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N WD 2005/ 063925 PCT/ US2004/ 042344 SYSTEMS AND

METHODS OF PRODUCI NG A CRUDE PRODUCT FI ELD OF
woONVENEER 5 The present invention generally recghRS00l4842344

systens and nethods for treating crude  feed, and to

conpositions that are produced, for exanple, using

such systens and nethods. Mire particularly,

enbSYISTHENS ABMETIO DS FRODBCENEOARUSISPRODUCT
met hods for conversion of a crude feed that has a ,

FIEEBI@FQMN?IQNO]C at |least 0.2 granms of residue per
gram of cru ed to a crude product that is (a) a
| i qihel pmsmttumt&nabn 2éncalnelafesto dysiéindital mathddd R tlRang crude
nor e rties that are inproved in_conparison
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for eowessiv af & yrutie émtphatttmsia re:sldqarcomeatsca”cht bbbt @2 grams of residue
15 referred to

convent | faci ies, are conmonly
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ten 2 be di fl‘}ﬁ?(%:rﬁ @%ﬂfs?{x%g%s]?{ é&teegl?#g% portt‘hﬁrﬂ%dsglr'Il
promme%g%thgsmdg fesdnventional facilities. High residue
DE eated at high tenperatures to convert
—g ' Al hat i vel y, high residue crudes
ar eCﬁu\ﬂBé ﬂl@f héf(feto'ilg %i' ﬁfi:ré’\’hﬁﬁﬁttME gf Hleg/“lgﬁ db SBPRIAY Hle%Pudes to
to 20 produce | ess viscous cru or cr.ude
be qq}p;(@rmcggy trg;ﬁpon:gd I peacssied gsingabrventienal fadilitids; ave dolenonly

ng/ or crude m xtures may be
refeg%ﬁﬁl cuI Qa%% %e‘ﬂ-t}‘g‘??tl onal means. Di sadvantaged
cr ngsdmwgemeﬂuu@@oﬂeetmoamre@&ﬁbﬁﬂ 1884 118 %td%h%n Such crudes

rocessi ng of hydrogen deficient hydrocarbons,
tﬁndcferkeu ditfenit agd ﬁﬁmﬂﬁlvééo Wﬂm@’enpmsesgenmgadohyem@ad facilities.
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Ives t he se of an active hydrogenation catalyst,
Pf°4‘ﬂﬁ9 56 ViseRreaudes andfer prude oistrasr Reag prongaung svaterampval
and/ or
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meamay form and/ or deposit on catal yst surfaces at a
of di sadvant aged crudes.

rate duri % proces i ng
'%R}i %f‘éﬁftrt‘@ﬁ 2% 1@5’@ & hydragendeficiang hydrpearhens: Whap
proc@§su? Syl oseh deRORLANRRLALA ?chofsi%lo‘tgnt rﬁﬂaﬂt‘tﬁésec{ﬁ&ﬁl%tggﬂ es

used duri ng regener at’i on may

genegadtyl neetlyo bé added, patialydy 1famda(t0ﬂatexdzft@aleﬁ1tba'eslﬂﬁﬂg fisin dr@:kmg
| ude acjdic

procgsg%rg%rﬁ%ﬁg ced, %@r&g?ﬁe{ng gngéggoﬁéssg% &7[1110 4Rpigealiyinvolves the
use dFWARefivd h@&?@naﬁ&n Eﬂ@lﬁ&r A8 bk GEed B RAMAMBIEF EYIGSts

with are vel y
from forming coke. Hydrogen is costly to produce and/or costly to transport to treatment

facilities.

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

Disadvantaged crudes may include acidic components that contribute to the total

acid number (“TAN"™) of the crude feed. Disadvantaged crudes with a relatively high




10

15

25

30

1 WO 2005/ 063928 PCT/ US2004/ 042344 TAN may contri bute
to corrosion of nmetal conponents during transporting
WORg00Z/g93928pr ocessi ng of the di sadvantaged crudesCT/US2004/042344
Renoval of acidic conponents from disadvantaged
crudes may involve chemcally neutralizing acidic
TAN mm@nnmufoste\mptchnmn otmetab mpnnemamlrmgmnypomna and/or

t |
proct R bt ST LAt e e O *fbcebbppgpts From
disa @t 288 Bfuded By #HR LR clﬁﬁﬁédl’@'n‘éﬁtrél?ﬁhéééﬁh cBBipahet Kvﬁﬂﬁ various

i nvol'ves significant expense, and thus, the use of
bhases.o Alterniately, cesbSbangsistatt ahetdln mxltsmscrgmetmmpwmon aquipment
d/Ot be desirabl e, ﬁﬂatherf nmet hod to inhi |t corr0|on
and/Re DIOPSINE PEURIRERE | THF W Of CoF PR SaM: 15 nt"%"o Ves

signficARCMPBAROAMH 161d) ARSuBRIFebRodib ARSI kﬂ&aﬁi@ @k@ﬁng e?mpment

processing of thé disadvantaged crudes. The use
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used tp procesythe amdes akeshe guality sliptedueta geauced frgm the cmdes
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fore\k FIEEmQRelt Pehadith kM &/or u@HCDuﬁﬁﬁ §dc%§s1ﬂ?df sﬁlaH%ﬁ;ld%s metal
ine inthe 15 activity of the cata
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activifytofdiid @mdyst. have an adverse effect on catal ysts
Alkall metal salts_and/or al kal i ne- earéjg met al Its
¢
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processes for | npr e qua Ity of de i ncl ude
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t f t nt but t the 25
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crudes due to the costs of difuent and/ or I ncreased
disadvastaged @uﬁ@mt@llewcﬂthe me@w pcreemmimpmpbeentmnnabutmg taghe
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aisafiapansdbronSfe h ihoe il fveyebbeayany Hormes QR bt weating
disad?ah@péd Hages &ek@ @1e7éb@tstdi‘ dBuasendRt 1@%6%&@@%%&1&%(3

deimet al. 47,797 to 30 Pasternak et al.
disadyapiaged/g9deso wdngoze@’f‘ diluept 3, 208745202 ¢as drudainapt ingbme
. 96Q, 706 tp,. Ilumet al.; 3,960,708 to l\/bCoIIum
Slmagf’ns geq‘rea&fef{%@ﬂggggwgé&ﬁed Ir. et al.: 4,127, 470 to

Baiyrdd pathht N6§. 32136714 tBZﬁb%chp 3:5153 Wﬂo Gleirdlet al.; 3,847,797 to

4,437,980 to Heredy et al. 91,426 to Krasuk ef

Pastfanak e’f4ﬂ 55848819 tuiimm Bk, 957 G)Elltomut of aks 8196017RAIO et
McCBllun e? 8120060 70843 MeCollum et al.; 4,119,528 to Baird, Ir. et al.; 4,127,470 to
Baird, Jr. et al.; 4,224,140 to Fujimori et al.; 4,437,980 to Heredy et al.; 4,591,426 to
Krasuk et al.; 4,665,261 to Mazurek; 5,064,523 to Kretschmar et al.; 5,166,118 to

Kretschmar et al.; 5,288,681 to Gatsis; 6,547,957 to Sudhakar et al.; and U.S. Patent




Kretschmar et al.; 5,288,681 to Gatsis; 6,547,957 to
Sudhakar et al.; and U S. Patent 2 WO 2005/ 063928
PCT/ US2004/ 042344 Application Publication Nos.
20030000867 to Reynol ds and 20030149317 to Rendi na,
descri be various processes and systens used to treat
crudes. The process, systens, and catalysts described
in these patents, however, have limted applicability
because of many of the technical problens set forth
above. 5 In sum disadvantaged crudes generally have
undesirabl e properties (for exanple, relatively high
residue, a tendency to corrode equi pnent, and/or a
tendency to consune relatively |arge anounts of
hydrogen during treatnent). O her undesirable
properties include relatively high anounts of

undesi rabl e conponents (for exanple, relatively high
TAN, organically bound heteroatons, and/or netal
contam nants). Such properties tend to 10 cause

probl ens in conventional transportation and/ or
treatnment facilities, including increased corrosion,
decreased catalyst |ife, process plugging, and/or

i ncreased usage of hydrogen during treatnent. Thus,
there is a significant econom c and technical need for
i nproved systens, nethods, and/or catal ysts for
conversion of disadvantaged crudes into crude
products with properties that are nore desirable. 15
SUMVARY OF THE | NVENTI ON I nventi ons descri bed herein
generally relate to systens and nethods for contacting
a crude feed with one or nore catal ysts to produce a
total product conprising a crude product and, in sone
enbodi ments, non-condensabl e gas. |nventions described
herein also generally relate to conpositions that
have novel conbi nati ons of conponents therein. 20 Such
conpositions can be obtained by using the systens and
nmet hods described herein. The invention provides a
nmet hod of preparing a crude product, conprising
contacting a crude feed wth a hydrogen source in the
presence of one or nore catalysts to produce the
crude product, wherein one or nore of the catal ysts
conprises a catalyst containing K3Fel0S14. 25 The

i nvention al so provides a nethod of producing a crude
product, conprising: contacting a crude feed with a
hydr ogen source in the presence of one or nore
catalysts to produce a total product that includes

t he crude product, wherein the crude product is a
liquid m xture at 25 C and 0.101 MPa, at |east one of
the catal ysts conprising one or nore transition netal
sul fides, and the crude feed having a residue content
of at least 0.2 30 grans of residue per gram of crude
feed, as determ ned by ASTM Met hod D5307; and



controlling contacting conditions such that the crude
product has at nost 0.05 grans of coke per gram of
crude product, the crude product has at |east 0.001
grans of naphtha per gram of crude product, and the
napht ha has an octane nunber of at |east 70. 3 WO
2005/ 063928 PCTI US2004/ 042344 The invention al so
provi des a nethod of preparing a crude product,
conprising: contacting a crude feed with a hydrogen
source in the presence of one or nore catalysts to
produce a total product that includes the crude
product, wherein the crude product is a liquid

m xture at 25 C and 0.101 MPa, at |east one of the
catal ysts conprising one or 5 nore transition netal
sul fides, and the crude feed having a residue content
of at least 0.2 grans of residue per gramof crude
feed, as determ ned by ASTM Met hod D5307; and
controlling contacting conditions such that the crude
product conprises kerosene, the kerosene having at

| east 0.2 grans of aronmatics per gram of kerosene, as
determ ned by ASTM Met hod D5186, the kerosene having
a freezing point at a tenperature of at nost 10 30 C
as determ ned by ASTM Met hod D2386, and the crude
product having at nost 0.05 granms of coke per gram of
crude product. The invention also provides a nethod of
produci ng a crude product, conprising: contacting a
crude feed with a hydrogen source in the presence of
one or nore catalysts to produce a total product that
i ncl udes the crude product, wherein the crude product
is a 15 liquid mxture at 25 C and 0.101 MPa, at | east
one of the catalysts conprising one or nore
transition netal sulfides, and the crude feed having a
residue content of at least 0.2 grans of residue per
gram of crude feed; and controlling contacting
conditions such that the crude product has atnost
0.05 grans of coke per gram of crude product with a
weight ratio of atom c hydrogen to atom c carbon
(WO in the crude product of at nost 1.75, as 20
determ ned by ASTM Met hod D6730. The invention al so
provi des a nethod of producing a crude product,
conprising: contacting a crude feed with a hydrogen
source in the presence of one or nore catalysts to
produce a total product that includes the crude
product, wherein the crude product is a liquid

m xture at 25 C and 0.101 MPa, at |east one of the
catal ysts conprising one or 25 nore transition netal
sul fides, and the crude feed having a residue content
of at least 0.2 grans of residue per gram of crude
feed, as determ ned by ASTM Met hod D5307, and a
weiglu ratio O aLV1111L hydrogen to aiurliit Carbon
(H ~) i1ii the LIUUC iced IS at least 1.5; and
controlling contacting conditions such that the crude
product has an atomic HCratio of SO 120% of the
atomic HCratio of the crude feed, the crude product
having a residue 30 content of at nost 30% of the
resi due content of the crude feed, as determ ned by

- ASTM
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Met hod D5307, the crude product having at |east 0.001
grans of naphtha per gram of crude product, and the
woapitobsvzavi ng an octane nunber of at | east 7BCT/TUREO4/042344
i nvention al so provides a nmethod of producing a crude
product, conprising: contacting a crude feed with a
Aphlychtion PubBcaiondNdsn240360¢863 ém Beymfldoansd 21034943317 to Rendina,
catalysts, to 4 WO 2005/ 063928 PCT/ US2004/ 042344
e b5 PSS BROITERRE ) B SO B Bt wysiems, and
cat%?&g HEdribWD B Bk JalGiChogEye HRdY Giniled o pliédbﬂii¥ Because of many
xture at 25 C and 0.101 MPa, at |east one of the
of hatezhyieekproblepsisst fagh ebeveor nore transition netal

TR e A L oA GO e
rel@veAAligh FsRE, P¥ndREYrdEhed r:}s@ﬁi%%%dnt,%ﬂﬂ/o’f’ aG&eh8) bicBsume

cont'acting conditions such that "the crude product has,
relgiivel ydregs aniovptsuf dydpgeni daing tagattnenty t Otheo 0ndesiralble pofperties

i 3R} DR G BBy (R RBsfh o biively high
TA}&E gg%%ﬁ&%n? QHRAd Rtét0atame Rl & etdlRBnkBliRSREE Subldyiopertial tend to

0.2 granms of aromatics per gram of Kerosene, as
cande prblrmein copverstnal tassiottiosasbor terimenidaribifes ifuding

. having a freezin ol nt ate r.at.ure

ineripdirissione Suttbd et e Resebr e anedsbios MorPRR wsege of

hyRe S ddH3TReatthent ATHWIEASIS Al signifiddatbconohfic Middebimital geed for
at least 0.3 grans of aromatics per gram of VGO

) as )
imptevest syisteaw, mstholy andoneatalzgsfagonygrsionof disadvantagsd crudes into
[a of r.esidue.. rm ASTM Met hod D5307.
Cl‘ug?l B@H%té r\ﬂll o%rgag rgesatﬁatda% gno% &]e%ﬂa

O provides a nethod of producing a
SUMMAR YIORITHE ISVENTION'Y: 15 contacting a crude feed
W th a hydrogen source In the presence of one_o

, ( > ropore
cat Hvpatans desred Seish generally selptedn Syems ard fopthgds for contacting

. a cxglra% gég\ﬂ%tﬁ 8neo5rolﬂv\%rg %aiﬁlajs&ttg brd oLy ‘t‘t}tal:]:E@ctl c E&hﬂﬁfﬁg% I& gﬁlde

prooduct, rern the“crude pro CtuIS a ) )
profuettand einabm2 Enbodintknts, h0d-cdddensdbhegast daventivhodesmpbea herein

clsg BT O PP AHOT RIS 04V S e PirgBen e CopIpRgF therein.
Su%gégg{pfgftﬁﬁ§ bdd QobiEhéal lgéﬂ%%%ﬂl@ sgﬁ&ﬁé ¥5d metd@s 8E4¢BBed herein.

aving a resid tent of at least 0.2 grans
of Tesindasiqgeprogidema method wdprepamiag a eide geeddcicomgnging
ASTM Met hpd 307; ,and controlli cont act.i n
CORHEE PIeEHE TSRS ALDTIOREY SR TR Y BETCICE R ohagr g catalysts to
profu@3hOCAE pRidRLMReRM ok GTh&E of EHéQ%taQ?é@éj&&ﬁpris%Q d cithBrst
crude proguct has a residue content of at nost 30% of
contdieing &gFdwdiscont ent of the crude feed, as determ ned

b TM Met hod D530.7. 25 The i.nvention al so proyi des. a. .
et R RTAORAY & & PSLISa 3f BNURECsapsrs Pt ibrflng:
corffthaachiig fBedHHA 8 hveRdembduicAinINSpReRite SOBAE6r mbretclfilysts to

presence of one or fnore catalysts conprisin

. g a X
protiwcgrsstiotal produst thkt inclhdésdhe cmtlapyesinct whpreuiie erudernsedct is a

. oduct_ t hat, J ncl he. . crude oduct,. wherein t
i) G e 0 iU p a e e 6F S S s g g d1 or
mo shid@ mdthlRmides, And MRS @hid Skl hiang kiR coRfent Blht deast 0.2
total of least 0.4 grams of one or nore transition
grams of residue per gram of crude feed, as determined by ASTM Method D5307; and
controlling contacting conditions such that the crude product has at most 0.05 grams of
coke per gram of crude product, the crude product has at least 0.001 grams of naphtha per

gram of crude product, and the naphtha has an octane number of at least 70.
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30 netal sulfides per gramof transition netal sulfide
catal yst, the crude feed having a nitrogen content of

weedood/easds 0. 001 grams of nitrogen per gram of gEHE€2004/012344
feed, and the crude feed having a residue content of

at least 0.2 grans of residue per gram of crude feed;

and@hedoventioh lalsogprevidé eainbihgd o0 prbphiing a chideprédiat, cofi@rising:

crude grgd%ct has a nitrogen content of at nost 90%
conBEuRG RS FEsgMtls & Ay Engeiourran dhepresemes @ onpar mRes catalysts to

' 005/ :
prof S S T P SR o B OO R g rocuct s
liquidasixture at2 @ ahd 01 01 P atidest fone df thehwatLydls fothp one or
content is_as determ ned by ASTM Met hod D5762 an
morp danyitien weial spfides and thecredafead Bapys Agsiduenontrag of at least 0.2
- i | .

s T BUETADh 2P AL, By STNR Y48t iy
controllig cdresingi dohditiohy stichghkat theoernde produth@nprizeekeesdik, the

one or_nore catalysts _conprising a transition netal
kef%%ﬂ%haaglg@af%ﬁty@ gany prAToRatics Res Erm pF kergeane; adetermined by

ASTM ‘NI&P&FDB 086, 16 KUSs %‘ﬁgﬁﬁ%‘a %ﬁ%@%@i&t %E% ?thf;ﬂegatﬁfeooq%? tnost -

Is aliqurd mxture a

30 °Cy andsitdrivdmedist ASTM Mdtltel 288%] 6d tHeasude ﬁr@d@dt h@frinlg adfbst 0.05
rans of one or nore transition netal sulfides

0.4 ¢
grampsedf cgke pergramataruder pradicti on netal sul fide catal yst,

NN R T -

contartthgtaheudy fedé witteehlydragensotRsifl e wosthenbf Gle Gtmbeaatalysts to
0.2 ?rﬁrrs f residue per gram of crude feed; and .

produgs 15 |PFW§JC&MHMIF4¢@ theseda preductsywbereinfhe orude predvgbis 2

- o r (]

o uct ™4 R0 MER el 8 the IR fortHine or

- more partsitivn roé¢tabsul fidey andtenfdetfba] Mving Feesitios tcontennéf 4t heast 0.2 -

cryde.feed, the. ¢grude .product has.a resi due coptent of '
gfanastolfi%ﬁ%ﬁer gm‘af Wiuas f?ﬂés@nﬂ@nere {ngrongcting gorditions such that .. -

+ g ! . \ _
S
ratiogd ot hpdrolgyn KSTivmic cardet (iE) DEBR ZrudBeodunt efiti most 1.75, as

al.so, pr oy of producing a crude product, :
dete%ﬁ?)c}’ E%Bﬁgﬁ?ﬁ@%h@bg?ﬂ% a (F:)r ude f egd wth a ﬁydr ogen
SOURERIVERId AsPPRYRIZE & nRkh I RbIIEREa AR #)Y&ﬁz%% gglglprising:

conprising a transition nmetal "sul fide catalyst
contgsiipg gcaudg feet withprhyduegen sorree imtheaessneched aneunganore catalysts to

prodf S or BT S (B SLYEBRIAHEL. [rBp bl P
liqui¢ afigdupesdt 2520 £@ @10 DMeHa, &fleAt oh@8Sthe QatdlydfsaTrnisingMe or
or nore transition nmetal sulfides per gram of total

more tragsEion rsyial et fides sands the erude feedyhawingt 4 ngsidne dentéryed at least 0.2

' onkent .of .ar | ea 0
eraud B el 8¢ rlt o £ 0E Bl % Bl RGO e P20 anate
weigheatio of &ofmeshdie s&0nt AfthicabriRaslCPirdhe LAR Toi3 L esiedue 5;
per@l%r am of crude feed; and controlling contacting _
and coghekhng spriagtingeqnditions Kechdthatdbe prusld predushbaseansaipmigr H/C ratio

CORb f . 7110%, -F_+] - ul "+wrt of the .
of SUEPRVERE e Ty 1o MR ALt i eotat it logl tepesiaue
contedf ot nig3s BOBRAHORE rdsitie COKEAUT tEOBREBE el ad dferGiikéiEby ASTM

feed, wherein sulfur content is
Method D5307, the crude product having at least 0.001 grams of naphtha per gram of
crude product, and the naphtha having an octane number of at least 70.

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

contacting a crude feed with a hydrogen source in the presence of one or more catalysts, to
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as determ ned by ASTM Met hod D4294 and resi due content
is as determ ned by ASTM 30 Met hod D5307. The
wonweEnsisesn al so provi des a nethod of produci ngrParT/US2004/042344
transition nmetal sulfide catalyst conposition,
conprising: mxing a transition netal oxide and a
prodet altotabprodba thanmludesthearrade pmductewhctremahd evudstpadduct is a

oot 45 ahFBShE 8 B ARE R B ppigs one o

2
N

graips efesidec pér gam of cruterfesd, yﬂdﬁ@mmwhy ﬁSTM dbvtlews! PARO7; and

e A A A bt 2
profRiiRk IaLT0001 &aRs gg%%ﬁ]ﬂha? e ﬁh%ﬁﬂfa%%wah%c@nb )ﬁﬁfr&%@f at least

source in the pre one Or nore catalysts
70; a‘olnmt D<i0h graang ofdreseseneriherbirasens ublﬁlpdsng araghajiss, the Lerosenc

B % ) o S st B A eSSy o
Mefhbd %%1% and i ﬂé%&sei\{é’ﬁawhb § freb#iaB $bint e Fatsrelof afi@ost -30

catal'yst’ conprises a transition netal sulfide, the _
°C, s deternfipetbh ATV MethodB2 3 ationt 8001 gtaras of mum(gas 011

rans of resjdue_per_gram of_ crude feed, .
S DR DB G HBSPES RN ORI S G 4T ST, £ (g Tined

by ﬁ%@mb@ %8/9@,%0% o %{%ﬁgéﬁﬁg%mfreﬁd&oaé &aeﬂuﬁe&smgm Method

at nost e content of the crude
D53(I§fed and V\herel n the transition netal sulfide

o St AL g B RS S poriso

con%hﬁ??ﬁ BRH&keeaakith Nh%dr’d g@h s0ufRGh tprbRcé bPGY dri1fbre catalysts
oxi de/ net al sal m xture wi'th hydrogen to form

conaums1n|gtaérwuel@pamtalanﬁidee=ataiﬁsh@ Erhéucelaﬁ@@il pett thatjpelgdes the

th f
ey Pirects o FRRE RSt iR RaRlostRi e LR oo, the
ir adsﬁﬂéﬁ et RuldEds Qaﬁ[y@tflhai@@ a fotdTRIF BORaR .40¢rahd of bge ar btede.
product, conpri sing contacting a _crude feed

nmﬁgtl@n@geéa& sgl&d,es;eeru gliamwé tcﬁﬂé@?@ﬁ@@németféﬁélf&e caislst, he Grude foed
haqu%t 4 8¥ 315 O&ené Bg gtqgﬁ Oaﬁ 28 ﬁ"?ﬁ fsf%ﬂg égr pé tof*c?&de%@(f as

0 uct
detéﬂnﬂibﬂd)ymqurMe@lbd 253@7,&&11@[ donttéllinlyPantacting dohdltxonm sllmh that the
feed_havin | east 0.2 granms of 20.re |du
crudsy prequsd Bas é@ost 845 gaaray o Ghka PBY STATTHN & RsRdisAgtd the crude

pro@fc?ﬂéﬁce{ fRgafl oﬂtglﬁ%&‘ ?IPB%rBtO"VO Br &k résﬂﬁle c% 1t 1 Hﬁfde @éed as

vapor’; Condensi ng east a portion o e vapor at
deta@l@d@@mmomeﬂueansana form ng the crude product
wherei,n the crude produc

D1 CeGRvenion PlEA PrOA G Hh ARG BIOSRARAE FER SRR L AmwESing:
congPiiddei RS o PUIRER s Riin MR kee R ol Rore caalysts
coniisiag aaransitibh esctglenlfgleanabist MGPpdws adetabprodnedhigyindlides the
oS5 3001 903, and, oL st 0,08, SRATE, (0L LOSLATy T, i
trang@ﬁ% ?rlféglﬁ ﬁgﬁﬁﬁ%gﬁgsﬂgaﬂgogﬁﬁl 9 168513 M IR FHME bor more transition
metal sulfides per gram of transition metal sulfide catalyst, the crude feed having a
nitrogen content of at least 0.001 grams of nitrogen per gram of crude feed, and the crude
feed having a residue content of at least 0.2 grams of residue per gram of crude feed; and
controlling contacting conditions such that the crude product has a nitrogen content of at

most 90% of the nitrogen content of the crude feed, and the crude product has a residue
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 deteppigod B AST
MetEABEL .

contacting a crude feed wwth a hydrogen source in the
presence of an inorganic salt catalyst to produce a

wa pioabe3zgeoduct that includes the crude product pcnust®@i012344
the crude feed has a 30 residue content of at |east
0.2 grans of residue per gramof crude feed, as

contdmt cﬂ‘ratrmvetj%% of AB kit boderDo8 (e, crudaefecd,uadlmrgn@dmcngemwntent

s et A S Badin i cegfiero: B deledPifidasT

MeiBsanksopf naphtha, the naphtha haV| ng at |east 0.001
granms of nonocyclic ring aromatics per gram of
n aﬂﬂutemvena'sn w0 2eD5d 3638280 Epig8adog A @nriBptoduct, comprising:

confiting A Fo0 SNRLUFORESIOTPE3 DETREoEPE PisiTBere SHlysts
comgﬁhﬁé rzl‘tﬁ:ﬁﬁu@ﬂ nﬁ%] MR QQQ])@@%BBD&[@E% tofY ﬁfbtdh@ﬂhﬁﬂ iiludes the

provides a nethod of producindg a crude product,
crude grguhics iwlgprein tlendrads produet iva ligeidimiatiuaiat 25 4 :h;tbl@ d9EMPa, the

tran§ i i) G0 S SRS o Gt ot lorh 0 S % 006 P BOR: fafsition
metag rseﬁwes peﬁ/%}eh%f@oﬁmfti&%éﬁeelma@awﬁ%e BRide Qéhtdest a total

rans of residue per gram of crude

Ni/'i/Ee dontam of et bam Qrﬁﬁﬂ)l tgyramASTING/ Mék chpsat 2088 0F crudp eask em:lsthe crude

Teed iy 8 8 SPs SRS O St O Bty eSO PSR T T A
contt§188 c&t%g%bﬁ&iﬁoﬁé‘ suth9BRkhe @de pdAuctHag sBhoRaR0RErams of
| eas granms of arematics per gram of diesel, as

Cokmmrerm né arudy pradune theonndopredert des a gatal Ni¥FegopEnt of at most

o0 ARENT Y R B P i et Tae e E PRk PR leamept of

mosﬁﬁ@%%@'theﬁﬁ@idﬂé coedt o@ tHeber@deaf¥Bd, Gind v ferélt i/ VBBe content is as
det er m ned bé ASTM Met hod D5307. The invention al so

eiberd BE8ot.cadeesidpecontentis asdetgrmained by ASTM . - !
ng: contagting a crude feed with a hydrogen
sourcein the presence of an inorganic salt catalyst

15The iipletitic 8156 piovides aphetiow of prodicin®a ktidle praduet, conpeising: -
pr oduct, erei.n the crude product is a" # qui d
con‘r@ﬁtmg@q;u@ﬁ eod With:Afay doo 2epsONIos mfh?@reﬁeae%o QEPT Apre gatalysts

com ﬁ%hrgg?raggﬁ%fgﬂﬁeta? ulﬁtde c%@.f?&etrt% p%% qg%lrﬁhfo%(fqﬁlé%tiﬁclﬁgés the
crud®pRydaet, wharkid tie ccmdeq-&oﬁmak dBguid nﬁmnme: yicd S € andny101 MPa, the
aronat | nte nos rans of nopocyclic
tfami”i‘%mﬁ‘aﬁﬁﬁg %ga%gﬁt%w %‘?Ptﬂi Pgaéeﬁg%ﬁd‘ ETaRg © YPTIPPng
transe@dH Actal ﬂﬂﬁ@c%% g'fa?ﬁ‘ af /i t[‘rahglﬁ? ﬁfé&ﬂ Whifag cﬁt st the crude feed

contacting at 'no 2 grans o ocar bons "that are
havimpt sdfindentabbfatdtasPG 0C grnd oF. smrfa: peParam of émdedebdpand the

B Sl 82 L LSS Bl BB P s,

and &fn%ﬁiﬂg%%nfh@ﬁﬁg Béndorflsubieant tre G530 &t h&sh@ﬂllﬂlr content of at
nonocyclic ring aromati cs content of the crude feed,

mosMWHBt of therplfargaitint of thegruderfoadtand thecomdempdig has 2 residue
det ned t hod T e, inventi al so ..

cont (i oF FABES g T a0 M1 G /o B Gd pPBUF Sfur Sofent is

as dSQMRRISHNES TV MHRRLD D 4210 T HA8ud &RknMid d@tekmxee MASTM

source I'n the presence of an |norgan| c salt catal y
Methed D53D.7 ..... ++a| 1. -+ +1 " 1. . 7, N

talldtlcbmpbsitiohy) L
cate %‘*‘" i 3&?&%‘%“’ t“é%%f Hﬂ“%at Ea anE*O%%%#%?é&‘gTﬁ? ﬁéﬂ%f%ﬁt*‘ﬁ“% form
a trarfs@arh thetsl exidewicthl eale nrittend, reafting tHearsikition Metal oxide/metal salt

mixture with hydrogen to form an intermediate; and reacting the intermediate with sulfur
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grans of residue per gramof crude feed, as determ ned
by ASTM Met hod D5307, and the 30 crude feed has an
wobhefsigs2gont ent, expressed in granms of ol efi nscPes2004/042344
gram of crude feed; and controlling contacting
condi tions such that the crude product has an ol efins
in (EORERMke Bf oneddr e hydlariseaberoduearthd thasiioafmetsl sulfide
content of the crude feed, wherein olefin content is
cat@pst. det ermi ned by ASTM Met hod D6730. e WO 2005/ 063928
PCT{,US2004/ 042344  .The | j . [ s
ot e RS arngod b S bt B Ria0 a SRR ARRE comprising:
confRAh@§ thide féedokidsle hi @egenvoutvedn ydsrogeane sborecs maoretchtlysts
presence of an inorganic salt catalyst to produce a
comisis aprasition metaltsultivelcaiebst lorRIog s Aol BERGLEE iiarBss e
he cruyde, product i (PYo [T TYo s 1 I'E
erog? g StetpaReROE bl Raue P AL E s %0 ald O101 MPa, the
trafition@A&tA] sBlffleZa@lRtTorRirisees idhisitipemeil subfidé, the cuide feed having

feed, and the inorganic salt catalyst exhjbits a .
a regide certterg of at lepstOck grams of regidug pRE gaph QfFLu entle d, a5 determined by

at A Qht the &%ide product h

AR 212 s B e o R NGt the B product s o
resid0ObdRbdtiongt 106813084 dithe residnd contemsofshee trutlt &iedt dval wherdia the

product has_a residue content, -expressed. i n.{gét{?f ns . of d
transigipngnetal slfidegatalyst wrobiuiable B seing 2 Eansiffon el ojads gyd 2

e85 ' i dat f88 e 1dd gitfAnsition metal

mela G E b E pEi Gl oifoncta o by ASTM Nethod D5307,
oxiEIéYﬁlg'tam ‘gﬁﬂ%ai}@ﬁreairiﬁphm@gehd@ $orm areinteogiediftep mm:blm@tt?@ tgc

crude product, .conprising:. contacting a crude fe

halo S5 S pefle e
roduce a total .product that

tralfsﬁc%:'hu %élagtu eeccratag}ngroduct, wherein the crude product

i s Fhe Inventioth aldoxgrovidesat methoCofprbdocing B aule, Profuct.ogysising:

feed has a residue content of .at, |east 0. ol :
conizding aéFﬂH'é rfefgf\gﬁﬂ BPY%PE%SCP&‘@OI{I ﬂilch]ére§eﬁlgg 8§%x|}ego S aﬁl{gsc_ a@aﬁysts. to
pro ﬁ(feai ek gﬁﬂ@ﬁh;ﬁﬁﬁclﬁ&es!tﬁ@éihdé PR dubth e the eRidalproduct is a

salts, and the i1norganic salt catalyst exhibjts an
liqedinisiae 925 °C andl ekl MRa,and tincrds feed hayag af lgast 0.2 grams of

fenperature range,, as.determn r i3
respe Brrabed ot e B acsiheR fiEAs o TRIRAIS 0 Blolcife ot
leaktQHRBK G MtRe fol) GRodust Lel wipeh coadensin@SCleast pyraombiithe vapor at
of "at | east one of the two inorganic netal salts

nd
25 (B k0 DBCMRansed frmHng tb code PRRALER iYhgHNR Be<Zige product has, per
catal yst: and i ' b
ere e et M a00n S SEhAR SRR K 3 DRcane
nmﬁwg(?iﬁﬁgst;?(); @n@amso.oms %loe}ﬁisgjféfhcb@;thg _mﬁ)d hiviog aﬁbasth.S grams of
product, o at nost oof the residue content of t
aromatigepdr ¢ ofl6iCbiap detesmined by & Megod %66%%0 ﬁa‘gﬁfel?’ﬂ%trﬁ’e‘gfgfams
by. ,AST ' ; ' i on al so provides a
Ofﬁ?éflﬁ%&gﬂgé{%&g‘gﬁﬁ%gﬁqy%% éﬂ%%)ﬁ uct, conmprising: 25
CoONTREnvedich dscstevitiessmeitiol od ploddringercrsdeurrodudtycopipgising:
presence of an inorganic salt catalyst a

A | tgalgroduce It catalvst
contastial arusigdeed withe hydogerieareia the HFSHSR SHER ROTRNT @ fratalys

L n& 5" [ I L . r in4Re EnAB%eed has a
t0 o4y al%%%’, 19%"?@&%@%} élgd &8 lctlﬂ eﬁégg&aﬁ?ro gﬁs#ﬁﬁléa%%lnt &t of ea;
1esldasbntOntdf aflcadtBs grhmk of tedlivie per gignash cofidecieedies fleednined by

as determ ned by ASTM Met hod D5307, and tz?(g
ASTM Method D5307, the crude product is a liquid mixture at C and 0.101 MPa, and
the crude product has, per gram of crude product: at least 0,001 grams of naphtha, the

naphtha having at least 0.001 grams of monocyclic ring aromatics per gram of naphtha, as



10

15

20

25

30

inorganic salt catalyst exhibits an emtted gas

inflection of an emtted gas in a tenperature 30 range
whansee260 C and 500 C, as determ ned by Tenppedhis2004/042344

Anal ysis of Products (TAP); and produci ng the crude

product such that a volunme of the crude product

detqamm&dﬁdﬂﬁ"ﬂ\da\t{ethbé M?»B,/ﬁtgdsaea@ 601 ek éffiistillatay emd &f most 0.05
are _neasured at 25 C

the cr, nt vol ume
grargsof 7gst ea aﬁ/%%ﬁﬂ@lﬂ@%bﬁe%ﬁlﬁé‘é@bsg PePPS2004/ 042344 The -

in t .

o o g e B O b BB g AR R st
confagthicogemds feed ceitli mhydmg@r ememede thd pesenca of gairocganid dalt catalyst
al XSt to pr&ﬁgce a tqotal product that. includes the

0 Proitere® FralaRduct gk metuder R cEydfRIOidaveereinghe crde degdchas 2
o T e e
AS’ﬁdthlybaaeréﬁ (I)} Lthmleruﬂe pﬁbduatnd alligeid mmt?lfamt 25 8@lahd 0.101 MPa, and
a t ibits an_em_tte as I n titon o
%3 i PST &1k AHeude Do ugty a%@&iﬁ eﬁaraaot,dlam and the
ey R Ao e
368496511’( Idauit 0.601 graesoxfiW GO, ambthatV (Blﬁd:tas @t Bagy OBngraods of aromatics per

era o e et R Moo S, 0 pop S e ofresidue, s

deteflBinRA By NI ekOd TB387bal ance. The invention al so
provides a nmethod of producing a crude product,

coripe |n$\fen'gc>n alsoptovaddsragmethod offerofiveidg wcrddeaarh@w;t @gmprlslng

urce i e of an i.n nic salt cata
conB e ol Aod B T et so bt 18 Bl Piriae€Of e ot il et catalyst
to pRESSHICIotal PREFuEE that ﬁ@hﬂﬁéﬂﬁﬁ@ cﬁfdé%@&udt,swﬁbrelh'tﬂé%ﬂde product is a-
m xture at 25 C and the crude feed having a

- lquidgnixhue abbniCeand Bl OhMRae ﬁ@tcrtm foedhey aresidue contentdnfat least 0.2,

oA B et B e e B O BPEPAS K B D s ana e

. crudb gtadd@s a 2hobyardiidfofiatiasScoldr b hi8esty!l grams of monocyclic :

differential sca (DSC), at a rate- of

nni ng cal ori metry
 Ting rpreatics pergrp ol crudedeed mod s@mtrcrlgng eortacing gegditions such that

dumg%lﬁg 'cBth&ﬁl Gibst g%t %rgllﬂg of ﬁn)gﬂgea?ﬁgrgﬂggt D850t c%nﬂ%féa?llé %t 25 °C

tent, esse resi due per

and @.1 Oubmaramdfuﬁned br gianmﬁdm&é)fée@,fastd&&nhﬁ&ddiy&nm vakite, and
t 8 de feed, wherein residue content is as
suc %P%’?U%élﬂma%@#ﬂeac lggrangyarompgies confenof ahleagt 960 greater

than BrnQM-logg@iwahdm&rB&gtlQJ B U?ﬂﬁgr@? g&%ﬁ&ﬂ Lﬂlﬁ&ﬂg clic ring

conprising: © contacting a cru gen

arongioy @mtamlstdweicmmmm AFTMethdddsi30. sal t cat al yst
to oduce a.total, product that i n¢cl udes the crude
OVentgRAlsq providies ampfiodpiguodycinga grude pepdugt, comprising:

t
R e

tca meduegrmubﬁrodnctdhaﬁﬁem cathel ctide predregartioseis did erude productis a
that is at |least th

. duct t

liquif ifte r’rg@@ﬁna%tkplc}ﬂ?’gt UhF e Rgsehio Endon ROGAAT &t least 0.
l, I

gram‘ré gk’if‘%ld;lfe Ipexﬂ%ra.hr ﬁ%rﬁ%ﬁ"fse& &:ﬂ {g;ggﬂ'&ﬁ %Sﬂgdolﬂftrhgmﬁb and the

crudc:fmd ast m@eﬁmnhntammpseseéd inheimt béolefitigperiprad W t:rdaias"eed

a eﬁ i due content
and controlling contacting conditions such that the crude product has an olefins content of

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

determined by ASTM Method D6730.
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expressed in grans of residue per gram of crude
product, of at nost 30% of the residue 30 content of
woheosowsate f eed, wherein residue content is asPCT/US2004/042344
determ ned by ASTM Met hod D5307. The invention al so
provi des a _nethod of producing a crude product,
conphedpiegtion dlempravides g raethed efeprpdecingw etide prodeb gemprising:

' | t
o 1 1 S0 s A0 PRI SRt s
to p:roddcw:& total\ibﬁfd&ttrﬂmﬂlﬁclﬁﬂ&giﬁe pruae Fb?ddulcﬁ whetkin We crude 2product isa

20051063928 PCT/ US2004/ 042394 iquid m xture at
ligganigture at JoP%, andrbl (i Mie, the sthdsfeedehaving anssidge newtemt affat least

[
02pab bkl pe TS Syl SELL N BB BRIl I D580
emsteddtgas infleeti@i of eﬁienhlﬁaé gadite: tefnpbharatdnat befRkals09a 4nd 500 °C,
i.s an alkali netal carbonate, and the alkali netals

as figeraning! bt Semporal Ml sis pl Brodpets §FAR) andy ﬁremmllmaa@ttaqune
coAHOuP 8 syt AU oA R o ot i

peragralmocf crude plreiucy b at B6st308holhe r&idud canteAfahé taid: Gsell,

to.10;..and controlllng contacting conditions such
whereln reside eqnigt Isasaistirmingldby AP thod dM38At of at
e LBl LSRR SRl Gompiias

coﬂwmhgd cﬁﬁt&(ﬁed Whie albgrdmgbn seured Hthe prwa:mhe of an iRirfedc ot catalyst
conprising: 10 contacting

to 12p E%Ir @ %%Ptm@v%‘géfﬁﬁ B prdpeh vhererihe eRis pgduct is a
liq@A ndiRRFIA DS G’Csaﬂhb 19Ahaby; gfle (f;ﬂlee Pieﬁ%lg 8 ré&iduRcBhtent L of at least 0.2

product, wherein the cru eed has a residue con
grapis oAresidyaper Gram ofgradenfeed)fthe imsiginie sl caghaneahpises dideast two

inop@imd el g BoiAnte sl sdelsBl B on SoANRLER freionof

an §A#ted ghfindedbiahire PRLA ashtbé&hﬁiﬂeg%y ’l%gg)oﬂl %naﬁs aft Products

metal S have an atom c nunber of at le
(TATawhersidhaemitied gaainflectién wmpetBurgirkegeiis bmwabn Efe)\aiDSﬁ.

ik OL& 1 GUERR o Y R oGP Bl o8 (9 DF Grperatureof

the irngeid faltPafllysk ah@ cdfkrollihL BbHtAdhcRondiBdRS sudh RRA thOded
the total product as a vapor;: condensing at |east a

progut haparesidue penteitpepregsedm wamp af ®si09e pegram fregiade product, of
¥ d th d
at ot SORGs G SEUIBRLP AL MATEE] DutcDSn BIHIE BERTHE L

as a residue con
detaxmiriednty A TN NMethod@s30Red. 20 The i nvention al so
prqvi des a nethod of producin crude product,
ﬁfé’ﬁ 1aysRgon alsp ﬁfoa’é@q&?gmathed egEOﬂé@ag icTude arodust. sguprising:

conﬁ@t‘:ﬁp%@cgluﬁe feglﬁ \ﬂ{he:f C%c)ﬁlrbe nﬁlﬂ[ ces‘d?‘lJ HEJ #é}u’é %It gatalyst

pr o wher e crud

to panduesi thid peminkcethiat mtludes the aﬁIdeQJré’duog rvﬁmielﬁ)f:hd @ﬁd@p&@duct isa
ram gf crude feed, the inorganic salt cataly

hqugdofﬁﬁ‘??lgé% 2iGand 0.kt MPa, ggiorade faprbhasiaresidug @aﬁ@m@ﬁ at lgpst 0.2

e O ey v 2B af SR0E BB e o R B Mg S50 b e

morgélnlc sait‘jcaadlydt edsibitoneeitdigas nfletQor0df Arengittkd@bhs mrﬁtm@berature

tom ¢ _number of at Ieast 11 to an al k
faﬂ&?&’ﬁ Hg\()u 08 08¢ brptdeiemiiegd bygFempenl Analysis of P@duﬁs ATAP);

and ?ﬁﬂg@in% 'ElférEere]prB&’uc]c QucPhOHEI0%e 3k e%85de pro@@crttplrg el is at

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

*C and 0.101 MPa.

v .
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product as a vapor; condensing at |east a.portion of
the vapor at 25 C and 0.101 MPa; and forning the
W@ 9a@6332»duct, wherein the crude product has BCTESId¢e42344
content of at nobst 30% 30 of the residue content of
the crude feed. The invention also provides a_ nethod
of Tfheaamtwg alsoprqiidesmroethed of prodpeingarfgy emfmca@pmgsm"
u 0
cont%cnt?rggirq% t?réig% %%d\é&g 1{1 @%c{}xggn %%ﬁ{'}tegig gkﬁe S(E:erlcé Iaf axfﬁlﬁxsogﬂﬁ%aﬁ catalyst

to piohlabe h mmltﬁﬁ&ldi bet i“nf:liﬂés e eutiztp ro@dit@r\ehé}eﬁlhhﬁe @'ndkdp"oduct is a
product is a qldmxtureat 25 C and_ 0.

hquth@LWG@é 2% e@@nqh agoaw@s thersudeoived hes pFesidue P@l&%@t 0@ apleast 0.2
%"‘951%99 gé 0% meuee %&e) {hg:%gd‘ éamc ggl?r':%}gig egfu%ﬁ% QH €mitted

er gram I'norgani ¢ sa

gas Eﬁ]@i@ﬂidﬂﬁ@ﬁarpﬁﬁltt@d gADh e te@b&fahirc feigabefdeh SO *CNad 00 70y &
al kaline-earth nmetal sal or m xtures thereof,

deteqined by TsmpordfAnalysisf IPé@‘iucﬁﬁs(tTaaLP)s and gom@llm copiegting
concﬂﬁ&?ﬁ such CEQ{%S% m‘g{&%@gﬂ# Jﬁn@% ?? %raﬁ? :h?tlilﬁg'c}fﬁoﬁ%at are not

omc nu er o

conde@BAHE b 20°C aindl).1 0 DM astie forird et prant sligredSiepd, @ defermined by
has a resi due content of at npbst 30% of the residue

masg pleRsR of the crude feed, wherein residue content is
RS R o
contactingy 4 amutle feedorith aal@tdrnganaourdadﬁ tHecmesanice bf an ilmyrgamgesalt catalyst

source in the presence of an jnor ic salt cat st, . -
to pgodugs SR Pradichiha ingligeg he PfPﬁ%{q@u‘a@gmﬂéﬁ @pdgieroduct is a
P AR af P53 S0 OF N B BERPHER hiding o Kbkl Chbient of at least
0.2 gresis difi eesichretpen graof ofatrudecfasd, Mad2he @nmooa‘altrce‘el}duhasmeheat
r.am of crude feed, .the i | yst
trandli 1 2 sEmStau Fo eeeP CC RAU0 S R he e or
diffeTBH Rl dhRidoNa1 R R duly (ml atSAhieSof 107 °hetibingS; Woﬁﬁfallmg

wherein the al kali "netal’s have an atom ¢ nunber of
conthetingt cobditions duahahatrtivs d:nudgpmdncdmsmgﬁdu@mtmtmres&cdhn

d o t.of at
sraryiShesifis B KB OF BeHaaanss CORUERT 07 phi Bl cPuige of the
crud%@éde Whefcis tedidRe cOMEANS ad Set@tnided BY WISTA MsthAiSI3407.

hod D5307. The invention al so provi des a net hod of

pr a’hg eivegtion slsapwvples @mthocb@f@rpdmmg a crugde predict, gomarising:

con§ 5 SFE N APPSR B bl B BPARFE 0 g
to profiade 4 %@dll]!ﬂﬁﬁwt et ietcludes ME eflidetproduie ehaleih i Gtididsroduct is a
product is 20 liquid m xture at 25 C and 0.101 MPa

hqmﬂwem&m g2y é”ean%éO MPasihgsaudedred having a ssidug seutent of at least
02 AN R SR S oG o D P
condiydvityEigat isniasithyivne @nhkattine-Eat tdastsaletof thedhorganic salts of

m xt ur es t her eof , and wherein the alkali mat al s have
the ingreatie AR CHEBH 2 dTaprreesist rage R HUONG B1d S0AGC; and
contfb%%g&o&#ebglgg %?12&1{161%25%&? Eﬁs:ag the c%de gﬂ%dﬁ&"ﬁgga PJS %Bntg@ts

expreged gf granmfof eesidie ?Bf OAHCHE cr@éﬂe pﬂbdﬁﬁ%f a&&%soﬁo%m the residue
resi due content of the crude feed, wherein resid

contere o &t crpde feed uheapinrpridiepniRgTM Aot rmimg 39 A STM Method
D5307.

