMinER By  ANEVIIVIStRo@ DSB0 Pragil iatleast 0.001
a crude conposition having, per gram of conposition:
graats afiytdrodadengwithe b@fhngersmm;gstrlbmtmne@fsaﬁ s Gr 69 “Brat

O.1B¥ (ﬂ/ﬂs)a(i o gas?%.d’& ltgr%axfals g%ydr&gdrlgo%rs] Rth a boiling range distribution between

204 °C and 300 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling
range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001 grams of
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di stribution of at nost 204 OC (400 OF) at 0.101 Mra,
at least 0.001 granms of hydrocarbons with a boiling
WO 20g06a3Dst ri buti on bet ween 204 0C and 300 OC etT/0S2004/042120

MPa, at |east..0.001 C h o
hyafgpo iR Bt A B R A0 R s og e P
0.102tMPa, 1 Het¥RRined By ASTN mhocnmgw ghdhefin Mediydaaaibons

with a boiling range distribution between 400 0C and

havigg g boitingtraggeidgiription %ﬁwe@ré QrerandRAA °6 comprise copgpounds with
a ca{bﬁﬁ%ufr{l])@f ﬁ% &%4&9659@5 (Qﬂlﬁs H{m 5@6&%5@031%{: é"&etflﬁéd?ene per

e ca 5t "one or-nore al kal
granh Bmemnpmhdsil ment s, the i nvention al so provides, in
conbi natiqn w th on re of the met hods or
corhp6 4F B alse BE StNEPOSNIER BRYAS. RET gFary et composition:

at m%?[@@ff ?ﬁgxs o@?é cﬁfés aﬂ@ést pes Igfaﬁlﬁaéﬁﬂfdfd%aﬁoh% {WifReI Boiling range

or fractionally distilled
dlstmlmnmﬂmef asmostr%)ér?@(ﬂﬁo PiBhait Ag 04 MRa, labhastlﬁkﬂiﬁrgramsoéhmrocarbons

it Y B SR, 26251 8098 1 B4 s 000

grartY SRS AfdRs Wlth%cﬁ déra[éi:gé bik@ibulies betdeb@BOO PQ aﬁ@ag@°c at
di stribution below 10 101 MPa, a boili

0.10d :M@a adilet leag 0 00 rerbes méleyﬂrqmb@@vaﬁda biting enge dcﬁtrﬂwpon

o5 T8 C BRSO TN RS b IF 0430 5 Lo

graRES6RRMDr 3e O4taBBY whoRiDGe aktallstlikl aVRast crtr mdro blkal thetals.
range distribution between 400 O0C and 700 QC at 0.101

MPan sgry emhedinsats, tednyestior alse @r%ké inggonbénation yigpane or

oG QSN AL Rt g
not bfeRneatel] ih v deficay, bivnilet pandrg ﬁaobmallhymh;stﬂ]adg(@) comprises
iR RA T RELIEED, 19,05 900,200,050 0L AR ot
sucl n@h afs ?x‘é QL BEE HEE Ve PO Rise SRR Sfs othh@ehl@ﬂortlon

001 grans of hydrocarbons having a
has: tui»dﬂunmrangm@mtrﬂmﬂbn bbiqu 10 Esit\ﬂelé)li Mba aj©ilagirangddigigibution

benfegyi 00 B8P o % Brige % o ol B a0 B ARG ¢

and §@@ @gﬁt @th@ Mkl a'UBﬁmg(r@ﬂgehﬁﬁr@utB‘IW)et\%&l 3’(@90‘ ar@lmoo °C at 0.101

grans, rans

MPat,eastd ddpellpvgrrameadtstubummb%wmwo @gaﬁdc%ﬁ@p°ﬂ %télsl Hi Mr?é,l (d) has,

{
per $RFCH e fehOhe 25t AHAT SR of AFEEElbor N BTGRP range
disthPutfRBRIGH o0 POBN0.301 MTR, atva00i00D gansoofitydvdcatmns having a
conbination with one or nore of the nethods or

boilingrrpessi distohytien bdrarhid ¢ a0 e BH, MPReat Hipdt Gg@herams
of hﬁ@r&%&%oﬁi‘ﬁ%\ﬂg&% B(Bln_grrl 29 Fﬁtrhbgllak g%gfrl %ons@%‘g)@yb a4t at 0.101

MPg, Qm;ﬁ’ai;ﬁ)s&) In@tia e hydi’btk&bm]s }mvmganmhng rangxdistribstion between
t her e &e) conprises water; and/or

300 hgrgghd “F i 0 kb e Astes D IRy eribiRF s Having o
boil néorﬁh%gﬁsm'bﬁu&{)ﬂg{vgé{ hQPeidy (ﬁbﬁ’gl 870, TR 0pef (cf B& a TAN )

of conpositions accor to the invention,
has feirh@d- (Ismagramsp(l) Bdets gramngirt(. o0i7ngatmb ef fesitlug aei gramaiftcrude

tal yst n condit th t al vst
feed] QmORRBISeS Righcl UG TG, O AU s GRS sy
andfor (5 MRS YbRaRinglydr&@RJons00 OC, and/ or

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

more of the methods or compositions according to the invention, the hydrogen source that:
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(b) heating the inorganic salt catalyst to a
tenperature of at |east 300 OC and cooling the
WO p@sged3dr salt catal yst to a tenperature of aPCTDS1004/042120
300,60 () QPEisEIDORL B Siro L412 () RUGRILAN;th A0 -
(a) gw dess I(Eb IS nbi nati on vmfdtr%éong) hFéem%:@ lt tﬁ gemcarbons’ @
compnmmsetbmeccﬂtpms ptdpems oannmuohsrtgerbof {deoinpyiesstwaier; aad/or ()
h g that conprises contacting a crude feed with one
taI ysts and controlling contacting
c onqim SR 8inbbdnehitsClhe iRhtiSW AlisH Prdvidees SRS Mith one or

nost 0.2 grans, at nost 0.15 grans, at nost 0.1 grans,
mag¢ ofthe mathodsy, omsoglpamor@fach@rdmgda thoingenthoa; a medlqddhat includes

8 n are forned
cof ARG E% Bahnit 3 doth Rudhy BB B hiE RE-BGET
combﬁﬁesa(aq heétﬁfgtth@ glotgamesaatcutra@st ®d ’d&nﬁbefaﬁﬁ@ of hi' 1848t 300 °C; and/or
250- 750 QC or between 260-550 0C, (c pressure is in

(O)deptingbeinergruc salbentalis 1o ¢ Pmpstahre ¢zt le@Str3élO| °6 apd cgoling the

feed is in a
mog%ﬁl éﬁ?r%}r[ﬁqgsq%g%&%%%ﬁ%e é)gﬁ{%g?t?aqéd?ubl c neters of the
hy diliogmene smbodimepiy the ubxentmsrehleds pafvidelgin@otiénatios &yith(ddk or

to inhibit coke formation; to inhibjit formation of
magpREthE fgt St%tcampaﬁlwcamaﬁmgﬁo threinyeniies, ¢ Bethod hatsgmprises

cox?;t r%ocﬂéra&é Fei2@ wittiDhne DY fdrd Qﬁélggtg Gnd E&Rﬁ)llﬁ)ﬁé)%%ctlﬁg ehditions:

nost 0. 05 grans, rans
(a)@uéhlthgt dursg the camtactimgtat ﬁlo@UBZ grans a‘omostdkbs gamsgata]mwﬂ 1

crude pro t least a portion
e PO D415 Rt af ot ot Rt aoRERR TG P SaiC and 0101
MPELE feadaet bigh 6006d fe8d S5 dbicdmfieg Bgzﬁﬁh%& b&lBﬁcec (B;@ach that a
product has a TAN of at most 90% of the TAN of

cox@mm@ temperatuf is is @etngetieom 25780 i er b¢twm26<hé@0 %C (c)a

pregfhdb oG SR R0 M B Rt ioftn b touR My source -

to '(hk )cnﬁié(fbed Rk a e Goude-1 B ( @IﬁthS 3@@&01@12& ghibit inet@B bLME hydrogen
of at npst 90% at nost 3for at npst 30% of the

sowe paficubisnetpt ofghe eryde Eered @) tesiahibit cpks diermatinay (f teenhibit

fOIg{aHg% g?E%(l%qtt}é{%ﬁ% grordgét legﬁhegc rms{ed %%r % thg‘agﬁta&ﬂ)gq (g) such

thantHeroogperproduntt elsd haf attrhest 0r0Gdgarhg et mong.03 grahlst hahodt o)1
crude product has a i due content_ of st 30% at

Eragiss pr Ag9gSt 0,003 ErpiBRe! 0@2@ B 48 ot CSHda oS B uchAbdt Ableast a

poftoH e tﬂe‘%ﬁgrgaﬁf@)saﬁ H&Qly&th@gexﬁ‘l i dr hi'mg Qt ﬁfcﬁ@HﬁﬁQﬂrYg ddhditions;

the crude product; (0) such t at the crude product
(1) suhghitshe crde beovott haa p AN of atenbo@0Vastthe TANbofthe segle feed; (§)

r|n th t hanol the cru r t, o
suck AR e R0 e P o<t PR 4Bt OBt most i, or
mokE€RWs thHtehV‘Vﬂ?'é RHh{ dARGEruas BAE; kg8 mANBSSlude product has a

m xture; ana neaung tne aaanonal cruae | ee a/ nexnanoi

sulfiirepntent afiat mMashP0% At xnast 6@%heorsad diask 6M| of gheafuf eerdent of the

e h t h Qn
crulgg gepegr ﬁ guch*%ﬁat(ﬁ#ecrggé gr)gdbclr‘{ aa%pl Jéorggﬂ ﬁgn B?/tngta? W8§tt909/f)‘9t most
70%chtahbst 80YA of Hﬁnbﬁ&pﬁﬁdﬂtﬁeﬁm@rﬂgexpéoxﬂ%}ft of FHeQRede fe€$ (A1) such that
the crude feed; (g) such that an anount of catal yst i n

thercedequpduct bang reétﬂhlé coripfed af mesh 0960 groah)%;# orrap makst 5% of the
d
resfcﬁl% %Ht%{x}t og‘?%e (lé’rglgg %&?2@) Iglischgdéag[ Zm?om? 5 & c@/ gﬁcegl rvzenaa tﬂe crude

produtt (o)tsﬁc}Dﬂla’dthé ich@letph@iveDduingstises thetHafols @ndthe method further

enmbodi nents, the invention also provides, in
COTRPIAYSS TEET WsRnEithemeihang) from the crude product; combining the recovered

methanol with additional crude feed to form an additional crude feed/methanol mixture;
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nore of the nmethods or conpositions according to the
i nvention, contacting conditions that conprise: (a)
WO12§(05H]@6:11)I!1€ inorganic salt catalyst with the crouestmeds2120

a tenmperature below 500 0C, wherein the inor

dnas%?ﬁ‘?“% Ela 1n %] i C%%?&S?Oéﬂ‘tef“éfl?‘;}n UG SHE L HAtHE %&er qftfgonal
crull €rEd i{ Rjluadith BEIHAL; {(PEsuch M BAé 6r mBtAprYpdrtibdoftthe crude product
crude feed; and/or (c contacting the crude feed with
chapgby AlongsR0% kitive éathalrespective aner prase emert@s oﬁmeearude feed;
t odu
(@ it tggrttu ea%g(;rﬂgtagfé %r[e?g%gfth% c%ﬁ{a@ll.l L§£ ne. r 2 S‘r} i gﬁigtr’laﬁ%of total
catd psrpeeibghan® pf srudt fexd] muat (Irpsmdi hl‘id@ amyﬂi*b' g Sourtdlis added to the
opbi nati on wth gne or nore of the methods or
cru @§PPY@H§d§€86ﬁ@TW§“¥Bnghe invention, a nethod that
conpr :
CoP SRS P RURISEE L S RO one o
mopra\thamathods eaconi@saions atc@edihg g the Imeveptlomrcohtacmtg conchtlons

thategbipbiee SON b (eipGRbE Sof CRgy Skt e cryle e da@perature
belb w800 Wt hibR thd oSl Csafidatal eegsaéuxaam 9 ﬁ%@uﬁ‘é’fytﬁg €fide

source; (c) spraying the cru Into
feed; @b} agitating thednergain datelys( in)the amtla &edngldmre(a)mmtatchng ke crude

| t t 1 t t
feed, §Rh Wi sof B Pinrhe nend Ph e adfBy et f iofuce o
totall BrodRBERtheThEIdidEAs Srudé PR AuBMBALIE emlqaidslﬁmir@m ges., in
conbi nation with one or nore of met hods or

conpesme esrhodirenss, dierigventionradso mv@dcs, dmcombinaficnowith pag or
mored (FQIE ?ﬁﬁoﬁg {)11I \’?)%ﬂoggl ds %c%gcﬁn t%e \{\%}gh%?ﬁ] ﬁ{@?{é&? {111 f comprises

uce a

: fcontaeaﬁg aarjie rféedomﬂoﬁn irloepanGd alt- cﬁfa@ﬂtl gid hat PEBeURRhrRSs: da)

13 and the nethod further conprises condensing at
proyiding stepnh o GRHACHAS FORE REQIGP Ohfuriy potashHas bl iy o
e oF I el bR ¥iher 0P | ERARRRHE B GANCHEL AR ¥ Rorganic
saltcatajyrst sebkthe hmimgemscmrw {d) sprayiaigethe enhdb daeldiinig theangﬁactmg ZOne;
i rib ti.on; and/.gr_(b) the crude produ t co se
anclis Rl PTG i b Plackali b CaGu B i §f eash PGB remove
cok@ HRHhERAHSce dfie InDMARICISAR catafQt. PrOvi des, in
onbi nation with one or nore of the net hods or
corﬁp@gmmemb@dmm mengvmﬁlonmsou pm«mdcs, omcongbinaiomowith maat or
ontactin an_one

mof 3R RRbodRE Ehino el Gt Gre Fobe Moyl et TulmiPechuprses

conBRHAAE h dhﬁle if€edSwileareifofzafi c BaR Catalyet toPrefide Qﬁoﬁl firolduct wherein
provides, in uiiiumauulii wr uuc ux nore of

at lgpst shprigon T therpiaknrodeni s m@émeduaﬁg vepor; pd ﬁhﬂmﬁhqdoﬁurth@r
con@?{g &%tdgr?sﬁ{% éﬁ%asﬁ ngstl'bé i ‘}aSOJ% ﬁﬁa’k a§1§td Hﬂi\/IPa gh%orm the

crudd prb&tﬁs 1 th® cént@itmgRonditiond arla easttol (kdBug tas (@fth@?lbruﬂe @ﬁiduct

one of transition netal sulfides per gram of
furtherjcompeisessgaparongits il a selgstedibodingrangs dlgfmbml% andlor (b) the

tion netal
Cm&gﬁreh tcom%ﬁ%ets%g el O%Ungg(:{?egééc?ecgéﬁ %@Oﬁ'ansi tion
metlalsome Iefnbdé1nomﬁsatheshvarﬂoﬁ alsa pyevifidspin dnbitiaaioRGvith @e or

f h | kal I
o LR OO OGHERCCHENES I klveRGTaP Sieti hat compriss

confébﬁﬁ%‘ﬁ Bk tﬁ@e"d%ﬁh arl SHe SrhdBehtaBRARLE $ER 1 he ¥ nfBRE Eatalysts

i neearth
are nonacidic.
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netals, one or nore conpounds of one or nore
al kaline-earth netals, or m xtures thereof; (e)
wouodsiveszozonpri ses one or nore alkali netals, BOEUSL004/042120
nor e congounds of one or nore alkali netals

m ){Ie [SJ(?IE% IFIH%(}]glgP[S \%él? IIlHOIéﬁlb PIéOVI%C?b,r 1L bUlIlUll au%L WILLL VIIC O~

moré 6 inkdtREUsOR apbations debbrding th ik 1|ﬁaﬁﬁidh$a K@Fﬂbslls bataryst ora
the transition netal sulfide catal [

trangitionrustab sulfige safalyelihait Gurhas ¢ tatalote Y e R SIRLD§ rams,
el a5 HADRER R T Bl PR AR s,
catamst &l the tramsitic@r memnl eilfidegalpsts(b) haomeatomicmatie of transition metal

kal i ne- arth or m.xtures thereof, an atomc
to sl U o PIPBAT PSP UHQREEH SE AP dgahee Trom

0.2 H3A c%sfﬁrﬂ?err chi rlgers%% lok _hf?ﬁle glﬁﬁl?hléa‘fé foh€l8r ARt odnas of one

inarange fro an atomc ratio of
or navlré allkali exetzas, tohrrmanwls thaneqfhéi)tfumhesucbmpnsmxalor pwor mlkahne-
ran fromabove 0 to.1 urth r [of0) i se nc.
carth e 0P EF POGh TSR iy ARG EF UL GRglY QRgicturs

theré%_feég fu@Rec&hp i(lie)s ohé of‘ﬁ’l@?é ﬂk'&h mlethl$ @H@oﬁ@i’@fﬁidﬁﬁfbﬁﬁds of one or

t he |nvent|on al so grOV| in conbi nation with one
more alkabmesta$, or exweest @tsofowhcmpmatpm@tla@é teasiien metal to

sulftgrhfldfle iﬁ;l‘n éﬁ?r%éaé%%gsg 8F #@etfag(lsﬁ?)hgnset \?gﬁlc?égctﬁta E}fst Isolfl T’?Qnger}”rom
0.5-D5MH A8 Sitorhid r& RGN tR@AlkeI mddlHtoane tafsified @crl istina range from
nmet hods or conpositions accordln? to the invention,

abomw‘étq;} (Aoehesfcoppaises ane<ir 1aes afketag-carth mp@lssong @i meye

com1pg :Balﬁép})ng?e %Ee{l#n% aﬁﬂ ee?igl(s) rn%ﬁg{'l%?snt?nélrghg Q% rgﬁ)tlnlgl: fatio of

tranﬁﬁlmmﬁulm sflfwivethe ﬂ(gﬁ‘efoﬁmtcaanst bil the trapdiddrs mbtab sulfide catalyst is
Col utims 6-10, or, m xtures o r se one or

in a ggeg o f-Sstibandes atqrpap © %%fﬁ'h a&éfs%art ol WP? Egusition

metiI§Sh a ke %?Pegieigo% i Hirﬁle?f:oﬁlf)ﬁ&s%ﬁic pﬂ%héi“%@fn ks

the 1ron~sul are represented by the formula Fe
KFe)z& (Mfietler bomprisas KeSgragd/of (jome mbeoidicd to 0.17; (f )

t odh Sog PR A (8 TEV<Gitof plsS preyiis e Mhirasiod Syff ¢t
mor€ ra)% HRIMmEME& dricBRpbiitions BBbRingsStalthd HE8ntich, tHaOthe K3FE(,S,

h) are deposited on a support, and the fransition
t il fomugdfingducat al yst has at nost 0.25 grams of total

Su R sr1;t1}8 %{eniliagcim'éeln o m:impent Sgtaﬁl %)%0\71%? @b?ﬁg?%ﬂ'xﬂﬁ%& or

rovi

mor@ rof e RetBbds dieofpbiifoss @box@l&l’ﬁl@&h& InvBisticns o0 6k mgretad the
the invention, a nethod of formng a transition netal

trangipp pasial sakfides et QaRpBEeh: (DrFoRmESHRRn et s SioRguetals from
Coh?ﬂqﬁé 59 02 1eBL ?fohicofhb@toﬁé 0 ?élg?eeneo?lgﬁmﬁdw e of Adre trnsition

transition netal oxi m xt ure;
met#le &k Ggluhhs 6t T(p oS hittores tetredf; () icomprist @le crahdre mfox tsulfeles;
wi th, hydro g{ to form (énternedlat
u

dre
(c) qmeprisht B el cauaPrines FeSpuf) GPMPHSS m@lwr@sog tiow SEfidgdvnsrein
the HBIF ?ulg}igg A€ p?é%@ﬁte% ag[ H[eoféﬁﬁﬁatﬁéﬁ Sr Mhsteld Rn FRhRk from above

e cafal'yst he metal "Sal't comprises an
0 todl. KB I(f) forthen Icom@nmsr]@FeLoS@ta)?tet battact withtibe cmdcrﬁaeds@é at least one

spersing the_ intermediate in.the o
of the SRR G ek O ioes Gapsttiats etk des Soprs gy andiog by are
depbditeWhGlyupp&t, Aha MRS Banfioh Mfetal sulfide catalyst has at most 0.25 grams of
total support per 100 grams of catalyst.
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hydr ocar bons have a boiling point of at |east 100 0C,

(d) in which one or nore of the hydrocarbons is VGO,
wephesmes3oer i xtures thereof; (e) in which n xpPawuskm4/042120

transition netal oxide and the netal salt conprises:

mi s mgmt: lsEbodiments, itheninvention alseipgevidese it ¢rantrpatign wigh ene or

more I2>f % m%'hggse C%%ﬁrgoosﬁ%né g&toﬁﬁlgv %8%? {nvteﬂtl&{g %'H’x&he{@ Bf forming a

tranﬁlﬁﬁﬁ ﬁld%dl@ﬁlfikﬁ&ﬁ@ﬁ}&t Qﬁapcai’tﬁ)nahd: ﬁieﬂioﬁ@otﬂpﬁsdlglr@ldlr@%ﬁnﬁlsmon
at a_tenperature in a range.from 300- 6 0 0C, . (f)
metghfxade aeacmetalsaltie fomm a ftrpsition met pxide/metalsalt msw% gacting

the H&%ﬁﬁcﬂﬂnhﬁﬁﬁh Lalh b bt Willen n@} m & ?01% aff nté:t‘ﬁ%ﬁiate and

rocarbonstoa e I n the range
readting mheﬁﬁﬁbr&ﬁdhafbﬁvﬂla pudfuwin (hg)pr‘tshadze d¢fumtloe more hpdrlosaafbons to

ontacting.the c S nposition wth a crude d
pro sﬂh%%ﬂﬁ%}@égetgﬁﬁu?ﬁe ISy R S8t Gp BB metal

carRR Surttid? €ofnl gﬁ%’étdﬁs%@rsﬁlgstﬁe RIt@id®Se id the one or more liquid
conbi hation W th one or nore of the methods or

hydmmﬂmss wihde st ia caotediwith the sulfe; (o) wawhmbro,ne annionoofythni

sal hat .c ses; nore al kal i
SN ol boREOT 198 100 (R i Bh or g o e
hyd?&%%ﬁ@lse@G(p KkylEh& tod yERtut ISR eds; (<)l wWaR® AIxifEIhe transition
al kali net al hydrOX|des one or nore alkaline-earth

metplerxade ingdhe xetl salt epmpiises unixéng the traadition gietah aidg andriheanetal
salt ﬁ%ﬁlglpr%s%gctzea(lgf Y 1%%1?%& %\fa L USHS ar@étg}ag‘l!e K %J)yll‘%ﬁthg et anste ata

ures her e

tempetafurélBsa Rhge Aemor5 m@bﬁ@ talcimigaths driedpashd atrmtémperature in
sul fides of one or nore al kaline-earth netals,

a rapgs im0t 409 Eo D) ip Bjuchieaching thy iateamedigle with %H%@r Gpmprises

' heaﬂ% e"ﬂlt%ﬁﬁéd%fﬁ e glré%@ﬁ‘ eVt ARE§ ATP ﬁﬁrl‘gfdﬁbﬁgboﬂﬁ tdipre

alkal’i he-ear or mxtures t f) one or '
tempatererat the $a1ngdl‘DnC@41Q;l~ﬁﬁ$°(6 -ahd/cof(g) thet fRehéraminprifeddomtacting the .
one or. or e

cateBY 6RO RGOV BeHAIeHER] et CrPAISFESIGH o R DyEgen soure,

t heh&Bhhe ehfbbd ARGt "the”iﬂ(f&tioﬂ‘a{s%%%\ﬁdéﬁelrﬁéonﬂﬁhé’cﬁm @mone or
wherein at | east one of the inorgani ¢ netal sal

mmgexﬁ drcamethodsy ol ¢ogiepoditionn gecasiingyfo thé enV@atl@n, ygnnorgimlc salt catalyst

A .

ot PO B A B b e o e

carbnafds SR Ghistirsthtred R ¢h Pore @l Ascé HIE ldial dfdroxid@s, one or more
pot assium salt conprises potassi um carbonate,

alkqim?@gﬁh aatal Prdsides, orpeixises thesgl (¢)dme opmate gikak mstal
L SR PR DA BB SO anormor
sulfideX b oS oit Mereetali métdlspdine(d?)mcme xhifidesof drereafiore hikalingrearth

enbodi nents, the invention also pr.ovides,
metalsngi EEEHihAreoR (Ehenco sk amidesiof anfret lweﬁrsaqlé%h metals, one or

t
oSO 03 AL A8 LA L 08 a8 B0 o
metaR )frdnh €ohtnams & 10 af ihe Pefiodio Tableadne arehate chenpbmglisand one or more
g RIS B 20 S AR e ) 0 08,
1nox%mé1.l clifetdls ?)an@fwﬁef‘e%‘?&t léé’é’ﬁ’oﬁg o€ iRl ¥eid mBRl &8 gRh&ates

uman pot assi um and an atom c ratio of sodiumto
hydpide dssnginse o thacadalystn@g sédiom Potdssium, 4ubidoim,aesibmast mixtures

t hy e f.the | kal i metals ar.e sodj . ot Si and
theregh {1 ol AR QERESH k& 3 PLA THL B PAL g G gt tom sal
andRd ﬁ@ﬁésﬁ{ﬁl sﬁPE’drH}SFlsterBﬂdﬁhﬁh dtboRdte p%@isé‘lﬁﬁi W8ed:Qde, potassium

rubldiumis in a range from
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0.1 to 5; (d) at least three of the alkali netals are

sodi um potassium and cesium and each of the atomc
woabises6t sodi umto potassium sodiumto cesi BOT/USZ®4/042120

potassiumto cesiumis in_a range fromO0.1 to 5; (e)

hyfiidc, SEBHKIIRP BEFe THSEE IR SHEFRINENSH SOBBRLE Rate, sodium
hy@&%ﬁd@ Nod{hPhiiB, oPREkBRS thePlorl M/ AR M thidl HRPed?f

potassiumto cesium potassiumto rubldium and cesium

t o fudgingd embodimientsathe amgetidn dm provides, i .combirsitioe with one or

enb ts, the invention avi des
G R A S AF ERPBRIOT B o Bifc HEERBaeh preanic salt atalyst
that VRIS Ak eBA S B Whith: (aPtheREnhid VAT b0 alRd)i BRI BAMEan

salt catal yst conprising a support materjal, and: (a

atontie nemperoritat leastelrl; falan@Bwbnn@@lﬁlamng@@rﬂtmcamnd@r greater than 11 is

in LMY 05 PR T B b AR AR 10 st e
an @il e ratidl ITGo@irtie, po@a%ﬁiﬁlﬂiﬂh@%taﬂlge frant 0.Me6Y; @X btiast @iree of the
m xtures thereof; and/or (bz) i ncorporated in the

alkgli msials arewpdinim PomsEuMopns TyPidign.cangwesh of ﬂlﬁ@tﬁn@w@tmﬁ
P
sl Pk EARN AL R0 AL PR SERRINS, e o

0.1Tial3l; &) a0 Ieestahreﬂf@lfﬂqeadlkai metaBtadd sirbopaistiim,@né ceédium, and each
rmre al kal i r?ge hydr oxi.des, Qne or nore %I kal i, met aI
5@

Mg dfqrefedatias IHWP@OEISR‘HM PRAUERQ FESHIR- AN PRFAsE Y e Sesium is
) S L0 5 5

ruttihiemg efid each of theptemizodiioeetmiassiom forpesini, potasdiwo to rubidium,
rovi dg}s C{; conbi natlop vvl(ijr one or nore of the
SHBY L b1 YRAHE 4 1332 Iq8Cbt i g to the invention, a
met M%xﬁ@&ﬁﬁécﬁﬁl@nﬁ%& aelehfiéh As¢ f)ﬂd)@ﬁiefs 88 doMibirfatiaA with one or
[ nor&anl c salt catal yst that: (a) t he cat al ytic

mage of thie myetlfds oh gotnpesitensi a@ccsrémg te éheanygttlonsan morgamc salt catalyst

co {ATHF bportuteRar §F e hiBeRoEnGRE SoBbuiititnim grice
caleiieteskill®) rﬁafgﬁeﬁﬁllﬂdﬁude? €i€hniuni oﬁld&ﬂlyﬁfﬂtﬂditﬂ%nhﬁma t g&@mama iron
i nvention al so provides, in conmbination with one or

oxidgy rickst oxide. Fa¢ FIde, OB BYIPANEMONY QXiledPTLeE Hereof;
anéz/gg/ &)gé]ﬂcgﬁqotr%@d {RE gﬁﬁ# Ft mRatfialGRL: %Inx ?&B‘fop@ﬁleﬁmr&ht(ﬁﬂumns 6-10

gas ctionin tenperature
of tteRgepdiaMibleheneon mbrectogasaadsuLi |oae er mt@membqoﬁmsmaithmns 6-10

arbon_dioxjde; b a neat transition in a te re
of ﬁ*ga’g@%t hOBDPE BotS ali mefpl abpngiss, W%@%e E@etal
hy%%ﬁﬂlgé %hgbf‘%r@éﬂkgﬁ He%{l ﬁ?&ﬂd%'s otfed? %d(}g )a&%in?é _LATRE f¥a) At

eating rate of C per m nute;
carbemgpes; aheioEMPIE edlkalmn@ertb ateiwd bpd2@kleshe OCmape alRBlnedsdth metal
era{ure of at least 100 0C, an x-ray

ate
hy@‘ﬂc}qs aﬁ%‘{qr&ﬁxﬁ‘é‘f Pt hat is broader than an x-ray

di f £ amhd QRbRBIERENKE invehBord A FRAMdes SAlcbmEBtadtbY $ith one or
bel ow 100 OC, and/or (e) after conditioning, ionic

maogoalithe mevhqdy or gemBENitiQe, acedrdingite thedngentipam methiod comprises

cofier afatfe bidB mOBHIE T Fealfih R @) W nRR gy of e

indRgNd ﬁ@tsc.atallyst GOBbtaRi A indhdnBe @ L prd¥Brice dFlsulfde and/or (b) the
met hods or conpositions according to the i nvention, an

inqrgasi i catadyst is coatiangusty added tocthpcnide deedn enitted

ITR{:’ esco %]‘Hf)@dn%eﬁtg MRE RS a188 nlgr%md%g’ 1Q %B&B{Haﬁglg WI%:X one or

more of the methods or compositions according to the invention, an inorganic salt catalyst

that exhibits: (a) an emitted gas inflection in a TAP temperature range, and the emitted gas
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contacting conditions are also controlled such that a
contacting tenperature is: (a) above Ti , wherein Ti
wO020B066802 20 0C, or 10 0C beIOM/the TAP t enpeprarwsz00e/042120

the inorganic salt catal yst at or above a TAP
corpipRass PRI BPOF ARG FAEps AR idep i FERTPABD g A A ApeTRre range

bet%eﬁ@@) 5@ aRLaUsHa, OP?@@%@‘C aks ReRANRe8 Bh AHrEeAR S scanning
the i nvention al so prow des, in conbinati on w th one

calonimetoy,et oheating ratetdfid 8 SCarer uumt@,s(lc) 2 DS tamperatiizadn @ mnge

betiitnp 00 60 ' CbrP el 67 R ike My Bledir ¥ leats 180, € phRrey

difff AR oh §RREH Ak I EbRhddr Ban HOL-BFNiffraRabl p&BdrabY He ind@hic salt
t he |nor?an|c salt catalyst is substantially insoluble

catglpstttigbove FQHC;fandtr &) afisnsendiioning wmpcqr@#ptévlﬁst @F 300 °C, that is
tesd B infe SR TR IBLAE 2R kb bR e

em I @ehed@sbddivhéms,ithe ﬁweﬁﬂh)n a1§o prowides, un eombmaubm wuhdme or
phase and a solid phase at nPerature in.a rang
mofq ¢frthgmethods 61 GHOPEtIONs ﬁevqwmg hgtinyeaLien, aaoigANIC ﬁélt catalyst

tha{%& 1?1%%%%8 n@x‘i‘fg&éorf‘@sa t@nﬁ@%&r@%ﬁé afs\de nﬁﬁf&.’i%yﬁ@ D, and the

sone e the T nvention a SO provi
contzn:tmg rwbhditidnsoute wisd kowtreledrsuctothet otorttintingi¢rhpatstuos is: (a) above

SRR, LT SRl bSO e PO o
catﬁ% gfé |a?§r 433E 2 TP RATRrdlE CHPHR c)]aQ QQsth6 TP ﬂcekﬂp(eﬁa'iure of the

fornms under gravity and/or ‘under a pressurée of
1nomanice'alitcatab®07 MPa when heated to a tenperature of at

L1 TSRS b7 St B A TP A7 eE dRB PbR i beng o

- moSESONE nfetHods b cdmfdRadts Ac@rdin 8 ta!hRiiRgntion t AMEndighsic salt catalyst -

formupon cooling of the inorganic salt catalyst to 20

thapey, lnIWhl%r@ ie hpwidiorsemsliqyin at leastahthiedm R fesepeprtung of die
ino C%anfco Ic f%} SP gn&“t}{egn %?1{1{8 ?]E&{tglxg’tfls %&B%ta%& ?Pp%%oﬁﬁle in the crude

tl ons’accor ven I nor

feed at Ieast at ﬁie)7I34P tehglerdtas, whatinghaTAPfteinpatgadischs ﬁintumum
cataly (a). at nost 0,01 ?rarrs of lithium or
teﬁtR?F?é%‘: @agfh@h the } mﬁrgﬁmc S@HI%‘@ yat edibits anrEuttied gavinfection; (b)isa

mu&t{ntert}qf*érﬁ% (S%ha 019} _ Cia/atgl'ri’lp?xf Eﬁéa {rf€ran g@h%ﬁl 8 €910 500

°CLindldr ge)eatrbeastt or@lcﬁst]wtvmamdgamormlmjhadsa D$@ t@mature above 500 °C.

enb di nment the invention also vi des n . )
P38 %ﬁsﬁb(}}aﬂrpﬁmﬁyﬁ]@e Bventinalse prgﬁﬁem ﬁ@abmapon with one or

mos:@dsmﬁé hichas oae&ﬁ;s&atnﬁlsta@caraﬁﬁg kMR VeRfon,tARAnbRhAk salt catalyst
product that has at |east 0.8 grans of crude product

thapwhenyteail af the dora obpawtj@lcs that Wnsmﬁ%theqﬂgbdu @A meicromdter, self-
nventjon al.so provi in co

aethBFE e Bl Be RN T L pessug BT RURE! bR Ny RREn g oo

terdpRY:RiNe 108 Bt ledst GDY EE, Mcﬁ@he@thetlh@tgame 3alt baslystraABRimo O3 first
granms, at nost 0.02 granms, at nost 0.01 grans, at_ nost

form. to% sgeendsformasnd the oondformgs lrfcamhl@omomng@o thedirsirform upon
00081 Oog%enggﬁ%gm @Téatalgat tg 28 %1 0.03 grans of residue

e pr b) has fromO granms to
0. O @hay@Embddideas) ]th@lrﬁanfﬂfnaﬂﬁ) provides, @9 0dmbindtlorgwii®ne or
of coke per gram of crude product; .(c) hhas an ol efins
mOognpii thgmethods or compositions according to the invention, an inorganic salt catalyst
that has, per gram of inorganic salt catalyst: (a) at most 0.01 grams of lithium, or

compounds of lithium, calculated as the weight of lithium; (b) at most 0.001 grams of
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of at least 10% greater than the ol efins content of
the crude feed; (d) has greater than O grams, but Iess
Wohms/(mioi grans of total inorganic salt cat al peT/Us2004/042120
ram of crude product, as determ ned mass bal ance;

hal{dé) CHigsg o thgSrergt ot GriqRen: and/Qr{Q a@@’@éﬁ” Wlogragys iglassy oxide

corﬁ?(ﬂlﬂd@ 04-0.9 grans fromO0.6-0.8 grans of VGO per gram
crude product; (f) conprises VGO and the VGO has at
| eat sc@n@exgb«aimem‘s the uwanmcaxsalpxeprogr@m ipfcoBiDatioy yithame or

f 0.1-0. 5 t
S R o it BT AL L s e
at 198 9. 81é}a(ﬁ19%f thae ptddueipel Bene 6%@&1%@&%&0’( (j) has a

monocyclic ring aromatic content of at |east 10%
g r el gme ¢rmbodimentsitho tyention albmgroaidsszinicombimntienwithfone or

k55 Y5 oS5 RO % R LA o o

hasedt Iiwdsb@ro@s Reims|, 3) Mg 0.028Frafhk st 010U @mﬂw @ﬂmagt 0. @5 grams,
nost 0.1 granms of benzene, from 0. 05-

mopioh. Q%granfSr Fem(.0090 b-Oglr grams - 000 1:0. % g@ﬁ& Olf(P 8%) 100@3 grams
o R BTVt LIRS0 P B s B 20B0R 0.3

grathsQdr 0.060160 Mg ramhs 6l ke ber gritn ofenptel ;&ed%uctttl (epleds, anaﬂ]ﬁﬁns content
t he di eosel has at |least 0.3 gr mﬁ of ar oga(ltq'gﬁs per
of grlgast 69 ocareaten thar s ofchigs sontpRpt peryee fegr sl has grgpfer than 0
1 . z
P45 sy L B 56 ORISR 108, i f ety o
as ddteineast bPmAsypradaree;de) ks dt dast 0. tD.g&uysr, fom @00C1eB? gesns, from

