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Beneficially, the instant oxidation process is very selective, 1.e.

preferentially compounds in which a sulfur atom the sterically

30 hindered are oxidized rather than aromatic hydrocarbons. Products

can be used directly as transportation fuels, blending components,

and/or fractionated, as by further distillation, to provide, for
example, more suitable components for blending into diesel fuels.
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In one aspect, pending introduction of new emission
regulations in California and Federal markets has prompted
significant interest in catalytic exhaust treatment. .Challenges. of
applying catalytic emission  control for. the dlesc?l .englne,

30 particularly the heavy-duty diesel engine, are s'lgmﬁcan_tly
different from the spark ignition internal combustl.on engine
(gasoline engine) due to two factors. First,‘ the .f:onvenuox?al three
way catalyst (TWC) catalyst is ineffective in removmg NOx
emissions from diesel engines, and second, the need for particulate

a5 control is significantly higher than with the gasoline engine.
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oxidation of petroleum fractions containing at least a major amopnt

of material boiling above a very high-boiling hydrocarbon materials

30 (petroleum fractrions containing at least a major amqunt of
material boiling above about 550° F.) followed by treating the

effluent containing the oxidized compounds at elevated

temperatures to form hydrogen sulfide (500° F.to 1350° F.) and/or
hydroprocessing to reduce the sulfur content of the hydroc.arbon

35 material. See, for example, U.S. Patent Number 3,847,798 in the



1 o produce distillate fuels having a | evel of sulfur below the distillate
feedstream Such fuels are produced by fractionating a distillate

f eedst r eapoionezoss | i ght fraction, which contains only fro®CdRs020887t o0 100
ppm of sulfur, and a heavy fraction. ®he light fraction is hydrotreated to
renove substantially all of the sulfur therein. The 15 desul furized |ight
fraction, isahhenfliartias Yoo mnord. hPatent Numbesady283 390 dn the pasdiect a

| ow sul fur di.sgillate fugl r I e v otg vf of only
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‘processes, which do h t Abpe di vansfaksul Ariztipnowehile
process sholTQCH¥ CHW¢%dg§%P taagvgﬁfggeouslg‘f@% the I'iquid phase using a

sui t abl e oxyipemeasiogpicoackinggor £OKEVEATMIUPBm preferably an oxygenati on
catal yst capabl e of enhancing the incorporation of oxygen into a m xture of

or?ani c cgwpoundss@\trafaprdfmféﬁi nexypenatiaiat imethodsoar dnf;psaw_mg Soelsr
nitrogen froma m xture of..organi ¢ ‘conpou e
conponeifs fhave &Q%AFSFF'Q’?'dePté‘Fi ngt ;ﬁ@g%‘ﬁ?ﬁ#ﬁ Lg?S arﬁ?ﬁ}éﬁ'ﬂ?ﬂlumber
cgndi tions. %:'Siﬁ 698enidsenibes di rpartiad taxidedpord n@)’td{@‘:ﬁf@)‘gfm erfﬁe@?taslf orth
above. in order to proyi C ts I abi y §Ngh ge fue
t ranspor t at i GRPFRENS f?‘?tgﬁal 3{%8? e etll\%? o?%%én}ﬁr. > l%/% 03/ 0G292G 9 RY
oF '(Ij'HE | I\I\/El\gflﬁdﬂ‘lldPQTd\wSOZI palasivedy olow fﬁpgp%%e%gkgsa%;%:&‘i séf se;’fdal b
production of ¢ e r refen ' of2,912r r sateontifatelan by
sel ective oxpﬂmep%g‘%@t ropfé%'mp ltfes[?i Iqlqa?{a&vl\.ger eaﬁ- t% 5 i @(é%gpd@ti on
of oxygey i nincregse o@r@ﬁ@&ﬂ%dﬁ%&hﬁs,lsﬁht@&?%%n )‘éi'ﬁ iy ?%Qol i(?_ onpounds,
aqd of 11 1 OBRG- GOTRAR Teqipbund cormaddle distikiats D) dobir edeDta

ul fu [ [
transport ati Hyurnber szvﬁguﬂlﬁ 54r g]qsq I )P theﬁ{]%‘[ eir;d\)/l?ﬁci)l?/]prrerﬁﬂg#iﬂg [ r?\t/%?]ei on
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copec Y, NIGLREFclthbo°ly RRIRREHT Sy aidatbons somietnrmiioms (on

are in exces r .Ear

the purpepse dbrmhraphtisemic perexidesn, Thie PaieM "S&Sg&éﬁ 3}}3%1@% gggae?tllﬁgd as
a_n%/ nmeans bytﬂ\ﬁ*?@e %e@érﬂ@ﬂeirﬁ%égfifmi _rdfnmoogasdlu?he)nlpoﬁld S&H;j/a@r f
ni t r ogen- contai-hi g or gani ¢ .conpognd, i s ed, . e:q. r /o
a sul f ur - contasli ANHAAEr gab ‘FmBE% r@b;% gél”gkée I o"g t?&l_pgrf?ge gn O}Iorg

sul fone. In qpgr@sdectbasehi sHiowever, other naphitieni cprpRIod des, I9HRe gare
production of, refinery tran - Lon n%’ il ¢ARTsnemnt suchr as
refinery trarfiseﬂﬁffqré?}%ng\“ﬁ'el%?%‘i%%h]i n(gpﬁg%@erh!ye’vi di xj dap Lon & eedst ock
conprisi pg a phiettolse aresolpdandachesydc aeidsymy n?% rﬁ‘f@ecgnto Ghese  ylatten

Oy 20 i . . farmars et .

ni t r ogen- cont ai Eﬁg%oggggkagggn% INdeevéiie pupi ufermaviong a gi ng

from about 10V& é; contactr.ng 25 the oxidation feedstock
with an irnnicanpoundsagee doxs AR eATSINPEEYUL one organi c peracid or
precursors of organic peracid in a liquid phase reaction mxture i nf ai ned
substantially freeyof palentyNuinbeti #29%061s imntdveomame i of Chaya Venkat

met al - cont ai ni ng compoun under condi L. it fauber of

oxi dat i on of Blonmgic s Nalgh o etsssgoc i rouft _gﬁd/@é}hﬁ,‘" um>

ni t rogen-gpnt Aivi Mg tesaRd chighipcaroisatie.epardsie ndiskil[ateadrackions: DAXHS3 ¢ he

'r??oig'r?'ng QeﬁﬁgﬁﬁPo”ée% UodleR 137 cbhfdBeidle th@aﬁ*ak.:ﬁ.fbr.ﬂfat(faure&.tlpam%xre of

i from 50° C.to 350° C.and under mild oxidizing conditions in the

presence of a catalyst which is either (i) an alkaline earth metal

permanganate, (ii) an oxide of a metal of Groups IB, IIB, IIIB,. IVB,

35 VB, VIB, VIIB or VIIIB of the periodic table, or a mixture of (i) and
(ii). European Patent Application 0 252 606 A2 also relates to



conprising a m xture of organic conpounds containing | ess sulfur and/or
| ess nitrogen than the oxidation feedstock fromthe reaction 35 m xture.
Condi t i oggo @ioe@x¢dat i on include tenperatures in a range PUVOS@A10%52926 10
PCT/ US02/ 01157 upward from about 25 &G to about 250 C. and sufficient
pressure to maintain the reaction mxture supstantjally in_a Iihtgui d. phase.
In a furthgmpepdng ahet liesanaveatingnofae mewuidiea dishitlatm Sreli HEackasci bl e

per aci d- cont g@g&@g@ﬁg@{%ﬁﬁggf bgn facin@X YRe TRagionhaih oixyiden

reacti on m¥ action mxiure.. This.invention is
particul arlogr osifant, inwhedpresenicer of satalyticn P Igalasteh atighntUMORKe

oxi dat | on fiegds ook ithi &d | ighsidRsn GRERAYNGS GrouphiIB) IBe \GR) VIB, A BB i s
ed, s_Tor

