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SYSTEMS AND METHODS OF PRODUCI NG A CRUDE PRCODUCT FI ELD
OF I NVENTI ON The present invention generally relates
wo e0osyeleesrs and met hods for treating crude feeBCT/ARZINOY/®42652
conpositions that are produced, for exanple, using
such systens and net hods. Mre particularly,
enb SYISTHIMS ANBMEBEHODE QFf R HEINGA SRUPEPROPUCT
met hods for conversion of a crude feed that has a
FIEED OFANXENEMONof at |east 0.2 grans of residue per
gram of crude feed to crude product that i a) a.
i qUihg PrAsstaResngpn ey s 10 3y A% arairfaetba§s ﬁ‘%irefamg crude
r ,
e AP SoRRBBRLH £ Uy, KTRARNES bME AR AR
meREIdAT Moré\BartiOnladpenibvdiméray desoribedorerein relata e systedss and methods

roperties that .d ot allow the crudes.to .
foreBHgnPR & i SR e8a F 5 G ERUUR iRt erams of resdue
peCQAINIHchRRGted BG dridd F8dud fift BAAYRNGMd nEkekd /DT &Rl 0.101

"di sadvant aged crudes”. Di sadvantaged crudes often
MRy andi(n hagpret orvedry pronghtidsdhatlage iofproessiid gemp@issin to theckame

rteg% tgt bec di ftfi(ﬁult and expensive to transport and/or
praperies Ly feehvent i onal facilities. High residue

DESCRESITON CFERELAAED ARThi gh tenperatures to convert
the crude to coke. Alternatively, high residue crudes

ar e Grygss shat hyve erner apprapsuighledrongrtidsithat doawpaliew theesudes to

v R BRIEHS S USSR AL
refetretti®as&ddadrantapedierudestt ures may be difficult using

conyenti onal neaps. Di sadvant aged crudes y i.nclyde
hyd ﬁafﬂ%&efi&f‘éﬁf OfFRUFILAR B%Jﬁ%Ye?mH?ﬁfﬂch%gg%%- ofuch crudes
ten('E)l%fSi EQ gﬁﬂcﬂﬁéﬂ&éxﬁeﬁsﬁY*B't@ft%g;so@%ﬁ/or%mbﬁm ccﬂl'xl'@xlﬁﬁdnfal feilities.

ydrogen generally need to be added, particular
High residsatmdat mdy be agatedatshigle sniperatgres foorpngera tiei angde to coke.

rocesses are.produced. drogenati on during .
ABEBEEEY Rgh e RS P arioa GBS il 2high teperatures to
prodtibd N6 VYEHuo gRiA8S htiorCitid MbdturesTBDuiN HOE&SHkgl Rater removal

i nhibit unsaturated fragnents from form ng coke.

frop e drge Mispeuscaades pnd/or grudelmixiures aayrbecyidichly usipg conventional
meuh@nsport to treatnment facilities. Coke may form
and/ or deposit on catal yst surfaces at a rapid rate

dur Digdpamaed stuigs afay dhdadbiadtaga deficiontas drdcarbony. Wehen
costly to regenerate the catalytic activity of a

pracgssyIg _fthydingen AetiAsTE Ay Brpcaibres, Cppsitient ahiitiss of brdrogsg
' [ : ] [Wao W] v .

B ARl P L DRl T S rGE Lt ot Blacking
prdcesaslara pratpeet. cHydtegematiyn dudhgiplecasing) which mypacatiytisvolves the

that cantripute to the total aci unper . ("TAN') o
e fain o yeBeerna e ki 16 B Bre0antd RH s Ruredad Bagryents
frofd SRAMY BRY. A9MOEEPHBstPI0GREdRE hRToPE0sHT k@ransport to treatment
fac(i:lgirggonent s dufring transporting and/or

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

Disadvantaged crudes may include acidic components that contribute to the total

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

aci di ¢ conponents from di sadvantaged crudes nay
WO pwslgds7Ehem cal |y neutralizing acidi ¢ conponRCt/BS2004/042652

vari ous bases. Alternately, corrosion-resistant netals
TAMay eontsbutetn corresiapefmeel mpogents durig Harsperting and/or

e [ nt

P R S o BER crad 0 R £ A B ARG R
dishdmvantaged ofudeinayp sivotverchsingialp heuttmlaingl deidéx ea@hpangnts with various

ui pmrent . may naqt be. desirabl e. er nethod.to
basen AR PTAtEbh FUEP PRSI AT TSI ARUMAY AF R4S SRR egpipment
ancgﬁlgﬁrgbésﬁhg eh®ip meﬁtadmms@gﬁéo dsml%sﬁaéh%@tat bRASIROSIVENT

/or pr ceSS|ng of the di sadvantaged crudes. The use
sigoificemtrexpeisorandrthush thearss ofregrrasagatesistanymatal oixisting equipment

t d d/ he, ...
mag gt £ GPosPblEy AMEELPRTGA e By SHeeiRe B Bglve Sdditon of
cordsFaOnAbiBaad d@srawe@&ageam@@@bﬁbﬁ tfzﬁﬂsﬁ&rhﬁ% hivd/6i ;Q'Bcessmg of the
anounts of nmetal contam nants, for exanple, nickel,
disedwantiigedherudesd/ The use o comsiamighibitersasasl regavely affect equipment
des
used" otg lpgor%b%sgﬁ% é‘}udgé’éhc@&‘ tﬂea&ﬁa%%é‘f‘ 08u(%t gﬂg@g&&‘}g ergghae{n?‘ﬁyst

or ﬂi@d\/ﬁit&ge‘d(hlum nfafy cbhtauﬁaIa&lvy@thlglﬁnﬁdﬂnﬁ@mﬁéthlscdﬁaﬂnmants,
cause a decline in the activity of the catal

forrgxamplgapicke) evanadiyge andpr Eon. | laem%%ros‘%sg@ﬂ@é ar4 r%f@nraetal

t !
collERFRTE, S o BRI b B S Bep B st of e
cats]lyt;tlmttlnmvmd vhlwe cﬁfnhea«:htadysie SefH éapositmeytalsy atdschne in the

Al kal i salts and/or al kaline-earth netal salts
aCtWé“)’é’fﬂEe?ﬁ‘tﬁ%séd in processes for desul furization of

r s pildvanld}Ra rilc9 6 RES B IUE B%ahﬁ:afl? solitd He'ﬂer@éi@l'hs (for example,
desul furization efficiency roducti on of
sulfun,s@iytgbm gind Inuo@@n) @manm@lﬁweb@nlduhzmwmn@mawn@nmy situations,
tion subst n rab
hayg A8 e it B AR 2k Rt Bt AR Br ERM i el s
ha@deen atsdl ia Prdo%hs’éﬁ fotleyul Rirzbtidty 68 regavie. PTIRSS yfoeéssesﬁ@ﬁ@to result
processes for inproving the quality of crude include

in mm dagyl farigati anestficieneyd Poguction @@@dnw%@ sludge, peqiedenatalization
gtfo&?e[tfbﬁgntf S%steﬁﬁ}gﬁ? %Q}B&S Jﬁ@ Qi 61? Hﬁktﬂ&st &hlfzgﬁ‘on of large

aged properties uent
quzgmlnef af }hgdrogmrgaasmd/oc edatvebf high hydlroggq pi‘emebsant ag ed

crudes due to the costs f dllue t and/ or_  increased
cosP8ME FrecEHE? rt"i‘?@r%@d v 4t 5238 v %H@B-‘ de Eﬁaﬂg.aéiﬁumt to

dlsgd\JaH%?&d El‘ﬂd@s Ji15REMAL %%QP&EH@ ®f E&Mp odeﬂts%ﬁﬁlbutlxég to the

si tuat’i ons, decrease st ity of such crude
dlsmaetmged\p@pemea SAddmg dtlaen@ ftmmveege@rally 139&5@,8 £dsts ptreating

aisgy iRl ey dud§ Hrcho o SiiR b PP Rhred colts G RS
dlsbdl/aM% EMHésetAdﬂltlon §f cﬁﬁx@nﬂt@% cﬁﬁd eh léﬁldétm@ in sofmel
19,528 to Baird, Jr. et al 7, to Balrd Jr.

sm@tloas, decraasg 3mbilup of wcrrlsrfudrm“ et aI ; 4, 437, 980 to

" B g R Bk B s Rl G 5107
Pait@niﬂft’ &taschonag 769 toalkmg e5a12 88058320t t6 FRdisdt al.; ﬁ,9aﬂ70&9t57
to Sudhakar et al.; and U.S. PatentAgpI | cat

Maeighrmest gl oh 99408 tzd‘ds@@bmgemlt, 4. 1R8:R ncuBalaqhdr tal; 4,127,470 10
Baftd O3 At 4034724, PacRS ¥ iBRri et al.; 4,437,980 to Heredy et al.; 4,591,426 to

Krasuk et al.; 4,665,261 to Mazurek; 5,064,523 to Kretschmar et al.; 5,166,118 to
Kretschmar et al.; 5,288,681 to Gatsis; 6,547,957 to Sudhakar et al.; and U.S. Patent



10

15

20

25

30

descri be various processes and systens used to treat
crudes. The process, systens, and catal ysts descri bed
WO R0 eRes patents however, have |imted appl i eabiUb200¥/042652

RS Bt A DebBGR SeBA BETRAP Ao Rencin,

debifi88 Shi ARl o QR ERA LRferkd @ed &AM cAdel CFRE piYelsY, s, and
I esi due a tend ency to corrode GQUI prrent and/ or “a

catakysid lasyibed ictbasa atents haweves) Rave dingtsd applieabilitp because of many
rogen, durjng t O her undesirabl e
Of%g‘fleﬂlcf‘&mf’ﬁggﬁaéﬁ’%@ng?Y sel'y hi gh anounts of

undh&gdxﬁbh@domp@ﬂ%ﬁ@s@EﬁwfalgxweIuﬁdesﬁ@b@tpra@rﬁesﬁmféxample
TAN, or gam cal ly bound heteroatons, and/or netal
reletml)ahlg sesidite, a Bodencyrte gerredecagquinmant.tagdion a sendenaybiogensume
onvent r ngdi o
rel'fltlve Y ﬂ{ nlloulnﬁsccft{ hgl arhsRR ﬁé&%&&éﬁ IQI{) " Qg’% oﬁg(tl%g nlSle gro&%mes

indbwdeatMtivell high, anﬂﬁmtbﬁnf&mﬂéswgglel’tgmpaﬂd{t@(fot anphs eélatively high
usage of h¥)d%(gen during treatnent. Thus, there is a
TAN, gigancaipowrbhiproatonsdandrngtelaonRedpatyr P%PW@@ICS tend to

ca%%?‘ g%iﬁro ANAHS orFa%ﬁ‘gMc%Ftré :'heﬁ‘t%é’lﬁﬁéé AR 1fing
[ avantage cru eSInocruepro ucts wt
ingprasgbedricsiont datreaaedcanlys e procekd plug Shb/MARYr Glerddskd usage of

| ON | nvent i scri bed .perein genera rel ate
hy%"Sg%‘y'\g r%regme%&ﬁgﬁghqrgp Reiteant ﬁ?j’“g te%lgggal need for
imPobBd SRR mEBoRs, GRHAY ¥§t5§/stts ForRioRHLISIBN B Hﬁﬁ@sian&rg@&j Hiables into
conprising a crude product and, in some enbodi nents,
crudo prasiunid evithaprbpertjessthat are erere dessrablescr i bed herein al so

SU%M ﬁ&ldﬁl&ﬂfiﬁyh%m@osi ti ons t hat have nove!

=—=cotbthatFons—or—¢o ¥eAt s therein. Such conpositions

can Irﬁ%n@@k&ie@&ﬂaeb)ﬁet&i Béhetdll§ rslie!t8 BPst@fislantBinbB®e8s for contacting
descri bed herein. The i1 nvention provides a nmethod of

a cpidefead wigh encerumeresaBiNsty to Peeship? P dtalpredist aempriynga crude

t
ol S0y L PR TS ARCAR, L. GO RR Ry Sherin
alsofgeimetalty @iuee mrcorfqroeltloﬁs tlheha:zami/cyl&bmbmnpns @fe&mponents therein.

Sugf GUTBLIR et PORBPCDPEUICk H@Egset@;,gg@m 42U ribed herein,
CoNpphi ﬁiv@HmonCﬁBLﬁ% b H&t}fbd%‘fﬁe arlﬁ% cMdk rd’i‘iul?ty E’&ﬂ?ﬁﬁng

source in the presence of 0 re catal ysts
corpa@m@ca@mdet feedivithradydoigen batrcé maheipeserich of onciotemore catalysts to

odc wher t.he .crude oduct is.a uid m xt
SIS studi REp el neRius et Rada St pitfiedp parlySt
Co&gﬂg{gl@m@gsgne or nore transition netal sulfides, and
the crude feed having a residue content of at | east
0. 2The aventyin glespravidepa meghodraf pfoducinge cﬂ'@iﬁcpmé@t comprising:
coxlc{acr%ng (_:gltcrlﬁc% fg%dn AI T“a/lhwﬁxt‘oérq F]OEI){EI)‘%COIEI t{l%gr%aé:n%nt FOn g ed rg?re caté'llysts to

prodiicd®fottal @r&ﬁc@ﬁh@fﬁ&cl@ﬁeﬁﬁk erude pragiuatwhbretd the Qrtﬁlkqﬁ(bmkt isa
t he crude product has at |east 0.001 granms of naphtha

ligyid migtuagrtc Erapdd- PHoWBarat leapicpneod thegakal Yiss ¢pazpriging one or
moPE A 13?1L1H9§Irsuﬁﬁd §t dqﬁéém&g fe-gﬁ ﬁa%ﬂ%g%glcﬁﬁ: %h%ﬁt of at least 0.2
pr ovi es a method q’npreparlng a crude procfuc ,

grmmfrrmdu’egier gt altdrudigfead, @s deterrhiaed bMAIST M MivtklsdoD8307; and

L[Ir ce in the presence of one or nore catalysts (t)
contro ling 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
W(atzoozmﬁ(is and 0.101 MPa, at |east one of the CRCUBUFENE042652
ri sing.one or nDre transjtion mnetal sulfldes and

t he Tae NI ShBFPV K dRf@renRsnpe ACriste Papdych £emprising:
r
corgac.z(m% rfféﬁrgd ee& %@#Q% %1%%% 57}{ thé hl{f@%&éﬁ?ﬁg elsrélore catalysts to

pradiocd aaital rpgodmtldnat molmdeﬂlne lerudegiroduct vdrerahe theropatlecgroduct is a
. canpri ses sene, .t kerosene at | east .0.2
hq@?*gﬁ!ét%f a&f el O&elpﬁafaé#ﬁas% eq'}agf‘ewgal%cmr&% PREPT

ma?¥ trARIndnMRE AP ERL 8fhd thderulde ma%emg %\&bﬁ&l@ccfn&%@ 8f east 0.2
“point at a tenperature of at nost -

gragtest firesidiscpeb gransTiervie feod, A5218RBMingd ea»ytArseTM MdbocbDéaOJttand
coflflitieHariiBe borptici e Tad s R S ucPicihfies §oSe, the

kefRk&@URk NG alleast IR RNR G GlomAREPE Fh ST kERBERS hd dderthined by
crude feed with a hydrogen source in the presence of

ASJM Mytharblp el &6a thel kprasene bpvigai freezing paintat ageroperature ¢fzat most -

| u h h d
e A B8 oo i Bl Rl g ost 0.05
grm&ﬁkéfy@gﬁﬁ{]@k‘y@ﬂg pfeRiBY i Sing one or nore transition
net al fides, and the crude feed having a residue
conflapinvention alseprovides 2 ngatlmﬁis)f@mdt@mgm@uciﬁemrogmmompnsmg
co PR A G5 R0 SN A PLAE b OBE ST LS BRc o

prdd@ce gtoaahpedduet thdeinplude bt ciide |pr®‘du‘¢e Ivsglbten{ fikeiceudefproduct is a
_atonmic hydro en to atom ¢ carbon in the crude

ligd gaixture 82521 #5101 ¥da, %tée%@%er%tbreeﬁtwstmqmpmw% or
mo%tz%%ltlo-mﬁeth ngﬁejs Qaﬂxd hS BruRE ?ééﬂql&?mg a%c!ﬂfédcoﬂ{em %f at least 0.2

produci ng a cr uct conpri si contact
gramsudecdidecenigtam af drydtr fa:gda;rand@untr@lhngl cd)ﬂwctmge:sadluenﬁfuch that

o R o LT el PSS i
ratiosof%tddng %&@ro@b%fo‘%ﬁ&n@tcaaﬁ)n((ﬁ/@ﬁﬁﬁ the didde MRARAUCIRIL at BRBSHL1.75, as

one of thé catalysts conprising one or nore transition
demlabdémHﬁTMaMeﬂmdd)ﬂﬁ@ crude feed having a resi due

com 50y i oA G BB RB AT g

comidtiigta orade feed)évltﬁtaoiytjtbghy ddsuigaerm th® pREEHTE 6f 63 &qnol(eldéﬁ)ysts to
in the crude feed is at least 1.5; and controlling

prodyeg kotal pipdiishdiat inglidessthe Aruda arodukle W@F’@ﬁéthﬁ :cwﬂi@m%sls a

liof§l R 5 TG LR RO, 52 B e AR oS AR or

motOnrsitionahetal subfiodes, did%hoérutid feed aawdgl 3} resu‘:dlteemhtenf oftduéeast 0.2
cru f, as d ed by ASTM

grags ées&ﬁwf&sraﬂa 531%{; q? dadetepmingd @ %ﬁ?ﬁy and a

weRBE roaRfmié w@l%%a{ RW&hic ARdniRC AR aad@ﬁ:\éa MOatdhst 1.5;

oct ane nunber [ east 70. The I nvent| on al so
aneamiotley cantaetirgebnditiops e@hhdhatghacmdu fgdpetdasan atomic H/C ratio

or §GTP% S I SRR o B lsHR p S Shelid i U BRRE  residue

coftORIP LGBt ob/p@fahe RISRIE ebnteMaf thd\GhedRed [RReRIMIRd by ASTM
product, wherein the crude product is a liquid mxture

Meghod)B530C, the¢ngle poaduebhavieg atileast 0.08 hgraofs of maphsha p¢ryesam of
crud® npodlu(sttl O%h A8 nap [tha 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
w@e@siede7tr ude feed, as determ ned by ASTM Met POTIUS2004/042652

D5307; and controlling contacting conditions such that

proii€ Lot praductiihat inblades tAE Erudk prodatt, Whefkeh e Qe prodict is a
| east 0.001 grans of naphtha, the napht ha havi ng_an

liqyd painargatAsek asd 0at01) MRaat fxast ane of dhpseatady COQONITENAE Qfe or
mo :tr?%%gg)gl %t%].lesr!.]lh?d‘ ?S‘aﬁlﬁ%({:&gﬁéfe%d s g{:egi@:e 8§ra Fnt oq{?it least 0.2
gragisafraiduegren gmneof asdadfetd raeﬁetedntmyd agmmmmodmm and
and.t he ker.osene, havi ngl“% freezing point at a
comr@Hﬁzgrcgpﬁﬂcen%FO@eU%évc 8" hecruds perdugt hasnesd eym a5avre
v,
proP/\ﬁ/é " qee@?@ %\6/ Pa%névclﬁ?raf)lgga ﬁg%g%j’ gfﬁsha‘?/fn rf@%é a?lgﬁrrlgglll é():fsat least
70;pae teag(r(h@ﬁ lograi&Of kereseate} the kemedleh:prﬂpﬁsibgtaimﬂatfbﬁ&he Rcrosene
t t 0.05.grans of residue, as determ ne
RS st oS 0EAToRAReS A £ Ehcep 80 b G uteg b ASTM
Me’ﬂﬁfd@ﬁl 8af al e H@ﬂo%e%a@fnﬁ@%&% %%ﬁnt af & PR{JePdtitd 'of at most -30
contacting a crude ydrogen source in the
°C prselstermmed by el MMetbocbD@&S(alaylfast Oc@rgramss nfjvauum gas oil

netal sulfide cat st t o produc t ot )
(vebh eV R i G et S R SR BR ey B0 & ftermined
by Hf N ehoR3BE10t ahBat@ndst 0195 GrathXbfted@d, ad aet%lﬂMbQA]SQM Method
MPa, the transition netal sulfide catalyst havi ng a
DSSQﬁ al of at least 0.4 gr arrs of one or nmore transition
sul fi transiti

sul PheiEVen o RO TR ine B BrohGBR AR halRisE somprising:
corftdfing Alcr@fe faéd WRRS hy@rodet)Scuite @fthé pebdhde oPEie bk @htalysts

crude feed, ~as determ ned by ASTM Met hod D5307; and
corpRiitiRg? IraniQgRetakauliidy C@Eﬁhﬁﬁt {9 priodues total Readugtbatdpeludes the
orufit BELS RS (R BrMc R ATRRS EQIE PSRRI P01 MPa. the
trarcsardrﬁﬁétabsfulﬁde antyst Bingh tdtlii&)frae kastfed gnantsenﬁbn@ﬁr ﬂnh&

crude feed s determned ASTM Met h
e AR B 463 PBY %degotal Hisg %?talpﬁugfdaiﬁaawgvsa the Guge feed
ha\‘?ﬁéjg HG{due €OMRAL oTlaPRast @ONE AR 0P e sBIVe PeASral EHE riel e as
hydr ogen source in the presence of one or nore
deterain¢d/syt 4 ST Whettoiddp 3@71 angnntrobimg wentattlr@noﬁlddens such that the
at al st to product
orufif hidtE gL Po N e’ B ko L35t ofrdite praTuctiaig heibruce
prod¢thds 8 rédiduoRienes Tt Q}oéﬁﬂoweﬂthetrébedder@ﬁfeht of0Re BRIdafeed, as
sul fi de catal K"&t having a total of least 0.4 grans of

determunest by dPEM Mot/ et al  sul fi des per gram of
L r 3?1?}6' fnggﬁlot'ﬁeags%l ﬁg\glgég[ BQI%F&]%? %k’ %étsqdmﬁu? 4 6&6%%%&%F %om}pnsmg

conftdcting gemd@eﬂéecgwam bl dogerdeutedd thea;brésetnheomxwdﬁ nﬁc&e datalysts
having a residue content of at |east 0.2 grans
compraing transitiopr et lowl fide ratal yst Eyprodys 2ot p{ﬂdwtﬁbat includes the

cruf® Extoaﬁét' a/ﬂex%ﬂﬂﬁé £4uge ?ro%iﬂ&hs b hlagléit ﬁ&%\fré E% RF ahcto lhléﬁ’a the
a hitrogen content of at nost % 0 e nitrogen
tramsitivinanétaloful fideecatal ystl Baviigeal tota red 1dabe0. 4 pruses qfrcmel vc mohasarsition

r si econtent of at. nost 30 of t reS|d tent
me CSREL gt nS{fQB Mata] SHi @F&@@P&’Sb&?ﬂ feg g%‘”ng a

mtx‘ggérﬁ Jrére ot leea%% ) l\/%llta%q)f RRf&en %@pgﬁﬁlsdf%%qum QR tHeQrude

determ ned by A
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: contacting a
waeadecieeed with a hydrogen source in the presparesming/042652

one qr nore catalysts conprisinhg a tr nsitjon, netal
congeptiof gemesi39Py et the &S&l@&@&@maoﬁtgq ? Sduheredpitrogen content

REPB962 aRERLE &R&n% é’sdcfeteﬁ
is 4%%“??%8?"3%@?3*?2 at 25 0C and 0. 101 MPa.” th &W%ASTM
Mdﬂmaﬂéﬁmon metal sulfide catalyst has a total of | east

ne or. nore n. metal  sul fides per.

ranms of r
o a6 vEnton o mRides  etetan peoftinge SudSpptyet pfpising
corﬁa&ﬁhg af 868t 08P withtaQlyaloghbh ééﬂrg@mctﬁé‘b%@énc@fof%e bieRdte catalysts
1 grans of Ni/V/Fe per gram of crude feed, and the
comprisieg § Gesitiersmatal sulfidk eatal prite prodoee aitotal gaeducpthat igelades the

eruls pLSHREY WG RO et brerelibh S Fief R e B O Mpe, e

traiditi sPbtaPsMdJEdTHst Bbs £ WA oI @dasiy. 218t Dhs &7 dlh@ ®r Blodéi#dsition
the crude product has a total N /V/Fe content of at

metah selfidempeseran ef 1qtgl arstienmetahsulftle eatalyst thgerydedered hase total
NlMF‘éjgorRé 3%%" gt le&‘?ﬁ ofol glsa%r%%? I\ﬁﬂpc{s: & Egr e%famac;f é: tfeg’cp (Z?lc? Ihe crude
ere ue content o e Cr

feellihad/d keidueRbaBht dft Rastded gfaﬁ‘lsﬁ;édeéi@he/p‘éﬂ'@iahbbﬁwddd:ﬁ%&nd
and resi due content is as determ ned ASTM Met hod

contepdling copgasting gepehtions Saffs@abﬁhsmﬂlé@r%é%ﬁlm&a mggt 0.05 grams of
col&r&g gfa'?nggfd & ]ﬁx‘gawﬁy@g Ufilde préfued lﬁa%'ar{gtahﬁl‘?/ﬂft/ﬁéédn%t 8f at most

crud rogen PSource in the presence o
90%mé thor Nifg t‘Fe: wateat §ithe codapikadsihegraletpradist hasaresndti@tontent of at

mof 1% GELE s oateE PRE B gy et ey Sbagnids as

- detbfnified bIASIMMEhED 88632t desiatélcéhtdifl Is AR terti®d by ASTM

transition metal sulfide catal yst having a total of at
MeitleglslD 53974 grarrs of one or nore transition netal ‘

su des qram of 19t h net al

cat 3§ B AR AT oS nell f IR TR Bl Gogisine

cont&ing aQ,r&Hé]fe@I *ith adlydfighh sdurein tie pres@ice of ukeorf rﬁ@@ catalysts
and the crude feed havi ng a resi due content at

corgpusing & FEnwHon Betbidrraiays e produsearetl @guiuﬂathat includes the
crugl? gg; Llj WGrefPME @P.\td'}s 'ﬁgocﬁlg diy tlig?msmﬁé’f&x}é at 93 2 5\5&90 %PQ/H’a the

has a sul cont ent
tramixﬂidnmetabnﬂﬁdﬁ catdlydt heviag adetalf afead |eastricd gtmmsmf wde or more

B S B e L B0 S oS SR e

haiR$h §1m“ur conteft ek RaF R mébsTMiMeh #a%%ﬂudér}ged and the
resi due content is as determ ned by ASTM Met hod D5307

crudi éecid awing |ac¢sl@lwnpmow leass 02 granhobiresiflupperduan g cralde feed;

and {RRI et an R contislons Syt i PROGR e iguifuy content of
mogﬂ(m obthetsulf@ doatemt af the aAGk fdedNarBtha brud¥ ipeeiudEtaala read e
m xture; reacti ng the transiti on netal OXI de/ net al

coneritiof af RpsinYapftthe ragigiue gementof iy sridmicedt veharei isulfier; content is
o5 E0GgRAEH) RSTACR S5 E BN AR IUEL Bebiiincd by AsTM
Metka@B53070n netal sul fide catal yst.
The invention also provides a method of producing a transition metal sulfide
catalyst composition, comprising: mixing a transition metal oxide and a metal salt to form
a transition metal oxide/metal salt mixture; reacting the transition metal oxide/metal salt

mixture with hydrogen to form an intermediate; and reacting the intermediate with sulfur
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The invention al so provides a nethod of producing a

crude product, conprising: contacting a crude feed
wownds/oesehydr ogen source in the presence of 0ONeEPOT/URTNG042652

at al ysts conpr|S| a transition nmetal sul.fide
in ﬁlstpéq%fte of 91 PHRIESTAITRGSFRANS ¢ BrogrEe R Fansiticn mael sylfide
catafydde product, wherein the crude product is a liquid

m'xture at 25 0C and 0.101 MPa, the transition netal

sul fTheeventic glsn povites i setha ofpeericinigancrndst Iaiod@cul qurmtmsmg

t he, crudedf q? 13 i.ng_a residue ontent of. at | eas I
copjaging agrdefecd wi &lgab"&"n GPUY Br! E‘Pf?&%“cfé’é gne 8%m°re catalysts
co&lﬁhﬁﬁ%’h Raskiin AShMuYREOedalPR3IO prodacds foRdllpréisicE @t ﬁ@ﬁldes the

condi tions such that the crude product has a residu

crugle prasiuct, etherein the srudg@yodict isradiquad miptaresid Ad eﬁtanéﬁ HOR éAPa the

ol AT B Hur BT PP S B I EIR 8 Chlfe havine
a réskdudeonfRdt 6 dibdasd 0.3 gtdms of réQduB per 61 ¢ru@ R} 43 determined by
oxide/metal salt m Xxture; reacting the transition

ASTM Methpd BaI e eentrodling contact conslitignsisueh datihe sruds prastugt has a
res l}IJIe fcgﬁt‘éﬁm ﬂ'ntogt’ 3@/‘ gf {h%qgn'l&%o“éﬁt bﬂhg Efﬁ?g lrd4e fM &Jﬂ%rem the

Focar bons
trapiichumetat hidfide (amlyztt Ilsodsbtﬂiahbib byuhfxlmgaa ﬁﬂisﬁlicyﬁrhetal’l’ dSbede and a

ventl n also provid od of produci.ng . a cru
e&ﬂ selttafomg SHEPFIEPR @newi Sxidadmet Al MiXYERs 9acHpg V(]ettﬁ‘né‘tlon metal
oxf?l)é)%é?ﬁ%glt ﬁﬁi&ﬁfeewftﬁ‘ hi &gl I%nglqﬁ: &n RfierRf28ial; aH® fe%ctmg the

catal ysts to produce a total product that | ncludes the
mte,nmsadeatqownu salfyr inttermesenchel aewd enque bydrotarbensdo Ipraguicel the
¢ 6 @f lég ? and 0.101 MPa, and the crude feed
Tapy WH@e SYIEGARYS grams of residue per gram of crude

- f eedthe afvef®dLA158 prodideya ﬁﬁf%d%ﬁﬁﬁc@@%@ﬂd@r@@w | ddehpfsing:

| east a portion of the total product as a vapor;
contagitherasireds faed withathydrazen sousee igfthe presengp of org omxgogEatalysts to
: j the ¢ i
e i b B e RO OB S S BT IS

lighidasiktude &PL W ads). D1 MPahdrdahe tiude fzdhhtiag Aaleant@®. Bgrams of
oct ane nunber of_ at Igast 70: at |east 0.001 arans of

resigtgopet gramator e e aafeteaaiagd by 4SgMMethad 13 Wifnprogucing at
leaQteJdpcgﬁmptile g@ é)r@cﬁxcggst a??zfﬁo? %ag%slnp g V?a@tgérjpn‘l o6 dgﬁrhe vapor at

at nost grans of resi
25 ,BS'EMi REOh MPLHEBD ?orm'ﬁh’@thle mm&i&tplrtoﬁucalvd’mrqm th¢:| cahedse pioduct has, per

od, of rude
erafb ques nrguectcat derath o FEhime e a%y i s pBism Ped e an opiane
nuRb&SARE Ragf70am 1&5&@0@@0@&8@1@@ ﬁkmo lhewag QEMER 0B grams of
total product that inclfudes the crude produét, wherein

aropasice perdearh 06 ¥ s detersingd by &1 Masimd $8/%6: andatgno 095 grams

ane of, resid e feed, as determ ned
Of%§ %fmdﬁgpﬂuﬁggﬁggghgi@gh({ngﬂgroduct is aliquid
M XTHE tvahticttal Y protideda #etholA pradiading RQredeystoduet, @uprising:
has, perwgfan1of crude product: at least 0.001 gramns

corﬁactwa@mr fegchwith aphydrogen seureryindhe presence of gpmoggaaiesaliatalyst

o GRS ATl O3 PIE gy s s

resgfuaenteift cfias Ie'aitl()al gram3d raiduepsi gramlst c@ﬁc&rﬁedﬁls determined by
residue, as determ ned by ASTM Met hod D5307, 8

ASTM Mﬁﬂi‘(&’rp%(goﬂ}%&ﬂed)é%d%t et B BixtpreGdde %@n‘é dPL&#Pa, and

theRir@RBUYStb duct BAP bbiSdrA of crude product: at least 0.001 grams of naphtha, the

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

wo edoalossroduct that includes the crude pr oductPCWSztm/mzﬁsz
t he crude feed has a residue content of (?t | east

detgrmingd BY ASdM MrahqdeP6 6305 A Ispst O,00d @raraeef %r&laéeetaesi m rﬁefa 0.05
i ct isaliquid
grﬁsxﬁﬁg%@dfwg&%@ﬁg%dbyolkggli&%gﬁ)d%%%)he crude product
has Thp arvegti@analed poviddea pretithdodf: pr@ducirgaasctruﬁa 0dugy cmmEprising:

of diesel n e di,esel has at_, | east tans of
cojreifigs Grude B0 with 3 IS ErR sOftce RLh BrearIee kAt pTEasAc salt catalyst
to Htl‘&da %@ﬁ@%ucﬁhatl 1ﬁ§§8eth9%dQ hRMBcOWhMER thaBridk |f’@ed hasa
GO has at least 0.3 grams of aromatics per gram of
res\d@ contsnidusiag lemstr(eZi glta;nsmf revidusqur 8681 @fbcrudmﬁegtas aetstmined by

s BathfBs i, IR 8 B GBS A3 AL 018 P, an

thelr@disroMekt Rag peitig-all TR e, pré@I¥R at Flatd). 000dHhAS bf didsed, and the
crude feed with a hydrogen source in the presence of

diesg] hap @trlg@m 03 gams ot ypalajies par @rasm ofidiesel aastdsteamingd by JR Method
36§/B c{llg 6’8@15 gr&xﬁﬁ og %tagfl glgel;te hﬁ)sl\(%%li Eﬁ"‘ﬁ% doil glalﬁ{s%ggromatics per

gratnhef VG(D;i @s ﬂaexdmhasby:\m M%:tlﬂ)d@@@lot &t atofiosa0.0b @eshs 6X.rdsidue, as
ans_of residue per_gram of crude feed, as determ ned

de‘BS}“‘A@i’PA’F@@tT%MWS nd the cr ude feed has a

nmon t rﬂ&sﬂ gﬁgﬁ
of qrrg% glcvl fgﬁl(lgdca% 8 Qfaarg%)%raﬁfelt Hg)g mf??éd r%aa criude fee e
coramimgcamrudﬁ ﬂeech witharitydotgen gouromnh the preserse ©fi at h"mtgamw saltgatalyst

to BPguGict g e I an s B dnarog s o R F e Pt is

llq@iﬁrmlgf@@htois ¢ 4. f (e Paafie 61%&18 FEBdHAS a P dTRTOniRA GINE Boast 0.2
such that the crude product has a nonocyclic ring

grmsmfac31w reograsnof afidafecd.ca stetepningd byteYTM Mgthed D5307 and the
cru\%g gereé r;«ils a nhogllgg hacgl%g?t l’g%l %%Q{lﬁ%x@é ofg gn{ogte (% ?[rgga%es ofe morocyclic

ringl @tc@fitick pék gaa{m%EMdWédaQ Aind6oh&0 1 ling@niabiigNEdnditionk Sech that
provi des a_nethod of producing a _crude product,

due@ﬂﬁbﬁ icentagfingc most Q-2 mgpnas frhydeocpehens iiat ﬁreawhwxds@sehle at25°C
for R
and O 10F bl MU PEEPAR oA ALROMILARA by Bl RaEke, and
sughrthatubd ¢ruddprodiet Hab e nemocelio lrmglm:dsmata:s aohuenmnfdit maxtti% greater
at 25 0C and 0.101 MPa, the rude fe as.a resi
thaf grip@EYHe e 4remaHcSs opteg S BRICE S gyBCTBiE R U ring
aroﬁ{a'ﬁg§c&ﬁ@rﬁl is Aefiehlelivyess M Mahbh Meyb@d D5307, and

the crude feed has an 0Ol efins content, expressed in
gr aitbe ofventiaf alﬂsprpendesga aethof of pmﬂhcfngedsrumoduct comprising:

o cridiegh ViR am RLeES Nksis PR RitStheh oF i iSFbiaaf catalys
tozs duéenetod] pfddust tERaNh&NdesQhe Ed8e gfddd& wa&din W ef@k Product is a
efin content is as determ ned ASTM Met hod

hqmemetmmt PnteandilolP13YIBa the eudel @d daserdsispe gpntent of at least 0.2

o B0 AP B o SOTPRDE B ASIEMERIES .

crud® féedMag amblefifabdnterdt eXipystedtif ghinbfefthstpet glanPéfaghid feed;
that includes the crude product, wherein the crude
andheqstirgling contaciingeanditiong sushdhaitho gudepeeductdiag an olgbas content of

at 1%5‘5? 58 éi‘ggterf tﬂglgtﬂgq}\{éfﬂlg c@nt’éﬁlsdfqyeecrﬁg@fe%@,tw}?efrelﬂtoléfﬁ)ac%tntent is as
determined by ASTM Method D6730.
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0.2 grans of residue per gramof crude feed, and the
inorganic salt catalyst exhibits an emtted gas

wo pdos@eie7dn of an emitted gas in a tenperat ur ePCHOEH04/042652
bet ween 50 0C and 500 0C, as determ ned by Tenpora
Anallhe uwemfomrlmpmvsies( arm)hodaaf @rqxblntngal qruciegorcdw,ammmrgmg

ondi tion t .the crude.
corigit e SBHEWichd Byt SLHETiRhEPH SRR of iofPipf e catatys
to SrodtR abRpHiductthatdhclids tha3@¥dOprotita, Wﬁéﬂeﬂuﬁe eRidE Priduct is a
of the crude feed, wherein residue content is as

hqmétrmmwmtc%w andPM NYIRadhosady feethaving papgidusrcontengof at least
cgogr}{é %%SIQuéTEér%?Qm?{f ﬁgfdg‘i‘éée%%% t@g gxg}ﬂ%ﬁ} <g£agtd¢$§ag¥s6 gxhibits an

em&&drgaemﬂecﬁicheoﬁmmmne@ gafinanempera@aiangs bétiveerns@PY sihd 500 °C,
to produce_a total product that includes the, crude

as ggteraingd byvhepearal Anaysy efdaodittiAP); andcqntrel]ing centacting
COIQi‘ith?Ilg 2 @thhg it phRict 1426 rgglal%ecofn?e%g e&ﬁﬁes&dﬁﬁ fa%éeof residue
cont ent east 0.2 grans resi due per gr
perqgrardef teeld prdduet, ofi amgasm B36%saflthe watdat yartemtarfphc @ed;e fetd

| east two inor anl netal,  .sa or gani c
Whgrgmfee‘a‘tl%m?m i béf:é#ﬁ%’ﬂ@@@ﬁ%ﬁbgct ion of an
em ThefveRtor disPprbSiRes Alethod of ﬂﬂﬁwm@% c‘i‘@ﬂee}frﬂam GoR¥prising:

Tenporal Anal ysi's of Products AP), "wherei'n th
conggmting @@ng&sfew]fvith ethydrogee mmq:eamuh@pneawge of an b@tg@amalt catalyst

C t e tur f  at ast

to frityeG ot REAGRT Gl odudts ot arp BBl u R fe il progyg is o
liqhiB DiigeuRd & 2$a>btanaa1 H1MPa, tROEkuBO fdell Bt b RGidueRbAGAL dTGt least 0.2

condi tions such that the cr ude product has a residue
graggrof agsiduceperasselirige fgedythe pproapissglicatalyist epmantises at least two

t t
incft PP O and %%H% s PAABl: BRI ER e QR oion of
an eaited ganach feynpAQtive Mrighod deEBilihed DRl enpoedi tAmiysal f ®Products
rOV|des nmet hod of Qduci ng a crude oduct
(TARWphFSimge cpoifdge .lwgecaore;reaaﬁérwsaa%eﬂﬁ{)gm%%@mc
t

e o P B Hor S e S Y R R pihature of
thepnadarit salt/wmlyﬁstnartdlwntroldudg cgmt@@mgtconéltlanis suphitlat thexdrudes

? 50Ca é VPa he cru hsarlmd d ¢
progBsiien g oy “St""f“@ﬁ gxpyesse Fh%ﬁéméf’ u8 HE" gam ‘6%5 cdroduct, o
at hbH 369 SRk redRluel 8bREMIoTat dNdeAdd/IvREA R destdd@énteAlTd as

t he morganl c salt catal yst exhi bits an em tted gas
deternfinedthy 8TH MethodP3130dd gas in a tenperature range

Dot Yeerh SRS PR 2500 g B R0 A5 ik SRR Bhorsing
corﬂidih@lg atcrigdeaBed Wath a&hy&@gbhﬂﬁ)uﬂée 1hhﬁe priés@ﬁe pf ﬁxdim@fgamc salt catalyst

produced is at |east 5% greater than the volune of the
to R-,rp@lef@ arta@hprogpe hat ieeclydss udgy rodestswhagindhe ergdgprodpgd is a
11q19d %ﬂ%’au?’?ﬁ 25he alng‘oelrbtl ' ]\gpa %e?&u@é fé\éh fesa ?es{H%E %%e&fof at least 0.2
producing a cru I'Si ng: contact
graﬁrsuﬁeesichxed)emgttahl d dnyctérfegia fas daemmaedl by AISEM N&slmnk:léS?dﬂ and the

an lnohganb, cat aI rqduc$ a totg groduct
inofiialc PHEnaeL ORISRt ectigh &f & FM{tISE £ap ftemperature

rangf1 Buctn 56 °@ ahél CRe "Qs)&taféﬁﬁl @H bﬁ T 691? Pa?gngfygﬁ bf Wcﬁucts (TAP);
e crude feed has a resi due cohten | east O.
ancgpmdmcmg the eside peodret sugh dimt afvohnmedcoftheetdude amdluttrmoduced is at

least%% rea{elg thségllthe vo%%ia %? ttheeXh k% rg\}otlueges are measured at 25

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

range between 50 0C and 500 0C, as determ ned by
waeoposmwl’s Anal ysi s of Products (TAP); and contPoOl/UB1094/042652

contacting_conditions such that during the contacting,

at Ebgtnventzorgalmrowdemmmq@ﬁ%dusﬁlgta JHee pregluct, comprising:

corgt?&glg% C@?(#e:fg% i g'lg{lgjik%] \é’g%m'\ﬁ@g%gngfe%gg%#ﬁﬁnlgga?tr@atalyst

to prodedetd total ﬁf(mluctphax\mdedesahcmamﬂ@;irodﬁctpwhehem thg ceude puatiact is a

I pr.oduct, co SI n [ a crude feed wt

b ot a1y BE el 5 T e nientay feast 02

granf Fr¥sidue gfa Hp&u@e fel aAndnﬁmuﬁgtanfc%h chtﬁBJs ltsfaﬁ emitted
crude prodauc wherein the crude product 1s [iquid

ganinflection oftan 26itded gasdn @ tendyierdmg, ramgeebed:wcﬁmeS()f°€edldﬁﬁﬂ ¥y as

content of. a ast ns_ of reS| er

Aol by T OReF Bualvsis ALProRESH cEa fuihd Rl fontyEo
coktBord sU&Rthat (![lﬁ’n%l thé 86hthdling at RICREY. 2hHNE JTRYERCRABLWERA are not

200 C and 500 0C, as determ ned by differenti al
conglsasabient) 25 5CanidPetyMPoseE)formed perigzane oberude fagd, sedetermined by
m ' and controlling contacting conditions such

Phat%e crude product has a residue content,

expras sfentich Js@p@vides i afittidof pesdugingd @hidepradect, comprising:

product, of at npst 30% of the residue content of  the
conipgiing arseds, fegphwithiarhydegen seregin tha presency f ap inorganifewplt catalyst

to ﬁégﬁ% dé\éow Br ctQﬁgiqzclucﬂgqla e&)ﬂ&@ o‘aﬂctabvﬁ&eﬂlr Y bHﬁé pfbduct is a

oducing a cru product nprisin
liqeidmhiatitré g SefCeandde] Fleditaythe brude Iﬁgedﬂragmg asre:udmrecqnltenit bfat least

presence of an inorganic salt tal yst .to produ
0.2 g5 Oﬁséaléaﬁpertaﬁyp o feids e ncEihe frgianis sulkaraly it ahont
traﬁ@ﬁo&ﬁl%@mﬁ&ﬁﬂﬁ'@ Fan%@ bétwekAl 94)(5j hxd S’(F(f—‘°@tas %&e%n@@ dy
. the cru feed having a residue content of
dlf&treritehmanmng cypamtrm(DS&maaeatp ef I@FQWIUﬁnmtmded t@u]ling
i.nor has_ | ductiv
coftifine SndfShih T Pelesfif e R nieT whil SpRighl ikied
gradeofésiduepet BRINDSNIrGdSHLESCtO at st T0% @8 tHeGesiddd content of the
catal yst at a tenperature in a range from 300 0C and

cruge deedCvhersidn resifug ennteny gs @ﬁt@&l@meﬁ &Y AonidYliYlethed BX3éHy.
that L& aﬁtﬂéﬁdaqsogérggfﬂ%g of P s 5%00235&35{8%%&, comprising:

expresse er gr
coti@ihig Gt crudef feed wﬁhathyaﬂ%emﬁourbtmnrths présence ofitue itor@inid salt catalyst

crude fee rein residue conte i s, as. determ ned
to pypd wwa@pwéac%gwc u%%é hg w@wroghctawg%reﬁrtgwwgé prpduct is a
liqBR Qe Okt Br-edial éﬁﬂ) IQ\/I‘PB qﬂ@ cﬂ%ﬁ@ @éégthavﬁ AREdi @l Dntent (f)]f at least

cont act | ng a cru roge source I n
0.2rasenfesidfie per grarorod amde f@dL andcthe moygmnct saltpratdiyst hasaomc
total. oduct, t hat . ncl udes the
condfrs iR s Atk e ighE PEGRAMIY o inTERL BAOS Frimghiiicalls of
theqn&%&quNEﬁt cdtd19stGE B eenfeefbreNA rahgdeeint 860 OBAEHH0 Af; Al

| east 2 graivs of residue per gramof crude feed, the
contmluwﬂntacgag FOIGbﬂl@S)SQQh tbehtgc caids pridugt hasmeesiduesesntent,

expiryed 17 srats of Ry RS bt ot SRoduetior 8 mdd 0% diine Bgidue

cortb B thelttidiefeedfwlitteih edfdue tdntedt 16 addcté@aféd BNASTMWiethod
ratio of an alkali nmetal having an atom c nunber of at

D5B@&st 11 to an alkali 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
weewwdosproduct has a residue content of at nosPCB032004/042652