0.0fgho i Fun -G8 Fies S W6 Chas? et Rbuide BB o pSigories

VG@ ﬁﬁd fh%G\’@@ ha§ & leﬁb@@ ra1|n§ @§ hroth80d p&t g’i‘ﬁ’fﬁ P VG, dg?ﬁ&t 0.001

.5 grans of napht r) conprises naphtha, and t
anraspm&mn Rds0. éigramﬁsctf distiiutey (lza)ram atemicribét ofpt o®sit- én(s) ha@ran

o R 1 g PR LRSI 5F 1A, BRI Py s

corftéht oTRaflleast 1|O$/0%1@ﬁéﬁﬂlﬁﬂﬁle&ﬁﬂnd¢§?élﬁﬁahn@atﬁ)ﬁfaflb aSntéhttdT tike crude
ht ratio of iso-paraffins to normal paraffins in

feefih@g haproRecystic Bng ﬁﬁ’@%atlfs ihat eorapidte Xydanepethydbspgenggrr
fn
coPings B2 Bl t$A%ec ORI S7 uiley bRERAL Bodklh o { ims of
berpenw,i fetas 0.0510. l:fogﬂamaﬁf taduensi frbmoh®-0dr gramis ef afetd-tdene, from 0.5-
net hods_or, co Si ns ac d|n o the_invention,. a
0.1qeraBEiof %ho- ?@éﬁ D A T Bpc B A VRAE AL gast
0.0981 g{a)(ﬁst or nfl @rO ur t gf&h@l of REQELI G Jo isEOIBYe!, 2R 1R  diesel bas at

crude pro er conpri si a) combining t
leastr(udl grqnnsmfwmmams ipeagranmmfeiﬁshht(o) lsastahbasté)rﬁﬂl(grams from above 0

ff t .f d dt .bl end t
0§ SRR BEFL § HGL-O OGO AP IG: ocoP i SPGB 29 Bh
ker®sédc U8 af &t 0126 %Eu'ﬁ@ 0P AMBas D). 5Hrhii8 bEXonakied pdreark L¥R&osene,

feed to forma blend suitable for treatmnmen
and/eca frscm@pom@)t afteraperatureaef at gnctshe300°|(1,| dempstod 3¢, or(agijnost -50

o h d t t

Cefd By ARt PPl ot oEjeBuat b Bireionts e 0, PRieFggs naphthe

and ﬂﬁ'naf)ﬁtﬁﬁhég atlnB$ 0.003eark, at MBstc).63 gﬂaln@t & dt @t 0.003 prams of
and/or (e) when the catalyst is a transition netal

benzgh¢ p@r@r@m@ ingigfttha, an @etahegumhber afrabtesstt10oat lagst 89, or at least 90,
an u}li %{)-%gruq é’XiSéltO{Igalgl Cfﬁl\{g 5v1tH%t\§é1§’ht rglt%rbf 1@(? pgﬂ'a?ﬁ}?s tg 'ngﬂnal
paraffins in the naphtha of at most 1.4; and/or (s) has a volume that is at least 10% greater

than the volume of the crude feed.
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In sone enbodi nents, the invention also provides, in
conbi nation with one or nore of the nethods or
woanpasez ons according to the invention, a cr Bd’E/US2004/042120

product that has, per_ gram of crude product a?g%
| eakt squayenibegimieats dhe ipEentionalsq Provided 1R gempnapian ¥ithgng or
t
mogér gfr@e g{et Idgs%g%ﬁg nsgt%qg%ﬂﬂﬂi‘ﬁ 1/ ﬁ?smg%ﬁtloga% %n%ﬁl%g tlgart ggnliiprlses
cortdctmpanabdacteed emthgzrcatmly}:t todﬁoemeal tpta( pr)odact thetammpBisedd crude

preg e BOHBE ST g e R MOt SRS Rahisdpe same

or @ffefint F8ASthe ERhdedBY 18 FornP 2RI @ﬁlftdﬂl‘@fcﬁ‘ ml%gbo@@ﬁgafas)l ddnbining
wth a weight ratio of the iso-paraffins to th

mmrhpr)dum vith satrudethat iy ths sapg)or alifferent frerf tha cméea@[ed to form a

T TN A I T

theeld JI6dBE Hith bge bAMbRUi S aFPEACtdnd, Sand padEicefg ingpdrtiSion fuel
per gramof mxture; (e) a weight ratio of atomc

fromyat d@gte@th of the diviibate Seefimms; snd{drderwhepdiecaighysbis adtansition
8 L P i b3k 8 BL R g o

the&f&ﬁﬁbh@r&tﬂ%ﬁlfweaﬂiaqfst kerosene and/or has a freezi ng
point at a tenperature of ~at nost -30 0C

0. 0fn pmeeypegimenis, the W@tlm@%@@wq@éﬁrmg%&mﬁwn with one or
I b
mo‘rf]ég1 gﬁ.?lg g?éﬂ\?dﬁs é)% ,‘h‘z’r\’/\lﬁgﬁﬁ&g%m . e% tﬁ tl@ﬁﬁ(f&ﬁﬁ)ﬁ Qgﬁ_g?gﬁ’g}lgﬁgat has,

en co ave at nost
perafraal effciruie fpeducgr(amtddast ;o0 grahisrodd/ (M)mrrddhd ¥iHabbsat least 0.3

hydrocarbon ases a non co ensabl X
o GEAP R PR g A Qﬂ@h@aﬂﬁn‘?%ﬁram@ E5TPHdbe diesel has
at BTR3 S8mb 30 RRMBkikS P& é‘ﬂﬂ off ?%@éla(c‘s 'aﬂf%aé’t"Otd'Olagréﬁﬁé gf‘ﬁaphtha and

rati o of the iso-paraf paraffins in th
thmpbﬁhadmhvmmmt Qddgramm ofemdenestey Igeanh pHinanhiran om ogta@e@mber

or flrbb7 Db “tepesbition g SRy B8 Aol i S Ry poratis

to e tnbp£ARS B AUAER NS4 @f) adofalCE) atamt 8. oOﬁéba,msadﬂi Bixeee ght
ratio of the conbined C2 and C3 ol efins t

compwntsethafd@vaﬁ@omggar@fdﬂstﬁbuu@ qftat most 2Q51 °§ (489 eF), aad the

B0 SRR i R o

atolnﬁc hydrﬁgért . 2omAnditon in kl&fdoﬁ@o&lmdnmﬁa%bstﬂsﬁl,\ﬁot ht raost 1.8; (f) at
carbon nunber of 3 (C3), wherein aﬁ%&% rati o of the
leagt. O IS Of beippeecandihs Kemopens s shde g o aymafics per

gra&lé7 P 68R% e GRDLEMS aotfree%ﬁafg Ip%ﬁﬁtat 0 1A ALY at {n&th-gﬁ °(%n(g) from

graving In a range m1l5 to 30 at 15.5
0.08a05 1 Agramsstf aﬁ)rme(h(ydrogerap@ gpdm tof tadap ddiiti i i) Ipmrcogldarsablﬁ

hy g F b SR and, BRI, AR5 WhecaaGe: drks fiBet 0dd Epmset

t dRRafof Bses@8dl naphth
Oleﬁ%ﬁ)ocar bgﬁghév&ﬁglg%nl fdr%gb I%Sﬁlgﬁ di sta r |ob%?egn ofn apntha; ()

nom%deﬁéﬂbl@h}/drhwrbmes qemaghthey which) wli¢neombined, compr1se iso-

S 58Ty e e GRIGe bbbl e dinfln the

coﬂﬁuf%@ ﬁ%ﬂﬁﬂaﬂ&md%dd%cﬁd&%hbl‘e 'P@dfo@ﬁl%@n Jhss lof Btihban .Afj) #e
nost 2 OC t hat coggrlse ol efins, and the ol efins

hydraoarbens Wish s cabon 0umerafupdd Stcemprisiag: olefins and preaffigs with

f o
carfon BB 17 (G A EEE 38 sl ru A bHBETEF ma.Cs olefns
to B8 @obened!Bfdnd €;pamelids 158t Abst0ed;ioefBis ané patafiids witled tatbon

to
number of 2 (C,), wherein a weight ratio of the C; olefins to the C, paraffins is at most
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internal olefins of at least 0.4; and/or (r) from
0.001-0.5 grans of olefins per gram of hydrocarbons in

wa 205106630y r ange di stribution between 20 0C an#CR242@@042120
In sone enbodi nents, the invention also provides, i

0.2xrmdoir edafing andparailingevidh a pasben Bymbeof b ddictsin a wei ht ratio of
ri . . e

e SETRAE U ARTREPIHY PRLERSAE A PHEILERneR fGr st 0005

gra@e(Prlias ian G\RI peaviiig 0 @ngd Fraini 15neB38las 155 Opdiing has 4t @)osad.00001
| east one of the al kali neLaIs(is got siun%?rqégdium

graggs oF L ¥ V/BF PR Pt YLOPMEFEBR; (Nhh AFGHIHSPIER Plehie

hydQGridhs hQﬁngaﬁoeh tgn éﬁi%tﬂﬁﬁtﬁcﬁ%ﬁb"t_ hRE26 4 fSEdbO fom 0.7-
nmetal, a transition tal sulfide and/or bartonite. In

0.9% grahise (o) ybhadanens withfadwilingesngder distribpéan 6§ at most 204 °C that

enbodi nent.s of the invention ..be conbi.ned with
b GRRF GBS OF DO LB HB OB TBEY SO CRET OF #gpost 204
°C, A0 1081-0f FALHE 8F of RTINS dRIERDEhSRh aBAYlideraf ik @i®Etion of
wth features fromany of 'the other enbodinents. In )
at st 20vePC b oathpmset dlefins; enfbthp otading hevesatdeash 0 Q0 hgtsines ¢fyferminal

ny of the ho and systens,desct:i bed rek.n..
ole R peharab i Do Lo S i R el uigh g most
204 T {haeccHfee ol FimRdheBRliSs BR&E mbRE rdtierditetmifofins to
~ DESCRI PTI'ON OF THE DRAW NGS Advant ages of the present
interpal ofrfine of o least Beks endlonppEpat-0¢160.6 resaras ekolpfirgpar grany af
rt with the.benefit..of. ' il
el LISl tbpa g el ot 0
dr aj a@f dnfibodkihéedts, thd favedtidnsals gotidegtin combination with one or
enbodi ment of a contacting systemfor contactin ahe
mogg fhe metgdspx ¢PmBPQRIANS gerordiBg fu e ilﬁhveflﬁ@na&%g‘i%%@ it that has
| : . | _— R
B e R N
of the alkali agtalniy wystiam, hdridioon pactsiung dr eExtrestberees dndior () at
a hydrggen source in the. presence of one or .nore
leat gk o R Saialy Sy HBHEEORHEISE ot HRHISERS Agdesiian fetal sulfide
adehemhic of an enbodi nent of a separation zone in
conbl nation wth a contacting system FIG 4 is a .
schbmfatther apfibaaliments,deatirss frost specibicemtiodgnerdnel the invention may

conhi nat i w th.a caoptacti s . : E S
be ERORRL TR dreie ERBORRRR B O afebtion b Ry
feafiREY fB6ih o emYEdiaitnt RAY ba chhbindd RgthZoateres Flot arfy éfth@other
schemati c of an enbodi nent of nultiple contacting

embgdiments: FIG 7 is a schematic of an enbodinent of an
! Onincﬁlgtﬂgrde%dd\fﬁl&)ﬁs,r@@c?euﬁrgﬁﬁ?c@st are obtainable by any of the methods and

systems described herein.

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 for contacting the
crude feed with a hydrogen source in the presence of one or more catalysts to produce the

total product.
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system FIG 8 is a tabulation of properties of the

crude feed and properties of crude products obtained
wonrasoeedoodi nents of contacting the crude feedeirmlszftohlmzlzo

transition netal sulfide catalyst. FIG IS

t abitiCaRiion sdemebapbanathe eanbordinens of p ﬁ%a$té’éoﬁyéﬁffal for contacting
the G o o B o AR PSRt g papuce
ﬂmvm@ﬁpﬁdmutran5|tlon met al sulflde catalyst. FIG 10 i's

a tabul ation of prqpert os tions .of ¢

o GHIGh B9° BtERHER of RO RBAB BN SPGB LD AoaR tieng eLifgon witha

g with the transiti on rretal sul fide catalyst.

Cmiggﬁgi% I'S a graphical representation of 1og 10 plots

of Flith 4dsia sértmtiobf emembedimyatefsa ending ey iggambinggipn with a

cat.al yst versus tenperature, as determ ned by TAP.
cONEACHNZ FYFIMe 5 gr aphic representation of log plots of

t hepfesiish akketabt of RPERABHHICHBbT a Sphati¥s LonsaBdofActing system,

inorganic salt relative to the resistance of potassium
andcalblboding songer sus tenperature. FIG 13 is a graphic

FroBeaprasdet SR Py bt of GBI RLE sfiors.

t hepRP7a5 § sehpnadc b Ba A bYSinfus of @npaicabidectivity teadueinsnt
a graphical representation of weight percent of coke,

systeiiqui d hydr ocar bons, and gas versus various hydrogen

SO uﬁf@% elg é ?ﬁ)ﬂf’«ﬁ%{l I%)E“ ngﬁ)% L Qi ﬁﬁ%ﬁdeolfeecf E‘rpf y@%f)él‘ﬁgs Bﬂf%ude

crude ani c salt cat
protifictaobampd fioal erleptigsmbiitomactng thecrgti fopd vdtmha gensruon metal
versus carbon nunmber of crude products produced from
sulddgpertalii@nt s of contacting the crude feed with the

-1 NOEQRANY i€ 2 34 ula ﬁto? L:Urﬁ%of itias o]fﬁhé Srude 138 ‘dh&&d)rﬁ?os‘i’tflons of non-

conponent s pro nbodi nents oi cont ac
condemﬂibleﬂgidd)mlmhs Dlvtamgé fiio embedimantalof sergactimgribe efude feed with
sal t rbide. Wiile the invention is

ﬂwé@@@@ﬁ??ﬁ&@SW§89g?%gﬂé nmodi fi cations and al ternative

forpr, 1@9@5 kdbulatisA RO Pidpetics ahd @dlﬁ?(fsnﬁfn@ of Bad8 pRyus@)obtained
of exanple in the drawi ngs and herei n be

frommqun}agﬁi of epwtasting thpresuds o Hifh th@*;arﬁﬁtont;@etﬁbﬂ%@% catalyst.
des R R CrttBieEl SbESE AR on1PEAG B, B9pn HifafiFbrhta

gasef¥LiM inBftahie shib €atplBit verslisasmpantirelas dd:temﬁded byl TAPN t he
contrary, the intention is to cover all nodifications,

equFil léms 8 Sraphie tapressTittonEdog Rlpfsi af dheepiiance pignorganic salt

o A PR S P S BT R s

mnqhenmﬁventions are described herein in nore detail.

ter FIG 13 is a graphic representation of log plots of the resistance of a
Na,CO3/K;CO3/Rb,CO; catalyst relative to resistance of the potassium carbonate versus
temperature.

FIG. 14 is a graphical representation of weight percent of coke, liquid
hydrocarbons, and gas versus various hydrogen sources produced from embodiments of
contacting the crude feed with the inorganic salt catalyst.

FIG. 15 is a graphical representation of weight percentage versus carbon number of

crude products produced from embodiments of contacting the crude feed with the

inorganic salt catalyst.
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used herein are defined as follows. "Alkali netal (s)"
refer to one or nore netals fromColum 1 of the
woeenismdédn2 Tabl e, one or nore conmpounds of one BCTMIS2@4/042120
metals from Colum 1 of the Perjodic Table, or
m ¥ilGr &6 i higbelgfion ofgompongals Eadugedipmy ‘?T%‘aomm%rft% pi gptacting
e. C
the §8 ReaTRAIDFRAcIl LG et o8l o bR EBRLE
f r oWhiTetherinvehtioh i¢ duscdpableadivaridiaahedifioations abd pkemnative forms,
thereof.. "AMJ' refers to atom c_.mass unit. "ASTM .
spegifig oellale}xﬁéhweg{?rgts%&ma Py of YRR 4P Tacprigggand
herdls BB ﬁlegcﬁggcf n s degfie r"ﬂ{e(ﬁr Irﬂa % bt RdcaR! gt §Ho8RI BHkRlerstood

I'n pentane. C5 asphal tenes content is as determ ned by
thatART Mamitdsaod B2G07d desmmmm fhycitogemopmtadad aglemaﬁhie invention to

atam c carb enta of cru cr ude duct,
the Rardy Aol BABRG bpa g Sufht YdrERton 8 BT el il o e
mo&lﬁcﬁ‘%ﬁyl iﬁ%ts%%?éltemaﬁ%s gHlidyg within'tBé Sifit 4l $86pe of the

gravity at 15.5 OC. AP grawty is as determ ned by

preseSﬂMdemod D6822. "Bitunen" refers to one type of
QRaca hydrocar bon
DE& oﬁﬁg ons for the crude

f ee@er@d’h‘ij élﬁbodlﬁfeﬁﬂs o@ﬂ@‘iﬁ@ént@hﬁ a@&leﬁﬁi‘t&ﬂmefbﬁdmhnopé%wﬂ Terms
Met hods D5307, unl ess otherw se nentioned. Content of

usetﬂl#@lﬂebtiﬁﬁld@ﬁn@cﬂﬁﬁ -s, for exanple, paraffins,

| SOz 2 1
napri R el Sk B B AR TR LoRRERhE S Pbflodic Table,
one(@@ M8 tompauirisdt bas ol Mok IﬁStE]S faoma CulBmin & ofithe PetiediiTiabke, or
by I'P Met hod 368/ 90. Content of aromat i cs in kerosene
mixtarethegrdfer ni ned by ASTM Met hod D5186. " Br nst ed- Lowry
aci &bl LLSthlfetal (()éjm {&GUb e %mﬂo}é’ mald s T ohlhA DY tHeo
donate a proton to another nolecular entity.
PerfoBiaE4bdel olnem' snobaeetipauefieeSortemranere ngatals fpmeGelimy % dfghe

bl e of acceptinhg protons from anot her nol ecul ar
Perlé’ﬁ‘f‘if%’? S, Ok FHOUES %@? ‘épnst ed- Lowy bases incl ude
hyd“&f&ﬂ(ﬁ’erefeg'{o)atorﬂ@t&iss uhO , car boxyl at e (RCOO
hal i de (Br , CF, F)

, bi sulfatp]é , and
s ul A3 BV 8crszo )f&mer@an IS@ﬂiildﬁllglanéfmg Meateriais. t he t ot al
so F‘tt?ﬁ;asglaﬂfe%g% Irﬁfar éan’éhal{éngs tﬁIBi &te ?111 glubtleicq“i?lli)%ntaﬁgf el §sp‘hQ1tenes

onaceous so

con¥eP & dszRtbrmida by (S0 NMethod Bi200Dns. The cont ent of
coke is as determ ned by nmass, bal ance. The \/\fqiﬂglht of,
cokAtamic fjdrogen parceusiggnd Gronis|cATPORPRTrRET AR O GHidg feed, crude

pro%&t%‘ph&f a, f(é}géjehe,co%s%i,ﬁﬁa §/GO are as determined by ASTM Method D5291.

“API gravity” refers to API gravity at 15.5 °C. API gravity is as determined by
ASTM Method D6822.

“Bitumen” refers to one type of crude produced and/or retorted from a
hydrocarbon formation.

Boiling range distributions for the crude feed and/or total product are as
determined by ASTM Methods D5307, unless otherwise mentioned. Content of
hydrocarbon components, for example, paraffins, iso-paraffins, olefins, naphthenes and
aromatics in naphtha are as determined by ASTM Method D6730. Content of aromatics in
diesel and VGO is as determined by IP Method 368/90. Content of aromatics in kerosene
is as determined by ASTM Method D5186.
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"Content" refers to the weight of a conponent in a
substrate (for exanple, a crude feed, a total product,
wonro@/06630ele product) expressed as wei ght fract POWUS2004/042120
wei ght percentage based on the total wej g[ht of the
subBreustesi-Lownpisid” refreios melepapt entife withithe plyhtsyp donate a
wei ght .. " Di ) rs to hydrocarbons with a boiling
PfofPaﬁ%@O&%l%f?‘?%‘ﬁ{l?fo%ﬁ étween 260 0C and 343 0C (500- 650
OF)“BapnsledlDdwRsasc Diefigeto £moleenlar estitgshad é¢ expableed atngpting

ASTM Met hod D2887. "Distill ate" refers to hydrocar bons
protging fom aseHer FgIGCHlG 0y s FXPBRLES OF BERSda DY 2266 1aride
2 OHR408; sl (Blat@ content;
LR ol EIRDTR, B Erate ool b

o2
(HSO)T), utlé silétoeE Jand di esel . "DSC' refers to
differenti al s,g:al%ni n ree

J calorinmetry, " e point" and
et A R S TR
f orapafib @ R 16 SRIsRbhtaMn P bdrab&is 8616 that de Aot VaBibi£bd under
A freezing point is as determ ned by ASTM D2386. )
protdSCtdiitiorsf dihs contegtanf coke raatdetsraiied biyrmase yblaneg: i e weight of

ol RS RSl T AT s o™
Cherg GRdnt’ SREr8 td/ihe 128sht 088 coMpor@dBih a subfsate (Bl ekample, Acrude

wei ght ratio of atomc 1r%drogen to atomc carbon, HC
feed, s tatl prodaetnpieetufle pieduets expipssed anwakelht Bactiop or g percentage

rcenta of d .ei.ghts : r :

v P PAE R VBRI VAR BB SF DDt i

ni tviger; refif tohyditddrbins adtii @ibsiiag rangt distritnitien dbebyeen 260 °C

structure of a hydrocarbon, t eroat ons, cont e 5)" i S
andBSHoAB® By T i et R Dissslbeoniesy ey lgiammines P2y Y
Meﬁlio%ir[%k%e.’ and D4294 for sulfur. "Hydrogen source"

rerers to hydrogen, and/or a conpound and/or conpounds

whetDistilldteierefere selngieoaibans svithdebdibegirangd distrébutian ktyesen 204

o ppss et ARG IOER DB TP iR TR BT D s
Meﬁ%l DIgEt eslsitifee MUFIREMRRRSAd £1d GxRmpl e, C to C

rocar bons such as net hane, ethane, propane, butane,
pentRPE’ rafep he tidilerential sanning capsimghiEs t her eof . A mass

bal ance is.conducted.to asse th t __apou .

hyd?@ﬁ%’? p&lrgvfjacg disr?e&ngrpé)nitr e rrtg t@eo{r%%l efature I%] W@{?}é formation of
crySaag ph@Rbs ocble iIANGEdS A fréezirpf ik it as detemiipalindAS T

I s conposed of a nmetal cation and an anion. "IP"
D23&G.ers to the Institute of Petroleum now the Energy

I nSI‘ i t 2 Of i i . " - f n

S TR R 8 Rl o,

" Kermgdnrse Trefedy ® dntons ysl deseabébbws Pedrsdn ia Jooiral ndmenicpe

distribution between 204
Chemical Society, 1963, 85, p. 3533.

“H/C” refers to a weight ratio of atomic hydrogen to atomic carbon. H/C is as
determined from the values measured for weight percentage of hydrogen and weight
percentage of carbon by ASTM Method D5291.

“Heteroatoms” refer to oxygen, nitrogen, and/or sulfur contained in the molecular
structure of a hydrocarbon. Heteroatoms content is as determined by ASTM Methods
E385 for oxygen, D5762 for nitrogen, and D4294 for sulfur.

“Hydrogen source” refers to hydrogen, and/or a compound and/or compounds

when in the presence of a crude feed and the catalyst react to provide hydrogen to one or
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0C and 260 0OC (400-500 OF) at 0.101 MPa. Kerosene

content is as determ ned by ASTM Met hod D2887. "Lew s
waceim/oeedters to a conmpound or a material w t hPCAIS2004/042120

ability to accept one or nore el ectrons from anot her

morgsamoavils in thagradetesd Arhstleazsn seurse B@mpetide, RRtis spt limited to,
ri ' t il i

RS o bl 3 kB 0RI RS (O PR e B, rpane

butdref gyntdne, fuplittad,avdien sr fiwtinreg tieasdioA magsiiaiaice iv @ndanegbto

from1l to 6. "Liquid mxture" refers to a conposjtion
assashfe TRhPQRT T BHAroBRn Riowideg ENDRIHTBOREIQPHRAY lpdii!ﬁ eFudg feed.

sta . ,

ner et SIPRRRG A AhF Rpbisangosdiof ducdl cfthand an
anidrhat i ncl udes a conbi nati on of one or nore conpounds

that _are liquid at STP with one o re ounds t hat
ar o R e bt ot PRy il s Fole g London,
UnifR1€hgddR. @ quantity of carbon residue remaining after

evaporation and pyrolysis of a substance. MCR content
i s ‘A-prraffng redet thyproeied-phstimn saduped 3gdrochdons.ha"

f, , b i th | L
i SRTLY o ol B SR it Fo s BBy g 204
°C fhdbibh ooﬂ@oﬁlﬁrﬁ GOt RPh. Keradend@n@infisedicymARiMy ASTM
I

Met hod 887. [ VI Fe" refers to nickel, vanadi um
Method288Y. conbi nati ons thereof. "Ni/V/ Fe content"

I T

moreNE o8BS fro@fmbehet omipsurdl cubi c meters of gas per
cubic nmeter of crude feed. " l\y)naci dic" .refers.to W S
bas d-cahubase” miers ey gg@lend@@gé)r material with the ability to donate one

orrgé]rg/gﬁ%j)&sm'mépmgbl e gas" relers to conponents

or a mxture or conponents that are gases at
st dfidghtdItdeoqaetroais T referan dhygroesbunshavatg @homnubhiiieray range
herei nafter referred to as "STP"). "n-Paraffins" refer.
fromd 148 mal (straight chain) saturated hydrocarbons.

" Cotranad RHRRED refedd @ ScduthoRitioa hiedd iRl@fds BHEBF MR compounds that
representation of the anti knoz;%%opertl es of a notor

are figeid at stapdard temperaiurstaad gegssure Wk 11VBh,, hepginafter referred to

os BT PATRR PR e P ok ot PR B B O SRS @S tha

are Yiljhill 2N STP it Giel o7 nfciE ROMpPERIID Btint disoli@ abSTHS. Types of
ol efins include, but are not limted to, cis, trans,

t er‘iiliset-Caiben&esidine” 6MER Pegfersing quenttyrof camopresifue remaining
aftegﬁwp?)ratt{ogfaﬁ{i ?)gxto%(stish@f zf ﬁfbkt&%e‘? I\I@ﬁl Onfint RRE ﬁletfehﬁﬁile@ )Sy ASTM
eI'nternatfona
Method D4530.
“Naphtha” refers to hydrocarbon components with a boiling range distribution
between 38 °C and 204 °C (100-400 °F) at 0.101 MPa. Naphtha content is as determined
by ASTM Method D2887.

“Ni/V/Fe” refers to nickel, vanadium, iron, or combinations thereof.

“Ni/V/Fe content” refers to Ni/V/Fe content in a substrate. Ni/V/Fe content is as
determined by ASTM Method D5863.
“Nm*/m>” refers to normal cubic meters of gas per cubic meter of crude feed.

“Nonacidic” refers to Lewis base and/or Brensted-Lowry base properties.
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Uni on of Pure and Applied Chem stry (IUPAC), Novenber
2003. "Pol yaromatic conpounds” refer to conmpounds that

wonaelswdesoewo or nore aromatic rings. Exanpl es BCT/U52004/042120
poI yar omat i C congounds include, but are not |imt

Negreppeenspbih gdta refe, ﬁﬂ?’ﬁ?%e&‘é%@d’%ﬁéﬂ%‘lfﬁ L ﬁ%mp onents that
arebgeaggs% BiaARRE Aen %eﬁ‘ﬁ%ecﬁn@%@s@ﬁﬁ' (OPPeNe101 M3l KiiSinafi&fr8fetred to

t0 conponents that have a boiling range distribution
as é%”ﬂ?ié 538 0C (1000 OF) at 0.101 MPa, as determ ned by

s u b s’il E{E ﬁ@gp ey 5?5 eﬁés“%%&h@%ﬁt qj(?fn) a aﬁuf%ﬁf @y(ﬁﬂ‘gagg%gh gf aa

sol kdcaheaanBdr’ rdfhe 16 dlalantd numeiaal repre@ént:ﬁﬁm dfitkiiriiknock
inorganic salt catalysts include a slurry and/or a

prapietiss of p arotardyelconmatadde astapderd refegance Kizghp Accalquigted octane
t oot tandard cubic

nuﬁg‘get %[gglspaglrb% %ﬁlr?ngfibgf% Sc%rrl\&(ﬁ Etﬁ (?69 3@uper base"

r ef eoseftn@’ Rfdrabd esmpdurddiatithoitsh-dematic cabbeciilo doaldbords.

such  as_paraffins and ol efins under reaction
Typesrifioletn dncludpakit are et limited 19, ¢15+ tAnS ETRINAY Hepal, branched, and
m@%.pressed as mlligranms ("ng") of KOH per gram ("g")

0 sanple. TAN is as determ ned by ASTM Met hod D664.

" TAPPericelieTabl¢ arefezsuotha Peandit Tabls -as tpquifodibyt the IiitdtuBitional

f { it { f ' f t
Unighadnen e APRAFL BB UF g BTt a0 on bet ween
343 “ﬁ&{%glaﬁg’ gor9§01£n@1§@re¥&qg cBfbo@idsAhak Qﬂclﬁ@eatwo\é@(ﬁlore aromauc
cont is as determ ned by ASTM Met hod D2887. In

ring® nNxeamplest ofmi}@rtapgiq empiosnds intlude, tub atsenot Hidhted tt@onldene
i f t obt ai ne operty of .t.he
el feBRer i, DRty Brtaa i BRORTd ibefoshBFhsse
t estRERANROdefetshE cb@PbndiRd MAChaVBY: Vi d disteibetort &bove 538
test for SUCh]\EDrO perty. It should be erst ood t hat

*Col M¥r &) a0 iMPagas @éﬁtmh@eddﬁt HOEY Wﬂlodzl?féoa onsi der ed
eq Uk g&%? ggldt’ ?efggq% él%fh% d(g%esgbgtgr? tﬂe& hﬂ?éﬁb@%ﬁw@?’a Bﬁuld phase

or re

anchy dcﬁlﬁblﬁfab@ﬂf 1he ﬁm}mambagEkmprai ofsemikqd idvegardd sids daltaiﬁﬂs include
Crudes are gener ally sol.id, sol i d/or qui d
a skywyee/ o phasshifdes & coRRStERaY Ofgoa SRImB e Jof toothpaste.

i nck S'@ ” %rls kS sttiard bﬁ%ﬂ: Rt Bp%als tp%f@é’l?él oPE de feed.

noncon ensabl e gases, water, or  conbl nat | ons
t hef‘&lq:ferbafsc brefearfi® cmatbeiat haf @nrdeprosdrmbE hydzesirlsoms daech as
i zation of& en occur at, or proxinate
Bk o

pa’ia nstaﬂé Eﬁﬂaaae qr &FRcy "¥rting site. Stabilized

cr Ud‘?ﬁNt ¥ofefsatb |a)fotapé/<§d H@Ihb&%%ﬂre@éeﬁtds |1ﬂ11ﬁf§rﬁﬂ§( %%”) of KOH per
fractlonall%/dlstl in atreatnment facility
Seanpte

grapy Oiglioel Pl AN c@mﬂm@nmsed/byt ASTENEethiod IN$H i ng

range,di,stributions.(fo napht ha,

di st ﬂ;ﬁ {eggrs pog«ﬂ {yS’ISI?E'EE%CE’t ng oi l's).

D stTMsatéRR th MahdHes mebiibuliigenot limted to,

atmospheric distillation nethods and/or vacuum

di st VOQiteises tewompasents with a boiling range distribution between 343 °C and
538 °C (650-1000 °F) at 0.101 MPa. VGO content is as determined by ASTM Method
D2887.

In the context of this application, it is to be understood that if the value obtained

for a property of the composition tested is outside of the limits of the test method, the test

method may be recalibrated to test for such property. It should be understood that other
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Undi stilled and/or unfractionated stabilized crudes

may i nclude conponents that have a carbon nunber above
wa 200%/0gesant i ti es of at | east 0.5 grans of conMpBABMISS004/042120

per gram of crude. anpl es_of st ab| lized crudes
stamc}%qha%tem I@efépéﬁdféét arg gefpsidered erydvnlend i le relgreneedyiesting

ed crudes, or conbinations thereof.

meﬂﬁﬁ?ﬁaﬁ% refers to a crude that has been treated such

t haCrLa:'tes hegde m@imecbﬁnd/heeﬂmieﬁcﬁmhysdrbtmboxhwmalmng formations

|I|n 0 el ow 35 O 0101 e.re
and%ﬁl? sigbyl 194 éﬁg%are cemrad T EIE o T e rides may
incRfd8 FRude @l "RHilifiOR nHyAHRud L bubls dEP R B2 r&ﬁ@&@ oPhon-
such conponents per gram of the topped crude. Sone

corslendablel gaseh, watedeslthav eopbimptoens therevf) fitomathe smderie form a
.abj lized,cru .10 be transported to conventipnal .
staiigei s bR AaBoR ooy oBEE B B ob AP d-oBY Prggluction
andPHAeWRrEag fiebel i nes, trucks, or ships). Gher crudes
have one or nore unsuitable properties that render

t hefiabilizad omdesigpigall Dhavedved heerpdistiltad rpd o1 diggtionally distilled in a

tre#?%%&c ﬁg% ?ybtlfog)éct) uc? n.rtlurlfl ﬂus | kg rn?sn wit é;r)elfcb ic boallﬁlgépangg distributions

(foi‘/@laﬂ@lé QuaplitBa, djlﬁﬂlldte@nvegl? dnd‘/bﬂlilbncéfhtg oien nIDﬁhHathﬂi id€ludes, but
be such that a reservoir that includes th

is D@it iBdied Q. atfeespherigidistfption;methedsang/ owacwas@usvﬂ%t@n methods.

I t
OO B & A O SR TGS i e v
carbant nahberAboed 4 at qﬂaaaﬁes ¢X.ab Jeabt)0.& gmﬂcpnmbnmts p&asim of

AP]. gravjty of  at st 19; a tot
cmaﬁ:/@;%ple%ﬂ% S fl caw os el pdegviaplp §81dg% & eéﬁngiﬁsaadé%ted

cru@eso Q0L1t8d ?;gﬁe@éruﬁu Y E&nﬂ%ﬁﬂﬂs@ﬁ@r%f CTYFSd @ feR thAlcRhde that -
het er oat o cont ent of | east 0.005 grans of
hashiece trostcd ﬁw:hptbat a keanh &ofnemfmhi@qomponan’us dlsit ieree Tboitiagpoinf below

5 AT i b Bl A G A o

rafBPRGhSLDES dIhs, B afnét (CIIERsRY s@chNohioasite pér Bm&ifthe
s | east 0.02 ggl?arrs of MCR per gram of cr uéﬁ) orﬁl )gi

toppesheuA@t i ons t hereof. | n soneenbodi nents,
di s i .
LT T
transpagéd €. dngéraivhalateatinait datgliti@tbyl temsporthtion gariess @dr example,
resi due, or at |east O. Qé%gams of residue, In certain

pipehssiryks: &, shipsy Adhaneagethas gae opmeTouBU iR PpsTies that
renger?lh%n%lélﬁ ageq’ (Iiﬂsaﬁvglt r?gr I%Sdnq&,% R8le @ram of
| Sa anta Cru Incrtalne |rreng

trarﬂbeﬂ&mﬁa&g@dar&iﬂmchetmatmmt faribty, thfus dnpaardngalﬂca;g ecbmrrudealue to

may have suj f content of at | east
the Gy a5 e e CaR G S5 T i D resevpB gt Tcludes

Hépord
e 58 a0l anos ol o i i

Di thbpameagﬁdlsmtvadegemdctsrmamdmludp,ebut grearpt difnited to: a) TAN of

st 158" Byt € o saaby i dpndag, e Nirvrre

corférdt df 8t BR |0'00905 %ﬁf& AiaplehdtLd00e %reﬁﬁi ¥eRv ARGed graﬁﬂgf crude; €)
300 0C at 0.101 a; at l|east O. grans, at | east

a tQDaIO@B%r@atm confentaf at leagt 0.005@rargs afhetespathyd pecgelqfsrude; f) a
resﬂue coﬁatent of a!t st "o?19 grams of residue per gram of crude; g) an asphaltenes
content of at least 0.04 grams of asphaltenes per gram of crude; h) a MCR content of at

least 0.02 grams of MCR per gram of crude; or 1) combinations thereof. In some
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di stribution between 300 OC and 400 OC at 0.101 MPa;

and at |east 0.001 grans, at |east 0.005 grans, or at
woOeastoee8091 granms of hydrocarbons with a boi | i RQTUSZ®E/042120

di stribution between 400 0C and 700 OC at 0.101 MPa,
emppdipspts; tisadvaniassdherdomay meludsrperaiys @ fisagntaged crude, at least
0.2%8398%539@, t falt4ES o FH% o?lrés?ddepgéleg? 0.5%rhmE b sﬁlfue, or at least

sadvant aged crude, "at |east 0.001 granms, at |east

0.9Q@r&i060yesidse. br ceathin enatstdifed, digadmantadedvydiedma 0089 grams,

{th a boili range .di stribution of. nost. 20 at .
0304 Biiopt -4 R GH e R B Ob Bl iy “RBRELAER oLf Cefain
emBYRheAls! dﬁsa&vﬁﬁta@écﬁ@rﬁ&@%é@t‘?%%Hf’sﬁd%%agﬁ@ 8Fudd! ARy Bive a sulfur

di sadvant aged crude, a content of such hydrocarbons of
condgnt wHstt legst D.091 smams, @t least OidSteramy, ayteasts).01 gragwsy omatdeast 0.02 -
enbodi nents, di sadvantaged crudes.may incl ude, per
8% Pam of di sadvantaged crude, up to 0.9 grams, or up to
0. 9Bi@AddBagell chideE aegiRdiige AnbiuR I0yiicdgbbad B ing a range of
distribution of at least 300 OC. In certain
boiling pelintre Risadvanieger, andesgaey weludesorgiana pEdisadyentgaed crude: at
ram of _di d c S
e o S B T T AR NS B R PR s EE R o
boidihg ka8 ishithtide. betweed @00 aCran@ 300 ACE0119] MPS adleastt0a@d brams,
crudes may include, per gramof disadvantaged crude,

at Iggst P 900 goanesy: ARt least O gragmpoldydgecarkons vithAbeiling Ho8e

W oI . . . b
iR AT A5 ) 1 01 O PRI P v
0.005 gednesg] otisti leapt 010@ gparncelisesocddmas withch brelied rangadistidbation

but t.Limted . d fr. t he fol.l ow
bergeman o5 oah 00 s R Sp e SRmtiiont Beredanad o
Al bgf {ne WM@%@I&%&VM%& dehRs n%%lé’!ﬁih@lu@ﬁ,'eﬂef Bfafl &N

and north sl ope aska, Mexico Bay of Canpeche,
disatgetagehemde, Shteadidd. ol prawisrat ladst0-003 annsaert aydeagh@01 grams of

pEs basi ns,...Chi na Bohai Gul f., . Chi K , . .
byFpERET5 o & RoUR R Rs ARe Pl an e Y G R Gy dapa n addition
to RiBhdr&dilidgn@dpondias.t Mypi&as, HRARGAS S gddVrtidvIRS] per i of

~and Net herl ands Schoonebek. Treatnent of di sadvantaged
disedvgriageherjderfrepnteat phaich hygocanbars offat st Q1L Laana et algeest 0.1
gm@kudes such that the crudes are acceptable for
ransportation and/or treatnment. A crude and/or
di shrseamniragrbbdimente, ditwlantsged@rindestniagahdddergpyr pam of

dist g oa b e S5 P BSISRER G 00 Sofate of FERRHEORS Wit a boiling
rangg aﬁ{rgjurﬁgn fof 9{%55{59@6 BENYy &frtah{]&nﬁ&gfil@n CRChAvHIhAA crudes may
t hods escri pe

herein, is suitable for transporting
alsanmthule, peefgrarh of diskileptged esidefat idast ©0Qidgrams ofl bgdroearbons with a

boifig Gge d o Rt BRSSP He- O ttis sBodgns) dsafianecd
crulBemeP frfcﬁﬁl@?}gég?‘ﬁn BF ARENah @B e PErubE 8o O HE8ms NGipttB®.99 grams

crude feed, thereby have enhanced econom ¢ val ue
of Inyatredairhams tvatht hkoibing remge distritiutien betweke 300 tdend 600 °Guch

crude pr.oduct. be refin with less,or. n
C S RBR A st R ATt B wERRe Riind Bhe processes
desRfibdChe8ialifuddber 4k 8ot IRAEd 1WBYrublEiChote @he following countries and

desul furization, denetallization, and/or
regions of those countries: Canadian Alberta, Venezuelan Orinoco, U.S. southern

Californian and north slope Alaska, Mexico Bay of Campeche, Argentinean San Jorge

basin, Brazilian Santos and Campos basins, China Bohai Gulf, China Karamay, Iraq
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gy of PR 5

at nospheric distillation to renove inpurities fromthe
crude product. Methods of contacting a crude feed in

weacerodesoge Wi th i nventions are descri bed her eP(]T/USZOO4/042120
Addi tional ly, enbodi ments produce products wt

Zagres, |K@@éldk§@ﬁ&#iﬂaﬁt Niggga GHts bt%ﬁﬁhpﬁléed kuisgemrrortypess é@adagascar ~
nor?rﬂxggsp meﬁ@rlgﬁcg QaboRBBET all'y produced in
convéntloh types of processes, are described. ; The
c r u*dneaﬁlmd ofidigachentaged arotiesdnay ¢rthaacdhd pugmrt@@tﬁ thee in
ere eof e re of t catal ysts
disedypiBi 0 onEh HRGHrorots G ARG R TSR aTktiah Rpdpe
treatmEM) tAaEﬁlH@ Ind/BP§Sadvhbtas QB uEHNALHs 1B BE Freatbdfak e rOBAEd to as
source Is generated in situ. In situ generation of the

“crijediieedje IiThecumdsefend nayy e itepped ehdesctbed haypino fThatcrydspsedugt

f th de f d h
restifog, P SerPl e u € el et SRSl el i uiggpte for
trar%@@rtﬁ‘l? QAn&@6r FeFinfigy. mrbjfyf ie0sMheaaiae prddugiiire bloekras @idoons.