.sterically e

. Aot Oups : |
conpounds. ﬂllyQJi\vfia[IIBy,O%ttih@ QGF‘iQSlr‘égm‘gei :l??ﬁgy#&&%}é;iagg%‘iﬁrggﬁ‘%ddg‘bﬁc‘i‘uwégl at

least sulfigdgs, Hacerapplivaior statés ddmt tnel/ catalysip aelaeti¥elyeco¥IZedm t he
'group consi sting. of substituted bgnz i nd di benzot hi ophenes.
General |y, P&HZ k‘éqaﬁg?ﬂi§tqnﬂ§/§ﬂtﬁ]%n,%{lhgpms@g?bl e phase is 15 formed by
adm xi ng a source of hydrogen peroxide and/or, al.ky dr.operoxi a urce
of an aliphatic Renentlybold$i Patent dbwnieRi n‘bvalflﬁtéggbo‘tﬁ‘t %‘%a&%@ﬁ a?)gms
per nol ecul gvlfmm Vf-t q;ayiaﬁesﬁ?géﬁgfﬁliwicbthnepmmib@e iis gapeonedy b io
range upward frqQm abo , Jprefera N o] :
20 AdvaH agensleding @t deaftids Werght ﬁﬁi‘Hﬁmﬁigggm‘ﬂgggki éoggpggﬁggus
li qui d for myg depddagndlistiltateviay drocarbanurfuel droikiogt it thei eangen@lal@burke of
hydr ogen per ox] i unt i oy 'cﬁﬁ? Rromatiesi d
for each nof@ ‘Bﬂ’%h}gr ggg‘ﬁ Bgie\é& &gat%r ellflfgei(raa@itey t errgmie((i)moa:‘m%ceticde:ci dto
hydr ogen peradi/de oxyigenatédb hydgearoratigso@re 1 pref Y Qxygegated at
preferably i I .5 to about 5. Conditions of oxidation
miks RO calbod Jdtoh,

I nclude te a range upward from about 25 C. to about 250 C. and
sufficient pressure to naintain the.reagti m xt.ur e [ b dh
li qui d pBase. 30 MQrQ)rr@CQQFJé’etOZSi“P%thY% ‘&‘?ﬁ%@ﬁ?i‘&ﬂhﬁq oi_?@apéeagsltgl%%st i on
oftth?a OXi ggﬁsylt _o:}th@ﬁgﬁt Oﬁht}'ti_s aq@é@ﬁiy;:_thgudlr@gmydrpelrcpadbng_cm_raiyé%é f by
petroleumdistil[ate consisti ssentia i PRieNagN
about 50 C. WSPhQSUngIvs @leh?wgr b‘i#%&ﬁiﬁ{ﬁ?@é@?&?‘?ﬁu gs.re%%i ng
the petrol elyRadesitrahefier wehpent sfollowedf by viblioa/ edsopptipeT/lseXi @iz 11
hydrogen at "hydrogenationconditi ' LBl BGCIGR] /¢ Jomenal | ofh
catal yst to %églirs?c%pﬂygpgggﬁgt ti)géiﬁrgﬁ%‘%/rgﬁ egf ngggﬁgﬂégnﬁﬁbgd{ii@gﬂgﬁgn from
the hydpot r etotecular r Gatalysidi 64)1 Chemicakddral(lyy7)séPdr 3 T og(fe Yok
o Lt g P dsSErfted 188 oRiMtivE RS Rerizmtioh, ofcd eimtel ! gracet I catbup
i Sti Jd- It enent s, | odi eac
i ncor por at edoibnwhicth had pot 'éﬁgﬁﬁg?n? h&ﬁféﬁ%gﬁ%f f\?gﬁ% t%({iugﬁ%. 1 1pz?alicent
t o about 30 Rt that vehieghdulfir t bpedios aresiataity sto, K i tals
g@%g@, bpedi tantysto loudrodesaizerization
i nclude the d-Tr.gnsi{ion in e Rerhgdive Ta eiragioh, haviing
atomc 10 nu%ﬁ@‘ilﬁi n ;)Fom %S%an,e 39{(?0, ,1ﬂgﬂ'a'67 tagﬁ%lgh I—%dr gnat mn
cat al yst25 bepehcentratipnsont 8f n suebmbi RPNt SR s lﬁpgi qr}egg are !
hyd ti Ry I whenetbtsvelyl dowedompare
g% oup_consi STy AR AP STHRLIRVE MIGIED oy S A tungsten. Nore ©

preferably, withehel dieseb ailsptneated by lé(&?ms € )
U.S. Patent Number 5,814,109 in the name of Bruce R. Cook,

Paul J. Berlowitz and Robert J. Wittenbrink relates to producing

30 Diesel fuel additive, especially via a Fischer-Tropsch hydrocarbon
synthesis- process, preferably a non-shifting process. In proc.lucing

the additive, an essentially sulfur free product of these Fischer-

Tropsch processes is separated into a high-boiling fraction anii a

low-boiling fraction, e.g., a fraction boiling below 700° F. The ingh-

35 boiling of the Fischer-Tropsch reaction product is hydroisomerizied



15 and nol ybdenum or ni ckel and nol ybdenum Advantageously, the

hydr ogenati on catal yst conprises at |east two active netals, each

i ncor por g¥@o/ey2d®m a netal oxide support, such as al umi na PARTAROAUMASHt of
fromabout 0.1 percent to about 20 pescent by weight of the total catalyst.
20 In one aspect, this invention provides for the production,og refinery
transport at joncénditions bsgidditog beonpufiftsient f to comviesty theadds rhaling fuel
conprising the, follow ng : . -)Y aat i 1 FRAT Blbisinke! | hélow
consi sting b&c@rﬂ"i atﬁlj1 %Ilsﬁgfér Pglﬁj{)‘gﬁllﬁﬁ ﬁtqsgﬁhgﬁ ut 28%%@ (ﬁe bout
425 C. by a7p0ddesThihimixtese iadleaded é"dgiit S\Af%"b%‘?&“& 8 i};‘f% Zte

\r/]m' 'Ejh a sourﬁo@&%ﬂ'll)q@’aggﬁjh gtrolayl@f g@ememmr ahledidﬁd:msadditlwf paids dacee 3; a
-hydrogenati on tatgl yst to assi st r ti ORI o] r or
nitroger®fr @Wfﬂle%ﬁydmmdpgd “&%t TY%ﬁgégm%gﬁ@f%ﬁrlg{ e@@?ﬁg’i golng?b :"Eg tt ﬁg
hydr ot r eat egepfie hatbedi atd Ilubticiby, of stmid-atisuHate, Bigseldliedt 30 | east
-one | ow boi l'i ng bl endi ng conponent consisting of a sulfurlean,

moNo- ar oMt i c-r'i 3515; gﬁrpgépipg[‘%g@%fe? g 987Dk i g freedshmal cefsRebeng of a

sul fur-rich, non act’iqn’ contacting at, J.east riLqn of
the hi gh- boiWingnbeiadst Rarryli Ph kdein,nvishels) s gﬁ&é’@ﬂﬁon%aféﬁﬁg@l%%l éggt one
~organic pe'rﬁ%‘i‘? Z.r g)e{}.ggwriﬁ?rré‘ ks 3o %ﬂﬁysgi racdistillatea feeqistoeamadoi on
m xture mnai ned substanti a free of ;catal wtiGeacti | r
active notalproduceodivslateciug %bﬂ’%z@ devel oiosr\ﬁg‘?rnjbr%gggﬁ%%uﬁéygén
under condi tﬁegagt&ﬁ}%.?blﬁcho@ggi deé i producethebyr frastionatingea distillate
sul fur-containrng and/ or nitrqgep-containi ' ; as@tin
at | east a peedstieam e ?ﬁr‘ﬂqﬂcfrﬁlcg‘%r‘gh% g%‘ﬂﬁgilﬂr\?i (rzl)g ﬁghgg? arbtc)dri.nﬁt Eg ]
reaction m xpuneot ppnecof eulfior Sand serheavy yfrachon: c Theslig t}r3 ﬁ?fg%nd_l‘g;
reaction mxture: an rea t r f; retheeei thgmni ¢
en Iidfeuafed dtedive suBSahialle Al UF fe SR (BEn