. the residuyg content of the crude feed, wherein resjdue
11ng ISR ek fa’étoef% Mg ths metir ﬁaaesegfywntemh%f at least 0.2
granRVE e AR Rt sRnPHRMhEeR R tHRIHAAhnR saﬁrcgﬁfﬁgs{e W{S&E gﬂ@li metal

product, conprising: contacting a crude
saltsywhergimrat deagtr e df thet dlkalpmebsedie i9én alkali metajjearbenaaland the

oSk S B et 81 5B EF 45 RGO ohe i 1%
alkhE Het] Bavifp af hMiO huberdst at RAG 1 111D @nialkali GRdtAIhaS Rlgtan atomic
catal yst conprises alkali nmetal salts, wherein at

nuhbergreaserdhat 1k isan arangeifram P4 to 441 ansl qogtrgHing|cRataptingeqoatitions
yver.oxi de,, and the al kal | i nm.c_.punbe
suc R e Pl TRl oBFeR) B R 2% 3 R B ofencof
theadrikdl feedyRitRteif fogidng camettioas detevniibed by ASaM Medsid DIBOTO
an al kali netal having an atom c nunber greater than .
11 The inyetiqneatgerrpyidas @ method of prodycisgdciridy Ripdycesompsising:

o o B2 O S QAR B

to produdear totahgroidbet, eherdm the onide feedvitae n e¢siduehententicléat least 0.2
product  has a resjdu ontent of at st . 30% of .the .

grarr@sq(%a%ﬁédwﬁf gram offory ee‘?’dﬁfgmpé@aec St &aRRksRmIIea gl metal

salfd! QMEEBSat FeabBIRAE 1S alRA1 PHEGI fa}ﬂéts queée&{ MEQi ReRd Hf/cgoxide, and the

conprising: contacting a cru d wth a hydrogen

alkglo oretads havetanatqmic sember offat dgasi hioapdat least ahe atomiatajigtof an

ot pBLT G B e BB bt 57130 Gp kit By Hm i

nuidibé BrédterahatiEl {5888 rarfgd@ron0rdandLprddldingatledsy 8 portion of the
conprises alkali netal salts, wherein at |east one of

totalpsodaickal 4 vaper:gondanising af keagtp partien of thevapor gyt P@end 8441

h ' I o t L
Meg)Enlofiibe (IEL RS pRBNE, SRl Sl EREcLhye 3 el 8P bgntent of a
mobe3(0% gf thie résdidus conredndfthe ofudatfeddeast 11 to an al kal i

nmetal having an atom ¢ nunber greater thap 11.is in a .

r anahe FVERHQ 2fsq RjoYiges %F}&ﬂ;@ém groducing arude pigdyct, semprising:
e A Pl REH b a3 RS Rce BRSO pfin IERGhicalt catlyst
to frodwxeragotahprodnetdehgremdbe trudedieddias a résaduerconenpoiod least 0.2

has .a resi due conten f nmost 30% of the residu .
eragipE P RiBTL TGS et TheriIa BRI GHL CO ) SOE TGy s el metal
sal@, WRérBRtht Rlastire i eleNBkAi BEt QIR PHLAkali HOAPRYdrIdeY%nd the alkali

contacting a crude feed with a hydrogen source in the
meal ey @a atpmig nuinherqfan leastsidl andattledsyene atomisrrede ebarpalkali

al. product thaf i u h e br r.ein
el bEipEBEAFR bl P BT 4T T Bl R o e hlmber
gre@ted thhn ¥Pas inth@ngd ficka Of ERd 09 pfodacing st R agRfi@nsf thé toadl
| east 0. 2grans of residue per gram of crude feed, the

Produeirag AriaBOTs sprdensing b lgast & pamion s sheoriponit 230 1Ceand) Gk 1j MPa; and
[ i ne:earth.. [ , o
forffidhe Bldk Brodu wereMINE cRIdEBebdlfer SAR{a AR i of &y most 30%
of hakdssduesoarentdfkhd crudetfeeld. car bonate, wherein the al kali
nmet al s. have an atonic nun‘ﬁgr f at least 11; and .
cont PSINVEMEPIAIN RIEY e BSHEA ©f Brrdusing @ crdgProdhet cppgeising:

corﬁﬁéﬁqg GleritRSed ﬁfﬁl?%a(ﬂy o gchgéef igfetlaeaﬁreggﬁ% oS BfgahR&alt catalyst

resi due content o e Cru
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
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wherein residue content is as determ ned by ASTM

Met hod D5307. The invention also provides a nethod of
w@e@doeionyy a crude product, conprising: contacPCTYSE04/042652

crude feed with a hydrogen source in the presence of

graady dfedi @i Pet gfodd bf Gadedfeys ithé hopgadiigait catalydt edmpiseebfd or more
that includes the crude product, wherein the crude

alkphi et saltss oge oy arecplkalinggrgh meta) saltsoonmixterey therapbayherein one

of {hg %ll&flq';?&alfsgﬁg15%5‘111811%%5(51 ot afﬂ%reﬂf th@tciln Kaf 3jdtald héve an
graims of residue per gramof crutle feed e inorganic

atofA¢ hubéradfys teaﬂdﬂpancbc&mtroﬂmg@bnmmmg ainidélons mmhahat the crude

Do 85 Ha BT GRSk (a6t IEn S EAe O dhp gl 5,
whefeH eSidQs BRRENt gé addetdrR@Rd bi1A S AOAVERRE T30 Ng

contacting conditions such’that the crude product has
a r &be thventt@ndlsnprogidess metexd S PPodukingrecrndesprddiect, comprising:

content o he crude ,feed, wherein residue content
coatrghieriie et B ASTHIoRER hotcDEabo Presase DEat Mt gic el satatyst
to Ro@¥dededtalp fB%hHQHat%cl@dé?,QH@érﬁge ?ro@ﬁétdﬁrh&{efh%@ Erude product is a

conprising: contacting a crude feed with a hydrogen

liquidumizeire at 2576 anddsEHAdPafthaprude feed s e residue ceafleal «gfsatt least 0.2

erag R oL el tah o B R P bl el BRI P o more
alkali metal BGd@Rles).ohd br Maae alkﬁlﬁw%aﬂﬂ&nét@l@dltﬂ@ﬁ nﬁxﬂhﬁéﬁltl@u@of
content of at | east .2 granms of residue per gram of

whereipide plkal matpgh %‘Yﬁ—‘c?rng*’é‘?m@ nyumber phatdeass i 1 @pespntsdingprntacting
corfi RS EPlPIE oAk BroditHds38uia oy BB ot 307G ofthe residue
coritérg oflkHeadrudenfiet dy lvehehein eesatue @bmentas asidéerminéd g ASEdEMethod
%& and controlling contacting conditions such that
D5 ’é crude product has a residue content, expressed in
gr afffie Rvehtei zﬁwgp@@fde% Ak o(f tﬁa%ﬂﬁncﬁ"g%%‘&de’ pchfiuc?tcoHRﬁl"smg
30% of the residue content of the crude f
contagtingwecredsreechwith  hydrogen seurtanimghdpresgiTriofan hmgamh catalyst

Th t ' :
o s genebaeCu Rl PR T SRR ShePhdhe Fuliemaps s«
liq@id eniRfurd B2 MYHdACHVIIVIPS, thélcrube fRH PSSR ERidk caftent of at least 0.2
I norganic salt catalyst ‘and wat er, the hydrocarbons

grams\of Tesidus deT BraFbelr gudenfeed, thmigergapisrpali catalyst qompriseyene or more
allch Gt GAT %?dﬁdefs c?ﬂedo%‘%?&‘? kagf*ﬁ &Irg]aéah gﬁ lx&re?s HERIE o | wherein
resi or ¥ t t

am o cru I norg ant ¢
thecadltatil mahls emhe M dtemiocmanbet béak lgass 1 l,nefnlde:ohurahngﬁommctmg

emtted gas in a tenperature r nge between 50 .0C and
cor@@@f@@ﬂ%@aﬂ@? SIS REQFUR a?ér’fﬁ% COAFFA‘F FEPIEsssel ipgrsgisaf gesidue

peréﬁ-'Féﬁ)Of cARE pRIREUGE by gﬁ‘%‘«’(ﬁﬂh@%ldﬁ@ @odtéﬁf%mﬂecﬂ?u@é e84,

ovi des a nethdd of producing a crude product
wheemresidiaigontens mg &satetemgumdfayrﬁs%TMerhhod 85307 th an

i norgani c salt catalyst i sen e of steamto.

genbHa i eafgalscantpRdts s oy 4 PERASEE RS iRses ingprisrsing:
corlt¥ ¥ A&PudeViRES @itﬂ oh&6r ﬁlbfesﬁdeJc'd%ng felle PRASerte0®Sh ﬂﬂﬁ"gamc salt

content of at least 0.2 granms of residue per gram of

catflystsind ovatet ethf dgdrocarborbdtage parhen numberg inSTvigh/bolp o 6, the

07, and t cat al.yst exhibits
erugeep ba” e PR P RRRTAA Brd i Pt DK bR B0 Whuce feca
and GOSN Saltf ARYRt BAtiveeh éﬁtt@@géﬂﬂﬂ@&%n@an emitted gas in a
temperature range between 50 °C and 500 °C, as determined by Temporal Analysis of

Products (TAP); and producing hydrogen gas.
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as determ ned by Tenporal Analysis of Products (TAP);
contacting a second crude feed with a second cat al yst
WO poosleseps esence of at | east a portion of the BenesmEDEM2652
gas_streamto produce a total product that includes
t heThe inyentinnoalsecprovigdees BieHodipd pradygiwe s Gudscrroguct comprising:
cotfh R 8 MRethileeBl iR ol i ARt et diin BSTbr AL lebliho
genetaté hgacstivde, fireqris ctreatin esrgpriding gdrogms Whﬂ:ﬁ% the lfiadticviele feed
to the resgectlve one or no erties t he second

hasg fgsidug etent-phat leas) Ok §73Ms 9 geafi Ber %ré%l%f Pretioryls feed, as
detgﬁrﬂgé@éélﬁ@AQT Rettdda34B07C /L ﬁio?&mccféﬁ'(té&tlﬂ/s@ Exibits an

cru eed vv| an | norgam c salt cata
emptedgamnéleoﬁorsd)feamrqmlmga in atthapetramdﬁerahg@tjem/asn 510 °C and 500 °C,

esi due, copt ent t 0.2 nB reS|due per
as dsic o HrrebaraCandtiat Sy oh D Sodinge: ik St foed
withRdeaRAt%hal 50 th e JRSeRlelofaMead: APolitsh SHithé Qéﬁe%i’é'ﬂ)gds%tr@ﬁn to
hydr ogen, carbon nonoxi de, and carbon di oxi de, and

prodhesr afofal groduictthat iacludesahe tivde peaduet winsreirkthe erydg product is a
llqlb‘a ) bo@‘éegéllt?grﬁgf ?{1613) g(?l %‘?8@%‘8%83&%1]185 ula% a m&gc%gfiﬁllons such that

oné G TRbe ProYitrti AT dhd dradd Hrodadn chmgeg@mt CeaStall 0% EitileMs the
contacting a crude feed wth dro en source in the

respRciiy e ARROIONOXCHEORSGHES qfu%@@ommﬂ @ffed salt catalyst to

pr O?Hé: V o%ta%o OQ%H& £ m h’l%‘d glkelllg J Sﬁjé com I'lSlIl
ﬁl e pr ﬁ%

t he ¢ uct
corﬁictﬁg a&ﬁlc&rféed)wiltﬂhn Iiﬂ?ﬁgarﬁd’]&ltﬁfataﬂ}st frethd pl’mvmdeg)f ateam wherem

esj due, cont ent of at grans,_ of, resi due p
a@m fgd has adesifwerpnica aF e %ﬁﬁr?ﬁas SEARFidEE Peiggram of crude
feeg %@e%érﬂﬂx%d%?%fﬂ%eﬁa@@ SEAH QEd Eé&gé{ﬁltg ah@a% sttedrf, Sthéjg'a% stream

content, expfessed rans of resid gram o
corgpriiig Jpydooigent carbén mpnwuéct aBdoarbbon tiiwldeesmijwhercmm reqltar ratio of

thefartop Freiot 5y ° RS S MBI D8 b P Phe f mvent | on 3l so

Pr oYhélBSemidh A6pre GBS hiethdd of RIMAEINE laPudystb Q&R EHAPSsing:
that have a boiling range distribution between 30 0C

conglifépnsArigo1eangoalt otplyst; contaaimgppayde fsed withadwdragemsource in

the?pg{glgrgéegéfqg%é:o%%ltpo%regf40{#1: ﬂ cgt %%E {%f [groﬁléce t‘i)&% Srrcr)o\ég%tqmt

e | sopar a r af

includds thesritpesducn @@heb@m ﬂn‘éﬂoﬂld@rhm{h BV B§uid fietuteut@SrCand
al so provides a crude conposition havin per gr.am of

0.10 b Mitss theicpre fged havarg a tssigiyg coptephof 8t leﬁﬁﬁg’r%%rémé ShEEsifug ger
gragk@é{ldegtgi%%ﬂgp ﬁjtkoﬁflﬁé Méc‘t’iﬂg QbndHiofth ﬁ‘gﬁthggn(d% oduct has a

east 07001 granms o rocarbons
resiiut borertpéxpirerged mrgyeds of residud pargrastofiesde 2>ﬁidu6(:oﬁatdnost 30%
| east. 0.0 rans. of

of ggqsgﬁﬁrcsawgt %ﬁbﬁ%dﬁgqew r?’&ﬁasé‘g)‘tﬁ fanp i5tas JrtepRinge X

ASTOMUG A5 #@0 OC at 0.101 MPa, and at |east 0.001
grams of hydrocarbons with a boiling range

di sThé yeitom det preedesi@orudCeemposiBa, oa@nprisighydpyarkans that

hesg g PaeEa PRt b ahe O W TR 03 3 fuapa, e

hydré @ BeHs &bhpfiging d-prBfih ahdd Apaiidy ithg ettt fa’&bldf tl&flso-
the iso-paraffins to the n-paraffins of at nost

paraffing é@ Bipafafiises ¢f\at AETM -f4asidggrmined by ASTM Method D6730

The invention also provides a crude composition having, per gram of composition:
at least 0.001 grams of hydrocarbons with a boiling range distribution of at most 204 °C
(400 °F) at 0.101 MPa, at least 0.001 grams of hydrocarbons with a boiling range
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D6730. The invention also provides a crude conposition
havi ng, per gram of conposition: at |east 0.001 grans
wobisapdstha, the napht ha havi ng an octane nunbeeT/082084/042652
. least 70, and the naphtha having at nmost 0.15 grams of
distsibatipmbetyeen btk and HEbie aD-1UsMEar at deash2 80 bgransmi
hy (t,JI]QCQIS %ﬁﬁepboiﬁﬁ%kﬁ%é His@ilgl%%n BERN BN 9{)0 k@ 59@ 806 °C tap@ 101 MPa,
erosene havl ng east 0.2 grams ofaromati cS per
andyatagasod. 08 e gragsind hydrocaiborr withn e dolhiyng ASige dD Bt oncbetiwéenet 00 °C
erosene havin freezi oi.nt. at a tenperature of .
ands 38 el -008Y b, Bt B ReaBaRiB jhediyriacEins o boiling
isAbullBS bf A- Aokt Q08P Bhnpi§SisolpEraf Rt MAEPITLARL With a weight
ran ES]HI'II\S/IﬂI\l}éltHﬁod D53€S7. Theci n\%ntliso? gl So pr ovl?dghes a cr uad‘gelg
ratio@fipesis¢-paafthevo tg, n-panifgs afriohost d i es deteominediby mSIM Method
D62 0’[5 grans of hydrocarbon gas that is non-condensabl e
10-2570C and 0. 101 MPa, the non-condensabl e
hy dTRE AVBRBNIAS FBVidega é‘ﬁldé‘@&ﬁ%&iﬁ’mﬂ{a@ , ?@r gé{am of composition:
hydrocarbons with a carbon nunber from 0 G to
at les} 0.0pk gragnsanfinephtharthe vandérduying anyagiane anmbar fza leagt 70, and

I . f h hth ' .
PR Roieah DR gDt HBtms 4 cBREDE BRSAR o lhped by

ASH® BRER DE7130; Khe5 01001 Ry kardseRs tticl@r¢sehdlhavahg & least 0.2
tenperature of at nost - 30 0C, as determ ned b% stt-gM
al €

grastof EPIBiB BT SR of freroRencoaedricrunadry 48 TMeRS 186 and
el e B REB SR E U0l SPiGRGRe 22 gpnase,

ASTas Mitiend 23 8@eiret atinnesd 010§ ghdaTd\bfivesithaqg aDB&Bmindhby ASTM
|§? al so provides a crude conposition, having,

i.nv. [
Mebhé’rdﬁg#%) of conpos! tion: at nost 0.05 grans of
I esTURweondBloSsBl A8 Bd A d\éﬁid?%vli:@::’ 8&?14 gréh df€&Sposition:

r
0. 001 granms of hydrocarbons with a boili range

at oy OrliSkanameof lnfdredartrmmsgas 204 is0On(cpderBrdle at 297G @nd WPE] MPa,
at least Q.001. gra of .hydrocarb with oi lin .

the Mot Bt PRRP T e B gl Mot st GedRienis By o

carbbipauriber fR@ast t@3 00 LtodT 3 Per @fanhyiddCanaaitabihyrodarbon gas; at
boili ng range distribution between 300 0C and 400 0C

leagit0.Q9) 1 1qyamspinaphthal the sapishobavieg amectyie myehes ehatderss 70; at least

0 PR RS L D P OB s

30 @ tisaleihies bbf ASTMMéthod) DR 38 and ttetkerdsuheé havideitiesn0.2
20 OC and. 204 C conprise olefins havin er mi nal
Sragys b P@%ﬁageraaﬁan&%mﬁ@ehmqﬁamw@é}ydg$ thod J}pd 86; and at
i I i L ofi i [ | doubl e
mo d.b(]ssgraﬂg o?;esicﬁfe, 2 &Eer&hn%ﬁtunggﬁM A\ggtgfﬁ D¥BHR

on to olefins having In n e bonds of at
| ea¥he ivdnticasal segrevidenecrully coiiiiovitivat hadng)EBGraniléfesomposition:

ot Y Qi oLgHbe o Aepmningd o ds 181 Bestaad asagy & v.o01
crah B dY&roc@Borstak i FbhRiclg PancAFTMibRIoR od aDR36 504209464 °F) at

| east " 0. 001 granms of a m xture of hydrocarbons that
0.1ahMPaa atleast DAY igamreofdiydrachibons with Bdolengrange: digribwidon between

20Z b R, B SO P

ranBY 8s@batibe BetWieXh BO®2C ahd 4@RRT at®). N IMPaLaTBea8t 0.001 grams of

Aoaraffins_, as o
hydrocarbons with a boiling range distribution between 400 °C and 538 °C (1,000 °F) at

0.101 MPa; and wherein the hydrocarbons in a boiling range distribution between 20 °C

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

WO b@50b373 ns have at least 0.001 grans of ter nPCEIS2004/042652
ol efi ns per of as determ ned by K ASTM

dowhls herss ol rat@aéfjto?%fm vige derniggl dﬁﬂ‘b‘ﬁlbﬁﬁds tgtolefins having

mt+rﬁélscfoug}e%ﬁd%@m 28f 0.4 IR BMRinclig &@fm\@aﬁo@ PeBg at

east gr ans of “arommat | cs per gram of kerosene, as
det herinvestidnyal AGTiivvides hooidDSdBE0siaen, hewsg, [@r @éin gf @ansposition:

at o e s b gty delinugt b AS TN e DS EL spat east 0.001
graNpsthQingtﬁﬁé 9Phy BOGriedns eARhvOa B8fing f@g@ df&anﬁ@n@H BEIERR 20 °C
oi | h&)opt he V&0 havi ng at | east rans of

anCh:ﬁ}ﬁfKi( 378 a;rdamrmfned!@@A%E\’ldéGtéperﬁé laqd e hysiréracbon

.368/.90. The in also rOV|de ude
miggindsi e areoh AL A Rl <8 Bar R of ppraffng o
detSrfie bR AS THA Meﬁsdmmoast 1t 61001 Bgadnsbofo‘}é’:w Meddi@thined by
D5307; at | east rans of h rocarbons with a

ASEM Mathpd QG @IIFC’SAhF |0 S GAVeRt l%as %BQ1 grapy of termanrd obtips per

o i I ol 9P POR TP G101 B o

at 13&@ 0001 gtarts dfkerd¥bre, tiad kdresead h@mﬁ)@aﬂlegt agpraths of aromatlcs per
ge di stribution_ betwee

ocarbons with a boiljin
grago@tr lt}‘é’sﬁﬁ%l aaéete@@ns@b 1\% Odaﬁal%ﬁ af least 0.09 1 ggams of diesel,

ol GOS0 1y B3 3 088, i o

Methall(B6 8Kk90a andhat l%t 2001 gedhsnf vASTivh Mﬁt(hbﬁ’ @238 Véilﬂjhavmg at

eaifE] BBl arprica PR eSO OcuBsmnse Y P A Ged 3680,

hy diTae aiveRitsh zt]ﬁi’;lbrﬁgldé‘s Hedudk BEmpEdIGIsh Klivedd, | Quérhl‘ﬁrbf @bm@bsition:
nmost 204 0C. at 1east 0.001 %rams of ol fl

at rest &r(9i grams b&reﬁL@w awémnnm@é 8@:STAvidMethod Eé%(w @t ast 0.001
gragmsaoﬁggro]cg r]%f w1tf£§i b01l gagxfgre%strl l?ho R m% %4 °C 400 °F) at

I'SOo-pararftins an ns w avvag rati

0. 1015 Ml]?k’;l aelehdt 0001 %rzﬁnp@ﬂ Iafdkdcagbons wath atslinglradge @Strlbutlon between
m ned by ASTM Met hod D6730. The invention also
2% r%@ma&o £ etr%b‘bl MBapasdeast BA0 haspms@f hydiocypans with a boiling

rar g TR b B R T e P 0B E0 P SAF3, A 188,069 grams of

hydypearborsfwilttyabaiting lemge distritutian beiween 400 b ged 538 °C (1,000 °F) at
' i but i f at 00 OF) at 0.10

015} Vi, 85 S, st Methhod sl cind \ieriin b B rodigpons

had{\i/@ja Y E%i;ﬁhg Hdg@ ‘dﬁ étx%htﬂ%ﬁto‘ﬁ'ﬁﬁﬂogt%4 @@ Havd p3P Qra%ﬁ{yd%cl%ns

VWa; at Teast 0.001 grans of hydrocarbons wt
haviug & boiding sange ddﬂtmbutmb@lf aomoE0hEenatI Ot OQOhgtamthf ofefins, as

t .0.101 , d t f
det%npnecﬂ;%g?mﬁﬁma%é’a 3 B0 ShE a8 pTEBORGR R Forarin
co ri\i% arfffih9 ivnM?iawel 1884 6f 1@@)@)@&%& t6alpdraffins

hod D 887 and erein the \%gr ocar bons having a

of ammslt hd> %Wﬁl@tb}’@ﬁwe@éﬂ A0- 10 0C and 204 0C

COMBAL BEARTPRYIIS L DAy BB ANIBE e Ohortnlor obliBosiion

at rﬂ@srt Oglsegmﬁﬁ omsldoma@ ua@ﬁnm&r@ By WS\IMM@lﬁchIDSZND aﬁﬂ/atd&fst 0.001
a crude conposition having, per gram of co%om ti

grags ofbydrogarbensyvidg beiling é@ga @@tn@ttloméégt mgst3H4 @r(éﬂ% °Fdfat
0.10Y EC af 1R2AD.00h tefarfs &q{f&&grﬂ'oﬂgg«ﬁh a boiling range distribution between
204 °C and 300 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling
range distribution between 300 °C and 400 °C at 0.101 MPa; and at least 0.001 grams of
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di stribution of at nost 204 OC (400 OF) at 0.101 Mra,
at least 0.001 granms of hydrocarbons with a boiling
wo 20gecHrstri buti on between 204 0C and 300 0C ptT/0S2004/042652

MPa,  at | 001 f hyd
hyﬁmgﬁrb{él@s wgﬁéé gmgtrﬁrﬂa? G Pt B %@3%”%%@ ;51980 °F) at
0. ﬁh I\QP&% dM’ﬁnm@a dy alsTheasdindi ﬁ@@svg Al hefeitWhd 'hgaﬁké}gﬂﬁs

1 ng rahge distribution between 400
haﬁlﬁg aOJ@llatg rdngeQdistiPationabediwegned 0 €€ and 204 GCgompsise b(unpounds with

ss th of one o nor e .ca wh
a coffn ey & g BT SorupoGS by & 162 Pt ranty o tddiene per
grd) 0P CMEoBpRES. MENt s, the invention also provides, in
conbi nation with one or nore of the nethods or

conpdsiinveptien alse omlchrg acgndersempasiding having.pee giareof eomposition:

at mogttq ?§ aléms 0 a&isbqt,uef?et e, g ﬁg f g%lﬂds oféhyme %r%g{x%\fnth a boiling range

distObRIonE St HOKNP0AECT (G0N0 aYiang.181 MIPab anlehs KD‘(IE)II g@é}ﬂyef Khidrocarbons
and the crude feed has at |eas

widompeiHoa asEp g brverudd e S0EIC Eomt MG, a east 0.001
exd NS ARARRNR 0T ik BRES SOBLAS: Rl $00° ERNED -

Ion elow ol I'1ng
0.10ar\gRa,chind tat lehstt0L(n domhyefhydtGAriias a\ndh a’ﬂ&ﬁluﬁg‘raage Bisttibhition

b5 € 5 RAE8 1 4 B PR 200, 0C 20 o

orfRd YESR 03 MbrO R, &fﬁ&eQQh@Eathy}tq;as NPRast 308 of"m*éﬁ% ilké:lgmetals
range distribution between 400°0C and 700 OC at O.

MPaIn gathe mbodipentsgtha mehtien alde pfovetts, 1atcomba@t101®w®bpne or

rocarbon havi ng. a .bai l.i ng .range
mte S ety B P B dtHing (S8 inpehioR P fhude foeg th@ hes
nof/béRBreafed My 8 FETRH) AN 1B \en BB Erab@drlal1f ﬂlshﬁ&ﬂ €b) comprises
distribution between 100 0C and 200 OC at 101 MPa,

componesshavingpdarperamnist ahgierb @ad ﬁ@rﬁudﬁafwchlgas@ kgt Q- » grams of
su{ﬂg&gfpo%l e gsfé%ﬁlo(g fplﬁitevfg&f] ééggmggs@squf’o%gr Q)gs 8‘f \évgfgill g]portlon

I ams roca bons

habQﬂ Hollllilg magtg@stdnbaﬁdsn bdltwaDO B@taweﬂﬂl 30, Gﬁoﬂi’m@ rdi}e ditribution
at least O O? gr ans_of hydrocar bgn

beh*ae\?pﬁao aC @asi PP%gC LRI KEe 7 beiling S8 dishRIoA e teren 2R °C
am(?)gg(_) 8@696 161 M, !A/B’@mng ?e)n&@%?su%u-{f%hl be£v$e)en*3@§ tfa9m4go °C at 0.101

. gramns, rans . .7 grans o
MPzsindabopimg rgr@rdlsmblgirandmtvﬁ'wdlﬂocgi)anddﬁﬁPCsaeQ 101 Mi; (d) has,

et SRR e rel at Rhstllqth s bR beb b fRE B kP LRganee

distfib iR RN RIWP 6t ‘f@ﬂt(ﬁlOlt N®al Y561 0. 9(')‘1 #lafiR o hP¥oEEBons Having a
conbination with one or nore of the nethods or

bOdmugp@@etdI;@nbutmd@t\d¢mgl 005Ctand 20AvVErat 0dA! MIPee ahlgast O grams
b
or PR BB R g B AR P B 0101

MB@ ﬁprehﬁﬁﬂ)mfgrﬁﬂ@& hyRlrbeartdns BAERS B®oil R rﬁﬂgétdﬂsftﬁbutlon between
ri ses water; and/or m Xt ures

309 h@ra@éflOO f’fﬁ as%@nP Mhsoanchateast 0. f)%gwamﬁéxﬁ yénecanbars having a
boﬁr{eng‘r% Sdlsthﬂuti:o%’ﬂ%!uﬂ&wszﬁ o J%g ec%‘i o{Iﬁﬁ (ﬁ/IIIQJ éérfh%s a TAN; (f)

posi t1 ons accor

haﬂﬁbiﬁdﬁlf)l@tgrmglwes geangiok D@G. I7Igretn|i‘l§aoﬂ ragid goper (greEnabf crude
cat al yst, vvher ein copditions the inor gam c catal {eg
eegly (B cPEwE sesnigkeh g aRadigmy iFRn, ioR BY YIS sheseqtt (hy spmprjess spidur;

an@ol Gmgog&y&ﬁltﬁﬁmgquyhx%@%i)o@ 0 0C, and/or

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

more of the methods or compositions according to the invention, the hydrogen source that:
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(b) heating the inorganic salt catalyst to a
tenperature of at |east 300 OC and cooling the

WO pasgess7e salt catalyst to a tenperature of aPCTDS1004/042652
500 OC. In sonme enbodi nents, the invention al so

(a) ps gasialiss (b) icomposdsi mele¢udar hpidragennts) eemprises light yideocarbons; (d)

met hods .,or ¢ sitions ace inventi
ol et e <G, poREs of PREER Ddel, GRE R afeh: asdor
mitiredMegegFat al ysts and cont rolling contacting

conditions: (a) such that during the contacting at
nosin wn@ gnkodiments, the iventiopslyy prexidenn geygbinatian yyith gae or

mogé(; of the It a dg b? é(ﬂﬁﬁ(% ongf C%X(%ég ?%gqg\?eg{lpﬁta xﬁétﬁo@ Bat 1rncludes

corlitidhiniitre filﬂﬁ'gamasald@ta&ym wiedteih e ondiisndthk &mﬁ@,mc( ba)talystc h
that a contacting tenperature is in a range fr
compmsey@) hratige theapgreapic saihcaslysigea t%reyeratuff‘r%fsaé Lﬁaét 30 Gy and/or
b
(A L T o & SRS s gL 12500 " cvling the
1nor@ngsattroamy]st el RMperatire 8328 mast 580 °Cubi ¢ neters of the
hyd n source per,cubic.nmeter of. the crude feed; (e
Lo b e VBT 150 RIgvidhm i Fm Al 1ish OF or
mo?@lﬁethé thetHd@s Bp&ﬁhpc&‘itﬁﬁﬁ GEcoRdink o HRSnventER, of B&HodtHat Bnprises
the contacting; (g) such that the crude product al so
corfiatingta amadstfeed @8h gne nsmore catabysts dodntypHimg coaitactnmondltlonsr

@ ey e PhoTREen o> BpfToadvod 015 ey SRSl

granRO6 A Mhdst 6.8 lordhad i By@todatboRStHat hrieGidt @brﬂéndabxwt ds5ac and 0.101
such contacting conditions; (i) such that the crude

MPBgraseifremed aer graman] cardefeedyas detomumert by masstmianse; (bhauch that a

coft iR il i S ElRgt i AT S S RSPZEODT; e
pre@ﬁurmsh atffgedfonh b4 N MPhHEl) eaohi thmta rafio bhe gasevaehyde@gtn source
o g 15, T B B AL LA g
sourtd 6é1' lcuti€ %e@é}tof e &riide féEél"ct@) tfoqgﬁiiblt Q:%lléfb%aﬁ(;}?t(f)tt@ ﬁlhlblt

crude product has a nitrogen content of at nDst
foraatiomef cok@ 4 thettotabsriod &% irpthe gtudedietd dL@brg dlie ¢dmﬁctmg, (g) such

L R R L
graf3sbr ak @6st 0.00R Lrasdf cofte pér grdif of eside pRodeen {igRuctPthat RQeast a
crude feed; (n) such that amonia is co-produced wth
portine OErmd@orgmu@ sRlt catqlygt isspan-lidwid onliidatugeh prndeptiog conditions;
@) glg;ggf\i/a{éﬁﬁe crH&%@%HQ{tﬁg%gﬁ"Ag\h H%%?Qg% rf‘tﬁleef 'F?}‘ié Hide feed; (j)

sudhaniutlm ¢19dd pediaday & (el NHEV iFaohtexd ditat &d)@l 90% na'nlmo@f $0%8, or at
eed to forman additional crude feed/netha

mOﬁﬁ B&%a pEthg NI/ k& contgntioh dhesande fegdvek) such dlaat ﬂtséayl@?emﬁéulfé jhas a
sulflr 35&'&@ ofaf tho W/i,%%\ of 6doR eor%ﬁ okt RbE ﬁx‘é l§gl?urf &5tlnt Sf the
i 6 betow ;7 (p) {hat

educe such one or
crude ﬁq@dr (1) esh diat tHa:e:mdeLmedlmt bakuc hitropangmtdny oﬁat mos 190%0% most
relative to the reiggctlve one or nore_properties of

70%nt reest g%%f il mqsh Y 06 the; mngwanabﬂﬁtgsfn@atf%qdy Gp) gugh that

the chﬁie‘iﬁ&hﬁ? Bésrkgre&ﬁﬂc? cOREASE of r59§p3g)°/6 t xﬂﬁﬁrﬁ)%)for hOh84t 5% of the
catal'yst per 100 grans of crude (r) such

restdluatconaerttyxﬂ tlegendsized; c(e) $ush dlohd @ohmomia meoqmrimed wett the crude

pr0§r 10 tgatqﬁ‘ﬁ gru]gﬁ C o trr%(r:llg%jsnrgptg qjeagﬁet}l% method further
corﬁﬁ‘i@éb ﬁ@édv@ﬂng\kl{ehn&ﬁﬁldp from the crude product; combining the recovered

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

i nvention, contacting conditions that conprise: (a)
waonoosngerhe i norganic salt catal yst with the crodesieed26s2

at a tenperature bel ow 500 C,_ wherein the inorganic .
andshgafing theddutonakerydmteed/methanplmixturg sy that TANE the addisional

L : . t . . Py

e 54 Ay 100 P OSENL b AN, procu
chanlge by aomgstriiodoe sddtive cathelrgspective dnieer progs properties ofidieerude feed,

an&{fg‘r steamto_pr ciduce a total. pr od_uct t hat i %(él udes ftotal
(DsHE Bt ARATIBY QL tatelistin e coniactig £P0raRass dom |-Syramsof tota
cat%lgﬁ%e? mgﬂaﬂ%rgf%md‘é H&edi BYEE (rPducR ISR a@x?'gr‘éﬂggﬁ Sourtdlis added to the

nation with one or nore of the ne s or
crude fged prior ey ducingrthli gogtactng.he i nvention, a net hod t hat

conpri ses coniact.i a crude,feed with an j.norgani

sal [ SReyRnRRs e P PIAo RISHEr dn Eommpilgliot Wi one or
mob¥ §thél irf2¢hods 8RBdMPosRidHE RERRAIhS & e MveRtib®coh@c@ig conditions

during contacting; (b) formng an emul sion of the

that equariseed miking thgainergapicisalt catalystoritiatheicretfaed afrafgaperature
fe it i n i. )
e300 B A 58| Sl 8 IR 80ERac
fee@O(bY agitdting tHOMBigaditWatalys( ) the onida dedngndidra@ytontdding ke crude
ingrganic salt catalyst to at |east partially renove
feed 3R the Biorgane slirridest By the Rreseres 0§ A< aBY(PE SEap ¢ proguce a
e . . . , I n
ol RRESTRERLPERL Sk B OB B, e
c onposintd @nsodiments,chamvetidnredso proeides, amgorabimetidroetitl hog or

co i se ontacting.a crude feed with.an ino i C .
moge gk the Bags £ CmpSginte &8 & e YO ABr B, that comprises
contE@Rlk a%nﬂﬁrﬁeécpﬂlitﬁfan‘irt&%é&é it dArPEVERd ihat REGEMERSbRSs: Ja)

vapor, and the nethod further conprises condensing at
provihsg steanp &r @ comnadingizhee prEde oadud® @OtasHdgob) rmian o

formthe crud roduct., the contacti condition re .
em gt o BT G PR O bl B RIS Teb R fY organic
salCEIEY dt 8RS tHeHVARTPRN bSured; (&) spras@lgebt efhde Béddi in® theB@Racting zone;

di stribution; and/or (b) the crude product conprises
and/erfdd prImecing sisepgvish thelisereanc pad caiplysiite gt leash pargialy remove

R [ ] provi des, in
co‘%o@nﬁ? Irt1at | giﬁc%m&t}ﬁe (ﬁ)ﬂ%&éﬁd %grcglaggt't he net hods or
c onposinid @nisodiments,dhemvetidnhadso proedes, amcombinatidnowlith bad or

co i ses contacting.a crude feed with .an one, or .nbre .
moé%{’%lslgte odpQr f‘HBPOS%H’élS 3T %pg Hothe I%Vgp‘gpxg,gtrgetgﬁ)(gthat comprises

coMRAMRE 2 Gde! fBe S RATR aR TR R Soatal 38 td FR6&Ie! OBtaRbRfduct wherein
provides, in conbination with one or nore of the

at Ingst h pdetionrof tisrptd ptadoets's prodoeadi asg vapor, hed thevesthodbfurther

K Fei oS cat.al yst or a transjition al . sul fi
comuser §andeniae A leas oirRuida o JicsyPgs Mg G 0 bMp o form the
crudt ptddast tHe-Bn@t@iBeondltiodt atle@dfirolfodBudh &b (8 thatride dsdduct
one of transition netal sulfides per gramof the K

further e@nprigeaF9mponsnts wigh @ pedepi¢d baahngwangs distiibutiges and/or (b) the

at al vst : b) has_ an atem.c rati ol jtion netal
o bl confrtlspy SpSReRs Aife hRbAeOhp AVRLL o7, o
met gl somd drhistRligaital s inveitiod dl@gevitem EombihatiotOwith 6ne or

further conprises one or nore alkali netals, one or )
morg9fethe BYRHIOGR @5 CURPAsHEONS AcqeBtiag K thg invepdem agnethed that comprises

cox{al%cﬁ%qgiraﬁcz%&é{}t@%cﬁaffth ah She DHRDRELFRIPIHISES (RN6r ABE Ratalysts

are nonacidic.
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netals, one or nore conpounds of one or nore
al kaline-earth netals, or m xtures thereof; (e)
W(DIZI(F()S,ID63'675:OITpri ses one or nore alkali netals, BCEUSI004/042652
al kalj net al

nDr co ou one.or nDr
S‘& E?@glpntsmﬂg ,lléveﬂtltgh 59 Brpvides.gp Ic8rng¥nat10n with one or
erE @f‘ﬁl'etrﬁé?ﬁbdg%? bm 951§6Hsfa'é50rkiﬁlgtt5‘ thelihéhtiofh RIS $EatYst or a
the transition ne sul fide catalyst is in a range
trafision Gietl Qulﬁdamjalast thatom) bas atoitad ob ft lekrs O grams, atbdastl B6 grams,

ta t tranS| n ta S In fron1abov
or §1ei1B 8 4R ot A d b P e BnlBp a8 el BF ARRET e K e
catdBlsBdrthe BARitRIn ﬂ%ﬁs&@d@@w}?ﬁ ®) ha¥ e M6mITaEo of transition metal
al’kaline-earth netals, or mxtures thereof, an atomc

to stslfqr@n the KsFanSiscrlyshen the trﬁ@SI%Qﬂ me?al $Lﬁﬁd¢1@at4{y$ém agnge from
O.jlst rjtfurﬂ{ef tcg np%gqg Q)%E é{ %%r{jﬁk o s, 89ere %rtcrgét%l c%ﬁ{pﬁlur‘?ds of one

or ﬁidﬁ@élkﬁlﬁrrﬁ&lli or Aettates tierddig(dh ﬁ&ﬂ&r toraprisesbat o Motenlktaline-
range fromabove O to 1; (g) further conprlses zi nc;
cartiymetaly; pp@pr r@emfpmgncﬂ@iéms or pofe aliakincesarth gngials s gnixtures

the?{(g,s%% flﬁ’ﬁl%{‘ 95méﬂ1§es bie 81019 eﬂllka% méﬁlss&@orqﬂm Qbﬁﬁg%ri&es of one or

ventl on al so rOVI I'n conbi nation wt
mome alkali enetls, toln mlmtdsohiaeaf[ whaﬂnmi dtoraitsratie obitratisitipntroetal to

h KaF S f di
BN ST TT R X RN R

0.3% g\éhgﬁﬁ atonfic FRIBRICRL 4141 Metals B8 @nsiInGn&Al it ffa range from
met hods or conpositions according to the invention,

abawee ©r1; (D fertlfr comprisesans ot inore alisalide-eathfmetds, anear more
Se on nore.tran
cop Pt & mSR TG RE e B RlalfRt Bkl et Ry Bicatio of
traf IIBWHRELS todful P fr BE KYPE6S f, cablS bt drake ﬁfﬁisﬁio‘h thét@lBulfide catalyst is
Col ums 6-10, or mxtures thereof; (b) conprise one or

in preange ogn0.817 Fiand gn atogyic sopitheal kates: ea(th)m%%iﬁmhest@wtlon
P S ARGRR 0 A ARAS] cADT U i s

KRek®y: @) Buriher tomprisea KFeSS; nodroaljpisamofadidicO. 17; (f)

further conprj.ses K, FeioS.after contact with the cyude
f eedn SqBg epo 4@3@&3 b6 invgRtigalsq provides.ilp foReingiien Hft{lf’ﬂ%or

md(?@ &f ﬁ’i@ Rl s ok %b&él%s%&ﬁhl ?% fHeqFﬁen'tl%n th&he ROV, &4,

h) are deposited on a suppor he transition
catpbystailb fonletliideitwat al yst has at nDst O 25 grans of tota

t 1 f t
MR R N R S b A
md?é of e ene@hods R cHMpEPEHsAEcITAINE B tHel iREMtiBR, (e G Ribré 6f the
the invention, a nmethod of formng a transition netal

transition wetat sulfifissshates rmptyblom @ compriseeanssd rrmerﬁamssﬁlmgmetals from
Co?{'brrrlrll.ﬁnglél o{" 13 @’%n&hg q"apigt g‘ne dn()rg ?m%o@ncfl"%"f %ne ?rarlngre tfhnsition

ransition me

metafbmQollifas 6186t mix@&emta&bf :qK) @RApTRE @he 8AMbratrod sulfdes;
wi th hydrogen to form an |nterned|ate and reacti ng

(Chorprissdiate ) £omPHipesH eSel (ELsommiise Banihuae ahisen yHfidssewhgrein

o OSSR, PO, OB AR fom v
0 talKat (f) frethat caraprives Kb&loglbhﬁérhahtaémﬁlhﬂfe ceaiefeéds €g) at least one

dlsper3|ng t he ternmedi ate in the one nore |i

of Higdrageitipp gistal W# thi Ong OF BOReEREIGAN i) wlﬁée%ﬁvmr %7 (h) are
depdlitd bt B s@RRrOind BE Gaflitid Retal sulfide catalyst has at most 0.25 grams of
total support per 100 grams of catalyst.
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hydr ocar bons have a boiling point of at |east 100 0C,
(d) in which one or nore of the hydrocarbons is VGO,
WO gd0snes67or m xt ur es thereof; (e) in which m xpﬁgUsh]e4/042652

transition Fe(gal bde and t%e netgiﬁ sal t o I Ses:
m xiThiP RHETPOERENT; 1BR HEPHT HRT B Vi 1P ﬁ‘ém ?n Yipone or
mdr&of {he nRARTBRE eoxﬁﬁosqi@oﬂscaewaﬁlgwt&nnmnﬁﬁ Of'n8thW8 bof forming a

paste; drying the wet paste at a tenperature in a
tranan@;emﬁabsnlﬁ c@@mst@@npaﬁaorewednﬁhwbcqmmlsmg BEKipR 8 transition

er at (f
mefioRideAREERY kS o GRSl R e Qi ggcting
thehte:mkitiod nidtd oxidehéBIbakingixtuie ith hyaRgen aefodth adtintefAddiate; and

one of _the P{dr ocarbons to a tenperature in_the range

reagtipgyihe Antenmaligewitsylfer inthg preprnce phiprgRIrmes Mydiosadons to
T e T R
carboinneti (Bethhsfurthérecomprised di@psemhg thefineythetiste in the one or more liquid

ombjnation with one o of t.he t hods or
hwgr B BRnS Wit aewsied wﬁﬁf ,.(?Némhnﬁhoneafﬁ meye PGS ¢
hy&n%kérb&?stl?a'val Sbolil@lpofR GPh 1%%% 106 S(E @?ﬁ] WhicH8 oPJn%f’é df the
net al carbonates, one or nore al kal i ne- eart net a
hydracdrborstie ¥, G(b,rxyﬂﬁn)ct orrmesctirbethesdf; (€bih vdneh mixingthe transition
one .or .nore al kal i

mefhL G de gl B ALl S erise O PG (e o Sjetd) Gt anf ghemetal

salﬁinlﬁﬁé preS&icalof By Ui AQSwat&8 fidim ﬂ%??é%té( ahiinethe e Baste at a
metal hydrides, or mxtures thereo one or nore

terapertigdn agings feonp 5%§‘é°@; apd| calcimingths drl@d @agi¢ apyplemperature in
sul f & rt
a ringe fror eéoqjﬁg(?g@f(%rle ) 'ohe gtrﬁl tH? én‘%%rrﬁ glagewﬁil ulfur §pmprises

hediig @h@inkethiediaRtialtlse progtAcObf ¢t G ¢fabe Wdr@@@bcﬁfs toer e
al kaline-earth petals, or mxtures thereof; (f) one or

terRsFENRFR AITARECHITTIE °6: amsor (&) et Pethpreaneprisgppentacting the
caf, Sy SR SSPEUIAEIEE 30 AL 0 e
t hetresfme ¢rghodiments;rtherorventionoal gaproeides tidborsbinttson wnhi one or

wherein at |east one.of the .inorganic netal .salt
mof e ediods G FRBBCRHA geTEUnB0 thahieahghyeno gl salt catalyst
tha$ QGihfa'x"@es R@} GeSdrlifRdre ral—]@h%é%ﬁﬂ cafRRhidNone or Moxd Mkﬁﬁw earth metal
hereof; (1) cal cium and/or magnesium (j) a mxture
carbﬁnaéeSS odmuﬁuvs‘ather@iﬁ,dbhomras@ne@Hiaétanfttaldwdrqws one or more
tas salt, conprises car bgnat e
sBRERE R AR SRR ARAGITL IR B el e
hydritRE &sHe or ditfie hilkalisedetirthheal Kydeidsq ot fesufed thedédf; (d) one or more
car bonat e, sodi um hydroxi de, sodi um hydri de, or
sulfiflse afraas of meredkall mstls g RY) masesulfidss of pre @anore jatkaljpergarth
me?a'f;p %g me§ ’thetr%}ﬁ 60281‘?@&1 ﬂ&eaalnﬁg spc{] Yx!: g? ﬁfo dé dlkali metals, one or
coﬁ‘m Fon W € or nore o ods or

mo@@ﬁmm‘es bf @riesoranao atkialige-tarth Metalspyemnixt@ds thareof; (@@ i tnore
catal yst that includes alkali nmetals in which:

me a&a ft"?‘ﬁ&‘&%ﬁ% ¢-1P&f the Fsriodis Tableapie orgnalie cREPPHIsY one or more
mePOffbR CHIRRS n%QB ofthel f%ﬂ%ﬂlc]ﬁableiilaﬁlﬁhljég Heré&?t(g ?% e

an atom c nunber greater han IS In arang
inobgahid metd} salts)andtwheeas tit lewsd ooé of the irmdrgalic metd sdlts ganerates

h 5{% m and gfotgjassn um and an atom c rath of sadiumto

yste.iding v 80t cafalysth QU Spay BOUES i bl £ESifiin, 8f mixtures

thekm Qfcith %n@/bkﬁlagnegﬁml(ﬁ ah KO T 4 50di RALAS ShdHpotdthim salt
rubi dium and each” of the atomc ratios of sodiumto

andoibie potissing sslb dpmprises poiabiiain gatboaatd, padasaivsi hydrexide, potassium
rubidiumis in a range from

