PURI NE COVPOUNDS As a consequence of side effects associated with current
oral pharnmacol ogi cal agents, there continues to be a need for the

devel opmawO 20fo/mBd4er nat i ve therapies for the treatnent eCTASRN/0CRANAbI noid
receptors CBi and CB2 belong to the class of G protein-coupled receptors
(GPCRs). CBi receptors are expressed both centrally and peripherally while
CB2 receptors e predonj nat el ressed peripherally, priparily on inmune
cell's and tiss@ﬁwﬁn&lﬁﬁﬁ@é@@%ﬂm Q Saﬁélﬂ‘i%"\b@? ial of the CB2
receptor has been reviewed recently (Br. J Phar macol . (2008) 153,

319-334) identifying CB2 as a therapeutic target for the treatnment of pain,
in particular, inflanmmtoryBackiznroemdopltthe lnveation CB2 agonists, in
particul ar CB2-sel ective agonists, provide a target for treating pain with
limted centrally nediated si fect WD 2004/ 037823 is directed to
puri ne conpounds and use thergﬁFﬁLgFﬁﬁiﬁﬁﬁpﬂgpd receptor ligands, in
particular as CBi receptor antagoni sts. The present invention provides a
conpound [d001)e fIHeptbsRnt inh¢ntivhds @irestedRb d Bctheld eatppdffin@mctidebil it , Cl- C2
al kyl , _ CF3, cyqlogrogyl, OCH3, OCF3 and CN. R2 is selected from

t et r alydr BEOREHD TorsatppHy HABPYHEEAT refiyed | di ne- 1- car boxylic aci d et hyl
ester and tetrahydrothiophene- 1,1 -dioxide; R3is Hor conbines with R4 to
forma fused pyrrolidin-2-one;R4 is selected fromCl-C2 al kyl, Cl-C2

fl uoroal kyl, cycl opropyl amescaption (itheReatestAeti from H, CH3 and CF3; n
is 0 or 1; X1 and X3 are independently selected fromN, CH and CR6; X2 is

sel ected CH M I t.hat fi and X3
may be ot der hansad@; _gggtalln\éﬂg[sgeﬁl%%@gg&? ﬁ%‘?né)tl‘—)ﬂ%% ?hg%e%%ng slgﬁéer 3; or a
phar maceutdfimat.| Sulae cempaind is atude hhrgrpeadent Hdrerds oorposnciszagéd inhe present

i nvention have been found to be agonists_of the CB2 receptor in vjtro.
Preferredhﬁﬁmﬁéu%ﬁ§P%?n8Hé“ﬁ?@gé ©q HFF%ﬁmﬁ%HVB‘#féPgﬁﬂé?l%%WiHEy t han

exi st{mg i I ] tion are
1 B PIRKIGH wess MO I\sg)gz%ree\;egsre[s? %a%@%é‘é&% g?ﬁar&tﬂﬁw‘%@ﬁ@, ?g)u'lé"éﬁﬁf'

CB2-sel ective agoni sts. t” preferre of the present I nvention
exhi bi t gpeapeunscdB2thedtamspartativy and hmdbmi of swlfirCBRtaagonésdss. Theg npyesent

i nvention. prqvides a pharnaceutj.cal. conposj.tion, conprisjing a conpound of

e pr eseTTORHEGHTABES SR ar Y- SReigREsrER 85 {hereof . and a

pharmaceutical ly acceptahle diluent or _carrier. The present invention

provi des Eﬂ odne- B%terﬁ&ﬂm,%‘1+Q62&68%bﬁﬁaﬁwwtqeéﬁfqryaa%@m% e salt

t her eof , I 1l i i .t he
g@gch%ﬁllﬁnge% lﬁﬁi"r@&&éulg%}%nnggé &380bil fbiaRY c?&heac{)e?ﬁe%ﬁggz]%bl?ﬁ@t.

conmpound For ,, or a ceutically accepta t reof for
use i1h t hdstdegaibeenvhafthppiodpctisolfpaisthagutaied ostesothan hmitt% bagedion.fedds anot her

aspect of the present inv i 0 there s, provided t.he use of the conpound
o For ml 41 Bty irs MRl Dot Vot e bt Aol §Prdifhes ok it ¢ ne
manuf act uggydfiridatRdinean@Rde § Riactidiftehip8ARTEBEtwREn BB R 315NC. and 440° C.

(600° F.-825° F.), pressures from 6.9 MPa to about 20.7 MPa (1000-3000 psi), and a

feed rate (vol oil/vol cat hr) from 0.1 to about 20 hr'. Hydrogen circulation rate is
20  general in the range from about 303 std liter Hy/kg oil to 758 std liters Hy/kg oil
(2000-5000 standard cubic feet per barrel).

[0004] Some crude oils contain significant amount of unstable sulfur compounds.
Under mild heating, these sulfur components react by hydrolysis and/or thermal
degradation to form volatile sulfur compounds, including H,S. These reactions

25  usually result in a slow but continuous hydrogen sulfide generation during the
transportation of those crudes, which is one of the major risks or hazards on
transporting such crude oils. These reactions also cause difficulties in refining those
crude oils. At high temperature, as in the atmospheric and the vacuum distillation

towers, the H,S production rate in the overhead of a distillation tower may be high
-



particular osteoarthritic pain. The present invention provides a nethod for
the treatnment of pain, which conprises admnistering an effective anmount of
a conmpourmoabiofosel a |, or a pharnaceutical ly accept ablP€TamRaodobeseof, to
a human being or animal in need thereof. The present invention also

provi des a ne hod for the t eatrren of osteoarthritic in, which conprises
adni ni st ePRHG AN CBIF dRYS %/Ié‘é reptlyy ’E?thOBFS‘F‘b%‘%g]P%’I‘PgWBr a

phar maceutdntilelo¥ caeeRiRRbR Sfut cdhssRal in the cAidR IR hnARHE Rhtadthgral i n
need thereof. The present invention provides a phar maceuti cal conposition

for use i highhastaply soldwprasse hgbindahyil nﬂleocmﬂtﬁelnpcfétmns Ovvedhtthon, or a
phar maceut i ept abl.e sa t, th esent. i pvent i rovi des a
Phar maceutraer HSAEBERe EHY iR RGeS B o

pai n, FonpilfificotamitORessNA s AfredulesuRhesR1Rt atdsaiyY QM a0f didcduhaimnaseut i cal |y
accept able salt thereof. It is pref erred that the conpounds of the present

i nvent i onMgEkeskys; S@l‘ﬂh&ﬂler%%hlﬁlobﬁ)f%@m coyld splgtantielly anpione batwthe or y
pain, nore H?eriatbl tgaﬁa#%%%ergfc%eg t]%q?:'@ﬁet' cularly osteoarthritic pain.

A pref erred speci e co oun € conmpounds of the present
i nvention are conpounds of the for rrul a (rr) . or a pharmaceutically

accept abl e salt thereof, eltn ﬁﬁ!ﬁjﬁﬁ’ X2 and X3 are as defined
herein. A preferred speci es fptementy &ngion, o conmpounds of the
present invention are conpounds of the fornmula: (Ill) . or a

phar maceuf000H] | y 1acamptmidngs, #al fredchepoodss 1W5l6ﬁfﬁlieﬂ]f(mremRQm§@d1ﬁB4 are as
defined herein. Certain classes of corrf)ounds of Formul a | or IIl are
pr ef el edcomprunds fogystHee @il deikcsE efcctqrwn%ee pgfable ahlfrprmaéf erred

o asseSOI’ etdhlﬁé ahgfgﬁissﬂ§ %ldﬁ%%‘&l é%hl?gg?hte tr ah@iﬁ rorur é)ﬁl)é/\il%gll’:&rogéss RLis @

met hyl

t et rahydr fmyedmyﬁg; th& pulR costehedfradrydy ait wpmpyilsingﬂilbatﬂfg d eutleodil ahydr opyr anyl ;

7) R3 is H 8.).R4's | - C C2 fluor aIk opropyl; 9) R4 is
et byl e PN o o b e kT B e o s SETHGICBY et iyl 1)

RS is G'Brerﬁc?v)e aﬁeast@%"ﬂﬂthg%nﬁ'éﬁe 'sﬂ@ﬁ%ﬁ%ﬁﬁ&sycoﬁ%h%ttﬁ&efnr om CH and CR6

where R6 is selected fromd 13) X1, X2 and X3 are CH

a1 ot (0BT "t ey 46%83 %?aa%?ba’phsﬁa%%?ﬁﬁ? SRR o
et hyl ; R2af lsast étlr\aﬁfy dnafble suifur compbemdsailnydamwatm'eyih theamdge of 100°F to
400°F to convert at least 50% by weight of the unstable sulfur from the crude oil. In
embodiments, the crude oil is heated at a temperature in the range of 100°F to 450°F
and at a pressure in the range of 15 psia to 200 psia for a time period in the range of 1

20  minute to 60 minutes.

[0007] In some such embodiments, the heated crude oil is contacted with a
catalytic material selected from the group consisting of inorganic or organic acids,
particulate molecular sieves, dissolved metal ions, metal-containing slurry in an
organic or aqueous fluid and a particulate catalyst comprising a metal component on

25  an inorganic oxide matrix.

[0008] In another embodiment, the process for reducing the sulfur content of a
crude oil comprises heating a crude oil containing at least 0.1 wt% unstable sulfur
compounds at a temperature in the range of 350°F to 600°F to convert at least 50% of

the unstable sulfur compounds contained therein.

30 [0009] Insome such embodiments, the crude oil is heated in the absence of added

catalytic material



R4 is nmethyl, ethyl, 2-fluoroethyl or cyclopropyl; 18) RLis d; R2is

t et rahydrof uranyl or tetrahydropyranyl; and R4 is nethyl, ethyl,

2-f 1 uor oavbybioamss@ycl opropyl; 19) RL is C; R2 is tetrakgaustamanizst or
tetrahydropyranyl; and R4 is nethyl or ethyl; 20) RLis d; R2is

tetrahydr nyl. or tetrahydro and is nmeth or ethyl; X1, X2
and X3 ar géqu'r?zepelﬁc?%‘talsk}c %@4 Igémf"r r@'ﬂ@f&éoml@? GeBtacungWeect ed from
a, CF3, (G &hd&&'f%nthp%ﬁﬁﬁiﬁ§ﬂhidcté|fz!rc)ﬂlt§€ect§@¥e%¥8v‘ﬁl seldisilobulpach of the
corrpounds of the present invention are contenplated within the scope of the
present apphpaumds epntaipedfrethe bdatebapdands of the present invention include
8-(2-Chl oro-pyridin-3-yl)- 2-nethyl-6-(4-nethyl -pi perazi n-

1-yl)-9-(R) -tetrahydro-furan-3-yl-9H purine; 2-Methyl -

6- (4- met hyl - pi per azi n- | - yl Brief Diestriptipdrof-thy Figuresyl ) - 8- (2-tri fl uor onet hyl -
phenyl ) -9Hpuri ne; 2- Met hyl - 6- (4- et hyl - pi perazi n-

% K/L% Y| (@({11 r?‘ﬂél dpﬂéggg}lﬁrstr%ew\f? g@b?é{ Ie]il SO Irl?eni?lgfg%lohpﬁleo%lllg fhgeH_ purine
t et rahydr ﬁeaftiﬁ%@ﬂn@aﬂd th8 1@ tiOh ¥dmeFbr Riidvitgs the unstable sulfur compounds from

8- (2- Chl or o- phenyl ) - 2- met hyl - 6- (4- met hyl pi per azi n-

| -yl)-9- (Spdeetly ahydr o- f ur an- 3 yl - 9H puri ne;

8- (2- Chl or o- phenyl ) - 2- et hyl - 6- (4- et hyl - pi per azi n-

1-yl )-9-(R)-tetrahydro-furan-3 -yl -9H purine; 8-(2-Chloro-phenyl) - 2-

met hyl - 6- ( 4- met hyl - pi perBetailedDedcyifgiqit ef thehlidreationr an- 4- yl ) - 9H- puri ne;
and 8- (2-