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

contacting a crude feed with a hydrogen source in the presence of an inorganic salt catalyst

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

10
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i eve-'"'-n also provides .. nmetho of pr g hya_ ge g™

CO npri,”™ ng: iuc invention provides a iucuivu of
wOuvsAcsesa U.v~ | L ao contacting a crude feedpgirhfR2@0042344

or nore hydrocarbons in the presence of an inorganic

salt catalyst and water, the hydrocarbons have carbon

liquit fiietuSe atrR 5RO aidge] 01 BiPe, lthe érude féddehas @ residuacchestl ohatdeast 0.2

a residue content of _at | east 0.2_94%?%?;; r esi due§fer_
grags irestdusmsn grampebicrude frgd rthe MORNGIN(CARANSE CRRPHIS) §tkali metal

w520 L 003 L A0 OB %
alkaletretals e ahatokeieidler Afallasi 51,ahd aPiead vat atoffidFtio of an

and produci ng hydrogen gas.. 12 WO 2005/ 063928 . )
alkplmelabbaioag e stsmsc nymber 6hag kestdd 1a1aaaksfigystalaavipg an atomic

f Y u i . iy
T
such aliad iyesdrudeprolisctiae a eesidue@bntehtafat eost §eaif dtecregidgasontent of

thegrdlipeds PETAEE K domehios B dgermingl EbALTH Mitiod DSS07.
fcode Dy Aol S R AR IR R o Sk el Gropriine
contarting aphelefeadd withadiydatger sdnirbé insthepresentictof enl iiarganic salt catalyst
to ;Igg t{ﬁg%&(i)’rg.gprgig%gwg%t : , gc Seégglé}aaﬁ]taﬁgsgglkafto%g%b ra? %ﬂgast 0.2
gra@g gg Ye%%lcmﬁlta per Efaﬁijb‘le%'ﬁdé fgéﬁ)the FRRAN ARG aB1RE Sﬁﬁ?néécf; W8l metal

a“second catal’yst 1 n the presence of ¢
saltsoaisdreia apleasti aw offthe dkalymeiel s ds graalkali metabhydroxide, and the

) SRR 1S o AT SO S g
alkit 2obtal BaBhg 2R afonfP dudbdibk ﬁb/{:’eﬁét 1316 a6 @ldali @hdthlhving an atomic

cont act | ng con.di‘tl ons sucC at one or nore .
nurpipes jgerater danok 1 istie a canggdiom 8dde f Ocpradesing it laast pagionxdohe

relative to the _respective one.or r .QPSE bLj-es 1 af
tord et PP ticen SRR R4S R of Be AR S G Bron
MPaRiaceing ged &fudé bRgius:, SAsrest the arideGoddict Basngresidue content of at

contacting a crude feed with an inorganic salt :

mog 0%t gisthe residugeopicatelibecatie fsedam wherein 15 the
cr uﬂ% ﬂl@&qiogl%?so}réﬁi]ﬁggy S’leﬁlg)gto?géocﬁﬁgingta ddg?@esﬂrogucg, %‘)}/@Tﬁing:

of ‘tresidue cru a erm ne

confsofig Metide dekBRith adydrogem shrid INGhap@sehcs bf aminorgdnee Gdtsatalyst
stream conprising hydrogen, carbon npnoxi de, apd

to pEeuse A tetRloRPERct Whereinbe eude feeddiag p resifycsoptent pipf least 0.2

e PR B Al P Rof e S Bl et Qi metl
saltg,rwigbecip aoldasttone ofifire Bkalighetalalte dnahi dlkaininegl hydride, and the alkali
inorganic salt cata contacting a crude feed wt

I ; X
metglsiars Fy@AmEGBREEe, Y aﬁfﬁ&t 135 ancbatdeasheng Hemicyiatip of gnalgali

e P ke R of BB BT SRR e B A murber
gregeratarct 1 issna rhagpufirain . ktoulle patdu2ing Gt kas a portid@iofvRefotal

he crude feed having a residue _content qf af | )
ProBith ot HHETION B M 5 & PORRTCSAHBRBS e, 2041101 MPas and
dhiEntOF BdBost 30%

resi due con expressedcln gr ans
of thed residat durdenienf tigr @miofeedr ude product, of at nost 30%

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

liquid mixture at 25 °C and 0.101 MP4, the crude feed has a residue content of at Jeast 0.2
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of the residue content of the crude feed, wherein
resi due content is as determ ned by ASTM Met hod
w8 Us392Bhe i nvention al so provides a crude  PCT/US2004/042344
conposi tion, conprising hydrocarbons that have a
boi ling range distribution between 30 C and 538 C

granfslofGeQdie) pedigrdin $PdrublPfeed: the incdBartiy salbeaslpsinemprises one Or more
affins wt ht,

alkaf Gpore) S, DO @grepﬂ@éérgﬁw?tﬂ%@nﬂp £ PR o in one
of the: afkalﬁﬁetglesgﬁg 1Y iﬁeaqkzgff mPRT MdYRiRo }Eﬁ; i3 he 2l ﬁl@ﬁéfsrﬁa‘v?%n
IS0 provi des a crude conmpositioén having, per gram o

atondo ApEdetdfanleastalt] ; hedsdsntthl DY comtaanng cdndifiosemah o the crude
with a b0|I|ng ra&g% di stributjon of at

produgimspyresduercontent pba, mayt 30@theresutpe gpa%gt Qe crude feed,

B P R s

6 CTak iibedfidn ARaprovidel aaséthod 8 droducinga ofude Ipm:ﬂmt, amlnpnsmg
vvlthab0|I|ng range di stributiqgn between. 300 C
contagsinacs Gdefead Wity draged SqUTCe e RIeS6AGe Of A ROGRTIC Salt catalyst

D o
liquidheixhyrel atjl_Sa"(kmmisﬂ 1dM Haathe candededd ey a&esxdugeontent of at least 0.2
gr%dl Strrﬁsll tplgg E}’q%; oﬁﬁ:xpﬁo zete\gé&g m%rgq%g E%S%ﬁélffﬁé:g%)%ses one or more
alkalé Zx;}éé@?nﬁﬁf; g_{d%§ dri o oD 2BANAL Eérﬂ?‘m@fal s BiShixbars thdgeof,

ASTM Met hod D6730. The invention also )
whepirothieadsli anc:tala &ievec:mmomm nwnbdraxf |ah13:astrié: angl eomingdling contacting

T TR TR TR R -

COIlTa'IQ driie: e febd vtrﬁb\félﬁgeﬁ&ué'%ﬁen@ls]a@ dafetiined R;E%ETMMemod
gram of naphtha, as determ ned by ASTM Met hod

D53Qﬁ6730 at Ieast 0.001 grans of kerosene, the kerosene

ot BE ARRrCA pvien damho Rest BR R £ gl Py 8 bBhprising:
coutkcﬁﬁ:{gsaﬁi?@def@&d Witha i RGwRe inthePresendLsR@rinbigasic 8hlt catalyst.
at nost -30 C, as determ ned by ASTM Method D2386;
to praduces to%moductdsatgn@lﬁdeﬁhc cBigp m@iucwl@é%ithﬁ Grede prpduct is a
11qu1’3‘§%1ﬂ'§ at I%t:%o VPR e cgavd%%écpﬂhs% reildid Qo\ﬂtgﬁ%f a@le?st 0.2
crude conposi | on n per gram of conpositi

gran3tredddukpeg gﬂﬁﬁoﬂémﬂe/ fﬁ’eﬁCt&aé bﬁﬂgagﬁ@ sdlhaitalyst compnses one or more
non- condensabl e at 25 _C_and 0. 101 MPa, th

alkali g3¢tal Bidrades e Ty RRE GlerlipE ara Salf5a 0T Migares fseqofang wherein
rb g el
e e 0 e Bt
condiftdsis sath tBRt the anide @réfiikt bmsﬂﬁe napbithexpréded megrhink @f residue
havi ng an octane _nunber_ of east 70; at | east
per 521091 Cgia RO REAGEEHS o e sanisatphye arude fecd,

£ I PRI PR Rfet }ﬂ?ﬁi'wc as

Wheg erlmnn%ogulb S%EI%/I D‘%g g% ea}ﬁcfﬁit e kerosene
havhmgwarttldlms:t piOviZeg s anshaf ofgrodreiiglsydoegenguamoatprising:
ker osene, as de} ermned b STM Met.hod D5186; gnd at

contarBae ATisk fgrhifeh SR PREIOHR B ITAT RISER MERIBSB organic salt
catalyﬁtaﬁg %a%,g’cﬂz hydrocarbons have carbon numbers in a range from 1 1o 6, the

crude feed has a residue content of at least 0.2 grams of residue per gram of crude feed,

—+=n

(D-«

and the inorganic salt catalyst exhibits an emitted gas inflection of an emitted gas in a
temperature range be_tween 50 °C and 500 °C, as determined by Temporal Analysis of

Products (TAP); and producing hydrogen gas.
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25 The invention also provides a crude conposition,
havi ng, per gram of conposition: at nost 0.05 grans

- wof200%eizghse, as det erm ned by ASTM Met hod D530?'CT£1137004,*042344
| east 0.001 r L-.a-,,,.,. te ~t, s.,.: .T a d:
+.:1,,,t:..., f at r nrt 2110. r(44004\at
6' 10The weﬁuMiﬂioproUikieVé ethodMFproducirg acradapddid] ddnvprising:

COI&M%@ oISt (ot B P o B PN LR Msprosente O Steain to

e
hay @regeludicsttentmitt astfed ywemms o8 8Bidueper grt@ofGirst crodd Bkd, as

dets“%%"i‘mp beipE A Mt B G tadinearin o Y gBhibits an

eml t gé&g uﬁ?eoﬁ&n oPanlii®aas i Qldteig{ﬁ 8ir0 rdn36 pENAER 99“’@%3 500 °C,

ing range distri ut| etweef 20 C and
as @teromped lsyeTahpcBmhAnﬁasas n{Pioducts (BAPY (uulhth@uigcaﬁd:somhd'ude feed
.ol efins h ipnternal 14 WO 2005/ 063928
it & e CRIB A 54 S Presgatof S 15AThe RATROP S b Eenerated pes eam 10

rcﬁh@é 4 fhal Wdlfégthta?i%ﬂuﬁé’é thd QHﬁle%r&fhﬁﬂ %vﬂe%lﬂ’ﬁl%fch'ﬁt% product is a

havi ng i'nternal bonds at least 0.4
liquid tnasinctrire atoR IYC AGTM %Wadalﬁecmolliﬁg@onmv@rg cpocmdltmlns ouch that

B S STROSL T, R BB o e
resPELOE '6&19 8Fmbye ﬁi&ﬂ%é@&mﬁés&éﬁ@ &udapggat least 0.001 5

grans of a m Xture of hydrocarbons that have a boiling
r angbe éiventisrbalsd provisies aesthodigenerati BB LS streamOePIAprising:

s .deter ASTM Met ho nd_t he
o P S e P R B RS S A i P Ryt B s, wherein
theridelifeld hata reti@@Séorerd 02 atdE 289 20 raB 8 bafekidd6 perifram of crude
determ ned by ASTM Met hod D6730; at |east 0.001 grans

feedfasqleggrmined byASiEYIdvipthad 8364 and gaarangfozes BB a0, the gas stream

o A B BB AT o Sy
helatoadnBEaR o e dasRatdi OGO a?g l@sm0.»f napht ha at .

| east 0.001 granms of kerosene, the kerosegl i ng
| eadbe Ulvzntgqnaqﬁo wpvideprEecthod af@roduging ¥ %P ﬁ%mpaémg

corifi AR APloRp Y M R Condifha dhod RRT Mo e e Bhurce in
the @rﬂmﬁfnd:a c&fsthqoe;mdgrcmsﬁ dforghinérssillt, cagdystl &t produiceedtotsy ptdduct that
N

0.181 g/ﬁﬁato'ﬂ{%%rmrfegf W a ¥due f‘}éntgﬁ Ay ?M oWés'ﬂ:ﬁQ pex

The inve al so provi s a crude
graumfpmudﬁﬁemh ahavontmpllipecongpcting obndivonosich ihahthe catdermyeduct has a

resifiyg goptind SHERSIEd B SRS OfJesiae 51T D CECHB BIRAUGH: Of Semost 30%
oftp@iésicf‘ug cbﬁt@g@offib@&ﬂ;ﬁ@fgea OphQEinatsifRStontdfis@s G4 fnmed %&

MPa; at |east 0.001 grams of hydrocarbons with

'ASEMMEﬂ@dr[bﬁi@é’ di strl but| on betvveen 20 204 C and 300 C

f hyd
o ¢ PsmetioRiald e aas Pt P SRS U e gns tha
havé%oﬁu?gtraﬁgelcﬁémkﬁ%n l?é?\g’eéﬂ 30 €agld $550¢113081F) £410.101 MPa, the

hydrocarbons wth a I'ing range distribution between
hydagariona ndnlﬁﬂsnglls()élpaﬁ)ﬁﬁn§aildalt paf i3 wiklPa wemdt ttivef thaec

parabf}Lms 0 n-para%}?sdof %2 1%%3t nag d\é\t,:%%{lgecri] bgr %S”EM (P\frle%ﬁc?c[ 889:’? 0.
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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having a boiling range distribution of at nmost 204 C
have, per gram of hydrocarbons 25 having a boiling
WO Begrec3desst ri buti on of at nost 204 C  at | eastP@r/O2Do4/042344
grans of olefins, as determ ned by ASTM Met hod D6730;
and at |east 0.001 grams of paraffins, the paraffins
distritonjonibetwegni 20d-°Cand 300 A€ anfid OhMia, at east<). QA1 grams w€i ght

S ST S BB B Rl 1 v

and B 1885t BYRY | 885 gflﬁf’d&’&%:ﬂ“oﬁmﬁ' dbdilin n%f‘a\ﬁ?@ glstrﬂﬁ‘ﬂmﬂ %@ﬂ%ééﬁ 400 °C

CONpOSi ti nmost O gra resid
and 08 &C 1,000 °R}3at AITMMRE, hodl wheihirthe dngdroa&rbbaaﬁm mveca]boﬂmg
gr.ans, of dr ocar with, a.boili . .
rangg |d§°’(“iﬂ?lﬁlﬂl’1 %fﬁt Saosta%b(ﬁnis@%wwo(m%  Tngraffips g 2 weight
raticPdf the dtodhee apaffﬁlwmﬁﬁfsbmsam&éh@nm9 AB‘B‘M Method
range tributi on etween 204 C and 300 C at ‘0.

D678Pa; at Ieast 0.001 grans of hydrocarbons with a
bo in ranedlstlbut n bet n300Cand40?Cat.. .
& IRs1ioR Ao BoVIdea STusleGORAGFIGE BaYInggper g3 of composition:
heaRs Mftahleaswo d
e
the apht@thafngat most 0L D3I giamsRd olefis ghet grami wfstapbghaA@ dﬁmnmned by

AsTATMcther ARG ofeest iy Certim’ A Etne. G Forms e Toast 02

granfOSTRIrb 2.6t GQIER QHBAST Mirddine, Bis GefehiRihed TMfDﬂfli 86C4nd the

the C4 compounds having at |east 0.0 rans of
kerosertedwivarga ﬁmng@ogmtmmmmam:ﬁmfmm HE, iep detprmined by

asThiMROT EoaES o St PTBEs th AR, bifBibed B R

MetRodD33@r.ans of hydrocar bons with a boiling range
di stribution of at nost 204 C (400 F) at 0.101 MPa, at
| edbe loveption ghsa provisies ByAIdSCOMPORRION AV RZaPH GFATR Afcomposition: +

S GOSN TE eT
the dednﬁSDsfaBl&g@dﬂjcaﬂabh loHis h@nngﬁﬁtrﬂm 10. BHAmE of heldbOLbEh=awvith a -

101 MPa, and at | east 0.001 rarrs of h@ﬂ E rbog
carbam pAmAeLEem; Irtg 3r(En g Cali BerSTBTO @ﬁn-%@%é DeroearlpR 2as; at

leastf(ﬁ'g% p@%@f%‘fl‘&é‘iﬂt@f g,? @aﬁﬁthgrh%gfn fantdd] %e%g%’b@ﬂﬁf at Pkt #(ﬁsﬁ least

or nofe cat erein
0.00¢ afahysf kdﬁﬁﬁ:na,tthé kastene heviap arfreeeinglpoaltiat anenapesatuderof at most -

R i s P BN R AGTe
grm&ﬁdﬂ%?&?%&ﬁﬁs r BRHOSAAGAD ak Iagtegﬂi‘ﬁ%mo&gﬂs'ﬂ\q MEHIL D896 and at

not been treated in a‘refinery,
most).8f ugfdxmbf rasidico as detamtinedby AR T MathokR53qh)
co ri.ses onents havjng a carban nunber above
?Héveeveea@ln?,a@arl 32 cgdey B@PS@OB?%V%PB?ga@&JﬁomPOS‘“OH
:ST)G&' €t Lfedh QWO'?S&S{ t 0.001
at mﬁ& roc g%?gﬁg?%lﬁ&ha@cﬁt?% E%é?ﬁ%ﬁ has: g boi l'i ng ?E;asn e
grandhi (5&1]3 dmmb@na béhabolld} Ehaxt Jibribotod/Phst medh D PA¢A¥Tg et

010§ NJos o g LG s £ R8O B RO HG8 TeaEs gl octvveen
204 64: aﬂd 304 -Vagg, 161 pﬁﬂal hﬂgas‘t B19¢ e Bfl?j%b&i’b&ﬁt\%ﬁ%‘béﬁgg

C and 400 C at O. MPa, and a [ ng range
rangel IdlBtmbmehlhath@BBﬂﬁ éﬁ #40d0C°arad 0 71(0(]) MPzatat BadtilONPzramé df

h
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 compfise olefins having terminal double bonds and olefins having internal
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per grain of crude feed: at |east 0.001 grans of

hydr ocar bons having a boiling range distribution
wioelopmosi@® C at 0. 101 MPa, at | east 0.001 gr an®ecefus2004/042344

hydr ocar bons having a 25 boiling range distribution

between 100 C and 200 C at 0.101 MPa, at |least 0.001

dogblabendsoditiny dicdaratfiwobolbfing Inyirg teaninahdoubdnigemds to olefins having
bet ween 200 and 300 C at . 0,10

mq‘%‘@%iééu%i‘%#%ﬂs of g lgash 0.4, goigterpgnedhygd STM Meﬁhﬂéﬁ%@! e

be+: K . , 1 . i .. .
PC T ientioalsS rgyides a omdphfbsititn ST L8 Rt Bosition:
at trmats(l.Ofggr@iM of rﬁ_idnep%s m@mf{msm%M%%daC)sm% an'lﬁ least 0.001
ran stri t1on pet en ..an .C.at 0.
grw%agfe a(laimﬁsg? ﬁydrmrbfetfsﬁa@wq aémﬂmgmezdlﬁ.ng@ﬁ@r Btwaen 20 °C
and53%, & PLOUPE: alerdinbich y A5 AR BIoH 94 09 erthe 90T Hbon
mirtuxd baseger igheen ebhydrotgrbaompntineest lsask D101 grandéfpardfiips, as

celreined G ASTOA Mt PR 44, GE st UL g af it HgARned by

ASIM MBS 967300 end B ths YavE ATPRS b.tdog %?ﬁ&%%&@%ﬂgl d1&ns per

the i1 nvention, the hydrogen source t
grang) 06010630 28d RETiinaS20 ASTBA RBhbd DGH)30; et lgas dlid ;gr4thy of naphtha;

o (D0 Bbreot et he Sk sae e Lo e o papadcsper

ord of tefbIeh& Sis UBRHAME by ASTOA MEhGED 518468 leadTHHON %rglfn); of diesel,
m xtures thereof. I n Some enbodi nents,” the i nvention

theadiess] mving atéenst 0.5 grombofravmeticsyiet prapmef diesel Sisistegmirked by [P

the ods, or, C i tions. according. e .
MO IRRIR 5 eS0T et ot LB P elibny G baving a
leabt ¥ GRAMs®f afntatikabad Yk of GO CAs et Hhdd BN MBRod 368/90.

i norgani ¢ catal yst  conprises: (a) heating the .

in oifg%fmvénw alsacprpvidps e crude gompesiieombaiieg, prT gran efpemposition:

o A 408 PR AR F 7} b
grantsaif qdriocarbats witlah dbilislg rmigealiitﬁ?ff]igfrﬁ]ﬂﬁ g‘%dlsfc.) 2n(311ta°|@sl'(§$)0 F)at

g?g@c O In sone enbodi nents, /€ | so .
0.1 1% aideast B.004 el oKiregarhons wéthgy boilipg rnge disbution between
S . ; . Lon. a.
2043 DG EUTANELSRE0 80 Hths S IyIBIELHA R bofling
rangedistibution beteatab§®tE andd0C D ar M1 01 MPac amnd &dedsn@.001 grams of
iti : i h that duri th t '
o R S e s b e o R SHARE oo o
0101 BIF% adifet Bt Rty AR SR s 1V AT RESANEC hiMtbedbdhs
havey a bpiling whee disttdbutiordf aamosd @04 P@ihaee, ey granssf lpakemadens
b uch that .a .cantactin rature.is.in a ran
hﬂ"_ﬁl}%}ﬁoz@%ﬁ f586° ESBbUBER RbaIPSBG0RE: €16 p-0]! gm@fﬂ%& as
detérinindd B ASNUEVELONTL 7502V Rast( 1) %IS B st 3brafhi f@lHe Paraffing
of a gaseous hydrogen source to the crude'feed is in
congpristnggen-pareffing-and 1q@rafins WAk @ woghtabtic ubise-peefBusto afparaffins

o BV RN B SR BLRT o 11 e
20 Firifedntion aRb prkiged ﬁcrﬁ@@c&rﬁﬂc@itioﬁ‘-r}%@gﬁ% R&rgl"érﬂ ot BSmposition:

crude feed during the contacting; (g
at most 0.05 grams of residue, as determined by ASTM Method D5307; and at least 0.001

grams of hydrocarbons with a boiling range distribution of at most 204 °C (400 °F) at

0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling range distribution between
204 °C and 300 °C at 0.101 MPa; at least 0.001 grams of hydrocarbons with a boiling
range distribution between 300 °C and 400 °C at 0.101 MPa; and at Isast 0.001 grams of
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that the crude product also has at nost 0.05 grains,

at nost 0.03 grams, at nost 0.01 grans, or at nost
w2009 3grsans of coke per gram of crude productpctib32o04/042344

such that at |east a portion of the inorganic salt

catalyst is sem-liquid or liquid at such contacting
hydrcmbbxtsl witls 2 boiling raige Idxsinh}amomh:emeamdwwﬂnhd:is SH&5(1c000AN) at

st 90% of the TAl feed; ,(j,) 2
0. 10%&@9 agg%te%@e Lpy48T Pf&q%df IH%@ X t” reff ﬁ\?ﬂ&é ocarbons
s @
havifgPR bitling 2fngtiai SN r%"%%t@% AR5 23 204 2L Blmprfib Sbmpblfias with
a carbbmhuhber afrdu@R), phco0yimprandahaving dtdeast 0:100¢ rglramsf ofdtutadiene per
ﬂnkngfﬁé 90% at nost 60% or at nost 30% of the sul fur
gr SRR Ehe crude feed; (1) such that the crude

?ﬂé’ﬁfveﬁﬁtﬁl 8%601;3}5%&9@9 cﬁf&@tcSﬁﬁg?Bé}{l ?haﬂﬂé rP69 %/g eﬁf cdBSdsition:

o at nost 9 or at npost
at m@sﬂ) Ot0Srgrams of tesidne;a teakie@001 gna:)nsalfdmlydtohanboﬂ@wﬁtha toilingerange

distrlpyan oF atjposia oh BB 200 TP A B R Bl Rl R bcarbons
with tagpgﬁgarg{ﬁgge d1§ﬁ’1§u§6f?$\e b %2@3@%&@30@6@@; (% gﬁgggagﬁeértem 0.001

uct
grans @lﬁnydmea:rbnm wihae Ibpﬂmgdamgae:hmbtmm betwede300 Yo apd QBT at

010, S S e Bk B S W gomsn
betwbd SR 4@esl SR ¢4, AN 0@ 4 teCthHA® g&ﬁﬁﬁ/ﬂiﬁ?le@@ﬂﬁh 0.01
m xture; 17 WO 2005/ 063928 I U82004/ 042344 and
gramls eﬁbnm gr toloee catidy s, mtmahmmalps:dm atlehst oot onimorgaliali metals.
that I;I' e. addi ti gnal ude feed i.s (8 uced
fert ooyt By Ao BV n sPBp PR e o

moret d}%@ﬁéﬂ@d@ bPEdtBpositons RBG g 3 tHEAAVer¥O%0 4 ehudt faed that: (a) has

t he res(i)ectlve one or nore ropertl es of the crude

not beesettcated i) a wifinkryt distilled aadfguﬁ@cttqnaﬂhdwyg@ (Phcarpjerises

congSh3 it 15 " 5p GRERE o, i e PRl ph it s of

* such E:B@Lpoﬁeﬂﬂyﬁér%ﬁﬂ oS OAEE ﬁedds(o@d&ﬁgrﬂs@ Hydeocatbons ef vl a portion- -

prior to or during the contactin In sone

has: @h@b@g m§1SWW@mm¢m 100°Grse 1B} MEzgadoiling range distribution-
betw&éH% e Q}”ﬁn ,“ﬁo‘%hﬂ% H{%@ AERHRRES Rween 200 °C
OﬁpOSI |ons accord 0 e I nve I on, contactling

and Bmlr?dl attICbmlEl mh,atbo:i]migﬁfangedlg(r&%ﬂmnbbmeh 560 i*Gand @00 ec at 0.101
sa t catal yst wt the crude feed at t rat ur

MPayznd s pasiins éngmémuﬁow h@Wq%ﬁaQng 4 2P0 “C R By 19@&?%](% has,

per g?‘aﬁﬁp 5t @l‘ﬂﬁé ?ée'ﬁyat' 183Ph 88 i grérﬁ]s Sflils(d?(; Bﬁ\ﬁﬂ ilmg d.'ange

aglta € |1 norgani cat al I n t e Cr
dlstrlhmuidrolbeléw)l 00G0tan 010D AP« at Eastde00 if grenhs \thjﬂdlbbﬁ'bons having a

norganj c._salt  cat al
boilingydngs CSiriREHPR B%ﬁ%i@i 6585%96 ﬁﬁﬁié\ﬁﬁha{ e O Yemams
of hyﬁfb%al%'b#g ﬁaxﬁirigg BSﬂm% Eﬁlge'cﬁstﬂbﬁti&%é#w@@ﬁ(iw & 8id HC h.101
sone enbodi e i nvention also provides, In
MPa,c0 idasn@ 04 b grawistdf hpdre carbod:bhavirigea béilinh eanpetdicdsutom between

L n GOMPOSI t] ONS. ac di n nvent i t hod t hat
300 LB Aol AP0 4t Brtid0d BEamAiot Bk OFHGPBE Eot &
boili %&&Eﬁ bfibn 8L 800 (?%héﬂ 60 SOHPH 18 3P %%o) has a TAN; (f)
ding steamto a contacting zone prior to. or
has ﬁ«bu‘r 0.2¢p. 2D ptaast 0.89.8 fdajnsf or ity7 gramserfuésidwepeofgrarhef crude
rude feed with water prior to contactln t he ¢rude

feod: (Lt 55" TS YOG, Honotn mgues psofelhy opparises sulfur;
and/o?%?ihﬁ&%@n%h‘t&ﬁﬁg}{ﬁ}o&%ﬂl ng the crude feed into the
Cc

tacting zone;
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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20 and/or (d) contacting steamw th the inorganic salt
catalyst to at least partially renove coke fromthe
wourobsieesomf the inorganic salt catal yst. I n SOmeT/US2004/042344
enbodi nents, the invention also provides, in
conbi nation with one or nore of the nmethods or
(a)c'm gesis; (pnenpriser ldblngﬂauhﬁdh@gann@ nOmpnsesdlghethbdcarbmts (d)

ri se contactin acrudef hanlnor
o R e CRE S T BOBEs & B G0 EORRERa Tt ()
mik@pstihdeportion of the total product i's produced as a
vapor, and the nethod further conprises condensing at
| eadn scanpanbocbments théinvesipar alae p@E1dEs andombiationMithtoge or
formthe LJ ntai.ilii
e, (AP ROALTEEES 48 Com PR Qi UL e hop a Tpog gt includes

cofditiéi8nPthe mm‘é&mc shlt Eddi A SRh&RIRIon8RDNS AIFRARGMIE céﬂaf‘y@t a
sel ect ed boi i ng range” di stribution; and/or (b) thé

compmigks: {a) behiipg tbeamprgasmsald: oatpbxsteﬂmtaste:hmavlrange af stdeast 3&U°C; and/or

(o) Rearil 8 infiaic sall ol td Fegpgiits of ab gt TO)SE end Rogling the

mo?@éllﬂ@% &falj?s@fﬂo@ﬁ:lﬂp'eﬁ&ﬁre @f:stoﬁlegmobg the invention, a
net hod that” conprises contacting a crude feed W|th an

onelrsomopersbedimanty.she inyantiarhalso plezidsaansempination with one or
3928

cat st re nonaci di 005/ 0

mopeaf SR8 hE s aPoohs ot aing oo FisaR YR Ao d Rt gqpaprises
corRhdtgh YdSIREd with 088 BPMOAS dadlyis hit élﬁﬁ'oﬂingrﬂbhﬁc@ﬁg édiﬂmons

met hods or conpositions according to the invention,

(2) kerethesluringthe Fentacting atmost Oy gramisopt Trest) 1 SSErpmp, ¢ most 0 1

ol 3ot DS gl e Y 357 .10

MPenge tdmict PO friain0oT chiRledbed; b Heﬁﬁﬁme@by gﬁa@@bﬂﬁndeh@) such that a
K3Fel10S14 5 catalyst or the transition netal sulfide

contatipgyempereiyye isara mmeatiom €440 & of betvaens?et-o1 feiaiz -
oSy, MR RIS S pl Y0050 00 e
to tﬁg Fiéddg gfeadgg% a; &l;fge gﬁm b6 rﬁr?roc?eSaBMOnmm?i;ls gnemmsaoﬁihe hydrogen
SOURTSRSH CHRLC fpRlprEfthe f(raqe eI leﬁﬂbﬁ ke SorpiEosDip indidit
forRatidh bH& 'kle ‘?ﬂFl‘fenoﬂFﬁlﬁh t of Qrcrdﬂerf@ecpﬁﬁﬁ'%tﬂg%rﬁﬁctﬂggg‘g’) such

or nore a I ne-earth neta or mxtures 10 ther
tha{ thp chudettheduct alsp hasse snosth@ 06 igrams, et mbkid).03 gmn‘ml ax,mcmsh@ 01

e B 05 FOD L Bt o s et e B oG e st gp) udh i atleasta
portibAR B tHel R0 ARE 8dlt éa@al¥s? W Wi lidhid &qlcﬁﬁg al el 4ot eohditions;

or the transition sulfite catalyst is in a range
(1) fuchhatOheseradSpradact hns alTdAM of atandso 0% aflibe BARH; thmmléft feed; (§)

suc Pl e ant Rt eV ES sPrlell il 0 R 0%, or

mo#tEl08d Sf theMB/\0¥e BBt bP tHeQFR@LRES, (R stRChAThd @& product has a
al kal i ne-earth nmetals, or mxtures thereof, an atomc

sulfuncpmentfof at mstsﬂol% @hmostt GI%.t ' a6 DlosLF0% 10f tliﬁ:@ulfmﬁ@mﬁt o#ithe

al 0 Si t metal sulfi |
craf G} oy ef e s Bred R e BeaBi sty oF b g op at most
70%) zlffﬁllds@ so%abm nm £dos P ﬂiehﬁtr&%é;"@n%dn@ Bf theRhdle ft; (1) Such that
range from above 0 to 1; urther conprises zinc:

the em)defpmdmbhasmpdufsmtenkﬁﬁasﬁpst@D%, BUmORE0Ys onpt e S % of the
re51§ue coﬂteﬁnglt}%rcrﬁde) fc:»eds (n Such that ammonia is co-produced with the crude
product; (o) such that the crude product comprises methanol, and the method further
comprises: recovering the methahol from the crude product; combiﬁing the recovered

methanol with additional crude feed to form an additional crude feed/methanol mixture;
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20 In sonme enbodi nents, the invention also provides,
in conbination with one or nore of the nethods or
womnpes9isi ons according to the invention, thatpd17852004/042344
K3Fel0S14 catalyst is fornmed in situ. In sone
enbodi nents, the invention also provides, in
and beating il adviitionial brude éeedimethmobmat tutdechebat GoN of the additional

crudgAoRR ros R r T oy el e e ReBf St e product
cha1{§)by%9 H}%H_ % ‘i’élﬁtn%r 10T RsideAPS bhd OPmBRIRbpertiE OB the crude feed;

of the Periodic Table, one or nore
{q) smohrﬂmﬂaﬂ&noﬁntmf eatelysniprth: ¢mmmglzone ramgesifremf F-60ngrams of total

N EC R AN R
cmd%?é%prfo?lo&f&{&édgstﬁeéoﬁba%we of |ron sul fides, wherein

he 1'ron su es are repf’esented by the for mul a
Fe (i sdnpSsmbdrinents, ihs inventon alsg prdvides) mbmwbitdiod with one or

morgpf e pifghod i P BRTEOR P ding da die GHER ko Somectbe conditions
that g&ﬁ ik {9 E‘nﬁﬁfrgatl ém%iga&ﬁtesaﬁr&stawst @ﬂﬁh& ERAE 'féédOJi aBhfdrature

des I's 1ron; and/or dre deposited on a
belowiﬂﬂd’ﬂ, wharein thednergamis salt @athalyrﬂua bulsstantiaty ulsahﬁvlleymtthma@de

feed ) ARinE the s B0 e RSB RIRAA 49 AP L igrade

feedmb 'iﬁfd?Bénc EDEcaAYEM 1R Praksee S WikARS/or sleam to produce a
onbi nati on with one or nore of the nethods or

totalquntﬂws thet melndas ﬂnmd@ro@ct that isa/lequid @nxtuae aﬁs‘iTR; d of

i | fi d |
Thtk AnddimRtce o B TR R poy oo Sribibationaviy g or

mor&Bf bk ntidde D@BQmBosHﬁéIQ' ac§cﬁfliingtt@ thediRreidnl, é&ﬁtﬁdd)ﬂhat comprises
metal .oxide/nmetal salt m xture; reactin t
contagtingy arpdsrfead ath - asinerernie salf cajalyst andxhat 1Etu'tbrﬁrt(:lti’mpnses (@)

provil Q86 14 8 oL AL A oD EALBY: Wifing Ataci BB Afmbiin

Fin esence one
emuliyncofiiyeltrada feked ﬂﬁt}i \Qat e eoﬁthemigrme &Mded‘ﬁedmfith lthe inorganic
sul fide_ catal e metal salt _conprises an

salt eataystiandghedyy %P@@W&Pséc) HIying e qrude feed e s sasgasting zone;

ol
end O A et PE LB R LR, AL i e
cokd fromMthiecturfaneobihe dfrgarid sdlthetalGsthydr ocar bons have a
boiling point of a east 100 C i.ch. one or
mofieSogte $RRPAIRGRES.JBE HEREon vawfﬁ;ﬂ atignWifh Qne or
mord Qﬁggﬁfe thodS br b&nt%y t‘fcths%&%r@ﬂ tt@?netl'h@afti&' Qﬂneﬂﬁ'@fﬁﬁt comprises
oxi de and th s n‘%rl ses: mxihg t
contsating si drmcimrfeerbwmh anxmm:fgamm shlt tetalpetta tprodsuab f tmtal prieduct wherein

resence qf de-ionized water froma at :
at legﬁ‘w’ﬂﬁloﬂ? %ﬂo%a clip Praoduf%@f@%% g%weaq Bm
I t
oS R S8 ST RO o

crude padtitngietchetacttpramedicat eravictabroled funh Thatnﬁr\ |ﬂ$@sn.f*° product

o e Ry S B RS S h ool SR FERAELRE DTt R PRy

crudf jgf?)’flhgtAcg Qesccon%b%/eﬂtrs hﬁﬁ)l%ta@@fecﬂceﬂrﬁlﬁl aﬁ rises

ntacting the catalyst conposition a crude feed
t hbt sooermunbeiesess| themvanttbreal iy pioogies, m@umbmatllon vdthnene or
t he i nvention_al so _pr.ovides,

mor%%bﬁgq mat %tgg OLFQIRPGSHINg according to the invention, a rnethod that comprises

contacting a crude feed with an one or more catalysts and that the one or more catalysts

are nonacidic.
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20 nore of the methods or conpositions according to

the invention, an inorganic salt catalyst that

wobpsiosRss (a) one or nore al kali netal carbonptE8s2004/042344
one or nore al kaline-earth netal carbonates, or

m xtures thereof; (b) one or nore alkali nmetal

hy dr imsotesmbodinants, terigventiokaldsopeoeded, bn edrhbination with one or

hydr.oxi des, .or m xtures thereof; (c) one or re
mgfeedthe “?*afls OnRPEPOHEENS Fiverdine i IeREP R ek S cetalystor a
rslugl%, y Q)%a]ﬂ {'BE,&‘ o
tr%g&%hldfi%t%es of cgngsgﬁlgﬁg@ %%E@?’fﬁﬂ%g%ﬁ?'gﬁne %ra rmrg‘6 grams,

orsitilefastdes goafnsafet least one of mhdsitiomneecrmbslfideset atsn obthe KaFe 0S4
t her.eof ; ne or e am des .of one or

ca Xsté o5 b apsitieh 5\6@5 E‘Qﬁge GAtalyta () heg A7 alosnip Fatig el tgpsition metal

Ak ald ' Pt oy :

o068 1A RUc B oM ST SR MAESRL i e o

0. b2 (c)dnsharconprissscomeo nrods atkbli aregalgrongi enoraebmpsunds of one
from .umg 6-10 of the Periaodic Table, or m xtures _.

or @@1 RS, GR BT ghige e(cbrfe%qﬁp@mﬁmneﬁmg? afiatine-

RS o BA5Y oBeRle 110 RUGRASITE R v

theveef; (ehfuntieer agmpuses onelbi shormnglkalemietals, one orinoteic@spounds of one or

t hereaf: (i) calciumand/or magnesiuny (j) a mxture
MO R T AN R
sulfgd iASRed KE‘FC‘?@&I ca@ﬂjéﬁ@ bt 82 %rAR0k08 Hh&N hHdRABAR is in a range from

ot assi um hydr oxide, potassium 20 WO 2005/7063928
0.2 5/ aud 20 auynna 28uvof thy dkalimetads tortha transon metad of in aamuge from

he. sodi |t conprises sodiu ar bopat e, , sodi um
50 B ol dieaRProR oP6 o Fore M Bt Hefels poe Shaps,
cofppundsof b€ 6r thbRefline lehrtR AR R adli iR tBerebf) @n atomic ratio of
invention also provides, in conbination with one or

trapgitien aretal fesulir nolie KeFeiohimpaialyst anrthe gensitien mgtal sulfibecatalyst is

. ' i ic.salt ' cat t _5.that,jncludes,.

in ARl 521 LRSEARSc RIS o) Bkl i DB 5L LSS

mead] K@dn a mamgefromabovedd ANl ;3 PRirGientiileiseo kindt (1) F@sher Edmphses
nmet al _ having an_atom . c nunber greater than

Kl:an al_l)<1a_14_1_%‘h > / m Y
Fea33; @ ercqmpsises Kfepe; end/of G) wnopagidist | east two- of :
t he j : : - i ) .
bt onR oot mBBhbts ShE LR BB Bh R B TR UL on 3 ope or
maBe &f the nikthdds pr edmpesithins bbe@éingfo tHednvaltioa) thanibk &l;Be g%.@
sodi.u tassium and rubidium and each of the
Ca@g’gﬁf%q@?%g%f 10 sodiumto potassium sodiumto
C ubi.di ] . P o ) i
0 3 O erp BRI ST B HobBet p o8 B00 i o
mogeli thermefotasscampostings eesirding tathe iseakionofnetdrenat ofiibe
rati os 0o iumto. pofassj um sodiumto cesium. and
tra‘i?%fc’é's@?tﬂlﬁ“iggeé géﬁ" O Wgélcﬁ}zagcqrgp%sg e SMIEPTE “?Bél on mgtals from
CoRdnils@RE0 oftthE P&idic Thee Anka) 'm&@kﬁ%nﬁoﬂd@.o@%h@éﬂnﬂf@ ansition
cesium rubidium and eacﬁ of the"atomic ratios o

mefadst e iGomes &8 ionmixmotsahaieafn(b)ocomyivisedionepr Abrainsh sulfides;
cesium rubi diumi s Ln range from0O.1.to 5. .In .