hase with ron e an resin,, andLor_a hFahke
i sci hise | deptilfurizedailight fraciépnens then, blendsde ‘ﬁh@ @%iﬁlgagk the
f(r)\rrpmf gdi ht %g@iiﬁa?iaf}ﬁwg}?&@& Y niwtﬂssdlf?ﬁ dgstlil‘late fudl dior| example foyen

an e ocK-. er oxjdat i gn icgh |
distillate fperaeninbyemeightiq ﬁ?ﬂ@rfﬂb‘&& atl&%ﬁ ﬁﬁa%gﬁiéf‘ﬁeﬁég F{rgg%ﬁt rt?yhe
refinery str BT Eigeasadtieany ractiont redudedoshe ileyeh QfvEAIBHIOM 200
C. and about C. Pr t [N h i il fdrl | 1
essentially éggnﬁp@r |t9g&?qbé%%1 etv_&vé_\feérl{’ ;tgy%%éggmgl?lggﬁ%gbo% Ilgs(r)eo g{n yand
more prej@r abbyuboBs iperceat wek thendistillate teedstacapbit r§¢8 Vel b & & KhYy

the i mm sci bl gtf%?raﬁkﬂlﬁgnf Linhrsdpérase is an aqueous liquid formed by

adm xi ng, wat a source o la etic acid, 20 and a source of hydrogen
eroxide in anmounts which provjde at |east.on L,€; AGH eagh
gol eXLJf alnd hydlrjoaawrplatsoﬂﬁéé&oééne?iR:rieéFp)t/,ng?&nljt(?s% ggélgg‘rffﬂéﬁcggﬁrgg
separ at ed per, g?ﬁreOr@)@glémmhaaﬁoﬂnatiroecmmoumds heinr e Buddds rﬁﬂ)‘éi e
I n anot her aspeCt of,  this inventj.on,t | OMBr 2 hieC
TR esrobn, Bl AU 407 DGR, chpicsote v 2haveon

h i ncl ud
e e I R i
consi sting of sodiy S c a i oxyigen orm
of hydr oxi de, A BRESHY °f E%bgﬁé‘ﬁde%‘%ﬁﬁlfi‘é?@n iy ggg%wgt
sol ution 30hqiromdti_ng1 hyamb)(StdeS)bS‘tem,caPEﬁ#ﬁ?_ 1y If A n@x_XimﬁB@de;wglr;foﬁt

t t he i v foIc. i nigito
i T A e ot el

13 organic compounds an '
30 or nitrogen from a mixture of organic compounds suitable as

blending components for refinery transportation . fuels liquid at
ambient conditions.

This invention is directed to overcoming the problems set
forth above.in order to provide components for refinery blending of

35 transportation fuels friendly to the environment.



5 10 In another aspect of this invention the treating of recovered organic
phase includes use of at |east one immscible |iquid conprising a sol vent
havi ng awiperenbrd c constant suitable to sel ectively extrZET/US/I1ZEd

sul fur-cont ai ni ng and/ or nitrogencont®i ni ng organi c conpounds.

Advant ageousl y, the solvent has a dielectric constant in a range from about
24 to about 80. Useful solvents include w&ﬂ' dric alcohols of 2 to
about 6 carbon atons, prefeS&WA&Yh@Eo 3 14, opanol , ethyl ene

gl ycol, propylene glycol, butylene glycol and aqueous sol utions thereof.
Particul arly useful G'I'h?cd rrmﬁgh@%}@sl i gteds diditosed t fier sgpraehictoampr ofes a
conpound that is sePec ec] f otmt e group.consist.i {Dr F&; m?a ,

.et hanol andcempanenst HareofelINery, et lﬁﬂal%r sptégﬁsﬁ ‘;ﬁﬁ S inventiom the
sol ubl e basigeehad CajxigaBAUNGfi Sasopetnoleamar bdistilkateanawherey eathfg of
the 15 organic phase further conpri us as -ot her
immsciPe FQQRIFRP@HRBH QPnQXPFSF an@ﬁs ngnggpe?{@i%?P?g?’s ?Lrl]gggt i on,
conti nuous RbALEANNES nic ovompobunids; eand{ole BHEQS &M - CAIHANNEN LLEANIC

or
O unt o1 < our COMBOSS % o ¢all 'Gfesulful andyonuitsbgewi t h
counter - cur COMTPOURAS H5sls | BY! GkidaRIRS Grenfobdl’ 'd 2

,..or co-current flow of the f. p s. In
one aspect dfomhi compeaentsnfor héeﬂlééﬂ(/ertﬁﬁnéﬂfanpt @%?atﬁﬁg rgg_%lgi on
m xture is GARCREt eﬂ?segﬂggmﬁl | yo Withe (ienvironmentxchanddisesinvemidopii) a
het er ogeneous sorbent to obtdlin a product. havi a ' '
nunber . 105 rentemplates: dhe) LTS rggé’ﬁ&}% 3?8%2?%?%2%\?0‘} O'b?rt\?ﬁg?lg
reference shagedidlpyy hydrodarbon t roélsena dpetsleum) | oBigiR: sMhich greBiN
detail in the,acconpanyi draw ' heeloiy e iayexdesexefill es
of the inverﬁ"ilﬁﬁ: g% %éhg%gC@gT%%%ﬁmNG 30 The drawing is a .
schematic flpercéndgram depicting a preferred aspect of the present
I nvention for continuous production of conponents for blendin

of : 1"
transportation f“ﬁétﬂéﬂéﬁﬁgg‘sé of ehe %retsentrﬁh&antimmdthd sesn Ep&ifkaﬂ%n of
the invention in I,S sChemmati c 6 Gl / QFokixai
di agr amlidnc| isddefipgdo@s cany n&‘eé%eﬁyol‘gﬁ{ﬁqhﬁ)%i ) a?%gﬁtﬁga‘s'our cé uﬁ%ﬁ?g\’
di hydrogen (gt esmpotindgamd/oanditrogen-cortalRNg Hergale AQBROYGC 15
petroleumto vide a | ow hoil| bl | NQ\C -EHN@i A gng ai
sul fur-1 ean, Ozed f8ri dDF c#l?&éctaﬁgﬂi, g)f (r?glpg&gmh- boi Fi ngg]oxoiiggt il((:)n

f eedst ock COﬁﬁilatilhgis)bxiadizedfwarSll&fD,XiﬁSn%n&errﬁP @an fraction. This
hi gh-boi | i ng oxidation feedstock is contacted with an i mm sci bl e phase