I'n situ generation of hydrogen may include the

correea@tdu@prcpera@s pEWest Bexp@ Irtte;rmd@re qrhde thap itheaginde fegdltor closer

at aI at i
o BN P PRt L Pl
enhéﬂmrecohdrﬂiélvdﬁle elating ¥ the esorbhde edfie pf thd woeld fekd. i 1gh crude

the contactin The total product includes the crude
progugdnsst beEined with less eun@plf?r%almeﬁa@ﬁe@?rbeawcmgﬁe BRe

effg{lgggg nnﬁgttf‘eatrﬁé(nxgrngéiﬂﬁaﬁﬁédéstlﬁﬁnf‘artﬁfl B oeganggma Bordt

sone e Iment s uct and t he
atnmspickeiclistidliation teneniowe impheritss fiods thesuste paeduchor g anl c

S0l Mydoagt BroEREE cnul R brmeSnaRie A oy gy desribed

: herBn® %&aﬁ%nQHy | b SIRNERS b PdeGREMRES Wl vARRR chéHn@rléﬁJ)% of

i ncl udes a reactor a portion of a reactor, rrultlp

: napindrat kemsenef diasal cadios V GQrwhigh arepiog geneadbyopreduded anppmsntional

eactors ttéulgsc ]g;a%{ be used to contact a crude feed
BGFce in the presence of catal yst '

I NCThElgruade fded QB CheRAtdcRAGHEH a hpdrbgeteduliedn fieantence &f one or

continuously stirred tank reactor (CSTR), a_ spray
moresefche eatalystp ing cpntaiingaane @wd/oraﬁ@oebmaaanwﬁ QU dnore .

Exanpl es of a CSTR include a fluidized bed

conﬁ%cglhgggr)&;snd an ebull ating bed reactor. Contacting

conmi don@gntiodimenhk,| thie hydrbgehesotimpene gaterite inmites $nsigy generation

crude feed flow, to aI product flo C

of g By &rgasn susecBaY Fswde dhe iearHsR A Ef s oot e chie feed with
thegfrk&gs}ﬁé lseﬁgca%p&'a& eC| f\éf, g,ga %ﬁgé £:8hl BR-309 RT QAHPEIR °C to

e product ” wi t réperties. Contacting
fortnehydergah and/sr Hplyt hydrcger‘tfonm nin200-e8 D&raiied of3Q@r a0 ndey, indude the

4006000C | n_.enbodi nents .in_which the.hydyogen :
resEil U@ |SSARIPREL e TPTERLC HOASIRS Y NG g fmple alkal
meB@R Sorm IRt hane or ethane), a ratio of the gas to the

crude feed will generally range from 1- 16, 100NnB/ n8,

2- 8sOhOtosPromict SeneGRly iniBdasRas,orpss quduwmlmlmsdbm@@

prodﬁged cﬁmnﬁ the contacting. The total product includes the crude product that is a

liquid mixture at STP and, in some embodiments, hydrocarbons that are not condensable
at STP. In some embodiments, the total product and/or the crude product may include
solids (such as inorganic solids and/or coke). In certain embodiments, the solids may be

entrained in the liquid and/or vapor produced during contacting.
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takes place in a pressure range between 0.1-20 Mra,

1-16 MPa, 2-10 MPa, or 4-8 MPa. In sone enbodi nents in
wohbwsheetneam i s added, a ratio of steamto cruderfusem4/042120

isin arange fromQ.01-3 kilogranms, 0.03-2.5 .

ki | dgroaiestingrong typigall elydesd wacter @nrtigneet aiepeigh Ahltple

18 f
poifi 4 S8t B oE ReBiofl, 1L ERencAY R may b nsed o
cortavt h aeiderfgedzwitie a by dmieh saste 1hGR6 p@berice af tatdlydgindudas stacked

east 90% SIbFI he total volu of the contacti zone.

bedriepgien pixed PR IGRIOn A OB S dAT T op HEr et FgY
1eaé®R& JI8e-A0%Pre Q958 aftl a ﬁ%gﬁo Aquid\ntRiR! EY(QIlnPfE@ oPh AR include a
cortactT ng zone. In so er%lbodl nments, contacting may
fluidézed baeé réantot hed g endlating béd wactaddi ti onal gas, for
exappl e, .argon.. nitrogen, ane t hane, propanes
but GhEGtts oAl birtos sy CaBhmfadrone® REFEGRL fow.
totdt ipfodubt fl§w AreSIARRRINE hQirodBn SFREM R Ndr cOmbuREibAS tHeROT.
system 100 used to produce the total product as a

Confapitirg conHisions mag bt sentrelldits peadudea tawld psedust yith epecaficd
enrtters contacting zone 102 via conduit 104. A quantity

PIOBFT e catal yst used in the contacting zone may range
f r oWoAdR}) eMmpBRtures BBy @ Bron320(08@Y @WIBN0-M004€ 66 400-600 °C.
grans, per 100 grans_of crude feed in the contacting

In grabrdimppys @éwh@h%h%hﬂﬁb’ﬁg@@eﬁ%,e igsuppliedat 2 gsy(feyexampleg hydrogen

t C e 0 ' j
eag, i L LR Bl B I SRR ol Benc 2, RO Rom 1.
16,000 NownVmy 2t§000 Nh’/e0r3-4000 N’ /aoner 3:-000 Wing /b nCentactib@4ypically
In certain enbodi nents, t ryde f eat
takpplace @mﬁﬁmﬁrénsﬁ?%We%@iﬂ%iﬁgésdc?(ggﬂﬁ%1@2‘4?%%3%@’& In
sorR¥ ERbodifheARHh MhichiUidalPisiaQHEQE & Ofst@im t\Gudd 168 id i88dange
to contacting zone 102. Typically, the crude feed nay
frotne0. 0 atkildgtamsal 02 2pekikigrares,ion 0d -t Ailggafradistea® p&Oalogam of

r .200-400 0C.ln s nbodi nents, the catalyst s
crus 5 G 1 P EF G50 TRt S PPN Gty Bt yolofhe of crude
fee@ MRHRCohRBtFL e b2t 1ed8 094, UERad SOW, 6RhAAbAS DOTH oftthe Btal

may be heated to a tenperature of at |east 100 OC or

volame of st coppetingzene: orypiaslly nihe selystei wrudetioedipribeeqitaging zone

. 102, pical c L .
R R
contictimg TEaycssaiue i tHeresehee eff dundedftieanl @af fat ysdmpte drgoe nitrogen,

is aslurry. In certain enbodi nents, TAN of the crude
mefhagg, athae HEOPAEEARIANSS: REPPANES: iHicnEH 98 £oBhinglonsHBereety de

feegyhntQq t ont [ .

cr S o g A ShielfbofBRE of Qi RAALR) S 308 1odd 8 produce
thel totabprodnges b vaporl e 4D e(Eedexi@@Pudsded@pphl KHlandsaters

of acidic, conponents in the crude.feed m e forned. .
conFpRINE FORRA oA GPnqp LY a‘fx QaFAtE g the CW&VS?%%?@%‘@&RBW%

Lel 2 1 tQ 4 t

O ™ R O B ERatm L SOl R 100 rams
of ¢radelfded imthdednteoimg zomeu dh gertam embediveintygn didwest @2 be added to

M xing in contacting.zo 102 be sufficjient to
theiGiiered BIFHPLEE iregBialahe gpdr Tt i S fboingR®, the crude
fee RRALLABRIOAS borfib b EShtadtheGBht 2018 EBAMIHTEIL In caftain

| east a portion of the catalyst may be renoved from

emboditrgotsi thg crsledectionay babeater toartemperobié arbaitieast SQLHC or at least

300 °C prior to and/or during introduction of the crude feed to contacting zone 102.

Typically, the crude feed may be heated to a temperature in a range from 100-500 °C or
200-400 °C.
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catalyst is regenerated and re-used. In certain

enbodi nents, fresh catalyst nay be added . . to
woamisaeéiomg zone 102 during the reaction proceBeT/USEN04/042120

sone enbodi nents, the crude feed and/or a m xture

of
cr Jasome smbRilimenis, thei At X5 Hi C@nsbaqu eidh theygde tged and transferred
to C&Fﬁg&ﬁ‘l% 6d 1pBt Pnd %%dg ?é%ﬁﬁ:ﬁﬁal y Al rrbrﬁ%; BhERd 18123Pm Rerature of

s on ‘may be prepare ng an i norgani
at leagt 100Cat alay BastSEE priox tmm&odmdthnantorcudtactmg zone 102. Typically,

feed/syrfact ture. In sone enb t o
the G PNifon o arast BemaLraR s o 383100 °C.
In 351’?1%%03&%% t}fe%uc?et feécﬁé‘zﬁﬁly& rﬂﬁi‘lﬁe i3 s1h@@Stn derfdY Smb&iments,

| east ays. Typi cal l'y; the enul sion” may remain
TAN toﬁ Hescrida feed) mdia)bs rediged! aglgr, toSntedrstionof e grugds feed into the

Sur.f act an nc 0 ed to,. orga
conBE YA BoRpr FEEauhep fin ks frg calgatfibp s §otBT ol
tem ﬁl'r@ nt & raﬁ%@ﬁrkiﬁt 106LAV0PC S#0L 3Dt QN) alkeR Whlls SficRlit Bemponents
di carboygill ic fatty acid (D ACI D 1550;

in thmuw&dm teferhesl. thherpraaiion atithasp plkali seliunayrmove some

f t
o G RBTER (GBI AR AR o0 A TN PRRLRL
SurrhaginaRinbolitheits, Gay dndiefeeDaidded cortRnoedty to:ctdniactmg zone
U S.A), or mxtures thereof. Stabilizers include

102a Mdixingt in|coptaging 2ane 102 syheetlision éo AT seprrataR Y t%lgwatalyst
frorﬁgl}]eoce ano#}égﬁw V\f@&lﬂﬁs ﬁrgc r%ﬁlr?elﬁﬁac}lﬁl@%%{&rleast ell\gc\;\ll'tlon of the

catal @t &Ry, belderhored ﬁoﬂeombtmg:zmd a2, abd6n sarye ermlbpcﬂlments, such
condui t 108 nd cond‘#lm 104 orre e

odi ment s,
catel gt JegerisEh I 1206° RGeS b el besingy be added
toc ?ﬂhﬂ{gtidﬁg 169'&%111@&16 rgz&@iﬁﬁlp?oc%%du' t 106 may include

ntrol valve 110. Fl ow control valve 110 nmay
: al | lowonte elndmimmltqutet drode fwfed ad{onaméxting| offcrlu}fnfcwwuhtthe
108 to be to C 4and/or cont ac
inoizapig i 54D L BB HE P RRAE R G Rl iy cxvlsion
maPbe ?x‘éﬁhﬂéﬂ Bk QGmbﬁllﬁgDMiﬂbigaﬂiQ%aIt Qamlysowat migasd with a crude
on of "the material to be condensed and recycl ed

fee«ﬁsmﬁa@t@amlmge Ansemg embodigents; & siahilizpis @fl¢asip he emulsion. The
em{S¥ Fush ERRGdeIO R sl 2GS sty gt M T
Tydi¢0W, the eadidkib ﬁﬁy@ﬁﬂzhﬂ@tabfegfoiw&aﬁpm dayahs tihat o3 days.
constant volume of Jiquid in the contact
Surfogtontanplde, Tohats RbLBHBH i REFRPIS pofycario Qﬁg?é% @nax 2010;
l
Me?cﬁg gal &9 Sé)t%l fég? Pfcﬁﬂgﬁ%giup tf e@to‘ﬁaﬁ?ﬂﬁg dﬁgdllﬁfﬁ,al] ned )i a,,

cont a Zone U me o
dica_&bdibt}&mtfaﬂng aczcb GRIAOCID h560; MeadWast\mccelpwltyg)redlam Gaouap),

petalcn e GO E R R CHlPeth R RN Caroin,
U. sa,sé 5' Térgfﬂé&'m&aé %arfaaaﬁtf(@nﬁrnt@&bfd@eﬁa n%@onﬁééﬂi:ﬁt fiesdh.), or

ers-contacting zone . I'n some enbodi nents, steam
mmtmiesthepmf t Stabilizemyindade, beﬁare ootalimied @ddleth}’&ﬁme@tﬂlr@t(ééiﬂch

oo SHhBa Srper bl AT Rl bR g B e

Phﬁllg)EE’M%hNé\W@ﬁé;mJgtAEort 114. In sone enbodl ments, at
st "a portion of the total product is produced as

ecyclemondain i ecmap gomrdm eormz 108rang epndhiitn] 04. In some
embo r%(ejntrsrerrf]:(t:}?c’le con%ult qbg ar})lrdo 1rect y erlltgr £’ld? %%ﬁ%ogtgcﬂ/r%az%rne 102.

Recycle conduit 106 may include flow control valve 110. Flow control valve 110 may

allow at least a portion of the material from conduit 108 to be recycled to conduit 104
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and/ or a vapor containing small amunts of |iquids and
solids fromthe top of contacting zone 102. The vapor

woOodsriaemport ed t o separation zone 116 vi a con#drusi®@042120
The rati o of a hydrogen source to crude feed in

andéﬁﬁ@ﬁ@ﬁﬁﬂ?c&g-l%rﬂéﬂl do semeIPBPodimEniS 2eXfeRSING URIf BAY be positioned

in c%ﬁ@élﬁfé {5h1oA 4 1ERY a E@rt R %Pg‘ﬁ?ne{tgneﬁq{)‘ bE %n&eﬁ%d\’eﬁiﬁ%cycled to
|qU|d phase uce ro top of

contaetihgzbdnan02z dneed dia. eIﬂbndmmms eadyoldlcnndmsw& mey bapgas recycle

duced fro to actln n i l.udes
lindy, Flpw coptre) T%%Sﬂﬁ@ and ?4 f‘ousgd&? 3??3”? 2841 51
con¥cBHE zo¥ 163 sdcﬁ@l%t aQoSsfarld "V@Hﬁl&ff Ikt tRE @&Hﬁtm@%ne is
grantof crude feed. In certain enbodiments, the vapor
majmtapehdc dd sbme wmbhélnnetm ofubstantialy sdgct%ﬁ@lumzamgmf llI]@BEl can be
from Q.

maigigeion Tesonacind Bpne. Pla, A Pt Gt Mo Rlashid St 197 may be

moﬁi%rb&i SisifR ¥tah @8 ifktiuh ARAbAC Gad i@ Yo 1102n&be used to allow
products of the contacting process. The solids

by-
addafraty ofrthe bxectrogqt souyestangoy ailditipual @ases 4o thearude fgebas the grude feed

and/ ar 59 ke.
e 35 Bhe G og S TR R8s i (G pUENTH e
alligRaREtib5 bMeaﬁaﬁ anetaabtiag pareal020n tetdin iembodimehs aw a(lpj,‘éeus
product exits separation unit 116 and en[@er S Cr

Strqgrnola dttoqueedinie ponfachingizane Hi7dhrqueh sgamigiet pesd i |ng
o ORI 4l bithe {GAI1B8H & biBBluced as vapor

and oduct recel
fromrtmhtadeng)meoerZnﬂn eenip embmﬁmentsnthecbotahpnpéue;hs;pmgaced as vapor

anc@%:?g‘fsqu? E%Hé)l;{m%qﬁgor ﬁ]@t QN égﬁlécﬁﬁtéom ﬁﬁ:etop of contacting
2orREIR3T At YaB@Ss trhiy] oﬁé@f@eﬁaraﬁc\(ﬂjﬁ(ﬁﬁeﬂ6 V‘i@é&ﬂﬂl‘[%@ Ooxhéleatio of a

carbon di oxi de, hydrogen sul e, or nethane)

J hyctrogamurqeed ctugledediain cpnt@ctegsaong 102 knd/ox the rprfesmmpm the contacting

zong it Srastapest Rgr e oo GnPie g BERERadhseq frgm the top of
corft i izbnd 262 ﬂnn;oﬁ@rehedoauﬁémmdwmbﬁproaaéerda&mﬁm@t@b ofls
and/or liquids in the crude product may be renoved

confagting zgn%\h%mahﬁﬁw least 0.8 @pamntet boastibed Bowns. gileast 0.9 grams, or at
oG PRl g LB ey ST DAL R0, B DBECABmen. o

vapor paidute fomdRe fopad cohtabtirgene N 0Pinchudes fialy8.8<).9%grams, or 0.9-

roduce_a total product that be a liquid, or a
0.9B igginsiofRrudsiPrRAnet Pﬁ%\%ra@r"fé’é‘llqeggg ‘The crude feed nay

ent @g?c}é%ﬁ%lg&tahﬁg)r g(_?l% n:l'cgzreﬁl'aﬁl inQBAULfing Rthe 10 a$ B%roducts of

I's recelved fromthe Crude
thefoe&ﬁotmg)pioyesst“ hel solids @d/omasedi catlystl mmay asclidd wsidpactude feed
(é In sonme enbodi nents, gas inlet port 112 may
P10k y enter contacting zone 102. In certain

enbgdi tidn ut 2260 thoW &lor Rl khd RBYarked tbgﬁ)@lmttﬁ?e éﬁlh@}'ﬂoduct

addi t i of the steamto contacting zone :
anégwdsusﬁ@stam@yd bepacation desheidues. t Phet dﬁ@dﬁtlapéll%i@tﬂté? Wparatlon unit

a t|n zone, 102 t.o pr.aduce roduct
11 Gtk R SR e Gotidel 1 S 6E Soroini BB B6tftng ohdle product
ma?%%tshi@ibl@forttﬁﬁsﬁd?ﬁaﬁbn BRDSUsdathehtP Era R HRE récRiver 119 may
contacting zone 102. A m xture that includes the total

incprdedue or motk pipekissi m;e camere Storage A S,<uE OF Grhse fragsgortation
Vesf‘glit%%%@%%gtﬁb? @uf n#%élgan q)o%{]r}lgnrtg fives &%Eﬁ{édoéls %f%p gxample
hydrogen, carbon monoxide, carbon dioxide, hydrogen sulfide, or methane) is transported

to other processing units (for example, for use in a fuel cell or a sulfur recovery plant)
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 empogimentsy HEIENAA P MY aeoww&( OF (FXFIP
at 1%%@5%30&10 Uil 1x‘i’|§re iReheBh@liVHibe c@ﬁé&ﬁe&ﬂﬁd @c?ﬁgd totontacting « % -

enbodi nents, a condensing unit may be positioned (for
exanple, in conduit. 106) to allow at |east a portion

wofRodshecae xt ure in the conduit to.be condensedrPamaS2004/042120
recycled to contactin zone 102 for further

andfar Gossisriie ConAc g 2087 RS HEGAPHERIZ). Incegfamermigaisnis, entrained

_5011219 &y éﬂ&yllcﬁlg%?aiHQﬁ]escﬁla dﬁcgtlrﬁuﬂﬁoe to 0%9@351{?[%?@9&&8 Bhysical

con |nc |Iter or re
seppatibn slegd®df (foma)tetmﬁplé Cﬁl&htlcpr, ochidfugation, o€ pmdirarm*sepm'a‘eon)

s gHCh PP R SRR B E?%&?&%@l?ﬁ? 1 B yffedne o ore
catﬁgﬂt@g) Sﬂf&’i\%c% al tBta) Y\gfoﬁhctttﬁﬁ Bt a lﬁ’# BaWt Hsd #EeS W1th gas or

e so s may be separated fromthe total
solids.0fhctrude faeg nsaymmarcdnmcihngjzoge PaE atd comduigd itk Guwsne

f rex t.rifu flltrt on nt.a
em B5e SF0gnicce L5t g heniEee L ppRL R 1 may
1ncfi199§h§‘iﬁ1e't B&’t 92 C Bt }nYeSEmbddBents Alad inl&ttporeNdY Ay 6RERly enter
I'n some enbodi ments, a portion ‘of the gases is

corm@pag aomsdl (2 dmeettainteobetlingntsdsteam inlat rehbl Lwmsp b weadte allow

add%écip cggﬁ%‘ %tgg;ﬁ ?(i %J)r{qgctlg% I%tgg%e (Sg 0’@ Aut edféggi nﬁgqfe% nt?ég‘!eh %th the

catzﬁ @l Lo, zbﬁe ¢ONtoAsbINRE aZtOtlaEprbﬂﬁctv iTa soa émbbdliri%ﬁts conduit
e rec cIe portion may, for anpl e, be conbi ned

106/@1l0rwsmﬁ agira prstip efthg defaknredict Efb‘?ﬁ @EY?I%“WCH}G% zgngy102. A
mlxtHr ttﬁeﬁ ncﬁuc?e%?ﬁesfo Erodﬁgt SHa g%oﬁdsgglg%r u%éc{%ﬁ'c}ude feed exits
saraton t 126. In certal
coreaﬂtmg ZomN1 (2, artdhﬁte;‘rﬁ saj;eramm domnt 12%ewia benduitalSpdn sexde to
the crude product receiyer. .I.n so errboﬁ? rrenta
(&

i glgtlgg) to allow

ot a pro ct and/ or crude product may
zoredfd fatt facthersprogessingn @acedtaga@mbocbpmntssepmgwmimt 106 may be a

T TS TN T

arﬁgl@@fraﬁle[geg@ﬁlj@ddcrfansported to other processing units
(for exanple, for use in a fuel cell, a sulfur

r ecbn@pg«rapmamne 1B¥hatrlegst o pewion of therirads preguct may be separated
frog%ﬁbg)&% PR u%%%ng(ﬁ 5 ec%];e}l s% Ny g%bogﬁrﬁéflﬁ% ?rgwiél%h;tfrﬁg otal I?rodfuct includes
sollds ot s@idaanhdyl Wse@ﬁra&d(ffdiﬁl ﬂmﬂ&t@ﬂpﬂoﬂu@ersfrxgrsmﬂaﬁddohd eparation

the crude feed enters the contac %@ﬁ% zone. FIG 3 is .a

techmn%fqr@xempl@nce%%eam filtgron, FQT, SHPB AR feparation).

Sof HIRLINRL S5 bl 3 SSABLADA D B R FRALAF b coke. T some
embediin@fis] NAporsiys béthe]g%ﬁes(ls baparntddnfrdrh B tofal @mﬂuﬁy In'Bbme

cruyde fee enters, sigg{atle one iﬁZ Vi WQ“ it d
emb?dlg)@at&r%t sasha pefvion p3she tgjal pradugt agdigr selids ma be pgeycled fo
co1ﬁﬂ1ﬂq%4faﬁ§/gr iR sofil @ﬁl@&ﬁﬁleﬂﬁ:' f&g:oﬁfa@ﬁﬁfﬁalesl@lgaxﬁé‘édrﬂﬂlt 126. The
techni ques 'to produce a separated crude feed and
rechyidd pomioh amey, foFlezampleabateubivedraish theentydd feed endenter contacting

i ncl ude m xt ure of conp onents Wt
ool g RS iE, e cBHe arodie Pag X S ven 2bd1 4 via
coﬂcﬁlﬁsitZS 120 :Q6ai R EmbbAnRAREHE @Pﬂ@% tBmaf b @hhdpdeted &IMUE crude
distribution of at |east 200 0 Typically, the
preslepiaeetient. cr ude feed i ncludes a m xture of conponents

Wit Pn &)n’?&oénl’l SHImEAs gt‘ﬁe total product and/or crude product may include at least a

portion of the catalyst. Gases entrained in the total product and/or crude product may be

separated using standard gas/liquid separation techniques, for example, sparging,
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di stribution between 100-1000 0C, 120-900 0C, or

200-800 OC. The hydrocarbons separated fromthe crude
wobeewd/oesdor separati on zone 132 via conduit 134PC0/US2004/042120

betransported to other processing units, treatnent
memising iseragalionsansk prgsuredeiGtione dn sgipe ehedimsnisoths separated gas is

t

wars B ot ol R BN PR g ie, G uBEREY RELIP R U recovery
plasty stherprd3&sivip anitg d gdibikdfotstheof) and/oerecyelod esthe atontactmg

formthe crude product, which exits contacting system
Z0n€30 vi a conduit 138. In sonme enbodi nents, the crude

pr I

AN Bl on i FBBR potomc
beferthe asndefeedichfceyr tha borﬁtactmgtzlmae cFI{d8 it esdhenkatic @ﬁawpibedlment

t he cr.ude pr.oduct. may be conbi ned w havi]
of 5SqRIHiEh G 0P SEBEPRY PRBAUBYIPRSe eIy AP TSl 130 may
be RIRAURL s 160 and//blse&ﬁd&mé E{ddm 192 b@owaah FIGS. 1 and 2). The
VISCOSIty of the crude product and the viscosity of

crutldnﬁaed EukdEs. sep“&retlwremnetmagflztw@ddéd Ofhr buseparafray zore 132, at least a

r. transportati.on and/ or trea
porfih 4P B pldR e PP BE HaR S ror S b palauBh Eprdduce
sepRtaRIciradE ReMedlikRiréacbdianirae Eéﬁ&ﬁatéd/&h&éffeba Oin sbﬁle embodiments,
certain enbodi nents, at |east portion of the c

inclndesiunxtuse of sompareit Wi a&s@étl@fﬁl}@@lﬂﬂhﬂ%ﬁ@lﬁﬂt tleari%]é)o °C, at
eg ter. I

305 SRR AONE g ) OB

Ty Bzﬁl}Q theseparated onrls Feal iheladss { hixtuerodiopinponents with a boiling range

droocar bon stream produced e 8“ n. of one or
disiion beraect BUHEOO. AApDRZS: SrpoDrRet: Al it heR:
sep@fatdll FIH HRScrhifed EXlt Ts eeigg Y6fe ?32%1@ REGHLIPT RAY Yo trakbiorted to

process streans, crud crude, or m xtures
otht:]rme@fsmg anis, itretiincbil mdlttﬁs;&é«zragg/fanmtms wir spaibingtiguaibereot.

140 or upstream t he bl endi,n on ia conduit . 142,
Ao 48 gt S5 the bborERae ool B0 dnPePR A P B gnters
corﬁfc@in R}‘ﬁerﬁllgo JetRaeE YSE tIBYFubmBEL prof@sdd to Folh EéUgtde product,
specl f| cations. Specific product speC| fications

whicheixitsl egntiniing syssemdBO0viaganddittld8. a range of or a limt

of APl qgr aV| t TA 0

hefLop® SHbretadie 3 bRt nr PR Bk A B0 kea pygny
mettod cﬁ@ﬂfﬂ)@d herkidis Mbnﬁed tithraspaded that iatid/same ak of @ffecht flom the

sonme enbodi ments, methanol is generated during fhe

crude fiedc FPherapmd® dhascrude Apdpsany oy%hmedpbfﬁh agHidsihaving a
dlff&(%ln ggg&l@fﬂﬂ rgl%r ROt E}{)ﬁ(b{gﬁ olif@BhvihQa cB%ltsyS tis getween

e recover rray con a| n di
theSadcbsity dftthe amdérpiroelucmlﬁahsmumshy of threi cthede. The reﬁﬂmn@lvlemﬂed
nmet hanol may be conbi ned W|th additional crude feed to

prodyetinay }?ﬁri}t‘éFébIF dedransporiation apfier HF¥MeBHnbi ni ng met hanol
Wit By %s G fsl:’ﬂgneft &f ah %Hﬁ’)% fnenk BV Eorﬁﬁﬁat‘{dns&po?éﬂdfné’ione 140

the cr at| ng t e crude feed/ net hanol
andtoitactiag systah 18thsin EHRIOE amemsat &aBW\pcoﬁom h&the cule product

feed tq | t
e SBE HDBH LS CEBPATbI AT BEHBIA Aok lp flogding
zo&olnlt()a&tléz&ga gbfﬁﬁ)ﬁ'@f'tﬁé GOIDH DAL YcoMBiReBwith 8RSl bNEl 0% 6eess

he ¢rude enters separation
streams (for example a hydrocarbon stream produced from separation of one or more

crude feeds, or naphtha), a crude, a crude feed, or mixtures thereof, to produce a blended
product. The process streams, crude feed, crude, or mixtures thereof, are introduced

directly into blending zone 140 or upstream of the blending zone via conduit 142. A
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zone 132 through conduit 104. The crude feed is
separated as previously described to forma separated
wonrud@cémwed. The separated crude feed enters cearasiomg42120
_system 130 through conduit 136. The crude product
mixigng] systemonewbe loggied yseraiean blonding zeng K& Hiediended Pzt may
40 i t. - 4
mecf el SRRl Snelc Y AR ok R are not
limifedZo pa £ange bDOMekimitiof AP lzgeavity ANy vizdesity, drocdndrinatens thereof.
bl ended product.. The bl en r odyct i t.s bl endi
The Algnded pPAAEETS ﬁlﬁ@ﬂ{ngf@a¢ ?%? e cgnitt 14 o feanpRortsdl amdlor
proé}%'%ﬁi. pl e contacting system 146. Contacting system 100
shown in FIG 1) may be positioned before contacting
sy dhsomé 4tbolliments, alethenolis gerarived dmeng thetchntapideg prioeess using

NE S T T N
The GO REdd ASthE6E LB chABITEYsoIVEl SUAE fONekafipld/BbRssium hydroxide.

catal ysts. The catalyst in cont agtlrg% system 148 may
Thelrecceresduéthimsh alayibesogbined veigh additianal grige feeddo form a Crude

rapsi tion nmetal sul.fide,cat.al.vsh, j
feedté’éll: %l_trgl,xugF' ﬁ?@ﬁ’r‘l&mfeﬂ%’?%lo l¥h Ehﬁ%ec cdr!ufgéﬂfeglésdtoelﬂ & the
visco§iy Cthe BELdRYedde Hehfifg Hearedded/nelidomikting t¢ anmastt5ed °C
wth ah drogen source in the presence of the

may iedpepahAY afdhe crude feg & lespthgpdduce the total product.
Th | i i ] .. ]
e i;liolg}c tqu B(Eh%g}%ﬁE of A éﬁoc?fgg%la}{fjﬁi%gs%?%lt@gﬁn zod: dlﬁ ggﬁblnﬁtwn with a

I'frent s, a crude pr product
con®xiihg Sypdna i éongbisgtivhemittldblendiag zoneluThe &08e fedth enters separation

zong S0 A FSVEL R KL M e B g PO B e o
fomg %Létg:ﬁﬁatfeg @ %cglc.: Elglg Qe SN S8 Bhult §eedintdr@ BGHtadinB Q5 $teAN 30

€ generate rogen I s transferred to contacti ng

. thromgh tendul B 6 rim contetpreduion gxitsymntasting oysina 1 3¢ artli¢nters blending

1 I.n an al ter e odi nment,. suc ener at ed
zonf J 40 SR S5 TSk ol PRk D) P RetaeEs ihem apvior orudes
intrbeh @38 Vel sRdutt 24 SRtRAbIME Wit the Mudtrydirt fofdetiatbldmld

In certain enbodi nents, cont actl]‘r‘l‘% system 148 may be a

progiznts Thé bleodedproivay esijsblendinggora /4y ik genduiid 4dener at ed

hy n flows direc r.o t ' S :

o RR QYo GbiL LOTERE LA LSBT0 A 1o
(sh&dk GEFIQR ngeha@efé pokidehaimifaeicongctyssysteni D68, i I adialtembtey

m xed with the crude feed entering contacting_.system
emboggmeny, e@opEony efdhe puertiBgEEFemes 5t ‘awﬁ‘fﬁr@eﬁyg?lém%@yﬁem

A 2. t ' '
i
catgpner Bhechtdlystioganacing sydtendds ahaysie quradditmesl inorganic salt

N TN T T -
Thevérﬁ?lélj %gﬂ Whiersledtactifle SRt 60 SHRBAIIENdSandds Syh&8 Bk

inc s contacting systens, contacting zones,
hydsegearsatiicerin femeeseneenad]/tn inotganili salf catahiss{o rredurisdbmtotad product.

FIGS. 1-6,. e located .at or proximte to
The o ae BHTERTEs PHIECOibe e T8 B koA p Rt The
totdl gﬁdﬁucﬁfnw ExiP E(ﬁﬁé‘c‘ﬁ%g RestdOU 9t ddguiad@! Yhé BydiyEdnaitnerated
the crude” feed nmay Dbe considered suitable for
fromreantpbofthe irvngaaidvabrcatatyst with thecrade Ekil eypepset asshydrogen
source for contacting system 148. At least a portion of the generated hydrogen is

transferred to contacting system 148 from contacting system 100 via conduit 150.
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In sonme enbodi nents, the crude product and/or the

bl ended product are transported to a refinery and/or a
wonrestoeezor facility. The crude product and/ or PO®US2004/042120

. bl ended product may be processed to produce

corfren eltaimatsresehpdimendywsh genarstgd Bpdroeer maw be senarated and/or

a [ y

teaft Yo HGhetprrdt Yo' BBl e SRR BB cOnafL PRFRR OIS
emboditdentfrcogtactingsidiear 148 maylbela pao ofi cdmtaammgrsgsiamd Ofrsaclothat the

M T T
In sgﬁE %Fﬁ)'gﬁﬁﬁédtsata% %?xasgfeehlﬁrfﬁod{ﬁé{d BeryERtine ) 85n 1006 dlrectly

tota roduct in sone enbodi nents, at nos
mix8d O6thghemmde dtedrenseiring coﬁtaqrwstemlw nost 0.01 gr arrs

f k f total |
ot el iRl des o Redlrl uibut Sy m eqpracting
syst®hn 8K EortARF tHeSorudedkad with RPleadt@l RefiGiDdBhe gbitrat@dRydrogen and
enbodi ments, the crude product may include at nost

the Gat@l§sigiradises apravyst TiheCIBO@tcatﬁs in spmengsslodiments.gheagal pseduct.

or_a rans of coke per
Theg}?rg?&H gFXIgSr ??gléaCBP%EW&mtmgo r(’flglillg?)se%bodl nments, the
Ccr udeeRiiadrtHodtiasnt s acssai«temqmti@dmads momaat@@@sfemmmﬁag
O to 0.05, 0.00001-0.03 grams, 0.0001-0.01 grans

Zongs, ST IEBIgGS: ané/Opblﬁn@n& Fﬁ’féﬁs %ﬁrsllél‘é’nﬂlfi 5l 11-6.gpay ke lﬁeﬁted at
o LRSI oGy LA TRl 08 e

pro&dssinp stirob@¥the &htalm&tsys'ia% the k;nalb famdsrha;l Béemfsidehs=l dviZable for
content of the crude feed. In sone enbodi nents, the

traI@PQ}EPéloﬁ PHHGE iforﬁlég iny2 FREPETYRTBSSSS-MCR content. In sone

AR UnsbodtRgtS rtl’r@&u@er %‘gﬂﬁ& al@%r tRHleffedPSHuctaide

pr uct, at nost 0.0 at nost 0.03 grans, at
transpateddo (a]reﬁnearmand/or a areatmest faQilify0 1 Tlegr amrde pltodwmnd/or the blended
t he crude, product h rans to

progf g b ot B FOSUBY e S e g RS ek

hea{Y@ﬁﬁ? Nuiski @Ms0br eGP aeetEking hﬁhyﬁﬁﬂﬁd@tﬁ@@mﬂngﬁﬂﬁ/@r

the total product includes non-condensabl e gas. The
fraqﬁlondbn@leﬁnlélag Ithe eyude progies and/gr blgadadameduds tn pliOéumne or more
. bk m carbon | [
d1sth]§)aa? %6(: jons, cg} FO50E o ﬁ ey 81%? th@?rﬁlgg g?ddu?% gtg gnd/or

the bh@br @bge distillgoRadaivssblag bathy&bieated. a m xt ure ther eof .
In certain enbodi nents, hydrogen gas, carbon_di oxi de,

car Besrtota Renduginclydess Bhismam nsimeniara §1ost &S Bt gt 0.03
graﬁlg,t cﬁ" a% Fholgy 0. 6?8%21%951 oqufo}«? fx%gﬁrﬁ g tdthl%ﬂ&dt@t’ d IP&?traﬁloé?ﬁbodlments

I hor §ani ¢ sa a yst yp|cal y, under
the tdislrprodiyon arsubstantirdiytfreend caker@hatiis, cake © not detestitde). In some
nonoxi de to carbon dioxjde is 0.07 @ﬁ nol ar rati

erafBmgehehs P GHIEHIRH S 8t B3 e ey Shaaer R depms. at
moftj['gg%(l't ggmg' 4 a8, Oggggﬁﬁﬁpét%oﬁ 9.008 hBASET QK3 Pelaéram of crude

.5, or at I n some "enbodi nen
prodwdtain catdimembodienigsthe catde grauctlms anakoxputenttio atrdrge from

oo B o HORRED Pt o oM SR35 A B e
ofgggapgﬁ%g?ctp&qgg&eg&écabhé/ to carbon dioxide in situ may
e benefici al

In certain embodiments, the crude product has an MCR content that is at most
90%, at most 80%, at most 50%, at most 30%, or at most 10% of the MCR content of the
crude feed. In some embodiments, the crude product has a negligible MCR content. In

some embodiments, the crude product has, per gram of crude product, at most 0.05 grams,
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ot her processes located in a proxi mate area or
upstream of the process. For exanple, the generated
woanismicopnoxi de nmay be used as a reducing ageBCTAUls2004/042120
treating hydrocarbon formations or used in ot
at m0sh 883 LEans, pHMOgh kB mSs PRy F0ShP-JL b eveys Ofli\ﬂf%fo n‘eVPlca“Y: the
crufEBBALIHL food 01818 10.02 rrpg%ﬂgto RROBIOY3CHEN R D (D00RY. 01
I'n ueamxu ounds that have a boiling
grammng@txrgrbmtof@mmmn -10 0C and 538 0C. The

PR TN -
coﬂd@ﬂaHQ%ag fﬁ@aﬂy%@u&ssblg'i% 1intitdQ8; QrbondigkEe, &fmonia,

grafs, of hydr ocar bons per gram of such
hydmo genusubfideThyirazenh y@ibo@ mon@mde rmasthange pibgebydreearipongghat are not

