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SYSTEMS AND METHODS OF PRODUCI NG A CRUDE PRODUCT

FI ELD OF I NVENTION 5 The present invention generally
relates to systens and nmethods for treating crude
feed, and to conpositions that are produced, for
exanpl e, using such systens and nethods. More
particul arly, enbodi nents described herein relate to

Sy SSESFEMS! AND WETHOPS CEPRODUCING A TCRUDIEPRODUCT
that has a residue content of at |east 0.2 grans of

B P ENVRN m of crude feed to a crude product
H]{Iﬁ%t(ﬁrls ) 'I;llq?l?qui d mxture at 25 C and 0.101 10 MPra,
andTieprebems inveation generalyrelfmeto spsternband methodsrfordeating crude

in ¢onparison to the sa roperties af the crude
feed, g .tgpmlw&ﬁt@ﬁ P@Eﬁ%@_@%f%%ﬁ@fﬁd peing fafh SalFEs md
meﬁbdﬁ%%ré’oﬁh}géﬁlﬁ@}, %uﬁ{oﬁgﬁ did @Sscibéd hédeinteiateAth! s9¥Wetnl %ﬁd methods

crudes t e econom call'y transported, or processed
for venvesicoo/eomide fed thatdiat atrésédie cantent ofatdedsy 0.21g5ams of residue

referred,t "di spadvant aged. crudes”.. Di sadv ed
pes gFaii oL ol S ACKdY HOM AU I (ehe JRuidpbRge 3 25 %€%8d 0.101
MPhEd{BFhasHifelbr Mote Pfopetttiadhitardingtoléd mWonpatidon to the same
expensive to transport and/or process using
propertioeeftheemidetferd. | i ties. High residue crudes nmay be
= ' = jres to convert the crude to
EgRE——Areracvety . —trgh resi due crudes are
t y pCade that haRiBR opinidie WahiitabRiprp@tied BaNdY Adtulies the crudes to
20 produce | ess viscous crudes and/or crude m xtures.
be qonemisally dpsporied, onproesssadapnggonventinnal fasilitieg care commonly
Vi " rude m xtures may be difficult
ref%?&éﬂgoﬁééﬂﬁlﬁtggg@éﬁﬁ%sg’hs_ D sadvant aged crudes may )
i ncbidevdiyalied ganles oftes centhinhyldtioelghighigvelyafresidue. Such crudes
processing of hydrogen deficienf, hydrocar.bons,

tend gmbs t FAPPRSTER o JFATRRRTE BRUKSF IBCGE HEREICPYY GRtignal facilities.
HighSel éegrud?saﬂm%* be! h‘@i’ck& at ﬂlgﬂ E&gﬁéfﬁtﬁfﬁ% EoR@pmAL erude to coke.
ing fro roces d d

esu cracki ng ses are produced.
Altetvetinge/tdgh eosidie ciuigs predypiesiingeatedivith water at lightemperatures to

i_.nvol ves t he se of, an active hydrogenation catal yst
Proage Iges Yisious grudss rilos uck D PG WalprgRmoval
FrofQhe 39 vEOKR crided 08/R0 chile Higkurd they BE SHSA! Wi Sdnventional

costly to transport to treatnent facilities. 30 Coke
meagsy form and/ or deposit on catal yst surfaces at a

I d rate dyri ' f di
[ PpeBatesdory B GERAT ByuSem A R B ARedL bRt e
profésshgCtiAtoEen dERAbR HydedcathoRy, akiSientingntitienpiydiregens
used during regeneration may al so di m ni sh the .
germrallywieey tobe addedcparticylanly ifiimsarrated egmends reguliing from gracking

deteri te. i { C i . aai di
o naariend: BOEAR GR bR LRy e
usdbiEAakti(e Hyiogerafion baaktl deyfrededdd todahibinuagstaatsd febpsnents

with a relatively high't TAN may contribute to

fromoformisigmekef Hydrogen isorasBy énprodace andorcogihy foirqnspgyt to treatment
d/ or
factities.

Coke may form and/or deposit on catalyst surfaces at a rapid rate during processing

-

of disadvantaged crudes. It may be costly to regenerate the catalytic activity of a catalyst
contaminated by coke. High temperatures used during regeneration may also diminish the
activity of the catalyst and/or cause the catalyst to deteriorate.

Disadvantaged crudes may include acidic components that coniribute to the total

acid number (“TAN") of the crude feed. Disadvantaged crudes with a relatively high
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processi ng of the di sadvantaged crudes. Renoval of

aci di c conponents from di sadvantaged crudes may

i nvol ve chemical ly neutralizing acidic conponents wth
vari ous bases. Alternately, corrosion-resistant

tals rra be used.in fransportati on equi pnent 5
HHFYJFOIBF te 42 POrZOSRNLP comppnegtsaluging transporting and/or
t
Pm%%%%l%%f%a%*%ﬂ@ﬁ Bl (L, bR bPARUK RS moShl "

dlsalhlhmlagemcradeﬂha}n thveiye dhemidall ymentraldiindgridie Sbmpbhents with various
d‘&her thod to inhibit corrosion nay involve
basgy M RerBRAIohs CORRTPREIRAt FAaF gy SepgedingepsRaTtaiign equipment

and‘gf g:g@&sé]ﬁég@gpcr ﬁg:@;@&ﬁﬁ 38 SR H-r R REE Rt thﬁﬁ r%f\zes

dvant use Oor corrosion In I tor

signifiyam egpnnsa cdnd thid ewetuse @f coamesidn-1ddiseme chetad wenm@ement
qual,ity of products produc:ﬁd from

crudes, and/.or th
may H%tqm?a% le. mhg&éa ol EXTORIQN WY inyofye addition of
corfo%ioitlhﬂiﬁitb!rs%afk cﬁfdcgrﬁé wﬂ%@‘%& %r profc9§smg of the
el, van ir

exa , hick Ium a n
msqdwenteg@i wgdﬁ Eheaise of mtmommhﬂ:htormuy neganadysaffearm;hmment
t am.nan

usefl 1 BRAERS 3pS bryes 2 Gihe SRRty B Bog Bl PR Gy e grudes.

catlaisx&&am Brd‘él%@ﬁﬁ tc%nﬁﬁ»’re%%ﬁr Hglt 85biMs of Metad] SortRminants,
activity of the cata yst D sadvant aged crudes often

for ﬂmmlmdmaj;mn@@umj awgmomel)mapmsssmf susineruides, metal
r gani cal

confaifitis, SRR SO iisds MR Bl Wiy dobostf SIS surface of the

catebjsh OF theaidid 9biahiesifthe Atk tI SuEk dépo%ﬂé hhy 3Rle@decline in the
al kali ne-earth metal sal have been used in

acﬁmééﬁifké@taﬂﬁﬁ- desul furi zat| on of residue. These

ot 1o aiRAeBRbolis bR inkpe or BBl bR hocnpBle (R exampe,

sulfilf; Rk, Ia.ﬁdlhitﬂigen)ef(blfgﬁhﬁﬂl@y boﬁnalrh%rbﬂ:ﬂnﬂfmay, in some situations,
substantially inse Ear abl e sal t oi |- m xtures,

havean jadyerss pucalplysts. q\kali mefabs @rmmla@@klﬁ -gath metal salts
hav@ B&Plisci%h fdc\é?s!eé’fﬁ'cﬁ&lﬂ%f%ﬁ%ﬂfﬁ% 18 U ficke prtit: Sses tend to result
n 0] 3 eiln F

processes or | provi he qual | f “cru
in pﬂdﬂdesglfanzhtiomafﬁclbmy, ﬂrc&ladﬁmdbhgbnhsduhlésmdlge ﬂmﬂembﬂaﬁlzatlon

wel ercent of conmponent s contrl ut.in 0.l he 25
eﬁ@r:g%a Ko st sy M@@S%ﬂb f galtrofl K e%%éwpn of large
I ant aged
mﬁ%ﬁﬂ%ﬂ%ﬂi %ﬁﬁgﬁﬁ%ﬁ&kﬁﬁﬁ&@wﬂgh%%gﬁﬁk%ﬂ%?ﬂﬁﬁﬂgy g

e costs of di or 1 ncreased
c osSqmd: prohessds forilnprovihigsthd quaittag’é drugle imkhede atiddig 4 ditnent to
ent, to,a di sadvant ac%g cr u

i sBaS 1SR IR SRR prut o Soifbnn i i inytigg to the
dlsdﬁ%ﬁﬁéetﬂfﬁ?eﬁeé 3@.6151;1% diiferds IRSASVeL (pefbral aﬁ ﬁmc?e'igesm)gtstdf treating

d el m et 97 to 30 Pastern et al
dissgvantggeisgudes dqeﬁg thet coats of dilues and/e0 wm&mstsap hatldle the

disidyastosdd Gudy Adiifon Hifienflo s aisivRBndalbrhide ik am spife

sﬂuﬁ%ﬂsddeo}éase@iabﬁityof éhcﬁ%f‘udb‘lo to Fujinori et al.
37,980 to Heregmet al .. 4,591,426 to Krasu

aI U S4Patest Nos. 3136\ HAp Sibsop, dek; 558,747 tarGlein ﬁh%lr, 3e347 797 to

S 2
Pl al o 048 7o KR BTG Bho Qiricly B 880 at8 0,
Mc@okiR et £12t3,94D, 'R}Molma(%man dosl,; 4200320060 Bakd! . eNnal1d3,470 to
and 20030149317 to Rendin
Baird, Jr. et al.; 4,224,140 to Fujimori et ai 4,437,980 to Heredy et al.; 4,591,426 to
Krasuk et al.; 4,665,261 to Mazurek; 5,064,523 to Kretschmar et al.; 5,166,118 to

Kretschmar et al.; 5,288,681 to Gatsis; 6,547,957 to Sudhakar et al.; and U.S, Patent
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descri be various processes and systens used to treat
crudes. The process, systens, and catalysts described
in these patents, however, have limted applicability
because of many of the technical problens set forth
above. 5 In sum disadvantaged crudes generally have
Applicdtien Pualilicatipn dDjosr200360q0867 teRaymilds and 20030148317 th Rghdina,

des{oih Hops ProcERRe ALy BERIErd B oA S o e, ABgest sybtoms, and
cata!’l‘)Ys‘i’g @&aﬁb%itﬂé’segﬁﬁﬁﬁﬂlﬁ&ﬁéveﬁq@& ﬁnﬁﬁ@%bﬁ@é&llﬂ?r because of many

properties inclade relatively high anbunts o
of timelmical lpreblemapaforth sbqvicor exanpl e, rel atively high

Corl SR A iR R, BSOS B el (o exampte
relaB{ &) HeFPrekidn g, U Adnc P BpborfJAR G RicAt, | #8/02 A dérdlency to consume

treatnment facilities, including” increased corrosion, .
relatively darge dmountslof bydiogeredurpngdeeatment).u Gihen yndesirgplgproperties

ARG, MRS SV bl G5 BB oyl b

TANNSYZaNR a1 P bsuind BeterdRbme dhd/ozmebt sl contintihatits)s Suoh properties tend to
conversion of di sadvantaged crudes into cr

‘ ude )
caugs preblems iicenveptional franansTielian sad/er FeHwealieriileh duclding

s

hydeogehdieing eedmydnt. hThis there ivwrsigri ficait yedroniio apd tedhmiealaneed for

total product cqnprising a crude roducgt,.and, .in .so .
ImpERNSE Ay REms sethigs, aafioc rlalgre fopcomvELsioB AfidkH VAREAEEH el into
cru{l;beaéx%%l{fcts @Jiﬁgggﬁt?ﬁéas?t:hgﬁfnagé g#o‘?é §esi@bfeONPOSi tions that
S

e novel conmponents therein. 20 Such
y OPTHEENVENTIOMN ned by using the systens and

e gtists deesmbed hEein e P oY e AR Beioas 66 contaoting
a crudd %é%ﬁtduﬁ'g?ﬁ"e STHER chafftsth blodhch 4451008086 ebaPrisihgtaigude

presence of one or nore catalysts to roduce the .
productded dnsdmeeinbotimerits; nonsondensahle gad. InMentioas gespeibed herein

conpri.ses catal yst. containing K3F :
slsq BB gRals Goponrabotioes it FEmRYelou e §fcdiBprsats thorein.
Sudi QEfokitiond BRI bebitgined BPRLiag the§sRnlaud endtheid debdribed herein.
hydr ogen source in the presence of one or nore

cat Bhy mvention providdue meshodnf prengring acruderodyctqogpsising

* conii AL it 0B o O T REesRE P el e gttt o

profifiét 16:8 oAl préduet Wiieréih be oLy of the tatalysta Remprises aatalyst
sul fides, and the crude feed having a residue content
congdinimg K¥aebi0. 2 30 grans of residue per gram of crude

fee det erni . e d cing:

contPeveREEAR Y BRMAdH 0L fnaBBiduct, comprising
coricbilg @l crildisfead with3t hydrdlfen govaes imfhe presercepefiongronmat catalysts to

crude product, the crude product has at |east Q.00 .
roghemn ol Daiiek it eridoy g gk IEPARFD YRSEIRARS crflapiogact i a

iqul & @athlyéB compridih@ one or

hqll”lﬁ\%gsﬁ{{?%% Q%WQQ ?r%%sﬁé%él%? t!hpr e p_a}(rZ [ r? ém%nc r gd e
moPs Ratisition erbsulidezgand the phele tfeaichaving acksidize edniwnttdf ahleast 0.2
gragé?qrf |org eglgps;?% E'qa%l Io? crtulglee fe%ﬁ,egse e%e?'m&)r]cledqtg]yeAg’i’MTMe&od 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.
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produce a total product that includes the crude

product, wherein the crude product is a liquid

m xture at 25 C and 0. 101 MPa, at |east one of the

catal ysts conprising one or 5 nore transition netal

sul fides, and the crude feed having a residue content

of dihelineantion also pyoides aethod ofipreppring a coude prodiect;demprising:

feed i.ned, by ASTM Met.h D5307, d
coRLIEF Tl FE AL PHGToRGh Ao b BEREnCh of Ot Topisfatalysts o
produed W edt LIRS KRR REeruddFrodiS ARERH e \Chitd éﬁ'&duct isa

least 0.2 grans of aromatics per gram of kerosen as
liqeis noizattion @ti 2 H §C andON0L/ATPR dt BELR8e of Hee detal ydecmmrisingione or

a freezin [ at a.t.enpe of at npst 0,3
mdfe W EGEomthebd ShlrRt i Lol fopd Baing Aest i copfias oF at Teast 0.2
gravPelusiidhepérgamlofRile Bed)as datihe®by ASKM BEsthéd PBBOT; and
-crude product. The invention also provides a nethod of

copfralling ronjactingrapnditions sucdtthatdheemile praguct conmrises kergsene, the

I d . wit hydr ogen rce in t resence . of .
kel il 2 MR BPGOBINT A sy b BBl RO erdiiniped by
ASTM Methsd DIs¢86,IthelRerps Baving W Tedeping 2€ b YéipaRata e eftat most -

is a 15 liquid mxture at 25 C and 0.101 MPa, at | east

30Reandetermineton ASTM Mshst D2386; and therudeproduct having at most 0.05
rsar}si g‘iaon net acl’f sul fi dgs and the crude feed having a
BT e BB et Ol uaR PP 1‘é\"g‘t 0.2 granms of residue per

gr armhefinvehtie alse peovidert membd of plodfcias Alchide prduct, comprising:
conditions such that the crude product has at nost
confagimgc erpde fred o oE engprmorg catalysts to

: &rdcs HOBFERPNETE 18 .
oo R P O (PO, OB e ocucis o
liquiidtmaixtire aci2$ yC Ard B 10 NP4 aDledstGne b thel davdysts eoimptlisidy one or
provi des a nethaod of producing a crude product,
mase Fppsitior getal syfides @mﬁ aie&nédquad hasdng aresidug capispbafat least 0.2

00 btk ST SRS A, AP oipo o icP fotis such ot

theporodimbductthas el moﬂtf(}mi%lgﬂﬁ I\(;g bdchmlgirﬂn af ctudg p'?aﬂtuﬁt with a weight
. t

ratgaqxflaﬂ%rgic tyelﬁvfﬁ?g 1 21;9536 FEGR (45) o e GRSERIORRG PEabimapt 175, s

] [ , feed having a resi due content
acphbAy AT bRo8 s :

grans of residue per gram of crude
f ee@The asveritioe nlsod peavidis aafdthbd/bf produdibg @ trudertoduct, comprising:

oot drpdyteed auh By ipediciadiie n 52 FiagRIcG ohoT i iRy Coalysts t
prodabd ﬁlﬁiti:llriﬁ'ol_v@l% St irfNRdes W bridiBprolihd, whetdm the @Hid@%r&ﬁfét isa

an atom c Cratio of 80-120%of the atomc H

liquidtriztuyé at 2(e°C and 8.10¢ MPa, ahlsasi ond of precutadystheomprising one or

e U5 B Bl g5 2B B B Sy ot e 02
grae dTQekiMR3bF prirh S f 6hudd Fedd! BFUGEmIIAN PYASTM BesiliodDISW, and a

grams_of napht ha per gram of crude product, and the
wetghp rativeoflatamicdhydrogss taatemicipasbon GI/Qtn thepruderfeed Toad least 1.5;

aod (Y el RS ReE B S NG R p bl R o

of BO.d2ORVIT tEOatbAfc HIT tR dMBSENae fRf, dBentle pfodRt having a residue
catal ysts, to roduce a total product that includes

4 prod
contret of ptigpesyt e o€ the rafidiesontant of thesadefeedas detesmined by ASTM
u a
M. ogiulggiz (gﬁ}, ;r%et cgrﬁc(l: rora?%tﬁaﬁgﬁg ﬁgleé%]&aﬁ graﬂlts olf‘ﬁgﬁl{‘thg E& g%m 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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nore transition netal sulfides, and the crude feed has

a residue content of at least 0.2 grans of residue

per gram of crude feed, as determ ned by ASTM Mt hod

D5307; and 5 controlling contacting conditions such

that the crude product has, per gram of crude
proguasdutotal pradubicthst includesithg cords podduch phenein thaerudeprodhet is 2

o 28 LR BN 415 O e R o img ome o

morR tEfBioA SnetAlNB1ARE OfRANRe cfad¥ £2d 1Ak 2 k&idic dntend bAAE st 0.2
aromati cs per gram of kerosehe, as determ ned by ASTM

y
graius pfitngidg pesgraanel arde feed.as datermingd iy ASTVddethed IE0A; and

corfal e\ BRRE T SAsBERons e B o it baaned Baf B SRR xR
pro@idt: at(846KD.001 BRANEET dapkibAGhehapitishavinBaloctie Aimber of at least

aromatics per gr_amof VGO, as determ ned

by IP
70; pblens @ M ggrams oflserosanenibie kerpses epmrsing arp@@%/i% éhe kpgosene

bar iS5 epbipd ST YGEO s e S kerbihe B by RS T
Method 5186 1id thd kerdedriedeiingt Reaingdwiftend tompérature of at most -30
hydr ogen source in t he@%:zesence of one or nore

°C, ea detexmingd by SpYIdVieilod D23 86i ot 1qast 0.0k grams afvagim gas oil

GO T SOGB40 PSR 0 i
by TP Meethog 388/905aitd &tiflodd 003 griig of fekitiue ! dsaleterininyd byeASTM Method

sul fide catal yst having a total of at least 0.4 grans
-one or nore transition nmetal sulfides per gram of

t ot ; iti j S
¢ ocThe v ARRI A by 8 Sbulddlft O Binkod oralO Bregfull Somprising
confggfl\l/lg ?/Etﬁbr:h dfb%iS vggg arhydfogen Ed&cét I fiﬂﬁe pﬁ&er:c{ﬁ&ff_emﬁion arbrbyatalysts
o : controlling contacti .
CONEBHING 3 B%ime%ﬁﬁggﬁ@t ) t4takprodi thas igcludes the
orudle 8%{195 3%%&{11 ﬂlﬁ KRadR Prodllcfl A quid HiSuR AD4CT ar@ 1 §1NKAPa, the
crude 1br oduct B

as a residue content of at nobst 30% of
trarsitionrmetalcudfidsocutaipst hefing ladotal ofths 1éasb0l4 gaams dboms orimens

e SRR 5 oL e et 3k B0 e i o
havifyy A&iduB e?ﬁeﬁtrdfda@ 1280512 Ykl oF 1B ORI ur R OF Efade Tedd) 8

presence of one or nore cat al ysts conpri sing

a
.detérmansi by ARTVEMithasliD$5 307 andicaritsodling eontacting centitions such that the

roduyct,.that in es th rude_pr t [ e
crufi s Ham atmoftD U5 Bk 5 okd 4 ekt D tlae pARICE oy iikForude
prolfi@ had B fesidue@ateht SfatMRIsRBOR W thiRsidat sbntsit dfake rade feed, as

total of least 0.4 grans of one or nore transition 30

deterptingd yuASTHEYgtad YSHM. of -transition metal sul fide

cat st, the.crude. vy ' ST
o PSS o R S § 00 pRRBLE Do
contREflg adRilictBed withAchydfopea sbave fipthe pieehcbust oneir endre odtalysts
at least 0.2 grans of residue per, gram of crude fel[?FiI;ldeSﬂle

corapriFingwiansition mgtat sHiide eatalystde prnduce A dotal praduet dhat
' ] ) { 0
e B8 SR o B RPR, SO B s Rl B0Ama
raitidemehbailde hiasya havisidustabollenst nt gramsalf one st mdfdtransition
of the residue content of the_crude fe&%, e %ﬁ .
metal HBgeeE grame Af ragsiticpsmefal Bfdeeadalist, § W&?ef% aving a
nitrOBdPCorti of ES18H D, G0 Prsl of SitrBSerfidr Prath 3¢ erudié fE5d] Yhd 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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Met hod D5307. The invention al so provides a nethod of
produci ng a crude product, conprising: 5 contacting a
crude feed with a hydrogen source in the presence of
one or nore catalysts conprising a transition netal

sul fide cat al'}/st to produce a total product t hat
contest ofat snash30%afiberssidug gentent gfdhecmde ti@%wbwzqduugm content

is b dleiled O ASTM Meeq 83763 A repiofEdonit is A Betorminedpy ASTM

MEehdd @s30B. of one or nore transition netal sul f| des
per gramof_ total transition netal sulfide_ catalyst
t he eention dlseaovidesns siethod offprofuriseatdeprogrctagomprising:

con%gﬁé%ec%ggﬁce%r\?g@a%% NI /1\1/ écﬁﬁc&p %r gélae?%r%{e PHQ? {n%?ed?atalysts

reS|due

coﬁzpasﬂllgmfuohmtdltmmﬁ ca@l panioproduteEietotd edodien that mcludes the
controlling contacti ng condl tions such that the crud

crigleqaoductmierain the eude poslugh is adiqyrd madue ah s °gand0d01 MPa, the

tra%%ﬁ ﬁr?%ﬁﬂguﬁide c%%s?@%ﬂfto?ﬂ%ﬁﬁ%ﬁ¢vggﬁ1%onten?h‘%gﬁnsmon

mctaltmitﬁdes ger grahroftotall rapidsh imetahauifide catalysty thecomdecfoed his a total
5 nost 30 of the residue ntent of the cr gfg
8 COEWBt f@?ho MWS%N@HFG P& ggm ftfé’!'é}%# @nﬁﬁle crude

?gtyglr m n@%@%@%&q&thodhﬁgg%ﬁ I'n ea%? ?%cgudT feed; and

coptrailing eentacting domditinhs pucicthat thg cade protinchhasdit atost 0. 05 grams of

L o A b S
90996Pth NI)‘WF & cbitehss Q&uﬁﬁ tl, Ic éﬂ? fhysd re%ﬂue content of at

produce a total product t I nclu e crude
mqst 30%odf thevresidue nonthnt ofrtheiemple 6bdcand whereini NV (Ferviontent is as

defiimined By HXT Wethol 15565 ad el i 6 o8 GeteriipedEASTM

Mé&hod D807t ransition netal sul fi des per gram of total
transition metal sulfide catalyst, the crude feed .
havilhg iavestion glso poerides a wethad of pwucmg@@:u@rmlmﬁ compnsmg

r L_@gram.qf er f eed the 25
cofitrfi e e el Tt o e 5e B e bisSegoe of b4 & G ptatyets
co@tisig attaakitieh wektallsaftlie cailybt Eprodtdd d total pestiueEihatiicludes the
condi ti ons such that the crude product has a sul fur

- crydgipredict. ovhegein theyrudepimdyet is pdiquid mixturs gh2& ¢ and 04A% MPa, the

. gl [
trafOF B Sl R Caral s HANELIARD LB ¥ orppore
transitiche meext gulfideeperi goam wif fotal temRitidntmdtal suifidedatatysy) the drude feed

by ASTM Met hod D4294 and residue content is as

hayiag & Shifweepnignt aEatNeass 600 irasas oy pargampfcridedied, and the
i u??edgﬁﬁrﬁiégfl%lsﬂug%&@ﬂt .':Rﬁe{agf @9 Weﬁe&aﬁ‘é‘ﬁéﬁ %9'% go'fghf’z‘ie feed;

conpositi on, npri si ng:
and cmtmlhmg)cnmmﬂmg conditienssicth ahatmltead:ruﬁﬁpxtoduct Hasaigulfar content of at

T S Y T T
cont¥aY FT%E 5103936"/‘3 o %1 %(?w%éﬂt %Ttﬁ'h e AL foB4 %ﬁ&%ntsﬁﬁ’ur content is

Intermediate wth su e preserice of one or
as feteningdibp ASTDA Method PA2eHiaml tebidut cantanttis andetetahed by ASTM

Mdihod b§§o7.catal yst.

The invention also provides a method of producing a transition metal sulfide
catalyst composition, comprising: mixing a transition metal oxide and a metal salt to form
a transition metal oxide/metal salt mixture; reacting the transition metal oxide/metal salt
mixture with hydrogen to form an intermediate; and reacting the intermediate with sulfur
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The invention al so provides a nethod of producing a
crude product, conprising: contacting a crude feed
with a hydrogen source in the presence of one or nore
catalysts 5 conprising a transition nmetal sulfide
. catalyst to produce a total product that includes the
in theypresepe ol e, orwnae ydrocardons Wwdwodunosdhe transition metgliswfide
cmgbﬁgyre at 25 C and 0.101 MPa, the transition netal
‘ide catalyst conprises a transition netal sulfide, .

t he Thelaentien disb Prdvides DmeBsd dPFrodasing dlerife RbdlRARknprising:
0.2 granms of residue per gramof crude feed,” as

coglaetdgs erade fed witdmhydro gapsopsaon theprasance bf ome eonergaatalysts

oo BEFnba EBrRdRt o it RGBSR BpEGE ol PeTutbinnppudes e
cridle p&mcc,rmiﬁmmwgmdbari@h Nighidemixhira 8624 POAnAB{1BE MPa, the
sulfide catal yst is obtainable by: mxing a transition

- trapgition msjal gelfida gatalystheomprises p trapsitionmetad sulfidacthe e feed having

o 850 U o g B, e, o otrmin
ASTMNMghod DS307 rconiolling contaetdiontitions authrtbstché awde broduct has a

i pt er nedi aée with sulfur in the presence of one

resifBiee oRiFat ofcat sk S0t thoresidae poptenttihe frude fesd; 348 wherein the
rafibh B BB Bl 8 ShBUERIS VU2 ol LM TR o
mewl calh teformediransitionanétynddpemetad sultmibitare] feacigthe haesitibn metal
ox R en R e St P ki ok e b
intbrineiate WitHisH1f HhitHE Brefdncé of Qn@@xdmgr%wfgmnﬁ@&lgfdaﬁce the

crude feed having a east 0.2 grans "o resi tue per

traggition metat sulfide tatalyst. as det er mi ned by ASTM Met hod
rti.on of t

D53Q4: . [ t.,] t,. t | ‘.
or o4 e itEB8GE ol pitvidss AReHP B o g s otplE piodii, copprising

conth@inga@udéfeed #ithCa Eﬂﬁlo%#ésgﬁrcyplﬁ‘ﬂlﬂﬁgseﬁ@é & &1 drlifore catalysts to

crude product, wheré€in crude product has, per

praguesn tsftalprodisst thad thebides ﬂte dredesprodu@Owheyeinrthe afude productisa
tiqfiRRER at 45 BRED. 151 BEHE. Ao e BdeR8 niER Shielh ot argms of

resitfuelpepgianofforGdefded, Gl déRriR Al LASTMNcthbd DBD7 Mz udag at
deté;”?n ned by I P Method 368/ 90; and at nost 0.0 grarrvsg

loaga pasivaiathe faluspdiatian e Tapsy; purionsing ROSass goriompiahe vapor o |
25 pCAER0O NS R S Bo e R, wPG8R i B o, per

grafty of @géprdducic st least 0001 piaacsfitaphihagthe nagtitHaRAVingS ah betane
talyst to produce a total fﬁroduct t hat i ncludes the

rurgbercRs o eaehds ot IeABOAOL rwes of GO, fenl Goblavirises Teasd ) dugams of
axc LS i o UV GO e By 1R LB BHE 962l A8sP b 05 gramms

of residde, asdettrrained byASTMMethod 5808 at 25 C and 0. 101

MPa, ., and the crude, product has, per gram_of cyude .

pr odili Avention @l proyidse ¢ 0 herude peodugh sAmAESing:
corlRiing Bhdc £O8 ik o HirdHeR Wil i BRGRAED Fof dnMorganis sal patalyst
to pvbdined: tB&T Bduet thhteaclndés. the drugde prxivof, whesdin tHeadrede fzadihas a

t nost 0.0 r of resi.due, as determ hed by, K ASTM
resie ﬁ%?@&f@g teadh(E2 Bt repin s R 6 ode Betlusdisergined by
ASTNVPRIEATHOD §8(F, HidGrideqstd ot i€ TR ShiRfire 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
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contacting a crude feed wth a hydrogen source in the
presence of an inorganic salt catalyst 5 to produce a
total product that includes the crude product, wherein
the crude feed has a residue content of at least 0.2

afferinined by T MeBad DY S st leash QLOGH gramBiof dstiiate ] 4 most 0.05
I b
g%llgd‘frrgsﬁﬁe %?d&]pﬂﬁ}ﬂe@bym@s%@ﬂetﬁ&@]g gfe crude product

per gra crude” produ east 0. 001 grans
of diThe ddventiowlalsé erovitles aghethad ofprolinciag a&nﬁlegjt@dtﬁt @bmprising:

aronntics ra of di esel, as determned_ by, IP
RIS Heu BRIt hydgasen soise in segfe Qs ingregnic el catalyst

B Gl e PR OB BAG 1 ATt s

redidds cgntanisofdt lerastsh. B geamsast resiéteeperi gnam off yrutis Tadd)ed tetekmined by

Agf@%ﬁ@ﬂfgdem@we@é ik depredubt Eg%{ygﬁ&%ﬁtﬁ a0s éiglpch%lgl MPa, and
tHechstR: JrB&tkt whd, ?I Perdf St ﬁr?gﬁ&eat'l&sfbgopg@gs{ﬁrdlégel, and the

an |nor ani c $ to produce
digsal dtnas:at ledst 0.3 grahis o€ srondatice pergaraprofdisse], asvietemsiined re IP Method

5055 PP VD o Y B 3 B2 g o

gz@.nn.?ofm@rras @éteﬂhgﬁedi TP MetiitidaIngo;
det er m ned é ASTM thod D5307, %g&gﬁmsacrudé‘%?ﬂso residue, as

deterzninedron Methadld53¢mat i cs cont ent of at m)st O 1

nMoRAQCcwCl i c [ o )
0 borTninyBRRRCHE) brridet A et Trprfidinid » Bivde Briyof fifrising:
cob@actitp iatPude Fed With adlydRiged bowres in @Je%r%ﬂé@of(& morgamc salt catalyst
hydr ocar bons that are not condensable at 25 nd

towwe pratabprodaelthetdngludesdhepmude produdt wheesin tlms:mde product is a
| h that..th

g8 FEAC AR, 07 8 ine EAlle (e I8N i OBt Least 02

grhma&fréi%@rpﬁﬂgﬁm of ditde feed i3 @RiteMined by AS EXOMetHod D5307, and the

ent of the crude feed, wherein nonocyclic rin
CTY %f?ﬁfl ilé%a E@H?wc .r@gégoraﬁ@cﬁnmao R Ingsems eigmonocychc

n%irggr&hﬁ%p%régarﬂa L Er gu d ?Lﬁ@c&fu%\ﬂﬁrd%iéon é?&%}‘ﬁ%@s such that

dizingdke Eamattinigtah noshy.2 @mﬁbﬁwdrmrbdmstﬁm afd 188 @BEdeneible at 25 °C
catalyst 1o, a produce, a_total

ﬂﬂﬁrbo{{ﬂ ?%C O%ﬁls Beferamipd cprdgfeedh 28 determingsh by aass balance, and
suEl‘i HEAE R de&r]?cé ‘ieigs hiﬂl)&ibgyc‘ﬁb ﬁoﬁﬁn&%oﬁe@{‘gg & l&a%@?% greater

MPa, the cr as a residle content o
thgn 2mogoeyriicaingrapsmatins coatengoftire ofudefesit whemin maaocyclic ring

det d b STM Me d 30 de feed
arfyRaiis et e SRHmbI DY TSt Dina of ol of i ne
per ﬂf%ﬁ{uoﬁra%%rﬁﬁﬁgs a meffdd%? Hdﬁlciﬂlg'%gg@é‘%ﬁﬁf&t?%ﬁnspnsmg

condi tions such that the crude produc
COG@ntﬂ&m coide fead widlne hydugen sawres intthapresérecof efi i mm'gamc salt catalyst

R RN AR PR

hq%icﬁﬁnﬂ[u‘é\ﬁt gsscanaretmm {h QUHES FRd Has § &é&?cﬁle%gféﬂ%f at least 0.2
conprising: contacting a crude feed with a rogen

grauipbresidue peregrpmenf snls fodd, an detaonigad by ASAIN Ma‘hadl ;35307 and the

el ST oy 5B S g et
an&bﬁﬁ%lﬁn@bor&ﬁctﬁg&ﬂﬂdﬁoﬂ@émﬂ@ﬁat thd'rudé PrREERE aR3YRE cBntent of

esi due content of at |east
at least 5% greater than the olefins content of the crude feed, wherein olefin content is as

determined by ASTM Method D6730.
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5 0.2 grans of residue 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 deternined by Tenporal

Anal ysis of Products (TAP); and controlling contacting
conThe inveationl aleo proniides hanethodief poduking alkasleprodirt,domprising:

corsafing Uk e Wb hySRORE SouRe dh sroreack o fugriagif salt catalyst
to @% LG o %Eocfu%é% .ngtuﬁ’eseeh@ deProdlice LR Rhe érﬁdé‘ﬁroduct isa

erm ne 07 The i nventi on al so
ligpid ewiities aazm hredi0.001 MRl thei mgi&afeed baldnga ochihte, content of at least

bl n eSS il i m
%951&&%3811 BPLEEIH%G Gac in 4 Dt ekd%ﬁﬂelfgﬁge Béﬂ&e&{ 4t5ieC and 500 °C,
pr 0 t crude pr o

erein uct is a liquid
as datermined by Téﬁlpé‘rahmialysm @f Piviemctst(MAPSy anﬁe:oh‘eeﬂlnga:@nactmg

coBdGiot i B B sl S Bt ol S SU P s ot i
pel R IR IF AR rolRAS at Widst 3099 08 PHol rBsitHe aintaa loF the cRiidk febd

i'horgani c salt catal yst exhibits an emtted gas
whamin residuo nonitnt iams deternvived by ASTM MethodbP530Tir e r ange,

e B FEREoRARY P e rofep Lol pigRucton pBRAR RScueh fpipbrising

coﬂtﬁctﬂ\%td’&&ﬂb feddl vath 36y drb SR8 it dh ﬁld}fre@hcé Sﬁﬁi m@fg&nﬂf salt catalyst
the two inorganic netal salts and (b) a

to mredp@raamnd eprczsfuctzmat imeludavthg srude uct,oahqsﬂyéhe cryfejproduct is a

iaGETbbACS PO TISERE ol e S0

15

20

25

30

grmfﬁb@dwlﬁer%ﬁﬁb@fmﬁé fiebd, hiedforghnic 8hlt cathlysinpiiaes stfleast two

t he resi due content of the crude feed, wherein, resi
inoggemiemetal saltys and ibe dporpsmielsalt catalyyienibis an sauited gas ection of

o A4 1 AN A5 1 BBEARS0 EARUE Pttt
(TARY magsein ﬂiwmeted gad ﬂnﬂeatomstemp&anfrc sange liobgweerc (a3 alDSC
cat al yst to produce a total product t ha es the

tenm%erem Sé1iRast ongied s v igereapiGaRetal gad @ﬁéﬁé‘é tjapegature of
T aHEE o oty 30 cPhefiling Cnackiig P%%%"ﬁé?g Sl B Sheonde
pragnetrhasfa regidulecdmtan, emsesgslat iargramsof ﬂnyldnsiﬁm gvamhnfadrude product, of
w3330 v BEIGE L e 3 LSS R i

de ﬁﬂﬁ@&ﬁ%%ﬁﬁ%éﬁ&&ﬁsb@?men 50 C and 500 C, as
eterm Tenporal Anal ysis of Products (TAP);

and The ummtlmg alsh pravidesse metbodiof produting haruds produsisosmprising:

N
RbfudEARu] ?@o(ﬁfct fhat ineludBethe chiib pYbduct, Svidieinithy &lE ffdduct is a

a so provi des a nethod of produci g‘g a crude product,
hqmdnmvchsc ab2S ‘G et 401 Mpaathsrogeds feedhasm renidie ﬁy@m@fg@rﬂt least 0.2

ey G5ieitibd Trh 5 SRS £k, A GARRTAE br ASTM MR 5307, and the
incBEd €alt ca‘!ﬁlgs’S tekhibith En eithd '\%ﬁ affleetion 5f & erhittbdigds in a temperature

m xture at C and 0. 101 the crude feed has a

range beipen $6:TCeand 0 °£&, a$ defgmiged by Tgrantl nabysisio Feodyets (TAP);
ancg%gglg?l%lg eﬁéj e#‘ fli%ggct%ﬂgh {hlaF a 'vgl?lﬁl%aorf thie éﬁhé pfb?lh@é ﬁ‘ﬁ&uced is at

least 5% greater than the volume of the crude feed, when the volumes are measured at 25
°C and 0.101 MPa.
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gas inflection of an emtted gas in a tenperature
range between 50 C and 500 C, as determ ned by
Tenporal Analysis of Products (TAP); and controlling
contacting conditions such that during the contacting
at nost 0.2 granms of hydrocarbons that are not

condba invsntion also pravidesc method of preduping psruderpductpomprising:

f d e T
N e
to ﬂdcbﬁia* totdl @RgTucs ihaginchudestheenidecpradt, inlieeréiaate wiutle pﬁ)duct isa

en source in the Presence of _an inorganic sa

h%‘étfallx £ atd 30" G@rehidd 81 Yo the crmeo%féba% w@ldiuﬁepwae@ﬁaﬁ keast 0.2
b R rant 0P ERIAR LD o] M REAAYSAle ERaRst dibifisin emitted

mXxXture a e"cru avn

gaar mﬂe@ﬁun cfantepittied fasin o temptaraﬁﬁe ange beoren G (bandcﬂm "C as
gram of crude feed, and the inorganic

def@ra:map@by Thawoel Hanlysis.of Breducts(TARY; and fla%aﬁoatqcaﬁge
co%ﬁﬂﬁ%r uch ?ﬂf (Ilsxrén 1‘;] F%gn&c at%%s@ WE %@%s@hymuc?rg?ns tb?t are not

coridénsabjeeat 25i 9idret 0. aﬁblMﬂarme ﬁirinedg)er grani aftrudgyfeed, as determined by
coaﬁiti ons such that the crude product has a residue
T, expressed in grans of residue per gram of

Cr Ugfe RLRAHGH 8139 Pr&gdﬁmetﬁgﬁ/ ®Phrol g&né ﬁ%fﬁéepxswec@hlpnsmg

of the 20 cru reiln residue content 1s as

comtedtingrd erede fepd ASH\ hm:trhgm $05R@ 1n thepresemee of aminorgagic salt catalyst

to B <o) o et toe RS R e SR el It grpduct s

hqﬁi‘&%ﬁﬁu& Bt 29 REPO.20L 8 R brhdiOfe8d Riving 8 résidi! dh¥ht of at least
0 produce a total product that includes the crude

0. Axrema of residue per granhef mdmf@e@ra@dlﬁhq inorgasic saltpatalyst has a heat

t 25 C and
tafonint Bimpire b bepern 0D kD SOLIE o4 fEEIRKBY
diffRéntial sdiofingCaldiitndtBAMS@NE 4 Mk dMYr Wrpéranindle; and controlling
cat al yst has ionic conductivity that 1s at |east the

contagting copditigns pudht thatdhe erude praguchias agesiduecomientgepressed in

o 4l T R3S o Aoy SR Bt

crude Técde vhegirt Ridub icontentsis e détbmhined by AISTIM MithodiDE30AS
a residue content, expressed |n1p%r ans of residue per

gr arRhsinvention alse pryides agnethed pbpiodueing grrideprodigt fo@prising:

ol 5l oy 10 €55l OO S

to pioﬁﬂcem tovil peacsduat that imolildeé thercadieqproducs, whereia the adde product is a

o i LTSNS o ST B APt
0.2 péfatgﬂﬁ Q?Hf%%lq;@ %ﬁhh&r Q08Cfeed, g thé'rohsafk &R%a&‘l%@ﬁas ionic

uct e crude product |sa to l1quid
comductivitythat is2b leﬁsiathel idhid GdndhBtavityt dfet deagtiend afdbe nmggaaic salts of

the{ﬁs' due Sc nt g{n%&‘f tgl%lﬂlgteﬁﬁ%}ngaﬁﬁng rans3@;t(g%ds?6te (E)er
ﬁtﬁdemﬁa% éﬁﬂa@ﬁﬁ%bhdﬂ%h@éuch%tttﬁe m’ﬁ'ﬂ@fwﬁidﬁcﬂas lagagidustmtet,

nmetal salts is an al kali netal carbonate,
exlam‘seﬂ regraniskedirésidies per gravaofiomde produrt; ofattest 36% eff the residue

ool AL bSRRLoR ST o B oo
psabkal i metal having an atomic

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

and controlling contacting conditions such that the
crude product has a residue content of at nobst 30% of
the residue content of the crude feed, wherein

lireil due content is as determ ned by ASTM Met hod D5307.