20



10

15

20

25

30

0.1 to 5; (d) at least three of the alkali netals are
sodi um potassium and cesium and each of the atomc
WO 2005063603 sodi um to potassium sodi umto cesiPOT/USIN4/042652
potassiumto cesiumis in a range fromO0.1 to 5; (e)
hydridel, epmixturgs theresf, anddhesadaim satbeamprisgs eoqmma@éqoum sodium
esiu I ubj t
hy TgKi gngodlu hydr%e & %r%gg%lg % rsflgpeof a?ﬁ/o?&@r%&t%gg glgls OceSI um

t 0 [&untd ¢tibddimeiits2hé &iveRtidn 4156 Prodides) il cohbinaidfewith one or
enbodi nents, the |nvent|on al so FrOV|des in
maso kA tetlinds fF EomBRREians agearding o thednYRaiiRB ippreanic salt catalyst

t
o OB RO RRACRL 0400, APt IEAOKAAOR R AR
atohtie nempgraiftat réastelrl i ta lan atkati mies# hazing @antanic axinder, greater than 11 is

. cal ci ym oxi de, esiumo |ta|umOJde
in «'hgﬁag%? 1Qimd-{ é"""a(lbhﬁﬁ Rast t\@%?ﬁ%ﬁ?&a IRSRS Bt sadiunandqtassium and

an %hﬂ@ rati!dt %o&iﬁfnqg ’popa"s‘gﬂﬂn%'lrpd(fagge om0, Y, (Qj(étq@ast @fee of the
m Xt ures thereof; (b) or por at ed
alkali pyetal anesbdinmg potamumoemd robidim,eindeact of th¢ aimrﬁbtatmn ef

soi o Poanan RS ) B O 48 B GTP o g rom
0.1T8Bl &) 2PRBstFreBF el kel thetBB R sodAnd PoRs§itim, AMEc@lum, and each

nore al kali metal hydroxi des, one or nore alkali metal
of thy @tdnale satios o sediumpe poabkami :wdu@atq Wsm ahd patapwmteeesium is

in %{ga?nég I'PEID(F ?ﬁ g ieigi %tri @;te %ah {a(i)sd:?ro Ip%tass??r% COGSlum

rubidieme edd edch of ﬂimr@ﬁmdmmftp‘o:tasilhm tb RYEih] masaimm rubldlum,
royi des, .in conbination with one or nore of the

SHIEH Y HPidigRpodiaRegsiremdok @ing to the i nvention, a
met
.noﬂg%ﬁeﬁgﬂi%@ﬁ%fg% SPE B, AEIREL SEE BRI onc o
moaedf the inethaids bheompasitipas iaccosding t@ﬂt:ahmtlon an morgamc salt catalyst

substanti al | in the presence of .sulf
OBt & PEPOFRAPTR) G G PPRR iR B CyaPiSh eI opide,
calgfidfekidQ ﬁd@ﬁe&ﬁﬂ%ﬁléeeﬁﬁnluhﬂoﬁ@éT%ygmakenﬁﬂhﬁna tsBfnania, iron
|nvent|on al so pr0VI des in conbination with one or
oxidosmacksd oxide, 7img drods cacimmunwgécr tanbmgnﬂomdc,cnrngxmeﬂth@eof
i,nventi o t ,catal st t hat exhi bi }.s;
andy B B pcBordtB g STt tiial 57 S SR @l il Btumns 6-10
of thePefodia Melble énecstirhére doSPSGRRTIE bEE ST MdfeaheMBFRVM EBRMEHS 6-10
carbon di oxj de; (b) a heat transition in a tenperature

of thg Rgrodie Tablenomw1aee atkell mxw_cagmnates, e ogppredbalpmetal
hy&}ﬁﬁﬂ&ft %ﬁgb{‘%tgé@M%gﬁll%Eggﬁ%Hrrd%%hoﬁg {%g [Ho?é;?lﬁgi r%ééé%trﬁéfal at
carbeisy aiicisranone atkaliae-gertipaiciat Rdralide 08e OCnoay alkAhe428h metal

at a tenperature of at l|east 100 OC, an x-ray
hy‘gﬂ%raé‘éfqrﬁﬁstt ¥'fC% hat is broader than an x-ray

di f |
pel LR ARRRREEE I lnkiforl S B0Es, SELImEREEIN SR one or
moroofthe meﬁlddy or mmmﬁldm@,acdoh\tahg tsthe esentibma mcthd)d:comprlses
conduct i he.i norganic salt cat st bef.or
cor g oste fhed ith &5 1A A T RaTAS! (AR 45) TG G oty of the
moPéa‘ﬁYd Qfiataly3t GAUBItARLND An¥ahBe LIAGhOpreBRcE oPbulflf €and/or (b) the
thods or "conpositions according to the i nventi on,
mqrgamcmmcetal;sat is contiztopsly atled toahheroile edn emi tt ed
I'I'Rg gL o{‘rﬂll%orghr%ertltse 'H?e {n%'érll{lon als%n;g—ohdgss, 1r§:I ggn“i’bmatlon wf?ﬁl 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
W0 2003068& 20 0C, or 10 OC bel ow t he TAP t enperPel/Us®00042652
t he |nor anic s St ; ég) at _or above a TAP
COMBIEE PRI YEROT 4R PbFag J aiideq hepfdranaibop & p &maReitare range
bet@ker J50-560P7@3BHA DR 01‘3%0311065% ak Get%ﬂﬂﬁe@ Bhat: Jfﬁxma?scanmng
the invention al so provides, in conbination t
calonimetoy,at ahedting ratetofid @S Caer tmmqjc;s(c): i BDRE tampmamrmgl a mnge

vetyr A0 . B0l oGl afs R 2 4 kad 1008 ey

difftdtioh ARG H At i Ebrohddr Aigan! AMOL- B3 i FrasBdd pARERbYGE indBshic salt
the i nor?anl c salt catalyst is substantially insoluble

catplpistbelove FURE; faadigr &) aftenganditioninge iopareandnpsdrity: air W0 °C that is

S B ATREUBIAIE SRR R OORR

en In @eheg@sbddithtras,thoimverftion dl m@ovided, i eortbinaidn Wih 6ne or
phase and a solid phase at a tenperature in_a range
mofe ¢frthemethods or %@p%‘f@on& Aeposding o thg invieptien, ag Agorgame P?ét catalyst

thag(%al 1}1&%%%&9 Et?orpiﬂ% t%ﬁé@t&@féﬁ <, Ak HEﬁ%nﬁﬂga 8%; 899, and the

Some enbodr nent s, e |nven i'on al so provides,
con't:n:tmg cbnditidriscine uhsd) hommﬂled isuchothet aodontavengednywestueris: (a) above

SRR 1t by P RS o' nepBahe P pispfif o the foreaic al

catﬁ%tt Y LES dbBA 2 TAP RAPSrahlIE, QAR &) HORAsThE TAP téﬁlbérﬁfure of the
I fdeforns under gravity and/or under a pressure of

lnomanicesabtcat@lyfw? I\/Pa when heated to a tenperature of at

| east 300 QC, at the noralcsat taI t
¢ AP BRI by Bhet ARGHIRNE i Bre BN oppr
moBESTANE me oty bScdnisBRBBE Bcdtdih@tdithBi hmnﬁ@n tah@n(frgzilﬁ& salt catalyst
form upon cool i ng of the inorganic salt catalyst to 20
[

thaper, inwhid f8 i&hegdiorsemisliquidat lessy ahthe diiPaespersiuse bk, -
ino C%énf:cos'm 'cgtg SP Qna\'{hteHI ﬁ'ggrtuf? E%lﬂpa"taq?gv & n%d?)@tamﬂlﬁp gg‘oll%le m the crude

03|t|o accor I-on I nor
feed at leagt at fhbﬁSSIP tehmperanas, wlpmemgmeaTmMemmatgfms mesmirﬁmum
cataly )., at nost rams. of lithium or_ . ,
tempS ANt ﬁawhlaﬁ the inATERRIC S&%F@aﬁ%étt“g‘glbéfé ap e & gtniletion; (b) is a
mikthdele lém\ge_(cgﬁhagé axﬁpac'golfa ]ngge ﬂ%%p&gtﬁ?é 1hci1etan%eafr&ﬂl5@t°€dto 500
as the I ght hal ogen; (c) at nost 0.001
°Cigmeive (Qfat tpastssy ocﬁﬁledwoomrgaun slzéts hag a S¥fitetesrpemdiraeho s, 500 °C.

th t t
o RopE G RRiRe R B BV o2 ks g ozt one or
motd §f the@tHotO8r cdnositihg heddF kit the Rentids aRindr@asd sdbt Btalyst

grans of crude product per gramof total product. In
thaswhen f@stb@m the feren of pretiglentheitdan passl through o\ DR micrpn filter, self-

defC %' rclj% t}\/Maﬁcpo on%eto a Prrggstuﬁ gff attlea%’i @gayﬁg%c%egeheated toa

OI’]S accor I nven

terr%@fmhté bf hthadst 30@3C| hs%Sh tHat 1@ S$tiorParl® shlOfaedl¥st trahsfOBSS from a first
02 granms, at nost 0.01 grans, at nost 0.05 grans
formge @ secand fon@p and the qeg@ﬁdofoggmga@ Ie of refhgning tothe first form upon

cooglgg%(f)% iflor gémggﬂ{"@atalg%dcgggﬁl 0.03 granms of residue

ram of” crude pr b) has fromO grans to
0. O s@l’r&@nboﬂuﬂﬁﬁ@ theDinOeht@hailse, previdés, édntindlibngridnene or
of coke gr am of _crude product; . (c) has an ol efins
mogepfiths,me ods r compositions according to the invention, an inorganic salt catalyst
that has, per gram of inorganic salt catalyst: (a) at most 0.01 grams of lithium, or

compounds of lithium, calculated as the weight of lithium; (b) at most 0.001 grams of
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of at least 10% greater than the ol efins content of
the crude feed; (d) has greater than O grams, but |ess
W0 b@s/063601 gr ans of tot al inorganic salt catal peT/UpBIN4/042652
am.of. crud as_det 1 ned b s_bal apce; .
nelfle RichlaiE o e BT F bR Sh R0 Shmet B carGh ARy oxice
corﬁ?&[ﬁd@ 04-0.9 grans fromO0.6-0.8 grans of VGO per gram
crude product; (f) conprises VGO and the VGEO has at
| eabt sameembedipenss, the trvartansalseproyidasnin fony@natignyyvith age or

mo?e og tgiom el % %r émﬁgsupon% agﬁﬁlﬂé ?&@e%ve%gﬁﬁ attul: %ttag p’géc@cb ﬁhat has

at 195},11) 819mobf Ege pYoduatfpet Bancofudel prddet. (j) has a
nmonocyclic ring aromatic content of at |east 10%

gr el fame ¢pbpdimentsdhe Hyentien s proxidgsrdl FRMBHAEEHWith pne or
o5 5E UARLEE0cor 15 RGN, 1 (ARATATR foabtBac o
haﬁtthn)dsbeﬁ% peams( df)rhas 0.02egrags, anmoikt €0 Ldanpt atduedt 0. (Etgrams

mog g ey om0 908060 i o e 2293 e O il €2 rams
of fsilige g&agr'ém%ff cﬁfd% PRodtEl; Ehihas #ofh L ERAto 03 Halll TB000A-0.03

par a- Xyl ene; ['east 0.0001 grans or from
graﬁhsocnﬁ @060 1g® atrgranﬁs aficekeper gram of omde ipsehicdi(@drb an ah:ﬁns content

{ ' t 0.
of St b cireatiodtpy SRfbs sirted TR pslegF T % ehigr than 0
grafRO¥® 18ssttRan).¥1 Sfafi¥%of t6thl ih6:2aMmie sQl@éathy@t 2F 8r®n 6f crude product

kerosene; (p) conprises kerosene, and the Kerosene

as @ﬁteméa@d b)OmQSSQJa!mse de) has af leasit0. hemmgy fem BI00RT O30 gre@s from
0. O{Rgf n% all uf?oem g%r(? ?% %&4\8(88 éiagxfa{;neglzérpcge 1%88\5}"’% (?} co?naquses

VG@)sﬁd the OV ©Chag at)leznae 3egtradaea$ztroﬁhaﬂ&]peg i dits o OV G&Y; (g)e@s10.001

%rans of napht !31 npri ses_napht ha, and t he
graﬁbﬁpﬂﬁtﬁ’&‘ﬂéso %Eraﬁ‘ﬁs"cf deﬁt g g@aﬁﬁ atogpic #Bgtof 6t Bgstgrdih hagan
atottlic PRS bt 9@ 9989 ff%EBHRf o3R8 Ex%'a@ f&e%f %&"3 ﬂBn&?r@l'I@ Hﬁg ardthatic
oct ane nunber o | east 70, at east
cofiént ofiatleast 10%oerpateahin the rmnm)cmircnaig ap:amalﬁcf comtenpiof thearude
f\fll\,ngHt rati o of .i so- ralelnsto.nor I g@r ffins in
ce AHHPRAYEHC Hre #8 “is at CoOmpriSe X(E)%e% CHHG e
coth@\Indb of &hyl'b@&%he J(g%aﬁlrpﬁﬂgﬁﬁn bh@0dd R8dYQ)! 4iMosPh. ltgli‘aﬁns of

crude feed diments, the invention also
benzens; iftpas 0. 0510 bSOgrbmn af toclmnw from @rie0.9rgraros of metapdybene, from 0.5-

oSS Al BB PR APl BB EPe

0.0081 gtaytstortfidnt G0MOD % in@|of RleOel UG cbi ilse@@méll s@btha diesel has at
crude product, further conprisi n% a) conbining the
leagt (43 grag}s(p(ﬂ @fgqmw% Rergram od dieselafo) ihgs atpast 9! grams, from above 0
h 0 [
o (1 EFISRLAGHAMIG sorHE feadote AL M SO ERNE
keraseaie hdeatt Ibat 02 raheosai@snd.s Qrafrﬁsadsfeamcbmﬁtmmet brencefil@eosene,
feed to forma bl end swtatlbl e for treatnen

anq/erq freaAingsnointey a {mRATABITA ithgoptdl CPUaén%t G o flgpost -50
°C;Lﬁ.rq2ﬁi% sf?n@atsﬂ 601 HEmSoH gﬁeeﬁé“i @qSUggme Bf 19 h OB ﬁses naphtha,

ate fractions, produci ng ans orta i on
and the naphtbarhastat heatsd. Obgmmsf attrhest 610§tgrh1hatoe af masttQ. Qﬂigrams of

and/or (e en the catal tra
beriigis per e Eh oL gREe o GRS A TG OF R £t lsam ) oFatfeast 90,
and¥&! 1Ed> %apﬁa{s%x %brrﬁaﬂ pﬁﬁ@@ﬂsewltm%tg%t fRrtiddepdrafins td hdhal
nmet al sul fide catal yst
paraffins in the naphtha of at most 1 4 and/or (s) has a volume that is at least 10% greater

than the volume of the crude feed.
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In sone enbodi nents, the invention also provides, in
conbi nation with one or nore of the nethods or
W@ 0008063675 ons according to the invention, a credBUS2004/042652
product that has, per gram of crude product (a) at
| eabt somlmnbcginanms,ahe M@@ltlcmdsq previden im gembinatiemawith Ongor

moff &TRe BaRR Bk SR o S Bg o Tl dh Pl AuP8Rb4 P Lomerses

corfPhctins AroRideCBedPRith Alcaflyat tocﬂ)ﬁﬁ al total frbdadt that asipAsddQlrude
Ogr anms of naphtha, and the naphtha: having at nost 0.5
pr

HetnBIrgeT erenprisieg: ﬁ@wogxbamgﬁhermmmaduca With @ capde thafnip e same
or 4y Sl P A0 o AT LB A RRLE0S i
the&r\mﬁrp&f)dum svithfa cxtidenhattis Thedsameaby dﬁfdréﬁt&}onofhea:l'rudeefaed to form a
001 ger ans of a m xture of conp onegt s that have

ble% pitably fop Hermensferilifet: (Orrastionttingdhe cge produgtath f@F}lonatmg
the%?ﬁjd bt &'bfte Mbr%%%?‘fllaf%&cugné %n@ ?ﬂg tx‘%ﬁ%‘rtﬁﬁon fuel

ram of m xture; a wel ght rat
froimyaj leageonetof tiadt distiltate fradimns; andidn ée)omlnmﬂhe tatailystoﬁ a a’ansmon
r at. nmo

mefR pySd Eataly o b istion pabial S e Slalys ereg e mreste from

theA58bh Gt 8h1AE @Rkt ker osene and/or has a freezing
point at a tenperature of at nost -30 0C, (g) from

0 Obr @nieGerghciimpens$, the mwmldm:m@ewdp% fin goerabination with one or

N

perraflo€thuds pRRIuct (Bt Qfasttdm)lcg}m%b aev(}@ Ané mﬁs)ams Qt least 0.3
hydr ocar bon gases and na non- condensabl e

grapis GEUNAiSA Pefaram o VA hﬁhlgast 0d igramedrdiesshisné the, diesel has

at 1‘;3%{?8 g’;' %?m% ﬁpﬁgfrﬁ{%é a‘?ﬁz ]gﬁ;ﬁs 1@@12(; étrléaasrgppl ra“%' &iﬁ%%htha and

theo?ﬂlimaldﬁvﬂ@rﬂn hfoat @6 @raﬁhﬁﬁk?]fdienzhms;ﬁb lglenhgfd*ﬁphtaa,mmrbbcms @8\mber
of at_post 1,4; (j) the ar hqn ac Qn

of 3 eAsk U a?ldfeblswa(éf B s %ra?fc A gweig uraﬁapgfhe.l%%parafﬁns
to thk Brba%ﬁﬁé)ﬁf AUWIRET 3. @l a%otﬁgf)at fck &Odlcg)ams %Fg nﬁxt\(‘r?é ght

rati o of conbi ned and C3 olefins t
corgporsntsabiatGavam onﬁagmﬁlsmuwn@f alhmest 204 3C (m(b‘fﬁ);md the

mig Wr RS 4 et Bl EoRhs P B mants e WhERfHalo of

atohfic BydroRs{ 10 a?omlaaﬁk/b@ﬁ irPihe fcbMpodiieh Pedtdhdst 1T 5Vbrtdd nidst 1.8; () at
carbon nunber of 3 (C3), wherein a wei ght ratio of the

leagtd). () legrims of kerpspac.cd lsﬁr@seng hass apleastPsy grams of prematiasper

era} IS0 SRO8ADE a3fecBhg bERPL ABIEAALETR AL IR0 from

0.0h &1 3Bgrafi ot at@nﬁ@ﬂﬁﬂko@@w gfim bHEcmhpdditioM] @ npecotensabls
conposi tion; paraffins content of the

hy@y%nrb@ag%%@dr@ph% \ahl%u wheagombingd, baverat mest Q- bhewmsof
oleﬁgsc'#er?g ﬁ}B Qfteo bﬁ&ﬁq{?)nfcrogg@ngatﬁe h9d 8§ar%r€%§§cso %191) r}aphtha (1)

ons Wlt a boiling range distri
nortmmtdeﬁ%leﬂ@dtdwtbohfgums apé malgnhﬂnwjﬁclo Méneh nembined, comprise iso-

h rocar bon haVl oiljn ange di stribution at
s ap@ A-Ratatiing Yﬂ?ﬁg "G&t GRL %ﬁg‘?ﬂéod’ﬁr Ry tPdRe B?ra?tfns in the
corﬁmé@ﬁag;h%%dwoh RogddRidié REib &GS st§§ Maba%spﬂ 406) @k

OC that conprise olefins, he ol efins
hydraseebats Wighes tarborO@imigpr afrsp ¢f 3 t:empmmag cxh&fefsmné ppffirgrvath

f ol efi h b th ling.
carfon Sybsst PO (R a8 S5t SRV HEn, HE of s ROWRARaRPA S olefins
to B8dombPRe@ s hhdE; PAYEIN idRInddst 03 bRARS aldBpATAffal wathefdafson

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

wa@20msiobiengy range distribution between 20 0C anBCR082000042652
In some enbodi ments, the invention als rovi des, in

0 : .
0.2 BRABPT AP RN RAFAT AT VIR 2 78708N BHmPR? ;ﬁe@gd@e&m a weight ratio of
the @MORMstth %@Cﬁ%ﬁggfg}?k MOt hRst H18; ¢ ‘}ﬁgg]ﬁﬁtgdlenélac&ltféﬂlg Bf at least 0.005

product that | east one of the catal ysts
granonl) has angA Pingraving moa sange Kiahi 1 vt 3 & ,15i5°CGaling has taosa0.00001

T AR P
hya;fggagﬁénstmein%@t@mr@ Anf iDL EPIPA NSRS 264 ¢ ANS Qﬂ'OfnnOJ-

, atransition netal sulfide and/or bartonife.
0.98 grarhs (o)Spdoatiarhems svithfacketlingrange distrbptien pf @ most 204 °C that

enbodi nent.s, of the invent,i on .pe conbi.ne ith
hayEh BEF RS oF plstins PRGP LR R el REET Ot O gt gpost 204
°C ER10L091 -0 8 g s ol SR (F) 16y destafibing®iith d By 1ikCrab e Bishiddtion of
with features fromany of the other enbodinents. In )
at mogt2Ad FCalvi sampiipe elefins aadthsrodefinsthavantdeash 0 h g qfyferminal

f . i .
ole R pi gl SRS AL AV YRS TS Bl 15 g e gt mos
204 oC thae cappdsefdlefimiabiheekifins Hescs mbRe rdier ditermiBRlokfins to
. DESCRI PTI ON OF THE DRAW Advant ages of the present
interpyleieting ot wt lepst Pt A/ onlh HPavit- 09150 Presanas ekeleiiagper gram, af
hyﬁ{)&ar%ﬁshn Lhgilh '}Elfléetdiﬁf'i?&t% gt i fid =d
escription and upon reference to the acconpanyi ng
dr ali sogse émbodinetts, the Bveritiansals @odagtin corobinatiion with one or

enbodi nent of a contactin stem f.or contactin he
moES g FERt 0t PO G QU8 e e U et that has
at 104\ o of BE @atﬁ%%@'cbﬂﬁlbﬁsihg oRé 8PMBR: A8 hehR! in which: (a) at least one
product . FI G is a schematic of another enbodi nent of

of the alkaliangtalpdp poyassiom, haridivom praedsiumg or maxwesdbertele dndipt (b) at
hydrggen. sour in the. presence of [..7ore

lead g B8 BRE BT ERhbob B TR a8 RbsilG! ftal suifce

andelgimehite of an enbodi nent of a separation zone in -
conmbination with a contacting system FIG 4 is a )
schiniirther gnbodimenip,Jeatiiss fropt spsCific spWiodimengnef the invention may

be GQﬂBhQ@MtH ??M&erg%lcﬁﬂér%{ﬂoﬁgné%{s%ﬁﬂé ifvkffio fot eQample,
schematic of an enbodi nent of a separation zone, a

feaomed faahiong empsdierent maygl bachrhbined mithAearares Fof anfy dfsheaother
chematic of an enbodi ment of nultiple contacting

emE?/‘gfn@Wé' FIG 7 is a schematic of an enbodi ment of an

| oNnirCrueMBdRtddithbMs, TR@RYWrSARM are obtainable by any of the methods and
systems described herein.
In further embodiments, additional features may be added to the specific
embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

total product.
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system FIG 8 is a tabulation of properties of the
crude feed and properties of crude products obtained
wo casoesskodi nents of contacting the crude feedp@i/UR20bhes2652

transition netal sulfide catalyst. FIG 9.is a )
t abflGt3 i@ sshere%trﬁmfsammhsh%rn'aqdlmﬁ@ of reBtacigsystn for contacting

the"QURPR n%wg 8&}93&5@9 f?es&ﬁ I0P6RE BP §re°&¥aﬁ¥ﬁsegﬂ)roduce

frome cont act | e crude eed
thet tomh piodican et aI sulfl de cat aI yst. FIG 10 is a

tab tjon o ro tie nd coppositions of.cru
br oMiGe ARGtk R aira R SRR St R R i dogrination with a

co%&g,%sgggg Wi th the transi t| on netal sulfide cat aI yst.
FI G I's a graphical representation of log 10 plots
of iF&i &israrsehensatof of e emtbedinges e a blendingizane gasonbisagion with a
st versus tenperature, as determ ned by TAP.
COII“-tF‘ém PIELR- a gr aphic representation of log plots of

t he FIES3 BtadoR@naic dMaramddtiinG@bt a Separdtiotzon@ Rt oRfActing system,
inorganic salt relative to the resistance of potassium

an¢aplsofiag@on®er sus tenperature. FIG 13 is a graphic

e B Akl sPtpURech of BRI M ARG Pl o

t he FpGI AR S sumxﬁzard&ﬁraateﬁlboefnsems of anjpafodond ectivity Gheaddremsnt
a graphical representation of weight percent of coke,
SY§$r8ui d hydrocar bons and gas versus various hydrogen

sou f&m
cr uggé?geg organi c sa @%g{f%{{ﬁ@%};é@ SCiw%gde
pradsica ogtaam:kilfmﬂl embpaheteetstodk:omactnfg thecgde fq@dr\mﬂnﬂlagansition metal

léﬁﬁsus car bon nunber of crude products produced from
sulligg 64t s of contacting the crude feed with the

i NOFEAN) & aS@bullatf & c¥iposiliShs élthé Srude R %@Ebrﬁ?cs@tﬁons of non-
conponents produced from enbodi nents of contac

condensible lysldoaartoms |0htarrg=érfr0<m embedimanialof sontactmerthe enude feed with

sal t de. While the invention is

the tﬁ@élglﬁfllnﬁaésiﬂg%vﬁ?ﬁabﬁg modi fi cations and al t ernati ve
f or FEG. M aitdbuCatRAPPrdPRALeS ahd€68PdsitAIR oF DRI phydud@Ysbtained
of exanple in the drawings and will herein be

frogeerabadimentp Af eravtaating theudy e Wg@ thestyansgiongeetalsulfide catalyst.
Lt . o
des o s RG] BoRREniH of 101 ABRN BB SR fL i B
gasenvémi inorgahiz saheatabyst Ve:rsl.isaemfmaumrej bs dd:tensmded buTA®n t he
cover nmodi ficati ons,

con the intention (s t
equhfg Wipa sraphye repregevattanddog Blpfsiof weﬁlﬁﬁaﬂcq dnorganic salt

catiRkts lahd 89 thos Resaﬁfreltaﬁ% lBrtﬁétee@fsta'nUé’ @fﬁdt%run@@ér{amersus
SCRI PTI ON THE | ONS Certain enbodi nents of

temyegatimyvent i ons are descr [ bed herein in nore detail.

Ter ln-:fG. 13 is a graphic representation of log plots of the resistance of a
Na,CO5/K,CO3/Rb,COs 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
w®@eoos06ices Tabl e, one or nore conpounds of one PECT/IB1084/042652

metals from Colum 1 of the Periodic Table, or

m xtlEeko iskdpladation of cREppReNeRrodHceddtom erpodimentsroficontacting

R 58 DLAUERL W 8, bIERIIAE

f r orwkitd tlhmihv%nﬁén fshasdeptiblodd varioab hﬁ)diiﬁxfatlﬁhw zeﬁ:rnatlve forms,
thereof. "AMJ' refers to atonc
specafieembedimppis thesenf ars showarky Wwasel %@n@ﬁdn%ﬁ %ﬁamgé and gl
r e
heRAPHAIGERER ipdBlal 140 dRRANES her for BBl D Ry BBl igerstood
thaﬁﬁiﬁ\drmtﬂge dndﬁﬂﬁ)ﬂed disariptonhaetogenngenterdddag dinénthe invention to
rbaon erc of crude feed, crude

the RaphEaL (OB AL O GLDF SoMRBDTond® erubrhed
mAHAFON, Iéf?&1‘05’1‘ént§)5a%%]alternat%)és fANiRY viidhin fHes Pfrﬁ ah@ s&%le of the

gravity a API grawty IS as determ ned
prea8iivhwmtibnd D6822. "Bitunen" refers to one type of

DﬁX e Br ﬁlél(ﬁg %%Ei‘ﬁlﬁ?hﬁggl‘{fl hydr ocar bon

Bt o aRge—th fIs for the crude
f ee@e&aﬁl{ é?ﬁbddﬁhéﬂts of B8 UslenféiE a@éd&eﬁséme@aﬂ iP¥ofeddvhil. Terms
Met hods D5307, unl ess otherw se nentioned. Content of
usm@r@car%dﬂﬁn@@ﬁ@&hl@ms:s for exanple, paraffins,

iSO?( I' ff|n 39 fln ht |
naph ﬁiar?%ta]zsg gﬁe etP r%%ﬁ e g )r/e ﬂg{%ﬁffﬁgﬁ 3{"&@ Bﬁrcé Perlodlc Table,
on€oNinerd comppufdPdf cbe or modé Arells @oe O4Rnmhd ofished®drivkdit Tubdlk, or

.bérl P Met hod 368/ 90. Content of arorrati cs in kerosene
mix@irgsdhereefer ni ned by ASTM Met hod D5186. " Brnst ed- Lowry

aci d ahelsril el @P'ER c%n ei]l}tn‘lér%! M&l?fr&&%&?ﬁh'i&tﬁé’

donate a proton to anot ecul ar ent

. PetitdinSiabld; d).lm/wryndzrasefhpomfds ro£ ob®ommow rectals é‘mneﬁbluhgn 2 bfithe

| e of acc tIFg protons from anot her nol ecul ar

Pefingit A9BR f3s
BRAYIF 'O CEX AR ES nst ed- Lowry bases incl ude

hydr“@Mlgere(fgs"ta atoﬁ\@é ﬁﬁss(dﬂzto) carboxylate (RCO2 ),
hallde(Br , , bisulfate (HSO4 ), and

sul f'A8dM’ S@ﬁeerO)Ame wdﬁcshﬁéﬂtlngrae Maieriadﬁ t he tot aI

m, b
o 1 GsEbafidien o Lo T8 851 Lot Y Fonidn®) £ Sspiienes

contefidk e @éleruiiflal byPASTREM et@dd2000ns. The cont ent of
coke is as determ ned by nass, bal ance. The wei ght of
c ok é\tpic ydregsn perogpipghandatomis Gagbom nereentage of @tuéF feed, crude

pr&ﬁl glﬂaplﬁﬂa, 'k@f&%ne?&%?él}’aﬁlhsv GO are as determined by ASTM Method D5291.

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

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

Boiling range distributions for the crude feed and/or total product are as
determined by ASTM Methods D5307, unless otherwise mentioned. Content of
hydrocarbon components, for example, paraffins, iso-paraffins, olefins, naphthenes and
aromatics in naphtha are as determined by ASTM Method D6730. Content of aromatics in
diesel and VGO is as determined by IP Method 368/90. Content of aromatics in kerosene
is as determined by ASTM Method D5186.
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"Content" refers to the weight of a conponent in a
substrate (for exanple, a crude feed, a total product,
w®200s/063stele product) expressed as wei ght fractPONUSI004/042652

wei ght per.cent age. hased on the total. weight of.the
Subs Presisd- -wes%md FEFEe atr%oqﬁ%\ﬁ%rsﬂnﬂtavrwwig Hweiangtw donate a
prot6h W¥nothePhfi&hiar effitgr S to hydrocarbons with a boiling

range distribution bétween 260 0C and 343 0C (500-650
OF) “Btengteddlowpdasdiirefsed to @ameleenlar entigisthdeis saprableeef dogepting

ASTM Met hod D2887.. "Distill ate" hyd b
prdfF R P eI MG Pt hEr et o bibaEs Ingfiee
hydrdRiR COLF9On £ HB), @I’bol();l/?/lfh R, ), Makitté Bgré; €I ¢BN} ENtbisulfate

is as determ ned, by ASTM Met hod D2887. stillate may
(HSQe Duend seblted8Re” dnd di esel . "DSC' refers to
di f fer i al nAi ' y int" d
O R IORE AER IRb o SRS B0
f or rf@bk@Mrefeis ©rspliaddnitdiging aarbondcesustids that aredot VApstided under
A freezing point is as determ ned by ASTM D2386. )
procesy qonditiops. o F e ¢anteh of ekedtat Gieraprsd bmasshslange i Bee weight of
f try o S d r ani ons
coll f I/ TBET NRRE oF Qs (HERGE RERRL of iF il e
CheffContent3ocfesstty thelW&ght @3, compoB&B3n a'skbsGater(édrexxsmple, acrude
ight ratio of atom c, hydrogen to atqm.c carbon. H C
feqdlga Eplal pedabichion a8 P SRR <o SR8 AR FaC gy on g igltpercentage
bafR@lonant REE v g EHRAERstRARD “Weiphl” BRICO®HaRY BerdhilieH BPReight.
by ASTM Met hod D5291. "Heteroatons" refér to oxygen,
ni t ‘Digsel]” refiatd/to hydnokdrbenscwith abodiag irangelestripltmnietween 260 °C

LRG0 T AL P D Bt SR St B Ay B
Mdihdd DEgg7. and D4294 for sul fur. "Hydrogen source”

refers to hydrogen, and/or a conpound and/or conpounds
whenDistillgtse r¢fers de Aydrogarbepsayithie biking rangg distrebusian fetyeen 204
o 3 )7 e L=N f t Qy:Qf : i
CERESt (GNP N TR DO O LIES R BRI B asTM
Mabdéd D288 dilistilbate magtimdadelensseqid and digseipl e, C to C
t hane, et hane, propane, butane,

hydr, ,oons such as.
pent §%§E _ri’f‘gﬁﬁf’ ngfje,rerWé‘ gannigg calolimett¥s t her eof . A nass
bal apeg,d Soif@ReY 8 fedid ARS8 $&ter bhife A crHfi ?Ewgfﬁlé formation of

hydrogen provided to one or nore conpou
crystalitte fagtedics ocewnsngahiquids # fréezirgf prist it os deteronmaliydAS it
Dig conposed of a netal cation and an anion. "IP"
28 ?'ers to the Institute of Petroleum now the Energy

| NSEGOAVS™ edfelsa0 e chréihtb 8ApKY HOAMBinatiohavilAmadsfspBdrometry.
refer to branched-chain saturated hydrocarbons.

" Ker Dewdrase’r iefess t andonisyg dessaibesbbis Pedrsan ia Jowina] elgdmevnge
Chgrin?ctaf S(pcgéd/’qrb6§%%e§153%04

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

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

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

when in the presence of a crude feed and the catalyst react to provide hydrogen to one or
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0C and 260 0OC (400-500 OF) at 0.101 MPa. Kerosene
content is as determ ned by ASTM Met hod D2887. "Lew s
wa@eodelees ers to a compound or a material w t hp€h@S2004/042652

ability to.a ne or re el ectrons. frqm. anot her.
mage 0Siny G i Jed A BYBPEe, S9Ue CORIBEIAC AR SgIoL limited to,
hyéﬁ%&ﬁﬁb&l (fo¥ eB(mefée C?EH i B?ﬁr&&rlﬂﬂl@ 3h& é%ﬂﬁetﬁﬁne”@t‘hﬁne propane,

el ectrons to anot her compound. "Light Hydrocarbons

butaeé, pentane, maphtba)awatenor aiviunes theredbrA masblalandens eondacige to
froml to refers to a osjtio

asitBe P efgiabolhatiniis G sBE oR ot i B0 R % feed
st anHRfghnicaAne i i6a 3G pAIRISBAI S cdBPose@of & mbtil cMith and an
hereinatfter referred to as "STP"), or a conposition

aniopat i ncl udes a conbi nati on of one or nore conpounds

a2 T R BB PRI

UnlitedKﬁn?gdbﬁl a quantity of carbon resi due remai ni ng after
evaporati on and péyé)l ysis of a substance. MCR content

i s akoerading el ks brassherd whain sefurateshlyy drogqehans ha
i ot Kighehel YRR P8 GBFRANANL éaltft%%f%f@%%@%a&%?n 204

°C@nd Q40 R@@O%ﬁmﬁm at 0.001 dfa. iKerasene edreentiinacddormiceiNy ASTM

887. Ni / VI Fe" refers to ni ckel , vanadi um
Melﬂi‘%ﬂgggﬁgzconbl nati ons thereof. "N /V/Fe content"

r ef ef Syik Acild /référl: ®o ﬁ@ﬂﬁlﬁ@ﬁnd &t BmAERAWiR Be aNlé)V{oF #¢cept one or
content is as determ ned by ASTM Met hod D58 m%p

mqnaéle&rtem@rf@m mqﬁhﬁrrmmpgumic meters of gas per cubic

of . crude base
i B RPR et A B i Sl e € Rt Be SFlibhoaBRe one
orﬁr@ﬁeelé@toemar@tmmwmds and/er a mxture of
conponent s t hat arequases at standard tenperature. and

pr es]slrghteHY%C@@nsﬁ rafign toNparocaghoas hafipgearpe miplsss o mege
from S{T "n- Par af fi ns" refer to normal (straight chain)
Ut ed hydr ocar bons. "Cctane nunber" refers to a
cal CLiqaidadixnuaereferato 4 eqpnpssitivnahatancladestdne oﬁﬁtoiré(d:umﬂrounds that
of a nmotor fuel to a standard

d
ore R & i8I e ORI ARTE S o085 S HOHHBIER hereipafia efarred to
as “STES, (ﬁi%tc%l;r?oﬁﬁgn At Aehided® E&ﬁ&n%&?&f onegr &{dr §0m?@tfrﬁ§ that

t o conpound non- aromati ¢ car bon-carbon
aretim]ucdsat STPpeith ofie @ rebiervomipnundsdbat abaugolidrag SABt | i i t ed

| neShdionGaamoResi gl R, LRI R Rl oiendeiidiq rmainin
aftéevapRetidd £ pIYoly 1€ of NE@saAtd. (MAR 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 0.101 MPa. Naphtha content is as determined
by ASTM Method D2887.

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

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

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

“Nonacidic” refers to Lewis base and/or Brensted-Lowry base properties.
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Uni on of Pure and Applied Chem stry (IUPAC), Novenber
2003. "Pol yaromatic conpounds” refer to conmpounds that
WO pabo6as7s Wo or nore aromatic rings. Exanpl es BET/US2004/042652
pol y‘ﬁr omat | C npox,;ngflsﬁ‘I i ncl ude, but ?re not |Ii gited
. Nagrerdensahln gaairelfes, 1o SAPRPIRIS AN/ G RIARHTR FEFRMPonents that
ard\SR&OI R1aA4E @&n%é}&qreddrﬁqﬂ?@s‘@ﬁx!@' @PPene101 Mea! Bisnafi& ek fed to
t© conmponents that have 'a boiling range distribution
as a8BbB9. 538 0C (1000 OF) at 0.101 MPa, as determ ned by
ASTM Met hod ,,D5307. "Sem | igujd". refer 0 ase of a
st dReRt aeh kg5 pspe g Sired B BoBeiing
sol idcRhaaenbér rétersIv AThR IR nEXRIBAIGSpreben$R1bn! df ¥ fhtiknock
inorganic salt catalysts include a slurry and/or a
prqpegiss of Aaotordyelecompatridde arstapdy refegnce Aecaloulptgdoctane
dou t oot hpast e. "1 SCRB\ (I I tandard cubic
nu?’gggor}‘&a 8%%11% lspa1 rd% Yarre |d bgfgf %rrl\ﬁl(}\gétg %‘28593@uper base"
r ef €0%fing” fférab ebinpburids atithoin-Aenaed CHrbéecdiPoh AcIdBsRs.
such as_paraffins and ol efins under reaction
Typesrrfiolsfrdncludeniut are petlimited 19, ¢iptteans.demmainaly iserpal, branched, and
linQ%Pr essed as mlligrams ("ng") of KOH per gram ("g")
of sanple. TAN is as determ ned by ASTM Met hod D664.
" TAPPericeli €T abl¢ Urefeesrmaatha Peamdit Fsbis aobpepifedibgtithe Intdividional

refe to fransition .net sylfide. "V refers to
Unemf méw%‘f APRle W‘F?%éblpﬁ‘zgeNaY%?qu&%on bet ween

343 «PGlyAbhafid %019?}1(1‘@@@1_‘61‘}9‘(%9 cOhibodHds that S ldMRawo P hore aromatic

content is as determ ned by ASTM Met hod D2887. In the

ring® nifxeanplesf oftpol ywrematid catpioonds intluis, bupatgaot hoted ta dmtlene,

that if the value obtained for.a,property of t.h
nafifiier pfiotis Pikranting: SraehisBhBicoRrd dibeSoutiGfiese.

t estRERIROdefetsE cbRPbndiRy thexchakay bbﬂin@@ﬁ?ei d&ab&sbr dove 538

test for such]vg)roperty. It shoul d be understood that

°C 1 H¥x $) ah@ 20 iMPagas deserminpdrin ADHNY Viatod 2¥580¢0nsi der ed
i < o e t’ i . -
caoqSarillidk Ferkfi A PR Ab R kM pEFRIOBETe B Riuid phase

andhy eslaCsiaboof the siitatarca gELonpted dfsemiléquid inoegansd saltidataly@th. include
Crudes are generally solid, sem-solid, and/or |iquid.
a sy ed/ofgphassdhatdes @ comistency .Oigpaﬁfampz%ﬁ@ deygh, or toothpaste.

i nckgdpp» mf%rf b stard bdbid £t (t)iggaalsﬁagppa\fpell oPlrude feed.

noncondensabl e gases, water, or conbi nat I ons
t hef‘Syferbase’orefarhiw amatdaal thatf aan meproginatei Hyidereedrbons skeh as

ngch Séagiifl i zation ma% ofdten occur at, or proxinmate
PalaG "SHRE Ot Bate S SFRCHAY YR ‘tr“é‘lsorti ng site. Stabilized
cr uee ANt Y¥Plefsab laYotAP¥Sd ARthb&RRPreiedtak Hiﬁ%re_ﬁﬁé_j{“ﬁ{g”) of KOH per
fractlonallil distilled in a treatnment facility to
6.

grapr 6@lce sammplei. piAN dozspistreminedbiyt A4S EMdethpd D6A! i ng

range,distributions  (for .exanpl napht ha,

oo E A s W R s SR PR i 1 o

D stTMSatréfers tb hiahdd@smetlibulfige.not limted to,
at nosg?gri c distillation methods and/ or vacuum

di st VOORtiefsHs teeempanents 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
wd2i05/06psant i ti es of at least 0.5 granms of corrpwﬂnsmo4/042652

s S it B b S Bl SR lenl e FeeBratsenine

med@aah{aycgehg@ped crudes, or conbinations thereof.
"Topped" refers to a crude that has been treated such

t hatrugles mazde psqﬂvéedaamdmare@@tﬁé &roeniyireqashontepntaining formations
andk.l).t?l'erlx 4 19&1 r‘ttlrulagsl %\eévlg rQE %)il/lgosae%%ésr?!{g%nﬁgcﬁ lfgﬁf'{iom\;@rludﬁ may

inclidadRude @il lﬂwﬁhﬂm@ﬁ n@fafdude) busits noDihited 2 rgfiEB ofon-
such components per gram of .the topped crude. Sone

conglensgble; sases, &f@tmeséltmveorabléﬁwltb%re? frpmghe giyde ke form a
s 20 e YA o o D006 5o oSBT LB bucin
anddoranplting giiepel i nes, trucks, or ships). Oher cr udes

e b B b Sl Bl gl s i

tre#l?lg%kf}bdog)%cﬁlcé dtﬂt?ﬁlﬁ g&:flfﬁ%gérrl%gl%ﬂe'cgfﬁ beo?g}%l‘r%]ﬁgeadlstrlbunons

(fon/adaumltt oaplitha, diustldildma,n‘t’ﬁ@eahdfonjdbnca’ﬁhg ods)odvstiltatipalindudes, but

is ng? ﬁ gipl(,'l B'%t t i rttelf?gr \r{%lgertlaﬁé% o? g%clﬁggls@ftgglné;n methods.