conprising at |ea i C agh vemtionr ides af 86  folor ke,
in a liquid react ?%n%%sx%%ge%aitﬁ%i Ii’:l%d slbst qﬁ?gsa#p@%‘é&pg‘zg &ﬁ?@d@ﬂt@
active n20al praduationoef J€EINATYndfansSRQFiaLOR; ?f} o SuRREIE FUREe
conditions syt ?‘Efi%ér?rtrtahgpwtai%ﬁdueb,f which oinchudes: oprewding oxidation
sul fur-containi and’ or_ni.{.rogen- | ni ' nbeimdapt er,
he oo eeheCkecamptyn iR R b ROk e o £
aci d- cont ai nignd miiecgenecontaining. organict KeMpRRdHy (e MiXtYEe havipg,a
mxture is contacdeqap i’ PEt ARNG{ooabouti Q00X ARIngoNtacting o
recover a m ﬁrayétyoga@@%?féaﬁ oag)l?(?:l?.sll)gon?ai ni ns%'bfss fuld Ut ﬁﬂﬂfﬂh | ess
ni t r ogen26harthehoxodation | eedsseak: righ an 1mmisciple p coffiptising 2
least one organic peracid or precursors of organic peracid in a hqul_d
phase reaction mixture maintained substantially free of catalytic
active metals and/or active metal-containing compounds and under
conditions suitable for the oxidation of one or more of the sulfur-
30 containing and/or nitrogen-containing  organic . compor.'m‘ds;
separating at least a portion of the immiscible peracid-containing
phase from the reaction mixture; and recovering a product
comprising a mixture of organic compounds containing less sulfur
and/or less nitrogen than the oxidation feedstock from the reaction

a5 mixture. Conditions of oxidation include temperatures in a range



GENERAL DESCRI PTI ON Sui t abl e feedstocks generally conprise nost refinery
streans 20 consisting substantially of hydrocarbon conpounds which are

| i qui d aiycedlie®e2s conditions. Suitabl e oxidation feedst ocRCHEA&HITY has an
APl gravity ranging fromabout 10 AP0t o about 100 API, preferably from

bout 20 API t bout 80 100 API, d f bl Veef E API
?oogbpup 70uprv$ﬂlgbof;m faﬂﬁh?)rul!)elgﬁo .o tpegﬁpggﬁﬁg;(: f{féﬁ?cﬁ‘%@ 3)3%%88 are
not |imt ed&;}nai‘dtﬁiﬁj that ﬁé{ﬁ{d&] Rhpaase substansially unda diquidl plyase.pr ocess

napht ha, |i virgin nap , hydrocracker naphtha, hydrotreating process
napht has, al kyl ate, isonerate, cat . C; t r ' h
derivatives of tHhBs@ @‘t"rﬁﬁ%{mas?l?&ﬁ @Fleﬁégnler{&{ng%%ngt l)%? X Bagtégﬁ of : ©
‘cont et onsmfisiblcol pefaie sontainelgy b o SPFSITC o 3O ng BPocess
t r o
l'i ght and h%%%&yﬁﬁ@%é}é%ﬁa@dﬁwinglﬁgtluaﬁdgheag? catal ytic reformate,
-whi ch can benppeaefically custom zed for use as a feedstock in accordance
with the present invention. The 35 preferred streans are |ight virgin
IR0, o R et et lnans e st
ref or mat e i mrigadithg COIMPRU aw*c r mare an erjvatiyes of
e B gty Sy e
about 500C. €XARP o’tﬁ‘t_‘gt%"é}?gpg_g(?@?ggl &8&% % cﬁ dabou't @%ﬁc’y,@@d& nor e
T a0 o
or best resy 3iS uPAAEs,| AAlVEL. coMpotRinstle . .
| i ght mddleﬁeipﬁ g, Virgrn heav ddle distil{ at . ytic
cracki ng pr ocessistinghof @uban?mec&]wwquh%e% %iﬁﬂl% %‘g’ﬂ i : ate,

hydrocracker distillate, and the collective and individually hydrotreated
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30 In one aspect of this invention all or at least a portion of the
oxidation feedstock is a product of a hydrotreating ?rocess. .for
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In another aspect of this invention the treating of recov.ere.d
25 organic phase includes use of at least one immisglble llq‘uld
comprising an aqueous solution of a soluble Fmsm chen?lcal
compound selected from the group consisting of sodium, potassgm,
barium, calcium and magnesium in the form of hydroxide,
carbonate or bicarbonate. Particularly useful are aqueous solution

30 of sodium hydroxide or bicarbonate.

In one aspect of this invention the treating of the recover'ed
organic phase includes use of at least one solid sorbent comprising

alumina.
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Suitable feedstocks generally comprise most refinery strga@s
20 consisting substantially of hydrocarbon compounds which are liquid
at ambient conditions. Suitable oxidation feedstock generally has
an APl gravity ranging from about 10° API to about 100° API,
preferably from about 20° API to about 80 or 100° API, and more
preferably from about 30° API to about 70 or 100° AI?I for be§t
25 results. These streams include, but are not limited to, ﬂ\gd cata}yt}c |
process naphtha, fluid or delayed process naphtha, light virgin
naphtha, hydrocracker naphtha, hydrotreating pfocess ‘nal.)hthas,
alkylate, isomerate, catalytic reformate, and aromatic denvat'lve§ of
these streams such benzene, toluene, xylene, and gomblnatlons
30 thereof. Catalytic reformate and catalytic". cracking process
naphthas can often be split into narrower boﬂmg-. range streams
such as light and heavy catalytic naphthas and hght and heavy
catalytic reformate, which can be specifically custo-mlzed. for use as
a feedstock in accordance with the present mvcnpon. The
35 preferred ‘streams are light virgin napptha, c.atalytlc. cracking
naphthas including light and heavy catalytic cracking unit naphtha,




30 Generally, the hydrogenation invention begins with a distillate
distillate fraction is preheated in prior to entering a furnace for
react i on w@ogod2oeet tenperature. contacted with a hydrogeRCEUSAZM1ST
preheating. process useful in the prdasent fraction preheating step. The

feed/ ef fl uent heat exchangers final preheatin o a targeted The. distillate
fracti on canaegiyrid oreformater iingludang/ h:gh&fa@g i‘ﬁéVMy(ﬁagéé( Cstfregam%fﬁ be

pure hydrogen pr, can be_] i 8 W, t FocHbon stedrras. hydr ocar bon,
car bon rmnoﬂrlfg,degéY%tbﬁe%?%ﬁlg{%Eertrgf@reo eﬁydt\é/at er, sul fur conpounds, and the
| i ke. The hydrogen stream purity should be at | bot pe y

vol une hydr ogen, ‘-fawéableabIo)‘l'é%"g’éasfeeéig})%‘?ksaS %egxraegéhls' b')I/lltl (\:/léﬁgrreli‘ eo‘ggn,
‘and nore’ prejRidbi fleahfntoilhgudt dTeneperaturoyrangeufeomyaber?OF o Best

I'ts. d b d A b .
results. aYdoach 55 DE SUpRLLAI T a%6R Nudi@osBont aduosa Cataldt more

n_produci.n roc he 1 L ne
-can consi st pfeferebly butmeedn mlﬁemg%&-ta@ds nga? ngat eaﬁﬁ%bg‘?r?@
di fferent cag%sxllsié%. f})ésp lf€actTHesearste¢ dmscoimeindes byl vargl i Bt of
catal yst bedk. pl'uraltTty qt .catalyst beds-in.a S e {i ctor
can al so confimitedt He, suirgidr lights Jng 31%6155%9!‘{183 3‘@@ tﬁ%@d?ﬁgggﬁ?i on
reaction is geAlAlel VARKP! bitaltic trdckinpageocess ilight catalysici neydle Rilat

transfer devices befween.fixed, bed re r S; QE id the
same reat@ or coker |stilk éhs%haﬁqrpw mc_:rai‘ﬁ(tq?e?éﬁ'ilég%\ﬁﬁgnﬂgé a%(ﬂgécﬁggjsan
generated fr Eﬂm‘}]guamqr degdreétreated ocesbodiments e@fptheseor PUERAMS. ¢ ecgbgr ed
for use in the dr ggénat 1 on 0 S A4S i i tisv diwd rotrieaned s
not avail abl @,regégleﬁnét‘?ﬁ%m%e&r egﬁgrc%WLfeotl? d éggﬁlgi{ﬁ i iyé , h as
cool i ng wat erepgbodiments dfhfluidyicatalytiss crackin oBEﬂc"cﬁ.?eM ¥4t bﬁ?‘f n?ﬂéged
directly into.the,r I oti WA S Rer cdistiltarei de reduced