, or 0.005-0.01 grans of
Congiﬁ’i‘s&g{e@ﬁn‘g"rge‘?mg%%“& Eifﬁ hydr ocar bons. I n sone
enbpdicfBit snbddiBea 13 ifdeBs gad, eabbr divkedt, tabad ntaokide, or
n-paraffins at a weight ratio of at most 1. 5, at most

combinaticas thesenf can be fermedos sitobgconitct pb sieam agd light ydropgehons

w1tﬁ é}il llnl){r;ggg]?gg cerllcgll%rg?old};& 5' undet?‘@leﬁ{i‘(gcgf Ealn?@ccﬁ{dgu(?la%%% ratio

of dailsuR rﬁo&ﬁg@&lmkaﬂ)on%&ﬁ@érsl) @. mfncﬂ)a,r@ﬁ)ﬁe Of the gfinerated carbon
paraffins may include |so-paraffins and/or
mopo¥ige i the generatpd syhen dipsiig: MRS e, Pt is rleash e, at least
0. Sa&dét?%asf:é Yde, ok n?éjé{ﬁf)oc{ﬁ).‘,nﬂs ncﬁanﬂ?ﬁ o ritRS cRAQ carbon monoxide
in ratios or anounts that are hot generally
to the gercbrated cerrb@keélomdedmneadraagedfrom Gbﬂd)r 0dd0.Py @M. 20.8. The ability
formati on. The ol e S|n re a

to gﬁnpwteacalrw%m 5 eéenala }3 t(( G g‘ﬁ’n O%Sll &40 {1 i ya&ha geneﬁmal to
oth@%‘lg{) obdSedtbldled ﬁtaeﬁrﬁﬁfméi‘@%b 6t BRBESm of heGRbESE.NFor example, the

dinents, the olefin content of the crude product

‘ genesatgct mbcm mt)hmndtt m@y (bb @BqdraScacmd@mg @genh@l teqaticg by deearpgn

.act or at In some
%%é‘ﬁ? in qﬂﬁeé p6?°eeis%eﬁ fgﬁﬁ’f%?ﬁle O % r%%g%e pr oduct
is of %eeémﬁd'dﬁﬂeﬁtﬁ ah&ttdliplodienissitbdwed i friatsi eno‘hﬁibda mixture
by a factor of at nobst 1,000, at nost 500, at

of ggupouads thet hryst bRSme PRECEFTFRIHOEPEPEFHENS, andfiat °C. The
i 357 GERRS U O 95 LR L 50ALLoR i vesn. o
miGuB008y thelidd f@na?rsgug 00mi-0.00306. 1 grans, ogOr()|06 -0 Grafhd, of Cy

ans er ram o rocarpon | a bol 1.l n
hy@peRPTSURCE 8FRT S&l¢§ﬁ§@% %@#}%@00& i iy s o 0.001-

I {

0-SHRLIRG) il RSk aqty kgl 0,
hy@rbaarbmfs dn satae pmbddumentsa;sohmrqﬁﬁnﬂjaxc ethdubed whativaitmn-paraffins at

STpd B 4PEsCr e, Podict, 198, (OIS PRLG S v mos

0. 1OI febfdsin Qﬁ%o&h%sofsofﬂa%ﬁnﬂr@ ditsuce tlatBRItb Alpdraffins at a weight
odi ments, the hydrocarbons with a boiling range

ratnh mtarraltgwtfrcmn 0We00EdH, 200800.00cr HA0EOdn memaaafﬁn@maﬁ gnclude
onq@nt (p a ranﬂe from0.0001-0.08 grans, 0.001-0.05
isog 1S gAY HRIBUBRE: gr ams per gram of hydrocar bons

Wt Iy gorkObhbatEmEARIBe eitsltprodiet o et IR0 ded ndlGnélGde olefins
I n sone enbodi nents, the hydrocarbons with a boiling

and/enppeaifiins i1y fabos ploam@mtw@@mre not generally found in crudes produced

and/or retorted from a formation. The olefins include a mixture of olefins with a terminal
double bond (“alpha olefins™) and olefins with internal double bonds. In certain

embodiments, the olefin content of the crude product is greater than the olefin content of
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20-204 0OC have a weight ratio f al pha olefins to
i nternal double bond olefins of at |east 0.7, at | east

wOo 2&15/06630heast 0.9, at least 1.0, at |east 1.4PCOMUSAL04/042120
least 1.5. I n sone enbodi nents, the hydrocarbons with

the g tpacHRy & HHGROHE.S SBtU0ar SeibaN. J0 5908 BRI the
ole%? lé(?hént loRiler@de nﬁb@l{i@ 1%1‘85%%&1{1 959 681&‘?1{ Ociic,H B¢ me%rﬁ)&nféed by a

NS 1Th ara 5 0.9-3, or 1-2
factAr veatghbst ﬂa)DD,cataxﬁosaB(pﬂ; at oilostf 300s ot &t maost éﬁ@lal doubl e

olefln the cru nd cq 0
Uy DTy bosagt, 68 MyehGeaatis P & 69 jPbERdes dlyy bution
bet\bvaéifﬁﬁ@@tﬂo@m% St o%ﬁf%n@ 8] § fafige $8mQ). 6600150, Watdns, 0.0001-
I nternal double bonds nay faciliTate the conversi on of

0.0% ey, ad@ 0 pOddgrems percgyament diydtociboniurving 3 hoibiogeange
i ment s ac gocr ude feed with a hydrogen
dlstgng%lrﬁarfaP%eebeg 8%%0026% an i norganic salt catalyst
MBYINRHARUSEHoAUAKRE af RAGD.00 1t drads IR IdakimO0R&ERs, or at least 0.01
di stribution between 20-204 0OC that include |inear

gramis of pipha OTEﬁQS perrgsam of catdepsodvgtmar ibs peasgced- dnsedainbl e
t
e 305 S b S AT 3 AP I8 g g 00101

grain$ ofthlph® SIeﬁﬂs fer g&ﬁmﬂﬁ&fudb p@odu@t I&ht ceﬁ@ﬁlteniboﬁhmd:rns the
certai n enbodi nents, io of linear

hydspesrhans with abailingEnge, db“t@%‘@ﬂ é’gtwe@n PP r Cage am alphp plefins
corfr R HLE gAY 08 iATO0H  Bofll 1004 srams e

grahyalitydeochoss Witliiarbgilmgrangd digtribatigebetivetn 26400 80. i n a
ran e betmee 20-204 0OC have a n co
NSQ8Ye qbp 5}1% the,py %r%%?glforﬁ it %ﬁ%ﬁﬁgf H@f{%ﬁt@né’stween

. 20~ %6@5@ ha®a @Elghﬁ%ﬁk of a}%ﬁa BleRNE tcpi%'ferﬂaﬂ ANHE vbyd 6%%5 BPAYeast

avi n ng range distribution in a range bet ween
0. 7,22!1-1@&{300 8;}1’( lél'dse() B> paeaaf t.0na lwhi 4nor apfleast 1.5. In some embodlments

roca per ar f. dr oca o
e HFEORT Sl BotirBares ARl iR R RERR: B Sl ratio
of agﬁmeﬁmo%%@lapmw oA efirsus A iR ions oy g0.8-3, or 1-2.
ight ratio of the iso-paraffns to the n- araffrrs of

A vmlglmsmo of @phagglefissp internal deublpendiolglinsaf thegudes apd or
COD?IIII a‘cfigr %u%ts 14: %rﬁfpaltrlf' & Mofid 9]: 'fl'lenasol eg% E#I)tduh@alf' e ased amount

ons, araf fins cont

of &pl@ﬁ@leﬁnmy‘)ldﬁhs &dth 1[11&1%11 dbablb®onds may Boiieaté tlrremonverswn of the
0.001-0.9 grans, 0.01-0.8 grans, or 0.1-0.5 grans per
cruge mipduet te copBeriddieducts n sone embodi nents, the crude

pr oﬁ’usg’ﬁ% ;o Rlirth &t %8§aét\gf':aecrﬁ&nfe§@ ithfa lﬂfdrégéﬁtso&ge/ 9n @k

t nost nmost 5% or at % of a
predinc¥bFen tordaaittsahifcatalyst may qimdfue@l'jydrbcaﬂxmst\uﬂna boﬂmg range

enbadi pent s, de.pro , .per gram.of .
s B 384 GRSt ke ISk R Bhg cis nc
trarf! @&iBle Hdnd n%t ARt datto JQiRa0b1RfEs Rith NapMidtdle Bdhds to linear

certai n enbodi nents, the crude product has, per gram

olefifis withdis doubldbonds ia at moaﬂ 0. N st 1.6 oomagmost hdaln eqvtyen

em{@? ge%ts;f@% gvegghgm? 1niarxo SGW]&?Q?H;% c{ogglfﬁgl %)tosl%learnsleﬁns
wnﬁrcf)sr&)ublerbo%em g ahatle TR 8,001 &4, @rIdEOPSr@LOl, has a
of at npbst 90% at npDst 50% or at nost 10% of the

TAMrmertahEembmentaéwdrdchﬁvon$ batangs bejliog rangy distybution in a
range {')etween 20-204 °C have a n-paraffins content of at least 0.1 grams, at least 0.15

grams, at least 0.20 grams, or at least 0.30 grams per gram of hydrocarbons having a

boiling range distribution in a range between 20-400 °C. The n-paraffins content of such
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enmbodi nents, have a TAN of at npbst 1, at nobst 0.5, at

nmost 0.1, or at nost 0.05. In sone enbodi nents, TAN of
woheosmeesde product may be in a range from 0. OO]:CT/(US2004/042120

0.5,.0.01 to 0.2, or 0.05to In certa
hydaeagshamseRsr gram REhydspeaghons; 19y B? Ht wEange Ef@@ﬂ %PBHH& 8%‘8 0.1-0.8

i gh I
gl SriPE D S Y R dhoodiies AAh Bl IDEIboRhaft 2 R radio of
the ¢worpeaafifine ndothe |nnmafﬁns HPit ngwsa v ist gt obsttllvg at modiel .rad chost 0.8, or
IS t ween 3 50, .15-30, or 16-
at b et 1B PRBE RO Isb S Aot PoRa e ispur Bl shtent of
the %ﬁﬂte?%d&{ %r mAl bERSmAOY 40 1 inM0ahk %e5ﬁ98tﬁ1 0¥0130.9 s, e ®8 grams,
tal heteroatons content the crude feed. In
or & kOtSagmme peogiamesfiosydettredust.ude product has a t ot aI

R B LA

90% ra%d@ost 869, athh6st a0Ud 8t A6 GYE, tor ABMONEDE ofla BIV/BE content of the
content of at nost éO% at nost 70% or at nost 60% of

crude foaflf I cartain embodimentagthe exnde pradugt inThides per gramceseradet

N T T

Nlmﬂwﬁn%ﬁﬁﬁ,enﬂiodﬁmﬁs QleQQédegpra&ﬁct has, pﬁbgﬁanﬂoﬂlﬂﬁdegpiradimt a
or _at nost 0.001 grans. certain enbo<1| ment s, L(Ee

totad Mweﬁ@aeeqlnﬁagngeﬁ@méﬁam oFras {Rye Xphlo s, 3¢ &) grgs to 2
0 F6 fr 5 0.02 grans or

Xlg. g%@% %Txalo anfévggﬁ? n gg??ag%nbodl ments, the crude

pr oﬁwbtmermiybdahmenta, the tnudg pmducxrhae atTAf oﬁat moﬁt%%)% mpost 50%,

at no 80% o rogen.c f t crude eed.
or dFmoen 1 0%t LR ke SRE e TR Crfls atrcl B Sy e
emﬁé&igl%n@r%%tTAW aPBo@tl, Msbst®.9 Qﬂnﬁém orat m¥est.05. In some
U3 granms, or at nost 0.001 grams. |n some
embcvdm]dmse"ﬁAN oftthecrudepdpetovalche insstangrefrograiilop Oek. @dd to 0.2,

a nitrogen content in a range from ;
0r(86ggbqt10 005 grans, or 0.001-0.003 grans. |n sone

enbpédmit mbddi@ e, UtH@AlP[ ofhval ohﬂfe crwprwmm 1t
" Eroduct from 0. 05- grans, or gr ans_ of
1g

¢el piggasts SO%ﬂ@ghvr@r@ft lqaﬁfe%e/p btg@el‘pﬁhé@ Q}?tA]ﬁ]agraﬁg’ ofrthegrade feed.
In Trt%in arﬁborgi)ﬁgntg’ }ZP oé}gwﬁpcﬁlth%ﬁﬁldﬁ@%cﬁ?ﬁ% bé‘t\x;:een Bt lf@ﬁtor 16-

he cru e pfoduct
200 s 80- 120% or 90 1 10% of the H C of the crude feed.
I n other enbodi nent the H C of the ude roduct is
10059908 SROGRERE.h g Bradiids pégal %efeﬁtga’é CARGRi Ripat most
70‘#/ St 1'1\2\65& I§b‘9’ 202055t 5068, & Feﬁ%@%rdﬁcg’né &R bEelcR@ie feed. In
dr or consunptlon 0 rogen 1 n the process
certam emba)dmientsTMe cmda@eodmnbhhscattotah bétedemnoropteneof & least H%, at

f b [ |
o A 5 et B0 B S B G R o
0. 0@ile £Q1d0 prodAbEHRy Hiver&yﬂﬁﬁf:@d'rﬁ&ﬁ%f W &Bst@Ob@'a{ fn@& 70%, or at
range di st? bution of at nobst 200 OC or at npst 204 OC

moatt 60% 204 shlifer;content @"atlat c0d@Geedg Thmsylforconteshe{the omde product,
per gram%f crnlfde%frocﬂ% rrr(l)a%f mos‘% E)E grams, at most 0.008 grams, at most 0.005

grams, at most 0.004 grams, at most 0.003 grams, or at most 0.001 grams. In certain
embodiments, the crude product has, per gram of crude product, a sulfur content in a range
from 0.0001-0.02 grams or 0.005-0.01 grams.

In certain embodiments, the crude product may have a nitrogen content of at most

90% or at most 80% of a nitrogen content of the crude feed. The nitrogen content of the
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boi ling range distribution between 200 0C and 300 0OC
at 0.101 MPa; at l|least 0.001 grans, or fromO0.001 to
wO0.2605g6e308 of hydrocarbons with a boiling rangeCTanmanLm
di stribution between 300 0C and 400 OC at O.
crugmprogEct A S£am o o g PERTICH BIY P GheSUb 1Vt & aﬁlssatg?%% o3
f VbR 2Bt I
gra%et (;V%/eagn %%(%@gfc]é 2% gorg%élg?&gnfeﬁﬁgﬁle @hﬁfe ﬂr@&ﬂc‘t R4S, per gram of
cru&emdua’remnﬁnogemeomcmdm a pange dioim 0.A801-04X05 @Eam @f 000U P03
product, a naphtha content from 0.00001-0.2 grans,
grays0001-0.1 grans, or 0.001-0.05 grams. In certain
e nbﬁ%ﬂﬁ%%odhh&tg RIS ﬁx@ldﬁét Ha'slspei @&&ﬁ 85 &8de Froduct, from

grams or O. 5 grams naphtha. "I n sone

0. Oéwbbgiamemrso 0& ﬂéSrgaqms m%hﬂdmeat Th@ﬁ/CG)f 15> gyndmprodugt may be at
ok i A B R 1 B O 86 B,

H/EBPod 'cﬂl%l@tp‘iodlfcf @m001m9%190~11 bvsfane H/@ o@QeJcr&uleeed In other
granms, or 0.001-0.05 granms of olefins per_gra

emb«vdmentp,rtb@l € of the asedacprediss i H9n120% ofthed) fﬁbe W&ée feed. A
el ATR ARV 0r B BEAE 20 1AL S f BBk Onldlor,

or “at
cox@emmrnoﬁme@gmm&prbms fsaﬁilnhhﬂ has a benzene cont ent

that is non detectable or in a.range frogm.1l X
gr aRBe ¢rydq Pspdyef lzclaai%mpfn%ﬂwtg q@ﬂ%@%s 5 some
em?%cg'{ﬁﬁnts SHh c%ugb gr&flﬁpﬁlcfuge% a¥1edd 0, (g{:‘ i 9? TRAS0.b0PRS0.5 grams

cont al nzene may be consi Hazar dous t o
of Inalnatiaehons fwith zebaitinglenge ddtibutiohaf atrasst 200 &C at atvebst 204 HC at

o BERS A BB shites SR A0 7P Rt P tvatfos Mt

© boiiRTPRAYL AitritieABklviech 20D 9@’%91§ 30BYCIan6 10 dR/PR BORNE0I0D] grams,

ring conpounds and/or polycyclic ring conpounds The

2 or mmn@dy)dlto 6.5 grags ob hp@umbonmylth nbpiliae ranggtdidyutipstbetween 300

C[n gé(ﬁ‘% tgth 1&;&@%‘1%;1 aécﬁeas? 0 ﬁ%l a%lgg%réﬁh%rg%eom to 0.5 grams of -

hydroﬁMswﬁtH@b&ﬂdh [T Ql[s@.lbulmﬁ%BWeenEOUECfaylﬂ 5Benzane;101 MPa.
-trimet enzene; 1,3,5-trinmethyl benzene;
nbt oy qmbqgﬁ@mﬁﬁ, the pdearodncthesRer spinp phEe Brodyenanaphtha

co%enet‘tﬁ%}/rl obg@dg%{l}{% Ot@)r(ﬁ ik Fra%le h&r@' bO 120 63 %}reﬁ}ﬂ Wl certain

enzene; ra- met hy zene;
emb@ﬁm)éhﬂgﬁﬂhb ytude ginadeehaslfrdin leGﬂh)yl giamd, o 0801-0.65 gramestdfynbphtha.
ort ho- x substi

T R R T ST
0.0 }eﬁ'ns?(é(q dt¥hs n,gﬁa‘n%(w fithaO rl“hg‘ci‘ﬁdérp?&dchﬁéseﬁlf certain

nocycliic aro tics are used |navar|ety
emb@clmrents; Fdbmp). @O¢ 1051 Sagrdiney0.0&] 160. & grams]ioy D@QMO 05 grams of olefins

ents ude pr C uced.as describe
persEgiB o LB PEHUEy ST P s HedHPBIUR Dot TR REBy theghtha,
berﬁ%ﬁ’é@ﬂt&ﬁ at hBstQEH L SathsCARRAL 0B0S Srantd) 6r SHEE OWQGHGhs. In
has, per gram of crude product, a tol uene content from

cerwxoemb@hmegﬁsaﬂm naphtbeh@ allgngengroontest thet xspoo-drtegtaélms orina

roduct er am.gf cru
rongE gt b de KGN € L1 oBrensob 216 £ grhite, R0oaEy: § 10°
gra@fsah® x 10 GaB:- ColPositionSthatlddat-ed béleRk @AY 6t chisderddiiazardous
gram of crude product, an ortho-xylene content from

to lnandlmtm 2 cdemeodet febhe awrelptisehy 10w benzans coNtoN maysRa} require
spema? handling.
In certain embodiments, naphtha may include aromatic compounds. Aromatic

compounds may include monocyclic ring compounds and/or polycyclic ring compounds.
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crude product has, per gram of crude product, a
par a- xyl ene content from 0.001-0:09 grans, 0.005-0.08
wanreosweeoe 0. 001-0.06 grans. . . An increase |BCTM§2004/042120
aromati cs content of naphtha tends to_increase th
Thed@pmvéfclrmmﬁompoqnﬁé Hﬁ‘é(ﬂmlﬁ%e b g 86t e o 9%11288% toluene,
0 f n
ortl%aﬁggle H}%gar&aﬁl I é pot tn?aTtﬁ#am?énﬂcef S 3&8;1 gnﬁlétﬁl_yl I%fnzéﬂéel -ethyl

1S not
2-ndeithiyil bemtehc; 1,A3 cﬂineihlyhbmiemﬂa};ixtmmawg}rbemcnet henethplFi-heopyl
portion t he crudes. d i cal l.y have
benBgios B BH BRI Tt 18 Pip) Heng@icy prethyf;4-dimethy]
ben2&e2 18, TMARERLM Oy DRS04 8l {y? ﬁb@ﬁtyhﬂetﬁﬁd&éﬁgeﬂehﬁ 3 diethyl-2,4,5,6-
requi férent for additivés fhat increase the octane
tetramethgt benizerteh m-@apmpyhertho-nylcm,tsabstltwetnd) oengeaers of benwene,

T UC S SR S g Y
arohB8&L ar Gsed Y RivaAkilyof cbﬁﬁae@&hl%}sdmﬁwor%ld fdndisphbha
Is in a range from60-99, 70-98, or 80-95. In sone

conggripelisndhe stude peoductpredpedda descriked hergingppicaliphag an enhanced

tics content .in hydrocarbons having a boiling
Con?%ﬁﬁnﬁpg‘iyrcpf)ﬁ]io% et ween 204 0C and 500 OC (total

" naphddpaintmtbdahaas ke Jrudeprdustehat,pek Beant of @hde product a
aromatics content in the total naphthg an ker ose
tolyeie cemte@re”rqnée@%gp heramsa@P549hS gramp. i h0lrddegraps.| ‘imde

proé hal, e?%r krh(?f‘:’(%ru(? é(&%gé{% %g% a%éer{g'%%n{eﬁi £bma. G | GFams,

onten’t 0 erosene of crude
0.0080M9i gariSor BQ)%O G&gbamsr The@vedgrpeadvet hashper griwm af etwle product,

on ot oy o G ONEO Bt R0 e LA TSGR The

cSEIA 1t o akclgl s amennds o 00

gragrsa@rﬁOS-@rOS@rﬂﬁS,o@Ol)O@jf(h@ﬁsgw gram of total kerosene

oSSR U A OB o B PO
nuAb&W I PnaPha 2 Fudds rn@el? b RdedbabedbrodrBestibiaioh Of @ @asdling

grams, or from0.01-0. rans. I n sone enbodi nents, a
poteeiia) Wfthemd@Soﬁa%ém@@tﬁél iplomaly ishide; it isfeotdinited; tp galculated

oct%neznuwl?]errggr ¢ narpgl?hcr? I%% ?ﬁ 8t Tt[fﬁﬁ :!:rudqis SC}LQieg’t 1caﬁ hévesceﬁ&hlated

crude
oct%@ﬁﬂr@ﬁﬁer@fn@x@ng&’ GBCE0. The db@MTLNUONHD ibf g%rsahne tehdotn reduce the

above 0 to O, ans, 0.001-0.5 0.01-0,1 .
reqgiamantder wéiﬁb@é%@t inchease Feckng %@g’%‘éﬁ?ﬁ% ZagOHBe- 11 A
emEBéﬁg’}éﬁ{s B8l %&cﬁ%@%ﬁeén%ﬁﬁﬁﬁh&rlﬁl@ af? dctAnSneh B af least 60,

erosene. I'n s erosene has, per
at lgasam0 Ot 1dest &5 enat, leash 9Gr dypicalts tleortaetnuofbernof the asphtlm Bina

gr ans, rams, or at least 0.4 grans. In
rangglfrtogmo é?rﬂz?é&? ?‘g t he kerosene has, per gram of
ker gs &t er?ﬁbﬁ‘h@ﬁ?tth@ Srud® g?d%l'ﬂ& Hal aEhl%IﬁsF eRall drSihttbs koReRt in

gr ams, In certain enbodi nents,
hyaoéatrbem hmglqgcal trotilirgef rangedllsmbusem betrragn B4 Hepadb0BY Gofal
oW - Lf(gpggfeo}?ﬁlz}tlgg (%% fhettﬂtng(rgp@g(ésn%onten? Bir the totapnaphtha and

kerosene of the crude feed by at least 5%, at least 10%, at least 50%, or at least 99%.
Typically, the total aromatics content in the total naphtha and kerosene of crude feed is
8%, 20%, 75%, or 100% greater than the total aromatics content in the total naphtha and

kerosene of the crude feed.
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portion of the crude product tends to increase the
density and reduce the freezing point of the kerosene

weanisioeesonf t he crude product. A crude product PGITAUIS2@4/042120
ker osene portion having a high density and | ow

fr eIélePﬁ'-g %Oﬁirpm tlgé(qr@qepﬁ agd p%phgfada%y; ]éavg\ﬁ total aﬁlyaromatic
con{(}}eﬁﬁ]lg{i{]gonftéﬁg I1rr %\'fvsﬁige hjaﬁa 66664 13@%' %I'EF'{I]Q REJ0b &2 Etfanﬁ', 8M0.001-0.1

y an reezi ng poin certain
graggpedgmamnifiotal keeoene ded paphthect has, per gram of crude

roduct, a diesel content in range fr.o .001-0..8
G ahie GRAF PG T 26T g ohfeudy FroQ: LG STt & ranee
ﬁo&%d@)‘l%@?ra&?ﬁmﬁ%ﬂ(ﬁ @.@@&nglfﬁﬁ@b,oom?%&%ﬁ,t :1Cfom 0.01-0.2

r
content o least 0.1 grans, at least 0.3 grans, or
grags. [resmsne @nbodyments, a Weightratio effberdsenerio dieselie thti disidlate, isina

has, per gramof diesel .. an. aromatics content in a
rangedﬁglg ﬂﬂ%g’nl_lgio Srlaﬂ’é#‘séc.’g'?o. 8 grans, or 0.2-0.5

9 afSsondeEnSABn SN VEH GBI Frodhitihal Ped Grad OFtHGle PdductP@ieast

gram of crude product, a VGO content in a range from

0.00! pEok, fovgbgyakto 0.7 geam® 00191-©5 gragrsaas)-06:0. gugms of kerosene.

0..1-0. rans. Jdn certain i t
i R R A B b IR PR P S GRS EL s o
ker&4end.- Gr S GHEIWBMARE, tHE RéFoSdne hasigRr pragdofiterosene, GArat@hdtics

enbodi nents, the VGO has, per gram of VGO an )
conigng et least B 3rarans. af leagt (-3 awess Porhlerst 04 syamsyrJp pertain

- 0.5 ' t

enflf o 858l o, O B SO0R ROROHLEN e
fromh@%4-0&t grams,tor T 0.at0.4psms30% at nost 10% or at nost

1% of the crude feed._ In, certain _enbodi nents e o
cr u@éeﬁﬁmoﬁﬁa@}tsaﬁefreeam&ﬁoaft of F}@Q%T%%edw ,beyélow -30°C,

belbFShbe, GFMIRNIS0CT. A ARRteale th 98 88fent R afFedticd o@ﬁle,kerotsene

grams, at nost 0.03 grams, at nost 0.02 granms, at nost.
por@iof) &f theansle paodurbend Qo008 egedhs dersity and raslsee e §ezing point of

rans. In.so enbadi ment s, .t he, crude, product has er, .
the G s P OE! BF BREPION T o et PRUELHR {EtpspippgHon having
a hi Qﬁhﬁgp%gqgﬂz‘fﬁeﬂing a1k mal) He Q6fedGo ProdBE @ BFiation turbine fuel with

. 001-0. grans, or 0.005-0.04 grans. |In sone
the daticablanprapertics ¢fchigh densitp end iy figeaging piflude at | east a
porii on._of . I ' e .
o S5 kPO PR s s
cortdia in Q réhfe Gloan® 00 D0BARRMI 0O frOMI0.OY-Artsgrams. In certain embodiments,

0. 00001- 0. 0001 ?r.ams of catal yst per gzr am of crude
the yqsghfice. Perigeane at diesedanAigmaldesi coptepholsat 4t 01 e Aigloast 0.3
u [ .
e 5 Rt bl RS CRRRRGIGL) O 804180, gl n
arogaticOsontent i attinpé frofor 0.¢41i grams,dh3H0d gramsr @ ds0\wegrams.

separation abilities of the crude product. A, crude
o1 DB e e e Pttt haS BT BRghope e RN a Vo
co (fé‘g% Y $dn 8RS 000D 09 1o PO GRBS 64010, 938K CH from 0.1-0.3 grams.
TUbri cants and/ or ot her commerci al products. The
In canil ershodiments,ftie VGGeeamenitin tfe caudsrproduct ssad airangehfeom 0.4-0.9
rese of a hydrogen. source,t roduce t.he.t ot al
graB]sOgF %—%rﬁa%ra%p %rfaﬁgqr% r%ct}trgp . ﬁ-:rce.gtagll eﬁxiﬂ%ﬂ -ngnt&fthe VGO has,
per@@hrflof G0, alltBorh i@ lcyfiett @fa lafige RORI0. LODDQRariRY.F-0 8%kams, or
be a catalyst precursor that is converted to the
0.>5ébé gtapsst . in the contacting zone when hydrogen and/ or
ac nusc(l)(l?nef eerr?lgo 1191&%‘[?,'1‘.& 898 H}ofdﬁcr:t Ha? a(fgsri]éu%céo%%nt of at most 70%, at
most 50%, at most 30%, at most 10%, or at most 1% of the crude feed. In certain

embodiments, the crude product has, per gram of crude product, a residue content of at
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with the catal yst precursor. The catal ysts used in
contacting the crude feed with a hydrogen source to
wonowiwsesoz he, t ot al product may assist in the reduwszmmo042120
of the nol ecul ar weight of the crude feed. Not to be
mOﬁ&Jhﬂraw atieest §.05terems at mogisd.03 pramsndi et Ol Shmp, af Fost 0.01
r.Q Gl
et s ARER0 207 B AR L PROT oS Bl e crude
prob@cﬁ hes, peewdatm dfasude Iﬁbdlﬁit %ﬂeﬁduéwmglntbma irajgedrvaid 6:000001-0.1

sup er basi ¢ conponents in the cat s(ﬁ] Exan'pl es of
gra@ast(éi’%lso P gramsa - Of P3| s 06 B¢ gram

Br nﬁlts%gl b:‘ﬂ#e iRARE tﬁ’é' 9RE¢E biod ct Mgﬁldg at l@bs)f %tp%rtlon of the

descCri rein. In sone e nts, the catalyst is
catzflys'fJVﬂ:‘n sahatmbodimEhs, érq&xﬁdcpnodugtsnclumsl fote greates dmdlmdms but

TGN M rT
grafBfuYirbads. THe Eﬁﬁy&'\@a}ﬁ@sl@{ ¥Shatilgzise R chidegilodtt during

adding the total weight of the transition netal (s) to
trartspmettmlnaindm itnghtmenf insprbéagsing factlitéesc dihgicgtatyst may ghghi eorrosion,

1nh}bat tlgcp%rh 689?); %{9?‘%%&"2%%%9 seg)e ! %1?8 agléﬁ%gf g{he g?(u&n%ﬁ)(ﬁl% l X crude
protifé Mgt ihPid st Ehstsalﬂoﬁ'ﬂl(ﬁﬁ(&‘ tH@&’atﬁl@stfrﬁabﬂHe fupthed rocgasd 1 produce
Sul fur Chemistry"; Edited by G Nickless; Elsevier
lubpegsits @M/Wg)t@rﬁpwmﬂﬂ?@?%m - London - New York;
t he¥ﬁfll\)%q£lggt?1§§d {0921% | nc u%lceIJuae ? e%{i'i H% ﬁ ég%ﬁgée%ﬂ%h%gen
sougte0Brodiice ltlﬁﬂﬁtal @roﬂuqrrﬁzn;sbe :aslnglea:atalﬁt 8r agplaradity of cagelysts. The

cat#ifg;}[gggﬁ%p%gal&atlgg l‘n?afér ﬁ@?r n?éq%ygc%ps?)h%@g}stcgpypﬂed to the catalyst

in tﬁ@p béﬁ%tz%ne %@n WMo géht Ad¥otta dFade feB& EothiRMaQhlfur is contacted

catalyst, a total tontent of one or nore transition

thh&lt@dataiyﬂtﬁnr@u&*orn a:range fromO. 4 0. 999 grans,

0.5:0.9 grans, ar 0.6-0.8 gra t
oA e sPuSistof bRER el il ARy qiph@L e to produce
the EHAIRL8SCt Phayl SsF8SinttherRdAR oAl of $hH mbIde8lat Welgheler the crude feed.
entl andite (Fe4.5N 4.5S8), snythite (Fe6. 75N 2.25Sn),

Nobioghediouad prélesorhities catpst 11529mb1ﬁaf¢<p41 withithechydrogen source may
S t
eGSR BE it BLGALARETLAAGL! Bed CORRANE B ot s
(LeSROBASRS bt Bron 8- DNre basd® Ihd/oredpdibesid ctc)m}{oﬁdlgEﬁgﬂile chtalyst.
chatkalite (Cu 6FeSn 2Ss),. sternhb
Exghpleg ofsatalyss thetimeshaye Lftvvlé bﬁsq@dﬁw%ynstifﬁg 2&%3@})61"068
mc%;%%)}sfsedegéﬁaeﬁlle}% > (x = 0to 0.17)), heazlewoodite

or vaesite i S 2). In sonme enbodi nents, the
TMBIicsingd grsbodimehisdhs canigstds a TS catalysts iThediMSeatalyst includes a

corggclp&g):dgﬁ% clgg’qafq%%lbg )rr]ne\{magltsﬂlg %l \ g%@g%g@)log?s) ckflt}ﬁlé ap]%l}cation

weg}h LhE $rah 16,8 Retal T4 gﬁh@ A YsahlybSs dét@rn%%@b?/ adding the total

od I ments, represente t he general chem ca
wefght ofitha tn&n@wﬁbﬂetal(s) o thmoctdi weighs pf ewléurtis tlwl datdlyst.mAnafomic

I ne-earth taI inc, Mre
ratBrof i PSR LIS PUTRALY 8L B 58 B 0AGA% B 0. or 15
Exd@Ple§ of ﬁ‘ﬁ%lt%n‘ IﬁetﬁPﬂuﬁﬁHes RUBIEIn HhdQast S@lfﬁIOCKbnhlgrtry”,
Inarange fromO to 2.5, or fromt to 2.
Edited by G. Nickless; Elsev1er Publishing Company; Amsterdam — London New York;
Copyright 1968; Chapter 19.
In certain embodiments, the TMS catalyst may include a total of at least 0.4 grams,

at least 0.5 grams, at least 0.8 grams, or at least 0.99 grams of one or more transition metal

47



10

15

20

25

30

atomc ratio of c toais in arange fromO0.0001 to 1,

0.1 to 0.8, or 0.3 to 0.5. In sone enbodi nents, the
\NOQHMﬂm&mmn nmetal is iron. In sone enmbodi neEnt sSPCTUS20DMB42120

cataly i nclude generally known al kali and/ or

sulfadeis @BK gr rcmlyﬁet 1 esrtpinmehodimgentedbel Ve ¢atalyd dag. st gram of

e P IR PR8I f Ko 04009

graﬂltﬁﬁ) 55@%&@1@ RERE-0i8Gramé) , and/ or coyoteite (NaFe S
I n_sope, epbodi nents, the TMS

- (HbO t
TSt R e PaPleRoterrasHign Nty Sufidés Bxamples of
tralﬁftﬁ)ﬁ%&gi S H‘i(ﬁb EIHJI elﬁﬁaﬂ'cfﬁ% ?Fé4%ﬁll4‘ 593)b o ?%.EE t[eés '7&\1 12925 ZbS 1 1)

artonit Nat ur a nd/ or synthetic ite
bravsited FagNdy. zﬁ\ﬁlﬁmmaqlmawm (FtnesttslS@ﬁDsangestopmﬁl@ddlte

(agtRaVetm ateuaere GoTgrmoearonts (TS Rt IR o

(zn;'fgsgéq%QS)OIno%Hﬁeﬁ&é pt@Fé‘g'Sh@' ch@&ahtm@u&resmspfste&ﬁ&rg %ﬁAgFezsg

ypically, TMS catal yst has fromO
cha@oamte (Guﬁemmrmbtez(ﬁe@r pyrife (KeSob yrhetaadEe o-oPdxgr (mso 17))

100 grans of the TMS catal yst.
heag?gﬁﬁ‘lﬁlg 6\%?@% aoeﬂte @lts ials that may be used with

t helnkpeGattaldithénts,NEd TNES dabllysh lchides oxé dﬂ&ore{lﬁﬁrﬁlﬂ&n metal
carbon materials, zeolites, or m xtures thereof

suléidnsan eombianiemwih aflell movel(Qaalkalipstoarth maHEY s, 5Pllngounds of

zm% o??mxt% S t%&gof heslhmg%atta})?ﬁ;s &l ?tlal ] neanﬂ_&@% Q@Iﬁ@ée}ﬁ%ﬁ by the
genieil ahensipal fairmala Ac Vi)l dswhikch 21 lrepresents afkadi nreted, alkadineahrth

contain one or nore transjti
et G BTFTERISI sl R o CORIS 4-1OAE fgPapiodic Table;

andBYs LfAES Alli‘ hﬁ)ﬁﬁé R cﬁfbct% Bli% ﬁﬁétahgé’ﬁoﬁie@ 8lo §l5| bld@é}m 1to2. An *

transition netal oxid or mxtures thereof
atoohixt @timofietb a s ing: mngeaﬁromeGQOééo lohl tof\01§o¢>lt(9 dito 6f5 tigome

| kal i t al nent, al kaline-earth netal (s)
em@%ﬁ“ﬂﬁﬁéﬁﬁ %?ﬁgsr\%m?m@ K%t and/or a portion of the
t I afpSdobleUmBBRBENtS, thd TN @wmmtmaﬁdé bt MS leatvalaysli
may, inh sone enbodi nents, ?resent as an anor phous

an%@mﬂ@mﬁeélﬁh ﬁ@talﬂﬁmtmbm@tabw figesyfogiexapple: pagtnite (KsFei0S14),
|
ras IR P RO Re ST N5 . SOt BBoR T | ' o

(KpaekCal 28% 1@10 7) faﬁd/BNEOj{zIﬂm&l (NaFedtaid,@), pantsomkeentiodmaits, the
at nost at nost 103 A, at nost 100A, .or .at nost

TMgoeaelyst qulfbieﬁbﬁft‘ﬁﬁlﬁd%r%aéed inysup Battprifcpepargd B sigyfuay be
ref&telSh ﬁ% F}bﬁ%eetf&grfa il @SN%ralgﬁd@; nﬁﬁh@ Ib)(ﬁf:mi@ ﬂl&)&be used as a

gener a east M5 cat al yst
TMSeatalghe $n thieloadthodeateadr{te)l hemlk al | ne earth netal (s),

zin conpaunds of or m xtur.e her eof
pr e{%‘a“fog@np ‘ﬁf‘??‘ﬁ& té i&%sf ‘?a@rlﬁéﬁji%(nag’dﬁ H% 2Em @%ﬁn}se gt most 15
grafRil &' dﬁt nﬂ)sfjﬁﬁfaﬁ@ df ﬁfﬁgHﬂtma@érla@péﬂ' ®0Yrhh©Bf ﬂ'i@tIMS Qé&h

i b 1 grams to

and sired ums 1-2 mretal carbonate
Tyilodllyytie M3 ca'eiy:st hoxtadratlgo 29 graded, Qro§0 1 t2Chgrans, 0.

10 gl%gsg{fglgp&gp Iﬁ%ﬂ%]ﬁﬁf@% kfﬁﬁ gfagrgfo I ¥ @1& gatl%& ﬁ;(arl]n%ples of support
materials that may be used with the TMS catalyst include refractory oxides, porous carbon
materials, zeolites, or mixtures thereof. In some embodiments, the TMS catalyst is
substantially free, or free, of support materials.