© §aReEreen @Sm@?ﬂ&ﬂﬁge%\@w 156, S0 BT 8@k sulfides, wherein

the QRRLFREE 28 réﬁr&ﬁnﬁﬁ%ﬁ%e fdi‘]t?{%]ga %v,i.@ Syt BOB Ofange from above

conposi ti ons ‘accordi ng to rit1on, an inorganic
0 tos@l ¥; (BafthgreomprisesdiiFeioSey wtes epmacttwittathe rcoade, fead)dg) ot ddast one

he support rial.conprises . zirconi oxi de,
Oft@%ﬁ'@%ﬁﬂo‘}eﬂa@% i G S (AT SRBRLIOR Foeieh Pl g3 o andlor (1) are
depBUEHIRIA Siph6it, 2AH W RéheitRS HBY Rifidd Ylyst has at most 0.25 grams of
total support per 100 grams of catalyst.
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20 oxi de, nickel oxide, zinc oxide, cadm um oxide,
anti nony oxide, or mxtures thereof, and/or (b)
WO nedpgdeat ed in the support material are: onePOT/USEI0R(42344
netals from Colums 6-10 of the Periodic Table, one
or nore conpounds of one or nore nmetals from Col ums
6- Tosome enthediPennis tiecinTentior alsomeovidesydn eombikation with ahe or
carhaonates, one or nore al kal i tal droxj.de ne.
morg Pf ﬁ?ﬁf’é"*‘ﬁ?‘?ﬁa‘?ﬁ cowoaxpom&cppa@gg tog‘lﬁg 1rb\§en e @ metﬂo& bf f())nmng a
trandiibireRa seHide RafaBistbordi sERHIRN Alefifod @RrRingRixdng a transition
al kal i ne-earth netal hydroxi des, one or nore

meta]lokide) and-asnetehsaleto4brm b warsitius metah oxiste/métaitsalt aeixture; reacting

t hereof. In s i ments,..the,inventi on al so .
the Sl S sl e BT e b R R (sph af itfapediat; and
reactiBé hﬁ%te%e&m L1ARS e ‘ia?és@hékgoﬂ dhetd?@ndrél}i Aot BBonsto

met hod conprises contacting a crude feed with an

produag thgdransitivametalsuifidesiatal ystit(a) the)mathlesal gomipyisésan alkali metal
act.i vi he 30 i.nor.ganic salt catalyst is .
carbffke O thed FrrtpBE ot S BB ru A in 8 ope, pr more liguid
hydidB&thohs while {tiereabR@MaMhE silfir! () @ YM¥ch onleDr more of the
conti nuously added to the crude feed. In sone

hydrepasbeanskaes boilirg peivkefiat bastal09c° Gy (dyingwlsich pre or more of the
conmbi hat i W t.h_one_or re t.he thods o "
by BRa R0 he e A s BieGedtn (a8 o Sk ine e ramsigon
metd dlkideGaidahy sltal bdlatorepritedinhiSing the tARsi€h e@l 0gRIS and the metal
inflection in a TAP tenperature range, and the emtted

salt gefhe presenge A glosruissdyatepuTirers 200 raate3 duyingdhe et Beste at a
. r ken_ di i o . .

el 1 ¥iGhe RO 50R07ET nil AL Ee 2R B atgppprature n
a rarde@rotd 606,600 PC3 00 irt@Bick reagfingl ecirorme diakrywith f1flfir eoinpeikes

scannjng calorinetry, at a heating rate of 10 C per
heatweﬁﬁ? witermeliate mdbe pEssence AF at leastpng of gy drasaraqegie a -
temiéeitute il e 1ol Fol BP9 °Ch Bhoth (B ETRALS Wirits Ghntacting the
catalystoadgositivanvidna xeuda Yeedithdt cantprises pafur enda by diogen source.

i norgani c sal.t caéjal. st .below 10Q.C;, .and/ar (e) after

oG FPReRmegH the dbYRatich Ao FjovIdes, SDprbmmatiag itk one or
mord §5t8e bR dsR 'cBm%@BQHﬁ%I dc}fbrﬁﬁlgoglo thd SrveRREL AR iforg il sz}lthc:eatalyét

catal yst before It

i onditioning.” I'n sonme enbodi nents,
that compmeesofa) ahsor momdlkidsmetahcarbodvitesa phe or moreraliaimesarth metal

B! SRS o SERERL Ak a7 e Por
alka @D RHH B e@MhRIFbLHEH ok HfitiBRk HARed (& dnBFP &0 HIKRI: hiRbge,

as determned by TAP, and the contacting conditions
hydriges calesy newyn ehalihedatiumitat hydridescomnixdetes thereoifid) anapranore

i S: b TJ. in Tl i C..20 C 0,.C
sulffof b of BEDYE il etdlS ok B o, Sutfidecor e orme?p atklisie-carth
metal@bahysiures (Rore st (Qrona BONBrefariiiRs bE BREHAh etk @IS, one or

(c). at least the TAP tenperature of the inorganic

morsahides af etyemensisins omth metdslioremixsires thereph {8 ne onmere

I i des,, i i nat i th f th
et R R TP e Bt b Erte i Lty R o PROBHE et dfmore
metal S8 WY EmERE11 0GFY R Pérlodid TvMle, Wr mhiktued GBreof ) drfe or more
liquid or sem-liquid at |east at the TAP tenperature

inorgshictrhetal sahisr apalrivhersialat leasitonk pSthe iantganitenétaloradia gensrates
hydn%zé1 ld%riggtugé IF tthe Icgtafylég %)asr& {U%'.ll, lp%te{sgisu?rll, lf'ubll)iglulmr,] cgsqgm?crnrunqgctures
thereof; (1) calcium and/or magnesium; (j) a mixture of a sodium salt and a potassium salt

and the potassium salt comprises potassium carbonate, potassium hydroxide, potassium
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10

15

30

feed at | east at the TAP tenperature, wherein the TAP
tenperature is the mnimum 20 tenperature at which the
wionougenss salt catal yst exhibits an emtted gagT/uS2004/042344
inflection; (b) is a mxture of a liquid phase and a
solid phase at. a tenperature in a range from50 Cto
hy&@de, ofinivames d[erécrf) ardith¢ seltm ealecafiptises sediumi qadrogate] sodium

B e TR S it
conmpi naftd Qﬂbﬂﬂﬂ;ﬂi&n@ e Hventid] ﬁs@f;roﬁzf&s,r@wﬁgﬁlaﬁbn with_one or

conp03|t|ons accordlng to the I nvention, an |norgan|c
mosabf the atetiods tor c@:ﬁpmstmchnswh@mdmgm thet mmentlhe, droimprgafiic salt catalyst

particles that can rou halO cron filter,
e Brhage bR eiaI B BBk P SHEG Pt i gl ey g en
atofﬁxu h&asd: & apfzeza.stw&};o\@lﬁ%fkaﬁ %ﬁ&eﬂ%{zﬁ%%n g.;t%mllc nu_l;_nfer greater than 11 is
ina ra;li;'é from, 0. Hé‘#“‘@ at 1east s of the ;alkah megals are, sodivim pd pcbtassmm and

LULV JW . U JWUL11 114 1V1Y~

anereﬁvajl&f%ﬂ QR 16 PSSR i 154 TS A | 19 2 e ofthe
alkh@ H@télﬁm@ s8&iaf) ?o{a%ﬁ}h alﬁrfgbﬁihfm %%EQ:BQJ &f0th&hiotnic ratios of

I ncapabl urning' to the first form upon_ cooling
sodylimtdn poﬁasmrgasudwm & abisltral apdtpotassiam 10 rulgidum isp awange from

0 T e B S0 R gl s s, ad s

of 8 'aﬂf?ﬁb &atma%fas&eﬁl% ?@ta&s%ﬁl,h@dhﬂﬂ eNédsiin, 2l polREGAND Gesium is
salt cataly er gram of inorganic salt

in zeengt from 0. ( ag 5 >a(te) misast thr@lofgh@alhgh ofetdls arhpgtassiym, cesium,

R R B e P S TP 0P brFibhrSlogbigion.

.and’&éﬂuﬂﬁ%QQﬂid@ﬁﬁMaﬁﬁédﬂ@nOClaﬂocﬂﬂ ated as the weight of

hal ogen; and/or (c) at nost 001 %pams of gl assy
“oxi Hesomsorpndiasits. the %ﬁ@lc@mrﬁﬁ 310 pebIRUER PiBeRE OF

mof, SEERUOAES: o SARL N B0 8 13 BRG0P, a6 ok Eatalys

ds "or "co accor to I nven

.. corhpresidgDd aipppft(mlalexﬁau ol (Dds suﬁpéﬁt niaee&mﬁ cﬁnﬁn@s airsomfim oxide,

crude  product .per gram of tot pr odyct . ain .Somne
cdgml&emagneqam oxipetitniym %ﬁ@% 95 ugina, germania, iron

ox199 TRIRRLHAD Mhd B @adhi 1&e %uh%ﬁ?r Hﬂd@ %&'ﬁures thereof:

conposi tions according to the invent a crude
andpsrq)iTicotpbhedted inahe sﬁm:srt aﬁatmad tared o 8r guom metalsdtorm@etumns 6-10

of B S Bio 38Dl ACT o6 5 BPOUGBGT SR & BPimBetal foch Cotumns 6-10
of e PORGHE: Fable; A Bnor@all@l Q&Qél cgr%ﬁaﬁﬁ Qe 0% thRé alkEF e

per gram of crude product; (b) has fromO grams to
h}deO}CiéGSg PBETEE, mOreoﬂmletabla/dngca oBe oomooe dpaineceagth myetalns

carfippfiantr imete Ahefite SHvpaRLAER et dbe RERgT Lok Ge 4Fh metl

hydtRIes, QRE/oPnik skl feed; (d) has greater than 0
grams, but less than 0.01 grans of total inorganic

s al In soatealnglmduperts dheamvafticnralrpeprpyides én ombigation with one or

mog s The ol SRS b Giaie b PR it E e Godonparines

arﬁ Q Brdd e A géga ! tHel 8atRIy8E Wetivity of th
conft 3 H%oﬁ‘prl ses Vﬁg)ng{n eﬁgc%&?ﬁ}g?@i (Ig)(raastaoy% gravritgo °

morgamarsom:atabzst ) eubmlpmmeqlg)thmmsmca of sulgraansi/asr(b) the
nol 210 5% LT oL 0L I i D) atom ¢ H C o
In some embodiments, the invention also provides, in combination with one or
more of the methods or compositions according to the invention, an inorganic salt catalyst

that exhibits: (a) an emitted gas inflection in a TAP temperature range, and the emitted gas
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atomic HC of 90-110% of the H C of the crude feed;
(j) has a nonocyclic ring aromatic content of at
wQ Bas0639188% great er than the nonocyclic ring arpoBUk04/042344
content of the crude 20 feed; (k) has nonocyclic ring
aromatics that conprise xylenes, ethyl benzene or
comuaqmmtdtsvapbr aidiy daetronetiexidé; Xb) :hhmt tpaesitign ama tﬂmparaxdrb range

B 506598, TREHS ¢ ot o foms dtargni b Sibereptal scanning
caloﬁﬁ{eﬁyxytl aeﬂeﬁnnggfa@é%p}cﬁoc eljn':_img 28 CI?SQrt&Jl er’éﬂllr@{?]e raABd

rom rans of ra-xy has at ast
betvzed 200-560 86502 5 04N . (A)lat . tEmperatse of atdeas éDO °an)n 12y

ri ses the die as at 25 .
dffr@?ﬁ%ﬁ%fﬂ% ﬁi?fcraé ay XAAY gﬁ“ﬁa?t@@ewaﬁ%? sénoasamc salt
cata%@tal%oxq 1@@1(39&% (e ﬁf?épc@ﬁcﬁﬁ%g i ch%oz)dﬁ’étﬁﬁg atJ00f O Mat is

.00 5 grans of kerosene; % conpri ses fosene,
less am ibmie cozlxrhmtlmylef the sncapariesalt cafal Pstdretors comdfabmhgast
Zfég g? aromati cs per gram of  kerose e .and/or a
| QTG SHBediments: e gRyrglen 98%@%% aftpucwity pne or
moré@ﬁ@ae Héhdas 09 ot Pogfﬁéﬁs acedrdire to ¢ | Q ?xﬁﬁ*ﬁrmﬁc Qeﬁflcatalyst
grans or at |east 0.5 grans &f nap t r onpri s

that agiphithan erBidted mflachien napteniperdiae radgepas ﬂﬂ@ﬂﬁihﬂ@bﬁm ancl the
of benzene

contiiine Puaticht AR shonanE e Hiat A CREGELES CEperEgecs 1) above
T, xfa‘ﬁerélﬁaﬁtls §3@°C 0l0 @ ok @@SC pefbw %ernhﬁé?atﬁ&r c¥fthé ﬁ}%rg'%ﬂﬁjc salt

normal paraffins wWith a weight ratio of iso-paraffins
catalyst; Goyratat aboyaraf AR resnperattiespanddpiichat least site TAS tteripetature of the
morand/satrl ég has a volunme that is at |east 10% greater

RS ‘ume of the crude feed. 23 WO 2005/ 063928

PCH $2208AbEM23A1, the TeRfth KD PRHVIRRE! By conlEndtioneHt Sk or -

al so provides, in conbination Wwth one or nore of the
morggf e iretlnds @bﬂ%BWWm@Cwé@gdb thf ingenting, pminongdnihsalteatalyst

i R0 RSB A S R AP Bt e
morgzlhﬂﬂfalt datady Gid tHelihbipahicGaNRARELNG subﬁintfa@lljfﬁhwhﬂﬂe ih@e crude
crude product with a crude that is the sane

feed gf lope Ak TAR FIRFEtETe MBS BdS TR @frm%ahweéhalegmﬂﬂaﬁme
temﬂefbrnﬁg TR RR rtﬁé ﬁx%{gaﬁp:) %aﬁ ;}i é‘)gnb1g'% 2 entﬁ #E QEHCh on; (byisa

a Ccru me or romt
mixtoreude lfc,aﬁ:ﬁpha@e foad avalid pHaenat Siwidpaldt@efion ringedidre ISU °C to 500

o Liti (c) fractionating the crude product; (d) .
C; e (e Ty o BYLaETEaPIs dalts hf}srﬂ Sgﬁ@ma?raw above 500 °C.
di [
LR B R SR o
mormfdh@meﬂm)is mhmmpdmlomaiaadoyémg it the mmm_mm aroimoddnivedaltl catalyst
it Sy S KB o, ey RS oA o s st
defoﬁﬁsatﬂﬁ'el; LDty RA @by Mef 'a??esﬁﬂ& 3k ¥Stkast bb éﬁq\qﬁa when heated to a

nbodi nents, the invention also provi
LCl'ﬁyGEﬂb'ﬁ rattloast W0 AC.ameh drat tirinegofictshie \,mnl;,hmﬂmaﬁnma from a first

onposi ti.ons acgcording, 1o the in nt a cr
form 5 BBRR T S SSHR! Gran Graeaiel Srsagero tegrssform upon
coohh%@?fhe@n&@ém@&ﬁﬂ&tﬁ stYPPp e@nd the VGO has at least 0.3

grans of aromatits per gramof VGO (b) at |east
O Gtmgreartedofierds, éiseinyersivg dlsveprdiidss|in bambinatioh edthtone or

of aromatics per_ grain of diesel;
more, oé iget mgt'i% orgc,og}pé)s@pnﬁ grgcm@gg toyihg ?nventlon, an 1ncgrg)amc 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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t he naphtha: having at nost 0.5 grans of benzene per
gram of naphtha, an octane nunber of at l|east 70,
WW()%ﬁsbﬁo paraffins and n-paraffins with a V‘@‘Cﬂ'ﬁiszoo-uousu

ratio of the iso-paraffins to the n-paraffins of
nost 1.4; (d) a total of at |east 0.001 grans of a
gdph Bet d.oamg @€ glassy oxide
el 8 o2 eSRIBROP HSgl kg oo | IR 02 sy i
compoatuulse having at nost 0.15 grains of ol efins per gram ‘

t t f .at
at oft soresodieesie Bimsiod d50aos B spHiFiod Sy che o
moRd of M nethd¥s of E&mﬁémﬂdn@ @%orrﬂn? Rlihgriaventioh, the FRBIgR6duct that has

and the kerosene | east 0.5 grans of aromatics
at lpat(}@rams of ciude pmdndpangbamoﬂta“@l prodpelezi ng point at a

f 25
gr a : roglt?eué{%#@ Iﬁ@’:ﬁ%ﬁ%’ﬁn & falﬁ)r%h}ng%g% ﬁﬁ?}g P]FESJP] "“]‘gr?)ne or
mo?é’él’ 16O BB BE BomPOLH RS AERing B @S iAvishtioa A éride Fiﬁb’ﬁh@tfthat (a)

when conbi ned, have at -nost 0.15 grans of VietlliJ pcr
hasgt aups0P.003 gra0G, alabost 002 grarns 20nest0.0% grams, & mpst 0,05 grams,

mok 0 81 pemciro 0ot B HRR . Sdohn 2905 ERBRARERIP,03 erams

of feSiARE b&SrhHf cRAePkddubs (‘@Qﬁs RroRa0 gfdrhd® 0003 Sratsy\@0gT1-0.03
rati o of the iso- paraff’lns to the n-paraffins in the

grags, clo@rﬁﬁ)@ie@,l Oh gpamsef cakiper grnans 6 s MPAICKH B hvs anioddins content

o B0 Al B e kP 5L BB e

graf@! Bl 1b33hat 0.01 gealshefotslundensic ehlt 2athlya) perpehnd of &3jte product,
and a wei ght ratio of the combined C2_and C3 ol ef

as qeserninect iR shalange;{Lhasat lsast 8¢ ¥ gragns; Fromy 0.G000 - %9438”1113, from
0.031089 LDRsHfin BAE CLAR: ot o Def BLRPE EBRLA! (1F clrfptses

V\herlnavvelg 0 of € toth
Vamaaed the NGO hasikt 183350, 3@&&@%&5&@&3}&2&1‘&31 of VGO; (g) has .001 -

PCTI US2004/ 042344 0, 2; dl | ef d
exoRgSc ST Hom SRS A1 (009 otamiE FUL L2 RS e: (idesan
ato%t& H{’]@ %f%@ 19051 dE RS R Sftfe SFf'adp adeal Qy B 4 fhoRbeytN8 tinf afmatic -
3 ut adi ene content o

at e . 005 T“grans;
corftén)t ofiasleasn 1% greptenthagthe manoc;auﬁgmﬁg armna‘ac c@t@ﬂ ofithe crude

f |
feefy (4P b GRS BPTRB e EgSe IR SO o
51196?.&199 bf &fyibbezene;TYARE Cp@f oﬂ@ﬂ&é‘ﬁoﬁu&@hﬂ rhéld O 126188s of

ri bution of at ‘nost 4 Cin a range fromO.
beres figmadrds-0( ld)grhlyxsl nﬁtpareb@,rfsomnoﬂaoa gwlns pﬁ@ﬂﬂa@ﬁé@e from 0.5-

0B P SRR 220 S R T s

0.000 BEfabR WL Rm 9018t5 geaﬁlg 028selCn %Eéﬁ i6esQfidsel) ahd @eali®sel has at
of olefins (p) hydrocarbons Wi

oi ling range
leagtiOst griatngtof emnuﬁtlcs atr groe of dzdel(o) has atleas 10%;% 259185, fiem above 0

d the olefi atI stO 1 r
o 619 gt PO 0y G et ERhers () o RpR Brptfe e
kerBseR@hhd RQedsRDArAhS b1 dt ikt ©F oRimPEf H4B@btics44 gfant bEkerosene,
conprise olefins, and the olefins have a nolar ratio

andddr a faeazinggioing|apf impemmemﬁta@mnsu -301°6% semett -4 “¢.co58t most -50

o / fi
iR R B e 4 0 B in g Py 4 bR gphcea
andOBE WeSHIhPasat afdd: E07 gfams! £t 196410, 08dREs At Sost M1002 grams of
i nvention al so provi des, in conbination Wi th one or 15

bemreneepenizranh ef naphHimden ovtamearpaet of atleai J8oatdeashSQ or etlgast 90,
andl’or}vl segl}):llrgﬁhls And E’lgl%‘?a] %gr%%un%tmwa welg%% ratio of iso-paraffins to normal
paraffins in the naphtha of at most 1.4; and/or (s) has a volume that is at least 10% greater

than the volume of the crude feed,
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at | east one of the catal ysts conprising one or nore.

al kali netals, in whichr(a) at |east one of the
woddegibdsopet al s is potassium rubidium or cesi Py uR5004/042344

m xtures thereof; and/or (b) at |east one of the

catalysts further conprises a transition netal, a

tr 3R Sdrhé EMbEBIhRtsS tHefihAition AR ?foxa@ésg fédnsbin@bd With one or

farther enbodi ments, features fromspecific

more nHididipasheds asfcompesitianercpitingigyibe bwenlaomiadaeihod thet comprises

feat ures.from olher llren f ' ion.. .k
contgFig €34 RS Ao O (O Ch o Wy Ebaaai Rl
proditt, RurfiR2tompSsiheoR) ssbiingtthe c@id efodueniii iarsidesthat iB the same

further enbodi ments, crude products are obtajnable b

or diffeyent frophthepsadedied anfgrm adlendsguitable derstsanspeigingetbs cpmbining

In, f her_.enbodi S ddi ] f
e B B e 00 58 28 s
blenBRUiEiblORPERLATdPhckticEHe) BRAWNGR: Advandageduat (d)fRctionating

present invention wll_becone apparent to those .
the arpdq predugtintptoae gF morgdistillatn fraptéonseanst prodeging fransportation fuel

o U BLLACARL A ARGIERERL LT, A9 YRR L5130 b ion
metd# Ghigide chalyef, teatinibe diaEifibn afeta sclfide astalyrptosessimietdls from

contacting the crude feed wth a hydrogen source in
the transitgp aaet @HeYSr nore catal ysts to produce the

to : . / I

Fi gt SRimetia, Y0 rna R ol MM onc or
moré€ oftha eidthglsy sbRpviidoncandriing toght heentiona chedechrodiud that has,

hydr%gen source | n the ﬁresence 0 '

f
per gramAtFetde Rredygtdaletdeast ROOL gramps %%@52?1?5 ey 09 hag apleast 0.3
grmﬁcméﬁcs?eaﬁlﬁrf?@?m atWasf0.56P d dH3idR) ?inéli gheadiesel has

conbi nati1 o acting syStem FH G

- at legat BSngrtins of Arcametiespedgramndf didsel (¢} ab beasin@ 0@ gramisrof naphtha, and

N R T T T
of aiQe4t @@,tdhﬂjﬂ)r%bsﬁﬁﬁ@ﬁns ang n%apéfﬁﬁgivﬂﬁ a&88ht rafilo bf fBe i&-p&raffins

a schematic of an enbodinent of nultiple contacting
to the psptamafiins 5f @ mastilst; {dsivtalef adeatt 0401 @rgos phamixtyfe ein

I.oni onductivity nmeasurement ste L &S a
compefinf AR o PHaR eGP oL ST PREC LD 5. Bhd the
mixtRfeHROIdd Rnddt 035 Weans Bf SIOHES Ser @Phralon Ak fufd) 1) a weight ratio of

enbodi ments of contacting the crude feed with the
atonfi¢ AyfEpEsote atemig carbon in the composition of at most 1.75, or at most 1.8; (f) at
least 0.001 grams of kerosene, and the kerosene has: at least 0.5 grams of aromatics per
gram of kerosene and/or has a freezing point at a temperature of at most -30 °C; (g) from
0.09-0.13 grams of atomic hydrogen per gram of composition; (h) non-condensable

hiydrocarbon gases and naphtha, which, when combined, have at most 0.15 grams of

A onman nnd renhthee (1
UL o it LIGpiiiic, (1

3
Q

7
Tl
wm
=t
%

non-condensable hydrocarbon gases and naphtha, which, when combined, comprise iso-
paraffins and p-paraffins with a weight ratio of the iso-paraffins to the n-paraffins in the
combined naphtha and non-condensable hydrocarbon gases of at most 1.4; (j) the
hydrocarbons with a carbon number of up to 3 comprising: olefins and paraffins with
carbon numbers of 2 (C,) and 3 (Cs), and a weight ratio of the combined C; and Cé olefing
to the combined C; and C; paraffins is at most 0.3; olefins and paraffins with a carbon

number of 2 (C;), wherein a weight ratio of the C; olefins to the C; paraffins is at most
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15 sulfide catalyst. FIG 9 is a tabulation of
conpositions of the crude feed and conpositions of

woQ0es/adensabl e hydrocar bons obtai ned from peTUS2004/042344
enbodi nents of contacting the crude feed with the

transition netal sulfide catalyst. FIG 10 is a
0.21 aiabesléfais M0 pardiey Witk s cabon awmpeaseftl @y wiereinadeesight ratio of
products obtained_ 20 from enbodj nents_of cont ac%i nlgas
thetChelefnsde thederpamiiins st mashhdi & 85 briedipnestpnigng ot at I2ast 0.005

cat h T ) i cal .
oL B Gt SoahBl 5l £S5 B bttt o000y
gratnR QF @aali i/ ¥ Aletpe grlad yfsdonysition; (np apearafifing @ntens of the

determi ned by TAP. FIG 12 is a graphi %g‘gtesent ation
hydspcarbpps hrwing adrilingaapgadisiihiten offatmpst é% ¢ i3 Fqnge from 0.7-
098t 3! RS Ul AL B0l b8 204 C
havegparerah of elefibd Bdrddrbenstagingploilingepngs distritition obét most 204

|l og plaots of the resjstance of a

. rt\?&@rﬁ_"fj v t., i .
C.from D&O1-0, grams of pleling dp)dyarrearhions Withe Roiling,tages fiffroution of

AT S, IR R0k 31 b s i

olefinppereah af blefingf{gejdybdaripes vetit a bdiliogkeage distpibwioB®f at most

o0 B e o e S P RLASER o
int%rﬁﬁ%%é‘fh{s htfRad BQ: GRLE gryn £60 3b ¥ FramEbfolefifls h& glam of

raphi cal represent at wel ght per cent age versus
hydracanieoms im atheiling frangerdiste bt anchetwee i bW hiamsti2 G4 Y
enbodi nents, of contacting.the crude feed with.the.
| nolfRerabtmEnty. £he avention Ay BEPY§8 GuEbmaon with one or
mof I tHS2RAH0 S2SsMpostddds aé&rdiiﬁ% % RN eatibA % @lide product that has
co

nponent s produced from enbodi nents of contactin

- at ledseony ofdbe tatalystaicopiising ganprmersl alkal mgtalss inswhighiygp at least one

alt,..or silicon .carbide. \Wile.the i j '
of BF el e B SRR U P ey TN PO R anglr ®at -
leadt @nBBf the TRRGstd frtBRREIpIRES strildei@chetal, @ tRinowon metaiaylfide .
of exanple in the drawings and will 5 herein be

andderdertopiéd i n detai-l . The draw ngs may not be to scale.

It sh I Y ' . . ,

e D RHAE RIS O feo R BB S B the invention may
be ¢digbih&V@ith f@urboOfroin@hgaimbodithaits ftheirdieatibnsEak, exbniple,

on the contrar the intention is_.to cov

) [ r all
featpnsi frore ape éﬁb?fﬁ@&m WAy 8p pembingd withieatires Tomsans.gf thr, gther

em%ﬁ?i El the spirit and scope of the present invention.
Al LED DESCRI PTI ON OF THE | NVENTI ONS Cert ai n
enbldfurteat sntafdirdrgs, ichvdzirbdunss @e ebramble hyechyhefiké methods and

nore_detail. Terns
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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used herein are defined as follows. "Alkali netal (s)"

refer to one or nore netals fromColum 1 of the
weoosoeiozs Tabl e, one or nore conpounds of onepEF/UEBER/ 012344

metals from Colum | of the Periodic Table, or 15

m xtures thereof. "Al kaline-earth netal (s)" refer to

oneFIar 2 s echeatatit of tniciherCalbodiment of a tchetactRey syethint for contacting
of one_or nore netals

Tahl e, one o re conpounds
the Fﬁ’-‘gﬁ?eéglvﬁ a gy‘g‘gg?%%’mqﬂép irtlféfoﬁf’ése?ﬁ%P%?neo‘Pr HPIECGFabEsts to produce
the I8 Qfuct. " AMJ' refers to atom c mass unit. 20 "ASTM
refers to American Standard Testing and Materials. "C5
asgiiél 8 enesthemefie of twembatimkhierfesepmationrend insohttihaion with a
i n.pentane. C5 asphaltenes content is as determ ned
confagt et hod D2007. Atoni c hydrogen percentage and

at 15C4 624 hoRnG ination wi
ot aaaet BB 6E) B8R el o e e HTombination witha
contdetimy syisteed by ASTM Met hod D5291. 25 "API gravity"

refers_to APl gr.avit 5.5 G APl gravity is as,.

e 1505 Eas b IHa Th A R RSB ERF & SeP R RERRS, f Sp A ingsystem,
mdﬁ%@enﬁ)ﬁéeioﬂfa. crude produced and/or retorted froma

hydr ocar bon formati on.

Boi Il ing range distributions for

t h&FIOr Giiken $obenhatiodf @ erhbddidnemtrafdudtipRreentstingfystems.
.unl ess_ot.herw se :

de 1 hed ASTM. Met hods D53Q7,

ot IConBt Scbatinet o e yameR BB AOTEE AR LY megpuremen
syst&yanpl e, paraffins, iso-paraffins, olefins, naphthenes

and aromatics in naphtha are as determ ned by ASTM

Metthigd8 DerebulatiomvEpropatiessiohetiudes fead andi mepirtienef V@R

i s . as. determ ne | P Met hod .368/ 90. ntent of e
prodgbi e isdinars HEoRBtnk Be iryiaehy ARt tensiop metel
sulfide t@@lys27 WO 2005/ 063928 PCT/ US2004/ 042344

"Brsnsted-Lowy acid" refers to a nolecular entity

wi FHGthis adiebnlatign @ﬁﬁmmitiegaof the @mbﬂqr foed m?@mosihons of non-
ity "B LLg» " .
condFi e Aol isteaiat e HipaRiietey B Goush e bafag win

- the tkanSitioa medthlesul fitel aGlysar- entity. Exanpl es of

Bronsted-Lowy bases include 5 hydroxide (O4), water
( HIEY, 10cia prabsatianeot(premsptiss and Icpaipogibpns ofgrude prodpgts obtained
ronbl b8 o SR g0 UL USSR b BRI By e
a b .elduk e.gréipfidad reprekatation of 9gl1048ote @fiicai duirR@ts of emitted
carbonaceous solids that are not vaporized under
gasey PHULDSTEAPH At caRdyst yerausdempaturgas deteamingdhy TAP.

oS e Bl R Bl e
cataliystpand gratnakgesficssalt relative to the resistance of potassium carbonate versus
temperature.

FIG. 13 is a graphic representation of log plots of the resistance of a
NagCO/KCO3/RboCO5 catalyst relative to tesistance of the pot
temperature.

F1G. 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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"Content" refers to the weight of a conponent in a
substrate (for exanple, a crude feed, a total
wprooksze2s0r a crude product) expressed as wei GRiT/us2004/042344
fraction or wei ght percentage based on the total
wei ght of the substrate. "Wppnt refers to parts per
m | FIGN6hya vadbulikibn of Ebrapeiehitsipeddiced fionhymbatimehrrd contacting
V\Athab0|llng range di stributiqn between Zg%. 15
the grnge Sord With BODRBECSRE)CARYYSE: 2 Setalpalts 5oL Ceifent i s
as % = DI St NPT
refg@ilgtrﬂ{og 1%9%} ocaébﬁ’@’/‘l:sp ‘ Iﬁ% ol |ﬁlgﬁcrg é‘%sednhaagt%mamﬁoms’
sPeGiﬁstefnbbdimsmlts thedenfae sRo®Hd by Gagod e34Rple if ﬂ&@rﬁ@ﬁlgﬁ)mchmll

MPa. Distillate content is det ed (E ASTM
herola ba dsscgﬂ?s@ i daspil; The SewmemasTot 8 keloabAPUR je understood
ﬂlatgizf e a%g dﬁBﬁgd défcg-lg»{lél% Hretd Hefex{o? Hidriiled 36 ABIH MO inventionto

r'eeze p and "freezing point" refer

the pmlt:hlar foamnbmﬂttsed,eblaton\mhﬁ entrbey, et intentiof is torcgseradll i ne
sgrtlcleso urs in a liqui Afrezn oing is
mo

CRIORS Ry eis g alfgmgiyes g iif gpcsgope of the
aphy in conbination with rrass spectronetry.
pre%g{&glgﬁtgglbase refers to anions as described by
E’PA&LE@DESCIHPFIE@N OFATHETNCHINTIDRNSI cal Soci ety,

1963 3533. "11/n 14 G
& AR Fregwhyleaﬁs&éalw o a7 Lo hetegh i tofy Gkl Terms
use@hex@ﬁiﬁéﬁbf%%irf&%\b?e val ues neasured for weight

percent age of hydrogen and wei ght percentage of

car‘t’dkalbyneaKEN fefer h@dnmﬁﬁaxe mm FereCokimont of thefPeriodig Table,

oney i T PP GE PR & Bore ot TR COBR 1t P st Bl Table or

mixe88s @Btecks as determ ned by ASTM Met hods E385 for
oxygen, D5762 for nitrogen, and D4294 for sul fur.
Waﬂrlbglm-mmal(s)éf@wsto e by meryaatalsdiemn Golwnn 2 of the

Per o B R R A PR e B PR GR B e

Penbalcorh%l@brnﬁﬁlﬁé@tﬁ@@@ 063928 PCT/ US2004/ 042344 nore
ounds in the crude feed. A hydr ogen source may

chM@P refges tp Stomgie Raspimied t o, hydrocar bons (for

exa B S&Ighc mﬁ ane,

et hJa}%]ge p%fﬁéq%%%y%g%a%gﬁ  napht '31} wat er,

M X1Q4ra€shaltBfdst edfer 1 mh‘»ﬂtebﬁi thacee irgolubledn penting.oCs asphaltenes
assess the net anount of gdro en prOV|ded to one or

coniept ig ag gAtsERIRES by YT NMothereDP@R4W. 5 "I norganic salt”
Ly o TR L OB et Rl o
prodet, mapletiig kenssend, kigestl) end)y GOnatiat deermined bp dGtM Mictho@ $5291.
SK gtn %Sjgtgé‘i‘i’“:ﬂi gq: 5%2{8 f@}h&-‘i’m&%‘; ?g.St"% m %Q\%Qy i Igg 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 1n kerosene

is as determined by ASTM Method D5186.
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10 "Kerosene" refers to hydrocarbons with a boiling

range distribution between 204 C and 260 C (400-500
wdrro0ai6i268l01 MPa. Kerosene content is as deter gEaed2d0¥/042344

ASTM Met hod D2887. "Lewis acid" refers to a compound

or a material with the ability to accept one or nore

el éBrsmtesl-Lovom aikbitrbfers toamslsadar ebfity Withithe dthlY/'to donate a

refers to a conppound and/or material with the ability
protpwy tIQyipshes ierulgentiyy e el ectrons to anot her conpound:

"L ¢ : i .
car DS E A RO e S mp Bl AR P Rreap Bl B8 accepting
protoiscromnaenothef @okctlar enttpnBeahpleoof Bleasteidaiwagdasanaclode
nor e ounds _that 20 are liquid at, standard— . .
hyd@é}?&ébgfﬁx%‘Sh@@&%‘%ﬂxé’?ﬂéez@é%. hegle ﬁﬁa xS fak bispltate
e M STP"), or a conposition that includes
(Hsg@b%f%%%%o S%)?;’f—)'one or nore conpounds that are

|'i ¢CarboatufEber Wwefehs ke twital idmberof qeobordaomisah a arodecule.
solid "M.cr o- Car bon_Resi due" refers.to

L. TP, (" NCR'
a anh?%r@ Il HALEARFIBEE gabopasrarnqlis il R Vaporized under

L on _ . o y
procR Y ARRIRIoRE T (ot B s SuolpRiing! BERes RLEn bR Meight of
coker isftier ot ovelghtl 06 sdidhminue dreptotabweghtwf inpat dataliitng r ange

di sfributio bet ween, 38 C and 204 C (100-4 F) a

0. TEonERE T REACHEESH: O CoRpogEnidas a?fgb#aﬂs%‘macmde

" N " r X t is v 1

B R R0 e e Riep SRR 3 WP e RO HER, percentage
basedehnghs tota) wWdighy/oF thecnbstend. TWippnsldesrs tt partshiet Wikion by weight.

coptent..is.as .determ ned. TM Met had 63 o

" NBITES TSP LY FHcH PR g FR igribgaes peyveen 260 °C
and _@[wv@ (S0RLEI0 Uy 2L0 YIRLMIBRE Djesel DS 16 he detb@hiBESbY ASTM

ew s base and/or Bronsted-Lowy base properties. 29
Metiwd RB8%). 063928 PCT/ US2004/ 042344 " Non- condensabl e

gasn. fefers 1o .c onents and/ or..a m xtul.e .of .

o onpistRES fth S Briopated Bt « BuiRefieeuliuPuson hetwren 204
°C apd 883 8C @4((286505F) @t Q01 Mz, ThishiRate 8bdtesit i§ @8 eéieRbintdby ASTM

" " "n-Paraffins" refer to normal (straight chain)

STP").
Me@éi@?%@ed)lﬁ'?]é&%@’ﬁvmgde@m@% ambdigttber" refers to a

calk a ] ' of the antiknock

pro%glr:t ?%grsgggg&éﬁ%?lg% E%ﬁéﬁ%gggfﬁp%iaﬂree "to a standard

r efBreefgihttiahd “RecadCpoint’ eefepl the e mprdtasy at afhictafination of

is, as determ ned by ASTM Met hod D6730. "d efins” refer
crystaling pRpIlAs RS cis iha ?Qewda FofeZing paRLS RS daterpincd by kvl M
D23§)@nds.-r Types of olefins include, but are not limted

0, cis, trans, termnal, internal, branched, and

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

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

Chemical Society, 1963, 85, p. 3533.

“JVC” refers to a weight ¢
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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10 linear. "Periodic Table" refers to the Periodic
Tabl e as specified by the International Union of Pure
vanehodpedoreed Chemistry (1 UPAC), Novenber 2003. pCT/US2004/642344
"Pol yaromati ¢ conpounds” refer to conpounds that
include two or nore aromatic rings. Exanples of
mgye kymponmdsiic theomdaufedd Ahgtiregen sturte arag imdedd, bod is @dt limited to,

to, iLndepne:; 15 naphth ne, ant hracene, phenant hr ene,
by B RS ok ErRIP A ' s DM BE PO ACE B maBlep febes Piopans,
Oial :
bl by, SRR S, G LR BicRoBON fih HBRGE s conduoted to
asgtet the mehavolny oABdvo et provid &b 80ahe dorSeorc| dompiodtidyisfler arude feed.

to @,phase of .,a substance th has properties of a
S| PTG S TR o eaPRopRLLe! b roRRS S et Bfgbcation and an
anfexanpl es of semiliquid inorganic salt catalysts
include 20 a slurry and/or a phase that has a

con$iRt refery toothe Inistitute rBPgttodsun,afofythe dimerdy, Institute of London,
Utog h adste. "SCFB" refers to standard cubic feet of
g &‘d’gﬁ Phrrel of crude feed. "Superbase" refers to a
mat efddardffial” AR t68RLe-aNAhE Ay RLBRREbEREN as
paraffi'ns and ol efins under reaction conditions. "TAN'

10 r ef EKsrasened refsrstio hydiagarbandeith exhotlensrad gadismbutipy betmsen 204

o g ) J0of (»g") of s le. TAN is.as
Caleet a0 o R Enar fuef b otent gei b géfepminia By AsTM
MdespPppagr.anal ysi s- of - products. "T?~qc"” refs rs to
~+tronoh on_..,ot..r is a salm ua oases.,. "VGO
r ef ELewiscbrplratatasomipeandiobomateng! withdle ahiktyrip Begepbpne or
betwee 3 C and 538 (650-1000 F) at 0.101 Mra.
RS thedtin mndlér coBibdt 1 oq by ASTM Met hod 30 D2887.
15 I'n thewidateXdefesd totddoinpanpd hedbi @Bterial with tiebatiléty to donate one .
- understood that if the value obtained for a property -
or gpre glectiapipo arathycoppsedl i s outside of the linits of

N T R s

frotthbto @t her 30 WO 2005/ 063928 PCT/ US2004/ 042344 .
stapdardj zed testing nmethods. that are considered
oqui VAPBHEITE! s 39 & PORERMHHLER! RETICREPIRIIn G FOmpounds that

20 areﬁﬁ%gi atSEHAES TR YerRfird hﬁfﬁf@%ﬁr&aﬁg lo@r g Egi %Iga‘;;]‘ HefefrRfer referred to

ydrocarbon containing foormations
as SYTAB1), dracbmpOsitide sha irelgles e catbinat oh bl pnsennesaehgounds that

nd/ pr liquid. Crudes may 5 |nclude crud il.
are s 14 ST i oR R o v e st P g 1 o,
re ro U arB RetRAGAIERN £r38S BFa 8\4@&1&{/ of 8AbbBresRhe remaining

conmbi nations thereof, fromthe crude to forma
aftgsteapdritievant maelysiSot b sutstante.i MAIR oontentys af desermoneiiry ASTM
Me?{oidé%ﬁ%r oxi mate to, the production and/or retorting

“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.

“N1/V/Fe” refers to nickel, vanadium, iron, or combinations thereof.

