SYSTEMS AND METHODS OF PRODUCI NG A CRUDE PRODUCT FI ELD OF | NVENTI ON 5The
present invention generally relates to systens and nethods for treating
crude feed, and to conpositions that are produced, for exanple, using such
systens and net hods. Mre particularly, enbodi nents described herein relate
to systens and nethods for conversion of a crude feed that has a residue
content of at least 0.2 grans of residue per gramof crude feed to a crude
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Disadvantaged crudes often contain relatively high lévels of residue. Such crudes
tend to be difficult and expensive to transport and/or process using convegtional facilities.
High residue crudes may be treated at high temperatures to convert the crude to coke.
Alternatively, high residue crudes are typically treated with water at high temperatures to
20  produce less viscous crudés and/or crude mixtures. During processing, water removal
from the less viscous crudes and/or crude mixtures may be difficult using conventional
means. .

Disadvantaged crudes may include hydrogen deficient hiydrocarbons. When
processing of hydrogen deficient hydrocarbons, consistent quantities of hydrogen

25  generally need to be added, particularly if unsafurated fragments resulting from cracking
processes are produced. Hydrogenation during processing, which typically involves the
use of an active hydrogenation catalyst, may be needed to inhibit unsaturated fragments
from forming coke. Hydrogen is costly to produce and/or costly to transport to treatment
facilities.

30 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 re generation 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

35  acid number (“TAN”) of the crude feed. Disadvantaged crudes with a relatively high
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of di sadvantaged crudes. It may be costly to regenerate the catal ytic
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Addi ng dil uent, however, generall i ncreases costs, of treati
? have been used in procesgses for desallfur{]zauon o? Fesidue. These processes ehd to result

| 20 . inpoor desulfurization efficiency, production of oil insoluble sludge, poor demetallization
efficiency, formation of substantially inseparable salt-oil mixtures, utilization of large
qﬁantities of hydrogen gas, and/or relatively high hydrogen pressures.
Some processes for improving the quality of crude include adding a dituent to
disadvantaged crudes to lower the weight percent of components contributing to the
25  disadvantaged properties. Adding diluent, however, generally increases costs of treating
disadvantaged crudes due to the costs of diluent and/or increased costs to handle the
disadvantaged crudes. Addition of diluent to a disadvantaged crude may, in some
situations, decrease stability of such crude.
U.S. Patent Nos. 3,136,714 to Gibson et al.; 3,558,747 to Gleim et al.; 3,847,797 io
30 Pasternak et al.; 3,948,759 to King et al.; 3,957,620 to Fukui et al,; 3,960,706 to
McCollum et al.; 3,960,708 to McCollum et al.; 4,119,528 to Baird, Jr. et al.; 4,127,470 to
Baird, Ir. et al.; 4,224,140 to Fujimori 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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di sadvant aged crudes due to the costs of diluent and/or increased costs to
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product and, in some eimbodiments, non-condensable gas. Inventions described herein
also generally relate to compositions that have novel combinations of components therein.

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

The invention provides a method of preparing a crude product, comprising
" contacting a crude feed with a hydrogen source in the presence of one or more catalysts to
produce the crude product, wherein one or more of the catalysts comprises a catalyst
containing KsFei0514.

25 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
produce a total product that includes the crude product, wherein the crude product is a
liquid mixture at 25 °C and 0.101 MPa, at least one of the catalysts comprising one or
more transition metal sulfides, and the crude feed having a residue content of at least 0.2

30  grams of residue per gram of crude feed, as determined by ASTM Method D5307; and
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.



20 Such conpositions can be obtained by using the systens and net hods
descri bed herein. The invention provides a nethod of preparing a crude
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the crude product has at most 0.05 grams of coke per gram of crude product with a weight
ratio of atomic hydrogen to atomic carbon (H/C) in the crude product of at most 1.75, as
20  determined by ASTM Method D6730.
| 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
produce a total product that includes the crude product, wherein the crude product is a
liquid mixture at 25 °C and 0.101 MPa, at least one of the catalysts comprising one or
25  more transition metal sulfides, and the crude feed having a residue content of at least 0.2
grams of residue per gram of crude feed, as determined by ASTM Method D5307, and a
weight ratio of atomic hydrogen to atomic carbon (H/C) in the crude feed is at least 1.5;
and controlling contacting conditions such that the crude product has an atomic H/C ratio
of 80-120% of the atomic H/C ratio of the crude feed, the crude product having a residue
30  content of at most'30% of the residue content of the crude feed, as determined by ASTM
Method D5307, the crude product having at least 0.001 grams of naphtha per gram of
crude product, and the naphtha having an octane 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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15 liquid mxture at 25 C and 0.101 MPa, at |east one of the catal ysts
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conpri si Nnsition metal sulfide catalyst having a total of least 0.4 grams of one or more fransition

30  metal sulfides per gram of transition metal sulfide catalyst, the crude feed having a
nitrogen content of at least 0.001 grams of nitrogen per gram of crude feed, and the crude
feed having a residue content 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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contacting a crude feed with a hydrogen source in the presence of one or
nore catal ysts conprising a transition netal sulfide catalyst to produce a
total product that includes the crude product, wherein the crude product is
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content of | east, ,0. 0001 gr.ains of N /V/Fe r gam of crude .feed,, and the
crude feege%;]?sélIP%Q?Wt%%f@#aﬁg)za?aF@fgfe%ﬁf*%F&Ff’é"l8?0 agi&i‘fgé%r gram
of crude fc%ﬁ@élli%géoﬁ%ﬁﬂ ontiftfbnS SRLPEEI hE ARRPrdduRDBasSiGHosk DB dritRs 6f ude

product has at st 0.05 granms of coke per gram of crude product, the crude

product haskaptrgram dicridepeodimhttba trude pandurblas 200t D/ V/He colitent/afat moesit ent

of the cr feed, .. cryde duct, ha resj due,.content of at 15 t
20% of ¢ S0 nihIRe SOHES HACER A8, Bets e HSoa Pos A o ug bl R
is asjslet eidst % dNthdrediud/bbiest IR drudaebdl i WHEeBONY/VTEe donted® ikt er m ned
by ASTM Met hod D5307. The i nvention al so provides a nethod of

pr oduci ng datecmingd byrAUMtMethod i 3868 nand residuacenten inacdaierminedy WS a

hydr ogen i he presence of one or nore catal ysts 20conprising a
transiti oy%fle%gplsgm'fi de catalyst to produce a total product that includes

the crude produgie,inWhEbe ialkoiphevidéddimetioddiiprodusing d dradd produt; careprding?5 C
and 0.101 MPa, .the transition nmetal sulfide catalyst having a tgqt@l of at
| east 0. 4 cpiasing cyde e with @ hydregen squsee Webapreseceiod oge gEmogy saialysts ¢ ot al

tr a”S&(? i O@oﬂg{i%@%ﬂh’gﬂsﬂ ?@éé%: spfﬁde LbBy& &dﬁﬁ@gh@@gﬁa&g@l&m e def tent

of at I east grans o ur per gra cru and t he crude
f eed havi egpde predict wehecein tlendrude preeast is @.12ugt mrswefat 26 SCdnd 0g) M thé

crude feed; and controll.in onfacting conditio such that the crude
product hﬁ%hg;mg@ s@ég{e@%nafyat hiing g ts %ﬁﬁéﬂ?@ﬁgﬁz Seghidt o e
crude fee : Rsde 00

t he residue %@nt en?alg l'ﬂt ﬁseﬁirﬁggé&;ntoffgi%l, 1§aV\r/%"gcrﬁiei n@%ﬁl fugélcag%?set%thei S as

det er m nedaviyg ASTENuMemband of jii2est O graws diisnifvpeegtan ef udelfacdyandribel by
ASTM Met ho 307. ... The invent| al so provj des a nethod,o

or oL ng CBAE aRaiavhis Feidip COTient HaSteh0 2 GEDe ebiRHLF Pro AT A MSIERG:

m Xi ng a Lh@BSHJIRN: SRkathin®6bAgitiBNs sechBhahe @b prRlubPha® Dol fud BShtEt T afrEt al

oxi de/metal salt mXture; reacting the transition netal oxide/netal salt
m xt ur e witost Ffdrof thersulfor tontemtzof the cmderdetidased thasondequeduct has seesidue

I nter medi ggn%er\llgi (;[fjglt ?nltj)lstf 304 of the residue content of the crude feed, wherein sulfur content is
as determined by ASTM Method D4294 and residue content is as determined by ASTM
30 Method D5307.
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

6



in the presence of one or nore hydrocarbons to produce the transition netal
sul fide catalyst. The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed with a hydrogen source
in the presence of one or nore catalysts 5 conprising a transition netal
sul fide catal yst to produce a total product that includes the crude

product,  wWk§irtehdifofdnd e it Bydrbeirbors tbipiotie ottansRicatmabl sl 0. 101
MPa, the transition netal sulfide catal yst conprises a transition netal

sul fi de, thalyst.ude feed having a residue content of at |east 0.2 gans of

resi due per gr of cru feed S

controlling coﬂﬁgé Ve é ?BEOVE%S&{H%% g%ﬂrg’g%érﬂu%ég%m&?u @%ﬁagﬁg’g}%ﬁgr esi due
content obohctimsd cr3fdecell whthen HiREb ghesonntie e @eschbeoLontde m@ed:ata@rsth
wherein the tranS| tion netal sulfide catal yst i s obtainable by: mxi

transi¥i oromptising eliagetiomencial velfide calahyst orpéiamadott et thal iRgldes the
oxi de/ met gl gal t; M h‘é Sn p{e 35dd rﬁ%d@é%?s& ﬁ'rﬁfxﬂﬂe REs %déqﬁfrm el t
m xture W Ifuh ﬁ) dj { orm

erne and rea Ing t

i ntermedi ghgsibi ﬂleﬁ?ﬂ' kilgte tatalybiccopipgiens e:ann‘mmmt suftitle thy diude &dddnmsingo
produce the 15transition _netal sulfide catalyst esfge [ nvent| on ﬁl SO
provi des arerduscnisnt pf ¥derst g caares pEfssidre BEfcTram Qs erd

crude feesls%g&vt[ Mﬂswﬁ{&oﬁg&hﬁg biadf hen h%ﬁ@é\fcﬁtﬁéttﬂé‘&uﬁé faaeetmfaal ysts

to produce a a produd es the crude product, mhereln t he
cr udel(pr oshsitueicentant ofph insbsid 0% theatesidbe Coretemt oF theand®fecd par Wh@emﬂhde f eed

havi ng at | east O. of, 20 resid ram.of crude f
det er?n nelf awh%mﬁaﬁ,%{lﬁg%cﬁlggﬁs Oﬁﬁaﬁlfgﬁq anmlg goﬂé?fftfﬂg 195 an[dhae t ot al
product agef §§1P€H fonﬁ%r{%gﬁioﬂgnéél d}&&’é?ﬁleﬁl PR tni@iveOfcatingy M RANsifibn 2Rt and

0.101 MPa; an ormng the crude product, wherein the crude product has,
per gr armxnﬂehme]aiesab rostnee mthﬁzydw@sn t@f®m1a11gnm6@ﬁteh@rpiﬂeﬁetlnﬁ the napht ha
havi ng an. oct a e nur rans t he
VG0, vt iR g suithin the e SSice b7 pnps e Biayfbe

det eryg negaﬁyuéfm@ﬁggggdgs@ﬁél &, and at nost 0.05 gans of residue, as
determ ned by ASTM Met hod D5307. The invention al so provides, a nethod

of produci ng aTbe M@nmmda@provmerm@thn@of plodveins petpds nepdisd coBBYISE h a

hydrogen s eint ce a
total pr o&‘ff#?&ﬂgaﬁ cfe&% t%t g’ %%25 Owgﬁyﬁﬁgké?ﬁ&ﬁ% Igérgc?gta?%gsg%has a
30 resi dugrodass &Ritalghodict tRaekichile? tigr @nde modneswHereinthe cordemrafuct fsude f eed,

as determned by ASTM Met hod D5307, the crude roduct is a I|qU|d mxture
at 25 C ahauid mimremals Ynand A0t Mitre apd therspdnized hadng g least 52 ghepgof

produg : %tmdlu%%% grgmr O i PRE O d %?e?ﬁmrbartn{?%}"ﬂﬁgliéﬂilaa R0 g ﬁcﬁu%ﬁ?t 0.001

grans of nonoc i'ng aromaftl CsS per g ha, as ter ned by
ASTM Met hedst6yc3on af the ¢atsl prodei ks gvapar; obndinsing Iat kbe;a mmdomdf e sapd:. B5
grams of 556 Sclj %1%3 0. I%Sl l\d/ljgett %31 fo ned b¥heAcSr-L|1- & %%Egtdw ex%?n the crude product has, per
gram of crude product: at least 0.001 grams of naphtha, the naphtha having an octane
number of at least 70; at least 0.001 grams of VGO, the VGO havirig at Ieast 0.3 grams of
25  aromatics per gram of VGO, as determined by IP Method 368/90; and at most 0.05 grams
of residue, as determined by ASTM Method D5307.
" 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 feed has a
30  residue content of at least 0.2 grams of residue per gram of crude feed, as determined by
ASTM Method D5307, the crude product is a liquid mixture at 25 °C and 0.101 MPa, and
the crude product has, per gram 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



The invention al so provides a nethod of producing a crude product,
conprising: contacting a crude feed wwth a hydrogen source in the presence
of an inorganic salt catalyst 5to produce a total product that includes the
crude product, wherein the crude feed has a residue content of at |east 0.2
grans of residue per gramof crude feed, as determ ned by ASTM Met hod
D5307, t hedatemdredvpASTM Metlod DEE0 ahlerdt ik G 1egrads ol iatiliate;, «bd bt MRat 0.86d t he

crude product has r gramof gru ct, east 0. 001 grans of
di esel , anﬁa‘pﬁé’? 5&9}3 er%tlnngﬁ's‘ggg%g’%wgio aromatics per gram of
di esel, as det eﬂfe Sehih 41? 35\(3%&9& 1B PRodrling £asle Brda%t %ﬁﬁﬁs@g Va,

and the V&0 has east rans of aromatics per gram of

det er m necbohnyacTilig w&me%ﬁltﬁ@hydmgeatsomms in mewsgn@mf aufmtvrggmd taelt ca;:slyst

det er mi_ned by STM Met ho The .i nve pro i des. a net hod
of - pr oo HgHad R R P SR T i S e BHERES PIgTElR e Gaty Bt h o
hydr ogen SQUHAE clifleltd aPIeES O EraRls oFRedidlf i Btdin satﬁldmeal ¥detdemihed 3 oduce

a total product t I nc he crude product, wherein the crude product
is a l|iquidiSTvkMetleddd5305, Geandle@radict krmliquitienigtuoelet 2586 thridel 101 MPsj ande

content of_ at |east,O grans_of .resjdue ra crude [f.ee

det er ni nedPB§UAEPRAGUEL ﬁﬁdp%ﬁ? of g tpﬁgdt@?ﬁgeaﬁg%ﬁ(ghggmg Orftgheéglﬁll@@erl ng
aromatics &eyal BAM at 0ased, 3%5 8F skoRhBEBpRioraR RO aIet]] & detdehiiRddBRPIE DRtHAr
gram of crude feed; and controllin Cg cont acti n condi ti ons such that 20

dur i ng0t he3686Hk: atlensid).001 grerms ofVE raadﬁh@VGQ/ st deasbhd gravag obarematies per

o e ne o i of e, B S R T, el oo B OO bl Be ki, 2°
rmnocycl i Qietdﬂmngﬁr@mstrpﬁmmmmof at |east 5% greater than a nonocyclic

ring aromatics content of the crude feed, wherein nonocyclic ring aromatics
content is as detedpHeHiog aﬂﬁpmsmﬂt%m&u)dmépg@dum@uﬂm@@%ﬁorap%ng

provi des %ofEbing eludBTERGIAS K0 EHASOREOHRE orBOI drShiitirsRaRLAL bifigs?

crude fee ro en- sour resence of an |no ani ¢ sa
catal yst to pﬁodj!i‘cedlwtel Iarottmtta]hat iobeties tthe tfratle prciuoig aétetelnethercmt& mbmu:tmc:st a,

wh i d | d d
Crude T eodammiR B dacC o Oam NPadhe FRMS forg TS Gs i omsa PHER e 0 2gr am
of crude é?ﬁﬂs oPsilth ?E Xpdof%d%%éé '\A%td%ﬁn%a% AT M%oé%%@?d&dftﬁgd

has an ol €fi ns conten ressed i'n grans of ol éfins per gram of crude
f eed; and coslktfeed hasmmoontyabe ring avanmaidsiconsnbodt nndsaf) ligrams pfivenpeystioct has

an ol efins. content of at |east S%eg.re er than t%&? efl conteﬁtg’1 f the
crude f eedmBAHINETH RS §FATH oL P 730.
The i pyentduffg ﬁt@&n@arcﬁﬁg%ﬁma 0 Ehesk @hyRk Mn@%&%aﬁéﬁtﬁ%oﬂd&g&tﬁ& at 25 °C
conpri si ng: cont acting a crude feed vmth a hydrogen source in the presence

of an |nomgéﬁtl@ld\@@aﬁ@angépert@amm@dmfaect,@sébtemddubvmasabalﬁm a@lrés the

51103 Moo ShcH aral BRTERIQY RS B EnREONE ek Aoty Sl b sfiaball's

of resi dughed mehaeyclt nﬁ@%ﬁﬁnﬁtﬁs@%m@ﬁﬁoﬁtﬂ@ e rfge) inthefedh modatylivingexhi bits
an emtted gas inflection of an emtted %\/IS in a tenperature range between

50 C and soBnaticsgenigatisefilpeanivgd T Aok Meihafl y4i7800f Products (TAP); and

cont k1119 CoR sl AReBAd A ARS SHERA LS HIRIPEANIG! cHBSgeLes due

conte expr esse odu
nmost 30% @bnibiteng £&iudel @eeaomtem hydrbgéh m@wﬂﬁhé pmiencb(bﬂahem*gmc eslt chiglyst
content is as determ ned by ASTM Met hod D5307. The invention al so

provi des & #Btasdyge 61*0t§1r18§@|%<if gt inckydsadhgpyde srodugh wheredn the: cradapiadvstiya a

de f t
Crude T eeatld AR RigaoSean QDRI HDERE SRRTAE AL LARGABTLeRRLL
wher ei n t heney effesifueptrgiramfanidedoed] aﬁﬂxte&nmedﬂaymmaﬂdthad JJBBOIY/J &rl the he

crude feed has, a residye, content of at |east O.
30  crude feed has an olefins content, expressed in grams otz olefins per gram of crude feed;
and controlling contacting conditions such that the crude product has an olefins content of
at least 5% greater than the olefins content of the crude feed, wherein olefin content is as

determined by ASTM Method D6730.



15 granms of residue per gram of crude feed, the inorganic salt catalyst
conprises at least two inorganic netal salts, and the inorganic salt

catal yst exhibits an emtted gas inflection of an emtted gas in a
tenperature range, as determ ned by Tenporal Analysis of Products (TAP),
wherein the emtted gas inflection tenperature range is between (a) a DSC
temperature ofpal, | Sasl, 9% QfikNIPLMRIRSF LI J1Rha pdahitscogtidng: a DSC
t enper at ure of e o dani ¢ salt cata yst; and controlling contacting
condi t i ORSneLEHe & balde thsl withid @ydogelusdurérain the pesenbsof ¢o inweganic slpedalydd in

grans of residue per gram of crud roduct, aqf at,nost . 30% of esi due

dontent 66 pradece bual predust dkerrrs DR enboRD e cBartd el T, ASTu

Met hod D&%BO}?%)I}JX d a@&%mbiaﬁa 0203 /P4, e %ge FediBlabpgd Obsiahoebztmdiat kastde
i'sTNg:

product, &) 5 contacting ‘a crude feed with a hydrogen source in
the peseEerals ctedidgy ganian sdtmde ftcd) yrut the dngreadesdlt eattlystaphipidbct t hat

i ncludes the crude product, wherein.the crud&égrodu%t IS ﬁ |°b°a'ﬁid(§0 -%t ure
at 25 C smitted gasinflpetion ofen srytied #2541 A iGEPEAEE FARgE PRVFRRD o1 g Peast 0. 2
grans of ﬁé%{%ﬁ%@ﬁ% g3 SQ{A&I&@SG?{%QMO@PI‘QP}; ahdtoeebilyg sntadtidgt hod

D5307, a e ‘1 norgani al't catal yst exhibits an emtted gas inflection
of an enidohéitiogasudhrthat the omee praduet 186 arasidee putomtesrpsersed prgramp of tesidyg

det erm ned by Tepporal Analysis of Bt ts P).. [ t he crude

product g€ Bk gE CTHAG BIQvED é? attrﬂ‘éStégé’g‘gf%? 5%?&%{[% %Ptg%gfetgg iggﬂgtf dast 5%

gr eagr d%@%@@ﬁg&@ wﬁ%elﬁisT ér]sftré;éiﬁlﬁkshﬁ_ﬁgﬁgngmwdd@samtunes are nmeasured at
. a.

25 Can e invention also provides a nmethod of. .oroducing
a crude producThe invepidnsilsagprovides agehng of predieeng e EYdaPINMuSh AYHPEYHEE sour ce

in the presence of i npr gani.c .sal t t
that | nol<GAGSIRRS CBREIEbr AL e Pk i b sk R tafiahio 3y DA

m xture gh ,2Ridee a6talprbliciVia indHhigesahe cidé pasiubg wharein fHeduedacpndedtts of  at

| east 0.2 g grans of Tresidue per gram of crude feed,. and th 'fnﬁfg%ryf salt
catal yst lind miixtsreset 25Ctanddd. HHoMPhs e eradsifoest hasrp rebichs sopieiof fheast 0.

t enperat ure rapge. bet wee ; ' i 9t

Anal y<i s %ﬁanggﬁﬁb@Q p(exi-g%)’r? 9%%33%%8‘?’&%13 ﬁ°ﬁ§ﬁ’égﬁ%§§:ﬁlgg(igg%3?ﬁﬁgng stlj‘(fzoh t hat
during t heogantcaséthn@lis} andoké rdrgngy satwatfysh pehibitaab emitedrgas nflestipppf
condensable at 25 C and 0.101 Ml a are for.ne r gram,of. cru f , as
det er m neah dyyitied gans? IFRIPSHGRS Tange, a e’in?ﬂ}%q%f@ﬁmg?‘?gkﬁ?y%s ggr%&ﬁgst hod of
produci n r . SN J etidéen fapedam th a
hydrogeng@%&ﬁt‘%ﬂ%ﬁﬂ{ﬁg%ﬁ%@s‘g%ﬁﬂé%@%t?lﬁgé%gﬁﬁ%:aﬁggl%t cat al (faZt to produce a
total pragmpbrabiraiof niehsidas of te twoidergpiodute], salihend(b) atheC mprsatpiegfuct i s

aliquid mxture at 25 C and 0.101 MPa he crude..f ee I si due
cont dhe iorgads paly eptelys @?fg?@%eih%‘&“&aﬁﬁﬂgé?ﬂ@%’ﬁ% %’fﬁ?}g&g% %’é@g, and the
i nor gani %é@%& hﬁ%‘ﬁ g%%cﬁ% dd3Enk RpRksddnia %gérﬁé Ofvekidu@péesrp@raftcnide pradge, of

an :

bet ween as determ ned by differential scanning calorinetry
(DSC), atatandsaBe%odf thérdSidwerconientnfshe arvde deast, PderaimtesidyscaBienivg 288 ondi ti ons

such that the crude t. h esi due content, expressed in grans of
resi due ;ﬁﬁte #W@&%Mﬁ%ﬁﬁé?or}of at nost 30% of the residue content of
the 20 crude fegdi; WhssLilto pRVIdE rEaN6EHE produéiag deheterirodubt, mpidiEigyvet hod

D5307. _ _ .
25  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
liquid mixture at 25 °C and 0.101 MPa, the crude feed has a residue content of at least 0.2
grams of residue per gram of crude feed, as determined by ASTM Method D5307, and the
inorganic salt catalyst exhibits an emitted gas inflection of an emitted gas in a temperature
30  range between 50 °C and 500 °C, as determined by Temporal Analysis of Products (TAP);
and producing the crude product such that a volume of the crude product produced is at

least 5% greater than the volume of the crude feed, when the volumes are measured at 25

°C and 0.101 MPa.



The invention al so provides a nethod of producing a crude product,
conprising: contacting a crude feed wwth 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 liquid mxture at 25 C and
0.101 MPa, the crude feed having a residue content of at |least 25 0.2 grans

of residue perpgham Iﬁlfon%jgéciﬁo%ﬁé‘sda m@ﬂﬁdtolﬁrddm@frgmrﬁdépﬂoﬂuaa&mmngaas

ionic conductivity I's at least the ionic conductivity of at %st one
of the mmngatmgasmldbsfeadfwtththﬂmggamUéCﬂs@ the presencp o aaﬁnoag%%fﬁé?%aﬁ ina

range fraom 300 C c I t h that
the crudd® QFQ?&‘G%E‘%H%SP gli“gg?ag hﬂ:c%ﬁﬁ}é mag%ﬁ?ggé%ggﬂeﬁgthggﬂgeﬁgr esi due per
gram of %diﬁﬂc\fﬂlﬁlﬁ&%%% v@fan@ly. M NVPQBe ahde feedrias adesdal:onent ofit ledst 0e
crude fee erein residue content is as determ ned %ASTM Met hod DgBO?

The i Bivergritonoficsisup povgriesofzorudsthedl apd ths isatrepisgali ©

conprisin act rude.feed w th i presence
of an incﬁgééqﬁe@ fa[g‘étf‘ﬁ{e&‘}ﬁa {2 E" (%Iegiaﬁ%&ﬁq‘gpro ut?ﬁﬁ%sml@nc udes the
crude pr %%mé@ﬁﬂnﬁbérﬁl%ﬁﬂﬁ‘ﬁ@oﬂ?ﬂduaﬁ (TAPR anﬂlcqnﬂr@ihﬂg xbmtam@t 25 C and
0.101 MPa, the crude feed has a residue content of 3 (Wg% of

resi due p@nd@pam@h thatdueing dleeicontasting gbmgai{)-2 seapg o
kal i el sal . .
e BT i P i

have an atom c nunber of at
| eastjgll,maRGaRhcéd.€cast one atom c ratio of an 5 al kali metal having an

atom ¢ nunber of at least 11 to an alkali @é havi a t om_c .nunber
greater than IHheigvemiion ﬂ%@vﬂ%ﬁﬂ"@@agﬁ uckpEa E‘?}ng’éﬂral a}t’n&mE‘B]fﬁlg%‘ti ng
condi tions ﬁa%@ﬂ% ﬁf etfgb%f\% tﬁq% %@H?&ur@@ﬁl &eh @éb%%%@ghmmsawbata@sﬁ 30%

of the redf eed V\/ne ein residue content is as
det er m nag pbbﬁue&%th@pmddctm&ﬁﬁclud‘dsem crvdeprasthicavdsrain g aleds profieat iod of

d d d t
P s o i Eers 4 ‘éé”é@@é‘éﬁ@r@' e e JE O PrRPR PR I 2
totalys p“b’k'g{ag@'\éﬁéﬁﬂﬁb lb@%ni‘d%%@ledﬁaﬁd fheliGigdbie salpoamlyst Infs adicat east 0. 2
ue p

gr ans ~of er gr crude feed, the mor&anl c salt catalyst
conpri sestraaisitmhlmmmeramkemgmh%@ﬁlﬂa@ *Cand508n éifdett%ﬂ%‘?@(@h met al

salts is an alkali netal dr oxi and _the ks - tomc
nunber of‘ijl "“"PE%sSPafﬂn ﬁ?}ﬁgﬁ‘tegp’ésp)c?ﬁgr%e@r@@ ;é |o oﬁtj Cah 1 aI ali met al
having an.g %afaﬁhgcm&{s bh Mat kiRashd Ifirotlﬁctdﬁs&hk@ﬁue duzkalt, dxpxdssegl inn - at oni ¢

nunber greater Than 11 is in a range fromO0.1 to 10 progﬁg ng at ]{tsast a
porti on oframbef tastduk per gaocef @l"gdfapliﬁ)dp@ir of gfanerd AOVnef the resiliecottepbeh e of

t he or a h  wherein the
cr ud\ei2 lOr fore]s) eti%ﬁgt’swger?%??ﬁg%e %%:h r?]{]% 46%1.311{?&1 l%y §§§/§Ng ttﬁ%@?ggqpldue con!t ent
of the crude fpednveRidialicmenidesa naltal of motinesg a creletpooivst, compdigioghg a

crude product, conprisin contacting a cr, ug1 feed WI h ah droS%ﬁréaaj)che
in the prestedeg efcrade feedwihm hydsogen Sewcany & présonce of ah forganlc

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

liquid mixture at 25 °C and 0,101 MPa, the crude feed having a residue content of at least
25 0.2 grams of residue per gram of crude feed, and the inorganic salt catalyst has ionic
conductivity that is at least the ionic conductivity of at least one of the inorganic salts of
the inorganic salt catalyst at a temperature in a range from 300 °C and 500 °C; and
controlling contacting conditions such that the crude product has a residue content,
expressed in grams of residue per gram of crude product, of at most 30% of the residue
30  content of the crude feed, wherein residue content is as determined by ASTM Method
D3307.
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



to produce a total product, wherein the crude feed has a residue content of
at least 0.2 grans of residue per gramof crude feed, the inorganic salt
catal yst conprises alkali nmetal salts, wherein at |east one of the alkal
netal salts is an alkali nmetal hydride, and the alkali 25 netals have an
atom c nunber of at |east 11, and at | east one atomc ratio of an al kal

met al  havi;ngaafxako £ TUERES. 101 MHa, iRABIdelited Brsaivesitiiabintomiolbt feastioy an
atomi c nunber greater than 11 is in a range fromO0.1 to 10;, produping at

| east a pgratrisonf refidueeer g bf prudd destd, e ivprgape palt eabayd rompgises alkadibmetal

portion of .the vapor .at, K 25 nd.0..101 MPa;. an r.m r roduct,
wher ei n t FScWHERS r‘parté?f’ﬁt:?n%%ﬁﬁgu‘@é P’cﬁjﬁaé S%lggn]‘tsgﬂt% {)aﬁ rg%tgﬁcoa%tib%g%% thgf t he
resi due combBRietAl hdRECAHAR L1888kr of at least TEandy &bl @t @bk mHicvf des a

met hod of producing a crude product, conprising: caontacting a crude feed

with & hysdlikeljerctadaviog anmtarhis numbseate legst hhiq sorkalhinetad hpving ag glopae t o
d t I t .1 hat incl . i . d
P oduct | Sbh R Ui bt e B0 ' 5 40F oY contifip clnlifibne | LCe

resi due cophanit tRE cille bRAREL khs? refiadEor®dnt LE &l ust 308§ ofihalsidueconttat b£ed,

the inorganic salt catalyst conprises one or nore alkali netal lts, one
or nore aftieairudectoed hereinresidusgontent igrasgetergined by fMemﬁéaﬁ?’ﬁ?one of the

al kali metal salts .S, I t Epgja : i et al s
have an atom c%hﬁf%}gﬁn%i]alg‘% E@%%e?%ﬁ&hg% o%%‘?% %,ieﬁg&gg%%dggtcian ﬁ(%igﬁdi tions
such that cédigctipudtude Re ikt a aisogenrsesicd ie tleqeente of aminorgasic a0 ¥aiatyst he
resi due content of the crude feed, wherein Lesi due contentq#éf as (gfterm' ned
by ASTM M predugesgiotal product, wheeein thrsidotied hage weivr getent ofef s

pr oduci ng Cr QI 0 L $L0; i ‘ b1t Fhetal

Ry dr ogen- SRSy Y Ehan SEBRL T tAHREL W0 SRR B e o
total proghigt whieln itnelsticisof the alkalideetgdseliziistan alitsdimpétal Inkoxddedadfheoduct is

a 10 liquid mxture at 25 C and 0. 121é1\ﬁﬂ P. ’E’lh'jf %u e f%ed.haé afresi due
cont ent oflkaki melals have 21 oirnygpber ol p @Stagr A 535 ORG TG B8R O fhe
| nor gai ¢ gihne@ﬁth%{ri%ﬁ%taﬁ%?dﬁcirﬁllﬁ?oﬁﬂﬁa&éasml@oﬁiglﬁhliin{@eﬂ&lavihg%@ﬁnﬁi@& one

or nore a I ne-ear salts, or mxtures thereof, wherein the alkali
met al s hawember greated tham libiein aobnge fbwdbt to110; paedhcingatdesst 2 peptieBef st i ng

conditions such,that the crude product has .a resjdue nost 30%
o e+ ot dBedst gon v den@b el A DRnR ST o SRS of 0y 0BT 30%
det er mi neghy AP e dride3Rdduct, whereihhRe txde ptddast lssaresitnyéaitant af aet hod

of producing a crude product, conprising. contacting a crude feed with a
hydr ogen swst 3% ofi thetresigneeuried obthegiudhdedani ¢ salt catal yst to produce a

t ot al . product at_includes the,cr : rei r uct is
a 20 ?‘fqui dm fggﬁ F%Vegﬁoﬁgﬁ?lpléorﬁd%.all}g%hﬁfﬁ Bgﬂr%?ﬁg ?Sgg&f%ggmﬁ’aég%r{a{e@?due
cont ent ofomhctingasdrude £edfdiita Bfdrogs durceia thaprasamoé of muthergansoalitdatalyst

i norganic salt catal yst conprises one or re alkali netal ri , one or
mor e al | nid preducera et araduct, srhepgin the @ydg f?ggé‘é? a e eRateat ‘ﬁth ‘%ﬂ%asg‘ﬁém i

nmetal s have an .atom C r t : j LRG0
conditi on?%@rﬁ?ﬁg@e Q%%Ségﬁggé& l?gtﬂ%hlgérkgm'rﬁggllt %gj)%gén({m nt ,eggl}(kpr essed in
granms of ggsi WHercRbatfiedst Qs the alimlidectpirsatisiistan aifalemetabbydrByendt thefakali
resi due content of the crude feed, wherein residue cont en%. i ? as 1dﬁt erm ned
by AV Mewkbphayszoatomic numbes ef ptlgasidil oindaat fepshonR Aterale 15tReE A aks
produci ng, hy 4 HEOED ol A € HIBIeS bR 16£0} AEA Alarreta A8vie e aWirkid ref®epr
nor e hydrocarbons<in e presence o? an inorganic salt

greater than 11 is in a range from 0.1 to 10; producing af least a portion of the total

product as a vapor; condensing at least a portion of the vapor at 25 °C and 0.101 MPa; and
forming the crude product, wherein the crude product has a residue content of at most 30%
30 ofthe residue content of the crude feed.
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 isa

liquid mixture at 25 °C and 0.101 MPa, the crude feed has a residue content of at least 0.2
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catal yst and water, the hydrocarbons have carbon nunbers in a range froml
to 6, the 30 crude feed has a residue content of at |east 0.2 grans of

resi due per gram of crude feed, and the inorganic salt catalyst exhibits an
emtted gas inflection of an emtted gas in a tenperature range between 50
C and 500 C, as determ ned by Tenporal Analysis of Products (TAP); and
produci ng ' 40 I SR8] gs Ge g1mAGCI NQ
a crude pfo uc@gggﬁﬁrg%g?f%@g?gﬁdf ﬂlgqg&??lkﬂg?mgrgu_dﬁde%i with an

i nor gani ¢ afialitmeaitsalty she bnniobhealpalisesnch roftaktaliamreixgopcihgreel, avhesn o0 eam
the gas stream conpri sing.hydrogen, erein the first_crude,f S a
resi due cOhthsfdkagrmgipl ﬁaétgé?t Al gl °Y orlaagg,i éelﬂéﬁe ﬂ%%l e}talf;ﬁé}zg{%ﬁ crude
feed. as it A0Sk 801 ARAMLRIIRNG (BnidblingR0Aditinas bArBAThEoRas
catal yst exhibits an emtted gas inflection of an eraitted gas in a

t enperst upeoduaniga suetidescorfitht 6f almoSGOYCH ths reredusragniratiobijie Teuds deedd,