Chl or o- ph I 6-( 4- et h | r tetr dro yran- 4-yl
ot hyl) - RS2 AT Wi RS I Pk e g bRy 1B R Do

t hr oughoubil hich Ie@@clrnfth@aisbm dftadi€d hypirbgnuindevitionosh dduat cwaﬁyrle a group is
qualified by "defined herein" or "herein defined" that said group

enconpassB¥tarigh whepdhe %@Wl rSrhya@ﬁdo pleydad mpeestigh {4 BEMa9Mally as each and
all of th aét%gust%yw&ﬁ ﬁ Qéor# éu?ﬂc?e Rlont Qﬁhe%'i&#ﬁtg %%ﬁ HEgGabae and

t hr oughou escri pt Prvent i 6 P owi ng terns, unless
ot her w serdanﬁbrc@ﬁthdumatdtﬁle hdfie cotmpotiads! (bimmerrealrﬁﬁrr@nta&sngrsed herein the

term Cl- refers to nmethyl or_ ethyl used her n e term Cl- C2
f1 uor oal %Y(%P%%f PraceQisgneIcuss Bk o bt B@ﬁenégnAﬁl@fg@%l&PSﬁs At Qaméh%. n one or

mor e fydr gagn Ljdd &) e’i’tﬁ%dreE’Mnﬁ% H‘aﬁf tﬁérééeﬁ'oﬂ SElESR suiflf EdHOSRBIRY!
2-fluoroet hyl, 2,2-difl uoroeth 2,2,2 triftluoroethyl.” A preferred G -

CZ fl uor ohy Ivyporgatmpoﬁ wlaile Ismlﬁrr@entlayilng meirwaelabﬂseﬂleembodlmenmlmstable
pharrrace cally acce alt" refers to salts.o ounds of the
oresent i HbEPEHo MR R SRR stmnt FigF PG bR e A B RO h orrs
Such sal t%ﬁndn@smeseﬁﬁtah@m{ 2. fIafendoeRAntd) & i Qeﬂméﬁrﬁth\é@&ﬂ ei‘{ﬂﬁﬂm in the
art. See, e.g., P. Stahl, et ah, Handbook of Pharmaceuti cal éalts

Propert i ed tskdection and Use, (VCHA/WI ey-VCH, 2002); and J . Pharm Sci.
66, 2-19 (1977). Preferred pharmaceutically acceptable salts are
hydr o2l o[OQiB]andnphdmihlafmes uh'ﬂtﬂﬁdismiﬁntcsnrpbumdsenﬂnd’@meSMﬁdiechhhth t he

exanpl es I‘OVI ded .herein, and. It h the exa oVvi d d .may be of one
bl or PEGHHON eeprsmette pgpert G M ENRUR B Bttt BB menc s of
the i nven[(@ﬂ) J-nslude ghdre 8t Rekc SirER 0P OB Tk featRgufits, R e mBbLOsRl forms
of the exanples described, as well as pharmaceutical [y acceptable salts

t her eof . e furgtamshandai indichiss thermantteraf gpbaenity.elragor wick embpdiments,
" CB2-sel ectj vit fers to ¢ nds. hayi reater cy,at. CB2 than
coi . pr of o it i b Bl "R PRRPDRE TR ot BRAERA PR ST For o
CB2- s} ecthlvé trythe M,)fge opnebeored conpounds of the pr esent
[0014] In their simplest form, inorganic polysulfides are ionic compounds with

anions having the general formula S,” . In some such embodiments, n is a value in

the range of 1 to 10.

[0015] In embodiments, unstable sulfur compounds include polysulfanes, which

30  are un-branched chains of sulfur atoms terminating with hydrogen and having the
-3-



invention exhibit > 500 fold CB2-selectivity. Most preferred conpounds of
the present invention exhibit > 1000 fold CB2-selectivity. The conpounds of
t he presewd 20mvssdddson are preferably fornul ated as phar ratasRéoeab7251
conpositions adm nistered by a variety of routes. Preferably, such
conpositions agre fqr al _adm ni stration. Such pharmaceutical. gonpositions
and. pr oce S8R ol By PHGShd- 4 SOTME MChGRARAITL. Aas Applie gplhe 6 g,

Rem ngt on;anERer Ped mce and Practice of Pharmacy (A, Gennaro, et ah, eds.,
19t h ed., ck Publishing Co., 1995). The follow ng Schenes, Procedures and
Exanpl es r ov [ ]&%q ' : resent

i nventi onfd(gllﬁ?t ay%errg%cg@? ?’g%ﬁegglﬁ%ﬂéicégﬁg} ?051& t gg g%%gl@:%?%‘?{vte SgcgletBSc henes,

Pr ocedur esolatild seiangingsouadeatedperkiuossrasilow b €0@Ft Tanchbagiprenp: that e

nodi fication.of reaction condjti ,, I ncluding supstitution ol vents and
co_—rea’%enf’%l_a‘élr’eéu % PP S&Bl@??ﬁg&mrﬁ@e W W@aﬁﬁp?ﬁcmw EoeRer more, the
skilled aghibgan-W lchridRREQERIE SN BirbbRYy1SEIRC OTSY IRl ANGESs tHh@ror der in
whi ch noieties are introduced is not critical. The particul ar order of

st eps reqgy t r I - pon the
parti cul arbq:fc?ﬂpoﬁrn @@f*ﬁgrbts"@%ﬁ%g?%@ﬂ%ﬁ ebel,:,t?%?étal a%gdllsccgr%rg%gﬁg?ﬂg%b#he

rel ati ve talde bils,synthetih@udeibdy; iatmdspemogatailesfuchails dicyetlolils appthedikat ed by
the skilled chenmist. The skilled artisan wl.l appyreciate that not all

subst i t uePISCURUNERTHAGTEATEN NS AOP-fRLEE PUHVESNHl F7EmCRthelde conpounds
may bgy pr H%&ﬁ&a@gotpﬁréiﬁg'rﬁdMn?afin BhEPEFFYRRE iRPhdhg, It h&%eéé’s@&ﬂﬂ?s' s by

met hods well known in the art. Suitable protecting groups include those
descr i bedlimmted toMva@re€Pe, aspliRiohes béids n@plobp aratfiidy, ghefing, Byatrwsl s, John
Wl ey and, Sons,. New York, N Y., 91 ereafter ref ed to as "G eene".

& cone i bl RO praish et AR iAo Sho aufidsS Snd fraBebr or ect  on
of suitabhg] Peokeahd BEMBINeLRS thaede used by the skilled artisan. The

i nternedi ates and final products of the present invention may be further

purified, [dd18§eSiT1Fe%rQé/e_s§RH‘?Hﬂostfiﬁ§ Hﬂét&lﬂ@%lﬁ&%@%uﬁc%%&ﬂ@ drhdAhkQn or

chr omat ogr aphy over 'solid supports such as silica gel or alum na. The names
for the cophlpoundscamhentwenpcespniing aheatingotepan ecagemesstap et asiparptidat oNom
2000. Abbrevi ihl ons used herein are ?efi ned. as .f ql | ows: "Brine". nmeans a

sat ur at ed>SRud BUSCRYARY AT BAIYFICH S NYFREY B ™ EERC Xl SHSFRHRYIB Aum
al bumn, g veBRADSscduchtRlG M @haraf Gesthis YRIROwIse JanlaRa QA thd @ ;mayPVEA"
means N-Et %di met hyl gn‘i ne; L ED‘FA" means et hyl enet:??gn‘i net et réalgsceti caci d;
"Et OH' nehnperéarmedolmultagomsty meanisglgassseh putmaricglydpaypinghseessp@ct r onet ry;
" GDP" means ugutﬁarll S‘i{l & a,gailt hOSSSthat ?lil]th I}lErI?lES'i'n & Bein d in a scparate

4- ( 2- hydr SXY SRR PERsTase YO Mt NIsa SOFPEIE L0518 Prf9smed I8 S8 gpanol
"1 PAN20 neagsel2- o efppddfiens, the helling if8ad %o tak8blacd th 4 BagiapLone, MeGHbnyreans

nmet hanol ; "PTSA" nmeans para tol uenesul fonic acid; "SCX' nmeans a silica
based st r BifFEPitale PdacsHAA Geackiar zonccId SRPATARNS 33 Sl © QCsHE Middge or

equi val entg a;a‘ﬁ%g'zoﬁ@ asansdéE’eesr ﬁ{eihteiét?r% Zﬂtq'e%a@ iGASI00BER %Mmbes&he”e A The

starting pyrimdine ( is reacte an-appropriately substituted am ne
and a sui tdfrent bakencs dioim the retiction powgandahdydaativmenomadyrinedlhy thersame i n a
sui tabl e sol vent such as isopfr%g nol at .elevated tenperature to provide
conpound (%l}lmegéﬁ eiy volumes'from the separation zone.

25 [0019] In the present invention, a crude oil containing at least 0.1 wt% unstable
sulfur compounds is heated at conditions sufficient to convert at least a portion of the
unstable sulfur compounds contained therein. In embodiments, the crude oil is heated
at conditions sufficient to remove at least 50% of the unstable sulfur compounds
contained therein. In some such embodiments, reaction conditions are sufficient to

30  convert at least 75 wt%, or even 90 wt%, of the unstable sulfur compounds in the

crude to volatile sulfur compounds.



(c-1) (O (c-ii) The starting bromde (c-i) is reacted with a strong base
such as n-butyl lithiumat reduced tenperature and N, N-di net hyl formam de in
a suit ablwo=olwesds4such as anhydrous diethyl ether to proTiuseceospsund (c).
Usi ng Suzuki coupling conditions the starting al dehyde (c-ii) is reacted

vvrthabo d deriv trve f. RL asurtablectal uch as

- bi stmenﬁrﬁﬁ'@% pth %nsfveﬁ%éfeﬁefgar%amre Y ?CtE%F%%Ci‘ ¢ pd( oac) 2
and a sui Hahleg rlasal SPER @AStabRILMER JonHRuhdei ThiR, t%@'chﬂ'é'o% i$RtM&N4t asSUCh as
1, 4- di oxane or toluene at elevated temperature to provi de conpound (c).

S\e\ﬂerre )Cz‘ltﬁﬁm)ratmhewﬁmatherra@qgfrhoﬁmton%mfﬁ)and st arlefasstueajofvr]rﬁtm?laaarmlei’wdebl( c) .
ere 1S sel ec | tabl e aci
guch as | PrediTehdy 'BH% PHTEES %E;@GI?%VH% ?%P%P G&E?f%coélrﬂoucn,g in a

sui t akh e HPEMBEHimShiS hthearuhe $ildé BeeddtEat AltethPérdRREinahe RINGY af g Fagper at ur e.
The reaction mxture is filtered and concentrated before reacting with DDQ

in a suit&80°F awdiayantessie A &5 p4ip erd ehyget hane at reduced tenperature to
provide purine (d). The starting pyrimdine (b) is reacted with al dehyde
(c) (wher 00244 ofRekatily liosvelxljenandataresmavévbluee@whch satdptiamaeriablanenesul f oni ¢

acrdrnasuta | vent at elevated te er ture. The
Aot i on FRRlosPRle e Phats e B Gn OF whts M E o Res i T SRR T B ¢ i oy
chl ori de ghbedigiaisethecRMRRYIIAE Héeﬁed & &%ﬁ?bﬂ&r@ﬁfﬂh@@aﬂg@bf 1@@q1retbarlsoﬁr ocedure
2-1: Heat a m xture of pyri m di ne 0 equiv L.R), aldehyde(c) (2.0

equi v10 | ardategwessereripdhaiangs pigkd wtﬂm%ﬁéla(fzoetlme miopasdg raeclofR ) in

L 4 di oxane kO HAPAGAE! HRNOUES 1 RAlnAN L bASIndL: LRl ik e ough

di at onaceous” ear concen uce pressure to glve

the resi dug350BFsseher@xtmplaresbidtoel tindrayigeh 1ﬁﬂh@é meeaﬁgertff Saniguadd BDQ (1.0
equiv.) at 00C. Allowto warmto roomtenperature vvrth stirring. Upon
reaction BOWSEeRttBprangs Pﬁl%nrme%teé‘@tmleﬁt% Qfher XRIRYRTESLE 18R Shane, wash