The TMS catalyst that includes alkali metal(s), alkaline-earth metal(s), zinc,

compounds of zinc, or mixtures thereof may contain one or more transition metal sulfides,
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paste. The wet paste maybe dried at a tenperature from

100- 300 OC or 150-250 Cto forma transition netal
woxd@eemkt m xture. The transition netal oxi deCa:/aJIS2004/042120

m xture may be cal cined_ at _a tengerature rang

bing0oe! Ll SaEsGDRGt] w0 BERG0 AHECE GengH fretal Sltides,
trax{sfti%ﬂ%%tél%&ﬂé@ t &lmlgﬁir%gﬁbfl las ﬁ@ljeﬁmrﬁled( hyhE x-rdf ﬁlffractlon A

ransition netal oxi salt. mxture may be
portieact mel alkah lnetal () ogapotent, fatirahmercartit metad(s) exnaponedi, aine

sol i d. e addj ti of hydro en be erfaor
conRBR BT 8 BPRIOBIA NS T AIEl S ngihshige Thiseatlyst
maﬂ?{g L&8& QmBQd&Haﬁtst 5@3&&1“( Qymﬁﬁh&lph% Aphpmitah nd@bétectable by x-

xture rogen be added over 10-50 hours or

'zayﬂﬁﬁaaumdadﬂnmmsihe transition netal oxi de/ netal salt

mxture to rodu e uced oI|d hat.
nolniuge BB cORLTERrorRRTAre M asdS el Higpres o
crygfﬁlil'mp Barbieleh 6f IRRANS catalyRiRA/e %tpaﬁﬁ:l@ilz§5f QR @08 ﬁoatfh%?st 10°
C, or 100-300 OC, and a total pressure of 10-15 NPa

A, auna_sa 104P4, oat nigst 46 Avia normalghaiics, the paiiglersitcoridhe erystalline

it | ect f
B S g ST BB LA A5 o7 %,
At e VS D eI dlkkD nit AGATcline cank erct() e,

solid is often changed relative to the absol utgr
comounE0LAinG OF BN IFEBTTEOGRAYRR BIFPER] A MOPHg arsuisig amount of

de- 0@?2%8 g@mﬁagéér?élgesﬁgll ﬁﬂloﬁﬁtyof a tthn3ftich n?éfg%q( dre Eﬁjidsdesﬁ@d RASERDF

sieve mn m ni el orce
Coluethisdelimietal edrbadite(t)e Cohlnith ¥R ynelpa okalateéryptolatng 1edichethl
to a hot (for exanple, 100 0Q). dil uent/ el
acclgi(FlaFInc AP BHS G0 Lo PR QoM PSSP SS SRR o form a wet

past. XfJ{ér\@et hist@ pla P{ gtb% Jrf%d%@’mern%erétﬂl% R go-3om 0lor hsabserd to
pr oduct |

The diluent may include any
forsue maaisitwndmdtalmdddaatrmrxnmq Testransitsargetaloxdde/salipaixéure may be

the, heat of sulf | )
calglagq, ea[gmﬁfrta lfl%rat%rgiq%gﬁcgg ?)89] g@&%gg,tgrﬁ?)rg(){b?’)glh Igrn g(lf)dJ 9?0 Ctoforma
traﬁsﬁﬁﬁlt métal d¥ide/Aktal 826 nitfiee. Olhe th@8Hion 268al Midenhetal salt mixture

| east 300 OC. Typically the diluent has a _boili @&
may e geacttidsyith Ingrogen o Setpe redvesl igtromediate sglid.4 bhe addition of

hycﬁggenslgg&% %egtorm%ggfz? ﬁmqgfe@ﬁﬁ{czent Mg}%ogiéle U r&cés§ ?M%t of

' compoun
hydrbgai t8dhd @anshiodragelno:sdd/ e san dﬁﬁnret F}Hydrsgenknaﬁb&)added over

of sul fur and/or sul fur conpounds F e from1-10
10-481heyss 0p 264 0rhgpesyy ths %@Sﬁmné%talwl %@85 MpgyEfo droduce a

red&@%i I%b‘g?dlsal ?1(? HiEPfhchidls Fﬁ@ﬁl@htfapﬁarﬁtg& th&al r}?ycﬁ‘:@%églrﬂa&tlon

or zinc sa ter addition of
maky &6 peoniedt ¢ anedpattaresal 35d5000°Q, 156-4901°Cent 1@)-30bHE, aind a total

O W N —
timgC}eaftﬁ)Ql téxﬁgergfﬁre QLS (f‘fqulg:glgaglﬁh o ukéﬂ?@éﬂ@&’u@ﬁg %d%eand/or flow

rature for at |east r, at | eas
ratéofredyciog gaa;tusbceaspreliaje teuintrmdipiesalid 15 oftenehanged|relative to the

er at nt ai ned f
oGP LA e bR BB et AR Rt may
in Sthd ShbARENS, SR PabRA thSUREE 3 W h siche wilh| higfhdlcaical yst
m xture may be cooled to a tenperature in a range from

0- 10%e m@uc@hn%ne@atecsphs a3 bhed@remettaldy fddedtea b@tﬁfvl‘ewmple

t I t t t
gk ifiebPap Yl BTG PR L b TR A iy oo
raté fd)ésnhbethe el 81866n YShdAgasd fodadidntof ghd)i Theedil@fifimay include any

suitable diluent that provides a means to dissipate the heat of sulfurization. The diluent
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washed with at [east a portion of a | ow boiling

sol vent (for exanple, pentane, heptane, or hexane) to
wonrodweesot he TVS catal yst. The TMS cat aI yst rraycb/@szoo4/042120

powder ed using_ standard techni ques

maymplde reliverss withe: hoaling spage d@tr@ﬁtlpwf'gﬁ Jaagt L “C at least 150 °C,
least %(?l’%,s&r at 1§ 3980 ﬂ@léahg A@NRANhEL SRifineAh ngé agf iHBYn
C (0] ou or

e an 1 norgani an organic co
betxﬂéexlt 1lﬂ)IOe$)Ot°ﬁ]e 18B#00 Ther i200-r3@é ﬁCC Iis sdrhe embadipnehts] ﬂnc Idlldeft is

VOl b, 0 Sn i e e s LN B sude
andmf'tt bisS Wf éxﬁilﬁﬁt ofbiiali 'anﬂ?ﬁ Sﬂlﬁﬁ‘%@fr@%@&ds n@al}kﬁh%e 1¥8#al-100
oxa at es, nmetal formates, alkali

moleYd, A8tk esleYg 5k mnle%e 039 meled, bewﬂbmrth@ mwoles of Columns 1-2

kal.i ne-earth net h Xi des kali ne- art
melf 414G o R AP Rd ea Pt Kl o ot oo Rhey bR P b flcea
1nteﬁﬁ5ﬁhte%5hﬁ tFi@s dilgddtRldnn@tAanlki ARkatk, 6 alsakiag ,mlxture may be
al kal i neearth nmetal oxal ates, al kali he-earth meta

1n01ﬁememaﬂ§a§leata¢1 feed ﬁn@i@amrhturﬁe‘t@OOp%ﬂ}%\iétZég -4507 Cmr>5t09r4é)§) °Cand

e?i%g ﬂ}e oaﬁ[?e)gmj:?aé@r% Cﬁar gtﬂ%aé_')/ ﬁé i @%%#ﬁ%ougu Er An&ash ?(S hours.
Rﬂh@ﬂr@ Wﬁ%@iﬁd folNaOHbiseH 0Qsddrk, 5 hours, or 1.5 hours.
ZRbZCCBZ 2C0O8; Na2QzK20OzZK2COB;

NaHCO
Aﬂmszgbg elesated pml@@;ng@ggmﬂgwature the diluent/catalyst mixture

oSSR | B TR 03 00

faciGse X3 6w OB theCaRGEB ACaGhe NaRATENB ZTls( OH)18 ze dKidZCgOBBry be

oINS SRR RS AR AR OIS Saidard techniques and
%%%&% OQWWQB@&% ’example pentane, hepte%ne or .- j

2 mxed with a mxtu
hexKﬂeQGB PRERGOGEGNIBCEalysh BlenBMSmatdisteny e powdered using standard -
inorganic salt catalyst contains at nost 0.00001
tec ‘P‘Fg at nost 0.001 granms, or at nost 0.01 grans

of Iyt %Mér@m&fﬂﬁrﬁéﬁt@ttl@éjca%ﬁyithﬁaﬂ\ﬁlb%@ ic¥altlchfalist NThen@iion of the
gram of inorganic salt catal he inorganic salt

inorganis| spk catalyst mpy inshide aenmearn@e RemPoYnde AR OrZgRiseemPRRd, or

mlﬁl%%% H%I{e%g 886 Elogga%gsialt%a a(i))? gg%%dg% gl%g:h %?ﬁfgarbgﬁatﬁs alkali metal

hydhetigés, alfkﬁh Imeltdlihyeridealkali aieradbmidw) gkali membbulfides, alkali metal
cat al In certain enbodj ents, gﬂ? i norgani c sa
a.

I
acetaigsapl @111 et oyelates.oHealigpetabiomater. alkalifagtal Pyauyales ﬁlﬁislene earth

n C -
TSRO AL A 0, SO0 S MR i
cartitroefCarnided etkatife-adrth matl sulfidéso akkalind- &athi merelt aetateayalkgline-

an at om nu reater an 11 0] e di nent s,
carfimetal oalay gﬂﬁhﬁ%‘?@t htel %@fﬂafssazﬂlia@n%e PGy es, or

miﬁ‘Fﬁthﬁeﬁ’@o | norganl c salt catalyst has two or nore
al't nmetals. For exanple, the inorganic salt

cat hloygticmit catatystsdeclsdd, tbgt ak neblinited tpotiswsison and

Nab RO UGG EGH el WM B T NRHR Il R

Kz@@%/Rgzed%/@Szwgﬂ ;G/@D’ZK&(% I\@H@OJIQHC%MQ_QD&

assiumto rU|d|umbe|ng|naran rom
LiHCO3/KHCO3/Rb,CO3; KOH/RbOH/CsOH mixed with a mixture of
KzCO3/Rb2CO3/CSzCO3; K2C03/CaCO3; K2C03/MgCO3; C52C03/CaCO3; CSzCO3/CaO;
Na,CO3/Ca(OH),; KH/CsCO3; KOCHO/Ca0; CsOCHO/CaCO;3; CsOCHO/Ca(OCHO),;

NaNHz/K2CO3/Rb20; K2C03/CaCO3/Rb2CO3; K2C03/CaCO3/C32CO3;
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0.1-6. In another exanple; the inorganic salt catalyst

i ncludes a sodiumsalt and a potassiumsalt with the
watkwsoseaoat i o of SOdI umto potassium being in BCTASY®D4/042120

fromO0.1 to 4. sonme enbodi ments, an inorganic salt

KaQy Mgl d:/Bnk§si K@@Qd@g%t’ %ﬂzgoﬁf@rﬁ%ﬁ?ﬂ)nﬁ%x i mixtHee of
Kz&?r/jt{ﬁ%ﬁ(%/&%@ 3 conpounds of netals from Col ums 8-10

eriodi'c Table, metals from Colum 6 of the
Perinadine ehathldémemaipoinocsnifsalreaal yst EompamCatl roiogh 080001 grams,

S L S oS Rt e SR Bl B,

per! gyn&cl{l] &h irH) anfOOH datal RF. ﬁh&iﬁ%ﬁgan%@aﬁlcﬁtaf}fs%scﬁﬂ d6b1 Pnbodiments,

ut are not limte chrom um " nol ybdenum
fromr0 gramg,ﬁlté fess HrandbbiegremisdH)0RIND -0, AHegrameyrog 10005410001 grams

catal yst includes 0O.1-0.5 grans, or 0..2-0.4 qr of
of Gy $Rlouteli 4535 wghi ittt B oiforiae P alfly

Cerinadeﬁaﬁlr@%ﬂdﬁﬁﬁeﬁt‘é antif& ghil® Eﬂﬁéﬁtﬂyﬁahélu@e%to@labﬂnoaé gRali

i ncl udes netal oxi des from Col ums 1-2 andZor Col um 13

metat saltsshardpdleds an atkali metalwith s afongimnombenef at eaphll. e atomic

rathkS)% ap Iaﬁﬂ F n}leéalg{e(rllglfg%%gta?d 1@ %{1 ('é)f;( aﬁéﬁlﬁ’ag% Iﬂﬁ{é} an lkalh I%lﬁtal having an

atof¥d ﬁiﬁnlﬁd;l gdder tRAL BIS $h stﬁ‘il@e&hﬂ&hﬁlﬁnt@) is il @ kaigy Moax0.deo 10, 0.2 to
(Ca or al um num oxi de (Al 203 The ingrganic salt

6, Qi&t%'l%‘fvhq:rstheulwreeﬂ@ galhe aPHETR & mf’?eé’ékag‘f mgfpls. For example,

the JHH3 @ﬁ@ga{l@&%§ 8 i ﬂleu&cﬁ%"{é o?gécﬁﬁm( é&cﬁsﬁﬁﬁ%ﬁ% 1gﬂn§with the

aci d or ‘exa
ratibldOsoditi3q pétasshﬂn be&lgdn e, frcgh @slséfthe mitiogf sodium to rub1d1um

conposi ti npl e, or at es and l | i at e
beipg|n zEaage é & @%ffxﬁ%e T @ R?é%ﬁswahﬁoarrl ela% é‘%ﬁ" Eﬂﬂge from
0.1L @%%’l@ﬂh@r é@irﬁpl@ &Eﬁé‘in}ﬁlséanfcrs‘amcgtagfsﬁﬁluh@s Qs&duﬂﬁ 3R and a
0. 000001-0. 01 "grans, or 0.00001-0.005 grans of: a)
pothssiving ealt with tlumatpmm tafiongsadian t6 p@tmsghag

te eratur | east 350
itartnedt. apihdatie vy R o Mhles iR
COIdﬂﬁ{SQOfo ofth€ PeARGdie aable, Gdfousdd @ﬂmettalsrfﬁyn bR IRiREAI @of the
usi n% standard techni ques. For exa a desired

Perigdigs heblefmesalsHrame @pbwehé obthe Pgrodist @b&ﬁs@om@@nnée of metals from
Cofu%nbé nFt%e lf’%%lngicsfta%ﬁd 1%1 uﬁFé ngreto?cﬂfge{taqgf‘ﬁ'&&((gcg?mns 8-10 include,

ing and/or "pul'vérizin
buﬁﬁ@ﬂ@d lmlﬂédsto 6 rrﬁlaﬁmlﬁm(} ostptsont nioks. MealslfromoColathnitninelude,
sol vent gfor exanpl e, water or a suitabl] e organic
egg}ﬂmments the

butse Yetrlinyiteddos i AMARLIAYYBdeRPE, e MBSEFR | o]
1noS ) 2l Waf cathiiRt gﬁ feDb. 100 oDt SIRYR BSRGE %ﬁé‘}dﬁ%ﬁel per gram

paration ‘techniques to produce t he i norgani ¢ sal
ofmatgahmshltchmlysbne enbodl nents i nor gam c salts of the

I nofgani ¢ salt_.catal be I nc orate nto
s up BT AR méi% PR S50hg D aETds megpd pides from
Colt ¥ £8nPbr SHRREY 1t33of1 tHé’i’émﬁhc Pitile ahRtIOR oMl (fﬂﬁn%ﬁ 18Q@nclude,

zi rconi um oxi de, cal ci um oxi de, magnesi um oxi de,
buttar¢ aetilimitakiodegroh pdalomaui.t Non-dimiting axalgdcmﬁmetal (PXﬂd.fﬁ include

oL oG R SRR Staminum oxic
(ABObodi ment's, an

The inorganic salt catalyst is, in certain embodiments, free of or substantially free

sing naa range from 0.1 to 4.

of Lewis acids (for example, BCls, AICl3, and SOs3), Brensted-Lowry acids (for example,
H50", H,S04, HCI, and HNO3), glass-forming compositions (for example, borates and

silicates), and halides. The inorganic salt may contain, per gram of inorganic salt catalyst:

51



10

15

20

25

30

inorganic salt, a Colums 6-10 netal and/or a conpound

of a Colums 6-10 netal may be inpregnated in the
weuppmes302 Al t er nati vel y, inorganic salts may becmeiStmd/ 042120

or softened with heat and forced in and/or

Sromdh ginme Bp b ey, (RAE0AP O st BI0008 rORIYP Rarns o a) hlides;
b) clsogrp(g%ﬁlgﬁsdthb{llf&%%?;%sg?ssﬁ Itém@e?i{ g ae?é o atbléas%gg(':)'e@ ugiet Host 1800 °C; )

rgani ¢ sa a yst t econes
Lewig Bidsal) Bronssed- pewreadids pr ahdixd:rrembreloé at a

 os B epbans t%“@?é%iyétr 585 br B aEA T e SETHIG DU ofoF
exahl}®! 93BLifed e% &lonsh Mer@%?ﬂi@%aﬁl;%@ﬁﬁ? 'b@‘éoi«fi'bld%@ldﬂémg

a“substantia ange in np05|t| on (for exanple,
stamiatdmnuﬂngi’@chmpw (foraaxamplet néllisg hng/or lNdVel‘mn@e Ib othet by

e S TR e SO MC LB T OB Bl Sl gvace ora

,sun*aﬁl'é‘%?@.{md QMgent o tiHEn hﬁlﬂo‘rg‘&lcocforﬁﬂb@nﬂoﬁﬂ%b@%ﬂﬂ ®ixga@k! The solvent

catal'yst increase. As the ionic distances increase,
may beithendved dsiag dfandard sapaipidepeiachnaqies éo H@ﬂuﬁéﬁé géagraanic Salt
; 1hr ough the inorganic salt catalyst instead of across
KL surface of the inorganic salt catalyst. Perneation
of IhenldtRdiBeds,anchartic BtraganinsRanicaal hatabyghmhij\ be
. inorganic salt often results jn an j ncrease in
inceupataiRsh infog Bippart 6%?%@%15%@“‘?%9%1‘?@33 aﬁ@Yé%\t%efwleS of
r l.or
surils e b G R R G i B A BT b e, Mimestym
oxiﬁﬂeltammgardephﬁhbtalmt a:‘lhlylma gtﬁ;nanfat #on bxidegrsle] bkide, zinc

yield of cr. roduct ) n of resi
OXige, PRI RE! & mﬂnypé&ier 1 ﬁlﬁ Prsopespa q%ﬂla%ms an

‘ ~ino.¥%5nfcré§lt Cd Qgﬁrf?lre %dl’(f:ﬁlefa? bt/ (')1Va.ecc¥n§botulf1§ 0§ BRIRARPEN O R%al may be

he crude feed. D sorder of the inorganic salt

-impragratedsin t1(ef sIppenta mbﬂematlndmhmtggem@alttwap be m@étbd b saftened with

A be erm ned
ned B Brpnanybl pis armael FeRaht” Reek Shle spisr B i supporced
lnoygaﬁiéaslaltlcg@@@@tl on, x-ray diffraction net hods, or
conbi nati ons ther eof The use of TAP to determ ne

ch aAas@venuresQf the ingtganis saltystadyst typiraly bpenseesinenppmogenous,

per@eé@lv Lndfar cfb!ﬂ%?a@ ag%%nélglﬁﬂi efﬁﬁrg‘g)lrr] ér} a gei atﬂ%gr?.ti% when loss
of Gt @Ry tHeecathya kstteduder dite b dr fundc %odambjzsm grlagsbecome

(Fol ey,. M ssouri . The TAP anal ysi
dlsar@ememums@sfa@n@eﬁﬁngﬁ@ coRRGEIPR O SR Dot
dec%&g%gglgq ggth% & (.) ! (gtgg Eg @8%1% ‘tgﬁt{l}@%?f it E’agberl@i/@d 1hat @16 i @hic salt

a vacuumin a range
catﬁllystmedomeskﬂso]raelt:d (thobile) BB ntdintancesTbetwb@nives &t the @tﬁ@jof the

. renmain nstant and/ or increase as .a funct
inopgane B CBRDET LTS oR IA0Tin GRGaRR I RS e ndor a

hydrggé' BRBRR mAASrRRAE 5‘tl‘u%ﬁ f e '"ﬁhdr@eﬁlé 34 (91@9[1%75‘% 188dald of across the
al yst i s measured E%(an‘p | es”of gases that evolve

surface of thedndrganig aalt catalabtt Pcan@dtlys of thesirud¢cfeehansber hydrogen source

d b d
thr R A Ot TOrhIER SO S i AT % SphictR b CefisE e
inokr Al ECARRAtal YR SRBthS CRIdetibdNankl/o? Thd IRRIrd fearsgare C Asdhdrease in
catalyst is detected is considered to be the

cottteniing razgaand/oa reagtivithateh of thednqyaariie sabgatal pd mgyyaften increase the
YIGPCF RO prog t%mﬁ production of residue and/or coke, and/or facilitate a change

in properties in the crude product relative to the same properties of the crude feed.

Disorder of the inorganic salt catalyst (for example, nonhomogeneity, permeability, and/or
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In sone enbodi nents, an inflection of emtted gas from

the inorganic salt catal yst may be detected over a
woanmgdeed2t enper at ures as determ ned usi ng TAPPCThiS2004/042120

tenperature or the tenperature range is referred to as
mobiigy) Mryrbe dsigretinadsirg Dihangtheds; onic copductaiyracashreprat

. . . . far X

e R e Sl RO g 7 b bieons
thetedf| ection exhibited by inorganic salt catal ysts

sulfgbLe fof Fonktct ol b & Crude [oEh L5 LB uTIE, U, puen

Q06400 2QC EpR¥ie GBI 8 139,48 1t0 1R R EPEN ;3ink 526431 83Mo Ebner et al.
Nb?2ﬁ%e’fron1300-500 GC. ’I'n gbngaenbodinents, di fferent

A TAPrpyssint oy deobtaindd fadrh Mithre rigelmotogies (Foleat Missors, HiSsd.). The
xhibit gas inflectjons, but at differe B, o

TARipls et g Per ok e e ige T 25870C: 50-500 °C. or 60-

400 9F | £ 6 hiRhedeR9E b3 Mrh D015 e 20-2d °Gagmdmy: Vaewan in a range

i ndi catj on of the order of the particles in a crystal
fromt ¥ wdOurte.1 ¥ K0 atoml. ghheytemperatuselmey yernain caRsta ane/er inckgase as a

i pn rticle re 1 . ' . .
7 B AF e BB0EE LY BN YuPoRaTLBlEthsc s emision
froioltBe @@frganid QI8 datilys$ iy dedsufed. Batiples 9f pases tianevalye {romathe

is nore heat). In a disordered cr st(glﬂ{,st ructure, ions

inoganiciewit catebyst ingludg ceboB RAOBIdResar igRdivgirogen; Waigt, or
mi*tgrvc\eg rﬂtﬂér&@ Y1 Egﬁ]ge?gtufér MSHHdh ﬁlﬂgétﬂﬁﬁshaﬁ ﬁlctrcl%ls%)riﬁ gas evolution

I on  association, less energy is genhera
frotrethliioeghnli Osal tedatsdyt is detertednis bensidees] todedhotenymsaterefat winich the
. a disordered crystal  structure, and thus, a quantity
inogganicyialt cg Sbgﬁﬁg§sﬁ€P€%§%% from a ‘di sor der ed

Cr Y §f @lnSd &GS S8tk Sarl iNAEGRI! ¥f GHiRBA g;is frOAMhAindkARLd dalt catalyst
of 1ons and/or gas released froma highly ordered

-maybgsietekted rverct tange af tempseatwes esdletesmpradatsingel AP n The fpmperature

odi nents, a he of . di ssoci-ati.on of. the-hnaor.gani

e
of BRQerBferafurcrah@addiiehinéed @il TAPAS tefkgraddab as te “binBium TAP

deternmined using a differential scanning calorineter.
temperafu®SC met hod, a sanple may be heated to a first

te [ , . ;

B Mot 1t Sy ORT LEEARLULEcadB DRI frcomtc
withi & @tiddead isrig agese tetlgeyatareaangefi@s ¢ 00-600 9@, 260-500 °C, or 300-400

entrai ned water and/or sql vent and ot . b
°Cr dppiaibnithe TR tGRPERUTGIS AR 2 §A0eg 3@%2@%@&%%% I%F%?Pw
en TR B RAE Lo AR R oM S i

inflegfibesabhityat deffanee T At @€s. The transiti ons observed
during the, copoling cycl.e and the secaond h i ng.
cor 1168 BORGIE Q1R et e SgorSa o BF b aHbA il icgs may be
an;il\l}??@attioh WAARI Frl QR tHeSfRfidled B £ BPstishaOSfe. tTRAhi G WEdred crystal
en ordered nmol ecules and/or atonms in a structure
strbewenthe dorsprrtideeare ghesrallyh tightbhaseodated. andl neleasq 9€ ons, molecules,
durin he .DSC.anal.ysis,, "Cool transition" refers. 1o
iR BECLORH G g TP o satrser ey Ld Trore
he#t). St @ikt S8 SHRAE stk @ NOAP AR MOPASoMEN td RN other as strongly as
tenperature decreases during the DSC apalysis '. In .
iorsome h@hby)omdnmdtcsystaﬂ lseuetere: Ldusdb the lawsr ngasasfationeless energy is
gre,rller]]rgl)lli}graepal{nredS t%l rtelegsaetigrllslf %olecules, and/or gases from a disordered crystal
structure, and thus, a quantity of ions and/or gas released from a disordered crystal

|
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occui s over a range of tenperatures that are detected
using DSC. The tenperature or tenperature range at

wohoashetdoe heat transition of the inorgani c saPCT/US2004/042120
catal yst occurs during a second heating cycle is

strugiateisrtzpicelly grsateban g appeits pfiioas andRpgIsgaieatedirgm a highly
range during a second
orshTRRERN VoG o AL AIPE TR, e, ST 10 0 22
t enpeoaiclwnhtbodinidigs, iaeatganiissosiation cbtha linsgamasalecatslst tnay be

a heat transition in r e between 200-500 OC, o
obspngd 1Epraee figm %bcﬁ oPGR 2 TPegHng ¢ GRFCUNGAHE of G as
det&BhH J%ﬁ}%/é‘%‘ﬁ%%‘tiﬁl s%aﬁﬂi%g adiblimkRs. thabsarfeod, a sample may be

relative K

onbgeneous xture, a shape of the pea _
heategldo aifastadmpeaturd, lteolhé &t rombsienipethtutay andghen keatasieisecond time.

Trap AP ReE e e A Ty heping Eestil e PRSPy aRY ofepfrpined
watBPidd/G ©velnDarl the) AStiDEabMe RPtIe TP URIIRAUSE dIis¥tidfibns. tHe

shape of the peak associated with heat absorbed durin
exappde casily dheevedbeat p€ theyinggl omoistonhydyated samplamaygenerally

oceBEpeiof0 o PiLs Pe e 10T A5EcChade NeHIRNE Wian i e the
coo?iﬁ RECIBLHA el sBOHR heh@fH cRtesBorl B thd AR 8T dis@NeilioA OF &l dmple.

iCates that the structure of the sanple does not
chafldent tposititrd’acfengto ths pocesdhatoceyrs sthen hedegesk mplerelgs and/or

atOIi%]% ér? ?ﬁ%{@%ﬁ%%g%&pé ﬁ){iit)rﬁlg}g)é; [ C}hgﬁe{g}ep%?a%%e értéc%&[s?sg %1}1r|g{gy thQ ﬁ)SC
anafidid. TR BhsiiEbntd @EeRAS Efe pro6etd e Btduys Wherdmoletalegand/6r atoms

~ mxture may be related to the ionic radius of the |
in acgiricte begemerpotgibompgereouryhep Hiq temperaiure degreaspeduring the DSC

anag[%{]si} 9n'sB ieieinb%gﬁnva%?%ﬁ {ﬂet}}éaf?&)o?trﬁﬁsg’éi%oittﬁe ﬁﬂ)?ga%ic salt catalyst -

ectrondensi a correspo ani on T ncreases
occatitbvieh 8 ragie dif tammdatiifes thao areatepotedi ustgdd$ O The tmessatgre or
- For a series of ions of sLniIaf char ges, ? sqﬁller .
tempgFAtere Fapic s Whiskithe Beat frapsigeree! tha (argasis altgafalyy ppepgs during a
i | ' erature of .
b1 S5 PRI Dol DRAr, e P eorar
the tempestutesradgd durirpsadecondhdaitigh eyclh éateferred s s thefminimum DSC

tenperatures for.the salt and/or. re honogeneous
teripe R P BAFPPIAEE R AUEHEAL SN0 GHEPEToNBaR Afges between
200-560 €@S80-oee, Bnser-4¢dec DSC curve). M xtures that

i nclude cations with small ionic radii tend to be nore

aci Hi an inheganicanit thes corftaing inpeganiosalicoartiaes thatpseia telgfively

acidity of the inor Lc_salt 1 e i th.
nofeshat Rl SRPE O s e it Wi OB ERIGR o e o
sec6AdHénting RYclinidy R roMevElg s QUIE en ifdrddnie fiteatabge thaf contains
~an inorganic mxture that includes |ithiumcations
inofgsmipssaltdapicirgin e relpdyednserthomagtneppeRigyregthe shang of the peak

co I ' . f 1.5
oS BobR AL gk RSO BB By s
abseadeadfifehkd hat DS O cpactlam indichien shanthetsah dbew ge mbscobiocrelease heat
~radii than lithium The ab'tl Lty to .i.nhibit gen .rati&g
in the sepaped iFamSFales Fangen &gl 8b& hedt rapgtion seuetpliydndicygt bt the

' tial nbodi nents, the
e 1 Bl R B b e o o mor o

i noAgapviogssdityf the partidlesioh daDSaorigemp salamixterefinereases, Hho dbility

t he inorganic.salts be determ ned., The m ni mum
of theenit ke, By TRt iR or A el Liting heaflng dREFeatEy be

HoRfoloB¥ity of an inorganic mixture may be related to the ionic radius of the cations in

the mixtures. For cations with smaller ionic radii, the ability of a cation to share electron
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the. m ni rum DSC tenperature of at |east one of the
inorganic netal salts inthe inorganic salt catalyst.
wéanosmsesopl e, the inorganic salt catalyst may POTIUSE®4/042120
pot assi um car bonat e and cesi um car bonate. Potassi um
dengityr Wi & cerraspendiag |aawne%ﬁrea§ﬁ%\@r@ &% AFFitY obthe corresponding anion

1ncr%s%§%tba2%i%{;§ f mgn?lgf }é:? ¥ srgifltleg 1on1<ﬁl§ad1us results in higher

intetiGnip @ttedctive fdrﬁesa)et\wm&hef dﬁafmin%ﬁ@ 11306hi QCIf thearsams a hard base.

enbodi nents, the.T ratur be bet ween t he
Thephgher éppiaPni¢ afraciye fceﬁ {to &?&ﬁ&m%hsr hedp raamien @W?@Wes

for @@qa& Qﬁd/l;}s@or TR rggfwletng&u&@eﬁ%mae@m the S ¢sharﬁer peak and

cat a yst emperature o
increased gesaiundeatht NS4t adrye)t Miajureethaninelude ngféont moth BE4L 801 radii

The D eratur of the s r anl S
tendig et Y BER FHIES PLRGE FURT S0 2D g Aty i P dnorganic
salt Qﬁgnﬁ@fﬂ%?era%s%ﬁl YcrdBm tg'cﬁﬁ’d)ﬁ{é shidl Rk smpYycddeachbf a crude feed
l'east 500 OC or at nost 1000 OC. An inorganic salt

witle ahadlmgen scvace indke preonre afiVioprasgaic winyer dhaj incluses Wddwm

cntigielepdoasapaerrohoup Bt il g TP e or

cru®ReF IR 15:dr6A sBerce fitte %ﬁbsé@e&iﬂaﬁ@n&gﬁme Eali malpstt that
hi gh nol ecul ar” wei ght andZor hi gh vi scosij t

mcleéersmaﬁpns with aqrger i le}xla wefdtithap Hilaems éfclé\a)abthéy foi ighiby generation of

| i It
eas BB R pef S HIeRo M AR BIEES el OREIRT o ot v

to Ilnnﬁttwmdfht&iodirﬁ@ﬁg alnd ipogpahic sald uatalygt ﬂnrmtnchgle cb*&vo k)h more

| t tal t
IHOIlzggLrC%g]gSI 8@?11&13@@51% Q%Qv)@mpls%t\gg é&%ggﬁ 8 llllte?norrgaxgc salts T may be

: deterﬂﬁﬁe%iasﬁfecr?ﬁﬁﬂﬂﬁﬁl'ﬂ%é Yengjerattﬁ% of ﬂ%lﬁ@fgaﬁm%ﬁﬂt Eatﬁﬁftsﬁhéfy%e below .

enerally attributed to the particles mt

. the infiningam DSCSmhtpetaatrabf/sﬁled;swmﬁt@}e migdnes mﬂalésaltsnn the inorganic

MR SE T .

and RRufm M&t | pOtds¥iuff cafbotlaRCng ceSiRQAeinakfexhibe DSC
inorganic salt catal yst chan | oni ¢ conductivity of
tempnmttgemgreatsatms S%ycbé Eﬁ@ﬁbﬁé&/ G Cohsriphibexdiise DSC
Y:ol tage, /is current, and Ris

tempgga}gegh%lé lg\l\%m%%\su e ioni ¢ conductivity, the

| NOmgRRieCenSttdim&as, ahey/ SAP M@pdigtud :da e de betwaen thRMSC temperature
vessel with two wires (for exanple, coppfr Wi res
of g legst ongrafithe @gsga@@pﬁa}tw@dhﬁ P& ERPETAITRE theﬂmrgamc Salt catalyst.

For g egg hgeeﬁw' 01?1B ge%lsﬂy ga?ﬁrg%?'ﬂfe 58! En%%al"{llc f'yst rﬁéfoe ihd I%nge from

hat e us e asure
350 500 €C.cOhsgDST tVIianatuQJ@ff the samesmkgahﬁﬁsah@ata&lshmag be in a range

| e 158ma | aced in a_heatin ratu n o
From AP0 o PR ERTANG (rtmsTaiita ad oot BhpLiads g beg g0 °C
160 is applied to wire 162 during heating.
Or#%%%e@lﬂﬁ?ng current through wires 162 and 164 is

rre aAn hestgatic rat eatal §<b Ghat Met :eTAPwdtmy)Ssiétenmtatmrs bnmeen 150-

ed | VWhe bri.dge
SO0 irDE 48 EChcBNA00 Cb gnh Ghrs ehumrsey oBPREBE & Hese
tenwﬁ}alﬂﬂg ﬁ'p‘lg g&gﬂ%%g&l O dsg@ t%&ﬁﬁ $ESInStis¥ontof hihh molecular

creéase an Bserved curremnt a
weight &1d/dffigls Miecdstty compositions (for example, crude feed) to liquid products.

In certain embodiments, the inorganic salt catalyst may exhibit increased
conductivity relative to individual inorganic salts during heating of the inorganic salt

catalyst in a temperature range from 200-600 °C, 300-500 °C, or 350-450 °C. Increased
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i ncrease] In sonme enbodi ments, at a desired

tenperature, the inorganic salt catalyst may have a
wdi2bds@ee3or | oni ¢ conductivity after heatl ng, C BOriUseN04/042120

and then heating, The djfference in io

congdpyifytof Hhe megaﬁwalt efelyatis serearlln ﬁglt&lﬁ%t@athe BHHERE rthe

1nox%%m Lhg | !cgt]c leGmSY dhobitd. afﬁésﬂ)m@ Qén ﬁ'i} @b S§Rdidok Mc salt
origina s ape irst form %erent skape

catd] gseccadgésoat mjlower tempetatat ihag the'l'ﬂampleralture at which ionic conductivity

conductivities, _ after healn ected to be
asﬁ”?ﬁq? gemppnenhaf the fnorganig %IIWI?B]? i norgani c salt

catg bé%?on@&’&ﬁatg%tf IS s kYR B infiehd By bppBfih@DAm’s law: 7
enbodi nment s e i norgani c sal't catal yst has a
= IPawhdre Vas solage] hlsa:urranfg encR 151@8@@0@ creagre poiG@aductivity,
Ions {
the SRege RO At i = R T BES G ample,

cop§@19wiréh061€iﬂ£’thﬁm§ Mirkes)s@pahiea trotByach dtHes) rbutﬁiﬁﬁlei’ﬂéaﬁ@ thetifiorganic
enper at ures above 50 0C and bel ow 500 OC. As the

Salthatﬁﬂjgsanl c salt cat aI yst softens, I i quids and catal yst
Par bicE 78 p TRNereic B a3y A Sttt Rl anbd RRLLAR iy,

Quathagdidrené ﬁontsﬁaﬁﬁg Aafpls Iﬂ&tﬁdﬁ‘be gltaaad ﬂnya, he@tmgl B}ﬁiﬁiratas and heated
pressure of at |east 0.007 MPa, or at npst. 0.101

incrgmentaliy de adesiteddomprraBirat Yplkagstiom sqwes{oliserpleed T@rWlé& 162

curfRleafihl B reSulfifle bR AL AN XorROHh4 i€ BoBluE at mter 166.