Un&"s@l‘l’é&‘/ﬁhd/drruﬂﬂﬁﬁﬂfnbted anilped Eﬂﬁ@i mag iRARIetdofpoRénts that have a
di sadvant aged crudes may i ncl ude ut are not limted

carben nygpber ARDYT 4 Hx qUaBtises Qf agleass)). 3 groms SIf compeneats fes ggam of

2 PI 9
enffe P s Bl ! Al
crufes) Qékhltedt ﬁ)@ipecbérhﬂésybllrﬁ)nﬂﬁnatgma thepdofC f‘ﬂ]ﬁi@edé)ef&s t®& atude that
heteroat ons_ content of at |east 0.005 granms of

hastheer ireaied prchiihat af leashsgme of theeconppngnts g@r bR achoikingroigibelow
0
3 R M KRR D T B L N ppEE b SEVE SR HAPof hnost 0.1
graarspdtahdseﬁé)é go@Ens, gr ammaedt 0d2ugtamns by sueh MORpowemteper godm af the
east 0.02 granms of MCR per gram of crude; or i)

tOpE’f‘ﬁﬁ”ﬂi“ f&tions thereof. In soneenbodi ments,

di sgsashBilieed @rﬁ&'&%aﬁ@?rdp@ﬁieb‘% al@W tlﬂ:rsﬂﬁll‘i)fed crudes to be

di sadvant aged crude 'east 0.2 grans of residue, at
transperded 1. cgngq@naaldteaﬁmt theditieaby Itr@aszort@u@n epraions (tor example,
plpglrlggésgtlf'uer%ﬁ,tog sﬁlgsjs c?esglag Iaeeorh agredl%gﬁgbkgprgpe&n%s {flat
renfer3hén YisgdAiitagedr D&aéva&te?geg kAles ffay beshaiceptable tgaam of

di sadvantaged crude. In certain en%odl ment s,

transpeEaiiPa RIS CRNG(Q] adieatma fagilin thes MpssREioRRsanemisaw@lue to
the md{@%&(‘?g grchlﬂll f Yhe 88:91‘6 i vzﬁtl%ﬁ%{ lbg A%dn tﬂatqaor%s&(/fﬂpﬁ?at ﬂltcludes
. grans, oOr at east

"'eas grans, ast
the @isd@vagitaed crude e Vsat&:ﬁgé docceasde so ]Smylucten crhispert pandiottiteae

of hydraocarpons having a, range of boiling points,
Di s%@vaﬁﬁaagﬁswwé%e%qurmma@u% &ut e 36! Bpited io: a) TAN of

at 1%4%%%}’?’\?@&@% &f M&Ft @b Pla%a§1A : r%%t%@aﬁ"ﬁq&)sﬁw dZ%%tal Ni/V/Fe

or at least O rocar bons
coment lof at lbast D0AGOT grampe od atdleast B@DDbgrabstoiﬁé{aﬁJ /E@@exogiamruf crude; e)

300 0 st 0.001 grans,
o ol Gt rostorma cortn & o4 660 0BS gl ety carB dherude: D a
resitué BorRerR @i bi 1Rkt DA1PRams 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

31



10

15

20

25

30

di stribution between 300 0C and 400 OC at 0.101 MPra;
and at |east 0.001 grans, at |east 0.005 grans, or at
wo easie791 grans of hydrocarbons with a boil i POT/USTIYE042652

mg tr' buh,é.{i V&ﬁgeqtg ggeégqu?r}%@%gggrg%ﬁrg% ﬁgﬁgga}l?algeyp gfde at least

e YRR RIAE Cht Fadde S oY GFreQdie el 1848 0. PBRmE bRFBsRiue, or at least
i sadvant aged crude, at | east 0.001 grams, at | east

0.9erams ofjreaidue. br ceatairl cevalmdnoems, dysadmt@gedwy@ﬂedmaﬂtio@@ grams

0355 Bidtamar D4 B PR TS e bk blab g ity aflBRcs e O Rlain

emBmmeﬂ{sl VisadvagtagbS @t p&desn Of dtkadVidsaged efude) @iy Rdve a sulfur
di sadvant aged crude, a content of such hydrocarbons of

congentyad ot leastD.QfH arams, o least ORPStgrams, 2 1eants).01 gragsy ert deast 0.02
gra%{'std' ments, di sadvantaged crudes may incl ude, per
gram of di sadvant aged crude, up to 0.9 grans, or up to
0. 9DigidenRadd dhydds angindnde anitu dibiyticogboaigring a range of
distribution of at least 300 OC. In certain
boibing paInte r@@adV&p@a@R/aﬁfl%sgw @Fwe@quwﬁgﬂnapé@swwaa@, crude: at
e T PN AR o M 0 O g iRl o te
boidihg Irmgstdlﬁﬁlﬁhtﬁﬁ betweené()ﬂ aCmnd r3’ﬁ0 dCrae 0118] M= ateasn 009 grams,

cru ma |ncI advant aged..crude,
o it D0 o s 965t O er B0 dgeaRions Py ek e
dls’l.’i’iﬂulﬁoﬁ bBRNekeh ‘3.0 P@RAG 400 SC bi RYH1 MIPPEIIREELsBP00 PiradRRdat least
0 O0C. Exanpl es of disadvantaged crudes that Gan be
0. 006 gaettm;l ousti ln@t D10é grmacefdydocdenns witbd tedling rangndiswidotion

beifitn 0 o6 3o 00 PR M BB by BerePanaci an

Al bg §cme é{ﬁv&ﬁmehtarmmwmggw ceides nSUHIERElube Ipef Sam ¢
and north slope Al aska, Mexico Bag(pof Canpeche,

dispg vpatgee emde.g easidt- ol grampat lastl: ﬁarﬁmsa@ftaééeaatrmm grams of -
| ;
LRG3 Rpo 0 R B oy LR M in aiion

to Mghér&ﬂlllﬁgn@ﬁmmn&ns t TySedly, Medibgdsanigederidevias,tper graanof

$d Net erI ands Schoone gk Tr eat rre t of (gjgsadvant aged
disg edetpdefrontat Pﬁ%‘c bﬂi‘f@f‘%r gy falt fost &7 SEmsa At adaest 0.1
grapfsudes such that the crudes are acceptable for

transportation and/or treatnent. A crude and/or

di sadeartairmgpbodimeants, disadvantaged eriptes trayanduddeaypyr grem of

r tq as "cryde feed". crude.feed be -
aisplaSleh e diip B Rmpor AP AT Te S GftkefSons Sih  boiling
ranig@ ﬂiéltﬁlilﬁh@nfof QiMedst 860 PENIn Qrtatr@niSdditdlentt Qﬁﬁdvéﬂﬁdtg&ﬂ crudes may

net hods described herein, is suitable for tran sporting

alsq intluste, pestaram of dismivapiaged erydefat feast (90Qdzame efiidroearkons with a
boi 1n§§an§e:§l?a1§®%%)§8) aFlt%g?%g{) 88, @{ %’eg% ér%@ocﬁ&er‘l’\ﬁs&saﬁ%@%ged

cruldBema P inchsieppetighain pf @lpﬁvhmagecnéru&f &ptto OrUdems, R lpttd .99 grams
crude feed, and thereby have enhanced_econom ¢ val ue

of hydregariens i th oiliee et disibutien betwepn 304 ifeand B9 "Csuch
cru ?aﬁgﬁg Uf:{hsmﬁntgg% c%élqﬁ?ﬁat\%ﬁ Qe g §d l%mé]ﬁ’le processes
re er I Ng

pre- tnen y enhancing re
desefibeChareiaiindudelbet dre eattlimsindd tmaqrud@cﬂcuﬂl ehe following countries and
esul furization, dengtal]ization, and/oQ
reg?ons of those countr?es Canarcrl?an Afberta Venezuelan Ormoco 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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at nospheric distillation to renove inpurities fromthe
crude product. Methods of contacting a crude feed in
waecasnamnee Wi th inventions are descri bed her ePOT/US2004/042652
Additiopal ly, epbodinments _to produce. products wth
Zagrgs; Koarakasptenrpians N&ﬁ%‘aé?ffsﬁ?ﬁfﬂﬂ biged gilomndorthy pea dfadagascar
noRERTONER anitNcRltrahds StaboBRE! al | y produced in
conventional types of processes, are described. The
cr udecatreed ofrdisadrantaged axidesimay tihanch thepogeentissafitie i n

.the presencge of,ane or re of t catalysts. in a

aispnlierd FnaS e SR At cr e apsasc R E A e Sndree

tre&BIhACA IRl 200/88 dishdVaRRPEd &UBO HialRAb Be trekied H}é?'"b@ggf@rred to as
source is generated in Situ. In situ generation of the

“civgel fesd 6 nTheourndelend ynay el tophedtah descaibed herpinofThgicrudsgmodust

rti.on of the de feed with the inorganic salt. .
resiting oty Hequmel ofabe erypg Feerlisink oty Yesiigherdp, ineuilgple for
tramépRrtiHpin@/or kefirfiRy. ﬁB’x’@?éi{i@Q@ﬂ‘tha Blide prddugtire Blodéras aidoons.

In situ generation of hydrogen may include the
correspending pwperics pERest Bexgs Interaedinte emmde thas thpaginde fad.tor closer
: |
to B8 oBirtBbndiHE brpPhieV 4P Bkt PragE KA Forufl KRl b by have
enhaapéd ecohomiit Widue relating ki the esorohdc eallie pf thd waeld fekd. i Sigh crude

t he contacting. The total product includes the crude
ProgugidnRY bg ngeé’ with lgss grne| PrerYgalimentathersbp enbancingreliypg
effﬁf@ﬁ@gb.npfét-ﬁeatrhﬁggrngﬁﬁpﬂﬁédéﬂ%ri?&ftﬁpp&gmééﬁﬂgﬁfbﬁ? Fordt
STP. In sone enbodi'nents, the total product and/or the
atnpospbieicptistdlation tanenione linpheritsesfioas thesuade psduchor gani ¢

sol | nd/.or coke). | ertain enbodi.nents, .the .

sol MRS Benashing i o6l inssCordatie ki ghtiopa s described
here{r0 AR ELAUY,] eMbHAERS td RBddbeGRELRE WD vARNA chbi@inGatidng of

includes a reactor, a portion of a reactor, nultiple

naphsha, kenesenst digsel.cadtos V. GQy whigh aiegiot genesabyorreduded amrporeentional
i St be used to contact a crude feed
typ\%ls?ﬁrggﬁg%graorgegﬁgcgfégér{be in the presence of catalyst
I nciTHélerude $ded aikBbdatacRAGHH a h@drbgoneduledn ftRaEEéRAce &F one or
continuously stirred tank reactor (CSTR), a spray
morgafcthe fatalysts i contestingzaps aid/orR gombinag st tvg gr dnore
co&gaﬁl?%%s Exanpl es of a CSTR include a fluidized bed
reactor and an ebullating bed reactor. Contacting
conth ganonsmitodpmersh,|tie hyrdrbgrbsotmrpegattatal inpites fusiay generation

ryde feed flow, total product flow residence tinme, .
of {16 5 Gipan Soprsedhy Inglide e reastom el ISHe aPRBHaE it the crudé feed with
theGROYRGE sA10cAAPd lat teRIp2rdiB¥s R @ARE 6! 208-500 0F @BIOK0B °C to

crude product with specified properties. Contacting
formempolergen andor hight hydragerbbns ninz00-geadatind of3(y0ropee nexg, indude the

400- 6 0C. In.enmbodi nents.in, which the. hydrogen )
reogh G 1SS ITEAL e T e TR N T e, aka
me€ $ornfa®! hane, or ethane), a ratio of the gas to the

crude feed will generally range from 1- 16, 100 Nnvn8,

2- shbotogpwductzepgrdly ipaludes gas vapw, hiaids, Op rtisterds tapreof
protdivlpegdc cﬁlllrﬂné the contacting. The total product includes the crude product that is a
liquid mixture at STP and, in some embodiments, hydrocarbons that are not condensable
at STP. In some embodiments, the total product and/or the crude product may include
solids (such as inorganic solids and/or coke). In certain embodiments, the solids may be

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

1-16 MPa, 2-10 MPa, or 4-8 MPa. In sone enbodi nents in
wobishexream i s added, a rati o of steamto cruPerUsmu4/042652

isin arange fromO, 01-3 kilograms, 0.03- g 5 i

ki | AgfoRfAsting zong typigally 1na§'.d CIOF. EAATIER! ATeAEgT A Gple
poﬁf #g grd Fe%gtor Ar b BpIE AaReopd, l@fa&‘rﬂﬁesf(ﬁggacrf@¥ tlﬁ? be use to

Icient to maintain the volune of crude e

comwmmdelfgectwnh adfydmigeh easte 1110% pmedce af tatsl@%mciudm stacked

ast 909 he total volu e .cont ac zone.
becd {5 ioE A Re PRI ML B TSP (Tt P
rea€fn Iblﬁg £0% reBQ%8, aﬁ’(! a ﬁ@&fdﬂl{ﬁ)ﬂ&&nﬁd@hﬁ' E%Qﬂn?fé@ oPh AR include a
contacting zone. | n some enbodi nents, contacting may
flujsizedhed rmtomaedpneblelh@eg bed rpactadidi t i onal gas, for
exa ar go thane ropanes
oot anngenf dBioht WS TR 8RR Mol ARREER flow,
totﬁl;ﬁ:‘oddbt ﬂswareglahmtm@ h98rogen seRedloeir combufibAs theRRgf.
stem 100 used to produce the total product as a

Coo biRg condisions ey becentraliqdite Pradugea FIdE PEagdust yith specified
pmg)?}[%gs contacting zone 102 via conduit 104. A quantity
e catal yst used in the contacting zone may range
f r o@oftadiy GmpEEiurds BAy gngetrom320008@r S 00-900 4€ 66t 400-600 °C.

gr per 1 of crude . feed.ip the cgntacti
In ggheeiineRSin g&hﬂﬁ%ﬁ%ag%ﬁ%@e ISPl m?%@xa@a@dhydrogen
gast %e&ﬁb‘ﬁe thrlégﬁng)eg‘ijadd)ofl tﬁe\!\gﬁs th i éﬁl&&fé@? Ii@ﬂl @Enetrélf‘y Ghdom 1-

. I'n.sone ‘enb 0|rren crude enters a
16,5 a@ t\hn‘?frpoﬁtii(lﬁﬁ Noh’/mdt-60A0 Ny /m%ner 5800 Nmi/m orideritactib@dypically

ke Dp S e Sl e gy e A LPO Mo PP L BREEE B %ra. tn

- sorRé E@bodiMeARGA WhididanDisia8dd dvatd St@in ioft@u@erféé&lsflﬁﬁ%nge

to contacting zone 102. Ty |caI lf’/ the crude feed may

fropel.f g thelggramsald Qéﬂp%kléagums, ion 04 -1 kihegsarh of gieawopa kalog@m of
cru(a 5%90 489w9%e of crudd Fe %r}:? g%ae”glgﬁdé?mw S}a?n érlg é1¥ets \golul%e of crude

néed w t e cru ranster

feeaamt}ﬁabnmgtlﬂg)zt&xeb@at ledd1@0%9; tdeast 60, 60itdeass H0%iof thertbtal
may be heated to a tenperature of at |east 100 OC or
volgne o i cogtgtingzefe oryPiglly rihe velumeiod Arudaesddn theganfasting zone

is éﬁf%‘ S04 2r SJ%FHf(t‘ﬁé {o¥al vbHY e(‘tff 0% Jngagg ncb qg ggﬂﬁ ggibg%n?ents

tenmperdture in a range rom
cortactmgmeayerelitoaie e tite presthee afraudddﬂtleaai/gaatfat gxsimpie, )atgmmemtrogen

.S a Iur{%. In gertaln enbod ment s, Nﬁof th

mefhangy OPaé‘ﬁﬁf NG iPEPPERE H‘FP%%W “%Honts ude
f eed]d; NtiQ alsBiReneRRIAGh eRBodidtat of QntRUATHYs®om \l\b@ﬁsetifi§ produce
crude feed/catalyst mxture is heated at” a tenperature

thejtotabprodwej @s £ veperl Je 408ledesdoxite 008 G deapplal KA land saiktss

coisa P aPhl PRSP el 4 R LU pe SRy T e ateing

zorGhal fnEOfBANeE B@@%Ifafn@ M-8b @raisy 87 0f2@fls, lod 4r600iie@s 1Re 100 grams
TAN of the crude feed. In some enbodi nents, the crude
of ¢radeifeed imig senteesing oneulyl ¢ertain %qua@@mh@ dilpeat mapbe added to
1 suf fi
eVlIBed @SPRS00y B R DR °F S RGPS e o

feell et seab@toys portibix bficentadking @6 H)2nv1@ phitTeat $n c@'tam
| east a tﬁortl on of the catal yst may be renpved f

empoingnts; the caigp deeflgpay bepated 13 8 temparpiges ofeh feast 150l9c°§ or at least

300 °C prior to and/or during introduction of the crude feed to contacting zone 102.
Typically, the crude feed may be heated to a temperature in a range from 100-500 °C or
200-400 °C.
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catalyst is regenerated and re-used. In certain
enbodi nents, fresh catal yst nay be added to contacting
W@ 0v8/043825 duri ng the reaction process. |n sonePCT/US2004/042652
enbodi nent s he c and tu
Footh St rasndtinens. b Fud g 20808y Biead e B Bhdbinsterred

to ¢ontaRtih$ LoreOrTRa dthie ReudeTOR]/@%al f1 nERHIrSMAN be hoRe €BH ©hPBrature of
may beégrepared by conbi ning an _inorganic salt

at 1@@@ 409 &¢ puzitleast APGCupréontp imroguetiouuiate easgpesing zemre KRt Typically,
tQo o
gt 01 WA PR RER P BREPHL AL 40, 26800 .
In émmﬁodﬂ@yﬁs, thé clugd fded Aatibyssmixitireds a klRagt Il cd'&ayﬁi embodlments,
TAT%OI pically, the enulsion may remain stable for 30 days,

oty sruds feeg\paay 'aﬁrreéufﬁsﬁlor WFraéMﬁfl@ rhﬁc,qrmfefeecbmo the

COI?‘I’[C? g%a%lo g eﬁgmh&ég? é‘g@gl peci aq; g’r uct@%’ géted ata

ten(fleeatire St @ mangSdonh 1 @aA@) T ar 200- S)OA%) alkaPilsatls oﬁaohxhxybmponents
att cid (D D 15R70; . Mead\West vaco Specj al t

in {5F e ReRchTBtRYe opBEY o B BRI PLA 6 ARBSE LR tsrovscrome

ac1@c @Bh‘ﬁeﬁen@fr&ﬁrtﬁé L8 L3S TeQhiEthe Pl‘ql‘ﬁ Bf ﬁ:@rcﬁlderf@ed
, Tergital NP-40 Surfactant (Union Carbid

Danbmoyne dDobndaoents,ihg cmldesfeAd )s adgled nmttnmpesly tmmnemmg zone
10@@? i lg}é éﬁc‘reozlltﬁc gg %%\}eedllﬂa (may ﬁ%}Fnt& mh?lm ﬁ%ﬁiklgxé of the catalyst
froMVthe enigk feeddaflydt mixdGfY Qh céfﬁﬂﬁ’ embadigleattl Ndedsda pdrtion of the

Baker; Phillipsburg, New Jersey, U S A ). Recycle
catelysiduax bersmoned fremponiactrgzict] 020mdn gome sebpdimenis, such
catglﬁ%ﬁ égglgﬁglat'gg oh$ {e &s%&yﬁl er&ﬂpéjr}ﬁ)(;dn%igrg h%h an be added

enter and/or exit contac Zone ec c con%l §

to chii€actiny zoreclOQdirihg ciw xemiohq:lrooe@é ve 110. Fl ow control
val ve 110 may . al l ow at | eas porti.on of the mat erj al
fr ol ioa%?oqmltodiregﬁf dheerude é%%rOf degHERAfcrudsdeethyvph the

1n0?é?1mcas%h CQ% eyépﬁqnt}(gi%ced MCAER oI JTRBLS an ﬁ'flg@vﬁgte A%k Rfhulsion

uni t positioned 1n conduit 108 to a
majy ba:ptepareﬂdurytqombuuﬁg amh mongnar sakticataty siwateo mianseditaa drude

reel b S oz HheRaiients airhlipeEh dddue heerupign. The
embisi¥@-mdy RMafRiBIO forvalehetD dalf, Aandstldl@aysndat RAstUB&Fst O
control” flow to and from contacting zone 102 such 't hat

Typicd b thezamulsion oy r@flalmswblecfor A0 dews, Eddaysch d@ﬁ@ ohdayss
Surgég::tagpgs[a l%ge bu'?axsé nn?ln%@? g(f q% %:f p023(1 l't)bSt i %%185 #Tyeaax 2010;

vo’Iurrerneo

Meb@We@t@ﬁﬁoaSﬁebﬁgyZ’@cﬁtﬁlcﬂ.Gﬁ)upPChﬁldsmﬁ Séutfl Qﬁﬁblinﬁ U.S.A), Cyy
contacting zone be nonitored usi ng) st andar d

102
dicarhexylisnfatiy a¢id 6RIACHS ?% Meag YrestvaqpSpagialtyd rodust Grepp).
petgdé%@vtls ftron a{eél glgo &gplﬁ‘ lggﬁ,h;tﬂ Wég'?e% g)roga‘?loﬂ NEhRlott eN?rthe garolina,

es to e ¢éru as the cru
U.SAbeTagitaNR40 iSugfactame UnOR. Cdrbidsgbmbarh) Gbinnenicat, Us$.aapor
i nl et port

114. [ dt I I d f. st
mixtyres gereats ﬁwﬁ%n%énge % I?tr?rﬁ 3? gpﬁgfvieﬁ%bg'em@ﬁ?%mngﬁmm ch
ChéfHEReS. MilvRaRkd, swlkwn@fadw@s& )Ia%far GRAbaR n%ﬂdﬂzgn&leroﬁ Tlﬁaker

through’steam inlet port 114 Tn sone e |nren
PhlllmburgaprrJt:nSomleAhe t ot aI product is produced as

vapgQr ting zgone 102. | n certai

e Besviietadoy b oy Sp i Sertott 108 Sk Sendbud ods T s
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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and/ or a vapor containing small amunts of |iquids and
solids fromthe top of contacting zone 102. The vapor
WO 200506383p0rted to separation zone 116 vi a CcoOnBOT/USH08042652

i@he rati.o of a%%rogﬁn source to crude feed. in b ..

A BhEUATRG 29R5n k021 95 Sama FEPOMEnts, 3 SaRMasing upji may be positioned

in EQALAADB RYalTRN Gt 1IBRY a PBrtAITURIMARrig08 bk RbnddASed/AHAqEcycled to
and/or liquid phase produced fromthe top of

comtaetingczone 402 ohecettain embodgnents, sedystei aopdueis 106 mey bepaas recycle

. preduced. fromt to » contact| zon 02 incl.udes
infy, PRYEEG! BTu0' R T R8T bESH ohRRT [H 0B s
cofth@ite, zo8é 162 suchabit atolsta®NAENOS Efuid! i tAE O6ktadtingElone is
gram of crude feed. In certain enbodi nents, the vapor
mapitaiged el omsrambedimens, grsubyantiadly isplgeted melumgrangecafligaisd can be
f . . 0,9
magf e 2 Sita 80P Py oA Rl LB oBlachibd b g7 may be
manitbiedusing)stand i ifstiumentatioac Gas gnletgpoet MMQ2masbe used to allow
ad(gﬁégregduct s of the contacting process. The solids

thg Sydrogan saUyes andery aiAioneleapesdp iraruds igaday e grude feed
en@RUoRfochifi Fone! 1825 HRAIAL iBodiebts.!om Ifh PSARGE rh be used to

ool e separated to tormthe crude p uct a
allgw additios ofisfeah amcdanatting pameat 020 rintcextdin iequbedimenhtss a aquatous
roduct exits separation unit 116 and enters de
suBD BaFoREEL TG FoIGngAng itreueh HramrRlet o 141 ng
Cr UgesdhOEHBAdiARNts DR 16 4 fdHi6n bPhetdtaNSBAI & prBfuced as vapor
and/or treatnent. Crude product receiver 119 nmay
fropmedntagting @encot02dn eenpdip emppdisnentsn thedotahproduds iopradeced as vapor

oo et RS B TR BB ERER o Bt o comacing
zoSEIY. atled ag@sis (hfdpof¥@tideparativfl EQREIN 6 ViREQANit TOROXhé Batio of a
carbon di oxi de, hydrogen sulfide, or nethane) is )
hydrogersssoracda crudededtin cpriseidngsiong 1A prd/of the pressmi the contacting

UL 3T
cole5Ehels LUShBEbt 1 G Sadlh [0 ged rgm e opor
comtacithgi Zond 202. Innsoaereneiodinedrivg dheneapb s produdeddtane thesop bfls

corfesing 2ops ARy &1t D 55Pe b Aok WaRe. et 09 erams,ora

leaSKPIPLAms df khfd@(tgjﬁﬁctjﬁe@ _%Hnil braabé fRd. B cARIPEARSliments, the
separation). Fl 2 depicts contacting system 122 for

vapar gaeduned fromdhe foped cuntattingroned 02inckudea frain(:8-9.99grams, or 0.9-
roduce. a total product that be a liquid, or a
O'%%igdﬂf’%ioﬁﬁrﬂ‘iedp%d't“ﬁ pﬁ‘é\%ragerfjsch)‘_fqeggé./d'The crude feed may
ent efsed QA6 andSr 61 nJe?rQreh‘lla_ﬂl i6@BAkdEtinglidhe 10D a$BYProducts of
enbodi ments, the crude feed is received fromthe crude
thefcoatpctingpriogess Cd hel 69lids Bod/oprused; catal Nstimay anelydel residypd exude feed
Ln sone enbodi nents, gas inlet port 112 may
an(?i’%’rzceocl:(tely enter contacting zone 102. In certain
enbdiepernitisn usit ¢ 460 thaWaor Bajoblel bAd REpardied 1ot tiee @hdeOpyoduct

addition of the steamto contacting zone 102. The . )
ang gasaeuTiRBHaRaR)d BRP2EHAR Hehaigues: t Herdredequpdicy sxity sgparation unit
i . r . | 3
16 5L DR AR el BByl 8L 1R g o procuc
map betsiivablofor tiaesgoothadn rddctusdathant b Erudegreduedreceiver 119 may
ontacting zone.102. A mi xture that i1ncludes the total

inc SAGE LT At P)l!pelé'?ﬂs’i U XS FOIASE SRLY: OFC EF nae Yfamgpertation
ves%élﬁ,t@r cORMREbhS Berksf e[{l%@élg%emoﬁﬂﬁé?ﬁss, t1RERp el @Rs @8 &ample,

via conduit 108.
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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enbodi nents, a condensing unit may be positioned (for
exanple, in conduit 106) to allow at | east a portion

-W@booshesens xt ure in the conduit to be condensedrPa@ny$S2004/042652

recycled to contacting zone 102 for further _
and?610€ 87 dNS cohtdc e 2Rk N 02 FRAQHNABINY 20. Meerain@ndAdHts, entrained
106 may be a gas recycle line, In sonme enbodi nents,
solige aador liqwds weihe trade pepduet may berenfayed paipg fiapdard physical
rticles fromth [ .. . ration n
S L T I )

se DBI@IMpfdtMntdo\,ﬁn% e¢stdm 2D Ebtateatiiglémte Gt aliSdne drimore
enbodi nents in which the total roduct i ncl udes

catalysts gprogyse astgral aroduehyhaianayehras bawd aradiAuieiiedivth gas or
0] r - |
solffso THELrdE (0 AR cn B G1E TR Fid RRLFOR. BHShe
embaditmeancths enale dtddas jeceiSod frdm tha ctudddeedf snpplyx &lvatieit 164 may
. canbi naﬁ i on of cat aln¥st ,, used catal yst, and/or g,oke.
incyde ggsin eéIQBBdII%'Eﬁt omeemy mghts,fgas flﬁ%t @5% irectly enter
coxﬁfo@iﬁ\g 3bkd1dx qmckﬂﬁnte&tbahin%%d Behm ih1B SR LR HE Ufeﬂgé allow
at t olids

ast a portion o e tofal product and/or s
additign &fghe stegro te dorttactingrzdod i 021 (Pheanrddeanfeed imay dewentacted with the
nbodi nents, to actin one 1Q2 via condujt . .126. .
carfig 1 SOYETIE 2967 L0l MR e Rdh PLREHDT e 1t BUSC GHBP 4B, conduit
108MIdwst b featr 445631 b8 6Eltha staleftb@ict EObY ReYdIEBoZRnRRcEZzdRM02. A
further processi Ea% The crude product may exit
pr

mixuigahattinedndes dheetotad progduet andfad gplidsiamg/or upregeted grude feed exits

i t [ t 1 p to
o R o 5 O O AL
emb6diflentd) Debndbnsimichindt may bel pogiti@ibdfor RR¥mplRCindadst 106) to allow

| east a portion of the cat al_ézt. Gases entrained in )
at leapba peition ob thsdnitura iyihg copduitte bscapdrnpedhand ngeycled to contacting

, zox%il@%rfaxt ﬁ?th%rggeﬁhgﬂpﬂf{ee?tam%dcﬁ’t%&s Sr@@ﬂ@édngﬂit 106 ma% ’be a

ni ques or ex spar gi ng, nenbrane separati o
gasanclychr léss Unsome dmbbddiorents| corsloitd 08 meydnctede 3 filtethfer removing
sepa{?at eﬂfp?asl i s, transported to other processing units
parfiglss framthefolal reiChse in a fuel cell, a sul fur
I eCRVRpNralbdfdne 124N&Nedt PHETSH BY tHdRiride: préduct may be separated
conbi nations thereof) and/or recycled to the _
fromghe togalipnedugbansl/or|catadystrelneemihodiments i whieh ghedpiabprodfictancludes

| east a.porti.on of rude feed | erfor efore .
solfd R sliB WG RiraPe e e (RRERPRD B bR ARG ESORS fpargtion
techitifed¥aTor ex@hpleNceatrifagitivanfiit@tion, dzepditadn, AlRmbediR skphration).

conbi nation with a contacting system Contacting
Solidsdpelder oy exapplsea eonbinatiomef ctalysbiisadentalpels gid/or coke. In some

[ 4 [ . ) ;

e B braUFLER Fotes bRl Tl 00! B In i,
embsodimema) ati¢adta gartien dBde tathl predust aad/posdlide magtbetrégcled to

crude feed i.s separated using standard separati on
corklyi i guler. iR QRO b CER fa Farieciing Apde 1_52&9 CQREuit 126. The
recg%i‘gd g&ﬁf)f? R0 fof BEa Q,EUeacIoﬁ%ilgd%ﬂ} frgefude! fPe MM enter contacting

odi nents; i ncludes a mxture of conponents with a

zortediORiforgfurthergeoctissing.i bhet crode pfodatt rheasdit sepral@) zate 124 via

| ea 120 OC. or,. in saone enbqdi nents, boi | i ng range
condid PPt sormba BT nS B topioaRghea Ganspaited © Werude
prodffRtae@iwed crude feed includes a mxture of conponents

with a boiling 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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di stribution between 100- 1000 0C, 120-900 0C, or
200- 800 OC. The hydrocarbons separated fromthe crude

wo e@d/oesrt separation zone 132 via conduit 134P¢DUBB®04/042652
transported to other rocessiggsunits, tr eat ment

mamRIpNG eprgtion ppd RrrEsHE EFAUFEGT g SBME CHIAGFRRNS Hi separated gas is
tra%n re@tq othtr ﬂr@@e%gin? uRft¢ (fbxo&aﬂfflé, 88 38 R4 Al Celf AWl fur recovery
ed exits separatfon zone 132 and enters contacting
play,sttfempi@essingunispoiuiombiggions theeof Landhereqycled de Sedtontacting
formthe crude product, which exits contacting system
ZO8%0 via conduit 138. In some enbodinents, the crude
pr owgdm@érﬁ%tﬁﬁl@n{smga@tisﬁ HER 18868 pBYioABY a BRIJEFEL is performed
described herein is blended with a crude that is the
befoaerthe gmudgriced dnters dhetcontagimg ranec Filfde3 iscesghermatic ebeargmbodiment
the crude product,. he.,combi.ned w acrude havin
of 3 MeFfighanpe Y LEuuPRom R SRR ity e FpERAlsHP 130 may
be RoMAktiile SystemN@0and/os eORhdtingtshgttmi ID2lgsiovaeiA RIGS. 1 and 2). The
viscosity of the crude product and the viscosity of
crydgdeeshanérss seppeationzong | 37gvip cenfitd Or deiseparaiep zeae 132, at least a
i t e i r .
poftbriF R 1ok FVRBRA LA LAN <R ol AT iiq ey B prdduce
sefartedlernde feed and AQdracatbesn thetseprgatsy studmnfédedDin some embodiments,
. certain enbodinents, at least a portion of the crude .
incljdsaa cpixeds ¢ CORIONGRIE ML %%k%@%@éwﬁr&uewa&tﬂeafsgm C,at
1ealénﬂzoe*¢t & RLRIGEAIAARS alhlin ﬁrgj%@&ﬁ%‘bﬁ%r?@ﬂ"ﬁ 1&:40200%C

east a portion of the crude pro I's combined with

Typivellprthaseparapderedssfesd inshades 4§ mixturxafiepmponents with a boiling range

aishE R A 000 rRBAF: SRRPRRLT LA G tREelt
sepstiratéd KbmrtRS crub€ F@afexit k@papitRAUGEe 3PV RRDAGLIPT 0k Ve trahbirted to
process streans, crude feed, crude, or m xtures

othen prosessingainéts, traatroent dewdlittsy getapy facHitissireambmgtiganidereof.
140 ,qr, t | i ' it .
120 e ORGSR, e SURULEPHL RN MBI ¥ s

codt4&lingldystetl 1S0degcqidad uss tavby fumbet popased todfoi dtuelide product,
speci fications. Specific product specifications

whichegxiig sontagingayetemo 30 vigeendyitlds. a' range of or a linit

of . . . . .
© hotSsyé afbddina Ve thiat B prdduds U R thBBTeed by any

methal deserched thetednlistbderided twithrasqrodet thelt ia e/ sameps oc ddfeeant filom the
SO enbodi nents, nmethanol i1s generated duyin e .

el rede FoR G pY s CRUF AdeameEprayrined-gith  tdsitaving a

dififorEit QURBsiBNHereBY RRGILHNE MOX b@ﬁdé’fﬁﬁroﬂ&@%ﬁviﬁ? afVcBRity that is between
nmet hanol . "The r'ecovered net hanol nmay confain dissol ved

theswibaosity obthe exaaprasducpandzbe viseasity of thei afede. The resadiongchlentled
t hano] mm conbined. wi th, addi.ti onal crude feed to
prqtBi A bs SO R TeE AR nof Bl o o e et hanol
W t F16G heisGrsdémitReast ahehfbddintent 678 EorhbifatidrSeftséddingdfone 140
the crude feed. Heating the crude feed/ nethanol

angrrontaptiagspstem 1ABs{n gupIDanbedjmertga deavtapastion plthe eruge product
f t g1, ' ' fin .

ek ER kS D0 R L AR AT SRty g

zofOM0aat leaxy a pysioarofithie aaddprodiidt dcom Bifedwith efglomgorqiecess

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

directly into blending zone 140 or upstream of the blending zone via conduit 142. A
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zone 132 through conduit 104. The crude feed is
separated as previously described to forma separated
wereudecieed. The separated crude feed enters CcPOL/ASIN0NK2652
system 130 through conduit 136. The crude product
mixipg p¥sterd maydeileepteshig e Aear hlending zone dfe. Bhe E@n%ﬂ predct may
A | 8 h
melf P tE PR E BT Chich spyRaChRREL e R0 ok Bl il are nor
limlté@ t) meamg@rﬂﬂoﬂedmm éhAPhgradiryy damm@umty, foe combifations thereof.
bl ended product. The bl endes rod iXIté bl endi ndg
The biRadorsesoich CusRIERAnE 2e 14D A St 494 ih b BeTsgORR and/or
pro?y%qéd pl e contacting system 146. Contacting system 100
own in FIG 1) may be positioned before contacting
sysirmmiaéleﬁnbddnmexns ah¢tbanod isezeaeiatdidueng thet doataotisg piooess using

?i ont act ng}é@gster}‘]ﬁ n be rey rsed Cont.act i n%

the§9 Yéfn YE*PREIS & Qﬂul%o@éf TRay tgpgfdp form methanol.

ThERRLAGEA RRRNSILRL dBriBsdIDEd 44HS, BPExMipl&QPotassium hydroxide.
catal ysts. The catalyst in contactin system 148 may

Th@@cawradjmethaodahay brosagalring] with addjtionsl yurde feddgo form a crude
|.fid t | al
feelilipl] @HE: Tionttpit PRABPREME e SERRES | Binrodver e

vm&ssn @ﬂhertgu&eyﬁé@ MR g \thScra @ bl imeliitho P thi® t6 @Nna&tsed °C
en source in the presence of the

dro
maVﬁQﬁ”@éff q%? cide dgeglde lass thendduce the total product.
Thegtiotal £ lencl
e nbg %@ rrSers] taggﬁegr%gxc L?g 05 eHx@ g{%qu_tﬁzgs%?o%ﬂ?n zb dlﬁ%tgglbmatlon with a
coradting Gesnémai bmgbmyﬁdremt]i@@leﬂdmg&bﬁdUThe dnﬂ&e fetBenters separation

hydrogen generated from co Qt of the inorganic¢c sa
Zor@alégﬂg@vgmqwmg“ Efae érurle ﬁﬁﬁ%@t%@@r%w h@%&é@@&
forﬁ%e%grafe‘a nﬁﬁ%@d?tl“l{égsegéé%{eﬁ M%eed“éntér?ééﬁtaél g%?étb&lrl 30
enerated hydrogen is transferred to c acting

thr&@tcemdmﬂf&(f r'Bire godet produat gxisyysmngavting Oyswena 130 autli¢riters blendmg
ener

zore g0 u o Sor i 38 LT BRAG b7 e 10, PP GACES iarm aptior crudes

intlotladtN Va4 Ecﬁﬁluttq 42 ‘afkt Ratvina ﬁﬂﬁﬂﬁ%}dd‘é%ré(d@t fPfReH iatblekad
In certain enbodi nents, contacti &% system 148 may be a

proguett The b&ﬁ@d@fb@@dﬁ@ exits blendinggora k49 vimaendulid 44ener at ed

hyd i nt S

confac @ ng V@?aqlc Ti‘ylﬁf}?lg c&ﬂh&% n,g&(%rlnnlgé %%B%@ni%%s{e%l 100
(shevh @RI rlc)@hacyeﬁ ﬁosmﬁnabbﬁfaetdoﬂgcﬁn@siyemm 118 adlialte@hicy

m xed with the crude feed, entering contacting system
embodgment, heqaiions plfae Fedectingsystems s=m eV rgeds y‘%%%ﬁtma gystem
100/1n ih glug?ﬂ 1n% ég;lngl% -salt @atﬁ gg&sn;te{égn%)ffs{teﬁlgg J%&a?lﬁlg&ﬁc?e%ne%fr more
catgjgster ﬁheehthysinm gmnacamg syftemddB atayde aoradditmesl 1 1aorgan1c salt
Cat%)lr od The in sone enpbodi ments,

3t e;S'iaB%iH%‘% glr 7 gﬁﬁ%%@vsteem@ere P%{E]Q’Ftﬁgor%{“é?ﬁ thorgof.

Th¥¢RdE R ehiersl®taclifly RN 60 GARBAMTEIT4Sandas SHRAEE WitRh
I ncludes contacting systens, contacting zones,

hydsegrar satiicenn therpesseneenaf/the inbtganiti saly catalyssto m@du;h dhvertofahproduct.

t t i t
Ths o aeod B inE e PHaen 6 awt B lig of amuct. The
totd] peshuctinb Ex1pé&ﬁ&$1§% Restéhn 009l dohguit b Yid mmg%h%eherated
the crude feed nmn e consi dered suitable for

fromrcontagbelithe ir@rgaarvoﬁ'abrcawabrst wik thercrader feed may pe ppaskasahydrogen
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
W(Drz(mammmi facility. The crude product and/or POEUS2004/042652

bl e d roduct [ 0OCess roduc conner ia
or ol it b, SbOTeC St G P B dEeR 95 s SSpAEied and/or
treénblép rdn@ @mranefenea et didcBing E’f@&ﬁ%% Reh dSRYuik NS0. URertain
distilling and/or fractionally distilling the crude

empodicheots, emxﬂac@ng bY%ﬂdédS pnaadxg@tpartcpfpp@mtmg Mol 00hwwick that the

et y OB AR ABRRY flom B e BSR4 At itk 6o 148.

In §Hnsd édﬂ)(ﬂﬁﬁeﬁt% aewap@ﬂ StirddBYpro@udedd¥dh Eeab@ihg syhemtmt)aé directly
product includes, in sonme enbodi nents, at nost 0.0

mixgdawith thetcredssfeederiering contacting systemdds. 0. 01 gr ams of
¢ OKZX d@@&nc?&ﬁﬁ% %fed %&%gl cog{rag {ys}eé{] lsffﬁ 1%1 fékllué 5)%. fhr] g(éntacting

systdm ¢ 98 eofifabiedf thecrudoRed ivdthmieaded patiabhbehe generatedydrogen and

enbodi nents, the crude praqoduct may inc|lude at nost
thecpatgdysy progcesa pragist. dhoprogpeiis in semegrapodmentsgths fetal prpduct.
t148Q54 grans of coke per
Thg??%ugﬁ‘&%?u%h gcfggteﬂ 14n ce?(?rggﬁqerrbodl ments, the
c r uﬁecqmmmlmnbodmsma, axykencthat 1acﬁudesrnoatacmmsysfmmc<ahmmg

0 to 0.0Q05, 0.00 rans, 0.0001-

Zor&swfar@t%éorﬁﬁ R BlendindhoBre. a5 SRe oSS Foamay be fagated a
kﬁﬁét@kl}bﬁprohﬂctﬁﬁrslté'tﬁht Efﬂaﬁéés'@ﬂd%nt& cehdedeePr Afsct
as an content that is at npst % at nost 80%

prcacssmhrmbfdhimataiﬁm sys®©m thercrade ﬁtmttnai bososidened supgble for
content of,,t | n some enbodi nents, the

tra‘&srpﬁ’é%tl%}% {}erh'ég I%aﬁ@ery PBFEMCR content. In sone

enbodigimnémbodimentsthélerupe pebdatt dndsor tirehleied @m&uccairude :
product, at nost 0. 05 grans, at  nost 0.Q3 grans,

trapgpefted topa refingiysndior a gicatmsat fagilisp 1 The evde glfodmpand/or the blended
B A5 R B T8y

heaMﬁ@ fpely lugtieant br cliendealpr Piduessingimaysiacibde disttingand/or
the ot al uct .i ncl udes ndensabl e s. The
@ﬁ&@ﬂgﬁ'&tg € gryde P&?ﬂp@@nﬂ& Blﬁt&ﬁ?ﬁﬁ@ﬁu%m produ¢gne or more

dlshllmetﬁ%gtlérﬁ 1% 86RO BB AXeAR, thd BRRIR ipfoduld A& Prddud€ and/or
hydr ogen, car bon nonoxi de, nethane ot her hydrocar bons

thetdmator aroge distillate frdetioma may IEthYSﬂ'dI’reatEd a mixture thereof.

d di oxi d
car D5 SReRRE M R, ShaHErT BB a G s bl piaget 0.03
granty, 6} Attinddy 0 O kAR ofdfoké baagfhmﬁ‘ tbthIgtbd ity dIrPéetaidigbodiments,
with the inorganic salt catal pi cal |y, under

thetbiel prodystdnubsGatiallat e caknthairis,cald 5 10f BB, In some
em?ﬁcﬂ% geth%;%e éi% é)%’@cgllng n%?ud ?109&%%5,\6 sagt nrn(gstt b?)3 ams at

nera NoXi enet a car

modi @81 gdeyms| &t mmﬁ.%ﬂ@mﬂnmﬁht&nomﬂ 088 gransdf ddkS perdgram of crude
| east 0.5, or at least 0.7. In sone enbodi nents, a

pradyftarin ceitain embodimentethe Crids Preduchlns afoke sprientip agapge from
f 3=
oI LORROEN g8 R0 B A 0SS OO0 Bk eram

of erndepiodectporet avedutécadbley t 0 carbon dioxide in situ may

be nege?{agncciergll)ocfir%ents, 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,

40



10

15

20

25

30

ot her processes located in a proxi mate area or
upstream of the process. For exanple, the generated
W@ a0080686mONOXI de may be used as a reduci ng agePeT/US2004/042652

ot g Qe s gk G T B D00 s o HCKEypicaly, e
cnfa%%ii B Sronk 0Grdr @l0.0% SdHE! 0660001 qﬂngqnﬁe&ﬁ) G0080.01

i nclude a m xture of conpounds that have a boiling
emandéAGRsmrgbmtoﬁmu®apm§@n 10 O0C and 538 0C. The

b e g‘:‘?ﬁtgeq“%%%%? piepiqe %}S?I}(h?%/ﬂ%gcsr@i}oé'as The non-
coﬁda:ﬁkéweegsfswrbﬂlﬂﬁau@eﬁb&rlaﬁat, 1iRit&0R; SarBorddidRRle, hmonia,

granms, of 4 hydrocarbons per gram of such’
hydrpg@ruwéﬁderh&dmem yarbos arwenisie nmgthang pthee hydreearborpghat are not

co%depaagmlﬁeeﬂ%TPooramlxtureftg nﬁydor 0.005-0.01 grams of

ne per rocarbons. In sone
enb@dtémm &nb¢cﬁ@eﬂt@rt@fd§(bg’¢ﬁ gas, eawoﬁdm@die rca{baﬁ imcﬁaome or
-paraffins at a weig ratio of at

combman@ts thersef cancpe fawn%idgtslt@ by Co%ffmr?é §tea1@ aad h@ht léxdrwshons
i OF%HEPI
wifh tfte irlo aﬁtﬁ{) staﬁ cgtgﬁﬂ? ¢ Eypt aﬁ' %ndv?z Iﬁlge ?};r{alhgélc(%{dgtldr?{s%qﬂ&lgr ratio
of éa[rbm ﬁhoﬁ@ﬂ@él.tolcaﬂ:;on&h@ﬂﬂd s10.07. AmdlarQafie 6f the gdiherated carbon
af fi de so;paraffins and/ or
maRoide 49 ?nerggnéyrmg " diopisi R etidie s is Prlgast @3, at least

0. Saefjét%as?() den BSRANRbodTRYNds e MABE rl B tRS g @R carbon monoxide
paraffins in ratios or amounts that are not general |y

to ﬂmgnnieratnd canbdedlomct@dsl tedraagelfrom ¢.2t1d), 06d0.9y ). &0.8. The ability

tf E fi?sinﬁl%ldesm.xt re of Ie&igsf..lt

© SFH %C%r ?‘hﬁnﬂaﬁ’x‘ TeBBHY 1 SHPHhLOBIdg R L jray g beneficial to

oﬂ@} ocBssedlotdted i £proRImAOWRh B8r BIHEEM Jf fheCbERE.NFor example, the
odi nents, the olefin content of the crude product

gemegatgqi earben mopaxide may bk assdasagRtenng efenhia tesating hydeearbgn

. t I
forthaliBfE Ghuspd ifotpd rpcires WP exdipi@ yh BTy 7 SO0T
I S O saheembditimeitsahe terdliplodivhisprodwded hbeircmag inclieiech mixture

of %egof S ! e ot e BrekpRon ic’ytewséﬁFQ%ting%gC The
mif ¥ ASALRARE HhioRaBoRthh e LABER nfinBLS iPHLIP (G VRFR The

20- 400" OC havée an ol efins content in a range from
migue0Rdy include fgma&@Ql-(O 8096m3.-0.00306.1 @rans or 0:008-00)1- a4, of C,

o BBy ST PSSR RS AR Rl AL 5 o1
0.8eRRd (BG4 g?dmsl @ﬁ@bo@-OQﬁ]gr%ﬁﬂ'ﬁbuté’dleﬁeq%i?ra% 8p8,

or at least 0.01 grans of al pha ol efins per
hycgmaacrb@fs dngerse pmbddnmenwwomra;ﬁﬁmg prpduced relative fonn-paraffins at

a wge@ﬁ,éanooor}%g?oap 25 o 10S st Pl gdl%tﬂ_ T@ST ra?sgh,gi t?rgéﬁt%hg or at most