W th 15% Hﬁl%‘fﬁe %ﬁg Ws% R?(fS;éﬁzisw R@Jct ﬁ%@'tﬂ%rdn'gﬁble%}fuf &b‘?nﬁ{ugéé“ c layer

over anhy rous Sso at e ter, concentrate under reduced
pressi e tnothg ipwsciideef raeeiaﬁ}mse mdReral fiy tltertempﬁaiudumngg 05430°E 20 @@0°FfW1zhls h

chromatogra y to ve uri ne d Gener al. Procedure 2-2: Hg ?I uti on of
pyr i m di nESEE lojn ¢ feng fsglian rote, R BRI pY S Eg U o] dctments

t ol uenesulf@p b{?oc%ﬂ f@r fe]‘ﬂbv\Mg He uQ%@lQ sﬁ’l%rleo%p)oun&’s“ qlerlﬁgl%ﬁip%faté’e eves (200
wt.% based on L.R) in toluene at reflux f 16 hours. Cool and filter off

t he nol ectdagtionsinay be sqltmghghhajdeaukfmwdmgieemls masscdduedityrfaere thehe filtrate
under regﬁr e[d g essure t 0ghe resi due. Dissolve the residue in dry

di chl or omBtHEE" 2N %ﬁglsgg%l?nlc 8 ui v. ) at 00C. Allowto warmto room
tenperatu Upon reacti tion, dilute the reaction m xture
Wi th [@ﬁet ﬁ\&hget R SR RS ‘Pﬁﬂ% Hrﬁwrwrabsoem FHIBAS 1RASEP | and
bri ne. Dr Wbkl E Gaithen! AR thOYERp SRINA RS caQAW VS Alafrtaifdd ter, and
concentrate under reduced pressure to give the residue. Purify the residue

by sili cawybin tht agdeifeddrronget ogr aphy to give purine (d). General Procedure
2-3. Charge a reaction vessel with the pyrimdine (b) (1.0 equiv., L.R),
al dehyde [(@023]1. II'equistable, sutfol commeundnohap bt edrmi@rvedu b ftioorinal @ohd nonohydr at e

E grrggr S? 3p@al)yf1msérlgﬁr:esgfl£ eo 00¢ qugéré B'grtnr@&?ﬁ n];ag:mlsagé)flélétorllg:locoolnvér?edra?Om

25  atemperature in the range of 100°F to 450°F, though the reaction rate will be lower
and the reaction time longer than in the catalytic case. Thus, in embodiments, at least
50% of the unstable sulfur compounds are converted when the crude oil is heated at a
temperature in the range of 350°F to 600°F. For example, the crude oil is heated at a
temperature in the range of 350°F to 600°F and at a pressure in the range of 15 psia to

30 200 psia for a time period in the range of 1 minute to 60 minutes. Other exemplary
temperature ranges include the range of 350°F to 500°F. Other exemplary residence
time ranges include the range of 5 minutes to 50 minutes or the range of 10 minutes to

40 minutes. Other exemplary pressure ranges include the range of 15 psia to 150 psia.
-5-



concentrate under reduced pressure. Next, to the crude oil (imne) at room
t enperature under nitrogen add slowy thionyl chloride (neat/solvent). Stir
at refl uxwPDap10@oseanut es. Cool to roomtenperature and ecmaspemwasesunder
reduced pressure. Add toluene and renove tw ce under reduced pressure.

Di ssol ve chl qr onet hape and basi sl ow rated queous sodi um
bi car bona (g)ﬁﬂ)r ﬁ}‘?é’rb‘i E]inéy BS &t G%%ﬁen’gﬁﬁ Leo‘(‘};fﬂ fﬂ%l% filter,
and concepty ahe duﬂﬂgfherp%yd{feﬁgn Rfa%§1§d%{a%on Fﬂaamfuy @Notﬁérk&h%rg&lssﬁ 8§h

chromat ography to give purine (d). Schenme D(e)” The starting Ehl“ne(d) IS
react ed wihetrerade tabdmprhOétrmrys Mmmtmmt@n®m9b¢ sitwpgchatdhawslliqadior e base

such as tl’tl et hg é@ ne E ﬂ bI e sol ﬁgnt ucg. as th& ol at elevated

t enper at ut'®?¥°8 16 wr r(’@)w ?l lsip)m(f%e i 8 starting
purines ( dgét}olb@m r&eaaiced Oﬂﬁdéblﬁﬂhu@ﬁ@itétpfslrﬁ&@syfegkﬁéﬁi ﬂottb)ﬂl@@e pbaRdiigone and a
sui tabl e base such as triethylamne in a suitable solvent such as ethanol

at el evat eacsehipepurlang ang/oppryiansprabapsnny piecline. The purine (e-i) is
reacted with zinc cyanide and a suitable catalyst such as Pd(PPli3)4 and a
sui tabl e B28nt Iswotbodenditdniini tratrhgrtzoneramitugedit eloediag éatilitgnfoer at ure to

Peout o wiRbEe (G ol iy aREL by baperaar § i bteb by Mok B el 2" 5

sui t abl e axidghaduch ¥aibodinddty (taDeRZape @ midarily he@Ghé ciude dilswhil@bl e sol vent
such as met hOXﬁbenzene or di net hyl sul foxi de at el evated terrperature to

provi He coepipmahy ugiay a cgiehshandtq fglect 9y apprapmye étrln@ml(né)ﬂmféraéq i ng
pyrim ding. (f).d¢ tgrpé‘ SUEIRRYE ?e‘a'rgl%%a@%ﬁit gﬁlﬁfrfc?&gﬁﬁ ' s reacted

Wi th an appropri subst acl terrperature

t o provi derudesiiaua Eblﬁtg)ely [bhetcppetarireli Oac éﬁ“&ctlolﬁ ntlﬂlmamllyeﬁeﬂmgethetnﬁle
approprlately substituted piperizine and a suitable base such as

di i sopr op§il &t the larrerlingeguitsd; hefse ghesEratdirudg Rihisdeaded 6oy tepapRit- Bt el evat ed
t e”per at ug&ﬁg?&h%ﬁﬁﬁ td %eocf]rf?e{é G8i:aR0Ra %@Qt@aatﬁfquﬁ{&%hgé;o%l 00°F

6- Chl or o- t ét r ahydr o- pyran-4-yl rimdine- am ne Heat
a solli ot 35)‘0°Edﬁnﬁ:gdielsul“fmﬁeame1htyl -pyrimdin-5-ylam ne (0.008 nol, 1.5 g,
1.0 equiv.), 4-amno tetrahydropyran (0.012 nol, 1.27 g, 1.5 equiv.),

andN, Ndi i fag26)py |1atchmplodirhdnes, (e t2A8HcnTRbae hai b@ intdgrite@ @it 4 .r¥finddy. 2kpr opanol
(80 nmL) at 15Q0C in a sealed tube for 16 hours, Cool the reaction m xture
to room t SpeushEbodiernte Mis/audnrassesfrap donluntrsiove biuercmantzosg sure t o

o v he UESiinu PeseLis,Ale SPACHS L0nSh it syarEhane Satupot i {
filter, athd omuﬁmﬁhﬁltcaﬁecamqﬂmemrﬁdmmedFmthssappbca:tmnguhv ergecrofishdue: Purify
20  heated to temperatures up 800°F within the treatment zone. Stripping fluid selection
and rate, and the optional use of a catalytic material is selected to accommodate the
clevated temperature. This integrated process has a feature of reduced equipment and
energy requirements over a stand-alone treatment zone. In some embodiments, the
crude oil is reacted in the treatment zone at a temperature in the range of 100°F to
25  600°F for a time sufficient to remove at least a portion of the unstable sulfur
compounds. The converted crude oil is then further heated to distillation temperature
in a following heating zone, and from there passed to the atmospheric crude column.
The crude oil which is treated to remove unstable sulfur compounds in a process unit

which is integrated with the refinery may be passed through a desalting unit for

30 removing water and inorganic products from the crude prior to the treatment zone.

[0027] In embodiments, the process for removing the unstable sulfur compounds
from crude oil may be conducted in the absence of added hydrogen. While hydrogen

may be used as at least one of the components of a stripping fluid, and while
-6-



the residue on silica gel colum eluting wi th dichl oronethane: nethanol
96:4 to give the title conpound. M5 (mz): 243.41 (M+tl). Preparations 2-12
i n Tabl e WOrzal/dosedpr epar ed essentially as described i n PCEABR@VIO6TESL usi ng
t he appropriate am ne according to Scheme A Table 1. Renovi ng Unst abl e

Sul f ur unds from Crude QG Il. Back round he, | nvention, Field of the
| nvent i onmrp B8 9T 2PREIrQRca SORRIING B4HTlHh0G we t? ]é{”éf‘dn]i‘eocrad%‘% AES br

purifyi nghéutik lé%% Qréacﬂléh REERRIG ] QBarhbn §t@% RRé B oftHyBRZRR dldlbroh

refining. Description of the Related Art )02] Sul fur-containi ng crude

oi | s cont cemkintidorheith oohat meregrhdr@aseshis I@hrqqpeﬁd and refiner. Sulfur
conpounds in crude nmay present hazards to those engaged in handling,
transport [0028)r dhicpibodgndnie aguasde solutiens coatainimg sﬂﬂm&entxabﬂmg)si on issues for

transportation vessels st or age sel s cti vess ration

vessel, PYPPE el ampamgs s %fﬁorlawgﬁﬁq lteomay aarir&ﬁdga\rrg of sul fur
Conta'n'ngeﬁﬁﬁﬁﬁﬁanHﬁ%mﬁEMngQM%QQ?&%d&Gﬂ9?&mﬁﬂ@k&§ﬁﬂ§§ﬂé§ﬂﬁ@'St'||'n9 such
sul fur-containing crude oils. [0 U. S. Patent No. 6,841,062 describes a

crude oi | cetepainids rcq)tztamrsd)ﬂlepﬁnmciéh@re\mlruug selotrpr ccm@nimgdmom@wbd ampzitng a
crude oil fqﬁ&din(ﬁﬂcr%gqrdﬁﬁu]furrﬁgtron unit. As described, when the
product sBi FHidg @dglethenial satiunis ab fdOWS 20 1wt % based on feed, and
preferably | ess than O. % hase eed, reaction conditions in the
crude desul furization u&ﬁ%g%%ﬁp gﬂﬁg%%rron t enper at ure between about 315

c. antP 440 C (600 F.-825 F.), pressures from6.9 MPa to about 20.7 MPa
( 1000- 3000hpisin is aaiabicdn theaangeetel OVd) Toicmbedimenss, therysultingm(SH:80 about 20

' cor 1o RGO STl e e PR e B e B0 R R o r et

per barr ekylfid¢ 2A0#ht. Sone crude oils contain significant anount of unstable
sul fur compounds. Under mld heating, these sulfur conponents react by

hydrol ysi poea®j/ orTHNRaR zARPrédads Rat é&rg%r{h&@és@tahh@r faidtalh tioMpounds,
i ncludi ng H2S. These reactions usually result in a slow but continuous

hydr obfen éﬁmﬁerai@reg)é ther arpdoril. dlirg hagting éonerlamp@maddvm suitablpdyyehcetingles,

which is one S_or ?7 ra S ortln such crude oils.
These reaclqgﬁgog g%@%ggg%m%x$ et %Oﬁ%sﬁé %$ﬁ1%?50§é %ruae oils. At

hi gh t enpgfoatdsitRatesss clettrichleheaterd galied Geom, 61hﬁred&&ut¢f’9 doditfirtd Bdat@s towers,
t he H2S production rate in the overhead of a distillation tower may be
hi ghenoughnd Bedikas i gpshar smbadinrat.tthgasatinggppemey Pe integspted info alicex| st i ng

technol ogy. i o‘fa@i%ﬁ n© SudhURMATHin H ISR elnéhﬁo‘dﬁm TREY ﬁn%?oﬁ § oCr ude

oils, and crudiercon arning high unsta § to 8d wi th
ot her2@r uﬂ@s oir nomdefit thmugbs«hlcﬂi/the atulde oflhetrasedttéOrThHe @pdongndeiterely limts

the refiner's capacit r ssi.ng, these unstabl e _sul fur contai ning
crudes. ASOTAPHESH] atvéﬁ?ﬁﬂ@% aneertiprelly & geactign SEUEN AR DNEREEREHAN ¢ he

mar ket . THYS refBMi R WB bE 0P Bt Qieﬂ{ §RRnROANISAAY dssiPsh&nk bl |y i nprove
both the marketability and the value of crudes such as Eocene. Statenent of

t he | nvensiltm r{r000b frormtherwholdi nent s, the present process is provided for
renovi ng sul fur conpounds fromcrude oils, wherein the sul fur conpounds are
unst abl e {0303r melhehaundd dihgap fidther be e&ﬁhcngi Wcthdistrlppﬁl% floidwsthid the pr esent

i nvention provides a process for reduci % sul fur contegt of. a crude

oi |, mﬁrpgtmqat o5 Fgiuate thggemevel of volatile su fur species contained therein.