mixipeerat 26 nCand 8- W VP adhe srude ford dap o rosi clmmgtegft of at least 0.2
o Pl bR A, PSRRI e LA et mor

salksg Ivheegih at leadt ont of fHeCdkilematal ﬁilt@hs & siAlCinetaMo@behdte {40 the
crude {ﬁeed has a residue content of at |east 0.2

allglipgtalsthave an atoenip BRmBerek 4 feast Lidand aidgast ppeatore geéw. of an
at lIPe ast or‘é ?t&tqiﬁé h&ﬁﬁ %f%fie%%'l‘ig;gl g‘ﬁﬁ%gl tnger% m}k b atomic

numdten prelaged tham ldas uﬁ:ﬂfhngh gronfD { ab il 0y@idalontrbling contastiiéchditions
g?trﬁger of 11, and at |l east one atonic ratio
su the:s em;? UGk besA Foside AeutaRt oftabrrogt Hrwé Hhegpsidue content of

th &add fel:&lt ﬁgﬁé%léhhéé EortEt3 ad) %@f%@eﬁiﬁ%ﬁm.

great er I's in arange from
pr odiheiinmgendipn lalsapiroddesos ticthod of ptddecing atcahderodutstf confprising:

b R o VLl it St s
to PRHALGE § tdtﬁ]fepr&%lié:@ fegh?li@ﬂ W6d crdads fééd%?é b g&?duﬁ ‘ngn% ﬂfe %I%t l%t 0.2

nmost 30% o ue content e cru

grapheof msidne pengramad cprde\feath ﬁnann@hmdabﬁatplysmmprg;walkah metal

saf, et o SE e albainohal Bam bl Fmela b ifring te

aliallithetald have/ st atohfic REABMGT afle@tial aff Me&f enemsﬁﬁd AtibRE an
crude feed has a residue content of at |east O.

alkghi apesaldfavingAncaiemisanunghen of aff least ddi¢o srealifali mamlhmngamammm

el o BN 115 PR AR 6P Lk, 1B et Sl R of e

- tothlegradudi¥sls vaisor; Sdidlehdifg 2l léadt b pSRidIRIfAhSv4ApRY &t 291°@hAIDI01

nunber of at |east 11, and at |l east one atomc ratio

MR, and) forming the credeanrodigly wherein the emmile predavidias gfresidue content of at
mds??@% 0}&%%1 g unégr ‘Iof% &Ld&ﬁ%#ng an atom c nunber

greater S inarange rrom0.1 to 10;
pr odhe nm@nabn hl@a@fov@dﬂsw théthod 6f plotiecih® b dtudePiédlict, tcoftprising:

a vapor; ¢o nsi n af least a,portion of the vapor at
contactg, ;Md“@e f%eg Jﬁkﬂgenfseflfﬁ%@ thepresepegiel @rmet&amc salt catalyst
{
o YRGS Dok gy Sl SR el o A BB 1% 1 02
graﬁtsmﬂrem«km pevigrarh b crude Véedethednorganio dalDéatﬂyﬂCUdﬁipﬁQesaa]kah metal
cru P guct co riéiia-ﬁg: contacting.a crude feed
salf) Wherg 4t deashenr ddhe ﬁlqtﬂéal& 1828 plkaligpetalhydride caithe alkali
el b e 2RI ubihePGLAIGR: 1, B3t QRN Slonki Thtio of an gl
metaé having ey etoicinumberoft 15t 1 torah dkadixhetyPlavidgan stotdenumber
.a.resid tleat02 11 grans
sregfBF fhed 1] i€isEFangs Bafof L &9 Soicpredisine fiieeet hgpioniad theoral
prodéials WSlap6 CBhdenEing AP Ralla ﬂUPﬁ@n ofthé %lbor'ﬁ?ﬁgbcsaﬁht(f‘wl MPa; and

one or nore al kaline-earth nmetal salts, or mxtures
formm @gb;udmlﬂe@@ch wiregein dlic ¢rhée prokaétihasre rasidueatontent of strmost 30%

oft§ kal 4‘1 ?ﬁébo t wherein the alkali netals have
i &ﬁog At ‘east 11; and controlling
CONTRE {vBRKiHPA1SH hriofdRs & Wedthdd M prbiRifd 3 etde pRicRey E&mpnsmg

has a residue content of at m)st 30% of the resid
congasting arcreste feebwith.adwdragsd source in the presence of an morgamc 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

11



10

15

20

25

30

wherein residue content is as determ ned by ASTM

Met hod D5307. The invention also provides a nethod of

produci ng a crude product, conprising: contacting a

crude feed with a hydrogen source in the presence of

an inorganic salt catalyst to produce a total product
granmaof residhepergrat of crude deq; ﬁnbumrgamh sak catalysiecomprites one or more

stllighltiale e ar moce it S Beial e, GemRurP oo vterein one

of a{eaﬂiealpﬁlet%?&l@ EarPAkalP R esrbeﬁété ke thé aﬁaﬁ &gwmﬁ-, an

sal't catal yst conprises one or nore alkal i
atomyid mombeliest, at deast bi; an centenllking cordactingtconditivns stE:hItha thoerude

o St E5bng ISR YR o e T 8 e,
whefd fslduB FonfeRiid s H&Bﬁnﬁﬂ&%'ﬂmm&h@d pdeopr oduct has

a residue content of at nmpbst 30% of the residue 15 .
con{Taatinvehtionalse pmdmla‘selau@tho& of pioducing a ¢nulcoodust icomprising:

S determn Met hod D5307. The i ventlo
cony g?d&xﬂ?& OB SOPERER ﬁrrgvrgsema a"p‘n”8£ﬁ?8{° salt catalyst
to ﬁfbﬁﬁéd §toﬁﬂ tprodiﬁf‘ﬂﬂ?ﬁabﬁﬂeﬁth@ lHER prédisbt Whdiein the cHuad ﬁfbduct isa
source in resence of an inorganic salt cataly

liquid ipixtire 662 5°C mcb@ 19} MRag theramade feed h@m@sulne c@mtgmeof at least 0.2
e o DS e gt 08 AT w8 By doifiles one or more

alkiaR Shelalehydfxides] oritf ordhore @liGline edrth SHetilBalef of @ttdiee tKBi‘éof
gram of crude feed, the |norgan| c_salt catal yst

Wh@mﬁhesﬁ@@hdn@ta@rhama@atomlmm ereafat laagtdll; gad corrplling contacting

ﬁg‘nsaéugﬁ‘ kl%ag fcgtgcferbrgn@%% ﬁgs %{'esmu)étc%?ﬁt SR LR 3?%2)?‘ ﬂ}ﬁ residue

ere| n ave an atomc nu

contestsdf thelcrude feed owhdreinl regiduecotitan is mgletamiindd ONASTNEMethod
é the crude product has a residue content,
D5 Q%ressed in grams of residue 25 per gram of crude

P o e nyefion aOPRividHs ¥rfianb 4 6 pis g a A GRRY, cofifpriine:
cotitgctigMrivis feod wWithhydrdgen souxcent ﬂmrpreéaace pni‘ avindegane salt catalyst

to BgHbcka o) i e inglaes B il oot orisrns Shesradngroduct is o
lighid rhifurB LESLRE s, | G MPACTR AP hde 58d has £RE1ALY SntBMDbS at least 0.2

wat er, the hydrocarbons have carbon nunbers in a range
gramsoofi rgsidue 1%er grare oBcrude fvid, thednbriganic aalt eatalysteoppnisenene or more

ol el 15 e oy ARG Al toreact e e EeB e ot wherein

theemm BetaBave Bh hdGdit ABmBEr Gt fakt Iie Gn&l ’e‘§nttd1hﬁg contacting
tenperature range between 50 C and C

corubmmsmlnleﬂlabmemadlua\haa yrsisiglug fcontpnto a:eprp&sed n@ams of residue
and pr.odu dro The.inventiop.al so
pof g SO Rt o TPt P ISR B cPlte feed,

wheRiPFesilub gonte s h@&étb@ﬂn@d by ASTM Miteod BS@b’;WI th an
morganl c salt cat aa%gt in the presence of steamto

gendhbainveatigmalse provides ampshorhef producing byipgemsgasgeomprising:

cmﬂ cq{n%%te&nqg‘ﬂ?& ﬁ)élgso%lggy Eﬂorg B@oeﬁﬁoﬁs@%gh e&%?en%e 0?31'1 ﬂ#y?gamc salt

resi per gram o

catﬁllyﬁﬁdndqﬁai&?ﬂfeeﬁﬂrocaﬂaoﬁs ﬁ@&eﬁfamdiﬁﬁmh!ﬁdr@ﬂl d¥anpt MoirhDtb 6, the
D5307, and the i nor?anl c salt catal yst exhibits an
crudpfeadchas g aesiduerqoatent efatdeaskp. 2 mams atregidye per aam of crude feed,

and ﬁx@%‘?&r@&ﬂ& Gall @aqgﬁst%ﬂﬁﬁ?tg Bn g&t%da&g ifdetiSh of an emitted gasina

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

Products (TAP); and producing hydrogen gas.
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as determ ned by Tenporal Analysis of Products (TAP);
contacting a second crude feed wth a second catal yst

in the presence of at |east a portion of the generated
gas streamto produce a total product that includes

t he crude product, wherein the crude product is a 10
I|qﬂhﬂnnenmmutbmpmﬂﬁbsaanﬂh | aftprodieing apmide produet, comprising:

conf B A TRETIRe Tl PRI R S R AGF BEsees of g o

genkfit@h bYEsticand, AR gdsQFEAR CoMBrififg ?amgeﬁ BvIRSIR NS fik6crafle feed
the sécond crude feed. The invention also provides a

hasrmeesidde ofntedndabieastd. 2@@3@ 0§ resédue pee erqm pEiirsgerude feed, as

corginaing ASTRL Mot pL PR iROSRERAF s bt o

emitel 38s {ifROHORSS & Eifitted ds mmteraaire dge%sweea &7 °@I &1B500 °C,
of residue per gram of crude feed et er mi ned

as gesTvingsk o derapal Analysig ehBroduety @TAPM@n@pmwecpné cg?a@ feed

tream [kS o)
witf s (AT, i e el 3R 10aSEL PO P ik ddferafiiShas stream to
profiadePiotAIpredtictithat Mchides theichale prbduot, dﬁhdr&nahe trads product is a
The i nvention al soigrow des. a net hod of EQOdUC ng a

11qu;¢l rm&tum BRXIC aship VMR andepntrolling g gppditions such that
ond 38 3pA o B oV RERL 89 atefl 190, EECE W
respeﬁhﬁf:g 8fi¢ 6r motd propértiby of the seqonddnale feed. ot al pro d u ct

that. |ncludes the p ude pr [gqtp wher ei n the cru
pr ofig invertin ?IF‘QHEOHI %ﬂ@u&ﬁa gags %mpﬂsmg

con{t)ibg.ug a‘é‘i‘lﬁdef r wid ‘é]!u rgalﬁﬁ Sh1eERal r?§en@£ of ﬁ@ﬁh, wherein

rans O gram o CI‘U eed; and

“the cnnierfeéd hasp mslﬂuaamtmj, of anldagtiOdhgrasuscif rtsmhte pen grare ofigrude

g ASAETALE SR S e B e
corﬂﬁnsﬁx%’h Vi) éﬂ;‘%ar%SﬂhﬁﬁB:d&E Jﬂﬂ%aﬂfdﬁ@oﬁﬁ@%dmﬁhﬁ molar ratio of

resi due’ contént is as determ ned by ASTM Met hod
theBEﬁOﬂmﬁMMamehﬁmwbpmdlsmdeHwL:Oé crude

S T TR T —
conldid?Pl i indkgaRicldalt Madyst;icoftaciil A¥aide Fesdosiils a hydrogen source in

conprisin |so parafflns and n-paraffins wwth a wei

- thepaesenceodf heomhborpdmrgamg salbcatalystrtaproduse iotal pradag that

inelit o p R el P et ik bt i RibigATS € 'hnd

0. IGPWJ&?,' kid @lide fe8ll hh@agh r&l&ﬁlcoﬁtehﬂ’éf sifledsy 02qeamb Gﬂﬁasldue per
with b0|I,|0m%range di stri bution of at nost 204

gfa(mmﬂ) eentyplling sontpeding comdistons geehhibaighe erude product has a

NN L T —

of 186 aéBkduRf contentloPibia chmleSeat, Whefreib fisidusgontenyie as determined by
di stri bution between 300 C and 400 C at 0.101. MPa,
ASIMiMathedR330%. 001 grams of hydrocarbons with a

"B B R A e o o

haﬁefk’ﬁml‘h@g/ﬁmge distribution Detveseg 80T ndisB8 CCdb, 000 °B)I at@dXl MPa, the
hyeaghens CORATRGTISE A TS R T R0 QU e R o R
parBffirRtto Aataffndof 2oke Y U, B AGembNed B NSRk Whod D6730.

The invention also provides a crude composition having, per gram of composition:
at least 0.001 grams of hydrocarbons with a boiling range distribution of at most 204 °C
(400 °F) at 0.101 MPa, at least 0.001 grams of hydrocarbons with a boiling range
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D6730. The invention also provides a crude conposition
havi ng, per gram of conposition: at |east 0.001 grans
of naphtha, the naphtha having an octane nunber of at
| east 70, and 10 the napht ha havi ng at nost 0.15

griarrs g ol e@@g% 3%9%5553 d%gg\fﬁg%*ﬁ%gbg &erm ned, by
it el ths it e

and fideask 61003 gnaanhaﬁllnydyq@rﬁom m;tt]:rrgbmhngtax@b dastﬂl&ummrmhw@ 400 °C
anif s ChBa 5 2167 ke i, 86 tadsartomhib sy boiling
mn@§u %tdfﬁgyggéﬁy °CT&ﬁ'n15r§h\é‘?§H-g ﬁsg‘gﬁ%a‘%?ét | oﬁ:w?‘thaat weight

e conposition having, ‘per gr
rativoftthdisd-paratfins tocthe hyparalifing dfoat nyst 1 dhat determined by ASTM Method
Dﬁﬁg -condensable at 25 C and 0.101 MPa, the

- condensabl e hydrocarbon gas haV|ng at nost 0.3

gra
3 ( gﬁe ?{g "%3“?’,5 %@ gr am oc?khn on- d ens agiﬂg?%exfaé %g]zg}. ggl‘ri]iposmon
at lgast 0.081 g2dms eﬁBaphﬂlaOﬂlchaghtharhaﬂhg anpbtahanumber ol heasti70, and

T T T T D ——

ASTM REHSH DBYIU; aflfeast U, ®NPELAS of Rer8ler! the%2tosene’Raving Aeast 0.2
det erm ned by ASTM Met hod D2386, and the kerosene

grams\afiarpraatios gas grag of kegosene, asideterminedibyASEM 5 186, and the

e3P B SI DR S A B D5 e

Asm R dPB8IR6; 2bd AMobt/EIErafB o k&iiu] &VddamifedChy ASTM
osi tion, havi ng, per gram of conmposition: at nost

Mﬂ@l Qs?rrs of resi due, as determ ned by ASTM Met hod

boi ?Kng range gog %ﬁtl on ?%Ogﬁgé%ﬁ%goﬁ(gﬁ%%?omwsmm

- at Host@l SI\@ams af hjz@@sﬁrban Q&kIthayie Abn-@bndengikie ar THOTE and 0N0RMPs,

boilin ang di stribution between 204 C and 300 C at
thegopeppn 15 hyfrogasbon gaghaving, aamest O3 grags of hydrocaibons with a

culh il 193 €3 CR . e < Bpaoe el

- leasti (L 00 Iagrams lof naphtha) dise nh;ﬂthalliauinlgmn dmtmmmmbef)ﬁf 41 leastl70; at least

8 C (1,,000 F MPa; .and, wherein the
0035 ]Tk}%%sepgvtﬁebﬁf’?qnﬁ ayigg gdregrisemomt et 8 feoarargiues pf at most -

i‘ﬂn%&‘b n ﬁg‘,ﬁ?
30 g(g’u Ide?éoon S Qﬁég ol e |e§§d%ﬁsgga}dr@g ?‘Elg)lsw i least 02
gratnsmf sromdtics penpiaar of kxroseng fas detefrnimed by A STVt M etiziod ﬁS 186; and at
e bon ol efi.ns .hayj n ' rna | e bonds
mo% Brafitvesidhue, a€ssaruiney heaSTMMEHRRBSRIE Bon o,
TheThOuRRhficHal8d ﬁﬁvﬂfe@‘é'cﬁﬁﬁ: Rmipokitidn (VRS | Eﬂ' of composition:

havi ng, per gr am of conposi ti on: at nost grans

at mést O)i grams oasesifie casretrranined bASTHA m&mdm afaln@t 8001

graiys 38 nyiogebong with T e o R S Rush phROS 20801400 D o
0. 1@%} f\/ﬁ;]ag @P1ehst. 0.6 @S bi‘hﬁﬁﬂcﬁﬂon‘é%m Mebira ? %%Qﬁsmﬁﬂi’on between

drocarbon ~m xture per gram o dr ocar bon

20407 G angk 300 HE at @361 Wao@tllegﬁt Qr%)l @arpwﬁhydr@@r ops with a boiling
range 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 boeiling range distribution between 20 °C
and 204 °C comprise olefins having terminal double bonds and olefins having internal
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determ ned by ASTM Met hod D6730; at |east 0.001 grans
of olefins, as determ ned by ASTM Met hod D6730, and

the ol efins have at |east 0.001 grans of term nal

ol efins per 10 gram of ol efins, as determ ned by ASTM

Met hod D6730; at | tOOS g f
dowbkdmo dg wikha @Pma ’ agﬁ{:é?% ifanip @EG&’%% F%%leia@s having
integ i Bbul Do St Sige . hodd°%§‘f§‘?d A e

of 'Dheemebnmm diso phoenie albmdergmabsitienstavihg3pgraam ofcomposition:
ot ot DA S5 S%regéﬁg sdcleaaecyy Jos Lo Ao B30 e ay et 0001
grafdk lof b ¥ lgl?ié'tﬂﬁ: habe iéoﬂlﬁgﬂn@ d3stiherbh Kéftween 20°C

aromati cs per gram as determned by IP Me
andrﬂas/m1 OKBé’FI),mseietermmedl byoA ST Mehod DP0Tand the hydrocarbon

iR Bt Pk G1oE% of B o S BT 00 SR RS, s
dezcgﬁ%bfAsﬁ"ﬁP datﬁbcpﬁéﬂtﬁ LEfREst @001 ss of Blefss, W Ubtefnined by

range stribution of at nost 204 C (400 F) at
ASTMIBEtHoRI6 730, huxhthe obefi haye atrsash .00y gravesefisrinal olnfins per

e e RSk LSS Al

at 14ist .061 Fﬁh&d 6Ekert’§s§ﬂ€i ehélkérbéend %wag abRas®ED gﬁﬂﬁ of addaflatics per
400 C and at | east 001 q%rarrva

gramyafikeresenss a8 deﬁennmed byiASTY Methad Ddil 86;at nast Q)ﬂobsms@ff diesel,

oo S o e8P e g St

Melhddi368/90; Red Ail 184kt 0D0Y @rahsdf vt @as 6fl (WGO)ptic VAGO having at
have, per gram of hydrocar bons 25 hawgdqlpa boi li n

leastﬁraggamss)f arasatics pebgrag of GO, spdetermined by FrsMeghad3H38/90.

L L s

 at IESHIPI05SIritgs bﬁ&sﬁh&ﬁésfdet&m&m‘l hljr ASTHE Method 3307 aatiedst 001

syttt s B ol 1
0. 1@%%%?3.@ e t@rd@%rﬁﬁgg?ﬁ*&g%&g\rﬁggga 8?&55251%@%1)@011 between
204847 exidr3 [WE‘CC By0. AETM Pk atHloakt DRBQ gramsof latdrtbcmdm:]smﬂmbmhng
ranly QEitgtioR BROGRA 200 et 200 % % baBT P& RRE gt Lpgst 91 grams of

d o
i S, PR e parcar hup 580 (00
0.10PMPzats deterstined B ASTM Metliid BI88T end bdwreimtherhydrocarbons

g T B SRS i e R A

ha\?i!%%@bé‘ihﬁg h‘éﬂc%@%sftﬁﬁ%rpéffatt FioRH0407C: e 16aSIeN0 0 afms @ Blefins, as
F) at 01 MPa, as determ ned b% ASTM

dctemuh@hbmsm Mmblodm&?m and nleas) @093 arison of parafingthe paraffins

NEHTRET PRIl NS e —

ofét%s%4cmemﬁﬁemaymmwtmsmmm01 grams of
but adi ene per 5 gram of C4 conpounds. The invention

al sEhpimyenttsalse proyiiss & smslssOMpepitiva FAYIgE, BE ETam ghegnposition:
at %ggg%%ggtrgrﬁg oS*es{%ylg,?%s %%grée%rbﬂsﬁs L ﬁlogglﬁﬁ}%ﬁt aﬂcf“ﬁ‘cléast 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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di stribution of at nost 204 C (400 F) at 0.101 MPa, at
| east 0.001 grans of hydrocarbons wth a boiling
range distribution between 204 C and 300 C at 0.101
MPa, at |east 0.001 10 grans of hydrocarbons with a

boi |.i ng range .distribution between 300 C and 400 C at
hydﬁ?ci@fng@a, 20riling range distribution betveasn 460 °Gyand 338 °EARD00 °F) at

0101y S S0, IR e

havingarbofliffirange distibation between DI & &&d 304/SE co ﬁfceéo%lxﬂc;ﬁﬁds with
netal s. n

atal yst h t. | east one or nore al kal i
a “@’é’ﬂé‘“@’&& af‘?réﬁt)s‘ehem@ommmﬁsi hgwinglag ieapt H00 dgmmsiof butadiene per
gfalﬁ@ﬂ’@i;é@lh‘;&iﬂw@{ith one or 15 nore of the methods or

coglo%‘;hggsaliccmg dit;g todthe i nventi gg{,_ a crude feed

t hdthe A also pedvidsercridecingsbsitibn, S
mfhiod Led,, qadier tractionally d o havitig, B gtam of composition:
& m%tﬁ‘ib giags 6%@%%%&%9xﬂ%@rmmﬁmhomipmm&bmmﬁﬂg range
distritfioh lbg &eﬂg ! ot 145 L
? co rrr(_J) one rﬁ Hgt.?rdzg ra 46@?17) 23? g c@?mégé E%ftmﬁag’é§%ﬁydmcmns
withta/hpilingirabge distribution detweep 204 POANnd 306 °Caut DA VIB:, 2ARES 0.001

i stribution belo Q0 C at .0.101 MPa, a boiling range
ranfll o i O0s BEha bl remBr digiribREon bt woen 800 “Co4d ND.°C at
0.10a MY, b [ i ' 0..C _and C.

PN, st 1000 gticht OFty ROl €B0hie pRIER dlittoagion

betweemhQ) 0 and538 °0 40101 MPx; amhgreated thiahi0gad R less than 0.01
400, C and 700 C at 0.101 WMPa; (d)

o g’mﬁg’?"{’é §§¥°§4§?@%¥f@ﬂﬂa@ the g3talyst has a leestpng o1 mpre alkab inetals,
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h HH . i ] di b ut i
ol o R e fvBRbc f1% bRNAES, i bl jiioh S one or
moreRfihe/mstiodn or eompositions a6cdpdin ite therinvgeiot] $tiiuklb fellQhat: (a) has

not beE HERA Y e 05 o0l iprrectioely isg s iphoomprises
comphnents hiavihj arcakboh\WRabe S5bve 42051 31 e¥oedhaslet l?aMD (%!5 g?atms of

hI east 0.001 granms of hydrocarbons having a boilin
SuCh FOrBRNSHEser ighm pberude fardels) canpri@sdydrotatbosis af whichQlportion

. 835 g e 1 0 M A o

betwe@n 1100 °KRmd 706)°CatD. 101 TG, A BoilidOrahgs dfskiitn %_'egwe%ﬂ 200 °C

ranms of residue per

and 33{) gﬁfagpﬂpf@@mf athogling renge %ﬁgﬁmgmm 800 °@andd0@ifg at 0.101
M 08 S5 68 W SR g

and/ or (I
per i sd: at fensi MO@grams ofh§aropir8¥heRSrng Nboiling range
nmore of the nethods or

. CQNDI i i.th
st iy I8 et o o0l M o lewe 000 emmont hxchesaats dgeing &
o SR S0 B N R e no s
of hydragarbensrhavingesboitingwange distribation befwRARO0 °Clanfi139h YESS 0.101

reaf . (e) copprjses water, and/or (f) mxtures
MPa, pEA 8001 (hdras AER Yo abane heeingerhoilingange distriusion between
300 *QeAy HOPSC af 0.10 P MPNAd ' B more of the
.. et hods c_)ral ponp%dgﬁg%%qg%%gpg? 9 %Oftiﬁ'ék %@%‘Wﬁ pawne 3
boiling pange distiibutionretwerast00CCruidt 100rCTg 06 108 MPEr @RRisca PANE ®
ASh . .Wwhere] po.conditions the inorganic catalyst
has ﬁ@g?{?r ?22 & a"&‘“‘a)ﬁ%@étﬁf B R @-41-%% 53T of wsidue pen grapaf crusle
feed; (g) bernpiies nitkel, Yanadfiurh SR, 0P Riixtfres MUESE (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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(b) heating the inorganic salt catalyst to a
tenperature of at |east 300 C and cooling the
inorganic salt catalyst to a tenperature of at nost
500 C. 10 In sone enbodi nents, the invention also
provides, in conbination with one or nore of the

(a) is gesebh mats{b)ﬁcommms sidlécntes hydmwgent (n};campm%g lxghMmmf ; aarbhona; (d)
net hod, t hat _conpri ses con ude feed wit
compgaes WrthARs EHRRE- GRS, SRR #h&?qO?réf EIRPHIREE e and/or (D
mixtEWElebons: (a) such that during the cont actl ng at
nost 0.2 grans, at nost 0.15 grans, at nost 0.1

grinseme embatlinngys, tig: m@ergmamésoqﬁoms,m eothbimgtivthwithane or
bl e at. 25 0,1 f d
more g8 neGReliSdR Chotuasicone oo BRlng o R Hala SHhetod 1 fotudes
condlﬁaﬁmg ‘Hﬁé‘mb%hcasalt‘éﬁﬁlﬁﬁ tohHegeih @BRATiSh4hE inctgiric Bathlgige

from25 C or between 260-550 C, (c) a pressure
comprises: (p)deatangthe inmgartc salbGatalpst to adgmperature diat least 300 UC; and/or

(o) ngip RGP R PP oS BerahBe hi 1 00 G ESgie the
morgixh@sav&hrtagﬁrtoa& of dtwhdse 50@Er of the crude
feed; (e) to inhibit coke formation; (f) to inhibit 20

fdn ﬁ@m Gmb@dma&me therinvention slsel prpyides, éa combinatiethwith opeer

more o ety B RoAE B 8 bbb Bt EGmprises
conta&h?g@cmdé fﬁ%ﬂooﬁor 6 atalyits Bid dPRELLg ROntagt R Eorditions:

' coke per gram of crude product; (h) such that at | east
(@ suahﬂmdmtb@fcoamummarrg@ﬁﬁ 0 gramws, afaeest §dS grams, at most 0.1

sramg, EPRCbA Y 6 Pl Py BB A B BRLB LR 5 P 0101

MPa S0 Yowfed fe gfANo6Erulld feeds akietéradnied iy tasthadaieh; (b aichithet a

o e e Bl R TS
pressﬁ‘g'ilg Y x aﬂg o ik (ﬁ Lﬂ?%fﬁg stfch)th:?t%’ﬂn& BRL g%&?u.&ﬁ#ﬂ@ en source

product ur con ent at nost
to theap8de foed mtin mnam;;a%%df-l&lﬁé 08 G+ F20rnormatl @rbic metersdef the hydro gen

oS54 e o S S5 B s
forma’ﬁ%r{%f%k@i&l tﬁ@ﬁital Jaet of RGhObRide B o %Qﬁlé cdtitadting; (g) such

crude feed uch that 30 the crude product has’
that thm@mdmtt&éwthaefat mosifhel g0, atanostdsd3 gm@ asmast 0. 01

gramfy 0 bt e o iammh SF boke Sk B B erSltp binEE U RpfE Bt afidsta
pomdarmh@inorgaﬁic s%!tfblatalﬁ@is stsﬁﬁ-hqmm wﬁt@m oAt conditions;

met hanol ,” and t he net hod furt her npri ses

(1) sushethat te rcnglem@duﬁehmBANf crf@mqsb%% @d? shesF AN adithe crude feed; (5)

such §R1R Crddf pdsch B Gl S/ TFp BikBne ot b hoBESh, At RRst 5%, or

most %ol Nw/wubnmﬁbfﬂﬂ chitR feeltli(k) fieRkha ivelGude product has a

feed/ met hanol m xture such that TAN of the additi onal

sulfircgogteat peEmoss 99%@ armgstits % or etimest 3054 of thesulfpmgontané obthe
cmdqu&f (]8 B&ﬂree% | o df’ g?ch%;é{ frilags xglér?g Céonte%'? %P gt QQ@ 9%5/0, at most

70%, Bt P& I00E S af miobiel 0% uﬁmefn@wgen obﬁﬁensme bhﬁlb faéli @ﬁpm that
of cat al)iqatg in_the contacting zone ranges froml
the crydepredugt has g aesidpeconiany of atpagst 36%, grmagt 1606, or atj@oste‘%@ of the

res1d1%r2:gg%¥ é £ %\e %#bl% rf&{&a hgasugH fHaP frithonth s %ﬁ-éin?dxﬁgéi' G tRe Eﬁ‘ﬁe

uring e co I'n so

produetyiieickuok fHas thet dindd pm&mtt icompeibesanethanoloawl, the method further

conbi nati on tw th _one
comprises: recovering the methanol ﬁ‘om the crude product; combining the recovered

methanol with additional crude feed to form an additional crude feed/methanol mixture;
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nore of the nmethods or conpositions according to the

i nvention, contacting conditions that conprise: (a)

m xing the inorganic salt catalyst with the crude feed
at a tenperature 10 bel ow 500 C, wherein the inorganic
salt catalyst is substantially insoluble in the crude

and hmﬂmg(lm adtitibredll ciudle féedl/methamd niigtue@ bidhythit Tﬂf\ﬂdif ghe adtdl;]tionai
eed W

mfcii feed nd/? 21 {PQ & cting the crude
fdes tos%ﬁ ewdatnlisy NOfT Iere PEResties ofithe emde product
chﬁ1 /b9rat ﬁfo@@@é&gl@ﬁf&ﬁ%%c fbs écﬁ%‘ bn® bLHRE ﬁp%eg%ﬁilé%ﬁf‘de feed;

e Crude pro ['1Tquid mxt
(q)$udetheh1unatnnmmd‘ cailah,et inrthe ndmtammgl zone panRes fem 1-60 grams of total

nb t th t hod
cotfSRETE 100 ERreatctotin ft B0 &) AT By CRButawRe it dded to the
It R% m}lﬁ%t &{ﬂtéde feed with an i norganic

cr"lggﬂ%tbﬁcat al yst an 1:hﬁatlﬂflur her conprises: (a) ) :

pr olni stinmgyersbadiments, the duvention alsg providespin cmbination with one or

ctin f orm,n enul si on of the

mofy OB e or kol tifibns a0orrais B dhn BRI, cHEsctinichonditions
that aﬁﬂpﬂuet (b) bkiRirgtRE %Bgaﬁnc St da wlfh%he S at 2 temperature

drog)en source; (c) Spraying t ecrudefee Into
belewH0ACE w@elml@xe inerganid sdt catalystds mhsmlﬂnljy intselublevintthe crude

ool B B HRIAS i it 2, s e B apg B ) B the orude

feed atithl thé inorgahi® SFECRITRA G fﬂ%‘ﬁ&mém Wﬁtt‘leﬁd/&rkt&!lﬁﬂ) produce a
provi des, 1n conmbination with one or nore of

tota%ﬁmsgﬂm m@blﬂp%&ewmrdmm iscp liquid nfexmnwdrﬁ'm; n a

moRgamic B REs 88 iV RAS A Bt B iatoith S or

mowdfitht meRfodsor b@ﬁﬁésﬂ@oxﬁ%édrﬂih Qb theavértion] a RMeBtidcthat comprises
produced s a va and t he nethod further conprj ses

HCHAS AL @plaors@m sahcatalystipad shat Surtkar compdses ()

g S AU e S AR b i

| emnisxod wf the drudd feed wdthwpatesgriordo opmactivipstheiciude feaielith tiednorganic

bo nge .di stri bution; and/ t he. crude
b&&w&gﬂ{ Feagen SowEeH emamrohwnﬂes%%maueﬁwtacm zone;

e e T BB o L T
cOkn@tomﬂ@Surfamﬁthenmrgmm sabiomiadyshg to the invention, a

R T M REIRER e PR
moeaif@he@emod@apc&emﬁi&s Qccobding o &fé"{ﬁv&fﬁBﬂ,dé ﬁﬁﬁfoﬁ thétfésmpnses

i nvention al so Ebow des, 1 n conbination wth one

contpsting & trudedeedewiibds Hmrgmmmatalmﬁo producala togaltpwo dlh:e wherein
" e
at ' FPApbBR nf Rhefolel it if Biodhied as ™, wibar i Mg e

confpridePcondendiRaat ledkt & pBftRIFof thdVapdt aﬂ B afd §.101 3B f?.»f rm the
at least one of transition netal sulfides per gram o?

cmdmomsethe soutagingrondifons ere QOn’EOH&FChmhtﬁlaﬁn ajrtheadrude product

Furtff sttt erf TR Pl Biion ey e ) e

crudd profiest compaibds cOmpdRERb hewhf b deledtad AlPY Shavity, @ range
from 0.2 to 20; further conprjises one or nore

al l@&lSPmﬁeﬂ&O@m@ﬁ% ineptioncadipIBarides, é combinaten withene or
mof@ loﬁﬂe m&ﬁbﬁ’d ot co po@]tfﬁhﬁ' F%%Fdlﬂng{oeﬁ]; m\(e%hoﬁ,u rﬁl #0d that comprises

npri ses one of
contactmg a crude feed with an one or more catalysts and that the one or more catalysts

are nonacidic.
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earth nmetals, one or nore conpounds of one or nore
al kaline-earth netals, or m xtures 10 thereof; (e)

further conprises one or nore alkali netals, one or
nore conpounds of one or nore alkali netals, or

m xtures thereof, wherein an atomic ratio of
t r afs$emeemhedimentspthegnyention ialso phovidS sl @mibinstivrakils bne or

mafl of 88 R ot e RodR b Ghe AP iioa8% Rvbhlon, tafeinsucaiast or &

tratisitidriv@etal sulfitié canlysEhat (4) has 8 tRall P Rali R
further cor¥pri seg )one or nore gl ka%éﬁe%tb% grams,

1:. (f
or %@%F é-,S gs#res of atipast ongofivmstiiondsetal subfides per praneof the KaFe 0S4
ine- ear | i xt th f, t oni,
call AR TRk Ra Gl O e b R o B B i et
to snbfiuninythe KQFeh®a chiabyis bit the fran@iticéh metil khigide %,ﬁ!‘aﬁ)s%’ ﬁ:ahtjaﬁge from
e

in ange fromQ0.5-2.5; and an _atomic ratio’o
0.249 28 (chEhar comprissions o meee alkelimietais wme perke cempounds of one

QA b . ; [.C rises zinc, ..
or Bl ABRal 6 ituced gy sl S PRI 0nR 37 i katine-
cartiifndals, erectranore)chuipduiidy ing iof mo2dalkilisPE@th metals, or mixtures
th en‘ﬁg% ts, the invention also provides, in

CIEBHF rPORRIsey ARe of moreliealignetalseongonioges asmpounds of one or

FOMBAShbaRN ' . 1 V. ton,. that the

RET= os%ﬂzg : éra‘?'gﬁ%tg ltl?zg“#g‘?'fﬁrge}gmu ap %". raig 02 1tion metal to
sulfaniscibie KaBeisS14 chtalyishuetht itansitibs meml owlifide Satalyst is in a range from

Ination. wit.h : f th h
0.5y a:aie aic o e ket h heckmasion roial 9 wesmge from
_ cot ! [om oA
abo0é 0488, @Pfuirfhel rhpriibs BBE Bt mBt dikARR-doi m b, dhetifidle

(a) conprise one or nore trans
compy agie DO nsire alkalive partitinetalsa bt mixtores thrfredf?matomic ratio of
metals from

( f t it
trafBER B30 SRR o Keltcs iiaor e metiomamriabatide cotalyst i
in age frore 0.5 kst atokf rafid %@méﬁ&]ﬁ%%aftg fi%et&l d tPAiRition
FeS2; (e) conprise a mxture of iron sultides, erern

metalig in 3 HMEE fom ahayedrte 1; égrfurthertoothpiiges inc;f(hy farthar comprises
2 b s i f bove 30 O t
KF%:&(I #‘) %&?gﬁﬁg?sl @%%Sﬁ]r %%rtﬁgﬁg{i’?%l °'21\‘/$ er cont gct
Wi th sérhe embodiendpes thie inGontidh alsdFrbvidBE in 8dmbidGtion with one or

sition nmetals of the one or nore transition neta

tr ] i : _ .
morg 8? edaethods qricompositigns according tocthe inysotion, dbatdhe KsFe(oS,4
Gata?épﬁ%ﬁncéﬁggith.he transition netal sulfide catalyst has

t nost grans of total support per 100 granms of
caflmboyraé embSdiients) the: inveMdioh ARG pFovillee il EOMBIhAEh W6 8ne or
%&\%des dsn combi nation with one or  nore of the
mor geethods 95 caBPPFitigRs acserdingfiorhe inyentien, ione enmioomof the
' : I\t ] t |fide catalys
tranl RO 0 bl Ak RoRrtn SHEAL T o BbRE bR P ore FFufiBiindiEls from

Coluransei-10»f the Pzriddiz Tabls bns at fnoteedh@ioinds bf GitSdrirh@ transition
salt m xture; reacting 5 the

al i de/ net al
me“’?; % K%B'Hnﬁg? 19 opxigeresthearofi(h) comprise.one ey mere iron sulfides;

. t anf B d e |.at-e. r L he .
TS, B S TR B 3
the ms};@lﬁ@aﬂ am;::af:tmtt:med by t}terfoﬂﬂui? Flbﬁ_@)S} ?vaeﬁai B isGR a Migalfrom above

j at al yst : e al salt_conprises an
010 Gty o R Fontiiien koS e miact PaibHoPTods fas 2ot eastone
fthgosnsion Maald\6r 9 bAE BRLA Sarlftioh iferdt | A
° hydr oéar bonsﬁﬁfhtihlme}ﬁ? to gﬂ%igagg%ggli\% t %tl%%esg%{r&&ra;&lﬂ}ég?h) are
depogited gl ¢ #1ppes, and e trangifion fretal sulfide catalyst has at most 0.25 grams of

total support per 100 grams of catalyst.