Anal ysi s of Producis (TAP). cqntacti C eed with a second
cat al yst i“ﬂw{%“ﬁl"ﬁ@é’l(’l% n aﬁa%ﬁwggymﬁﬂgg?&pﬁgo’éenerat ed gas stream
to produce a t giglinfhadiako gﬂﬁﬁdésrmélﬁw of P@dasiuge cpidechiciuct Woeiprising: he

crude product is a 10 lrquid mxture at 25 C and 0.101 MPa; and controlling
cont act i ngomieriitig s omde fed withmbydngenoiourasin ths prgesnes 65 apporgapicsalifatalydduct

change by at |.east %relative t r i : r i es of
he. Seconds e 1 ot product gt foohfish 1 cEERAREMAL et ndhe BRICE pRiRECE o
gener g i NGiqaiddafkngt kE2SYC aRIDN DS MIEs, tedthd@cfoed Bada egsithe chaedt o dt feaan0.2
inorganic salt catalyst in the presence of st_ear&gmi}r ein 15 the crude feed

has a r esigthmes eftmsidw peferam of erssie feed therinpganic spll sHighyet FRIRPIATS AROPT VPTRie

oo 23 AR AR 5 M0 e B0 nBRAGERL f hiRndahategam 1 he

gas strea f 0gen, Ccarbon nonoxi and car i oxi de, and
wher ei N awhelaxh tHeaitkd @btaldRve an bpmirnombedef 4t dedsh el ;cad lsontrolfiog caatadtingat

I t 0.3. The i ti I [ et hod of dugi d
Pr oduct  cenphiaRTigeh it dhrkdnds BAHY h FrusaREiens af SR A7 ot B B | ng
a crufle f geielf dtind M FRACASA E8idhf bl Batll 88 EsERmiRtd bhASTMMShaned

I C Sa catal ys O pro

i norg uce a total product that 1ncludes the crude
product, WHNEi n the crude product is a liquid mxture at 25 C and 0.101

MPa, the.crude feed having a residue content of. at | east Q. [ - Of
resi due per grdmearveRfignalsp @Egt WE%&P%PW%@%&%@WTH u%b‘%’&%?q?%ﬁrf% such
that the %61'11‘3&1{%' é’&dﬁ& fé(}ﬁ%wial 2By di8 phiiRr SOR B bres@0BI0E A @brhahi @EANTatallst

of crude p

resi due per gra roduct, “of at most 30% of the residue_ content of
t he crude té pedpcmitataiproduss itctinchuies Sreterinde produel; whereiele sjudsraduskisiod

D5307, . _..The inv LON rovides [ It k §ioNQg

nyclr o2 bduid Rt e  Befpfy N i Gpdy Fell s SIERAR e gPRTBA BT

(1,000 F) g?zim@oﬁ@gid%: Per érﬁhﬁ of crude feed, the inorganic salt catalyst comprises one or more
alkali metal hydrides, one or more alkaline-earth salts, or mixtures thereof, and whgrein

the alkali metals have an atomic number of at least 11; and confrolling contacting
conditions such that the crude produet has a residue content, sxpressed in grams of residue

25  per gram of crude product, of at most 30% of the residue content of the crude feed,
wherein residue content is as determined by ASTM Method D5307.

The invention also provides a method of producing hydrogen gas, comprising:
contacting a crude feed with one or more hydrocarbons in the presence of an inorganic salt
catalyst and water, the hydrocarbons have carbon numbers in a range from 1 to 6, the

30  crude feed has a residue content of at least 0.2 grams of residue per gram of crude feed,
and the inorganic salf catalyst exhibits an emitted gas inflection of an emitted 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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30 hydrocarbons conprising iso-paraffins and n-paraffins with a wei ght
ratio of the iso- paraffins to n-paraffins of at nost 1.4, as determ ned by
ASTM Met hod D6730. The invention al so provides a crude conposition
havi ng, per gram of conposition: at |east 0.001 grans of hydrocarbons wth
a boiling range distribution of at nost 204C (400 F) at 0.101 MPa, at |east

0.001 grans of TRYEKOGHPARSHVidEs 8 ntdidd sTHrédRe a cludé piddutt, comjpuitingen 204
C and 300 C at 0.101 MPa, at |east 0.001 gram; of, hydrocarbops with a

boi | i ng remipetidg stfirstemdeoiccdwitheainasaicsaheptalys it thg prosongq oABEM ihd at

| east 0.001 grans of hydr.ocarbpns w . |k I ' ' | bet ween
400 C andBEBICE B3 Hi58 ﬁ%ftgaﬁ.s WW@%&%&W@H%}’& n tﬁgﬁﬁﬁigg%%gﬁs t hat
have a boidsiaNgsiGud @p@st Giraf leh0td Gamefof adsidmgier 204n 6F fistpmils elsas- par af fi ns
and n-paraffins with a weight ratio _of the iso-par ffigis to the n-paraffins
of at SnosietdrminedmesinpASTM KesthasyDAHTienkthg depreerg galt catalyst ei‘ﬁ@”isﬁi}ent i on

al so provides.,a crude.composit. A ict 4 | east

0. 001 gra‘??%ﬁ%fl 1Y ﬁ%?n {)ﬁag %%Bt%@ﬁg%aé\}?rﬁgggﬁuggfﬁ%g%nu er O(Z]Edﬂé&[b‘ Ologg.:s’t 70,

and 10 t hg Rephika tavéngorat ARagsis 6f Bbdyea(BAB); cohiefiimsa paond cmde dfed

napht ha, as determ ned by ASTM Met hod P6730; at | egst O.OPG%léga%rrs 0{0

ker osene, with e skemdsetndysh i iha gresengecisf lagsta iR Ob e £eRHA PEFPTY%am of

ker osene,_a ef ' ' & ikgeezin
%‘oa%%paetfo‘g%%c %afﬁgMd%ggmé%%o&lﬁ@, WISLSRSRS cray bitdiue i g

poi nt at re of at nost - as determ ned by ASTM Met hod
D23860 ansguad miivsie £4.235Qirah 10f MPas bntlenntadlingetcetariing donditigsTvel $1aket hod

D5307. The i nvention al so _provjdes a crude c sition, having, per

gram of cHMBInereFRePeiieshidhe erude pEadys aﬁge{*%ﬁ%sﬁ@%ﬂ{e IEENRP i s

non- cond : : ndensabl e hydrocar bon gas
tel%%gegkﬁ% a@e &Srn&@ﬁc}‘gp %&l@éf #NP3ecohB iR Tes® y g

havi ng a grans drocarbons with a carbon nunber from1l to 3
(Cl to C3), peThgimomiddn denproitte asedthed dfginotwiing argag SEeamCONPIEWESt 0. 001

f ht.ha, th ht. havi t . at
Peast 0 comlgtnms iadsrbsien Ehette SR SHRSRGoTH BEborth o bentohertll 2
t enpeysat u%g cﬂde%e@?%ta residfe Cont@® of @t RASIOTE Srabis F2ddMinepd @dardBEmde and t he

ker osene havi ng at ast 0.2 grans of aromatics per gram of kerosene, as
det er ni neftetyas ASEuniveEdouA BEYBELethod $387; snssiengraing g2amsirenm. Lag B ealis

det erm ned by.AST t hod D5307. 25The j k:0n: Al ] :
CONposi t i WB/W %‘Mg%@r’ Cﬁrggﬂf%mé%ﬁp%lsdl ‘{Lllllgdr}ilt &g{?ld%’o%tﬂ ‘gﬁ%éﬁ%re%?r@r %:‘hgqg
residue, &g H¥b8mBdRtidy theddrbdbtibatlieRba0éast 813.1 east 0. 001 granms of
hydrocarbons with a boiling range distributign of at st 2 400 F) at

4 C(
0.101 MPa; at Thaswentigodsgprvidese mehedebpRERegACH Paaﬁhm? AgPaTge

ﬂlyzf’ ;’%J;EL%O .té)ﬂﬂr?%\f%{]iﬁlo ?%ﬁn%cg&ﬁ'tdcaga%gst;(éoﬁ{acﬁnégI:rd\ﬁeféecﬁ'tvith%%&geﬁgéuﬁé afrs of

the presence of the conditioned inorganic salt 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 cfude feed having a residue content of at least 0.2 grams of residue per
gram of crude feed; and controlling contacting conditions such that the crude product has a
25  residue content, expressed in grams of residue per gram of crude product, of at most 30%
of the residue content of the crude feed, wherein residue content is as determined by
ASTM Method D5307. '
The invention also provides a crude composition, comprising hydrocarbons that
have a boiling range distribution between 30 °C and 538 °C (1,000 °F) at 0. 101 MPa, the
30  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.
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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30 range distribution between 300C and 400 C at 0.101 MPa; at |least 0.001
grans of 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 conprise ol efins having term nal
doubl e bonds and ol efins having internal double bonds with a nolar ratio
of ol ef i ndishibvtiog bttevean 264 °Cenb360BCdS. 100 MiPs i Mtfmmmriamlselfnal doubl e
bonds of at_ least 0.4, as._determ ned by ASTM Met hod D6730.

i nvent i onh¥ireearbRnsvidha b%l@ﬂﬁ@@@&%@%@% bstveamailith (> anb Ol Gy QﬁOl NP,

T N R R e R i b R G

boi | i ng ranpEs3HCS{Ir,GULE) ano. t])@lWﬁ&naﬂDwﬁbranﬁhSﬁ@Mc@rbpﬁﬁ)&thaveaasmegr m ned
by ASTM Met hod, D5307, ?nd the hy ocar bon m xt e S, ag%efr gag}iof .

hydr ocar bgRSFlisihuEon af a{ wash20d.° n@na?ﬁésooear RE Y Mﬁ‘éahtby
ASTM Met ahﬁ%% a%z?ﬂff i &-?mﬂé‘& 1\@ TM
Met hod hx%%%ﬁl%&soﬁ ol efins ﬁg’:‘lﬂe at eagisrqtog%)?%bélbs%ertans of term na ocfﬁgfl ns

per 10 grBG673d. oI efl ns, as determ ned by ASTM Met hod D6730; at |east 0.001
grans of napht ea 00 of ker.osene, the kerosene h VI ng at
Peast 0 2" or Anbbbin SRR BIOSEs GRS PTIRERIOR WEV gD S G R RUTDRYL B T
Met hod é&?ast 800t gl?ag% &fﬁ%ﬂw tthﬁv?ﬁé an bB@ndhessbr &mm&m aﬁ@ast

0.3 granms of aronm per gramo iesel, as determned by IP
368/ d0; athd naphthehatingal@bstd). Bihvgrants ufataiﬁnﬂpgsagram of raytdp, a&&\ﬁerxr@mdiaw ng at

08/ 90, STMb B EIC ATt Bl rsorkR b Rer S AR 181 031 am of

conposi ti &fms oRbroiitics BeOprali HEerdend, 38 We¢Anindd b ASTM DB Und' @EM Mot hod
11)5307; at least 0.001 grans of hydrocar bons with a boiling rn@%
bygranms of

di st ri butkaseseot havingedtec2ing point D@ teypeaaturs, afgt mash:304C, lag determi

r 0” To1 e MetheIPes: 81 HORaR It b B ST ange
di st risbutpmemodadsween 300 C and 400 C at 0.101 MPa; and at |east 0.001 grans

of hydrocarbons with a boiling range distribution between 400 C and 538 C
(1,000 F) at OThemvemion also proyidesprarlePPmROTNPNRERHE, PREIN S RUMPPEEAN t he

hydr ocar DanSo N5l BPALGEANGS St Ui R B2 LngBYG e, per

gam of hydrocarbo rang e stribution at nost 204
C: at | eatht nOn-@Oddasable hpdrookrbbn gas hzarsngjﬁtxmsin()r%gtam oAy tiovitbhogiwith@730;

d at least 0.001 f £fi th ffi
- nar T PR DG Hah a6 SL i Chh BT e PR PRIGRaN S B e i e ot
n- panaf fips @foog MRSbr gﬁth%%h&%%;ﬁfh@f‘h%ﬁ %a&éﬁ%ﬂﬁiﬂé@gféoléis%@e A st

i nvention &l so provi des & crad nmposi t1on having, per gram of
conposi t i ®H01 ganmtof kextseik, (e karasene baving sifthesingpoind et eﬂmmﬂwmyoﬁ%mst\ﬁat hod

di st butibitds daermsiet B3oAS R MERoR P LRE RS Kinsndh e 1ot 832 or ams
of hydr OCQEIPP%MA&C@ NSF HebiaRe, Ok %t%hﬁiﬂe&%g AstveesihddhI388nehd3R0 C

at 0.101 a; at |east 001 grans ‘of hydrocarbons with a boiling range
di st ri butmost Ot guems o 0&idheaasidatomitedby 6.5T04 Matied DA3d7.at | east 0. 001

gr amﬁSOf The invention also provides a crude composition, having, per gram of composition:
at most 0.05 grams of residue, as determined by ASTM Method D5307; 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

30  ramnge distribution between 300 °C and 400 °C at 0.101 MPa; 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 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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hydr ocarbons with a boiling range distribution between 400 C and 538 C
(1,000 F) at 0.1011mft, as determ ned by ASTM Met hod D2887; and wherein

t he hydrocarbons having a boiling range distribution between -10 C and 204
C conprise conmpounds with a carbon nunber of 4 (C4), the C4 conpounds

havi ng at | east 0.001 grans of butadi ene per 5 gram of. C4 conpounds.

The i nvendéubie bdrsis withoindkes raticeielefieshaysts terainaldapblpongds fo gielns jgvme

conposition: at 0.05. gr,a f residue: ns of

hydr ocar b@F@nandPﬁgétbﬂa‘?q ‘?fri% 1?32'%83’ il ngc[%%, g %%]Agfﬁgye%bog@ﬁg’gff C (400 F) at
0.101 WPa, atTheasbnPdo Bodites alcnitedioagpatitionshavirts) per fraid dfivgopasiten:

di stribution between 204C and 300 C at 0.101 MPa, at, | east

0,001 1
of hydr ocairhost§.0fi griwns obsisiduagas detraiendar 4 B EM Method RRANT: Q‘(‘.Ybatg?aéhgogggmé

t 0.101 MPa, and at | east.0.001 - i b
G st ot Pt vk ST baab Ry E g R tpR AT Tnan R 201G Tange
granms, bujnd £3°ct NA00FYlasHeReFmindd BNASTM Kieflmddad 47y sud thefedeicarbbhe

catal yst has at |east one or nore alkali ngtal § In sonme_.enbgdi nents, the
i nvent i onmatture hes.cuer gesen of hydrepsbamarigareat i§at 904 (sramBs AEPEIMS{HFe net hods

vl . . . | t
been 11 oatuned Sy FihERgetod BB 7 RS Rbb0 Carplnt 6F oleBES, & Welermbet 29°° By
C?”Fri S tes%sgiwmwms?@m, ﬁgdmeoﬁemma mb%t@m]grms aﬁtenmhgl glﬁﬁa%mreed_ has
a eas . rans OT sSucn conponen e r eed; rrses
o o oo oo Sk lawors S aonnRy AR ke PR Rl BT ol s L 556
Cat 0 104 M4 o%o?%w&ﬁe@ggg?,%gkefogéﬁar%n%% RASHRE a0 GraieidqRr C at

0.101 MPa, "a boili range ution between 200 Cand 300 C at 0.101
MPa, a bojdaimef lrerougee, dis skteiindddry ASTMatRODA86ne lawd 0004 Eransiefidisrh, and

boi | i di strihuti bet 400. C and 700 .C at 0. . - d
has.  per Beanrior ARERS 1FBb 0 SETP SLEP TSNS Qe dreoRy & SLRRERLOTE (g o
boi l i ng 1 Bafdiejdd Bhd bORR®| AN s Of Mloutlml @ W RGORING PEO b gr ams

of hydrocarbons having a 25 boiling range distribution between 100 C and
200 Gsat Radt@l3 MRms ditardmatids @r 80 gf ¥, of dptprmived bR Meihod 368/80-boi 1 i ng

range distribufjon between 200.C and 300 C at. 0.10: 001

grans of hydr o&gf’ Byﬁgﬁ%@pﬂgr%wgegﬂ% F Y Ogﬁﬁ’?‘s‘faw‘%o%g’%‘eﬁg@ﬁ?@#c and

400 C at Q30 MRPora@Bdf Alsid28 dRedfiledbARS TH MuyltdDaB (RS cash1.00 a

boi ling range disttibution between 400 C and 700C at O. 10],,%!8@;0 (e) has a
. r

TAN, (0 3grahmoffaydracatbpno i agbciling ranse dptgpugionof at BRSO 6: BH of
i xt ur o QP Q0% 3 S, £t deRYaRIREhS AN A e ral BORRIHRLIoh bAect!
hydr og@r bamseC and 300 PC SO0 08 NP4 iartiabts). 00 hgraine wé hydronathbsowisheiodat, i n
Che | nvensingn isitipaebyn SoLcud i G o 0. 0 SREPER] 41880 B6F G SE *©
hydrocarbons with a boiling range distribution between 400 °C and 538 °C (1,000 °F) at
0.101 MPa, as determined by ASTM Method D2887; and wherein the hydrocarbons
having a boiling range distribution of at most 204 °C ha;ze, per gram of hydrocarbons
25  baving a boiling range distribution of at most 204 °C: at least 0.001 grams of olefins, as
determined by ASTM Method D6730; and at least 0.001 grams of paraffins, the paraffins
comprising iso-paraffins and n-paraffins with 2 weight ratio of iso-p araffing to n-paraffins
of at most 1.4, as determined by ASTM Method D6730.
The invention also provides a crude composition having, per gram of composition:

30  atmost 0.05 grams of residue, as determined by ASTM Method D5307; and 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 distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001 grams of
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(a) is gaseous; (b) conprises nol ecul ar hydrogen; (c) conprises |ight

hydr ocar bons; (d) conprises nethane, ethane, propane, or m xtures thereof,
(e) conprises water; and/or (f) mxtures thereof. In some enbodi nents, the
i nvention al so provides, in conbination with one or 5 nore of the nethods

or conpositions according to the invention, a nmethod that includes

condi t i OyjdRgeakiimsiviel JBdilifg salgt dostimnlvg thetwWraraior (caadi 3 @ng 0008 for gani ¢
catal yst conprises. (a) heatin% the inorganic salt catal yst fo a

t enper at&it @l HfPages delgmiingby &S THhNeHod RE587 ead whereithiheihydragarbions sal t

cat al yst e r f | eas 0 ¢pol inag. the inarganj,c salt
catal yor g PATRE A uebAeh FEOC B4 S ok tish Aaph R Wby
i nvent i ancab&OmphestioddsC,), theoO ddnish@hhaviddatdesst 0100MBELnHbf hibatigRigeds or

conpagsitions according to the invention, a nethod that conprises contacting
a crdde §FaBPLGCAUPAEIr nore catal ysts and control Iing contacting

conditions: ( . . i [ o al nmost
0. 15 grans, a@en%g%%%rﬁgﬁg@ Q%? Elg&ta ° %@Pg%ﬁ%g%ﬁﬁﬁg,% g?ﬁ%éfr%(ﬁ%glr@ t hat
are not atende09alkkenass 2bdGe;a0 tkatt (1001 domvidd hadwchboneditherbollimfange cr ude
feed, as_.determ ned by nmss bal ance; i}%bf such that a contacting tenperature
o i 5 Geinbion hatmst 76b° U0 Bact LA BB SHeed (08 Eremp oS 1 o
range fr. : P deaf | o h ource
o the oriya plER Bk byl el 2 - o T e <
of flAe hyansgEhydrocarbmspeith ¢ bibiling matgerdigfibutioe watwekm IGU afdI 0 TC anhi bi t

coke for i.on; o inhibit 20 formation of cqke.in the total, product or
in the Méﬁ%ﬁ?ﬂﬁ*ﬂhﬁ%ﬁ@wﬁ?@@egﬁ Wil Abaing rap%d@mmléwEr oduct
al S0 hagepbedmRfk) °0 H BB Bat 0@?@01@@?; Qxdq%eﬁé 0%&&;?23%& fé%fﬁ?{“ﬁ , Or at

most 0.003 grams of coke per gram of crude product; (H) suc t | east
a por.t i gmarnos of ore drmoengaiatyss avteraintind gadalyithas enlieadt ioge bdmore dlkeliimgtadd. such

contacting cqnditions; (i) such that the crude product has TAN of at nost
50% of the TARBReEHEed S ey tion =% hEHes Rh PRI BPR A PBAR L has
totab Ninidfk e 1anéBsds &fcotlpodBdhs XV diak tdBRtinRAKon O cralie feea%akp@ Rhs the
Ni N Fe content of the crude feed,; é@ such that the crude product” has a

@

sul fur &@ehbesmtiregteddn agpEnergodistilied, t Baionaily distibed (b Bomwises he sul fur

cont ent (1) wsugh a [ r oduct a _nitrogen
cont ent Co%pég&%%%&gﬁgfm %B%’Pg%%?%vg g’t £nrrc‘{[)tgl? c%%%dfheg,talﬁg%ag{]ﬁi i Df{ he

ni t r ogeBudosiepdnents peh gragd ofliquiefdd; Ehtompasesthiydtocabonhef ¢hicdea guigsict has
a residue content of at nost 30% at nost 10% or at _nost 5% of the residue

cont ent 8% ahoaling ragge diskipution pelofe G Haat G @, p bollingpregaigdbyuiiom t he

cru PHLRME] 106@ ot t g | 4 lo« and t he

met hod f'burt hérlogoprpa??szgg: %géﬁrﬁgqﬁﬁf%ﬁgﬁ%@dgﬁﬁt eg&%:e?%g gr oduct ;

conbi ni agd 86& °Cetcd.n 8t ddPayetboding rangd distadbdiion betalcen 800 &CTaad d00 6Cfa0 HMOAN
ture;

additi op g BB e e NANOL i KlieSi 400 °C and 700 °C at 0.101 MPa; (d) has,
per gram of crude feed: at least 0.001 grams of hydrocarbons having a boiling range
distribution below 100 °C at 0.101 MPa, at least 0.001 grams of hydrocarbons having a
25  boiling range distribution between 100 °C and 200 °C at 0.101 MPa, at least 0.001 grams

of hydrocarbons having a boiling range distribution between 200 °C and 300 °C 2t 0.101

MPa, at least 0.001 grams of hydrocarbons having a boiling range disiribution between
300 °C and 400 °C at 0.101 MPa, and at least 0.001 grams of hydrocarbons having a
boiling range distribution between 400 °C and 700 °C at 0.101 MPa; () has a TAN; (f)
30  has from 0.2-0.99 grams, 0.3-0.8 grams, or 0.4-0.7 grams of residue per gram of crude
feed; (g) comprises nickel, vanadium, iron, or mixtures thereof; (h) comprises sulfur;
and/or (i) nitrogen containing hydrocarbons.
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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and heating the additional crude feed/ nethanol m xture such that TAN of the
additional - crude feed is reduced to below 1; (p) such that one or nore
properties of the crude product change by at nost 90%relative to the
respective one or nore properties of the crude feed; (q) such that an
anount of catalyst in the contacting zone ranges from 1-60 granms of total
S5cat al ygty; y -dupgen
sour ce. 1 ey (P Fhre o Hlsk Ao AR L o b R o

| N somne cempdsksmaethane, tthend, prapene.cn mikbwepihersofds) camprisesisiatent andforddt h one
or nore aqf the, nmethods or conpositions according to the invention,

cont act PHEMESHEFEPons that conprise. (a) mixing the inorganic salt catalyst
with the crudgfaedndbditich@MRNAVdHten 2Rolhrbaved dDcdmbinkgsBiith bh€ ot nor gani ¢
salt catalyst Is substantially insoluble in the crude feed; a’gb) agi tating

t he $ nomyae bt theanahydstoricnmpheitiontieisordsegito tha drvsation B eethed 8w fgludse crude

feed with t.he . i | t _i.n the,. f. t d/ t
o pr odseeiiionise SeYiishng pul ARh R Kl B i TRE R Fete 4R TS o' Toura
M Xt ur e ogdpsidds: g]ab ReSRATRLE HREHHEMIScatdl R th B Y@Nbdrataread 50 1603000RTY antlidr

conbi nation with one or 15 nbre of the nethods or conpositions according to
t he i nvémtlicoting theronganic shit catalyatdpiadempeghraef ttleash3ey Udend eeelingthe an

i norgani.c sal.t t al d f ises: (a) providing steamto
a cont a&qrﬁﬂn%’)’ﬂé&g"r&%&o?ge%ég}%?%i&g%%%gmg; (b) forming an enul sion of
t heigrude fegglswhé Bmbadiatenf! HRlinvéntionnldqirovided, ecambidetidrewith ohé br t he

i norganic salt catal yst and the hydrogen source; (c) spra in%) t he .crude
feed i nmere pitheanathedsioigompaaitioppiarardng todhe dprulenatgetbed Hat Gpacissse

7 f Banbinadlds £ALAL 12l ofifh Al drSAT BRI AICOEIRNE HREIL iflimes 1 ace

of the | ¢ sa cat nts, the i nvention
al so. pr gaisdeisthat durtgntie ceactingrtiniost 0L @amepatenadt 011 erares, ko tmsod. 1

conposi tions according to the invention, a nmethod that conprises contacting
a crude SFasesy ow&mo%@-q%rﬂa@aﬁifby@awi%% thel are HPBC%‘W\%@ a&%oéﬁnd&ﬁ(ﬁuct

wher i n ! h : E)jd#ﬁ | vapor,
andifhe%%%§$ﬁe§h?ggﬁ§%%%gggee§b% eegil?rlr%égt eéassl%a‘iaa&%g@? ?@‘ﬂ”%?‘ aflhe vapor
at 25 Ccattacthhgtbrhpdfture s ihammgdiomrAsacT 0 Cbardietwedn 60eria’€l; ey condi ti ons
are.control |l ed such that: cr.ude duct. further c ri-ses
conponeRTESSYF thHng r%%&?‘é‘d)( ' ﬁéPNﬂﬁ@ @ﬁ?’rﬁ‘g%ﬁl}aﬁ% g ?f‘ §ﬁsje°3?1ﬁyn‘§f’geﬁno3°“f‘hee crude
product yCAERGIRGECRM ARAHF AL 11208 of 8L 30 RAmMAN utEE Rétdry of hehpdoge®
enbodi ments, the 1 nvention also provides, in conbination with one or nore

of the swirboper abiconeiposf the onsledesh (eitngnhibit chke forpeten:dh, todnlibit hod t hat

CneBbne OPROP &Y kot uf oV Pu Rl BRhoB Mo il EU AR, BOREh ™71

i nvent i e #eSPudd RBHER soitas GOMBEITROS Srnw, ki most®.aF gramseatafiodt D@ 1Met hods or
conpositions according to the invention, a K3Fel0S24 catal yst or a
%ﬁtat kasl@ 0. 4

transi t gemsyer aimes0f)0derems af gake new gram chyruda praduet () sugh

grams, af .J 0 : JTOR : .
O ansi ¢ POoRaR B e ER: BBl i SRR ol R Ay Bran bl ARflicRhs
transi t [{ppadigthad the thule geodvat RdsysTAN df)at hasst 80Pcatfaie TANaGS the ofudefeets ()i on
met al
25  such that the crude product has a total Ni/V/Fe content of at most 90%, at most 30%, or at
most 10% of the Ni/V/Fe content of the crude feed; (k) such that the crude product has a

sulfur content of at most 90%, at most 60%, or at most 30% of the sulfur content of the

crude feed; (1) such that the crude product has a nitrogen content of at most 90%, at most
70%, at most 50%, or at most 10% of the nitrogen content of the crude feed; (m) such that
30  the crude product has a residue content of at most 30%, at most 10%, or at most 5% of the
residue content of the crude feed; (n) such that ammonia is co-produced with the crude
product; (o) such that the crude product comprises methanol, and the method further
comprises: recovering the methanol from the crude product; combining the recovered

methanol with additional crude feed to form an additional crude feed/methanol mixture;
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to sulfur in the K3Fel0S14 catalyst or the transition netal sulfide
catalyst in a range fromO0.2 to 20; (c) further conprises one or nore

al kali metals, one or nore conmpounds of one or nore alkali nmetals, or

m xtures thereof; (d) further conprises one or nore al kaline-earth netal s,
one or nore conmpounds of one or nore al kaline-earth netals, or m xtures 10
ther eof s {@dndatht BR'adiRIRE] S6Se ARANmAIRY frihlluch IR LS oP B ARHTRALE
conmpounds of “one~or nore alkalr netals, or mxtures thereof, ereln an

at omi ¢ r aérufe €dedtis medacdd orbeimt & (ph suchuthbtumeion nidre pKRleeiB Sfdheatdd ypoucr t he

transition metal sulfide catalyst is in.a range fromO. -2.5 anddg:}%t‘om'c
ratio of ¢h@saPkalmostiOSh selatiyeita dhe 1espROYS BR° Pegre ReperHes,of e gBde B3h above