30 “Ni/V/Fe content” refers to Ni/V/Fe content in a substrate. Ni/V/Fe content is as
determined by ASTM Method D5863.
“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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Stabilized crudes typically have not been distilled
and/or fractionally distilled in a 10 treatnent

Wi 20951063998 t 0 produce nultiple conponents with poegistdo$os2344
boi ling range distributions (for exanple, naphtha,
distillates, VGO and/or lubricating oils).
Di stINpa-gendsisabiegasdesferstacompanants aridvoriat imiktire of components that

. S rikc,distillatign neth nd/ or. vacuum
areBlROP RE 3 ey and e 12 o3 GG MPA-berohnatter referred 1o
as t9MP-act i onat ed stabilized crudes may include

conponent s Ehat have a carbon nunmber above 4 in
quanrtPapEnsg tefer to| neamal Girdighrchain) chturateilopieodsbagr
of stahilized crudes

f_15 de.. Ex |
P nc AR CHofaLo 2 Colppeled SRmIBel reesiaien of thestiknock

i nclU

propatad ROmbeRFR 6P to A5t @R iré@febQﬂﬁlef.hﬁrc%&flﬂa | octane

pped" refers to a crude that has been treate

"To
nunphes of aaphithasistas dempmined b ASIddPbetbod D673t have a
are renmpved.

boidA Lat. below 35 C at 0.101.MP
Ty pi o) Fo{Rh i PR A AR SRR Aot erben fRRble boms
Types afelefind inahb, B Q& rpm-,gﬁ
,ypguch conplgnents ger ]g{tg%wﬁgeg Q%’hcgg’ggﬁ %’g%pe E%E%ga’ %%nn%led’ and
linegh apj | i zed crudes have properties that allow the

st adl )L 7 u t,0..b tra rted t. nvent i onal

tr onPtibdE Tabl REiB8 A PeriogRi T o wnesitied P s iqpnigional

Uniex afpire and Binptikd TBSmidi{UKBACINSREPS) 2043t her crudes

'ha\(cﬁpone or_nore unsuifable properties that render

t he hPYARERA S RompOUndsS refer teoomppards thetiesludaywb er more aromatic
“hoklN 2 ansportation carrier,. and/ or. a
T e 01 Sl o Rt e o BORRE e P P b Sl et
naplhthalems, tothrdckae, hendiviashe deskotfibpine, A BEIBOIHIGHILAL Ue

may. sych that a reservoir that includes the

be
di sREVAN dGE Orceapongals thas hauserkailingtnge distrjbution above 538

e . A [0 ' of
C (oo 2 0B NEROR! derBbhl bd ASTMMIERREBREE °1 1 1 ¢ e

t of Sepiligaid otferstd al phasd ofh Sbsthcarhsidns i1:>h§:>)e§3tiestéliftaI thlﬁﬁi phase
a tota

Q5 e B0 Bl et otbon it e
a slu§aat/o a ARk tHAHIE a%né}'&téﬁggfoiafb l%x ﬁi@&%&&%@%ﬁé?ﬁpam.

to‘t‘al h,eteroatorrs cont ent eas
het ¥R wifers prestagdaadreodfic dretidgasfper BarrdleFictlide feant ent

of « 1 0.0 raj ns, of resjdue per, gram of crude;
g) a eﬂ% pha e?eé%é’sg m@tﬁ’?ﬁl& t 3 dgprotenats hysirorarpangmactoss

parafiispaad dlefigs ul®h r&cAbh ehndhisle: h) a MCR content of at
l east. 0.02 grams of MCR per gram of crude; or i)

consrNataiemdo & fetrkasid mimbe erpressedWONANREHAEB928") of KOH per

. b 0 4 enbodi ts I sadvant aged crude
glmga%) ?ﬁgﬁgué{g ﬁéﬁm a':g]?%?“ nﬁiﬁd@%ﬂ%ﬁﬂé@“’gh@é; at | east
O‘Z@’aﬁﬁﬂ'@foﬁﬁ@b@%ﬁl?glsjoggﬁ;dugtss grans of resi due,
at,least 0.5 grams of residue, or at least 0.9 grans
of 3T wikEs 19 Warsiarainntabsifidi. nent s, di sadvant aged
Craygeyh +2-0.99 gra 0.3-0.9 grang, . or 0.4-0.7
gr ans O?E%?rgst% UEP P th\Pnﬁ#‘r? 8?111&85%}2:&?;1.{»%%5%%%‘6%@ 34 *Cand
538 *CeB5@il 00 G B odiorents., veics i Hoes,
. gf di sadvant aged cr ude, mgﬁﬁég@té?%e“%ﬁ ]Fnur Jo%?@%?p%m"d
D288%t | east 0.001 grans, at |east 0.005 grans, at |east

0. r.at lLeast 0.02 grans.
19 HeHoAE oPhhis apphce%lon, itisto begun%erstood 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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D sadvant aged crudes may include a m xture of
hydrocarbons having a range of boiling points.
wo:6@f¢sns aged crudes may include, per gram of pcT/us2004/042344
di sadvantaged crude: at 10 |least 0.001 grans, at
| east 0.005 grams, or at least 0.01 grans of
staﬂﬂiﬁfiﬁ%ﬂ&ﬁi@%ﬁn%&d@ tRat e J:dﬂamefearbgawdlegt 1ol the bdferenteat by
200 C and 300 C at 0.101 MPa; | east 0.001 grans,
methpds maxbe 03¢d05 grams, or at Ieast 0.01 grans of

arbons_w t.h a 1}
bt agoR 36 0erieui Fotorsp Sgtd B ek o obfhing fonmations
andQh&PstdbiBEATCrudds aré péderal - H08, @hiBlid AhdAak ligeRs tCrAd&may
grans of hydrocarbons with a baqiling range

mclairl@ erdpoili Stebilizatien wes induts, butdh aotﬁ!mlt@ T@s regong ol
cong?rés %ln% eg,;\;éf ng Isztzl e{)rego%blgfl orﬁsﬁ%r ofgﬂ?ﬂg‘ré?&gﬁ?{g'rtﬁ%

statdliseddy@n! dnel sabilidgionddal 6A&H o&uﬂﬁloﬂpﬁﬁﬁnate d, theemsuction
0. 005 grans, or at |east 0.01.grans of hydrocar bons

and{grgeforingsite. ng range distribution of at npst 200 C at

0. I .
0 B b Byt D) 9 SRPRAREP it n =

treaﬁ:%délﬁdh’ctahﬁya@ pfbcmwﬂlmlnpae G(Qﬁpmhtsaﬁlt}sspeblﬁh)hdyﬂﬁrgalab@\thsmfoutlons
a nos

(form@alemﬁt@a, é}salé@%r}f%@e@dé?rda@@caﬁﬁg Oﬁcl faqsermcludﬁs but
is n Olﬁg].t%:gtogr am@ﬁ%e?fatﬁ%ﬁ%gglﬁ ‘ﬁlod‘s' ckf?r Qag rcﬁ%fﬁla}lgfrt] Bié%‘ﬂmds

Undiktiitedidadior Gﬁlﬁ"@:ﬁmﬁitedl eiaBihz&fD E).ruﬁles thay tehtdaicomponents that have a
enbodi_nents, di sadvant g}ged créges may .25 al so i ncl ude,

carhammumberpave i B gHHHes G at leati fe) erams pggglpp@leg@lpe@m of
. BTG AIT Uhc PAENIRI e, G L, et
crudeA; desalted topped drudea,'or.combinations therf:Of ¥ Bopped”” refers tq aicrude that

n' ~ n _.."./" [ u,
has st e och s et sormpel thechibondpt thgt s 3 Bttty petow
35 % #0.101vRh biekeRbvdl AT RGIRORPPY drlidés QL lai cBAtehBEE most 0.1
di stribution between 0 C’and 1000 C. Exanples of
gramds, g8 thoatr. 8F grimey oohd snash 802gambel suck geaponpsispsrgren of the
rdoce ses 30 described herein include, but are not
PRYHYYEY to, crudes fromthe fol | ow ng countries and

I e BMESstabiliZAQe@ics AEA FrioBsrticSMatslion thhlsbdilizad crudes to be
Venezuel an Orinoco, U 'S southern Californian and

tranmpartel te Peypentipnad eatmyek facditeaby sansparpleareartiers (for example,

L. e
s B REBP TR0 ARl o T e ToRl 5ol o
rend®2 tﬁé& &@ﬁﬁé@tﬁé&ﬂ DiidVabiad 09 6/uQd2B4vibe dladicOstable to a
Kazakhstan Caspian, N geria O fshore, United Ki ngdom

tranmrtaﬁog@gnemg@{ghg wragtmentfaciling glpus 1gpaﬁ1nga'hlgw economic value to
the Qg4 % %}fj hﬂ%ﬂ&?ﬁ&mcﬂyﬁ&t ﬁ;chqhast%q}é%ﬂgﬁlgt includes
cru y 68 o the

en ance € proper

the dhisaadmagetcb@eﬂie thauid dserged thot daady torreocﬂuded@alspme and/or treat
acceptable for transportation _and/or 5 treat

cr Jaepeing/od) ﬁl%ﬁ%%&g&ﬁtcagﬂ@a may drduden Bt 418 n?@lf@éﬁﬂ% e a} TN of
at le%gp.%%) LRESS eoq' of Ra8% 2 ra u(ﬂ S %?advrf,‘{z O-EQ?I’H% s rdg%gdg?l Ni/V/Fe

toppe escrl he cru
content of at least 0. 00005 grams or at least 0.0001 grams of Ni/V/Fe per gram of crude; e)
a total heteroatoms content of at least 0.005 grams of heteroatoms per gram of crude; f) a
residue content of at least 0.01 grams of residue per gram of crude; g) an asphaltenes
content of at least 0.04 grams of asphaltenes per gram of crude; h) a MCR content of at

least 0.02 grams of MCR per gram of crude; or i) combinations thereof. In some
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resulting fromtreatnent of the crude feed, using
met hods described herein, is suitable for

wo s@Rseesd i ng and/or refining. Properties of tH@yEEMdS042344
product are closer to the corresponding properties o
West Texas Internedi ate crude than the crude feed, or

embddients |€lsidvakiBged QUASRP IS, PirQRh bf Eadianfigelt
crude than the %erude fegg, and ?éﬁ??eby have meﬁhanrcugg’a“eaﬂ

0.2 grasmiopfiresidug. ableast|Oad gromsiob rasiduectideastd § grahsief whidubeor at least
h_crud t b fined w .
0.9 58P0 B8ae RSN 0oPL O Sl T D2 R0 B e

0.36td greine6r B4-0. Phremk o€ s THRB e Bidnd ¥dissd@antaged crude. In certain
desul furjzation, denetallization, and/or atnospheric

embpdiments.glisadiantagadamedes, nemgram of disadvaviagecherude,uday have a sulfur
f ' feed i
corfiaP 0 1east 8 BT ERRES allbast HO0S eeoch olief U arBiRe ot teast 0.02

grafpgldi tional |y, enbodi ments to produce products with
various concentrations of naphtha, kerosene; diesel,
and?isidvoriaged\prudes makinghbide gantut by hyhrochubat hiawing a range of

1€ i opal S. 0 rocesses, are d ri,ned. The
ooi S ARG PRyt les BIGGS0REE Pt 5 s Yittest Gryde:
least 0.0 pesies) eleast 0008 godms, 3P alMehist 0U1 driv@s 68k Y&k Bords vith a
contacting_zqne and/or_ in conbinations of two or nore

boilingrienga dipgbyder Between 26hC anbddfl Hent(]0k MPahatdeasy 8901 grams,

| € ' LiUe LR S] enerati.on of
A Iet%ﬂgf' (ﬁ% oge’n&g%zéragtgo‘?rg TRC &a%rogﬁég?%‘ggﬁf‘%ﬁﬂﬂg apee
distetion tetywesnt 300rPCodndi400 °Cray Ol 0f @Bz wintl At 1chfi®.001 | & Jeast
alt catalyst at tenperatures in a range from 200-500
0.0 %?m%@éﬁh{‘f‘est@-%grzys rbhydracarberpenithp bpding rangetdistribution
a lopr S bt eratlon of hy n m
R R A e D

i ndn samé embadimentst disydbantapat ciuded maealso fmeludexperpren of
|

-. | kali , nmetal .for . The total product general

disefyefigel sMscat 16p 00T pragth, edash P-4 ke o etigre 101 grams of

hydiRERBueewtE H'bbﬂ%gtrs‘fgec&?gﬁﬁﬁd at WYt 30 @ 2. PAURIPa in addition
includes the crude product that 1s a 30 ?IQUId

to highstthoilingeongtmentnd Typinalonte disditventapet amnddydr paarhans

. e not condensab t STP. |Ip sone_enbodi nents, '
cisadyiBiagl Eridd o S b oo nael prociu e S ik st 0.1
gran®0l i ds (such as inorganic solids and/or coke). In

certain_enbodi nents, the solids my be entrained in

t hB ¢er@in embartimentsydipady apagadiredesdoayi ingludepeagtanngf 33
: 8 PGTI US2004/ 042344 A cant act | .
ciseiEhRIOP e g bl eime e O e po R Bpca Db a potting

rangerdistribption POt legd SOOPC AT QRaNPEMbETimEst Jli@id%aﬁtﬁgﬁf &hdes may
Exanpl es of reactors that nmay be used to contact a

also pyclyge. nes ey Hisadvaygedende.md lazst §.001 gremg of bpdivearbbns with a
+13 kel [ bed, reactor., a fixed bed
boilifEt ARy St RN RSO 1 B FRb P htmeflsr R
crudspi@yindludeast @am of EbalyahtOMd £:8865 o 0FNEas, or up to 0.9 giams
liquid/liquid contactor. Exanples of a TR 1 nclude a
of hydrqsaghone wihadbqibegtange disdibatior betwear A Geud 1 82E 1T .

Examples of disadvantaged crudes that can be treated using the processes

described herein include, but are not limited to, crudes from the following countries and
regions of those countries: Canadian Alberta, Venezuelan Orinoco, U.S. southemn
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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Contacting conditions typically include tenperature,
pressure, crude feed flow, total product flow,
We0HeI3ezs ti ne, hydrogen source flow, or conbiprGarisSans:/042344
thereof. Contacting conditions may be controlled to
produce a crude product with specified 10 properties.
Za@en Badakhgjan €agpeamaNigeein Ofighorea hipated angm&@ Sez, Madagascar

300- 700 C, nbodi t which th
nop R g A e e St beE o (T o exammor o,
hy dTegeRentdAAisaRIRRRE crfdbs SkPafiehce tad BbpGtief oﬂtﬁ@ g as

to the crude feed w I genera? range from 1-
disak@hteged 2rgodsuckitipst tis: cmdw@madmﬁ@;abd@ fObﬁfﬂlEPmmN@ﬂm

eeRgE bar el tootyapacd §5ds Bab o R GRS pteged o

“coiB@ fech™ Tﬁ@éﬁd@f@@%’ﬂaﬂh@pﬂeﬂ aMAb&hbed aadin. Sflﬁd&ﬁ Opr%duct

ratio of steamto crude isin a rang from
resiting|fogm treayment Of3h@ cradi tfdedgtsarwneﬂwd@dqscllbfbd hayejnansoitable for

st eam Kilagr | ow r at e pf
Wp&%@%@@f&rﬁ%ﬂl@%aﬂ? ties GBS iR giodief e Eids A G e of
coﬁésiégﬁil gﬁﬁkeﬁrés bW EONE:36 HithiehAONS cralle #an/tBa&iudd 894, &closer
| east or at |least 90% of the total 20 vol une of

to thh@on@tmﬁadmg meppedive of Bypit caudp phantthe capde dared, arid herehp have

f eed h 409 %
TR SSPHPG o BT T SHRER? R0 SR e Slon orude
prédbadiy B tefined GRA&E bl N6 pfé&Yealﬁﬁeﬁoﬂﬁrdb@ ehhﬁlcﬁige&ﬁﬁﬁ(g

of an additional gas, for exanple, argon, nitrogen,
effipianRighe Prestreniment maoipelvde desslfuerasion, derapialliaation, andipes

ic of an
s g R e b Mg B Sl U8 PR oo
25 Mithddelofikombaihigalcrade faed/@petordding Withiheh@t aexddssribed
crude_feed_ supply.101l and enters_  contacting zone 1Q2

herging /xdstiérnally sembodimeniain IPTPS]/‘-“?@fPf?‘H}?tSC‘H{ VgrqUs fopeenfrations of
na]%/f\l}f?a ﬁ%g%%t hiagk1 Qanfdfo? VGO ]WH]&FEI\J/C nf/b? g%}e\%}] rod&e}l i @onvenﬁonal

C-VV gruauu rarlL,
typwvfprocdss@gaxfedescmd:edfeed in-the contacting zone. In

cer s, a diluyent be added to the |
C LB PGt feeg ks copfhiteg M B R XS ar SOEe R (hscPretsae of one or
mokdofSREBatS g&e% %@tgogﬁg%n&m in30mbaRAANEEHD & more

bottom portion o acting zone 102 via conduit 104.
contaﬂhmgzt)msn enbodi ments, the crude feed rray be heat ed
te erat re of east 100.C or least . 300 C .
bri ef&arql%fir?ﬁep&aw e Sy de Snbegperation

of the hg@a aﬁduﬁ& ARcEE the rddRios B hweagtfagmﬁwﬂ@f the elqlda%ed with
eafed to a tenperature in a range rom

theomorg@@@smfmtab’st ANteND2OOSY 1@@392@3 mmong@@ﬂbm@mmm R to

ford o2 oA RO i r P T St sRp ki A Sgide b Sqeluce the

reaGfdACsT at RASH CRtrBbrY S thEner s SXBYaReysh et Rdhides,dor example, alkali
tenperature of at |east 100 C or at |east 300 C pri or

metabformeteoduct i on into cont acting zone 102. Typically,

; aﬁ'&lgr‘ﬁ%?ai R{Oﬂeﬁ‘&* @e%r @ %gga%ga%rt Iecrﬁ?lgsr at lflnrl}?tures thereof
produced during the contacting. The total product includes the crude product that is a
liquid mixture at STP and, in some embodiments, hydrocarbons that are not condensable
at STP. In some embodiments, the total product and/or the crude product may include
solids (such as inorganic solids and/or coke). In certain embodiments, the solids may be

entrained in the lquid and/or vapor produced during contacting.
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5 In sone enbodi nents, the crude feed/catalyst m xture
is aslurry. In certain enbodi nents, TAN of the crude
w0 meslodseas be reduced prior to introduction of pdWUSIONIEI2344
feed into the contacting zone. For exanple, when the
crude feed/catalyst m xture is heated at a
te népecvmacmng zbme @ypically encludese 1%totto®p61'tmn 0 @@eR08, Gultiple
al kal.i salts of CIdIC conEone in the crude fee

PO% %8 9% wHBlereAoietr BRABPISE ABLECKIERIManPs U 9 -
confaBIDHRISRER WIR 7 Zﬁdﬁdg‘&n%@ﬁﬂ&@ﬁ?ﬂ%?rés@ﬁ&@ m‘amg%ge eniRStacked

to reduce the T of” t he crude In so
bed egristod avigredshed irérstary aidentineedsly stimettiedk ceactar (UBTRI),)2 dppay

rea ont ct Eﬁ%‘f\gﬁg&gﬁlﬂ% %hq?}/l}’iﬁbq%?d é&g%?gﬁ w (#gacé’%% include a

ﬂm(ﬁaécﬂ&ensfaactérraamlasuﬂtﬁh &cll 6edigat al yst mixture.

certain enbodi nents, at |least a portion of the
catCanjestingrenndizions ey;nmly ihclode tampeaamrengrea&mn@ chef2 fcachﬂow,

totel i L BBl P ook QB SO AE ROV, OF PR AT B
Con%ﬁn%’&nﬂﬁ%@ maybeCdniratid t%gar&ﬁﬂ:@ QBB ERY Wiltes Fspe ? fie

reaction proceSs. In some éenbodinents,” the cru
propgrithsor a mi xture of crude feed with the I nor gani c

2 Conloith Erprt=trEimen e gron ady 308 G BA 25 966600 -c.

In eBFARhREN SRichRE BRRbEerSRhitceGR bAIpIRE ¥ :a¢ (16} é‘ziahﬁpﬁe hydrogen
wWth a crude 20 feed/Surfactant 'm xture.” I n some

gas, apeblerdie naarethane)y a satichof the gas foghedaidd fead willgcaenalls range from 1-

. SRS B R LS f SR RplfEy oty

takesmabsinc&prmwmﬂgd betababb -20avpa01 -d8aWepa, 20103'1% or%4-8 MPa. In
days, _or a Surfactants include, but are not
some Pﬁb@f@aievfé in B%Q‘é‘rﬁt@ﬂp@l aglded; BaRY0 PESteam decude feed 19 marange

sonl NS IA6R, C055 ko el PR UL oo

crudacfa:ed (A[]M\@lrﬂe b5Efile madﬂssmalaﬁﬁma@mlrﬂa\mum%s durtﬁxle of crude
ﬁp pet rol g’t{m sul f gnat es (Haost apur. SAS g
feedgn |°€ﬂia°@ﬂw Ablsast AR rbleag S0Ke o Bt W@P/mf the total

voluhjre%f he) con&%ﬁ %He typ‘db%ligiké %Ituﬂ{ét of(c%ﬂe%ecpﬁut tﬁb g@ntflcung zone

Danbury, ticu m Xt ur er €o
is 40%5,40004, oz 6@% Glf rtimsl tothd volnudie cﬁ“ltbc cmttadtm@zbﬂd ]msome embodiments,

d h Al d h  Ch I k
Ont%%@tg&?f?fbﬁed% B&Q}Jr%s;illa&oq aﬁﬁﬁ?}é@%ﬁhﬁsm RRATE ¢, afgon, nitrogen,
I h%é”b | e
meﬂ?%%%g:a?e,?é? a%g%/bkél%%g#gg %pon ai {1 %%%Sg%gﬁg{nconé%%stﬁg%ﬁf In
soh¥i. 1ésrbediemetic 9f an empotiementafierirtacting sprgmdiddestd to produce
ent er ;and/ or e cont act one, 102 cycle
the tGFHTHITT SR ey ThE Pl Hadeie ale JEoc arp D M andrepiis
cont&@RE e 12! M cdnkit M. A?J% WPt ﬂhgéﬁitaiy@t RRA b 8 Rhtahiss

mat erial fromconduit 108 to "be recycl’ed to condult
Zone ey '3555\/@?'20957%39282 %aﬂﬁZ@G@/@dﬁSM T—ﬁhgﬂ’m, pCT 100 grams

Li 102. sonB e ments,..a condensi,n
of exffH e B i PR e inE 2Bt ofh AR TORR R, 4 §1 0T B B 200 t
the chﬁl@&"éed&o Refdritdvilosith %t&ﬁdsafee& 011?5‘0&%9%1?&&%%@“@1& crude

recycled to contacting zone . I'n certain :

feed emtbis dibegamgportiecyfdoatacting wite mlmyndam H4gds ceraiyicl e
embodiments, the crude feed may be heated to a temperature of at least 100 °C or at least
300 °C prior to and/or during introduction of the crude feed to contacting zone 102.
Typically, the crude feed may be heated to a temperature in a range from 100-500 °C or

200-400 °C,
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line. Flow control valves 110 and 110" may be used to
control flowto and from5 contacting zone 102 such
WhHOS/B6388nst ant vol une of liquid in the cont a®GTMGS2004/042344
zone is maintained. In some enbodi nents, a

substantially selected volunme range of |iquid can be
mai AR &R embadimeatse batcatelyishiy comvbinedogith hevoidgrfeedand transferred

i n t4 zon By be nonitared . usin

L L R ST L N———

at leasgtd 00 6C @k kDMast 300PC pfbr ©fintrbduchyA 1106 @BntAHCRANR 82 OTypically
addi t i onal g%ses to the crude feed as the crude feed ?

thejgruds teed may dshaated trp teormsratoe in pmangsrfeore AHO-A0OEE oS 300-400 °C,
{0l 0 sed to. allow.addition of,.
I g‘%ngigrﬁj% %Jugltgrnl aﬂé’% F%uédé if%neca%g)f&l nPﬁmEee]rstaaf’rIWe SETHEfapodiments,
TAdhofthsenids fecl hepbe tedutddgre 46 Brod 0RO CSTIRAGHE GcAGNS the
102 through steaminlet port 114. In some enbodi nents,

congpctingzepe- oF proample, when ﬂ% credeafeeq/easaliyst mixeurp ivlthatedcht as
tecf¥PAlee i & ARG TH- B €05 200300 "6, SRILRE st acigisisomponents

in the canid fesd raay BeoformedNThe firMgtiones thes MkiK $alQ tndyirdb &S some
romthe top of contacti zone 102, The

.and lid
aclaﬁﬁe%%Pl%efi%% pdbe tade fosd s prdneg fherT AL 06 the xsda feed.
< ' ' . . t d
F oot 1 mecanodbatt T Bl 554 LRI R EHYE T bibiFifRgrone
102 avlixdng imgpntacting zoveyl (Qenhisnadticitnt t6 Giliibie bepabRioh AP He catalyst

and/ or 1iquid phase produced fromthe top of, :
fm’@&ﬁ? crds #%%H@VS&W% I perinin pmdadimaniss at leass apapisn of the
t A i
cotff AR el Bl Pflating Quf W00 AlGAE Mbbinensy, such
catdlpei 4t regergragediamd reousedit In destaint erfib@imenia)fieshicatlystiBay be added

_ roduct per,.gram of crude feed. In certain
to c@ﬂ%g&?&r@pﬁ&lpgéﬁﬂng%%@n%@m% fromthe top of

COMinaGinke RenboAREent the GALEES afd/oM B dul o%%glg{eafﬂéd with the

. 0.9- 0.98 grans of crude product per” gram crude
nofgapig salteatelystdas ditvedtcedriufoche solthatingrrmye peamémulsion. The emulsion -
' zone. 102 as by-.product f 25.the

G T M R M T L S,
feedrmyfactaal mituiece 3h Sbiaé etbodmchREs staBilidéiat 2 &RM8o thdemulsion. The

eparation rr”+ 1 11. +he vapor ' cooled d "ated + 1P
emui$ion gay remain stabjeidfox/at lgast § days, ptieast{@days,or apleastd days.

I . V. _nlV n ses in t and

Topdtt by ekl vl S OB R AR s

separatron

Surfaetpars ddchate, by dre ndtlfmitsicho oIS pBIEaBRIIAMNSs (TERSI HR;
via conduit_118. The resulting crude |Io_r oduct 30
Meﬁ#&‘i‘fssfé% PeaBtyelmduct Grawe ShatlastparS i Canoling, dAS e Ca
; iV, ) i nclude. pne._ o re
s BB IR S0 T AL U0 P B

petreleam spiboitandsi (BlostapesSies $0; Olkrietirparation THaRe#€ NortH Oarolina,
the separated gas (for exanple,

nmbodi t
US%@E&S%&@%%%S%%%%@@@} Cerbideo Ragbwyi denneatiettogenA.), or
mis S AL S BRIl Sy RAVBRRESH o A B e i

processing u
ChemicabCsyMilwaukee,OVatynspl, aNs A, BodMP ROQRARESHRSne (J. T. Baker;
PCT/ US2004/ 042344 and/or recycled to contacting zone

Philligsbusg, Newdgesg¥+US2D)- I n certain embodi nents, entrai ned
Recycle conduit 106 may couple conduit 108 and conduit 104. In some

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

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

allow at least a portion of the material from conduit 108 to be recycled to conduit 104
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solids and/or liquids in the crude product may be
renoved usi ng standard physical separation nethods

W@ 29p/0630ahpl e, filtration, centrifugation, or PENMIRZNIE042344
separation). FIG 2 depicts contacting system 122 for
treating crude feed wwth one or nore 5 catalysts to

andfor saufaeting zoge 402 p foshes embedimanly, deonwdensing it moy be positioned

T R A AT DR T

con@RteCLeRN0. Lh berthh uthdodiardts fecybleRon@d: 16Mmhy bea Ghd'iRycle
feed suppl Conduit 104 ma i nclude gas inlet port

lineg FHow pAntEe alven bipadk ht0: magehe isnd &2 cqrorol flowonag fom

i I t tact] 02, . t ai :
confilifbont 19980 wBER bR JpBR EraRia Plné Fbf R zans i
maid@iddilh ket ahbédigiettsea MbsAnGAN S8dteDvARMe rddde of [A8id can be

.crude feed may be contacted with the catalyst in
maigigined dr fheroriapiang mmet 92p Aovelume T fesddn contaeting zoned 02 may be

o SRR By GAOHl, R b8 e o

additionto Gid iydragen @ouide andXor A dkidHaPgidRato theehuideBed f8he crude feed
total product_ and/or solids and/or unreacted crude

enterpeaitackipg sonec i desping embadimenss, sisameintet pert & maz e msed to
. i 1,108 | 5 i ment
aloB A bSO B! By SR FAROHRTRR! 4 oheons

ensi ng uni [

strearn idintroddde@ )intd @ofilatb g 2inel 163 $roaglp %&h@ﬁﬂeﬁ;ﬁoﬁ ey,

m xture in the conduit to be condensed and recycled to

c oﬁ? S0F pbpdimegifeatiloast g pprtionafites o perdist isgroduged as vapor

. . ¢ o . :

B R g ERC O ol SR BRI Lo BB i Bodhcda s vapor
andfone vapte cantaitidgesmilbamoenouf Hguidpaid sodide robt thetdpef contacting

t gézz;\l roduct. 20 In separatjon zone 124, at least a |
zonh bt i Ot GPOL H&aRsRAdied 3p SRIEAIOREPIS & 1S ¥LoatwH 108, r big ratio of a
by o R R o0 BBt Pl o U IR Bontacting

h the total produc

‘zongqvagy be chraged tot aahtrbl tie waher andfcalliqoichphese prslungl ftrankiatog of -

sqlid se ion techni ques. (for exanpl
contE iR toRE G0 oM TGS, b aHrE Bt poRe Rembaie of
contd@RRAIZahE 000 included bidBadt 0% H9@s, Jt PasEH 3 WRARs, afleast 0.9 ams, or at
conbi nati on of catalyst, used catal yst, and/or cokg

leasy WO Egrams2f codp puvdvshper, srampbenidodfeat Inhvertgiazeboidsnents, the
f the .t . d v | -
e R BV Sy 05 048 g v

-0.933naho6f Goldd sisdti@pePSrabesniGh®det® conduit 104 and/or,

i n_sonme enbodi ments, to contacting zone 102 via

cohiged ¢2talyg andiee solidsayast rethapuintdoptacting zoeol02es dyppireducts of

the IR BBHFSs"ThT oI AR Be Rl eSS RRRE e

and/exdoke.separ ati on zone 124 via 30 conduit 128. In
ceTrtai n enbodi nents, the crude product may be
t r drispertertab  ihdbeyae s wobdusd sepaeied & formrths onde product

k t otal product~and/ or cr.ude product. .

end SR erd Bal B o ROGBT RO oS B PPt p

116 smitentdrnetde prodoet feodiadr NHQMIEIndRRA 18! ThE e tRIpQHEL product
may .be. separated using standard gas/liquid separation

may pg K HHIE ranspertaticingdior tegatmegitn ErudTpradi0e81\e6 399 81ay
incluﬁgﬂeuﬁggé/ p%'e%%%é, One Or motre storage units, one or more transportation
vessels, or combinations thereof. In some embodiments, the separated gas (for example,
hydrogen, carbon monoxide, carbon dioxide, hydrogen sulfide, or methane) is transported

to other processing units (for example, for use in a fuel cell or a sulfur recovery plant)
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 coRfaPEESAIBY 08 Bhd &tﬁfg Ifsglga%ﬁ?cﬁt mE]EQQh \rfa'

menbr ane separation, and pressure reduction. In sone

enbodi nents, the separated gas is transported to

oo heos/opssexessi ng units (for exanple, for use ircEu§eeloi2344
cell, a sulfur recovery plant, other processing

uni ts, or_conbinations thereof) and/or recycled to the
andgpRr raexciadgo cowartingszong 162 wis contiaitl 1 2k ninsertsisrambtodinentsfentrained

| 3. ' de feed | f d .
sl oF @0} B e Pull o DBl RS RERioi R BRSO et
sepafasion nRAOEs Wb Exatpla/TilasRad coAfuga@dn, dr ERAM Al RParation).

zone_in conbination with a contacti ng syst em

Cont Bi&t i2rispistssoaiectinp systaym 1Bk fog dusating ¢mde fpd veth &B®T more
i.n 122 ,(shown,in El 1 and_.?2).

IOl BRSNS TR TS Mo R, 0 o g e it or

solidd. Thacradphed a9RnkeRentddihg Dhe 16251 Andlt PO4.1InQBRI
t he crude feed i s _separated using standard separation

eRkdimeriBdhe edpieed irscelved Bparthe cude fasd supmipd Canduit 104 may
inQ4E BEARIPHG 117 AR08 BB BENE ol ST oty 4 S, ety emter

contictingorieat0Qe Ifléettain Hubbdimenls, Abarh BASPoH0A 4GayPhbe used to allow
|.east 120 C or, in some enbodi nents, a boiling range

adgition,of tha stesm tgrcogtaching zenel®8. The cmydgifess mgy be pentacted with the

: f .nc m xture of co nents .-,

cab R Blcfibd b 1000 PRAE T P i b B R P B RSG5 conct
106, alid 26 atlBist & ponion2 Tk prodlibetoédede i 6 Bontacting zone 102. A

.%ggar ated fromthe crude feed exit separation' zone
mixgse hah Inchat e totalprodug end/pulids prd/ar wnseactest arade feed exits

. age

facilities, or co I ons ereo ¢ ﬁflmﬂggs:tal%agome
empodirnants, econdessing pait ataytbeqrositient @ gor ewiipte, e paidait 106) to allow
at%% e 132 a enters . contactjng system 130 _via conduit

AROTHR FHiPS FERTS B s cmduit & borandenied andiireypled dueantacting
20RO 1 08 Yok Fur@éh hocSLMNeaeh La%IS ¥1§B§ﬁ‘ﬂm]e§g, }@cgcrl% g&l}gig%tt %O%?iﬁayabe a

I'n sone enbodi nents, "the crude produtt rom
gagyegpde tine dinppmaembodizndnss) caedgr 1 (8adahinckzida aifidteb faneadving

i Cku that is the same as or different fromthe
pﬁgff%gg%%@ago‘%éﬁoi%énpl e, the crude product may be
conpi sepera¥ibh Bore 124U S8R Y bBEioA of fhd é@&@@%aﬂ&%&@% d
thereby resulting 1n a bl gnded jopro-duct avi ng Sparated
frofy the ddplippodushand/er astalywbe in @Bbadiments srwhichyhafotdl Ipeoduct includes

N R N T —

techiigues(frteairhple, @Rt REatione BltARidh; ddthdtatfbr methHane Osceparati on).
; innf mu uu-~.

Solils elodrfor cymmbley & AembITABOIOW GUTEADN daalyst pstionce. Tn some
: i 30., | i
enB BRI, AOMEON SELLOR SUBLER A0 B SR o

emboditsnis onlastd gtisy s mandtag;rksa@ct afderidlidd dkyaRde &Rl
Ien8|ng zone 140. In blending 30 zone 140, "at | éast a
COﬂgBFtl DAIYST: ihmer qraeodimentade chatagingtrione d0wiatrondit 626. The
: [ for.ex l.e, a r ocar,bon :
e B ol Y EHE e B T g R e e 3 gt

zont d6ASor fortharppdelting. Bhadru@eproduibleexiieefara®én Fintl19%83,
of produce a bl ended product. The process

t.her to | €
congyif 4 Rireln cereiaeTegterss, Gerocruds pioiatraskbetttrmspored ta e crude
prodith tQdHEEd

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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directly into blending zone 140 or upstream of the
bl endi ng zone via conduit 142. A 38 WD 200-9/063928
WEPANSIO62e04/ 042344 m xi ng system nmay be | ocat edTius2emi/042344
near bl ending zone 140. The bl ended product nmay neet
speci fic product specifications. Specific product
membmlefsemuomnmd pxet;mcberedbmﬁona e some emdbodirh@ds, tes segarated gasis
e, of or alimt TAN, Vi sc03|t

“a“éstﬁgt%tgﬁﬂbﬁt@f?"ﬁéﬁ%tmts f*ﬁe‘ﬂx tn@?frd %f’qﬁ? i Eec gslh pesulfar recovery
plakt! Sihe} RYcZIRE vhA) oY 'cfi’rrr]xﬁﬂﬁﬂth thg:r%éﬂt a‘ﬁdyb‘? rét{@&ﬁgﬁ glfeecl%éttacmlg

and/or" 5 processéd sone enbodi'nents
zongener at ed duri ng t he cont acting process using the

P B ian R of 2 it 4 Berom o6a B ReS performed
befé@ﬁ&&ﬂﬂ@fﬁ!&d @ht%?s%é’ eshtsad éj%% Ean o(F X?n{ag% %hetﬂgﬁncgﬁﬂggarﬁbodmmnt

hydr oxi de. The recovere e co
of axmepttramm Eariedn abmbinatien withd dontdctingsgstenu dentdting system 130 may

Canbi | h the
be R AT A Lo Sormeng i JE 0P bRl B e
crutieet%gd e ﬁtsbﬁﬂaﬁtfhezoﬁé yge Vfﬁwfigﬁtl bangl s d%‘a%%glgé ‘i?ﬁé) gtleasta

most 500 C~ may reduce TA the cru
portigraef the crkdefecd is separaﬁﬁdmmg standzi-d aa:pamﬂmdetr]mrque@to Iﬁroduce a

sep S8R ahide PR TR B o« Ao, Brbti s S0, Bepme aphydiments,
inclh @Rt ADi@E f éﬁﬁ?&rﬁhts%th A%oﬁﬁg%ﬂé%l&%{%ﬁ&%f& At 100 °C, at

104. The crude IS separated as previous
leasy B4 7 pwdn seoné embedimentsy abeﬁng rarge distahunoan:feat least 200 °C.

T S oA B A SRR M BN i

distabIRicAtictweEnSYSt 0D 2801 FNJOE, &% S0DI800UEN T he ?al%céa%Qns
t hrough conduit 138. In bIendlng zone 140,

sepagzted @”@@ e P@élmf%ﬁﬁicf#ﬁrsepﬁrat!@g zotienkt320da centluii 134do hd triabsported to.

otbef PETORIE, S5 bR S BHIREE br somb Bt heregt

+ zod 1dz40a porgion @fldidlsbpa}ﬂ%d cﬁla@ fe&d bStsdeparaftMidie 18D and enters
nmultiple contacting,. system 146. Contacting system 100
conteiigaSieh Flaia egnduityl 3pdo be dithes peerepwst e dorsvihe studerpgoduct, -
whm‘il\/e%&ﬁ%ﬁé@angcsﬁséﬂl AloG4 Bt it ﬁ;ggod' ment, the positions

of the contdcting Systens can reversed. Contacting
syt some dfiBodimehtsdibs cadeippradhigapiodusal fogal c&h&ﬁeed by any

et Uil herria s AR SUTH 170 thed i (s 559 b dideremgrom the
crudB €ecdn g didn, Qacrle bﬂ?? ?g:ﬂiu‘ct Q#rt)e cERbAlA Shith 4 gﬁde having a
a e

transition t yst, comerci
different aisysmsf thgebyriestlting én & biznded prodiibehavingevisanity et 64 between

cont stem 100 v a conduit 104 and_js cont act ed
the Vtﬁcf’ﬂ fl'fntg at%& QFPdélatﬁD@é ? Misepatypdhe prade o f he Frsulting blended

proditGhAAR $nitaBll o LRl g%%&ﬁ%ﬁrog%gﬁﬁﬁe total product.

The t'ot al product rogen and, in sone
enbBdidne atsshenzatiorod dﬁ uﬂﬂ’ﬂdﬁﬁ’\tm of heodBitatbalof bh:ﬁdilﬂgt&. TR Yy40

t t t 100 duit 108, The
ond G IRR Gh P B e R, B11<3h Pion GARHecrat product

exits&BhRLNSS syMet] 3076a eoMARE REDd er?ﬁ eﬂﬁfﬁg @ﬁe ?4(5“/?{5391%@

source Tor contacting system 1 por
zonedft0s Hdeagbmporivr df thedradpeprothsct is combined with one or more process

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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transferred to contacting system 148 from contacti ng
.system 100 via conduit 150. 39 WO 2005/ 063928

WG Ehdsma603d/ 042344 | n an al ternate enbodi nent, pEek004/042344
gener ated hydrogen may be separated and/ or treated,

and then transferred to contacting system 148 vi a
miong siystend 5@y be ocateddtinion nea bsndingemohs 146.0Thablendyd product may

system.148 /may be_a part _of contacting.system 100 such
e3P ProguP ST Bept e Sk Piofict aprreBeatipns fsfade, but are not
. , . SVS . g,
LSS 050 ors! T 40 SANLATHONIRASET Ml oot
Tigohitradsdimedusy stitsrbler@ing zond 148 vid gpndnit 1 é4torbd tharisperted and/or
crude, feed entering contacting system 148. A second
Propes¥e f eed enters contacting system 148 via conduit

152. 1l Bz epiiRaid b 1af 1 :

) ta8inhd s, nféﬂﬁn@p?s#ég?rat?ﬁ RLARS 1dlco %@w%é&ggeesﬁ using

feed with at |east "a portio e geherdte
the pefalyshd or axahplethydragtnead carbpr oebmoxide Tivy rpach ehufokmirsethanol.

' nbodi ts, the, t | t. 0 The, .
T T R T
THeYebdekdl e tBERA HAFBRIR mbeA%ilteaNdi it al bt BE8 30 form a crude

contacting systens, contacting zones, separation
feedimethanelmixtire. bCombinmg methesol veith thh evwileifeedre@R. to lovéer the
roduction site

viRA Bt B e orts HAGHRE S oo iahol ARG 1ot tmost 500 °C
m#Yy RAGESTAN dffiendtalle feb@ tEREAkNA 1C System the crude

feed nmay be considered suitable for 15 transportation
and/IBE. b éya sphemitic of apémbmlimentrof essparation zomeren combination with a

' , . de . . d/ he bl .
o T N —

zoht ¢3Q thecighfoaadbit 104. Tiecreddfed istepaHet ad pvRuslyMRscribed to
roduct may be processed to produce

bl ended
fO%?rﬁﬁ?aE'ﬂ’r‘%‘F“ﬁFl%fﬂ?ét- e geticaied ermdned entsrd agntaptieg system 130~

. i ng:fael ' ' P, [ .
unp BT, b RS0 806 SRR T R38R inding
zonk $4( thrdugty cohduicTisd dn plcodingtzoas d4@rothdrenstess preasiuatl/dr @mdes
. _produce. one.Qr re dL,stiII_atefractions. In sone
intpdgel e fpaduit 1 s gere Brdyifehe emge Brodheide fsroriblerded
pré¥@f. Ofhe BIL1RILQ Bkt é}&{s%léyd&gui&h@p £0 H%ggaﬂp f4410Yy De

“hydrotreated. "The total pro nclu n sone
enb &l nestasschatiatimsftmdtipk ognaoting sitstenm $46. IC@Bactigg ap@em 100

I AN
emb8dipiéRs kiRids@lon of R oRfacHR s{eiﬂ%a:t%ﬂ ipg reﬁ%&@. bﬁlatﬂgtgng system

detectable). In sone enb08| nts, e crude produ
10¢ringludas puiberganioaltca@lBs Qordasingalstamsi4’Gnhtingndeene atmore
t m"rans t nost n n0S at nost 0 003.r j.F ., a
catglS i e iy Sineptacting Sy 155 b 2 iﬂ%ltaone{ ingfganigealt
cat;ﬂl%rbt,Lﬂlle thanMtioMh UV IRH dbtelyst, bomARfdiAIBtaBFROG HBALSs thereof.

e crude product has a coke content in“a range from
Thepade fpdeotets @Btacing 80t 000 Siagroadwei 104 &GS cOntBded with a
30 of crude

s 8o e 9 R SR B Bl B o
Thé toea] pratbet BEREMCHydRAEnAINERoS RERBHID DAL alcid@iprdRet. The
total product may exit contacting system 100 via conduit 108. The hydrogen generated
from contact of the inorganic salt catalyst with the crude feed may be used as alhydro gen
source for contacting system 148. At least a portion of the generated hydrogen is

trausferred to contacting system 148 from contacting system 100 via conduit 150.
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90% at nost 80% at nost 50% at nost 30% or at nost

10% of the MCR content of the <crude feed. In sone
weenodideent s, the crude product has a negli gi bPET/VEIR04/042344

content. In some enbodi nents, the crude product has,

per gram of crude product, at nost 0.05 granms, 40 WO

2005083928 E@‘bbdﬁ&@@ﬂ@cﬂﬂmmtechhydmgm 102a¥Be spparaksd aid/or

trealf) ShapeRyr e f trrdiqgPRaueennid it S Rgell e crin
emb8digtkn, adactihe@08HA 119 era% lzgaref" oPEon@acQtQQ NtOn Q80 such that the

gr ans of MCR pef gram of "crude product. Tn some
geneemhymmrsﬂowmuacdwitonp coteding systeondEY) to contacting system 148.
ensabl e condensabl e

In s CARMIGRRAS Thrte Sraat Brod St Borm Hor BRIy Stel Bs directly

mméﬂi\@?ﬂh%cr@dgﬂﬁad&tenﬂk{éﬂh%ﬁﬁ $juilihdeg. hydrogen, carbon
nmonoxi de, net hane rocar bons that are not

co Adé@n@mrédafe@wcrsmonacnng systam t148 viaofonduin 162 Inedontacting

s G B b O PR3 RSB 5 ron nd

the c&tal}lét prodessstagbaet. ?h@?f@d 3 |1h§8ﬁ1e'é.‘ﬁ%9§§én‘&0@!§e t1 product.

h the inorganic sal at al 'yst. Typically, under
The PMHWW amtwmﬁdﬂﬁmd% vaa payichit lrSétl 0 of car bon

OXl n dio ar ratio
TR, &RuGRRRRT St Bat fsfite cortIBe dhublh Bnfhine
zonef] @pardion 2dhes QE/of BRALINEENSs, ab Shd¥im 1SS, 0-63 matbe located at

Ieast 0.5, or at least 0.7. In sone enbodi nents, a

or prawingte toa produgtiontsite dat produees d;mghtamm feed; dfiene

proc%;@ﬁ&%dﬂ%%gh c%ﬁa?ytg: sgﬂe%,] S ' eed Se céyggng?rea gmta%’!e for -

uanspaﬂmmmfomem@immp@bbss to car bon di oxide in
SI’(&( may be beneficial to other processes |ocat ed in

SR kodimens.dhe eiyde pruivriomd/erdhe blsadadprofint are -
ansg redu%rﬁgﬂ% ?%ﬁ{egﬁeka jE-ﬁﬁ,‘n}%r ogg@gﬁp&%ﬁg gﬁ%gﬁnded'

prodoet megetet procagtdiian ppeduce s&amerélﬂrpre&mheh asmﬁ@rtanon fuel,.

NIy SRR CE A,

fractfoﬁﬂiy &%Hl@in@ tl@érb&é‘%oﬁé&%dg% ﬁfeh}:l@% gfo%igﬁg ?\é\?ﬁ.\ge '01]19?] tore

ure may inclu ns t
dlstﬂlwawﬁa@mnbohl stmndbemisodiments ) the gaidepoodubt, thee Wlendadeproduct, and/or

| ude fro .Q01-0,8 grans, 0.003-0.1
ﬂleoﬂ? %@m‘eﬂl% aﬁoﬁinﬁyg‘?&‘ygﬁﬁe@l?% hydr ocar bons per
9r e ©fal gmhcﬁh&haése in soRfe é;ﬂbmreﬁ&aattiﬂ&% 0'1%36@51% Ly Hl%st 0.03
fromoO.0 grains, 0.003-0.1 grarms, :

gramgyrqeb mopt Q;Ql griired cplee pgrgmmﬂ? t@4] Rodntd i cataio mabodtments
e i Rp AR RARTRL By 8 R B b FpRe B YR 0E) 2 e

embd@féntd,- ﬂ‘lﬂ crale PRYLct sy inRfudBBs o 805 @fmﬂ@%ttmgst:ﬁ angraﬁxts at
most 0.1. In certain enbodinents, 15o0-paraffins are

most 9l drams.rab ket 9.80% grumupa:r 2t .08 @umec ke p“aglum ¢ferade

range. f ro O 00 -1.5,. 0.
proadfte BNkl RO B (e Do A kR conisRl A reie from
abové0 BR0.8510.080013903 PragNe. oaomdjlgﬁﬁﬁﬁ ol ILOHES cRERPE bram

and/ or crude product may inclu ['efins

of crude product, or is not detectable.