-
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10 hydrocarbons have a boiling point of at |east 100
C (d) in which one or nore of the hydrocarbons is
VGO, xylene, or mxtures thereof; (e) in which mxing
the transition netal oxide and the netal salt
conprises: mxing the transition netal oxide and the
met aln sud émboditentspthe dxvention hlsd provideszimccomttigationowith one or
fro wet ste; dryi.ng the wet sfe at a )
@éﬁéﬂfe & FATOdS T SOMRASIHOTS 25APTINE oo venling. & anethad offorming 2
el H e #idh YiEmbthod eofdpfi i iti
e Bflﬁ?@?ﬁhy iégﬁﬂ}raglalg??%g bifiod Cofpfi&Q il B ransicion
et byidecodpmatasalt he frimgtratsetidnnmetehexd daltnetal salt tdxture; reacting
resence of at,|east. one of the rocarbagns to, a .
tegr7petign arelip eal "2 R.10 ey &Y infigodiate; and
réabiidg fhiiitBRhedtRERAithSRBRE A tha fhdstiteof8ne Sﬁﬁlﬁ}é’ﬁfdr?carbons to
conposition wth a crude feed that conprises sulfur
preducethia yransitiom mstal sulfide catalystréa)dhd oialsalt eqmptises an alkali metal

ipvent i al so.provides, .in conhi nation.w t.h one or 20 .. .
ot B a! el itniiees ol SRR ot BtardEuils B4 S fratore tiquia
hydrs@iboRWwhitd it isTeadaivithiad Sulfd! @) iSkhich BAé oL RABR 61388

(a) one or nore alkali netal carbonates, one or nore

hydreedrbons-hase aboilimgaiointof ablsast 166 "Cotd) it whighenetdnanare of the

e or e al kali_metal . hydr.ox{des,. one_ or e ..
hRber P 38 Y0, Sl on iRy RRLSORE) o nioh B Bl R ffasition
mei] ogide afd tHEzhetaPdakliddoinpiiBés mixigdhd #RABitioANBetal 0XTBE 8nd the metal

al kal i ne-earth netal hydrides, or m xtures thereof;

saltdn thenpreggncaef de-iupized waterde feom 8 vest pasteigingng theswet paste at a

B T T p—

- a ingenfiom 300-666°Of (Hoinevidth reattngihls dnternieliae withGEupEomprises

more ani des of aone or nore al kaline-earth netals, or

heqting thesatermediaterin the nresange of atdgast ongref the Bydiossbons torms
' ; . _ i .
tefiptfinite i i chiks £th 2403302, Do) R By ATEOMBH S tontacting the
catalpdt epmposition tithescrdefeed that Coiprises salfmnandes Bfiirogen source.
| nor Heiope bttt B JBRBISA B PRyHicrds camPITR o adthgme or
mbRE AR Rleddids of EdmpPRitidtRlacRRERSTH WD yéﬁﬁ'oﬁ,' %of%riﬁ{cus'ﬂt catalyst

or mxtures thereof; (i) calclrum and/or magnesi
thef qomaprises t(a) eneair naore atkialirmatall dartaomdtes, qnetos ssira alkalih¢-carth metal

-and the potassiymsalt.conprises.potassjum carbonate,

cofiinaled; onimrg o FtRT () PERS e 4kl ere] WBrogHics, ofe of more

alRaliflelHalth nﬁétﬁrlg@}oxi@éég of MSkteres iHeRoPA) ofPoMhb Rk AOREMM
car bonate, sodium hydroxide, sodium hydride, or

hyidrides oag or merealkalingenrity meta) hydrides; oe snixtuessgbéreof; d)smeer more

B3 S RY bmare St e, She PG i< 8 et mpre alkaline-carth
mEREPOSIt NGRS tREE! @) Bl OmbRANMIANEI Jredr nivte hIkAL HMIS, one or
salt catalyst 5 that includes alkali netals in which:
meowg)amides efianeios nrare pikabine-garthumiials, ormixtirep therend; ¢hone or more
Qb4 T 81 B e e B b BBl B mor

métals fidin Eolfnis G110 beaRtPerioBicOfabld) er fixtates thspédt £2)dne or more
sodi um and potassiumand an atomc ratio of sodiumto

inprgeis Sneih salis,iand avheraig at lepss pne of the dnorgarie megal splésganerates
R R A R A T

thtreof) ¢i) aalsivunindodinagndsinn; (f) iathixbore af & sfditndsait ufl b @otassium salt

rupidiumis in a range from . . .
and the potassium salt comprises potassium carbonate, potassium hydroxide, potassium
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0.1 to 5; (d) at least three of the alkali netals are

sodi um potassium and cesium and each of the atomc

rati os of sodiumto potassium sodiumto cesium and

potassiumto cesiumis in arange from0.1to 5; (e)

at least three of the alkali netals are potassium
hydeidé,.ormixtunds theneof, and thesadhmpsalt domprisessalivmicathongie, sodium

by B sy Rt A R B a8t B Gt e3P
SO 'T%%HB_@ @iﬂﬂéﬂfn&mﬁ, e inPMRIdhi D Iﬁfbﬁi‘aeﬂ R ¥ BRatibdwith one or
conbination with one or nore of the nethods or

maerewp dui metbads erammmdsitigns eccording to/bea ilventionran inenggaigsalt catalyst

o e BB B BB b R i i en
atdilcGiusiPeP ST Al easiBD A AlRAIDYeE® hatiht @A atoiie wuS®er greater than 11 is
hydrotal cite, alum na, germania, iron 20 oxi de, nickel

in gxinge, from Ad toxd; @,at teagtimiornidhe alkali malmgq@i%mj@,d potassium and
A, bR top BRI sl APEPEBRTTL B0 g e o e

alidditfietalRfard Stdiite poddbsivm] abd eubiding, ahd eRdheofabemomi¢ftiol of
one or nore netals from Colums 6-10 of the Periodic

soding) te: potasaiugy, sedipm ta rebidivmyand polassivg e febidiughis i a range from

; : ) ‘ | o

0-DBE B} ot A AR 88 oo 3P, BBl Y degipm, and each

of e dtomitt ratios offsodium toopatassivs | soditmeidrdebiut® aad potassium to cesium is
hydr oxj des, re al kal i ne-earth_netal '

in el SRR Ordrf 3o £9) it epRltlzre oh dechlkall mtalsgirg potassium, cesium,

SR 82 o oBHERL0 B P O Y el o to i,
ahd oesiamitd rubidiuacis i alrange o 04 todvent i on, a net hod
.a crude feed with an jnorgani

' tacti .
sal 1o so/RS PREdmeats, (5 vanien alse FrgYins. He eompiagtics with gne or
ma38 of RHGRbEs o%%bhp%ﬁh@bé’ﬁ!cofcﬁnﬁtgpﬁ% Wﬁ%ﬁ,@%ﬁne 88kt catalyst

in the presence of sulfur; an ) _ gani ¢ _
compiising atsappat miaterial and:r{apihe sypprtimdterial ¢dveprises dizcddved oxide,

n_so enbodi.nments, -the.inventipn al so provides, in. .
calg it PR BRENEF B e P s DYl §gigy gormahia, fron
oxfdeRieRe] lox QS zin6 eRide] d¥drifmicRkedd, RYBbhPHxid& br niRABE théreof:

salt catalyst that exhibits: (a) an emtted gas

and/nr (W drdogporpted an thamupperpmaterial arer eneyer, mmgdn@thl_e feom Cobunns 6-10
of i gl FUERE oRE Bt Bl oniia BECEYy GOR RGu® i (Bl 510
of #HePcriddicTably; Oné bPmbore AlkalBRietad B&kbbnatas; ofl€ bLmdtd @RalDihetal

differential scanning calorinmetry, at a heating rate

hydoxilgs onser mare alkali nietal hydiidss, panpremer
BB B0 A G, s R s o

hyiiddda| amdermixhass theresf.r ay diffraction pattern of the
inorganic salt, catalyst below 100 C and/or (e) after
cond 8¢ pRodimsatsethe dmeantion ¢lsp providesgmocambipgfian with one or

ook B2 RS So RN e phORA R eh Lomppries
contastamny a}cﬁ:l%afe‘ed t“ﬁthJId | iflexganicRak _cft_blyﬁtamhb (h)vtlét_t bat@l?ﬁc tatﬂ:ivity of the
. nor 0 e S . Co OosSI tl,onNns accorain 0

mqrsﬂpg% %%"o%,fai%n?ﬁ F"ﬁ‘a‘%‘lb’ @ﬁﬁ@ngﬁaﬂa tReqpresenge %sgwﬁlr; and/or (b) the

ino;?l "@ééltsca?a{i%sg E%é&@%g%t&%%ﬁfphg@tﬂe%@dé fegperature range,

etermn
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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contacting conditions are also controlled such that a
contacting tenperature is: (a) above Ti, wherein TI

is 30 C, 20 C, or 10 C below the TAP tenperature of

the inorganic salt catalyst; (b) at or above a TAP
temperature; and/or (c) at |least the TAP tenperature
CRIMPEiSES Wateroraganins/erdarbonaliexide;t(b) a Bedtirapsition in a temperature range

j ol [ t I ' ' . . :
oGRS 20800 °G) 2504 G e W Hod L b derbrined By gifforential scanning
calompery ] it AafEE Atdld NI YOpérftAinutty f4)td DSC t@ApérBRFORAMN Ange

salt catalyst that or in which: (a) is liquid or

bagen E0erioh G on s S1C (At migmpemie of aes {04 16 a -y
BRI S Bt by B Rty iAo Bt e mopaamip sat

catilybteridw 200 POLantAR? (Epame catdifienin®/i0hi dondit@iviA it 300 °C, that is
tenperature is the mninmum 20 tenperature at Ich the

lessiap domie cenduetivify of s inosgamipsaliscatalystibefore gongtitioning. _
T g o T . e e
01 b S g B o o

mbft0of the mettthde or Cempeditidrdastordiig t6fthd MOeitivh, bl BloB@iCsalt catalyst
erature above 500 T. In sonme

sal ts .has a DSC.tenp ]
théh@éld?lﬁe% eguitied inflegliom in pismperaturg rangeg assdetermined by TAP, and the
GRE Ebhdott drd s SoBollcTiuln et b WGntlERIO e Bforrs iy (o) sbove
T's sthereiaTals/30 °C,20 °0Q)at 10PE belossthe T AMtentjrrft@edfdie inorganic salt
rei (Lée that c ass through a 1000 mcron filter,
cailysh (B PEOTADOYR &AL FemPErafs g (Ghtdeash ther BAR tacepesiture of the

inafgahRaalt cBaflidy MPa when heated to a tenperature of at
| east 300 Ca:ggsuch that the inorganic salt catalyst

t r ankefsomresenibediments, ths invedtivmalsopmvides,an dofabirmitioa Mt one or

t he con&lformisirg:apable.of returning to the fjrst
mpig S Bhod8 6F Fmpesttians gceakiing 4o fte IBEFIOpeALINpEgaTicalt catalyst
tha(r In which: (a)S9 TRuid B Q8thTRAIA at 13§ & MESTAP %ﬁr?ﬂ‘ée of the

. provides, in conbination With one or nore
Inerganis galt catalyshypod theiinorganic ealt ditakyst is sthatanitially insohible iarthe crude

LNar ' t, cat al yst hat has.,.per gram of .
ferd 1B hEME I AP bR, whelfin PE Tar{ietoliafiy e grinimun
tetapératurérat Which perRNR sak chialyi MWRibiGAINCephiREE GadiRif] : (b) i
_vvgi ght of | ict hium_(b)_ at crms'?ig 0. 061 grarrs%%g 22 E&ﬁan, ®)isa
miggre gba lignidnhese @d asolidmbaseetgHemperahut oyerange fivhoFo °C to 500

L S e A Ry B BBk s

c ontlh sank @mbotiinients) ¢hedihverntidhls providesIBh baEBin@fion with one or
cong sitions according to the invention, the total
myE G theymetaads Pr-pompositions aceerding B te dmentipn,pnjigerganic salt catalyst
‘ 0 .
R 4 Byl A s B8 g0 o e st

defoomis under gravity add/emmder a pressuge of attléest 0B0N0MBa When heated to a
to the invention, a crude

terg O%Elﬁ%i ctyﬁq%iqsasta f(%o J(ﬂiapﬁ%m that ths dnorganje saltpatplyst teansfopms from a first
forkh £7a ScB® forft, afi®e sBcdhli BHAS giTF@ak%&a%Mgg ¥ 8%rst form upon

nost 0. 001 grams, from 600
codlin@OiXihe hodgandr sultscatabyst @ DOOC- 0. 03 grans 10 of residue

0 GG B e o o e
md?é of BEGndiREdsHr 2BHipbsifibhsifecBfdi ol the {fvbnfiG a8 Tndteilit Bt catalyst

cont ent
that has, per gram of inorganic salt catalyst: (a) at most 0.01 grams of lithium, or

compounds of lithium, calculated as the weight of lithium; (b) at most 0.001 grams of
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of at least 10% greater than the ol efins content of
the crude feed; (d) has greater than O grans, but

| ess than 0.01 grans of total inorganic salt catalyst
per gram of crude product, as determ ned by nass

bal ance; (e) has at least 0.1 grans, from 0.00001-0.99

“hajidgpezlcillatedrad the Gvéight©f halpgenmniion (3)Gat 8108t 8.001 gramsodf glassy oxide

VGO per gram of crude product; (f) conprises VGO and
CQIRe has at least 0.3 grans of aromatics per gram

of  VEQorndeBmBREmEnd Ghe irffeii®n MSo HFoRBR; h-BmbitdRARif one or
distillate; (h) anatomc HC of at nost 1.4; (i) has
mare ofdbomiethods G odmPsitidB%cedrdingdo HieGnyéntiome thertatdbproduct that has

feed: (j) h | | i i tent of
i 0.8 Srdog o ey pRno e 2 OB SURIEE | oo or ot ¢
cont Bionff erhititRiMEME Bhe thvkREsh albk provitfes RGO Willdone or

aromati cs that conprise xyl enes, ethyl benzene or

moremfdbemisthefls er egmpesitiansaccqrdingtio the ipeentipnaaroie prasiet that: (a)

o del .o i attifiy H & Bt B 6107 ettt R0 B b,
mb&t@0@. - f6m @,G0TB0 PO, 10srhine,; X §0(01€0.08 @ehnhd, 0700081-0.03 grams

rans of para-xylene; (m_ has at |least 0.0001 grans
ofgesidpepar gran of coidgpsednct blhas feom 0@rgme PP grasns, 0.00001-0.03

' I ' I ; ,
s AT O Bl ok Bt o Proghch, G ffacjfins conten
oftt beast, 10% greacdy v te olefind contadtafthe erudé feed) (@) BRd gfdater than 0
granms of kerosene; (p). conprises kerosene, and the

iess thaa 091 gramsioftotal igerganicsalt satalystpsr gyam of caidg product,
g | .
et AR oy Pl Wl Th Phs S8 BN P aragfy! rofl 0 80001263 Bfbuns, from
0.033-0|t9r gran{ns fiont 0.6608 gtams at)\{}@@spt i -eﬁgrdne aftrude pfitiugt; éﬁ’moh mprises
VB andithe NOIG ik fieesh a3 BEmh B Ciroalies AR o GRgke) bas 0.001
0 f ,
st or SHAITE1 00 gt BT Sictialtd ) Uh BB 1/ M BB PR () bas
atbraiesHl/CB6E 9o 1 0% off dresHl/ COGX the arwlé deed; §) hpea afohbeyliamihg aromatic
ol P L oo 5BReR] 4 e
fe@d) ¢k Pas 8dn R PSlicriyPird R b bt éo?nﬁlsc'x?‘i’e’ill es, LIS RENE6r

than the vol Une of the crude feed. 2 n sone
compovadsefatikylberrend; (i) dwns.ipon grans of grde prdduct, atmost 0.1 grams of

nbi pat i i,th - f th
el Bt Gl Yo ceras af folusrfEort 0 L3 s & efipgiens, gom 05-
0.9 BRsoForth6 3 she! Addfrdin 010G drAfs olparh-x31en8! @h)Mids at Rast
forma total product that conprises a. cfude product,

0.6Q01t gramps epfrpm G0 hg:5 grages o6 diskell () comprisesudiesehrapd tla diesel has at

el 08 e 38 BB b o A e B 0 i i shove 0
to O1) gra@eortedi 0.001€0.5 s dkeebiehe; (b tondprides Werobdi| andthe

the same or different fromthe crude feed to forma
kepsepgihas at deast @2 s ereaddonsh. S maans of arematies per gram of kerosene,

) . ) ; ; . .
o R i B i o B 020, Bl B PC s s
°C; (@iak anastNBD 10EraEs of Bdedst 815SHamt of naphtha) € cofriséd naphtha,

l,east one of the distillate fractions; and/or (e) when
and ke paphthayhes af mogt Q.Plhaams; rmagh OfS grrms, rrat gost 0.002 grams of

| : o Losulifi
b cat glp)%g t o'5 r e& g@%’f H]n(g%té# S § r%e?ﬁ%? ﬂe i r7 g’h%{i I%%sggo’n%tag}east 20,
and/ok isoearaffing byd hormal 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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In sone enbodi nents, the invention also provides, in
conbi nation with one or nore of the nmethods or
conmpositions according to the invention, a crude

product that has, per gram of crude product: (a) at

| east 0.001 grams of VGO, and the VGO has at least 0.3

15 dJramecnbadbnerts,dbe pn'sntgnmlsmlﬂrovw 1(1 bpmbinatiemwith one or

gy 3t GIEmEDRR of SHRRRLLon aroogiag o feqpiatin, 4 opthad Hat comprises

cohR8hg B cRAS f8AREN QlcafdRRMBrm AN6kal Isﬂaﬁuamtcbﬁlﬁnaésvzi &dde
at nost 0.5 granms of beénzene per gram of napht ha

producsfurthersomprisurg: () combéting the popduos svifbar criifé thet is the same

or A BB R i S0 el o8 5P iRl or SGrpprtingy ) caebining
thélcriudé prodatt with heakde tﬁatQ%e%ﬁh%r Giffs?eﬂﬂﬁﬂrﬁ'ﬂﬁ hde’fRed to form a
conponents that have a boiling range distribution of

blend syifsble fovtragtpanfagilitiesy 16@ fravbionatingithe erude prosigcty(d)fisactionating

5 B e B R ol it Bigprpion

frdrh &t leastioas of therdigllats fra®ivhs; landfor (@rwidn the SitalistSis a(fahsition
at Ieast 0. 001 ranms of kerosene and the kerosene

thesansition metak suklidepatalysy terecgyer metals from
of €€2iNng point at a tenperature
mg?m%?mé%ﬁ#w from 2590p09 0.13 grarrsnpof
ato ri:neolgy dmbgénneﬂﬁs élgf mne:gfoncabmmemﬁe:g thea ctﬂlﬁblﬁatmmth Igne or
non ondeps rocarbon_ gases and napht ha ic
ﬁecmﬂﬂ%oor QUERROSIIOnH ARSOTTa 19 e Shengon, agrede pProdygt that has,
eﬂ%?mna S bl EpRRY. 0 REA TN SRS G AOHR VEO B33 Reast 0.3
gramsiofepinatics, penigrarh of WG (bpatizase 0,008 (grq:ms sfdieseh-and the diesel has
ar |nsadn araffins wt,h [ o of the
at egyy arphits per i ahdiveed (Fhaterst G301 Grabps tpaphthe, and
é‘:ﬂﬁhﬁﬂ&ahﬁﬂﬂg B8 V4 8RRRRIFB AR B fgﬁ fitha Odn n%gar.ne number

nost 1.4; (]) the hydrocarbons a car on nu
of af leags 70parg/ Qmﬂppalsfﬁlgi and Inegparaffing mdthpnwaghi ratiowf the iso-paraffins

b d
o BB T RE Sl e T8 bR s ot a8 ke of
co ailm@ma%ve racbo%g%hgé fistfbutidn 8F at"lﬁ§§t 264 3(: (.m@ffp) Ngnd the

and araffins with a carbon nunber of , Whérein
yhing dtaness OS> grh@s of olsfins persgram of| hmxme, ;ﬁa} EaWﬁlgh‘sra‘uo of

ek PR P e SR EN R0 5 .0

leabi®R0BgahRidf kerdsend, Bed B2 ketdsahd hdxs ail 18as2 0. 5@&&15 Qf ason{éﬁ):s per
has but adi ene content- of at | east 0.005 ra

gra of kigosone apd/ay hagp freezing poiglatprtempaturgo na@st 130 %3 ;€g) from

t | /
06,18 G0 B3k AR polalFo By N o o fpsspte
hydrpdarbem gimm andAaphiies, avhieh, Whef combiied dhasie fat bmkﬂ 022115 gfanidtof
nmost 204 C in a range from0.7- _0.98 grans;
olefips peicsrB s Shermbiaed aen- p%ien%ﬂ%ehﬂrgqarbwseﬁamkna@htha, @

L e —
pamffsts aﬂﬁ‘h—peﬁ:‘afﬁhs ovithOa @8ighDrafio of MStg_baﬁﬂhfgl 16 she(ﬂ}):?.rafﬁns in the
nge distribution of _at

onberd 55 %epm‘}ng‘aﬁ%&?g%lé'eg} B on-gages it ;ogt 1-AsGHtge
hy&tacdrs ?stgf% iFEbef of t@‘%l?ﬂrgll‘é%oﬁdﬁﬁ B8 bRl with

of ol e ins; ocar I'ng ranhge
cartioms tmtbers o6 (64) antl Inf833), an@ @4veiplitiratio oﬁirpcombmaﬂ €hiand C; olefins

to tgg %lortngmeg lCe; R%gh%.t\fa%ﬁns {g?alt Ialllrostr(?1 5 o(ie fs a{n%lrprgra nsg Wll fa.I cgl?bon

number of 2 (C3), wherein a weight ratio of the C; olefins to the C paraffins is at most

_(D
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internal olefins of at least 0.4; and/or (r) from
0.001-0.5 grans of olefins per gramof hydrocarbons
in a boiling range distribution between 20 C and 204
T. In sone enbodi nents, the invention al so provides,
in conmbination wwth one or 15 nore of the nethods or
0. Z;Qnﬂlm lolef'ms an@pmﬁi:swgﬂt ocirben numbert 6fSn(Cs} whteneln a weight ratio of

B plabs 0 oreeBi s S5, B0 iRl e ptg 500 0.005
gréruﬁﬁ,is( B Iﬁasn AP gﬁéﬁ&%}%ﬂ éTEBﬂl' 15 1o30RR1 333y Sﬁh) has at most 0.00001

um or xt ures thereof;
grahs of wted NiOAHEe pér gram Qfa:bn:lpysltlen;‘(u) apenafﬁrmqmnte&esf ﬂle

R BB i P ot B oo
0.%@?%5' (Q)t) e ﬁltHE bbhrﬁ;lgolgﬂﬁé‘dlbt%uﬁﬁi/ of 190 &R 704 PEGhat

ufes fromother e mrents of the invention.
haFe;rpee ganpbfolefifisintdoraasbans chmrmge beitorgtiangmhdistrimtien of at most 204

RoB0 s v B EREs o BoitHhonne WG Aol e distibution of

at afoet 20 & ﬂﬂb&cﬁnﬁﬂsc%‘lﬁﬁﬂéf arid@e mmv@meas?-& 00Y $t@iSof terminal
descri bed herein. In further enbodi nents, additional

ol¢finsper BremeRolplns (Ddrydrasartivas sptba Hailing wnge distribution of at most

e bed here Rl PTI ON H
20438 b5 5h Blefs 3P0 B o tH ol TaholpL KUY Shetins o
intepiabbRAhs bPatl16360.45%1d/bre(e) ﬁdsmt(mma(n b graihk ¢ dlOfikdRer gram of
benefit of the follow ng detail ed description and upon

hyflmceﬁbeﬁw 3 bomranse dis nhgtwrearOngsand204hieh: FI G

syst em r con P H%%ﬁ%% raﬁgﬁ?@ge ’ﬁ%@ﬁ%‘%?‘é’ig%ﬁm or

mcre of (e méthbdlﬁ:rpfoﬁﬁ;eﬁmenmicceﬁﬁn@to thie irtventidig laycthde lirﬁduct that has
r.odu,ce the total product. 25 Flu, is a schema
O 216 CBHALRS SREPTIRE i eore kel :gwselmwlaph (o at Toast one
fn@&ls i E?ta&s&ﬁiﬂemfo&ﬁ&n%f&s 36?& awor (b) at
t e presence one or nore’catalysSts to pro uce
ledsdrmd ofgthe)dam]ysts Rirther Bompnsessm:tmmﬁbnamtﬂ afrassithiord oetd sulfide
8;5 aration zone in conbination with a 5
and/gh Parq tr‘?g system FIG 4 is a schematic of an
enbag InFR: efbodinftnf) ﬂa‘aﬂﬂe@ﬂ&% SbQCIﬁQ '@Hﬂb@&l‘iﬁe?& ¥ thd irfvention may
contacti ng system IS a schematic o
beenmbitiedwyith ieﬁtuaessfmm Dﬂ:ter embmhmntsaofctmmammﬁang Foy sxample,

f nd g‘P}%L‘?H%dI H‘aé’q FI GI 6?41\31 S he [ﬁcﬁ%foﬁﬂ%otga

emcholiadtd.c of an errbodl ment of an |on| c conductivity

measur enent
In further embodiments, crude products are obtainable by any of the methods and

systems described herein.

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

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

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

FIG. 1 is a schematic of an embodiment of a contacting system for contacting the
crude feed with a hydrogen source in the presence of one or more catalysts to produce the

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

crude feed and properties of crude products obtained

from enbodi nents of contacting the crude feed with the
transition netal 15 sulfide catalyst. FIG 9 is a

tabul ati on of conpositions of the crude feed and

c onpiigi 2 isaschefatio of anatherendwidimertyod acontabtimgs systea foredntacting

fro odi, e of contacting the crude feed
ths £720% FSRASTI &Ry heBen St be speiog OF SSEorsHoth pHaligs to produce
thét%@é:lg@édu%f‘ of properties and conpositions of crude
proddcts obtained 20 from enbodi ments of contacting
t h e Eiﬂua és 4 sahematit bf ahembediment ¢Hmsapetation gohg ingembination with a
FIG 11 is a graphical representation of
Coptéﬁml Syﬁreé‘%s of ion currents of enitted gases of an
| NOTEEENY §s é@éﬂen&ﬁa ekm&mwdlﬁreﬁt SEIBRAdE Z6ne Mcombination with a
determned by TAP. FIG 12 is a graphic representation
copfactingysystem.s of the resr stance of inorganic salt

cat s_an anrn C..sal elat e to the

oo It da 8 et BEFE ARbSaRRnt o tpBpiliEn 28ad, A Sontacting system,
andl aReIddididhe. F1 G 13 |s a graphic represent ation of

Iogéﬂpl ots of the resistance of a Na2COs/ K2CO3/ Rb2CC3

cat $I(Fs6 iy 2echematic pban embedimentofonultiple ¢autacting aystems.
car a

rep&ggelr]r 3 ?%%%% c&egﬂ)ﬁ%%%c:en@a%fm%%ﬁgﬁ [ qut?gﬂgg@ement
sydislr ocar bons and gas versus various hydrogen sources

produced, from embodi_nents, of __contact i ng the crud

f ee(ﬂ% § s 2 bulafign génroee@as of becmdedfeed Rapropesties oferude
pr&fu@% Wpitdin %er b LG8 Péoéluc i %&@ﬁggg&g%@’tﬁé Bfisition metal

car crude pro produ
sulﬁrﬂb@dﬁaly&t]ts of contacting the crude feed with the

comiSaeh s huistica at ¥$1%rﬁs§tr?ﬁy§19? Rrudfood 4 SermPerglions of non-
coﬁ&?xs@cﬂé‘ﬂ?dr%?ﬁgoﬂg M | de {}inﬁ’q i tth@f@tkﬁf ﬁtﬁegﬁfl@k’eed with

or- si on ca he I'nventio
thestmmﬂnmrmbtalswﬁdmataiym nodi fi cati ons and aI ter native

o R 1 B ST o Bb S and s oF e ol btained
fmﬁeéﬁswﬁréntsrbf@smbﬁn thE eruie T Wiih AR nrnora%naﬂ stbfdefoatalyst.

I't should be under st ood that the gs and
det &iGetl Besgraplgciloepresentation ofilag Hoploismiféonleutrents of avnitted

a%g%ghﬁ@gw‘g@tcmh%& E’ESB% cul ar fe:)rn%egl scl o edTABut
NMDAFIGC RS 15U Erapli6 Yptadeffatisn oPIb3 p%t% OF B reMGandeAd flihd}ganic salt

within the spirit and scope of th present invention.
catibrsiraenman RprpESCHlElatve @themgslsmmmsx@m qazhanate versus
terﬁ%n? pments of the inventions are described herein in
TW¥etail. Terns

FIG. 13 is a graphic representation of log plots of the resistance of a

Na;CO3/K;C03/Rb,CO;5 catalyst relative to resistance of the potassium carbonate versus
temperature.

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

FIG. 15 is a graphical representation of weight percentage versus carbon number of
crude products produced from embodiments of contacting the crude feed with the

inorganic salt catalyst.
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used herein are defined as follows. "Alkali netal (s)"
refer to one or nore netals fromColum 1 of the
Peri odic Table, one or nore conpounds of one or nore
metals from Colum 1 of the Periodic Table, or 15
m xtures thereof. "Al kaline-earth netal (s)" refer to )
one FI6. b6isa mbukatien Hf compuienispradused fiom epbodingits of contacting
Tabl. e ne_or nore c ounds of . qne, or re netal s
thq R Bl T oot OB Biota s Or SALeeR A B
t herghfie theMntioRiSEdcdRibd BVafiolPmddifitetions’dhd dediftive forms,
refers to Amnerican Standard Testing and Materials. "C5
spe b ainbedieshts théreof aro shephby way@s exampledn éhe drawingsland will

i n pentane.,C5,as |tenes content is a tern ned
hefgfn REFREREHH B EBb0 e EFTHes Spccs Berd i of iyt B fnderstood
thR R Uawi s 200 deRiIC® BbweptE thefdis Brefrde thteidedd6 limit the invention to
product, haphtha, kerosene, diesel, and VGO are as

thetpardeutimfoamisiiscaei s on dhe ©BEBLY, theibtentipn isfopovenall

b phaa bt ePlah b SR S rhd ubbeppte

pré¥eft invéiionf crude produced and/or retorted froma
hydr ocarbon fornmation. Boiling range distributions for
ATLED R RIPTIONOF: Tl 2N e as 30

el I
det .ne . , ) i .
e AR Y A M R L MRS M bl Torms
useXhaPinare fefirldl s followss 0- par af fi ns, ol efi ns, napht henes
and aromatics in naphtha are as determ_ned b

Vot 1 ARSI Tai%E I OB or i Rstal from Calneme] of e Hotiesio Table,
onk dr ﬁl%{éjcgcgrﬁ A6 dr BYe &2 m&@‘rﬂ&glg ﬁ% &Qlué::g? g;tl)? Efgﬁi’%litch%aglq, or

|4 2 —dR PRI AR

aromat | n kerosene Is as ermn
mikhit&Ghe2éf." Br enst ed- Lowy acid" refers to a nol ecul ar

entity wWwth the ahiljty to donate a of on anqt

nol eé&kaé%n%%ﬂgﬂ‘? (%JF iia g0e gLRPreae f‘%@é‘ﬁ% é’rﬁﬁe

_ : . | .

P b} R b APPSR o ERAB HoRECORIR! 26Fthe
PeBodia Jtabl; bomixtutea shegedfncl ude 5 hydroxide (OH), water

(H2Q) rboxyl af e ,(RCO21,. halide (BC, C17, F, 1),

bi sumrefgﬁéeigo,mgﬁbas§m'ate (SO4). "Carbon nunber"

ref enSTING: Firs kO hMerfe i BRILdAY TERARO I EMASIals) @

mol ecul e. "Coke" refers to solids Ccontaining

car H&s aspdaltenasB réferstotasphaltenes thattare insohuiblesiok pentsve. Cs asphalienes

rocess ,conditions. n f coke is as
°°ﬁ‘8?téﬁmﬂ§meﬂ§¥m§4§§?éﬁﬁ@ﬂei ght of 10 coke is

t he Atginad hy&b?ekﬁ peéentipleiafid BloMIS chrbEn peicehtad@oDttud@teed, crude

i nput catal ysts.” "Content" refers to the weight of a

prafiueh oaRhiha, ikeresese Wissel aed VO6) angjes ipteaningd by Method D5291.
“API gravity” refers to API gravity at 15.5 °C. API gravity is as determined by

ASTM Method D6822.

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

Boiling range distributions for the crude feed and/or total product are as
determined by ASTM Methods D5307, unless otherwise mentioned. Content of
hydrocarbon components, for example, paraffins, iso-paraffins, olefins, naphthenes and
aromatics in naphtha are as determined by ASTM Method D6730. Content of aromatics in
diesel and VGO is as determined by I[P Method 368/90. Content of aromatics in kerosene
is as determined by ASTM Method D51386.

27



10

15

20

25

30

feed, a total product, or a crude product) expressed

as weight fraction or wei ght percentage based on the
total weight of the substrate. "W ppnt refers to parts
per million by weight. "Diesel” refers to hydrocarbons
with a boiling range distribution between 260 C 15

and ‘fmanstzct E00TH sﬁd’Fyefms t@a teiequix ent.nyemh tl:mlulumto {lenate a

eter Met hod D2887. "Distillate”
prp’é)]ng? &"B‘Xl Wi th a boiling range
d' St‘@r@ﬂﬁté@ﬁo@?& WRRN refrd to @ nidlecubtInfity helis eaphbi o?écc?\ﬁtmg
101 MPa. Distillate content is as determ ned by AST

prm@nh &dmrm@sxar niequldr| eatity. nspmples af daensied b owey hasgs include

b Dy waiee (i, Sk P RO T o 0PI ¥, it

(HSO, ) and SWpRE BOJZE). at V\,hr ch formation of crystalline
partrcl es occurs in a liquid. A freezing point is as

det embmwheﬂswersm gsgotal munhe ofcarbonatems emmolecule.

25 Rk8 pao plidhRiaRhy P ndhebouF R A A BOF hpbried under

prﬁ’@ar &éidlitichs) qthe %@hteﬁf ook Gy defamﬁneraaiy 28 lance. 1 PhSweight of
3533 refers to a wei ratio of atomc

cors? eﬁtgg éqraltvselahfmﬁsehé sipwithe fotel wei f inputspialtse from

b AP RRER U B0 o Bl W0l STA SRR (Y GRBED. o cruce

fed) a'tbial prodadtpersd crudé product) expressed amwb@g facticnel/ mlght percentage
su fur contained in the nolecul ar }5@ ucture of

hibg %hwersbr the pehfiatton i‘%tﬁpnr’?e tg Ppes Wrraahgyby weight.

AST i -
a2 o Pipeel Adfers BB O AR, bORAR farlg Ui B IRABw A0 °C

anll 348 G« H00-6501 FBY atd. dridPan Diesalbdontent mmmmnedmsm
%tge I[[}‘r ggﬁnce of a crude feed and the catal yst react to
M 8@/' 2 ydrogen to one or 28 nore conmpounds in the
Cr udeyi&iARth” réfely A IRIPSaBHINS quthrﬁa%lhﬂ% fsh'x%@ msﬁﬁﬁuﬂoﬁ beRbeen 204

limted to, hydrocarbons (for exa
C}gvdr3d6£ F1é06-650CF) atd). Hik MRae Dlﬁﬂh&mntqm mrcbxemned by ASTM

e e, ha wat er xt ures ther eof

M%Hﬂigggggl §#@i@ 'fegn‘@g ﬁ@%garqsgncdggsc{ggsgithe net anount
of hw@%&rﬁwﬂgﬁﬁuh&c%ﬁn Ealﬂi%ﬁtrfon'pounds in the
crude feed. 5 "lnorganic sal refers to a conpound

t hat Fresze poiptsand ‘Btecaingwouit” reder to thedisthparaturg at which formation of

orysialfid Fath oo B Il Fepiriirofiedy i adfhibefoy ASTM

D238g0- paraf fi ns” refer to branched-chai n saturated
hydrocarbons. 10 "Kerosene" refers to hydrocarbons

wi t WGE/NEY | Tefers to-ang shromatographyi issopwbingdion withymass spectrometry.

“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.

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

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

when in the presence of a crude feed and the catalyst react to provide hydrogen to one or
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C and 260 C (400-500 F) at 0.101 MPa. Kerosene content
is as determ ned by ASTM Method D2887. "Lewi s acid"
refers to a conpound or a material with the ability to
accept one or nore electrons from another conmpound.

15 "Lew s _base" refers to a conpound and/or material
movetdontpioandsinlthe grutle febdn #t bydsogen sonroeonay include, o ds nas limited to,

not her ound. “Ljght drgcarbons” refer t
bteadons AR ERHERIe Lo B 85415 as e, fhpne propane,
bubdROpentire) Haghthe)Xrhtef or Wk Qi thétedf, R RISl ik Bédducted to
i ncl udes one or nore conpounds that 20 are liquid at

assetsa thekaret| amenpienfdrydragen provipdasiso wne of perezorgpovmls Wpdie crude feed.
h l.naf t f t " SITP" it
. erhsal etestth hSmBnmariar i oot ST HBREH shfn and an
anidiat are liquid at STP with one or nore conpounds

that are solid at STP. "M cro-Carbon Residue" ("MR")
r ef efIB” refery tethedunstitytestf Perplsum, newithrBosrgy-fnstifuig of London,

- oration and pyrolysis of a substance. MCR
U@Eﬁ%ﬁg&%@ as determ ned by ASTM 25 Method D4530.

" Naptigdiparafitise icfer 10 Hixtbhed-ahdin Bataan@bineitécrbyrsh a
boi |l i ng range distribution between 38 C and 204 C
( 100 Kegosens” rofery to hydregasbongaith & hoiling fange distribution between 204

o s A ;’FE n N F n Y .
Cﬁl cEeq{q daj\ig‘rqg%?bg mﬁ%{@r dn,p%&&coﬁlsﬁg? %Ar}%ﬁttl?ﬁ%%&e%%&gﬁégy%m
Métlod YW2B87content” refers to Ni/V/Fe content in a

substrate. Ni/V/ Fe content is as determ ned, by ASTM
Met hﬁ&wr_lmfa N? refopty feompamd ar amatgaal yith @3@8@&,@ ;ogpt one or

m&e @%&Oﬁ?%ﬁ%bﬂxbe{r%ﬁg%@;décwde feed. "Nonacidic"

refers to Lewm s base r Brr rested-Lowy base
pr opewmiiebase? feftmitm = domgemsbdridéorgaatérial ofith the tability to donate one
ts and/or a m xture of conponents that are

conpope
or 'ng§{]eﬁ{}°’%3tt8ﬁ83_ ure and pressure (25 C,
0. 10{@@@&&8&% bl &er o c%oh@ha»gﬁ% Eéﬁgﬁ humbers in arange

"n-Paraffins” refer to normal (strali chai n)
fraaflio &t ed hydrocarbons. 5 "Cctane nunber" refers to a

cal gyl.at.ed .nunesi cal , represent atjon qf .the anti knock .
or op LAdIE TRRTS TRl {0 4 opmpastigRdhetdnglidas o oR mgte Compounds that

aré BiEH AN S8ndade tom Qi Pr&GuiR (R SPE, 0, TOITOPG, RreinaféiiBferred to
is as determ ned by ASTM Met hod D6730. "O efins" refer

ast ‘S TEOpba Aeapedition thetinghidesa cembinatimmofenelns mate gpmpounds that
bpnds. es. of olefins incl but .ar t limted

org A3 ot ST B S R s Pl SRR, o 10
| i nesficro-Eafbofl Wesidhab{“BICREYf efeds {00 fulddtiBesf Athdn réslh@remaining
as specified_ by the International . ]

after evaporation and pyrolysis of a substance. MCR content is as determined by ASTM

Method D4530.

“Naphtha” refers to hydrocarbon components with a boiling range distribution
between 38 °C and 204 °C (100-400 °F) at (.101 MPa. Naphtha content is as determined
by ASTM Method D2887.

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

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

“Nm’/m*” refers to normal cubic meters of gas per cubic meter of crude feed.

“Nonacidic” refers to Lewis base and/or Brensted-Lowry base properties.
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Uni on of Pure and Applied Chem stry (1UPAC), Novenber
2003. "Pol yaromati c¢ conpounds" refer to conpounds
that include two or nore aromatic rings. Exanples of
pol yaromati c conmpounds include, but are not |limted
to, indene, 15 naphthal ene, anthracene, phenanthrene,
benZé{dni-epidensablegad” thiftrs to compansintsrand/or aReixitute of components that
refers, o conponents that have id] ange .
o BB} Ao R i 584 eS8 62500 | MBS Wpeinater reerred 1o
astgTpryn ned by ASTM Met hod D5307. "Semiliquid" refers
to a phase of a substance that has properties of a

| i quincPasaline” referdo aogvali(straighisbaiy) sathmted psiresaczons.
T S0 1) B B R of oo

prépuriessfenaytop fuel bOMPRYA (P Stand 3l kiferedOd/fifdl. A'calculated octane
tootgg;\ste. "SCFB" refers to standard cubic feet of
n

aphtheria ps detergninerbby ASTM Mahed PAZE. refers to a

t @ gk b te hyd h
par aCiGtins" 38k GROpHRRREL BB kon HOn e AR et abtblgirpnds.
Typed of slefins include,But airdt Hirtitedto,0i4) 1R6S 2endfalinkdrhl] Brdiched, and

.("nmy") of KOH per 25 gram ("g") of sanple. TANis as
lingat er ni ned by ASTM Met hod D664. “TAP' refers to

t : | s2qf, - g TV :
{ r anEpvdi@ At etel 1o B R, Tabld Monek ey thenterpationsl
Uniort bf Burb and iApgliediChemittry TURAC), Movenibee 2005343 C and

538, (650-1000 F) at,0.101 MPa. VGO content is as )
det e WW@% enty gopapprnds that inslude fwve o mere aromatic

o i 3 G IR PCRE bl Wt
naphshalent, asthrasens, pheminttirbme, bemidtisioplieneand dibénzotHityhine.

o TEEEE o BT et e o o s eve 53
*C1 600k di 201 VS, b BetBRbiROA By k‘S@I‘M%&hﬁgtﬁEB@'ﬁf ed

equi valent to thé referenced testin ods may be
us edSerailigus®’ rafers toa phaselofzsiibatadtothat kasqropattiés affa liquid phase

andY SR RpaR0r B Bl I m iRl of FreiiBl ciganic salt efalyss include

a SRS/ d/driaGihiash thel hid @TolBi¥teRcy O FotdRambidtarl) Ho .
Stabi i za?jihon may | ncIDude, bltt IS not 5)I [ ﬁr%ftﬁ’léd ltl%l' or toothpaste

r eno¥alFBofefasio signdard aubibfect 98 gasperbarrel of crude feed.or

conmbg. ' eof . fr he crude to,form

ot A TRAREr et Elnarerlaf Rl o iRty Spaont eigh as
paraffins@hd plcefitls A€ résttioh RBnditigARICt i on  and/or retorting

site. Stabilized crudes typically have not been

di st TANSaetgrrdp griotel agid numben sxpiessed a9 millignams (“mg”) of KOH per

graM L)tm i ] | 0 nts with
sp@gi Tl ctd'%%l?ﬁclt@ﬁ%%ﬁ%&%@#%gﬁgﬁﬁ@&}gml e,
naptTAR’ referstto tengiopal -an¥iysls-aipdbductd. ubri cating oils).
Disgillation includes, but is not limted to,
at moS¥Re refersdp dtansitign mstal selfideds and/ or vacuum

di séy G0 LRE; 1B%oRBdRents with a boiling range distribution between 343 °C and
538 °C (650-1000 °F) at 0.101 MPa. VGO content is as determined by ASTM Method
D2887.

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

for a property of the composition tested is outside of the limits of the test method, the test
method may be recalibrated to test for such property. It should be understood that other
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Undi stilled and/or unfractionated stabilized crudes
may i nclude conponents that have a carbon nunber
above 4 in quantities of at least 0.5 grans of
conmponents per gram of 15 crude. Exanpl es of
stabilized crudes include whol e crudes, topped crudes,
standsrdizestit esmgme@odﬁﬁ:@amp@gnalwp@aqw grido tha referenced testing
hereof . "Topped" refers to a crude that

g@‘al nat |bons
MENOUHBEY P 8%t ed such that at |east sonme of the

CONPEARRE fhalytprbdiced andei tetditedied hylRlc@Won 3onteintlg formations
0.101 MPa are renoved. Typically, topped crudes have a

at@dhme ﬁttabldizecbt Crusiss a@fgpne Iy selid, semirendid, endfer bﬁ‘&ﬁs Crades may
0
e R e e

cdiklemsable @Sed Raiter 2dalte)VoricBmbidatibhd thef@f,Cfdifl B draddR form a
transport to conventi onal treat ment facilities by

stehif ql%u $uph stabilizagion maynftep,osayy ab, or pyoximaie @s the production
aﬁd/&%@r%r?%sﬁeh' ps). Qther crudes have one or nore

unsul properties that render them di sadvant aged.

Di sagtabitizad eehdes q@mumv&mtwéﬁﬁnabhﬁwmuaﬁany distilled in a
transportation carrier, and/or a treatnment facili

treagent; fapiliby forpodngegunltiplsrermponeuts withispecifip boiling range ‘distributions

(féyh&?glg) fe;aglﬁgél r&ﬁ'ﬁgﬁs?i{)ﬁ?ﬁ%gesm@ﬁ% [ %@%ﬁ%@gsg includes, but

is Glbtllimltbdh &, atmosiﬁen‘ie distilstionaaéthyds amdiorodomen disnaaﬁqnomrethods.
Up(ﬂ ﬁqﬁeanr o t o otﬁ.@;etd: qe 101c a eg\é?a%l; 5 ?%rggglf at have a
cafhots mibibet aBESk gg/ql%nass £ 3as0.3 Pt of dRbn oY bl of

at nost tota V/ Fe cont
cméasﬁxﬂnplemﬁ)ﬁst@lhzsi wudemtlmwhﬁlc @ﬁﬁibs,goppml cwﬁdes, desalted

crbi, it opPed B3ides, O OSDIGRARHE BiFoRh  ABRPE e bfo @ crdo tha

h43'b3Eh E'Eat&! B8y thit) at Feast RMBIThE Mth d}%ﬁen%fthﬁthalv@ Q%Bllgrg%mt below
grarrs of residue per gram of crude; an asphal t enes

Unatthi0bMPatarg eemsaved. a‘yngaléyrsomedamﬁlm Ibaena copent of abmost 0.1
of cr.ude e f at Jeast 0.02 grans_ of
R, 45255, 0 D Byl GRG0 Bt it bl Rfn T Brof of the
toppammﬁae enbodi nents, di sadvantaged crude may | ncI ude

per g@nm of di sadvant aged crude, at |east
of riamelsiabilized prdes haye propesiias that ailewi the etabdxzeqi elaldes to be

oo Rk Babf Hhundl ANEDY peSacholii Bateee o gnamt,

pipélied), ttrdks, 4} sBIpRIBOthePerades Kavelon8®r ndte Anshitdblé pdstifics that

of resi due per gram of disadvantaged crude. In certain

ades thaya diredvantagerls Bisadvanteged vdegaasy hromageeptatds to a

tent
trﬂﬁﬂsé&?a@ﬂ Gy St ARt 315 B a2 15 el palue to
the dﬁmanwgeabrddea%e @cétidbmig vahie mayi teasiich ttat g @ekepvwoirdiat includes
may i nclude a m xture of hydrocarbons having a rag/(;;emat
@&

the, fisagseanfaged cpileibal is dsemed\fag, 9%9@15&0 Profies, trARSPeThand@s
per ﬁbﬁé&@% oP&ﬁ@%}é@%@é@&ﬁd& i ?&qeeas ta}%ﬁtgfm%t%: 2) TAN of

gr ans, gast grans, grans
at b @8 pls)odstosity bhatdedso 0 12i Fag; r:)aABie grhivity off biudbstri 9b 8} aveeal Ni/V/Fe

coptent gEaenst 508005 s et lepstiouign s oGNH LT ofer Brah of rudes o)
a {31 hOEATaRAAS coMtdrl? oR alRhdt 0B5RRES 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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di stribution between 300 C and 400 C at 0.101 MPa; and
at least 0.001 grans, at |east 0.005 grans, or at

| east 0.01 grans of hydrocarbons with a boiling range
di stribution 15 between 400 C and 700 C at 0.101 Mra,

~or conbinations thereof. |n sone enbodi nents,

embpdintbutsn disgdintaged epidemyay-inclyde, mer gram ofdisadyantaged crude, at least
0.

p

g M T L e I

0.90irbis Bf RRidueN tn EAVER cMbsdifrchts, diRidwhiapbd BRI h390.2%9.9 grams,
.101 MPa in addition to hlgher boi | ing conponents.