Met0abb agydle, butds hotdimided ©, a;aiuitlm@telair)asWhea:tstﬁﬁe Bﬁ?dgEt Hes sample
second of the i sal t talyst.is

15 preaipab <6+ Brmpasioy (opre Bobiie itheet drapiRsitcipscuring, the

resisBPGNthE szﬁﬁ;lglE sh@hiad |d¥&%ase Eﬁ@ HRMIREREUE@ T aeeh 16618hould
Inorganic salt transfornms fromthe first formto a

inceesond formis referred to as the "def ormati on"

L erpoeRt e e3P abEIREL Al R 3 eplystmay

havRHRREERBofic doh@u@aﬁts/laﬁkﬂ@eaﬁﬁg,tdammg; Qhg @inthesand. The difference
cat al yst sel f-def orm under gravi t% or pr essure u
2

in ipwigtcondpctizitigs mayondisate dipt f}@rﬁﬁ)éﬁtaﬂts dursefdhe tgeganic salt catalyst
hasdb%fsrr? élma%a ?rr?e %n&? ﬁ%llséhgqeghg%%rmg n%ggﬁ'fér&gt' s‘llllalgjé"@gcond form)

anrc ment's,
duriipiegfing. CThedohiccavindhigtBhitidsnaftes (’dezﬁlﬁgy\areCﬂXpmadatm hreauigdai ar the
salts that have different defor matl n tegcgﬁer ur.es.

samyenid theelogp of thednoteanis sl paiplystgioes it o aine.
cat gl ¥t &fifients1he ﬂﬁ?ga?[g%ﬁﬁ'cgﬁ Shas 4 2Rid1B8ize in a range of

def ormati on t enper at ur es e 1 ndividual inor gani c
104160Ginicand, 20-500 neieronai ar 56AHHO dininens,s3s deteemined byanassing the

sal t ctal is Liquid and/or semliquid at, or
nogggifesaltichid ﬁk@r%agm %é&atséer}‘ﬁer ature. In some
embegi MRRdRic §aﬁ%a’ca‘l‘ﬁi ! 5GPk herORaRINS ttem%séitufds Ao 50 °C

or a semF%l quid at the m ninum TAP and
and ealpw 580 G€e AsAhe mormmlﬂlttcw@lyst mﬁmmqunplsamd/c@ﬁaly@s@rtwles may

ture uid or. se i nor gani ¢
cogeinye et O ireinis Gl cRpe T e § i may, n some
emﬁ&&lﬁféh&eié‘lﬁdeféﬁﬁ ﬁh@er%@ﬁﬁ&%ﬁnﬁ%ﬁegﬁl@m}ﬂ dt@et @dw MPa or at
feed. I'n sone enbodi ments, the liquid or semliq

mosd i GlaMiPe, whert hesgadatbpdemberaturand at dgagbt 00 3Gy or At ltnﬁ%t 800 °C, such
tha EC) ude f eedéa(lgcatalyé%%sﬁfmg £ aoﬁrgtrta M8 SQCO%d%I%HBUpOH

cooling of the inorganic salt catalyst to 20 °C, the second form of the inorganic salt

catalyst is incapable of returning to the first form of the inorganic salt catalyst. The
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granms, or 0.000 1-0.1 grans of inorganic salt catalyst

per gram of crude feed) or is ' insoluble in the crude
wobeewd/ogée exanple, fromO grans to 0.05 gramnmsPCT/US2004/042120

0. 000001-0. 01 grans,_ or_ 0.00001-0.001 grans of .
tempavgtya Al whish the peregnigsalt Fapsfgmmiren the figbiormdg)a sgeondifarm is

] 0 A o) Aseleler]
rerd e T e R eyt S P R TR BeraBRAEY be o
tenppPatire gan@t ot b eingleaampéranirtieln ceonycemisodiaéits,dht paryiskes ofthe

. Shape of the o] .peak |n the x-ray spectrum.may b .
inoBAE Bl GHOANEo e 4T 8L T &F PRSI oo B e Qgfomation
ten%lé#a#drg bESwHRY d%nﬁéﬁdd@fnﬁ atf€8Ksny &F tB@ﬁldNiﬂ@B%I ri]réorganic metal

raction represent different conpounds of i .
salts.nbrr gand emisalimentstaml igetganit salp catalyst ircindgs teiofdr maare immganic

t he i ,.peak be. mnitored a t.hge spaci bet
st B B en R artion FoTRETANIToon g g SRICETBATT RS of the
inof saRBh@lyasdi e 8Mnysoaldantsdih&Rs Grtth thesRifdrmatioABemFeratures of
shape of the Dooi peak is relatively narrow. In an

theiimbivignaliigorgaic metel ablysst (for exanple, a K COs/Rb

CCVCsa cat.al,yst) that contaips._ran . S
morgarire e Bl Sl bR il B Epanid . or

abd¥8, the TalP adl ot DR aghekathlee [PeGthe PRBEdifRYtsDhe dliggatic sald
determ ne if the disorder of |norgan| c salt ato

113
catelpigtnge §quidor agemiiamiday, thewmpinimugy THP rpd/ge DS6nicape@{Fent or
f the.in j 3 t .
ol PR S T LR 1 e
catslp&chikedrivitakigcradd fed hest ingmekinsbddinentfeedm a separate phase from

correspaonding to the ingrgani¢ salt atoms) in the
thegg:nfdgfe  FRaE eEboLBRRT R HaNer ssfmkl@wge?%gw%gaqfa%&%ﬁ has
1ovf%é9@i ag g{féfecf@g%&_@& (18 RIAE S orh DRk 429 QlanRe8HB0DGD1-0.2 -

t1on spectrumtaken at tenperatures

. grahms| avd.6W 1€0).1 Ackotis dfinaiighyic stlheatalystaper diahf obatidefeed) or is

BBt B et AOSRIRTE SR B B o

. grafRNGAEO0009-EQNArkng B8 ifBRYankEsaHQRAtRE bahraM T chldRtfedd) @t the

t.of al product conposition (and thus, the crude
migmyguEAY teraperdigresari ed for a given crude feed in
addition to limtin n rbphi biti r ' .
o B LS A9 S B B SRR Bhermine
spalitg df$hd@bmb inht @tbriahic par @iidlisis A dhpd dithe Dag greak ircthe x-ray
or m xtures thereof, These conpounds. make up_the,
spegB IR} beongnigired prd e ly@}étlﬁ‘r dercaf the,iporgaaic salt particles may be
oSt R e B R R b ofthg mrgenic
saltk@salyst badpdvede xrapdiffipctonhy de Byof pdalilmayrteducnitosed ind the spacing
| ower than predi.cte oke, content, Conparison af th
betyjiern algRSs &Y b?resv@ﬁregu N @R {ReEgRniRsRltont ] Eredipg highly ordered
. n o . 'e | . 1
o RIS e b DR RICE rHB R P I Lbfhorganic sal
catAIgR (frerexgmple) ©K,COuRb, G0 e (23 catabest) tbat dootairsmamdrpaly ordered

P S T B B AL O T
ma) BEbMR TOOEERBe H th@lisbRRSbf iHofanid st Rtorfs Ik ddiiring

ram of di sadvantaged crude. In sonme enbodi ments, the
heatimgj duerayodiffeactiom sphcommoafitee norgasittsali eplekist mdy ba takae before

heating and compared with an x-ray diffraction spectrum taken after heating. The Dgo:
peak (corresponding to the inorganic salt atoms) in the x-ray diffraction spectrum taken at

temperatures above 50 °C may be absent or broader than the Dqo1 peaks in the x-ray
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catalyst during a reaction period may be at nost 0.1

grans, at nost 0.05 grans, or at nost 0.03 grans of
woesistdesoand/ or coke per gram of catal yst. | n eeTmaR004/042120

enbodi nents, the weight of residue and/or coke
dltHé?ﬂS%’i SPECHTYER (akaR a@ﬁ%?’&?&reﬁ kelpyy 54 F’an‘ﬁ‘@ltﬁ‘?@W the x-ray
dlfg}?g%gi]pagcﬁﬂqsc%{netﬁé 'ﬁe %@%&%ﬁ?gsagﬁu%%%ﬂ%at)ﬂfblpre@e?nvg}yq;énow Doo; peaks
aﬂhabwnahmuahﬂmfiree of residue and/or coke In certain

tacti cOo 't'on ar rol,l ed such
£ ha oS ong a8 gy BiheoRpo SR o eGPk ardeutt odgpaiion
(an@ R 1 e producB mAPBE vAHLAA3r SLARE cﬁfde%n'aﬁdﬁi%h'?@ﬁmltmg
mgr am of ‘crude fpr oduct. Contacting a crude feed

ibitengclarmationtof inyefwp dundt Flasl totsdl prosiieteaomipegition includes, but is

d d ok d/ o
not"lgg% o Pl SRS BoRTENE R pT RN JRN s Bt make
up BHeQsbugReitioMs HEBe | bﬂﬂe oRetuet Mdiehé ﬁ@ﬂ-cbﬁd&ﬁ%l@hﬁﬁ@é&@otpﬁases

a refining catalyst, or in the absence of a catal yst
usi hgnirplking seriacimgicanditians nemhinaiion Witthibe catlystddseigbed herein

mag g)g(gdl{ch gt@&alﬁﬁ&ﬁ %ﬁg?&gﬁr tlll}gﬁl p&dﬂ:&é%%@el eag?‘! B@gﬁ%arlson of the
MGR cbgastofFaro@y ciddes nedy dl@asérufesdo beaiiked basedtonl theis tendency to
0.9 grans of the crude feed is converted to the cru

forgy eodic £'or IRt Icuderysithe SECI) conignioy Oyl giamns of MCE. pgr gram of
cruQ% Hod ?@gée@ to>foh ¢ gf)la uﬁﬁn GreHaR vmlngMéR B&ited o8 001

crude I s produc ring contact
gra@omieE€Rquer gfant dfscredeu dRisfdmdtaped arudesmyplcp]ﬂy)lmcetM@Rt dongents of

i ni.nal vyi el resi due .gnd/or co if any, in the
at I B e e MR Bt ot AR BEBUGRESt o ba conver ted

t 0 GO GhBddiRERS Ucﬁé fosiiub Qoﬁkeﬁﬂ PGl coROBIHM Nt ‘aEposrced on the
pre-treatment at are Inery In certai n enbodi neEnt s,

catplypt dyriagagtaction geridbmdy bant mosit. Dg@ng:r alreost §05rayams,®r &t most

0.0 oo Bk il RbE BBl el te
welphbo£RBdes salibecolty deRaEd oM the dathld mnelrr‘@l@gis RN 100001-0.1
fromOtoOZgrarrs 0. 0001-0.1 grans 001-0. 05
gragisa R0 1-905@rns,or 3)19(} a3eragss. ﬂgﬁm@gﬁ@bﬁ@mﬂn@, used catalyst is
su agﬁgl rp@%eﬂﬁﬁe & c%i(e Cfrycde eﬁﬁibdcﬁmgﬁtgdc%ﬁ gtln conditions
ner of

cont ac |ng zone enperature

: are(uonﬂellefcmldh fHaow, moa e 16fgrams, at mpsiodlor grafrlspw mdSﬁ()EOOS grams, or

and/ or _amount  of cafal yst feed, .or conbjnatjions .
at A 0P8 erams ofrok sé%foam BeT gl ﬁﬂ%&iierPr‘aJé@F r%‘apt?%%tai cgpde feed

Wltiﬁﬁ@@eftﬁ Y188er oSBT RIHRAHE BERiSons RGeS a &fd Fqu ity of
i EOeE a Rdptotauanily

tenperature in the contacting zone e per
coletradgir m@lchlefrblaweoﬁo aeqtga‘stymfs:ohg aim@ganmdwpuodu@ddfydreatmg the
ut e

s throu conta ne.to di
oyt B RSt SRS Ab 0 L L IHEa FEghR pne the
sansOfnddctihP GodRiéhs. | N some enbodi nents, the tenperature
in the contacting zone may be control | ed such that a

t enﬁh@a eqnizasing gondidorsonaybe ccmgroilodxen issmaembadiovests, such that, per

eragpplSndieRed S hE e RAY: f e 07, asfud G oD & grameoprandeast 09

grafil4 @ thd@hdd feed &Udhastddne tHOH8dd ?x@ﬁﬁétaq%ﬁallﬁ Doty 0£316.99
m ni nrum TAP t enperature and/or the m ni rum DS

gramsnPerlal grags, o). &6r grams @ﬁﬁmmrgducrpem‘gmbvé cggledeed is
pro%ﬁée%vﬁuri%g cgﬁag?ﬁg(.)v&on%rs%o% of the crude feed to a crude product with a
minimal yield of residue and/or coke, if any, in the crude product allows the crude product

to be converted to commercial products with a minimal amount of pre-treatment at a
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0C bel ow t he m ni mum TAP tenperature and/or the
m ni mum DSC t enperature. For exanple, in one
wenhsdicemnt , the contacting tenperature nmay bePCT/US2004/042120
controlled to be 370 0C, 380 _0C, or 390 OC during the
re m@&c In emtae B iRe, RR & Af #iAe o5, Alanpst &t@fﬂ@s at most 0.1
grarﬂ g‘[ ost0. 65 E}%};SD%BQ HRE %}Eﬂﬂg €orla® nfh3P0.8 Coranty &ttﬁke&ude feed is
I ment s & contacting tenperature |s control |l ed
conserodd tb mah-cbhdensghiphydbearborss Iasome mebdmmmsg frem 0 to 0.2 grams,

0.0 L ey 8100k 0 ceingt & %A st O o BHpER R o

hy df@:ﬁrﬂ%ﬁs ?é}r‘érﬁfﬂl drefideFedfis Hr5IuB&. 500 OC or 550 0C

during the reaction period when the m ni nrum TAP
t erfpartadlinga emao@ng momg iemped8Eet letvpﬁrcamd@rfeed Bowsptepd total

SRR S, 5 P BE LS IS BBt moy b

perfofBetAh it Sn H@s.‘x’re& rlcBon fm{pél/a@@re@ I B @abtdiments, control of
properties. Such control , for exanple, decrease

the tepkpsrdtaieria thegontagtng @a@@ncﬁb poFEIed Aiylchangiag a flow of a gaseous
formation e
s S8R RO ARSI BT e AL g amonno
hydesiied iahd/n esh@lel sttesk (heﬁcfﬂinh tl&rboﬁfactlhlgz@{eude feed. | n
sone enbodi nents, the conditioning may, take place
t helngpmesmbodiments, hedpmaeraiuse i hesApfREIRERORE MAde controlled
SLIC]!I EH%.E g@é}h er§tﬁ+e 1n‘1‘:ﬂé @cirﬁ’a%{m éfne' J[ lé.ggVéq %ﬁEélG&' cfegi?ed tem erature
I nor anl salt catalyst o a Fs nper at ure of
“T,T. ehs¢er’daﬁﬂerﬁl§bd1memls dhs torﬂﬁl‘@m@(’rbmpd:raﬂue@stcom@(ﬁlldd@ucloﬁlaathe

| east 500 OC, and.th ool i n nor an
confaghing gene ?@Psra%%&b&f%ﬁlﬁéwatrﬂ%fﬁﬁf’ Fi2ie 358 op e mypimun

‘ :‘DS@Qe?ﬁ 420D Gn c@ftmﬁtenﬂ%afmelﬂ%o T9§1 %llHé 30eict w168 Mot BRSY Ser 10

t he |norgan|c salt catal eated to a tenperature

-+ °Chelow tlnfamgemfurm"fnm mnpewmm,d/ CZ olge BOOMOE, DEE tgopersoe:. For.
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exampbq,r?rgg e%eh elgaglﬁ%gntgﬁﬁle Ctgr%%ﬁrtag,gg %%%tbl%rhcentlr&le% 6394990 °C,

- 380CQNdt BO®AT agnﬁg,em@eé@h@ﬁ BéridBWhELthd hiafniid g\ Fof¢mperature and/or

determining ioni ¢ conductivity measurements at
mlmmﬂm&%ﬂﬂemmwéreaﬁé%sc In some enbodi ments,

Conl%' ott}lx ?%hﬁ)%dﬁ {HPse 1ea§t1 Hﬁ)?sraqa%q E%l’ﬁll%ﬂe(ﬁ LR tﬁﬁcf‘he
tenrper Gres obtarned rom eat’/ cool ranS| tions
tem@bitatir& &cht )t dbead, ithgcasalght TM fempetadnee iandbotricatabat DSC
catal yst nmul ti ﬁ)le tines in a DSC. Con |t|on|Pg of th8°
tempﬁr@iﬂg%mfer Fample, eopctingiprperabiye domt degongplied tohgdle0 °C,
500f € Qr 580 BE qREH &fel}%ﬁ% él‘i’(‘{]@ﬁrh&?ﬁl%tlﬁlﬂﬁnﬁlﬁ@ﬁf@ Efature and/or
t han fenperat ures used \Rn onvent 1 onal hydrotreati ng
m1rmat1ml DS semperatarenie 460HOd Cormolding shecamtasting timpesgitnehased on
ate, VGO, or m X t hereo in the t.otal
catay gt CREE VRl eatbyt DNGHTRg ke Sid Giisved orude
profic? ?Hgkrﬁe% MBYah cddh@Mhiy CRPERGHHIBUHERAG crRForitdBR! Rcrease
ing a rate of total product renpval tends to
nonrmdetmble@aﬂf@mahng aricombuoktiorrethereafie feed with t he

Cat rnatel |ncreas ressu e.to
o reettpimeaidis Ui RA AL Bt BRTRRY PheRh red R o
additqulrcﬁaﬁ@cﬁdy tRbd ipdonfe GHbSEMBAQAUE Eondiﬁ(ymhglﬁlﬁ?@eﬁ@ place in the
i ncor poration of hydrogen fromt he gases into a crude

pregenoeloicthe cordedeqh. emditionings theimorganic splt cafaliché iz éerlde heating
theE] ogga EEhie calflalys% toa ﬁrs@%p%lre{tgrre 0 %{TR ﬁalt()bgasat%as{ 9&?’ ‘eC at least

400 °C, or at least 500 °C, and then cooling the inorganic salt catalyst to a second

temperature of at most 250 °C, at most 200 °C, or at most 100 °C. In certain
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effects. Increased contacting tines of the crude feed

wWith the catal yst may produce an increased anount of
wdizesdes3oker osene, or naphtha and a decreased aODWIS2008H42120

VA relative to_the anpbunts of diesel, kerosene,
embpgdiments, the ngreanty isatabagishieatsd 4¢ £ &mpaspitiEgciniafgngs iseg 150-

t agt | ' { o g

0 e OB e R o o] BBl AU e
from@5k0 °6f 30-260 6C uaked 0p?WLicThe donditeasedempataces may be ne

der e P e S B R esRTS, Sl b B hpegatures. In
son@éﬁbcﬁﬁm&%;ﬁ%ﬁaﬁoniﬂg%xﬁa&aﬁ%iw KOl ARPRIRDIE

changed over tinme. For exanple, ‘the contacting _
temperegey ebtained Gomt eat/cah travtifiony abéaimest kit beatingapd beoling the

. increased 1o ingrease the u f. hydrogen. that. t
inofgireat aal SRR ThetPadane: Laadiiofine S Ainbiihiclf catalyst
maPRIlow tynth&@ oERIRGR: feltBto¥PeorRéd msweg&actgmlt@m?e@fméshﬁan

crude feed, while inproving other properties of the
temperatioes esed withwonsenfwnal hyslretigedisg edtalypisde product s t hat

may, be produced from ' ruge,. h B L

o Rkt A PR OBl B8 A8 Vo0 G ARkl Hogreot,

in thefthal PRyduat, nawy 1 Fakied &5 chirdgaispad off totid peoddtiaemoval from a
treatnment specifications to be satisfied. Uptake

ke of
CONfAFHnG geie- ity CERMBISs dackRging  1afsinh aqtalrigowcct:rfago‘tah fends (sfacrease

corfle SR LR B b ok,

reldtiwe b amihitiaA pessirn aorydocrasseenntaétinyyiinegeaay incteasd dgield of a crude
rude product, fromthe f&%d%ogen ource. Relatively | o‘ﬁ'lﬂ
Profficty BAR BICTEASG-MEROTAIOB of PyUEZen Bombe E3i5s4tias Rk pigdgt for a

- givE P EeASE W8 of 682 rdoadk ﬁ?&%@earf Kludde, ¥LMYy hAY combinations of these

consunption of hydrogen gas during the process.

. effeSitgy Ainéreased tcontapting/dmenef thé cute fasdudigh the sdiatyst may produce an

. _propertie Lelative to tho of the crude feed, .
inclsprlaAnarihp dEieTieREene oh St B feclarbyRATE of VOO relative
to tHe Binbadtk 6f diEE, Kedddehe, Abplitiisl 208 ATGO Prbdired 8t shbticlecon@etng

may al so be altered to alter the properties of the

timey. Ukyerepsing thetconfastingtimapf te tptakprogustin tharontagting zesfe may also
\ ' 0 u '
chely B AL RRE RO hERodrb e R R Xpd BB bor Bt v may
resglt ioehiph@dugight pefeeatapt af lovwerbatomaombers ¢arnd thad, adiigheha Pl
crude feed with the inorganic salt catalyst in the
gragit¥sence of |ight hydrocarbons and/or steam yiel ds

o e . .
o o ot b MfeRE SOOcRE b fAFo RGNSy bcnEid Ofer time, For

exangll¢, tieadcamtacsing ipresture apd/esstha centedtingytampgaturamdy bt emmeased to

. I n embodi nrents that include contact of the crude feged

incigy b ATHERED W Cten H}%Q@ﬁe‘é&&?ef‘ WRiaKSTdP gEuee {55 o procuct,

Th&%i%}ﬂg% Charfe theARbu olp Hjé&rbgéh l%taﬁerkﬁ‘ tROERAL &Rt SwRile fkiRoving

cru product may I nclude atom c carbon and hydrogen
oth¢rf propertieeofithe himde Yeedhincteaseashdoiypes dfrradeprodedisithaimay be

rogfiggaTrenceas et BednEie oIl o GrRR potne s B from =
sindle ehuddFeddBEly allow different transportation and/or treatment specifications to be
satisfied.

Uptake of hydrogen may be assessed by comparing H/C of the crude feed to H/C
of the crude product. An increase in the H/C of the crude product relative to H/C of the

crude feed indicates incorporation of hydrogen into the crude product from the hydrogen

60



10

~ 15

20

25

30

contacted with the hydrogen source in the presence of

the inorganic salt catalyst is at |east 5%greater, at
woOeast06d0% gr eater, or at |east 15% or at nosPCTAB04/042120

greater than a voI une_of crude product produced froma
sourche Retetively dewducregse gYH/C ?ﬁ@etcatcgl Prodict ke “brascppppared to the
crud O B e AR o A Ao R LS R B B} Brdoie
Slgmﬁeam dhproeeemnt dfehe:cmdepjfodact mopesies, re'l'atte/el tn thosa o€ therprude

vol upe is believed to be dug to a de in density.
feeq_@mne it WIWQEC%WQPQW B’élr‘?ﬁenl% aﬁ rtially

uﬁ'%dra@cy of‘ﬂﬂfr@ hféério efudt B&dGhasdBsd BeMiterbdioCtet Bien
i ments, rude feed having, per gram of crude

propmeh ofdbe trede prc@luetz ngramplai intrsaging thestiqehils hydiogen source

of 'sul fur d/ or
o cppdenpor e G gt Pl 1 R it T g B m of
cruf Ge@nge of an inorganic salt catalyst w thout
dimnishing the activity of the catalyst. In sone
c nﬂodnenmmembcwdheenth spylaiiof tegrnde feed Wit the igergaaic salt catalyst in

e SRR Ao BT it R TR 08 s

cok&Pih @8RI8 pRdduct thah Wekaactlit caude fesal with am ilﬁldgatm'n saiﬁtaaailﬁ,t in the

sul fides, nitrogen, coke, or m xtures thereof g}ﬁ (fl
pregenae eiiyskegen andypiaga. rI@ﬁH\b@élmWf"ﬁé"@@%ﬂom?’F& of B gude feed
C

mt@m%}eﬁlllaﬁgéél%zﬁesgx e cﬁnrfl?ﬁqttok gggﬂaﬁ@ Fgfg@:é%%?&ﬁ&i(bﬁﬁe

conipdnetg ef tlfeajmhdimm&tm mayayclhdae zrtemm/@dbcbyamidnﬂmgen iifyomtibe
used inorganic salt cat rg ﬁngw t h to pr ﬁﬁluce ¢
methappiThich kasikecn SHEORAEH Lo yn%‘sc 8‘?.1‘“?5 g Fzoponents.
usef) deAgh %‘I\?oﬁ?xﬁl‘:ﬁts GRE sk ob)éru@l@ RicRikt fYdhded ftshed crude feed
inorganic salt catalyst with steam and/or nmethane to

cormmmﬂlmmh thedrydgeen asuatce avthe pre@gmo@@i theli 1n01§gm§ salt catalyst is at least.

r_ nor
5SS TR 0008 TSI, AU ST oo o
cruflé PRRuE§REduck AR 4 HeRAnSAHOSRIETP. 'Bhdllbtell Ublanﬁ:fof eael product
inorganic salt (for example, K2CO3ZRb2CO3ZCs2
prof @ AlyzoBtacCeitesrida des wigh thraegaadspalt @tézﬁ@ze)y g be at least 110
b cted cru e
o35 P B LR ORI 4 pRLAPL R TRt B
dud fo%e&ﬂ:@segﬁmeﬁﬁtw Mtdwertdeasirosigdneslydfe agdemst partially caused by
andZorliquids is mnimal in the presence of steam
hydrpemetiemof bacisls f8idoxi de, andZorlight hydrocarbons to
Proguesiamh dd Mn‘ﬂe{ﬁg apéru %‘gg ﬁ%ﬁ pEPBr9RST Fade FeBE 4 #st 0.02
an |ncrease quantity o roge an Zor car bon di oxi de

grang| atlease0i06 glreﬁﬁs;tolr wielegs 6.1 g%amns eﬂaﬂﬁir,ea,ndfdﬁ@t @aﬁ (hQ@l grams of
i nclude fromaQ 99 npoles orr fromO

Nifyyk sgentagisd Zﬂﬂ’caah%?ige@l Sewica %rpf‘??ﬁi“‘ee anrlg%rgfu?lv galt catalyst
wn%@éthdn%ﬂﬁ J‘Eﬁ%tﬂg%tlﬁ%%iaﬂhé‘ cRalysl atively | ow anount of

ar bons "andZor caf bon nonoxi de. For exanpl e,
| esin ﬁdmmwexﬁbcﬁﬁmgnmrﬁhe uforgangiﬁaltm‘diﬂﬁt aarbhﬁm@g@r@r ated, abrieadt

d | t h 0.01 f
P B BaYa] OFRBS PT BT oDt 7 ROEBI St St
Coﬁ?&?ﬁ&{n@s BB ate 1R lithited tb, 91415, AHides, rnl%é@@'; edkel Biﬁﬁlxtures

9 grams of water per 'gramof |iqu
thereof Sulfide contaminants may be removed from the used inorganic salt catalyst by

contacting steam and carbon dioxide with the used catalyst to produce hydrogen sulfide.
Nitrogen contaminants may be removed by contacting the used inorganic salt catalyst with .

steam to produce ammonia. Coke contaminants may be removed from the used inorganic
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In some enbodi nents, the used catal yst andZorsolids in
the contacting zone nmay be treated to recover netals

woORas/0escmepl e, vanadi um andZor ni ckel ) from t he PAsaI82004/042120
cat al yst andZorsolids. The used catal yst andZorsolids

saltreafplyseby perrcsipgibe wigddeerans pajt safRlvit W}@t dpars apdpPRrdAne to
e i
Pl GG prd s PR EB0 o A Sk of B 0
gené@itadl fysh aphiepae of iedinorpast saigcavdlysand residus] crade feed
systens Wt h controll ed conéact i.n condéﬁ kgons ar ? set

f or]lane Fainsbodimens & mixtyse ghusedpgganys s )i de
IS
N S N e R e
unrpazmls@ualmfee@ pitnbonatesidwe tind/drl@kg mzaysbedfeatdd 1¢ o igrapatatigee igra range

fromg 0D O 3 g S04 90 o wienEARSe B er et P paids e
mlﬂlﬁlﬁnn%é H&Z@ﬁk 3P Skt Hﬁﬁ@g&ﬂaéﬁbcﬁﬂ &okide, aMiFordRhe hyRecaabons to

forman iron oxi deZpot assi um car bonat e
prodruod aulnq;ud Phaseiandior gad. d8=mes awgiinghidearbisergetedurntityof hydrogen

anc%aﬁCél d:{'l%ﬁlge geiql'%}va){d I n%%\%u?g; g}a%l lg qH«? ge?s mia_{/glclude from 0.1-

99 ARtHslor PRM'G3-PR6Ies LI BFIroYSr anﬂﬁ)r h@lllbbﬁ dﬁixmﬂeﬁﬁbr Adlaptireactive gas.
11.5-12.2 MPa (1665-1765 psi). The internedi ate so]id

Thengas rp@sw@am rreladyela lovpamean o§ lightehyidrqqarhoms ppg{pr carbon

|
o OLEE A BT iy SR BRIt oo
lesPthad 00e rgas of @rborMaoheridy pe pedre bé pentle Isuwid phase may contain

m xture at 100 OC. After_ addition of tﬂaéh %
WA RIS A OIS It e 0 S Pl Grorer per
C and mai ntai ned,at 300.0C for 1 hour. The
gagor vent t ‘catal yst mixture was cool ed to bel ow 100 0C
- andltt soeesarthbadimziets, thaumdy:staly/swlcg@mhés wdthe competing zone may -
m xt The sul f |zed at al
be §rpqtf,cr @trfagcﬁfef petal {f ;}/di gp 8Bn1§i;%&§r8ﬂ1et¥ee‘ used &talyst
andMESPEHEs. V\’Tltlé“uﬁmébﬁ[}@t 51191/(51’r s@ﬁ&@ﬁaﬁ B tréated aghg @éndrally 1&05@1 metal
sul fide catalyst. 'The K-Fe sul fide catal yst was
sepatatide testinigyes é@sﬁrmglplfh beatimgathestical ieaiingh apd/gpeapifigation.
sieve. The resulting K-Fe sulfide catal yst was
anal yzed using x-ray diffraction techni ques. From
anal ysis of the x-ray di EKAMPI.BS spectrum it vvas
det ermi ned that the catalyst |ncludedtr0|llte es),
K- Flogdiniting exarplepyt cailyst Ripriaions festipg ghcaial ﬁ/%f fgytems
w1t%)%%£rﬁ)!) Ted @%gﬁﬁ% &dltji:(ﬁ%%r Het tpPRASwassoci ated with
or exanp e, pyrite, FeS2) was not
Exﬁb@w V. eErdmrmm uf 4 KyFel Sﬁfﬁ«h(fatalvsts e &t-Fei sulfitix eatplyst v2as

pr&a&é%&&:@g&n?%ga (%ggrg{em%f%lf \é\éﬁ gg@g;%gbo)g%%ﬁggur 3 olte{]smtum
car%?ﬁgté Wx’tﬂlﬁb? % 5f\;\<£egloblﬁtgége i £ Rfm(LRomasEed Tak W%lﬁaste was

alnless s wWth a bottominlet feed
drlpd)aﬁZOOa? Cstorfgine an &po ox@lefpotassitmpartopate migbire. The iron

rrmcou | es located in the reactar, interior, and
oxgdﬁ e PAPGATDPIO T afaaﬁagfla?f & cl A R

oxide/Blal§um carbonate mixture. The iron oxide/potassium carbonate mixture was

reacted with hydrogen to form a reduced intermediate solid that included iron metal.
Hydrogen addition was performed over 48 hours at 450 °C and 11.5-12.2 MPa (1665-1765

psi). The intermediate solid was passed through a 40-mesh sieve with minimal force.
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The K-Fe sulfide catal yst (110.3 grans) prepared as

described in Exanple 1 was charged to the reactor.
weolzdrsepgen2 gas was netered at 8,000 NnrVnB (50, 800/USEBEBD42120

into the reactor_and m xed with bjtumen (LI Oédm' nst er

r eghhgrinisrmedizia gabid wneddspdnmenewalepiraidie coaliel thp evolution of
.t inl t o
st PRI 0 L SR AL S 10 e
addpeni of theoifiteh@BdihiesbEd, thy thsultiep ngasirawds credeentadkycheated ¢o 300

cont i.nuousl ed, Lntq the reactor and product was
oC sagieainape A bad HoHF oL S HEVef Ay SRR S Cpgied o below
1008/Ehédat€%hé SAREDREd ce@élzﬁewe{sesﬁﬂar%a FRdtRtmEknrat Thébulfifiz8d catalyst

r to maintain the crude feed liquid | evel at 60% of
wastibelateé by tidtration! in aelry-ho% Ondsr [ah jargour dteoghersa apd weshied with m-

o130 S 507 BB SBT3 REREB Rtvos
povAIOEEIhsAS (e dathyst BRGuMASACARERSERS W th the

catal yst at an average internal reactor tenperature of

430TigGesubing Koltd swdfidst capast ivipd pogfapgdcisitges-faeitiigetipn t he
b RIS B P RSl PO bt e

1
cata%sjt Rtudel erovias $rdS)  hrreualfideN& Fe Npparhipins ané kioh opiles (for

e reactor head was elect[icallx,heat_e 0 430 0C to .
exampls, arpenetite.dien@h)- Aopepkiassrciased withda dﬂ%&é&%@@#ﬁ%@n pyrite,

Fesgﬁ\glgsr n&%bgé}ge ﬁatgée Q{ra@&gﬂad%ifo}l%be&?ﬁ:lﬁ.i ng the reactor,

reactor e n apor was® cool ed and separated in
Ex@mpleZh Qotasiwfea Qanld Fedi WithepHydtogen Sodree in the Presence of a

K_I oW Er essu;lestgxééd%i;%nae arS %{@hg@g{ﬁ%g\%&eggﬁgggiog3l6

staiARENGEN FhS Bd WhpWreabstihe: £64 YBRSS sihBle VEPIY\El@sH Bb, three
gases, h fied dard

and thereafter quantified using standard )
theivconples brcatph i the eedviirqutes or, Thea skfidriven d ddcdnch diameter six-
er gramof total product, 0.918 grans of

i ncl uded
' bla@%ﬂ@‘gﬁwﬁtﬁﬂ? and 0.089 granms of non-condensabl e

hy AT RCRLIOMAI RS yst (1 10 heRy hrepared adddscgbé® E¥ample 1 was -
solids per gram of crude %eed remai ned. Broperties and.
chargadpo thetreagier. dlydrpgencgag aves preserad et SRR Npe/m” (50,000 SCEB) into

non- condensapl| r 0 i
v AR AR SRS gy
entére@theYeadndthibalgh ehedbvdtiontindst fdd. pofito Sorex ahpdregen/crude feed
_denonstrates a nethod of contactin crude f ed&/viflh
mi¥yigr dyermgithe eI TEE PREed ot 1§5hours glﬁgﬁog%ﬁaﬁfél?aﬂm ¢ feed were
con?niﬂh{ﬂﬁr?gffeﬁ%l@ltl}fesfeaétgr ROHY GGt Jvals Q%%nd@ﬁﬁ? WehoWiditBrough the

concomtant generation o oke. "The t ot al o
efflpemtdupdr porcofitiectaatoer Golelefeamidwa fetl hbs ramef @.0 ghmit@imaintain the

i Xt ur. t STP t 0.1 .of .
T T MR i —
sou %?Qltldcat sodR¥n fbﬁm%gin?%%ﬁ(%}?%t%%&! Wére Ubed f3and¥siRaRONLQNY level in

he crude fee in Table 1 to the solids
thefreachaed during the process (2.7 ww%, it is possible to

TR ALY Tl R
reat O RngRRdurk REUs@bEd ChMtabigy ST MabbarcrtdSREd with the catalyst
produced a total product in the form of the reactor effluent vapor. The reactor effluent
vapor exited the vessel through the single upper exit port. The reactor head was
electrically heated to 430 °C to prevent internal condensation of the reactor effluent vapor

on the reactor head.
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The non-condensabl e hydrocarbons included C, C3, and
4 hydrocarbons. Fromthe sum of the weight

woens@matamges of the C2 hydrocarbons |isted in Pablus2d4/042120
(20.5 grans), the ethylene content per gram of total

C2 Mjaresiimasbpisaniay thercaaiPt BRI P TOUSANISPHBIGE 1 2
o5, PUARRSLIRRFAER e A BIROEAT Pl s
liquikiistreafn drhen gusisgbdm p&he gaxt siges wds sehisto@ohyrawznbiens caustic

listed in Tahle 2 (23.9 qgr t ropene cont.ent .
scrufbFr GrEmPYE a%l%@ﬁswhgfs?g?@&ﬁ%ﬂ RSBl ] dpatographic
techhitfueS3THY ﬂﬁﬁgﬁé@ﬁf‘&cﬁlﬁedﬂﬁr Rr SO06E PRAIEE 010 81068 Bfude

gases included 0.21 grans of propene per gram of total

- prodi®t hydi0 682 giromsof ibheomdensgile bydoparhen géses.hin the reactor, 0.027

noncondensabl e dr rbon gases,_had.an i.sq- but.an
eraS B e PRRRGRt O Rt a ot 0 g S0rmPUS B e
crudiEprRRSd had 8f RnfBdhiadable hpi:odaben gaset BERIUPEDBYItHS hblbd are
includes at | east 0.001 granms of hydrocarbons with a

suniyerirized ¢n Tablgd iniFE@ 8, JabledningdilGaP. apdskabfoqinld Q. 460 oF)
at £..101 MRa

, t . .
o o A0 R B
the Qge&@ o@%he&ral@ﬁito;lﬁ@et%l%h}ﬂ&&ﬁtal}&t ﬂf)%rp@nic&_rﬁomﬂ prodgct with
rocar bons w a boiling range djstripution between
mingpal GeceRHal GRRTTin ofgzoke N‘P@Fga’i‘b&“&f {HCE%@ 2 grgg product that
Wa%[ lgcgﬂrslg grgl#ﬁ}(éj{it%cﬁ Qﬂ%ﬁ%&g%%éfg %{‘a%iggﬂ ggﬁ‘-'agﬁdensable hycg?carbon

I'on between (1, 000 OF)
gasés 0 brdviPaf totdl@rédudt.ocar bons t hat had a boiling range

distributi | 04, 0C incl uded i sg- fri do -
- Y SePRE iR PHE PEbr MK cSHER PERBi Frilay e in
Taﬂg%?ﬁ?ﬁlfe'seﬁd%%néﬁ R thd pfbceste. 70k 196he itRE PEkdMle 1oxet. h@ﬁhe

point distributions that are associated wt

contapdtichanf theecanroted catiditgmmis and e ca@tyst Prasiuged aile ver quaity of

had l.east 001 n a and the naphtha .
COkﬁgli‘alnlathﬁt IB%C?tﬁng%dgémg%Pd@ggggh oct ane number of’
at TRASdn-déhdeddaBlendafichdonoincivdsd g, C)an¢ Cylediptatioet From
had a benzene content of at nost 0. Olll,sgrarrs of benzene
4

the gemn of thenveighieeserntages ahbe fapridesaiens iider B Table2 40 grams),
uct. _ha ' r

e BT bt 8 b st ey gl am o
hydabcakiems of helhydraarboafgasasiadyddd CO73 grgmaod athlylens ppegram of total

ram of naphtha. The crude_ product had _at Jleas; 0.001 .
Cx Brcingarnsk drer dheosumpiciig Sl AECRRES o B E Rt tisted

f ' j '

L5000 9l B LISk Ot By sy v

calaigadit Ths C; hndtotdneodsert deema-@adensebledifydtdearbon gdses included 0.21

o it Bt 5l S o S B R
corRBhdabRMyRfoca R nTastdfal bR Kehutdirdo At but@RSkeiShtda@s 81® 2 0f

nmonocyclic ring aromati cs per gram of kerosene. The
cr uflkis pradpletdetradsteatesl aansthod toprodegeamerudd prgitaedhat inhedes at

di esel fractjon of, the.crude.product. incl.ude o
teash 05 EereshS ShhiioqReoc gl 4 UK PEHE Bt g Bhggmost 204 °C 400
°F)Rf 040 E Mitad: RAst B0V BEArESoOBAk®Atboak wath d eAkig Ande dikaibation

of aromatics per gram of diesel. )
between 204 °C and 300 °C at 0.101 MPa, at least 0.001 grams of hydrocarbons with a
boiling range distribution between 300 °C and 400 °C at 0.101 MPa, and at least 0.001
grams of hydrocarbons with a boiling range distribution between 400 °C and 538 °C

(1,000 °F) at 0.101 MPa. The hydrocarbons that had a boiling range distribution below

64



10

15

20

25

30

The crude product had at |east 0.001 granms of VGO The
VGO portion of the crude product included aromatics,
Wanabsmhmoveo had an aromatics content of at IeaeT/UGz(E4/042120
ans._ of aromatjcs per gram of VGO Exa

204PrCe1élﬁP1é1Fﬁ1 5-reratingarebn-giaf et ing FY "Ir%"‘? e PARAERT O the n-

Evdiacapan Di luent. A K-Fe sul fide catalyst was
par%frﬂgpareg Ifgly conbi ning 1000 g of iron oxide and 173

of Pl @sde productribandadebonlingpaiaisribfitiehs thairairfzwowi.@tﬁg with

narlihee Rorpae; Gerbanpiod b porRerel R iesr L8l i r
naphilf dnB kRS ARl REa] dh¥efde Bfovee: Rddrau@hhnd nﬁﬁrbeﬁemat least 70.