In certain embodiments, the crude product has an MCR content that is at most
90%, at most 80%, at most 50%, at most 30%, or at most 10% of the MCR content of the
crude feed. In some embodiments, the crude product has a negligible MCR content. In

some embodiments, the crude product has,'per gram of crude product, at most 0.05 grams,
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and/ or paraffins in ratios or anmounts that are not
generally found in crudes produced and/or retorted

Wo mer/es3oes mat i on. The ol efins include a mi xt UrPETAS2004/042344
olefins with a termnal double bond ("al pha ol efins")
and olefins with internal double bonds. In certain

ataisb o DB{M at mestdl Mf grams,oortad mostod. 09 hgraos wi MER o dypically, the

crifdp Sl HAET dxtd B At "OhRofl-04d s opgogoor-oor

grﬁrﬁ@bpMCq{Pgrcrr&Q,of@ldee AJucer at least 200. In sone
enbodi nen the olefmcontent of the crude product

is g}ﬂéetl@rentbhdmmrse thsitetal produsitiesledasonivendansatde g@e dThe non-

f .
coldranik 24 Bfisdly BopBBE ufishon e S deahan oo, Bttonia,
hylhden alfide fl%vd&‘éoteﬁ cartl th btk ideR A ehatlb SithdrhyiitRBrbens that are not

between 20-400 C have an ol efins content in a range
cond@ﬁalde@oéﬁli,cmamgwwﬁlerqof0001 0.05 grams, or

P st e R R i s

coﬁib1daﬁoﬁ@ﬂﬁre%f"@@ﬂd’lﬁﬂh§d m%‘itu'l:?’%hta@t Sleat ﬂﬂﬁigh@hy&r@@a%%ns

Q0. 005 grans, or at |east rans of al pha ol ef ns

wifiethe gcaaame st eatdyshr Mmaﬂmdﬁtséhmdmmc cprdienstaaiplar ratio
of %arbgm)r? d 'og%lf'i%c‘:aiﬁon s e (lﬁ & B?d C%ol%??a&?([&) eggeonglioéeﬂ garsoon

mcﬁioﬁfdeﬁs t!mfgenEfaﬂﬂloﬁfboﬁfdh&ﬁd@ 106 embsdif@hfsgis At least 0.3, at least
enbodi nents, the drocarbons with a boiling range

0,508 8t a0 lorniseraeBhodigInto s makivaionf BF BeReTeied parhen monoxide

to gn%}%@%géﬂ%&g%?ﬂ%@ﬁ {5 g #0351 G0, G BP0 R ability

rans gram ocar bons

to pértebata cldbbh hvgoxide gmfea‘emiaﬂllyhu t:man ﬂ&bﬁb&&ﬁ st nh Be Genelkfrial to
I n sone er‘oodl ments, . the hydrocar bons with a bailing

other RS ERES {ACRISE 1} BPFOBERHE 8T62 OpYPIIFATY %m@caSSmEPbﬁmﬂP‘e the -
sefifhib opfof hithfigh iyt 1k k¥ £EABhe HOUPLPLLAAT 1O BELRS,

I"east Bast
foxma@pnsmr fised S ot]zerzpromsseax for eamtiple, fyngdsprocasees.
enbodi nent s theh arb ns wt oi l.ing ran
di st FUBE Fhedime aduet ﬁsav&ggc‘"\%& R é{ﬂl?%‘gd% aolfmm

of &Ptk el Hﬁfetaoodllm(%efaﬁéé dﬂeim{lsn B&Wée&ll%f °U‘a§1d' F388C  The

range from A wei ght
mlximq Iaabmcmdp rhadmbabomsthatdlavmcenbna hluxilbmslneabmgd figinel toné. The

Rt Mgy SRR o PR R R o, e DBl s of .
hyﬁscaabmeelgﬁa&ﬁ ASsubR nfdki@fd, MBhet By drdllagidRd madanbhe #AD001-

may facilitate the conversion of the "~ crudé product to
0.8 et (EH-0. #)rgtﬁdm@rso Oﬂhoéﬁ@meﬁbﬁmtn@mesperm at€iof a

hyibiforls 06! stthh tmBodHERERORD B0 S0k Brcilited DL B PR tms a
a wghhmohmalt a8t I ARG thosdl 8t dtinkist 1 ONalIgd RN ai28od @B, 6r at most
that include linear olefins. The [inear ol efi ns have

0.1¢ il cogtrdn embpdimaws) iseriparafiins are proal\lsa(glﬁialwaﬁqvpea‘afﬁns at a weight

PR R F LT O TN TN

iso Qarhffigd anWsin-Jarkkin®r at nost 1.4. In certain
enbodl ments, the weight ratio of linear olefins with

ahlssogmﬁmﬂ@ Boess theototal pgaiucmﬁfqrmgude product may include olefins

and/or paraffins in ratios or amounts that are not generally found in crudes produced

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

embodiments, the olefin content of the crude product is greater than the olefin content of
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30 with cis double bonds is in a range from 0. 001-1. 4,
0.01-1.0, or 0.1-0.4. In certain enbodi nents,
wdneds/asarsbons havi ng a boiling range di stri butPorvusmodgs23s4
range between 20-204 C have a n-paraffins content of
at least 0.1 grans, at least 0.15 granms, at |east
the Guddfegd by ndactarofdt, 10e505100).03At BrsirB00pdn sgmardibdiments, the

e L e N AT RN N
factGWF At héstIDRS) IPABEVA8atR s Y58.004 86@%@14550. o
ons, maybe in a

hydrocar bons, per gram of hydrocar
r abgeerfatpemBoditen, te dydnrsarbOnslwith@ bodlizmmnge dis@ileion 5

oG SRR A P N SR i
0.05%rardd, v 0 -dod §ra§IFs r%@?n%aﬁ%oﬁhyﬂc hhvih @Eoiﬂﬂ? tande 8,

_or at nost O ii-paraffins céntent Tn Such
distrfbption ¢z tamgs between 208@0ACE i ns content of 5 the crude

0. Btpite Gipdimetis gt g0 s ot 195t Ul sueramyon i g0 01
grauﬁrcﬁ‘dlﬂphﬁ ofeifitd ‘Eepéﬁﬁy&tcrudé'brﬁ@&@ rrf%b@;!»l?ﬁﬁée& 1h IESﬂ%B (l)J/Qd e

product has total N /V/'Fe content ‘of at nost
embedimentst ths 0gdegroduss hasifosm 0000kekS ghtns, 6r00d+0.2rgsms3%F 0.01-0.1

a N [(VIE ontent of_.th crude_feed. In ,certain
gram&?ﬁ'&ﬁ%ﬁ@ﬁifﬁ{sp%@a@r RfFruds R aeRat- irhe?r@a%g?lbagam%meof
hydr6&Blehs WAt BEURE rarite dRSlutfon HRBrdenRAB) *Chat®s alphaclefins

10'5 grans, or at nost | x 10-6 grans of N /V/Fe. In

conterd in arange oo 0.8801-9,08tgrams; (0. -G P bd grams, loa §,01pk04 graam per

wnflRER G dnd A LB AER R Al 0

- . 1 OInkome ehibcdifiémBFhe Rydrdcarbdrid-witld A BERinGadgedidPibation between
I n sone enbodi nents, the crude product has a

ramns.
QO-Qg‘hT\C-bFV%& Weigkt ratiguaf alpha glsdins somternalzslanbleapondodefinoofapieast -
T f c ed...Ihe .cr L tomay, n,.

07, 15108 el scLife: 101l EHHRRR T oh B o
the hdrorarbbngwih aBoilingangl difEbiitich Betivetn 26008 °C have a weight ratio -
nbqQdi nents, TAN of the crude product maybe in a ran?e
of MMILQ!SGG ntemapdaiblgbepd qlefirg ip a rapge 0w 700085, O3, or 1-2.

A Bl Lo RIDRIBIPR D inoL (P RN ik of B8 G ing
comrhérgiabproducts & typieally alaf86t 10159 HBe 4Hikiny tbpeodiiek aghimaredsyd afount
he . crude ed. .. I.n certain enbodi nents, AP] gravity
of alpha dlghins&p aifz‘mmmetem dwé%laﬁgw?sl@%&cﬂﬂstsé%\? Cospvensaen of the
cmd@&odﬁc@tc?@d’fﬁm%@ﬁ?rm s, the crude product has a total.
nt o

het er oat ons cont at nost 70% at nost 50% or
atInsome eBlRdofients) eontattalfl akvedderfoed etk acloydregen sofirdelin the

crude f.eed. In 25 certain enbodi prents, the cruge
presefive channpanis el edplRunaY Bstlir PSR RSO TAR oPdiReranse
distri@%n RhwednSABL044Y4haPincRlde liBAS! 1@1%}("5.9 Of hd (Fif2at Blefihs have ci

het er oat oni s cont ent&l ofC t ﬁel cr uode eedt.l The cr ugse ave cis and
trans geddebendrays waight misulftinearcdefiimnvitiotraat donkds b@AGts Hncar

most, 709 r,at, .nost % of a sulfur content of the
oleff ey deniTe biRtsdf Fres! Qo BbmOSoF Ot et SR Ap B e
embodiments, the weight ratio of linear olefins with trans double bonds to linear olefins
with cis double bonds is in a range from 0.001-1.4, 0.01-1.0, or 0.1-0.4.

In certain embodiments, hydrocarbons having a boiling range distribution in a

range between 20-204 °C have a n-paraffins content of at least 0.1 grams, at least 0.15
grams, at least 0.20 grams, or at least 0.30 grams per gram of hydrocarbons having a

boiling range distribution in a range between 20-400 °C. The n-paraffins content of such-
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per gram of crude product, may be at nost 0.02 grans,
at nost 0.008 grans, at nost 0.005 30 grans, at nost
WO o4/ 0898 hs, at nost 0.003 grans, or at nost REPIS2004/042344
grams In certain enbodinments, the crude product has,

}p gi?@am of crude product, a sulfur content in a range
hyglf D& (RS S0 hydeaesrhons,ongUs: i, a()‘hng&rﬁml)ﬂm -@REtaang) 0.1-0.8

o e TP Tl GG BEAREts, Th Bbafon: heieieiant eto of

c onitent o
m@mntpamfﬁm‘ totﬂﬂ@n—@mﬂ‘ﬁwfcﬂ‘%ﬂmﬁhﬁﬁ it IR ROED, AL ‘i‘tO %fméyﬁ% 8, or

\ﬁg %5/ 063928 PCTI US2004/ 042344 crude prod uct
at EPé’lSt Pafifos thepiprsatfing gertent ipaychtydaocarhmss, the O@aragiimnentent of

o BT e 4% R SR BB AT G s
orﬁrle@iﬁgtamsapenlgtmlﬁma@pmija in a range from

O O 01-0. 005 gra 001-0. 003 rans. I n sone
POFR% E@ O‘gWéﬂfésrThﬁl @@delpt brgs, tOI?EleQ’t/qumﬁem ofigiemost
90” 3‘3%‘3%#%%%&9 ég%rﬁ}’?;dgagm% haiplFE it the

cru]iﬁ 8?¢edatIn nersdin dmBodifient¥Pie chud préduciBRludds, Per §t'émac§f RS
nbodi nents, the., H C of the crud

pr de G‘C@O?@r@@f 212503, algnogd-x 16 eemst erat most b Iﬂﬁ@mmdé
| C of the
NP 1ol BB Meibod SRS LIE e prbl1 e Haft 12t pdEofiidfE pradygs o
tot@ier‘é/Fp contenttin birgeiftdin 0 x200% @hmb bes ariederdmed H @ grams to 2
d| cat es tg take andfor consunption of hydrogen
gfaﬁlés s BF b& %ﬁon]l ¥l gl'ﬁﬁ%?’ crude product includes

C ONROHHY Satid erﬁs ' GRdEbr %t hanlT&gg gFS é:{l&# gg at most 50%,

enbodi ments,” the ¢rude pr I nC
or @ ngpL 1 @%&Iﬁ’ﬂ}e TANof ¢ cﬁu@@&ed oTRe &ude gf&uctQﬁay, in certain

car,.bons hab0|I|n ran di stribution of at
embYAESSEIRRRE 1A Or & e 1 tenist OBcaiman . Pt Apst 0 tin some

emﬁbdﬁ@&nt@IMN%fﬂﬁrcrﬁde%fb@ucQ 4R ifla3 f
hydrocarbons with a” boil ?’??é’ ranaem%restrl El?tmg:hos 0.01100.2,
or i%kh 200 C and300 C-at 0.101 MPa; at |east 0.001 -

1 .5 f h b
o ciitenaepbifine e A st GRE eidaatimgon o R Aa%
high® Ot Geaat 50:% lajigheszPéit, le@M90% hiblRd $harOnO Ab1 AT rﬁfe i Beed.

0.001 rrép grans of hydrocarbons wth
In cpriaig e P@Wﬁlﬂ@ut\%ﬁrawévwéén ca01 Rodund i3V -5, 116430 or 16-
20.MPa. 20 In sone enbodi nents, the crude product has,

per grain of crude product, a naphtha content from

0. 0O 6ahe BmBodjimants, the cAMR bréiukt BAsH Wotal Qétefday chQ:%t of at most
rans. enbodi ments, the crude product has

n certain
7098 b 0 Opabmest 3% of the 1aal tetepsatgmna penterit orﬁ&mmtm feed. In
0} I as.at no
cert%ﬂri gﬁ%ﬁ&gﬁﬁﬁbﬂl Tgﬂff%é?%&%g ,hgsge?toaalé’ %ﬁ{'% atongs %%11?&&; af %}36&{# 10%, at
leasod(Bh,j arst Jvest 6GVaof thé tndikidicatohb ot Mde th @EuCtehas, in

cegﬁjal n .25 enbodi nents, from 0. 00001- 0. 15&{?rams,
B $THgE Prosristrgay %@Ve@%@@mm@t@fahmoﬁﬁo af most 7986, or at

mosﬁg(gﬁ‘tof’g ﬁﬂ%@g@?@%‘r{%ﬂ cruf:lQ %ezeggt% = su%urbcgﬁ{zlzgﬁ%f t@a frude product,
per grammfstudé pdduat, ntpbe afnf¥R00.60 BRI, 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 contentina ra.ngé
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 nitro gen content of the
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nost .. gr "u, ul au al V.W. granms, vl MI11VJt V.V

V. grans. ||l certain enbodi nents, the naphtha has a
wopozegzescont ent that is non-detectable, or inparmRNg6i2344

froml x 10-7 grans to | x 10-2 grans, 1 x 10-6 grams

to 1 x 10-5 grans, 5 x 10-6 30 grams to | x 10"4
crudgimaoduct, Genprasi of ande podictCnay bt At BREZE0GS BRhsP& most 0.003

consi dereg)&ﬂzardou to handl e, thus a crude product
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crude HdICE a iRELEnHonR AN d ] i ]
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gralgonpounds may i ncl ude nonocyclic ring conpounds and/ or

ot 50 °Pééa§%a§°ﬁ‘r’é%&’&%%s@@$§ his DT RGO pfocstyfrom
0.05L018 E%ﬁs oPO9d. & %_ﬁins ot Ht&rggeﬁ oI‘héJ %? e tcﬁ'&ieuﬁgﬁg% ey be at

ort no- xy ene, ar a- xy
most_[l smymessmeambstﬁes;mmast 115, (ﬁtah)zﬂost 24%& BMhe B@B3AAR s, the
trimet I benzene;

H/C 1 fitiride o is 86 ?é%,zgr@-lijf"/ﬁ@fﬁl}q of e prudsdeede o other
embgdﬁieﬁté' tht; Iﬁ’t’ﬁdﬁﬁé Ehbe gx%%& I1 O%'ﬁb%’ of the W@'oﬁeh&ude feed. A

benzene; 1, 4-tetr enze
crudp Emd}lbﬁﬁlf%y’ﬁﬂlbﬂ% nﬁthe tnBiecfeﬁi HyC ﬂi’dléatés that ﬁ;ﬁilfcéhﬁiﬂloh yl
| -ortho- xylene substi tut ed

benzene;., t i SO
€0 é%rhgﬂé ({;gg ocesg & @Al or t ho- xyl ene,
et Re ¥30de Bﬁ)dﬂ@@h@ﬁd&@ c%ﬂ?gngﬁts ?ﬁﬁ é'fa%éaﬁ)f'ﬁélﬁﬁg fpomts In some

MonocycliC aronatics used 1n a
embedimppiscibgicrysiepadobrbinaladéo rmat kaktdd.681 g:mhsybt:tﬁah 0.001 to 0.5 grams

gnent s e..crude product produced as, descri bed
of by R W S5, B T hine 25 oF HOScasfho e Fomost 204 °C at
0.10"MIRE ¥Elehst 00QRrhE Br frbth €601 EB f. 5%299 ﬁgﬁi:écarﬂéb% with a

crude product has, per gram of
boilingragae disgdmtion heteen200 Ommd 300 G218, 100 MIBa;0ut 16asty. mnsgrams
uct has ramo

o 185 9009 S P B GG B O Gt 300

°C mgrmwc at(D. ﬂnwa,oaeldgﬁmo 001 gra% Or B8m. 80B1o0 OTg‘grams of
de pr.oduct_ has, per gramo crude product, 15

hydrogiag BSW @4&%&1{3@5? dif xon@@mz@nﬂogr &rand 5@80’05}t0 101 MPa.

r crude
grlgﬁéo e %}%1?36 0%5&2&8 ggcg{%’l R &% ﬁﬂ? gﬁ'ﬁe f nephtha
conte@t 30rh-DOTD] Qﬂ armns, 0.0005600. 88m@! &NB.00RD.08. dIfkhs. Ofn%rtalﬁi

boﬂ %E L@n g ease .in_the aromati cs content of naphtha
CMOCHHTLS-t'ef $TH Betihge fremy QA1 On’fhmms 0310.G1h@ 0h gpflmtsmf naphtha.
In sofRe ‘éﬁ%ﬁdﬂ%ﬁmbﬁl h#ﬁg 1??'%’[%{%%&% la§1 &%ﬁ? %hlegrams or at most

gasol i ne 20 pote e Cru
0 05 greme nf Dblﬁnsqag/r gramlafdephthalt Thé ciide pkd»dﬁct Bk, tr0cer@in

b ﬁal C %@d@i nunber for- the napht ha portion of
embo 0 0 S g 10001 10hl grams, eufd 80 &d.05aame ef olefins
per gxﬁmdé ﬁoéu(ftaﬂgﬁm‘ig eﬁf’@oﬁzgxen{ghﬁie% #’@tﬁg %Fyggf Era@f of naphtha, a

gasol i ne tends to reduce t equi

benzead dintenten nicnf .01 grmensEmbitd. CES @R eRos00.00D @rams. u
enbodi ments, the crude product

[ Lne. cer
°e“a1ﬁ9 ‘Eﬂﬁl&mﬁa Tﬁﬁ g?ﬁ hhazsRe sentardhalirper- detrecfablel st
o 7 70, a |.east
rang e@%m 2% lfl‘)t érﬁﬁﬂo 79108,y n§ger B ‘7'?%315%%6 e ﬁ(Z glgrqs,n X 10

Typi cal ly,” the octane
grams to 1 x 10™ grams. Composﬂmns that contain benzene may be considered hazardous

to handle, thus a crude product that has a relatively low benzene content may not require
special handling.
In certain embodiments, naphtha may include aromatic compounds. Aromatic

compounds may include monocyclic ring compounds and/or polyeyclic ring compounds.
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range from 60-99, 70-98, or 80-95. In sone
enbodi nents, the crude product has a hi gher total
WO 0080463828 content in  hydrocarbons having a bopdT/08p004/042344
range distribution between 204 C and 500 C (total
"napht ha and kerosene") relative to the total
Themormcydi riagtogmounds g intcbidz] bmtaaphnbl!dlmn@tl B0 bitezens; éslaene,

Ol‘ﬁ%g gg’? %gglﬂ;}ejtge egl?:dpagégy eg@d;?h W%%egg,it ] );Sn f— - 1§t8/yl£enzene 1-ethyl-

2-AEOFBbngSnes 9 R MRy iRt al3 3 Radedee
Cruggﬁfeed (57 8% 20% 751/§gr ?%gg}?%reg?%d? E%z&ﬁ&q?ﬁropyl

bepzeng] 1 me&rﬂrﬂrprgpsddmme 3- nthorhé 4editethyh hpiaeng; 2reidhyl-2,4-dimethyl

f th f 45 /063928
oS R P o B P B B THEAd DR B b st 24,56
tetBgEtINA BBA R WBYisH1Y lfbrﬁh@t)g}lerféo ktﬁ:@.flﬁﬂ&i tdngeRdR eflﬁ@ﬁene

content in a range romO 0001-0.5 grans, 0.000
tolgemﬁhwxyl@n@met@xxlengrmmXﬁeme gr znxtofesttberadf. wdomgdm

st B Ve i L PR profocs lge 13 e Fpiel”
coﬂp@&@ds OFHR @ Brodidt gmdﬂc&% QesBrilHdHEein ;26218 19 Bn GnfBinced

granms, or from0.01-0.2 granms. In sone enbodinents, a
comemgﬁtrncrn@t:y@«:carommssene to diesel in the distillate,

52 o péhaif BROSHER b fulo pitodict el phesin iF il ot &

tolﬂérﬁfﬂoﬁfenﬁfrbhﬁﬂ) (010012 gtam$B 0. 056R$5 graths)840.01 AP grabdsO rI‘he crude -
above 0 to 0.7 _grans, 0.001-0.5 grans, or_ 0.01-0.

Progiug mermgﬁfﬁr@de prrgiuptna meta-5ylAneeartent feare 8, 001 wel grams,

uct 1-
o G549 BAAL002 o oD AR RS loc Bl B e prodc,
an batko-xplenhe oomtent dfonk emO$®r139graﬁ13 Q0051 @amsCOl.eny. Oefgr@ﬁs The
| east, 02 grans, at |east 0.3 granms, or at | east

(‘D

- cruge grpduc %F?Scléﬁftgéq% of e aiq%ﬁts 3 pasrey s iR ﬁﬁHSO 0%9 09
o %{ , gg-ol@,r E‘%road?)lad s content in a range
romO0. 1-0

rarrs rom 0. 2-0.4 grans. 15 In
cer taiincreaseonl thmm:bmatm cbnteniszrgiphmlanendsfto tieedse thesetane

i S oft Lusoumtboyitagdtheied & o PR IR sl

potBRtidl b®theQrudeB e GaEIAR PRfRENChat BRARE! Qut'lﬁ‘ﬁételﬁﬁﬁi& 138 calculated

density and reduce the freezing point of- the kerosene
octaas nunoher dér théypaphtheporticndiibe criesr Gdeles typdeally haive balenlated

oA B A O 5L VB O ot

reqiéBém lef ARt 98k HHht 2RrdabetiEQRtna RLRILRF OPERE Lh&tinef Iﬂ"é&ﬁm
density and |l ow freezing point. In certain

emporimantsethe stude productinelu ¢sampbthaﬁh@ hapen ogﬁaacrﬁmhbmoj deleast 60, -

O o 8 528595 S, i GBIE B B2 e

rangehﬁoﬁhlﬁs@ 7033, opgI-9gr am of di esel an arorratl CcS
content of at |east 0.1 grans, at | east 0. 3 granms, or

at Isage eg:l@dgnm thy mu@q;pa@dgmhgsj a@mgtotﬂ@om&%@bntent in
B B3 By By Bhip R LI S SERTE!
“na@litAffBnd kerosene™) relative to the total aromatics content in the total naphtha 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
§%, 20%, 75%, or 100% greater than the total aromatics content in the total naphtha and

kerosene of the crude feed.
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In sone enbodi nents, the crude product has, per gram

of crude product, a VG content in a range from
WOOm0e63980 granD 4,- n nn1.n 8 r-,.". nt n 0 PET/UBTNON 042344

--~-+ . b..uam as vaaa V.Wa V.V r.u Xa, V1 11Viii

V.1-V/ gl allld. In certain enbodi ments, the VGO

cordnépmeembpdimanty the lprosoe and saphthamaphae 4 totahpolyaromatic

confol AL pafe S RS2 Bl {0

grarfjd PP 0hm Ik talaikrSRIRId faph@aNt ent in a range from
0.1-0.99 grans, 0.3-0.8 grans, or 0.5-0.6 grans. In

sorfaeemisisdmadust bas, peregremuferptequtaduct adisallate somtenst in a range

c f  at 7Q% at t 9 t nost 30% at
frouf BBDETY 5T Erals 0RO 5 Grocess B0 A0S koo & -02
gran@TiaGofRhibodirhént€ '%Ll’lﬁeﬁ%lﬂrrgﬁ’& 6t k&é&ne%&g%%@%ﬁ@ isina

product, a residue confent of at 46
rangpd@momusAgo 4 bA2B3:1,myk:5 & 32gr ans, at nost 0. 05 gr ans,

o LTR0he BT e S de R dncr b pit Gt o i daic, a st
gl‘%i%@@fﬁérosene.

r
crude groduct, a residue’ content™in a range fT

In costagperpbadiments, e grisle poodeobas B0 .G 1adks gramo6:10.01-03 grams of
. 005-0. 04 .gr,ans. 5 1 n sone enhodi nents, the,
kero@ 00 50 PSR B N are hesan e EopG REGH O a5 Aromatis

contetoflay khst 0 DgROREataeR003NRALS or &t Tabdes BFRAUah certain - [
i ncludes fromgreater than 0 grams, but |ess than _
embeiments, Medeerqemoirsoner &ra0 pf §eranene, o aQIGHGH tor0eMmGn & range

: | a 08, ram of crude product. The
fromfy A9 mﬁh&a&gﬁh?&ﬁr@%@bi lizing the crude product

cat al'ySt mhy assi st _ (
dul cegtairt erabRimehts)d BeezAupdint ditBe keBineiAaPbOBASHI-58°C,

fa%[%j Léti %1%; The catal yst may inhibit corrosion, 10

beloywifh) bt orrhelay rih & s insieasa én thasenteat ef argmptiesafithnkerosene -
rtigRbf e . L OGUEL oA roduet that .

P R A I B BTy B e ot or

the kéxgserieeportion obths edide prahrd userudeibdea nlith £ketb@e PolRh having

. commer ci al, products., The catalyst used for_treatnent .
a hlg@ 36551@&5@&0@&@&@& PP n&?ﬁ%ﬂéﬁ%@c{)ﬁo RIOPRFg Ay iatian tabinediel with
the d& ; ; : . single catal yst
© o?ragregﬁﬁéglhi%@f%gg g%‘%sgr(’%g?g&‘” ﬁémﬁgg&é%t algyst s of %/he
apiplcettaini eorbodeerfts, it crivde prodatiiagsperipran of saxde phaduct, @ diesel
nverted.to talyst Lnt ontacting zone when
contefb RS EES Thty PO Gt be el 1 0 s i pens gmbodiments,
the die@dlthas iR graM SfuibfRe atakah¥isds BHRGHES Teast g.gfg?ﬁlﬁ at least 0.3

catal ysts used in contacting the crude
gramg; o ﬁbé@ﬁ Osogieny. tospne dubedintents, thet diksephas pert gramyof diesel, an

i N the regduct] of the ecul ar i_ght of the .

srom S eShellly Sl SR B Pammnde-By i OEAS Gava yor

i 1n oMb ieRbilient, e drie MYERAGRE pRpYf4e FBde HIHESa Y

nol ecul ar _wei ght of conplgar?ent S i’r%ﬁt e c(rJu e ?E@g >a¥Go
contepipGUghes e deRi00rl. B atsasi fom(LON-6. Buasine, @rfrom 0.1-0.3 grams.
In cer?.ﬁrg g@‘gﬁ%@g %e%bcc)on%rﬁg {notﬁw %%.Pd%rp?ggdc% iscnq gprgﬂ‘g%” c?m IO@I-‘D.Q
grams, or 0.6-0.8 grams per gram of crude product. In certain embodiments, the VGO has,
per gram of VGO, an aromatics content in a range from 0.1-0.99 grams, 0.3-0.8 grams, or
0.5-0.6 grams. |

In some embodiments, the crude product has a residue content of at most 70%, at

most 50%, at most 30%, at most 10%, or at most 1% of the crude feed. In certain

embodiments, the crude product has, per gram of crude product, a residue content of at
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Exanpl es of catal ysts that may have Lewi s base and/or
Brenst ed- Lowy base properties include catalysts
wienosbesezs herein. 25 . I n sonme enbodi ments, tECT/US2004/042344
catalyst is a TMS catal yst. The TMS catal yst incl udes
a conpound that contains a transition netal sulfide.
mdsb 0. 1t grerosy ot pose8.05 grants, st mpgl(.@agrames, at mest G godms, bemost 0.01

erith e ot ol ks g vt 000 b B T g phupfydirents, the crude
prédudiBast b&fgrai%to‘f"cﬁu%b ptRIubDS rEQER cofRin®H o Rhos BHELE.000D01-0.1

the cafalyst. An atomc ratio of the transition netal
gras, L0001 -0.65 grpqs.da001y0.0% geemsa 0g 8.005-6rfi40gr@m20, 0. 5- 10,

-5, 30 f 1 £ des .
e HBRHAS SROSTHEP5alie crids RO S essht DOOBf he

cat@lys{\“ BibgRembedasditeh cRide! ﬁrﬁcﬂﬁc@ SheHRIZR &aYn gr@ﬁiﬁf ﬁ%ﬂ @'Erams but
London - New York; Copyright 1968; Chapter 19

less érandl. 0l grapsod). ﬁ&@ﬁﬂsl-o @Oiegrm mral@ﬂoy)é t0. @ﬂm gracs uﬂmtéyst per
gr ane r.ans,

f
erdud o profl gt e cotafis P Bisics T afiizing o e Prtushuing
maw@nsﬁ ik bmed o YcaA05/ AERIZE FIRTLHS2AG #0388 orosion,

sul fides per gramof catalyst. In certain embo
inhibig frltMan m@w&re%ayvatqmeﬂpegam aﬂ:fﬂm&salfalhq/@nde produttalA crude
n or Jore Slt | fi des
e BBl § 15 bRrraap BRER' B aY G fikther grocasesd i groduce
lulﬂicaﬂﬁan%ﬁoﬂikﬁxﬁﬁh@kﬁﬁﬁmﬁﬁ@twdes one or nore
transition nmetal sulfides. Exanples of 5 transition

met dibesafalyistresed ifergragtieent of a lcauvgifees inrbelpBagnge 568 hydrogen

sof 5 phfocead ot bbb afielS el pnplyrgig gyt The
catalygs f ereapiplieaibnteeay( HEHRENE A 83t préciesi fian id ®nverted to the catalyst

CuFe2S3), isocal copyrite CuSFe9816 sphalerite
in z&ent@strré’ozcwssy hen hydriogefband/ & q@ungée@éfeytmné%sﬂﬁ@r isteontacted

,;65%%; enbergite (AgFe2S3), chal copyrite
Wn%‘% tr0| :’fte (FeS), pyrite (FeS2), pyrrbotite

(Fe Tb& catplSstsxsed il contabtir/the crud]:&'ed’ab\aﬁ.h ahydigte squtsSProduce - -

oS o Bl B0 R BBt 0t 1 e .
Noﬂd)l Eé lﬁﬁrﬁd b} thedp) tﬁ@'fa?ﬁ?st‘ﬂﬁ ESmBinkAbd wffﬁgl?é lg)@m gen source may

al kal i ne-earth zi nc, conpounds 71 nc,

rednted modssutah svegght Dﬁmmtsam dleystde foed thmowghribe action of basic
neral chem,

e R S BT o vy Do) e Sty S Aceomapae 1 Thacajelyst.

Exahplat bf\@mnagdt ﬂ]ﬁﬂ-l%&f‘ﬁﬁ@l Lé%ls %hﬁcaner @%&&ﬁﬂ&ﬁrﬁbase properties
transition netal from Col unms 6-10 of the Peri’odic

lllcmdblcéiﬂ}’%ld@s@heéh@@hf ur. An atomic-ratio of atobis

' e PRt e ety din R TMS w0 TS coBht ipgudes a
conbbdtind @liat Costaing aQrabsitib mRAYBLIAAEDPEH B BliHosdsMF this application,
transition netal is iron. In sone enbodinents; the TMS

weight ofi the trapmajon metelietéfidsenshallMB éataywt ladﬂammln@bbjanwmg the total
T T BN, LT KL T
rati6 o€ ﬂfel tfeitioh %w(té?@é\lﬁﬁﬁ& %Q‘ﬂzﬁi\c“aﬁg ﬁg}angg lrlogt @bt 0Bt or 1-5.
Examples of transition metal sulfides may be found in “Inorganic Sulfur Chemistry™;
Edited by G. Nickless; Elsevier Publishing Company; Amsterdam ~ London - New York;
Copyright 1968; Chapter 19.

In certain embodiments, the TMS catalyst may include a total of at least 0.4 grams,

at least 0.5 grams, at least 0.8 grams, or at least 0.99 grams of one or more transition metal
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(K6. 1Fe24Cu022S26. 1Clo, 7), and/or coyoteite
(NaFe3S5~(H20)2). In sone enbodi nents, the  TMS

w@ 2d0abgsots | ncl udes bartonite prepared in situ. pCTAUS2004/042344
Bartonite prepared in situ may be referred to as
synthetic bartonite. Natural and/or synthetic

sulfldas Eﬂagrfug olﬁﬂaftal?etd u'ﬁfedrtafﬁ emba8inddvi, clad FAMBsdatalyst hb)ﬁ per gram of

met hods_ descri hed herein. In sone e i rents, the

catadygt, 3/t9tak copfgpt P? ENGefamee tABsifion megelégﬁﬁod%afn afage fiym §4%.909

f t t
grarl{ 31%%0.0 Yarfl, o B Q8 AT O SRy, e T

c at’I&le)?f&t[S batslykr imthfed anedly ng)“raﬁﬁnmﬁoﬁ)&&(ﬁal sttlﬁdﬁ@ Ex&mpsiss of

trangﬁgg’rgl]é i egp%eluégp%;t%&?e &3@&?}%}4@@5 )éth-g%l 12675 ras% 11)s

brav%?c[a ?Féa 2N§o 2{.}8(2 EJSE r acﬁﬁ \gﬁ.@a: C\Mz)smo 25 §0 ggT 81‘9. éﬁl)éﬁ&n

I nc Yy OXI rous terials,

(AgE%NIi_F%N,‘éSSOG?meCUF@SQI igsctcamfpynlter(&xams@a)mﬂ?hnm s,
ca sSups | or ree
o7 Iﬁ%elg?%%ﬁeécusﬁ?esa aéfgﬂ & @‘esgeﬁaass) ﬁterrtP&&%tc (ngFezss)

(
S S PO) e {1800,
headewaomlite (Nrgsm)sormaemerfb]h&l) sul f| des, 48 V\D 2005/ 063928
PCT/ US2004/ 042344 _bi éal ljc alkali metal -transi.tion
o 47 POTaG, Prbadiments, RIS Srtalysneidrs pRY o e EPSition metal

su]fﬁl\:‘é inl & atfoh%ﬁﬁi élkﬁf‘ 2AGH a@c)&hﬂé‘ﬂéartl? ﬁlefﬂleé? PiRS compounds of

t hereo etermne using x-ray diffraction:
zmcporrmmmemﬂlerdmé ah& AMS catalgpdt (s )n smpcm@ndlments represented by the

s BB SR SRS S R B <o

metﬂmﬁﬁem repleséfi€a TYRIGA Ak roR O8Mmuls'S- EPSEhe Periodic Table;
nbodi ment's, be present as an amor phous conposition

and ﬁo& Sldﬁll‘eéglmfelcbwm of ¢ tyb mmfarrmq theT trd-guadromd to 2. An
atorR e 8 s B & gt b0 RO LR PR o o el ggme -

embb&@ueﬁ’e@meaf@lsﬂi&hrﬁwesacnﬁ)artICle size of at nost 108
A, = at m)st 103 A, at nost 100 A, or at nobst 40 A In

‘nolmermperabedimentst he THAP catelyet may mchidergeacially kpawn plkali

R S AL ST, Bty L LI AN B,

rasvi@ita t@éz&)@ﬂj@ﬂiﬂlﬁﬁteﬁﬂs}l hl;aa@@bgsgsCI)z c}nio:ogagemm unds of
Zi nc or mXxtures thereo ma e repare Yy X|nga
(Ks donf PorsniCloayonatorepy otgide omy SRR T soraL embadinents, the-

M SFRGl B RB0RHE BT P o QRS £ DA

refemuddoas afsthetidodrtomits. Matirateshdlor dfnthetid bdrivhéy mayibeaised as a
ar bonat e, et at e, ZI nc oxal ate, or m xtures
TM§ FriFlEgrn fhis meﬁ‘qﬁ% ResbedessiR. The wet paste may be

dr i ndd elﬂbécﬁﬁq@ﬁfsatthy ﬁ%éf%t f’&gl&le% mbe 22, $nost 15

forna transition het m Xt ur e. TT1e
granks; anginhdsoh gaet al s md&ﬁ:ﬁaﬁ oot X sethd EMScatdjsed

Typ’aiﬂlﬁ@%e r ata?ﬁss’f P 2 rbgtpﬁié(r%”%lgg 3}139332%049 28%%%% ??ef%ﬂﬁil grams to
10 giihdo f% fate Ebgf‘ érrI@Ul%Jragrh 5}; tﬁ?tﬁ){ 82&5%@( o@%afﬂ lecsaclf{support

“m xture ereac hydr ogen t
matefrmﬁuhﬁdnam‘tbeems&é dvidi the TOLS catalTitenelddé tafmotood oxides, porous carbon

materials, zeolites, or mixtures thereof., In some embodiments, the TMS catalyst is

substantially free, or free, of support materials.
The TMS catalyst that includes alkali metal(s), alkaline-earth metal(s), zine,

compounds of zinc, or mixtures thereof may contain one or more transition metal sulfides,

48



5

10

15

2

<

O]
W

a2
<
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is mai ntai ned f hour s, hour s ours
rediped nlﬁcnnadiat@soliﬂiehml m@udlets eldmeentd] dreatition sdtdlu Hyzlreggn addition

e fEER et e, 1he gl estabiet macire
pressured9180 5GpLI 190 BPa ol 12- lj REal it @Hogyd I%Cl%%s\f?&lf ﬂl&ﬂ}@ductlon

catal yst fromthe m xture. The sulfurized ca
time geatBon teoingratere] wwleationrfgdncihg gas, @t&mmplmér@mmgrgas Imd/or flow

nt _usin tandar t echni ques
rte ol B30 PRGN BREPR e TIeR AT SOV ﬂﬁa r( %mgg&éﬁ%ﬁwé fo the
abs 1R LR of PeRtIRASY t%lﬁ%@ﬁ?bmﬁ@ PhO ?erfrrl%ate solid may,
cat alg The TMS catal yst may be po ere usi ng
In sgnaed @nen@cmaqmmaugh s diiemestisoelierveirt mnutrfadaforce
e¥e§c}uce§ m?cnnegg{egs% 1Id(1:natsy et mgr%}naeln%{d?ly adc-;g] toaanllloot rEfm example,
100 °C) diluent/elemental sulfur, and/or one or more compounds of sulfur, mixture at a
rate to control the evolution of heat and production of gas. The diluent may include any

suitable diluent that provides a means to dissipate the heat of sulfurization. The diluent
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20 inorganic salt catalyst may include an inorganic

conpound, an organi c conpound, or mxtures thereof.
WIResi0p9egani c salt catal yst includes al kali nBCBIUS2004/042344

carbonates, alkali nmetal hydroxides, alkali netal

hydri des alkali metal ami des, al kali netal sulfides,
mapinelide spiveals witdoebeiling rangk Kistribugiena pf ahdoasad 88 °C.at lesst 150 °C,

BBt R o BB B a0

bet@bdaal (onse0ee, t1Bo-aed at, dhoadoidesC. ah Isa;huerembaalmﬁ Ithemaluaht is
am des, al kaI ine-earth metal sulfi des, al kaline-earth

VGQe@all’oraW&nﬁs esulfuriceeiporeds inglpdd: bk arg) n%kau@dé@, hydrogen sulfide
and?o)}':ﬁ@\l eg%é)untn?tsﬁl fal%frijg? tsﬁalﬁ%r c‘%ﬁ% %'1_111% ange romi 100

moletd B-80 mMa%,lsnw 8RRYE, 1940 meRtA bysddsor 1he Inwl@s offiTHluRhe1-2
not limted to, m xt ures of . NaOH RbOH Cs

metrlpy Z00my e Gealunresdi2 ket RIOpr zing 6. r@ﬁw@idﬂwn dihe reduced

A AT T A ———

inciéeh iRl Phb s Ok atigdembérhee 6 2004500 o, 250-450 °C, or 300-400 °C and
K2C03/ szcos/ CS2C08; K2003/ CaCoB; K208/ My
thedopl teogEnteredatyt leagh b bowy, @hkeavzhowcgfd@t 10 hours.