Any gas phase material that does not detrimentally change the crude oil during the
separation process may be used as a stripping fluid. Suitable gas streams to be used in
stripping out the volatile sulfur compounds include, but are not necessarily limited to,
natural gas, methane, ethane, propane, butane, pentane and heavier hydrocarbons,

30 nitrogen, carbon dioxide, argon, helium, hydrogen, carbon monoxide and
combinations thercof. In embodiments, the stripping fluid comprises a gas-phase
material selected from the group consisting of natural gas, a hydrocarbonaceous gas,

nitrogen and mixtures thercof. In embodiments, the stripping fluid comprises
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containing at least 0.1 wt % unstable sul fur conpounds at conditions
sufficient to renove at | east 50% of the unstable sul fur conpounds

cont ai nedwORerogiese44[ 0006] Thus, a desul furized crude oi PCiraispeogfpearéd by
heating a cr ude oil containing at least 0.1 wt% unstabl e sul fur conpounds

at a tenperagture in the range of 1000F to 000F to convert at |east 50% by
wei ght of " BTG AL TS o metant e Had S amsants o B HeREsE% he crude
oi | is heatehadbr aﬁn&ﬁﬂ?@ﬂ' l?efa‘v'{eﬁhyd}o&aﬂﬁor{saﬂlgxﬁ‘ari%s AO00midR ARQAEs apd at a
pressure in the range o sia to 200 psia for a tinme period in the range
of 1 m nutmbodmEotsng tstre)spmg[igo@?qapmcg@rgeseeuahpechmgws atche heat ed
crude oil is ﬁtac m% a cat al yt| mat eri al }g q rom up
consi st i n§”61*f r&%%ﬁeém Wb?rﬁﬁ?i‘s@ga%l} oS MEAP e ‘t“‘&s ot %%lﬂgaaﬁ e&r‘*eves

di ssolyedofi@bBheth@its cthaRd, PropR@d Adbulehes il dribuk BoﬁPo@tﬁﬁﬁtﬂf&lo@,rwﬁﬂ ueous
fluid and a parti cul ate catal yst conprising a netal conponent on an

i nor gani cophqrgly seel¢nam Jhepviclgiorarbadsbodi nent, the process for
reducing the sulfur content of a crude oil conprises heating a crude oi

cont ai ni nfPA31]1 ealitc @s phavcavaterial abprevislad taithe ¢roapmmhdemncat onalbayepks at ure in

t he range _of 350 6000F to convert at Ie st. 50% of the unstable sulfur
conpoundsP 1&?8%?%?%58 fiie 1che[t6??8‘§fnt%‘?n%c?ﬁ§ R RCRETEPAERE PR ¢ r ude oi |

i s heat edid embstEmeRS SRE SaPphadslHRAErGRMAY YE ifrodBt &S inf) §Qhelohdasome such
enbodi nents, the process further conprises contacting the heated crude oil

with B0 st knmsratereriieiistewerdbi. ihighce thap er permbicaihe sempaspted ofdhe enufier
d h
Fgures. [ BOPTEnERE Jofle, MEsIRELER bPATRLy e dhs Phars BRI ABr b "

i nvent i onto thB@ehtignt Ashche atdrmgerzioneinandrab feof HRCF it@M5PONEn bther r enovi ng t he
unst abl e sulfur conPounds fromcrude oil Det ai | ed Descri t| on of the

| nvent i onPd 12]611&&5heeéﬂph?éﬁe}aﬁpﬂa&wr%ﬁei@dh?Hfsate@ﬁbmﬁ& are those

conpounds y gen and
wi t hout a%&jg) ! 2%91 aelrf}MgEmsp ??lfot?()doah&erﬁﬁt%%ﬁ%c %e 0| gfgg)hga? {elg to
el evat&®d gmmmsamateﬂel 1tsq»rd\0deni| tnohaatdtycgaseousa naducbsity dyddr ageto sul fi de

is one of e products mth ion of the unstable sul fur
L omounds e e oo e LByl h e 0 Brlseafih fntimet Folubt FoeS . al'so
be presengjin the gas phase effl uent fromthe heated crude oil, either

resulting fromthe reaction of unstable sul fur conpounds, or by

vapor | zat @l VleHuhln S (S AL AL DG AT ACARRENSne LB DAY mont s,

unst abl e r conpounds e sulfur co aving t e generic
formul a Srpudeketesithe xeatment zbnandnﬁyrbe[addaabmthe erudelbiisses thtagh tha

enbodj lrents, x is a value | ge fr o 10. [001 3
ermboc?rentrSHmSRE0RS & LAY Fa@%ﬁiﬁealﬁf‘d%m%@ %ﬁ}g}ﬁhm&es]fh%. ch are a
class of E’t%%ﬁﬁ%rﬂlﬁd SSvilad ® tl’l\é Eduat b ﬂ%{i@d cflﬁﬁﬂ%rtbf% Kr8vnifBetniepeat unit:
- [(CH) - where mis the nunber of repeatlng units, x is the

nunber of pewbsaurNet-bmetingrkampiasdidedesgashiejcotiorbet, of lergpoasicuniragor I n sone
such enbodl ment s bx%)ls a valu i.n.t he raﬂ e froml1l to 10, mis a value in
%Y 0

the range oLF 510{1 Ie ?‘PGOY"ler ““é{”\bglcﬂléie RS range of 1 to 20. [0014] In
their si nPdO%%t] OIn ernb 1rne ?Smtﬁ:e Iﬁ'OC SS gI!l éy%t%?n SGSCI'I ednlllereln(%r;pr%rlillgglsng e

25  unstable sulfur compounds from the crude oil have an absence of added caustic alkali
compounds (e.g. alkali metal hydroxides such as NaOH). There is also an absence of
added amine compounds, oxidation agents and organic reducing agents, such as

hydrazine, oximes, hydroxylamines, carbohydrazide and erythorbic acid.

[0034] The treatment zone may further contain one or more catalytically active
30  materials for facilitating the removal of unstable sulfur compounds from the crude oil
by reaction of the unstable sulfur compounds to volatile sulfur species, including the

conversion of unstable sulfur compounds to H,S. Particulate catalytic material may
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ani ons having the general formula Sn 2 . In sone such enbodi nents, nis a
value in the range of 1 to 10. [001 5] In enbodi nents, unstable sulfur
conmpoundswprzelodsedpol ysul f anes, which are un-branched clraras2@P/061T25f ur
atons termnating with hydrogen and having thegeneral fornmula H Sx, where x
> 1. In sgﬂe E%Ch enbodi pents, x is a val ue ia@the range.%f to 10. [001
6] The redtf BASIGPAHRN OEF HEHBICBLIIGr OCBRHBUNEESS AV BN G er si on to
vol atil e guhidnt £REP YRG0 AIch@MAS hattd 62d8sil paWeathrdPQRe pdicgaodi ment s,
the volatile sul fur conmpounds include H2S, |ow nol ecular wei ght nercaptans
(CxH2xS, vitelyst tsays, fo conyarsimrofdhe unstitdesyl @82ympeerdsomihe csudefaide ( OCS) and
m xtures thereof. [001 7] The hydrocarbon streans which may be treated as
di scl 0osed[0085i n Imeynbodinamtr] éheardagmerg pohd@imerises b deactoh soneabmospheri ¢ gas
oils; fuel oils; diesel oils and the |jike and conbinations thereof in

Oar t oud nEARET A HGStioRtapfdRc unsp - H%P%Qnd?ﬁ%tlﬁfa‘i‘%&é]r%@rfr%t reams may
contai n ot dedviGPIMOREN ke bRE YGIaNR sultlE caiRfoun8s BERARE balidk bl tEditiR, water,
CQ2, asphaltenes, acids, naphtha, paraffins, olefins, oxygenated

hydr ocar beprgeciaky e themirogesgyen] be enrfsideredsubdagsiublevenviamighedl of dicsul f i des and

aromati cs t | i ke and comhi nat s ther . [,001 .Th rocess for
oo no” bt f s SRE AR T Tl S S i piaebullgil e %

t reat ment reaeiéh EMRMAyShdT8tcdrd @b RParsiceom &hd 1RAGAE SheS TR réftfioR z6@Par ati on
step. The steps may be pertornmed sinultaneously in a single vessel,

sequeH i aflay inqhudg tgii agfrabilie &y aonietingtha shde il yith a ssppagdtied.iessel s.

Li kevi se, a8 Olniddifie SERTaIRY AT RELIRT TP MiliARGAUSlnd n @ single
vessel, sequentially 1n a single vessel or’sequentrally in separate

vessel s, wpdrhtind@nd@ivas, thagulfirepmbedl peodesy it Gadidicd bydntsgpangatie vessel . In
enbodi nents, .the heating is said to take place in a heating zone, reactions
are saj d FOcHiYkeons2ae &g ssraratignednedpoAomeelamnesyyssssti ons are said to occur
in a separation zone. In all cases, the heating zone nay involve the sane
vol ume or [M36er ebie roetignaend iseenerhly p wawsel isrvhighestainpingHli¢ eedadton zone
may ijwol he s vol B I V. 0 ratjion zone.
00161 |t b AEER POt FanSViht LR SRR AT RS TRBREAN, T Lok
unst abl e sdhi e ca@BPUYITHS rétibe ptorbssahayclhelnduas isayfvicsict it whiohlignvert at

| east a portion of the unstable sulfur conmpounds contained therein. In
enbodi menfitagting cap g onfludigeearage ek adivdding Sk 8 afRnYIEHEO o renove at

| east 50%,0f..it he: I ! C L rel . sonme such
embodi nent &0 SRR TECAR, SnR e bnBPIRALRRS RO EG R FH il ot 7wt o
or even 98csatl%r oflaghhseparaet.albhercactidruvessd mpywodprise fdaheesctowdbartco theol at i | e
sulfgé co ounds.bgpzog Process conditions wthin the treatnent zone are
sel ect®d PPN SHEI¢6Y Ofhs V&%l r emoval of the unstabl e sul fur conpounds.
Thus, the crude oil is heated at a tenperature within the range of 1000F to

8000F and[Q373 prievestptaippme 28 pay ke derhnasp Hipdotigm ¢f the Heatpepti z98ceta up to 120
m nutes fQr. i p i , the
crude oilségi eaté g@@io@%%%ggg?higﬁ%%ﬁ?ﬁ%ﬁﬁg%ggﬁ%?é@ﬁggﬁﬁ?%ﬁg%%gF and at
a pressur bydrbgdibsupidcatoaadoabarficichtCdiiuns dRehatinsvdllysulhiesmpemaeta@t ur es may

be used when catal ytic materials are enpJoyed to facilitate the reaction of
unst abl e BGFFAIPCEdITAERM GEPPPUS%WEOEWEW&L%PSG%FWSS; iRHRe @dide oil is

heat egh at gy d,eAREAHlierhdhtd, IEWhaRGs HerdRAEudisdelihs 8NGhal yRs Pr essure in
the range of 15 psia to 200 psia for a tine period in the range of 1
The stripping gas may be fed at the bottom end of the zone or other location near the

bottom end of the zone. The stripping gas bubbles up through the falling crude oil.
While the gas moves upward through the zone it may become enriched with H,S and
other volatile sulfur containing materials and hydrocarbons. In embodiments, the

30 treatment zone may comprise any vessel which facilitates the gas stripping, for
example a spray tower, a distillation tower or a combination thereof. The crude oil
may flow downward through the tower internals such as, for example, structured

packing, random packing, sieve trays, valve trays, and/or disk and donut trays, or
-O-



mnute to 60 mnutes. Ot her exenplary tenperature ranges include a range of
1000F to 3500F. Ot her exenplary residence tinme ranges include the range of
5 m nut eswDa0BQ6Rd4nut es or the range of 10 m nutes to 40CRIUS08H6726X her
exenpl ary pressure ranges include the range of 15 psia to 150 psia.