0to 1 (@rg{l&{ @Qﬁgnf S0P 8RN he RIS REKBhE NRYERARLA 118D Bldns OM6LaPT
more 15 cbnpounds of one or nore al kaline-earth netals, or mxtures
t heredf , aialgstqet t00 giahs cfcridedisd;tendior (R sedh thet shydragen soutrdeas KAdusl1o $et

catal yst or _the tr,ansiti(ﬁg_in(rée al sulfide catalyst is in a range from

(15-2.5: @mde Fsdprgrieoy ¢ CMHECBY al i ne-earth nmetal to the transition
metal is in a Eﬂ&%&ﬁ@&&iﬁ? en idRndon 690 pfHAdRCH RABRAAtRASHER BSs of D)
further conprises KFe2S3; ?e)é furt hgro%prrppi ses kFeSZ; and/or 0) is

nonaci di cmo0dfiths oithodmbo dompeditonstaceoridingda thoinvantim, gerestigsconditions

nbi nat i ith, . f th th , i 1o i t
Che i nuerbImise G Atxgs Bereie g o HipGRTRAT AR ASHRLALNY 1 ©
enbodigTe N §ow!s08 “CNYEBIPhedhsr@aklt @Mt 8 8lyst B seibitiaRY iolubid i theerude nore

of the nmethods or conpositions according to the invention, one or nore of
the 25 trindi() egitatingahe notganitecatalyigitin gie qrpdadepdand(ar)chemirctivg tha@udd nore

transition metals from Col 6-.10..0f iodi ¢ re
conpound 51%8?1 W&ﬁ’eﬁ% fAohe e ﬁ'fg‘%i%lﬁtéﬁ tt}%’[%%&%?%éﬁn% ?Etljdr/m&ggt%"ﬂ 8&&8 (ra{l?nana:gt ures
thereof ;| (bl peeief ihafineRReOthe R Product Shit fid AlBguid muixteeapsTBes FeS; (d)
conpri ses Fegz; (e) conprise a mxture of iron_su|fides, whergjn the iron

sul fides are rbpjosicembetlimnishbe fuvertipn alse proyjdes, frromedipaion Wifh a0¢ Ghge from

above 30 O to Q, 17 ff --%%'%5% Qéﬂgti LB S P RlSsmMidel t he
crudglsf ee ;Ore(o %{ﬂep{é)éléto}g#gﬁgmﬁ e fgéan %ﬁgﬁﬁlnetargag? t?‘l?u(g oﬁené nor e
transiti ofpoiRiiak asuhdd fded with dnrinogaaicdil catplypt axdethalefucthert ednmises: (8upport
and the transjtion netal sulfide catalyst has at post Q ﬁ? gr.ams of total

support pEPVIHIER HeEmie & PORaEtHEAane prior to or during coptrstagHB 520 t he

| nvent| O.nelﬁllﬁf?)an?Péé d&de el vﬁmhﬁf‘t)ﬁ&r'to"ﬁohﬁc%gtﬂycrﬁﬂ%r Re@lvithBe MRERLS OF
conposi tions according to the invention, a nethod of formng a transition
met al  sul falicetadadt ahd e ndgpesisbines; chepmpingdoe codp fiediintg the xenigeting zone;

transition t oxide and a nmetal.salt.to.fo tr.ansition

OXi d(%’onetfﬁ?d?‘grﬂ CORLGHRESioary itﬁegmgrgaﬂéc ﬁtgﬁmﬁ%g%at%qsgparg%}lggérﬁé Gl salt
m xture Wl fiydiRaePeaEeof BkMhdBahib ket Rallyst e, and reacting the
intermediate wth sulfur in the presence of one or nore hydrocarbons to
produce the t rEneins emborimentssiheinvhation elsppsevidgsain eqrebipgiien WHRIORS 8bnpri ses

an al kal i_net carhonate; (b) .that furthe ' ' '
"t or modi HOE Shibt RETORS obpomarapRire bRl (S shA s th GBS Mg Sohiiees
with the sitdciihe aleldd BediithindASrgaficEak eatafyst foeprdfudaysivnt ardioswhaem a
boiling point of at least 100 C, (d) in which one or nore of the

hydr &Sar basrieast & potion ofyheistal popduet jstrupdused 98 pagpor, prd thengipd BTk ng t he

transition netal oxjde and,the net. I [ A0 Xd ition

et ar ox) s pRRegp Bl e fERRh of eyl sy Band B IO DIANE iRl L 00

g wet dpasclira_ae ﬁfoﬂh&%tﬂe%n%ﬁn@@&ﬁ(ﬁti@ﬁs die compsitedisucie tan (2) thamgedd product 50- 250
; and calcining t

ne dried paste at a tenperature in 15 a range m
300- 600 Gurthen camprifes spmpenrnts Withwarselecieddophng range %SF}JWQGM 41{39 ??JH)&PS es

heating the.inter [ ' e of the
hydr ocar b%ﬁ%e P%%gafcg)ﬁ%’téﬁgé g?régﬁ\e%ﬁﬁr %%Jl?c?%dmkgg%{aggg' C, and/or (g) that
furthegr conpri Besneosahbeliinegtst fhe invention also provides, in combination with one or

more of the methods or compositions according to the invention, a2 method that comprises
contacting a crude feed with an one or more catalysts and that the one or more catalysts

are nonacidic.
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catal yst conposition with a crude feed that conprises sulfur and a hydrogen
source. In sone enbodi nents, the invention also provides, in conbination
with one or 20 nore of the nmethods or conpositions according to the
invention, an inorganic salt catalyst that conprises: (a) one or nore

al kali metal carbonates, one or nore al kaline-earth netal carbonates, or

m xtures ther eRfsomeRmHRAENEts, 1B Rivahticl dlsoploaldebyid coMbiRSon G4 de ofOr €
al kal i ne-earth nmetal hydroxides, or m xtures thereof; f(c one or_ nore

al kal i menete afyes mekeds emeonaposiiions aeqokding e thedpyention: alsFydhi eatalysionr 2

m Xt ures [ e.on . f [ 1 i netals,
one. or - iy ASLERmmet kPGBl TREE @R plAET e O Rl O fe Bl Bl

t her eof ; drey) leaste.® Erafiy of a8 Haeiesheqff tansdtion nial sulldéabér gremalfshe R, (¥4 NOr e
am des of one or nore alkaline-earth netals, or mxtures thereof; (0 one or

mor e fret &Rtalyst ehthedrapitien sold sghidecatabet:i (BURS anaAipiaic 18Re obiranhian @eithbounds
of one or, e, : I -10- ! i I r=. M Xtures
t her eof ; t? g?l @nﬁﬁﬁé%ﬁ%%kgﬁé%%%%% ﬁlé@[ ?@ﬁﬁ%ﬁ%ﬁxﬁ%ﬁg?ﬁ@tﬁ east one
of the i a2 gell;cnfttatr waljirsegemesahas diyadi memlsgoné comusecoatpoihds efdml yst ;
h) sodium potassium, rubidium _cesi or m xtures thereof; (i) calcium
éné/ or i HEE angials, ofingiires @Preafﬁgh GSTPITES oFe Bbmagf'sﬂ(ﬁﬁrgean and

the POt assi Mctk lonk QFRId:S ESmAGAR B U} 6ARBRIAK AP AS AN SMALAKELS.
potassium hydride, or mxtures thereof, and the sodiumsalt conprises
sodi lifh cdndrerta(e fukiomticomphigelr anei atenors atkialimmétyldy dbeqr noorembmiponeds dflves eof ;
and/or (k) m xtures thereof I n sonme. _enbodi nents, .the.inventjon al so
o v e M9 Al aa: GRS B0 RBFE ARHE TS A BESHORBABLE! t | one
accor di ngy ke i i i Sty 3 e s

al kal i mgat al sihiriﬁe I\A{ﬁﬁ{gm (eéat?lytgﬂr})g tgfgm C (?lal?li%%ai Solfgﬁgﬁb%%?fggﬁﬁ mrr%{%{%ghaw ng an
at om ¢ névfbasb aofl aatatdmeiggniid of the allliah&alsito st tednshimmimejalds ims tamige froumber

ter t | Sl i 0.1 to. A, (b) at least t f the alkali
otal o arBoRb e irfel B8k SR CLmol i b R R AmES pot as am
is imsa camgeukds@Node br hdrdalkbkle-adtt Bafls, bhmegurs tHdsofahkabmidRiielos are

sodi um potassium and rubidium_ and each of the atomc ratios of 10 sodi um
to pot as&apFHioBEHal e sWiurim i Kafeidnocatdys os iharransitionpnefrlmiiide ¢atalgstimnge
from 0.‘ 1 n; % ra?’!ée(ﬁ%)m 6t5-i§ ﬁ%[d &nha?['g & 'cOJaFj'B b)?{:h%l a@ﬂneﬂa@ﬁﬁ lISEftglrtg éﬁeogén%{ﬂon

pot assi um and cesium anhd each of the atonm C ratios of sodiumto

pot assi umetsdslinarahge Gofi Abbvednd 1paf)dsshervolprizeszing (b} furthefcdapgesf rom 0. 1
to 5; (e), at Ie_ist three of the alkali metals are potassium cesium ‘

r ubi di gm)KF_ &eie; € EHISF comprisasdnieS2r srd/YU)df 2pRAcHESi um to cesium pot assi um
to rudi di um 30saAdobBSMENC tictR/ iR diByfel, HEEmbRATD whnldhe Br In
sonme enbodi nents, the i1nvention also provi‘des, I'n conbination wth one or
nmore of tdoee nEtheadshals aeompesitionnaccactiog th thg inventihe, thaviba Ki;Ba pS:an

i norgani c_salt. catalyst,.conprising a support material, and- (a) the support
mat eri al G‘itﬂﬁcﬁtr’igg%‘%nefilpégﬂi um oxi de, cal ci um oxi de, magnesi um oxi de,

titani um oxi dgy sdEERbAkiGlhE, 1R iHRHRN A8 JFBa8s, ik EQMbination with one or

more of the methods or compositions according to the invention, one or more of the

25  transition metal sulfides that or in which: (a) comprise one or more transition metals from
Colummns 6-10 of the Periodic Table, one or more compounds of one or mores transition
metals from Columns 6-10, or mixtures thereof; (b) comprise one or more iron sulfides;
(c) comprises FeS; (d) comprises FeS,; (€) comprise a mixture of iron sulfides, wherein
the iron sulfides are represented by the formula Fe(.;)S, where b is in a range from above

30 Oto 0.17; (f) further comprises KsFe 0S4 after contact with the crude feed; (g) at least one
of the transition metals of the one or more transition metal sulfides is iron; and/or (h) are
deposited on a support, and the transition metal sulfide catalyst has at most 0.25 grams of

total support per 100 grams of catalyst.
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20 oxi de, nickel oxide, zinc oxide, cadm um oxide, antinony oxide, or

m xtures thereof; and/or (b) incorporated in the support naterial are: one
or nore netals from Colums 6-10 of the Periodic Table, one or nore
conpounds of one or nore netals from Colums 6-10 of the Periodic Table;
one or nore al kali netal carbonates, one or nore al kali netal hydroxides,

one or nore al Kﬁk&m@gﬁlﬁbdipiéﬂfsl AR Snv@i8n Also W6 RIS, kpddrifn Rl WithBhSbr 25

carbonates, one or nore alkaline-earth metal hydroxides, one or nore
al kal i ne- sare hf thetnadthédsdricdappsitiony ancording fortbe nvietierpfa method of fermigsn
i n.canmbi nation wWth one.or nore

enbodi nent s, .t.he inyent.i.on SO provide

of "t he morRBEC D P HESr e She oGP Rghs B TPy brinedritg ek

conpr i sespfpNtoafdd Mg aanGhug® b eaeh Mrhikideh BRI giakeadtalshlt Gak@aty $éactinat 1 ()
the catalytic activity of the 30 inorganic salt catalyst is substantrally

unchangedthertrarssiopmestelyadaimel sdlumixtagdyidr hydsysate fome gy ivi¢rmediate; andt al yst
I's continuousl v.,added to the.crude.feed. Lments,. the

i nvent i on™&f Baredgﬁeagg, ate %ﬁ?ﬁﬁﬁgﬂﬁgﬁrﬁ%ﬁ Ogjﬁgle%?%enoﬁ%g?%s cafqﬁ%nsr'}gt hods or
conposi t i REuas GRMteinBilioh ndidlSul feental e, (aPihe nivedlgal compakds saallallyrabtal hat
exhibits: (a) an emtted gas inflection in a, TAP tenperature range, and the

enitted gearborsplb) et fughereonpive disnarie taimeamediaiindas oppyr mofrlquid
C *ae der BydiBelnbEPES H RabBR MEn b WAR, )RR oncorliteBefie D SO0 200,

10 C per hydigtabofschava aBSTidgeyaier dtaleast 1002 C: édide wistvesordore¥theC, or
250-450 C, (d) at a tenperature of at l|least 100 C . an x-ray 5diffraction
pattern tRydroparbensgaY&FO i enes A saixtuges dhareofn® M whishmixing §e tRRELeHor gani ¢

salt cat h%ﬂm' ?zﬂﬂé .]_.ﬁ]g-{}]fg -4 L onj I1Qni

conducti vi ?/atl Ogﬁeggg ' fgﬁ}a |5091fpergsgg't an %%?%Hééﬁoér’\ﬁd)ﬁfgﬁg\?ﬁdg%gﬂ%ehnéetal

i nor gani csaiihtthe pteatnesiof Hefianizedowatdr o fosrn agvet paste; doyingdihe weipastt stant s, t he
i nvention al so prqvides, In ¢ i_natjon wi.th on r, re of the methods or
conposi t i GHPHLESB RIS qméggﬁégﬁhmfécﬁﬂm&%ﬁaﬁﬂ?ﬁ%%ﬁr F 2GTRPFEFC I ¢ hat
exhi big s an,edidd.edod-8bo 6! iﬁwmcﬁréa%ﬂﬁgf&tiﬂfeﬁneaaa%mm@ksﬁ?h@&d by
TAP, and the~contacting conditions are also controlled such that a

cont act i ngeatiegyles rtamediat: in(thy paibaice of at lshstioee of Tt hydr®ert@Gps g0aC, or 10 C

bel ow t he, TAP t t f the i ' | talyst: (b b
TAP ¢ erpel G aR g fom P AR bn B henrerlPbinsh e seltacRbe i ¢
salt cat a¢aflyst o%ﬁiﬁ&sﬁi@ﬁ%ﬁf@éﬂﬁ@ﬁéﬁ&hattcﬁﬁlgﬁ@é’s%ﬂﬁﬁ Andh BOAREOY SRS, 1 N

conbi nation with one or nore of the nethods or conpositions according to
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t he m ni num ) . i

carbonates, or mixtures thereof; (b) one or more alkali metal hydroxides, one or more
alkaline-earth metal hydroxides, or mixtures thereof; (¢} one or more alkali metal
hydrides, one or more alkaline-carth metal hydrides, or mixtures thereof; (d) one or more

25  sulfides of one or more alkali metals, one or more sulfides of one or more alkaline-earth
metals, or mixtures thereof; (e) one or more amides of one or more alkali metals, one or
more amides of one or more alkaline-earth metals, or mixtures thereof; (f} one or more
metals from Columns 6-10 of the Periodic Table, one or more compounds of one or more
metals from Columns 6-10 of the Periodic Table, or mixtures thereof; (g) one or more

30  inorganic metal salts, and wherein at least one of the inorganic metal salts generates
hydride during use of the catalyst; (h) sodium, potassium, rubidium, cesium, or mixtures
thereof; (i) calcium and/or magnesium; (j) a mixture of a sodiwm salt and a potassium salt

and the potassium salt comprises potassium carbonate, potassiuin hydroxide, potassium
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20 tenperature at which the inorganic salt catalyst exhibits an emtted gas
inflection; (b) is a mxture of' a liquid phase and a solid phase at a
tenperature in a range from50 Cto 500 C, and/or (c) at |east one of the
two inorganic salts has a DSC tenperature above 500 C In sone
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of the ﬁetﬂg»aﬂa%% ARG hée O Sn @ AR08 RS dul}ise O ¥R QrboRkte] FYARFRNI C
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form upon cooling of the inorganic salt catalyst to 20 C 30ln some
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i norgani ¢ sal t Inatmé gebogisrentga thedhvantiod elsorprovides, iasombinetion well oby omass
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VGO, (g) has )1 grans or from 0.71-0. E{Jrams of distillate; (h) an atomc
H C of at caloisun axide, magnepiag exidatibtaniemigxBlephydotal dgyalyning gepr@iafirathe

de feed: . (j). i ¢ ring aromati ent_of . at | 10%
or eat A1 ¢ et g Riey BE ¥ ey b R 1 PR OhR, o tia e 8885 coa (1

has monocyed/be() im@rsraRatin ¢ supsirt QPR 5@ sid eNAsre Mk e Toneney 6-10
conpounds of ethyl benzene; (1) has, per gram of crude product, at npst 0.1

grams of BetedisEiodickableg 0nsonmeL eEpayngs of ee irEorermeiaisdram Flobimgrsrd O0of
et a- xyl egfthefffeﬁghl%"ﬁa’ble; one or more alkali metal carbonates, one or more alkali metal

hydroxides, one or more alkali metal hydrides, one or more alkaline-earth metal

25  carbonates, one or more alkaline-earth metal hydroxides, one or more alkaline-earth metal
hydrides, and/or mixtures thereof.
In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a method comprises
contacting a crude feed with an inorganic salt catalyst that: (a) the catalytic activity of the
30  inorganic salt catalyst is substantially unchanged in the presence of sulfur; and/or (b) the
inorganic salt catalyst is continuously added to the crude feed.
In some embodiments, the invention also provides, in combination with 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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0. 15 grans of ortho-xylene, and fromO0.2-0.6 grans of para-xylene; (m has
at |least 0.0001 grans or fromO.01-0.5 grans of diesel; (n) conprises

di esel, and the diesel has at 25 least 0.3 granms of aromatics per gram of
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cooling of the inorganic salt catalyst to 20 °C.

30 In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, an inorganic salt catalyst
that has, per gram of inorganic salt catalyst: (&) at most 0.01 grams of lithium, or

compounds of lithium, calculated as the wetght of lithium; (b) at most 0.001 grams of
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hydrocarbons with a carbon nunber of up to 3 conprising: ol efins and
paraffins with carbon nunbers of 2 (C) and 3 (C3), and a weight ratio of
the conbined Cy and C3 olefins to the conbined Cy and C3 paraffins is at
nost 0.3; olefins and paraffins with a carbon nunber of 2 (C2), wherein a
wei ght ratio of the Cy olefins to the Cy paraffins is at nost 0.2; and/or
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the presence of one or nore catalysts to produce the total product.
benzene, from 0.05-0.15 grams of toluene, from 0.3-0.9 grams of meta-xylene, from 0.5-

0.15 grams of ortho-xylene, and from 0.2-0.6 grams of para-xylene; () has at least
0.0001 grams or from 0.01-0.5 gramé of diesel; (n) comprises diesel, and the diesel has at
25  least 0.3 grams of aromatics per gram of diesel; (o) has at least 0.001 grams, from above 0
to 0.7 grams; or from 0.001-0.5 grams of kerosene; (p) comprises kerosene, and the
kerosene has at least 0.2 grams or at least 0.5 grams of aromatics per gram of kerosene,
and/or a freezing point at a temperature of at most -30 °C, at most -40 °C, or at most -50
°C; (q) has at least 0.001 grams or at least 0.5 grams of naphtha; (r) comprises naphtha,
30 and the naphtha has at most 0.01 grams, at most 0.05 grams, or at most 0.002 grams of
benzene per gram of naphtha, an octane number of at least 70, at least 80, or at least 90,
and/or iso-paraffing and normal paraffins with a weight ratio of iso-paraffins to normal
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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PIG 2 is a schematic of another enbodi ment of a contacting systemfor
contacting the crude feed with a hydrogen source in the presence of one or

nore catal ysts to produce the total product. FIG 3 is a schemtic
of an enbodi nent of a separation zone in conbination with a 5contacting
system FIG 4 is a schematic of an enbodi nent of a bl ending zone in

conbi nati on w tlx sapreeatbadimegs,3ks rention also protded, ih sombimbienwtihconefor an
enbodi ment of a separation zone, a contacti naﬁsystem and a bl endi ng zone.
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In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, a crude product that has,
per gram of crude product: (a) at least 0.001 grams of VGO, and the VGO has at least 0.3
15  grams of aromatics per gram of VGO; (b) at least 0.001 grams of diesel, and the diesel has
at least 0.3 grams of aromatics per gram of diesel; (c) at least 0.001 grams of naphtha, and
the naphtha: having at most 0.5 grams of benzene per gram of naphtha, an octane number
of at least 70, and/or iso-paraffins and n-paraffins with a weight ratio of the iso-paraffins
to the n-paraffins of at most 1.4; (d) a total of at least 0.001 grams of a mixture of
20 components that have a boiling range distribution of at most 204 °C (400 °F), and the
mixture having at most 0.15 grams of olefins per gram of mixture; {¢) a weight ratio of
atomic hydrogen to atomic carbon in the composition of at most 1.75, or at most 1.8; (f) at
least 0.001 grams of kerosene, and the kerosene has: at least 0.5 grams of aromatics per
gram of kerosene and/or has a freézing point at a temperature of at most ~-30 °C; (g) from
25  0.09-0.13 grams of atomic hydrogen per gram of composition; (h) non-condensable
hydrocarbon gases and naphtha, which, when combined, have at most 0.15 grams of
olefins per gram of the combined non-condensable hydrocarbon gases and naphtha; (i)
non-condensable hydrocarbon gases and naphtha, which, when combined, comprise iso-
paraffins and n-paraffins with a weight ratio of the iso-paraffins to the n-paraffins in the
30 combined naphtha and non-condensable hydrocarbon gases of at most 1.4; (j) the
hydrocarbons with a carbon number of up to 3 comprising: olefins and paraffins with
carbon numbers of 2 (C;) and 3 (C;3), and a weight ratio of the combined C; and C; olefins
to the combined C; and C; paraffins is at most 0.3; olefins and paraffins with a carbon

number of 2 (C), wherein a weight ratio of the C; olefins to the C; paraffins is at most
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FIG 13 is a graphic representation of log plots of the resistance of a
Na2CO3/ K2CO3/ Rb2CO3 catal yst relative to resistance of the potassium
carbonate versus tenperature. FIG 14 is a graphical representation of

wei ght percent of coke, |iquid 30 hydrocarbons, and gas versus vari ous
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In some embodiments, the invention also provides, in combination with one or

15  more of the methods or compositions according to the invention, a crude product that has
at least one of the catalysts comprising one or more alkali metals, in which: (a) at least one
of the alkali metals is potassium, rubidium; or cesium, or mixtures thereof; and/or (b) at
least one of the catalysts further comprises a transition metal, a transition metal sulfide
and/or bartonite.

20 In further embodiments, features from specific embodiments of the mvention may

| be combined with features from other embodiments of the invention. For example,
features from one embodiment may be combined with features from any of the other
embodiments.
In further embodiments, crude products are obtainable by any of the methods and

25  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

30  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.



"AMJ' refers to atomic mass unit. 20"ASTM' refers to Aneri can Standard

Testing and Materi al s. "C5 asphaltenes” refer to asphaltenes that are
i nsol uble in pentane. C5 asphaltenes content is as determ ned by ASTM
Met hod D2007. At om ¢ hydrogen percentage and atom c carbon percentage

of crude feed, crude product, naphtha, kerosene, diesel, and V& are as

determined by ARTM %%tsﬁﬂ&@g@%moaéi é@bomﬁ ba cdﬁi&ﬁgfgﬁeﬁ%r &by at

15.5 C. APl gravity is aS term ned by ASTM Met hod D6 "Bi t unen"
refers totherende/fpel witharhydengenadurce ih Hiegtesencesfomeed niare patalysipde prlitbon
formation, Boili n% range distributions for the crude feed and/or total
product aeé tef8l B9UEE: er mi ned by ASTM Met hods D5307, unl ess ot herwi se

menti oned.  Congns fs A ASADALIARABABARIS schti X ATRIif comBmafibh Wath 2
I so-paraffins, olefins, naphthenes and aromatics in naphtha are as

det er rfi nechrityctiaSEMitiat hod D6730. Content of aromatics in diesel and VA0 is
as determ ned I P Met hod 368/ 90. ntent .of .aromatics_in kerpgsene.i s as
det er mi ned by ﬁéﬁ‘l\?ﬁl@@ts @n%@%ﬁn emb%%mleﬂ}.oéiarbr]@[ 18R © F@ag?lé?vétpsa to a

mol ecul arcm&{cﬂg vty the ability to donate a proton to another nolecul ar
entity. "Bronst 5 Lowy base" refers to a nolecular entity that is capable
of accepting pFiF.diis afsclsmativotfiesrenmsideuentaf asapareijyon oagnd refagimg system,
Bronst ed- Lo %b ses include 5 hydroxide (OFF), water (1120), carboxyl ate
(RCR2-), ‘l’i‘}ﬁ% ﬂ%ﬁﬁz?m‘cﬁ r, n, bisulfate (HSOn, and sulfate (SO42-).

" Car bgn nunber #1166 8 aSchdndilitoft MleahbodiibarofohuliplkkontaafinnSysieinsa ol ecul e.
"Coke" refers.to solids containing carbonaceous solids that are not
vapori zed undeFIG. 7is a schematic of an embodiment of an jonic conductivity measurement

system.

FIG. 8 is a tabulation of properties of the crude feed and properties of crude

products obtained from embodiments of contacting the crude feed with the transition metal
15  sulfide catalyst.

FIG. 9 is a tabulation of compositions of the crude feed and compositions of non-
condensable hydrocarbons obtained from embodiments of contacting the crude feed with
the transition metai sulfide catalyst.

FIG. 10 is a tabulation of properties and compositions of crude products obtained

20  from embodiments of contacting the crude feed with the transition metal sulfide catalyst.

FIG. 11 is a graphical representation of log 10 plots of ion currents of emitted
gases of an inorganic salt catalyst versus temperature, as determined by TAP.

FIG. 12 is a graphic representation of log plots of the resistance of inorganic salt
catalysts and an inorganic salt relative to the resistance of potassium ca‘:rbonéte Versus

25  iemperature.

FIG. 13 is a graphic representation of log plots of the resistance of a
Nay;CO2/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

30  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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process conditions. The content of coke is as determ ned by mass bal ance.
The wei ght of 10 coke is the total weight of solid mnus the total weight
of input catalysts. "Content" refers to the weight of a conponent in a
substrate (for exanple, a crude feed, a total product, or a crude product)
e?prﬁssedbas weli ght fraction or wei ght percentage based on the total weight
of the substrat (gar%sel "
refers to hydrggar ﬁ%ﬂ\/&\};@%ﬁéﬁéﬁcﬁ [ ndél%frﬂg?ae |str|h{)§?l|)%n\t%§{tsagggnt%60

and 343 Ci{b&0d65edmittaihofyakidlsalk hidkystsDh asbil salumreﬂtconsaﬁnd&jet erm ned by

ASTM Met hod D2887. "Distillate refers to rocar ban b0| [in
range di stri but'VWBie Hedmestion dysuscentipicdn FapOysAAS %‘% aﬁ‘(ta%t T’@W °

Di stillat % &988 ERbod C}ﬁl&% tgfi%&;%k %@MU v vay ¥ Medh 19%&\&!@ tahtlil\nﬁ‘l‘le may

i ncl ude kéfosene an | ese refefs to differenti al scannlng
cal ori sret hyreint b &ﬁtﬁb@bmrﬂe‘talhrfﬂlé drewiggs ngtyrrmt e to seferit shoultbe nedgreped ur e

at which formation.of crystalli t
Doint 1o d g G anb Ao Apshon thetetS ard Hatifpndbad fipfkhg spioglibf B "9
chromat og esc?f@ma: 'dii)@ids@@, B b RESHnGRE Hid IAMmALDN is 3%okar gl base” refers

to ani ons as Pearson in Journal of American Chemical Society,
1963, 85, nmdifi&Ridns, eqmvaiemscanct gtenatives fdlingwithin thaspisit end seopriof they dr ogen
to atomc carban. HC is as determned fromthe val ues neasured for weight
per cent ag@"SPIHIEBEEN and wei ght percentage of carbon by ASTM Met hod

D52915 o 30'pigi RICRDWESCREIPFIONOFXVAEINVENTPONS, and/ or sul fur contai ned
in the nol@cular structure o a y rocar non. teroatons content is as

det ermi ned by ABTRinembekimerss thonvenipgsare dosagedihsrenin megdctaikn oo
for sulfur [ e" refers to hydrogen, and/or a conpound
and/ or %6&21‘1\;3?%& q‘}%ﬁ le %ence of a crude feed and the cat al yst
react tO provi ca [t eE’s) trefe® Aol or more metals from Column 1 of the Periodic Table,

one or more compounds of one or more metals from Column 1 of the Periodic Table, or
15  mixtures thereof. ,
“Alkaline-earth metal(s)"” refer to one or more metais from Column 2 of the
Periodic Table, one or more compounds of one or more metals from Column 2 of the
Periodic Table, or mixtures thereof.
“AMU” refers to atomic mass unit.
20 “ASTM?” refers to American Standard Testing and Materials.
“Cs asphaltenes” refer to asphaltenes that are insoluble in pentane. Cs asphaltenes
content is as determined by ASTM Method D2007.
Atomic hydrogen percentage and atomic carbon percentage of crude feed, crude
product, naphtha, kerosene, diesel, and VGO are as determined by ASTM Method D5291.
25 “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
30  determined by ASTM Methods D5307, unless otherwise mentioned. Content of
hydrocarbon components, for exampls, 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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_ hore conpounds in the crude feed. A hydrogen source may include, but is
not limted to, hydrocarbons (for exanple, Cl to C6 hydrocarbons such as
nmet hane, ethane, propane, butane, pentane, naphtha), water, or m xtures
thereof. A mass bal ance is conducted to assess the net anpunt of hydrogen
provided to one or nore conpounds in the crude feed. 5"l norganic salt"”
refers to a co 1By 180 ol dbulF? Lifity Gt 48 8 tOR-
"if" refers to%‘gﬁﬁq%&spl %l‘gfmlg‘g??%?eﬁm now t1 e Energynﬁlg‘{l{ii%e of
hogdon, Llerbi@ﬁtdKaﬁtgﬂﬁmol'édnﬂﬁr@aﬂtﬁffi ns" refer to branched-chain saturated
ydrocarbons. 10"Kerosene" refers to hydrocarhbo i t.h a boiling range
di stribution beBeetchbawey base Hersdo pawic %g%aﬂafdﬁfma%xﬁﬁa Beene
content i 4 AT, @QMB gnsted-Low@basedGlcuder ef ers to
a conpoun r@éngﬁ?g{ ero:&geﬁng\nﬂftzh the abiTity to acrce_ptt3 one or r_?ore Qleectrons

f _rohm aﬂot n@ﬂb rl RAP@IG ), whEst (EyD)s chderylatedREIR ), &ahide@rmpoChd Fand).drisultier i al
with the abili to donate gne or nore el ectrons to another conpound.

"Li ght W&Hé&&%aﬂf@sulﬁé?@% "hydrocarbons having carbon nunbers in a range
from1l to 6. L“c%&'dcﬂugﬂﬁﬁé# Fé'felrs% BlcSiotaP nAmB & BIRe Hoh Morh $3! 2 indRcHles one or
more conpounds that 20 are liquid at standard tenperature and pressure (25
C, 0.101 MPa, Hitokehedfemsito salfdsrconthitting aarboigTRoys sogids that anemet venasired Hader

i ncl udes a conbi nat i on one 0 e.co unds_ r i .qu . with
one or m@éO@SW@WSt &&F GS’F'[E“@%&%%‘? &t asg%mmd b%a&ﬁ%%a{ng_@.cgg% g}r?l gglf due"
("MCR{} I &bRE & the talona@Bht dPkoRd nEAE DB tsieSelER: dfanfititatilysed. t er evapor ation
and pyrolysis of a substance. MCR content is as determ ned by ASTM 25
Vet hod D4530. “Content” refers to the weight of a component in a substrate (for example, a crude
feed, a total product, or a crude product) expressed as weight fraction or weight percentage
based on the total weight of the subsirate. “Wippm” refers to parts per million by weight.
“Diesel” refers to hydrocarbons with a boiling range distribution between 260 °C
15  and 343 °C (500-650 °F) at 0.101 MPa. Diesel content is as determined by ASTM
Method D2887.
“Distillate” refers to hydrocarbons with a boiling range distribution between 204

°C and 343 °C (400-650 °F) at 0.101 MPa. Distillate content is as determined by ASTM

Method D2887. Distillate may include kerosene and diesel.
20 “DSC” refers to differential scanning calorimetry.