SI eve wth mni'mal force. In contrast to Exanpl e
The taphthatperisdefihe caidk iptodnaishadi adkearzoier dontene pleatmagst Q@llfeuams of

‘ benégﬁlqtqge? §ﬁa§1§?>g hgtta]malg}:ey fét%g %ﬁﬁ%ng)ltf (lg,}%rGre de %ﬂgdﬁ‘c‘cq{ apgl)ést 0.15

graffis%E dlefint Peld@uslasredplethe MERS @dphial fortion @ﬂ the echdie Ppraduct had at
seal ed carbon steel cylinder, heated to 400 0C, and

leastd) heramsof mumodydicameasmatios per gramhel naphthar i zed
cat “ﬂlé/ rlﬁldg\%fs‘oﬁi%&%%ﬁ% Fe%tfd St s 8F¥Q§§En§:.t q?l'e kEI%@&{egortion of

as a otassrumiron su e catal yst wa

the%hﬁﬁﬁﬁ@ddc@h@d @ﬁ‘é@z@ﬁg pSihTigEl@w P30 t@r Thakerpasic Ipertsmcdf the crude
that the resulting catal yst powder tﬂassed thr oug}élaéi
prodoctrind hdesi asgmativseandibg k@ﬁ%@lewﬁa@w ke Fruga PEagduet

aro*ng@&s ‘yodltten\yaf alngsltkSZS a@arﬁ? ]pé'lt L@sy };)(éii lgfrzilﬁ g? %%r%gene. The keresene

roman Si S o raction

porSipg of thertrudet proésct tled arleasneqd drinas of xlnen@@bhb yiag atomedticslpet gram
pyrite (FeSa), iron sulfide (FeS), and pyrrhotite
0 I(qreﬁen%) M xed potassiumiron sulfide or iron oxide

d
T Eothe e bR R odEL RS b LRI Jhe ARG o of e

crubly ﬂrcldgetnn&udﬂfd:aomatltd; endthesiselefration okilfeecr@ld frodect had an

Catal st at _.a reased t|o .0of Gaseou rogen to
aroeada% Of‘?"il::lﬁ F’t%“és ?eéegﬂamgig}%‘gact i on

pr Oq“ﬁ@'b&ﬁlae wd%cttﬁhe a‘f? m&c (ﬁ@Oll FrafsX BFWIGD 2TheVCRPhortibabLf the
the ratio of hydrogen gas to crude feed was 16, 000 NnVvV

crufla p@JIDCONSIQAR) aromatickFed el FGQdad an arapratics pententgi ahdepst 0.5
red as descri n Exanple 3, was charged to the
graﬁbsadgt% tﬁﬁé’sﬁfﬂneg '?bt he crude product produced from
Exhhipe STEPfBiﬁrﬁtﬁﬁl SLUAREF 86llideCatalybEinlthe Absbhze of Hyttotarbon
Table rn FI G 10. The wel ght percent aﬂe of VGO

.J}ﬂ&ﬂ!ﬂu%ng@ pulfide applastavasoregpasest ot camipingH0 Qé.Oéhrton oxide and 173

h
£ P BT S8 pard RRY D G R EL GARE € form (Gt} The et
pasfté‘lafﬁs prioeessed @‘Idesméhiedaﬂﬂéagmplefl 10 fotm kHeahterpedidiecelid.i The
nple 2. The API_ gravity he cru (gfo)

mtgméw&eew i ﬁV%PSﬁi?Flé puplya ﬂ%xms £15%5 w‘%@ﬁwgéﬁ% ty of

t heIrF dﬁ%s i)leﬁf gﬁjé’l lec‘ﬂat@%_@ﬁﬁ bs ?mx&i Wite Q%Eneﬁ@ﬂ sulfur in

graVI lcate ydrocarbons w't hi gher carbon
therabsdree ofve hedmcambun dduenaf frex dltydmcatsingvant dﬁgculharrmspltbee the
1nt£r?nee 1a‘cet sho 1dT\A'\/gss n%g(te l\)\y’&ltpowlglerela elerrr?ean%l %{Jlfur placcr:]cijl my a seaIed carbon

steel cylinder, heated to 400 °C, and maintained at 400 °C for 1 hour. The sulfurized

catalyst was recovered from the carbon steel reactor as a solid. The potassium-iron sulfide
catalyst was crushed to a powder using a mortar and pestle such that the resulting catalyst

powder passed through a 40-mesh sieve.
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Fromthis analysis, the transition netal sulfide
catal yst, after being in the presence of the crude
wobeewd/ a2 hydr ogen, i ncluded K3Fel(Si 4. Exanpl eCBusSTodR042120
Testing of a K CO/Rb CO Cs CO Catal yst and the
| ndThe rgerting psagam Bosaplfide catalys) vaspnelyzed psipg X138y dgfraction
tec}gg%&g "Rl ?@2@{??@1‘ tgg d%r &fﬁ&@%%g&&hﬁ‘ it (s &é&%#n%ﬁé({ 13fMhe

m 't enpera at a rate

catddedt indludet] @)yrl’cﬁﬁFESﬁdermilﬂﬁde/@kaS) aad qtyrrhotite FelixBXxi M@(eglas
wer e rronlt red usrn a mass spectr r of the ﬁ_lr:’
POtaSFRYTSHPN FH S ERACRS SR Do usgtsEpt diiragHon
tec%{@{ysna shovved a current inflection of greater than
volts for enitted car bon di oxi de and a current

Thé %ﬂ)aﬂa%sof:ruﬁg' ?eekioﬁld%lﬁdftﬁ)ﬁt r(\]&—:ﬂﬁl‘éswér@ Eﬂ%ejaﬁietarsen Eﬁlﬁplehl except
gr aphi cal represent atl on of QO<§I | ots of 1o0n
thatnhc raiotofdiy devgen gastogasdesfeed was 1680 0600 86¥ B The K-

T
re SRR G120 ek iR oA SRR nfleT b YRS o e
rea@Bt.tted water and CO2 fronthe inorganic salt catalyst.

Sharp inflections for emtted vvater and CO2 tromthe
| noPigaeiities efithe csalre@rwct progduged fram @s@m@ﬁ}o |35 JEppAtzed in

0
Tabr}%\rl bonafﬁp%r?c} cesr Um car bona?héah’l‘%iit %&9%13?%e'ct abﬁ}O produced in

Ex#itiple @ns gientel gahitonweight ZoeentHge fod NCﬁbpi‘Ddam:d indikam;ﬂ@?. The

wer%nmdpér%?%g§dhgqﬁalg§@r@£@@§ b Lant, &Q@@ Iime%% \g;gght percentage of
d1sgﬁaﬂp gl%td{l@édqﬁ (?x?l?hz)lé NOYRARPE oS3} oPﬁE %mtﬁoMWQ&dQB

r nore rent inorganic salts may be nore
Exainlsle Adelosdr thearthe ART gradity ot thel cryderpgodust pradaicesd @eﬂxample 2. A

=N she TR SR R s T

10 R@eS@Rice WiRThd&RHE et Othe 3@4@6&‘[ gstan tiad Ra&br \11@5 Qﬁlyzed
per mn, cooled from 520 0C to C at rate of 10 0C

Frope thindnalytsis, theritnsitien mesal seldide p@tﬁ{ygt, efter keingpin thepigsenge of the

0,0 0OC. ng a differential scanning
Cmé%?%?‘ﬁﬂ%#é‘?“’%%é&f‘g‘rﬂ? e 31%@% 47, manuf act ur ed by
Exii@ibld 91- EAPeTesti bmlmc@mnmg/cmowams} an®$6e Individual
analysis of a KMCCV CC cat al yst dyring seco

_gxgmurc_&g_li&f In rleégﬁﬁﬂt@gs%%%mg sapplerEsdigried i & FeRclr 3Pa T
bited b i
B S0 BR300 Lo BRLAEA O R i
wa%@vaﬁi‘ andcadon ﬂﬁﬁidel‘gé@twetd @06itdred Osifigh veaswasectrometer of the TAP
cal cul ated to be -1.75 Joules per gram The begi nning
syssin.cryst al di sorder was determined to start at the
e
inflRbS &1 dfadediar thaes Rumits dsrentittedcarbon dioxide and a current inflection of

0.01 volts for emitted water from the inorganic salt catalyst at 360 °C. The minimum TAP
temperature was 360 °C, as determined by plotting the log 10 of the ion current versus
temperature. FIG. 11 is a graphical representation of log 10 plots of ion current of emitted
gases from the K,CO3/RbyCO3/Cs,CO;5 catalyst (“log (1)) versus temperature (“T”).

Curves 168 and 170 are log 10 values for the ion currents for emitted water and CO, from
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DSC anal ysis of a m xture of Li2C03, Na2CO3, and K2CO3
during the second heating cycle shows that the
w0308 A2 CO8/ K2COB mi xt ure exhi bited a shar ppaEais2004/042120
transition between 390 OC to 400 OC. The m dpoint of
the {npsgangpabicatalyse Phmp dntigglonpior gritiephwater A (flyBpmag norganic
t ecwas cal cul ated to be -182 Joul es per
Saltcg&??&*%&%%gﬁgm ng of nmobility is determned to start
at Infentrastitonhn KREO; RO KispyCO; cdtal3 R0 p@assivkh earbheatp and

heat ranS| t| o ndi es_a suypstanti y~honobgene
cest PR TP roRt TR R A RO R Hed water
and-le%ﬁ;dnrlﬁoﬁfie an | nor ganic Salt Catalysts or an

I'ndi vidual 1norganic Salt Relative to K CG3. All
t esThaspbetastial drderse sderbifteglzgas fqrqheaKgiOd Rb(qOECszﬁ?Qz@gyalyst

cenrshgan e a5 gl et o il poreanic
salt§ Ve ribre AFsoRRPRT tﬁﬁ@ﬂleﬁﬁdlmd%@lcﬁhr@bhﬁbmat@ sdltsi mrer sed

in the sanple |n a nuffle furnace The vvlres wer e
Exajoplec: 112 esting® ofsan Ingrear X ad B al

T T T XNy o
coo'I@dCﬁ&ﬁ'm@toe&o 6'ch &Zate DFA09CHRPhERe, fﬁﬁ&ﬁ‘e?ﬁ{éfa&ﬁ'fﬁﬂn 0fC to

[og plofs of the sanple resistance relative to
6000l ﬂ&snatemfd@r(b%pérenmemrgtaedlﬁfere(ﬂlhksgal(.mngmpét)ar (DSC) Model
versus tenperature, ("T"). Curves 172, 17 17% 178,

‘DSent magyiagiied by Pepkine Elnyr (Nopwalkr GuneFticitd

288 ST CLOATRERISECS, ok oL

saniyA@ SRR ﬁh‘imedzabajayliltatrtmsmpabc’@\/een 219 °C and
t 174 hi, bi relativel)
26 & g Hiemiolit pEBRe ERERFE Rk T5° £ Kook fetiionstpes)

stabl e. resi stance i ndicates an ordered structure

: trar%ﬁtﬁnedﬁps‘?é' RhUWaEldtél B HeANYS JQﬁFeH\@&gge 13801968 Befimind of crystal
| disendazond deiermingst totstanicat e mindmpmvIaS @ pemperpipeneicld °C. |

“eacn Gl BaoRUH ap BB SE BRSIRIT S g for cosium

carl}a&gISZKzC(BZRbZC(BZCSZC(B cat al yst (see curves 176,
178, and 180) show a shar&)decrease inresistivity

r el RSC\amalysisjef eogxre tllripePatNmed)s; Eﬁldéimgcgmrlgélpﬁ second
hea;%gigi géai? gg%tﬁ?ﬁﬁg L?Zen t3/1$ %}C@ﬁ{ﬁ,‘d&\eﬂtu&%r@ g;ﬂ‘gﬁl"t’éd &, sharp heat

car oW~ wds ecte
trargsptidn mw«:emm%ﬁcvmmoage tTthe tohie point eféthetqurﬁk&uirelmngermas 385 °C.

i norgani ¢ salt cata st. The ata rom.F 12
Theygip Retar e FREOR FEVE N Gp B 0 S Aloples Sopgrgm. The
e IELOL AT BRI R IHE G SR kgl 3130 .

Thegstmphheza krangporemdivags b onbsdntialy hpinopeneofis mixture of salts.
) : 3 [ an f e
Al

-. 10 '. ja
Indl@ﬁﬁﬁf ﬁ{dl‘%ﬁué SIlt)Relz@i&rthﬁ Idz%ﬂ)i SAliil te@hﬁ’é wad céhdhafell Oy Placing 3.81
catal yst resistance
cmr(5du¢hes) efshapomnicasltsatalists qr dhe ndividip) inpegagigssalts in a quartz
re dur heat i
Ve RET S AEE DR e P AR D Gt i ech b s n the
sanf)€ iMNAR R/ AB Z R (B (e dlEdhneat dloy:s9.5 a6l dBodetihni@

room
220,000 ohm current limiting resistor. The muffle furnace was heated to 600 °C and the

current was measured using a microammeter.
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tenperature and then heated in the conductivity
apparatus. Curve 184 is a log plot of

WOlABOBZIE2 COBZRh2COBZCs2CO3 cat al yst resi st ancBCT/US2004/042120
relative to K2CO3 resi stance versus tenperature durin
heakiChd 2% 2 greehicalgepissrnéation) of logplasyadithasanyle frsisipgee relative

to iR R o s R OB TR (i)Y Clves

172 g4 etaéewar ehdil $0/&e fag plhts af $nCO;canintarct] G@ad yesttariche

Ky RERENEST0n e EonaNeT LAt ke PR e

resé@h&e GAd & 3/@5@@@%@@3/@ &C@ cgﬁ?}st RGisaRde %@foﬁ)@&@vely

heating, 1t may erred that the inorganicC salt
cat @@ é@mﬁ@i?ﬂé cghidith fedatiiety lfatgemtf(bée weistinge fedativp taBe@0s (curve

t t.th f
17 R SR AR TR T a b e St Bl Ppates an
ordé_l‘éatstrﬂ&uféfan@!br R ER Ml noRkd meRé aparbiromAdnd aﬁot‘hﬂ? dltingkheating.

| ayer of powdered K2COBZRbh2CO3ZCs2CO3 cat al y was
Thq)Ka(é@de /‘amgﬂszafélyssh leﬂ%%ﬁ@d&b&%’%@@a |Cﬁtahfst and

Naﬁg&\?ﬁb Z}ﬁg Cgf sae gatglgl " (ge% {lﬂ{le{sh 7%0 W aI&) 1§I®a§lg{§l ﬁns?/larp

deckdaké Bﬁehﬁtnﬁ’t}&e@fﬁ@ﬁtcﬁl@@% zlit&ﬁhpcﬂ@turéﬁhﬁ a@fé&i&ﬁh 263@500 °C. A
ZCs2CB catalyst did not flow. pressed w

deczqage U1 18IS eeaelly. éltdl‘Pﬁé%f taatcc&ﬁ@msﬂ@ﬁ RS JFtepizs fiyrmg application
of ﬁ%gﬂé f5the WIIV\%E ehBEl él ﬁL 1891r beeahe cétglygts ]\’}ﬁrcﬁltaff% C(Ig 1G. 12

ers un ne condi t rons
den&ﬂ@@%lﬂﬁﬁﬁ‘tgﬁﬁmm aata]yytstard)mrtélyl maeyaintb balle dhanethe pling

. flowed (simlar, far exanp r) in the dish
mom%a@rsa%t%%ttglgﬁga@sﬁdma.ra}gf ff@éﬁ@ﬁ@@t’é 10: Contact " of
a OF}@QBF§§%%¥%RQICOp1‘E‘XQﬁQQﬁ%f$@ngE?s 4 the Presence of

Catal yst and Steam The follow n

Naﬁﬁu/léf@ai/haﬁDﬂéﬂaéﬂalcatplyoU@danaecm@tlws @dKn(ﬁOB@mtaM% Tog (r

Z. exce er e od. Reactor: A
KGR e R ap R Bl U TP e 4 B et a5 o6,
Najc&t 26, @0,/RBb, AdCHo 0K | 'c{ﬂtﬁlyﬁtrﬁé‘?ﬁtuﬁ@s 1RO t@ﬁbo:oafes&&ac@@nve

was fitted with a nmechanical stirrer and an 800 wa

1720aarses topnseRtie AUEpg beatimg {cltﬁlﬂmcrﬂsél‘ézﬁ%ﬂlbz@roséfaﬁa@@p éatalyst-
e ; t

LT S0 R AR OYeG ey Ry AL ATIANG 0k

tenpetdnat apdten hamed én thb ebmmmumy gppagatoe gCetven 84 itelopplot of

t P to heat the t of t |
Na;}%{g?lgé(aﬁég&pgzélsghOg ggglgfg‘rcqlegf;tﬁnce r%latl(\)fe to Kz{géi; ?qgl%’%%cg Q//eersus

teméé?lé%tlﬁ‘le ﬁ‘gg Al g ?ﬁle\‘ig&%ﬁﬁlc &L gzg‘l%y fﬁl?’ﬂ:gin%%(%l% fom 600 °C to

Vess equi ppe nt r ol
25 teafThe g)nsrymndmtms'wftl&hiehe@atNem#IﬁiC(DﬁinjG{@/CsCOg catalyst

ressure reI ef devi the

incf AR G R U TR B S SR PN iCh BT SRaP G C2CO:
catd{gdve # SS-4UW capable of r egul ating flow of a hot,

viscous, andZorpressurized crude feed at a flowrate

f r ohrod Bre@hfg?anmqw in ml@mndectl‘stld@ﬁjhe irfoegamiqalt catalyst during the

%ﬁ erat re c ﬂtrol \{ ve
first heating an second heating, it may be inferred that the inorganic salt catalyst forms a
different form (a second form) upon cooling that is not the same as the form (a first form)
before any heating.
Example 8. Flow Property Testing of an Inorganic Salt Catalyst. A 1-2 cm thick

layer of powdered K2CO3/Rb,CO3/Cs,COj catalyst was placed in a quartz dish. The dish

was placed in a furnace and heated to 500 °C for 1 hour. To determine flow properties of
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was attached to the first inlet port of the reactor

after crude feed was charged to the addition vessel.
wenbwroctm2 use, the addition vessel |ine was i ngairalsSem4/042120

Product Col | ection: Vapor fromthe reactor exited the

the gatelyals thestish was mpuallydilied in e @vematierheasegicBbe i nto a
f e t
Ko ARG C e e o R RO I B PR Byt
hadsi @akisteokeofteffgel s). Liquid fromthe vapor was
condensed i the old traps to for as stre
I et o Cabhitte st wab BeB e DS A e
naﬁg% or and through the cold traps was regul at ed,

as nee usi ng a back pressure regulator. Arate of
fl omwﬂodﬁzﬁfbleg@@siﬁaiQmeca‘tajysttbh@ang%dsqtgd and readity flowgd

ol d traps ed ,us a wet.,.test neter
(Slr’(‘lliF]@It ‘%’EFXW to#”%ﬁ‘sn%@{SB%lg?r tk‘i%?aé?ﬁ COFHOS- axit i ng
Ex4difledot li)e@'onfm:? 8f a (riife Ta&d Wikle a HMBSo6P8 bk &l the Pidsence
ga a -s ar_gas Collection bag or_ anal ySi S.

n 0 Chtakystand-Stenme s fellewingeruipmenbeand

gen%az mt%)gr,cglge S lu%pdt 1#\%%%1%%%2?7 f%%ﬂlu\tv?é}% #Eﬁ& o@é égdés&%ed

Reméhd EADFVENS Ha@t@ﬂb%@sf’aheﬂﬁmeldvé (Rmm Mbéeloétzﬂs%) tatd st afdiPa
ghed. Crude product and separated fro

worigieg wrleweu(S@@@u a@hgfai%) S N@aﬁﬁﬂe% Iua‘%laﬁ%ld%ﬁer an 800
wa% QQ.)%Q}\?\%@C{E %ro @chgf ofler &PRBIR o 'ilﬁﬁlﬁﬂt%zthéautoclave

tO t tron vesse
at -FF E@@ ﬂmdamhleﬂﬂo @ISGN] agasoifnleﬁ pc'b’rt a heam lmldthﬁ'e evke brattet port, and a

thefRoarup e S BT . SHOL fo hakhe fARipT AR Byl

waNI{SMa&g% 1aQfc1@r 009 grams. The crude feed was heated .
0C. The K2CCBZRh2COBZCs2CMB cat al yst (31. 39

: Adgrtumsyeswis Arhaddjieh vorselife2f@mds 316 stindess steel hoke vessel) was -

e
de@ée ﬁ%n%@dﬁ@le@‘ CdBe gaipe, 404GAR @s260600callal (Bstagelok
a mni mum TAP tenperature of 360 OC. The

Val@ c#c%zﬂd mmgg @E}?ge ing e afachok ViSCUs. SREYEF BtesTusized crude
feeégg%&%v r%l_tlg I5\()'0 r{ ‘%Jé@i e@ Isﬂ%gg? the'?ﬁ 19955[1 ef’aﬂﬁire control valve

enperature I n aran
waé ht@Eh&Dtoo80 ﬁ%ml&'ﬁpcﬁt JiAR: teaotoeadruradd feediyvay eharg’f.&i tDﬂ@

tenperature of the mg ?anl cC S lt cat.al yst . and bel ow
addithen yesesl; Rrigeioaisar e gdd e vesieh e qa s HATE:

Pr&ﬁf ?%ﬂte&f’on o? AbA HSTeaiRF e ﬁ%ttﬁg ol @R A6 Ba0lad was

er an atnospheric pressure ow of rret hane of 250
1nt1©ﬂh’mdnntom‘ deeies obaddirags dfhiecaesng eopeedartes (xhp tubes connected to a
Zm.n

sersaORLETLe S} G ag 35t ke VAtsHL v HEUHE R i {50 pas condensed

t SRR i BHR U0y rate of th
S 0 8 T LA o

vapoe diohothe ggastor2né throughsthe Thid toaps s fregdntod 9s peasied.rsingessback

h
prepgirpiaR P ARt o arda o el feao s s Sembiine e
colH Qrab?%efédtﬁééshféﬂ WRBSEetabd MetdrTRitRA Mdde0R TT 03 et Tesideter).

was conpl ete. "A decrease in
After ex1t1ng the wet test meter, the gas stream was collected in a gas bag (a Tedlar gas

collection bag) for analysis. The gas was analyzed using GC/MS (Hewlett-Packard Model
5890, now Agilent Model 5890; manufactured by Agilent Technologies, Zion Illinois,

U.S.A.). The liquid condensate stream was removed from the cold traps and weighed.
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tenperature to 370 OC was observed during the addition
of the crude feed. The catal ystZcrude feed m xture was
woaeeais@de® a reaction tenperature of 450 0C an#CT/US2004/042120
mai ntai ned at that tenperature for 2 hours. After two
Crudepraluct dnd wasercvare smsatc«bfrp@dha Heuidisendenseie siregyn. The crude
r.esi dueZc ure was wei ghed to determ ne a
prodgt w@R i 5{)@ gf’x‘i oduced andZor not consuned in the
Prdc8dlel @WbrroN @1311 § bRneN6As tikrged foithd additial yaselwdihgliude
and cokeZcatal yst m xture wei ght, 0.046 grans of COK%H

feed bachamABI gnavmtmf ¢-dadherryde rfeeglr BRT 25410} Q& crudg deed gul
g
conlf oMl ARBAES oo D ST B I R0 0o
0.009glakide The Bftﬁlaﬁ‘é&ldw@'lfbateﬁ)td 16Qed, TER2 Ka@®;/Bb,(0;/Cs,CO; catalyst
drocar bons, and (0.08 grans of CO2 per gram of
(31§§S@ramsm@asccﬂlaqggd@@§g§qctq{ad per gram of crude
t 0 g C%C@g/gﬂ@ 2C@c3 C yfs%a@ﬂQ 2089 Q%bﬂﬁl?%?;fr ¥ 48grams

crude “product” was hot
of ytady 12d4 granir‘s><ctfrﬁii2é3013£)andt24le49r ga iob s8¢ Qu: elcher es,

TS L ks BB o e B T
Kz@@ﬂwﬁ%/(tlﬁ @%Eﬁfa@sﬂl@a&%@DSCﬁ&n paagiee 6f o Urncaingividial salts

the cr uct.” The crude product had, per gram of

, (KzﬂdeﬁbqﬁC@d&mi CSz@Qs;ldlgirrmtrsxlublt temera@rwmgwraﬁge Bem 50-500

R T R e LW R

belEXAAIDES témpetatulddo BB ded] mdtatl@tarb@ﬁﬂe.act of the
crude feed wth a hydrogen source_in the presence of

at Heseatalyy W%?ﬁﬁle%iﬁd mcﬂv%% Gy undsy ag pHRRSPESTICPigeRure flow of

me%l?tg%oﬁﬁd%lﬁ??ﬁ (%rqlaa(ﬁ’l dﬁ%ﬂg ?as?%@%edc@%k@zﬁ?rﬁu&r %Q&n at a rate

of @4 adueiin, had n&t}ra@s |admﬁe effifi0ent’/min, ats mestre3@hofeatioe The

resi due content of. the, crude feed. The crud rod
ste%an%n@ma%wew@ﬁvm%m%f%de BSOS 3&%&9 to the

: reagtg/ (e f2 @!3311%“ THY B0 R va8 B{%sMrfzvd 40 tt}?enr'éa&& s 1.5 MPa

rude The crude product included at |east 0.001
(ZZQ rpamaf O loyelr bicmithtess Residualecrivdsi feed(). S@gngens) remained in the

tribuyt f . 200, QC at 0. 10 t
A B restn aher 57 A ipDRErseRL Ve SeBtrtg A ekt RS
rxgie?attﬁrb I%‘B’V(P“’C hat ¥BeRvedQRridR thd4ddatonbrkbd cifafeed!l | east

granms of hydrocarbons with a boiling ran% .
d| sThé el sierusistipedmidoe-sadeged (o ooBCim tempe urg pf 450 °C and

maw'tﬁlﬂed at% I‘teéﬁ%e% oufro%%h?sﬁl S Cﬁ@&&?\&é g(gtgr(se,atg%ét‘igtg) %%ooled and

the/raﬁlﬁﬁ? ORI Pa Gartnaibit 8¢ wap defghedro dethitineapércantage of coke
rocedures, conditions, and the K CCVRbaCCVCs COs
prosia@edl ayléfor npt EpgwpedE the 9RO were the sane as in

t O ght, 0.04
o R A A SRS 0
graﬁrﬁtoi leylsd rem[r&durs €. reddiofpea grﬂneoﬂdrudeﬂﬁbﬁl afibe wed puskdt msluded
t he hydrogen source., I n Exanp as..was
0. 875géqgnszlgf qc%g W@flwéﬂﬂgw@@ge A{FPI graVlt}y oqllg%ng gas. The gas
included unreacted CHy, hydrogen, C, and C4-Cg hydrocarbons, and CO; (0.08 grams of

CO,, per gram of gas).
The crude product had, per gram of crude product, 0.01 grams of sulfur and
0.000005 grams of a total Ni and V. The crude product was not further analyzed.

70



10

15

20

25

30

graphi cal representation of the anmounts of

non- condensabl e gas, crude product, and coke is
wdepisobex2i n FI G 14. Bars 186 and 188 repr eseRCTMS2604/042120

coke produced, bars 190 and 192 represent wt% | iquid

hy dndeamplsnd), freoairtion, Pf%ﬁ?éu@&r@nimn%ﬁ&ldfﬁeeq apd galplygt were
the ¥Yatén§g d%aifin gﬂecﬁf %q@&ﬁg%px%ﬂbﬁtrbg G u n:t l(P\tv )%E&' t8determine

e pr o
boﬂir%&hng@dl\sm%l@iﬁnsqasth(e audel@6Juct.alibe druds %adﬁctdmldepe(rlgwm of

cruds bR 14 BOmE N REAHS O K bt e o BT Vg and
rem&l%)é é% %@gf %&g% glg?ﬁorflgé{lota‘tﬁé‘ dmBuMk ¥F efkecoke were

pro uce ased on the weight of the Cerro
Negimmlﬂeseﬂmideﬁ) demanstiate 2has comtacte f sheconpafeed svithof hydiegen

souﬁ:)segg grtf ngst@ggen%@ailqugyd 4 Og%r;ca@f gsré(p:g’l\)é)g'ég%gs %)J cruge feed produces
a to%}’ EFJ R Yat IBSRIRENH YRIL& tRIt QM HGuia RStk Rie &t STTS DD crude
hydrogen, thus a process that utilizes nethane is

prodms rnadm residussontentoofsit mastd)% w theapsiduescontent ebthe cauge feed. The

ffe e as dr oge S dro S
cru.eowp (&agul@/r&&g g%rgﬁo}??mﬁ}q % eng ﬁce %?Jt@@‘yv%ﬁﬁe sulfur
conte@l@ﬁﬂﬁm/v dateht sRtha b=k fédd. pr oduce a total product.
Exanpl es 13-14: Produci ng a Crude Product

Sel Bleg wradeappdegt angleded aﬂ@sta(b% gres of hg&g@fﬁ%@ps with a boiling
rang %1% %u{lon g%cg n]ic!lFZd)(g% g@@'l@]t ﬁ/?h a%tclt@is@b%i P o rocarbons

exce e reactor ssure

mtmla%oi(lﬂ;rglraike cEStﬁl‘itnicﬁl bb&wednlm)OFM(ﬂCbat Opr0d e et \‘Vmst ®MOA! grams
14.7 psi), during the contactin
of hydgreahonguith aAonling 1308 ¢ %1% ey bgoveen %?%%a%%% “fat0.101

roduced. The total product had hydrocarbons w th a
istribution of carbon nurrbere in a range from5 to 32

‘ ) Ju the contaetlng

e Jo AEIE and Big r’gf{ﬁ S0 SR

con@ﬁlois %d%ﬁ@K&E@QREﬁb /@Q@O3Qb@lyspfn@kéﬁ{pl&aﬂ and 12 were the same
hydrocarbons with d3 stribution of carbon nunbers in

as in Frxamgte 4, reﬁmpsﬂlabl&(sgl(age@f etdgdeczgerra Neee) and PO graasef the
Ko TRy U BB S 0 a1 00| A clhe VAR 1S At

the presenc

hyd@ddn soatcal USExahpl¥ atz 1BKiBoEBNERS tae asddcasph@mmeg@ somwe A
product wth a selected APl gravity. By varying

graphiealgemtesentation ol s © wwwoadfmsgkﬂe 2% Frqumcfuﬂbﬁnd coke
is d%@éd YR8 4|°"1_5Pa‘ii%J ﬁ@éjia_;}d 188 reg%é%m’%%s c%é Pilcﬁtucegp %eclbo%d 192

ed’in esenc
repfeltlwtds liquid Bydlrbealborﬁqa“rbdubedJ andttaes WHsaddO6 oépragent W't% gas

Ext er nal _Hydrogen Sour ce. anpl es 15 and 16, the
Pfoﬁb‘f?érh’%sﬁéonm%glﬁtég&he SHde Feggét i on procedure were the

(le Fxapnl8, 9f crﬁ&%ﬁgfdu&r{ﬁﬁr 1he ChAsder Efse(@alaf%) and 4
cata yst or ’silicon car were directly charged
wit%o off oolteh@ar B850 masecadn tlieewaghtmf then@errcCepronwas preiddesd.
In Example 12, 84 wi% of crude product (bar 190), 7 wt% of gas (bar 194), and 9
wt% of coke were produced (bar 186), based on the weight of the Cerro Negro.
Examples 11 and 12 provide a comparison of the use of methane as a hydrogen
source to the use of hydrogen gas as a hydrogen source. Methane is generally less

expensive to produce and/or transport than hydrogen, thus a process that utilizes methane

. is desirable. As demonstrated, methane is at least as effective as hydrogen gas as a
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(C2) was used as a carrier gas. In Exanple 15, 138
grans of Cerro Negro was conbined with 60.4 grams of
wohm)smmzP CC Cs CCs catal yst (sanme catal yst aeTAUls2004/042120
anple 9). In Exanple 16, 132 of Cerro Ne was
hydmﬁ% sPEge Whem C%aef@ggﬂrcaﬁ%e fsed & e PEHcReErdiag ?fﬁﬁﬁlﬁé@hcatalyst
als; Aliso Viejo, CA). Such silicon
tOP%&bégE&algﬁ%&*dlteved to have low, if any, catalytic
Examiplpe13-1és Pundecing h & nude Preductoridh niS(olwtecdeSBI &gﬂ!}: The

herein. |In eac Xa , the.m yas at ed
appiaH B PR ot epRisc il Bers e sgpe 5 inExample
9, eQ%ﬂﬁlat{H&%&%ﬁi\@s%m’éﬁﬁﬁrv%ﬁed nto the reactor at a rate
cnrVm n.” Vapor generated fromthe reactor was
col Emm;éd 13.rth¢ teectopprgssreipres 6.AdMBa (lfs7 pabdmmgf@e gomagting

I e of 3..2 479. f
peri A Prodis Wb ARbAESY abPLd 1o G RaPpaSte, TR ol
pro@@ﬁ@dl RydrBearBénsBHitl0s aidEitiébn 68cabda nldab&sl i rdne from 5t0 32 -
wei ght ot the crude reed) of a colorless hydrocarbon

(Sedquqm 1:198MntFr1GAﬂ>5) gravity of at |east 50 was produced

A5 Sl LR AR S R 1859 001 i

perib@, Al&’u&@p@)ﬂﬁdﬁf&m&ﬂ-APE@raMt%)f basadl ff °Cheasyrodiieed. O‘ifhdf togal
crude feed) of a yellow_ h drocargon liguid with AE
progizchhpd b}’@f)cafbo%‘glﬂp? disiTiaskion PG RO PUBPETS N 4 FIEE to 15
hepn carbide in the carbon di oxi de
(Segchﬁ ﬁ\(?ga{r?leﬁb 1?ﬁough the yield in Exanple 15 is | ow,
th eTlna?.e skdmiplgedenatsirate ma‘th@dstfydccmgmung ther areds feed math hydrogen
. resence Qf the inorganlf a%t catalyst is grdeater d duct
in theBgseNGe Oof AL WOFENIE AR She “ia“ﬂ%PrSé%’ﬁeSJﬂ@ pduce a crude produc
w1tﬁ‘Q@e1€&E@A§PtI' Lavit9NByVaBASe thENRekhiRl & cRilde prodiet WitR e Uether or
%6 IS one- ha% of the yield of crude
lowprAergtaVItm@@rqdueec_h_S Exanpl e 15 al so denonstrat es

Exthai Eﬁriog@n |s &erteralt eﬁd g_lilrlgn%c%nrtwaectf o;nghlenctr ﬁge'
K,COSRS € RICHCOR EaeHgstiy FileiC il € i thiexieh &Soflafr B&ernal
Contact of a Crude Feed wth a Hydrogen Source in the

Hydragen Souree: Kn @@a@m@dﬁ@ad dertheappargys, codedperhaesregetion
prog&%re Wf:IleCIRQ sacﬁ‘% %H 1‘1:1%)(% gce du}?&!})‘? (E:Hrag zcjh%%?&jd d eQ@%‘xc‘q&é@&ﬁyst (or

reaction pr

sﬂld:diﬂd’agﬁﬂd:)owéira directht dhlayget imertke tehetosatrthe sané mEx Emijoa digxide
except that the Cerr_Negro w?é ded d| §Ct|§1 .
(CQpavas et asa Gapae s BrEsamle L onl SO gnyn gL Yas pombined

w1tPSf gg?l rfuﬂ%lﬁf Y q{z@ﬂﬁfk@@&m’x@?@ﬂalgsﬁ f%a%?e NJ%Q%S‘%%?@ %}éain)lple 9).

e reactor pressufe was 8 -
In Examp.’dduittﬁ rl@2tg‘mf Ghﬁmdeegro was pembingd witheShlAdgraye of gidison carbide

ognehr bt Mardels 3o SiPeehRagst ot QP At it Sagtived to have

lowd ?%any%al?@g%(og%’i@g gﬁcﬂ:% ﬂgeﬁ%rb%%‘ l:?&ﬁﬁ’oﬂsrﬂeg_&m& héreir

K2 CI8ZEh 20O Es OB  u e \aas)mtatedfag am@@aon rmmmmloé 5@@ °C overa
nt act erat ure |&
Per{oﬁeofgg}ﬂ“&%tﬁ?gcé’é\?(%%‘?%ﬁﬁdénﬁge FeﬁCté)r Wﬁ%er (g% ure érﬁléle Vapor
gerfet 260 ROQ-1RORaOEr was collected in the cold traps and a gas bag using a back
pressure of 3.2 MPa (479.7 psi). Crude product from the cold traps was consolidated and

analyzed.
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As shown in Table 4 (FIG 16), for Exanples 17 and 18,
when the tenperature was increased from 375 0C to 500
wOogpospeeadaict i on of gas increased from 0. 02 granﬁTﬂBmmMmuLm

o ORISR T haneamabis GhOEe oD P G Rl o
a c&5ﬁé§§ hgcfirogél%gn ﬁgﬁm%ﬁmmf ol HE8r §ra8edt 88 wab ﬁrd@l‘u%hefrom contact

tenperature fur content of the crude product
of th¢ smdelfed ovteitie imwparic 6t qatalys in the@ado8 dgy@dmatgfosphere

¢ el .30 B srrns 0 2 HEA sl ot BS AT the rude feed) of
a yEHRMRY o ckPborAli flidl Aethf RSP R EviB 8T 1@%@%&9@&6& Gt Bontact of the

under” conditions simlar to the conditions described
crude)feemfﬂmlllewll&ar@ifr meth@ eagben dipxisleatreospheiguct , gas, and

cok ggﬁ%@gﬁ‘% gl‘r% {5315%%‘(1,& e-{r? Ql%ggéle altoﬁ \?e(f;at &8{0}%%

souskRSin eOsHEseinb© 6f 1he 1@1’@&1’6& Saltléhtaling $slé1%atét thah t}anQ;itutghﬁeranon of
crude feed was not aseffective as in Exanple

hydspgenamgetonfuceatgyioeieansitions £ hﬁweiéd pf %ruqiﬁalarod% An &P‘&%P]@fw is
onechqtl')?gf iss g%#g(t)g crggeo}é'. gﬁ@@EQLnﬁlgeeru gIErXa np&%ﬁg§§eﬁ&s{r%s that

ur-conten rans of crud
hyd?b@ﬂd@ perfepated Berig coieacp vt ctudprfediioehe presdacanpthe id@ganic salt
nple 20 is a conparative exanple for Exanple 18. In

anq:_l%é%@kée% Of@fgai@uﬁlhﬁﬁ@g%‘? S&K§S con carbi de instead of

Ex!unglet'g He! rﬁaf N Entadl F{f e}l?deyls%d%%h 9:% ug%l% g%lhl%@ in the Presence

of Ki @0k/Ribs@0%Gs,COg Grdalyst, CalcixnQxide. 200dr Siliedri Carbide ahe

as pr oc;,lct qQn angd, coke product.ion i
At it Td Ao st Bs oG SRy g ang the
inof KR AR rcaﬁ[y%fﬂzv@fe tﬁé Sfe £ 18 %einpld, 2Rcdpt @B tHef Cerro Negro was
non- condensabl e gas, and 0.5 grans of crude product

addmé rdaecptbof@ah@nbacmn instead @6 agshdenidroyshdbie @éhu@rhveéﬁ%l gl &ydrogen

gaspvy%sc}ﬁgq as tgxg ?}ggrr %gﬁ:’ tsc%rg% ubgegrrfa&&;prggsa#g 3 (ﬂéjldf/IPa (14.7 I]IZ}]Sl)

durdfg 186 vsleadinpdiéeiod pad h?cﬁdgd:rﬂg@fﬂﬁ@fa& Wis ZSU'kﬁﬁjEmm Reaction
exanpl es denpnstrated that the catal ysts used in

tenmogeatES Steam By rates, BP@)WTS@Y[?%?B pbgage PE@GP? gap g coke Pmduced
icons and conventional netal salts.
are%ﬁ%%i %‘C?y&bgﬁ%jﬁgﬁﬁj c}r ogen flow rate of 250 cnVnmin, the
armImE)&nqﬂes{:bkﬁuhrﬁj o AR b ANI €s,G0s catelyst was used. In
nificantly |ower than the ng s_ of Go nd of .
ExRBRE O AcOR B e B OaE B Ao HORAATaRIS G e cortacting

[ [ eprgani c salt
o o B e b 4. FiG. 16). a

decAeahcsmvasTaﬁisén(EKij lioy) foiiexanepilesht” @@rlﬁenﬂlemhe temperature was

el th d d
inc G CEE 0D BT EPOO G o OB (b0
grainfd oF3RY SerrarhloBtotdiGprodiich OObkSroBk@ Dl hdwéler, decreased from 0.17
hydr ocar bons in the produced gas, the thernal cracki ng

grapfs to Hd9cgrade of e ries gest @frmm@jfet:@ atighe highgpigmpeatuie.of he sulfur

corﬁgﬁg?ag ilg%‘a\/\%% ?cﬁélsgo 6? eease F}ﬁﬁ 0 @ﬁ grgnt s to%%(\MS d@ral%s of sulfur per
grafPoft @edeskoiidthat ﬁaehﬁ%{e@ SRpeBAbieC @oﬂEma@ besludd hahdl/Q3f 1.8.
Contact of a Crude Feed wth a Gaseous Hydrogen Source

| n imBxapnpls d Acecrvfle fRer avas gpataciek with GaliPscmdescanditions similar to
the conc%tl%l% de%Erl§éd f’o% %an%sfeql d?’ercentages of crude product, gas, and coke

production are tabulated in Table 4 in FIG. 16. Gas production increased in Example 19

relative to the gas production in Example 18. Desulfurization of the crude feed was not as
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Apparatus in Exanples 21 and 22 were the sanme as in

Exanpl e 9 except that hydrogen gas was used as the
waypdsggesn2zsour ce. | n Exanple 21, 130.4 gr arrs oPCTRIS2a4/042120

Negro was conbi ned with 30.88 grans of

eff%tlzwsmﬁa@wk? &2@@9@“@%\?@@@@@@@% Fl}ﬁéan&?lﬁdg bpdRfr gram of
crugé'o ﬁ%ﬂﬁ& 0.b] ?Wfﬁlf&gas ébﬁ-ngaf%dQB WBsdfur COLESR INOL0R MBS per

ned 'w gr ans silicon carbide to form
gratohef cmdecteodxe:e tbrithetude protinet rrodited ireBgamplrtl8r e was

ch ect | nto the r tar. T hydr.ogen S
€ mob et ah A compieieg cpmpieloh EEP e S T ERATPIe s 43
graﬁﬁ A kifBorreAbiae itk J7ekhd ﬁgr%am-g Relt chtdSt WaLchafdedli iR reactor.
was heated to 300 OC over hours and mai ntai ned at

Gagpodadionand tokopnodudiive sign@ieanty inasegsed it laxeénmagO relative to the

ensGRSH ST Syl G R RSO LRl 51 PPl PE g Baicons
0. 2;4%9&1&% JORE Bér MA JfREVARGHERQE, 0125 drhds bEAGH-06ndehsabld @fsCand

4 g/mn in conbination with the hydrogen
0.5 ey eroreroiprodusick dieardATBORE PRdaRDR Hgmple 20
ra 53¢ G N PR EL G B0, PR A erams ot sl

perf @& of erfude Qm@ﬁbﬂiruﬂﬁ:ewaﬁEkﬁkﬁpleaged to 500 OC and
mai nt ai ned at 500 OC for. 2 hours. Cener.ate 2 rign
gma a agd,

t he Thesa exappignderaonsrataddbptithe qaysippepdin
pro@ﬁﬁ mk)fogfg? gegﬂft? g‘%}tnop T O}"tf&ecoﬁ@iltlgﬁ f,rﬁp&n‘O@ﬁtlonal metal salts. At

conso and analyze gr ams
50( B8, ahd wiBhirdgas Edwantet dfQ S0t ,{mnmgtﬂle thmeusts mﬂeol{e%ml)noof a

congsshliier epr Byt DLt AFBkF & <f’ 8%1‘”’
T

at rrbsepmlpées usingBneugphie s@lzcatvlmtefswdia@mpéﬁtf’dl al &imalable 4, FIG.