Reaction of the.unstable sul fur conmpounds in the sence of a catalytic
material FPMPREIGE eéﬁ%ff h?@@%&éﬂ%flnﬁwt%ogwww Ur FUBRY N & r api d
reaction KAbRwhiiGhe §tApHid %@@Eécbﬁfés Figh&sn RS a8EBBEALd N I0QhIfdet ri mental to
the process for renoving % e unstabl e sul fur conpounds; the high

t enper at urempaads eoi boblchep thelteweremdickits He tohweul f uri zed crude oil is

passed directly fromthe treatnent zone to a distillation colum. [0022]
Wi | e t he[@038)er afherreteait wihinsh the stdippioi|fluidhis added/tottbe soatmeniiomntis as it passes

through the treatpent zone, the_t eratyre during each step wll be
mai nt %]negetﬁflﬂlﬁf‘iwgfﬁé‘u Bfrpedifi G T%b‘%ﬁ% thaistgnty anToiling 18R Compounds
may be regpiednide dil, HRQY RS ndABRALALY EdouRH ORI Ancd SN B ARlRigH! f ur

conpounds may be safisfactorily converted at a tenperaturé in the range of
1000F t o abg@mingdinstbla swéfur eeropéuds,rthe vatwicl dndlgemiposieon ahdictstreopimgact i on

time longer.than in the catalytic se. . Thus, in odi ts t |east 50%
of "t he. unpin e 5 Pere T GBS P B BenpErtionc gt P COOGENSRI o heat o
at a tenpefat dhbodiMehtTer 4rPN@Eptable 3pOAfng FanGO @ifthe &ielp i@gfﬂﬁﬁm fite, tie crude oil
is heated at a tenperature in the range of 3500F to %0 OF and at a pressure

i n t htD r apigepae rats iy b abeuXdd tpahont 1 SrMECFipsebgsed! odarudp oflebquahgyéo of 1
mnute to LAUBEeS: r I t he range
of 3500F ?]goq’%g%@& ﬁ@ﬁﬁ&@g%ﬁg%ﬂtﬁ gence&%:tlérlgelrog%g‘gd% 0|ﬂn %‘E%?the range
of 5 m nuhEsnwrPB mi UMSCPperttaect gedofs310 7Mmniuhys to 40 minutes. O her
exenpl ary pressure ranges include the range of 15 psia to 150 psia.[0024]
The crude[g039]mayA Rl filrl@ata@ting StribpIR\RIid RecHOG AT dtn Bielshfur RBlogEUI es at  any
time during therroductl on, transportation, handling or otherw se

processi ngrosesst e splfierecontdining strippingdiuie mes alsorentaiew s empvpes ofmy be
situ d t.h I i sogi at ed ion facil| from where
he ol e et SR EmolE R e Shde RS SHI AR e R VG R B B b by Phie
treated i gnifouch asafddllledsemiel foacohdedsade hyldoedesbnks g @istsoregs®lreinove over | and
and/ or sea transport or sent by pipeline. [0025] In enbodi nents, the

t r eat ment hy@aearpen st degrdets Bemghe sefirrigntearng stipping dluid erzkingkiowé crude oi |
into a ve : I hi : L al : he like. In
some suchﬁgﬁ%&f?& rl}r%t%!thgﬂﬁ??tr Olhlsth ggllfr aoﬁteantagé %@I;R’Pﬁéﬂlﬁdh%é%&t%ﬂ@é Eh%ude oil,

whi | e opt hpdratdrjonssrarg the smdfuakysbininestriipongs Slidohayabe aypblyhandlee stri ppi ng
fluid,rate and .residence ti to effect a desired renoval of unstable

sul ftﬁdcoﬁlﬁl?fﬁl’i‘ﬁgm? PEHLY A SRISFRm 4 the A FERS | ow tenperature. One
effect of mininmally heating the crude oil is the | ow cooling required

bef ore t hEB0Q40at ekficdraghipensizpng way HrHes copinong AE pOFe catalptic maerialydpr

enbodi ment.S.:k ik [T I .ange of 1000F
to 3000F g%}l}t%]tgﬁgttﬁéggﬁie%én %%ﬁﬁ%ﬁﬁlﬁl%@%i lg[ﬁrﬁg{ggf Irsrlgrfll%rrs&?e{l e treatnent
zone nay behidiigethe abedrdion of wnstadid sudfiuy corhpousdse Hy: hCaalyadinmesrtats t he crude
passes fromthe sul fur rem)valj reatment zone, di recily@gd wi t hout

subst ant | RO gnGerthe ranqyalplethg Afurcgppapads gepgiily edigpicat i on of the

crudepmi | dnfepathicSt GABAARE NS LbRPTEnds B udcAlIS RRBVEELAbIARe cful€ crude oi
may be heated to tenperatures up 3000F wthin"the treatnent zone. Stripping

fluid sel dbitérous sachl as atoeganamet arpanioptids patticukes mblcauleatieneyt dissolmmtderi al is

sel ected to, accommpdate the el evated tenperature. This intlff.gra% ed process
has a feafntﬂ 10018, mgt&ﬁ-g%taalga]&s NI Al pgganic or aqueous fluid or a parficulate

catalyst comprising a metal component on an inorganic oxide matrix are suitable as

catalytic materials for removing unstable sulfur compounds from crude oil.

30 [0041] In embodiments, acids which are useful for the present process include
protic acids, ionic materials with Lewis acid properties, and inorganic materials with

acidic properties.
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energy requirenments over a stand-al one treatnent zone. In sone enbodi nents,
the crude oil is reacted in the treatnent zone at a tenperature in the
range of wWOQ0f/t8646000F for a time sufficient to renovePal/USe@96RSPOrti on
of the unstable sulfur conpounds. The converted crude oil is then further

heated to gdistillation tenperature in a faoll ow.ng heati zone, .and from

there pas[:(g%f%o ORI g Se PRERE K E A Cl@%l@ﬂ%gg}lﬁ%{@ﬁ is

treated toR@TBMEvAIPRSRR Qnsighhivacia® R RURAARICInat&idl 'iﬁf_nhrg@zmcch s
esa

integrated with the refinery nmay be passe thrgggh a Uting unit for
renovi ng egidssueng nhesphyaisiacidmnddulftrc 4¢idmctiaetiaarjebgpefigel. t o t he treat nent
zone. [0027], I n enbodi nents, the prec f renovj ng the unstable sul fur
conpounds WHBSHSFRaedor My rebee SHAGCead Ple-bRaDilEnt 541 Rirded hydr ogen.
Whi | e By ddegaBletiyacbountd € podibh] ddeléteAsis RaElIaLichherfeamuant s maferialsst ri ppi ng
fluid, and whil ehydrogen or a hydrogen contai ning gas may be used to

bl anket t Benteipingd-caiis agidy d1aglsa uhelyt ok gerseape the spBaceananeuade pSutilicor a
separatio o b ) 310k, b ~coeniinat | i one or
nor e othe?e§%§§§§ﬁﬁgwﬁ§§n%%ﬁ%%ﬁéﬁg%ng%k?q%n’Z%bogﬁngﬁks%kég%égﬁigéolutions
cont ai ni ng cstdlytid materivl aMuléglae oRp ey sy disgwbrdaitanmdrdolind ¥ Wifhietll or sodi um

thiosul fate, may be added to the treatnent zone for contacting with the
crude oi | hy&og@hiowa apfier coripiameemetal iphy 2re dagfBLindae SR asew! PRSESi n.  The

resul {d ng j Ra]! e : i el enent al
Sai fuld; sngHféHl ?%\ﬁs%%ﬁ%%"@%ﬁéﬁ@ t?ﬁ@&%ﬁ%ﬁp\%ﬁ@ girhﬁgl géhglgééﬁgglei n the
range of diet® byGon éxvhemdwomtibyentpssgnatien ofebel htolavglaf Mekty. 2Fethodefluct i s renoved
fromthe treatnment zo and.tneatﬁd tp recover the, amoni um sul fide

f eact ant . MEOBRAIMEHEHES SPerirsIBReh oM e HEE SRk YU TP W0 ATRRPESYe  and) or

mai ntain hﬁ@%%ﬁﬂﬂﬁﬂéﬁﬁkﬁaﬁfmkﬁ%sQMMQQmﬁhﬁmﬂﬂ&ﬁwﬁﬁﬂﬂhﬂﬁ,%ﬁﬂﬁuﬁﬁ&;be any
device suitable for heating a liquid to an elevated tenperature, such as
boi | ers, Heeolarahasgbe ssedf MetalsamichnsiFpr.obesLhedlier whicdlaget ri cal heaters,
gas f{ ed.heategs h@ihlﬁireqnhe%ter%& %@ah nkﬁﬁg heateg§ ag%ﬁthe like. In
anot het  eMSSHORERT MG 1S THARE TR G I8 AR S HHRGPLREE RS ™t her  heat i ng
oper at i ONfatc#dCEr BSinWirtdtation, JlRf dhoeratalytit RADRETRIE SonvbRBONFat i ng zone is
a pipe or conduit through which the crude oil I1s transmtted. The pipe or

condui t chny#ile sl fug specagsi Adieseeatalpis loared theppicehiak tgmperataefi on secti on
after the I .00, n W LCh:ent
dinensiongﬂﬁg&%ggﬁﬁﬁgéh’egfgggﬂgﬁgﬁﬁﬁ?%%péﬁpgﬂr rgﬁg@éﬁg?iﬁaé?ﬁg crude.

[ 0030] Theumdgite catalytiowyodesy.t her be contacted with a stripping fluid within
the treatnment zone to facilitate the renoval of volatile sulfur species

cont aped[00u3] €I MTheAVAYal SR fnah b BEendBd fitd Ble drititas@aRSoRRH cB@bbhdhedE & | Y
change the crude oil during the separation process may be used as a

stri ppi ngasluivd Theglissalyrd cepaponent maynbe addagdo treegrudnasstitiehl #yicout t he
volatile gﬁ'a{sfe% t?ir%rerp M?%aﬁi@%lhggematg%l. € 0P a%\?e%ﬁ? ﬁ sb h}/t rfaffst ed to,
gas, S ent a g

nat ur al ane, et hane,” propane, " butane, e and heavi er

hydr ocar bgagrallyi howigeed toqatbmin cxbieoxwater behgaddedhe thcwrudd)yacogeater icar bon
nonoxi de and conbi nati ons thereof. In enbodipents, the stripping fluid
conpri sesthg yessneRddSRipdiceap highheeqresierdsi t he group consi sting of
natural gas, a hydrocarbonaceous gas, nitrogen and m xtures thereof. In

enbod?reni@044lhe When psicgs pisling, Bsrppraldsgneendmeaydie inithe rmofen met hane,
et hane, ﬁQ aﬁ&%&'glh%%%ﬁﬁ&‘i& o‘%fan%l%’gge%%qs. %&%ﬁﬁf%sca% 1 fhed hﬁsﬁg@?”‘)””t s of
y n-Timting m ne d

heavi er ocarbons, rn vari ous ures. iments, the
stri ppi ngidcludiedhd sul@tdR) €iaeSS, PasRISs, alytpics ahd MIIHESST tigamerlsdh ¢onic
form. The metals may further be associated with finely divided support materials,

such as alumina, silica or aluminosilicates.