G B R 315

$h. klesAcDSulHinirindRe200D/ t@@@&%&u‘e the d11uent/catalyst mixture

PCT/ U82004/ 042344 K2CO3/ /| Rb
max@wwgre@sse@s%@ge o raaa@”%mo .wsze@ 3\99\99 G, R 5080 L

famlﬁﬁor gg%% safht cata yst COﬂt al ns at nost 8 gdg%aﬂmaybc

1solgted|1rsan oxptgentipde AmOGhenrieorn theodihent ngisg sténditd grehniguesfand
cal cul gted,a i thi 5 per
WaSb?fi\m £ |eAsrapaien abs fovegcvgvajaq\’enﬂ(@r eﬁ@ﬁgﬁé@%ﬂt@&r peptane, or . -
hexfift) 8 Yikinioe F%% hns RIS ety £ 3" WRERed uRid standard
techdiq@901- 0. 0001 grams of |ithium calcul at ed as the -

. vveitlglfslt?ggf b (DeC e ol hor anhf??%@‘/lﬁ <The grjion of the

inorg@tiakMstathlR& HALHcRAE aﬂ'in @; Sdrlipdund, B bAane dbipolktB lor

I'nclude an al kali netal an atom ¢ nunber of at
mixpugessthereof. Ree iaptganis salt @atahfst mcl@fiesaaikalh kztal canboodtes, alkali metal

nb Lkali ;.
DR BT T T Cng B o bt 8ieT Qe g et
aceter), wlteﬂ&&ﬁ&ﬁ] odtaSated) aBali Ra f&ﬂn@dﬁ:@ a]l(ahQnéth pRuvtdsOalkBline-earth
or 03to4\/\/nenthe|nor81n|c sal t cat al yst has two

metgjcarhonates aﬂeﬂlmeﬁﬂhmtalﬂw Oé)d@ﬁs[ﬁ]bahnet%éhlmﬁflﬂdiéfﬁnées alkaline-
earth ﬂ'lg{arl %%Il(gﬁ yacﬂ(aln atrr;q é{gl: u?ﬁgcie Salﬁalaa art;ﬁn}letgltacgéas Uatine-

Um Wi assium

cart giet) ok #lag s, Ald@efcafimibtal foimakdie alkalih®eath m@ﬁl ﬁf’ﬂu &es, or
,rubldlum15 belnglnarangefrom016 and t ratio

N

wmeﬂme@*as& um to rubidi um being in a range. from

e Skl ALSHAE s AR R A s PREEP RS o L e
Na%/%%?f&?lj@l}@ﬂ&%fﬂ@h@ﬂ N@DMOHYRQ@IFHN&GH@C@HJ&@H,
K2CO3/RbzCO3/Cs2C05; NagO/K>0/K,CO5; NaHCO:/KHCO3/RbCOs;
LiHCO3/KHCO3/Rb2CO3; KOH/RbOH/CsOH mixed with a mixture of
K5CO3/Rb2CO5/Cs,C03; K2C03/CaC03; KC02/MgCOs; CsCO3/CaC0s; Cs2CO3/Cal;
NapCO:/Ca(OH),; KH/CsCO;; KOCHO/Ca0; CsOCHO/CaCOs; CsOCHO/Ca(OCHO),;
NaNH»K;CO3/Rb0; KyCO3/CaCO3/Rb;C05; KoCO3/CaCO5/Cs;COs;
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In sonme enbodi nents, an inorganic salt catalyst also
i ncludes netals from Colums 8-10 of the Periodic
woaobzossesnpounds of metals from Col umms 8- 10 @fCTVS2004M42344
Periodic Table, nmetals from Colum 6 of the Periodic
Tabl e, conmpounds of nmetals from Colum 6 of the
K ;€05 @:/Rbiles; KoCOrMeGO#Es 1y enCa(QME), atized withna mixture of

ncI ude, but are not limted to, iron,
Kz%&’%@”@%ﬁ&% or nickel. Metals from Colum 6
| nChiigden, elﬁﬂtt)dlﬁi%ﬁtspﬂ’k nlxdré'anﬁcegaltt Qtal GOt most 0.00001 grams,

nmol ybdenum or tungsten. I n sone enbodi nents
at mnsilﬂg(wdl grams) dr at atoal Y81 gianmclofi idsw, dalculated eathe ,waight of lithium,

0.2-0.4 kel 25 of .
Do BTG EEHF A ESRAPYS he oAk Sl Ao e pbodiments,

frohﬂ?é Puﬁééstthﬁfﬂ@ al g?a‘msab §?000®C1 L3 GG graRis 3br (PGO(S@HSO 0001 grams

from ums 1-2 an um 13 of "the Peri odic
of Hwbima, caMelan¢dsasf the meighlt aftithil®n,ipec gmatepf inbrganigrsalt gatalyst,

ted to, poron or alum num, Non-|j mt| exanpl es
of "o RSS! aptaotEee el FRaye e by ot Hhor€ Rkl
me&%.ﬁ%%h&trnaaﬁaéiﬁl ﬁ@@heta@ @Jlﬁlaarak&ﬁicqﬁn(ﬂéaaat 184st 11. An atomic

al um num oxi de 30 (Al2 . The inorganic salt catalyst
tnosqfamall@hrmaalrhae’nm mltcs:\unfhee ef aifleast 1§ tban alkali aieta) having an

ol mlr S0 3) 5p 58 pBSETR BR e a1 10,0200
6, 414D th 4 Wakn tRNAAINB kalt BAtAFS Hal b BAmSRNFIRA Il I(Jr@kample
exanpl e, borates and silicates and halides. The

theji m@ggrah st eathlystragy mohvdasaits of spdiyma potessinmoangambiciusa mith the
52 VO 2005/ 063928 P 04/

ratla gaﬁ,g&ll{.usl g pftaﬁ%% g 558 T %T %?ﬁzg i Qé]t?or FodhbPil Hbidium

belﬁ%] @PRhe0 £0850.9:AMRd Herai®) oﬂ]ﬁltﬁéﬂﬁﬁn to tubidbembeisigtih @Rgnge from

at formglasses_at tenperatures of at |east 350 C

0.1dr larangiber cxapae.cthe @prga@@vﬁab calalygsinclpdens sodignsali ppday - ¢
pot%éés%%ﬁ f./aé?{;wntg);h%%téﬁﬂé %0 LRSI AR 1o -é{;'t‘iséd ggﬂlgcﬁ ﬁ%‘ﬁﬂ&% from 0.1 t0 4.

repared using
For Iibsoaxeaemb@limanid esi mel@ammsam tatdﬁzsmmmchdmnemls fodm

o P At o AR o
PerldiiOF 5 aﬂg%nﬁr@&hﬁmé P%Q%hﬁdlﬁm%s EdthPOd8 b metals from

I'Ssol ved in a solvent or exanple, water or a
Colsurit 63@1[ the FPegadic Tablel vemntxureothbmofi Metilnbogabdlomns 8-10 include,

co i on/ sol vent ni xture, The sql yent. .na e .
bt B SELS] g P SRS e Bk e iR GEE Pijimn 6 include,
but@f@l‘ijd’lQi%nHaeto' ARSI %ﬁgﬁéen&ﬂ Siaﬁlﬁgé‘c% Irl fdnRUMbodiments, the

enbod |rrents I norgani c alts’ of hée |norgan|c salt
inorgatl syktcamiwt Izeludene.d b gatmsdor 912-(5) hgremspd Ranepnickelpengram

anic salt catal yst. Exanpl es of
Oflgﬁ%g’ﬂf glgf ﬁ'ﬁ% but are not limited to, zirconium

OXi Hever6@ GhboMAXHEShe IRENER HMca@lstBlso tdchBl H¥tal oxides from
oxide, hydrotalcite, alumna, germnia, iron oxide

Colnimk éF2 and/eeGolminnc 316 thoReriddic Eabderi Mﬂaﬁ&ﬁ'@l@ Codmmh dgryclude,

m xt ur es .t her eof

b O R SRR Vot B T O e SHpor e
lithRfm 8xiEe (DS, RrakGufRd:3de (KBY) RG1cium oxide (C20), or aluminum oxide

(Al 03).

The mnorganic salt catalyst is, in certain embodiments, free of or substantially free
of Lewis acids (for example, BCls, AICls, and SO3), Bronsted-Lowry acids (for example,
H30", H,S04, HC, and HNO), glass-forming compositions (for example, borates and-

silicates), and halides. The inorganic salt may contain, per gram of inorganic salt catalyst:

51



10

15-

i npregnated in the support. Alternatively, inorganic
salts may be nelted or softened with heat and forced

wO RoReeddmr onto a netal support or netal oxi deP@#ﬁ@ﬁhI/mzsu
to forma supported inorganic salt catalyst.
structure of the inorganic salt catal yst typi cal I y
ﬁonb@cgmmstor{bh gmmgé 000GG1-0. Obgﬂi&&bbﬁo 000Gl - OIOOHIgbddlﬁoiab) Helldes,

b)Ceer g %]I_rg) ature or naterrperaturoeraag
PResitions it ferm g &' epperRBrenelateast 339 ler ur mﬂ?thOO °C; ¢)
I d d without
L B e R ertb e trpl 6,
wi fTheumorgatsc saipmalyst amydfe friyerabiiding sthiadart eedheiges by
or. |s beI ieved that the inorganic salt 25
exafEé*F 3@&1%% &P%?%%P@ém(crfﬂbc? ratglygieay be %@hme@ using
stanBRH WERTh ol thRiduls gﬂ?e}lﬂf‘ it %llﬂfgc&@?or RS

CT
catalyst I ncr ances crea397

embodlmwtst B:E)o:gwmﬂmrtpomtimymi mgﬁs’l&oBzGd ice sdﬂl&ynﬂ:(%maﬁl@ld b»héter ora
Lt + 1~"J ' tea

S““‘% Geauic ﬁ@vem? Eafaﬁn 2 RQreaps quaa@swnfﬁqlgentﬁww The solvent
PRlrtmE A PlsH!
ey yé rnggen sour ce fﬁgé‘l&ﬁ&% %%h#ﬁg?ﬁéz’?‘?d&%ﬁ? &?%aﬂc salt
Cata]b’e’fsults in an increase in the contacting area between
30 in n| c salt catalyst and the crude feed

TG 8 SeROBamCRs dithe morgamiesalhcatalpvitam bang
mcoﬁbﬁﬁe@ﬁl@d QEuﬁpﬁﬁ% et ¥ ggﬁe@ ok diid gr&?%ﬂg ?“r%ﬁ'lples of

cat a may of ten I ncr ylie
SUPpprtamﬁélde butma ngs ﬂmdtedttomrcoﬁlumude;eaMdb@nﬂdbokﬁgnesmn
or faci te.a change in properties in, the, ude
oidf e Bl by b i eerioBise o oxidss mike
oxidé,eadmiunPoside dekin@hyloRelel mlaﬁ@mes ﬁé}éofcﬁi %Mé&mﬁ&%ents an

exanple nonhonngenelty perneability, and/or

- inorgapwsplieBe @m@ﬁfl@z@@hmﬂwmmmmofaﬁolms 60 metal may be

20

25

30

1.0Nn conduct i vi

th d
- i O B0 e ien B Salte PETEF et svsmod with
. heat und foycediih bndXot k100 amRStIQRBporPEr BePLBAL sORSort ‘Eorfﬁfn? %fsupported

The use of TAP to determ ne characteristics of

inorgamicsplh setalysls described in U S. Patent 5 Nos.

4, 39, 48 g
o RSk I sl el Ol Recep B o Rinp e
perrneetiﬂalané/&br fuobite M 4 Bstermfiaed RMpestas of ok mpe%tﬁﬁequﬁge when loss
¢ ‘#J @F) q‘g TAP anal ysis may be perforned in
of ordex PREHIS i AnE CRIBYEEStUCBHE- 2@68@9@111%&5@@1@ sy begoma 00
dlsor&re@{mtﬂoﬁedastub%ﬁﬁkﬁaﬂg% 1305 ggs%? ﬁ]g%é&n%g ,letl'?ogltioxélo

C, and at a vacuumin~a rang
decomipesgtiqroofithe ah. i%tmebealbuirnd byalyeor g aisrbetioned dat tha Mghir@inic salt

rease .as 0 ct on of tinme. As the tenperature
catalysy oGS ARPRaRLmale) whrntlsisnos bepbaracans g’rdgg Bivesstidhe

1norg§r[1@ Bt %al%rﬁ %&@zﬁé C A3 10%%#%?&63 ﬁrfbr%t@sauér%ﬁ% {%HB yg?

gases that evolve fromt i'norgani’c sa

hvﬂmr’n@ Faides way permentmhxivgh thiatiranicdhshebyst Medhe ge cross the
ure ereof, The tenperature at which

surfacgrgafi%gﬁ qnggr;g[aplaﬁa gﬁtﬁfyﬁt rﬁgmgggg)of the grade égesl amdiasdrydrogen source

through the inorganic salt often results in an increase in the contacting area between the
inorganic salt catalyst and the crude feed andfor the hydrogen source. An increase in
contacting area and/or reactivity area of the inorganic salt catalyst may often increase the
yield of crude product, limit production of residue and/or coke, and/or facilitate a change
in properties in the crude product relative to the same properties of the crude feed.

Disorder of the inorganic sait catalyst (for example, nonhomogeneity, permeability, and/or
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fromthe inorganic salt catalyst is detected is
considered to be the tenperature at which the 15
wonersganiz¢ salt catal yst becones di sordered. | RCSUSEO04/042344
enbodi nents, an.inflection of emtted gas fromthe
inorganic salt catalyst may be detected over a range
motity) eryyesealetin@ined usg S (rinetuhdsSonig chAdctivitg measurement
terrperature or.the tenperature range is.referred t
methads; f 4P mptpodse Hﬁé@ld’éiﬂe@mn FH8Y fiffrastifn %@%ﬁg% ]F a?%blna?lons
ther{a&e t enper ature range determ ned usi ng TAP is referred
o as the "m ni mum TAP 20 tenperature”. The emtted
gasTHenisk e TiA®rio extethinke eﬁaﬂaytennms@ﬁnamlysmlm desatibéd/istld.S. Patent

Nost isgarie i BIG ALy Hh 000 BOHES e msbs,264 155 0 Ebner et al.

AT, o TPy i ORISR THS Mh 8 ). T

TAR aglpss tiap bs pafformeidtia bltemparatgamange framt 25 85&1’(;&&055%] % or 60-

100 e el i o bl o gy e i e
6 _

ﬁ'OﬂIll q &J fEBLOD xaﬁ}QQﬁféagrﬁg ‘éélﬁﬁ%eF tﬁlﬁ%ﬁﬂ aﬁ?c&%ﬁnmd/&emcﬁﬁse asa

cation of t es in a crystal
functionudtiimice . Ad the dephpegdtine u:frthhametgamqmitahtalggt msmetaaersegaSt dpgission

ion particles are generall S ed d
from 1edBSTgRRE S REAIVRIS BaTBed é&g%réesy RS EOME! SRlYedram the
moryiﬁ& sat cat£15/§trn1&m&e SBHFbAGIEE QhtibR i AL h?ﬂh%@&y watdabr

nor e . In a disordéred crystal Structure,
mmtmasthareef n"ﬁlue mwmﬁae etiwhioh en diflegtibe (shawp ivrrcass) Dlyga.ﬁsevolutlon
ns. in a hi or.d stal, stru Due, to t
from iportaficaed fesba s feieried ' Bhirg i 68 Hisapiapheal ich the
1nor§§1§ile"sﬁl?@at&l%t%l:&ﬁ&edls&ﬂ&ed nol ecul es, and/or gases from
di sorderéed crystal structure, and t hus, a quantity
f Inspme smbpdimegtss ar islfleaien of pwitied &b %mﬁwe@orgmyg ﬁ%lt catalyst

YT T T —

or theSleR@SR¢urE EOIFE 3 RFGRYo aptdeTald rhipsianirest Theinitia tmpaature
sel ected tenperature. |In sone enbodinents, g heat o

of the tsaperad? Hmes feernined yipgadiAP is a¢fﬁrre<é%°a4%f§? mgimym TA
temfj’é}?&x? yed in a range froms0 Cto 500 C at a heating
€ of cooling rate of 10 C, as 5 determ ned using a
di fTerepiittedigasitfeution gxkidited bjﬂﬁioegamd saltccaBb@tnetitablg fomcontact
nple may be _heated to a fir nper

withy %CIWQE)ﬁ’%e@éWWF"énP%?FHWtTHE%F% Rt et ﬁéé or 300-400
oC. RIS B0TAPBERUAA I NGl i fh 39D 3063E! Msome

generally are representative entrai ned water
embaddﬁemts sldlfaraﬂtcompdsmazys ofcuithide irepgasesd iatatalpstodlse erchibit gas

heat [ OCI ns. For exanple, easily observed
1nﬂq§gg{1s rcﬁ T‘fﬁn ISRREEINSS. hydrat ed sanpl e may

18%@%&%.1&1%1%9 fon%luBH’u%ﬁQB&a ast,sﬁ&'af&ﬁlvlnifh DEWBRM gas may be

e transitions observed during the
an mrboeltlonngaf thecdrderanfdhd partislec tmwerhgtal stngtwor eshighly Ctrderb«th erystal
of. di ssoci ation

st 6 Pl PRIFEIeD Pl Bl e U CUPS e et P ety 1o, bdlecules,
SatRAHRfe o i ¢ HOLHESmBRS that is more
gaS‘:gosor gﬂer eé \I\?I eoﬁe@%n%%@?ﬁe (Elncr easeséHéFgr% (nga i m '
heatpSIa a disordered crystal structure, ions are not associated to each other as strongly as
ions in a highly ordered crystal structure. Due to the lower ion association, less energy is
generally required to release ions, molecules, and/or gases from a disordered crystal

structure, and thus, a quantity of tons and/or gas released from a disordered crystal
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anal ysis. "Cool transition"” refers to the process that
occurs when nol ecul es and/or atons 15 in a structure
WO EReEsIPr € honbgeneous when the tenperature ¢ 172
during the DSC analysis. In sone enbodinents, ?E@%ﬂﬁﬁﬁ4zu4
heat/cool transition of the inorganic salt catalyst
struotuCaisSyvally @restan@an @fquiRifp OF #3ridaf&/of B reflaSe I8ERG 1 hly
usi ng &C. The tenperature or tenperature range at :
ordegpd erystahgrursae af ¢ splested mpstatuige i nor gani ¢ sal t

tal i . d heating cycle | N
DY PRI R0, 8 SES DL Bl ity ey e
obstreapir Ataupe o AD°¢C ktesaee*r(p@tr@mﬁﬁ% kB8 BLcEBlNigNted T 10 °C, as

second heating cycle is referred to as the "m ni mum
deterygened usingay ¢ifiareatial sepaning ealgdmicter.shil 2 DS metpod, mwemple may be

| bi Ltion in a range between 200-500, .
‘heaff 5t FrtEientd, U5 bRl R P e pged time.
Trasitidraiobserv @iy the FadttheRad pebleRSlyidtepfictntative of entrained
relatively haonpbgeneous m xture, a shape of the peak

waterangor ol gt and Anaeot e aepressatitive af theheatpfdisscigtionm For

ti i vel. o
exaulf Lty SUGed o BP o Bler B RABYeq iodBmey eenpsally
ocordelove L85 C ypichlty Bétwéeh YO P80 PONPHE REASoRY otiskivBd dlufy the

shape of the peak associated with heal absorbed
cooking ¢yely 2nd<be sarand deatingrorpspomdriashetiwat ef dissoeiatipn bf trdample.

e TR RGRR” pOERIR o Bere ik BESE bk S Rounles endor

atonSCiannatciesPebaieli fori @88 Sheh AtdteRberdtd?8 Alcrddséd\GirigGhe DSC
generally indicates that the 30 structure of the

analgsipy | o) dagsition” refern tothe percenethet engirsAshdromolgenles ayd/of atoms

; ' lhorganic salt m xture increases,
iv 2 B bbb ofl pflosOb RIS BEkimmRriitd foriSt R ER e DSC
- apalgssni Ini sytrictenchodimentiiabe hag/coSIERBERA of HORBLAARI salt cOfalyst
an inorganic_mxture nmay be related to the i1onic
CoE TGS T1ER HESRTFRE A are Aeice nting DSCRoFhampemSIrS or

_ i i- oni [ . -l f .on to .
e oS Ak 1 g 8l RO COB ot Rl BB AR g
secouéhsiting opiclehis eeferned spODEgopeiatute?. NThehsest BRQ ttMperature of
of t e.correspanding ani gn jncreases.

aci di t ) (JFOr @
the PR nES AUriBs = $559pA BFBtEIRAGds Tofemarhio 28he Spimimum DSC

e oS! . . o
i T3 N Gty DGR P30 6 A e
200-H20 UC.P28e450 “Ther BOGHED °Cnt eri oni ¢ attractive forces

tepd t.o result.in higher .heat ,trgnsi t.i.on _tenperatures
5

PSR S A ORI AP TRRHD SR e tielehihet gea telatively
h bu@l188cteB, 4 i - ' i
O e BREPE the R EBRAANE hopt WP GREE Huring o

secorchldatng cyle magrhel telatively narravi iln ah émotgamic ket catalpstahitdontains
inorg e Bt B0 e BTy b BothonSienes el theabe of hd peak
assodd@ed BRBI1REG £361RAILGHNL AL al ; ! brdad. A

crude feed w tvﬁaa h{/%rgg%beu ﬁ Eg% ulﬁg%%&?ﬁgggﬁggﬁevﬁ gfem%fi G A
absengg of Reakganad$E gpagtront indicates that tessaltidobs noh abSorbat relesse heat

o SO B G 0SR20, UL S B0, A0 0

strucimyamg@@mﬁﬁl@rd%es hét dhBBgePf %ﬁﬁn% an inorganic salt
catal yst that includes cations th a larger ionic

r ait horaegeneity ofitherpartithes eibblindrgatio saloitite iperraseaf theability

of . . : : . . :
of the'mixture to remain a solid and/or a semiliquid during heating decreases.

Homogeneity of an inorganic mixture may be related to the jonic radius of the cations in

the mixtures. For cations with smaller ionic radii, the ability of a eation to share electron
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gas and/or coke increases the total |iquid product
yield of the process. In certain enbodi nents, the
Wwonoogma928 salt catal yst nmay include two or noreET/ds2004/042344
inorganic salts. A mninmum DSC tenperature for each of
the inorganic salts may be determ ned. The m ni num
deri38§ vidnpesratspomting atibe mcmsgmndahs aditlity af %mﬁesmydhag anion

. below_the nin erature of .at least o
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catpab tendataprpducenmgretsediquatitiea vdgas dnddon @B rd@0/e@p camtdct of the
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crufig ke YEtA PO BEnAo o UhETeeaes i Taareamie selt el st B

inchale@baths Witkia 188%r ﬁmmada RS thilRC Tﬁ‘ﬁﬁl‘i@%‘ hﬁutﬁ@g&ﬁ%on of
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gasmd@:rgok@jmmmshq fotal liguid predect 3314 effbe pracesses, i n
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mofghﬁmltﬁ | Anfintth@n B9 ERhRratbfetBedcBd hd iBolgaidistlits may be

products. In certain enbodinents, the inorganic salt
deterningd sthamainimum BFE temparetstccef the ineaAsiq saltoptalyst may\be below

thetnfﬁnir% SQ"J’ }rtpefh%r%%?hﬁtegsqloﬁmg fﬁllr 'ﬂ&-o%ﬁgﬂeﬁ]ﬁ sglfrs %’Ir?%afn inorganic

i'norgani ¢ sa erature range

salt2QAe] GHOF 63 exAPlS He ﬁorg@.ﬁw%ﬁﬁ cétﬁ@’sﬁnaj' Bﬁhﬁﬁﬁ:@tﬁsﬁﬁm\@bonate

005/ 063928 P / US2004/ 042344 conductjvity of the
and GesULEATeonse ( claseiiny sarbenpieaikaeaimy, carbenata ahekit PECt he

texr%g{ﬂrsé &%g ef‘thtaﬁ 800 LAO %93%9?/&@2@?3919‘%2?9%%&5%‘? Wi 3 DSC

e ionic conduct i norgani ¢ sa
tempataniiry &t 5 ravigafipes220-3¢0 twer tenperature than t he

eratu f whic i ¢ conducti vi t
o GRBICHodRET, ﬁ@ﬁ@%ﬁ Bt e by beieha oSG aémperature
ofét %bt%r&%@l%‘hbﬁ@aﬁbé safts A ROLE m@teﬁ@efﬁuﬁwt&% organig, salt catalyst.

det er m ned appl yi ng law. "V =
Foz\wamalyethelTAE tegnperatwte, of a}mjmargamcrseh cstalyﬂt:may 'fﬁm 1mzemsngc éom

s L, RS S DL Bl SRSl Y e

froi8X80108 °C, SAPREH I feﬁﬁ)eﬁitu@lo?ttﬂerlﬁmvwdaﬁﬂts%%eaﬁ &8st 500 °C
fromeach other, but immersed in the inorgani'’c salt

or ag groal J0.°C10 FI G 7 is a schematic of a systemthat .

VoA PTEE BTk A g o bt SAT B8 AR e eBiaeBH e Rvgen 150-
500“@?9@0" G5@PEAB0BH08PE, BRAESEA not undergo decomposition at these
temperatures, in many embodiments, can be used to catalyze conversion of high molecular
weight and/or high viscosity compositions (for example, crude feed) to quuid 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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increnentally to a desired tenperature. Voltage from

source 160 is applied to wire 162 during ‘heating. The
WO BBsihdsprsy current through wires 162 and 164 igcT/us2004/042344

nmeasured at neter 166. Meter 166 may be, but is not

l[imted to, a nultinmeter or a Weatstone bridge. As
condigtipiteoflthe Indighde salectdlRs & fuondignewibate(n® the pupiléseih the

wi t hout deconposition gccurring, the .resistivity of
inorganic saafRgtady s RecArping aobdas dhe e conslugast Qfé@n@aw@ﬁmc salt
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conductivjties, after heating, are_ expected to, be
COPRST e PT BlAtipwR WikeshieppratedEoTh 63¢R othet, E@t imaergehindhe iorganic
yst does not change during heating. In certain
saltéa%lgi&.l ments, the inorganic salt catalyst has a
paFlG.cl 8 adchematic ¢f a Ggm thit m@bbd (seHG0 Cheaabwre dortic conduct1v1ty
20-50Q m crons,. or 5 -100 m grons as determ ned

Quapiz el Prrentainips %lésamay & PHcpd n ¢ ?%{!Péﬁpaarﬁ%@ ﬁne peated
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inerehonté 3o 2 %Sﬁ%d;%‘ Rithite.> Yolta bk S RrcYD R04rER W1GiYe 162

duritgdkeatingr Ghe recsukmgtcun*mttalbmagh wiies @62 and i @Mlsdsezamd at meter 166.
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under a presstre of at l|east” 0.007 MPa, or at nost
- resisfivitpaf thPaampleshonld sleerdaseand thaecvh:sen@d@neemﬁat atetdrd§tshonld -
300 C, or at npst 800 C, such that the inorganic salt
Inere@sg Al 'yst transforms froma first formto a second ‘
f orBomddn@Rbodi@ehts i aQksitddQetperatian) the SRkdani@da cslysk ﬁhay -
20 C, the second form of the inorganic salt catalyst
havejasdiffprehpiapicecoptiugtivityafenesatioz weelipzrapd theay gabing « lhhe difference

in ioh PP BB GRS Ay ARt Moo ok v AP R et oty
~ has t%8h bltdre@ASHO&NSridihAFhAPRE fif gt Frim)i 10 andifferent ﬁl@p@ (dcdnar farm)
is referred to as the "deformation" tenperature The

duringcifeatingt Tb%lm@n@@da@tmt@smr eating, perRyepeed Febg dimglar of the

sam e Bieldf of QIELARHE Sal (RIS dR) ol et BEMmerliie, |
u nmerertgamaamqunﬂemmrths Burg@nitpal casdyst h@ 4 pardicle size in a range of

deformation 5 tenperature below the deformatlon

10- 19%%?%&% Fe-309 migRpnyor o O meiFtAng el detsaminsayPatEpg e
morg]%ﬂic sal ga ﬁp{@g%r LiERtSie,@N inorganic salt catalyst

vvo or e I'norganic salts that have

d| Tﬁﬁb&fgaud:&thruﬁﬁt Jisofiay edtharalidil iesitedRb ectipdrasirataborne 50 °C
inorganjc salt catalyst diffe

and tre n@gﬂigéﬁg\ég{m@g?@%% Rriekyet wdteas, Mﬂ%ﬁn@éﬁﬁgﬁw%{hé@s may
co-edlt in {Héemétﬁ% og' %) Jaﬂl‘tahgi‘rflgétﬁl U Rle B ?a{]{?sﬁ’ Balihgf gxgayi, in some

~certain e e rnorganic sa
embddiments salfelefisrnsendel prauite oatund@rf a pressure of at least 0.007 MPa, or at

most 0.101 MPa, when heated to a temperature of at least 300 °C, or at most 800 °C, such
that the inorganic salt catalyst transforms from a first form to a second form. Upon
cooling of the inorganic salt catalyst to 20 °C, the second form of the inorganic salt

catalyst is incapable of returning to the first form of the inorganic salt catalyst. The
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above, the TAP and/or DSC tenperature. |In sone
enbodi nents, the inorganic salt catalyst is a liquid
Way 2005/08988] | qui d at the mini num TAP and/ or DSCPCT/US2004/042344
tenperature. At or above the m ni mum TAP and/ or DSC
tenperature, liquid or semliquid inorganic salt
temperatisesat whilctethe widrpartib salctrangfor e dbnéop firstrfogntea second form is
nbodi ts, Jorma,separate ase.from 15 the crude
reBBR0 LS HHORHBIH, TR tiiEn b CET o0y CEIRETOG Y be &
temPREIRATaRe SR 4 sifAL iShrath@S In cbiPith &%H&hﬂems\émerbatﬁlﬁes of the
crude feed (for exanple, fromO grans to 0.5 grans,
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spectrum may be nonitored and the relative order of
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. r .
ersi, FPHONA- B ARy of Bo bl Balv feP Bl SPLEAE i onse
insdlubferiadid @udsfed (fov axaaibple,feorh O0@rganio.hitansa0.800621-0.01

may be e efore _heating and conpared with an
gy W-%‘@ﬁr‘ﬂ%& I grams o &nqreaniq skl B %@&tqfﬁ&.‘dae‘lfﬁ%d) at the-
mi %}]TRP% SHukesponding to the inorganic salt atons)

in the x-ray diffraction spectrumtaken at

t enpesoatelmelsodibents, fovder rayy difraion metlodsBrosstdto tittarmine the
t he 01 peaks,in the.x-ra 7 005/ 063928 .
SPASTR FLS GO Gi5 4R POTETHA ARt BEBER i bkl Bk in the x-ray
spdcRARGE AL He 1B 8niRRt P W PRe GeladlBEATR HordaBR s’él't,rpaﬁiclais may be

diffraction ﬁattern of the individual i'norganic salt
estivgajede ieald in thek-aay didfryctivaremesedt diffdrent peapeundapf thegnorganic

s ST BB TS, o b S ROy st g spcing
bethB88FatbRY hay R sGiide. P Adiedan{iBMI REtaMat thefodPlindhighly ordered
given crudé feed in addition to |1mti'ng and/or

inorgahictsilt Riegnst o sleeiod theolDoobyealriothlaively imew. olncdn ipexgduictsalt

0 sition include t, I not. ljmted to,

catf ST Freiig: SR e rE0: Y Bt FR P apadspnly ordered
inotgABR Qal¢ ORRAUESHARKSS théPy, Beal&ﬂﬁgi@é tldtRRE, Bhad Bethe Dyl Seak

product and the non-condensabl e 'hydrocarbon gases.
magbn ot i Tegdasontincifitgdisarde dfiinrgariin sal batbins ahimges diutig
heattipxg% a%?(t—rgly%f agt?osncsrﬂegt?'gm% the iplorganic salt catalyst may be taken before
heating and compared with an x-ray diffraction spectrum taken after heating. The Dyp;
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 Dgoy peaks in the x-ray
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10 may produce a total product with | ower than

predi cted coke content. Conparison of the MCR content
wm2oosassorsus crudes may al |l ow crudes to be rankedr/oasReoi2344

on their tendency to formcoke. For exanple, a crude

with a MCR content of 0.1 grans of MCR per gram of
dlffmrcudle spmtrlmi tileenex peapeesiuted e 0TEC & AGARnhIMARhSx Fhyde

ontent.  of 0.001 ams of MCR per gramof
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? isa%vaﬁ?%étgl crude. In sone enbodi nents, the residue

corfentactiap démiiticekaag bt @iiolldé pas thedkhe Ebt&l?ﬁodﬁb@ih}ﬂﬁmon
ri ntgea reacti on period may be at nost O grams,
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up %\CH%POSW%B Srslspradent and ﬂ@e@nmdergsgbleuhydrocarbon gases.
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mamo&uwhabtahprodmmﬂ: Eﬂzs&r @iﬂl’p&edlabd 17558 cdihte&i. QomiPEsiscH of the
st 0.0 rain or at nost 0.003 grans of coke is
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condi ti ons uces a re d Guian
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at Ieﬁst@ﬂl %184 of SR Berl 8m o@d‘rs!ahvm%g AggelLLLL,
bUL1LLT L1V11). e contactin it ons may be
cofit sasng @ubodiments the ersbbui qmtensandsmmmke kadtentpiposigdanm the
rude feed, at |eas at | east 7 gr
cataffye G R Gon pBfod 523 et miodfE Bierds a5 0.0 S et most
0.03 Cgﬁ':biﬂﬁof 1esldhud S dZRTORE b@ld%ltaﬁl $fatalse dﬁl :Eéliﬁﬁpé}ﬁbodunents the
pically, between 0.5 ralns 0.6-0.9 grans,

we1g@¥qf sigugangiy coke dheosited g t]par @iyt ipara gngadrof Q:@Ulﬁieo 1.
erands?G8001-D 0358 S Bl O BB 1 iR Spbo e St g
substaﬂ’salﬁu&eﬂfdé@cﬁuaiﬁiﬁﬁor doke 8l cerfath éBo AR, RMPAUEE conditions

allo the crude product to be converted to
are cg peh that afdpest §-04idtgrans. i mosed.Ohatams, atohost 0.005 grams, or

DRSO ) 2000 SSTERS, L FROR I3 e

~ with fdmaﬂt;talm undes tofkrd el mcuag comtiold. procd@e 8 Badudbd §Rkity of

8/5 %%Iu at nost 0.03 grains, or at nost 0.01 grans
COkeéfl ChEssdng irlativeda 2 glanipriepkeand/er rﬁ@tﬂﬂ@@@d@ﬁ@dm keating the
oA PR 39 TR s LR ol el sing e

smﬁcﬁluﬁfﬁwﬁig)&ungﬁB of non-condensabl e 5 hydrocarbons per
m of crude feed is produced. Controllin

a
c o e&@?fﬁﬁ@ﬂ&%ﬂﬁléﬂt%ﬁﬁWabw@mHad dn gpme pm@egme@@s, shahhat, per

ram! G RydfediOLbast B En ] s, of

era B e b B P e B & st et 09
gramp ef thorcneld fted invbmitepicd tcﬁi&&l dredk freaadt! ARpicEIe Vel ddhess-0.99

rb 658@13 enbodi_ nents, control of

grams, 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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the tenperature in the contacting zone may be
perfornmed by changing a flow of a gaseous 10 hydrogen
 WoonEes3sd/ or inert gas through the contacti nPCIAIE20040042344
dilute the anount of hydrogen and/or renpbve excess
heat fromthe contacting zone. In sone enbodinents,
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acting tenperature is controlled such that the
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e and/ or the tenperature. For
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mnﬁlﬁﬂﬁﬁgc tgﬁgeeﬁ@gga;@becsalt catal yst to a first

tenperature o | east 100 C, at l|least 300 C, at
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g3 0t S TP e A PR ah DB e s
tengp%fatnﬁbn FePeMRR0 R/ QBBRER: %ﬁﬂe%&fé%}%@éﬁﬂmued to be 450 °C,

nbodi ments, the inorganic salt catalyst Is heated to
500° @, emp60 A€ uging theaeactiog pefiobwharsthe mrpon@n T20dteguerapre and/or
Q0 C, and.t se r
mitfpo DSdemotrsG 54046 Eongouisgei EiiEs GRRRAEfed on

catBORAAT Rt IREY/ At difaPfist DRY tBRpeRheENIBEEidkY improved crude
determ ning ionic conductivity measurenents. at

prodilft freoeritest émplemattmi owy, fon exangordecreasioeikedpration, decrease

t b d f DSC
o G SER AP 28 FOBTP PG SPRBIEREA TEG8 L ranei 1 one
obt pi dedinBmiRRhME tRdofRHcisAY citﬂ%ot fBPHhEatdtiGRU prior to

catalyst nultiple tinmes in a DS ndi tioni ng of the
additivor ofghé crudalfeedc dn sirysembodiments, the conditioning may take place in the

presence of the crude feed. Conditioning the inorganic salt catalyst may include heating

XD

the inorganic salt catalyst to a first temperature of at least 100 °C, at least 300 °C, at least
400 °C, or at least 500 °C, and then cooling the inorganic salt catalyst to a second

temperature of at most 250 °C, at most 200 °C, or at most 100 °C. In certain
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| ower reaction tenperatures than tenperatures used
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carbon numbers (and thus, a higher /APl gravity). In
contagigngtimeabithie rmrtdesf,eed h.ethcthﬁncmﬂystn Alteomedély, inorsasing ptessure

relatt g B R e T TR ST A RO O PGS BB of a crude
product) %a%ﬁﬁ@‘éasfeandrE&hﬁaﬁ f hkfiRo PN, 1B g R¥EHRYE Bride @}oduti@for a

crude feed uptakes to produce the crude product .
given masp | ﬂow:.:ate of crude feechor hydrm sofresy Qﬁdgajea]éerwnmb@anons of these -

G, t ui u_of.
effecty, BB orkdcing Hhesior oo ndp e St e AR dla brodiyfiin
mcreas;éd,lﬁﬁom’it(w didsel, kéraber®yr RphtharaducRerehsedintoudk BIVEGO relative
crude feed. The abilify to produce multiple crude

to thegmoyntsiod quelsrixﬁrosge B 26¢ YEHO p@@ac%@t shontesgontacting

umesd Hc@r%;sﬁggﬂtl% %c%{;réc.t 912%1? gkﬁérgﬂgo&%% ?{agig ptaﬁtl%ﬁ zone may also

changmﬂye Mr@smdmb;bee offha iz ;er&iumf Ticheased mdheg dmidmay _
f the crude prodyct. An increase in the HC
fesulttnhehka%ﬁa‘éfewbafimntreq eflpver qasbeyy eumgbers faad ﬂélrsuaél&héreal’l
gravit j’]dl cates incorporation of hydrogen into the crude
zroduct fromthe hydrogen 60 WD 2005/ 063928
PGT: $dﬂ@ﬁﬁﬂ¢dmﬁﬁtt4thes:0mactag dRelditions etay Healiahgeel @as dmien For
. HCof the crude pro (20% .as conpared to the
mml@?ﬁlaecrr&eca%%ﬁse%@g élreaqq%rlygr BWPCHHETRPY Po HicHRsed to
increaly fﬁ%%&ﬁﬂnﬂ@ﬁ]ﬂ% A9hhiNfe B0 ?&%l uptaPeR ]%ﬂogﬁ&tthe crude product.
i mprovenent oOf e cru e product proper les, relative
The a Ibljttbaéﬁigmf i hﬁluﬁnﬂjﬁfd‘i_yuf(%eﬂ ,uymhb &f ﬂ'ﬁd:’metfﬁu@ mfmhpm‘.’l"‘
tio o

cons n of en i s_desirahle.
other warrﬁ%@# @88%%%5 GeRseY Be YRRaY ar%‘sp uarsttgrtéaaw
produd@ddBdm bR&gle crude feed. The ability to produce multiple crude products from a

single crude feed may allow different transportation and/or treatment specifications to be
satisfied.

Uptake of hydrogen may be assessed by comparing H/C of the crude feed to H/C
of the crude product. An increase in the H/C of the crude product relative to H/C of the

crude feed indicates incorporation of hydrogen into the crude product from the hydrogen
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properties of the crude product. For exanple,
increasing the ratio of the hydrogen source to crude
whDeeeb/os828result in crude product that has an POTMISaEe@12344
VGO content per gramof crude product. In certain
enbodi nents, contact of the crude feed with the
sourgzo Retativelydavtinaeasg iy By C jof thejoguderprogics {&ifecasgiompagidito the

oy BB CRTRRRE Pl SERifor G Pt s hiiae prgypoess

SighIRhRGpRivemerif dfdRe £:086 pMIdubt RBpdriiey, 8dimtive tdahdse of the crude
cat al ysF in the presence of hydrogen and steam In

feed reibtrdtastemitls mithinel ¢onstmpréor oflyssegenfs depirableude f eed

w t.h net.ha in the presen of, the, i

ot D etic BEvdrBedn ouRis s ERER B AL A8E HRALE 1P d the
proBérieoflhO ertude pFodict. Fok Eﬂ&lﬁlqu&aﬁﬂg Beragd of thy ya@gsn source

fromthe 15 nmethane) whic has been incorporated into

to arirde faed ey reshlt in erude productghatthae ae ineprssech V610 corient per gram of
ertaicg enbodi nents, the volune of crude product
Ut B80%%d froma. crude feed contacted with the

hy dimQ@RAinSsiboa Bndrts, thsadtioTseNE&adOfeed héth the hagdnic s datalyst in
catalyst is at least 5%greater, at |east 10%

the gresencerof light hidracashons ampr geam yiesgnoredasdhdiperbeng and less

a.vol u of ude ct : :
ook 8 e pRodur SR PE R b e TR o B Bl Ol eyt in e
prefn0s UEIBMréEnCa0 ke, Gh einbediiantahitdacluds tdntsdief the crude feed
_inorganic salt catalyst may, be at |east 110 vol %I?otI;|
with methase imibe presepre of thegaorgspis salt cajplyst, fhleast Adorieolthe

| . . ‘ r 1
conf o BB P b A BR38 cl0ep rom e
methand) ivitlidtyhzsdueethcbypordiatinog i andlesulafstruttaresrof de domgmbnents.
In certain enhodi nents, .a cryde feed having, ,per gra '
of BreHanPagdmAnY, diesiolgme of cride GROSHE Prapoledm 8 ope feed
co%gegﬁng?%xg%?gﬁo ﬁﬁsgoﬁcéﬁ%@ Fsé?fce %Pﬁfeqﬁ@r{gﬁlﬁg QI cathlyst is at least

-e 1S contacted wth a
5%pyehtay o eas b 10% ardater drent prass EX6.orof mast 10936 greater thaalatvolume of

ernieptiRprodteed Bt Chiptn netee & 72" nsyily Blabitf erode product

proffided by Thnta&b e £88S18A 3iffthe fordM@Sialt dABst alaybe ableast 110
renoval of one or nore conponents that contam nate the

voltadfahey solunBoidentads fead s STRC Theltncrdast inara@ume s baligyedty be

to, metals, ,sulfides i trogen, cok L, {0
ug i ERpeeah AR TR e aegSaly pEb e Bl e by
hydlg@:%qaﬁmfggahgd@pge& catal yst by contacting steam and

car bon di oxide with the used catal yst to produce

hy disgatinsolboiliesnts, Rictudsdesd hayingaperanfvgidefaed, at least 0.02

re ed cont act | t used d ' I I
eraff o ot O R e ot TR ARy hkher SRR etghs of
Ni/Pgrerie omitaded wRRh 1RErodse SorrBOmdbd besdnte W2 s DS e atalyst
PCT/ US2004/ 042344 salt catal yst by contacting the

withwe diminshiggriheactiaity of deatajadystwi t h st eam and/ or net hane

to . produce hydr n.and carbon  oxi PR N

B RE SRR B -Gt AR pe r PR e
parfidl¥t BY fen@fvall§Rshel RO @ BbBpSRints Bt cdhiesiin@s the @sdlgal

crude feed. In certain enbodinents, a m xture of used

Contarpingat iiteclerdel but(@ronotdiaings to, metals, suifides, nitrogen, coke, or mixtures
thereof. Sulfide contaminants may be removed from the used inorganic salt catalyst by
contacting steam and carbon dioxide with the used catalyst to produce hydrogen suifide.
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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5 K2CO3LRb2CO3/ CSZC03; KOH Al 203; CS2C03/ CaCOB; or
NaOH KOH/ Li OH Zr @2), unreacted crude feed and/ or
wormgs/eiaeesand/ or coke may be heated to a tenperBILUR005042344
a range from 700-1000 C or from 800-900 C until the
production of gas and/or liquids is mnimal in the
salt mtds’etrh)fecoafacbng thaeyused thoogpeiv, satatadyst dﬂﬂﬂ»@t@m argiiiol/ oethare to

d h d/
prodyt @ HE e ifesy B8 ST FoPecioliaisyebnts BT are
gendi¥ed B98N &@xﬁf%ﬁfse&ﬁfo@%ﬁaﬁ’@a&%ﬁ %@}ésmaﬁ &uﬂ@%@@l ive

gas. For exanple, the gas may include fromO. 1-
moliegertpin ¢mbedigentsga miktyss affusk tongrenc mdm([fmrexemptm n

K CRV R LB EBIGOR sl Blaselie v BRSO et B ER)

unreﬁﬁét%) Bfhde TREARKUAR resifife RAATRIE mh§BE hEARA 1Pa %&Eﬁﬁ% it range

hydrocar bons per gram of gas and |ess than

|
frong?(&ﬂsﬂQﬂf "Ceerr foom S001R0Ri°Gampid thegracﬂrmaﬁongﬁgas Atféor hqllmscis

mind A Rt esPAR T ety BB crn 60 RS gy s rclptihons o

prodD€¢ a lighiaPhede dridii#icls. The PasSRAEINCRIN @hiERESed hliftitp sfihydmgen
catal yst "and/or solids inh thé contacting zone may

and/ex eaalpandipwide selatien toreactive gis. drorexamples thegas ammmlude from 0.1-

d/ d nd/
o9 e gt D508 LSRR e Bt G i P R g P v s
The g&@ARbdtaik AGBIALITEY Ibw dhoSEPsH TRt BRdle&BBh iiIfor chfon L
exanpl e, heati ng, chem cal treatin and/ or

mong?é}ér—f Ferragple, lesxthaml 085 gmmens of Ih@ht ﬁycgowbcmp@sgmm of gas and

I est | t 8154 oA7 .
less ﬁx%% (?/lméraiﬁ P g%%ﬂ %Bﬁ%}gﬁ rf &a.g %X ﬁ&%x d gﬁgg: may contain
watef- Cfbt Ex el Wreadér tEm-ﬁ@El(EQQIgraﬁ’fse@agxeiﬂeﬂﬁlaﬁi) 90.Bgr@ns of water per

Sulfide Catalyst. A K-Fe sulfide catal yst was

gramhpleli®d by conbi ni ng 1000 graivs of iron oxide (Fe203)

anﬁ'l S Q?chdh{ﬂgf}t@,ftﬁé drc%fﬁ%t ?ﬁf/o%&l]]dg iff ﬂ'g%c)o{]ﬁr 1!882”63{:6. may. . -

e|~ne

. be treatedtd mto@ﬁﬁ]e@lﬂ {fof mram;ﬂn vmnalhmﬁmdﬂir midlal Stomirthe used catalyst

T B et S0 e Do B I B e
sepaﬁﬁbg RIBRIGASS AR GA Beg Rl o REMER treblfe, 4nBfr cas%c%tiqon.

oxi de/ pot'assi um caf bonate~n xture was " react &
hydrogen to form a reduced internedi ate solid that

i ncluded iron netal . r ddi ti on was perforned
over 48 hours at 450 cmz 2 MPa (1665 1765
pSN))n-hHlﬁng Bk R TBO BBl PR :p} a%%n@éiés‘iﬁl ol tﬁl}j/g &hd systems

. -mesh sieve with mnimal force. 2005/063928
with pmmjsdaowfammdxtm araﬂetefqréldh)eitﬁw solid was added

Exa80° B Bralaell Ot Sulde QAR MR ot ca S wes
prepazed byl Eorbikingy FO0BLgrAA0 ofrodbkige (FAM) LS of PRassium

internediate solid, the resulting mxture was
hqﬂﬁtﬁ‘@ﬂéﬁi%\‘sﬂuwuhédﬁewlztd BBy toCoand: weli prei Tdd vet p30Y wEs
The. sol vent/catal ys tur cooled to
cried BP0, G i R P BORR I SR oak iy Gt e Hon
OX1ds$1aﬂ@srsaﬁﬁ BarbbRdR hit@ud Whsafeined 'R 594! mblfaﬁﬁ* af bRl yst

oxide/potassium carbonate mixture. The iron oxide/potassium carbonate mixture was

reacted with hydrogen to form a reduced intermediate solid that included iron metal.
Hydrogen addition was performed over 48 hours at 450 °C and 11.5-12.2 MPa (1665-1765

psi). The intermediate solid was passed through a 40-mesh sieve with minimal force.
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was isolated by filtration inmé dry-box under an argon
at nosphere, and washed with m xylene to produce 544.7

WO BF0sa5t he K-Fe sul fide catal yst. The K-Fe ide.. |
catal yst was powdered by passing the catal ys?&tfmfigﬁﬂdfgusu

a 40-nmesh sieve. The resulting K-Fe sul fide catalyst
Was Ths altyaedinssdld was' d@ed incfdnadantdIBht A Qatk 85 PE AU ?ﬁ? evolution of
[

From anal ysis of the x-ray diffraction spectrum
heglnd geadeedd grsdo e MEOMaylenelelemental sulfirmistire a0l 00 3@ After

oob R R 05 RS en DYl Rt 0 300
°C afd oninedigs 300 °Crien R U The deveditatB0st Mk@re WYE Eddfed to below

FeS2) was not observed in the x-ray diffraction
108 e ab¢ thsulbizaaeg| catabyst wonsepetatest frem thambixtEee Thdisufudzed catalyst

. CE. | P f K-Fe Sulfid
waPIeP ARG Loy i ThEBTRN Sk ptostBantyed kbed i -
xylesomesdite 684.3 oams bdhd KeFe sgtiaetanalyas Thelk-$d sWidk Btalyst was

bottominlet feed port, a single vapor effluent port,
Povgsradby passingolceasalast through @ 40meshisisvecact or interior,

d 1 di -j;nch di i Xx- bl .
s e ROl PEK-HE Dl BicaS Nyl PRRS L i i fcgon
techyfiques) Feore padlesls afthd &Sy dFadctioh fpuarih St Wa¥'@stermided that the

charged to the reactor. drogen gas was netered at
catgygianrluged trelite £BeDHok- ds (Kaiy S2) parhalite taod irendxidesdfbr

i j loydni r..r.egian.of .. Ihe .
ool e e O e BRI i P i SR o s vt
Fe3,purs patrobsdroed orthe 2-rhy difhgeihepesteni eed ni xture.