0.10118 ckrdin Bﬁllbo@h&ﬂtsg)fsoiii’amfﬁnme ﬂﬂﬁﬁlce iellhtﬁ/@ td ﬂlpﬁrafﬁns at a weight
enbodi nents, the hydrocarbons wt boi I i ng rang

ratgi 18 @yrRIEc Qs 0@@9 Nedr?, 990abd-Oger (P}QQbOdn T&emﬁ@fﬁmwawclude
lsog%ggr;sﬁgg %ﬁd}%{arbﬁﬁgﬂﬁﬁfrom 0. 0001-0.08 grans, 0.001-0.05

grans per gram of hydr ocar bons
Wi t In sonoerhbodimemaghe tﬂtﬁtpr(i)dwt arorkidegRoditd md§ Gnddide olefins

| n song enbodi ments hydrocarbons with a boil
an<}/arh©aé£%'n§tq, liaglm ?W‘B@ﬁ/\é );e not generally fcmnd in crudesI prloguced

and/or retorted from a formation. The olefins include a mixture of olefins with a terminal
double bond (“alpha olefins”) and olefins with internal double bonds. In certain

embodiments, the olefin content of the crude product is greater than the olefin content of
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20- 204 0OC have a weight ratio of alpha olefins to
i nternal double bond olefins of at |east 0.7, at | east
W@2(8),5/06Lt67$ east 0.9, at Ieast 1.0, at |east 1. 4PC’D’USHI)4/042652

ast . 1,5. I.n so nt r ocar th
theac fﬁ?%'@ws%é ogﬁsf@% bAr %é%%&% ygl H\V}“@t%‘ the
ole cGHtEntr&}tth@cx‘aﬁe a}oaba @gﬁwep f-hah Qhé &Eﬁﬁ e&te&wmeecrbméed bya

olefins in a range fromO 0.9-3,
facforved agmbstrlaﬂqooatoﬁoﬂﬁpﬁ,aat mcéf 3005 ot @i mwtt ashal dou bI e

tbs B ﬂbg‘ﬁl‘ﬁ%{}‘l b q‘f@]?f: rt;tg, té r H)f;ﬁgcaé ‘?I}SF“? %OIBP% &ﬁ‘lrgg %gﬁnbutlon

betwdEr 268360 °@MRWin Sk eneen®led iange FOmMOd.86001S0. Mgkdis, 0.0001-
i nternal double bonds nay facilitate the conversi on of

0.05 tgmarns, @d 8- 0p risRftgrams per gnameafdiydrocpribeasbaving a hoiipgreange
di ment s ont ac crude feed with a hydrogen

dlsgr%l ioh 19, rnge, get?’vgg%%%g[)ofacan i norgani c salt catal yst

may Irpgmﬁbdwxdémaﬁ RRS).00 It gramis nildasn@O02g@Rs, or at least 0.01

di stribution between 20-204 0C that inc]ude |inear
gramsesitiatpha ofeiios peigram oficatderpsodiigt Biay bs PErtced: acerdiil e

i t

e MESHAR prictl st DRRRT- 00} G0 MO D RS gr 0 01-0.1
granss (ﬁ'talphamefﬁs $per atmnafstrude. lodwet. Bt centasitenihodiméms, the

ertain e ments, the.wei rati f |jinear
hydspearbons wit ﬁ%l?ﬁﬁ%ﬁ&ﬁ@%@ﬁ&gw&n 2400 °Cras patel plgfins
corﬁéﬁt 1§Qﬁ"zmg@ ﬁk?)ﬁp@l@oo ﬁ-O o8 g?arﬁ@'@gf@lfd ﬁn@oér 0L0120.04 grams per

In cértain enbodi ment's,
grahyclﬂmdmdadnms Mabhlaig)ﬂmgot@ngq digtribaneebetiveerr 20400 8B in a

PR SRpRype, e PYaradebors P Ehaat Mg AR Etgbpveen

2012041%: ha®d a deighCasib o? affla GleHmS tPREerSd AGUBIE bbiEbREAS B0 Jeast
having a boiling range distribution in a range between

0.72et- a0 8Cat 1qask 0.9, gideast § Onaf leashl dner asfeast 1.5. Irsome embodiments,

r s r . . r

S LRV RS A0 Bl G G50 0 A

of 8lpRa &eﬁnsgttbaﬂﬁmal tdoubderBorrinddefitisin BtrsngeSftmin owym O oNS, or 1-2.
haveawe {.IO of th - araff nstoth

A weighfratie P 015 msfﬁsswte@agdo olgfing of the ‘PFBE‘%S apdg,

corthefiR ipch}ugts i ?ctallfgtsﬁlog 0. ﬁ(eod’&ﬁt!;)S% Progﬁéé‘z(rf m@x%ased ;amount

content In suc hyd car bons, he fins content
of dbhft dlefiny toddefprs o theintemeal dbeble bondsansdfaciditdse therronvarsing ef the

fromp0.001-0.9 rams 01-0.8 grans, or 0.1-0.5 grans
crude progughp spmpley; %]pﬁ?‘lﬂfgsc In some enbodi ments, the

CI UgEsofeOdhisdditiass, %ohfél:@df aNirhd¥ feed GaRtaRtrdden 86urb®sithe

90% at nost 50% ‘at nost 10% at nobst 5% or at nost
preS%cofOﬁarr\nrmgaP@ wep@htst ohy pradues hidisogasans With Tleeiting range

disg‘igglgglii g??t %6 Bgétl G{f‘m YE r?fﬁ\ﬁggl%tear origflirtflsd glﬁlerlrglgé cﬁé@n@f@@g cis and

traf @tBle bblhds?lt ARRSht tatio dﬂlﬂﬁalgcﬁléﬁﬁs With t¥hrhs\dduble Honds to linear
certai n enbodi ments, the crude product has, per gram

oleﬁﬂs with@is doubleronds 15 af mogy 0-4iat wrosel BotitagAtost hd aly gerigin
emE)BcﬂE?egrtsxtg(]: gveg%hg Feﬂﬁsoftlﬁ)lig &i%% g&lt}g{r ogg’lf)ﬁ)?ﬁ@%t%é&re%eﬁns

withleisdoublerboads1iz ir abathe fon 900141@1 orudiel,wroduey. has a
TAN of at nost . 90% at nost 50% or_ at, nost 210% of. the
TANIgerapeerebagdiaents dydropprbons hayangs beiling rapgg disfripution in a

rang€ bE@eBn 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

42



10

15

20

25

30

enbodi nents, have a TAN of at nost 1, at npbst 0.5, at
nmost 0.1, or at nost 0.05. In sone enbodi nents, TAN of
W0 b@so636de pr oduct may be in a range from 0. OORCT/OSDOE)42652
01 to 0.2, .05 tp 0.1. In.certain e i ments,
by @GR B 2h ot By bRy By b ibekres Boat OPALTS aws. 0.1-038
grafisgbes.2-088 %la%Sﬁn Sile rhB&RMmentd] sudh hi@B8drbSMANE ARRight ratio of
than the APl gravity of the crude feed. In certain
thedsehpatafhos tethe ARpargfifiay of gt madst i Beaonosid ébrabnn@ettl 9.1t most 0.8, or

st e U e Pt ot P P B, HEGRPAAT My pomtentof

the@kud¥qsibducOtay Bk eBibhte® Qbe i@ra rahge s 0D ghdnes, DO .8 grams,
het eroatons content of the crude feed. In certain

or @ hfoignamtpst grapeofcarudeedrpdsduct has a total het eroat ons

or"PRA G ERS it He b atet NP b RaTY A5
90%ha&t mast d6%op atadosttl 0WR vt hase%a of at must MDfeM/\UFe adntem of the

90% .at nost 70% _or at nost. 60% of. a sul fur content
crugde feeflo InFeTEND FrBBOAIMERS, WECRIGE PRSHEEHEIURES. PRiceram gigrude

progﬁ@tdét%ost @%oggﬁmsott Iﬁsttqex A OgRE, orTMoRET ]110 s of
rans, ans,

most 8 ‘grans, at nost 0.005
NtfafVFerdstceﬂalﬁ%bgdmmts zﬂte arudst prod @0 Bag) pemngramaoot camdermeduct a

I n cert enmhodi nent s & crud oduct
ot AR SfFitin Gt proRU A LSy KAlF et Eghs o2
x 10aRgend 6P MQ08QRInPro0Px J0aBRnRr 0. 005-0.01 grams. In
certain enbodi ments, the crude product may have a

ni t hoyare wehadimentafthaerudoprodogdimea TAN nﬁ@tmm%%t atgmost 50%,
nt c er eed Th itro
o HEER s BRI Al A 1he S GO i

. emPodighdfifs, havey TYEN af atmasdt 10atddst QrsaaBmodto. mﬁbt 1@0@@)3)5 In some

rams, or at nobst 0Q.001 grans. In some enbodi nent
emg%n@m@dBAbtrqf d]EF‘c‘tfuﬂeaBmdB% mayrberin grarge frm 9r10d de P, 5 QOI t0 0.2,

bk jen content in a range from 0.0001-0.005 grams,
or 8)0%810 003 grans. In sone enbodi nents, the crude
pr oﬂum'tahmanalenergs ahe API graudy ofithe dticke préduetmis@t Bastd.026

e SO PSR AT 1 e s e

In éertﬁm @ﬁbdﬂmﬁén@- Ap1 RhviBlofMRStrude frodhét iSBETR ETPRYD ”pjni(ﬁ or 16-
C of the crude product is 80-120% or 90-1

200f the H/C of the crude feed. In other enbodi rrents

the, HC of .the cru duct 0% of the

el piie iRt e GhE PGt ot AT oot ot most
70%! Atdost 88%, b 4¢ nhdv€lBOBIoE Shel thAN hétBrloatoensadE(eaf of the crude feed. In

consurrptl on of hydrogen in the process is mninmal. The

certapnerabqshimentesthe arile aeoslugidiag erielak ketsxpatims corifrteol ot least 10%, at
lea 2004, B2 ateif e din R LRI, LRe BRI S, 07C1

rans rom
gr amhe aﬁdélyﬂ)ﬂﬁﬂaﬁi}d&ﬁ/ewmlfuﬁ:obfvnt ofg nli@09€%, at most 70%, or at

mog) 64 % R eOntediar Q,%S%ﬁeofg?g%gg il FomiFe g Taiopmsduct,
per%rrﬁﬂ%f %d&ﬁfﬂdﬂ&?ftﬁ? B8 atnbt P02 grams, at most 0.008 grams, at most 0.005
grams, at most 0.004 grams, at most 0.003 grams, or at most 0.001 grams. In certain
embodiments, the crude product has, per gram of crude product, a sulfur content in a range
from 0.0001-0.02 grams or 0.005-0.01 grams.

In certain embodiments, the crude product may have a nitrogen content of at most

90% or at most 80% of a nitrogen content of the crude feed. The nitrogen content of the
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boi ling range distribution between 200 0C and 300 0OC
at 0.101 MPa; at l|least 0.001 grans, or fromO0.001 to
W(Q_Z(ES@G:EVISS of hydrocarbons with a boiling rangeCT/US2004/042652

i strjbution betwee 0C and 400 O 0.101 MPa;
FprOcduc) BERTe o STICG RS, GO b G007 granisaigRasd.003
gra%s BY S1R62 01000 $rathd ndoke 'ehibBGuﬁe%'ﬂQ ﬁxecurwerpreyﬁdt B8, per gram of
ef ween 400 0C~and 538 0OC at O.

cn@ﬁ’mdiun'e atnirogeh sontentde apprg¢eam IQé)@Ol@é}%@rm cm 0000003
roduct, a naphtha content from 0.00001-0.2 grans,
0001-0. 1 granms, or 0.001-0.05 grans. In certain

enb stdm@éxﬁbodlﬁen@ rélerude pebdutt K Sper lgedih Of &de Product, from
O(grans or 0.01-0.05 grans of naphtha. In sone

b Efamsn 050.0949el Srmms pbhydaegen Thedl/Coofthpe @vémrodwt may be at
f n
P, B @ AR 43 o 13 92005 £ B FRencs e
H/€ roif cichi diﬁdﬁp?rodlﬁdt MGDIMQQ&-% 119%g 6 &1 H/Q o@ﬁi}]cr@delfeed In other

rans, or 0.05 grans of ol efins per
J | ()
m@pdiesiy BdEOF I TBAPRHBET HaHT 207 of o i ainRe prade feed. A

crlfg@ gr&fu@m{f& wﬂﬂﬁgog/ggf e RANESOS Wﬁﬁmateghgggﬁttak@ arffor

at nost grans, or at nost grans. In
comnipapmoéhjzrhdgmﬂnttlss; probwss aphtital. has a benzene content

that_ is ecta or in a.range frgm.1l x 10

ar artbe £B% Podhe 5 e omPpnss 6 Ao (g igpoigisin some
emBbdiffentsOthé cillQleEi)r&ﬁﬁ{TﬁchuGesl aKleh§l 040(Hré‘}ﬂi§s SPHTRPS.0b1 VG5 grams

that contain benzene may be consi dered hazardous to

of hﬁedxd¢aebortsmﬁ1 abalingimnge distrwtiphaf atmest 200 &C at atdst 204 HC at

t eci a n
00T NEER e ERY iRt ot L OF R WP Esablps Mn o
boiagRaEe @%trlﬁftibﬂﬂfetvﬁeeﬁ QUPoanred 308YCianol10d &rE aole¥st D001 grams,
ring conpounds and/ or polycyclic ring conpounds The

ff@lﬁl&%ll 10d.F prags©b hpdaparbonseiyith 4 bpilias ranggdisiilutiggtbetween 300 -
°C ah?ﬂ dﬁltapﬁ) IQ?N/ﬁ%ngn Jit%alé{e@SW g{a‘gﬂ ox)(f\fé)rﬁr(‘)%m to 0.5 grams of
net a- X n

ene, para- X ene zene
hydlroeztrhyris- Bithre bbnylhg be&igz elmmbulroettheen E»OGI%C hylﬂ 558& AZane;101 MPa.

1 2 3-trinmeth ben ene;, 1,3,5-trinmeth ene
i $R7Pe gnpe %@WS 8 sHe profiugidiagyper @r%rf g2 3usea naphtha

cox?celﬂtfmﬁll 0 I0060 dp 'f?rm;l, oRRI]NE ,Igragise&m’ bo 120 ‘65 %hﬂﬁ‘st M lcertain

benzene; tet'ra- met hyl benhzene;
empedlwhmetlh)ctudgchbm@has]fr@n Qi0e1 )2 grams 05 06l1 Q @1 granmstof yhphtha.
benzen tri X bstityted
In BEG EREIiMGR R Dtee e PR L Bipsstfriieb 01 eFdms, or at most
0.03BRk AnX ¥ S1B8ns RALAMX ¥ BPAthaO ThEkXide pRsduchidseRf certain
Monocyclic aromatics are used in a variety of

emb@dm@ntﬁs apmg} H0d 1051 Sagramer0.6¥) 10. & grantsd o 9. Q%D 05 grams of olefins
perh%r td% prc-)rcrulgt Clh%gx%e %Bl%gﬁ%enpsr %%%%Egth?%a% %gméragl q‘n,a%htha a

as an en anced

bermeﬂéradm@ﬁ at llnnstcne(nt @ams erhagt 00005 graniser 4 mde0002 gtmts. In
has, ger gram of crude product, a toluene content fraom
certpimem pdimicisaihg naphtigsbas, alt@néerng@gntem that iy yor@-dgte@tlaglﬁsor ina

R A IR O . S A

gragisaod, x D grafhs- CofPosjtiamsthat toatadt budheener Iﬁﬁiy.lbft cdmgleredédiazardous
o @nggglt LsS éfd%ﬁ%(ﬁ%y gl@ishagrz]alrg%%lg%g )1(3/V|& the;eggg(%l?%{g ngq(yg{% require
spebly® handlmg.

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
w@e@s®e36es 0. 001-0. 06 granms. An increase in theCT/US2004/042652

aromatics content of naphtha tends to jncrease the
Theanennsyelisrig caspauRds Rap Hickide, bt arrerotimiteddobengeny, toluene,

n %% e'n@el BV eyl 3E -ethyl-

orﬁl@é{}flﬂen‘é xgas éde"%fr eﬁé y ?in o &ﬁut Ay nortlieﬂg, 1-ethyl
2-ietiiyt behzews; 12, laimcthglthedzmt bae- tnmmﬂnb)rl bhment:hlemeﬁp’hﬁhaopyl

ortion t.he cruydes. udes .t ypi cal have :
bebinen P Retr gorany BRariber <4 YAHGRY, Peate g-etpl 4-dimethyl
beRSInRNE 2 RUIREL- rﬁéthﬁao%ﬁiéneeethﬁ ?éin}lﬁle&gqi ¥eehdlq 3 diethyl-2,4,5,6-
requi refrent for additives that increase the octane
tetramdshy! hﬁﬁzetnhetrrgaelmbpyieortht)ﬁxsd@m auhstlémgbmngemr@f hieheene,
¢ ﬁlr ude rodg %Cl udes nap ht.ha t hat. t " qc%\g T
oliin S Yiepe melapylege, naphrulgl, o xS et Mhogyclig
arbBafds aBlused ¥iPh Gadidty of EdBmekia gﬁ)dmuﬁ‘@aﬂ/ooﬁola heindapbddia
is in a range from 60-99, 70- or  80-95. In sone
commnmtmﬁlnescrudmrodw@éocbww@ﬁcdesm@eddlerﬁlg Bepicallyhas an enhanced
nten hydr ocar bons having a boiling
COP%ﬁP&t% (%CP' Oﬁlah%etween 204 0C and 500 OC (total

n a ﬂhfcbﬂalﬂ Bdlbk&lm&[l &1e)cr1[d%| prbducehds) pégamaif @tude product, a
omatics content in the total naphtha_and kerosene of

tokgee eantené froael 0Q 0 2termad059¢ 5 gramse 450-01 8o}, erams) dhg prude
pré(ﬂx@t h&Y p@l rgrlnﬁ%% trudd %‘}oduﬁ ta‘fx?été—)(ale[}@ Eorlt&ht "ﬂo b @?13 'élcgcrams,

cont en e total ha an er osene
0. 0(15@0109 gradtd) o20056- OXB%rams Thoetude patlact halsl,anr ghen ofodrade product,

mati cs conte t ot al t ha and 0 e of
roaiRe cPaset Fam o bt 0P8 e R SRR 08 s, The
I I,
A A ST 1

gramas00560.09 2001, o AL0Q-8.06 gp@ns gram of total kerosene
S?gdﬁgﬁlc}reg?edl I} ?e?ll%rg}%glcs Oﬁlt?eélﬁ %na}P%gl'lartgrﬁc{s tglla‘r%reage th% ocgane

nuth 2P BfLthe nSplgha nBrudts may Be OQbedbised bAah cstfrﬁaﬁfﬁn%f@%@s&uﬁ
rans, or fromO0.01-0.2 grans. I n sone enbodi nents, a

@h@f the,eudesofGase iz patentiab may dacdpde, Rutipaotdimited foga galculated
chﬂl nﬂ %exr 1%991% thh kexého'h%f e]z:ru&zﬁzs3 Ctrﬁ’deg #ICER hzavé c&leulated
5. él S, per

Msone e nts, the crude pro
ocgana munibesrindearge o 36460. dheloetasd nmbé bf gamhme te‘nldo m reduce the

o 0.t ..7 O 001-0.5 )
re&‘%@“bf"r %@&%%‘éat 1pﬁe%s§rt{1ea?q§ar§n[%@g]eﬁ@ﬁ&1§ £y ’é‘e 6eé1a1n
enﬂfo@%&ﬁs I?l?escr{lﬁé)ﬁ'?ogucq %‘1&6@ n@PHRB HAf hdd-a8 belind n@B&ofat least 60,

kerosené. I n sone enbodi nents, the kerosene has, per
at fpasiiOphit lkast 868 cmwet least 9 ertqaﬂs, tho ndtenst nuphibea of tl@a@phtba Bina

i trath (O SRoAI D ho ket osene has, per gram af |

ker g Q58e eABodRBL theTredePrediict hay eﬂn?l@eﬁ‘g&af 4rftafeslcoBtent in
grams, or fromO0.2-0.4 granms. In certain enbodi nents,

hydrcfcaé@m hayipoi heiliag range distipsion @etwyn B84 B lrady30BAC (otal
“ngﬁkﬁﬁae?ﬂdéllgﬁrosg ﬁnrieflI'El)tg\llseot\é)\/ft1'1et ﬁ,c])ta(l) ﬁfé’%aglgﬁggr{teen n theQOttaPr?aphtha and

kerosene of the crude feed by at least 5%, at least 10%, at least 50%, or at least 99%.

Typically, the total aromatics content in the total naphtha and kerosene of crude feed is
8%, 20%, 75%, or 100% greater than the total aromatics content in the total naphtha and

kerosene of the crude feed.
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portion of the crude product tends to increase the
density and reduce the freezing point of the kerosene
w@onosioass7df t he crude product. A crude product P@I/UR2084/042652

kerosene ortjon havi Eg a hi nsity and | ow

f r e8YIIRF %B ‘H;t‘mﬁ%tﬁ the r8¥‘?nﬁé‘gd PePiiharar 8avR4 19fal pplyaromatic
corh mcr@%oﬁteﬁlm Wrddpeliftfin @@@069@'5%r%9@ﬁ560‘1ﬁﬁ2 @fanf¥l 810.001-0.1

nsity and |ow freezing point.” In certain

graermdgrmnoﬁtptaﬂ haoeamdiedpapiuha:t has, per gram of crude

pro a_dies content jn ra from.0.001-0..8

G € ndf psEe hys o 5 ahiuds rRBER, 2ROl oA R 8 ranee
frohl®0001€8.9 Tgrahﬁrss froBE0. oamm Ahméli fRsi8 10,0030 RE AR diCom 0.01-0.2

content o | east 0.1 grans, at least 0.3 gr ans, or
grags. |lp aeme embogjments, a Wﬁlgbbrréw@rfrﬂse@sm@rw dieselia tgf digtdlate, is in a

f | ese s LA romati cs content in a
ranlggﬁfé)gpf%%ﬁgnl%lto& ar%; 5(} g% 8 grans, or 0.2-0.5
gr alsonderBlfutmentd.qBé srRAE produbichasped @rapi ofitralie pRductparleast

Ogram of crude product a V&0 cont ent |n a range fraom
1 gomas, frogoabgve Rdo 0f7rgswr1§> P-® 5 gragpsa ks 0-0410. ¥ grgms of kerosene.

o by PR, 8 SR 4 B YR, 0L B o
keroken@. 6n fbrle gnboimpents, tge aanoeénedfasl,cher gfaﬁdufdterosiene Garak@hatics

| ment the V per
corarrar?g@r least D3 arame. 4 aa“f A8 % Poth easao gg@nignlélrﬁsﬂam
emgﬂc’ﬁngnt% e #BFserdd! haQ PRt graﬁl af l@éi"ésené rhn%?(gfﬁatmggﬂeﬁﬁﬂtasmnge
e crude product has resi due content of at nost
from004 Oa&gmxorEMOé’t-OmgsamBO% at nost 10% or at npst

1% of the crude feed..ln. cert e o

or UL PRI me S e GOt oL e sr By be b 30 °C
belb®SUQuE, SrARMAENt5009C. Ak ARteade ith tHE 36Ment M afRSdticd oPhe kerosene

grans, at nost 0.03 grans, at nost 0.02 granms, at nost

poryiog pf greapade produed setnd@tqﬁogregqeafh% density gnd radyee hedpezing point of
t
theg{egoﬁg%% ﬂ(g}lglg gFthgqu lp?@d?ltc? e/% Icgﬁe X on%t R tf?lglf(%}oslelr?e n%orﬁgl{ having
a highaten6ityO4HAA6d - ffbeilng pali mal.be@OfedQo Prodyt@nwation turbine fuel with
0, 001-0. 03 grans,. or, 0,005-0.04 grans., I n sone
thedepisahlererioperties pichigh depsity ARy freeang PRiMude at | east a
por I :
DO 14 Sl G RBHRINC L PR RPLIPDH Sy dise
corttharin @rzﬁige droan®.00 0-0309 603 00froMI0. Gr-8Agraros. In certain embodiments,
0. 0001 of cat al yst r crude
the SIS, PoriRETE af SRty adss ROt R ) eFts Rideast 03
grapfsU8at REREYS lor Y. | TAGokE 3RHBAMtcALS, B3 Al 1055, pdr@RdmBNliesel, an
in processing facilities. The cafal yst may inhibit
aropoticoedndent in atange frofr §.&1li gmms Mﬂ&grams,roe 8ce0:hegrams.
separati on abi. roduct

o Do it J8e Bl PGS JBE BRES oy frbiRer 2 vao

corfté@itah ¥ $Ang8moOnDE. 0007-0190 o r 4 ) ERES@ J0 1-0. 80U rAE R from 0.1-0.3 grams.
| ubricants and/or_ ot her conmercial products. The

In eestaiyl fgr@bodrm@ﬁs,ftb? Vﬁ%@ﬂfﬁeﬁrn te candernuerluct sda ajrangerfeom 0.4-0.9
graﬂ{sbgre@g R, é)%ra%re c?l?&érp(f?dl}cf lec%gg?ll enl a? r{n&ﬁ? fthe VGO has,

|ng € cat or-a p
peIC@h@oYS/tGD a’ﬁ@orﬂﬂtﬁc&lc}bﬁﬁeﬁt iafa rhlli‘g% fagp ol 1IcaDH @rantsn . 3£0.8 gtams, or
be a catal yst precursor that is converted to the
0.5k 81373t in the contacting zone when hydrogen and/or a

Cr UREs nGenERithal 8 tROcaMd hidudishal @ BisRfik@Ontent 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

w@e@docws7s he total product may assist in the erUUSZOOnMZGSZ
of the nol ecul ar wei ght of the crude feed. Not to

be
mggf thbgBipss #Hdaesy 0. OtSrEéare%uaaWéft 03 2reBipRtTast 8192 4rems.Ehmost 0.01
orr QIG5 69H5 G Yr & 9 B %@5 Weh®aHinnts, the crude
conponents in-the’cru rough t e action of
prodsdthag, lpemgmnbds:mdemrocﬁim,si Iesidu@vmyerbma canga hichtrod.000001-0.1

eraiocy IR e, DRttt BiB ot p bR, °° ©

Br nsrnes%nie%%dhﬁéﬁs REOREAL p@auétwmaua@aﬂkys%%omon of the
described herein. I'n sone enbodi nénts, the catalyst is

C@aIYWSImm grmbodifmionts;EMBudepradyetingludss e greatso thao Gratams, but

P BT s aobBfPiob 2 of oG PO ins ol Sptpaper
griaBt ¢l crgdél fro@lt.i The &h@alx ééfaisﬁktylﬁtstdbﬂlzﬁi% 1BE Ghide Prédiuct during
addi ng the total weight he transition netal (s) to

transportasionl angdksr ratment wynreeessing facHitics ot he gatelystapayamsibitecorrosion,
Ly

i i Rl b R34 Pohfliph SRl o o Sk BIERLL YA cruce
protadi shat iibudes hﬁﬂeaﬁ alportttmso ke cdielydt antychel fiarthérpro@asddao produce

Sul fur Chemstry"; Edited by G Nickless; Elsevier
lupigantsaidigy %ﬁﬁawwerm%#% - London - New York;

Co t

e’ TR Hal bt foraOhlentcka ddaERELTH e PRRO TR R IGurpgen
sog:rca:rte pratuce ﬁESOtaDprﬁdgatamay beat smgasatalysta)rgtr;ﬂmhtymf catalysts. The
trans

?ﬁaji'sé? gfgtfh arggcaggl} mgy girrl]ﬁt&F a&é{aip[s&,gxiecurlsw tb%trlf gonyerted to the catalyst

indA® edtitaRiAL Tond RRenMRIr6 @S alRAfie QT ot kulfur is contacted
catal yst, "a total content of one or nore transition

with thel catalyst preeurspn a range from 0.4-0.999 grans, '
0. 5- 9h cagar sgs tmeg 1n conq c(r%m grunge fe Thgylfgwg?)%ir%%nygurce to produce

|nclu ESO or nore a |onrre

thEX@aIreducd naly aadistiih t}&rremxah of thefhélecularnadigiitef the crude feed.
pentlandite (Fe4 5Ni 4 5S8), snythite (Fe6 75Ni 2 2sS),
Nafrta\b&bpenct h)éthevm, thezetslyst mpgombimation vyl the hyrogen source may

reﬁﬁ&' %51%9191& W%&E?(;}%%Elﬁ)%hélﬁpq‘{ the cﬂdﬁg E@ed%§gﬂ tlg alc‘us)n of basic

I'socubanite I'socal copyrite (
(Is:pmsalbafsrd draBroFod&b EewryObS)c,) and/or :tupefhahe c@ﬁp@rlt‘eel%inﬁhc catalyst.

hat k F S t b A 2Ss) , .
%ﬁﬁ@lesgﬁﬁa aéb% ey 2@35 CLepg Pt anglp %gg %951%? pRggproperties
1ngl)ude Qérfﬁll’ylé‘t@'dh&:ﬁbé(f Rerkth. XS (x = 0 to 0.17)),

heazl ewbodite (N 3S2) or vaesite (N S2). In sone
enboldi SnﬁmtembOdheenTﬂvBlmadeyﬁa TMS! aathdest.ofike EMSaatadyst includes a

transi I.f.1 des nation with.alkali. ..
copaitany LT SRR p HRtot R iuRTE Y b Ritoidish gp Ritipplpation.
wéilgRCof tRY triliski ol Bstal B RAh the OIS TR @ tsa e¥ednined byl ddding the total
sonme enbodi nents, represented by t hehgener al chem ca
y

wclehmﬁtbe imgIshEoDetal(s) toMiedptahweight efssa Slﬂathk gatplyptet/d) atomic

r. res
rf §Flet b bR RGP FR 0 00, or 15
Eﬂ’a’;hhil% of&fkﬁisﬁoh snesdl lstilfides MBy BE @31ind iff AlnbAzadic Sulfu® Chemstry”;
e from0.5to 2.5 or fromlto 2. An
Edlted by G 1ckless Elsevier Publishing Company; Amsterdam — London — New York;
Copyright 1968; Chapter 19.
In certain embodiments, the TMS catalyst may include a total of at least 0.4 grams,

at least 0.5 grams, at least 0.8 grams, or at least 0.99 grams of one or more transition metal

47



10

15

20

25

30

atomc ratio of c toais in arange fromO0.0001 to 1,
0.1 to 0.8, or 0.3 to 0.5. In sone enbodi nents, the
wWo e@sebie7on metal is iron. I n sone enbodi nent SPCT/S200d/612652

oS plrasa B cheRst dnePth Beae SRt IO pieHRLneY Byt eram of

ca?a’fy@m t8tal BSHER Y bRe bKmbR tﬁfﬁbﬁhon et Walides (o %?@from 0.4-0.999
dj'erfisherite (KeNaFe 1gCu Ni S20C ), chlorobartonite

grinKs, DFe 0 AQuen$ 26 0.8 g?é)ms and/ or coyoteite (NaFe

e S spebi PEURRERTS ATER By i kT SR Blamples of

trap6 @A hRthlishlfRled thcliaY pbﬁldhﬂft@ (Feg N1, %%%n%bﬂﬁltd’(%& £Ni;25S11),
bartonite. Natural and/or 1%’/thhetlc artonite may be

brannitg (He 7B i6p80.c%) atagkmawie (o 7she 119as, eenioneptendite

L T Vi

L e R R R .
(Zho SFBf melirhbéklte (@&BIE:BS@ chatkalit® OC g aSis, Sg)f stéﬁrber‘él\t’B(AgFezS;)

cataly he TMS catal yst has fromO t
chgleamisTe (o TOBID ) cRHEe @ eaDon ot (Hecs-ob T g 0.17)

r 00 grams of the TMS catal yst.

he&éle‘%ﬁpcg% %ﬂg;@}&r\l&@%mﬁg& ials that may be used with

t he Iiﬁ Iv&me atrﬂvbgirmtentsm tHeultMS rcathlyacinolugesootieche snorp tmnsigon metal

sl st it £RE) s e PLi <47 @ Ut ki gpounds of

zidd, 8EmiRlrek (iRPeofOfThe ‘Tméatta\g:\tl@ i ?(!»rﬁe erﬁbé&%s%faé’séﬁﬁéd by the
that includes alkali netal(s), alkaline-eart

gemhﬂ(esr)lcal fomuila AdvbSelads clizAn@premntsmlk@tlmmetgl alkelingearth
net al

mr SRR R feofRCah AR Bod FRRR i Coluf 10,0 shs Bgriodic Table;

- and¥ ik lsﬁimr A 8bgiic MAb.8ng €o b (ARSI rhh@ frem 02 oD, Tokr %1 1 to 2. An

transition netal oxides, or m xtures thereof, as

atQBICERR Plealtousis Al a xangg from ¢-PPALic bl:1 18 Qobrr 0o dkS. t lasome
enfidifhn IR AL RIGAUROANE Ry, 2l kal [ ne-earth metal (s)

nponernt, zi nc conponent and/or a portion of the
t r arIs isbine nnihsedmenfsuﬂfelms camjystnaay inefude pencrMB/ hnmai gdkﬁli

- t t
oo o ke S A OTBe LB s g LRy 0K Seibia, POROIIE (K3FeioS 1),
ra§\%ﬁhf&' (K‘F% 5),ld rﬁ%ﬁt@ﬂﬂéﬂ%&?@&%sﬁé}és&%ﬂob%&@rt icles

Catal yst and/or m xtures ‘of crystalline
(Kp alfem(bioeSza oflothandfdvBoyateré gl‘éaFeh]%sv(élz@)qbaht $omheeer3bczbmoms the

t
TS Rt ety welonll Bispad il RlRobe preppisedf Sisfpy be
refeft@d €4 ¥sdyathetiO Baistidel MaBfalaindlon @)i_]iﬁh@l(ﬂﬂﬁ'@hﬁ@ lfnaﬁ\/’bk hised as a
T]\%ener ally be at |east 10 A The TMS catal yst t

ﬁ@a@b@glnahkmethOd@d%ﬂcpqu hes¢ial i ne-earth netal (s),

zin [

21 1y SERURO80ETRL. fleius Bhaohiy B3RS ARl ABE ot most 15
griavas, e at modesgramcbfanwm makrid pef a0 piabdf iRt BlIS@utatks:.

and desired anmount of Columns 1-2 netal carbonate(s

Typiallrihe TMS eatalyst hax S biosdd erams.fhe001 10 20gtams, 80801 grams o
BEEPEEh S BSOS By O A6 8L Gy, FBopks chpron
malteﬁlalpéﬁit mayhy ubel with td TMS aathlyspiaclatererattoonoxias; BOGus carbon
matemﬂg z:cla'gl?tesz %9 m%%ures 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 ci ned at
w@2dosopssrat ure rangi ng from 300- 1000 OC 500- 8POT1/082000042652

0-70 Cto forma traps oxi de/ et al
bi e A A TR ok RHROH ‘DR 4SO BRGS VASPSF TRt RorTsaLfulices,
trdB¥ioR FndtAKIRS, awnﬁltauﬁléé%&fa@ﬁ a$ @etémlm@ugiﬁgﬂk%ddlffracuon A
internedi ate solid. The dition of hydrogen may be
popeorf ofrthe dlkali rra:taﬂ{sbwmmr@nts atkaling-earth metaj{s)osointfwnent, zinc

coBiPGRT AUAT = Saen it By A H Ty o Bl Berh gl /Y catalys
md i SorhOethBodife i3 KeGprbRut & drankdiBhdusa0RIpbkieidn ABE dkectable by x-

oxi de/nmetal salt mxture to produce a reduced
ray diftraetiogiteghaigygb.i d t hat includes el enmental transition

nmet d| t | p .
T ol AL SR AR LIRS BB mixures o
crfm&ihﬁe pamakas of e W@cﬂﬁlyﬁtﬂm&éa bhaiclelslzelof alvRist 10° AL 2t ddst 10°
oul d be understood that reduction tine

,raé araqsr bQP ge‘PFp?é mastFQA. Juneppgl @hacaﬁe tasiprsticly sigg of the crystalline
ﬂnlﬂl fyarate of reducing
pagﬁcgé»sﬁdsfgfge ?Msr(%gaqggrtg‘gltl géei'r%lt ernéé | at e éol idis often
chariged M8 Icatal}\sEtthmtllildesadﬂsajl meel(spakkalide-¢drth methio] #dc,
transijti on met al oxi de. '{he reduced jnternedi atg soli d
CopRpunds P ORI EITEEOT MY b RREErd i BUgPe ASUffeifRiamount of

desx'oﬁi‘ﬁ@d Whteh dﬁe@fré@ém&ﬁft %?a trl_ﬁ'ﬁtl&?%\éféﬁgxhg L0 'H@Qféﬂta‘?nount of
solid may increnental l'y ded to a hot (fo

Couanpl €, mcit@bcaﬁ@naw(ﬂ)l,@miums éfia‘emefal oxaldtés), Co;hmMSoH oredal

or re conpounds. of sul fur, mxture .at a rate.t
acBGIA DA DR G Grete: FRse AR Rt BireE odamn a wet
padfee Tﬂb e pastdmiy boahistHa a&@ﬁhp&*dtdr@hbﬁx WoL309HC ¢hig-250 °C to
provi des a neans to dissipate the heat of

fornpfiignsitan metel oxide/sglt mipdpterehpeitiaasiticle metdl psidesaliymixfueg may be

| @ 0 o
ca gxléegta?gé{sﬁ}%%ﬁ %rﬁﬁ hgg'g}n%gﬁ) gi;OOatb kg@{)o é@,oorgﬁo-ﬁb Ctoforma
tra'k')ﬁymbﬁ aldtal okfde/rdethllsantmhMeaTbetrbnsﬁ@oﬁ asgkoxitdsinetdd sdli afixture
et wee 0C, 150- 400 0C, .or 200-30 I n_sone
%411 ?w gef o foRp 2redugedintermediats, ?léiné@e addifipp of
sf}il‘é?i de ancﬁJ‘3 H‘Hﬁ %Q;ﬁ 0V%?%eaarrf)fﬁ%ltE hﬂ(;f?tp?&l]l éliarn %g{sg‘?ﬁﬁm of
hyslu}gbu to thertqaositiois metay oxidagetdl salmmixh0@ Hpdwygen Ragbe added over

e 0 1l e% 10-30.nmol e% . base t.he .nol es of
1o} i St o Yo AR o e L ORI AL S BB produce a
reditled iférnddRie SohldithatMdlgdesehentd Rrafditiéhefal dH?&@gen addition

internmediate solid to the diluent/el enental sulfu

may bt parrmedhat & @mbtanﬁg of X600 ECrily4ME"G, o d 0OBHQ &CJ and a total

BEBSH 159:34Bb AL I B AORoRBR e BiPrcucio

tirh&® ﬁmﬁaﬁ tehepetadiire Adeldclias bf redii@big ﬁasag)relsﬁﬂé bf ”Rdi@bg Bas, Bfid/or flow
at | east 10 hours. Typically, inal tenperature is

rafgeif FRAACing 2t Bied 18 Prepareghe wrﬁ@dmse sobjd fipefites, chenget rslative to the
f r.

ab3ifeinast o e sEEEA fHinsifor MELPHENE) B bl ity solid may.
in béme embedinteatsabd gaspel thiougk aid0-rAeshaitge \ilﬂﬂﬁirﬂnalaercﬁc

30-90 OC or 50-80.0Cto facilitate recovery of th

cat aihpdedycedintermediaissolid naymednergmentally addedze aﬂ%efowmple

e

1085 Y S A ERmicReP QKRN the St ARk SATME fixture ata
rateeasonte] fleravobmionof hedt end pwidhition gy eTihe difent mepiphele any

suﬁgbqé glrl]t?e’nt H1 Itar%r\]uedes a means to dissipate the heat of sulfurization. The diluent
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hexane) to produce the TMS catal yst. The TMS catal yst
may be powdered using standard techniques. In sonme
wepdsdsisent s, the catalyst is an inor gam Cc sal PCT/US2004/042652
cat al The ani on_of the jnqQrganic_s talyst ma
meﬁB‘FIH%"eSOéYPnFSn‘W]@ ARPHING SRREG SO buliog PB%‘ﬂF%St i@%g%m deasio}30 °C,
{dow h oAy Bidf érﬁ'h’é £85ihY $in
leaz%ﬁ al i@%?ﬂ;@ésggé oérfa? ggl |u yldr%leS (¥le Jutiifion
beavcenll D0-4580 &C, 1HPeH00FES pr zoa(mq Grdnabmawndaeél,maitsk #liei diluent is

VG o2 bl bt} B BE B e B e s
ancﬂ%f YA €An arloliAd dMBHEAdddNor¥BEeY c&xﬂﬂ'olﬂﬁﬂ‘saxhﬁﬁ range from 1-100
kal 1 ne-earth netal hydroxi des, alkaline-earth netal

mdiq/’dr 2-88 soleflok RS0 mededs H)-p@ maleYarkagesson thie kalesef Galnmhs 1-2
tal. sul fi . al li e- rth. met cet e
meif b ping et a2 AR ARt 2 R ABEEAEEH of g reduced
intb @Rt Solidab kiad dlﬁﬁnﬁéléﬁlbntﬁﬁiuﬂ?ﬂur ﬂl\iitutéaﬂﬁ&esuﬂingfﬂlﬂuh& Q‘iay be
thereof. Inorganic salt cata d_v){sts i ncl ude, but are no

mqr&pmq:qt@b/ hegtedrip rifipabismperatygg o2 ¢899 Us.F30- -450 °C, or 300- 400 °C and

M%%&%%%&%M%%Wm or at least 10 hours.