“Freeze point” and “freezing point™ refer to the temperature at which formation of
crystalline particles occurs in a liquid. A freezing point is as determined by ASTM
D2386. ,

“GC/MS” refers to gas chromatography in combination with mass spectrometry.

25 “Hard base” refers to anions as described by Pearson in Journal of American
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.

30 “Heteroatoms” refer fo 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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"Napht ha" refers to hydrocarbon conponents with a boiling range

di stribution between 38 C and 204 C (100-400 F) at 0.101 M Pa. Napht ha
content is as determ ned by ASTM Met hod D2887. "Ni/V/Fe" refers to nickel,
vanadi um iron, or -conbinations thereof 30"Ni/V/Fe content” refers to

Ni /V/IFe content in a substrate. NN Fe content is as determ ned by ASTM

Met hod D5863. . NI/ 8" e gq.nar RbGroB B ificlfie, BRSisRRI liediRidgo,Tet er
of crude ?’g%&co%ﬁgnaci%?g&@?%r% t%‘o]ﬁ@g{\)/vlé\e:l base aaﬁ’(rj/%r %ronlsst ed- Lowr yo’base
properti e:h-ydrocarbons (fot Slomiple, dbycte IG-tydtasabmss swakfas meethanec ghpem HEMeNnd/ or a
m xture of conponents that are gases at andard t enper at ur ressure
(25 Cl, (() hytangPeentangs wanhdin-oF atPIéPEPPé‘i‘]IeLSZﬁeJ éjfégf E‘afs@a?ﬁlcﬁé? gqr@lgtseatr efer to
nonual (strai bai, Bt SR ALES HRNHRG8 bR BEmoR: (Ripadalinhetiudedter s t o
a cal cul at'® S%t%}r?err%i ca%eprgse%t aPl on of the antiknock properties of a

not or fuel conpdnedatio sai skfmsir eavegemd tisas if eanpospd bt vigtad caldoaidie

nunber of naphtha is as determ ned by ASTM Met hod D6730. "d efins"”
refer to @HPounds with non-aromatic carbon-carbon doubl e bonds. Types of

ol ef i ns i ncl udesphilr,3kSiRThstlthiRldf PeirbRumC héw iheBergy Bistinabst Lomder nal ,

branched, and 10li near. Periodic Table" refers to the Periodic Table
as speci f ilddtddyKingdorhnt er nat i onal Uni on of Pure and Applied Chenmistry

el ude o or HEFRRARBIAITE PoRgeit R R ekl T ounds
incl ugg, but argrddentt fEdreth hyiroddiBeizavith a boiling range distribution between 204
°C and 260 °C (400-500 °F) at 0.101 MPa. Kerosene content is as determined by ASTM
Method D2887.

“T ewis acid” refers to a compound or a material with the ability to accept one or
more electrons from another compound.

15 “Lewis base” refers to a compound and/or materialn with the ability to donate one
or more electrons fo another compound.

“Light Hydrocarbons” refer to hydrocarbons having carbon numbers in a range
from 1 to 6. .

“Liquid mixture” refers to a composition that includes one or more compounds that

20  are liquid at standard temperature and pressure (25 °C, 0.101 MPa, hereinafter referred to
as “STP”), or a composition that includes a combination of one or more compounds that
are liquid at STP with one or more compounds that are solid at STP.

“Micro-Carbon Residue” (“MCR”) refers to a quantity of carbon residue remaining
after evaporation and pyrolysis of a substance. MCR content is as determined by ASTM

25  Method D4530.

“Naphtha” refers to hydrocarbon components with a beiling 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.

30 “Ni/V/Fe content” refers to Ni/V/Fe content in a substrate. Ni/V/Fe content is as
determined by ASTM Method D5863.

“Nim?>/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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15 napht hal ene, anthracene, phenanthrene, benzothi ophene, and

di benzot hi ophene. "Residue" refers to conponents that have a boiling
range di stribution above 538 C (1000 F) at 0.101 MPa, as determ ned by ASTM
Met hod D5307. "Semiliquid" refers to a phase of a substance that has
p][opert:es OI:I a quui d phase and a solid phase of the substance. Exanples

of semliquid i S ase
that has a consi St enQldgﬂsﬁgfef%g%%ﬁrﬁ)}iomﬁ}ﬁe#g,%ng%agk@kg{régtﬁ(‘)ot hpdaige%l% tﬁ#‘:SCFB"

refers toasd andestbtaidbidtefpetannt aghprepamre 26 $&10. 18 MPadwrdinafier referred to
Superbase” refers to a material that can deprotonate hydrocarbons such as

pa[ aff: ns aég@lTB Jefins under reaction conditions. "TAN' refers to
a total acid nugher, GXpF 29590 naSadldidigaRGd siialedydhibaer 25 gram
("g") of sanple AR &S etﬂel m rged AST&/I Met hod 1) 664. "TAP" refers to

t enpor gl - anal ysiGetafe-rpnddilticsars toTa\@iculeueé nsmteuca.lrramgmtmnr@ﬂm andifppelge.

"VGEO' refers to conponents with a 0|I|n ed| t 343 C
and 538 CDIESDUeSIS® M9tokfush cqERargpip 2 Py e gs 4"3‘%&1@%@3@%@& ASTM

Met hod 30g9§%%¥of?aphﬁhall~.9?H&&nﬁﬁéﬁwksqw.\mtﬁo@mvmatIon it is to be

under st oo ue obtained for a property of the conposition
tested i s outsi‘Qiefiis trbfer td mwmdSWHhmEﬂomﬁmwboﬂ"ﬁ@ pradoulle PRS- nay be

2?2%5?&?5‘3&% LRy WehrBden AREashor B by e REERR Bt Bl e

referepceqtgsting nethods may be used. Crudes may be produced and/ or
ret orted rom hydrocarbon containing fornmations and then_stabili.ze Crudes

are general | y $®eriddicdable” gefeisdo risydi¢ Taple @s sescifirgy g Internation
Union of Pure and Applied Chemistry (TUPAC), November 2003.

“Polyaromatic compounds” refer to compounds that include two or more aromatic

_ rings. Examples of polyaromatic compounds include, but are not limited to, indene,
15  naphthalene, anthracene, phenanthrene, benzothiophens, and dibenzothiophene.
“Residue” refers to components that have a boiling range distribution above 538
°C (1000 °F) at 0,101 MPa, as determined by ASTM Method D5307.
“Semiliquid” refers o a phase of a substance that has properties of a liquid phase
and a solid phase of the substance. Examples of semiliquid inorganic salt catalysts include
20 | a slurry and/or a phase that has a consistency of, for example, faify, dough, or toothpaste.
| “ICEB” refers to standard cubic feet of gas per barrel of crude feed.
“Superbase” refers to a material that can deprotonate hydrocarbons such as
paraffins and olefins under reaction conditions.
“T AN refers to a total acid number expressed as milligrams (“mg”) of KOH per
25  gram (“g”) of sample. TAN is as determined by ASTM Method D664.
“T AP” refers to temporal-analysis-of-products.
“TMS” refers to transition metal sulfide.
“VGO” refers to components 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
30 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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5 include crude oil. Stabilization may include, but is not limted to,
renoval of non-condensabl e gases, water, salts, or conbinations thereof,
fromthe crude to forma stabilized crude. Such stabilization may often
occur at, or proximate to, the production and/or retorting site. Stabilized
crudes typically have not been distilled and/or fractionally distilled in a
10 tr eat mstahddrdoret] itdsying mephaatd e ana dansideed conjyeieshtostheirefhrenpasiciesting boi | i ng
range distri blati ons, (for, exanple, naphtha, distillates, V&, and/or

| ubri cat i METRISYAY B E&EN | ation includes, but is not linited to,

at nospheric di gt J QA IrSda '@ﬂnjﬁg Heesi

Undi still ed anméésf}%f?%}gﬁdgnat ed strggﬁy(?gggp%:%%%agﬂ)dnﬁdﬁ ncl uge cor(r)g?)nent S
t hat have and denistabilimedb €ruddsove geherallygpolidt seniieolidf angdtor| lepigt. OruBegymays of

conmponent s pe ram.of .15 .crude. Exanp] es .of stabilized crudes include

whol e 2ru ‘,lc{et‘%b%eﬂ?cﬁ@g’é ?“%}glﬁyf@gpdfr N Poﬁjlérgﬁ?gll é’d r%%‘ﬁgats%%des, or
conbi nat i @hsddn B Bhses, WaPDEAks, beE@ilinitfond thdreste fbhthe kARl &lint 4 eat ed such
that at | east some of the conponents that have a boiling point below 35 C

at 0.101 Mahilized crudeo Bedh sialibizetidn may edppeatus iy deproravete do.denpreductism at
nost 0.1 glrl ns, .at. rm]?t 0.05 grans, or at nost 0.02 granms of such
conponent %glfreéqri{ﬂgg ®the 20 topped crude. Sone stabilized crudes

have properti eStéHi@%ed&JrﬁdB&t%ﬁ]@alEﬂ@% nbZ6sbn FistRE ah/ob Erabli @RHP AlstiBEdd 1192
conventional treatnent facilities by transportation carriers (for_exanple,

pi pel Les ,tre@-’f:]mk @-,cilgty te pﬁplgye wukiple eomprasnisavidh spesify baibngranae distrdmitions
t t nat t . t . . ; .
nacoept abborn®o Tyl PP VA0 ARf SRR PE BRat TR TS PR

t hus i npaidadilinétdday, faResHErR dalltol thetivds dhd/ad vasuapdistiitatisdenciibds.
econom ¢ val ue may be such that a reservoir that includes the di sadvantaged

crude t halngistiled padfor wafrassionpipd sigbibizedcrades way Hachyta compoaeys that Baye a
P rti di i nel i i to:
TAN of - at CreBon fiBBEY ARVBASH BEHARS oFWch 08 e ofSni purgfi 88, | 1 B

at noss 18gudd) Eaatplealof biabilized 3thdevinchidt wiiolatrulien sépp@d QMRS dgsaired or at
| east 0.0001 grans of N /V/Fe per gram of rud%;‘ tal heter
P

cont ent ofrugdes, desalted dopnsd cgRdassorsompagatiogst : ‘e‘ﬁ‘g’ﬁﬁeﬁ}ﬁ?’ Isdp Gd’é‘,l‘i)efaé‘ggs
resi due cqnignt, n%fateatsyagtaal& aPlet <68 BB uRlcohfohais 1Re hatd A00iRbg poMEBe10E) an

asphal tenes content o east 0.04 grans of asphal tenes per gram of
crude; h) 35°MBROJOMMNPL aefrembvéd dEypitallyRtoppadrsrudes MBR pemigyt afirtohosiube; or

i) conbinations there In so e i ments,. disadvantaged crud y

ol udo, | B RLADO 0 STl Sdetr DOm0t PSP 8T RS BE T4 due, a
| easty@. 3ippader@t. residue, at least 0.5 grams of residue, or at least 0.9
gans of resSidue. In certain enbodi nents, disadvantaged crude has _0.2-0.99
granms, 0. 3-0. 9Sgmamiabilired@rudes havepransrtiss thag silei dhpepbifjrethiradesdp Yadvant aged

i sagvant SRR RPN oy Sedne) PEERhD AP B rallhs 0B, o

| east 0. OfipcBAiddEuciad of §7859). Othdr HiERhavO®bn@br heAsinstitible gropeHies that
D sadvantaged crudes may 1nclude a m xture of hydrocarbons having a range

of boi | i nipngden them digidyanfoged: dgisadwntiaed crdys pyigdeacqserabi tam of
di's ad%al nt ggaes%oﬁatlfgneéarﬁ%r, and/or a treatment facility, thus imparting a low economic value to

the disadvantaged crude. The economic value may be such that a reservoir that includes
the disadvantaged crude that is deemed too costly o produce, transport, and/or treat.
Properties of disadvantaged crudes may include, but are not limited to: 2) TAN of
at least 0.5; b) viscosity of at least 0.2 Pas; c) API gravity of at most 19; d) a total Ni/V/Fe
30  content of at least 0.00005 grams or at least 0.0001 grams of Ni/V/Fe per gram of crude; ¢)
a total heteroatoms content of at least 0.005 grams of heteroatoms per gram of crude; f) a
residue content of at least 0.01 grams of residue per gram of crude; g) 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 i) combinations thereof. In some
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10 l east 0.001 grans, at |least 0.005 grans, or at |least 0.01 grans of
hydr ocarbons with a boiling range distribution between 200 C and 300 C at
0.101 MPa; at |east 0.001 grans, at |east 0.005 grans, or at least 0 01
grans of hydrocarbons with a boiling range distribution between 300 C and
400 C at 0.101 MPa; and at |east 0.001 grans, at |east 0.005 grans, or at

| east 0. 04mBodfEenii dﬁu&faﬁea%&@@ﬁﬂem@mdu@@lﬂer Beut efdisadliaiapedetodqnt kast

bet ween 400 C and 700 C at 1 MPa, or conbinations thereof In some
enbodi menf&, graiins aﬂxﬁamlma;ﬁdeast &a@ameyf r&FigBe,iah {Gagidd) gprans ofrrgsifieg, or at least

di sadvant aged cru ea 1..ar 6(5?9 at

| east O. 0?% g?‘?’slr@&r %‘é&?@%% ‘P}%leggg%lls |"'r€il£g1 analgldg%§§§ b nfngf at
most  200Coato, 9gﬂe@ﬁs WPa.4.m7 agedhd bORsitige Mrghan dididall ahtggedpowdntis cerfaipi cal |y,
t he di sadvantaged crude has, per gram of 20 di sadvant aged crude, a content

of such hymb@@memﬁnélsedvaatagﬁ@ﬁmdes popermsof dpadypntaged crgde, ryphaye a sulfur |
nhod
G Sadvant CojReh R ot Rast 8 G ARG B TereE0 UEP Bral of B 1A RS, Hp Bat 0,02

di sadvant age rans rocar bons
Wi th a boptanizg range d| strlbutlon of at Ieast 300 C. In certaln
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di sadvant aged crudes may enhance the propertles of the di sadvantaged crudes
such that the mmerab@mn’epdlamﬁentaaed enudespey elbpilnrudm @eoeras afr eat ment .

A crude and/ t ha Y rrred to
R e S R SR st R (e O
crude pr OHytﬁbcarrmlvmmg bbilmg rinigadisebhtiaf of ienest ade °Ceed, 10m ngmr’ﬁﬂitmﬁs
descri bed herein, |s suitable for transporting and/or,  refining. Properties

of the crigdushsbeilng empasenise fl‘ypeaklnéh%w@@ﬁmeii Rgdshepdicr BEE BF st
Texas,d nt g s%ﬁbgd gﬁlﬂge LAt P Sud ﬁ%?ogaﬂ%’s 0Pt foQSEE grams, or at most 0.1

grams.

In certain embodiments, disadvantaged crudes may include, per gram of
disadvantaged crude, up to 0.9 grams, or up to 0.99 grams of hydrocarbons with a boiling
range distribution of at least 300 °C. In certain embodiments, disadvantaged crudes may

25  also include, per gram of disadvantaged crude, at least 0.001 grams of hydrocarbons with a
boiling range distribution of at least 650 °C. In certain embodiments, disadvantaged
crudes may include, per gram of disadvantaged crude, up to 0.9 grams, or up to 0.99 grams
of hydrocarbons with a boiling range distribution between 300 °C and 1000 °C.

Examples of disadvantaged crudes that can be treated using the processes

30 described herein include, but are not limited to, crudes from the following countries and
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, Traq
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10 to the correspondi ng properties of Brent crude than the crude feed, and
t hereby have enhanced econom c value relative to the econom c val ue of the
crude feed. Such crude product may be refined with [ ess or no
pre-treatnent, thereby enhancing refining efficiencies. Pre-treatnent may
i ncl ude desul furization, denetallization, and/or atnospheric distillation
to renove,i hpurities. fr en ; Ntagid a
crude feg%agr”ﬁs, ag(%[gll gaﬁc(geﬁ?ﬁ} a?th%eveﬁ?ﬁ%ﬁgéjg%teég%{%@%ggbﬁgr%?’n. galr
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i n convent i onallreelpe obfispivataged srudgs Bay & arqcﬁélbépmpertﬂegop%e crude feed

may be CO@EMH&H L ads HvEvRgen SOHESR: Licbhslebeasnperafoonry/qar 20 nore
of the catalysts~in a contacting zone and/or in conbinations of two or nore
cont agt i Nge&@BES .A crude ahdvos divedemtrpdi cewe shat ihie Heythatrganasbrreargdsio as
generated in sjitu. 1n situ generation of the rogen spurce may. include
the reacti@wloleedt Tlga%rpd%feﬁglr@arygl?? igpPgdas %F?Tﬂ%gillggéaﬂ'mfﬁ%CW%WO\ﬁg%ani C
sal t cat inf iroh AR ' LN G8nd HRMcA9AeRIBelhorkin3 @sul@fleGot 0 25
form hydﬁ%@%mgﬁrg or E@gﬁﬁﬁgﬁ/%bﬁgg%oﬁs. %n situ %ene?ati oﬁﬁof hydr ogen may
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that includes, for exanpl e, kal.i tal for t | ct
gener al | yc‘?WFéP%ijg%g B@Q%ﬁﬁgg‘%ﬁfﬁa’fﬁgﬁg@%?&?ﬁggﬁdreégq %lg;gg'gdfe fg‘%‘%&ﬁgfé’g duri ng
the _Clgf't ! the GorrddpBndink gbﬂéf&é‘éﬁ%&ﬁt@ﬂﬂéﬁﬁaﬁﬂ@ celdedReeraad todretisitaivei s a 30
liquid mxture at " STP and,” in some enbodi nents, hydrocarbons that are not
condens abémhantedSERnorhic whmerelrityedd Hieracenomigealus @%h‘?ﬁf@éﬁ &edamyrh eridfe crude

product nmay .inclu salids.(such as i ' ' ke). In
certain eﬂ%éﬂ‘?qr’@?ﬁ f‘:rel%ﬁgg%ﬁﬁﬁig N1\ %gﬁéwr@%@}g %Ee%%?}lﬁﬁ nd/ or vapor
produced gi-ieRgies.OPtAGEdiMgnt may includeAlegdfirRation geretudlizayiphcaldior i ncl udes a
reactor, a portion of a reactor, nultiple portié)ugg of a reactor, or

mul tipl e wtszsplose distillabion $o BIMEABIYFIE fam the g PE%dé]Gt-_t o contact a crude
[eed 1h & NYLQ0E0 SOUEGSI, LR RERSRUGEBlncE il o luioAS yilsaiacked

bed reactor, a rea a ‘conti nuous stirred tank reactor
(CSTR), ah&RmayAdlitfie@atlypembedipleu-tb pesduce prdarts vthdvaidus gemeshirhtierisdt
contactor. Exanples of a CSTR include a fluidjzed li)ed r(gacitﬂor and an .

ebul | at | noarbekn. kemeeuss diesel, andfery GOb WHChBR APt BREIDYRIPELPT 2 PR

t enperatu . d flow, total product flow, residence tine,
hydr ogen S?Q%&?P%é\%v%’gfé%égﬁnb?eﬁgti ons thereof Contacting conditions may be
control l ed to Fhedude feedumaylbe pomtdeted wiihtarhyslpegsinfsoutge i eepfeaf one or

Contacting te ratures .may range from 200-800 - 1 400- 600 C.

I n endbdi ﬁ@ﬁ?gp ' HQ%{YEW lFﬁé’oﬂVﬁﬁ%%?Pes%‘é&Eén F%m&ﬁ’ﬁ%%se"cf [ag %5 “8“%8 (for

exanpl e, as, nethane, or ethane), a ratio of the gas to the crude
feed will B%ﬁe%%’gglgl%oy range from1- 16,100 NnB/nB, 2-8000 NmB/nB8, 3-4000

NT81nm8, or 5- 3DDsdxSémBodi@entsatheihygdragepisewics § aeraigdsid silla do Siheeeptiofs ur e

bet 0.1-20 MPa, 1-16 .M 33 2-10 - 8. :
embodi menPEIFYRER AR e e e Ve At e el e P IR vt
range frofOnQbarickhit QabRPal t?‘nﬁé’mﬁ}rés i 2 reggEfiom 200-DOLCLotd (0e4HE iof

steam per kilogramof crude feed. A flow rate of crude feed rmiy P%
suf f 129 enfortrohyvd grnaind/arflight bydraearbenss T giv generation of hydrogen may include the

reaction of at least a portion of the inorganic salf catalyst that includes, for example, alkali

metal formate.

The total product generally includes gas, vapor, liquids, or mixtures thereof
produced during the contacting. The total product includes the crude product that is a
30  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 preduced during contacting.
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feed in the contacting zone of at |east 10% at |east 50% or at |east 90%
of the total 20 Vol une of the contacting zone. Typically, the volunme of
crude feed in the contacting zone is 40% 60% or 80% of the total volune
of the contacting zone. In sone enbodi nents, contacting may be done in the
presence of an additional gas, for exanple, argon, nitrogen, nethane,

et hane, propangs, butanes : ﬂﬁqﬁ S GOEF Pahbensiiseof . FIG
lis a schernat‘iggblg:fr‘lc Z@%Sﬁ{lﬁe t %Fd%t)gn%g@tli,’ﬁgfosystem 100 used ?% produce
25 the t QicHiodd (TA4BACIES oRmMiltipds readtbes. dirathpldsefdeantirs shat magdefiseditos uppl y 101
and enters contacting zone 102 via conduif 104. A quaniity of th af al yst
used in tdeatasbacmde iferg widhe IR SFhIRECH IP&{Jﬁ Hl‘-ei%e&?éi%éysé‘-%%@dgrgé%&%- 70
grams, or, 4 [ A Koskf HSRdFBAGdaBo} [ESTR) haptayng zone.
In certaibr?éer%%%%i[ %E%%?%Bg%r%?ﬁgﬁ%ncﬁﬁﬁn%y ugg,r added to thg g(gsudeﬁf egl?yto | ower

t he vEscasidtyr, afbhidifoereabeor aeth liquiddigusl enrotirmdnanplasted adrideimstideded

enters a bottom portion?‘&. cqQn actiﬁ%dazo e 102 via conduit 104. In certain
enbodi nerflwdized Bedyegelar %P%Bréla 18%%t'0 a tenperature of at |east 100

Cor at |east R dofitbRs BRtagy isktddembblabadustisare, efudefeedflawde feed
to contacting g%g[%&fgzé.()ﬂql;t/lp?%?lﬂl ;?, grtlhe cr u%lllg feed’l&frray be heated to a
t enper at ubtal prodact fovgaefidere og:, bgdrogenmsourgpflagporsombinations therepfs one

enbodi ments, the catal yst is conbi wth th d=Lansferred

to cont ac@‘i"ﬁ@“@&r@né‘é‘ﬁ% I?I‘%%EF 01@38/1’&%‘{‘]18? ﬁéﬁdﬁ"b&ﬁ%@%%&% gcélhﬁgat ed to a

t enpgpat #ﬁgg%egt | east 100 C or at least 300 C prior to introduction into
9

contacti one 102. Typically, the crude feed may be heat ed o
t enper at ur e i nCentactingdempenri@eonapoange §ionsel-809 G 309140 %%amg%i%nt s,

t he crude feed/catal yst,m [e 1S’ r. : i %ﬁrj‘im?ﬁ) AN of
the cr udgh’fegg‘lf’dhtﬁ?%ﬁ W@%ﬁ%lh@ﬁ%@aﬁogiﬁ r%%‘)f’(%) tlljlgfl%g%%g# (ftoﬁe c &de eegglﬁ-i nt o
L he cgnt agki MOhARE r offidhe)S ¥ 84T ¢ th motﬂz@cmggg&dfmkgzeggtaﬂggméerﬁﬁ dre is
eated at” a tenperature i'n_a,range from - r - : ali

ol LS of L0 hs bup GrEoR0 St HLdQIU e e ar REPORGHY B ncirtaras BN on
of these kal.i salts may r 1 I, OH 1] f t Cride
P b T A i S e

crude feegrSerbinaea M Whithitdan fsaddedaaatio nfstzando t0rle faddds irga range

contacting zone 102 nmay be sufficient to inhihit separation of th tal yst

from t he &emdb0l-d&dpeaing §88-2m &ﬁwgp&m%@-ﬂ Q‘gﬂogaﬁggﬁﬁ%’rﬁ% ?ulg%r e‘gigt a

portion O%u&Q?eteﬁ?‘haﬁé(»%&T RTINS bE EEcaPicAgkinkEn ZRROIEAR0f Gde | n
ment s

some enbodi , such catalyst 1s" regenerated and re-used. In_certain .
embodi mentesd iif thesbninating state afayishst 1086 ad ldast Waterdt lasgt Y¥nel tgtodlr i ng t he

I X T N M TR T
contacting 46909095 oRROS BH1RE Rital vENEn&FELS icBftacting zone., In some embodiments,
contacting may be done in the presence of an additional gas, for example, argon, nifrogen,
methane, ethane, propanes, butanes, propenes, butenes, or combinations thereof.
FIG. 1 is a schematic of an embodiment of contacting system 100 used to produce
25  the total product as a vapor. The crude feed exits crude feed supply 101 and enters
contacting zone 102 via conduit 104. A quantity of the catalyst used in the contacting
zone may range from 1-100 grams, 2-80 grams, 3-70 grams, or 4-60 grams, per 100 grams
of crude feed in the contacting zone. In certain embodiments, a diluent may be added to
the crude feed to lower the viscosity of the crude feed. In some embodiments, the crude
30 feed enters a bottom portion of contacting zone 102 via conduit 104. In certain
embodiments, the crude feed may be heated to a temperature of at least 100 °C 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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may be prepared by conmbining an inorganic salt catalyst/water m xture with
a crude 20 feed/surfactant m xture. In sone enbodi nents, a stabilizer is
added to the enul sion. The emul sion nay remain stable for at |east 2 days,
at |east 4 days, or at |east 7 days. Typically, the emul sion may renain
stable for 30 days, 10 days, 5 days, or 3 days. Surfactants include, but
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el 1y Procftis SfRRREgrbYcatbaw LRl dpul depeiifind bl oco
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condes edacidie cbﬁ?&ﬁéﬁﬁﬂb@l 6O B ikddgo zahiee HA2TANNofahe taide faxtbodi ment s,
recycle conduit 106 nmay be a gas recycle line, Flow control valves 110 and

110° may be uskoms eendigents] hactude ferd is pddsdudinueysinty wuiclngsons ch t hat
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mai nt ai neflomnhé hode BdastdlRg nignee. IDZertAinwehbodimerdis S @t dehst mpardoh af theng zone
102 may be nonitored using standard instrunentation. Ga% &gﬁl{et ort 112 may
be used teftalyvstanayhegierioyad Som sataclige s98h 1 ¢ apd & 56187 sMLAGHIEo gases to

the g‘]_rsu de afta?(ﬁﬁ 1@156%131?6%?%? H%o r{-ﬁ%%l 50 nggz@%g %ﬁbﬁgﬁ%&ﬁé, i £a9R sty bé Ra®aTe

enbo men(fs st ea r use o allow addition of steamto
cont act i nig coametid®Zonel H2ahringithe sabidal prenéss, an agueous streami s '

Some. embodi mersoRR STeBReSyBr EBR (B FRPT A A AatE  RREMFeed as |
vapor fr o, Jt1cBR1PREnfOFucel M6 Bhd @rfacBAB2hdBNAB embifon! dhdlenflHew Ct
i s produced Tas vapor
may be prepared by combining an inorganic salt catalyst/water mixtore with a crude
20  feed/surfactant mixiure. In some embodiments, a stabilizer is added to the emulsion. The
emulsion may remain stable for at least 2 days, at least 4 days, or at least 7 days.
Typically, the emulsion may remain stable for 30 days, 10 days, 5 days, or 3 days.
Surfactants include, but are not limited to, organic polycarboxylic acids (Tenax 2010;
MeadWestvaco Specialty Product Group; Charleston, South Carolina, U.S.A.), Ca
25  dicarboxylic fatty acid (DIACID 1550; MeadWestvaco Specialty Product Group),
petroleum sulfonates (Flostapur SAS 30; Clarient Corporation, Charlotte, North Carolina,
U.S.A.), Tergital NP-40 Surfactant (Union Carbide; Danbury, Comnecticut, U.S.A.), or
mixtures thereof, Stabilizers include, but are not limited to, diethyleneamine (Aldrich
Chemical Co.; Milwaukee, Wisconsin, U.8.A.) and/or monoethanolamine (J. T. Baker;
30  Phillipsburg, New Jersey, U.S.A.).
Recycle conduit 106 may couple conduit 108 and conduit 104. In some
embodiments, recycle conduit 106 may directly enter and/or exit contacting zone 102.
Recyele 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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15 and/or a vapor containing small anmounts of |iquids and solids fromthe
top of contacting zone 102. The vapor is transported to separation zone 116
via conduit 108. The ratio of a hydrogen source to crude feed in contacting
zone 102 and/or the pressure in the contacting zone may be changed to
control the vapor and/or |iquid phase produced fromthe top of contacting

zone 102. In_s Og%ﬁgﬁgj nogelf@gg ig tg{)llfds eNBBPm Rt 'é&ﬁfbg{sin%fﬂnﬁﬂ}ﬁai Beperiticied
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exanpee, é}ﬁe&fs%eﬁﬂacmf%am@qommxﬁeem@ammtsgktemﬂm by bgemydelusedits, or
met hane) 1s transported to other_ processi ngbt;mlts (for. ex rrBIIE:e for use in
a fuel cefllovoadditiswbf sicam &eovEasiing zene )} 02.5Rypestai; &g NS ARG8T | ng zone
102 via conduif .120. |n.certain. i Is i4ls and/ or

i qui ds i%FfiaﬁblséJ?‘ﬁ‘bdé‘GB‘? & ﬁ%%n%%?é%\%u%}ﬁ}%ﬁg?gﬁ%%%i%hysi cal

separati on met fpgsnd E@bodinRaR| & ledst b poaionarf theel prédighis poduced agEainrane
separation). FIG 2 depicts contacting system 1 for treati ru eed
ot one BhimnictoarelyHi gepRaaRBARPELARe Brodtedid ool is ipd:

i qui or liguid m | L T3 d6 ke tHear 8 offBonigiling

cont a&i n@“@%%‘g%ﬁc\gﬁtgﬁ%%\%%ﬂ%gﬁﬁgﬁﬁ %rgr%a%dn%%gi_gnents_, tgﬂg crude fgeed i's
recei ved §semoheateruger i eadsmutedlty sef@oatini zong 046 niacdnduit J88. dhe 1atin e port
112. In sonme enbodi ments, gas,inlet port 11 di I i ng
zone 102. hydroser $oares i@ fhHis {%ﬁoné?"gﬁ%zf’ﬂ‘? ﬁqf%%d{?r df%i}er%vgl%ﬂ%sc%g&%%&%l | ow
10 addi ti pBE ar PNl hase@rediide ffoeethertay obe
cont act edg%%qﬁaiﬁgc%ggﬂiﬁwgﬁdgmi n 2(1)(%%2%0&2 1?); roduce a total
product . béntsaing zembkd62.nEnsaene @nhodiment.so%eanap@rvﬁoa\ﬂc the 198/°fi on of the

total product to be r clLed to, c cting 1

i ncl udfes P%aqtgﬁaﬂonﬁﬂgg@“‘%ﬁ&? EP&%?%?sa%dl% %S(r? O&Sﬂé éact E@Jé%:#ggeér%gg’dor&i ts
clzont acti ng..zoney SR RbSud PR SMrddafeed 2 vérteix embodimen@gthel n sone
5 enbodi nent s, condensing unit may be positi ?nedﬁg 05 e&% e, in
condui t 1@8portpodiickdiront thedeps of eonsenting e 03 nelydes fpreY &) 7 BATSn AL t o
be conden and recycled to co ti 102 for further processing. In
certain e@gcﬁf?f@ﬁf’g?ﬁﬁﬁwﬁ’ﬁt %%%%ﬁtolf?%él%%%' be a gas recycle line. In some
enbodi nent's, condychtal@Bandor solidh He raméinlih eonthaiing BmeViO2gs pararoducdsoff r om

the total product. . .
25 t]:ga contacting process. The solids and/or used catalyst may include residual crude feed

and/or coke.
In separation unit 116, the vapor is cooled and separated to form the crude product

and gases using standard separation techniques. The crude product exits separation unit
116 and enters crude product receiver 119 via conduit 118. The resulting crude product
30 may be suitable for transportation and/or treatment. Crude product receiver 119 may
include one or more pipelines, one or mors storage units, one or more transportation
vessels, or combinations thereof. In some embodiments, the separated gas (for example,
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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20l n separation zone 124, at |east a portion of the crude product nmay be
separated fromthe total product and/or catalyst. In enbodinents in which
the total product includes solids, the solids my be separated fromthe
total product using standard solid separation techni ques (for-exanple,
centrifugation, filtration, decantation, nenbrane separation). Solids

i nclude, for e ' | { \In U&@in eafbaliingdnts, aniddined
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122 ( showmikirdh@Snchdentie 2tal poduetrandir elath ardioe mareaeied catdedredronts 132 vi a
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feed i s sepuinetingonsilfyaed swgmrseraafion 200 %‘@%ﬁ?ﬁdq‘ﬁ‘ t 025708 uce a
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particles from the total product.
20 In separation zone 124, at least a portion of the crude product may be separated

from the total product and/or catalyst. In embodiments in which the total product includes
solids, the solids may be separated from the total product using standard solid separation
techniques (for example, centrifugation, filiration, decantation, membrane separatior).
Solids include, for example, a combination of catalyst, used catalyst, and/or coke. In some
25  embodiments, a portion of the gases is separated from the total product. In some
embodiments, at least a portion of the total product and/or solids may be recycled to
conduit 104 and/or, in some embodiments, to contacting zone 102 via conduit 126. The
recycled portion may, for example, be combined with the crude feed and enter contacting
zone 102 for further processing. The crude product may exit separation zone 124 via
30 conduit 128. In certain embodiments, the crude product may be transported to the crude
product receiver.
In some embodiments, the 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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separated fromthe crude feed exit separation zone 132 via conduit 134 to
be transported to other processing units, treatnent facilities, storage
facilities, or conbinations thereof At | east a portion of the
separated crude feed exits separation zone 132 and enters contacting system
130 via conduit 136 to be further processed to formthe crude product, 20

whi ch - exi {5360Haeh4 B80S YR FitkshddredudiGip MWoinebdbodiments, theseparmted gas is
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20  which exits contacting system 130 via conduit 138.