0.379.Bigeanns, pr Ovih@ 7 graasiotussidye peraraineolidasadvandagedcawdeo fn 26rtain

i sadvantaged crude cant ent . such hydrocarbo of
cntp U BRY S pEiad Sl HUHER of s iy Bila R (168 B R e suttur
coBilt ¥ iatRALtD. 001 Saf¥ arl@s0l005 pees, AFl¢adt 001Udems, R at least 0.02

gram of di sadvantaged crude, up to 0.9 grans, or up

grams$. 0. 99 granms of hydrocarbons with a boiling range

e oAt b radls i8R ik oY by haring ppanee of
boiliag poinds) Disadiadaibed Shilge thag ihRle, pér RSS! disad0dntggeaude: a

drocarbons wth a boiling range distribution of,

¢
Ieagtto-@ Mg least 9,008 grams, ar aldeast 0:0d igrams of bydoesbenyanith a

. 4 ' d : ‘
oo g Tl eGP T R O B ACEM B 001 g
at leagt 0.085 [pparhs, g at ragd.Ql gams b hydrochbbnewith 3B0ilingaange

e e T P

0.0Pg 454€ or BUkast bﬁ)lg@%%n% hﬁi{ﬁgca}ﬂons%ﬂ?ﬁ 501‘1&8%15 Sistribution

OW Ng countri e egl ons o 0S€e rles:
bet@eand0AC ahd 200 2C al816F Mz or @rhbiastionsth&eof out her n

Con e SR BB Iy b ) pt e o
disRBAhRGeA BRI dEAHTNRRt £.061 BRhmsChY 18t BODS g&yor af3hAD 01 grams of

Karamay, |raq 32 Zagros, Kazakhstan Caspi'an, N geria _
hydmp¢asbensayithua bodingiangsabstribiationtofs most 20 Ya et@1 01 MPa in addition

Ona Ne | apnds, S bek, T
R e S
dishidVantaged ailda i @stéht 6f BitdhydteArtons bf AiBodt OHSRA! 6r at most 0.1

acceptable for transportation and/or 5 treatnent. A
gragsyde and/ or di sadvantaged crude that is to be treated

g i Grta Bl Shb bl Boady RS AR ol B R ST o
disadatiagedgrulie,aip toreeR iRz onip folRIT iade dfegdrochioigwith a boiling
nmet hods described herein, is suitable for

range digyiwtion p§atlgast 3P0 /e I rertpin prbpdinentss disadvantaged gndes may

t..ar I r ' i€ .
o BRI p 0 o Sl 8 ISP AUT BP0 s v o
ollihg sadige mtiohefadleastH5011AL 119 covtdn enibodineits, Bisadvantaged
boitih fBtitutioh di \ &its, Bi
rude th?n the crude feed, and thereby have enhanced
crudesyRanineugdsy RRE sram of Aipadvaptagsd caidsumio )9 grags, F up frp0.99 grams

| . _ o 0
Oflﬂess cgc}%ﬁgnpr e-élpg%?%lgﬁtd& t Eer é%ﬁ?ﬁ?i E}jg&rﬁglfdiﬂgi ?g
ef f Exdmples efdisddvantagehtnmdest thapoanibedieatdd using the processes

ization,, a

[ fur,i [ l 1 ) .
'desgr?ge% helfléﬂx ﬁél{l&r,] ’bu’éj a?-g?lgtalnmlte to, crudes ggl/not{w 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, Iraq
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atnospheric distillation to renove inpurities fromthe
crude product. 15 Methods of contacting a crude feed
in accordance with inventions are described herein.
Addi tional ly, enbodinments to produce products with
vari ous concentrations of naphtha, kerosene, diesel,

Zagrod, Kazal/an Chgpian, NigenrwoO1ifghore, Gnited Kingdorn d¥prilnSea, Madagascar
convent.i onal e f ocesses, are described. The

nméﬁ‘t‘j é@@ﬂ’ W%ﬁe‘%’&ﬁ? §B§%’&’°ﬁ? h a hydrogen source in
t he TRERBBMCST dadORRa A cradhs TRAyLerfbndetBe fRIpBIHIE b then 2

contacting zone and/©or in conbinations of two or nore

disedyantageil otpdes sedh tharthe ormdesans adcapiable for trapspeyigtion and/or

source,is generated . in. situ. S enera i f
wifenhy Byl ey g bt SRR f g vg Petored o s
“chuBefded®. WRE bivdB fdd thiebé topped Ae@sdciibdd herdifie The efude preduct

salt catalyst at tenperatures in a range from 200-500

resglting 500 irgainest pbthesriderfagd pging geatheds befl hgtein, is suitable for

hvdrocarbons. 1.0 _Sit u ner-at | 0 4
bk Al e palley PhopeRF Y Bl Gl trolictaRORBsH e
cofrEpbAdIAE SréptticsGXWiEs Texid Taterinedibtedeade thad the>omidy Red, or closer
al kali nmetal formate, The total product_generally

to thecprawengdng, propasiies of Brgp aude Ban thearudefeed.qpd dagreby have

. . . g
enblzBP SESofHiE ville BRI WA oRnic g Bl pRIEBG. Such orude
prd&l:mi Mg bat-eiﬁ“éﬂ’ vﬁgﬂlessi %rl r&qxrte—ugmg@edilt,rthmby e:ﬂ;adnig_gaeﬁx:ing

that _are not condens e.a , LN sone odl nents,
effiqigncies; Rre-Beamsat may gp%udet%éﬂ B°’bﬂ&6%9£§%ni UYde

sifSioh s 34T kR ARt R BOCTE ERERL. L0 1

t he Méthodschfandtacting a prde fieeddn @ecbrdance wgthcinmtmivns agy. de3@ibed
heisis (AGOBRAY: FORGUEAAEIS aPESHE PO s v Agiou consdptgions of
naftithAWetdsBhe diR8C hitl/Sr VER W& ar@ ot SaRFMyrédired iMYoriRntional

used to contact a crude’feed with a hydfogen source
tyries of procpsses; @andesofibesiat al yst i ncl ude a stacked bed

[ Zﬁwr@g’lﬁ(ﬁa “i"f’%%% e’%o rt%‘gt%é §{l}fh§ Y@g‘?&tﬁi{}%ggfgg ﬁﬂ%ﬁ]ﬁ%ﬂ%%ﬁ% of one or

" mdr8 8 {He catalyieh i a dorttichk Lnd dhdf?Hh B6ihBinatibnsasTitve or @fore

CSTR include a fluidized bed reactor and an
cortpetingmaney bed reactor. Contacting conditions

typkcal ly i ude, t r.at u ssur .
Y2 B ARt S Mg, 588 senrston

of BeUiyafodeh @¥urce magyanttufethe@estibh of gidkast a pottioacdfithgcrude feed with
conditjons may be controlled to produce

a crude
thejnerganic sajt catalijsbetitemperatiges p gyangs isemm 2069085 91§ 00-400 °C to

oA T 88 s Ao e
rexfiom 6Lati 16as$ b pptticacbfake moggnic(falircarkatblatincludds, doreexample, alkali

as, methane, or ethane), a ratio of the gas to the
meg3l ferangtded will generally range from 1- 16, 100 Nn8/n8,

(232) ﬁﬁglg f&@rtgg%‘ft ?gﬁ%}%ﬂy DiRidee gas) "fap%r?ﬁ’élﬁﬁi‘,'%f BBxtures thereof

produced during the contacting. The total product includes the crude product that is a

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

entrained in the liquid and/or vapor produced during contacting.
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15 takes place in a pressure range between 0.1-20 Mra,
1-16 MPa, 2-10 MPa, or 4-8 MPa. In sone enbodi nents

in which steamis added, a ratio of steamto crude

feed is in arange fromO.01-3 kil ogranms, 0.03-2.5

kil ogranms, or 0.1-1 kil ogramof steam per kil ogram of
cr udleohBetng Zoreltgpicaliyt incinflea redetof,equbrtiony ofmreactor, multiple

Porifes QTR AETMARIS BRciats. | IARUTD R Sk eshior ot g e to
confBlet Ia%ﬁ#l% fge%o/(ffﬁlrl a‘h?ﬁro%@ﬁ ?Aurgfpin\’cﬁé PRl of BStaRR¥neRidk BGtacked
2 e-Vvo

zone. Typl ca une of crude feed in the
bedaemitas hifixgd bedireactos, M@UinGOKy diredussiofeactor (CTER), a spray

reac\'c/tgrlh ggngha\tvggip%%gta%g% h&&ﬂﬁ{%ﬂﬁi ﬁn@@iﬁ@xg;%ge%ioﬁ%ﬁR include a
ﬂuirar%t@gbw%hmgaﬁd afl QBulBKAFBEEreadlogON, Ni trogen,

ane, ethane, propanes_, butanes, propenes, but enes
or Contaétive dondiionhtypically iilGle temperaturspessrd, eruge fegd flow,

tota] el Do Poigea e BBy e TR OF A pRS ot

ey i Ye LOdraInd 18 ptSTuRe aGRMeqtbhtY withipedified
C(}]\E/I;i&a co‘%ggfiiltﬁ%g%& /eA quantity of thézl cat al yst usetrj@i n

propéréiesont acti ng zone may range from 1-100 grans, 2-80
gra 3:70 gra or 4-60 _agra BEA o -600 ©
o Betacti v PBire e s b 00 B G S0, oPdo0-600 C.

Tn RABYHSHINBERL i whithdhé BRitbgdPoul i efl @s a ighe(for exhmpledrydrogen

to lower the viscosity of the crude feed, In sgne
gasemothahesen ethane)a 8 re,timéhs gas todbe emde f@damgc&epaﬁ%ﬁﬁ sangedfem 1-

nt act, - 31 ' (cJale: 0] : G et ai B .
16,200 51 o SRR B RS bE 480 e Cottting tpically
takbSPIREY iatafiresstife @hgd RAwbenl0.0-20 MPaal-16 MR, 2- TOMPE, @rd-8MPa. In

to and/or during_ introduction of the crude feed .t.o, '
sorggembediments in whichgeam madded; ja rptio phgleatn teyerude Z‘?fdﬁ‘ﬁb“ pange
g 1k eAp.Yr 5 LS 5 of
ol e DRSS el AR S SR SR Lt
crude fdeidn edflusvtriste tolf erude ekl thexebe sufficientioshaintaguthe tvolume of crude

el el e i R L Pl 8 o

j b Hofind &l {hRGoARBENg
vol&r@%ﬁ%&g&cﬁ%ﬁ 961t1e{.] gr}cp;ikaa!él Oihe Wofiind St GudPfekd 0 g.zone

, feed may be heated to a
is 4084H0E& tou8OY of the todal yelumeof the coBaging zene 3 fosamperabodiments,

In sone enbodi nents, the crude, feed/catalys ] XL ur .
contaetiRadaN e fome . B HTEReRoR FLBLAALTE Saor g 3 i pitrogen,
meftBR8g e‘ﬂ%e?}[?mgﬁféﬁ?@ﬁaﬂéﬁ,! bpdrs,| BiktérRe Wiricofibimtiohf thefdolde

eed Into th contacting zone. For exanple, when the
cr ubEGS kisdv schematicsef ani smhadiment of eemtaeting system 100 used to produce

oSSR S e MM R 0
corlfRdtinRSohe 1 02 ¢ia cbiuif 004TBA iqRBntitl of fscatayd abéd indhé sontmting

renmove sone 10 acidic conponents fromthe crude feed
zoneome e tnge fiohe1-TAMIgts, RSOcgraims, 3-2@ grams, ok dnef grams, per 100 grams

emhodi nent,s, the.crude fe [ [
of G el s 498, SR ARG B oo o
thelBRYREresdtd TotieP tHe vigtokibhofiht chdpdedl ilaomk eirfbaditadmd, Yist crude
fromthe crude feed/catal yst m xture. 1In,

feed ebtsas arbettam partionef sentactiig zomg U4 ig ¢pmduit iSéf 3"5?6%
emgﬁ%i%g :ﬂr\é ﬁ}%sc%@u@g%?&tﬁ L hBSted ' Ftehi}erat@dbeial1eaQ TR0 °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.

P
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15 catalyst is regenerated and re-used. In certain
enbodi nents, fresh catal yst nay be added to
contacting zone 102 during the reaction process. In
some enbodi nents, the crude feed and/or a m xture of

crude feed with the inorganic salt catalyst is
i nt r inchoneecenbrdiments, tho patalyst is gonebined agthdhe emde feeshand transferred

The, enul si o be pr LN
B B 2Ry B PR R I il g epporteof
ati@e{ Gud acitadist B pRor tbAntsqiikti G RA6 coRaitg Zane 102. Typically,
stabilizer is added to the emulsion. The _emulsion ma

the ervlierfeast mby be heatedito 4 lemperajurg iy 3 range fom 300-200; 2 et 3¢0-400 °C.

at least .7 d TvpI |V [ [ .
b3 erot b5 Blcoltyet R BRRs 3 afryT oA chbodiments,
TANdfass b féedghaidies reliideddirdr iwintloduéticacbithe crude feriddnto the

pol ycar boxylic acids (Tenax 2010; = MeadWestvago
copprsting reye. Fraeremplss wihpe therpandeleed/patalysi mixtag ipheated at 2

LSUA ) . ' [ oAC) : -
ehpSfph 5k Ttk SRS b0 kil BUGTIRLAE mpone
inia]ué étlﬁldef@ﬂ rﬁ:tjolsiﬂmmed.ca lszxse ﬁﬁmaﬁlémbf )&mke dlkalp su:ltlsuilmegmve some

Charl otte, Nort rolina, U S A Tergj tal . NP-
aciglie paEpananty Tpwdhe emde if“n?g;w Frdvse e TAN TS sude Eﬁeﬁ- |

U S. A 0 i ¥ i ol sl oti

put 5 sbmembdBiide o ot Sep S1AD cobBR oo citAting zone
100h évlixing inGaontackihf woneHI2, m¥yy be sufficient 10, iShibit)separatian of the catalyst

nonoet hgnqgl am n J.. T. ker;. 3Q Philli urg, W
ﬁ%r@%wﬂe?@.ﬁ/&asﬁys&wfm %&ﬁﬁﬂflﬁﬂ%ﬁ)@rﬂw@g%ﬁf@ portih of the
car?%géjt:ﬁlﬁg congui tgd %%&cggég?:é?b@%%%]rﬁand/ or exi tents' such
cataipdt as teigemperated and B2usedRéu yertain emhddiments) Eresingatilystimajebe added

fl ow control. val ve 0. Elow control valve 110 may ‘
toHOPERRHDE 29 J&"ﬂﬁ%ﬁ?@ﬁc@nﬁrﬂ‘éesﬁat erial from conduit

108 t0sdfs drfbodiinSfs | the 6RIE Wedd ahAfbr AamAxaeE OF cru@s fadiwibgthe

~zone 102. In some enbodi ments, a condensing unit rra){_h }
inprgapivssatticatabyst isiintrednead into fieacontacting soneas ducailsign. The emulsion

ortion of,.the material to . e
g bt pieskd e pb ot ofif B AR A e Wit eruae
feb@B¥iSAart i tiré. HOBmPemiRifetiaSa dtalsiligdrds addedeo tiel emvalsion. The
control valves 110 and 110' nay be used to contr

enplsionimayaemnain gabls forordesst 2 dayss afleast dalays, o at ha&t%iaday&
PR BT LA 520 L 80 e S

Sefictmiteclude R afemddindfed tb prshic polyoarboxpliodcids(@enax12010;
the contacting zone 102. A volune of feed i

MeadWasivaenySpeskity Ryodysh (rep; %ﬂﬁt%eﬁf“@kaﬁ@rﬁgﬁéﬁéa‘r-& Car
GBI IRETR S B oy 50 B
péilidinh snlfnaga(tsstpurt S 80, ClaritedCbrperatibe, ClrankiéteNerth Carolina,
NORTEENTH TR TR 5 3 ST

ik G iR dEO R A eAinb RIE, b’cﬁ?gre dog lipftddab i eMYRAEIRRE SAldrich

an aqueous’ streamis I ntroduced I nto contacting zone
ChéRichhCoy dhilwinkae) Wiscensimdi.S.AL) dnd/brmenosthaneleminedh Is Baker;

at . | east rti of .the total product is produced as
Plyjng}lrgf Ngﬁﬁgb‘%%’g@tsi‘&é zone 102. In certain
embogE MR Sondht90b U colpREdREuit S0P mRIMERNItAB4Y BDYme

embodiments, recycle conduit 106 may directly enter and/or exit contacting zone 102.

Recycle conduit 106 may include flow control valve 110. Flow control valve 110 may
allow at least a portion of the material from conduit 108 to be recycled to conduit 104
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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

andfo® Rb@attingzonad0e, dmyorhe emhadigets; mcmdmsmg upif gnayheqrositioned
and/or |iquid

d fr
B i i 255 B e LB S8 et i
conElrcﬁ ?% Gt {20 %%Qﬁm%%gm bofingdhts aedyaleidonuit (]?O@mk?%e a gas recycle

es at | east grans, at | east 0.8 grans, at
hnel e;mw cOntSolgraties 110 and i 10’ meagsbe @sed 1o gontral flsw tor andefrom

comarnhite e el o cppntad voifisor o in e Spmaetipe zone i
mm%&@%ﬁc trh B8mé SR odidfentd) & lsttskmtiallp Bt 18ct8d YoRiheiiaaf®of 1juid can be

98 grams of crude product per gram of crude
maihtainkd iéecandcsing gonaheP. o velsiny fnq;/ux@mcﬁng gone 102 may be

cont act.ing zone.1l02 as
moipd Btibp et samiEhantn AL it thon! 117388 RE pasd to allow
addfffbh df1Rd HiRos@SicukR) anﬂ!dﬂ@ﬁdlﬁ@ﬁﬂ ‘gasedb die @ﬁaefeeﬂras the crude feed
separation unit 116, the vagor i's cool ed and, separated

enters comiacting vone ﬂgaelq)vcmmxh ,asi@asn tetRpret ldrigay Be used to
at i t ec The UGt
auo?’e%ﬁ‘%‘ﬂ F &0%3 er S cr U%ﬂ pro no J"(;?I recel ueéorus

streadhSs Writfbdasdlintd c&nli’onngizané eo ihidugh sesantinigipoctudy. 30

may be sui table for transportatl on and/ or, treat

enta af dqustiaportion of thedptabBroghet i§ proped s vapor

o A e B O T e
andétEvapobeditainiigamalinenampeofdiqaitlsgmd sofids fremahptop, of contacting

ons 108, 485 vapon 6 RRRSPORSA © pHAGERFU 14 o Gopit 108 The ratio of u
hy&&%%ﬁ#c?% WRidk Fedd i8co ﬁé@ﬁ% £omel10D aHdRr tHe fredstfd mQEé éontacting

ur recovery pla . and/or recycled t
zoneaindyelnd ¢chaggabioecoh@al the arapmrmd/iot lig@id. phiase prorduced from the top of

congreds 2o W rpappesEiodinai i g Brodvedt OB bE et
corﬁ:ﬁﬁﬁ? %ﬁ@{bﬁﬁbﬁﬁ%aﬂé&t ngﬁm it 1dakd 6.8 %}drﬁeﬂ at Ieast 0.9 grams, or at

cent ugati on, or nmenbr ane separ at i 0

n
least €A Tcgrams ofi trude rpngimm@nam 2f cifude feade ﬁl |cn§alé reudr@dmé@zﬂs the

v ihRES R s 5Pl 025G Sy DL 0 s, o 0
o99@§an%of&@&éﬁ§du&fper§fauﬂ@f&meemy enter contacting

zone 102 via conduit 104. In sone enbodinents, .the
cr ubleed eatalystandise solidsanay rsmairhin contaghing gees 125 by-products of

Condui.t 104
the é;ﬂﬁggt:lwgesrsmg@e rsﬁl?d&an@/&? %geﬂlc%ltﬁn%st%g;{ y ecﬂlﬁe résﬂ%u%?éﬁde feed
and&doRet i Ng zone 102. In certain errbodl nments, st eam
inlet port 114 maybe used to all ow 10 addi tion
st elseparation uni tlilbghe saper ipgooledandsepgratedde forpy et&‘&ude product
t ted
nﬁgagaﬁgséﬁ%st%ciapﬁl ts%:refnéa %ﬂttgé cfueé R’gﬁé{;%@% %&%ctgéaﬁﬁ s%ﬁaﬁdh unit

1168601 etdr \dmd@ﬁarécﬁ.ﬁﬁfecawﬁpt 19 vis cofduihEl & CFhe reﬂﬂtmgxmude product
be rec§cl ed to contacting zone 102, A mcféﬁure

may fhe Suidible foréranencatatipn apd/ex reatment e gro egsivet 119 may
mcg.{]ate%ﬁgg?gm% gigghﬁe%egnee&fg%e E%eg%%w ohd O I &%n@ﬁ&i’tahon

separatron zone I'n sonme
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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15 enbodi nents, a condensing unit may be positioned

(for exanple, in conduit 106) to allow at |east a

portion of the mxture in the conduit to be condensed

and recycled to contacting zone 102 for further

processing. In certain enbodinents, recycle conduit .
andIfifrecyrjedite cantagting zameyl2evia consinit| 1205 dneertain cubadiments, entrained

condui t..108 may include.a filter for removin . :
solid3 Rpier ks Brihe R Grogieh gy reremSted R ard Riysical

sephf2i6n ﬁ%ﬁmcﬁgfdr%ﬁ%pl% BFdioR ceafrifhfRion] bR eRbRsE Gépa@ion).

be separated fromt he tot al tprodu.ct and/ or catal yst.
| n BibQddepiots sontactingisystemhld2tfor aeatipgsaude fepdhwith gag or more

lids, th Li.d b ted f J l.
co b b £ o BE AT B2 TRl PERTb Sy s
solldEOThE YRR f&od ASPEAteS étﬁﬂddt:ﬁg zothd 102 vihiconduit R Maabinen,
menbrane separation). Solids include, for exanple,

embaditrientst the wruske feed isirgesived foara thesarude feed suppy.ofordnitl 04 may
_ 5 . .
el TS I TP g i 98 oty

cortAitagiz6ES 1 62, Rl celt@dSdmBoddaerits, Gkeagd inldi@oitdildimay weuset to allow
and/ or solids maybe recycled to conduit 104 and/or

additiorsefthe steamdp vertpeting zneJALa Tbe AEdsderd mapbe ceptacted with the

[ T I [ y .
carfI93Y chnhe 1R 102 56 ¥l FRUMMNRE I ool GHRBB, conduit
106 8liavsld 2edsDd phrtioh o€ thepiotat prelutigo berecycladde cpntacting zomeyl 02. A

.exit separation zone 124 via 30, conduit 128. |

‘miarethatinanesthaistalprodiet snd GesoTigh st ungagetioride foed exits

colthARRRREL P by Lilfs Sfi Sion ol 138 IERUNT 108, I B0

embodimients| acendehsihg anit ney hegositioned (fot camyde,dh genduilHitg ¢o allow

TN X RN T —

zorle SR TP R ther %x‘r?ges% th Rert SR 3dboRBnends! rdB81RRA8uit 106 may be a

separati on, ressure reduction. I'n Sone

gasaebyrdé limnt k sotrecensmdiments,ccogdisit 1 @3 may dnnlydera Blfertfor removing
ther, processjng,units (for exanple, for use in a fuel
Pa@@&ﬁ“&@ﬁﬁ?tﬁirf_’rg@&%very pl ant, other processing
Uni SsepRfatitR ZBihd B34, @i feadti§ioRidn ofthe tRide pesdiet By be sépagated

contacting zone. 5 In some enbodi nents, separation of
from the tefslprodyst and/oncasalyst. dn gubodizeants i whieh theitpigl product includes

SOI%SI regoé‘gsﬁg%ﬁ? gwgﬁ?%ﬁgﬁg%%fo%}%{& 8%* ﬁ‘éeilﬁéepar a ?%l%d:éeg‘aration
techigRed (forCekaiplsy b fuddatibn, AlEatidE dbtantativysinembrane separation).
Cont acting system 130 may, be contacting system 100

Sokdriinelnde, dox examnle, acpmbipationof catglyh used ¢atalist, apdierpoks. In some

Th . : L
e oA T S, B50PRLA Hhnd BBt SPH
embbdintentsdst 1ea66 pofticharfahaiots] prsduchasl/oansddidsinmg baredycled to
techni ques to produce a separated, crude feed ang .
conflpitr |94 anBERSD SIS eEbRIaEEs 1@ eopfactingzgne |2 yigponduit 126. The

SRy, S P 5L RISl hcin
zoteeB(! foil ARther procedsings Ofte cendegsinduot nsay exitseparation zenedd4 via

di stribution _of at ]Jeast 200 C ically, the
conuicl 28t 4B CRrfAiE EmPRRENSIES fisasprtidtas b trensngtadA e crude

profubitedeib@ | 1 ng range
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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15 distribution between 100-1000 C, 120-900 C, or

200-800 C. The hydrocarbons separated fromthe crude

feed exit separation zone 132 via conduit 134 to be

transported to other processing units, treatnent

facilities, storage facilities, or conbinations
m&nﬂﬂawepaﬂanon,mdtpmsmmlwﬁom In meepmchmsutsdﬂ:e @geparated gas is

f d 132
sugrief 4 el FRceSimarie 15 ofatnil 1 AR B e G Eglocovery
plafn@,rcﬂhérlﬂﬁoc%ﬁéiﬁ@uﬂiso dH6dmbinatbndthérbo P hd/6r fé@?élé& td the contacting

system 130 via conduit 138. In sone embodi nents, the
zorg.ude product produced from a crude feed by any

met {iﬁg Iggﬁlg" & P er el E\aiﬁé’ﬁ F@%%taﬂg‘é\”rﬁ%}lr %f Cé filgf eﬁg 3 performed

beﬁ%@fﬂé' ceudd fBed sﬁtaldeh@édiﬁmihg FBite. ORIGE Grrbasarbnwﬁb rofan embodiment
crude having a different viscosity thereby resultin

g
of p gepargficareag ipeerdbisetion:vith § canigrtingssisiepn.  Gonptacting system 130 may

b SAREHE b ot el Sobiicfile RfRF 122 BBV ATEIGS X aldh) The

cruiie\fediberfiets bepakationaont 132 sfaaohdiit 004, Aimcieparatioreadreet B2, at least a
FIG 4 is a schematic of an enbodj nent of a

poriomnfitag ¢ryde Eredps @@aarr& ysingstandgrdsrparatinn fchniggestpqradycee a
sepatfted bR FEditind 1SERAGER actlﬁega}amm&e £384,h 36m8 lerdbBliments,

crude pro uct system 130 via con
mclﬁt&s anglixént ef eoxbpmdtswgrﬂzmbmhhg @angendisitibutitinof ag Gaztol 0O °C, at

40 | east a port.ion of the crude,product J , o
Ieaéb}&ﬂ ﬁar,mqm%ﬁ@ fse2 poibpg Lange Hﬂ’é) (‘#J least 200 °C.
T)@;&aﬁg'tﬁe sﬂ:afb)féif&ﬁéég&& ﬁ@é@ﬁkﬂﬂeﬁf%ﬁﬁéﬁ&&m ﬁbbﬂﬁg range

'e or ‘nore cru e s, or naphtha); a crude,
dlshnhmmnfmdeendroommdee&@ﬁ@ﬂ Weyfor 20@-3@9 8auTee hy@loembenls

soffrsied Foin BREPRB L RFRBOYEOHE | a PRt b go b8 transported to

. otttk pREcSiSn Fﬁﬁ% &é&neﬁt faESities aforae fbiGtibd, 0P HbABINARGSS therRof.

condui t m Xi ng syst em may be | ocated in or
nearAtpashal pnrglomm&eiwparamﬁ@rmeeﬂqarb@uw@nmtmme I32and enters

ecific pr ct s [ C t
coB3ESd el AL ORISR oy SR BB U cpue produc,
whish@Etstongattidg Systdnt 180 vidltbndkiny3dg.y, TAN, Vi scosi ty or
conbi nations thereof. The bl ended product exit

bl edaiserge sEbedinpnts, the credeRroduct produged Eomr a¢1ude fqeéa'y any
mdhoH §4 sFébdé%f Iere ng??lﬁ:é W mcﬁiﬁg%@fﬂ%%mgﬁé ?%rén%ﬁ'omthe

generate acting process using

cngietfetd/ SFor ekampRX thetngle prydict gy berdmbinddonitiv onxde daving 2
may react. tqQ form net hanol d,eg r cover ed net hano
dﬁmyntc\@rﬂoarmﬂ@@ym@a@ara@m Preductiaving @bﬁsa%%ry t is between

thé‘%?{]o%ﬁgg?p Etfe SR GhEH Wﬂéé&gg;?%ﬂg@g@g %E%mﬁlg blended

prédetimay bb amdblerfortnanq:orl@uoﬂ) nmﬂ/mgtrmmbntnol W t h the
crude feed tends to Iome sco 0 e crude
f eedIGH it 2 sriematic of %%m lﬂ%&smfi’ grgling zone 140
f
mﬁ%ﬁta%ﬂ%ﬁ?ge Y30, qg‘é@ﬁﬂﬁ%h&b%ﬁuﬁaﬁs Gf 1444 o (}Iﬁﬁngoﬂ 8fth8 %ﬁ.tde product

t han I's ‘a schematic of an enb nt of
exite partadtingzyztemd 30rvic comduitd 8B and entets hiendmgrzcawt lidg In blending

zog%i e, lﬂgﬂcéonbr 9}? g&' t?rg ﬁrvl\gdtehprgdu% 1%%%'111% R or-lrehgr r%traredprocess

streams (for example, a hydrocarbon stream produced from separation of one or more
crude feeds, or naphtha), a crude, a crude feed, or mixtures thereof, to produce a blended
product. The process streams, crude feed, crude, or mixtures thereof, are introduced

directly into blending zone 140 or upstream of the blending zone via conduit 142. A
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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 product

exits contacting system 130 and enters bl ending. zone
muxigsysteromgi be dovdtediin 08 8ear blendingermed 480 Tae blppdedproduct may

Y S e M S S e G G L
limf£RAL thrdl oP bPA Uit of'llfﬁllﬁl4§hf;illbg 0 NI lskesity, ¢ ichsiblrlationk thgreof.

zone 140 via conduit i 6 is_a schematic of
Therhlbndediprodush exitst blenyling zonsrhd0462 cansivitdddite §e Spnsnored gnd/or
shown in FIG 1) may be positioned before contacting
pm“s"ﬁﬁidem 148. In an alternate enbodinent, the positions
of TheneRiiRdihafs, SYEhADH iscReRted dirRipthe corfaotingpiroess using

system 100 i ncl udes an i nor.gani ¢ salt catal é%t

the Gatalyatc tHon gxarpplechydragen i carkomreencyide BRY FRaFttofgrm methanol.
| ~ Th - | )
Theg%&gv eg&d%f.a%h]a%ﬁ éﬁg Hn¥aih disgoﬁg?%ﬁfééi;}? gr%?lgﬂtééﬁ]ﬁﬁydmmd&

I NOrgani ¢ sa

The tedbvieréd RBthaEslahayshe donlsinedrivith wdditionalomdecfead to form a crude
catal ysts, or mxtures there

f.. The gryde fe nt er
feed/methaap) mitups @mmgw%ﬁmtﬂlamﬁa?mﬁi@@gﬂ Teest e
s P GO B S S RIS S ot s00°C
may Fedlut®TAN ¢f thel onideifesd todess thandk.ogen and, in sone
embodi nents,. a crude prodyct. The 30 total ptoduct. ma .
1 E10 06 & 8Eheaupreyd 2 GTIPGInS OF 8 RAFHOpP FonE 7 EotRbinARon with a

8l W Haed zdle. U@ chidle'fB@érters Bbparati
°°ncag§g§ telg\n%?E&rtﬁhe c?{ e gg% mayZ be useo(l; as_a hydro g%ﬂa .
zored082 dlerofigh caminitdddi Mhe snskedredlis Sepatated espreviouglyrdesatped to

iR B PR ot BER el o 10
thr&%ﬂ%h&uiil E@sy BiSe drld@prodhiieiinabontarthpdiysRat 1305w enters blending

gener at ed drogen may be separated and/or treated,
zoneridOttimengh candsitcl38e dn blendingizene 149, other pepresssiragmyand/or crudes

intuiia s B2 5 (sipiinef VAR HEBNS predEl B Ttop § blend
profifi@! The®lended podubCexits Blepdfify AoneWs0 Ha cdmtiliy 144.0m

contacting system 100 to contacting system 148. ,

sonElGrfbis disehermatic of nyulfiple contacting pYstram 64 FPratﬁ?thg syStem 100
PSR BT i A0t B S5ilng By 95,

emB6difRent, @btk 8f fRbantiingsyksieeumbédevirsedc uiticting system

152, In contactin system 148, cont aci@?f t he_crude
10G inglndgs athingrs c8 t Contaghng systegn Het RRE Y PG & more

n . U . is
ol 08 GRS G55 5t an KB it
catlﬁlﬁfﬂg tliéth-agﬁitib?rb nﬁggﬂtsalﬁdic egtadyst tcennﬂst&al&@alysrimﬁm imixises, thereof.

n certain enbodi nents, a system that includes :

The erda eedmgtesy seshes e cutiemcOD TR G%‘Hﬂlésl,o“_?&ﬂé% Smiggted witha

S :
G i oA S 2 M 0 pLRe o B ot
Thé fil ppodiutt irtudds Rpdieget agk th smlembaedithentaf 4 enude product. The

processi ng through, the cat ticC Sys h rude
totfpenurayasext sRpeecysEnt (v opafutn (08 EENrOER agporated
sroftl Hntdot bPfhe i8S ghlic Salf EHAIPEWiPHRCARR: 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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In sonme enbodi nents, 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 may be processed to produce
commercial pro ducts such as transportation fue

h e atm angalfenutte einbbditneat such ganemtasiysaogen mabeseparayed-ang/or

d t 20 f t
weasi ot e ppostreiet o febesting Saiaa A A GRRtid oG M birdi
emE’cQﬁm@ﬁts %@acuﬁ% Shdtérhalg nidydsetd gRbof dontREAE system 100 such that the

di nent's e” crude product, the bl ended product,
germraﬁ@‘fkhydmgm fhoves directly fepral pentagtingtsystemaldl; to sentaajngeystem 148.

ﬁlgr Otl}@?}{led aa(Tpar%Btg?ttr%lnbgr g ch frI ncI ﬁ%@t?n%g;ygtﬁr? l16'630 is dtrectly

mixd vﬁth Rtudd Bdd aitaive QntRuke smmgmam of total

product. In certain embodi nents, 25 the total prod
i s Aueendmrids fopd enters contasting system 148 ¥1a copduit 182, By contactmg

sys% ?%1 %Bllat t %tlttﬂ?rérgﬂg ge%ggﬂﬁtr %ﬁé‘&s’? a PBREmCorf 39%% é&:ﬁydrogen and

the ¥R@alysPpidduddsaiProdwt. ThS Iarddu&ﬁE igsen., enmbdﬁﬁenm She ﬁta@ @ﬁ)duct
grans of coke per gram of crude product In certain
Thfémé‘dfttr%ﬁﬁ sontpgtingsysiew W8oaneonduiislS4. coke content in a

o ofe D BHNEaf, 4 gitgd that Aol boitacii 35 A8Re, copacting

zonéﬁ sepatdeozpzméu cénd/ariblénslingatones; tas chaviah i FIGS. def, madyrbe located at
enbodl ments, the crude pro uct Jhas an 0 nt, t hat
or PrexiRateins pr°§t;°}e°naﬁtl oAl Q%R 88 feefip et

profCSipe A Bl et %tﬁﬁdc?é&ﬂ?*gr%%%?ﬁﬁz%t&%k o

umpgﬂatmﬂﬂxg/diﬂmhmnnamﬁndmprwgm eg‘oodi mgnts, t he
crug1 pro uctd%l%gtls ﬁgr ram “&%{FQ e@?ﬁﬁg@%ﬁ’-’ﬁgﬁﬁmﬁ

aI%P@lS@d Tﬁ&x Qfkhird h@@«%&%ﬁ&t&m&bftm blended
fr product “has t%raom 0 6@&%&% grans, o vlende
proﬁuﬁamobe p):o@@asgd torproduge c@nmmml groclncts gum t@msmhpﬁ fuel,

head R uPFiEHTRE CHBFCESn RSP gL e R B4l ah b
ﬁa&Rﬁ‘ﬂﬁjﬁ aﬁﬁl § cﬁﬁd@ ipfctiulel aridiér BleiRRed pastiuct ® ptodudei oiietop thore

carbon dio e, anmmoni a, hydrogen sul fi de

dlsnum @@ehomoalnlsome eobostinesnts, thearadrprodudicthe h}@d@@ﬁtﬁ@@ﬁ% and/or

that are a mxture

the,ong oL FioTe ?ﬁ@%@%&ﬁﬁ”’iﬁ%ﬁ?%@&%%rogen gas, carbon

di 0Thél EotalGROMVM ifBRITRY, if ome emboaiikinis bt mios: (. magmis gtanost 0.03
be formed'in situ biy] ‘contact of steam and lig

gramsaewanm A1 1gyamp phoakeder armyahiotal preduct: aIPeﬂetﬁglel embodiments,

el G R ROPSLCOE O LA 05, g, o e

embBdififentsaibe@ride prbéudy engrintlede mnm 0 OSI’gramx,l aﬂ endsb00R grams at
gener ated carbon di oxide, in sone _enbodi i S
mopleh@} SR, abmoptdLA0S grams, orgt mest §. @ srﬂ@lsvo ke pegam of erude

pro%Hao h g@ﬁlﬁlﬁ gn‘ﬁ)ﬁ)ﬁml&ﬁs bR drfd é)éro ox | gée@tﬁlt&ﬁ P2 Range from

NONOXI enérat rbon s in a

abdveoe J.05 0081 mm gramé; N0E01-2.01 @rdms) o80.00h.C05 gramy per gram
15 to %Hnerate carbon nonoxi de preferentially to

of eryde) £lo QT Waof detestpblenay be beneficial to

In certain embodiments, the crude product has an MCR content that is at most
90%, at most 80%, at most 50%, at most 30%, or at most 10% of the MCR content of the
crude feed. In some embodiments, the crude product has a negligible MCR content. In
some embodiments, the crude product has, per gram of crude product, at most 0.05 grams,
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ot her processes |located in a proximte area or
upstream of the process. For exanple, the generated
carbon nonoxi de nay be used as a reducing agent in
treating hydrocarbon formations or used in other
processes, for exanple, syngas processes. |n sone

at mott@ihgmms, attrhest Dt grams, o gt mosk). P bexasw o f MER; Typieplly, the

eSS B3 i R Rnb 9

grafSGFNIER! 45 bpedByEidaear bons that have carbon
nunber s :.B}Ygfrange frgml to 4. The m xture

i ncustend embodinGots, thegotgh mduct@n@@@smon-@ndwablé igas. The non-

confegpbicss tracaly iy itet heb it RS 0 RaREh SBAM, dpyidia
hy: @o?eﬁﬁtﬁﬂ&e hYdffgén badbddi BoRoxidy, n&ﬂ%% Sthérh ik GuaBbopis that are not

adi ene F&er gram of C4 25 hydrocar bons. I'n sone
coteperbilartr 1P, or sgnigtureteradd are produced rel ative to

n raffi.n o] t
6 S BBl b g oo o rlocy ol o
coﬁb%;aum thérebPédh lﬁﬂf@?ﬂeﬁmﬁm by contaptofdtéins and lightirydedhearbons
will o oAy, Gupicaly, onigribamadyanE éo%q&-o%?'&%olar ratio

of Qﬁ'ﬁéﬁ Hfopéxxﬁ? Er)]ﬁ‘&i%mdeslﬁg oar af Ifnbﬂtf‘ the gfneratcd carbon

par a sone enbodi nent's, roduct
m@hﬂfdﬂlto thelgnerateddiacionndigxide,ih some ehﬂaﬁdmsenta m:ldxdeast 0.3, at least

0.5 B AdeRsh O B 8ame TGRSR ARl Tl JF EincEeppparbon monoxide
loes.. .
to {H3 tggﬁérht d car nalcﬁ?&g Sin 'a'?&ﬂr%dffmﬁ 0'g. 1‘0“0 ﬁ-(Pé R 095 orgs The ability

al pha ol efins")
to gérmi‘atel sarboi monoxide @a&fea@nuﬂl}etotwﬁﬁm didoxide by situi may he beneficial to

oS PEERPRIOCHIA A £ R BIE PR FPERTam Y PF Fesk T umple the

gehéifidd Birban bi¥pbRide Phayhe vddd 35_’9 redhefhg d¥entih the@BBE hyd8carbon

I'n some enbodi nents,” the olefin content of the crude
forpratigng or wsed g eﬂnpepropmes, foreexainpld, AygeA PEIPESSSS. t he

R

| ofhstﬁ Sutds ﬂih@h&&&“éb&ﬁ:h@ réhge didtiingiondepeed -30°C il IS8 °(5 The

betvveen 20-400 C have an olefins content in a rang
mikeemey debete lydtoggrbons thay heoocarban wenkrs ifsa ragge fromn 1 to 4. The

iy oy Rl RER01 4 B . D03 CEREIS of (089 8 s, of Cy

hya'mchboﬁﬂs@ cedih odf sl Yhikture! The &5thy8rddfibogs Miaw incihdd ferat0.001-
. 005 &r ans, or at least 0,01 granms of al pha mf{:}l ns
00D 1omrams, 51 0:05c0.Ohgramseofhnasdiens per grank oF €4 n