t enperat ure &tt%ﬁ\aﬁgf dr':i(sa%!:lf[ﬂger, S elel'llf)df&ﬁaé i

and provi de better hydrogenation

reactor tenperature control. The reagtion zone i s BRRE" ol ol ed
and the &6fl uent sﬁrﬁa&iﬁOsamlﬁﬁtﬂtéa that; ong At Jﬁéié ﬁli%ée % ren@%ﬂtlﬁg

hydr ogen. 35 gggﬁé?;c%)hg? resmvenied fordusgeas coxidationefgedst@ckacdn; naRY

WO 02/ 062926 01157 process Wi r e
purged to exteasgsl P§Y rgh%“%c@fége p'lseihw etrrgﬁlgrﬁgptfat¥dl}?lmrhgﬂeb{jro n%e
purge rate i scehponenest for | eefineryraitransporiation n{:ﬁ%l fﬂ}a}ﬁ}r‘l%i ?@1 and
remove hydrogen .sul f] G Ck‘é‘éhﬂ&&'k@%ﬁyi beocomparables c ess arhses,
suppl enent ed V\i“'tlﬂusrréﬂgtrﬁ ﬁ drqQgen, and, i\nj.ect i e s

fuP!co her mqiromgistﬁ@)rsuch_igmgéﬂ 3%&%114%? ﬁg%?‘ﬁ?@&?% canﬁ%ffeﬁ{e
processed i N A.5tddtPEGHnE oS Canthaherl itgim byonamicsh enay dm dSSCFEVBAEY Gnd

directed to nore appropriate hydr. ribon pools. Preferably the 10 separator
and/ or stripp@$ t@e‘gﬁéb ﬁt%mdgu{f'x@%&capabl e of providing effluents of at

| east one lowboiling liquid fraction and gne high-boi,ling | }qui.d fraction.

Li quid effluent andiypically, osulfure compoynds aci om?ﬁélﬁé‘&? itrggtfggéqu?ﬁﬁl y

treated to incoyporate .o A4 N il AH fides suopoasdsubstrtuie:
(ﬁﬁa ° ih-paltat, t&t&f@aﬂdxﬁme @ud

d/ istTh ' \ f,sulf i t % he. Ligui d
B oduct o. 261 qlbenzuthiophenes candeAlbRIABI ORISR ey dif (HSF| RAIFET it "hihd!
facilities foragye%qugxﬁétoﬁe?ércf]dr nsdee dilfuri tempaundiucanld Ger aaieﬁglvely

diti t th : :
Foact | on7one xinweied: hasedl o ohIRBOGIAGGILELS o pIL K A o ahese
preferably frofgapgatordiflcs: Bveabthougloahe. sukfun awm By heseafQMPOYRAs

bout 275 C. t t 350 C_for b h raty
? ygiucal ly operlgﬁ52§&§b ‘}%&9‘@1%%0@?% @Z_%ile&ﬁon! & HIVK" woatdt dlassify otlesm

sures rapngi ng fram.abo
to about 2900 psad.ewiy base,etlis abharactensubolk Sg&o“ﬁgi%‘f?@l%o%r %gggf’ ;fsqg g,
and nost 25 preferably, fir b . 0Sih t powtord20Gepectivé oextrastion
results. Hydr oB%rF’@ir?gtL?lda?)S)o% ggt%végq&édril)'erg} I&hréa{] e fir: aa Wer5qgv§g:/ 5!
to about 20, 006f JeEveRbaromaticer YT f EOM § 2,‘80@@%&%‘5 ﬁ t0_abolf ..
15, 000 SCF/ Bbl ﬁpg {%ﬁr% @atdy Vdifferenaboint PolHrtyt betwaen theopplfides
SCF/Bbl for bed¥ sults. ction pressures and 30 hydrogen circul ation
rates bel ow t hend thenhydregarb@Bs ¢t in hi gher catal yst deactivation rates
resulting in less effective desul furization, denitrogenation, and
dearonmati zati on. Excessively high reaction pressures increase energy and
equi pnent costs and provide di m ni shing margi nal benefits.
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present 1 nventiqgn t.i | Pl t afifinebearenadsu ifoundsin
depi cted sch@iﬁqf%ﬁsllbciﬁﬁg&?regw ?&e‘&g?recrﬁ?Bﬁ@ falovt/ng Mfe SAHﬁHEéi Gré&! ow
di agram a 5theibsamat 'smelamlﬂtﬁii the: @ Yﬁo?ullﬁcg% kil &l ates Troma
refinery sourrﬁ&iel%agfc than 9gel fidesoudihe domki pait 4of electrens functionsa@sod 2 0
. A gaseous m Xxture_ containi di hydr n | | .ar rR08NJ ekxdis S ki ed
to catal ytic Bronstes Q%W%gﬁgsteo%ég&%f %%gﬁﬁgra} yc?‘?c% ?GLtemasgééjEB.t
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desul furi zat i¥ ron, a aromati zation of middle
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sygt em separ ~Coniaing ¢ G@%hﬁ%gﬁ,%d&oé{ﬁ%‘s{tg i deagar?ggﬁl%erpe%@d’
non- condeis abygd Phedijuid of eavsibogrintuirenist mamng ainesk rubstanyatyaffen©f ne
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and under conditions suitable for oxidation of one or more of the
sulfur-containing and/or nitrogen-containing organic compounds.
Organic peracids for use in this invention are preferably. made from
a0 a combination of hydrogen peroxide and a carboxylic acid.

With respect to the organic peracids the carbonyl carbon is
attached to hydrogen or a hydrocarbon radical. In general such
hydrocarbon radical contains from 1 to about 12 carbon atoms,
preferably from about 1 to about 8 carbon atoms. More prgfgrably,

35 the organic peracid is selected from the group consisting of
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25 a reaction mechanism.

By contacting the oxidation feedstock with a ;.)era.cid-
containing immiscible phase in a liquid reaction mixture maintained
substantially free of catalytic active metals and/or active n.le.tal-
containing compounds, the tightly substituted sulfides are ox'ldlze.d

30 into their corresponding sulfoxides and sulfones with negliglble. if
any co-oxidation of mononuclear aromatics. These oxidation
products due to their high polarity, can be readily 'removed by
separation techniques such as sorption,  extraction ?md/or
distillation. The high selectivity of the oxidants, coupled with the

35 small -amount of. tightly substituted sulfides in hydrotreated
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30 sulfur content of the hydrocarbon phase.

Integrated processes of the invention can include one or .more

selective separation steps using an immiscible liquid contamu‘1g. a
soluble basic chemical compound. The oxidized sulfur containing
hydrocarbon material is contacted with the solution of chemical

a5 base for a time sufficient to reduce the acid content of the
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preferably selected from the group consisting of sodium, potassium,
barium, calcium and magnesium hydroxide.

| In carrying out a sulfur separation step according to this

invention, pressures of near atmospheric and higher are suitable.

20 While pressures up to 100 atmosphere can be used, pressures are

generally in a range from about 15 psi to about 500 psi, preferably
from about 25 psi to about 400 psi.