30 [0045] Inembodiments, the crude oil is contacted within the treatment zone with
at least one material known to have catalytic activity for the conversion of unstable
sulfur compounds. The catalyst may be introduced into the crude oil before the crude

oil is introduced to the treatment zone. In embodiments, the catalyst is added to the
-11-



generated during petrol eum processi ng, and conprise gas m xtures contai ni ng
at | east one of nethane, ethane, propanes and butanes in various

conposi t iwpanivmsddes, with optionally smaller anounts ofPCHA®B008/067251
hydrocarbons. [0031 | The gas phase material is provided to the treatnent
zone at or above the pressure of the crude.oil in the treatnent zone, and
at anbi gnfﬂ’géﬁﬁéﬁé_ dleC paigeigla o sohorg &Pd‘il‘ﬁﬁlilﬂ%’,astaﬁél%e&%{oﬁﬁ%_%e mat er i al
nmay be 'nﬁéﬁa{%‘ﬂ@ﬁ&liﬂ?hé)setd’r%%&ﬁd{@r of SRR AL f@nt fIMREUALMULEI WM &ldd §i1l ower than,
hi gher than or equal to the tenperature of the crude’oil entering the zone.
In sonme silibhisepatstalligudpbasctrney broan giuaswes thad er dmprgasicdluadi lded to t he

treatnent zone at a,tenperat.ure in the.ra of .1000F to, 4500F.. I n ot her
enbodi menf SOop AR okt STREHE HEDE Arhe i DGRy e LB AEPRE e Do ot a
t enpermt Upgiddno trecri g rafio 360 3 AR cride bih Theschan@didqiid 6000F to
8000F. The gas phase material is provided to the treatnent zone at a |inear
vel oci ty Bi$camaypomprise fae 10 whtsatahdicrasipial Non-lgniting ggamplgsanstudene

vol atil e G u r i pents, the
gas. phase it AP PR WSolys M Gafeh OByl for sl RiRb AL SHERLIE" B

t r eat ment saable matdridleyapde adiitddo ds drivde oraderpasseduirn heydiave biehdrr eat ment
zone, or it may be added .as the crude | eaves the treatnent zone. The
stri ppi ng®k PUHERUS Q Py Fgrtie QOMBIUPKEPRSGde 0i | through gas distributors known

for this E)ur ose. Non-limting exanples include a@ﬁas in{ ection port, at

| east1®nel046]e tlngmbedinganty, Hresatabyré isibisneas 4 partienete cafalysh thee crude oi |
passes. | i . t ri herein for
renovi ng B%glg%lﬁ'!se[& 3%?%Sﬁgtrn§ghg nplglllj ﬁggﬁﬁﬁg%ﬁ{lﬁlﬁ%@%ﬁ@ %ﬁ%%hdg\?%ggn absence
of added glapss,iitcladik@bpheesnpatiddss bed gtheddhsptd martials, by driex kkiges siech as
NaOH). There i.s.also an absence of added am ne conpounds, oxidation agents
and or ganfleo Malincihe geansen tle pasticiatg satplysh abhieresanudss e gencrallyr vzeg tam nes,

car bohydr g4l A8 M0t Riofaltiindnsid PARAba T Rat [ ERLAEM ABRGTERK, f urt her
contain one or nor€ catalytically activeematerials for facilitating the
removih ofheynstuddsl havs ah fveragronpoesedsorfal dmdnkienof goeataithanbly32 mabtdron of t he
unstabl e sul fur co oundsai . vol atil.e sul fur lzlt)()e.(:i es, including the

conver si of" BT ABTECLN OSIOP St REFET Sap 16101880t i cul ate catal ytic

material payfill at |least a portion of the treatnent zone, or may be pl aced

in trays WAAln (Waen presgnienthe sigawent goncnhdiaphisytade catplzstiaat &y crude oi |
passes t hg; i . ; i t he

(ot abl e SO ForEE BTl A a2 Shal DRyl GBS ¢ e

t r eat ment caelyst coatmrddskscia. Mbaehitenlazocataly o maydryveedennig afixddéedia some of
the unstahl e. syl fuyr conpounds in the ude oil] and for renoving at |east
sone Of t a3 et motine grd e%#r%dwas%? BARICRIE LRS! 81y CIFNT i e

appr eci at gdofohRl if e BROGE IS bd ple€ent ANSLABIEL IS UGERBPE WpaRYElestdiough al |
of the unstable sul fur compourids are not conpletely removed fromthe crude

oi | . The pemctpaatcdgres meysihde verselgsaphratesl ky, forapamatepa frapmhidhe heat i ng

zone. The reaction.zane ay include.the capability for co Ctli t he crude
o1 vt h SRR SEA FU { e R e tshbre e R PRE e of1 Wit
a cat al ystrofrthbefude idJodatd i a fieabbedseaRoORRIRldNEa pRF dbWARE:d t he

sul fur-renoval grocess is facilitated by integrating the reaction zone and

t he s&par Hrpugh the aealypisdaotsit mgy dloporpvasd threegethe cp@lyseledThe reaction zone

is generally a vessel in which a stripping fluid contacts the crude oil for
pur poses (1048 noiacy catalyiselasit may ponprison soigle hpe wbkatelybteosuimixinresgeci es from
the orude, ol an TgHER25! b RO PSSR o BIniRE ri R SH S RS He SEAPSL 10 whioh

may vary from bed to bed in any order or configuration.

[0049] In embodiments, when at least one catalyst is present in the reaction zone,
30 the reaction zone is maintained at a temperature in the region of 100°F to 450°F. The
temperature may be selected to result in a certain level of sulfur removal from the

catalyst. In embodiments, the crude oil is maintained at a temperature in the range of
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contacting can occur, including a storage tank, a holding tank in a
transportati on vessel, a pipe through which the crude is passing, a

di still atworzonalessam, a reaction vessel, or a flash sepaParars2009le726eact i on
vessel may conprise features to enhance the separation efficiency of the

vessel strlp i y ed .near the bottom of the
treatnent?@gﬁé 2?8 %ﬁgﬁﬁépﬁﬁﬁag %‘FnggﬂeQﬁHméPn% & uf fici ent
to providgd& e%omrﬁém@ rtﬁesesfua@oms YiARAR8%t 8 Wripdfulan HRMNE StfdoPei ent
anounts of the unstable sulfur conmpounds to nmeet a specification based upon

envi r onmettt 410°Epad afd mssumwm th@ mngp ph§d psialta E(Ahmfow attmmmrwqun thement s,
domnstrean1o§eggt|o inin g gas my

Do oy oo TangR 8F BB o B Bite, S & et fhg U Rin TG 45 EnBORED, 92 o

of thes zongpsidhe160 psupplmgmaﬁsy Rigtlbh&stiPranBeLmehide Beo fiaklinnes &fdue oi |l .
Wil e the gas noves upward through the zone it may becone enriched with HS

and ot her tovf] @ifutes. sul f ur contai ning materials and hydrocarbons. In
enbodi ments, the treatnent zone may conprise any vessel which facilitates
t he gas s[GQWi ndn eﬁdvlodmmmqalt@ qu@pcvlhyflthme@md wnsgabde $ulﬁmtcbmnntt(@xger or a

conbi nat i The .crude, oi | f OM/domnmard rou h th tomer

it ernal s SOubRREE e SRR R B o AR G or LAOHAER g, o1 eve
trays, Vabé{ﬁréﬂﬁl@&f}% cr@ﬂ@él@[nt@[@l&a@ﬂ%hg&rh'ﬂﬂ liquRYShasOEHFRCAR! IAGNS ther eof ,
beconlng | eaner in the content of unstable sulfur conpounds. Meanwhile, the

st ri pf ngexaeplyechyrdlotion eplemnjipclpfes agrmgmespheric oo pan %atm@spww@mﬁﬁounds as
it bubble t [ ich the
strippingaﬂﬁﬁwdyﬁgﬁﬁﬁﬁggﬁﬁg fﬁbaﬁ%l @u @%ﬂe%?ggh %n& U%Bmghnunber of
speci fic tadtoflSs tramypbiet vig shiperavli bags, Ipﬁpéh&@dnhﬂhdﬂsﬂﬁlld’r&ﬁ@&y@ﬁcd he crude
oil, the type of unstable sulfur conpounds contained therein, the quantity

of cont ai ABEF rhsingiassed ip F‘GFSU@%‘%%%H membpdimertshe cvdrpdds bsadsd of t he
stripping ne, and
the || koo Ty F e LR Eh kW Eah REERpe, Rl e PP EEh #80, onge
for tte shm@ppfﬁ@f%hu@d@%aﬂépchhbcnﬂkmpﬁnmgns&mqmnmwebevapmumn@eﬁlto about
1.0 MSCF per barrel rude .0 bout .18 t out 180 nB/ nB) or about
0,25 to alBreons el DY b BRTC ae i TR HH G a8 or 0 3 to
0.4 NMBCF gy gﬁﬁg%ﬁkg%d&%dcrude (53 to 7 1nB/nB) . [0039] A sulfur-containing
stripping fluid i's generated fromthe sul fur renoval process. The

sul fur-co in ty n Ny %qg: s of light
hydr ocar b nd§1 ro%1 hleﬂlgl?tlrﬁgs%{l%%vﬁ %Ifﬁtq}af?ge @gés}%t?)gb n\éﬁld ove rrﬂgg(;&?ﬁ a
recovery pafnshlgshmhglaheamnghohé bl fordsstiig tbaemndmrathm Myhdrheetad bons, a m st

Scree ane drocarpon. m st oplets fromthe sulf nt ai ni ng
stri p%(? EPH lare&gmﬂﬁ@%ﬁea&ag 2005 ﬂ{ Y JEPRFAIEC 1 EF%GP%%‘? ?F
sul fur- coe@@waws% fHleRRichiEn bt £, WRRROMEEdsNPpditien BY Heamdhbengifhy om t he

sul fur-containing stripping fluid nmay be SU|tany handl ed either within or
out si de amempawds arcemnyerfed theotatiéatubimntompamads, [@ﬂu@pg?hs thheatactton zone may

further cont r atal.ytic, .mat eri al r. .facil tatlng t he
conver5|oﬁ’%ﬁ(ﬂﬁ§F§6¥ a§§l¥5ﬁhg3ﬂ%ﬂﬁﬁ%@gpguvgﬂ2§|%@j§ﬁ§96¢ Yg¥i es,

i ncl udi ngcdthigtic QKR SoPIhe bnwtRsibR B BicTMbthbE sCIPNMAWPIINdL TheS. Catal yti c
materials known to enhance the renoval of the sulfur conpounds general

r educed t htsmnsmseicdr theacaatiopirpenisshficsentlyhighcorropuertat la¢8éa@9€fomq yhe emoved
fromthe gfyds, s&{ﬁ%%fng{)&ndg‘f hﬁ}%aieﬂ%ﬂf%’u %‘?rAQ{r&E{h’% Qq4ds. particulate
nmol ecul ar “S1t evés i'SS 1"ons -con i g slurry in an

or gani ¢ oint@dueius rédctival zere 20, pad hti [cask apertvatodlayalfucempinisg REippinget al

conponent on an inorganic OXIde matri x are sujtable as
gas 16 18 removed from the reaction zone. A crude oil with reduced sulfur content is

recovered through stream 18.

30 [0052] Fig. 2 illustrates another embodiment of the invention. In Fig. 2, the
catalytic material is containing within the reaction zone on catalyst support trays. Fig.
2 illustrates a crude oil 105 passing through heating zone 110 for heating to reaction

temperature. The heated crude oil 112 exiting the heating zone 110 at a temperature
-13-



catalytic materials for renoving unstable sul fur conpounds from crude oil
[ 0041] In enbodi nents, acids which are useful for the present process
i ncl ude pvotow/@meidds, ionic materials with Lewis acid pPOparseéese72and
inorganic materials with acidic properties.[0042] Anong the protic acids,

i norgani c. and organi ¢ aci be used for the fur renoyal. process.
| nor gani c! @Faaél,g 8?@%3’3@3?9%& : @rtPé*r%feE%}?Bﬁﬂg?igAihﬁ%%w bR Sucn as
phosphori ¢22Gi1dr@Rdesith hiftiod oReHclindfa8lcR@ifhi Ssthunds BeehiGlcdlte Hydrochloric

acid will also renove sulfur, but a chlorine-containing acid is |ess

desi r abl evolatigsoBuntongfoupds sidhidinglBb®t €hé reastionetoak 1120 gbetains efthlyst s.