A AT PSS A NPl o

a v@élﬁitlrﬁ)lﬁo ofdt rgesa M hit @bstded, at pxdeicl.0, dt mase 08aatnmost 0.3, or at most

o oo b el S e i v
0

ratfooﬂtaelgfl%é ﬂaﬁo 1@(3?3)8 -1.5.3db10 pglorQ) &-5 fl hy g ngragf?%s 1913.9 clude

4°grans per’  gram o ons
1sdﬂpettbfﬁajsbﬂdllbrﬂ-g>ar&fﬁg£ di stribution between 20-400 T. 15

Ir gn 318 gcgmg %gﬁ%&; gtettg@éh 7 21}/ : &Ca%r o?' réls_,udvg ptrgdl%t ga%y mcque 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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20-204 C have a weight ratio of al pha olefins to
i nternal double bond olefins of at least 0.7, at
|east 0.8, at least 0.9, at least 1.0, at |east 1.4,
or at least 1.5. In sone enbodi nents, the
hydrocarbons with a boiling range distribution between
de feed br\acfactonef Zhit0, 581 109, ondt ledshBR0. dnspinesmbediments, the

Uty Pl cFpdioadts Somiiion fa il CdsplRy ot e cride foed by a
fadtef 6 mioBt 1,006,740 Most 90m laembermbopbedtivisst 960.t he crudes
and commercial products is typically at nost 0.5. The

abi | iln gertain gmbadiseenis thezrdeecadpna moilra boiing rngp distribution
fi f ] ith i nal _doupl

oPAHED A0 13 A B Ao B AR AT s, o001

Oc0sngrahe, aal0.(H-0.04 Girdins pét gmfgmss;raaﬁh mw%msﬁﬁhg edngd

crude, feed with a hydrogen source in the presence
yiionds agangedetwgan 202400 $&t may produce hydr ocar bons

with i L e L. StrA ' 0-204 C

that B ﬁ‘g% lEt‘lé‘B?‘?l%‘%g%’ a lg#‘?? E’sdoe%éé‘?#] i‘ﬁg‘?%ﬁ%g‘?b&%ﬁ%‘&h%i’é least 0.01
£ranss qﬁzﬂphatdlaﬁm ko ghdne ob orads proﬁuﬂﬁh@ﬁbe praduedo fm!cbﬂﬁﬁf
G%)S ins wi.ith trans _double bonds to |linear ol efins

> hsunde modu bas fram (,Q01-9)5 grams, O +0.2 grams pr 0.01-0.1

i Wb clofigd bef 8t pForuBE BRUNI T Sprtdif Sm¥Blllosd, e ©
hypdretarhens3@itina bhilingrange disteibhticrelise: twaenl ) 20-400 20 havé aalpha olefins
n _certain

| °§‘i¥%‘2c55<13f1 %}Egﬂgg? 01930&3;?03@1%3%%«%-&%1-9-0@@%@Pamg%mgramsper

Ao Iybdabris i s y
AL A RocaRSbuis ith o DGIE rlige A i Cn MR C, |
0. 15In spramembadimentasthe hiydvcapbans with a beilingrasge dis@ibution between

20885l M B S B Shnd S S st
017; @aeat Digng: 1680 0D bt RhstIUS Bt 1edst 100, G; %ﬁﬁégqg%fpgsgue%mdimems,

of hydrocarbons, may be in a range from

fipcarpons with a hpilingrange distributios beimeas 204264 SCrimve a weight ratio

oA B R UG R B 05 B .
Aapeigitabtid oflalphd oleHAS tolinfhrnA dofiBIE bofld Blefif§ of ik cARRS and

0.3. Fromthe n-paraffins content in such

compmerstad Prsiists is typiqally 2t most h8. Theakility tofpréduckh andnareased amount

j 0 i,n range.fro . .
o B R M T il Yo ¥y 20 5511558 Whe conyeppign of the
crgdeprodfictas onprciglusbdudts) sone enbodi nents, the crude
product has a total Ni/V/Fe content of at nbst 90%

at nBSPMSERRbodmeRis contrt ofa cride feed gpithor hydrogamssousmin the
prischbe, bt EEOARRE ol Satel 4 mak btitnck o cteBofi R pRoiling range
diiﬁgibgéomﬁememﬂ%-ﬂgtt ac t{miﬁdﬂ%dgﬁgh olefing, Pi?d lNiﬁ_ Héﬁ/ Vf)lgﬁn& Pave cis and
- ranms, o[ at .nos x 10- rams o | e. In
trang @H&ﬁ%eﬁ% dq& Fesight ratiq,ef w@eg%%m frapgdouble ponglsdmlinear
O1Pns ) is 0 BEN Hona i of ot 0.0 4 YidsP1 BP0 G Mos) 147 16 309ty
engbodimants,3heywaipght ratio of linedr0definsanith transldoabletbdndg t@lilear olefins

l.n s epbodi nents, the cru product has a TAN of at
w3 G5 AR 3% = snge Hom 00T 404, D] Somsl-Orhe TAN

of URRefhitdmbolfifentd H§drdcaBEnChATNEL bBTNg radbe d@¥tliRithn 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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enbodi nents, have a TAN of at nost 1, at nost 0.5, at

nmost 0.1, or at nost 0.05. In sonme enbodinents, TAN

of the crude product may be in a range from0.001 to

0.5, 001 to 0.2, or 0.05to0 0.1. In certain

enbodi ments, the APl gravity of the crude product is
hydtochsbant, pmgﬁaﬁoofhyg!mawcm, me:abc ircomanie §way 0.081-0¢ grams, 0.1-0.8

SRR AR 1R R B B S s o
thecirsH AiRHGhe hHaR@iNee it hibsb .5, ﬂt@n&@ 1.4kt st 120, at hivst 0.8, or

enbodi nents, the crude product has a tot al
at hw’s*e@ dafums thmnpmfﬁn@fcomen'frmwch hpdrpcarbongy the sparatiins content of

el R Bl AT M SERIE0D Bl 9108 sram,

ormp@g@-mﬁ@ﬁeragﬁlﬁwbnﬂewdmt ons cont ent of at | east

% at least 40% or at | east 60% of t he t ot al
het dneeme embodiments, thsrerudapreductidias a tofal W/F@ma@nt of at most

oo, 5 T, 53 ok SRS Bl % SRt oo

crnideud@l. f medrtathientodirhetits, Gmélﬁﬂé pRiduttiaciades) pematrlmﬂcmde
per gram of crude produc s be at nost ﬁpgrams

progucksé most @060 Lrams, ataiosﬁ%ﬁl eSS, F'Qﬁ*si X 40" iggaps of
4 O
NIPV&)Q ) Fn cer g?#}ml%{eltﬁbogl rren tcﬁgﬁsé ?&ﬁ otgrlﬁ%oduct, 2

, totam/wmmem ingeange fouct x 187 gmﬁmo $ 0108 granisy 3 10ihgrems to 2

from0.0001-0. 02 grang 0{ $.005-0.01 granms. In certain
x Khbgamseiftlsx 19 heramsjad % Q)d&@{nsmay have a nitrogen

contyg @%m@ }m@%dﬂb?ﬁs ﬂ%%%r prﬁﬂum a §Oq 6f atdnéit 902? %f‘most 50%,

conten e crude fee e nitrogen content
or 48mostLid®; pf the TAN ofthe cqudenfieed. Theictudp product mayyay ctmeuat

cupogimengh Je s RANL ofat TR boAbmont 0.5 hEES 0L o g Bk 05. Tn some

erﬁlféﬁxm’ SR By Yein A rivide FASRD.00ARE B, 0101 to 0.2,
a ranéglggfromggﬂ%é’m Sl grgﬁr%mor >001-0. 003

or@®re 0.5 I n sone enbodi nents, the crude product has,

DGR L S e R Qs 8 0%
mgie?dméasm,b 8ighler, oFBSTeast 96% lﬁFhéfQﬁﬁn the MI?’a\Hﬁﬁéftﬁe Brude feed.

.5, or at nost 1. n sonme enbodi nents, the
Inrsﬁ@nfembnéunﬁn@sdémwwof ﬂy: @ode poductds beween 834585 1388, or 16-
20H/C of the crude feed. In other enbodinents, the HC

of the crude product is 100-120% of the H C of the

Cr udf sbme émbOdibikntd, técrideostodiict Haa vothl lieterditdme fcohtent of at most
crude feed H C i ndi cates that upt ake and/ or

T0% a5 et 1055 asfat mpak e of the t@hbhﬁﬁr@e@w qogtemt pf thgicrudpfged. In
cefthHIRRRALH, m&*@h&@,gr%dﬁ&%ag&sfh%%moﬁle "oBAQGs O at least 10%, at

0|I|ng poI I men

lea@t wlazapbr dt Nedlsti65 of die tbandBéterdafddds @hisoms of the chwdenfeéd, 001
grans _of hydrocarbagns W|th boi | i

G s (HRTIEOdIct sy e » gmdisceoptonho! Hasest O0%, o Hos 9%, o at
mdt 8% faa%ﬂfg.{r' cénq: fof the %Q#?]egfeéﬁmmé).‘sulﬁfr%ﬂht@np@f]thé Erulde Product,

granms o oC a ons w
per gram of crude product, may be at most 0.02 grams, at most 0.008 grams, at most 0.005

grams, at most 0.004 grams, at most 0.003 grams, or at most 0.001 grams. In certain
embodiments, the crude product has, per gram of crude product, a sulfur content in a range
from (.0001-0.02 grams or 0.005-0.01 grams.

In certain embodiments, the crude product may have a nitrogen content of :&lt most

90% or at most 80% of a nitrogen content of the crude feed. The nitrogen content of the
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boi ling range distribution between 200 C and 300 C at
0.101 MPa; at least 0.001 grans, or fromO0.001 to 0.5
grans of hydrocarbons with a boiling range

di stribution between 300 C and 400 C at 0.101 MPa;

and at |east 0.001 grams, or fromO0.001 to 0.5 grans

coide prgdiict qer gams ofrude proguet) may be ahmest(.094 grems; @rxnost 0.003

boar Aunoe Sflclmpiont suPln ottt B oldh AR e por gremof

cﬁfd@ Sduct, xﬂﬁrﬁﬁ’éﬂ@mtéh@&t aefmgé fofa 0.0000.0.008 grargy, 3f9.001-0.003
OlOlgrarrB or 0.001 05 granms. In certain

géﬁm)?odl ments, the crude product has from 0.001-0.2

o2 B o ORI p e g, o

0[0550 2 @rdms) loa 0R9-M1 5 gfaxﬂﬁlffhydﬂ}g@ﬁ ThaBpC of tiwd c&ﬁdmoﬂmt may be at
gram of napht ha. The crude Product has, in certain

na%bé. ptaness, 1.7, abrost bHo® mast 1.8, ofrakmost b.40dn some embodiments, the
CF 3’3‘% %9 gl?)gglftqs 20- 196‘9";&1- 89- li’b‘%fd HR? Bf %{e%%c%ffeed In other

embndmemm tie HADOS the ;cnmle pbmhmersdmo}lmehbf m }Hﬁ!&ﬁ'ﬂﬁb ¢ide feed. A

o PR A0 7% L0 o FHGdniionen Dok e b

nain %Egm% ange from1l x 10-7
cgrangﬁn%Tﬂgﬁ%g%i@@gﬁrsoc%mb 2{lgrarrva to 1 x 10-5
gr anfhesrudef@odiics mc@mbsmompozﬁnts with 4 rapgercd bozhng poinis. In some

crRBRRIis: e SR PrIORe SIS ALOPH0 D @b, of R GGl tp 0.5 grams

s}

-of B cﬁ‘BbﬁfﬁJ}ﬂé \g'fifl{\’a lB@ﬂﬁz?Qﬁl@QﬁétﬁBﬁ nz}gp?’jf A1 Host 200" C" 6r at most 204 °C at

speci al certain e ments, napht ha may
Oulﬂé IMHG mmm 0@;1 @amsom&nm 0A03 rba 0 S graus o bydndsanbays with a

g "elan iatton be %ﬂ&maﬂ@ﬁ A G oD ftse Heask 001 grams,

ot ﬂ@int(ﬂem RU0.5 2find S hydkdBat ablﬁﬁﬁﬁ@ﬁm b @istetifion between 300
ortho-xyl ene, neta-xylene, para xyl ene, hyl benzene,

°q.apd 40D °6 aHB(18Y Mﬁmm@ ﬁbleas_w&mWamgrqrétqw 0:06% b Bsfegrams of

facBiegthbid it Doy S aistiotlich heePh 800 ~CRRFSHEC a1 0,101 MPa.

2- et Iy korde émﬁbdiﬁiehlsl. ﬂk%ﬁi@&ﬁ‘od&t @ihd) pler &aﬂrﬂf dreddprodict, a naphtha

benzene; 1,2,3,4-tetra-neth benzene; et hg
c%mtﬁmpwbbé)@zarﬁ@s qo@‘)}dzét@iﬁms zmﬂ 09160.03 gramprrdp ggitain
. e BR&GRts &fc ﬁﬁ’éflha.?ﬁ'f}ﬂlcﬁ o1 85 f’b oy L&@sdgxams of naphtha,
congener s of ene uene, ort

Imsirae mb@:hmentsaﬂlamylhthmhas Mo ﬁtlﬂrgmnﬁ hemmf 0 1 grams, or at most
anocyc aromatics are used in a varlet

I
008 risng P%@Ieﬁpwwaﬁ aapiitha oThe crade H’Eﬂ’idwfd@ésl o certain
BHBB{E%EH a(F' 14§ ?5 610081 -%dlu%r%&saér S65C P l08%%ams of olefins

ereln typic as a enhanced ht ent
pmgmnycnﬂcmﬂmodmit [ hssomenemhmhmmts,ehb aaphibnhas, perhgram of naphtha, a
crude product ha per gram of

d d
bengEne FtEnS 3 B0t $pbﬁa@ns@etlmgsté} @5%“?&%@%%8&@0% ghagns. In
c&fai® eﬁﬂ)b% néh ﬂ'IEEna iR hﬁ.‘f H86nzeRE PEIGTT HASs n&ﬁﬁctgétm Ofrin a

crude pr tax ene content from 0. 001
rapga fiom 1 @. Egrmn@m bxd grams(l)OBOf)gﬁﬁlsgodnslosrgams 5%10%

B uﬂg 1% f(g)’l o ha gjmgw%@ngy Bg ; Odugd:\ws erfd hazardous
AR, (1 alridde ﬁo@@ct%a@ﬁﬁs a TdMively 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 polycyclic ring compounds.
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crude product has, per gram of crude product, a

par a- xyl ene content from 0.001-0.09 grans, 0.005-0.08

grans, or 0.001-0.06 granms. An increase in the

aromati cs content of naphtha tends to increase the

octane nunber of the naphtha. Crudes may be val ued
TikasesbayBliering sbinpoindsmaf inetude dok areenol ﬁnnmtleutbeatemf toluene,

t he crudes. Gasoline paqtent S_not
Orrhofﬁﬁ@m msta-¥ylens. pararene, @Lh@%%ﬁ gtyls -H%Eﬁévl enzene; 1-ethyl-

2R PR | 27 Rinc T EIAAED S SR L PalgERl Y uigRigR -prony!

beméml;l e—m&thjale%-pﬂjpyghsmenas;a-a:thyid]sélidmnﬁ@dhb@ﬁem 2- ethyl -2,4-dimethyl
requi rement for addjtive re the o

bGAGRHSe h- o b ATHES 1@5@3? g A e OYE bR Fils? dtnyl-2.4.5.6-

teﬁﬁﬂ#gtﬁyme%%ﬁ i rﬂédp?%éé—o?@@&?ﬁﬁg% ééhtﬁﬁtltlil%ﬁ &ﬁg&ﬁi’@éﬁeﬂzene,

, east ,
tohiené, wathb :a@ene',l';tmta:mjrlbm, patas yieneameminiwiss thepdoft Monocyclic

TN T

compdBits C The BRide Produdt ﬁuﬁ&awahmﬁmmea ly/hia§@n enhanced
range distribution be?ween 204 C and 500 (total

conteaaphf menoe)slik erassaive: ) rel ative to the total

of U=t ot i pig bbbt P AR of fpltE pARE «

tohRAS bon'i&%fnﬁﬁ 0800112 gFan® 8005-0TVPin@eds| ¥ 0.0D0. 1 gafils. The crude

aromatics content in the total naphtha and kerosene of

produnt das, perigiam ofomdepmductsamets-xylowsamtans fiom 988kOgherams,

o8 355 R I P 5 AR e o,

arl &m&iﬁﬂmmﬂ EroB00.001-0. zmnbﬂyeoﬁonogramsml OyGir-0)08 tgrams. The

onpounds content in a_ran e fromO. 0001 gra
credms!u@ has,qes ggam of cr@de Jpct; PR FFPB’f 01801-0.09
AR e crude product has, per
o‘lrfsecru Qrb Sct a d I'llate content in a range

5 f rﬂﬂmihraﬁ@ in ﬂle%r@ﬂm coﬁmﬁmﬂhaﬁﬂﬂaa@erﬁisgo icseasé therpetane
0.005-0.3 g or fromO. grans. .
s O Herephiig. Sasmdnsimashs e G R Sstimalicgetlis gaoline
1
pc@%&%aﬁj bisﬁ% bﬁ:fe@ gagollt{& gcgneﬁf ‘ﬂﬁ{ H&P@Sﬁ ftngt itf t‘e‘ll%lrtﬁdl?akﬂculated
oqaredmatbeh &y, thpraphihiaportion of thd emﬂes.d (Emdes ayplbﬁbfshave calculated

O RN D T -
gﬂi?éiﬂér{f?&t a°dd1tNé§ t]ﬁ”t filPedRE %%Ean'é@fﬁnfﬁe@ﬂ? fheQadolhed In certain

rans or 0.01- grans of kerosene. |In sorme
erebdsiiients the cmdb@r«hwbmhdem@h&pethatgma Enettane nombeeof at least 60,

atgeagg ‘lef gﬁselagt?ro §1? th lg%{si?{?%T%za?]g)ﬁiﬁ (ﬁ e’ “g]’sqﬁ o?%he na%ﬁﬁm isina
rafBOREIBRNYS 70L% ok BOOSENE has, per gram of Kerosene,
an aromatic¢s content in a range fromO0.1-0.5 gr ans,

or flngeng euatpdimgnta,the cruge prod@etrhaalarhlﬁlnﬁsé@mhﬁmr@hc%content in

i ng,poi nt .of..t he ker.osen 9 "
e ot B it S0 SR Pt Pl 28 P b Coml
“raPhithe Ahd Rérosér¥Mptelfie 8 tHelt6tak &off2€iBS content in the total naphtha and
kerosene of the crude feed by at least 5%, at least 10%, at least 50%, or at least 59%.

Typically, the total aromatics content in the total naphtha and kerosene of crude feed is
8%, 20%, 75%, or 100% greater than the total aromatics content in the total naphtha and

kerosene of the crude feed.
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portion of the crude product tends to increase the
density and reduce the freezing point of the kerosene
portion of the crude product. A crude product with a
kerosene portion having a high density and | ow

freezing point may be refined to produce_aviation A
t ur dnsemepeibodiments,dhe kerosrngiand parhtha Way hayes tajal pelygromatic

densi and. lLow freezin bk ' _
cofiot sl of {oerbP i B OB Cb S LORU2 g, oy 001-01
orith @ feiCiram fdbt@PRdroscne Ahe Abplitha.a range from 0. 001-0. 8

granms or fromO0.01-0.4 grans. I n certain, enbodi nents

t he Ehecwrude praductihes, ner arameef ende produglna disgialeicestent in'a range

cont at | east r I t
58 008 Pyl SRl o 03 @8R, Rl LIR30 e bE B 00102
eri@s, IiPRmdErbodimeis s #eightiitiodF karoseri to diesebintthedistillate, is in a
range fromO0.1-1 grans, 0.3-0.8 grans, or 0.2-0.5
rapgegiem Lphtoshhel 3@l REASO Stkhe crude product has, per

0. 008 2o tfiuRhaitthe ofigd figuf ik bk ekdin 87 RS Brodullt loast
0.0011gr@dms, gﬂ@mlﬁﬁove 0 U%O.Grgra;tjm} 0o0010015 gearhs; or ﬂl@é;ﬁ@ams of kerosene.
content .in the crude product is in e from
Ingeraig etnbogiments, thy c@d@p@@ﬁ%?@%@-ﬁo S-ﬁsramar Q403 grams of
_ ) . i '
Ol ) GBI S NS ' AT PRl Bt
cofiteht 6f %oyt O.5zrarfls, 3t eaSt @B grams, or at 16asb 0@, Bams.ahrscertain

SO enbggigents, t he crude product has aﬁ%esi due_ .
erpRITBIS, e Kerosrsolianaasy gEam ofpseReoft xpmatith coptisy ing range
ﬁéﬁ%?l-é.ﬁ?ﬁ,o@tﬁ'dﬁ’éh-d&/ d he crude feed. In certain

nts,

enbodi the crude product has, per gram of crude
pr odncertaia endwiditnents, arfresainggiointtof theckenosene may bgrbetasy -30 °C,

o e F. by e e S e g
poiBsd ofth® Brhde pAsiuct teRdS R McRARAHE A8 anll RQ1uGE Widfreezing point of

product has, per gram of crude product, a residue i )
the kserosame portion of:the erude preduct 08 Goulepraducy withss kerosene portion having

¥ IR TS M .
thé B&ditBR RépdrEe@ssf HgiPBédsit9 And low Beezis@péinist . | n sone

enbodi nent's, a grudeégroduct i.ncludes from %reater X
t harfn@egpizpmbogdiments,dhe crufe proguethagy pefgram of crude product, a diesel

00].- , a . :
coHE0R g5 80 0001 P BORT 1 O 298 cmpoctimens
thedivkel thas, pes gt bf diesd, doneomatickcoptentlofat lekst 0.1 grams, at least 0.3

transportation and/ or treatnment i

ERES, qr!af 1eg§:0.ﬁ-g@ntsatlg|391§tp eﬁ@?dwﬂql'tsg itt%%rcg%q%fgéq? gﬁ." grg@ of diesel, an
arén% i&d donfeht 1%}% %Ee{ge g:( @ﬁ-l’(}%’%@ﬁf?—o. S&Ps-at4 é’l{%ﬁxg.t

apbrtities o crude ‘product’. A crude * product
i nclndemeainbodanénty thoctdoprodiicttae, prea gedny sf crwdy piueuct, a VGO

coptsmh i 7eES Frgci0eaCoBh St siop D onEDE S, i nibo.3 srams
m%rtﬁn%g%@jnﬁ e@, ﬂ&@v@@céig&ﬁ%?&:% defprBight AR raf SdHr6M 0.4-0.9

to produce t total product may be ‘a single catal yst
grams, o1 OL6+0 8| grams pér gramadficside. praduet. Irbcartaita¢npbodimentss the VGO has,

ot B ot 7L ot Bt oy nli e omiL BB SR omh Fsgams. o
0.50% g9pe. and/or a crude feed containing sulfur is

contact ed
In 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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with the catal yst precursor. The catal ysts used in
contacting the crude feed with a hydrogen source to
produce the total product may assist in the reduction
of the nol ecul ar weight of the crude feed. 20 Not to
be bound by theory, the catalyst in conbination with

- mbi®. hyrdfmegetmest 0105 gramy, at medtie.63 grams, atmbst0. (Weg@ms atfmost 0.01

t th de f th th

grgag,.aé’r&?{éaé@bé‘m% ot ghmegt O Y ot 9 e el fpe orude

pr%%@?x ?v'exc%%ﬂi"m?ﬁfg oaﬁhttath%sfaa& gbiteht in aEMRER@E 00000001-0.1
cat al yst's

ave Lew s base and/or
gridne G0GH) LDOF grahﬂ;sé 0p1-Of8r grivwms, ori0)5:@1684 grams. yst s

e S TRPEEINRE, TR R A S
céf oxnghrhdéhb eﬁﬂsna?'eﬁdé pRIdRk 1h91'i1d€§31§-ﬁh gsédtérl tﬂﬁl 0 Bftfms, but

purposes of this application, weight of
lessrthmst) 0l mmsgDaOOOQOII -0i00¢ grams, loe Ombﬁtoﬁﬂi'st‘aﬂilssﬁ catalyst per

B ST oMt o b Jasoetamy tibsin Tahpd b 2fiq ppapsg duing

énQﬁoﬁéHoﬁ' aN@for treRtmhPiH grocdssihg Facilitidsh THelcanabist nay n!ilﬁbﬂ kcorrosion,
to sulfur is typically in a range from0.2-20, 0. 5-

inbibit1frigtiors Gnédfeninsrasse whter pepasationghilities of t@mdedggd%y @ecrﬂde

SETNENIITTER T O  a p—

TubSSie armd/d¥thef Rolimeréiaiprod@is. 1968; Chapter 19. In

certain enbodi nents, the TMS catal yst may incl ude, a

t ot alhesatalystiusedsfor @ream};qnaﬁ*éa cruge fwéag thepresegee pka h}ﬂrogen

b P B 5 Ao SR

cmt@bﬂthe Epiitation iy ﬂ;rhﬂ)e'ﬁ\ﬁtaiydt phecatsoh et ispenvertaitodhe catalyst
catal yst, a total ent of one or re transitjon
inthe ﬁnnt@c@mguza%wmh ¥k @ude ng 1s contacted
E:f ﬂ ursSf. 06089rams The TMS catalyst
I'nc uéle e or nore transition netal sulfides.
Ex anTheeatalists bsddriaseniheting ie taide d:‘eddfwxﬂbs hydmogem source to produce

RS R e e SRR 5P 62 o
NS i R SN
redwdvad molecelar WEight 86¢camponsHy in ﬂ:m:rlhdreﬁe throughothe 9@1@) of basic

a@ﬂ%%@%ﬁﬁ é%gﬁg%jsggéq) AL nber é%]&?qe2sis)(“[Eg}gf)atalwt

15195961* éa?al{&sethﬁi mgﬁa\(e’q_,ewlg bhde Qtdﬂoz)ﬂmnstédll,owry base properties

eazl ewoodi or vaesite (N S2). In sone
melnﬂ@databraissl,cs dhmsunat al yst includes one or nore

et aepe mtespens da oS AFS O "Ml inctudes o

cobhptund Mat Chrithins AtrahbiEbE efetal EIEIdEMBoE tePuyissed 6F tlﬂsrhpphcanon,
sonme enbodi ments, represented %the general chem

weighhofl the ﬁxmpmgbmtal sulfidpincthe AM patalystis deigmmized bf@flélmg the total

b B A STl e PR O By, o womi

rafig RF €ie trza8iofR rhétaltb khlifivr is Hypadallyiie aliﬁige(?&daﬁ 02- 2@; 0b5-i18, or 1-5.
inarange from0.5to 2.5 or_ froml|l to

Examples of transition metal sulfides may be found in ‘Inorgamc 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 Jeast 0.5 grams, at least 0.8 grams, or at least 0.99 grams of one or more transition metal
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atomc ratio of c toais in arange fromO0.0001 to 1,

0.1to0 0.8, or 0.3 to 0.5. In sone enbodinents, the

transition nmetal is iron. In sone enbodi nents, the TM5

catal yst may include generally known al kali 20 and/ or

al kal i ne-earth netals/transition netal sulfides (for
summmeragrahmﬂ @tilyst. hmlmaﬁuodlmenastha NS cgtlystlss) per gram of

d o0 el ot ﬁ%gféago%*% ﬂ%gﬂbgr OB 08 £ 0.4-0.999
enbodi nents, the TMS
cat gfyst ?ﬁﬂsz%reosbbar onlste prlepared in situ.
Bar t'Biné The{Spratgipst dutlides one or meye tansitier wetabeilfidesafixamples of
nI heti c oni Na nd/
BHOB e w@@ﬁ%é@%@ il AR Y 3 %’ﬁﬂreﬁFFWéN‘z 258 1),
bra%lteq@%? %ggrdo?sﬁ REdkPhdwvite ({Feérgm,gmp Qb geRtipentliddete TVS

catal yst' may include at nos rans, at nost 15

(ApFasi; Sy isetubanitt (CuFgram lmcaksapmt(Cnd’cﬁ ichsplpderite 00

@agsR. RGP 0 PE )y B Bty Shimpersite (AeFesss)

clﬁlc%%teqcalrss %,QI'OIEQ (BeSY Byrie (Fb&? Oy hititeoFle . x,spar 036 0.17)),

grans of M5 cat al yst es of support 30
hqaabwpbélltﬁs(l‘ilk&b onug,esxie(lﬁl@eh vvlth the TMS catal yst

lud f .
s ol Hispute SRt 6 THE ol o Gt op B frkdbifion motal
sullfides ThEoaBinatiys ith alka%ithetaie)] alkhline-éarttemetal(s) zide, conipounds of

support materials. The TMS catalyst that jncl udes
zing, |05 Mixtwgashersgf. Bw%ﬁetaw 1S IHAOm f(%‘;o Fr 8, represented by the

sGEPOYIR et LS K 4R A NBA Rl RSB ikt
méakad 2indyiN atprésents mmommahl SomfCalamns 64 lgltﬂ'rtha/&rmddxe'rable,

r nsition nmetal, sul fides, . transition fal
sseifureén@wgeaﬁo%atealémme@%ﬁ%xtoﬂaﬁ ot 1t02. An

| atgﬁlfécrraﬁ{%fg?o flé}a 0 i3] t?'lkéll' to'TRd, 3k 010 0.5. In some

nmponent , art net al conponent zi nc
emhnmmaﬁa,tthatrdﬂmnommpmi fsiioom.of the transition netal

suI y&de co%r[rl%oﬁgnt OQE%ER%E%’} tr’r'%lr%m g eqi Fé n][H?orreanm1

a:ra%r aAefligeleaith ﬁw'@&ls/ﬁﬁns‘i@dh Bbfal safliéfor léa Bﬁl%micr(KgFemSM),

some enbodi ments, crystalline particles

ragvatnaike/@{Fealu)/ djerfisharite 8 sNatfe10(B1Es L) ¢1:éorphmt¢m1rees of

(Ko Fepi St G035 mnoY ForbyBR Qlse-EON) HEtaptS Ghogdihgats, the

Tmrdmlh{d@ iRhides Bartbilf _Iﬁwg(!‘uérb@iﬁlﬁﬂ Furehitk Preparedish aith irag be
10 particles of the catalyst will generally be at
refegredtio a@symthmmtt alNatuyad tan%//haﬁynﬂmﬂc nij¢ gy ibe used as a

fa kal.i al (s), zinc, conpounds of

T%% %%%Wr&? t‘%@?rgagfiiﬁﬁé Mbe prepared by m xing a
suf f InGdoifet erﬂfﬁ@lhiﬂ&nt@fﬂle WRES eutalgsianawinClude at 6hO8H 255gtams, at most 15

anount of a transition metal oxide, and desired am)unt

grams, ot ;ast | gram afsupport aaterial ey 100 srems of ke TV

B, s PR el aP AR5 0 g 0001 rams o
10 H@R T slishormhletiaM®d 100 gfings oﬂ':hem cqiglgste Bxawmplss of support
dried at a tenperature from 100-300 (C‘: or, 150-250 Cto
materials that may be used with the TMS catalyst inchude refractory oxides, porous carbon
materials, zeolites, or mixtures thereof. In some embodiments, the TMS catalyst is
substantially free, or free, of support materials.
The TMS catalyst that includes alkali metal(s), alkaline-earth metal(s), zinc,

compounds of zinc, or mixtures thereof may contain one or more transition metal sulfides,
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forma transition netal oxide/salt mxture. The

transition netal oxide/salt m xture may be cal cined
at a tenperature ranging from 300-1000 C, 500-800 C,
or 600-700 Cto forma transition netal oxide/ netal

.salt mxture. The transition netal oxide/nmetal, salt
‘bimptallieralkalpmete)-tisasition metad swifies, mgﬂmmmmwanetal sulfides,

b GOSN AIAES bty 1B B R A

podtibreofths slkalBaetil(s) f:ombﬁﬁkfn@,%fhﬁh@-ehﬁﬁ nidtﬂ(l# lcbin@Bndit Zdhc
oxi de/ nmetal salt m xture. en may be added over

component 3uog a@pﬂmufahm@n%n%nﬁtﬁbm ﬁ%@qmpqmnh@ﬁ the TMS catalyst
EAA iﬂjﬁfrﬁ@&:ﬁ odif Oﬁtsnb{#é%&t EQ fbéﬁg%éﬁ%%? ] arr;]og: ectra]ible by x-

|r’1terrred|a |nc

rayréifirhctionteetmfrpresaddi ti on 25 rmy be perforned at a
t enper at ur e _of, 35-500 C, A 50- 4008 C, _or _100- 300 C, .and

t ot 41 some gmbediments, erystatlingpartioles afhgBMS eat alyst and/qypaixtures of
orystal BAOMrACIRE o quﬁ g% jﬂﬂftﬂé 8% of it THost 162 %f 5fost 10°

t enperat ur e, se ect| on pressure
A, raédmsi 109 &per, at et 60 AL Ihwonnaitpeacﬁcc;md pa:rtfa@ gdzsof the drystalline

r e i.nter,edi at olid i ten changed
%toi?@ée W‘Wéﬂyﬁﬁg gﬁ?@“ﬁﬂéﬁ%%‘?ﬂsﬁ@%el ect ed
tra t esl; I
rmy " og0 1 STBLAL UL L feles Ral RRUESS oLIAEE RRAR TR, Ak,
compowisiof ziney or nmxthreﬁthnrmf Ima‘}qunepﬁfaiehy Hﬂmgd sufﬁclent amount of
i.nt.er nedi at e, sol a to,a hot
de gt e e imElit of s ae3 e Geeirod ot of
CobiteindI-2HRétal &aﬂsmﬁtwgscsﬁny |1f~21ﬁzetaﬂrbiéﬁlﬂfe€sg %ﬁm& A Lmbh]
control - the evolution of heat and production of gas.

acwe(smu zZinpegarbonaje, zinglagetateazine oxalateaty wixtivies thereafita form a wet

s Yh 3 ol ki B B SORF 00 G prpp2so Cro

form 4 Bradsitden tiefal okidB@Elt cHisture. PitHel t&ih&lti@il nidtal @@é&/salﬁﬁlx@lre may be
at least 150 C, least 200 C, or at |east 300 C

¢ wxsqi &b3 feppervtursi PRgng fivas300-H0 °G JOPHIGSCapr690-BAR PG #p form a

e R 0, o o e PH t rre

magblefreactabwitb hpdingemtd fofia 2 rbdiiced iterivddidte 8bIE dTheaddition of
‘Sydro en sulfjde 5 and/or thigls. An anpunt of sul fur
hydiagg xbppmo T arfley g sutlisignt tomsevide anexcespatmoynt of

_ n 0/
hyt%o? %E@P%ﬁm%%s%ﬁor z néurf:ngﬁﬁgo%l u#?n ?dﬁd over
10-riﬁﬂmhrssnl20-4ﬂ hairsto tha krtansiéért lmetaa d/ﬁidlbimmalmﬁ}ttﬁeclufmdu efsdtuce a
e s to .t I luent/ el enent a Su ur
redHP%Ef IgcEmegligie %Oglééﬁ%tlm@u%ﬁf epeat jon metale Fydiegep pddition
f of 250
mag;%?glg‘f)ﬁg%@aédt@ﬁbi%ﬁﬂpﬂ‘ﬁ 466! soZQQo 5«% n;oo-s% A0 Unda total

mal ntal ned ‘at
pressmpef H-up MParl Laltd MPasar IE-IE)ME’,a dit shoehie whdemstel, thatrreduction
at I ast 10 h .. L al | the final tenperature
esTe smw%&seﬁﬂﬁﬁaf BR PEesswe 9f Trducing,gag, and/or flow

rat@%&ucmﬁ?ﬁﬁseﬁ@@fafeﬁ&ettﬁe i l?éfn%liﬁi’@éo@ﬂ i$ WA L ?@@relanve to the

reaction Tenperature, the d ent/catal yst m xture
bspip}e mescoeithe aelc@teétrmmumrmeuat exide, Fhe redgeed intemndid@Golid may,

30-.9 50- 8 t I itat X f th
in SOe ARITPR berssatiignet a FRees Fare HEUASARIH 5. ray
be The i'e‘élﬁbéii iRiftrmBdiate R A0 el iRSreRlc-ARARAAHE tforaoﬁBthb? example,

di | uent using standard techni ques and “washed wt
100 Asdilugnifelemental sifug, andior boe bt mgresedmpovnds pHsulBxamiitae at a
ratd S oS! thg %%I?iﬁon ofheat and production of gas. The diluent may include any

suitable diluent that provides a means to dissipate the heat of sulfurization. The diluent

4
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hexane) to produce the TMS catal yst. The TMS catal yst
may be powdered using standard techniques. In sone
enbodi ments, the catalyst is an inorganic salt

catal yst. The anion of the 20 inorganic salt catalyst
may i nclude an i norganic conpoynd, an_or '

mph vt wita s o é’e#ﬂb“?‘ﬁ@s Ot Rbiehah 10 L loast 150°C,

cHESO| i P00 € el 8080 ikl o

betraefld90-500kE] 1 5080 PC,oH 2200506 °Calhk acbme meaﬂnnemmatl&tchmpnt is

al kali netal oxal ates, alkali fornptes, alk
VGRtaan/op yyighes e%llﬁlmcwalppwacbélaﬂ?# H’é%famogﬁinﬂsﬁ rogen sulfide

an oﬁh QeA%a:iﬁl&J]J]n?ﬁg B'B:Eﬂear t bHRR coﬂig%&%dé]ﬁaf%%@ fffo‘H #h100

et al
mcﬂb%am&@encda%t, §-J0ahale%s W0FI0dnele%q baskidi ancthe axalés ofifalimns 1-2
acet at es,

s i CHomBS Pl atler i Kl | bOScaditio g rduced
inteh %ﬁ(&& Sotid f0/the gllﬁélgfu efetndnef st mixhie IRE résufifilel mixture may be

ystsmc t are not I|mtedto m Xt ur es
inarémentalija kst éhior fisDiempetrtnFbai 200509 W@%{M@O—%O °C and

mm@@e@% S K2 ngﬁ?sﬁ% gﬁ%hst 2 hours, or at least 10 hours.

)Jﬁ] m@% ldﬂ%h%*ﬁéd/ for D hosIh lﬁ‘nir&‘ $hours, or 1.5 hours.
xtUre of / Rb2CO3/ Cs2CCB; K2C03/ CaCO3

Aftez beming fotias elevatab Auizie reagivntenperaiure, the diluent/catalyst mixture

e Hedadl b GthiEperatirg fig pangs B0} DO €. S090°C, 856280 °C to

fadiffatdie b1 ihé GallysKB6EBh& aat L SR Il fubifed catal may be
K2008/ MyCOB/ Rb2CCB; Y5008/ MyCCB/ CS2CCB;  or Ca&
dibrorsying staskr ignes and

isolated i a4l exyzan-freratmesphere fronrtsy

oRER ARSI LB T bR Ao, o

heﬁa&% tgpratdBceathe TMS catalyse AteUMEedtabyst tiag Bwogvhlbreﬁfusmg standard
it |um 5 per gramof inorganic salt catalyst. The

n| c salt catalyst has, in sone enbodi nents, from

gr g:@?&g? %5158{3@8%&3%%18& o¥gaﬁ1| tq%ﬂ um cal cu‘fl on of the

indrgartib ealv\itgliét mdy include amingrganig campaind, monmmoo:om;iohnd, or
cat al In certain enbodi nent

mixgirey %@f nbreigasapicsali catalysbingudss 2“@23{6%3 é-iaoggt% p&ali metal

B B S bl o

acttabes,rujkﬂrmdhbmatatm; atkab métalabrmﬂaﬁtalkhh thetabpyravadies, alkaline-earth

B kalescah el Juaraifhe alkaling opefh ots ylridgs, lkaline-

eafth nfitad ﬁléé Mﬁ%&&&ﬂi xﬁ&wﬁﬂﬁ&ssakmlﬁ@é@ém&ﬁ&aﬁaﬁta&e@oamme-

or nmore a metal s.” For exanple, the I'norganic

eadtl imetat akallagps,talhd;n&eadhumﬂalsfaimaemfall@hdc-amﬁh pietad pyiuvates, or -
E’F bidiumwith the ratio of sodiumto potassium

mi ?ﬁgtﬂ range from0.1-6; the ratio of sodiumto

r u bitdrgahid 2a1P 841G sts Inude? BECarE HOMiitdd &, nﬁmxésftg r at I 0

otassiumto fubidiumbeing in a range from

Na HEs O KrHlRbAYEsOlE NpA /K QRYRb TM&@HfKOH/CSOH
KOS RIS ED, 05500, i, Pk Lo AL O NaHCOyKHCOy/Rb,COs;
LiHCOy/KHCO3/Rb,COs; KOH/RbOH/CsOH mixed with a mixture of
K3CO3/Rb;CO43/Cs;,CO3; K,C05/CaCOs; KaCOy/MgCO;5; Cs:CO3/CaCOs; Cs,CO5/Cal;
Na,C03/Ca(OH),; KH/CsCOs3; KOCHO/Ca0; CsOCHO/CaCO3; CsOCHO/Ca(OCHO),:
NaNH,/K;CO3/Rb;0; KoCO3/CaCOs/Rb;COs; K2CO5/CaC03/Cs,COs;
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potassiumsalt with the atomc ratio of sodiumto
potassiumbeing in a range fromO0.1 to 4. In sone
enbodi ments, an inorganic salt catal yst also includes
nmetals from Colums 8-10 of the Periodic Table,
conmpounds of netals from Col unms 8- 10 t he

Ko Do BAECOT RIS Rt MECOCom ki &S mXe Pl mixture of
g@ﬁ&ﬁemﬁ@s of netals from Colum 6 of the

or m xtures thereof. Metals from
Col uiisorie dfibodifletidcthe ikrbarde ealhadtallystrotimthstabmoist @ﬁOOOl grams,
rut heni um cobal t, or _nickel als fr
af meqst@a@ EORE, OFj2Emost 0 piﬁfﬁnéso"fj\@““% A ??5%3 e Weight of lithium,
pgpr% HE sél%’eﬁ? Nyl &gé}ﬁc Qﬂp@ﬂﬂgﬁ%§ insH@e embodiments,
rgam )

caf a i nc rams, or
0120 @raﬁnsgbﬂﬂmsdhaxf&ﬂkgrms; REI00PEO1 @,Oahgraﬁﬁ of 0.00001-0.0001 grams

ofﬂ&{ gamaicuiaé?(iasagt al OQL ertal n e di rrent ag.é‘gpa‘fyst,

fromy E@bi&' Qa] RidBE6hO6H i
Tabl e. %\2}{9 ta sb rom 3 1 ncl ude, tinEut are noltﬁorealkah
metabisslecthatdinclode amaliali aiatlahmﬂmn Atomid numiter o atcheastiille An atomic

%Oft ah*%ct iy Ud 13'?%1%1&1#%19 . de%ggtéz%ﬁlka]imetalhavingan
afhHEhiM Hé%&@rth&@l(%%@ﬁbem%%nh&ﬁ PR aGraf ﬁ'omOIto 10, 0.2 to

catalyst i5, in certain enbodi ments, free o

6s0rtfk3 tord e shef ineeganiofsalt eslalystisdwo of orore alkal ln@talaad@ example,

e jaria g%as% n?éyﬁﬁlsﬁq%&#?sd' ‘“%t‘/sgg@ni Aok ogm?ﬁdTRJb?dium with the
T8 il potdsSHinEPeinPinea ral@¢ BbRSO. 216¢ theThiid 68§d¥m to rubidium

and halides.” The inorganic salt may cont ai n, per gram
b@ﬂg ima ranga ifions 841+6; aad dhemtio of patassigmierupidine heanging range from

[
0356 ol R G Bl e bR s 400 e
pbtasedeh abluiveth ﬂ@é atdini¢ Ridtof 36iuk toPotadsiunitiinglinClratipe fidm 0.1 to 4.
Lemns aci ds; Bronst ed- Lowy_ac or, e n1xture
t her $0merm Blandningrgapic salt &psagﬂﬂ Bsialegom
cHﬁinE&% sﬁ Bf'ﬁ%%eh%%aﬂiée To %ﬂ@ o?{iﬁf&f& ﬁom%rﬂ!ﬂh& 890 of the
amount each “conponent yst may be
Perdodic ﬂ'&‘dle;metﬁb ﬁ(ﬁh Lobanal 6mf>ﬂ1eri@rioduﬁfhbh; esmpbmds of metals from
/or pul veri z

| | th
Cohiuns eémre”?enb RS therese Mstels §om Cplygans 11 include,
E’t‘#ré! it 1%0 ﬁ1eni‘iﬂ @b, oRnickbl ML fﬂﬁﬂ @i‘&'hﬁnn 6 include,
vent t o form’an

I nor dani ¢ conposi t1 on/ sol vent
bMartnoﬁ;ImThbtosdimnmum malybenung rop vergsies iy sarha embodiments, the

on echni gue produce.the inor c sal 0
eyl D ol SRS O Ao GAREIEGl e idksbper gram
ofﬁgf@ﬁ{ysgh%gﬂaj sgatalyst may be incorporated into a
support to form a supported inorganic salt catalyst.