Processes of the present invention advantageously include

catalytic hydrodesulfurization of the oxidation feedstock to form

25 hydrogen sulfide which may be separated as a gas from the liquid

feedstock, collected on a solid sorbent, and/or by washing with an

aqueous liquid. Where the oxidation feedstock is a product of "a

process for hydrogenation of a petroleum distillate to facilitate

removal of sulfur and/or nitrogen from the hydrotreated petroleum

30 distillate, the amount of peracid necessary for the instant invention

is the stoichiometric amount necessary (0 oxidize the tightly

substituted sulfides contained in the hydrotreated stream being

treated in accordance herewith. Preferably an amount which will
oxidize all of the tightly substituted sulfides will be used.
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30 percent hyarro(?gaet?cgerOVildgelh stocks such as high and low sulfur virgin

25 distillates are lower in aromatics content ranging .as high as 20
percent by weight aromatics. Generally, the aromatics content of a
combined hydrogenation facility feedstock will range from abf)ut 5
percent by weight to about 80 percent by weight, more typlc?ally
from about 10 percent by weight to about 70 percent by weight,

30 and most typically from about 20 percent by _weight to about 60

percent by weight.

Sulfur concentration in distillate fractions for hydrogenation
in the present invention is generally a function of the thl.l and low
sulfur crude mix, the hydrogenation capacity of a refinery per

a5 barrel of crude capacity, and the alternative dispositions of
distillate hydrogenation feedstock components. The higher sulfur
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regeneration becomes necessary, for example an average reaction

zone temperature of from about 200° C.to about 450° C., preferably

from about 250° C.to about 400° C, and most preferably from

about 275° C.to about 350° C. for best results, and at a pressure
25  within the range of from about 6 to about 160 atmospheres.

A particularly preferred pressure range within which tbe
hydrogenation provides extremely good sulfur rempval while
minimizing the amount of pressure and hydrogen required for the
hydrodesulfurization step are pressures within the range of 20 to

30 60 atmospheres, more preferably from about 25 to 40 atmospheres.

According the present invention, suitable distillate fra.ct_ions
are preferably hydrodesulfurized before being selectiv.ely oxidized,
and more preferably using a facility capable of providing efﬂuents
of at least one low-boiling fraction and one high-boiling fraction.
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reduced temperature exotherm per reactor shell and provide better

hydrogenation reactor temperature control.

The reaction zone effluent is generally cooled and the effluent
stream is directed to a separator device to remove the hydrogen.
35 Some of the recovered hydrogen can be recycled back to the
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one high-boiling lhquldQ' R Liquid effluent and/or one or more
liquid fraction thereof is subsequently treated to incorporate
oxygen into the liquid organic compounds therein and/or assist by
15 oxidation removal of sulfur or nitrogen from the liquid products.
‘Liquid products are then generally conveyed to blending facilities

for production of finished distillate products.

Operating conditions to be used in the hydrogenation process

include an average reaction zone temperature of from about 200° C.

20 to about 450° C,preferably from about 250° C.to about 400° C.,and
‘most preferably from about 275° C.to about 350° C.for best results.

The hydrogenation process typically operates at reaction zone
pressures ranging from about 400 psig to about 2000 psig, more
preferably from about 500 psig to about 1500 psig, and most

25 preferably from about 600 psig to about 1200 psig for best results.
Hydrogen circulation rates generally range from about 500 SCF/Bbl
to about 20,000 SCF/Bbl, preferably from about 2,000 SCF/Bbl to
about 15,000 SCF/Bbl, and most preferably from about 3,000 to
about 13,000 SCF/Bbl for best results. Reaction pressures and

30 hydrogen circulation rates below these ranges can result in higher
catalyst deactivation rates resulting in less effective desulfurization,
denitrogenation, and dearomatization.  Excessively high reaction
pressures increase energy and equipment COSts and provide
diminishing marginal benefits.
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suitable for use in the present invention, preferably have a pore
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15 more preferably from about 80 to about 150 Angstroms for best
results. Advantageously, the catalyst support component

comprises a refractory inorganic oxide such as alumina.

Further reduction of such heteroaromatic sulfides from a
distillate petroleum fraction by hydrotreating would require that
20 the stream be subjected to very severe catalytic hydrogenation in
order to convert these compounds into hydrocarbons and hydrogen
sulfide (H2S). Typically, the larger any hydrocarbon moiety is, the
more difficult it is to hydrogenate the sulfide. Therefore, the
residual organo-sulfur compounds remaining after a

25 hydrotreatment are the most tightly substituted sulfides.

Subsequent to hydrotreating by catalytic hydrogenation as
disclosed herein, further selective removal of sulfur or nitrogen
containing organic compounds can be accomplished by the
incorporation of oxygen into "such compounds thereby assisting in

30 selective removal of sulfur or nitrogen from oxidation feedstocks.
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Mixed effluents from catalytic reactor 20 are transferred into
25 separation drum 24 through conduit 22. Unreacted dihydrogen,
hydrogen sulfide and other non-condensed compounds flow from
separation drum 24 through conduit 28 to hydrogen recovery (not
shown).  Advantageously, all or a portion of the unreacted
hydrogen may be recycled to catalytic reactor 20, provided at least

30 a portion of the hydrogen sulfide has been separated therefrom.

Hydrogenated liquids flow from separation drum 24 into
distillation column 30 through conduit 26. Gases and condensable
vapors from the top of column 30 are transferred through
overhead cooler 40, by means of conduits 34 and 42, and into
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A stream containing oxygenated organic compounds is
25 subsequently separated to Trecover, for example, a fuel o? , a
blending component of fuel and transferred to fuel blending facility
90 through conduit 32b. The stream can alternatively be utilized
as a source of feed stock for chemical manufacturing.

A portion of the high-boiling liquid at the bottom of column
30 30 is transferred to reboiler 36 through conduit 35, and a stream
of vapor from reboiler 36 is returned to distillation column 30

through conduit 35.

From the bottom of column 30 another portion of the high-
boiling liquid fraction having the major amount of the sulfur-
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analysis of the feed pro

Oxygenation, percent, = (percent C + percent H) analysis of feed
25 - (percent C + percent H) analysis of oxygenated product

EXAMPLE 1

In this example a refinery distillate containing sulfur at a
level of about 500 ppm was hydrotreated under conditions suitable
to produce hydrodesulfurized distillate containing sulfur at a level

30 of about 130 ppm, which was identified as hydrotreated distillate
150. Hydrotreated distillate 150 was cut by distillation into four
fractions which were collected at temperatures according to the

following schedule.
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2 260 to 288
3 288 to 316
5 4 Above 316

Analysis of hydrotreated distillate 150 over this range of
distillation cut points is shown in Table I. In accordance with this
invention a fraction collected below a temperature in the range
from about 260° C.to about 300° C. splits hydrotreated distillate

10 150 into a sulfur-lean, monoaromatic-rich fraction and a sulfur-
rich, monoaromatic-lean fraction.

Table 1

15 ANALYSIS OF DISTILLATION FRACTIONS OF HYDROTREATED
DISTILLATE 150

Fraction Number

Item 1 2 3 4 Total
20 Weight, % 45 21 19 16 100
Sulfur, ppm 11.7 25 174 580 133
Mono-Ar, %  40.7 26.3 15.6 14.0 28.8
Di-Ar, % 0.4 5.0 54 5.6 3.1
Tri-Ar, % 0 0 0 0.8 0.1

25

Mono-Ar is mono-aromatics. Di-Ar is di-aromatics. Tri-Ar is tri-
aromatics.

EXAMPLE 2

In this example a refinery distillate containing sulfur at a

30 level of about 500 ppm was hydrotreated under conditions suitable
to produce a hydrodesulfurized distillate containing sulfur at a level

of about 15 ppm, which was identified as hydrotreated distillate 15.
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5 into a sulfur-lean, monoaromatic-rich fraction and a sulfur-rich,

monoaromatic-lean fraction.
Table 11

10 ANALYSIS OF DISTILLATION FRACTIONS OF
HYDROTREATED DISTILLATE 15

Fraction Number

Item 1 2 3 4 Total
15 Weight, % 53 16 20 11 100

Sulfur, ppm 1 2 13 80 12.3

Mono-Ar, % 35.8 20.9 14.8 12.0 5.6

Di-Ar, % 1.3 8.0 7.4 5.6 4.0

Tri-Ar, % 0 0 0 1.4 0.2
20

Mono-Ar is mono-aromatics. Di-Ar is di-aromatics. Tri-Ar is tri-
aromatics.