Durj ng h(% reai\.cti on, run peri od of 185 hours_ thyd

)
'{ HH %\

‘._. il Ve mhs ala a,=la A Zal J L) L
K-FESEIRE [ iR L3316
K RSO At O S L UL SISO 1
stainkess ftend) wits Gitedawigh @boBiam Gnlet feed part,adinglaivapdrkEflustt poe, three

f eed |.i qui evel at 60% of the reactor volynme. A 50
thefpREp et oo e riatatan P e BROHNED b ISORRTdiameter six-
bladeORMsH®NSGIHMA, | | ati.on detector were used to neasure the .

liquid level in the reactor. The hydrogen gas/crude
f eethedad’e sulida catalysulil A.3tgreme)girepayst asadesaibedhiaBagmple 1 was

ol 18828, B RSB 0 0L i

the Reattof fid BheduGth bitntAQLIAMiRherlBSoh 88EEMdal ThBRtmen

vapor. The reactor effluent vapor exited the vesse
enteret B Erecion drenglyibe bapprarinletdetd port to fofine hyslaegeaycrbdafted

. . [ | heat t Q Ct t ipnt |
S i R T
conti®autlg fedig@sithe 8 WP 230 PRIROBIZE MERGMBRORM4d B dugh the

After exiting the reactor, the reactor effluent vapor

etflygat vapgh perg ohihe reasirr Alrede fond wan fastat prrete ofi 68 Ogz(by toi maintin the
4 [ guid.. t
emdE TOARRY 169 B0t U BL U FoldRE o SRR &'t ry

sowrs¢ arebnzotiam $@iide Sointilaton BéeEeEERNsed toWessabSTHeGiquid level in
scrubber to renove acidic gases, and thereafter

the §8AM i fi ed usi ng standard chromat ogr aphi ¢
The hydrogen gas/crude feed was contacted with the catalyst at an average internal

reactor temperature of 430 °C. Contacting of the hydrogen/crude feed with the catalyst
produced a tofal 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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5 techni ques. The total product included, per gram of
total product, 0.918 grans of crude product and 0.089

non- condensabl e hydrocarbon gases. -lxgy@ 04/047344
wo?é@!ﬁégﬁrﬁ 0.027 grans of solids per gramof cru [

remai ned. Properties and conpositions of the crude

Pr Agide bxighth BeacRRNhE QRIS R ro&é%rc%%ﬁ:d%a% arated ina

produced by this nmethod are summatized in Table
high prassurg gasthmé s@aarﬂoﬁ:ﬁ a w-predsuFalgheliquid nefairaEor tb(prodx@:e a

hqulglsﬁs 5 AR jﬁj&%ﬁ% r%mrrte“}?g %gx}t ég%&@é g;%;h;lfrg]gt iff‘ow caustic

scruEHe@fb%eEﬂoQE‘ aﬁﬁicaéaséu hdd ﬂ]%ré&ﬁ%ﬁ%ﬂéﬁlﬁ%@ ubhe YthhEard CME tographic
product with mni mal concom fant generation of

techifeest dibaltotplrppddist incheleddpst gramrof detalprodunts O. PYBagramna:tf caude

prodiyg i B dBY ekt o HoprronaSanls T Recaliiesssy bt eadion 0.027
gramR 0P 9bIEds ped PraBYoCRERAlbA Qelﬁ:ﬂﬁec{ e?fé‘ph%e%nd &ﬁnﬁr@ﬁlons of the

content for the crude feed (13.7 W'/0) in abl e
crudg produes| and shef omaeeaidesablechytdree aphacgas s mrgdﬁced»tbyettnsumethsd are

unBg5 203 bl SR T Bebl i O o Bt 28 3BTt

| OYEik egatAplE UbNioRtratsABethBa RS EbRhctindd GRS LR Wit ¥Wydrogen in
ASTM Met hod D4530. The non-condensabl e hydrocar bons

the prasenagdd dheGransition raetal s@hﬁdw@rtaiwrtb prosiucea tntal rodudtavidum

O G R B A W
was PBHuid heRiued attSIlPednd@&s Iﬂt/ﬂfogﬂm Reshs fEYonb&®ndahsebledyadbcarbon

The C2 hydrocar bons of the hydrocarbon gases i ncl uded
gasegpay sy phipial prodychy | ene per gram of total C2

e L

Tabl@[ aonthe, soﬁdﬁoﬁﬁ@p@ﬁﬁlgctﬂs pEdties P 7 9rAMink pbsﬁﬂg”lb téSee that the
rbons may be 25 cal cul ated. The C3 Xq():lrocar bons

yd
com‘%lpat{ogc %H&ﬁoegﬁlé%%%éu@qﬁwé@aea ﬁstgns@@@eql AcPwiRTetraptiyof

ke WATE1 a1 Rk P C3 hydrocarbons. .
ce 6%1 i 1%{ % Elgﬁtgén?[r Eegécl)ir@{ con | ensabl e
hyﬂraxmrdmder@ahlpﬂnyﬂmdaﬂmns mch;deﬂahecg,mnd (Qtiydieabons From ‘

t f I
the sy GG e e matreTRERIche Cn By HteIbaRs bisd n TeRled (08 emms),
o Bl ) A R, i,
hydregerioaasf the h@dlﬂncgbamgasx‘s itmhoisaich 0 Bbgremsiof kthyldmeipetr pgm of total
RO 08 o RN R TRCC e Rho b0 et
in TaBl@")' @B%Fgrﬁﬁﬂeﬂﬂ'ﬁéﬂéng lébh@ﬂto;g&tgfﬁ%f%% @h AR A8 s rddy be
a rans of

and | east ydr ocar bons
Calcul/aftftdh Thesailiydrogarbang ef thestomdmuﬂcmbbéryﬂmmm(ga@sanduded 0.21

g e BB 5t Bod ) Q5L SRIR  on

condei@fié Q6RALBbRCIALSRODM QA3 12 AdfearoNGdiNblgdiio of 0.2,
|so parafflns and n-paraffins, ‘and the rafio of such

slhipaiastold drgnanstretee a methedt @f frodeceraeudd prodsdt thatdncludes at
least 0.001 grams of hydrocarbons with 2 boiling range distribution of at most 204 °C (400

°F) at 0.101 MPa, at least 0.001 grams of hydrocarbons with a boiling range distribution
between 204 °C and 300 °C at 0.101 MPa, at least 0.001 grams of hydrocarbons with a
boiling range distribution between 300 °C and 400 °C at 0.101 MPa, and at least 0.001
grams of 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 rangé distribution below
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The crude product included boiling point distributions
that are associated with naphtha, kerosene, diesel,
wbnohs)ekdag The crude product had at | east 0.001pgranBoi@fos2344
5 naphtha and the naphtha portion of the crude product
had an octane nunber of at |east 70. The naphtha
20442 tnchrded isotfeeafiinu sl ppacbfiis, hatithe rodnafsveh torteendiinoto the n-
‘%ﬁ@ nost 0.01 g4arrs of benzene per gram of naphtha.
pat Sl‘i"&ﬁﬁﬁ’?a“plo ‘tion of the crude product had at nost

0. 1Py %E@Progﬁcﬁ}@fﬂ%:oo??ﬁ& décflﬁtrﬁl%bﬂﬁ dthgttarér 95%0013’[68 V‘ilth

napht ha tion pr oduct | east
napyﬂmnkeroﬁenﬁpdle@i/ ahd ¥ G0N @“ha codaprodicpbad grieast @001 grams of

o e AR EAS BE SOUE R Bl RSBt .
AR A b A T

b.,rtzbm Bee gose nEngpdiial &ﬂlemhphihe pcmmde)f phocdudt pltmddcte’md at most 0.15
aro i.cs cont ent. of east aronmat] cs
R B m o ooty L5a aanbUia oo s 6 P68 Praqnct had at
lea mdgfraﬁ.g B8 holyale e R340 ol AT pnENOCYCl [

ring aromatics rosene. The crude
pr oﬂuﬂcdruhaplrodnctlhaést le&lst@(ﬂl)lgrmxs of bérostines dhe k@ilogene portion of

the SRR g ot b PR R ST Bt kerheeag poiion of the crude
proBi& %‘Pﬁ%eﬁaa%]ﬁ&cs A ATRL k&S5t %%)ﬁg:}n &K 1@513rl|dg Pidduble hd an
grams o

aromat i cs per gram ese he” crude
aropetciucntdnadf attledse@s tgrﬂn@&ﬂaro;ya’amsparfgra\i@@f kérheenwGDhe kerosene

ortjion of the 0 de oduct jncluded aromati cs,
porfiRiot e oA it .2 & ohponyP ole e ARmAjchper gram
of IfRB%e Of aromatics per .gram of VGO Exan'pl e 3.

Preparation of a K-Fe Sul fi de Catal yst in the Absence

of Fhecirodeaprodwct hil hieast 0.081 grazes ofdlicsale Thatiabql dractiors of the

crody, SRR R e iR s iR of e F Had i padlan -

arofn@tidsQblicat ¥t 151860.2 gaﬁﬁﬁoﬂ@bnlgﬁcﬂ%?tgﬁiﬂ@ﬁdlﬁﬁélcessed as
described in Exaggl € 1 toformthe internedi ate solid.

Thelhej ornda predicihad sileasi 04 goass etiVOs). oligghV GQupnrtien pf the

erod St B FRion e VR B i e B e 0

gramg of &fbfatibspReeawbf ¥GOY.dr ocar bon dil uent. Ina dry-box
u5| ng an argon at m)sphere the [ ntermsdl ate solid was
Py A - ion of 8 K-HeSu o Absenge of Hydrocarbon

DS 5 S S 1 £ 0w

g oftttaabiyat canbcsnateemh/ e23gd of deforizeel eaeboifosh ae?lret padaet Dhe wet
as a solid. The taSSI um i ron ul fide catalyst, was
pasig s RERPEP A4S Fevreibed Msxmnple hde form We dnipaagdiaie sofidy The

S R e K

Thdn t:estuist toigxqpatlal sthe fatemesdize bdlidiwarai-aldysth slasental sulfur in

nal yzed using X-r di ffractjon techni ques. From
the %ﬁswsqfsa hydrecaebon dﬂ§9ntd ilR £ daEPPBHSISE B ﬁqﬁ)ﬁ]aﬂwsnkﬁge, the

mtegﬁéa‘?&(t%&%jWBQQEmH%th powdered elemental sulfur, placed in a sealed carbon
steel cylinder, heated to 400 °C, and maintained at 400 °C for 1 hour. The sulfurized

catalyst was recovered from the carbon steel reactor as a solid. The potassium-iron sulfide
catalyst was crushed to a powder using a mortar and pestle such that the resulting catalyst

powder passed through a 40-mesh sieve.
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catal yst included pyrite (FeS2), iron sulfide (FeS),

and pyrrhotite (Fei _xS). Mxed potassiumiron sulfide
wolood/663g0Xi de speci es were not detected usi n@OﬁUSiyomusu

diffraction 5 techni ques. Exanple 4. Contact of a

Crude Feed Wth a Hydrogen Source in the Presence of a

K- Fe Sesuftingeotatiahyisdn ailfidecatdigst easedaliacd vsind x-Basdffrection

Hydrogen to Crude Feed. he apparatus, crugde fee
techaﬁae& Lemi %58 Lysiscd depr éawéé\;rféacfl% SRESHEMR &t F35 %&ea%freg that the

e G L B PSRBT 0 ot

pota@s’iltuﬁlmi sulfide. 2 ighaide sppeiepaeethoa dedesd usingd-iap diffraction
Exanple 3, was charged to the reactor. Properties of
t<3‘91-1{3-1‘512&“35«:rude product produced fromthl s method are

m]%q ?hegPﬂ'e@ence of a

— b — - c

K—FES&lﬂﬂeeCsﬂtah&t gf aalmreid&d rR:itineof\/@astbhs hb’ﬂwegdnamecmem
produced in npl.e 2., The 151 ercentg;r';\]]%f

T heapmmﬁazmde& B FPaCHOERR Uée Wefethe Sawe o, amPle » except

e e e
Fe siifidephtalydt (75.0 oams), pheparetie dédetibgd avEsymple 3, ves chrapgkel to the

roduct produced in Exanple 2. A higher APl gravity
reacCioidi cat es hydrocarbons with a hi gher carbon nunber

Wewg?oﬁf'&% Weat ¢ e}[ﬁbdﬁcq %hﬁfaﬁ:ed"ﬁ&ﬁ ﬂlﬂ%@&llﬂ@ Grel 88 harizB®in

yst in't reactor was anal yzed 20 From
Tabletiia FiGa8 ysd &, Talhe3 ﬁ.n BH&i 100 dine rvestiglit ;@mehtage of ¥GA) yrodpced in

Exafpleitig Fheotat tam e TR Brosrase VG0 SodSSAs HaiPR 2. Foe
wei 5&@%&5@%&@% (FoBualA B ShpRNist &8 thatOihy itk perlcentage of

norganic Salts. I'n all TAP testl ng, a 300 ing sanple
dlsmuats pm;b,tcedjm Exampleac Toe APT gea\dmwf ths eruderpradges presdieed in

500 f o
el{l%fb%l %Itﬁg@’éﬁy gb ?ru é%gggf%ﬁg%ceg’ﬁ g;{am%}e 2. A -
: hlgh\é@API ﬁéﬂi HdchtdsDlyAehcarbdRS §ith REH LK RBIRG rmfnbfehﬁ'eﬁ/id?oduced

system e K2C03/ Rb2CCB/ Cs2CCB cat al yst sgﬁforted on
ai éifiet aor@msweﬂl the edederd, thernflY8 cptabist lﬁ thgreagtas wap gaglyzed.

A L i e

crudblfé&igialﬂlh@'dﬁ)@bﬁ 1ﬁﬁh@é@/§§Fe§dS,§60 C. The m ni mum TAP 30
tenperature was 3 as det er m ned by plottlngthe
!_{143‘ o) 3 Er ! b ~0) &Y 4.8 ’ S FAQIN B ¢ .‘ th ’ll

Ino Hgﬁnﬁ %‘iép?ﬁ ?'rtAtPetg&ﬁ%g é@é p%'hﬁﬁé &&i%%% 2%&%&01]

systéiafaly®bon teh@gratdry (37 UOIts BS0 PEMPatratt wf 60 CCTHe) mimEer Emsﬁed
168 and 170 are | og 10 values for the ion currents for
wates rppar@d warber digyidees WerpmosBodusDgsy megpectrometer of the TAP
systePCT/ US2004/ 042344 the inorganic salt catal yst. Sharp
iWfl ections for enmitted water and CO2 fromthe

| NGhEBRT O, RYCO/ColhySital P UG 0B8&urkina showed a current

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

inal -

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 jon current versus
temperature. FIG. 11 is a graphical representation of log 10 plots of ion current of emitted
gases from the K;C03/Rb,C03/Cs,CO; catalyst (“log (I)”) versus temperature (“17).

Curves 168 and 170 are log 10 values for the ion currents for emitted water and CO2 from



10

15

30

In contrast to the K2C03/ Rb2CO3/ Cs2CC8 cat al yst,
pot assi um car bonate and cesium carbonate had
witpmesiedsert abl e current inflections at 360 C f ®CTR2004/042344
emtted water 5 and carbon di oxi de. The substanti al
increase in emtted gas for the K2C03/ Rb2CO3/ Cs2CO3
ﬂl&i&btﬂmtsalt detaipnis (Shatpeinflettidnsiforamgitted evatabhd Ca, dtops tie inorganic
nmposed of two or nore different inorganic salts may
Salﬁéatﬁ’ﬁﬁté"lﬂ‘t‘@@%@réa than the individual pure carbonate

sal f
ot A s R CORRMIEOLLOT A caftlyst WK AR catirbte snd
cefhmtdaﬁ:@nata hidnogdstacpble cuasntinfdotidns et BRCCJoaboth emasitied water
gf 10 er mn, cooled from520 Cto 0.0 C at rate
farppp glogile. nj nute, and then heated from0O Cto 600 C

at app @ﬁﬁ; batilcads 18%{%%&‘%%35{‘&3%%@%@0‘3/@&003 capalyst

scanni ng ca ori neter mandafact ur e
deinynRentdsitiat Fhorpanid it catdlists Compresed of two oim&e/dljfereﬁﬁiorgamc

anal ysis of _a K2 Rb cat aI uri n
salg%a%yée Res ‘ilf'ﬁﬁd?fP Eh’?@tgei@dé‘ga‘ﬁfg‘i‘? he sal t
Exdin lé"g e !Jy _& iile nE Q41t Uaﬁ'ﬂ éttdnqunaﬁﬁmrlngﬂo%mc

Salms IIQEBDDSC téfsltlﬁg,ai Hhmgmdmplmmheatedao SBO POrt zrateef l{@%C per min,
“calculated to be -1.75 Joul es per. gram_ The beginn

colpd g1 °C todh &Y abratarpisl (fd: parmingts, et @Plah%at%ﬁ frt> D°C to

oo Y P TR B S e S B LSS wiae
D§c9f7 Iﬁﬁiﬁifmaneégy @éﬂ&&l@%cgrs QRPN EbYSdctic@! UB. Axt ure of

during the second heati ng

cy c MC‘sMWWStdIféth/KbM EOCCRRksIBingispeanddeating of the
9 .
aigle spov et ns SHERER xR it heaf IdSbabeden Ao oC ana

25@3°C The nad t%ﬂ%’teﬁ?@i&tﬁré@ﬁfg&t\ﬁdﬁmmww The@gea under heat
cal cul ate to be - Joul es per gram The 25

trapBHeThEHtYR) WaT cai%atﬁd toybg <. Heloaegipgegramy Hiedreginging efcrystal -
aispdH PA b TR AL e Rttty s SRR B3R,

m XTueentekt t6 @ietss resulfsg awplefinife héan Magsifomduat obsdryed for cesium
Testing of an Inorganic Salt Catalysts or an
cafbﬁ‘éﬁ“?n dual lnorganic Salt Relative to K2C03. All

L es o0 R GARTERED Py PloRcBR G, fé{&cg}d‘ﬁgig'lﬁé“?&bnd

of he |n rgani c sa ysts or't
hedtingregelaishosathbisthe f.i ﬁ:(@ﬂé&ﬂ)gmagaasmhre wiihiteal @slianmheat

e iy B isoR: R e AT ot rmee e e s °C.
Thé’\ﬁxrr?? gﬁ?é?ggfﬁtttﬁgsﬁlgn QuireIhs Vé&ichla@d’c?;to%l hSPftgllé rpe?%l@:mp OPhe

mting resistor nace was
bedimaine df mobilifPis Aeenstirteigo startrat ﬁntmmmmm tm&pw&uwg)féé% °C.

m.croamet er.. 67 WD 200. 5/.063928 PCTI US2004/,042344
Th?:’f’l@?g ot fransinegt diates o SP&%F‘E ﬁﬁ?‘&ﬂogﬁne&fls oYU Bty

ExEﬁ?Fé’P‘”ﬂJﬁc %@@tﬁm%er%ﬁhgto; YR Iﬁ&'oBf RS emagﬁw@.nﬁ; )e

IndividuekInorganic Salt Relative to K;CQ;, All testing was conducted by placing 3 81

cm (1.5 inches) of the inorganic salt catalysts or the individual inorganic salts in a quartz

vessel with platinum or copper wires separated from each other, but immersed in the
sample in a muffle furnace. The wires were connected to 2 9.55 volt dry cell and a
220,000 ohm current limiting resistor. The muffle furnace was heated to 600 °C and the

current was measured using a microammeter.
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172, 174, 176, 178, and 180 are |log plots of K2CO3
resi stance, CaO resistance, K2COB/ Rh2CO3/ Cs2CO3

WEHbsbessis resi st ance, Li 2CO3/ K2COB/ Rb2CO3/ Cs 2 GeBrius2004/042344 |

catal yst 5 resistance, and Na2CO3/ K2CO3/ Rb2CO3/ Cs2CO3
catal yst resistance, respectively. CaO (curve 174)
exRIBi 235 a graphicablepresanattorsdfdbg elotess the amnpleredisthncoceelative
to K2C03 (curve 172) at tenperatures in a range
to PGB SRS S ced @645}%85&? YR ETPRTREA oL Dafurves
17,3791 194, L | 86 BreANAOIRE 130T A helisdhtaclChO rediarliRY ©
apart from one anot uring heating. e
K,Ce2 R8I R SO8);Ca@SBresiataate; 4 1i,CO4/K.CO3/RbCO5/Cs2CO; catalyst

. Li 2CC8/, / Cs2 catal yst, and 10 X
resisiRsoeat %ﬁ%@%ﬁ&%@%@r B IESEADCE PRSI,
17@&0%%4%@3}226%%% Z1fRRIPIar SLER A8 P& drdhck i IR0, (curve
relative to at tenperatures in a range from
172);&53;1@@&1@33 ﬁm a megy beaweeli ?180—&@30 %mgw Ettablggmgstam!cb wndicates an
i cates that current ow was detecte ring, . . .
orderg]Sirichss O dgns St FERgant & TN AP SoBKARS ether fusingsheating

The 1‘(;:5@@9&85@0;@%%@ %%%ig)éﬁ L4 cﬁkﬁcft%sgﬁf){cﬁmé%ﬁos ]c%taljgst, and

enonstrate I'norgani ¢ s cata yst's ar
Nay (@101 BbyG61: 45004 batalybialsed hevesul %, 158,iand 11§ showsasiagp
at tenperatur i n nge from3 50-600 C, FI 13
deordige 1 TGrISINPCRIRLY S 9 Keelin OPBRETERTTSP ApRRAeT o stesabie.
ecrreI ativle to e CO3" resi st ancte ("{ﬁéig&zrﬁv%%}c(l%%)ﬁﬁiyne%?%hganon
of volteggptorthe wines ¢thidded Guiheanorg@dc isalt aatplystt Tife data EomdE16f 12

Na 03/ Rh2CO3/ Csi.COB cat al yst i st.ant
e BT g ORBGRS TLGTEYER G KDY BEC B e Brye pure
inorgaSICRERPAUER TR G Qeﬁ%&e Fbn?B56-860 °C. _
Na2CO3/ K2 / Rb2CC8/ CsZCO3 catal yst. After heating,

t i GNa 3 coB sipidcE rereoBtios 268 platsatfyst was cool ed to

NI AR Condhi IShHeated e LR, GOTMMRLLY Mg«

K, CON2 k24t AR QOB Ce2ekB1 pis al plst off 858116 bance

relative to K2C03 resi stance versus tenperature during

Na;GRsdtaCQy Rl COnE si (ar epsalv e resistenceaelatiye to Rs€ @y ragistange (curve .

Cto. : i oni a4t
172 S08% S DU I 40 2 Sy LR PR UEERAHL ) bl
Afteriheatiinea #edN a8, 00 Rb,Ci0g/dse00¢ caaldteis sdolad wfrodhie

origin hIaZC(BJéKZC(B/ Rb2CO3/ Cs2CO3 Fromt he
tempﬁﬁ?lgfe@g%n heptsddnithe capduciedinapprestuso fCurke 1 $hisragas plot of
g : S

e P COMBLYO U0 BhE il hOBLOR KD SECN v
temperatued singflentimg of tha otk dnf esdindatd gut aftésbarg coded HEME00 °C to

25 SRR ol B IS SO ot
neeFag AL, SRS O o b SPA KO SO0k

catalypt.aced in a quartz dish. The dish was placed in a
hour. To determ ne

flIgrnae gfdhealed.tOSO_C__for I . .

£ Fot S FEPESIGPRIGSONEYHTTSE 06 SU2801seNC198) 08a)youdging the
frst e bRV el i, ) PR R it e W eyl fts o
differergtfofin Gnsectifeforip) esedoling thatissipatihd Sund d3ehe fdral wirst form)

beforehgxgz}%aﬁggs' stency of taffy,

Example 8. Flow Property Testing of an Inoreanic Salt Catalyst. A 1-2 cm thick
layer of powdered KoCO3/RbyCO3/Cs,CO; catalyst was placed in a quartz dish. The dish

was placed in a furnace and heated to 500 °C for 1 hour. To determine flow properties of
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In contrast, the individual carbonate salts were free

fl ow ng powders under the 5 sane conditions. A
WPReh:5aCO8/ Rb2CCB/ Cs2CC8 cat al yst becane | i qgdyaabsh/os2344

readily flowed (simlar, for exanple, to water) in

t he di sh under the sane conditions. Exanples 9 - 10:
thé]mtﬁlmt,ttheﬂlshv&n@uﬂﬁeﬂltéﬂﬁ:hhﬁowmhﬁatﬁgum in the

Pre 0 /Rb2 JCs2CO8 Catal yst and Steam '
K~€ﬁ>éﬂ%ﬁﬁdﬁs@3wm9§mm nei Al v 0WEER Brearedob bl a dpatelaythe catalyst
ha&l§%gn§1§er§.>§, 9-27 except where variations are

descri be eactor: A 250 nL Hastelloy C Parr

Aut bebentest, Berindivolde] cattdndfe)saltatrect Bt SowiMEpowderskinder the

mﬁ%essure (5000 psi) at 500 C, was fitted with a
Elﬁctnéi stirrer and an 900 watt Gaunmer band heater

ot T EICD. BRI CACOF BRERM ey B el B8 v
(sipder, forae*ctmphmm wited) ipthetdishon@lepthiclsetneeonditioand a 15

the tor g| ter |nter_nal tenperature Prlor
plinkheiPresence .

of H\’th‘ hﬂ%@@l @§ E'JO; 'a P{l‘n &/ 8 Vfoﬂg%r;é «\%@ éa\ﬁ‘fe%? Ghd
geneqal pppnedunsivids ugedtimrBanitied- h’éa:taepgwhymt\eﬁanaw drdidseribed.
R A b YL A0 AP d ML S5, s v
wo%lﬁﬁ@ﬁfe?swé 6000 B§1§ oA 5008V Gab ?}f@ﬂ %h@lka &Qcﬁéﬁic‘é?stﬁre?g?% !#W,’OO

calcg l'e of regulating flow VI SCOUS
wal Cavmgr basichesten de a Bupstblerat cantrollemcapable of moaimt@inidGthe autoclave

ot 08 P drort S G678 1€ e blef PP s grs ot o, and
thefi@SDuplk 18 tdoRiterGhidaiRl feRBRrNGS. PRRE Q?Heatt@%ttﬁﬁtor?ac‘}f%é hftlave

vesse Prior to use, the addition vess e was
wag insiipigd #ith Pesselatk Col | ect i on: Vapor fromthe reactor

e t rt t or_ . and 25
Ad&f{itoheﬂg &étg 3 Al%ﬁ%dgq on vers?eég %.# ?tg]&@S%?tC%jﬁD}(g égslsﬂ& was
equi@en et aldomsrollet Beatinp @fstﬁﬁ mmetﬁb]@cgag Bortrol str a9fes§l§@ relief
316 stajnless steel hoke vessels). Liqu “from t

deV%P&p%‘Pﬂl)\%F@LIE]@F»Mg%re g§amee ived edligh temmesaters cp@ﬁrcphvaivgégwagelok
[ate of
Val¥} B SRTNIRY ol e AN L A D1 PR pRYoE B o rude
feedwatss ﬁic&g vdtafrenh, 0-580 pediedn dislengd@obde highiefpatatife control valve
q%g é g(:of flow and a total gas volune for
was Ulbegsmélier Srinesk peit of thedeacter adtsr grudefens s harasd &uthed
addHRhRYsR]. VB orltE le, Hﬁta%ﬁﬁ‘oﬁ'\legsee 11{3[991% i l-ggdo 5 Vet Test
Met er) After exitingt es t he gas

Pro@ﬂck@wﬂimﬂsnx:Uh;bcecftoadtherreatcga&ﬂbd@w(c&xﬂ'&éptbr&bf ‘@aseactor and was
The gas was anal yzed

.. collection ba r ana
inirHlRd e R %@w@ﬁ@mﬁw@smd@mﬂs@w (b RoRRRed to o
SEI‘IMQ 502891 6 %ﬂﬂé&%{e@Lﬁﬂﬁe%sﬁ? id %E’pﬁ\% Qg cﬁSWas %’o&ﬂ:nsed
l'i noi s, i qui d”condensa
in thembi/@@psm dornt mgascsdlieaintané[a§1 gaitcondegdaacsireGh. \Mbw rate of the
/ Us2004/

6392 042344 Crude product and water
vapg Oén ﬁg?g?reaﬂl fiRigkeY f% RS WaSTAEHAE e2sdiepulniisinga back
presSir 46l 60 W ke YPSoWEHA R R AR AR Y BF the gas stream exiting the
cold traps were measured using a wet test meter (Ritter Model # TG 05 Wet Test Meter).
After exiting the wet test meter, the gas stream was collected in a gas bag (a Tedlar gas
collection bag) for analysis. The gas was analyzed using GC/MS (Hewlett-Packard Model
5890, now Agilent Model 5890; manufactured by Agilent Technologies, Zion Illinois,

U.S.A.). The liquid condensate stream was removed from the cold traps and weighed.
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Procedure: Cerro Negro (137.5 grans) was charged to
the addition vessel. The crude feed had an API

wofoaybday2s0f 6. 7. The crude feed had, per grampdr/g$2d6lo12344
feed, a sulfur 5 content of 0.042 grans, a nitrogen

content of 0.011 grams, and a total Ni/V content of

Crud} (20&ucg b Bated Deredepaatcl drtn vediquedtadehetd Sifkafd. Theecrude
CO3/ Rh2CO3/ Cs2CO8 cat al yst  (31.39 grans) was
produplaiafetcighed 3d analygedr . The K2C08/ Rb2CO8/ Cs2CCB -

proGh 31 BBl RS T R SRIALILS, B B8 Tl
feedGad GORPT BRevithQ IS0 2GR ORR0P8r ganpdfatddRdda sulfur

m ni rum_TAP tenperature of 360 C. The .
contptob9/ 048 zoaey. espermneantgnt i 0. flldsrampsmd asieid NfY pentest of

o i ndivi i ’

0.008 2y Tk Rl S e et S0 T KRB OO 60s catalyst

(31.39 s Pwadcharded tbhhsredAbt.t enperature i s above the DSC
tenperature of the inorganic salt catal yst and _bel ow

aiRetr Qa/lieC @ cafalyst wag pLapated) byrromfrining of 16.44 grams

th
carb e C repLdly to 450
of KEEORISMH ot BEREN BEDY 20 i 10, 18 LY o
K,CR5Rbe08L/TejTCOAfat 2y st hadie binighninh & APesinpediture a€ B6@TC. The
tenperature, steamat _a rate of 0.4 rrLégr'én Land. .
K2 CRpANRaines i Qucatadys: haba DISK, Pperaiiss oheslried The mdigdual salts
a : i
(S RRC0, M CoC O BAR RIS YihferiOft s Yo 50-500
°C. MaBCTAP teanveratZrefs bisaveshe IDBE tempelenifre offtheasorpaes salt ¢catagst and

i nfo_the reactor ing,.1.5 MPa 20 (229 psi) of CH4
belo ?Pﬁ%fﬁma&aegw?@@g%&d@maeﬁ q2Eenafes: 56 gr ai ns)
renge Eﬁglgbt?gées ateﬂqglbiﬁ‘lglf&B 436888 d&f 4rAtmloBSh A Préss AR R of

the crud was co ete. A decrease in
methtapapE2 5 untmirn ARer Eadkksg tho esivesireationrigmptretuae) dierinoat a rate

T s PR gty i
steafiBhA hitned wke ERAhub&IPRealdd Surfid the allBHES of AelcRlde!ffd to the

hours, the reactor was cooled and 25 the resulti nq
reactoe oveiied baural Yhe cruds fasd avasgpsesaretizgiddutorthe tracor wiing 1 MPa

25D R EHEanls Ffies WS ARGy o 3R RO ed th e
additierékdl laft¥ihs lalbitiaH ok tHeltdeRed Yy borpleleALANEcrease in

vvcel biil u.utu grans of coke remained in the reactor

tempseaturgiia Ay O FC pvag 9bsareeduringdhe additiopetida crudedesdided
0. i - o
. 4y Aol S AE QLA D AR BYEL B0 PY 450 C

maintdnédatl thid eenpuraacioe d hotik, Afka e toursCGheastt@Avdstooled and

hydr ocar bons, an CO2 per gram of 8as), The crude
the rpfuliengciesifpelcatplapt rgidng wos werghed 19 Agatmine aperreneaptcde
fur 5 f atotal Ni and V. The
Pmd@%‘ daé djﬁj?%gb%ot%%g&)%o?g% %E?ﬂﬁe)'r anal yzed. 70 WO
20D0&i06 IX2BCTh USRAR4G0AP IR il fokanplabysl ixtbleweight, 0.046
reaction procedures, conditions, crude feed, and .
gramspf gp%qenmeé in the reactor per gram of crude feed. The total product included

0.87 grams of a crude product with an average API gravity of 13 and gas. The gas
included unreacted CHy, hydrogen, C, and C4-Cs 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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the same as in Exanple 9. The crude product of Exanple
10 was anal yzed to determ ne boiling range

woi2etickarsi ons for the crude product. The crudecprusdeegindz34+s
had, per gram of crude product, 0.14 grans of
naphtha 0.19 grains of distillate, 0.45 granms of VGO,
andin Bxatrgpdd ty dmmmtttmntpr@éedﬁre@,&ﬂan@lt@n& cr@dadfeed and catalyst were

e B LAk, RIS o 60K Bl AR I, v
boﬂma%dfaﬁggﬁhstrﬁﬂﬁﬁlgsefof PhelcRRIAESRACELOE AL pfﬂi’iﬁbt IBdgp@Baflof

per grans of crude feed produces a total
crugy pddedt, @.haprammclf ndgsha crUgremp 06 dlﬂitiﬂafﬁh%ﬂ5 geams ofj aPdand
nm xture a% §aP The ¢ uded E qﬁ i reS| due
resigdpmeqitiint oF 04P1 g, 2 eanaalé 8ﬁ it of the

o Feli Fyigonk
gg, can) a?@NagP{ﬁ)cé&n&{sH% 1RAt QeMtaE: JTaBe Sudsifdedfvi ﬁﬁbgen

an ontent of at nmobst 90% of the sul fu
soutt@rih dietpraswceNnﬂ Amesht gramsodf cetadyst perddOfgsams offerude fe@d groduces

duct I d at t, 0. f h
o el ARG gt aRbech 6 SRR e S8 R e
pro@u% Wéldlétcoﬁt%ﬁ’%f 2P nfdRH3 @Y% dFtheQhsiByERtan bﬁﬂfz cn\idetfbed The
|ng range di stribution between 200-300 C

crudke ﬂl@ﬂlucMBad aaulﬁur@astenoambmwg Nafvscarsens of hwpsi&a?/b@ﬁrhe sulfur
b lin rj buti on between 400-538 C
Con%éﬂi ﬁon@gﬁwgﬁﬁg %garrpl es 11-12: Contact of a
Cr vl agd lwaﬁd% i1 ed a0 BaB (500N G8mis bf hidroBibsmneieh a bbiling
the K2CO38/' Rb2CQB/ Cs-, CO8 Catal yst and Steam The

rangeedistribotiomeas eehst 20 °C gbhdpl at 13 010R& grams of hydrocarbons

SRR WPl R BRI g0t oms

of ldadBarRhs evﬁtﬁqq)oﬁl%mﬁgeem@lbh&@t BItweat4@n 538 AME1 000 °Fhet 0.101
K2CO8/ Rb2CO3/ Cs2 catal yst were used. In Exanple 11,

MPaet hane was used as the hydrogen source. |n Exanple

of the ﬂ(g@ﬂ)}ws-,m Cmbde apd Stham T]amﬁacmir@roc@ures

conég%(s:r@%g aﬁ%‘g&égg@k}zgqﬁs glﬁé g.gzg ’%H{Pg%eﬁtsm}%t ](; were the same
as ih Y gleh;V%& @&apﬂfoaa@g b;@fra NeYoyand 6@%%8 of the

represent W% base on the wei ght
Rz@@ﬁijﬂM§2@@j catmlysﬁmmubm 1T Exasipht 03, aftﬁethamdfeaSplls@lj@R:the

bar 192 3_wW %_of bar 196 % of
hydasin soaY. I BNARPIO N2 MET g gt Wab b s biEdhsstiRic e
I
gra%gfilf&%gsen{aﬂo gfaﬁg a?agg%tsldg}o%g%ngéngmé‘ 8, Bfo}?g du@baﬁd coke
is depicted pu BHGddd Raoat 86186]) 1 88rapresknd m‘t/or;@kmrcghlpecbfoaltsri@() and 192

e R SN koS o R8BSR 50 s

pro&hicely a[sagamhg%gﬁ o@ﬂ{éyaﬁ@aaedsource Met hane is
gener a | ess ‘expensive to produce and/or transport

t haim Hmd‘rpd:@b]n 93 Bﬁ%@ofacrpd&)méwctt(hml%i,ﬁl wide of past (hani6), and 4
W of 60108 IO A gone Sciagt e E agoey Boedit °°
PCTS20044 $4 23344 of crude product (bar 190), 7 wt% of gas (bar 194), and 9
wt% of coke were produced (bar 186), based on the weight of the Cerro Negro.
Examples 11 and 12 provide a comparison of the use of methane as a hydrogen
source to the use of hydrogen gas as a hydrogen source. Methane is generally less
expensive to produce and/or transport than hydrogen, thus a process that utilizes methane

is desirable. As demonstrated, methane is at least as effective as hydrogen gas as a
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hydr ogen source when contacting a crude feed in the
presence of an inorganic salt catalyst to produce a
wolidgsgpgoduct . Exanpl es 13-14: Produci ng a Cp¢deus2004/042344
Product with a Selected API. Gravity. The apparatus,
reacti on procedure and the inorganic salt catalyst
hydré@nsohite WidiRoatclifg Fxadpfed bt presenepbf ahabrdanie salt catalyst
react or ?ressure was varied. Exanple 13, the reactor
tOPrB@@@GP'@ peesiuel 1 MPa (14.7 psi) duri ng t he contacting

appai/ﬂtdisb ra’acﬁbﬁplfolcbdﬁlt aid mfa mgeb@mSamwﬂnﬂyﬁ vede ﬂlefsaﬁ@elsﬁlﬁ BRample
5to 32 (see curve 198 in FIG 15). 10 In Exanple 14,

9, expepd that #eq ISACIOR RISSUFEWoRTISd4 MPa (514.7 psi) during

th t I
or Sl 35 8 FencF oo G KPR i Bl B omtacting
periddl odureitle pasdivbyeith a1 penviiy of 2Hail 315 SCrvdsyroduredSf Thatdign
nunbers 1n a range fromb5 to 15 (see_ curve 200 |n
prodpytad hsglmcqxﬁ@ge adpTTERItgR 95 FYPPRA REMBEXSHY agagsifrom 5 to 32

(Seegﬁ}%@ léﬂg]fd crude feed with hydrogen 15 in the

presenc an”inorgani c salt catal yst at various

prsBisngsde 14, the ﬁsium pessurerdes PAIRA (5147 pi) durired the tcentacting
APl gravity. By va |ng t he ressure, a cruge pr uct
periagh ¢Ancradp pridaet wh ﬁeﬁﬂmpf 5@?3&9#59 frmwasprodvreds Fhetota

prodf BB Frog At R A S RE 08 e S{‘Eﬁtyf%?g%ff*’m Sols
(see Girbe @@ﬂuﬂﬁﬁ)ild)& i n t he Absence of 3n Ext eLnaI 20
S . 15 16
0 S oo S P b TR K
in thfﬁégéﬂcg o?an %ﬁ&c §ah‘taéat ﬁﬂ‘?aﬁaﬁ@ﬁﬁ g?e%gur@é ' fradileVasdrudproduct

I con car wer e |rect rged into the
with e selettod AR girzhetys Tyevarying the pmsbxm adrwieipdeduct @ih)a higler or

: lowebé?f as.a carrlf%s as. In Exanple 15, 138 grans of_

BTaNLty MG RE ined with 60.4 grams of the

E@%B@zmtmfﬁﬁﬁe@‘ééﬂﬁn @E@FFes@ﬁée’i&B/aSt as in :.
K.C@Q arrp e : ‘ 1 ;‘ Negr o was

a0 External

|so\/

o b e Ty b i s Hesctin

procedure Weze the bame aslin. Ex&h}pl@ lékﬁbe@t tha¥ thchlrude fee?i1 and céﬂb:lyst (or
............... n each exanp

oAb 35 e B R
with 6erderaheds the mua&{meegmgcmmyﬁl(mwhmmﬁab én E@hzdple .
usi ng a back pressure of

traps and a ba
InE 16,382 ) ot emégwrw@épomb@ﬁd tHth %%i%grams&éeﬂwag Carbide
RIS A0, AT U8 A5G AE gy e
low, Wiady, Dagett phdies Welegtte mécckhenplitice de@@ﬁﬁed@fem,n.