Exanfn esstaif embedipentssthe imdrgatse salicatalys alsotinglivddstroetal axides from

Bl PPt E S oml ot ot R, Tl CFomn 1 fmotuce

b@Pdré fot liﬂﬂi&?ﬂo B&bﬁ %r afilfurhd N%Llﬁﬁlmgéiﬁhﬁl& @Xhideal oxides include
ant|m)]% oxi de, m xtures thereof. I n sonme

Tithiyo @i r(L&O),amfasswm oreide (KA, ealcigmaptidat(®, ovalnminim oxide
(ﬁggé)or a conmpound of a Colums 6-10 netal may be

The inorganic salt catalyst is, in certain embodiments, free of or substantially free
of Lewis acids (for example, BCls, AlCls, and SO;), Bremsted-Lowry acids (for example,
H;0", H,S04, HC, and HNO3), 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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I npregnated in the support. Alternatively, inorganic
salts may be nelted or softened with heat and forced
in and/or onto a netal support or netal oxide support
to forma supported inorganic salt catalyst. 20 A

structure of the inorganic salt catalyst typically .
frymcbgnemsiio Alogrena b HAI001 K0 hexamseor QAU0N-0.48% grams;af: 9) halides;

det er ni t : i o,
oGRS LN bl STTEIAR 58 g oo
LéwiRragiiei &) Bidhite€dbfiry atidsiror e adatiees thiersafl der ed wi t hout

a substantial change in cqonposition.(for exanp|e,
wi t héhe moa&@&ﬁ&ﬁa?qlﬁﬁﬂw ipeeraspd b}ﬁﬂg&@}fmcf%‘?l&?ek’aﬂﬁ?ﬁd For

orve il Li ey . . . i
ol ged b T IR JE16e S RO AL EHAIAS using
sthedané aiixing techinigubé@forl exahipde; noillinghend/orpaivgaizing).s bl ¢ther
catal yst increase. As, the iopic_distances jincrease, a
eraboriBiopise HOBETAICROMPOSIHPRS ArgetissolyeH i 2 sakyenfdfofsxpaple, water or a
oo il Sl 4 BRI o el Bt At A, O solvent
mig beeahowad wsing stendard spafationl tezhuliques toydodige ihsinorgasic salt
tgrough the inorganic salt often results in an
c ease in the contacting area between the 30
| nor gAe SAbddimhe! NSiganidGaltd\SF (b il odie SalCEHIAIPE: rhd}Fbe
hydrogen source. An InCrease in contacting area
inzorporated b s swpipoyt taferm o supplocted fmorganie salbeatalysa Exapples of

b i, B oFE rbTef) rLo SRS B8 450 bl
o%ifaNfniuin b BOdrbtabsite] Mublifa, GEHAiS IRMUSHAY, alckEl aa,fadé, Qinc

the sane properties of the crude feed. Disorder of
oxifle, dadmiuyn okidesantimaenyroxides and maxtures Apgyeef, In some embodiments, an

) h ) e ) i
B B ol 0 Bt b e B0p G St Rl 5 1 fB¥tal may be
iripegnkteRthe suppoRto diterrAiFeliRindegitmic salis nady beoaglesl dradfiened with
X-r aq)ﬁ di ffraction nethods, or conbinations thereof

a

heptt and, fascesk inpng/or gnigc weta] sHPPEH AT Arstal axids ippeyt to form a supported
. . ' escribed in U S Patent 5 Nos.
mj’r ZD’S}&%#@S bner et al.; 5,039,489 to d eaves et
al . ; Asstthoture 6€tht Sbrpmic-hiieatalystaypicdlybEicomys henhommogehaus,
obtaj ned from M thra Technql ogi es (Fol ey, M ssouri

peymsabley andforanobglerat 3 dstepmined {epeFatug.o% i 3 ferperaiuge range when loss
of SRBFIALE ARy SRt 10 shongall 3B oftey W mP ooy
disordared veithomt ¥ achstumtinhclangaimemfasiion (for ek@mpl, withdutx

ook b TSy B B B s
c?élg%%ﬁ;t%ﬁbﬁ&r @80VdEred UnbbA R istaileh BeRGR2N iSASn TH RfticBRf the

e 1norganic salt ‘catalyst is nmeasured. Exanples
inofganirsedt catwdyst codase As theibhie distansegjinsreass al audeofiead grd/or a

i ncl ude carbon nonoxi de, carhon di.oxide r oge
hypest soufce My paes ivobe e tamresuid il FaralpbbhaRaof agposs the
siitfack OF {HRGhb1@Bnik %E‘I@Eﬁal?rﬁl‘? 'FRAH 8t dn'bIIRG c1BM FaéHia8@/or hy@@gen source
the inorganic salt cafalyst is detected is considered

throughahe inorgamipsal tafienaesuldts i i fncréase k6the contgetingarenbgtween the

Rl REETER eSS0 A SRRy s

céiicing Skea 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, permeability, and/or
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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
mabifh}tﬁ&nél}nbmﬂaﬁmkl)ﬂié@uﬂgg DS Theeihbds, édnicl: Ebmimmlnty ptagpaement

i nflection exhibited, by inorganic. salt cat sts . L.
mgihofls AP msthadsryiswal inspeetionaXE3y; g tpechods, o qopgbinstions
th%eegperature range from 100-600 C, 200-500 C, or

400 C. Typically, the TAP tenperature is in a
r ang®hé nenof3IDAPR EDdet@mihe clapateristich oficatelysts js deséritaddn{U.S. Patent

NESHEBA1590 Biier aiLe 3095480 0 BRAGs AR wifl 54T bR et
Aitlgﬂﬂ g%sﬁﬂg @beﬂbﬁajﬁ@aﬁbﬁamf'réchﬁozbg% aes1éy) 'Mis%ouri, U.S.A). The

ssociated with the emtted gas may be an
TARGinslysis amydie performed & 2 teinperadursaangecirers 25850 °€r, p6t340 °C, or 60-

Jyctuce. .1 n a .highl rder.e ystal rueture. the
AL 5% P patinatafh i e R OCT0o1cp 20405 B ot E Tapybin a range
5@ 12236 0h 12167 tdiR| EleteRiperanfd B re@ainCiiianBdridiitSncrease as a
thereof, fromthe structure requires nore energy (that

funstiemeftie. Aeahy temparaturgiof Bredaerganie solt aiplyst ingrepspsegas emission

{ | at ed L
e FiFatf i RE i Bebingt Ehe RS artind AN Hop the
inbfpiBic Jafttabyefichide@arbohessnoxitR] gatbos diogilechgdrbyen, water, or
required to rel ease ions, nolecul es, and/or, gases, from )
mixtanes reeafe I hetgmparpturasat;whieh aninfleption (sharp incrgasghin gas evolution

o DAL AR S8 Al RS e wic e

inbﬁg'aﬁjml ﬁ/cﬁfalmbedoﬂiﬁsal%ﬂdcﬁi'éd)m a highly ordered

crystal structyre at a selected tenperature, |Ln sone

emb ol $08 ubogiments, By inflpction p eitiod gas m the pozganic salt catalyst
. y - 2

E bt CERERU TG g BE I RISEAIES p duSplARAGIA B> i tpfioeraure

orcthe emmpengtdreuranggisaciiitd ar sthe ST APdempemture | The imittabtemperature

a DSC net hod, .a sanp] e, e heated to a, first
of B anBrt e 0SB G | ABe PO 24 g TAP
teh®aipde® second tinme. Transitions observed during the

I'rst heating generally are representative of i
ent r Thaedittedagae inflection exthbiteddnt inarganicesalt watalytsts suitable for contact

it i foakin p TR rvpetitive deneir o, D08, 200859 G or 300-400
oMY HVFEAR, SRETPAP tSBYerGBneis 34 b Yanke iR 300500 ev/ Ebébnte
typical I'y between 100-150 C. The transitions observed

emordimgnisdé fferand tompositiarisef awitablimorgsninraltivetel ystrgalso exhibit gas

. correspond th i of dissociation of the sanple.
mﬁ?@é‘i“ﬁ‘ﬁﬁ%ﬁﬁ%‘iﬁ@'me’f " Fhe process that occurs

whenTrs Sagsithdsniferd doafzatsd inflectidrofsBodifted with/ tHe bhmitead gas may be
becone di sordered when the tenperature increases

andipdication pEthpocier af henarticles igaairystalaturure nn a ighlyprdged crystal
th :
o e B B3 SRR TSRS, O ol

gdsed]iee EahbinaticigctheRe £ FrofvtheRgrut e fégiréiabicnsrgy! (that &yfore
enbodi nents, the heat/cool transition of the inorganic

hegt) In askisardeyed cryelel stanchirerions agagbasspoipterie paph At as strongly as
ioh8'Al a Aipfily HhESE SH st sRGctiPeCDuRNS tiPITRRE finHsbodition, 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
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tenperature range at which the heat transition of the

i norganic salt catalyst occurs during a second

heating cycle is referred to as "DSC tenperature”. The

| onest DSC tenperature of 20 the tenperature range
during a second heating cycle is referred to as the |
sthuritereis fyplostly stesterdhan aiqusntityrofionsendjergas relgased from a highly

cat al yst exhibit.a ition in a range
offeraarytel e it Sek‘%f?fai%l’gaa’g? 300-400 C. In an

i nor gaRirke SAbbdihieats, § BEitAF Biséoisticpautiihe Btganiegalticatabst may be
that are a relati vel honogeneous m xture, .a shape

;
obseevedda i rangedtemtSOF GriotI00 freat Rdigeing et esPolng rﬂagﬁlg?ﬁ, as
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deteepiged peing glr&?ff%%’?%ﬁf% oy %aﬁai con t!gll?'/ ?g 2 ]?%% r"géyﬁ?de 'lssg'{ﬁple may be
heasd totd Bt iepRrat@lepédol&l to roem-thapagrineg and thisndeated,a debend time.
shape of the peak associated wth _heat absorbed

Teansitiogs abssevegrinringshe firpt heating gengraliy arcepieseriptivenf sniyained

ol RO 5L PR EREE MM SR ror
esanpleaasileopemaidlcat sfxhgng of achoistfordiylimied sangie iay generally

‘ generallé i ndicates that the 30 structure of the

oeaBrlowcers (n dypiealbnrwemb M B (ng Thowaniipnsaberrygd dyring the

t P icl f Lhor ' Ny

ohle}eie iy e Fopfl e FoMbfon g 4lE okt UkagEIREER B the sampte.
sem FHeatitehnSitioh™ gefBi8as thtchroksess thas eccurs whemgrlemidinyoledules and/or
an inorganic mxture may be related to the ionic, .

atomsi in & snctirebecameshisordsred when thetemperaturegicreases dping the DSC

1 b el | onbLe . A ; .
e
in #sthense decormle tivee hamogdngouf whércthe cempeaiureidevgeascs during the DSC

it o P GRS e Bratleon iR ROt e fngara el oitalyst
o?ﬁfﬁ 8¢k 'a\thn, eﬁﬁ-@})g‘i%iggsgﬁatt#ﬁ d&@&tbﬁ QsiaB DI TR eBipetdture or

anion | e higher Tnterionic _
tembpierstotei rmege aiwideh thereat transition|of theinbigghisrsalicatalyst occurs during a

SHHORR DA YT Feipeab 35 DiSRL teleraite o 186 sl PISF sgmperatur of
RABpaatire [aAEk BAARE 2 36QRIUBENG SR (DFTufb ¥k the “minimum DSC

M xtures that include cations Wth small ionic radii
terapegaties” b Fherinorganic diltcat4ipst noan exbihdt hedt apsition g mnge between

2Dl Gt e AR, o Toni ¢ radii. For example.
cont &¢in Rorgantd $88ThaQRDEaink ihSrganiB Kelk ?ﬂt@iﬂleﬁ Phit Gfe 4 feldtively

presence of an inorganic mxture that includes |ithium
homogencousimixtures s shapef thn neek iapsociatesdenithy therheat phserbed during a

as.and/or coke rel akive 10 tack. - ] r :
s PR ot i Pt B B B et e ol i omatos
infodfdniC sl ayidled M reldtivelyid@shotfigendisus\thikkturé, th@slgpe of the peak

tonic radii than lithium The ability to inhibit ,
agropieiedWihhest absgshed-dugingra sepnd hesting gyele mayderglatiyely broad. An
r C

oL AR DECOR s bR 6836 5 Pl o s s
it 1@ sGinnB® tednpetituienanga lackaflatheat thansitionaener@Bindicates that the
tenperature for each of the inorganic salts may be

W@me ﬁ!?cﬁaml’r]f‘ed‘?ﬁsrmﬁﬁli*ﬁn%@?% 8ture of the
i nor %@gftog}og@%%méc?t{tﬁée é&jﬁc@)ﬁf mt%ﬁéea% saitixfd HﬁEﬂansE}?ﬁne ability

t enpér St one o I norgani ¢ met
of filetnsixiute tdvemiaiwa galid 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 fo share electron
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salt catalyst. For exanple, the inorganic salt
catal yst may i ncl ude potassium carbonate and cesium
carbonat e. Potassi um carbonate and cesi um car bonat e
exhibit DSC 20 tenperatures greater than 500 C. A
K2CO8/ Rh2C83/ Cs2CO3 cat al yst exhi bits a DSC
demsity avitht ammrespomimglamen fncoeaseomd3be acidity af theearresponding anion

nmbodi t TAP t
NSRS OB P SETIFT i of S chinfies, {THoIRE idiE AR bfifts in higher
irtéHdrgc ARt REoRSChEMFERE 1 ¢itidn @hd tHeanidiof g&mﬁomlathard base.

catalyst. For exanple, the TAP tenperature of th
The bigheninterivalc attractivieyfotcestopd b rasalt in hlah@réleﬁ @%ﬁ%m temperatures

5 C tenper at.u o)
65 s Salchndyoy TR B e in kit Of Rebtiles B WA AR peak and
ich@sédDireh BARL 1R DRE dakvd) N Mm@ee&hﬁiiiﬁéluﬁﬁtdthnﬂwhsm ionic radii
[ east 500 C or at nost 1000 C. An i.norganic aIt

' tendtte by moro peidicliban eptipnpofilaenes FOIDS@dPe 48 ARidity ef e drpraanic

%ﬁ‘&&t’g" ﬁ%%gfﬁ[é%gr%g@é P%‘gs ic tC gﬁ%g’?‘g?‘g? ‘;cgﬂ%t of a crude feed

wmh%y@i’églﬂl soBftk $n ﬂmemeseﬁcelsm ihorganicahixiee Gmbincheies tithium
of high nolecular weight and/or hig 0Z(cos t%’/
c%‘-‘mpé@ldﬁ toppdpeein vantities R gap é’@gj’“f eirplgtiygjto contact of the

B 07 v EORLE AL Bl o B QIR Ml tha

uichtdeﬂ dationd weith & pgeydomic raaihi than Hihivmg The albiht}gtoaﬂhtbi‘t@eneratlon of

i nor anlc salt tal yst ate eran from
Eerssesbe b proAe eld of eare
cond i Aar
y attr,%ﬁ{%ﬁ’ i G§ﬁ“‘: %t%éﬁﬁﬁlcluﬁe two of more

genera tot particles in
inongemixasrlts. MﬁmmhaDﬁﬁttempmatm ﬁ)rrmdzh ofithe iimgamsaits may be

C ondu % \Aﬁlt élél?qffﬁ'%fﬂoﬁlde o r 8§ﬁ’é’r’rﬁ G o al,s%l? gqsralsmh %ye Be below

tﬁeC}Hin‘ﬁnﬁﬁrﬂS@ drbdriturdbf A lédsﬂﬂﬁe%fqﬂé'fﬂﬂfﬁﬂic Métal $ifits in the inorganic

Inorgani ¢ salt ‘catal yst changes. 5 lonic conductivity
salf cataiystg éFnr cxmlcsthnmgames i catad st may inglpds potgssimcarbonate

and Sésintp sihppise. Hitafiioin e Pk T ot Spfbfpig Vb8
ténseratark Greubdr ith 40300 9t AR RRWODEATE,CO; Satallysy dxhibits a DSC

vessel wth two wires (for exanple, copper wires or
tmmammwmn@)ﬁ@eﬁgﬂﬁﬂgdcfrom each ot her, but

a 3 C ﬁ‘g{"{" rém 131'3@%3 ﬁ%ﬁ@% te?r?ple} %bcitavger#; igg‘ngc tetnperature

of &kdst 68 HERE ivdrgdnic sﬂ%&&hﬂlhelbseetbmﬁ&ﬁmﬁf thie hiorganic salt catalyst.
sanpl e /158 may be pl aced _ in . a heatlng appar at us and
Fneexa@zple,uﬂqﬂéﬁémlamwre of the deorgane salbeatalysipaycbe in a range from

S DR R S o 4
ﬁbﬁﬂm(‘é?’m%@ Uinddhe@DSTeemperhfifte of Matmdwﬂ:‘lﬁﬁ saity niag belatteast 500 °C
i S not Ilmted to, a multineter or a Wheat st one

opat e 10 @an‘pl e 15 158 becones | ess honbgeneous
(‘ror ,gy s\ﬁ‘ltt Ra{EPaOISAP' weeertefnggr tu.g@%etween 150-
resi Stivi e shoul d decrease a t he

500 se,rzmdunﬂcr %ﬁBOMOOEC?aIndl&ﬁs aboutiddrgo decompssition at these

_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 some enbodi nents, at a desired tenperature, the
inorganic salt catalyst may have a different ionic
conductivity after heating, cooling, and then heating.
The difference 20 in ionic conductivities nmay
indicate that the crystal structure of the inorganic

carduetividy of the indrganip salhcaislysie gerferally attiibitaddp tag partielpein the
R R S 5L 3388 GPRABIARL B e mrganc s

cheBbis RBangRs Qt £K9RL ta@fpdratulkethsn fHel tathélﬁh:&@@t whigl®oriié conductivity
the formof the inorganic salt catalyst does not
of pBifgle complonentied A9 ingreanis salt catalyist ehpBeel. nents, the .

i nor ' Iy [ i i . » )

S o 588k forflrbu MG SRR bk e fnlld By B g O s taw: ¥
=iRG whiBte, ¥ Bsvoliag e Tid raten)ant &SRB iregstidte. Tondégar iondadohductivity,
catal yst through a nesh or_a sieve. The inorganic salt
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o5 PRl gl ol LB viEimEBL AL B} organc

salthcdtdlgstrat ri x of the inorganic salt catal yst. The
cata t_partjcles , 1 n some 30 enbodi ments,, . .
10 sel fi*ﬁéf%fsm %@w@w@ et ImgP ugpddp ancasye igpic gpnductivity.
. ; t
Quidsleddel %6 cwﬁ%%mgé s@ﬁeple "Iﬁggg?gl-.%éxﬁ’ In a%@ﬁ?&%ﬁ%%ﬂm dhd heated

a tenperature ast or at nos

incremientallysd atdesirediempearatures ¥Moltagaframysotrderl®0 4§ applizdfto oive 162
a.first, fo to second for Upo cool. i of the

ofing iektipe "Thp tosuling Fyaenttarongh wies 162 888 A hmdranusa ot meter 166,

Mecb@ 168 2588Y, butSid hbt Limabdloy 8 milimeRe epgma&iqﬂewg%gg sample

. to the first formof the Inorgani ¢ salt catalyst.
15 13%becomseiess homogenenhs (hore meotileh withoutodesampositiomedourting, the

fromthe.first. formto a sec formis referred t
resls P OF e PR ROk Bl the oS3 ed Gup i aneifr 163 should
incpAperature nmay be a tenperature range or a single

temperature. In certain enbodi nents, the particles of

t he In semepembadimants, at ardgsiped temperatiref the inonganig sali catalysy may

oy . | . def or.nat | 5 . .
ol AR BRORIARIS Al o BRI B e e it
20  indbnickendutivitied wedy indiosite alitit hedyahl stdtulrd of the ifd#nic salt catalyst
enbodi nents, an i nqrganl c salt catalyst includes two
hagbegp alterpd fognan erigingl|shape (st fomm)dod differeshihape (second form)

QBT QiR Ofhd meaoaaﬁwﬁ?s;g@@%g@;gggi%&mﬂ@mﬁr or the

nor gani ¢ sa ca , 1N sone
sapenid thenfont of ierinonghdie sale batatyat does nbechanpatutmshetingt he

i ndi yidual inorganic t al salta?. 10 In certain . .
enb "‘r?étﬁ’cl’js?m_wi%@mi?%r QOB § t&atﬂiy%ﬂs 3 Barfickg fizg in a range of
25  1R060PhiGEE ho.fmo thidfons Yr sgﬂ%%&fcr&ﬁ easTdéE’eraﬂ%GJg @ggpg the

tenperaturé. I'n sone €nbodinments, the 1 norgani
inoeganicyssit catalyat threpghc meshoorsesidviel qui d at t he ni ni num

TAP and/or DSC te rature. . At or ., above the mni mum
TAP %m%g%éa{t@%@ﬁsmy gofin Yiﬁ%h‘?ﬁedst@ AFFPegHuEPs above 50 °C
anld B ERABDE ° S 2lAks th& bR salflcX B stedent N u‘?dsg.ﬁlﬁ o r g Pnarticles may

may, in some enbodi ments, forma separate ase
cotsxistin flermatsixfofdlit inbrgasnivreelt eatabydt. Bt eatalydt @atticipsirayy in some

30 enfipdimanity sGlfelttondnden it 0ok 4 pirporg pASRb U Q08 M, or at
mE§t D01 MPRORR Henftd 2o a YrAPratuft ot ORL36) <k, eaf%o&f 800 °C, such

i norgani c_salt catal yst per gramof crude feed) or Is
that the morganic 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 salt
catalyst is incapable of returning to the first form of the inorganic salt catalyst. The
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insoluble in the crude feed (for exanple, fromO grams
to 0.05 grans, 0.000001-0.01 grans, or 0.00001-0.001
grans of inorganic salt catal yst per gram of crude
feed) at the 20 m ninmum TAP tenperature. In sone
enbodi nents, powder x-ray diffraction nethods are used

temgpegattesr atiwlach the inargeni¢ sajt wansformsdramtha first foam to a second form is

' nj alt. catal yst . A _.shape of -the..Dool peak in
LR e Aol Krondfih s Moo oR Rl oy be
tedfipteitu@f rabfeor NEHEIS AdrBp&ate. Halcbitin@MbtaimERs, the particles of the
.estimated. Peaks in the x-ray diffraction represent
inprganiG eak cabadyigt selfrdstosm under gTavitY)erpressuse upan heating toya deformation

) - i ff ' e ak .
R, b6 P B g o ot
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8 &atﬁakdxfgermdafqrmémn tvaesres.n The defapngion tempggature of the

. I, .al )
u@ﬁ%a?ﬁ%%?]ttéaaliaggﬂr an o‘rﬁq §° o?gé red | ﬁsg%éﬁi%ﬁéﬁgﬁ%%@ﬁ erafures of
thelindisiiapkinofganivem@abdaltpeak nmay be rel atively broad or

To deter.n.ne i

t he ol . peak, 30 maybe absent.. 1, f the . .

di's o%‘é‘?ﬂ emh%«ﬁglgﬁ%c&g APqreanie,falt eq#%la@tégilawﬂi aﬂé}“ semiliquid at, or
RS, ABTAP Rl BEC Ut O SRR bRt Wi norgaris sat
catalpistas mbignisicone semikiquid at thy nainffum AR sEmddSC temparkiare. At or

i e i TAR G ARY Hse RRaberi fiGRR oF seafigh ihbrgenic sl
cARRIhHEN WA He Blude tf@dmﬁﬁﬁw §éite @Bgﬁﬁn@gtscﬁd?ﬁly %’ér’egga;ra%e 7phase from

abSent or broader than thé Door peaks In the x

thgicrudefeed. om sopecambodiments,thatiquid wp eemilignikinbrganiv s3l) c@alyst has

BT BREH o s 0 B bl B5H CPaBRL By Ifoooot.o
grals] 6V0,000110.0 §2lhs oﬁmofgaﬁio%amaﬁwgpféxagrﬂh%icMe feed) or is

Contacting conditions may be controlled such that the

insojuble ip therude feetbfor exarople, ort Agramy tes 0.06 igpams, Ge90001-0.01
d i ed i de feed. |
s oH 0, 000ER 40,601 Rl S i ebelc PN FnFIAGE et drie fopc) at the

minimpiOTARtempdiatrd. ot al product conposition includes,
but is not limted to, paraffjns, olefins, aromatics,

or nindcmeambyiimenss, povies s-ray difbactipn metheds arp userdcto determine the

ASTES 80 L S PLARLE, 0 D8y pscin ey

specinim eihdyrigs ionitered and thenelativdordat 6 Othe Wdrarti® Saltdrfitl¥$Sinay be
10. may, produce a_total product with

d i hed her ei : . . .
espglsi%ﬂ“- 31%3# lg{tgla ?‘LTP% diffradtionaepreasnt diftssent sompgundsrofitheinorganic

8L el IR P ) ) B 8 e i
betweanpdtems mayrhechstimiated. dn MCRocgamiesuit catal@st thay camming highly ordered

. MCR per. gram of ., crude ul d .be expected to formnore,
RRERRIC, AL Ao, & shepe,tithe Hoowpralcis Araitely namowo 1o ayngrganic salt

' v,
ol iy AR, B4 0 AP Aty v
inofgahiCRalb etonay; tre shhpelofthe Dagi tpegle thagbedelatively deond or the Doo; peak
enpodi nent.s, .t he .resjdue, caontent and/ or, coke contenf |,
m@é“ﬁ%%?ﬁ?@u T detpiaping }fttg‘? %?r%am | RgrEgnesalt s Gapgesluring
heﬁ%rg%, ki xafayBEtaclon sjteRiBy of e BAfanft AR cHaARF maPbedken before
heating and compared with an x-ray diffraction spectrum taken after heating, The Dgg;

-

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 Doy peaks in the x-ray
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0.03 grans of residue and/or coke per gram of
catalyst. In certain enbodi nents, the weight of

resi due and/ or coke deposited on the catalyst is in a
range from 0.0001-0.1 20 grans, 0.001-0.05 grans, or

0.01-0.03 grans. I n sone enbodi ment s %c alyst is
diffipetionfApeetrm taken at tsnmegatimes BOIGMGIh C.-cARdItiopaly, 24 Xrey
e g _ s X

SEHRAT TR o 0120 OHAL Wahey R QEREQU By o pes
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nd/ of “resi e to a quantity of coke e}nd/%r ]
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ug %Eb% 2 | J3ftione B tHel ik FFBYud Gnd %tdoﬁLdo%ﬂensiaﬁle%@Gﬁ)cglt'bon gases.

nts, such that’, per gramof crude feed, _ )
| easCobtréllipganatacting ¢analitiond iy combinetiomwithdasscatalyg described herein

SR P! Pt TR oD SR e bas GPrveE, (BRfpatifon of the
MER ¢Bnfelt S vaiBus SuleOmiy aNéWerudes tdbe/ralkel Bisafon Meitt 2Rdency to

crude product per gramof crude feed is produced

fatur ¢aks. Fenexaseplac cradewithoi MERotontant of .4 @sane efMGR per gram of
oflgh ouRy B Hieott'sf gl Boft SR ety Shufit Wi B HER, AR 0r0.001

gRiCBRNICR for lpfark 6P U@L C Didalvaniged cpides tysicudliciave MCR contents of

m ni mal anount_of pre-treatnent at a 58 refinery. In

atlenst D05 ginms of MOR per gem ofidispdpanteged fsudtaed, at nost

0.2 0
oot 5808 oboROud i Bl B o o6 gl on e
chialst dtﬁrniéxgéxmm:rdnqﬁ?‘bd nﬁg;l’bdm 8§b§ﬂ&a @rﬁmhyag hgxggo.bg [gSamd, or at most
sone enbodi nent s romO to O. r.ans . 1-0.1
OgPgrams of 1s8ing and/og pokeper grRnopalily 3 Iy pegtain gmbodiments, the

W 68 8 B4 Er Bl B  Vie Bl B8 8 orf el 60061-0.1

IS produce ng a contactrng zone
gtamwe 61081 +0.¢5 gramtseordd.0 b-0derdme dinf donw, embzadimentss wsed catalyst is

SRRk B2t e 05 e R4 R RHBLR e i omsiions

aft%h&sﬁe% gﬁﬁttme@x hREPE0 74 i, atltRost OA #RE Jit WEst 6.005 grams, or

contro the tenperatufre in the contacting zone may
atmogtd). §03r greuhs loff caltesin gormpdapef Bam of cradgproducts Qantacting a crude feed

e PN
cORHRor T BHBYLrePAVE 36 2 BAIY bPEBKMAALR Msidile jR0FRA Dy Hehting the

sone enbodi nents, the tenperature in the contacting .
crudn deadeiy theepresmice of b eefiningiedialystaer in theahsenes ofraccatalystiusing the

contacting zone is at, above, or bel ow desired
S?’Eﬁﬁ%q&%\c_tuﬁlgé’on&ﬁfnsf In certain enbodi ments, the
cont ghk chstadtHiF@naitiths may beQohirelldds th sotederhb@dinieiR, sSieh that, per
contacti ng zone tenperature is bel ow the m ni num TAP

=

grasnpEerade fesd satdeast OStgams, it leasﬁo-bs@mbSefwﬁeasé&& gams,lvpr at least 0.9
' ' T1 , ’
S50 e SRR ST ST e AP QS SR, PR Y099

gfint¥, 01610, Dgfarks; P 61720.8 gfamd i 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 cornmercial products with a minimal amount of pre-treatment at a
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exanpl e, in one enbodi nent, the contacting tenperature
may be controlled to be 370 C, 380 C, or 390 C during
the reaction period when the m ni num TAP t enperature
and/or 20 mnimum DSC tenperature is 400 T. In other

enbodi nents, ‘the contacting tenperature is controlled
refipety. thh gertaih embpdiments per grapsoforudedfeed, b inost 9.4 grams, at most 0.1

cat al yst R tenperatu nd/ or the Y .
raippsins OB e i st 803 B of PR 00N B PR s oude feed s
cofR ¥t LR doRERAblch Yo cARfdnS:, In ik dnboilimeRd, feortl W toOR grams,

the reaction period when the m ni num TAP t enperature

0.80Q1/-81 g28n8i 10HPDBICmS wp 8:04tQ.0%grams pfmor-condensable
ntrolling the contagting t rature based on
byt e e s el SR Tt Al yet Dsc
t enpEbielliRg a @Bitatingl ZbrciBhpetatdre; katel of cqude deedtflow, rate of total
properties. Such control may, for exanple, decrease

progwae flovy, Aete aodfor awerrtafcatalishieed RTerBwEatiops thereof, may be
B Aoy RUBAAREA SRRl 1108 bt conol of
the edraipdratarecial the tontadting zofle arigibeiperfonfied breclangihe  fewl of a gaseous
In sonme enbodj nments, the conditioning may take pl ace
hydsogemesouyse sudior inegk a5 Haroughy the coaRGLNEEIRS 1P Adege ameunt of

; ) . . ing the
yROE A HRlfor Wnive Bl HBh i foutfiirgRhe 10 L0C
| easkn sbitfe ebaglimemtashe Bdfipeftuetin tepcmtacifg zahe may be controlled
| east 500 C,. and then cooling the inorganic salt
such t pdemperatyre mthe gontaciingzone i 4, Jhrovey ot hslaw efireg teygperature

“fOS iy &Q&uﬁ:mﬁé iffent¥fife c%ﬂgc&g ﬂeﬂ:lggtﬁ‘gf:s iii‘ccﬁﬁro%led SUC t%l%t the

enbodi nent s, e rnorganic salt st 1's heate
contdcting eomx temperature is belgw the mnifmth TAPGeiGperatide sitijorChe minimum

300- 500 and. then cooled . to a seco e Lat.ure
DR, bt Tov<aipinemabpdiaenSon ey s 51 Belog 25 Ciew, or 10
(€ BE i the HiMithuine TAP t8npERfurS BYDSr the MBI $SE @ ¥emperature. For
determning ionic conductivity nmeasurenents at

exghtple e one ershoriment thescontastisg tamperaintsadisnbneanirolled to be 370 °C,

35 o 300 SRR Bt et vt 5 PPN B REbSture andor

milinai BEChympaaturéis 480z 00l i ng the inorganic salt
catalyst nmultiple times in a DSC. Condjtioning of the

i nor ather e@ﬁmd;mmtm@@@ontam?gé@mmmiswm@ﬂedaw@h that the
BRI PLIETREBnAORP Sk koA Bl isc

tehipeiatire e Bbt XN, ahe/Sractih témperaiie: Bap be comrdliRd tabe 450 °C,
content of naphtha, distillate, VGO or mxtures
5Q0n& @5550 °C quring thegeagtionnseiod vhendle minipym EAP ggmperature and/ox
j - Laha i
A bR B0, R i G ot orgpuco basod on
catalyaA ITAR eeipetaturesravcibr datalgst DI tengpeeatares noayntield impmved crude
time of the %rudefedvvi h the catal yst. ernately,
prpghegt @H%Heﬁbesp uek gentrol mays forsgamplegdecrense pake aon, decrease
ndﬁ%’on'dgﬁsra% s PAMAGh! B ohiviButiofBthetddgr €ase a yield of
a crude roduct, hmy increase Incorporation of
hy dringertaihremibddireerga she inongamiesatiraathdysh noaghbetcohditioned prior to

Lyen ss flqw.rate of crude feed or hydrpgen source, .
ad%ﬁl%&ﬂ?? frafle o T i FEDGTeR the ceﬁﬁéew.% mayciakelage o the
prﬁn%g&gﬁg ﬂ(ljlg gxélfdg r{rfgéd Worddiforifs'dR i8I AIP At stGREPIntRide heatin g
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

temperature of at most 250 °C, at most 200 °C, or at most 100 °C. In certain

e
-
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i ncreased anount of diesel, kerosene, or naphtha and a
decreased anmount of V& relative to the anmounts of

di esel, kerosene, naphtha, and VGO produced at shorter
contacting 20 tines. Increasing the contacting tine of

.t ot al .oduct, i th tacti |
ol s, eriGiriinic sl palgida heed 61 iempersturdén prans dtam 150-
y . . g ‘
700rT, 2R855b000) bASH0-580 ¢, TRd 'ﬁ?e)ﬁrchFeﬁ% %ﬁé‘%&}a 2 l{%ﬁf?ﬁﬁ%]’.u arange

wei ght (ﬁercentage of 1dwer carbon nu
frp 240181, 30620VCt 91 50-D6 °C.0 The eolttitibriiBE tebupekdifires may be

déi%%gg&' ng tcon.di ti.ons may be,changed over tine. Fof
ex anifﬂ' e BINESAS CORGHFLNHE Ssgruempants gt diffiseent temperatures, In
soRddrabadiments SERET b, — | g ener e

t he armuntnpf hydr ogeg(ralc eﬁégﬁaatﬁﬁéeﬂgi ﬁgéa?g}é%e%gtogkégét 0

tepperaes eitained figw rat/condtransifibes cbtiined By heatiHganaobhies the

e.crude feed, while

mlﬁlrr%frﬁg&f/slaﬁ gzagﬁghglﬁﬁg)}% ; ?}%( &ea;’f)gﬁsh {Genditioning qféb@il:norga:ﬁc salt catalyst
mayalieesestadttd aloyiRSfest toq{éiﬂe?fo?%ng% HF]EF%SI' %%hi%m?%raﬁnes than

roduced froma single crude

teiperatiees yrgd pifh conventienalbrysiiootating catalyais30 si ngl e crude

f i £ f tati, d/
1 ean oSt i, BleBlent b bhar fstifte & COpprmixtures thercof,
o e by peNadse B pr o%uct ééﬁoﬁ Ecttljéﬁm%%gma

feed to H/% of the crude rease In
contaghing zqnse For geample.slecrsasing haste oé tatal prbdiiod femdval tendy increase

P adi ' i on,qf hydro i.nto the
cobty S DA Dyl B Bl enye
relpidve torsnvinitinbpressutd fay indrbise Contain' i6Esd Py

C ngared to the chﬁe fee?:l i ndi cat?ggqéagf%tlveﬁyﬁegﬁf“mde
pr%iglﬁ Ay IPTRassnearporatiemo ann.ﬁ:@é tltmqsga:inﬁsas crude product for a
vSh GHKHSE - crude proauct .. .
B r o 11 g e TREERE b Biedalf splutfcordhaialer combinaions o thess
eftemis. alngradsed camtariing tindes o6 tirlcipld fobd WthINSERLIGH dna} d%roduce an

: ' |l e. Th ati o of hydrogen source t0 cr
mc?‘%g%‘{ %&}“"él@ diese) keTpespig orngbhthe and @ Hecregsed parouintef V6O relative

to thBemouidf ﬂie@éiyﬁéroséﬁ@,rnaﬁtﬁo %Jﬁd d\ét}?feérgaﬁ%a% %lgq%@rf %hi]]tgcting

. of the hydrogen source
timgs. keressiog thst contesting timeanf thenotad psathcMathe BsHtaRingBhe may also

cheflbE eversl {BoR hiet /b sdh prodict. opigatmaGopiabting time may
N _ .
g OF s eanyi sl oo LR o Abel (AL65 b s

and/ or steamyields nore liq
e in a crude product than contact of a crude feed

Wi t [ ' |t catalyst .i.n the presence of
hy rosgg"ﬁe an éﬁgg éeng?h%ﬁl‘? %Oﬂgffpglgg icfaditiens |ay be glaangee over time. For

exampie, #rt confacting pREURE alt B6Fthe Wbt SR 1 ' )
nce of thle) I nor gani c galt Cﬁﬁgg%gﬁahg?}rﬁgé)&mtgeasedm

. pre
mne %Sptstﬁ%g;ngpnttq{ dydiggem et the srude fetrbuptakisdo proatioe theRirde product.

e Y S eRP e g B Rl SpdE arane e fove, i mproving

otherptepedticarof the crodeifeed, iabrehdes tHEOFPE S gfng
cElnbtfgrl nent.s, the vola’urre eof _crude pr oducetpr%)@%cgﬁ@é Yan
prociiced {am 3 pgle cpusisiaed: cbhowmbilitytti pradyde myktipls aude @rddiicts from a

singlléelgg?é RAGDLS Hbow! J]ﬁ'elleﬂf){rglasgcl) o an o?'ttraela Sf:gnt IS[?GC%%C&ﬁOHS 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 hydro gen into the crude product from the hydrogen
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50 greater, at |least 10% greater, or at |east 15% or

at nost 100% greater than a volune of crude product
produced froma thernmal process at STP. The total

vol une of crude product 20 produced by contact of the
crude feed with the inorganic salt catal yst may be at
sduedts (Reldtively ow/inofeatdtin H/Q) afithe afuds peoduct26%, eedolapared to the

STP.. The i ncrease i,n,vol une | bel ed to b
cretesA Lndioates FoRReaLY Jo FoRBmeo of Pyasn gisiiirint e difoess.
s%&ﬁ&%ﬁ@hgg@&e{m@h byth%msam BYbeRnan@ldi9n toThob6f the crude”

certai odi nents, a crude feed
fehd,\bbﬁgnecbmthgmﬂnnzﬂfconsunqmch@é'&ydmem sadssirghle? 25

ur 1 She Fiinet Gy meeh aadt s csud¥ (P8 meSHo iy PSS e

r GRerbAdidd e PARSSMEESH
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toeumda/feegr nafy resvit inatudeypsoduct that bascarcinprsdsader©, coptemt per gram of
a %%ul c salt catalyst can be regenerated, at |east
cmyer by renoval of one or nore conponents that

cont ﬁ{féé%h?e:hb@djﬁl@ﬁ@' dohtact SOthERAIR e aPRIE mmbtgdmc salticatalyst in

are not limted to, mstals sul fides, nitro

.thorprmenmfehght hh@nea;bonssmnﬂfqr@teanbmﬁmeu ilgu%dvdﬁmrbons and less

r.enmoved used [ ani | t...C
QTR ATy pravies Fhad 50ias ¥ S B it @ Aptihic ik catalyst in the
' pl‘é@én%hbi?hydtﬁ g6t ﬁﬁi&&n@yﬂf @alsodimehis itk inchidel doagetof the crude feed
contam nants may be renmpved hy contacting the use

withenghaniedn dag prescucepl/the ingresnic salbentolys, prieastia @Oﬂm of the

oGHERM ot SR oG R R 1R BN aftid 5%%3@ BoREF (from he
miefahgpwhich Had beepdhcdrycratedi mﬂo {s¢ mabecalad Siouctames bfithe components.
sone

' gﬁggﬂﬁ:?@%géﬁ o and 5 ?&gﬁggegé% de% prga“cglpgch{geq figm a,crude feed
ccglrt%cg&{ gh cﬁ%ﬁﬁ@' n%}éjJrEseﬁ@é 61 48 nd?Bchié §aﬁ% Qﬂﬁ&st is at least

, ncrtalne ments, a m xture of used
SYogpegen atleasill()"/.( gmateﬁmapleast 15%@6@3&1&12@%@ geatiehan a volume of

ctyl BERCHELETEPuRFe 1RO 8 DR ORS PSP oy T BB Ao g e product

1?) %nﬁgaaﬁo&ggagk Sm%rcﬁ]{dérf@ed With tﬁcalﬁgfganfcrs‘achﬁﬂm@ﬁQQ b aPleast 110

Cuntil the production of gas and/o
vd:lP/quf the volumeofithemruderfeethat SR sSEncincrhseinawiyme is beheved to be

B0 B 5oty L RGP RRRR ho

hﬁﬁ-ogafaﬁslqgfﬁw%@{gfew of hydrogen 10 and/or car bon
di oXi de relative to reactive gas. For exanple, th

may Fmedrtaireerfibodiments, 2 ogdefiedhayings pesrgrgn 2l sruﬁlﬁlfe%i, ét (least 0.02

hyd / b
Bighe: S S8 i Yo af Rt Lol R o0, Ep By 98K VG erems of
Ni/VIRS 1s%ﬁfa@feﬁrvﬁﬂﬂ§h}9d}6%@f sobfdeliffthe prosause 8€an fidEganic salt catalyst
exanpl e, |ess than rans of |1 ght hydrocarbons

wptéﬂutgchgmdﬂngﬁ@ aghvity D%@IQ cetabyst.o. 01 granms of carbon
t
Enm ¥nd’ erp&b{?gﬁ% tgg%?or%at}qg sz{l %ngﬂgg g@&?%%gl Qt'l@ast

paHiaRy,. &y ﬂeﬁ@ﬂalcb f9nl of nﬂi‘@ﬁﬁnﬁﬁnemttﬁﬁt cRfitamigate mem‘atalyst
i UId In sone enbodi nents, the used_catal yst and/or
ngmrggaqthupwge@ﬁmqt ﬁgn’g_egﬁ@ rﬁﬁtyls, 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 salf catalyst with

steam to produce ammonia. Coke contaminants may be removed from the used inorganic
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be treated to recover netals (for exanple, vanadi um
and/ or nickel) fromthe used catalyst and/or solids.
The used catal yst and/or solids nay be treated using
general ly known netal 20 separation techni ques, for

exanmpl e, heating, chem cal treatl ng, and/or

sqjteatalyst by cont chwﬂumg!;momq saHti cafalyst sathrsitans ang/or methane to

P Mo R BN Pigeec b BnpSRURAIS b o P smsgs e

gémcdtiad ﬁ'eincal\tm:&ﬁreﬁifdim Riolganfy aii@daflyse Andfesfiuli criie feed.
Sul fide Catal yst. A K-Fe sulfjde catal yst was
pr epHt eatagyem %mpﬁga wigBreganed brorganensab(forexamplang)

th
K300,R80c8, ek Aok il oL ® sttf’@;?ggg orfﬁ%(?ﬁé{él@g@&ﬂzmz),
unrasctedicrudel feet] a20/0r Cesiduciaad/or askd manbekbdled 04 REfpettire in a range
car @c@ag xture. The iron oxide/potassium carbonate

frem $068-990 *Sowtitthe prodiiciion af Brsanddw liquids is

o5 A YA L e
priogharecyliquid phﬁaerama:r rged Uﬂwlgas mﬁa-yr imehide e ivuptdsed taitity of hydrogen

T e s W
a € Irom -
ggjﬁlbjes Og—h%lﬂ @Qq ﬁ%%ﬁ ?’&QF&?B{P@ e I n?er ITE%I act:ve £as.