’ 16)r 328?18&}53 %ﬁegﬁeedc]@é[gg %Ivgl%g\t f%err(gegl t rrog\%gecdt as rely]x‘?e to the

prodyed o%aa E&ﬁfédlduﬁuE the/@ntoBEpetitheht @50 dxamples E&hmple J0eiaTable 4,
t han % of the dark brown viscous liquid wa

FIGrIdttuEroen theivratéfsiiod by digrarbers 1 thsierofiacsd sipsthe el spacking of
the c%c*% Cfg&% is %sthggteﬁ Yoo Qterﬂosq’bﬂgg%h Gaf ﬁgst’ot 52\%3/% 1 Frfo@laﬁ?w‘c%‘, at most

roduct was sérve
5 vﬁ% af hote, bazed oyt I’dﬁ whtad bmotnicke cpudedet cqmltantbnl(,\mﬂh a hydrogen source.

Ex I 22 Ex I 21 n r 3 n f
Exsa a2 angdi 22, anp S @ de tes a {53540 VS%urceIn

thmetafi%i‘w&w&m{c%ynb 95/ fbé) Catf s%@ SR QRUCrbide.

Y, € crude
Appanadm @ Examjesi2rb boed 22 wagestht svee adio Bxangple $axcephibatchyddegen gas

RN RGN AN ARG Pl g KIS fec A

corﬁ@m@& %H@@%Sag?alﬁs 8?@1@'1( COIR OO sRrOdetedlyR1@ dtaLdciufe feed
Exanpl e 21 had enhanced flow properties relative to

mixtuee. dn Edempbol?udw érgmim:@fo&rrm Fegrapyas cembingd with 80.14 grams of
det er | sua S tion. Exanples 23- 24:

Slh@ﬂ%i’aﬁg] eg M %é%ghﬁh"f‘ﬁ ‘a Hydrogen Source in the
Pr egg86@de feed mixture was charged directly into the reactor. The hydrogen gas

was metered at 250 cm’/min into the reactor during the heating and holding periods. The
crude feed mixture was heated to 300 °C over 1.5 hours and maintained at 300 °C for 1
hour. The reaction temperature was increased to 400 °C over 1 hour and maintained at

400 °C for 1 hour. After the reaction temperature reached 400 °C, water was introduced
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ofa K.Cg 3/Rb CCa/Csi COa Catalyst to Produce a Crude
Product with Increased Volune Relative to a Crude
wenRoEws630¥ol une Produced under Non-Catal ytic PCT/US2004/042120

Condi tions. The apparatus, crude feed, ino ni c
intodhe EAGISF B LFREP YIh TR 1B FOBEHANER WAD Uiy BoRtD BS water ana

hydﬁ?g%ﬁ lrWeF & FhetetedENATRL Sealior KRR Yerﬁa{iﬁmg higteno SRGoIERg periods.

ditectly charged to the reactor and hydrogen gas was
Aftersednanindithehsastion enxisinatcd0 *Ththegeastion fesrppr{tles Was increased

had P and a.d ty of
ook el o0 B0, DR g
coll%/&%g gﬂ%@ g?lgs-tr afd Hg8s be diq@d drathucfrafiBhotold2@gs was

f 3 catalyst were charged to the
cons@aJ@tedrandAn@lV product (87.6 grans) with an API

01 75 e 20 8700, Sl YR e 4 el diertadfeed) ofa
darIt £adish bW hpdrocdrbstelifae @)ru&élplroﬂlg&taﬂf’ﬁd whtes(d7icgnwere produced
carbi de were charged tq the reactor. 8%}jeégro uc
as g VapoyrameEPIiget @ﬁ thwalﬁe Joord witatie (K COb/RpCOaE's Qéﬁﬁﬂw in the
rrLt1550C70rrL d d. Und
hyd?%ggﬁggsk G ong, t he vol ufna of % h\gair &rjg g?gduct et
pr dduachple 2anvisxanpaper i@ avmsalbppoun ofipiselas 10decgd éanethe
t han_t he vol une of tge cr u%{ eed. The oI umebof {‘]ﬂﬁ
reagtply tehe TR HARIOYASIPIREGICE A FREK RERVE BSCARS Yé‘i"ﬁ?ﬁ PR g as
1’erﬂo‘?§c‘[3 oA 3?{% ké%%l%} 1&@%5& ) W2k Wi heQfariE hidher REQUY Gluid was

duce . A significant increase in
prodmied fenotonpac dﬁ tlIe oemdeaia@cbmth spicod garbidedn disi h}idtr@/gen@tmOSphere-

erate Mol & of crude rod er
A e e TR e PR B By T e P elg 2R Y o vield
ofcfi‘udéy bR Prodabé TR Bxnigke2Pr esence of a K CO/ CO.Cs.
talyst, Sulfur, and Coke. The apparatus_and

r eaExeimnie Bl demensteiesandmprecaEoliEe piopestighpf begrude product . .

" pro %06: %Wt%:}l%th% ede%%%& ;%&Hfdg tr{lfu ﬁ%ﬁﬁ&rd L@fng hot

watef. epicHitally, th® ﬁiﬁdﬂ pﬂﬁlu@tﬁn Exgmapies2 IGVEIGE8T b&ﬂn 2 t}gmah@ crude

O Rh2CO3 and 40 rams bg The rude fee(ill
proglyes frogs Eyaraplg )22 meigat lac;apaqdyg? indixagnple 22
not % ﬁl le‘”@%e &p(gi'ugg&j ad PvALE. gé p¥o-[i|ﬂ§t ﬁ@&ﬁc@d N8k Snple 21 had

cru I nclu per gram o CI‘U 4 grans

enlhndieall flaw propeities redativiego the arude Ibmdtmtmgoduacdgm Example 22, as

di strj but. on bet ween 149-260 0C (300,-500 F), 0.000640
detefpuped by vishal lISPECHOR: vanadi um corbi ned, 0.042 grans of
Exsibled23- fwft&téé (ﬂ"raadjﬁldéfFJeﬁi’hﬂi‘ﬁH Pbo & Stirky iPtheli®sence

nac ecrue ee VVI

Coﬁ&i@ﬂﬁ@t Th@ﬁﬂﬁé%ﬁ’s cﬁl@é fwdafﬁoﬁéanicoda@dlyd@ raﬁidltéafcnoﬁ) pﬂibedure was the
——grans of crude product and 0. 028 grans_of hydrocarbon

sanggeas. degeriberl on Bxargpls 9¢ exdeptthe grudedeasawas, dijsetly ﬁ%arée%?o the reactor
andghysd’ro gen gas was used as the hydrogen source. The crude feed (Cerro Negro) had an

API gravity 6.7 and a density of 1.02 g/mL at 15.5 °C.

In Example 23, 102 grams of the crude feed (100 mL of crude feed) and 31 grams
of K,CO3/Rb,CO3/Cs,CO; catalyst were charged to the reactor. A crude product (87.6
grams) with an API gravity of 50 and a density of 0.7796 g/mL at 15.5 °C (112 mL) was
produced.
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0.16 nol es of hydrogen, 0.045 noles of carbon dioxide,

and 0.025 noles of C2 and C4-C6 hydrocarbons, as
wdebwrogsoed by GC/ MS. The bal ance of the gas VVBGT/US2004/042120

nethane ai r, carbon nonoxi de, and

ladixapplesdh J 07 grames Arieds Iﬁ?%@é’é’tml“ ?Fl %mElP iﬁ??é‘) B‘?‘bﬁ‘bgliams of
s1llé’(\ﬁ§aﬁﬁ@é WERIhH A% theGOIERINA £98e Bloddas(70 %E&@%@%MAPI

mass spectronmetry. The crude product incl
gravrtwﬁﬂrzeandfa depdity o£0.98rsg/mlt 41 14. So"csl (%OnrgL) wagprﬁecadee n

8 0C. The.t ot
o0 e e B2 & R ot erdtntt M gecsd s emple
23 \\%st dbpRoiatelN 0B éﬁer@lﬁarﬂtﬁ@ véluife dFtthOerkd fd¥PAThE €blume of the

ram of m xture. roduct was not detected in the
crud

pradudt peeflucithin Ia@@@pl@ alay gugn(ﬁcanthslesm@@% teap) dhaysthe yolume

ed fro OF i L gh
of s B BT B R S B e e B o
enh¥ided Atprédieer Sdbifitydb a@Berhie nddéro tvalunyed pttidedproducd Begvdime of
an increase or 1 w/o, oaseaon nme weignt oi tne
inp@rargdenal K2COBZRb2CO3ZCs2COB8 cat al yst). The f| rst used

ExfRR2%5 'coltfil 497 Quab T Wit £ vtk SRl rese

ur - sur rur, Ul4a Il alls UOI'INI

&@m2003m%%ﬁ$ﬂfm apdrCakea mhefappmeldls aad Eday&tn
Addi tiona] crude feed (gﬁ% was contact ed
proggdure were the same adia Fxagp E(P%élaé egteams Vat Belstsintoghe

reaétéloat%@@ W Rhin' &G Q\I@g@é/ﬁlﬁ’é@g/ @5@@?&&al§§ttv@is ﬂréjﬁ?&ﬁby Hbining

total product inc ramof total produ
27.D gﬂaﬁlsgifc‘KQEOzf 32.2 guangs merhiélOp raodi 4e16 gr&n@éﬂC@C&}m of

neFiasgice ref (92 Gpmgbe AP REICER b GpffRre1 6 srms

Wasoclﬁzgeﬁrt@@& Rhct8R I BRITCH PNEES crialkdnéludd p&%r@& dBlchtte@eed, 0.04

hydrocar bons. The bal ance of the gg;l was met hane
gramis totalpapmaticrmentsint in abpiling moee distritaiiap etavesnl 1694260 °C (300-500

°F)nﬁ§ 8&%6%@ gg;t%%{%gt? Slg% aB%- Egna\%ﬁgoﬁ%%g?% 042’%'&111@ %g 1?fur and 0.56

gra&@@f&%ﬁiu@CAPTlgea@@rdﬂt}mkr@de feb& wak $i7ur e Wi t h a boiling
range di stribution below 149 0OC i ncl uded, &er nol e of
t ot Gentretafitee gy fedmibracthanegn ghepirsnse el Beny |

KRB 000 Ul 50 Spl P 05 gams o o
prodummxdyl:d)410gmmls@fcoi{mounds Wi t h a boiling points bel ow
149 _C at 0.101 MPa).. These Pructs

det ©bg W9kl @rqdyct lﬁélué?% der graweptt Ota dagm@5§§?3§5wcrude product
and0. é@sﬁ%r Hlslé%ggidl%e&%lyg&s )THeAStal gam\sg@ctéd RRddRE ﬂe@ﬁfb‘l@éf gas,

then anal yzed. The second used catal yst
0. lﬁad)l@smf hydrogaﬁ,d) 049 meleghf ca{rb@ndleﬁldﬁ,”o‘mglr(b@% moleg of 61 amd C4-Cs

hy({r%(@g%sg{ﬁddé efrmtu?? é’rﬁgﬁ\ﬁ& IT%Z%%%B% 43 W k%f‘ ne a1r "Carbon

moféiad ¥all htrald . wxﬁafé O)Ll’cﬁ%?aﬁcﬁht@&l)éﬁide u'éﬂed 0.32

grans of coke, and ams of sulfur, and 0.67
gr afke cprelde grodmfoﬁassa@@hn usiegia eembingten ofiged ichiogrrigeraphy and

(40 cont act
ma ey T oL Ry K e B b UG botine
rangé béleeée €00-5194C 9Tt liqhil @bdit adigite REEdEd 0.006 grams ethyl
benzene (a monocyclic ring compound with a boiling point of 136.2 °C at 0.101 MPa) per

gram of mixture. This product was not detected in the crude feed.
The used catalyst (“first used catalyst”) was removed from the reactor, weighed,

and then analyzed. The first used catalyst had an increase in weight from 31.6 grams to a
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grans of coke was collected. A portion of the coke was
attributed to coke formation in the addition vessel
Wduel)smmwwer heat i ng the add| tion vessel since thl/U$2004/042120
of t he 133 crude feed transferred

o B S S RIS R P s P B el B ongmal
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adqgm
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renove ron1t e reactor melghed en anal yzed.
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el enental anal ysis of he third used catal yst was

| 142,&%@1»1@ el taal gt Icalr@qa;kmns; (h@l&me % phethyirbenzene,

o B0 e T B0 e e g R e e

(m@xﬁoc@dhé Hhg C@Iﬂ@d-lﬁl(@ 51 757) lﬂﬁluﬁg paingealovd1 48048 aigy. B(MBMPE) These
vanadi um 0, 0007 granms of nickel, 0.0015 grans of

prqdugls wese otlatestable igrtheerude feefiori'de with the bal ance -
bei : .
o e e AR b DR LA Sor e R fO8 B ronctor, weighod,
anéf@nphdyzebKehe ssobrfdursed aa‘tﬁlé/strhadaha]hcseai;e posicightlfrom 36.63 grams .
d/ t | t d ffect
o SRS B Ao S R et B ST e
orlgﬁﬁﬁf‘K{G’(@/RB{@@H@%@d}%aﬁ%{)aqihe Qécoﬁd%ﬁé@@aﬁﬁﬁqﬂdﬁdeﬂ 03‘32 grams

drogen source in the presence of the inorganic salt
of cd{eaaqu@ 01 Ereencofisaup aod0.67 greas Iaerrgxmn @37 sdciond ascvinatal st

t.ent. at t h
o ool REked OFO4 i Rt T B tr o U P syt
(448 B Eahiyio IS}Bd@&:' Y ok4f 0P ErudEBed! N®4 SRR EdtAprodddeand 0.114

aver age crude product yield (based on the weight of
granseofeokielwap eelér)ctadasA BOLign @f thf: opke waaa@mlaﬁ@hmoke formation in the

ad&%j ﬁéllé 2%5'36 ndl&e t% OVer: ﬁ geﬂ? étl ggelf glnXe ? bEV\A a ot 38 grams

eed

ofahae@@ﬂdraﬂeféheam@cmfdezeea% and the average wei ght
el d of gaseous cracked hydrocarbons was 2.3 w

( baér ag tpl rraduhanchiied ater graan ef gt prasiuigh, Oﬁﬁgﬁaras ofcrude product
sSSP OTRELIELHELo 91 o
of hytogdn, 0052 mh@les off carbulpi didkidld)@nd 0.03 moles of C-Cs hydrocarbons The
balance of the gas was methane, air, carbon monoxide, hydrogen sulfide, and a small trace
of evaporated oil.

The crude product included a mixture of hydrocarbons with a boiling range

between 100-538 °C. The portion of the mixture with a boiling range distribution below
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tenperature controller of the feed vessel failed,
overheating the crude feed in the addition vessel.
WE\zeus/Osmozt here is no apparent significant del eCemsmﬂbsmzlzo
ect of even the Iarge amounts of coke tested here
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the sane as described in Exanple.9, .except that the
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aV' ng an APl gravity of 9.4, a sulfur content
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r"‘%ﬂé fid 33s 3%& do,tvthy & gfapgtard %Yéat%‘to B @ an'e aligrage coke yield was
7. scng% g&gé’d‘ﬁﬁe qu%gﬁt%@‘ tid GHad fé@%)aqfi’tht ) s%dﬁﬁls&%ian%h of8:7%, and

to t reactor in an att to mal ntain
themvudige freight lyieddiofigdseaus| crawkediﬂ%roéarbdsrs wasakd en%o(bhsgden the
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wef i 61 the bty a s e ittoBay OBl bRt Syl farge
stahf8d eadidlinssf Ech ﬁgulﬁ\éﬁﬂ gE WiN Blehakhd t‘ﬁﬁfﬁttﬁ’il in which the
tenmperature of Contacting of the

tennerdturesdstrelierid throistd édsseln foibeds h@erhwttmgyhﬁ crpd@ﬁh@d énjthg addition

ve s drish B i PO DR SERTRaR e e Ao g S e laree

amointd of Efedeashdre @ﬁ@l&ﬁﬁﬁvﬁ?’ Bf the chaWsBsysfehem a
difference in initial catalyst weight and

r s iTha egtoaf£lyadeling te mtalecmwaSg(hl 9. Dhagsogf &meledi te dntel Cs was
0.428e %21%%@ Q?ét%rﬁsrtg gr%eralele%eﬁ%snr% 1 f’i the %4 hygrocgl%%hg {vas 5 6 The Cs

¢o n
cis/trans olefins ratio was 6.34. This ratio was substant1a11y higher than the predicted

thermodynamic C4 cis/trans olefins ratio of 0.68. The alpha olefins to internal olefins ratio
of the Cs hydrocarbons was 0.92. This ratio was greater than the predicted

thermodynamic Cs alpha olefins to Csinternal olefins ratio of 0.194. The C;s cis/trans
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the nethane in the presence of the K2COsZRb2CO3ZCs2CO3
catal yst, 0.93 grans of total product per gram of
weewdecdderd was produced. The total product i neCTUSH4/042120

er gram af al roduct ranms,.of .gas and 9
oleif oGk o s oot et e et Himmphnanic C
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crugle %t%dh%%sﬁl%eq%do% g@esa%réiﬂw’lfvegse A Gt vel @ﬁt eér?gtgﬁlltefl V)

commud@ly" ﬁaed:red ﬁrdimtthkeacﬁﬁlﬂiﬁh vt by BI.5 ginihhe thy esaseia adfattempt to .
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matigip thegrugde feed ligwd lgied et 8 ohtherrerstorgrobeme thogigyerahegate was
1nsﬁ§irc§'h{ﬁ‘ﬂﬁ£iﬁ{aﬁ LPRyeExanpl e 27: Contact of a Crude

rogen Source in the Presence of a K
CO. ‘Dﬁdomémayﬂsteﬁﬁ)(cnmtfaé@/wﬁs ancthcEdkeith fHeeamppastainiscagel

S BRI S LS P AR B v

the Q@ﬁg@[ Soanet B ﬁ%ﬁ&q% thiy ethl% feelﬁcfltl@form'%fttl% ﬁlact&f effluent

granms of crude feed was processed over hour s.
vapeplom a difference in initial catalyst weight and

oI et R AR ot v et FRRee

differentd i WRia0bdtal9ht Whehiehd daidieRdial dﬁt hikwdte \Q&gﬁ‘t 89)89 r‘g?erﬁﬁs of
of total Iproduct per gram of crude feed glPro uced
cokprper grgrmeet gsvdsdiged rameinadde the rgagtony Examatontast of the evda feed with

o B TP A 0 S BERRLBCBE B

proﬂﬁa(pét @8m offeudpased was prdeaoedp Ghe G6talprofiudg @&lu&dg&]t gram of
of hydrogen, 0.0Q18 gramnms of carbon nonoxi

tota) i Pnlsichg P Arherams elosasahd 8196 e olerade podHe. orciuges bgemount of
meﬁ,&%é megk@gheg ms,of non-condensabl e
r e

ocar bons amount  of hydr ogen sul fi de
The gas included, per gram of gas, 0.014 grams of hydrogen, 0.018 grams of

carbon monoxide, 0.08 grams of carbon dioxide, 0.13 grams of hydrogen sulfide, and 0.68
grams of non-condensable hydrocarbons. From the amount of hydrogen sulfide generated,

it may be estimated that the sulfur content of the crude feed was reduced by 18 wt%. As
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produced, it may be estimated that the sul fur content
of the crude feed was reduced by 14 w % based on the
\Vmemghm&mﬁ the crude feed. As shown in this exaapius2004/042120

car bon nonoxi de, and carbon di oxi de were
Shod%/rb’&l}g‘é GRS, BSiragen, GHPY BOnH AR GRC SHIRER ST YW e PERHced.
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A \ﬁelé%téﬁ% oalp%féeoleﬁas fronteamadiGs péﬁmﬁ Masdd8ivity of the
i no tHal
oui (B pf B3 deop= AR (EHERE AT PERE WEkiyely
highlstfomatide/feed mihcthersemes cavdlyst i ﬂmq&e@&qmemﬂ@keﬂxdm diminish the

invention will be apparen ose skilled in. the art
actj i3\ dhg BpTERRIR Sl é%t&g’ﬁb?ﬁ“i)ﬂmg}é\ G Andgprpdu tspable for
Umgﬁgﬁgﬁ&glon is to be construed as illustrative only
I's for the purpose of teaching those skilled in
xam 't deéagexﬁ arGiudediped with a &hfldnrwemﬁmute frhthe Presence of a

1
i t ol be U C e K St Fg]gega}:{l?glﬁ lllS gr'[‘ 821(?{181’1 Qéocedure was

.......
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materials may be substituted for those illustrated and

catglasidp § b a8 redsichageas tethy ﬁ@ﬁctﬂfo delotnd of A230 grems of eyusle fleed was
prol%gsge& 8{;63%' lﬁu;se a3 ﬁiesdl?iferegq & 1nb1ﬂ\‘f%[]£itﬁ {W%%ljﬂeana%i&%fc%‘glyst

epen
mlktnrd\hﬁgm 0. 1&14 gﬁiinmok@ péﬂg&al’ﬁeiﬁ efude fwd feiakhed in the reactor, based.
description of the invention, nmay he ma

on {heevei plitl fiescrids erlp ddfolrb ped B9 &raelrﬁoqfttofabﬁsﬂw Pt griaémf crude
fee%i h%s f’iﬁﬂ}c{ uebq. afiet BEQ 1]% ﬁ&%ﬁﬁ_&%ﬁ##@%ﬂg&kb@gﬂ@éﬁ%ﬁ64 bfhms of

OW ng
gasend LA grgma of ciauds Iptoctmnt extlading tHefanteint af mkthate and water used in
rising: mxing a transition netal oxide and a

the fgacliPtnsalt to forma transition metal oxide/ metal salt

i X{rHE gis HERGLI, Bor b S1AY.431053aE bRhy BXLAL0RE Ahams of
salt thUTGWI yrogento ormanlnterrrE|ae
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nor e. conp f the esenc of on
0 SR gr P ReRT b B g iitsaitin tam pRREPENGR aroght silfiae
produédd, HenHaeddshmated2hat ThesuMRk B&ﬂexﬁ%f@ﬁeadrﬁ@éjfeb@ wak &ddidd by 14
wher ei n m xing the transition netal oxide and the

witpebased onthe weightrafdkescrude feed. As shown in this example, hydrogen, carbon
monoxide, and carbon dioxide were produced. The molar ratio of carbon monoxide to
carbon dioxide was 0.6.

The C,-Cg hydrocarbons included, per gram of C,-Ce hydrocarbons, 0.44 grams of
C; compounds, 0.31 grams of C3 compounds, 0.19 grams of C4 compound and 0.068
grams of Cs compounds. The weight ratio of iso-pentane to n-pentane in the non-

condensable hydrocarbons was 0.25. The weight ratio of iso-butane to n-butane in the
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m xing the transition nmetal oxide and the netal salt

in the presence of de-ionized water to forma wet
woasis@seeyi ng the wet paste at a tenperature PATAIS2004/042120
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in th gleﬁféhtfs Wesdribell ‘Eel%nf @ﬁﬁ&ltfd%ﬁzﬁ’uﬂg B6hh the ks ard $Qpeef 8%

le% or 10-30 nol e% based on the nol es of
lnvnmcml asidesartbed methglfodewng timaA transition netal sul fide
catal yst, wherein the transition netal sulfide
catal yst is obtainable by the nethod clained in any of
claims 1-9. 11. The nmethod as clained in claima1l0,
wherein an atomic ratio of transition netal to sul fur
in the transition netal sulfide catalyst is fromO0.5
to 10. 12. A nethod of producing a crude product,
conprising: contacting a crude feed with a hydrogen
source in the presence of one or nore catal ysts
conprising a transition netal sulfide catal yst as
claimed in clainms 10 or 11 to produce a total product
that includes the crude product, wherein the crude
product is a liquid mxture at 25 0C and 0.101 MPa,

- the crude feed having a residue content of at |east
0.2 grans of residue per gramof crude feed, as
determ ned by ASTM Met hod D5307; and controlling
contacting conditions such that the crude product has
a residue content
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of at nost 30% of the residue content of the crude
feed. 13. The nethod as clained in claim 12, wherein
woheosmeesvact i ng conditions are al so control | edPewaIS2004/042120
that during the contactin Cg at m)st 0.2 grans, at nost
0.15 grans, or at nost 0GLg@EMSof hydrocarbons t hat
~are not condensable at 25 OC and 0.101 MPa are forned
per gram of crude feed, as determ ned by mass bal ance.
1. 14. ATtwethos toli prbdasinglagiramsition metdl ailldiisle J:Qtabyrst ]:Gmpwhiegei n
the crude feed has fromO.
0. 5 PG raioh Tl iR 56 TBFE P S Eotgih UpaEon el
oxide Bt ARhidkr&! @i med in any of clains 12-14, wherein
at |east a portion of the total product is produced as
a vagesting ﬁwdrmhl@omd’ﬁ@ldmdﬁ(mﬁelrsagmmr@w@ hydragen ¢¢ fogm an
at | as portion of the vapor at 25 0C and 0. 101 MPa
mtl:lanei‘de? aPﬁe crude product. 16. The nethod as cl ai ned
i N aeneting tielidlefBedide With SMIRF Sddlort diR 0T Rhdie dompetidiBIof sulfur in
conpri ses conbining the crude product with a crude
the prasenice of one oy apgre Ay drpcapng ermeeduce ithartrarsdiogmetal sulfede catalyst.
to fQr
2. obt {}%n s %@%ﬁ%’eﬂm%a in '§1aﬁn Tgﬁ%&%@gﬁ%ng&ﬁe @ra?élﬁ{ﬁgmetal R)él_de and

thelMetal $hlt o@,nqjﬂgelga product conprising hydrocarbons that
have a b0|I|ng range distribution between 30 0C and
538 nyiging thoension rmetahoxide angrihe mekad sHy Hy he RFISERES "0t de-ionized

Waq&r{p%g,w@ﬁ{eﬁag&araffns and n-paraffins with a wei ght

ratio s6-paraffins to n-paraffins of at nost
1. 4 drying tetvest pastedt w;ermfmmm h oxhgBaiod 150 9C tA2 5 Uckeand

roduct hal ramo crude rod east .
b, ootckimnbe Jfen o i BRerhie i alauer fors gy &S00 .

3. d' S tithe A RMasQU aiffed. I"EE’ts,ltalngsoldfopf: Wifthn Qé:a)cuﬁé tl@ nlﬁilmédp e with

at l'east 0.001 granms of hydrocarbons wth
su}fmrrgmmhss& hdabog tmnntn?emwi;@m 0% pdSeasedd 30 d)eaeicbmrtof@helm

ns_of. h b th a
SR i G S G T e
4, 0. 10he MkitiRod Anthifled li®agt ofL1ARY 103, avRréh ohy Of MoaT 6Tahe
with a boiling range distribution between 400 0C and

hydrgarhony havgedodmg paintpf pbleayyp0 *Griadion & wichumrgas oil, xylene, or

ns that have a boiling range distribution of
mlgwénstc)}fsigj%4 OC conprise iso-paraffins and n-paraffns

5. Vvi t The meeh@hds dned iwhnyt dfclaise-1p4 vafekdin $het methbé further comprises
paraffms of at nost 1.4, as determn by ASTM . X
dispetshsdhexprepiedists MAhe pRsr Bt dgetd avecaghons avnilgrtisrencted with
thé3§ e product: at least 0.001 grans of naphtha, the
pht'ha havi ng an octane nunber of at |east 70, and
6. t he Trha pithal dsalaimgd an ampstt clfims 3 -3 véwseinh tahgifion sieta of the

.am of napht ha, as. deter M hod D6730;

iR et GRa0 1 fp o Gk DL HE PeRE B ene havi ng
7.8t |T%§ﬁetﬁbd2asgﬂlaﬁﬂ¥éd@ﬁ cl? BBWh&SinRRE trsABOheth P GRANE,

as determ ned by ASTM D5186, and the kerosene havi ng
8. The method as claimed in any of claims 1-7, wherein the metal salt comprises one
or more alkali metals, one or more compounds of the one or more alkali metals, one or
more alkaline-earth metals, one or more compounds of one or more alkaline-earth metals,
zinc, one or more compounds of zinc, or mixtures thereof.
9. The method as claimed in any of claims 1-8, wherein an amount of the sulfur is in
arange from 1-100 mole%, 2-80 mole%, 5-50 mole%, or 10-30 mole%, based on the

moles of metal in the metal salt.
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a freezing point at a tenperature of at nost -30 0C
as determ ned by ASTM Met hod D2386; and at nobst 0. 05
wanresweed2r esi due, as determ ned by ASTM Met ho#CDRB2004/042120
21. The crude product as clained in an% of clains ]
10.17- Sfrangytiep apqialSHEIS CARLShETRiR trdEngliRR ingaiel suifidegatsfyst 1s
obFn 08k by EHBBA olebimdl ATy FAIBARIY. at most 1. 75, as
ne y ASTM Met ho

det er D6730. . 22. The crude
11.pr ot tnetwd @k alameel inrclaimyl (fwhetein am atdhi@ Ptiovdfarapbition netal to

rud roduct has fram 0. 001-Q. 2 qgr, of napht ha per
Sulﬁ\’é‘?rﬁ’ﬁ%a@?l 8’%“}??3385]{ ec tﬁg'sﬁﬁ&ﬁ’f‘hg'sﬁgspng, per gram of
12.napAth@hodbf prodicify Qénﬂ&%mau@n‘, chepasng and/ or from
0. 00001-0. 15 grams, 0.0001- 0.1 grams, or 0.001-0.05

gr apentastting lagtudesfee@ @ith Ay dmgad soyepibe Peescrsieaif wig of more
ny. of clains,6 17-.23 rekn. t ¢rude.product. ha
ceif i SombobOE sl b e bRl bR R bl Shipfii or 11 0
prodb@sdietal ptdiRick@hOBERGeMS cAide pe@Bict, Wharedh ei¥cr@de product is a
aromat i csﬁ%er gram of kerosene, as determ ned by ASTM

liquwigd myisres 296 C andd)- 801 MRa, the cosle deediaying 4 regidne aontpwiohat least

oy TR B S AT 7
any c@ftrotlirg domtatfing éondifi@tsaiuch thaethe cridie ppodidtibas @tdesidue content

has at | east 0.001 grans of diesel per gram of crude
of gfpRf 4970 qfﬁlée@ﬁlég%r:orﬁ%wiqﬁ&waﬂtmfee%@- 0.3 grams of

ar offpt | | fRtnihed i
13 Vot Mg PERERGE R RebPES wiciin AR LB AR TN e are oo
comfolledl anahsthdtdh2ing thshemgacting hemostdzgrmsdaiahosil0sié drarss,arr at

I t 0.0 f . VGO t
oL Ve Ao 6t 5 gt GPURE B RS GRS i Pa are
forBle@PeOdrad@P crite 081, A5 BEBRMInBY by Mabebdawe368/ 90. 26. The
crude product as clained in any of clains 17-26,

14whellb¢ method as clateepinodaiors 1Ras 18y whereingbo omnde feg hgs Aien 0.2-
r from0.001l-0.,03 qara .Qf residu r m of crude
0.9t 0t Fosh 03,0 Ferlt B Rsifhe B Urii o BRlae QLM O

15f uefThe Brédodng claiabd id a9rdfeRivhs 12-04; whasincaliést a portion of the
conpri si ng c&r ocessing a crude product or a blend as .
totgl|papdustisinrodiicadl At 2 Bapopgnd themghod durthes cemprinieg cppdensing at

e A
16.di sTht hethedfas akiimedin any®f cIEIimg it bpethasinchainetthdi forther
corﬁlglgéegfﬁpééﬁr;ggtﬁg ’cruvc\fg %Eroe ulgt %vpcg a%i’t?d%etﬁzﬁliy t%e%glgg rals gre gifferent from
the crude feed to form a blend.

17. A crude product or a blend obtainable by a method as claimed in any of claims 12-
16.

18. A crude product comprising hydrocarbons that have a boiling range distribution
between 30 °C and 538 °C (1,000 °F) at 0.101 MPa, the hydrocarbons comprising iso-
paraffins and n-paraffins with a weight ratio of the iso-paraffins to n-paraffins of at most
1.4, as determined by ASTM Method D6730.

19. A crude product having, per gram of crude product: at least 0.001 grams of
hydrocarbons with a boiling range distribution of at most 204 °C (400 °F) at 0.101 MPa, at
least 0.001 grams of hydrocarbons with a boiling range distribution between 204 °C and

300 °C at 0.101 MPa, at least 0.001 grams of hydrocarbons with a boiling range
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distribution between 300 ¥C and 400 “C at 0.101 MPa, and at least 0.001 grams of
hydrocarbons with a boiling range distribution between 400 °C and 538 °C (1,000 °F) at
0.101 MPa, and wherein the hydrocarbons that have a boiling range distribution of at most
204 °C comprise iso-paraffins and n-paraffins with a weight ratio of the iso-paraffins to
the n-paraffins of at most 1.4, as determined by ASTM Method D6730.
20. A crude product having, per gram of crude product:

at least 0.001 grams of naphtha, the naphtha having an octane number of at least
70, and the naphtha having at most 0.15 grams of olefins per gram of naphtha, as
determined by ASTM Method D6730;

at least 0.001 grams of kerosene, the kerosene having at least 0.2 grams of
aromatics per gram of kerosene, as determined by ASTM D5186, and the kerosene having
a freezing point at a temperature of at most -30 °C, as determined by ASTM Method
D2386; and

at most 0.05 grams of residue, as determined by ASTM Method D5307.
21.  The crude product as claimed in any of claims 17-21, wherein the crude product
has a weight ratio of atomic hydrogen to atomic carbon of at most 1.75, as determined by
ASTM Method D6730.
22.  The crude product as claimed in any of claims 17-22, wherein the crude product
has from 0.001-0.2 grams of naphtha per gram of crude product, the naphtha having, per
gram of naphtha, at most 0.01 grams of benzene and/or from 0.00001-0.15 grams, 0.0001-
0.1 grams, or 0.001-0.05 grams of olefins.
23.  The crude product as claimed in any of claims 17-23, wherein the crude product
has from 0.001-0.5 grams of kerosene per gram of crude product, the kerosene has at least
0.3 grams of aromatics per gram of kerosene, as determined by ASTM Method D5186,
and/or the kerosene has a freezing point at a temperature of at most -30 °C, as determined
by ASTM Method D2386.
24.  The crude product as claimed in any of claims 17-24, wherein the crude product
also has at least 0.001 grams of diesel per gram of crude product, the diesel having at least
0.3 grams of aromatics per gram of diesel, as determined by IP Method 368/90.
25.  The crude product as claimed in any of claims 17-25, wherein the crude product
also has at least 0.001 grams of VGO per gram of crude product, the VGO having at least
0.3 grams of aromatics per gram of VGO, as determined by IP Method 368/90.
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26.  The crude product as claimed in any ot claims 17-26, wherein the crude product
has from 0.00001-0.05 grams or from 0.001-0.03 grams of residue per gram of crude
product.

27. A method of producing transportation fuel, heating fuel, lubricants, or chemicals,
comprising processing a crude product or a blend as claimed in claim 26.

28.  The method as claimed in claim 27, wherein the processing comprises distilling the
crude product or the blend into one or more distillate fractions.

29.  The method as claimed in claims 27 or 28, wherein the processing comprises
hydrotreating.
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