Ty @z GdiperhtudGONBtNGEB NI 3 BoBLs, 10 hours, 5 hours, or 1.5 hours.
KOHZRbOHZCsOHm xed with a m xture of

Affer besiingio Broriverd sy IO EACAEIDS MPRIARER AR Bidgent/catalyst mixture

%@é@%@&@%@zg@gﬂm@%%;w *C to

fac2litke CERW Ry AD th@DOIBA CabOBIERNR QT8 ; TH2OMBTZadCBaA LS 2TF3he

isol(SEot A NEa TP RSP RaPeas Aotk SRRrd forhbighes and

waSRROWIIBRNESt a BRiohMRISRbEi M3 sblveRt (@rexhmpRNp&tdre, Adptane; or
nost 0. 00001 grans, at nost 001 grans, or at nost

hemltogrradme ofie TMiSrratabyst.c Bhe TV eathlyss mayeepoiglaredgssing standard
teclhm Lum per gram of inorganic salt catalyst. The
| nél}l%anl c salt catalyst has, in sonme enbodi nents, from
0 gm@kGine &ﬁbodlﬁﬁﬁtstthaﬁatgly@t];s g &vBgantt HRQAAGNKt. OTROnion of the
grans, or 0.00001-0.0001 grams of lit h| um cal cul at ed
inoggani g R/S@Faé]‘ﬁ mgy ipglyds; %ﬁ‘orpﬂémc @P’é‘ﬁ?k‘)‘f > ARy SFE’@an compgppd, or
m&ﬁ'ﬂ‘&ltﬂe%of e GiESrk il saqm%.’ 1?(1(65 ?mah W%%be%n&@é Gikali metal
cataly i ncl udes ohe of salts that
hydmxid&sietll@h madthldiyidrided, alkawmdualamld&soaiikdl metdab swlfidés, alkall metal

| east 11. atom c fio an al kal. | aI haV|n
aceifig kA e ong s ol bptal foreigte p R m Al BN o A g -carth
med] caibBHAEs, ANAREE - HHIERAL AT h}d?@aadésl alkhlmesm rﬁ&‘&ﬂ%}d@‘%% Slkaline-
isinarange from0.1 to 10,

cantihewtal hwidencilgding-caghtetal aulﬁldgfs talkhhme-cewdl mctahmeeites alkaline-
t.al th
eaffh 1) of Gy Aol s AR P ropp o BaTA eI pyasp o

mikthBdsdhdtgofM th the ratio of sodiumto pot assi um bei ng
in arange fromO0.1-6; the ratio of sodiumto rubidium
bei Mrpreaniasaliaipysts ipelude, busareetilimited roamistuggs of:

NER RO KO R RN GnE oM R cadh:
K,808®b,00%/63) 02N, &/K,0/K,CO3; NaHCO;/KHCO3/Rb,CO3;
LiHCO3/KHCO5/Rb,CO3; KOH/RbOH/CsOH mixed with a mixture of
K>CO3/RbCO3/Cs,CO3; K,CO3/CaCOs; KoCO3/MgCO;3; Cs,CO3/CaCOs; Cs,CO3/Cal;
Na,CO/Ca(OH),; KH/CsCO3; KOCHO/CaO; CsOCHO/CaCOj3;; CsOCHO/Ca(OCHO),;

NaNHz/K2CO3/Rb20; KzCO3/C3CO3/Rb2CO3; K2C03/CaCO3/C52CO3;
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potassiumsalt with the atomc ratio of sodiumto
potassiumbeing in a range from0.1 to 4. In sone
wepdsdsisent S, an i norgani c salt cat al yst al so pPODUsTIeE042652

Ko BB o R G KR 0o i bR oAy el itk e of

K,EabRe,coptalco, rom Col utm 6 of the Periodic Table,
coimpounds o etal s from Col urm 6 of the Peri odic

Tablresonmr embodimenss, théymoegshic salbtcalaQSf wﬁalumtunm 080001 grams,
but are naqt m t ed
at g QT it R EmO 0 L fFalf P fifbighy bt iR Wiy ot tihium,
pexag'r@mrd)@‘indrgz{ﬂlé Sflt dafalyse. hTHéUn'df@anfﬁHaMQdﬁWdﬂhasOfn %Hﬁ@bﬁiﬁlﬁﬂlments
I'n sonme enbodi nents, the ino O%Sm c salt cata

I
From B0 1955 013, () binemmsod OQ)OROD: 00 esprns,or OFIABY0.0001 grams

k
o Qi cnRflct Rl PES TG, PP kbl b Shp g
met @ ceptsird@nbddimentSainuntgardic Balamia'zlggteﬁ:dludm oh3 oﬁfnotehaalkah
Peri odi c Table. Metals from Col unmn 13 i ncl ude, are
mepb galfsithatrineludean alkplbmetsh with gRiinmic nNBReY ot !qaﬁtgl 1 An atomic
ratio’' 2R laﬁ&ll%etﬂg{a@ipﬁ% atiic nfrbUo6r dt 'léa@f H %‘ a‘l’i@ah(r{';étglcﬂa’vmg an

pot assi um oxl cal ci um oxli de
atoalitimimben gwatd'ehz(rAl ]2€R$0m6|' ¢rabodimenfasis @ an 8 aainge (fmtraﬂ) ysa6 10, 0.2 to

in c i n enbadi ee of or s t ant
6. 4rtl ot P TGRS It B i WA aetals ot example,
the%)gamﬁﬁﬂ?&eﬁﬂ ét%y)’mélﬁﬂéj Salds '@ So AP t&ssivis Qﬁd riii&kh with the

HNG3), glass-form ng conpositions (for
ran@xzfnpdlem tb@pmsssmatmdlgsn Iaurmﬁeefsc)m 0dn@t theifatiged sodiha to rubidium

belleg:l)rg aaggg frr081n¢ b%‘%l& etr%l (‘)flgp garsslﬁgl & olblgl ”%&%‘Q Bga rsa%!gé from

0.196. aliEanother SxaG€) lh@m@%’énﬁrsaﬂﬁat@fyst iaglubed 4 €Rifim Balt and a
conpositions that form ?I asses at tenperatures of at

potagsin sa@bwith the @pmig ratip of sofdoy topotagsjum being ine rapge figm 0.1 to 4.
Br ngt &)‘ijné‘é}%c%’dnﬂgﬁt? S‘al;n iﬁérggﬁlc g%)l%(&h'ﬁlgsct aislagflal%es &8s fr
yst “nay be p

i norgani ¢ sa repared using st andar d
Coluaaisr8-tuestthe Periodix daplk scongpotdadd sfadetalsditont Cofurea@hl0 of the

nt of the al yst _.may. he..c i ned usi
Petiqdih dable HeRls fepm @ef&w%@e@%%&v%& conmqurlﬁgaf metals from
Coftiitd @bf M IPeRbHiE 'Tﬁgl)e ot Iﬂlx%rgﬁhel%gp Ot R i Sm Gcﬂ%ﬁﬂ@@'l 6 include,

conpositions are dissolved in a solvent (for exanple,
butvt ot lonited tsuxrcmabhthemmyamhaltsm nigkel.) Metal§ fromn Golumn 6 include,

i nor 05|t|on ent mxture. The sol vent
bulg® B ST S e AP LA PN JBTE daop et the
inoBgAAEa® chfi®yst 1 ﬁ)@ﬁﬂéﬂ) ¢-058 b fants26r20. Y914 grhis 90 RBney nickel per gram
enbodi ments, inorganic salts of the inorganic salt

ofmat@nysialtﬁahylyl@é i ncorporated into a support to forma

Suppol tr%gn em r(ﬂérﬁgﬂt% Jﬁg lnorega% casI ?{%Eita }Ef( dé"lgﬁj in%ﬁldgg metal ox1des from

suppor S 1nc Zlrcon

Colhiidel-2 6ad/6i Osiuami 1deof teRdiRslidMabdxi Metald frérd maumm XB delude,
hydrot al cite, alum na, _gernmania, .iron oxide, nick
butgie get limitesktoghqre or AlumAIM NRR aém%%mv Gt OX&’r‘Fél include

lltﬂgﬂgfﬁ to%{dgﬁﬁpﬁf rpﬁ)gs%lyl_:l{b % @T%%?Juﬂﬁ r&ﬁie ?139 Egﬁ'ﬁhlﬁn oxide

(AGObuMs 6-10 netal may be

The inorganic salt catalyst is, in certain embodiments, free of or substantially free
of Lewis acids (for example, BCl3, AICl3, and SO;), Brensted-Lowry acids (for example,
H3;0", H,S04, HCI, and HNO3), glass-forming compositions (for example, borates and

silicates), and halides. The inorganic salt may contain, per gram of inorganic salt catalyst:

51



10

15

20

25

30

i npregnated in the support. Alternatively, inorganic
salts may be nelted or softened with heat and forced

WO po0ana¥ces onto a nmetal support or netal oxi dePCTIPRING/042652
to forma supported inorganic salt c | yst

ta A
frogy ¢ gemsrta Ok 2rams, §-AMH0GAH- Q! grams, ‘tré)(-%?&%tqu(%ﬁpﬁr@éﬁ p; a) halides;
bj (.
B e o o o P 0e ey o sy S0 oci o
Lelvssmidsf dpBobasted-dowmrg acids;tane) maktatey sheretfr uct ure. The

e i S A L
exe}%ﬁl@,%esﬁ@& B Jfieh QmpoRentAihe catdlp ntad &%o%‘ﬂb@ e

heory, it is believed that the inorganic’salt
stapderd mising teshoinpss (osenatple dnillimgkintey puvenzidg)s tlaoties

etween ions in the lattice.of, the ingrganic salt

emBRAey By IORAPLCRoPoRLO P Ryt Sl CoR e, waer or o
suiabtderg h186 doladist) B forn Ak dicRgaTc SRHPSRIITAYIRAT ABahR. The solvent

t hrough the inorganic salt catalyst instead of across
mayths reme Yeslousings starlard separgten technifeesda peddpee theeorgenie sadh
Cmgfsghe crude feed and/or hydrogen source through the

|ﬁbfganic salt often results in an increase in the
contrsdmégmbédimets] ine@anit Reltd stah@mdrgankadalt cadlydl ymay be
and the crude feed and/or the_ hydrogen source.

incopporged e & SERpSTtde foraYR spartethiosganicesalticatatsy Brramplesyof
suffdfs SRS GO R ALV aleo il BLLERaLeNEE A3 hilhesium
ox@agitemiumokede, Apdrotil cifeaaminaa germanch ang exide, pcla exidegdne

in the.crude product relative.to the s roperties
oxigh. ol SRiel rbipos sleatnd ikt R R o By Robaodiments, an

. inoF@dndd 3%t a CORIMBAMPhR1al BRVSOIRASHSRINH Yof 2 RVIIRAE-I 0 étal may be

~and/ornobility) may be determ ned using DSC et hods, _
impreghatectigribieisuppertt Wliseetivelymoaatganstshlitimay pamertied hogpdtened with

visual inspectiaon, Xx-ray diffraction nethods, ar
heof g Frstd BAGE ok @ fnbih Bty OBl AR PR R 2 supporied
inofrmi el eatadfst.cs of catal ysts is described in U S

Pat ent Nos. 4,626,412 to Ebner et al.; 5,039,489 to

Q edamcrre of the inggantc séicatplest tpiaaidreqmesgonhomaggpous,

. i '
r USRS O LS PIBARLES e whe o
of peef arcosdnitiie @tdlgrpreuabner 8he dmggarfie o tal B35 tha® Gecome

. 50-500 O0C, or 60- 400 OC,. at a heati rate in a range
AisprHOROTE! BeuoNGBEhA0ER i CoxRg S Bon KOV SEARE- Rt an_ge
dedon@IBsitiont o thets@lt) Motk bk 8blind B RebSTRE RiU&) (RRYhE ﬁﬂ)?%dé‘lic salt

const ant an_d/or i ncrease as d function o.f tinme. As
catblysteremes disaflercd émobide) pehen distaices baawednyions intbe basenf the

incl RS RRu PR O LRSGEER G OB SR it o s
hydrBgérddil @ ria) dﬁerfh@&t@ kiwStigh the i tARari @EADOIAL AN Dstedl® of across the

carbon di oxi de, hydrogen, water, or mxtures thereof.

surfase of Biegeorganie salheatglpistc Rempeatinn pétheicaude(fegtbang/or hydrogen source
I NGr e) in S 0 Lon foromthe. inorgapic

QR Byt ARDRAGHIL Bl el BB f atRbboveen he

inor giifeyaittodtaysaind\ihe erudt figedi andiog 8Hd 16/ dstleh s6@t@l Katincrease in
beconmes di sordered. In sone enbodinents, an inflection
copcBgiAf Qd(pa seacHBifY MR Of e inpaganic sl qatadyst 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
W(Demsmsﬁmre range is referred to as the "TAP PCT/US2004/042652

enperature”. The initial tenperature of the
mqbelﬁﬁbmar be éetﬁrarwg%d webePrCriaethods, ippicrogmdpgtiviyiragasugmept
mebiodh AL BB i o BEREh X il i STAOIR b Bihbinations
thee&dftable for contact with a crude feed is in a TAP
ratur from 100- 600 .0C, . 200- 500 0C,

300 Rp st TAS i deterpryne dipgaciexisticx i 2falysly s dPEribRd ip U.S. Patent
Nok g8 A 10 EREr a00; 9639189 RATRaGIR M RAs64dIgHIE 'E%pér etal.

conposi tions of sultabl e 1 nor gani c salt cat al’yst S a
A 'BARispstem geay henfbitained foors Mithra Techntilddies @ioteyTMissouri, U.S.A.). The

AT RBERirb BRRBrRELt hietiReritee SHHEE B SRt fag: MU C, or 60-

400 Pd] £atHeMinOrfatel iNQ rfgdeforRfl 0190 af £0-ab €, drd A aGlalifilndin a range
structq{ n a highly ordered crystal structure, the

fromphxgAr 1 focl ©40° atoefr gBWetp@pclytum Blay Irgmais sewstant edd/oningrease as a
P 3 PRBREEE s A3 sl AT AREE B i

frohSthedicegdig@dalt catalystistheastgdr @damp},es ofifaset tHacewle: froanke
are not associated to each other as stron%y as ions

ingrganic Fllgafalyshingide gadpy éltoalpx’él?f%quoxm Ydepgepawater, or

mik @R thdrO5F, %\%Q LQR at lvﬁﬁ’cch ?éﬁo'rls(slgac‘f}l;)1 fHcAdabd) in gs evolution
required to re se 1 ons, es or gases-from

from trtie s gatieshltorayedysals ®tectm:lt1m cmmc&m:di tblbeshe t@mpeeanire tywhich the

. of ions and/o as released froma di sordered
‘noéga;?é‘i%?tsc@f"’g@fh?cg?“}eédfsﬂﬂa% ly greater than a quantity
of K@ﬁn@&%&ﬁm@ﬁ?r arnelhﬁé’e'ii%ﬁ S Mmtéd Eés&%rb{ t}%ﬁﬁ&rg%ﬁilc salt catalyst.
cryst al structure at a sel ected tenperature. In sone

magbsaidiented oger arahgaof tempeiaggescisateicomingtl using TAR r Hamtemperature

alt catal a ran e,,f m50

or BBt B e Yo e RER I TP o PG TR Gt iplfarure
of ﬂﬁtt@ﬁﬁs ARk ﬂaﬁgm@etanﬂmédf@t@nmahs RfaRAi6gs Gl HihifRIETAP

In a C met hod, a sanple may be heated to a first
tempeRgdieat ur e, cool ed to roomtenperature, and then

hea iy t

‘o réﬁgﬁ'ég%??e%ggfﬁé x}l'i@%g & Sen?&i Xﬁgygyﬁdl&gle f3fcontact
wimni(fradmfedd iseit arrmtéhmermk vage famll(i)mﬁomtﬂ 208-500 °C, or 300-400
o resentative of the heat of dissaoci @ I ons. For
Ce ARSRISY t%@?%m@wea i Enes frogy 0Pl dniemst or
e AL SR AR BLS bRan SUPHAR0 Ay oy
infbatiomsgbutrag difteodnit T\ Petpmiperatimes. t he second heat i ng

corres ond. t heat . of. di ssoci ation, of. the s | e.
e dhe RagnisidR e PERE infeTRg aRsidRy Meh I SR i may be
an YRG0 GE1H8 Grd® o€ thé! s dA Qler@tA BBudtived 1§ h hipdhlér@ered crystal
beconme di sordered when the tenperature increases

strepfwrenige umwa)amsmiagmr@lly t'rgb@lalassqcmtﬁsil tamcbwleasceo@pss tmplecules

pro ecul es and
e Gy PP PR BORoEE APE b OB B sttregmer oyey hTmoR
hedte N Aidil@edlegiaPSRBtUEE bitGré N6t d95HeiABoYG LIS othbNasSBidBely as
enbodi nents, the heat/cool transition of the inorganic

iong an @ highiyaergdered sestal siresiiae. RDue imie lowertienpispeiniipr dess pagray is
geréae'ieﬁl)ﬂr%&l‘ﬁ?etdetg réfi@és@ %Moleu?l%s LEREL %teé"frg A disordered crystal

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

53



10

15

20

25

30

tenperature range at which the heat transition of the

inorganic salt catal yst occurs during a second heating
W@ ymsm6iess referred to as "DSC tenperature”. TheCt/Usme4/042652

DSC tenperature of the tenperature range during a .
strytursie eatly gEpatsy dhas 3 %“aflgg’é}fﬂ%‘%f ang/og 83t Freeass t%?mrhlghly

or %%?HB%%EM@&-@I seR€icinghsa ke sal t catal yst may
exni t a

heat transition 1n a range between 200-500
0C, I256nd&abadiments, BB 40dis@Ciatibn ofithei inangga@nisalt sathlyst may be

t hat contains inargani It particles that are o
obsesy et i FAPSEHBMB gL EanS Uy & o BShtipediis 9 coflingate st 0 °C. os
deRPREH ARG a Wifed e sOBRInRARANREY. BNE DXL MefBAChmple may be

heating cycle may be relatively narrow. In an

heitad tayahist teseetatura @lojesttto réran tanapreraties anchibeg hedted & sdcond time.

articles | relative .non- ho eneous ni xtur t he
TrliiitionS F%erved ubg B asthe Be SRR ERF R el Gaviaiie
waler 28800 bl M@ hhd tha§ Y6t Be APYsEfativel Fithe/Rday oPdiS@Wiatibs. For
absence of peaks 1n a DSC spectrum i ndicates that the

exXayaple, epoidy obsstvedheatrdd doying ef @ moést pehydrptgd strapls aaayrgegerally

t . .Lack of it [ ]
octfARRATRY T iPielly Efekeriond sOF: eafibip o BERgh Autide the
coSINBNGRleHRA Mhd ' RBbhd Eeatifs cHPEPERNRI thy h&t of BRsRMtiohGf 8 sample.

of an inorganic salt mxture increases, the ability of

t he “Hexttiangition” reéeraimthg peesessathatmecens véhes endargdymplecules and/or
! h : . ‘. . :
ato?hr.lfﬁ;llflu r%guﬁtg{/é t%:goﬁing %&%@%?{dow@gﬁg ?e@l?ﬂe‘i‘ér{gr%i ul}légg%s:pp ?}E}xgx?gntlhg DSC

relate I oni‘c
angl§dis. 01 odl MrahdigoriM refery ©Ihe prokess alidt 0BSuryvhbn GitkdcliRg and/or atoms
ionic radii, the ability of a cation to share

in @ plERqtyrg HEEHRs MPraRanpPEEneays MIeh dhedicHipeRiie Aesrrrseedwing the DSC
t i di . i i i NG ]

anfiféls.’ Aofe dtioiiéntd, M RAHIEGRRAAMN S ARE Hbri i BASSRAYs

octwnoeer pasngef taspdratards thdtiaghdetecitatt wsingddSC. dhe remayieratere or

forces betwee 'tht;tﬁ %ati on .and é&e.ani on if tha? ani on :
(CPRETHURTARREAFA SEUCTTAG A SRBFITIP R PRIF dRRrearit f%ﬁ?ﬁ Yt occurs during a
sedoBl B8inkgQeletiPrat@pdd th ak ADRCIARPerk®AL”. 1TMRNSWESt DIYC temperature of

tenperatures for the salt and/or nore honobgeneous

thenfesapenamirofangeduring @secpnd héasing gyele (sietarsdito petik “smeimum DSC

I ncreased. area under, t C curve) .. Mxtures.that
e e ?3 forieat C%E*E‘FP‘?% SBT3 hert (RIRAOR i § &g peoween
208300rPC, 23045 0c, 00 BB0-200 P@r ger ionic radii, and thus
acidity of the inorganic salt mxture increases with
dec i aingEgapist Al fhat Containg inorganicsalpsriclestbaaie e rabtivgly

hofoldRoh SRk nife! J‘sﬁgé‘ }S{d{hg g)%{lk Es@{)&%@d WihRERD G5RRER Rting a
an<inorgani c mxture t 1ncludes lithium cations
sedoad tisating cytlednuyebe mintiecls @drrowaliih at iresganic Yisaahdf tat contains

. coke relativye .to contact of the crude.feed with a
IngReA Gt Pagilfsda airﬂawéy PP SQReEESPUSIRINtWS e shape o the peak

assoibi¥th ﬁéﬂf&bsb%h ldql_'Tl_ﬁ%ﬁ g%(%o?& %ezWingh:iyﬁ e!r@a{ﬂ% relaBOLIS broad. An

radii than [1thium Ity t I"t generation
absghegefspeakaiiharDEG lspecitmor imdsetss thaethestla Hodsi rgptinbsoply odetsiase heat

. yield of the process. .In cerfain enbodi nents, t.he

n %ﬁﬁf;’d’ﬂﬁ‘? fempgraturg éi"ﬁey &@&&9&‘ flq% T thwnspﬁl%pc{écates that the

stridire @R fHeCafBlel does Aot BhahgRMBdRHeatifgTPEr at ure for each of
the inorganic salts may be determ ned. The m ni num DSC

t empehameeencitly of e panilesenfian iserkanic sltinjxsureripgredses, the ability
of BB LS TR B B s,

Homogeneity of an inorganic mixture may be related to the ionic radius of the cations in

the mixtures. For cations with smaller ionic radii, the ability of a cation to share electron
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salt catalyst. For exanple, the inorganic salt
catal yst may i ncl ude potassi um carbonate and cesi um

W@ 2008063872, Pot assi um car bonat e and cesi um car POTYEEB®04/042652
exhlblt DSC t enper at.ures great t ha

0C. A . )
RSB PO D A XTS5 BB A SRS Corésponding anion
indr&A3BE 'Yy lé%@nés*bﬁoﬁs@ﬁ%ﬁnfl&r‘%‘ﬁhn%@@ aMll@ﬁonlcr}ﬁﬂB?esults in higher
enbodi ments, the TAP tenperature may bet ween t he
intD8Mi¢ ettmetivet foraes bétween theastiomans the am@e 1f tﬂnorag@nu@a bardtbese.

e 6y PRt SRS Re8: Bl LIRS B bt emperanres
for RO kAP d%rSRdrk heAogéntdhis MAMtuRSfiphrtidlds dMER shit @§RagRe p&kland
0C. The DSC tenBerature of the sane inorganic salt

incgeased 9@@ undsy thaeDBR cariexnlyextures that ool Blyrabens itk smpld ionic radii
teqlagg op gg%% OfatlE)rrl]se (t)fl l%ﬁoﬁ%%%%nﬁi?%}é}cg& oq’tt}%e inorganic

sal€ Ati:ahipeSiherehvas \Ahtih&‘deareﬂ'ﬁﬁg endiRRiiC Fergxample)centhatofaerude feed
150- 500 0C, 200-450 OC, or 300-400 0OC, and does not

withrdesrdgogeasewiep s theipsesenge af pe droreaiie BIg s hat inglHdepdHlyium
catgaméhd;“?& @&uu&aﬁc&sﬁ%@%ﬁ%ﬁ %?gﬁé éfﬁ?or%gQé/ Feﬁaii\}e Ro 8dntact of the

h™ nol ecul ar wel ght Vi scosi t
cruzie rf@anlswith o hgdrogar somxanpltle:; presenceof z&ad)ngamcl saly uatdlyst that

indieaPitis i €GB Pis TR AR i ARG SDY Yo FEFei feperation of

gad Shd/&dioké ?Hé?éasésrlﬁé Qﬁﬁ'lﬁuﬁﬁﬂrb&u& WGt e ﬁ?dc@& of the
I norgani c salt catal yst In a tenperature range from

2001 @@'tzﬁl@mb@bm@@'(s, me;mqngalms@mtfa@lmnay include two or more

I ncr.ea onductl of t sa t cat
inqBE TR AR i BE afreiindop s SR fpa SR Bhy be
defeRAm@@NThe ﬁﬁhmuﬁﬁbstﬁmﬁp&@@mme m@bgdne; saltt@tal @0y be below -

conductivity of sonme inorganic salt catal ysts changes

th%zpl@npwcﬁ@nmtwmf@t lepstione wbthedngreanie metal seltspitlehinorganic
sal!t Qamll st %fj ﬁﬂe tt%f 191 nﬁ:iﬁsﬁg 'cEtaf‘yQ{‘iBQfﬁ{E ud@ho fod Fﬁum carbo ate
anges uc

I NOrgani ¢ sa C con
andl o gaarbosae.t Botmyurb eartlefiate adediuhy cap@plaw é)@llﬁhDS@

law. V =IR ere rren
terggpuges gisater fomaRSGr o Ko KB auRek 3t‘33?ta hthibits a Bsc
terh &91%%%@?4 elfr RO %8 0By be placed in a quartz

essel wo Wwres (for exanple, copper wires or
pl afn same embedinesispthe é"tAé'dempcxmLeanhy dvt: Fmetrweeb the DSC temperature

of g@m £ 3 {?e(fj Q tgf: tug)?%%;{gé) ani cg{hej%é}: at a e og 't:}{f:gggréplélc st catalyst.
Fot @ﬁin?plé: QMPAP'té&hﬁMam@kﬁT th@m‘éﬁg%ﬁﬁ' saﬂt QQtaF}@ﬂtnay Bk fifa range from
heati ng appar at us and

e placed in a
35&@58 éd. Tnhe ﬂl&%ﬁmletawr@ @f ﬁle e rr@cﬂgarmmétrcatalm may e imgeange
frmﬁhg(m S, ean& %9 I!)§C%$ Qeﬁ ure cﬁ' tl\{\é §1v1 %&salf{s a%'GbE: aqtleanthOO °C

resul ti‘ng curren rou
or BBASHUINe00 &at, neter 166. I\/Eter 166 may be, but |s not
limted to, a nultinmeter or a Wheatstone bridg

s arrpﬂr@nmams é@l&u fatalystahay f%ﬁ& &g (95 R%mmm&w évytween 150-
SOf e R0 BN LT R HOG B e B BB Bl s
terhdr&res 68 n%ih@téhﬂ)odﬁﬁér@ﬁgﬁﬁl 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
weondociorvity after heating, cooling, and thenp&iEEs1004042652

The difference in ionic conductivities n&/ i ndi cat e
copdygtivithel the jnarganic salt fatalyst IS&GH?%EY PHBPyahiths @wﬁlcles in the

I
n L DA S RS RO LAY o SR
cathiyatsichanged hiea loover cengenduretthan the &snpemaituwat fnnddhi inglic canductivity
expeiutedto be mlar .or Lhe samgllf the formof the
of p iige ﬁéﬁmpog%ﬂttof igprzaic SYlbeatalyt OAREESe duri ng
hea‘léxﬂ&coﬂdﬁcﬁﬁf}léf'lﬂor%m@@élf@ﬁﬁ)sbe aa&mlﬂwwg@ylﬁ%bﬁm s law: ¥
catalyst has a’particle size in a range o
= I, swheres)/ is2@IBHH /ns orrent anan 15 EesisoMceri € oregsuradnic conductivity,

determn assin i nor n| C cat a
the P B o2 S gpanoplecrd in SRR tn 88 PintSlion gremote
co;lb;& Y wiieh beplanheh WiRSS fPatatediiedii eicH dth@Sb@hipvfrd iR thedAtganic
| ow 500 OC. As the inorganic salt cat al yst softens,
Saltﬁaq@li}’ﬁs and catal yst particles may co-exist in the

T 58D o QFerhd S SRR R 8L Ko FUE SR B haucrivity

cles na ormun

Quartaviedsyl, I%rcouﬁdﬁng sanfple $58imay o€ phiced elaesmeaﬁn@@ﬁpdivﬂas armrheated
at rmst 0.101 MPa, when heated to a tenﬁerature of
£

inqrempentalbpig ag:@smgir tempe%gt: gggagyérorg geyrce he{ 1stagplied to w1re 162
. c
duliBPAGRALC THE [doufibl Sukore hoBRPWAETPE] ARMA fhlchlurl Hfuheter 166.
Matat l6loysdy beo bﬁOs 06 limhed ®ea ondtithetenorad Wheatstonebrydgs. cAs sample
Itca is incapable.of refurning to.the first
15§ Bt 1eR BoTRERSaIN Ehas Fiobds) Wit Seqdhun idrostu Be dpe
resYS‘ﬁ‘vﬁff‘ of R shx‘ﬁﬁfe%ﬂ@ul@ de@khselahd Asd Wsbved Eﬁ’r%rﬁ Rembdef $66 should
formto a second ormis referred to as the
1anjS§¢ ormati on" tenper at ure. The deformation tenperat ur e

be a te ratur e tenperafure
cor Ehforte BB TREN T  RURR Ry e B R BRI it oy
ha®ead diffeadndlonsd coslahétw@h@faﬁeﬂhemdg rcogliay,iahyl theh HRR®SS UTHe difference
upon heating to a deformation tenperature bel ow the

in @emoﬁﬁwtwﬁlqs émﬁyéfl@lt:%rﬁ ghag thegrystafstrpgture ofdhs/ingrganic salt catalyst

rd 090018 8} B o8 Sonb AR TSR ETE A AT S Wl cond o
dusiagd heatinpathdi amec ctinflbe ivitinds, afedr heathtg, ere expeqdet mthersemlar or the

The. defornmation tenperature t he |norg nj c salt

sarpeAhs, mn?ﬁheemgrgawﬁ salb Fr%‘a]éfﬁ’thﬁ’S? Rel-fhanes istme R aing.
def Qf fBLaiPEbSITREREIHE ﬁr%ré%xfmé QR sV hadUapartidlO 598 M £range of
metal salts. In certain enbodi nents, the inorganic

109406 rmabast )ZQtSODSnﬂCIOQSLI(d S8nd0amicwmn; aS|dqt¢rrmrml by passing the

. _above / or ﬁﬁgﬁcw erature In sone
moég%'b‘ﬂ%aﬁe% (éughr?olp H'@ %Pt catalyst is a liquid
Or Jhé ﬁ{Brédn‘i’dJéaﬁ catal shMafsofitdiihel R arads Rimpeftures above 50 °C

tenmperature. At or above the m ni num TAP and/ or DSC
and betperSAP (GEe Ad theiromasic S@meaiyqtﬁ@enﬁdmgah iagd sathlyst particles may

co- %}2}%@ f&ytﬁe mtmr % t}f{\é m}ng)rgsaglc salt légtgl )[e eﬂle claga n){s% Har’?’lcf'@[? may, in some

rate

embe@ithenisNsetDdeodirhadts gRIvits, ortdihﬂeﬂ | pvéssdre%f o &kt 0. Oltw MPa, or at
[ nor&anl c salt catalyst has low solubility in th

mogt Q 4@l W@de?Ibhea&@atﬁﬂt@npq%rﬁ o a teapis3 005 osatg?m% °C, such
tha@t}%qg&g ¢ Qaiéc¥l an%rr? s 08 é er]s g’g‘ 0% s&fonh st 6@}5&1
salt cat or 1s

af yst pe gram of cru
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 grams, 0.000001-0.01 granms, or 0.00001-0.001
W@e@s®63sfs i nor gani ¢ salt catal yst per gr am of PCTIUR2004/042652

feed) at the m ni num TAP te eraé_ure

temperatire Rk Mhich the igeganic. sl yragstprpsigpighe ﬁ’éﬁ‘ E@gtoa?rsécq}@ef@m is
refér? FRLS fu{g fa%f&[ﬁgné,ﬁ%fnggrfaeﬁ% é e &‘éfQHEatioB térn?%rhﬁ% &9@ b€a

t cat al yst ape o Dooi peak
temmmti_me wrangerey atsmgh&mmperaade ahdcertam enebatimorts,ahel partioles of the

. the.inprganic lt. part clesma be esti ma ed. .
inopgni BT HELNy TF H51al P EH S OE AT ST PEP A B8 B Riggmation
ngferzltﬁ‘r% be[MW BRAford@idn f’éﬁip@ffaYlﬁE of hity POpE ﬁfdl%dl‘ieQYnor%amc metal

ffraction, the Dooi peak may be "nonitored and
sa1$palum bamge bebedimentat amigorgayiciselt eafalysineddes| twoam more inorganic

sl AR5 30K Bl oGBS R B R Al AR R B E o
inoE @IS daMRklal YROUITIRYY, irl Sonderh BN AN T kife deASrlayoh ténhRratures of

exanpl e, a K2CO8/ Rb2CO3/ Cs2CO3 catal yst) that contains
therlaﬁadﬁﬁl)ﬂn@ﬁgé@ﬁé@mﬂﬁékigam c salt atons, the shape of

t hehﬁg brpegﬁ J@gntg,g ée {r?lﬁ)] ah}/c %@M c?{ag%fjls }ecir']a%g@q%émﬂﬁq%ﬁ at, or

abdvrepuhg AN FarkizdriD $C tiBpegiamg eﬁ sehi¢ embodiarhisnge n&ﬁrgamf salt
diffraction spectrum of_ the inor anl c.salt catal

catplyst ipa lighiden asemgicaudaldhs manimyesn £4 W@a%tﬁma?rawr? afpt or
abdlle tﬁé 1?;?&1&9191 PRP %L&M%S@Hﬁxﬂpa%% 1 ﬁﬁlt drBmiled Q)Bfgamc salt
pea e

corresponding to t Inorgani c salt a
cataliyst mixedyvitthithé crad¢ feed nsgyent soum elndiocelrmatts tfemrpe setarate phase from

theiledoh {ame e i e U Sioeghns s catalyst has
lovk Wﬁ@hﬁ eScri@d 244 PRr Sfampddidh Oggaérhé/so 0. 518rafs! 6%000001-0.2

ffraction pattern of the indivi i norgani c salt
gramyore&ﬁ@(bh -9.1 1gedrag ¢ﬁAe®13gamalsalbwt@wpepeansofatrudd@e@ms

1nsgl% 61{1 e;'lcrr%el efe%ﬂ(gag)gamgxg uC{orrllggt agrrgsls 01 %% %rgmaof{ll(ﬁdbb t%:@

. gra@isy6re0.p00dLE001 grams l@emoaganeﬂbatt%ta@sgpe\@aaxﬁ ol 8e1de €&d) hithe

addition to limting and/or inhibiting formation of
mignust SGHdEBPErAEE- t ot al  product conposition incl udes,

but s%nﬂeoémtkd L fﬂo%gﬁpé A éxffPa%nog lnf‘eftﬂ({gﬁ areal[sgﬂ'ﬂ; 4di&mine the

or mXxtures er ec ese “conpounds
spacoigpod she dtoms 1mﬁ1ehrh&gmnmswt qatabghtic A shapk dfitbe Dom peak in the x-ray

non- condensabl e car.bon Controllin
SpecBHTAR2Y e'awdﬁ erﬂate\fﬁqocgsaﬂéff %mwaaﬂlctswé%e%lek?ﬁw be
estgx%?&f | Rals RAREk Bay B RRHYERe@nt @itﬂ@fenpé&ﬂl%i&d%f JPlte rI]norgamc

 ower than predicted coke content. Conparison of
salmmlm nirepawdst xvray ddiractonythe Donmpeak imaywegnardosed andishe spacing
ked based on..thei.r . tendency.to.fo coke. For ..
ber B P RS T che M 1 S e B e TG gt hghly ordered
inoMaRid2RIt a8indaQha rdf@'l@: my%&her&mmw REroW ThQhThemadc salt

coke than a cru with content of 0.001 grans of

catpipR (fuexginpka %)Kz@QB/BézC@z/@&@\%r@‘?@bét) that gdriging y@iderily grdered

inoggaa\rll?c s'vﬁgt Crr(lgsg Van?% é D| eg)%etllﬁ ma% gﬁgerlag gfg?rogépg RE hq@ peak

mak ©8 labseat. CDOd@simian d"/tﬁ)et’ dn@@ﬁer mﬂdsrgmlc gapasnt eﬁm@as thivéng
catal yst duri ntg a reacti on period may be at nost 0.1
heagingan x-gay digachion spsciunpl thegporganigsalt catalyst may be taken before

heating and compared with an x-ray diffraction spectrum taken after heating. The Dy,
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 Dy, 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
wo eaisdsss7and/ or coke deposited on the catal yst PeBHUSI0&042652
.range from0.0001-0.1 grans, 0.Q01-0.05 grans, or
diffragionFpegrign Hken af (EMPBRBTERRIIRN REnfs Adgdlenatiythe Faey i s
difRHAR AL A dithd Inafidal frﬁ?éa%’c_esaﬁ%ﬁéxh%kﬁiati'v@ﬂy%&%@'19 | peaks
enbodi‘nents, contacting conditions are controlle such
at thhadmatempesttu®s.015 grans, at nost 0.01 granms, at nost

0.0 rams, qr.at nost 0.0 r coke i§ forned. .

per COPEIIE Cauiisgs B8P ROl Ak TG hs TG LRiadye ggmposicion
(andl thiks, tRErERE RbYGh) MAFBE vaRALHPA bREN eRIIE 36dd iA9ddition to limiting

condi'tions produces a reduced quantity of coke and/or _
ang/esindibitingormatian afdysprqdunts. i The total prokluctaenyposition siclides, but is

roduced b eat,i the crude feed in t resence of
noffeRRT i RS AR, SigfaficS BF pliGtes hatdly THeRSRRGunds make
up sd diingodRioBAHEthE @RIdE prddugt LaNBE hbRBSndeh DI CIRfEr GGkboMGases.
conditions may be controlled, in sonme enbodi nents,

suckontaliing septagjingrpopditieps idecomburption twithehe eatalyst desesthed herein
7 : |
e oGRS s Sl pr AT b wpEREh piRafbidl AP cofen®Corfifhon.of the

MQER edineit of owsadrhdes nixst alvencridés-t0 bo Yarged based @nGhélr @ndency to
grans, or 0.7-0.8 grans, of the crude product gram

forgy cokeufer PeEple. @ pidsatited Midk crgertg Oakerrmg of RCR per gram of
crud@ %[cfﬁé)&ggée& Fbefo%. e fc@l‘?&dt}ltaﬂ a %n{gi% %ﬁ} PIRGVES i bR 001
I'd o oke, | the

m ni mal i resi due and/or ¢ any, in
grapasufeM ORgetu gtamad{ awde. tisadvandeeperodesatypicallbkave i Brapetdnts of

to rcia oducts w.th n ni pal .anount

at sy D etz R et ohdgvapEed rRdf . enbodi ment s,
per 1g§e ahbsdimes f1Berbsidak coMeht 4AdAr 9bldEontedk d8FRttePonlthe
grans, at nost 0.05 grans, at nost 0.03 granms, or at

catalystt duping B regcdins pefiod mey be admostdelgiamscanmyest 0§ grams, or at most

o FFEMESRELM R BN DR SR BB e

wegghtbBresidue Bad)dr €dkO degsattd o thervard w0 ivde ASakdedrom 0.0001-0.1
hydr ocar bons per %r am of crude feed i S%E)_r oduced. )
gramsn 108110 Qaerame s O e §-A3 22815 [ 8orpe prapodimentsgised gptalyst is

sutgaéaégﬂglg fdof Ijegig?e Ll kel ?‘f @htaft QWb gﬁt%}@iog{rﬁigttir?g conditions

or’ anmount catal yst teed, or conbin
aretdoetrelddd sunimshabet mpest 0dFenarhs) atmiostt (A0 hgrdes) atedbst 8805 gams, or
odi nent.s, .cont f the

tenperatures. .ln so e , ol
ot PETEIGEHIES PheRAS OHPLBT S oA P bt Jeivast beg cpye feed
withTROE A IstRnft QY511 Q1 QGRBRANS chHi AL ProdfR FRIBOY cﬁxﬁntity of
inert gas through the contacting zone to dilute the

cokerrmdrutr residueyrdiebgete aaquantity af enby endéxrgesdudnpratuded dmhettang the
ont acti,ng zone. In sone enbodi nents,.the t r.ature
o3 M Gh b &R0 SR BTR 5 ARt COM Erbisice HEAERA e the
sarh€8RRAEhp tondiflodshe contacting zone is at, above, or
bel ow desired tenperature "Ti". In certain

enbdb¢ perecting chrditons max bhepriiolpd iaseme einodigignisosuch ghat, per

su t ting.zon enperature |.o e
ers B ekl A ) SO uABRE 7 RRR B o Rt Mt 09
grangrafeliadrudefeed is @avérdddio ed@ddamotisct. Typicallfbetreeed 0.506:99

bel ow, 20 OC bel ow, or 10 i
grams, 0.6-0.9 grams, or 0.7-0.8 grams of the crude product per gram of crude feed is
produced during contacting. Conversion of the crude feed to a crude product with a
minimal yield of residue and/or coke, if any, in the crude product allows the crude product

to be converted to commercial products with a minimal amount of pre-treatment at a
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0C bel ow t he m ni mum TAP tenperature and/or the

m ni mum DSC t enperature. For - exanple, in one
wendsdsisent , the contacting tenperature nmay bePCT/US2004/042652

ontrolled to be 370 0C, 380 0C, .o 90 0OC during the

refinege ﬁ%ﬁﬁ‘é‘ﬁ“&?ﬂ’d%m@ﬁsatpﬁ’égfﬁi’%ﬁfﬁﬂ?ﬁﬁg@? £EREht gragts, at most 0.1
grafd 405 o0 RO RIDOB BEME of £t R 0VF-grhdls BF h€'crude feed is

enbodi ments, the contacting tenperature i's control eg
cosverted tdmin-tdrslenmbipdrydtagarbons bt somerenstipdireents,feom 0 to 0.2 grams,

o B} D Gemeed PSS i & BB e oF hep B o
hy@®@¥arBensRA o2 beshulio fde idm8déked. 500 0C, or 550 0C

during the reaction period when the m ni num TAP
t embontiolling agadiaetingrare iempasare; eiper erude teed slons oS total

L R BT TR S R R ma

petfeiRartaimiifsintRYird Rheionterhpsteresl &alsorfé O@bEediments, control of

properties. Such control ma%, for exanpl e, decrease
thectsrpembirerin the fontadingease MAY e pevieramid| daggiag a flow of a gaseous
R o SEPPUTHLAPR L5180 {0 COLAGH B amounto
hydrogeh aridosragmpwé excesheatffomi theicaftadting zoneide feed. In

SO enbodi ts, the conditiqning may .take place in
t hg?rbﬁ%g%ﬁeggﬁme{nﬁetﬂe FRRET IR AN theioatactipmh Nty pebe controlled
sudH¥B53PRINDeB Rt iCAE 2bYadtinEBonk N UBBvE QR bERWY &é@ﬁe(% teéntperature

I norgani ¢ salt catalyst to a first tenperature o
“TI e dscertdif edbpdiatentse thstco8@Ot LG emperabuga st con @0l @Guch thag the

conitieyRpe t<paerdiiesh AP e it ol G AFneSabR 80 cs e minimurm

- DIO&inpéReire Cln @rtadt erMBsdimdR0, M Gnayl Bt TETCE BEIORTRE T BEIBWS or 10

the inorganic salt catalyst is heated to_a tenperature
°Cibgloav thgmejeintyre hATSlempyRoire @d/othe goninpm) DS smpespwe. For -

ex%&%lﬁﬁaig%_néEﬁlﬂg@%%bﬁ%«%n%&ﬁg%%%i‘agﬁgg@; #Lc@nkrgll&i'{o%%%o °C, |
380 60 Mbrt300CNnring MereationgRricA Whee tiahRimimerA Byemperature and/or

determ ning ionic conductivity neasurenents at
miginyg Pkt tempaisBigistl9s’C. | n some enbodi ment s,

cong Bﬂh@ﬁérﬂl%cﬁx%@ﬂﬁ?ftﬂé st ¥er{?§er§ﬁfeei5 b ResICh SO Hahe

t enperatures obtained from Reat/ cool transitions
tenpieraieasliatygr ftwart) thg caalystcloaP tammperadrereiandiog gl catadyst DSC

t al Itiple times in.a DSC. Conditioning, of, the .
terg R For Bl dh PRet R e By B ony g B belsd °C,

50 € ortBOLE RRInk M REctRIn PeAYE Whes Bl hRimiaNeP &itPeBSure and/or
than tenperatures used with conventional hydrotreating

migiatuah PSCstemperaguerts 490156di Gamtrolingghe eontasting edmpeaghtemsed on
di st te . .or, m xtur ereof . in the total

calfo3lliet Pt o o Rty e Tirg Shore b P §Feid Bptpvea cruce

prddfuebieperti€TBizh chittdNndayC WHeRGhpleIdetfiase cokRrfofnaidhl decrease
decreasing a rate of total product renoval tends to

nop-repdsasablegnsifarnatiog. en sombinationetheregfie feed with the
cat ﬁl Xe?’ltail} éh{)c?cflﬁlngﬁtg,l e idoPeanftealt Gta SF r%%? b& c&fciif%deﬁ %Iriltop to
an Inittral pressure may INcrease contacting tine, Yy

addition efthe chudyifeddd Inkorae embodinehroihe condifynihg Glagasi@ place in the

i ncorporation of hydrogen fromthe gases into a crude |
Presensq o thercgpdesfegd. ePndiening theupgraanic gt capalyrt maydpclyde heating

the MG RGE a1 OHAIG S to 3 FirFBImArhiEle SHATRIOA00ORS Qb ast BEG €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

59



10

15

20

25

30

effects. Increased contacting tines of the crude feed
wWith the catal yst may produce an increased anount of
waolc@sebic7ker osene, or naphtha and a decreased POTDURL000042652

\Y/ relative to.the ampunts of .di esel ker osene
emfedieRs: T8 ARPTRAS BHGHILEY ISheolefdp Adsmbssttec g e frm. 150-
700 € 2BBH00ICt QSISO hitDthbh er@ol&i tdt J‘ﬁac&ﬂi RmpRefaet ¢ a bdhge

t heé contacting zone may al so ch ange the average carbon
fromizflaz40 %7, 30+?é)06€uok95qa9(b%ﬁ cthe ¢anditmaggdemperatuees may bé me

may. resul.t in a hi ercent
derg it Briiretoe el St g pBRLFRROG Bl S Emprratures. 1n
sori®BRb&ITRRHis "Bl fionipa e péthiedsi ey oMdérifeisiremDIE

changed over tine. For exanple, the contactlng

tenme@@rm elétamasd drom hrat/eem transitions abiaiprd i headingand peoling the
nc SR St BP0 L PS8 Era B b P v
mag lallbwtcysmta@t ccﬂmaﬂ@@ febtoctraqpenforraéd MldwegRactipt tadiperafurdshan

crude feed, while inproving other properties of the
wn&ﬁﬁﬂ@ffé%@‘mﬂh@ﬁwﬁ§é§m{%%hWVB§§géﬁﬂb@@de products that

My u h
to plfsgo C%QWF%F gdmé) ?lbe?e prag’gg%t @gtfl lﬁagthg(}éi ﬁrg Q&%E%J greof,

in the edtalraydwek,| may toh fdred &y ichanghmpspoatd off totah pmddétaemoval from a
treat nent ecifications.to be atlsfl

U ta
conRimg gane- BRMRSs LEEFING? 1815 é‘?tF'nFﬁo ‘{aﬁ@n&* {9dgerease
corft@&ﬁgttﬁhe"gf(ﬁlgéruﬁg fecll quethp Ezﬁ ?’/9@ Alﬁ,‘i‘na{tél%r 1%@1%§sd1§‘ feb&ire
C of the crude product relafive to t he crude
rel:ite/edo Am mln@ltpe@smm cmypoq:raase@nntattmwno,gew mnte@sq Higield of a crude
rude product.fromth dr ogen rce. tive | ow
prodhel al iRFse b EPrE o PSR BRES pabo it a “Eigt pril or o
give® nfabEf16W Uate of eed fdel G BIABSer ﬁJu@d’el ¥EiYy B combinations of these
consunption of hydrogen gas during the process.

effgjty nlmﬁﬁeé%ﬂdtconmfrnag/@néwf the cruge ff@ldwéh the efakyst may produce an
t of it
mcpe{jgé;lee[ﬁ}é%ﬁﬁ b{' {lﬁge‘rf ﬂeYoes ég 8?1 g%ﬁfﬁ% ztnd zpcfe ﬁera dé%iearitlcﬁﬁ? of VGO relative
to uﬂeambaﬂis ef ditks, keikbdeﬁe (mfap]lithalraﬁg é/rG@ q»wdneed a Shbﬂd&oﬁﬁeﬁing
al so be altered to alter t roperties of the

timgp. u@@rea?laa therconiaghing Ymp of the tPﬁ%EPreﬁgqt A therrentagiingzqge may also
cheIn?,@ tﬂ})’ﬁz@ 9 @arBQH h&AbdrbrefddGad %%guéfal'n&@a%y& Eodt&tﬁ%‘t‘ig{% may

oduct has an increased VGO content per gra

resullt ud:ehl;ghad\M@ght fderceotegt af lowenbatomewnbers Candtthey, abighehAPI

crgge feed with the inorganic salt catalyst in the

ence of |ight hydrocarbons and/or steamyields

NOT B donftlnibdayHEms ahdetaclng cbiRBforsak®, bdclangédWiRr time. For

product than contact of a crude feed vith an I nor gani c
exasapile, thaeaitaosing pressuie apd/estbn @@nt@cftlugy@mpgewr%may b¢ ngrgased to
1ncwa§%{ﬁ§gagﬁgﬁtggﬁlﬁd?qagten hlragsh:e%%le&gn f tal? 6$ gr% eut%g C{u%g %roduct.

Thé abifityts tchardtle th€@sburd op Bydrbgéh qutaktehff tmw%@ﬂ smme itdp@oving
crude product may include atom c carbon and hydro en

other prop¢rtipeoihe ﬁ%ﬁe)feedmnéwaai%é,heotéew ofievsleqppdictscth ?tn"f‘@’ be
TS SAAERYT S 15 FTRERENe o B
singlecruddefeddomaly allow different transportatlon and/or treatment spec1ﬁcatlons to be
satisfied.

Uptake of hydrogen may be assessed by comparing H/C of the crude feed to H/C
of the crude product. An increase in the H/C of the crude product relative to H/C of the

crude feed indicates incorporation of hydrogen into the crude product from the hydrogen
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- congacsetn
PR PR %Sl IR eSRTRR. L aRSLPORE oL A volume of

contacted with the hydrogen source in the presence of

the inorganic salt catalyst is at |east 5%greater, at
wo e@snei096 greater, or at |east 15% or at noSPCLOSLG04/042652

greater .than a volune of crude product produced from a
smtrﬁﬁer%ﬂﬁtlwbm@%@sm@cﬂ%ﬁ% gl Prpdiichfd0%s axsompared to the

IndRaR4YOSEvdY | AP B REMpAbn bRy dEs £ 88 MHE .