In each example, the mixture was heated to a reaction temperature of 500 °C over a
period of 2 hours. The CO, was metered into the reactor at a rate of 100 cm’/min. Vapor
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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a colorless hydrocarbon liquid wwth APl gravity of at

| east 50 was produced fromcontact of the crude feed

W f0bs/0d3e2si norgani ¢ salt catal yst in the carborratiuscoeiens2s4
at mosphere. In Exanple 16, 15.78 grams (11. 95 Wt %

based on the weight of the crude feed) of a yell ow

hyd Imemiﬂ 154 IS Agmins K268 Wi, basedionyheweight m‘age crude feed) of

pr odu ont the.. cr.u d w. th: silki.con
= leraraaroreitie TEREUD drbimany B A D RS SR pontact
ofme%hyhe'féhcﬁa&meqn&éamé sA1PWstalyi8n kit Grbdh AERIGE AlARPh&E.
a hydrogen source’in the presence of the inorganic
sal in Em:agbly 36, ] %7 grems €1 1. %‘art%t based pndhe welgbh@’rth@ pivde feed) of
nd| t | The

a vohow P SO vt Sl S FRTe oSk R ofor ot e
crifk 8ded v@{h St Hi0CHGhe bﬁb&&(&mi@ akosgieapl e 15 al so

denonstrates that ~hydrogen is generated during
conpdtboughfthe wieldiniantpletb isdowhithepneife gererationtdia hydrogen

sopfIdRLAeShr b te g S N g pARRRONR goneration of
hy&eeéh w&hn@-wagegeohdﬁmﬁe CEhé Rididef Buges prodact Jﬁﬂixample 16 is
/| Rb2CAB/ Cs2CO Cat al yst, Cal ci um Ox1 de, and

oneshalf clthe gieldplbuuda prméuc&\ﬂmﬁsmlﬁlé Gmaiplg bhalso deronstrates that
by RS e B Qe SCBY e PR ER AR oL I porgonie sal

an@iﬁ&ﬁ@ibsbﬁ@toﬂafg%s@%&h didegt @urees added directly to the
react % i nst ead of agdl fi on throuh the addi t| on

7 : UU
Atﬁ:aﬁﬁe\'\R&Z‘c&ﬁﬁn@ﬁﬁB/ ﬂfhmappamm; rsaau&@ pioeahee, atrudee‘eed aideéhmn

oSG A SRR BoR e AR i Gl dpas
added %lffgét JLIZG ?eﬁ%c(o}ﬁrs ehd ?%ﬁd‘?@i{ @P&@@%&é@&% Gabalang ﬁlydrogen

was us the contacting tenperature
gasNess Lfsé'cSasGhe hyd:ﬁgeumiuecel S hetrbietargressote wap 0.1 @ndPadi 47 @si)

t f 500- 600 25, As
i e By e g PO 1 By b, o Bloa et 0P e B
teﬂs@féﬁﬁé@%ﬂééﬁ 1R% ratd NI BRS Sk QHf Srlde gr&dﬁcﬁ @95 Qnd coke produced

roducti on of gas |ncreased romo0.0 grarrB .
aregatasimiedoh Tgdke purFlg: 460 of total product. Coke

1 f t
0. 08 ehleso HaE: pelChRATSPirane: Fee il In
ExaBtiE‘ &7, th€ BRRERINYtEémp eTEtﬁreS\%stS °G3 ORy ByiHim ¢ 18 RBe Ednist®ing
product al so decreased fromO rams to 0.008 gr ans

tenrpﬁragut fras inpetengRragura mangke fcfmua%O @agaact at t he hi gher

Eeanpr 6 15 1036 L0 R Tttt 1, PhetgBeranure was

inckBSEIfron0BIH ¢E @NSOEIaYipkductith of S¥e ifeRsNel iFons 048 $erhdRd.05
for Exanple 18. Percentages of crude product, gas, and

gragis kb gasen durot pietal prdnets (ke gaodustivadioverer, deqpased figm 0.17

duct | ncreased.in Latiy
e G0 il tek R TR R e E T Bk U Bt oppe suitr
contdh@ofthy dﬁldfe %%Hu\éﬁﬁsd"@écr%eﬁﬁom BPORAMAG39ARE grams of sulfur per
PCTI US2004/ 042344
gram of crude product at the higher temperature. Both crude products had H/C of 1.8.
In Example 19, a crude feed was contacted with CaCOj3 under conditions similar to

the conditions described for Example 18, Percentages of crude product, gas, and coke
production are tabulated in Table 4 in FIG. 16. Gas production increased in Example 19

relative to the gas production in Example 18. Desulfurization of the crude feed was not as
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effective as in Exanple 18. The crude product produced
in Exanple 19 had, per gram of crude product, 0.01
WQrea®06928 sul fur as conpared to the sul fur conPEWUSAO4/042344
0. 008 grans per gram of crude product for the crude
product produced in Exanple 18. Exanple 20 is a
effegtiviyasin plexkiplhe arode predugs produged ImExaueplp (18 hady, per gram of

f Si el bi ' d of 't -
ot brddcr, 26 £ o SR BB S et B forl A Biogp srams per
grarfee$ ciude prlucOfdr SCrGOKSroBi@ estuceNinSEile aant |y

i ncreased in Exanple 20 relative to the gas
pr deaPlo Ercosmtiye saappledpr Pranmpladgl &n Egampleddy 83.13
graxﬁpgcslssglrngb%rbg.fb‘r’f%?% éelag Pg Beg%c?ﬂg%ﬂ; gal&?aé%l%stg,{zdas%aroged%g !Et\ee reactor.

Gaspestheros b edNerad@sction Biknifbabtl Pindreased inGhugel 9O dtve to the
wer e produced. The crude product ﬁr oduced in Exanple
gas pryductigardgobgpraginaten s Exampie 8. pUpdegrtheseaonwmataligic conditions,

f.0. ul fur e ram
0 RIS o} Syl b, B8 T A PRI
0.5 gumepif efudd erovst wategfoditell. Theckdt plodubepredactd il Example 20
Exanples 17 and 18 provide inproved results aover
had f 936 @zarag 9f SUHUE BTRTER O STude predigt spTPaTeAIto RE O AL gsams ef sulfur

'peréhg]mguc%prg t@g@ﬁg@f%ﬁﬁpﬁgﬁat e of 250 cnB/ mn,

anount’s o € and non condensabl e gas were

Si Jhiefd @aniples deawastritbdithat he carabuitisedin Exdtaplastl? odd 18
n- - condensabl e gas produced under non-catal ytic _

ROV AP TES ougERp-eaialyte ponditins gad ceneeationdlapeiplsite. At
500 éESERRIIES, floky Te bEFAGTndh, old ShourtOds coke A GRS

was observed in t wel g per éent pr oduced gas
condegbabie gas ware sigaifiqanibyl iwed tigmsthé anomts dfi colegankdhef non-

ontrol experingent (for exanple, Exanple 20 in Table
conc&nsa}%e ﬁs(ﬁrg‘%ﬁ’?ge BRODrFE e ROPIEOBE- hydr ocarbons in -
th ; ' 1
& BERICARiGARardalife BRELARsSASALikAgoR] 1718% T5HRe, FIG.

feed is estinmA ) wt % at nost
16), widesreage wassibsar@edvirdthe aeigh perceft oftpreduged genelativasetheon

t he, t ot.al unt of crude feed tacte Lt h .
prodyi & TRl Rl B ient §5b Sl iafnsdy 20 n Table 4,
FIG.GaydBrdme a qiiabifityfEarRES oY B8 gfgedﬁew 113 thdrBR cracking of

Presence of Watér and a KzCG3Bb | Csz Cat al yst or

the cgpde; feerhisGatimpigd to bs atappstr2@twids, iahmBgahpwdd, 2mesid02a%, at most
h i 0 Ex 9 t that.h
5 i SRR 35 o RIS o S5 by N0 e

ExaﬁEfa@BlQl‘ninE rOoNaB & ¥ EFudCPEEA WRH a'GhdtodI 8 d%@s&&me In
t he uzCO3 ~, 1 Cs~C"; catalys 0 rma crude Teé
the Rresgnee of Waterands) 16,00 :/Rba006/Gyr GOs GatalgstronSikicen €aybide.

b | [ f__silicon caphide. t0 form
Arp IO T P Rad o WP B Sme 2 0 Uit biBeen eas
was Gled g et ldidr@ehisyuics! & Ekanpleac! Mmo.4 FhersdHfaT@aENe@aSvas

was ne%gl;\ed at 250 cnB/mn into the reactor during the
cembipgd HY 2And avnaphige fefb 8 CRE s CPuaraliyetdd foinx & grule feed
: S 15! ver.Ad. 5 hours and nmaint ain t
it I ERREe 2. il EraRHElt oty VO R R AL 8 ormnsof
silicdnnearigds edfoif (dOGude @eammiknhour and naintained at 400
C for 1 hour. After the reaction tenperature reached

4obhecsTudptead migare wes ehaugesadivactp dos teaeer. The hydrogen gas
was factbled 22 996 £2443 i futo 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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into the reactor at a rate of 0.4 g/mn in conbination

Wi th the hydrogen gas. Water and hydrogen were '
WREWAEeP2Hht 0 t he reactor for the renmmini ng heaGHYS2AMH042344
hol di ng periods. After maintaining the reaction

L e o G L e SRR B e
hyQedbes -we%ﬁ%fe?édeiﬁtovtﬁf’ garactfof %Ptﬁ@%mﬁa‘fﬁﬁé %E%%&Saﬁ]?(%ﬁld&ng periods.

coll ected in the co traps and a ga
Afgronkictairiadiire réveticomikttureap 400ES, the oakdbi eafirehtardvas increased

. In.Ex 86. 17 66.1 W% b d
T R R N RN TENS
ool QU NSER RO | Bl 4RI OBy,

copsolidatefl epdianalydedt he K2COB8/ Rb2CCOB/ Cs2CCB cat al yst i n
n Exanple 22, water

vapdr EAEPLs 2 ER 17 RN 66 4 i basesomibe seal of grpradsfeed) of a
dafke28dih broWn ydeRakh 114 C&%?%cﬁ%ﬁo@ggvﬁ?rg(%??é N2 produced

vi scous hydr dcar bon [17qui
as pyapardrom tegact pfithe Bdlevited with thecK sAOKRbyOOHCHCERQEBLYst in the
h Li gui d waﬁll?ﬁgroduced fromcontact of the crude feed
Y3HOEHD &SP car bide in the hydrogen atnosphere. 15 A

25%1h PERBHIE 02! Watkl :
R bR A S e e S
reagiosd dibe trartor Brainspesteal? andzx darklbeo R vikeousistdratadiondiquid was

re B et LY oot ot e R Lo Sishrioytaaidwes
prodiutisdiefrn eontast It RAEEIES With siRlon RIS in tﬁ@ﬁﬁ?ﬂié '%%@étthbgﬁphere.

the crude product in Exanple 21 was |ower boi
A 3376 ncrepseimieldod gmde prodant Wasehserved in Easmpler?d eketing txh yield

: , roduced in Exanple 22 not being
Df%?%P&%gﬁﬁ%g&édr%glﬁagﬁﬂ%ggapor. The crude product'_‘
. pr oBxareple2nd dexanfttesdh iMpebveSiRROANCBE pfdpRitidr bPﬂﬁr&'ﬁ&meduct :
r.el %tdléye to the crude product produced in Exanple 22,
proguced yising-mstheds dsyerihed harein elgtive te & srudepapdiceproggeedasing hot

n WM d r.ce .dn.the
walgh e el BnCpEE plod Ml AP R RPYERE s hEruce
profuddiee Ezaiple @2, Brdedionttraséd by Heeiedssdduc@kddied in Example 22
Rel ative to a %re%ﬂe Product_ Vol une Produced under
notREmEahleiP Pe PR AeEha 4 YRS Thyyeude peadaetpsoduced dio Exaraple 21 bad

enhRIIGRRE Fropatiad ¥eblive 30 the SRR J

same as 19dregcrli ed ?ﬁ%gﬁ%ﬁ% ﬂégéluecgi)g%@gﬁlg %@%ﬁ égi%’e%
detegmanadi byedsila)inspetiged to the reactor and hydrogen gas
crude feed (Cerro
2 Kk O CARA M ‘.:':' Shis
ik ICCOE A Pritinct B THfS
; Ck ¢ Rieydnced andedNon-Tdiglytic

react or A crude product .(87.6 rans) with an API
Cordifitny, y%fapgﬁa@ﬁuf%g%éﬁii%gw 62258 2 Faecen pmcsiugs was the
samé b4 dedckibedAF xaBIpRIY GREept R crude feed was directly charged to the reactor
and hydrogen gas was used as the hydrogen source. The crude feed (Cerro Negro) had an
APT gravity 6.7 and a density of 1.02 gAnl at 15.5 °C.

In Example 23, 102 grams of the crude feed (100 mL of crude feed) and 31 grams

of K2CO/RbyC05/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

sed

produced.



10

15

20

25

30

WO 20051063928 PCT/ US2004/ 042344 |1 n Exanple 24, 102
grans of crude feed (100 nL of crude feed) and 80
W%?”&P/ﬁ“?t?ﬁs silicon carbide were charged to the PERESZN04/042344

A crude product (70 grams) of with an APl gravity of
/ImL_at 15.5 C (70 nmL) was

pr o%rgg’&nﬁ flﬁg’elidétgﬁ%@é 08 é‘? ? 6 300 mbcof empderfieed)fand 1§80 grams of
sﬂlcwhlbiﬁolﬂé Wékl';céhap% eddy @R h oM fgéﬁ.{@ g‘f‘od t @ %?mf)h%f vith an AP

pI‘OXI mat el y % greater than
gragi 12rend addngite obP. 9Sﬁb°/ndr atcles. H POGRT in] P ke BERRhcEd
Ex 4 was icantly_ less (40%less) than the =
voI";)[%rctie‘E?tlg egp%ﬁo%r gﬁ’ é’? elthe é&lqeri’r@g%ﬁhmoéu@ from Example
23 ipfoxidately m%ﬁ‘éﬁeﬂ tﬁ‘anviﬂle YER®Y ofhQ gﬁlﬁﬁ%{gee ¢ h@g e of the

roducer's ability to generate nore vo
cruggrRaediat Pﬁéﬂu%mﬁmnqﬂe 24 nposigoifitdetly le8s B09RES tgél the volume

Ofcrga@&:?&iuc? % th a drogen Source in the
ence grougeeqds FE%E%OA t Dgteass/mvoBuhe gf product

i SR ER A OSSR PSS e o

the sanme as i n Exa

iﬂP“ﬁéMPed into the reactor at 300 cnB8/ mn. The
) - ,C3 Was prepared by combi ni ng

31 2, L ONTALS O 2 - FherYeroganyanrce HthePresence of a
Ko ta G0 gt 5, 12l S

proc%%np meere thesame as ThBx@uple 8, Ne:gpbthat thel gtehmokasdaeteredahio the
reac@F & SHPLn RN 'Je‘% Edqogkgg;(pg{; t@?}éﬁt Wap prsgesed by combining

aronatlcs cornt

27. 2lgeanmaeﬁKg@G ,380Q £am3@PR! ﬁgﬁb g%%ﬁﬁ(t s of
ﬁt nd f/ana um go ne%lﬂm@ rans-ofr - sul fur,
e tepd{A230. 65 gr@@)@urél{:@@b/f@n@@s@;@@; taltely tI(BII6 grams)

was é d‘%sthgre?a tof OT@&&%S Nggrfo ctﬁ'g e }@f%ﬁ,%g% ggg@égfeed, 0.04

ane 1 n € presen

grameg acota] a;asmapcmhmxﬂ in @Bbﬂlﬁg iR distFibsfon' lﬁﬁgeenol 4%57@ oo @%0-500
and 0. 041 grans of coke.

E), ‘gf’%@ﬁ?@tgﬁlﬁg pggéﬁé I'agd vagadiym spmbined) 0.8 gants, of Gufdr, and 0.56
satsgl. P NGB o

gas. The tot
gdsontact®f thelGudofeed with MstHaRganhe preeé}iée gpies of carbon

X 0.025 nol es of C2 and C4-C6 hydrocarbons,
KaCCGI o0 D, 06‘612 YEpIRAsicet e gzara 9€ eruge feade0 94 grams of total
produgtahamend 1arims 6REQQN Monoxi de, and a trace (0.004

mol es) of ‘evaporated Crude product The crude product
wadedntal productiséindeda pengrimndttbahpoiugas ot I RRPERH AP duct

ctronetry The crude_product included a
and 0908 ordIBS B ARG R drsn e %asw@upqt%mc@@e«a emg ole of gas,

0.16 Hheleyeeh
[ ncf\ﬁde}éﬂg%%g%ggénnggi? Cg'f& edﬁé}glﬁé’ a AONOE ?/ISFP ?f“?fbc‘“'cs
a

hydrogagheye s defierminad by GG/NG. pﬁlerﬁalmfcewﬁléga@v@% nebtidhd, HPhrbon

rmonof, e ARG 0T S o B GaPle] o predy vocy
{ E‘Qﬁb%??|p§%dé‘%§w-‘%ﬁ?’d‘fﬁ*§?5% S RSt LA e o
mass spgcifRmghy. Thoemdd pRdyramsuial @amixture of hydrocarbons with a boiling
range between 100-538 °C. The total liquid product mixture included 0.006 grams ethyl
benzene (a monocyclic ring compound with a boiling point of 136.2 °C at 0.101 MPa) per
gram of mixture. This product was not detected in the crude feed.
The used catalyst (“first used catalyst”) was removed from the reactor, wei ghed,

and then analyzed. The first used catalyst had an increase in weight from 31.6 grams 10 a
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76 WD 2005/ 063928 PCT/ US2004/ 042344 total weight of

37,38 grans (an increase of 18 wt% based on the
WRRe306328 t he ori gi nal K2C08/ Rb2C0B/ Cs2CO8 cap@l/ysiop4/042344
The first used catal yst included 0.15 grans of

addi tional coke, 0.0035 grans of sulfur, 0.00 14 grans
totgk weightof 378 ZrawaLanjiniease o518 Wc@seﬁm;&a@@mﬁthp@ngmal

KEARBECHRSIETLALES 78y A BB 22

adﬂﬁﬁmﬁ%oﬁé W3 SteParhs OPkHERr, DD 19 1uaifs SFNIeCAVES 845 LahAlyr

product after I'osses. The total product i ncl uded, per
Kao§Caibof Op/6is:F Oppaydizam ofasegza‘@hatrs of i qU| d crude

f |
o alsond oe £RATID 71 RSk Btacd B st vsed ageivst
(36183 gane} td}}fdﬂmelriﬂ garﬁlﬂ oﬁ%@éﬁr&ftoéﬁﬁﬁ@ﬁct@f@iqo@%s R total

0. 035 nDIes of drocar bons. The bal ance o

pradyet igelyd @emﬁa@féotahpnodmg&% goms ofiliquidaoride prades, ®658

oA ok B P e S RN, 1

malangdydidgeneeyy g:@ﬁm%i%&axgon didRide Odrid (008 Prholel %fGL)GGUf e

with a boilin nedlstrlbutlon bel ow 149
hydragarbensd The 8¢ gapval methand, Aittogan.comeron spd Oa@s 8f

ev. {fa%;f?&;pr%ﬁ{?é’t@? Mg, 15 0.04 mol e% of tol uene, 0.03

ene and 0. 060 nol e% of para-xyl ene.

( nmoThe e prddjuagmemﬂapwﬁﬂﬁw dfiy@robabbhagith @Ibenﬁlatt@;hgw
49 C at_ 0, hese. products were no

bef&@?fé R0t %"ﬁ? nT{lﬁ BOI@P@ @éﬂﬁ@@amrerw&h @é@dmgmg/@stmbuuon below
1 A8 TS SEBAED U L e,

0.0h awblebid of miuemse 0B molefo@ifineta-wyiene3 and8.060 ﬁ‘[ﬁic%%@ph@. -Hlene.
j ncrease _of 43

(m%:g)tgg%]w wel %tgln?afw S, 44@%9%1‘@@,(0% below 38 8% 07101 VB, These

[35)

, pmg&@ale,%%@@(eggg Hetradetstd . The second used

catal yst included 0.32 grans of coke, and 0.01 grans
of Thd fsgd catalyst ('s&Png usadscadyst’y vanrahowddond thesiedctor, weighed,

d |
an iR 6 Sl Beinioe bl biegecth b A 4669 grams
to d1BtaDWRRHUESE 4 NeY gﬁhﬁ'(ﬁh ﬁlfcreﬁée%ﬁ%f@t@ﬂi ,baéé?j%lﬂﬂa@%a@i‘t of the

total product and 25 granms of coke was

onigwl ﬂ%@pe/albzv.‘\op/&sﬂ@ncamﬂysth élheckeondased tatalysiineldded0.32 grams

of B pa T BR o B g 4/ AT pE 8 of b op Gra gy

t hefxdcﬁﬁorgaﬂ atuds feddf (104 Yekehs) fadcdiARe] Rith 8t WBshCid eatalyst
feed. The total product included, per grain of total

(44.5¢ grmsy 1o progacyy pangan Of@rttdaé'equ s gramsafdotel mRdugradg.114

o ol AL 00007 bl U5, RS8O oL i

addftiah h’eﬁeﬂcﬂm%b @@ erhaitehcOh® 341 Ge s sfade F04.M¥E4RE S BONS3 grams
The bal ance of the gas was nethane, air, carbon

of ciga bsaddeans W&ﬂ@@éﬁf@lﬁlfﬁﬂdde and a srral | trace of
evq@lg(l}j(?% 0 hdt chu Céel%%g ﬁ%%la:i gﬁ(ﬁﬂ] U%%dgrams LEEEE product

ons VVI
and 0.025 grams of hydrocarbon gas. The total gas included, per mole of gas, 0.18 moles

of hydrogen, 0.052 moles of carbon dioxide, and 0.03 moles of C;-Cg hydrocarbons. The
balance of the gas was methane, air, carbon monoxide, hydrogen sulfide, and a small trace
of evaporated oil.

The crude product included a mixture of hydrocarbons with a boiling range

between 100-538 °C. The portion of the mixture with a boiling range distribution below
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bet ween 100-53 8 C. The portion of the mxture with a

boi ling range distribution below 77 WO 2005/063928
WEWP/UEIP04/ 042344 149 C included, per gram OPCT/US2004/042344
_hydrocarbon m xture, 0.021 grans ethyl benzene, 0.027

ra,rrsugf tol uene, . 0.042 grans of neta-xylene, and

1455 Coipplugech per genpef-hydrgqaghea mixgue.d) 07 hegmsstind berasney0.027
R e e e s R
detamateylzs befoftby (GG/ME.used catal yst had an increase in
weight from44.84 grang to a total weight of 56.59
gr abhS YeEh cFAly st e efkgatwﬁf%)wa%@'@qyﬁd%@ thsirgartoroeighed,

i-0i | . cDet aj Led

3 10 LR 0 0 1
a tofad Mkl(:jghtr?ﬂS 6.53|hgrah’:sit (axl intg&g% 60T By %! bé%ﬁﬂ okl gﬁﬁwe i(‘) %%ha Btginal

ional matter, 0. rams_of carbon, O.
Kz@sgﬁ@%/%@%@ws@. Digtesled elarment apalysje At the tonduspdoatalyst

[ F 2 J [ Qs
e 4 T Aot SO0 L
gramns afarlond 0028 @eRhs gf lardsogeh, €.0025 prdenswifioRytdie Oloakanass of

transition netals such as chrom um

ofcariong
sy, D7 G35 F o6 D I AEetorm3edtemo 00T gTo of aickl,
a5 o DU TR SR o

transitien metladuch as ehtbndbme titsdmmpamathtiedon{umb. | east 80% f or
cont act. of crude feed with

15 eagch run roduced b
a WY wgﬁtr%%‘giﬂc 5 Fraple, Gplss splbw: étfce?lh@ asited on and/or in

the B8}dane bR b¥alyst &'J‘ﬁot%fé@@the B@%ggﬁé?@gf &ufle BRENES {?.Qela%t 80% for

aromati cs content at east I mes t nonoc

each juppredueedttiyosntash o trudé faedevitr abpdibeemsduncesinkibe presence of
e three runs

range.  distrijbutjon bel ow, 1 . For t ,
the AR 5P, Gy R g3 ed= ooy G pme A cgint at least -
100 @fnek B Iﬂ&)dé?b'@@rifg SRS cFRenf oA crhilid fed iSh Bﬂﬁﬁg%ng)e ,
. deviation of 2.6% the average coke yield was 7.5 W%
distriyion below 14%°Gaei ght' of the crude feed); with a «

t [ at] f 2. 79 t. [
5+ EPSRE b0y Bhel it P00l SR LB ST el or e
crudg ety thao 89.7 vt %, Weitigh ktaddard Bevistidtler . 6%6 ihaMveagd coke yield was
st andard devi ation of 0.46% The conparatively |arge

7.5 wi/p(faardoniyivii 2ol d1e godaferdymid asiendaok deviatiorfs. 1%, and
the 5k Sl Vol b e BB SATR b frepd e

weight ofie tagd fea) thith AdahdarddeviatRmsa 04696 The @ombﬁ!ﬁfiﬁelityf’farge
i ficant del eterious effect of even the

0,gppar ent. signi f. fect of e
standad G atamnhodt Broid ord cpksswasaluedp éhq;wlmdﬁ_@alam thch;thslu
e 2B of M TSPl o LA W3 sitin

vess€l. £veld by thwrp iencobpghians sigaificattelehatrialsefieosoflesdeh ehedbrge
drocarbons was 0.61. The C4 30 cis/trans

t he h (
91’4’-‘%%?1'*941?%@ Festeidieaen etivithpSive aelyhesiaubst ant | al | y

hi ; . I+ Gt . .G is{tr
o SEEb b Gy GNP O L s v
0.4. Ghetlpba okfine to miterhdle]&mshyily oCBE )1 dvRarHdn9 %as BIH1S The C,

1.0 Was greater t han the predicted _
was 6.34. This ratio was substantially higher than the predicted

cis/trggst olefins rati
thermodynamic Cy cis/trans olefins ratio of 0.68. The alpha olefins to intemal 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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t hernodynam ¢ C5 al pha olefins to C5 internal ol efins
ratio of 0.194. The C5 cis/trans 78 WO 2005/ 063928
VRCTHII8EP08/ 042344 olefins ratio was 1.25. ThisCct/atio04/042344

was greater than the predicted thernmodynam c C5
ratio of 0.9. Exanple 26: Contact of

trans o X
off R rait Ve, 54 s SiHoris eieban g Peacueied FreaodimemmiaC
cﬁﬁ%@g&qgé@&gﬂc& the Presence of the
K2CQOz/ Rb2C03/C52 3 Catalyst The 5 apparatus and _
Exempdé 2n GumeetiftacRvietelt Hepls Suilun€ o 6 6inic@eh deFeed with a
i le,9, exc p t hat tjhe crudLeec, me(tjgane land

aﬂfaritﬁ@&d l@actfoﬂ r&@eﬁﬁlte%er %Q A gésecglbgé rpﬁxeﬁmﬁg 8NA&%ept that the

in wei ght of e reactor.
cida téedethiye, madi steend vate &Qﬁnﬁ@!&d}ﬂfd@ tb thd ﬂ&&ctbﬁ aﬁi@lfevel of feed in
St eam was continuously netered at 6. _g/mn to the

BTy rvas Ta0nozed vpeyhshaaeem weighfiofitheteagias Methsae aes was

C%lél%%%@%ﬁig% 539 gfriraé/iﬁ? o th%?br Zfeatn whk Mn%usly metered at 6

g/m@@BﬁRbQM/CSZCGS catal yst (59. 88 grans) was
feed (bitunen,

char dtothe or. A crud
L1 oy L0 inaragnté { Ve ATe RS- DAPTmbG 44,2 gams, of K2§Os, 32.2
gasTf RHGO0] aﬂid,cpé gl%ﬂﬁ?of@:fsﬁftfyg Oﬁmslgiétysﬁb&ﬂ% Gl ggﬂﬁfst (59.88

cont ent ~ of gfams, pef gram o
grm)wea@@dqunoﬂmemmtu on vessel to 150 C. The hot

vessaeudtiTe @it 3nRRer it Brnan Al gt 4, o

sullfk BéiRtent of 0D2GaHE of ey, lah@IH ir&lidiRV@htedt oPO X glltanﬂq ﬁer gram of

react or vol une, however, the rate was |nsu cl é
cTREG Teedi wastieated i theladditine vesseltal 60 £Ce ATk hotibiturheewasas -

coﬁﬁﬁﬁ%@{)ﬂ?ﬂ@fcﬁlﬁ tn.r:] the® a%%ii%lé% Séaltaégﬁtfg%/e g) 20 | tr%r] Qr?attempt to

reac errpera ure O

mﬂﬁtahaﬂhe/cﬂide degddigide b eled 5084 dF thd RAceR Vel hN&Q:H 6Bl rde was
(in_this exanple in the form of the

Ug"é product,
ing E‘F%trtoé‘faﬁll‘tﬂl@ﬁhat levgbor). A total of 1640 granms of-

cru .S .. Fr

i 1o aneentReoBl/ R R Bl Bl Wi b GV ot en average
mﬂeHBﬂ maetbcmnqjeyESMe wfA5@PE Gehtadting &F (A8 metiandBtedth/crade feed with
h %‘ﬁ?’@ of cr (&% feed remained_in the reactor.
the-g SFRiEed pfotEOGICL R T ewmgle i A dompofhn sedctoriefluent
vapéigsence of the K2C03/ Rb7CO8/ Cs2CA3 cat al yst, 0.93

grans of total product per gramof crude feed was
pr odutpéal of ToE) gratmalof prudel feetl was pratdeshd gver 6 §6@8) Bfom a

AR BRSBTSl pmnsor
coNBHR lorahs %ﬂcﬂuﬂe feléﬁ réxﬁﬁﬁéd 8'1‘? %Q%}EP CFRAY Bérggéi gﬁﬁ% crﬁ’c?erl?aed with

gram of gas, 0.014 grans rogen,
thegaethane lndlnﬂ)wﬁ@b@ce of b8 meawmog&m; cdataixstdi:% Qrah of total

r of h nd_ 0. 68 rans
oy Btrehd LR odbac aionieed e et P athgarkdcss per gram of
totAlH6 REE M. (BUlrhihd 8f GANRE 315 %rams of crude product, excluding the amount of

methane and water used in the reaction.

(The

The gas included, per gram of gas, 0.014 grams of hydrogen, 0.018 grams of
carbon monoxide, 0.08 grams of carbon d10x1de 0.13 grams of hydrogen sulfide, and 0.68
granis 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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it my be estimated that the sulfur content of the
crude feed was reduced by 18 wt% As 79 WO 2005/ 063928

WOP003/6d321304/ 042344 shown in this exanple, hyds@g881004/042344
carbon nonoxi de, and carbon di oxi de were produced.
The nolar ratio of carbon nonoxi de to carbon di oxide

shomgl thisexamiple, Bpdrege; parbon androrfle] oel cxtlesh dipgide SreddpRlduced.
conpounds, 0.32 grans

The o‘f@%@o{)b 003[5 cangmggo aggcf%%lfgorg}ioggle (\}@ﬁ}%ﬁhnds and 0.10 .
gr g88 C,CsHydfdeaftRRP HNHR A, %&&éﬁﬁ bgﬂﬁdrf)é%bgnso .30 grams of C,

i so- pentané to n-pentane i e non-condensabl e
comwmdadhi' grgswd$sGompotthds, b giims of Cocabipbwelnd®l0 rams

the n-condensabl e hydrocarbons was
of C ‘“irgfé"”ﬂ%i‘f’reJil dlrs} 1§papeniang to @¥%¢F@F ecrmpmda@able
hydracbdraaiRNEe3. TH@%%@lt %o%ﬂ%%&hg I%é? Ibﬁta\f@'ng la% 1{?? éong\ensable

alpha C4 olefins to interna ns was

hydraedrepns wast0. B % Thel @mmlmﬁehadg pet gm‘ﬁf@{lﬁim@nds a butadiene

e
Awéxglht&aﬂld@fa&phm;wleﬁﬁ& {&ﬁt&ﬁ§¢§OL&§% g he sane

cata({){ in the presence o [ not "di mi ni sh the
acThe/flaty inoExaniple i2A degmniteatesthit coatimytstprocassing bﬁd Uélﬁtﬁively

high SR ol B Wi B¢ i o iy HePrese i oY Cisbiap Bt mch the
activitef Mledsapedc ekl Satallft, knd PRERRAGBLIS picTictRlBb¥ $5r 2nd

Coke, The apparat us and reaction procedure was
transﬁ@lﬁl*@ﬂned u3| ng conditions as described in Exarrpl e 26.

ExanIEl% 2K g@

A0t £ rIidE K h 3 Bviroge irice in fhe.
K, COy/RieCOcll- 0O Ca@lﬁﬁ&ﬁﬁﬁ@o@é’ eI'heﬁapB%hfs an'arreéﬁtﬁn procedure was
difference 1n inityal catalyst weight and

esence of a

- perforraed wikeg eendifiqnsias desoribad én Heangpie 260 The K fiQuib,610:804€0;

el (568 A a8 VL Pyt BOBLDCA o 55 PR e B8 v
procegwdrm’enﬁ hbmts.alFrqnn radiﬂﬁ’éreﬁ&r inghigia) @kalpstuetachii A8 Qeéi\@zfe/cataiyst :
The t ot product i ncI uded, per_gram of
mxtﬁgfvg}gﬁgr oididgramg oggo Iy pegrase of graide faed remgmed imths redctor, based
on thé Weidt oF tﬁg Hﬁﬂe f@%ié | ARl Ad @'ﬁ}?ﬁ Nk t<9c£l nngﬁagcq a)%r ag.?a of crude

wat ér used reaction.

feed 'gasa:rrpdﬁcega%e Qotel2roduca mlmedhpeirgmﬁrmf tc&apﬁlﬁd@dft N84 Qfams of
granms of carbon d|0X|de

gas 3'615‘1 ggr A %P@W@ﬁdmgdée agqunt of raethaesansd witer used in

ﬂlereaﬁmmcondensabl e hydrocarbons. Fromthe anmount of
hﬁhrogen sul fide Tproduced, it nay be.. estinated

¢ gahiackided.per goamt efigaspf. Oﬂhgrmamfezyﬂa%@nmels efugenf
of the cr ude feed. As

% sed on the [
carbogﬁno%om\% QQ]% r?g CRTbOR I H 18 gzams AT hydassa ﬁ.@ﬁd%ﬁﬂd
0.65 gatideMmdi- @hﬂgﬁsaﬁ@r}%{@&&%&f@dl?rc? OXIegE?)!ﬁ.[nt ogh%cﬁ’ro%n sulfide

car bon nonoxi de to “30 car bon
nmﬂ"ez* BEn43 oy astiznatashibat the Emﬂtﬂlﬁd:,“ per ofphammote fER24 B reduced by 14

i, (NOL S O B S SR Pl 2 Cmmounde, 0 Sl gt
monoxide, and carbon dioxide were produced. The molar ratio of carbon monoxide to
carbon dioxide was 0.6, |

The C;-Cg hydrocarbons included, per gram of C,-Cg hydrocarbons, 0.44 grams of
C2 compounds, 0.31 grams of C; compounds, 0.19 grams of C, compound and (.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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granms of C5 conmpounds. The weight ratio of iso-pentane
to n-pentane in the non- condensabl e hydrocarbons was
WD 2285/063pa8 wei ght rati o of iso-butane to n-but aggrig2004/042344
the 80 WD 2005/ 063928 PCT/ US2004/ 042344
non- condensabl e hydrocarbons was 0.15. The 4
nogew e hydrocgsbensgvamd.bf. Tae Coovmpumds had perigrarh i@,

co%g%hﬁg}ag&ﬂgkggéngéﬂggoéﬁgis exanpl e denonstrates that

eated processin g% at i vel y high sul fur

cr udhis eathp(Shbgirams Hof repkaeeploadingWiride 4 A, :
cat al yst &56.5 granms) in ?ﬁe pr%é%nceb 5 of coéﬁ%gﬁgglmﬂﬁn

crydsfeedi RSP gramnel apds foed)wish thelsamie eatalysh(S6. sakns) in the presence
: : a..crude roduct ,suitabl e for

of BTN Sbr & AR PSARE B eFenly SRSt ol Srevaerbe crude

presintioditaile for tehsy@tdtions aspects of the invention will

be E parent to those skilled in the art in view of

t hi EReditications and algareativg leynbodimentaiefstariops aspacts of the

: o0 i | trative only. and is. for the,

m‘%ﬁ? pos elt I?Leg&%fa% ?‘ g%cthgiegs@?fgégw et fﬁ"l%d%f‘f’ilptf%

Acgediegh, thindeeripién 326 by icoistaed ad il@strANRYntPahd i Forl the purpose
to,be understood that the forns of the invention s ogm

of teaphingthose shillpdathg art theeenerabinannen kb perasneanthé Bwention. It is
' t [ d { i al b bst.i t ut
to AR BRA izt . PR bR I LS P Bt B in afe e
takgyr woxespiesodymbodinestey. Selemants asEmbrials Al B 8stitfedihrhose
11|n%§£%%ﬁgﬁnﬂ¥ Qe ytilized independently, all as would
LIuRER ¢rifed hsran.oparisiaad proqesses A bareversed end hertdim features
. e S ar ; . Con. an

of G B eA by B uhilicA ARyl B8 S BN W igpe pted in

the it efteuhavitepthe bemfitfof ciis S¢veritivn ofith@iesta eClofebdBay be made
ribed in the follow ng clainms. a

. Jdnvention as.,desc r 82
- in the ShéientS e <CRbed BeThin WHP U AR GRa EPRhaSRiFLeRd ppRioEhe
- inveBian bl éREbed GORL ?&I&m%aaﬁﬁyde feed with a hydrogen

teamin the presence of one or

source and optionally
nmore catalysts in a contacting zone, the steam when
used, also being 5 introduced in the contacting zone,
and controlling the contact condition tenperature,
pressure, hydrogen source flow crude feed flow, or
conbi nations thereof to produce a total product that
i ncl udes the crude product, wherein the crude product
is aliquid mxture at 25 C and 0.101 10 MPa, and the
crude feed having at least 0.2 grans of residue per
gram of crude feed, as determ ned by ASTM

31
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Met hod D5307; producing at |east a portion of the
total product as a vapor; 15 condensing at |east a
portion of the vapor at 25 C and 0.101 MPa; and

form ng the crude product, wherein the crude product
has, per gram of crude product;: at |east 0.001 grans
of napht ha, the naphtha haviné2 20 an octane nunber of
at least 70; at |east 0.001 grams of vacuum gas oi
(VGO , the V& having at least 0.3 grans of aromatics
per gram of VGO, as determ ned by |IP Method 368/ 90;
and at nost 0.05 grans of r®egidue, Mss determ ned by
ASTM 25 Met hod D5307, in which nethod at | east one of
the catalysts conprises an inorganic salt catalyst,
and 1t he ol RREGRARI &S YrloaukAlR 15 e RRIB PraRR e WngPiEing :
al kali nmetal carbonates, one or nore alkali neta
hydcoxitées inghe aruds Segdkatitisa hsinageny Eowees e

or nore al i ne-eart.h tal__ carbonates, 0 r
al kﬁﬂtﬁgf@;ﬁffh sﬁ.&ag] Jﬁ'ﬁlgﬁb‘iipd:eess,aenco@‘neebfce;rcnrreore Hot®'Catalysts

al kalh reweartsk lzdnedr ities ,stanyi xthereusdderaldo being
or in which nethod at |east one catalyst 5 conprises

on éntmndacadaddl thhsh IRRACSNS (ZRIE ARF FPReH 1T the
et t':%‘ijl&ta%ec CUN A1 drf R #th;fes, Rtealre 200 8¥hdn source
t he hydrogen source Is supplied as a gas chosen from
hydrfdgen crasle msdmrfe.owr et eawbiaations jwhexgof o produce

gas to the crude feed from1-16 1 N8/ in :
pr e?s&roé:aﬁaﬁﬁfé’dglé:( .4 ‘fﬁﬁa?tq'é%ac?ﬁee f?%%v&f%?b wherein
of t@{éi%erdd%egamm& siff fd ci piid nivedwieiax the volame 0.101
of crude feed in the contacting zone of at |east 10%

of MAe, torhlthelamdeifest mitiathglode. 02 grans of

met hod. .as cl aimed | | mhey el Ly el EAT ned o PNRSTM
of the lc:d;l‘}eal%eﬁ ]{:%)“Frp% ?e@%en I norg a‘-%? C %aﬁ nedoy
cat Mat3iod @BEkdhe i norganic salt catal yst conprises a

producing at least a portion of the total product as
a vapor; ‘

condensing at least a portion of the vapor at 25 °C
and 0.101 MPa; and

forming the crude product, wherein the crude product
has, per gram of crude product:

at least 0.001 grams of naphtha, the naphtha having
an octane number of at least 70;

at least 0.001 grams of vacuum gas oil (V@0O), the VGO
having at least 0.3 grams of aromatics per gram of VGO,
as determined by IP Method 368/90; and

at most 0.05 grams of residue, as determined by ASTM
Method D5307,
in which method at least one of the catalysts comprises
an inorganic salt catalyst, and the inorganic salt
catalyst comprises one oOr more alkali metal carbonates,

one or more alkali metal hydroxides, one or more alkali



10

15

20

25

30

m xture of a potassiumsalt, a rubidiumsalt, and a
cesiumsalt or a mxture of a sodiumsalt and a

potassium salt. 20 3. The nethod as clainmed in claim

1 or 2, wherein at |east one of the catalysts

conprises an inorganic salt catalyst, and the

i norgani c salt catalyst exhi bfs an enitted gas

i nf Me&floRYSH 18§ Se nicice @y A9 T ad kadripaaantd medhifge

bet an 0Q..C ternm ne Tremy Al .
Anaﬁ%??gggfgsmg’&%t g’r( %n’g%)% %ﬁﬁ&?%%%& gani cl sh I oxides,
cat ahgsbrexbirie tadka lliemt-cafrt sa@Elathyalridess or mixtures
te rature range from 200 C to 5Q0 C, as determ ned

by  CHRFREenCFarPe MRk JOERCS Afetiapal D ERTHIY ="

rat @opbriQes RS oF e c3@rAi ks MRithad A8 Glaigred

in clalq11, whereln an atomc ratio of transitipn
met ahdt dnswhfigh methied tthensiomtart meEmperaliyyglas between

cat al.yst, i .S . ra fromQ. 5-10. .84 - Lhe 0
R D T R S e s L R SN
t r aghblsiedn e hySitdgege ya@qMiidtighedn@wlet e at a ratio
al kali netals, one or nore conpounds of one or nore

al kaifi tiet gbs, toneher oxmde ddedl iftemedr-lis M0@INT> ong in a

or 5 nore conpound f one .or re_al kaline-eart.h

et BFESSUFEn EanSe PO R Cargu TR oS e griow rate of
M xbehee trhekedfeingd subf JdIRIMOE AnedliidiRd tHe Gldliufe of

5, wherein an atomic ratio of the alkali netal,

al k&rige- égech imethie contAcrEng o aff Afsikgasit Md%lof the
S (R81r 9096, AP 20VE B inlGohe The method as
clai'me -6, :

inany of clains ein ‘the crude feed
has 2f.r oThe. Re@h®d gmard admeld dm @13ith 8, giwreiof at least

resi due per gramof crude feed. 8. The nethod as

cl aPREd Ofn thry Catadiyatss CPMPT 158 & 1nreanhaplt
furtca%alg%ggr 2SR5 tHRMIHYYRHiRe B1ud e A cohpidds a

a crude is the sane as or different fromthe
crutdxtwee ©of fopotassiam.sadt Tive ntitHymSalte maf 2

ip?o%n &?‘E{lg%é :tg%grlhagér{igx:%%ugtofg%n@cgdsfﬁg éarﬁ.et ShieP apfpotassium
salt.
3. The method as claimed in claim 1 or 2, wherein at
least one of the catalysts comprises an inorganic salt
catalyst, and the inorganic salt catalyst exhibits an
emitted gas inflection of an emitted gas in a temperature
range between 50 °C and 500 °C, as determined by Temporal
Analysis of Products (TAP) and/or the inorganic salt
catalyst exhibits a heat of dissociation in a temperature
range from 200 °C to 500 °C, as determined by
differential scanning calorimetry at a heating rate of
10 °C per minute.
4. The method as c¢laimed in claim 1, wherein an atomic

ratio of transition metal to sulfur in the transition

metal sulfide catalyst is in a range from 0.5-10.
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bl end to produce transportation fuel, heating fuel, 20
| ubricants, or chem cals, wherein the processing
conprises distilling the crude product or the bl end
into one or nore distillate fractions. 10. The net hod
as claimed in claim9, wherein the processing further
conpri ses hydrotreating. 84

5. The method as claimed in claim 4, wherein at least

one of the transition metal sulfides comprises 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.
6. The method as claimed in claim 5, 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.
7. The method as claimed in any of claims 1-6, wherein
the crude feed has from 0.2-0.99 grams or from 0.3-0.8
gramg of residue per gram of crude feed.

8. The method as claimed in any of claims 1-7, wherein
the method further comprises combining the crude product
with a crude that is the same as or different from the
crude feed to form a blend.

9. The method as claimed in any of claims 1-8 further
comprising the step of.processing said crude product or
blend to produce transportation fuel, heating fuel,
lubricants, or chemicals, wherein the processing
comprises distilling the crude product or the blend into
one or more distillate fractions.

10. The method as claimed in claim 9, wherein the

processing further comprises hydrotreating.