In some embodiments, the crude product producéd from a crude feed by any
method described herein is blended with a crude that is the same as or different from the
crude feed. For example, the crude product may be combined with a crude having a
different viscosity thereby resulting in a blended product having a viscosity that is between

25  the viscosity of the crude product and the viscosity of the crude. The resulting blended
product may be suitable for transportation and/or treatment.

FIG. 4 is a schematic of an embodiment of a combination of blending zone 140
and contacting system 130. In certain embodiments, at least a portion of the crude product
exits contacting system 130 via conduit 138 and enters blending zone 140. In blending

30  zone 140, at least a portion of the crude product is combined with one or more process
streams (for example, a hydrocarbon stream produced from sep aration 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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FIG 5 is a schematic of an enbodi nent of a separation zone in conbination
with a contacting systemin conbination with a blending zone. The crude
feed enters separation 15 zone 132 through conduit 104. The crude feed is
separated as previously described to forma separated crude feed. The
separated crude feed enters contacting system 130 through conduit 136. The
crude pr ' ' chdthgtheQADE The blepied p@duenayl 40
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may be usdscosiy af tperuledecd cezwertBs cudaderd/mAtaRQ)IRIXHIG isat mest PRl st 4
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enbodi ment, sUElG.geBarsdieaittydnageabotiyeiief sepparatiauzaindi cpmbingtier Withand

then transferred to contactjng system.148 via conduit, 150, I.n c I
enbodi mertoatactisg syTem iy capbing I&W&t{"ﬁg}ﬁl’fgﬂ%’ﬂ% ?ﬂ’&fcf%d&ﬁs%?ﬁltﬁfgs Sséér?%‘gn&% 100
such that 0&1@%3@%&%& ?%gﬁ%glrd%g%efc oEd {saehartetia0 BresadiisRCddsedbadyst em 100

to co]r?t act’ ng-syste n sone enbodi nents, a vapor stream produced
f r om cont @ehigpaysdemdORed.sTi sepetated eristefedienters ¢natacting sysie@d 38nt er i ng

contactin tem, 148, A d crude feed i
798 vi o COrtEhcoRdBt 36, Tarpalt pragusyRisSaiaaiis GIL PG @it Beruigy O

with at 1gast g tﬁ%é\%h e Rfit 1338 T 8NAdAeAnBYd0osRE Bockst bipcatm til/gstrufenduces
a product’. The prodtct Is, in sone enbodi nents, the totfal pr(fdu t.. 10 The
product emirbducdntiactnduif Idpsresamuiged wathdbe gide proginct to formap ain

nbodi ts, t hat j ncl [ , tacti ,
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| ocated at or pPr@X FRiBhéMati Frmeltipld @ntmiihg systen 160 donssting sysisran8ged
crude feed. After .
(shown in FIG. 1) may be positioned before contacting system 148. In an alternate
embodiment, the positions of the contacting systems can be reversed. Contacting system
100 includes an inorganic salt catalyst. Contacting system 148 may include one or more
25  catalysts. The catalyst in contacting system 148 may be an addijtional inorganic salt
catalyst, the transition metal sulfide catalyst, commiercial catalysts, or mixtures thereof,
The crude feed enters contacting system 100 via conduit 104 and is contacted with a
hydrogen source in the presence of the inorganic salt catalyst to produce the total product.
The total product includes hydrogen and, in some embodiments, a crude product. The
30  total product may exit contacting system 100 via conduit 108. The hydrogen generated
from contact of the inorganic salt catalyst with the crude feed may be used as a hydrogen
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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processi ng through the catalytic system the crude feed may be consi dered
suitable for 15 transportation and/or for use in a refinery process.

In some enbodi ments, the crude product and/or the bl ended product are
transported to a refinery and/or a treatnent facility. The crude product
and/ or the bl ended product nmay be processed to produce commercial products
such as transphr 4medlietimaté uabodineat, isngh genetated ysirogeaarmay bosepatpéed auler.

P i i ncl ude distilli d/or. 20 fractionally distilling th
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from 0. 3- disgllate fraciiors, Tnsomesmbodiments: thaspile product, the blended pro
the one or more distillate fractions may be hydrotreated.

The total product includes, in some embodiments, at most 0.05 grams, at most 0.03
grams, or at most 0.01 grams of coke per gram of total product. In certain embodiments,
25  the total product is substantially free of coke (that is, coke is not detectable). In some
embodiments, the crude product may include at most 0.05 grams, at most 0.03 grams, at
most 0.01 grams, at most 0.005 grams, or at most 0.003 grams of coke per gram of crude
product. In certain embodiments, the crude product has a coke content in a range from
above 0 to 0.05, 0.00001-0.03 grams, 0.0001-0.01 grams, or 0.001-0.005 grams per gram
30  of crude product, or is not detectable.
In certain embodiments, the crude product has an MCR conient 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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15 to generate carbon nonoxide preferentially to carbon dioxide in situ may
be beneficial to other processes |located in a proxinmate area or upstream of
t he process. For exanple, the generated carbon nonoxi de nmay be used as a
reduci ng agent in treating hydrocarbon formations or used in other
processes, for exanple, syngas processes. In sone enbodi nents, the total
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mixture may include hydrocarbons that have carbon numbers in a range from 1 to 4. The
mixture may include from 0.001-0.8 grams, 0.003-0.1 grams, or 0.005-0.01 grams, of C4
hydrocarbons per gram of such mixture. The C4 hydrocarbons may include from 0.001-
0.8 grams, 0.003-0.1 grams, or 0.005-0.01 grams of butadiene per gram of Cy4

25  hydrocarbons. In some embodiments, iso-paraffing are produced relative to n-paraffins at

a weight ratio of at most 1.5, at most 1.4, at most 1.0, at most 0.8, at most 0.3, or at most
0.1. Tn certain embodiments, iso-paraffins are produce relative to n-paraffins at a weight
ratio in a range from 0.00001-1.5, 0.0001-1.0, or 0.001-0.1. The paraffins may include
iso-paraffins and/or n-paraffins.

30 Tn some embodiments, the total product and/or crude product may include olefins
and/or paraffins in ratios or amounts that are 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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15 In sonme enbodi ments, the hydrocarbons with a boiling range distribution
bet ween 20-204 C have a weight ratio of alpha olefins to internal double
bond ol efins of at least 0.7, at least 0.8, at least 0.9, at least 1.0, at
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In some embodiments, contact of a crude feed with a hydrogen source in the

25  presence of an inorganic salt catalyst may produce hydrocarbons with a boiling range
distribution between 20-204 °C that include linear olefins. The linecar olefins have cis and
trans double bonds. A weight ratio of linear olefins with trans double bonds to linear
olefins with cis double bonds is at most 0.4, at most 1.0, or at most 1.4. In certain
embodiments, the weight ratio of linear olefins with trans double bonds to linear olefins

30  with cis double bonds is in a range from 0.001-1.4, 0.01-1.0, or 0.1-0.4,

In certain embodiments, hydrocarbons having a boiling range distribution in a
range between 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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In certain enbodi nents, the APl gravity of the crude product is at |east
10% 20 hi gher, at |east 50% hi gher, or at |east 90% hi gher than the API
gravity of the crude feed. In certain enbodi nents, APl gravity of the crude
product is between 13-50, 15-30, or 16- 20. In sone enbodi nents, the
crude product has a total heteroatons content of at nost 70% at nost 50%
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0.101 MPagy certain embodiments, API gravity of the crude product is between 13-50, 15-30, or 16-

20.
In some embodiments, the crude product has a total heteroatoms content of at most

70%, at most 50%, or at most 30% of the total heteroatoms qontent of the crude feed. In
75  certain embodiments, the crude product has a total heteroatoms content of at least 10%, at
least 40%, or at least 60% of the total heteroatoms content of the crude feed.
The crude product may have a sulfur content of at most 90%, at most 70%, or at
most 60% of a sulfur content of the crude feed. The sulfur content of the crude product,
per gram of crude product, may be at most 0.02 grams, at most 0.008 grams, at most 0.005
30  grams, at most 0.004 grams, at most 0.003 grams, or at most 0.001 grams. In certain
embodiments, the cruds 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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20l n sone enbodi nents, the crude product has, per gram of crude product, a
napht ha content from 0.00001-0.2 grans, 0.0001-0.1 grans, or 0.001-0.05
grans. In certain enbodi nents, the crude product has from 0.001-0.2 grans
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In some embodiments, the crude product has, per gram of crude product, a naphtha
content from 0.00001-0.2 grams, 0.0001-0.1 grams, or 0,001-0.05 grams. In certain
emnbodiments, the crude product has from 0.001-0.2 grams or 0.01-0.05 grams of naphtha,

In some embodiments, the naphtha has at most 0.15 grams, at most 0.1 grams, or at most
0.05 grams of olefins per gram of naphtha. The crude product has, in certain

25  embodiments, from 0.00001-0.15 grams, 0.0001-0.1 grams, or 0.001-0.05 grams of olefins
per gram of crude product. In some embodiments, the naphtha has, per gram of naphtha, a
benzene content at most 0.01 grams, at most 0.005 grams, or at most 0.002 grams. In
certain embodiments, the naphtha has a benzene content that is non-detectable, or in a
range from 1 x 107 grams to 1 x 102 grams, 1 X 10 grams to 1 x 10" grams, 5 x 10°°

30 gramsto 1 x 10™ grams. Compositions that contain benzene may be considered hazardous
to handle, thus a crude product that has a relatively low benzene content may not require
special handling.

In certain embodiments, naphtha may include aromatic compounds. Aromatic

compounds may include monocyclic ring compounds and/or polyeyclic ring compounds.
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An increase in the aromatics content of naphtha tends to increase the

octane number of the naphtha. Crudes may be val ued based on an estimation
of a gasoline 20 potential of the crudes. Gasoline potential may include
but is not limted to, a calculated octane nunber for the naphtha portioh
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' 0.005-0.09 grams, or 0.05-0.08 grams. The crude product has, per gram of crude product,
15  an ortho-xylene content from 0.001-0.2 grams, 0.005-0.1 grams, or 0.01-0.05 grams. The
crude product has, per gram of crude product, a para-xylene content from 0.001-0.09
- grams, 0.005-0.08 grams, or 0.001-0.06 grams.
An increase in the aromatics content of naphtha tends to increase the octane
rumber of the naphtha. Crudes may be valued based on an estimation of a gasoline
20  potential of the crudes. Gasoline potential may include, but is not limited to, a calculated
octane number for the naphtha portion of the crudes. Crudes typically have calculated
octane numbers in a range of 35-60. The octane number of gasoline tends to reduce the
requirement for additives that increase the octane number of the gasoline. In certain
embodiments, the crude product includes naphtha that has an octane number of at least 60,
25  atleast 70, at least 80, or at least 90. Typically, the octane number of the naphthaisin a
range from 60-99, 70-98, or 80-95.
In some embodiments, the crude product has a higher total aromatics content in
hydrocarbons having a boiling range distribution between 204 °C and 500 °C (total
“naphtha and kerosene™) relative to the total aromatics content in the total naphtha and
30 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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10 I n certain enbodi nents, the crude product has from 0.001-0.5 grans or
0.01-0.3 grans of kerosene. In sone enbodi nents, the kerosene has, per gram
of kerosene, an aromatics content of at least 0.2 granms, at |least 0.3
grans, or at least 0.4 grans. In certain enbodi nents, the kerosene has, per
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0. 000001- § hPIdepsiayEnd low DeRDRfioift AOY be gofined toprodacanyisiiopbrbige &l fither ude
product. The catal yst nay sisf in stapiljizing the crude product during
trans%brtﬁ{eidéﬁr%ﬂpweﬂeég? E%ﬁli‘t‘{qnﬁ‘%?r&fgﬁ’%ﬁﬁe&u?ga%qlﬁlﬁ'ti es. The catal yst may
i nhibit corr OSEIQEbrtalnprﬂchﬁhfen{s[ el drdb praaaktdas,ipR€ ERas 6f watle prodiaprt didsein

e

abilities of t crude product. A crude . ,
content in a range from 0.001-0.8 grams or from 0.01-0.4 grams. In certain embodiments,

the diesel has, per gram of diesel, an aromatics content of at least 0.1 grams, at least 0.3
grams, or at least 0.5 grams. In some embodiments, the diesel has, per gram of diesel, an
25 aromatics content in a range from 0.1-1 grams, 0.3-0.8 grams, or 0.2-0.5 grams.
In some embodiments, the crude product has, per gram of crude product, a VGO
content in a range from 0.0001-0.99 grams, from 0.001-0.8 grams, or from 0.1-0.3 grams.
In certain embodiments, the VGO content in the crude product is in a range from 0.4-0.9
grams, or 0.6-0.8 grams per gram of crude product. I certain embodiments, the VGO has,

30  per gram of VGO, an aromatics content in a range from 0.1-0.99 grams, 0.3-0.8 grams, or

0.5-0.6 grams.

Tn some embodiments, the crude product has a residue content 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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product that includes at |east a portion of the catalyst may be further
processed to produce |lubricants and/ or other comrercial products. The

catal yst used for treatnent of a crude feed in the presence of a hydrogen
source to produce the total product nay be a single catalyst or a plurality
of catalysts. The 15catal ysts of the application may first be a catal yst
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t he t¥&nsinhilyhiniasionl andiordudrease Waiensgpareben @lilhesaofr’fh%g@df: PEadgt A zguden. 5. 10
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Amsterdamubnhgﬁtd@ﬂd/orbﬁwmemﬁ@pwdugﬂst 1968; Chapt er 19. In certain
enbodi nents, the TMS catal yst may include a total of at Ieast 0.4 grams, at

| east 0.5 granﬂ?he&%talYéTa‘éﬂed@fgff@P&% ofarcr%éﬂ fegdii the pragenRfeafe Iyrdregsd or m)re
t t | f |
FEEREN e S PR

transia i ocataigttalof ghel efppl:l&&:onnn@ ﬁ:anbea ﬁﬂtalysﬂpmelﬁsﬁgtﬁatgs aomveried 3o theSatptyats,

or 0.6-0. rans.
B t%e contacting zone when hydrogen and/or a crude feed contaiming sulfur is contacted

with the catalyst precursor.
The catalysts used in contacting the crude feed with a hydrogen source to produce
the total product may assist in the reduction of the molecular weight of the crude feed.

20  Not to be bound by theory, the catalyst in combination with the hydrogen source may
reduce a molecular weight of components in the crude feed through the action of basic
(Lewis basic or Bronsted-Lowry basic) and/or superbasic components in the catalyst.
Examples of catalysts that may have Lewis base and/or Brensted-Lowry base properties
include catalysts described herein.

25 In some embodiments, the catalyst is a TMS catalyst. The TMS catalyst includes a
compound that contains a transition metal sulfide. For the purposes of this application,
weight of the transition metal sulfide in the TMS catalyst is determined by adding the total
weight of the transition metal(s) to the total weight of sulfur in the catalyst. An atomic
ratio of the transition metal to sulfur is typically in a range from 0.2-20, 0.5-10, or 1-5.

30  Examples of transition metal sulfides may be found in “Inorgenic Sulfur Chemistry”;
Edited by G. Nickless; Elsevier 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 [east 0.8 grams, or at least 0.99 grams of one or more transition metal
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The TMS catal yst includes one or nore transition netal sulfides. Exanples
of 5Stransition netal sulfides include pentlandite (Fa45Ni 4.5S8), snythite
(Fe6. 2sNi 2. 25SI O, bravoite (Fe0. 2N oaCoo. t nacki nawi te (FeeasN oasSo. 9),
argent opentl andite (AgFe6Ni 2S8), isocubanite (CuFe2S3), isocal copyrite
(Cu8Fe9S16), sphalerite (Zn43.95Fect 05S), nooil aoekite (Cu9Fe9S16),

hat kal i t 6FeSn2S 1 | b peOBRSR) |
Croilite %%ﬁ%%?@%ﬁ%?ﬁ!%‘%% THEWEW%?%S&%%@F g 0.17)). 10
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al kal i negeaigss$.5-Gf geammer 84r4-H 8RSl (s), zinc, conpounds of zinc, or

m xtures there vas Y&t odeSor hdte SN HiBH RO REIRdSs. Eepnsiseof ed by
t he general chgir‘}?ca ;&o@%ﬁgakc I\?agb]rd, ien which A represents alkali netal,

al kal i ne- gandition etk bukidey inziude perandite S5 slVs,s8:)t sayibite (Ra7922aP11)r om
Col ums 6-10 of the Periodic Tahle:.a S.k.s sulfur g c ratio of a
to b is ihrayoie e Noehrasy: Fe .%‘f‘”t?)ﬁgqoﬁﬁ\?#%%?'g’ FEet3 ee{]t%l%@(t:é:r atio of c to

is i % 0; h@lebite |
cbodi men Al RIS DA e e (bt hents. < b e
3,

catal yst (E.oileghsSdlanosihesialel(Cusicotu), shithnlite 10 ueiednais) sikplisr e
tal s/t itio | | fid f or. : | 3k ,
svun ¢ ccpieamptadCuripsas fpuiie el RRFHRSIL BB RR SSETT ML o
(C6. 11:@24%@?%&&%%3%) GRRtafe (RYNL ei te (NaFe3S5. (1-120)2). In sone
S, ¢

enbodi men the T at'al yst includes bartonite prepared in_situ.

Bartonite prepdnegné smbodimentsy thedl WS fetat sl inckides 0BG At Wets EaSHANJRPIRE .

Nat ural and/.qr syntheti.c bart oni C T, i the
net hods dé‘ggﬁ%@d‘oﬁﬂ%’@t}?ﬁ with &Eal% %e%%ﬁg%ﬁ@ﬁ tng%tﬁ@’eé@h’/%ag%%) gﬂlss% nay

i ncl ude at; A0St m3RuGE BiFsofaAThITUMS ddialysENpin someatmbrodierts, gepmseptedshipibor t
material per 100 grans of the TMS catal yst. Typical {1%1’ the1 T .cat{%{'}yst has
from 0 togaErgrchemicad fgooda AcdISalginawaich d sotrpens 3 ltﬂbetie)a‘g?ﬁé‘?ﬁe

suppo mat er,i al . pe " : SerRilicmgrt 30
mat er :i%| Sn%eﬁ tor&g& %%ggeggﬁt%gﬁﬁ%lﬁéﬂﬁ%%ﬁ@gﬁsn%Fﬁgg% efractory oxides,
pOr ous Caph@R iFRilAH albatomeofatib @€ a tob isinxd tangs fiohed &40 2.5, ar Femel to 2. An

enbodi ments, the TMS catal yst is subst Lally.free, of.,fr f pport
mat eri al s atonre ratigriaiod ik aawee from ﬁ@g’@i 10, Ly lit0 ﬁ%e gt @'é)f? %g"i' k]gll soRECar t h
metal (s), ﬁ%ggim&gwwﬂﬁ-t ZbtCis 1@k, M xtures thereof may contain one or
more tran§Tt oR Heral” sul i es, . .
In some embodiments, the TMS catalyst may include generally known alkali
20  and/or alkaline-earth metals/transition metal sulfides (for example, bartonite (KsFe10514),
rasvumite (KFe,Ss), djerfisherite (KeNaF: 210Cu4NiS26Cl), chlorobartonite
(K6.1Fe24Cu1.2826.1Clo7), and/or coyoteite (NaFesSs(H;0)). In some embodiments, the

TMS catalyst includes bartonite prepared in situ. Bartonite prepared in situ may be

referred to as synthetic bartonite. Natural and/or synthetic bartonite may be used as a
25  TMS catalyst in the methods described herein.

In some embodiments, the TMS catalyst may include at most 25 grams, at most 15
grams, or at most 1 gram of support material per 100 grams of the TMS catalyst.
Typically, the TMS catalyst has from 0 to 25 grams, 0.00001 to 20 grams, 0.0001 grams to
10 grams of support material per 100 grams of the TMS catalyst. Examples of support

30  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 matertals.

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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bimetallic alkali netal-transition nmetal sulfides, higher val ence
transition netal sulfides, transition netal oxides, or mxtures thereof, as
determ ned using x-ray diffraction. A portion of the alkali netal (s)
conponent, al kaline-earth netal (s) conponent, zinc conponent and/or a
portion of the transition nmetal sulfide conponent of the TMS catal yst 5

may, in e | ; HH L i RS btaDsul fidds,
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reductio npﬁgtmhdﬁa?dbtéﬁnﬁyeﬁ@&ﬁﬁ atrastempetatt ifiom bIO-BRATC ondSeradsy *itessur e
of reducing gas, and/
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sel ect ed %izéiﬂéétt b ao%rr[ﬁ%fa%regéréﬁﬁ%ﬁx JEfhRet isobsnoed), 8f 606000 oC WFbm3d in
Inents, roug

some enbo e passe a 40-mesh sieve with m niml force.
The r educeshsitisremertibeide/nsaalisdlt nmixtive. The trensitioamejal saifiednets] selthBaxtprcor
exanple, 100 C) diluent/el enmental sulfur, .and/or..on nds of
sul f u4d MT%UGFéeanedaW%iiﬁdrpge% Fg2 rF'ﬁ%deg%ﬁeﬂP?dégteg?ﬂéiegﬁé g%déﬁégri)gguct i on

of gas. T ' Redude Y rasbiffbicnt @ frogids ahatesproudiest a means
to dissi pgfderg%i%&%ﬁggtggg%fbsul furi zatfon. The di Iﬂuent

hydrogen to the transition metal oxide/metal salt mixture. Hydrogen may be added over

10-50 hours or 20-40 hours to the transition metal oxide/metal salt mixture to produce a

reduced intermediate solid that includes elemental transition metal. Hydrogen addition
25  may be performed at a temperature of 35-500 °C, 50-400 °C, or 100-300 °C, and a total
pressure of 10-15 MPa, 11-14 MPa, or 12—13 MPa. It should be undersiood that reduction
time, reaction temperature, selection of reducing gas, pressure of reducing gas, and/or ﬂow.
rate of reducing gas used to prepare the intermediate solid is often changed relative to the
absolute mass of the selected transition metal oxide. The reduced intermediate solid may,
30  in some embodiments, be passed through a 40-mesh sieve with minimal force.
The reduced intermediate solid may be incrementally added to a hot (for example,
100 °C) diluent/elemental sulfur, and/or one or more compounds of sulfur, mixture at a
rate to control the evolution of heat and production of gas. The diluent may include any

suitable diluent that provides a means to dissipate the heat of sulfurization. The diluent
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may include solvents with a boiling range distributions of at |east 100 C,
at least 150 C, least 200 C, or at least 300 C. Typically the diluent has a
boiling range distribution between 100-500 C, 150-400 C, or 200-300 C. 1In
sonme enbodi nents, the diluent is VA and/or xylenes. Sul fur conpounds

I nclude, but are not limted to, hydrogen sulfide 5 and/or thiols. An
anount of ngdy} tholudessiveits stthfaboikigrnage dstriyionsolas 16aso 012060 lezst 6%°C2- 80
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pent ane, heptane, or hexane) to produce the TMS catal yst. The TMS cat al yst

may b&0 pomtintethed of ihg fewbivdmettaredhnatdeass | howr, gbleastenswias, 98 at lsast L dours.

catal yst i.s an.inorgani.c salt catalyst. T i | | al t
cat al yst l‘IaI'IX’IIgﬁ gngIrIe]inRW ﬁIScmg%ir%%%%,? lgﬁo%gggéﬁl%ﬁgo%%%dﬁ%g)?qgj}%&ué

m xtures {ATRE@Qhtinghoehd slevAad bl fifilg Ratiinsinpenairdhe dithdmichtalyst mixture
carbonates, alkali  metal hydroxides, alkali netal hédl:)l des aI.I%Il met al
ani des, alneal e opsledito gipmperatire i keavge HivrnP-180 SEa380 °G) REIG-SHet 4P

oxal at es, ;al i I r L. I ]ﬂ%ﬁ% lhgs earth
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hydri ges, jsfldad inear o:3gesfitcs amebdphernirciashe dilieat using eanddrd nehalquesitfd des,
al kaline-earth netal acetates, alkaljne- ealtrvt h tal oxal ates

al kal i ne- dwshed vith a1 lepsaraoriden ofa loxy boiling selyAntAr srample, DEItARS, beptans, OF ur es
t her eof . ' Frondl r | igiid @shdaed
mixt ures 5P BRSNS ERMSRLCH TR iy e e R
30 K2008/ RaRlgk€s2008; Na20/ K20/ K200B; NaHCO3/ KHOOB/ Rh2CCB;

K208/ Rb2 00/ (32 608 ROCEBNEREERS CHOTEia) W e P B ae s aheao:
Na2 Caf i ; indreibiehGReER, 2k SoSdelnd) &t

NaNI 1 |QIJ%72I”R%%II5§K2 3/ coefl%g%g% ch&%;?mc@/c%; I_

K208/ My CatikfRipaahsreok IEshMpaas/ sal 2aakyst orchidss alpl mgtalaarbongtesalilglidngiel of
K200/ szg%r/o%é%kaﬁ metal hydrides, alkali metal amides, alkali metal sulfides, alkali metal

acetates, alkali metal oxalates, alkali metal formates, alkali metal pyruvates, alkaline-earth

metal carbonates, alkaline-earth metal hydroxides, alkaline-earth metal hydrides, alkaline-

25  earth metal amides, alkaline-earth metal sulfides, alkaline-earth metal acetates, alkaline-
earth metal oxalates, alkaline-earth metal formates, alkaline-earth metal pyruvates, or
mixtures thereof.

Inorganic salt catalysts include, but are not limited to, mixtures of:
NaOH/RbOH/CsOH; KOH/RbOH/CsOH; NaOH/K.OH/RbOH; NaOH/KOH/CsOH;

30  KyCO3/Rby;CO5/Cs,CO3; NapO/K0/K,CO5; NaHCO:/KHCO:/Rb,COs;
LiHCOs/KHCO3/Rb;CO3; KOH/RbOH/CsOH mixed with a mixtore of
K;CO3/RbyCO5/Cs,COs; KaCOs/CaCOs; KaCO3/MegCOs; Cs,C0O3/CaC0s; Cs2C04/Cal;
NayCO3/Ca(0OH),; KH/CsCO5; KOCHO/Ca0; CsOCHO/CaCOs; CsOCHO/Ca(OCHO),;
NaNH,/K;COs/Rb20; KpCO5/CaCO3/RbaCOs; KpCO3/CaCO3/Cs2COs;
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In sonme enbodi nents, the inorganic salt catal yst contains at nost 0.00001
granms, at nost 0.001 grans, or at nost 0.01 grans of lithium calcul ated as
the weight of lithium 5 per gramof inorganic salt catalyst. The inorganic
salt catalyst has, in sone enbodinents, fromO grans, but |ess than 0.01
grans, 0.0000001-0.001 grans, or 0.00001-0.0001 granms of lithium
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are n boron or” al um num limting exanpl es of netal

oxi des i noliuge it hddiherrexaxpethelin@@mic palt astelyaninolariera gadrep salt an¢rum oxi de
(CaO, or al umi numoxide 30 (Al 203 . The_i nor gani GalA i S,
in certai ROGRHBEA rY’L“Q:E‘%FraE’ Fatﬁggﬁﬁ’ﬁ%"(l’ém?(gtﬁsilm?r%%ggg a@é\ﬁes ac!ogsl:tro(%'or
exanpl e, BCL3, 1AL613 enBBdinRa®), an BiRpadie dalt euslystatiodacipfiermexbnidm, H30,
112504, HC1l, and HNG3), glass-form ng conpositions (faqr exar‘ré)_:ag;of or at es

and si | i céloksyps &0 of dhe JatodicTFable.sompannds elmetalsdione So{ungs am of
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or 0 Bb00 Pedopise ity by Coprradting Peodic B cololaldB et 196ACE:
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Bronsted-Lowy acids; or e) mxtures thereof. The iaor anj c1 salé.cﬁc%l yst
may be pr bptaiecot Emiigd e, dreaaruthendamnsehalisor mgkels Mt ﬁﬁfl%@, GUIEL? MEPSnount

of each conponent ..of the catalys c pmng UR] hSEARHSBAEN] thiend
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suitabl e organic solvent) to forman inorganic conposition/solvent mxture.
The s2fverf inmagaie sgle¢@als¥- usi ng st andard separation techni ques to produce

the inorganic sgltl ..y embodiments, the inorganic salt catalyst also includes metal oxides from

Columns 1-2 and/or Column 13 of the Periodic Table. Metals from Column 13 include,
but are not limited to, boron or aluminum. Non-limiting examples of metal oxides include
tithivm oxide (Li;0), potassium oxide (K20), calcium oxide (CaQ), or aluminum oxide
30 (ALOs).
The inorganic salt catalyst is, in certain embodiments, free of or substantially free
of Lewis acids (for example, BCl;, AlCls, and SO3), Brensted-Lowry acids (for example,
H;0", H,S0,, HCI, and HNO,), glass-forming compositions (for example, borates and

silicates), and halides. The inorganic salt may contain, per gram of inorganic salt catalyst:
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10catalyst. In some enbodi nents, inorganic salts of the inorganic salt
catal yst may be incorporated into a support to forma supported inorganic
salt catal yst. Exanples of supports include, but are not limted to,

zi rconi um oxi de, cal ci um oxi de, nagnesi um oxi de, titani um oxide,
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conpositio ut deconposition of the salt). Not to be
bound by éhbadiynenist inorgabi dosvmditions arstdissolvedrig asplyenly(fer example, HaleI 0T Becones

di sordered, bi | e). en dj st ances_het i ] J ; i
i nor gani c54 g ?\é\@f'e tﬂtor%)ggtém I%gﬁggﬁ%lﬁlg%a%?lgﬁggﬂ Hﬁ%rog%%geo,l%gﬁcr ude
feed and/pGy 8¢ M&Mﬁﬁi@#m&@paﬁ%ﬂm@cﬁbg mugbdidedht orgaid wlisal t

catal yst i nstead of across the surface of the inorganic salt catal yst.
Per meldt i oentafrstt he crude feed and/ or hydrogen source through the inorganic

salt often respylts in an..incre I tg% gt t he 30

i norgani c salt S0 %ﬁown{sh@g%e&?gggﬁ%n ?ﬂ?ﬁ%ﬁ Eé;g?oge?f source. An

i ncrease nRopRRIATINte s@oRt toHos stRelct horgarc et oitalybte Bxamplarifc sal t
catal yst may often increase the yield of crude prqduct, .limt Er.oducti on of

resi due aswbborts inskude, Bridiropotrliaited ioaFiscoRiER QI FACHIL G MASIPHIN e 1 ude
product rel.gtive . : LS esHehsat ehckel SAigerAgs of the
i nor gani ¥ % tﬁ%&i’% @’Q@e’?&%&’ﬁe@lg@oﬁg{ e, %cﬁ%’%ggrjr}gg’elgei ty, per r?eabli Iity, and/or
nobi 114 y) oxiay, dadmleh @k enatiniciyngki S Endnetiktisiss, thereof. clnsomgesttiodiments, an
measur enment net hods, TAP nef hods, .vi spyal inspection -ray. diffracti

ot hods. " BergiBi R CORET A Gatal F/on e SORRORABOT b CaH - el Sidy B
charact erj st i S5 A sely, Refohlic YhIB mBabenkltedesso fdnbRFith12 to
Ebner et g@kg@%@%%g&@&%g%ﬁ et}J’aI g a‘r:Id 5,?121?2, 183 to Ebner et al. A
TAP syst eheatrayd fercabinzindéa obtcoamiial BugpoTicarielirberide syppertdg form & senported

US A). The TAP%naal@(sis may be perfornmed in a tenperature range from
25-850 C, 09teagiosad caifly80- 400 C, at a heating rate in a range from 10-50

C, oryR0-40 C, pafghchire 8f MRGHMEBUAID st 6AMIS thypRalit bicobibRhohBoriogenbls,t ort The
tenperature may remai n constant and/or increase as a 10 function of ftine.