C“@EZ%S%H‘. casalt c\ét%fyst maypben a{]ﬁll eaés%%egflo vol % %{6&%
Signifecauoimprevendent hfthe codle predut ptopSTies, rdlatvd tochesasd thencrude

ol.une is.bpel.ieved to be d to a decrea in density.
fecf oGt nek AR i Cgimpen T bidtafer SREEE 1o Ly
Causgd rdtib JTNSERYERN 8uir@toQruded Bed fd§ lsh B diterkd t& Sty Fhe
enbodi nents, "a crude feed having, per gram of crude
propesigs ofithelcaadetprode Boraaxemplet incecasing thedBtigphihe hydrogan source
| eas .1 qgra of sulfur, . .and/or .at |e . 0Q1 grans
to s fer ey Hr 8in S rusk ot Al dSseashE Yty ety Hepfam of
crude pFRiaee of an inorganic salt catalyst wthout

dim nishing the activity of the catalyst. In sone )
enbbueariain embadiaentpgogtest of theprude Sged|with the iprganic salt catalyst in

r ' : r r
SRS ol S50 AL PN ORI o AP s
coKeoi taamdeapidbduct thah wostacttufta cauide foed withah tiedgdnic saiedagdlgst in the

sul fi g‘g%gﬁni trogen, coke, aor m xtures thereof. Sulfide

PreSeife & e apdstendn. r lafhodimenshibahigclyde gontags of Mg gude feed
withddih SRR e Qe EHhATHH BRI CLRANME o RERAoHD (AR

e us catal yst to produce hydrogen su
compenrentyerd timomrtiderprodndt snayayclode atemiy extbdyarcldrydengeh ifjomttbe

melfRRonSh B R SRORIFASAIT eyl BrE a5 frgnponents

useth éddADEIb&ERELs GRS QM P¥rude PRt Redided el crude feed
| no&ganl c salt catalyst with steam and/or nethane to

wish thedtydeeaen aperce Hy the prassiaged the inorgenis salt catalyst is at least

ure of use nofaanl ¢ sa I esi
crude petRlutgrdduded fiRaf 4 tefmaAMostsRIBTR. Bhatbtal Uslemefof UaRE product

i norgani c salt (for exanple, K2CO3ZRb2CCO3ZCs2CCB;
Pradep AN RBtacEe e Tds Ex0- Widh (hReyEHEs salh oAt gy be at least 110
d t f esi k
o e R e A RO Lo B S o e
dud roande8 BasOMA QS Mtaver tdhesifyroalugdnecahl y bk agkeast partially caused by
ndZor.liquids is mnimal in the presence of steam
hy‘?‘?%"r”&ﬂ%‘ﬁgy@_ﬁrc%ﬁ féfidoxi de, andzor Iight hydr ocarbons to
Pr ofPiERtath drhBBdidle R BSQuANREPRHARe, pEPEraBAST (R e hHEGst 0.02
an increased quantity of hydrogen andZorcarbon di oxi de
grams|, aitlpase 006 gravas OF ftdeaps8.] grams efksubfor.eindfon et lgas 0@y grams of
Jonelude from0.1- 99 noles or from0.2-8 nol es of
N6 BB RE PR Ehebln b PRsgE Jal MukEyy it catalys
witla§t dithifisiastheRytiGgéfahdicaaly&l ati vel y | ow amount of
i ght hydrocar bons andZor car bon nonoxi de. For exanpl e,
| esin somereroba@smentarihe worganigtialt sgi@hsceanthsnegeperatags afeast
a h 0 ( bon .npnoxi r
parffl e R dERCpindie AhTRe yBPATRET o
Cofita@ifings inglu@@that are Manliflited b, B2ty ailfides) hitpetodke tdr amixtures
9 grans of water per gramof |iquid.

0.9-0. ( .
thereof. Sulfideé contaminants may be remoVved from the used inorganic salt catalyst by
contacting steam and carbon dioxide with the used catalyst to produce hydrogen sulfide.
Nitrogen contaminants may be removed by contacting the used inorganic salt catalyst with

steam to produce ammonia. Coke contaminants may be removed from the used inorganic
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In some enbodi nents, the used catal yst andZorsolids in
the contacting zone nmay be treated to recover netals
w@ t@s/oed6aspl e, vanadi um andZor ni ckel ) from t hePCBE82004/042652
andZorsol i ds., The used cata andZor sol i ds

cataly | yst
salha%yalas@yrcea&a@wa@fﬂ Meedjanreanicisalt k3 %éft $iFarg apdlphirteBine to
P S R O e b T e of LA i gre
gereaited frotn pmeqare af usstksinotgesitisalg casilystand rgsdis] candd feed.
sysﬁens mnthb ntrol | ed cont.actj.n candngpns ar set
f or ThCBEITbHRbREUBERF PIx e of e indrganie salt (fopexagy ’| de

F e £ NA

I T A U e A RN RO
unysacted siuderfasd rané’nareéldm @hd/nuqol@mb@ieat@é 1 eri¢mpatatie igra range

frofr7deR] o Free 300908 O nBL B AR R0k FRg/BL iR e

mihifr@i ir0the PLeSBIe T Sttt B}?drbgahatzﬁbm dfbbdfd% mﬁorqaghchytﬁdcaalsons to
500 OC to form an iron_oxl deZpot assi um car bonat e

praduge # Hauid phesejandfor gas. dERSes auiinchidarbnareatedduantiy of hydrogen

cea{rﬁe dc§ 8’98%‘%%} \%3{? E&tgﬁ %zfguggf Q}a?n 19 d[H? g:?s m?_{/lélclude from 0.1-

99 adﬂctstOrdfan\aQ Pmofesofitgdroyear an@&rhaﬂabﬁ daix1d7€5;6br d€olanfireactive gas.
11.5-12.2 NPa (166 765 psi ) e internedi ate SO|Id
Thgges may snjaip HFE)]&B ? OO AR o ﬂlg[)] XAFe9arhpng apgpr carbon
[
mofgteﬁlggr g?xge)étag{pgeg %? gf%}x?h(goéééxgs g?ﬁ%lﬁ‘i%@fé)chﬂ'l%ﬁ@g@%ﬁh oY gas and
lesptind @d8drgras of carborGOowide/ b reedne b€ gasntTdle Iguid phase may contain

e at 100 0 raddltlon of
walfy bl LG Hr e T Sugd B R S S B ater per
granPoBhi@C and maintained at 300 OC for 1 hour. The - .

sol vent/catal yst m xture was cooled to bel ow 100 0C

andIn mnesmansﬁmzm thavsedyegtalyshandiersalids idthe eenacting zone may
be ﬂ}e%&%(?] gotrlegc;rl;\;%? msé%llsd&&l %.glp? &%l#a)égl}nm \éﬁasfconlnf?la eﬁ%ﬁgxﬁqxe used catalyst
andiesdvdids WL hd e y:htaryet zirﬁl/d&rseﬂdﬂhﬁaﬁﬂé‘rtrgat@f agifg @énetd’nl@ Kfow@ metal

sul fide catalyst. The K-Fe sulfide catal yst was
seNIFRIR tEdnies é%rquﬁ@p{eﬂ Beatigg Htheryical Heyingh aryi/alogq%@”%tlon

sieve. The resulting K-Fe sulfide catal yst was

anal yzed using x-ray diffraction techni ques. From

anal ysis of the x-ray diEXAMPLBS spectrum it was

det er mi ned t hat the  yst _included.trojli e (F

< FRloB T gE ey i RisprEBot fatng Sheaply b ant pstems
witRARbIRd Jéﬁﬁl@ﬁfﬁ tnditfond @redkt fofthRRB}w.associ ated with

|ron dISU f| de or exarrpl e, pyrite, FeSa) was not

taliists e Kt Feumnlfidecatady st was

§ Feed Wt e ur ce nthe
3R %ﬁ@gm%fmfagc[?@egrgaf Prit i D4R 538 ek Polaitah
carbOiiitd WitAU3D Yramd dfidRdohidetkwheae! fofm aGRTpesedTRE walfste was

stainl ess steel) was fitted with a bottominlet feed

drlgb@ttZOOaC§p rﬁ@}mban,gg@px@p/ppt@mm garbpnate pyxyre. The iron
t.h d
o R RRIRYRH I ESTLE Y TSN ™ °

oxidetpbiasgum carbonate mixture. The iron oxide/potassium carbonate mixture was

reacted with hydrogen to form a reduced intermediate solid that included iron metal.
Hydrogen addition was performed over 48 hours at 450 °C and 11.5-12.2 MPa (1665-1765

psi). The intermediate solid was passed through a 40-mesh sieve with minimal force.

62



10

15

20

25

30

The K-Fe sulfide catal yst (110.3 grans) prepared as
described in Exanple 1 was charged to the reactor.
woyasoepsm gas was netered at 8,000 NprVnB (50, PODUSOHB)42652

intg,the reactor and mxed. with bitunmen | oydmi nster - .
ool bR AR A RS st b P o PSR DR <Solution of

hedt2he Pt OEg RS b VTGOM-]YIcheeRnRAtal stlfurffikiflr@at 100 °C. After
hydr ogen/ crude feed m xture. During the reaction run

adgitipn ofithefint¢@aediase padid, thedeniene madurgydmsdnarementaliyhgasedsto 300

o~CORL I NUOUS f~ad i nt he a a roduct was
CREBHE 4 0BRoVRLL phS R SR PP R v ghsd o below
100PCtahe tHeaabfufited Catdlpie whae espayed frefl thé maxti@t erhefsulfifrized catalyst

g/hr to maintain the crude feed liquid | evel at 60% of
was latedhley Bltragion imadrysboxomger an argon pianasgheyeirg washed with m-

C i

xyREEI oS BTt B B S baaBhe, B S R sc was
poWwdeled He pagary the ualel ybtebrbugh a 40anéshaicyd. Wi t h t he

catal yst at an _average internal yeactar tenperature of
430%@:@8@@%3@? ﬁ@lﬁgF catp S‘h‘%ﬁ@é‘ﬁbﬁ?‘gl“ﬂﬂ%xfr@é lfﬁmtwnt he
techfifg@bs Sftroiffﬂra%gfélgﬁ df ﬂlet@fa"i‘ll_ldti]fgfagﬁl&? §pebﬁ]1éﬁ1 hf waS 4Bt Rhinkd Gat the

reactor eff nt vapor. reactor effluent vapor
catelyst iedutddrbtreibies@kS}, K-bBeghfiddeKIsSa) pgrrbgperandxron gquades (for

Th t | ectr.ical lL.y .heat. 430 0C.t .
X PBGURTENEHCe i Cmaa SSpTitEd PG S SABHORPRple, Pyvite
Fe?ﬂ%‘s nBhobsBiell BRfhe QL rah AR addrdpe@Kirhi Ng t he reactor,

e reactor effluent vapor was cool ed and separated in
ampiley] ntact)e e ¢ 1 Withea BivdroegenSauree in the Presence of a

‘o r ag/ i ideartrt ro ce.a ligui
K-k‘g \Q"uﬁgdee%#a&sg a1§ 6|SOP ?%La%)n%.fl (éusg)égéhrg dﬁg@( nge\g\% gr gcgrnntpo?e? 0?316 .
staties8 SREI Wak €ited WitV dtast intet &dpohes sihglenapdvetlagit @bk, three
gases, and thereafter quantified using standard

thegmpesptes drapdiip thedepfipguiesior. prd atshafidrivep dehdcinch diameter six-
P&l gram of total product, 0.918 grans of
bh@?ﬁ‘a‘gﬂg‘?é gl{ci}trlJ and 0.089 grans of non-condensabl e
hy dfTae E-Bosulfjdsesalystiil 1(h graesg papared af d@scgibedin Exfample 1 was

sol j ds, per gr f crude feed rengj Rropert | .
ch gt O of S Bt raersn ot b e (G0.000 SCHH ino
the RGO e aP Wah e ?El@_?_&n%ﬁe? fegrPSUCREDY ThRib%umen

nmet hod are summarized in Table 1 in FIG 8, 'Table 2 in
entgted th@reaetnuithTeughghgbotipnFintgt fael porhiofomx ahpiitegen/crude feed

.denonstrates a npethod of .c ctin crude feed with
mifGHr douha B el ulastas B REw dhdiodr oS pufigudt ek were
cox&}ﬂu_ﬁhﬂf faah e the teab@r PRAO A ECtavds CbAtinudUSIEH WethoWdt through the

m ni mal concom tant generation of coke. The total

efffieaideper portplide seastosr Gaulegeestives fed nhe raigef ¢7.9 pduiimaintain the
crudk )féeldrlfﬁéxﬁf lev¥fat B0%) PR @ ct%&luxge.lA%quﬂﬁli-%Lri? mC% gamma ray
non-condensabl e hydrocarbon gases per gramof to
soyrcshdcd sodByn aligragcintiglatibreddtesod Were @bed toenddeitealnliq@nid level in
for the crude feed (13.7 W% in Table 1 to the solids
thefrgactfe during the process (2.7 w%, it is possible to
see Atd ' ' | iti .
oA G kSRt LR B
reattoa rengeattuierod 43 E€d Contattiveg {Shdvhdrd podcridb20d with the catalyst

produced a total product in the form of the reactor effluent vapor. The reactor effluent

vapor exited the vessel through the single upper exit port. The reactor head was
electrically heated to 430 °C to prevent internal condensation of the reactor effluent vapor

on the reactor head.
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The non-condensabl e hydrocarbons included C2, C3, and
C4 hydrocarbons. Fromthe sum of the weight
w@essanicages of the C2 hydrocarbons |ISt ed i n FabiUs2084/042652

20. th t hyl tent t al
Co Ir SRR Bisesrigp 16 reauior oF SHeghvarn avebsonyresh epoied
high tpréﬁ@re%ﬁ@ﬁ&ﬁﬁ@s@ﬁﬂa@@%ﬁﬁd lo Cgﬂégs%ge Qasﬂ7 iR R0 Pf']oguce a

hyl ene per gram of total hydrocarbons. From
ligsidrstredm tahd a ges :gmamp élfhc@as algesen vhs sdmetmcmchrmrmnb fow caustic

serpfife 5 sty A icabestss an WPt Tresb e LoBe Bin bl Bipaouraphic
techmGués3 ﬂ%déﬁpﬁbb@&%&&deﬁhﬁer;gﬁi? eOfAARpSeRIcE Od g?ﬁag bOdtude

gases included 0.21 grans o opene per gram of total

PYOQBCWdrOdBéIrgwns of mccmdewbhedwém@nbgn @hseshén the reactor, 0.027
gramsbffo ”Rfevgb' " h ?%%SXE) _gﬁéﬁﬁprﬁg&lénaquc%m%%& 08s 6Fthe

crude pRydaty aldaBke ﬂoﬂredﬂaieﬁlsab& r@ﬂﬁdﬂaﬂﬁn@aws lpﬁiamé@w eHis idetod are
includes at |east 0.001 grans hydr ocarbons with a

supwaTizedgn lahlgel @il Er 84015&%%%?1%9 askTabe 3 ipdG.480 oF)
3\; ¢ %hljs%%a&{F deﬂ'fongt?aqést rget(ﬂgé o%(ﬁ'ﬁﬁ%ﬁ? al'%lgcfe%g%{ ggﬂ le%rogen in

rang St ribution
the3Désenée (ﬁith@tfé:&ﬁldbﬁaetahﬁulﬂimalﬁkt &Dﬂrogmamstom‘l product with
mn%mli gé%rgglgtgﬁt&gn%%ug@ g (I:clflggq" A an tgztf gqlcg,}gg%l ?18: :Proc?uct that

wa9 h &8 dFhix A LOSAS BOMFasWt hdso. pgf;;lrﬁs"&f nofR8Rdensable hydrocarbon
di stribution between 400 0C and 538 0C (1, 000 OF)

gasasm@ﬂgrmavftdfhl@rhmocar bons that had a b0| l'i ng range

dIS ri bution pel | uded araffi d,, ..

> b spionane B gHR0r BEMERORRR: fof Tis S feed Pl Groe) in

TalBlBEI 1O B il formeéa@ dudhg ﬂi@%ﬁrockss“(Z 7Txk}f-"/o)3 ftUsl Qos@m@uﬁee that the
i ncl uded boiling point distributions that are

corgbigaeeruefdbe opntrp ?lﬁd\pm%onsw@ﬂ deeegaeal ysd peoslared alevey@mntity of
coklfia {ﬁ%‘ﬁd&%@ﬁ ‘6%11%?31%! MeARADA,R0L grams of napht ha

0 € crude product had an

oct Ehenmuﬁ(’ﬁlﬁren@ﬂaleﬁtydlr@ﬁﬂiong Ehcluﬂa& Qi aphtahd Cpaydrocartbads. From
t he %éude product had g ben ntent of

theguol dhe g1 Bht PERARE O LB (g bpRosHT ﬁ%‘ﬁﬁ%m %&?Q&rﬁ &gms),
the%;ﬁ{e)?érférkoﬂfenf 5@ ogFto‘?:{l ‘?Lq gﬁrolaél@oﬁg mﬁ? Bt cgcﬂlgteg r 'Tg? C?f

I ns per gr naphth The napht ha portion
hydrhearbonsdd tlprrlmﬂmtomrlim@aatts 1h@a®dd @O gamf ethyleoe pc:tygrar'ncof total

C: hiPetbiaron Borrde e TsiehBrisete SHHE GneBumions lised

in PAYI& D @13, @@rahﬂ;? tHé pidgeny @utiat pdtadad of {RAZT,NY dRRafHons may be .
bel ow - 30 0C. " The kerosene portion of the crude

Calp‘ﬂ@ddrcifhfi fe hm:teehrmlmﬁétthwn condenshble hedrosanhen g@&es inshuded 0.21

of t:he crude rod homat
exafly o PForh it R gl BB P CERM &Ml o oo
codﬂ%ﬁ@@&nﬁydmtboargaws Habl@n @doLtsigarierte dmadaaeklgit rhteast0.D. 2
grans, of nmonocyclic ring aromatics per gram of

ker &Bisssammsslemonsfeatgsragneibed aproduce| agaude prodect thpt etudes at
a1 588 TG LB P RURR, Bl BRaBENERoPRORE 04 - o

°F )@t 0d91 MR dcleas @d)0d rpranoofityideatbons aith adfoiléig taggesdistbibédtion
between 202 f°C6;1rng rEHOtOI °%Satpe 01%495” a(t:n;ea(sthOeOO1I 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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The crude product had at [east 0.001 granms of VGO The
VGO portion of the crude product included aromatics,
wa@pahsobss73/GO had an aromatics content of at IeneT/U920!B4/042652

rans of aromatics per gramof VGO Exa
20 B5E Ttk e o e R e S s s (08 9 oF SHCh e papEng s the n-

E’XQ[ Diluent. A K-Fe sulfide catal yst was
pal%{;fépargggg{/gggnm ning 1000 g of iron oxide and 173 g
of [ht asde pmduatr1hcind¢deboumg1p(4iﬁedlgtribﬁtim -thainre &dosiatt e with

gl Kiseste; Geslamgne . 1h¢ corbireel iR et o8 samsat
napHi ddateRE ﬁﬁ?nﬁlgalt @arﬁa{ bEkh¥RmdP BRsRiEt ﬁdaral&tbn@ ‘bgpéfrht least 70.

Sl eve Wt force. I'ncontrast to Exanple 2,
The haphithet portienlofthe cade |pebdmasha¢h axtzaghzenet dontgntoakatinadst 8101 fggams of

e B AR A TP Lo U EP B PG e B g P ol 015
gram Tk e PAVRES S EpRhE MERS AdphShdl fodfion & tAE Bhdb Braluct had at
seal ed carbon steel cylinder, heated to 400 0C, and
leaptel). hglamexf nynogydicqdgfasematidsper grarhel naphthar i zed
Cat i‘h gliudg praflﬁ(étcl’noétalf Fe%s d.out %t)rgx%s %ﬂu?rggengt %‘ﬁ{a ker%geneg)ortlon of

assi umiron su e cata

tefd%&t&l'tﬁgddc@hé’d Q%Qaﬁ PSineelGw 030 ¢@r TROKerb&nk Grti%ki%'ﬁthe crude
that the resulting cat al yst powder fpassed t hrough a
u

prOdoctrm@hdesi asowatitseandotbe kelopeneporawseiithe frude prduet
arotme 1ﬁs Xo Eeen\é\%§ g%t g%e drarglg' '(S)F :%r]omta gsy peq :gggrrrl gf; %ffrgsgg i glﬁe kerosene

poBidR ©f tHéemdrudet pro@sct ded arlgdsned grivas of ﬂﬂen(ﬁiyt:l@d g atonrtativgdgd gram
fyrl te (FeS2), iron sulfide (FeS), and pyrrhotite (Fe
Crose8y-. M xed potassiumiron sulfide or iron oxide

- SPeGHERYE Bﬁ)g[(l@gha]g% %ﬁgt el rgrgs ?f fh@%@rl d gflé EEQ% 'f&?tx%n of the

t echnri ques

« crukdy dranlgetnn&udw&aromatutsh end>the dmseleframoa oRtheentsiel pfrodlet had an

Cat.al yst at a reased Ratio.of Gaseous Hydrogen to
arogtige tomiesh of fleasd gt s o TomaHE RE AFdiesbacts on

pr oggdbfi@e ‘ﬁﬁfdﬁctt}ﬁ@ af RAR (A0 1 SalX BIMWGD. 2TheeVG@2;§orh&%f the
the ratio of hydrogen gas to crude feed was 1

crud¢ @ dooOinE @) aroMhacskmed tha MG dad an atoysaticg Feitent gf antedst 0.5
repared as descri n Exanple 3, was charged to the

gra%gadgt%{)(fmanﬁﬁgﬁregr??’e?%bt he crude product produced from

Exhhipe srepfuwlraﬁ(ﬁn SIUTRERd SaMidie m:aTﬂb&ﬁn thé AbKérice 08 Hweloéambon
Tabl e In FLG 10. The welg percent age of

_ﬁseawé&dFﬁ: wlﬁst%\epéqlléstmassvr@)@eeait@rcmwng 20Q\e pﬁmm oxide and 173
r h
s REFASHIASE G PR MBTE  REQUL oIRGB v
pasitehalas pxheesmi ghies@itfedémEageplefl tdifsim ’[He&iitérrm’diniel salill. i The
|l e 2 The APl gravi t%( of the cru

mtmé@m idyvas,passs dirgughsa #Qsmesh ﬁlﬁwvtt ém S@ra?n ty of

t he I

ar o §4 A EHEpIeR, SR CHpLaE REWEs it suifurin
therabsdnee ofve hgdrpca)blmcélmenAf Iulerdrg{hokalsmg\amal'gmlwnomhde, the
intgr?nee 1atet sfg) ld-l\-N'\E/E rr(l:l%c? wytﬁtpolvvrclertecrlJ Glemeatal $ sulfur glacer& na sefﬂed carbon

steel cylinder, heated to 400 °C, and maintained at 400 °C for 1 hour. The sulfurized

catalyst was recovered from the carbon steel reactor as a solid. The potassium-iron sulfide
catalyst was crushed to a powder using a mortar and pestle such that the resulting catalyst

powder passed through a 40-mesh sieve.
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Fromthis analysis, the transition netal sulfide
catal yst, after being in the presence of the crude
w0 swdoeaats hydr ogen, included K3Fei 0Si 4. Exanpl BCBUSIIAA42652
Testing of a K COR CO Cs, CC Catal yst and the ) )
| ndiThe Esulting petaguAmdroguifide catalyst wasapalyzed using x-ray diffraction

recgRR T rEm AR DT B B 5y ARG Pinc iy, T Mas BUSLRELA PRl
catplgst intlndédepyriter{ReSe)l iroa belfidy 6fed), andpycdotier(FellSxi Meéx@ihas
were nonitored using.a mass spectroneter of the T )
PO@?%‘PEMOWHB{WPRB eSS neb?%?%ﬁ USRERERR @@E%‘Hon
tecﬁhigg‘i:@a showed a current inflection of greater than
0.2 volts for emtted carbon di oxide and a current
Exaniplett Contaof ofla CtudoFeal With & HiydregtnBouece inr thenPresence of a

i ' C "
nQr gani tPl tCt 60 Th oy fa n, eed.

SE£0 Rydrogey

Thé 8fpatiu®icnideded 00 Bnd K EESH pry€idarswER ARSI Al HsEn ExhigpleD] except
isa graphical representation of log 10 plots of 1on
that therratm oldiydeegentgesitageiudserd vias d 6.80 20087862813 The K-

re §B5 LR 4730 by PR B ASPRRR ey Mas g po e

reaetrtted water and CO2 fronthe inorganic salt catal yst.
Sharp inflections for emtted water and CQ2 fromthe

i noPESTties @hthe ceudearoduct produsad fzem dlge mythod age suspmatiged in
Ta{g:lg rl blg %éﬁ%ldgﬁg%& um carb o(r)la?}el@ %?ﬁgﬁ?ﬁgg‘%tmﬁ;g produced n
Exanipleaini gieafelr @ehithanseiht faeragefod VO prodaned indtkangtie?. The

i pE e B el s i B LR R e pecemage of
disHaARpESdudl &% fRdlpld NOTHARPE 089} of Ak RIURIBohRIPRARL AR
two or nore different inorganic salts nay be nore

Exainplsrddie l@ertthearthe Wl igradity iofl theel crpdermrodunt brodaces! indixample 2. A

. 6. C Test | f an..| i ¢, Sal t Cat al yst
hight AP Getiuarceres By aBoudiich B R0t 4o SR8 e Boguced.
10 mHief 36HRACE WERShE Eali€ feell Othe A9 Eatallystan tidf Rad¥br Vs felyzed.

per mn, cooled from520 OCto 0.0 OC at rate of 10 OC
Frqse thigrnalitss, therfeansiien medal suldide catal yot, efter beingpio thiprgsenge of the

f C. ' sikng a differential scanning
Cru(rc:lgltf%fl ?arrrlg%l g‘r‘r%@%’s&q‘lr{%"?elﬁ3%§§l“7, manuf act ured by
Exkiplé 51- EAPET es(ihip ofia Ko C GRBATD{/CSHC O Stalys) andBie Individual
anal ysis of a K2COB8ZRb2CC3ZCs2CCB cat al ys%,duri ng
Inqrganiedalisa{n #yTHF teHipesaiY] BesHBRS Wasdeaied in & igagtor of a TAP

o G M, Wi SRR PO
watid ¥apdrQnd Carbdh dioxidegpas Maey mbeiadred 06N h hiadspeutioretonst the TAP

calculated to be -1.75 Joul es per gram The begi nni ng
sysfm-crystal di sorder was determined to start at the

{nhgggyg‘ ??%{E?&ﬁ%&%&ﬁﬁ;laﬁﬁ sﬁge\gjlpgtq'ed SaIBRMd GRbvell A current

transitions were
inflzbse@r viegtedtar thare8.2wolts forleonaedecarbon dioxide and a current inflection of

0.01 volts for emitted water from the inorganic salt catalyst at 360 °C. The minimum TAP
temperature was 360 °C, as determined by plotting the log 10 of the ion current versus
temperature. FIG. 11 is a graphical representation of log 10 plots of ion current of emitted
gases from the K;CO3/Rb,CO3/Cs;COj catalyst (“log (1)) versus temperature (“T”).

Curves 168 and 170 are log 10 values for the ion currents for emitted water and CO; from
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DSC anal ysis of a mxture OLi 2C08, Na2CO3, and K2CO3
during the second heating cycle shows that the
wo 2AS08HNR2 CO3ZK2CO3 mi xture exhi bited a shar thfE/aJS2004/042652

transiti t we 390.0C t0,.400.0C The oi_nt
the STt S SRS AR PRGOS s il Tl B norganic
Salg‘gaag]%ttobgﬁsgwgoe@/vas calcul ated to be -182 Joul es per

gram The beginning of nobility is determined to start

at {heontiasti totire I@E@i/ﬁbqﬁé?sé@&zﬂ@z o#talys0 poi@ssidth earbionatp and
CCS}HI‘Q{:EI‘:}) %% i’lg(g{??n -dqu ctﬂ%?\zrrea}lt II}LH)CI% l%&s&g%ghyg @E let%le% water

and @fbé@oRidean | norganic Salt Catalysts or an
I ndi vidual Inorganic Salt Relative to

t estThagubatestielonergesedd cmytiqdl e ifwgh%KSQOa’ quQQOQCBzﬁ?Qse@salyst
dergg%s?%geﬁ Itl%lqgr%?ga{n?c S ctatag)as'ifé&ﬁye S%cg{;f t(ﬁ'ﬂ'ﬁﬂ' fﬁeﬁ%t 6norgamc

saltsoﬁ@ehse mbreatisciégred tiag mhef 1h®1mdiﬁbﬂ5ur9bmmatb sdltsi mrer sed
|n the sa Ie |n arruffle furnace The (\ivlres vveEe

ﬁl 1{ eagltl?ét g%sghg% f(ﬁ%b%%rﬁf)le Jdg%e HA 5326 ¢ [ad %te"\ﬁslo °C per min,
an e curren was measure
codTed FrOMBTBLoC to Bl 02C AateSofa 0FCARA hiifdte fzﬁlﬂrtﬁéiﬁma&ﬁlfwm oPC to
l og plots of the sanple resistance relative to

60p &t absiatmeicldk bYn aeremmeassing adiffereptihlogarningeadadneter (DSC) Model

t (r Cu 172 17 17 , 178,
DY Eh W R By Phikin o StiE cererunlbd sdd
r espsk %ﬁ%&;'@m fa @ 90V} @aﬁl?&t)ﬂﬁhng e&dosil ﬁ&ﬁﬁlg of the
Li 2COBZK2 ZRb2COBZCs2C3 cat a yst resistance,
sample simpykthathe Rl boosres 2 mbged abmayiélpatrt@@isl@pahe%veen 219 °C and
1S
26(? i‘?gzﬁést“gﬁ%"’tr"g?‘%% &ﬁ%r\é&rr %{aﬁél ve lt2 ?6 }écﬁé‘l“ ch;ﬁ\%&

tradditidrediped ahsicaculated ® e JS JoakwperpraB0-The Befianind of crystal
stabl e resi stance i ndi cates an or dered structure

disgrdgrwas determipg torstantat dbg migmug\ @S perpperatiespizd °C.

7o il 3 RS EREERETS 30 for oo

carblan2BOB8ZK2 COBZRh2CBZCs2C3 cat al yst (see curves 176,

o1 BB b8Res o SERREORITAEDS fapaka GhBhink bigsecond

hea3§1 <980 sRGws Madife Lemmagctﬁmzeb Vhikdord80Ekigdd! dYsharp heat

iCates that current flow was detected during
trammtpﬂn @wcanﬁ%ﬁﬁﬁol@ﬁg’@ tTéletnmémetefehetﬁbmwémeurmgeWeas 385 °C.
i naorgani ¢ salt catal st Th
o 36 S8 el TrdnafiB AR i SR eRUdp b MRy Bgram. The
begi@igg af mybiliey B deRbinlRd tdh aart bhe PaihRnim @Sﬂﬁt&hﬁ)eﬁi@lré 8f 390 °C.
tenperatures in a range from 350-600 0OC. FIG 13 is a
The plmﬁ}p, head Frapsemrég)éwp@ﬁ p@\a,bséqntqagg hgqngg@e@lps mixture of salts.
9

. of 5 ts or an s
Indnemixar Btollrﬁﬂné 'SIlt)RelzifiMe\»tG KLED 4. Alhteptigt wad condueéttd by placing 3.81

Na2 CO3ZK2COBZRh2COB8ZCs2COB cat al yst. resj stance
emy(apshpe) Qfghxmersanicaalt sptalysts of hsripdividpa) ingegagigsalts in a quartz

veskg%ﬁg KZIEZ% %%%%@ﬁ% %ra&fd it each er, but immersed in the

ZCs2 cat al yst. ter heat1 ng,
sarhpie ifNaOOBZK2ECE ZRhe B8 T @s 2Q0Bnaaddatoyast. 5 vaslt diyaleBeind o

226,8(%%hm current limiting resistor. The muffle furnace was heated to 600 °C and the

current was measured using a microammeter.
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tenperature and then heated in the conductivity
apparatus. Curve 184 is a log plot of
WORSORIEHZ COBZRh2COBZCs2CCB cat al yst resi st anCBCT/US2004/042652

relative to K2§J]§13 resi stance versgﬂs é{ﬂgerat ure during .

heaﬂ‘ﬁgno‘f‘ P GabrepERsrRiation of leg Pty afithe sample pesistgnee relative
o B K R S OB L S RER L Cles
172,n0d e’ d78,andtl B erctlog ploes ¢fdaiCOoenstane Ga(f)yem)sftanch,e

Koo R B St BORET L1 P e T DGl

resi®nke %ﬁ@la\g@mmcowb%@@;/t 0, d m% st R@istihde S8GRBGVely.

heating, it nmay erre e |norgan|c salt
cat @la@s(t:utfveﬂﬁ%) exhifiifstrelpeyaly faegfmt@de mststande fedative taBoB 0 (curve
Lin not.the s afirs
7 e Rs A R b SR ARG 8 St Rl s an
ord-EﬁItdtﬂil@tu&f ardforl By antkrd Sthd nioat abMSfrom/bnk'aﬁomﬁff ddtingkheating.
er of powdered K2CO3ZRb2CO3ZCs2COB3 cat al was
Th9 l%@@d&bzﬁg@z@a&@zzcaéﬁl}@h LizH{/ KGR/ R e 3|6htabvst and
N CBIRECOIRA, CEFEEE 2R, K ptbes 170K T8, o8 1861 EEM Sy
dedredst adrelsﬁtlhln}ere@lﬁle t(aKt;_@Og hltaampélgturél'shﬁ a range from 350-500 °C. A
K2CO3ZRb2CQB8ZCs?2 talyst did not flow Wh . L
deqspass LptFSIFHYIRY 868 yun catﬁﬂh afc%ltrr&rly@fewH%@awstee%ﬁgpg%ﬂwwaﬂon
of %lta @?J the vélfés(‘eﬁmeﬁﬁaeﬂtm thdios #ﬁﬁilc\éhﬁi Hﬁh ArRRNekerSAIFG. 12
ree flow ng powders under the s rre conditions. A
deWZ@WM@@E&@Z@@ts@m géngsallybeorameotiile ghandtha pare
to water) in the

I AT R RN IR Lol L oA Y

Contasty3ak a%ra@hﬂﬂf-‘r RAehtMdofdodiyrbisagren Source in the
Presence of K2CO / Rbi CO ZCsg Cat al yst and Steam

.Naz@@/mwﬁ/bzfgoaé@uﬁ@mnﬂalyahm@@n@q relatiye trBoPereianes € (v

N e R AR
Na&@ﬂKE@@ﬁRbR&DﬂC@{E@B |caﬂﬁ¥§5t7ﬁhs1faﬁédﬁféla‘ﬂ1tve BOKMRa; eistaneg(curve
ﬁeyessure SOOO%p) at 500 0C,_ was fitted with a

EFaiA tesaperatyie quging heating:pT groN gt Qs M PR b e Qe eatalyst.
Af@Ph@atanrtﬂE R%f(%gﬁr%b%b%oﬁ 0l %a%fyégghp&ﬁa'l&f 8%obhe

aut ocl ave at from a i‘ent a gas
temprlatrepod thendiested amthie cbeducpwity apraneuo uCdret 1 bista logpibt af

Nag S RB R TahECHE R Sr bR RSB A B2 uearianes versus

tenmemulgld@ﬁﬁg ﬁbfgin@ ofﬁﬁdhéﬂg@ﬁc\@% SRAL: st%eagah% b&ﬂed/f*‘r&%‘i’ioo °C to
st ai nl ess st eel ze vessel

25 é@u |pr sduwmvldu@tl\atymf itlag neb@htmﬁaz%/ﬁg@ﬂhbz%@saﬁoe catalyst

1nc?q%er%]ga&1 Fo %le 1%1[11 ?dé)élgﬁt?v&ey 902‘% eorrléh%ﬁ\iazﬁ%é)ﬁf %O3/Rb2CO3/C52CO3

cathiggper at ure cont roI val ve (Swagel ok Val ve # SS-4UW
capabl e of regulating flow of a hot, viscous
andPesm thegliffereacedn derugieoridugiivities of the inprgaaicesatt caiglyst Going the

ﬁrsg ﬁ%@g aﬁﬁ s@c%hh %Eatﬁ{g, ft n?ay bengfen 8 Gla'i ﬁl@pln&%&% Salf &Ra{l&ﬁlforms 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/Rb,CO;3/Cs,COs catalyst was placed in a quartz dish. The dish

was placed in a furnace and heated to 500 °C for 1 hour. To determine flow properties of
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was attached to the first inlet port of the reactor

after crude feed was charged to the addition vessel.
wWer00B1063605 use, the addition vessel |ine was i nBOl/aEBU4/042652

Product Col | ection: Vapor fromthe reactor exited the

theggtalyst. thipdish wes maauslydiedrin thepvra afterhealipgcie i nto a
Kz?é /'R%SC@ /ng@(% CFEE y%gdﬂfnoq A6He "‘Whé}gptre%'m %\rlﬁltéjsrtpg 2f, glgegcatalyst

es co nect e series of 150 nli, 316 s
hadi ealsishake ofedyel s). Liquid fromthe vapor was
condensed i th cold traps to for as stream an
O e B n oG catonbiR s Vel s HOTEE aFORs A he
sarhd&ddgpkor and through the cold traps was regul at ed,

as needed, using a back pressure regulator. A rate of
fl o MM%/KMVR@Q&AE@IZ@@Eceft@iwsttbheargabqlsd epdrmadity flowgd

old traps we asured .using a wet..test neter
S“Pgﬁ f‘glﬁxf%ﬂ% %ﬁvalt shujpder WE?%IP CONYAP- oxiti ng
Exhmplod®- 108 LonfRitDF a Gmems,d Wi&ﬁﬁfH\Vmg&DSblﬂ% @l thePrésence
gas bag (a Tedl ar gas cofTectl on bag) for analysrs.

> COAR IO A5 OO CntalysthandBteam. Hehg fellewmgeruipmenbens

genFrrﬁ oqrégglepv‘gas Q& m%pleﬁsﬁ)g?? 8&%{%‘&?&% %&%ﬁ:ﬂ}o@é égdesgr%ed

es

Reﬁétﬁﬂ:e [AS}ﬂO&nEtHaS&Hby\@SPaiﬁAﬁmeﬁvé (R Ml@eeloﬁulsmé)tm&ﬂ&t 3hWPa
ghed. Crude product and were separated from

Woflﬂ’ég pregrel(09A @élﬁ a0 &, W@aﬁ\ttefméthcarrua‘élap%lo%laer figsan 800
I
wall BB AR of 3itmo ke Ctoter B2 oL T rg fruroclave
at £ 664 ﬂ'mni ambleAPlo @58, aygasﬂnl@ part, al$tear nnlctqaofrte enk tnatdt port, and a
‘fﬁ% m of .crude ‘{‘?‘i a sul fur content ﬁf 0. (%41% 1
thegma plejo gegisternpernal foaperatiie- Grigf toyhegfingnthe topptihe gtoglave
waNr{sMa&‘a'WlﬁF%ja&fcl&hpog granms. The crude feed was heated
to 150 0C. The K2COBZRb2COBZCs2CO3 cat al yst (31. 39
AdditioreYessels Aiaddjeen vessel h@Zﬁng&, J16 stFimdess steel hoke vessel) was

ethP}%W@g a&ﬁ)&s éﬁai Gal gtl 9su %Nglse r% g%ccﬁk\)/ag( apaeﬁ,aﬂe 0 %elief

devdbe, ﬂﬁerﬂb&f’fﬁ)le@c Qﬁre?@@gauﬁb %nm{%ﬂm&@%BQ% valve (Swagelok
catal yst had a m ni mum TAP tenperature of 360 OC. The

Valge RUYOcppeio cpeulating {flew q# adioh VESES, 8RgHeY BresfuEzest crude
fee@gﬁgﬁ%}v g{%grdnqlg' 52)9 ,gilnt. /%g@:ﬂeg lsﬂ%g%the % elaclﬂge control valve

not tenperatures in P an
wab aavhbd tcbifie fidCinldipost ofAR: teatipeaiadrichelei fee@bas/cﬂlatgw t@ﬁ@
nperature of the in ani c |t catal st and bel ow
addifigh peseel ERpBIoMstrthe Ao vl e vpar

Pré@idt @uleEon: VDo 8bRl tSteal@s eNRAUB o diRR bgrlt ¥f iR réa%%rqu was

under an atnospheric pressure flow of nethane of
intedB8&di into aAferies oﬁce)&thapsg)ftdheem teeperapres (dopmtubes connected toa

seigf OF TeEints 51650 e kB Slob v P e AR s Condensed

in thR @oRIItEPEIAREM LR 3REANVBEEa RQIIH IcDARIASAY sthehEr Rdwdhteioféhe
the addition of the crude feed to the reactor over 2.6

vaphog dirosn thEeackar adé threegh the soldrteaps wias regulatad: as nagded, asipg @rback

Preléilig‘? %@é]ali;og ?/5 3%’1 €f2 (gfgﬂdp\\? %J%%{Ota?glﬁ%?c\)/l}el@ﬁiﬁ?r tg]% Q%'Ist s%rtse'ﬁm exiting the
coladdbt Were nesaRd wsingarwdtiiet adair (Rver ModtheTCrosdwef &t Meter).

was conplete. A decrease in
After exiting the wet test meter, the gas stream was collected in a gas bag (a Tedlar gas

collection bag) for analysis. The gas was analyzed using GC/MS (Hewlett-Packard Model
5890, now Agilent Model 5890; manufactured by Agilent Technologies, Zion Illinois,

U.S.A.). The liquid condensate stream was removed from the cold traps and weighed.
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tenperature to 370 OC was observed during the addition

of the crude feed. The catal ystZcrude feed m xture was
wheabseBer® a reaction tenperature of 450 0C anBICT/US2004/042652

mai nt ai ned at that tenperature for hours. After two

Crysisupreduct #iidl Valgwere sppaialed &oeathsﬁlauxdrf@néwaqetsrrﬁ:gn The crude
prodﬁ&'vgéé%éﬁ aylggl}my%gdure was wei ghed to determ ne a
of co

percent ag e’ produced andZornot consumed in the
Procedaid: 0Derrd-Negood 13/7.5 gmnm) MS lchlargetl toi the additian y&sselwdhgbiude

d, cokeZcat al yst _m ht, 0.046 grans of co
fecq BAARART BV CHET pdadhi s B ST LC RS decdrh i
cor{téHt %k‘Of@ﬁ@ Hinls, b ﬂﬁ}dégﬁ gorgeﬁ;(?of @r(ﬁ r&hs, ané ‘élt'é*?lh ef/V WWdent of

an average APlI- gravity of and gas gas
0. ODﬁ gtamise (Tllﬂmnshcft@ﬁwﬁ-hbatddydﬂé@jéﬁ Tz Kati:/Bb,(03/Cs,CO; catalyst

drocar bons, a 08 granms of CO2 per gram of
(1 é’s%ram%n‘@asﬁi’ﬂﬁﬁgg?%éc?{ad per gram of crude
pr om*H@ch@yﬁ%zcgmmc% catalﬁswva@ﬁ@p&e@QQQ&}%bﬁw%;@f 19448 rams
total NI and V. The crude product was not further
of BfeDy 1844 |gmnE5<@frﬁgl1>z§OJaoandt%e49r&ram obkrsz8re ldhgr es,
ude. f and a S
AR U e AR PAY i Y320 198

Kz@OﬁYR&SZ@%/CQOEEtc@famsﬂﬁadeBCﬂ@np@ﬁ@l@e off 25-5‘0f°03 UrHedAividakl salts
the crude product. The crude product had, per gram of

(Ka&iQpel R by Qrel avd CSz@%hd@rr&ﬁﬁxlablt (e Reragiraingyrange fpm 50-500
°c.gfr§§'11‘plgrf‘%ae§r?e&uﬁ§ i HRVE th%fD%;% Hu{eeo%'tﬁéﬁfx %%EE%Q& cRhlyst and

and non-det ect armunts 0
bel&wahgpD8E t&nmdtuﬂd)ofdhermdmdm eetdlatrbonattsact of t he

cruefedvvltha ce,in the esence of
at mosfal Yﬁr“é*ﬁél%trlg bndis R4 s ag AURRs PBeTicRTEgre flow of
melfaRdoPI RAYFERIR Aﬁ’ér%aclﬂfr%C{H@ Hesiri@@tedcin 1 ra@ur@ réﬁqi‘?n atarate -

product that is a liqu m xture at STP. The crude
of (4 oddumtin, aad methaps athate ch%ﬁe:nt /noifn, was meksted30%barfeattpe The
conten

i d
st AR el o lint St iE R RN GRS OE g Qfeq to the

read@Po @ 2td1ouss! | ThE cridifeed tvag BrsNirizdd GRHREackdr Usii@ 1.5 MPa
crude feed. The cr ude}&;oduct i ncl uded at | east 001

(228 warref GFaoyer Kompmisss Repidhalgradsi feedi@- Yoaerams) remained in the
ad<€1! %&és?eli'tahmh? [l%(ﬁgom§l]i’l %Rx%e Q&d%as c‘gﬁ%ﬁetyp & de@lteageqﬁSt

rocar ons W th
tenthegiture lth‘r’(D‘rC bat mmn/ea(amnﬁgﬂle()ﬁdaionmf ﬂ&lcrﬁwﬁeecat | east
OOlgralms of htL ocarbons with a boiling ran
t

di sths galydisrle IX4y Vs degied t%mctmﬂ)telgper@%mf 450 °C and
ma nedtat ARk e}ai]tufpfor RBERC R tvib lgdtléj €he I%gg?l‘%gg]c&led and

rogen Sour ce In the Presence of
themultmtrashghm/ca@aiyistﬁtmmm waheeighettoi dcteqmm:aemhm:eemge of coke

ondi ti and t COB/ Rh2CO3/ Cs2CCB catal yst in
proéﬁ‘fﬂﬁl"@é r pqt CQHE‘"E?F% QP same as in Exanpl e 9,

eXCRRn 4 Bifferchd® DA M® cahl arw@%tfaﬁa @ol(é/‘@aw?st NeighRd waRdlt, 0.046

60 granms of the K 2CQG3/ Cs2CC8 catal yst were

grams colimrememéInethtIeaCtretphag!@m/@fs:r@@efdect\sThdietahpmdgqéncluded
0.82%%30&? cg%%x %rgguciwn% anha¥9r5§9%551 %awt%? 133 gas. 'Ithe gas
included unreacted CHs, hydrogen, C; and C4-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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graphi cal representation of the anmounts of

non- condensabl e gas, crude product, and coke is
walepsotmds in FIG 14. Bars 186 and 188 repr esePtT/MBH04/042652

coke produced, bars 190 and 192 represent wt% liquid

hy d IroBﬁeﬁﬁaﬂe $0he eiacteh pravetiubes; Soxﬁﬂﬂorﬁfkdud@&eﬂ,%ﬁ&:&ﬁ[}fst were
wt % gas produced, based on the. weig H?f t he crude

thersg@g 2s fthExamplp Ve The crugs ARchiebef K 1 vat apalyzsgyto determine
bmi@%}’ang% gg(i—:‘ré&glr?ntg tﬁ@&ﬁ%&ﬁl@?uct?gﬂ&g% Oﬁ}l\(lgegurcgﬂé@ Wgélbg}ﬁm of
crude pch’nlﬂetd 0. lnrgrﬁliﬁuﬁliaphthﬁ O 82 gm%affdlsntlﬂlat&teo |§6 @ of(VWEO, and