Catal ytic_nater,i al ont ai nin ew s _acids ar I useful for renoving the
sul ot comppunded B Paph AT FalFHC8 BlfnE SR B8 st Bhe8Tor m such
Fe , Zn , offPasshig thethasughs eth ﬁﬁp@nﬁ%ﬁﬁi%i@@nﬁmﬁl@éd @lreadMdheehd 820 Si eves,

i ncluding nordenite and zeolite Y, either in hydrogen form and/or

cont ai ni ngrerghafluif gHet Rdeandseflenst @ porting of g pulfurrcongiang yrippias £as THe net al

i ons may j LAt 0 e .1 SL eV i t hesis of the
i ove. by isHOES ASRAR Rl kR ATRLEFH Al h e SHRLTBAENES 021 © B2 hods
for i ncor peoadred thromihadtichum 198eci es into the nol ecul ar sieve are well known.
Anor phous i norgani c oxide materials, such as silica, alum na, nagnesia,
titani a, @Ra&nplieqtures thereof, may al so be used. Metals, such as Fe3+,

Zn2+, Co3+, Ni 2+, which are incorporated into the inorganic oxide material,
ei t hefo dupgoys]Pr aRREAL &9l Rfa MRIOBLR Chatk hQ{’zinElén'mr WdFARs afd $0_Show
catalytic activity for the conversion of unstable sul fur species. These

cat al yst stdtdwelfut dvatampef 4biwilp.t enperat ure of pretreatnent process, and at
the sane tinme keep good thermal and chem cal stability during the catalytic
process. [(IB4}] THe quahtitlyystunstalyic belfinl cengedndsnha shimglearflbec@scraddoissol ved
conponent or .as a slurry. The dissolved conponent may be added to the crude
as either W&ﬁd%faﬁ@aa{iaspffq_ﬁg‘ém-ni%&?%enwm&ﬁ OUPEERIC BRSEoHR P . Use of “an
aqueous p@ﬁﬁﬁpéﬁ%ﬁ{ hRbvdrBeaARBRIGIEY ARMLLH §¢h fgﬁ%@&@@éon@f&ﬁ?ﬁﬁ wat er bei ng
added to the crude, since water in the p eseng S produces a highly

cor r o8 vecduviimiwaj baddd Weighdddeddasil an the dlask; whitteweaquatkly iheatadhiteer i al  may

be in the formof .an o tallic conplex qQr .ap iopic eci es. Exanpl e
cat al yst s theh e npL At r Brsrinds FRETtnpdtcss om s GRAESCh  or i des.
acet at es gifthciially hg@D oo sulfige mn?h'% icRcap@itk PwéR A sed feroiEt Mk DvEmYad uUrt her
be associated with finely divided support materials, such as al um na,

silica or ceiidgnionéseridenscanost poowsight hydsatrabnyend scturmHbemtaths fbisk. i s
cont act ed - M%%o”elﬁ D& dhEALIE M. SANEh il whERARh 2k MREEIH ANabopown to
have cataly?lc 56 EV|%yz?or e conversion of° unsfabte " surs ur conmpounds.

The c20 al yatibisayo Rendvetat RAsGREkt bNthe stiifier witdandd. | THeafiesgentdae waktdd oi |l is
introduced to the treatnent zone. In enbodinments, the catalyst is added to
t hecrude ¥¢Mchs a dissolved material in a separate |iquid phase, as a
suspension in a separate |iquid phase or in powder or granular form added
directly [M08e dPwing the rest, Bhesaaey beferc|thgYp@Hplabbenugresemaledggdeous
fluid or an, qrganic fluid. In enmbodinments, the separate,liquid phase

[ aut e whreR Bt Vi o OB APt b SR DR i teRERE 1
rati o of wpthtaguBfuréRéndfuniingcendedRtcotdr. It foeRbihat ostiofiticpiase nay
conprise up . to 10 wt% catalytic material. Non-limting exanples include up

to 104w % FEtr campewndsenere felepichfiorohs orudaod i die faidi G mbwtasoatitiveescr ude.
Nonsol ubl ¢..opy ﬁ{gg%losmiﬁﬁ%s,b[ﬁe Qrﬂggﬂ o QuirllGefehitdeo ﬁ%htggééelﬁrg%/ dectBfeg! Urry may

have eith€&r an aqueous or an organi c continuous
dramatically. After 3 hours, the measured sulfur concentration in the nitrogen stream

was lower than 1000 ppm.

[0056] To determine the amount of unstable sulfur, total sulfur contents in the
30  crude oil before and after the treatment were analyzed by the Leco sulfur method
using a Leco SC-32 Sulfur Analyzer. Since only the unstable sulfur was released from

the treatment, the total sulfur content difference between the original and the treated
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[ 0046] In enbodinments, the catalyst is present as a particulate catal yst.
The particulate catal yst may be in the form of granul es having uniform or
non- uni f owm2etvzeesd | ncl udi ng spheres, extrudates and oPREUSINAPETEST

mat erials, but other shapes are also within the scope of the particulate

catal yst. The granules arge general | ed t v

crous, secerdnal dr ik angrtlsRigraanish FHER Cieh G ol WG © Dot he
granul es Q&Mﬁo%ﬂwéyﬁfﬁﬁQoﬁf&ﬁée§@Cﬁh9&%bm§k@ﬁnﬂH@@op%uﬂgﬁﬁhQﬁﬂkhan 1/ 32
inch, or an average cross-sectional dinension of greater than 1/16 inch.
[0047] Whenirgatessende ¢th t he treatment zone, the particul ate catal yst may be
situated such that the crude oil passing through the treatnent zone passes
over the Eatmaplgst contained therein. The particul ate catal yst may be
present in a fixed bed, a fluidized bed, a noving bed and the |ike. The
parti cil afe057gt almtnprlmywkaer@fee@@mltm dtypicsl gl ¢ chidd oil ptidA¢handiRen®Or 1t Ny
be present |n mul tiple beds, each in a separate vessel, or in sggarate

| ayers i ncadg, cwgtaétn%%s‘%éw% obiom! avléy- Dy siandficagiHrpias defestechip thaNeh support s
each bed. t tabl e sul fur
fromthe crugghﬁgg é?gmgﬁnpﬂhﬁg‘@§§§ﬁkqﬁhggﬁggzﬁ’ya%e crudg@%éggpas
downwar d ﬂhnduyhxﬁﬁ@ot&bahMSbﬂbémp&orwmsdﬁﬁﬂhﬁédﬂ%ﬂ@Mﬂﬁﬂwﬁhmdugﬂ t he
cat al yst bed. L£P48 Each cat al yst bed may conprise a single type of
cat al yst , CYHaigeq{igleior @o ypstablesulfang catal ysts. In a reaction zone
contalnlng nultlple catal yst beds, the catalysts may vary from bed to bed
in an gfm conflguratlon [0049] I n enbodi nents, when at | east one
catalyst is present in the reaction zone, the reaction zone is maintained
at at errpEQQﬁp&lr e Brinstheacidyinnhuding &@@UFYtZQOWBO@EUC e atlféprlmsph@mﬁr e my be
selected to result on1taﬁ?cata yst.

o eebodi i SR e o g R bR s Rl hEl b B paiie Bhy pa Fange

of 1000F t gulfAb@BMmpailisatord cRide sy E@cl@éatal%@ﬁiaeerﬁnﬂl taRowes dombil&l wRRCt i on
zone. |In sone such enbodi nents, the crude oil is maintained at a

t enper at up@0 mh Epprnercailgeoibin albbtvFaufed%@oHleawhm cajplpyt SYZWFEWRH t he range
of 15psi ea&é’dl%ﬁf% BStRub stﬁnﬁ%ﬁ'i?d PRbI ?rg;ph@ ff 1309€mh, a}fa”@fg& f to 60

m nutes. An exenp ary opera pressu The range’ o psia to 100
psi a. Exeopdrating teapearancef BO0TE. ﬂ&l@@&aﬁﬂgbﬂﬂﬁnéﬁﬂ@héQMﬂmmwmﬂqmqmd)10 to 30

m nut es. [0050] enmbodi nent s, e crude oil with reduced unstable sul fur
content (&°§.! %@égmirp %alté?aaéngﬂqu)i forgn. @@Hetf%ﬁﬁr?%wwéam%eﬁ%t zone to

a di still aid ROHOOLIENd Alop SRRINAK MGG GEUAEHAL wiilQuiths vapor phase and

i quid phase components. An exenplary distil on colum includes an

at nospher clenoblnummescesee detavbspheri ¢ crude col uim, a vacuum col um or a
vacuum crude colum. In enbodi nents, the treated crude oil is transported
via s¥0p, [0059], bar3POcF, [holﬂeHYnBeoh'ftestuhki HPOsshoived b h@glmayt@me“oprl or to being
passed to a dlstlllatlon col um. nbodi ments, the crud is heated in
the treat FEdpciag kS tﬂ&ﬁncdrlﬁ&tee @n&e} qef»tawlw 9%%@@&@@%8@@% ﬁ%&@era

tenper at ua&mg f&h}?roﬂ@a 9%%%&% 8640 'Theﬁ% if YO 10§hbw§%?att§% to this
tenperature i t|ve In the presence of a catalyst th

r esi dencecffecriyendss bf thetchialtticendtogaitforzemeving thé gmitdblc anfur gompdurcisd. [0051]
Fig. 1 illustrates an enbodi nent of the ipvention, including a crude oil 5
passi ng t AFRSAGHOH Bl PRGFIEHN ! ‘wﬁﬁmﬂ5§9¥ﬁﬁz?5h?5ﬁ3¥lon tenperature. The
heated crude oil 12 exiting the heating zone 10 at a tenperature in the
rang df 3500F to 6000F passes to the reaction zone 20, where at |east a
portion of the unstable sulfur conpounds are converted to volatile sul fur

compounds, including H S. The react ikshle !
Quantity of Peak H,S concentration (T=300°F)
catalyst

Control: without catalyst 4,000 ppm

Zeolite (HY): 4 wt% 55,000 ppm

Si/Al weight ratio = 60

CH;COOH 10wt% 5,000 ppm

H:PO,: 85% concentration 10wt% 14,000 ppm
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zone 20 is at least partially filled with packing material 25 which has
little or no catalytic activity for the conversion of the unstable sul fur
conmpoundswOThw/aceesper at ure in the reaction zone i s suffipCTarseoog/obizgh t o
convert at least a portion of the unstable sul fur conpounds in the heated
crude oil _12. stripping gas 14 is introduced to reaction zone 20, and at

| east a pEFWP Yf a sul fur-containing stripping gas 16 is renoved fromthe
reaction zone. A crude o0il with reduced sul fur content is recovered through
st r eam 18[00683521Example 2 wiap repspted ugse pavdeied Feqbsaptereal devineid pbent i on.