40- mesh sieve wt
Tlmﬂasanmnsedu adelatively immhmbiuyt of flight hydrecdrborsamntifop Icmtbbﬁ

T e —
lessCiHid 0.0M gﬁimé SfcaBIEhBESH @ of g%% :ﬂ%& pHfke may contain

m xture was increnentally heate
WaHe, feTawio erea6e Upo Gb5-00%grams, oFipreatal them0.0eb gtanst of water per
re.mwas cooled to below 5 100 C and the
EENT A ed cat al yst was separated fromthe m xture.

The Iaubinelen#tRdiferital i hsed baalyst MAbEDHAY i the Eﬁgﬁbtﬁ%ﬂe may

a dry-box under an argon at nosphere, and washe
be freaigd)ta secoyer metal (e Sample, yanadim and/nenikk el fronl the deed catalyst

T r—

separsiudi tieclghiffudspfor @kﬁmﬁl% Eaatiag Wehermi@s el g/ 480 or'8dsiEkation.
x-ray diffraction 10 techni ques. From anal ysis of the
x-ray diffraction spectrum it was determned that the

catal yst included troili tm]: K- Fe sul fide
‘I‘I’Uﬂ‘U’X‘I‘%eS (for

(KFeS2), pyrrhotite, and exanpl e,
mag ANm- hmtn@@@!h)plesmf meialysﬁmsp&aﬁdi&d testifigof ¢aPilysts, and systems

| f f t FeS2 t
il IO U poptEise coPiions b esbrBAeRELtr um  Exarpl ¢ 2.

%MMMW%@%&E@%

preperedi iyusuelining 1000 grimsofkironanideofFes©1) Imd $80 g@¥f patkbsium

AT B S Gt S S S
mﬁﬂﬁﬁ%@?@d‘?ﬁ“?@%ﬁ“‘&%%ﬁ?ﬁ Gy SRS Toedfth
oxidgipetassinmracbanaeeniiire ivce calainat ys 50Q A 6o ﬁ:urglrmm)n
oxﬂ%@%s? e c%ﬂ%%% e 'm?ftglrel r"‘l"he iron ox1de]]potassmm carbonate mixture was
reacted with hydrogen to form a reduced intermediate solid that included iron metal.
Hydrogen addition was performed over 48 hours at 450 °C and 11.5-12.2 MPa (1665-1765

psi). The intermediate solid was passed through a 40-mesh sieve with minimal force,
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20 charged to the reactor. Hydrogen gas was netered at
8, 000 NnB/nB8 (50,000 SCFB) into the reactor and m xed
with bitumen (LI oydm nster region of Canada). The
bitumen entered the reactor through the bottomi nl et

feed port to forma hydrogen/crude feed mxture
Dur | Elge inttermediate salid wemadded maemmt&lasamtesm cnymaldge gvolution of

nikd B BiodiFel e o BV RIS BRI PR 106, Aftr

add18or2 81 @k ihtt@Rddima BOld, P fes@iting hﬁxﬁmtamncreaaumyfmm to 300
was fed at a rate of 67.0 g/hr to maintain the cru

°¢ erdimainiginesl 13061 °Calor &bown f Therrolveatieatalystrpixiire Waa cggled to below

1 o U A BT B R4 55, B8 iR Mg o
whak fhdizfed 19y Elration it §ery-Baciiier al hgoh\atihogherey and wastséd with m-

feed was contacted with the cat al yst at an aver

xYenetorpipduceP4d dagrems of thededasuifidesptalyst ‘Ehe Kok %ﬁﬁdﬁ@atalyst was

/ al yst produced
pgwil%ggpgé?gg,g%?@e?% t&fﬁl%%\%édﬁafrg‘g%tor ef fl uent
VapoThe fesaltingdAFe sulfidelcatalist wusmmlyzed ivsing »-fay diﬁ‘m&bn
t hrough t he single upper exit port. The reactor head

eﬁb%lqu@l- o aalysis of dhe %-pyt §iaror spesttym Jiowes dot ?ra%%q that the

ggtﬁfé r %‘nﬂgg@% 2? @g)f gk-bﬁ%ﬂ Pg?g@l%ﬁ[e aﬂcﬂn%ﬂ ©xides (for

examﬂb anagrietitey EedO,). aAcpea]mssocmtddeﬂﬂan'dn dispHidat(fut example, pyrite,
pressure gas/|iquid, par ator and a | ow pressure
F@%SW"‘F&B? %’%’é’ﬁgﬂ%fhﬁkw %e"t‘Pqu d stream and a

EM_M}L&M&%@I} loamtimﬁ)usigf susrech gﬁnktraﬂc&a'r(domposed of 316

SRR SR VAR 2t B Bl Rt BRGet? gl R syt pors thoe

tHebHES up i A5HAEdd iR TRk RaliBPinlériiiBarf a MARIHOAIEDS AR Ediameter six-
hydr ocarbon gases. In the reactor, 0.027 grams of

bbdeRashtpnh:rgmam of crude feed remai ned. Properties and

T T —

15@ étpﬂtaé fogefl ghdwislkRred dt'8,(00MImEm* {80,060 8CFB) int
¢ g 9, andnl:rlgbl e 3g| n FIG 10. 10 Thlré1 g(g ) mnto

ﬂmmﬁ@t and maix edy Wikl imenf(Liaydeuester rggian of Gaeat#aéeng‘hv\mmmen

AR p RS AR M A £ e o

niixtnreYEDurt e dctiohn ngeperiodtofd85 bbuspkgirogdregas @hd krude feed were
product included a crude product that S a Ilegw d

coRtimnaNsly fad intertha sepcies S0 pradyst wes a0 Hﬁ‘\é\ﬁbm‘w through the
AR APPRITR) e G SR e 335 R ATl 4 B mitan

cruda fexdtliguitt levéieat 60UdSS the srdctot SoMmat °A 50 milliFabrie'*ICs grmma ray
th l'ids,f d th 7wt
S T 5 S Ay om ABiFBIoR TP o st the Bquid fovel in
ﬂﬁ‘}gﬁd't@ | ed conditions and the catal yst produced a

ower quantity of coke than that indicated by the
ASTMI'he hpird gédgderudehfecd oms cmtdﬁads whﬂhdhdngzlalgatait lbo @gerage internal

réatr:]t%lr yempere%re oﬁ’SOQ’Ed C%érllt %,E;% Sdgegczqurge 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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20 the sum of the weight percentages of the C2

hydrocarbons listed in Table 2 (20.5 grans), the

et hyl ene content per grain of total C2 hydrocarbons

may be cal cul ated. The C2 hydrocarbons of the

hydrocar bon gases included 0.073 grams of ethylene per

gr amAdi¥er exitiap theGRadion) ﬂmﬁm@ﬂu&tm@ma&;sM@f andiseparated in a

i sure asy B ghsampior PR e RS GV SHe S P pduce o
llﬁﬂﬁ%heﬁﬁ aﬁ& 498 REDO STHEYasEresR veadlseht t8a@BuntéRariest flow caustic

Aydr ocar bons "of the non-condensabl e hydrocarbon gases
sdrmlohen terbn@ve Reidie gaves,aind thareaiee qpmhf@ﬂalmnafstmdﬂdl chggnatographic

rocar car bon
efiiai Ao Brbech inghoeh sBteARte dhial B9eRf UaLs ggms oferude
pfﬂ)dﬁé'tte@la@) g @ﬂﬁns bfhé coldedsable Hﬁir&c €s. In the reactor, 0.027
denonstrates a nethod to produce a crude product t hat’

giams| afgeldsyper gram of cude feedgemameds Propartiss and eempoditionsepf the

cxpile ptel SR B0 LA s i Bl piofec W i Hlethod are

subhrinfirigediaiTablgl 1nFIGE 80T atle abﬂH@m had bk 321%'1@ aod
300 C at 0.101 MPa, at | east 0. 001 grans of

hydr Ebﬁr%awﬁlmwnatrat%a mfaﬂg)dr%fﬁg@taa%& % ¢yde ffesd with hydrogen in

u%%%%ﬁ&g%&?r% Em?g“ﬁ rocar 5@5 %m%oa{&g i Sé?iaﬁ% fhot with

mikhisial cmmmb@:mnw Qoke. ek totaBpfoduétlin€lifed) crde product that
0.101 MPa, The hydrocarbons that had ? boi lin i\nge
g1 nake ?FA"F%?“’P

Wa* afigndupigre geb biand hasaanest Ol grame gfaydrocarbon
Pﬁeé}%qfffw daq the ratio of such iso-paraffins

par a |ns was at nost 1.4. The crude product
| ncI Byedmiparihg the rpsulistof dhesMiRoeontent fortthetrude deed (13 .7 wt%) in

e T DhrSols tofmied AR e RGeS - 91y L RpBFDI 10 e that the

cdiAbiRhtich Sle E&ﬁrd&ﬂ *&bﬂ&ueﬂé ﬁddotﬁe Qﬁmﬂgﬁpfﬁﬂt&ﬁ albREMGlantity of

had an octane nunber of  east 70 he napht ha
cq]@rthamﬁlablﬂldtchbddxyuh@Aﬁmmhth%ﬁQaenzene cont ent of

e Nt ohonseibls Rystrocathirs e Bids Chy Lt .G Wi tegons. From
the sk ofGheWeigh p &E&Ith%t% o e (9{ W& artink Hefed in THBle 2 (20 5 grams)

napht ha portl on of the crud roduct had at | east

thgreﬂrréemfcombpsrcgrm of total (ér edaghong anaydrenaiculated. The Cz

s sl abe RS B et o srfEbe she S B of ol

cpmﬂd@drbdmd RorltBE &l Of BR vidightglefMntages &'th'srh)% hiy8foRS®0Rs listed
portion of the crude product included aronatics, and

mt'FPé’lﬁk% (B52 ey the propeRe eontent ipgrigrapy fdotel Ch hydrgparbons may be
caﬁ&ﬁ&@& The ﬁo g&%garggnsa%thgggﬁ c9n£n9a[bi‘ 5{&3 qp?a%;éé:ﬁmluded 0.21

ram o osene

gmmsdﬁ pRopRte pér drash @toﬂaBG§hydi‘oéhr‘@d1ﬁﬁﬂ“h@fC4lﬁ}‘ﬂﬂﬁiﬂioh§ of the non-
ring aromatics per gram 15 of kerosene. The cru

grable Hdmeatboncasses lpdgwsqrpetae @rn—huf@@%welghh@h@.oé” 9et-
;
r acihQxGh pk ;H%}noﬁéﬂféjcﬁs Q@%ﬂi&ﬁtto Efb‘g}lg% i g{uﬂ% gg?&alﬁﬁﬁmt fifldes at

t he diese ction o crud
least @il grame oﬂhﬁhbcawbomtwﬂﬂeahbﬂlﬁg 4a1weaﬁm:nmmomro:ﬂmtﬂo@’5204 °C (400
f | . Th | e
%@20@% agl!pgs?ye@@o 1@,‘%11 c{qglg#p%:}mm ﬁgm ing 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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20 crude product included aromatics, and the VGO had

an aromatics content of at least 0.5 grans of

aromati cs per gram of VGO Exanple 3. Preparation of a

K -Fe Sulfide Catalyst in the Absence of Hydrocarbon

Di luent. A K-Fe sulfide catal yst was prepared by

20670 imilipd i90Pargffing and nrpaceffids, and dhelraio of swth ipeparaffinsto the n-
ca onate vvlth 23 g of de-ionized water to forma wet

p wagiak mpst 1 5 paste was processed as described in
Exanphg cthdb gr(fd%ﬂ?gbﬁﬁed B&lﬁhg'gghﬂﬁﬁﬁﬂﬁﬁmﬁs thhP&re associated with
internmedi ate sol1d was passed throu a 40-nesh sieve
naphitiia, kerosersel, diessicand YGOC diftercansde modﬂtémb Ia‘eleaat 0t09d grams of

niﬂli’téﬁeaa@éhr ¢ %é%ﬁ%ﬁ%gﬁfg )égl?flegr%aglg:ﬁhle SU| ! %{ o'f Ut least 70.
THE h&iﬁa 1?:{‘;?&}{1919 Bf %'&Hﬁﬁ'}ﬁ&ﬁm hirea béﬁHeﬁé H&ﬁéﬁtc&' aﬁﬁlotrﬂ) BB §rams of

m xed h powdered el'enental sulfu placed in a

bewahepergath of ngphtka. cEhe mphthadmri;lome%ﬂle dmds pagicthadsgidnost 0.15

s a8 o anfibpy T el BBt o B s ppgper had

least (71 g@kﬁs%fﬂéiﬁcpaimfg &6iiati O pet grdrh @€ naglitiapl ySt was

crushed to a powder. using a nortar and pestle such

t hat Thn@ruﬁeswmctmhl@ad@aﬂ@sy@,ml gmmecrf korossrad The ksaegene portion of

i 550 SR P How S0l TP bl forih bt crce
foaﬁ&rihau&éi arb@fik BAd tb%lk%rdaﬁné B&u&x bmedsrﬁ&erﬁﬁaw Rad an

spectrum it was determi ned that the catal yst
anomhuﬂe@tmt of atlegst §pgramis of aromatics per grAm3)f kezosgne. The kerosene

oy e e s B0 o el s e
offkdrbdedst i on 5 techni ques. Exanple 4. Contact of a
Crude Feed Wth a drogen Source in the Presence of a
<. Fe ToPrids prashicthaytat 1600t G0} omszof dissria Ths Gieseizsatispeof the
o MEBREGE: 8k B8naREE ap Hay ARPRRALMHr L Ulfe bERMctiad an

IOﬂ proce uré wer e esarre as In

m@ﬁfaﬁm corlthiaiof bieast 8ld gramk offirbnagies aagammfasiudls f eed
was 16, 000 NnB/nB8 (100, 000 SCFB). The Fe sul fide

cat alfpe erudy grasiugt hadkaf least @Ak E'@I‘ESOf&@@r iTibe Y G portion of the
ﬁﬁé‘ﬁm&a‘?ﬁnﬂ‘ﬁﬁ SOALHE oh& eNPGO lfeﬂ%%omﬁﬁ%%ﬁfeh‘?éf fAfleast 0.5

é*crude product produced from
gmumiﬁ'rarmﬂﬂlmlpergiabid\lﬁon FIG 8 and in Table 3 in

drggarbon

Example : e,0f ]
C
DG 55y A i 7

g ofpothssiyir cerbohaty emth‘423cg off de-loatzed ;wadmmc éxtmi mw@pasp;ﬂ élhe wet
2. The API f .t dyc

e rosessl i astritedn Esniblent bloa s b Eisatde The

inrRfdkifate Miq%eﬁsgea thr6a8Ph 204ncsh s1é%9hﬂfmﬁﬁrhagfo%e ty

I ndi cates hydrocarbons W th a higher carbon nunb
wer elpeantiastedd ExAranrZ tlanintermediatersolid ovasmuicted mtécblemmal sulfur in

cat a zed.

thpBecian AT § by oSerngs (ERRE: B BB sraef B dipliep, e

inddriRAiaRedoNd w43 thit8d PABSRMRred eldhéntal sulfur, placed in a sealed carbon
steel cylinder, heated to 400 °C, and maintained at 400 °C for 1 hour. The sulfurized
catalyst was recovered from the carbon steel reactor as a solid. The potassium-iron sulfide
catalyst was crushed to a powder using a mortar and pestle such that the resulting catalyst

powder passed through a 40-mesh sieve.
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crude feed and hydrogen, included K3FeroS14 Exanple 5.
TAP Testing of a K CCOL/ Rb2CCOL/ Cs2CO3 Cat al yst and

the Individual Inorganic Salts. In all TAP testing, a
300 ng sanple was heated in a reactor of a TAP system

fromroomtenperature (27 _C) to, 500 C at a.rate of 50 .

C peerrsiiing p@asa%@gﬂﬁgmt%w B3R 15ey diffraction
tec s “DRP s O S IR BARAR, /R RAS LERAREY that the
catalyppimcheddd pyritel (Fa$) prahoiléde &e8)and pyrrhotiel(Bet.SpnMated

reater th 0.2 voltsg for.emtted r bon di oxi de..and ..
pofbsiiir 6o 31 RRP BEIEPOPRIGY SOR51EE e POt e i gpetion
tecfhhgﬁbé.he inorganic salt catalyst at 360 C. The m ni mum

TAP 30 tenperature was 360 C as deter

. Fl _
S{2 nereased Rafio of Gaseous Hydrogen to Cn de Feed.
ThE2bPRamE 28 food (il reattidh YedcelureQRiert e daméRis St Example 2, except
tenperature ("T'D. Curves 168 and 170 ar g |l o

. 10
that #lia ratio fof hydtiogen gas togrudsrfees wat 16090 Nonf/mi(160,080 §CEB). The K-

re A 5 e S BB R o e

" rede@dral yst occurs at 360 C. In contrast to the

K2C03/ Rb2CO3/ Cs2CAB cat al yst, potassium carbonate and _.
cesiPuopetiesndithe enudearodyat preduced fime thisimethed are summarized in

. nfd ' : . b i :
Tl LS S im Te i3 lo. R TR bk eREpdEhitiee o V90 produced in
Exgapld dfs grogterdBaiheRbel Gefeenfagt of ¥1GO pRiducetbiiihainiplé 2 The

that inorganic salt catal ysts conposed of two or

|
weight pefcness AEsigkilpte pradupedin BAinls fat lesthan fieordabinearpntage of
cislfie O T B 22 RORS Fpsi) bthe SARRIGIR: plidtzed in
Exkmpteytisilowabthaa kesAP] gravity ofBEcheleipiradict profifcetindxapipe 2. A
higheg, AL BtV E gigaic K Rpoarons Tk 3 bisbekgedfoun HRmber wiRgproduced
t henm fgbedcf drudéfecd e MY cataly&lif 1 reﬂ&r(ngws%) #falyzed.

mn using a ditfterential scanning calorineter
Frovb dleis anddgs, the tramsifiacnetabsilfige satalysipafiénbeing iNdhepiekgnce of the

°@@§f@§é@é§@dﬂ§%§ﬁ%ﬂ f}go_fsegond heating of
oo + SHORVS B/

/RRERAC, O Catal smm Bid Billividua)

or €a TTTon Det ween 60 C. e
Inoginid Saltso i taHT AR tosting tu 00 mg sayepleacas 28ated in Freactor ofia TAP

syalats tont i oot *Ghie T gt b ihute. Bmitted
w2 d%di‘ﬁii@iimé BeOwiR ﬁ&ﬂo}e@ﬁsiﬁ%@ nias$ UpEHTdREer of the TAP

tenperature of 219 In contrast to these results, no
systehi nite heat transitions were observed for cesium 20

2 R £ R ARALIOE S iAo b2 e s cumen
inflection of greater than 0.2 volts for emitted carbon dioxide and a current inflection of
0.01 volis for emitted water from the inorganic salt catalyst at 360 °C. The minimum TAP

temperature was 360 °C, as determined by plotting the log 10 of the ion current versus
temperature. FIG. 11 is a graphical representation of log 10 plots of ion current of emitted
gases from the K;CO3/RbCO5/Cs;CO; catalyst (“log (1)) versus temperature (“T7).

Curves 168 and 170 are log 10 values for the ion currents for emitted water and CO; from

66



10

15

20

25

30

heating cycle shows that the Li2C03/ Na2C03/ K2CO3
m xture exhi bited a sharp heat transition between 390
Cto 400 T. The midpoint of the tenperature range was
385 C. The area under heat transition curve vvas

calcul ated to be -182 Joules per gram The 2
the ingrganicipliciatatysti Sharp inections foriemitiod watst and CQu firopsthe inorganic

Ct gpature of 390 T. The sharp heat
S*ﬁ%ﬁéﬁqﬁgg@a és a substantially honbgeneous
M X Ty fcon@dst $thle K, CORRBITIN/Ts, CO9 Batalys)) patassiiuni daybonate and
Testing of an Inor%anl c Salt Catalysts _ar an

cepivgn Sarpmate table eurpet intleguonspt R0B.CE. foppoth emitted water

conduct ed by placing 3.81 cm (1.5 inches)
m@%ﬁ{bﬁ@%}ﬁ%@gam c salt catalysts or the individual

I norTiersubstadi4l $ndreasd in exaftted gaBtbr\thSK@CO‘gﬁRﬂaBCﬁb/ﬁkimmatalyst
or copper wires separated from eﬂch ot her,

demppairateshptin Pfgémcssal%ﬁp@lxs ogm?aﬁ o W?r%te%re dnﬁ%vew ipgrganic
]%?4,. @Ll#ﬂp 220, 000
aﬁﬁﬁg{l{}?%t‘ghﬁ I ng I‘eSI St or. 8 ﬁﬁgfq’ur nace was

led. DSE MRsting ofiai heorganicrSabt C slmndtlndi:hdlml anic
mcro ammeter. 67 FIG 12 is a_g

Saltsg fnall ASK; tegling @ 1|°éag FABRlS vas b F#ég §°aﬁ%9 & platale %&@C per min,

ol $20 € P SEIROR T i S5 b 0

I I
15 b 0SS e 50 s

D3@s, maawfaetureﬂ Pkl Ringr ¥enedk,Sagestion] HJS/AO 5

o SR B8y N B RO R R At Bhing e

safm@leAdhows |t1Yat |tli’d Sift iixdlt @xhiBRed4 BRAA heft tAinsitRnbRiwetad 9 °C and

6gcurve 172) at tenperatures in a ran?e bet ween
g6- SUw Imdpmné pﬁmeéemm@rmse W 2EdTEs The aregrugderhpat

st.e.uct ure and/ | th not
taOS iRPR SRT R Rel Ry5 15 e P A Belia ot hta
disordélwistdeteniniieddo mﬂmﬁﬁﬂmmpm&uy@@fzm 10
Na2COB/ K2COB/ Rbh2C03/ Cs2COB_ cat al see curves 176
178 Ingpatrasg t) thespogsiltss na Apfinitechen éﬁ@@mmm gbseyyad for cesium
ca.@:@bﬁ’%i ve to K2CO3 at tenperatures in a range from
-500 C. A decrease in resistivity generally

I ndiRSC enaliydiadf & utixierd oﬁll.lsmomgd% Lariddd, Gy during the second
w res, enmbedded jn the

hep B QpEiA 00 that 58 ki O/ NareD et s PR FEibAed & shap st
AEABRGA 100°6 10 "CoTRE B Eodl dr Gl yos 385 o
Tlmtardsaanﬁer héat transition eunvemge clilcwlated 30 b6 0B JouldsIp@ grbfh.i Fhe

gr apt}l cgl rag resent aél onﬁg&%ﬁ?@%@éi@%meﬁhm 0£390 °C.

THe%hﬁg'h\éﬁt &&sﬁ%gcﬁimﬁa%é §§@J&€£mﬁuj; R8mb %eneﬁ&%uﬂe ofShRYS
B r?ture ™). Cure 182|s ot of aratlo of

Inmreanic Sadit Gatadysts or an

ng %@g&m Kzlé:?lfnp ;a?— _ E{i C v Yt%s&n vlva?lsz gon(ﬁcfsea%y placing 3.81
cﬂi\ﬁ ééég@%‘fc@ﬁg cc.;ﬁl@ %ﬁ%%ﬂlﬂdﬁﬂl Rlorg¥@dd dalt§ in a quartz

/ K2COB 2CB/ Cs catal yst was cooled to
vembmthpmnmmpmcmm&dtﬁeun eacht dtberg buidogudreed in the

samBP 4h YfiSerte Rifn4Ee. lﬁf's wires were%ognecttedo toa 9.55 voltdrycelland a
220,000 ohm current limiting resistor. The muffle furnace was heated to 600 °C and the

current was measured using a microammeter,
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Na2COB/ K2COB8/ Rb2CO3/ Cs2CO3 cat al yst resi stance
relative to K2C03 resi stance versus tenperature
during heating of the inorganic salt catal yst after
bei ng cooled from600 Cto 25 25 C. The ionic
conduct|V|ty of the reheated

Na2 EIB/ Roisayrapticdneeeseatation of lagplets of the sampleresistance relative

o Reisin RobBumit il SRR O s iplid C2). Curves

1781 f74e1R9) G 98] dhdl 1B0I e Topiislote belzCO@Esmﬁanbb,eCaOlmsg;mmm;
salt catal yst during the first heatjng and
Kzﬁ@afﬁbngosﬂéz(ﬁaycaj@ystﬁﬁﬁw LhQPsﬂﬁ@ng%b f @2@3@@3’“
L
resf R BN B G CHRBC 00, e AT SRR espBiefkly.

f or kO (ﬁ&fv@ﬂ@@ Bmhmﬁelamgelyﬂa@ﬂptable&esﬂanw Rlative td KgCOg (curve
17 T);;gnrl}gﬁrgf an Inorgamc Sa t &C@)&@Q%Z@g@t catesan

MesuPe iy b —
Thé KaCOs/RIREC:IC35CO4 catﬁl&stt B COrIaCRb00k/CH,€60; vnetalyst, and

N B S 58 st .

deaéfsé%‘?ijes )R/vi}g?elﬁl?@éﬂé' @%t&&’ﬁéﬁtﬁﬁ% in B3sh g8 from 350-500 °C. A

consi stenc taffy contrast, the in
decreasedm msmtwﬂrytgsn@nelﬂ}elﬂdlmﬂhaémgntﬁlmdm detected dum aggplication

of fige 4 Tiasiisch b OgR i TR PSRRI P! PRV 1o Gy g FIG- 12

deiBhst@NAHa e ﬁ&g&&ﬁ& 84l cdtﬂg&t@ ﬁred%eﬁbmuy G\ere bdtdile @B the pure
condi ti ons. anpl e act of a Crude Feed

mwgmmmlmtmaMmermetﬁmW&%c@ of a

caut ioht B g irriaph otk BGaE Lo in

Na!i_@@mg@@)ﬂtbg@mm Mﬂ?ﬁ r¥féthiadel rolafiveteK 0 cresiitadce (“log (r
Reactor: A 250 nL Hastelloy C Parr Autoclave (Parr

K:0641) vewsy wmpesatars (G17)3 Cuvie] 82 lofpinrate ef e (5000

NECRUGEGER oS50l R ERATLP L0 s e

17% weltéfperafipé utngdhiealing of dieW&i@GgﬂézCK)ﬂRiﬁzméECszﬁﬂg cétalyst.
froma |ent to 625 C, aﬂ:s inlet port, a_steam

After heatinge the NasfiO:Ka(QeRp60/ Caar@s gatelySt Yes A9t tgireom

o S OBy Bt TOSE100g o

NaQOOh/KllgC@MS@:ngsé’CDOﬁehialyﬂlﬂesmtmblaﬁae ﬁﬁ%zmg reikBince versus

stai nl ess_ steel, hoke yesse S ed wit o

teTRRRRRLHES) w&%&a@%gg @9&%&'@1 galt %S#lzésqg@%p PIng Fen lodtrom 600 °C:to
252 1R39onie cBAAREYI] tgof' ﬁ’k é}}leatéa%z%aa{k%m@mk@éco@ catalyst

pressure gauge, tenperature control” valve

indr&sed)edlative10 thtaionm %n&&ﬁ&ﬁl}h}of teepaiginal MMa, COYI60:MP2CO/Cs2COs
Ig{OW of a hot, viscous, and/or pressurized crude feed
catalysh | ow rate from 0-500 g/min. An outlet side of the

hi gherdyg 'qﬂ’@ﬁﬁf‘e%n%e ?r?ﬁhi@éon‘dﬁéﬂ@hes%ﬁh@ﬁab?@hﬁﬁ%ah‘baﬁaﬂ@t during the
first 1nlet port

he reactor after crude f
firsthaatipgrartdosetorel heating, it may be inferred that the inorganic salt catalyst forms a

different form (a second form) upon cooling that is not the same as the form (a first form)

before any heating.

Example 8. Flow Property Testing of an Inorganic Salt Catalyst. A 1-2 cm thick
layer of powdered K>CO3/Rb2CO4/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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addition vessel. Prior to use, the addition vessel
line was insul ated. Product Collection: Vapor fromthe
reactor exited the outlet port of the reactor and was
25 introduced into a series of cold traps of
decreasing tenperatures (dip tubes connected to a

ths estalyst, tHe diﬂﬂwmmaﬂﬂﬂly&ﬂ&idnhﬂmvsnaﬁbr hamakingyvdheel s) .

AR TR e e HOR R b huh Ec

haﬁ'a%n& fc Efttaﬁ? vapor fromthe react or and through
he co traps was regul ated, as needed, using a back

pr eshmontra&t,ghb atdividus) carttopatofsalty weredree flowiog abwders under the
vol unﬁlggor the gas streamexiting the 30 cold traps

SARE O 8%r ed using a wet test neter (Ritter Mdel #
TG 0g Né\?&o]&%bd%(ﬁaﬁcbycsféwéatﬁﬁttﬂeaané EQmu@hdtr@ﬁl(ily flowed

met er as streamwaS colleCted in a
(sifmithr sfor gmnplc,dblvmten) unthb dgs}l dndcr the aﬂﬂps csndltrtbt@ gas was

amples .TA- i m!_» P/E Oy :- e 1 a ,‘a- i. z = drogen 0n15c8egm ‘the Bresence
ofBeg ,€6/(4,00, i 4taly9i dnd stéaﬁ Ame-foﬁbﬁ]ﬂg Sldipfnent and

condensat e siream was renove romthe cold traps and
gmayn@dedla@“@s sl mrE:@umdeseﬂnzﬂ owerept where g asiatipns are described.

REgel0%; A Rk afel 750 SupblaiElRa VEgH M7 BARFHSS Mpe

Pre@uR(BDOVPS) smmmm“M@mwmmsm ahé @n 800
cru§ f eed ha%\lpan API tgrawty of 6. 7 The c¢rude feed

wathdauper bagd eatsr or pgeotherancondrolien gapebls of sriataining the autoclave

at & DAL e YRniefl 19'6D5 SR ofliAl gBrt,nBstQaﬁg IheH Al Bne BlRctbort, and &

théreicoaplt ¢o fdptstek. mﬂéhﬁl teaipotdtite? PHOT fosBdaliig ahe edp/@ﬁthe autoclave
(31. 39£rams) was charged to the reactor. The
wasipgated yathglass stoth cat al yst was prepared by conbi ni ng

AGYihf Viladl] APua Plor it (o 250, A, L0 MR P 280D s

equippad with dadtralled heanmms'y”ﬂﬁnt snitableaas centod] vabang .a piéssure relief
KZCO'$ RbZC%GgF%I;:GS Ceaéagllg Sad (aﬁg a DSC t errper at ﬁva?ve {Swagelok
%53@@4% E%bl@ﬁﬂegbrlk’% %%Tﬂ%%?tvﬁgﬁﬁs 'aﬂd/%r P e&lﬁDlSzEd crude

rom s0 enperature | s above

fetcbatpefiow mte frofn 94560 igiming dvi cutkeabitle ofithelhjgh teaperatime|control valve

wis gphekto B0 it e oot crende e s e s shapeedfaghe
aditiéRUREscRP S TB YRAThE BAGHIGERAA 1ink Whs Suldtld Nane of

O cnB/nmin. After reaching the desired reaction
Pmdupte@aﬂmlsn Yapomfrem the reatter exifeddhetoutled port of thedreactor and was

infFadped e sirfesCoriokd s P detarsing o RTEF (i ey Somnectad to o
seflBy 6180 HL) 3 1&1&%@&%1%@&&&1?1 q,lqmadﬁnﬁ 8RO dpBr WA condensed

reactor over 2.6 hours. The cru was pressurized

inithe eld traps tofommo e gas sirpmiarsl adiguid @oremtp strganyf Flomyrate of the

m _nut es es e feed

Ve homanF TeaebR v Qa1 o dels WAF e it «SaBRping beck
préfitreGepdtof. eAGRT flORNERIdE] Btal BasiRsli8 F6r the Eas stream exiting the

temperature to 370 C was observed during the addition
colg} trapsavere measyred ysing a wet test meter (Ritter Model # TG 05 Wet Test Meter).
Afler 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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The catal yst/crude feed m xture was heated to a
reaction tenperature of 450 C and nmaintained at that
tenperature for 2 hours. After two hours, the reactor
was cool ed and 25 the resulting residue/catalyst
m xture was wei ghed to determ ne_ a percentage of coke

Crydoedact and avater wiere sepanaiadfrom the liquid-condensate stnepm The crude
difference.in initi cat al yst wei ght and

prithlel FREDETRd b bidileata 57 "0L8M AT 6 coke

Prio€tRiree Certd WéLo (EFLS Sfanid§ ivag chiarged tothe dédifiee dessdlneThe crude
total product 1ncluded O0.87 grans of a crude, product

feeq) had aprARL@RBigeoly. dhagiudg fedd hed, pereramof cmule fged; aspliur

o L e o RS g oo
0.@09gram3d.hThe emde fqpdadisdieateddo 15 PCOTheRICOMRIGEO;/Cs;CO; catalyst

{)roduct 0.01 grans_of sulfur and 0.000005 grans of a
(31.39 granpg) was ¢harged tathe readtorpr oduct was not furt her

anal i coced

condi iqéo’l\wcsc,)ahg?zu &g ?%%%@Stc‘g’?% {/egiﬁ%%?g')ﬁi he %gfrrgéggr ams
ofiKBSPg;; ;B;‘ﬁ:_&ﬁ@d@ggi ling r oe di str i’]llahlj: yvass faor
Kz?ﬂ%/%bzﬁgb@z@@a gatal @wﬁ%ﬁgﬁﬁwm&e?ft i??]gﬁ%o e

rﬁﬁ&?- »

Kzgcsiﬁa?l I atie, gpigatg atﬁ&saacl?D %%@gﬁgm%ofhe%%ﬁe contGIe"’rI}(tiual salts
(Ke€O8). RIQCQyy andes,604) didmotlethibit BXSC-tenrperatirss f 2 range from 50-500
R e TSR S e A Pt gt
beg,tw RBS S tedipdtueiorded ﬁhmdua‘?ﬁ{etﬂgztgrb%ﬂ% of crude

eed produces a total product t includes a crude
pr odihetcatabyst wias heatéd tppidly td 430 eunder 8T RImGipbene prdesure flow of

R s B B PR Rl B0k il B o e
of PIA0EUGHinDAH Rehithd MraVTRS0 endRbin! FhdinelirddMoaneteablor.0The

at nost 90% of the sulfur content and Ni/V content of

steameandrmethaeskere coplinuouskyangexsd dering the addittpnaf theemde feed to the

(et R, B R TRA0 s WelrBeq B ool Ring 1.5 MPa
(2B p)lofTHeveR 1 6hiigtuRe.aRBSIO6al cydefeéd (0036 graghsy fo@ned in the
distribution between 200-300 C at 0.101 MPa, at |east

addition vessebafier the additinprichermdn feoriwas completei Agleceaagein

' L hitid-an = MPa.

e b 70 PR Uil e BRI fplle 40

Hv dIThe eatahet/ciude feedtvhikthire eGe hested tf a tdaetion temperature of 450 °C and

K2CO / Rb2CO Cs2CQ t al yst d Steam The reaction
maiptaed A} Bat temperatie er?s}}g“éiﬁ dAfRe e, ﬁaﬂ%@%@fmlw and
NS esldie CHANRL fEpueir RGP IR Ford il dfoke
prddngedindiomchdb Goxpuared inthd deectidd? CO3/ Rb2CO3/ Cs2C03

cat st re used.. | anple 11, nefhane was. used a

t hezf;r%g}ar @iﬁn%@rwapqq%ﬁﬁzms@ apg CORS/EAlBIERALe epdght, 0.046
grHSESE Bke RN IMALE Eeaﬁf&' ECerafh of PR Web! The tot‘:Tl groduct included

representation of the anmbunts of non-condensab gas,
0.8 rgrems pf @ donde praxiudt witkan average API gravity of 13 and gas. The gas
included unreacted CH,, hydrogen, C; and Cy-C¢ 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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Is depicted in FIG 14. Bars 186 and 188 represent w %
coke produced, bars 190 and 192 25 represent w %

i quid hydrocarbons produced, and bars 194 and 196
represent w % gas produced, based on the wei ght of

-the crude feed In Exanple 11, 93 wt % of crude product

( barn Example1Qythe wactipnsproseduresgennditions, erude\fesd ymdcatalyst were

p?%éeu%sgg. ﬁa%ﬁjga'ngﬁ %Ex%gefﬁiiﬂ%%}:%%a&% gg pr g@ﬁ g%e%tg

boll})range disfiibatiogeafor (Hearuddspducn The cridle prédiacohad; @léf-‘gram of
r&r groduced (bar_. 186 based on the wei ght of the
Rrdugdy- b4

grapsafpaplihg, 0. I, grams of disfillate, 8.5 gpas PE¥RO, and
h
redfud et 61 600 Ik nd Bo R ML OB RAdTROkS | 1 Vo€

ydrogen source.
gendixanipled asl I(qummnstmte that cpniadiuefthe ovde feddrwitls p dydrogen
t han gfédrogen, hus process that utilizes nethane

Sofug i 416 PAEEECE Ot daFh A ST atalyst pem K00 grame of erge fop produces
a t6fal &%a%aﬁé%q?gg dOfDAAS tRatida géafm&gma QHEPP, ‘M8 Brude

contacting a cru n the presence o
product haha msxhnbtconianmﬁm most 30% o thecresidué mmlantmf dsbuettide feed. The

c@l Pg@%lbcg h%gf‘ ot O%Dgﬁﬂﬁ@‘)taéwgqq%l? g ﬁtoqlb % of the sulfur

coﬂéﬁ@&ﬂ%ﬂ%ﬂwﬁh th@gﬁﬁ@qréeg salt catalyst were the

same as i n Exanp 9, except that the reactor

pr eé@lgrceudmoclamt mm&hdeﬁmatqasw Q) griaims of dydiooarbpnewith adoiling

e i oy 200 J6pt G AOMED oo 03! ohond o iifccartons

with PBoi5RE rankB QidnPiton bRt Soolsd @&@Rﬁrﬂ?ﬁ,sat%ﬂsho @0% grams

di stribution of carbon nunbers in ran romb>

of hydrecarhensewith 8 boilingrangeidistributdon bctmempmtbsawcmwo °F) at 0.101
gLactor pressure was 3.4 MPa (514.7 psi) during the
contacting period. A crude product with APl gravity

Ex@fn?és B-1; t‘éu'éa@onas:rﬂa@ W6 rith'H EIvH%%n Soured e the Wdsence
hy rocar ons Wlt |str| uti on of carbon nunbers In
f the Ksf0:/Rh,601/Gs; st an aoThwewt@nprgqedures,
t
5 HOE B O S, 4050 e

as m@x@qﬂe o, eept that mm@imabfmde Gied (QeR6 Eﬁ@ andl 60 grams of the
gr avi t

&g’ﬂ a _crude product w_th a select ed

Ky 93 gpp/&&%s eAtal s yrege usede I Exampleol o mefhang waswiserhes the
B I

hy%ﬁ?gct o?"AfBEéh%Yé p,éélg&%ﬁ%ggé%r esencem%]sgm A

grapficalarea érEstRezO0r tﬁahmbyﬁtt oﬁno%bbm@mbﬂ’ﬂgﬂ, dmde préduet, and coke
ter rogen Sour ce.
is i B s 14 Bitncl305nd 158 peftencat i e produests b 190 end 192
repkRAL OB it ?ﬁ‘é‘*ﬁc"?f}’?‘“ Prodiec 20 b3 108 of 0¥ rchent wi% gas
prodaedsi, bes)ed\mrthemer@tbf&ecchahgfeﬁ into the react or at t he

sa i de s.a carrjer
gagEl ﬂle&laﬁﬁr %9 rpéﬁ(‘\‘gjz %baﬁﬁ)@%mgg{a ar 196), and 4
wtRHUTRoRE 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

wi% 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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with 60.4 granms of the K2CO3/ Rb2CO3/ Cs2CO3 cat al yst
(sane catalyst as in Exanple 9). 25 In Exanple 16, 132
g of Cerro Negro was conbined with 83.13 grans of
silicon carbide (40 nesh, Stanford Materials; Aliso
Viejo, CA). Such silicon carbide is believed to have

hyldmgenlsburaa when abntaptinga pude fediin the presence hfampinorgasis salt catalyst
con itions, de crlbed herein. In each exanple, the
?&W{alPTREUGted to a reaction tenperature of 500 C

Eﬁ\fﬁﬁlems—@&f 'P3dafting aCHide: Prﬁhﬁcﬂ?@&h\mwaé&ﬁﬁ Gdvity. The
The reactor al a rate o C apor
apgm’elsalteedlchr meeduee ambihe inorganic ts:azlt ¢9éaimdverﬁ thetrameais dn Example
S ba u5| n ack pressure of 3.2 MrPa
%*ﬁgﬂ“\e)mg% ﬁ%‘fa“re om the cold traps was
Con%la!(ngﬂé ¢l tﬁé‘?eacfé? ﬁi’ééglﬁ‘g waé 9.1l MPE{WF"p@l) Haring ﬁle&%ntacung

gr ans o, based on the wei of "t he crude

petiedd A @hde pimdud:towﬂeé?I BAY Y @ﬁ% ehl3. g GGivmspireducad) The total

oot i o ke iR Y B8 kB3R Bl R g 032

(séAdbe1 98 iFIde 185, nosphere. | n Exanple 16, 15.78 grarrs
(11.95 wt% based on the wei ght of the crude f eed)

5 a p&ixeeninld thereaeionpressise a’as\MrMBh (X447 gauhdmgg tbﬁ contactmg

{
peliby B BACOHORE il AR SRR T Skl Fa G Wit The total
préduchhadilydrbearhorty with 8 diskititiof of darbén hombedstig airingei from S to 15
generation of a_hydrogen source in the presence of

(seerfaryefiadile. 48bt catal yst is greater than the

congnil o%’gﬁﬁﬂ}% &Qoq%%atepif Ccr u%e {)H‘S}g t’t“% ne @HQE‘%&I‘&Q hydrogen

initlse li'GTemeé)flai ﬁlocéalnidsalt)daiall)&t gh‘vambusi preﬁmehjlﬁtproduce a crude product
Exa e Exanp 15 als enonstrates that | \
W’E;(%lg% ﬁa REEHHSE, £ CoKdeqmaict with arigher or
lowgrﬁfgg@%gg c&{)e inorganic salt and in the

bsenc seous hydrogen source. Exanples 17-20:
les15-36: a'Jdiltachenf mderiidei Ededdn itlwleenc&fw ce in the

Abs nce oi’l an External

He éﬁ Bﬁﬂﬁ-e TﬂﬁxﬁﬂBﬁ%%L&ﬁd useme gqsimesd 22 YélRtion
ee an I norgani c salt cata yst vvere the sane as

prmdm éheasamaseptExamle 9. leucepd thad theeqgude foad and datelyst (or
T T e T

(Cayyhvegededse dcfier EA€ meRGhiple P5SI3BUWremYas Clird MeghdRas combined
(14.7 psi) _during the contacting period. The hydrogen

80.4 iZeams ofithe Ka€ 2eP8CsiC0s rialysti(sameentalyst as in Example 9).