EXAMPLES 3-6

Hydrotreated refinery distillate S-25 was partitioned by

o5 distillation to provide feedstock for oxidation using hydrogen
peroxide and acetic acid. The fraction collected below
temperatures of about 300° C.was a sulfur-lean, monoaromatic-rich
fraction identified as S-25-B300. Analyses of S-25-B300
determined a sulfur content of 3 ppm, 2 nitrogen content of 2 ppm,

30 and 36.2 percent mono-aromatics, 1.8 percent di-aromatics, for a
total aromatics of 37.9 percent. The fraction collected above
temperatures of about 300° C. was a sulfur-rich, monoaromatic-
poor fraction identified as S-25-A300. Analyses of S$-25-A300
determined a sulfur content of 35 ppm, a nitrogen - content of 31

35 ppm, and aromatic content was 15.7 percent mono-aromatics, 5.8
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10 minutes before the entire reactor content was collected.

Table III
20
EXPERIMENTAL PARAMETERS AND ANALYTICAL RESULTS
FOR OXIDATIONS OF LS-25-A300
EXAMPLE 3 4 5 6
25 Hy(Op,mL 34 34 34 34
HOAc ,mL 0 25 50 75
H20, mL 100 75 50 25
Sulfur Aq, ppm <2 <2 13 14
Sulfur Org, ppm 33 30 21 | 18
30

HoQp is 30 percent hydrogen peroxide. HOAc is glacial acetic acid.
HoO is distilled water.

Table 1II gives variables and analytical data which
demonstrate that increasing concentration of acetic acid increases
35 concentration of total sulfur in the aqueous layer. Increasing the
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15 316° C.was a sulfur-rich, monoaromatic-poor fraction identified as
S-25-A316. Analyses of S-25-A316 determined a sulfur content of

80 ppm and a nitrogen content of 102 ppm.

A 250 mL, three-neck round bottom flask equipped with a

reflux condenser, a magnetic stir bar or mechanical agitator, a

20 nitrogen inlet and outlet, was charged with 100 g of the S-98-25-
A316, 75 mL glacial acetic acid, 25 mL water, and 17 mL (30%)
hydrogen peroxide. The mixture was heated to 100° Cand stirred
vigorously under a very slight flow of house nitrogen for two hours.

At the end of the reaction period, analysis of the top layer
25 (organic) found total sulfur and nitrogen of 54 ppm sulfur and 5
ppm nitrogen. Contents of the flask was again stirred and cooled to
room temperature. At room temperature, approximately 0.1 g of
manganese dioxide (MnO;) was added to decompose any e€xcess
hydrogen peroxide and stirring continued for" 10 _minutes. The
30 entire contents of the flask were then poured into- a bottle with a
vented cap. Analysis of the bottom layer (aqueous) found 44 ppm

of total sulfur.
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contained 81 ppm sulfur.
EXAMPLE 9

Contents of the flask in both Example 7 and Example 8 were

combined. A bottom layer was then removed, leaving behind a

10 combined organic layer from both experiments. The organic layer

was dried over anhydrous sodium sulfate to remove any residual

water from the process. After the spent sodium sulfate was

removed via vacuum filtration, the filtrate was percolated through

enough alumina so that the filtrate to alumina ratio ranged from 7:1

15 to 10:1. Analysis of organic layer emerging from the alumina was
32 ppm of total sulfur and 5 ppm of total nitrogen.

EXAMPLE 10

A hydrotreated refinery distillate identified as S-150 was

partitioned by distillation to provide feedstock for oxidations using

20 peracid formed with hydrogen peroxide and acetic acid. Analyses

of S-150 determined a sulfur content of 113 ppm and a nitrogen

content of 36 ppm. The fraction of S-150 collected above

temperatures of about 316° C. was a sulfur-rich, monoaromatic-

poor fraction identified as S-150-A316. Analyses of S-150-A316

25 determined a sulfur content of 580 ppm and a nitrogen content of
147 ppm.

A 3 liter, three neck, round bottom flask equipped with a
water-jacketed reflux condenser, a mechanical stirrer, a nitrogen
inlet and outlet, and a heating mantel controlled through a variac,

30 was charged with 1 kg of S-98-A316, 1 liter of glacial acetic acid
and 170 mL of 30 percent hydrogen peroxide.
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approximately 77° C,the agitator was stopped momentarily while
approximately 1 g of manganese dioxide (MnO,) was added through
10 one of the necks of the round bottom flask to the biphasic mixture
to decompose any unreacted hydrogen peroxide. Mixing of the
contents with the agitator was then resumed until the temperature
of the mixture has cooled to approximately 49° C. The agitation was
ceased to allow both organic (top) and aqueous (bottom) layers to

15 separate, which occurred immediately.

The bottom layer was removed and retained for further
analysis in a lightly capped bottle to permit the possible evolution
of oxygen from any undecomposed hydrogen peroxide. Analysis of
the bottom layer was 252 ppm of sulfur.

20 The reactor was cautiously charged with 500 mL of saturated
aqueous sodium bicarbonate to neutralize the organic layer. After
the bicarbonate solution was added, the mixture was stirred rapidly
for ten minutes to neutralize any remaining acetic acid. The organic
material was dried over anhydrous 3A molecular sieve. Analysis of

25 the dry organic layer, identified as PS-150-A316, was 143 ppm of
sulfur, 4 ppm of nitrogen, and a total acid number of 0.11 mg
KOH/g.

EXAMPLE 11

30 A 500 mL separatory funnel was charged with 150 mL of PS-
150-A316 and 150 mL of methanol. The funnel was shaken and
then the mixture was allowed to separate. The bottom methanol
layer was collected and saved for analytical testing. A 50 mL
portion of the product was then collected for analytical testing and

35 identified as sample ME11-1.
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containing the remaining 100 mL of product. The funnel was again
shaken and the mixture was allowed to separate. The bottom
methanol layer was collected and saved for analytical testing. A 50
5 mL portion of the methanol extracted product was collected for

analytical testing and identified as sample ME11-2.

Into the remaining 50 mL of product in the funnel, 50 mL of
fresh methanol was added. The funnel was again shaken and the
two layers were allowed to separate. The bottom methanol layer

10 was collected and saved for analytical testing. 50 mL of the
product is collected for analytical testing and identified as sample
ME11-3. The analytical results obtained for this example are
shown in Table IV.

15 Table 1V
REDUCTION OF SULFUR & TOTAL ACID NUMBER
BY METHANOL EXTRACTIONS
Sample TAN, Sulfur,
mg KOH/g ppmw
PS-150-A316 0.11 143
ME11-1 0.02 35
ME11-2 0.02 14
ME11-3 0.02 7
20 These results clearly show that methanol was capable of

selectively removing oxidized sulfur compounds. Additionally, the
acidic impurities were also removed by methanol extraction.

25 . EXAMPLE 12

A separatory funnel was charged with 50 mL of PS-150-

A316 and 50 mL water. The funnel was shaken and the layers were

allowed to separate. The bottom water layer was collected and

saved for analytical testing. The hydrocarbon layer was collected

30 for analytical testing and identified as E12-1W. Table V presents
these results.
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Table V

REDUCTION OF SULFUR BY WATER EXTRACTION

Sample TAN Nitrogen | Sulfur
mg KOH/g ppmw ppmw
PS-150-A316 0.11 4 143
E12-1W 5 100
5
The water extraction results show that water was useful to
remove oxidized sulfur compounds in the distillate layer.
EXAMPLE 13
10 Five hundred grams of PS-150-A316 were percolated through

50 grams of anhydrous acidic alumina. The collected product was
identified as E13-1A and analyzed. The data are presented in Table
VL

Table VI

15 REDUCTION OF SULFUR AND NITROGEN BY ALUMINA TREATMENT

Sample Nitrogen | Sulfur
ppmw ppmw
PS-150-A316 4 143
E13-1A 2 32

These data demonstrate that alumina treatment was also
effective in the removal of residual oxidized sulfur and nitrogen
20 compounds from the distillate.