In Fig. 2 c tl L@yl ntalioi 1Ll Saafl on zone on
cat al yst %ﬁ%%ﬁ?t%?@ggghgﬁ?g%?gé¢¥Wﬁ%P?@@%@ngggﬁﬁgE%??“%ﬁ@?%assi%g t hr ough
heati ng zeuléurtdthpbordsHesh crugetod. reacti on tenperature. The heated crude oil
112 exiting the heating zone 110 at a tenperaturein the range of 1000F to
4500F passes to the reaction zone 12Qbtr ough crude oil inlet 122, where at

| east a portiron of the unstab guggtlitrylgf conpeHNds &ngcRPImRT redoda)vol atile
v ! .

sul fur cpnpounds, i ncl udi ng Ca&n%treactlon zone 120 contains catal yst

support T %25. nowhi tha catarytrc nateriat—+s disstributed—for

: angrol: Swithout Catalyst € H53pm _
cont act i hg-Ene e HIMSHANSE 2ot rg—t herethi-ough—A s+6-4ﬁﬁ5" gas 114 ils
introduced_Lg_Le££$¥gn_zgne 120 Mﬁéhgh filuid inl 2 st a

portid% of an sulfur-containing stripping gas 116 is renoved fromthe
reaction zone. A crude oil with reduced sulfur content is recovered through
stream 118xamBrlg¥pl e 1 [ 0053] Eocene crude is a Mddl e East crude having an
APl gravity of 18 and a total sulfur content of 4.5 wt% [0054] The
guantity pI06d)st diXaepdai? fuas repeapdwnths: ¢amlgticaniptiel @nfEsoeie Hude oi | was
determned as follows,, | ocene cruyd il sanple was charged to a flask
equi pped ﬁ%c?’ﬂn%ﬁﬁi %%?Ne%?%o &) .mﬂ:aﬁ]iegr Hﬁéﬁggqqqd%?tﬁldoﬁé PV¢ a const ant
50 cc/ m neyRsRiHrbt 8Ly fihE@ughatdngorcr ude oil in the flask, which was quickly
heated to and then mai ntai ned at 5000F. Gaseous reaction products fromthe
crude oi [ (principal ty hydrogem sul i g and 1 ght” mercaptans) were passed

t hr ough the—overhead—condenser {o_congense;ngst—of the tight-—thydrgcar bons
and return themto the flask. 8m£?P ogenpagiﬁé%%FﬁﬁﬁFﬁﬁﬂtﬂédéq1fur
conmpounds—was—thenpassed throuéﬁmgSNaCH scrubber to renpve at |l east nost
of the s{u4anirokowiibeiHdatalyshe nitrogen gas was then AROKRMD [ 0055] Diri ng
the test| gas Zsahisl(B)bef ore thed NaOH scrfubber wer &5.880phad and tesfed in a
Dr aeger' $ Suhé wanght cof+ 60red i n a gas chionmat ographic col um equi pped with
a sul fur | chenf¢mirnesikence detecdand It was found 11800 ppat of the gaseous
sul f utg conpounds were released fromthe crude oil in the first 30 m nutes;
at times greater than 30 m nutes, the amount of sulfur released to the
nitrogen gas decreased dramatically. After 3 hours, the neasured sul fur
concentration in the nitrogen streamwas | ower than 1000 ppm [0056] To
determ ne the anpbunt of unstable sulfur, total sulfur contents in the crude
oil before and after the treatnent were anal yzed by the Leco sul fur nethod
using a Leco SC-32 Sul fur Analyzer. Since only the unstable sul fur was

rel eased fromthe treatnent, the total sulfur content difference between
the original and the treatedcrude oil gave the unstable sulfur content in

this crude oil, which was cal culated to be about 0.5 wt% of the total crude
oil. That accounts for 11%of total sulfur in the untreated crude oil.
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Exanple 2 [0057] Exanple 1 was repeated with a typical heavy crude oi

ot her than Eocene crude, containing 3.8 wt% of total sulfur. No significant
H S was owOeotoadsds the N effluent stream and the total PamASa®os6e=al f ur in
the crude was determned to be | ess than 0.005 w % of the crude oil. Thus,
it was determ ned that this heavy crude oil contained little or no unstable
sul fur. Exanple 3 [0058] Brnsted acids, including solid HY zeolite, acetic
acid and phesphodinedasi d, were tested for their effectiveness as catalytic
materials for renoving unstable sulfur conpounds fromcrude oil. Each

catal ytic nefen ﬁbcésﬁ‘ fredLRShe RlB M &k 308 51, BREFRR G L1 TN a
1-liter autoclave. The oil and catal yst m xture was heated~-under conti nuous
stirring and acigde silcopiginmgg atdeast 0fl wWitSOumstabid sulfuatompewnisaamt oper at i ng

tenperature of 3000F. The operating.pressuy for the te 100 psig, to
keep 19 ght hydFEESFHSS “ilﬁ1 1égeo‘?fjl l%ungpf%‘Eﬁ)u ](Ej?‘? grert ﬁ?agﬁ&)lé\gﬁaﬁs stream was
sanpl ed and it gndiidbFe GARGRBMpBinRRoNAMcIRRTMAE USing a GC equi pped with a
sul fur chem | um nescence detector. [0059] At 3000F, both HY Zeolites and

H3PO shoved A hhgPRIceQUrCTHAiRY1 fﬁ{erﬁﬁ%&@oﬁ%%eﬁﬁééﬁtQ{e%r[}eﬁﬁur%qm}{em test

wi t hout catalyst and al so showed a higher activity for oduci ng H2S t han
did acetic aC|dmg%hél@ﬁf&oHﬁOﬁ%mwenmp&ﬁ@m&1mﬁaUmmheﬁéﬁﬁmmnoﬁéﬁ@sa of the

catal ytic material _.for nstab e sul f conpounds depends on
t he concentratﬁgﬁ/gﬂﬁp?ﬁ)13%@%%%1 “&Fyst Exanpl e 4 [ 0060]

2 was repeated S|ng ered Fed a ical Lews acid salt at
2000F406 Tabl 27T ﬁawgesfs ‘\\’:@‘éelb&ﬁ%@ﬂ% 15@6@%5&%@@@8%69 movi ng

unstabl e sul fupyeq § fron1crude oil. Exanple 5 [0061] Exanple 2 was
repeated with a catalytic material conprising Fe (I1l) ion exchanged onto a

Yooolite. A8 SHOMLOCTRULE, Bl SHRRORLCHMIEH ALl Ay SIgRdofONSI derabl e

catal ytic ef s ¢ ocess reduci ng
the sul fur contthta sfipng fluideao @adlhtateon@fdnsjvagoﬂxeﬁdtﬂ@ngalr@bmgeurmSI
containing at |east 0, m%@bunstabl sul fur conmpounds at a tenperature in
the range of 16QBENEGIBOOEARGCEEHRrt at | east 50% of the unstable sul fur
conmpounds contained therein. 2. The process of Caim1, wherein the crude

oi | it heated AhearoceswsdiGeigrd Wlwf@lhéh@r%@éng)ﬂmm@l@ﬂﬁ@s YS5oamhashd at a
pressure in th%@%‘?ﬂg&l cfte'sdlégtB%]!)ﬁ oﬁp ggl%ls%?l %f&?turai‘#% R aak quatl n the r ange

of 1 mnute to m nu Wher i fi the crude oi
is heated in tpepahséonacgenaddeadd h@@&mg@amcérboﬁmmtﬂfge@esﬁoo@fdl&ilaet m 1,
further conprising contacting the heated crude oil wi.th a stripping fluid
to facilitate 9%@“*@%%#13’@10%%ICQ@PP@@GF@G@HQS%B@F\%H%BWF% ned in the

heated crude oil. 5. The{grocess of Claim4, wherein the stripping fluid
conpri ses a GadhphwsesspdiCdaimal fgléln@@p@mrlﬁméﬁp@m@tmﬁtb@:be%@h@‘ué@ pihg of

nat ur gas, : I t VI er
hydr o%dar bons, nﬁ% %&gnea C%&%ﬂalps %@%ﬁ Onpﬂl % ‘E%PES%?% ﬁﬁg ogen car bon
monoxi de and Cefgahi&aihid@,r@rﬁé‘iﬂite ﬂfolecular sieves, dissolved metal ; ions, metal-

containing slurry in an organic or aqueous fluid and a particulate catalyst

comprising a metal component on an inorganic oxide matrix.

7. The process of Claim 6, wherein the catalytic material comprises a metallic

25 species selected from the group consisting of Fe**, Zn*", Co™", Ni*"™

8. The process of Claim 6, wherein the catalytic material comprises an inorganic
oxide selected from the group consisting of Y zeolites, silica, alumina,

silica-alumina and

9. The process of Claim 6, wherein the catalytic material comprises an inorganic

30 acid selected from the group consisting of phosphoric acid and sulfuric acid.
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6. The process of Claim1l, further conprising contacting the heated crude
oil with a catalytic material selected fromthe group consisting of

i nor gani cworowgsmisc aci ds, particul ate nol ecul ar si eve®CTAiSs@ologzd1 et al
ions, nmetalcontaining slurry in an organic or aqueous fluid and a

particul ate catal yst co I.Si a netal c onent. on an i.norganji.c oxi de
ot 7. THo 1B BRes QR by e D (B A TR x4 R Gonpr | ses

a nmetallic speﬁ&g§m§@q%gted fromthe group consisting O Fe3+, Zn2+,
Co3+, Ni 2+ 8. The process of Claim6, wherein the catalytic materi al

compri ses an i AL GANLE PXgle PELRLSthI £ OM R SNRURAANS I It gl Y

zeolites, silica, alumna, i ca-alumna an e proces aime®o
wher ei n t he catmathytangeiti @9Fab 360tHri ses an inorganic acid selected from
t he group consisting of phosphoric acid and sulfuric acid.10. The process

of damb6, MhehepdctiifCdial yivikrémtiesdrade disisraduttaimadfiasomeitiined
particul ate bed. 11. Theafrocess‘of Claim1l, wherein the crude oil is
mai nt ai ned at Herabpgree af eddedicaustiselkairgmnepnds apme @mponds, oxidatiothe process

of Cdaimil, Wh%%%kﬂmﬁhﬁgﬁﬁ#ﬁ%Pahéa%%ﬁ&educed in sulfur content in the
al kal't ¢o

absence of added caustl ounds, am ne conpounds, oxidation

agent's_and or0apl 6, L QUG ROGNLS.: b3 TS BROGERSOLLEL ANy o ur ther
conpri sing contacting the crude ol W a eas ne aqueous sol ution

containing at |@asine@feectidkblution oatitahitigng laormeuidusenesihiag cobmpouide group
consi sting of ammonium sul fi de and sodi umthi osul fate and recovering a

sol ut1®n cont apsipgief Bpmithe saB sensayBEf agmoniym gplfidg and godiwBcess for
reduci ng the syl . Hae, Qnkaini | Si i rude oi
cont ai ni ng at g%%?h%?@ﬁ&?%gﬁ%@f%(ﬂe su%Jh?m%g%g%ﬁ%%@aﬁgﬁg&?gﬁﬁgﬁgture in
t he range ofVQZQQF %o(gqqgﬁh{o gg&ﬁﬁrt @%t|f§§t gOﬁnglthﬁ>%E§h9Q1e sul fur
conpounds cont ai Hedt er%lh.gﬁg. s§§P§n1?orIP%d%diﬂgr¥%egsu?fé§ cont ent
of a crude oil ¢rudeell¢ehtafingat -leadt GatvabylnstablB§iful 3bmpOMALiasa Ng a netal lic
speci es selected fromthe group consisting OFe3+, Zn2+, Co3+, Ni2+. b. a

stripping fl ui tpmnﬁwreii%ih@gfa@ger@fﬁip"aﬁ tcg@@g&to EOPEBEELestGA% of e cont acti ng
t he C{§de oi | ﬁﬁﬁﬁﬂégﬂﬂ?%§@¥6&“EQOBQ§BB%&QSHQf 1000F to 4500F and at a
e 0 psia to

pressure in the rang psia, and in the presence of the

catal ytic terial ; dc ..a treatnent zone copprising.a fluid inlet for
paseing the st 1 peraor e TR e e AR FOURH Ml i e "ot v et o
passing the crude oil into the treatnent zgne, and beq?of the catalytic
materi al posi t ForfedtAlyihmatert %Péﬁtwe%@ﬁépg%wef% the §10W oi | ~ and

the stripping fl uodsigi draget baf' eght agted within the bed of catalytic
mat eri al .

b. a stripping fluid, comprising a natural gas or a process gas, for contacting
20 the crude oil at a temperature in the range of 100°F to 450°F and at a
pressure in the range of 15 psia to 200 psia, and in the presence of the

catalytic material; and

c. atreatment zone comprising a fluid inlet for passing the stripping fluid into
the treatment zone, a crude oil inlet for passing the crude oil into the
25 treatment zone, and a bed of the catalytic material positioned within the
treatment zone such that the crude oil and the stripping fluid are together

contacted within the bed of catalytic material.
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