As the t eppereabley andjér mpbils sierdgtaninénedEmperatEP ¢S (0 7 FAFRSEES T2R85sWRER 985 on

fromthe iporganic sali catalyst i r A= gas t hat evol ve
fromthe ?ﬂ%ffigfa‘?ﬁ%“slaﬁ’%‘e %%@g?tfgqmtluﬁ%l tde  Car bon rmrgr%tagf%lg{,aycar on di oxi de,
hydr ogen, 4ieidefed Withdli %isUbRstiah eK=2@6 in dhapbsitipe(fat exaempie, withomh an
inflection (sharp increase) in gas evolution fromthe %cg&rg X ni,c sal.t

catal yst flerotwostivadfitke sihsNabiods hayng dyitheory oitrdheliey QRaRif galt

25  catalyst becomes disordered (mobile) when distances between ions in the lattice of the

inorganic salt catalyst increase. As the ionic distances increase, a crude feed and/or a
hydrogen source may permeate through the inorganic salt catalyst instead of across the
surface of the inorganic salt catalyst. Permeation of the crude feed and/or hydrogen source
through the inorganic salt often results in an increase in the contacting area between the

30  inorganic salt catalyst and the crude feed and/or the hydrogen source. An increase in
contacting area and/or reactivity area of the inorganic salt catalyst may often increase the
yield of crude product, limit 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, petmeability, and/or
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15i norgani c salt catal yst becones disordered. hi sone enbodi nents, an
inflection of emtted gas fromthe inorganic salt catalyst may be detected
over a range of tenperatures as determ ned using TAP. The tenperature or
the tenperature range is referred to as the "TAP tenperature”. The initial
tenperature of the tenperature range determned using TAP is referred to as

the " m ni PRt maPbt QBREMHH 18ing DSC meflid@s, d6hit cond@tivity Midaantment exhi bi t ed
by inorganic sdlt catalysts suitable for contact with a crude, feed is in a

TAP t enpenathode, TARgethiedsnvisod-ispecton, 2oay ddfactiongpethods, #peomdingionscal | v,
the TAP te}ggerature is in a range from 300-500 C. In some enbodi nents,
different® Ei‘i’f‘i"osi tions of suitable inorganic salt catalysts al so exhibit

gas 25 infl ect ipgpase SUL AR difefigime RhardABRidtRepécatlyseds describedlind]. SaBatetude
of the ionization inflection associated with the em tted ggs ggl)l/ bealin
i ndi cal i ohoaf4,62ed 15k Weibnst ct dle SPBOHSE Ite Sleayen cicaly and .26 gé £ FRoer eh

hi ghly or crystal .structur ' | KA ST ghE! Y
associ at e%ﬁ%ﬂay?épéﬂ%yeg%?&ﬁ%lﬁgﬁoﬁ{o ecuﬁog%o?lﬂggggéssiﬁgr&’?\g%ﬁ%ﬁ onsﬁt er eof ,
fromthe gPUGLLER Bk p&Soripddn @ nenEyatitdange fomi25 830 Gedk-J20 IG) ca 60-
di sordered crystal structure, ionsg are not assoc%@g(g(rj to. each other as

t

strongly 480 PGra ajihsatingramina wrge frem Jr3Q i ordlr ad abg Yaguym 12 TAORE

i on assocCial] P? 10MBRS] gq?m%/ml Tg? %%?d&g 2 Iﬁ@)qi'é'niﬁﬁl chitdiR hBHSLintRASs as a

nol ecul es; and/or gases Trom a crystal structure, and thus, a
quantigy 6fnctiomsf time/ dfs thasenmedraiasard the imorganit sitircdtalysdl iorgasesalgas gnisslonur e

is typically greater ;than a quantity of ions .and/or s, released . froma

hi ghl y or §eigie gargame s F?%@Wﬁrlénﬁﬁsuéei e]?’é?’é?%lﬂs ?é%?ﬁggg‘f‘h?vé’thaﬁo@

enmbodi men.s i b | @b i biHRh IR ide, IHE tdtms br MRy be
observed .}J%r%a?‘%ﬂér?g‘lewﬁl%%‘@%&@?%ﬁ 5009%}% ’g heal i ng1 EF‘g:[t%e OC%I‘E%COM ing rate of
10 C, as mixteteeitinraell Tisi tagparadiré fiewkich pa linfiestion i(sigre icogase)dn @ars eyoluitprDSC

nmet hod, a_sanple may be heated .tq a first t rature, . coal

enper at i BRePTRURC lbeaelvar 1 Sedrict IS ros R bE s iR o bR s ¢ e
firstyfeat @kd1YstBeBorh&PiSiBkAL i ve of entrained water and/or ‘
sol vent anc? y not be representative of the heat of dissociations. For

exanpl e, easi | In glhseembadieats, an inflegiiony of emittetheastiram thyiaprgene sl fprlshay

general |y 10, occur, bel ow 250 C. typical | - T

transiti oﬁ’%‘%’ﬁ?@\%\?@ < ﬁ]f?ﬁadigter?gt%%@ﬁr%&ﬁrgeséflgg% an dﬂ:%%géigg%ggh%%% F‘r’?&‘“ ©

cor r espongr he téhiferB®ad rodlbe H REDFIdab hOtheOTT Aheengrmmle”. The initikldemperature
transition” refers to the process that occurs_when ordered nol e& | es and/ or

atons in af etempurerouosadesrmimed spag Tideis refeared dopeihet TrBIHR [édses
during, the DSC anal ysis. "Cool transition” refers to the process that
occurs’ whEH BT E¢u es and/ or at ons

The emitted gas inflection exhibited by inorganic salt catalysts suitable for contact

with a crude feed is in a TAP temperature range from 100-600 °C, 200-500 °C, or 300-400

°C. Tyi)ically, the TAP temperature is in a range from 300-500 °C. In some

embodiments, different compositions of suitable inorganic salt catalysts also exhibit gas
25  inflections, but at different TAP temperatures.

The magnitude of the ionization inflection associated with the emitted gas may be
an indication of the order of the particles in a crystal structure. In a highly ordered erystal
structure, the ion particles are generally tightly associated, and release of ions, molecules,
gases, or combinations thereof, from the structure requires more energy (that is more

30 heat). In a disordered crystal structure, ions are not associated to each other as strongly as
ions in a highly ordered crystal structure. Due to the lower ion association, less energy is
generally required to release ions, molecules, and/or gases from a disordered crystal

structure, and thus, a quantity of ions and/or gas released from a disordered crystal

33



15 in a structure becone nore honogeneous when the tenperature decreases
during the DSC anal ysis. In sone enbodi nents, the heat/cool transition of
the inorganic salt catalyst occurs over a range of tenperatures that are
detected using DSC. The tenperature or tenperature range at which the heat
transition of the inorganic salt catalyst occurs during a gseco dglﬂeati ng
cycle is rseficiureds typicadly sremer thewpapentily ef 1onsan %ﬁreb@@dté%é‘rq% ¥e of 20
the tenperature r during._a,sec %}jeng cycle is referred to as the
"m ni num ﬂg&f’f‘f(g%%?gi%ﬂ%ﬁ”? agﬁgelle‘%%(?%glrﬂgc salt catalyst may exhibit a heat

transition in ankangembetineeits, 20Ra68WiESoci2hith 45Me@rorganid0dlt dalyQE mdynban
inorganic salt that contains inorganic salt particles that are el atively

homogeneowdseivsd iiraerange Spmpt0 I tq b0 fedie RrobBE ralf &5 °9Flme rlaW@fHng » &bsor bed
duringza S heat i. L - [ LQRgani c
ol toht arpert PRl sdE R B AN £l PORALEL, 1P POtAba, < Pudil L9
non- honogersedso afixdt tdneperitnee, belpé tofoohhiemperiurasarsthen behted & kedordtime.

absorbed during a second_heating, cycle may be rel atively, .broad An gbsence
of peaks {Wansilisne obprared G e datiealggcnorLly it Forisalafiv S or

rel ease h%?&%iﬁaﬂa}otlgoﬁ AL ERYeAEMES ARG Bf tHeAtdat 6f didsdiffond.” RRISI ti On
general ly 1 ndicates that the 30 structure of the sanple does not change

upon heat iengmple, easilpebswvabbent of fryiig efrempist o1 lnydeated sampleimayr grusiablysal t

m xture increases, the abiJity of th i e.to remain sol i.d _and/.or a
seni | 1Qui @C@Hﬁeﬁa" %&tfﬂﬁgpl&éﬁy bgizieen ?11@1&3@ g{"lei’}{h\? CBSGA0S et Heur e
may be rel e . , h e

cations WiCt8 éﬁ%r%}ete#ﬁl %ﬁ?%&gggllg%ﬁé% ﬁ)tgeg I dﬁt@t;h%?éaéb? g%s?%ﬁ@odﬁtdgltgf%m@%éct ron
density with a‘Eesirtespiiv’ nefeantiodhe processdiss ocaurd whve cadérdd mplashles hrd/or

correspondi ng ani on i ncyeases,, For eries of iqgns.of simJlar ¢h S, a
Sal | er | GHITES MdcARStiRe berore disompisAarion IR eRmeT AU Prseier BRE FEdeot veen

the cati 0%11?8 5.t A8 AMABitioh” dHErs 3D R hrbSes@ R b RANBen Hitedhi &N/ ok Biogds Oni C
attractive forces tend to result 1n higher heat transition tenperatures 5
for the sahbsamditerbenome nivgebgmogonsusivhen the temppesiure deasased duting g RPSC

h Kk, i d t DSC ..M xt t
nel ude cZnRate [ PRI rARc g el R sl e Mokl HEESHANE. o ons
of larger gb@k evératahge SM@nipRiturds it bt defectddaisinpoDseni Thegahpertiugd ¢if €

increases with decreasing cationic radii. For exanple, contact of a crude
feed wi t h tempayreimragengsaurkich ithe hdaé trppsidemefthe incagania saly eatelystAcgins daring at

andi or - coRt PSRl BaREhBl 15 RECRAT AL, RO BBl |

t he pp@serikeiepiedturt Mg eSctokPicatiig tydld & refareddud as tieatmbiaumiDIC a

| arger ionic radii than lithirum The ability to.inhibit{, generatiaon of gas
and/ or cokenpeieteess dheipezeweaplt criglysompy sdubit ajieal Faositions ag Vesth
certain erppd t Sz i B8 od N |t catal yst may include two or nore 15
i nor gani cgggﬁpg.ge%?an %lgﬁrrum S’%ﬁt]%(yrpp?at ure for each of the inorganic salts
may be deter nm fgan inbaganic salthat Edpaiheimpegaalcratt mebti¢Ibethahaeganiativelgl t

catal yst may be bel ow the m ni mum DSC tenperaéur, f_ at eait ne of the

i nor gani c NAEEgPnegRs PUXtIFE, AFBaRG Ry tha Rpak asspqiated pafh ihp beggbser Sﬁlré-ﬁﬂéf}g the

i nor gaai ¢ 1 L : Si : ' ;

car bofat o o LERHT Rl BB bk ARy RS T IR SR PGl Gy RLpdcGhvains

t enper at uhesggieadligfartitianirbOtelEively ﬂmmmbmmﬁmm&}dnﬁ%d: gkthe pgak bi ':1 s a
DSC tenperature in _a range fr 290- 300 . n so odi pent s, the
TAP te rrpela%ﬁoﬁ’taEedﬁ’é‘@‘ heat Bgﬁqé%qg?% b&%%éhﬁ%%i}?k By g{; rﬁﬁ@té‘ée{liy gﬁg&.ofmt he

I norgani c aﬁ&b&é (& {1a BRE ¢ ghdicReihal R dafUodaRbiCabidiblorGdbaleivht FoOr
exanpl e, the TAP tenperature of the inorganic salt catalyst may be in a

range fr oin the scanned temperature range. Lack of a heat transition generally indicates that the

30  structure of the sample does not change upon heating.
As homogeneity of the particles of an inorganic salt mixture increases, the ability
of the mixture to remain a solid and/or a semiliquid during heating decreases.
Homogeneity 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

54



25 350-500 C. The DSC tenperature of the sanme inorganic salt catalyst may
be in a range from 200-300 C, and the DSC tenperature of the individual
salts may be at |east 500 C or at nobst 1000 C. An i norganic salt
catal yst that has a TAP and/or DSC tenperature between 150- 500 C, 200-450
C, or 300-400 C, and does not undergo deconposition at these 30

t enper at Uggsity vt BEdrRpHRIThFRibE indesebmdisedeitivy ofithelcprresppodingrasian  of

hi gh nol ecul af wei ght and/or hi gh viscosity conposi ti ons (for. ex | e,
crude f eeiticraases. iFpnagenesefiensof similaeshargss. MU Rl & 1‘{%83‘}1%%13%‘35 sal t
cat al yst .exhibit.incre 4 Vi Elnddd d i@ VA8 8hse.

i nor gani nggﬁxqrgc g%??thvger}ﬁgcée? ?’%@”%W?ﬁ‘gﬁﬁ‘ﬁéé% gg%i c sﬂai;f?l catalyst in a

t enper at ufrge haeLintdRAIARaE0R HBices CAd 50 Gesalt imhighBthes JaGiligmismpgeé es
conductivity of the inorganic salt cat alé/s i S e%al llg(sﬁt”i bé,l eddto t he
parti ¢l esfonihe st andkT GaeTE ALOBHIZENIONE RIS QK %g‘ HEF ESARE Pt
conductivity of s ' ' t MEhRbydbSinsinansfond with dreMBionic radii

t enper at UP# %%Mgggn#%ﬁﬁp%rﬁgg‘}%@éi h\%ﬁ‘gﬁ 1|ioni”c conduct i vi t§ of  a single
conponent @l t6 e mdre hgdiei thas edtions af Birgestiorut saddiesnd s A¢iLity oR thednPRgpRIg of

i norganic salts may be determ ned. by applyifr m s l.aw = Vis

vol tgge, palf Wr%ﬁ??seéﬁ‘ﬂ cheaﬁlgg?égﬁl&ﬁeéf%‘gﬁ%w% ?05%(% oggﬁ \gg? %e\% ty,

the inorggpic, 1@?{%&%{)&0\5% {HER BB bsERol ginit i@t That éectedes\ithibmd wo Wi r es
p

(for exanple, rwres or platinumw res) separated from each gt her,
but i yorer sgibrisnerdseo prodogaiticocased quansities gigas and/pr cokerelativa ta et of theor

systemthat rmay be used.to neasure Lonic con t.1 Vi el 156
cont ai ni n§U¥EAHA w11]@,g%mg5% SOHET Hrege%cgaog%ﬁéﬁ %E%ﬁ‘r’ S%g{tgﬁ%tvtﬁ%;t ed

| ncr ement g‘gchﬁéiets Bat?orﬁ%tﬁ £0rb 8TDSGE 2] Ban Wiy THEBbINLE By inbibitd Getationppl | ed
towre 1 uring heating. The resulting current through wires 162 and-164

i s neasur gas atd/oretoke ke seMiiedotal Benidwyodyet yiplgiofithe PGEeSi nited to, a
mul ti meter or Wheat st one. bri dge.. SO
hormogeneous (niﬁ‘&e’%d%fﬂpg? Wet‘lﬂ:ﬁog?(e %@f%%%ggiﬁt%?o S%%% rﬂfcgl ng, toh(g%?oergi stivity

of thgs sampeidQitlsd ANReHiAaASE DIWkehiperanis doneadh ofithedntrgatic selfemag b6 shoul d
i ncr ease. In sone enmbodi nents, at a desjred Ieégﬁ%é%i ur e,

h
i nor gani ¢ dstetmingdt Thy srinipsyn RSetennerataie o Hae ngrgarIcs XS@FW%SE’F]@PN

heating, goolin hen LRg. | 3 : 2Rl s QR & the i i
conduct i v:&ﬁ Wﬁ&?ﬁﬁgﬁ%}ﬁ]ﬁe}: ﬁﬁ%bf‘%&g&%@?gﬂ%ﬁb@?ﬁ? %%ﬁ?ig&é:‘s ﬁt_he Fnor. g%aﬁilcc
sal t cat akypéathigs:. lFoeexahpie] #d ifsrganiasalocatglystahasnabde poiassitur erponateo a

di fferent shape (second form .during heating.. The jonic n jvities,
after heaghtheesivpeabepiie: Batasgupaghoneiesn S’%We"%%‘??é’ﬁ ?’&?Q?*gﬁsgjr m of the

| nor gg@i ¢ te%%etrat&aetsﬂryﬁér Haesodat. ahRREs,/AYIMICHED,idathlyst exhibits a DSC
temperature in a range from 290-300 °C. |
Tn some embodiments, the TAP temperature may be between the DSC temperature
of at least one of the inorganic salts and the DSC temperature of the inorganic salt catalyst.
For example, the TAP temperature of the inorganic salt catalyst may be in a range from
25 350-500 °C. The DSC temperature of the same inorganic salt catalyst may be in a range
from 200-300 °C, and the DSC temperature of the individual salts may be at least 500 °C

or at most 1000 °C.
An inorganic salt catalyst that has a TAP and/or DSC temperature between 150~

500 °C, 200-450 °C, or 300-400 °C, and does not undergo decomposition at these
30 temperatures, in many embodiments, can be used to catalyze conversion of high molecular
weight and/or high viscosity 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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In certain enbodi nents, the inorganic salt catalyst has a particle size in
a range of 2510-1000 m crons, 20-500 m crons, or 50-100 m crons, as
determ ned by passing the inorganic salt catal yst through a nmesh or a

si eve. The inorganic salt catalyst nay soften when heated to

t enperatures above 50 C and bel ow 500 C. As the inorganic salt catalyst
sof tens, béMicasitpatne aloapatit salegatdlpdt ésgemayaliyctteibird to ﬂletpaéhqimmthe of the

i norgani ¢ salt catal st The cat al yst art l.cl es

enbodi mentnorzanes JaliFatabysbesraups grofile: Jhe B?m%ﬁ‘?Pélrun‘g%Hf %1283 % m?)lfgagjtc P ast
0.007 Mra, t?lyst"é‘t‘:?%% a%z ljo%r Xmﬁqhﬁ}?ﬁire%é&nb&aﬁtré snpecRidfiec@iduativibeast

300 C, or such at the inorganic salt catal yst transforns
froma fi 6§isﬁlgremoh@oﬁerﬂeﬁdminbmamclspbnatabm ¢haggest the inorganic salt
catalyst to 20 t he second_form of he| r n|c e | XSt -0 S,

i ncapabl e of r&fﬁ? FRKigCE Y plnpisraic s ﬁ?é(ﬁ?@%f% (l)jﬁ%‘ast 1%‘f"ygt

The —tenper Wil@reait’ls%;ltﬁ RSl ARE, %ﬁ']@ls?@élétaﬁdea%flﬁédﬁré joi® dof@udtivity] form
to a second formis re reéto as the "deformation" tenperature. The

def or mat | e inerppsicatlicealysymiebaplenbratuarts vessehwithitwa vaTesdfor xampls at ur e

ol 1 - def oPPRASRBOI G Ry grivg) teeermis: Bmpona Pk et o Bkainic

tenper at ugg: Hpligw the def oi rrat ion tenperature of any of the individual
i norganic nmetal "salts. In some enbodi nents, an inorganic salt catalyst
i ncl utles two oFI@ED? Ba suhclg@tm of awistes thatmnalike aseil ‘Toffé??éﬁ’t’e %@F&Pﬁﬁ‘ﬁqﬂéfﬁy

t enperatures. The f or |on te t ur st
differs, Wa’gﬁﬁﬁss@gﬁ&ﬂo @;{ltsﬁg:\aﬁ;}e(ﬁlaé t&ﬁ%% %‘@t ures I; he\d

i ndi vi duahlckéiﬂéxﬁﬁlvt% arfﬁsﬁbd &:ﬁiﬁeﬁaﬂn&o Volage fr@trﬂscﬁlm&otﬁ(neapphedttbmmtﬂﬂgam c
salt catalyst is l'iquid and/or semliquid at, or abave, the TAP and/féﬁ,DSC

t e nper at udm;mg heatinge Thmltmmgent uh@qghmnh@ agd) 164 dspgpspeed gidnefoq

a sem at the t he
o o T s st o b el o A it I SRR Cridhe Os AR
cat al st M%B@bdmds heds Men@EEtkduE elﬁdrerfﬁybﬂa) i e devhgdisitentoscurfiog ntha

separate phase from
P Eesm‘uvfcy of the sample should decrease and the observed current at meter 166 should

increase.

In some embodiments, at a desired temperature, the inorganic salt catalyst may

have a different ionic conductivity after heating, cooling, and then heating. The difference

20 inionic conductivities may indicate that the crystal structure of the inorganic salt catalyst
has been altered from. an original shape (first form) to a different shgpe (second form)
during heating. The ionic conductivities, after heating, are expected to be similar or the
same if the form of the inorganic salt catalyst does not change during heating.

In certain embodiments, the inorganic salt catalyst has a particle size in a range of

25  10-1000 microns, 20-500 microns, or 50-100 microus, as determined by passing the
inorganic salt catalyst through a mesh or a sieve.

The inorganic salt catalyst may soften when heated to temperatures above 50 °C
and below 500 °C. As the inorganic salt catalyst softens, liquids and catalyst particles may
co-exist in the matrix of the inorganic salt catalyst. The catalyst particles may, in some

30 embodiments, self-deform under gravity, or under a pressure of at least 0.007 MPa, or at
most 0.101 MPa, when heated to a temperature of at least 300 °C, or at most 800 °C, such
that the inorganic salt catalyst transforms from a first form to a second form. Upon
cooling of the inorganic salt catalyst to 20 °C, the second form of the inorganic sait

catalyst is incapable of returning to the first form of the inorganic salt catalyst. The
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15 the crude feed. In sonme enbodinents, the liquid or semliquid inorganic
salt catalyst has low solubility in the crude feed (for exanple, fromO
grans to 0.5 grans, 0.0000001-0.2 granms, or 0.0001-0.1 grans of inorganic
salt catalyst per gramof crude feed) or is insoluble in the crude feed
(for exanple, fromO granms to 0.05 grans, 0.000001-0.01 grans, or ]

0. 00001- Otpiergirans whiich thefigagiric salt tramsftraisystm fer fingt fommndb asecmid Hwedd at

the 20 m ni num TAP tenperature, I n me, enbodi nents, powder, x-ray
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est i mat edindPgakssdlitatadiest ¥elf-ay fodinfindacgtavity oepressentpai idatng i a dopodnds of
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he Is re t

a shape o pea atively narrow. In an inorganic sal
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grams, or "at nost 0.03 grans of residue and/or coke per gram of catalyst.
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catal élbs t Isait (I:a?alﬁa}st.r %‘ggwfiéroxmra% 099@&]675191'1,1&16 Dyo1 peak may be monitored and the spacing

between atoms may be estimated. In an inorganic salt catalyst that contains highly ordered

inorganic salt atoms, a shape of the Dgy; peak is relatively narrow. In an inorganic salt
catalyst (for example, a K2CO3/RbaCO3/Cs;COs catalyst) that contains randomly ordered
inorganic salt atoms, the shape of the Doy peak may be relatively broad or the Dog peak
30  may be absent. To determine if the disorder of inorganic salt atoms changes during
heating, an x-ray diffraction spectrum of the inorganic salt catalyst may be taken before
heating and compared with an x-ray diffraction spectrum taken after heating. The Doo
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 Do peaks in the x-ray
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20 grans, 0.001-0.05 granms, or 0.01-0.03 grans. In sone enbodi nents, used
catalyst is substantially free of residue and/or coke. In certain

enbodi ments, contacting conditions are controlled such that at nost 0.015
grans, at nost 0.01 grans, at nost 0.005 granms, or at nost 0.003 grans of
coke is formed per gram of crude product Cont tiaggg wghe feed with the
catal yst difftectianospectnith éakep ohtemneraivres BAlaW 1bits BRI % EWced quantity
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pr oduced By RSy e By DA dngifufle SHEREY MGl 1PRURITRENOR DERELS.
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same contacting conditrons.

The contacting conditions may be controlled, in some embodiments, such that, per
gram of crude feed, at least 0.5 grams, at least 0.7 grams, at least 0.8 grams, or at least 0.9
30  grams of the crude feed is converted to the crude product. Typically, between 0.5-0.99
grams, 0.6-0.9 grams, or 0.7-0.8 grams of the crude product per gram of crude feed is
produced during contacting. Conversion 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 cormmercial products with a minimal amount of pre-treatment at a

58



In certain enbodi nents, the inorganic salt catal yst nay be conditioned
prior to 30 addition of the crude feed. In sone enbodi nents, the
conditioning may take place in the presence of the crude feed. Conditioning
the inorganic salt catalyst nmay include heating the inorganic salt catalyst

toa first tenperature of at |east 100 a eas wal | 0 C
or at Iea@ﬁngmn? Igcerigin cpbefingesds. Pﬁﬁgﬁaﬁ’e&%‘ieg%ﬁ(ﬁ@tc gla%ggo'gﬁf%t l?gfﬁt%%t ngsecond
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enbodi rren%rsa,mt%e i nofgani ¢ salt catalyst is heated to a tenperature in a
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of these effeqhszertdiichdasitnty miaedrtagingitemperatird s controlttd suek thaileh t he

catal yst may produce an increased anount, of djesel, kerose or_napht ha

and al decrentadtheaone fAmpstatyeds Peloxt 1@@@@%&%@% agﬁ%; the mﬁ%‘?‘ ene,
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contactin product 1 n conpactlng zone nmay al so change
t he aver age beRiwbdie niidirhen THP tdngpecatuthendlordocminiiney BESdampemtiet Foilg ti ne

may result in a higher i ght percentage of | ower rb r t hus,
a hi gher W@Pﬁ%%f@b\fﬁﬁ“@%ﬁéﬁ% BT tngl,pe{aﬁ.ge gbaﬁltabaecct%?lﬁgﬂéaéﬁ’cﬁe t%@g’ may
be_changedg@uer od 4o &ingAfic RsITBA Beridd 6o toasinirhgmpl /e shunyrancandct he
contacting tenperature may be increased to increase the anobunt of hydrogen.

t hat 2the eafinigerh BSC eptpatabsetiodt ¥duce the crude product. The ability to
change the am'flg]gth%; 61?1 gc{iﬁl%g%, %ﬁ%tc%lﬁ%cﬁﬂg Eelﬁ?pe%{ﬁ:ﬁ%qg cbitfisfiea With fhat fRM OVI NG
temperature is at, or above, the catalyst TAP temperatore and/or the catalyst DSC
temperature. For example, the contacting temperature may be controlled to be 450 °C,
500 °C, or 550 °C during the reaction period when the minimum TAP temperature and/ox
25  minimum DSC temperature is 450 °C. Controlling the contacting temperature based on
catalyst TAP temperatures and/or catalyst DSC temperatures may yield improved crude
product properties. Such control may, for example, decrease coke formation, decrease
non-condensable gas formation, or combinations thereof.
In certain embodiments, the inorganic salt catalyst may be conditioned prior to
30  addition of the crude feed. In some embodiments, the conditioning may take place in the
presence of the crude feed. Conditioning the inorganic salt catalyst may include heating
the inorganic salt catalyst to a first temperature of at least 100 °C, at least 300 °C, at least
400 °C, or at least 500 °C, and then cooling the inorganic salt catalyst to a second

terperature of at most 250 °C, at most 200 °C, or at most 100 °C. In certain
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ot her properties of the crude feed, increases the types of crude products
that nmay be produced froma single crude feed. The ability to produce
mul ti ple crude products froma 30 single crude feed may al |l ow different
transportation and/or treatnment specifications to be satisfied.
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20  times. Increasing the contacting time of the total product in the contacting zone may also
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change the average carbon number of the crude product. Increased contacting time may
result in a higher weight percentage of lower cartbon numbers (and thus, a higher API
gravity).
In some embodiments, the contacting conditions may be changed over time. For
25  example, the contacting pressure and/or the contacting temperature may be increased to
increase the amount of hydrogen that the crude feed uptakes to produce the crude product.
The ability to change the amount of hydrogen uptake of the crude feed, while improving
other properties of the crude feed, increases the types of crude products that may be
produced from a single crude feed. The ability to produce multiple crude products from a
30  single crude feed may 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



25 grans, at least 0.05 grans, or at least 0.1 granms of sulfur, and/or at
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Ni/V/Fe is contacted with a hydrogen source in the presence of an inorganic salt catalyst
without diminishing the activity of the catalyst.

In some embodiments, the inorganic salt catalyst can be regenerated, at least
partially, by removal of one or more components that contaminate the catalyst.

30 Contaminants include, but are not limited to, metals, sulfides, nitrogen, coke, or mixtures
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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psi). The internedi ate solid was passed through a 40-nmesh sieve with
mnimal force. The internediate solid was added increnentally at a rate to
control the evolution of heat and produced gas to a VG m xyl ene/ el enent al
sul fur mxture at 100 C. After addition of the internediate solid, the
resulting mxture was increnentally heated to 300 C and nmai ntai ned at 300 C

for 1 houg: g ﬁ%p\éﬁﬁia/cﬁﬁg BleMibd MoXdanicsaliaatatysd wdth siembeldior 1idBenedoand t he
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bi tunen ente e reactor th minlet feed port to forma
hydr ogen/ afondeidt.eEdr eiapledessdhan 865 greens efdight bridrogarbpns perdran of 88 Hxr s,
hydr ogen gas_an rude feed.were continuously,fednto r
o oduct  wiiss eeR0: fatept Fameh atpeRrb A S oS PRI RS AR Son Bl
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feed I d I’evgl at 60% of the reactor volume. A 50 milli-curie 137Cs
gamma r aygsouetkqudd a sodi umiodide scintillation detector were used to

measure the | ﬂyisoqnfls gr\rll lodiinpentcsr,1 fhel 8¢ Ea%.lyst and/or solids in the contacting zone may

be treated to recover metals (for example, vanadium and/or nickel) from the used catalyst

and/or solids. The used catalyst and/or solids may be treated using generally known metal

20  separation techniques, for example, heating, chemical treating, and/or gasification.

EXAMPLES
Non-limiting examples of catalyst preparations, testing of catalysts, and systems
with controlled contacting conditions are set forth below.

25 Example 1. Preparation of a K-Fe Sulfide Catalyst. A K-Fe sulfide catalyst was
prepared by combﬁng 1000 grams of iron oxide (Fe;03) and 580 g of potassium
carbonate with 412 grams of de-ionized water to form a wet paste. The wet paste was
dried at 200 °C to form an iron oxide/potassium carbonate mixture. The iron
oxide/potassium carbonate mixture was calcined at 500 °C to form an iron

30  oxide/potassium 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.