Analysis was conducted on alumina treated material E13-1A
and compared with the PS-150-A316. The analysis showed an
absence of any dibenzothiophene or substituted dibenzothiophene
in the products, while the feed contained about 3,000 ppm of this

25 impurity.

EXAMPLE 14

Another hydrotreated refinery distillate identified as S-DF
was partitioned by distillation to provide feedstock for oxidations
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using peracid formed with hydrogen peroxide and acetic acid. The

fraction of S-DF collected below temperatures of about 288° C.was

a sulfur-lean, monoaromatic-rich fraction identified as S-DF-B288.

The fraction of S-DF collected above temperatures of about 288° C.

5 was a sulfur-rich, monoaromatic-poor fraction identified as S-DF-

A288. Analyses of S-DF-A288 determined a sulfur content of 30
ppm.

- Intxy|}~y_E+2s[!"10%& () -
- S[!I"10%& ()- s[!"109& () -
- s[!1"10%k' ()- )PCT/HPO2IIBIR () -
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A series of oxidation runs were conducted as described 1n
Example 10 and the products combined to provide amounts of
10 material needed for cetane rating and chemical analysis. A flask
equipped as in Example 10 was charged with 1 kg of S-DF-A288, 1
liter of glacial acetic acid, 85 mL of deionized and distilled water

and 85 mL of 30 percent hydrogen peroxide.

In one procedure a batch of dried oxidized distillate was
15 percolated through a second column packed with 250 mL of dried,
acidic alumina (150 mesh). Distillate to alumina ratio was about 4:1
(v/v). The alumina was used for approximately 4 batches of 1,000

mL, and replaced.

In another procedure approximately 100 grams of alumina
20 was placed in a 600 mL Biichner funnel equipped with a fritted disc
(fing). Dried distillate was poured over the alumina and more
quickly treated as the vacuum draws distillate through the alumina

in a shorter time.

Every batch of post-alumina treated material was submitted

o5 for total sulfur analysis to quantify the sulfur removal efficiency

from the feed. All alumina treated materials had a sulfur

concentration of less than 3 ppmw, and in general 1 ppmw sulfur.

A blend of 32 batches of post-alumina treated material was
identified as BA-DF-A288.

30 For the purposes of the present invention, "predominantly" is
defined as more than about fifty percent. “Substantially” is defined
as occurring with sufficient frequency or being present in such
proportions as to measurably affect macroscopic properties of an
associated compound or system. Where the frequency or
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compounds and under conditions suitable for oxidation of one or
more of the sulfur-containing and/or nitrogen-containing organic
15 compounds; and
separating at least a portion of the immiscible peracid-
containing phase from the reaction mixture; and
recovering a product comprising a mixture of organic
compounds containing less sulfur and/or less nitrogen than the
20 oxidation feedstock from the reaction mixture.

2. The process according to claim 1 wherein the
immiscible phase is formed by admixing a source of hydrogen
peroxide and/or alkylhydroperoxide, an aliphatic monocarboxylic
acid of 1 to about 8 carbon atoms, and water.

25 3. The process according to claim 1 wherein the
immiscible phase is formed by admixing a source of hydrogen
peroxide, a source of acetic acid, and water.

4. The process according to claim 1 wherein at least a
portion of the separated peracid-containing phase is recycled to the
30 reaction mixture.

5. The process according to claim 1 wherein all or at least
a portion of the oxidation feedstock is a product of a hydrotreating
process for petroleum distillate consisting essentially of material
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oxidation feedstock is predominantly the high-boiling liquid.

8.  The process according to claim 7 further comprising

blending at least a portion of the low-boiling fraction with the

20 product containing less sulfur and/or less nitrogen than the

oxidation feedstock to obtain components for refinery blending of
transportation.

9. The process according to claim 1 wherein the high-
boiling oxidation feedstock consists essentially of material boiling
25 between about 200° C.and about 425° C.

10.  The process according to claim 1 wherein the conditions
of oxidation include temperatures in a range upward from about
25° C. to about 250° C. and sufficient pressure to maintain the
reaction mixture substantially in a liquid phase.
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. A process for the production of refinery transportation

fuel or blending components for refinery transportation fuel, which
process comprises:
hydrotreating a petroleum distillate consisting essentially of

5 material boiling between about 50° C. and about 425° C. by a
process which includes reacting the petroleum distillate with a
source of hydrogen at hydrogenation conditions in the presence of a
hydrogenation catalyst to assist by hydrogenation removal of sulfur
and/or nitrogen from the hydrotreated petroleum distillate;

10 fractionating the hydrotreated petroleum distillate by
distillation to provide at least one low-boiling blending component
consisting of a sulfur-lean, mono-aromatic-rich fraction, and a high-
boiling feedstock consisting of a sulfur-rich, mono-aromatic-lean
fraction;

15 contacting at least a portion of the high-boiling feedstock with
an immiscible phase comprising at least one organic peracid or
precursors of organic peracid, in a liquid reaction mixture
maintained substantially free of catalytic active metals and/or
active metal-containing compounds and under conditions suitable

20 for oxidation of one or more of the sulfur-containing and/or
nitrogen-containing organic compounds;

separating at least a portion of the immiscible peracid-
containing phase from the reaction mixture to recover an
essentially organic phase from the reaction mixture; and

25 ~ treating at least a portion of the recovered organic phase with
a solid sorbent, an ion exchange resin, and/or a suitable immiscible
liquid containing a solvent or a soluble basic chemical compound,
to obtain a product containing less sulfur and/or less nitrogen than
the feedstock.

30 12. The procéss_ according to claim 11 wherein the
immiscible peracid-containing phase is an aqueous liquid formed
by admixing, water, a source of acetic acid, and a source of
hydrogen peroxide in amounts which provide at least one mole
acetic acid for each mole of hydrogen peroxide.
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13.  The process according to claim 12 wherein at least a
portion of the separated peracid-containing phase is recycled to the
reaction mixture.

14. The process according to claim 12 wherein the treating
of recovered organic phase includes use of at least one solid sorbent
comprising alumina.

15. The process according to claim 12 wherein the treating
of recovered organic phase includes use of at least one immiscible
liquid comprising a solvent having a dielectric constant suitable to
selectively extract oxidized sulfur-containing and/or nitrogen-
containing organic compounds.

16.  The process according to claim 15 wherein the solvent
has a dielectric constant in a range from about 24 to about 80.

17. The process according to claim 15 wherein the solvent
comprises a compound selected from the group consisting of water,
methanol, ethanol and mixtures thereof.

18. The process according to claim 17 further comprising
blending at least a portion of the low-boiling fraction with the
product containing less sulfur and/or less nitrogen than the
oxidation feedstock to obtain components for refinery blending of a
transportation fuel.

19.  The process according to claim 12 wherein the treating
of recovered organic phase includes use of at least one immiscible
liquid comprising an aqueous solution of a soluble basic chemical
compound selected from the group consisting of sodium, potassium,
barium, calcium and magnesium in the form of hydroxide,
carbonate or bicarbonate. |

20. The process according to claim 19 wherein the soluble
basic chemical compound is sodium bicarbonate, and the treating of
the organic phase further comprises subsequent use of at least one
other immiscible liquid comprising methanol.