In BBl a5 B o150 Noeh wR SR B LA Blticqn carvice

(40 m&m@t@férd Maferias; Abiso WMiej5X@AR| Sschlsliconctattide {sirlieved to have
K2COB/ Rb2C0B/ Cs2COB cat al yst was used. In Exanple 17,

lownhid apy reelsdyticRyopetprunder ihe nrpeesseunditionsyessrhed herein

o SBOP e, EMELE oS b LA SRS Jf?@@ac over

pefisd oP? asurk? Tasd(LBwasmheteredligtottbepacit at £rat@sf 100 cm’/min. Vapor

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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increased from375 Cto 500 C, production of gas
increased fromO0.02 grans to 0.05 grans of gas per
gram of total product. Coke production, however,
decreased fromO0.17 grans to 0.09 grans of coke per
gram of crude feed at the higher tenperature. The

sul fT4BxafR B5)B36E2 Bﬁs 16168 wiOblsed on Hiwoweight sfaietude feed) of

fromO.0l grans to ?rans of sul fur per 30

a goflorigsg aﬁdrpmb% liquid WxﬁeAﬁ’ grexity oEafdessh () mas PB&lﬁe‘i frggecontact

s&gg‘%? Act e@%%uﬁéré&?ﬁ gﬁyﬁ %I tl &1]12& 6s:“lmringl‘I’;m;d:?‘?ﬂ e
t he Ta@xahiplons 18e8Crhiedl tf 98 wikbpbd ol the Wephissftithgemde feed) of
of crude product, gas, and coke roduct i

2 yeliow ldaerarhprigiid wathi ag A% gravigy o Wﬁwaawaéfpm contact of the
mﬁ&"f ! sh{coﬁéxm«!lﬁem]t%% cérgeli‘&l }éﬁeta&naébﬁe&as

pro daction in urizatron of the crude
f eedAlMiasughdhie pisld ﬁ&i:ﬁﬁfpda@ﬁ isdowsthe in-Etha gealeeatib®. ofﬁthydrogen

o
e Rl Tl o Bt Brapge 1

orﬁatmtfpﬂf g¢h@fieldofxrodengraduexit un/Bx:anldmi be Eﬁ{emp]'ﬂ(kﬁtq;lbce déBonsinates that

hYE?OaEgﬁ!ésegégﬁe?ﬁ#@%qog gsg f§3| li,con car bi dq%gggﬁﬁlcmorgamcsalt

m&?ﬁ‘ﬁie%senc@%?a%’a%ﬁ@h @dgashuske pr OdUCtl on

Si gn|f| cant |ncreased |n Exan'pl e 20 reI atlve to t he

! D > 1 ‘ 81, m X160, 11 :
Ampﬁ@ﬂd mattkcﬁlsg aPhe at& Ezsaaﬁsm“p‘meédtﬁe lé@'tﬁid%&ﬂhhfdthc
wer e produce e crude product produced i n Exanpl e

p
inorganio sals eatalyeiawerg thmsamst asdn Bxampled, exeaphihat therCateo Negro was

sk ey AR o s bt e el 8861 i Bfdogen

gae mhaisasctﬁemyc&bgat @fliréd) AhelrBstEreradsitel Was (i B@it MPa (14.7 psi)
npl es 17 and 18 TﬁrDVIde i nproved results

duﬁas ﬂteaft%tt%ﬁtms pewa. hydragen gas Aloairateonad 2509m |/m§ta| Regaction

ta?heeraggn% U%F gﬁ e an non IL%{S é@% é (%lﬁgt gg%ﬂa Boke produced

arstapuolatdddaMiable 4 mvHG t6an the anmounts of coke and of

non- onde | e ,gas_pr der n-catal ytic

C oncﬁ1 Tesain?f gﬁpﬂ’ég@?ﬂﬁg’ ﬁ?bf@aﬂ&z g‘l)"t" t agused-s Iy
E mg?%ﬁégfrigv)e Fhe gﬁt gseficseﬂ CIDTE %2%33‘3%@%3
température/was m & tlompemtmdmmgé foas SO(MSGQGCdur ing the

cont ol, expe or e | e, 20.in_Tabl e

oA ORI R Apblerk (Y h: S ERePles o B9 8o hPD BidorRerature was

int%rg'fse@ Rt see@ass500 N ngSe ﬁtat Hﬁﬁn oféﬁ%h@&eﬁfﬂon{ b%zcgr{%&{i@to 0.05

I's estimated to st™20 W% at nost
grmns/of gds pep gtand 6f wtalpraainctdSake fHoduction,droweves detrassed fom 0,17

ettt Bl S0k Ao oBH Jiel % 35 BahF {EpPBpnzge. The sulfr

I
i s a0kl 1900 B0 08 88 o i

gram oSctude prodoat i thohlghﬁr mpanaan'osBoth @@ﬁmbésctehachH& 22 1.8.
wer eIntEl;c ﬁe% deru e igt)a(éi ngs con%ac?é(dc wﬁﬁ daE?)S un gl‘rC%%Sltlogs similar 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

73



10

15

20

25

30

was used as the hydrogen source. In Exanple 21, 130.4

grans of Cerro Negro was conbined with 30.88 grans of

t he K2C03/ Rb2CC8/ Cs2CB catal yst to forma crude feed

m xture. In Exanple 22, 139.6 grans of Cerro Negro was

conmbined with 80.14 grans of silicon carbide to form
effebﬁva:wd@:dan@db 1. XTher @udSprodiet modrmed ﬁmEﬂamplntlﬁrlndyW gram of

cridicprgtsts LD B Sl gL oAee FOSEFR CBRAL P arams per

Eﬁfl‘)tf'cﬁﬁlezri’&hd&?fdii B8 prddct pmﬁmea i/ BRarhsRA g xt ure

heat to 300 C over 1.5 hours and nmi ntai ned at
300 Kxaple 20 istotompafativeraxampieofor Exappled:Su e Bxaple 20, 83.13

i d t 1_hour,
el B RSO e O e BRI Pt SREPLY B G oF e i reactor
G&%Qo&cu%ﬁtaﬁa cm&spm@ﬁd&i%ﬁ%f@siﬁcaﬁﬂ hﬁHr@as&:!l‘ﬁl B 10P03¢lafve to the

rate of O. /mn in corrblnatlon with t hydr ogen
gag amduvmreancbm&e phadiictige in BxarepladBe U@den ﬂwsﬁ nawecatalytic eonditions,

O Fbt oA R P SRR PR 8 rtp B hrdentlblfas, and

0.5 eaels derideRehrt Wefe podudeds TR ehlle prodi produséttin Example 20
“mai ntained at 500 C for "2 hours. Gener ated vapor from

had [90362xame pf swfir pergrpmeaficsure produd, comparad tapd O{Hqgrams of sulfur

[ QUi [ Tth cold traps was
Pe@%%%ﬁ?&&%‘#%ﬁfggﬁﬁ%mgg“ n'péjghpl e 21, 86.17 grans
( 66.Theié 8rankifdéscdbninstrited it gl catdlystéresedin BRahpRE Nl 7ahd a8 |

‘dark, reddi sh bromn hydr ocar bon | quid (crude product)
preyide iapreved waults qyer pew-eatplybig genditionsand cpapentionabmetal salts. At

e b
506 Fté%?é?ﬁiﬁgﬁneﬁéﬁgﬁﬁ Og?goé\%] a %’Dspﬁére. In%ﬁm
coﬁdansalﬂb @as wan&tgﬁam&yméﬂ thairhezinovhtsgfsoka andofxbhns ed
fromthe reactqr. The reactor was, |nspect ed, and a

copdensalle gamproduced neder aampeaialisic conditip 1’& was renoved

f
Vi sassaappEana morgate LIRSS Tratpfes 10118 AR 4 FIG.
16),eatbcraatdiwas dbsenied mtltu weightrperdeat bf/phodued gas nelsipreciodhe

1 A25°/|nc ase in yield of . cr rodu was .
PrOBIcE SoR foP e (06 SYRiFl Cxprr et oy s RGP iss Efnple 2 dn Table 4,

FI1Q! P@qurolﬁr’rﬂéiéf%@{tj I5R60 s 4n tHRROMIcRd s, the thermal crackmg of
denonstrates "an i'nprovenent of the properties of th

thea«:rude faed mmmnatqﬁtodxq@e thoss2(hyt'beatimood ld@d&’w, |abmosm1émt%, at most

b cireiohe, gt (€ So Bl BRs ab i oo it  BfdrShen soutce.
Ei bs POhnd 22 U&ﬂ[hd’t 'Bfa‘t!ﬁh@% Fed Wlﬂﬁﬂ@aséénﬂrﬂ ®ource In

aS em)ns rate y ecruepro UC pro Uce In
i Y . o kg h @ condcarbide.

Adﬁz% A a5 e R eSS o

stﬂls&KMbﬂ drd elii@ur@s?tlﬁiﬂﬂaﬂﬁ)%m 180; lamb BS0eeb NYgro was
npl es 2% %4 Cont act of Crudeq;?ed wth a

°°ﬂPﬂ¥°€g’éﬁ1 I gl@msmfﬂhﬁeKﬂF@chz%Os/ 65C8); catalyst to form a crude feed
> RGHIRE 5,938, 6 BhAE ¥ CokB NIpREWEE oSl S Pt frams of

sﬂlcon carbide to form the crude feed mixture.

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
crude feed mixture was heated to 300 °C over 1.5 hours and maintained at 300 °C for 1
hour. The reaction temperature was increased to 400 °C over 1 hour and maintained at

400 °C for 1 hour, After the reaction temperature reached 400 °C, water was introduced
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Vol ume Rel ative to a Crude Product Vol ume Produced

under Non-Catalytic Conditions. The apparatus, crude

feed, inorganic catalyst, and reaction procedure was

the sanme as described in Exanple 9, except the crude

feed was directly charged to the reactor and hydrogen
mgzafbe weestorsibal rate of A4 gy mwml:sm!mewﬂms hydupgen gas: dWater and

e B 2R e s FerBB R oo
Affensinthnb aed-ebRR Mixnet ac4000eC ftE@E&hct@ﬁﬂteﬁ&)eﬂth&B‘&ras Pcreased
K203/ Rh2CB/ Cs2COB cat al yst were charged to the

to588 8 Comd meigiaingd apﬁ%‘t@for(%hmgs Gerarated waper fom fp reactor was

oot Sl I rRleg bl bl e a0 DA VL i onbp SpTineBbid Bogh v
cotbeliftddend ediL of crude feed) and 80 grans of
silicon carbi de were char to the reactor. A cru

o odadbape A SRSt S brscdgdns pgidht of o drgledeed) of

oo ARt tou nitoreBof ol (Griug phodoll et 075 Vel produced
asphapur fropr citicedf the oradefestbkith ttie RCOSRbADY0% 00 catalyst in the

10% greater than the volune of the crude feed. The
hWEﬂ psphgte. cr ude product produced in Exanple 24

cru el%r?%:{ lé: proc}J gg i‘n#)ﬁdjﬂafﬁﬁl %‘ga&&%. gn Jf“&i fbm the

reaator; éﬁmeaatowhsm;mfedp amblaidérk bwdan msemmhydrmidﬂmr liquid was

reabh e PRt LowkdRin S0 Elbhshe s Sroph v eqtsgiobi was

S TR 4 e MRS A Ul

Aaﬁﬁamatem ianydeld ofi chide producbwesiobserved ie Exlmpkseﬁta'ehave to a yield
| e.9, except. that the.steamwas netered into the
of FHIemEpAUst PR %iﬂé‘/ﬁ?f t“’rﬁ% K2C0B/ Rn20C8/ Cs 2008
Cat %Mpl&‘@? ABBRAF AL RIRUNDSE the b eﬁ!e@'&’thc crude product
rans of Rb2 and 40. 6 ams of C(IBp

pl‘tl@lcﬁﬁ asing mmcge@sqrm hesigrelative tamdrude product produced usmg hot

i S Pty b G b Rl 21 B8 e e 8] 8 Eruce

prédu@e o Bxadifisle D204k dethdidirated Bithd @hidd prafdadtirbdifed in Example 22
content in_ a b0|I|ng range dlstrlbutlon bet ween

not heing gbledo g pradsiged a5y varerodbe amdg productprofnesddn Fxample 21 had

RS 0 RS e Pl B . o

deﬁ:;ﬂnea(byGﬁmaams édtichhe crude feed with nethane in the

presence of the
Exang 23 243 A ]

KZCGCSI RbZCGSI CsZCGS cat aI st

vmmmgmwm a C&ﬁde r&tﬁ&t Mo&iﬁe @i _ﬁcﬁﬂmﬁieb %ﬂ@ﬁtalﬂikﬁ

A R T
saftB9s QefBed Rl Bfatifle 926 Rafk thé cfddle feed was directly charged to the reactor
and hydrogen gas was used as the hydrogen source. The crude feed (Cerro Negro) had an
API gravity 6.7 and a density of 1.02 g/mL at 15.5 °C.

In Example 23, 102 grams of the crude feed (100 mL of crude feed) and 31 grams
of K,CO+/RbyCO3/Cs,COs catalyst were charged to the reactor. A crude product (87.6
grams) with an API gravity of 50 and a density of 0.7796 g/mL at 15.5 °C (112 mL) was

produced.
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hydr ocar bons, as determ ned by GC/ MS. The bal ance of

t he gas was nethane, air, carbon nonoxide, and a

trace (0.004 nol es) of evaporated crude product. The

crude product was anal yzed using a conbi nati on of gas

chr omat ogr aphy and mnass spectronetry. The crude

pr odlncExanmpit @d eH)20grains bficrde feedy( 0@ mds dftoradefeed) and 80 grams of

| 30 bet 100, 538, C t al
sfielicn eee FEtodco duoraeobob agiarodtdhy S BBmeb AW en APT

o APRP6Y £3 hikd & aaﬁlrg%r@%mi g)%i. bt g5 .50l (70 %LF)CW&t re&ucl-;a6 2

Cat 0.101 gram of m xture. Thi's product was
not Uederdhesd conditinss, theretdure eﬂtheﬂnmi&mdu@qxrmiw:sd from Example

L L TN ——

crhadp@auwﬁéma in erﬂﬁpﬁrzu vﬁa{s%i@r&ﬁe&ﬂgrladﬁzm% 1éss) ﬁﬁn the volume

total weight of grans (an increase of
ofraudeproduat rpgodu@e@ [n Emnplh 830A gignificant increase in volume of product

| Rb2 cat al The first ,used, catal
RO ATIOORE S AP UL tocgenatalrbte hifin of Bfudf BiiEFad yhhime of

inght gudd ur, O. 0014 grans of Ni/V, and 0.845 grams of
C(IB/ Rb2C(13/C52C(13 per gram of used cat al yst 5
Exemp ! syl ) aHydnogen Sonrge: ix resenceofa

prbc&dafc w&reCtHu ﬁdmd: mecihzlmedlpwa rw@g;ﬂrmafﬂzé gtbﬁh %%Bt&’ed into the
0.92 rarrsaof l'i quid crude 058 grans of
reaeen qt ’HJ& @}3 O cefalyst waepigpared by combining

276%*?%61 nE 0 5 35 ca'r on di oXI 88)3]%%5‘684 %@gﬁr?gll%dé(g?ecz- C6

10 “Hijlskr crnde MQIBMM?M&MO&M&@@’C@WW@LG grams)
ro sonme air traces of . evag‘grat ed oil
@a{g%ﬁ theyreaipte) Th &r‘ﬂ@r%Naa@ cprdsdgeluded per @@ af crude feed, 0.04
g het
gr%%tdé%% C. T %ﬁg@% I on o}%% ﬁhg%?nggltu{lﬁlgﬁvﬁrbt%ﬁg&nb (300-500
), AhQ0640 grarhbof mokel land vanadiutd cﬁinbnmd,u(d@dz gmars ofrshﬁmoﬁnd 0.56
t ot d % of et hyl
et Dbrmstdte AP G R o e s 8503 ol 3¢ of
et aComithc? Betheadaﬂdé)fe@& Ritheh&ha inRRY FreXetlc8 B the

(nonocyclic ring conpounds with a boiling points bel ow

KAA%/RbAI0:(C500: ktalyst (rnduasd, par @i of cruele deatdy 0.95 grams of total
| &4 N the crude feed. The used catal yst
pr?ﬂggéﬁg’(ﬁg ) was renoved fromthe reactor,
wei ditRdotal ﬁﬂﬂu&ﬂﬁﬂu@é&i ¥ QmeJﬁoﬁ?%%dcy 689 g%h@br/&hde product

had an increase in weight from 36 rans

and Q28 gramy pf hydrogmbom gag: dibe tqtahgasmﬂeetg@mﬂuaa, mr%ole of gas,

0- R8s RE ket YRy oted POl iRBice, g 0 02 gt of Ca and O

hydfdcaibpas, as ﬁeieblﬂﬁﬂd er@CM&n'E‘he BilasRke th@pab Washhettl ) Bir, carbon
of sul fur, and rans. per gram of second used

mengideyaad a trperoﬁosQO&ﬁm epraf¢¥apsaled cvgls prediet) was
contget ?lgdevﬁrbﬁuét Qrfas %ﬁ&g?%irﬁds‘f’ eg? &ﬁ%ﬁﬁ%%é{r tgfléas %ﬁ{) q%tgnﬁrg‘)hy and

to produce,’ per gramo
my3s eplicabniens. The thuddprohaetchided akRixias oﬁﬂﬂ(dr@@d;rséhs with a boiling

ortion of the coke was attributed to coke formation
raxf befygeen 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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addi tion vessel due to overheating the addition vesse
since 104.1 grans of the 133 grans of crude feed
transferred was crude feed. The total product
i ncl uded, per gramof total product, 0.86 grans of
crude product and 0. 025 grans of hydrocarbon gas. The

totad tveeti ghy @€ 37 38| gratesi (anpincreaselof 18 wilg dased ongherpieight oﬁthedngmal

R RIF0 Y5385 AR B s it o BEBRd 0 s of

adeﬁﬁoﬂm&@en@ 0085 @aﬁ@amu?ammmwe&@@ IB11§ gBms of

a small traCe of evaporated oil. The crude

K;gEeffBthOﬂGBzﬂmb e granx plnsed chtalystir OEar bons wit hf a )

il s 0-5 T

ot s R TR ToRaR s sl RN B Rt S48 catatyst
(3643 gramBrioHedhceNSD ggi@mﬁ%c@mﬁm bﬂiaum Qﬁdﬂ'l@sesp ﬂiéltotai

grans ethyl benzene, 027 granms of toluene,

P@dmfsn@ﬂdaéep@pwmféotahmd@cto(ﬁ @2§mm§) fdiquishers &i)mdnet,, 0.058
T
R REREnl tokF 000V ol Bras IR ERIEL B ol of s, 018

mokks @h Bgkrogén, OV graeRk of Batbid aibxide)and ROBSImeIRDBIHLE] Yst

had an increase 1n weight from44.84 grans to _  a total

hygdsoeambonss Thg bglangs afine eawl?vame@aa;e F;lgtrmgm; smog aipand drages of
@?ﬁé’?‘@s‘?&m@éﬂg%%éﬁ 'Rgnt aIKZgI:E}I:\I ysizscagf Ctsﬁgqtghi rd

use meug ptodumaclnfded o utietiire aﬁl‘iﬂjdrddarhdmu g»étgloa:laiiﬁhg(ﬁmge

i nc e am o a It ona tter rans,
beswormn} 6 %5& £ .03he BPTRICR 03 &qw&ﬂgg Qﬁw'?h pbeilivgraggs distigpution below
0BR8P Bl N ro e DGOt e,

0.04 nieéeb% of ColékS 0.@6 anslef ofi meta-xytene, dQOWDIMoledinef pira-xylene

(ARG SRR RIS it boilieenihbaieey Y 207 G hOT'>e@e). These
pﬁﬁﬁ@?%{ﬁ{&%{eﬂtabiylﬁtﬁe(%mé fedcoke, sulfur, and/or

s deposited on and/or I1n the inorganic salt
c at a'['bfsused@atabtst fséent ustdcatalysts) waweaiod'ecb froor thdeeactor, weighed,

ol 0., 156 Stnoni el St o0 B idftve B HPRDE iR 363 arecas

toll 1858 WeRh0bf 44184 g%ﬁsg@ﬁuﬁcr%bbfa@m%ysasedﬁh%&w@m of the

product had a nonocyclic aromatics content at |east

Ong)mltﬁz%ﬂ%bnéﬂdﬁmﬁ% catalysti)n dhe senond jused eatalyss mclu;icdt (h32 grams

of ol a1 il o Bl S A8 BrarS et of FhoE b ety
( baSﬁ.&dJﬁBnilhﬁlm(l 04 grirfie) vdd dontidediveiatithe\W8condhsdd catalyst

w% with a standard devi atlon of 2.6% the average

(44 Sderyme) ta DiReiice, pes giwmof erade feednl Wrgrame io§ fatalrodisé and 0.114
gx%hg Af okt co\ﬂe&%fl Aséﬁggﬁgsfithg %Xk@Wa? ?\:51@{( t%d to ok ri}grmatxon in the

e average wel gaseous C

addjtibnoasssdd dos tdl\@szerﬂ’eaﬁngitﬂé ddaitbacvease] biee 1041 gRimOdf th @33 grams
crude feed) with a standard deviation of 0.46% The

of capdsafead frasforredawakcrude fasdar d devi ation of both Iiquid

and

20 SO e b ot b, Pl e e
and\(e02fegriaing @f hipdrocarbde ghse €The total fas iackkidéd, per mole of gas, 0.18 moles
of hydrogen, 0.052 moles of carbon dioxide, and 0.03 moles of C,-Cg hydrocarbons. The

balance of the gas was methane, air, carbon monoxide, hydrogen sulfide, and a small trace
of evaporated oil.

The crude product included a mixture of hydrocarbons with a boiling range
between 100-538 °C. The portion of the mixture with a boiling range distribution below
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vessel . Even so, there is no apparent significant

del eterious effect of even the |arge anounts of coke
tested here on the activity of the catal yst system

The ratio of C2 olefins to total C2 was 0.19. The

ratio of C3 olefin to total C3 was 0.4. The al pha

149 éCrmcludad, peregraml of dydfdcabon mmr@aﬂ) @ egr@ns ethyl benzene, 0.027

s o 3lxen D% g of P e, 3, G02R efR of hefndiene,
defaaRiden8s géﬁgésirg@/g/jger nmodynam ¢ C4 cis/trans ol efins

rati o of O. he al pha olefins to internal ol efins
rat i Theoked tasalgs (Tthird @e@d el ystNawareppved friom thareastoxaweighed,

ater tha he, pr,edi t.hermodynani ¢ Ch.
af R S (bl 184 AR ERRR T WRight BOR44.84 grams 1o
aGhbial %@ﬁﬁof I35 PLafs{an frRtdage ¥EP W% dbasédbh tHeAk¢ight'é¥3he original
t he predicted therm)dynam c C5 cis/trans

reater
ROCOR mCPmAIsaL s c4alost). ERateiied clemontab mmalisis of tha third used catayst

S BB déoﬁ%&ﬁlf? oo PR per il of ibbi dker, 0.90

éiydtopeh, 0.00E5 SranRPRAORYLS, 0,046 grams of
react| on proce ure were the sanme as described in

sufarnBi0d sranes&feqétromaQ 0P gragys f v apaciam, OLPPTA gramsafgickel,

0;&@?%@%&{ e rea é?g%ﬂs(ﬁg%%ﬁbrggﬁﬁﬁgBﬂa&gﬁﬁkﬁ%S&wr

transitien girtaloduch e cireadim] titabibhantrigdaiuams
conti nuously é}ered at %)0 cmB8/ m.n to the reactor.,.

St eafiS/AEI008H % PRks> §411, ang/ok metals depesited on and/or in

ﬂ{)y @?ﬁ%ﬁcr#fga %%égg@g@%@gﬁ%& gf‘c gr aﬁ%%?%mm 80% for

eidhdGappradocedbyccontaatsf Déruds Aed3vithTd Rydrogen source in the presence of

AP REBMO E! CHEF ke Pdosroun) Bad & rpriogy i Aspmatios content o least
156 AHRT RS LShoc %Qﬂﬂoghoaﬁwgmﬁgm%ﬂ?&ra& f%maﬁoﬂa g@ange

sul fur conten grans o a reS|
dlsmhllélnnb@bﬂol4@°@rarm per gram of 15 crude feed, vvas

heat h ddj, t 15Q

D CLTr e o o0 el RE0e PRt el el alhthy weight of the
A8 $8d) as 8975196, With 4 Btahd@d HEVGHEH of 26T tlﬁtév%fﬂgb chke yield was
mai ntain the crude feed I|gg|d | evel of 50% of

75e%i8h (hasedow the, weighieofdhe crude faed), evrﬂmstamdmdjﬂmmmf 2.'%, and
aLn The net hane/ st eand crude feed wa
ShBree B vield HEeused e AV BAr R B 5 i i om the
weRie bPthelciieaead) With Rbtadkhld Gevibitst 00.46%3. ThelcbRiparatively large
met hane/ steam crude feed with the catalyst F)r oduced a

Sfmiaaﬁ deyigtienef hath Ligwidand cokeywas dye torbe in which the
cr X détt&;e c%éﬁ'l)ﬂ&rbtf the/ B¢ {r%jsseﬁ'a}l&% %lver?l];atgh?gég gfu%g%eeq in the addition

was processe

vebiséll avenee, thereiinhé amiar@ﬁk@hﬁdantl\&lﬁbﬁouswfﬁct of even the large
resi due/cat al yst m xture weight, 0.085 grans of 25

amps pEpoksytasiebhere pn des actiaHy o theicatadyst AV r eact or .

pr oo She A1 G o Rl SRR 0 nd Bt B UG, B bEAFC was
04t dnwe affhatodéfitls to internal olefins ratio of the C4 hydrocarbons was 0.61. The Cy
cis/trans olefins ratio was 6.34. This ratio was substantially higher than the predicted
thermodynamic Cj cis/trans olefins ratio of 0.68. The alpha olefins to internal olefins ratio
of the Cs hydrocarbons was 0.92. This ratio was greater than the predicted
thermodynamic Cs alpha olefins to Csinternal olefins ratio of 0.194. The C;s cis/trans
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product per gram of crude feed was produced. The total
product included, per gramof total product, 0.03
grans of gas and 0.97 grans of crude product,

excl udi ng the anmount of nethane and water used in the
reaction. 30 The gas included, per gramof gas, 0.014
olgﬁnmtmfwatswdzsa gﬁms rdic0%as geatmsthan therpredicted flrmerdpeamic Cs

g%gnrrs of on di oxi de, 0.13 granms of hydrogen

ci [‘ﬂa‘f"$ %F?Eimd’ * grams of non-condensable

ERYALRCH: actidfARbAGVE h Saiful XSRS CtidéFeed with a
- €s |na e N2l e Su ur

Hydnd o Gatalyst. 7Bhe

o3 Sl "“%ua %@%3%@8961“%? BRI, Wt it e
cidé 8RR, HBihaNs, daﬁdts&aﬁla&ae raoﬂmmglg @ 6o fhedeacldre TER1&R!1 of feed in

hydr ocar bons i ncl uded gr am of hydrocar bons, 0. 30
thgmmroﬁas@aomm@umgiec oigem wietght obth rr@d@thw gas was

caRtoR et T AP el o coptifilondy metered ot 6

g@uﬁwﬂ@%adt&the non- condensabl e hydrocarbons was 0. 3.

The weight ratio of isobutane to n-butane in the
non- TbeEnenganin it eaalys sves mmrmdw eymbining P geams of KoCO;3, 32.2

SRR RGP 408 g 57 GOl ARG R IOAHE0S Bltatys (59,88

grbr) was chargediocthe sdactos. ol ef i ns vvas 0. 75. A wei ght
rati o of aIphaC50Ief|nst0|&er h ESns was
1. 08A craderfeed @ifumen, Ligy: -Hﬂaméefz apadls) HeYipa AR AP gEAViLy Of 9.4, 2

AR h AL QY7 LR JT8u, fud £l RokienlV 040 Ll pyr gram of

ciudk Geed] Washéatell iithe ad&ﬁdsrevesaeitto 156 §CofThe het bihunerawas

ibos Rt 3R RIS ol 5 PR e i ot

o e A JRREC RSO0 B SRk T e was

ingufficient bt maintgin ded teyvek was perforned using conditions

ot aTpE pefugelsiamlute fad Van koGatieq Wit ine ualyFLA aigverage

i&téhﬁ' reﬁtoﬁéﬁ%eﬂhﬁ‘%f 946 <.ud8n YABe niAINEE/AREAN QU feed with
hours. Froma difference in initial catalyst weight

ﬂmwdtai)aspmdm‘:@ha total produet fin thie exasnp]n in the forma ofthergactar effluent
coke per gram of crude feed remained in the reactor,
d 20 on the weight of the crude feed. A total of

0. 89 AGbBIBf 0640 oP el Feedifds bedssal over Gd@urst efedma
was produced. e.total product included, per

dtﬂ’cmlce bR m!ualtcatabrsowe@hhm rspidue/gatalystmixtars Vgﬁlal%{so 885 gfams of
pge? gffgxggf" ?rﬁ%de ﬁlrgr%lﬂ d }Jpﬁw L F% at thk?f tﬁ‘é‘grude feed with

reac I on. gas |nc

th@mdthade itlake p&séiﬁ& ogm@mgmmomcw céﬂt&sﬂ l()a%graths of total
25 car bon nonoxi de, 0.052 car bon dj oxi d

poduet ngr grasn of cuge qugévasmcgac@é Thﬁhtpt @r@@cgw&}k@e&per gram of
t{ﬂa;;g) F @‘ﬁ% %g%ag ewgé%%ﬂc(g rrdg;/&‘%e es rfat egfdn}% fhe amount of

micttRns shd Whateg apddeintth©feattiva. Cr ude feed was r educed by 14
The gas included, per gram of gas, 0.014 grams of hydrogen, 0.018 grams of

Vv

-l

carbon monoxide, 0.08 grams of carbon dioxide, 0.13 grams of hydrogen sulfide, and 0.63
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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wt % based on the weight of the crude feed. As shown

in this exanple, hydrogen, carbon nonoxide, and

carbon di oxi de were produced. The nolar ratio of

carbon nonoxi de to 30 carbon di oxide was 0.6. The

C2- C6 hydrocarbons included, per gram of C2-C6

shopdt cthisteaagiple) hudroger warbon mappxidengnsl eadeon diogitle grexerproduced.

f 0.19 . f ; d 0.068
Tﬁ? ﬁm&?ﬁ@#@%ﬁ%@a&gﬁ%ﬁggﬁg@gﬁé&@gtl;fl%.g %24]" Iag o- pent ane
t 0 NTRE 0L, afGhyidfbdaltRnd Mtiude@ste peaRk be hYddE£BaAN 03D S of C;

0.25. The wei'ght ratio of iso-butane to n-butane in

cerhpowgls (b32 gumuberfLZsiompoynds 8 261mwns 0AS+ compountiseand/.10 grams
of GhPaRPoBHs The eiatd D irecPen R TBE ki o i 8 {iensabte

hy&BEaAb&EE WisOT.$S The Setidht k4t of iscdutine t6 hibubdnghin $hd Ad# condensable
crude feed (2550 %;grrs of crude feed) with the samne

hydroedarhens wad). 53%Y r Bins§4 compavadp hads gee eranpoffEs eareovaids) a butadiene

n di-ialLsh the,act.ivi [ i [t
ot 51005 ek AT ikl e P AbBIE Gy RPN feBCy oot was 0.75.
Atweigbpiatié af hipha C5dldfing to MbdthiliCaléfarsvandosl t ernat i ve

enbodi nents of various aspects_of the invention wll .

be appafdiain Examplsss dewaosiries hat spatigpeus progeseing syt a relatively

high'sSfE17R A4 Rell Wty b SERE Cacibotn e bradiR 6F bdlld df nbfaifinish the
agtivity@s ¢helifiorganicenltivatalyst, hnd prclicéd ®cruida ptodncesiitablecfor

eneral. manner of carrying out the invention. It is
PBHaYMer st ood that the forms of the invention shown

$ : - ] SN sATAR LS 0D 0T 0

60 C3)00; Catalyst amdl Cidkie.c Thé eppenatne am repatidrspraceiiure was
PO EiR e R0 SaSted AR | THe Ky CHRORRSCOs

cMy@RQ@B%‘&mB@v%ﬁé@ﬂlt& 8 bkt A Raddf12580 bR\ feed was

thé benefit of this description of the invention.
pioneaserbevardhaves. nFrom a differdnee i1 initinl cataljebwreightendwesidiie/catalyst

oo e e B 5 0 i s
ot vibght-of Ahd @ule el AP0 WED/RY gharkd HEIDLAD bﬁﬂiﬁ}@/z}?er gram of crude

conprising: contacting a crude feed with a ogen

feod wwag praduceds Thestotal ppodustiingluded, par gram efiots) peadhiot 8.0 grams of

o PPSRS o e sF B S5 e GG 5 e B e v n
thetredtieh. 1S a liquid mxture at 25 C and 0. 101 MrPa,

the crude feed having a residue content of at |east
0.2 Yhagss ineluded perarapeef gge.dh0dk sramg@d hydrogen, 0.018 grams of

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
carbon dioxide was 0.6.

The Cp-Ce hydrocarbons included, per gram of C,-Cg hydrocarbons, 0.44 grams of
Cz compounds, 0.31 grams of Cs3 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

80



10

15

feed, the inorganic salt catalyst conprises alkali

metal salts in which at |least three alkali netals in

the inorganic salt catal yst are potassium cesium

rubi dium and each of the atomi c ratios of potassium

to cesium potassiumto rubidium and cesiumto
nontbomtiensablshydro¢drbonsrwas®15.r The G4 compogids hiad, pen gragmof Cs

SRRy LSRR AL OB B o 500 G, as

d et e‘TﬂlsrlﬁQmBlé i JrRireiRt ik repeMBd pRLehal O tHE b i¥latively high sulfur
(DSC), at a'rate of 10 C pef mnute; and controlling

crudn feedt (2(5@0 @um:ls of dew M)swﬁh m@smq@rce@émt €36.5 Bv?msa gethe presence
fl fl. t
of ks ped ¥ Shinagtaie Wit Qe 0, A puli s crude

pmu&ﬁg@lwaeg&@ﬁsmﬁl and 20 MPa, a gas to crude
feed ratio in the range from 1-16, 000 NnB/nB, to

obt aFnrtkérenedificasions ed eltematwemgnlwduégma qE vasimus@apects of the

PRV o S oot SR BB b 8 b St s diforppionn e

A@wﬁﬁl ¥; @dls desthiption s thdei cdtienrkdnt dlistrativesnigehe igdod € purpose
‘y ASTM Met hoad D5307. 2. The nmethod as c|alned in

hing thogmekilledhin the artdby general mannetnf carryingout theyigyention. It is

ISl 5 o BRI RMA i o o

takbm babxainples offeitRidimertts.c ERfntents anﬂehabﬁalanﬁy%dubsﬁtuted for those
ilﬁgt assium. rubidium cesiunmy or mxtures thereof

trated %fl?ﬁéﬂb%hm REXS 404 pARSesHT manbersversed %%qr@#hfeamres

r
of 88 SR Ay SO S5S BB B S §RMA bl Ajfarct 10 oo skilled in
Wﬁﬂﬁ havmg therbentefino£this daﬁcrqitmnmfﬂhmvenﬁmr dllrangés may be made

ml}ggg aeg%%tw f the tﬁ‘i@mdé% t?mlf:@ed as%ll

ﬂv%ﬂ@&n&&@éﬁﬁeﬁﬁn%efg hinfl 25 C and 0.101 I\/Pa to
form the crude pro . The nethod as clained in

any of clains 1-5, V\hereln
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contacting a crude feed wth a hydrogen source in the
presence of an inorganic salt catalyst occurs in a
contacting zone, and the nethod further conprises
providing steamto a contac82ng zone prior to or

during contacting. 7. The ngéggg as clainmed in any of
clains 1-6, wherein the cru 8d has from 0.2-0.99
grans or fromO0.3-0.8 granms of residue per gram of

crude feed. 8. The nethod as clainmed in any of clains

1;1].7, vﬂngn@wpc;tché preededingr a herudenprrdust cofBMRr h§ing:
the crude product_ w.th a de.that | a Of 1 4

it o e biid e hhdelrfedCR RN hoatBentEbyRse tinicn
nﬂtsh@fﬂlp@ﬂ.i@o‘?ia[m@ igas%ari()jn altee Predeariaws df & uindmweganic salt
conpri,sing the step o istilling the crude product ar

{ RE LIS HoniBF AN Sor® rhste LIBAGI G FHA T oRidgy the crude
pé)%%t,t LARSRONT At il piheAldNgi d Uelliquid mixture at
| dbricant's, or chemcals. 16? The nmet hod as cl ai ned

i Rsamy @maé df. 161 aiMRa ,1-the s Leshpia sing a e st@pe

of fydrotreating the ¢ ude product ors; 408 PlEYram of crude

feed, the inorganic salt catalyst comprises alkali metal

galts in which at least three alkali metals in the
inorganic salt catalyst are potassium, cesium, rubidium,
and each of the atomic ratios of potassium to cesium,
potassium to rubidium, and cesium to rubidium is in the
range from 0.1 to 5, the inorganic salt catalyst having a
heat transition in a temperature range between 200 °C and
500 °C, as determined by differential scanning calorimetry
(DSC), at a rate of 10 °C per minute; and

controlling ceontacting condition temperature, pressure,
hydrogen source flow and crude feed flow by using a
reaction temperature between 200 an 800 °C, a reaction

pressure in the range between 0.1 and 20 MPa, a gas to

crude feed ratio in the range from 1-16,000 Nm3/m3, 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 is as determined by ASTM Method
D5307.

2. The method as claimed in claim 1, wherein the heat
transition of the inorganic salt catalyst is in a
temperature range between 250- 450 °C or 300-400 °C,

3. The method as claimed in any of claims 1-2, wherein

the alkali metals are sodium, potassium, rubidium, cesium,

or mixtures thereof.
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4. The method as claimed in any of claims 1-3, wherein
the hydrogen source comprises hydrogen, light hydrocarbons,
water, or mixtures thereof.
5. The method as claimed in any of claims 1-4, wherein at
least a portion of the total product is produced as a
vapor, and the method further comprising condensing at
least a portion of the vapor at 25 °C and 0.101 MPa to form
the crude product.
6. The method as claimed in any of claims 1-5, wherein
contacting a crude 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.
7. The method ag claimed in any of claims 1-6, wherein
the crude feed has from 0.2-0.99 grams or from 0.3-0.8
grams of residue per gram of crude feed.
8. The method as claimed in any of claims 1-7, wherein
the method further comprises combining the crude product
with a crude that is the same ag or different from the
crude feed to form a blend.
9. The method as claimed in any one of claims 1-8 further
comprising the step of distilling the crude product or the
blend into one or more distillate fractions to produce
transportation fuel, heating fuel, lubricants, or
chemicals.
10. The method ag claimed in any one of claims 1-9 further
comprising the step of hydrotreating the crude product or

the blend.