62



The hydrogen gas/crude feed was contacted with the catal yst at an average
internal 30 reactor tenperature of 430 C. Contacting of the hydrogen/crude
feed with the catal yst produced a total product in the formof the reactor
ef fl uent vapor. The reactor effluent vapor exited the vessel through the

singl e upper exit port.. The reactor.head was electrically heated to 430 C

to prevent i nt dhaditemesddaie selid was addediecrerageteBy aks Fatg omonirabibe eyplutipn of
reactor head. After exitin react ok fflueBt v r was
cool ed an e%é"ﬁ%}’ ]'éc{dglaeclie%asa{m ?‘éﬁ%‘%’?@%@rﬁ%‘f’g%és%i S(%’%ﬁgﬁgétﬁ%r%tlgg ghd@%&)

| ow- pr essuidtigass theGuteth &Rfta calid)thd Rswikiag udetuge WwagiticebnsértaRrhcand ta30as
stream The gas streamwas sent to a countercurrent flow caustic scrubber

t
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h ' ! t | d; tal
oroduct 0087 af RSN I8 8 oPharblo I Wl HaE o SIrGAT P °

hydr ocar besas g@kesi byt filtialien fieadiwbox Ond? 4n grgonmtnbsetd, dad pashegiwith aF crude
feed remai ned. Properties and caonpositions of the crude product and the

non- condeR¥&Bt © MpthSAromramaed shejk afpialyits The fhBasuliide seiabraiaed in
Table 1 i gmﬁl&edﬁ gé@g{gﬁ%g ﬁ%‘ﬁlﬁ @:%1%1 a"ﬂ(ﬁm@@?éi@veg in FIG 10. 10This

exanpl e denonstra acting a crude feed with hydrogen in
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product w th .mininmal concomtant generation of coke, The total_ product
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0.1 gr amcﬁ&xﬂ%lﬁ%ﬁ%%?ﬁﬁ@?@%ﬂﬁh@ K Bes. ,Sggﬁﬂfoﬁ%,ﬁﬁﬂ%ntoﬂfcﬁk (3 oduct .

15By conparihg the results of”"the MCR conten or thée crude feed (13.7 W%
in Tabl e ¢xample,meagietiiedEefh).nmAdedk nssegiatddevth oor dssulfklet fantexpmpie, pymste,

possi bl e c%zee thaLt1 t he cog‘%i nat i ﬂ?o{}. the controlled conditions and the
cat al yst %‘? s gotobsgwer 1y ﬁi’f%yﬁ BEOREPTHEN t hat indicated by the ASTM
Met hod DAB3Smpl® O6RtaePBEL esalk FelY Witk argmgbﬂsbﬂﬂ%cin@ﬁe Prchenddglf £4

hydr ocar bons.” Froni 2( € sum o € Wel ght per cent ages o e

hydr ddar bEnke Bulfide Catalvst bA$00 nih gominpoasty stirreth andirhgdtemigomonsedmi 3p6r gram
of total A rho b | culated, The C2 _hydrocarbons of.the
hydr ocar b‘(g%mgeéggetg&?ﬁgf lﬁ ﬁgga%ﬂ’(f%%&%%ﬁ%%ﬁ ede? ?#]ylaesrﬁ%glﬁg?poé A ue&t PP t%‘feecz
hydr ocar besnodouples tdratedumties rehfi6r it arded gRiRtlagas 1 9b-ihdiediadetty dikocar bons

listed in Table 2 (23.9 grans), the propene content per gramof total C3
hydr ocar b@ﬁ@eﬂﬁﬁbt%h%ﬂ@al cul ated. The C3 hydrocarbons of the

non- condensabl C i +0f 1 -0r, gram
o oral Gy RO ARARPGAORTT 16 Rerdfihilhtdy & ARBIRL M HARERT Pilas O
hﬁdr aoar bﬂilar@gseﬂldtadctaﬂ Hmogu?] gwﬁmamﬁnﬂa@ﬁ)ﬁ@@ﬂghﬁr(&ﬁjooo stﬁm) 2ato o
Thi s exa e enonstr.ates. net ho O ,pr.oduce a Cr e ro ct.that i ncl udes
at | east ?@@f%ﬁaﬁiﬁﬂé?de mﬁﬁ&é@a}eag%@wf%r rsap}lioaﬁéap e%g‘fﬂi’%tlﬂinﬁ%ti on of
at nost 9% E;mpa

ofrt ﬂéqgaé%o@?‘% e %Mﬁg{a&%{g?o}t%@ et mgﬁﬁg%@gﬁ%egoo C at

hydr ocarbons wth a range distri Ion
0. 101 M.)mixhat. Deaisg the Gadtigr ampenid vf d BHbandsphgiragdrngas aodichidedesdange

distrib Utcio%gm?c%}sily\ﬁ%g h?tg%g re%gt%r i(n)(? pr%d%f:t v?réslgo%lﬁ%gﬁsl}? pe%lc%}edltﬁr%%%h aieoo 1
25  effluent vapor port of the reactor, Crude feed was fed at a rate of 67.0 g/hr to maintain the
crude feed liquid level at 60% of the reactor volume. A 50 milli-curie '*’Cs gamma ray
source and a sodium iodide scintillation detector were used to measure the liquid level in
the reactor.
The hydrogen gas/crude feed was contacted with the catalyst at an average internal
30  reactor temperature of 430 °C. Contacting of the hydrogen/crude feed 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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grans of hydrocarbons with a boiling range distribution between 400C and
538 C (1,000 F) at 0.101 MPa. The hydrocarbons that had a boiling range
di stribution below 204 C included iso-paraffins and n-paraffms, and the
ratio of such iso-paraffins to the n-paraffins was at nost 1.4. The crude
product included boiling point distributions that are associated with

napht ha, ker ose\fyr ediiRi$ehe reabidr, b reatioe efffusdevapopthas todlediamd sdpertdd i.2001
grans of 5 naphtha and the naphtha portion of the crude product had an

oct ane nufighypressugs gasdigeid spararend AJRVHECIFBFS 345199 SR AT QRIS Bct  had
a b enzene..c Oﬁ)sﬁr%t%?loe{nﬁgat %ag%%garg %8 %E?ﬂ%&m WQ@%?Q)G& (&ﬁﬁlt&&ﬁ'f‘@n@ ?Omﬂgﬁ.@ . Th €

napht ha pé)lﬂfl udeé pro at nost 0.15 grans of ol efins per
gram of naghibbe:-to THeoVARNIb aafel Adoheebfisrhmant fietbusimostantard elttoatatd gegsttic 0. 1

grams of nonocyclic ring aromatics per gram of naphfha. The cruyde product
had at5 | edeshnigues1Thg i pmduwém@wﬁépermegwgrﬂéoﬂ‘;&%ﬁ% E5F0E A 0’%‘F1§de

product  had A f £667HR9.ARLNr Sl BHsAErydiRakh 5RRS HOMEILRROD obhe Cf ude

pr oduct i KCl arona erosene portion of e crude product
had an ar grabd 6Ssotidnpeniravfofatudedfasd rehaingl dhepafiesandrmimositipes ofjthem of

ker osene. The kerosene portion_of th rud roduct had,at l.eas .2 grans
of nonocy Erude prodigt %%Wgtﬂio&coﬁé‘?ns Plﬁﬁﬁyé%ﬁr?ﬁggrg@%r%?&?ﬁ‘égg higar 8? had
at | east QoQQbigt@HPTallc YieRRY. 8 TEIH R, O Atd Tl 9in PTG, 1y ude pr oduct

i ncl uded aronatics, an diesel fraction of the crude product had an
aromat0 cs cont 8hiis efangile Aemenst@ied agnethed of cantatmgiassudeciced watlnhytiragiende|

The crude product h at least 0..00 ra f VG, The, V rtl of the 20
crude pr ofRFRICFERET nglﬁ “&’PB‘EHPPFS&I S&ﬁiﬁ%%@’(ﬁ%@ PRoguc? %?}/%%({i)cﬁlgéwa: ntent of
at |east %@iéﬂd]%ﬁﬁcd%ﬁjtﬁﬁ QERtrhiSch PEoke! ARE tal\Ehdudekdiitled sTrudy gPan@than of
a K-Fe Sulfide Catalyst in the Absence of Hydrocarbon Diluent. A K-Fe

sul fide castaaleysmidvadcipresy STEGNdbhas etivost (hh grroorigiosfeopdensablrihydrogadonzs ¢
of potassi um car bonat éylit h§42t3 g of de-ionized water to forma wet paste.
The wet 2§a?§’5§’F’ég’iﬁH€°€tP CBEX¥E" as described in Exanple 1 to formthe

i nterpgedi at e sy shmpiigithd RiiRsbEthe MOR icnieasiop dsseddd feed (1817 avt%)imesh

sieve with mninmal force. )
Table 1 to the solids formed during the process (2.7 wt%), it is possible to see that the
combination of the controlled conditions and the catalyst produced a lower quantity of
coke than that indicated by the ASTM Method D4530.
The non-condensable hydrocarbons included C,, Cs, and C4 hydrocarbons. From

20  the sum of the weight percentages of the C; hydrocarbons listed in Table 2 (20.5 grams),
the ethylene content per gram of total C, hydrocarbons may be calculated. The C;
hydrocarbons of the hydrocarbon gases included 0.073 grams of ethylene per gram of total
C, hydrocarbons. From the sum of the weight percentages of the C3 hydrocarbons listed
in Table 2 (23.9 grams), the propene content per gram of total C; hydrocarbons may be

25  calculated. The Cs hydrocarbons of the non-condensable hydrocarbon gases included 0.21
grams of propene per gram of total C; hydrocarbons. The C, hydrocarbons of the non-
condensable hydrocarbon gases had an iso-butane to n-butane weight ratio of 0.2.

This example demonstrates a method to produce a crude product that includes at

least 0.001 grams of hydrocarbons with a boiling range distribution of at most 204 °C (400

30  °F)at0.101 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 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
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In contrast to Exanple 2, the internediate solid was m xed with el enent al
sul fur in the absence of a hydrocarbon diluent. In a dry-box using an argon
at nosphere, the internediate solid was m xed with powlered el enent al

sul fur, placed in a seal ed carbon 30 steel cylinder, heated to 400 C, and
mai ntai ned at 400 C for 1 hour. The sul furized catal yst was recovered from
the carbogog Bé%dﬁ&%&&bm%?ﬁﬁ @i shraFAE DARSRHIGOfishcnisephiaiffies oahehy st
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iron sulfide catal yst wa na SI Ng. X-4 i ff i Laes. From
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rati o of hydrogen gas to crude feed was 16, 000 N8B/ (21Q0, 000 SCEB). The
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wei ght percentage of VA produced in Exanple 2. The 15 wei ght percentage of
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produced pfonfXREBhfer-of At HaGhEs oARls dffadohiticsipeed prat eSkdyshoc Thbbkemsaict h a
hi gher carbon nunber were produced. After contact with the crude feed, the
TVS cat al petionefthecrnduprodichiiad ableastty aramsPirpeRacy SRR AOPIFHES Perfgam
transjagi one ngnesul fide catalyst, after being in the presence of the crude
feed dn Hy rogen, included K3Fel0S14. Exanple 5. TAP Testin of a K2C0

/ Rb2C0 / Cs2C0 Qat atudstpradudt hikatlleadt 000U akarhnof diestl.c TBatiesel {factiah bf thaP
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Example 3. Preparation of a K-Fe Sulfide Catalyst in the Absence of Hydrocarbon

Diluent. A X-Fe sulfide catalyst was prepared by combining 1000 g of iron oxide and 173
¢ of potassium carbonate with 423 g of de-ionized water to form a wet paste. The wet

25  paste was processed as described in Example 1 to form the intermediate solid. The
intermediate solid was passed through a 40-mesh sieve with minimal force.

In contrast to Example 2, the intermediate solid was mixed with elemental sulfur in
the absence of a hydrocarbon diluent. In a dry-box using an argon atmosphere, the
intermediate solid was mixed with powdered elemental sulfur, placed in a sealed carbon

30  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.



30 tenperature was 360 C, as determined by plotting the log 10 of the ion
current versus tenperature FIG 11 is a graphical representation of |log 10
plots of ion current of emtted gases fromthe K2CO3/ Rb2CO3/ Cs2CO3 cat al yst
("log (1)") versus tenperature ("T"). Curves 168 and 170 are | og 10 val ues
for the ion currents for emtted water and CO2 from the inorganic salt

catal yst. Shar gnpé pisheml fglﬁa%smﬂmmﬁwbmyﬂmamm@&mﬁsmgmirknedlfﬁlm’fmnl c
salt catal yst occurs a In contrast to
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testing, & 0 C per mn,
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0 Cto 60 at a rate of 10.0 C m n,usin dlfferen.;a nni.ng
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l'e shows that the salt m xture exhibited a
br oadiheaFe kilids bathlyst (7610gams), peeparedred degaibed i Haampipbivas chtrgedto the
tenperature range was 250 C. The area under heat transition curve was
cal cul at eBF3®Tbe - 1. 75 Joul es per gram The beginning of crystal disorder

was det erm nedp PhdbefleAlolr 1 crh&@ fHdﬁét BLIISE Hoimes Aletod 4 sdBazedlin
contrast to the results, e |n|te heat transitions were observed for

cesi um 20Table idnF@. 8 mtlm'ﬁd:tlyéus FiE. W. rﬁ'b@t‘ﬁﬁlghfcﬂefﬁﬁf@@%’f\mgmdmﬁ%&l K203
during the second hea ovvs t pixture
exhi bi t edﬁémgﬂlgr“pls 8 efgﬁ% t"Ye LN ‘gg‘% %@W%%@%%&J% dp0| nt of
the teomeqRidh Berkaids: deSEsHifRe produced in Example 4 is Tess than the weight percentage of
distillate prodnced in Example 2. The API gravity of the crude product produced in
Example 4 is lower than the API gravity of the crude product produced in Example2. A

E

higher API gravity indicates hydrocarbons with a higher carbon pumber were produced.
After contact with the crude feed, the TMS catalyst in the reactor was analyzed.
20  From this analysis, the transition metal sulfide catalyst, after being in the presence of the
crude feed and hydrogen, included KsFe oS4
Example 5. TAP Testing of a K,CO3/Rb,CO4/Cs,CO; Catalyst and the Individual
Inorganic Salts. In all TAP testing, a 300 mg sample was heated in a reactor of a TAP

system from room temperature (27 °C) to 500 °C at a rate of 50 °C per minute. Emitted
25  water vapor and carbon dioxide gas were monitored using a mass spectrometer of the TAP

systerm.

The K,CO3/Rb,CO3/Cs,CO; catalyst supported on alumina showed a current

inflection of greater than 0.2 volts for emitted carbon dioxide and a current inflection of

0.01 volts for emitted water from the inorganic salt catalyst at 360 °C. The minimum TAP
30  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/RbyCO5/Cs2COs 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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The area under heat transition curve was calculated to be -182 Joul es per
gram The 25 beginning of nobility is determned to start at the m ni num
DSC tenperature of 390 C. The sharp heat transition indicates a

substantial | y honogeneous m xture of salts. Exanple 7. lonic Conductivity
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Rel ative tthe korgagic sal catadyyti Y a‘iﬂa@ﬁ@@ﬁﬂ%@ﬂ' SRt WRSE AR CQZ@%é%e(IEOISQmC

i nches) Ofsaft%tﬂlﬁ&&?ﬂacw%ﬁlcﬁ catal ysts or the individual inorganic salts

in a quartz esse th plati num or copper wres separated from each

ot her, but i mrahsedrashtd the K La0gRie,d03/@s, 605 tatelybty pnssumdachontcamdver e

connected to a 9.55 volt dry cell anda2 Q00 ohmcurrent limt

resi stor. CPREUHIatshndmesadsierdatie siret %B@S@tggh qu{?r@r Bﬂ‘ﬁhreéﬁfte‘%\ﬁ ter

measur gd yg| PQ’Q% JBELgameter. FIG 12 is a graphical representation of
e

|l og plots o sanpl e resistance relative to potassium carbonate
resi stance ("I dﬁle(subs(ﬁ’sﬁmm@reasemmttedrgaefarttm Kz‘COVRbgCQMGBﬁO;;Lﬁ’aﬂaIyQtM,

5 1 Bt Al e R A R

cat al St a5 bafie (ABRIANGAERD HARRIRARME LEBI0M i al st resustance

respectively. @) (curve 174) ex |b|ts relatively Iarge stable resi st ance
reI atlve ExabGI o0 DSE Mestind 81 amInoreapierSalt ¢ atalysh and pdbadtiperaan¥30- 500

ot } b a5 i PREEeR 5% elﬁa? 5 Pl LSA0E SR 053, o
CNthZCi:C%/S bé@%@&%% cat aI yst gggq;%%%lgg% ]tﬂin]geated EOTS OC% ow a

sharp decrgsgse dt A rite o $010\C yerrrﬂilnaisiﬁget differedfikIcainih g RRleEaietdrBSICY Modeinge
from 350-500 C. A decrease in resisti V|t eneral ly indicates that current

flhow was d¥ied: manefaetirng tappberkiaElvegn Bp 1 Gepaescuthd - SWdes enbedded in
| nor oani o oa t T st Y8 KCORRAA0R, R0 i R B DB b e

15  sample shows that the salt mixture exhibited a broad heat transition between 219 °C and

260 °C. The midpoint of the temperature range was 250 °C. The area under heat
transition curve was calculated to be -1.75 Joules per gram. The beginning of crystal
disorder was determined to start at the minimum DSC temperature of 219 °C.

In contrast to these results, no definite heat transitions were observed for cesium

20 carbonate.

DSC analysis of a mixture of LizCOs, NayCOs, and K;CO3 during the second
heating cycle shows that the Li;CO3/Na;CO3/K;CO; mixture exhibited a sharp heat
transition between 390 °C to 400 °C. The midpoint of the temperature range was 385 °C.
The area under heat transition curve was calculated to be -182 Joules per gram. The

25  beginning of mobility is determined to start at the minimum DSC temperature of 350 °C.
The sharp heat transition indicates a substantially homogeneous mixture of salts.

Example 7. Tonic Conductivity Testing of an Inorganic Salt Catalysts or an

Individual Inorganic Salt Relative to K,CO;. All testing was conducted by placing 3.81

cm (1.5 inches) of the inorganic salt catalysts or the individual inorganic salts in a quartz
30  vessel with platinum or copper wires separated from each-other, but immersed in the

sample in a muffle furnace. The wires were connected to a 9.55 volt dry celland a

220,000 ohm current limiting resistor. The muffle firnace was heated to 600 °C and the

current was measured using a microammeter,
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15 inorganic salts at tenperatures in a range from 350-600 C. FIG 13
Is a graphical representation of |og plots of Na2CO3/ K2CO3/ Rb2CCO3/ C52CO3
catal yst resistance relative to K2CO3 resi stance ("log (r K2CO3)") versus
tenperature ("T"). Curve 182 is a plot of a ratio of

Na2CO3/ K2COB8/ Rb2COB/ C52CA3 cat al yst resi stance relative to K2CO3 resi stance

(curve 20 172) pyer Rdph&seAiatibh 6f e gf e shiple resistance relative
Na2CO3/ K2CC3/ %?C@ﬁ%?%%at%ygt . Aft eirbg%gat ing, t

he
Na2CO8/ K2@GRItRSRECSI B REOR sistinat (4o kdaCEY]) @arsts iqmemrestepErattHESand t hen

heated in_th onduct i vi ppar at us, r ' of

Na2CCB/ Q%ﬁ%?%ﬁ%?@é%ﬁ&?%ﬁﬁ&? 8184 %qgﬁ%glétfgfeaﬁa\%% £ %{aﬁée(’:m resi stance
ver sus te]i@(g@?rktgg@g ooy, Heald: pesiinck e, CO9KIE:Rsa 0L/ GsaCak yainlyaf t er

bei ng cooled Trom 600 Cto 25 25 C. The_ ionic conductivity of kthe r eheat ed

Na2COB/ K206B12RbE, Go3 Na52 O C O A 6 0:{(Rcr @ns ystapHstAces: F§PEHEeYoni ¢

conductivity o e _original ..Na2 ﬁ%{&ég&% From
the differ enceEF{?QFWFﬁ%)ombé S’lr\%?&e%q%éﬁﬁé i"Ror gani c agg\%t?d%g(?g? ﬂ?‘s"?’e
during t hezfyizk fdmpeainedth 2Rthss ®eanEn380L3009C. iA stable rbsistundecindiostes mat t he

i norganic salt catalyst forms a 30 different form (a seconpd for on

cool i ng t trderedstmgiure ansl/ardmes that tepd npigemneye goprtdfong BFWCBE?rcﬂuémgjrl?flé{ﬁgat i ng.
Exanpl e 8., FL-ow-P t t] f ' . 1-2 cm
thi ok | ayBPe OOy RERT O el G iy A RO A DR o O Bt 2 i 2
di sh.1oThengijh,/KecopRBARU./CaCGOS eutdpt ¢scarndries 76,0 T8oakDIBE show alshhmpur . To
determ ne flow properties of the catalyst, the. dish S y~tilted in
the oven dgorease &%ESH&WW@@&@%@@W %M%”gg(ggh@tcf fow.
When pr es&%gea\té% hbre@iéﬁ% E%r?er%ﬂﬁdﬁ%fe@ e bubaet ﬂ%v@ﬂ%ﬂ&%ft@& Yu@hg dplicition

In contras e 1ndrvid onate salts were free ow ng powders under
t he Ssameofwitligt ioths wires embeAdéhGH8 i@ SE8¢ RL@ERYCs Tbedaedian ¥iE. Kecane

liquid d dily. fl d .mlar, f I t ' di sh
under t noSuneals R hoHOrS G Gt o SHBak ptote AR AR bSO
Hydr ogen ﬁ%i"%a‘ﬁfc dafts LPEnPREIGRE 1 PfanBe K3RD3 480 @2CQL Catal yst and Steam

The fol | owm g equi pnent "and 10 general procedure was used in Exanples 9-27
except where VEIG.AL3 isagrarhical espredeptation RElagrwets ok 250 ml Hastel | oy C Parr

Aut ocl ave, (Parr el.. #4R7 ted.at 35 Kl S 268, si) at
Aol aveRoG MBSk A5 L 3 Bl 25u8 NI DECRSGE AUt 01
heat er 0”K§C§W?{r&§&§%ﬁ@9§aﬁﬁb er”)c apahd B0k arpdbtifaimiingf t he aut ocl ave at +
5 C fromanbient to 625 C, acgas inlet port, a steam.inlet port, one outl et
port, andNaCOs/K2CO3/RbCO3/Cs,CO; catalyst resistance relative to K,COs resistance (curve
20  172) versus temperature during heating of the NayCO3/K;3C03/RbyCO5/Cs,CO;5 catalyst,
After heating, the Na;CO3/K;CO3/RbyCO3/Cs,CO; catalyst was cooled to room
ternperature and then heated in the conductivity apparatus. Curve 184 is a log plot of
NaCO+/KC03/RbCOs/Cs2CO5 catalyst resistance relative to K2COs resistance versus
temperature during heating of the inorganic salt catalyst after being cooled from 600 °C to
25  25°C. The ionic conductivity of the reheated NazCOs/KaCO3/RbyCO3/Cs2CO; catalyst

increased relative to the ionic conductivity of the original Na;CO3/KoCO3/Rb2C0O5/Csz2C05

catalyst.
From the difference in ionic conductivities of the inorganic salt catalyst during the -

first heating and second heating, it may be inferred that the inorganic salt catalyst forms a
30  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 Inerganic Salt Catalyst. A 1-2 cm thick

Jayer of powdered K,CO3/RbyCO3/Cs,CO; 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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15t hermocoupl e to register internal tenperature. Prior to heating, the top
of the autoclave was insulated with glass cloth. Addition Vessel: An
addition vessel (a 250 nlL, 316 stainless steel hoke vessel) was equi pped
with a controlled heating system suitable gas control valving, a pressure
relief device, thernocouples, a pressure gauge, and a high tenperature
control valve:f @'d%%Mﬂuﬁgy%léﬁﬁﬂ%v&@%'@aﬁﬁg-rml ating flow of a
hot, viscous, and/or pressurized crude feed at a flow rate from 0-500

g/ m n.  AnX@0:Rb,60448 90t batalyiiglid netflew aiWirea prensed vithvisipamladle eatalaghed t o
the first _inlet gort of .the reactor after crude feed was charged to the
addi ti on Vada&prsipenyofitgfiise, the addition vessel |ine was insul ated.
Product Col | ectr, QBn-NAREY inlily2Mal BEHLEEAS bAts Wtk BRE foenOpéWedrs PAddr tRE t he
reactor and was 25introduced into a series of cold traps of decreasing

t enperiat usase cdaditiondes connected to a series of 150 ni, 316 stainless

T forma gac < ParOBK QVRPHI GO RUE BRI R Pl Bh® o | 20,

from the {gaghe fordGnipl, a9kt iR BOHEh haRsh¥esnd gdittied, as needed, using
a back pressure regulator. Arate of' flow and a total gas volune for the
gas st r eafixapiples®)- 1 cComtactois he Fogd With-a Hydsagenspojiyceg hhe Prasengept er
(Ritter Mdel. # L Met- Test Aeter.) . : it : met er,
the gas sfféat BURDAL sl ﬂ tadpgtte' %8&%1?&%%@%8‘3@}%4& ?%dn bag) for
anal ygp s. géﬁtﬁa]%%cm RBohied el Euainples O Macepliomhert vaRaikantt ddacébed890, now
Agi | ent Model 5890; nanufactured by A(%i | ent Technol %gi es, Zion Lllinois,

U S. A ). Reactoryush 250 shddestellay GPeautoplave EapMdadsl#dayeetedat 85 ™Meps and

wei ghed. . fo : 0. (el

condensat & qu# g %&Eﬁﬁﬁ@r@%@ %ﬁggugr%gga\%%ﬁggg%%gﬁ g?\la#@%éﬂa’ I%lgg?:oedur e.
Cerr o Neghett(Gaind bghd hedtev@sa Elnutigesh donirolier aagable b6maugsiaalg thd hatoclavele
feed had an APl gravity of 6.7, The crude feed had, per gram f crude, feed,
a sul fur 8tESFCHRPMAMeii004} Has? 838 1iet PofGcleasm IRHPORh Ope it grtnaid &g 4

1200 roSEEEP Bl BT AT prpasic, 8o RARAHES (ERESS hakollate, 1
TPGK%%WW?@S%%StaMS pripar ed by ]E:orrbi ni ng _(I)_Lelg.o44 gr anms
K208 R A Kol o S ORA R 1 71t TP RBSEIEA R JFABOE. The

K2COB/ Rb2 JBapIR oAt Bt vaklly, @ prddifrel ragdevi dual
salts. (Q%@%ﬁ%@gﬁgﬂﬁ]ﬁ%§%%&not eSk%gbit DSCat g%)erpétures in a

range frodedte,50@mOcomes a Pamsirermugatand @ high tehwpemtureonsd tadvpdmagglok of
the i por oani.c. $akt g} vt IS REhahS DG (7RG, \RIBEL BhifbPpRlshiita bAY! dual
feed at a flow rate from 0-500 g/min. An outlet side of the high temperature control valve

=]

g ihes

was attached to the first inlet poit of the reactor after crude feed was charged to the
addition vessel. Prior to use, the addition vessel line was insulated.
Product Collection: Vapor from the reactor exited the outlet port of the reactor and was
25  introduced into a series of cold traps of decreasing temperatures {dip tubes connected to a
| series of 150 mL, 316 stainless steel hoke vessels). Liquid from the vapor was condensed
in the cold traps to form a gas stream and a liquid condensate stream. Flow rate of the
vapor from the reactor and through the cold traps was regulated, as needed, using a back
pressure regulator. A rate of flow and a total gas volume for the gas stream exiting the
30  cold iraps were measured using a wet test meter (Ritter Model # TG 05 Wet Test Meter).
After exiting 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.8.A)). The liquid condensate stream was removed from the cold traps and weighed.
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15The catal yst was heated rapidly to 450 C under an atnospheric pressure
fl ow of nethane of 250 cnB/inin. After reaching the desired reaction
tenperature, steamat a rate of 0.4 niL/mn, and nmethane at rate of 250
cnB/mn, was netered to the reactor. The steam and net hane were
continuously netered during the addition of the crude feed to the reactor
over 2.6 lbudsproiihel andraderfvesrd sapmsatpd Soguthe tigdid oondenshts streaot dhewsideg 1.5

MPa 20 (229 psi) of over 16 mnutes. Residual crude feed (0.56 gramns)
renmai ned Pﬁo‘f‘ﬁ‘i&’%ﬁﬂeﬁgﬁa@‘g@mg}ter the addition of the crude feed was
conpl et e. PRoERRIrEATRITLINARIPEI7 Siafhsh Frad fhrEed\RSthe BSETIVE bl ITHE drhds
addition of the crude feed. The catal yst/crude feed m xture was

heat ed t o feedriedeni A greviheeit Gr Ehefrudsdead heddpersiramaaif aade decd, haulfur
tenperature for urs. Aft.er two _hour he reactor cool e nd 25 the
resul tslangc?létg?t ef@ FrEr® )?g?ilr‘émﬁ%}se oagloglln@?{l% a&@?é&ﬁfﬁﬁﬁ“ﬁﬂ?@ﬂt age of
coke prodomed gadifls.OThA@ude GREWR thehtdd th €50 €@C The K, COy/Rb,E09WsCAL Edigtygnce
ininitial catalyst weight and coke/catal yst m xture weight, 0.046 gfans of

coke remaldledf prmshwap ebaeel toghe regetm of crude feed. The total product

and gas. The gabe TRt bOH G POR M E oy bRl B RO e 0 B tealls
hydr ocar befKCand XAPerets 08 RO5COF 0t 262 fains of @RCD;. JkiR) . The crude
product had, per gram of crude praoduct, 0.01 grams of sul fur and 0.000005

gramsl®f  BEQeRbNOx/Ael Qs catalyst hiad @anivisamck pREture 300 " CGankhey zed.
In Exanpl ; , i1 .
Y e e R

cat al yst crude pro 0 anple 10 was
anal yzed {034, 8bpCOg dndids;@Qs)rdid aet ekihibit DISQ teapsrabaes inleraage fempsGHoEt .

The crude_Rr gdu had, per gram of crude product, 0.14 graps of naphtha,
0.19 gr arrsao&gﬁict“}? ﬁ%eg?m@. 13 80Qyiethe Q%C?V@Refaém of thegpragaiccsHcaiysseand. 001
grans, angepennepisecl Eﬁtvg‘gpﬁmﬁn@i&gﬁ.@ggﬁta\}fﬁ?ogﬁﬁﬂpl es 9 and 10

denonstrate that contact o e cru ydrogen source in the
preserice of at Thesitalysigwantsatek repitlly tpst500°6T udded ag mbnesphéricpreseré e of

roduces a total dugt .th i ncl.udes a,crude pr.oduct that is a liquid
Xt ur o aiotane of PR G En oA DAt ASaCHA e JEUPAtR RO cGmeradireattom et 2 806 of
the resi dyo.4ot/anh, £l hdiBare/di e beaSh cdPBnid Owsd MdR R BiNCTeabRE @nsul fur

content and total NN content of at nost 90%of the sulfur content and Ni/V
cont ent oftearh @ng ppghang avege continuousty sneterad during theoddition| of degicrade fesdge the: 001

f it bai. l.i di st ribyti f at 200 C at
3300 e 1 AELEBA0R Roulh Bu et el B LRSS R o e FitiSHnss TR MpR g0 ©
di st riobut (229 pe RN ReP188BmEeRt RE&idR] iR fe@t (0 FPGEHmE) RaikHdAREhd 5 Of

hydrocarbons wth a bhoiling range distribution between 400-538 C (1000 F)
at 0. 101 addition vessel after the addition of the crude feed was complete. A decrease in

temperature to 370 °C was observed during the addition of the crude feed.
The catalyst/crude feed mixture was heated to a reaction temperature of 450 °C and
maintained at that temperature for 2 hours. After two hours, the reactor was cooled and
25  the resulting residue/catalyst mixture was weighed to determine a percentage of coke
produced and/or not consumed in the reaction.
From a difference in inifial catalyst weight and coke/catalyst mixture weight, 0.046
grams of coke remained in the reactor per gram of crude feed. The total product included
0.87 grams of a crude product with an average API gravity of 13 and gas. The gas
30  included unreacted CH,, 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.
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Exanpl es 11-12: Contact of a Crude Feed with a Hydrogen Source in the
Presence of the K2QB/ Rb2QM®/ Cs2QB Cat al yst and Steam The reaction
procedures, conditions, and the K2CQO3/ Rb2CO3/ Cs2CO3 catal yst in Exanples 11
and 12 were the sanme 20 as in Exanple 9, except that 130 grains of crude
feed (Cerro Negro) and 60 granms of the K2CO3/ Rb2CC3/ Cs2CO8 cat al yst were
used. | n Exanplig Exhmplee!h anereabitonsieck dages) fnditistispgade fed] @fl. catalydDarn®l e
12, hydrogen gas was used as the hydr ogen source. A graphi cal

r epr esent kg gmneis infixagmpledt The erude prodypioidEasnde 48 avas arajgeeddp deisemineand

coke is depi.cted |n,Fl 14, S 1 r 7 duced,
bars 190 %ﬁgﬁjlggr%n‘%%dlrs %1p ™ 8 %Sn{()?\%/\l;{eo o“#‘?e%gg‘g%y rggﬁ?%‘ﬁ%@ﬂ%} ﬁﬁﬁj%gggt%gg%pbar S
194 and 196udegRb&se U, 14Vmaast naplatis el ghased disiliatee 0VSi ggdihs of VGIE aad ude

feed. ILn Exanple 11, 93 w % of crude groduct (bar 192), 3 wt % of gas
(bar 156) resdis coniyobP.00b ey apd ngsiletesigble amemmisf aaks-ght of the Cerro

Negro, was pro 1odd 9 I ), 7 -
wt % of gas (ba(rjﬁ%stg})lés é;%lgf(gi@%ﬁ%k@atg?ﬂ E(l:to ﬁa%?ﬁh%?%ggggméﬁ?g@%?gbased
on the Weisgllit?e@ih tHe@@es@ﬁ?d of el‘ﬂéiagn“h 503 grams (;]fcbafaijtdtgerm{)@admsbi cﬁrde\féeh)r?duces
conpari son of the use of nethane, as ydrqQgen source to the use o
hydrogen @dgtahrrogueiibstsgeladess srude prodweiihel 1§ 8 liguidapsiysg of 848, Ifaseﬂgiﬁve to
produce apel bt hAANRRRNE chiiRR: (PHIRRALT0% IR R:RNOCESSldifhe Hhid FEES The
met hane i esirable. enonstrated, nethane Is at least as effective as
hydr otfén gaslegsoduct hydla sujén eotentandiotal NiOhta@atentrd abmost @84 bt suifut he

presence of an inqrganic salt_ catalyst to produce a total product. Exanples
13- 14: PrBGT&FE’iltrﬁlr&g{\I &Bﬁtep?%“to‘hﬁ ridederds Sel ected AP Gravity. The

apparat us, I eagljQR;d s&%ﬂmlﬁwa&rﬁsﬂm@wgﬁhﬁ oTRylrde@ibBhy #ith Wolidde sanme
as in Exanple 59, except that the reactor pressure”was varied. Exanple 13,

t he react cangprdesidmteomnvefst tnabt RIR°Q a0, Y0bMBa, dideasi @.GHegramnofeydrocprbersi od. A
d duct wi.t.h API ity qf 25 d. t ot al

ot oduct - ity b s Fines diibuiion entsem 4ot Gt By D an it 190 s nge

from ps t 0oBRydr8e8bEM WRh A DBiling rimde didPibutidPbowasa ADd-S3344C (1H® TMHaEhHAD]

pressure % 3.4 MPa (514.7 psi) during the contacting
a.