190), 7 mﬁ@%g{f% gﬁg @6of coke were
resjsug gotget Qft) ey 8 C‘ta aWé’“@ﬁtO 6Pk he Cerro
Neg Eszamﬁ@g‘rahﬁo a&naﬁg@raae%har&ma@eoﬁh& 8RRa !fée%%tlpi hjd¥6gen
use of nethane as a hydrogen source to the use of
soum]edmdg@pregtzme at atambg drapgenobuia pet peVEiGrerams of crude feed produces

ner Ies |ve t o pr.oduce and/ t poy t
a lftio o BT ERR &3t rosh i BA R AR e b STRRRAS pruce
prodaét Haatal r@md&%cﬂn%ﬁ@ﬂﬁzitrn%s@ do%FteaRsidis c@itert @B fle cdsde feed. The
effective as Bﬁdrogen gas as_ahydrogen source when

crude proslact g asulfpuenntens and fotal Y6V perdens of at mpst9% of the sulfur
[.nqr produce a total product.
kagﬁag?ﬂh §§&4“%ﬁ&% é%géag Crude Product with a

Sel ga¢ eldldé\BfodGEtaW:lh&ed ak h@sﬂ@pﬁr gﬂatiﬁ of Ih?&@barhﬁns with a boiling
procedure and th nar.gani ¢ sal | yst were the

rangaﬁtstr&%ltlpﬁ Oﬁﬁtdﬁﬁff@o@ TCakBdpt Mﬂ?aﬁt lfv'?ﬁé 0,004 graps %ﬁ@gw@om
S
Wil oo e R et o R Pl PP ot 25t G arams
of jpydvoeachonaivtith 2ARiligg swi¢ fisoibulién hetwten 80@E3 &GS (1000 °F) at 0.101
Iproduced. The total product had hydrocarbons with a
di stribution of carbon numbers in a range from5 to 32
Exhmpfes Q4198 é&&a&{bf@ @ru(ﬂ@eedlﬂtﬁx rBae'Soure€ id BRI rREence
pressure mas pSi uring € contacting
of the uo Rb; it ahd Srganyr Bl repctyin [ocagluees,

| p u ct h
00195 s E@%%@#?Jda e PP I g e e same
as it E)@ﬁqﬁe 9 rexoRp thiad 130 gfagB CHidé EfeeZiQ@errB Ndgtn) ahd)60 gfIRS6f the
es denonstrate methods for contactlng the crude

qugégg%gs;@ﬁcwwg@ws; werensedrladerawlot L apethansvganised as the
hycﬁ@%%l Hatal Xﬁh \4%'t @gﬁ Agpeg% Wa§ Bsdd Qﬁg@;ﬁ;&;«’%ﬁ st%Efeég.eA

ct wt ravity.
grapheslsapresermtmnuﬁ eheprmalunes oﬁmohkcoaddnsxﬁe pasycrudewesdud’hnd coke

s ol L1 B8 TED e ETROSent s okrdiied P 190 and 192

reptRbR! WS4 1iQid RydioeABofsasrBinded) a[?ldtlﬂf‘s as£A996 Qépré’é%ntt wt% gas

External Hydrogen Source. In Exanpl es 15 and 16
prodpessls basad on(chmeghtecédhe emde feedct i on procedure were t he

cat 1 e e Es e eRFEPRE Bl oanSkh 5t edPydRR. and 4

widHf Qokd\@aF €8B! BHsed®bn tHREVSSTRT tHeBerrdIRELRBNWAK RBHERA.
In Example 12, 84 wt% of crude product (bar 190), 7 wt% of gas (bar 194), and 9

wt% of coke were produced (bar 186), based on the weight of the Cerro Negro.
Examples 11 and 12 provide a comparison of the use of methane as a hydrogen

source to the use of hydrogen gas as a hydrogen source. Methane is generally less

expensive to produce and/or transport than hydrogen, thus a process that utilizes methane

is desirable. As demonstrated, methane is at least as effective as hydrogen gas as a

71



10

15

20

25

30

(C2) was used as a carrier gas. In Exanple 15, 138
grans of Cerro Negro was conbined with 60.4 grans of
W(D hnsm/ Rb2CCB8/ Cs2CO3 cat al yst (sane cat al yBCT/@S2004042652
nple 9). In Exanp Ie#g ﬁ of Cerro. Negro was
hy g wgacevwhq@ oggtagangd erydc freddp Fhecrspecass o %n?%mﬁéélh catalyst

l's; AllSOVIejO CA). Such silicon
to @gé{}}fe e |s &ﬁ%ta

elleved to have low, if any catalytlc
D N T t A

apqaéaggﬁi ?féﬂff%l?léﬁggpﬂf‘r Xa {51? 1%%88%@m é&aﬁajys\slg‘?’ef%@l%gggggg 1naExample

9, HRUStShat ThCreSHBr ﬁ@%u[@%@sfﬁﬁ‘leﬂmo the reactor at a rate
of 100 cnB/ m n. Vapor generated fromthe reactor was
col Esamplg 13nthe meactns|pgessurg p\sas ArldMBad b7 paig dukngdpe gontacting

S 479, u roduct , f
el R g ProglieCulE e i/ aR2uht L G pRlEh TR ora
proﬁiﬁéﬂﬁaﬂ @ydRcardonSwith b diskrifiZion @3 civbln nbabed ii9A rdnge from S to 32
ght of the crude feed) of a colorless hydrocarbon
(SePF'éfWPd9$\/|“tﬁIQ\|il5)graV|ty of at |east 50 was produced
fro t
cat 5] SRPAE s the [ cf RHGRL. RBES MPa S L8] AR dn fihacing
peridal. A.Sru‘ds pgjcmm(tﬂ 1&P$D gravityof bhsad 185 °Cheasyrodiived ofrhé togal
u fe f a yellow hydrocarbon |iguid with an AP
progi%ﬂ] alpy C&r oYt A GIRTARIOP 06 FTOBM PUBPCISAN § FAREE fighe” to 15
(se@@&%‘é’o@)ﬂlﬁld |1g?:n carbide in the carbon dioxide
at nosphere. ough the yield in Exanple 15 is | ow,
t heThcseslxampkge denamstratn: méthadshfyd cmgmmngohﬂ gedé fq:ed Iq\éth hydrogen
t@resence he i nor T ia t catalyst is ({3 d d
in §R BFFSEIS 9 ﬁ“é‘f‘lf%f‘“g%?? %363 a‘o‘f“‘ﬁ?ﬂ?i‘ié%ﬂ’i“&ﬂd’ tice & crude product
withQnefeaicd| AHIIgga e @M Byt \l’é@ﬂﬁg theReduR! 8 cRlde prodlet WitRdUedher or :
in Exanple 16 is one-half of the yield of crude
IOW@d’Jﬁa‘dltﬁV@S@ﬁ?ﬂt@GQS Exanpl e 15 al so denpnstrates

Ex m i s.rlg- g@ontag't S ELfite eeﬂl{IrxltﬂeqPFe%nﬁ %th of nghe crude
in the

K@ €EQ®iC CalssthrBilgANCarbidE i thiexeliseh&soflafr PXternal
Cont act of a Crude Feed with a Hydrogen source in the

ampiesAeapdd oche enwaa@%tcn@ feed, andygagtion
ro%@&llrec"w&ectﬂ@ sdrfd Qé 8@ gﬁ;‘e %&?E’aﬁ itlaf ¢ eetcfean t%lg%ﬁyst (or

apparatus, reaction pr crude
sﬂlpomcagblde):w&aldﬁrectast cllayzetd 1mertke tehetosatrtbe sesnd thimE&x Gagblos dyxide

O el TR 5 b S
With SO raRB B hﬁéd{zmmg@w@;c@;@ﬂalgﬁ {§a|ﬁﬁ: yy9 9€1h Example 9)

source. The reactor pressure was MPa (14.7 psi)
In Gxanapig 16 h@&gﬂft@ﬁﬂq Negrp evas gombifige mwb@aralgagf $iliogn carbide

ek at ur
ey YRR R MR T O TG6CAT SRTRT S satte S hEVeq sopave
lovg Qkﬁlyf’é&ﬂyﬁ@ﬁro@h@leﬁ aiddr teqtoddls dablitord destribe@hertfn. | N
es 17 and 18, the CO3ZRh2CO3ZCs2CO3 cat al
waslm@éh exqmpledhepliguerwastheated dm e saction temnepig of %@o °Covera
e
per‘l'@lsof?? l‘lisougst ]&l%;?(gxﬁgg&gtgaeg em#oqge Pe%gtBQ g%ﬁ%éﬁ%%a}n% 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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As shown in Table 4 (FIG 16), for Exanples 17 and 18,
when the tenperature was increased from 375 0C to 500
w@aosp6adlct i on of gas increased from 0. 02 gr aPGT/UB2004/042652

0. 05 grans of s per gramof total product
o ofibxaiple hoftepamates-ohoe: bisohp tEGER AL ecTodoted) of

a cgl A% r&g Qﬁhgﬁ]@WA@fx g%f gtfqggst 8D wall ngHugéHfﬁom contact

t enper at ur e. ur conte the crude product
of the sandddesdanle thefinangarfic O4dlt gatailyﬂ 10 theGafld® dyoradsatofosphere.

C e piie TE0h ¥ whial bbb Cosean FRCHYIEA! 8 (hq sude fecd) of

a m&&’roéﬁ'bo@h&ﬁﬂ datHf a?le&PIV‘@ﬁw%%‘tt BOWERrdlidd @ﬁ‘)%nt%ct of the

under conditions simlar to the conditions describ
cruﬁotfee@mﬁ'pdnhcmarlﬁw tethe agbgn dmxmmowwuct gas, and

k t in Table 4 i
o AP r o RPle ! s Tn o e iBenardiop s et drogen
soxﬁ@esmﬂﬁ@ﬁféﬁéric@ of the ikorgamt SaldéhtallR S8 ibrebber thah tHRIInGitu B@eratlon of
crude feed was not aseffective as In Exanple 18. The

hyctrpmurpiebam@at@lm penslitions. e rwldofigudgmprodpgdin Grampleflo is
one #if St e grﬂ%ll { crg%lé) %r gﬁ@% E%mgllél lfSu @x@%y?eofg)ﬁgoe@erﬁoqls{rﬁ%s that

ur ¢ of ¢

hycnbgdme tgelfleﬁﬁteﬂ Hermg cstacp bﬂﬂhld @tudarfeau@ehb presdms@opihe iddkganic salt
conparative exanple for Exanple 18. In
an‘E@éh?)P‘%?eQ@ Of%ai?‘ﬁr}%ﬁ@g% S¢S con car bi de i nstead of

Exagglésqgrﬂ)af %&ntﬁ@! 3t acé}@deyﬁéfdﬁ :;&{% gerI 901“2@ in the Presence
of Kiz@@i;/ﬂlh.séfﬂglg‘@;C% ICraslest, CalcixaQxide, 20drSiliain Cerliide athe

as .prod n an coke roductlon i n, Exa
B T A - TGt
inoPEfe ﬁﬁrcaﬁt[y%mw@f'e thé Sife B iQ¥kampleD, %§céjﬁ 8138 thRfCerro Negro was
non-condensabl e gas, and 0.5 grans of crude product

add@érdereptﬂxomﬁbe thactphinstead eéa@m@OdeMIvaeE&eéﬁm bydrogen

e Vlied % RS BRR e “blefia eGP Sl [ 5Rr 1m0
du@lﬁg e Ud@taﬁfrfgcbéﬁﬁ)dp Thel Hy‘&dgérn%]aEMa& Wil 2508’ @min. Reaction

exanpl es denpnstrated that the catal ysts used in
tempestyiesStepm Bow rates. grdnsrarntagep pbode p@guﬂt gase@iegh coke produced

ons and conventional netal salts.
arez%g%gaglﬂﬂéﬁéﬁppﬁ} (}r%ogen flow rate of 250 cnB/ m n,
t he lraFxanmbles bF an:bl@e t}mriﬂzGGMRbm@f&g@Oecgaiysmmsed In
signhificantly lower than the of
Ex%g‘édﬂd &8 @H@égma?raaﬁwas %ﬂﬁ% f?iﬁ#aeavﬁ%@tt contacting

e VRS a kdn XA IR éﬁdxﬁgom@bgémc salt catalysts
ten%epgg Exvgdgrrp?gs 1I$e¥18 |r§§gl'ab le 4, FIG 16), a decrease

was Asiskeww gdTable 4 NEGad b)y tier Fxampdest 1 7cfndpir80whc:tetlhe desperature was

i B 7S Ef Bl i 6ouERa b i Dottt 05 eFdco Bos

grailt@of oh§ pP %zhﬁ ofl tdltpréducOf CoREIroG B Novielet, ecrbised aearl).17
gas, the thermal cracking of the crude feed is

gragsttp W@ambofb@kamemgtn A@rydedieedat thokigharsempergatugg. The sulfur
co r{%rﬁ glf ae rﬁ)rlllJ k tprgﬁauc@%é dgﬁr é?i fr%r 6] g P gl&ims% ﬁq)gg %y%?s of sulfur per

grafPoff ede frsaiigy laethe ﬁighaﬂﬁ:nﬂ)aratlﬁe nB@ﬁht crade @oﬂiidﬂ:ﬂh’ad:ﬂ@of 1.8.
with a Gaseous Hydrogen Source |In the Presence of

wat By Exameple 1% asridrdssdroesontasichyith (¢ O undgricopdigions similar to
the @Bhitifs described for Example 18. Percentages of crude product, gas, and coke

production are tabulated in Table 4 in FIG. 16. Gas production increased in Example 19

relative to the gas production in Example 18. Desulfurization of the crude feed was not as
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Apparatus in Exanples 21 and 22 were the sanme as in
Exanpl e 9 except that hydrogen gas was used as the
meoilsmg’ﬂsms source. In Exanple 21, 130. 4 grarrs OPCOERL004/042652
ro was conbined with 30.88 grans

eff?@@e@ﬁ rbbxapled 8 cdbe eﬁlfispgﬁﬁipcttmosdl&ﬁﬁ%%malé 1pdgd, per gram of
I

erdBt Bt 00 G0 108 s oo st SR AR s per

granhef auddgrofiea domthe tnxde produet mroduted e Edampletlr e was

charged directl into the r The _h 0 S

e Earial 20 158 compRaT SRS Ee b s 18 Exgaplea): 8343
a!%%aéﬂ silftof @Qrbml lgét@‘ﬂl Jehd QG%am-Erkﬁlt ChtdHBt @@@&afﬁe’éttb’ e reactor
was heated to 300 OC over hours and mai ntai ned

Ga3 p®doQidnandcoke produdtivm srlgaﬁéandw inereqsed &t Bxammla g0 relatlve to the
i ncreased er.1 h maj, nt ai ned

400 0C. 0
BATREOHYHIOR aﬂé Gpke 9&?8%‘?‘0{’ e ExaR |1§n rﬂf“é’ﬁb‘é‘?%& NfPe %@&&%Cé’a‘dmons
0. ﬁ%@arﬁs of@ke heM@am! dFchRiUyE6dlichton S fiems 88aéREoRiensablcdda, and

4 g/mn in conbination with the hydrogen gas.
0. S\M@@s oberedtpodugfereraproducast crhecridetpsoduss pr@a@ftdom Exgmple 20

ha%@.@é g&%{srl)f g? ep%tr gpa?rll gpg’uﬁ‘e #r%dﬂ&a{) ‘?%8&%8 o’%‘fOt(ﬁrgrams of sulfur

ere on m Xxture

pexrgaamtdf@mdbqamﬁkapmﬂ@ce‘daﬁEmﬁpleaﬁed to 500 OC and
mai nt ai ned at 500 OC for. 2 hours. Generated vapor from
t he Thesgexamplga demengtiateddpptithe %ﬁ%ysﬁ)}lwdtm Eyamales 14 aph 8

B RS S0 g .
SOQ 86, ahdwtiidrdees ddwomtet df éS(MeijQOe aimurms od eokfeemd)nonf a

rk reddi sh hro rocar bo duct)
cosR G e STl e Vet loan e posttings f5BES S gHonS
coﬂ'déﬂ;ﬁa%@ét%a@ rédﬂl‘@e@ﬁﬂ&?nﬁﬁgﬁaw{& Boﬁ(ﬁﬁ‘orﬁzm/ Rb2C08/ Cs2CO3
catalyst in the hydrogen atnosphere. In Exanple 22,

wat &r exﬂapxbers using inorgamit salheatalpists b?feeéa@nm 13 Sdndatile 4, FIG.

reag react or S t ed nd a
16}, ARG S Pk Be AT BhectR PehRRBEEES eiB0e Bt
prddi€ed ©8Codied dueing tﬁd'@iﬁtr5pexg%9(m@ﬁt (fhexdmble, Ekmpne 20 in Table 4,
vi scous |iquid was Eroduc fromcontact of the crude

FIG g W%ﬂ@quﬁ‘@w of By dpersbons ip Hie producsd @as. dhabeimad ceacking of
9% r | 0 rV.c

A ABRLIRLEGRCA DI 618 0 SO TS SE SO o

5 vabg dunm basetwa i tetal ﬁmommfphmleéfeéﬂ chatmtedtwidt £Bydrogen source.

| npr oV, msnt of t he pr op rt | € =_o 1 he cr ude pr duct

th@P:lég@nc@ rg‘P "W&Jer Rﬁ@gll@%%%l/ﬁb%%ﬂg@%%g} éﬁtalﬁﬁ’ 89 Sfl{cﬁﬂ'd%bnde
Apphratus nmEearpplosj&b and Eibwe@t papinee B2n Exsmglerfoarsteptabadydsogen gas

th d t d le 22 pat bej
was ited o SRt St o 5B 2 D TGS oPhhma et wes
corRbincd oo 3'0%8%\:5&@6#9&8 Klzcb@mbgobg@ggm S dagily P EPReMNt @Sde feed

relative to e crude product produced in Exanple 22,

mixtyreddn &anl@cﬂb% ¥b steans afkseprodiéanm waggempined witg-8024: grams of
mhw%gaéﬁ % fo%nq:ﬁe crude ?e%g mlxtlu;]e a Hydrogen Source in the

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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of a K Cqg 3/Rb;>Cqg Cs CO Catalyst to Produce a Crude
Product with I ncreased Volune Relative to a Crude
wee@dueis73/0l une Produced under Non-Catal ytic PCT/US2004/042652
) ndi tions. The ratus e fe i nprgani ¢
intg QPP B Arare PLODBI Beombiiinan yal e EREE ES. Water and
hy @686 W&E hdiéteEXAN RIS efotor S E @R rerh MRingHedEnd AROhIMRG periods.
directly charged to the reactor and hydrogen gas was
Aftgsmdingaining ehdwtyaknwgenlxw@: lﬂfc4é)0 °ﬂaehecrﬁ%@@nftereplerme¢ wes increased

to PHCnd W@t 5I8 & i ol BB F Uik YR ol ripiges
colfeetd i #2Qold-tr&fs 206 WdAs Bg% diqaidcpréducg frefBthetold traps was

K2CO3/ Rb2CO8/ Cs2CO3 cat al yst were charged to the
consehidatest andmnglygert product (87.6 grans) with an API

‘(9”1"1‘131 1?1{;3)&&% g?pé%”g u%}e%? lf(‘éd E&wf% Fe%e §§ Qleg\gg%?tgc;r&tﬂé?x%dé)ged) ofa
dark rretdtiishf teedn (hgz@@)cﬂ’lboﬁihqmﬂl(dedé pexdjicthand @ateg (E gpivere produced
sili cgrn car bi de_were charged t oﬂ%zhe reacto

A crude .
as YA, pm( cmwgf afthy cprdetpadnwish the C&sﬁ%hz@@s@%@@a ¢atelysf in the
hycﬁS%bgf . 9861 g/ m. at 15.5 0C (70 nL) was
uce Under t hese conditions, the volune of the

cr uHeEwnmlu ez, \patexd\tapedarfcka)mzﬁkmmlm of Basnwigs produced from the

t el 10% t he vol
reap BB AR g EB R i (1R BRI ot oo Hauid Was
ren@@mOel t%é r&@fors Legy tha 809 of @fSdatid BWrBESdoub naﬁndtvbhe

vol une of crude product sroduce in Exanpl e 23.

prosluquu frama amta¢tm>£ ﬁlmedq fee @11tbmélcofl cgt\bcd@un ﬁheelmamgitra%phere

ucer: s abil it 9gnerat
A BRI BT o o BB b8 oS il 24 ik i
of@ﬁd@px@ﬂh&@r&ﬁ@@ﬁiﬂlﬁﬁnﬁalwurogen Source in the Presence
of a KCOR CO/Cs zCO'Cat al vst, Sul fur, and_Coke. The

appEXaRlS 24 HeMPBHENSSER IPPEVEMIREOiBs Broppidies gfithe grude product

B e S A SR VST P 4405 o

waeat Specificallpsth ceda padiubtyindixatnpte HgwasloRegbaitisg Gfak2ieCBude

pﬂé@@% O?ﬁgéaege a@n&rﬁgﬂéﬁ&%% gzm deg{]dglpﬁé@mple 22

not(l)%ilrxg'aab“}hr RBRIprdfRc§ 14 955! Phl BRdE Eﬁ‘)‘&h&rproaﬂl@d Q?Eié?nple 21 had

Negro crude i ncluded, per gram of crude fe
enl@neﬁrdsﬂqw)pamelale@ redativego glendreds producs pm.\jiumdmgl Examyée 22 as
dl Str but.i on.between 149-260 0C (300-500 OF), 0.000640
l?)f lﬁ'llag éeé‘ vanadi um conbi ned, 0.042 grans of

Ex§MbieH R3- 2R Eht2& Fa0FudFde@ With£ HydlPbo i Solirty irdfhe Pi8sence

cruae ’reed vvas b. /. Cont act of the crude reed wth

Cogﬂmihi t Thmqiparmds cﬁﬁé f@ﬂaﬁibfg‘anicoj‘aallysn raﬁd lﬂ@ictlolfi)p&]:edure was the
ans of crude product and 0.0 eg of hydrocarbon
sangea%s deyqitbed 4 krargele e e1aeRtcihe erqdﬁ dede dlrﬁeﬁly fhargedge the reactor

and@drogen gas was used as the hydrogen source. The crude feed (Cerro Negro) had an
API gravity 6.7 and a density of 1.02 g/mL at 15.5 °C.

In Example 23, 102 grams of the crude feed (100 mL of crude feed) and 31 grams
of K,CO3/Rby;CO4/Cs,CO; catalyst were charged to the reactor. A crude product (87.6
grams) with an API gravity of 50 and a density of 0.7796 g/mL at 15.5 °C (112 mL) was

produced.
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0.16 nol es of hydrogen, 0.045 noles of carbon dioxide,
and 0.025 noles of C2 and C4-C6 hydrocarbons, as
waledosiosdoned by GO/ MS. The bal ance of the gas WAGST/US2004/042652

nmet hape, air, rbon ace (0,004
B&Exad?ﬁs%p Tags e ‘efaé Sqeaaﬁ(& rude feed) grd g grams of
snlxe@@cﬁsﬁlawee@cmgéa% FLRARbNA bﬁﬂe%&aﬁ@fgrmtwlapﬂmm
nmass spectronmetry. The cr udegé)r oduct included a

gramtxbﬂﬂéami a Hmtwaﬂk%ﬁk ghml bt . AL (TthgLy mgerdsiec«men

oo i Ui e I AT da i

23 \Wak Bpprokidndté1 g o rBzIterﬁarilﬁl@ V3lue @ith®cr@d fé\@a)The &blume of the
Wgr am of mxture. This product was not detected in the

¢ peRslupiergduced en Emapl@a?ﬂa*faﬁtgn(ﬁqapﬂxiesaé@&/ teap)dharsthe yolume

o R P et gt e
enhiBt@ prodeser’s aﬁllﬁy @ @fBrateomaicooimensf @hde priodict p318volume of

grans (an increase of 18 wt% based on the weight of
inpubgrude.i gi nal K2CO3ZRb2COBZCs2CO3 catal yst). The first

Exgx?@g gt @byt #ﬂFb %&%ﬁ%ﬁéﬂé‘ﬂ;#g gd!ﬁ{e %5%% a

K,G0sRb,610 Selh nddFolat drhea@bparstd and reaction

cat al Addltl on crude feed (152.71 grans) )
PrE e SRETRATRE EHE AR ot M o Su bR aato the
reaEfér B UGS /R0 H{em%?Rﬂz@@)‘(%E@gg; E:Q&l?&t V@Jscfﬂéﬁiﬁecﬁ;)l &fmbmmg

| osses. The total uct incl , gram of total
27 Brgmtus:of Kﬂ:@asz 38 rZaawn@of Rb§Q3cind ﬂQ&egrpmsd €5:CM. 058

s [T groBEer (87 e Eyn R OgRAL UPEE Bleaidf 3 Bramo
waf clbfe @l RtBe RhctoAl DRNC e OXEES, cralRdnéludsb pedes dffcﬁld%-f@ﬁ 0.04
hydr ocar bons. The bal ance of the rgtgg/ was mnet ha

gragistp@haemageheonignt in Hpeiling rppee distrinaiap Getytcen 16?1260 °C (300-500 -
o < y

PRDSBED G TV e oA s 5
gra]r&&rf&i%d&CAPﬂ@a\p@rdﬂthmcmde fehé was 6t7ure with a boiling

ran e distrjbutio gel 149 OC i ncl uded, .per nol e of
t ot Pnﬁaﬂﬁf tﬁe ﬁg}e?tnfe ethgnegn gheRiesense el BE hy |
Kzéég' %5@03/@52%3@9&%'{? %fodttl&ldu}g‘é?%rarg P3P k&Y €55 grams of total
a- xyl ene 0] Yo of par a- xyl ene

prodeotnaed/@ 04 cgraimsgf colrgpounds wi t h a b0| l'ing p0| nts bel ow
C at These

dot A0 B! erodiel ngluah, o8 Famt b Rudt (.8t BRpof erude product

and (.928 SRthsWIBYdio84rBbY Bis! )Tﬁéﬂéitar £xRvaectéd PRIIBE p&?ﬂ@lélff gas,
hed, and then anal yzed. The second used cat al

0. 1R et hydragased. 045 melc Rt cikbamg g deAngr L mglotiof G ad C-Ce

i 43 it %
R oA IS 8 e P
mo@atidé, yimt Ja. tratl €0.6@CAb s Usfedasah@d ¥aide iphcduoded O. 3 2

grans of coke, and 0.01 grans of sulfur, and 0.6
gr arbe pade grogdhetorasawalyred whrgr eombingtion ofgas Pbrom%graphy and

magsr g&r&ﬁ&ﬂ (%43[3‘5%%%“%%%%&%6 B B lrb BEbcHE ‘%ﬂﬂmda boiling

cat alyst ( to pro per gram
range betevebe éﬁl() 53192C gTherstaifliquilt mbdyat mixmte 1amldd&i @.0Q6lgrams 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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granms of coke was collected. A portion of the coke was
attributed to coke formation in the addition vessel
waolo@sieseoyver heati ng the additi on vessel since BOWU$2004/042652
rans of the 133 grans of c¢rude feed transferred was
tOt(%er{Ft!@tfoé 8d-38 mrams %nancrﬁ%ss @18 Wthe bargd an theoweightoh the original
{ @l r f r:
s B R R oo
addinbmeal obkeg 8903 O giansmiflseKurnD.00y4 gagemt NI/NOEAdi848rarhs of

rbon_di oxi de, and 0.03 | es of C2-C hydrocarbons.
KZéﬁé&g’éﬁ:&Hg@ 3 Reﬁgra&hgfc}%gg?\tésﬁ ne, air, carbon
mon @&ufir%nam&de%gﬂ gl%@!?fl' £ms)ARe d%nﬁtmélh |wi¥}{itﬁ€ fird futsed catalyst

evaporated ol l. crude product included a mxture
(36083 gravspogrodres 100 ghangs dfoeddvargdrtatabprobedtwenlod®s- $BStotal
C.. .The rtion of. the mx with a.boiling ra
proficypeGAEE B Gamiiad eerh] Futia® shag e droais 0.058
gran¥raaaitibRdl coktand ©.019- &F KB TRE BY inblRBEE Per mBledd &as, 0.18
rans of toluene, 0.04Z grans of neta-xylene, and

moles@f hyduogens 0d7 grama ok garberediogise cangi &P melepef 6r-Esby
T sed ¢ Lyst. ("thi catal yst"),was
i Ao SR el L Fah s PR AR ki 0 Y5 of

evapaeatédoil prodaad<Crtmblypt had an increase in weight from
44,84 granms to a total weight of 56.59 grans (an
i ncfBagdg profyctipokdecha mixtiis of hydigerrgpns with g feiling range

PO 27 Aal yoPE 0RO RS TR £ B oL Fp &3 i fution below
14peC irmluded, pefhhel¢ bf tothl ligeid hydtozhnpehs, iOridiSudedys qfethyd barmene,

f i tianal ter, 0.90 granms of rhon, 0.028
0-°8ﬁ%(ﬂ§%l° tﬁy%ﬁ@ﬁ m .e(wf%f?éﬁﬁneo@n%ﬁ%g mol%g@gear@r%@e
(mBfocHelhd Mg c&noﬁ&%dgmﬁﬁ Bl foliY 680w 490EE: 9T IATMPS). These

vanadi um~ 0. 0007 granms of nickel, 0.0015 grans of

praduets wesgnbt@le®@0@RE 1gthengudsf feedl ori de with the bal ance
bei other trapsitiagn tal,s such as chyom .
t o aff fisdan T Seiondne et Bt Bl 0 reactor, weighed.
ancﬁ?h@ﬂ'ﬁheﬁyzeﬁo Riye seddnfl wiked @bﬂﬂf@ had'Bf BlcfeatleMOSEiERATdM 36.63 grams
and/or 1 n the inorganic salt catal yst do not affect

to g todal eaght of 4316 2Ernet (ag inearasp plotivt 7o kased emthe vaaghtiosthe

: b '
orFEIIBRINSEEPL, 600 2 oy FRULELEEANMEN87 rams
of eukkeadndsi.01 ghemsarf waldéurparebi6? ghaad per panoefsetora wed oatlysts

AL T CMELIRTE RE T N e
(4484 151'11?)%:}3%%1&&' W o dehP 0 Pbudd %Ed,t 18 g‘reﬁﬁ?ﬁ% &)V%?I‘goﬁi.l X d0.114

aver age crude produact yield (based on t
grantseofcokalwad edldytedad B91idh off the coliet Wasaatsibateddo doke formation in the

evi at i of 2.6% .the average coke yi was 7 %
s g of i OVREgHDE e AERBC vatre Tesbuls s 4f te'3Y grams
of §haO R4 dafi¥virad wailcrifle ed% and the average wei ght

yi el d of gaseous cracked hydrocarbons was 2.3 wt %

( badbeltatal proviuciwickyded, pkr giam afitotdeproded) 0.8 grams of crude product
an) BR Bl iy BorSoBen e el SRR, B la aff Big motes
of hfioddnl 0.052 fodds,of icarbvh divlideNgnd 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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tenperature controller of the feed vessel failed,

overheating the crude feed in the addition vessel.
wae@s/osxs75t here is no apparent significant del PO EUSDNS042652

effect of even the |arge anmounts of coke tested here

149 7C ingdudgd; peyigram of hrdﬁ@caé%ﬂnamy%‘eres%% kgrampicthyl henzsne0.027

gra%ecgit(ﬁlﬁ e {)t(())?%tg @4 %fwgﬁetﬁlegﬁ,]a%d OTdﬁﬁaér%f'nk ?f %Ira- lene,
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sence o

0.000Y/ &hjﬁ(@l{oﬁsanmowﬂhy 6ft chidrid® witp thedaldfic@beélng other
reacti on procedure were the sane as described in

trapsiigrpnetals suglk aepromieR, AR ADd &IrQEYM. et hane, and
st eg gﬁbﬁst&ﬁ ﬁl'ﬁﬁ@ léﬂr}f IE %kE cﬁuifhfa ah&RF hfals &%‘yﬁm A% ?1 and/or in
of feed Int

e reactor tor’e u3| ng
thevmorghmnc edlt thaystelmatoo affedVthmmllgaddMsnde lpmdmuo@s leyst 80% for

red. at 500 crrB St eam wa
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grams of grans O Rb2CC3 and 40. 6 grans

lowlmsszonﬁheclmmrmm@@/omsac&hc atugdk yesd i 8doBg range
charged to the reactor. A crude feed
dls%bbu?sﬁg\?qa 4% grgn nster, Canada) having an APl gravity
of Pordthe &usyhfng [th€ @mr@get créde frodi:t greadr&)a@éd GitthE Weigh@ Bflthe

a resi due content of 0,40 rans, gram of crude

crugle feed) was 8hé artea With a shenda quaélﬁn@égée/ ; theavesagesoke yighl was

7.5\'}812/% Qa&%&{*&%\é@% gg%? B h{é%?l#%l t*éedf\&r fih rﬁ@}a&ﬁ%ﬁ‘d&{}‘@tl&‘fjgﬂg y9Nand

thermenapaiwveighh @em af@séoﬁe drackelhydirdcavteins ofas 34196 (ltdsed on the
reacf or vol wever e.rate S uf ficient

wereg?r ﬂ{ %r— fruds %edD é\o 12 Staﬂﬁ‘érdrfg?t"l?é‘ﬁéf)g W@é fh?d@mpé@awmﬁarge

stafr @l a&h@cﬂm\/ﬂt{%tﬂ {}fm@ Qﬁ@&&k%twd%tdu@'ﬂo RRRiADRIAN, r]ﬁ Wh'%hl the

reactor tenperat Cont acti ng of
tenmetdtan edstra lemb€ thedeed mslel \faltetl QMeaangtky:eruqufecrhmeUe addition
ct.(in this exa the f
vess Sl v6R Sr b it ydisny SERLPRN A Stsroan e pRrigngfe laree
amblittsl 61 E k@ de0@BhdPE 6 B HRHVIBVEthE cAIDY5tSystERmOM a
difference in initial catalyst wei ght and

r esTheestioad éJz;@éetﬁnmte(ml @zweqs k9, Theoatio gr Gnelebn tcioked C; was

p f crud e react or .
0'4(‘: glrﬁxfg([p?l ? f{nﬁ éo gr%ra% o? <Pe1tdthe &;h (?rocargons wads d: 6lon]‘he Cy
cis/trans olefins ratio was 6.34. This ratlo was substantially higher than the predicted
thermodynamic C4 cis/trans olefins ratio of 0.68. The alpha olefins to internal olefins ratio
of the Cs hydrocarbons was 0.92. This ratio was greater than the predicted

thermodynamic Cs alpha olefins to Cs internal olefins ratio of 0.194. The Cs cis/trans
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the nethane in the presence of the K CO3ZRh2CC83ZCsCO3

catal yst, 0.93 grans of total product per gram of
werudeciseed was produced. The total product i ne¢DUSZ4/042652

per gram of total product, rans,. of gas and 0,97
olegpar?gwas&r%ﬁde%f Bigctas gé?@&?rdg%fg\e Prdicefhiptmegtynamic Cs
CBHE&F8§EH§H$0%@bQJ used in the reaction. The gas

i nc per gram of gas, 0.014 grams of hydrogen,
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cmldy feed, nw%nmeﬁ@tmmwrc poringesiy fad, to thyeicagien, Thedepad of feed in
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contiiRoksly fetafrtit 308 R:hﬁﬂﬁmlt@ tHetd@stor. PedangvastdHtinuously metered at 6

hydr ocar bons, 0.30 grans of C2 conpounds, 0.32 grans
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gra Io
o 8 Blr i IR T HER B WL, 12 kAR 205, 322
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sulfuatcomtentf of 4} (Phgrad@s ob Bldﬁlrrmdtaxemdu@mmnt GSOéD@tams pegram of

er e R O AT B sy 0 el Pb e s

corftinudesly BRbrod frémthCadiith veata by E(I 5 bfinih e tH BSRMNGR aRfattempt to
coke did not dimnish the activity of the inorganic

magydin thegrade/fsed liawid 19teba{i2Bd ohtherreastorpiodug thowayerathe gate was
n Exanpl e 27: Contact of a Crude
"Bﬁggé%fa”ﬁggﬁﬁ§%?§ﬁgﬁ Source in the Presence of a K CO -

| Ro TR OmkBanéSedraicaldestedwat omkaeted Wich thp Ratabistist adrflerage
reacti on procedure maséperforned yusi ng conditions

interBaldp3oksdenper Geniackipeoh fhepetheieicnagude feed with
the%{astgxiodé%g YoM E}é’ﬁh?t i ug@%&g% ihend f3fm'of rgglctof%fﬂ%ent

t ot 0 gra was processe over
vagoour s. From a di fference |n |n|t|al cat al yst melght

d t al
o orea 5] Sh et Sy B el lob Sl Riek s Pt P Jpra
difleasRe 1rpiihtHF @atﬁ\@btgﬁél @fantl Q&l&fey&%l)fs?ﬁﬁ!xtut% Jvﬁgﬁtl 0 @@5 Qra%% of

grans of total product per gram of crude
cokerpsd graeuiof cride fieed edmapnasido dhe iepgpudadm q@etacgqoféthe glfude feed with

thefiifinelh Bt sengs At ka0 Rb- GO GRR Oyt e arflys of tol

prodaéteer peatof duddRed #aspiodlced MThe G@s] pro@hdd AetudeB Sper @b
of gas, 0.021 granms of hydrogen, 0.018 grans of carbon

totahpresiict €,03@raB ofgasmed 819 esmboal endspreguctgexchidipethg ampunt of
“wﬁ%gé%%ﬁ?@%ﬁ%kdg?ﬂw%%%ng 65 granms of non-condensabl e

amount  of hydr ogen sul fi de
The gas included, per gram of gas, 0.014 grams of hydrogen, 0.018 grams of

carbon monoxide, 0.08 grams of carbon dioxide, 0.13 grams of hydrogen sulfide, and 0.68
grams of non-condensable hydrocarbons. From the amount of hydrogen sulfide generated,

it may be estimated that the sulfur content of the crude feed was reduced by 18 wt%. As
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produced, it may be estimated that the sul fur content

of the crude feed was reduced by 14 w % based on the
woweeght3ces the crude feed. As shown in this expaplUs2004/042652

hydr ogen, carbon nonoxi de, and . arbgn I oxi de were
s mm} amls. BEIrageny SATPRR BPRSHABART FRBR AP TdeOVES PEShiced.
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C, compounds, 0.31 grams of C3 compounds, 0.19 grams of C4 compound and 0.068
grams of Cs compounds. The weight ratio of iso-pentane to n-pentane in the non-

condensable hydrocarbons was 0.25. The weight ratio of iso-butane to n-butane in the
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| east one of the catal ysts conprising one or nore
wo eassbic7dn nmetal sul fides, and the crude feedptrBVSTIQ4/42652

resi due content of at |east 0.2 granms of residue per
nonyeefeptable lwaléoqaré@as wag Odet JP&%@B%“‘K@WWB&H of Cq
o il o Q%g i 5. A&k ng conditions such that
e cru uct as at st 0.05 grams of coke per

gr aﬂfhmfexmpldeiemonsims thatnrepeaaedmomstmg af the aatladveyhigh sulfur

erul Pl (G350 Bl Bk et Pribibasy setiat A e P presence

of QkeAid RSt in®h RE Qéiw;ﬂyrb@rﬂ?e lﬁaﬂgqﬁlc@m datalyst, Woﬂﬁée@gl crude
contacting a crude feéd wth a hydrogen“source in the

pﬂﬁn@§andéeﬁﬁtmmaxmwnﬂmre catal ysts to produce a tota
progduct t i ncl ud t he..crud roduc wherein. t
Cr s i acPEns i st BpRe BrER S vatO R b dhsefine
inviiieon il BeLpphreRNO tRdselskitled M Mlelusttif vieWTHS thisi deScriPidnOr
nore transition netal sulfides, and the crude feed
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- in thé‘ﬂeﬁﬂné'lie%ib@ﬂ‘ ﬁeﬂémﬁﬁoﬁﬁeﬁmﬁ%ﬁfgﬁl thOsfirit Al¥eschBd bade

as clained in claimb5, wherein H Cratio of the

" inventinheasysiesatibed in thegollowingobaishs.t he H C of the crude

feed. 7. The nethod as clainmed in any of clainms 4-6,
wherein the residue content of the crude product is at
nost 10% of the residue content of the crude feed. 8.
The nethod as clainmed in any of clains 3-7, wherein at
| east one of the transition nmetal sulfides conprise
one or nore transition netals from Colums 6-10 of the
Peri odi ¢ Tabl e, one or nore conpounds of one or nore
transition netals from Col ums 6-10 of the Periodic
Table, or mixtures thereof. 9. The nethod as cl ai ned
in any of clains 3-8, wherein at |east one transition
nmetal of the transition netal sulfides is iron. 10.
The nethod as clainmed in any of clains 3-9, wherein an
atomc ratio of transition netal to sulfur in at |east
one of the transition netal sulfides is in a range
fromO0.5-10. 11. The nethod as clained in any of
claims 3-10, wherein the catalyst that includes
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the transition netal sulfide conprises in addition one

or nore alkali netals, one or nore conpounds of one or
wones/oadekal i netal s, one or nore al kal i ne- ear t PCTVEE 208042652

one or nore conpounds of one or nore al kaline-earth

netals, zinc, one or mor&lénbMdds of zinc, or

m xtures thereof. 12. The nethod as clained in claim

11, wherein an atomc ratio of the alkali netal,
1. al kAl maheod af plodaehg@h crude praduct, comphsng cantsdtingacrodd fekd with a
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cor[te:ﬁlotﬂ aeleadt 0@NgrBmO 01 reBidde pgr @am adfcridederdagdaemihed by ASTM

O.%glg - .'9(Prarrs of distillate, fromO0.001-0.2 grans
0 h&%or nixtures thereof. 17. The method as

cl ab&ﬁg)ll' 1% @HﬂYaCQB% E&Iﬁht’f'&ls]sué@that’%@ Q:Fdd@ pY(hﬁlcPl'idéQ@ nfo@@@j 05
has from grans or 3-0.8 grans of resid

grapsrofgrkampafgram vl erufde prhdu, wﬁh@ wmglhtcreltl(agf aibmlqmdqu’gﬁrn to

wh h h
et pab e T s chupe G} e Mot e S el Rl by s T™
Mdthed D&® (Ot he same as or dlfferent fromthe crude feed

to forma blend. 19. A crude product or a blend as
5. obta\lmaubpéofbvoaum pemdg produgh, REEPIHNENY of cl ai s

§0ntgcQ¥1§%| c‘i‘@cf ‘l‘g@'d Qfn BIH 99%%%5‘ ﬁo&&é‘i’ﬁ%ﬂ@@k@ér{cg B bikebr more

heatl ng rrcants em cal onpri si ng
catpllyss @s priodgeeda 1al @ﬁ)dpbnﬁmohclodesahebbmdd pagluc] wha’edl tha crude

claim19. 21. The nef hod in cl 20,
Pragelis P Hiapideniyhise é's%ﬁ RO A il o gt FalsFa de
corﬂ} H%:Bne%r hiie tﬁhﬁﬂgn hﬁEa‘P sﬁﬁﬁeso Bnd'%%ngiesﬁ:éd Kt a residue
acttons . The nethod as clainmed in clains or

cordnt ofiheleast 9. 2t gremp obrsElse pgr grampficasls fendd podeteratingtgby ASTM
Method D5307, and a weight ratio of atomic hydrogen to atomic carbon (H/C) in the crude
feed is at least 1.5; and

controlling contacting conditions such that the crude product has a H/C ratio of 80-
120% of the H/C ratio of the crude feed, the crude product has a residue content of at most
30% of the residue content of the crude feed, as determined by ASTM Method D5307, the
crude product having at least 0.001 grams of naphtha per gram of crude product, and the

naphtha having an octane number of at least 70.
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6. The method as claimed in claim 5, wherein the H/C ratio of the crude product is
90-110% of the H/C of the crude feed.
7. The method as claimed in any of claims 4-6, wherein the residue content of the

crude product is at most 10% of the residue content of the crude feed.

8. The method as claimed in any of claims 3-7, wherein at least one of the transition
metal sulfides comprise one or more transition metals from Columns 6-10 of the Periodic
Table, one or more compounds of one or more transition metals from Columns 6-10 of the
Periodic Table, or mixtures thereof.

9. The method as claimed in any of claims 3-8, wherein at least one transition metal
of the transition metal sulfides is iron.

10.  The method as claimed in any of claims 3-9, wherein an atomic ratio of transition
metal to sulfur in at least one of the transition metal sulfides is in a range from 0.5-10.

11. The method as claimed in any of claims 3-10, wherein the catalyst that includes
the transition metal sulfide comprises in addition one or more alkali metals, one or more
compounds of one or more alkali metals, one or more alkaline-earth metals, one or more
compounds of one or more alkaline-earth metals, zinc, one or more compounds of zinc, or
mixtures thereof.

12. The method as claimed in claim 11, wherein an atomic ratio of the alkali metal,
alkaline-earth metal, or zinc to the transition metal is in a range from above 0 to 1.

13.  The method as claimed in any of claims 1-12, wherein the contacting conditions
are also. controlled such that during the contacting at most 0.2 grams, at most 0.15 grams,
or at most 0.1 grams of hydrocarbons that are not condensable at 25 °C and 0.101 MPa are
formed per gram of crude feed, as determined by mass balance.

14.  The method as claimed in any of claims 1-13, wheretn 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.

15.  The method as claimed in any of claims 1-14, wherein the crude product has from
0.00001-0.03 grams or from 0.0001-0.01 grams of coke per gram of crude product.

16.  The method as claimed in any of claims 1-15, wherein the crude product has, per
gram of crude product, from 0.00001-0.05 grams of residue, from 0.001-0.99 grams of
vacuum gas oil, from 0.0001-0.9 grams of distillate, from 0.001-0.2 grams or naphtha, or
mixtures thereof.

17.  The method as claimed in any of claims 1-16, wherein the crude feed has from 0.2-

0.99 grams or 0.3-0.8 grams of residue per gram of crude feed.
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18. The method as claimed in any of claims 1-17, wherein the method further
comprises combining the crude product with a crude that is the same as or different from
the crude feed to form a blend.

19. A crude product or a blend as obtainable by a method as claimed in any of claims
1-18.

20. A method of producing transportation fuel, heating fuel, lubricants, or chemicals
comprising processing a crude product or a blend as claimed in claim 19.

21.  The method as claimed in claim 20, wherein the processing comprises distilling the
crude product or the blend into one or more distillate fractions.

22.  The method as claimed in claims 20 or 21, wherein the processing comprises

hydrotreating.
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