Examples 11-12: Contact of a Crude Feed with a Hydrogen Source in the Presence
of the X;CO3/Rb>CO:/Cs,COQ; Catalyst and Steam. The reaction procedures,
conditions, and the K;CO1/Rb,CO3/CsyCO5 catalyst in Examples 11 and 12 were the same
20  asin Exariple 9, except that 130 grams of crude feed (Cerro Negro) and 60 grams of the
K5CO3/Rb2C05/CsyCO5 catalyst were used. In Example 11, methane was used as the

hydrogen source. In Example 12, hydrogen gas was used as the hydrogen source. A
graphical representation of the amounts of non-condensable gas, crude product, and coke
is depicted in FIG, 14, Bars 186 and 188 represent wi% coke produced, bars 190 and 192
25  represent wi% liquid hydrocarbons produced, and bars 194 and 196 represent wt% gas
produced, based on the weight of the crude feed.
In Example 11, 93 wi% of crude product (bar 192), 3 wt% of gas (bar 196), and 4
wt% of coke (bar 188), based on the weight of the Cerro Negro, was produced.
In Example 12, 84 wt% of crude product (bar 190), 7 wt% of gas (bar 194), and 9
30  wit% 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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period. A crude product with APl gravity of 51.6 at 15.5 C was produced.
The total product had hydrocarbons Wth a distribution of carbon nunbers in
a range fromb5 to 15 (see curve 200 in FIG 15). These exanpl es denonstrate
nmet hods for contacting the crude feed with hydrogen 15 in the presence of
an inorganic salt catalyst at various pressures to produce a crude product

with a sely ogg%éﬁkﬁgmxﬁ Eafnta&iﬁ VA el R THRRERHESF 2 BbHARicRER datatysivi t h

a hi gher o gravity s produced. Exanpl es 15-16: Contact of a
Crude Feedo prodihea Ridgeodetof a Kza 3) /RbCQOB/ Cs2CO2_ Cat alyst or Silicon
Car bi de i S anples 15
and 16, t H23Y “sane as

in Exanpl g F?araﬁ?é %E’énoﬁﬂﬁécédlﬂfe zﬁfd%ﬁ@ 1ﬁc@§ﬁu@§tﬂt &aﬁlﬁét)@ﬁére ﬁWsaﬁie'als eORx&apki de)

were directly charged into the reactor. at the sane tine. Carbon dioxide
(CR) Has Susewphthabthe aeactasrpresaurel wastsesio! e 15, 138 gr ams of Cerro Negro was

conbi ned with .4 gr of the K2COB/ Rb t at al yst
as in Exanpl e %Oamfge %%?Epﬁsmiyfsaq%arro gro ﬁ'ls c&%ﬁag&}éd with
83. 13 gramerifd. AldrhddRofdiRiideAPT Bratis 6f 250818, 5PC WhiRbdwes, ThE tigl Vi €] o,
CA). Such silicon carbide is believed to have low, if any, catalytic

proper t | epredngthad hysironashanssvidhon distritwtion 9 sabpn aumibessdn g range from ﬁ tagéh
exanpl e, t ted to a reaction tenperature of 500 C over a
od of GHnd e i

period of S netered into the reactor at a rate of 100

cnB/ mig. Vapor I3Exaepks o, €k feb&0r plessubewas dA Mms (5:13! 7 psi) &ﬁhlitg‘lthé Iaenmtimg
traps and a _gas bag using a back pressure of o (479.7 psi). g
product f PeFPd-hA ceeleprofey vithAPE srexty phal 8@t aﬁé Qn‘apwreeuced Thic tot

Exanpl e 1§Fod%§: ﬁgd IR0 Hal Bt X@%ﬁﬁﬁ%ﬁ\%{g&%ﬂﬁuﬂ% %a‘}%néeh!?mﬁ gqaggf eed)

of a col orless on 1 qui gravity o east 5
pr oduced f(s‘&rﬁmw(}hm@ 1% crude feed V\Ath the inorganic salt catalyst in

th b di d t h I 16, 15,78 1.95 % b d
on the vel ght Oggmg%% PRt o GHOs o PORAT T e e fe ik BYPESR
APl ggavi wgﬁ fprésen, %%ﬁfag{lﬁgfg%ﬁg sfa&%aa 95%0% p£elaﬁue§ wﬁﬁ?{g@% aﬂl&émaﬁacon

carbide in tm)sp
Exanpl e 15vithsa :tedm;tedAEI gnavﬁyt Bygenangtheqne&sﬁrﬁaahmiqueducﬁ mﬂ!@dughﬁrme

presence of th ani c |t catalyst is greater than the in-situ

gener at i orP % Wﬁ% edjﬁ catal ytic conditions. The yield of crude
product i g ﬁs-iéi Condébt @8 -(Aide Iedtin $hd/ PRésen&d o4 Ude product in
Exanmple 1 anplre 15 aI SO Elem)nsfraf.es fﬁaf_ hydrogen is generat ed during
contact ofaCQs/Rbs 53000 ‘ pén thendhsamice ot her@al n t he

abse 5§ Ohv%rgggnegggrcgyfn ﬁggmpl%g'i%%gd 16, the apparatus crude feed, and reaction

procedure were the same as in Example 9, except that the crude feed and catalyst (or

silicon carbide) were directly charged into the reactor at the same time. Carbon dioxide
(CO,) was used as a carrier gas. In Example 15, 138 grams of Cerro Negro was combined
with 60.4 grams of the K2CQ3/RbCO3/Cs,COs catalyst (same catalyst as in Example 9).
25 InExample 16, 132 g of Cerro Negro was combined with 83.13 grams of silicon carbide
(40 mesh, Stanford Materials; Aliso Viejo, CA). Such silicon carbide is believed to have
low, if any, catalytic properties under the process conditions described herein.
In each example, the mixture was heated to a reaction temperature of 500 °C over a
period of 2 hours. The CO, was metered into the reactor at a rate of 100 cm’/min. Vapor
30  generated from the reactor 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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Exanpl es 17-20: Contact of a Crude Feed with a Hydrogen Source in the
Presence of K2COB/ Rb2CO3/ Cs2CO3 Catal yst, Cal cium Oxide, and Silicon

Carbi de at 15 Atnospheric Conditions. The apparatus, reaction procedure,
crude feed and the inorganic salt catalyst were the sane as in Exanple 9,
except that the Cerro Negro was added directly to the reactor instead of
addition throu £ 1o 1R

hydr ogen sourcglﬁﬁ elﬁ%g%tjg(r?@pg essS%%g@wgfst%}O/.gisg:gL%%Pa (ii%{;o%g?)gmgﬁrfi&{%otfhe
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the K2CGB/ RbZC%/%%{é@Il%qgﬂayﬁmg\e%g.%%@ bavcExanm weibki of A6 cARIRFBST) oY
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t enper at uraeyallangeydroemb G0y 60 OviB. anpSPsgrevitnel 1 -hwazploduaed o con@yt offthe

Exanples 17 an 8..when the.te rat ure  was, i ner ed from375 Cto 500 C
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of total produckith&RhehPyRALGIE:QMplOPIRMEw, tHdaaisha gettriiadOs Hytirggeams t o
0.09 grans of coke per gramof crude feed at the hi g{;gr tenperature. The

sul fur corspulse ipthetpyeseseqiabthe ivaraanic salsentelxetie grwater fhapthoinpsitugangsatiop of. 008

grans of l.f ur 30 . p ' ﬁ%Hﬁ re.

Both cr ud}%ﬁ%ﬁﬁc gerhnéa W% coj;f{dgt.go s: ﬁ%g‘ﬂ:fetrlld @%A&E?Bmf%@ﬁ% cru Zé ?ﬁeieéd was
cont a¢ped oneiHal G ShRByieliel crodystolin@is Bginfipleal’s. tExahipde 5 aldo idbmbasteheachated
for Exanple 18. Percentages of crudef&;oduct and coke production_are

t abul at ed hydroesniitgeneratedhging@ntache @ﬂtﬁ@tﬁ@giﬁh@ pecssis af Ahelagrasnis
| ati 3 ' i 8. | furi i f th d
relative taggglggleg%??&%%gugag%r&?hg@gﬁﬁ;?geﬁi%. Desul furization of the crude

feed was no ectiv The crude product produced in
Exanpl e 1Eaiblepe7-201 WondhctufadCriniedthediwith adlydioges Sofircibfibe Passenogpar ed
to the sulfur content of 0.00 ramster_ gram of c §__e product for the
crude pro@idaGORR(E ) alejym Dxidocand. Silicon Carbideate exanpl e

kiladdpatic orerEL yigC aleyurm 0 =B A 2L
for | Einddd L b diyl | st ead of
t he F?%?S hetle 68 (?Hsz\;\./g%@%?dge E@g&ﬁé@g%@g@&%{;&gagﬁﬁt i on and

coke pr odindrganic salypathlystamedethe srneamsadxamplxrepept2ainkd Gtire dlegw whe gas
production _ and.coke production jn anpl.e 18. er .t.hese non-catal ytic
ond ¢ 1 ondddnt a5yl REescaRslsad of iRiich bousins patiieR VB bt By,

non- conde gﬁa%g uSRBas (RO Hy§rogerficii®e. OfheGlebidor PeQictay\ee1 Wﬁ\lﬂ?ﬂpsﬂr he
crude product produced in Exanple 20 10 had 0.036 grams of sulfur per gram

of crude @ngagéhs cantavtiag pdried She Bydrogyy gasslast rake s 25G e /granResctionude
prod UE(TJ P rtgnqllnjé:rg%rés? stgé(rg I}R}l\n}a ra%e8s', and percentages of crude product, gas, and coke produced
are tabulated in Table 4 in FIG. 16.
In Examples 17 and 18, the KyCO3/RbyCO5/Cs,CO5 catalyst was used. In
Example 17, the contacting temperature was 375 °C. In Example 18, the contacting

' Y.2C

temperature was in a temperature range from 500-600 °C.

25 As shown in Table 4 (FIG. 16), for Examples 17 and 18, when the temperature was
increased from 375 °C to 500 °C, production of gas increased from 0.02 grams to 0.05
grams of gas per gram of total product. Coke production, however, decreased from 0.17
grams to 0.09 grams of coke per gram of crude feed at the higher temperature. The sulfur
content of the crude product also decreased from 0.01 grams to 0.008 grams of sulfur per

30  gram of crude product at the higher temperature. Both crude products had H/C of 1.8.

In Example 19, a crude feed was contacted with CaCOs under conditions sumilar to
the conditions described for Example 18. Percentages 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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These exanpl es denonstrated that the catal ysts used in Exanples 17 and 18
provi de inproved results over non-catalytic conditions and conventi onal
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the Presence of Water and a K,COs/Rb,CO3/Cs,CO3 Catalyst or Silicon Carbide.
25  Apparatus in Examples 21 and 22 were the same as in Example 9 except that hydrogen gas

was used as the hydrogen source. In Example 21, 130.4 grams of Cerro Negro was
combined with 30.88 grams of the K;CO3/Rby,CO3/Cs,CO;5 catalyst to form a crude feed
mixiure. In Example 22, 139.6 grams of Cerro Negro was combined with 80.14 grams of
silicon carbide to form the crude feed mixture.

30 The crude 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
érude 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 infroduced
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Exanpl e 21 denonstrates an inprovenent of the properties of the crude
product produced using nethods described herein relative to a crude product
produced using hot water. Specifically, the crude product in Exanple 21 was
| ower boiling than the crude 20 product from Exanple 22, as denonstrated by
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catalyst (31.6 grans) was charged to the reactor. The Cerro Negro crude
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25  of a K;CO3/Rb,CO3/Cs,COs Catalyst to Produce a Crude Product with Increased

Volume Relative to a Crude Product Volume Produced under Non-Catalytic

Conditions. The apparatus, crude feed, inorganic catalyst, and reaction procedure was the
same as described in Example 9, except the crude feed was directly charged to the reactor
and hydrogen gas was used as the hydrogen source. The crude feed (Cerro Negro) had an
30  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/RbCO3/Cs,CO;5 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.



25 0. 16 nol es of hydrogen, 0.045 noles of carbon dioxide, and 0 025 nol es
of C2 and C4-C6 hydrocarbons, as determ ned by GO/ M5. The bal ance of the
gas was nethane, air, carbon nonoxide, and a trace (0.004 noles) of
evapor at ed crude product. The crude product was anal yzed using a
conbi nati on of gas chromat ography and mass spectronetry. The crude product
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catal ypt (44. 86, gtr ﬁkﬁé@r@%%’é&%xm%ﬁha%%mh% rSleifSof #gd, 104 grams of

total product an
K5CO03/RbyCO4/Cs2CO5 catalyst produced, per gram of crude feed, 0.95 grams of total

product, and 0.041 grams of coke.
The total product included, per gram of total product, 0.91 grams of crude product
and 0.028 grams of hydrocarbon gas. The total gas collected included, per mole of gas,
25  0.16 moles of hydrogen, 0.045 moles of carbon dioxide, and 0.025 moles of C; and C4-Cg
hydrocarbons, as determined by GC/MS. The balance of the gas was methane, air, carbon
monoxide, and a trace (0.004 moles} of evaporated crude product.
The crude product was analyzed using a combination of gas chromatography and
mass spectrometry. The crude product included a mixture of hydrocarbons with a boiling
30  range between 100-538 °C. The total liquid product mixture included 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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25 granms of coke was collected. A portion of the coke was athibuted to coke
formation in the addition vessel due to overheating the addition vessel
since 104.1 granms of the 133 grans of crude feed transferred was crude
feed. The total product included, per gram of total product, 0.86
grans of crude product and 0. 025 grams of hydrocarbon gas. The total gas
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crude feed in a range di stribution bélow 149 C. For the three runs,
the aver agaoncucmihc pn@dempowcblwllﬂ( bhsitingpaintheclowilght*Cort & Y MPa). These

products were not detectable in the crude feed.

The used catalyst (“second used catalyst™) was removed from the reactor, weighed,
and then analyzed. The second used catalyst had an increase in weight from 36.63 grams
20  to atotal weight of 45.44 grams (an increase of 43 wi%, based on the weight of the
original K;CO3:/RbyCO3/Cs;CO; catalyst). The second used catalyst included 0.32 grams
of coke, and 0.01 grams of sulfur, and 0.67 grams per gram of second used catalyst.
Additional crude feed (104 grams) was contacted with the second used catalyst
(44.84 grams) to produce, per gram of crude feed, 104 grams of total product and 0.114
25  grams of coke was collected. A portion of the coke was atiributed to coke formation in the
addition vessel due to overheating the addition vessel since 104.1 grams of the 133 grams
of crude feed transferred was crude feed.
The total product included, per gram of total product, 0.86 grams of crude product
and 0.025 grams of hydrocarbon gas. The total gas included, per mole of gas, 0.18 moles
30  ofhydrogen, 0.052 moles of carbon dioxide, and 0.03 moles of C;-Cs hydrocarbons. The
balance of the gas was methane, air, carbon monoxide, hydrogen sulfide, and a small irace
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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20 crude feed) was 89.7 wt% wth a standard deviation of 2.6% the average
coke yield was 7.5 wt % (based on the weight of the crude feed), with a
standard devi ation of 2.7% and the average wei ght yield of gaseous cracked
hydr ocarbons was 2.3 wt % (based on the weight of the crude feed) with a
standard devi ation of 0.46% The conparatively |arge standard devi ati on of
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addi tion to 150 C...The hot hitu cont.i usI nmetered fromthe
S ¢ 1 on 08 BEtes ife mgnasSylic e fpretic: FERERLS! Ik i A IRROTTEAERT ai 1 t he
crude feed;ishiiiticd HeR¥eha9$Cc50% of the reactor vol ume, hovvever the rate was

insufficient to maintain that | evel. The nethane/ st eam crude feed was
cont act ed wi t hHohthedhrea ryrst tlmavamga@elcbgeoduct yield (based on the weight of the

20 crude feed) was 89.7 wt%, with a standard deviation of 2.6%; the average coke yield was
7.5 wit% (based on the weight of the crude feed), with a standard deviation of 2.7%, and

et

the average weight yield of gaseous cracked hydrocarbons was 2.3 wt% (based on the
weight of the crude feed) with a standard deviation of 0.46%. The comparatively large
standard deviation of both liquid and coke was due to the third trial, in which the
25  temperature controller of the feed vessel failed, overheating the crude feed in the addition
vessel. Even so, there is no apparent significant deleterious effect of even the large
amounts of coke tested here on the activity of the catalyst system.
The ratio of C; olefins to total C; was 0.19. The ratio of C; olefin to total C; was
0.4. The alpha olefins to internal olefins ratio of the C,4 hydrocarbons was 0.61. The C,4
30  cisftrans olefins ratio was 6.34, This ratio was substantially higher than the predicted
thermodynamic C, 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/irans
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20 internal reactor tenperature of 456 C. Contacting of the

net hane/ stearn/ crude feed wth the catal yst produced a total product (in
this exanple in the formof the reactor effluent vapor). A total of 1640
grans of crude feed was processed over 6 hours. Froma difference in
initial catalyst weight and residue/catalyst m xture weight, 0.085 grans of
25 coke pg[efﬁﬁéﬂcp&zaﬂ vdeTheadié @R RAtkr itihn the predatidihernhodymménCact of the
crude feed wth the methane in the presence of the K2CO3/ Rb2CO3/ Cs2CO3

cat al yst, cﬁ/msgﬁcﬁmrdioofﬁal product per gram of crude feed was produced.
The total prodyc Jc ud 3G i 1 él%lﬁlcgﬁﬁw &Crﬁdg%e%mﬁ’f gas
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cat al yst, .ajd f@é@%ﬁ%@a@dﬁiﬂh@%&iﬁ@ﬁ%ﬁséw t5i@ TR héthamaRarat i on. Exanple
27: Contact of a Crude Feed with a Soﬂzen Source in the Presence of a 15

K CO / Rh -ContiboRgdy nGteratl from ﬂmﬂdwméres at H)p gfminds thaweaslenint Juoitegmbédur e
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total of %{Saﬁi@élﬁﬂ@n&ﬁntgﬁqﬂﬁlémd was processed over 6 hours. From a
difference in initial catalyst V\BI% ht and resj due/ cat al yst m xture wei ght,

0.114 grams of Tér@metb@w/sg@aarﬂmﬂe& a eatpatelwith e GafplyHi @t fpayYedse  based
20 on: (;he B}V%B gf'll 218:f r{egﬁ)e?e[t&%eo 4384 ’%Ilch]%cqi! QJff % I%gthgﬁé}gfﬁmﬂj éﬁed%tf@éd Rigduct

per g% Gt uce prooduct per grain

of total ﬂieoﬁttﬂjrst plodirded b acta! lﬁrbd@:m(lrﬁmt d&aﬁfplcgmaha farfn affthe ecaptop @ ifiitent
excl udi ng the amount of methane and water used in the reaction. The gas
i ncl uded, Vﬁqu -gram of gas, 0.021 granms of hydrogen, 0.018 grans of

A total of 1640 grams of crude feed was processed over 6 hours. From a

difference in initial catalyst weight and residue/catalyst mixture weight, 0.085 grams of

25  coke per gram of crude feed remained in the reactor. From contact of the crude feed with
the methane in the presence of the K;CO3/Rb;CO3/Cs2CO; catalyst, 0.93 grars of total
product per gram of crude feed was produced. The total product included, per gram of
total product, 0.03 grams of gas and 0.97 grams of crude product, excluding the amount of
methane and water used in the reaction.

30 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 wi%. As
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25 carbon nonoxi de, 0.052 grans of carbon dioxide, 0.18 grans of hydrogen
sul fide, and 0.65 grans of non-condensabl e hydrocarbons. From the anount of
hydrogen sul fi de produced, it may be estimated that the sul fur content of
the crude feed was reduced by 14 wt % based on the weight of the crude
feed. As shown in this exanple, hydrogen, carbon nonoxide, and carbon

di oxi de weshewnrinthie ethﬂlh,d:lymd;@h, dsabdnmmoﬁoﬁde tand caxbonxiiatddé weRprodudedn
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appar ent t&w%l%sea@kdﬂah;ﬁﬁ CIolbhies @rihteldhl € 8146aE wabilpgdescri ption.
Accordlngly, this description is to be construed as illustrative only and
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woul d be FAAT 95.718 B i : e : Ipc%rl)flt of
this descrrp

descr ibed mmbw:mmsmde@atﬁlwt@nﬂrma hEhesaplparaltusaamd réf0ioe p@(ﬁceﬂht&: was

nvention as, descri bed i the foll ow clains. 82 The clains defining the
: nventi on pglffgméfgi qsy}g ca:wgl?tlons as described ?ng Example 26. The K2C03/Rb2CO3/C52C03 g

catalyst (56.5 grams) was charged to the reactor. A total of 2550 grams of crude feed was
processed over 6 hours. From a difference in initial catalyst weight and residue/catalyst
mixture weight, 0.114 grams of coke per gram of crude feed remained in the reactor, based
20  onthe weight of the crude feed. A total of 0.89 grams of total product per gram of crude
feed was produced. The total product included, per gram of total product, 0.04 grams of
gas and 0.96 grams of crude product, excluding the amount of methane and water used in
the reaction,
The gas included, per gram of gas, 0.021 grams of hydrogen, 0.018 grams of
25  carbon monoxide, 0.052 grams of carbon dioxide, 0.18 grams of hydrogen sulfide, and
0.65 grams of non-condensable hydrocarbons. From the amount of hydrogen sulfide
produced, it may be estimated that the sulfur content of the crude feed was reduced by 14
wi%, based on the weight of the crude feed. As shown in this example, hydrogen, carbon
monoxide, and carbon dioxide were produced. The molar ratio of carbon monoxide to
30 carbon dioxide was 0.6.
The Ca-Cg hydrocarbons included, per gram of C,-Cg hydrocarbons, 0.44 grams of
C; compounds, 0.31 grams of C; 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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1. A met hod of producing a crude product, conprising: contacting a
crude feed in a contacting zone with a hydrogen source which is supplied as
a gas in the presence of an inorganic salt catalyst to produce a total
product 5 that includes the crude product, wherein the crude product is
condensabl e at 25 C and 0.101 MPa, the inorganic salt catalyst conprises

al kal i metgh c3aldriahld hhoeirbahs WRAEH 5! The €, ablkpbindyiiad| Serigharh b€ G, nor gani ¢
salt catalyst are potassium cesium rubidium and each of the atomic
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by using grc?@ggﬂl%hfét@ trersgf’%#%o jet ween 200 and 800 C, a reaction is
pressure in theprbsgaoditicieas Hdhliendtivdedbadimentgad vartoay agectf efther atio in
the range from 1-16, 000 N8/ n8 and a fl ow of crude I, ed sufficient to
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resi due content,”€xpressed 1 n grans of residue per gram of crude product,
of at 10rosbf 8athiaf thdse skitlsd dhutheapinhe ptnarhl hiavmec ofickeringe dut the ervention. e idue
content. 20 js as determn ned, by M. Met hod .D5307., 2. The et hod as .cl ai med
in claim i beHedeariRe W@t@a?f?laﬂaw © LBiFRTPR S Gt BIer e Such ¢ hat
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tenperature of the Tnorganic salt catalyst, and the TAP tenperature is the
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gas inflection. 253. The .method.as.clained in claiml| or 2, wherej he
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car bonat e#n theretensantndaseribgddagrpinrmsithedut dyphrong Gew, the apiris andretape LI | ne- earth
metal 30 .h‘ydﬁoxi d§sb. %lre 3@ En%%)e .al kf;\lisrret al hydrides, one or nore
al kal i ne- ERFTHONEY &F° Iﬁ@ a1 G "8 Mbte sul fides of one or nore al kali

nmetals, one or nore sulfides of one or nore al kaline-earth netals, one or

nore ami des of one or nore alkali netals, one or nore am des of one or nore
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83 _ 5. The nmethod as claimed in claim4, wherein the one or nore

al kali nmetals are sodium potassium rubidium cesium or mxtures thereof
and/or the one or nore alkaline-earth netals are calcium magnesium or ’
m xtures thereof 6. The nethod as clainmed in any one of clainms 1-5,

wherein the hydrogen source conprises hydro [

: gen, light hydrocarbons, water

gr m xtures thereof. 7. The neth%% as clainmed in any one of clains ,
-6, wherein at least a portion of the total product is produced as a

vapor, and .t.he tsra g
h 9@0 flentiBMAEd Sithovondensi ng at | east a
t he vapor ez%"n% %Q?L(fl MPa to form t‘he crude groduct pogtl'?'ﬂe()f

met hod as cI ai red Ameimd ofpeodp¢ing p gUASPTPIFEL CARBYRIH contacting a crude

10f eed with a hydr
oocurs in h cont acE R R e e e as praviding
steam t 0 a suppltedasiarggs rote ppserse of 81 YOTEICI Al CHBKTTAR PITYCe 2 total Ogm )

et hod 29 (AT o M ORRagl, ShAbiclerilc 081smohﬂﬁhs£bﬂdjxtezsf°€emdhas from

rans of
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0.2 grans, at nost 0.1 grans, a
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during the con
claimed in SAp Eh% }mgggr g]aél ges ?ﬁi@@&dﬁgygﬁ@?ﬁgﬁﬁg%{}ﬁﬂentmlale,easTbé gresshod as
0 of resadue per gram of crude feed, and the morganic salt catagfst ex%%qs In Srditted gas

inflection of an emitted gas in a temperature range between 50 °C and 500 °C, as
determined by Tempora! Analysis of Products (TAP); and
- controlling contacting conditions temperature, pressure, hydrogen source flow
and crude feed flow by using a reaction temperature between 200 and 800 °C, a reaction
is  pressure in the range between 0.1 and 20 MPa, a gas to crude feed ratio in the range from
1-16,000 Nm*/m? and a flow of crude feed sufficient to maintain the volume of crude feed
in the contacting zone at 40% of the total volume of the contacting zone, to obtain the
crude product having a residue content, expressed in grams of residue per gram of crude
product, of at most 30% of the residue content of the crude feed, wherein residue content
20  is as determined by ASTM Method D5307.

5 The method as claimed in claim 1, wherein the contacting conditions are also
controlled such that a contacting temperature is above T, wherein Ty is 30 °C below the
TAP temperature of the inorganic sakt catalyst, and the TAP temperature is the lowest
teraperature at which the tnorganic salt catalyst exhibits an emitted gas inflection,

25 3 The method as claimed in claim 1 or 2, wherein the emitted gas is water vapor
and/or carbon dioxide.

4. The method as claimed in any one of claims 1-3, wherein the inorganic salt
catalyst comprises one or more alkali metal carbonates, one or more alkaline-earth metal
carbonates, one or more alkali metal hydroxides, one or more alkaline-earth metal

30 hydroxides, one or more alkali metal hydrides, one or more alkaline-earth metal hydrides,
one or more sulfides of one or more alkali metals, one or more sulfides of one or more
alkaline-earth metals, one or more amides of one or more alkali metals, one or more

amides of one or more alkaline-earth metals, or mixtures thereof.



has a TAN, a total content of NN Fe, a total heteroatom

in gams of NIN Fe or grans of heteroatom per gram of crudgopgggt 1 aﬁ)c(lp'[ ﬁZSEd
contacting conditions are also controlled such that the crude p’roduct al so
has a TAN, a total NiN Fe content and/or total heteroatons content of at
nost 90% of the TAN, the total Ni N Fe content and/or the 25total heteroatom
content of the crude feed. #. The nethod as clained in any one
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0 feed with a hydrogen source in the presence of an inorganic salt catalyst occurs in a
contacting zone, and the method further comprises providing steam to a contacting zone
prior to or during contacting.

9. The method as claimed in any one of claims 1-8, wherein the crude feed has
from 0.2-0.99 grams or from 0.3-0.8 grams of residue per gram of erude feed.

15 10. The method as claimed in any one of claims 1-9, wherein the contacting
conditions are also controlled such that, per gram of crude feed, at most 0.2 grams, at
most 0.15 grams, at most 0.1 grams, or at most 0.05 grams of hydrocarbons that ar¢ not
condensable at 25 °C and 0.101 MPa are formed during the contacting, as determined by
mass balance.

20 11.  The method as claimed in any one of claims 1-10, wherein the crude feed also
has a TAN, a total content of Ni/V/Fe, a total heteroatom content, expressed in grams of
Ni/V/Fe or grams of heteroatom per gram of crude feed, and the contacting conditions are
also controlled such that the crude product also has a TAN, a total Ni/V/Fe content and/or
total heteroatoms content of at most 90% of the TAN, the total Ni/V/Fe content and/or the

25 total heteroatom content of the crude feed.

12, The method as claimed in any one of claims 1-11, wherein the crude product
also has, per gram of crude product, from 0.00001-0.2 grams of naphtha, from 0.0001-0.9
grams of distillate, from 0.0001-0.99 grams of vacuum gas oil, or mixtures thereof.

13.  The method as claimed in any one of claims 1-12, wherein the method further

10 comprises combining the crude product with a crude that is the same as or different from
the crude feed to form a blend.

14. A crude product or a blend obtained by a method as claimed in any one of
claims 1-13.

15. The crude product as claimed in claim 14, wherein a weight ratio of atomic

35 hydrogen to atomic carbon (H/C) of the crude product is at most 1.8.



crude product.
fuel, lubricants, or chem cals,
bl end as clainmed in any one of clains 14-17.

18. A method of producing transportation fuel,

heat i ng

conpri sing processing a crude product or a
i 019. The nmethod as clainmed in

claim 18, wherein the processing conprises distilling the crude product or

the blend into one or nore distillate fractions.

20. The net hod as

claimed in claim18 or 19, wherein th§4processing conpri ses hydrotreating.

10

16. The crude product as claimed in claim 14 or 15, wherein the crude product
has an APl gravity in a range from 15 to 30 at 15.5 °C, wherein API gravity is as
determined by ASTM Method D6822.

17. The crude product as claimed in any on¢ of claims 14-16, wherein the crude
product has from 0.00001-0.03 grams or from 0.0001-0.01 grams of coke per gram of
crude product.

18. A method of producing transportation fuel, heating fuel, lubricants, or
chemicals, comprising processing a crude product or a blend as claimed in any one of
claims 14-17. - .

19. The method as claimed in claim 18, wherein the processing COmprises
distilling the crude product or the blend into one or more distillate fractions.

20. The method as claimed in claim 18 or 19, wherein the processing comprises

hydrotreating.



